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'"1XPHULFDO PRGHOLQJ DQG H[SHULPHQWDO YDOLGDWLRQ
PDWHULDOV

ORKDPHG -$$0®5KDPPHG 128%BPLG 0$., &EGHOKDGL 028).,

8QLYHUVLWpPp GH /RUUDLQH &156 /(0 ,07 *,3 ,Q06,& ) 6DLQW "
8QLYHUVLWpP GH /RUUDLQH &156 $UWV HW OpWLHUV 3DULV7HFK

&RUUHVSRQGLQJ DXWKRU ORKDP PRRX DPPHG QRXIDY IDHXEU M VAR U
7HO ID[

$SEVWUDFW

ODFKLQLQJ RI 1RPH[S KRQH\FRPE PDWHULDOV LV WKH ELJJ
WKH FRPSOH[ IRUPVY DQG JHRPHWU\ RI WKH KRQH\FRPE VWL
ORZ GHQVLW\ ZLWK RUWKRWURSLF PHFKDQLFDO EHKDYLRU
PDNH WKH VKDSLQJ RI WKLY PDWHULDO YHU\ GLIILFEXOW 6V
DQG PDWHULDO FXWWLQJ IRUFHVY DQG FKLS IRUPDWLRQ DC
1RPH[S KRQH\FRPE 7KLV SDSHU SUHVHQWV ' QXPHULFDO
KRQH\FRPE XVLQJ GLITHUHQW RUWKRWURSLF DSSURDFKHYV L
DSSURDEFK LL PRQROD\HU RUWKRWURSLF DSSURDFK ZL
PRQROD\HU RUWKRWURSLF DSSURDFK ZLWK +DVKLQ IDLC
HISHULPHQWY DQG QXPHULFDO FXWWLQJ IRUFHV ZDV SHUIF
LQWHUDFWLRQ EHWZHHQ WKH WRRO DQG WKH KRQH\FRPE 7

GLITHUHQW VWDJHV RI WKH FKLS IRUPDWLRQ SURFHVV ZDV

.H\ZRUBRQH\FRPE VWUXFWXUH FRPSRVLWH 1RPH[S PDFk

IDLOXUH FULWHULD



,QWURGXFWLRQ

‘XH WR WKHLU PHFKDQLFDO SHUIRUPDQFH DQG OLJKW ZHL.
FRUH DUH ZLGHO\ XVHG LQ WKH DHURVSDFH DQG DXWRPR
DLUFUDIW GRRUV KHOLFRSWHU SURSHOOHU DQG QRVHFRQ
YDULHW\ RI KRQH\FRPEV PHWDOOLF DOXPLQXP WLWDQLX
JODVV ILEHUV RU FDUERQ ILEHUV 7KH FKRLFH RI KRQH\FF
VSHFLILF EHQHILWYV RI HDFK PDWHULDO 1RPH[S LV WKH PR

Rl VDQGZLFK VWUXFWXUHYV LW LV FRPSRVHG RI SKHQROLF

7KH KRQH\FRPE VWUXFWXUH LV FKDUDFWHUL]J]HG E\ RUWKRWV
RI SODQH FRPSUHVVLRQ >+ @ WKLV EHKDYLRU LV SULPDUI
RI WKH VWUXFWXUH DQG WR WKH LQWULQVLF EHKDYLRU

PHFKDQLFDO EHKDYLRU RI KRQH\FRPE VWUXFWXUHV XQGHU
EHHQ LQWHUHVWHG WR WKH PRGHOLQJ RI WKLV W\SH RI PD

OLWHUDWXUH RI KRQH\FRPE VWUXFWXUHV L PHVRPRGHO

PRGHOV > @ VHH )LJXUH

D E F

J)LIXUH +RQH\FRPE VWUXFWXUHY FRQVLGHUHG ZLWK D PHV]
VKHOO PRGHO > @

7TKH PHVRPRGHOV DUH EDVHG RQ D GHWDLOHG SUHVHQWDYV
FORVH DV SRVVLEOH WR UHDOLW\ ZLWK WKH ZDOOV PRGHC(
PRGHO LV WKH DELOLW\ WR DFFXUDWHO\ PDS WKH VWDWHYV

GDPDJH VXIIHUHG GXULQJ ORDGLQJ >+ @ *LYHQ WKH KL



WKLV PRGHOLQJ UHTXLUHV D KLJK FRPSXWDWLRQ WLPH LQ
DSSURDFK LV WR KRPRJHQL]H WKH KRQH\FRPE VWUXFWXUH
H[DPSOH QRGH KH[DKHGURQ HOHPHQWYV & ' 5 > £+ @

DVVLIQHG WR WKHVH HOHPHQWY VR WKDW WKH KRPRJHQL]
RYHUDOO FHOO VWUXFWXUH 7KH GDPDJH VXIIHUHG E\ WKH
ZHUH QRW EH FOHDUO\ UHSUHVHQWHG > @ $ WKLUG VLPS
RI WKH ZKROH VWUXFWXUH ZLWK VKHOO HOHPHQWY VHH )
KRQH\FRPE DUH JHQHUDOO\ DWWULEXWHG WR WKH LQWHJI

WKLFENQHVV > @

/KH PHVRPRGHO LV WKH PRVW XVHG PRGHO JLYHQ WKH LQI
7KLY PRGHO FRQVLVWY RI UHSUHVHQWLQJ WKH KRQH\FRPE
Rl FHOOV 7KXV WR DFFRPSOLVK WKLV PRGHO WKH PHFKD

WKH ZzDOOV RI WKH VWUXFWXUH > @

.QRZLQJ WKDW 1RPH[S LV PDQXIDFWXUHG ZLWK FRPSRVLW
SKHQROLF UHVLQ IRXU PRGHOLQJ DSSURDFKHYV KDYH EHHC
ILUVW LV WR PRGHO WKH 1RPH[S SDSHU zZDOOV DV D PRQ
EHKDYLRU > * @ 7KLV PRGHO LV NQRZQ IRU LWV VLPSC
FRPSXWDWLRQ WLPH 2Q WKH RWKHU KDQG LW GRHV QRW I
FRPSRVLWH PDWHULDO ZKLFK LV NQRZQ E\ LWV RUWKRWU
DQG UHVLQ WKXV LW QHJOHFWYV WKH FRPSRVLWH DUFKLWH
DSSURDFK PRGHOV WKH ZDOOV DV PRQROD\HUV ZLWK RUW
PHWKRG SUHVHQWY PRUH SRVVLELOLWLHYV RI LQWHJUDWLKFK
WKLUG DSSURDFK 1RPH[S SDSHU LV PRGHOHG XVLQJ D PXC
WKHRU\ E\ WKH UHSUHVHQWDWLRQ RI WKUHH OD\HUV WZR

ILEHUV ZLWK LVRWURSLF EHKDYLRU IRU SKHQROLF UHVLQ



LVRWURSLF RU RUWKRWURSLF PDWHULDO > @ 7KH O
UHSUHVHQWLQJ PRUH GHWDLOV ZLWK WKH PRGHOLQJ RI UH
FHOO MXQFWLRQV > @ 7KLV LV DFKLHYHG E\ FRPELQLQ.
HOHPHQWY RQ MXQFWLRQV WR UHSUHVHQW WKH DFFXPXOD

FRPSRQHQWY VLPLODU WR WKDW RI WKH SUHYLRXV DSSURLEL

Single layer Single layer Multi layer Multi layer

isotropic orthotropic resin coat

resin corner

J)LIXUH 1RPH[S SDSHU PRGHOLQJ DSSURDFKHV D ,VRWURSLF
F PXOWLOD\HU G PXOWLOD\HU ZLWK UHVLQ DW WK

/R REVHUYH WKH FHOO ZDOO GHIRUPDWLRQ DQG IDLOXUH F
SUHGLFW WKH PHFKDQLFDO EHKDYLRU RI GLITHUHQW KRQH
XVLQJ D PHVRPRGHO DSSURDFK +H DWWULEXWHG D OLQHD
WKH 1RPH[S ZDOOV ,Q RUGHU WR SUHGLFW ORZ YHORFL
KRQH\FRPHW)PRO@ DWWULEXWHG DQ LVRWURSLF HODVWLF
KRQH\FRPE ZDOOV 6LRWODO@\ DWABUREXHWHG LVRWURSLF
SHUIHFWO\ SODVWLF WR IDLOXUH EHKDYLRU RI WKH ZDOOV
WR PDWHULDO GHIHFWV XQGHU FUXVKLQJ WHVW ZDV SDU\
VWXGLHVY WKDW GHVFULEH WKH 1RPH[S SDSHU DV D IUDJLO]I
LV GXH WR WKH SKHQROLF UHVLQ ZKLFK FRDWV WKH DUDPL
FKDUDFWHUL]HG E\ ORFDO IUDJLOH HODVWLF EHKDYLRU DQ

ZDOOV



+RZHYHU WKH LOQOWHUDFWLRQ EHWZHHQ WKH FXWWLQJ WRR
XQGHUVWDQG 7KH XVH RI PRGHOLQJ DQG QXPHULFDO VL
FRPSUHKHQVLRQ RI WKLV LQWHUDFWLRQ +RQH\FRPE FRP
DXWKRUV XQGHU GLIIHUHQW W\SHV RI PHFKDQLFDO ORDG
JHQHUDOO\ DOORZ WR XQGHUVWDQG WKH GDPDJH PHFKDQ|
FRPSUHVVLRQ VKHDULQJ HWF DQG WKH LGHQWLILFDWLRC
EHKDYLRU 8VLQJ WKH "()R®0 &V\GROWYDPKOODVWHG WKH LQWHU
PLOOLQJ WRRO WRRWK DQG D VLQJOH ZDOO RI DOXPLQXF
PHFKDQLVPV 7KH DLP RI WKHLU QXPHULFDO PRGHO LV WR |
FRQWDFW SRVLWLRQ RI WKH FHOO ZDOO RQ WKH FXWWLQJ '
FRQVLGHU WKH FDVH ZKHUH VHYHUDO KRQH\FRPE FHOO ZC
DXWKRUV KDYH VXSSRVHG WKDW GXULQJ PLOOLQJ SURFHV
GLIIHU IURP D UHJXODU KH[DJRQ DQG QR VHYHUH FHOO ZD
QRW WDNH LQWR DFFRXQW WKH HIIHFW RI WKH IOH[LELOLW

