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H\ZRUBWROLWKLRUGW FXICHWYRUH 9LQpD FXOWXUH FRPSO]
$EVWUWXHWD XWKRUV WULHV W R EWGIQQY J DWKRQ WQR E X ME RHD
RI VXFFHHGLQJ (DUO\ DQG 'HYHORSHG 1HROLWKLF FRP]
VWDUWLQJ ZLWK DQDO\VLV RI WKH VWUDWLJUDSK\ IURP
ZHUH EHHQ SUHVHOWKHG KDEQW DMR MR Q&U L3 H,FI4 L D QB3N IVl
WKH '"HYHORSHG 1HRO®%WRDRE 9LQFD '% 7H FRPSOH[ VWL
DQG WKH DUFKDHRORJLFDO PDWHULDOVH UHYHDOHG C
DVSHFWV R\ W&E (BYHORSHG 1HROLWK L&FDSISH@RRIDQRMUI
LPPLQHQW FRQVWUXFWLRID KRLIJAHIAK6EEEEY DFURVV WKH
VLWH LQ WKH ULFKHVW DUH®HWH $RIHXH G WRKH D GG\ EIR W]
VXAFNVLRQ Rl 1HROLWKLF KREUGDWIHRQRVIURP® GLPEO X V\
UHSUHVHQWDWLYH FRPSOH[HV GLVFRYHUHG

7KH DUFKDHRORJLFDO V\VWHPDWLF LQYHVWL
IURP /LPED 2DUWBURXIRWMWPWRPEBHDPH QRWR
ROGHVW DUFKDHR OGRUFEXO Y HUWFHX DW X &HXJIXGF

5HS$OED $OBWDD@LX3ADXO &LXW HW3DRXO
DQG UHFHQWO\ &LXW D
D D &L XW ‘DLVD &LXW ) C

SRLOQWHG RXW ZLWK RWKHU RFFDVLRQV WRR &LXYV

‘H GHGLFDWH WKW WHMMHQEHQW\ \HDUV |URNF VWHKBID®H §F
UHVHDUERHB @I F RROD W L RU RIRNWKID X O
SRPSBHEHMEOIRVHYB&WW D &LXW )O
$OVR KHHJK DOMB WHY HQ W D WHRRIRO\FRADSE U W WA RD/DMKIHVBIH H D
V H PWRAMIRRS) LFAVLID W RSSKRLIBJDGW U S MR SDUWLFXODULW L H\
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7KHUH DUH PDQ\ HOHPHQWYV ZKLFK NBEWHYEW\ W
LPSRUWQQWQGHUVWDQGLQJ WKH FRPSOH[LW\ RI
7UDQV\OYDQLDQ ,QWUD &DUSDWKLDQ DUHD :H D
GHYHORSPHQW FRQVLGHUDEOH GHSWK RI OD\HU
GHSRVLWY EHORQJLQJ WRU®AKB QIH FPQ ICVE IOIHF 1$HIRIO |
JHRJUDSKLFDO ORFDWLRQ H[WUHPHO\ DGYDQWDJH
5LYHU ZKLFK JLYHV HDV\ DFFHVV WR YDULRXV UH
JHRJUDSKLFDO XQLWV DQG LWV WISHFW\O W\SH RI |

7KLV VWXG\ DLPV WR SUHVHQW LQ D VI\QWKHWL
GHSRVLWY UHYHDOLQJ WKH PRVW LPSRUWDQW IHD
E\ VSHFLILF PDWHULDOV ZKLFK DUH FRUUHVYRQGI
IROORZHG E\ VRPH FXOWXUDO DQG FKURQRORJLFD(

7KH SUHVHQWDWLRQ Rl WKH WRSRJUDSKLF VHFW
JLPEDDUGD GH -RV ZLWK EULHI UHIHUHQFHV UHJD
VWUDWLJUDSKIHORREEBYVWRQHROLWKLFE VHWWOHPFH
SUHYLRXVO\ FDUULHG RXW &LXW D &L
SHUIRP QH[W VWHSV LQ WKLV VWXG\ ,Q WKLV GLI
GHVFULSWLR@RRFXXRRYWQRFKURQRORILFDO GHSRV
GZHOOLQJ FRPSOH[HV LQGLFDWLQJ WKH H[DFW SRV
Rl UHSUHVHQWDWLYH PDWHULDO HOHPHQWYV ZKLFK

