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SNUDLQLDQ )RRGXERXIRQRBVGDVODUFK DUWLFOHYV VKRUW
VFLH@QBUWQFWKH UH O QBOORWHOBNXUH UHYLHZV

TRSIFRVWYHUDJH

YRRG HQJ YJRRG QDQRW

JRRG FKHPLVWU\ )JRRG SWRRBHVV

YRRG PLFURELRORJ{FRQRPLFV DQG IPERQRIZIHO B WW U \
3K\WLFDO SURSHUWS$XRVRRR®LRQ RI IRRG SURFHVVHV
YRRG TXDOLW)\ DQG )RRIGIVEDFNDJILQJ

SHULRGRFIWKH MR¥HIBO \HDU

BHYLHZLQJ D ODQXVFULSWORGUVBXEQWEDWLDYWLFOHYV
SXEOLFDWLRQ LQ 38NUDLQLDEORBEHUBRXHQBG EWWDRYGRKXE
UHYLHZSHYRLQWHG EDWRIHI G LRV RUIURP WKH (GIHWRBIZBIO %
WKDQRWVDIILOLDWHG WR WKH %RDUG DQG RU WKH 3XEOLV

&RS\ULSXKWKRUV VXEPLWWLQJ DDUWH ROBWYFMHGS WHRO SHI
HOHFWURQWF RRODMWEPRMOZRKUIN LV QRW DQ LQIULQJHPHQW
FRS\ULJKW @RV GHROPLI\ WKH SXEOLVKHW HHDIDL@MDAML RQ \ DE
LQWHUQDWLRQDO VWDQ G DURANGHDQY HD RD GH. N BESBISEHDWY RQG J
RWKRQWULEXWLRQV EHFRPH WKH OHJDO FREWHURKMW IRI W

$FDGHPLF HWKLKN SROVRULDO %RDUG RI SWNVUWDLERNOQ

IROORAY LQWHUQDWLRQPOONG DUFRRYDIHHGRIEEEH O DWIKGEL Q J
OFDGHPLF HRWKLFRUH GHWDLOMXRD WRLY VHH $YRL

SODJLDUISODJVEOLVP DQG RWKHU TXHVWLRQDEOH ZULW
ZULWLQJ  7KH (GLWRW KD®EXWRIDUGL BB JIE R QW LLEKYLRIZY RV
DQG UHDGHUV IROORZ WKLV JXLGDQFH LQ RUGHU WR DYF

JRUKRPSOHWEH$SDRMB YS OHD VRXIUHENWW H

KWWS XIM KR XD

FFFSNUDLQLDQ )RRG -RXOREPB ,VVXHF



8NUDLQLDQ )RRG -RXUQDO

,QWEDWLRQDWRYRDOG
(GLW.RIJKLHI

9RORG\P\U MORARRLDWLRQDO 8QLYHUVLW\SNURIRBH7HFKQF
OHPEHUV RI (GLWRULDO ERDUG

$JRWD *LHGU3KDUALKRDPQLDQ ,QVWLWXWH RI $JUDULDQ (F
&ULVWLQD BRSRMBURHFKQLFDO 8QLYHUVLW\ RI OROGRYD
(JRQ 6FKQIKVBWHREWDWH 8QLYHUVLW\ RI 3RQWD *URVVD 3F
JHOLHY HOZK +HXHEV L GHORE DRO +D U PR QL] HWLARFL DRHVRICD W LY H
1IHWKHUODQGYV

ODUN 6KDRBK $WRFRBURIODFN 6HD $VVRFLDWLRQ Rl )RRG 6F
7HFK Q RRRAPD QLD

3DVFDO '"BEHXQPLYHUNXK®M &HUQDUG /LRQ )UDQFH

BHPLK 23WOBIWRI(JH 8QL YHUWIEHW\

BRQLD $PBRK/BMIRI 8QLYHUVLW\ UWHIDQ BRED@WMH RI 6XFH
BWDQND 'DPRRO'GRRDXVH 8QLYHUVLW)\ 3$QJDO .DQFKHY  EU
%X0OJDULD

BWHIDQ 6WKIBDYAQLYHUVLW\ Rl )RRG 7THFKQRORJLHV %XC
7HWLDQD3X'BRRIDWLRQDWSB ®RULY)YRBRBL7THFKQRORJLHYV 8NULD
7RPDV] %BHUEIMRIG]F]HFLQ 8QLYHUVLW\ 3RODQG

9DOHULL 0\WBKQFKRINDWLRQDO 8QLYHUVLW\ IRU )RRG 7HFK(
9LNWRU 6WIKEQURFIYWLRQDO 8QLYHUVLW\ IRU )RRG 7HFKQ
90RAWIU *UXGBOIRYRI%HODUXVLDQ 6WDWH $JUDULDQ 7HFKC
<RUGDQND 6WK'IPQRIMBREQLYHUVLW\ RI 30RYGLY 3DLVLL +
%X0OJDULD
<XOLYDD]NRBK'3UR,IQVW L WXWHU BQ RIUQJ GIQH. F L @9MW\Q D*G V N L L
RLDWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH

<XULDDEK' 3UBJHV]RZ 8QLYHUVLWW3RODI®EBKQRORJ\

ODQDJLQJ (GLWRU

20HNVLL *XEHYRBURDWLRQDO 8QLYHUVLW\ Rl )RRG 7HFK
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&RQWHQWYV
JRRG 7HFKk

. JODFH /DQJH 6WDQLVAaDZ 0 OOH
*DO\QD 3ROLVFKXN 3LRWU -DQDV /HFK 2]JLPHN
7HFKQRORJ\ DQG IDFWRWW \DGI OB HQSLGZ *UHHN

OLKDHOD $0D &ULVWL!

/IRUHWD 7DPRaADLWLHQH 9LMROH %UDGDXVNLHQ
%WLRORJLFDO DFWLYH FRPSRXQGV IURP QDWLYH IRR
GD LU\ S WRGX kWA « « « € €« KKK KKK K KL

$QWRQLQD .DSXVWL
,QYHVWLIJDWLRQ RI WKH IHUULF LRQV FRPSOH[HV ZL

R U Ll e € « € &« & € QKK KKK KKK KKK LKL K «

:DOGF*XV\ .DWDIBNU]J\S (Z -DF VI5

$Q H&DZ IV NLR M F LAF&]% D U \WERZ]L H M
$SSOLFDWLERVWRIGSQDWWUDO DGGLWLYHV WR LPSUR
SURSHUWLHV RI RUJDQkE «Xd WdkRQ® O FKHHVHV

ILXGF'HLQ\FF *U\JF 'HLQ\FE
ILFWROLWVHDPWBWDYFKHQNR

JQIOXHQFH RI SURFHVVLQJ BOQMDWPHR\OHDOY SSUR SHKUHWL |
RI EHUU\ FROJHKAXR QI « « « « € € € €« K«

7TDWLLC.PHQFR 9LRU

AXDOLWWHKHOWDMAFY DQG DQWLR[LGDQW DFWLYLW\ R
Z LW K &ld &MU € « €« QKK QK KKK KKK KKK

5DO 20LPSLD =LPEUX 6HUJLX ¢

(1"'THFW RI DHUDWLRQ RQ SK\VLFRFKHPLFDO FRORU I
Rl FRQIHFWLRQHK KRR ¥« ««««aa««

(OHQD *RQFKDUXN *I

,U\QD 6KHYFKHQNR 7HWLDQD 2VPDN

IDWXUH RI ZDWHU ERQGURWIHQ X¥&\YBDMRE PLON

)DQJ :DQJ 9DOHULL 6]
(ITHFW RI XOWUDILQH JULQGRQR D (RX KXIXK WU RQDXOU
SURSHUWLHV RUR BMHWDUG «hl « « « « « ««

O¢eJH +HQGHN (UWRS O<EHUU

(I'THFW Rl FHUHDOV PLOOLQJ RQ WKH FRQWHQWYV RI
PLQHUDOV B QG SAIRMY/ dhdedX « « « « « « « «

20HQD %LO\N (VPD .KDOLNRY

2NVDQD .RRWXYE®BRHQGEXOLLD %YRQGDUHQNR $OELQD )D
(1"'THFW RI WKH FRPSOH[ LPSURYHU RQ FRQVXPHU SU

S U R GO W &/ € €« & €& K K K KKK KKK KKK
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7THWLDQD /LVRYVND ,JRU 6WDGQLN !
(I"HFW RI HIWUXGHG FRUDRI® RX E IRMGF XMHWH &RVOQIKL ARY
SURGXFWLRIQ RH JH XM MY/ «« « « « « « « «««

WLRWHFIOLFURE « «« &« &« «««KKKK KL KK

7HWLDQD 3LURJ 1DWDOLD |

1DWDOLD .O\PHQNR 7DWLDQD 6KHYFKXN

,QIOXHQFH RI WYULSWRW KB @ LRIQQDXELOLW\ RI VXUIDF
SURGXFHU $FLQHWREDFWHU«EROFRRBREHWLFEXV ,09 %

BURFHVVHV D Q & «(«RklaS R W QM « « « « « « «

20HNVDQGU 9DWUHQNR 9RORG\I
9DFXK¥PSV PHPEUDQHV HTUPWOEBVYHGPROMYKHH HR HU J
F U LWk d & R € « €« @« € € €& & Q&K KKK LKL L

$QGUL\ 3RJUHEQ\DN 9ROQ

,U\QD 3HUNXQ 1DWDOLLD 9DV\OLY

,QIOXHQFH RI JHRPHWULF DQG GS@RDRFPRHA S DMYDPR®Y H L
FKDUDFWHULVWLFV REXRIREG SURGEGMFWMY K\GUR

$QDWROLL 6RNROHQNR 20HNVDC
1DWDOLD 5RPDQFKHQNR $QDVWDVLLD 6KHYFKHQNR
ILPLWDWLRQ RI G\QDPLF SRZHU SDU&RHWHUV LQ WL

6HL %DC /LXGI.RS\C ,XC.XLH
O9DOHULL 2ZAHYGD.RYDOFKXN
)X]]\ ORJLF HQHUJ\ PDQDJHPHQW VA\VWHP RI IRRG PCLC

(FRQRngk_(\{«««««««««««««««««««««

1HOj -XUN{QDLW;j
BULFH WUDQVPLVVLRQ DORQJ WKH«klW& KXDQLDQ SLJ
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,QVWUXFWLR Q& &/« LKL LKL KK
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JJIJ)RRG 7THFKQRDRJ\

7HFKQRORJ\ DQG IDFWRUV LQV®GHQRIBUWUH H
DSHYLHZ

,JQDFH /L 6WDQLVAD. ODUWD 7RPF OOH
*DOQD 3ROLVFXXRWU -DQBRK 2]LPHN

18QLYHUVLWI RI $OEHUWI

+8QLYHUVLWI RI /LIH 6FLHQFHV LQ /XEOLQ /XEOLQ 3RODQG
+, QVWLWXWH*RRBODFYV %UHHGLQJ DQG %LRWHFKQRORJ|l 8QlI
/XEOLQ /XEOLQ 3RODQG

1IDWLRQDO 8QLYHUVLWI Rl )RRG

$EVWI
.H\ZRUGYV

,OQOWURGX$QDAQVLFDCORI VWXNMNHVH
<RJKXUW \RIKXWPWQXIDFWXULQJ IRRIPWWRBY DQG
*UHNMW\OH SK\WLFRFKHPLFDO FKDUDFWHULVWLFV F
&DVHLQ IDFWRUV WKDW GHILQH \RJXUW TXDOLW\
*HO ODWHULDO DQMXRHMIKRBY LV EDVHG R(
5KHRORJ\ PRVW LPSRUWDQW VFISHKEWILVIKH G DRSG! UW

VXEMHFW

5HVXOWV DQG'IALNVENPW. RRIKXUW SUR
PHWKRBWDGLWLRQDO PHWKRGV EDVHG

SUWLFOH KLVWRU\,ispypWRUV PHWKRGV EDVHG RQ PHP
EHEHLYHG PHWKRGV EDVHG RQ GLIUNFMWSURBRFERL QL
BHEHLYHG LQ UHY B k@ FRSHUWZBURI WKH PRVW LPSR
SDUDPHWHUV WKH WH[WXUDO DWWULE>

$SFFHSWHG FDSDFLW\ GHILQH \RJXUW TXDOLW\ DQC
DFFHSWDQFH 1XPHURXV PDQXIDFWXULQ
VHYHUH KHDW WUHDWPHQWY HH[OHVVLY

RV KLIJK LQFXEDWLRQ WHPSHUDWX
R HVSR L "R
&RUU SRQGLQJ EEWW)%UHV DQG WKH XVH RI H[FHVVLYH D

ODUWD DUH DVVRFLDWHG ZLWK WH[WXUDO GHIF
7RPF]\ \0O®M NR JUDLQLQHVV SDUWLFOHV RU VXUIDFH U
(PDLO WKRIXUW KWV IPIHWKRG RI GLUHFW UHEFR

PDUWDPOHNR#WOBG¥DQWDJHY RYHU RWKHUV EHFDXVH L\
IULHQGO\ DQG LQFUHDVHV WKH QXWULW
SURGXMW. OO UKHRORJLFDO SURSHUWL

FRQFHQWUDWHGH\RIQWW URPHWAKRVH RI
\RIXUW 8VXDOO\ WKH\ IRUP ZHDNHU JHC
WUDGLWLRQDO RU 8) PHWKRGV 'LIITHUHC
HYVSHFLDOO\ ZLWK HOHYDWHG FRQWHQV
EH XVHG IRU SURGXFWLRQ RI FRQFHQWU
&RROXVIRWXUH UHVHDUFK VKRXOG EH
"2, SURGXFWLRQ RI FRQFHQWUDWHG \RIJXUMW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

S5HYLHZ VWUXFWXUH

L, QWURGXFWLRQ
*HQHUDO WHFKQRORJ\ RI \RIXUW PDQXIDFWXULQJ
OLON VWDQGDUGL]DWLRQ
+RPRJHQL]DWLRQ
+HDW WUHDWPHQW
,QFXEDWQWQ WH BPH
&RROLQJ DQG VWRUDJH
*UHHW\OH \RJXUW PDQXIDFWXULQJ PHWKRGV
7UDGLWLRQDO PHWKRG
OHWKRGV EDVHG RQ PHFKDQLFDO VHSDUDWRUYV
OHWKRGV EDVHG RQ PHPEUDQH SURFHVVHYV
OHWKRGV EDVHG RQ GLUHFW UHFRPELQDWLRQ
YRUPDWLRQ D® GF®IO\WFKARFIKFHWHULVWLFV RI DFLG PLON
&DVHLQ PLFHOOH VWUXFWXUH
JRUPDWLRQ RI DFLG PLON JHOV
(IIHFWV Rl KHDW WUHDWPHQW RQ WKH IRUPDWLR
,PSRUWDQW IDFWRUV WKDW GHILQH \RIJIXUW TXDOLW\
5KHRORJ\
‘"KH\ VHSDUDWLRQ
&OXVWHUV IRUPDWLRQ
&RQFOXVLRQV

 QWURGXFWLRQ

<RJXUW LV GHILQHG DV WKH 3IRRG SURGXFHG E\ FXOW
LQJUHGLHQWY >FUHDP PLON SDUWLDOO\ VNLPPHG PLON
EDFWHULDO FXQWWKH U8B R/EGRAERRQLIEDWW R/EDA DO OXE GE X O J D
BWUHSWRFRFFX V> V@&RUXRRG\K ICOXNHU DFFRUGLQJ WR WKHL
PHWKRG Rl SURGXFWLRQ I10DYRKQFX¥EDG® DRI SWKRHF HKOVDWL QL
DUH DROEWMIVDO GLIITHUHQFHV LQWRRMSFRIKWURQY FPIHDMKHN G
GLIIHUHQW FRXQWULHV 7KH FDUERK\GUDWH: IDW DQG Sl
DQG+ J J UHVSHFWLYHO\ > @

*UHNMW\OH \RIJXUW DO VR JXQRZQFR Y PHOWILIWIEG\RR J X U\
LV D VHPLVROLG IHUPHQWHG PLON SURGXFW GHULYHG IUF
$V D UHVXOW RI WKLV GUDLQLQJ DFWLRQ WKH ILQDO SUF
FRQWHQWYV VRKRQW HIXE®H \

7DEOH
7\SLFDO FKHPLFDO FRPSRVULWGKFWWLDQ IXOO0
DQG OR¥Y VWUDLQHG \RIXUW
&RPSRV YX 1L /R. 1T
7RWDC
3UR
)C
&DUERK
$V
6RXUFMPLPH > @

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

7KH SURGXFW KDV D FUHDP ZKLWH FRORU D VRIW DQGC
OLWWOH VIQHUHVLYV DQG D IODYRU WKDW LV FOHDQ DQG \
FRQVXPHG LQ WKH OLGGOH (D\@N OrQ GRHAIFGIN BQ RGNEWRQRQ
IRXQG LQ PDQ\ FRXQWULHYV LQ 7XUNHVWDQ WKH %DONDQ
VXEFRQWLQHQW > @ 7DEOH VKRZV WKH YDULHW\ RI QT
GLIIHUHQW FRXQWULHYV

7DEOH
6\QRQ\PV IRQWRIMWHG \RIJXUW LQ GLIIHUHQW FRXQW!

7UDGLWLR &RXQWULH

/IDEQHK ODEDQH (DVWHUQ OH

7D \ $UPF

/IDEDQ (J\SW ¢

6WUDJLVWR V| *UH

7RUED 7XU

6\X]1 5XV

ODVWID ,UDT

%DVD JLPQH I1VO <XJRVODYLI

W (WKL

*UF VW 8QLWHG .

&KDNND V L, Q(

<Pt "HQP|

6 N L FHC

6RXUFBPLPH 5RELQVRQ D > @

BWUDLQHG \RIJXUW KDV D KOOWKRQ OB PW LERRPOEIDVRQEKH
ODFWLFSUAML®HVXOW LW SUHVHQWY D EHWWH@®@ NHHXLQJ
ODFWLF DFLG FRQFHQWUDWLRQV FDQ EH H[SHFWHG WR F
\HDVWV PRXOGW IDFQBFVRPEDOWHULD FDQ VWLOO FRQWULE
f& FRQFHQWUDWHG \RJXUW FDQ EH NHSW IRU WZR ZHHNV
ODFWLF DFLG FRQFHQWUDWLRQ ZLOO EH PDVNHG E\ GLDF
WH KLJK IDW FRQWHQW ZKLFK LV @X8MWHOHWP RJHR XFR® F H
\RIJIXUW KDV VXSHULRU QXWULWLRQDO SURSHUWLHV WR
> [@ DQG PLQHUDO > [@ FRQFHQWU D VDIER G VE [DF WLHIWKHL) X
LV D WHQGHQF\ IRU WKHVH EDFWHULD WR EH UHWDLQHG
D YHU\ ORZ ODFWRVH FRQFHQWUDWLRQ ZKLFK PDNHV VW
LQWROHUDQW LQGLYLGX® ®VIPWK IFR QW BXQMMD B K\RFIK WY Q CEQ
FRQVXPHU GHPD@TKH SHUFHLYHG QXWULWLRQDO EHQHILYV
RI *UNMNOH \RIJIXUW OHG WR LWV LQFUHDVLQJ SRSXODUL
ODVW GHFDGH)RIXWK MIRZVWE FW FRQFHQWUDWHG \RJXUW
SRSXODU QXWULWLRXV SURGXFW SRVVHVVLQJ D KHDOWK)
\RIXUW@> 7KH &2'(; $/,0(17$5,86 FODVVLILHV VWUDLQHG
FRQFHQW UHRMWHS IPUGPN DQG LWV FRPSRVLWLRQ DQG TXD
&2'(; 67%$1 > @& RIJXUW HVVHQWLDOO\ IURP WKH (DVWH
FRQVLGHUDEOH SRSXODULW\ DV D ZKROHVRPH DQG QXW.L
SURSWUWKLFK H[WHQG EH\RQG QXWULWLRQ DUH QRZ El
KHDOWK EHQHILWYV DVVRFLDWHG ZLWK \RJXUW DQG SUR
HQKDQFHPHQW RI PLQHUDO DEVRUSWLRQ ODFWRVH GLJ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

ODFWRVH LOWROHUDQFH DOQWLPLFURELDO IXQFWLRQ WK
E\ SDWKRJHQLF RUJDQLVPV DOQWLFKROHVWHURO HIIHF
FDUGLRYDVFXODU GLVHDVH E\ ORZHULQJ WH WXKPH FIK RIOOH WW\
UHGXFH ULVN IDFWRUV IRU FRORQ FDQFHU LQLWLDWLRQ
UHVWRUDWLRQ RI QRUPDO EDODQFH RI JDVWURLQWHVWI
ORQJHYLWA @&RQVXPRWALRIXXUWHGWYKH UHODWLYHO\ KL
VDWXUDWHG IDW KDV EHHQ ODWHO\ OLQNHG ZLWK ORZHL
> @ $GGHG WR WKLV \RIXUW LV FRPPRQO\ VXSSOHPHQV
VXFK DV SURELRWLF\SO®WWE MRWMHIFR/O VW W D VL RW HBDQ HU
YLWDPLQV WR LPSDUW DQ HYHQ KHDOWKLHU LPDJH WR W
QHZ SURGXFWYV DORQJ ZLWK LQFUHDVHG FRQVXPHU DZD
ZLWK \RIXUDQEBEBXOWRELHRW LFVY KDG OHG WR D VKDUS LQFUI
RI \RIXUW LQ &DQDGD DQG WKH 8 6 GXULQJ WKH ODVW G
,QIRUPDWLRQ &HQWUH &DQDGLDQV FRQVXPHG OLWHL

DOPRVW WZLFH DV PXFK DV WKH\ KDG WZR GHFDGHYV
\RIXUW FKDQJHG $PHULFDQ WDVWHYV LQ \RIXUW ZKLFK K
FDWHJRU\ $V RI WKH $PHULFDV KHO® DEVKIDHHNRRRX U
PDUNHW ,Q FRQWUDVW WR FRQYHQWLRQDO \RIJXUW WK}
ZRPHQ DQG FRQVXPHUV DUH GUDZQ WR WKH FUHDP\ WHI[
*UHHN \RIJXUW FDWHJRU\ HIS RIW K QFEH GVVBR\EIEAVNEEIX § D VW
\HDUV $PHULFDQV FRQVXPHG OLWHUV SHU FDSLWD F
RI *UMHSH VKDUH > @

*HQHUDO WHFKQRORJ\ RI \RIJIXUW PDQXIDFWXULQJ

$W SUHVHQW WKHUH LV D ZLGH DYDNHWWA RI \®JXRWXW
XVXDOO\ FODVVLILHG EDVHGDRQ WHHNFIHDED BWF RIDVGH R @ W
PHWKRG Rl SURGXFWLRQ DQG WKH SK\VLFDO VWUXFWXUH
\RIXUW LV WKH SURG XFRWHRUPWGRIKRQPULOM I/ FDUULHG |
DQG WKH \RIJIXUW SURGXFHG LV LQ D FRQWLQXRXV VHPLVI
ZKHQ WKH FRDJXOXP LV SURGXFHG IURP PLON DQG WKH J
SDFNDJQRUG)\RIXUW FDQ EH FRQVLGHUHG DV VWLUUHG \FI
SURFHVVLQJ VWHSY LQYROYHG LQ WKHVH WZR W\SHV RI \
VWDQGDUGL]DWLRQ RI PLON IDW DQG SURWHLQWFRQWH
LQFXEDWLRQ IHUPHQWDWLRQ FRROLQJ DQG VWRUDJH >

OLON VWDQGDUGL]DWLRQ

1RZDGD\V WKUHH V\VWHPV DUH DYDLODEOH WR VWDQ
PLON EDVH WKH DGGLWLRQ RI PLON SRZGHVNUWR FROR T X
OLTXLG PLON XQGHU YDFXXP WKH UHPRYDO RI ZDWHU
> @ OLON EDVHV VKRXOG EH IRUPXODWHG WR FRPSO\
H[SHFWDWLRQV > @ 6WDELOL]JHUV JHODWV®Q BHNDGEK G!
IXUWKHU LPSDFW WKH SK\WLFDO SURSHUWLHV RI WKH IL
LQFUHDVHV WKH ILUPQHVV FRPSOH[ YLVFRVLW\ VWRU
YLVFRVLW\ RUDO YLVFRVLW\ FROGWIOIW FHESDHEFLRNG WK HD Q G
UHVXOWDQW @HO KXV LW LPSURYHV WKH WH[WXUDO DWW
VHQVRU\ DFFHSWDELOLW\ WRAWKH ILQDO SURGXFW >

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\

| Standardized Milk |

{

Homogenization
33-63°C and 10-20 MPa

L

Pasteurization
90-05°C for i min

y

Cooling to incubation temperature

{40435°C)
Addition of i’lrter culture
(2-3%)
|
| Cooling and cold storage |
Set-Yogurt ‘ Cooling and pumping |
Stirred-Yogurt

J)LIXUH ODLQ SURFHVVLQJ VWHSYV LQ WKHXPWQXIDFWXUH
6RXUFGIDSWHG IURP/HH IXFH\ > @

+RPRJHQL]DWLRQ

+RPRJHQL]DWLRQ LV WKH W\SLFDO LQGXVWULDO SURFI
SKDVH DJDLQVW VHSDUDWLRQ E\ JUDYLW\ 'XULQJVWKLV S
+ PP LV UHGXFHEP WRV DRUHVXOW WKH IDW JOREXOHV C
LQFXEDWLRQ RI WKH \RIJXUW %HFDXVH RI WKRLIRIOE UHG
LQFUHDVH LQ WKH VXUIDFH DUHD > BDRESRG RRPEIDDL
GHVWUR\HG DQG FDVHLQV DQG ZKH\ SURWHLQV IRUP WK
LQFUHDVHV WKH QXPEHUERLOSRWILEAGASRYHRAWXUG \RJ:
KRPRJHQL]HG PLON +RPRJHQL]JHG PLON IDW J®REW@HV I
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SUHVHQFH RI SURWHLQ RQ WKH IDW VXUIDFH > @ T7KHU
VWUHQJWK XSRQ IHUPHQW BSWLRRQHG R H. /\R HHWBMWLHRD SU RaV
PHPEUDQH LV GHVWUR\HG GXULQJ KRHP RIR QW D/\D E R QE \ OOLLSS
SUHYHQW OLSRO\WLV PLON PXVW EH SDVWHXUL]JHG LF
+RPRJHQL]DWLRQ SUHVVXUHV XVHG DUH XVXDOO\ EHWZHF
RI KRPRJHQL]DWLRQ LV PXFK EHWOMWMHXZK NQ/DMWH IYWHSE D!
FDUULHG RXW DW KR&IKVIREGHPSH DW XUHV

+HDW WUHDWPHQW

+HDW WUHDWPHQWY ZKLFK DUH PXFK PRUH VHYHUH
QHFHVVDU\ WR

*HQHUDWH D \RIXUW ZLWKEHMNUKHLEBWVEKXKG WHHVKHYDW LIL

ERWK DOWHUV WKH SK\WWLFRFKHPLFDO SURSHUWLHV

SURWHLQEODRWWRKDWEXOLQ LQ SDUWLFXODU PD\ EH

PLFHOOHV WKLV OLQNDJHRPSWWRYRY WIKWHF RAH W X UVHW LV

WKH ILQDO SURGXFW

&DXVH VRPH EUHDNGRZQ RI WKH ZKH\ SURWHLQV WR O

WKH DFWLYLW\ RI WKH VWDUWHU FXOWXUH

([SHO RI[\JHQ IURP WKH SURFHVVHG PLON EHFDXVH

PLFURDHURSKLOLF GHDHUDWLRQ SURYLGHV WKH FRUL

.LOO DMSRRQQJ SDWKRJIJHQV WKDW PD\ EH SUHVHQW

UHWDLQV LWV LPDJH DV D 3VDIH" SURGXFW > @

7R PHHW WKHVH UHTXLUHPHB® VXWPLO@N [L\FROYHQ B RO\

H[FKDQJHU P®RU WRNR PLQXWHV > @ $FFRUGLQJ WR &

RSWLPXP UHVXOWY DUH REWDLQHG fBD Q8 L) K ROIGHMW W UM
PLOQXWHYV

 QFXEDWLRQQHUPHQWDWLR

$IWHU KHDW WUHDWPHQW W K& FXIE®N ERQY WV H Y SHRURDON
JURZWK RI WKH $QW RSWHBXPX@WRSHUDWXUH RI WKH WK
EDFWHUIBIWUHBW RNBFEKVPRB R EDFWREDFLOOXW S HOE L
EXOJDUIMRVURXP& %DFWHULDO IHUPHQWDWLR®@ FLRQ YHU'
ZKLFK UHGXFHV WKH S+ RI PLONPL'GN L QWKW KSH- DBAHLFSLLHIDRVDH/
WR ,Q XQKHDWHG PLON JHOV JHODWLRQ RBRXHG/ FOLV® NDV
JHODWLRQ RFRXUVEERDRXYH BEORPWRUMCEXOLQ KDV D KLJ
SRLQW WKDQ FDVHLQ > @

7KH HVVHQWLDO 6® R WX HRU FOREXE U G¥NO EVWKEDEOILD U L F X V
GLVSOD\V DQ REOLJPR@QMKVSPEXRWQF WKBDWUIOURZWK LQ D |
RI DFLG DQG IODYRU SURGXFWLRQ E\ PL[HG \RIJXUW FXOW
RI WKH WZR RUJDQLVPV J@RZ QG YO EDNIEBMOKIOK G X RO \]H V
PLON SURWHDYWL@MN WKXV UHOHDVLQJ HVVHQWLDO DPL
VWLPXODWH WK HWKHRZR\RESIRIETXODKH U B R KRR VOXIVSLG O\ UHG
WKH S+ WR DURXQG ZKLFRK VBV LOPHK@PWBHHE NRKUREBOR Z W K
LV DWNR®HUDQW DQG SURGXFHV ODUJH DPRXQWSF RI ODI
WKHUPRSKHYXR[\JHQ GXULQJ LWV JURZMK G XK WHK @ CENRHAVH
PRUH IDY R UD EIOHD BUXBOLD ULW XD/O VR S UR G XIFGIVQ $1X &12Q H
IRUPLF DFLG R[DORDFHWLF DFLG DQG IXPDULF DFLG WKI
> "YaULQJ WKH JURZVGK QBVRBERUIDNIFXVHQWO\ H[KLE
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SUHIHUHQFH IRDVALRORYIHIWI RWKHU SURWHLQV DV D QLWL
W\SH RI SURWHLQ LV DOVR DQ LPSRUWDQW IDFWRU LQIOX

6WDUWHU EDFWHULD FDQ FRQWLQXH WR SURGXFH DFL(
ZKHOQARWVWHULD EHFRPH LQKLELWHG E\ WKH ORZ S+ LQ SULIL
VXIILFLHQW DFLGLW\ KDV EHHQ DWWDLQHG >S+ a @ 7K&
DGGLWLRQ RI DFLG LV FIRQHWWBRIOWUWHIQ E\SWRE& HOFWGHYV RI1 PL

&RROLQJ DQG VWRUDJH

6LQFH WKH \RIJXUW RUJDQLVPV VKRZ GEPWWH G U URZW
REMHFWLYH RI FRROLQJ LV WR GURS WK Hf @R SHDY W X UH
TXLFNO\ DV SRVVLEOH VR DV RN RVKRIQSWRREX FWK H7 KLH) [3 O ROFF
\RIJXUW PD\ EH FDUULIKD \RXVEUKDM/ER FREGDQQVLOK@MH
FRROLQJ WKH WHPSHUDWXUH RI IHUPHQWLQJfRLGKLW Gl
PRGHO LV PRUH DSSUWRSSH DRI URY SIOHKGDIOEMHERQ OTDR LV 2
HPSOR\HG IRWSHWRIXH® SURGXFWLRQ ,Q WKH ILUVW SK
JHQWO\ LQ D WDQN WR REWDLQ D KRPRS I$QHRKVVER®E D JBIQ
LV DGGHG DQINWKISYRDUH ILOOHG 7KH ILOGHRY AXSY SRIBIL
RI + KRXUV > @ 7R LPSURYH \RJXUW TXDOLW\ WKH VHFF
RXW DV VORZO\ DV SKRR/WALESHHERRIGI WDWH RI FRR®ADJ LV
LPSRUWDQFH LQ REWDLQLQJ D SURGXFW ZLWK WKH GHVL
FDXVH D ZHDN ERG\ DQG VWLPXODWH ZK@6WRBDQ DWRLRQ
IRU GD\V LPSURYHV WKH YLVFR# LWRXU\RREJI FAWKRH DLIBIV V
LPSURYHPHQW LQ WKH SK\VLFDO FKDUDFWHULVWLFV RI W
K\GUDWLRQ DQG RU VWDELOL]DWLRQ RI FDVHLQ PLFHOO
VIQHUHVLV ,W LV WKHUHIRUH VWWSREWWQRQWER G D WWIRH
> @

*UHHMWAOH \RIJXUW PDQXIDFWXULQJ PHWKRGYV

OXFK RI WKH FRQFHQWUDWHG \RJXUW FRQVXPHU DFFH
SURSHUWLHV ZKLFK LQ WXUQ VHHP WR EH KHRYMXHGHS
PDWHULDO > @ 'HSHQGLQVWR®@ MWKKRDWVEHG S WR PHIW
EHWWHU WKDQJKWUR\GGWORYB® SURELRWLF EDFWHULD
FHQWULIXJMWHMGBH* URIKN UWYV KDG EHWERMXQYWE\D RO YW MPLHX
DQEG WKHUPRSBQOXKH U HRIXOOUNGRQIEBHOMGEI DWHG \RIXUW L\
PDQXIDFWXUHG E\ VWUDLQLQJ WKH QDWXUDO VHW \RJXUMW
DUH RWKHU PHWKRGV DYWKQD ESUHR G)RF B DIQEK G B BXKHIUHRION
PHWKRGY DYDLODEOH IRU PDQXIDFWXULQJ FRQFHQWUDMW
7DPLPH DQG 5RELQVRQ > @ S5RELQVRQ DQG 7DPLFP
1VDELPDQD HW DO > @ 7DPQBHODUVKI@O ODPI@H7DPLPH H
FDQ EH FODVVLILHG DV IROORZV

7UDGLWLRQDO PHWKRGt: R RWK EDJ >

OHWKRGV EDVHG RQ PHFEKD@LFDO VHSDUDWRUV >

OHWKRGV EDVHG RQ PHPEUDQH SUBFHVVHV >

OHWKRGV EDVHEFRQ) GRLWHR®Y YHF @
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7TUDGLWLRQDO PHWKRG

7KH EDVLF SULQFLSOH RI XVLQJ WKH WUDGLWLRQDO F
SODLQ \RIXUW XQWLO WKH GHVLUHG WRWDO VROLGV OHY
\RJIXUWWIQ BFDOIR/ W D N HKRXBER/XW7KH ZKH\ VHSDUDWLRQ FDC
HLWKHU E\ JUDYLW\ GUDLQDJH VPDOO VFDOH SURGXFWL
L H E\ SINOLBRDJY RQ WRS RI HDFK RWKHU K RKEHMAHIQ MUK +
E\ XS WR KRXUV E\ DSSO\LRQ SWKHHIVMIXK W 1> NI NJ

7KH VHQVRU\ SURSHUWLHV RI WKH SURGXFW PDGH ZL\
> @ +RZHYHU WKLV PHWKRG FRXOG EH GHVFULEHG DV V
WH QDWXUH RI WKH SURFHVVY DQG WKH \LHOG REWDLQ LV

@ &RQVHTXHQWO\ WKLV WY¥IVGIR &V RFRW WOQINVE
'"HVSLWH WKLV WKH WUDGLWLRQDIHGURGXRPHREKRPOIWWE
OLGGOH (DVW DV WKH LQYHVWPHQW LQ PHFKDQLVHG V\V\

OHWKRGY EDVHG RQ PHFKDQLFDO VHSDUDWRUYV

OHFKDQLFDO VHSDUDWRUVY KDYH EHHQVRUBE 8XRGHKWFWN
RI VOB \RJAUBDOML HW DO > @ UHSRUWH® PBIOH XV
SURGXFWLRQ LQ7TKDX®HWHKBRBLDHTXLUHV WKH XVH RI D Q
2Q0\ VNLPPHG PLON VKRXOG EH XVHG ZKHQ KR®@K IDFONX U
LV XVHG WKH IDW JOREXOHV ZLOO FORJ WKH VHSDUDWRU
GHVLJQ RI FHQWULIXJDO VHSDUDWRUYV KDYH PDGH LW IHD
VWUDLQHG \RIURGWF:Q® FRQFHQW QDWUH GX ARWXLBAW HEY FEH
SURFHGXUH )LUVW PLON LV IHUPHQWHG XQWLO LW DFKL

$IWHU DFLGLILFDWLRQ IHUPHQWHG VNLPPHS& PLON L
f& WR LQDFWLYDWH W WHK H YXOHW X OHRD @G LR BW U B[\G PRR O |
ODUJH FORWYV RU FOXPSV DUH UHPRYHG E\ SDVVLQJ WKH
HQWHUV WKH VHSDUDWRU DKHJ DHUHRG @RVPHGWRHNO E HU R DHD YR
WKH FHQRVDVNLIHWWWKH VHSDUDWLRQ RI ZKH\ LQ WKH VH
IHUPHQWHG PLON LV FRQFHQWUDWHG WR WKH GHVLUHG
OHDYLQJ WKH VHSDUDWRU LV EOHQGHG ZLWK DQDPWRXUF
OHYHO LQ WKH ILQDO SURGXFW 7KHGQ LG&DSYDFRRQHE RRG
VHSDUDWRUYV DUH X& H8RIQ G IMWRIQRMWKH FRPSRVLWLRQ R
DFLGLW\ RI WKH IHUPHQWHG PLON BRUR UQW RNVRR'@BK G W W0
*KDULHEHK > @ VWUDLQHG \RIJXUW SURGXFHG IURP KHD
DW GLIIHUHQW VSHHGYV EHWZHHQ DQG J KDG RI
WKRVH RI FRQWURO VDPR@MY PBWKREB WKH WUDGLWL

OHWKRGYV EDVHG RQ PHPEUDQH SURFHVVHYV

OHPEUDQH WHFKQLTXHVY HVSHFLDOO\ XOWUDILOWUDW
WKH \RIXUW LQGXVWUWHDIRYW SWKH @DBWRGXFWLRQ RI VWUD
RVPRVLYV S5YRKHEHHQO/WXGLHG +RZHYHU SUHYLRXV VFLHC
52 WR SURGXFH FRQFHQWUDWHG \RIJXUW FUHDWHG ZHD
SURSHUWLHY FORVH WR WKRVH RI FRQFHQWUDWHG \RJXU

@7ZRGLITHUHQW VAVWHPV RI 8) KDYH EHHQ XVHG WR SUF
IHUPHQWDWLRQ RI 8) UHWHQWDWH WKDW KDV WKH VROLC
@DQG E 8) RI \ RIUW DW @ WR SURGXFH OFWRZOAMHIQW |
WKH GHVLUHG WRWPIOYVWROIOGYVFERIQWHOQW 2R NV VWXGLHC(
UKHRORJLFDO SURSHUWLHYVY RI FRQFHQWUDWHG \RIXUW R
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@UHMRUKXUWY SUHSDUHG E\ FRQFKQRNXIBWR)QWmD PL:
H[KLELWHG D KDUG VWUXFWXUH ORZ V\QHUHVLV DQG D |
ERWK 8) DQG VWUDLQLQJ UHVXOWHG \RJKXUWV ZLWK
VXEVWDQWLDOO\ UHGXFLGHWDK FFWHE F®RORD W WKH FR
\RIJXUW PDGH IURP 8) PLON UHWHQWDWH KDG PXFK JU
PDQXIDFWXUHG XVLQJ WKH WUDGLWLRQDO PHWKRG RU
FRQFHQWUDWLRQ RI PLOADEL@) EBLRUBLWRYKUWNVRILQ W
SURGXFW VLQFH WKH FDOFLXP FRQWHQW WK®OTEHE OLMK F
VWUDLQHG \RIJIXUW PDGH E\ 8) RI ZDUP \RJXUW FORVHO\ Ut
RI HODVWLFLW\ ILUPQHV\3Q DRUGN X&YDRIFVBX XY HW DIIH@WV S
HIILFLHQF\ GXH WR SHUPDQHQW PHPEUDQH IRXOLQJ >
IROORZV DIWHU WKH IHUPHQWDWLRQ SHELFRI WKIHQ X VHR
LQ WKH SODWH K HDFWWLLY BIYWFH MKIHH B X VR XD DQG FRQWUR
WR f& FRQFHQW U DWRR)GULQWD WZRB) SODQW GHSHQGLQJ RC
FRQFHQWUDWLRQ FRROHG [f& [DQ & OlD B OFRESEFFENBGERIEIER
WR g]H® HW@ DQG 7DPLPH HW DO > @ 8) DSSOLFDWL
DOWHUQDWLYH WR WKH WDB®IGQWSRE®BBVYW BEYE HOG O RIW X
LQYHVWLIJDWHG WKH UKHRORJ\ RI FRQFHQWUDWHG \RJX |
LQFUHDVLQJ WRWDO VROLGYV KDYH FRQFOXGHG WKDW FR
GLUHFW UHFRPELQDWLRQ 8) RI \RJXUW JLYHV WKH JHO
WUDGLWLRQDO SURGXFW > @ 2WKKWRWEMD QR D YH\Q
PHWKRGV DUH KLJKHU \LHOG LQFUHDVH VKRUWHQL
UHGXFHG RKH\QG HDV\ DXWRPDWLRQ DQG SURFHVV FRQ
XVLQJ 8) LQVWHDG RI WKH WUDGIPWDRQDQGPYWWRB® H W KH
UHGXFHG E\ DURXQG DQG UHVSHFWLYHO\ > @ 'XH V
Rl 8) SODQWY DUH QRZ DYDLODEOH RQ WKH PDUNHW IRU \
VFDOH > @

OHWKRGREBVHEFW UHFRPELQDWLRQ

$FFRUGLQJ WR WKH )RRG DQG $JULFXOWXUH 2UJDQ
UHFRPELQHG PLON SUWRHOEOW LY JD ISR R GKKEMDRR IDEL®RIQUINF
VROQRBRI®W LQ WKHLU SUHVHUYHG IRUP\RIZZ /W HRIU W R I/KRLX
DSSURSULDWH PLON SU® GXFEWGARPWRVHW/ILRDDWH WKH G
WKH PDQXIDFWXUH RI FRQFHQWUDWHG \RJXUW LW LV I}
UHFRPELQHG GDLUW @QJAKHGE MR WUHFRQVWLWXWLQJ S
XS WR WKH WRWDO VROLGY OHYHO UHTXLUHG LQ WKH ILC
ZLWK DQK\GURXV PLON IDW DQG VWDELOLVHUV > @ $I
UHFRPELQHG PLON RVHNIVGIGOIHE D YGPEODU ZD\ WR WKH S
\RIXUW > @ 7KH TXDOLW\ Rl UHFRPELQHG GDLU\ SURGXF
SURSHUWLHY DQG PLFURELRORJLFDO VWDQGDUGV RI WK
DQG /DZYUH@FHRRG TXDOLW\ \RIJIXUW FDQ EH REWDLQHG I
SRZGHUV DUHOIDHRIXRIVRAGHW > @@ VWDWHG WKDW WKHU
EHWZHHQ \RJXUW SURGXFHG IURP UHFWPRIGXH® DR RU R W
WHFKQLTXHV WR WKH GDLU\ LQGXVWU\ KDV HQDEOHG WKH
FROQWDLQLQJ GLYHUVH SURWHLQ WR ODFWRVH UDWLRV D
PLON UHWHQWDWH PLON SHUPHDWH RXGHN UN W-HQW W H k
XVH Rl WKHVH ODWWHU SRZGHUV KDV HQDEOHG WKH S
FRQWDLQLQJ KLJK SURWHLQ DQG ORZ ODFWRG8HYRIQWBQ \
DXWKRUV UHFRPPHQGHG XVLQJ WMKWYXH WLDHVERIV 8RS WK
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SURGXFWLRQ DQG RU WR SURGXFH FRQFHQWUDWHG \RJX!
+ @,Q RUGHU WR REWDLQ D UHFRPELQHG VWUDLQH
SK\WWLFRFKHPLFDO SURSHUWLHV DAWSHDWNH GJ KRRRP BQBW,
SRZGHUV ZLWK UHGXFHG ODFWRVH FRQWHQW IUHH RI LQ
WKH JURZWK RI ODFWLF EDFWHULD > @ +RZHYHU
WUHDWPKIQDW DR £ L O N DBRZRG BB VXFBI@G HIITHFWLYHO\ WR SU
SURGXFW > @ 6LQFH UHFRPELQHG SURGXFWV JHQHUDO
LPSRUWDQW WR KDYH D KLJK TXDOLW\ ZDWHU VRXUFH (]
ZLWK SRZGHU VROPELOLWN BDQ@ $FFRUGLQJ WR WKH UL
,QWHUQDWLRQDO 'DLU\ )HGHUDWLRQ ") ZDWHU XVHG V
H[FHHG WKH IROORZLQJ PD[LPXP VDOW FRQFH® WO BIVXIPR
FDUERQDAMK®ORULFRGH VXOIDWHI QLWURPWIXH @ 1LFKROV DC
.RIDN > @ GLVFXVVHG LQ GHSWK WKH LPSRUWDQFH RI ZC
SURGXFWYV OLON SRZGHUV XVHG ERU DKPER R EWIGIBIMRIR @ D L
PRQWKY DW DPELHQW WHPSHUDWXUHV ZLWKRXW HGIRZLUYW
UHFRPPHQGHG > @ 7KH ORQJ GXUDELOLW\ DQG JRRG W
GLUHFW UHFRPELQDWLRQGH YXQ YW E OWILRIS@VILER@EGWRKR IBRHR R L
SURGXFWYV LQ DUHDV ZKHUH D IUHVK UDZ PLON VXSSO\ LV
> @ %HFDXVH UHIULJHUDWLRQ DQG WUDQVSRUWDWLRQ
XWLOL]DWHBQHRBI BIUHY LQJUHGLHQWY PD\ EH WKH RQO\ Y
SURGXFWYV > @ O6H¥H@DWHBRWWRGVWKH XVH RI UHFRPEL
SURGXFH PLON DQG GDLU\ SURGXFWV LQ GHYHORSLQ.
JHRIJUDSKLMHFRQRPWEFRQGLWLRQV VHWWLQJ XS D FRQYF
ORFDO PLON SURGXFWLRQ LV LPSUDFWLFDO > @ 2Q Wi
ZKHUH WKHUH LV D PLON VXUSOXV PLON UHFRPELQDWLI
POWHULDOV PLON SRZGHUV DQK\GURXV PLON IDW HWEF
GHILFLHQF\ DUHDV LQ RUGHU WR FRPSHQVDWH IRU WKH

QHZ PDUNHWV > @ 7KHUHIRUH LW LV EHOLHYWR WKE
SURGXFH FRQFHQWUDWHG \RJXUW ZLOO SRWHQWLDOO\ LC
LQ SURWHLQ DQG ORZ LQ ODFWRVH > @ +RZHYHU LW

GLVWULEXWLRQ RI GDLU\ LQJUHERABQWYGRU EHEFEWRPE QQEIQ
EH GHWULPHQWDO WR ORFDO PLON SURGXFHUV > @ 7KH
UHFRPELQDWLRQ RIIHUV LPSRUWDQW DGYDQWDJHV RYHU
UHFRPELQDWLRQ GRHWSRW ODQYRREBGHPKH\WEKHUH LV OHV\V
DQG WKH \RIXUW SURGXFHG LV PRUH QXWULWLRXV EHFD X
SURGXFW DQG UHTXLUHV ORZ LQYHVWPHQW DQG SURGXF
> @ +RZHYYHWUDO VFLHQWLILF SXEOLFDWLRQV VWDW}FH
UHFRPELQHG FRQFHQWUDWHG \RJXUW ZHUH GLIIHUHQW I
WKH WUDGLWLRQDO PHWKREWRDOE\>8) > @ @ FRQFOXG
\RIJXUW PDGH E\ GLUHFWOM DR PRPOEL GRIE HXYOW R zZY
IRUPHG ZHDNHU JHOV WKDQ WKRVH PDGH E\ WUDGLWLRC
VFLHQWLVWY KDYH VWXGLHG RU UHYLHZHG WKH SURGXFV

+ @ WKHUH LV OLWWOH HYLGHQFH RI WKF
IDW VWUDLQHG \RIJXUW ,Q WKH IXWXUH LW LV FUXFLDO W
UHFRPEL QDI CDRIEH W MY\HE H VRV OUHH MR X U W
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JRUPDWLRQ DQG SK\VLFRFKHPLFDO FKDUDFWHULVWLF

$FLIQGXFHG PLON JHOV DUH IRUPHG E\ DJJUHJDWLRQ F
GHFUHDVHV DQG WKH LVRHOHFWULF SRLQW S+ RlI FDVF
D SDUWLFXODWH KHWHURJHQHRXV VWUXFWXUH FRQVLVW
VSDFHV ZKHUH WKH DTXHRXV SKDVH LV FRQILQHG 7KHVH
VPDOOHU RQHV ZKLFK LQ WXUQ FRQNVQVWNVRDBDBVHRQGSD
KHWHURJHQHLW\ ZKLFK GHSHQGV HJ RQ WKH WHPSHUD'
WKH PHFKDQLFDO SURSHE&BALHLQRI HOR/HDIHO YSHU\ GE&DPLF D
RI WKH FOXVWHUV @RW KD QWWRZRHW IRMPRFFXU EHIRUH RU
7KH SK\VLFDO FKDUDFWHULVWLFV RI WKHVH SDUWLFXODW
ERQGVY FRYDOH@WHERMDEMHG6HRBUPHG GXULQJ WKH DJJUH.
UHDUUQ@IJHRHSURWHLQ SDUWLFOHV QRQFRYDOHQW ERQGC
DQG SUREDE®UHWHKGWHYBQ GHU :DDOV DWWUDFWLRQ DV :
UHODWHG WR SURWHLQ FRQIRUPDWLRQ N7ERQEDO BDRFW LER(C
UKHRORJ\ RI \RIXUW JHOV > @ OLON SURWHLQ JHOV
IRRG JHOV $OWKRXJK PLON JHOV DUH XVXDOO\ FODVVLILH
DUH QRW VLP SO I S\DH WIKFH HQMAIDWQIBHF VWU XFWXUH RI WKH
UROH LQ WKH UKHRORJLFDO SURSHUWLHV RI PLON JHOV >

&DVHLQ PLFHOOH VWUXFWXUH

$W OHDVW WKUHH W\SHV RI PRGHOV IRU WKH VWUXFW
6FKPLG®W BQG :DOVWUD > @ VXJJHVWHG D PRGHO WKDW S
LQWR G L\XFUNWAHSMKEOHV @ ZLWK GLVWLQFWO\ GLIIHUHQW
LQGLYLGXDO FDVHLQV FRPH WRJHW K HUQMH WXDRHL BB 8 U R E
GHSOHWBGEHI®Q RU KOUWWQBIDRKHLE FROORLGDO FDOFLXP !
UHJDUGHG DV WKH FHPHQW ZIQLLPK VOW®N N \W\KKHHV Hs G R WIKUHHUWR
+ROW > @ UHJDUGV WKH PLFRHOMNH® \B ORPHZRULE & LWHKG
QDQRFOXVWHUV DUH WKH OI1RQWYJWAKIS RSURVEBHQ MR D FE& KX
WRJHWKHU > @ $ PDMRU IDLOLQJ RI WKHVH WZR PRGHO\
DVVHPEO\ JURZWK DQG PRWIHROPBR UWOAWKOR | WHKBPERQV H L
HOHPHQWYV DUH LQ SODFH LQ D UHFHQW PRGHOE ISURISRY HG
SRO\FRQ GW\BHD WIHFEDQLVP IRU JHO DVVHPEDGLYJ PRAOHGC
PLFHOODU DVVRBRW®\ \WRNMH SODFH E\ D SRO\PHUL]DWLRQ S
VXJIJHVWV WZR GLVWLQFW IRUPV RI ERQGLQJ FURVVOLQN
RU EULGJLQJ DFURVV &&3 QDQRFOXVWHUV &HQWUDLGVWR \
DQG KHQFH VWDELOLW\ LV PDLQWDLQHG E\ D ORFDOL]HG H|
UHSXOVLRQ > @ 7KH HQHUJ\ RI LQWHUDFWLRQ EHWZHH
FDOFXODWHG DV WKH VXP RI RS KRW®IUR DWW DF W HB@ @M RC

+'L'4 E*+

ZKHUH ,( LQWHUDFWLRQ HQHUJ\ (5 HOHFWURVWDWLF UH!
PRGHO VHHV WKH PLFHO ORQ N\R ¥R WD GEXWUD\D EJW RV VD JH G
SRVLWLYHO\ FKDUJHG ELQG WR QHJDWLYHO\ FKDUJHG SKR
WR WKH OHYHO ZKHUH WKH DWWUDFWLYH LQWHUDFWLRQV
EH DOORZHBWMR>GRPLILIXUH LOOXVWUDWHY WKH VWUXFV
WKH BIXD®LQJ PRGHO DQG FDQ EH XVHG WR H[SODLQ WKH \
SURWHLQ PROHFXOHV 7KH ILUVW OLQNDJH EWK\G RRI/K RIERF
GLIIHUHQW PROHFXOHV IRUP D ERQGHG FOXVWHU
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V=

K

JLIXUH EX@OGLQJ PRGHO RI VWUXFWXUH RI FDVHLQ P
%RQGLQJ RFFXUV EHWZHHQ WKH K\GURSKRELF UHJLRQV VKRZ
K\GURSKLOLF UHJLRQV [FR WO K WHU 8 KRR IKRBWHDX/\HW § UO/L POLRAD

IXUWKHU JURZWK DQG D UM 6RXEH®B SWH GV KUWR R H- BHQWW HU p >

7KH JURZWK RI WKHVH SRO\PHUVFKDUJGIGL EJIHVH G XE\V V
UHSXOVLRQ SXVKHV XS WKH LQW H U VML R ORNUSKRKMBHUQH
E\ LQFRUSRUDWLRQ LQWR WKH &&3 GLPLQLVKHV WKDW IU
W\SH RIORWRMWJ EULGJH VLQFH LW LV FRQVLGHUHG WKE
FOXVWHUV IURP GLIIHUHQWD FPRMRRGBRHGF YONH W DFIKQ &ER+3
>+RUQH @ > @ NFOWKRQJKRWKAXOHVY FDQ LQWHUDFW
GRPDLQV ZLWK WKH K\GURSKRELF UHJLRQV RI WKH RWKF
FDVHLQ LV QRW SRVVLEOH EHFDXVH LW SRVVHVVHV QHL
&&3 >WKH RQOULSKRVSIKRBMHLOQOLHY LQ WKH PDFURSHSW
SXWDWLYH KDLU\ OD\HU GHHPHG HVVHQWLDO IRU PLFHOC
UHVLGXH FDQQRW EH IOQQRQQHGY LD HERE@ URRY DQRWKHU
SRIVQRVH[WHQG WKH FK&D @ HYLLD DFKLW MR PWHHUPLQDWRU IR
8QOHVV FLUFXPYHQWHG E\ WKH JURZLQJ QHWZRUN LW ZL
WKH PLFHOOH +HQFH LWV VXUIDFH ORPDORVWORLD M PRGPE |
QDWXUDOO\ LQ WKLV PRGHO > @ 7KLV FRQFHSW RI D O
RYHU HOHFWURVWDWLF UHSXOVLRQ DOORZV WKH YLVXD
DFFRPPRGDWHYV WKH UHVSRQVHLQISWKMW RPPSHODWXUWR KK
UHPRYDO RI &&3 E\ VHTXHVWUDQWY DOO LQ DFFRUGDQF
B8UHD GRHV QRW UXSWXUH WKH &&3 OLQNDJHV EXW GLVU)
PLFHOODU GLVLQWHJODW LLRQV HXUMWKHLY ©DEHE O\ PDLQW
GLVVROYHG RXW E\ DFLGLILFDWLRQ EHFDXVH WKH SKRVS|
WKH DFLG PHGLXP ,I WKH PLON LV GLDO\]HG DQG WKH S
PLON GLVRRFNRWLRIFHOOH FRPSOH[ LV REVHUYHG DV \
SKRVSKRVHULQH UHVLGXHY DUH QRW QHXWUDOL]HG DQG '
RYHU WKH K\GURSKRELF DWWUDFWLRQ 7KH VDPH GLVVRI
&&31V UHPRYHG E\ VHTXHVWUDWLRQ ZLWK ('7$ ,QFUHDVLC(
OHDGV WR GLVVRFLDWLRQ RI WKH PLFHOOHV :KHWKHU W
UHVLGXHV IURP VLQJO\ WR GRXEO\ QHJDWLYSDEGHRRIJIH
OLQNLQJ WR WKH &&3 QDQRFOXVWHUV RU ZKHWKHU WKH
WKH EDODQFH RI HOHFWURVWDWLF UHSXOVLRQ DQG K\G!
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UHSXOVLRQ DQG WKH PLFHOOHVSHUDWRALD VGHH F UHHDNHDW
K\GURSKRELF DWWBD¥WILR @ RPWYWAODPNHG WKURXJK LWV SK
WKHQ EH UHOHDVHG LQWR@NKHKHANHU XPFSKWDOVHIIHVWYV WK
FHPHQW WKH PLFHOOH WWRK HWIOHW LBV ®RGHONME HEEX B\ UD W
DQG PRGXODWH WKH HIIHFWV RI FDOFLXP DQG FKDUJHG
K\GURSKRELF LOQOWHUDFWLRQV DQG K\GURJHQ ERQGLQJ Dl

JRUPDWLRQ RIHDKWLG PLON

$V WKH S+ RI PLON LV UHGXFHG &&3 LV GLVVROYHG

FKDUJH RQ LQGLYLGXDO FDVHLQV LV DOWHUHG DQG WKH

FDVHLQV DUH OLEHUDWHG LQWR WKH VEMXBWIKIQ/HRI>FD'

GHSHQGV RQ WKH WHPSHUDWXUH DW DFLGLILFDWLRQ Ol

OHYHO RI K\GURSKRELF DWWUDFWLRQV LQVLGH WKH FD\
FRPPRQO\ XVHG IRU \RJXEW PRQEBLINVMERQHRI! FDVHLQ OLN
> @ :KHQ WKH LVRHOHFVBULF B LDEW LRR DFIDKVHHGE. QIVJ JSHH J D V
ORHQHUJ\ ERQGV PDLQO\ K\GURSKRELF DUH SURJUHVV
> @KUHH S+ UHJLRQV LRI WKE@NDRLRRISFDWMRR) FDQ EH

DS+ IURP 7MMR GHFUHDVH LQ S+ FDXVHV D GHFUHDVH L
WKH FDVHLQ PLFHOOHV WKHUHE\ UHGXFLQJ HOHFWUF
DPRXQW Rl &&3 LV GLVVRMRYWE HD ERYKBWXUDO IHDW XU
UHODWLYHO\ XQFKDQJHG HJ VL]H > @

E S+ IURP $WRVKH S+ RI PLON GHFUHDVHW KH QKW UQ HURR!
FKDUJH RQ FDVHLQ PLFHIOXG W K HHEKRDQ\NIE B P D@ VDA R |
VKULQN RWHKXWO® KBXOWY LQ D GHFUHDVH \L\@HWQ A F W
VWDELOL]DWLRQ ZKLFK DUH ERWK UHVSRQVLEOH IRl
RULJLQDO PLOWKSWIBWH RI VROXELOLZBWHRKR @ HO NGB VI
WKH LOQWHUQDO VWUXFWXUH Rl FBQHE® WPR\F\M DG HN U
EHWZHHQ WKH H[SRVHG SKRVSKRVHULQH UHVLGXHV ¢
FDVALBHOOHV E\ S+a > @

F S+ :KHQ WKH S+ RI PLO/N B\HE RPKHHASIRARRVO HRA WEDLVAH L Q

WKHUH LV D GHRHIDWHL YL FKIOW JHHRQ FDVHLQ
GHFUHDBIOH AWWURVWDWLF UHSXOVLRQ EHRWXHHQ KIDYE |
FDVIEDOYHLQ DWW UDFW L RIGQ\F U HROFSHHRISWK IR EG R HD VAR HO H |
FKDUQMWHUDFWLRQV DQG YDQ GAWUKHDWHI®R PEOW JH:
RFFXUV DW DURXQG S+ ZKLOH LQ KHPWHBHFEDOXNW J
GHQDWEDFHWRJOREXOLQ KDV D KLJKHU LVRHOHFWULF S
SDUWLFOHV DJJUHJDWH DV D UHVXOW7RH PPBL QDN FKD
SURFHV\L @ MWK VRY P D W L RIQR/L R Q\DKQJ 19 i WFDRAVNDAGRE) V L V'
FKDLQV RI FDVHLQV > @

6ROXELOL]DWLRQ RI &&3 GXULQJ WKH DFLGLILFDWLR
VWUXFWXUDO LQWHJULW\ RI WKH FDVHLQ PLFHOOHYV > @
FDVHLQ PROHFXOHV ZLOO KDYH WRUH KEAUKSHHWUY HBEWW URXIF
VLWHYV > @ 7KHUHIRUH WKH ORVV Rl &&3 IURP FDVHLC
SURSHUWLHV RI FDVHLQ JHOV > @ ,| WKH DFLGLILFDWLF
HTXLOLEUDWLRQ D @QRGOWRHDWOWU PHG HERHIWH WL QWU X FW XUHV Z|
JLYLQJ ULVH WR ZHDNHU JHOV ORUH UDSLG GURSV LQ S+
VWUXFWXUH ZLWK JUHDWHU GHQVLW\ RI SRVVLEO\ VWURQ
E\ WKSHHLPHQWDO ZRUN GRQH E\ /HH DQG /XFH\ > @ 7K
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LQRFXODWLRQ UDWHYV UHVXOWHG LQ ORZHU IHUPHQWDWL
WKHLU UHVXOWNHEVR®DELIOQ]DMLIRG WI && 3L RQ PV N VR
SURFHVV DQG PD\ UHTXLUH D VOLJKWO\ ORZHU S+ WR FF
RI IDVW DFLGLILFDWLRQ :KHQ &&3 GLVVROYHV DW D ORZ!
EH OHVV VHQVLWLYH WR H[FHVVLWHVKIBDOW D WQOREBHQ VBY Y
ZLOO EH ORZHU HOHFWURVWDWLF UHSXOVLRQ DQG KLJK
SDUWLFOHV WKXV VWLIIHU JHO QMWKZHRVRO XEWB LREWDR (
DSSHDUV WR DOWHU W K& EDDP® GIOD \EW W HFIR® SRIQHFRW V L
> @ +\GURSKRELF LQWHUDFWLRQV DUH XQOLNHO\ WR SO
WKH VWLIIQHVV RI DFLG JHOV LQFUHDVHY DV WKH PHDVXU
LQ DQ LQFHHDWH IR WKRI WKH JHO SUREDEO\ DV D UHVXC
FDXVHG E\ WKH ZHDNHU K\GURSKRELF LQWHUDFWLRQV D
SDUWLFOHV $ VLPLODU WUHQG RFFXUV ZKHQ RRHEHU LQF
ORZHU LQFXEDWLRQ WHPSHUDWXUHY OHDGV WR ORQJHU
JHOV WKDW DUH OHVV SURQH WR ZKH\ VIQHUHVLV DUH IF
WKHUH LV DQ LQFUHDVH LQ WKH VLDPHURIGW KW LFRDQ/ H QK S®U
LQWHUDFWLRQV ZKLFK LQ WXUQ OHDGV WR DQ LQFUHD)
> @ +LJKHU LQFXEDWLRQ WHPSHUDWXUHY L H KLJKHU
PRUH SURQH WR UHDUUDQDEBH@KMHN B XAKLEYJ HIY OFEDADL R®! D C
VHSDUDWLRQ > @

(IHTHFWV RI KHDW WUHDWPHQW RQ WKH IRUPDWLRQ

'LWK WKH H[FHSWSRGWR QI RIKHRVIHRWHLQV DUH YH
WUHDWPHQW 8QOLNH KDYH MK HB\H) RQUIRWWWQX FW XUHV F
(DFK FRQILJXUDWLRQ LV VWDELOL]HG E\ K\GURJHQ DQG
BHFRQGDU\ DQG WHUWLDU\ VWUXFWXUHV RI ZKH\ SURWHL
EHFDXVH KHDWLQURZHODNEQ® K\GURSKRELF ERQGV > @
SURWHLQV RFRXU\WERMPSHUD VBX UHM RGGWRJ RI WKH SUR)
OLPLWLQJ EXW IXUWKHU LQFUHDVHYV LQ WKH KHDWLQJ WF
UDWH RIUGMQRW DV DJJUHIJDWLRQ RILWKMLEIRIRIBQ VfBHFF
DW OHDVW LQ WKHRU\ GHQDWXUDWLRQ RU IXQFWLRQL
ODFWRJOREXOLQ DUH UHYHUVLEOH EXW DERYH f& L
SURWHLQV RRHAXRRYW@DEXQGD Q\WODKHW RSIIDRENDQQLVYQ ZKL
LQGXFHG FRQIRUPDWLRQDO FKDQJH UHVXOWVWVJIXQNMVKH H[S

T > 60°C —)\-SH

2\) ) | ..

J)LIXUH 6FKHPDWLF ENMDFHIWVRIOWREWQORQ GHQDWXUDWLRQ EUH
VWUXFWXUH DQG H[SRVXUH RI WKLRO JURXSYV
6RXUFGIDSWHG IURP %\0OXQG > @
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7KLY WKLRO JURXS FDQ IRUP GLVXROQMEIHLQRQ G B R W K LI
DEODFWRJOREXOLQ RU ERYLQH VHUXP DOEXPLQ RU ZLWk
DVYODFWDOBPXPEYGDVHLQ 7KH ODWWHU SURFHGY\VRFEFIXGWH V
EULGJH H[FKDQJH UHDFWLRQM WLIHRVH BEPR®EQE QI HE& K
ODFWRJOREXOLQ LV WKHQQEWRDWRREEK O QELTU DAWH\RHQ W
HIWHULRU RI WKH FDVHLQ PLFHOOH OHDBYDW®R RFRRDREXDI
, QWHUD BODRFORRRQR ZLWRKRRWWHQQ®J VHUXP FDVHLQV PL.
ZKH\ SURWHLQ DJJUHJIJDWHV $GEILMAVRRIOCREX OLLAW A UW R\
FRQWDLQLQJ ZKH\ BORWWDQ¥EX®XBKIRYBG REXOLQ PROHFXO!
IRUPDWEZK@\RSURWHLQ DJJUHJIJDWHV > @ +\GURJHQ ER
K\GURSKRELF LQWHUDFWLRQV KDYH DOVR EHHQ VXJJHYV
DJJUHIJDWLRQ > @ 7R VXPPDUL]H KHDW WUHDWPHQW F
QDWLYH ZKHHLMQSYURQG GHQDWXUHG ZKH\ SURWHLQV SUHYV
FDVEK@\ SURWHLQ DJJUHJDWHV DQG ZKH\ SURWHLQ FR
DVVRFLDWLRQ RI GHQDWXUHG ZKH\ SURWHLQV WR FDVHL
PLFHOOH VL] @ $FFRUGLQJ WR 3HVLF HW DO > @ DIWH
KHDW WUHPBWPH@RWQXWHY DW QDWXUDO S+ DERXW
SURWHLQV ZHUH LQYROYHIGIXQHVROKEDWH F RIFKGI@PMIRWLF U}
WKH HIITHFWV RI KHDW WUHDWPHQW DQG VXEVHTXHQW L
SURWHLQV SUHVHQW LQ VNLP PLON

Unheated milk Heated milk Acid milk gel

. Casein micelle o  Whey protein

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH KHDWLQJ RI VN
UHVXOWLQJ LQ WKHRWHERDRQWIHRRZRUDN S
6RXUFGIDSWHG IURRVWIDELSR G KU

7KH H[WHQW DQG UDWH RI GHQDWXUDWLRQ RI ZKH\ Sl
IDFWRUV $PRQJVW WKHVH DUH WKH S+ YDOXH WKH LRQ
SURWHL@WWFRWERQ DQG FDVHLQ WR ZKH\ SURWHLQ UDWL
VROXWLRQ DQG WKH GXUDWLRQ DQG WHPSHUDWXUH RI
DERYH WKH QDWXUDO S+ RI PLON PDUNHGBPO DFWIROE R BX\H
*HQHUDOO\ D GHFUHDVH LQ WKH S+ RI PLON V\VWHPV S|
DVVRFLDWLRQ EHWZHHQ WKH GHQDWXUHG ZKH\ SURWHLQ
LQ S+ FDQ VKLIW WKH GLVWULE X\ DRQX RH GV & K HD \SWRRW B 1M
FDVHLQ PLFHOOH )RU H[DPSOH DW D OHYHO RI ZKH\
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RI GHQDWXUHG ZKH\ SURWHLQVY DUH DVVRFLDWHG ZL\
GHFUHDVH WR DSSUR[LPDWHOULRUIKWR WHKBWIQRILFLON 7
LQ DVVRFLDWLRQ OHYHO LV UHIOHFWHG LQ WKH LQFUHDYV
DW WKH ORZHU S+ > @ $FFRUGLQJ WR 9DVELQGHU HW
DJJUHIJDWHYV WKDWUDRVUIPR FRIRWDQ DX®DOWWROREXOLQ ZK
UHSUHVHQWDWLYH RI WKH UDWLR RI WEWB/ODGER P MXWUMC
HDVLO\ LQFRUSRUDWHG LQ DJJUHIJDWHY WKDQ LW LV LQY
SURWHLQ KRDWODLWQHLRIPLFHOOHY EOHBWABYFGRBRX\VDLLPD VOBREB
GH .UXLI > @ VWDWHE® MFRADRVEXRERBEQOREXOLQ LQWHUD
ZKH\ SURWHLQ DJJUHJDWRHU VIHDP FDNRROREG (RYHUN)WHUDF
FOMEODFWRIBDAREKXWRQPOREXOLQ UHDFWLRQV KDUGO\ WDNF
RI VHSDUDWH ZKH\ SURWHLQ DJJUHJDWHYV KDUGO\ RFFXU\
RQ WKH VXUIDFH RI WKH FDVHLQ PLFHOWHWDMESDUHQW
ODFWRIQREXHOUMFWLRQV DRMHY EORPWRIBORENOLQ LOWHUDEF
VXPPDUL]JHVY WKH GLITHUHQW LQWHUDFWLRQV WKDW WDNF
ZKH\ SURWHLQV ZKHQ GLIITHUHQW S+KMHDGALX®PY DUH FRQVL

3?@ "
= ‘1"5) o ‘:,y_ % o e“%
P 5 - P o @
% - v
%o " - o 8
o %
pH 6.35 6.45 6.55 6.7 6.9
Natural pH
of milk
. Casein micelle ¢ Whey protein
JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH LQWHUDFWL
SURWHLQV RFFXUULQJ LQ PLON GXULQA&KBI\W VS W YBOWH\HQWQR

IURP WR
IDWLYH ZKH\ SURWHLQV IDUXURIRW LQFOXGHG LQ W
6RXUFGIDSWHG IURRVW I ELSR G KU

$QHPD > @ H[SODLQV WKLV SKHQRPHQRQ E\ VWDWLQJ
IURP DERXW S+ WR S+ NF DE/HHIRY 16 (KRUDMNYLYHO\ GLVV]
FDVHLQ PLFHOOHV VR WKDW MRMDBHLQ LW IOH PRALPUWLMG R
PLFHOOHV ZKHUHDV :DWRSAWFDBPHREWY IRXQG LQ WKH Pl
WKH GHQDW XU HGQXIKH C5FVR WHW® WKH FDVHLQ PLFHOOHYV
NFDVHLQ WKLV SEUVREQDSWREDRO\ H[SODLQV ZK\ WKH D
SURWHLQV ZLWK WKH GHDIYHQQHQAWHOW HY LY SRUWDQW WR
KHDMDWPHQW DW D FRQVWDQW S+ ZLOO FDXVH PRUH GHQ
Rl GHQDWXUHG ZKH\ SURWHLQV DVVRFLDWHG ZLWK WKH F
UHPDLQ FRQVWO@WXFH® LOMOHMUDFWLRQV RS UFRWHLQ P DR
DOVR DIIHFWHG E\ WKH FDVHLQ WR ZKH\ SUR WD HILIQN LR
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SUHVHQWY OLPLWHG QXPEHU RIOD¥WRIDREK ELQ GMY.R WL
ZKHQ WKHVH VLWHV DUH VDWXUDWHG GHQDWXUHG ZKH
LQFUHDVLQJ WKH DPRXQWYV Rl ZKH\ SUR®MHLD WR J&KR DHW-
> @ DIWHU D KHDW WUHDWPHQW DW S+ D PD[LPXP
FDVHLQ DQG ZKH\ SURWHLQV LV IRUPHG ZKHQ XVLQJ D FLC
&DOFLXP LRQV SURPRW & D¥FKHR DOR EPVMHY QR RHOOHV  SHU
WKH DELOLW\ RI LRQV WR LQIOXHQFH WKH GHJUHH RI HO
ODFWRJORERDVBLOQE\ SURYLGLQJ DQ LRQLF HQYLURQP
PROHFXOHV $GGLWLRQDRONLQ ¥ MO VU FHXEGG EIHWD IR I WK LR
ODFWRVH FRQFHQWUDWLRQ LV D OLPLWLQJ IDFWRU IRU

UHVLGXHV DUMDERRQOREROLQ YLD JOXFRQLF DFLG RU PH(
SURWHLQ IE®H WURQQWMMDKHDW WUHDWPHQW /DFWRVH FR
FKHPLFDO FRPSRVLWLRQ GR QRW KDYH DQ\ QHJDWLYH
GHQDWXUDWLRQ +RZHYHU LI WKH ODFWRVH OHYHO RI \R.
WKH RIDIKHH\ SURWHLQ GHQDWXUDWLRQ LV OLNHO\ UHGXF
PLON VKRXOG H[SRVHG WR D !KLJK&HURKHDPWQW YHK@BW P HQ V
DVVRFLDWLRQ RI GHQDWXUHG ZKH\ SURWHLQV ZLWK PLF
\RIXUW WH[WXUH DQG JHOSVUWSBQH®K WRP @ HORIHKE UWW L F
SURWHLQ IURP ZKH\ SURWHLQ FRQFHQWUDWH KDG KLJKHL
FDSDFLW\ DQG D GHQVHU PLFURVWUXFWXUH WKD® WHKH V H
RWKHU KDQG LW LV WKRXJKW WKDW QDWLYH ZKH\ SURWH
WKH DFLGLILFDWLRQ RI XQKHDWHG PLON DQG DFW DV D G
PLON JHOWH>D @G /XFH\ > WABMXSRUWHDS PDGH IURP PLON
WHPSHUWDWEX@ HSUHVHQWHG ®L & NHCH D F®& REVMY QURKXHFGY S U IR
ZLWK VPDOOHU SRUHV WKDQ JHGD\RZ MGHP S H B B\KROUDHWV K>t
EUDQFKHG PLFURVWUXFW X W @ Q/FMUMHHDY HV KWIKHG HOIDW ML FEL
WKH ILQDO JH@ >@ 7TKHUHIRUH \RJXUWV SURGXFHG IURP

JUHDWHU ILUPQHVV DQG ORZHU VXVFHSWLELOLW\ WR V\
KHDWLQJ WKDW HREBXDFWRJMWREXOLQ GHQDWXUDWLRQ JH(
'+& DQG WKH UKHRORJLFDO SURSHUWLHV RI WKH ILQDO J
JHQHUDOO\ BPR¥WRJOREXOLQ GHQDWXUDWLRQ KDV D

\RJIXUW V SSKR'S HRDADL H V

,PSRUWDQW IDFWRUV WKDW GHILQH \RIJXUW TXDOLW)

7ZR Rl WKH PRVW LPSRUWDQW SDUDPHWHUV WKDW ¢
FRQVXPHU DFFHSWDQFH DUH XQTXHVWLRQDEO\ WKH WF
QHWZRUN > + @

5KHRORJ\

THIWXUDO DWWULEXWHY LQFOXGLQJ WKH GHVLUHG RL
GHWHUPLQH WKH LGHQWLW\ TXDOLW\ DQG FRQVXPHU DFF
WH[WXUH LV UHODWHG QVR I VDK FR R @ QSARRJG XFWJ FHIISMR-&RR J\ |
SURGXFW HYDOXDWHG E\ LQVWUXPHQWDO PHWKRGV DOVF
SURSHUWLHY > @ 6NULYHU HW DO > @ 5LFKDUGVRQ H
UHSRUWHG WKW WUWHRYROWWY DUH KLIJKO\ FRUUHODWHG .
VWLUUHG \RIXUWROLG RRKGEW VAP WR WKLV IDFW UKHROR
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DUH LPSRUWDQW SK\WLFDO DWWULEXWHV ZKLFKQBRQWUL
IXQFWLRQDOLW\ Rl WKHVH SURGXFWV > @

<RJXUW LV GHILQHG DV D ZHDN YLVFRHODVWLF JHO V\V
LQWHJULW\ GXULQJ KLJK VKHDU > @ 6HYHUDO DX\
RVFLOODWRU\ G\QDWRHE WHYWYVXFEWHYHR UKHRORJLFDO WHI
URWDWLRQDO YLVFRPHWHUV WR HYDOXDWH WKH UKHRO
IRRGV > @ 7KH SULQFLSDO DGYDQWDJH R
PHDMRHQWY WR EH PDGH ZLWKRXW LQFXUULQJ VWUXFWXL
W\SH Rl WHVWV FDQ EH XVHG WR UHODWH G\QDPLF UKHR
> @ 2Q WKH RWKHU KDQG HDFK SHQHWUDWIRY DQWR
EUHDNGRZQ LQ WKH HODVWLFDOO\ HIIHFWLYH ERQGV D
DFWXDO SK\WLFDO FKDUDFWHULVWLFV RI WKH JHO 2QFF
SRVVLEORUWRVKH JHO VWUXFWXUH 1RUMKHVVD PHI \& DV VEDI E
DQ\ FKDQJH LQ LWV HQWKDOSLF HQWURSLF QDWXUH FUHI
RI GHVWUXFWLYH HIIHFW PD\ OHDG WR DW\SLFDO SK\VL]
HUURQHRXV UHVXOWV XM X\GL MAK IDWU HD P YWF KG PRRIVL B HO LD E
UKHRORJLFDO WHFKQLTXHV IRU VWXG\LQJ WKH SK\VLFD
&RQVHTXHQWO\ GXULQJ WKH ODVW GHFDGHV G\QDPLF W
WKH UKHRORJL RISOPR @ SIHFMON Rl D F + + @
6PDOO DPSOLWXGH RVFLOODWRU\ WHVWV DUH XVHG WR F
DQG FRPPHUFLDO VDPSOHV RI FRQFHQWUDWH \RJXUW 6
UHODWRIWRDWHRQ ZKLFK ZKHQ DSSOLHG GRHV QRW GLVL
ZLWKLQ WKH OLQHDU YLVFRHODVWLF UHJLRQ 7KLV W\S
VLQXVRLGDO VWUHVV RU VWUDLQ WR WKH RDWHNUL D@ D (
7KH PDJQLWXGH DQG SKDVH VKLIW Rl WKH WUDQVPLVVL]
QDWXUH OXFK RI WKH VWUHVV LV WUDQVPLWWHG LQ KLJ
IULFWLRQDO ORVVHV LQ KLJKO\ORVFRXRUWRRHM ONKHLBR R X
EXW VPDOO IRU KLJKO\ 8E8PNWDLE PREWRORDGH/OHS@®UOQ RBW
D VPDOO DPSOLWXGH RVKHEH O/MDRAUMU HUKRIGRORIV WH VM[S U H V
RI WKH HQHUJ\ WAKKHPIDWWW RDE RUQ HFRY H U DLEXGH. FCHAWH K\
WKH QROHGSURBHHIWRNY PRGXOXV * LV D PHDVXUH RI W
YLVFRXV GLVVLSDWLRQ SUiKI @ HENHYRE &H SRURPTKMIVRIQRY H
IRD SHUIHFWO\ HODVWLF VROLG DOO WKH HQHUJ\ LV VWF
VWUDLQ ZLOO EH LQ SKDVH ,Q FRQWUDVW IRU D OLTXLC
GLVVLSDWHG DV KHDW WKDW LVWUDRLMIHUBMD BB RIXKM R MW
YRU D VSHFLILF IRRG PDJQLWXGHV RI * DQG * DUH LQIO:
VWUDLQ )RU VWUDLQ YDOXHV ZLWKLQ WKH OLQHDU UDQJ
VWUDLQ 7KH ORWLY WHE JHWRDWLRVRIQWKH HQHUJ\ GLVVLSDW
GHIRUPDWLRQ DQG LQGLFDWHY WKH W\SH RILIGMIBEX I D V V
LH *M7 !*7 PHDQV WKDW QUK EBXEBYLRO KORN A LIXUBP
DM GHILQHG DV IROORZV

iLBC.. ‘W
AR B-G <0
. KAB
~fULEL
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ZKHVHYV WKH DPSOLWXGH JRIVWKKHVEPS®GIL VWX G IBUR | WWKHH V/ \
SKDVH DQJOH GLIIHUHQFH EHWZHHQ WKH VWUHVYV DQG Wk
*q LV BAHVQH G E\ WKH QXPEHU DWHORULQW SHAIMHK RIERRAG
ERQGYV ZKHUHDV WKH *17 LV GHWHUPE@M B CEH QW ELR3IB W
7KH *7 DQG *7Y DUH VLPLODUO\ UHODWHG WR WKB VSDW]
SURWHLQ ERQGV ZKLFK W KGLWHURIDHD WHG WM R WK W KIDW X
ERQGV > @

:KH\ VHSDUDWLRQ

'KH\ VHSDUDWLRQ L H WRKIMKMS'SXDIWDFQFRI I ZK®N JHO
GHIHFW LQ IHUPHQWHG PLON SUR@XHFWWHSE BB \I VR JXHI
DIFWNRQVXPHU SHUFHSWLRQV RI \RIJXUW VRY HRRQ\QXP F
PLFURELRORJLFDOO\ ZURQJ ZLWK WKPDRWXRISHVEXW B U B W
SUHYHQW ZKH\ VHSDUDWLRQ E\ LQFUHDVLQJ WKH WRWDO
DVHYHUH KHDW WUHDWPHQW WR LQFUHDVH ZKH\ SURWHL
DV JHODWLQ SHFWLQ 6/S\RIUNFBEEMWRRWNXPKUKMRVFDXVH R
VHSDUDWLEBUHV@Y DVKIHIQRBEH RI D UWOFBQ € R K WDRFW B
H[SXOVLRQ RI OLTXLG RU ZKH\ VHSDUDWLRQ 6SRQWDQHR
WKH DSSOLFDWLRQ RI DQ\ H{IWHUQDO IRUFHV HJ FHQWU
JHO QHWZRUN L H ODVJH\HAVX®W UG D WQDWK HPHRWY RI WI
WKH VHUXPSKDVH > @ +HQFH H[FHVVLYH UHDUUDQJHP
UHVSRQVLEOH IRU KLJK OHYHOV Rl ZKH\ VHSDUDWLRQ >
PDQXIDFWXUR@V PRFEGLIM. ORZ WRWDO VROLGY FRQWHQW
ORZ DFLG SURGXFWH[REBVS8EYH KHDW WUHDWPHQW RI WKH
WHPSHUDWXUHY SURPRWH ZKH\ VHSDUDWLRQ > @
SRWHLQ FROQFHQWUDWH DGGLWLRQ GHFUHDVHV WKH V\Q
UHODWHG WR WKH JHO QHWZRUNYTV PLFURVWUXFWXUH ([
WKH JHO QHWZRUN PD\ EH DVVRFLDWHG ZR\WHLRQQWFWHD Q&
PDNH XS WKH MXQFWLRQV LQ WKH QHWZRUN 7KLV PD\ UF
OHVV VWDEOH JHO QHWZRUN > @ 6HYHUDO DXWKRUV U}
FRYDOHQW SURWHLQ ERQGVDRUHPHQW \L Q QVW K H ) \WOZRRL
JUHDWHU ZKH\ VHSDUDWLRQ > UHO@[LQY VFRM DDX
SURWHLQ ERQGV LQFUHDVHV WKH OHYHO RI UHDUUDQJHF
OHYHO RI ZKH\ VHSGWDWLRQ LV RE® D+QGEYHD OKKHNK WRIH W |
ZLWK ORZ * YDOXHV FDQ EH FRUUHODWHG ZLWK KLJK OH
KDQG ZKH\ VHSDUDWLRQ LV DOVR UHODWHG WR WKH SHU
ZLWK DUKQ BIR'#i OORIQRNWRD®G VPDOOHU SRUHV ZLOO KDYH
ZKH\ GUDLQDJH XQGHU WKH IRUFH RI JUDYLW\ WKDQ FRDL

&OXVWHUV IRUPDWLRQ

8QGHVLUHG FOXVWHUV FDQ KDYH D QHJDWXNFHUIRMNMEF
PDOXIDFWXULQJ SDUDPHWHUV VXFK DV VHYHUH KHDW W1
UDWLRV KLJK LOQOFXEDWLRQ WHPSHUDWXUHV FHUWDLQ W
DPRXQWV RI VWDUWHU FXOW®RUGH IBIEB W D RY R/FAIDUINJHHGES A RWXL
SDUWLFOHV RU VXUIDFH URXJKQHVY LUUHJXODULWLHV
> @ UHSRUWHG WKDW JUDLQLQHVYVY FDQ EH UHODWHG WHF
E\ WKH LQWHUFHWIORY RLWK GHQDWXUHG ZKH\ SURWHLC
DVVRFLDWHG WKH REVHUYHG JUDQQ\ WH[WXUH ZLWK WK

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

$OWKRXIK PDQXIDFWXULQJ SDUDPHWHUY KDYH D GLUHF\
DFFRUWRQ/HH DQG /XFH\ > @ VWLUUHG \RJXUWYV DUH O
DJJUHIJDWHV ZKLFK DUH SUHVXPDEO\ FUHDWHG E\ WKH FI
SURFHVV LQYROYHG LQ WKHLU SURGXFWLRQ

&RQFOXVLRQV

)XWXUH UHVHDUFK WK RXKMGSEHR GRFXWLHR® R1 FRQFHQWU
UHFRPELQDWLRQ ,W RIIHUV LPSRUWDQW DGYDQWDJHV R)
LV PRUH HQYLURQPHQWDOO\ IULHQGO\ DQG WKH SURGXF
SURSHUWLHQHRG BRORPABWUDWHG \RJXUW DUH GLIIHUHQW
8VXDOO\ WKH\ IRUP ZHDNHU JHOV WKDQ WKRVH PDGH E\ V
GDLU\ LQJUHGLHQWY HVSHFLDOO\ ZLWK HOHYDWHG FRQ
SURGEFRVLRRQFHQWUDWHG \RIJXUW 6XFK SURGXFWV FRXC
VSRUWVPHQ DQG SK\WLFDOO\ DFWLYH SHRSOH ,Q WKH IX
IRUPXODWLRQ IRU SURGXIPL\ J [DG G H WRF EELH ARG VEBRIGUNY
,QFUHDVHG ZKH\ SURWHLQ FRQWHQW LQ IRUP RI ZKH\ SUF
VROYH WKH SUREOHP RIIRMDSIHRIGW AWV XUH Rl QRQ

5HIHUHQFHYV

+XL < + &RWWDJH FKHHVH DQG \RIJXUW+ D QG BR/GDN GV
Rl DQEPIV®IG IHUPHQWHG IRRG DG EHYHE&DEH WHRAK QR BRL
5DWRQ
6KDK 1 <RJXUW 7KH SURGXFW DQG LWV PDQXIDFWX!|
JLQJODV (EVFORSHGLD Rl )RRG 6FEHQEHWAR® 4 XWULWLRQ
$FDGHPLF 3UHVV /RQGRQ
7DPLPH $ < +LFNH\ O OXLU "' 6 WHUDH®PHIKEZ I R U Pl HIQMM-
OHJLVODWLYH SURYLVLRQV VXUYH\ RI QXWULWLRQDO OL
PDUNHWY DQGRWHBWURIGXFOMDMI\LQ VRPH , OMOHUFQ\DHNGL RERQ W H |
'DLU\ 7THFKQRORS'S
1VDELPDQD & -LDQJ % .RVVDK 5 ODQXIDFWXULQJ ¢
D UHYOMZHUQDWLRQDO -RXUQDO BRB'DLU\ 7THFKQRORJ\
$QDGDPDQ\ ( 7RXIHLOL , -DEDWMRU 6D WEMRKXK 6 +DGGDC
"HWHUPLQDWLRQ RI VKHOI OLIH RI FRQ FHEDN UWDMUDG QR DXIURN
\RIXUW XVLQJ KPRXU® D@ RO\VILW\ 6FEHQFH
$0 .KDODLOHK 1, OBDRKDPDEDKOG $WOR 5 < (I I1HFW RI
UHJLRQ DQG VHDVRQV RQ VHQVRU\ FKHPLFDO DQG PLFLU
PDQXIDFWXUHG E\ WURBUSDWQDQ PREBIADAFRIDRRFTHFKQR
S S+
7DPLPH $ < B5RELQVRQ 5 . 7UDGLWLRQDO DQG UH
SURGXFWLRQ DQG UHODWHG SURGXFWV <R$KXUWD FBIFRH QF
DQG WHFKQIRORSEQ + &5& 3UHVV %RFD 5DWRQ
7DPLPH $ < B5RELQVRQ 5 . 7UDGLWLRQDO DQG UH
SURGXFWLRQ DQG UHODWHG SURGXFWV <R$KXUWD FBIFRH QF
DQG WHFROPRIOREEQ+ &5& 3UHVVDWRRD 5
5RELQVRQ 5 <RJKXUW W\SHV DQG PDQXIDEWXEGIRSEGGELD R
'DLU\ 6FLERFHY (OVHYLHU%XUBQRGHWRQ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\

7DPLPH $ < .DODE 0 'DYLHV * 5KHRORJ\ DQG PLFU
ODEQHK IBRB FRZTV PLON E\ WK YRR GG Q LIFHLRAQOMU RSFBIMKIRIG \
+
6DOML - 3 6DZD\D : 1 $\D] 0 ODVKKDGL $ 3URGXF
DVVHVVPHQW RI GDLU\ SURGXFWV LQ W EBHOFKDWAKHDI \8UR
SSt

ODKGLDQ ( 7HKUDQL(YD®XDWLRQ WKH HIIHFW RI PLON
UHODWLRQVKLS EHWZHHQ JURZWK DQG DFWLYLW\ RI VWI
\RIKXPW U LK@ VLDQ -RXUQDO RILYRQAFKQWXO BE S HQNH

%D\OHVV 7 0 %URZQ ( 3DLJH 'SHUVLVWHFEMDBB ®RPOFWR!
&XUUHQW *DVWURHQWHIBRORJI\ 5GHSRUWYV
-RUJHQVHREWDKDPVHQ 5. 5XNNH (2 +RIIPD@RHIH. -F
6 % 3URFHVSUQWRIKEBMHY  GIMEHUQDWLRQDO 'DLU\ -F
SS =

%HQ]HFK 7 ODLQJRQDW - ) &KDUDFWHUL]DWLRQ R
+$ UHYLRIZUQDO RI )RRG (QBISQHHULQJ

GH ODJDOKDHV $ 8 *RQFDOYHV 'HOOD 7RUUH $ & &
DQDO\WLV RI *UHHN \RJXUW WUDGHG LQ WK XORXMXK RRI
&DQGLGR7RVWHYV 'DLU\S®VWLWXWH

$OLUH]DOKLR 5QBHVDUL - 5HPL]JH ) 1HPDWL = 6DUDL
$ /RUHQJR -0 1IXWULWLRQDO FKHPLFDO V\QHUHYV
RI ,UDQLDQ WUDGLWLRQDO:TRRRG WHFL 6@ P QD Q\BGW RHUDKIGIR

'RUOG +HDOWK 2UJDQL]DWLRQ )RRG DQG $JULFXOWXUH 2U.
&2'(; VWDQGDUG IRU IHUPHQWHG PLONV,Q&2'RUBBSHHDOV
2UJDQL]DWLRQ )RRG DQG $JULFXOWXUH 2UO0DQN |D QG RRQ &N
SURGXFPWELWLRQ+ SS:RUOG +HDOWK 2UJDQL]JDWLRQ )RRC
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV 5RPH
$XFODLU 2 +DQ < %XUJRV 6 $ &RQVXPSWLRQ RI
FRQWULEXWLRQHVRD@RW I L&DIW GO RGXOWY (YLGHQFH
&RPPXQLW\ +H DIXWH BWWRRA\HQW\ES +
+DQDFK 1, OF&XOORXJK ) $YHU\ $ 7KH LPSDFW RI
PDVV PXVFOH VWUHQJRWKPDIFH SVWAEE®WASROGHU DGXOW
ZLWKRXW H[LVWLQJ VDUFRSHQLDD@DOWAEMP QWHY UG YXHWZU
SS+
6DOML - 3 &RQFHQWUDWHG \RJXUWR RIG FEM.BIQF & JBIQ\
7THFKQR@BD\ SSt
&KDQGDQ 5 & .LOTRIH K1 PLON DQG GDLU\ IRRG LQ QXWU
&KDQGDQ $ .LODUD 'DIBU\GBDRFKEVLQJ DQG ISXDOLW\ DV
'LOWODFNZHOO $PHV
&KU\VVDQWKRIDRMNAGOWLE& 01XWULWLRQDO DVSHFWV RI \RJX
GDLU\ SURGXFWNOGLHYMORSPHQW DQG PDQXIDFWXUH RI
IXQFWLRQDO GBISUY SUREHERFBWHVYV %RFD 5DWRQ
&KDQGDQ 5 & 1DXWRJIXEW< + +XL+D@GERRN FEIDN@®IGPDO
IHUPHQWHG IRRG DQG E$SY H#JD J H: 8H BHBRD RBRFD 5DWRQ
'"URX&RDUWLH®BUDVVDUGUHQHNY IOHU&{Wp - $ /D ERRIKH U
6 &RXWXUH 3 /DPDUFKH % 6\WWHPDWLF UHYLHZ
SURGXFW FRQVXPSWLRQ DQWHODWH R IF 6D WNEDEIHRK N @R B
1XWULW ISRQ+

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

7HVVLHU KHYDOLHU 6 $Q XSGDWH RDWSU\RWVAHLGV OO+

YLWDPLQ ' LQ WKH SUHYHQWLRQ DQG W U HDMWKRWHDLMA ®W V D U f

SS +

1HVWHO 3 -'LHWDU\ IDW D Q @& XWRRGWS Y\HE\HWHIQVLBO 5HSF
+

&DQDGLDQ 'DLU\ ,QIRUPDWLRQ &HQWHU &RQVXPSWL

KWWSV ZZZ GDLU\LQIR JFFED VQ GR[BWH \BKBRQVEG Q

6WDWLVWHYDLODEOH DW KWWSV ZZZ WRDWIWWD FRP WR

<LOGL] ) 2YHUYLHZ RI \RIXUW DQG RWKHU IHUPHQW|

'HYHORSPHQW DQG PDQXIDFWXUH RI \RIXUSMS PQ&R&WKHU |

3UHWWRFD 5DWRQ

/HH : - [XFH\ - $ JRUPDWLRQ DQG $¥\DIRD/OUDORDVH D

-RXUQDO RI $QLPDO $SELHQFHV

1IDXWK . 5 <RIJXUW ,@DQGERRN RG IRRG VFLHQFH W

HQJLQHIRIO Q SS+ &5& 3UHVV %RFD 5DWRQ

&KDQGDQ 5 & 2Y5HBOLRFLSOHV RI \RIXUW SURFHVVLQJ ,

'KLWH $ .LODUD <ODQXMOFWEVLQJ\RIXUW BRG I$HPHAVHQW

'$ %ODFNZHQO 3XEOLVKL

+DUZDONDU 9 5 .DODE 0 SHODWLRQVKLS EHWZHHQ

VIQHUHVLV LQ \RIJXUW PDGH IURP )RRBRQLAVIRNV XA BEBEBWIRIH L
+

5RKP + G6FKPLGW,QIOXHQFH RI GUDWRW® HRW |IFOWRELSLLRSH

\RIXUW (YD O XD W LOR@ RK 2 D\RZH RXF YSHBY WV

OLVWU\ 9 9 +DVVDQ + 1 ODQXIDFWXUH RI QRQIDW \

SRZGHRXUQDO RI 'DLU\ 658 HQFH

IXFH\ - $ JRUPDWLRQ DQG SK\VWLFDO SURSHIQWQHM RILRIL

6FLHQFH SS =

IXFH\ - $ 6LQJK + JRUPDWLRQ DQG SK\VLFDO SURS

JRRG 5HVHDUFK ,QWHIQBWLRQDO

%KOODU <6 8GGLQ 0$ 6KDK 1 3 (IIHFWV RI LQJ

WH[WXUDO FKDUDFWHULVWLFYLD® & ZRVVHROWEK REW XUH RI \

$QHPD 6 * (IIHFW RI PLON VROLGV F REFHHDMLGD W IFROQV

RI KHDWHEM EYWHG)RRGP&XKIHPNL VWSS +

26HU % + HIBMAUDRW \RJXUW PDQXIDFWHKVUHQRSPH QW< DO

PDQXIDFWXUH RI \RIXUW DQG RWISISU I X G5\ L RDH\OV G B RF\

5DWRQ

%DUUHWR 3HQQD $/ &RQYHUWL $ 1RJXOHLHFDX'G H 128 E WKL

WRWDO VROLGY FRQWHQW PLON EDVH KHDW WUHDWPHQ

UKHRORJLFDO SURSHUWDRR®I786RQ®A RV DUHIG %R RXWHF K Q
+

X 6 /L ' <DQJ %/ ODRAKBQGDUB % &KHQ ; (
LQFXEDWLRQ WHPSHUDWXUH VWDUWHU FXOWXUH OHYHO
SURSHUWLHWWHWIXWWRQDO -RXUQDO RIUWRIRF® HQJIJLQHHUL
_.UJHPLQVNL $ *URV]KDEOH . 6WLXFIWXWYDO SURSHUWLHV F
LQIOXHQFHG E\ ZKHA)BRBVWHRLEAQFH DQG 7THBISQRORJ\

-XPDK 5 < 6KDNHAGB\EO %E X (ITHFW RI PLON VRXUFH

SURSHUWLHV RW¥H X bW DAKIRWHBATPMVYRQDO -RXUQDO RI 'L
SSt

$PDWD\DNXO 7 B6KHUNDW ) 6KDK 1 3 3K\WVLFDO FK

ZLWK DOWHUHG FDVHLQ WR BKR\GSERQH VQ LDMME \F O\ X (|
WRWDOQRR® EGHURFROORL 6V

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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6NULYHU $ +ROVWERUJ - 4YLVW . % 5HODWLRQ EI
UKHRORJLFDO SURSHUWXH®ORO RW'DUWH GHE HOWW K
3HQJ < DEOHUWRUQH ' 6 IXFH\ - $ (I"HFW RI IRUWLILTF

RI PLON SURWHLQV RQ WKH UKHRORJLFDO SURSKSKUWDWV D

Rl )RRG 6FLHQSSH *

ODUDIRQ $ 3 6XPL $ *UDQOWROFDIRVEHDUDS5 7DPLPH $

(II1HFWV RI SDUWLDOO\ UHSODFLQJ VNLPPHG PLON SRZGH

VHQVRU\ SURILOLQJ DQG PLFURNWBUXWRNXUW RIX8UR ELRRND

-RXUQDO RI 'DLU\ 6%¥3 HQFH

IXFH\ - $ OLON SURWHLQ JHOV ,Q $ 7KRPSVABR 0 %}

SURWHLQV IURP H[SBH¥VLR®FWBHRREBE 3UHVV 1HZ <RUN

6RGLQL , 5HPHXI) +DGGDG 6 &RUULHXON EDVH7R/NDHY

DQG SURFHVV RQ \RJXUWW IWWH.[MDXJBHYLHEWY LUHY )JRRG 6FLHC
SS

7DPLPH $ < B5RELQVRQ 5 . %DFNJURXQG WR PDQXI

7DPLPH 5. 5RELQRBRRXYBMW 6FQE QFH FK@RWERE Q+

&5& 3UHVV %RFD 5DWRQ

26HU % + *UDQGLVRQ $ 6 5RELQVRQ 5 . 5KHRORJLF
\RIKXUW CRXEUQQHKO RI 7H[WXUISSHWXGLHV
$EXGD\LO % -XPDK 5 < 6KDNHU 55 5KHRORJLFDO

IHUPHQWHW SMUREQHK SURGXFHG IURP ERYLQH PLON HI

,QWHUQDWLRQDO -RXUQDOSS )RRG 3URSHUWLHYV

ORLQHBBEQ $ &KDPSDJQH & 3 5R\ ' 5D\PRQG < [/D3RL

RFUHNW\RBHK PDWXIDFWXULQY WWREMMMHDQ@RG SURELRWLF E|

GXULQJ VOMRHDQBWLRQDO g8LW\ -RXUQDO

<DPDQL 0 ,-DEHN 0 O <HDVW IORUD RE DD FWYBDK GURIG

FRZ PLON VHRXURIX®WI 'DLU\ 6 BISHG@FH

7DPLPH $ < B5RELQVRQ 5 . JHUPHQWHG PLONV DQG

7HFKQRORJLFRROUMDSHRW\W LU\ 5HY/SHDUFK

5RELQVRQ 5. 7DPLPHD®XIDFWXUH RI \RJKXUW DQG RWKH!

5. 5RELQVREGRGBUQ GDLU\WEBEWQRRQBSRO (OVHYLHU $SSOL

6FLHQFH 3XEOLVKHUV /WG /RQGRQ

2GHU % + RGXFWLRQ RI FRQFHQWUDWHG SURGRAEQYWH@® ¢

PLOSIY = %ODFNZHOO 6FLHQFH /WG $PHV

7DPLPH $ < ERIKEWBWRGXFWY ,Q 5 ODFUDH 5 . 5RE
(GV(QF\FORSHGLDLRIQFRRGQR&RG 7THFKQRORBS\ DHG 1XWULW

$FDGHPLF 3UHVV /RQGRQ

7DPLPH $ < ERRMGUBURGXFWY ,Q % &DEDOOHUR [/ 71

(QF\FORSHGLD Rl )RRG 6FLHQFW L BNG+1 XWHEWELRBLF 3UHV\

/IRQGRQ

7DPLPH $ < ODUVKDOO 9 0 ( OLFURELRORJ\ DQG WHF

% $ /DZ IGFURELRORJ\ DQG ELRFKHPLVWUVRRG IPMEBIQH DQ(
* &KDSPDQ +DOO 1HZ <RUN

7DPLPH $ < S5RELQVRM) (5. /DWBURUW DQG RWKHU IHUPHC

7DPLPH % $ /DHFKIWLVDWLRQ DQG DXWRPHOWLRQ LQ G

&5& 3UHVV %RFD 5DWRQ
7DPLPH $ < 'DYLHV * &KHKDGH $6 ODKGL + $ 7K
XOWUDILOWUDWLR@WHQBRD WIHHFEDM®RORIUQDO RESBLU\ 7HF

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7DPLPH $ < .DODE 0 ODKGL + $ OLFURVWUXFWXUF
VROLGV \RJKXUW PDGH IURP FRZ{V JRDVOT Y H/QICR @ KR ET
XOWUDI)RR® BWURG W X 8H

7DPLPH $ < .DODE 0 'DYLHV * 7KH HIIHFW Rl SUR
PLFURVWUXFWXUH DQG ILUPQHVV Rl ODEQHK PDGH IURP FI
XOWURIQ QRRI® \WW U X F VBB UH

2¢HU % + B5RELQVRQ 5. *UDQGLVRQ $ 6 %HOO $ (

IRU PHDVXULQJ WKH UKHRORJLFDO SURS HWWHWQ BW ORE!
-RXUQDO RI 'DLU\ 7THFXQRORJ\

26HU % + S5RELQVBQVRQ $#6DQP@HOO $ ( URSHUWOBWIRRQPI
FRQFHQWUDWHG E\ G RWHWHDW MRHFIX® LDKBIW-RXUQD O

26HU % + 6WHQQLQJ 5% *UDQGLVRQ $6 B5RELQVRQ
PLEFURVWUXFWXUH RW B0 ERRXUFRQ FRHQWIW\ 6F% HQFH

26HU % + 6WHQQLQJ 5% *UDQGLVRQ $6 B5RELQVRQ 5
FRQFHQWUDWLRQ RQ WKH SURSHUWLHYQIMH® @ BW XFQ/IXOQ HF
Rl 'DLU\ 7THFKQRGBJx

(06DPUDJ\ < 6D\HG 0 0 5BEBX 1 6 IXWULWLYH YDOX]
DIIHFWHG E\ SURFRB\WSWLIQDQP +HRXKIR® O Rl 'DEBY 6FLHQFH
7DPLPH $ < 5RELQVRQ 5 . 6RPH DVBE&FWY WU DWKHIGS R
ODEQHK SRSXODU 0DQOWK H LO\GHIO/MEK D YW/

$ERRQLD 6 $ 5HFHQW GHYHORSPHQWV LQ =DEDG\ D
UHYLHBYSWLDQ -RXUQDO RI 'DE& 6FLHQFH
'DIJKHWB®KDULHEHK $IIHFW RI SDVWHXUL]DWLRQ FHQWULI:
WKH TXDOLW\ Rl FRQFHQVRXDWEG R IIRROBN3 DD KW LR Q
5DVLF -/ <RJKXUW DQG \RJKXUW REIDNWY PG Q BMUR WK
-RXUQDO S&

/HKPDQQ + 5 'RNHWH+( 3JWRFHVVLQJ OLQHV IRU WKH SURG.
UYYGLWLRQ :HVWIDOLD 6HSDUDWRU 2HOGH

7DPLPH $ < 'DYLHV * &KHKDGH $6 ODKGL + $ 7
WHPSHURIDVWKHVTXDOLW\ RI ODEQHR VP B G® DEN DRANVDODAR R WQI
7HFKQRORJ\SS+

26HU % + 5RELQVRQ 5 . 7KH EHKDYLRXU RI VWDUWH

ODEQHK SURGXFHG E\ GHEHQWRW OWQ ¥ K RDHMHYRCGRJILH
SS =+

(C6DPUDJ\ < $ =DOO 5 5 2UJD QRO H S IHH \G ) RFosDHAEUQMALE

PDQXIDFWXUHG XVLRUUXQQEBDVIVOUW BIFNW QRESH QDWLRQDO
+RIL0$ /DEQRARQFHQWUDWHG \RJXUW 6FRDRFGK Q VYOO RQOWL
,QGXVWU\S S+

9DOHQFLD $3 'R\HQ $ %HQRLW 6 O0DUJQL 0 3RXOLRW -
PLON SULRU WR IHUPHQWDWLRQ RQ PDYVYWHEKMOD & FHR IXQ®V
PDQXIDFRRX®W  SSt

*LOOHV - IDZUHQFH 5 & 7KH PDQXIDFWXUH RI FKH
IRUP UHFRPELBHGHLODNQG -RXUQDO RI 'DLU\ 6BISHQFH DQG
M UJDDUG*-HOMHIVHQ 3 5HYLHZV Rl WKH SURJUHV

SRZGHU DQG UHFRPELQDWLRQ-RXWPQDE RQ® IPULONHTHRE K R\
+

=D\DQ $) +DVVDQHLQ $ 0 GDUME RISDUWLDO VRBYGYW X!

