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(ISHULPHQWDO FKDUDFWHULVDWLRQ RI QRQ HQFDSVXOD
FDSDFLW\

+D]KD ORKDPRGWVHUUDW 2V WRIQLHGIDY BHBWLER D D

%XLOW (QYLURQPHQW DQG 6XVWDLQDEOH 7THFKQRORJLHV % (67
8.

&HQWUH IRU 1DWXUDO 3URGXFWV 'LVFRYHU\ &13' G6FKRRO RI 3
ORRUHV 8QLYHUVLW\ 8.

&RUUHVSRQGLQJ $XWKRU D P DUPDGDEUDV#OMPX DF XN

$EVWUDFW

7KH PDLQ UHDVRQ IRU HDUO\ FRUURVLRQ LQ 5HLQIRUFHG &RQ
FRQFUHWH FRYHU &UDFNV FDQ OHDG WR OHDNDJH SUREOHPV

FKHPLFDOV WR HQWHU LQWR FRQFUHWH DQG HYHQWXDOO\ FDXV
UHVXOWYVY RI D QRYHO ELR FRQFUHWH ZLWK ELRORJLFDO VHOI
DXWRQRPRXVO\ DQG DFWLYHO\ LQKLELWYV WKH FRQFUHWH FUDT
FRPSRVLWLRQV RI FRQFUHWH VDPSOHV ZHUH SUHSDUHG DQG

*UDQXODWHG %ODVW )XUQDFH 60DJ **%6 ZLWK DQG ZLWKRXW
EDFWHULD 7KH GHYHORSHG ELR PLQHUDO LV FDSDEOH RI VHDOL
ERUQ LRQV LQ 5& VWUXFWXUHVY DFWLQJ DV D GLIIXVLRQ EDUU
WRZDUGY FRUURVLRQ 7KH IUHVK WHVW UHVXOWY VKRZ WKDW W
UHLQIRUFHG DQG PDQXDOO\ FRPSDFWHG VHFWLRQV ZLWK YLEUD
UHGXFHG ZLWK WKH LQFOXVLRQ RI ELR DIJHQW LQ &(0, DQG &(0,,
VHDOLQJ OD[LPXP ZDWHU DEVRUSWLRQ YLD FDSLOODU\ WHQGV
FRQFUHWH 2WE8H WK WHVXOWYV HPSKDVHV WKH HIILFLHQF\ RI WKH E
GRHVY QRW GHFUHDVH WKH FRPSUHVVLYH VWUHQJWK RI WHVWHG
VKRZV WKDW WKH FU\VWDOV ZHUH ZHOO GHYHORSHG QHDU WKH

,1752'8&7,21

1RZDGD\V GHYHORSHG FRXQWULHY DOUHDG\ VSHQGLQJ D KXJH
UHSDLU DQG UHSODFLQJ RI QHZ DQG H[LVWLQJ VWUXFWXUHV E
UHIOHFWLQJ PDMRU GHILFLHQFLHVY LQ SDVW SUDFW&VBFDQQJFXU
RI FRQFUHWH DQG GHJUDGDWLRQ DUH NQRZQ WR EH D PDMRU SL
5HLQIRUFHG &RQFUHWH 5& FRUURVLRQ FRVWVYV WKH 8. ... E SH
OHDGLQJ WR UXVW IRUPDWLRQ FUDFNLQJ VSDOOLQJ GHODPLC
SURFHVV RI HOHFWURFKHPLFDO GHJUDGDWLRQ RI PHWDOV *HQ
LFLQJ vDOWY DQG PDULQH H[SRVXUH RU FRQFUHWH FDUERQDW
UHLQIRUFHG VWHHO SLWWLQJ ZKHUHDV FDUERQDWLRQ FDXVHYV

S5HLQIRUFLQJ VWHHO FRUURVLRQ PDLQO\ FDXVLQJ WZR PDMRU (
, QLWLDOO\ LV UHGXFLQJ WKH UHLQIRUFHPHQW FURVV VHFWLRQ
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VWUHQJWK 7KLV ZLOO UHGXFH WKH WUDQVYHUVH ULEV VL]H RQ
PHFKDQLVP DPRQJ WKH GHIRUPHG EDUVY DQG WKH FRQFUHWH VX
LOWHUORFNLQJ ZLOO EH ZHDNHQHG ,Q IDFW ERQG GHWHULRU!
UHGXFWLRQ EHFRPHY DQ LVVXH %RWK UHLQIRUFHPHQW VHFWLR
WKH SHUIRUPDQFH RI UHLQIRUFHG FRQFUHWH > @