Rl WKH PDFKLQHG VXUIDFH

5HFHQWO\ 6XQ HW DO > @ KDYH EHHQ GHYHORSHG ZLWHK
XOWUDVRQLF FXWWLQJ IRU DOXPLQXP KRQH\FRPE E\ D Gl
FRQVWLWXWLYH EHKDYLRU RI ZRUNSLHFH PDWHULDO KDV E
FRQVLGHU WKH GHJUDGDWLRQ RI PDWHULDO VWLIIQHVV L
GDPDJH HYROXWLRQ KDV EHHQ LQWURGXFHG IURP WKH -RK
SDUWLFXODULW\ RI WKH SURFHVV VWXGLHG QDPHO\ WKH L
FHOO ZDOOV WKH DXWKRUV KDYH XVHG WKH VDPH DSSUR
EHKDYLRU DQG GDPDJH RI WKH PDFKLQHG PDWHULDO ,Q D

ZRUNSLHFH ZLWK RQO\ IHZ FHOOV



&RPSDUHG WR WKH H[LVWLQJ PRGHOV LQ WKH OLWHUDWXU
FHOOV DQG WKHLU IOH[LELOLW\ DURXQG WKH FXWWLQJ ]RQ
FRQWDFW KDV EHHQ RSWLPL]HG E\ EUHDNLQJ GRZQ WKH SD!
E\ WKH FRQWDFW DUH DFWLYDWHG DV WKH WRRO DGYDQFH
7KLV DOORZV WR VLPXODWH WKH FXWWLQJ SURFHVV IRU SD
GLIIHUHQW WRRO JHRPHWULHV ORUHRYHU WKH SURSRVHG
WR DQDO\WH ERWK ORFDO DQG JOREDO PHFKDQLFDO ILHO
GDPDJH DQG FXWWLQJ IRUFHV ORVW RI WKHVH ILHOGV DU
SURSRVHG DSSURDFK FDQ WKHQ RIIHU D YHU\ HIITHFWLYH Q
SKHQRPHQD LQYROYHG GXULQJ PDFKLQLQJ KRQH\FRPE PDW

WR RSWLPL]JH WKH WRRO JHRPHWU\ DQG FXWWLQJ FRQGLWL

JURP DQ LQGXVWULDO SRLQW RI YLHZ WKH ' )( PRGHO LV I
ZLWK UHDVRQDEOH FRPSXWDWLRQ WLPH WKH UHDO ' PLO
FRPSOH[ JHRPHWU\ LQGXVWULDO WRROV DQG RQ WKH RW

EHWZHHQ WKH KRQH\FRPE VWUXFWXUH DQG WKH PLOOLQJ F

1XPHULFDO PRGHOOLQJ VHW XS DQG H[SHULPHQWDO WHYV

7KH ILQLWH HOHPHQW FRGH $%%$486 (;3/,&,7 ZDV XVHG WR V|
1RPH[S KRQH\FRPE PDWHULDO &RQVWLWXWLYH EHKDYLRU
VXEURXWLQH 980%7 ,Q WKLV VHFWLRQ WKH ' PLOOLQJ RS
UHVXOWY FDUULHG RXW ZLWK WKH SURSRVHG ILQLWH HOHP

REWDLQHG IURP 1RPH[S PDFKLQLQJ WHVWYV

&XWWLQJ WRRO DQG 1RPH[S KRQH\FRPE PDWHULDOV



7TKHUH DUH VHYHUDO WRROV DYDLODEOH IRU PDFKLQLQJ KR
GHSHQGLQJ RQ WKH VHOHFWHG ZRUNSLHFH PDWHULDO DQ
VXUIDFLQJ WULPPLQJ DQG GULOOLQJ 7KH FDVH VWXG\ RI
KRQH\FRPE 7KH XVHG PLOOLQJ FXWWHUV DUH SURYLGHG 11
WKH PDLQ JHRPHWULFDO FKDUDFWHULVWLFVY DUH GHVFULEI
RI WZR SDUWYV GHVLJQHG IRU VXUIDFLQJ GUHVVLQJ PDFKLQ
PDGH RI KLIJK VSHHG VWHHO ZLWK PP LQ GLDPHWHU DQG
7KLV WRRO SDUW LV GHVLJQDWHG E\ WKH p6KUHGGHUY 7Kl
RI WXQJVWHQ FDUELGH ZLWK D GLDPHWHU RI PP DQG KD

RI

Shredder with

chip breaker Cutting blade
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JLIXUH OLOOLQJ WRRO GHVLJQHG E\ (YDWHF WRROVS FRPSD(
1RPH[S KRQH\FRPE VWUXFWXUHY D &RPELQHG PLOOLQJ FXW)
EUHDNHU PDGH RI KLJK VSHHG VWHHO DQG WXQJVWHQ

,Q RXU ILQLWH HOHPHQW PRGHO WKH WRRO LV PRGHOHG
DWWULEXWLRQ RI DQ\ PHFKDQLFDO RU WKHUPDO SURSHUW
UHWDLQHG DV VKRZQ LQ )LJXUH 7TKH FXWWLQJ WRRO LV
LWV UHYROXWLRQ D[LV 7KH FXWWLQJ FRQGLWLRQV DUH D¢
IHHG UDWH LQ WKH ; GLUHFWLRQ DQG D URWDWLRQDO VSH

UuLJLG EHKDYLRU WKH PHVK RI WKH WRRO PXVW EH SURYL



PDWHULDO FRQWDFW 7KH PHVK HPSOR\HG LQ WKLV VWXG

HOHPHQWYV 5 ' XVXDOO\ XVHG IRU WKUHH GLPHQVLRQDO C

SHIHUHQFH SRLGWUH

SE

T =

]
G
%000,
e

L

&EXWWLQJ EODGH

J)LIXUH &RPELQHG WRRO VKRZLQJ WKH VKUHGGHU DQ¢¢
7KH ZRUNSLHFH PDWHULDO LV WKH 1RPH[S KRQH\FRPE FRU
IURP DUDPLG ILEHU GLSSHG LQ SKHQROLF UHVLQ VHH )LJIX
KDV D GHQVLW\7KIH FNO®V DUH PP LQ VL]H ZLWK D ZDOO

FRPPHUFLDO UHIHUHQFH RI 1RPH[S LV u$ 1

Phenolic resin

Aramid papers

Phenolic resin

Phenolic resin
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J)LIXUH D 1RPH[S KRQH\FRPE ZRUNSLHFH E +RQH\FF
F OHVKHG FRPSRVLWH VWUXFWXUH G +RQH\FRPE ZR

$00 FHOOV Rl 1RPH[S KRQH\FRPE DUH PHVKHG ZLWK FRQ
QRGHV SURSHUWLHG '2) QRGH WKUHH GLVSODFHPHQW
LOWHJUDWLRQ 6 5 VHH )LIJXUH F W LV LOQOWHUHVWLQ.
DUH WZR VLQJOH ZDOOV OLQNHG WRJHWKHU E\ D WKLQ
GRXEOH ZzDOOV DUH UHSUHVHQWHG E\ D VLQJOH VKHOO H
WKH &38 WLPH DQ LQLWLDO WRRO HQJDJHPHQW ZDV GHIL
LV WR HQVXUH D FRPSOHWH FRQWDFW EHWZHHQ WKH WRR
RI WKH VLPXODWLRQ ORUHRYHU WKH LQLWLDO HQJDJHP

SDUWLFXODU JHRPHWU\ RI WKH PLOOLQJ FXWWHU FXWWL

7KH H[SHULPHQWDO PDFKLQLQJ WHVWV SHUIRUPHG RQ KR
JRU QXPHULFDO VLPXODWLRQV ERXQGDU\ FRQGLWLRQV

KRQH\FRPE ZRUNSLHFH LQ VXFK D ZD\ WR DSSURDFK WKH

&EXWWLQJ WHVWYV

JRU QXPHULFDO VLPXODWLRQV WKH FKRVHQ GLPHQVLRQV
[ [ PP ZKLFK UHSUHVHQWYV URZV RI FHOOV DFUF

DORQJ WKH OHQIJWK WKH JHRPHWULF FKDUDFWHULVWLFV F



'"HVLIJQDWLRQ 5
'"HQVLWP®
&HO O \RP@&
:DOO N PPR®

'DOO WKWENE HVV
$QJOH@

J)LIXUH 6FKHPH DQG PHVK GHWDLO RI WKH KRQH\FRPE VWUXF
FRUUHVSRQGLQJ FHOOV ULJKW VLGH

([SHULPHQWDO PLOOLQJ WHVWYV ZHUH FDUULHGKRXW RQ D
PDLQ WHFKQLFDO VSHFLILFDWLRQV RI WKLV PDFKLQH DU
UsP D SRZHU VSLQGOH PRWRU RI .. D PD[LPXP FXWWL(
ZRUNWDEOH DUHD RI [ JRRPOVVHMVILQXUWHKH SHUIRUPI
PDFKLQLQJ SURFHVV RI 1RPH[S KRQH\FRPE LW LV HVVHQ
FXWWLQJ IRUFHV JHQHUDWHG GXULQJ FXWWLQJ 7KHUHI
GXULQJ WKH PLOOLQJ RSHUDWLRQ XVLQJ .LVWOHU G\QDPF
LV PRXQWHG EHORZ WKH 1RPH[S KRQH\FRPE VDPSOH WR |
WKH PDFKLQLQJ IRUFH )XUWKHUPRUH GXULQJ IRUFHV
G\QDPRPHWHU LV DOLIJQHG ZLWK WKH IHHG GLUHFWLRC
ORQIJLWXGLQDO GLUHFWLRQ RI WKH ZRUNSLHFH SDUDOC

