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/KHUPDO UDGLDWLRQ LQ GXVW 10

BURXVW &R0 AHNR SR KV BXHWV DV P D 0 RBOIAHKG. KD YR D WL
-pU{PH

D QVWLWXW GH OfHQYLURQQHPHQW LQGXVWULHO HW GHYV
+DODWWH YUDQFH

EF6RUERQQH 8QLYHUVLWLHYV 7HFKQRORJLFDO 8QLYHUVLW\

&HQWUH 3LHUUH *XLOODXPDW 7,05 EDW (' &RPSLq.

FSQLYHUVLWp GH 3LFDUGLH -XOHV 9HUQH /DERUDWRLUH G}
6DLQW 4XHQWLQ JUDQFH

( PDLO EFKUIVWRSKH SURXVW#LQHULV 11U

7KH UROH RI WKHUPDO UDGLDWLRQ LQ SUHPL[HG IODPH SU
GHFDGHV $QG LW LV QRW RQO\ D FKDOOHQJLQJ VFLHQ\
LPSOLFDWLRQV )RU LQVWDQFH D URXW#BMWR H[ZODLWKMKI
LPSOLFDWLRQ RI WLQ\ SDUWLFOHV UDLVHG E\ WKH EODVW
HQKDQFHG KHDW H[FKDQJHV E\ WKHUPDO UDGLDWLRQ LQ W
WKH IODPH LV LPSOLFLWO\ VXSSRVHG WR SURSDJDWH OLI
UDGLDWLRQ LV GRPLQDQW IRU VRPH GXVWV PDQ\ DVSHF
H[SORVLRQV IRU WKRVH SDUWLFXOBURXXWNYQARPOG QHHG
SDSHU QHZ H[SHULPHQWDO PHDVXUHPHQWV RI WKHUPDO
PHWKDQH DLU VHHGHG ZLWK LQHUW SDUWLFOHV DOXPLQXI
D SK\WVLFDO LQWHUSUHWDWLRQ

.H\ZRUXGXVW H[SORVLRQV IODPH SURSDJDWLRQ WKHUPDO

, QWURGXFWLRQ

'XVW H[SORVLRQV UHPDLQ TXLWH IUHTXHQW LQ LQGXVWUL
SURJUHVVHV PDGH GXULQJ WKH ODVW IHZ GHFDGHV QRMW
XQGHUO\LQJ H[SORVLRQ GHYHORSPHQW SURFHVVHV VHH I
EXW DOVR LQ WKH PLWLIJDWLRQ WHFKQLTXHV 6QRH\V DQ
FRQILUPVY WKDW GXVW H[SORVLRQV FRQFHUQ DOO LQGXVW
PDQLSXODWHG DUH VXIILFLHQWO\ FRPEXVWLEOH WR H[SOR

7R D ODUJH H[WHQW WKRVH SURJUHVVHV ZHUH SRVVLEOH
EHWZHHQ WKH IODPH SURSDJDWLRQ PHFKDQLVPV LQ SUHP
ODUJH ERG\ Rl NQRZOHGJH FRXOG EH PRUH RU OHVV GLUH
WKH VHFRQG RQH

,Q SDUWLFXODU LW ZDV GHPRQVWUDWHG WKDW IRU D O
WUDQVIHUUHG LQWR WKH UHDFWDQWY E\ WKHUPDO FRQGXF
DW OHDVW SDUW RI WKH FRPEXVWLRQ SURFHHGYV LQ JDVHR

, VLW WUXH KRZHYHU LI WKH SDUWLFOHV GR QRW YDSRUL
KHDW WUDQVIHU E\ UDGLDWLRQ PLJKW DSSHDU DQG SOD\
SURSDJDWLRQ SURFHVV " 'Q FDVH D VWURQJ LQIOXHQFH Z



NQRZOBIBRKW GXVW H[SORVLRQ PLWLJDWLRQ DSSO\ " $QG L
SRWHQWLDO SUREOHP "

,Q WKH IROORZLQJ D VKRUW OLWHUDWXUH VXUYH\ LV SUR
TXHVWLRQ DQG WKHQ QHZ SUHOLPLQDU\ H[SHULPHQWDO GI
WKH UHPDLQLQJ TXHVWLRQV

,V LW UHDOO\ D SUREOHP "