7KH VHFRQG LVVXH RI GHWHULRUDWLRQ LV WKDW WKH UHLQIRU
FRUURVLRQ H[SDQVLYH QDWXUH ZLOO LQHYLWDEO\ WULJJHU VW
DQG UHVXOWYV LQ FUDFN GHYHORSPHQW :KHQ FRQFUHWH FUDFI
FRQILQHPHQW GLPLQLVKHV 'DYLV HW DO > @ QRWHG D FRQVL
WR SURJUHVV ZKHUH DIWHU WKH ZLGWK RI WKH FUDFNV EHFRPH
DURXQG RI WKH XOWLPDWH ERQGLQJ VWUHQJWK &UDFNV ZLO
LI QRW SURSHUO\ GHDOW ZLWK )XUWKHUPRUH LW PXVW EH H
UHLQIRUFHG FRQFUHWH 5& IDLOXUH +RZHYHU WKH H[LVWHQF
> @

7KH PRVW VHULRXV WKUHDWV WR WKH LQWHJULW\ VDIHW\ DC
GHWHULRUDWLRQ Rl FHPHQW EDVHG PDWHULDOV > @ )RU WKLV
PHWKRGV DUH D FRPPR@R®OKWMWLRRQ B OHOHEBERX D Q H[WHQG 5&
VHYHUDO GRYWERIFM\NKHVH UHSDLUV FDQ ODVW WKXBW LVWGRLIILAX
UHDOL]H GXUDEOH UHSDLUV ORUHRYHU WKH FUDFNV ZKLFK DU}
VWUXFWXUHV DUH GLIILFXOW WR UHSDLU ,Q DGGLWLRQ WR WK
LQGLUHFW FRVWVY DUH WKHUHIRUH W\SLFDOO\ VHYHUDO WLPHV

%HVLGHV WKLY FHPHQW DQG FRQFUHWH DUH H[WUHPHO@HQHUJ
&HPHQW PDQXIDFWXULQJ LV NQRZQ WR EHPWMRM PSONRREX FARXRI@ HD

Rl DQWKUR$IPILVYLR@2 ZKHUHDV ODQG XVH VKLIWV ZLWK WKI
GHIRUHVWDWLRQ > @ 7R DFKLHYH WKH VXVWDLQDELOLW)\ WDU.
VWULFWXUHV > @ 'XH WR WKH XQLTXH SURSHUWLHVY RI FRQFUH\
LV D YHUVDWLOH PDWHULDO ZLWK PDQ\ DOWHUQDWLYHV ZD\V RI
7KXV WKHUH DUH QXPHURXV ZD\V DYDLODEOH WR LPSURYH FRQI
HQYLURQPHQWDO HIIHFWV 7KHUH KDYH EHHQ PDQ\ UHVHDUFK
LOQWHUHVWHG ERQUFH®WUDWLENQ LQ WKH DWPRVSKHUH DQG PLQ
VWUXFWXUHV > @

5HVHDUFK LV WKHUHIRUH FRQGXFWHG WR GHYHORS D FRQFUH
PLQLPLVH WKH FRVW Rl PDLQWHQDQFH DQG UHSDLU RQ NH\ LQIL
SUHFLSLWDWLRQ 0,&3 LV D PHWKRG IRU DXWRQRPRXV VHOI KH
EHKDYLRXU Rl PLFURRUJDQLVPV DQG ELR PLQHUDO SUHFXUVRL
LQRUJDQLF FRPSRXQG DFWLQJ DV D KHDOLQJ D XMX\W O DK LIMQ LA/D C
IRUP ZKHUH WKH PLFURELDO PDWHULDO FDQ SUHFLSLWDWH VF
UHGXFLQJ ZDWHU SHUPHDWLRQ DJJUHVVLYH FKHPLFDOV DQG G|
WKH FRQFUHWH VHUYLFH OLIH FRXOG EH H{IWHQGHG > @

,Q DFFRUGDQFH WR 7DODLHNKR]DQ HW DO > @ DQG $OVKDOL
LQWURGXFHG WR WKH FRQ BAOHW B OXX\F % EDRD GHXOUK Y BEIN RMDWRCH M OB @)\
%DFLOOXV % DN MMHOOUL LSAHXLGR] K M P RAONIRPLRIL WU BIKHFOCR G RQHD V
DHUXJEDAEVLD O XIVOFERKLPLAXY DP\OROQDWHKIDFQHOYOI KHDGLQJ DJH
FRQFUHWH QDPHG ELR FRQFUHWH $FFRUGLQJ WR OLWHUDWXUH
PRVW FRPPRQ W\SH Rl PLFURRUJDQLVPV XVHG LQ WKH GHYHORS
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$ 0,83 KHDOLQJ SURFHVV KDV WKUHH SULPDU\ SDWKZD\V L DH!
GLVVLPXODWLRQ LLL HQ]J\PDWLF XUHD K\GURO\VLV DQG +HDO
GXH WR LQGXFLQJ WKH R[LGDWLRQ RI RUJDQLF FDOFLXP VDOWYV
FDOFLXP FDUERQDWH XQGHU JRRG FLUFXPVWDQFHV 7KH ODW\
SUHVHQFH RI R[\JHQ ZDWHU DQG mMXG WIHOMU RDHEW®HG ERS U
WUDQVIRUPDWLRQ RI+RD ONFR XD O F HX\WD WH UIERRIDKAN RP IDWPEOH ZL\
(TXDWLRQ ,Q DGGLWLRQ LQ WKH SUHVHQW RI ZDWHU DQG |
FDQ FRQWULEXWH WR WKH FDOFLXP K\GUR[LGH FDUERQDWLRQ |
IRUP RI DXWRJHQRXV KHDOLQJ VLQFH WKH XQ FDUERQDWHG PR