ZLWK ZKH\ SURWHLQ FRQFHQWUDWH SRZGRNU®D OO R E PRIKG

DQG 'DLU\ 6FLHSBH

6DOML - 3 6DzZD\D : 1 $\D] 0 ODVKKDGL $ 7KH GD

1IRUWKHQ DQG 6R)RWIEBXQ L3GIBBAEIBLVY H Q V FKD +W

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

8GXZHUHOOD * &KDQGUDSDOD - 9DVLOWHXKDWH E\ 3
XOWUDILOWUDWLRQ IRU UHGXFW LRIH MRQ KDRFRVE X ZOKFW XIBHIQQH!
,QWHUQDWLIR ®D CD LRIX WOIBKSQ RO R J\

'RUOG +HDOWK 2UJDQL]DWLRQ )RRG DQG $JULFXOWXUH 2U.
&2'(; JHQHUDO VWDQGDUG IRU WKH XVH RI GDL@\ \RHOBV
+HDOWK 2UJDQL]DWLRQ2RP® DIQ® $RQLEXWWKX BQLWHG 1D W
PLON SURGXEWMQ +SS 5RPH ,WDO\ :RUOG +HDOWK 2UJD(
$JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV
2GHW * YHUPHQWHG UHFRPELQH® P, QAWH D Q BWALIRFVDR
JHGHUDWLBRBFRBELQDWLRQ RI PLON DQG PLON SURGXFW)\
RUJDQL]JHG E\ 7KH ,QWHUQDWLRQDO 'DLU\ )HGHWDWLRQ D

1RYHPEHU ,') VSHFLDSGSLVY XH , QRQHDWLRQDO 'DLU\ )HGI
%UXVVHOHV
$YLVDU < . OLON IDW JOREXOH VL]H D¥YRIZQHRR R WEHR QW

WH[WXUDO SURSHUW L HMUR® HIG] FKRHEHL\QGH G URGXWHH G E\ GLU
VI\VW-HRXUQDO RI )RRG 3URFHVVLQE®QE 3UHVHUYDWLRQ
& DI 10 OLON SRZGHUV W\SH3)D QR P(EDP FOOFR\BXGH. D, @
'DLU\ 6FLIGF HV (OVHYLHU 6FLHQFH /WG %XUOLQJWRQ
*RQ]DOBIYWLQH] & %HFHUUD 0 &KDIHU 0 $OERUV $ &
L QIOXRQNWXEVWLWXWLQJ PLON SRZGHU IRWZKEG%RAG HRRB
6FLHQFH 7HFKQRORJ\+
*X]PD"®RQ]DOH] 0 ORUDLV ) 5DPRV 0 $PLJR / QI
FRQFHQWUDWH UHSODUFREME\Y B\ GRIZS BDDVR KWW PRGHO V\
8VH RI ZKH\ SURWHLQ FRQFHQWUDWHY PLON SURWHLQ F
-RXUQDO RI WKH 6FLHQFH RI )RRSS PQG $JULFXOWXUH
*X]PD*®RQ]DOH] 0 ORUDLV ) ,®PQXRQFH Rl VNLPPHG PLON
UHSODFHPHQW E\ GU\ GDLDW WA XRWK/X UQ/ [P RIERZO V\V W]
FDVHLQBWHY¥LFIRVDWH DQG EOREGHAOOGRL WKHRBBHUYFH F
$JULFXOWXSBH +
‘M UJDDBQWHQ * OLON SRZGHUV VSHFLILFDWLRQV L
PDQXIDFWXUHG ,Q ,QWHUQDW LRHMIRP EDQDW)LHR®HBDWLRY
SURGXFWV SURFHHGLQJV RI D VHPLQDU RUJDQL]HK® E\ 7KH
8QLYHUVLW\ RI $0 H RD/GIPE HL ,') VSHFLD® 3 ¥VXH 1R
,QWHUQDWLRQDO 'DLU\ )HGHUDWLRQ %UXVVHOHV
7RQJ 3 6 S5HFRPELQHG DQG UHFRQVWLW X\ FSOURSHGIWDVR
'DLU\ 6FLSIRFHY OVHYLHU 6FLHQFH /WG %XUOLQJWRQ
.QHLIHO : 5HFRPELQHG DQG ILOOHG PLONV ,Q 5 ODF
(GV(QF\FORSHGLD RI )RRG 6FLHQFH )RRSS7THFKQRORJ\ [
$FDGHPLF 3UHVV /RQGRQ
1LFKROV - * .R]DN:PWHU IRU UHFRQVWLWXWLRQ ,Q ,QWt
(G 5SHFRPELQDWLRQ RI PLON DQG PLON SURGXFWV SURFH
,QWHUQDWLRQDO 'DLU\ )HGHUDWLRQ D QERYKI® BQWY HU V, L)W\
VSHENMIVXH 1RSS * ,QWHUQDWLRQDO 'DLU\ JHGHUDWLRQ
&KULVWHQVHQ 3 &BPERPELOHARFKWKVXURSHDQ )RRG DQ
-RXUQDO SS#
ORWDOHE $ OLON UHFRPELQDWLRQ HGHUDBWMLRQ@ ,(@W
SHFRPELQDWLRQ RI PLON DQG PLON SURGXFWV SURFHH
,QWHUQDWLRQDO 'DLU\ )HGHUDWLRQ D QERYKIIP BQWY HUV, L)W\
VSHFLDO LVVSSI#1R %UXVVHOHV %HOQLRBRU)QWGEHQDWILRQ D
BFKXOWKHVV : 5HFRPELQDWLRQ RI PLON LQ .HQ\D
(G 56HFRPELQDWLRQ RI PLON DQG PLON SURGXFWV SURFF

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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,QWHUQDWLRQDO 'DLU\ JHGHUDW DR LBQ A RKHPERIUY HU V L\
') VSHFLDO LVVX$ #IR ,QWHUQDWLRQDO 'DLU\ )HGHUDWLR
%RUODQG 3 $ 7KH DSSOLFDWLRQ RI UHFRPELQDWL
LQGXVWU\ ,Q ,QWHUQDW L RGIFG PELQ RWEBHIUND QB QP LGN S
SURFHHGLQJV RI D VHPLQDU RUJDQL]JHG E\ 7KH ,QWHUC
8QLYHUVLW\ RI $0 H R/QI®E HL ') VSHFLD®SLY¥VXH 1R
,QWHUQDWLRQDO 'DLU\ )HGHUDWLRQ %UXVVHOHV
.HWXOR 0 5HFRPELQDWLRQ RI PLON LQ 0DODZL ,Q ,QW
(G 5HFRPELQDWLRQ RI PLON DQG PLON SURGXFWV SURFF
,QWHUQDWLRQDO 'DLU\ JHGHUDWLRQ QA RXHPEPIYHUVL\
') VSHFILIVVXH 1S5 + ,QWHUQDWLRQDO 'DLU\ )HGHUDWLR
(]]DW-DDIDU 0 6HSSDOD 0 < 7KH GDLU\ LQGXVWU\ |
JHGHUDWLRIQFRELQDWLRQ RI PLON DQG PLON SURGXFW
RUJDA\HEH ,QWHUQDWLRQDO 'DLU\ )HGHUDWLRQ DQG 7K

1RYHPEHU ,') VSHFLDG LW XHQMRHUQDWLRQDO 'DLU\
%UXVVHOHYV
6WDDO 3 &RQFOXVLRQV DQG UHFRPPHQGDMWLRQV R

JHGHUDWLRIQFRELQDWLRQ RI PLON DQG PLON SURGXFW
RUJDQL]HG E\ 7KH ,QWHUQDWLRQDO 'DLU\ )HGHWDWLRQ D

1RYHPEHU ,') VSHFLD®SLW XH, QW HUQDWHRBGIDO WRIRW |
%UXVVHOHV

[IXFH\ - $ 7KH UHODWLRQVKLS EHWZHHQ UKHRORJLF!
PLON JRI®RE +\GURFROOSIL GV

5RHIV 6 3) 0 YDQ 90LHW 7 6WUXFWXUH RI DFLG FL
DRG W\SH RI LQWERDPWRLBY DRRUBBXEIDFHYV

6FKPLGW ' * $VVRFLDWLRQ RI FDVHLQ DQG FDVHLQ

'HYHORSPHQWYV LQ GDLU\ FXKHRLVWIS\SOLIBGROFHHQY¥H 3XE

/RQGR
':DOVWUD 32Q WKH VWDELOLW\-RXFQUBALRI PREH\OOBSHQFH
+

+ROW & BWUXFWXUH DQG VWD ELGWLMMQ FRIV ELRY L3QHR V
&KHPLVWS

+RUQH ' 6 &D\RHIVQ EQWWUQFWILJIKW RQ WKH EODFN
GDLU\ SURBXAWDWLRQDO 'DEB\+-RXUQDO

+RUQH ' 6 &DVHLQ DQG PLFHOODU VWUXFWXUH ,Q +

(GV(QF\FORSHGLD Rl 93 U\+6FLHM@EPBWPLF 3UHVV /RQGRQ
+RUQH ' 6 &DVHLQ PLFHOOH VWUXFWXUH DQG VWDELOLW
6LQJK + O(®W SURWHLQV IURPSB[S#HVVAR®HWRFIRBBVV 1
<RUN
2]JFDQ 7 +RUQH ' /XKHHFW RI LQFUHDVLQJ WKH FROORL(
Rl PLON RQ WKH WH[WXUH D QR XRLFL® \RW UXIFUM X6.RE. SRQ AR J )
+
5HPHXI ) ORKDPPHG 6 B6RGLQL , 7LVVLHU - 3 3U
HITHFWNMORI IRUWLILFDWLRQ DQG KHDWLQJ RQ PLFURVWUX
\RIXIDWHUQDWLRQDO 'DISB +tRXUQDO
/IXFH\ - $ JRUPDWLRQ VWUXFWXUDBRPURSBWMIGHV LI
JHOV ,Q 3 ) HRPFBZHHQH\ 7 0 &RJDQ 7 &BHHEHYIHQHH |
&KHPLVWU\ SK\VLFV POGLWIERBWRELRORINYLHU $FDGHPLF
6DQ 'LHJR

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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/HH : - IXFH\ - $ BWUXFWXUH DQG SK\VLFDO SUR
LQRARMDWDWH DQG L QFX-ERDXW QM WRH P HW\D WX $i 1@+ H

$XIJXVWLQ 0$ B8GDEDJH 3 ,QIOXHQFH RI SURFHVVL
GDLU\ SUBWBQEMV LQ )RRG DQG 18WHLWLRQ 5HVHDUFK
9DVELQGHHOWLQJ $ & GH .UXLI . * L QI B RMGL IFEIF YD ML
ZKH\ SURWHLQ LQWHUDFWLRQV LQ PL®@R MR GW \D Q 8 GB6IXW
% %LRLQWHUIDFHV

$QHPD 6 * /L < (IIHBWVRIFEBVRIQRYKH GHQDWXUHG Z
FDVHLQ PLFHOOHV LQ KHDW H-® XWHTR®D \RW LS K WAHCO W N U B C
&KHPLVWU\SS +

3HVLF 0 % %DUDF % 0 6WDQRMHYLF 6 3 5LVWLF 10 O
LOBKXG FZXHLBURWHLQ LQWHUDFWLRQV DW QDWXUDO S-
FDSULQH DQG 6PRYA® 1B XPRLIGND QW 5 HS/S+D U FK

HVVOHKU %H\HU + 7KHUPDO GHQDWXUDWLRQ RI ZKH\ S
GDLU\ WNERQWRORDWLRQDO -RXUQDO Rl %LRIBRALFDO ODF!
9DVELQGHU $ - GH .UXLIZ&KH\ SURWDYHL@WHUDFWLRQV |

LQIOXHQFBWHS®DWLRQDO 'DISB *RXUQDO

&KR < + 6LQJRHU /&UHD L@®BBWHG LQWEPDBRPVRURRYE XL C

DQAVFDVHLQ % LQ D FRRGHD® U\RW'HR U\ 5H\GDUFK

*XQDVHNDUDQ 6 6RODWGXFHGZRKEAHPIWRWHLQ LQWHUDFWL

+HWWLDUDFKFK\5. 0PDWRDOO $ )PR®BQRWHLQV DQG S

&KHPLVWU\ IXQFWLRQDOLW\ LQWIHSSDF#WLRQY& BQBVNRPF

%RFD 5DWRQ

IDZ $ - 5 (IIHFWV RI KHDW WUHDWPHQW DQG® DFLGLI

FDVHLQ PRRHIGDDHOVRI 'DLU\ 5H\SHDUFK

ORNRRQODOO $ 1REHO 6 SIURFIHAKM. QJ RI IHBRWGWHG P

SURGXFWV 5HYLHZLQJ WKH BWHIGIEW ¥ R QR RKEO 6 ¥ WHIXFFRV B QIe
SS+

/HH : - [XFH\ - $ 5KHRORJLFDO SURSHUWLHV ZKH\

LQ VMWOH \RJXUW HIIHFWV RI KHDWLQJ WHFHUDDOX BH [

7H[WXUH 6W:X GSLSH V=

IXFH\ - $ OXQUR 3$ 6LQUJKFWV RI KHDW WUHDWPHQW

DGGLWLRQ RQ WKH UKHRORJLFDO SURSHUWMHUDRQ® LRQU

'DLU\ -RXUDDIB +

IXFH\ - $ 7DPHKDQD 0 6LQJK + OXQUR 3 $HWZHHQIIHF

GHQDWXUHG ZKH\ SURWHLQV DQG FDVHLQ PLFHOOHV RQ \

DFLG VNLP PROWQIHDRI 'DLU\ 5HB&HPUFK

$EXGD\LO % 6KDNHU 55 -XPDK 5 < 5KHRORJLFD
\RIXUME QHEWHUQDWLRQDO -RXUQDO R$ 3RRG 3URSHUWLH)
/HH : - IXFH\ - $ ,PSDFW RI JHODWLRQ FRQGLWLRQ

SK\WLFDO DQG VHQVRU\ SURSRXWQABY RI "DWUU BBEHRDIX U
+
IXEH\ - $ OXQUR 3 $ 6LQJK + 'KH\ VHSDUDWLRQ
ZLWK JORORRFRQRRQH HIIHFWV RI KHDW W UHDR®PHQIO DRI G
7H[WXUH 6WXGBHV
6FKPLGW & OHQGH 6 -DURV)HUBPRRRVHG PLON SURGXF\
ODFWRVH K\GURO\VLY DQG IHUPHQWDWLRQFIRQ GIFWHR® M
7HFKQRORJ\SS *

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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5LFKDUGVRQ 5. ORWXWSK\56 % RVAMD\ORU /- 'HD , & O
&KDAWDHUL]DWLRQ RI WKH SHUFHLYHG WH[WXUH RI WKLF
PHDVXUHRRGWMYGURFRO GRBLGV

6WDQOH\1 / 7D\ORU /[ - 5KHRORJLFDO EDVLV RI R
VROLG IRRG$F\WDOBHKRMRILFDS+

%\OXQG * 'DLU\ SURFHVVLQHWIDQ@GHRRRBURFHVVLQJ 6\VWF
*XQDVHNDUDQ 6 $N 0 0 "\QDPLF RVFEOEDWRWH @K
DSSOLFDUH@R®W LQ )RRG 6FLHQFH STHFKQRORJ\

'DPLQ 05 20LYHLUD 01 $OFDQWDUD O 5 1XQHV $
VXSSOHPHQWDWLRQ ZLWK VNLP PLON SRZGHU ZKH\ SURW
DFLGLILFDWLRQ NLQHWLFV UKHRORJVADLO SHEIRUXALWM YV |
JRRG 6FLHQFH DQG 7HBISQRORJ\

ODUDIRQ $3 6XPL $ $OFDQWDUD 05 7DPLPH $ <
2SWLPL]DWLRQ RI WKH UKHRORJLFDO SURSHUWLHV RI SL
SURWHL®WEB 6FLHQFH DQG 7THFXK®RRORJ\

20LYHLUD 01 6RGLQL, 5HPHXI) &RUULHX * (I1H
FXOWXUH FRPSRVLWLRQ RQ DFLGLILFDWLRQ WH[WXUDO
IHUPHQWHG PLOWREER@M DEDIFWPRVWDRQDO 'DLYS (RXUQDO

6RGLQL , /XFDV $ 7LVVLHU -3 &RUULHX * 3K\VL

RI \RJKXUWV VXSSOHPHQWHG ZLWEWRHLOND WU R QB OQ' DK\G\U
S +

6RGLQL , ODWWDV - 7RQJ 3 6 JQIOXHQFH RI S+

IXQFWLRQDO SURSHUWLHV RI ZKH\ GWRW® D [FRRQIFG QDMWD
SS +

90DKRSRXORX , %HOO $ ( (tLHOBMY RI VWDUWHU FXO

H[SRO\WDFFKDULGHV RQ \B®HFMIPDG\LRQGRE ROXFR @R G FLC
,QWHUQDWLRQDO -RXUQ®® RI 'DL U\ 7HFKQRORJ\

90DKRSRXORX , %HOO $ ( F KONV IRV RIDU WROHV YALW

SURSHUWLHV Rl ERYLQH DQ@\®HRIERKDRE@RA XU W LBOTH FK Q
SS+

3XYDQHQWKLUDQ $ :LOOLDPV 5 3: $XIJXVWHQ@DVSLF

SURSHUWLHV RI VHWHER FIOXUWHW QZ MWWRK Z B BRWEHURWDHA IQR Q D o/ L'
-RXUQDO SS #

IXFH\ - $ 7HR &7 OXQUR 3 $ 6LQJK + 5KHROR.
G\QDPLF DQG ODUJH \LHOG GHIRUPDWLRQRXRIQDPELRIJF
"DLU\ 5HVHDUBR +

IXFH\ - $ 9DQ 9 7 *UROOH . *HXUWV 7 :DOVWUD 3
PDGH E\ DFLGLILFDWGRDFWRQK JOXFR-ARO RQMADUOQ BWR 81
'DLU\ -RXUHDIB +

&KR + IXFH\- $ G6LQJK + 5KHRORJLFDO SURSHUW
E\ WKH QDWXUH RI WKH IDW JOREXOH VXU,QWH PODIWHIR Q!
'DLU\ -RXUQ3G +

6DKLQ 6 B6XPQX 6 * SUBKEHRWRHW RO IRRGYV ,Q 6 6DKL
(GV3K\VLFDO SURSHIBNtHV BRRURRILEM 6FLHQFH 1HZ <RUN
5DR 0 $ OHDVXUHPHQW RI IORZ DQG YLVFRHODVWL
5KHRORJ\ Rl IOXLG D@6 ¥HPLOSRAQAIQIHRRGELHQFH 1HZ <RU
5RHIV 6 3 ) 0 ORVWIRRW $ ($ YDQ 90LHW 7 6WUXF
JRUPDWLRQ DQG PRGRO QRR LIGD MM BRWND FHV
<LOGNPXO ) (QKDQFHFRUBKMWWK WRBWEDSURWHLQ L

,QWHUQDWLRQDO -RXUQDO RIS®HL U\ 7THFKQRORJ\

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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YDQ 90LHW 7 'LMN + -0 =RRQ 3 :DOVWUD 3 5
UKHRORJLFDO SURSH&ROQOBRLRE SPRIONPHUIBSFHBYFH
"HLGHQGRUIHU . %LHQLDV $ +LQULFKYV - ,QYHV WL

SRSWRFHVVLQJ ZLWK D FROORLG PLOO RQ ,\¢g HH WHDWXBRB |
-RXUQDO RI 'DLU\ 7THFXQRORJ\
XEXNWLQ $ (lI'HFW Rl KHDW WUHDWPHQW DQG FDVH

RQ JUDLQLQHVV DQG URXJKRRIG \5 HRVY HDVLAKU HBN WRIH B WWR (
+

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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%LRORJLFDO DFWLYH FRPSRXQGV IURP QDWL)Y
IRU IHUPHQWH & GM& X FWV

OLKDHOD $GLl.I &ULVWLQD
/IRUHWD 7DPRADREWMRQB %UDGDXVNLHQH

i/ XFLDQ %ODJD 8QLYHUVLWI }

+7HFKQLFDO 8QLYHUVLWXRIS6OIBAEGERYP REWIROGRYD

+.ODLSHGD 6WDWRH 8QEOPHHEBLMWLHQFHYV .ODLSHGD /LWKXDQLI

+.DXQDV 8QLYHUVLWI| RI THFKQRORJLHV )RRG ,QVWLWXWH .D

$EVWI

.H\ZRUGYV ,QWURG.7KH SUHVHQW UHVHDUF
TXDQWDOXDEOH FRPSRXQGV IURP QDWLYH

'DLU\ KRQH\ ZDOQXW DQG VHD EXFNWKRUQ LQ R

WLRFRPSRXQGURGXFW IURP FRZ V PLON

+RQH\ ODWHWL.@EHW KRB H\ EHHV RI QDWLYH SL

:DOQXWYV SRO\SKRUD IURPQWKMUHIDJ 5SRPDQLD ZHUH

6HD EXFNWKRY®QU WKH LGHQWLILFDWLRQ DQG TXDQWL
FRPSRXQGVW6D VAXWHP ZDV XVHG 4XDOLW

TXDQWLWDWLYH DQDO\HV RI WKNLRRO\SKFE

WKH $JLOHQW +3/& VIVWHP FRQVLVWLQ.
SUWLFOH KLVWRY.¢ GHWHFWRU DQG DQ HOHFWURVSUD\ LF
EHEHLYHG 5HVXDWGLVFEXVQLRROLIORUD KRQH\ EHHV
SHEHLYHG LO URYILGN UHDFK PJ J VDPSOH LVRSUH
IRUP PJ J VDPSOH DQG IODYRQRLGV DW
SFFHSWHG DQG WKH UHVXOWY REWDLQHG E\ FKURPDW

%HHV KDYH EHHQ IRXQG LQ WKLV SURGXF
FRPSRXQGVY QDPHO\ WHUSHQLF FRPSRXC

&RUUHVSRQGLOBOGHK\GHV DQWHHW RK@HVKBIW WKH DOGHK

DXWKRU RI PJ J NHWRQHV DW PJ J DC
OLKDHOD $GULDRBHY DFFXPXODWH DW DPRXQWYV RI P.
21D HDFK RDOXHWJ J )ROORZLQJ WKH FKUJ
(PDLO REWDLQHG WKH FR®WMQV) RMKHRDIDDIQXW |
PLKDHOD WLWBY¥WDEOLVKHG DW DQ DPRXQW RI PJ*

XOEVLELX UR EHUULHV WKH FRQWHQW LQ SRO\SKHQROV
$OVR WKH KLIJKHVW FRQFHQWUDWLRQ VL]
IRXQG LQ WKH IRUP RI DOSKDPWRFRSKHUR

IROORZHG E\ EHWD WRFRSKHURO ZLWK DQ

J RI RLO ORZHHWKDQ PJ J DQG
UHVSHFWLYHO\ DUH YLVLEOH LQ WKH FDVH

WKH WRFRSKHURO GHOWD

&RQFOXVKRIQ¥RPSRMNQWVYILKG DQG TXDQ
IURP WKH WKUHH LQGLJHQRXV SURGXFWV
ZDOQXW DQG VHD EXFNWKRUQ ZLOO OHDC
>y KDUPRQLRXV DURPDWLF SURILOH DQG ZLW

- WKH QHZ IHUPHQWHG GDLU\ SURGXFW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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 QWURGXFWLRQ

7KH DFWXDO WDVN LV WR DQDO\H QHZ SHUVSHFWLYH\
GHYHORSPHDXDALWLIQQRYDWRYH GRQBWSBRGRIFY\DVO XD EC
IURP QDWLYH IRRG SURGXFWYV DQG VRPH QHZ>SHJRFHVVLC
KDYH VKRZQ WKDW EHH KRQH\ ZDOQXWV DQG VHD EXFNW
KXPDQ QXWULWLRQ DQ® KHD\AWRK HVBHKFEBQEILIFQDVKH DL
YDVFXODU V\VWHP LQIHFWLRXV GLVHDVHV H[HUWLQJ D S

7KH FXUUHQW UHVHDUFK KDV EHHQ GRQH LV WR LGHQW
KRQH\ ZDOQXWYV DQRUGHIU BXRNWRRBXEH ®Q LQQRYDWLYH
FRZ V PLON

$QDOVWLHWOWOEAHADEOH FRPSRXQGV IURP QDWLYH SURC
REWDLQLQJ LQQRYDWLYH GDLU\ SURGXFWYV

%HROK\ FKDUDFWHULVWLFY DQG YDOXDEOH FRPSR(

%HH KRQH\ LV D GRIRIG YHIBWIXJRPOWKH SURFHVVLQJ RI 10}
W LV VZHHW VR LW FRQWDLQV PDQ\ VXJDUV DURPDWLF
FRORU SDOHWWH VSHPLILF @VIR7EROR BRPIBEG M UMW @ WD U W
\HOORBGUVK RUDQJH DQG FDQ UHDFK EODFN > @

+RQH\ LV WKH UHVXOW RI WKH DFWLYLW\ RI WKH EHHV
KRUQ ZLWK ZKLFK WKH\ DUH HQGRZHG NHHS LW LQ WKH J
WR WKH EHHY YMHLW DQVWXMHUK IRUP ZKLFK FRQWLQXHV Wk
WKH NQRZ2Q IR@P

%HH KRQH\ DQG LWV VH Q¥R UD FKDIUDFQFHHU R] DRARLGRH
FRORU FDQ EH DSSUHFLDWHG DFFRUGLQJ W KWK B LG HJFW
VXQOLJIK@
7KH WDVWH DQG VPHOO DUH DSSUHFLDWHG E\ QRWLQJ
WDVWH RU RI WKH SRVVLEOH VHFRQGDU\ VKDGHV VRX
SRO\SKHQROV 7DEOH > @

7DE@H
6HQVRU\ HHLVWHR\WV
11| &KDUDFW &ROQGLWLRQV R
&R JURP FRORUOHVV EUI
7D’ 6ZHHW ¢
$SSHD 6HPLIOXLG YLVFR
)OD JORUDO FKDUDFWHUL'

%HHKEBQWBPBLFDO FRPERVIFWHRQFDO FRPSRVLWLR
EHHVY GHSHQGVY WR D ODUJH HIWHQW RQ WKH FOLPDWLF Il
DUHD WKH PRGH RI HISORLWDWLRQ RI WKH SURGXFW E\ V
FRAHODWLRQ ZL@&K WKHP >

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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%HH KRQH\ FRQWDLQV SURWHLQ VXEVWDQFHV D QXPE
% % % VPDOO TXDQWLW\ RUJDQLF DFLGV FLWULF C
RGRUDQWY DQG G\HV ZLW K EFXON. @LOADRO SHJ HVAHQWY V5 1D ORHLYFDLX
ZRUWK VWXGALQJ >

$00 KRQH\ LV DFLGLF DQG KDV D S+ YDOXH JHQHUDC
SUHVHQFH RI RUJDQLF DFLGV WKDW FRQWULEXWH WR KF
> @Q KRQRDLWKMHFLG LV JOXFRQLF DFLG ZKLFK LV IRXQ
JOXFRQRWRQH LQ D YDULDEGOH@HTXLOLEULXP 7DEOH

7DEOH
SK\WVIFHRHPLFDO DQG PLFURVFRSLF FKDUDFWHULVW

1l 3DUDP $FDFLD JRUI 2 WK
KRQHNDVVRUWPHQWYV

:DWHPC

$FLGLW\ PO 1D2+
S5HGXFLQJ VXJDL
LQYHUW VXJDU PLQ
$P\ODVH LC

$VK |
+\GUR[\PHWK\OIXU
PD[

&RORULPHWULF R
WKH 3IXQG VFDOH

:DWHU LQVROXEO

ILIKWO\ K\GURC(
H[SUHVVHG DV VXFURVH PD|[

OLFURELRORJLFDO LOQICGHIFEBNAROWRRIFRRQHYIGLFDWR
SUHVHQWHG L@ 7DEOH

7TDEOH
OLFURELRORJLFDO LQGLFDWRUV RI KRQH\
11 6SHFLIL 170 1IXPEH!| ORC 3DWKR
\HDVWYV J PLFURIORUD
1RUPDO ’ DE\ SEVFE
+RQH\ ZLW ’ DE\ SEVF
FRQVHUYDELOLWDWH
+RQH\ FRP ! SUH 3UH
RI FRQVRPSWLR

,Q RUGHU WR GHWHFWFKRHPIIHADIH WV ROYWH IS \RL KRQH\ L\
PHWKRGY GHWHUPLQDWLRQ RI DFLGLW\ LQGH[ GHWH!
LGHQWLILFDWLRQ RI VXFURVH IUR E\KWRIHR WR B QHZLL WIKWKL @
GHWHUPLQDWLRQ RI WKH DGGLWLRQ RI IORXU RU VWDUF
LRGLQH LGHQWLILFDWLR@RI KRQH\ QLWULWHYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\
:DOQXWV FKDUDFWHULVWLFVY DQG YDOXDEOH FRPSR

‘DOQXWYODQVUHIHORQJ WR WKH IDPLO\ -XJODQGDFHD
ZKLFK WKH\ FRPH LV &HQWUDO $VLD WKH ZHVWHUQ +LPI
> @ KH\ DUULYHG LQ (XURSH EHIRUH WKH 5RPDQ HUD DC
$IULFD@:DOQ XD G KDERRWAEWNDYHPDRBDXS DERXW RI Z
SURGXFWLR® L& (XURSH

7KH UHVXOWV Rl FOLQLFDO DQG HSLGHPLRORJLFDO
FRQVXPSWLRQ RI QXWV UHGXFHV WKH ULVN RIQEBDUGLR
LQIODPPDWRUY\ @SNHOWGIMQJ WR PDQ\ DXWKRUV WKHVH S
FKHPLFDO FRPSRVLWLRQ RI ZDOQXWV )LUVW WKH\ DUH |
LQFOXGLQJ XQVDWXUDWHG IDWW\ DFLGRODV VZRPRSBE W SR
VWHUROV > @ ,Q DGGLWLRQ ZDOQXWV FRQWDLQ SRO
/' FKROHVWHURO DQG LQBPU@DRBHRY AKR QXWVHRRRONDLQ ¢
HVVHQWLDO PLF@RQXWULHQWYV

1XWV DUHFBOWRXDFHILRI FRPSOHWH SURWHLQV ZKLFK
DPLQR DFLGV DV ZHOO DV PLQHUDOV :Q@®0XGDOQXD $WWAL
WKHUH DUH D QXPEHU RI DFWLYH SK\WRFK HP L@ QOVHWR B W
RI SRBQIKO FRQWHQW QXWV GRPLQDWH DPRQJ DOO QXW
DERXW PJ J DQG LQ SHDQXWV LW YRU@H\2IZDGBAO\
WKH SRO\SKHQROV LGHQWLILHG LQ ZDOQXWV HMIILWDQ
E\ SKHQROLF DFLGV IODYDQRO®& DQG GLK\GURFODFRQHYV

6HD EXFNWKRSIRSKDH UKDPRKRRLGHRIWHULVWLFV DQG
FRPSRQHQWYV

7KH VHD EXHAMNWRBKDHUKD BQRIVGKOWY D VHULHV RI SUR
WR WKH KXRKD@®XEAKGLWW ULFK FRQWHQW LQ PLQHUDOV DQ
EDFWHULFLGDO DQG EDFWHULRVWDWLF HIIHFWV EHLQJ
QHXWUDOL]JLQJ IUHH UDGLFDOV LV LPSOLFDWHBJEP LWV |
WKH ER@\

6HD EXFNWKRUQ FRQWDLQV RYHU ELRDFWLYH FRPS]
YLWDPLQV LQFOXGLQJ S$ 3 & % ) % ( . FDURWHQRL
SKHQROLF FRPSRXQGV OLSLGYV PRERUWKD@®FL®LFURHO
LQFOXGLQJ )H 0Q % $O . ) 7L > @

&DWHQLQ UHGXFHV OLYHU LQMXU\ E\ DQWLR[LGDQW DF
LQ FDURWHQRLGY WRFRSKHUROV VWHUROV OLSLGV DV
FRPSRXQGV KDYH ELRORJLFDO DFWLYLWLHV DQG WKHUL
DQWLWXPRU DQG LPPXQRPRGXODWRUV > @ ,Q DGGLWL
LQWR GLIITHUHQW SURGXFWV VXFK DV MXLFH DQG MDP >

BWXGLHV KDYHIVRKIREQFWRH GRJ FRQVXPSWLRQ LQ WK
SDWLHQWY WKRVH ZLWK HSLGHUPDO SUREOHPV EHLQJ
FRVPHWLF>L@GXVWU\

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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ODWHULDOV DQG PHWKRGYV

([SHULPHQWDO VDPSOHYV

3ROVMIORUD KRQH\ Zba XBAX AN\HUIKQRHWDQ DEHJJULHY DUH YL
QDWXUDO FRPSRXQGV ZLWK DQWLR[LGDQW SURSHUWLHYV
KRQH\ Rl SROVMIORURXV EHHV RI ORREDBDBFDRE B W XRQ N.HU @
DULVLQJ IURP-BWWWDORQWIRWH SHVHD UFK DRRED HDM G R/SHH Q
EXFNWKERUQ IURP $JULFXOWXUDO &BR8SB@MW HYXVHIRRP %

'"HWHUPLQDWLRQ RI SKHQROLF FRPSRXQGV LQ KRQF

YRU TXDQWLILFDWLRQ DQG GHWHUPLQDWURQR@H\SEHQ
GLVVROYHG LQ PO RI DFLGLILHG ZDWHU S+ +&0 >
FRWWRQ WR UHPRYH WKH VROLG SDUWLFOHV 7KH REWDL
'$' FROXPQ ZKLFK KDV WION DHWDL\Y\ SKR YROHF\WRPBR X
VXJDUV DQG RWKHU SRODU FRPSRXQGV D ZDVK ZDV FDUU
WR S+ BXEVHTXHQWO\ WKH SKHQROLF IUDFWLRQ ZDV H
FRQFHQWUDWHG X @GHMWI HGXFH&H UHD/X UHVLGXH ZDV W
RI GLVWLOOHG ZDWHU DQG VXEMHFWHG WR OLTXLG OL"
H[WUDFWLRQ VROYHQW 7KH H[WUDFWV ZHUH FRQFHQWU
ZDV GLVVRBWHKOG QRO

7KH FKURPDWRJUDSKLF VI\VWHP FRQVLVWHG RI D TXD!
PDLQWDLQHG DW & D GHJDVVHU D SKRWRGLRGH GHW
WKHUPRVWDWLF FROXPQV &KURPDWRJUDSKLFPQHRDUDW!
SDUWLFOHV KDYLQJ D VL]H RI P DQG PDLQWDLQHG DW
RI IRUPLF DFLG GLOXWHG LQ ZDWHU DQG IRUPL
SUHYLRXVO\ GHIJDVVHG DQG ILOWHUHG XVWQ.RD Q\ORQ Pt
7KH LQMHFWLRQ YROXPH ZDV —O 6SHFWUDO GDWD IRU

QP

(DFK VDPSOH ZDV ILOWHUHG WKURXJK D P Q\ORQ
DQDO\VLV ZDV SHUIRUPHG RQ D 9DULFA PRGRBVWTVAISHWMGF
DQ (6, HBSEBEWWIRRQL]DWLRQ VRXUFH VSUD\ YRGFWHBUBODNY

WXEH YROWDIFIDHSLOODU\ WHPSHUDWXUH f& JDV IORZ
UHVSHFWLYHO\ DQG D U\ES MVFUDWD X @ UW VR EWDOH @IBE W Q
Pl

7KH FROOLVLRQ HQHUJ\ XVHG LQ WKH 06Q H[SHULPH(
DFTXLVLWLRQ ZDV SHUIRUPHG XVLQJ ;FDOLEXU S VRIWZD
TXDQWLILFDWLRQ ZDVEYUHDWRREHXUZYWK FDWKH VWDQGDU
DFLG TXHUFHWLQ FDHPSIHURO FKU\WLQH DQG SLQRFHP
FRPSRXQGV ZHUH H[SUHVVHG E\ HTXLYDOHQWYV RI WKH
FRPSRXQG PHWKRGSMWGRSWHVGHDQGE WYED &DYHLUR > @

'"HWHUPLQDWLRQ RI YRODWLOH FRPSRXQGV LQ KRQ

$ *&06 V\WWHP ZDV XVHG WR LGHQWLI\ DQG TXDQ
*& 06 9DULDQ ZLWK FROXPQ & KHOLXP FDUULHU JDV
E\ z& PLR XSzW ODWHU ZLWK z& PLQ XS WR z& PLQ
ZHUH LGHQWLILHG E\ FRPSDULQJ WKH VSHFWUD REWDLQH
@
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'"HWHUPLQDWLRQ RI SKHQROLF FRPSRXQGV LQ ZDOC

AXDAMMWADIWQ G TXDQWLWDWLYH DQDO\VHV RI WKH SRO\!
+3/& $IJLOHQW VIVWHP FRQVLVWLQJ RI D SKRWRGLR
HOHFWURVSUD\ LRQL]DWLRQ PDVV GHWHFWRU 7KH SRO\S
FROXPQDXQOLQHDU JUDGLHQW RI PLOQXWHV 6ROYHQWYV Zt

DFHWRQLWULOH DQG IRUPLF DFLG DQG VROYHQW $ XC
DW D IORZ UDWH RI P/ PLQ 7KH LQMHFWLR@GYBDKPH
RI WKH SRO\SKHQROLF FRPSRXQGV ZHUH SHUIRUPHG
K\GUR[\FDPLQHV DW QP DQG WKH HOODJLF WDQQLQV I
HTXLYDOHQW > @

'"HWHUPLQDWLRQ RI WRFRSKHURO FRP/SKRXIQEG VULXQ VX |

7R DQDO\]H WKH FRQWHQW RI WRFRSKHUROV WKH RL(
ZDV XVHG XVLQJ WKH 6R[KOHW PHWKRG 7KH WRFRSKHURC
SHUIRUPDQFH OLTXLG FKURPDWRJUDSEBGDSWH @ EF BURAIDQE
7KH FKURPDWRJUDSK\ VA\VWHP FRQVLVWHG RI DQ $JLOHC
FROXPQ $V D PRELOH SKDVH PHWKDQRO ZLWK D IORZ |
IOXRUHVFHQFH GHWHFWRU ZLWK WKH H[®& LWKkMW LHRRQL VALOLYR
ZDYHOHQJWK DW QP ZHUH XVHG 7KH LQMHFWLRQ YRO
TRFRSKHUROV ZHUH TXDQWLILHG XVLQJ VWDQGDUG FXUY
> @

SHVXOWY DQG GLVFXVVLRQV

®
,GHQWLILFDWLIREDMWAR P BMKHQROLF FRPSRXQGV 1

,Q RUGHU WR DSSURDFK DV DFFXUDWHO\ DV SRVVLEOH
WKH EHH\&'VXEMHFWHG WR WKH VWXG\ WKH\ ZHUH VXPPH
QDPHO\ SKHQROLF/DEVEBUHIRLRBEYRLHGIXUH

3KHQROLF FRPSRXQGV

SKHQROLF pFDERQRLERSUHQRLGYV

JLIXUBXP RI WKH SKHQROLF FRPSRXQGYVY LGHQWLILHG D
LQ WKH KRQH\ RI SROLIORMN@QIQH EHHV IURP 'U J

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7KH DPRXQW RI WKHVH FRPSRXQGV YDULHV LQ WKH VI
PJ J )LIXUH SKHQROLF DFLGV UHDFK PJ
UHDFK PJ J DQG IODPRQRLIGYDWROH

,GHQWLILFDWLRQ DQG TXDQWLILFDWLRQ RI YRODWI

7KH SUHVHQFH RI YRODWLOH FRPSRXQGV LQ KRQH\ FD
RULJLQ DOORZLQJ LW WR YHULI\ ZKHWKHW DLUNRZ DO BBAHRG
HIX§ DWHV VHFUHWHG (x\ SRYHQWY RROADWHEWVWRPSRXQC
LGHQWLILHG LQ KRQH\ DV FRPSOH[ PLIWXUHV RI GLITHUHC
LVRSUHKXMH@XROLF FRPSRXQGYV EHQVHQHVGRIQUHY DWQ &HW\G@F
IDWW\ DFLGV OLQHDU KV U@RDD BR-OAXOWCRF\WRHFDIDV XOV
FKWRPDWRJUDSKLF DQDO\WLYV RI KRQH\ EHH LW ZDV IRXQ(
RI DURPD FRPSRXQGW¥ FRPEHRX\Q@\MHUSHEBHU DOFRKROV DC
HVWHUV )LJXUH

HWRQHV

$OFRKROV VXPHULRUV

$OGHK\GHV

(VWHUV_]

7THUSHQLF FRPSRXQGV

9RODWLOH FRPSRXQG

J)LIXUH 6XP RI WKH YRODWLOH FRPSRXQGV LGHQWLIL
LQ WKH KRQH\ RI SRO\IORWR®¥Y EHHV IURP 'U J

‘H REVHUYH WKH GHWHUPLQHG TXDQWLWLHV QRWLQJ
JURP WKH UHVXOWY REWDLQHG WKH KRWULHQRO LV LGH

YDOXHV EHLQJ DO WKIH VXP RI WKH WHUSHQLF FRP
PJ J $OGHK\GHV UHDFK YDOXHV RI PJ J DQG NH
+LJKHU DOFRKROV DFFXPXODWH DW PJ J DQG HVWL

,GHQWLILFDWLRQ D G&HQYXP@WLFRPHBERXRGWRILQ ZDOQ
RI VHD EXFNWKRUQ

3RO\SKHQROV DUH FKHPLFDO FRPSRXQGV ZLWK PXOWI
ERG\ JHQHUDOO\ DFWLQJ DV SRZHUIXO DQWLR[LGDQW HO
DQG YHIJHWDEGH\RWRHFMLIR® DIJDLQVW IUHH UDGLFDOV >
GHWHUPLQHG WKH WRWDO SRO\SKHQRO FRQWHQW LQ ZDC

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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‘DOQXWV

>PJ

6HD EXFNWKRUQ

7RWDO 3RO\SKHQROV
J@

J)LIXUH 7TRWDO SRO\SKHQRO FRQFHQWUDWLRQ LGHQWLILHG
H[SUM&WLQ JDOOLF DFLG HTXLYDOHQW

JROORZLQJ WKH FKURPDWRJUDPVY REWDLQHG WKH FRQ
ZDV HVWDEOLVKHG ZKLFK LV DW DQ DPRXQW RI PJ*:
WKH EHUULHVY WKH FRQWH®W*$Q SRIO\SKHQROV LV

,GEBQWLILFDWLRQ DQG TXDQWLILFDWLRQ RI WRFRSK
EXFNWKRUQ

7RFRSKHUROV RU YLWDPLQ ( LV EHQHILFLDO WR WKH K;
FKDUDF®HU ZKLFK OHDGV WR QHXWUDGLFDWVRY @®Q G KHDE
WRFRSKHURO LV DOSKD EXW LW LV IRXQG LQ ZDOQXW
JDPPD RU GHOWD RU WRFRWULHQRO > @ 'XULQJ W
GHWHUFPLQHG VHYHUDO W RBRIS KCHUR G\HOWDS KR VEKM R L O
ZDOQXW. )LIXUH

:DOQXWV RLO WRFRSK

T T T
. WRFRSKHWRBRSKHWRPRSKHWRBORSKHURO

JLIXUH 7KH FRQFHQWUDWLRQ RI WRFRSKHUROV LGHQWLILHG
ZDOQXW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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-
7K®¥ PRVW VLJQLILFDQW FRQFHQWUDWLRQ RI WRFRSH
WRFRSKHWR O PJ J IROORZHG E\ EHWD WRFRSKHURC
PJ 3 RLO 9DOXHV ORZHU WKDQ PJ J DQG PJ
LQ WKH FDVH RI WKH WRFRSKHURO JDPPD DQG WKH WRFR
([SEULPHQWDO U HN XD QRIE WEHQ WR FRSKHUROV FRQ|
H[WUDFFWHG IURP WKH VHD EXFNWKRUQ DUH SUHVHQWHG

J RLO@

>PJ

7TRFRSKHUROV VHD EX

T T T
. WRFRSKHMRPRSKHVRPRS KHMRBPRSKHUR O

JLIXUH 7TKH FRQFHQWUDWLRQ RI WRFRSKHUROV LGHQWLILHG
WKH IUXLW RI VHD EXFNWKRUQ

$ PD[LPXP FRY/ERQWRJI DOSKD WRFRSKHUROVLQ WKH D!
REVHUYHG IROORZHG E\ PJ J EHWD WRFRSKHUROV
PJ J ZHUH LGHQWLILHG LQ WKH FDVH RI WRFRSKHURO J
RI WKH WRKHRGSWBU&RPSDUHG ZLWK WKH YDOXHYV LGHQWLI
LQ VHD EXFNWKRUQ RLO DUH PRUH VLIJQLILFDQW

&RQFOXVLRQV

%HH KRQH\ FRQWDLQV VLIJQLILFDQW YDOXHV RI SKHQR
DOWLR[LGDQW TXDOLWLMM-ROYVEBFRRQ@MMHG ZLWK QXW

7TKH YRODWLOH FRPSRXQGYV LGHQWLILHG DQG TXDQWLI
RI D KDUPRQLRXY DURPDWLF SURILOH DQG ZLWK FHUWD
WHUSHQLF FRPSRXQGY DQG HVWHUYV

7TKH WRFRSKHUROV WGEHMMVELLIHE KKHQ RLODXBNUDFWHG 11U
VLIQLILFDQW YDOXHV HVSHFLDOO\ LQ WKH IRUP RI DOSK
LGHQWLILHG LQ VHD EXFNWKRUQ RLO WKH\ DUH ORZHU R

7KH UDWLR RI DOSKD WRFR@& HIHIOVDWRRERW RKH U BBPFDL
VOLJKW RVFLOODWLRQV EHLQJ YLVLEOH LQ WKRVH LGHQYV

7TKH UHVXOWY RI WKH SUHVHQW VWXG\ VXJJHVW WKD\
EHUULHYV FDQ EH XVHGRDQ DWAOJDCEPDQMW WVRIXGPHWY DQG Y
REWDLQLQJ LQQRYDWLYH GDLU\ PLON SURGXFWYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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5HIHUHQFHYV

%RJIJGDQRY 6 -XUHQGLF 7 6LHEH®R GH\ 1RO OPXOQQL 3/ L |
+HDOWK $-BXVYIQHYO RI WKH $PHULFDQ &RIBOHJIH RI 1XW
&KDNLU $ 5RPDQH $ %DUEDJLDQQL 1 %DUWROL "' )
HOHPHQWYV LQ GLIIHUHQW WS$SNW WRD OILMURFREQQIQR1
$SSOLHG 6FLE®FHV

3LDQED 0 / 2GGR/ 3 XRHOWDERER$GDRWRY 6 'HFOHUF
6HQVRU\ DQDO\VLY DSSOLHG R KERRHH BWDWH RI WKF

B\UJ\QVND . %LHVDJD O $QDO\VWLV RI SKHQROLF
7TU$&7UHQGYV LQ $QDO\WLFHS& &KHPLVWU\
6LPXWK - 6RPH SURSHUWLHV RI $XWH/ (PHDQA QL BHURD

5R\DO $BAGRORJS St

&XHYDWRU\ /) 3LQR -$ 6DQWKDUR / 6 $HDXYLHZ RI YR

DQDO\WLFDO PHWKRGW ERRUN B & WHDUP LRIRIRIA QRVHRH PKLR/@VHA\
SS +

'HOHOR $ $ 0 S$OAHILGUDQ / % 6DQFKWp’ $ 3DVFXDO

&RPSRVLWLRQ D QS SURSEROHIH B RIRXIUKDO R1 DSLFXO

UHVHDUFS&S

(VFXGBR 2 O0tJXH] 0 *RHQE@EHR] 6HLMR 0 & 1XWU

DQG DQWLR[LGDQW DFWLYLW\ RI KRQH\V SIRREXFHG

&KHPLVWUW\ SS %

(VWHYLQKR / 0 )HiV ; 6HDMR/O 8 20YTAHF KRQH\ IUF

7UIVBRQWHY UHJLRQ 3RUWXJDO &KHPLFDO SDO\Q

ELRDFWLYH FRPSRXQGRREKDQGF YKIHR [ B WO R EFRO R J\

6RDUHV 6 $PDUDO -6 20LYHLUD 0 % 3 ¥H GBINLHZ
RQ WKH ODLQ +RQH\ $XWKHQWLFDWLRQ ,VVXHV SURC
5HYLHZV LQ )RRG 6FLHQFH $RE )RRG 6DIHW\

YHiIV ; ,JOHVLDV $ B5RGULJXHV 6 (VWHYLQKR / 0
DJDLQVW OLFURR RUDIDIQIADROY ,PSRUWDQFH B6WXG\ RI WK
%L RO RJLFDOR®HFEXOHHS =+

JLQROD 0 6 /DVDJQR 0O & ODULROL - 0 OLFU
FKDUDFWHUL]DWLRQ RI KRQHWRR B RRMPHYWUD G $UIHQ

,XUOLQD 0 2 )ULW] 5 &KDUDFWHUL]DWLRQ RI
KRQH\V IURP GLIIHOMIQWO BRX RO\ -RXUQDO RISIRRG 0
+

3DYHONRYi $ .DpiQLRYi 0 yXER - AYHFRYi = . D]l
3K\WLFRFKHPLFDO DQG PLFURELRORJLFDO TXDOL

-RUQDO RI OLFURELRORJLFDO %LRWIBKORORJ\ DQG )R

BRGUp * 6 LQMDWUF& ORUHWL $ & & 2WVXN , 3 &DU

&DUDFWHU XdmMRADV GFRDP RV V$SD VPG @ pRHQIR SWHUD

$SLGDH GR (VWRGH BIRD &80ADISS +

$OYDEXDUH] - 7XOLSDQL66 %SGRMDROALQPL %DWWLQR

&RQWULEXWLRQ RI KRQH\ LQ QXW ULMALRQHD Q6 KXPD® QR

RI IXWULWLRQ DQGSSHWDEROLVP

20DLWDQ 3 % $GHOHNH 2 ( 20D, 2 +RQH\ D

DQGLR&LELWRU\ DIH®W LRDQP+HADRBHKESFLHQFHV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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3HUHLUD 3 -0 ) 3URSULHGDGHVDQWLEDFWHULDQDV
OLFHQFLDWXUDHP&LN@OFL)OO/GOG H) BW LFLa®QRLDYV GD QXW
8QLYHUVLGDGH*GR 3RUWR SS

$EGDOODK ,% 7O0LBUFH (OCSBAEHRIHY * &DHPUKIR 0 &
$OERXFKX $ %RXNKFKLQDS® &RQWHQW RI FDU!
WULWHUSHQLF DQG DOLSKDWLF DOFRKROXJODXG/ Y R DD
/  YDWUHRRG &KHPLVVBG\+

3HUVLF 0 IHWNKAGYFWHN 0 60DWQDU $ 6RODU $ O9HE
SKHQROLF SURRGRIWHREI SHHIBOLFOH ZDOQXW DQG KD]HO
JRRG &KHPLV®I\+

5RV ( +HDOWK EHQHILWYV R VOXIW GSRB®V XPSWLRQ
5RV ( 7DSVHOO / & 6DEDWp - IXW&XDQG EH
$WKHURVFOS Y

&KDQJ 6 . $ODVDOYDU & %ROOLQJ % : #SKIREWM )
7KH LPSDFW Rl SURFHVVLQJ URDVWLQJ RQ SKHQROLF
$ FRPSUHKHQV-LY)) QRN L HZR G+

&KHQ & < %OXPEHUJ - % 3K\WRF KSR DFBIODF FRP S
&OLQ 1XWSB

JRUWLQL 0 OLJOLRULQL 0O &KHUXELQL & &HFFKL / &
VWDQGDUG QRUPDOL]DMWIRE &RE TREBQYRYMIDIWHERQ LQ Y
RLO YRODWLOH RUJD®PRE W RPSRIOQOW B 2+

$ODWDW & 6KDKLGWHH QXWV &RPSRVLWLRQ SK\WRFI
HITHESB3UHVV %RFD 5DWRQ

6RFDFL 6 $ 6RFIFLX ®DW7RIBBQQWMXEH H[WURFWLRQ L
06 DQDO\VLV RI YRODWLOH FRP S R(HDQ BXF HINBKSRZEFOREHD Q
UKDPQRLGHV / VE¥SUYDYPDWHBEWYRE®BPMXEE B

<DQJ % 5 ODUNNX $ 3HWUL 0 +HLNNL . &RP S
DFWLYLWLHV RI VESWHIDFRUA WG FRLOD ¥ 21W R® D UMM/G R | DR \
EHUYURR®G 5HV ,QWSS &

1ILWLQ . 8SDGK\D\0 6 <RJHQGUD . $VKHHVK *

DQG DQWLEDFWHULDO H+IHFIRE KO HV H B DEOQARY VERI& U Q
&KHP 7R[LF G

1HJL 36 &KDXKDQ $6 6DGLD *$ 5RKLQLVKUHH -
$QWLR[LGDQW DQG DQWLEDFWHULDO DFIBLSYRIKIDHV
UKDPQRLG/HWG H)RRID BWNP LGS U\

6LOYD &DYHLUR ( 0 MR &BUPFMHREBDOFLDLVURW X
GHVLJQDomR GH PHO GH XU]JH 'LVVHUWDOMRDSUHVHC
%UDJDQoD SDUD REWHQOmMR GR *UDX GH OHVWUHHP4XD

9\WKQLDN 9 'LPLWULHY 2 J/LWY\QFKXN GHQRPIEFR YN
EHHVZD[ DQG LWV IDOVLILFDWLRQ E\ V8K M CPLHFOLBRG) RR
-RXUQDO SSt

$OL\D 0 6DMZDQL 6DUGDU $ )DURRT (OVDGLJ $ (O\
2PDQL $FDFLD DQG :K\LWHERADBOQDRFORQBEQG SK\VLFRFK
S8NUDLQLDQ -RXUQDO RI JRRG 6FLHQFH
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, QYHVWLIJDWLRQ RI WKH IHUULF LRQV FF
ELRO\JDQGV RI SURELRWLF RULJLQ

$QWRQLQD .DSXVWLDQ
2GHVD IDWLRQDO $FIHFKQRORJLHV 2

$EVWI

S (QWURGXFRHLRIHFXOLDULWLHY RI REWDLQL(
GLIJHVWLEOH DQG VDIH IHUULF LRQ FRPSOHTIF
JHUULF LRQ SURELRMWQAL PRGCGLMWKHLU FKDUDFWHULVWLFV KDY
&KHODWH ODWHULDOV DQG UHWHBURXLBBQERGWKH SUR
%LROLJDQG PHWDEROLVP DQG SURFBIMVREDFRIOEGEXRPGOMOEL
3HSWLGRJO\FD)BFEVS %XOJDULEDFNH®\ ODFWLF DFLG DPLQF

PROHFXQBW ZSHSWLGHV DQG PXURSHSWLGHV
0>(URSHS\NLGHGHVWUXFWLF\:‘Q Rl ELRPDVV SHSWLGRJO\FDQV Z
WUHDWPHQW RI VRQKHDSWRIY BQG BIDEPRYO H[D
PROQLWRUHG XVLQJ WKH WXUELGLPHWU\ PHWKR

5HVXOWY DQG GKMFXXPWRRQ RI ELRPDV
SHSWLGRJO\FDQV SHUIRUPHG E\ DOWHUQDWLC

.H\ZRUGV

HQJ\PH SUHSDUDWLRQ UHVXOWHG LQ D PL[W
PROHFXODU ZHLJKW SHSWLGHV DQG PXURSHS!

$UWLFOH KLVWRW\LFK ZDV PJ PR PG PJ PUHVSHFWLYHO\
/IDFWLF DFLG ZDV LVRODWHG IURP WKH FXOWX
SHFHLYHG FDOFLXP ODFWDWH 7KUHH SRO\GHQWDWH V\V'
S5HFHLYHG LQ URERPWHHEH[HY SHSWLGRJO\FDQ GHVWUXFWLRQ SU
IRUP Rl GHJUDGDWLRRFSWLEGXFIWY P GEDY IRXQG WKD
$FFHSWHG VIVWHPV XQGHU WRRAQGW\ IEFQ QMKHHDPRXQWV RI

PRO BP UHVSHFWLYHO\ (OHFWURVWDWLF
LQWHUDFWLRQV DUH LQYROYHG LQ WKH IRUPD\

DQG SURELRWLF ELROLJDQGY 7KH EHKDYLRU ¥
&RUUHVSRQGLQYDOXHV DQG WHPSHUDWXUHV ZDV VWXGLHG |
DXWKRU IRUPHG ZLWK WKH SDUWLFLSDWLRQ RI WKH ELF
SURGXFWV Rl SHSWLGRJO\FDQV GHJUDGDWLRQ
$QWRQLQD .DSXRIWELRPLIDQGYV SURYLGHV WKH IRUPDWLRQ RI |
(PDLO VWDEOH LQ WKH S® LD\ JRAEREKHIGY D SURPLVL
IVW MRXUQDO#X MU WHHMLHQW RI GLHWDU\ VXSSOHPHQWV DQ
WHFKQRORJ\ LQYHRGHHY VKX URKOWREBVVEQRYHQ
WKDW RWSBH[ LV VWDEOH LQ WKH WHEPSHUDW X

'KHQ WKH WHPSHUBW XfRHKMYRDFKHWRVV LV  IRU
FRPSOH[ DQG PHRKDQIKFDO,®L\WKXUWHPSHUDW
UDQJH Rl f& DQ HQGRWKHUPLF UHDFWLRQ LV
WKHUPDO WUHDWPHQW RI WKH FRPSOH[ DQG Q
GXULQPHEKD QLFDHW PHPMWPHQW 7KH ZHLJKW O
FRPSOH[ LQ WKLV WH P SHLAXW QU A DED P U HVIXW H
7KH SUHVHQFH RI DQ HQGRWKHUPLF SHDN RQ
DQDO\VLV FXUYH Rl WKH FRPSOH[ PD\ LQGLFDW
RI FKHODWH ER@XULQJ WKHLU GHVWUXFW WK
RFFXUUHG
2, &RQFOX\KIHRQHVHDUFK UHVXOWV LQGLFDWH W
XVH RI SRO\GHQGDQW PL[HG OLJDQG V\VWHP\
; FRPSOH[DWLRQ ZLWK IHUULF LRQV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

,ZURQ LV RQH RI WKH PRVW LPSRUW RQW RVUMHDWHK CHID H P HG
RI WKH KXPDQ ERG\ SDUWLFLSDWHY LQ UHVSLUDWLRQ K
UHGR[ UHDFWLRQV HWF > @ ,QVXIILFLHQW LURQ VXSSC
DQHPLD ,'$ WLV D GLWWBFH RXWKEH BEORRR \GHI@FLHQF\
,'$ LV DFFRPSDQLHG E\ FKDQJHV LQ PHWDEROLVP SDUD
FROQOFHQWUDWLRQ ZKLFK FDQ OHDG WR GLVRUGHUV RI WK
ZRPHQHRSURGXFWLIFKD QX VWIRQQWHOOLIJHQFH DQG EHKDY
YDULRXYVY GLVHDVHV HWF > @

$QDO\WLYV RI UHFHQW UHVHDUFK DQG SXEOLFDWLRQV

$V LV NQRZQ > @ IRRG FRRNHPIH) VU H ®/\BHKWRR BLQERUY R C
LRQLJHG YHJIJHWDEOWV OIRJXH RNPUFHWR®D FRYHUV RI W
ERG\ V QHHG IRU LURQ

7KH HQWU\ RI LURQ LQWR WKH ERG\ RFFXUV WKURXJK W
E\IRRG HQWHURF\WHV WKH FRPPRQ QDPH RI HSLWKHOLD
DUH KLJKO\ VSHFLDOL]HG FHOOV WKDW FRRUGLQDWH W
DEVRUSWLRQ RI LURQ LQ WKH LOQWHVWLQH RFFXUV LQ WK
FDWLRQV DV SDUW RI WKH PRELOIHU WISH ALD/OH Z0 D WRILG
DEVRUSWLRQ RI KHPH LURQ I@RP IRRG )LJXUH

Intestinal Enterocvtes Blood
lumen Apical y Basolateral
membran membrane
DMT(_\) Ferritin Fe3*
Fe?* = Fe2+\‘ I AT
Fe‘; Intracellular
pool of iron --------- > Fe2r |
Integrin.t— — / Ferroportin v
Excess _Abcg A Paraferritin Fe2+ Transferlrin

v
Fe - transferrin

Heme _’4’Hem Heme oxygenase

J)LIXUH 6FKHPH RI LURQ WUDQVSRUW LQ WKH HQW
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,QRUJDQLF RUJDQLF DQG PXOWLYLWDPLQ SUHSDUDW
UHSOHQLVK LURQ GHIL@LHQF\ )LIJXUH

Iron preparations

Inorganic salts Fe?* Organic compounds Multivitamin
/ of iron \ preparations
Preparations Fe2* Preparations Fe®*
/ The salts of . \
Complex carboxylic Colloidal Chelate
salts acids compounds compounds

J)LIXUH &ODVVLILFDWLRQ RI LURQ SUHSDUDWLR!

7KH XVH RI LQRUJDQLF SUHSDUDWRRQ\SURYWKH [HQUXR.
FRPSOLFDWLRQV ,Q WKH JDVWURLQWHVWLQDOLWQDFW
LQGXFLGBMXHDRFH RI D IUHH HOHFWURQ UHVXOWLQJ LC
GLVUXSW '1$ VIQWKHVLV DIIHFW WKH DFWLYLW\ RI VHY}
SRO\XQVDWXUDWHG OLSLGV LQ FHOO PHPEUDQHMXW OR
LURQ LQ WKH LQWHVWLQH FRQWULEXWH WR WKH LWV SD\
WKH HQWU\ RI WR[LF LRQV LQWR WKH FHOOV RI WKH LQW
F\WRWRI[LF HIIHFW RI IHUURXRUURQV R} §HPIODORN\ GUIDHQ
DOVR QRWHG > @ 7R FRXQWHUDFW WKHVH GLVDGYDQW|
DQWLR[LGDQWYVY VXFK DV DIVERVERF VFHELDAUPDIW UHFHV
SURORQJHG UHOHDVH > @

YHUULFDDRWY WWBYH EHWWHU VROXELOLW\ DQG KLJKHU
IHUURXV VDRBW DEXWKHU FKDUJH W@ LXK/LER WDRK WD YH
GHJUHH RI K\GURO\VLV RI LURQ ,,, VDOWVHUUL® L@V QW
IRUPDWLRQ RI LQKROXE[QBHHREFXUV 7KXV LQRUDDELF DJ
PRUH OLNHO\ WR EH FRQ YHQ \U B O RDIG UQYH P K GLXR[ RG KV K
PDNHV LW LPSRVVLEOH IRU WKMHB WRS DEWRHE FRPFKO WD
RUDO DJHQW IRU WKH FRUUHFWLRQ RI ,'$

2UJDQLF LURQ FRPSRXQGV DUH PRUH ZLGHO\ XVHG
GHILFEPHQR 7KXV WKH XVH RP O PQHRIZLIMKLW JR QLFRWLQD
LV BQR> @ )HUXP ,, VDOWV DQG FDUER[\OLF DFLGV QD]
DOVR EHHQ XVHG DV WKH\ KDYH EHHQ VKRZQ WR KDYH S
DVFRUELF DFLG 7KH SUREOHP RI LQWURGXAWLRRHFRIURXS
RI FKHODWLQJ DJHQWY 7KHUH LV DQ DJHQW EDVHG RQ
VXFFLQ\ODWH LQ ZKLFK WKH OLJDQGV SURYLGH WKH VV
FRQVWDQWY DUH QRW OHVV WKDQHW SUKNHHUY OMA. KQGR R
VROXEOH VWDWH LQ WKH LQWHVWLQDO OXPHQ D@G LQFUI

7KHUH DUH DJHQWV WR FRPEDW ,'$ EDVHG RQ LQVROXE
WKH PLFHOOHV RI VXFK RORPREIDMHR A6 B &X VR G XONL W& H LQXF O
PLFHOOHV DQG WKH GHQVH OD\HU ZDV FUHDWHG E\ FDL
VXFURVH VRUELWRO LVRPDOWRVH > @
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'HVSLWH VRPH DGYDQFHV LQ WKH GHYHORSPHQW RI HI
IRQHZ PRUH SHUIHFW IRUPV RI LURQ IRU RUDO XVH LV VW
ERG\ LV DOZD\V LQ WKH FRPSRVLWLRQ RI ELRRUJDQLF FR
RWKHU ELROLJDQGY > @ WKH XVH RIRP{EGHOHDNVQ G\\VGY!
IRUPV RWR[RG IHUULF LRQV LV ZRUWK\ RI DWWHQWLRQ > @
RI ELRPHWDOV KDV EHFRPH ZLGHVSUHDG WKH PHWKRGV
RI WKHP DUH GHVFULEHG @ QYWRK\WK GLDWVHULDDADXDA G VIQ WK F
XVHG DV ELROLJDQGV EXW WKHUH LV QR LQIRUPDWLRQ
PHWDEROLVP SURGXFWV DQG SURFHVVLQJ RI SURELRWLF
FRQWDLQLQJ @URISWH WKH H[WHQVLYH H[SHULHQFH DQG
FXOWXUHV FXOWLYDWLRQ WK@V 7KGH B XIOMW XK b\ 0KQ &8 YRY
QXPEHU RI PHWDEROLWHY LQ SDUWLFXODU RUJDQLF DFL

@ LWELWK®WHJIJUDWLRQ Rl SURELRWLF FHOOV GHJUDGI
WKHLU FHOO ZDOOV FDQ EH REWDLQHG QDPHO\ DPLQR
PXURSHSWLGHV ZKLFK DOVR FRQWDLQ IXQFWLRQ®O JUR)
ERQGV ZLWK PHWDO LRQV ,Q DGGLWLRQ WKH VXEVWDQF
SK\WLRORJLEWX HD\FIWULNLSRZHUIXO LPPXQRW®WURSLF FRPSRX

7KH SXUSRVH RI WKLV ZRUN LV REWDLQLQJ DQG FKDU
ZLWK PHWDEROLWHY DQG ORZ PROHFXODU ZHLJKW GHJL
IDFWREDFLOOXV GHOEUXHFNLL VXEVS %XOJDULFXV %

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

%LRPDVV %0 RI ODFWHRW FOHDRELEDKWHIHM®MEUYHFNLL VXE
ZLWK D FRQFHQW&)BWRRIRRIWKH FROOHFWLRQ RI WKH 6FL
HQWHUSULVH $ULDGQD 2GHVD SDSDLQ ZLWK SURWHRO\
SURGXFWV 86%2 WH&RLQD ZHUH XVHG IRU WKH UHVHDUFK

2EWDQQ GHIJUDGDWLRQ SURGXBWW RE C5FH SIVOLXG/R G @ OFEDUM
%XOJDUWLFXV

7KH LVRODWLRQ RI FHOOV IURP WKH FXOWXUHWLQXLG ZI
DW PL7KH SUHFLSLWDWHG FHOOV ZHUBHXYXVIESHG GH VK
FDUULHG RXW WKH XOWUDVRQ WUHDWPHDIW K \OL @R XXMM
IUHTXHQF\ Rl  N+] GXUDWLRQVRTV KK H QY \PHDIVNAL FE HERMW &/ WX F
FHOO ZDOOV ZDV FDUULHG RXW E4 SD S DLKHWDH PP Q& VD
UDWLR %0 VROLGV FRQWHQW 2ZDV WKH LQFXEDWLR
PLQ 7KH HQ]\PDWLF K\GURO\VLV ZDV VWRSSHG E\ HPHU

f& WKH PL[WXUH ZDV FRROHWGHSWK B WHG XIUR PS KADK/HH
FHQWULIXJDPLQRDWMRU RLYKH OLTXLG SKDVH WKH FRQW!|
ZDV FRQWUROOHG E\ IRUPRO WLWUDWLRQ PHWKRG > @ 7
/0:3 ZDV GHWHUPLQHG EKRKH %H Q HGH B V& IPHMPRIOMFWQ R
ZHLJKW SURWHLQV E\ WULFKORURDFHWLF DFLG 7KH FR
SXULILFDWLRQ RI WKH K\GURO\WDWH RQ DQ +RRQFPKR® JH
VXEVHTXHQWRG HRWMKH GDWERK\GUDWH FRPSRQHQW LQ WK
E\ WKH $QWUWR@ PHWKRG
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IDFWLF DFLG LVRODWLRQ

7KH LVRODWLRQ RI ODFWLF DFLG IURP WKH FXOWXUH I
ZKLFK LQFOXGHG FU\VWDWGILYDWKRWXE V I# DXOHQ WP SQRFM D V|
VXOIXULF DFLG DQG UHPRYDO RI LQVROXEOH FDOFLXP VXC

JHUULF FRPSOH[HVY SUHSDUDWLRQ

7KH FRPSOH[HV ZHUH REWDLQHG E\ FRPELQUQZ VROXW
ZLWK YLJRURNV VWLWKHWHPSHUDWXUH RI FRRGWBLRQWQ R
FRPSOH[HV ZHUH REWDLQH®G +E\VRRXELLR@Y JHWE® K\GU
IDFWREDFLOOXV GHOEUXHFNLL &RESYSH[@XPWDRBLBXYG%L
FRQFHQWUDWLR@RASOHW[J ,FP K\GURO\WVDWH DQG ODFWLF
PJ FRQ WKH PL[WXUH &RPSOH[,,, 7KH FRRRWHZLW K PDK\
ELROLJDQGV ZDV GHWHUPLQHG E\ D WXUELG2RQNDLF Pl
VSHFWURSKRWRPMWHR 6)@ 'LITHUHQW YROXPHYHRIH Q |
DGGHG WR DOLTXRWV RI PL[WXUHV FRQWDLQLQJ ELROLJL
FKHODWLRQ ZDOWVIWKHQ DGGHG WR WKH VROXWLRQV WR DF
FRQGLWLRR®V )HKLFK GLG QRW S B [DWLIERSQDWOIWHU WKW Fl
FDUERQDWH WR IRUPSDQWREGREOH2KLEK SURYRNH@XUELG

&RPSOH[WWBELOLW\ VWXG\

7KH EHKDYLRU RI WKH FRPSOH[HV ZDV LQYHVWLJDWHG
+ XQLW VR QKHIQM U D VZ DR QG R W)HHU P MWQKH. ® FEFDHVBEAR® 7K H
UHTXLUHG S+ ZDV DFKLHYHG X¥RQR U Y\Y Q@Y G7 K Bl 2 \\DIDEG
FKHODWH FRPSOH[HV ZDV FDOFXODWHG E\ WKH IRUPXOD

Z E

K ——

D
ZKHDWH WKH WRWDQ P@RXQWVRH)HARPBIS\O WK H D FRXRAW RI )H
UHOHDVHG LQWR WKH UHDFWLRQ PHGLXP PJ FP

&RPSOH[HV WKHUPDO VWDELOLW\ VWXG\

7KH VWXGLHV ZHUH SHUIR WP NMEDXQVQLQYJI WIDK RS LIFHHVA QW |
'6& WKHUPRJUDPV ZHUH REWDLQHGt LQf & DNV VDHPRB@I VD Vg W
UDWH RI f& PLQ RQ D 'HBDVRWREOHNSBHI WR GHWHUPLQF
FRQGLWLRQV WKH FRP$OHWWHVORERMYRYRWQRQNVPNH SOD
FRQWLQXHG WR D PD[LPXP WHPIHIFOUWMKLRD RADV $R@DBHG L
FUXFLEOH 7KH DFFXUDF\ Rl GHWHUPLQLQJ WK#f WHPSHUD

.5 VSHRWUYDPSOUMFAHUUGHG LQ WKH UDQJH RI ZBFRFRHOHQJ
LQ D VSHFWURPHWHU ZLWK D )RXULHKKMDEOX I RDEBIQ )7,
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JJIJ)RRG 7THFKQRDRJ\
5HVXOWY DQG GLVFXVVLRQ
BUHSDUDWLRQ DQG FKDUDEWMHQGE]BRAFRGHRH W IR[HIGHHUULF

SUREERELROLJDQGY QDPHO\ SHSWLGRJO\FDQ GHJUDG
IDFWREDFLOOXV GHOEUXHENLL 2HUE XV b& OW R K HRMM HH
FRPSOH[HV 'HVWUXFWLRQ Rl SHSWLGRJO\FDQV RI FHO(
SURFHGXH$V DERNMHVXOW D PL[WXUH RI DPLQR DFLGV /0:
REWDLQHG WKH FRQFHQWUWDIWIPRQ RRJZEKRFK ZDWP
UHVSHFWLYHO\ $Q HIIHFWLYH FKHODWLQJ DJHQW QDPHC
ZDV RDORPDWHG IURP WKH %0 FXOWXUH IOXLG $V D UHVXC
RI ODFWLF DFLG DW D FRQFHQWUDWLRQ RI ZDV REWDL
PXURSHSWLGHV DQG ODFWLF DFLG LV D PL[HE FILV QG OMN'
FKHODWH FRPSOH[HV RI ELRPHWDOV EXW LW LV GLIILFXC
VXFK VIVWHP WKDW FRPSOLFDWHV WKH FDOFXODWLRQ R
IRUP IRU LWV FRPSOHWH FKHODVWAL.RQ DW FRPSOH[ IRUPDYV

$V D UXOH WKH VI\QWKHVLV Rl ELRPHWDOV FKHODWH
FRPSRVLWLRQ RI O\JDQGV RI GHILQLWH GHQWLFLW\ 7KL
UHDFWLRQ UHTXLUHG DPRXQW RI PHWDO ZKRFRK>SURWLGF
,Q RXU FDVH LW ZDV QHFHVVDU\ WR GHWHUPLQH LQ ZKDW
DJHQWYV RUJDQLF RU LQRUJDQLF 7KH FODVVLFDO PHWKI
PHWDO LRQ LQ D UHDFWLRQ P H&BK XPUB D BIHRQQWX X WH. EL DG F
DJJUHVVLYH 7KLV PD\ FDXVH WKH GHVWUXFWLRQ RI WKH
ZKLFK ZLOO QRW SURYLGH UHOLDEOH UHVXOWYV DQG ZLO
ZDV LQ WKHKWWHR BNV HUIRPH @D WLRRQRM LOHWKH UHDFWLRQ
FDUULHG RXW XVLQJ QHSKHORPHWU\ QDPHO\ E\ GHWHU
SUHVHQFH RI ZKLFK ZDV SURYLGHG E\ WKH UHDFWLRQ S
FDUERQDWH WKF EHRUIRIBLRG V\VWHPV ZHUH XVHG IRU WK
K\GURO\VLV SURGXFWV Rl SHSWLGRJO\FDQV &RPSOH][ ,
PLIWXUH &RPSOH[,,, 7KH FRQFHQWUDWLRQ RI DGGLWLR
EDVHG® KRR UHW L FIK® PIXADONVIX®HDV DERXW SRV¥KEOWDWRQ
FRPSOH[HV 7KH UHVXOWV RI WKH VWXGLHYV DUH SUHVHQ\

$V FDQ EH VHHQ IURP )LJXUH WKH WXUELGLW\ RI PLJ
)H DQG &DLRQPLUQYLPDOO\ VWDEOH RSW 8QLWV XQWL
PHWDO LV UHDFKHG LQ WKH PL[WXUH )RU WKH V\VWHPV
GLIIHUHQFH 7KXV WKH UDSLG WXUELGLW\ JURZWK RI &RI
)H LRQV LQ D PL[WXUH R&RPBRE[GIRO GP &RPSOH] ,,,
PRO BP 6XFK EHKDYLRU RI WKH LQYHVWLJDWHG V\VWHPYV
FRQFHQWUDWLRQV WKH PHWDO LV LQ ERXQG VWDWH LQ
WKDW PDNHOH RSRVVQWHUDFW ZLWK WKH VRGLXP FDUER
DSSHDUDQFH RI LQVROXEOH IHUXP K\GUR[LGH ZKLFK FDX
&RPSOH[ ,,, FRQWDLQV WKH ODUJHVW DPRXQW RI EERXQG I
PL[HG OLJDQG V\WWHP RI WKLV FRPSOH[ LV WKH KLJKHVW
FRPSRQHQWYV > @
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7XUELGLW\

)H FRQWHQW LQ WKH UHDFWLRQ PHGLXP PRO GP

—— &RPSOHE— &RPSOHE-.&RPSOH][ ,,,

JLIXUH 'HSHQGHQFH RI WKH WXUELGLW\ RI PL[HG OLJDQG V\V
RI )HRQV LQ WKH S@RVHQFH RI 1D

,5 VSHFWURVFRS\ ZDV XVHG IRU D GHHSHU VWXG\ RI W
7KH IROORZLQJ VDPSOHV ZHUH VWX IRHOG JD\Q GV YV H PW[WF
SHSWLGRJO\FOLF K\GURO\WVLY SWRERFPYOYHD RGC BIWHEKIEFLE
ELROLJDQGV )LJXUH JHUULF LRQV DQG WKH PHFKDQLF
ZHUH OQORW LQYHVWLJDWHG E\ ,5 VSHFWRRSERGE MV QYHH
K\JURVFRSLF WKDW FRPSOLFDWHV WKH DQDO\WVLY DQG P
WKH UHVXOWYV

:KHQ FRPSDULQJ WKH ,5 VSHFWUD RI ELROLJDQGV DQ
GLIIHUHQFH EHWZHHQ WKHWIERARUSBW LR Y LBQQ A\VFD@WSBEDQ
UHJLRQ RI FPZDV REVHUYHG ZKLFK FRUUHVSRQGV WR
SULPDU\ DPLQR JURXSV RI DPLQR DFLGY SURWRQDWHG D
PHWDO FRPSOH[HV RIztDPIFPR>DF®E@OGGLWLRQ D EDQG DW |

FPDSE®DUV LQ WKH VSHFWUXP RI WKH FRPSOH[ ZKLFK |
WKH ERXQWRXGY > @ ZKLFK PD\ FRQILUP WKHLU SDUWLF
FRPSOH[ 7KH VSHFWUD ODFN DEVRUSWLRP EAXQGNK DWHIU
FOEUDFWHULVWLF RI YLEUDW&RI}V HEIXWKWKRDUHERUE SUHRXS
RI * FP ZKLFK FRUUHVSRQG WR WKH YLEUDWLRC
&22 > @
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R 1076.23 cr*

617.18 o

|
1638 66 crt NS
345 58 cra?
54337 cra?
138505 cra”
203367 cra’) 155568 cra-1
1635.29 cro™
3500 3000 2500 2000 1750 1500 1250 1000 750 500 300
JLIXUH , 5 VSHFWUD RI ELROLJDQGV DQG LURQ F|

7TKH $HOFH RI IXQFWLRQDO JURXSV RI ELROLIJDQGYV LQ
LOQOWHUDFWLRQVY FDQ WDNH SDUW LQ WKH IRUPDWLRQ RI \
XQOLNH WKH VSHFWUXP RI ELROLJDQGAW WWNEBHOLAHDRDP D E
LQGLFDWH WKH IRUPDWLRQ RI FRRUGLQDWHRRHERQ G\H ZILF
RI' WKH FRPSOH[ VSHFWUXP WKHUH PDUHRWBDHMB\RQGLEP V
IOXFWXDWLRQV RI WKH I[HUUXP ORUHRYHRPLWKWRPHYRDWYV
RITVHW FRPSDUHG WR WKH LQRUJDQLF IRUPV RI WKH IHU

+ FPDUH FKDUDFWHULVWLF > @ 7KH ,5 VSHFWUD RI V
PHWDO LRQV LOWHUDFW JURWKWKHDOBSEWLE Q@ MIGH 2RRP SC
WKHUH LV D VLIQLILFDQW LQFUHDVH LQ WKH LWHQVLWL
ZKLFK LQGLFDWHY WKH FRRUGLQDWLRQURMWSMIBF®LRQ R

7TKXV VLQFH WKH V@HEWUWHIWRDWIRIP REM DDV FRPSDUHG
RI WKH VWDUWLQJ PDWHULDO VKRZ DQ LQFUHDVH LQ VRP
SHDNV LW FDQ EH DVVXPHG WKDW WKH LQFRUSRUDWLRQ
GRHV QRWFRPRXEBEIPGHO\ EXW DV D UHVXOW RI LRQLF DQG F
IXQFWLRQDO JURXSYV

6LQFH FKHODWH FRPSOH[HV RI IHUULF LRQV ZLWK SUR
%0/DFWREDFLOOXV GHOEUX#WFNLLVVIENQ Q A& MR GHLHHXRD K |
VXSSOHPHQWY DQG ELRORJLFDOO\ DFWLYH IRRG LQJUHGI
DW GLIITHUHQW S+ YDOXHV ))MWIXUH DQG WHPSHUDWXUH\
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jG VWDELOLW\

M &RPSOMRRPSOL[&RPSOH] ,,,
JLIXUH VWBELOLW\ RI FRPSOH[HV

%DVHG RQ WKH GDWD RI YRKXGHLWKKMWMKHREBOW|[ FIRS D W I
SURGXFWV RI SHSWLGRJO\FDQV DQG PHWDEROLWHYV RI %
YDOXHV $FFRUGLQJ WR WKH OLWHUDWXUH WKH PL[HG O
D VWDEOH 3FKHQRPRA@QH[BHWHR® RI PHWDOV ZLWK SRO\GEH
DGYDQWDJHRXV LQ WHUPV RI WKHUPRG\QDFARRSOKDP@ PR
DIHQW \KSBEVEGLGL]DWLRQ RI DWRPLF RUELWDOV > @ DQC
RFWDKHGUDO ERRCSDHIQAWKZKLFK DOVR H[SODLQV WKH I
FRPSOH[HV LQ HQYLURQPHQWYV ZLWK GLIIHUHQW LRQ D
FRPSOH[HV LQ WKiH DPOORDYVHKKRIWR SUHGLFW WKH SRVVLE
IHUULFWRK GOVVROYHG VWDWH LQ WKH VPDOO LQWHVWL
RFFXd4w®w>7KH VWDELOLW\ RI FKHODWHY DW HOHYDWHG S
EHWZHHQ PHWDO LRQV DQG SURWRQ SHU ELREHORWHDQ
VWUXFWXUHY DUH VWDEOH LQ WKH UDQJH RI S+ YDOXHYV
WKH SURVSHFW RI WKHLU XVH DV ELRORJLFDOO\ DFWLYH

7R SUHGLFW WKH EHKDYLRU RI WKH REWDLQHG FKHOD
V\VWHWKDW FDQ EH VXEMHFWHG WR WHPSHUDWXUH WUHD
'6& PHWKRG )LIJXUH D E JRU WKLV VWXG\ &RPSOH[ ,,
FRPSRQHQWY ZHUH XVHG
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7HPSHUDR XUH

"HLIJKW ORVYV

- .— .. - e
'''''

7HPSHUDY XUH

HLIJKW ORVYV

7*

J)LIXUH 7THUPRJUDPYV '6&

DtFRPSOHPp EHFKDQLFDO PL[WXUH RI FRPSOH[ FRPSRQ
7* LV WKH WKHUPRJUDYLPHWULF FXUYH WKDW FKDUDFWHUL]HV
WHPSHUDWXUH
'7* LV WKH FXUYWLRIOGWIKH U PN IRRH WHKH UHJLVWUDWLRQ RI
PDVV ZLWK FROQWLQXRXV KHDWLQJ ZKLFK LV D PRUH DFFXUDWH
'7$ LV WKH FXUYH RI GLITHUHQWLDO WKHUPDO DQDO\WD® ZKLFF
HITHFWV
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,QLDJXUH D WKH FXUYHV 7* '7* DQG '7$ REWDLQHG IL
FRPSOH[ DUH VKRZQ DWXH LRXYIYHMWR| VEKH PHFKDQLFDO |
FRPSOH[ FRPSRQHQWY :KHQ FRPSDULQJ WKH '6& DQDO\VL
ZHLJKW ORVV RI WKH VDPSOHV EHJLQV DW D WHPSHUDWX
WKH FRPSOH[ DQG DW f& GXULQJ WKH WKHUPDO WUHD\
WKH ILUVW PDVV ORVV LV QRW DFFRP S D@L W& HEY W WHE BB O
GRHV QRW GHVWUR\ WKH FKHODWH ERQGV RI WKH FRPS
HQWKDOS\ RI WKH SURFHVV DQG WKH DSSHDUDQFH RI SHI
PDVV ORVV LV DVVRFLDWHG ZLWKL® KMK H HPRFDDOHR | 1K
WHPSHUDWXUH UHDPKKM PDVV ORVV LV  IRU WKH FRPSO
,Q WKH WHPSHUDWXUH&UDQJH@EIRWKHUPLF UHDFWLRQ L\
WKHUPDO WUHDWPHQW RI WK HVFIRWPIS RHE[V HUQYEHHGFAS BUGK LHRLDRODY
PLIWWWHIDWPHQW 7KH ZHLJKW ORVV RI WKH FRPSOH[ LQ

7KH SUHVHQFH RI DQ HQGRWKHUPLF SHDN RQ WKH '7$
WKH SUHVHQFH LQ LW VGWW DXQRWGE X i LRIJ P K IDLDUN G HERADU X F V
DUH RFFXUUHG

&RQFOXVLRQV

7TKH UHVXOWY RI VWXGLHVY LQGLFDWH WKH HIITHFWLYHQ
VI\VWHPV RI SURELRWLF RULJLQ IRU FRPSOH[DWLRQ ZL
7KH VWXG\ RI WRKHHLBRRSQH[ DQG ELROLJDQGV RI SUF
VSHFWURVFRS\ VKRZHG WKDW HOHFWURVWDWLF DQG F
IRUPDWLRQ

$FFRUGLQJ WR VWXGLHVY D V\VWHP RI ELROLJDQGV FR
SURGXFWDERORLWHY RI ODFWREDFLOOL SURYLGHV V
Rl /[HUULF LRQV VWDEOH LQ D ZLGKQUMMYJH RI S+ HQYL
7KH '6& PHWKRG VKRZV WKDW WKH REWDLQHG FRPSOH|
VXSSOHPHQWY D@XFAHO RV SMHFKQRWRPSHODXWR XY
SURFHVVLQJ VLQFH WKH FRPSOH[ LV YWDOROH LQ WKH
7KH SUHVHQFH LQ WKH FRPSRVLWLRQ RI WKHVH FRI
PXURSHSWLGHV ZLWK KLJK LPPXR RWDRGBLR BWKWVHL WR |
WKH FDWHJRU\ RI SROV\IXQFWLRQDO

7KH SURVSHFW RI IXUWKHU UHVHDUFK LV WR VWXG\ W

FRPSOH[ LQ DQLPDO H[SHULPHQW

5HIHUHQFHYV

9DWXWLQ 0 7 WD LQ 5RO ]BIOLQDNY. KRIBK DH. QAL 90
.DUD]LQD SSt
6KDIUD B\LKWHHBBLWEBR  6LVWHEDQ WSHRWAW O HW N DK
IL]LRORN RNV L NRRRIR VILKH YIRQMW H U RIW V K WEBDQRLKDV Q
SURE @/RMLLNBGRJILL
-HVVH 3 *RII,QYLWHG OLMQHIHZO DEVRUSWLRQ PHFKD
LQWHUDFWLRQVEWNKEBW QG HFQW DRLGGDQW VWDWXV D
LPSURYH PLQHBROQDWDRIXWLU\ 6FLSI® RH ‘2,

NG
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.UXJOReY /JHNDUVW YH® G SWLYDH Q \ DGHE®MWHR I L OD NW L N L
OHFKHRHIIH]RGHMRWWLRIDRYEKKRRR]UEBGHWVLQVNLH QD X
SS +

7RQJ /LX HW BOHSDUDWLRQ DQG &KDUDEFWGAMDERKDURG
L,JURQ ,,, &RPSOW[FKGDLBROBG 5HVHDUFK ,QWRUQDWLR:

<DQDFDQLDOIDQIURKPRJI 3URWHLQR O DBOWRP\RRIH UV
1RQGDHRIRE VR U SIWIMRIQ HSEW V' 2, QX
.DSXVW+DQ $ &KH&QHRODWH IRUPV RI ELRPHWDOOV 7
REWDLQLQJ DQG )RWRIBU B FWHUAH BIQRS/ W ISBKQ RD,R J\
IVW Y L

%HOBRMVOLQ6DLGX®DP5DILTXODP$EGRV HWO
6\QWKHVLY DQG FKDUDFWHUL]DWRIRQRR,, PR {H3G )@ L,JD QLC
ZLWK PDOHLF DFL GDPQQ-HRMHWHURRIFSHDRQIJODGHVK &KH

Ss ‘2, MEFV Y L
=RORWDUHYMRY 9 BHPFHWURY3%HSDUDW IBRQ RECBWH R Q
DQG ODQJDQHVH &KHODWHYV ZLWK 2[S5HWKLO QG HRXHGLLSD
*HQHUDO &KHPLVWS ‘2, 6
6FKHJQRYBHFKQ LNR BB H HEX$R 6PHVKDQQROLJDQG
NRPSOHMNEDRQWHWLOHQGILIDWLQRPGLDPLQMMORWRN VX
YRG QDKW ¥RVWE]DNVMWRHKRQRORJIXOKMMN R I RSV D

ILNRODHWYDEHPHQRY %XURND 6PHVKDQQROLJIJDQG
NRPSOHNVRRIEFRJ@GRIR’@EMHQVJBSDUU@FE.IW\#L@(WRUJ
+LPLL SS* ‘2, 6

~RORWXKBLOD .RPSOHMHUHKREBWHKO®RNDQLFKHVNLP
OLJDQEPMPRYY XHVWQ SS
9HUPD 6K (TXLOLEULXP VWXG\ DQG B6WDELOLW\ FR
FRPSOH[HV Rl %DRBROMFXOHWFLGY ZLWK OHWDO LRQ\
PHWIBRIG HDUFK -RXUQDO RI| &KHPSHF DO 6FLHQFHYV
5DEGQD 3 ORKDQ 6\QWKHVLV DQG FKDUDFWHUL]DWL
FRPSOH[HP HRWEQR ZLWK S\ULPLGLQH QXFOHBWVRGH XU
,QGLDQ $FOIGHBFEFL Ss: 2, %) )
*DQGKIAP®BLQERO OD SDOHOMBDWRD OL[HGLIJBREBSORI[HYV
HVVHO WWIRGZ Y W K O X W CDPQEXF F DF ILKY R G L&KRPG HWAX O+D W H
ZDWPH. W X BHHWREKHP 6RF SS + '2, -6& %
.DSXVVWLDRKHUDR 3HUVSHNWSROJREDROWILFKHVN
DNWL YEDNKHUIDOOROGIOW RW UL RGGRWIENHOMQL\D
UDVWURLFRYQ@RY W BPVIE KHYDXIMDH KQRORJS\D +
s
&KHUQRDSXVW\DQ $,PPXQRORJLFDO SURSHUWLHV RI W
FRPSRXQBRG VFLHQFH DQG WHFIEGROHRJI\2
IVW Y L
7JUDXE 6 9RQ 6 $XORFN +DUWXQJ 7 +HUPDQQ &
PXURSHS@ILGHW DY WLEHITHFWV RQ-W&B RWRKQH 5\HV
Ss+ 2,
4LQJVKDBWYDO 0'3 85HIJXODWHV WKH *HQH ([SUHVV
,QWHUIHURQV LQ +XPDQ $PRWHFXQBRWKHOLR)O &HOO)
PROHFXOHYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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ODWVXIENHGD SHSWLGRJIPRPEQQDWPRQDP\OGLSHSWL
VIQHUJLVLW GCKPRACSMMWHUOBKNSHQGKIQOWS BB P L QIP@WQH
UHVSRONBIREPIRMRGS =+ ‘2,

ODWVXPRWR 6 HW DO $ FRPSRQHQW RI SRO\VDFF
IDFWREDRIGX®EKEG DQ LPSURYHPHQW RI PXULQH PRGHO F
DQG FRUVWENVNDWHBPEKQRORU\ SS * ‘2, M

[

6HPD® =\LU\DQ@RYDXELEK % LRKLPHONRY VN
.DSXVWLBRRHUQR3IXND¥ 5R]JURE CPHHOMN@®QDFKHQQLD
IXQNWVLRQRDOQKKKYQK K H G IPLHIRS HS W SROIR IRE ] KX Q Q L D
ED N W HUG B D.@W HKDONGKIYNDKS VK. 7 SS
ORUULV '/ AXDQWLWDWLYH '"HWHUPLQDWLRQ RI
$QWKURQH 5 FBIF L QW H SS ‘2,

VFLHQFH
BWDUU - 1 HDWWR$FL*G 800PDQQ V (QF\FORSHGLD R
&KHPLVIVOUH\ '2, D B SXE
.DSXVWLBRAHUWQR 9\]Q D FK HNR@ISID H N V R X W& B W IQXRWVDADLQ
]JPLVKDQROLRD®OG QLNK\Y WHERY LG QR V KGRYRQ MYHWD L Y
IDXNRWLE QYN Y VNRKRY LR XDQ P R KRNWWHW X© B G Q/RVAID \
ELRWHNKOR 6 RKIKAWVNRKRS St
OHQLQ 6FKHIBRKYDYUXWKLQ  +DUDNWH U LYW NRMKHMN L
VYHWR U D GV N STHMWHEXU DW R Y

ORSKDQ 1 9LQLWQDQWKDUDW®BKDOFRQRRNWRQ ,,, VRO

FDVVDYD DQG DUURGEEIRRWH V\WDUF K ‘2,
VFLHQFHDVLD )

7DUDVHMLFK ,.VSHNRAORYNQMNRRUJIDQLFKRINGLRHQL\

ORVFRZ

1HXGDFKLQDNLJD9 JLILKRPLFKRWVNQIREMILPHQHQL\D

NRRUG L Q IVRIHRILENHOM WU LQE X U J
IDNDPRWR ,QIUDNUDSBNDQHIRIJD Q LLMKAHR/WEKQDWVLRQ
VRHGLQRWYARZ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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"RMFLHFK 5DG]NL

$EVWI

*XVWDZ

WKH ELRDFWLYH SURSHUWLHV RI RUJDQLF DU
$QHWD 64DZL VND

$SSOLFDWLRQ ROVHED QW XUDO DGGLWLYHV V

8QLYHUVIH 6FLHQFHV LQ .,
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,QWURGXFWLRQ

'XH WR WKH IDFW WKDW WUDQVSDUHQW SDFNDJLQJ L
SURGXFWYV RMKED WKIRFYORJ HOFRMKHHVHY KDYH EHFRPH D SUF
FROQFHUQV LQ SDUWLFXODU DUWLVDQDO RUJDQLF FKHHVH
UHPDLQ XQSDFNDJHG $Q H[FHVVLYH R[LGDWLRQ LQGXFH
FKHHVHV LQFDXWDYWBWRPG DOWHUDWLRQV LQ H[WHUQDC
RI SURWHLQV DQG DPLQR DFLGV DIIHADR YK H R RV VI W X
+RZHYHU VRPH RI WKH RUJDQLF SURGXFWV SRVVHVVLQJ
IURPWHQVLYH R[LGDWLRQ SURFHVVHV WKDW[D&EMHWRLERGLYV
>+@ $OVR WKHUH LV FXUUHQWO\ D JURZLQJ Q@ HUHVVW
QRQHWKHOHVY D OLPLWHG UHVHDUFK LV VWMLIDIH\W P BEO®D
DGGLWLYHV WR IRUWLI\ FKHHVH SURGXFWV 7KHUHIRUH
GHYHORS D QDWXUDO PHWKRG LQFUHDVLQJ FRQWHQW
DOQOWLR[LGDWLYH SURSHUWLHV RI RUJD ®LIFVDLJOWR/ IVGRD B YD
WKH LQIOXHQFH RI DSSOLFDWLR@ MIKLIHY M8 OHFGLIA YRIWIRQ
RI DQWLR[LGDQW DFWLYLWLHY DQG RWKHU SK\WLFRFKHF
LQYHVWLIDWLRQ DQDO\]HG& MKVRWHVHVSIRBVEY G BILOVLLW HR | DX\W
WR FRQYHQWLRQDO FKHHVH G\HVY DQG DOVR IXQFWLRQDC
SURPRWLQJ FKDUDFWHULVWLFV RI RUJDQLF FKHHVHYV

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

&RZ V PLON SXUFKDVHRUIDRR M IBHBWLR HXE IURP
IXEOLQ B3URYLQFH .UXSH 3RODQG ZDV XVHG IRU SURGXF
FRPSRVLWLRQ RI UDZ PLON J J ZDV DV IROORZV ODFW
SURGXFWLRQ VDPSOBMWQIRO\|HONE\ZHQIUDUHG VSHFWURS

OLONRGFDQ DSSDUDWXV DFFRUGLQJ WR OLFKDHOVHQ |
PLFURRUJDQLVPV LQ WKH UDZ PDWHULDO VDPSOHV HVWL
ZDV EHORZ WIOH 2XXXFRKEBHU RI VRPDWLF FHOOV ZDV RQ

K\JLHQLF TXDOLW\ RI PLON REWDLQHG IURP WKH RUJDQLF
WKH UHTXLUHPHQWY IRU UDZ PDWHULDOV LOWHQGHG IRU

2UJDQLF YHZHWKR FHRHWLILFDWHY FRQILUPLQJ FRPSOLD(
RUJDQLF UbDzZ PDWHULDO SXUFKDVHG LQ RUJDQLF IRRG
SURGXFWLRQ RI FKHHVHYV 7DEOH

7DEOH
/ILVW RI SODQW UDZ PDWHULDOV

5Dz SODQW PDWHULDO| 9puLHw) PPRI GLVWI

FRPSDQ\
20L $OOLX / 5HG %
%HHV %HWD Y/ "RG | Y)DUPD ZL WRNUJ\WND 6S
&DU DXFFDU/ THU R R :DUVDZ 3RODQG
7RPD/\FRSHUVLFRCOLC -D

BUJHGVL ELRUYV :

%URFPRIDWVVLFD/ROHUDFHDRRWV 8VAXJRZH &HG]\QD 3RO

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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JUHVK YHIJHWDEOHV ZHWUWHHDYEIGY IEG X2DO/AXK\L QU HUHPRYL
SDUWV VKUHGGLQJ URRWLNSRKRIZEDKURWAK DENQ BN M WR | PP
RI WRPBOMXEHHNWWX VLG HRPRIEURFIORUHWY QRW H[FHHGLQJ
EODQFKLQJ H[FHSW IRU WRPDWR DW f& V $IWHUZ
VXEMHFWHG WR FRQYHFWLRQ GU\LQJ VHSDUDWHO\ HDFK

'+ 6HQFR3RODQG DW f& IRU K

7TKH FRQWHQW RI ZDWHU PRLVWXUH LQ DOO GULHG Y
ZLWK WKH PHWKRG GHVFULEHG E\ /XFHUD HW DO > @

&KHHVH PDQXIDFWXUH

JUHH§HLHG KHWHURIHUPHQWDWLYH FXOWXUH $OSKD
9LOOHIUDQFKH VXU 6DRQ@BFWREQFAXXROPMFRILEWRF R F F X V
ODFPYWEWSHPRDEWRFRFFXXE@®FWLWGEDRWMIODFWLYV /HXF
FUHPRDQEXFRQRVWRF PZDWHRWHR RRG 15V R G X O WIVRR) RKKMHNV

(DFK FKHHVH YDULDQW ZDV PDGH ZLWK / RI SDVV
VXSSOHPHQWHG ZLWK PO VRIOR®WLRDXHRXVDRDHE® FRROL
$IWHUZDUGVY WKH VWDUWHU FXOWXUH ZDV DGGHG® WR
UHFRPPHQGDWLRQ DQG LQFXEDWHG IRU PLQ 6XEVHTX}
30XVS &KU +DQVHQ 'HQPDUN ZDV DGGHG LQWR WKH P
PDQXIDFWXUHU V LQVWUXFWLRQV U&IW IRUQN KEKFREDMK®ID S
FRQVLVWHQF\ RI WKH FXUG ZDV REWD LQ#H GP PW KGIHA R/DIRAD
PLQ DO DQG JHQWO\ VWLUUHG IRU PLQ UDLVLQJ WKH V
WR  f& 7KHQ Rl ZKH\ ZDV UHPRYPIEG DROREXQWSRIDEBW I
WKH WHPSHUDWXUH Rl f& 7KH FRRNLQJ SURFHVV ZLWH|
FDUULHG RXW XQWLO WKH DRFLGLRHQR | WKKHZFOHI ZZV\G 8B L
D SUHYLRXVO\ SUHSDUHG SRUMDERIHR| BQLRG FEWHIDQU R R
RU WRPDWR ZDV DGGHG WR WKH FKHHVH PDVV DW D OH
WKRURXJKO\ PL[HG &KHHVHV ZLWKRXW DQ\ YHJHWDEOH
FKHHVH PDVV ZDV GLXDOGHSRUQWRQWKUHH HWUDQVIHUUHG
SODVWLF URXQG PROGV DQG URWDWHG HYHU\ PLQ WF

$IWHU PROGLQJ WKH FKHHVHRUZHUK BUBSSEG QW NJ
RQ WKH WRS RI WKH UFRPX Q\GRPRIOEVLQDO ORDG RI  NJ )UH
E\LPPHUVLRQ LQ VDWXUDWHG EULI®H K DR&OWSYQHG RAWI

PLQ 7KHQ WKH FKHHVHV ZB&H WKREURWHKOE GUWHKGD S
FRDWLQUD @QQIGEWUHG WR WKH ULSHRLQUHRRWLRY K>XPL\FL\
WKLV WLPH WKH\ ZHUH SODSF H® WigHN WRVRG BEBPEHU

"HWHUPLQDWLRQ FRQWHQW RI VHOHFWHG ELRDFWLYH

7KH FRQWHQWYV RI VHO H¥WHENAN BIQRFGIR/J LAFKOEDUD, FINFFAVULLYWVHA
SODQW PDWHULDO LQ WKH YDULDQWVY RI FKHHVHV FRQWI
ZHUH GHWHUPLQH® K@Y WQR QHG EHWRRGV

7KH O\FRSHQH FRQWHQW LQ FKHHVHV @PHG WRPRIWRL
VXSSOHPHQWDWLRQ ZDV GHWHUPLQHG ZLWK WKH PHWKRC

7KH FRQWHQW RI FKORURSK\OO D DQG E LQ FKHHVH
EURFFROL DGGLWLYH ZDV DQDO\]JHG DFFRUGLQJ WR SU]
%XFKPDQQ > @ ,Q WXUQ WKH FRQWHQW RI EHWDODLQV
ZDV DQDO\]HG E\ XVLQJ WKH PHWKRG GHVFULEHG E\ *I
VLPXOWDQHRXV GHWHUPLQDWLRQ RI SXUSOH EHWDF\DQL

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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7KH FROMH@®WUR|I DQWKRF\DQLQV LQ YDULDQWYV RI Fi
FRQWDLQLQJ GULHG RQLRQ ZDV GHWHUPLQHG XVLQJ Wt
DQWKRF\DQLQV GHYHORSHG E\ )XOHNL DQG )UDQFLV > @
DQDO\]HGQDFPFRUGD HW DO > @ 7KH DEVRUEDQFH ZDV G
QP XVLQJ +HOLRV *DPPD DSSDUDWXV 7KHUPR )LVKHU 6F
IODYRQRLG FRQWHQW ZDV FDOFXODWHG XVLQJ WKH VWD
VRO@WLRQG H[SUHVVHG LQ PJ J Rl WKH WHVWHG SURGX

'HWHUPLQDWLRQ RI WRWDO SKHQROLF FRQWHQWV LQ
DFFRUGLQJ WRR -BWARO/NDP @ 7KH DEVRUEDQFH ZDV PHD
DSSDUDWXV 7KHUPR DLO/WHKD P6FOL$ Q8B & | LIFW : QP 7KH |
H[SUHVVHG DV PJ JDOOLF DFLG SHU J RI FKHHVH

7KH VXP RI FDURWHURVGHQBQIE DOO YDULDQWV RI FI
DFFRUGLQJ WR > @

7KH WLWUDWDEOH DFLGLW\ ZDV GMWIRGPLQHG BFERDG
H[SUHVVHG DV J ODFWLF DFLG J FKHHVH

$00 FKHPLFDO DQDO\VHV ZHUH SHUIRUPHG LQ WULSOL

'"HWHUPLQDWLRQ DQWLR[LGDQW DFWLYLWLHYV

7KH DQWLR[LGDQW DFWLYLW\ RI DOO SURGXFHG YDU
DQDO\]LQJ WHKBXFUQUL®QWLR[LGDQW SRZHU )5$3 RI WKI
DFFRUGLQJ WR WKH PHWKRG GHVFULEHG E\ 5DG]NL HW D
WKH SUHSDUHG )5%$3 UHDJHQW FRQWDLQHG PL[WXUH RI

WUSULG\O WULD]LQH 739@GWILERDVROXWLRQ PO 737
+&0 DQG D POJQWRD®XWLRQ DW UDWLR 7KH WHVW
WR H[WUDFWLRQ E\ DGGLQJ P/ Rl ZDWHU GLVWIL®@ODWH
D VKDNHU (OSDQ (OSDQ /XEDZD 3RODQG DW f
FHQWULIXJDWLRQ DW iJ 3RW3: PLQ—/ORI REWDLQHG
VXSHUQDWDQWY ZHUH WKRURXJKO\ PL[HG ZLWK P/ RI)
f& PLQ LQ GDUNQHVV 7KHQ WKH DEVRUEDQFH ZDV PHD\
*DPPD DSSDUDWXV 7KHUPR )LVKHU 6FLHQWLILF :DOWK
DQWLR[LGDQW SRZHU ZDV FDOFXODWHG XVLQJ WKH FDOL
VRO@WLRKH UHVXOWV ZHUH H[SUHVVHG LQ 7UROR[ —0 RU

7THWXUH SURILOH DQDO\VLV 73%

OHDVXUHPHQWYV ZHUH SHUIRURH® XL KQD OWHU 6WL
6\VWHPV *RGDOPLQJ 8. DFFRUGLQJ WRWHR&DPSHM ¥ K® G
VDPH VL]IH DQG VKDSH UROOV FP KLIK DQG FP ZLGH
RI GHIRUPDWLRQ E\ D WHVWLQJ VHW PP GLDPHWHU 7K
7KH IROORZLQJ WH[WXUH SDUDWFMW HWB/FWOXCUDEQ DOV W\ DEBH
JXPPLQHVV DQG FKHZLQHVYV ZHUH HYDOXDWHG

'HWHUPLQDWLRQ VDOW DQG IDW FRQWHQWYV
7KH VDOW FRQFHQWUDWLRQ LQ WKH FKHHVHV ZDV GHV

WR > @ DQG H[SUHVVHG DV D SKBHFHQWDJH RI VRGLXP
'"HWHUPLQDWLRQ RI WKH WRWDO IDW FRQWHQW ZDV SH
> @ XVLQJ D 6R[WHF $YDQWL GHYLFH )RVV 7THFDWRU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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$QDO\WVLY RI FRORU SDUDPHWHUV

OHDVXUHPHQW RI FRORU SDUDPHWHUW¥Y RV\WWHPFEKBEWV
SHUIRUPHG DFFRUGLQJ WR &DILVOH&RWRDO > KB OWH QRIHD
,QF DRIGWH &RORU ODVWHU VRIWZDUH )RU HDFK YDULDC
ZDV PDGH RYHU WKH HQWLUH VXUIDFMH RIFRRMKIRQWRIOPBK
PDVV (YHU\ VDPSOH ZDV DQDO\]HG RY H U RM®IGHUHBW MUV V R
PHDVXUHPHQWY ZHUH FROOHFWHG IURP WKH VXUIDFH RI
YDOXHV / EULIJKWQHWW QB HVWHHDO@XYXHHVMH VY ZHUH PHE
EHWZHHQ DQG QP ' LOOXPLQDQW f VWDQGDUG F
D ZKLWH VWDQGDUG ZLWK WKH IRODRZLQUWQSEDEDPHWHUV

6WDWLVWLFDO DQDO\VLYV

6WDWLVWIWFZOVWOBPONWUPHG ZLWK WKH 67%$7,67,&$% S
86% 7KH UHVXOWY ZHUH SUHVHQWHG DV PHDQ YDOXHV Z|
7KH DQDO\WLV RI YDULDQFH $129% ZDV DSSOLHG XVLQJ 7
WKH YED@QWHH RI WKH GLIITHUHQFHY EHWZHHQ WKH PHDQ YD
RQ D VLIQLILFDQFH OHYHO VHW DW 3

5HVXOWY DQG GLVFXVVLRQ

&RQWHQW RI VHOHFWHG ELRDFWLYH FRPSRQHQWYV D
DFWLYLWLHV

7TKH FROQWHEWHR | EMHRRORIJLFDOO\ DFWLYH FRPSRXQGV
FKHHVHVY FRQWDLQLQJ DGGLWLRQ RI GULHG YHIHWDEOHYV
ULSHQLQJ bQG DIWHU UHIULJHUDWHG VWRUDJH 7DEOH

7DEOH
ORLVXUH OHYHO RI WKH GQ LAKG NM¥HH HSWIREXHFW XR O G

7\SH RI GULHG YHJHWDEIOH
20L %URI | %HH\ &DU 7TRPEL

| ORLVXUH >u@ D “ E “ E “ F “ G
([SODQDWLRQ QRWHV 7KH UHVXOWY DUH JDVYHQ @V PHDQ YDO
TKODRZHUFDVH;EHBVWWMYWLDQLILFDQW GLIIHUHQFHV 3 EH

&DURWHQRLGY DUH ELRORJLFDOO\ DFWLYH VXEVWDQF
RQ WKH KXPDQ ERG\ 7KHVH FRPSRXQGV GHBR®FNRWDWH
SURSHUWLHY HVSHFLDOO\ LQ WKH SUHYHQWLRQ DQG D
7KHUHIRUH WKHEDUMBE FWHGPOWMHYWDOV ZHUH DSSOLHG L
FKHHVHV DV D VRXHHWRROYKE DERMHLRQDO VXEVWDQFHYV

/\FRSHO@HFRQVLGHUHG DV DQ LPSRUWDQW FRPSRQHQW
GLVHDVHYV DQG IRUPDWLRQ RI WXPRUV DQG LV HVWLPDWH

RI WKH WRWDO SLJPHQW FRQWHQWY > @ 7KHWKHRUH
SRVVLELOLW\ Rl DSSOLFDWLRQ WKLV ELRDFWLYH FRPSRQ
FDQFHU > @
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7KH DSSOLFDWLRQ RI YHJHWDEOH DGGLWLYHV VXFK D
WR HQULFKPHQW RVMMAKEBLRWKI BQURWKIRLGY 7DEOH $1W
WKH KLIKHVW FRQWHQW RI FDURWHQRLGV ZDV REVHUYH
DGGLWLYHV ORUHRYHU WKH O\FRSHQH FRQWHQW ZDV D¢
WRPDWRHRQWKEBW RI WKLY ELRDFWLYH FRPSRXQG LQ WKHI
7DEOH UHDFKHG WKH OHYHO RIVWREBDJH WKEXW DOWHI
GHFUHDVHG P J

W KDV EHHQ UHSRUWHG WKDW PLON XORM SIDE/MHX WHR |
R[LGDWLRQ > @ )XUWKHUPRUH VRPBURWHCQR P KDEH D Q
ELRPDUNHU DOORZLQJ GLVWLQJXLVKLQJ GDLU\ SURGXFW\
SDVWXUH VI\VWHP IURP PLON RI IBI®IGRIAIVFRREMB W RG W:R
LW LV GLIILFXOW WR HVWDEOLVK XQHTXLYRFDOO\ WKDW
FDURWHQH VLQFH PLON HVSHFLDOO\ WKDW REWDLQHG |
RI RWKHU FRPSRQH®WN\G BIQRAL BSLU/RISHU VQWY. H J ODFWRIHU
WRFRSKH@ROV

&DURWHQRLGYV DFW DV VLQJOHW R[\JHQ VFDYHQJHUV }
DQGFDURWHQH VHHPV WR EH DQ LPSRUW RQMG DIMFIYRRU PIDQ. @
EHOFXVH LW DEVRUEV OLJKW GHSHQGLQJ RQ WKH FRQFHQW

7KH UHVXOWV Rl WKH GHWHUPLQDWLRQ WKH WRWDO
FRQWDLQLQJ WKH FDUURW DQG WRPDWR DGGLWLYHV DIV
UHVXOWYV RGDVXW DBRWILR[W\ DVVD\ 7DEOH

W LV ZRUWK PHQWLRQLQJ WKDW WRPDWR O\FRSHQH
FRORUDQW WKDW LV HIIHFWLYH LQ ORZ FRQFHQWUDWLR
H[WUHPH S+ YDOXHV RFFXUUR® JSU® FHDVULLRXI >V V@D J&IK/H R V |
WKH GULHG WRPDWR DGGLWLYH ZHUH FKDUDFWHUL]HG |
FRQWHQW RI ODFWLF DFLG « J J RI FKHHVH DIWH
FKHHVH DIWHU UHIUPXOWDDAHH®R X WRU VKHVM SURGXFWV HJ
RI WRWDO SKHQROLF FRQWHQWY 7DEOH

W LV VXJIJHVWHG WKDW O\FRSHQH H[WUDFW IURP W
VXSSOHPHQW HJ DV DQ DQWLR[LGDQW LQ,BURGRWWRQW|
YDOXH > @ 7KLV LV FRQVLVWHQW ZLWK WKH SUHVHQW L
DFWLYLW\ Rl DOO WKH YDULDQWV Rl RUJDQLF FKHHVHYV :
SURGXFWV FRQWDLQLQJ WKH WRRIWR D\GGLWQRG QVLEE F
WRPDWRHV DQG FDUURWY DV ZHOO DV WKHLU WDVWH DQ
Rl WKHVH GULHG PDWHULDOV LQ WKH SURGXFWLRQ RI UL:

7KH FRQWHQW RI FKORURSK\OO $RFRFRRHHMM H UWKK W KPH
SHULRG UHDFKHG PJ J DIWHU WKH FRROLQJ VWRUD
PJ J 7DEOH ,QWHUHVWLQJO\ QR FKORURSK\OO % I
FRR&VRUHG FKHHVHV WK DQW\ULDF®WURKYGZEYRIRKRWMEL R ZK L FK
IUDFWLRQ PD\ KDYH EHHQ GHFRPSRVHG LQ WKH WHFKQRO

W KDV EHHQ VXJJHVWHG WKDW WKH DEVHQFH RI EODQ
ZHOO DV WKH HQ]\RDLVSDNW HMWWRYSRMNIRIQDVHY DQG SHUR
FKDQJHV LQ FKORURSK\OO HQKDQFLQJ IRUPDWLRQ RI SKI
WKH FRQWHQW RI FKORURSK\OO DQG GHYHORSPHQW RI EL
UHVXOWV LERMWAK WRBW WKH WHFKQRORJ\ Rl RUJDQLF FKF
IHUPHQWDWLRQ FKDQJHV WKH FKORURSK\0O0 FRQWHQW L
QHJDWLYH HIIHFW PD\ SUREDEO\ KDYH EHHQ OLPLWHG E\
SUHSDUDWLRGWIKBUNRGE IDNLDY H
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JJIJ)RRG 7THFKQRDRJ\

7KH FRQWHQW RI DQWKRF\DQLQV DQG IODYRQRLGV ZD'
RI UHG RQLRQV 7KH FRQWHQW RI DQWKRF\DQLQV LQ WKH
FRROLQJ VWRUDJH DQ®JIJDPRIAQWIHRAL OMDRJO\ WKH FRQWHQ
GHFUHDVHG LQ WKH VWRUHG SURGXFW 7DEOH $OVR L
FRQWHQW RI EHWDODLQ SLIPHQWY GHFUHDVHG DIWHU VW
YDULDQW FRVHOHRMAHQLQJ SURFHVV KRZHYHU WKH FKDC
VWDWLVWLFDOO\ VLIQLILFDQW 3!

