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OLVOHDGLQJ UHVLGXHV RQ OLWKLFV IURP 6WI
5DPDQ PLFURVSHFWURVFRS\

BKDQQRQP &URQWWDQWLQRV RIRWPLGE QUWFW\ (PLOQHU

P HSDUWPHQW RI $UFKDHRORJ\ .LRIJ<ROD QRRIUMN QLY HY¥ LBV\
E'HSDUWPHQW RI 3K\WLFV 8QLYHQVERUMRI<RUN' +8HVOLQJIJWR

&RUUHVSRQGLQJ DXWKRWK PMDORQ BIGHE WHBK & BRIV X N

$%675%&7

$QFLHQW WUDFH UHVLGXHV OHIW RQ VWRQH DUWHIDFWYV E
SRWHQWLDOO\ IUXLWIXO GDWD DERXW GLHW WHFKQRORJ\ |
LV QRW SUREOHP IUHH 5DWKHU FRUUHFW LGHQWLILFDW
GHWHUPLQDWLRQ RI WKHLU QDWXUDO RUDQWKURSRJHQLF R
PHWKRGRORJLFDO GHYHORSPHQW LQ OLWKLF UHVLGXH DQEC
FOHDU WKDW UHIOHFWHG YLVLEOH OLJKW PLFURVFRS\ 9/0
LGHQWLILFDWLRQV RI DPELJXRXV UHVLGXHV &RQIRFDO
PLFUR 5DPDQ LV D QRQ GHVWUXFWLY AVKH VS®IETXIH-VWIRDW )
QDWXUH RI PLFURVFRSLF UHVLGXHV AWK KW XK \LSHW MDLO LUFHD
DUWHIDFW UHVLGXHV DV DQWKURSRJHQLF E\ YLVXDO LQVS
LOQFRUUHFW LQ DOO FDVHV WHVWHG OLFUR 5DPDQ SURYLGH(
XQDPELIJXRXVO\ GHWHUPLQH WKH FKHPLFDO QDWXUH RI UH

.H\ZRUGYV
1RQ DQWKURSRJHQLF UHVLGXHV LURQ R[LGH J\SVXP TXEC
PLFURVFRS\ 9/0 FRQIRFDO 5DPDQ PLFURVSHFWURVFRS\ F

QWURGXFWLRQ

7KH LGHDO JRDO RI UHVLGXH DQDO\VLY RQ VWRQH WRROV LV
WKH XVH RI REMHFWYV E\ KXPDQV LQ WKH SDVW DQG RU UHFF
PDGH GXULQJ PDQXIDFWXULQJ DFWLYLWLHV 7KLV JRDO LV F|
LQ UHVLGXH DQDO\VLWXWHRQHCGLE\H® B/ ODP D DQG
/IDQJHMDQV
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SHVLGXHV PLIKW EH GXH WR FRQWDPLQDMHRSUBMW®&HAH RV/IK
FRQWDPLQDQWY RQ DUWHIDFWYV RULJLQDWLQJ IURP WKH EXL
VRXUFHY DUH D VLIJQLILFDQW FRQFHUQ

5SHVHDUFKHUV DUH VWLOO XQDEOH WR GHVFULEH WKH PHFI
7KH FKHPLFDO PHFKDQLVPV WKDW GHJUDGH UHVLGXHV DV
HQYLURQPHQWY DUH QRW ZHOO XQGHUVWRRG 7KLV PHDQYV
SURFHVVHV WKDW DUH DIIHFWLQJ WKH OLWKLF DVVHPEODJ

SHVLGXHVY RQ D WRRO FRXOG EH D SDOLPSVHVW RI HYHQ
GLVWLQJXLVK WKHVH GLITHUHQW HYHQWYV 5HVLGXHV RI WK
QHFHVVDULO\ UHODWHG LQ WLPH DQG WKH WDVNV WR ZKlI
WKURXJKRXW WKH FRXUVH RI XVH

7TKHVH WKUHH PHWKRGRORJLFDO LVVXHV DUH DOO LPSRI
GHYHORSPHQW RI OLWKLF UHVLGXH DQDO\VLV 1HYHUWKHO
LOQOWHUSUHWDWLRQ FDQ EH DGGHG WR WKLV OLVW RI FKDOC

5HVLGXHV PD\ EH LGHQWLILHG LQFRUUHFWO\ GXH WR LQ\

6SHFLILF DQG DFFXUDWH LGHQWLILFDWLRQ WR GLIITHUHQW
QRQ DQWKURSRJHQLF RU uFRQWDPLQDQWYT UHVLGXHV RQ VW
DQG KDV EHHQ KLJKOLJKWHG UHFHQW@QURVWRQODM®WYBW DO

3HGHUJQDQD DQG %ODNERHPHUJLQJ WHEKQLTXHV DUH SUR
REMHFWLYH LGHQWLILFDWLRQV WKDW DUH OHVV VXVFHSWL|
WKHP DUH JRXULHU WUDQVIRUP LQIUDUHG VSHFWURVFRS\ FF

ORQQLHU HW DO JDV FKRURPDWRJUDSK\ PDVV VSHFWURP
%YOHLFKHU HW DO +HOZLJ HW DO DQXPBO@PMHAV DC
PLFURVSHFWURVFRS\ RRRUUGRHSOHVD Q O ORQQLMHKULWYW DO

LOQFUHDVH LQ WKH XVH RI YHULILDEOH WHFKQLTXHV LQ UH)\
VXUSULVH OROHFXODU OHYHO DQDO\VLV LV ZLGHO\ UHJDUG
HISDQGLQJ WKH NQRZOHGJH EDVH LQ DUFKDHRORJLFDO VW

+HUH ZH SUHVHQW WKUHH UHVLGXH W\SHVY HQFRXQWHUHG L
&DUU ZKHUH PLFUR 5DPDQ GHPRQVWUDWHG WKDW WKH SUR
RQ PLFURVFRSLF YLVXDO FKDUDFWHULVWLFV DORQH ZHU}
LQYHVWLIJDWLRQ LQFOXGLQJ YDULDEOH SUHVVXUH VFDQQI
ZLWK HQHUJ\ GLVSHUVLYH ; UD\ VSHFWURVFRS\ 93 6(0 ('6
ZHUH DOVR XVHG WR WU\ WR GLVFHUQ WKH FKHPLFDO LG
PLFUR 5DPDQ SURYLGHG WKH FOHDUHVW DQG PRVW VSHFLIL
W\SHV WHVWHG
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6LWH DQG VDPSOHYV

7KH OLWKLF VDPSOH ZDV HI[FDYDWHG DW WKH (DUO\ OHVROLW
RI 3LENHULQJ 8. )LJ 7KH VLWH LV ZLWKLQ ZHWODQG SHD
LWV SUHVHUYDWLRQ RIRUJDQLF DUWHIDFWY 7KHILUVW OHV|
PRGHOOHG ZLWK UDGLRFDUERX) GPWE VoW B V RVEDDUEN. D@ \
HQG DWt FDO %& SUREDELOD\WLVY HW DO LQ SUHVV )LJ

yLJ /RFDWLRQ RI WKH VLWH RI 6WDU &DERXIUF H B U WK P< RIUNYHU UHW ®.0
,QWHUQHW $UFIKIHRFOHRG) XQGHU && %<

$ WRWDO RI VWRQH WRROV DQG VHGLPHQW VDPSOHYV Z|
VSHFLILFDOO\ IRU UHVLGXH DQDO\VLV 21 WKHVH VWF

PLFURVFRSLFDOO\ IROORZHG E\ FKHPLFDO FKDUDFWHULVEL
VHGLPHQW VDPSOHYV
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OHWKRG