&D +& 2 —» &D&2 &2 +2
&2 &D 2+—» &D&2

1RzZDGD\V PDQ\ VHOI KHDOLQJ DSSURDFKHV KDYH EHHQ SURSF
FDUERQDWHH@DWRWLQJ PLFURRUJDQLVPV LV WKH PRVW FRPPRQ
FRQFUHWH FUDFNYV

$Q H[SHULPHQWDO VWXG\ SHUIRUPHG E\ &KDKDO HW DO > @
PLFURRUJDQLVP RQ WKH UDSLG FKORULGH PLJUDWLRQ DQG FRP
IO\ DVK &HPHQW ZDV SDUWLDOO\ VXEVWLWXWHG ZLWK 10\ DVK
E\ ZHLJKW 7KH FRQFUHWH PL[HV DUH PDGH XVLEIOMWXWPE GE&IVH

LOQOFXEDWLRQ DW URRP WHPSHUDWXUH WHVWYV ZHUH FRQGXFV
FRPSUHVVLYH VWUHQJWK )JURP WKH H[SHU I6P F@W /GG X POV W
WR WKH FRQWURO FRQFUHWH VDPSOHV ZLWK )$ HQKDQFHG
KHUHDV WKH )$ UHSODFHPHQW WKH FRQFUHWH LQFUHDVH(
LQFOXVLRQ RI )$ ZLWK EDFWHULD UHVXOWHG LQ UHGXFWLRQ RI
FRQWURO

6LGGLTXH HW DO > @ %OFHOV/OKRI DMRMEGEWIKRMO DRISBRFO\R R IWKH FR
SURSHUWLHYVY SUHSDUHG ZLWK DQG ZLWKRXW ULFH KXVN DVK
SHUFHQWDJHYV DQG E\ ZHLJKW SULRU WR SHUIRU
FRPSUHVVLYH VWUHQJWK FKORULGH SHUPHDELOLW\ DQG ZDWH!
UHVXOWYV LQGLFDW4H G AID®* $V KR QF&/GWWHL RRSRIRYHG WKH VWUH!
DJHV KRZHYHU WKH EHVW SRVVLEOH RXWSXW ZDV DWWDLQHG .
LPSURYHPHQW ZDV 03D WR 03D ZLWK EDFWHULD IROORZLI
RI EDFWHULD OHG WR D UHGXFWLRQ IURP WR LQ ZDWHU DEV

$QGDOLE HW DD Fi 0@ XV BPRHXDAMHGLLIXIRUH QW F MAROFRFR @ROH @\M U BlW
GLUHFWO\ DGGHG LQWR WKH IUHVK FRQFUHWH PL[WXUH WR D
LQFUHDVH LQ VWUHQJWK ZDV FKEX POYHE& D WRE SIUHYVMQOWH DIWMYV H®
RI ELR FRQFUHWH 03D KDG HQKDQFHG E\ UHOMBIW LPY WR
KDG GHFUHDVHG WKH VWUHQJWK E\ LQ 6(0 DQDO\VLV ZDV
SRURVLW\ ZLWK DQG ZLWKRXW EBRNHUED RIKAHOWYVRRYWNVHRWBL
LQYHVWLIJDWLRQV FOHDUO\ GHPRQVWUP® HG WIK@WH BISAMEHW RD IOF
FKDUDFWHULVWLFV ZKLOH WKH SRURVLW\ RI FRQFIWHM® VDPSOF

'H HOLH HW DO > @ ,Q WKHLU UHVHDUWEHK O% DFHL O XV HRIFHKCSH
LQWR K\GURJHOV DQG WKHQ LOQWURGXFHG LQWR IUHVK PRUWDU
WKHLU KHDOLQJ HIILFLHQF\ 7KH FDUERQDWH SUHFLSLWDWLQJ F
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K\GURJHO PDWULYIWRURWKHEDEGLWLRQ RI VSRUHV WKH K\GURJH
LQFUHDVHG DQG WKH DEVRUEHG ZDWHU ZRXOG EH UHOHDVHG
FHPHQWHG PDWHULDOV +RZHYHU WKH UHVXOW GHPRQVWUDW
HQFDSVXODWHG VSRUHYVY HQKDQFHG VHOI KHDOLQJ SHUIRUPDQFF
KHDOHG FUDFN ZLGWK ZDV DURXQG PP DQG LQ DYHUDJH UH
FUDFN ZLGWK IRU WKH FRQFUHWH VDPSOHYV PDGH ZLWKRXW EDF
LQ ZDWHU SHUPHDELOLW\