KRQH\FRPE GRXEOH ZDOO



E
J)LIXUH ([SHULPHQWDO WHVW VHWXS RQ WKH WKUHH DJ[LV
, QVWUXPHQWDWLRQ DQG DFTXLVLWLRQ V\VWHP 7KH FKDUDFW
VSLQGOH VSHHG RI USP SRZHU VSLQGOH PRWRU RI .. P
P PLQ DQG D ZRUNWDEOH DUHD RI [ PP E :RUNSLHFH

SHIDUGLQJ WKH FRQWDFW EHWZHHQ WKH FXWWLQJ WRRO D
DUHDV PXVW EH FRQVLGHUHG LQ PDFKLQLQJ VLPXODWLRQ
ZDOOV FRPLQJ LQWR FRQWDFW ZLWK WKH WRRO GXULQJ L
YDOXH ZDV FKRVHQ 7TKH FKRLFH RI WKLV ORZ IULFW
WKLFNQHVV RI WKH KRQH\FRPE ZDOOV ZKLFK PLQLPL]JHV WK
WKH DOYHRODU JHRPHWU\ RI WKH VWUXFWXUH PDNHV WKH |
DOVR XVHG ORZ YDOXHV RI IULFWLRQ IRU WKHVH NLQG RI Pl
ZLWK D YDOXH RI ,Q RXU VWXG\ ZH WHVWHG GLIITHUHQ\

WKH UHVXOWY VKRZHG D QHJOLJLEOH LQIOXHQFH RI WKLYV



FDQ DOVR RFFXU EHWZHHQ WKH ZDOOV WKHPVHOYHV EHFDX

WKH WRRO EHWZHHQ WKH JHQHUDWHG FKLS DQG WKH XQPD

ODWHULDO EHKDYLRU DQG IDLOXUH FULWHULD
ORQROD\HU LVRWURSLF ODZ

6HYHUDO DXWKRUV KDYH DWWULEXWHG WR WKH 1RPH[S SD
> @ 7KLV EHKDYLRU LV ZHOO NQRZQ E\ WKH VLPSOLFI
FRGHV )LIJXUH VKRZV WKH PHFKDQLFDO EHKDYLHHRW RO WKH
> @ DQewm®O@ 7KH FXUYHV VKRZ D GLIITHUHQW HODVWLF Ol
RQ WKH WKLFEFNQHVV RI WKH ZDOO 7KXV WKH HODVWRSC

KRQH\FRPEV ZLOO GHSHQG RQ WKHLU WKLFNQHVV VLQJOH

JLIXUH 6WUHVY GHIRUPDWLRQ FXUYHV IRU 1RPH[S 7

7KH PHFKDQLFDO SURSHUWLHYVY DWWULEXWHG WR 1RPH[S ST

7TDEOH OHFKDQLFDO SURSHUWLHV RI 1RPH[S SDSHU > @

OHFKDQLFDO SURSHUWLHYV
"HQVLW\ J FP

( 03D

3RLVVRQ V UDWLR

<LHOG VWUHQJWKYV IRU VLPSOH ZDOO WKLFNQHVV 03D
<LHOG VWUHQJWKYV IRU GRXEOH ZDOO WKLFNQHVV 03D




ORQROD\HU RUWKRWURSLF DSSURDFK ZLWK 7vVDL :X |

'XH WR WKH DOYHRODU JHRPHWU\ RI WKH KRQH\FRPE VWU XI
PHFKDQLFDO SURSHUW\ WR HDFK ZDOO RI KRQH\FRPE FHOC

HDFK FHOO ZzDOOV RULHQWDWLRQ VHH )LIXUH

D

J)LIXUH D *OREDO UHIHUHQFH [Y = E; KREDDQGHYHUHQFHV

'HSHQGLQJ RQ WKH GLUHFWLRQ RI WKH ZDOO D VHFRQGDL
ZDOOV RULHQWDWLRQ ,Q HDFK ORFDO UHIHUHQFH WKH OL!

IRUP
M RV

ZKHUM DOAEDUH WKH VWUDLQ DQG VWUIHM WHKHORBWW LU HY $Lt
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(L*tviMPUH WKH HODVWLF PRGXOXV VKHDU PRGXOXV DQG 3
/KH RUWKRWURSLF PHFKDQLFDO SURSHUWLHV RI WKH 1RPH

WKH ZRUN FRQGXFWHG E\ .LOFKHUW > @

7TDEOH 2UWKRWURSLF PHFKDQLFDO SURSHUWLHV RI 1RPH[S SD

OHFKDQLFDO SURSHUWLH
'"HQVLW\ J FP

( 03D

( 03D

( 03D

* 03D

x * 03D
f f f

B8OWLPDWH VWUHQJWK
/JRQJLWXGLQDO WHQVWOH VWUHQJWK 03D
/IRQIJLWXGLQDO FRPSUHWWLYH VWUHQJWK 03D
7UDQVYHUVH WHQVISQH VIWUHQJWK 03D
7UDQVYHUVH FRPSUHVWL]YH VWUHQJWK 03D
,Q SODQ VKHDU WUHQJWK 03D

,QWHU ODPLQDU VKHDU YVWUHQJWK 03D

7KH FRPSRVLWH QDWXUH Rl WKH 1RPH[S SDSHU UHTXLUHV

FULWHULD PDNH LW SRVVLEOH WR HYDOXDWH WKH UHVLVYV



IURP WKH PHFKDQLFDO VWUHQJIJWKY 7KHUH DUH VHYHUDO
OLWHUDWXUH WKH\ DUH FODVVLILHG LQ WKUHH FDWHJRUL
LOQGHSHQGHQW FULWHULD 7KH FULWHULRQ RI 7VDL :X LV
JHQHUDOL]DWLRQ RI WKH 9RQ OLVHV FULWHULRQ IRU WKH

IDLOXUH FULWHULD KDYH WKH IROORZLQJ IRUP DV VKRZQ E

yvo)y v)y vy v)y Y V)
yvv )y vv y y VvV

(T

YDUH WKH SULQFLSDO VWUHVV H[SUHVVHG LQ WKH ORFD

LOOXVWUDWH)G)LWUYHIWKH VHFRQG RUGHU DQG IRXUWK VWU
6 LV WKH pLQ SODQY VKMIOH LOWWHHLD DVID IR LID@E&QREKOHIIHU VWKAHU H
ORQJLWXGLQDO WHQVLOH VWUHQJWK DQG ORRIESDUH QDO

WKH WUDQVYHUVH WHQVLOH VWUHQJIJWK DQG WUDQVYHUVH

ORQROD\HU RUWKRWURSLF DSSURDFK ZLWK +DVKLQ |
7KH +DVKLQ IDLOXUH FULWHULD KDYH DOVR EHHQ FKRVHQ
EHKDYLRU RI WKH 1RPH[S ZDOOV > * @ 7KH IROORZLQJ H

X /IRQJLWXGLQDO IDKVAXUH LQ WHQVLRQ

H §iw (
oV -
X IRQJLWXGLQDO IDLOXWH LQ FRPSUHVVLRQ
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x 7ZUDQVYHUVH IDL@XUK 4tQ WHQVLRQ
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6WLIIQHVV GHIJUDGDWLRQ FRQFHSW LQ PDFKLQLQJ 1RF

7KH SURJUHVVLYH IDLOXUH DQDO\VLV LV D PHWKRG RI PF
PDWHULDO LQ IDFW WKH GDPDJHG HOHPHQWY DUH UHSOD
SURSHUWLHYVY 7KHUH DUH VHYHUDO PRGHOV LQ WKH OLW
GHIJUDGDWLRQ WKH PRVW SRSXODU DUH 7RWDO GLVFRXC(
UHVLGXDO SURSHUW\ PHWKRG > = @ ,Q WKH ODVW PHWK
SUHGLFW SURJUHVVLYH GDPDJH DQG VWLIIQHVV GURS LQ F

DUH XVHG WR SUHGLFW WKH DFFXPXODWLRQ RI GDPDJH GXI

7vVDL : X IDLOXUH FULWHULRAQ

7KH 7vDL : X FULWHULRQ DOORZV WR LGHQWLI\ WKH GDPDJF
YDOLGDWHG KRZHYHU LW GRHV QRW PDNH LW SRVVLEOH
HOHPHQW ZKHQ GDPDJH FULWHULRQ LV YHULILHG 7KH GLUF
WKH ULJLGLW\ GURS RI HOHPHQWY 7R RYHUFRPH WKLV GL
LOQWR VHYHUDO VWWHVWRR®SROWEHHWWR LGHQWLI\ WKH PRG

WKH GDPDJH RI HOHPHQWYVY VHH (T > @



+

YV o) v
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ORUH SUHFLVHO\ ZKHQ WKH 7VDL :X IDLOXUH #wRURLWHULRC
FDOFXODWHG DQG FRPSDUHG ZLWK RQH DQRWKHU WR LGHQ
WLV WKHQ VHOHFWHG DV WKH GRPLQDQW PRGH RI GDPDJH