$QWL FRQWDPLQDWLRQ SURWRFROV DQG FOHDQLQJ

$UWHIDFWYV ZHUH KDQGOHG ZLWK FDUH WR PLQLPLVH FRQV
DQDO\VWVHV VXFK DV OLWKLF W\SR WHFKQRORJLFDO DQDO\VL
SODFH SULRU WR UHVLGXH DQDO\VLV PLQLPLVLQJ WKH LQW
IURP KDQGOLQJ RU FXUDWLRQ SUDFWLFHYV VXFK DV WKH DG
SROLVK 2Q VLWH DW 6WDU &DUU H[FDYDWRUV FROOHFWHG
LOQVHUWLQJ D WURZHO LQWR WKH VRLO MXVW EHORZ WKH C
SRO\HWK\OHQH JLS EDJ ZLWKRXW WRXFKLQJ WKH OLWKLF {
ZDV WDNHQ EHORZ HDFK OLWKLF ZLWK D WURZHO DQG SODFI
VDPSOHV ZHUH VWRUHG LQ D IULGJH DW f& WR VORZ WKH G
DUFKDHRORJLFDO UHVLGXHV E\ IXQJL EDFWHULD PLFURR
LQVHFWY (DFK OLWKLF ZDV KDQGOHG ZLWK JORYHV ZKLFK Z
WR SUHYHQW FURVV FRQWDPLQDWLRQ 7KH QRQ SRZGHUHG
ZHUH PLFURVFRSLFDPDQUG L@QHIEHFUWNAE D U F K

$IWHU HIFDYDWLRQ DOGHINMNR@H WBBOVLKBGGHSRVLWY DGK
VXUIDFHFOHDQLQJ WUHDWP HQ WO2DR/Z UHNXLLG&HHGY WWIRR EH VHH
PLFURVFRSLF H[BPWEDWLRQWLQJ VHYHUDO OLWKLF FOHDC
GHWHUPLQHG WKDW WKH PRVW VXLWDEOH PHWKRG ZDV D ZD'
IURP D VTXHH]H ERWWOH DQG JHQWOH UXEELQJ HDFK OLWKL
ZDVKLQJ HDFK OLWKLF ZzDV VHW WR GU\ QH[W WR LWV DVVRF
QHZ VKHHW RI FOLQJ ILOP PDNLQJ VXUH QR OLWKLFV RU E|

7R SURYLGH D VXSSRUW RQ WKH PLFURVFRSH VWDJH WKDW P
ORVV RI UHVLGXHV WKH VWDJH ZDV SUHSDUHG E\ SODFLQJD
DQG WKHQ RYHUOD\LQJ D QHZ OD\HU RI SODVWLF SDUDIILQ
IUHVK XQXVHG VXUIDFH WKDW VHSDUDWHG WKH PRXOGDEO
7KXV WKH DUWHIDFWV QHYHU FDPH LQWR GLUHFW FRQWDF

5HIOHFWHG YLVLEOH OLJKW PLFURVFRS\ 9/0

$ VDPSOH RI OLWKLFV ZHUH H[DPLQHG XVLQJ UHIOHFWHG
&DUU OLFURVFRSLF REVHUYDWLRQV UHYHDOHG GHSRVLWYV
UHVLQ VLOLFLILHG SODQW UHPDLQV SRVVLEO\ SK\WROLWK
WKHVH UHVLGXHV GLG QRW FRQWDLQ VWUXFWXUHV ZKLFK |
EDVHG RQ PLFURVFRSLF YLVXHH RKAIRJ WFWW UMCKW L E2AH U H

LQYHVWLIDWHG ZLWK PLFUR 5DPDQ 9/0 H[DPLQDWLRQ ZD!
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DQRDO\WLFDO VWHS WR LGHQWLI\ GHSRVLWY RQ VWRQH WRF
KXPDQ DFWLYLW\

YRU WKH UHIOHFWHG 9/0 DQDO\VLY D ORZ SRZHU /HLED 0=
PDJQLILFDWLRQV IURP [ DQG D KLJK SRZHU /HLFD '0
UDQJLQJ IURP [WR [ DQG DQ H\HSLHFH PDJQLILFDWLRQ
ORFDWLRQV Rl UHVLGXHV IRU LQYHVWLJDWLRQ ZLWK PLFU
SKRWRJUDSKV Rl HDFK OLWKLF DQG ] VWDFNHG PLFURJUDSK
/JHLFD ORQWDJH VRIWZDUH

5DPDQ PLFURVSHFWURVFRS\ PLFUR 5DPDQ

OLFUR 5DPDQ ZDV XVHG WR WHVW WKH K\SRWKHVLVHG LGH
GHWHUPLQH LI WKH FKHPLFDO VLJQDWXUHVY FROOHEWHG Z
VLOLFHRXV SODQW PLFUR UHPDLQV 5DPDQ VSHFEWURVFRS\ L
RUJDQLF PROHFXODU VSHFLHV RI VROLG OLTXLG RU JDV VD]
VSHFELILF PROHFXOH LV SURYLGHG E\ ,5 DQG 5DPDQ VSHFWU
DWRPV WKHLU JHRPHWULF DUUDQJHPHQW DQG WKH W\SHV F
PROHFXDBINLQ J/LNH )7,5 5DPDQ VSHEWURVFRS\ LV D W\SH
VSHEWURVFRS\ DQG PHDVXUHV WKH LQWHUDFWLRQV EHWZH
ERQGYV 7KH VDPSOH LV LUUDGLDWHG ZLWK D YLVLEOH RU QH
WKH UHVXOWLQJ VFDWWHUHG UDGLDWLRQ LV BNBRIWHWG ZL
DO $Q XQNQRZQ PROHFXOH FDQ EH LGHQWLILHG EHFDX
VSHEWURVFRSLF SDWWHURHRLIJUHTXHOKDWVFDQ EH UHFRJQ
FRPSDULVRQ ZLWK VSHFWUDO OLEUDULHVY DQG SXEOLVKHG O
EDVHG RQ WKH TXDQWXP FKHPLFDO DSSURDFKHV VXFK DV
-RKQVRQ DQG )ORULIQ

7KHUH DUH WKUHH PDMRU DGYDQWDJHV RI XVLQJ PLFU
DUFKDHRORJLFDO D UMKHND PV K QLWUNXWMODOORZY FKHPLFDO Fl
PDWHULDOV ZLWK D KLJK GHJUHH RIHFRQBPXODW V' HHAIQLF
LQYDVLYH WR WKH UHVLGXH XVLQJ D ODVHU VSRW VL]H RI ¢
FRQVLGHUHG D QRQ GHVWUXFWQYHVWHG KRQ GXHW K KDKWOBH H
FRQGLWLRQV GDPDJH FDQ RFFXU IRU VSHFLILF UHVLGXHV

DQDO\WHG LQ VLWX RQ WKH QRQ XQQHWR R/X ZIDF K \J HRQ HAUKDH
VDPSOH SUHSDUDWLDRQWKHTXLWHKE VXUIDFH PRUSKRORJ\

URXJKQHVV LV IRXQG WR DIIHFW WIAHHPHGVXWHIEO5DPDQ VL

OLFUR 5DPDQ KDV EHHQ XVHG IRU YDULRXV LQYHVWLJDWLR
DQDO\LV RI ELWXPHQ UHVLGRBQ RHUVAWR QWRY RIKORSRIHQLF
S\ULWH WUDFHV RQ IORPEDUGR NWW DDUSLIPHQWY RQ 5RPL
VWDWERVDQR HW DOSW 6WDU &DUU PLFUR 5DPDQ ZDV UHF!
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LGHQWLI\ QDWXUDOO\ IRUPHG DXWKLJHQLF S\ULWH PLFUR
HQJUDYHG OHVROLWKLHH-OROBIOHHSHDRG D QW