$Q H[SHULPHQWDO UHVHDUFK E\ 7]JLYLORJORX HW DO > @ IRFX
OLJKW ZHLJKW DJJUHJDWHV /:$ DQG FRPELQHG ZIWMDXFLOBXK P
JHQXWSRUHV / ZHUH LQFRUSRUDWHG LQWR /:$ /LDSRU *PE+ *H
SDUWLFOHV E\ YDFXXP LPSUHJQDWLRQ ZLWK \HDVW H[WUDFW

LQIOXHQFH Rl WKH EDFWHULDO KHDOLQJ DJHQW ZKHQ DGGHG LC
UHFRYHU\ DIWHU H[SRVXUH DQG FUDFNLQJ WR WZR VHSDUDWH

WKURXJK ZDWHU SHUPHDELOLW\ WHVWV 7KH VWXG\ GLVFRYHUH
D VLIJQLILFDQW UHGXFWLRQ LQ FRPSUHVVLYH VWUHQJWK DQG

VHHPHG WR KDYH DQ HIIHFW RQ ZRUNDELOLW\ SURGXFHG PRUFL
FRQWHQW EHVLGHV WKH FHPHQW KDUGHQLQJ ZDV DOVR GHOD\
VWUHQJWK Rl WKH EDFWHULDO SULVPV LQ WKH HDUO\ DJH GD\
FRQWURO VDPSOHV 7KH OLJKWZHLJKW PRUWDU ZLWK WKH SUHV
VHDOLQJ HVSHFLDOO\ LQ WKH FDVH Rl ZHW GU\ F\FOHV UDWKH}

(QFDSVXODWLRQ LQ FRDWHG SHUOLWH ZDV VWXGLHG E\ . 3DLQF
WR GHFUHDVHG PHFKDQLFDO SURSHUWLHYV 5HSODFLQJ QRUPDO
EDVHG PRUWDU VDPSOHV E\ DERXW

$OWKRXIK QXPHURXV VWXGLHVY KDYH EHHQ FRQGXFWHG RQ WK
LOQVXIILFLHQW VWXGLHYV KDYH EHHQ FRQGXFWHG RQ WKH XVH Fk
FRUURVLRQ DQG RSWLPLVLQJ VHOI KHDOLQJ HIILFLHQF\ E\ WDN
HITHFWLYHO\ SURPRWH FRQFUHWH VHOI KHDOLQJ DQG QXWULL
PLFURRUJDQLVPV LV WKDW WKH\ WKULYH LQ HQYLURQPHQWYV FR
KLJK THUULF LURQ FRQFHQWUDWLRQV 7KHUHIRUH WKH\ DUH VX
WHUPLQDO HOHFWURQ DFFHSWRU )H ,,, LV LQVROXEOH $V D
EDFWHULD )H ,,, UHVSLUDWLRQ WDUJHWHG WR SURWHBFW VWHH
D SURPLVLQJ PHWKRG WR DGGUHVV WKH FRQFHUQV DVVRFLDWHC(

JLIXUH VKRRQYXPSWLRQ PHGLDWHG\ES LEDWHR) DLFEG® RELDO 2C
SURGXFHG E\ )H ,,, UHVSLUDWLRQ SURWHFWYVY VWHHO DJDLQV
RYDOV DUH FHOOV WKDW FRQVWDQWO\ UHVSLULQJ RQ WKH VX
UHVSLUDWLRQ LV D UHGXEBRR PQVWIIFINQ Q@ WW RE& \BWHMA QMY IDFH (
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JLIXUH 6 FKHPDWLF ARHBWMXPSIWILVRQWALHR&L B WHHGY EL GDWHRQY P FUF
UHGXFWLRQ SURGXFHG E\ )H ,,, UHVSLUDWLRQ SURWHFWYV VW

7KLV SDSHU LV IRFXVHG RQ ELRORJLFDO VHOI KHDOLQJ SURFH
DVVRFLDWHG ZLWK FRQFUHWH FRUURVLRQ SUREOHPV 7ZR FRPS
+ &(0, DQG &(0,,, ZLWK RI *URXQG *UDQXODWHG %ODVW )XUQ
%DFWHULD VSRUHV DW GLIIHUHQW FRQFHQWUDWLRQV ZHUH GLU
EHVW SRVVLEOH FRPELQDWLRQV ZLWKRXW VDFULILFLQJ FRQFUF
ELRORJLFDO FDQGLGDWH DV LW LV D IDFXOWDWLYH EDFWHULXP
ODVW SRLQW LV YDOXDEOH DV WKH VWUDLQ LV HDV\ WR KDQGO
KDELWDWYV DQG LW LV NQRZQ WR UHGXFH D YDULHW\ Rl PHWDO\
ZHUH GLUHFWO\ DGGHG LQWR WKH IUHVK FRQFUHWH PL[WXUH
VDFULILFLQJ FRQFUHWH SURSHUWLHVY 7R DVVHVV WKH HIIHFW]
FDUULHG RXW VXFK DV FRPSUHVVLYH VWUHQJWK ZDWHU DEVR
HYROXWLRQ DQDO\VLV 6FDQQLQJ HOHFWURQ PLFURVFRSH 6(0