XQGHUJR D GHFUHDVH VWLIIQHVYV ZLWK GHJUDGDWLRQ RI

/fDEOH HTKERWUHVSRQGYV WR D & RWRL W XNCLDP\OY HWRADUXES W
UXSWXUH LQ WKW RWIKX IWVANHDHN WIROXWHKHDU IPLERUBWHHVSRQGYV
WR D UXSWXUH > @

7TDEOH 6WLIIQHVY GHJUDGDWLRQ DQG FRUUHVSRQGLQJ YDUL

(ODVWL &S&ULWHULRQ RI 7vVDL : X VOWLVILHG

ORGXOKH "ppPDJH L 'HIJUDGDWLRQ RI PHFKDQLFDO SU
( + ( G (
G (
G (
G*
G*
G*

(
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7KH GDPDJH PRGHO XVHG LQ WKLV VWXG\ FRQVLVWYV LQ UHC

PRGXOHVY RQFH WKH IDLOXUH FULWHULRQ LV VDWLVILHG \

VHYHUDO GDPDJH GDULDWRHYDYRWLEHT E\ (TV DQG 7K
GDPDJH LV DQ H[SRQHQWLDO IXQFWLRQ (T > @
(LM GN(

*LM GN*
. a
@L s FATHF= |2} h

NOO



7KH FROMMWDQRH QXPEMHWKH PRAHVWUDLQW VRIWHQLQJ SDUD
WR LQGLFDWH E&MWWEH BEHKRBYPBWLRQ RI UXSWXUH LQ WKI

GDPDJH LV LQLWLDWHG (T

' W 6
S A S <

ZLWWKP X WKH OLPLWLQJ VWUHVVHV RI WKH PDWHULDO LQ W

eaMV WKH OLPLW VWUHVV LQ VKHDU VHH 7DEOH

+DVKLQ IDLOXUH FULWHULD

&RQWUDU\ WR WKH 7VDL : X FULWHULRQ +DVKLQ FULWHULD
DQG GDPDJH GLUHFWLRQV RI HDFK HOHPHQW VDWLVI\LQJ W|
WR FDOFXODWH DQG XSGDWH WKH ULJLGLW\ DW HDFK LQFU
HDFK HOHPHQW RI WKH KRQH\FRPE ZDOOV WKH\ UHSUH\
ORQJLWXGLQDO GDPDJH (TV 7TKXV DV VRRQ DV DQ HOQ
XQGHUJR D GHFUHDVH VWLIIQHVV XQWLO KLV UHPRYDO 7D
WR EH GHJUDGHG IRU HDFK GDPDJH LQGH[ YHULILHG E\ WKF

7TDEOH 6WLIIQHVYVY GHIJUDGDWLRQ DQG FRUUHVSRQGLQJ YDULDE
+DVKLQ IDLOXUH FULWHULD VDWLVILI

1R IDLO
'DPDJH L 'HJUDGDWLRQ RI PHFKDQLFDO SU
( d ( £ G (
( i ( £ G
* w */E G*
* w */E G*

$QDO\WVLYV RI WKH SURJUHVVLYH GDPDJH SURFHGXUH

7KH GDPDJH DQDO\VLY SURFHGXUH LV LOOXVWUDWHG LQ )L
LQLWLDO VWDWH RI WKH PDWHULDO 1RPH[S KRQH\FRPE

SURSHUWLHV RI WKH PDWHULDO DUH WKRVH PHQWLRQHG LQ



D ORDG ZKLFK ZLOO EH DSSOLHG WR WKH KRQH\FRPE SDUW
LOQOWHJUDWLRQ SRLQW DQG XVHG WR HYDOXDWH WKH IDLO.
FULWHULRQ 7VDL :X RU +DVKLQ LV FKHFNHG WKH YDULDI
PHDQV WKDW DW WKLV VWDJH RI WKH VLPXODWLRQ FDOFXC
NHSW HTXDO WR WKLV YDOXH IRU WKH UHVW RI WKH FDOFXC
SURFHVV 7KH VWLIIQHVYV GHJUDGDWLRQ LV WKHQ PDGH LQ
GHWHUPLQHG DFFRUGLQJ WR WKH FKRVHQ UXSWXUH FULW
GLUHFWLRQ LV VLPSO\ GHWHUPLQHG DFFRUGLQJ WR WKH Y
/vDL : X FULWHULRQ WKH GDPDJH GLUHFWLRQ LV GHWHUFP
GDPDJH LHQGLKHWWSHFLILF VWLIIQHVYVY GHJUDGDWLRQ LQ WK
LQGLFDWHG LQ 7DEOHYV DQG 7KLY SURFHGXUH LV UHSH
XQWLO WKH GDPHDODHKHYGWMEKH WKUHVKROG OLPLW RI WKH VW
WKH GHOHWLRQ RI WKH FRQFHUQHG HOHPHQW 7KH UHPRYI

WR WKH IRUPDWLRQ RI WKH FKLS

JLIXUH $OJRULWKP IRU DQDO\VLYVY RI SURJUHVVLYH GDPDJH
KRQH\FRPE

SHVXOWY DQG GLVFXVVLRQ

$QDO\WLV RI WKH FXWWLQJ IRUFHYV



7KH WKUHH FRPSRQHQWM RIDMHHLEXW WL FJ (RWAHFAWLRQV
DUH FDOFXODWHG DQG UHFRUGHG LQ WKH UHIHUHQFH !
WKH HYROXWLRQ RI WKHVH WKUHH FRPSRQHQWWNVSHEWDLQ

D QIG PP PLQ DV D IXQFWLRQ RI WLPH

7TRR WV W Vv W Vv W Vv
WLP

SRVL

J)LIXUH (YROXWLRQ RI WKH FXWWLQJ IRUFH FRPSRQHQWYV )[ )
7KH 7vDL : X IDLOXUH FULWHULRQ ZDV DSSOLHG WR WKH FXWWIL
WU PLQ D 3RVLWLRQ WLPH RI WKH WRRO LQ WKH KRQH\FRPE
(YROXWLRQ RI WKH FXWWLQJ IRUFHV YV PDFKLQLQJ WLPH F -
VLQJOH URZ RI FHOOV



7KH FXWWLQJ IRUFHV DUH FDOFXODWHG DW HDFK WLPH LQ
WRRO LQ WKH KRQH\FRPE ZRUNSLHFH ,W LV QHFHVVDU\ Wi
WRRO HQFRXQWHUV DW WKH EHJLQQLQJ RI PDFKLQLQJ LV
ORFDWLRQ IRU WKH WRRO LQ WKH SDUW LQLWLDO HQJDJH
VHH )LJ G $W WLPH W V WKH WRRO LV VWRSSHG :KHQ L
UHG UHFWDQJOH RI )LJ D LW KDV DOUHDG\ PDFKLQHG V
RI WKH FRPSWHWH URZ DWLVKHY POFKLQLQKHD WDBERRWQJ W
RI D FRPSOHWH URZ RI FHOOWbrkiLo3¢bULRG LW WHKHBXBHRUH
SUHVHQWY WKH HYROXWLRQ RI WKH FXWWLQJ IRUFHV YV V
WZLFH WKDW IRI J)LBRWPHQ 7KDW LV ZK\ WKH FXWWLQJ WLP}
WZLFH RI WKDW LQ )LJXUH V. )RUP WKLV ILIJXUH LW
FRPSRQHQWYV RI WK B\ XQOBVL@RPUIRDWFH FR QW L Q WRZR/HDY KK @AM H(
WRRO PHHWYV WKH ILUVWVURZVRDWG O®V WKHWIRRR FXW D
KRQH\FRPE FH®OV 9% HWVKGGWRRO VWD UW V28 D¥KHQLIRIHWKU ¥
WKH WHPSRUDUNV@DIQUH KMH)EH G IRU WKH FDOFXODWLRQ RI
FRPSRQHQWY )RU HDFK FXWWLQJ FRQGLWLRQ RQO\ HIIRUV

FRPSDUHG WR WKH H[SHULPHQWDO UHVXOWYV

J)LJIXUH VKRZV WKH HYROXWLRQ RI WKH WKUHNHDQBHGLFWF
IRU WKH FXWWLQJ FRS@PCGR@E RO PLQ REWDLQHG ZLWK WKH W
DGRSWHG LQ WKLV VWXG\ L VLPXODWLRQ ZLWK HODVWR

ZLWK RUWKRWURSLF EHKDYLRU XVLQJ 7VDL : X FULWHULRQ

7KH HYROXWLRQ RI FXWWLQJ IRUFHV UHSUHVHQWYVY VLJQLI
SURFHVV 9DULDWLRQV RI WKH RUGHU RI DUH REVHUYHC

RQ RQH KDQG WKH IRUPDWLRQ RI WKH FKLS DQG RQ WKH R



JUHDWHU ZKHQ FXWWLQJ WKH GRXEOH ZDOOV WKH\ GHFUH
WKH FXWWLQJ HIIRUW OHYHO LV UHODWHG WR WKH FXWW
GLITHUHQW ZDOOV WKH WRRO HQFRXQWHUV PRUH DPRXQV
9DULDWLRQV LQ WKH RUGHU RI 1 WR 1 DUH REVHUYHC
IOXFWXDWLRQV DFFRPSDQ\ WKH HYROXWLRQ RI WKH FXWMW