$ +25, %% -RELQ <YRQ ;SORUD FRQIRFDO 5DPDQ PLFURVFRSH Z
DQG ,*25 3UR VRIWZDUH IRU SHDN DQDO\VLVY ZHUH XVHG WR F
/IRQJ ZRUNLQJ GLVWDQFH PLFURVFRSH REMHFWLYHYV ZHUH X
GLUHFW FRQWDFW EHWZHHQ OHQV DQG REMHFW GXULQJ VD
GLRGH ODVHU DW QP ZDYHOHQJIJWK ZDV XVHG DQG WKH EHD
DQG [PLFURVFRSHREMHFWLYHV RQ WKH VDPSOH DW VPDOC
OD[LPXP ODVHU SRZHU XVHG ZDV P: $FTXLVLWLRQ WLPH
QXPEHU RI DFFXPXODWLRQV UHSHWLWLRQV ZDV D
JURRYHV PP 3RO\QRPLDO EDVHOLQH FRUUHFWLRQV ZHUH D
UHPRYH IOXRUHVFHQFH EDFNJURXQG XVLQJ WKH VRIWZDUH

7KLV FRUUHFWHG GDWD ZDV SORWWHG XVLQJ 2ULJLQ V|
$GREH ,OOXVWUDWRU &6 2QFHS5DPDQ VSHFWUD ZHUH FROO|
FRPSDUHG WR VSHFWHDHUEBDWHD DDEFHDULHY DV ZHOO DV SXE
LGHQWLI\ WKRAKPDBRX AN D@OLQW RI RQH RI WKH DUWHIDFWYV ZDV
WR WKH VSHFWUD FROOHFWHG IURP WKH UHVLGXMD/L@RM EXO
. TXDUW] 6ZPWK HYLGHQFH IRU LQFOXVLRD SR PR RG IKWRHI

. TXDUW] ZLWK D GLIITHUHQW FU\VWDO VWUXFWXUH

SHVXOWYV

5HVLQ"

-XVW RYHU KDOI RI DOO DUWHIDFWV H[DPLQHG Q
GHSRVLWV IURP FRQWH[WV LQ WKH ZDWHUORJJHG DQG GU
SODXVLEOH WKDW KDIWLQJ DQG RU UHVLQRXV UHVLGXHV \
SDUWLFXODUO\ LQ WKH EXULDO FRQGLWLRQV DW 6WDU &DU
LGHQWLILHG DW WKH VLWH E\ *& 06 E\ $DHGLPR @LQBUrHHRDQ
IOLQW ZDV RQH RI WKH EHVW SUHVHUYHG UHVLGXHV IRXQG I
&DU&URIW HW DO

OLFURVFRSLF GHVFULSWLRQ

$W OHDVW IRXU PDLQ PRUSKRORJLHV RU W\SHV RI UHG RUDC
IOLQW VWRQH WRROV ERXQGHG DPRUSKRXV GLIIXVH DPRL
SODQW WLVVXHV 7KH ERXQGHG DPRUSKRXV UHG RUDQJH G
DQG XVXDOO\ HIKLELWHG D OLTXLG SRRO RU GURSOHW OLN
VRPH ERXQGHG DPRUSKRXV GHSRVLWYV ZHUH FUDFNHG DQG
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PLFURODPLQDWLRH) JLIVXKEBHDPRUSKRXV GHSRVLWY DSSHDL
DUHDV RI PLVWHG RUVSODWWHUHG FRDWLQJ 7KLV GLIIXVH
IRXQG LQ FRPELQDWLRQ ZLWK WKH PRUH GLVFUHWH ERXQC
HIDPSOH RQ GRUVDO SUR[LPDO IODW VXUIDFH RI EODGH

GLIIXVH GHSRVLWY ZHUH VHHQ HPDQDWLQJ RXWZDUGYV IURF

» \ W,

yLJ 'LIXVH DPRUSKRXV UHG RUDQJH GHSRVLWVRVDWGVERKXWK HDG|ORRGE
GURSOHW OLNH DSSHDUDQFH IRXQG WRIJHWKRIUER@ ®HKH GRUVDO SURJL

7KH UHG RUDQJH WLGHOLQH GHSRVLW DSSHDUHG DV D VOI
SRVVLEOH WKDW WKHVH UHSUHVHQW WKH HGJH RU H[WHQYV
SUHFLSLWDWHG RXW RI WKH JURXQGZDWHU 7KLV PLJKW EH \
ZKHQ D VDOW RDVLV RU ODNH XQGHUJRHYV GU\LQJ OHDYLQJ
WKH PDUJLQV ZHUH 7KH IRXUWK PRUSKRORJ\ REVHUYHG ZI



FDVWV WKDW KDG YLVLEOH FHOO zZDOOV )LJ 7KH FHOO Z|
SDUWLDOO\ LQILOOHG QRW DQ LPSUHVVLRQ LQ D YLVFRXV

100 ym i
i

)LJ /HIW UHG RUDQJH WLGHOLQH GHSRVLW L@ B\RVRMAL® OH RQ ZILGV K G
PLFUROLWK 5LJKW OLFURJUDSKRIUHG RRURDQYH GHILRPWOIHNGAKKHK B O
RI SODQW WLVVXHV FUHDWLQJD FDVW SRVVLEF®\DASSKIHSU PRO@ EFGH®H/ R

'"HSRVLW ORFDWHG RQ GRUVDO PLG FHQWRMLWXUWBBH RREVOBRGH LT
VLQJOH HGJH RU WKH SUR[LPDO DUHD RI WKH E OW GHX \ \U B WIKMUEAH K S 5 B ¥
DOO RYHU WKH WRRO

OLFUR 5DRDQ@\VLV

5HG RUDQJH GHSRVLWV RQ WKUHH IOLQW DUWHIDFWYV
LQYHVWLIDWHG XVLQJ PLFUR 5DPDQ DQG RQH RI WKH VSHFYV
LV SUHVHQWHG KHUH 6KLQ\UHG RUDQJH GHSRVLWYV ZHUH PI
2Q WKH GRUvVvDO VLGH WKHVH GHSRVLWY DSSHDUHG DV
ORQJ DQG DERXW PP ZLGH DDRPURVHARBRHUBGEBORJILHV RI Ul
GHSRVLWYV ERXQGHG DPRUSKRXV GLIIXVH DPRUSKRXV WLC
ZHUH IRXQG 6SHFLILF SRLQWYVY RQ WKH UHVLGXH ZHUH LQY

:KLOVW PDQLSXODWLQJ EODGH RQ WKWKRALHH R P BR®OHSVLWE
RI WKH UHG RUDQJH UHVLGXH GHSRVLWYV ZHUH XQLQWHQW
7TKHVH UHVLGXH IUD A ROOMFVWYHGHURP WKH FOHDQ SDUDIL
QRQ SRZGHUHG JDROAHVGDLEAGD VWHULOH JODVV YLDDRIRU VWR
PLFUR 5DPDQ VSHFWURVFRS\ WKH IUDJPHQWY ZHUH SODFHG
VXSSRUW RQ WRS RIDPLFURVFRSHVOLGH )LJ 7KH .%U VX
EDFNJURXQG 5DPDQ VFDWWHULQJ 7KH IODWWHVW I|IUDJP
LQYHVWLIDWHG ZLWK WKH UHG VLGH IDFLQJ WKH ODVHU