0$7(5,$/6 $1' 0(7+2'6
2UGLQDU\ 3RUWODQG FHPHQW &(0 ,
7KLV H[SHULPHQWDO VWXG\ XVHG W\SH RQH FHPHQW &(0, DFFR
&(0 , FDQ EH FRQVLGHUHG DV D PRVW ZLGHO\ XVHG FHPHQW W\S

*URXQG JUDQXODWHG EODVW IXUQLVK VODJ **%6
**%6 XVHG IRU WKLV UHVHDUFK ZDV VRXUFHG LQ WKH 8QLWH
FRPSOLDQFH ZLWK WKH VSHFLILFDWLRQV RI WKH %YULWLVK 6WDC

7KH &KHPLFDO &RPSRVLWLRQ RI &(0 , DQG **%6

7TDEOH GHVFULEHV WKH FKHPLFDO FRPSRQHQWYV RI WKH FRPSR
7KH SURGXFWV WKHUHIRUH KDYH GLIITHUHQW FKHPLFDO FKDUDFYV

7TDE@HLGH SHUFHQWDJHV > R® &(0 , DQG **%6



&KHPLFDO &} &(0 **%
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.LOQ 'ULHG 6DQG
7KH VDQG XVHG LQ WKLV UHVHDUFK FDPH IURP WKH 7DUPDF SOTC
FRQILUP WKH SURFHGXUHV UHTXLUHG IRU TXDOLW\ FRQWURO WK

&RDUVH DJJUHIJDWHYV
7KH DJJUHIJDWH XVHG LQ WKLV UHVHDUFK VRXUFHG LQ 8. PP D
WKH\ ZHUH SURYLGHG E\ 6SHFLDOLVW $JJUHJDWH SURYLGHG DQ

0,&52%,$/ 6(/) +($/,1* $*(17

%DFWHULDO VWUDLQ DQG JURZWK FRQGLWLRQV
%DFWHULDO VW U D LEX 1D DIEQHERIZDNK UFIRLANG LMIIRRQVHVSLULQJ EDFWE
FHOOV DUH XVXDOO\ URG VKDSHG *UDP QHJDWLYH DQG EHORQJ
DUH PHVRSKLOLF IDFXOWDWLYH DQDHURELF ZLWK UHVSLUDWRU
7KH RSWLPXP S+ Rl WKH JURZWK PHGLXP IRU WKLV VWUDLQ LV
%LRVDIHW\ &DWHJRU\ HQYLURQPHQWDOO\ LQQRFXRXV DQG VDI

6XE FXOWXULQJ DQG JURZWK FRQGLWLRQV RI WKH ELR DIJHQW

, QLWLDOO\ EDFWHULDO FRORQLHV ZHUH VXVSHQGHG LQ D YDL
2;2," DQG VWRUHG DW f& VHH ILIJXUH 7KLV FXOWXUH ZDV X
SUHSDUDWLRQ

W P n o




JLIXUH 6XE FXOWXULQJ ELR DJHQW

6KDNH IODVNYV PO FRQWDLQLQJ PO RI VWHULOWIX6POOZHUH
DQG LQFXEDWHG LQ D %YHQFKWRS 6KDNLQJ ,QFXEDWRU IRU KR

7KURXJK VHULDO GLOXWLRQ WHFKQLTXH WKH JURZWK PHDVXU}
FRQFHQWUDWERQPDDWKHUHIRUH WKH QHZ FXOWXUH ZDV IRXQG
FXOWXUH $GGLWLRQDOO\ WKH VHFRQG PO RI EDFWHULD FF
SURFHGXUH PRUH FRQFHQWBRMHYG &L RQDD B G WWERDD @HRGBK H U
ZHUH JURZQ IURP GLIIHUHQW LQRFXOXP DW WHPSHUDWXUH f.
%HQFKWRS 6KDNLHU IRU DOPRVW DURXQG KRXUV WX HR WKG BKIH V
WR FRQWURO WKH ELR DJHQW FRQFHQWUDWLRQ WKLV VWXG\ SU
ELR DJHQW FRQFHQWUDWLRQ KDYH EHHQ UHJXODUO\ FKHFNHG X
%HQFKWRS 6KDNLQJ ,QFXEDWRU 7KH WHFKQLTXHV Rl WKH V.
FRQFHQWUDWLRQ RI VROXWHV LQ VROXWLRQ WKURXJK PHDVXUL
WKDW LV SXW LQ WKHVWWISWHMWKWRBXIRAMRPIM\WHRI FKHFN ZKHWKHU W]