IULFWLRQ HIITHFW EHWZHHQ WKH ZDOOV RI WKH KRQH\FRPE

/IRRNLQJ DW WKH YDOXHV RI WKH FXWWLQJ IRUFH FRPSRQHC

ZH QRWLFH WKDW WKH @ EFFSUHVRDRQ@ IRRUPRUH LPSRUWD
FRPSRQHD@W& WKLV LV GXH WR WKH PHFKDQLFDO EHKDYLRU
LV FKDUDFWHUL]HG E\ D EHWWHU UHV]LG WMDHFAWLRQ WKH FRRPX

ZLWK WKH 2] DQG 2\ GLUHFWLRQV )LJXUH E



E

=
JLIXUH (YROXWLRQ RI WKH FXWWLQJ IRUFH FRPSRQHQWV )]
WLPH IRU WKH FXWWLQJ FRQGLWLRQ | PP PLQ DQG 1 us

HODVWRSODVWLF PRGHO E ZLWK WKH RUWKRWURSLF PRGHO
RUWKRWURSLF PRGHO FRXSOHG WR WKH +DVKLQ FULWHULD



&RPSDULVRQ DQG H[SHULPHQWDO YDOLGDWLRQ RI WKH
7R YDOLGDWH WKH SURSRVHG PRGHO PDQ\ H[SHULPHQWDO
$ GHWDLOHG GHVFULSWLRQ RI WKHVH PDFKLQLQJ WHVWYV
VLPXODWLRQV ZHUH SHUIRUPHG RQ D URZ RI FHOOV 7R EH

D PLQLPXP GLVWDQFH WUDYHOHG E\ WKH WRRO RI WKH RUC

JLIXUHV DQG VKRZ D PDFKLQLQJ WLPH RI V ZKLFK
D URZ RI FHOOV ZLWK D ORZHU IHHG UDWH PP PLQ 7KL
WLPH FRPSDUHG WR )LIXUHPP PUQ DQIRYLIXUHI W VoI
PP PLQ

7KH FXWWLQJ FRQIGLWLRRP PULYHIDES USP ZDV XVHG IRU I
QXPHULFDO VLPXODWLRQV DQG H[SHULPHQWDO WHVWYV 7K

HISHULPHQWDOO\



J)LIXUH (YROXWLRQ RI WKH FXWWLQJ IRUFH FRPSRQHQWYV REW
DS PP ZLWK WKH LVRWURSLF HODVWRSODVWLF DSSURDFK D )|

7KH H[SHULPHQWDO IRUFHV VKRZ VRPH YDULDWLRQV GXH W
WR WKH YLEUDWLRQV FRPLQJ IURP WKH WKLQ ZDOOV RI W
HYROXWLRQ RI WKH H[SHULPHQWDO FRPSRQHQWYV RI WKH F
LQ )LIXUHYV DQG $W WKH EHJLQQLRQERIRWEHWDBEREZQ
WKDW WKH YDOXHV GHFUHDVH DV WKH WRRO SURJUHVVHV L
7KH WZR JRQHV RI VLJQLILFDQW HIIRUW FRUUHVSRQG WR W
MXQFWLRQV 7KLV SKHQRPHQRQ LV DOVR UHSURGXFHG E

VLPXODWLRQV

7KH VLPXODWLRQ ZLWK LVRWURSLF HODVWRSODVWLF EHKD!
RI WKH FXWWLQJ HIIRUWYVY H[FHSW WKDW LW RYHUHVWLPDW|
LPSRUWDQW DW WKH LQSXW DQG RXWSXW RI WKH WRRO LC
IDLOXUH FULWHULRQ JLYHV DQ XQGHUHVWLPDWLRQ RI FXW)
RUWKRWURSLF EHKDYLRU DQG WKH 7VDL :X IDLOXUH FULYV

HYROXWLRQ RI WKH H[SHULPHQWDO HIIRUWY LQ FRPSDULVF

7KHVH UHPDUNYV DUH YD QLGBGQIR b [FE\S W R R S/RKQUHHAVYL P X O D W L
DQ XQGHUHVWLPDWLRQ RI WKLY FRPSRQHQW FRP3DUHG WF
GRHV QRW JHQHUDOO\ H[FHHG 1 DQG RIWHQ UHPDLQV DOP
RI WKH VLPXODWLRQ ZLWK WKH +DVKLQ FULWHULRQ )LJIXUFL
DUH LQ JRRG DJUHHPHQW ZLWK WKRVH REWDLQHG HWSHULP
ZDV FRQFOXGHG IURP WKLV VWXG\ WKDW ZKDWHYHU WKH Fl
FXWWLQJ FRQGLWLRQV)\ WKRDWQQJBQ®W LWKOHIRWLFPHH ORZ LOQ
H[SHULPHQWY 7KHVH ORZ YDOXHV FDQ EH H[SODLQHG E\

JHQHUDWHG E\ WKH IDLOXUH FULWHULRQ XQGHU /DJUDQJLI



VXSSUHVVLRQ OHDGV WR WKH FRQWDFW ORVV EHWZHHQ Wk

WKH ORVV RI WKH ORFDO ULJLGLW\

F
J)LIXUH (YROXWLRQ RI WKH FXWWLQJ IRUFH FRPSRQHQWYV REWI
DQG +DVKLQ IDLOXUH FULWHULD WKH VHOHFWHG FXWWLQJ FRQ
DS PP D ) E )\ F )]



F
J)LIXUH (YROXWLRQ RI WKH FXWWLQJ IRUFH FRPSRQHQWYV REW
X IDLOXUH FULWHULRQ WKH XVHG FXWWLQJ FRQGLWLRQ LV |

)I B )V F )]




G

)LIXUH (YROXWLRQ RI WKH FXWWLQJ IRUFH FRPSRQHQWYV )]
WKUHH QXPHULFDO VLPXODWLRQV L PRQROD\HU LVRWURSLF C
ZLWK 7VDL :X IDLOXUH FULWHULRQ DQG LLL PRQROD\HU RUWK
D FRUUHVSRQGYV WR WHVWV ZLWK | PP PLQ E | PP Pl
PP PLQ

7KH DYHUDJH YDOXHV RI WKH GLITHUHQW QXPHULFDOO\ SU}
WKRVH PHDVXUHG H[SHULPHQWDOO\ ZHUH GHWHUPLQHG )
HDFK FRPSRQHQW RI WKH FXWWLQJ IRUFH REWDLQHG E\ WK
LVRWURSLF DSSURDEFK LL PRQROD\HU RUWKRWURSLF DS
LLL PRQROD\HU RUWKRWURSLF DSSURDFK ZLWK +DVKLQ |
ZHUH WHVWHG PB® PLQI E PP PLQ F PP PLQI G

PP PLQ 7KH PHDVXUHPHQWY RI WKH GLITHUHQWDBRPSRQHQ
VKRZ H[SHULPHQWDOO\ D GHFUHDVYH Q& BW LIRXF BH DWKH I X QIF
WKH IHHG KUD WRIP S U HVMLW W KRIUFFRIVW LPSRUWDQW HIIRUW ZK

KRQH\FRPE VWUXFWXUHYV

$W ILUVW VLKW UWEHF WHUEHE\ WKH WKUHH VLPXODWLRQV V
GDWD D VLIQLILFDQW GLIITHUHQFH FDQ EH REVHUYHG EHW
IRU DOO WHVWHG FXWWLQJ FRQGLWLRQV VHH )LIXUHV D
WKH QXPHULFDO PRGHO DQG H[SHULPHQWY FDQ HDVLO\ EH
ZDOOV RQ WKH WRRO IODQN VXUIDFH 7KLV SKHQRPHQRQ L

QXPHULFDO VLPXODWLRQ ZLWK WKH /DJUDQJLDQ IRUPXODW



WKH PHFKDQLFDO UXSWXUH WKUHVKROG LW LV GHOHWHG

EHWZHHQ WKH PDWHULDO DQG WKH FXWWLQJ WRRO ZKLFK
VSULQJEDFN XQFXW ZDOOV OHDGV WR UHVLVWDQFH IROOR
WRRO DQG WKHUHIRUH JHQHUDWHY LQFUHDVHG FXWWLQJ
UHPDLQV FRQVWDQW DQG GRHV QRW H[FHHG WKH YDOXH

DURXQG 1 RU 1

%\ REVHUYLQJ WKH HYROXWLRQ RI WKH FXWWLQJ DRUGFH FR
WKH VSLQG OMHMKWSIHVMHRGNVURSLF HODVWRSODVWLF PRGHO FOHL
JHQHUDOO\ NQRZQ IRU FRPSRVLWH PDWHULDOV ZLWK DQ L
VSLQGOH VSHHG IRU WKH IRXU VHOHFWHG IHHG UDWHV 7K
LV OLNHO\ WR EH WKH VRXUFH RI WKLV EHKDYLRU WKLV Gt}
ZKLFK FDXVHV DQ DFFXPXODWLRQ RI WKH PDWHULDO LQ IUF
HITRUWYV 7KLV DOORZV DQ RYHUHVWLPDWHG YDOXH IRU

RYHUHVWLPDWLRQ RI WKH FXWWLQJ IRUFHV LV PRUH DQG

VSHHGW FDQ EH FRQFOXGHG WKDW WKH VLPXODWLRQ ZLWK
DGDSWHG WR WKH PDFKLQLQJ RSHUDWLRQ HYHQ LI LW U

FRPSUHVVLRQ VWUXFWXUH > @

2WKHUZLVH WKH VLPXODWLRQ ZLWK WKH DSSURDFK EDVHG
IDLOXUH FULWHULD KDV VLPLODU UHVXOWYVY WR WKDW RE)
GHFUHDVH LQ FXWWLQJ IRUFHV ZKHQ WKH FXWWLQJ VSHH
FXWWLQJ IRUFHVY DUH JHQHUDOO\ ORZHU WKDQ WKRVH REVI
Lv WKHJUHDWHU LV WKH XQGHUHVWLPDWLRQ DQG FDQ UHL
7KH +DVKLQ IDLOXUH FULWHULD LV PRPR HRLLHQRWXDW OR
7TKXV WKHVH IDLOXUH FULWHULD JLYH WKH JRRG UHVXOWYV