)LJ /HIW %ODGH ZLWK UHG RUDQJH SODQWUNVIDW/XKUWHFDVW /HDPFPR\DL
ORFDWLRQ FLUFOHG

7KH 5DPDQ VSHFWUD REWDLQHG IURP WKH UHG RUDQJH GHS
.., R[LGH NQRZQ DV HRHPDWLVWRHLGHKDN VHYHUDO NQRZ
SRO\PRBRMOAPRUSKY VKDUH WKH VDPH FKHPLFDO IRUPXOD E:
VWUXFWXUHV GXH WR GLIIHUHQW DUUDQJHPHQWYV RI WKH
YLEUDWLRQDO ISH RREHWSRBWRUSKV RI LURQ2 ,,K Hj PLIRQ D OH
FRUXQGXP VWUXHWXAXELF VSLQHO VWEXFRXXEILHF EL[E\LWH
VWUXFWHQUAH 02) HRUWKR U KRWPBELFWEBHLO HW DO  7KH
5DPDQ EDQGV ZDYHQXPKHRZWY E® )LJ DW a D Q
FP PDWFK ZHOO ZLWK WKH UH.I HWH Q% H DAVBW KH\D QRUU*LOV
%RQQHDX HW DO %XUJLR DQG &ODUN &RXUWLC
'DV DQG +HQG U\ GH )DULD HW DO GH)DULD DQG /RS
HW DO (GZDUGV HW DO JURPHQW HW DO JHIRC
ORUWLPRUH HW DO 2K HW DO 2KWVXND HW DO
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)LJ $ 5DPDQ VSHFWUXP FROOHFWHG IURP D UIB®WWW Q QHEDMIMHW WLV
LOOXVWUDWLQJ WKH GHSRVLW LV LURQ ,,, R[LGH

6LOLFHRXV SK\WROLWKYV RU ZRRG UHPDLQV"

OLFURVFRSLF FU\WWDOOLQH VWUXFWXUHV ZHUH IUHTXHQWO
VRPHWLPHY ZLWKLQ D VKLQ\ GHSRVLW RQ WKH WRRO VRPHW,
7KHVH FRORXUOHVV FU\WWDOV ZHUH IRXQG RQ RI RI
IURP 6WDU &DUU 2Q LQLWLDO GLVFRYHU\ LW ZDV WKRXJKW
ELRJHQLF VLOLFD SK\WROLWKV IURP SODQW PDWHULDO RU |
VXSSRUW WR WKLV K\SRWKHVLV ZDV WKH IDFW WKDW WKH P|
WKH VDPH UHFXUULQJ VKDSHVY DQG ZHUH RIWHQ ORFDWHG
XVHZHDU SROLVK ([DPSOHV RI SROLVK ZLWK SK\WROLWKV H
DFWLYLWLHYV KDYH EHHQ UHSRUWHG SUHYLRXVO\ VXFK DV
$QGHUVRQ DQG $XVWUDOLDQ 30HLVWR FH@QGDIDLYTQ Q J) VWO
7KXV LW VHHPHG UHDVRQDEOH WR H[SHFW SODQW ZRU
SHUKDSV IURP WKH SURFHVVLQJ RI UHHGV RU JUDVVHV IRU PI
DQG RWKHU LWHPV RQ IOLQW WRROV IURP 6WDU &DUU

$O00 EXW RQH RI WKH WRROV FRQWDLQLQJ FOHDU FU\VWDOV .
WKH ZHWODQG SDUW RI 6 WDU &DUU *LYHQ WKLV WUHQG LW
UHODWLRQVKLS EHWZHHQ WKH SUHVHQFH RI DFLGLF RUJDQL
FRORXUOHVYV FU\VWDOV RQ VWRQH WRROV


https://paperpile.com/c/4oLmKJ/rBajK
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OLFURVFRSLF GHVFULSWLRQ

&U\VWDOV ZHUH DOZD\V FOHDU DQG FRORXUOHVYV /DWK ILQ
W\A\SHYV WZLQQHG VZDOORZWDLO DQG ILEURXV VKHHW
RFFDVLRQDOO\ ZLWK D FRPELQDWLRQ RI WKHVH VKDSHV RFF
VHH H[DPSOH )LJ 7KH ODWK FU\WVWDOV ZHUH QDUURZ
VKDSHVY DQG RIWHQ KDG WDSHUHG HQGYV

rosetteZ

T N .
"N Fe

yLJ /IDWK DQG URVHWWH FU\VWQW V O R XM \EVIRIL & MHHEBADH IREI Q W

J)LOH QHHGOH ZDV DQ DFLFXODU FU\VWDO KDELW DQG FDQ DO
DQG HORQJDWH KRZHYHU ZLWK D VPDOOHU ZLGWK WKDQ

5KRPEXV OLNH FU\VWDOV ZHUH GLDPRQG VKDSHG ZLWK H(
RSSRVLWH VLGHY SDUDOOHO )LJ




)LJ /HIW 5KRPEXV DQG ODWK FU\VWDOV RQCENDQ® Ha PYRQWUWG®WYIFRR
WKH WRRO HGJH 5LJKW ([DPSOH RI ILQH QHHG O HO/RKREIEWM IGGF R QVAVHDI W GR.G
HGJH QHDU VRPH FRUWH[ RQ WKH IOLQW

7KH URVHWWH FU\VWDO KDELW ZDV PDGH XS RI JURXSYV RI |
IURP D FHQWUDO SRLQW ,Q DGGLWLRQ WREHLQJLGHQWLILH

KDELW ZDV DOVR REVHUYHG LQ VHGLPHQW VDPSOHV IURP
VKDSH ZDV IRXQG GXULQJUHIOHFWHG 9/0 DQDO\VLV 5RVHWW
EORFN\ ODWK FU\VWDOV DSSHDULQJ DV ILEURXV RIIVKRRWYV
FHQWUH )LJ DERYH

7ZLQQHG PLFURVWUXFWXUHYVY ZHUH DQRWKHU W\SH RI FROR
LQLWLDO LQVSHFWLRQ WKHVHWZLQQHG PLFURVWUXFWXUH )
VKDSHG JUDVV SKXM®HRWQRVKMRZHYHU FORVHU LQVSHFWLRQ U
WKHVH VWUXFWXUHV PRUH FORVHO\ UHVHPEOHG FU\VWDO

WZLQQHG FU\WWDOV REVHUYHG ZHUH DERXW PDQG DSSH
VZDOORZWDLO WZLQV VLQFH ERWK HQGV R HDHH JISWXWPD O H
FU\WWDOV -DIDU]JDGHK DQG % XU QK DLPJ S )LJ H

)LJ 7ZLQQHG FU\WWWDOV VXUURXQGHG E\ D VKLNIEMWSHRE LM RR Q ONDKNHH YWHI

7KH ODVW VKDSH RI FRORXUOHVYV FU\VWDO IRUPDWLRQV H[KI
FuU\zvwbov 7KHVH pVKHHWVY ZHUH HORQJDWH DQG WLJKWO
REVHUYHG LQ VLWX RQ VWRQH WRROV WKHVH FU\VWDOV D
DUWLFXODWHG YDVFXODU WLVVXH VXFK DV ZRRG WUDFKHLC
GLVFRXQWHG EDVHG RQ D ODFN RI SRUHV )LJ OLFURVEFRS


https://paperpile.com/c/4oLmKJ/gKhJ
https://paperpile.com/c/4oLmKJ/PYhe/?locator=418&prefix=see%20gypsum%20crystals%2C&suffix=Fig.%201e
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IODWWHQHG DQG VKHHW @ILINHHW\V&/D OV SDQG RDVMVEHV
RI'  LEURXV J\SVXP RFFXUULQJ LQ SDUDOOHO DOLJQPHQW KI
HISHULPHQWDO VRLOV E\ -DIDU]DGHK DSQ@GDWXUQKDP

yLJ /JHIW 2ULJLQDOO\LQWHUSUHWHG DV SRV PEEGK WG D BKHRALW R UW K
DUH OLNHO\ DFWXDOO\ J\SVXP LQ VKHHW IRUPDWORQ 5 BRIUGDH \RXDIG RH
DORQJ WKH ULJKW DQG OHIW HGJHV RI WKH SUR[LPDYWWQG\SRUQWQ3HIK
SDUDOOHO DOLJQPHQW ZLWKLQ VKLQ\ GHSRVLWY RQJIWDBWKWRRG WZLQG
VZDOORZWDLO FU\WWDOV DOVR YLVLEOH LQ ULJKW LPDJH