J)LIXUH WHQFKWRS 6KDNLQJ ,QFXEDWRU IRU JURZ

&21&5(7( 0,; '(6,*1 $1' 6$03/( 35(3$5%$7,21
6HOI KHDOLQJ &RQFUHWH PL[ GHVLJQ
'"HVLJQ RI D FRQFUHWH PL[ QHHGV WR PHHW WKH SHUIRUPDQFH
7KXV WKH FRQFUHWH PL[WXUH GHVLJQ LV WR RSWLPLVH WKH FI
WHUPV RI SHUIRUPDQFH 7KLV LV GRQH E\ GHVLJQLQJ WZR FRQF!
FDVWHG ZLWK 2UGLQDU\ 3BRUWODQG &HPHQW 23& &(0, 1

%DFWHULD ZDV FXOWLYDWHG RQ 7U\SWRQH 6R\D $JDU 76$ DQG
ZKHQ OLTXLG FXOWXUHV ZHUH UHTXLUHG

&XOWXUHV ZHUH LQFXEDWHG DW f& RYHUQLJKW DQG FRORQ\
GLOXWLRQV DQG WKH VSUHDG SODWH WH KKRQ KR Z\QR LOYF KLLHYUHH \
VKRZV WKH PL[WXUH GHVLJQ
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)LIXUBAHULDO GLOXWLRQ IRU ELR DJHQW

7TDEOH & (0, FRQFUHWH PL[ GHVLJQ

&RQFLRPSR\ NJ 4XDQWL

& (0,

$JJ

$JJ

6D

:DV

Z1

% DIJHQ DQG
,Q WKH VHFRQG FRQFUHWH FRPSRVLWLRQ RI 23& UHSODFHC
&(0,,, WDEOH VKRZV WKH PL[WXUH GHVLJQ 7KH VDPH FRQFHQ\

WR ELQGHU UDWLR )XUWKHU WKH ZDWHU WR ELQGHU UDWLR Z |

7TDEOH &(0,,, FRQFUHWH PL[ GHVLJQ

&RQFUHWH NJ 4XDQWL
&(0,

* % 04

$JJ

$JJ

6D

DV

Zt

% DJHQ DQG



&DVWLQJ DQG FXULQJ FRQFUHWH VSHFLPHQV

7ZR VHULHV FRPSRVLWLRQV RI FRQFUHWH VDPSOHV ZHUH SUHSD
*%0p6 ZLWK DQG ZLWKRXW ELR DJHQW )RU HDFK FRQFUHWH FRPS
VL[ F\OLQGHUV ZLWK GLDPHWHU RI PP DQG D KHLJKW RI PP
GLIIHUHQW FRQFHQWUDWLRQV ZHUH GLUHFWO\ LQWURGXFHG WF
DGGHG LQWR HDFK FRQFUHWH EDWFK IURP DQ\ FRQFHQWUDWLR
FDVWLQJ WKH PRXOG FXUH & X Q\GHU FRIDFRJHDWHR YD FRQIEL. WHR @ G |
DIWHU KRXUV DQG SUHVHUYHG LQ ZDWHU XQWLO WKH WHVWL

JLIXUH &RQFUHWH FXEHV DQG F\OLQGHU FDV\

(;3(5,0(17$/ 352&('85(6 $1' 7(67,1* 0(7+2'2/2*<

6OXPS WHVW
6OXPS LV WKH PRVW FRPPRQ WHVW PHWKRG XWLOLVHG IRU GH)\
&RQFUHWH ZRUNDELOLW\ LV FRQVLGHUHG DV D FUXFLDO SURSH
ZRUNDELOLW\ FDQ KDYH VLJQLILFDQW HIIHFW RQ VWUHQJWK |
$FFRUGLQJ WR %6 (1 WKLV UHVHDUFK VWXG\ UHFRUGH
GXULQJ FDVWLQJ

7KH WHVW ZDV SHUIRUPHG E\ ILOOLQJ WKH VOXPS FRQH LQ WKU'
HDFK @WBYHHY WKH FRQH UDLVHG XSULJKW 7KH GLIITHUHQFH LQ K
FRQVLVWHQF\ RI WKH VOXPS VRMNPWOXPO6 XHMHIVQVAF VHE@VILWXYH
FRQVLVWHQF\ EHWZHHQ PP DQG PP WKDW FRUUHODWHYV WR V
PD\ EH LQDSSURSULDWH DQG RWKHU DSSURDFKHV VKRXOG EH FF



JLIXUH &RQFUHWH VOXPS WHVW

&RQFUHWH )UHVK "HQVLW\
'"HQVLW\ LWV DOVR UHFRJQLVHG DV FRQFUHWH XQLW ZHLJKW

XQLW ZHLJKW RI FRQFUHWH FDQ FODVVLI\ WKH FRQFUHWH FDWH
FRQWHQW ZDWHU FHPHQW UDWLR Z F LQ WKH PL[ GHVLJQ DQG

NJ PRU ORZ GHQVLW\ FRQ PHEWNKP GHQVEW\ FRROF KHWK GHIQE L
FRQFUHWH > @

7KH WKHRU\ RI $UFKLPHGHfV XVHG WR GHWHUPLQH WKH IUHVK
PLIWXUH DQG SRULQJ LW LQWR WKH $UFKLPHGHVY FDQ WKDW FF
FDQ WKDW zZDV GLVSODFHG E\ WKH FRQFUHWH VHH ILJXUH