)RU D FRUUHFW ORFDOL]DWLRQ RI DUFKDHRORJ!
PDNH D EULHI RYHUYLHZ RI WKH KLVWRU\ RI V\VWH

ZH KDYH PDGH WKUHH XQLWV LQ RUGHU WR .
FRUURERZRWURWKHP ZHUH EH MR USIHNDIRVURY G 6L D Q (
KDYLQJ LWV GLPHQVLRQV R6,,, BHQXQZMPRAWKRIHH LRQ

,Q SDUDOOHO ZDV PDGH D ILUVW FXWWLMHF WRE
/ ,QFRDHRORJLFDO FDPSDLJQ IURP ZDV DSS
%RUGDBFHWRU 69,, [P 69,,, [P 6,; [P $W V
FDUULHG RXW D QHZ FXWW UQUHIRIED QR P H Q W IRR SDK
IURP ZHUH HGHRXMDDUEKDHRORJLFDO H[FDYDW
PDNLQJ D QHZ XQLW 6; KDYLQJ GLPHQVLRQ RI [P

[ PDQG DQ DGMDFHQW FDVVHWWHURUW.MPWRY W K H

8QWLO QRZ ZKHUBUFXDGCIRMRIBFQE®/ WIXGDRQG DUWLRKHY L
UHVHDUFK®HUOU WMNROBIWKHU ZLWK WKH SUHVHQW VWXG\ U
PRQRIKM WIKREZDUGD GMFRMHRORJLFDO UHVHDUFKHV
$00 WKLV PWKIBLWHWNUDWHYV SHFLDOO\ EHFDXVH LQ H YHU\ (
6HEHXU®XWRIUIRP 6RXWK WR 1RUWK H[DFWO\ L Q/HAAR B
UHVHDUFKHIG &8 YWD O
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,Q RUGHU WR LQYHVWLJDWH VRPH GZHOOLQJV
6; ZDV PDGH D QHZ XQLW LQ %RUGDQH VHFWR
GLPHQVLRQV RI [P 'XULQJ FDPSDLJQ IURP ZF
VHFWRUM\OLNHD % DODVMNQAB UDBKHUH ZHUH EHHQ S
DUFKDHRORJLFDO UHVHDUFKHV LQ WKH V RI ODVW

<HDU PDUNHG WKH FRQWLQXDWLRQ RI UHVH
ZHUH EHHQ H[HFXWHG WKUHH XQLWV 6;,,, 6:,9 DQ
RULHQWH®RXWRUWKLWK P FDVVHWWHY EHWZHHQ
WKRURXJKIDUH LQ WKLV GLUHFWLRQ 'LVFRYHU\
SHQHWUDWHG LW KDV GHWHUPLQHG WKH RSHQLQJ
ILQGLQJ RIJJDDTHWIRQIXQHUDO FRPSOH[HV 0 DQC
RSHQLQJ RI WZR DGMDFHQW FD&RMW WHWHBYUBK XQlL
XQILQLVKHG OLNH 6,9 6:9 DQG WKH HDVWH

,Q SUHVHQWDWLRQ RI FXOWXUDO FKURQRORJLFEL
WKH PRVW UHFHQW WKXV UHODWLQJ WKHLU FKL
VOWLJUDS\ VHEWRUV RI WKH VLWH DQG QRW UHVS]
GXULQJ DUFKDHRORJLFDO FDPSDLJQV

3UHFULU +DELWDWLRQ

7KH HDUOLHVW KDERWD®WRRIH [URP LU PEEHDORQJL Q.
KRULJRQV IURBXGRUWKG L\WQKLDIY &DUHD &LXW
DIHUHQW UHIHUHQFHV 3DXO &LXW

'KHWHYHU ZHSKDORI 6WOHBWRBUHFWVISHFLILF GHSR
WKLV KDELWDWLRQ FRQVLVWHG RQO\ RI W\SLFD
GLVFRYHUHGRRGUBEWRU \HW SHFLIIDRDI G\ ALGX VL
6; 7KH FIHHMUSRWWHU\ KLJKO\ JROABAKKME V SHF
VTIT 30 /;;;, WRJOWWKUFZEBWHULDOV REVLGLDQ
UHSUHVHQWDWLRQV ZHUH EHHQ UHYHDOHG LQ
PHQWLRQHG DERYH DW D GHSWK RI P RU P IL

7KH DUFKDHRORJLFDO RDWFKR®DOR QL &HLQYREGWE
GLVFRYHUWIUHDWQMRRBXQDD%DFLXOXL DQG 2FQD 6LELX
UHXUD & UDUHD OORIWIAXUHD 6LELXOXL DQG &ULVWLE
GLVFRYHUHG DQ REVLGLDQ IOLQIM VDK @ @D &S HIFH. \
FRQWHPSRUDUPDLWKYDHBRUAK EOH PHVROLWLF WUTL