2EWDLQHG UHVXOWV LQGLFDWH WKDW WKH SURFHVV
UHGXFWLRQ Rl WKH FRQWHQW RI VRENUDLGRFRWHYH BRRS R

W KDV EHHQ VXJJHVWHG WKH XVH RI SKHQROLF FRP
IXQFWLRQDO SURSHUWLHV RI PLON DV ZHOO DV YDULRXYV
WKHUHIRUH WKH REWDLQHG LQ WKW DQWGHWXWY BDRRGRQLNG
SUDFWLFDO DSSOLFDWLRQ

7KH DSSOLFDWLRQ RI WKH WHVWHG YHJHWDEOH DGGL
VLIJQLILFDQWO\ WR DQ LQFUHDVH LQ WKH WRWDO SKHQRC
FRQWURO FKHHVH Y WILPQWDU7BEEBAW ZDV GHVFULEHG E
HQULFKHG VSUHDGDEOH FISHIRGK ZWW KG HURXW\G [IWRPP BEAH G
SRPDFH EURFFROL FRUQ EUDQ DQG DUWLFKRNHV 7KH\"
LQFUHD \RHGNVWEDA RORLGY DQG 73& LQ WKH SURGXFWYV

7KH FKHHVH VWRUDJH KDG D YDULHG HIIHFW RQ WKH F
,Q FDVH Rl WKH FKHHVHV ZLWK EURFFROL DQG FRQWURDO
SRO\SKHQROLF FRPBREZQGY WDXVYQ® D GHAROQMIMHVLRI VBKHC
FRPSRXQGV ZDMQREKHUYDHVGI RI FKHHVHV ZLORK MRKYHH D G &K
UHVXOW W KWBHFDOMGLWLRQ Rl YHJHWDEOHV GLG QRW UHYV
IDW FRRWHKQWFKHHVH 7DIEQIBLQJI$ZDM UBIBBUWHG LQ VWX
WHD H[WUDFW ZDV DGGHG WR IXOO IDW FKHHVH > @ 7
LPSURYHG WKH DQWLW[EI R G WFBWR ZHUWK HV RIE VRHF R Q WL\
RWIOHQWLR[LGDQW D WWHH HREEWHDL Q WIGWRH HQG RI WKH ULSF
DIIHFWLQJ WKH FKDUDFWHULVWLFV RI WKH FRPSRVLWLRQ

7KH IDW FRQWHQW LQ WKH FKHHVHY DQDO\]HG GLUHFV
WHKKHEVWK GULHG FDUURWV WR IRU WKH FKHHVH ZL
VWRUDJH WKH IDW FRQWHQW LQ WKH SURGXFWV ZDV KL
ZDWHU LQ WKH SURGXFW GXULQJ WX IWKSHILQP® $KRANLEW
HQG Rl VWRUDJH ZDV GHWHUPLQHG LQ WKH FKHHVH ZLW
FRQFHQWUDWLRQ ZDV UWFRSIHH QRWH GV KKK HHDVUHJ RTD E O H
GLIIHUHQFHYV EHWZHHQ WK RADSURGKF\WY IZADE W R3W VWD WL

7KH DGGLWLRQ RI WKH YHJHWDEOHYV FRQWULEXWHG W
SURGXBPWORKH KLJKHU VDOW FRQWHQW UHFRUGHG LQ WKF
UHODWHG WR ELRFKHPLFDORRRHRAHY VY R@®\WQ GL Q0 W/¥HRLQI |
FRPSDUHG WR WKH ILUVW DQDO\]HG VWDJH RUJRKHHVH
FRQFHQWUDWLRQ DQG GLIIXVLRQ RI 1D&0O LQ WKH FKHHVF

'"HWHUPLQDWLRQ Rl WKH DQWLR[LGDQW SRWHIGWALRDW 7
WKH DQWLR[LGDQW DFWLYLW\ RI WKH WHVWHG SURGXFW
YDULDQW RI WKH FRQWURO ULSHQHG FKHHVH WR “
FRQWDLQLQJ WRPDWRHYV

7KH UHVXOWV Rl WKH DQDO\VHSSOKRBGH @ HWHW VE 6 B FI
FRQWULEXWHG WR DQ LQFUHDVH LQ WKH DQWLR[LGDQW S
ZHUH GHPRQVWUDWHG E\ /HH HW DO > @ ZKR UHSRUWHC
WV\SH FKHHVH IR UQXIO DHER ERWZK D H [WU D FW
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JJIJ)RRG 7THFKQRDRJ\

7TKH DQWLR[LGDQW SURSHUWLHV RI WKH ULSHQHG FK
FROQOWHQW RI WRWDO SKHQROLFKIRPERXNAGCGVNIBLHHPHW ZL
GHVFULEHG E\ /HH HW DO > @ VXXWHYWLQ R IWKKDHMH WHK/H L
SURSRUWLRQDOO\ WR WKH WRWDO SKHQWRUHG RFEWH Q MV
FRUUHODWLRQ EHWZHHQ WRWDO FRQWHQW RI SKHQROLF
DQZDLDLWQRW VWDWLVWLHBDOOSVLIQLILVFOIQWWLGHFUHDVH L
DFWLYLW\ ZDV REVHUYHG LQ FKHHVHYV VXSSOHPHQWHG ZI
LQFUHDVHG YDOXHV RI ELRDFWLYLW\ ZDV QRWHEGHIRU FKH

7KH UHVXGWWKYKRRWHKH YDULDQWY RI RUJDQLF FKHHVHYV
7KLY FRUUHVSRQGY WR WKH ILQGLQJV GHVFULEHG E\ +DQ
RI FKHHVH FXUG ZLWK VRPH SODQW DGGLWLYHV H J ZK
GHK\GUDWHG FUDQEHUU\ SRZGHU ZKLFK FRQWDLQ D ZLGF
SRO\SKHQROV PD\ VLIJQLILFDQWO\ HQKDQFH WKH DQWLR

7THWXUH SURILOH DQDO\VLV 73%

7KH DQDO\VLV RI WKH I3BHUHQXOW\D RRQZHGKB WHVWH
RI WH[WXUDO SD UDRH WHIKH VD KO GQHVYV DIWHU ULSHQLC
ZDV REVHUYHG IRU FKHHVHY REWDLQHG ZLWK WKH DGGLW
RI WKLV W HHWXWHZSDWDWPH F R WGKHEE ORIEB MQKWHH IED BIKIHRIW H V

7KH UHIULJHUDWHG VWRUDJH UHGXFHG WKH KDUGQHV
FKHHVHV SURGXFHG ZLWK WKH DGGLWLRQ RI RQLRQV ZKlI
WKLV SDUDWKWHI®D G IRMHWKH UHIULJHUDWHG VWRUDJH

7KH UHVXOWV RI UHVHDUFK SHUIRUPHG E\ VRPH DXWK
LQFUHDVHYV WRJHWKHU ZLWK WKH WLPH RI ULSHQLQJ >
WHQGHQF\ > @ :KHUHD® LPGLFOR HHGV WIODW KDUGQHYV
VLIJQLILFDQWO\ LQFUHDVHG GXULQJ ULSHQLQJ RI UDZ JRE
EH H[SODLQHG E\ WKH SURJUHVVLYH ORVV Rl PRLVWXUH
3LQKR HW DO > HEUHDWIF DY KGWGR®HVYV GXULQJ ULSHQLQ.
FKHHVH 7KH GHFUHDVH LQ WKH KDUGQHVV SDUDPHWHU
FDUURWYV RU RQLRQV REVHUYHG LQ RXU UHVHDUFK FRUUH
HW DO KR @QIZO\]HG ORQWHUH\ -DFN JRDW PLON FKHHVH
UDZ HZH PLON FKHHVH GHVFULEHG E\ '"HOJDGR HW DO >

‘H REVHUYHG WKDW WKH UHIULJHUDWHG VWRUDJH Ut
FKHHVHV DV ZHOO DV SURGKR®Y RUWWKRP G &IRMVR Q@ OREOH
RI WKH ILQDO SURGXFWV DQDO\]HG DIWHU WKH UHIULJHU
RI WKLV WH[WXUH SDUDPHWHU ORUHRYHU WKH UHIUL.
VSULQJLQHVV PRXHVKHEZQEWVY Rl DOO WKH RUJDQLF FK
SURGXFWV FRQWDLQLQJ GULHG RQLRQV ZKLFK H[KLELW
UHIULJHUDWHBLBWRUDQBLQJY KDYH EHHQ GHVFULEHG E\
D VLIMQW. FGHFUHDVH LQ WKH YDOXHV RI FRKHVLYHQHVV I
FKHHVH PDWXUDWLRQ 7KLV LV DSSDUHQWO\ FRQQHFWHC
WKURXJK EUHDNDJH RI WKH FDVHLQ QHWZRUN ZKLOH W
FRQVHTXHQFH RI PRILVQEXBIIBD\ORYY WEE DIW FRQFHQWUDW
> @ ORUHRYHU D GHFUHDVH LQ FRKHVLYHQHVV DQG VSU
FRQWHQW RI SRO\SHSWLGH QLWURJHQ @LWWKRY HRX RRMFXQ K
WKH SURFHVV Rl FKHHVH PDWXUDWLRQ > @

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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([SODQDRWWHRVFBRHHVHY DQDOVHG GLUHFWO\ DIWHU ILAQDOKLQ.
SURGXFWYVY DQDO\]HG DIWHU UHIULJHUDWHG WWHRWDRUH SHKRIB
DQDO\WLYVY 73%$ 7KH UHVXOWYV DUH JLYHQDDW'PRDQ YDERRV *
IROORZHG E\ GLIITHUHQW QRZWKRADAMH BHWROXRY WH[WXUH SD
WHVWHG FKHHVHV YDGLDIQWAW IAMPHUJBHUDHH @ VW WRUDJIH GHC
3

&KDQJHV LQ JXPPLQHVYV ZHUH QRWLFHG DIWHU WKH UL
7KH FROG VWRUDJH UHGXFHG WKH YDOXHV RI WKLV WHI[W
EFFRAKAISSOHPHQWHG SURGXHUHD VHKHQ HDVHDYDD OXHV RI W
QRWHG LQ WKH RWKHU WHVWHG YDULDQWYV
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7KH GLIITHUHQFHV LQ WKH WH[WXUH RI WKH ILQDO SUF
SURSHUWLHV RI WKH DGGLYWWY HM WIKD X MDRIDMHINIRCHORFE)
LQ IXUWKHU ELRFKHPLFDO SURFHVVHV RFFXUULQJ GXULQ

$QDO\WLY RI FRORU SDUDPHWHUV

7KH UHVXOWV Rl WKH LQVWUXPHQWDO DQDO\VHV RI Wk
7DEOH

7KH / SDUDPHWHU GHWHUPLQHV WKH EULMMDOIXN RI
RI WKLV SDUDPHWHU WKH OLJKWHOHMDION] HF& CFRXUH HRY HW K H
SDUDPHWHU UDQJHG IURP FKHHVHZEZWKR X HVGGR R
FRQWURO $IWHU WKH SHULRG RI FROGHRAURIDNYHG WX H O
VDPSOHV HYRHHSHM VRIUZLWK FDUURWY |IRW RIBIOPKHDRV O LIBW
REVHWQHRBSSRVLWH WHQ G HQHFQ JIDG/R UHHVE FOUOK KB KBAH QG XELRLLGH
ULSHQLQJ VDPSOHV ZHUH DQDO\]HG RQ PDWXUDWLRQ GD\
SDUDPHWHU &,(/ VLJQLILFD@WHR'SHQEQH BWREF MWK RORIKH
GLIIHUHQFHV PIWRWEH GHOPWHIGFHY LQ WKH VSHFLILFLW
WIOHRQJHU SHULRG Rl ,ERUHV FKHHVH ULSHQLQJ ZKHUH S

7KH SUHVHQW UHVXOWVWHHRZH® DEOMHWD S & HWUWHH \R IG H
SDUDPHWH W I$HFMWP ZODUREVHUYHG LQ VWXGLHYV @RAGXFW
DVVHVVHG WKH HIIHFWV Rl 6SLUXOLQD FROQWA.Q UDW LR
EDFWHULRORJLFDWESHD PaB)L | IFKGI HHM/ D7KH\ LQGLFDWHG
6SLUXOMLQPIQLILFDQWO\ UHG X MHEK WK WH E PPIRIKMRYHWY RVIK H
GHFUHDVHG EWIKBEUKONQQJIJFRQFHQWUDWLRQ

7KH D SDUDPHWHU UHIOHFWY FRORU FKDQJHV LQ WKH
7KH KLIKHVW UHG FR® RRIBRQO)UHR @DRK B RWH WDEMSFOMY R R W
FRQWDLQLQJ FKHHWWAKRSURFHVDIWHWPDWXUDWLRQ $00 Y
FRQWULEXWHG WR DQ LQWIEKBNWHM WKH SUHRF FRO RU LB 1 U
RWKERQW WHRMFKERQWULEXWHG WR D WORH IS\ ULIFHW BV H. Q Q
SURGXFWV ,Q DGGLWLRQ LQFUHDVHG YDOXHV RI WKLV ¢
FKHHVHY VXSSOHPHQWHG ZLWEBGUIFG HIQLHR Q QRW KIHB R B B/IRU |
ZDV UHFRUGHG LQ WKH RWKHU VDPSOHV

W KDV EHHQ WK SFPWWRMWGE QHKDEMHORQJILQJ WR FDURWHQT
SURGXFWV LV PRNHOICERDRGZELVEK LQ DJUHHPHQW ZLWK
UHVXOWYV HVSHF LW R\ER PLIRY RADAXBEBWHH RHQWHG SURGXFWV
7DEOH

7KH BDUDPHWHU GHWHUPLQHV WKH FRORU FKDQJHV IL
,Q DOO FKHHVHV ZLWK Y HJHMWHHE IOV BIGEHIWMKY VKRR WH DFGAG AWV |
YDOXWVERSDUDPHWHU ZHUH VLPLODBRQRY WG DIREX M D QIR
IURP MXSSRWPHQWHG FKHH VAR QWRFIKHHQAH RFERDX U Q
EHHWUXRBBWHPHQWHG FKHHVH ZDV FKDUDFWHUL]HG E\ EO )

7KHVH UHVXOWV LQGLFDWH WKDW WKH SURFKDQ R UG
WKH YDOHKHSPIUDPHWHU LQ PRVW RI WKH DQDO\]JHG VDPSO
RI \HOORZ FRORU ZDV REVHUYHG LQ WKH WVWERBMG R R QWLJ
WRPDWR DGGLWLYHV ZKHUHDV U HZHXFHH GR EADHIUXYHVG RU QWK
FRQWDLQLQJ RQLRQ FDUURW DQG EURFFROL

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7DEOH
&RPSDULVRQ RI WKH FRORU SDUDPHWHUV LOWRKHSMDUDRDQWYV
SURFHVVY DQG UHIULJHUDWHG VWRUDJH

&RORU SD
&KHI 6WDJH RI / D E
YDULDQW SURGAMRQ
.\$IWHU l. “ I “ I “
ERQWURGS C\WHU URIULJ G o :
“ } “ | “ 3
LWK RQIUIREWHU L : —

'STWHU UHIULJ “o “

: v LRERY, L c i -
LWK EHI V$HA7\Hr\UVUHIULJ m I « « I

. LEIWHU L © - S
LWK FD\J%"WVFIU UHIULJ m N “ | “ (

. L$éWJ:‘IU l. “ | “ | “
LWK EUII*$FI T‘lIU UHIULJ o ( “ i “ |

] ﬁl l. “ “ N “ |
LWK WR $IWU UHIULJ m | “ ] “ i

([SODQDWLRQ QRWHV 7KH UHVXOWY DUH JID/HEQ BN PHDOHIQ® Xt
IROORZHG E\ GLIIHUHQW QRZWWFDVBPOIHMROXBPY BRORU SDUDPFH
GLIIHUHQFHV S

&RQFOXVLRQ

7KH DSSOWHE O'HH IHGGLWLYHV KDG D YDULHG HKHFW RQ
KLJKHVW KDUGQHVV DIWHU ULSHQLQJ DQG UHIULJHUD
REWDLQHG ZLWK WKH DGGLWLRQ RI GULHG RQLRQ ZK
SDUDPHW HRUGHEGEH | B H RIXISIS CBRKWEWHG FKHHVHV

7KH XVHGGHBWDWQME DGGLWLYHV VLJQLILFDQWO\ LQFUHI
FRPSRQHQWY DQG HQKDQFHG WKH DQWLR[LGDQW SURS}
$IWHU UHIULJHUDWHG VWRAUDIW WKHRSHKUIKIHIAW HD QMELR
SURGXFHG ZLWK WKH DGGLWLRQ RI EURFFROL DQG WRP
7KH WHVWHGHHIHWED BEGBLWLYHY FRQWULEXWHG WR LQ
PDVV DOO YHJHWDEOH DGGLWLYHV H\GSH FIRWOLON LFTHUHF
RQ WKH FRORXULQJ RI WKH FKHHVH PDVV H[KLELWLQJ D
FKHHVH G\HV

5HIHUHQFHYV

'‘DOVJIDDUG 7 . 6{UHQVHQ - %DNPDQ 0 9RJQVHQ / 1HEHC
/LIKOQVG X FHHL B WDRMG OLSLG R[LGDWLRQ LQ FKHHVH 'HSFH

SDFNDJLQJ FRQG\L LR QW FEH RO

%HUJDPR 3 )HGHOH ( ,DQQLEHOWRO/XEOBUYLMDPQ FRQWB

DFLG FRPSRVLWLRRRQYHQWDRQB ® QWDARMBQ&EEPYS SURGXFW
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%LVL) : (EHUKDUG 3 &ROORPE 0 5HKEHUJHU % QI
DFLG FRPSRVLWLRQ DQG WKH FRQWHQW RI FRQMXJDWHG OL
SURGXBWAMYLHZ /DEW Ss
'RV 5HLV / & 5 GH 20LYHLUD 95 +DJHQ O (. -DEORQVNL $
(ITHFW RI FRRNLQJ RQ WKH FRQFHQWUDWL®QDRIVEERD F)
ROHUDFWDDYHQJBU | CORFZGHIAD/X FDYDWH $SDBSHKDRQD ) JURZQ LQ L
VI\VWHRR G &KHP SS
.DKO - %DDUV 7 %+JHO 6 %XVVFKHU 1 +XEHU 0 .XVFKH
BHLGHO . /ROWOSIHHW 9HOLPLURY $ 2¢UDBQENDIRBRG TXDOL)
IUDPHZRUN IRU FRQFHSW GHILQLWLRQ DQGHHY BPIXDMWMRRQ L
$JULF Ss
OLFKDHOVHQ .) 3HGHUVHQ 6 % 6NDIWH / -DHJHU 3 3HL
GHWHUPLQLQJ PDFURQXW BHGQWW W Q* R X W@ HPQBMURO 1XWU
IXFHUD $ & &RWDWDQHOOL 9 6DFFRWHOOL 0 $ 'H)®@XRWELDG 0
9HJHWDBORGKFWY WR J)RUWLI$ WU R PLEDEBNNSELKH H V H

JLVK : : 3HUHDIQM 3 &ROOLQ - . $ 4XDQWLMIMWLYH
BWLOL]HV 5HGXFHG 9ROXPH V)RR G WBIPDRIAEV6 B@BHQ W V

ILFKWHQWKDOHU + . %XVFKPDQQ & &KORURSK\OOV D
&KDUDFWHUL]DW BBA AN BBRVFRS\ ,Q :UROVWDGHBNHUSFWHH |
3HQQHU 0 + 5HLG '6 G6FKZDUW] 6 - B6KRHPDNHU & ) DQG ¢€
LQ JRRG $QDO\WLFDO &KHPLVWU\ &3)$ -RKQ YLOH\ DQG 6RQ
*R FLQQD . :DIRWRYDBEN &]DSVNL - (IMTHFW RI KHDW

VROXWLRQV Rl UHG EHHW MXLFH FRQFHQWUDWH RQ FRORX!
%DGDZF]D L '\GDNW\F]QD
)XOHNL 7 )UDQFLVQW-LWDWLYKPHWKRGVWRRG BRMERF\DQLQ

-LD = 7DQJ O X - 7KH GHWHUPLQDWLRQ RI IODYRQF
VFDYHQJLQJ HIITHFWV RQRRG KRR GHWB UDGLFDOV
-DEARS5YND 6BD/MAND $ 6]ZDMJLHU *' (I'THFW RI ODFWLF

DQWLR[LGDQW SURSHUWLHV DQG36KNQ R /X DRESE B KAD@NKHIQ W !
&DQWKDUHO OXW RUBRRIBX§¥FL %LRWHFE®RO

31% 3UJHWZRU\ RZRFRZH N JRWRZILH SUYEHN L PH)
IL]'\NRFKHPEE]JQDAYDQLH ]DZDUWR FL VXRDNBWRWMNQRLGYZ L I
$2%& OHWKRG 2IILFLDO OHWK R RF LOQMICRY LR &K I L
$Q DO \WKHFPLYWOL QIWRQ

5DG]NL : #8RADMP 0 1RZDN - 'RPRGN® $ %RDZENNE $ OLFI
ODMHZVND 0 5DE&R W¥DXPRZ $ ,PSDFW RI SURFHVVLQJ
REWDLQHG IURP E$WIWRGEGXPXEZIQWRRBYRRG 6FL 7HEEQRO

6RARZLHM % (YDOXDWLRQ RI UKHRBR®R $IURRF®! VSAHRSS HEK )\

DQDORJX®R i 1IDXND 7HFKQRGBJILD -DNR i

1LHOVHQ 6 6 BRGLXP GNWEHPWQ YW IHOH RWIURG HRQ 0 RK |

VWULSV ,Q )RRG $QDO\VLV /DERUDWRU\ 0ODQXDO 6 6 1LHO\

SS =+

.62 >, @ &KHHVH DQG 3URFHVVHG &KHHVH 3UR

&RQWHQW *WOBWKRGVULGWHUQDWLRQDO 2UJDQL]DWLRQ IR

6ZLW]HUODQG

&DULQL ( 9LWWDGLQL ( &XUWL ( $QWRQLD]]JL ) 9LD]]IDQL

SK\WLFRFKHPLFDO SURSHUWLHV DQG ZDMMKI SIRMEDEY HA H[W |
SS +

.XOF]\ VNL % OFEPPJRZVND SLVRZEMXD - .PLHFLN ' 7KFH

FDURWHQRLGY LQ WKH SUHYHQWLRQ D QS FWWHDYWP HOMD \R

NQRZOHQGOXQFW )R R®Y

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\

$0GD / 0 *RJRDG , %RUGHDQ '0 *HUJHQ , $OGFRSH@ROGH
FRQWHQW RI WRPDWRHV H$IQUR WARIPHORVS BEBBBEWHFK QRO

5L]IN 0 (ODGS 7 % DP5 &KDUDFWUL]DWLRQ BHGDURW!
H[WUDFWHG IURP WRPDWR SHHOV DQG LWV XVHV B @DWXUTL
$JULF 6FLSS

.LOFDZOH\ .1 )DXONQHU + &ODUNH + - 2 6XOBWRDQ O
,QIOXHQFLQJ WKH )ODYRXU RI %RYLQH OLON DQDV&KWBVHGQU
OLON 3URGXFW)RREG §\V BILHP \

)DXONQHU + 29&DOODJKDQ 7 ) OFS$XOLIIH 6 +HQQHVV\ ' ¢
-3 .LOFDZOH\.@AIHFW RI GLIIHUHQW IRUDJH W\SHV RQ WKH
RI ERYLQH 'ML@N 6FL SS =

.DVDQJL ' 0 6KLWDQGL $$ 6KDOR 3/ O0EXJXD 6 .
IHUPHQWDWLRQ R9LEIRZIBDMF XOHDYBWR[LPDWH FRPSRVLWLRQ |
FKORURSK\OO FRQWR\YWQBQWR DMK WHYV SS*

+DQ - %ULWWGEDRLY ' 6V&KDPSDJQH & 3 )XVWLHU 3 6DOPLF
3RO\SKHQROLFDNRIXSFMLARQDO LQJIHRRGLEBRMR LQSSKHHVH

/JHH 1 . -HHZDQWKL 5. 3DUN gKRUSDERPPXQLFDWLRQ 3K\V

DQG DQWLR[LGDQW SW RSSH B KVH.H WHR || R&KIHIG E DGR MNED

6FL SS

5DVKLGLQHMDG $ %LUFK ($QW(QUR{UBI@W DFWLYLW\ DQG UH|

FDWHFKL QWL @KIXIOMDJ I RDVWREZRLQWHVWLQDRRA RRPBR Y GS$SQD
SS+

04\QHN . 20HU $ =LHOL VND . 7NDF]XKH-HIHDRA® GNNHOH

FRPSRQHQWY RI PLON DQG ULSHQLQJ WLPH RQ WKH GHYHORS

RI FKHHFWHD 6FL 3RO 7HFKQ8® $OLPHQW

+DONPDQHWLUPH\HQ $ <LOGLULP O <LOGLULP = SHV
FXOWXUHV LQ .DUDU7RKMNHVYH$SUREBSHRALRQ
**YHQ O .DUDFD 9 .DoDU $ +D\DOR+0OX $ $QWLPLN

DPEDODN PHQMMUROJIJXQODUPD VsUHVLQFH NDUDU SH\QLULQL
hQLYHUVLWHVL =LUDDW )DNsOWHVL 'HUJLVL Ss

'"HOJDGR YRQ]RWHVSFDYBSD5DPtUH] 5 3URWHRO\VLYV WH[WXUH
RI D UDZ JRDWWHLDRX EKRXWHAKH PRW&UHVL RE F K GBD

3LQKR (0 $OYHV 00 )HUUHLUD , 0 &KHPLFDO SK\VL

RI PH7HUULQFKRYTY HZH FKHHVH FKDQJHV GXULQUWLEHQLQJ
SS +

9DQ +HNNHQ '/ 7XQLFN 0 + 3DUN < : 5KHRORJLFDO

ORQWHUH\ -DFN JRDW PLOD FKHISVHLEX Y)RRG RRGW K ¥

'"HOJDGRRGUtBXWLOBRJAH]&EUHV SO PtBH] 5RD |, 3URWHRO
DQG WH[WXUH FKDQJHV RI D 6SDQLVK VRIW FKHHVH pu7RUV
PLON DQG YHJHWDEOH U®IWQHWRRA BB WIHSHRELRD

%U\DQW $ 8VWXQRO = B6WHIIH - A X HQWFXIGHER I B W HBHEEX
- )RRG B6FL SSt%

*ROPDNDQL 0 7 6RGHAPIQDDADUL ( (VNDQGDUWLHFW RI
6SLUXSUYKURDSVLH@RAG H S IRRELRWLF EDFWHULRG@RSIHFDOO\
FKHHVESSO 3K\FRG *

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

,QIOXHQFH RI SURFHVVLQJ SDUDPHWHUV R(
IXQFWLRQDO SURSHUWLHV RI EHUU\ FRDJXOD

ILXGP''HLQ\FKH *U\JR 'HLQ\FKH
ILFWRUQLWVHYVEKPDUDDYFKHQNR

1 IDWLRQDO 8QLYHUVLWI| Rl )RRG .
+. KDUNLY 6WDWH 8QLYHUVLWI Rl )RRG 7THFKQRORJ| DQG 7UDG
1i3DYOR 7IFKIQD 8PDQ 6WDWH 3HGDJRJLF

$EVWI
.H\ZRUGYV ,QWURC 7KH DLP Rl WKH UHVHDUFK LV WR GHWH !
SDUDPHWHUV Rl K\GURWKHUPDO WUHDWPHQW DQG
OLON WKH FRQWHQW RI ¥RONEGHK WBHFW LW WHQWLRQ L

FRPSOLDQFH RI WKH SXUHHV ZLWK WKH UHTXLUHP

z%g\gﬁé(\?vudz\}%% EH XVHG VB8R R\EWDQ EEBSILOWWHY IURP WKH EXW
‘ WHULDOV DQGHRKWHKIDEMEHUULHY DQG YLEXUQ
YoHU U\ FRVHQ DV WKH VXEMHFWHDRY PHVOZIGRK \J K KVEHH Y D ISHR
3XUHHYV ZDV PDIGWMK WKH KHOS RIFPRRN HROWHARMURF /QVRD WK
BHFWLQ W\SHV D WHPSHWDWXK HG RELQUHFRQGY 7KH EHUU

UXEELQJ ZDV PDGH IZ FW K UKIEEIKHO BDEKLQH XVLQJ

ZLWK KROH GLOPRWHUV RI
5HVXOWV DQG7KHVFRQWHR@ RI SHFWLQ VXEVWD:
SUWLFOH KLVARWHHY LQFUHDVHV LQ GLUHFW SURSRUWLRQ W|
WUHDWPHQW IURP XPWRXUHH ENHFXDEOFE@ HUL]HG
SHEHLYHG LQFUHDVH LQ WKH DPRXQW RI SHFWLQ VXEVWDQFH
ZKLFK FDQ EH H[SODQHG E\ WKH GLIIHUHQFH LQ

BHFHLYHG LQPROHFXOHV

UHYLVHG IRUP7KH ORVVHV RI YLWDPLQ & |RLUYHE&W®ERZHUQ WSHJ H
RI WUHDWPHQW ZKLOH WKHQ WKH\ DUH LQ
$FEHSWHG DFFHOHUDWLRQ RI K\GUR[\O ERQGV EUHDNLQJ LQ
3URFHVVLQJ EHUU\ UDZ PDWHULDOV ZLWK DQ DF
DW D WHPISHHDWXUIHR4R VHFRQGV IRU FUDQEHUULH

——— FRQGV IRU YLEXUQXP EHUULHV ZKLFK FRUUHVS

gig\/ig\aSRQeéﬁ%HFWLQ VXEVWDQBHY RQ FUDQEHUU\ DQG YLE.
SXUHHV UHVSHFWLYHO\

ILXGP\OD 7KH ODUJHVW RXW KRIPH RIDFUDRKEHHYB\GSXVLQJI D

'"HLO\FKHQNRKROHV GLDBHWHU REHUHDV IRU WKH SURGXFWLRQ

(PDLO LW LV UDWLRQDO WR XVH D Vi+H VPR 7ZHWR HHEROR V

GHOLXJUL# XVH VLHYHV ZLWK ODUJHU KROHV SXR HIQ FDIDEH W
JPDLO FrRp HISODQHG E\ WKH PRUH SURQRXQFHG VXVFHSWLEL
WRZDUGV PHFKDQLFDO VWUHVV FRPSDUHG WR WK]|
WR SDUWLFOH VL]H UHGXFWLRQ
7KH FKHPLFDO FRPSRVLWLRQ RI REWDUQHOZSXUFH
PDWHULDOV LV FKDUDFWHUL]JHG E\ DQ LQFUHDVH |
E\ DQG DQG D GHFUHDVH LQ WKH FRQWHQW F
FUDQEHUU\ DQG YLEXUQXP SXUHHV UHVSHFWLYH
FKDUDFWH R BHBQEF DFLG PRGWHRYWFRDQEHUU\ DQ
YLEXUQXP SXUHHV UHVSHFWLYHO\
2, &RQFOXWMLMRYYJIQLILFDQW LQFUHDVH LQ WKH FRQ)
WKH SUHVHQFH RI RUJDQLF DFLGV DOORZ WR XV
: FRDJXODQW YV QIR® RW K HRSWMRLFBHE \QH FIRSLWDWHYV [URP
EXWWHUPLON

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

,Q WKH JOREDO PDUNHW FXUUHQW FRQGIWMERQRRGKWH I
SDUWLFXODU WKRVH REWDLQHG XVLQJ GDLU\ SURWHLQ
WHQGHQF\ LV H[SODLQHG FNUWDWNZHEHRUPQOMN BURWRLQV
SUR[LPLW\ RI WKHLU DPLQR DFLG FRPSRVLWLRQ WR WKH
LQGLFDWHYVY WKHLU DELOLW\ WR PHHW WKH QHHGV RI KXP

'"HVSLWH WKH YDULHWSUIRRWHMWXBGMPL\EH® DRMLRQ D ODL
FRQFHQWUDWHY FRQWDLQV RQO\ FDVHLQ IUDFWLRQ RI F
FKHPLFDO VXEVWDQFHV RI DUWLILFLDO RULJLQ GXULQJ
FKDUDFWHUL]J]HGRE\RDJIJDQRBHEWLF GHILFLHQFLHV QRW
VXEVWDQFHV IRU WKH XWLOL]J]DWLRQ RI ZKLFK WKH HQI]\P
HI[FHSWLRQV DUH SUHVHQWHG RQO\ E\ PLFURSDUWLFXOD'
EXW WKH WTXHBEBHG@ IRU WKHLU REWDLQLQJ LV YHU\ FRP S
HVWDEOLVKPHQWY RIZzUBIVWDXUDQW LQGXVWU\ >

7KH GLVDGYDQWDJHYVY JLYHQ DERYH LQGLFDWH WKH QHEF
SURWHLQV FRDJXODWLRQ IRWKWKBISSNERSRYBWH KBDFRQ
REWDLQHG FRQFHQWUDWHY TXDOLW\ ZLWK LQWHUQDWLR
HOWHUSULVHYVY RI UHVWDXUVQW LQGXVWU\ 7KHUHIRUH
UHVHDUFK RI ZD\V BRRNVQYLRDWXWPDAVHULDOV ZKLFK ZL
SURWHLQ VXEVWDQFHV E\ SUHFLSLWDWLRQ PHVRRGM @ Q
FROQFHQWUDWHYV IXIQ¥KY DRIDWHPRR QR RQVXPHU SURSHUWLH

ILWHUDWXUH DQDO\VLV

1RZGD\V WKH WHRIHD RIHZHPHWKRG RI SURWHLQ VXEVWI
FRQVLGHUHG H[SHGLHQW ZKHQ LW LQFUHDVHV LWV HIIHF
SURWHLQ FRQFHQWUDWLRQ ,W LV SRVVLEOH WR DFKLH"
UHGXFLOPRXIQW Rl UDZ PDWHULDOV HQHUJ\ RU WHFKQ
SURGXFWLRQ SURFHVV 7KLV FDXVHV WKH QHHG IRU PR
LQWURGXFLQJ DGGLWLRQDO IDFWRU VIX\KDW. RKQROUSYRS D!
GDU\ SURWHLQYV

,Q UHFHQW \HDUV D QXPEHU RISURSHRYH G RRHMIQRGAD R
ZDV SURSRVHG DQG HDFK RI WKLV PHWKRGYV LQFOXGHG
WKHUPRDFLG DQG WKHUPRFDOFLXP FRIRQ RDW LRSL R URRH F
PRVW H[SHGLHQW FRPSRQHQW FDSDEOH WR DFFHOHUDW
SURWHLQV LV WKH XVH Rl QDWXUDO SODQW SURGXFWV |
FKHPLFDO FRPSRVLWLRQ VRUSWHRE® ®@QG UDGLRSURWHFYV

+RZHYHU LW VKRXOG EH QRWHG WKDW WKH FXUUHQW :
GLHWDU\ VXSSOHPHQWYV LQ QXWULWLRQDO GLHWV LQGLFL
RI IRRG SODQW UDZ PDWHU LD OORRP $/REHQ XWPVE HLR R/l W W/ PGl
RI SODQW FRPSRQHQWYV WR VWDELOL]H WKa& SURFHVVHV F

$Q DGGLWLRQDO IDFWRU LQ LPSURYLQJ WKH HIILFLHQF
DYDLODEOH GRPHVWLF UDZ PWIWHU LID/ \L V) H RPH &/ IKH @ WS MR
WKH PDLQ UDZ PDWHULDO DV LW FRQWDLQV DOPRVW W}
FRPSOH[ RI ZKROH PLON DQG LV FKDUDFWHUL]HG E\ VLJQI
FRXQWU\ $V D SOD QWSPIBWHQWDWR. WVH FUDQEHUULHYV DC
XQOLNH IRRG DGGLWLYHV V\QWKHVL]HG LQ DQ LQGXVWU
KLJK FROQWHQW RI GLIIHUHQW %LRORJLFDOO\ $FWLYH 6)

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

QRUPDO KRPHRVWDWIDFWLRQ Rl HQHUJHWLF DQG SODVWL
ZHOO DV UHGXFH WKH ULVN Rl GLVHDVHV FDXVHG E\ |
FDUGLRYDVFXODU GLVHDVHV > @

,Q WKH SURSRVHG WHFKQRORJ\ RI SIHRQWH MR PRDH ¥O DWW
DQG YLEXUQXP EHUULHV DV FRDJXODQWY DGGLWLRQDO
VWDELOL]LQJ DQG HQULFKPHQW FRPSRQHQWYV ,Q WKH IL!
D VRXUFH RI RUJDQLF DFD®\G WKPRAR FORQUBIXODRMREH WK
GHQDWXUDWLRQ Rl SURWHLQ VXEVWDQFHV 7KLV GHWHI
PD[LPXP FRQWHQW RI RUJDQLF DFLGV RI EHUU\ UDZ PDW
DPRXQW RI EHUU\ FRR S\RGH QW WHIAF YLR WEKLHYH S+ QHLJK
SRLQW RI GDLU\ SURWHLQV

5HIJDUGLQJ WKH LQIOXHQFH Rl WKH EHUU\ SHFWLQDW
UHFHLYHG SURGXFWV LW VKRXOG EH QRWHG WKDW IRU
SURWHLQV DQG SRO\WDFFKDULGHV DUH ZLGHO\ XVHG WR
FDVHV DUH XQVWDEOH SRO\GLVSHUVH V\VWHPV GXH WR V
,Q WKLV FRQWH[W WKH PHFKDQLVP GRE&LVSHAUNBW.\YWWRW
RQ WKH FUHDWLRQ RI SURWHFWLYH OD\HUV DURXQG W
ELRSRO\PHUYV

W KDV EHHQ H[SHULPHQWDOO\WNWD EQ/DELIDE W\ Bl WK
DQG WKH IRDP LV LQFUWDVH & DU LDSGHG/L VW DISQEO s RO FUHD W
RI WKH GLVSHUVLRQ PHGLXP DUH DGGHG WR WKH SURWH
SUHYHQWY LWV GHVWUXFWLRQ +HQFH WKH QHHG IRU WU
PDWHULDOVRIOXERH VWDWH 7KLV ZLOO FDXX8FWK R QDO
SURSHUWLHYV DQG WKH SURYLVLRQ RI WKH QHFHVVDU\ FR
EHFRPHV SRVVLEOH ZLWK DGGLWLRQDO WHFKQRORJLFDO

7KH GLVSWUNH ®IVSODQW PDWHULDOV DV D FRPSRQHQW
HPXOVLRQ V\VWHPV SOD\V D VLIJQLILFDQW UROH LQ WKH
ILQDO SURGXFW > @ 7R IDFLOLWDWH WKH ZKLSSLQJ SU
EXEEOHV DQG DV D FRQVHTXHQFH WKH IRUPDWLRQ RI |
SURGXFWY ©OYHOYHW\2 LW LV DGYLVDEOH WR HQVXUH W
VWUXFWXUH ZKLFK UHTXLUHV WKH PRVW G QN QW JIM
QHFHVVDU\ WR SUHVHUYH WKH PD[LPXP DPRXQW RI %LRO
PDWHULDOV LQ SDUWLFXODU RUJDQLF DFLGV DQG SHFWL
ZRUN > @ ZKHUH WKH WHFKQRORWIFQPH 8 DSIDHPAH\S HW D VR
PLON ZHUH VXEVWDQWLDWHG DQG GHWHUPLQHG GXH WR
SXUHHV RI FRUQHO DQG EODFNWKRUQ EHUULH\RMWWKIB W H
SKRVSKDWHYV PL[WXUH ©%LRIRV @

$QDO\[KBISWHVHQWHG GDWD LW FDQ EH FRQFOXGHG W
VXEVWDQFHV LQ WKH SURFHVV RI SURWHLQV SUHFLSLW
PHFKDQLFDO IXQG WLHRRXOIR SURSHUWLHYV RI UHFIHIQHOG SUTF
VKU QW PDWHULDOV WLOO WKH VWDWH RI EHUU\ SXUHHI
EH SDLG WR WKH VWXG\ Rl ZD\V WR LQFUHDVH WKH FRQW

7DNLQJ LQWR DFFRXQW WKRIUMRHBUPHR BHQAKE IWXIID X H
RI SDUDPHWHUV RI DFXWH YDSRU SURFHVVLQJ DQG UXEEL
RI VROXEOH SHFWLQV LQ EHUU\ SXUHHV $WWHQWLRQ LV
ZLWK WKH UHTXLUHPHQWYV |RD GE HEHUXVFRD IYRUIRFEMWND QKR E
SUHFLSLWDWHVY IURP WKH EXWWHUPLON

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\

,QGLFDWHG DLP FDQ EH DFKWDNVHEBDRKORXJIK D QXPEHU
+ 6WXG\ RI WKH FKHPLFDO FRPSRVLWLRQ RI WKH EHL
YLEXUQXP LQ SDUW RRXI®IU FVE FL BRQNHR WHRWLQ VXEVW
+ '"HWHUPLQDWLRQ RI LQIOXHQFH RI WKH WHFKQRORJ
SURSHUWLHV RI EHUU\ SXUHHV
+ -XVWLILFDWLRQ RI WKH UDWLRQDO PHWKRG DQG PRG

ODWHULDOV DQG PHWKRGYV
ODWHDOV

5DZ PDWHUHNVBEVFUDQEHUULHY DQG YLEXUQXP EHUULHYV
9DVVONLYVN\ GLVWULFWYV BRI WEKHUMLFKRRWHERRPVLQWKH VXEM

OHWKRGV

6WXGFRHPLFDO FRPSRVLWLRQ RI EHUU\ UDZ PDWHULDO
ODVV IUDFWLRQ@KRI ZDWHUWDFWLRQ RI ZDWHU ZDV GHMW

VDPSOHV WR FRQ \DWDD W HEPEH UDW %2 B&R | > @
3URWHLQ FIRQWRH®W FRQWHQW ZDV GHWHUPLQHG E\ WK
FRQYHWRLRODXGH SURWHLQ FRQYHUVLRQ IDFWRU $2%¢

)DW FR@GWNHQWRI IDW FRQWHQW LQ EHUU\ UDZ PDWHULL
6R[KOHW PHWKRG > @

&UXGH IZEHUVDPSOHV IRU FDUERK\GUDWHY LQYHVWLJ
JULQGRIQEHUULHY DGGLQJ ZHLJKHG VDR&SOWXFWRVK R WHDIOI
RQ +EDWK GXULQJ PLQ VWLUULQJ IUHTXHQWO\ $2%$&
ILEHU ZzDV GHWHUPLQHG E\ WKH ZHLJKW PHWKRGLDKWHU
LQ WKH PHGLXP RI VXOIXULF DFLG DQG VRGLXP K\GURI[LG!

6ROXEOHNHPBQWHQW RI VROXEOH VXJDUV ZDV GHWH!
E\ % HUWUDQG > @

SHFWLQ VXENMWBREOMMHQW RI SHFWLQHHVE YBAD G HAWH U@ LE
WKH WLWULPHWU\ PHWKRG EDVHG \RHQO WKW HGL IVQ G V8 URI R
VXEVWDQFHV EHIRUH DQG DIWHU K\GURO\VLV > @

OLQHUDO FRQXWLIMWDRISOWY IRU PLQHUDO FRQVWLWXHQW
E\ RKGU\LQJI DQG JULQGLQJ $2%& D > @ 7KH PLQHULI
E\ ;UD\ IOXRUHVFHQFH PHWKRG XVLQJ 238 HFWURSKRWR

> @

2UJDPLF DRHGNRQWHQW RI RUJDPLF DFLGV ZW¥XRG&GHWH L
$2%& > @ LQ UHFDOFXODWLRQ RQ WKH PDOLF DFLG

3RO\SKHIQKROFRQWHQW RI SRO\SKHQROV ZDV GHWHUPL
H[WUDFWLRQ RI FRORUHG VXEVWDQFHV ZLWK FRQFHQW
GHWHUPLQDWLRQ@ RW MWRKHLQ MRAOFMQRSOHY LQ FRPSDULVF
RI FREDOW VXOIDWH > @

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

6WXG\ RI YLAROPVKO LQ EHUUN UDZ PDWHULDOV DQG S.

7TKH FRQWHQW RI YLWDPLQ & ZDV GHWHUPLQHG E\ WKH
RI EHUU\ SXBHWWBW QGWROXPHRWULF IRIDVOFHWARF DFLG ZI
DGGHG DV VWDELOL]LQJ DJHQW ARV ZPNS B WOVHNIHBEWRRD FF
DQG DAFHWRQH ZDV DGGHG ,W FAKDORWRWQG®RIKAH QIRWK '&, 3
VEXWLRQ $ IDLQW SLQN FRORXU WKDW ZDV SHUVLVWHG
DPRXQW RI G\H XVHG LQ WKH WLWUDWLRQ ZDV GHWHUPLQ
RI WKH YLWDPLQ & FRQWHQW PJ PO LQ WKH EHUU\ SXL

7THFKGRI\ RI EHUU\ UDZ PDWHULDO SURFHVVLQJ LQWR S

7KH SURSRVHG PHWKRG RI EHUU\ UDZ PDWHULDOV SUF
WHFKQRORJLFDO RSHUDWLRQV

,QVSHFWLRQ

‘DVKLQJ

+\GURWKHU P DS WRFHIVYWPB Q WLWK DFXWH ¥YDSRUFBW WKH

GXULQJIVHFRQGYV

5XEEZQWK WKH KHO S REHL @U PDEIKQ D H

6WXG\ RI WKH LQIOXHQFH RI SDUDPHWHUV RI DEXWH YD
FKHPLFDO FRPSRVLWLRQ

7TKH WUHDWPHQ W LRMKWKAHX WBIVUYRIFBRWK WRH WKBSHOHF W L
VWHRQYHFWLRQ RYHQ RI&NRKMRMWKVHLANVR YDWIBRIX BK (
DQDO\WLYV ZHQHWKH GHEHW W LI 2WRHRPGH WD W XKJ K6 REL Q J
VHFRQGV

7KH EHUU\ WUHDWPHQW LQYRCGYRWRKZR OWTHIHWRI WKHU
KHDWHG WR VXIIFLHQW WHP SHUHDMGK WHR M@® MK W R/HH FRHDAE
FHQWUH RI HDFK SLHFH WR LQFUHDVH WR WKDW QHHGHC(
VROXEOH VWDWH

'"HWHUPLQDWLRQ RSBEHDBHWXBELQJ

7KH EHUULHV UXEELQJ ZDV PDGHXHBNIK WRBFKHQS RL WK

RI USP DW WKH VWHS DQG WKH KPR JKW RI WHHWK LQ I

(ISHULPHQWDO UHVHDUFKHV IRU EHUU\ SXUHHWREZHUH P
DQGPP

6WDWLVWLFDO DQDO\VLYV

'DWD ZHUH H[SUHVVHG DV PHDQV “ VWDQGDUG GHYL]
H[SHULPHQWY ZHUH FRQGXFWHG ZLWK D ILYHIROG UHSH\
XQLW RI WKH LOWWWRDWLRQDO 6, V

BWDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ OLFUR

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\
5HVXOWY DQG GLVFXVVLRQ

&KHPLFDO FRPSRVLWLRQ RI EHUU\ UDZ PDWHULDOV

$W WKH ILUVW VWDJH WKH FKHPLFDO FRPSRVLWLRQ RI
VWXG\ ZDV FFQA&XHAWHIGHEFKHPLFDO FRPSRVLWLRQ RI WKH
RQ PDQ\ IDFWR@V >Q SDUWLFXODU FOLPDWLF FRQGLWLRQ

%DVHG RQ WKH GDWD REWDLQHG LW FDQ EH VWDWHG \
YOOXDEOH VRXWDEXHs RALFDRORWULHQWY QHFHVVDU\ IRU KX
DQG SRO\WWDFFKDULGHYVY GLHWDU\ ILEHUV SURWHLQV RU

*HQHUDOO\ WKH KLJKHVW VKDUH LQ WRWDOHRWRQALBYV RI
vXJbuv 2UJDQLF DFLGV WRJIJHWKHU ZLWK VXJDUV SO
FKDUDFWHULVWLFV RI EHUULHV 7WRRLIBVMDWNVRVEBRRQW KV
EHUULHYV KDG FUDQEHUU\ ZKHQ YLEXUQXRKLLW F/KXIEEW BVFNHA

7DEOH
&KHPLF®P®SRVLWLRQ RI EHUU\ UDZ PDWHULDOV J J RI EH

1DPH RI WKH LQ(S%LFS"LngIEJHgg\éVXU
‘:DW
3UR\
)D
,QFOXGLQJ SXIDV
&DUERK

,QFOXGLQJ VXJDUYV
GLHWDU\ ILEHUV
SHFWLQ VXEVWDQFHYV

$V
2UJDQL
LQ UHFDOFXODWLRQ RQ WKH PDOLF DFLG
3RO\SK
9LWDPL
&DOFL)
3RWDVV
YH P F
3KRVSKR

7TKH FRQWHQW RI VROXEOH SHFWL Q@ KRXEKVWMWODREHY MXHC
LQ YLEXUQXP EHUULHV 7KLV UHVXOW FDQ EH H[SODQHG I
WKH YLEXUQXP EHUULHYV

7KH RUBDQO\ ERXQG PLQHUDO HOHPHQWY LQ WKH VW XC(
&DOFLXP 3RWDVVLXP DQG 3KRVSKRUXV DQG WKH YLWDP|
WKH RWKHU VXEVWDQFHV VXFK SRO\SKHQROLF FRPSRXQ
FDWH@YVY IODYRQROV DQG SKHQR[\ DFLGV FDQ EH QRWHG
SURSHUWLHV RI WKH VWXGLHG EHUULHV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

,QIOXHQFH RI WKH WLPH RI SURFHVVLQJ ZLWK DQ DFXW
RI uUbzZ PDWHULDOYV

+\GURWKHUPDO WU HDMWPWBWL RO \E WMWK UDFXWH YDSRU
SXUSRVH RI JLYLQJ WK HXGHWIHRIPDQ HSU RSHKWERHY WR W
HQVXULQJ LWV SURWHFWLRQ DJDLQVW PLFURELRORJLFDC

7KH NH\ SDUW LQ WKH REW DIXQLFQDIR 5 WR $IHGMMLHVH B | VE H
SOD\V WKH FRQYHUWLRQ RI SHFWLTK VX BAVWIDGEQVA RV FLOIDWMLRR
H[SODQHG E\ WKH IDFW WKDW SHFWLQ VXEVWDQFHV RI
SURWRSHF WQQYROREOHFRHIBIHFWLQ FRPSOH[ ZKLFK JLYHV
ZKHQ WUHDWHG ZLWK KLJK WHPSHUDWXUH > @

,Q DGGLWLRQ WKLV PHWKRG RI WUHDWPHQW ZDV DLPH
UHGXFLQJ PLFURELRORJLFDO FRQWDPLQDWLEGHIRBGEW L
UXEELQJ

7KH OLWHUDW XU @ OSQHDIOQWIGY WKDW WKH PRVW UDWLRGQ
PHWKRG RI EHUU\ UDZ PDWHULDOV SURFHVVLQJ ,W DOOR
WHFKQRORJLFDO WDVNV LPSOHPH @W PR XRQD FERD B ORIRY D
QXWULHQWYV RI EHUULHV $W WKH VDPH WLPH LW LV H[S
EHUULHV DW D WHPSHUPKYXKRJH \WRK D WRQYHIWWLRQ RI SHFW
VROXEOH VWDWH DQG AIROPHXQMADLQVE QR URR BLRROSRIW D W X L

5HIJDUGLQJ WKH GXUDWLRQ RI K\GURWKHUPDO WUHDW
FRQWULEXWHV WR VLJQLILFDQW ORVVHV RI WKHUPDOO\
7KHUHIRUH WKH QH[W RNV HS HZPW RIRWMKMHXGXUDWLRQ RI Ul
RQ WKH FRQWHQW Rl WDUJHW FRPSRQHQWYV LQ EHUU\ S»
REWDLQHG SXUHHV ZDV PDGH E\ GHWHUPLQLQJ WKH FRQW
DV WKH PRS$WDVRHWFPYLWDPLQ LQ WKHP )LJXUH

$FFRUGLQJ WR WKH GDWD RI WKH )LIXUH WKH FRQW
SXUHHV LQFUHDVHV LQ GLUHFW SURSRUWLRQ WR WKH HJ['

Vv

LWK WKH IXUW KHU LSUFRIFHDAMH. Q @ WKH DPRXQW RI SHF
VORZ EXW WKH FRQWHQW RI YLWDPLQ & KDV D PDUNHG W]
WR KLJK WHPSHUDWXUHV )LJXUH 7KLV RFFXUV GXH WR
ZKLFKKHUPWOO\ ODELOH 7KHUHIRUH LW ZDV GHFLGHG W
WKH VWXGLHV

7KH K\GURWKHUPDO WUHDWPHQW RI YLEXUQXP SXUHH
LQ WKH DPRXQW RI SHFWLQ VXEVWDQFHV FRPSDULQJ WR
EH H[SODQHG E\ WKH GLIIHUHQ FHHL Q5 IMKH{U FIQHRHL E Q OWKRIP ¢
SURWRSHFWLQ PROHFXOHYV

7KH ORVVHV RI YLWDPLQ & )LJXUH IRU ERWK EHUU\
ILUVW V RI WUHDWPHQW ZKLOH WKHQ WKH\ DUH LQFUH
WKH |DFR\S MKDWXWH LQFUHDVH DFFHOHUDWHY WKH EUHDN
VWUXFWXUH WKXV HQODUJLQJ UDWH RI LWV GHVWUXFWL

$V SURORQJLQJ WKH EHUULHV SURFHVVLQJ WLPH ZLOO
SXUHHV LQ RXU \RSRQDRQWRWVUWDMW EHUU\ UDZ PDWHUL
WHPSHUDWXUFHKRIRY VHFRQGV IRU F4D YHIFRQIGRVIRQ & LE X |
EHUULHV ZKLFK FRUUHVSRQGV WR DQ LQFUHDVIDQQ WKH

+ LQ FUDQEHUU\ DQG YLEXUQXP SXUHHV UHVSHFWLYH:
YLALD &

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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~)LIXUHPSDFW RI K\GURWKHUPDO WUHDWPHQW GXUDWLRQ RQ
LQ EHUU\ SXUHHV
tFUDQEHUU\sSHEXH QXP SXUHH

9LWDPLQ & PJ

AN
NN

~

2V

JLIXUAKH LPSDFW RI K\GURWKHUPDO WUHDWPHQW GXUDWLR
LQ E\HRXUUHHV
tFUDQEHUU\sSHEXKH QXP SXUHH
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JJIJ)RRG 7THFKQRDRJ\
S5DWLRQDO KROH GLDPHWHEY Rl WIKAHKE Q XWKILHDYIH V

%HUULHYVY UXEELQJ ZLWK WKHBEKIKO SPBFRALIOHH DXV R LB G
WKH QHFHVVDU\ GHJUHH RIl YHJHWDKOSURIDGZX APV MWYH W\DRIV!
DQG TXDOLW\ RI WKH ILQDO SURGXFW ([SHULPHQWDO UH\
KROH GLDPHWHUV XEBEARH FDRKNKQGINLHYHYV VXEMHFW WR
\LHOG RI KRPRJHQ KRAXMO®XQRW IDOINH RIl GXULQJ VWRUDJ

<LHOG

'LDPHWHU PP

JLIXUMFHSHQGHQFH RI WKH EHUU\ SXUHH \LHOG RQXEELBROH G
PDFKLQH VLHYHV
+FUDQEHUU\ +SEXKMQXP SXUHH

JURP WKH GDWD REWOLWKGOWLWKADUDIRXHVW \LHOG RI
DFKLHYHG DIWHU XVLQJ D VLHYH ZRRVKZMWHKWHHIOROIR G MOKPHH W
SXUHH SURGXFWLRQ LW LV UDWLRQDO WR XPH D VLHYH Z

7KH QHHG WR X9B WIHHY KRQHWKVR LQFUHDVH WKH \LHO
H[SODQHG E\ WKH PRUH SURQRXQFHG VXVFHSWLELOLW\
PHFKDQLFDO VWUHVYVY FRPSDUHG WR WKH ILQHU FUDQEHU!
6LPLODYV DHMXSOUMWHVHQWHG LQ WKH ZRUN > @

7TKH VWXG\ RI WKH G\QDPLFV RI FKDQJHV LQ WKH \LHO
GLDPHWHU RI WKH VLHYH KROHV LQ WKH UXEELQJ SURFHYV
IXUWKHU UHVHDUFKHYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\
&KHPLFDO FRRERMKIHWERQU\ SXUHHYV

7TDNLQJ LQWR DFFRXQW WKH FRQGXFWHG UHVHDUFKHYV
SXUHHV WKH IROORZLQJ SDUDPHWUV ZHUH XVHG SURFHYV

* fK GXUtQVYHFRQGV IRU FUDQEHUVHHRNQBYGI BX YILEX
EHUULHVZUXEBARE KHOSXREHL QU PDMIKQWKH GLDPHWHU RI
Rl + PP IRU FUDQEHUURPAMROLQGLEXUQXP EHUULHYV

7KH FKHPRPBABVLWLRQ RI EHUU\ SXUHHV REWDLQHG E
LQYHVWLIJDWHG 7DEOH

LZEOH
&KHPLFDO FRPSRVLWLRQ RI EHUU\ SXUHHV J J RI SXL

1DPH RI WKH LQGLFEDWRU &RQWHQW
&UDOQE 9LEXU

‘:DW

3UHL

)D

&DUERK
LQFOXGLQJ SHFWLQ VXEVWDQFHV

$V

2UJDQLF DFLGV LQ L
PDOLF DFLG

9LWDPL(

&DOFL>

$FFRUGLQJ WR WKH WDEOHDEBBURRXXQUWHM BEREGWEBLQ V
WKH\ GLITHU E\ WKH VLJQLILFBEQW IRRIQMUDIVE HRU LIPDIHERKAGI
IRU YLEXUQXP SXUHH

7KH FRQWHRWLAIVXEVWDQFHV LQFU FD\DI\E EU U\ DQG Y L
SXUHHV UHNBRMEFIMLNGOYR WKH FRQWHQW RI WKLV VXEVW
7KH REWDLQHG UHVXOWYV FRXOG EH UHODWHG WR WKH E|
YDSRU ZKLFK ZDV DFFRPSDQLHG ZLWK VROXELOL]DWLRQ |

9LDWPLQ & GHFUHDVHV E\  PJ IRU FUDREHUEXSRQXPHSE
FRPSDULQJ WR XQWUHDWHG EHUULHV ZKLFK LV SHUPLVV]
VHRLQLVKHG SURGXFWYV

W LV SDUWLFXODUO\ LPSRUWDQRW WWRY DR\ ALMBQMEIRIQ L ||

UHVSHFWLYHO\ IRU FUDQEHUU\ DQG YLEXUQXP SXUHI
RI WKH SDERWRK@GUDWH GDLU\ UDZ PDWHULDOV 7KDW LV
FRDIJXODWLRQ IXQFWLRQ DPHRUWKRI®DJRIWREWDERERMHHG F
FRQFHQWUDWHY IURP EXWWHUPLON

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJJ)RRG 7THFKQ@RDRJ\
&RQFOXVLRQ

7KH PRGHV RI WUHDWLQJ RI FUDQEHUULHY DQG YLEXUC
ILQH VKUHGGLQJ WR WKH VWDWH RI SXUHHV ZHUH LQYHV\
BURFHVVLQJ RI HDOWUADZVRDDMHD FXWH YDSRUfRW D W
GXUL@J V IRU FUDQEHUUtHW DRG HGCDEMNIDQIXP EHUULHYV
UDWLRQDO 7KLV FRUUHVSRQGYV WR DQ LQFWHDVH LQ V
DQG* IRU FUDQEHXNUD PR G XY ULHEHY UHVSHFWLYHO\ DQ
VLIQLILFDQW ORVVHV RI YLWDPLQ &
JRU WKH REWRHDNOQVKHRHHIGWGEG FISXUHHY E\ UXEELQJ UDZ F
FUXVKIXEGELQJ PDWKLWYH[SHGLHQW WR XVH D WLHYH ZLW
PPIRU FUDQEHUUSXRMHHRDQGEXUQXP SXUHH
7TKH VWXG\ RI WKH G\QDPLFV RI FKDQJHV LQ WKH \LHO
GLDPHWHU RI WKH VLHYH KROHV LQ WKH UXEELQJ SURF
UHVHDUFKHYV
7TKH VLIQUQEFRMHPWH LQ WKH FRQWHQW RI VROXEOH SHF
DFLGY DOORZ WR XVH WKH REWDLQHG EHUU\ SXUHHV
SURWBUHFIRSLWDWHY I URP WKH EXWWHUPLON

5HIHUHQFHYV

29.HQQHG\ % 7 '"HUL'PHI@\HQLHQWY )RRG DQG 1XWUD
'RRGKHDG 3XEOLVKLQJ 6HULHV LQ )RRG 6FLHQFH 7HFKQR
*Q\WVHYLFK 9 $ <XGLQD 7, 'HLQ\FKHQNR / * 7HF}
RI PLSAUNR W ISIUGH FIRSIRRBW HVQ G P 3ISNH WV

<XGLQD 7, 1D]JDUHQNR , $ 1LNLIRURY 5 3 ,QYHV

VWXIILQJV EDVHG RQ EXWDOWWPBRGNDPRORKQQD®WHY $C
7HFKQRORJLHV S$

5XSS / 6 OROLWRU$ 6 /XAHYIFW RI SURFHVVLQJ PHWK
FRQWHQW RI WKH FRQFHQWUDWH RQ WKH SURSHUWLHV R
-RXUQDO RI 'DLU\ 6FLSISHH

%DQDFK - & /DPVDO % 3 /LQ = LRQ RQ]PRIDWL B URRA
FRQFHQWUDWH DQG FKDUDFWHUL]DW LR QRRIGUGRLHMW HQD Q
7HFKQRORJ\ SS+

BKFKHWLQLQ 0 3 .ROW\XJLQD $ 9 30XWDJLQD ( 6

'DLU\ ,QG XVS\8U\

6KLQJDUHYD 7, 3DYOLVWRYD 1 $ '"HYHORSPHQW RI
IRU KHDOWXU R VRLQUKH ,QWH BQUDWIWREDO VARG IHWHIQFH 3
6XSSOHPHQWYV 1XWULWLRQ RI.D\XHDEEKK\ DQG VLFN SHU\
6PLUQRYD , $ S3HFKHULQDURWHLQ FMQED §QENOWSEU\
%DOOLVWUHUL * &RQWLQHOOD $ *HQWLOH $ $PHQWD
TXDOLW\ DQG ELRDFWLYH FRPSRXQ@GHW HXKHNDQ W3 UWRQKXF
/ FXOWLYDUV JRRBQ&K® P IMDBS\+

ODVR 9. .RGHQWVRYD 9 0 9U]JKHVVLQVND\D 2 $ =LORYI
DQG IRRG SURGXFWV VLPL\OWXHWRHY XONBE®LRAUHQFHYV
'L5LHQ]R ' :KH\ SURGXFWV PLON ®LQHWDDROV (PSR I
&RXQMLO

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

9DVNLQD 9 $ 5XEDQ 19 %RJDW\UHYD 7 * %HO\DYV
SRO\WDFFKDULGH PL[WXUHV DV DQ DQ\WHW KRB WLHFK QRO R.
SURGXFLQJ DI@ HP ¥ QNILRFR XRQHHFWHRB®HU\ 38RGXFWLRQ
.RUVKXQRYD *) *QLWVHY\FK 9 $ 1LNLIRURY 5 3 6
UHJLPHV Rl SUHFLSLWDWLRQ RI SURWKYDRQ ¥ XENWD QF X W
(TXLSPHQW DQG 7HFKQRORJLHV RI )RRG 3URGXFWLRQ I
"RUNV S S+

'"HLQ\FKHQNR * 9 <XGU@®FL7Y\G\ NRSUHWV\SLWDWLY WD \
NKDUFKRY\NK WHNKZRORERIDRRSUHFLSLWDWHY DQG Wi
WHFKQRORJLHV@ 'RQHFKFK\QD 'RQHWVN

6W SLH $ S$HELVKSIMWELVRBHWWXVLN $QWLFDQFHU SURSH!
(XURSHDQ -RXUQDO RI &O0LQLFDO DQGSIfSHULPHQWDO OHC
*QLWVHY\FK 9 $ <XGLQD 7, 'HLQ\FKHQNR / * 7HF}
RI MNSURWIBIUMFIRSLWDWHY *RRGV DQG PDUNHWYV Ss
IDNDPXUD $ <RVKLGD 5 ODHGD + &RUUHGLJ 0
VR\EHDQ VROXEOH SRO\WDFFKDULGH D QGWIHFWL\WLRQ DG L'
-RXUQDOSS *

2ERONLQD 9 7KH XVH Rl K\GURFROORLGV IRU WKH
FRQIHFWLRQHMUDNURGXE®\ERQIHFWLRQHU\ ,Q6&XVWU\ RI 8
.KRP\FK * 3 L, QYHVWLIJDWLRQ RI WKH LM\ HFG RA HAL R

EOXHEHUWFEXQMHVLF 3DSHUV RSI821%$)7

$VVRFLDWLRQ RI 2IILFLDO $QDO\WLFDO &KHPLVWYV
$VVRFLDWLRQ RI 2IILFLDO $QDO\WLFDO &KHPLVWV WK
$PHEDR ) 1 3UDLULH ( &K 6R[WHF ,WV 3ULQFLSOH
/JHEHGHY 3 7 B8VRYLFKHWRG\ LVVOHGRYDQL\D NRUPRY |
JKLYRWQKNWKKRGV Rl UHVHDUFK RI IHHG RUJDQV DQG WLV\
(UPDWR OHWRG\ ELRNKLPLFKHVNRORMW VAHQH@RYDGQL\D
.KRP\FK * ODWVXN < 1DNRQHFKQD\D - 20L\Q\N 1 OHGC
FUDQEHUU\ PDLQ LQGLFDWRUV RI FKHPLFDO(FRPSRVLWLR
/LIH 6FLHBE HV

(OVKDT $ 2ELULQDNHP 6 (IIHFW Rl WHPSHUDWXUH
LQ IUXLWYWHULFHWLRQDO -RXUQDO RI &KHPLFDOSDQG %LI

2GDUFKHQNR ' 1 7KH GHYHORS®GDRWLRD W RH NIRHHH]C
RUGLQDU\ YLEXUQXP DV D SURPLVLQJ UDEZQRLIVW H G LR RUF
JRRG 6FLHQFH DQG 7HRIXQRORJ\

%DVKWD $ 2 37KH XVH Rl ZLOG UDZ PDWHULDOV IRU
KBEOMPKSURYLQJ S3URSRVRN WKH ,QW H UUDMWIMRLIDD \FRLGH @ ¢
3+HDOWK\ JRRGV DQG 'LHWDU\ 6XSSOHPHQWV1DWERQROR
8QLYHUVLW\ Rl )RRG 7THFKQRORJLHV .\LY 8NUDLQH SS
2YRGRY <X 6 W 9RMDW IRQ 3HFVEXY \BIXEY WRXQUFHIVO RI %L
&KHPLVWU\ SS

5DPRVD $ 0 ,EDUJE $ '"HQVLW\ RI MXLFH DQG IUXL\
VROLGV FRQWHQWRXQY® MMHRSE HRP XQH. OB HULQJ
3ROLVKFKXN * <H ODWVNR /0 G6RNROHQNR $ , $F

WHFKQRORJLFDO SURSHUWLHV RI DSSOHHEDWHH RIQ0 RAKAR !
6WDWH 8QLYHUVLW\ RI 38 QWLQJ $UWV

.LHVHUOLQJ ."UBKNWUG/ 6FKDORZ 6 ,QIOXHQFH RI PH
WUHDWPHQW RQ SDUWLFOH VWUXFWXUH OHDFKLQJ RI DC

SURSHUWLHMRK EBUPWXBREHDRY )RRG 5HVHDUFK D®S5 7HFk
+

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

AXDOLW\ FKDUDFWHULVWLFV DQG DQWLR[LGD!
PLON \RIJXUW ZLWK IUXLWYV

7TDWLD(,PHQFR 9LRULFL

THFKQLFDO 8QLYHUVLWI| RI OROGRYD

SEVWI
-H\ZRUGYV ,QWURGXRWLR® RI WKH UHVHKHK ZDV
CRIXUW SK\WEKRIPLFDO PLFURELRORJLFDO VHQ\
Ny DQG DQWLR[LGDQW SRWHQWLDO RI JRDW
ODWHULDOV D@BHPHRUKR®VZDV SUHSDU

éH%VPLHRQI\_NGDDWLVSQ JRDW V PLON ZLWK WKH DGGRWLRRQRD YV F
Q [ Q &KRNHEHUU\YDULHWR SHDFKHV 3UXQX

gR(\?v\KS;FF\%R? YDULHW\ OROGRYD UDVSEHUULHV B5XE
QSWDPL QLQ  «xJX YDULHW\ VWUDZEHUULHV )UDJDL
Q YDULHW\ DSSOHV ODOXV GRPHVWLFD Y

LQGLFHY DQG DQWLR[LGDQW RRGLKDIW L D
WR VWDQGDUG PHWKRGV

5HVXOWYV DQG THHWHAXVEHRQNJXLWYV W\S
SUWLFOH KLYWRU\WWURQJ LPSDFW RQ WKH YDOXHV RI WLV

SHDFKH \RJXUW KDG D S+ RI “ +LJ
S5HFHLYHG REWDLQHG IRU UDVSEHUU\ \RJXUW “
5HFHLYHG LQ UHYIG/BWGPIBWRVHU LQGLFDWHYV “ LQ VWL

GU\ PDWWHU FRQWHQW LV LQYHUVHO\ S
$FFHSWHG WKH ZDWHD Q@QFWDYILMXP YDOXHV ZHUH G

) IRU DSSOHVY SHDFKHVKMDVSEH

PLQLPXP YLVHRVIMUYHK REWDLQHG IRU DU
&RUUHVSRQGLQJ DXWKRU3D QG PD[LPXP IRU VWUDZEHU
“ 3DV 7KH UHVXOWVY REWDLQHG I
7DWLDQD &XVPHQRRRWDO QXPEHU RI JHUPV LQ WKH \RJIXL
(PDLO KLJKHVW UHVXOW ZDV IRU SHDRKHV \RJ;
WDWLDQD FXVPHQPRf| pXP DPRXQW RI ODFWLF DFLG LV
VD XWP PG “ ORJ FIX PO 1R \HDVWV DQG
GHWHFWHG $URQLD \RIJXUW KDV WKH k
SRO\SKHQROV PJ *BQWKRF\DQLQ"

J DQG DQWLR[LGDRNW ACHWRXE W\
FDURWHQRLG FRQWHQW PJ J ZI
SHDFKHV \RJXUW DQG DR FRUBRMKR DFLG
VWUDZEHUU\ \RIXUW <RJXUW VDPSOHV
WKDW VWUDZEHUU\ \RIJXUW KDV WKH EHYV

SRLQWYV RI
&RQFOXYKRQ@W/GGLWLRQ RI DURQLD IUXL
DQG UDVSEHUULHV DQG SHDFK SRVLW
"2, ELRORJLFDO YDOXH DQG WKH TXDOLW\ L
: ZLWK IUXLWYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

*RDW PLON DQG GDLU\ SURGXFWV RFFXS\ D VLIJQLILFD
GXHWKRILU KLJK FKHPLFDO FRPSRVLWLRQ DQG WKH HDV\
DQLPDO RULM @7EKHRYWKHWQUWLRQDO LQWHUHVW IRU WKH
JHQHUDOO\ DVVRFLDWHG ZLWK WKH ELRORJLFD\O D/@® X H
YLWDPLQ $ ' LQ D UHODWLYHO\ KLJK SHUFHQWDJH > @

7KH IUXLWV DUH FRPSDWLEOH ZLWK GDLU\ SURGXFWV
ELRORJLFDOO\ DFWLYH IUXLW FRPSRXQGV ZLWK KHDOWK
SXUSRVHHEKMDWLREDO XVH Rl WKHVH FRPSRXQGV LQ \RJIX!

7R SURYLGH D PRUH DFFHSWDEOH ORRN DQG PDVN WKH
EH DGGHG WR WKH UHFLSHY QRW RQO\ WR SURYLGH DWW
LQKLELWRU\RHWKRAWU GDMVWELRORJLFDO FRPSRQHQWYV ZKL
OLIH K\SRWKHVHV DOVR VXSS R&RWPHIGI EX LRW KLHUO H H V HFERUF
ZKLFK UHDFW ZLWK PLON SURWHL@Y IRUPLQJ D WKLFN St
7KH DURQLD LWXRFLABRLIQY DRPMDHUDOV DQWLR[LGDQW
FRQWULEXWLQJ WR WKH IRUWLI\LQJ RI WKH LPPXQH V\VW
5DVSEHUULHV DQG VWUDZEHUULHV FDQ EH VXEVWL
FDUERK\GUDWH GRVH IRU DQ DGXOWRER®R $LBH EX\W ® DR
ZKLFK KHOSV WR FOHDQ DQG PRLVWXUL]JH WLVVXHV > @
3HDFKHV DUHFDWRWHR BHWOS ILEHU HVSHFLDOO\ LI Wk
DQG LQ WKH FRPSRVLWLRQ RI \RIXUW WKH\ HQKDQFH WK
$SSOHSIDWWLFXODUO\ YDOXDEOH IRRG IRU DOO DJHV
DQG PLQHUDO VDOWVY VXEVWDQFHV WKDW JLYH D VXUSO:

3URFHVVLQJ DQG REWDLQLQJ QHZ SURGXFWV FDQ V
SURSHUWLHMUWRALBN. FRPWRXPGY DQG WKH VWXG\ Rl WKHVI
DSSOLFDWLYH LPSRUWDQFH LQ RUGHU WR RSWLPLEH SURF

7KH XVH Rl DURQLD VWUDZEHUULHV UDVSEHUULHV D¢
R \RIJXUW LV OHVV VWXGLHG 7KH VFDOG SURFHVV FDQ GL
YDOXH RI WKH IUXLWV > @ ,Q WKLV FRQWH[W LW LV LPSF
VFDOG IUXLWV LQ FRPELQDWLRQRDLWLIG MKLH JRW X BIWS U R FHL
PDQXIDFWXULQJ ,Q DGGLWLRQ WR WKH QHJIJDWLYH HIIHF\
SRVLWLYH HIIHFWV HQJ\PHV LQDFWLYDWLRQ DLU HOLPL:
PDLQWDLQV DQG HY R ORRF RQ WXHWIH ) IWKHG SURGXFWV
SUHVHUYLQJ YLWDPLQV GXULQJ WKH IROORZLQJ SURFHVYV

7KH DLP Rl WKH UHVHDUFK ZBKH®RFDYOD (PXLEFW REW R & RSIK.
FKDUDFWHULVWLFV DQG DQWLR(U@BDIIW IS RWHQWLDO RI JF
7R DFKLHYH WKH JRDO WKH IROORZLQJ REMHFWLYHV :

-XVWLILFDWLRQ IRU FKRRVLQJ WKH IUXLWV RI DURQI

UDVSEHUULHV

'"HWHUPLQLQJ DQG DUJXLQJ WKH TXDOLW)\ [FGMILFHY RI

DQG PLFURELRORJLFDO LQGLFHYV

'"HWHUPLQDWLRQ DQG DUJXPHQWDWLRQ RI WKH DQWLR][
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ODWHULDOV DQG PHWKRGYV
SUHSDUDWLRQ RI IUXLWYV SXOS

JUHVKO\ ULSHQHG IUXLWYV DURQLD DSSOHVHWBGHDFKH
JHQWO\ ZDVKHG XQGHU ZDWHU DQG FOHDQHG ZLWK DQ D
VFDOGLQJ DW f& IRU PLOXWHY SDFNHG LQ JODVV MDU

3UHSDUDMWIXRRN RU W

7R SUHSDUH WKH WRRWXRHWVZ D W DMHFHLYHG I URP WKH ORI
JRDW V PLON ZDV SDVWHXUL]HG DW f& IRU PLQXWH
LQRFXODWLRQ WHPSHUDWXUH )RU WKH \RIJIXUW PDQXIDFW
XVHG IRU LQRFXODWLBWUHARWRFRREAWDWKHUPRSKLOXV /
VXEVS %XOJDULFXV /DFWRFRFFXV ODFWLV VXEVS /DF
PDOWRGH[WULQ ,Q WKH \RIJXUW PL[WXUH WKH VFDOG IU X
VDPSOHV ZHWIBD WHKG DFARRV  f& IRU KRXUV 7KH HQG RI W|
GHWHUPLQHG E\ WKH S+ YDOXH DQG ILUPQHVV RI WKH
SDFNDJHG LQ J FRQWDLQHUVY DQG VWRUHG DW * f&

7KH \RIJXUW ZDV SUHSDUHG E\ WRHHWKRWR K WWMHW RRIGV |
WKH IRUPHG FORW DQG LWV ILUPQHVYV > @

7KH DVVRUWPHQW RI \RIXUW LV SUHVHQWHG LQ 7DEOH

7DEOH
$VVRUWPHQW RI PDQXIDFWXUHG \RIXUW
6DPSOH
5DZ <RJ? <RJ> <RJ>

J\/\bURQLSSOHSHDFKUDVSEHU‘lU\NH‘DZ:HUU\

PDWHU[%,%?X”V Wk LWk ZzLwk SREUW ZISREXUW ZLWK
& «

*RDW $U $S 3 5+< 6«

OHWKRGV

7LWUDEO 6 ®WHEPWQDWLRQ FRQVLVWY LQ QHXWUDOL]L
Q 1D2+ .2+ VROXWLRQ XVLQJ SKHQROSKWKBOHRKQIDV L
LV
$FLGLW\ 27 9
ZKHOWROXPH XVHGSR@ WLWUDWLRQ

S+ GHWHUPWEBWILRYPDOXH RI WKH PLON ZDV GHWHUPLC
HOHFWURGHV > @

9LVFRVLW\ GHWHUPLQDW L RAD R IGIHAA 1§ URP D QUAGS X RICKXF W K
'9 +,,, UKHRPHWHU ZLWK LQGLFDWRU QR URWDWLRC
RI URWDWLRQV > @

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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'U\ PDWWHU FRQWH QWHGWKVRIBURVY D DWKLIFR @D GZDJ 0$& PRI
> @ ZKLFK FRQVLVWV LQ ,5 VDP SDOIXEUXXSS ROWD QQMSLID
PDVV RI WKH GU\ UHVLGXH LV REWDLQHG

:DWHU DFWLYLW\ GWWHUPHOMWURQ@ WKH YDSRU SUHVV
WKH IRRG DQG GLYLGHG E\ WKH YDSRU SUHVVXUH RI WKH
> @

)DW FRQWHQW GIPWE8HPEQDRMMIPFREHWULF PHWKRG DQ
WKH VHSDUDWLRQ RI WKH IDW XVLQJ LVRDP\O DP\O DOF
PLIHG ZLWK VXOIXULF DFLG > @

'"HWHUPLQDWLRQ PLO NIBURMMHGE QKK G BF REL QWYL RIQE OR |
WKH SURWHLQV DP\O JURXSV ZLWK IRUPLF DOGHK\GH DQ
ZKLFK DUH QHXWUDOL]JHG ZLWK Q 1D2+ VROXWLRQ > @

"HWHUPL®@DWKRIQWRWDO QXPEHU RI PLFURRHIDORLEHY
RI EDFWHULD LV HVWLPDWHG LQGLUHFWO\ EDVHG RQ WK
PLFURRUJDQLVPV DIWHU WKHUPRVWDWL]DWLRQ DW f&

'"HWHUPLQLQJHUKRI QKPE WYV DKH KPFRRRIWQL]HG VDPSO
GLOXWHG LQ VHULHV E\ DGGLQJ PO RI VDPSOH LQ PO
DFFRUGLQJ WR WKH LQVWUXFWLRQV WKH UHVXOW ZDV H]

"HWHUPLQDW LRKH R R WMRFWHDERAYRAPOGWHG D RARFGIOQIHIR |
PHWKRG > @ $ YROXPH RI PO RI PHWKDQROLF H[WUDFV
JRORDRFDOWHXYTVY VROXWLRQ LQ D WHVW WXEH $IWHU |
VROXWLRQ ZWKHBGHWGKXWHR DQG DGMXVWHG WR PO ZLWEk
ZDV DOORZHG WR VWDQG DW URRP WHPSHUDWXUH LQ D G|
PHDVXUHG DJDLQVW WKH EODQN UHDJHQW DW QP *DO(
ZLWKFRQFHQWUDWLRGQ-AMQIHVIOWY ZHUH H[SAUHVUVHG DV

'"HWHUPLQDWLRQ RI D QADK/RIFHDYXY FE ENNSWFWURSKRV
DW QP H[WUDFWHG ZLWK D VROXWLRQ RI HWaX\O DOF

$QWLR[LGDQWZBSWRGHWWURVQHG E\ XVLQJ D SODWLQX
SDWWHUQ PRGH® BWKHSWKHUPRVWDWI6® KHOO DFFRUGL
> @

9LWDPLOSBHSDUHG H[WUDFW WLWUDWLRQ ZLWK
GLEWIHQROLQGRIHQRO > @

&DURWHQRLGV GHAWKHUPHYBEWGRIQVY EDVHG RQ WKH SKR\
Rl WKH PDVV FDURWHQH FRQFHQWUDWLRQ LQ WKH VROX\
ZLWK DQ RUJDQLF VROYHQW DQGXEXWIDQHEVRXKWIOH BRFRE
FKURPDWRJUDSK\ > @

6HQVRU\ TXDOLW\ DVVHVVPHQW(EDVKGWR@® QVRH HEFRKI |
FKDUDFWHULVWLF E\ FRPSDULVRQ ZLWK VFRUH VFDOHV D
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JURXS ZKHaAPHDQ WKRUWHHRIVRU\ DQDO\VLYV ZDV SDVVHG LQ V
7KH DYHUDJH RI WKH WRWDO VFRUH LV FDOFXODWHG EDV
WKH FRQWURO VDPSOH WKH \RJXUW DVVRUWPHQW ZDV H
|RRDV 3URGXFW ZLWK SOHDVDQW VSHFLILF ZHOO GHII
SUHVHQW DQ\ QRWLFHDEOH GHIHFWYV
%3 L 242 HBA

ZKHBHHheXQZHLIKWHG DYHUDJH VFRUH WKH DULWKPHWLF |
stWKH ZHLJKWLQJ IDFWRU VKRZV KRZ PXFK D VHQVRU\ F
VHQVRU\N TXDOLW\ RI WKH SURGXFW

Z2all 24

6WDWLVWLFIKG DYQDODPVQIAH DQDO\WLV RI WKH UHVXOWYV
PHWKRG ZLWK DSSOLFDWLRQ RI 6WXGHQW WHVW 7KH (
VLIQLILFDQW LI SUREDELOLW®™DH JUNDMBEWWOAWKBQSHUIBU
LQ WULSOLFDWH 7KH H[SHULPHQWDO UHVXOWY DUH H[SU

5HVXOWY DQG GLVFXVVLRQV
$QDO\WLYV RI WKH \RJX UK HMLAFOEH VQSHK\WH ¥ R

7TDEOH SUHVHQWYVY WKH FRPSRVLWEZRR RDOREBW REWDL
IDW DQG SURWHLQ FRQWHQW ZHUH VOLJKWO\ LQIOXHQFH
FRQWHQW RI \RIXUW FKDQJHV ZLWK WKH LQFRUSRUDWLRC
FRQWHQW LV ORZHU LQ WKH CGRWRUWKWDPEQ@QWWY R BRWPEPSOH
LQFUHDVH RI ZDWHU FRQWHQW LQ WKH SURGXFW ZLWEk
PHOWLRQHGWKH IUXLW ORZ IDW FRQWHQW 6LPLODU REVI

7TDEOH
&RPSRVLWLRQ RI JRPWOPHWN \RIXUW VD
1L[ 6DP<] )DW FR_| BURWHLQ | 'U\ PDV
2 : : :
$U : : :
$S : : :
5 : : :

7KH GU\ PDWWHU SOD\V DQ LPSRUWDQW UROH LQ IRUF
> @ 7KHDGGLWLRQ RI ITUXLWYV LQ \RIXUW VLIQLILFDQWO
GU\ PDWWHU PFPRQWHQIW RRDNWXEAHFUHDVHG ZLWK WKH [UXL
FRQWHQW RI ZDWHU FRQWDLQHG LQ IUXLWV ZKLFK VLJQLI
6LPLODU REVHUYDWLRQV ZHUH UHSRUWHG E\ > @ ZKR
GHPYHG ZLWK WKH DGGLWLRQ RI IUXLW )RU VWUDZEHUU\
ZDV REWDLQHG “
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7DEOH SUHVHQRKWHRMKH GK\YGERHYV R{HRIKWUGL WDRBOH
SURGXFW LV RQH RI WKH IL DWW T R DVGIL MW B GUGHE ¥ K BWKIDRD
WH PLON OHDGV WR WKH GHVWUXFWLRQ Rl WKH LQWHUOQ
VROXELOL]JPDWUHR@ Rl @ DV D UHVXOW RI DFLG FRDJXODW
WKH ODFWLF JHO 7KH W\SH RI DGGH3 WDW WDEDGE DG LLGPLSA
+LJKHU DFLGLWA7Y ZBIXHIVREWDLQHG IRU WKH UDVSEHUU\
ZHUH REWDLQHG IRU WKIH7\RY WU WLDIDVUKREYRQYDWLRQ ZD\
ZKR UHSRUWHG WKDW W KH HIFLIGE VE\XRI WY BV KR YW SVH LRI D (

7DEOH
3K\WLFKRHPLFDO LQGLFHV RI \RIXUW VDPSOHV
1L 6DP¢{] 7LWUDEOH S- [z 9LVFRVL
2 - . . . .
$U : : : :
$S : : : :
5+< “ “ “ “
6 o m n o

:DWHU DFEWEDIONSDDOWLFLSDWH LQ YBIBPLRR® BHKIHDHRIWFIDROQ
obLOODUG UHDFWLRQ WKDW FDQ DIIHFW WKH QXWULWLR
WKH VWRUDJH WLPH I WKH ZDWHU DWWHY 8 WR & OFOM H. ML W
SHULVKDEOH ZLWK WKH Ul VN RURRBIE) CHYWHGR &P HRW RK
YDOXHV RI : ZHUH GHWHFWHG LQ WKH FRQWURO

) IRU DSSOHV SHDFKHV UDVSEHUULHV \RIJXUW

<RJXUW LV D VRIW VROLG SURGXFW DQG LWMOBABWZR!L
WRzZDUGYV UHDUUDQJHPHQW 7KH SK\WLFDO SURSHUWLHYV |
RI LQOWHUDFWLRQV LQ FDVHLQ PLFHOOH WKDW LQFOXGH)\
IRUFHY > @ 5KHRORJLFDO SURSHUWKBYY IDAW\HRU PVE R I WHDIX\
VDPSOHYV ZHUH LQYHVWLIJDWHG DW D WHPSHUDWXUH RI
VDPSOH WHPSHUDWXUH > @ 7KOWZAMROQLYDRUOLY XW G\ BBX
KLIKOLJKWHG IRU IUXLW \RRIXYWVFRPEWHY D DKKHH \P IZBIIUPH R

FRQWURO VDPSOH ) 3DV IROORZHG E\ WKH DURQLD
“ 3DV SHDFKH \RJIJXUW “ 3DV UDVSEHUULH
VWUDZEHUULH \RIJXUW : 3D V

$QODORMLWKH \RIXUW VDPSOHV PLFURELRORJLFDO FKDU

7KH XVH RI VWDUWHU FXOWXUH IDYRUV REWDLQLQJ IH
ODFWLF IHUPHQWDWLRQ XQGHU WKH LQIOXHQFH RI WKH
ODFWRVH LDRVWGRRFBPRWYF @ ZKLFK OHDGV WR VRPH FKDQ.
WKH S+ GHFUHDVHV WR WKH LVRHOHFWULF SRLQW RI WK
EHIJLQV WKH SURFHVV RI IRUPLQJ WKH JHO QHWZXRWN VSH
KDQGYV ELRORJLFDOO\ DFWLYH IUXLW VXEVWDQFHY FDQ F
WR WKH \RIXUW FRPSRVLWLRQ FRXOG VHUYH DV D QDWXU
EDFWHULD LQKLELWLRQ > @
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7DEOH
OLFURELRORJLFDWLFKDRIDRUVKUW VDPSOHYV

1U TRWDO ( IDFWLF E <HI
6DPSOM PLFURRUJDQLVPWRIRX B W®@G PROG
&‘ “
$U “
5< “
6‘ “

7KH PLFURELRORJLFDO FKDUDFWHULVWLFV RI \RIXUW
KLIKHVW WRWDO QXPEHU RI PLFURRUJDQLVPV ZDV REWD|I
FIX PO WKH KLIKHVW QXPEHU RI ODFWRREW EIDJFMG URD WKH
\RIXUW VDPSOH DQG WKH VPDOOHVW YDOXH ORJ FIX
ILQGLQJY ZHUH DOVR UHSRUWHG E\ > @ ZKR VWDWHG W
RSWLPDOO\ LQ VOLIKWOWRHLS+ E\FEQ®LAMHRQ YV ZAKHE® >
1R \HDVWV DQG PROGYVY ZHUH GHWHFWHG

$QWLR[LGDQW SRWHQWLDO RI WKH \RIXUW VDPSOHYV

<RJXUW LQ FRPELQDWLRQ ZLWK IUXLWV KDV D IXQFWL
VXSSO\ RI ILEHU YLWDPLQV SRIG)BEKBQR O 8K DARDKRFUDL @ D
LQFRUSRUDWLRQ RI SURFHVVHG IUXLWV LQWR \RIJXUW LV
FRQWHQW DQG LPSURYH WKH DQWLR[LGDQW SURILOH )R
DOVR UHVSRQGV WR IFRRQ \WPHLY OBGEPDQ GR/RGV > @
6RPH IUXLWV VXFK DV DURQLD DUH JRRG VRXUFHV
DQWKRF\DQLQV 3RO\SKHQROV DUH NQRZQ WR LQWHUDF
FRPSOH[HV WKDW UHGXFH WKH>W®WDO IUHH SRO\SKHQRO
7KH FRQWHQW RI WRWDO SRO\SKHQROV DQWKRF\DQLQ
SURSHUWLHV RI \RIJXUW VDP %0 H¥ HUM 2ZHURZ @ LUQ L) LLIPOJHW
EHWZHHQ WKH VDPSOHV 7KH DURQLD \RWKUW KIPG YWKH KL
J 3HDFKHDQG DSSOH \RJXUW UHFRUGHG WKH IROORZ
FRQWHQW PJ WBHVSHFWLYHO\ PJ *$( J
'XH WR DQWLR[LGDQW SURSHUWLHYV DQWKRFKMQLQV ¢
FRORU RI IUXLW \RJXUW DQG GLIIHU IURP RWKHU FRPSRX
VWUXFWXUHV GHSHQGLQJ RQ WKH S+ RI WKH HQYLURQPH
RIITHU WKH ERG\ SURWHFWLRQ DJDLQMW WKGILEQ &/ @\DHG K
XVHG LQ WKH PDQXIDFWXUH RI \RIJIXUW DV QDWXUDO G\HV
DQWKRF\DQLQV H[KLELW D ZLGH UDQJH RI ELRORJLFD
DQWLPXWDJHQLF DQWLFDQFHWFWQWLWLXPRY D@ G$0YWR
LPSRUWDQW EHLQJ WKH DOWHUQDWLYH RI VIQWKHWLF G\
FRQVXPHG IRU FHOQWXULHV LQ IUXLWV DQG YHJHWDEOHV
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-
;-; -
*x
2 ! _ | N
- [
™
N~ —
I__I T T T T T
&< $U< $S< 3< 5< 6<

<RIJXUW VDPSOHV

J)LIXUH 7TRWDO SRO\SKHWR®FRQMM QW RI \RJIXU

8VLQJ D VLPSOH PHWKRG IRU TXDQWLI\LQJ WRWDO PR
DOQOWKRF\DQLQV LQ IUXLW \RIXUW ZDV GHWHURPLQHG 9D

JLIXUH 7KH KLIJIKHVW FRQWHQW RI DQWKRF\DRLQV ZIL
IROORZHG E\ WKH UDVSEHUU\ \RIJXUW PJ J WKH V
ORZ YDOXH zZzDV REWHLQG IRU DSSOH \RJXUW PJ J
™
& I _
'_ T T T T T
&< $U< $S< 3< 5< 6<

<RJXUW VDPSOHV

J)LIXUH $QWLR[LGDQW SURSHUWLHV RI \RIXUW VI
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$QWLR[LGDQWYV DUH E L FRLHAHW HQHV VK[E\GW B/Q RQVUW R B W L
R[\JHQ RU SHUR[LGHV DQG WKXV SURWHFW FHOOV IURP W
QDWXUDO VRXUFH RI DQWLR[LGDQWY DQG WKHUHIRUH WK
VWUHVV KDV BRWHEG ENPRPHMUHVHDUFKHUV > @

1DWXUDO DQWLR[LGDQWYV ZLWK D SRVLWLYH HIIHFW
SUHYHQWLQJ UDQFLQJ > @ DQ XQGHVLUDEOH IDFW LQ W
UHJLVWHUHG WKH KLJKHVW DCQRORIZEBQEN SDRSHEHWUY LRI\
VWUDZEHUULHYV \RIXUW

7KHUH DUH QXPHURXV GDWD > @ WKDW VKRZ WKDW |
LPSRUWDQW EHHLQG YLWDRIRW& QH JXWKUHDQG> @

-

9&& PJ
——

N I

&< $U< $S< 3< 5< 6<
<RJXUW VDPSOHV

JLIXUH 9LWDPLQ RJREQYWHPE GRH

&& PJ

——

&< $U< $S< 3< 5< 6<
<RJXUW VDPSOHV

J)LIXUH &DURWHQRLGY FRQWHQW RI \RIXUW VDP
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7KH YLWDPLQ & FRQWHQW RI WKH IUXLW \RIJXUW VDPS«
7KH VWUDZEHUU\ \RJKXUW KDG WKH KLIJKHVW YDOXH
&DURWBQRLOIBQDWXUDO DQWLR[LGDQW WKDW LV SUHVH
IUXLWV > Q@EBVHGSDDWMR[LGDQW FDURWHQRLGV FDQ FR
UDGLFDOV DQG LQFUHDVH WKH FDSDFLW)\ RIDDGEWQRJHRVG
WKDW FDXVH OLYHU GDPDJH &DURWHQRLGV IRU H[DPSC
JOREXOHV ZKHUH WKH\ SUHYHQW WKH DXWRPDWLF R[LGLC
7KH FDURWHQRLG FRQWHGQGW UPQJHG EBHDEKH®@®IXUW |
PD[LPXP YPOXHODU UHVXOWYV ZHUH UHSRUWHG E\ > @

$QDO\WLYV RI WKH VHQVRU\ FKDUDFWHULVWLFV RI WKH

7KH FKDUDFWHULVWLFV RI WKH VHQVRU\ TXDOLW\ DI
FRQVXPHUV EHLQJ WKH PRVW LPSRUWDFMWRIDRWR US UR G}t
> @ 7KH VHQVRU\ SURSHUWLHV RI IHUPHQWHG GDLU\ SUF
RUBHU DSSHDUDQFH DQG FRQVLVWHQF\ WDVWH DQG VPl
HYBOXDWLRQ DUH VKRZQ LQ )LIXUH

$ZDUGHG V

&< $U< $S< 3< 5< 6<

<RJXUW VDPSOHV
JLIXUHWDAR SRLQW DYHUDJH RI WKH \RIJIXUW VDPSO

$FFRUGLQJ WR WKH UHVXOWV RI WKH VHQVRU\ DQDO\V
WKH KLIJKHVW VFRUH SRLQWYV RI IROORZHG E\ UD
REWDLQHIG E\

&RQFOXVLRQ

*RW PLON GXH WR LWV FXUDWLYH SURSHUWLHYVY KLJK G
TXDOLW\ RI WKH IRUPHG FRDJXOXP LV D UHFRPPHQGHG
+LJK ELRORJLFDO YDOXH DQWLEDFWHULDO VBKIHR SHAUGN L |
SURGXRWW PLON \RIXYWIALMRHAWXRWYWYWO IRRG IRU FRQV.
7KH DGGLWLRQ RI VFDOG IUXLW LPSURYHG WKH \RJIJXUW
VDPSOH SRVLWLYHO\ LQIOXHQFLQJ WKH FRQWHQW LQ E
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,Q WKH YRPSWOWMY ZLWK DURQLD IUXLWV WKHUH ZDV D VI
SRO\SKHQROV DQWKRF\DQLQYV DQWLR[LGDQW SURSHU
BWUDZEHUU\ \RIXUW REWDLQHG WKH KLJKHVW YDOXHV
& FRQWHQ

3HDFK \RJXUW KDV DQ LPSRUW DRRWD FRHOR@W RI FDURW

SHIHUHQFHV

6DQGXODFKL ( %XPIPWRU DIIHFWLQJ TXDOLVBGRDQRBW \Q P
VRFLDO VFLHQFHV UHVEBBXFK MRXUQDO
*RPHIDOOHJRH&PRQGHP 5 6DOOPLQHQ 6 7KH UROH R
GLHWDU\ JKXXWHOWQR® BIB¥LHZV

*KHQ®RY QX $ &RPSIX ELRORJLF DFWLYL GSHH @W UXL QI LIPRIY
IXQERQD®IHW X U [ S7HK QIHA® S St

'RPDJDLD - -XV]F]DN / YORZ EHKDYLRU RI JRRWGY PLON
6FLHQFH DQG 7THFKQRORJ\ (OHFWURQLF -RXUQDG®! 3ROLVK
&DXQLL $ &XFLXUHDQX 5 OLNOYVIQPI=ENDU $ 5HRIHDLRQ VI
FKHPLFDO FRPSRVLWLRQ SWRXTGX.DOLQ\YIHY Y HWIBDWDE OHVVLOH *
6HULHSS

%XWQDULX DRLXQL WHRSBMHWHFH GH ELRPKUMRIHDHJIHSD O
*DKUXLH ¢VNDQGDUL 0 + OHVEDKL * +DQLISRXU 0 $
DVSHFWV RI \RIJIXUW IRBRWGIB6FDWXRQ HB&QNYWZ

/ILDQJHW DO 3K\WRFKHPLFDO SURSHUWLHV DQG DQWI
UDVSEHUU\RPUQBWIRHV)XQFWLRSD®O )RRGV
+UXVNDU 0O .USDQ O %XFDN , O9DKFLF 1 &RQFHQWUD

LQ SODL@LRWA B URJIK XU WO G MHIVPU WW KRS DJIH

OHL - % B5HLQHFFLXV *$ .QLJKWRQQI®XHQERWIXGVUDZEHU
FRPSRVLWLRQ R DUWLRP)R R 8 CBHKIN\BHSt

<X\DPD / $JXLDU - &XMPHRDN.& ODFHGR 6 )DYDUR ' $OIRQ
0 3LPHQWHO 6 %DGRODWR ( DQG 9DQQXFFKL + &1
PHVRFDUS RI WKUHH SHDFK SDOP %DFWULVJDVLSDHV SRSX
,QW - )RRW B FLSIX t

+DUVDQ ( 6HVWUDV 5 6RPVDL 3 %DUERV $ DQG 6HVWUL
3ULQFLSDO &KHPLFDO &RPSRQHQW /RV\X RWQX\W P $EFEW0BiQ)IURTLA
$JURERWDRDDSRED XI5 t

*UDQDWRUDQFR *) &UX] $ * )DULD - 6KDK 1 3 3UR
IXQFWLRQ&RPSRREWY )RRG 6FLSIRIRG 6D

9DKHGL 1 7HKUDQL 0 0 DQG 6KDKLGL ) 2SWLPL]LQJ
HY DO X DWLQUW\WO/X US@H XMWRUDBJBIULF DQG (QSEURQ 6FL

'L &DJQR 5 &RGD 5 'H $QJHOLV 0 *REEHWWL 0 ([SOF

WKURXJK ODFWLF JRRR® QO HRIPRIER®RIDOW L RQ
ODVXOOL 'OHDVXULQJ S+ DQG WLW UDHE® A XDRLIGHE W\SFH HRUX U W

%URRNILHOIGVFRPHWHU 2SHUDWLQSSQVWUXFWLRQV 0DQXDO
6WXU]D 5 3ULQFLSLL PRGHUQH GH DQDOL]&RL@OLPFHYWHORU
3RZLW] 5 : :DWHU DFWLYLW\OGD QH % PRRGIERR O H

‘DONHU *RUDQ /IDERUDWRU\ GHWHUPLQHG VXJDU FRQW
FRPPHUFLDO LQIDQW IRUPXODV EDE\ IRRGV DQG FRPPI
FKLOGKWQLHOWV

3\QH * '"MWHUPLRIPMWALR G URW HE\QM & R Q/GIHDRA GHHS BV W RIHDQWL RRQ
'DLU\ &KHPEQMYUHUVLW\ &ROOHJIH Ss
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+DVVDQ $ $PMDG , ODKPRRG 6 OLFURELRORJLFDO L

GLIIHBHVQMLON DYDLODEOHSVQ-D)@RIBIEI PD S S HW

6DQGXODFKL ( %XOOGDRXRBLRORJILD IREB®EXPW UL BEAWRGULE

A7THKQBFOD SS*

3ULRU 5 / ;LDQOL :X 6FKDLFK . RGV |RW DVXGID HGLHK®G LTH

$QWLR[LGDQW &DSDFLW\ DQG 3KHQROLFV $J@ LR RRR 6 &K HIPH
SS

7DEXKHY $ $QWKRF\DQLQV )RRIG SR DD\ FSH 1HME X K OVi

ODF3ULZDW BURYQGXODFKLHWH U P LRIDGM RRDEGDEMHWIHWDEOH V

E\SRWHQWP RWHIDGHRIW KB W HU Q®\W § R @AOPHIRO L P @WK Q L D

SS

ORUULVVH\ 3D$ 9LWDPLQV_9LWDPLQ & 1XW WGLW@RIDH] 6LJQL

+XEHUW(QM®FORSHGLD RI 'BISU\+6 FLHQFHYV

5DQGRLQ / 3HUURWWODKPOPWLRQ RI WKH YLWDPLQ & $ % D

GLIITHUHQW KXPDQ PLONV DQG D VWXG\ Rl WK KNHU PRWS L RE DW

WKH PLOKNDEMQSS H

1HFXOD 9 $QDOL]D VHQ]JRULDO DtDOLPHQWHORU 1RWH!