7TKH TXHVWLRQ RI WKH LQFLGHQFH RI WKH WKHUPDO UDGLZCLC
EHHQ UDLVHG VLQFH GHFDGHV &DVVHO DQG DO XGH
-RXOLQ (VFRW %RFDQHJUD %LGDEDGL DQG DO
FRXOG EH JLYHQ XQWLO QRZ SDUWO\ EHFDXVH RI WKH GLI
EHFDXVH RI WKH GLIILFXOW\ WR PRGHO WKH WKHUPDO UDG

&DVVHO PRGHO FDQ EH XVHG WR LOOXVWUDWH WKH SRWHQ
LQ 3URXVW DQG DO &DVVHO H[WHQWHG WKH © /H &K
KHDW WUDQVIHUUHG E\ UDGLDWLRQ )LJXUH VROYLQJ \
EHWZHID®R B DQG DVVXPLQJ KHDW WUDQVIHUUHG E\ UDGLD!
ODZyWWDQGV IRU WKH H[WLQFWLRQ FRHIILFLHQW RI WKH
WKH SDUWLFOH LV ODUJH DV FRPSDUHG WR WKH ZDYHOHQ.
+XOVW
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Fig.1. 4 DVVHOYV SUREOHP DQG GHILQLWLRQV

7KH XUBFWRU GHILQHVY WKH JHRPHWU\ RI WKH IODPH IURQW
WRZDUGYV WKH UHDFWDQWYV ) DQG LI LW LV FRQFDYH 3WX




$ QXRHDO DSSOLFDWLRQ LV SRVVLEOH FRQVLGHULQJ IRU L
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Fig. 3. @p&WLPDWHG XVLQJ &DVVHO DSSUR[LPDWLRQ DQG H[SH
DO

SMQLQIRUPDWLRQ IURP ILJXUH DQG LW FRRIDVIRKW W/HH
EXUQLQJ JRQH WKLFNQHVYV LV QRW WKDW GLIIHUHQW IURP
LQIRUPDWLRQ WKH FRQGXFWLYH DQG UDGLDWLGHYIOX[BY |
WKH IRUPHU E\ WKH ODWWHU WR REWDLQ D VRUW %ROW]PD

:95175 / >3( EG‘ 7LQ)l
h s

%
s A X\ b 7

JRU PLFURQYV VLJdriLBD]E/RD(FVD[H;V . 1LQ WKH VWLRFKLRPHWUL
s NJ Py : P. DWW T P 4w s NJ PVR WKDW WK
DPRXQMWHMRW WUDQVIHUUHG E\ UDGLDWLRQ LV WKHRUHWLFD
FRQGXFWLRQ IRU SDBWLFOHV RI DERXW

JRU VPDOOHU SDUWLFOHYV KHDW WUDQVIHU E\ UDGLDWLRQ
WKHQ " $VVXPH WKDW WKH IODPH LQLWLDOO\ VWURQJO\
SUHVVXUH ZDYH IRU LQVWDQFH DQG EHFRPH FRQFDYH VI
FDOFXODWHG XVLQJobVKBWQRQLQFWHDIDM 6 Q D ODUJHU HJ
SDUWLFOHV )LJIXUH 0REW KLHQ HUBIBDYGIHEY LY HD BW R U 6LQF
WKH WRWDO IODPH DUHD FRXOG KDYH EHHQ LQFUHDVHG E
FRXOG UHVXOW PXFK VWURQJHU WKDQ IRU FRQGXFWLRQ G

7R WKH SUHVHQW DXWKRUVY NQRZOHGJH WKHUH LV RQO\
WKHUPDO UDGLDWLRQ LQ WKH IODPH SURSDJDWLRQ SURFH
LV SRVVLEOH WR LJQLWH $0 GXVW DLU FORXGV XVLQJ D
ZDYHOHQJWK WKDQ WKH WKHRUHWLFDO UDGLDWHG KHDW
6FKHYFKXN DQG DO UHODWHYVY WKDW REVHUYLQJ WKF
SURSDIJDWLRQ LQ D YHUWLFDO WXEH D VXUSULVLQJ YHU\
GRZQzZzDUG GLUHFWLRQ ORUH UHFHQWO\ SHUIRUPLQJ FO
9LJQHV 'XIDXG HW DO 9LIJQHYV QRWLFHG YHU\ C
UHJLPHVY GHWRQDWLRQ OLNH ZKHQ WKH VL]H RI $O0 SDUWL
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WP WKHQ MXVWLILHG WR LQYHVWLIJDWH IXUWKHU WKLV
WKH DPRXQW RI KHDW EHLQJ UDGLDWHG E\ WKH IODPH IURC