PRUH ZLWK WKH GHFUHDVH RI WKH IHHG UDWH FDVH RI WK



,Q WKH FDVH RI WKH 7VDL : X IDLOXUH FULWHULRQ LW FDQ
QXPHULFDO VLPXODWLRQ VHHP WR FRUUHODWH)Z LM(KWKH I
FULWHULRQ VKRZV DQ DQDORJ\ ZLWK WKDW RI +DVKLQ ZL
VSLQGOH VSHHG USsP DQG DQ XQGHUHVWLPDWLRQ IRU

JRRG HVWLPDWLRQ

7KH GLIIHUHQFHVY REWDLQHG E\ FRPSDULQJ WKH H[SHULPH
VLPXODWLRQ VKRZ WKDW WKH WKUHH VLPXODWLRQV IDLO W
)\ 7KH ODWWHU LV GHWHUPLQHG ZLWK DQ DYHUDJH GLIIHI
VLPXODWLRQV $V VDLG EHIRUH WKH RULJLQ RI WKLV GLVF
GXH RQ RQH KDQG WR WKH HODVWLF ERXQFLQJ EDFN RI W

K\SRWKHVLV RI KRPRJHQL]DWLRQ RI WKH KRQH\FRPE ZDOO

JRU WKH RWKHU FRPSRQHQWYV RI WKH FXWWLQJ IRUFH WKH
VLPLODU UHVXOWY WR WKRVH REVHUYHG LQ WKH H[SHULPH

ZLWK LQFUHDVLQJ WKH FXWWLQJ VSHHG RU VSLQGOH VSHH

)LQDOO\ LW FDQ EH VDLG WKDW WKH 7VDL :X FULWHULRQ L
RWKHU VLPXODWLRQV DQG HVSHHALLKAGK IBHSW KN HRWF 8 WHK/ N

Rl WKH ODUJHVW FXWWLQJ IRUFH

&KLS IRUPDWLRQ

/KH GLIITIHUHQFH LQ GLDPHWHU EHWZHHQ WKH VDZ EODGH
VKUHGGHU PDNHV WKH FXWWLQJ SURFHVV RI ZDOOV YHU\
DERXW PP EHWZHHQ WKH FXWWLQJ EODGH DQG WKH VKUL
IRUPDWLRQ LQ VHYHUDO VWHSV 7KH VDZ EODGH LV WKH |

KRQH\FRPE ZDOOV )LJXUH VKRZV WKH GLITHUHQW VWDJH\



WKH FKLS IRUPDWLRQ SURIFHVV PRU WKE@ BRGGUWEBRQ@KH

VLPXODWLRQV ZDV GRQH ZLWK WKH 7VDL ZX IDLOXUH FULW

J)LIXUH 6LPXODWLRQ RI WKH PLOOLQJ SURFHVV RQ WKH 1RPF
1 USP ZLWK WKH XVH RI WKH 7VDL : X IDLOXUH FULWHULRQ 'L
DUH SUHVHQWHG D W V E W VvV F W v G W vV H J

YLIXUH 'LVWULEXWLRQ RI VWUHVV RQ WKH KRQH\FRPE ZDOO
| PP PLQ DQG 1 USP



/KH ILUVW HOHPHQW RI WKH WRRO WKDW ZLOO EH LQ FRQW
7KLY HOHPHQW VWDUWYV ZLWK FXWWLQJ WKH ZDOOV E\ WXL
FXWWLQJ DQG WKH VHSDUDWLRQ RI ZDOOV RFFXU E\ GDPD.

DQG URWDWLRQ RI WKH WRRO PDNH WKH VWUHVVHV YHU\ K

$W HDFK LQFUHPHQW WKH IDLOXUH FULWHULD DUH FKHFENE
DUH UHPRYHG WR IRUP WKH FKLS )LJXUHV D DQG E 1
WKH FKLS IRUPDWLRQ WKDW ZLOO EH JHQHUDWHG IURP WK
ZKLFK UHPDLQVY DOZD\V DWWDFKHG WR WKH VWUXFWXUH 71
RI WKH SURFHVV ,Q WKH QH[W VWHS WKH GHWDFKHG ZDOO
VDZ EODGH XQWLO UHDFKLQJ WKH VKUHGGHU 7KXV WKH V
EUDNHUV FXW WKHVH ZDOOV LQWR VHYHUDO VOLFHV WKLYV
WKH ZDOOV DQG WKXV UHOHDVH WKH SDVVDJH WR WKH WR
FKLS LV FRPSOHWHO\ IRUPHG ORUHRYHU WKH ZDOOV FXW
RI WKH WRRO DQG RWKHU QHLJKERULQJ ZDOOV ZKLFK ZLO
VWUXFWXUH XQWLO WKH VDWLVIDFWLRQ RI WKH IDLOXUH F
WKHQ EH SXVKHG EDFN DQG HMHFWHG E\ WKH XSSHU SDUW |
7TKHVH GLIITHUHQW FXWWLQJ VWHSV ZHUH REVHUYHG IRU
PHFKDQLVPV RI WKH FKLS IRUPDWLRQ SURFHVV DUH LQWL

KRQH\FRPE VWUXFWXUH DQG WKDW RI WKH FXWWLQJ WRRO

7KH VWHSV RI WKH 1RPH[S FXWWLQJ SUHYLRXVO\ GHVFULE
KLJK VSHHG FDPHUD WKH LQWHUDFWLRQ J]JRQH EHWZHHQ
REVHUYHG )LJXUH VKRZV WKH GLITHUHQW FXWWLQJ VWHS
FXW E\ WKH vDZ EODGH WKH FXW ZDOOV UHPDLQ DWWDEFK
VXUIDFH RI WKH VDZ EODGH XQWLO UHDFKLQJ WKH VKUHGG

VPDOO FKLSV DFFRUGLQJ WR WKH VSLQGOH VSHHG RU FXW)



7KH WRWDO IRUPDWLRQ RI WKH FKLS LV GRQH RQFH WKH .
VKUHGGHG DQG SXVKHG EDFN E\ WKH XSSHU SDUW RI WKH
UHSUHVHQWYV WKH FXWWLQJ IDFH DQG WKH ORZHU VXUIDFL!
ZLWK WKH IUHVKO\ PDFKLQHG PDWHULDO 7KH DFWLRQ RI V

ZUDSV DURXQG WKH WRRO ZKLFK FDQ GDPDJH WKH ZRUNSL

WDEOH
D E
F G
YLIXUH OHFKDQLVPV RI WKH FKLS IRUPDWLRQ SURFHVV GXULQ
FRQGLWLRQ LV | PP PLQ DQG 1 USP

JLIXUH VKRZV WKH DFFXPXODWLRQ RI PDWHULDO FHOO Z
SDUW IRU WZR PDFKLQLQJ FRQGIPWLRPLBR P E USPW IDRGV
PP PLQ USP 7KLV DFFXPXODWLRQ GHSHQGV RQ WK

WKH WRRO WR FXW WKH KRQH\FRPE ZDOOV DQG HYDFXDWH

7TKH DFFXPXODWLRQ RI PDWHULDO LQ IURQW RI WKH VKUHG
LV PRUH LPSRUWDQW IRU KLJK IHHG UDWHY DQG ORZ VSLQ

VSHHG IRUFHV WKH VKUHGGHU WR SXVK EDFN WKH ZDOOV LC



UDWH WKH DPRXQW RI WKH UHPRYHG PDWHULDO LV JUHDW

ZDOOV
D I PP PLQ
1 USP
E | PP PLQ
1 USP

JLIXUH $FFXPXODWLRQ RI WKH FHOO ZDOOV DW WKH IURQW
| PP PLQ DQG 1 USP E | PP PLQ DQG 1 U

JRU ORZ IHHG UDWHV WKHUH LV DQ DOPRVW QHJOLJLEOH DI
J)LIXUH E ,Q IDFW WKH ZDOOV FXW E\ WKH VDZ EODGF
WKH VKUHGGHU WKH\ DUH WKHQ TXLFNO\ VKUHGGHG E\ WK
WKH ORZ IHHG UDWH ZKLFK PHDQV WKDW WKH DPRXQW RI P

LV YHU\ VPDOO DQG WKHUHIRUH WKH FKLSVY JHQHUDWHG DU



$V VKRZQ LQ )LJIJXUH WKHVH UHVXOWY DUH LQ JRRG DJUH
HISHULPHQWDO VWXG\ ZKLFK VKRZHG WKPDW QG ORRUW BL QIG
VSHHGV USP WKH FKLS LV FRPSRVHG RI D VHW RI KRQH\FF
DQG LL IRU ORIZ IPMHGDQRBWKINMIK VSLDGOH VWSHHGWFKLSV

PRUSKRORJLHVY DUH IRUPHG ZLWK YHU\ VPDOO VL]HV DV GX

F G
J)LIXUH 'LITHUHQW PRUSKRORJLHV RI WKH FKLS REVHUYHG
1RPH[S KRQH\FRPE PDWHULDO D ([SHULPHQWDO FKLSV PDGH
DQRG E VLPXODWHG FKLSV IRU WKH FXWWLQJ FRQGLWLRQ |
G H[SHULPHQWDO DQG VLPXODWHG GXVW FKLSV IRUPHG DW I