JLIXUH JUHVK FRQFUHWH GHQVLW\ PHDVXUHP

&DSLOODU\ ZDWHU DEVRUSWLRQ
7R GHWHUPLQH WKH VKRUW WHUP DEVRUSWLRQ FDSDFLW\ RI HD!
&(1 6DPSOHV ZHUH SODFHG LQ RYHQ DW f& IRU D S
OHVV WKDQ 7KLV WHVW ZDV FRQWLQXHG XQWLO WKH ZDWHL
F\OLQGHUV ZLWK PP WKLFNQHVV ZHUH SODFHG LQ PP RI ZDWH
WR NHHS K\GURWKHUPDO FRQGLWLRQV FRQVLVWHQW VKRZQ LQ
9 9 K K K KXSWR GD\W XQWLO WKH ZDWHU DEVRUS\
WKH ZDWHU DEVRUSWLRQ FRHIILFLHQW WR DFW DV D SHUIRUPD(
WKHLU GXUDELOLW\
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J)LIXUH &RQFUHWH ZDWHU DEVRUSWLRQ YLD FI

2SHQ SRURVLW\
SRURVLW\ WHVW SHUIRUPHG LQ FRPSOLDQFH ZLWK %6 (1
LQ RUGHU LQYHVWLIJDWH WKH HIIHFW RI ELR DIHQW FRQWHQW
GLDPHWHU RI PP DQG PP LQ OHQJWK WKH VSHFLPHQV SODFI
WKHQ WKH GU\ PDVV 0 RI HDFK VDPSOH KDV PHDVXUHG 7KH F\
N3D YDFXXP SXPS DSSUR[LPDWHO\ IRU KRXUV ,Q WKH VHF
FKDPEHU VORZO\ DQG ZLWK WKH YDFXXP SXPS ZRUNLQJ IRU WK
UHPRYHG DQG WKH YDFXXP SXPS VZLWFKHG RII WKH VDPSOHYV
SUHVVXUH IRU DQRWKHU KRXUV VKRZDQIGQ VID WXXBLEEDW HRBIV VDA K V
VDPSOHV ZHUH PHDVXUHG LQ GD\ IRXU 7KH SRURVLW\ ZDV FDOF

2SHQ SRURVLW\ 0 O 0 0 [

J)LIXUH &RQFUHWH SRURVLW\ WHVW
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&RQFUHWH &RPSUHVVLYH VWUHQJWK

,Q FRPSOLDQFH ZLWK %6 (1 WKH VWUXFWXUDO SURSHU
VWUHQJWK WHVWLQJ ,Q D FRPSUHVVLRQ WHVWLQJ PDFKLQH LG
IDLOXUH VHH )LIXUH 7KH VDPSOHV SHDN ORDG LV UHFRUGHG

JLIXUH *+ &RQFUHWH FRPSUHVVLYH WHVW

6FDQQLQJ HOHFWURQ PDFURVFRS\ 6(0
6(0 XVHG WR LQYHVWLJDWH WKH UROH RI PLFURELRORJLFDOO\
PLFUR FUDFN FORVXUH HQKDQFLQJ WKH GXUDELOLW\ DQG VWUF
FRPSRVLWLRQ ZHUH FUXVKHG WR VL]H RI PP DSSUR[LPDWHO\ I
FUDFNV FORVXUH 6(0 ZDV SHUIRUPHG XVLQJ D 6FDQQLQJ (OHFW
FDSDFLW\ WR H[DPLQH VPDOO FUDFNV LQ KLJK PDJQLILFDWLRQ

5(68/76 $1' ',6&866,21

60XPS WHVW
JLIXUH SUHVHQWYV WKH FRQFUHWH VOXPS WHVW YDOXHV UHFF

2&(0 ,,, %m@&(0,,m&0 , %,2&(0,
ioi
ioi
it
i
0i

60XPS PP

oi
oi
i

&RQFUHWH &RPSRVLWLRQV

J)LIXUH *+ &§RQFUHWH VOXPS WHVW YDOXHV UHFRUGHG Il

2YHUDOO WKH UHVXOWYV VKRZ WKDW WKHVH FRQFUHWHYVY SUHVH
PHGLXP ZRUNDELOLW\ PL[HV WKDW FDQ EH HLWKHU XVHG LQ P
DJJUHIJDWHV HLWKHU LQ QRUPDO PDQXDOO\ FRPSDFWHG 5& DC