6HWXS DQG PHWURORJ\
, QIUDVWUXFWXUH

([SHULPHQWYVY ZHUH GRQH XVLQJ WKH IODPH SURSDJDWLRQ
RI VWXGLHV IRU LQVWDQFH 3URXVW 7KH H[SHULPHQW
P DQG GLDPHWHU FP ILOOHG ZLWK WKH GXVW FORXG E
GHYLFH 7KH VXVSHQVLRQ LV ULVLQJ VORZO\ XSZDUGV XQYV
7KLV ZD\ WKH VXVSHQVLRQ PD\ EH YHU\ KRPRJHQHRXV 7
ERWWRP DIWHU KDYLQJ VWRSSHG WKH IORZ VKXW WKH XS
UHPRYHG WKH VXVSHQVLRQ JHQHUDWRU 7KH IODPH LV W
EHLQJ WKUXVWHG E\ WKH H[SDQVLRQ RI WKH EXUQW SURG.
HQG 7KH GXVW FRQFHQWUDWLRQ LV FRQWUROOHG E\ ZHL.
DQG DIWHU WKH WHVWY DQG PHDVXULQJ WKH YROXPH RI W

Fig.5. ((SHULPHQWDO VHWXS
OHDVXUHPHQWYV

+LJK VSHHG YLGHR LV XVHG WR REWDLQ DQ DFFXUDWH PHD
RI WUDQVGXFHUV LV XVHG DQG LQVWDOOHG DW DERXW P
ILIXUH

$ KLJK YROWDJH LRQL]DWLRQ JDJH ZKLFK GHWHFW WKI



$ FROOWHG LQIUDUHG SWRGLRIGNHQVR®R LV ORFDWHG D
RD PP LQWHUQDO GLDPHWHU DQG FP ORQJ WXEH 7Kl
WKH WXEH DW FP RII WKH D[LV

$ IDVW UHVSRQVH IOX[PHWHU 7KLV GHYLFH &DSWHF W
HDFK VLGH RI ZKLFK D FROOHFWLRQ RI WKHUPRFRXSO'}
JOXHG RQ D FROG ZDOO DFWLQJ DV D UHIHUHQFH 7KH
LV SURSRUWLRQDO WR WKH KHDW UHFHLYHG WKHUPD
GHYLFH RSWLFDOO\ VKLHOGHG DQG EDUH VWULSYV DOW
IOX[ LV PHDVXUHG 7KH UHVSRQVH WLPH LV ORZHU WK
UDQJH LV P WR RYHU QHDUO\ DOO WKHQBEVRAKIWLRQ
DEVRUSWLYLW\ LV 1RWH WKH IOX[PHWHU LV SORRNL
WKH SKRWRGLRGH LV WUDQVYHUVDO WR WKH GLUHFWL

Fig.6. 7T UDQVGXFHUVY DUUDQJHPHQW DQG GHWDLOV R

SHVXOWYV
&RPEXVWLEOH PL[WXUHV

$ ODUJH QXPEHU Rl H[SHULPHQWYV ZHUH SHUIRUPHG XVLQJ
SDUWLFOHYV LQ VXVSHQVLRQ ©6RPH WHVWV ZHUH GRQH Z
FKDUDFWHULVWLFV RI WKH GXVWV DUH JLYHQ LQ WDEOH
XQGHU WKH IOXLGL]DWLRQ FRQGLWLRQV XVHG LQ WKH F
DOXPLQLXP DJJORPHUDWHY ZHUH FHUWDLQO\ SURGXFHG I
UHTXLUHG WR REWDLQ D IODPPDEOH PL[WXUH