OLFUR 5DPDQ DQDO\VLV

7ZLQQHG VZDOORZWDLO VKDSHG FU\WVWDOV ZHUH IRXQG HPI
IODNH WRRO ORFDWHG RQ WKH YHQWUDO GLVWDO WLS )
FU\VWDOV ZDV LQYHVWLJDWHG ZLWK PLFUR 5DPDQ VSHFWL

yLJ /JHIW )ODNH WRRO &LUFOHG DUHD VKRZNUAK MWD W HIPER GG M BL
VKLQ\ ZHUH IRXQG RQ WKH YHQWUDO GLVWDO W IO RZOALD KW GUWMWBW V ¢
GHSRVLW RQ IODNH WRRO ORFDWHG R Q@KMKHHCH@RWY N & RZIVSWK G LO R P

LQYHVWLIDWHG ZLWK WKH 5DPDQ ODVHU FRUUHVSRQGLQJ WR WKH VSt

7KH 5DPDQ VSHFWUD FROOHFWHG IURP WKH WZLQQHG VZDC
VKRZ EDQGV RI FRUUHVSRQGHQFH ZLWK SXEOLVKHG UHII



FDOFLXP VXOIDWH GIAKY¥5 UBWHIIBRDODG &ODUN %X]JDU
&RORPEDQ .ULVKQDPXUWK\ DQG 6RRWYV /L
SULHWR 7DERDGD HW DO 6DUPD HWTTX® PRVW KIOWHQV
SHDN LQ J\SVXP LV IRXQG DW DWWWRJL E XP#H @ WHRWAWUKLHF VW UHW
YLEUDWLRQ PRGHWUBRIKGIUDU HW DOZKLFK ZDV SUHVHQW LQ
VSHFWUD IURP WKH WZLQQHG VZDOORZWDLO FU\VWDOV 7
VKRZHG D OHVV LQWHQVH EDRQIFKDW DV¥FPIQHG WR WUDQVOI
PRGH 2+ URWDWLRQDO ODWWMNMKHOPRPXK V6WR\ DQG 6 RRWYV 6
DO DQG DOVR D EDQG DKM FKAR DVVLV(PPHHWRLF EHQGLQJ
62 3ULHWR 7DERDGD HMWMHWE&DQG DW LVFPRW UHSRUWHG LC
OLWHUDWXUH IRU J\SVXP DQG OLNHO\ DULVHV IURP WKH IOL
EDQG PDWFKHV ZLWK D PDMRU EDQG RI . TXDUW] DQG

VWUHWFKLQJ EHQRBR®H*FW2IH HW DO LQJPD DQG +HPOH\
7KH EDQG DW LVFPRVW OLNHO\ FDXVHG E\ RUJDQLFV OHIW E
DQG LV UHODWBIGEWRR ERREBVYWD HW DO '"UHVVHOKDXV H

7XLQVWUD DQG .RHQLJ

)LJ OLFUR 5DPDQ VSHFWUXP FROOHFWHG IURP @ MDDINHOWE R/ @QDOORZ



'LVFEXVVLRQ

L QWURGXFWLRQ

1DWXUDO FKHPLFDO SURFHVVHV RFFXUULQJ LQ WKH VHGLI
UHVSRQVLEOH IRU WKH SUHVHQFH RI LURQ R[LGH DQG J\SV>
+RZHYHU RXU ILQGLQJV KDYH ZLGHU LPSOLFDWLRQV IRU W
UHVLGXH DQDO\VLV 6RPH RI WKH SHGRJHQLF UHVLGXHV RE
SUHVHQW DW RWKHU DUFKDHRORJLFDO VLWHYV DQG FRXOG
DOQWKURSRJHQLF UHVLGXHV )RU LQVWDQFH PLFUR 5DPDQ L
IRXQG QDWXUDO LURQ R[LGHV RQ VWRQH WRROV RULJL!
ILDQJ %XD ,QGRQHVLD *+ D FRQWH[W FRPSOHWHO\ GLIIHI
JHRJUDSKLFDOO\ DQG VHGLPHQWRORJLFDOO\ *\SVXP DQG
IRXQG RQ RWKHU OHVROLWKLF ERQH VDPSOHV ZLWKLQ RU EF
I[JURP RWKHU VLWHV WKH 9DOH RI 3LFNHULQJ LQFOXGLQ
7XUQHU :DONH®W DQRWKHU VLWH VLWH LQ 1RUIRON 8. 7X
FRQILUPHG WKH SUHVHQFH RI J\SVXP DQG LURQ S\ULWH RQ
I[IURP WKH :HVW 5XQWRQ )UHVKZDWHU %HG E\; UD\ GLIITUDFWI
WKDW J\SVXP DQG S\ULWH PD\ EH FRPPRQ FRQWDPLQDQWYV R
IURP ZHWODQG DQR[LF VLWHV VXFK DV SHDWYV DQG ERJV

+RZ GLG LURQ ,,, R[LGH GHSRVLWYV IRUP RQ OLWKLFV"

,ZURQ R[LGHVY DUH NQRZQ WR EH XELTXLWRXV LQ VRLOV DQG
PLQHUDO LQ WKH OLWK&MSAHUWWPB\(PFD VY G & BWQGWDIMU & DU U

JHRFKHPLFDO DQDO\VLV LQGXFWLYHO\ FRXSOHG SODVPD LC
,&3 $(6 E\ % RUHKDP HW DOE VKRZHG D SDWWHUQ RIHOHYDW
WRS DQG EDVH RI PRVW ERUHKROH VHTXHQFHVY WDNHQ DF
%YRUHKDP HW DO E IRXQG WKDW KLIJK FRQFHQWUDWLRQV
DVVRFLDWHG ZLWK HOHYDWHG VXOIXUKFERWHKQ WIMHGLRED W
FRUUHODWLRQ EHWZHHQ KLIJK OHYHOV RI LURQ DQG VXOIXU
JH6 LQ WKH XQGHUO\LQJ 6SHHWRQ DQSY.LNPHUMLGKIWH FOD\
FKHPLFDO DQG ELRORJLFDO R[LGDWLRQ RI S\ULWHDQG WKH L
EH D PDLQ VRXUFH FRQWULEXWLQJ WR WKH IRUPDWLRQ RI |

+RZ GLG J\SVXP IRUP RQ OLWKLFV"

,W LV PRVW SUREDEOH WKDW J\SVXP FU\VWDOV IRUPHG RQ
GHULYHG IURP WKH VHGLPHQWY DW 6WDU &DUU *\SVXP UHI
VHGLPHQW VROXWLRQV DQG FU\WWDOV RI J\SVXP SUHFLSL
J)LW]3DWULFN -DIDUIDGHK DQQ WKUQEKDVH RQWR WRRO



*\SVXP LVDOVR NQRZQ WR IRUP DV D E\ SURGXFW RI S\ULWH R
HISRVHG WR GUUIHGEDRIH HW DO SLWVHPD DQG 3BUWRIHVDHH Q E H
R[LGDWLRQ DOVR \LHOGGE2VXOKMKQL¥XDFXGBLHF DFLG UHDFWYV
&D EHDULQJ PLQHUDOV VXFK DV WKH FDBQUHMHQMD U@ RMDHNV®G
PDUO VHGLPHQWY DW 6WDU &DUU RU WKH FKDON FRUWH]
SUHFLSLWDWLRQ RI J\SVXP RFFXWUDVD %WRAUIHI KB R YW IBDW WKH F
FDUERQDWH IURP WKH ODNH PDUO UHDFWV ZLWK DFLG VXOI
6WDU &DUU VHGLPHQWYV