&RQFOXVLRQ

+RQH\FRPE VWUXFWXUHYV DUH FKDUDFWHUL]JHG E\ WKHLU D¢

PDNH WKH QXPHULFDO VLPXODWLRQ RI WKH EHKDYLRU RI W



WKH VWUXFWXUH LV KRPRJHQL]J]HG WR VLPSOLI\ LWV EHKDY
DQG SK\VLFDO SDUDPHWHUV 7KH FKDOOHQJH RI QXPHULFD
WKH ' UHSUHVHQWDWLRQ RI WKH PLOOLQJ RSHUDWLRQ ZL\

LQGXVWULDO WRROV

7KUHH W\SHV RI VLPXODWLRQV ZHUH SHUIRUPHG )LUVWO\
DWWULEXWHG WR WKH ZDOOV RI 1RPH[S LQ D VHFRQG WLP
IDLOXUH FULWHULD zZDV XVHG DQG ILQDOO\ WKH 7VvDL :X
RUWKRWURSLF EHKDYLRU RI WKH KRQH\FRPE ZDOOV 7KH G
SURFHVV KDYH EHHQ DQDO\]JHG DQG WKH SK\VLFDO PHFKDQC
EHHQ DFFXUDWHO\ GHVFULEHG ,Q DGGLWLRQ WKH SURS
FRPSROQHQWY DQG PRUSKRORJLHV RI FKLSV ZLWK D JRRG D
WHVWY 7KH SURSRVHG PRGHOV DOVR PDNH LW SRVVLEOH

WKH EHKDYLRU RI KRQH\FRPE VWUXFWXUHV
7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ

$PRQJ WKH WKUHH SURSRVHG QXPHULFDO DSSURDFKHYV
DSSURDFK ZLWK XVLQJ WKH 7VDL :X IDLOXUH FULWHULRQ
FXWWLQJ 1RPH[S SDSHU LV PDGH RI VKRUW ILEHUV ZKLFK

WKDW Rl +DVKLQ FULWHULD

7TKH LVRWURSLF HODVWRSODVWLF DSSURDFK LV QRW VX
KRQH\FRPE LW VKRZV D GLIITHUHQW EHKDYLRU IURP WKDYV

FXWWLQJ IRUFHV LQFUHDVH ZLWK WKH LQFUHDVH LQ WKH

ODFKLQLQJ 1RPH[S LV FKDUDFWHUL]HG E\ WKH JHQHUDW

HIFHHG 1 WKH XVH RI WKH PRQROD\HU RUWKRWURSLF



FULWHULRQ PDNHV SRVVLEOH WKH SUHGLFWLRQ RI FXWYV

YDULDWLRQV GXH WR YLEUDWLRQ RI WKH VWUXFWXUH DQ

7TKH FXWWLQJ IRUFHV LQFUHDVH DW WKH PHHWLQJ RI Wt
PRUH PDWHULDO LW UHPRYHGFXWM UPB HRIGXFMNVUR ® DRIQW K

DEVHQFH RI WKH ZHOO NQRZQ pvVSULQJ EDFN HIIHFWY EHF

'HFODUDWLRQV
$XWKRUVYT FRQWULEXWLRQV

0 -$%$)%$5 REWDLQHG KLV 3K' I[URP /(0O /DERUDWRU\ DW /RUU
LQ WKLV ZRUN WKH OLWHUDWXUH VWXG\ RI WKLV DUHD RI U

VLPXODWLRQV +H DOVR SDUWLFLSDWHG WR ZULWLQJ WKH

128%$5, LV D IXOO SURIHVVRU DQG WKH ILUVW VXSHUYLVRU R
DQG DOO QHHGHG VXSSRUW FRQGLWLRQV 0 128%5, RUJD

UHYLVLRQV

+ 0%$.,&+ LV FXUUHQWO\ bDQ DVVRFLDWH SURIHVVRU DQG WK
+H ZzDV LQ FKDUJH WKH H[SHULPHQWDO YDOLGDWLRQ RI WK

ILQDO PDQXVFULSW

0 028)., LV D IXOO SURIHVVRU KLV FRQWULEXWLRQ WR W

VLPXODWLRQV +H DOVR SDUWLFLSDWHVY WR WKH RUJDQL]D
$00 DXWKRUV SDUWLFLSDWHG WR UHDG DQG DSSURYH WKH
)XQGLQJ

1R IXQGLQJ ZDV REWDLQHG IRU WKLV ZRUN H[FHSW WKH VD

OLQLVWU\ RI KLJK HGXFDWLRQ DQG UHVHDUFK



'DWD DYDLODELOLW\

$00 QXPHULFDO GDWD SUHVHQWHG LQ WKLV SDSHU DUH DY
&RPSOLDQFH ZLWK HWKLFDO VWDQGDUGYV

&RPSHWLQJ LQWHUHVWYV

/KH DXWKRUV GHFODUH QR FRPSHWLQJ ILQDQFLDO LQWHUH
(WKLFDO DSSURYDO

$00 HWKLFDO UHVSRQVLELOLWLHY ZHUH UHVSHFWHG E\ WK
&RQVHQW WR SDUWLFLSDWH

$00 DXWKRUV FRQWULEXWH DQG SDUWLFLSDWH WR ZRUN F
&RQVHQW WR SXEOLVK

7KH DXWKRUV RI WKLV SDSHU DJUHH WR SXEOLVK WKH UHV?’

-DDIDU

$FNQRZOHGJPHQWYV

7KH DXWKRUV ZLVK WR H[SUHVV WKHLU WKDQNV DQG DSS
RUJDQL]DWLRQV IRU WKHLU ILQDQFLDO VXSSRUW (YDW

5HVHDUFK $JHQF\ $15 /$5,23%$& /DEFRP SURMHFW XQGHU

S5HIHUHQFHV

> @ IDPE $- ([SHULPHQWDO LQYHVWLJDWLRQ DQ
FRPSRVLWH KRQH\FRPE PDWHULDOV XVHG LQ )RUPXOTL
&UDQILHOG 8QLYHUVLW\ KWWSV GRL RUJ & % 2

> @ )LVFKHU 6 'UHFKVOHU . .LOFKHUW 6 -RKQVRQ $
EDVH PDWHULDO SURSHUWLHYV &RPSRV 3DU
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KWWSV GRL RUJ M FRPSRVLWHVD

@ JRR && &KDL *% 6HDK /. OHFKDQLFDO SURSHU
1RPH]I KRQH\FRPE VWUXFWXUH &RPSRV 6 WL
KWWSV GRL RUJ M FRPSVWUXFW

@ .LP '6 /IHH -5 &RPSUHVVLYH PHFKDQLFDO
QRPH[ WKHUPRVHW KRQH\FRPE FRUHV 3RO\P $C
KWWSV GRL RUJ 6,&, $,

3%7 ! &2 %

@ =LQQR $ 3URWD $ 'L ODLR ( %DNLV &( ([SHUL
SKHQROLF LPSUHJQDWHG KRQH\FRPE VDQGZLFK VWUX|
&RPSRV 6WUXFW + KWWSV GRL RUJ M FR

@ $PLQDQGD < &DVWDQLH % %DUUDX -- 7KHYHQH
QXPHULFDO VWXG\ RI FRPSUHVVLRQ DIWHU LPSDFW RI
VNLQV &RPSRYV 6FL 7HFKQRO
KWWSV GRL RUJ M FRPSVFLWHEFK

@ +HLPEV 6 6DQGZLFKVWUXNWXUHQ PLW :DEHC
QXPHULVFKH $QDO\WH GHV 6FKIGLIJXQJVYHUKDOWH
NXU]JHLWG\QDPLVFKHU %9HODVWXQJ ,QVWLWXW Il«U 9H

@ +RX % 2QR $ $EGHQQDGKHU 6 3DWWRIDWWR 6 /L </
RI KRQH\FRPEV XQGHU FRPELQHG VKHDU FRPSUHVVLEF
6ROLGYV 6WUXFW * KWWSV GRL RUJ M LM

@ ORKU ' "R\R\R O '"HIRUPDWLRQ LQGXFHG IROGL
PRQROLWKLF KH[DJRQDO PHWDOOLF KRQH\FRPE ,QV
KWWSV GRL RUJ M LMVROVWU

@ :DQJ = 4LQ 4 &KHQ 6 <X : /L + :DQJ 7 -
FUXVKLQJ RI QRYHO DOXPLQXP KH[DJRQDO KRQH\F
([SHULPHQWDO DQG QXPHULFDO LQYHVWLJDWLRQV
BWUXFWXUHV KWWSV GRL RUJ M LMVF

@ .HVKDYDQDUD\DQD 6 5 6KDKYHUGL + .RWKDUH
7KH HITHFW Rl QRGH ERQG DGKHVLYH ILOOHW RC
KHIDJRQDO KRQH\FRPE FRUH &RPSRVLWH 6 WUXI

KWWSV GRL RUJ M FRPSVWUXFW

@ =KDQJ = - +DQ % =KDQJ 4 & -LQ ) YU

VDQGZLFK EHDPV ZLWK KRQH\FRPE FRUUXJDWLRQ K\EL
KWWSV GRL RUJ M FRPSVWUXFW

@ 1DVXWLRQ O 5 ( :DWDQDEH 1 .RQGR $ 1X

EXFNOLQJ RI &)53x%$30 KRQH\FRPE VDQGZLFK FRF
KRPRIJHQL]DWLRQ+ORFDOL]DWLRQ DQDO\VLV &RPSR\

KWWSV GRL RUJ M FRPSVWUXFW
@ /KXLVVLHU 3 J/DV]F]\N / &DUDFWpPULVDWLRQ ¢
Of,QJpQLHXU 5HI 0 Y

@ +RVVHLQL 6 0 + *DEEHUW 8 1XPHULFDO VL

SURSDJIJDWLRQ LQ KRQH\FRPE VDQGZLFK SDQHOV D
6WUXFWXUHYV KWWSV GRL RUJ M FRPS
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@ ODQHW 9 7KH XVH RI $QV\V WR FDOFXODWH VD
DU;LY KWWSV GRL RUJ '2, 6