Tablel: PDLQ FKDUDFWHULVWLFV RI WKH GXVWV

1DWXUH 6SHFLF PDVV |NODNV PHGLDQ 6LDBEXWWHU PHDQPGIDPHWHU

$OXPLQLXP R[LGH
6LOLFLXP FDUELGH
$OXPLQLXP
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) O DHPV

$ W\SLFDO H[DPSOH RI VLJQDOV LV VKRZQ RQDILUXIOHWPHLQ
ZMWRXIWDUWLFOHV ,Q WKLV H[DPSOH WKH IODPH VSHHG LV
GHWHFWHG E\ WKH LRQL]DWLRQ JDJH WKHUH LV D GLVFHL
VLIJQDO E\ WKH UDGLDWLYH IOX[ LV NHHSLQJ SURJUHVVLQ.
WKDW PRVW RI WKH UDGLDWLYH 10X[ DY GP-HLWH HEGH IEL QABK W |
DFWLYH EXUQLQJ JRQH
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Fig.8. 6LJIQDOV GHOLYHUHG E\ WKHDWWU PQ WEXBEH UV Y

SHPREHU WKDW WKH IOX[PHWHU LV SORRNLQJ" LQ WKH GLUH
VRPHWKLQJ ULJKW IURP WKH LIQLWLRQ DQG WKH OHYHO RI
DSSURDFKHV WKH WUDQVGXFHU $ WUDGLWLRQDO JUDSKV
UbGLDWLQJ DEVRUELQJ VXUIDFHV LV JLYHQ RQ ILJXUH $
ODUJH VXUIDFH FP [ FP DQG WKH WUDQVGXFHU D VPL
HYROXWLRQ RI WKH YLHZ IDFWRU LV VXSHULPSRVHG XQGH
OLQH &OHDUO\ WKH VKDSH RI WKLV FXUYH UHVHPEOHV W
DUULYDO

7KH SKRWRGLRGH VLIQDO VWDUWY LQFUHDVLQJ DERXW

VXJIHVWLQJ VRPH OLJKW LV GHWHFWHG ZKHQ WKH IODPH L
IURP VRPH UHIOHFWLRQV RQ WKH VLGH ZDOOV %XW WKH O
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Fig.9. 9 HIDFWRU EHWZHHQ D ODUJH DQG D VPDOO HPLW

6HYHUDO WHVWV ZHUH SHUIRUPHG DW GLIIHUHQW PHWKDOQ!
WDEOH 1RWH WKH UHVXOWVY DUH UHSURGXFLEOH 7KH V
H[SHULPHQW Dy@&YD® WH\H BR BHMQFDQG DO XVLQJ H[SUF

Table2: PHWKDQH DLU IODPHV KHDW IOX[HYV

PHWKDQH 5DGLDWHG I|OKRWND:OPIOX[ N: P

7KH IUDFWLRQ RI KHDW UDGLDWHG VHHPV RQ WKH RUGHU F
PXFK DV QHDU WKH IODPPDELOLW\ OLPLWV ZKLFK LV QR\
WKHUPDO UDGLDWLRQ RI WKH EXUQW JDVHV FRXOG EH WK
OLPLWYV

KHQ LOQHUW GXVW LV DGGHG VLIJQLILFDQW GLIITHUHQFHYV D



LWIKOXDPLQD ILIXUH WKH UDGLDWLYH IOX[ GLPLQLVKHYV
DGGHG GXVW 7DEOH 7KLV VXJIJHVWYV WKDW WKH SDUWI
IODPH DFWLQJ DV D KHDW VLQN *LYHQ WKH VL]H RI WKH
DERXW VvV ZKHUHDV WKH FKDUDFWHULVWLF KHDWLQJ WLP

V 6R WKH SDUWLFOHVY KDUGO\ KHDW XS LQ WKH IODPH
WHPSHUDWXUH PD\ QRW LQFUHDVH HQRXJK IRU WKHP WR
DXRQD WKH PD[LPXP IODPH WHPSHUDWXUH FRXOG WKHRUF
DERXW f& WR f& 7KLV WHPSHUDWXUH LV WKDW RI D |
DLU IODPH ZLWKRXW GXVW ,Q WKLV FDVH LW FDQ EH VF
DPRXQWYV 2XLFK LV YHU\ FORVH IURP WKH GDWD RI WDE
LQFUHDVHYVY PRUH SURJUHVVLYHO\ WKDW ZLWK SXUH PHWKI
GRXEOH $00 Rl WKLV ZRXOG DOVR VXJIJHVW WKDW WKH |
ORZ LQ DJUHHPHQW ZLWK UHFHQW GDWD 5R]JHQEDXP DQG L