&RQFOXVLRQ

, WLV SURSRVHG WKDW D IRXUWK PDMRU LVVXH H[LVWV LQ W
UHVLGXHV PD\ EH LGHQWLILHG LQFRUUHFWO\ EDVHG RQ LQ'
VXEVWDQWLDO SUREOHP EHFDXVH D QXPEHU RI DUFKDHROR
KXPDQ DQG QHDQGHUWKDO EHKDYLRXU DV ZHOO DV LQIHUF
KDYH KLQJHG RQ PLFURVFRSLF UHVXOWY 7KH DDQ&G KQRYWI 0
HW DO KDYHDOUHDG\VKRZQ WKDW PDQ\UHVLGXH W\SHV Dl
ZLWK UHIOHFWHG 9/0 EHFDXVH QR VSHFLILFDOO\ GLDJQRVW|
SUHYLRXVO\ SXEOLVKHG FODLPV RI WKH GLVFRYHU\ RI SDUW
EH UHH[DPLQHG

7KLV VWXG\ KDV VKRZQ WKDW WKH YLVXDO PLFURVFRSLF
UHVLGXHV ZKHQ XVHG DV WKH RQO\ PHWKRG RI LQYHVWLJD\
UHVLGXHV HQFRXQWHUHG RQ OLWKLFV IURP 6WDU &DUU
LOWHUSUHWHG DV DOQWKURSRJHQLF UHVLQ DQG VLOLFHRXYV
PLFURVFRSLF DQDO\WLV DORQH +RZHYHU WKH WHVWLQJ RI
UHVLGXHV E\ DSSOLFDWLRQ RI PLFUR 5DPDQ VKRZHG WKDW

" 5HG RUDQJH GHSRVLWVY WKDW DSSHDUHG OLNH UHVLQ ZH
LURQ ,,, R[I2GH . )H

" 7LQ\ FOHDU FU\VWDO IRUPDWLRQV WKDW DSSHDUHG DV
DFWXDOO\ J\SVXP FDOFLXP VXOH2WH GLK\GUDWH &DG62

" JLEURXV VKHHW IRUPDWLRQV ZKLFK DSSHDUHG OLNH H
UHVLGXHV ZHUH DFWXDOO\ J\SVXP

7KH DSSURDFK WDNHQ KHUH + ZKHUH WKH LGHQWLW\ RI HDFk
DV D K\SRWKHVLYVY EDVHG RQ YLVXDO FOXHV WKDW VHUYHG
FKHPLFDO LQYHVWLIJDWLRQV = ZDV VXFFHVVIXO W ZDV IRXC
FKHPLFDO FRQGLWLRQV DW 6WDU &DUU DQG WKH SRWHQWLI



HQYLURQPHQW QHHGV WR EH VHULRXVO\ FRQVLGHUHG LQ L
DQDO\VLV LV EHJLQQLQJ WR PRYH SDVW UHOLDQFH RQ YLVXD
DPELJXRXV UHVLGXHV )RU QRZ OLWKLF UHVLGXH DQDO\V
DSSURDFK UHTXLULQJ PLFURVFRSLF DQDO\VLV DQG FRQ
FROQMXQFWLRQ ZLWK DSSURSULDWH FKHPLFDO FKDUDFWHUI

$FNQRZOHGJHPHQWYV

6& WKDQNV WKH 6RFLDO 6FLHQFHV DQG +XPDQLWLHYVY 5SHVHDL
IHOORZVKLS JUDQW WKDW DOORZHG WKLV UHVHDUFK WR EH
KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 5HVHDUFK &
(XURSHDQ 8QLRQ V 6HYHQWK )UDPHZRUN 3URJUDPPH )3

DJUHHPHQW 1R ULWLVK $FDGHP\ *UDQWV 6*

6* (QJOLVK +HULWDJH +LVWRULF (QJODQG *UDQWYV
WKH UDGLRFDUERQ GDWLQJ RI WKH VLWH 1DWXUDO (QYLUI
1(, 7KH 9DOH RI 3LFNHULQJ 5HVHDUFK 7UXVW 7K

ODQFKHVWHU <RUN DQG &KHVWHU :H DUH JUDWHIXO WR W
(QJOLVK +HULWDJH +LVWRULF (QJODQG DQG 1DWXUDO (QJC
H[EDYDWH :H DOVR WKDQN ,QJD .HUEHU IRU DVVLVWDQFH Z
‘H DSSUHFLDWH WKH YDOXDEOH FRPPHQWY WKDW DQRQ\PR

SHIHUHQFHYV

$QGHUVRQ 3 & $ 7THVWLPRQN\WR | '8DB@RVWRBI5FHYDGXHV RQ 6
"RUNLQJ (GJHV :RUOG $UFKDHRO +

$YHOLQJ (0 +HURQ & L G FIQ \E D LN DWVWDUR Q VR WEKH OHVROLWK
&DUU $QF %LRPRO +

%D\OLVV $ 7D\ORU % 5DPVB\ &%W6% 'XSE@YHQOHU & (OOLRW
% OLOQHU 1 LQ SUHVV 'DWGQHQW KH RIDQPHKDW RO RVK D @WD U &
HPED\PHQW LQ OLOQHU 1 &RQ@GHWOOIIBWD& &DDNORBRQRJIUDSK
5RVH 3UHVV <RUN

%HDUG 0 $ *KLWD 25 (YDQWDPDQ VSHFMIQRVFRS\ WR PRQLWI
ILQLVK DQG URXJKQHVV RI FRPSRAHOMHF W PYDH) OIM\FAVUX ¥ HGWEN U L
5DPDQ 6SHFWURVF +

%HDWWLH , 5 *LOVRQ 75 DO 5DH § L\QSIMMHVIWD\\RW QHDUO\ RSD
PDWHULDOV ,URQ ,,, R[LGHHQG &KWRPERP $,, R[LG

%OHLFKHU 1 .HOVWUXS & 20VHQ OROHEXN®ODHWOWYIQEHQFH RI X
KLGH JOXH LQ WK PLOOHQQLXP6%K (XURSH - $UFKDHRO

%RQQHDX $ OR\OH - 'XIRXUPBIWWHOOHQHDSUYHQDRRWKH 0
$ 3LJPHQW &KDUDFWHUL]DWLRQ $3\8URD BK WKRR GVOMF @/ L, @ @ HRU ¢
RI 5RFN $UW 7KH &DVH RI WKH Q}NIL1RQNH6 LAXHH EHDMN H& DOED G D
$UFKDHRPHWU\ KWWSVDUGRL RUJ



%RUGHV / 3ULQVORR [/ & )YXKO®DUDW (5 -BXWLN®D:DK\X 6DSWR
7TRFKHUL O0: 5REHUWYV 5 * PDQ@PREUBVWRE&I WR LGHQWLI\
PLFUR UHVLGXHYVY UHODWHG WR MMM WYHRDOQSU K GWW ) UARFQWW
DUWHIDFWY - 5DPDQ 6SHFWURVF +

%RUHKDP 6 %RUHKDP - 5ROFRFD®DBDQG &EHBKFDIO $QDO\WVHYV RI
6HGLPHQWY IURP DURXQG 6WDUH&BIUY MW LR LADWRWDO R 3HW
$UFKDHRORJ\ +