ORKDPPDG $ 0 6 DQG ORKDPPDG 2 ORKDPPDG $ 3K\VL

FKDUDFWHULVWLFV RI VWLUUHG \RJKXUW IODYRUHG ZLWK P

SHULREN - 1XWUSS=

+DTXH $ B5LFKDUGVRQ 5 DQG ORUULV ( (IIHFW RI IF
UKHRORJ\ Rl VHW D@®& &/ W\GUURFRIBI X UW
6RGLQL , 5HPHXI) +DGGDG 6 DQG®VWRWHIHHMEW RI PZ&N B

DQG SURFHVV RQ \RJXEWLW HPBW XU HR FOG UGLLHLZK W U
*RQ]DHOBYWLQH] & %HFHUUD 0 &KDIIHU 0 $OERUV $ &D
VXEVWLWXWLQJ PLON SRZBHUW VR I7XKBOYRRREUGRQ SBHFKQRC
+
%DUWRR 6 $ %DGULH 1 3K\WLFRFKHPLFDO QXWULWLR
JROGHQ DSSOH 6SRQGLDV RWKHUGD ARQESHRIKXUW YV
&KHH & ®ODRBHU - - 'MRUGMHYLF ' )DUDML + OF&OHPHQWV
3HWHUVRQ ' * 5REHUWV 5) &RXSODQG - 1 &KHPLFDO
IODYRXUHG \RIJXUW VXSSOHPHQWHILOLWKVISS DOJDH RLO HP:
7DUDNFL = DQG .XFXNRQHU ( 3K\WLFDO &KHPLFDO
&KDUDFWHULVWLFV Rl 6RPH<HUXHW )ORYRUBSB<RIKXUW
6DQGXODFKL$FWLY D\S B@ bR G XO\CHPH Q VR@RIHJEK ILKX (GLW X UD
7HKQ8FDSS =
'RPDJDA&D - L QVWUXPHQWDO WH[WXUH V\QHUHVLV DQG
JRDW FRZ DQGQWHHEBRPEBVURS St
&RVWD 0 3 )UDVDR % 6 6LOVYDGF®R 5 0)UHLW DRKISRDYR R D
JUDQGLIGROSPSURELRWLF DQG SUHELRWLF ,QIOXHQFH RQ |
JRDW PLON \BUNUWRL SS=
OLVEDFK 0 6DQJHHQ 1 -DEHHQ 5LW\ RI $QX\I/¥\B FOWBILKAIDLD
FR®E31 -RXUQDO RI $JULFXOWXUDO DSt %LRORJLFDO 6FLHQ
.RQDWH . +LORX $ ODYRQJRX - ) $QWUPERURDENL. PF
IURP 6LGD DOED ODOYDFHDWH\DL\DURYW ERGYRER [R NRED DQ OF
OLFURELRORJ\ DQG $QWEPLFURELDOV
ODOOHVKD 6 5 6HOYDNXPDU -DJDQQDWK - + ,VRODW
EDFWHULD IURP UDZ DQG IHUPHQW HGDFWRFKHQW BI\GH VUK K
6FLHQFH DQG 7THBRORORJ\

':LGRGR 7 7L\DV 7 7 1RVD 6 $ JHUPHQWHG JRDW PL

GLIIHUHQW VWDUWHUV RI ODFW I$B UDFLG7EBRVBHULD 4XDOLW\

%DWEL , DQG .DYD] $ $Q LQYHVWLJIJDWLRQ RI VRPH SUR

FRPPHUFLD Y WBUWHU FXOW XQW HIUXQUD\Y 1 RQDROUDRIKUQDO RI 'D
SS +
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JLPHL & 9LJQHDXOW & 5DJKDYDQ,PSROUWDXEREERIEWKH SK\W

FRQWHQW RI IUXLWYV DQG YBHA HZ\DOLE/D 13 R WW\RK R XSRSBI @ VK 15 Bl @ IWHKZ

7ROLF 0 7 $QWLR[LGDQW 3URSHRRGHVHRK@R & N BbiE IR WUH
SSt

*DR ; 2KQD®QG-HSSVVRQ 1 %MRUN/ 7UDMNRYVNL 9 8

DQG WKHLU UHODWLRQVKLS WR SK\WRQXWULHQWV vQ IUXL\

GXULQJ PDWWRWLORRG &KHBS *

&KRXFKRXOL ORSRX@RM 1 .RQWHOHV 6 - .DUYHOD ( ODN
JRUWLILFDWLRQ RI \RJXUWV ZLWK JUDSHRRGILWLVYLC

7HFKQROSS

OF'RXJDOO * - $XVWLQ & 9DQ6FKD\N ( KNDUWVRDBOORQ BRG

$URQLDPHODQRFDUSD IUXLWV IURP 2UNQH\ 3KHQROLF FR¢

PDNLXRRG &KHP SSt

.RSRQHQ -0 +DSSRQHQ $0 ODWW LOD 3+ 7RUURQHQ $ 5

DQG HOOQVLMPQWOHFWHG IRRGVS$EIRQNYRRG REHBGODQG

:DOODFH 7 & *LXVWL 0 0 '"HWHUPLQDWLRQ RI FRORU
\RIXUW V\VWHPV FRORUHG ZLWK QRQDF\O D WH/GPRPFEHORIF G QLK
RWKHU QDWXUDO V\QRKGIWEE BSEORUDQWYV

*HQRYHVH 0, 3LQWR O '6 *RQFDOYHV $ ('6 %LRDFW
FDSDFLW\ RI H[RWLF IUXLWV DQG FRFRPRG B EDBE®R BRIKQ BSXRB\
,QWHUQDWRR®DQG 2DN V= Ss

+DVVLPLWWR 1 0$ *HQRYHVVH 0, /DMROR )0 $QWL

YHJHWDEOHV DQG FRPPHURXU®DORRH B IUKEXNO #XOOWD DQG
‘DVK LRI W S8

2K +6 .DQJ 6 74XDOLW\ &KDUDFWHULVWLFV DQG $QWLR]
6XSSOHPHQWH G$UIRQK 0f PRIQIDR KFMHYS DXWU )RRG $F &

OROM/YLIJPDUWt & 3HUPDQ\HU 0 ®RDEDVWHOORWE $ , /(ISHEV
SDVWHXULVD®WURQVXQE BURFHVVLQJ RQ YLWDPLQ & WRFRSK
KXPDQ PRREG &KHPLVW$\S +

‘HVW & ( (LODQGHU $ /L&RGRNWXHQFHV RI UHYLVHG HVWL
ELRHIILFDF\ IRU GLHWDU\ FRQWURO RI YLWDKIHQ-RX3HIDPLRQ
1IXWULWLRQSS t 6

%]GXFKD $ :RORVLODNHUJLVWLF HIIHFW RI DQWLR[LGDQW LC
HQ]\PDWLF K\GURO\WDWH LQ FRPE L QTDVIRR\QH RHWIKQ DRVER®H LR
V\VW$FPVD 6FL 3RO 7HFKQRBS: $OLPHQW

OHUFDGDQWH $ = &DURWHQRLGV LQ IRRGV 6RXUFHV
VWRUYRRBIB &R OGRUKHPWEFDO DQG )XQFWLRDO 3URSHUWLHV
*X] ( 1RYLWVND\D ( .DOHQLN 7 /HYRFKNZKQHHD UQ |G IXHIDREW] HR
YHJHWDEOH SXUHH FRQWDLQQQJFRPSRWHWRRG\DRG WW K XQPIW,
,QW'DLU\ 7THFKQRORSS

*LXIULGD ' 7RUUH * 'XJR 3HWXJIRPEQDWLRQ RI WKH FDURWH
IUXLWV MXEFHUBEQWW B&

5HP\D 3 5 Q6RDURBQHHQD (5 6HHMD 7 3 6KDKDQDV (
4XDOLW\ (YDOXDWLRQ RI -DFN$SVKDW EDDAHG JRRGHHM\ERIXUW
3XQQDJDLDUDVL $ 5DMDUDMDQ * DQG (ODQJR $ UHG $VVE
SDSD\D \RJKXUW GXULQW WWRMMURQIHUELRGUQDO RI 6FLHQFH
SSs =

+RVVDLQ 0 1 )DNUXGGLQ 0 DQG ,vODP 0 1 4XDOLW\
\RIJIKXUW ZLWK GLII-HWRR@GW3 URAHEHYOR XO0 S
9DKHGL 1 7THKUDQL 0 O 6KDKLGL ) 2SWLPL]JLQJ RI |

HYDOXDWLQJ LWV TXPOXWD\ADWL Q$MLRUQRBBWHRQ 6F

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



LPEUX 6HUJLX 3 GXU

JIJ)RRG 7THFKQRDRJI\
(IMHFW RI DHUDWLRQ RQ SK\VLFRFKHWPXEBO F

FKDUDFWHULVWLFV RI FRQIHFWLRQHU\ IRDPV

$EVWI

6WHIDQ FHO ODUH 8QLYHUVLWI R/

5DO> 20LPSLD

.H\ZRUGV

IDW

G KWF XM\J KR W

IRDPV ZDWE IREVE UWHRSS

%

&RQIHFWLRQH

YRDPV
$LU EXEEOHV

7H[WXUH
&RORU
&RUUHVSRQGLQ

DXWKRU
6HUJLX 3 GXUH

SHFHLYHG LQ U
(PDLO

$UWLFOH KLVW
S5HFHLYHG
IRUP

$FFHSWHG

Igp TTIT O
L w>0 Oonp3xx-
—IXO2 AaaaxOHX
Erw>w> »>0awn

5H3
T

VHUJLX SDGXU
ILD XVY UR

ZKLFK |

DUDPKHWHSUHEYXHQW
1

HU BON\GH 6 UIRIXPYWH U
ARULHBPYDBPIGXWD PIRQH V

WKH DHUDWLRQ SU|

WKH LQIOXHQFH RQ WKH
U SWIRGHUWLHY DQG PRX\

RGXFW ZLWK D KLJK YLVFR
HU

QG FRKHVLYHQHVV
v

EZKRO
w
R

\HO@RZXH D[LV VKRZ
IUDFWXUDELOLW\

7KH WH[WXUH SURILOH DQDO\VLV |

WKH KLIKHVW KDUGQHVVzLV MKREIQHERWKND
IRDP VDPSOHV VKRZLQJ FORVH YID@XHV UDQJ

H VDPSOHVSRIWRK IDNORD G KLIJK KDUGQHV!'
OV RI

DQG

YWVVOEFF
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JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

0DQ\ IRRG SURGXFWYV HVSHFLDOO\ WKRVH RI EDNHU\ ¢
RQ WKH DHUDWILHRYHSBRBFHWVWHWWRDLQ VWUXFWXUH ZKLFK F
PHFKDQLFDO RU FKHPLFDO PHWKRGV $Q DOWHUQDWLYH
FRQWLQXRXV DHUDWLRQ LQ ZKLFK WKH DLU SKDVH LV C
HORQJDIVLRQFHVR LQWR WKH FRQWLQXRXV SKDVH > @ $ J
DHUDWLRQ SURFHVV RI IRRG PDWUL[ LV WKDW WKH DLU
VWDELOL]HG > @ $LU EXEEOHV DUH DQ LQWHDWDO SDL
PHULQJXHV P DRRM\PZHNSEHG GRXDPW RU DHUDWHG FKRF
DHUDWLRQ SURFHVV EHLQJQRMARMWK U B Q HIUERE R (DYWL BIQY K+
LQFUHDVLQORZRABHAMN LW\ LPSURYLQJ WKRUS DGBWD L O
DHUDWLRG HWHRFPVYHY DQ LQFUHDVH LQ WKH YLVFRVLW\
SURGXFW GXULQJ SURFHVVLQJ UHGXFHV VWLFNLQHVV [
VWUXPWMEKWKUDO FKDUDFWHULVM ISRAR GXIFMW W BDQG W K B QFIRKY
SURSHUWLHV DHMOKRIHWKARKVWHKVKHG SURGXFW > @ 7K
SURFHVVHV PXVW FRPSO\ ZLWK FHUWDLQ FRQGLWLRQV V
SDUWLFXODWHV ZIRGIRRYOMVRL OGGU RREBHMMWKRXW PLFURF
VWDELOLW\ DQG FRPSRUWPHQW Rl FRQIHFWLRQHU\ IRI
PLFURVWUXFWXUH DQG PRUH SUHFLVHO\ WR WKH DLU
IUDFWLRQ WKH IRBEEQHWR Y® ZQWHUDEXQLIRUP GLVWULE
EHVW WH[WXUDO SDUDPHWHUV IORZ EHKDYLRU DQG VWI
LQWHUHVWLQJ WR FRQVXPHUV > @ $LU EXEEOHV DUH LQ
WKH UHUPBH@KH WL[LQJ KHDG JHRPHWU\ DQG LWV RSHUD
WKH DLU EXEEOHV FDQ EH DSSOLHG DOVR WR DVVHVV WK
WKH WH[WXUDO S UIRISHUBLH \D O5Q 6 HPRX W K V XRIW EHW K H HHX
EXEEOH PHFKDQLFV DQG KXPDQ VHQVHV > @ )L[LQJ I
LPSRUWDQFH IRU SURGXFHUV ZKLFK VHH DLU EXEEOHV DV
WR SURGXFH D UDQJH RI QHZ WH[WXWHRQH RPRFWK & FBX
NQRZOHGJH WKHUH DUH IHZ UHVHDUFK DERXW DHUDWHG |
UHVHDUFK LV WR G HMWKH P HYD WIKRQHSIHEMHRY DQG WKH LP
RQ WKH TXDOLW)\ FKDUDFXWHU RVWRB NV PR/ LIPQRER @ HHF W L

ODWHULDOV DQG PHWKRGYV
ODWHULDWLP@P®W[SHULPHQWDO SURGXFWYVY SUHSDUDWLRQ

7KH FRQIHFWLRQHU\ IRDPV VDPSOHV ZHUH SURGXFHG L
6 $ FRPSDQ\ 6XFHDYD 5RPDQLD PpPRPU YBPSWBEOHIJASBDE
ZKLWH FKRFRODWH VXJDU JHODWLQ DQG \RON ZHUH XVH
D VWDELOL]LQJ DJHQW IRU WKH IRDPfVY DLU FHOOV 7K
PHFKDQLFDO ZKLSSLQJ SURFHVVWRMLKQ$D GS O BV HWVDBLH\HRSL |

URWDWLRQV PLQ XVLQJ D VL[ ZLUH ZKLS DWWDFKPHC
PLOQXWHYV

7KH IRDP VDPSOHYV ZHUH SUHSDUHG DV IROORZV |IRU 6
DQG \RON ZDV ZKLSSHMIG ORVME PILOWNG WHPSHUHG FKRFRODW
WKLV PLIWXUH ZDV LQFRUSRUDWHG LQ WKH ZKLSSHG FUF
DQG 6 VDPSOHV )LJXUH LQ WKH ZKLSSHG FUHDP DQ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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LQFRUSRUDWHG RWKIHYJI LZLIWK GUKH WIV[WXYMDH EHWZHHQ VX

\RON DQG IROORZHG E\ WHPSHUHG FKRFRODWH DQG K\GU
7KH 6 DQG 6 VDPSOHV DEDVNGJHRGPEOHBAKEOHWD® DQG 6

EDVHG IRDPV 3ULRU WR WKH DQRGWUW HVKIHINDBBQRQ EI
KRXUYV

v

v

Sugar |—| Yolk Milk Chocholate

A4 l
Foaming

£ Cream / Gelatine
—_— | ——

Vegetable cream + water

J)LIXUH 7KH VWUXFWXUDO GHVLJQ Rl ¥ RDX&IBP®ROQIHFWLRQ

Sugar S Yolk f
—_— —
syrup

f Cream / ‘
Vegetable cream Foaming
/ \

Chocholate Gelatine + water

J)LIXUH 7KH VWUXFWXUDO GHVLJQ RI 6 DQG 6 FRQIH
VEVROXWHIRDQPLQJ

SK\ WLFRFOH®PDBDPHWHUV

7KH PRLVWXUH FRQWHQW RI IRDPV VDPSOHV ZHUH GHW
f& > @ DQG WKHQ H[SUHVVHG DV SHUFHQW WKH SURV
PHWKRG > @ DQG H[SUHVVHG DV SHUFHQ®@ RD \ZHD\8 SEDL\VH &
GHWHUPLQH WKH IDW FRQWHQW DQG WKH UHVXOWYV ZHUH
ZDV PHDVXUHG E\ GLUHFW W H\WSICHAARIES Z8L\W KI MD2*S O H1D Q
WKH S+ ZDV GHWHUPLQHG SHPIHWH @ 7&KHWRMR-QU HFR\DLHRGRI U\ |
VROXEOH VXEVWDQFHV FRQFHQWUDWLRQV f%UL[ ZHUH
UHIUDFWRPHWHU ZLWK DQ DFFXUDF\ RI DQG WKH ZDV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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DFWLYLW\ PHWHU $TXD/DE /LWHVXHKHGROHA @GR WKV W\DZDI
1,+ ,PDJH DQG H[SUHVVHKG BRCHUPH@WROUHPHQWY ZHUH
&5 &KURPD PHWHU IURP .RQLFD OLQROWD .RQLFD OLQR
XQLIRUP FRORU VSDFH PHWKR&WRKINYH D/ WHASUHHHNGHHRIMAY U
DQG E UHSUHNIDXW WIHOIDRIO HKRUFWRRHD RU FRORU LQW
DQG \HOORZQHVYV LQGH[ <, ZDV FDOFXOG@WHG DV IROORZ

KWDE D
& D E

THIWXUH SURILOH DQDO\VLV

THIWXUH PHDVXUHPHQWY ZHUH FDUULBGOGHRXD/WRDPERE
WHPSHUDWXUH(ZQWK DIBDWNXUH $QDO\]HU ODUN &RUSRUI
ORDXIQQMIRDGLQJ VSHHG RI PP PLQ XVLQJ FRPSUHVVLRQ
VDPSOHV EHLQJ FRPSUHVVHG WR RFW WRQRIUL JRPP® VDI
KDG FXELF VKDSH ZLWK VLGH RI PP DQG \WWBM H¥FMAMG W
> @ 7KH H[SHULPHQWDO GDWD REWDLQHG IURP 73% WHV
SDUDPHWHUV OLNH KDUGQHVWH®HVVYLVFRVERKHWLY HG
VSULQJLQHVV 6 DQG VHFRQGDU\ WH[WXUDO SDUDPHWI
IUDFWXUDELOLW\ ) > @

$00 SK\WVLFRFKHPLFDO PHDVXUHPHQWY ZHUH FDUULHG
RI DQDO\WLFDO JUDGH

6WMWLFDO DQDO\VLV

7KH DQDO\]HG IRDPVY UHVXOWY ZHUH VXEMHFWHG WR
67%$7*5$3+,&6 &(1785,21 ;9, 7ULDO 9HUVLRQ DQG 3HDUVR
6366 ,QF &KLFDJR ,/

5HVXOWY DQG GLVFXVVLRQ
SBK\WVLFRFKHPLFDO DQDO\VLV

7 SK\VLFRBOUDIFFHDWM USURWHLQ PRLVWXUH RERQWHQYV
IUHH DFL®IQW FRORU SDUDPHWHUYV [/ D E FKURPD \HC
FRQIHFWLRQHU\ IRDP VDPSOHV DUH VKRZQ LGFRQWORW
YDULHG EHWZHHQ DQG WKH KLIKHVWEDIYWGFRQ\
IRDPV 6 ©6 ZKLOH WKBEDVHBGHMRDPOHGFUBDRSUHVHQWHG
UHVXOWY RI RQH IDFWRU DQDO\VLV RI YIHUWIHHQFFHLS \2WH W
VLIQLILFDQW S 7KH SURWHLQ FRQWHQW RI DQDO\]JF
UDQJH WKH VWDWLVWLFDO GLIIHUHQFH EHLQJ LQVI

:DWHU LV DQ LPSRUWDQW FRPSRQHQWWXH R Q LKF WKIORFW
EHLQJ WR VROXELOL]H WKH UDZ PDWHULDOV DQG KHOS PI

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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SURGXFW WH[WXUH SURSHUWLHV DQG LV RQH LPSRUWDQ'
FRQWHQW KDV D VLJQLILWBRWX B R CRV UFIREX WE W Q RROQH WAKSHU R
FRQWHQW RI DQDO\HG FRQIHFWLRQHU\ VDPSOHV YDULHC
PRLVWXUH FRQWHQW DFFRUGL®J WIRVWLPISA KL FO Q WV DM AD

$FFRUQRQ®MR > @KH ZDWHU DFWLYLW\ RI FRQIHFW,
VLIJQLILFDQW UROH LQ TXDOLW\ DVVXUDQFH SURFHVVLQ
HYDOXDWLRQ &RQIHFWLRQHU\ SURGXFWV VXFK DV ERLO}
RWRBWLQJV FRYHU D ZLGH UDQUIRMRI ZDWRHU DFW@L YAKML BNW

RI IRDP VDBPQOH® IURP WR E D WHIGHV® PRRIOHDP KDYLQ J '\
YDOXH 7KH FRQFHQWUDWLRQ RI VROXEGOMWXXBEQWDQFHBV |
WR 6 WKH KLIJKHVW %UL[ FRQFHQWUDWA IRVHEDV

VDPSOHV t¥DP6SSOHV EHORQJLQJ WR WKHIDBWHR IV \WDW O VWL
YDULDQFH KLIJKOLJKWHG WKLV GLIKHUPKRBWXDWGD S@® HYIHO)
FRQIHFWLRQHU\ IRDP VDPSOHYV ZHUH LQ WKH VOLJKWO\ D
RWKHU 7KH WRWDO DFLGLW\ RI WKH FRQIHFWLRQHU\
XVHG WKH FLWULF PDEHWLMDBWD DIUH PRFMREOR WWDHG
UubzZz PDWHULDOV XVHG LQ WKH SURGXFWLRQ SURFHVYV DQ
RU VRXU SHUFHSWLRQ LQ DGGLWLRQ WR WKH SURGXFW V¢
FKDUDFWHULWWH SURGXFW > @ 7KH WRWDO DFLGLW\ RI
VDPH VWDWLVWLFDO JURXS $129% S ! WKH GLIITHUH
QRYHO DSSURDFK WR FUHDWH QHZ SURGXFWYV IQJ IL[LQJ
SURGXFWYV ZLWK D ORZ FDORULF LQWDNH QHZ WH[WXUH
PRGLILFDWLRQ LQ WKH PRXWK IHHO > @ 7KH VDPSOHV S
DOVR WKH GLIIHUHQFH EHLQJ LQVLIQLULPRQWUSDIQRWK H!
LQWR D IRRG PDWUL[ PDNHV WKH ILQLVKHG SURGXFW OL
WH[WXUH EHFRPHV VRIWHU

,Q TDEOH WKHUH DUH SUHVHQWHG DOVR WKH FRORU !
&RORU LV DQ LPSRWADB QRN HXRO@ CBRURKBXIFWY  EHLQJ WKH
HYDOXDWHG E\ WKH FRQVXPHUV DQG HVSHFLDOO\ RI FRQ
SURGXFWV DFFRUGLQJ WR WKHLU FRORU FKDUDFWHULVYV
SURGXFWYV FRPHDL QU RLERORUV I URP WKH LQJUHGLHQW!
IRRG FRORULQ EUQ WWHUHXW FIDQ REVHUYH WKDW 6 DQG 6
FUHEPVHG VDPSOHV SUHVHQW WKH KLJKHVW YDOXHV ZK
DQG EHUWL JKK\D Q WBWHFRU HIIPPY 6 DQG 6 ESFRORU SOUWHB W
ZKLFK UHSHOGHRIPWVD[LYV VKRZHG KLJK YVDM@XHV IIRWD B
VDPSOHV ,Q FDVH RI D xAROHRY B[DVDPPOWHRBD B RMDWISYOHHV S
YDOXHV UDQJLQJDEHW PRH® WRZDWKAH JURZHNVW FRORU LQW
YDOXHV ZHUH REVHUY HEGEDNRHUG Y\HD P SWDHNO HZ R U E 1B R B M SFOUHH DBl
KDG WKH KLIJIKHVW ¥EDYXIBYVVIRSOHYWHDB P DI)AGV R VBKIHH WKH.Q KV
\HOORZQHVYV LQGH[ 2QH ZD\ $129% DQDO\VLV KLIJKOLJKW
GLIITHUHQW DFFRUGLQJO\ WR WKH LQJUHGLHQWY XVHG D¢
SURFHVV S

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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"LITHUHQW ORZHXGF D\QH DOWRZAVWKIR/Z DLIJQLILFDQW GLITHUHQFHV E
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JXUH WKHUH LV SUHVHQWHG WKH VWUXFWXUH |

LRQHUN LQGXVWU\ )RDPV VDPSOHV ZHUH PDGH W

URGXFLRUUNDRUIEXYWEE&G O R 8 AHOWMAR VD RQIHVDZH L

H VLIH YDUREBIVHA. B 5 OH VI NWREKDGE & DU

VWU WXUH RI IRDP ZLWK

D HHO PP 6 WR
L

2625,

H

EXEEOHV VKDSH GLIIH
ORZ FRQFHQWUDWLRQ

W U D W LLROQV$IK® R @ M FIHKQHERPLID LIRHUG W R

V ERMHG NDPSO UHVHQWHG VPDOO

G ZLWK D PRUH KRPRJHQHRXV GLVWULE
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THIWXUH SURSHUWLHY PHDVXUHPHQW

THIWXURILOH $QDO\WLV 73% LV D GRXEOH FRPSUH
UH RIWHQ IRU WH[WXUH PHDVXUHPHQWY GXH WR W
[WXUH SDUDPHWHUYV LQ D VLQJOH DQDO\WLYVY > @ %RW

VLWV 9 FRKHVLYHQ &R VSULQJLQHVV 6 DQ
HZLQHVYV &K WH[WXUH !
PHWHU TAKKH 73 H VSXCRWVIVO EIH

anzD
~~Oxxzx T3

V DUH VKRZQ LQ )LJXUH
HQJWK LV VKRZQ E\ 6 VL
XHV UDQUKB XKEHWEBHGQHV'
R D ORZ
W K

SRURVLW\ )LJIJXUH
XV REWDLQLQJ SURGXFW

ST<SOO

KH ILXRGHS Y UDEE WRNWIK HW KW HDWU D W LR Q
UDQFH FRORMOSUSRRML\ELEAY D Q\WGH® RN W
HGOIR®RG > @

mnr
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T
%200
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Y)LIXUH

JJJ)RRG 7THFKQRDRJ\

6
6WUXFWXUH RI WKH DQDO\HG IRDPV XVHG L(

7DEOH

7TH[WXUH SDUDPHWHUV RI FRQIHFWLRQHU\ IRDP VD

7H[WXUHSD -
PHDQ 6

+DUGQLI

9LVFERV

JUDFWXUIL

&RKHVL>

$GKHVLYIA

6SULQ >

*XPPLQH

&KHZLQI

5HVLC

FFFSNUDLQLDQ )RRG -RXARIPB ,VVX>HF



JJIJ)RRG 7THFKQRDRJ\

6 6

J)LIXUH 7TH[WXUH 3URILOH $QDO\VLV 73% FXUYHV RI WKH DQI

$QRWKHU LPSRUWDQW DVSHFW LV WKH IDFW WKDW LC(
LQJHVWHG IRRG LV URGX\FKIHG FWERYLEHFUWDNH ,Q VRPH V
> @ IRRG FRQVXPSWLRQ LV LQIOXHQFHG E\ ERWK ZHLJK)
IURP D KLJK KDUGQHVYV WKH 6 VDPSOH DOVR VKRZV KLJK
LPSOLHV D FRUBDGFEEIDLWWOH SURGXFW DOVR D KLJK YLV
FRKHVLYHQHVY 7KH KLJKHVW 73%$ VSULQJLQHVV RI DHUDYV
IROORZHG E\ 6 DQG 6 VDPSOHV ZKLFK KDG FORVH YD
UHFRU@WHK®& B\ VDPSOH 7KH 73%$ UHVLOLHQFH FRXOG EH GH
LWV RULJLQDO SRVLWLRQ > @ WKH DQDO\HG FRQIHFWLF

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



o) HYM Md MOAA49HIOTAM A1 OMAAMA O HNMYA MADMOAdMIOCTIA AT OHdTMAOHNNY®
HAOHTOGAANAO TARI AN\HO TAANCICOTNSAF)

ANHOHASAAAE OFHA TWVWHDIHEFAN X M4 UNTAHSEH AMNARO SN OMFIAAIEISM 1D T4$+F $

\M TAZIGA HHT VI QZFO %4 ORDHH M O % F H NXOVWM B AH OIHMEA/D I4 mal+a(

JJIJ)RRG 7THFKQRDRJ\

MIHM 90d OAQ4dTdHIdHARAWNMIBHSRHZMHI 1TNMAdd O4TMAOHNNY® ODYANAHE
HOo3a.

YWVVOEFF

FFFSNUDLQLDQ )RRG -RXAR®P B



JJIJ)RRG 7THFKQRDRJ\
HDUVRQ FRUUHODWLRQ

7DEOH SUHVHQWV WKH 3HDUVRQ FRUUHODW[WRURD V
SURSHUWLHV RI GHVLJQ FRQIHFWLRQHU\ VDPSOHV ,W FD
EHWZHHQ WKH SURWHLQ FRQWHQW DQG WKH FRQFHQWUD
QHJDWLYH FRUUHODWLRQ LV EHWEZBHQ DWDIPRE® HS R ELRG/LLWA |
WH[WXUH SURSHUWLHV DUH KLJKO\ SRVLWLYHO\ FRUUHC
YLVFRVLW\ U JXPPLQHVV ZLWK KDUGQHVV U
U DQRWKHU SRVLWLYBIGRRHMLNEBDWYR® QG EHWZH®I K
5HIJDUGLQJ WKH FRUUHODWLRQ Rl WH[WXUH SURSHUWLHYV
VDPSOHV LW FDQ EH REVHUYHG WKDW WKH IUDFWXUDEL
FRQWHQW DQG WKHFRQREQW VROXEOH VXEVWDQFHV U
FRQWHQW DQG ZDWHU DFWLYLW\ KDYH D VLJQLILFDQW
U DQG U ZKLOH D VLJQLILFDQW QHJDWLYH LQIOXH
JLYHQ E\ WKH WID®W\SQH SRUR $FFRQWDQD>WR IRRG SURGXF
ZLWK D KLJK YDOXH Rl ZDWHU DFWLYLW\ DUH FKDUDFWHU
WH[WXUH $ VLJQLILFDQW SRVLWLYH FRUUHODWLRQ ZDV |
ZLWK OWB®WMDGLW\ U U KDUGQHVV U L
U U ZKLOH WKH SRURVLW\ ZDV QHJDWLYHO\ F
WH[WXUH SDUDPHWHUV * DQG &K

&RQFOXVLRQ

7KH RULJLQ RI WKHUUDZHREWB BODORAUGH DR WKH SURGXFV
KDG DQ LQIOSKOWHHF RRRKWRHFDO FKDUDFWHULVWLFVY DQG F
IDFWRU DQDO\WLYV RI YDULDQFH $129% KLIKOLJKWHG WKH\

7KH FRQIHFNWEPRQHW\EDVHG RQ YHJHWDEOH FUHDP SUE
FRORU ODUJHU DLU EXEEOHV ZLWK D KHWHURJHDQDWHREXYV C
IRDPV ZHUH PRUH \HOORZ ZLWK VPDOOHU DLU EXEEOHV L
YRLGV

7KH DHUDWLRQ SURFHVV RI FRQIHFWLRQHU\ VDPSOHYV |
KDUGQHVY DQG VHFRQGDU\ WH[WXUH SURSHUWLHV JXP
OHG WR D OLJKWHU DQG VRIWHU WH$WRG MNFNWQ S WRK H GHW U
IXOOQHY®J DLU LQWR WKH VWUXFWXUH RI FRQIHFWLRQH
FUHDWLQJ QHZ SURGXFWV ZLWK VSHFLDO WH[WXUHV DQ
FDORULF LQWDNH

$FNQRZOHG JHKMHHQWWWIPRNQRZOHGJH WR 6& |
6 $ IRU SURYLGLQJ WKH UDZ PDWHULDOV I
IRU WKH H[SHULPHQWYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJJ)RRG THFKQRDRJ\
5HIHUHQFHYV

OLVQLDNLHZLF] 0 &RQVXPHUVY H[SHFWDWLRC
FRQIHFWLRQHU\ SURGXFWYV &3HRIVDEYEORDYW HWQF DMIR 8 W
FKDQJLQJ EXVLQH\WS HQYLURQPHQW

(GZDUGV : 3 7KH VFLHQFH RI VXJTR) F®R @ RFA\WM WR GRH WBK H P
SS+

1DUFKL , 9LDO & /DEEDIL O 'MHOYHK * &RPSD
FROQWLQXRXV DHUDWLRQ HTXLSPHQW iRMUWRB KRURABRE
HQJLQHHULQSS #

BWDQOH\ ' : *RIl +' BPLWK $+VWUXFW XUH WXUMD W LR
IRDPHG GDLU\)RREBOBH\RHDW FK , QWIS QDWLRQDO
*UDQJHU & %DUH\ 3 O9HVFKDPEUH 3 &DQVHOO 0

RI RI@PDWHU HPXOVLRQV LQIOXHQFH RI PLON SURWHLQ
DQG IDW FK D&RGFVRILLAW \IV QRBALRKLY DVFHHS BFH V

'HFNHU 15 =LHJOHU * 5 7KH VWUXFWXUH R
ODQXIDFWXULQJ &RQISIFWLRQHU

&DPSEHOO *%XEEOHV LQ )RRG 1RYHOWVHYHBIOWK DQG
'HENHU 1 5 =LHJOHU * 5 0 H F K DQIUADVOH GS U
FRQIHFWRRKQIQWO RI WH[WX BB ¥YWXGLHV

&DPSEHOO * 0 ORXJHRW ( &UHDWLRQ DQG FKD
SURGXBW®GYV LQ IRRG VFLHQFHSSWHFKQRORJ\

+DUWHO 5 : -RDFKLRIEHUOHW RRAIHFWLRQHU\ VFLHQ
WHFKQRE@RWIHUODQG 6SULQJHU

'XTXHQQH % 9HUJDXZHQ % &DSGHSRQ & %RRQH 0
+RRUHEHNH / 'H %ORFN - BWDELOLVLQJ IURJHQ
ZHLIJKW JHODWRRGSKHE URFROORLGV

1LHOVHQ 6 6 (BRG DQDE®WLQJIJHU 1HZxRUN SS

65 (1 ,62 '"HWHUPLQDWLRQ RI QLWURJHQ FRQWHQW
$2$& ,QWHUQDWLRIQDELDO PHWKRGV RNKD@GDBR&VL
,QWHUQDWLRQDO 5RFNYLOOH

7\0 & 6DGOHU * S+ DQG 7LWUDWDEOH $FLGL\
$QDO\VLV )RRG 6FLHQFH 7H[W BHULHV 6SULQJHU &KD
3 GXUWH 2URLDQ 0 *XWW * $PDULHL 6 (YDOXDW

FORVH UHODWLRQ ZLQWKHWRBMWL PQRIURWNBRODO RI JRRC

SS +

-XQJ + B6DWR 7 &RPSDULVRQ EHWEZWHQ HWKH, @B 8 |

DQG <HOORZQHVV ,QGH[ RQ WKH &,(/$% 7H[WLOH &ROI
+

5R_VHQWKDO $ - THIWX4KIR Z S URSIRUNW DIAQWD ODWLH
SDUDPHWKU@DO RI WHI[WX B YWXGLHYV
%XUH\ 3 %WKDOQGDINXNWIHUYV 5 3 * +DOOH\ 3 - 7RU

&RQIHFWLRQHU\ JHOV $ UHYLHZ RQ IRUPXODWLRQ
DVSHEWHUQDWLRQDO -RXUQDO BIS)Y RRG 3URSHUWLHV

&KHQ / 2SDUD 8 / THIMXEBBARHDNXQ HB HYK DEG
IRR6% UHY)LRIRG UHVHDUFK LQWIBSBQDWLRQDO
(UJIJXQ 5 [LHWKD 5 +DUWHO 5 ORLVWXUH

FROQIHF®WIRQPIVFDO UHYLHZV LQ IRRG VEEHQFH DQG QXWI

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

JRQWDQD $ ‘DWHU DFWLYLW\ IRU GIREHEERUWRQH

5HVHDUFK 6F%HQWLVW

JHHV 5 6XJDU FRQIHFWLRQHU\ DQG FXRFRRIHWEF PHD@R

%XVLQHVV OHGLD

-DUUHWW 7 1 $ F 10GY XU Q &R HPNELERIHWU

hQDO UHQJ|U * ) %DODEDQ 02 7RSDOR+0OX % $\YD]
&RORU DVVHVVPHQW E\ GLIIHUHQW WHFKQLTXHV |

GXULQJ FROBRWGWERALPIIGFH DQGSFEFKQRORJ\

*RUDOFKXN $ *ULQFKHQNR 2 S5LDEHWV 2 .RWO\DU 2

SURFHVV VWDELO&NMWLRQD ® URIREG HEBXUQDO

%RXUQH 0 )RRG WH[WXUH DQG YLVFRVLW\ OFVRIQEHSW I5Q

+

SUEROH\D - &XLURIBID /DVD ' $QKVR]2$ /XLV (IIHFW

RI KLJKO\ DHUDWHG IRR@Q W@ WHIBWHE\R B0 OV PRKLHMD\O R *

YRRG 6FLHQFSS

2VWHUKROW .0 5RH /6 5ROOVR%DBLU LQW®RFRWISRUM

UHGXFHV HQHUJ\ LQWDNHt $SSHWLWH Ss

*XSWD 5. 6KDUPD $ 6KDUPD 5 ,QVWUXPHQWDO

RI VKHOOHG VXQIORZHU VHHG FDUDPHO VQDPRRGXVLQJ

6FLHQFFHBRGRORJI\ ,QWHUSBWLRQDO

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\

1DWXUH Rl ZDWHU ERQGLQJ LRURVEMDWHG PL«
VI\VWHPYV

(OHQD *RQF *DO\QD 3RO
,U\QD 6KHYFKH/QINRLDQD 2VPDN

122 &KXINR ,QVWLWXWH RI 6XUIDFH
+IDWLRQDO 8QLYHUVLWI RI )RRG 7THFKQRORJLHV .ILY

$EVWI
-H\ZRUGYV ,QWURG 7KH QDWXUH RI WKH
FKDUDFWHULVWLFV RI WKH SURFHVV RI UH¢
OLON GRPDLQON@®G SURWBVQWAVWHPD/WHG LQ
BURWHLQ WR SUHGLFW WKHLU IXQFWLRQDO DQG WHF
:DWHU ODWHULDOV D@BHPHWEBR[®WLRQ IHDWXU |
%RQGLQJ FOXVWHUY DQG GRPDLQV LQ FROORLGDO V

&RQFHQWUDWWWXGLHG E\ WKIPIWKHG FFRHSRODUL]DWLRQ F
(OHFWURSKRUHWLF DQDO\VLV RI WKH IUDF

SURWHLQV ZDV SHUIRUPHG DFFRUGLQJ WR

$UWLFOH KLVWRU\SHVXGWW SHFXOLDULWLHV RI ZDWHU Gl
SURWHLQ PDWULFHV LQHBLO®NOBRQSURWH k

SHFHLYHG FRQFHQWUDWHYV E\ 28 MKHHHEDWX G LRHGFRP S|
\WLV RI 76' VSHFWUD RI UHOD[DWLRQ

fF':UFF',“YHG LQ U E?b[\}&' MOH ROSRZU D W X UWHH PRIBU W XKUH U H JLF
SEFHSWHG VDPSOHV RI IUHVK VNLPPHG PLON UHFRQ
SRZGHU DQG VRGLXP FDVHLQDWH VROXWLR

LQ WKH QDWXUH RI ZDWHU FOXVWHU IRUF

SURYHG OLON SURWHLQ FRQFHQWUDWHYV
&RUUHVSRQGLQFWLYDWLRQ RI GHSRODUL]DWLRQ RI ZDW

DXWKRU IRXQG RWRSBRWLDO JULGV ZLWK VPDOOHU Ft

RI QDWXUDO PLON 7KH UHYHDOHG HIIHFW
7HWI2V@DN XQGHU WKH LQIOXHQFH RI KHDW WUHDWP
(PDLO VLIQLILFDQW FRQIRUPDWLRQDO FKDQJHV

RVPDNWI#XNUERYWHG E\ WRWIGHD BWWKH PDMRULW\ RI Vi
SDUWLFXODU LPPXQRJOREXNOEQ\RIJOREXOL

DQAGODFWDOEXPLQ ,W LV UHOHYDQW WR X\
PLON SURWHLQ FRQFHQWUDWHY ZKRVH SLU
OLPLWDWLRQWHW 6ORKR/AWNWHENM VPDOOHU WKI
PLON 7KH UHVXOWY RI WKH UHVHDUFK DU
WKH\ DOORZ WKH SXUSRVHIXO IRUPDWLRQ
VSDWLDO VWUXRQWH. QLGU RRR-EL Y\VWHPV

ERQFOXVKRIQEHFXOLYKHWQBWXRJH RI ZC
ERQGLQJ LQ KSTURWH® FMOWHPV RI GLIITHUI
2. KHDW WUHDWPHQW KDYH EHHQ HVWDEOLVK

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

,Q ELRORJLFDO V\WWHPV ZDWHU LV GLVWULEXWHG LC
GLITHUH@MOXNMWNU V QP +DQYX® GRRDLTKH FKDWU HELXQV WG
LQ WKH BRRWDMLE@LQJ VI\VWHPV RI ZDWHU GRPDLQ GRPDL
EHWZHHQ IUHH DQG ERXQG ZDWHU DQG WKXV VLJIQL
SURWROQ@DLQLQJ VIVWHPV > @ 6SDWL.OGLYU RVDMLHY JGIRRLT
WKH VL]JHV IURP WR QP WKHUHE\ FRXQWHUDFWLQJ W
ZHOO DV WKH JURZWK RI LFH FU\WWDOV LQ WKH SURFHV
LPSRUWDQW IRU WKH SXU RREWN NGOV LR | ORKHRIAMLRQ WR B §W
VWUXFWXUH RI IRRG VIVWHPV > @

,GHQWLI\ WKH FRQWHQW RI ERXQG ZDWHU DQG WKH ¢
FDQ EH E\ VWXG\LQJ WKH GHSHQGHQFH RI WKH UHOD
GHSRQRQL]R® WKH SK\VLFDO DQG FKHPLFDO SURSHUWLH
GLVSHUVH V\VWHPHS @DWHUWKBERPDLQV ZLWK D QXPEHU RI .
UHOD[HG LQWMPSHHUDWXUH UHJLRQ RI WKH VSHF VO W7
FOXVWHUV 5 QP FDQ EH DWWULERW®O BFWXG HWMWRIXEDWX |
DUH ORFDOL]JHG EHWZHHQ DGMDFHQW SULPDU\ SDUWLF(
REVHUYHG WHMSHHIDWXUH /7 UHJLRQ WRIEW WH R/ HRE WWOLP |
UDGLXV ZLWK WKH QXPEHU RI PROHFXOHV XS WR VHYHUD
VSDWLDO FRQVWUDLQWY RI UHOD[LQJ GLSROH VWUXFWX
FKDUDFWHULVWLFV RQ WKH VL]HV RI WKHVH VWUXFWXUH\

'HVSLWH WKH IDFW WKDW WKH SURSHUWLHV RI ERXQC
VWXGLHG E\ PDQ\ VFLHQWLVWYV > @ WKH GLVWULEXW
IUDJPHQWY RI WKH VWUXFWXUH KDV QRW \HW WEHHXFK QY|
SK\WLFDO SURSHUWLHV Rl PLON SURWHLQV DV VROXELO
WKHPVHOYHV DQG WKH DTXDWLF HQYLURQPHQW DQG W
VLIQLILFDQWO\ GHSHQGHQW RQ WKH FRQGQMWLR®D\W RG |
ELRFKHPLFDO WUHDWPHQW RI PLON > @ ,W LV FOHDU W
UHOD[DW LLRHY SURDMIHNW LQ SURWHLQ VROXWLRQV LV WKH
WKH FRQWHQW RI PLFHOOH FDVHLQ DYHUDJH VL]H =
K\GUDWHG V\VWHPV > @ 7KXV WKH VWXG\ RHWIONEHFNO |
RI PLON SURWHLQV RI YDULRXV FRPSRVLWLRQ DQG GHJU
VFLHQWLILF UHVHDUFK 7KH SUDFWLFDO VLJQLILFDQFH R
D WRRO IRU SUHGLFWLQJ WKHQEH&BYURHVRRIS 5 BRRFA\DWL
V\VWHPV

7KH DLP RI WKZDYHRMWROG\FWKH HITHFWV Rl ZDWHU VWDW
RQ WKHLUFISKRLEBPR FKDUDFWHULVWLFV

7KH WDVNV Rl WKH UHVHDUFK
i WR MXVWLI\ DSSO\LQJ WYXWLPXNOHREGRU LWKWMUR® WR

SHFXOLDULWLHV Rl ZDWHU GLVWULEXWLRRIW DQ QEQI NI FSl

VA\VWHPV
i LGHQWLI\ WKHW®B BDRW HQ V8 URE HPK A DSK SLREHUWLHV RI
DQG PLON SURWHLQ FRQFHQWUDWHYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

ODWHVLD@G PHWKRGYV
ODWHULDOYV

5HFRQVWLWXWHG VNLPPHG PLON SRZGHU > @ DQG K\GL
7KH PDVV IUDFWLRQ RI GU\ PDWWHU [SQ BEWR WIKQ VPR@ BHHYWRI
JUHVK VNLPPHG PLON ZLWK D ZHDDW YDA HFBREOWLIRROR | 1D

OHWKRGYV
OHWKRG RI WKHUPRVWLPXODWHG GHSRODUL]DWLRQ

76' VSHFWUD RI WKH VDPSOHV VWXGLHG LQ WKAPIRUP RI
LQ WKLFNQHVV ZHUH PHDVXUHG: D& DR W KROHDDONDRNY HR QDR
9 DQG D KHDWLQJ UDWH RI #& PLQ RQ D GHYLFH IRU WK
5) ,Q WKH SURFHVV RI KHDWLQJ ZLWK DQ HOHFWURGH \
PHDVXUHG LQ WKHS$SUZ®QLAK ZOWQLMWKH FRPSXWHU 7KH HLU
WHPSHY®W X8R U FXHEJHQWRU WKH KHRWLQJ UmawH

7KH DFWLYDWLRQ HQHUJ\ Rf WRH WERWRQ ZIRQ BXE XD\
$UUKHQXIDWLRD > @

GOQ (b
G7 57
ZKHUMXUUHQW RI SURWROVFRG & X BWXQIHWHU/DO JDV FRQV\

76' VSHFWUD ZHUH DQDO\]HG ERWK LQWMHPS MHPEKUB W-
DUHDV

7KH GHFRPSRVLWLRGWRIDWKHWVRE'FRBERQHQWY RI WKH
SHUIRUPHG DFFRUGLQJ WR WKH 3HDNILW 2ULJIMBHFWURPUL
SRLQWYV WKH H[SRHUWRHQGWHB®R YDOXBWLRQ FXUUHQW YDO X
GHQRWHXDQGUMDB®[DWLRQ SHDNV DQG WKH IDW FXUYH L
GHFRPSRVLWLRQ RI LQGLYLGXDO SHDNV 7KH GHJUHH RI |
PDWKHPDWLFDOO\ H[SDQGHG FXUYHV LQ DOO EBIHINVWIIRQ XL
RI WKH GLVWULEXWLRQ RI FOXVW}UWI ERRQ® TG VGRE DLIXD
SHUIRUPHG XVAWRSKHPHW U\ PHWKRG > @

OHWKRG HOHFWURSKRUHWLF DQDO\VLV RI WKH IUDFWLR

$Q HOHFWUR®SKRIVWMHWLMWRE IUDFWLRQDO FRPSRVLWLRQ
XVLQJ WKH PRGLILHG /DHPPOL PHWKRG XVLQJ D FRQFHQWU
RI PROHFXODU ZHLJKWYV RI 'D WR 'D > @ GUHDWP
E\ GHOHFWURSKRUHVLYV ZDV SHUIRUPHG XVLQJ WKH ,PDJ
%LRVFLHQFHVY SURJUDP > @

5HVXOWYVY DQG GLVFXVVLRQ

L, QYHVWLIDWLRQ RI WKH ERQG QDWXUH DQG WKH SHFXOI
LQ PEORWHLQ WWKWMHMAY EMHWKRG

$ FRPSDUDWLYH DQDO\WLV RI WKH REWDLQHG 7&"' VSHF\V

VNLPPHG PLON SRZGHU DQG FROORLGDO VRGLXP FDVHLQD'
VLIQLILFDQW GLITHUHQFH LQ R@&HRIQDIWKXKIW IRY WK H \FHD X VW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

D E
F G
H I

J)LIXUH /7 DQGR4 WIXWHHDS/ VSHFWUD
D+tKLIMWHPSHUDWXUH UHJLRQV LQ VDPSOHV RI IUHVK VN
EtORWHPSHUDWXUH UHJLRQ LQ VDPSOHV RI I[UHVK VNL

FrtKLIWHPSHUDWXUH UHJLRQV LQ VDPSOHV RI VNLPPHG PI
GtORWHPSHUDWXUH UHIJLVRNQLEPOHVAO PBEONVWHFRQVWLWXWF
HtKLJIWHPSHUDWXUH UHJLRQV LQ VDPSOHV RI DTXHRXV V

I +tORWHPSHUDWXUH UHJLRQ LQ VDPSOHRIRUBVKHRKW RRG LPAFO N
E VNLPPHG PLON UHFRQVWLWXWHG DAWIE HDQIG DTXHRXYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIJ)RRG 7THFKQRDRJ\

7TKXV LQ WKH ORZ WHPSHUDWXUH DUHD RI WKH VSHFW
FOXVWHUV RI ZDWHU PROHFXOHV DUH REVHUYHG LQ U
VROXWLRQ DW ORZHU WHPSHUDWXUHVPWHKDQWXRUBR WDRSIGI
(D GHSRODUL]DWLRQ LV LQ WKH UDQJH RI WR N- PR
PROHFXOHYV LQ VPDOO FOXVWHUV XS WR PROHFXOHV
QDWXUDO PLON

7KH WKLUG UHOD[DWLRDLWHE[LVRRR OCARL GBHDENHWV RI UHOD
PLON ,Q WKH %: UHJLRQ RI WKH VSHFWUXP DQ&G®&D[DWLR
ZKLFK LV DOVR FKDUDFWHULVWLF RI QDWXUDO PLON E
WHPSHUDWXUH UKBLIRY PDQMAIRFQWRLQDWHU PROHFXOHV VPIL
VROXWLRQ RI UHFRQVWLWXWHG VNLPPHG PLON

&RPSDULVRQ RI WKH LQWHJUDO LQWHQVLWLHYV IRU S|
VNLPPHG PLON SRZGHU )LJXUH E LQ WKW /L DWVWWO\RW
VA\PELRVLW\ RI WKH UHOD[DWLRQ SURFHVVHV RFFXUULQ.
HVVHQWLDO GLIITHUHQFHYVY LQ WKH QDWXUH RI WKH GLVWU
PLON FRPSDUHG ZLWK QDWXUM®G RUONWQ LYY H-D | | EMKIHV &
FHOOV RI WKH QHW IRUPHG E\ WKH PLON SURWHLQV RI
EHFRPH OHVV WKDQ LQ QDWXUDO PLON

7TKH 76" VSHFWUXP RI DTXHRXV VXVSHQVLRQ RI VRGLX
IURP WKRHUXEHFI WKH UHFRQVWLWXWHG VNLPPHG PLON E\
DUHD RI UHOD[DWLRQ PD[LPD DW WS H\&D WHKUHHVQRV H J |
LQWHQVLWLHV RI ZKLFK DUH DSSUR[LPDWHO\ RQKs RUGHU
GU\ PLON 7KLV LQGLFDWHYV WKDW WKH QXPEHU RI UHOD|CL
IRUPHG LQ WKH SUHVHQFH RI FDVHLQ LV DQ RUGHU RI PI
PLON LQ WKH UHJLRQ RI WKH VSHFWWDO RREWKHYHG TKHW
DUHD RI WKH VSHFWUXP LQ ZKLFK WKHAZHRUVDRQMHOP RO /[ I
*DXVVLDQ VSHFLHV ZLWK DQ LQWHJUDO LQWHQVLW\ RI D
UHFRQVWLWXWHG PLON

7TKH H[SODQDWLROQRRIWKKIH7I6Q WHIQFWMWWXP LQ ERWK +7 L
FRQVLVW LQ WKH IDFW WKDW GXULQJ KHDW WKHDWPH(
GHSKRVSKRULF DQG GHK\GUDWLRQ RI FDVHLQ LWV FRPES
ODFWRVH HWF WFRXUNKLMBEY ADVHVX®PLFHOOHY GLVLQWH
'XULQJ K\GURO\VLV LFKDWHKIH ILIRVWK BEDKO WHHPSSHUDW XUHV J
UHOHDVHG UHGXFLQJ WKH GHJUHH RI K\GUDWLRQ RI FD
UHGXFBELWKW)\ RI FDVHLQ WR ERQG FDOFLXP PLFHOOHV

(OHFWURSKRUHWLF DQDO\VLYV RI WKH IUDFWLRQDO FRF

'LWK DQRWKHU VWXG\ RI WKH FKDQJH LQ WKH IUDFWLH
WKH LQRXWIOQFKIQRORJLFDO WUHDWPHQW WKH HOHFWURS
ZDV VKRZQ LQ )LJIJXUH

7TDEOH VKRZV WKH IUDFWLRQDO FRPSRVLWLRQ RI IUF
FRQILUP WKH GHFUHDVH LQ WRWDO SURQ@MKH LIQ DAFVOINR
FRPSRVLWLRQ RI SURWHLQV XQGHU WKH LQIOXHQFH RI W|
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J)LIXUH (OHFWURSKRUHJUDP RI PLON VDPSOH'
*IlUHVK PHIUHFRQVWLWOPWHGE HUW Rl PROHFXODU ZHLJK
N'D
7DEOH

JUDFWLRQDO FRPSRVLWLRQ RI [UHVK PLON SURWHLQV D

OROHFXODU ZHLJK| &RQFHOWUDWLRQ RI W
5DZ P S5HFRQVWL\

(NS

[N N N NI E REE R FEE P TR

[N TR
[N TR

7KH OLVWHG UHODWLYH FRQWRNQS\W RW MLKH PR QW KUHD R\
FROQWHQW LQ WKH LQYHVWLIJDWHG VDPSOHYVY EHIRUH DQG
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7DEOH
JUDFWLRQDO FRPSRVLWLRQ RI PLON SURWHLQV

JUDFWLF &RQV
5DZ P| 5SHFRQVWL\

&DV
ODF EX
_ODFWEL
/DFWR

LPPXQRJOREXO -
DOE. ;
FDVHI N ;
PLQRU ¢

W LV FRQILUPHG WKDW LQ VDPSOHV RI WKH UHFRQVW
QDPHO\ DOEXPLQ FODVV * EPRXQQ&JG R B XOR®EW FI@®REX O L Q
. ODFWDOEXPLQ LV UHGXFHG E\ DERXW 7KH FRQWHQW
&RQVHTXHQWO\ XQGHU WKH LQIOXHQFH RI LKBDQW F\D QMD
FRQIRUPDWLRQDO FKDQJHV LQ SURWHLQDFHRXV FRPSRX
VHUXP SURWHLQV LQ SDUWLFXODU LPPHRORIOREXOLQ D
ODFWDOEXPLQ $OPRVW FRQVWDQW FRQWHQYWJ@LIEPNGOW
GHFUHDVH LQ WKH WRWDO SURWHLQ LQ PLON FDQ EH DW
FRPSOH[DWLRQ EHW ZHMHQV B HOPEGDENyBRBXPLQ DQG WKHL
FDVHLQ ZLWK GLVXOILGH EULGJHW DRBWKGRKQKHRBMEK HU W\ S

7KH GLVSHUVLRQ RI SURWHLQ SDUWLFOHV DIWHU DJJU
UHVSHFWLYHO\ E\ \DQWDWPWMDRHDQTUEU\LQJ RI PLON F
WKH VWUXFWXUH RI FDWHUBVRLRUDWHR Q ERIWG DYVWHO NWIKQ Z
FRPSDUHG ZLWK WKH LQLWLDO PLON SDFNDJLQJ PLFHC
GHQDWXUDWLRQ RI VHUXP SURWHLQV DQG WKH LQWHUD
ZKLFK OHDGV WIR.®@RRH WWH ¥EWXHP > @

&RQVHTXHQWO\ VNLPPHG PLON DQG FDVHLQ FDQ IR
VPDOOHU VL]HV WKDQ WKRVH REVHUYH® LQKW¥XH 7 FRQSHE
E\ WKH IDFW WKDW WKH LQWHQWHUMHRI DG UHM®IGWLRQ

K DUH FRUUHODWHG ZLWK HDFK RWKHU DQG KLJKHU W
WKH /7 DUHD

7KH UHYHDOHG HIIHFW KDV SUDFWLFDO VLJQLILFDQF
IRUPDWLRQ RI W KH OVRIZI XS MUKW XE&XHU § Q FFFR-OAV D QQ LRI J SW\R' W
> @ ([FHVVLYH IUHH]LQJ RI IUHH ZDWHU ZLWK WKH IRU
PLFURQV OHDGV WR WKHFDS\WMDODQGH RWD XFRDUMH LQ IR
7KHUHIRUH[SIHGILHQW WR XVH LQ WKH FRPRORNLY FRQ RH QR
SURWHLQ PDWULFHV ZKLFK KDYH VSDWLDO FRQVWUDLQW)
IRU QDWXUDO PLON

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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&RQFOXVLRQV

,WDZRXQGL&B WHWKRGVRDW6WN\SPRWHLQ FRQFHQWUDW
PLON DQGFDRGLRM®W\G U D BHREGWSDIW LDO PHVK ZLWK VPDO
WKDQ QDWXUDO SURWHLQ GXH WR FRQIRUPDWLRQDO FK
WHPSHUDWXUH GXULQL@XKB E® BAHNYIRI WKLFNHQ

7KH 76' PHWKRG DOORZV REWDLQLQJ LQIRUPDWLRQ RQ
D GLVSHUVLRQ PH®IHWDRQLRRLEWXN HPDWULFHV LQ IRRG V
UHJXODWLRQ RFKMPHIED GKWDRBRFWHULVWLFV

5HIHUHQ

*XQR 0 =DURR *RQFKD(WOXNWO 76'& VSHFWURVFRS
UHOD[DWLRQDO DQG L¥BNVH &IPEQ0 RO GSKHW RPHOQ D

7XURY 9 9 *XQNR @ FXVWHUHG ZDWHU DRG ZD\V WR XV
*RQFKDUXN R9 ,=DIRDLVFKXN * ( ,QIOXHQFH RI
WKH SURFHVVHV Rl ZDWHU UHOD[DWLRQ L&KEBBLUWSUR(
3K\WLFV DQG 6XUIDFH 7HFKQRORJ\

$ #+<HDU 5HYLHZ 3URJUHVVPRQWRBGHKMPLVFRESRYHC
ODGLVRQ '2, MGV

5\EDN 2 7KH UROH RI PLON SURWHLQV LQ WKF
8NUDLQLDQ )RRG -RjXWQDO

&KDJDURYVN\ 22BHPLVWU\ Rl GDLU2GBDVZ PDWHULDOV
+DYHD 3 3URWHLQ LQWHUDFWLRQV ,JGQQVPLDINUSUF
- ji

3HUDXV ) 'HSSLQJ 9 >HW DO @ ORGEOKBHRI |
DJJOXWLQDWLRQ RI FDVHLQ PLFHOQHWD LALERQPOHOQW UL
-RVHSK 'XPSOHU ,QWHUQDWLRQDO -RXyjQPO RI 'DLU\ 7t
*XQ N9 0 7XURY 99 /HERGD 5 >HW DO @ $GVI
BWLPXODWHG 'HSRODUL]JDWLRQ &XUUHQW OHWKRGYV
+WHURJHQHRXV 6RO L G IDQI® 6IRUW JDWHULDOV

<DPDPRWR 7 (QGR $ >HW DO @ (YDOXDWLF
FKDUDFWHUL]DWLRQ RI-PRRRORURX\ND WB W HUELD OFL
IDHPPOL . JHERHDWWUXFWXUDO SURWHLQV GXUL(

EDFWHULRSKDDWXUKHDG #*
2VWURXPRYD 7 / *DOVW\IDQ $ * 7TULIRQRY , 8 5DYC
7THFKQRORJLFDO SURSHUWIKHHRHSMERGY HKEY FRQFF

'RQDWR )DQQ\ *X\RPDUF K ) JRUPDWLRQ DQG S
tFDVHLQ FRPSOH[HV LQ KBIDUN HGE LV NLHF RQ A ©

3RVXGLQ < .RVWHQNR 9 ,Q U BBIWHI® L\OB BN Y RV

-RXUQDO jj

<XNDOR 9 'DWV\VK\Q . .UXSD 2 3DYOLMWR$D 1

DQG %6$% SURWHLQ |UD FSW.IRIMM\Q LLDRP )RIRGN- RX HQ D O

$OH[DQGHU 0 'DOJOHLVK ' *EHW ZE HQMNWUIDHFG [PROW

SURWHEQVHL@QGPLFHOOHY VWXGLHG EYIQJPXMUQP ZDYH
+
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*XQINR 9 0 7XURY 99 %RJDW\UHY 9 0 >HW DO @

DW K\GURSKLOLF K\GH§8$ K REIOFRQNH D FHj B EL
=RKXULPBIOWY 0 - 3RXUMDYDGL $ 6DOLPL + DXQUIGWDE]
KRPRSP®LQR BIFVIBG K\GURJIJHOXYHDIONKQ IV SBBDSMH UNEH V
7HFKQROj #

&DSLWDQL ' &UHBYBHQILV B $HE6HIUH $ / "DWHU L

105 VWXG\ RI ZDWHU SRO\PHU LQWHOW QKW GR @WK L WR \
QHWZRBDRNYRPROHFXjOHY
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(IlTHFW RI XOWUDILQH JULQGLQJ DQG KLJK SUF
RQ IXQFWLRQD®\8 RR YRUBH.BQ FEG X FW V

)yDQJ :D 9DOHULL 6% -LH =

16XP| IDWLRQDO $JUDULDQ 8Q!I
++HQDQ ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJI ;LOQJ.

$EVWI

-H\ZRUGV L QWURGXRKWLRRQWHQW RI VROXEOH GLHWTE
WKH WDVWH DQG T >SURIGKFRIVVRDEHBH LER S U

;LL’JLH%%;%JH FRPELQDWLRQ RI XtOW K 51U & W VIULH BIHFK Q R
SR\EHDO ODWHULDO DQG6RAHMWKEGRGXFWWQHVXSHU
SLERU JULQGLQJ 6&:KLJK VWDWLF SUHVVXUH SUF
X oRWILRQDO )3°  <*/ XOWUDILGHIKUSQBYQIUH WHFKQF
SUHVVXUH DQ®LTXIMG PDWIHR

DQG WLPHDQG PLQ

S5HVXOQV ALY FX8/O/WROILQH JULQGLQJ KDV I
LPSDFW RQ 6') RI SAURRENBWVE\$V WKH IUH

GHFUHDVHV WKH 6') FRQWHQW JUDGXDO((
HTXHQF\ ZzDV +] LW UHDFKHG WKH KLJK
SUWLFOH KI'Vw‘fl&/\LQFUHDVHG B\ ZLWKRPEB@WHRO :KHQ WKI

SHEHLYHG ZDV OHVV WKDQ +] WKH 6') FRQWHQW GL
SHFHLYHG LQ URKHWHIRUH WKH XOWUDILQH JULQGLQJ IUH
IRUP DQG 6') RI VRSEMHIBXEWY ZDV WKH KLJKHVW
$FFHSWHG 'KHQ WKH SUHVVXUH DWO XK@ ) DWKLHR ZIDW H L

DW PLQ WKH FRQWHQW RI 6') KDG UHDFKFE

LQ VR\EHSLUREXFWV ZKLFK ZDV LQFUHDVH
&RUUHVSRQGLQPRPSDUHG ZLWK WKH FRQWURO JURXS
DXWKRU 7KH ZDWHU VROXELOLW\ H[SDQVLRQ ZDW
Rl VR\EHDURWYFZHUH ORZHU LW FRPSDUHG
(PDLO JURXS :KHQ WKH SUHVVXUH DW 03D ZDV
THOUM  # PLQLPXP %XW ZLWK WKH URVH LQ WL
FRP DW PLQ $W 03D IRU PLQ WKH |
P/'J EXW ZKHQ WHKWMLFPHURAHVVLQILQ Wi
H[SDQVLELOLW\ ZDV XS WR P/'J 7KH zZD

-LH =HQJ

FDSDFLW\ Rl SRWEGIORWE\KDYH VLPLODU W!
03D WKH SUHVVXUH DFKLHYHG WKH KLJKH
ZDWHU DQG RLO KROGLQJ SUWSHKNO MAK ED
WUHDWPHQW WLPH H[FHHGV PLQ WKH
SURSHUWLHV VOLJKWO\ LQFUHDVHG
&RQFOXMHMIRXOWUDILQH JULQGLQJ IUHTXH!
6') RI VR\EFHSUREXFWV ZDV WKH KLJKHVW Y
'KHQ WKH SUHVVXUH ZDAW I0D@ DG WM PR \&

DW PLQ WKH 6') SURGR\EWD KEY UHD
>y PD[LPXP DQG LW ZDV
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JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

BR\EHDQ UHVLGXH LV ULFK LQ QXWULHQWY FRQWDLQ]
IDW LVRIODYRQHV VOLJKWO\ KLJKHU DPLQR DFLG FR(
SKRMBUXV LURQ DQG % YLWDPLGW R BGRKHFWH/I RUCHY HV RAKERH DQ
FKDUDFWHULVWLFV RI KLJK ILEHU KLJK SURWHLQ ORZ |
PLQHUDO HOHPHQWY Rl SRWDVVLXP @F D'OH B § REDXQFGVE DK Q H
FHUWDLQ KHDOWK FDUH IXQFWLRQ DQG 2H@H D WRRGKB |
GHYHORSPHQW RI QXWULWLRQ DQG UHODWHG GLVFLSOL
GLHWDU\ ILEHU SOD\V D YHU\ LPSRUW D Q¥ VIDFEQ®HH LQQX WXIR. Bl
KXPDQ KHDOWK\ GLHW HVSHFLDOO\ LQ WKH KHDOWK RI
ILEHU KDV SK\WLRORJLFDO IXQFWLRQV VXFK DV ORZHU |
LQWHVWLQDO HQYLURQPHQW + BY® H K QSUIRFEEXF MG/ FER.GIWZIHU
ZDV PDLQO\ FRPSRVHG RI FHOOXORVH Ki{PLFH QO 0@V H
OLJQLQ 'LHWDU\ ILEHU LQFOXGHY VROXEOH DQG LQ 6') +
ODBHO@6') KDVJK YLVFRVWWRQ@DGEDWHU KROGLQJ FDSDFLV
LQWHVWLQDO PLFURRUJDQLVPV DQG VORZ GRZQ WKH GLJ
RI ZDWHU FRPSRXQGV E\ FDUERQ ERGLHV KDYH D UROH L
DQG LPSURYHVLAXQWQ VEOHVWLQJ DEXQGDQW 6') FDQ
H[FUHWLRQ FRQWURO EORRG VXJDU DQG FKROHVWHURO
REHVLW\ GLDEHWHV DQG RWKHU GLVHDVHV

7KH FRQWHQW RI 6') DQG WKH W BR/GHK DQ\G FAIX@® & HWL PRSI
E\ GLIIHUHQW SURFHVVLQJ WHFKQRORJLHV 1RZDGD\V
HITHFWLYHO\ LPSURYH WKH IXQ FSMLRRGDCFAV B UGRSHNBVUL\H M. R
S8OWUDILQH JULQGLQJ WHFKQRORJ\ [KRDAW BEHHQGH[WMNBOK LY
FKHPLFDO SKDUPDFHXWLFDO FRVPHWLF SHVWLFLGHV
+LJK SUHVVXUH WHFKQRORJ\ UHIHUV WR WKH VHDOLQJ R
SUHVUMVHVWDQW GHYLFH RQ/GWAPLRW K HD 8 B HMIEBUHDIEVD \
RIWHQ XVHG ZDWHU RU RWKHU IOXLG PHGLXP DV D PHGL
PDWHULDOV WKH SXUSRVH Rl SK\WLFDO DQG FKHPLFDO
WHFKQRORJ\ KDV EH3HQ QGHNGNUQ DWK B KRHRRZ WHFKQRORJ\ |
FRPPRQO\ XVHG LQ PHDW SURGXFWV YHJHWDEOHV EHYH!L
RQ KLJK SUHVVXUH LQ FHUHDO SURGXFWV DQG PRVW RI
KDV D PRGHILHFPW RRQVWDUFK VOXUU\ ZKLFK FDQ GHMVWUR
SDUWLFOHViRE@VWRIDHKHU WKHUH LV OLNHZLVH D VPDOO
E\SURGXFWV )RU H[DSSREXFWR\VEBBQHES URFHVKGRORJIK L JK
6') FROWHQW RBVRGKFINY EDQ EH @QFUHDVHG >

+RZHYHU WKH FRPELQDWLRIQI R ISX® WWDU HQW HFK QREQ R ]
E\SURGXFWV WKHUH KDV EHHQ QR UHVHDSAFRGXFSRUBN Ul
PDWHBLBOWUDILEHIJKUSQBVYYIUH WHFKQ R CSRIR GAXRE WWU HITKW
6') DQG IXQFWLRQDO SURSUHRIGWHVVRI MRHEHQ@OENHG E\ XO
KLJK SUHVVXUH WHFKQRORJ\ ,W SURYLGHV WS&6 RUMHWLEQ
RI VR\EHDUREXFWV LQ IRRG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\
ODWHULDOV DQG PHWKRGYV

ODWHULDO
6R\EHD®UR\G XFWYV

5HDJHQW
5SHDJHQWYV VXFK DV DEVROXWH HWKDQRO DQG DFHWRQ

,QVWUXPHQW

6XSHUILQH JULQGLRUIKEVWDWLF SUHWWX)BH SWRFHVVLC
PXOWLIXQFWLRQDO YDFXXP SDRNDHEW U LPFD WKLIHUHP RSAN D W I
+:6 ORRBHHG GHVNWRS F#HOQWOHKWYHLF/KHDWLQJ FRQV)
EODVW GU\LQJ BRJ[ '"+*

([SHULPHQW PHWKRGV

2SHUDWLQJ SRVEFHDEXUEIRGXRW DLU GOWQDILQH JULQG
YDFXXP SDFXRJKQIUHGWXUHVHUYHG

7KH VR\EBD@@EXFWYV SRZGHU ZDV GLOXWH®BLZXWE ZDWL
ZDV DERXW 3XW LW LQ WKH SDEMDUQ@REWH HD @ BFKHD €
SUHVVXUH WUHDWPHQW )UHH]H WKH SURFHVVHG UDZ PD\
SDVV WKURXJK  PHVKHV RI VLHYHY DQG UHVHUYH

7KH SUHSDUDWLBQRBIXEWDBQZEY VOLJKWO\ PRGLILHG
VR\E H DB\G J RI ZDWHU VRDN IRU K SXW LQ D VR\EHD
ILOWHU RXW H[FHVV ZDWHUSWR GRERMDLS I@HVK ZHW EHDQ

(ISHULPHQWDO GHVLJQ AURGXEWWRVEWEBE EDLQ LQGH
WKH RSWLPDO XOMTXBIQRHRIULQGLQJ 2Q WKLV EDVLV K
GHWHUPLQHG WKH EHVW FRQGLWLRQV 3UHVVXUH
WLPH IRU PLQ UHVSHAWLBHODWRBWHUSBPPRUGLQJ WR WK
WHK SUHVVXUH FRQGLWLRQV DUH VHOHFWHG 8QGHTUXDGL[H
UDWLRYV D QUG WXILOGH B\ WALKRHRP DWKEHWK DIX +
7KHQ GHWHUPLQH WKH GLIIHUHQW SWPRBHVWLPDQVERH RQF
XQGHU ZKDW FRQGLWLRQV WKH EHDQ GUHJV KDV WKH
IXQFWLRQDO SURSHSJWRGXF MY \RR \E 6 BYQIENSQHI VU XK Q 8 LVQH F K

(ITHFW RI X O W UHKILL JXH SIWH D\EXRH IOAMBKEIRQH JULQGLQJ |
RQ 6') Rl VR\BWRGXWV (IIHFW RI GLIIHOUHQWG SUBWY RU
SURFHVVLQJ WLPH RQ 6') RISXY®RWNXNPW\Q S RZFBHHD QHW®WHU |
6') *% 7 + ©,QVSHFWLRQ Ri'HUBLQDMIGR®IRIVW') LQ FHU
FHUHDOV2SUR&HFWYDYLPHWULF PHWKRG?

(IITHFW Rl KLJK SUHVVXUH RQ IXQFWLRQDO SURSHUWLH
FRQWHQW WUHDWPHQW WLPH RQ ZDW H USWRREMKE LSRAG\HRR
5HIHU WR > @ $ VDPSOH RSURGIFRNWRDBHRRLEKHG DQG
P/ EHDNHUV P/ Rl GLVWLOOHG ZDWHU ZDV ZHLJKHG DQG
EDWK DW f& IRU FRQVWDQW VWLUUUQRLGIVRWU PRIQQ SH
WKH UHVXOWLQJ VXSHUQDWDQW LQWR D 3HWUL GLVK DG
WKH UHVLGXH WKH WRWDO P DN WU W& HV EHTKWLO GWY K D Q ¢

\ HuPDVV
6DPSOH TXDOLW\

:DWHU VRO
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(I 'THFW Rl GLIITHHW @MW G WHVHKWPBHQW. R\Q RH RQWUDILQH
SURGXFWVOYHFRZGHUWP HQW PHWKRG @ V-HIHIKHUUHG RMRWKH VI
RI' D FRQWDLQHU ZLWK D JUDGXDWHG VXUIDFH DGBW P/
URRP WIBDMSHJH IRU K SHFRUG WOWH WROWXRH. RHWKH VDP

&DOFXODWLRQ PHWKRG VHW QMX NV R/ A S B QRECHVG/ YARFO X
HISDQVLRQ 9ROXPH DIWHU H[SDQVLRQ - 6DPSOH PDVV i

([SDQVL%«Q

(IHTHFW RI1 GLIIHWHBNWSLUHDW MYSMOQ WILRPE RIQXOWUDILQH
SURGXFWVHWRHEZGHILQDWLRQ RI ZDWHS EKROXXLQERDWDFLW\
VR\EHDSWEGXFWYV LQWR D FHQWULIXJH WXEH DGG P/ R
WHPSHUDWXUMUIRIJHKDWHQ U PLQ IRU PLQ GLVFDUG W
RI WKH FHQWULIXJH WXEH > @

T+ & P +tP P P
ZKHPHFHQWULIXJH WXEH DQG UHVL®X4+F R Q VUIXHIMIMDWAH Q W
P +tGU\ ZHLJKW RI VDPSOH

(IHFW RI GLITHUHQW 3UHVVXUHY WUHDWREQW S\OPHHD C
LW LQ D FRQVWDQW ZHLJKW FHQWULIXJH WXEH [R3G P/ F

PLQ VKDNLQJ RQFH HYHU\ PLQ $IWHU WKQ@ W RFH B WRJLL
WKH XSSHU ORRVH IDW DQG ZHLJK WKH WRWDO PDVV RI W

2+& P P P P
ZKHBHAHQWULIXJH WXEH DQ8 WHWYWGXIH XA R \RADXY B BRMOAHV
PDVV

6WDWLVWLFDODGHYRLOOW. D Q®0OGDG\DWD ZHUH DVVD\HG D
UHVXOWY ZHUH H[SUHVVHG DV PHDQ VWDQGDUG GHYLDWL
XVHG VWDWLVWLFDO VRIWZDUH :36 ([FHO DQG 6366 DQL
OHYHORQVZKOQLILFDQW GLIIHUHQFHY ZHUH UHSRUWHG ZD

5HVXOWVY DQG GLVFXVVLRQ
(IITHFW RI XOWUDILQH JULQGLQJ |UHSTURIGIERVRD 6') RI VF

$V FDQ EH VHHQ IURP )LJXUH XOWUDILQH JULQGLQJ
6') LQ VRQEEURGXFWV FRPSDUHG ZLWK RUGLQDU\ SXOYH
IUHTXHQF\ DW DQG +] WKH 6') FRQWHQW ZDV DQC
VLIQLILFDQW FRPSDUIBG ZLWHKHRWKKK XOIWXOWWMH JULQG
+ +] WKH FRQWHQW RI 67KMXGOM ENFGNREVSDUW RI WKI
EHD@HRGXFWYV ZDV GDPDJHG GXULQJ FUXVKLQJ ,QVROXE
FRPSRXQGV PHOWLQJ SKHQRPHQRQ RU SDUMUPHERQE R
D VPDOO VROXEOH PROHFXOH VXEVWDQFH ZSWFXGERDEYV
>+ @HHORZ +] WKH VWUXFWXWRIGKIFWK H M R\EHDIQUENO\ G
WKH SRZGHU SDUWLFOHV UHDFKHG \DPBDHWWVDDL QW L DO!IQWH WK
ZLWK HDFK RWKHU DGKHUH WR WKH LQQHU ZDOO RI WKH
ZKLFK KLQGHUV WKH UHOHDVSURIGKFWQ \&WHMKR\E BDL@ HE \
VWUXFWXUH BIURRBVEFVDQEE HVQEHEOW RDQG WKHUH ZDV QR |
WKH FRQWHQW RI 6') DOVR UHPDLQHG EDVLFDOO\ XQFKD
JULQGLQJ IUHTXHQF\ DW +] WKH 6') FRQWHQW UHDFKH:
KLIJIKHU WKDQ RD®ILERDU\ERXSOHBLZLWK WKH SUHYLRX
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E

"KHQ WX H IUHTXHQF\ DW +] WKH VROXEOBURGM¥FIVIA ZIDB
WKH KIKHVW
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JUHTXHQF\ +=
JLIXUH  (IIHEW Rl XOWUDILQH JULQGLQJSUREXHQ¥\ RQ 6')

PF'LIITHUH @QW HBWHU VXSHUVFULSWYV LQ WKH ILJXWBH LQGLFDWH V

(IIHFW Rl XOWUD+KQBKIJBUBBYRUH WHFKQRORJ\ RQ 6')
SURGXFWV (IIHFW RI GLIITHUHQW SUH V V) SWHR ®XF &V ) RSIRZG\M

,@V JHQHR@WVIOGBHUHG WKDW WKH SUHVVXUH HWHRFELQJ
EH VHHQ IURP )LIJXUH WKDW GLITHUHQW SUHVVXUWUH KDV LC
E\SURGXFWYV
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3UHVVXUH 03D

YLIXUH (IHIHFW Rl GLITHUHQW SUHVVXUSURGXFWR | SROVBHDI L G

PC'LIIHUHQW SDUDPHWHU VXSHUVFULSWYV LQ WKH ILIXUH LQGL
'LWK LQFUHDVLQJ SUHVVXUH WKH $§BR®WXRWW RIUBG X
LQFUHBKWKHGWKH SUHVVXUH ZDV 03D WBEHPREWHAHQ@®W R
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DQ LQFUHDVH RI FRPSDUHG ZLWK WKH FRQWUF
FRPSDUHG ZLWK XOWUDIK®K WHIQ GIUMNV V XW3ID DW 03D
6') LQ VR\EHDRGEX\FWYV GURSSHG WR VD EOIHWWADH/QGR F
WKH EFDJREXFWY ZHUH VXEMHFWHG WR XOWUDILQH JULQ
E\SURGXFWYVY ZDV EURNHQ DQG WKH SDUWLFOH VL]H EHF
SURFHVVLQJ DQG LQVWDQWDQHRWWYW IBRHREHKVILRQ NV WDW S L
DFFRPSDQ\LQJ IRUFHV ZKLFK FDQ FKDQJH BKRIGEBRQVH WA
WKDW 6') ZDV PDGH SXEOLF IURP WKH FHOKOMK S@HVXKUI
WHFKQRORJ\ FDQ VLJQIFFIREWHWQON RO EY HBYV REXEMDQ ERRQ
WKHP 6') FRQWHQWURGOGRRWNDREWDLQHG ZDV WKH KLJKHV

(ITHFW Rl POWHEKUGDWDWLR RQ 6') RI XSAMGXAVQWH YRZEH D

W FDQ EH VHHQ IURP )LJIXU® L MXKBGWJ GWIL RV HK®W H> DWHK
RQ WKH 6') RI VeRAEBRRWBA 'XH WR WKH VWURQJ ZDWHU
SURGXFWV DW SWRE8 XVFRNE HB®LG EQRW JHW VXIILFLHQW |
GHJUHH RI GHVWUXFWLRQVXQQGWXIIKELKGWHVRXWHKH 6') F
+RZHYHU ZLWK WKH LQFUHDVH RI ZDWHU FRQWHQW WKF
YDOXH ZDV WKH KLJKHVWRY®MGE HIHDAKHIG WKH LQFUHDVH |
ZKHQ WKH®IDIWHGLWBD&VYR HI/WKH SDVWH ZDV WKLQODQG VX
BUHFLSLWDWLRQ PD\ RFFXU LQ WKH FRPSUHVVLRQ SURFL!
EHD@HRGXFWY JDWKHU ZLWK HDFK RWKHU FKDQJHV DQG
TKHUHBRUARQWHQW ZDV WKH KLJKHVW E\ KLJK SUHVVXUH
ZDV YUHDWHGS YRGEKHIMY EK\QGHU KLJK SUHVVXUH XV
WUDQVPEWWLQJ PHGLXP WKHUHE\ GHVWURUY RGKH WD WHLH
FRELQHG HIITHFW RI SUHVVXUH DQG PRLVWXUH ZDV WKH PI
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JLIXUH (IHTHFW RLTPAGHIDWDR RQ 6') RI XSQWW G R FVOWH S/RABEHDQ

56'LIIHUHQW SDUDPHWHU VXSHUVFULSWQW QG WKMUKQXHUN LQGL
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(I'THFW Rl SURFHVVLQJ WLPH RQ 6SURIGXGWVERRPEHWR\E

W FDQ EH VHHQ IURP )LJXUH WKDW GLIIHUHQW WLPH
RI VR\EHDUWREXFWY :KHQ WKH SUREGSN\DL@RGE WU KDURDMW B UD R
UDWLR ZDV ZKHQ WKH F\FOH RI ‘LWK WKH FRQWLQ
WUHDWPHQW WLPH WKH 6SURBQWW QW UD GRED b/E&CGERW HP N
IRU PLQ WKH PD[LPXP FRQWHISUR RX W VL QRBRR\EMHWDHG
ZLWK2 XOWUDILQH JULQGLQJ 03D LW ZDV KLIKHU
PLQ KH FROWHQW RURGXEWR\BHD&QXBOO\ GHFUHDVHV |
EDVLFDOO\LQ D VWDHOMPHWOWOIRU7KHUWKRIRONM DNIHRBWW LQ |
RI 6'L Rl VR\BHIRG EFWV
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7LPH PLQ

JLIXUH (I "THFW RI SURFHVVLQJ WLPH BQREGXRWXOSRZGIHIQH
PE'| [IHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIJXUH LQGL

(I"THFW RI KLIJK SUHVVXUH RQ IXQFWLRQDOSSBRRBXHFWW LH
SRZGHU (IIHFW RI GLIITHUHQW 3UHVVXUHV RQ ZDWHU VRC
E\SURGXFWV SRZGHU

W FDQ EH VHHQ IURP )LJXUH WKDW]ZKWKHVKHVFHWUHV R
FROQWHQW UHDFKHG ZKLFK ZDV VLIQLILFDQWO\ GLIII
&RPSDUHG ZLWK RUCGCLDDWXPWRYERDQ WKH ZDWHU VROXEL(

+RZHYHU ZLWK WKH LQWVKH DDV RU SAREOVAELWDH W\ FR
VKRZHG D GRZQZDUG WUHQG $W 03D WKH HIIHFW ZD\
VROXELOLW\ FROQWKHQOWPDD¥H H[SODLQEGREBEXWWN ZHDE@ BPW
E\ PHFKDQLFDO IRUFH GQMXHMQUWIUXWKIRQUFH7EBY DSSOLHG
WUHDWPHQW 7BHRGRREWMQZHUVUH GDPDJHG XQGHU D FHUV
HILVWLQJ RQ SWKRGCGEHWY EDV GHQDWXUHG WKH K\GURSKEF
DQG WKH K\GURSKQDIUHGKFHAGBGY AKHBKWOHDGY WR WKH HI
SURWHLQVY DQG DIIHFWV WKH ZDWHRG/XHFIW\E L DK MY HR R WK
SUHVVXUH FDQ DIIHFW WKH ZDSAWHUWG X¥RWWX ERIOX W/WLRIKIV R HE |
SUHVVXUH\WHFKRQWOeRQW
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3UHVVXUH 03D
JLIXUH (lInMTHFW RI GLIITHUHQW 3UHVVXUHV RQ ZDWHU V

RI XOWUDILQHSVREXMVQVESRZGHU
PE' [IHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIJXUH LQGL

(I"THFW Rl GLIIHUHQW[SDAWRRIBWURDQLQH SWRRENBPW VE\
SRZGHU

7KH H[SDQVLELOLW)\ IRUFHG PHDQV WKDW @& H Q EEBRX
WR YROXPH DIWHU DEVRUELQJ ZDWHU IRUPLQJ D FHUWD!
DQG LQWMNVADIQ EM VHHQ IURP )LIXUH  WSKUR 8 KFIWOW URIQ R
WKH PLQLPXP E\ XOWWKIISUHVVUXQEBIEPMFKQ WO RRZWYHU Z
LQFUHDVH Rl SUHVVXUH WKHSHB®QAMELDRIGHI WK EB
7KH H[SDQVLELOLW\ SURSHUW\ ZDV J P/ DW 03D EXW
LQ WKH UDQJHORD7KHUHIRUHRIFKBE@®IHVLELOLW\ SURSHUWL
JULQGLPK SUHVVXUH WSKHRWXBEWARZEDAVDRDEQO\ DIIHFWHG |
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3UHVVXUH 03D
JLIXUH (IHTHFW RI GLITHHUSR@VIHHOYWUBYLRESVREXHD/QVESRZGH L

PH'LIITHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIJXUH LQGL
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7KLV SKHQRPHQRQ PD\ EHSWRGXFW DHVBHEWEGGRQUE\FK D Q.
WKH VSDWLDO QHWZRUN VWUXFWXUH 8QGHU FHUWDLQ S
VWUXFWXUH ZDV GDPDJHG ZKLFK UHGXFHV LWV DELOLW\
SRZGHU WR H[SDQG ZHDNO\ ;WDRDWR WKMHDPHK IFRA@RE RV L

(I"THFW RI GLITHUHQW SUHVVXUHV RQ ZDWHU KROGLQJ
SURGXFWYVY SRZGHU

7KH ZDWHU KROGLQJ FEIURGXAVWRI V@ EHFDWEY LWV DEL
W FDQ EH VHHQ W R\PKH POUHP XWKIDWHU KROGLQJ FDSDFL\
ZDV JJ ZKLFK ZDV VLJQLILFDQWO\ GLIIHUHQW IURP F
JULQGKRIK SUHVVXUH WUHDWPHQW PDNHV WKH RYHUDOO
E\SURGOR®HWU EXW ZKHQ WKH SUHVVXUH ZDV 03D ZDW|
JJ ZKHQ LW ZDV DERYH 03D LW JUDGXDOO\ VKRZV D V
JULQGLQJ WUHDWPHQRKDYR PWRKOMFRABHW OR QOIK K HBULH WD U
FRQYHUWHGFKQWR WKIRQUAY PROHFXOHV DGGLQJ PRUH K\G
SUHVVXUH WUHDWPHQW DJDLQ WKH ELQGLQJ IRUFH RI W
ZHDNHQHG DQG WKH ZDWHU FDQWRIWH E H FEIDVR @ NIZ®DN $1Q
PROHFXOHV LQ WKH PDWHULDO FDQQRW EHJKRS3QBV VXU
WUHDWPHQW UHGXFHV WKH ZDWISW RROBUY >F@SDFLW\ RI
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3UHVVXUH 03D
YLIXUH (IlHFW Rl GLIIHUHQW 3UHVVXUHV RQ ZDWHU k

RI XOWVURNERBRURG XFWV SRZGHU
PH'L IIHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIJXUH LQGL

(I"THFW Rl GLIITHUHQW 3UHVVXUHV RQ RLO KROGLQJ FI
SURGXFWYVY SRZGHU

7TKH GLHWDU\ ILEFSWRWMFRDEHDQVERUE WKH IDW LQ IRRC
WKH ERG\ UHGXFH VDWXUDWHG IDWW\ DFLGV,WQF V& HE K X |
VHHQ IURP )LJIXUH WKDW XQGHU KLJK SUHVVXUH WUHD\
KROGLQJ FDEHOL@WERGXRWY SRZGHU ZHUH VLPLODU ZKLF
RI RWKHU JURXSVY DQG WKH RYHUDOO PD[LPXP ZHUH
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8QGHU WKH DFWLRQ RI XOWUDILQH JULQGIWRGXFWVKHBADY
RSHOHGHDQ® WX UHWDLQHG LQ WKH JDS 7KH KLJK SUHYV
LQVLGH RI WKHURRBVEFWY ER OPYHIODVBROW L$SW WKLV WLPH
UHODWLYHO\ ORRVH FDXVLQJ5 WKGXRMO/ LFHOIBHWIRE KO WRR
VXUIDFH RI VBKNREXPWVE\DQG ZHDNHQ WKH LQWHUDFWLRQ
DFWLRQ RI FHQWULIXJDO IRUPFH RGKRAWMVE WORLWHRU VB WE HED
7TKHUHIRUH XOWUWDKL QY HNMXQUGHL WU WBW FRHOQWK RDGLQJ SRZ
E\SUEGXFWV SRZGHU ZHDNHQ ZKLFK KDV D JUHDWHU UHC
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3UHVVXUH 03D
JLIXUH (lInM"THFW RI GLITHUHQW 3UHVVXUHV RQ RLO KR

RI XOWUDILQHSVREXMVQVESRZGHU
PE' [IHUHQW SDUDPHWSMW MXBE WKW ILIXUH LQGLFDWH VLJQLILFI

(I"THFW RI KLJK SUHVVXUH WUHDWPHQW WLPHV RQ IX
VR\EHD®URGXFWV SRZGHU (IIHFW RI WUHDWPHQW WLPHYV
XOWUDILQH $RFEGIHRSEXGHU

W FDQ EH VHHQ IURP )LJXUSIUR®XPW\VWKHGMBIRHD K IE
WUHDWPHQW DQG WKH ZDWHU VROXELOLW\ FRQWHQW F
WUHDWPHQW WLPH :KHQ WKH WUHDWPHQW{@WPZDX¥DV PL
ZKLFK ZDV D GHFUHDVH RI FRPSDUHG WR RWKHU V
S 'KHQ WKH SURFHVVLQJ WLPH ZDV PLQ WKH KL

DQG ZKHQ WKH SURFHVVLQJ WLPHXEL\O L WA LER QWMKHQ §
‘"KHQ WKH WUHDWPHQW WLPH ZDV DERYH PLQ WK
FKDQJH VLJQLILFDQWO\ ,W VKRZV WKDW MLKQH BEKRIFWWVXE
RI WKH VRSEHRIGXEWY FKDQJHV DWKHIEGR WA GQWADH KBB QR ¢
ZHDNHQHG ZKLFK DIIHFWV WKH ZMWRBXPARO XELOLW\ RI W]
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Hanang

7LPH PLQ

:DWHU VROXEOH
O

J)LIXUH (I 'THFW RI WUHDWPHQW WLPH RQ ZDWHU VRO
Rl XOWUDILQHSVREXMVQVESRZGHU
PE' [IHUHQW SDUDPHWHU IV XSHH\VLRALIFVDWHQ/ WKILILFDQW GLIIE

(I"THFW RI WUHD W PS-DQQW LVRIOPW V DR RQ B WRRG &R DEHEN

W FDQ EH VHHQ IURP )LJXUH WKDW H[SBQRGKIFOWLW \
ZDV ORZHU WKDQ 03D DV D ZKROH DQG WKH GLIITHUHC
GHPRQVWUDWHG WKBWRLKHWYRHAEWHQ BMKH KPLKQ SDRVV X
LQVWDQWDQHRXY SUHVVXUH GLIIHUHQFH FDQSEHHRGHOWUV D'
EHJLQV WR ORRVHQ $V ®/ILAPHIQ VY RWQIIKOU B HW ZRXIWY. W U X F\
IRUPHG LQWR WKWHRGRKWEWMD QZEL FK FD XWH VRILE R RIHV R & W\
LQFURDVH LQ H[SDQVLELOLW\ 7KH H[SDQVLRQ DW PLQ
WKDQ. PLQ WKH VSDFH VWUWKEWPWW RIDGREEOQ FEO\RV |
PRLV®XUH ZHDNHQHG UHVXOWLQJ LQ UHGXFHG H[SDQVLE
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7LPH PLQ
JLIXUH (IHTHFW RI W UH B W@ WRICRHD W IUPH LRGIS VR EXHMD/QVESRZGHU

PULITHUHQW SDUDPHMMHUQ/ WKHHUMBYUS LQGLFDWH VLIJQLILFDQ!
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(ITHFW Rl WUHDWPHQW WLPH RQ ZDWHU KROGLQJ FD
SURGXFWYVY SRZGHU

W FDQ EH VHHQ IURP )LJIJXUH WKDW DIWHU GLIIHUH
FDSDFLWRREHBBHMEVGXFWYVY ZDV ORZHU WKDQ 03D +RZHY
ZDWHU KROGLQJ FDSSBRGXRWVREWIBQMANLQJ XS $W PLC(
FDSDFLW\ ZDV WKH ZHDNHVW DQG SURK XFMWNMNK Z\D X USU RED
PRWRRVH 7KH SRWEGORNVE\FDQQRW VXSSRUW WKH DEVRUE
WKH DFWLRQ RI FHQWULIXJDO IRUFH 7KH EHDULQJ FDSI
KROGLQJ FDSDFLW\ %XW DW PLQ WKH ZDWHUKKRKOGLQJ
LQGLFDWHYV WKDW XQGHU WKLV FRAUARGHKARQV WKPBOUW G X B\
DQG SRURXV WR DJJUHIJDWH WKH SDUWLFOHYVY FRQGHQVE
ZDWHU ZDV WLJKW

b m

"DW KB O GALOXSID B LW
b o

gl

7LPH PLQ

J)LIXUH (I"THFW RI WUHDWPRIBQ QYJWIDRD RIONIDWHU KR
RI XOWUDILQHSVREXMVQVESRZGHU
PE' [IHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIXUH LQGL

(I"THFW RI WUHDWPHQW WLPH RQ RLO KRO GIRIGKP B/D/F L
SRZGHU

W FDQ EHRVHHQXUH WKDW ZHDNHVW RLO KROGLQJ F
ZKLFK ZDV ORZHU WKDQ WKDW KIRW & HQRRMNIDFQ WU RQ
VLIQLILFDQWO\ ZKHQ WKH WUHDWPHQW WLPH ZDV DERYH
JJ ,W VKRZV WKDW WKH VWUXFWRGXF WV XSREQG B LL D W K\
VHULHV RI FEDRURBIVFRRPBUHVVLRQ $IWHPBLU RAH VMWAUXIRRUY
WKH VR\BHR@G XFWYV ZDV JUDGXDOO\ RSRERA®W BWRWR LWQWVL
LQVLGH DQG WKH VXUIBBR RN FWKR/H ERWEMWIK@ EHDULQJ FDES
E\SURGXFWYV ZDV ZHDN DQG LW ZDY GRUQ FWK W WS WQ B BN\
RI VR\EHDUREXFWY JUDG XDROSHOF WIRQBE BVINNRP:LWK WKH H]
ZKHQ WKH SURFHVVLQJ WLPH ZADMGXFWYV B/XHW.R\EHD @ HE
ZLWK HDFK RWKHU ZKLFK FDXVHV WKH LQWHUQDO RLO W
IRU WKH KLIKHVW
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7LPH PLQ
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2LIOROGLQJ RIDBDFLW\

JLIXUHIITHFW RI WUHDWPHQW WLPH RQ RLO KROGLQJ
RI XOWUDILQHSVREXMVQVESRZGHU
PPLIITHUHQW SDUDPHWHU VXSHUVFULSWYV LQ WKH ILIXUH LQGL

&RQFOXVLRQ

7KH 6') Rl VR\EHRGXEWYV KDV D VIXQWWELOLQW BUIHFGL
WKH IUHTXHQF\ GHFUHDVHV WKH 6') FRQWHQW JUDGXDC
+] WKH KLJKHVW YDOXH ZDV ZKLFK ZDV KLIJKHU
FDXVHG E\ WKH VW U XSFWWRGHMF WV VAD E EDOPVESIHHF L ILF TUHT X H (
,QVROXEOH KHPLFHOOXORVH DQG LQVROXEOH SHFWLQ F
EUHDNDJH FRQYHUWHG LQWR VROXEOH VPDOO PROHFXO
'KHQ WKH IUHTXHQF\ ZDV OQWMOQOMWKRQ 6') G U REK$HHBRVKDU S
‘"KHQ WKH SRZGHU UHDFKHG D FHUWDLQ ILQHQHVYV WKH
KLQGHULQJ WKH UHOHDVH U RG)X EQ WV KIHQ @ RDE SIDQWE LU R P
SURGXFWV SRZGHU DZDKHM RV WHRHWPKOHF KQ@HEBEDYLW\ DQG
UHGXFHG 7KHUHIRUH WKH XOWUDILQH JULQGLQJ IUHTXH}
VR\EHDSUEBGXFWV ZDV WKH KLJKHVW
+LJK SUHVVXUH WUHDWPHQW ZDV SHUIRURMGEK R\K MK |
LQFUHDVHG LQ SUHVVXUH WKH $RREGMFWWW MPIR &' i LLIDWWHRO\E
"KHQ WKH RYHU SUHVVXUH DW 03D WXWRBREGW WM QUM RF
PD[LPXP ZDV ZKLFK ZDV KLIJKHU WK DKL JKKIH FRC
WKDQ XOWUDILQH JULQGLQJ 03D :KHQ WKH SUHVVXUH :
6') LQ VR\EBDRGEX\FWV GHFUHDVHG WR DQG LW ZDV \
VR\EHDSUEBGXFWV ZHUH VXEMHFWHG W R RUPAMULDQ VQ & HI WLKKH
E\SURGXFWV ZDV EURNHQ DQG WKH SDUWLFOH VL]H EHF
SURFHVVLQJ DQG LQVWDQWDQHRXV SURFHVVLQJ KDYH SL
DFFRPSDQ\LQJ IRUFHV ZKLFK FD® FXPWXH HERIERHBD@VE\ W
WKDW 6') ZDV UHOHDVHG IURP WKH FHOOV :LWK WKH LQF!
E\SURGXFWV ZDV D SURFHVV IURP UHOD[DWLRQ WR GHVW
SURGXFWV ZHUH VHYHQNOAH®BPDUHEWXYKWRKK IGLVVROXWLF
ZDV QRW WKDW WKH KLJKHU WKH SUHVVXUH WKH KLJKHU
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KLJK SUHVVXUH WHFKQRORJ\ WUHDWPHQW FDQ VLJQLILF
SURGXFWV DW 03D

'KHQ WKH RIDWHRNLOOUDWLR ZDV SURGOH WR\BHD Q RE
VXIILFLHQW ZDWHU DEVRUSWLRQ DQG WKHX6G BR@QWR QD"
DQG WKH YLVFRVLW\ RI WKH SDVWH ZDV PRGHUDWH $W
+RZHYHU ZLWK WKH LQFUHDVHG RIQIDVXKHG BR@W R QWF HHKG
SDVWH ZDV WKLQ DQG VXVFHSWLEOH WR SUHFLSLWDWLR
E\SURGXFWV JUDGXDOO\ GHFUHDVHG 7 KWHKWHPROOWHT ML BB R
UDWLR ZDV 8VHG ZDWHU DV D EDODQFHG WUDQVPLVYV
HITHFW Rl SUHVVXUH DQG PRLVWXUH ZDV WKH PDLQ UHD
VR\EHDSUEBG XFWV

'LWK WKH FRQWLQXR XWQMD RLLFPBIV MK HQF VYW B QYW R 6
SURGXFWV JUDGXDOO\ LQFUHDVHG :KHQ WKH SURFHVVLQ
D PD[LPXP LW ZDV ORQJHU WKDQ PLQ LW JUDGXD
VWDEOH DIWHU RMLSURRKHVUWLRUHWIMWPKI ZDV  PLQ DQG WI
WKH KLIKHVW SQRGUEWNQ E\

7KH ZDWHU VROXELOLW\ H[SDQVLELOLW\ ZDWHU DQ
SURGXFWV ZHUH ORZHU E\ XOWUDILQH JULQ®HQR| DAKH K |
FRQWURO JURXS :KHQ WKH SUHVVXUHVR®XEO I8 3PR QWKHQ'

EXW ZLWK WKH LQFUHDVHG RI SURFHVVLQJ WLPH W
H[SDQVLELOLW\ RI EHDQ GUHJV ZDV P/ J ZEWHQ OBPHIRL
SURFHVVLQJ WLPH ZDV PLQ WKH PD[LPXP H[SDQVLELOL
KROGLQJ FDSDFLWURGXRWHBQYH VLPLODU WUHQGV ,Q V
SUHVVXUH UHDFKHG WKH KLJKHVW YDOXBQIBNRLOOBRO G
FDSDFLW\ ZHUH WKH VPDOOHVW +RZHYHU ZKHQ WKH WU
WKH ZDWHU DQG RLO KROGLQJ FDSDFLW\ JUDGXDOO\ LQFI

7KHUHIRUH WKH SUHVVXUH DQG WLPH K®PWRE YAWELI
&RPSUHKIDQ WIKRZV WKDW WKH SUHVV)OURX2\E UDWIR ICKH

PLQ E\ XOWUDKLQK SUHYEXQH WHFKQRORJ\ WKH FRQW!|

SURGXFWV UHDFKHG PD[LPXP LW ZDV &RPSDUHG
LQFUHDVHG DQG LW ZDV LQFUHDVHG E\ FRPSDUHG
03D 7KLV FRQFOXVLRQ FDQ SURYLGH DQ LPSRUWDQW ED

5HIHUHQFHYV

/L % 4LDR 0 IX ) &RPSRVLWLRQ QXWULWLF
VR\EHDQ YRIRGGRH¥LHZV ,QWHWBEDWLRQDO

%RZOHV 6 'HPLDWH , 0 3K\WLFRFKHPLFDO FKDL
SURGRN¥DWRIRG 6FLHQFH DQG 7THEEQRORJ\

,VNDQGHU ) < 0 DDAVPG) PWQRQ DWVWWBRAWRA® LQ
FKHPLVWU\SS+

'DQJ '/ /L% /X ) 1DQ + - $QDO\VLV RI 1XWU
&XUG 5HVLGXH )RRG DQG )HUPHQWBWLRQ 7HFKQRORJ\
%BRXUTXLQ / ' 7LWJIHPKHHNNUU( *& & YJHUPHQWDWLF
GLHWDU\ ILEHU VRXUFHV EWXWXRIM R & FDHOV BEBHKH U L D

7KDUDQDWKDQ 5 1 ODKDGHYDPPIRBERRQ WHRIBX® DX
QXWULWH@®R®Y LQ )RRG 6FRRHQFH SBFKQRO
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&KXWNDQ 5 )DKH\ * :ULJKW : / OF5RULH - 9L
VROXEOH ILEHU VXSSOHPHQWYV 0H&ISBIG LV KHD® \N K L&
-RXUQDO RI WKH $PHULFDQ $FDGHP\SBl $XUVH 3UDFWL\
OHKWD 1 $KODZDW 6 6 6KDUPD ' 3 'DEXU 5 6
GHYHORSPHQW RI GLHWDU\+IREWHUN UE B KR RHYWBOZR R GRRE
VFLHQFH DQG WHFXQRORJ\

*LEVRQ * 5 SREHUIURLIGHWDW\ PRGXODWLRQ RI WKF

PLFURELRWD LQWURGXFLQ J7MHK HRKRIQMHS W | RI XIBBLEL RR\
+

)XO_OHU 5 *LEVRQ * 5 ORGLILFDWLRQ RI WK
SURELRWLFV DEBRQSUGEBYRWQFRXUQDO RIVBRYWURSR WL
+

7LDQ 6 - ;LH < ) 0D < HWDO $SSOLFBWLRQ R
SURGXFWYV BRLERREMHMG 7THFKQRORJ\ RI &HUHIBOV 2LO
;LH < )DQ7b - 0D < (ITHFW RI XOWUDILQH JULQG!
RI RNYRRIG ODFKLG@IBU\

$OYDUH] 0 JXHQWHYV 5 20LYDUHV 0 ' &DQHW

K\GURVWDWLF SUHVVXUH RQ UKRRBRUERDB BDD @& FMHKHDI
/' 1TORXU VOXUHQ OXFB\GWIBQWYDWLYH IRRG VFLHQFH
WHFKQRORSIS HV

+X : 3 =KDQJ % -LQ = < ;X ; O &KHQ + 4 (11
SUHVVXUH DQG UHWQRM BGDWLIRQFWNHD® DQG SK\VLF
ZD[\ ZKHDW) R/RV® B RK P LV ®/SJ \+

=KDQJ ; ,QWHJUDWHG 5HVHDUFK IRU ([WUDFWLRQ
RI 3UHFLRXV OHWDOV IURBWRAS\HW DRYPDG@EQLYHUVLYV
6KDR = 5SHVHDUFK RQ ,PSURYHPHQW RI 6R\EHDQ
&RQWHQW E\ 3K\VZEDQMLUHB@PHHIWV LW\ RI BBLHQFH 71
ODWHBYULFLR ,+3HLDWBRYV & 5XSpUH] 3 F +LJK
SUHVVXUH LPSURYHV WKH IXQFWLRSYRGXWWRIIUGPHWRD B/
,QQRYDWLYH )RRG 6FLHQFH (PHSSL®J THFKQRORJLHV
&XL 6 1 'RQJ 6 6 4LX /| ; ‘LH : BWXG\ RQ W
GUHJV @RRXQDWUXLW DQG SHJHWDEOH