@ %LDQFKL * $JOLHWWL * 6 G5LFKDUGVRQ * |
KH[DJRQDO KRQH\FRPE FRUHV XQGHU LQ SODQH VKH
ODWHULDOV KWWSV GRL RUJ Y%

@ )RR & & &KDL * % 6HDK [/ . $ PRGHO WR S
UHVSRQVH DQG GDPDJH LQ VDQGZLFK FRPSRVLWH\
THFKQRORJ\

KWWSV GRL RUJ M FRPSVFLWHFK

@ ODQFKD E - 2SWLPL]DWLRQ RI OLJKWZHLJI
FRPPHUFLDO DLUFUDIW LQWHULRU SDUWV VXEMHFWH
SRQWLILFLD &RPLOODYV ODGULG (VFXHOD 7THFQLFD 6X*

@ ,YixH] GHO 3R]R , ORXUH &XDGUDGR 0 O *DUFtD &
6 7KH REOLTXH LPSDFW UHVSRQVH RI FRPS
KWWSV GRL RUJ M FRPSVWUXFW

@ =KX 6 &KDL * % '‘DPDJH DQG IDLOXUH PRGH |
SDQHO VXEMHFWHG WR TXDVL VWDWLF LQGHQWDWLR
VWUXFWXUHYV KWWSV GRL RUJ M FRP
@ 5R\ 5 .ZHRQ - + &KRL - + OHVR VFDOH L

1RPH[70 KRQH\FRPE FRUHV $GYDQFHG &RPSRVLWH
KWWSV GRL RUJ

@ 6HHPDQQ 5 .UDXVH 1XPHULFDO PRGHOOL
VDQGZLFK FRUHV DW PHVR VFDOH OHYHO &RPSRVL
KWWSV GRL RUJ M FRPSVWUXFW

@ 5R\ 5 3DUN 6 - .ZHRQ - + &KRL - + & KL
KRQH\FRPE FRUH FRQVWLWXHQW PDWHULDO PHFKE
BWUXFWXUHV KWWSV GRL RUJ M FRPS
@ +HLPEV 6 9LUWXDO WHVWLQJ RI VDQGZLFK FR
HOHPHQW VLPXODWLRQV &RPSXWDWLRQDO ODWHUI
KWWSV GRL RUJ M FRPPDWVFL

@ 5R\ 5 1JX\HQ . + 3DUN < % .ZHRQ - + &KRL

PRGHOLQJ RI 1RPH[E KRQH\FRPE VDQGZLFK 3DQHOV Z
3DUW % (QJLQHHULQJ

KWWSV GRL RUJ M FRPSRVLWHVE

@ .LOFKHUW 6 1RQOLQHDU ILQLWH HOHPHQW PR

IROGHG FRUH FRPSRVLWH VDQGZLFK VWUXFWXUHV 'l
(QIJILQHHULQJ DQG *HRGHV\ RI WKH 8QLYHUVLWIW 6W X\

@ 6HHPDQQ 5 $ / ) .UDXVH ' , ( 7 ( 5 -X 0\
QRPH[ KRQH\FRPE FRUHV IRU GHWDLOHG DQDO\VHV R
'RUOG &RQJUHVV RQ &RPSXWDWLRQDO OHFKDQLFV :&:

@ $VSURQH $XULFFKLR ) OHQQD & ORUJDQWL 6
6WDWLVWLFDO ILQLWH HOHPHQW DQDO\VLV RI WKH
VWUXFWXUHV &RPSRVLWH 6WUXFWXUHYV

KWWSV GRL RUJ M FRPSVWUXFW
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@ *RUQHW / ODUJXHW 6 ODUFNPDQQ * ORGHO
FRUHV OLQHDU DQG QRQOLQHDU EHKDYLRUV OHFKEL
VWUXFWXUHYV KWWSV GRL RUJ

@ +IKQHO ) RO . 6LPXODWLRQ RI WKH GDPCLC
&)53 +RQH\FRPE VDQGZLFK EDVHG RQ PHDVXUHG S
LPSUHJQDWHG FRUH SDSHU ,Q 3URF RI WKH WK
&RPSRVLWH ODWHULDOV O6WRFNKROP KWWSV GRL R

@ $NWD\ / -RKQVRQ $ ) .U|SOLQ % + 1IXPHULT
FRUH FUXVK EHKDYLRXU (QJLQHHULQJ JUDFWXUH O
KWWSV GRL RUJ M HQJIUDFPHFK

@ *LJOLR 0O ODQHV $ *LOLROL % ,QYHVWLIDWL
WKURXJK DQ H[SHULPHQWDO+*QXPHULFDO DSSURDFK
KWWSV GRL RUJ M FRPSRVLWHVE

@ 4LX . OLQJ : 6KHQ / $Q 4 &KHQ O 6WXG
PDFKLQLQJ RI DOXPLQXP KRQH\FRPE FRUH PDWHULDO
KWWSV GRL RUJ M FRPSVWUXFW

@ 6XQ - 'RQJ = :DQJ: :DQJ < 4LQ < .DQJ 5
H[SHULPHQWDO VWXG\ RI XOWUDVRQLF FXWWLQJ IRU |
S8OWUDVRQLFYV KWWSV GRL RUJ M XOWUD

@ 1DVLU 0% .KDQ = )DURRTL , 1DXPDQ 6 $QDV 6 .KDC
VKHDU EHKDYLRU RI D QRPH[ FRUH IRU VDQGZLFK SDQF

KWWSV GRL RUJ \%
@ 3DULV ) -DFENVRQ .( $ VWXG\ RI IDLOXUH FU
PDWHULDOV
@ 3DGKL *6 6KHQRL 5% OR\ 66- +DZNLQV */ 3U|
XOwLPDWH FROODSVH RI ODPLQDWHG FRPSRVLWH
6WUXFW * KWWSV GRL RUJ 6

@ 3HULOOR * 9HGYLN 1 3 (FKWHUPH\HU $ 7
WKUHH GLPHQVLRQDO IDLOXUH FULWHULD IRU ODPLQL
RI (QJLQHHULQJ 'HVLJQ DQG ODWHULDOV 1RUZHJLDC
7HFKQRORJ\ 1718

@ *XR GRQJ -XQ / %DR ODL : 3URJUHVVLYH GDF
RI ' IRXU GLUHFWLRQDO EUDLGHG FRPSRVLWHV XQGH
6BWUXFW + KWWSV GRL RUJ M FRPSVWUXF

@ =KDR / 4LQ 7 &KHQ < =KDQJ - 7KUHH GLPHQV

PRGHOV IRU FRKHVLYHO\ ERQGHG FRPSRVLWH MRLQ
KWWSV GRL RUJ

@ =HQLD 6 ORGPOLVDWLRQ QXPpULTXH GH OfTXVL
PDWULFH SRO\PqUH HW ILEUHVY ORQJXHV GH FDUERQH

@ =HQLD 6 %HQ $\HG / 1RXDUL 0 'HODPp]LqUH $

WKH FKLS IRUPDWLRQ SURFHVV DQG LQGXFHG GDPI
FDUERQ HSRJ\ FRPSRVLWHYV QW - OHFK 6
KWWSV GRL RUJ M LMPHFVFL

@ /DVvVUL / 1RXDUL O ODQVRUL O (O ORGHOOLQ
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PDFKLQLQJ XQLGLUHFWLRQDO )53 FRPSRVLWHV E\ V
&RPSRV 6FL THFKQRO +
KWWSV GRL RUJ M FRPSVFLWHFK

@ %RXWULK / $\HG / %HQ 1RXDUL O ORGHOLQJ R
SURFHVV ZKHQ PDFKLQLQJ K\EULG PXOWL PDWHULDO
THFKQRO KWWSV GRL RUJ \% ]

@ /LX 3) =KHQJ -< SURJUHVVLYH IDLOXUH DQD
FRPSRVLWH ODPLQDWHV XVLQJ FRQWLQXXP GDPDJH
$ * KWWSV GRL RUJ M PVHD

@ *HPNRZ .6 9LJQMHYLF 5 6WUDLQ VRIWHQLQJ L«
,QYHVWLIJDWLRQ RI 0$7 B WK (XRSHDQ /6 '<1%$ &RQ

@ 6KHLNK $KPDG -< ODFKLQLQJ RI SRO\PHU FRPS

@ :DQJ :0 =KDQJ /& $Q H[SHULPHQWDO LQYHVWL
FXWWLQJ RI XQLGLUHFWLRQDO ¢EUH UHLQIRUFHG
0DQXI +

@ &KDL *% =KX 6 $ 5HYLHZ RI /RZ YHORFLW\
BWUXFWXUHV 3URFHHGLQJV RI WKH ,QVWLWXWLRQ RI
RI ODWHULDOV 'HVLJQ DQG $SSOLFDWLRQV Q G %

@ -DDIDU O $WODWL 6 ODNLFK + 1RXDUL O ORXINL $
ORGHOLQJ RI ODFKLQLQJ 3URFHVV RI 1RPH[S +RQH\FR
&HOO 6WUXFWXUH %HKDYLRXU DQG 6SHFLILF 7RRO *HF
KWWSV GRL RUJ M SURFLU