%RUHKDP 6 &RQQHOOHU & DHO®KDP 1$ 7BRURHKDB - 5ROIH
D *HRFKHPLFDO LQGLFDWRUV [RQG Wi WHIUG BW H R QRUWDIWL R'Q
- $UFKDHRO B6FL +
%XUJLR / &ODUN 5 - /LESBBWRD)RISBPDRHQWY PLQHUDO\V

PHGLD DQG YDUQLVKHV DQG VX8O HPHIDP QR VHS[H F W U Q JRO ISH. .
ZLWK YLVLEOH H[FLWDWLRQ 6ISRIFER\VQU RFKHFPPW B RWP $ ORO * %
%X]JDU 1 %X]DWX $ 6DQLVOPDQ, WNVXG\ RIKHHBUWDLQ VXOIDW]

OWLLQWLILFH NQH 8@ KYBAGANE DV *HRORJLH +

&RORPEDQ 3 3LJPHQW LGHQWKIEFDWLRQ RD ®OBSMESHU IURP
OLEUDU\ - 5DPDQ 6SHFWURVF +

&RVDQR ' ODWHRV /' -LPpQHIXADQFEBELGULIQGEQWLILFDWLRQ E

5DPDQ PLFURVSHFWURVFRS\ Rl SHYPHRX\WG LQ WHIHWHRAU ¥ W B
5RPDQ DUFKDHRORJLFDO VLWH %DHQD 6SDLQ OLFURFKHP
&RXUWLQ 1RPDGH $ *URVERLVU® ®BUF%WQO0 $ ODNRVWHU $ /

7KH ZHDWKHULQJ RI D VXORGH @G HERG\ RY YRPLD BRWH QW
FRQWDPLQDQWY &DQDGLDQ OLQHUDORJLVW +
&URIW 6 ORQQLHU * 5DGLMUL B /LWWONKLFE UHWL@GXH VXUYLY
FKDUDFWHULVDWLRQ DW 6WDU @UHUQEVESUEKD HESRULPHQW
KWWSV GRL RUD
&XHVWD $ 'KDPHOLQFRXUW 3H] SIDRUHMRVS - 7DMEWQAQ- 0 °
5DPDQ PLFURSUREH VWXGLHV RQ@DUERQ PDWHULDOV &DUER

'DV 6 +HQGU\ O - $SSOLBHFUWRIRREFBHPWR VGHQWLI\ LURQ
FRPPRQO\ IRXQG LQ PLQH ZDVWHW &KHP *HRO
GH )DULD '/ $ /RSHV )1 H -DHDGNV G BWIRVMK KMPDWLWH &DQ

VSHFWURVFRS\ EH XVHG WR GLHAWHW@®WEDWH WKHP" 9LE 6S

GH )DULD '/ $ O9HQKQFLR 6LOYD 6 GHRDQYMLFUIRVSHFWURVFR
VRPH LURQ R[LGHV DQG R[\K\GURRMFHV - HDPDQ 6SHFWU

GH 7THUFHUR 0 ' 5|GHU & )HKWGIQEDFKHIN ® 7HLZ&RQWLQXRXYV
VXSHUFULWLFDO K\GURWKHUPQDQRSIWKHVAEYHRG LYRKUR LLRAHV T
FKDUDFWHUL]DWLRQ - 1DQRSDUW 5HV -

'UHVVHOKDXV 06 -RULR $ +RDMPDQQ GADLWRIV¥HOK 3HUVSHFW
RQ FDUERQ QDQRWXEHV DQG JUDSKHOOBDRW® VSHFWURVFRS

"\SYLN + *HRFKHPLFDO FRP YR WLROPQ@VFRQG IGMISRRQV RI 8SS
DQG /RZHU &UHWDFHRXV <RUNVKRUHFPODID JDQU@W QG *HRO
(GZDUGV + * 0 )DUZHOO ': GRQ)DWILWDR'$ ® )0 $IRQVR 0 & 'H

3 (JJHUV 6 5DPDQ VSHFWUR VRIS LRROBWKOGADRY VNHOHWD
UHPDLQV IURP D VDPEDTXL 6DQ5DP EQ@WOSHWEWDRWED]|LO -
JLW]3DWULFN ( $ OLFURPRBEKRIDR DRI 6RDOV /RQGRQ

JURPHQW ) 7RXUQLp $ &RORPEDEQWLILFDWRRODQRI QDWXUDO
SLJPHQWYV RFKUH DQG LURQ FROI;HIFMMLRMFRUHV * 5DPDQ

)XOODJDU 5 )LHOG - 3 GHLIQUWLPFSHOHH WOIWE JWRP WKH $XVW
JRQH $QWLTXLW\ +
*lW]H - 1DVGDOD / .OHHEHUJ 2FEXQUHQ@F® DQG GLVWULEXWL

SPRIJIDQLWH  LQ DIJDWH FKDOFHGR®\Q DSERWEIHXHES POQFRUR 5D



FDWKRGROXPLQHVFHQFH VWXG\ &RQWULE OLQHUDO 3HWURO

*UDFH 5 8VH ZHDU D QD O\W IDW WV K$HU F/RACDH/RHP HRW WAK +
+DVODP 0 D $UFKDHRORJ\ RQ D .QDWNDOWLY §FWMDLPLFURVFF
DUFKDHRORJLFDO UHVLGXH D GNGEWILNRORIUQDORI 6RFLDO
+HOZLJ . ORQDKDQ 9 3RXOLQ - $QGGHOWVSURMHFWLOH ZHDS

LFH SDWFKHV LQ QRUWKZHVWH U @ H\DIQD B Q G LIERRBWR XIQ & DWHNR@
KDIWLQJ DGKHVLYHV -RXUQDO HRI $SUFKDHRORJLFDO 6FLHQF
+LIK . )DGLQJ 6WDU 8Q G HVUNG DHF®L QWS BRHDAH&DUU 8QLY F
<RUN

-DIDU]JDGHK $ $ %XUQKDP & 3 DOV FQSVRPOMW\VRWKUQDO RI 6RLC

+

-RKQVRQ % * )ORULIQ - 5DKPHD Q@ UHBGHLFRFWULIR @ \RGHQV LW\ IXQF
WKHRU\ 3UHOLPLQDU\ ILQGLQJV &KHP 3K\V /HWW

.LQJPD .- +HPOH\ 5 - 5 D PLDFRQ VWSYHGEWRIIRRLFFRER FU\WW DO OL Q
$PHULFDQ OLQHUDORJLVW +

.RHQLJ -/ ,QIUDUHG DQG 5RPBR BPHAWUBDBERB\5HYLHZ 5H ¢
([ISHUW RYHUYLHZV FRYHULQJ WKIRIVEKHBARH DQG WOIFKXQRP\R J6
5DSUD 3UHVV %HOIDVW

.ULVKQDPXUWK\ 1 B6RRWV 09 RI 5\3BRXE@ 68BIGWEIXPQ -RXUQDO |
3K\VLFV

/IDQJHMDQV * + - 7HVWLQJ BEPN QA $ SQURBIFK 8QLYHUVLW
'LWZDWHUVUDQG -RKDQQHVEXUJ

/IDUNLQ 3 ,QIUDUHG DQG 5®PD@FESBHAWWRMGERSHFWUDO ,QW
(OVHYLHU

JHIRGL 0$ GH :DDO 7 K A DSJWQHHSDLUDAY LRRHWKLWH KHPDWL
PDJKHPLWH RI SLIPHQW TXDOLWVWHRP\AVOIL.MFDOH LYRQ Z

/L 7 :LH < ) <DQJ < 0 :DQJ<& 6KL)DPQJ +H 4 - 3LJPH
LGHQWLILFDWLRQ DQG GHFRUDW UR @ KLL@MHW\HY LOD R T YOH WV & DALHOQWV L
D PLFUR 5DPDQ DQG )7,5 VWXG\ - 5DPDQ 6SHFWURVF