/JLO - =KDQJ< < <RX : 5 %»DQDQD EEVAREW SU
DQG 7THFKQRORJ\ RI JRRES,®GXVWU\

5XSpUH] 3 +&BOXWR ) 'LHWDU\ ILEHUSBIQ® SHVVRF
HGLEOH VSDQLUXKRSHII} HRBRG 5HVHDUFK DQGSAEHFKQRO

&KDX & ) +XDQJ < /[ &RPSDULVRQ RI WKH FI
SK\WWLFRFKHPLFDO SURSHUWLHV RI GLITHUHQMWQN.IE\HUV
I &Y /LXFREKQDDO RI $JULFXOWXUDO D@EB )RRG &KHPL)
TXUQEXOO & O %D[WHU $ / -REQQRQ QI FDSDFLWD
YLVFRVLW\ RI $XVWUDOLDQ VZHHW OXSLQ NHUMXHD ILEL
KXPDQ XSSHU JD VW, QR\LWHH-DMMLRXPIO WARDXKFOMD DO R1 IRRG
SS+

7TX = & &KHQ /[ [/ :DQJ + (ITHFWV RI )HUPHQW
BUHVVXUH OLFURIOXLGL]DWLRQ RQ 3W\VLERRKEKH® LD D H:
5HVLGKHQHVH -RXUQDO RI +LJK 3USSAVXUH 3K\VLFV
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JJIJ)RRG 7THFKQRDRJ\

5DPLBIQWLDJR & RGDVPRV #PEIDWR RV & (QULFK
VWLUUHG \RJXUW ZLWK 6') IURP SDFK\UKL]XV HURV)>

PLFURWXUX DQG UKHRORXIFPIO SRIRBFRRIGN L(RIVISGHHUL Q.
+

;LE_) < < /X < 5HVHDUFK SURJUHVV RI LPSURY
VRVEHDQ GUHJV&GIUHWDW\ D REISHEL ® V
e/ =KDQJIDQ®J; * (ITHFW RI VREBDOLQUFBR Wk

SK\WLFRFKHPLFDO SURSHUWLHV DQG FRPSRVLWLRQ RI
EURKLQD 2LOV DQGSEIWV

<DQJ ) /| </ ‘DQJ < < (ITHFWV WRK W YSSHRLSIH QW |
RI EXFNZKHDW EUDQ *UDtQ DQG 2LO SsS

'DQJ ) O9DOHULL 6XNPDQRY =HQJ - (IIHFW RI XO
SURSHUWLHV #SURBERDNL GLDQ )RRG -RXHWQDO

6X\D + <DZHQ MXQ #4LQDQSLQJ = =KXDQJ / 0
LQVROXEOH GLHWDU\ ILEHU LQ RNDUD E\ KLJK SUHVVX
SUHVVXUH DQG IXQFWLRQDO SURBRGWEHNQASMKH PRG!

i LRQJ + ) WKH SRVVLELOLW\ RI XVLQJ LQVWDQWD(
WR PRGLI\ SURSHUWLRVFWR GLDOIVWDVVHIBHDWLR @S 1DQFFk
+

&KHQJ - - WXG\6RQ GU\LQJ PHWEBRGRIFWRIEHD® LBAV PR
WHFKQRORWHU V WKHVLVY 6KDDQ[L 8QLYHS®L. W\ RI 6FL
=KDQJ < 4 2SWLPXP SURFHVV UHVHDUFK RI H[WU
EUDQ GLHW®RWRILEHU GLVVHUWDWLRQ 4LS&GXQLYHUVLW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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(IIHFW Rl FHUHDOV PLOOLQJ RQ WKH FRQWHQW
GLJHVWLELOLW\ RI PLQHUDOV DQG SURWHLQ

O«JH +HQGHN OcEHUUD % O5DELD $'

1i.DVWDPRQEX 8QLYHUVLWI
+*ePeKDQH 8QLYHUVLWI| *ePedKDQH 7XUNHI

$EVWI

.H\ZRUGV
,QWURGXFKMH-PQP RXGAKZDY WR WKH H[DPI
&HUHDO RI HITHFWV Rl WKH PLOOLQJ SURFHVV ZKLF
'"HEUDQQLQJ WR FHUHDOV IRU FRPPHUFLDOO\ IORXU SUR
OLQHUDO FRORLHFOWHOHRKRQWUBRWGWLELOLW\
S3K\WLF DFLG ODWHULDOV DQGKAHWKRGBIMWLRQDO FRQV
OLOOLQJ WKH PLOOLQJ SURFHVVHV RI WKH FHUHDO
%LRDYDLODEIS®IOME ZHUH HYDOXDWHG E\ HIDPLQLQJ SU
PLQHUDO FRQWHQWY DQG SURWHLQ PLQHU
FRQWHQWY ZHUH PHDVXUHG E\ LQGXFWLYH
HPLVLRQ VSHFWPFEVFRERW&EEQ FRQWHQW E

PHWKRG DQG PLQHUDO GLJHVWLELOLW\
$UWLFOH KLYVWRHWHUPLQH®ERD\V

BHVXOWYV DQG TN RHKARQLQJ GHEUDQQ

S5HFHLYHG LQFUHDVHG WKH SURWHLQ GLJHGWLELOL'

GHFUHDVHG SK\WLF DFLS FRQ@W MWXW ¥ HUQID

SHFHLYHG LQ UHYBY®O® H[FHSW IRU U\H 7KH PLQHUDO GL

IRUP JUDLQ VDPSOHV EXW LW ZDV HYDOXDWHCG
$FFHSWHG S 7KH ULFH IORXU ZDV WKH WDPSOH
SK\WLF DFLG FRQWHQW PJ J DQG \
GLIJHVWLELOLW)\ JUDMWKHRXJK WKH FRQWHQW\
&RUUHVSROGLQYQG VRPH RI WKH PLQHUDOV 1D &D . 0
DXWKRU GHFUHDVHG LQ IORXUV HVSHFLDOO\ LQ ZK

VRPH®HUDOV 1D 0J =Q )H DQG $0 LOQFL
0+JH +HQGHN (WGANRSVULEXWLRQ DQG ORFDOL]JDWLRQ LQ WK
(PDLO DQG RDW 7KH UHVXOW RI WKH VWXG\ KDV
PXJHHUWRS# pPLQHUDOV FKDQJHG GHSHQGLQJ RQ WKH |
NDVWDPRQX HCyUWh@mG WKH PLOOLQJ SURFHVV ZDV PRUH }

FRQWHQW DQG RQ SURWHLQ GLJHVWLELC

GLJHVWLELOLW\ :KLOH WKH SK\WLF DFLG

RXWHU OD\HU RI WKH JUDLQ LW ZDV GHFU

&RQFOXBIORIK WKH SK\WLF DFLG FRQ
DIIHFWV WKH GLJHVWLELOLW\ RI WKH FHL
PLOOLQJ SURFHVV WKH FRPELQDWLRQ RI C
Y VRDNLQJ IHUPHQWDWLRQ FRXOG EH VXJJ

QXWULWLRQDO TXDOLW\ RI WKH FHUHDO

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

&HUHDOVQKIVKHI E/AMDSOH IRRGV LQ PDQ\ FRXQWULHV DQ
DQG HQHUJ\ VRXUFHV LQ WKH KXPDQ GLHW 7KH\ DUH DO
GLHWDU\ ILEHU DQG VRPH PLFURQXWULHQWY ZKLFK DUH
UBHY > @ 7KH PDLQ IUDFWLRQV RI WKH ZKHDW JUDLQ DC
JHUP ORUHRYHU WKH EDUOH\ RDW DQG U\H KDYH D KX
FRQWHQW 7KH HQGRVSHUP FRQVLVWYV RI VWD® RKXDUUBQ X
SDUW Rl WKH VWRUDJH SURWHLQV LQ FHUHDOV HVSHFLD
7KH SDUW FDOOHG EUDQ ZKLFK LY VR GUDWQW K i RUDWL N \F
WHVWD K\DOLQH DQG DO HXUREXH L&W/DOHRE D WHCH XX R HDE B \¥
DQG FRQVWLWXWHY DQ LPSRUWDQW SDUW RI WKH EUDQ O
FRQWHQW VXFK DV . 0J &D 3 1D $0 )H DQG =Q > @
GLITHUHQW OD\HIDL @ FURMY AKIDQJH FRPH WRJHWKHU ZLW
DQG PLOOLQJ SURFHVV LW PD\ EH VHHQ DQ LQFUHDVH RL
> @ )RU H[DPSOH LQ WKH PLOOLQJ SURFHVV RI WKH ZKHI
FRQWHQWY LV XVXDOO\ UHPRYHG DORQJ ZLWK WKH RWKH!
IORXU ZKLFK KDV ORZHU PLQHUDO FRQWHQW WKDQ ZKRO'!
DVK LQ WKH GLITHUHQW IUDFWLRQV ZLHVBVUW X 8§ HFFMD MARD D!
WKH UDWH LQFUHDVHV IURP WKH LQQHU WRZDUGV
GHKXOOLQJ GHEUDQQLQJ SURFHVV PDNH WKH DVK FRQWH

LV DFFHSWHG DV DQ LQGLFDWRR @ Kl FIKF L M G K R E MAKHHG
WKH HQGRVSHUP > @

6LQFH WKHLU EHWWHU WHFKQRORJLFDO DQG VHQVRU
SUHIHUUHG PRUH WKD QM QURPOKHGUDURGRFVEYDORZHYHU W
WR QDWXUDO IXQ BPWIOR QIR MHMY PG QRRGY LV LQIOXHQF
FXVWRPHUV LQ UHFHQW \HDUV (VSHFLDOO\ WKH FHUHDO
GDLO\ GLHW KDYH WKH SRWHQWLDO XVDJH LQ WKH SURG >
RWKHU KDDQGN MDKWULHQWY ZKLFK DUH DQRWKHU DVSHFW
EH VHHQ DV D QHJDWLYH IDFWRU IRU GDLO\ GLHW )RU |
PLQHUDOV WKDQ HQGRVSHUP +RZHYHU LWV PLQHUDOV K
ORFDWHG LQ EUDQ DUH SK\WLFDOO\ HQWUDSSHG LQ VWUF
SK\WDWH IRUP LQ EUDQ DQG JHUP > @ 7KHUHIRUH WKH
HYDOXDWHG VHSDUDWHO\ ZLWK UHVBBPW WHRP SARKQH DG\
GLVDGYDQWDJH RI DQWLQXWULHQWY %HFDXVH ZKLOH W
SURWHLQ ORFDWHG LQ GLIIHUHQW OD\HUV LQ WKH JUDLQ
WR FHUHDO W\SHV WKH OH¥/0UD B GWA\L VW BK EDXVWS IR\QV RF D
VDPH IDFWRUV ,Q VHYHUDO VWXGLHV ZHUH UHSRUWHG W
VXFK DV ZKHDW DQG ULFH FRQWDLQV D KLJK DPRXQW RI
VXEVWDQFHE SK\@LF DFLG ZKLFK LV WKH PDLQ DQWLQXW
UHGXFHV PLQHUDO ELRDYDLODELOLW\ DQG SURWHLQ DE
SURSHUWLHV ,W FDXVHV PLFURQXWULHQW PDOQXWULW
ZLGHVSOREBO KHDOWK SUREOHP LQ PDQ\ FRXQWULHV 'HI
DV RWKHU SUHWUHDWPHQW DQG SURFHVVLQJ WHFKQLTXF
UHGXFH WKH SK\WLF DFLG ZKLFK LV HVSHFLDO@@ ORFDWH

7KH GHEUDQQLQJ GHK X CPQIOWMIL OU R/AMVIHLAK WKKH LSUBH P R
OD\HUV KXOO DQG RU EUDQ DORQJ ZLWK WKH DOHXURQ
ORUHRYHU DOORZLQJ WR REWDLQ HQ G FRORHLU P+ R DN I W KV
OHYHO RI WKH ELRDFWLYH FRPSRXQGV VXFK DV ILEHU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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GHSOR\HG LQ WKH RXWHU OD\HU PD\ GHFUHDVH > @ 2Q
FHUHDOV VXFK DV U\H DQG EDUOH\ LNUFULRX®G D@ GV KAHK
EUDQ KXOO SDUWLFOHY DUH VHSDUDWHG IURP WKH IORXI
OLWWOH DPRXQW RI EUDQ PD\ PLQJOH WR WKH IORXU LQ \
DVK FRQWHQW DQG WKHULRP\S RVIWKIHRQORX WK B P@QH

7KH DLP RI WKH VWXG\ ZzDV WR HYDOXDWH WKH UHODW
VRPH JUDLQV ZKHDW EDUOH\ U\H RDWV DQG SDGG\ ZK
WUHDWPHQW ZKLFK ZDV WKISPREQVVWDKH RIIWKWVPRO WK
ZHUH H[DPLQHG E\ DVK SURWHLQ DQG PLQHUDO FRQWH(
PLQHUDO DQG SURWHLQ GLIJHVWLELOLW\ 7KH GDWD REWD
HYDOXDWHG VWDWLVWLFDOO\

ODWHUVLDQG PHWKRGV
ODWHULDOV

,Q WKLV VWXG\ WKH ZKHDW VD PrSjQ kW LQFDXFPH B AW H (YNXLA
VXSSOLHG IURP WKH JUDLQV ZKLFK KDUYHVWHG LQ -XO\
ZDV PLOOHG PQODPAEHMFNRU\ hoEDUGUDN OLOOLQJ 'HYUHN
IORXU %HIRUH PLOOLQJ WKH ZKHDW JUDLQV ZHUH FOHDC
VSHFLILF ZHLJKW DQG PDJQHWLF IRUFH WR VHSDUWDWH IR
ZHUH ILUVW K\GUDWHG |RIW RWHPG HULLIH ® DG VHSDUDWH
7KH ZKHDW IORXU PRV WROWHG EN EHF DX H W PXK/DWSPNMY |
WKH VLHYH DFFRUGLQJ WR 7XUNLVK )RRGK&RIGKD O HGH MW
SDGG\ DQG ULFH VDPSOH ZHUH VXSSOLHG IURP LI ORFD
7RV\D GLVWULFW RI .DVWDPRQX )RU SUHSDULQJ RI ULFH
ZLWK D ODERUDWRUOLPHO ®@LO4D 6SDRQ X LEQ LDRHIDHPWD O
UHVHDUFK OMKERRIDOMRK¥VHG ZDV GHVLJQHG IRU WKH FUXVK
KDUG VDPSOHV 7KH EDUOH\ VDPSOH ZKLFK ZDV QDPHG !
ZKLFK ZHUH QDPHG %ODFN U\HDEZEV H KIXFS QHHE KUDRPY MAK
IURP *]YGHFLOL YLOODJH RI <R]JDW 7XUNH\ DQG WKH V
VWRQH PLOO LQ D ORFDO FRPSDQ\ ¢KVDQJD]L .DVWDPF
K\GUDWHG E\ DGGLQJ JWRA HZ NWUHQ HORWR PDRH WKH VHE
DQG SUHYHQW NHUQHO EUHDNDJH > @ 7KH PLOOLQJ SUR
WKH VWRQH PLOO 7KH JUDLQV ZHUH VHSDUDWHG IURP W
SDVVLQJ WKURUJBD QG W KHQ HR®ORZHG WKH VWDJHV Rl K\
IRU RSHQ WKH NHUQHO DQG VFUDSH RIl WKH HQGRVSHUP
7KH VWRQH PLOO PDGH IURP FKLVHOHG HPHU\ VWRQH ZD
ZHUHG WKURXJK D KRSSHU LQ WR EHWZHHQ WKH WZR SO
VLIWHG W KRHRWXK K/ DHY H

SK\VIFRHPLFDO SURSHUWLHYV
$VK DQG SURWHLQ FRQWHQW ZHUH GHWHUPLQHG DFFRL
SDUDPHWHUWGHR(MH GUH\SRRHIW KW EDVLV 7KH SERWWILQJIFRQ

.MHOGDKO PHWKRG 7KH DPRXQW RI QLWURJHQ GHWHUPL
PXOWLSOLHG E\ IRU ZKHDW DQG IORXU DQG IRU EI

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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7DEOH
6XSO\LQJ SURSHUWLHV RI WKH UDZ PDWHULDOV

6DP¢ 6SC 6 R X1 OLOOLQJ V 6XSSOLH
GLVWULFW FLW\
ORGHUQ
"KHDW (NL] ZKHDWO\ SURFHVM hoEDUDN OLOOLQ.

JULWLUFX®PYUHNDQROHDQLQJ WHPSMRUQJIHYUHND
DHVWLYXPVWDPR@LOOLQJ VLIWLOYWQBRQX
VHSDUDWLQJ

3DGG) ORGHUQ $WoOoOoOP
SURFHVV |[3URV\D .DVWDPRQ:
FOHDQLQJ |[KXVNLQJ

SXIXVW I s hG G\ VHS H U D WRLRRERD X

7TRV\D ULFHRV\D

SROLVKLOJ 8QLYHUVILW\
-DVWDPRQX &HQWUDO UHVHD
5LFH IORXU /DERUDWRU\ PLA@BERUDWRU\
(40
%D $\GI_
KDQOP 7UDGLWLRQDO VWRQH
PLOOHU| OHUJ<]H 2UJDQLN
2oW 4%E?aw{$€HFLO§OHDQLQJ*“GU'WD@J
R]5pwW . FRQGLWLRQLQEKVDQID]L
- %O0DEN 5\ JULQGLQJ VL]LODVDADP RO X
0 VLIWLQJ
ORFDO
YDULHW\

,QYLWURHUDO 0' D @G BHMMWMBELQ LW\

7KH VDPSOH J ZDV LQFXEDWHG ZLWK P/ RI SHSVLC(
SHSVLQ DW f& IRU K (DFK VDPSOH ZDV ILOWRIGHG E\
ILOWHU SDSHU ZHUH EXUQHG WRIJHWKHU LQ WKH IXUQDFF
7KH GLIHVWLEOH PLQHUDO FRQWHQW ZDV YDEOXBILQHBDZXLYV
REWDLQHG > @ E\ XVLQJ WKH IROORZLQJ HTXDWLRQ

'LIJHVWLE GHERQWHDR W
7RWDO OLQHUDO &RQWHQW

0 -

7TKHQ YEWMIROXHYV GHWHUPLQHG E\HWKBIG@HWKRCHR | 5L1]]
ZHUH REWDLQHG E\ XVLQJ WKH IROORZLQJ HTXDWLRQ

1 LQ VXSHUQDWSH@WLQ HQ]J\PH

3 1 LQ VDPSOH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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SK\WLF DFLG FRQWHQW

JRU GHWHUPLQDWLRQ RI SK\WLF DFLG FRQWHQW WKH \
DFLG H[WUDFWLRQ ZDV FDUUtLIG® REKD BV IDFGBWRGE PDRIG
SODFHG RQ WKH KRUL]JRQWDO VKDNHU DW URRPWIHPBHU®
&+ 2 31D REWDLQHG IURP 6LJPD ' ZDV XVHG WR
UHIHUHQFH VROXWLRQ 7KH VWRFN VROXWLRQ ZDV SUHSI
GLVWLOOHG ZDWHU 7KH UHIHUHQFH VWRRKMW VRQ X\ VRIU AIS
FROQOFHQWUDWLRQ LQ WKH UDQJH IURP WR —J PO 7KH
DV GHVFULEHG E\ +DXJ DQG /DQW]VFK > @

OLQHUDO FRQWHQW

7TKH PLQHUDO FRQWHQW ZDV PHDVXUHG E\ XVLQJ WKH
, WD@QAWULF DFLG GLIJHVWLRQ SUREQGGXBWLDGG\LMRXBUHRK
RSWLFDO HPLVVLRQ 2V6& HRWE R/RI-RWY D X, BIVHKURP® QYKH VDP S
ZHUH JULQGHG DQG WKRRWISHR ROV ZWIHIKXHG GLUHFWO\ V
DGGLQJ P/ RI +1Y2y DQG 2P/ +Y Y DQG VXEMHFWHG WEF
GLIHVWLRQ SURJUDP WKH WHPSHUDWXUH ZDV UDLVHG W

PLQ $IWHU FRROLQJ DW URRP WHPSHUDWXUHP/NDPSOH
SRO\HWK\OHRH GOADMNMWHG VDPSOHV2Z6HUbH @QDO\]HG E\ ,&:

6WDWLVWLFDO DQDO\VLYV

7KH GbwD ZHUH UHSRUWHG DV WKH DYHUDJH “ VWDC
$129% , 6B 66 E\ 7XSH\ WHNVW XVHG IRWQ) FRRPBRHL\
UHVXOWYV EHWZWHIQVINOLODYDPVEHOGHWR GHWHUPLQH WKH HIIF
DQG DIWHU PLOOLQJ RQ WKH VWDWLVWLFDO VLIJQLILFDQ
DPRQJ WKHPVHOYHYV

5HVXOWY DQG GLVFXVVLRQ
SK\VLPEKBO SURSHUWLHYV

7KH DVK FRQWHQWYV Rl WRW S5IGX33 EDUOH\ VDPSOH\
VLIQLILEDQWROLNIKHU WKDQ WKH RWKHU JUDLQV UHVSHFW
RI WKH FHUHDOV GHFUHDVHG DW YDODRXV 8D WERWVHE\WWXS
WKH ZKHDW EDUOH\ RDWV U\H DQG ULFH (VSHFLDOO\
SDGG\ DQG ZKHDW YLD PLODKIOUJ FFOMNH IPDOY EH DWWULEXWH
LQ WKH EUDQ DQG KXOO XOHDQAWD FR Q WIHKHWVI DR GCOFRBRWSEKR O
WKH DPRXQW RI DVK LQ WKH FHUHDOV LQFUHDVHV IURP
GHSHQGLQJ RQ WKH GLVWULEXWLRQ RI WKH PDMRU DQG W
DQG WKLY ODGHURRFK WKRRNMH JUDLQ WR UHYHDO ZKROH UL
'XULQJ WKH ULFH PLOOLQJ SURFHVV WKLV VWDJH LV QDP
GHKXVNHG ULFH zZDV SLIJQWIKBDROQWMH RPWRKHU JUDLQV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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7DEOH
$VK DSUURWHLQ FRQWHQWYV RI WKH FHUHDO JUDLQV DQ

$V XHSUR

&HUHDO SYDO SYDOXH

*lrJ[
. DAA
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3D GGy — —
S PHDQV WKDW WKH YDOXHV VWDWLVWLFDOO\ GLIIHK
"LITHUHQW OHWWHUYVY LQ WKH VDPH FREBOXPQ LQGLFDWH
EHWZHHQ WKH VDPSOHYV

2D

,Q D VWXG\ FRQGXFWHG E\ 2JKEZBV BIQIPEQBIDWK H> HE
WKH PLOOLQJ SURFHVV WR WKH IORXU RI WKH SK\VLFRF]
ZKROH ZKHDW IORWWKHDWK FRQWHQW RI WKH ZKHDW IOR
UHILQLQJ ZDK/H UHPRYLQJ REWRE OHURUD/QGXULQJ PLOOLQ.
WKH DVK FRQWHQW @R | AREZHYBBXWKH ILQDO QXWULHQW F
GHSHQG RQ WKH H[WHQW WR ZKLFK WKH RXWHU EUDQ I
GHEUDQQLQJ SURFHVWL@WKHDN. BMKULY Q8 PKEHUDOV WHQG
%DUOH\ RDWV DQG U\H XVHG LQ WKH VWXG\ ZHUH PD
PLOO 7KHVH FHUHDOV HQWHUHG WR PLOOLQJ V\VWHP W
WRJIJHWKHU DW \@KHRP VDKOH $WOWK 8 JIJHV\VWHP DOWKRXJK V
E\ WKH FRDUVH EUDQ VLHYLQJ V\VWHP D OLWWOH ELW R
PL[ WR IORXU GXULQJ WKH VLIWLQJ $W WKH VDPH WLPH
WKHNKX®G HQGRVSHUP VHFWLRQ RI WKH EDUOH\ FDXVHG
WR EH QRW FRPSOHWHO\ VHSDKHWHH R UK RO RW\K\AM DHAVDLG/RWLSF
GLIIHUSQFHZDV IRXQG LQ WKH DVK FRQWHQWVORNXWKH F
HVSHFLDOO\ LQ EDUOH\ 7KLV VLWXDWLRQ UHGXFHV WKH
SRLQW RI YLHZ EXW LW PDNHV WKHP ULFK LQ QXWULWL
VKRZQ WKDW PLQHUDO FRQWHQW LQ WUHODW RV \BKB HQBGLQJ
7KH ORZHVW SURWHLQ FRQWHQW ZD\WW GEHWHBHLQHG L
VDPSOHV DQG WKH KLJKHVW UDWH ZDY IRXEHLQ ZKHQ WV
PDWHULDOV DQG IORXU ZHUH HYDOXDWHBUWBYHW® KHU Z K\H
ULFH IORXU E\ PLOOLQJ SURFHVV WKH DPRXQW RI SURW
VOLJKWO\ %XW WKH FKDQJH EHWZHHQ JUDLQV DQG IORXL
SDGG\ ULFH DQG LQGLFWWHG 1ZQ W BRDKHK N CFRHHU I©BIQV SU RW F
ZLWK VWDUFK JUDQXOHV LQ WKH HQGRVSHUP ZKLFK IRU!
LQ JO\FRSURWHLQ IRUP (VSHFLDOO\ RDW SURWHLQV H[KL
SURWHLQDQOBFMWLBQMHUHQW IURP WKH RWKHU FHUHDOV
RDW DUH IRXQG LQ WKH HQGRVSHUP > @ ,W FDQ EH VD
SUHGRPLQDQWO\ LQ WKH HQGRVSHUP OHDGV WRIDVMHUQFU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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VHSDUDWHG WKH EUDQ 7DEOH 7KHUHIRUH WKH SURW
VWDWLVWLFDOA\ LQ¥HIRUH FD@Q® DIWHU WKH GHEUDQQL!
FRQGXFWHG DERXW GHSK\WLQL]DWLR Q URWHIHD \WRIDWEH Q WM
ZKHDW DQG ULFH EUDQ ZHUWQBXQG DVUHVSHFWLYHO\ :
$FFRUGLQJ WR WKHVH UHVXOWV WKH ULFH EUDQ KDV PF
EUDQ ,Q WKH SUHVHQW VWXG\ VIKKOL\OBEHAQ BRER YHIQH PMK
ULFH VDPSOH WKDQSWHsKHHZKHDED NDP SOH

, QY LVBUBHVWLELOLW\ DQG SK\WLF DFLG FRQWHQW

7TDEOH
'"LIJHVWLELOLW\ UDWH DQG SK\WLF DFLG FRQWHQW
OLQF 3UR'
\WLF PFBG
&HUHB®BLIHVW LER e nvw Ll o 85T PDEL
* ! “ FQG “ D
:KHD\/\&JDLQ PEF
)OF “ D “ D “
*U[ “ E “ H “
%Duggkxu DI;F “* E “* EF
*UI: “ D “ | “ |
5\H )OF “ [ “ [ “ |
*UI: “ E “ G “ DI
2D VI)OF m 5] PR T
3bGGUL i} ! ©F “© !
UL :)-DF “ I “ D “ (
S PHDQV WKDW WKH YDOXHV VWDWLVWLFDOO\ GLITHUHGQ

"LITHUH QML Q BWRDMUH VLJIQLILFD GEW VELHIHHQY MQKAHHVDPSOHYV

+RZHYHU WKLV ULVLQJ ZDV QRWSIRXQB[NMIIW LR W MFDH
VDPSDH :KLOH WKH VDPSOH ZKLFK KDG WKH KL\WKHVW 0
ORZHWWIRW WKH SDGTLY ZDV UHODWHG WR WKH KLJK DPF
SDGG\ KXOO ZKLFK ZzDV FRPSOHWHO\ VHSDUDWHG IURP Wtk
FROQWHQW LQ WKH ULFH 7KLV FDVH ZDV VXSSEKBOQWGE EW VR
WKH ULFH IORXU DIWHU GHKXOOLQJ DQG PLOOLQJ LQ 7DE
VDPSOH WKDW KDV WKH ORZHVW SK\WLF DFLG FRQWHQW
3' UDWH W KDV EHHQ IRXQGUWXRPOWWWEHLLD QUMD WU RF
FRPSDUHG WR WKH 0' RI WKH FHUHDO JUDLQV ,W ZDV GH
WR FHUHDOV FDXVHG DQ LQFUHDVH LQ 3' LQ DOO IORXU
KLIKHVW SQFUHIDWHGHEHWRFSMHGG\ 7KH IORXU ZKLFK KDG \
GLIJHVWLELOLW\ ZDV WKH ZEHDWW® R XWQ FYHDS\W LRU RUIWHK H
IRXQG VWDWLVWBFDOOW LYONQRFD@QWKDW WKH DQWLQXW
UHGXFHVO PREIQRDMMDLODELOLW\ DQG SURWHLQ DEVRUSWLR
SURSHUWLHYV 7KH\ FDXVHV WR PLFURQXWULHQW PDOQXW
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,Q WKH SUHVHQW VWXG\ WKH KLJKHVW SK\WLF DFLG F
ZKHDOWSOH 7KLV UHVXOW VXSSRUWHG WKH YLHZ WKDW Z
DFLW zZDV VWDWHG WKDW SK\WLF DFLG ZDV IRXQG PRVWC
DQG WKDW GLIIHUHQW ZKHDW IUDFWLRQV VR ESKDW QF @ FEL\(
FRQWHQW > @ ORUHRYHU LW ZDV LQGLFDWHG WKDW
FRQVLGHUDEOH DPRXQW LRIRBKWMRIOF KHIDG K PNBKDWH ZK
DOWLQXWULHQW VXEVWDQFH > @ )XOFKHUSB\MWA FXDFLG
SKRVSKRURWKDW FDXVHG WKH OLPLWDWLRQ RI GLIJHVWLE
OD\HU *XSWD HW DO > @ DOVR UHSRUWHG WKDW WKH
UHPRYHG E\ GHEUDQQLQJ RI WK IEQ\D G>XOD\GIU RUBRO LWQK H , E
WH SK\WLF DFLG FRQWHQW RI WKH FHUHDO JUDLQV GHFU
S WKH GHFUHDVH RWKHU FHUHDOVSZHU H7IRK ®G OO DV
SURFHVV LV QRW PWSY R RHMW WKKD WK\WDVH HQJ\PH WKDW
+RZHYHU WKH GHEUDQQLJ GHKXOOLQJ SURFHVV LV D FRI
IURP FHUHDOV 'HVSLWH LWV FKDQJH DFFRUGLQJ WR JUDI
JUDLQ JH@QWDIDLA)\ KLJK SK\WLF DFLG

7DEOH VKRZV WKH XQWUHDWHG FHUHDO JUDLQV KDYF
EUDQ DQG KXOO OD\HU +RZHYHU LW LV VHHQ WKDW WKH
VDPSOHV GXH WR WKH U B PRYHUN RY LBUW® HD BIGOIOXQJ SURF
ZKHDW DQG EDUOH\ ZHUH SURYLGHG LQ VHULRXV GHFOLQ
RI GHEUDQQLQJ GHKXVNLQJ SURFHVV RI WKH ZKHDW DQ
VLWXDWLRQ LQWZAH FDKNUHGWEDIPLOOLQJ RI WKH VWRQH |

OLQHUDOV FRQWHQW LQ FHUHDOV

"KHQ WKH PLQHUDO FRQWHQWYV RI WKH JUDLQV DQG I
WRIJHWKHU WKH KLJKHVW PLQHUDOV LQ W&B BRGHDDV |
UHVSHFWLYHO\ 7DEOH 7KH JUDLQ ZLWK WKH KLIJKHVW
3 DQG 1D FRQWHQW ZDV EDUOH\ WKH JUDLQQZDWRVWE&H K\
ZDV VWDWHG WKDW RDWV ZHPN RIELRP HLFKGHUW R D Q ED U,
WKH RDW VDPSOH ZDV IRXQG ULFKHU WKDQ RWKHU JUDL
FRQWHQW ZDV IRXQG WR EH HTXDO LQ WHUPV RI 6H DPR)
ORZ LQ FHUHDOV SDGGRYQRSOHXGNHOBARRWKDG YHU\ KLJ
$0 DQG )H FRQWHQW FRPSDUHG WR RWKHU JUDLQV $OWK
KXPDQ GLHW LW FRQWDLQV LQVXIILFLHQW OHYHO )H DQ
*UDKDP > @ REDWZADS/WRDBW WKH ZKHDW KDG LQDGHTXDWH

3KRVSKRUXV 3 LV DQ LPSRUWDQW HOHPHQW REWDLQ
FHUHDORI WKH SKRVSKRUXV LV WKH SK\WDWH SKRVSKRI
DOHXURQH OPXBW RKISKRVSKRUXV LQFUHDVHV ZLWK WK
> @OHYHO RI WKH VDPSOHV GHFUHDVHG GXH WR WKH UF
SROLVKLQJ DQG JULQGLQJ SURFHVVHV DSSOLHG WR WKH
ODWHIW VHSDUDWHG WKH SKRVSKRUXV OHYHO ZDV VLJQLI
LQ ZKSIDW DQG SDGG\
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7DEOH
OLQHUDO FRQWHQW SSP RI WKH FHUHDO JUDLQ DQG
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S PHDQV WKDW WKH YDBWXWVY VWDWLVWLFDOO\ GLIIHU

,Q WKH VWXG\ WKH GHFUHDVH LQ WKH OHYHO RI DOO |
ZKHDW JUDLQ ZDV HYDOXDWHG VWDBWIMWHED OWKX\HVGHEUI
PLQHUDO FRQWHQWY ZHUH DW GLIIHUM®RNWMEKHY 8 OVW WIKE X
PLQHUDOV LQ WKH GLIITHUHQW OD\HUV DQG LQ WKH IUDF
LQVLGH WKH ZKHDW EUDQ FRPSULVHV WKH SHULFDUS V
QXFHOODU HSLGHUPLYV DQEMRKH @IOWKHRRXHWEID\BOD\HKW |
WRZDUGV WR DOHXURQH OD\HU OHDGV WR D VLJQLILFDQV
D VWXG\ LQYHVWLIJDWHG WR HIIHFWV RI GLITHUHQW GHJU
RI GLITHUHQW HONPHIOQSMNRWWHG WKDW DV WKH SHDUOLQJ
0J )H DQG =Q GHFUHDVHG %HFDXVH WKH DOHXURQH OD\
=Q DQG &X HOHPHQWY FRPSDUHG WR RWKHU ZKHDW OD\F
DO> @ DV WKH DPRXQW RI DVK LQ ZKHDW LQFUHDVHG
UHODWLYHO\ EXW WKH VDPH UHODWLRQVKLS ZDV QRW RI
=Q DQG )H PLQHUDOV LQFUHDVHG DV WKH PLHHO2DBJIQRHO
FKDQJH LQ &D PLQHUDO OHYHO LQ DFFRUGDQFH ZLWK WK
ZDV DVVRFLDWHG ZLWK WKH GLITHUHQW GLVWULEXWLRQ |
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7KH RSSRVLWH UHVXOWYV ZHUH REWDLQHG ROUNWKHGFR
U\H WKHLU UDWH LQFUHDVHG ZLWK WKH PLOOLQJ SURFH
LW FDQ EH HYDOXDWHG DV WKDW =Q DQG )H DUH PRUH HY
7KH U\H IORXU KDG WKH KLIJIKHVW =Q HQWSERP BRGH)G
WKH RWKHU VDPSOHV ,W ZDV VWDWHG WKDW LQ D VWXG\
DSSOLFDWLRQ WR VRLO DIIHFWHG )H DQG =DQERIQFE RWIHU
VLIJQLILFDQWO\ ,W ZDV LRQU/X L0 ERWY HH@® =) WDHOT
ELRORJLFDO V\VWHPV DQG WKDW =Q UHTXLUHG SURWHL
> @RUHRYMUDFL DQG 8QDO > @ UHSRUWHG WKDW WKI
EHWZHHQ WKH DPRXQW RQ G WRK\WHD® ROQQ W KR LOIRXG VO D 7k
VSHFLI\ WKDW WKHUH LV D SRVLWLYH UHODWLRQVKLS EH
VRPH PLQHUDOV WR SODQW DQG DOVR WKHLU FRQFHQWU
IORXU FRQWDN@HGDWHKIHY KRUJKG DQG )H DQG WKH KLIJKHVW
E\ PLOOLQJ U\H IORXU WKHUH ZDV SURYLGHG DQ LQFUHI
ZLWK LQFUHDVLQJ SURWHLQ :HDYHU HW DO > @ VWDW}
UHPRRD®WKH RXWHU OD\HU E\ JULQGLQJ RI RDW $V WKH
VDPSOH 7KH DPRXQWV RI 1D 0J =Q )H 6H $0 %D DQG
BHOHQLXP FRQFHQWUDWLRQV LQ WKH EDUOH\ RDW DC
SIFRIVV VWDWLVWLFOWIORXJK WKH FKDQJLQJ RI LWV OHY
VLIJQLILFDQW LQ ZKHDW DQG ULFH VDPSOHV LWV FRQF
FRPSDUHG WR RWKHU PLQHUDOV ,Q D VWW®R\ EHWXDRVRUF
WKURXJKRXW WKH DOHXURQH OD\HU DQG WKH SURWHLQ P
ZKHDW HQGRVSHUP > @ ORUHRYHU LW ZDV VWDWHG VLP
RQO\ PLQHUDO GLVWULEXWHG D@ RRSWVKRO B JHPDHRW R\ VL
> @

&RQFOXVLRQ

7KH UHVXOW RI WKH VWXG\ KDV VKRZQ WKDW WKH OHY
WKH EUDQ KXOO FRQWHQW RI WKH JUDLQV :KHUHDV WKF
GHKXOOLQJ GHBUDOKH @LSHWRFEWDWHY ZHUH GLIITHUHQW
EUDQ DQG DVK FRQWHQW LV GHVLUDEOH ZLWK UHVSHFW \
OHYHO RI PLQHUDO FRQWHQW PHDQV XQGHVLUDEOH QXW
UDRIHVRPH PLQHUDOV LQFUHDVHG GXH WR WKHLU GLVWL
ORUHRYHU WKH PLQHUDO FRPSRVLWLRQ LQ FHUHDOV ZD
GHKXOOLQJ GHEUDQQLQJ SURFHVV JHQHUDOKD \LIE LSHKDW H
DFLG FRQWHQW VLJQLILFDQWO\ %HFDXVH WKH GLIITHUHQ
FRRNLQJ SURFHVV LQFUHDVHG WKH GLJHVWLELOLW)\ DQC
DFWLYDWH WKH SK\WDVH HQJ]\PH RMKWKH | B A&V DRIQWEH G
WUHDWPHQWY ZLWK WKHVH SURFHVVHV VKRXOG EH UHVHI
FHUHDO SURGXFWV ,W FDQ EH VXJJHVWHG WKDW SHUI
GHEUDQQLQJ GHKXOOLQJ SWRMHVWRPB GSFRPHY @ DWWKFRQ |
IHUPHQWDWLRQ ZKLFK DIIHFWHG GLJHVWLELOLW\ DQG GH

$FNQRZOHGJIJHRIHMQWWVHDUFK KDV EHHQ VXSSRUW
8QLYHUVLW\ 6FLHQWLILF 5HVHDUFK 3URMHFWYV &l
IXPEHU %43 * 7KH DXWKRUV ZRXOG OLNH WR
8QLYHUVLW)\ 653 &RRUGLQDWLRQ 'HSDUWPHQW IRU
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5HIHUHQFHYV

+*EQHU ) 271HLO 7 $EBQIGRDQ .. ' 7KH LQIOXHQFH RI JHUF
RQ EHOKFDQ GLHWDUWHIIGUH @ & KK \IHW L Q D WXRI@ SH DRD W V
JRRG 5HVHDUFK DQG 78&KQRORJ\

OD\HU - ( 3IHLIIHU : + 9%H\HU 3 %LRIRUWLILHG FU]
PDOQXVWXUNVIHOW 2SLQLRQ LEGSOPQW %LRORJI\

'"HOFRXU - $ +RVHQBUBQFLSOHV Rl FHUHDO VEKBDGRHWDQG )
6WD$BEE& ,QWHUQDWLRQDO ,QF SS

%ULHU 1 *RPDQG 6 9 'RQQHU ( 3DWHUVRQ ' 'HOFRXU - ¢
'LVWULEXWLRQ RIHPMY HTUDLOGIVE QP ZD HBWEGYIX® UROOHU PLOOLC
DIIHFWHG E\RHDIOQIOA ®J $JULFXOWXUD®S)RRG &KHPLVWU\
ODFODVWHUV 0 0 %UDGEXU\' +LQWRQ - - & OLFURVFR
WKH ZKHOMONHQ , +OKENIY (@KHPLVWU\ $®B8 UWLABRQERWVRRALDW |
&HUHDO &KHPLVWYV

=DQROHWWL 0 3DUL]DG 3 $ /DYHOOL 9 &HFFKLQL & OHQF
'"HEUDQQLQJ RI SXUSOH ZKHDWU LLFHKF RYBIEW LR Q B QDVX®R FMXGILL ¢
SURGXFW)RRG 6FLHQFH DQG 7HEFKQRORJ\

JMHOO . O 6HLEHO : *HUVWHQNRUQ 3 OHWKRG IRU LC
&HUHDO &KH&EVWU\
&LFFRULWWL 5LFRDG®&HLL), 1*D]]D / &RUUDGLQL '"T(JLGLR

8VH RI EUDQ IUDFWLRQV DQG GHEUDQQHG NHUQHOV IRU WKH
KHDOWK\ $RRVGI @ WH BIOWBVS Uk

$NKWHU 6 6DHHG ¥ .,8#I1DQ 0 ,QDYOUWUR GHSK\WLQL]DWLRQ I
HVVHQWLDO PLQHUDOV L-@®XHYDBIQ RO &K H B DES ®RLHHWFIHH V
2GND\D ¢JND\D % 'XPDQ % 7XUNVR\ 6 (ITHFW Rl GHSK\V
DQG K\GURWKHUPDO DXWRFODYLQJ WUHDWPHQWYVY RQ WKH D
FRQWHQW RRRDADDUDIQIJULFXOWXUDOSSBQG )RRG &KHPLVWU\
+HQGHN (UWRS 0 %HNWDU 0 (QKDQFHPHQW RI ELRDY
RI DQWLQXWULHQWYV LQ IRRGMDIOWKI YRRB BQRFHYVESIW K 6 FLH

3RPHUDQ] < :KHDW &KHPEGVIHFKQRPRULFDQ $VVRFLDWLRQ F
&KHPLVWYV

%RWWHJD * &DUDPDQLFR 5 /XFLVDQR 0O ODULRWWL 0 )U
GHEUDQQLQJ RI FRPIPRIOF X R HICHEMWAK X QRYDWLYRX DEDD VR H
JRRG (QJLQHHIA®J

$$&& $SSURYHG PHWKRGV Rl WKH $PHULFD Q89 WKFHBW B R/C
3DXO0

+D\WD+HQGHN (UWRS2SWLPL]DWLRQ RI VRXUGRXJK EUHDG OQ
EUHDG E\ UHVSRQVH VXUIDFH PHWKRGRORQW HURDFWN RQD O QB
Rl )RRG 6FLHQFH DQG 7HBKQRORJI\

5L]]JHOOR & * &XULHO -HMQWILRQBAO@DIQMISQF 6LODQR 0 *R
5 8VH RI IXQJDO SURWHDVHY DQG VHOHFWHG VRXUGRX
EUHDG ZLWK DQ LQWHUP HGR®WHFIREWEHORI \RI JOXWHQ

+DXJ : /DQW]VFK #HQVLWLYH PHWKRG IRU WKH UDSLG GHW
FHUHDOV DQG FRXHWDD G RRWXKFAWFFLHQFH RI $BRG& DQG $JULF)
$0 .KDOLID $ 6 $KPDG "HWHUPLQDW LRI FRIPIR H\U A DBHI® ¢
DYDLODEOH LQIDQW IRUPXODH D®IG LEFADK) IRRGQYO® RD XCER.GS 6D
SS &

3D\PBQ+ %DIJKHEBDUHLIRURXWK GOLQJ FKDUDFWHULVWLFV RI UL
E\ SDGG\ PL[WXUH UDWLRQWDGURRMWAVRQUH FREWOIDEBR| %LRVF

2JKEDHL 0 3UDNDVK - (I'"HFW RI IUDFWLRQDO BLOOLQJ
I[UDFWIURHOMGY LQ &DUERK\GYDWH 5HVHDUFK
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(YHUV $' .HONHQV 0 OFODPDNHUDQDO\VLV RI IORXU IRU 4¢
SURGXFW GHYHORBRH@®WQJIJMQ Rl WKH LQWHUQDWLRQDO EUHDG
9DOHQFLD

*\V : *HEUXHUV . 6jUHQVHQ -) &RXUWLQ & 0 'HOFRXU -
SULRU WR PHGYEHY [\ODQDVH EXW QRW [\ODQDVH LQKLELWR
-RXUQDO RI &HUHBS® &FLHQFH

&RUGDLQ / (DWRQ 6 % 6HEDVWLDQ $ O0DQQ 1 /LQGHEHUJ
DQG HYROXWLRQ R WHKIBQWKWRS Q EIND MERWUIIRRD @ KRXUQD O
&OLQLFDO 1XVBSEWLRQ

.ORVH & B6FKHKO % ' $UHQGW ( . )XQGDPHQWDO VWX
GXULQJ PDOWRRUQ@D RRWEHUHDSSB:6FLHQFH
&DPLUH $ / &O\GHVGDOH ) 0 $QDO\VLAVRRUQRMWRF RRG

6FLHQFISS *

)XOFKHU 5 * 'XNH 7 . 5*UDLQ BURWHWXUH DQG 2UJDQL]DWL
IXWULWLRQLVWY DQ® 3KRBDBIVYRBRGIYDUE +HDOWK DQG 'LVHD
60ODYLQ DQG 5 * )XOFKHU HGV $%$&& ,QWO 6W 3DXO 01 8
*XSWD 5. *DQJROL\D 6 6 6LQJK 1 . 5HGXFWLRQ RI S
ELRDYDLODEOH PLFUR¥RXUDDOWRRE® 6RREQFIDDQESEFHFKQRO

HOFK 5 0 *UDKDP 5" %UHHGLQJ IRU PLFURQXWULHQW

QXWULWLRQ-BKUYBBFRVLYSHULPHQW®® 2% RWDQ\

9DWV 3 %DQHUMH3IUBR®@XFWLRQ VWXGLHYVY DQG FDWDO\WLF ¢

LOQORWIMWREBKRVSKDWH SKRVSKRK\GUROHVBE Y G DOFRREUY ODHZHF ¢
S &t

/JRUHQ] . /RHZH 5 :HDGRQ ' :ROI : 1DWRHDELOBDH O\
PLOOHG IORXUV ,, &PIUGHDDD &K B GEDSRAWUH V

(NLQFL 5 hQDO 6 OLQHUDO FRQWHQWYVY RI YDULRXV 1OF
7-UNBBIPXNNDOH 8QLYHUYLW)HHRX QQS® HQFH

IRPEL ( +HWWLDUDFKFKL *0 6FKHFNH . * $GYDQFHG

DQG WKHLU DSSOLFDWLRQV LQ HQYLURQPHQWDO EERJHRFKF
(QYLURQ 4XB36+

XWPDQ 8 % <0®0G®] % dJdDRPDRYHG QLWURJIHQ VWDWXV H(
FRQFHQWUDWLRQV ERWK LQ WKH ZKROH JURKQ @DXG RV K&HH B!
6FLHQFH SS +

ORUJRXQRY $ %HRRHUD + ) S$EXJDOLHYD $ ']KKMXWRYD 0
OXPLQMDQRY + =HOHQVNL\ < g]WeUN / dDNPDN o ,
FRPPRQ ZKHDW JURZQXSKQMIQAMEIDGS SS¥LD

3HOHJ = 6DUDQJD < <D]OFO $ )DKLPD 7 g]W+QNDQGAdDNP

SURWHLQ FRQFHQWUDMLIHRQFY DQ ZLUJOGFHPPHU ZKHDW XQGHU
UHJLBBDQW 6RLCS +

'"HDYHU & 0 &KHQ 3 + 5\QHDUVRQ 6/ HOHRHEWWRIGPSOR
FRQWHQW) ® IERRMWHD O &K H FSLS/ W U\

ORRUH ./ B6FKU|GHU 0 /RPEL ( =KDR ) - OF*UDWK 6 3 +C
*URYHQRU & 5 0 1DQR6,06 DQDO\VLV RI DUMHQLF DQG
3K\WRORJLSSN+
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(ITHFW Rl WKH FRPSOH[ LPSURYHU RQ FRQVXP
RI EDNHU\ SURGXFWYV

20H %L( (VP .KDOLM $QDVW B6KHYFKF
2NVDQRFKXEHRWY\QH QN 1% RQ G D U HI®NER JIIL Q

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI
- HVZRUGYV L QWURGXGWRIUBHU WR LPSURYH WKH FRQ
RI EDNHU\ SURGXFWVY PDGH XVLQJ DFFHOHL
,PSURYHU ZDV FRQGXFWHG RQ WKH SRV\OLEDMILWY R
%DNHU\ LPSURYHU )JUHVKQHVYV
6WDOLQJ ODWHULDOV DQKHPHRQWWEPWHU SURSHUWL
JODYRU EDNHU\ SURGXFW )JUHVKQHVV IURP SUHPI
'"H[WULQYV VDOW PDUJDULQH ZKLWH VXJDU ZHUH LQ’

JUHVKQHVV  WHFKQRORJLFDO SURFHWH ZOXUPMLRIQHR | R
GRXJK NHHSIPQO DQG WKH XVH RI WKH )L
LPSURYHU ZKLFK ZDV GRVHG LQ WKH DPRX
IORXU 7KH TXDOLW\ Rl WKH ILQLVKHG SU

SK\WWLFRFKHPLFDO DQG RUJDQROHSWLF SDL

$UWLFOH KLVWRU\5HVXO W PXQ&F KRQXVH RI LPSURYHU LQ D
E\ ZHLJKW RI IORXU LQFUHDVHV WKH

SHFEHLYHG SURGXFWV E\ LPSURYHV IRUP UHVLVYV
UHGXFHV WKH IHUPHQWDWLRQ WLPH E\ WK
PHISLYSIEYLRAG | QXWHY 7KLV LV GXROWRLW KIQ XFH RP DPR
SEFHSWHG LQ WKH FRPSRVLWLRQ ZKLFK FRQWULEXW
IRUPLQJ DQRUPXODUFDSDFLW\ 3URGXFW Z

SUHVHUYHV IUHVKQHVV DV HYLGHQFHG E\

ERUUHVSROGLJIHIRUPDWLRQ E\ D VP D OIMH® IVZERX W C

DXWKR U LU OD\HUV LQ WKH EDNLQJ EXQGOH IRU
7KHUH LV PRUH DFFXPXODWLRQ RI GH[WUL«

20HQD %LO\N WKH SURGXFWV ZKHQ XVLQJ WKH LPSURY

(PDLO LOKLELWLRQ RI WKH VWDOLQJ SURFHVVE
ELO\NOHQD# LPBRYHPHQW RI FRQVXPHU SURSHUWLHYV 7
JPDLO FRP WKHUH DUM HPWRDVIXPHDGGLWLYHV LQ WKH

PDOWRGH[WULQ DQG S JHODWLQL]JHG vWDU
DGVRUBRKIR® PRLVWXUH GXULQJ VWRUDJH

D ZADWNBROXEOH K\GURFROORLG WKDW LQFUL

DQG IRUPV GAPWRVHRQDO QHWZRUN WKD\

LOQWHUDFWLRQ RI JOXWHQ DQG VWDUFK UL

&RQFOXVKRQWH RI WKH LPSURYHU VOR

VWDUFK UHWMWRIWDKEGH IBXPDWLRQ RI FRDJ)

IURP LWV FRQVWLWXHQWY ZLWK IORXU GXI

2. ZKLFK WKHUH DUH VZROOHQ RIWHQ JHOD
LQFUHDVLQJ WKH DPRXQW RI GH[WURVH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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,QWURGXFWLRQ

$V D UHVXOW RI WKH VWDOLQJ RI WKH EDKHG Q RRIQW LW
RI WKH WDVWH DQG DURPD WKH VRIWQHVV DQG VSULQJL
IUDJLDHKAMV\GHWHULRUDWLRQ RI WKH FRQVXPHU SURSHUW!|
WUDQVIRUPDWLRQ RI WKH ELRSROJYMH UMD RH®AK AV B H RIGXF @
VWDUFK IURP WKH DPRUSKRXV VWDWH WR WKH FU\VWDOO

JRU WKH VLPXOWDQHRXV DGMXVWPHQW RI WKH TXDO
HQVXULQJ WKH OHQJWKHQLQFWV I WLAW KQ HD\GW RV [EEDMHI UR S U
XVH FRPSOH[ EDNLQJ LPSURYHUV > @

7KH UDQJH RI FRPSOH[ EDNLQJ LPSURYHUV &%, LV
GLUHFWLRQ Rl WKHLU DFWLRQ > @ ,Q JHQHUDO FRPSO
LQJUHGLMMPHO\ JOXWHQ R[LGLIHUV DQG UHGXFLQJ DJHQV
IRRG DGGLWLYHV RU LQJUHGLHQWYV ZLWK VSHFLILF HIIH
EDNLQJ LPSURYHU DUH FDUHIXOO\ VHOHFWHG G®&H WR \
&RPSOH[ EDNLQJ LPSURYHUV DFW WKURXJKRXW WKH WHF
VROYLQJ VSHFLILF FKDOOHQJHYV

7KH FRPSOH[ EDNLQJ LPSURYHU )UHVKQHVV LV NQR.
EDNHU\ SURGXFWV PDGH XVLQ®@DFFHOHUDWHG WHFKQROF

7R H[WHQG WKH IUHVKQHVV RI WKH EDNHU\ SURGXFW)
RIITHUV D FRPSUHKHQVLYH EDNLQJ LPSURYHU 32:LQHU 1RW
VNLPPHG PLON SRZGHU HPXOVLILHU GH[WURPMHQ®W C(
GRVDJH LV IURP W R E\ ZHLJKW RI IORXU &%, *:LQ
VHYHUDO WLPHV > @ 7KLV LPSURYHU SUHYHQWYV PRLVWX
IUHVKQHVY EXW GRHV QRW DIIHFW WKH LQWHQVLILFDWLI

$ 'XWFK FRPISBQDRIGHLDY D FRPSUHKHQVYDW EDNBRUN LPS
ZKLFK FRQVLVWV Rl VR\ IORXU HPXOVLILHU DVFRUELF D
EDNHU\ SURGXFWV > @ $ VLJQLILFDQW GLVDG®RXQWDRBHLW
LV DGYLVDEOH WR VWXG\ WKH XVH RIUDRSWRYRQDO PWDIEH P
QDPHO\ GU\ PDVKHG SRWDWRHV

7KH JUHQFK FRPSDQ\ 3/HVVDIIUH UHFRPPHQGV WR XV
OD]KLPL[ ZLWK D ZKLW/H LWOFD EMIBWRE ORMOM VXFK DV EUHL
EDNHU\ SURGXFWV DQG PXIILQV LQ RUGHU WR H[WHQG W
VSHFLDOO\ VHOHFWHG PRQRJO\FHULGHV ZKLFK VORZ GR
HQJ]\PH FRPSOH[ Rl WKL WRPBEWDPHQ DQ@MREGLWLRQDO DPR:
WKH SXOS ZLOO UHWDLQ LWV SURSHUWLHV RYHU WLPH >
D VHFUHW DERXW WKH FRPSRVLWLRQ RI D FRPSOH[ EDNL
HQJ\PHV XRAMHDV ZKHWKHU LWV XVH ZLOO DFFHOHUDWH

7KH DXWKRUV Rl > @ UHFRPPHQG WR XVH WKH FRPSRV
SUHSDUDWLRQ RI DP\ORO\WLF DFWLRQ DQG D PL[WXUH RI
HQKDQFRHIROR®J WKH IUHVKQHVV RI EDNHU\ SURGXFWV 7
IUHVKQHVV RI EDNHU\ SURGXFWV XS WR  KRXUV RI VWRI
SURYLGH UHFRPPHQGDWLRQV IRU LWV RSWLPDOUIRMDJH L
EDNLQJ SURSHUWLHV

W LV DGYLVDEOH WR LQYHVWLJDWH WKH HIIHFW RI V
SURSHUWLHV RI EDNHU\ SURGXFWV PDGH XVLQJ DFFHOH!
VWDJH LV UHSODFHG E\ NHHSLQJ

7KH SXUSRVH Rl RIKNIXEVYWDKQ \ZDOWH WKH IHDVLELOLW\ F
LPSURYHU )UHVKQHVV WR LPSURYH FRQVXPHU SURSHU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7R DFKLHYH WKLY JRDO WKH IROORZLQJ WDVNV ZHUH
TR LQYHVWLIJDWH WKH LQIOXHQFH B SWKRFHF 8 URYE U XXX
EDNHU\ SURGXFWYV

TR VWXG\ WKH HIIHFW RI LPSURYHU RQ WKH SURFHVVHV
7R LQYHVWLIJDWH WKH LQIOXHQFH RI WKH LPSURYHU RQ

—_—

—_—

ODWHULDOV DQG PHWKRGYV
2EMHFWY DQG PDWHULDOV

7TKHRPSOH[ EDNLQJ LPSURYHU )J)UHVKQHVV LQFOXGH
SUHSDUDWLRQ 3$OSKDPDOW 9& " PDOWRGH[WULQ DVF

7KH EDNH\ SURGXFW )JUHVKQHVV ZDV PDGH IURP SUHF
PHWKRG

i 3UHPLXP ZKHDWNIORXU

i 3UHVVHG EDNHUNJAHDVW

i 6DOW NJ

i ODUJDUYLQMNJ

i KLWH FU\WWWBOONQ@QH VXJDU

JRU GHYHORSPHQW RI WKH FRPSOH[ EDNLQJ LPSURYHL
ZDV XVHG DV WKH PDLQ ILOOHU ,W LV PIWNGHJBPY¥FRIUSIK\Q 1
FKHPLFDO SDUDPHWHUV GU\ SRWDWR SRZGHU FRPSOLHYV

7DEOH
SK\VIHRHPLFDO SDUDPHWHUV RI GU\ SRWDWR SRZGHU

,QGLFDWRU 9DOXH

ODVV IUDFWLR
ODVV IUDFWL
ODVV IUDFWIDQG GLVV
ODVV IUDFWL
ODVV IUDFW
ODVV IUDF\
ODVV IUDFWLRQ RI LQVROXE
OLQHUDOV
0DJQH
3RWD
&DOI
3KRVS
6RG
‘DWHU DEVRUS
$XWRO\WLF DFWLY
7KH GHJUHH RI FDNLQJ IRU - Q
"KLWHQH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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7KH GU\ SRWDWR SRZGHYHD VFRRIGLIOVSWR &K WR ZKLWH
RI WKH SUHPLXP JUDGH KDV D ORZ WHQGHQF\ WR IRUPD'
QRW H[FHHG WKHUHIRUH LW FDQ EH XVHG DV D IXQFW

YRU WKH SURGRFEPBICRH] RDMWIKQYJ LPSURYHU WKH HQJ\PH S
9& ‘ 6.% J RI WKH *HUPDQ FRPSDQ\ 20XKOHQFKHPL
WKH 3ROLVK FRPSDQ\ GHIDWWHG OHFLWKLQ IURP VXQIO]
306,2/(5 DQG DVFRIRGFFBIBLGQ &KLQD DUH XVHG

OHWKRGV RI UHVHDUFK RI WKH TXDOLW\ RI EDNHU\ Sl
LPSURYHU

OHWKRG RI ODERUDWRU\ EDNLQJ IRU UHVHDUFK RI W
/IDERUDWRU\ EDNLQJ ZDV FDUULHG R Y\ HV\R H.FKYQHR/G\RLILCAVD K
ELRFKHPLFDRKHAKIFDPRFKDQJHY LQ WKH GRXJK DQG TXDOL
GRXJK ZDV SUHSDUHG LQ DQ DFFHOHUDWHG PDQQHU ZLW
ZDV NQHDGHGSHOP ® GWORIK PL[LOHSLMRPKWQAH ZDV  PLQ 7
ZDV SURFHVVHG P D QX OMK H SGHRIXVIKY 8 UIDFHAVH ZDV FDUULHG
D WHPSHUDWXUH Rl  “ f& DQG UHODWLYH KXPLGLW\ *
EDNHG LQ DQ*RYH& DW

%WHs TXDOLW\ ZDV HYDOXDWHG E\ SK\WLFDO DQG Fk
UHVLVWDQFH VWUXFWXUDO DQG PHFKDQLFDO SURSHUW
DSSHDUDQFH FUXVW VXUIDFH FRQGLWLRQ SRURVLW\ VW

OHWKRG RI UMMRNDDEG IGRIRUPDWLRQ IRULQYHVWLIJDWLR
RI T UHVKQHVV RKI GEOMANRQ RI VWRUDJH RI I[UHVKQHVYV
E\ FKDQJHV LQ WKH VWUXFWXUDO DQG PHFKDQLFDO SUR
DIWHURI VWRUDJH ZDV GHWHUPLQHG ZLWK WKH XVH RI St

7KH DUHD RI WKH VXEFXWDQHRXY OD\HU ZDV GHWHUP
VWLIIQHVYVY DQG FUXPE 7KH WUDQVLWLRQ EHWZHHQ WKH \
E\ D PDUNH2

OHWKRG RI UHVHDUFK RI PLFURVFR$URY FRSBN HRIN BN
SURGXFWYV ZDV FDUULHG RXW DIWHU K RI EDNLQJ DQG D
7KH VDPSOHV ZHUH VWRUHG XQSDFNDJHG DWHH]LQfX®& 6
O\RSKLOLF GU\LQJ DQG VSUD\LQJ LQ D YDFXXP FKDPEHU
7KH VDPSOHV ZHUH H[DPLQHG XVLQJ WKH HOHFWURK VFD!
D PDIJQLILFDWLRQ RI WLPHV DQG WK KR WDWRQ WKH

OHWKRG RI UHVHDUFK RI FROWRQWHRIWG R[WAH[@QWLQV -
E\ WKH PHWKRG RI WKHLU PDVV IUDFWLRQ ZKLFK LV EDV
DW GLIITHUHQW FRQFHQWUDWLRQV RHUWHHNKQD® PWERBKWRE G G\
WR UHOHDVH WKRPXEG®GR EDWHRK\GUDWHY GLJHVWLRQ R
SUHFLSLWDWLRQ RI GH[WULQV ZLWK VROXWLRQV RI DOFF
UHFRYHUHG GH[WULQV YLWK LZWK HUKD®WRRKKEOWRRIAWF DFLG
WKH DPRXQW RI JOXFRVH LQ WKH K\GURO\]DWH RI GH[WU
PHWKRG RI :LOWWHU DQG 6FKXGO 2Q WKH EDVLV RI WKH
IUDFWLRQ RI GHPWPUREIG ADMUDHFWLRQV GHSHQGLQJ RQ W
DW GLIIHUHQW FRQFHQWUDWLRQV RI HWK\O DOFRKRO > {

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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OHWKRG RI UHVHDUFK IR PWKH VWHRKMEBHKP RQGWLRQ RI WKFE
ERQG LQ WKH GRXJK ZDV SHUIRUPHGE\ WIiKHUR R DWRILUDHS/
WKH WHPSHUDWXUKH&UDWJIB BRDWH RI KHDWLQJ RI VDPSOH)
f& PEQ@

OHWKRG RI UHVHDUFK RI WKH FRQWHQW KRH FIRIWRHQ ¥/ J|
IODYRULQJ VXEVWDQFBNGL @\ BUKIHD ® ZBDXYQMQ RHUELV XOILWH
GHWHUPLQHG E\ W®H PHWKRG >

5HVXOWY DQG GLVFXVVLRQ
,QYHVWLIDWLRQ RI WKH HIITHFW Rl WKH LPSURYHU RQ \

7TKH REWDLQHG UHVXOWYV GXH WR D BWKURD\ RRIE VEDINQ K
VWUDLIJKW GRXJK SURFHVYV 7KH GRVDJH RI WKH LPSURYH!
RI GRXJK NHHSLQJ ZDV PLOQXWHV 7KH REWDLQHG UHVX(
VWUDLJKW GRXJK SURFHVV $ WDKRI$S WH BIUSHS DBER®HD EEW W €
ZbDV bv D FRQWURO VDPSOH 7KH UHVXOWYV RI WKH VWXG\

7KH DQDO\WLV RI WKH UHVXOWYV RI WKH UHVHDUFK VKR
VHRLQLVKHG SURGXFWYV ZLWK WWIK DHHE W PRIQ R HWY HFIRAPSS
SURGXFWLRQ E\ WUDGLWLRQDO WHFKQRORJLHV 7KH XVH
E\ WKH SRURVLW\ DQG LPSURYHV WKH IRUP UHVLVWDC
LPSURYHV WKH IUHVRGMNFWWRIEEDNHU\ S

W ZDV HVWDEOLVKHG WKDW WKH XVH RI WKH LPSUR®
WHFKQRORJLFDO SURFHVV DQG LQFUHDVH WKH VSHFLILF
XVH RI DP\ORO\WLF HQJ\PH ZKLFK IULWHD§HW KRKIFRLSDORYGQ G
VXIJIRUPLQJ FDSDFLW\

,QYHVWLIDWLRQ RI WKH HIITHFW RI WKH LPSURYHU RQ \

7KH GLITHUHQFH LQ RUJDQROHSWLF FKDUDFWHULVWLF
UHVXOW RI EDNLQJ SWIPDHFHHV VW W [SKRHV/A & WMHR WL IJKHU WHPSH
%DNLQJ FUHDWHY D UHODWLYH PRLVWXUH JUDGLHQW DQ
FUXPE ZKLFK FDXVHV WKH UHGLVWULEXWLRQ RI PRLVWX
RI FUXVWRIWVWWRXOGEQIRUP D WKLFNHU VXEFXWDQHRXYV OD\HL
DGYLVDEOH WR LQYHVWLIJDWH WKH HIIHFW RI WKH LPS
VXEFXWDQHRXV OD\HU )LJXUH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7DEOH

,QIOXHQFH RI WKH LPSURYHU RG 8HRKIRWRUXBDOW\URFHV VS

%QDNHU\ S
' QGLFDWRU &RQWUR( [ 6DPSOH ZLWK W
"RX.

ODVV IUDFWLR
"XUDWLRQ RI IHL -
"XUDWLRQ RI -
"XUDWLRQ RI ¢
$FLGGHIJ

LQlI

JLQLVKHG

2UJDQROHSWLF

&RUUHFWOQ

2YDO VOLJKW

FXWV D

2YDO QRW YDJ>

UH FOHDU FOHDU

&RORU RI

/LJ

)URPJROGH

6WDWH RI WIKH F

6PRRWK HQR
VPDOO EXEEC
QRWLFHDEOH
FUDFNV DQG H

OV\

QRWK I'L
FUDFNYV

SRURVLW!

7KH SRUHV DI ZDOOHG D(VL]

HYHQO\ GLVWULEXW

HG

) DY

' QWHQVHO\ SURQRXQI

7D’

 QWHQVHO\ SURQRXQI

6SHFLILF Y

JRUP UHVL)

3RUR

$FLGLW)\

7TRWDO FUXPE GH
RI SHOHWURPHWH

u

LQ

LQ

SUHVHUYLQJ

&RQWURO VDPSOH

YLIXUH

6DPSOH ZLWK WKH LPSURYHU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7TKH UHVXOWYVVKIRW WHKDWXGXHNVQJ WKH VWRUDJH SURFH
WKH VXEFXWDQHRXV OD\HU RI WKH EDNHU\ SURGXFW LV V
VXEFXWDQHRXV OD\HU RI WKH FRQWURO VDPSOH

JXUWKHU VWXGLHYVY ZHUH FRQFHUQBWLRQVR I WKKH PEEBNR!
GXULQJ VWRUDJH 7KH UHVXOWYVY RI WKH VWXGLHV DUH VKF

&RQWURO VDPSOH 6DPSOH ZLWK WKH LPSURYH
J)LIXUH OLFURVWUXFWXUH RI WKH FUXPE RI EDNHU\ SURGX

7KH EUHDG FUXPE PKWDUBRFWXWH]HG E\ WKH SUHVHQFH |
DURXQG E\ WKH LQWHUVWLWLDO ZDOOV WKDW FUHDWH D
DLU LQ WKH LQWHUVWLWLDO ZDOOV XQGHU WKH PLFURVF]
JUDLL@XH WR WKH IRUPDWLRQ RI WKH FU\WWDOOLQH VWU:
ZLWK WKH LPSURYHU FRQVLVWYV RI D ZKROH PDVV RI FRDJ
LQ WKH PLGGOH RI ZKLFK SDUWLDOO\ JOQOWHR MBPHVDUT
WKHUH DUH YLVLEOH OD\HUV RI DLU

7KH OHQJWKHQLQJ RI IUHVKQHVV LV FDXVHW® DE\QWXKH
DGGLWLYHV QDPHO\ PDOWRGH[WULQ DQG JHODWLQL]HG
DGVRUEHG ERXQG PRINDNMURY @KUWHL U RGKHFWWRLWK WKH L
LV DOVRVIR@R B K\GURFROORLG WKDW LQFUHDVHV WKH
D WIGLHWPHQVLRQDO QHW WKDW LQKLELWY WKH LQWHUDF
UHWURJUDKGH RI \@VDUF

W KDV EHHQ IRXQG WKDW WKH XVH RI WKH LPSURYHU
OD\HU LPSURYHV WKH FUXPE VWUXFWXUH LQ WKH FDVH
SDFNLQJ

'XULQJ WKH EDNLQJ SURFHVV W KMQGHIVARVO RPWW RE HRQ W
PDOWRGH[WULQ DUH LQWURGXFHG LQWR WKH GRXJK ZL
LQYHVWLIDWH WKH FKDQJH LQ WKH DPRXQW RI GH[WU
GHWHUPLQHG DIWHU K RI FRR®WM SUKN HGIWKGW. D R IDW®

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7DEOH
KRQWHQW RI GH[WULQV LQ EDNHU\ SURGXFWV Q

6DPSOHY RISRQWHQW RI GH[WULRR 6UIWPIEMROVG £k owHow
EDNHU\SUR&KBW&H“MM“WKRGH[Wygb RG RI GH[WULQV

RGH[WULQV
&RWURO VDPSOH

6DPSOH ZUWK WKH
LPSURYHU

,Q WKH FDVH RI WKH XVH RI WKH LPSURYHU tWKHUH L
FRPSDUHG WR WKH FRQWURO VIDPP®OHN HE R 8 UARR HUK HVKU
LOQWURGXFWLRQ RI DGGLWLRQDO ROLJRVDFFKDULGHV ZLW
,Q WKLV UHJDUG WKH SURFHVV RI VWDOLQJ RI EDNHU\ Sl
D WIGUFPHQVLRQDO QHW E\ ORZ W ROKHFXOIDRIS BB IHMW W KGIH [\Y |
JOXWHQ DQG VWDUFK DQG WKH \LHOG RI PRLVWXUH E\ VW
ILWHUDWXUH VRXUFHV VKRZ WKDW WKH DELOLW\ RI E
UHODWHG WR WKH FRQWHQW RI ERXQG WRWGHWHUP LQKH
FROWHQW RI ERXQG DQG IUHH ZDWHU LQ WKH FUXPE 7
GHULYDWRJUDSK 7KH DQDO\WLV RI WKHUPRJUDYLPHWU
TXDQWLWDWLYH FKDUDFWHULVWLFV RPBVRH S3LR/GHVEX VW
DGGLWLYHY DQG WR FKDQJH LWV VWDWH GXULQJ VWRUDJ

®m)UHH PRLVWXUH O2VPRWLFDOO\ ERXQG PRLVWXUF
O$GVRUEHG ERXQG PR&ENMPUFHD OO\ ERXQG PRLVWXUH

JLIXUH &KDQJHV LQ PRLVWXUH ERXQGV LQ WKH VDPSOHYV
*tFRQWURO VDPSOH BFRQWURIKORXDFKSOH DIWHU KRXUYV
*VDPSOH ZLMSUWXHU DIWHHVDRAIRXHUYLWK WKH LPSURYHU DIW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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$W WKH ILUVW VWDJH RI UHPRYLQJ PRLVWXUH IURP WK
ORVV ,Q WKLV WHPSHUDWXUH UDQJH IUHH DPRG/WXUL
PLFURRDIHWO @G LPPRELOL]JHG ZDWHU LV UHPRYHG 7KH \
VDPSOHV RI SURGXFWYV LV RI WKH WRWDO ZHLJKW RI
ILUVW GD\ RI GHWHUPLQDWLRQ DQG R | RMKW KMHRWOOPCS @
ZLWK WKH LPSURYHU 2Q WKH IRXUWK GD\ RI VWRUDJH R
IRUPV RI ERQG IRU WKH FRQWURO VDPSOH LQFUHDVHYV E!
SURGXFW DQG IRU WKH SHRG X F VRMXIHW\K RWKCHO L2PHBIUIRKYH R | .
SURGXFW

7KH VHFRQG DQG WKLUG WHPSHUDWXUH LOQWHUYDOV F
LQ WKHVH UDQJHYVY HQGRWKHUPLF SURFHVVHV RFFXU ZKLI
ZLWK VLIQLILFDQWREHMILRENV@N HRMPRRWLFDOO\ DQG DGVRUEL
EH VHHQ IURP )LIJXUH WKH DPRXQW RI RVPRWLFDOO\ ERX
VDPSOH DQG LV RI WKH WRWDO ZHLJKW RI ZDWHU LQ
WKH DRRRYWRWLFDOO\ ERXQG PRLVWXUH LQ EUHDG ZLWK
UHPDLQV JUHDWHU WKDQ LQ WKH FRQWURO VDPSOH 7KH
ILUVW GD\ RI VWRUDJH DQG DIWHU IRXU GD\V RI VWRUDJF

7TKH IRWHBWEHUDWXUH LQWHUYDO FRUUHVSRQGYV WR WK
$V LW FDQ EH VHHQ IURP WKH DQDO\WLY WKH FRQWHQW F
LW LV YHU\ VPDOO FRPSDUHG WR RWKHU IRUPV RI ERQGL(

'XULQJ WKH NWRG\ DIWWRUDJH LW ZDV IRXQG WKDW V
GHFUHDVH RVPRWLFDOO\ DQG DGVRUEHG ERXQG PRLVWX
PRLVWXUH RI PLFURFDSLOODULHYVY EXW WKLV UHGXFWLRC

7TKHUHIRUH WIKH WHWOWW RRIWKH PRLVWXUH ERQG
SURGXFWV ZLWK WKH LPSURYHU VXJJHVW WKDW WKH VOR
ZLWK D ORZHU FRQWHQWDRIG WH I WPRRALY S\LOWOHD ULALIHAMU BW W K H
DOQG DDOPVRAWHWKH DPRXQW RI RVPRWLFDOO\ ERXQG PRL)
REWDLQHG GDWD WR GHWHUPLQH WKH WRWDO GHIRUPDW

,QYHVWLIDWLRQ RI WKH HIITHFW RI WKH LPSURYHU RQ \

&RQVXPHU DQG QXWULWLRHEQG RDOKNHIBQBORSESWEW WV >GO
QDPHO\ DURPD

7KH HIIHFW RI WKH LPSURYHU RQ WKH FRQWHQW RI
SURGXFWYV DUH VKRZQ LQ 7DEOH

7TKXV WKH LQWURGXFWLRQ RI WKH LPSURYHU WR WKH
ELQGLQJ FRPSRXQGV FRPSDUHGtWRWALRH WV RQMMBROV N DAPIKSI
RI VWRUDJH ,QFUHDVLQJ WKH FRQWHQW RI FDUERQ\O FRI
FRUUHODWHY ZLWK LPSURYHG FUXVW FRORU DQG EUHDG

KHQ DGGLQEUWXHULWR WKH GRXJK WKH FRQWHQW RI
FUXPE DQG FUXVW RI WKH EDNHU\ SURGXFWYV LQFUHDVHYV
FRQWDLQV DQ HQ]J]\PH SUHSDUDWLRQ RI DP\ORO\WLF DF\
SHUVLDWIEBQ¥HSDUDWLRQ RI PRUH FDUERQ\O FRPSRXQGYV
ELVXOILWH ELQGLQJ FRPSRXQGV LV IXUWKHU H[SODLQH(
PDOWRGH[WULQ ZKLFK DORQJ ZLWK WKH VORZLQJ RI W
S URNH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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7DEOH
SROWHEIW XA ILWH ELQGHUV HT PJ J RI EUHDG Q

6HOHFW | &RQWUR( 6DPSOH ZLWK W
$IWHU
&UX
&U
$IWHU
&UX
&U
$IWHU
&UX
&U
$IWHU
&UX
&U

7TKHUHIRUH WKH XVH RI WKH LPSURYHU KHOSV WR H[W
XS WR KRXUV RI VWRUDJH XQSDFNDJHG

+RZHYHU WKH LPSDFW RI WKH LPSURYHU RQ WKH PH
VWRUDJH UHPDLQV XQFOHDU

JXUWKHU VWXGLHYVY ZLOO EH DLPHG RQ WKH LPSDFW RI
GHJUHH RI GLJHVWLRQ RI SURWHLQV RI EDNHU\ SURGXFW
IRU WKHLU VWRUDJH

&RQFOXWLRQ

W ZDV IRWBE WKIDWI WKH LPSURYHU LQ WKH DPRXQW R
WKH DFFHOHUDWHG WHFKQRORJ\ RI EDNHU\ SURGXFW
LPSURYH WKH IRUP UHVLVWDQFH DQG SRURVLW\ DQG
PLOQXWHYV
7TKH X\R6EWRLPXP GRVLQJ RI WKH GHYHORSHG LPSURYHU
KRXUV ZLWKRXW SDFNDJLQJ 7KLV LV HYLGHQFHG E\
RI WKH FUXPE D GHFUHDVH LQ WKH VXEFXWDQHRXYV OL
LQ WKHE DV ZHOO DV D JUHDWHU DFFXPXODWLRQ RI C
W ZDV HVWDEOLVKHG WKDW LQ FDVH RI WKH XVH RI WE
FRPSRXQGV LQFUHDVHV ZKLFK KDV D SRVLWLYH HIIHI
ZKLFK LWHBERYWG GXULQJ VWRUDJH FRPSDUHG WR WKH

5HIHUHQFHYV

.ZDVQLHDYRDDN , .BRWDANDN - .UDOD / )DFWRL
TXDOLW\ DQG VKHOI OLIHRRU QIDN IRY BWRAANAWYJI DQ
$JULFXOWXUSHS

,EUDKLP 8 6DOOMKSDTIBPTBV/RRG %UHDG WRZDUGV )X
$Q 2YHUMQWHRAUQDWLRQDO -RXUQDO RB$RRG (QJLQHHUL

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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$OVXKDLEDQL $ 5KHRORJLFDO DQG 1XWULWLRQD
RI %UHDWLYRHG ZLWK 1DW XU D RXARXUF RY FREROKDROR W
SHQJHWWL 6 'HOFRXU - S$UHQGW ( 2[LGDWL
SUHSDUDWLRQV DV SURPLVLQJ LPSURYHUV IRU RDW
ELRFKHPLFDO DQ® @ [EFOUR)\BRBXEMHPLVWES +
ORD\HGDOODLH 6 OLU]DHL 0 3DWHUVRQ - %UH
UDQJH RI OLSDVHV ZLWK)RR\GARKBHRILRYPD® HPXOVLILHU
-R\H , &RXUWLQ &8HFDWSFRXU - *OXFRVH DQG S\UD
LPSURYH EUHDG GRXURDOVRERBUWD G S$FLHQFH

7HEEHQ / 6KHQ < /L < ,PSURYHUV DQG IXQFWLF
EUHDG $ UHYLHZ RI WKHISHHWHRW D QF BHRXG & & DA R\
6FLHQFH 7HFKSBR®RJ\

%LO\N 2 .KDOLNRYD ( +U\WKFKHQNR $ 0DU\QLQ
NRPSOHNVQRKR NKOLERSHNDUVNRKR SROLSVKXYDFKD
Y\UREDWNRY\WLLSIB)W SS+

.ULVW 5 6R]GD YDV NR]PS]HKEMNWVL NRQGLS\SHUVN L
+

7DQDVLLFKXN % OLHVKNRY <X 6KOLDNK\ SRGRY
N K O BEWDQ N 8 S

IDJRYHQNRQ\FKsWW D 1 ,VSRO]JRYDQLH IHUPHQWQ\
NRPSOHNVQRJR XOXFKVKLWHOMD GON®G\ WRK8D @ HPILWI
WHKQRORJLMD RUJDQLFKHVNLK SB¥KKHVWY L ELRWHK
'URERW 9 7HNKQRNKLPLRIOQ\W\URRQ@U WD NKOLEREX
PDNDURQQ\NKRQGRBELY\LY

%KLVH 6 .DXU $ %DNLQJ TXDOLW\ VHQVRU\ SUR
SRO\RQRRG 6FL 7HFK QRO+

XUHN 0 :\UZLV] - 7KHL$BBDUF DMERD LR -% U HD G
YRRG 3URFHVV 7HBISQRO

1LORYD / .DOLQLQD , 1DXPHQNR 1 #WHU P LOFHWHR/G RG|
DQDOL]D Y RFHQNH NDFKHVMNADWRLRK KXYV KS SERG XMWV R
L ELRWHKQRORJILL?

%HOLOOHU - 20H KXQGUHG \HDUV RI FRPPHUFLDC
6BWD)YRRRG &KHPSS
20\DQJR & 6WDUFK DQG PRGLILHG VWIDUFOQQ E

-RXUQDO RI )RRG 6FSISQFH
%DUDWWR & %HFNHU 1 *HOLQVNL - 6LOYHLUD 6
DFLG RQ GRXJK UKHRORJ\ DRIG LADHD YR EUGIDG R K Do RW

SS #
*MRUH 1DNRY 9LNWRULMD 6WDPDIWRYV NDD QRN NBWI
'DP\DQRYD 6HQVRU DQDO\VIBWWRD LIQQIFW )RRG O REXL
S S#
&DUQRV'HMDJHU / '"HWHUPLQDWLRQ RI 6XOILW

&KURPDWRJUDSK\ 7DQGHP 0DVV 6SHFWHREB® RI KIBEO
,QWHUQDW LR QT80+

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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(ITHFW RI H[WUXGHG FRUQ IORXU RQ WKH \
ELVFEFXLW GRXJK IRU WKH SUR GXHM ER § FXIL O X

7HWLDQD /L ,JRU 6W
9RORG\P\U 3LGGXEXRKRUQD

1,YDQOLX| IDWLRQDO 7THFKQLFDO 8QLYHUYVI
+. 1LY IDWLRQDO 8QLYHUVLWI Rl 7UDGH DQG (FRQRPLFV .ILY
+. KDUNLY 6WDWH 8QLYHUVLWI Rl )RRG 7THFKQRORJ|I DQG 7UDG
$EVWI

.H\ZRUGV ,QWURG6WXGLHY KDYH EHHQ FI

WKH HIITHFW RI HI[WUXGHG FRUQ IORXU RC
%LVFXLW ELVFXLW GRXJK WKH LRBQBEHQ JRFMNSCH PW)
JORXU WKH IORXU IRDP VWDELOWLMXLIWQGREHBIQ WALF
&RUQ FUHDWH D BLQEXKWCG/ IBRPIRGXHWM IRBGOXWH
([WUXGHG ODWHULDOV DQEWREBMHKRRWKRBGVWXUH

6WELOL]DWLRQFDSDFLW\ RI IORXU UDZ PDWHULDOV ZHUH
RI FHQWULIXMWLROQYL®R®DIRQHG DV WKH UD
KHLIKW WR WKH IRDP FROXPQ DIWHU KR(

WHPSHUDWXP& WRR WKH WRWDO KHLJKW RI
Rl WKH VDPSOH OLFURVFRSLF H[DPLQDWL
SUWLEOW RU\ SURGXFW ZDV SHUIRUPHG XVLQJ D GLJLW
EHEHLYHG VHULHVOHGFUR

SHFHLYHG LQ UH g# XOWV DQG 7KIHV RSWILRXQP YDOXH R
IRU P JEBVE Wy RI ELVE Xt W GRXPKQEVUHDVLQJ WK
SEEHSWHG FRQFHQWUDWLRQ RI HIWUXGHG FRUQ IORX
D KLJK GHQVLW\ RI GRXJK ZKLFK LV XQGH"
Rl ELVFXLMQLWHKMHG SURGXFWV EHFDXVH

&RUUHVSRQGLQLHQVHU DQG OHVV SRURXV +RZHYHU W
DXWKRU GRXJK GHQVLW\ DW WKH DEVHQFH RI S
LQGLFDWHY WKH SRVV L EUGIHWE LRAFKU M/D WH.|
,JRU 6WDGQLN |LQLVKHG SURGXFW R¥U Q JQV\W & H OADPREDG |
(PDLO ELVFXLW GRXJK SUHSDUHG ZLWK FRUQ 10
SggEgV\’F%%Q\NN# PDVV SHUFHQW WKH IRDP EXEEOHV DUH
PRUHRYHU ZH FDQ VHH WKH IRUPHG FKDQ
SURPRWHVY OHYHOLQJ RI DLU BIWMPXXWUH L

GRXJK ,W KHOSV WR VWDELOL]H WKH IR
RSWLPLIDWLRQ RI WKH VKIIMG XEWR &XKPW
HIWUXGHG FRUQ IORXU KDYH WKH IRO
RSWLPLIDWLRQ SDUDPHWHUV UHSODFHPH
IORXU ZLWK KWORKCUHEZLIAVRK) D TXDQWLWD
UHFLSH FRPSRQHQWYV HJJV VXJDU IORXU
ERQFOXYVIWVRIDDAMMGHG FRUQ IORXU KHOSV \
"2, IRDP ELVFXLW GRXJK VA\VWHP ZKLFK DOO
; JOXWIHH ELVAKQWVKHBLSURGXFW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

7TKH HITHFW RI1 H[W U X\GHG VARIVJEL OQ RXWLR@ RI ELVEFXLW
RI D ELVFMION WKHG SURGXHW IRBG GOPWHIRW SUHYLRXVO\

7KH SRVVLELOLW\ RI FRQVLGHULQJ ELVFXLW DV D SURF
JOXWHNH VIHPLVREXPBW IRU GLHWDU\ QXWULWLRQ ZDV FRQ
WKHUPRG\QDPLFDOO\ XQVWDEOH IRDP\ IRRG V\VWHP
WHFKQRORJLFDO SUREOHPV LV WKH VWDELOL]DWLRQ RI W

$ SURPLVLQJ HDJ OMRVHHDHBMG LV WR PDNH GHOLEHUDWE
KDYH D ZLGH UDQJH RI WHFKQRORJLFDO SURSHUWLHV 7K
WKH VWRKXFKMDXQIDF-DO DQG RUJDQROHSWLF FKDQDWVAHI L\
SURGXWWR FRAUUHFW WKH QXWULWLRQDO YDOXH DQG DW
W\SHV RI UDZ PDWHUIIDHH AHWFHDXGWH DQEWHHLU SURGXFEW
DVSHFW LV WKH XVH RI HIWUXVLRQ SURFHVVLQJ RI VXFK |

/LWHUDMWMXDG\V LV

SHFHQW VWXGLHV KDYH VKRZQ WKDW WKH XVH RI H[W!
LPSURYHV WKH TXDOLW\ DQG HODVWLF SURSHUWLHV LC
LQFUHDVHY WKH YROXPH RXWSXW RI IL§LVYMHGY SQHREHFAND
VWXG\ WKH SRVVLELOLW\ RI XVLQJ FRUQ H[WUXGDWH LQ |
VWUXFWXUH RI ELVEFXLW GRXJK

7KHUH DUH #@& XEDLHYWG >RQ ILQGLQJ WKH RBWRPQOD UL
FRPSRQHQWVIURBXI® XWABIHFWLRQHU\ 7KHVH WHFKQRORJI
DQG JOXAMHH@SVWIRWFHKLQ PL[WXUHV ,W KDV EHHQ SURYHG >
DQG VWDUFK FDQ EH XVHG WR DGMXVW WKH VSHFLILHG
+RZHYMWXKH SRVVLELOLW\ RI XVLQJ H[WUXGHG FRUQ IORXL
VWDUFK LV ZDUUDQWHG

,Q WKH WHFKQRIQRH BRDNBYWSIQRGXFWYV LQ RUGHU WR
SUREOHP RI WKH DEVHQFH Rl JOXWH®RQWKE&WWHVRN KRG
SURWHLQV LV SURSRVHG WR IRIWMH B IRDWPW VGARXXI KW XW H RV
WKDW WKH SURSRVHG DG®&LW RYH\HQQRF)ED QW [RW VHR\O RW L R
&&66 FDUER[\PHWK\OFHOOXORYVMW NRIGQ XW \ VR OMK H DROVR | U
,Q WKLV FDVH WKH IRDPLQJ FDSDFLW\ LQFUWKBDWKN BRPRXQ
XS WR DQG GHFUHDVHV ZLWK WRH KQJWKUY SPRX® Y FRI
7KLV FDQ EH H[SQPUBBIGHEL QVWHH GHQVLW\ Rl WKH ZKLSS
ERWK DGGLWLYHV WR WKLFNHQ WKH VROXWLRQV > @

YRU WKH SURGXFW LR@ IRYKELS/ BYUIRG ¥FHWPY IRRG LQGXV
XVHG EDNHG ZKHDW IORXU RI WKRJK EDIOH S RMIH@VE HD QWD K
LV QRW UDWLRQDOO\ XVHG EHFDXVH LW LV LQWHQGHG WF
VWDUFK $ SRVVLEOH VROXWLRQ LV WKH XVH RI H[WUXGF
VWDUFK H[WUXVLR@ H®E BRAWHLQV DQG FDQ EH XVHG L
VHRLQLVKHG SURGXFWV > @

7KH SUHVHQFH RI IXQGDPHQWDO GHYHORSPHQWYV LQ W
RI H{WUXGHG IORXU LQ WKH SURGXFWLRQ RWHAFK®R RQRILF
RI ELVFXILW MHHG SHR@BXFWV >

7KH SXUSRVH RI WKH VWXG\ LV WR GHWHUPLQH WKH
VWDELOL]DWLRQ RI ELVFXLW GB KHKEWWRAKQWDWHEDS G RIEW B

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIJ)RRG 7THFKQRDRJ\
ODWHULDOV DQG PHWKRGYV

ODWHULDOV tMQBHXGHEXFERUQ IORXU IORXU PL[WXUHV |
H[WUXGHG FRUQ IORXU ELVFAXDRWVERGIKOR®RG ELMWEXUWVVH
DQG H[WUXGHG FRUQ IORXU PDVV

(IWUXBHG FORXU LV D GU\ PL[WXUH Rl KRPRJHQHRXV FF
DQG ILQH JUDLQV ZLWK WKH WDVWH VPHOO DQG FRORU L
SDUWV Rl WKH JUDLQ HQGRVSHUP DOHXUR®RY®MBMIL FIU X
7KH FKHPLFDO FRPXRMGWH[RVMURGMX FRUQ IORXU DQG SU|
VKRZQ LQ 7DEOH

7DEOH
&KHPLFDO FRPSRVLWLRQ RI HIWUXGHG FRUQ IORXU DQG ¢

ORLVWXAWHRWHDLRQW 6WDURKBVK JLEHU

3URGXF ’VFRQWHQWQWHQWQWHQW@N\A--I FRQWHXRQWHQW

([wu> ]
FRUQ IORXU

3UHP “ “ “ “ “ “
ZKHDW IORXU

BUHSDUDWLRQ RI SURWRW\SHYV

$ ELVFXUWQVYNRHG SURG WRWWIXKAH-FRUGEL®YH %DVLF ZDV FI
VDPSOH

7TKH SURWRW\SLQJ WHFKQRORJ\ LQFO XGHM DMK ADIRY @ R
EHDWHQ WR DxYRQRPN RRYE DERXXWHV 7KHQ WKH SUHPLX
LV JUDGXDOO\ DWIGNWDRIHKRZIH[WUXGHG FRUQ IORXU I
D ZKLVNLQJ PDFKLQH WKHQ LW VKRXOG ODVW QR PRUH W

5HDBDGH ELVFXLW GRXJK LV EDNHG LPPHGLDWHO\ LQ
VKHHWY DV WKH ELVFXLW &DORBYHOUNWWPGHNR IRV @ WM/ RB M
RU JUHDVHG ZLWK PDUJDULQH %LVFXLW GRXJK LV VKDSH
EDNLQJ %LVFXLW GRXJKf&V %EDNHGIDW.PH GHSHQGV RQ V
YROXPH RI WKH GRXOKVOELVEXEMNPLY EWNWGLG FODNH IRUP
PLOQXWHV RQEEVIRRHEWWHY 7KH EDNHG ELVFX+tWPERQXMWHYV F|
DQG UHPRYHG IURP WKH P RGEW K AHKGH SEIIRVGBKEWREHEH OLIHRW L
SURRILQJKDFWHW ZLY SRVVLEOH WR FXW LW DQG FDUU\
RSHUDWLRQV

SUHPLXP ZKHDW IORXU LV XVHG ZLWK D FUXGH JOXWE
JOXWHQ GHIRUPDWLRQ YDOXH RI “ SRWDWR VWDUEFK
7TDEOH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

LDEOH
JRUPXODWLRQ RI HITSHULPHQWDO VDPSOHV RI ELVFXLW FDNH F
5DZ PDV | 7KH V| 5DZ PDWHULDO FRQVXPS'ILQL
FROWHGWRGXFW NJ
6& %LVFX ILQL *OX IUHH ELV
SURGXFWR @& QWS OH
Ul 6 Ut 6.
3UHPLXP
IORXU
&RUQ
H[WUXGHG
3RWDW
&KLFNH
"KLWH
7R’
2X W

SURFHGXUH IRU FRQGXFWLQJ UHVHDUFK

6FLH(VXEVWD RWHFKQFSDUDP RELVY GR>VWDER
XVLRMWUXGHGRRUQ

v v

TKVWRWLPS RW X'R , QY HVW R JNDHAIL IFRRWVKKHY H
H[WU KB H@RXQ ISH) R FRH V|V RH[WUKRB HG@GRX@ KH
REW D EQV ERHRON K PLFURVWEBELAMERID R d
ELV FDINM

v v

6 FLHQWKHYW D @WIGHY HRO@RSWHBMF K QRERVRNVHMLQLVKHG
SURGXFMY W U X¥XGRHI® R X U

v v

,QYHVWRW HII RW X'R ODWKHFPRGHRWULR
HIWUKB HGRX@ KKDUDFWH UHFERBRAS R QRHEQ W FHDLNM
R W RNHAAHR L Q L \BKUHRE X F W P LW XUVHLIQ[IV U K B H@R X Y

v v

L, QWURCRELV VHILQL SUR(WHFKC(XVIH[WU FR IOF
LOWRRGXFWLRQ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIJ)RRG 7THFKQRDRJ\
'"HVFULSWLRQ RI PHWKRGV

6WXGLHVY RI PRLVWXUH UHWHQWLRQ FDSDFLW\ ZHUH FL
VDPSOH ZDV RHW KKIHFEH DOWU L I RJ HG WAXVEHO OHFRP ZDWHU ZDV DC
ZDV VWLUUHG IRU PLQXWHV XVLQJ DQ HOHFWULF PL[HU :
IRUPHG IODNLQJ IOXLG ZDV GUDLQHG 7R UHPRYH WKH Ul
ILOWHU SDSHU DQG WKH WXEH ZDV ZHLJKHG DIWHU PLC
FDOFXODWHG E\ WKH IRUPXOD

15 & PP P 1

ZKHPRHZHLIJKW RI VDPSOH NJ
P +tWKH ZHLJKW RI WKH WHVW WXEH ZLWK D GU\ VDPSO
P+ZHW WXEH ZHLJKW NJ
7KH IRDP VWDELUXWWRPWMKEKWEIIZLWK WKH DGGLWLRQ
GHWHUPLQHG DV WKH UDWLR RI WKH KHLJKW RI WKH IRDP
*+ f& WR WKH WRWDO KHLJKW RI WKH HRWMHERIDW P Q@ H&F IR(
FDOFXODWHG E\ WKH IRUPXOD

+
)6 :

ZKH)BHIRDP VWDELOLW\
+1; *KHLJKW RI IRDP KRXUV DIWHU FHVVDWLRQ RI ZI
+1LQLWLDO IRDP KHLJKW P
OLFURVFRSLF H[DPLQDWLRQ RI ERM S WWIRFEM XIGH XKL
GLJLWDO ELQRFXODU PLFURVFRSH VHUILQVODLEWRQH G/ \ W\
7KH PLFURJUDSKYV RI WKH VDPSOHV ZHUH WDNHQ DW WKH
WLPHV > @
7KH SRURVLW\ RI WEHVV¥BRPROANKRI GVEBRGXFW FRQV
DQG ZLWK H[WUXGHG FRUQ IORXU ZHUH PHDVXUHG E\ WK
FURVV VHFWLRQV E\ YLVXDOL]LQJ WKH ELVFXLW PLFURVW
RQ PHDVXUHPH@W UHVXOWV >

u
+1

SURFHVVLQJ RI UHVHDUFK UHVXOWYV

ODWKHPDWLFDO DQG VWDWLVWLFDO DQDO\WLV 7R G
LQGHSHQGHQW IDFWRUV [L RQ WKH GRXJK ZKLSSLQJ ZL
SDUDPHWHUDEWRNZRI[SHULPPIQGY Z2DWK SHUURDWLRQ RI WKI
FRQWHQW [ VXJDU [ DW IL[HG IORXU YDOXHV [

RI WKH GHQVLW\ I[URP FKDQJHV LQ WKUHH PDLQ IDFWRUYV
& E\ IL[HG YDOXHV*RIl IORKBURSHUWLHYV RI WKH VDPSO'}
7TDEOH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

LZEOH
OHDVXUHPHQWY DQG VWDWLVWLFDO FKDUDFWHULVWLFV RI
GXULQJ WKH H[SHULPHQWYV

,QGLF 6DP¢ 6DPS| 6DPS| 6DPES

ORLV SUIQJ DELOL)\ “ “ “ “
PLIWXUHV
|HQVLW\ “ “ “ “
3RUR “ “ “ “
"HLIJKW ORVV G) ! ! - -

7KH SURFHVVLQHKR GODKWDREWWKH UHVXOWYVY RI WKH HJ
DFFRUGLQJ WR NQRZQ PHWKRGY DQG PHWKRGV RI VWDWL
HISHULPHQWDO UHVXOWYVY W LV XVHG WKH GLITHURIQWLL
REWDLQ HPBILWHV¥DIORQ HTXDWLRQV ZKLFK DOORZV WR J
HYDOXDWLRQ RI FKDUDFWHULVWLFV

5HVXOWY DQG GLVFXVVLRQ
,QYHVWLIDWLRQ RRWKIHQP FAD/SDXU MW\ RI IORXU PL[WXUH\

7TKH VWXG\ HQYLVDJHV REWDQRVIQHGDABRGEFRWS O HW
UHSODFHPHQW RI SUHPLXP ZKHDW IORXU E\ HIWUXGHG FR
DQG PRLVWXUH KROGLQJ FDSDFLW\ LQ WKH IRDPLQJ V\VW
7TDEOH VKRZV WKH UHVXOW VKRIOW K& JVRMDSIRER WW B H VIORL

LZEOH
&RPSDULVRQ RI WKH YDRREBGEARIQVKHD SREVWWRHIORXU PL[W

” 6DP < "DWHU UHWF
DW “ fK
&RQWUR: PDVV RI ZK "
"KHDW IORXU H[WUXGHG "
"KHD\XU H[WUXGHG FRUQ "
"KHDW IORXU H[WUXGHG | "
"KHDW IORXU H[WUXGHG | "
"KHDW IORXU FRUQ H[WU. "
6DPSOH ZLWK PDVV RI -

7DEOH VKRZV WKDW ZLWK WKH LQFUHDVH LQ WKH S
PLIWXUH PRLVWXUH UHWHIQRW L R HF YDPBIOM ERGWPDRYHY.
H[WUXGHG FRUQ IORXU E\ WZR DQG D KDOI| WH [PWWX ®HG \
FRUQ tORRDVV 7KLV WHQGHQF\ Rl FKDQJH LQ RXU RSLQ
E\ WKH VZHOOLQJ Rl ZKROH JUDLQV RI VWDUFK GXH WR W]
FRUQ VWDUFK RI HIWUXGHG FRWR® H RQDIQXOW \R | @D B D UG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

JHODWLQL]JHG VWDUFK SRO\PHUV RI VWDUFK > @ $00 W
WKH PRERWEU®JI FDSDFLW\ Rl WKH IORXU PL[WXUH V\VWH
PLGGOH RI WKH YRLG EKHONVZDWBUZBBWMQVWWRPH RI WK
EHWZHHQ WKH FKDLQV ZKLFK FDXVHV WKH VWDUFK JUDL(
SRO\PHUV WR IRUP D GLVSHUVHG V\VWHP > @

,Q JHQHUDO GWXKFHUDER®HVW X G L K R ORZ1 QWK A DFSRIRAL XK KRG
FRUQ IORXU LQGLFDWH WKH IHDVLELOLWL QL \LKVHG XSAHR GX
7KLV UHTXLUHV VWXG\LQJ WKH PHFKDQLVP RI WKH HIIHFV
FRPSRQHQWYV

(I'"HFW RI DGGLQJ HIWUXGHGVERUVU @RI ERXBXRE V& RXJIKH

TR VXEVWDQWLDWH WKH XVH RI HIWUXGHG IERUZKIDR XL
SURGXFW DQG WKH SRVVLELOLW\ RI FRPSOHWH UHSODFH
FRUQ IORXU WKH HIITHFW RI RQGQGWRH K[MQAQMIGHGR F EUE FPO
LQYHVWLIDWHG 7KH DYHUDJH H[SHULPHQWDO YDOXHV R
FRUQ IORXU DUH SUHVHQWHG LQ )LIXUH

I NJP
JLIXUH 'HSHQGHQFH RI ELVFXLW GRXJK GHQVLW\ ! RQ |
+ FRQWWRO(&) + PDVV +:) (&) = PDVV
+:) (&) = PDVV %:) (&) = PDVV
+1) (&) = PDVV

JLIXUH VKRZV WKDWHZLYKVWKHKURSEFRHUWLRQ RI H[WU?>
IORXU PLIWXUH WKH GRXJK GHQVLW\ LQFUHDVHV+ 2SWLP|
NJ P,QFUHDVLQJ WKH DPRXQW RI H[WUXGHG FRUQ IC
VLIQLILFDQW GRXFK EMQMQGHVIZUDEOH LQ W KIH QGBLWKGIGF W
SURGXFWV DV LW PDNHV WKHP OHVVY SRURXV > @ +RZHY
LQ WKH DEVHQFH RI SUHPLXP ZKHDW IORXU LQGHAFDWHYV
ELVFEKRMQLVKHG SURGXFW VROHO\ XVLQJ FRUQ IORXU
6WXG\ RI PLFURVWUXFWXUH RI ELVFXLW GRXJK

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\

,Q WKH SURFHVV Rl SURGKXEMWKRHG RS UBRLGFRKW W WHKHHP IU H F
XQGHUJR BKHWAUIAHAD® WUDQVIRUPDWLRQV DQG LQWHUDF
LQUWFHRQQOQHFWLRQV ZKLFK OHDGV WR D FKIRDQUILKN KIQGWIUR BIX
,Q RUGHU WR GHWHUPLQH WKH PHFKDQLVP RI VWDELOL]
GRXJK ZLWK WKH XVH RI HHIWUXGHG FRUQ IRORWKH VEK M FXK
GRXJK DQG WKHLRUWRKHGEGY SHRPAXFW ZHUH VWXGLHG 7KH
GRXJK LV HVVHQWLDOWUXZBUSHEL@XHEHWIKQH HMRH GLVSHUVL
&RQVLGHULQJ IRDP DV D VI\VWHPUWMKDHS BRDWE M@ RQ EXEEC
OLTXLG 6FKHPDWLFDOO\ WKH IRDP VWUXFWXUH FDQ EH
ZLWK WKLQ ILOPV RI WKH EDVLF ILQH SDWRDMXO® V¥ HWK
VXUIDFWDQWYVY > @

%URNHQ PDSVRGXMKIHRQ RILBILWKHGN SWHRRBLXFW UHIHUV
YLVFRXV VWUXFWXUHG V\VWHP > @ ,WV ZKLFKSHRBUFIDW DF
FROORLGDO DQG PHFKDQLFDO SURFHVVHV $00 RI WKHI
GLVSHUVLRG V&VW@PRUGHU WR GHPRQVWUDWH WKH GHVF

RI WKH ELVFXLW GRXJK )LJXUH WKHUH D FRPSDUDWL)
WKH IROORZLQJ VDPSOHV LV JLYHQ ZKHDW IORXIWRV) DQC
Dt:) + PDV\Ex) (&) + PDVW#&)t PDVV

‘LWK WKH LQWURGXFWLRQ Rl SRWDWR VWDUFK WKHUH
GXH WR LWV LQFUHDVHG DELOLW\ WR VZHOO DQG ORZHU
FHDOV ,Q FRQWURQJXWDH SOHN FDQ EH VHHQ SDUWLFOHV R
E\ D ODUJH VL]H DQG RYDO VKDSH DV ZHOO DV SDUWLFOH
ZKLFK LV ILQHO\ GLE SHWKHD (&P FRQMH QMW RFFIK D UCFW H U L ]
WKH SUHVHQFH Rl RQO\ JUDQXOHV Rl ZKHDW IORXU VV
UHSODFHPHQW RI VWDUFK DQG SDUW RI SUHPLXP ZKHDW
FRPSOHWH UHSODFHPHQW RI ZKHDW || O®RXW HER) E&)V FRAL W/ K/Ht
ILQLVKHG SURGXFW

$FFRUGLQJ WR WKH PLFURVWUXFWXUH RI ELVFXLW GR
WKH SURWRW\SH ORRNV OLNH IRDP ,WV VWUXFWXUDO IH
RI DLU EXEEOHRUPKLWK KD BRBRXIV VWUXFWXUH RI WKH EL\
D FRQWDLQLQJ ZKHDW IORXU DQG VWDUFK VKRZV WKDW V
GLIIHUHQFH LQ GLDPHWHUV WKDW LV VRPH EXEEOHV DU
WKH UHDVRQV RI IRDP GHVWUXFWLRQ LV WKH GLIIXVLR
GHWHUPLQHG E\ WKH SUHVVXUH LQ WKH PLGGOH RI WKH E
ILOP LV GLUHFWHG WRZDUGV WKH ODUWKWD @ XEEDW RH MXX
EXEEOH > @ )RU FRPSDWRVRE)LVEQLWKERXIRSOWHLQJ (&) R
IRDP EXEEOHV DUH DOPRVW WKH VDPH VL]H LQ DGGLW]
FKDQQHOV RI VL]H BURRRWRMHW K BRLBPXDOIYBWVYRQH LQ WK
WKH IRDP VIVWHP RI ELVFXLW GRXJK ZKLFK SURPRWHV W
_j'VDPS®HLWK D FRQWHQW RI PDVV Rl (&) WKH VDPH
FKDUDFWHULVWLF ZKLFK OHDGV WR DQ LPSURYHPHQW LQ
RI UHDG\ ELVFXLW SURGXFWV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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\

/

JLIXUH OLFURVWUXFWXUWHRI ELVFRLWDEBOHK FRQWDLQL
) DQG (&) LQ WKH UDWLRYV
D+:) =+ PDVVE:) () * PDVW#&)+ PDVV
+DLU EXEE®ORWDWR VWDUFK JUDLQV
+ZKHDW IORXU VWFHEPK QUDVQEHWZHHQ DLU EXEEOHYV