3DX0O RBRWXWO $OVR 6;9,6:9,, uL 6;9,,, IURP WKH UH
HIFDYDWUR@MLQLVKHG
6HH R @ MKRHLRIRD R BV X WV Ss VTT

$ SHGEFOBDW W L RX O\BKBILNVG D D FFRRW LV W L @ RADK W K/DLW XDK H

ORHVVURFGRQVLGHUHG LQQLWRBKW\ FRR) WD, \RDE W KEHICDZHMX WL
S
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)L $SUWLIDFWV GLVFRYHUHG LQ WKHIURPV& HIOWEOWU1&IRON
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,Q WKH XQLW 6; W ZHUH EHHQ UHYHDOI
DQWKURSRJHQLF IHDWXUHV EHORQJLQJ WR WKLV K
FP &LXW

6WDURHY® ,,,% +DELWDWLRQ

$ERYH WKH OHYHO ZKLF K If 8 R 8 BIUGHIFWY/BHEPIQNDIW
IURP /LPED %RUGDQH LW ZDV UHYHDOHG WKH QH[V
WKH HDUO\ 1HROLWKLF UHVSHFWLYHO\&WRI WKID VG,
FRPSOHPXFK EHWWHU RXWOLQHG LQFOXGLQJ KD
GERYHUHG LQ WKH VDPH BRXN\NAIMAFYRMD BKLY FXOW
ZDV PXFK EHWGWOIHORGWQLEGZHOOLQJ VWUXFWXUHYV
LQ XQLW 6: %RWRWEAWRU %HFDXVH WKLV FRPS
HOHPHQWW URIFRRRMDQ GL NEKWRFKDUDFWHULVWLFV RI

LQFOXGLQJ SDLQWHG B R®&WHMHHQWEIPW BRAGO DLVIW L
,0'$ VHKLVWRULF %RQH DADS $NDKWOWVIXIE MHPW VRU \V H
SXEOLWKHGE WV &L XW &LXW &LXW ZH VKI

LW

)L '"HWDLOV RI VKHUWDAU PHYRDFH GZHOOLQJ IURP 6;

‘H ZLOO RQON KMIBMWHVYIFIODIDL FDWLRQ RI KDELWDWLRQ
WR ZKLFK EHORQJV ZDV DWWULEXWHG WR GHYH(
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BWDUQHYR PRUH SUHFLVHO\ DFFRUGLQJ WR HYRC
/ID]JDURYLFL /D]DURYLFL LIV RL W
WKH VHFRQG VWHS E,,RIRWHKMROKMWILRQKDVH
7KH LQYRNHG D UJXPHIQMOL RS R RV VK DEEKM/ DWLRQ
VIQWKHVLV SDUW ZKLFK DULYB AUWRR BRREQML B FRK\O W
LWVHOI ZLWK WKH ILUVW HOHPHQWYV RI PLJUDWLR
WHUP %®QNWREBLDQ &KDOFROLWKLF VHHQ DV DQ
%DVLFDOO\ DW WHKAWLQH ZH®
WKH ILUVW LPSXOVH RI 9LQFDQWESH D U® DVK H IQHRQY W
QHROLWKLVDWKER Q QRI\ ONDERIMEPQIE /D]DURYLFL
B8UVXOHVFX HW DO &RWAIRHVRPH FRPPXQLWLHV
H[FHH G LEDRX\Y RID WBKIHSWY HDVHG RQ WKH VWXG\ RI S
ZHUH PDGH DQDORJLHV ZLWK DUHDV |URF GEKNWE \
/ID]JDURYLFL FI 1LFD 7KH 9LQFD HOH
DUH VWURQJ FOHDU HVSHFLDOO\ IRU ILQH FHUDP
RI 9LQFD $ $ WKDW HYROYHV%mMQWKHDYBPH /Bt
'UDVRYHDQ /KD
6WDURHWRDELWDWLRQ ZDV FH U WIRLUED QEBHIY bl DHD I
VHFWRUV WKRXJK LW LV 8RVXLEGHWRUEW RRU HAKH
SRWWHU\ KDYH HPHUJHG EXW ZLWKRXW FOHDU VW

)L &HUDPLF SRW IBJRR 6WHBUPHYROLQJ
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)L &HUDPLF SRW D DQG SDLQWHGUIU,D%PEIHND OL




















































