JRPEDUGR 7 *UROLPXQG ' .LHQKROH $ +XEHUW XVH RI
IOLQW VWRQH IUDJPHQWYV DV BHRH. WW UE NSHWY.R G X & R@ S QWHKRHH Q
PLFUR DQDO\WLFDO HYLGHQFHV OLFURFKHP - +

IXRQJ 6 +D\HV ( )ODQQHU\FKHBXWANQDDR\XBODSWRPR ( -DV
SREHUWV 5 * '"HYHORSPHQW FRE® DESSIOHFEDMWLR Q RDO\WLF
ZRUNIORZ IRU WKH TXDQWLILFPRLHREX R D Q RZG! LYJKOD W IL ®IHG U RRZQ
DUFKDHRORJLFDO VWRQH WRRORL RQDO &OHWKR&YV KWWSV

OLHGHPD 5 -RQJPDQV $ * G60MRARIUSKRORIIOEFO REVHUYDWLRG
DQG LWV R[LGDWLRQ SURG XF WV WRL OR/X UQ+W & R FIHYWK Bl O O R QICD/
5EXWKHUIRUG * . (G 6RLO OLNURIVWRS\)RBXYRWKHGMWIUQDWLR
"RUNLQJ OHHWLQJ RQ 6RLO OLFURPRUSKRIDRRIK\ 'MEBHQYPHQW R
8QLYHUVLW\ .LQJVWRQ SS +

OLOQHU 1 %DPIRUWK 0 %HPDW]LSDDUIW] : &&URIW 6 &RQQ
(OOLRWW % )LWWRQ / & L@MWRW %% LWHGKDP5$ / 5REVRQ
5RZOH\ & & $ 7D\ORU % $ B3KIDLA K 18 H Q BUDIWH GURP WKH 61
6WDU &DUU WKH ROGHVW 0HWHRODQMW LSFUBKDHR@ RIULWDLQ ,Q
KWWSV GRL RUD

ORQQLHU *) +DXFN 7 & )HLQEMUMHQVRUMKXR -%0 6DNKHO + D
$ PXOWL DQDO\WLFDO PHWKRGAORI RS DD MHKI RV B HADLGHKRIOD QK
+XPPDO 6\ULD -RXUQDO RI $UFKDHRORJLFDO 6FLHQFH

ORQQLHU *) /DGZLJ -/ 3RUMSIW X®GHU WKEHZUXJ WKH SUREO}
XQDFNQRZOHGJHG DPELJXLW)\ EDRWLRNX L-F SUHFVKIBKRIOL GHFQ W L IL
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ORQQLHU * )UDKP ( /XR % 'BYWORSGLQJ )7,6 PLFURVSHFWURYV
DQDO\VLV Rl SODQW UHVLGXHWR® $WIRQH WRROV - $UFKD
ORQQLHU * )UDKP ( /XR % 'HYWORGLQJ )7,56 OLFURVSHFWURYV
WKH $QDO\VLV RI $QLPDO 7LVVXH 8HV I$SE XKD HRRO 60HR\QHR BRRK H F

+

ORUWLPRUH -/ ODUVKDOO /RODLGOPRQBDWWKHZV : $QE
UHG DQG \HOORZ RFKUH VDPSOHVGIdRW BOK|DUZ ED ¥ LELDAWL. R Q
VSHFWURVFRS\ DQG RWKHU WHF K@D 8BV W6 $ HERQURFXQ B UFDQIG
%LRPROHFXODU 6SHFWURVFRS\ +

2K 6 - &RRN '& 7RZQVHQG +HUL]DWILEBRK® BDEWRQ R[LGHV FRPF
IRUPHG DV FRUURVLRQ SURGXFWADRW VWHHO +\SHUILQH ,QWF

2KWVXND 7 .XER . 6DWR 1 RVFROPDIQWIKFARUURVLRQ ILOP

W R & LQ DLU &RUURVLRQ +

gQDOJLO 1 .DGLU 6 . ODK $7 (UHQOLQHUDGRI\ JHRFKHPLVW!
JHQHVLV RI WKH PRGHUQ VHGLPHRMYN RH®MWUID ODNHD WROLD 7.
$I1U (DUWK B6FL +

3HGHUJQDQD $ %ODVFR 5 H BK@RILDF WA IUR. @ LRIJDW KBIQ UH VR
H[SHULPHQWDO FRPELQDWLRQ RD @& WKLFKRDHR ZHD D QDVV B X H
, QW t

3LSHUQR ' 5 3K\WROLWKV &HRRSBHKKQWRORIXKVWY DQG
3DOHRHFRORJLVWY $OWDPLUD /DQKDP

3ULHWR 7DERDGD 1 *yPH] /DVHDQD]R ,O0DAODIQEPHUN E ODGD!
-0 5DPDQ 6SHFWUD Rl WK 'WIKHUSDB® 3K2VAVWHP $QDC
&KHP +

5LWVHPD & - *URHQHQEHUJ -OWLRQ 38DUERQ@DME :HDWKHULQJ
*\SVXP JRUPDWLRQ LQ D 'UDLQH®@ 8RW® QBMRLLIDO6FE H® B M GBIFDFL H
$PHULFD -RXUQDO +

6DUPD /3 3UDVDG 365 5DYDWORDUSHFWURVFERSLF VWXG\ RI
WUDQVLWLRQV LQ QDWXUDO J\SVXP+- 5DPDQ 6SHFWURVF

BFKZHUWPDQQ 8 &RUQHOO 5 0WKH /DERQRWMWRBHY 3IWHSDUDWLR!
&KDUDFWHUL]DWLRQ QG HG :LOH\ 9&+ :HLQKHLP

6NRRJ '$ -DPHV +ROOHU ) &SURRFKSO’BYV Rl ,QVWUXPHQWDO $
7KRPVRQ %URRNV &ROH

7XLQVWUD ) .RHQLJ -/ SRS I6\S H F W URKPH R | 3K\ V
+
7XUQHU :DONHU * 7KH :HVSK DWW BQS LRV FRQ\HOH DWLRQ H®
LWV FRQGLWLRQ FKHPLVWU\ DH) 6 REXMHDYD WRYLURQPHQW 7K
7XUQHU :DONHU * + 7KH ARNVDOVWERWQHW DWER®WRDIO 'XUKDP
8QLYHUVLW\
"KLWH 6 1 /DVHU 5DPDQ VSHK@WRM REY D HOQWHILFDWLRQ |
K\GURWKHUPDO DQG FROG VHHS PLQHUDOV &KHP *HRO
=ERULO 5 O0DVKODQ ' 3HWUBGNDO' 3.UDXVBRDH RI LQWHUPHG

WKH SURFHVV RI UHG IHUULF S)HBRIQW PDIQXIBRWXUH & U RHR\
*5 (GV ,QGXVWULDO $SSOLHDWLIHEW R8 WHMH QWMBEDDXW WKH
6SULQIJHU 'RUGUHFKW SS *

=ERULO 5 O0DVKODQ O ODFKDOD,URQH]GLFENBHY IRUPHG GXUL
WKHUPDO FRQYHUVLRQ RI UKRWEHRKKRGUODOKIOLRY 0,,, OVXOULBEULC
6FKDDI 3 (GV ODWHULDO 5HMHD WHKMVED $WR FBISFH B WIUAR VF R S\
1$72 6FLHQFH 6HULHVY 3UHVHQWHG5HWHDKH K $RU HNE KR Q FRHEG
ODWHULDO 5HVHDUFK LQ $WRPLF WRIRY/H FES \0 |&/S/EIDXIHHI 6 SRHFG U
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