,QYHVWLIDWMWIOE RO WKHRI IRDP ELVFXLW GRXJK

7R GHWHUPLQH WKH UROH RI WKH OLTXLG SKDVH RI W
EDNLQJ WKH VWDELOLW\ RI WKH IRUPHG IRDP ZDV LQYHYV
IRDP VHWWOLQJ UDW H >V VX GAKMHU HHWKKROAQV LRI )W EX U H

([SHULPHQWYV KDYH VKRZQ WKDW WKH VWDELOLW\ RI W
LQWURGXFWLRQ RI HIWUXGHG IERWU ¥ KIKDE&R XNH ERQ QRIOHR B LK IH &
WKH PRYHPHQW RI K\GURSKRELFHYDW KWH.IFW IQWH J B KMLFKH PLLROS |
VWDELOLW\ +LJK IRDP VWDELOLW\ FRUUHVSRQGV WR ODU
FDNH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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H

H
Hi

H

H

J)LIXUH '"HSHQGHQFH RI ELVFXLW GRXJK IRDP VWDELOL

+1) (&) = FRQWHRQ&) + PDVV
+:) (&) = PDVV +:) (&) = PDVV
+) (&) = PDVV +:) (&) = PDVV

JLIXUH VKRZV WKDW WKH XVH RI HITWUXGHG FRUQ I10OF
DIITHFWV WKH VWDELOLW\ RVKUNH @ GVFRMMNR G RRIXKRVRBQLFLC
WLPHV ZLWK WKH FRPSOHWH UHSODFHPHQW RI ZKHDW
IRDP RI WKH ELVFXLW GRXJK DQG LQFUHDVH LWV UHVLVW|

7TKH XVH A&ZKUISIZKLWH ZLWK VXJDU IRUPV D VWDEOH V
DQG JLYHV D VPDOO YROXPH 7KXV VWXGLHV KDWH VKRZC
PLOXWKHW SKHQRPHQRQ FDQ EH H[SODLQHG E\ WKH IORFF
ODUJH DJJUHJDWHYVY DQG ODUJH YROXPH VHGLPHQW > @

6WXG\ RI PLFURVWUXFWXUH RI ELVFXLW FDNH

$IWHU EDNLQILE@LVBRHHEHELVFXLW ZLWK D YROXPH DW Wi
ZLWK ILQH XQLIRUP SRURVLW\ ZDV REWDRQR®WHVKHKRQH R
WKH SURSHUWLHY RI D WKLFN VWDUFK SDVWH WKDW EHF
&KDQJLQJ WKH SURSHUWLHYV RI VWDUFK ZKHQ LQWHUDF\
LPSDFW RQ WKH GRXJK VA\VWHP :H GBHRR RWKD WWW K IF WRU PiDI
GRXJK XVLQJ PDVV DQG PDVV RI HIWUXGHG FRUQ IC
VWDUFK RI HIWUXGHG IORXU

,Q JLIXUH LW FDQ EH VHHQ WKDWIMOKKN KA RBWR &N HW
OLNH D VspDWEIZEBE UHVXOWYV RI WKH VWXG\ LOQOGLFDWH WK
GLVWULEXWLEROQERVVYQRSKHMMIXGHG FRUQ IORXU ZKLFK L
SRURXV VWUXFWXUH RI WKH ELVFXLW FDNH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

e

JLIXUH OLFURVWUXFWXUBLVFXLRL WIB\PKHGI S WRRGXFW FRQWDLQ
(&) LQ WKH UDWLRV
$+:) + PDVVE::) (&) # PDVW £(&)+ PDVV
+SRUHV

7TKHUHIRUH WKH HIITHFW RI HIWUXGHG FRUQ IORXU RQ
FDNH LVIEDXWHRI DOO E\ WKH SURSHUWLHV RI FRUQ IORX
WUHDWPHQW 8VLQJ WKH REWDLQHG UHVXOWY DOORZV
SURGXFWLRIQYRH EAXWXIONYV IRU GLHWHWLF QXWULWLRQ

7TKH UHVXOWY REMXMW KDWY AMWVWRBYLVDEOH WR KDYH
ZKHDW IORXU IRU FRUQ IORXULRIWWHKGH & HFX OFROGRX\L W ;
H[SHULPHQWDO UHVHDUFK PHDVXUHPHQWY RI WKH ED\
SHUIRUPHG DQBDWKMHQDOAWIDWZIVWISHUIRUPHG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIJ)RRG 7THFKQRDRJ\
&RPSDULVRQ RI WKH SRURVLW\ RI WKH REWDLQHG VDP

7KH SRURVLW\ Rl WKH VDPISQH V KRH GWEKUHR BLXFRX L AR QMR
VDPSOH ZLWK H[WUXGHG FRUQ IORXU ZRWLF H SIRWLHH G LRDPW
RQ WKH ELVFXLW FURVV VHFWLRQV )LJXUH E\ YLVXDOI
WKH GLJLWDO LPDJHV DQG PHDVXULQJ WKHP

7KH SURFHVVLQJ RI WKH UHVHDUFK UHVXOWY DOORZ}
IUDJPHQWNLWI IEFAVFHV ZLWK H[WUXGHG FRUQ IORXU $00
SUHVHQFH RI DUHDV RI KLJK JUDGLHQW YDOXHV RI WKH G
KRPRJHQHLWLHY LQFOXVLRQV SRUHV DUHDV ZLWK YDL
LQGLFDWHG DUHDV ZLWK VOLJKWO\ VPDOOHU PD[LPXP
JUDGLHQW FRPSDUHG WR WKH WULYLDO PDWHULDOV LQ W
SDUWLFOHV 7KLV KDV VKRZQ WKDW VWQGDVUXUBBERDQH
WKH IRUPDWLRQ RI VXSHU PROHFXODU VWUXFWXUHV L
PDFURPROHFXOHV ERWK DURXQG WKH DLU LQFOXVLRQV
WKH IRUPDWLRQ RI D KHWHURJHQ HRXPWRW UPFEGHQ HASK HAP
PRGHOLQJ PRLVWXUH FRQWHQW GHQVLW\ SRURVLW\ DQC
VXJDU DQG H[WUXGHG FRUQ ZDV XVHG

$ SURJUDP IRU FDOFXODWLQJ WKH SDUDPHWHUV RI D
PRGHONJ PIRP WKH FRQWHQW RI LQJUHGLHQWYV ( HJJ Sl
DFFRUGLQJ WR WKH UHVXOWV RI WHVWV IRU VDPSOHYV
LQJUHGLHQWYV LV DUH JLYHQ LQ $FFRUGLQJO\ WK GHQV
UHODWLYH HUURU ZHUH HYDOXDWHG

J J J J
VJ VJ VJ VJ
G A % >
2
* ng‘;r ( ngr & n,:)jr % n;‘;r
G A % >
\ \ \ *LYHQ

*J\ (H \ &H \ %E

7TKBDVW UHODWLRQ JLYHV DQ RSSRUWXQLW\ WR REWDL

* (& % U& U& 3% U& U % U %
7TKH FDOFXODWLRG*RQ & KUIHHHOBWRIIHWHRU RI WKH GHQV
ELVFXGWFSWRDNHY LWSRVVLEOH WR VWDWH WKDW WKH P|
UHDFKHG IRU WKH SDUDPHWHUV ( & % * ZL\
7KH ODWK&$' RSHUDWRU RI WKH HIWUHPXP HVWKPDWH
PDI[LPXP GHQVLW\ UHVXOWLPBOYH 7 KRIWPK HEWEK 15 IF R @ RAHH/DH

RI WKH IORXU LV QRW FOHDUO\ DIITHFWHG EDVHG RQ WKH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

(

JLIXUHHQVLW\ OHYHOV RI ELVFXLW * ZLWK UHVSHFW WR

6LPODUO\ WR WKH UHVXOWV RI WKH SURJUDP RI FDOF
PRGHO RI GHQVLW\ GHSHQGHQFH RQ WKH FR@®WBQW RF DG
H[SUHVVLRQV ZHUH REWDLQHG UHSUHVHQWLQSRURN LOMS H
3 DQG PRLVWXUH FRQWHQW 9 RQ WKH SDUDPHWHUV RI

o(&% U & G G & W
g8 (&% WU+ & @ @& ]
3(&% @ & & @6 %6

$QDO\WLFDO H[SUHVVLRQV PDNH LW SRVWIEBIH X W W
VHRLQLVKHG SURGXFW LV DFKLHYHG IRU WKH SDUDPHWHL
OHYHO RIDFFXWDKUH

7KH RSHUDWRU RI WKH ODWK&$' SURJUDP RI HIWUHPXP
& % JLYHV WKH ®@¥WEPDPOL W\ UHPXQ 8 PD[ 3
WKDW WKH DQDO\WLFDO H[SUHVVLRQ RI WKH GHSHQGHQ
SDUDPHWHU % IORXU FRQWHQW

$QDO\WLV RI GLDJUDPV )LJXUH RI ELVFXL WP SUIRGGW FW
WKH IRXQG RSWLPXP FRUUHVSRQGVY WR WKH YDOXHDURI W
* IORXU ZLWK DFFXUDF\ DQG UHVSHFWLYHO

$FFRUGLQJ WR WKH UHVXOWY RI WKH RSWLPL]DWLRQ
FRQ IORXU KDV WKH IROORZLQJ RSWLPL]DWLRQ LQWHUYI
o K DQG (&) FRQWHQW RI ZLWK DFFXUDF\
ZLWK WKH EHVW SHUIRUPDQFH RI VLQWHULQVHQRURVLW\

7TKH PDWKHPDWLFDO SURFHVVLQJ RI WKH UHVXOWYV RI
UHFLSH FRPSRQHQWVLRILWKH CE BEVRGWIW HPID O Q BGW ROGHWAAHH
WKHLU RSWHPDWOZKDWHREXIDU (&)
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JJIJ)RRG 7THFKQRDRJ\

JLIXUHIHFW RI FRQWHQW RI HJJ ( DQG VXJDU & RQ
PRLVWXUH FRQWHQ@®LFHMKRH BDENRBXYSWIERQQG SRURVLW\ 3 |
RI WKH ELVFXLW
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JJJ)RRG 7THFKQ@RDRJ\
&RQFOXVLRQV

$V D UHVXOW RI VROYLQJ WKH UHVHDUFK SUREOHPV Q
DUH DV IROORZV

7KH VWDELOL]DWLRQ Rl WKH UKHRORJLFDO SUBBHUWLF
GRXJK LV DFKLHYHG GXH WR WKH SURSHUWLHV RI SDUW
2SWLPL]JHG IRUP XODWHREQ \RA XILONX \BBHGHD® RHP HQW RI ZKH
ZLWK H[WUXGHG FRUQ IORXU ZLWK D TXDQWLWDWLYH

(&) 7KH UDWLR Rl WKH PDLQ UHRELSHVPRIPIR Q H
FRQWHQWDQG FRQWHQW RI HIWUXGHG FRUQ IORXU

7KH FRQGXFWHG UHVHDUFK LV WKH WHFKQRORJLFDO EC
IRRG SURGXFWV ZLWK LPSURYHG RUJDQROHSWLF FKDUTL

5HIHUHQFHYV

%UHQW 6 OXUBWDELOL]DWLRQ RI RXEEMHW DIBCORRB® VL Q &F

,QWHUIDFH 6ELHOSH '2, M FRFLV

-XQ /6WHIDQ :&KXQOUR :X 5HYLHZ RI ELRDFWLYH SODQW

%LRORJLFDO DFWLYLWLHV IXQFWLRQDOIRDMIRYH BQGERLKRE

DQG 'LHWDU\ )8BEHWH '2, - %&")

.REHWV H 'RWVHQNR 9 $USXO H 'RYJXQ 1 'KHDW Il

FRQIHFWLRQHBXSBQROXRRE DQ®IMWLURHHQW 6

BWRMBHVINVZRUWK 3 30XQNHWWK$ DGEDQWHAIK Rl XVLQJ

SURFHVVLQJ IRU LQFUHDVLQJ GH H V8 DPRGIGERNH @ HYWBSL Q JO X
+ 2, -)22'&+(0

'"UREBRW3\WVDWHWMWDYFKH@QNR 9\NRU\VWXNXUXG]LDQRL NUX

Y\WUREQ\WVWYL SVKHQUBRQYBKIR HNKILEPH S +

%UHNKRSLD]KV NN K 3URKQR]\URBMBQRK\FK HBYWREKHYRL

WV HQ YRR W RBYRG X EWWN VW UR FB R ERAVNH WWH O QERKIRQ K Q \ H

SHUHU VEROMKRLE S +

<HKR@RY 0DUG@DE %RUGXQ YRUP XY D/SRLP\Y QOMIKKY RV W H L
N K D U F KR RNGKONRW ESIRR R O\ KQ@LLIAIKRW UOUID R MM HUDERWND]HU
SS =+

5HQ]MDMYBDNLURYD 0 3HFKHQ] ULVRYRM PXNL GOMD VSHF

SLWDIHKMIRORJILL SLVKKHXYRHK H NS KW HRE DNEKSMHREEQMRNWNY L] GR UR Y R

SLWD QI B

&DPLQR 0 ODQFHER 3DWULFLD 5RGULJXH] 0D QXRD WFKH]

SURWHLQ PL[WXUHV WR SAQRGXFRIRNADRRIGQ6 FULH I F/EK TDQUG 7 H F K ¢
SS #

+DOLDVQ\L , 7 *DYULVK DQG 2 6KDQLQD IDHRXHUD U F K

VXVSHQVLRQV LQ WKH SUHVHQFH Rl K\GHRRRERORLE \D XOGELGV S

SURGXFWLRQ UHVISIBYHV

ILVRYVNDMEKHUQDMD 1 9 ,VVOHGRYDQLH DPLQRNLVC

NXNXUX]QRMM H RKNKQUDNDL WRNKIMRFOMR JLMD SLVKKHY\K S®RL]YR

5XV NLQD $$ 3RSRYD 19 1DXPHQRN 19 5XVOMLR '9

VSRVRERY PRGLILNDFLL NUDKPDOD NDN LQVWUXPHQWD SR
%XOOHWLQ RI WKH 6RX V8K B8 UYRR 6 WINEHYELQRIW HEB/Q R/O R J\
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JJIJ)RRG 7THFKQRDRJ\

+RORYFKHQNR 9 /IRSDWLQ + .RYEDVD 9 0QWVHQWNWDWUVLX
JHUQRERERY\NK PR]JKQD Y\NRU\WWRYXYDW\ GOLD VWYRUHQQ
.KDUFKRYD L SHUHGBRBEQD SURP

'"LFNLQVRQ ( &ROORLGV LQ IRRG L GRUIHDIH QWYL WAVRIXF
VFLHQRWHBRGRORI ¢

=HQJ - *DR + /L * /LDQJ ; ([IWUXGHG FRUQ IORXU FKI
Rl EOBRQHRAK - )RRG $F L+

<X |/ G5DPDVZDP\ + 6 %R\HVRFUHZ ([WAZXWLRQ RIBRRUQ )OF
BURWHLQ ,VRODWH 63, %OHQGVRR 6 HWVISRIUVRF 6/XQE 24 A KEDRDMD
2, 6

$Q ,QWURGXFWLRQ WR OLFURVFRRBQ \ED \0/H DRIV XX W UDAR
(XJHQH 5RBKRZ
,JRU 6BWDGQ\N 9RORG\P\U 3LGGXEQX\ 20HQD I WHKRHNYRI KB
WUDQWHWHQPLWRQPHQW ZKHQ LW L\3RASU D YH® ZU W\ YURR BVIDRUM [
RI )RRG 6FLHQSIW '2,
.RYDOHQNR $ $7HNKQRORKLLD GHVHUWLY ] Y\NRU\WWDQQLI
QDRVQRYL NURNKPIDIKIXUNPIRQRKUDI
9LFWRULD 'RURKRY\FK ODULLD +U\W VIHYEWKR |1 DEKDADE R & U, VFON
VHQVRU\ FXHPLFRO VWUXFWXUDO DQG PHFKDQLFDO SURSH
8NUDLQLDQ )RRG -B¥HQDO
'LFNLQVRQ ( &ROORLGV LQ IRRG LQJUHGRAW® WHWUXRZWRY U
VFLHQFH DQG WIBBKQRORJ\
/IRSH] 2 9 HW DO $FHW\ODWHG DQG QDWLYH FRUQ VV
H[WUXWUBRQRR@ JLQHHULQJSS
ILVRYVND 7 &KRUQD 1 S5NIYMPWBK RI UKHRORJLFDO SURSHIL
ZLWK H[WUXGHOG VWRHMORORXQY -RXUQDO RI (QWHUSULMH 7HFK
+
OXUUD\ % 6 (WWHODLH 5 YRDP VW DEXOWU WO W3 @ & MGHLRID
&ROORLG DQG ,QWHUI®%H 6FLHQFH
$OL - *UHHQ .DUHQ $ /LWWOHMRKQ 3DXO +RROMDEBRL®LS
Rl IRRG IRDPV DQG DHUDWHG HPXOXQR®@Y R @ CCARENEHEGEYY @
2SLQLRQ LQ &ROORLG ,QWSH IDFH 6FLHQFH
3\YRYDURY 3 3 =DNKDUHQNR 9 2 8GRIMIFROIMERBIIO RKL L
HNV S HSJBWKY\D WKBK F KRIYRIGK NW LY PHRIQRNKUYD ILLD
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JII%LRWHFKQRORJ\ DI FURELRORJ\

JQIOXHQFH Rl WU\SWRSKB@®WIQHDXL@ DELOLW)
VXUIDFWDQW SURGXFHU $FLQHWREDFWHU FDOFRI

THWLDQD ilbwDOLD / 'DULD 3LD
1DWDOLD .O\PADQWERIBEHYFKXN

i IDWLRQDO 8QLYHUVLWI| Rl )RRG .
+, QVWLWXWH RI OLFURELRORJ| DQG 9LURORJI|I RI WKH IDWLRQ
ALY 8NUDLQH

$EVWI

,QWURG XFRMH.RQP Rl WKLV ZRUN LV WR GHW
WU\SWRSKDQ FRQFHQWUDWLRQ DQG WKH WLP
BLRVAQWKHVLBHGLXP RI WKH VXUBFEWEQWRESERGXFKDOFR
BUHFXUVRU = 09 96 WR DFKLHYH R® M\RX\PKHBX LV

,QGRIDABWLF DFhEWHULDOV D@EXOWWXRWVYRQ ZDV FDUULHG
6XUIDFWDQW QXWULHQW PLQHUDO PHGLXP XVLQJ DV D VXE
$SFLEWFWHU RI ELRGLHVHO SURGXFWLRQ FUXGH JO\FHUF
FDOFRDFHWLHAXMWR WKH PHGLXP DV D VROXWIRRQ LQ DQ I
1F << PJ/ DW WKH EHJLQQLQJ RI WKH SURFHVV RU I
JURZWK SKDVH K R FXOWLYDWLRQ 3K\WR

.H\ZRUGV

WKUHH WLPHY HIWUDFWLRQ ZLWK RUJDQLF VI
KH FXOWXUH OLTRILGXDINY AW DHQWWVD FWH RQD C

WLFOH KLVW
$U © LXJE)QWLWDWLYH GHWHUPLQDWLRQ RI JLEEHU

SHFEHLYHG SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\

5HEHLYHG LQ UHYYHHMPEOWY DQG ™K BXWKIORQV VKRZ WKDW UH
IRUP WLPH RI DGGLWLRQ RI WU\SWRSWRB V@ VDK
SFFHSWHG ,09 % ZLWK FUXGH JO\FHURO D VLJQLILFD

VIQWKHVLYVY RI DX[LQV FRPSDUHG ZLWK WKRYV
WKLV SUHFXUVRU ZDV REVHUYHG 7KH KLJKH

ZDV DFKLHYHG E\ DGGLQJ PIPHGLWB\SWRS
&RUUHVSRQGLELWK ERWK VXEVWRIDONVFHRD FHHK K B6X V
DXWKRU VIQWKHVL]HG DQG J/ RI D>

FUXGH JO\FHURO PHGLXP ZLWK DQG
7THWLDQD 3LURDGGHG DW WKH HQG RI H[SRQHQWLDO SKDVI
(PRO SUHFRXW WKH FRQFHQWUDWLRQ RI DX[LQV ZD\

WDSLURJ#QXGW/ HEMKKHD/ LYV RI DX[LQV E\ FRAUWHAD WOHG %Z L W K
DFWLYLW\ RI WU\SWRSKDQ WUDQVDPLQDVH 1
XQGHU FXOWLYDWLRQ RQ FUXGH JO\FHURO Z

QPRPQQPJ RI SURWHLQ ZKLOH LQ WKH SUHVH(
WU\SWRSKDQ DGGHG DW WKH HQG RI WKH HJ
DFWLYLW\ ZDV LQ+ \QPRIVAUIE@KISURWHLQ
7KH KLJKHVW FRQFHQWUDWLRQ RI DX[LQV X
ZDV DFKLHYHG ZKHQ PJ/ Rl WU\SWRSKDQ
EHJLQQLQJ RIEFXOWLNYDWLRQ
&RQFOXVKRQUHVXOW RI WKH ZRUN HVWDEO
RI LQFUHDVLQJ E\ RQH RU WZR RUGHUV RI F
Y DX[LQV LQ WKH RDMVH)VRR DVKGILWXKRWXUH Pt
$ FDOFRDFIHOW®HFXWRZ FRQFHQWUDWLRQV RI W
; RI WKHLU ELRV\QWKHVLYV
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JII%LRWHFKQRORJ\ DI FURELRORJ\
L, QWURGXFWLRQ

3UHYLRXV VWXGLHV KDYH HVWDEOLVKHG WKH DELO
$FLQHWREDFWHWF PO F RORE MVOLVFKMVL]H VW LP XDDXWRUA SK\
FIWRNMDQG JLEEHUHOOLQV > @ 6XFK UHVXOWV DUH WK
SUHSDUDWLRQVWALPXIO DWRQWKOQG DQWLPLFURELDO DFWL
EDFWHULD SURSHUWLHV IRU XVH LQ SODQW SURGXFWLRQ
7KH IROORZLQJ VWXGWHNG SDW @& KFRQGHHQKRXVHV RI
,QVWLWXWH RI OLFURELRORJ\ DQG 9LURORJ\ Rl 1DWLRQD
DV WHVW FXOWXUHV RI WRPDWRHY DQG EDUOH\ $RQILUP
FDOFRDEFMHWHFXKDV D SRVLWLYH HIITHFW RQ SODQW JURZ!
IRXQG WKDW GXULQJ WKH WUHDWPHQW R$ EFDDUGOFHR D\FHHINGA\F
,09 % FXOWXUH EURWK WKH \LHOG LQFUHDVHG XS WR
RI VHHGWKH FDVH Rl WUHDWPHQW RI WKH URRW V\VWF
SK\WRKRBPRRONRDEHMLFXWKH QXPEHU RI IUXLWV H[FHHC

WLPHV DQG WKH WRWDO ZHLJKW E\

+RZHYHU LW VKRXOG EH QRWIHB[WKDMH QWKHO BR QF K\QW
VIQWKHVL]HG E\ WKH VWUDLQ ZDV ORZ ZKLFK VLJQLILFD
VXFK SUHSDUDWLRQV LQ SODQW SURGXFWLRQ

,Q RXU SXEOLVKHG UHYLHZ > @ ZH IRFXVHG RQ WKH IC
DVVRH® DPF\RFQDWHG ZLWK SODQWYV V\QWKHVL]H SK\W
WKH SUHVHQFH RI HIRJHQRXV WU\SWRSKDQ LQ WKH FXOW

DFHWLF DFLG ,$$ V\QWKHVLV ORUHRYHU KMKPHGHXRD U
DW WKH EHJLQQLQJ RI WKH FXOWLYDWLRQ SURFHVV DQG |
WR J/ :H QRWH WKDW SK\WRKRUPRQHV DUH VHFRQGD
EHJLQV LQ WKH VWDWLRQDU\ SKRVHFRIOJWRZIMKG DR SILMA F/X
VWDJH RI WKH SURFHVV ,Q DGGLWLRQ WKH FRQFHQWUD
RI VIQWKHVLV LQ PLFURELDO Ef RWRIFWB&ROFIWERQ I RXXUF+
LQ WKH FXOWXUH PHGLXP > @

LW ¥XRB EH QRWHG WKDW LBED® BR DO WX O WBRWYVL]HV
DX[LQV XQGHU JURZWK FRQGLWLRQV RQ PHGLXP ZLWK GLI
WKHUHIRUH WKHUH DUH SRWHQWLDO RSSRUWXQLWLHV IR

,Q FRQQHEMINIR WKH DERYH WKH DLP RI WKLV ZRUN
FRQFHQWUDWLRQ RI WU\SWRSKDQ DQG WKH WLPH RI LW
VXUIDFWD QN PLRERIFFMMLF XWR HQVXUH PD[LPXP DX[LQ V\

ODWHULDOVWKRGNFH

2EMHFW RI UHVHDUFK

7KH REMHFW RI$BHYHWR ER FWH UD F D/VOVARMDLRH WWL A X VV W H
OLFURRUJDQLVPV '"HSRVLWDU\ RI ' . =DERORWQ\ ,QVWLWHX
IDWLRQDO $FDGHP\ RI 6FLHQFHV RO8NUDLQH XQGHU WKH

OHGLXP FRPSRVLWLRQ DQG FRQGLWLRQV RI FXOWLYDW

6WUDEQOFRDFIHBWLFXY¥YDV FXOWLYDWHG LQ WKH OLTXLG
ZDWHU &2+ 0J6R+ 2 + 1D&O 132+ .32
jiG = <HDVW WHWROWDQG VROXWLRGQ RI W LYDZAHHU H OMH® VR
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JII%LRWHFKQRORJ\ DI FURELRORJ\
DGGHG WR WKH PHGLXP 7UDFH HOHPHQWVANRO®XWLRQ FF

0Q062% 2 + YHEX 2 + &X X 2 + &RA2 2 + 2+
L+ ('B =+ &UXGH JO\FHURO .RPVRPROVN ELRIXH!
S8NUDLQH DQG HWKDQRO ZHUH XVHG DV WKH FDUERQ D
Y Y

7TU\SWRSKDQ ZDV DGGHG LQWR WKH PHGLXP DV D VR

PJ/ DW WKH EHJLQQLQJ RI WKH SURFHVV RU DW WKH H
RI FXOWLYDWLRQ

7TKH FXOWXUH LQ WKH H[SRQHQWLDO SKDVH ZDV XV
FROFHOQWUWUDWRIRQXRMULWLYH PHGLXP YROXFRUWKH BERQBHQ
FDUERQ VRXUFH LQ WKH PHGLXP IRU WKH TLIOQR FXOX\W. REWL
FDUULHG RXW LQ P/ TIODVNV FRQWDLQLQJ PERI PHG

K GXULQJ GD\V

2EWDLQLQJ RI DX[LQ H[WUDFWYV

$IWHUYBXQWD RISWBB VRDIFOAVWLE FXWKH ELRPDVYV ZDV VH
E\ FHQWULIXJDWLRQ J IRU PLQ SHVLGXDOV RI VX
FXOWXUDO OLTXLG XVLQJ SHWUROHXP HWKHU UDWLR

7KH HHIWUDFHOOXODU ZK\WRKRRORBRYHE EX[WEW PHWKR(
RI SK\WRKRUPRQHV LQ WZR LPPLVFLEOH SKDVHV RI VROY
DV WKH RUJDQLF VROYHQW 7KH REWDLQHG H[WPDFWYV Z
7KH GU\ UHVLGXH ZOQV UHGUNNREDYHBQG WUDQVIHUUHG |
REWDLQHG HIWUDFWA\W& ZHUH VWRUHG DW

4XDOLWDWLYH DQG TXDQWLWDWLYH GHWHUPLQDWLRQ

SXULILFDWLRQ DQG FRQFHQWUDWLRQ RI SK\WRKRUPRC
SODWHV RI WIRID BD&NHPIDOXRBFK 5HSXEOLF LQ D PL[WXUH
VHTXHQWLDOO\ FKORURIRUP DTXHRXVY DPPRQLD HW

7TKH TXDOLWDWLYH DQG TXDQWLWDWLYH FRPSRVLWL
SHUIRUPDQFH OLDSKG FRUKRPDXWRQU DQ $JLOHQW OLTX
$IJLOHQW 7HFKQRORJLHV 86% DQG DQ $JLOHQW * % P
+3/& 06 DQDO\VLV RI D¥X[EQ OHRLBFFM\V-FRDY SHUIRUPHG DV
&HQWHU IRU &RXGIHFW I IE-DHERYRVDOM WQVWLWXWH RI OLFURE
WKH 1$6 RI 8NUDLQH

6WDQGDUG VIQWKHWLF SK\WRKRUPRQHYV 6LJPD *HUPL
ZHUH XVHG IRU FRPSDULVRQ

,$$+, QGROHRHWLF DFLG

,&DIOQGROGBUER[DOGHK\GH

, & QGROGBUELQRO

, &%+, QGRGBUER[\OLF DFLG

,$3SK\GYU QGRORHWLF DFLG K\GUD]LGH

, % XWQ G REB MW DALRG

OHWKDQRO $ DQG DFHWLF DFLG VROXWLRQ LQ ZDW

6HSDUDWLRQ ZDV SHUIRE P HEK RRPDDVSKU E DF REIX P Q PP
PP P $JLOHQW 7HFKQRORJLHV 86$% FROXPQ IORZ
WHPSHUDWXUH f& LQMHFWLRQ YROXPH O (OXWLRQ :
: < PEQ < PEQ < PEQ

<
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JII%LRWHFKQRORJ\ DI FURELRORJ\

&RPSRXQG GHWHFWLRQ ZDV SHUIRUPHG XVLQJ D GLRG
DW DQG QP DQG IL[DWLRQ RI DEVRBSWLRIH V $HFWH
* 0% PDVV VSHFWURPHVQWL 7 FSAHVQHRFOMRR UH B JIB6$ ZDV XVH
WKH PROHFXODU ZHLJKWV Rl WKH WHVWHG FRPSRXQGV
PRGH ZLWK SRVLWLYH LRQ IL[DWLRQ LQF5&$7KAR EDBIOLE WKV
ZDV SHUIRUPHG XV RQQVROXKMNIERDWG D X[L

(Q]\PDWLF DQDO\]HV

3UHSDUDWERQ@CIODU7R[VREVPWY DFHOOXODU H[WUDF
REWDLQHG DIW U FXOMRDEHWLIFQLRID OLTXLG PLQHUDO P
FUXGH JO\FHURO ZDV FHQW/WKLIXJKGE FHOQ SH®QEW ZDV ZD
WKH UHVLGXDO PHGLXP ZLWK 0. SKRVSKDWH EXIIHU
PLQ f& 7KH ZDVKHG FHOOV ZHUH UHVXVSHQGHG LQ
DQG GHVWUR\HG E\ XOWUPMRXQG WBW [FSESPQ DWXSE'T k
GLVLQWHJZBWH G HFG\WW OV XJHG J PLQ f& WKH S
DQG WKH VXSHUQDWDQW ZDV XVHG DV DQ DFHOOXODU HJ['
$QDO\VLV RI WU\SWRSKDQ W WHK® YV DRMNLBVHW D FSWRS k
WUDQVDPLQDVH (& SK HRON R B GRIERDLREW DUDWH DPLQRW
WU\SWRSKDQ DPLQRKVGD@Q AVAU\BMAMRE XKO)XQW D UL F WU DG
K\GUR[\WU\SWRSKDQ DPLQRWUDQVIHUDVH W WWSRBRY RSK T
WUDQVDPLQDVH ZDV GHWHUPLQHBGEYDWHVIRBRREKRQ RK
R[RJOXWDUDWH ZKLFK ZDV DQDO\]HG VSHFWURSKRWRP

6WDWLVWLFDO DQDO\VLYV

$00 WKH H[SHULPHQWY ZHUH UHS HDMNJHGE @& K O HPHH BALR BN
LQ HDFK H[SHULPHQM™WKHDMDWEVWLFDO SURFHVVLQJ RI W
FDUULHG RXW LQ DFFRUGDQFH ZLWK WKH DOJRULWKP GH\
ZHUH GHHPHG DV UHOLDEOH DW WKH VLIJQLILFDQFH OHYH

5HVXOWY DQG GLVFXVVLRQ

BUHYLRXV VWXGLHV KDYH VKRZQ WKDW WKH VIQWKHVL
WKH QDWXUH RI WKH FDUERQ VR XROFOIF RQ GSHPHL F 0@ XUH P

,Q WKLV ZRUN WKH FKRLF IBFRIXEBXIEHW RDW HRWU MM K DRXRX
$ FDOFRDOGHWLFXAMLWK WKH DLP RI LQWHQVLI\LQJ DX[LQ
IROORZLQJ UHDVRQV )LUVW LQ FRQGLWLRQV RIFURZWK
FDOFRDFIH®WAFXV\QWKHVWKH KLIKHVW DPRXQW RI DX[LQV
WR WKDW RQ RWEKHBROQOEYWWEKWHWY 2MOWKH SUREOHP RI FI
WR WKH LQFUHDVH RI ELRGLHVHO SURGXFWLRQ LQ WKH Z
HYHU\ RNELRGLHVHO > @ 7KLUG WKH FRPSOH[ PLFU
FKDUDFWHUL]JHG E\ KLJK DQWLPLFURELDO DFWLYLW\ DJDL
> @ LW ZDV IRXQG WKDW VXFK SURSHUWLHY DUH LQKHUF
FXOWLY® WIDRIF RDEHWLFRY HWKDQRO 7KH LQWHQVLILFDYV
LQ WKH SUHVHQFH RI WU\SWRSKDQ LV GXH WR WKH IDFW
SUHFXU\LRWGRO\ODFHWLF DFLG ELRV\QWKHVLY > @

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JII%LRWHFKQRORJ\ DI FURELRORJ\

JLXUH :D\RI VIOWKHVLV RAHWIGRDFQG IURP WU\SWRSKDQ
tWKURXJK WUABVEDFNVOQMU\S W R SKWIQURXWK BN DMV H
*tWKURXJK DORIBWORWKHURXJIK DRKBWRGLWULOH

&RQYHUVLRQ RI WU\BQ E 8 KDRFRFRS BSVKHG LQ WKUHH ZI
i \QWKHVLV WKURXXY LR ®ROE DOBWLFGROGHK\GH 7K
PDLQ SDWKZD\ FKDUDFWHULVWLF RI IXQJL DQG EDFW
i RQYHUVLRQ RI WU\SWRIWDRE MORGHRGRDRD\ LQYROY
VIQWKHVLVY SDWKZD\ LQ ZKLFK WU\SWDPLQH LV IRL
P\FRUUKL]DO IXQJL DQG F\DQREDFWHULD
i ,$$ IRUPDWLRQ BEBWDMBIRIH 7KLV LV FKDUDFWHULV
EDFWHULD DQG IXQJL
7KH GDWD SUHDEQWH GLQEGRMRONHI DUGOHVY RI WKH WLP
WU\SWRSKDQ LQ WKH FXOWXUH PHWK XPU RG N W O DALHU R0® D%
LQFUHDVH LQ WKH DX[LQ VIQWKHVLYV FRPSDUHG ZLWK WKF
WKLV SUHFXUVR$PRIQI REVH DKHIGLAH W Q B FOJFHLRED ULERG VOO HF
DFLG LEEROWLF DFLIFHVQLFRDHALG K\GUD]JLGH ZHUH LGHQ
FRQWHQW ZDV ,$$ ZKRVH SUHFXUVRU LV WU\SWRSKDQ
$ VLIQLILFDQW LQFUHDVH LQ VAL DQWLRROFRARDFSBE WL R R\
% RQ HWKDQRO 7DEOH ZDV REVHUYHG RQO\ ZKHQ W
PJ O ZDV LQWURGXFHG :LWK WKH LQWURGXFWLRQ RI
VIQWKHVLV ZDV YLUW XD O @\KDQGREW DQ QX.G/ IGXEXQ I J LFRFRD W
SUHFXUVRU $QG ZLWK WKH DGGLWLRQ RI PJ/ LQ SDL
JURZWK SKDVH WKHUH ZDV D VOLJKW LQFUHDVH LQ w
)W LV NQRZQ > @ WKDW PRVW SUHPKXWAANRWRY DHFRQGY
PHWDEROLWH ELRV\QWKHVLY DW WKH HQG RI H[SRQHQWL]
FOHDUO\ REVHUYHG XQ GiH UF DVOKAR [FBEWH FDWR/Q REL ARG LHV H
SURGXFWLRQ ZDVWH WKH LQWURGXBVBMRRSRDQ DW WBEG
H[SRQHQWLDO JURZWK SKDVH ZDV DFFRPSDQLHG E\ DQ
VIQWKHVL]HG DX[LQV LQ DQG WLPHV UHVSHFWL
RWKHU SDWWHUQV ZHUH REVHBSY HG OGFRIDBGIWAVER GXO WL
HWKDQRO PHGLXP IRU PRVW YDULDQWY WKH KLJKHVW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



WU\SWRSKDQ ZDV DGGHG DW WKH EHJLQQLQJ RI

JII%LRWHFKQRORJ\ DI FURELRORJ\

UHVHDUFK ZLOO EH GHYRW H® Z2\HY I O D UW | MIQRIXW KHEVHH Q R W)
SRLQW RI YLHZ RI WKH RUJDQL]DWLRQ RI WHFKQRORJLFD(
WKH EHIJLQQLQJ RI WKH SURFHVV LV PXFK HDVLHU

7TDEOH

(IlHFW Rl WU\SWRSKDQ RQ WKH DX[LG VEQWRRVEM BIGFHVU FXOW
RQ UDZ JO\FHURO

7KH DPR
WU\SWR
P J?

KQW RI

7TKH FRQFHQWUDW

S KIDR)Z W K

S K,I%¥H

&%

, % X

7TKH DPRXQW
RI DX[LQV
—J |/

/IDJ S|

3

/IDJ S|

3

7H HQG
HISRQHQ
SKDVH

WLDO

I+

/IDJ S|

7KH HQGC
H[SRQHQ
SKDVH

WLDO

I+

I+

/DJ S|

7KH HQGC
H[SRQHQ
SKDVH

WLDO

+

IRWHE, QGROARHWLF DFEFQGRBBUER[\OLF D RIGCREMHWLF DFLG
JS$SK\GYUQGROHRHWLF DFLG2KRBRM JIIRKH GO

7DEOH

6\QWKHVLV RI DX[LQV X% GHDD F R D WL D MERQ FSW FERIQDVMD L QL QJ
HWKDQRO PHGLXP

7KH FRQFHC 7KH DPRXQW
7KH DPRX/QW ,R|
WU\SWRIKDO "BRZWK SKDV%PXHQV&—J /RLgéuQv
/DJ S|
/DJ S|
7KH HQGC
H[SRQHQWH. D|O SKD
/DJ S|
7KH HQGC
H[SRQHQWLD|O SKDVH
/DJ S|
7KH HQGC
H[SRQHQWLD|O SKDVH

IRWHFE , QGRORHWLF DFEFDGERBBUER[\OLF DFLG
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JII%LRWHFKQRORJ\ DI FURELRORJ\

7KH GDWD SUHMHQWWG DQGVKHQGLFDWH WKDW WKH FR
DX[LQV LQFUHDVHG ZLWK LQFUHDVLQJ RI SUHFX®VRU FR
FDOFRDFEBIWLELFXV ,W LV SRVVLEOH DWKDWI | WWWHKMHRSKQ DU .
DFFRPSDQLHG E\ LQWHQVLILFDWLRQ RI DX[LQ VI\QWKHVLV
DQ HIIHFWLYH PLFURELDO $WHBRODWLRQD FURKHUWRHVKL
EHFDXVH ZLWK WKH DFKLHYHG D X{JQ FRIQH HOE O BW L RI)Q C
FXOWXUH EEROKRBEHWLFZYWK WKH SXUSRVH Rl VHHG RU
SODQWY VHHGOLQJV PXVW EWIGALHO)XWHG DW OHDVW LQ

7R FRQILUP WKDW H[RJHQRXV WU\SWWEKNQVL WILKHY BPW
RQH RI WKH NH\ HQ]\PHV IRU IVKHWL\R W KIHY L W RIS WRER O I
ZDV DQDO\]JHG 7U\SWRSKDQ WUDQVDPLQDVH FDWDO\]JHV \
S\UXYLF DFMWAUISWRS KO QIDYA@WBBEEPWE QJ WR WKHX®BIWD VF

ZKHQ FXGWEDPDWRQEHWLFXRQ WKH FUXGH JO\FHURO PH!
PJ/ WU\SWRSKDQ WKH DFWLYLW\ RI WKLV HQJ\PH ZDV KL
SUHFXUVRU ,Q DGGLWIKPQV ZWHWK R WG RGX O RWHSG UVSWR S
H[SRQHQWLDO JURZWK SKDVH WKH DFWLYLW\ RI WU\SWR
WKDQ ZKHQ WU\SWRSKDQ ZDV LQWURGXFHG LQ WKH ODJ S
LQ 7DEOH WHMIJPBQEEOWUDWLRQ RI IRUPHG DX[LQV 7K
ELRV\QWISH\FIDO ERDBO WL FXYRLQJ WKURXJK WKH IRUPDWL
S\UXYDWH VHH )LIXUH

JLIXUH  7KH HIIHFW Rl WU\SWRSKDQ RQ WKHXQBW UYEM HRU HQW
FRQGLWLRQV RI$F XDWERDEH BKQ AV
+ZLWKRXW W 4VBUWE SKIBXE D Q PJ /

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JII%LRWHFKQRORJ\ DI FURELRORJ\

+ ZH SXEOLVKHG WZR SDSHUV > @ LQ ZKLFK
RI VXUIDFWDGWRSRREKF MWD\HYA WK URSRFDOFRDEH WL F X V

DARFDUGLD,¥®RBFLQNR VIQWKHVL]H SK\WRKRUPRQHV R
DIWHU WKH SXEOLFDWLRQ RI WKLV ZRUMLEW EDF DB\ RR U
EDFWHULBPKRGREOREARLNRODWHG IURP FRQWDPLQDWHG K\
PHWDOV > @ +RZHYHU WKH DXWKRUV KDYH HVWDEOLVK
WKH LQGH[ RI HPXOVLILFDWLRQ DQG WKH UHGXFWLRQ R
LQVLIQEXISFIV@WP 1 P DJDEQWW P LQ WKH VXUIDFWDQW SUF

,Q SDSHU® 2HUH SXEOLVKHG LQ ZKLFK WKH DELOL
DFWLYH OLSRSHSWLGHV DQG UKDPQROLSLGV WR V\QWKf
HVWDEOLVKHG AKXWICHQGRIEWLF @ VIQWKHVL]HG LWXU|
ZKLFK KDG DQWLPLFURELDO HIIHFWV RQ WHKMVSK\WKRSDW
3K\WRSKWKRUD 6FOHURW L2PO G RIVFQRVERRIBODLG SUHVHQF
LQ WKH EFXROWKKZBY GHWHUPLQHG E\ D TXDOLWDWLYH UHD
DXWKRUV GLG QRW DQDO\]H WKH FRQFHQW U D VDIERIQV RF V \
DFLG

% D F L\DSO Y06 D F L\OSO X3V 9 QIEP\OROL PX HID¥RBQ VHH'GRIIWR P W
VIQWKHVL]H D FRPSOH[ Rl DQWLPRFWREHDOLERBEBWQGW \
VXUIDFWLQ LWXULQ IHQJ\FLQ DQG DQWLELRWLF SRO\
FRQFHQWUDWLRQ RI DX[LQV VI\QWKHVL]HG E\ RWUDLQV ¢
UHVSHFWLYHO\ 7U\SWRSKDQ ZDV QRW DGGHG WR WKH F
FRQWDLQV WU\SWRSKDQ ZDV XVHG DV D FDUERQ VRXUFH

7KH HQGRSK\WL\VH X @/RIDR QDI /DHY X@ALRAGBU WKH FXOW
GLM® IXHO J O V\®RWKSIVGYHGKKKPQHGXFHG WKH VXUIDF
DQG LQ®REWLF DFLG DW D FRQFHQWUDWLRQ RI J o )
WKH DXWKRUV GLG QRW WU\ WR LQFUHDVH WKH VIQWKHV]

W LV ZRUWK QRWLQJ WKDWXDIWHYLWE K %X EIOQ FAKW ER
OLWHUDWXUH RQ WKH VI\QWKHVLV Rl SK\WRKRUPRQHV E\
WKHUH ZHUH SDSHUV LQ ZKLFK WKH UHVHDUFKHUV FRPSTC
DQG SUHVHQFH RI SUHFXUVRUYV

7KH FRXWDDMHQW RI VWBRPDWRIEGDNHIOMKHVLIHV ,$$ WK
WKH IRUPDWLRFERWDQGRRW HS\WRF RDWEBROHH )LJ > @
PO WU\SWRSKDQ ZDV DGGHG WR WKH FXOWXUH PHGLXP
ZKLFK LV VHYHUDO RUGHU \ZIRW RRX O LWEKIS H QKW UKRHEX FWIK IDRQ
SUHFXUVRU PJ/ $W WKH VDPH WLPH WKH UHVHDUFK
RQ WKH IRUPDWLRQ RI ,$$ LQ SDUDWHWDOD G HKAGH HIQHEF W
DFHWRQLWUL QM WIKRG/X FILMRKQ LQWR WKH FXOWXUH PHG
FRQFHQWUDWLRQ RI DX[LQ DW K RI FXOWLYDWLRQ ZDV

$QDO\WLV RI WKH JHQRPH D@® PHRAYIREIAD] LR SRV KR (
&*0&& VKRZV.$W KDWV\QWKHVLY LQ WKHVH EDFWHULI
DFHWRQLWULOH ZKLFK HQWHUV WKH FHOO H[RJHQRXVO
PHGLXP RI DFHWRQLWULOH DQG FREDOW WKH FRQFHQW
FXOWLYDWLR®EIDVWKHPFRQFHQWUDWLRQ RI ,$$ VIQWKH V|
QRW GHWHUPLQHG

BFLHQWLVWYV IURP 7KDLODQG DQG -DSDQ > @ KDYH H\
IXQEROOHWRW UL R | UXRVLFRWOIOHVL]H ,$$ LQ KEKK FRQ|
SUHVHQFH Rl WU\SWRSKD® $FRXIOWLYGIMVRR &VIBH ,$$ FRQ

PJ /
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JII%LRWHFKQRORJ\ DI FURELRORJ\

"KHQ LOWURGXFLQJ WU\SWRSKDQ LQW R RUKW LSO OUDH
0% '(0 DQG 0% ‘(0 > @ DQ LQWHQVLILFDREWRKQURH G$$7¥KH
KLIKHVW FRQFHQWUDWLRQ PJ/ ZDV UHDFKHG DIWHU
VWUDLQ RQ WKH PHGLXP ZLWK PO WU\SWRSKDQ ,Q WK
LQ WKH SUHVHQFH RI PO WU\SWRSKIZQ@ VWKZ BH FORZ\M LR |

7TKXV DQDO\WLV RI WKH OLWHUDWXUH KDV VKRZQ WKD
LV HITHFWLYH IRU HQKDQFLQJ WKH VIQWKHVLYVY RI SK\WRK
>+ @ DGGHG WU\SWRSKDQ LQ IDLUEB\ KLOK WFRD AXQ®WWD
WU\SWRSKDQ DV D FRPSRQHQW RI WKH QXWULHQW PHGLX
KDYH VKRZQ WKDW DW VLIJQLILFDQWO\ ORZHU FRQFHQWUL
DX[LQ VIQWKHVLYVY LV LQ KXQGUHGV RI WLPHYV

,@DPGGLWLRQ PRVW VFLHQWLVWY DUH VWXG\LQJ WKH V'
PHGLXP WKDW FRQWDLQ JOXFRVH VXFURVH GH[WURVH J
DV FDUERQ VRXUFH > @ 6XFK PHGLXPWHIRW DUIR .
H[SHQVLYH VR WKHUH LV D QHHG WR UHGXFH WKHLU FR
VXEVWUDWHY :‘H KDYH IRU WKH ILUVW WLPH HVWDEOLVKI
FKHDS PHGLXP XVLQJ ZDVWH ELRWHHYVHK AU RG QRWLREX DLV
LQ WKH OLWHUDWXUH

&RQFOXVLRQ

7TKXV WKH UHVXOW RI WKH ZRUN HVWDEOLVKHG WKH SI
Rl PDJQLWXGH RI WKH VIQWKHVL]HG DX[LQV LQ WKH FDVH
EMRQWKHVLY SUHFXUVRU LQ WK HF B RG R/X®NMHWRIF GAXNPKR | V
ELRGLHVHO SURGXFWLRQ ZDVWH 7KH REWDLQHG UHVXOW
WKH XVH RI WKH FRPSOH[ SUHSDUDWLRQ LQ SODQW SURG

5HIHUHQFHYV

3LUR3 /HRQRYD 1 2 6KHYFKXN 7$ +DYU\ONLQD ' 9
FRQGLWLRQV RI VX FLRWWNRE D FBURG ¥ BOFW B RIG\WW ERXY X V
HU\WKURSROEV DQLRFDUGLD YDFBLQLRQ SK\WRJRUPRQF
VIQWMBHFLIHQWLILF ZRUNV R3+18)2,

+DYU\ONLQD '9 /HRQRYD 12 3LURJ 7 3 7KH LQ

1RFDUGLD YODFk&iQLL$FLQHWREDFWHU ,0RD Of RD HOGL F XV

5KRGRFRFFXV HWAWKURSRROLVHOGYV RI WRPDWRHYDDQRI E

$JULFXOWXUH DQG (QSSURQPHQW MDH

3LDWHWVND ' 9 /BRQRYD 3 2.0\PHQNR 1 2 <LHOG

SHSSHUV XQGHU MRKH U Q LOXHIDRKL GEELQHWREDFWHU FDOF

,09 % DQ@KRGRFRFFXV HWAWKURSROUYDO RI $JULFXOW:

(QYLURQPHQWS '2, MDH

3LURJ 7 3 ,XW\QVND * 2 /HRQRYD 1 2 %HUHFRMNMELDO 6

VIQWKHVLV Rl SKWWWMRVRHUPRORIVRILD S$SAWD '2,
ELRWHFK

3LGJRUVNXWWVND * 23 3LURQWHQVLILFDWLRQ RI PLFUR

WHFKQRORINIRYD NQ\KD .\LY

1HJUHWVN\ 9 $XLGHOLQHV IRU WKH GHWHU P, IQYWIWLMRQVRI |

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JII%LRWHFKQRORJ\ DI FURELRORJ\

%RWDQ\ $FDGHP\ Rl 6FLHQFHV Rl WKH 8NUDLQLDQ 665 .L

&ROOLHURKQGKDZ * 1RQLGHQWLW\ RI WKH DVSDU

DPLQRWUDQVIHUDVH FRPSRQHQWWKRULWKPRXY®OPOLOQDRH

%DFWHULRORBSi

=KRX - - 6KHQ - 7 -LDQJ / / 6XQ < 4 O0X < ;LX =

FKDUDFWHUL]DWLRQ RI DQ DQDHURELF PLFURELDO FRQVR

IRU SURSDQHGLRG SSURGIFWLRDRELRORJI\ DQSS% ERWHFKC
"2, v

3LURJ GDYHQNR , 9 6KHYFKXN 7 $ $QWLPLFURELD

VIQWKHVL]HG XQGHU GLIIHUHEA G\ RVE LY DWH. B0 HE DR MH.
OLNURELRORJDBPKQ\ SEXUQ

*RSDODNULVKQDQ 6 6DWK\D $ 9LMD\DEKDUDWKL 5

.ULVKQDPXUWK\ / 30DQW JURZWK SURPRWLQJ UKL]F
%LRWHFK S Si ‘2, \% [
6KDR - [EK®OQJ 1 & XL ; =KRX ; =KDQJ * 6KHQ 4 =KD

DQG FORQLQJ RI WKH VIQWKHWLF SDWRED\LRIDFKE8 BE&\WR|
EHQHI®WPIM.@OXV DP\GBRO LOIKHIREDBQVHOO )BSEWRULRY

v
3LURJ 73 /HRQRYD 1 2 G6KHYFKXN 7 $ 6DMABQYKRYVLYV RKX
SK\WRKRUPRQHV$EDFMVREDFWH U, 0BD @&F R DFKR\GLEXR/F F X V
HU\WKURSRIFLY DQIRFDUGLD ,9DFBLQ+BURGXV Rl VXUIDFF
DFWLYH VBERWBBEGEHY@JV RI WKH 1DWLRQDO $FDGHP\ RI 6F
VHULH St
3LURJ 73 /HRQRYD 12 BKHYFKXN 7$ 3DQDVXN (9
* $ 6\QWKHVLV Rl SKFWRIGRDPYRFHAL EAISURGXFHU RI
VXUIDFOLNQWELRORJLFKQ\ =XXUQDO
-D\DNXPDU $ .ULVKQD $ ORKDQ 0 1DLU, & 5DGKDNUL
HQKDQFHPHQW GLVHDVH UHVLVWDQFH DQG HOHPHQWD
HQGRSKDFL®D XMBOWRELRWLFY DQG $QWLPLFBBELDO 3URW
"2, Y
6DEDWp ' & %UDQGDQ & %DGMWOBVHOOIXGLYURD &
REFOHURWLQLD/VEOHIHRWDRRPFPRQ EHDQ E\ Q®PWRIXFE USR
%D F L\OWXVLOWRELRORJ\ 5H\BXO0WY M PLFUHV
X 7 X - ;LH: <DR = <DQJ3HBGRRRQDV /DHWXJLQRYV
K\GURFDUWHBRGLQJ ESBREXFDROWIDIRZBEPRWLRQ HQGRSH
EDFWHULXP LVRODBWHDBJRLR\PHD )DRBBUOICAL/R E SBO R J\
"2, IPLFE
OF&OHUNOLQ 6 *RR /HH 6 +DUSHU & 3 1ZXPHK 5 -H] O
DFHWDOGHK\GH GHEXN@GRIIM) DIV[LQ VI\QWKHVLV FRQWU

3VHXGRPRQDVVWWRRYIDH/R6 3DWKRJIJHQVSS ‘2,
MRXUQDO SSDW

1XPSRQVDN 7 .XPOD - 6XZDQQDUDFK 1 OBPVMRWXQW K H WH

SDWKZD\ DQG RSWLPDO FRQGLW L RIAH VRIUF VDKH G5 B R G X FMQ

IXQJXAROOHWRWUWERKXB $1UXBEM6 2QH ss 2,
MRXUQDO SRQH

2]JLPHN ( -BBERVHON - %RKDF] -RZIRWND GRZIZEYNLHZLF

6ORPND $ 1RZDN $ +DSQQWERHVLYV RI LQGROHDFHWLF DF

DQG &GBHDPLQDRHWLNNWHOORY SURPRWH ZLQWHU ZKHDW \

GLIIHUHQW FROIBULDLWQRQDO -RXUQDO RI ORK®HFXODU 6FL
LMPV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

O9DFXXPDSV PHPEUDQHYV HTXLOLEULXP VWDWH#

EDVHG RQ WKHB\HQ@LWHULRQ
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JJIBURFHVVHY DQGJJUXLSPHQW
L, QWURGXFWLRQ

ORGHUGLERNSHOHPHQWY IRU JODVV FRQWDLQHUV RI Y]
PHPEUDQHV VSHFLILF ZLWK D VPDOO LQLWLDO GHIOHFW
QHJDWLYHO\ FRQYH[ VWDWH LQGLFDWH WKH YDFXXP SUH
DQG VHRQXHQWO\ +@®V WLIJKWQHVYV

'HSHQGLQJ RQ WKH JODVV FRQWDLQHU VL]H DQG WKH P
RI GLIIHUHQW WKLFNQHVV DQG KDUGQHVV WLQ L H WLC
VFLHQFH WKHUH DUH VHWHIU@IOWHWKKRCGYWRY FIXGIK X0 H
7KH DXWKRUV FDOFXODWH PDLQO\ WKLQ IODW SODWHV X
SODWHV ZLWK DQ LQLWLDO GHIOHFWLRQ GXH WR WKH OR
EHHQ FRQVKRBWN WK X QFWYV

7KH WKLQ SODWHV FDOFXODWLRQ HQHUJ\ PHWKRG H[
NQRZQ DQG HIIHFWLYHO\ XVHG > @ 7KH DUWLFOH > @
EHQGLQJ SUREOHEPOIRWG DFWKQ@EULFDDVWWHHOOWKEH XQY
FRQFHQWULF D[LDO ORDG DSSOLHG 7KH SUREOHPV RI F
GHIOHFWLRQ WR FRXQWHUDFW WKH ORDG DUH QRW UHIOF

7KH VWXG\ Rl 9ROPLU $ > @ GHVFULEME WRXQRSS HOUH] WE
SODWHV IL[HG LQ YDULRXV ZD\V DW GLIIHUHQW UHOD\
DSSOLHG ORDG DFWLRQ +RZHYHU LW LV SUHVHQWHG L
FRPSOHWH VFLHQWLILF FDOFRGDMWISR® LMK VWHZRKO BEUB BV
LQFOXGLQJ WKH FRQVLGHUDWLRQ RI EDVLF PDWHULDO HC

,Q WKH VWXG\ E\ 7LPRVKHQNR 6 HW DO > @ DSSUR
XQLIRUPO\ ORDGHG URXQG SODWH ZLWK \@JQUKHFDQWHG
/DJUDQJLDQ IRUPXODWLRQ IRU IOH[LEOH SODWHV LV FRC(
PHWKRG IRU SODWHV XQGHU ODUJH GLVSODFHPHQW DQG
GLVSODFHPHQW VWXGLHG LQ RXWKHYHDYFK ZHUH QRW F

5HIJDUGLQJ WKH PHWDO SDFNDJLQJ FRQWDLQHUV WK
VWXGLHV KDYH EHHQ FDUULHG RXW ,Q > @ DQ HTXDWL
JHRPHWULF SDUDPHWHUV DQG PHPEUDQH WKEMNQHW\D K I
VLPXODWLRQ DV WR WKH GHIRUPDWLRQ EHKDYLRU RI W
PHPEUDQHV GXULQJ VWRUDJH DQG SURFHVVLQJ RI SDFND.
VFRSH HTXDWLRQ D FRPSXWHU SURJUDP KO®WHEMMQHGH:
GHIOHFWLRQ UHODWLRQVKLS PRGHO 2EWDLQHG DUH W
GHSHQGLQJ RQ FKDQJHV LQ WKH WLQ VKHHW LQLWLDO C
PHPEUDQH WRWDO HQHUJ\ FKDQJH GXULQBDWK®G\ GBI RVUK
HTXLOLEULXP VWDWHY KDV QRW EHHQ VWXGLHG WKXV I
FHUWDLQ GLIILFXOWLHYV DULVH UHJDUGLQJ WKH HODVWLF

7KLV VWXG\ LV SXUSRVHG WR GHVEXQEHS OB W H @ L MQ B
WKDW FDXVHV WKH PHPEUDQHV VWDEOH RSHUDWLRQ LQ

7KLV VWXG\ REMHFWLYHYV

7R VROYH WKH HTXDWLRQV RI ORFDO HQHUJ\ HIITHFWV F

WR JHW WKH PHPEUDQH V\VWHP WRWDO HQHUJ\ VFRSH

7R DVVHVV H[SHULPHQWDOO\ WKH PHPEUDQH DGGLWLR

7R FKHFN WKH REWDLQHG HTXDWLRQ DGHTXDF\ IRU W

FDSV UHDO PHPEUDQHYV

7R EXLOG JUDSKV RI WKH PHPEUDQH H@PHIWDIIR WY N

HTXLOLEULXP VWDWHYV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW
ODWHULDOV DQG PHWKRGYV
6WXGLHG PDWHULDOV

YRU H[SHULPHQWDO VWXGLHV ZH XVHG FDSV ZLWK D
RII" VI\VWHP > @ ZLWK D GLDPHWHU RI PP SURGXFHG E
FDBQG XVHG E\ WKH (8 DQG 8NUDLQLDQ FDQQLQJ HQWHU S

BWUXFWXUDOO\ WKH PHPEUDQHV DUH GHVLJQHG WR R
JLIXUH D 7KH PHPEUDQHV LQFRX\ HUD GLOPIHRUNU F RQZR B |
' RXWHU GLDPHWDMUVBRWLB@HWHU 7KH\ ORVH WKHLU V!
YDFXXP RFFXUULQJ LQ WKH FRQWDLQHU WKDW FDXVHV D
UHIHU WR WKLV SUHVVXUH GURS DV WR WKH SUHVVXUH T

JLIXUKDS ILHOG
D+PHPEUDQB RIRGHG YMHPEMDBH VWDELOLW\ ORVV VWDV

1H[W WR WKH VWDELOLW\ ORVV WKH PHPEUDQH PRYH'
E 7KH YDOXHV RI VWDELOLW\ ORVV DQG VKDSH UHVWRL
H[LVWLQJ PHPEUDQHY RSHUDWLRQ LQWHUYDO DUH JHC
PDQXIDFWXUHUV RI JODVVZDUH FDSV GR VSHFLI\ WKRVH Y

$FFRUGLQJO\ WKLV UHVHDUFK REMHFW LV D JODVV SD
UHVHDUFK VXEMHHMW BOIS WPHHWPHEQW @ WK RIIPHWDO FDSV

7KH PHPEUDQH FHQWHU DGGLWLRQDO GHIOHFWLRQ LC
HISHULPHQWDOO\

BUHSDULQJ WKH H[SHULPHQWDO VDPSOHYV

7KH SDFNDJLQJ VDPSOHYV KDYH EHHQ SUHSDUHG LQ SI
FBV ZHUH IHG YO XDXPWIBDBBLQJ PDFKLQH ZKHUH WKH\ ZHI
ZLWK SURGXFWV LQ WKH RSHUDWLQJ PRGH 7KHQ WKH S
WHPSHUDWXUH WR FUHDWH D YDFXXP LQ WKH WPESMOD\HFRQ
ZDV UHDG\ IRU H[SHULPHQW

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW
SURFHGXUH IRU UHVHDUFK FRQGXFWLQJ

7KH URXQG SODWH SRWHQWLDO HQHUJ\ GHBHMLRQ R
FRQILIXUDWLRQ ,Q WKH DQDO\WLFDO VWXG\ RI WKH P
DGKHUH WIR@W KFAKGHHPH ZKHQ WKH PHPEUDQH ZRUNLQJ FRQ
ZLWK D IUHH UDGLDO GLVSODFHPHQW RI WKH FRQWRXU S
7KH PHPEUDQH KDV DQoLQLWLDO GHIOHFWLRQ

JLIXUH 3RVLWLRQ [|LHEQD GHERR® R G PHN D W H

7KH PHDVXUHPHQW RI PHPEUDQH FHQWHU DGGLWLRQEL
IROORZHG VXFK VHTXHQWLDO VWHSYV
$IWHU FRROLQJ WKH SURGXFW WKH FDSSHG MDU ZD
SODWH WKDWQUOIVGNX\WPWR® EHDG\ IRU PHDVEHERHAQWYV V
8vLQJ D VKDUS DZO D KROH ZDV SLHUFHG LQ WKH F
SUHVVXUH LQ WKH FRQWDLQHU ZDV FRPSDUHG ZLWK DWHF
VWHSZLVH (RN IUQDWRVIMWDWH RI HTXLOLEULXP $W WKDW
WKH JHUR SRVLWLRQ 7KH LQVWUXPHQWDO UHDGLQJV ZHL
$GGLWLRQDO GHIOHFWLRQ RI WKH PHPIEBBQMXRHIBW |
IURP WKH IL[LQJ FRROMWRXIZDBODRXGLODY WKH GLIITHUHQFH
UHDGLQJ DQG WKH PHPEUDQH FHQWHU LQLWLDO GHIOHFW
7KH PHPEUDQH IL[LQJ FRQWRXU SRVVLEOH GHIOHFWLF
FROQOWDLQHU ZDV QHJOHFWHG ZLWK UMHWSRPRD WM RRIOV XL W
IXQFWLRQDO WUDYHO RI WKH PHPEUDQH FHQWHU

J)LIXUH SRVLWLRQ IL[LQJ GLDJUDP PHPEUDQH VWD

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIBURFHVVHY DQGJJUXLSPHQW
'"HVFULSWLRQ RI PHWKRGY DQG HTXLSPHQW

$GGLWLRQDO GHIOHFWLRQ DQG WKLFNQHVV RI WKH
LQWXWHQWDO PHWKRGY RQ UHDO JODVVZDUH ZLWK D FDS

7TKH GHIOHFWLRQ ZDV PHDVXUHG XVLQJ DQ LQGLFDWR!
FRQVLVWYV RI D WULSRG IRU PHDVXULQJ KHDGYV IL[HG RC
IRU DUUHVWWUSH) G L FDWRN PHDVXUHPHQW HUURU
DUUHVWHUYV

JLIXUH , QGHFDMHR U
+WULSHFRQVBOP®B LDDXJH O RFNVQR SW H \WIDHPG O H

UHSDULQJ WKH GHYLFH IRU PHDVXUBFHQWY IROORZH!
7KH WHVWHG VDPSOH SODFHG LWV ERWWRP RQ WKH FRC(
UDLVHG WKXV WKH VDPSOH ZDV ZRXQG XS XQGHU WKH F
7TKH LQGLFDWRU WLS EHLQJ EURXJKW LQWR FRQWDFW Z
WKDWRWKMHDLQHU SRVLWLRQ ZDV IL[HG XVLQJ WZR ORFN
WKH FRQWURO SODWH KROHV VXLWDEOH IRU WKH JLYHC
7TKH LQGLFDWRU FOLS WHUPLQDO RQ WKH WULSRG UHOH
WReEWDFW WKH FDS PHPEUDQH FHQWHU VR WKDW WKH C
E\DQ LOWHJHU QXPEHU RI PLOOLPHWHUV EXW QRW OH
WZLFH YDOXH 1H[W WKH LQGLFDWRU ZDVLWBHRW WR JHUR
6LQFH WKH WHVWHG VDPSOH FRQVLVWY RI VHYHUDO SI
KDYH WKHLU RZQ KHLJKW WROHUDQFH HDFK VDPSOH ZLO
RQO\ WKH JODVV FRQWDLQHUV KHLJKRV WKRHOHURQHH IRDQ]
WHVWHG VDPSOH PHDVXUHPHQW UHTXLUHG LV DQ LQGLY
SURFHGBMHBDULQIJ WKH H[SHULPHQWDO VDPSOH
7KH WLQ FDSV WKLFNQHVYV ZDV PHDVXUHG E\ D PLFURP

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW

7TKH PHPEUDRD@GH LXIPXV@& DWH NLQGVYTY PDWKHPDWLFDO VL
WKH SODWHY DQG VKHOOV WKHRU\ HQHUJ\ PHWKRG GHVI
PHPEUDQHVY RSHUDWLRQ LQ WKH PRGH RI FRQWUROOHG
PDWHULDPRP@GRQHQW VR LW LV PRVW DSSURSULDWH WR
WR WKH PHWKRG DERYH WKH URXQG SODWH WRMWDDXHHQ H L
VWUHVY VWDWH HQHUJ\ WKH EHQGLQJ HQHUJ\ DQG WKH

7TKH PHPEH HQHUJ\ OHYHOV GLDJUDPV ZHUH EXLOW E\
FRPSXWDWLRQDO PHWKRGYV LQ WKH 6FLODE HQYLURQPHQ

6WXG\ RI UHVHDUFK UHVXOWYV

7KH H[SHULPHQW XVHG D PHPEUD®OP ZNMX V8B IUDNPGHHWHA
PP PHPEUDQH IL[LQJ BRQWRXU DUDG LRIV ORRQ VWHHO
PHDVXUHPHQWY UHVXOWY VKRZHG WKDW LQ WKH VWDELO
GHIOHFWLRQ ZPVY WKDW LV VLJQLILFDQWO\ OHWYLIMXDQ
GHIOHIRWLR®P )LIJXUH 7KDW LV DV D UHVXOW RI VWDEL
PLUURU GHIRUPDWLRQ GRHV QRW RFFXU

YJRU D YLVXDO LQWHUSUHWDWLRQ RI WKH PHPEUDQH |
GLDJUDPV ZHUH EXLOWWLRUHIWLNO EEDUYDEWMDWHY ORVV
UHOHDVLQJ 7KH HQHUJ\ OHYHOV GLDJUDPV DOORZHG XV
ZLWK WKH PDLQ SURYLVLRQV RI WKHRUHWLFDWL PHFKW Q
WKHRUHP > @

S5HVXO®YWE GLVFXVVLRQV

'"HULYDWLRQ RI WKH PHPEUDQH V\VWHP WRWDO HQHUJ!

JRU FDOFXODWLQJ WKH VA\VWHP HQHUJ\ ZH XVH WKH LQ
WKHRU\ 7KH PHPEUDQH V\VWHP WRWDO W@RUYHWMWULF [RXQ(
HOHUJ\ IRU D FLUFXODU SODWH > @

w P Pt
ZKHWBPHY WKH VWUHVY HQHUJ\ LQ WKH PHPEUDQH PLGGOH

a (0]
(, (C38CGN - § GN. PGNG N
@GUH aJ GU U Gs%
(eLV WKH EHQGLQJ HQHUJ\
v 52 . .
( ~3BZ 8 F PE g

@GUH aJ GU U

LV WKH HIWHUQDO ORDG ZRUN

5

4

5

3Z IIGU S BZ

ZKHUHY WKH PRGXOXV RI PHPEUDQH PDWHULDO QRUPDO H
/ILV WKH PHPEUDQH WLQSODWH WKLFNQHVV
5LV WKH PHPEUDQH IL[LQJ FRQWRXU UDGLXV
NLV WKW MWEMLRQ
Uuv WKH PHPEUDQH FXUUHQW UDGLXYV
LV WKH PHPEUDQH PDWHULDO 3RLVVRQ V UDWLR

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

_ (6 LV WKH F\OLQGULFDO VWLIIQHVYVY RI WKH PHP

&LV WKH PHPEUDQH DGGLWLRQDO FXUUHQW GHIOHFWL
3LV WKH SUHVVXUH ORD®OMSSOLHG WR WKH PHPE

"ULWH DQ H[s%!lHA/V@RQ IRU

A (1§ U U

_uv_uvu
GU & 55 5 5:

ZKHWW WKH PHPEUDQH FHQWHU DGGLWLRQDO GHIOHFV
‘H LQWURGXFH WKH GLPH(DJV-I%JRQWIP@\U\.L(;F-%\IUUU—N—J-?K/\/ UDGLX
GN G|

GU 5 (
$IWHU VXEVWLWXWLQJ WKHVH UHIHUHQFHV LQ ZH J
GU
S5HVSHFWLYHO\
oy
GU
(QWHULRUWKH U L ZH JHW DQG UHVSHFWLYH:
A (I N (I G
— 5 UDQ—%— ~ =
GU GU G
"ULWH IRU WKH GLPHQWLRQOHY WKDW HRUNQ GDIRLUX
Us U
a (o]
. S(G, §N - _§ GN__ PGNGN,

b ©GU1L &J GU 5 U GGY

$IWHU WUDQVIRUPDWLRQVY DQG VXEVWLWXWLRQV RI H
IRUP

a (o]
SUL G885 5y p 5%

« e U1 U U

S 4

'HQRWH WKH LQWHJUDO SDUW Rl WKH HTXDWLRQ
a o]
1 3385 - 5 up 583

<_<|©GU1

(e

U g U
4
7KHQ WKH HTXDWLRQ RI PHPEUDQH PLGGOH VXUIDFH V
S(1 G
(p 5

1RZ ZH FRQVLGHU WKHHENHQ®LRD HQHUJ\
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JJIBURFHVVHY DQGJJUXLSPHQW

,Q WKH FDVH RI SODWH HODVWLF GHIRUPDWLRQ WKF
GHIOHFWLRQV FRUUHVSRQGY WR WKH VLPLODU SUREOHP
> @

85U
© 5~
:ULWH IRU WKH GLPHQVLRQOHVY FXUUHQW UDGLXV
Z | U | U
EZ U u
GU
(QWHULQU WKHU ZH JHW WHOUNL QJ WKH
&
GU
UHVSHFWLYHO\
6z |G
GU (
‘H ZULWH IRU WKH GLPHQVIRYHMH WK B WU IRHIXQNG UD G |
IRU 5 U
a
(sa I 8 @ P& G,g
<_<|5 ©GU1 gu Gu 5 U GQ%U
$IWHU WUDQVIRUPDWLRQV DQG VXEVWLWXWLRQV D
1 a . . .0
(e IS3«U'§i —:UP:U2'»1
5 <_<|©GU’1 U (§/4U
‘H GHQRWH WKH LOQWHJUDO SDUW RI WKH HTXDWLRQ
a . e
13«L'§i —:UP:-&»
<_<|©GU’1 o U (§/4U
7TKHQ WKH EHQGLQJ HQHUJ\ HTXDWLRQ LV

I s
(e = ,

1RZ ZH FRQVLGHU WKH: HTWDUMIRD ORDG ZRUN

‘H ZULWH IRU WKH GLPHQVIRIQOW KB W XE U HQOAG UD G|
IRUS5 U VR DIWHU VXEVWLWXWLQJ DQG WUDQVIRUPD

S153 U u U

7TKHQ LOQWHJUDWLQJ SHUIRUPHG WKH H[WHUQDO ORDC(
S315

$IWHU VXEVWLWXWLQJ DQG LQWR WKH HTXC
( S(I G | S 395
W 5 ' 5
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JJIBURFHVVHY DQGJJUXLSPHQW

‘HLQWURGXFH D GLPHQVLRQOHVYV DGGLW]LR_EDQ GHIOH

D GLPHQVLRQOHVYV SUHVVXBIH—Z&(RDG RQ WKH PHPEUDQH
$IWHU VXEVWLWXWLQJ WKHP LQ DQG WUDQVIRUPDW

(W?SZ(G—], c J (&

1RZ ZH ILQG LRQHIBDOWRQ V UBWLR IRU VWHHO
,LQWHIU W LUDBRIW

LQWHJIUBWLUBRW
1
7R JUDSKLFDOO\ FRPSDUH WKH PHPEUDQH GLIIHUHQW
LQWURGXFH WKH GLPHQVLRQOHVV WRWDO HQHUJ\

( (|5
$IWHU VXEVWLWXWLQJ LQ DQG FDOFXODWLRQ F

? ) ) 3]

w
‘H UHGXFH HTXDWLRQ WR WKH HTHUG QBNLDXW HHHX X |
EGDQG HTXDWH LW WR $V D UHVXOW ZH JHW

) ) 3

$QDO\WLYV DQG YHULILFDWLRQ RI WKH REWDLQHG HTXL

6XEVWLWXWLQJ WKH H[SHU LP HQHND VRA/RIEQUIWVKGIBHET X DO

HTXDWLRQ ZH FDQ REWDLQ WKH FRUUHVSRQGLQJ FUL
, 1 PP WKH FRUUHVSRQGLQJ GLPHQVLRLHO/MANELY G HIA\
3ZH JHW

s J ]

ZKHUH IRU WKH BMHUHDWQRH UZAFRQOMWFRUGLQJIDNARPILQG
s 38
ZKHUH IURP IRU WKH FDVH X®GHU FREIDVLGHUDWLRQ ZH J
7KH FDOFXODWHGFORXHWMRR WKH YDOXH RWPBES @IHWKREOE
3 03D VSHFLILHG E\ WKH MDU FDSV PDQXIDF® XUHU >
GHYLDWLRQ IURP WKH H[SHULPHQWDO RQH PD\ EH GXH WHF
SURGXFH WKHPHPESHIQHD S
$IWHU WKHORWBEWMDKMW PHPEUDQH VKLIWYV WR WKH VYV
PHDVXUHPHQW UHVXOWYV VKRZHG WKDW LQ WKH VWDELOLIL
PHPEUDQH FHQWRUVLJIQLILFDQWO\ OHVV WKDQ WKH LQLW
FHRWY, PP )LJXUH 7KDW LV DV D UHVXOW RI VWDELC
PLUURU GHIRUPDWLRQ GRHV QRW RFFXU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW

7KHVH DGGLWLRQDO GHIOHFWLRQ SDUDPHWHUV JXDUL
ZLGH UDQJH RI GURS EHWZNNRUMK H Q/ W KWHH B X/WERDFFOND S H H D
LQWHUQDO SUHVVXUH WKURXJKRXW WK H KQ WWGR XV RMXCF
XVXDOO\ FRQVLGHUHG LV WKLV RQH JUHDWHU WKDQ
H[SRVXUH RU RRRIH\QJ WWIBDWKYPD\ EH D PDOIXQFWLRQ RI \
PHWDO HODVWLF GHIRUPDWLRQ WUDQVLWLRQ LQWR SODV
7KH GHJUHH RI WLQ KDUGQHVV LV LQFUHDVHG WR LF
LQFUHDVLQJ FRPSHQVDWHGJWK VZK HF®& HFQHNLWHD IEQ WR.FOF X U
WKH UROOHG VWHHO WKLFNQHVV GHFUHDVH ,Q WKH UDQ
KDUGQHVV FKDQJHV LV FRQVWDQW DQG QDUURZ

$QDO\WLY DQG H[SODQDWLRQ RI HQHUJ\ OHYHOV DW Pl

HVKDOO FRQVLGHU WKH HQHUJ\ OHYHOV RI GLIITHUHQW
GLIITIHUHQW ORDGV WKDW FRUUHVSRQGD®& B6RDWL BB O HIW
7KH\ DUH VKRZQ LQUHIKXIHOW XQGQJ WKH JUDSKLFDOO\ LC
SUHVEXD@I® $W YBOXHV DQ@G FRUUHVSRQGLQIDWR
DQ® 3b IRU WKH PHPEUDQH FHOQWHU LQLWLDO GLP

ZKLFK LV G]I—JJL%HGDQ‘@ WKH PHPEUDQH SDUDPHWHUYV JLY

SDUDPHWHUV 3D +HDEGFRUUHVSRRBUWRQRWHHO

7KH GLDJUDPV VKRZ WKDW WKHUH LV NHBPVYQXBNF HEH
SUHVXBRUUHVSRQGYVY WR WKH PRPHQW ZKHQ LW FDXVH
GHIOHFWLRQ ZKLFK UHDFKHG WKH PHPEUDQH DEUXSWO
RSSRVLWH VWDWH RI HTXVWDRWH X*RUJLEIXBRQGV7WIRVWKH
GHIOHFWLRQ ZKLFK YDOXH ZDV PHDVXUHG XVLQJ DQ LQGL

7TKH SUBYVWVWRIHLUHVSRQGY WR WKH PRPHQW ZKHQ WKH
DEUXSWO\ UHVXPHV LWV YKDBHDXYERQ LEXWL QW ISREIN QR
VWDWH RI HTXI3QLEULXP VLQFH

7KLV WA\SH RI HQHUJ\ FULWHULRQ FXUYHV IRU FULWLFEC
NQRZQ /DIJUDIFMOHW WKHRUHP 3 F® WKFHF PPDDEQQYWDREQHK |
VWDWH LV WKH SODWH VWDWH FRQEBHWS R &BHMWRIR R IS \
WR WKH HQHUJ\ OHYHO PLQLPXP UHODWLYH WR RWKHU D

7TKH PHPEUDD MWIRQWWILAZKHQ QR H[WBUQDQGORW G D £ QO |
RI HTXLOLEULXP LV WDNHQ DV JHUR HQHUJ\ YDOXH OHYH
VLQFH DIWHU ORDG IXOO0 UHOHDVH WKH PHPEKHBQHVKHW X
FRQWUROOHG VWDELOLW\ ORVV PRGH PDLQWDLQHG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

J)LIXUH 'LDJUDPV RI WKH PHPEUDQH HQHUJ\ OHYF
*IRU WKH VWDELO LW\ ORYRUSWHKMVXRIMHG UBOHDVH SUHV\

&RQFOXVLRQV

7KH HTXDWLRQ REWDLQHG E\ VROYLQJ WKH ORFDC
HTXDWLRQ WKDW FKDUDFWHUL]JHYVY DQG UHSUHVHQWYV W
ERG\

W LV H[SHULPHQWDOO\ IRXQG WKDW WKH RHREUDIDQ VWG
LV VLJQLILFDQWO\ OHVV WKDQ LWV LQLWLDO GHIOHFWL
7KH TXRWHG FDOFXODWLRQ GHPRQVWUDWHY WKH UHV
LQLWLDOO\ EHQW UHDO PHWDO SODWHV LQ FDVH RI O
SDUWLFXODEDIRYLOIDARQWDLQHUYV PHWDO FDSV PHPEU
7KH PHPEUDQH HQHUJ\ OHYHOV GLDJUDPV REWDLQHG )
HTXLOLEULXP VWDWHVY DUH FR U UHAVF KOGQHIVDW I H R WZH BV K7
WKH HTXDWLRQ FRGXBHVKV HP® QI DFRHX ULQJ WKH FD
PHWDO SDFNDJLQJ PDWHULDOV DV ZHOO DV LQ WKH LQ
7KH URXQG HODVWLF SODWH FRQWUROOHG VWDELOLW
FKHFNHG DQG GHYHORSHG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW

5HIHUHQFHYV
9DWUHQNR 20HPEUDQ\ NU\VKRN NRQ\BDN®RYNTBN OL D Q

6FKLHVWHU 6 & BPGBE W XBVHAH O
8JXUIDO 30D IOMK H VG VRQIBQ D ONYX VB K V&I5RIU HV V
7D\0O RW D QNILR/XSQ G RBZ RJ N
B]LOBUG 7KHR DIQEPS S O L ROISWIIBQD O 8\OLDNV VIDFCHU L F D O
DQ®RJLQHBHWWERRKQOH\6RQQYFRERNHQ
$OHNVDQGURY $ 3RWRBRYWHRULL XSUXJRWWKDLSOD
V KN FEG\DFR Z
5HG G\ 7 K H PWIBQ D AR M DD Y VDAL H O IORV/RIGE V&5R Q
3UH¥N\ O RW D QWLR/XBQ G RAZRUN
9HQWVHIDXWKDIPPHU 7K LSO DIVGBK H @ BN R D OD QIGV
DS SO LFOMLARHION HYFL H Z R U DAO
8JXUDO)HQVWHU $GYDQFHIFKD RUENYW H UDL@ESSOLHG
(ODVW WM HQKOLESS D G 6 DY U
%UDGIRUSRXIHIJDULQHMDG $ (ODVMQM EXFNOD@H®I W
FLUFXODRROQWEBHPLQJLDQ GWBVW@DWLRQDO -RXUQDO
BWDELOLW\ DQG 'SBD# LFV
9ROPLU $ *LENLH SODVWLQN G D WRHER/ORWRKRWH MK @ KN R |
OLW H B BWEREZ\
7LPRVKHQNR 6 .OYRLHRGVIQDVWLQNL 1IDRERMORFR N L
JUDQN 3DL 3 3BWD@UDQJLDQ )RUPXODWPRQ W GG L) DL
RI +LJKO\ )OH[LEOH ID®MWKHP DWICGF6KH®® WVHFKDQLFV R
SS +
9DWUHQNR 2 ORGHOLXYDQQLD URERWN PSP EIDRC
WRYVKERYQNRYL SUDWVBE S 14$.7
(URV % O9HWIOM ) %XMFXGUR 6 6DQ¥BOLFDWLRQ |
6FLODE ;FRV IRU SURFHVV FRQWURGCHD X 5D WH & Q\DRO FSKU-
&RPSXWHU $SSOLFDWLRQV LQ (93LQGHHULQJ (GXFDWLF
%RUXWIN\ : %RQG *UDSK OHWXKRIGRIGIRI\V/RQGRQ
,VKOLQVNLL OHNKDQLND ,GHL ]DGD®KKYK DSLWDL O/KKRIQ
FAVFRZ

5XNRGWRVYR SR REUDERWRINH OUD\@ K K NWH L&DE  +D QC
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,QIOXHQFH RI JHRPHWULF DQG G\QDPLF SDU
ZDWHKRO\PHU MHW RQ FKDUDFWHULVWLFV RI
K\GURXWWLQJ SURFHVYV

$QGUL\ 3RJUI 9RORG\P\U 3RJI
,U\QD 3XMQNLDWDOLLD 9DV\OLY

18QLYHUVLWI| RI &XVWRPV DQG )
+IDWLRQDO 7HFKQLFDO 8QLYHUYUWWNY RUYMN BYGDIDYVH |, )

$SEVWI
-H\ZRUGV L QWURG XKWIURFHVYV BRITWHENIWWLQJ RI IRRG
&EXWWLQJ SURGXEVRWYGHU WR LQFUHDVH WKK\8 MBFLHQF\ R
-HW FXWBALPRGLI\LQJ WKH ZRUNLQJ IOXLG LV LQYHV
SRO\HWK\OHQH 0DWHULDOV DQI&K P ISWRRBVV RI FXWWLQJ FKLF
R[LGH ILVK EHIRIUDNQRHBW LV7KHVHBHEKREQWY ZHUH F
1R]]OH RXW DW WHPSH& DWEWEHS RHVVXUH FKDQJHV IUR
3UHVVXUH W R 03D QRJ]JOH GLDPHWHWG YHORFLW\ RI W

ZDWSRD \RHAWRYHPHQW UHODWLYH SWRESKH VDPSO
DQG 7KH ¥(2 FRQFHQWUDWLRQ

PROHFXODU PDVW®G YDULHG IURP WLOO
HVXOWYV DQG TXHW FHSMRQRI WKH FXW LQ D
SUWLFOH KLVWBYRGXFW LQFUHDVHY TXLWH U BB RGWADAN MRQ DI
3(2 PROHFXODU PDVV DQG UHDFKHV LWV PDI[L

SHFHLYHG FRQFHQWRDWRRQM 2K LWK D PRGHFWKBIWKPDVV R
HTX W R DQG IRU PROHFXODQG@P VV RI
sHFHLYHG LQ URVEDRG DQG UHVSHORWLQFUHDVLQJ W
IRUP GLDPHWHU RI WKH QR]JJOH KROH XQGHU WKH FR
$FFHSWHG VROXWLRQ OHDGV WR LQFUHDVLQJ RRWWKG FX WV

FKDURAWHKUOXHQFH RI QR]JOH KROMWGE QD PM MW L
VKDSLQJ KHD G GRQGWMEMW KEXWW XH WR WKH IDFW

&RUUHVSRQGLGQW/DJH ZLWK D UHODWLYHO\ ELJ QR]JOH RXWOH

DXWKRU YHORFLW\SRIOZPAMHWMHW PRYHPHQW LQ UHODWLF

DQG SUHVVXUH RI 3(2 ZDWHU VROXWLRQ LQ IUR
9RORG\P\U WR LQFUHDVLQJ RI HQHUJ\ SHU XQLW RI WKH FX
3RJUHEQ\DN DFKLHYH WKH VDPH FXWWLQJ GHSWK RI IURJHQ
(PDLO DQGf& LWTV HQRXJK SRR \RBIYHMADWBUHVV XUH
YJSRJUHEQ\DN# IURP WKH ZDWHU MHW QB®OIG WKHI WHRH/ L (
JPDLO FRP SUHVVXUHWLPHY LQFUHDVH LQ WKH GHSWK DQC

ZDWSRO\PHU MHW LV REVHUYHG ZKDW WHOOV D
RI' LWV LQWHUDFWLRQ ZLWK D IRRG SURGXF)\

GLPHQVLRQOHVK EXWBE@IWPBHSWHW LQ IURJHQ

SURGXFWV IURP WKH GLPHQVLRQOHVV GLVWDC

REWDLQHG 7KH YWYO®RALWN KIHW RI 3?2 ZDWHU

FXWWLQJ IUR]JHQ IRRG SURGXFWV FRQVLGHUDE

WKH FXWWYQDRGBRWKH TXDOLW\ RI WKH FXWWLC

&RQFOXVQRRMHU WR DMIQR YIHF MVKWOMN I ILFLHQ

2, IRRG SURGXPWWVZRWHBWRFHVV MWW (@GYLVDE
ZDHW RO XDWLW®H ZRUNLQJ IOXLG
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,QWURGXFWLRQ

6FLHQW\LHDOR@BW KH ILHOG RI FXDWWHLQLID RWSHH KM B QYW UP
> @ VKRZ WKDW WKH HIILFLHQF\ RI WKH FXWWLQJ SURFH
XQGHU ZDWHU SUHVVXUHV DBRYHHPWEDH G KREX WHKHRZ GMWKD R
WKGHVWUXFWLRQY ®ROQMHIHYO FEXSMX RHPRU G JL QWKHDQ@V W K H
K\GUDXOLF SRZHYU 2RSS BH/GVKRZQ PV KWMKWHY N OMD/MU FK R
SURFHVV RI WKLQ SRO\PSUHNWOUHHIZD /G BAHKMMK , W ZDV
LQFUHDVRIROW&HD@HWHWULORPP WKH FXWWLQJ GHSWK L(
GHFUHDVHV )RU H[DPSOH IRU YLQ\O SODVWLFV LQ
ILEHUJODVV LQ WLPHV W VKRXOG EH QRWHX WKBW W
GHVWUXFWLRQ SURFHVYV GRHV QRW RFFXU DQG WHPSHUL
DQG EHORZ PDNHV LPSRMWLERXRWWLR XK GB W4SWU BI3/IV XU HV
>+ @

EXWWLQJ ZLWK KW LR G WHWK DEUDVLYH VDQG HWF
PDWHUWL@O XULQJ FRQWDFW ZLWK WLIQHH WD & H@HUD \ERIIL @ K
MHW ZLWK W¥RQ@QBUQRREKDQLFDO HQHUJ\ RG WKW UPTAWH RK
DQG WKH FXWWLQJ SUR®BHVAE YW.IRNXKNYD \S O\DKFHH XWDH IRDW KH W
ZDWMHHIW FXWWLQJ PHWKREG LM QRRKMH SRRGLEQB8 XYW DOO G
FROQWDPLQDWLRQ RI WKMXEYROXFMHYLWK DEUDVLYH

,Q K\GMKHRY FXWWLQJ RI IRRBORFR X PWKL QD MMKHWKR1 10 X1
FXWWLQJ XQEMH>DELOLW\ WR REW BIBP WK AKQ@ K DHF WWHDUUL\V KW
K\GWRW WKDW SURYLGLQJ PD[LPXP SURGXFWLYLW\ GHSH
IOXLG OLQLPL]DWLRQ RI HQHUJ\ FRVWV ILUVW RI DOO V
ZRUNLQJ SUHVVXUH EHIRMWHMWXK @ Q R HOUHH WRRJ M/ KM KIHRFK R L F |
RI WKH ZRUNLQJ IOXLG LV RQH RI WKH P DL&HLYWOXRH-RHGIK DV
WHFKQRORREFNMUY RI IRRG BHRGREWWLUHQGEURROXWLRQ WKI
DSSURDFKHG WNU HIWEK® WEH K\GURG\QDPLF EHKDYLRU R
XQGHU ORQILWXG@QDRQUAMZXGLQDO 9HORFLW\ *UDGLHQW
VHFWLRQ RI WK® QRIHOBRO\PHU VKRXOG EH D VDIH VXEV\
LQ WKH QBRK®@WEKR SRO\PHU FDQ EH SRO\HWK\OHQH R[LGFH
VXEVWDQFH DQG XVHG LQ WKH IRRG LQGXVA@BDWHBQW WKL

SNUDLQKMRODWHHW OHWKRG RI &XWWLQJ )UR]JHQ
ODWHUWIQDEA¥VDWHY WKH SHUVSHFWLYH BRBXRHULRBWRRG S
7KH DLP RI WKH ZRUN LV WR HVWDEOLVK UHJXODULW
G\QDPLF SDUDPHSRQ\Y HRU KBPIWHRQ WKH IUR]JHQ IRRG SUR
QHHGHBSIFRRIUWLQJ RI WKH GHVLJQ DQG SURFHWX\WQW LZRU N
HTXLSPHQW

ODWHULDOV DQG PHWKRGYV

ODWHUEROMMHQ ILOOHW KDNH ILVK EHHI > @ DQG
VROXWLRQV RI PROHFRQBGU P B V@

([SHULPHQWD ®IPHWXRGXLWK WKH XVH DVWRQ GWAKHVEU

ZRUNLQJ SUHVVXUH XS WR 03D DQG WKH SRVVLELOLW\
GLIITHUHQWLDO SDUDPHWHUV RI IRRGSR O RGXEMIWHE R® MG C

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

VSHFLDO VWDQGYV ZLWK WHPSHUDWXUH FRQWURO DQG WH

R& WRR& FDSLOODU\DQG URWDU\ YLVFRPHWH@'KHRU UK
SURILORJUDPV RI WKH FXWW L QZHWXU RERMHD/MYB\ GNEH WIRR & RS
RI PHDVXUHPHQW 7KH SURILORJUDPV REWDLQHG E\ WKL
SURILOH RI WKH ODWHUDO FXWWLQJ VXUIDFH EXW DOV
ZDYLQHVV D QG RPHWIKIHWMRRIGNV\TRHFIOWWLQJ VXUIDFHV LQ U
ZDV GHWHUPLQHG E\ 3VIRQUORPRIWEBBJIJBOBKN GHVLJQ ZLW
PHDVXUHPHQW UHVXOWY 7KLV GHYLFH DOORZMUNRP PHDYV

WLOBPNP DQGDQG, IURP WLOO PNP 7KH GHYLFH

HIFHHG 7KH SURSRGHG/ WOKQUHHHRU DVVHVVLQJ WKH TXD
VXUIDFH LV JLYHQ LQ WKH ZRUN > @

S5HVXOW V@AY FXVVLRQ

7KH FULWHULD IRU DVVHVVLQJ WKH HIILFLHQF\ RI WK
ZDWSROD\PHU MHW LV WB®G XWW LUQRBEWEWIHODWH RIBVKH ODV

> @ T7TMIHRZWK UDWH RI WKH ODWHUDO VXUIDFH FKDUDFYV
> @ 7KH SURGXFWLYLW\ RMHMWK HBBSMHRUIAKWV VRRG KS\GREXFW
GHSHQGV ILUVWO\ RQ SRZHU DQ GVEHG SRR B WREHHA W |
PXWXDO DUUDQJHPIHRDWPRUWKHVZDY/GHURRG SURGXFW KDL
VWUHVY DQG WHQVLOH VWUHQJWK XQGHU XQLD[LDO FRPS
SURGXFW DQG DOVR RI WKH PROHFXP® U @ WSHRRZBHY D Q (
MHW > @

JLUVW OHW V FRQVLGHU WKH LQIOXHQFH RI 3(2 FRQF
G\QDPLF SDUDPHWMHW RIOWKKHKFEDR D FW H U L WI\NW WF ¥ DRV ALK
SRO\PHU IRRG SURGXFWW XK MMWWHEGEH O DWKK GHVIHUHQ W

,QIOXHQFH RFBOQWEPWLRQ DQG GLVWDQFH IURP WKH Q
IRRG SURGXFW RQ WKHM HW REROMIRU KRSWWLQJ

([SHULPHQWDO VWXGLHV RI WKH LQIOXHQFH RI GLVWD
IRRG SURGXFW FXRQNWEH \FXWSAKMHE 6BISWKHG RXW RQ VDF
DQG SRUN DQG DOVR RI WKH KDNH ILVK\ DQREP FKRRR HQ
WHPSHUDWX&HDWGOWKH SUHVNOXRPH FKBRJIJWLOO 03D C
GLDP HWWRIU P DQG WKH VSERG\RHUZDWHW PRYHPHQ\
WR WKH IRRG SWFRGXFW VDPSOH DQG KH H2ZFRQFHQWUD\
RI PROHFXO:pRIPDVY ®QG YDULHG IURP WLOO 7KH C
WKH QR]]JOH WR WKH IRRGCYDRGMNBEW URRVWLFRQJ VXUIDFH

JLIXUH VKRZV WK HKE& HSH/QWBH@F IE HRSWK LQ ILOOHW RI
WHPSHUDWXUF PIQBELYXW GLVWDQFH EHWZHHQ LWV VXUID
YDULRXV 3(2 FRQF ZOWRBLRHR OGN W

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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JLIXUH '"HSHQGHQFH RI WKH FXKDMLIH IL & K SRMOK3I( D RRKOH HLQON
LQ ZDS\RHDUPHU MHW
W K O0Z% F3Z of P B wm P Vi &w
Faon = + +

7KIBSURYLGHGVRKREWWKBIDRXWWLQJ GHSWK LQ ILOOHW R
TXLWHHDIL®AK LQFUHDVLQJ 3(2 FRQHHAXQWD®DB/ADBRIGY L
PD[LPXP DW VRPH RSWLPDO FRQFHQWUDBAMRG@GY WRKH 3(2
RSWLPDO FRAFXROMIDWLRIQG IRU PROHFXODQ@PDVV RI

+ DQG + UHVSHFWLYHO\

'DWD GHVFULELQJ WKH LQIOXHQFH RI GLVWDQFH IURP
VXUIDFH HKDAKWLY 5 EO\PHWHWHW RQ WKH FXWWLQJ GHS
IRU FKLFNHQ ILOOHW LQ )LJXUH IRU SRUN PHDW DQ
SRO\PHU MHW KDG WKH 3(2 FRQFHQWUDWLRQ ZKLFK FRU!L

7KH SURY HEWEEIWDW WKH GHSHQGHQKRIQRW KHK K& I[ENKWIN
EHWZHHQ QR]]JOH VHFWLRQ O®V VUHR/]HDK URRKG KV WK IHD FPHD [ L
FKDUDFWHU RI VKKRH®EGM SPHILGHODIFHQHG XQGHU GLIITHUHQW
WKDW LV IRU DOO UHV HD WRKHIGUES (8 W@ BH DHREIER P HW H U \

DQG VSHHGYRROI\EZBW WMWHW PRYHPHQW UHODWLYH WR WKH \
a3 W UHODWLYHO\ VP D ORP @&, \DW DIQGFFHVH DWRP L QWRKWH F X W V
LQFUHDVLQJ GLVWDQFH IURP WKH QR]]JOH VHFWLRQ WR W
GXH WR WKH IDFW WKDW WKH SURFHVV RI MHW IRUPDWLF
VAWLRQ EXW DW VRPH GAYWOQQ¥FKLMIRBVIHW LMTXRRXOG E
GLVWRPBERP WKLV SRLQW RI YLHZ LV UDWLRQDO

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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7DEOH
$Q LQIOXHQFH RI GLVWDQFH |URK LW @ R[] B00HH WH ¥ YWULIPDG WV RZ KLKE
ZDWS$RIO\PHU MHW VSHHG RI MHW PRYHPHQW DQG QR]]JOH GL

— K (2 Ron 03 032
x
—I vIT] Gri| % wm &XWWLQJ ( P
[a'd =
V(.l) ] R P
4 IxX3P p| PV

JLIXUH 'HSHQGHQFH RI WKH FXRONR QU S F BIVIKQ RAREHZIDNY H U
WKH GLVWDQFWXEHWZHBPQ GWAKH QR]JOH VHFWLRQ
W "K 0%  F3Z of P Row
9w o PV = PV
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7DEOH

inOXHQFH RI WKH GLVWDQFH IURP WKH QR]]JOH VHFWLRQ WR W
T ZDW$RPNU MHW VSHHG RI MHW PRYHPHQW DQG QR]]JOH GLDF
a Ks2n Ron 08 F3z
-
O | THPSHU (or] | 9P ™ EXWWLQJ G P
% Rl PHDW P 5
hadt WRK P Vi R
T
x

hK

hK

([SHULPEB QW VXOWY ZKLFK VKRZLQJ KRZ FKIRDM\MRW W K H
MHWYV LQ WKH IUR]JHQ IRRG SURGXFWV ZLWK WKHHIBUWWDQ
7KH JDLQHG H[SHULPHQWDO GDWD DUH GHVFULBHG E\ I
RI GLPHQVLRQOHVVY GLVWDQFH IURP WKH QR]]JOH
'HSHQGHQFH,;MKWWHFRUUHVSRQGY WR WKH PD[LPXP R
SS vL"Z fime RQ WKH QR]]®H;: QG PW MHH D HIQQ MWKHE \R O RMDKIH
ZowxR!| ZDSROAPHU MHW ZLWK D YDULDMDLRQGERHQVERKQQ@W YV
KDV WKH IROORZLQJ IRUP
jefja | *®®Paunas
bden‘i 98®den‘i

ZKHUH ORQJLWXGLQDO Y H O RIFLWU DIQUBHG WHHI WR QORW KK H  Q
UHOD[DWLRQ WLPH RI ZDWHU 3?H VROXWLRQ V

"KH@Os WIKGLWLD® IV KW SFONPIKD, MNWH T X D O QW R LVDIOH
VHFWRLRQKH ZOWHKLMHWUPXOD KDV WKH IROORZLQJ XVDJ

VROXWLRQV VKDOO VDWLVI\ WKE @ED Y FRQ FPHBNW R W LYRD@

WKH SURGXFW RI WKH ORQAL Y X\WWYUBQ@ FYHH ORIBLW® JRJ DVEK Hi C
UHOD[DWLRQWKXIHP  ADWHU 3(2 VROXWLRQ (VKDO® ®&DWLVI\V

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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JLIXUHHSHQGHQFH RI WKH GLPHQVLRQO BR/W\FHXW WMH@I LGH BIARK
IRRG SURGXFWYVY RQ D GLPHQVLRQOHVYVY GLVWDQFH WR
*tEHHI PHDMOOHW RI KDNH ILVK

7KH LQFUHDVH LZP RAKH \@ KW DABEW HVXOW RI WKH LQW!|
ZDWSRD\PHU MHW ZLWK DLU OHDGV WR D JUDGXDO ORVV |
LQFUHDVHYV DQG WKH YDOXH RI WKH D[LDO G\QDPLF HII
GHFUHDVHV OHDGLQJ WR D GHFUHD VAH WW B LRX & MWPLLON GBIC
GLVWDRQBRP WKH QR]]JOH VHFWLRQ WR WKH IRRG SURGXFV
LV VWRSSHG

,QIOXHQFH RI SUHVVXUH DQG QR]]OH GLMAMWHLWRQE
SRO\PHU IRRGXSWWRGCEFW

7KH DQDO\VLV Rl H[SHULPHQWDO GDWD BRONKHHUI| RIRIGV
JDLQHG GXULQJ WKH VWXG\ Rl WKH LQIOXHQFH RI JHRPHW
3(2 VROXWLRQV RQ WKH FXW WV /K RBZHGCENKH HQD (RR G $IUIRKEX
DQG LQFUHDVHV ZLWK LQFUHDVLQJ SUHVVXUH RI ZDWH
ZKROH UDQJH RI LWV YDOXHV 7KLV UHVXOW LV H[SODLQF
RI WKH ZDWHU 3(2 VROQR|]RE DBGIDGR QMR R QVIKGIFUHDVH LC
RI ZDSWOAPHU MHW DQWR ARFEUMDXYHHQMAMM FXWWLQJ DELOL

7KH LQFUHDVH LQ GLDPHWHU RI QR]JOH KROH XQGHU F
OHDGV WR DQ LQFUHDWHKIHI RIKG FX RGN GWSIWKQLRQV H G [
RI QR]JOH RXW OHWFXMDW HQUBSIHRNY KIBDAR RQ WKH FXWWLQJ
WR WKH IDFW WKDW WKH XVH RI QR]]JOHV ZLWK D UHODYV
VSHHGDRBO\PHU MHW PRYHPHQW UHODWLYH WR WKH IRF
ZDWHU 3(2 VROXWLRQ LQ IURQW RI WKH QR]]JOH VKRXOG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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XQLW RI WKH IRRG SURGXFW FXWWLQJ VXUIDFB DR ELPLOI

QR]]JOH KRO g R® MHWHEX WW DY JEGIHRWKEVHUYHG DOVR ZK

RI EHHI DQG SRUN PHDW DW D WHP SHUY D@V X0\ ZR4 CROL DXL BXH
IURJHQ PLQFHG ILVK ILOOHW RI KDNH ILVK DQG FKLFENHQ
RWKHU GDWD LQGLFDWLQJ LQYHU YV I URD MWKIHR © X BMHMLAHIH ¢
HYVSHFLDOO\ ZKHQ WKLQ SROWHU LWHRD WHKXIVD OWK AXW EV |
WKDW QRZDGD\V LW LV QRW IXOO\ IRXQG RXW WKH FKDU
YDULRXV PDWHULDOV IURP WKH QR]JOH KROH GLDPHWHU
PRUHREHUDWRIQ\PHU MHW

&RQVLGHULQJ WKH TXHVWLRQ RQ ILQGLQJ WKM WDQ®LRI
MNWDSLQJ KHDG LW LV DOVR QHFHV$DHYV WRUARDDMRHEIQ W R
> @ DV ZLWK ZDWHU MHWYV > @ RI VPAPRPSEGVDWHWE® U @G

%R] " P WKH SURFHNXWRW KQGBRIDFWLFDOO\ VWRSV $Q

GLDPHWHU OHDGV WR LQFUHDVH RI IORZ UDWH RI ZDWHU
HQHUJ\ FRVWV IRU WK RROUPBW IMRHWRI D ZDWHU

$W WKH VDPH WLPH ZH JDLQHG WKH MHS\H &ERMHEMD O C
IURJHQ IRRG SURGXFWV FXWWLQJ ZKLFK LVFXWWHIX DERY®
FRQYLQFLQJO\ VKRZ WKDW WKH FXMWRGQIURIESW W \R IL @ KWH
WKH LQFUHDVH LQ WKH K\GSBRORHUSEHIRHWME \L QREF UZHDDAV
GLDPHWHUFRWMAB®RBRSIHWW KHDG WULR® P 7KHVH FRQWUDGL
FDQ EH UHODWHG WR RMKHFK\W U R FW KV B @WEFSREABKB.U KM H W

7KH JDLQHG H[SHULPHQWDO GDWD DOVR VKRZ WKH IRC
SURGXFWYV FXWWLQJ GHSWKRALQ WRRXUKQWHK HURPHVVXUH
SRO\PHU MHW LR RX®\ ZDWHU MHW DQG YLFH YHUVD XQ¢
WKHUH LV DQ LQFUHDVH LQ GHSSWROPH® RAMWWWERQRHYS HH
LQGLFDWLQJ D VSHFLDO PHFKDQLVP RI LWV LQWHUDFWLR

6SHHG HIIHFWSRHGLBBRW\PHU MHW PRYHPHBRXWRQQWKH
SURFHVYV

7R GHWHUPLQH WKH RSWLPDO FROQGLWLROQMHRUZWWH W |
SRO\PHU IRRG SURGXFWV FXWWLQJ WKDW SUR®@LGWHKHKLJK
VXUIDFH TXDLOH WA W&E8 VFXWWLQJ LW LV QHFHVVDU\ WR HV
SRO\PHU MHW PRYHPHQW UHODWLYH WR D IRRG SURGXFW
RI WKH OHDNSRONKHHUZRMWUURP WKH QR]]OH D® GLIKRYLC
TXDOLW\ FXWYV

7\SLFDO UHVXOWYV RI H[SHULPHQW IM® W VIEBEHAM LR | RRRIGH
SURGXFWV FXWW)ULQ@XWHI BEDHWHQ RQG W LV VHHQ WKDW
FKDQJH RI GHSHQGHQFH RI WKHIFXOHW (RI 6HRIWKHUQFE&RE

PHDW K IURP WKMW \PRYH® RQW RI Z®\VHIH G @WLRGIXWR RRR G
LV TXDOLWDWLYHO\ WKH VDPH XQGHU GLIIHUHQW WHPSHL
SRO\PHAR ¥VHIRHQRU ZDWHU SWHVW3 HQRIURQW RI WKH QR]]
D GHFUHDVH LQ WKH FXWWLQJ GHSWK LQ WKH IRRG SURG

FDQ EH H[SODLQHG EVU WRHA WMBSHWH GWMSEBRI®WREHE ANDRMWH PP RY HP H
GHQVLW\ RI HQHUJ\ VSUHDGLQJ RI WKH MHW SHU XQLW R
JUHDWHU FXWWLQJ GHSWK LV IRUPHG LQ WKH IRRG SURC

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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ODUJg WKH GHQVLW\ RI HQHUJ\S\REOMAE G LIH WR IGW K bl HDDM |
GHFUHDVHV WKH FXWWLQJ GHSWK

W LV ZRUWK QRWLQJ WKDW WKH GHFUHDVH LQ WKH IR
LQ WKH WHQVLOH VWUHQUMRQ | RQ XRWNIOHIUD BREFEALNLRQV |
FRUUHVSRQGLQJ GHFUHDVH LQ WKH IRRG SURGXFW FXWW
FXWWLQJ Rl VWURQJHU IRRG SURGXFWYV VDPSOHV UHTXLU

7DEOH VKRZVIWKMEY IKGVMWEHRG MHW RI ZDWHU 3(2 VRO
EHHI GHSHQGLQJ RQ WKH GLVWDQFH EHWZHHQ WKH QR]]C
GLIIHUHQW ZDWHU SUHVVXUHV DQG QR]]OH RXWOHW GLD
WKDWK WKH LQFUHDVH LQ WKH GLVWDQFH EHWZHHQ WK
FXWWLQJ ZLGWK YDULHV ,W LV VHHQ WKDW ZLWK LQFUHI
QR]]JOH DQG IRRG SURGXFW \MOQFIDFEHMEKHSE ARG WQ BH RIL GWK
ZLGWK RQ WKH GLVWDQFH EHWZHHQ WKH QR]]JOH FXW DQ
WR WKH GDWD JL YHIQDIM@R QDEO HF REBRUBGHY ZLWK WKH GHSFH
GHVFULEHV WKH FKDQJH L (B R/G\H HBU DVPHHAWW HWR R HWRKRHH] @LEBWWH

VHFWMIRQULPHQWDO UHVXOWV JLWHK® IEXWWED B Z WEKRZ W\
LQYHVWLJIJESHBFWILFDHDO\ GRHVY QRW GHSHQG RQRKKH SU
LQ IURQW RI WKH QR]]OH

7DEOH
&XWWLQJ ZLGW K MoHW LRERNEHIR FXWWLQJ Rl IURJHQ EHHI PHDW
GLVWDQFH EHWZHHQ WKH QR]J]JOH VHFWLRQ DQG WKH

THPSHUDWXUHgr)| 9pw|  &XWWLQJ ZLEBWH E
<« RI WY =

PHD
P
H[SHULPH&O&K F3Z o | by @A

([SHULPHQWDOO\ FRQILUPHG LQGHSHQGHQFHRQY YHU\
WKH SURBVIVQYG H/BHW& H SADONPIHU MHW PRYHPHQW UHODWLY

VDPSOH PD\ LQGLFUMPH ®ODWHPRGH RI OHDNDJH RI ZDWHU

QR]]OH

YRU IRRG SURGXFWV WKHUH DU HVQIRQRB EWIKIH W X DI LPWA\WH
VXUIDFHV RI FXWV ,Q RXU H[SHULPHQWY WKH HVWLPDW
WKH FXWV GXUWHW BRBHRMWURRG SURGXFWYV FXWWLQJ ZD!
DV XVLOURVK®GE URDISKRWHIDNUH VW D E O LV KWIGD W[ SHKUH. FXQ OV |
FXWWLQJ VXUIDFH L ® YIDRPRINVGDR@H MORVMKKHDI UR]HQ IRRC
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JJIBURFHVVHY DQGJJUXLSPHQW

LPSURYHV ZLWK WKH LQFUHDYRQUPHQ W$HWHGFRW WK®J 2\DS
UDWLRQ®S, YDQBH GHWHULRUDWHY ZLWK LQFUHDVLQJ LQ
LQ WKH SURFHR/V\RHZDWRHQ IRRG SURGXFWYV FXWWLQJ X
94w 9u0 KDV WKH SVURDSHG RR Y PX QZKHHW DK LJK FXWWLQ

9! 90 WKH SURILOH RI WKH FXW KB PHBHIRNE S X RGRX

SURGXFWV ERO\ZBW MWW XQGHU D VSIHOICH FORRN G WWRRL W K H
RI D FXW RKMSHGIIRUP

‘KHQ LQFUHDVLQJ GLVWDQFH EHWZHHQ WKH QR]]JOH DC
ZKLFK LV FXW FXWWLQJ ZLGWK LQFUHBRDORBHMWXMHWR WK N
FRQWDFWKBUHDWREZIMWK WKH IRRG SURGXFW DOVR LQFUHI
FRQVWDQW SDUDPHHROUNHRI MHWH @B UUHGXFH VSHFLIL
LQFUHDVH WKH IRRG SURGXFW YROXPH ZKLFK LV UHPRYH
RI WKH SURF WNHWRSBOGRIHRU FXWWLQJ

D E

JLIXUH 3KRWRV RI WKH FXWWWLKW W X QI D FINR JEH\QWIKRHU K\ G t
D+tWKH ZBSRVMHPHUtWHKW ZEPWHU MHW
Ks2H RoH O wd F3Z p PV WIfK

TKHLIXUWHKREMHFWXUHY RI FXWWLQJ VXUIDFHV LQ IUR]H
TXDOLW\ FXWWLQIXDDLWQGFXWWHQJ E ([SHUHLFPXDRWID/O\ G
RI' WKH ITURJHQ IRRG SURGXFW FXWWLQJ S\WAJPIHRHW HWH I
VLIQLILFDQWO\ KLIJIKHU WKIMHWKHQ LW LV FXW E\' D ZDWH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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&RQFOXVLRQV

W ZDHW H U P LMOKHHE FAXKADWML Q J GHSWK LQ WK BUIRRBWEU R G X
LQFUHDVLQJ 3(2 FROFGQOMNODOYICRQWDFEHY LWV PD[LPX
RSWLPDO FRQFHQWUDWLRQV )RU 3(R ZMMWK R SPRICPHF
FRQFHQWTUDMI RER DQG IRU PROHFXODQG@PD¥V RI
+ DQG UHVSHFWLYHO\

W KDV EHHRW RXIQHG VMQKVHQVLILFDWLRQ RI RXXMWUR]H C
SURFHVV GXH WR WKH 3(MHRMS ROIORYZ V QMR KHH BX\W H UV K
SUHVVXUMWIL®HY WKDW DOORZV WR FRQVLGFWW®OQ U H
HTXLSPHQW

,\WH[8HULPHQWDOO\ SURYHG WKDW WKH TXDOLW\ RI VX
ZLWK WKH LQFUHDVLSRMSPHHIGMRH W KKK EBMEU VSHHG X S
DQG JHWV ZRUVH ZLWK LQFUHDVLQJ Rl WKH QR]]JOH GL
7KH LQWHUSUHWPSMILR® HROWDIO GDWD JDLQHGIHWRP W
SRO\PHULF LPSXULWLHV FRQFHQWUDWLRQ LQ ZDWHU \
ZDWMHHW RQ WKH FKDUDFWHULVWERW \R L QWK S UIRRGY \B U
VWXG\ RI VW UKF\REBOOURKQDIDHBQ \WKH FHWHXQGHU GLIIH!
LWV OHDN IURP D QR]JOH DV ZHOO SRO VWHKIH GHM HRI) FEIL

5HIHUHQFHYV

+DVKLVK 0 6WHHOH ' %RWKHOO O DVFHQYQYLQJ Z|
- RI ODFKLQH WRROV OD@®SDFWXULQJ

+DVKLVK 0 &XWWLQJ DOGREHHGQRRIY RW W K®H3 D W K
‘DWHNUBW &RQ4IRXWWRB +SS

'DQJ - MDMWWH WD FKLQLQJ RI 3RO\PHY&BEMMLL] &F
3HUIRUPDQFH (URVLYH 3URFHVV, MG - 3URHG $BW DO
ODQXIDFWXULQJ 7THFKO8ORJ\

+\XQURN . &KRQID® . %\x8BH & 5RFN FXWWLC
ZDWMHHW DQG TXDQWLILHG3UR K HEREHNDIWDHW FDXWL RO V
RQ 1HZ DSSOLFDWLRIQLRRPDWH U-BISWQ SS

7LNKRPLURY 5 $ *LGUDYOLFKHYVNDLDV WH PN \ONLL
PDVV\ SSt

=DSOHWQLNRY , 1 *RUGERQNBRYDRUH]DIQELD SLVKFK
SURGXNRCRIB(7 'RQHWVN

=DSOHWQLNRY , 0 3RSHUHFKQ\L $ 0 <HURPHQNR '
,QQRYDWVLLQL SLGNKRG\ GR SROLSVKHQQLD HNVSOXI
NKDUFKRY\NK YOBREEGNWWYRQHWVN

'XVSWUD6WDUFHYLF 9 6DPDUG]LF , SUHOLPLQDLI
RI =RQHV &UHDWME W LXKV WOLWQH URI $,6, /| &RUURVLR
THFKQLFDO *[3]&H WAV H

6HOYDQ O (ITHFWV RI SUIPFHVY RSO D MHNW HIQVDREQ

MHW FXWWLQJ) RRPWXRUY LIXKIPOHFKDQLFP 3 (QJLQHHULQ.