- %G+

Fig. 10. 6LJQDOV GHOLYHUHG E\ WKHDWW PQ WEXEH ZRWK Y Y &
DOXPLQD

Table3: DOXPLQD GXVW PHWKDQH DLU IODPHV KHD\

PHWKDQH O0DVV SDUWLFOH FERQEHQWHGWORDR NJ P

'LWK 6L& SDUWLFOH ILJXUH WKH UDGLDWHG IO0OX[ LV P
PLIWXUH ZKHQ WKH GXVW FERWHQRDUDOHUIR QRUVD KLWJRHU FR
J P 7KHVH GXVW FRQFHQWUDWLRQV PLIKW EH WRR ODUJI
GRZQ LQ WKH PDSV RI WLPH EHWZHHQ WKH LQWHUUXSWLR
LQGLFDWLYH 1HYHUWKHOHVV 6L& SDUWLFOHV DUH YHU\ V
FRPSDUDEOH WR WKDW RI WKH IODPH IURQW VR WKDW D C
YHU\ KLJK WHPSHUDWXUH 7KH FRHIILFLHQW RI HPLVVLYLW
PD\ H[ISODLQ WKH LQFUHDVH LQ WKH UDGLDWLYH IOX[ HYH



EHFBXM WKH HQHUJ\ EHLQJ DEVRUEHG 7DEOH "KHQ WKH
ObUJHU WKH VHFRQG DVSHFW PD\ GRPLQDWH KHDW DEVF
SKRWRGLRGH VLIJQDO LQFUHDVHYVY PRUH SURJUHVVLYHO\ WK
ODUJHU

—_————— s — . — "

Fig.11. 6LJQDOV GHOLYHUHG E\ WKHDWW PQ WEXEFH R WKL & Y &+
Table4:6L& GXVW PHWKDQH DLU IODPHV KHDW 10 X

PHWKDQH O0DVV SDUWLFOH FERQEHQWHGOWORDR NJ P

'LWK $0 GXVW DLU IODPHV ILJXUH WDEOH WKH UD
PHWKDQH DLU PL[WXUH ZKHUHDV WKH VLJQDO GHOLYHUHC(
PDIJQLWXGH RI WKH 6L& PHWKDQH DLU IODPHV 7KLV FRQW!
RI DOXPLQLXP GXVW RQ WKH IOX[PHWHU ZKLFK FRXOG KDY}
QRW EH WKH PRVW SUREDEOH 7KH ,5 SKRWRGLRGH LV LQ
RQO\ QHDU ,5 ,W FRXOG KDYH FDSWXUHG SUHGRPLQDQWO\
$02 EDQG *UpJRLUH DQG DO EXW QRW WKH UHVW RI
PXFK ODUJHU VSHFWUXP DQG WUDGLWLRQDOO\ WKH FRQW
UDGLDWHG HQHUJ\ LV VPDOO D IHZ EDQGV RQO\ $QG VL
GRHV QRW VHHP WR EH VWURQJO\ UDGLDWLQJ WKH UHVXO\
WKH SUHVHQW H[SHULPHQWDO VLWXDWLRQ WKH SDUWLF
DJJORPHUDWHY VR WKDW PRVW RI WKH FRPEXVWLRQ RI
GRZQVWUHDP LQ WKH FRPEXVWLRQ SURGXFWY DQG LQ D FR
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Fig.12. 6 LIQBHOLYHUHG E\ WKH WUDQVGXFHUWRI$S®OGXVW DI
Table5:$0 GXVW DLU IODPHV KHDW IOX[HV

0DVV SDUWLFOH FRQHHID/MGUDWHRGQIOR[P N: P

Fig. 13. 3BKRWRJUDSK RI WKH IODPH IURQW VKRZLQJ OXPLQRX)\
PLIWXUH ZLWKI $0J P

&RQFOXVLRQ DQG SHUVSHFWLYHV
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YXUWKHVUWLQJ DUH FXUUHQWO\ EHLQJ GRQH FKDQJLQJ WKI
LQIOXHQFH RQ WKH IODPH VSHHG
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