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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BXPPHUV ' $ MHAB W HQJ 7HAKQRO®RLQ *UHDW % ULW D
3UHWIRUG S$S
*\OLHQH 9 L,ROQY HRV VDLEIDDW LYH ZDWHUMHW FXWWLQ
DOOXPLQLXP DOOR\OAKDGHNDRESKQHVV

ORQNRYD . ORQND 3 &HS 5 O0XOOHURYD - HW DO
ZDWMHHUW IDFWRUV DI1H R WLQQYHW K HT WK LEADIO PD ] ]H W H
SS +
$OVRXIL $ 0 ,Q1OXHQFH RW $EFKWLIQNHY J DIDHIWD P H W
6XUIDFH 7H[WXUH 4XDOLW)\RR|6&XUDMPH B QURQEBGKMWHG 0D
$GYDQFHG 7THFBEQRORJ\
,YDQ\XWD <X ) 9LVFRVLW\ DQG GLDJUDPV RI SR
1Y HVYWMADKXLANKKH E TDKIKG NIQILRYN B L P L F K WWWEK\@RORJL\D
SS +
3RJUHEQ\DN $ &KXG\N , 3RJUHE®RPRBQ¥ RLIBHIDXD |,
7UDQVLWLRQ RI 3RO\HWK\OHQH 2[L G H&KRHPX VD IQRN ¥ KHPG
7HFKQRORJ\SS #
'\DNRQRYD 1 %UHVWNLQ <X $JUDQRYD 6 7YHUGRNK
HITHFSRORRIROXWLRQV LQ IO GUWRRBNRPROBBIRHHG SS

+
9RORVKLQ 96 1DXPFKXND 1 9 1RQVWDWLRQDU\
FKDLQ SRO\PHUV LQ-D (SRURKWP P®IGXPKHUPBSK\VLFV

3RJUHEQ\DN 9 * ,YDQ\XWD <X ) )UHRGWKNG BRG\QDPLF €
ILHD® WUBH®&DYRIROH[LPOHRURP R OHFHROHWH U DHRIW
9\WVRNRPROGBN®O 6RHSSt

3RJUHE®\BRJUHEQ\DN WHFKDQLVP RI WKH +LJK (IILFL
&XWWLQJ JURJHQ )RRG 3UWRIG\K W W K8 \BIRQDA R 1B W S RGRIGN L F
VFLHQFH DQG8WHFKQHR G55\

3RIJUHEQ\DNSHUNXBRIUHED YD N 'HJUDGDWLRQ RI 3RC
BROXWQRDY\GURG\QDPLF )LHOG ZLWK D /RQ@QUWIIG\MQ D O
DQG 7KHUPRSK\\8F\

6WRQH 6WWDW (WK\OHQH RI[LEGHORBOI\®HW WRI SRO
VFLHQFH DQG1W B KRKRQRSSR i\
6DO\DORBNXUIBGLPRU\DPLNHYGRNERRIYHW DO

5H O D WH WQZPRIQH PXODXR D X X HRK U RWS RBW K \R[H @H) G
FRPSDFRANGRQEQH DQE NBOHFORIHHF%ORORJ\ SSt

JUHQNHO 6 <D (OLDVKHYLFK * BQWMHIRYUPURYDQQ\H

SROLPHURY 7HUPRGLQ/MSIHNNKIL NKUIPAMNWXWRMNRBZROLI
.KLP\D &S

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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ILPLWDWLRQ RI G\QDPLF SRZHU SDUDPHWHUYV
SURFHVVHYV

$QDWROLL 6RNROHQNR 20HNVDQGU 6KH®
1DWDOLD 5RPDQFKHQNR $QDVWDVLLD 6KHYFKHQNR

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI

-H\ZRUGV J QWURGXFWELRWLFOH LV GHYRWHG WR WKH

SURVSHFWV RI WKH FRPSOH[ XVH Rl WKH DFF
"\QDPLFV RQ WKH H[DPSOH RI D PHFKDQLVP IRU OLIWL
5LJLGLW\ DQG ORDGLQJ RI FDUJRHV IRU H[DPSOH LQ
'HIRUPDWLRQOLPLWDWLRQMRDGMQDPLF
0DVV ODWHULDOV D Q& PMKHIRGVRI WHFKQRORJLF
/JRDGLQJ DLPHG DW RYHUFRPLQJ WKH FRQWUDGLFWLTF

SDUDPHWHUV RI D KLJKO\ SURGXFWLYH PDF
G\QDPLF ORDG 7KH VWXG\ LV WKHRUHWLFDC

SURIGSOHV RI PHFKDQLFV ZLWK WKH FUHD\
SUWLFOH KLVWQ@SURSULDWH PDWKHPDWLFDO IRUPDOL]DWL

PHFKDQLFDO WUDQVIRUPDWLRQV ZLWK WKH |
SHIELYHG RI HOHYDWHG NLQHPDWLF SDUDPHWHUV DQG

5HVXD@E VFXVVARWKH EDVLV RI WKH DQD(
5HFHLYHG LQ USINEXBGDULWLHV RI WPKCH/ V KR ¥ W HDFRD GVKIHQ S\R ¥
IRUP RI XVLQJ WKH ULJLGLW\ RI WKH VSULQJ\ SHQ
$FFHSWHG DFKLHYH WKH JLYHQ UHODWLRQV EHQWZHHQ V'
WKHLU FRXUVH LQ WKH JUDYLWDWLRQDO ILHC
VKDUS LQFUHDVH DQG IL[DWLRQ RI WKH ULJI

XQGHU PD[LPXP GHIRUPDWLRQV DQG ORDGYV
gi\tfvigVSRQGLQWUDQVIRUPDWLRQ RI WKH VSURGHVWAVUWRFP LC
U ORWHTXHQF\ WRTXHOQK\ LV FDUULHG RXW

$QDWROLL 6RN%§8§N WLRQ WR VSULQJ\ HOHPHQWYV RI KLJK

(PDLO LQJH
PLI #L XD 7KH IL[HG SRVLWLRQ Rl WKH GHIRUPHG VSI

SHUIRUP WKH UROH RI RRHDGHWI\ R WKH 3 RMAK
VSULQJ\ IRUFHVY WKH XVH RI ZKLFK LV FDU
LQVHUWLQJ RI ORDGV WR OLPLW WKH VSHH

VXSSRUWLQJ UHFHLYLQJ SODQHYXHQFOXVL
RVFLOODWLRQV IURP WKH IVR\DWMH B\ FOHD\QAH O R

LQWHUQDO IULEFWLRQ LQ VSULQJ\ HOHPHQWYV

7KH GHYHORSHG PDWKHPDWLFDO IRUPDOL

YDOLGLW\ Rl WKH LGHD RI XVLQJ D YDULDEO

DGGLWLRQ WR WKH SRVLWLYH UHVXOW RI OL
DFKIMVHSRVLWLYH HQHUJ\ DQG G\QDPLF HIIHEW
&RQFOXVAKRQUGHD RI XVLQJ D V\VWHP ZLWK

oy RI VSULQJ\ HOHPHQWY DOORZV WR OLPLW W]
YDOXHV RI NLQHPDWLF DQG G\QDPLF SDUDPH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW
L, QWURGXFWLRQ

6ROYLQJ WKH SUREOHPV RI VIQWKHYV LW URD G/ WRIRQPO@RA
ZLWK WKH FKRLFH RI VWUXFWXUH DQDO\VLV RI NLQHPDW
LUUHIJXODULWLHV RI WKH FRXUVH RI WKH OHDGLQJ OLQNYV
6XFK D VHW RI FKBH GCBUBE HWHLRY RII WWWWHPY KDV DQ LQ
2Q WKH RQH KDQG LW LV GHVLUDEOH WR OLPLW WKH PD’
ORDGYVY DQG HQHUJ\ FRVWYV RQ WKH RWKHU KDQG VROYL!
LQFUHDVQ®APDWLF SDUDPHWHUYV DQG LQHUWLDO ORDGYV
UHTXLUHPHQWY DUH QHFHVVDULO\ UHODWHG WR WUDQV
PRGHV > @ 7KH G\QDPLFV RI WKHLU LPSOHPHQWDWLRQ
FRVW WHVWKH ZRUN RI WKH GULYLQJ IRUFHV WR RYHUFRP
WKH LQFUHDVH RI WKH NLQHWLF HQHUJ\ RI WKH PRYLQJ P

6LOQFH WKH WUDQVLWLRQ SURFHVVHV RFFXU LQ WKH
SDUDRHWHWKH VI\VWHP LQFOXGHV WKH IRUFHV RI JUDYLW
IRUFHY DQG PRPHQWYV RI IRUFHYV IRUFHVY DQG PRPHQWY\
IDFWRUV > @ 7KH ODWWHU EHORQJ WR WIOHQHPOG RUHRL

VSULQJLQHVV ZKLFK REH\V WKH +RRNHYWORZEKHGKHFWR XK
VWLIIQHVV FRMWI WRHHGMVWDQFH IURP WKH FHQ WFHWVRWRD\

WKH SRVLWLRQ RI LWY VWHWWRH FRVGILEUOX® BOW GHIRUF
IRUFH LV UHIOHFWHG E\ D SDUWLDO GHULYDWLYH RI WKH

wX

2y F
,QWHJUDWLQJ WKH ODWWHU FRQGLWLRQ DOORZV WR Z
X F— FR
*LYHQ 'WKDW ] ZH ILQDOO\ KDYH
X T FrROWW [\ ]

7KH FKDUDFWHULVWLF RI WKH SRWHQWLDO IRUFH ILHO
WKDW GHWHUPLQHYV WKH HQHUJ\ UHVHUYH DW D JLYHQ S|
RI WKH VA\VWHP SRV IDNLIRQ ZKLFK LV HTXDO WR WKH ZRUN
ILHOG FDQ DFFRPSOLVK ZKHQ PRYLQJ WKH PDWHULDO SR
SRLQW RI WKH V\VWHP > @ )URP WKLV SRVLWLR@LW IRO
WKH FRRUGLQDWHYV RI WKH PDWHULDO SRLQW

J : J J o\
7KH DERYH FRQVLGHUDWLRQVY DOORZ WR FRQFOXGH W

WKH VSULQJ\ VIVWHP FDQ H$H@KBWBBRALQHG E\ WKH
J X 3] FRQVW
3 xF 1 v 1 EF

7KH SUHVHQFH RI VSULQJ\ HOHPHQWY LQ WKH GULYHYV
PDFKLQHYV LV RQH RI WKH GLUHFWLRQV RI OLPHWER JRWKF
ZKLFK LV DFFRPSDQLHG E\ WKH FRUUHVSRQGLQJ GHIRUPI
RI' FDVHV V\WWHPV ZLWK VSULQJ\ RFBOMHP HIQ/GV WKUHH FPRRGM (

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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FROQGLWLRQV FRUUHVSRQG WR VKRFN LQWHUDRY LFRDQAV EY
@
W LV NQRZQ WKDW LQ VXFK FDVHV WKH YHORFLW\ RI

ORDG RI WKH VSULQJ\ HOHPHQW LV UHIOHFWHG E\ WKH VX
> @

F
s QFWL%— w3,

Pl_J\/\/F\/\_ p | Jun
Lo W

J)LIXUH 'LDJUDPDR/IVDPWGR O

7KH SUHVHQFH RI VXFK GHSHQGHQFH LQGLFDWHV WKH
VSULQJ\ ORDG DQG WKH FRUUHVSRQGLQJ PD[LPXP GHIRUPE
DVHOO DV WKH SRWHQWLDO HQH@I\ RI WKH GHIRUPHG HOH
7KH SXUSRVH RILWKMHR \GMXGORS PDWKHPDWLFDO IRUP
RSSRUWXQLWLHVY WR LPSURYH WKH SHUIRUPDQFH RI V\\
OLPLWDWLRQV EDKH S URRB RAKHGXWSIURQW SHQGDQW

ODWHULDOV DQG PHWKRGYV

7KREMRFWHVHDUFK LV WKH VIQWKHVLY Rl WHFKQRO
WUDQVLWLRQ NLQHPDWLF DQG G\QDPLF SURFHVVHV
7KMXEMHFWHVHDUFK DUH PHKKRUQLR O W DROUPGRYIBNFLNIGW D
RI JRRGY SDUWLFXODU D GHYLFH IRU WKH LQVHUWLRQ D
FRQWDLQHU SDWHQW RI 8%
7KH UHVHDUFK LV WKHRUHWLFDO SHUIRUPHG RQ WKH
PHWKRGV RI PHRK ZQMWKV FUHDWLRQ DQG DQDO\®@LV RI DQD

5HVXOWY DQG GLVFXVVLRQ

+HQFHIRUWK ZH WXUQ WR WKH SUREOHP RI WKH SURVS
SRWHQWLDO HQHUJ\ DW WKH H[DPSOH RI D PHFKRQUVP IRL
RI JRRGV IRU H[DPSOH LQ WUDQVSRUW FRQWDLQHUV ,Q
ZKLFK PRYHV WKH SURJUDPPDEOH URXWH ZLWK YHUWLFD
VHTXHQFH > @

$W D JLYHQ SURGXFWLYLW\ RFDAGKQMR W \EW HPR QWK_I& H HID®
DV WKH GULYHQ PDVV > @ 7KLV PHDQV WKDW WKH OLPLW
ZLWK WKH ULJLGLW\ Rl WKH VIVWHP LQ WKH GLUHFWLRQ R

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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WKH IUHTXHQF\ RIWQLPHIN DD RGHFUBHDVHY DQG WKH V\VW

GHFD\ 7KH ODWWHU FDQ EH FRQVLGHUHG DV D GLVDGYL
DGGLWLRQ RI D SDUDOOHO VSULQJ\ GDPSHU RI RVFLOODW

$Q DOWHUEHEWL B WRLB® VROXWLRQ RI WKH SUREOHP
SDWHQW RI 8NUDLQH ZKLFK FRPELQHV WKH SRVVLEL!
VA\VWHPV Rl IL[HG PRYHPHQW RI ORDGV LQ YHUWLFDO DQ
LQYHQWIORDQVHY WR D GHYLFH IRU WKH LOQVHUWLRQ DQG
FRQWDLQHU FRQVLVWLQJ RI PRXQWHG ZLWK WKH SRVVLE
RI WKH FDUULDJH PRXQWHG RQ LW ZLWK WKH IRV GISEILO LV
KHDG ZLWK FODPSV FKDUDFWHUL]JHG LQ WKDW WKH JULS
PRYHPHQW 7KH JULSSLQJ KHDG Rl WKH GHYLFH LV FRQQ
E\ WUDYHUVHV DQG LQWHUFRIQWHBIKG RQHSELQ/XH VDL
LV ILWWHG ZLWK X UGIWBLRHYIHIFDRE ARKH RWKHU LV ILWW
ZLWK LW URG |IRWRL[QWJIKD GIRXBOHXUH

JLIXUH 6FKBEBH®RQGDQW RI FDUJR
SDWBRW @

ORYLQJ ORDGV E\ WKH JULSSLQJ KHDG YHUWLFDOO\ WD
IURP WKH EHJLQQLQJ RW WE WNRRNHWIF&Q WQR IDRIGHORDGLQJ RI
SODFH WR D YDOXH FRUUHVSRQGLQJLWIR WHKH @RDEKDNQRS W
RI WKH KLQJH

$W WKH VHFRQG VWDJH WK HWUWFIEF M EUHY BQAH &/ RRYWRHQ Vi
GULYHQ PDVV ZLWK WKH VXEVHTXHQW VWUHWFKLQJ RI W
PD[LPXP ORDG RQ WKK ¥8PHYJIJYW VZKH HTXDOLW\ RI VSHHG
IXOO GLVFOR\OUOHN RILWBEH WIXRG IL[LQJ LQ WKLV SRVLWLRQ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHF
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7KH LQWURGXFWLRQ RI WKH VSULQJY WR WKH SHQGD
VKREMWHUDFWLRQ DQG WKHLU VWUHWFKLQJ LV DFFRPSI
HQHUJ\ ZKLFK LQ WKH DEVHQ FHI WRH T X FDQWVL RRY EZRXO BWALIRQ
GLVUXSW WKH QRUPDO RSHUDWLRQ RI WKH G MMLH HD F\WH
WKDW LQ WKH IXWXUH WKH WUDYHUVHV DQG ZLWK WK
WZRLQN KLQJH UHPDLQV RSHQ DQG FRPSUHVVHG IRUFH
PD[LPXP ORDG DQG JUDYLW\ Rl WKH JULSSLQJ KHDG

/JRDGLQJ Rl JRRUIGMW RIQYWEKJ SODQH FRUUHVSRQGV WR Wk
URG UHVWV RQ WKH VXSSRUW SODQH DQG LQWHUDFWL
WKH GHDG SRLQW UHOHDVLQJ WKH VSULQJV  6LQFH WK
WKH JULSSLQJ KHDG WKH WUDYHUVH ZLWK WKH ODWWH
UHGXFLQJ WKHLU DEVROXWH VSHHG RI WKH ORZHULQJ PF
RI WKH VSULQJV 'HSHQGLQJ RQ WKH NLQWHPHD WKRLFBURIP ¥
PRPHQW RI XQORFNLQJ WKH KLQJH LW LV SRVVLEOH WR
WKH VXSSRUWLQJ UHFHLYLQJ SODQH

6XFK D FRPELQDWLRQ RI FRQGLWLRQV PDNHV LW SRV
DERYH EHW ZHH@HWRW MHD/QRSI GWQDPLF SDUDPHWHUYV

,Q DFFRUGDQFH ZLWK WKHVH VWDJHV RI PRYLQJ JRRG"
WKHLU DQDO\WLFDO PRGHOV 7KH PRYHPHQW RI WKH OHEC
IOH[LEOH SHQGDQW DQG W W WBHHGEGVH FRALUHKYB RREW W
$W WKLV VWDJH PWKHPGUQYHOWPDIWLMR QDU XQWLO WKH PRP

JysLV QRW HTXDO WKH UHVLYMWXQHH W RTOX RWALRRYW
DQG WKH LQLWLDO ORD3z Rl MRAUHJMSBRQDB HORH MHKQW FRQGL

9
[4_ s [
F %

[ i— .

P

[ L
!

P J

J)LIXUH &DOFXODWLRQ VFKHPH RI WKH ILUVW V\

7TKH I1LYQIDXH RI WKH PRYLQJ FRRUGLQDWH FRUUHVSRC
VWDJH

(]

p
o, —
F
ZKHUHVKVSULQJ VWLIIQHVV 1 P
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7KH VHFRQG VWDJH LV GLVS®DWICREVD V\VWHP RI WZR
o 9W
P[ F[ [ P
WKH WUDQVIRUPDWLRQ RI ZKLFK OHDGV WR D FRQGLWLRC
F 9F
[ —[ =W
P P
ZKLFK PDWFKHV WKH RULJLQDO GDWD
P J
L [,

w [ =

L

7KH VROXWLRQ RI HTXDWLRQ  WDNLQJ LOWR DEERXQ
F P .
ow dD—VL JRViVES
[ V'F \/QE F
[ 9 OFRM
P
F F
9/— VL '
- o[

7KH ORDG RI VSULQJ\ HOHPHQWYV LV UHIOHFWHG E\ WK

, F PJ.
s F L I ng %/XEE\BL\/;—D — W

PJ WVK/%

7KH ODWWHU FRQGLWLRQ LPSOLHV WKH SUHVHQFH |
FRPSRQHQWY RI WKH ORDG WKH UDWLR RI ZKLFK FDQ EF
HI[DPSOH LI \RX DJUHH RQ WKHHIGIRHQ XDOLW\ ZH FDQ ZUL

PJ ¢ P
ZKHUH WKH H[WUHPXP Rl WKH G\QDPLF FRPSRQHQW LV
HTXDWLRQ
6LQFH WKH RXWSXW GDWD RI WRHLIWW HRR WK HJ FDSIDHEV
SURGXFWLYLW\ LQ WKH IRUP RI YHORFLW\ 9 Rl WKH GULY
VKRXOG DFW DV D YDULDEOH SDUDPHWHU VR

k2L e
9
F 1 P FRUUHVSRQGWWR WKHBUDPHWHUV
&KDQJLQJ WKH YHORFLW\ SDUDPHWHU WR WKH YDOXH
VWLIIQHVV RI WKH VSULQJV F 1 MG, WDIOXIRERILRXYL

FRUUHVSRQGYVY WR HDFK RP WRIE 9DWRRNYRIUS DUWKIHP FHRHELMV L
DQG H[WUHPH G\QDPLF FRQGLWLRQV LV QRW QHFHVVDU\
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VWUXFWXWDRI YWKLH. Y W/IVWRKDP

*LYHQ WKDW WKH LQWHUDFWLRQ EHWZHHQ WKH GULY
HVWLPDWHG DV D VKRFN ORDG ZH FRQFOXGH WKDW LW 1
WKH WLPH RI HTXD®OD®@@&LRQ RI ILUFHV

$ JUDSKLFDO LQWHUSUHWDWLRQ RI WKLV VLWXDWLRQ
HTXDWLRQ FRUUHVSRQGV WR WKH YDOXH

9FR/¥§W

M vy
JLIXUHUDSKV RI WKH GIHNTCQEGRIL WB®VHY DW WKH VHFRQG V\

7KLV PHDQV WKDW WKH ILQDO WLPH RI WKH VHFRQG V\
s|pP
A
JRU YDROXHVNDQG k 1 P ZHMHW V 'XULQJ WKLV WLP
OHDGLQJ PDVV ZLOO SHWRUPWWKH PRYHPHQIMQG WKH
GLVSODFHPHQW Rl WKH GULYHQ PDVV LV GHWHUP
o ke p
7KH GLIIHUHQFH RI WKH FRRUGLQDWHY RI WKH PRYHP]|

LV
o b g p
&KHFNLQJ WKH YDOXH RI WKH VSULQJ\ ORDG OHDGV Wi
Js kKB Q 1

ZKLFK PHHWYV WKH SUHYLRXVO\ DFFHSWHG FRQGLWLRQ
,Q WKH IXWXUH WKH FDOFXODWLRQ LV UHODWHG WR W|
WZRLQN KLQJH 3UHOLPLQDU\ FDOFXODWLRQV PDGH LW SI

GULYIQW GULYHQ PDVVHV LQ WZR VWDJHV 7KH LQLLWLDO G
WDNLQJ LQWR DFFRXQW WKH FRRUGDQ B W H'Q \R R VDK A RXLQ@W HY
VLI DQG WKH YDOXH Rl GHIRUPDWLR@ R)IMKHHRPSRQHQV
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JJIBURFHVVHY DQGJJUXLSPHQW

[ 1

JLIXUHGFKHPH WR GHWHUPLQH WKH GLITHUHQFH L@ WKH GRRUG
DQGULPBYVHV

7KHQ WKH FRQIGLIMMVRE) IRQ WKHRWUHVSRQGYV WR WKH FRP
101|1 1 0| ¢ ¢1 pll
7KH REWDL'@H GRWDWDHVBRQGY WR WKH VXPARIQEBKRH OHQJV

WKH GRXEWH

7KH IL[HG UHODWLYH SRVLRQ)L RQ HRIY WKW LK-IDQ@J PV 3@V WK
WKH HQHUJ\ WUDS 7KH SRWHQWLDO HQHUJ\ RI WKH GHIRI

k
2 X gt g

6XEVHTXHQW PRYHPHQWYV RI WKH VI\VWHP DORQJ KRUL]
FRQWLQXH DW D VWDELOL]J]HG YHORFLW\ 9 ASOWR DWK H KPLRFKH
IRUFH DFWLRQ RI QUK H GHPRIQMHBZLO®ODUH[HUW DGGLWLRQDO |

U

%

=,

! PJ

JLIXUBFKHPH WR WKH WUDQVLWLRQDO SURFHVV RI OR

,Q WKLV FDVH WKH GULYHQ PDVV ZLOO JR LQWR WKH WL
VSHHG DFFRUGLQJ WKMWKHWHPDWLRQV R

o 9w
PI] PJ F [ [
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JJIBURFHVVHY DQGJJUXLSPHQW

+RZHYHU WKH ODWWHU UHTXLUHV FRQILUPDWLRQ LQ
VSULQJ\ IRUFH LQ WKH GHIRUPHG HOHPHQW DTKLIHY U RO WV R |

LQLWLDO ¢FfRDWLWKRQKLUG VWDJH :H ZLOO VKRZ WKLV 1
LPSOLHYV
o] —k o] J—kg
P P
8QGHU LQLWLDO FRQGLWLRQV
P J
L _F 0

o ol w bRy

DQG KHQFH LQWHBIDWU®RQ FRQVWDQW YV
7KH FRUUHVSRQMGLRY VREDREYWR ZULWH
PJ
F

W o

L

ZH JHW

o — 9W

ZKLFK PHDQV WKDW WKHUH LV QR RVFLOODWLRQ SURF
7KH WUDQVLWLRQ WR WKH QHZ LQLWLDO FRQGLWLRQV

P J
VI\_/ 0 —F 0
OHDGYVY WR FKDQJHV LQWHJUDWLRQ FRQVWDQWYV
§ .o Y
F

7TKHQ ZH KDYH

o 2 W—f:R/
F
Jys P J PBR/P

‘]VSPD[ P

2EYLRXVO\ V/kH PRUQMH SRQ GO\D @ RO R\CKG1 D@IBVWKH SUH

RVFLOODWRU\ SURFHVV DW WKH WKLUG VWDJH FRUUHVSR
7KH ILUVW QHJDWLYH YDOXH RI WKH H[WUHPXP RI WKH
GULYHQ PDVV DQG WK XIOWD @ WOKRPRV WWKHQ@ XVLQJ WKH

P
WS
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JLIXUH 6FKHGXOH RI FKDQJH RI VSHHG RI WKH GUL
+VWDWLF FRSQ QP IQAVF R PSRIQH QWRIMEBH H G

7KH YDOXH RI WKH GLVSODWHWKWWARPHVKH PDVV

0, P—FJ oW FFB/V—‘; w

, I WKH FRQGIGWVREDUUZKIBURIXWLY WKH JDS EHDMZHHQ W

WKH UHFHLYLQJ SODQH DW WKH EHJLQQLQJ RI WKH WUDC
WKH\ FRQWDFW DW JHUR VSHHG 7KLV UHVXOW LV DQ H[S!
RI WKH GHIRUPHG ¥ LDKXWHOWRHQWLWLDO FRQGLWLRQYV
DV WKH ILQDO FRQGLWLRQV RI WKH VHFRQG DUH YDULD\
YLHZ LW LV ZRUWK WR QRWH WKH LPSRUGN DY DM RF WKMHS R |

p
WKH ORDG RI WKH VSULQJ\ HOHPHLQ\N—F>J @W KHQ@HZ W IRNEWV D

Jyoof PJ DQG SURYLGHG WKDW WKHLU PXOWLSOLFLW\ LV
3y po; NP J

7KH OHYHO Rl DFWLYDWLRQ RI WKH HQHUJ\ SRWHQWLI

FRUUHVSRQGLQJ WR HTXDWLRQV OHDGY WR WKH FRQXS

WKH NLQHWLF GIQIHHQ?RP WKLY WKH VDPH DV WKH SRWHC
GHIRUPDWLRQ RI WKHL,WYWSULQJ\ HOHPHQW DW

6HSDUDWLRQ RI WKH GULYHQ PDVV IURP WKH V\VWHP
DFKLHYMPHPIQDWQV DFKLHYHPHQW WRKRFNH PRGRDRILQRQRI FD
UHFHLYLQJ SODQH > @ 7KH LOQWHUDFWLRQ EHWZHHQ W

DQG WKH UHFHLYLQJ SODQH DQG WKH ULJL @R\ R @WK K DHA
GXH WR QHJOHFW RI WKH PDVV RI WKH UHFHLYLQJ SODQH

RI WKH VSULQJ\ HOHPHR W\VZKNFKTX® & XY’PRZYWERWLKH ODWMW
WKH YDOXH RI WZR VWDWLF RQHV
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JJJ3URFHVVHV DQGJUDXLSPHQW
&RMFOXVLRQ

7KH SURSRVHG V\VWHP RI DUUDQJHPHQW RI WKH GHYLE
KRUL]JRQWDO VHFWLRQV ZLWK WKHLU VXEVHTXHQW DWWD
LOQOWHQGHG WR OLPLW WKH IRUFH LQWHQ DPAMAWLIVRKYV DEH3V A E
ORVVHV DVVRFLDWHG ZLWK RVFLOODWRU\ SURFHVVHV DQ
VWXGLHY DOORZ WR QRWH WKH IROORZLQJ

7KH WDVN RI DFKLHYLQJ KLJK SURGXFWLYLW\ RI WHI

UHTXLUHPHQWY RILQHFPOMADNVISPUDPHWHUYV ZLWK WKH V

PDLQWDLQLQJ VWDEOH VSHHG RI WKH GULYLQJ PDVVH\

VKRFN ORDGV ZLWK GAQDRLF DPSOLWXGHYV

7KH UDWLR RI WKH VWLIIQ BWYHW KMHRI WHKTHX R Q ¥V R Y GGIHWH
ZKHUHE\ VXFK VIVWHPVY DUH FRQYHQWLRQDOO\ GLYLGHC
SURFHVVHV LQWHUQDO IULFWLRQ UHVXOWV LQ HQHUJ\
DQG DFKLHYDEORIGXHHWRQMKHRIMH[DWLRQ RI VSULQJ\H
VWDWH ZLWK WKH FRUUHVSRQGLQJ HQHUJ\ SRWHQWLDC
$W WKH VWDJH Rl ORDGLQJ RI ORDGV WKH HQHUJ\ SRW
UHVWULFWLRQ Rl WKH VSHHG VVXISSRQWD 8W WUMHF MIKH. QR
UHVWULFWLRQV Rl G\QDPLF ORDGYV

7KH ULJLGLW\ Rl WKH VSULQJ\ HOHPHQW LV WKH UHJXO|
VKRFN ORDGV GXULQJ OLIWLQJ 7KH ODWWHU VLPXOWDC
D JLBHAGXFWLYLW\ 7KLV LV DQ LPSRUWDQW FRPSURPL\
SRZHU DQG NLQHPDWLF SDUDPHWHUYV

5HIHUHQFHYV

BRNROHQNR $ ORGHO\XYDQQ\D SURWVHVLY SDNX
BRNROHQNR $ G6WHSDQHWYV 2 KHMREKRL2WUDQVIRQH
PHNKDQLFKQ\NKKDVUWHKRPDINISURPS\SORY LVW
%RQGDUHQNR $ 'XELQLQ 2 3HHRUHDW \FEKOW VAHYNK D QL |
'\QDPLNIDQQLD .\LY

.KXVDLQRY 5 6DELURY $ OSNED®ERMKRDWLRQV )LHOG
‘RUNLQJ =RQH Rl 9HUWLFBDWRBHGODQXQ IDFKHQ HQJ

$WDQDVRYVND ,tERG\ FERXQMBOLVOE\QRUIREVPHDFRXDQLFDO
VI\IVWBIPRFHGLD (QJLQKHHWLQJ

%DL = 6XQ $ VWXG\RMPRIFFODQDU PNXBRDLERNG PV
ZLWK PXOWLSOH UHY R® X R/3HH PQH-IRXL@MHSMRRMHWEKR/D Q L F

¢

90DNKRYD $ 7TKH LQ IO XG\@MERER M PK D WHYBI@ W K H
-RXUQDO RI $SSOLHG ODWKHPDWLFY DQG OHFKDQLFV
:DQJ = 3HQJ = /ILX & 6KL ; P SIIFK\W YD IVEIHPRV/R X S

FRQVLGHUWDQYHNI WHEM RI UHVLOLHQW OLQNV 7KHRUHW)
OHFKD@BL¥IVBIOG 6LIJQDO 3URFHWLQJ

7LDQ 4 )ORUHV 3 +DPLG 0 /DQNDUDQL + $ FR
DQDO\WLFDO QXPHULFDO GIRDGR JH. [E\QUDETRHF QPAXIDAV LPEHRAGK |
PHFKDQLNMBEPWK FOHDUDQFH R W HFKIHULIWFE WD QIR LODW K
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JJIBURFHVVHY DQGJJUXLSPHQW

7KHRU\ jj#
IDQFLRQL * /HQFL 6 *DQRQRDHDWD AMRIFPHFKDQLFDO
VIVWHRVK D IULFWLRQDO X@W & D QYBW DR QDR LR\KIIILENON |
OHFKDQLFVjj %

%HDWW)\ OLOOBWGQFLUS@HVQPHHULQJ OHFKDQLF\W 9ROXF
7KH $QDO\VLVW KU ID@RWHLR 86
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JJIBURFHVVHY DQGJJUXLSPHQW

)X]]\ ORJLF HQHUJ\ PDQDJHPHQW V\VWHP RI IF
PDQXIDFWXULQJ SURFHVVHYV

6HUKLL %* /LXGP\OD .R: ,XOLLD .>
9DOHULL . XROGOMD .RYDOFKXN

1 IDWLRQEDO 8QLYHUVLWI Rl )RRG 7
+/XWVN IDWLRQDO 7THFRQEVENVUBQRQOHHUVL WI

$EVWI

.H\ZRUGV
L, QWURGXKWLBRVHDUFK LV FRQGXFWHG
(OHFWULFLW\ PHWKRG RI MXRUHDVYEQBQF\ RI HOHFWULFI

(QHUJ\ IRRG SURGXFWLRQ SURFHVVHV ZKLFK LV
&RQWURO RI IX]]\ SRZHU PDQDJHPHQW V\VWHP
) XTI\ ODWHULDOV DQ@Q&HPMWKRGYV EDVHG RQ

DQG IX]]\ FRQWURO PHWKRGV VXFK DV 0
DOJRULESRMPSXWHU VLPXODWLRQ ZDV SHI
0$7/$% 6LPXOLQN

5HVXOWYV DQG7&HVFREWILRRD FULWHULR
VXSSO\ Rl IRRG SURGXFWLRQ LV IRUPXOI
$UWLFOH KLVWRIXQFWLRQDO PLQLPL]DWLRQ SUREOHP Z
H[SHFWHG YDOXH WILDPRAVWIRYZH D @R WWHHDF D

SHFHLYHG UHDFWLYH SRZHU ORVVHV DW WKH OHYHO
fF':UFF'jLYHG LQUHYG¥ISLGXDO ORDG QRGHV O0ODLQWDLQLQJ
SFFHSWHG LQ WKH SRZHU VXSSO\ VIVWHP QRGHV LV |
W LV GHWHUPLQHG WK H IG HFSLHHIQAM @ RID \R D B

WKH QRPLQDO YROWDJH RI WKH SRZHU V\\V

RI LWV VHIJPHQWVY WKH SRZHU DQG WKH
&RUUHVSROGLQNMWDWLF ORDG FKDUDFWHULVWLFV DW WKt
DXWKRU DFWLYH UHVLVWDQFH WHKH RPN @G SR

FLUFXLW ORVVHV Rl VHFRQGDU\ VXEVWDW
,XOLLD .XLHYGDWKH FRQWURO SUREOHP DQ DOJRULWKP
(PDLO FRQWUROOHUV DW WKH OHYHOV RI WKF
MAND#JIJPDLO FRPXEVWDWLRQV ,Q SDUWLFXODUWLJIJRQWQY GH
RI WKH VHFRQGDU\ VXEVWDWLRQ IX]]\ U}t
GHYLDWLRQ IURP WKH HQHUJ\ HIILFLHQW

YROWDJH FKDQJH DQG WKH RXWSXW V
WUDQVIRUPHU YROWDJH DQG WKH DFWXD\
PHWKROGAKRWQLWKDW WKLYV DOJRULWKP FD

ORVVHV LQ IRRG SURGXFWLRQ SURFHVVH

FODVVLFDO YROWDJH UHJXODWLRQ PHWKF
&RQFOXVEKRIQWVX]]\ VAIVWHP PHWKRG XQC

HQVXUHV WHKIDMF IHOHW MROWDJH OHYHOV LC

WKH GLVWULEXWLRQ QHWZRUN QRGHV ZKHF

"2, VRXUFH RU WKH FRQVXPHU ORDGV DUH FK
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JJIBURFHVVHY DQGJJUXLSPHQW
*ORVVDU\

)03+IRRG PDQXIDFWXULQJ SURFHVVHYV

36'6)03+SRZHU VXSSO\ DQG GLVWULEXWLRQ V\VWHP RI )
'(* +tGLVWULFW HOHFWULF JULG

(3*tHOHFWULF SRZHU JULG

66:tVHFRQGDU\ VXEVWDWLRQ

36+SULPDXBYWWAL R Q

6&/tVWDWLF FKDUDFWHULVWLFV RI FRPSOH[ ORDG

/9 +tORZ YROWDJH

+9+KLJK YROWDJH

0)$ tODPGDQL )X]]\ $OJRULWKP

6)$+6XIJHQR )X]]\ $OJRULWKP

0) tPHPEHUVKLS IXQFWLRQ

6&$'$+VXSHUYLVRU\ FRQWURO DQG GDWD DFTXLVLWLRQ

L QWURGXFWLRQ

(OHFWULFLWQ ARQMMPESWDRXIBBWRXQQWHG LQ WKH WH
DQG QHHGV WR EH UHGXFHG WR FUHDWH PRUH VXVWDLQD
SUHYHQW ZDVWHG@R | BXHFKRXWRE® BB ZDQ KH WRIONW VFRSH RI
FRQWURO RI HQHUJ\ FRQ MG \FDRJ IDG W XXISBOB\ER RIGWV H \
DQG PRGHOV IRU WKLV NLQG Rl VROXWLRQ DUH FRQVLGH
GHVFULEHG EHORZ

,Q SDUWLFXODUGRWW B LLGHAH VKFHKPDLQ WDVNV WKDW VKF
FRQWURO V\WVWHPV IRU SRZHU VXSSO\ DQG GLVWULEXWLTF
WLPH WKH PDLQ DWWHQWLRQLRYQ RD LSRR IR WK WM RS R
7KH VWXGLHWRQVLGHU WKH LVVXHV RI SRZHU PDQDJHPH
RSHUDWLRQV EDVHG RQ PLFURSURFHVVRU WHFKQRORJ\ (
ZLWK WKH KHOS Rl ORFDO V\VWHPV RI UHDFWLYH SRZHU F
LQ GLVWULEXWLRQ QHW@RUKN DHEHDWHRBRIGHWWE © Q ROW D
UHJXODWLRQ V\WVWHP LQ WKH GLVWULEXWLRQGH® A KWW MFH
LVVXH RI YROWDJH UHJXODWVNRQJILIX MK®IRHORHFWULFDO QF

$FFRUG@QUW LV SURPLVLQJ WR EXLOG SRZHU PDQDJHF
PXOWLIXQFWLRQDO PHWHU RQ WKH ORZHU OHYHO IRU RS
WR PHDVXUBQ®RGWWUHYWY LQ DOO WKUHH SKDVHV DFWL
HOHFWULFLW\ FRVWY DQG KDV HOHFWGRPHDYQFHNVL F7 KR P\S|
SURSRVHKIG XMHY¥ WKH GLJLWWDHU RXR/ §RW QRH FWWKW P HQ G X VW
QHWZRUNYV EDVHG RQ ORGEXV DQGtBUR K EXWW DR\G B QDWW K
RI WKLV VIVWHP VKRZHG WKDW WKH XVH RI 6&$'$ VIVWHP\
VRIWZDUH WKDW SURRQ® H¥RARQWRUIR Y RORYAWVKH SUREOH
FRQWURO V\WWHPV EHFDXVH WKH\ SHUIRUP D OLPLWHG
FROOHFWLRQ RI PHDVXUHG GDWD UHPRWH FRQWURO VZL
LQIRUPDWLRQ RIQUFRHWRQLF

5SHFHQWO\ PRGHUQ LQGXVWULDO FRQWUROOHUV DQG ¢
WKH GHVLJQ RI DXWRPDWHG HQHU@® P/KXG®IDXWR HRQ WV K HMAMAH\
WRROV DOORZV WR VROYH LQ UHDO WLPH WKH SUREO
FRQVXPSWLRQ WHFKQLFDO ORJJLQJ DQG PRQLWRULQJ
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JJIBURFHVVHY DQGJJUXLSPHQW

HQWHUSULVHV WHKRSHQDWHDFALMRQWK HVKGIRUPDWLRQ V\V
VROYLQJ WKH SUREOHPV RI SRZHU PDQDJHPHQW RI IRRG

7KH DQDO\VLV RI VWXGL®VVKRZHG WKDW WKH VWUXEF
PDWKHPDWLFDO PRGHOV DQG FRQWURO PHWKRGLMR G URVH
FRQWUROOLQJ WKH SDUDPHWHUV RI WKH SRZHU V\VWHP
LPSOHPHQWDWLRQ RI WKH PRQLWRULQJ DQG RSWLPDO FF
PDLQ HFRQRPLEF HIIHFW >

7KH PDLQ JRDO RI WKLV UHVHDUFK LV WR M@\QMWII\GH V|
PDQDJHPHQM VRREGHPDQXIDFWRQLWE S ERNHVVRIVPDWKHPD)
PHWKRGV RI IX]]\ ORJLF DQG LQIRUPDWLRQ WHFKQRORJLF

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

2EMHFW RI WKIK]WWDOGW RIPQMHIG PDQDJHPRQDWRRG/ WH |
PDOXIDFWXULQJ SURFHVVHYV GHVLJQHG WR SURYLGH HQF
,Q WKLV VWXG\ LW LV XVHG
i (OHFWULF SRZHU VXSSO\ WHFKQRORJLHV RI IRRG PDQXI
i SMWURO PHWKRGV RI HOHFWULF SRZHU VXSSO\ RI PDQ>
i ODWKHPDWLFDO PRGHOV RI FRQWURO PHWKRGV DQG DO
i 6LPXODWLRQ PRGHOV FUHDWHG LQ PDWODE VLPXOLQN |

OHWKRGV

30DQ RI VWKGAWMXGLHYV ZHUH FRQGUURAMMHHIG LQ WKH IROO
&KRRVLQJ FRQWORDREHUWHRQWURO V\VWHP
'"HWHUPLQLQJ RI FRQWURO WDVNV RIOSRZHU VXSSO\ DQ
'"HVLJQLQJ D PHWKRG IRU GHWHUPLQLQJ WKH QRGH YRO
Y)O3SRZHU V\VWHP IRU $IURF¥LEQW RISHUIWLRQ PRGHYV
'"HYHORSLQJ DOJRULWKPV IRU IX]]\ YROWD YH FRIQEO D WL
VXEVWDW LR QDW G DR MKREXWHY RI WKH SULPDU\ VXEVW
i 3BHUIRUPLQJ FRPSXWHU VLPXODWLRQ RI WKH DDJHRULWK
UHJXODWLRQ PHWKRGV
&RQWURO RI SRZHU VXSSO\ VIVWHP RI IRRG PDQXIDFW:
RI WKH IROORZLQJ REMHFWLYHYV
i 8QLQWHUUXSWHG SRZHU VXSSO\ RI FRQVXPHUV ZKLOH
JHQHUDO HQHUJ\ VWDBQ®DUGY Rl SRZHU TXD
i 6BWDQGDUG TXDOLW\ Rl HOHFWULFDO SRZHU LQ VXEVWD
GLVWULEXWLRQ QHWZRUNV
i OLQLPXP SRVVLEOH OHYHO RI ORVVHV LQ SRZHU V\VWHF
i 3HUPLVVLEOH OHYHO RI HFRORJLFDO VDIHW\QXQH®WRH FR
SURGXFHG E\ HOHFWULF QHWZRUNV DQG WUDQVPLVVLR

— o — — —

OHWKRGV RI V\VVWHPWHEDOMWIBW R SRZRQ WIVWHP LV SHU
ZLWK WKH XVH Rl W®S K LGHKI LY LW IR Y WRIDFKWV W RRBV WWD B
LQFOXVLRQ RI GLIIHUHQW W\SH REMHFWV DQG HVWDEOL
FRQWHQW , QW KL®HPVHID KBBWR® RDQ EH ZULWWHQ LQ IRO
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JJIBURFHVVHY DQGJJUXLSPHQW

6 "0 Y™ I
ZKHWHLY D VHW RAYHIOHPHVQPHWWRI HOHPHQW OLQNV DUH W
VA\VWHP

ORGHO RI HOHFWWL ELNOX RRIMBENRRIECR OHRO HHROMDUQ HW ZRUN |
PRGHQO3I®YRZHU VXSSO\ VIVWHP RQ VHF@Qm\WD VKR XQVVOD)W I
ZKHUYHQRPLQDO ERAFB@®EDU\ VXEVWBWIRIHWERRQMIRUP
ORDRG NOOO+*WKH OHQIWIOWQRIHHGHUV RI WKH OLQHDU V
QHWZRHWNKH IHHGHU OHQJWK RI UDGLDO VHIPHQW RI WKH

617N

O O O

617 617 617%
v v
6 6

6

J)LIXUH &RPELQHG WRSRORJ\ QHWZRUN ZLWK FRQQHFW

ODWKHPDWLFDO)RBGRDDMHUM DO PRGHOLQJ RI FRQWURDO
VW ®MHFHOQREDU UHSUHVHQWDWLRQ RI FRQWURO V\VWHP
G,

GW

ZKHUH QGVPHQBORVWDWHQEHFWRVLRQIDO QRQOLOHDU YHF
PGLPHQVLRQDO YHFWRUYRLSHQWRHDWYRBWRULRI FRQW!
GLPHQVLRQDO YHFWRU WKDW GHWHUPLQHY WKH VWUXFW

) ;s =8 . W

J)LIXUH 6WQ XCRWIXUDP RI FRQWURO VA\VWHP

OHWKRGV RI IX])RBERQ@WWREBVLV RI IX]]\ UHIJIXODWRUV L\
6XJHQR IX]]\ V@WHPV >
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JJIBURFHVVHY DQGJJUXLSPHQW

OHWKRGV RI VLPXO DRUL RIX \DVP DIOL § 11 VD O RRUN. WK® W \R/IMWAVHAP)
VLPXODWLRQ LV XVHG ZKLFK FRQVLVW LQ PRGHOLQJ LQ \
RSHUDWLRQOBERBHNWURV\VWHP FRQWUROOHG E\ WKH VWXGL

5HVXOWY DQG GLVFXVVLRQ
&ERQWURO WDVNV DQGAEWRRYDQJ FRQWURO F

8QGHU RSHUDWLQJ FRQGLWLRQV WKH PDLQ RSWLPDO
VA\VWHP LV MXVW WKH PLQLPXP RI YDULDEOH FRPSRQHQYV
SURGXFWLRQ WUDQVIRUPDWLRQ DQG GLWWWDPEX\WWRRR) I
FULWHULRQ FDQ EH UHSUHVHQWHG LQ W®H IRUP RI FRVW

TG G ¢
, W3 <W ; Wo; GW

\
ZKHUH YV WRHRYHEI XQFKDQJHDUE/‘OLI-P\/RN(K[\I-SXWFWER\MsRI RXWS)
LV WKH YHFWRU RI FRQWURO SDUDPHWHUEV

0 LW LV FRQVLGHUHG WKH FLUFXLW RI; VW]HVWHFNQYER
WR LQFOXGH GDWD RI WKH SRZHU V\VWHP HTXLSPHQW
HTXLYDOHQW FLUFXLW SHUIRUPDQFH FKDUDFWHULVWLF\

O
SRZHU VXSSO\ YROWDQHEHX9BPWRURQ WKH HOHFWULFDO (
ZKLFK FKDQJH RYHU WLPH DV WKH IRRG PDQXIDFWXULQJ
(&)
<\FRQWDLQV WKH SDUDPHWHUV WKDW SURYLGH RSHUDW

DOBGHDFWLYH SRZHU VRXUFHY SRZHU IORZ DW XWLOLW\ S
WUDQVIRUPHUV WXUQV UDWLRYVY 7KH LQVWDQWDQHRXV YI
FRQWURO SDUDPHWHU RSWLPL]IDWLRQ RQ RHIDWYH@DNLBH
LOQWHUYDO RI WKH HOHFWULF ORDG JUDSKVY 0W 7KHQ WK|
7 G G ¢ __
,W: Iy <w w
L

6LQFH WKHu ORDGV RI WKH LQGLYLGXDO QRDHINORVWV WIKH
WKHUHIRUH WKW DY WFHWWRBRU RI UDQGRP YDULDEOHV 7R
IRUPXODWLRQ RI WKH ;LSIURELO-I-BDOD/FKIIEB YHAMMRWKH YHFWRU
0 ;U 1RZ WKH RSWLPL]DWLRQ SUREQHPWIHWI B HGX\F\N GFWSRJ R

PLQLPL]LQJ WKH FRVWLMW QKW LRQMEHUZRHORDG JUDSK LQV

7KH HIILFLHQF\ Rl WKH SRZHU VXSSO\ VI\VWHP LV HVW
FRVXPSWLRQ DQG HOHFWULFLW\ ORVVHV LQ WKH SRZHU \

7KH HFRQRPLF FULWHULRQ RI RSWLPDOLW\ LV WKH PLQ
SRZHU V\VWHP JHQHUDWLRQ RI UHDFWLYH SRZHU ORVYV
QHWZRUNV UOLWKWWAHWRUPXODWLRQ WKH RSWLPL]DWLF
IROORZV ILQG WKH PLQLPXP Rl WKH IXQFWLRQDO RI ORV"

Q
PLO/ 3 4.,
L
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JJIBURFHVVHY DQGJJUXLSPHQW

2EMHFWLYHRXQRIHIR @ X S SO \WARQ VRWRO K D

0 ' -%° , Q QY
_3®: 34/1 ; 4M/1| 3 LBG: 4 4 E@WPL‘
7 M M L L C oW
ZKHOHV H[SHFWHG YDOXH RI DFWLYHRLINVQWS KWHB¥W LFBWSH
LQWHW@BYD®@, DUH WKH DFWLYH DQG UHDBWYR®P SRZHU ORV'
DUH WKH DFWLYH DQG UHP®RLEHERBHHU ORVVHV DW WKH

P

6\VWHP DQDO\VLY DQG PDWKHPDWLFDO PRGHOOLQJ

$FKLHYLQJ JRDOV GHVFULEHG DERYH LV LPSRVVLEC
PDWKHPOWRBHO 7KH FRQWUROOHG REMHFW GXULQJ WKF
DQG GLVWULEXWLRQ V\WWHP RI IRRG)®PDQXKLFWXKDYJID®
KLHUDUFKLFDO VWUXFWXUH [DQG H W RISHRIHDWHG XVLQJ RS

3RZHU V\VWHP RVURRGW®EXWLVH LV D FRPSOH[ QRQOL
ZKLFK WKH IROORZLQJ PRGHO FDQ EH IRUPDOO\QGHVFUL
GLPHQVLRQDO YHFWRU RI SDUDPHWHUV WQIELW HQK\DLLRIGDO
QRQOLQHDU RGAWRSLRKQNWRQDO YHFWRU YRD USHDUEWD X UEDWY
DQG UHDFWLYH ORBAWXRIPHOULRBDWOY YHFWRU RI FRQWU
IRUPHG RQ WKH EDVLV RI D GHWHUPLQLVWLF RU DFFLGH(
WKMHQSULVH DV ZHOO DV FKDQJHV LQ WKH SDUDPHWHU"
WKH SRZHU MWWGALAAQVLRQDO YHFWRU WKDW GHWHUPLQH
36'6)03

&RQVLGHULQJ WKH ODUJH GLPHQVLRQWER P SBEBEMHWI D Q ¢
)03 FRQWUROOLQJ SURFHGXUHV XVH LWV VLPXODWLRQ F
DSSOLHG DQG WKH G\QDPLF PRGHO LV UHGXFHG WR I
VLPXODWLRQ SURFHGX# H VWKLH VOGS L'Q @/BIHUGADEUIKD. G K W

SDUDPHWHWVDUH DFFHSWHG XQFKDQJHG

$W HDFK VLPXODWMRKH ULEQWERID®J QRQOLQHDU V\VWHP
ZKEK GHVFULEHV WKH VWHDG\ VWDWH PRGH RI WKH FRUU'
)>;N6N&N9N@
ZKHYH6 & ,SDUH SDUDPHWHU Y BOXHR NI QWMB QYW UALUFXLW
7KH VI\VWHP GHHWFE)0SMLBEWRUPHG ZLWK WKH XVH RI W
DQG FDQ EH ZULWWBQ LQ WKLV IRUP >
6,0, NO YN T
ZKHWHLYV D AW ®RIHOHPMQWY D VHW RI HOHPHQW OLQNV

Rl 36)®3
JRU DXWRPDWBIRI PREHUQ W\SH WKME HOHPESRWH RH QWSHHG

WKLV ZD\

e otor 0
ZKHWH" DUH WKH WHF4QLPMM RIOQDRYWPDWLRQ WHFKQRORJ\
KXPPQFKLQH LQWHWIQG6 HC DAMRDW BPHM WKH RWKHU HOHPHQ

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW

7KH OLQNVWEBWZHP@PHQWY FDQ EH VKRZQ WKH IROORZ
DN S R € Y
ZKHUW® = DUH WKH PHFRX\NMLFDOHOHOHFWULEDCOWH QNYV

HOHFWURPHFKDQLFDO OLQNV FAYHDMWHGLEAIROPIBWUR@DOC
W ZDV QRWHG B&'R)NH MVAWDLIW HADK HLIKQ WHKBDIHF Q/NWFYMWW. F SR.
(3~ ZKLFK VKRXOG EH WDNHQ LQWR DFFRXQW ZKHQ FUHI
EH ZULWWHQ LQ WKH IRUP
Ao‘jaU ‘y/\:g yH
U U

ZKHBH 0 FRUUHVSRIQBEWOHPHQWY WKDW PXVW EH WDNI

PDWKHPDWLFDO PRGHOORI WWKKIHHWQMN IRH N OWIPBHM WV RI 36'6

DUH HOHPHQWYV RI GLVWULFW HOHFWURK UV IQGM HVYYV D W\KH
DGHTXDWH GHVFULSWLRQ RI WKH SBRBIBWMHW QG WKH FRP

$ VIPEROLF GHVFBLEWIRORRHWKHY FDQ EH UHSUHVHQW
6,2; W9, ; We2° .

7TKBURFMW D UXOH RI WUDQVLWLRQ IURP WKHWWRWH ZI
WKH VWDWH I WKRKWREKMDOOR® LWV LOWHUPHGLDWH FRQW
SUPFRIBYLYV DVVRFLDWHG ZLWHK DoP,PSSLQJ RI VHWYV

7R VWXG\ WKK, SWRFHWGEVBEWRPELQHG PHWKRG GHWHUP

FKDUDFWHULVWLFV LQ WKHDMAWBURIFW K¥YH SER®IP HDVQHSU ¥ D
PRGH
$ IRUPDO GHVFGO6SSWBPRRHAWEKBQ EH SUHVHQWHG DV D

e N SHW e f e BT . fof
ZKHYUHYV D WDPHDEOH SDUBREPWWHUQBEXMW 8D USOLA/H I/ WAL Y i F V
LQYDULDQW SDUDPHWHU YHFWRU ZKLFK LQFOXGHV VWU X
VI\VWHP DQG WUDQWRLDVURQHORD BWWHUP L @K®JYHFWRUH ¥
LQFOXGHYV ORDELG\ BREFMUNKFW XU D O 386 DY PRHRNGHHOY VRKDW YD
GHSHQGLQJ RI SRZHU FRQVXPHU FRQILIJXUDWLRQ FKDQJH

JRU PRGHOLQJ RI RSHUD W&'B)D PHRGHHAMRILWEGE QEMWE@RUN

DW QHWZRUN QRGHV DUH GHVWHUPLQHG E\ WKH HTXDWLRC

Q
8|_ 818_| 3L5L4L;

LWKRXW WDNLQJ LQWR DFFRXQW WKH SRZHU ORVVHYV |
YROWDJH ORVVHV DUH FDOFXODWHGELQLYHED ORWB LYOHNV
6 6! 6 RU WKH $RZHUY WKDW IORZ RYHU WKH VHFWLRQ"
ORVV LQ WKH OLQH IURP WKIHVSRHMHVRXQHRE W\RWKH QRRS
ORVV LQ HDFEXGVHFOVWWXRIDWHG E\ WKH IRUPXOD

§|Q Q
sy TW 2wy
L

L

|8L

—=-0

8,
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JJIBURFHVVHY DQGJJUXLSPHQW

7R PRGHO W36 'BRGRURMHG HOHFWULFDO QHWZRUNV LW
PHWKR@& KH VI\VWHP LV GHVFULEHB TXDWVOURWKH OLQHDU
<78 _
ZKHBHV D YHFWRU Rl QRGB $R¥MRW RDGMYGH FXQRIE DRV
DGPLWWDKQFHKVFR@VEWWKH RXP RI DGPLWWDQFH\LDWIGDW FF
<w.< k& *QHIDWLYH YDOXHV RI DGRDQMVDQFHYV EHWZHHQ

7KHUHKRIWHD V\PPRWUWLM OB WKH VXP Rl DOO FROXPQV I
8QNQRZQ QRGH YROWDJHV FDQ EH REWDLQHG XVLQJ DC

8 < 7
,Q WKH VLPSOHVW FDVH WKH YROOMPBILIHLB®W WIQKE \RZH S
WKH FRQVXPHUV PXVW EH VHW DV D YR®W.IIHWKHE QREH

YROWDJH WKH DREAHWHRABDEANXP HAKLFK LV CE®RIMWVERDDMIKIH Q R C
LV GHWHUPLQHG RQFH

6y

80
7KLV SURFHVV LV FDOOHG OLQHDU SRZHU IORZ +RZHYH
FDOFXODWHG E\ QRGDO YROWDJHYV DQG WKH FRQVXPHUV'
YDOXHV WRXODPWKB FROWDJHYVY DUH WDNHQ WR EH HTXDO
YDULDWLRQV DUH DFFHSWDEOH LI WKH GHYLDWLRQ RI WK
LV ORZ RU WKH FRQVXPHU DGPLWWDQFH LV FRQVLGHUHG
$W WKH JLYHQ FRIQWWH @QWR GHRZHWKH UHODWLRQ EHWZH

YROWDJH LV FDOFXODWHG E\

By 8y =<y
W LV VKRZQ RQ WWKDED WIKKHRIUREOHP RI OR®QGLEXHLUH Q

TXDGUDWLF VA\VWHP RI HTXDWLRQV IRU QRGH YROWDJH 7
VRPH LWHUDWLYH PHWBRIGVRQFR HBWKRHZ W R Q

=N

-XVWLILFDW ISRQ@ NRY § F8R\Q WWORBULWKPV

,Q RUGHU WR SURYLGH HQHUJ\ HIILFLHQWOBRIB®INURN SR.
HIILFLHQW YROWDJH OHYHOV DUH PD @QRB\DWUBMHCGODW LK HJ
SRZHU VRXUFHV DWDZHORI YW PARQGYBOVXEVWDWLRQ 66
36 WUDQVIRUPHUV

7KH YDOXHV RI HIIHFWLYH YROWDJH OHYHOV DW WKH 3
WLPH VWDWLF FKDUDFWHULVW®F\D QG WIRID WRR 8@ H] W R/XG
OH¥RQ WKH EDVLV RI WKH FBQVXMWULEXRQRY HOHFWULFDC

7KH 66 YROWDJH UHJXODWRU UHIHUHQFH YBORB® DUH

UHWEYH SR2HULOXHV ZKLFK DUH PHROWWHE RDGH SBUDPH

N9 SRZHU VXSSO\ VI\IVWHP UDGLDO OLQHDU RU FRPEL
OHQIJWKWUDQVIRUPEHWRHDAMICH BROG FKDUDRMROWD/IWLFEFY R

VLGH, 8, $ 8. LGHQWLILHG IRU WKH PDLYWLRPSHUDWLRQ
7KH UHIHUHQFH YDOXHYV DUH FDOFXODWHG LQ WKH IR(

GHWHUPLQHG 6RMWALQVIRYFHU UMHDFWLWHI SRIZHU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIBURFHVVHY DQGJJUXLSPHQW

DFWLYHFSRZHA/ 3, 4, DFWLYH ORR&DQG WKH GHJUHH RI
SRZHU FRPSHQMPWAR®VLQJ HTXLOLEWQWP RARWKHFNVHFRC

QHWZRUN IRU BFWIEYHDE RAKGUELN ‘& WRIDWKHRUPHU LW LV F
YDOXH RI WKH HTXLOLEULNX® RMBOWDJH RQ WKH EXV
‘H WDNH WKH HTXLOLEULXP YROM IHHHRIM QWHH Y/ B G566 HE &8

UHJXODWRU
7TKH HTXLYDOHQW FLUFXLW RI FRPELQHG WRSRORJ\ QH

ZKHBH 5, 5,DUH HTXLYDOHQW F L'ty FOIQBEHNQ ¥ WH\Q RH \D RQ
VHIPHQWYV HTXLYDOHQW FLUFXLW UHVL\SYE®RNXLRIDOBGM

UHVLVWYOUBIQR/IERSREAH WERRGH ORDBOOO+tWKH OHQYWKYV RI
CCDQEYIHHGHUV RI WKH RILWKB UQ®AFPIRHNM HGHU OHQJWK
VHIPHQW RI WKKH Q@ WMWBRIWNXQLW OHQJIWK UHY¥DWRWDQEFE RI
YROWDJH RI QHWZRUN DQG

3 766 ° U 3 ?6 uUo u
*1 *1
B, 2 By 2
1 81
5(& uo vo LE':-’(&? u\‘ '9576L il‘
81 81 617L
5e 5& S(& 5(an
s s s s
576 576 576 9576
6 6 6 6N
JLIXUH (TXLYDOHQW UDGLDO FLUFXLW RI FRPELQHG

8VLQJ WKH WHFKQLFDO VSHFLILFDWLRQV RI HOHFWULFI
DQG UHDFWLYH SRZHW RFWWKLH JHQAHLDYBGIWHBKHFK DUH PHI
/19 66 IRU DOO VHIJPHQWY RI WKH 66 FRQQHFWLRQ )LJ>
H[SUHVVLRQV IRU WKH HTXLOLEULXP YROWDJH

a o

. "3k
6«5, .—
' 3 L(—(| (et S }}4'%&L 6L>5(&L 5@}
86l = - N
$.73,, $73,,
ZKHYHFRHIILRLBQYWHDUL]HG VWDIIRFGHKRRD W IHQYDL @ VDIFFVR |
SRZHUYRRGH OBRPDKERSHQ FLUFXLW SRZWHWKRORVNIHYVFXILW SRZH
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JJIBURFHVVHY DQGJJUXLSPHQW

KHQ DGMXVWLQJ 66 YROWDJH WKH HTXLOLEULXP YRC
YROWDJH UHIJXODWRU DQG LV FDOFXODWHG IRU WKH PDL(
XVLQJ VWDWLF ORDG FKDUDFWHULVWLFV RQ WKH 66 EX
GHWHUPLQHG LQ WKH LQWHUDFWLYH PRGH

,Q RUGHU WR PDLQWDPRGOHWRHQB®' SWRBURYHGWY IRU W
XVH Rl IX]]\ YROWDJH UHJXODWRUV RI WKH 66 WUDQVIRUP

-XVWLILFDWLRQ RI HOHUGLMWURIEEKKOWMLRQ QHWZRUN YRO

7KH YROWDJH UHa&XODWELIRQNUQ BAXKAIRWDU Q H @ RRXWN B\VD G |
WKH YROWDJH RI WKH 36 W OR@\G RUPSH EKEDTRMHHIBTN. ® ISKQ S
Rl YROWDJH UHJXODWLRQ LV WR NBHGXFHFSRZFD 0O RWWRV
SURYRGIIFWLRQV IRU YROWDJH UHJXODWLRQ RI WKH 66 W
RQ WKH KLJK YROWDJH +9 VLGH RI WKH 66 GHSHQGLQJ
VLGH RI WKH 36 WUDQVIRUPHU PD[LPXP DQG PLQLPXP
PDIIQWLQJ YROWDJH ONOYEXOWHRQVWKHOHFWULFDOO\ FORYV
ZKLFK SURYLGH FRQGLWLRQV IRE& 6W)3ID W IHFW/ 66N XS IGHID
FKDQJH (QHUJ\ HIILFLHQW YNRD QBWI FOH\Y DO W IED GEXHD U VRH
D UWROH PDWKHPDWLFDO PRGHO IRU WKH FKDUDFWHULV\
WKH PHDVXUHG FXUUHQWY DQG W®&H "HRCHUP LI RW WK BB W
DQG WKW FEBRWOHHFWLRQV LV PDGH LQ UHDO WLPH XVLQJ Pt
RI LQGLYLGXDO FRQQHFWLRQV EDVHG RQ IX]]\ ORJLF XVL
6 OLQH OHQROMWDJH UHJX@DWRQPSG H3LWRAW LEXWIL RQ DORG
DYDLODELOLW\ Rl UHDFWLYH &RZHEORRRSEQNIDIDIPR® | GWM!
FRQWUROOHU IRU VHOHFWLQJ WKH PRVW GLVWDQW DQG \
LQ )LIXUH

6\QWKHVLV RI IX]]\ UHIJXODWLRQ RIRMRPHWYROWDJH RI W

KHQ DGMXVWLQJ WKH YROWDJH LQ WKH VHFRQGDU\ HO
i &RPSOLDQFH RI YROWDJH LQGLFDWRUV ZLWK WKH UHTX
i &RPSOLDQFH RI WKH YROWDJH OHYHO ZLWK WHKH YDOX

HOHFWULFDO QHWZRUNV WDNLQJ LOQWR DFFRXQW SHUP

IUHTXHQF\ YROWDJH RQ WKH HOHFWULFDO HTXLSPHQW

FLUFXODU VvDZV
i OLQLPXP FRQVXPSWLRQ DQG ORMIDORN HOHFWUL FDW\ QW

9ROWDJH PRGHYV DUH VHOHFWHG GHSHQGLQJ RQ WKH
UbGLDO OLQHDU FRPELQHG WKH QDWXUH RI WKH FRQ)
WKHLU GLVWDQFH IURP WKH VHFRQGDU\ VXEVWDWLRQ

$Q DOKRURW IX]]\ YROWDJH UHIJXODWLRQ RI WKH 66 WUD
LV EXLOW XVLQJ WKH @ PGTHQ VVWOXIRWXWHKPREF WKH 1X]]\ U
WUDQVIRUPHU LV SUHVKIH WHHSSOH@ HRIXDWLRQRRI WRQWURO
ZDV FUHDWHG IRU D IX]]\ 66 YROWDJH UHJXODWRU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF



JJIBURFHVVHY DQGJJUXLSPHQW

D+tDOJRULWKP RI IX]]\ OWOK RSHWIWIRQ PRGH

ExtDOJRULWKP RI IX]]\ GHWHUPLQDWLRQ RI WKH FORVHVYV

YL XUH %ORFN GLDJUDP RI IX]]\ FROQQHFWLRQ VHOHFWLRQ ZLYV
PRGHV RI WKH FORVHVW DQG WKH PRVW GLVWDQW

J)LIXUH %ORFN GLDJUDP RI D IX]]\ YROWDJH UHJXODWRU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF



JJIBURFHVVHY DQGJJUXLSPHQW
6\QWKHVLV RI I IXOROMWM RQOHDW WKH 36 WUDQVIRUPHU C

7TKH VWUXFWXUH RI WKH IX]]\ UHJXODWRU RI WKH RQ
SUHVHQWHG LQ )LIJXUH

'DWDEDVH
8 —>
8 .

WDS PRYHPHQW

N
8 —» GHWHUPLQDWIR®
LA —> FORVHVMHUQGW&H} 0)$ |
8& —>» FRQQHFWLRQ DQG ODPGDQL
3N 4 —> FDOFXODWLURQ ) XTI
$OJRULWEK  'HOD\ RI
VZLWFKLUQJ

&XUUHQW WDS
36 WUDQVIRU

LWLRQ RI

1XPEHU RI W
PRYHPHQWYV IURP WKH
EHJLQQLQJ RI WKH FRQWURDO

SHULRG

J)LIXUH %ORFN GLDJUDP RI IX]]\ YROWDJH UHJXODWRU

7TKH YOROWHR/H IX]]\ REKBVBEKWGYDHFWLRQ ZHUH GHILQHG |
EHORZ QRPLQDO YHU\ ORZ ORZ WKH WDS FKDQJHU G|
GRZQ DQG DW KLJK YROWDJH KLJK YHU\ KLJK WKH
ZKHUH WIOHH R® DSSUR[LPDWHO\ HTXDO WR WKH UDWHG
ILUH VWRS

6LPXODWLRQ UHVXOWYV RI 36 IX]]\ FRQWUROOHU RSHUD

7R VWXG\ SURSRVHG DOJRULWKPYV DQG PDWKHPDWLFDC
36 OHYHO LW EZBRSKWHDWRHREGBIO RI D N9 VOEQWDWLR
G\QDPLF ORDG LV FRQQHFWHG 7KH EORFN GLDJUDP RI WK

ZKHUH 6RXUFH N9 LV D EORFN GHVFULELQHEWRHN N
GHVFUPRIGHO BKWWXHHKEHRZHU WUDQVIRUEPMHRIFNY WNODWLGQGHIL
SDUDPHWHUYV RPAMKWXEHRGHWYV RI PHDVXUHPHQ WX UFKQW I
DQG YROWDJH 4HYEORERV ORKGOW YKPXBODWEDWKEZABRBRDGLQ.
GHPDXX@LWYV WKDW KDYH WKH WDVN RI FKDQJLQJ WKH SR
XQLWYV ORKJLF F R€ X NREORIHVUU R O @HRWD & QREBOREN RLRI YROW
UHIJXODWLRQ RI WKH SRZHU WUDQVIRUPHU RQ ORDG

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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JJIBURFHVVHY DQGJJUXLSPHQW

8VLQJ WKH PRGHO LW LV REWDLQHG JUDSKV RI YROW
WLPH )LIXUH VKRZV JUDSKV RI sy RIDQ\®D J HNPK\DXQEINHW CDML R (
YROWDJH QQEKERDIP RYE RBHDPWX RHEXY ORDGY 7KH DQDO\
REWDLQHG YROWDJH JUDSKV VKRZHG WKDW WKH GHYHOR
IX]]\ VIVWHPV HQVXUHV WKH PDLQWHQDQFH RI WKH JLYHC
GLVWULEXWLRQ QHWZRUN ZKHQ FKDQJLQJ WKH YROWDJH
ORDG RI FRQVXPHUV DFFRUGLQJ WR GLIIHUHQW VFKHGXO

JLIXUHUDSKV RI YROWDJH DQG ORDG FKDQJHV LQ WKH Gl

7TKH LPSOHPHQWDWLRQ JRUWWHKPS URRERWROGVDJIJH UHJXOD
VHWY DOORZV WR PDLQWDLQ UDWLRQDO OHYHOV RI YRC
REWDLQHG RQ WKH EDVLYVY RI DQDO\WLY DQG RSWLPL]DWLI
QHWZRUN ZKDAKHZD QAJDWOQRQDO OHYHO RI HOHFWULFLW\ C

6LPXODWLRQ UHVXOWYV RI 66 IX]]\ FRQWUROOHU RSHUD

$V D UHVHDUFK REMHFW L QDMKW I6i PF&60Q B XHKQ YOL BRP 8 X
D N9 VXEVWDWLRQ ZDV FUHDWHG W RFRR QR \D HER QG
WLUHV 7KH EORFN GLDJUDP RI WKH VLPXODWHG V\VWHP
N9 LV D XQLW GHVFULELQJ WKH ABOKRREHGHW\NWHER Q2 UVD|
RI WISKBNH SRZHU WUDQ VI RUFPHRIVND WNGHILQH WKH SDUDH
DLUOLQPHDWV X HEPHRGEW RI PHDVXUHPHQW RI FXUUHQW YDO}

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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JJIBURFHVVHY DQGJJUXLSPHQW

7TKH UHVXOWYV RXCRWERQYHU WIKH 66 IX]]\ FRQWUROOHU
PRGHV RI WKH VHFRQGDU\ QHWZRUN ORDGLQJ DQG GURS:
FKDQJH RI VXSSO\ YROWDJH DUH SUHVHQWHG LQ )LJXUH

J)LIXUH *UDSKV RI YROWDLIH WK \OGFRARQ 6RDQ DHW ZRUN

JLIXUH VKRZVY WKH GDLO\ JUDSKV RI SRZHU ORDGV RI
DQG YROWDJHV 9 SX *UDSK RI YROWDJHV ZKLFK GHPRQ\
RI FROQWUROOLQJ WRB WRG\WDMIG IXHILBPN ZHOO DV SURFHYV

7TKH UHVXOWYV RI WKH FRPSXWHU VLPXODWLRQ PDGH
HOHFWULFDO HQHUJ\ LQ WKH HOHFWURWHFKIHFD B VERIPVEC
RI WKH RSHUDWLRQ RI WKH FODVVLFDO UHJXODWRU RI
FRQWUROOHU $V LW FDQ EH VHHQ LQ )LJXUH WKH XVI
HOHFWURQLF VZLWFK DOORZV WR UHSB8&FRMRH® HKHWWLIRLW\F
UHIJXODWLRQ DOJRULWKP
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JJIBURFHVVHY DQGJJUXLSPHQW

= -~ | T
n

7LPH KRXUV

LS

-

7LPH KRXUV
----- 'LWKRXW FRQWELCRD/VLFDG—RQWJRPRQWURO

J)LIXUH &KDQJLQJ WKH YROWDJH GHYLDWLRQ RQ WKH 6

SX

7LPH KRXUV

B (QHUJ\ ORVVHV ZKHQ XVLQJ FODVVLFDO FRQWURC
O(QHUJ\ ORVVHV ZKHQ XVLQJ IX]]\ FRQWURO

YLIXUH &KDQJLQJ WKH UHODWLYH ORVVHV RI HOHFWULFLW\
YROWDJH UHJXEDDMIVRQ RQ 66
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JJJ3URFHVVHV DQGJUDXLSPHQW
&RQFOXVLRQ

%DVHG RQ PHWKRGV RI VI\IVWHP DQDO\VLV VXFK DV W
PHWKRGV LW ZDV LGHQWLILHG OLQNV EHWZHHQ KHWHURJ
RIIRRG PDQXIDFWXWDIQU BURAMWKN P DWKWHPRWG HBOD @ DIBRIG
SRVVLEOH WR HVWLPDWH HQHUJ\ HIILFLHQW PRGHV RI WK
66 bQG 36 OHYHO ZHUH GHYHORSHG WR PDLQWRRG WKH
PDOXIDFWXULQJ SURFHVVHYV

8VLQJ WKH UHVXOWWGEBDWKROQFRP S XWRIWLWKPPYV RI 66 DQC
LQ 0%$7/$3% 6LPXOLQN HQYLURQPHQW WKH ORVVHVY RI HOHF
WR WKH UHVXOWY RI WKH FODVVLFDO UHJXODRWRRI RSF
PDQXIDFWKUL Q 8 VXGWW KDKRRAVKH XVH RI RXU PHWKRG DO
ORVVHV XS WR FRPSDUHG WR WKH FODVVLFDO YROWDJ}

5HIHUHQFHYV

%DOLXWD 6 0 ,]JYROHQVN\L , <H G6KHVWHUHQNR 9 <H :
SRZHU RWWKBHMKPYWLILF ZRUNWBRI| 18)7

%DOLXWD 6 0 <RYEDN 9' .RS\ORYD /2 .RURO\RY <H 2
IX]]\ FROQOWUROOHUV LQ WKH LGGEXKMYWLDF FRIUHY BESEASPA VIV

%DOLXWDB<RYEDN 9 ' .RS\ORYD / 2 /\WO\Q , <X ODWKH
FRQVXPHUV IRU YROWDJH FRQWURO REFVLHRRQGDR AR Q N\K HRV L
SS *

%HORXVHQNR , 9 *RORYDWRY 6 $ 7URIR®RRYS $9 (UVKRQ FON

WDVNV Rl WKH DXWRPDWHG FRQWURO V\VWHP IRU HOHFWU

IDFLOLWLHV 2SHUDWLRQDO FD OFKICHDMLUR QFRZIRIRVH RIVWESO

8QLYHUVLW\ QDPHG DIWHBES, § *XENLQ

9DV\O .LVKHQNR %RU\V *RQFKDUHQNR 20HNVLL /RERN 9l
6FHQDULRV RI LQWHOOHFWXDO I1X]]\ BXWBPQMHG-RRQW

RI )RRG 6FLHOSEH +

%XUJKHV 'DREQB $U &RQWURO DQG RSWLPDO FRQWURO WKt

$QWRQ\ 5RZH /WG (DVWERXUQH

&KHUHPLVLQ 0 0 .KRORG $ 9 ,QWHJUDWHG DXWRPDWLI
6&$'$ V\VWANPO/OHWLQ Rl 9LQQLWVIBSR@\WHFKQLF ,QVWLWXW
&KRL - + .LP - & $GYDQFHG YROWDJH UHJXODWLRQ Pt

LQWHUFRQQHFWHG ZLWK GLVSHUVHG VWERU D U @\QOF WH.G BY D
3RZHU 'HOLYH®S *

&KXNUHHY <XNKDRY.KOR9 /OD ( / 2SHUDWLRQDO PDQDJ
HQHUJ\ VIVWHP XVLQUO®HFMWULGEHWZRUNV

*LEVRQ - ( 6FKHUHU : 7 *LEVRQ+RJZ VBRLGWK \O\\MWMHRKDQDOLYV
'LOH\ 6RQX -HUVH

+UDENR ORGHOV DQG PHDQV RI YROWDJH UHJXODWLRQ
FKDQJHUMW(568OLQQ\WVLD 9LQQ\WVLD

-DJWDS 6 5DKLPLIDUG 6 'XR®H /GDWD FRHOODHFWLRQ WR
HIILFLHQF\ $ FDVH VWXG\ -RIX ULRRIEO PROIQDRIPE WSHURHFWH V VL QJ DC
6SHFLDO ,VS/XH '2, MISS

IDG¥SDEXU $ HW DO 0DSSLQJ HQHUJ\ FRGQUKPSWLR® L
JRRG 6FLHQFH 7HFE®RORJ\

/LOO\ - + )X]\ FRQWURO DQ G - RXHQ W DIt FIVER-GI® V H \

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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ILX < =KDQJ 3 4L X 2SWLPDO UHDFWLYH SRZHU |
GLVWULEXW,KRQRIMHWHRMLQHHULQJ 6RFLHWS®SXPPHU OHHWLC
BUWWXSFKXN & OGRPYRID® 0,&526&%'$ 352 DXWRPDWHG

XVLQJ UHPRWH WHUPLQDOV 578 PDQDJHPHQW DV D UHOLDE

(OHFWULF QHWZRUNYSDQG V\VWHPV

6LQJK $ . DQG 3DO\@D®LF HVWLFROWRER® ®E S RZADUG ML H P \

3UHARQGRQ

BWHLPOH : 7KREEDBVV:EDQ® % ,QWHOOLJHQW (QHUJ\

9ROWDJH *ULGV ZLWK 'LYW UUDXQW B 6 VBHV@X REHIFRZHU 6\VWHF

7DUDVRY ' 0 .KDBKDWXULID@®QBJHPHQW RI YROWDJH UHJLPH

QHWZRUNV RI PLOAFQRHBOMW DPWSE®IE MMHFKQLFDO XQLYHUVLW\

SS +

9HUHV 2 0 3RORWVN\IL $ % &RQFHSWRDRI BRIGHOLRQW

PDNLQJ RQ SRZHU ¥X9ODHWHLRQRIURQY 3RO\WHFKQLF 1DWLRQ

VIVWHPV DQG QHMSZRUNYV

‘DVLDN , :DVLDN 0O 7KRPD & )RRWH 5 HW DO $

$OJRULWKPIRROMMRIZLGV ZLWK 'LVWULEXWHBQYBY¥ R BRIV RQ 3

"HOLYHU\ SS =

<HYWXNK 3 2UREFKXN % 5DIDOLXN 2 $XWRPDWHG V\\

VXSSO\ Rl GL¥%WOOFW UQLRIV/YLY 3ROAMUHFLK/Q\SE £DWLRQDO 8Q

=KPDN 9, ODQXVRY 9 , -XVWLILFDWLRQ RI WKH SULQF

R@RDGFMDBIHU WBREMLRUGBBEW U\

.RS\ORYD / %DOLXWD 6 ODVKFKHQNR 2 IRRGOHW & RS W LD

HQWHUSULVHY HOHFWULF D ®NJDH.QL\DRR QRAXPGS IV RO )FRERIBN GJFRC
+

%XOD\HY <X 9 7DEDNRY 9$ (VNLQ 9 9 ,QWHJUDWHG

HQWHUSGKVMWULDO SR HU J\

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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3ULFH WUDQVPLVVLRQ DORQJ WKH /LWKXDQLLE
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-XUN

1HOO
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,QWURGXFWLRQ

$FFRUGLQJ VY8R RU&'LFXOWXUDO RXWORRN > @ LQ (XUR
SHU FDSLWD ZDV WKH KYDKHMW LHVRQUQFGO PHBWZHYHU
WKLV WUHQG KDG FKDQJHG LQ DQG SRXOWU\ EHFDPH V
YDULHW\ ZKLOH SRUN PHDW ZDV WKH VHFRQG PRVW LPSHR

7KXV WKH WRSLF RI SNM1RHD DWSAU B AWWED Q \KPALNH DWW H
VRFLHW\ DURXQG WKH ZRUOG 7KH PRVW UHFHQW UHVHDU
LQ $XVWUDOLD > @ &]HFK 5HSXEOLF > @ &KLQD >
JUDQFH > @ *HU®D®XQJDU\ > @ ,UHODQG > @ ,WDO\ >
3RODQG > @ 60ORYHQLD > @ 6ZLW]JHUODQG > @ WKH 80QlI
DQG HWF 6WXGLHV LQYHVWLJDWH GLIIHUHQW DVSHFWV |
YDULRWY RI HFRQRPHWULF WHFKQLTXHV

)RU H[DPSOH > @ IRFXV RQ |
EHKDYLRXU DORQJ WKH SRUN VXSSO\ FKDLQ HPSOR\LQJ
LQYHVWLJD W B QER WRQWK RMKABW LIRRRQJ WKH VXSSO\ FKDL
KDYH D SDUWLFXODU LQWHUHVW LQ LPSDIGAH/S HRQ GH.QIW USHQ
EHKDYLRXU > @ > @ GHVFULEH WKH U
OHYHO Rl WKBLOX $SFGERUGLQJ WR UHVHDUFK UHVXOWV DF
DV\PPHWULF EHKDYLRXU RI SULFHV DORQJ WKH GRPHVWL
DOORZ PDNLQJ D JHQHUDOL]HG FRQFOXVLRQ RQ WKH OHE
SULHFUHODWLRQV DQG HTXLOLEULXP DGMXVWPHQW VSH
DIRUHPHQWLRQHG VWXGLHV LPSO\ WKDW SULFH EHKDYLR.
GHSHQG RQ WKH FRXQWU\ ,W VKRXOG EH QRWHIGHW KD W H
VHW Rl VXIILFLHQWO\ GLYHUVH VXSSO\ FKDLQV UHIOH[LQ.

7KLV IDFW PDNHV WKH VWXG\ Rl WKH /LWKXDQLDQ SLJI
EHFDXVH WKH SUHYLRXV UHVHDUFK RQ BDUFH WX QWP LG,
DYDLODELOLW\ %DVHG RQ WKH SUHYLRXV UHVHDUFK WK
WHVWYV WKDW VKRZ PXOWLSOH DVSHFWV RI SULFH EHKDY
QRWH WKDW VLQFH /LWKXDQL®PLRQG (B R LK GARPH Y XULES ¢
VHFWRU JRW WKURXJK WKH VHULRXV VWUXFWXUDO WUD
UHGXFHG ZKLOH WKH GRPLQDQW VKDUH RI DQLPDOV RQ
WKH OHDGLQJ UROH RIDQ0 LHFXWWXSDIOVARP SRBILHRUHPHQ
KDYH D VLJQLILFDQW LPSDFW RQ SULFH EHKDYLRXU DOR(
WKH ZHOIDUH Rl VWDNHKROGHUYV DORQJ WKH SLIJPHDW VX

7KH SDSHU LV DLPLQJ WR DQDO\SAH \WKUHP VU XEW KXW R R
H[SORUH WKH SULFH EHKDYLRXU DORQJ WKH /LWKXDQLDQ
WKH PDLQ IDFWRUV WKDW KDYH KDG DQ LPSDFW RQ WKH
DV DQ LPSRUWDQW FRP DRQHRID MWK RVWY SR X OBURPDRYH GHYH
JLWKXDQLD

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

7TKH VWXG\ UHOLHV RQ PDLQ DQQXDO LQGLFDWRUV R
ILWKXDQLD DQG ZHHNO\ XSVWUHDP DQG GRZG%W UHIDK SUL
XSVWUHDP OHYHO LV PHDVXUHG E\ WKH DYHUDJH SXUEFK

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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FROOHFWHG IURP WKH /LWKXDQLDQ HQWHUSULVHV RQ ZF
PHDVXUHG E\ WKH DYHUDJH UHWDLO SULFM RHWDPOZB WKH
WKH PDLQ QHWZRUN VXSHUPDUNHWY LQ /LWKXDQLD 7KH
WKH SHUtXRG

Ya

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

---- SURGXFHU -S8+FUHWDLOHU SULFH

J)LIXUH 3LIPHDW SULFHV RQ SURGXFHU DQG UHWD
6RXUFEB%& RZQ FDOFXODWLRQV

$FFRUGLQJ WR JDBEXBHWZAMHMH XSVWUHDP DQG GRZQVWL
GXULQJ WKH DQDO\WHG SHULRG 'RZQVWUHDP SULFHV DU

OHYHO 6WDUWLQJ IURP DQ LOQWHUHVWLQJ EHKDYLR
REVHUYHG HBNWDEQ B HN IRU WKH ORQJ SHULRG DQG GRH
RQ SURGXFHU OHYHO ZKLOH VWDUWLQJ IURP LW EHFI

EH D UHVXOW RIHEROAGIOE IDFWHRWY )JRU H[DPSOH WKH L
FROQOWUROOLQJ SULFH KLNHV EHIRUH DQG DIWHU WKH HQV
RI UHWDLOHUV WR WKH WKUHDW RI $IULFDQ VZLQH IHYHI
VLWXDWLRQ DIWHU WKH 5XVVLDQ EDQ

7TKH LQYHVWLIJDWHG VKWEEDRKDDRQSEG HPHRIW WUDWHYV D K
RQ SURGXFHU OHYHO ZKLOH UHWDLO SULFHV DUH PRUH
WKH IXQFWLRQLQJ RI SLIPHDW VXSSO\ FKDLQV LQ &]HFK
RSSRVLWHYSOIRSP IBOQW WUHQG LV HYLGHQFHG LQ 60RYHQ
KLIJKHU YRODWLOLW\ WKDQ SULFHV RQ IDUP > @ +RZHYH
VLPLODU YRODWLOLW\ RQ ERWK OHYHOV RI WKH F&XQWU\
,WDO\ > @ DQG )LQODQG > @ +HQFH WKH EHKDYLRXU RI
WKH VDPH FRPPRGLW\ GHSHQGV RQ WKH FRXQWU\

OHWKRGV
$W WKH ILUVW VWDJH WKH VWXG\ DSSOLHV PHWKRGYV

UHSUHVHQ@QWBWWRQDWR IFKDQJHYVY RQ WKH /LWKXDQLDQ SLJ
WKH EDVLV Rl WKH DQDO\VLV RI PDLQ LQGLFDWRUV SXEO|

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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$W WKH VHFRQG VWDJH WKH SULFH WUDQVPLVVLRQ DO
JLUVWODWWKH RI GDWD LV LQYHVWLJDWHG LQ RUGHU WR
QROWDWLRQDU\ )RU WKLV SXUSRVH $XJPHQWHG 'LFNH\ )
DOORZV WR MXGJH DERXW UHOLDELOLW)\ DH) G HYSDR\GIGVW R
%DAIHUURQ WHVW > @ LQ RUGHU WR WDNH LQWR DFFRXQ
DYRLGLQJ WKH UHMHFWLRQ R WKHQQWRB B MS/RWKMHNER X O (

$W WKH WKLUG VWHGWWKMDRKBR@\MAWRBULHG RXW WR
TXHVWLRQ LI WXWMHHUDWDQBRYHFWRU RU YHFWRUV EHWZI
SLJPHDW SULFHV 7KLV VWHS UHYHDOV LI SULFHV RQ GL
UHSHDW WKH PRYHPHQMW LH® \MB & PWR RS\ LK) KEKH ORQ
WKHLORVHJUDWLQJ YHFWRU DOHUWY DERXW SRVVLEOH SU
PDUNHW LQHIILFLHQF\ LVVXHV

$W WKH IRXUWK VWHS WKH *UDQJHU FDXVDOVW\YHVMNV W
DOORZ WR LGHQWLI\ WKH GLUHFWLRQ VRH SR ISFHU UXIQFRW QY
HIILFLHQW PDUNHW FRXOG ERDFK KADUXD/EVOH WLV & LBHWLQH F
VHWWLQJ OHDGHUVKLS RQ GRZQVWUBDP\RBRWXERW Y KPR UV
EH YLRODWHG

$W WKH ILIWK VWHS WKH UHODWLRQV EHWZHHQ XSVWU
YHFWRU HUURU FRUUHFWLRQ PRGHO 9(&0 &KDUDFWHUI
PRGHO DUH GHVFULEHG LQ > @

JLOQDOONK WHKWKROG DXWRUHJUHVVLYH 73%6H RRGWQ DO V!
WHVWVWWBMW WKHUH LV QR FRLQWHJUDWLRQ EHWZHHQ SL
WHKHRI VIPPHWULF DGMXVWPHQW PHFKDQLVP EHRIZHHQ W}t
UXQ HTXLOLEULXP LV LQYHVWLJDWHG

5HVXOWY DQG GLVFXVVLRQ

6WUXFWXUDO FKDQJHV RI SLJ IDUPLQJ LQ /LWKXDQLD
2YHU WKH ODVW GHFDGHV WKH VWUXFWXUH RI WKH SL
D VLIJQLILFDQW WUDQVIRUPDW DPRIQ LEF FRIUHQ QLU VWK BVIDN |
(8 LQ WKH VKDUH RI SLJV WKDW ZHUH JURZQ RQ IDU
RI' WKH SRSXODWLRQ ZKLOH LQ D GURS WR D
GHPRQVWUDWHG )RU WKH+LQY WKW LIDMWGDICD SHIWQREHDVH |
DQLPDOV DW DJULFXOWXUDO FRPSDQLHV DQG HQWHUSU
IDUPLQJ VWUXFWXUH DUH GHPRQVWUDWHG LQ )LIJXUH
$QRWKHU LPSRUWDQW FKDUDFWHULVWLF LV WKIHUWYW U X
RI SLJV RQ IDUP\SMWIWD&HKDEBDVHG YHU\ VKDUSO\ IURP
> @ $W WKH VDPH WLPH WKH VKDUH RI SLJV RQ IDU

GURSSHG IURP WR 7KH VKDUHWRDRIGVYRQOHIDQPY
IURP WR JXUWKHUPRUH WKH FRUUHVSRQGLQJ C

DQLPDOV DQG PRUH ZDV IURP WR Y KIIOW WKH
LQFUHDVHG IURP WR GXUWRI WKH ®HULRG IURP

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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o

O03LJV RQ IDUPHU DQGERWWKHU DUPV

$QLPDOV

J)LIXUH 6WUXFWXUH RI SLJ SRSXODWLRQ E\ IDW4P W\SH LQ /L
6RXUFH 6WDWLVWLFV /LWKXDQLD > @

7TDEOH
ODLQ LQGLFDWRUV RI VXSSO\ EDODQFH VKHHWYV IRU SLJ

&KDQJH

SURGXFHEG

,PSRUW

([SRUW

7TRWDO GRPHVWLFF
XVHV

6RXUFH 6WDWLVWLFV /LWKXDQLD > @ RZQ FDOFXODW

'XULQJ WKH SHULR®RPHVWLF SURGXFWLRQ ZDV JURZLQ
5XVVLDQ EDQ DQG $IULFDQ VZLQH IHYHU KDRE BRJIJPPOMF WG
IRUHLJQ WUDGH ,Q ERWK LPSRUW DQG H[SRUW RI
HTXLYDOHQW LQFUHDVHG DV FRPSDUHG WR WKH \HDU

RI WKH PRGHUDWH LQFUHDVH DQG QWD\W LK/MDLGW KU B D RE®I €

+HQFH WKH FXUUHQW VLWXDWLRQ RI WKH /LWKXDQLDC

IDFWRUV LQVLGH DQG EH\RQG SRUN VHFWRU $ FUXFLDC
HQYLURQPHQW DIWHU WKH LQW®WHSUBWL@W DL\@MWRHWRH §8JLC

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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UHDOL]HG WKDW WKH\ FRXOG QRW FRPSHWH ZLWK WKH O]
HTXLSSHG ZLWK PRGHUQ PDWHULDO IDFLOLWLHY DOORZL(
ILUVW \HDUWRILWKRERP®KLQ WKH FRPPRQ PDUNHW VWDL
RI WZR VHULRXV SUREOHPV )LUVW WKHUH ZDV D QHHG
SURGXFHG SLJPHDW 6HFRQG D FKDQJH RI WUDGLWLRQDC
EAXURSHDQ FRQVXPHUV ZDV FRPSXOVRU\ +RZHYHU WKH
GLG QRW VSHQG D GHFHQW DWWHQWLRQ WR WKLV VLWXD
7KH LQWURGXFWLRQ RI WKH &RPPRQ $JULFXOWXUDO 3
WKH QRYHO VXSSRUW FPRIGHO D@ DI® YRUDWKH GHYHORS
DJULFXOWXUH FUHDWLQJ PRUH IDYRXUDEOH FRQGLWLRQ)\
DIJULFXOWXUDO FRPPROGOQWLHYV LKRRQWULEXWHG WR WKH J
IDUPLQJ FRVWVIERGVWHUHFWSID\PHQWY DQG WKH JURZW
SURGXFWLRQ D PRUH DWWUDFWLYH IDUPLQJ QLFKH
Q JLWKXDQLD EHFDPH D PHPEHU RI WKH (XUR]JRQH I
2Q WKH RQH KDQG WKH SULFHV IRU RV HVKH ORDWKHIU \KHU
FRPSHWLWLRQ RQ WKH (8 PDUNHW GLG QRW DOORZ WR
GLUHFWLRQ +HQFH IRU VPDOOHU IDUPHUV WKH FKRLFF
SURGXFWLRQ DQG XQSURILWDEOH BKBH IHD[UWLRU \EMHFO® H DRU
SLJ IDUPLQJ RIWHQ UHVXOWHG LQ ODQG UHQW DQG LWV I.
$QRWKHU LPSRUWDQW DVSHFW WKDW FRQWULEXWHG W
DQLPDO KHDOWK 7KH RXWEGHHBNWWILEODV\DLF®O KDG
LPSDFW RQ H[SRUW UHVWULFWLRQV RI OLYH SLJV DQG WK
$W WKDW WLPH WKH 5XVVLDQ )HGHUDWLRQ ZDV WKH PD
VHFWRU KRZHWEUHDWKRI WKH FODVVLFDO VZLQH IHYHU L
OLYH SLJV XQWLO WKH VHFRQG KDOI RI +HQFH WKLYV
QHZ PDUNHWY DQG VZLWFK IURP H[SRUW RI OLYH DQLPDO
7KH VXEVHTDXLKPQWRIRWKH 5XVVLDQ PDUNHW ZDV VKRUW
ILUVW RXWEUHDN RI $IULFDQ VZLQH IHYHU ZDV FRQILUPF
FRQIXVLRQ DQG WKH GLVWXUEDQFH RI IRUHLJQ WUDGH 7
WKH ZMPNDQHWKH (XURSHDQ &RPPLVVLRQ FRXOG QRW TXLF
SURSRVH WKH JRQLQJERKGOIW PRYHPHOWRZYWKLQ WKH (¢
IDWHU WKH 5XVVLDQ PDUNHW ZDV FORVHG GXH WR LPSRI
IHYWWKHOHVYV WKH LPSUHVVLYH JHRJUDSKLFDO VSUHD
QDWXUH DQG RQ /LWKXDQLDQ SLJ IDUPV ZDV UHSRUWHG
VWDUWHG WR IDOO GRZQ $V D FRPSDULVRQG B HARRHLUG IQPU\
BHUYLFH > @ VSRWV LQ D ZLOG QDWXUH DQG LQ
ZKLOH E\ 1IRVHPEHRUW O\ LQIHFWHG SODFHV DQG ZLOG
7KH DIRUHPHQWLRQHG GLVHDVHDWHE QURVWKIHH B/R @ QUAL]\
EHFDXVH D KXJH QXPEHU RI VPDOO IDUPV ZDV UHSUHVHC
IDUPV 7KH GHWHFWLRQ RI YLUXV RQ D VPDOO IDUP UHVX
IDUPV EHORQJLQJ WR WK H G/ WD YR @HK H, W SZHD B URIXW K L V
ZDV UDSLG LQ FRXQWULHV WKDW KDG D VLJQLILFDQW VK|
VPDOO IDUPV ZDV ZLGHO\ UHFRJQL]JHG GXH WR WKH FDUHC
RQ WKRVH IDUPWKHRIHRSRVDOV WR VODXJKWHU SLJV DQC
IDUPV GLG QRW DFKLHYH HQRXJK VXSSRUW LQ /LWKXDQLE
)LQDOO\ D SROLWLFDO GHFLVLRQ WR NHHS D GLYHUV}
KDQG WKH ODUJHU IDWRVIJEWUHK GEIRBRVYRG IDUP PRGHU
LPSURYHPHQW RI ELRVDIHW\ PHDVXUHV 6PDOO DQG PHC(
ORFDWHG LQ GLVWULFWV ZLWK $IULFDQ VZLQH IHYHU

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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FRPSHQVDWRU\ VXSSRUW IURPVIWXWXPH) RI WKKHVKSSRU
LPSURYHPHQW RI ELRVDIHW\ PHDVXUHV RQ IDUPV ZKLOI
VZLWFK IURP SLJ IDUPLQJ WR RWKHU OLYHVWRFN IDUPLQ.

3LJPHDW YHUWLFDO SULFH WUDQVPLVVLRQ LQ /LWKXDC

$') WHVW VKRPHDMWKDWZSSULFHY RQ GRZQVWUHDP DQG
VWDWLRQDU\ EHFDXVH WKH DEVROXWH YDOXH RI $') WHV!
+RZHYHU SLJPHDW SULFHV DW ERWK OHYHOV RI WKH
GLITHWPDQQKk LW FRXOG EH FRQFOXGHG WKDW SLIJPHDW SUL

7DEOH
5HVXOWYV RI XQLW URRW WHVW IRU SLIJPHDW SU
+ K '
D XQLW UR(&%}JRGXFHJBURGXFHCDJUHWDLOH(DJUHWDLOHU
[/HY V| 3U V| 3U V| 3U V| 3R
$') WHVW
THVW
FULWLFDO
YDO
/DJ /THQJWK 6,& /IDJ /HC 6,& PDJC

6RXUFH RZQ FDOFXODWLRQV

$FFRUGLQJ WR WKH SUHYLRXV VWXGLHV WKH VLPLODU
RQ SULFH VHULHV LQ 6ZLW]HUODQG > @ &]HFK 5HSXEOL
> @ 1HYHUWKHOHMVLGRPRHWKBWHGDWD VWDWLRQDULW
OHYHO DQG SLIJPHDW SURGXFW IRU H[DPSOH FDVH VWXG
> @ VXSSO\ FKDLQV ,W LV QRW RIWHQ WKH FDVH WKDW
VWRWURW\ IRU LQVWDQFH WKH 86$% FDVH VWXG\ > @
7KH -RKDQQMMHFRDWLRQ WHVW GQRW W IJQYRW LLQX HF B DA LR
WKDW LQ WKH ORQJ UXQ SLJPHDW SULFHV GR QRW PRYH \
HIILFLHQF\ SURHOHRYQ \KRZH WY DVHV WKH H[SODQDWLRQ R
VWUXFWXUDO EUHDNRRWKDBPWQDO\W EAWZRHH® EUHRDNSRLQW\
W VKRXOG EH QRWHG WKDW VRPH UHVHDUFKHUV LGHQ
DQDO\VLV SHOMNRGAMR) LQ@ HIJUDWH VWUXFWXUDO EUHDNV
PDMRULW\ Rl WKH FDVHV MXVWLILHV WKH SUHVHQFH RI V
DQLPDO GLVHDVHV > @ JRYHUQPHQWDO LQWHUYHQMW
7KXV IHDWREY WAH UXQ WR LQYHVWLIDWH SLIPHDW SULF
EUHDNWMHEDRQ WHVW DSSOLHV WKH /EUMBD N HISHFQ\WLADIC
GHWHUPLQHG EUHDNVY DQG LGHQWLILHV ILYH EUHDNV IR
'XULQJ*WKHWSKHHULRG
JLWKXDQLDQ SLJPHDW VXSSO\ FKDLQ IDFHG VKRFENV RI Y
EXVLQHVV HQYLURQPHQW HQWUDQFH WR WKH (QWKRHRQH
FKDQJH RI IRUHLJQ WUDGH SDUWQHUV DV ZHOO DV PDLQ
IDFWRUV LQIOXHQFHG WKH SULFH GHYHORSPHQW DQG Wi
DQG FRQWULEXWHG WR WKH ULVH RI WKH LGHQWLILHG VV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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JXUWKWKH -RHDOMHIQFWLRQ WHVWY VKRZ WKDW WKH P
ZDV LQ DQG WKH LQFOXVLRQ RI WKLV GXPP\ LQWR WK
PHDQLQJIXO UHVXOWYV

7KH -RKDQVHQ WHVW DOORZV UHMMRAW LR KRNRWEBHYHQD
FRQWHJUDWH® HIQPWSKHU ORIQIWLYH 7DEOH +RZHYHU W
FRQWHJUDWHG HTXDWLRQV FDQQRW EH UHMHFWHG 7KX\
DORQJ WKH SLJPHDW L\QV®BMMGFKDLQ DUH FR

6XPPDULVLQJ WKH SUHYLRXV ILQGLQJV LW FRXOG EH F
IRU WKGIWHRIUDW LLRQWRUUWDKMH.RQ EHFRPHYV DQ LQLWLDO VW
EHKDYLRXU 7KH DEQM@REN RW MRIQH ERRRBEZ LMY IRR QG \EN > @
WKH (QUDGIHU WHVW KRZHYHU WHVWYV IRU D WH HIDW LIR ¢
2QH FRWHJUDWHG HTXDWLRQ LV IRXQG LQ WM BQU VW GQ.
YHFWRUV IRU WKH LQY®IN WL D WAHGE GH WIOREDVY &KKLEORY HC
VHULHV BEWRRGX¥EDOORZHG WERWHQGDRQQ\ RHIKFRLRQ LQ
7KHUHE\ WKH VLWXDWLRQ RQ WKH /LWKXDQLDQ PDUNHW
TXLWH GLXIHW HRWIRUWNKH FRXQWULHV

7DEOH

5HVXOWY RI WKHQWRKDOQVWQRKRWHVW ZLWK OLQHDU GHWHUPLC
IRU SLIPHDW SULFHYV

+ (LJHQYZ)OXG—WDWL\/%/\PL LFL 3URE
7TUDF

1R &/

$\PRVW
$W PRV\

OD[LPXP (LJHQ

1R &/

$W PRV
$W PRV\

UHMHFWYV WKHDOWX /B HK\SRWKMHWOV /DJV LQWHUYDO LQ
6RXUFH RZQ FDOFXODWLRQV

7KH QH[W VWHS H[SORUHV LI SULFHV RQ GLIIHUHQW OH
RSSRVLWH VXSSO\ FKDLQ OHYHO LQ WKWVVKIRWW HU XI®QD (.
FDXVDOLW\ WHVW IRU ODJV $FFRUGLQJ WR HVWLPDWEF
GHPRQVWUDWHVZCHDADXYBDWY RW\RWKDW UXQV IURP UHWDLO

7TDEOH
5HVXOWYV RI WKH *UDQJHU FDXVDOLW\ WHVW IRU SL

+ ) 6WD\ 3UF
/SURGXFHUY GRHV QRW *
HW/UHWDLOHUY GRHV QRW
6RXUFH RZQ FDOFXODWLRQV
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,W VKRXOG EH QRWHG WKDW WKH SUHYLRX\VFODHVDBDURK
KRZHYHU WKH GLUHFWLRQ RIWHQ UXQV IURP IDUP WR UH
SULFH GHWHUPLQDWLRQ WKHRU\ DUJXLQJ WKDW WKH I
GRZQVWUHDP VHFWRUYV

7KH 9(&0 LV DVVLVWLQJ LQ GHVFUPBINHW K H K/H WHKXWDL]
9(&0 LQFOXGHV D VWUXFWXUDO EUHDN LQ DV DQ DGGL
HUURU FRUUHFWLRQ WHUP (&7 VKRZV WKDW DIWHU VKR
HTXLOLEULXP ZLWK D VSHHGG IRU WKH DQDO\WHG SHUL

7DEOH
(VWLPDWLRQ RI 9(&0 IRU SLIJPHDW SULFHV ZLWK EUH

& LQWHJUDWLQJ HTXDWLF
OUH)
OSUR

>
8
(UURU &R 'ouo
(&

6RXUFH 2ZQ FDOFXODWLRQV

7KH PDLQ UHVXOWYV RI 7$5 PRGHO ZLWK FRQVWDQW DQGC
LQ 7TDEOH 7KH VHOHFWHG WKUHVKROMRYQWXH LV ZJHWR
FUIDWL¥DOXH DOORZARM |G RIGARW LQDWILKRH) T DQG DFFHSWL
WKDW WKH VOWHN DWH G RORU MRKYHH V\PRKIMVULF SULFH EH|
UHMHFWHG HEKMBDXVH LV ORZHU WKDQ WKLH/ FRUHDVQL\F DACK I
LQFUHDVHY DQG GHFUHDVHV RI WKH SULFHV DLH) WUKIHQ VP
ORQJ+tEXWK WKH VDPH LOQWHQVLW\

7TDEOH
BHVXOWYV RI 7$5 ZLWK EUHDN LQ IRU SLIPHDW S
9DUL &RHIIL] 6WG |
$ERYH VK
%HORZ 7k

"LITHUHQFHG _
"LITHUHQFHG _
)y HT >

TPD[ YI

) MRLQ)
6RXUFH RZQ FDOFXODWLRQV

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXHFF
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W LM WRXQRWH WKDW GLIITHUHQW WHVWYVY IRU SUHVHQF
LQYHVWLIJDWHG LVVXHV $FDGHPLF VWXGLHV VKRZ WKD
V\PPHWULF > @ DQG DV\PPHWULF > @ SULFH
LQ D ORQJHU SHULRDBQG @BKRUR QHY OVREIWLYHY > @ DV Z
OHYHOV RI VXSSO\ FKDLQ > @

&RQFOXVLRQ

2YHU WKH SHULRG IURP WR VLIQLILFDQW VWUX
IDUPLQJ WRRN SODFFHRSXOWDRWIHRDRI SLIJV KDG GHFUHDVHC
DIJULFXOWXUDO FRPSDQLHY DQG HQWHUSULVHYV LQ SLJ S
GLVDSSHDULQJ IURP /LWKXDQLDQ SLJ IDUPLQJ EHFDXVH
WR RWKHWIPHWVLQRLOH WKHYUR@GHSRU REEGEXPLQ WKH FRX
LPSRUWDQW LQ WHUPV RI SURGXFWLRQ

2WKHU LPSRUWDQW IDFWRUV FRQWULEXWLQJ WR VWL
PHGLXP]HG IDUPV ZHUH WKH JURZWKDRHM WIRQA®@ GERWWV E|
IRUHLJQ WUDGH 7KH FXUUHQW QHJDWLYH WUHQGV FRXC
PHDVXUHYVY WDUJHWLQJ DW IRVWHULQJ D VSHFLILF SLJ IDL

7KH HPSLULFDO UHVHDUFK RQ SULFH WUDXBBIOAVLRQ
FKDLQ GHPRQVWUDWHY WKDW WKH SLIPHDW PDUNHW H[
LQYHVWLIDWHG SHULRG 7KRVH VKRFNV KDG GLIIHUHQW
KHDOWK LVVXHV JOREDO SULFH KLNHV DR@EHARDHGAHDQ @/ VP ¢
THVWY VXIJIJHVW WD W KK OMKHGVRRWBWLFH VHWWHU LV UH'
WKH LQYHVWLIJDWLRQ RI IDUPHUV ZHOIDUH LVVXHV
,Q WKHVBIR®RIJSHUVSHFWLYH SULFHV DUH WUDQVPLWW

ZLWWMKKH VDPH LOWHQVLW\ DQG GR QRW GHPRQVWUDWH DV
IRXQG ZLWKLQ WKH LQYHVWLIJDWHG PDUNHW IRU WKH SHU
LQ SODFH ZHUH ZRUNLQJ HIITHFWLYHO\ G X0 GQBHWERIWHXD &/
LQWURGXFWLRQ RI bDGGLWLRQDO GHWDLOV IRU H[DPSOH
LQYHVWLIDWLRQ RI VSHFLILF SHULRGYV FRXOG HQULFK V
ILWKXDQLDQ PDUNHW

5HIHUHQFHYV

$EGXODL $8VYQJ 7KUHVKROG &RLQWHJUDWLRQ WR (V
7TUDQVPLVVLRQ LQ WK SZQ VN G RRURQ RPE B W

%DL - 3HUURQ WWLPDWLQU DQG 7HVWLQJ /LQHDU Of
6WUXFWXUDPRQRPGIMYL FOS
%DNXFV / = )JHUW} , ODUNHWLQJ PDUJLQV DQ:

+XQJDULDQ SRUI$ FHIEW VAIHNS B~

%DNXFV HEBW}), ODUNHWLQJ DQG SULFLQJ G\QDPLFV
VWUXFWXHDW@EHEYKOMNNVULDQ BRUBHPDQNHWORQH
&KDQLD &UHWKXURSHBBH$VVRFLDWLRQ RI $JULFXOWXU'I
KWWSV ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ
FVBLQBWKHB3UHVHQFHBRIB6WUXFWXUDOB%UHDNVB7KHI
%RMQHBRWHU * 9HUWLFDO PDUNHW LQWHJUDWLRGC
LQ 60R¥YHOIFXOWXUDO DQG )RRGSSEBLHQFH

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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&DSLWDQLR ) $GLQROIL) *RRGZLQ % ED\SHG LDHFFU RDF
WR LQYHVWLVORFAN YSULWHFWODQVPLVVLRQHZ) OW KHWWD
Ss
YyHFKXUD / AREURY] / 7KH SULFH WRP® \FKIDVL\QL R
$JULF ¢RRFK Sg
'DL - /L ; :DQJ ; ) R RBPWRDUWLHFY SNQ EHDW\WU D Q VP LV
RI WKH SRUN PDBUNHMLHQ KA ISQDLFXOWXUDG & RQRPLFYV
'LFNH\ ' $ )XOOHU : $ 'LVWULEXWLRQ RI WKH HV\
VHULHV ZLWK-PXXNQDW BRRIXM GWEBWLVWLFDO $\B\8RFLD)
+
'RQJ ; %URZQ & :DOGURQ 6 =KDQJ - $V\PPHWU
&KLQHVH SRUN DWQGL®BILNV RDBRBW R X3S3D O
(QGHUV : 6LNORV 3/ Q DQ@RKQWWK B BBV R/IP |
%XVLQHVV (FRQRPLF 6WDWLVWLFV
(QGHUV : *UDQJHU & 5RRW 7HVBRQLWQG $V\PPHWUL]
ZLWK DQ ([DPSOH 8VLQJ WKH 7HUP-BXUXF® RU H6RV L QW
(FRQIRFP 6WDWLVWEFV
*RRGZLQ % . +DUSHU ' & 3ULFH 7UDQVPLVVLR
$V\PPHWULF $GMXVWPHQW LRXWRB® Bl $RWINFXBMMXRD O
(FRQRPLFV SSt
*UDQJHU & : - LIDWQAYHVAD XVDO UHODWLRQV E\ HFRQ|
VSHFWUD @FRQRPRIGAM L FS S+
*ULIILWK * 5 3LJIJRWW 1 ( $V\PPHW UH WD E® ISIU LCF
WUDQVPLVVLR®JUQFHROMWNXIDIDA DFROBP EFV
-RKDQVHQ 6 (VWLPDWLRQ DQG K\SRWKHVLV WH
*DXVVLDQ YHFWRU DXWROQHRPHWUYLFBSPHRGHOV
-RKDQVHQ LNHOKRREG ,QIHUHQFH LQ &RLQWHJIUDWHC
ORGHQMRUG 8QLYHUVLW\ 3UHVV ,QF 1HZ <RUN
XIHOMGD - )LIJLHO 6 .UBPWRJPMWIXU\ U\QNRZH D WUD
4D FXFKDFR\ZQRORIRZ\FK ,QVW\WXW (NRQRPLNL 5RO
)\ZQR FItRDHVWZRZ\ ,QVW\WXW 9%DGDZF]\ :DUV]DZ
/IRQGRQ (FRQRPLEWHVWLIJDWLRQ RI WKHUBWYHW PIQLCF
VSUHDIGYDO UHSRUW WR '()5% /RQGRQ (FRQRPLFV
IXRPD $ /XRWR - 7DLSDOH 0 7KUHVKROG &RLQV
7UDQVPLVVLRQ LQ )L QU@IMKBMEBEH DR (FRONRPLF 5HVHD!
"RUNLQJ 3DSEBH®WOHUYR (FRQRPLF 5HVHDHWFK ,QVWLWXYV
OLOOHU ' - +D\HQJD 0 / 3ULFH &\FOHV DQG $V\PF
WKH 8 6 3RUNPIDUNKMW(FRQ SS +
2(&' )$2 2(&')$2 $JULFXOWXUDO 2XMR@RBXNEOLVKLQJ
3DULV )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH
3DSDUDV ' 3LFNHULQJ 7 7UHPPD 2 GH $JXLDU /.
FKDQJH LSUMWAH WUDQVPLVVLRQ EHWZHHQ SURGXFHU D
3RUN LQGXVUWUYK (FRQRPLF SHYLHZ
5RVH + 3DSDUDV ' 7UHPPD 2 GH $JXLDU / . 31
RI WKH 8. DQG WKH 86$VE UR L3 H U FXIDUNERADY USBDVRIXHU B\
(FRORJ\ +
5XGLQVND\D 7 $V\PPHWULF SULFH WUDQVPLVVL
PDUNRWUQDO RI &HQWUDO (XURSHDQ $JULFXOWXUH
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BFKXO] . &RQUDWKYV ) FK %O FBPRNEMWBWDXED $IULFDQ 6.
JHYHU )DVW DQG )XULRXYLRIXBOWRZ DSBG 6WHDG\"
BWXEOH\ ' - 3DSDUDV ' 7UHPPD 2 $JXLDU / $Q

7TUDQVPLVVLRQ EHWZHHQ SURNKH U VY LDOQNSEYDRMN BING H DV
NWXVLIHOMWWHG 6FLHQWLILF SH¥HDUFK -RXUQDO

=KRX ' .RHPOH B3ULFH WUDQVPLVVLRQ LQ KR
-RXUQDO RI ,QWHJUDWLYSIS$#£JIULFXOWXUH
9RQ &UDPR@DGHO 6 (VWLPDWLQJ DV\PPHWULF S

HUURU FRUUHFWLRQ UHSUHVHQWDWLRRU $RWRSHDIGF D V
5HYLHZ RI $JULFXOWXUDGSFRQRPLFV
9RQ &UDPRE@DGHO 6 7KH DQDO\VLV RI PDUNHW
WUDQVRUWWIXFOWY DQG LPSOLFDWISRQMNRQB& $IULFDQ
$.0 DWYHMBNLIDDIMIODEOH DW KWW S Y NDWPY W (
JHURYH MYMNOQNDW D LJJ R X QCONUW DNRMIUXD VY VWDWLVWLND
$JULFXOWXUH $QLPDPDLODEGKFBMWR@®WWSY RVS V
URGLIN@RGL]H
)DUP WWUXF )DUP DQRPODEFOH DW KWWSV RVS V
URGLIN@RGL]H
XSSO\ EDODQFH VKHHWYV IRU DJULFXOWXUDO SU
DJULFXOWXUDO SURGXMPWD LIGDEW KHD W RSNVWBW L QRKS
URGLIN@RGL]H

FFFBNUDLQLDQ )RRG -RXOR®PB ,VVXF
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-

Yy - .
L ogheh]ey « gqbggbdb \ieb\m gZ ydeklv chlmjlm ]j_pvdh]h

1]gZzkv EXdFEgekez\ B&Zdhz Lhfgbgkeddih
=ZebgZ Ilheeswihdj] YgEKko Hae<f_d

+tMge\ jkbl | :ev[ ?*bhglhg DZzZgz"Z
+Mge\ jkbl | gZmd ijh “blly \ Ex[eege Ex[eeg IlhevsZ
+1gklbIlml ] _g_Ibdb jha\_~ ggy IZ [*hl _ogheh]*€ jhkebg Mg~
"blly \ Ex[eege Ex[eeg lhevsZ
+GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db€\

<kmi< ZgZeeslbgghfm ~hke+~"_gge jhaleygmlh hkgh\ges kihk
chlmjlm J]j_pvdh]lh ahdj_fzZ mfh\b nhjfmyhdey ovejzhdhjbklbd
dbkehlgbo fhgteqdhbo almklde\ « ihdZagbde\ ydhkle JThih\h]h ijh"

FZI_jeZeb « f_IKMey” % jmgbE}WKNnfbo gZmdh\bo im[eedZp-
h[jZzgbf gZijyfhf ~hke+""_ggy

J_amevlzZlb ¢ h[]lh\hjG@ghkgh\e ZgZeeam jeagbo kihkh[e\ \|
ljz"bpecghlh k_iZjZlhjgh]l]h ea azZklhkm\zZggyf f_f[jZggbo |
j_dhf[egZpe€ \klZgh\e_gh b$hihdle]ngjdc \@a €0 azZklhkm\zZggyf
\e~Njeagyl}lvky azZ ihdZagbdzfb ydhkle >\Z gzZE\Zd&bwwjpZ iZjZ1
0Zjzdl_jbklbdz 1z \fekl a\fyazZgh€ \h”b \bagZgzZxlv ydeklv
hjlZghe _ilbqg_ kijbcgylly kih"b\ZgzZfb Qbke_ggkjbl_ddheh]eqg
\bkhdhl_fi_jZlmjg_ h[jh[e_ggy i*"\bs_gbc \fekl kbjh\Zldh\bo
dZa_€gm \bkhdz |_fi_jzZImjzZ kd\Zrm\Zggy kdez” ¢ gzZ~fejgZ d-
ij_iZjZlm h[mfh\exxlv \Z~b dhgkbkl_gp<€aibhgdklmktn]mitopmlly
gklhghd almkldm Z[h ih\_jog_\Z rhjkldeklv g_je\geklv [sedh\]
Kzf_ kihke[ ijyfh€ j_dhf[egZpe€ fZ} i_j_\Z]b k_j_" egrbo hk
_dheh]eqgbc e« i*"\bsm} oZjgh\m peggeklv ]Jhlh\h]h ijh~mdIm
\eZklb\hkle jgdhhZgh]h ch]lmjlm ~_sh Jejre azZ ozZjzdl_jbklbdb
chilmjlm Z[h ch]lmjlm \bBhlfh\ld glibhgZkee"hd mliI\hj_ggy keZ[rt
[*edh\h]h a]lmkldz \bjhrpgBeiych]mjlanie\bs_gBfeklhfkmobo
j_gh\bgbim]j_pvdhjhdhf_g~h\Zgdhjbkh\ZIheagkmothehqgge
dhfihg_gaindj_&Ze"\bs_ghbffeklhkbjh\ZIldh[\dead *\

<bkgh\db_jki_dlb\Z ih~"Zevrbo "hkee«~"_gv fZ} [mlb Kkijyft
\"hkdhgZe_ggy |_ogheh]e€ chlmjlm ]j_pvdh]h reyohf ijyfh€ j_dl

Dexghkeh\Zh]mj]j_pvdd&a JE@ey heh]ey
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;eheh]eqgh Zdlb\ge kihemdb a gZlmjZevgbo oZjgh\bo "~ _
"ey n_jf_glh\Zgbo fhehqgbo ijh"mdle\

FeoZ_eZ :NjeZgZDl=pl2gZ Ihih\bqg
Ehj_IZ LZfhrZc¥eghe_ ;jZ"Zmkd_g_
tMge\_jkbBEImgeZg ‘eX}d*m JImfmgey
tL_ogeqggbc mge\_jkbl_I Fhe”h\b Dbrbge\ J_kim[eedZ F
+> jZ\gbc mge\_jkbl_I ijbdeZ”~gbo gZmd DeZci_"b DeZci
L _ogheh]eqgbc mge\_jkbl | DeZci_"b OZjgh\bc egklblml I

<klmiP_ ~“hke*~"_ggy kijyfh\Zg_ gZzebdikgggpagdqg_ggy peg!
kihemd a gZlmjZevgbo ijh~mdle\ [Zdbo yd f_~ \hehkvdbc ]hj
ih~rZevrh]lh \bjh[gbpl\Z gh\bo n_jf_glh\Zgbo ijh*mdle\ a dhjh\ y

FZIl_jeZeb « f_YR*"bZI_jeZe ~hke<""_ggy \bdhjbklh\m\Z\ky [~ h
iheenehjZ jZchgm >j ] rZgv Jmfmgey Z "ey \by\le_ggy * de
e_ldbo dhfihg_gle\ \bdhjbklIh\m\Zdé&XkyYldeklghdi@ <=@<evdekgbc Zg.
ihesn_ghee\ ijh\h”*b\ky a \bdhjbklZggyf kbkl_fb <?2JO $JLOHQW
a nhih?ehtrdgh]_dlhjz « _e_dljhjhaibex\Zevgh]hWeshgdabBhdgecgh]h f.

J_amevlZlb + h[]h\KQjlfeyyh]jZnegqgbc ZgZeea [ hebghl]h
iheenehjz ~zZ\ afhlm \bagzZqgblb \fekl n_ghevgbo dbkehl
cahij_gh€ne\ f] ] afEg@hl€"ed neZz f] ] ajzadz M
\byle_gh rbjhdbc ki_dlj ZzjhfZlbggbo kihemd |_ji_gh\bo a }*gZz
Zev”"_Jene\ ¢ d_lhge\ kdezZ”rgbo _neje\ <fekl Zev”~_]e"ex kdeZz\

f] ] \bsbo kibjle\ f] ] _neps\ f] ] AZ hljbfZgbfb
ojhfzlh]jzfzfb \fekl iheen_ghe+s\ m y”*je \hehkvdh]h ]Jhje0oZ kdeZ
] Z\ylh~"Zo hfeeibobf] ?=D ] LZdh® gZc\bsZ dhgp_gljZp-y
Ihdhn_jhee\ \by\e_gZlimdimijfh e nvdhkele f] IRdhn_jhem

f] ] fzkezZz ;eevr gbavde agZqg_ggy f] ] e f]

m lhdhn_jheesHBhn_jhees \e~ih\e”rgh

<bkgh\dkby\e_gbc kdez” Iljvho \b”e\ kbjh\bgb f_" iheen
\hehkvdh]h ]JHjpbdZ hfyeeibob ¢ ch]lh deevdekgZ hpegdZ Kkijbylbf
]Zjfhgecgh]h ZjhfZlbggh]lh ijhneex a i_\gbfb kfZdh\bfb \ez
n_jf_glh\Zgbo fhehqggbo ijh*mdlzZo

Dexqgh\e kehhghdh f_~ \hehkvdbc ]Jhjeo h[eciboZ

>hkee”"_ggy dhfie_dkhgn\|jdhe«]Zg~Zfb ijh[shlbggh]h ihoh”  _gc¢

:glhgegZ DZimklyg GZlZe.y Q
H” _kvdZ gZpehgZevgZ Zdz"_fey 0Zjgh\bo I_ogheh]ec H"

<klmi>hkee+s”"_gh hkh[eb\hkle hljbfZggy klZ[-ewyhgbo+ e_]dh
[ _ai_gqgbo dhfie _dkh\gn\ _pb [¢hee]fglailbgqgh]lh ihoh”" ggy |Z £«
0Zjzdl_jbklbdb

FZI_jeZeb « f_Yhlhehee]Zg”b \bdhjbklh\m\Zeb ijh*mdlb f_IZ
i_j_jh[db [*hfBEKWREDFLOOXV GHOEUXHFNLAhYXBXEB8g@gm<KOJID |
dbkehlm Zfeghdbkehlb gbavdhftbe |dmfnyjlgie il \K*jmdpex
i_ilbrh]eedZge\ [¢hfZkb ijh\h”"beb reyohf ihq_jlh\h€ h[jh[dDb
iZziz€gfer dhfie_dkhmli\hj_ggy dhgljhex\Zeb azZz “hihfh]lhx f_lh")
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J_amevlZlb « h[]h\Mj jgameviIZle ~_kljmdpe€ i_ilbZlebeedZg-\
kmfer Zfeghdbkehl gbavdhfhe_ _dmeyjgbo i_ilb”e\ o fmjhi_ilb”"e\
kdez”~"ZezZ \+™ih\e~gh fIff[FFfz f] Ff>ey ml\hj_ggy

dhfie_dke\ Ydhjbklh\m\Zeb Ijb ihee~_glZglge kbkl_flpe€ijh*mdl
i_ilbrh]eedZdghehqgm dbkehijh”rkdlfee\r #_kljmdpe€ |Z fhehggh€ d
<klZgh\e_gh sh "hke*~""m\Zges kbkl_fb [*hes]Zm drearfgmxIv cl

1z fhevUrf\erih\erAgh M nhjfm\Zgge dhfie_dkm aZesaz 111
ijh[*hlbgghpbh?™h_ggy [_jmlv mgZklv _e_dljhklZlbgges IZ dhhj*bg:
<b\g_gh ih\_"egdm dhfie_dke\ ijb jeagbo agZq_ggyo jG k_j_"h
GZc[eevr klZ[sevgbf } dhfie_dk ml\hj_gbc aZ mqzZkle kbkl_fb [
ijhAmdlb ~_kljmdphgerdidig?\ [+hfZkb 1Z fhehggm dbkehlm L?Z
[*hee]Zg”™e\ aZ[_ai_gm} nhjfm\Zggy o_eZlgbg \dhliZ[-ckkedbao pb
NeZiZahge #G h™ >h\_"s@éph hljbfZzgbc dhfie_dk } i_jki_dlb\g
eglj_"e*}glhf ~e}Ibggbo *h[Z\hd IZ ha*tjo\mbodgigh " hdgheh]ey yd
i_j_"[ZqZ} \bkhdhl_fi_jZImjgm h[jh[dm hkdeevdb dhfie_dk klZ
I_fi_jZIlmjx fK |Ijb "hkylg_gge I_fi 4ZIfKb\ljZ1Z fZkb klZgh\blv
Ney dhfie_dkm Z "ey f_oZgeqoWi€ kArieakhge Imfi_$ZI fK
kihkl_je]Z}Ivky _g”hl_jfeqgZ j_Zdpey ijb I_jfeqgec h[jh[pe dhf
|_jfeqgbo _n_dle\ ijb h[jh[pe FK g_ kihkl_je]Z}Ivky <IjZ1Z fZkb
NeZiZahge |_fi_jZImj klZgh\blv f 10Z g-q@hkEl kimfggbc ied gZ
djb\etbn_j gpecgh]lh | _jfeqghhfiZgd&rmamh > _k\ergblb ijh gZy\ge!
ch]lh kljmdImje o_eZlgbo a\fyades\ ijb jmcgm\Zgges ydbo \+*[m\
ijhp_km

<bkgh\dB_amevliZlb ~hke+s~ _gv k\enrqZlv ijh _n_dlb\geklv
ihee” _gMNdgl aferZghee]Zg”™ghbo kbkl_f ijh[hlbggh]h ihohn”
dhfie_dkhmli\hj_gggha Ahfbjb

Dexqh\s keh\Zbchg o_eZl [*hee<]Zg” i_ilb~h]eedZg fmjhi_ill

AZklhkm\Zggy jhkebggbo gZImjZevgbo “h[Z\hd “ey iheesir_gg)
\eZklb\hkl_c hjjlxagdggnlih\bo kbje\

<Zev”™_fZj =mklZ\ DZIZ bgZ Rdj biqZidbk?\Z YJ[eh
'g_I1Z Kez\egkvdZ <hcp_o JzZ™avde ;Zjlh
Mge\_jkbl_I gZmd ijh “blly \ Ex[esge Ex[eeg IlhevsZ

<klmiF_1Z ~hkee<""_ggy ihey]ZeZ \ IThfm sh[ a[sevrblb \fekl
j_gh\bg ¢ ihdjZsblb Zglbhdkb”Zglge \eZklb\hkle hj]Zgeqgbo djZn
aZklhkm\zZggy \b[jZgbo hj]J]Zgeqgbo jhkebggbo "h[Z\hd m \bjh[g

FZI_jeZeb « f_N"bbjh[e_gbo hjJ]Zgeqgbo kbjZo sh feklylv
hjlZgeqge jhkebgge "h[Zgdb ZhWlijbidkb~Zgl \bagZgzZeb f_Ih~rhf )¢
ki_dljhnhlhf_ljbggbo \bfejx\Zgv ijh\h”"beb ey \bagZqg_ggy \fekl
j_qh\bg 1Z egrbo \e”e[jZgbo [*hZdIb\gbo dhfihg gle\ \dexqZ>
eedhi_g oehjhnee ZglhpeZgb nezZ\hgh€”b IZ [_1ZeZ€ghb

J_amevlZlb ¢« h[]h\MH]ljdbd¥ge j_ameviZIb ihdZaZeb sh Zglbh
Zdlb\geklv "hkees*""m\Zgbo ijh*mdle\ kIZgRP®B@Z7VLRZR{ZY]
dhgljhevgh]h kbjm iskey "hajs\ZRBY 7URKbLR[idkey ~haje\Zggy
sh feklblv ThfEIk\hx q_jlm \fekl aZ]Zevgbo n_ghevgbo kihemd
ickey “haje\Zggy klZgh\b\ \e~ “ PJ *$( J m dhgljhevq
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“ PJ *$( J m kbje a "h~rzZ\Zggyf kmr_gbo IhfZle\ De
Ahnrz\NzZggyf [jhdhlefzZlleX iekey a[_je]l]Zggy \ oheh”bevgbdm fZe
Zglbhdkb~Zglge \eZklb\hkle ihje\gygh a egrbfb |_xjh\ Zlglhfb ijh~|
ieckey ijhp_km “haje\Zggy aZ]lZevgbc \fekl dZjhlbgh€/Me\ \
\b]Jhlh\e_gbo a hj]J]Zgeqgbfb ~h[Z\dZZbe\fh)\dXbh\>"DY¥ j_amevIZI|Z
ZgZeeam Zglbhdkb”~zZglgh€ewrdlmdphkkbjb sh feklylv kmr_ge |h
"h[z\db oZjzdl_jbam\Zebky gZc\bshx dbkehlgeklx ih\fyazZghx
dbkehlb iekey “haje\Zggy “ 1ZJdiekey &pjynyZgoeh”"bevgbdm

“ J J kbjm \hr*ghgzZzk pe ijh*mdlb ~_fhgkljm\Zeb g
aZlZevghlh n_ghevgMHbohefhrkimg_ a[_j*]Zggy kbje\ agb ™ m\Zeh
IN\_jrhkle 1Z Z7]_a<€ ebr_ ~ey kbje\ sh \bjh[eyxlvky a "h"Z\Zg¢
egrbo \ZjeZglZo p_c ihdZagbd af[eevrm\Z\ky iekey aZdegq.
oheh”bevdwldmjhkebgge "h[Z\db kijbyeb a[eevr_ggx q_j\hgh]lh d

<bkgh\dbhkesr"m\Zge ~h[Z\db i**\bsbeb je\ _gv [*hZdlb\gbo
Zglbhdkb”rZglges \eZjlbihkéy Kthaje\Zggy Z 1Zdh" ihablb\gh \ieb:
dheej

Dexgh\e kekbZ hjl]Zgegqge fhehqgZ dbkehlzZ Zglbhdkb”zZgl |

<ieb\ iZjzf_ljs\ i_j_jh[db gZ nmgdpebggEbygiges \eZklb\hkle
y]**gbo dhZ]lmeygle\

Ex~"fbezZ > cgbqg=glhdlthg > cgbqg_gdh
<edlhjey =gepLWDf®jZz DjZ\q_gdh
tGZpehgZevgbc mge\_jkbl_| oZjgh\bo I_ogheh]ec Db€\
+0Zjde\kvdbc »_j Z\gbc mge\_jkbl_| oZjgm\Zggy IZ Ihj]le\es (
tMfZgkvdbc ~_j"Z\gbc i_"Z]h]eqgbc mge\Z jkbiblgbf a8V
MdjzZz€gZ

<klmF_Ilhx “hkee""_gv } \bagZq_ggy \ieb\m iZjzZf_Ilje\ Je*jhl_j
e ijhlbjZggy y]**"gh€ kbjh\bgb gZ \fekl jhagbggbo i_dlbge\ \ y]e’
m\ZIm gZ \e”ih\e~rgeklv hljbfZgbo ixj_ \pik1gbFhdmendh\\h yde
fh'gZ \bdhjbklh\m\ZIb ~ey hljbfl-geghhfhehtgh_pbielZle\ as kdheh

FZIl_jeZeb « f_phKes""m\ZeZky y]*~gZ kbjh\bgZ *a "mjZ\ebg
Hljh[dm y]e~ Jlhkljhx iZjhx a”eckgx\Zeb azZz “hihfh]lhx
iZjhdhg\_dpecgh§ i ddhjgh]h Ibim azZ |I_ft_jzZAiwjighly]kf k
>ey ijhibjzggy y]*” \bdhjbklaghetjihpajoghklZgh\dm a ~eZf_|jzZfb |
kbl =+ ff

J ameviZlib « h[]h\&felglgy dlbgh\bo j_gh\bg \ h[ho y]e~gbo
af[eevim}lvky ijyfhipsbogh a[eevr_ggx ljb\Zehkle Jerjhl_jfeqgh€ h]
~h k IXj_ dZebgb ozZjzdl_jbam}lvky ih\eevgerbf af[eevr_
i_dlbgh\bo j_gh\bg ihje\gygh a "mjZ\ebggbf ixj_ sh ihykgx}h
kljmdIimjs fhe_dme ijhlhi_dlbgm

<ljzZlb \elZfedmyKh[ho y]e~gbo ixj_ \e~ghkgh gbavde \ i_jre
Ilh~re yd a i*\bs_ggyf | _fi_jZImjb \hgb r\b”dh ajhklzZxlv q_j_
jhajb\e\ Jerjhdkbevgbo a\fyades\ \ kljmdImje Zkdhj[egh\h€ dbkeh

JZpehgZevghx \bagZgh h[jh[dm y]e*gh§hobjhiblglii]hXInhjpe iz

+ fK ijhly]h£ k_dmg” “ey y]*" miZ\&bdimyZ2 ey y]" dZebg
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sh \enNih\enrZ} afeevr_ggx deevdhkle i _dlbgh\bdZj f#h\bmg gZ
"mjZ\ebgghfm |Z dZebgh\hfm ixj_ \e~ih\e~gh

GZc[*evrbc \boes” ixj_ "MjKY¢Db\Ky ijb \bdhjbklZgge kblZ a ez
hi\hje\ £ ff Ih~e yd ~ey hljbfZggy ixj_dZebgb jZpehgZevghbf ]
kblz a "eZf_ljhf hlthje\ff Af[eevr_ggy \boh”m ixj_ "mjZ\ebghb
ihje\gylb a ixj_ dZebgb fh gZ ihykgbbb Krjdowcrgybed\sghk Jjm[h]h
0Zjgh\h]l]h \hehdgZ dZebgb ~h f_oZgeqgbo gZ\ZglZ  gv ihje\g:
"mjZ\ebgghx dee<ldh\bghx

Oesfeqgbc kdezZ” hljbfZgbo y]Je*gbo dhZ]lmeygle\ ihje\gygh a \
0Zjzdl_jbam}lvky af[eevr_ggyf \feklm igdblgh\bolZ4_qgh\be
af_gr_ggyf \feklm \elZfegmIK gZ*ey ixj_ "mjZ\ebgb 1Z dZebg
\eMih\ergh HIjbfZge dhZ]meyglb o0zZjzdl_jbamxlvky \feklhf hj].
deevdhklelZz Ney ixj_ "mjZ\ebgb 1Z ixj_ dZebgb \e”*ih\e~gh

<bkgh\dbklZgh\e jgpehgZevge j_ "bfb h[jh[db y]** "mjZ\ebghb
]hkljbf izjhf 1Z €0 ih*je[g_ggy “h klZgm ixj_ AgZqg_ a[eevr_gg
i_dlbge\ » gZy\geklv hjlZgeqgbo dbkehl "Zxlv afh]lm \bdhjbklh\n
ixj_yd dhZ]lmeyglb \ |_ogtgteldB\bloetfij_pbislZls\ a+s kdhehlbg

Dexqh\s kehhZghdh [e<ehd dhgp_gljzZl y]lh~Z ixj_ i_dlbg

Ydekge 0ZjZdl_jbklbdb 1Z Zglbhdkb”~ZglgZ Zdlb\geklv ch]lmjln
fhehdZ « njmdle\

L_lygZ Dmrf_gdh <ehjbdZ ;me]
L_ogeqgbc mge\_jkbl _DiFthg*h\J_kim[eedZ Fhe”rh\Z

<klmiF_lhx ~hkee<""_ggy } hpe@dEZ-qgbabdliedjh[sheh]eqggbc
k_gkhjgbo ozZjzdl_jbklbd 1Z Zglbhdkb”Zglghldhalylg lglhe Zleerhd B ] n
e njmdle\

FZI_jeZeb « f_COMmjl [m\ \b]Jhlh\e_gbc a dhaymgMhWhzZpgeglidz a
[ezgrh\Zgbo njmdle\ a Zjhg+*€ qghjghies*gh€ ]Jhjh[bgb / Kkt
B3UXQXV SHUVLFD khjl Fherh\z fZebgb 5XEXM&e@®dpxV kh
J)UDJDULD [DQDVVD khjl 6HOYD y[emd ODOX\ @®RHPKHVWLF
I1Z Zglbhdkb”rZglgh]h ihl_gpe*Zem \bagZqZeb az klzg”~Zjlgbfb f_

J_amevlZlb « h[]h\hh~ggypc Ibi ieh”s\ "m _ \iebgm\ gZ ag

Ibljh\ZgdhtEkehlghkle 1Z S+ [|_jkbdh\bc ch]mjl fzZ\ jG “ ;
dbkehlgeklv [mezZ HybfZzgeBgh\h]lh ch]mjlm “ 7 Deevdek
j_gh\bg kdezez “ "ey ithemgbggh]lh ch]lmjlm <fekl kmob
ijhihjpecgbc agZq_ggx Zdlb\ghkle \h*"b fZdkbfZevge agZq_ggy
"ey y[emqggh]lh i_jkbdh\h]h ddkebgh\h]lh ch]

FegefZevge agZq_ggy \fyadhkle hljbfZg« ~ey ch]nZjlkn @ Zjhg
fzdkbfZew'gery ihemgbggh]lh ch]mjlm : 1Z Kk AgZq_ggy aZ]:

fedjhhjl]Zgeafe\ \ ch]lmjle } aZ”h\eevgbfb gZc\bsbc j_amevlZzl
i_jkbds«\ ORJ DMH fe FZdkbfZevgZ deevdeklv fhehqgh€ dbk

chlmjle klZgh\blv ! ORJ DMH fe >js 7A'e\ o plees \by
:jhge}\bc ch]lmjl fZ} gZc\bsbc azZ]Zevgbc \fekl iheen_ghes-\

ZglhpezZge\ Z Zpldhdkb”rZglgh€ Zdlb\ghkle FZdkbfZe
dZjhlbgh€ne\ f] ] hljbfzZgh ~ey i_jkbdh\h]h ch]lmjlm Zk¢
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f] Ik rey ihemgbqgh]lh ch]lmjlm HjlJZghe_ilbgges \eZKklt
chlmjlm ihdZamxlv sh ihemj¢b\godhcre¢hfdjZsbfb ozZjzdl_jbklbd.
gZ[jZ\rb [Ze-*\ a

<bkgh\dbh*"z\Zggy Zjhg+€ ihemgbpe fZebgb IZ i_jkbdZ ihab
[*heh]eqgm peggeklv ¢« ihdZagbdb ydhkle chlmjlm a dhayqgh]h fh
Dexgh\e kebhImjl dhayq_ Zhredrdh ihemgbpy i_jkbd y[emdh

<ieb\ Z_jZpe+€ gZ dheeopfap@bth |_dkimjge 0ZjzZzdI_jbklbdb
dhg”bl_jkvdbo ieg

JZemidgefieZ Aef[jm K_jlem IZ"mj_I Khgy
Mge\_jkbl_| ©RI_nZg g_e FZj_2 KmgzZ\b Kmqgz\Z Jmfm

<kImiF_lhx ~“hke*""_YlyaygZq_ggy \ieb\m Z_jZpecgh]h ijhp_k
kbjh\bgb gz ydekge 0ZjzZdl_jbklbdb ieg sh \bdhjbklh\imxlvky
\bjh[Zo

FZI_jeZeb « f_AZlblhkh\Zgh ~\e jeage f_Ih~bdb 1Z \bdhjbklZg
jeagh]h ihoh”” ggy+*@ jré@lbe jhkebggbh+\6 jrd ydZ [meZ hkgh\h
ey hljbfZzggy ajZade\ iegb I1Z ydm ijhZgZeesah\Zgh aZ oesfeqgbf
ihdZagbdzfb dhevhjm « \eZklb\eklx |_dkImjb Ihjbkleklv ajZa
Ahihfhlhx ijh]jzfghlh azZz[_ai_q_ggy ,PDJH- 1,+Z HbjlyygeZ i_j
iZzjZf_ljb I_dklmjb \bagZqg_ge a \bdhjbklZzggyf |I_dkIm({i@h]lh ZgzZe

J_amevlZlb « h[]h\®ZcdlgyZ "bjgeklv dhg”?bl_jkvdbo ieg kihkl_

Ney ajZade\ gZ hkgh\e \_jrde\ Ilh~e yd ajZadb gZ hkgh\:
fZeb gb q_ agZq_ggy “bjghkle <fekl \heh]b m ajZadZo dhq
dheb\zZ\ky \e~ ~h jeagbpy \feklm \heh]b aZ 8eZkbnedZ
[mezZz agZqghx |j GZc\bse dhgp_gljZp€ jhadbBggbo j_qgh)

ij_"klz\ge ajZzadzZfb gZ hkgh\s jhkebggbo \ _jrde\ ajZadb iegb 6
h~rge}€ klZlbklbggh€ Jjmib <h~gZ Zdlb\geklv ajZade\ iegb klZgh
gZc\bse agZq_ggy \byleyeb ajZadb gZ hkgh\e \ _jrde\ 6 I
dheb\ZeZky felZ >eZf |j ih\eljygbo [mev[Zrhd dheb\Z\ky \«
"h deevdho fedjhf_Ilje\ Ihjbkleklv ajZade\ g_]Zlb\gh \ieb\Z} yd

[Zd « gZ \lhjbgge U\leZklb\hkle |I_dkimjb YkdjZ\eklv aj.

hkgh\e jhkebggbo \ Zad<eZilgZc\bse agZqgq_ggy 1z hi™
[*eere 1Z ykdjZ\ere ge" iegb gZ hkgh\e \_jrde\ V4 ijb
aZ[Zj\e_ggy E sh ozZjzdlkblgam}kwn\lithdZaz\ \bkhde agZq_ggy *
gZ hkgh\e \ _jrde\ I14_amevlZlb ZgZeeam |_dkimjgh]lh ijhnee
sh gZc[eevrm I\_jreklv " _fhgklfm} @jZzghd &Zadb iegb fZxlv [eba
agzZq_ggy \ f_"Zo \e~ ~h G AjZadb a gbavdhx ihjbkl
ihdZzagbdb I\_jrhkle \bkhdhbdhkjle\_gv e®Bf sh ozZjzdl_jbam} [
dhfizdlgbc <« djbodbc ijh*mdl a \bkhdhx \ yadeklx €
"m\Zevgeklx fepgeklv \gmljergeo a\fyade\

<bkgh\djsf \ieb\m gZ I\_jreklv IZ egre iZjZf_Iljb I_dklmjb ij
afegxdh\gergec \blJey” ijh*mdIim dheej « kfZd
Dexgh\e keh\@Zz dhg”bl_jkvdbc \bje[ |_dkimjzZz dheej
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0zjzdl_j a\fyade\ \h~b m ]+~jZIh\Zgtb\bekbkh fZo

He_gZ =hggZ4dmhlgZ Ihe<dsmgZz R_\q_ lgdkgZ Hkvfzd
t1gklbIml o«fegoigpd «f H H QmcdZ Db€\ MdjzZz€gZ
+tGZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€

<klmi>hkee+s”""_gh o0ZzZjzdl_j a\fyadm 1Z oZjzZdl_jbklbdb ijhy
deZkl_je\ « \h~rgbo ~hf_ge\ au \ech kdlkl_fZo a f_Ihx ijhlJgham\z
nmgpehgZevgbo IZ | _ogheh]eqgbo \ezZklb\hkl_c

FZI_jeZeb « f_IHRb[eb\hkle j_eZdkZpe€ deZkl_je\ « ~hf_g
dheh€~rgbo jhagbgZo fhehqgqgbo [eede<\ \b\gZeb f_Ih~hf | _j
N _iheyjbazZp+«€ LK> ?e_dljhnhj_Ilbggbc ZgZeesa njizedpdZ£gh]lh |
a“eckgx\Zeb azZz fh"bnedh\Zgbf f_Ih~hf /I DHPPOL

J_amevlzZlb « h[]h\kbygyyh hkh[eb\hkle jhaih®eem \h"b \
fZljbpyo [*ede\ m fhehpe I1Z \ JeNjZ[hadigbboo fihlehpoagbhljZIZo f_Ih~t
LK> GZ hkgh\e ihje\gyevgh]kiZzdjevgmdkKp+€ "bihevgbo kljmo
\h~b \ gbavdhl_fi_jZlmjgec  m \bkhdhl_fi_jZlmjgec h[eZklyo
ag_"bj_gh]h fhehdz \e~ghle_gh]lh kmoh]h ag_"bj_gh]lh fhehdZz
gZljex "h\_~_gh kmll}\m jeagbpx 0ZjzZdl_jm deZhl kjpkhl¥Zjo ggy
<klZgh\e _gh sh fmedh'gh dhgp_gljZlb azZ agb _gh€ _g_j]+€
N _iheyjbaZpe€ \h”b m ]e7jZlh\Zghfm klZges nhjfmxlv ijhklhjh\e
jhafejzfb dhfejhd g+  [*edb fhehdZ gZImjZevgh]h <by\e_gbc
Ibf sh ie” bllef |_ieh\h]h h[jh[e_ggy [Z kmreggy \e [m\Zxlv
dhgnhjfzZpecge afegb [eedh\bo kihemd kijbgbg_ge "~_gZIm
kbjh\zZldh\bo [eed-\ ahdj_fz e<fmgh]Jeh[meege\ kbjh\zidh\h]
eZdlh]Jeh[meegmlZev[mfegm Ajh[e_gh YthipgkVod kilv aZklhkm\Zgc
kdez”e o0Zjgh\bo ijh"md[=edineoggbhgp_gljZle\ [eedh\e fZljbp
fZxlvijhklhjh\e h[f_"_gdybtmxlv deZkl_jlh dh*t@mzZ tegsfhehdZz
gZlmjZevgh]l]amevlZlb gZmdh\h]h "hke*”” ggy fZxIvhkj&Z-klbdily a
ANZxlv afhlm pee_kijyfh\Zgh nhjfm\zZlb « klZ[eeeam\ZIlb ijhkl
[*ehd\fekgbo 0Zjgh\bo kbkl_f

<bkgh\dbklZzgh\e_gh hkh[eb\hkle 0Zjzdl_jm al\fyadm \h~b
fhehgdhedh\bo kbkl_fZo jeagh]lh klmi_gy I_ieh\h]h h[jh[e_gQgy

Dexf\s kehfiZehdh [eehd dhgp_gljZzl \h~Z a\ yahd

<ieb\ mevljzZzlhgdh]lh ihf_em « \bkhdh]h Ibkdm gZ nmgdp-
\eZklb\hkle ih[eqgbo ijh*mdle\ kKh€

NZg] <ZgkZe_jsc KmdfZgh\>a_g
tKmfkvdbc gZpehgZevgbc Z]jZjgbc mge\ Zjkbl_I Kmfb
tlgklbIml gZmdb « |_ogheh]s€ O_gZgv Kbgvkygv J_Kkin

<kImi<fekl jhagbggbo 0Zjqgh\®'9 \hdAdhg kfZd 1Z yde+klv ih[eqg

ijhAmdle\ i_j_jh[db kh€ fh'gZ ihdjZsblb az A~hihfh]lhx dhf[sg
mevljZlhgdh]h ihf_em IEkdmkhdh]h
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FZl jeZeb + f_IhRprqges ijh mdlb i_j jh[db kh€ mklzZgh\dz

ihf _emé&: 6 mklZzgh\dZ \bkhdh)B*Ibkdm agZq_ggy \bkhdh]h
Ibkdm . FIZ Kkie\\e~r"ghjr gy fZI1 jeZe
1 Z ljb\Zlelv h[jh[db 1Z o\

J amevlZlib < h[]h\hWWegblhgdbc ihf_e fZ} agZg@bhc \ieb\
ih[eggbo ijh~mdle\ i_j_jh[{db kh€ 1la af_gr_ggyf qZ&lhlb ih~je
ihklmih\h a[eevrm\Z\ky Dheb gqZklhlZ klZgh\beX gZe\bs®dlgec \f:
agZq_ga9y e ajhklz\ gz ihje\gygh a dhgljhe_f DhzZzb gZklh

=p \fe&k'l) jeadh af_grm\zZ\ky ~h Lhfm qgzZklhlzZ mevljZlhg
[mezZ gZcdjzZzshx gz 6'D mZihfl=lglgbo ijh”mares\bisHc

ljb Iikdm FIZ Kkie\\e~rghr_ggj=™M¥dZjeZe e Ijb\Zehkle h[jh[d

o\ \feld') "hky]z\ fZdkbfmfm m ih[eggbo ijh*"mdlZo kh€
ihje\gygh a dhgljhevghx ]jmihx

Jhagbggeklv m \h”*e gZ[moZggy \heh]hmljbfmxprXIVZmhees}m
ih[*ggbo ijh mdlZo kh€ [meb gb ' qbfb ihje\gygh a dhgljhevghx

FI1Z jhagbggeklv m \h”e [meZ e_ p_c ihdzagbd klzg
ljb\Zehkle h[jh[dDb o\ Ijb Flz 1z o\ gZ[moZggy klzZzgh\bef

o\ iMiZaghd gZ[mozZggy a[eevrb\ky ~h fe ] Ih~re[ge |I_g”_gp-
\hehl]hmljbfmxgh€ [Z hee}mljbfZxgh€ a”zZlghkle Ijb Fl1Z ihd
fzdkbfzZzevghlh agZq_ggy ijb FI1Z agZgq_ggy pbo ihdZagbde\ |
dheb gqZk h[jh[dbm\Z\\b o\ ihdZagbdb \heh]hmljbfmxgh€ 1Z hes]
a"Zlgeklv g_agZqgh a[*evrbebky

<bkgh\dbMevljZlhgdbc ihf_e ijb =p aZ[ &) _gm\pg\geboe"

H[jh[®Z) \bkhdbf Ibkdhf FIZ ijb Kie\\e~rghr jgogZZ]_jeZe

I1Z Ijb\Zehkjm[db o\ aZ[_ai_qbeZ i*"\bs_ggy \boh”m ~h

Dexgh\e ketHhZ e Ibkd khy \e?*oh”b \hehdgZ nmgdpehgZev

<ieb\ ihf_em a_jgh\bo dmevimj gZ \fekl nelbgh\h€ dbkehlb 1Z
feg jZevgbo j _gh\bg « [sede\
Fx]_ O_gn_d ?jFxi[_j4 ;_dlZrJzZ[+Z :1Zkhc
+tMge\_jkbl_I DZklZfhgm DZklZfhgm Lmj_qqgbgZ

tMge\_jkbl_| =xfxrzZg_ =xfxrZg_ Lmj_qgqbgZz
<kImiF_lhx ~“hke<""} glyygZggyiebmijhp_km ih”je[g_ggy ydbc
aZklhkh\m\z\ky "~ey a_jgibbdjtpgdvplnjjhrgz jefdoglkihkh[Zfb

\fekinelbgh\h€ dbkKethjh_e AlglaZzk\hkRFEIgYLWUR

FZI_jeZeb « f_llvgzk ih”je[g_ggy a_jgh\bo ir_gbpy yqfegv
jbk \bagikgyz \fekl [*edZ aheb nelbgh\h€ dbkehlb feg_jZevc
ihdZap&Z k\hxghkle [edZ « feg_jZee+\ <fekl feg_jZe+\ \bagZqZe
f_lh "m X% \fekl [sfdFZh"hf D_ev~rZey aZk\hx\Zgeklv feg_jZevgl
IZ \fekl nelbgh\h€ xdbkle’/hZibY LW UR

J ameviZlib « h[]h\lhihpg&gyems ggy a[cevrbladk\hxpZghlkle
[+edZ ~h e agZqgh agbab\ \fekl nSIbgh\h&_gddtk\erolbdjmibgdZo
djef "blZ AZk\hx\Zgeklv feg_jZes\ ie"\bsbeZky ~ey \keo ijh[ a_
hpeg_gZ klZlbklbggh §_agZghthkh\_ [hjhrgh [meh ajZzadhf ydt
gZcgb ' gbc \fekl nelbgh\h€ dbkehlb f] ] e+ gZc\bs
aZk\hx\zZghkle feg_jZevgbo j_qgld\bbgz \fekl aZ]l]Zevgh€ aheb 1Z
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feg_jZee\ 1D &D . 0J =Q )H %D Iz 3 af_grb\ky m [hjhrge-
IZ jbke ghjdbdé fyg_jZee\ 1D 0J =Q )H IZ $O af.evrbebkv g._
ehdZesaZpex \ a_jgh\bo rZjZo hkh[eb\h \ “ble IZ \e\ke

Je\ _gv feg jZevgbo j _gh\bg afegx\Z\ky aZe_ "gh \e~ \fekim \
ijhp_k ih”je[g_ggy [m\ [eevr _n_dlb\gbflbsgt\he€\fdiblke hile |2
aZk\hx\Zghkle [eedZ g aZk\hx\Zghkls feg_jZees\ <fekl nelb
ehdZeesah\Zgbc gZ ah\gergvhfm rZje an g4+ af_grm\zZ\ky

<bkgh\dbhqzZ \fekl nelbgh\h€ dbkehlb ydZ \ieb\Z} gZ aZk\hx\
af_grm\z\ky \_kphph”~je[g_ggy "ey ihdjZs_ggy oZjgh\bo ydhkl
fh'gZz azijhihgm\Zlb iHpdHdgggbo \b” e\ h[jh[db yd azZfhgm\z
n_jf_glZpe-

Dexgh\e kel Zgh\e ems_ggy feg_jZe nelbgh\Z dbkehlZz
[*h~hkImigeklv

<ieb\ dhfie_dkghdhirm\ZqzZ gZijZ\e gghkin+E\qe \eZklb\hkls
[mehqgbo \bjh[e\

He_gZ ;sebd ?kfzZ OZeedh\Z :gZklZkey
HdkZgzZz Dhgmilbg_gdh Xeey ;hg”Zj_gdh :ev[eg:
GZpehgZevgbc mge\ _jkbl |1 oZjgh\bo | _ogheh]ec Db#€\

<klmiA f_lhx iEdpggy kih'b\gbo \eZklb\hkl_c [mehqgbo \
\bjh[e_gbo aZ ijbkdhj_gbo ijhdoghedliecrhkes”" ggy \bdhjbklZz
dhfie_dkgh]h oee[hi_dZjkvdh]h iheeirm\ZqZ gZijZ\e_gh€ "e£€

FZl_jeZeb « f_thklee”"" m\Zebky kih b\qge \eZklb\hkle fmehqgh’
[ZIThgm ©K\e eklv® a [hjhrgZ ir_gbggh]lh \bsh]lh khjim #je '~
oees[hi_dZjkvdbo khee dmohggh€ oZjgh\h€ fZjl]Zjbgm Kklheh
L_ogheh]eqgbc ijhp_k ijh\h”*b\ky a Ijb\Ze<sklxzt\e*en\'rhXZggy
\bdhjbklZggyf ihesirm\2gl&Z ©K\ydbc "ham\Zeb \ d“e vi&kklol e
[hjhrgZz Ydeklv Jhlh\bo \bjh[e\ hpegx\Zeboefadgbfrb abldh
hjlZghe _ilbggbfb ihdZagbdzZfb

J_amevlzZlb 1Z h[]h\hhdyplyklZggy iheeirm\ZqZ m deevdhkle
fzkb [hjhrkidby} a[eevr_ggx iblHfifhh \Wwjh[e\ gZ ihdjZsZggy
nhjfhklecdhkle ihjbklhkle 1Z af_gbm\gehKljbdh*hggy of _
amfhle_gh \bdhjbklZggyf \ kdezZ”e iheeirm\ZqZ n_jf_glm Zfee
kijby} a[eevr_ggx ]Zahml\hjx\Zevgh€ 1Z pmdjhmRhjk\Zeasrgh€ &
"hnrZggyf iheeirm\ZqzZ djZs_ af[_je]Zxlv k\e esklv sh ieMI\_jr
azZlZevgh€ ~_nhjfzZpegEzffydrmrdbbf ie*"kdhjbgdh\bf rZjhf 1Z f_grh
deevdeklx ijhrzjde\ ih\eljy m ffydphigthibjh[Ph” [_a iZdm\Zggy
Kihkl_jeyeevr_ gZdhibqg_ggy ~_dkljbge\ [Z [¢kmevnelalfyamx
\bjh[Zo m jZae+ \bdhjbklZggy iheecirm\Zq sh \dZam} gZ ]Ze
g_jkl\eggy \bjh[*\ 1Z ihdjZsZggy kih b\gbo \eZklb\hkl_c P_ ihy
\bjh[b \ghkylvky "Hh2ldin\jibfm\Zevge "h[Z\db Z kzZf_ fZevlh”_d
de_ckl_jbah\Zgbc djhofZev yde i*® qZk a[_j*]l]Zggy \bjh[s\ mljk
Z™khj[pecgh a\fyaZzgm \heh]m LZdh" fZevlih”_dkljbg } \h*hjhac
ydbc i**\bsm} kimiegv mljbfZggyx}hlghlbfepgmIWrjldm ydZ ]Zev:
\azZ}fh”ex de_cdh\bgb 1Z djhofZex \ j_amevlZle gh]h kih\eevgx
djhofZex
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<bkgh\dbdhjbklZggy iheecirm\ZqzZ mih\eevgx} j_Iljh]jZ"Zpex
\gZkes~hd mlI\hj_ggy ch]l]h kdezZ”~h\bfb a [hjhrghhewhpZgbohie ¥Z
qZk \biedZggy [*ed*\ \ k_j "bge ydbo \djZie_ge gZ[moees qZklh
djhofZea[eevr_ggyf deevdhkle ~_dkljbge\

Dexgh\e kehhZe«irm\Zq [mehqgge \bjh[b q_jkl\eggy ZjhfZzZl
k\e oklv

<ieb\ _dklIjm~h\dghmjm~aygh]lh [hjhrgZ gZ klZ[seecaZpex [¢kd\e
Ney \bjh[gbpI\Z [_a]exl_gh\h]h [¢kd\eIm

L_lygZ E<kh\RVYHdgZ KIZzrgdhdeh~bfbj """ mGelyZ QhjgZ
tL_jghieevkvdbc gZpehgZevgbc I_ogegqgbc mge\_jkbl_1I| f_g
L_jghieev Mdjz€gZz
tDb€\begZpehgBEewvge\_jkbl_I| [rag_km « _dNMghZ€hgz Db€\
+0Zjde\kvdbc ~_j Z\gbc mge\_jkbl_|I oZjgm\Zggy * lhj]e\es (

<klmkbagzgliegb\ _dkljm~h\Zgh]l]h dmdmjm~aygh]h [hjhrgZ gZ
[¢kd\elgh]h leklZ hhdZzddgbmhljbfm\Zevgh€ a~Zlghkle [hjhrgzZ kls
IZ Imklbgb [<kd\elgh]h IleklZ a f_lhx kI\hj_ggy [*kd\elgh]h g
[_a]lexl_gh\h]h oZjgm\Zggy

FZl_jeZeb « f_pbHde+~"_ggy \heh]hmljbfm\Zevgh€ a~Zlghkls
kbjh\bgb a”eckgx\lheébhffp_gljbnm]m\Zggy Klecdeklv iegb \ba
kie\\eAghr_ggy \bkhlb Kklh\izZz iegb iekey \bljbfm\Zggy ijhly]F
I_fi_jZImjbt fK ~“h az]zevgh€ \bkhlb klh\iz iegb ajzZzadZz
"hkee~" _ggy kljmdIimjb ijh*mdIm ijh\h~bejth\dZh*pighldrheypdpin] h
fedjhkddki_je€ ©OOLFUROHG?

J_amevlzZlib < h[]h\Hjillwiodevg_ agZg_ggy ]Imklbgb [ekd\elgh

* d] fle*\bs_ggy dhgp_gljZp+*€ [hjhrgZ dmdmjm”~aygh]h
\bs_ fzk dprblv ~h agZqgh€ Imkibgd [ZKEZgbéhm \bjh[gbpl\e
[*kd\elgbo gZis\nZ[jbdZle\ hkdeevdb jh[blv €0 Jmklerbfb « f_gr.
gZy\geklv Imklbgb [¢kd\elgh]lh leklZ azZ \e*"kmlghkle ir_gbqggh]h |
\dZam} gZ fh eb\eklv KklI\hj_ggy [*kd\elghlh gEZigA]jjbdZIm
\bdexggh a \bdhjbklZggyf [hjhrgZ dmdmjm~aygh]l]h M ajZadn
\bdhjbklzggyf [hjhrgZ dmdmjm”~aygh]h _dkljm~h\Zgh]h fZk
ijZdlbggh h”rgZdh\bo jhafeje\ djef pvh]h ihfelgh sh fe' gbfb m
yde kijbyxibje\gx\Zggx Ibkdm ih\eljy \k_j_~bge ieggh€ kbkl_fb [e
sh Kkijby} KklZ[eecaZp+€ icggh€ankdklZFb hilbfeazZpe€ [ekd\el
gZi*\nZ[jbdZIm a \bdhjbklZzggyf [hjhrgZ dmdmjm~ayglZ]che _dkljm
egl_j\Zeb hilbfeazZpecgljo\ izjzffZk azfegZ ir_gbqggh]h [hjhrgZ g
[hjhrgh dmdmjm~*ayg_ _dkljm~h\Zg_ ea deevdekgbf kie\\erghr
dhfihg_gle\ ycpy pmdhg [hjhrgh

<bkgh\dbhjhrgh dmdmjm~ayg_ _dkljm~h\Zg_ kijby} KklZ[e¢€
kbkl_fb [ekldMalgleklz ~gi afhkmihjblb [ekd\elgbc gZie\nZ[jbd.
[_alexl_gh\bc ey ~e}lbggh]lh oZjgm\Zggy

Dexgh\e keliskd\+el [_a]exl_gh\bc [hjhrgh dmdmjm~az _d
klZ[eeeaZp-y
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<ieb\ ljbilhnZgm gZ Kimgdkbgngsrew”ZIgeklv ijh mp_glZ ih\_jog_
Zdlb\gbo j_qBWgQHWREDFWHUF<BOFRDFHWLFXV

L_lygZ IbjhcZlZeey E_mgh¥V4 1yl_pvdZz

GZlZe+sy DebflgdngZz R_\gmd
+tGZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€
tlgklblnfitdjh[sheh]«€ 1Z \ejmkheh]*€ G:G MdjZ€gb Db¢€

<klmiF_lhXhke*""_gdyagZgglilbfZew@hgp_glEgpilhnZgm
I1Z gakh]lh \g_k _ggy \ kK_j “h\bs_ dmevib\m\Zggy ZdahmgbglZ ih\

j_gh\bg I$FLQHWREDFWHURBDOOFRBPYFHMWHYHXVggy fZdkbfZevg
kbgl_am Zmdkbge\

FZI_jeZeb f_Ih~"b Dmevib\m\Zggy ijh\h*beb m jerdhfm ih
feg_jZevghfm k_j_~h\bse a \bdhjbklzZzggyf yd km[kljzIm _I1Z
\bjh[gbpl\Z [*h”*ba_ex | _ogeqgh]h Jeep_jbgm \ kjhilhm\bg ~mtZ\
\b]Jeyne jhagbgm \ deevdhkle Z[h fl e gZ ihgqzZldm ij
_dkihg_gpecgh€ nZab jhkim ]hr dmevib\m\Zggy Nelhlhjfh
Iljbjzah\h€ _dkljzdp+*€ hjl]Zgegqgbfb jhagbggbdzfb <a kmi_jgZz
j*"bgb iekey _dkljZzdp+€ 1:J Ydekg_I1Z deevdekg_\bagZq_ggy ]
Ahihfhlhx \bkhdh_n_dlb\gh€ je*bggh€ ojhfZlh]jZne«€

J_amevlZlb « h[]h\KklZgh\e_gh sh g_aZe_"gh \en fhf_glm
IjbilhnZgm \ kK_j_~h\bs_ dmevib\m\%ggy «dZIfno dlelggbf Jeep_jbghf
kihkl_je]Zeb agzZqgg_ i*~\bs_ggy kbgl_am Zmdkbge\ ihje\gygh
k_j_~h\bse [_a pvh]lh ihi_j_"~gbdZ GZc\bsh€ dhgp_gljZp+€ Zm

"hnrzZ\NZgge fl e ljbilhnZgm \ k_j_"h\bs_ a$h[RERIKFH M |]HX¥b
1F< % kbgl_am\z\ 1z fd] e Zmdkbge\ gZ ]Je
k_j_~h\bse aZ \g_k_ggy 4 fl] e IjbilhnZgm \ degpe _d

jhkim [_a ihi_j_"~gbdz dhgp_gljZpey Zmdkbge\ klZgh\bez \
le"bs_gbc kbgl_a Zmdkbge\ rlzfhf dRFj<e¥zZ\ a Zdlb\geklx
ljbilhnzgljzgkzfegZab ijb dmevib\m\Zgge gZ |_ogeqghfm Jeep_
\hgzZ klzZgh\bez gfheprad \ Ihc gZk yd azZ gZy\ghkle
ljbilhnZgm ~h”~Zgh]lh \gdeggpecgtdRinZab jhkim is*"\bskh¥theZky m

gfhev of]l [eed GZc\bsZ dhgp_gljZpey Zmdkbge\ ijb dmevl
_lZghe- fd] e ~hky]ZezZky azZ \g_k_ggy fl] e ljbilhr
dmevib\m\zZggy

<bkgh\hd_amewviZke+""_gd¥y\_j* mxflv eb\eklv i**"\bs_ggy gZ
h*bg\zZ ihjy*db dhgp_gljZp+€ kbgl_ah\Zgbo Zmdkbge\ m jZae ~F
dmevib\m\EZgFPOFROFHEWAF XgY \bkhdbo dhgp_gljZpesc ihi_j_"gt
[*hkbgl_am

Dexgh\e kehREZ j_~gbd [*hkbgl_amplhyZ2hebkeh HEQHWREDFW
FDOFRDEH®/LFXV
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Nhjfb klZgm je\gh\Z]b f_f[jZg \Zdmmfgbo djbrhd gZ hkgh\s _g._
djbl_jex

He_dkzZg”"j <Zlj<pdh”bfbj Dbjhdeen\dkzZzg”j =2\\Z
tH~_kvdZ gZpehgZeygiZZppghAbofd_oghehl]ec H”_kzZ MdjZ
+tGZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€

<kImiljh\_~_ge* "hke*”"_ggy nhjf klZgm je\gh\Z]b f_f[jZg \Zd1
"ey kdeygh€ 1Zjb habknmhafegb _g_jl*€ ydZ h[mfhlex} klZ[ee\
f_fljZzgaz”rZghfm j_"bfe h[jh[db ijh*mdp-€

FZl_jeZeb « f_HMBdlhf ~hke«""_gv } kdeygZ miZdh\dzZ 1j_
lJgmqgde f_f[jZgb djbrhd <bagZqg_ggy ijhl]bgm ¢ lh\sbgb f_ f[jZg
egkljmf_glZevgbfBbf_PhHke«~"_ggy nhjf klZgm p\ghVbBpgbo
je\ge\ je\gh\Z]lb f_f[jZzg a”eckgx\Zehkv reyohf fzZIl_fZlbqggh]h
_0_jl_Ibggbf 1Z h[gbkex\Zevgbfb f_Ih"Zfb

J_amevlZlb « h[]lhVrkeggVyljZIb klecdhkle f_f[jZgZ i_j_oh”blv
iheh _ggy klecdh€ je\gh\Z]b J_amevdZldZelfejsxhZov killzges \IjZI
klecdhkle ~h~ZIldh\bc ijhlbg p_glljz fff[jBZhbagZqgh &Zgr_
ihqzZlddhdijh]bg p_gljz f_K{jZzg ff Lh[lh \ j_amevIZIle \ljZIb klecdh
\er[m\Z}Ivky "a_jdZevgh€ ~_nhjfZp«€ jh[hgh]h dhfgmKz f_f[jZ
ijhlbgm JzpdgligZzp_a~zZlgeklv fnffpdgdhfm ~"eZiZahge jeagbpe f
ijhiblbkdhf kbkl_fb \ Z\lhdezZ\s [Z \gmljZjrg «ifhilykmki h]h
ijhp_km I_jfhh[jh[db ijh*mdp-€

Ilh\gZz _g_jl°y djm]eh€ ieZklbgb ij_"klZ\e_gZ mE \bley”
[_afhf_glgh]h gZijm _gh]lh klZgm _g_j]l*€ \b]l]bgm 1Z jh[hlb &
<b\_"_gh jhajZomgdh\_ je\gyggy ih\gh€ _g_jl*€ f_f[jZgb hljb
j*\ge m jeagbo iheh” _ggyo klecdh€ je\gh\Z]b

le~rklZ\b\rb _dki_jbf_glZevgh hljbflzglkggAbZdlgyklecdhkle \
jhajZzomgdh\_ je\gyggy 1ih\gh€ _g_jl*€ f_f[jZgb hlijbfzgh |l
jhaleygmlh]h \biz*dm \_ebqgbgm Ibkdm \IjZIb Klecdhkle f_f[jZg
1Z JhajZomgdh\Z A }le[ledplagydl hx “h agZq_ggy Ibkdm \fjZZly klecdh
djbrhdJ flz yd_ gzZ\h”~blvky \bjh[gbdhf djbrhd GZ \:
jhajZzomgdh\h€ \_ebdbgd jbEdwmgh€ fh _ \ieb\ZIb I\_a*"ykdIv€" _jkls
\b]Jhlh\e_gZ djbrdz a f_f[jZghx

HlijbfZge g jl_lbqgge je\ge jeagbo iheh  _gv jetghoZjpmdgbiofjZgtk
gZ\ZglZ  _ggyo yde \enrih\erZxlv djblbggbf Ibkd3f MjZlb ki

jha\zglz' _dg3yy =jZnedb _g_j]l_Ibggbo je\ge\ h[ho Ibkde\ ih]
Ahihfhlhx jhajZzomgdh\h]h je\gyggy fZxlweZegedm&b_ghljje€ L2Zd
\bley” djb\bo _g_jl_Ibggh]lh djbl_jex ~ey djblbggbo Ibkde\ ih}\
I_hj_fe EZ]jZ@j2e hkdeevdb BpMWih\-"Z} fegefteggrbo
kmfe gbo klZge\ _g_jle*y
<bkgh\dbHIjbfZgh jhajZomggyhdgy ih\gh€ _g_j]l-€ f_f[jZgb
_g_jl_Ibgge je\ge klZge\ €€ je\gh\Z]b sh \e~ih\e~rZxlv djblbqghbf
Dexgh\e kekhZcdeklv _g_jley ieZklbgzZ ijh]lbg Ibkd je\gh\Zz
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<ieb\ ]_hf_Iljbggbo « "bgZfeqgbo iZjZf_lje\ \h~hiheef_jghlh klj
ihdZzagbdb ijhp_km Je~jhjeaZggy oZjgh\bo ijh mdle\

:g”jeth]lj_[gyd<heh”bfbj Ih]j_[bypdZ | _jd&glZeey <Zkbee\
+Mge\_jkbl | fblgh€ kijZ\b IZ negZgke\ >geijh MdjZ€g
+GZpehgZevgbc | _ogeggbc mge\ jkbl_ INgZgdr\kVdagi dlIZXEZgh

<kImi Ijh\_~_gh ~hkee<”"_ggy ijhp_km jeaZggy oZjgh\bo
\h~*hiheef_jgbf kljmf_g_f a f_lhx i*"\bs_ggy _n_dlb\ghkle f_1Ih"
reyohf fhrbnedZpe+€ jh[hgh€ je”*bghb

FZl_jeZeb Ih*"b>hke+~"_gh ijhp_k jhajsaZggy nee_ dmjdb [jh
o _dZ yeh\bgh]lh ¢« klbgygh]h ffiykZ >hke+”b ijhfh~~befkky azZ |_
afegb Ibkdm \e~ FIZ ~h Flz 7eZf_ljZ khfielZz r\b~rdhkle
i_j_fes_ggy \h”hiheef_jgh]h kljmf_gy \e~ghkgh ajZzadzZ oZjgh\h

. f k Dhgp_gljZpey I?H a fhe_dheyAgbfA fZkZfb

\Zjex\ZeZky \eN "h

J_ameviAdih\hj_ggeb[bgZ jheaZdmjh  _ghfm oZjgh\hfm ijh*mc
"hkblv jeadh ajhklzZz} ae a[eevr_ggyf dhgp_gljZp-¥ PZ htkkg]ldMey]
fZdkbfmfm azZz ~_ydbo hilbfZevgbohndhgreyglpfdpex fiKke_dmeyjghx
fZkhxA hilbfZevgZ dhgp_gljZpey ~hjs\gxZ “ey fhe_dmeyjgbo fZ
+ A « A & . \erih\ergh Af[eevr_ggy "«Zf_1jZ hl
khiez az g_afeggh]lh Ibkdm \h~gh]lh jhagbgm I?H ijba\h”~blv ~h
jhajsamzZjgh\hfm ijhAmdle <e~feq_gbc 0ZjZdI_j \ieb\m 7~eZf_1jZ "
khiezZ Je~jhjeaZevgh€ kljmf_g_nhjfmxqgh€ ]Jhee\db gZ Jeb[bgm |
Ibf sh \hlhklZggy khi_e a \e*ghkgh \_ebdbf ~«Zf_Ijhf \boe"gl
g_afeggbo r\b~dhkle i_j_fes_ggy \h~hiheef_jgh]lh kljmf_gy \
oZjgh\hlh ijh~mdIim « Ibkdm \h~gh]h jhagbgm I?H i_j_” khiehf i
"h af[eevr_ggy deevdhkle _dgZyj2%¥ gydh~pobpx ih\_joge o0Zjqgh
ijhA*mdIm sh jhajeazZz}lvky Sh[ ~“hky]lb h”rgZdh\h€ Jeb[bgb je:
oZjgh\bo ijhAmdle\ \ ~eZfRathgefRe™hklZlgvh Ibkdm \h~hihesf_jg
kljmf_gy ebr_ \e~ \hAyghlh kljmf_gy e<hgdg¥4ddbh]azZhqgzZldh\h]h
Ibkdm kihkl_je]Z}Ivky af[eevr_ggy Jeb[bgb <« r\b~rdhkle jeaZgg
kljmf_g_f \t jZa sh k\e~gblv ijh hkh[eb\bc f_oZgeaf ch]h \a
oZjgh\bf ijhAmdlhf HljbfZgh aZe_ “geklv [_ajhafejgh€ Jelk
\h~hihepdbf kljmf_gndZfhjh _gbo oZjgh\bo ijh*mdlZo \«* [_ajl
\erklZge “h ajeam khiezZ <bdhjbklZzggy \bkhdhr\b”~dekgh]lh kljm
I?H ey jhajeaZggy aZfhjh® _gbo oZjgh\bo ijh~mdle\ kmll}\h ie/\
ijhp_km jeaZggy |1Z jyodgeek j¥rd h\am

<bkgh\dbey kmll}\h]h ie*\bs_ggy _n_dlb\ghkle Je*jhjeaZgq
ijhAmdle\ gZc~hpeevger_ \bdhdhkhbjp-mbmkbjmfegv \h*gh]h jhaqbgn
I?H

Dexgh\e keph&jeazggy kljmfegv ihee_Ibe_ghdkb” khieh Ib!
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H[f _~ _ggyw@§Zfeqgbo kbeh\bo iZjZf Ije\ \ i _j oe”"gbo ijhp_kZ

gZlheec Khdhe_gdh He_dkzZg”"j R_\q_gdh He_
GZlZesy JhfZgq_gdh :gZklZkey R_
GZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€\ |

<klmiKIZIlly ijbk\yq_gZ ZgZeeam iigkdkdlib\h dibfdhjbklZggy
gZdhibg_gh€ ihl_gpeZevgh€ _g_j]*€ 9Z ijbdez”~e f_oZge-af
]hjbahglZevgh]lh i_j_fes_ggy * \deZ"Zggy mdgbAK’ih\jl @i i) B dra Za
h[f_"_ggyf "bgZfeqgbo gZ\ZglZ _gv

FZl_jeZeb « f_Bhtes”"_ggy |I_hj\bdggZgZ hkgh\e aZdhge\ -
ijbgpbie\ f_ozZgedb ae+ klI\hj_ggyf 1Z ZgZeeahf \e~ih\e~rgbo
nhjfZzeeazZpec yde klhkmxIvkyf_gZpledbbgblgZzgknhjfZpec a degp
j_amevlzZlhf ih}*gZggy i**\bs_gbo deg_fZlbqgbo iZjzZf_lje\ 1Z h
/\.C

J_amevigMp h\hj_gd&pwgl_a |_ogheh]eqgbo kbkl_f fZz} azZz f_Im
ijhlbjeq fo deg_fZlbggbfb iZjZzf_ljzfb \bkhdhijh*mdlb\ghf
_g_jlh\bljzlZfb « "bgZfeqgbfb gZ\ZglZ _ggyfb

GZ hkgh\s ZgZesam hkh[eb\hkl_c mmZjpboklpbkbglZiZgv
\bagZq_gZ fh eb\sklv \bdhjbklZggy “hjkldhkle ijm gh€ ie"\ekd
nZdlhjz "~ey “~hkylg_ggy azZ”Zgbo kis\\erghr_gv fe° klZlbqggbf
gZ\Zglz _ggyfb az i_mliZMmlzZ&ecghfm ihes <bdhjbklZgh <”_x
a[eevr_ggydkZpe€ “hjkldhkle kbkl_fb ie?\ekdb aZ fZdkbfZevgbo
gZ\ZglzZz _gv F_o0Zge*qgZ ljZzgknhjfZpey ijm gh€ kbkl_fb \ dheb\
gbavdhqgzklhligh€ ~h \bkhdhqgzZklhlgh€ a”eckgx}lvky iZjZe evg
ijm gbo _e_f_gle\ \bkhdh€mhjkjtshRhheZgdh\h]h rZjge«jz

Nedkh\Zg_ iheh _ggy “_nhjfh\Zgh]h ijnZ}gafhpdehgmyZZb
jhevemljbfm\Zq&l gpeZevgh€ g j]l*€ ihey ijm gbo kbe \bdhj
a“sckgx}lvky gz _1Zi« \dez”Zggy \Zglz s\ "~ey h[f_"_ggy
dhgl\Zzggy a hihjgbfb ijbcfZevgbfb iehsbgzZfb <bdexqg_gg
gbavdhqgzklhlgbo dheb\Zgv hagZqzZ} h[f_"_ggy _g_jl_Ilbggbo \Ilj
\'ijm'gbo _e_f _glZo

Jhajh[e_ge fZl_fZlbqg- nhjfZeeazZpe€ i*"I\_j"beb ijZ\h
\bdhjbklZggy kbkiggbh€afhjkldhkle hdjyfieihablb\gh]h j_amevlZl
h[f_"_ggy _dklj_fZevgbo ~bgzZfeqgbo gZ\ZglZ _gv gZ _I1Zi* i_
"hkylzZxlvky ihablb\ge _g_jl_Ibgge IZ "bgzZfeqge _n_dlb gZ aZde

<bkgh\dbh”_y \bdhjbklZggy kbkl_fb “djkbdmgfbtb ijm gbo
_e_f_gley} afhhpf_"m\Zlb ijhlbjeqqy fe° agZq_ggyfb deg_fZI
"bgZfeqgbo iZjZf_1je\

Dexqh\e kehbgzZfedZ “hjkldeklv ~_nhjfZpey fZkZ gZ\ZglZ _
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JJI$SEVWUIDIBWV

G_qge°ldZ kbkl_fZ mijz\eeggy _e_dljhihklZzqzZggyf ijhp_ke\ \bjl
oZjgh\bo ijhrmdle\

K_jlec ;Zed¥X"fbeZ DhibeXery Dm}\rZ
<Ze_jec Dm}N®ZgZ Dh\Zevgmd
+GZpehgZevgbc mge\ _jkbl | oZjgh\bMdjo§h£h]ec Db€
tEmpvdbc gZpehgZevgimgd\ o bdgnpvd MdjZz€gZz

<kImiljh\_"~ gh "hkegy a f_ Impjmgim\Zdgym i *\bs _ggy
_n_dlb\ghkle \bdhjbklZggy _e_dljbggh€ _g_jl*€ \ ijhp_kZo \b
ijh~rmdle\ ydbc [Zam}Ivky gZ Zelhjblfzo g_qeldh€ kbk
_e_dljhihklzqzggyf

FZl_jeZeth Ih*"b>hke«""_ggy % jmglidbiokhgZo hilbfZevgh]lh 1Z
g_qgeldh]h mijZ\eeggy vyd Ze]lhjblfb FzZfrZge 1Z Km]_gh Dhfi x
ijh\h*behky aZ “hihfh]hx 0$7/$% 6LPXOLQN

J_amevlZlb . h[{]h\hj&aghyfmevh\zZgh djbl_jec d_jm\z
_e_dljhihklzqzggyf \bjh[gbpl\Z ozj\gmbbbligg~rmdz”rZqes fegefea
nmgdpehgZeZ sh aZe_"blv \e” fZI_fZlbggh]lh hgedm\Zggy \IjZI .
ihim>ghkl_c \ljzZl Zdlb\gh€ 1Z j_Zdlb\gh€ ihim ghkle gZ je\ge* p
hdj fbo \maeZo gZ\Zyld adyHqd jm\Zggy h[jZdhbfZggy
_0g_jlh_n_dlb\gbo gZijm] m \maeZo kbkl_fb _e_dljhihklZgZggy
_g_jlh_n_dlb\gbo gZijm] \e~ ghfegZevgh€ gZijm]lb f_j_"¢ Z
k_]f_gle\ ihim ghkle 1Z Zdéeon-Dplagah\Zgbo klZlbggbo o0ZzZjzZdl_
gZ\Zglz  _ggymaeZo f_j_ "+ _d\*\Ze_glgh]lh Zdlb\gh]h hihjm
ihim>ghkle \ljZl ohehklh]l]h oh”m I1Z dhjhidh]h aZfbdZggy p_oh)
>ey \bjer_ggy azZz”Zqe d_jm\zZggy kbgl _ah\Zgh Ze]lhjlbdf a \bdrl
j_Imeylhje\ gZ je\gyo Jhéhbghi€NZHgmec Ahdj_fZ \bagZgq_gh sh
kblgZezfb g_qgeldh]h j_]meylhjZ p_oh\h€ ie*klZgpe€ fZxlv [mIb
_0g_jlh_n_dlb\gh€ « r\b~rdeklv afegb gzigmijm]Z \pbHgRghfbzZlhjzZ -
azZljbfdz kijZpx\Zggy AZ "“higboHxIgbk\ e~ _fhgkljh\Zgh sh I1Z
Zelhjblfzy afh]af_grblb \ljzlb _e_dljh_g_jl*€ \ ijhp_kZo o
\bjh[gbpl\Z ~h ihje\gygh a dezZkbqgbfb f_Ih~Zfb j_]mex\Zggy

<bkgh\dkhkes«""m\Zgbc f_Ih~ gZ hkgh\e g_qeldbo kbkl_f
i*Mjbfggy _g_jlh_n_dlb\gbo je\ge\ gZijm]b m \maeh\bo IhgqdZo |j
ijb afege gZijm]b " _j_eZ “b\e_ggy Z[h gZ\ZglZ _ggy kih b\Zqg-)\

Dexgh\e kehgZjlh_n_dIb\geklv _e_dljhdhigliZlg&ygy

i -
Afegb pmgZgpx'dm ihklZ\hd k\bighd®dZdZ Ebl\b
G_e_ Xjd_gZebkfeljehk 1ZiZjZk
tEblh\kvdbc «gklbIml Z]jZjgh€ _dhghfedb <eevgxk ED
tMge\_jkbl_I OZji_j :~ZfkZ Gvxihjl Rjhirbj <_ebdh[jblZc

<klmigZeeamxlvky kijmdIimjgemkfibglx jkl\ddhEZRfrgb prg
eZgx dm ihklzZ\hd k\bgbghb
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FZl_jeZeb « f_IM b hke+s~"_gge \bdhjbklh\mxlvky jeqge ih
> iZjlzf_glm klZlbklbdb EbI\b <« shlb g_\e pegb him[e<dh\:
keevkvdh]hkih”"Zjkvdh€ egnhjfzZpe€ « IDexghth]afe[pla gk kdih]
k\bgZjkI\Z EBbhkbes” mxIlgKky hkgh\dh®\ ihje\gyevgh]h ZiZeeam
liZneggh]lh ah[jZ _ggy Afegb peg gZ k\bglagrmaZkhtkiemAZmggnk)
_dhghf_ljbalgkl\ ydpz~"Zxlv fh ebhdiblkzlb \eZklb\hkle jy*m ~Zgb
\bagzZqgblb jeage Zki_dlb \addijkd@ klplmghlec <« ~h\]hkljhdh\e
i_jki_dlb\zZo

J_amevilghplh\hj_gd i_jeh”™ aj ih jm kljmdImje keevkvdh]
]JhkihrzZjklI\Zz af_grbezZky qzZkldZ fZebo n_jf_jkvdbo + kef_cgb
azZcfzZxlvky k\bgZjkl\hf yde \eANpgim&iehrem jhemk_dlhje
k\bgzjki\z EbI\b MZzZkldZz k\bg_ ¢ \bjhsm\Zgbo gZ n_jf_jkvdbo
]hkih~"ZjkI\Zo klZgh\beZz \ke}€ ihimeypi&gll\eg_grbeXky |
"h djblbggh gbavdh]h je\gy e« kdejZihz jdeAvdeklviHrZjkI\
yde \bjhsmxlv k\bg_c « [sevr af_grbeZky a ~h Z qZk

IN\ZjbgzZfb a[sevrbeZky a ~h P_c gzijyfhd jha\blc
h[mfhle_gh gbke_ggbfb nzZdlhjzZfb \dexgKxfb*habeghd i[eegy k

j 1Z \hexpex kbkl_fb azZkh[e\ ie”ljbfdb keevkvdh]h ]Jhkih"Z
gZkees~db jeadbo kljb[de\ peg ~_j Z\gh€ gl _j\ _gpecgh€ iheelbd
\ }\jhahgm =+« ijh[e_fb aZo\hjx\Zgv I\Zjbg

J amevlZlb ZgZeeam afegb peg "~ _fhgkljmxlv\ie&shmgiEkybgdm
deevdZ rhdeliepdmeb ngZim\2Zyggeg « ~h[jh[ml mqgzZkgbde\ eZgp
ihklz\hd H”"gZzZd j_ameviZlithidhelglm]hmp£gk_gZ ihdZaZeb sh gz
agzZgmsbc kljmdIimjgbazZphdkhWZgbc mhpe L_kI ijbgbgghkle
=j_cg”™ _jZ i*”*b\_jsh nhjfm\Zggy peg \e*"[m\Z}Ivky \ gZijyfdm \e

Ihjls\es ~h n_jf_je\ g_a\Z Zxgb gZ |_ sh \ ~h\]lhkljhdh\ec i_jk
Zkbf_ljbgiph_"egdb peg g_ i**\_j2~"m}lvky A]e~rgh a j_amevlZIZf
ihfbehd pegb gZ k\bhlgdxdmkyh®h je\gh\Z]b «a r\b~deklx azZ i_j

<bkgh\dbhkees""_ggy i*"I\_j~"m} agdgndsmialfgghkli\Z Ebl\b
L_KklI peg gZ kbf_ljex g_ \by\b\ ijhfe_f _n_dlb\ghkle nmgdpehgm)
dhjhldhkljhdh\ec i_jki_dlb\e } h*ghigrjlggy-gilbomi\hj_ggy

Dexqh\s kejfbh@hd k\bgbgZ afegZ pegb eZgpx hd ihklzZ\hd
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L QVWUXFWWRRWKRUV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBIL¥FBEOHQWLILF
SSNUDLQRRGRXUQDO
LQYLWHV \RX IRU SXEOLFDWLRQ RI \RXU UHVHDUFK UH

SHTXLUHPHQWY WR DOO WH[WV

/IDQJIXPUHIOLVK

SHFRPPHQEHEBIWKH BUSDLAOH

JRQWLPHV 1HZ 5SRPD@ |ROQW H/ LIHWADYDLA)W RQt ERRVK VLG

7KH VWUXFWXUH Rl WKH DUWLFOH

7KH WLWOH RI WKH DUWLFOH

$XWKRUDPHKOQ® VXUQDPH

,QVWLWXWLRQ ZKHUH WKH ZRUN KDV EHHQ SHUIRUPHC

$EVWUDFW RI' D SDJH 7KH VWUXFWXUH RI WKH DEV
RI WKH DUWLFOH ,QWURGXFWLRQ ODWHULDOV DQG PHWEK
.H\ZRUGV

7KH PDLQ ERG\ RI WKH DUWLFOH VKRXOG FRQWDLQ WK
,QWURGXFWLRQ
ODWHULDOV DQG PHWKRGV
S5HVXOWY DQG GLVFXVVLRQ
&RQFOXVLRQ
SHIHUHQFHYV
.l \RX QHHG \RX FDQ DGG DQRWKHU SDUWV DQG RU GLY
7KH LQIRUPDWLRQ DERXWXWKD MK WKFRHQWLILF GHJUHH
DQG FRQWDFW SKRQH QXPEHU

$00 ILIXUHV VKRXOG EH PDGH LQ JUDSKLF HGLWRU Wtk
7TKH EDFNJURXQG RI WKH JUDSKY DQG FKDUWY VKRXOG
ILIXUH HOHPHDUN G LAHI®/DFN FRORU

JLIXUHV DQG (;&(/ IRUPDW ILOHV ZLWK JUDSKV DGGL!
VHSDUDWH ILOHYV

3KRWRYVY DUH QRW UHFRPPHQGHG WR EH XVHG DV JUD Sk

‘HEVLWH RI 8NUDLQLD K WRGSRrRXXdMoOKR XD

(PDLO IRU DOO VXEPLVVLRQXI BG® RIWW DU X T X
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RZgh\ges dhe_]b

J AZdpecgZ dhe_]ey gZmdh\h]h i_j8iNWbG b RID\D YREIT <R X U C
aZijhrm} <Zk ~h im[e-dZp-g§ZmamedZ hkes"" _gv

<bfh]b ~h hnhjfe_ggy klZl_c

Fh\z klztZgleesckvdZz

FegefZevgbc h[ky} kIKdHpeghchjfZIm :[_a \jZom\Zggy ZghlZp-ec
kibkdm ee«l_jZImjb

>ey \keo _e_f_gle\ klZFMIERHMWIIHZ S5RPEQ -+gl_je

<ke ihey klhjitpd b kf

KijmdIimjz klZIle
M>D
GZa\Z klzll-
\lhjb klzdif§y 1Z ijea\bs_ ih\geklx ijbdez”~ >_gbk Ha_jygdh
Mklzgh\z \ ydec \bdhgZgZ jh[hlZ
ghlzpdyhYWadh¥W@jmdImjzZz ZghlzZpe«£€
i <klmiz jy~db
i FZl_je@dZ f_lh~ b ~h jy~rde\
i J_amevlZlb 1Z h[]h\hj_ggy i\ klhjegdb
i <bkgh\db jy~db
Dexgh\e kel\kee\ Ze_g_ keh\hkihemqg_gv

Imgdlbxt \bdhgZIlb ZglJeeckvdhx « mdjZz€gkvdhx fh\Zfb

Hkgh\gbc I_dkl klZlle FZ} \dexqZdbhHZt~eb[h\Tyadh\

i <klmi

i FZl_jeZeb IZ f_Ih"Db

i J_amevlZlb 1Z h[]lh\hj_ggy

i <bkgh\db

i Eel_jZImjZz

AZ g_h[os~ghkle fh gZ "h~Z\ZIb gre jha“eeb I1Z jha[b\ZIb €0 gZ

‘\lhjkvdz ~h\ly¢d¥bs_ «ffy 1Z ih [Zlvdh\e \g_gbc kimiegv |1Z .
jh[hlb _ddjhggz z~j_kzZ Z[h I_e_nhg
Dhglzdlige "Zge Z\IhjZz ~h ydh]lh aZ g_h[oe”*ghkle [m"_ a\_jlzZ

Jbkmgdb \bdhgmxlvky ydekgh KdZgh\Zge jbkmgdb g_ ijbcfZxlvk
jbkmgdZo ih\bgkig\[malbejgbf |_dkim WNHAIh]Zne€ fh'gZ \bdhjbklh\m\ZIb
ebr_ azZ €0 agZqgh€ gZmdh\h€ pegghkle

Nhg ljZnede\ "s&ZijjZf[eebc Dheesj _e_f_gle\ jbkmgdmzgdrjgdec keldZ
g_ kejbc

Jbkmgdb IZ ]jZnedb (;&(/ a ]1jZnedZfb ~h~Zldh\h ih~*Zxlvky \ hdj_fbo

Kdhjhg_gtbgZeabqggbo \_ebgbg \ |I_dkle 1Z gZ ]jZnedZo ihagZqZzZxl
eel_jzZfb \enrih\e~rgh ~h kbkl_fb K1

< kibkdm ee«l_jZImjb ih\bgge i_j_\Z Zlb Zglehfh\ges klZIl* 1Z fhghljzZ
iekey jhdm
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ljZ\beZ hnhjfe_ggy kibkdm e<l_jZImjb

< SNUDLQRR@R XU QYP® aZ hkgh\m azZ]Zevghijbcgyl \ k\ele
hnhjfe_ggy kibkdm eel_jZImjb atDUNDRKBg "EZjlfmglb ihkbeZggy
jhareeyxlelkyy dhfzfb

IhkbeZggy gZ klzZllx

\lhjb = : jed \b"Zggy GZa\zZ klzlle GZajgb\VmfjgZem d
ghf_j klhjegdb

lgepeZeb ibrmlvky iekey ijea\bsZz

<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb

ljbdez”

3RSRYLFL & *LWLQ / $OH[H 3 &KDUDFWHUL]DW

JUHHQ KXVN H[WUDFW REWRQ @CHR [E G ¥ XIOHURSUHMWY G DRDWF

JRRG DQG 3DFNDJLQJ 6FLHQFH 7HFKQ@ISTXH DQG 7HFKQ

IhkbeZggy gZ dgb]m
:\lhjb jedGZa\Z dgb]lb dmjkb\hf <b”~Z\gbpl\h Feklh
lgepeZeb ibrmlvky iekey ijea\bsZz
<ke _e_f_glb ihkhaZgayxlvky dhfzZfb
ljbdez”

"HQ&KLQJ <DQJ+DQGERRN RI |0XLGIDPLWILEKQ HD @ B/AMOOR\G
'"HNNHU 1HZ <RUN

IhkbeZggy gZ _e_dljhggbc j_kmjk

<bdhgm}lvky ZgZeh]eqgh ihkbeZggx gZ dgb]lm Z[h klZIlIx lek
ijh im[ecdZiprmlvky kehDZ ODEO I DaWn}livky _e_dljhggZ Zz~j_kZ
ljbde D"
6YLWRYL QDXNRYRPYHMNWIWEQH ED]\
KWWS ZzZzZ QDV JRYTBD SXEIHWBWRERW D
&KHXQJ 7 "RUOG V PRVW GHOLH[WSXYDYLOGDEQNV D!
KWWS WUDYHO FQQ FRP H[PRRANMWIERAR¥MIULQN ZRUC

Kibkhd ee«l_jZImjb hnhjfex}lvky ebr_ eZlbgbp_x ?e_f_glb kib
I1Z jhkeckvdhx fhijmkghhljZgkeesl_jm\ZIlb >ey ljZgkeel_jZpe€ a 1|
fhib \bdhjbklh\m}Ivky iZkihjlgbc klzg"rZ4klZg@azZjhike<kvdhgbo
klzg~zjlzo \bdhjbklh\mxlIvky kbf\heb ebr_ Zgleeckvdh]h Zenz
Zihkljhne\ 1Z «g

Ajmqgge kZclb "kgeljdgp-£€

A mdjZ€gkvdhEW WD DRRKOOCBWVVSRUW

A jhkeckvdh€KMWW 3V UDQNIEMR R Q @&/

>hAZIdh\Z sgnhjliZpptydeZ® hnhjfe_ggy kIZKEC! e
KWWS XIM KR XD

KIZlly gZ~"kbeZzZ}lvky aZ _e_dljhggIhBAXI1 WP HWD XD
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M>D
S8NUDLQLDQ )RRG inREW@DO hjblegZevygeklgZZimdhtihjhlde
ih\erhfe_ggy hley”h\e klZlle gh\bgb IZ h]ey~b e«l_jZImjb

L fZIlbdZ im[e+dEZWUDLQLDQ )RRG -RXUQDO

O0Zjgh\Z «g° ljhp_b IZ h[ez?

OZjgh\Z oefey GZghl_ogheh]«£€

Fedjh[eheh]ey ?dhghfedZ I1Z mijZ\eeggy
Neabgge \eZklb\hkle oZjghibldhvfZlbazZpey ijhp_ke\

ijhrmdle\ MiZzdh\dZ ~ey oZjgh\bo ijh~Amdle\

Ydeklv 1Z [_ai_dZ oZjgh\bo ijhAmdle\

| _jeh"bggeklv \boh"m “mhgZjdmgZ jed

J_amevlZlb "hkee""_gv ij_"klZ\e_ge* \ "'mjgZees ih\bgge [mlb
a\ yahd a oZjghhdhx < ij_~klZ\eylb <gl_j_k ~ey fe'gZjh”~gh]h
kie\Ih\ZjbkI\Z

SNUDLQLDQ )RRG"-RXWRDIOy gZmdhf_Ijbggbfb [ZaZfb
,QGH[ &RSHUQLFXV
(%6 &2
*RRJOH 6FKRODU
B8OULFKV:HE
*OREDO ,PSDFW )DFWRU
2Q0LQH RIEIPIMHUVLW\ RI 6RXWKHUQ 'HQPDUN
&$%, IXOO0 WH[W
'LUHFWRU\ Rl 5HVHDUFK -RXUQDOV ,QGH[LQJ '5-,
8QLYHUVDO ,PSDFW )DFWRU
'LUHFWRU\ Rl 2SHQ $FFHVV VFKRODUO\ 5HVRXUFHV 52%
(XURSHDQ 5HIHUHQFH ,QGH[WRH &R D RPF@HEHEHV DQG
'LUHFWRU\ Rl 2SHQ $FFHVV -RXUQDOV '2%-
,QIR%DVH ,QGH]
&KHPLFDO $EVWBRXAV¥W 668 GHULFES$66
(PHUJERJIUVHV &LWDWRQ ,QGH]

J p_gaey jmdhibkmzkIZ4leeb ij_"kl2yeim{erdm\Z§YDLYPLDQ
JRRG -RXUQDB "Ylv ©lhM\ecg_ keei_ j_p_gam\Zggy? "\hfzZ \q_gbft
j_"Zdpecghx dhe_]e}x h”bg } ge_ghf j_"~dhe_]+*€ « h”"bg g_aZe_"gb

Alhjkvd_ ijZYhlhjb klIZl_c ]ZjzZglmxlv sh jh[hlZ g_"Nvydjpnor_ggyf
Z\lhjkvdbo ijz\ 1Z \eArdh”h\mxlv \b”~Z\px ihjmr_ggy "Zgh€ 1ZjzZ
fZl_jeZeb } ijZ\h\hx \eZkgk8NUVUDNQpP @® )RRGydRKXKWQDalh”™ _gh
*gr_

lheelbdZ Zdz~_feqgh€l ~lbdiry ©8NUDLQLDQ )RRG -RXUQDC
ijAbezfb Zzdz"_feqgh€ _lbdb \bdezZz”_gbo \ jh[hle OLIXHO 5RLJ
SODJLDUBO®JYBOLVP DQG RWKHU TXHVWLRQDEOH ZULWLQJ
J_"Zdpey ijhihgm} zZ\Ihjzf klZI_c « j_p_ga_glzf ijydhpldem*ns\lb pvl
mgbdgmlb ihfbehd m gZmdh\lec e«l_jZImje

R - - 1Z ogrzZz dhjbkgZ egnhjfZpey jhafes_ge gZ |
KWWS XIM KR XD
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8NUDLQLDQ )RRG -RXUQDO

ﬂ - _l
=heh\gbc j_"Zdlhj

<heh”bfbj 1\ZghlehegZmd ij6ZpehgBewgge\_jkbl_| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Qe _dgb ' gZjh~rgih€Zdpecgh€ dhe ]<€

:1hlz =e}7j_ JZctjEDblIh\kvdbc sgeklbIiml Z]jZzjgh€ _dhghfedb EDb
<Ze_jec Fbjhgdimd_og 9gZmdGipmnhgZevgbc mge\_jkbl_I o0Zjgh\b
I_ogheh]ec gMdjZ£

<edlhj KlZ[g*tjhN_og gZjhhd GZpehgZevgbc mge\_jkbl_I| oZjgh\bo
I_ogheh]ec Mdjz€gZz

<ejlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z

<eZNefej =jm~Zpghh_o0g gZmd;edjjimkvdbc ~ j"Z\gbc Z]jZjgbc
I_ogeqgbc mgd\ ;plethljmkyv

?]lhg Rgepe‘jj ijhn_khjj Z\gbc mge\_jkbl_I IhglZ =jhkkb ;jZabe
Chjrzgdz Kl_n2Z)gh\&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde
DjeklegZ Ihiht™jg ~hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

Fzjd Rzfpydgy ~h@hjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

E_e«\_ev™ @klfipeZpey ©F«"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
IZkdZev >xiWhMge\_jkbl_| Deh” ;_jgZ]NjEgpey

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khg :fzj_cj ijhn Mge*\_jkbl_| ©RI_nZg q_e FZj_2 KmqgqZ\Z Jmf
Kl_nzg KlI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
L lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Lhfzr ; jgzZh ijhnS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >ayavlihoef gZmd1lgkgbkml azZz]lZevgh€ [Z g_hjJ]Zgeqgh€ o°
< 1 <_jgZ"kvdh]lh G:G MdjZ€ghb

Xjec ;eezZ%j ijhn @_rm\kvdbc I_ogheh]eqggbc lihhgvsZkbl_I

Qe _gb j ~"Zdpecgl€ dhe ]-

:gZlheec KZc]Zgh\dhg gZmdlgkhmiml kbkl_fgbo “hkee~ _gv \ :|
G:G ;}eZjmke

<Ze_jec Fbjhgdimd_og 9gZmdGipmnhgZevgbc mge\_jkbl_I| o0Zjgh\b
I_ogheh]ec MdjzZz€gZz

<edlhj KlZ[gedh\log gZjhd GZpehgZevgbc mgeXjgkiboad
I_ogheh]ec MdjzZz€gZz

<heh”bfbj Dh\[Ak4_og gZmdGZmnhgZevgbc mge\_jkbl_| oZjgh\k
I_ogheh]ec MdjzZz€gZz
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<eZNefej =jm~Zpghh_o0g gZmd;edjjimkvdbc N j"Z\gbc Z]jZjgbc

| _ogeqgbc mge\ ;plethljmkyv

=ZebgZ KefZdjeglzog gZmd GgmrhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec Mdjz€gZz

?]lhg Rgepe‘jj ijhn_khjj Z\gbc mge\_jkbl_I IhglZ =jhkkb ;jZabe
Chjrzgdz Kl_n2zZ)ghh&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde
DjeklegZ Ihihtjg HWp L_ogeqgbc mge\_jkbl_| Fhe~h\b

EZA"Z R_jedgYyg _dhg gZmd ifhaAp«ihgdZevgbc mge\_jkbl_| oZjgh\b
I_ogheh]ec Mdjz€gZz

Fzjd Rzfpydgy ~h@hjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

Fbdhez Kbqg_\k#pgbcdhgmdZijhhgklblml ijh*h\hevgboGj:mjke\
MdjZ€ghb

E_e«\_ev® Q@klfipeZpey ©Fe"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
He dkzZg”j R_\gtjgdhog gZmd GidpmhgZevgbc mge\_jkbl | oZjgh\
I_ogheh]ec Mdjz€gZz

He_gZ =jZ[h\RydZog 9gZmd GigprhgZevgbc mge\_jkbl_I oZjgh\bc
I_ogheh]ec MdjzZz€gZz

He_9gZ >jzZ]%g_dhg gZmdG4ZdpringZevgbc mge\_jkbl_| oZjgh\bo
|_ogheh]Mdjz€gZz

Hev]Z Jb[ad&Zg™ | _og gdmgghthevkvdbc gZpehgZevgbc | _ogeqghb
mge\j_kblf_ge 1\ZgZ Imexy MdjZ€gZz

IZkdZev >xivhMge\_jkbl_| Deh” ;_jgZNjEghegy

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RI_nZg q_e FZj_2 KmqgqZ\Z Jmf
Klzgdz >zZfygh\Zdjhn Jmk_ghkwvgdc jkbl_| ©:gle_e DZgqg_\2 neeey
JZaljZ™ ;helZjey

Kl_nzZg KlI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
L _lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Lhfzr ; jgzZh ijhnS pbgkvdbc mge\_jkbl_ | lhevsZ

Xeey >ayavlihoef gZmd1lgkgbkml aZz]lZevgh€ [Z g_hj]J]Zgeqgh€ o°
<1 <_jgZ~kvdh]h G:G MdjzZ€ghb

Xjec ;eeZz%yj ijhn@ _rm\kvdbc L_ogheh]eqggbclMagwsZjkbl_|I

He dkec =myegn\e"Zevgbc kd&jg1Zjl og gzZ@&dphgzZevgbc
mge\_jkbl_|I oZjgh\bo | _ogheh]ec MdjZ€gZz
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