WP nif



VKRZQ WKDW WKH LQFOXVLRQ RI ELR DIJHQW LPSURYHG WKH ZF
SUHVHQFH RI ELR DJHQW VHHPHG WR KDYH QR HIIHFW RQ &(O0,

2Q WKH RWKHU KDQG WKH VOXPS YDOXH RI &(0,,, FRQFUHWHYV .
DIHQW 7KLV UHGXFWLRQ ZDV DWWULEXWHG WR **%6 KLIJK ZDWH
FRQFUHWH FRPSRVLWLRQV ZHUH FODVVLILHG DV 6 * OHGLXP ZR|

W LV KLIKOLIJIKWHG KHUH WKDW WKLV QRQ HQFDSVXODWLRQ PF
LQFUHDVLQJ WKH IDFLOLW\ WR PDQXIDFWXUH FRQFUHWH VSHFLF
OHDG WR D GHFUHDVH RI ZRUNDELOLW\ PDNLQJ LW HQRUPRXVO)
KDG EHHQ FDVW 'H %9HOLH WHDP > @ IRU H[DPSOH VWXGLHG
K\GURJHO ZDWHU DEVRUSWLRQ FDSDFLW\ ZDV LQFUHDVHG DIW
GHPRQVWUDWHY WKDW WKH QRQ HQFDSVXODWHG EDFWHULD FD
PDWHULDOV

JUHVK GHOVLW\ RI FRQFUHWH

JLIXUH  VKRZV WKH DYHUDJH IUHVK FRQFUHWH GHQVLWLHV PF
DQG ZLWKRXW ELR DJHQW FRQWHQW

JLIXUH + $YHUDJH IUHVK FRQFUHWH GHQVLW\ Pt

JRUP WKH UHVXOWYV LW ZDV REVHUYHG WKDW WKH DGGLWLRQ RI
RQO\ VOLIJKWO\ FKDQJHY ZHUH GHWHFWHG 3DUWLDO 23& UHSOD
WKH FRQFUHWH XQLW ZHLJKW 7KH UHDVRQ IRZKALKKVLVVKWXHN \
WKH VSHFLILF JUDYLW\ Rl ®@%6 ZKLFK LV J FP

&DSLOODUN ZDWHU DEVRUSWLRQ WHVW

:DWHU DEVRUSWLRQ YLD FDSLOODU\ IRU FRQFUHWH F\OLQGHUV

W P nii
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J)LIXUH :DWHU DEVRUSWLRQ YLD FDSLOODU\ IRU FRQFUH

J)LIXUH GHPRQVWUDWHY WKDW WKH XVH RI WKH ELR DJHQW
DQJXODU FRHIILFLHQW RI WKH FXUYH HLWKHU IRU &(0, DQG &(0
WR WKH PD[LPXP DEVRUSWLRQ LV VPDOOHU IRU FRQFUHWHYV ZL

UHGXFH DW OHDVW ZKHQ ELR DJHQW ZDV LQWURGXFHG WR F|
FRQFUHWH WKH ELR DJHQW VHOI KHDOLQJ EHKDYLRXU GRHV Q
GXULQJ WKH ILUVW KRXUV ILJXUH LOOXVWUDWHY WKDW Wt

DIJHQW LV LOWURGXFHG WR &(0 , DQG &(0,,, FRQFUHWHYV

WP nio
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JLIXUH :DWHU DEVRUSWLRQ YLD FDSLOODU\ GXUL

'KHQ FRQVLGHULQJ WKH GXUDELOLW\ RI 58 DQG WKH VHUYLFH
ZDWHU DEVRUSWLRQ DQG LQLWLDO DEVRUSWLRQ YHORFLW\ LV L
FDSLOODU\ GXULQJ WKH ILUVW KRXUV W ZDV IRXQG WKDW V
YHORFLW\ ZLWK WKH LQFOXVLRQ RI ELR DIJHQW LQ &(0 , DQG &(0
VHDOLQJ 6DPH EHKDYLRXU KDV UHSRUWHG LQ OLWHUDWXUH E
DIHQW UHVXOWHG LQ KLJKHU UHVLVWDQFH WRZDUG WKH H[WH
VHUYLFH OLIH LQFUHDVH RI WKH 5& VWUXFWXUHYV

7KH SUHYLRXV UHVXOWY DOVR GHPRQVWUDWH WKDW WKLV ELRS
LRQV LQ 5& VWUXFWXUHV H[SRVHG WR WLGDO VSODVK ]JRQHV ZI
LV XVHG 6DPH UHVXOWY DUH REWDLQHG IRU XQGHU ZDWHU 5&
REWDLQHG LQ WKH VDWXUDWHG SDUW RI WKH FDSLOODU\ WHVW

2SHQ BRURVLW\ WHVW

SRURVLW\ RI FHPHQW EDVHG PDWHULDOV LV D IXQGDPHQWDO Ft
VWUHQJWK VHUYLFH OLIH DQG GXUDELOLW\ RI 5& VWUXFWXUHYV
VWUXFWXUH DQG WKH UHODWLRQVKLS EHWZHHQ ZDWHU DQG FR!
FRQFUHWH FRPSRVLWLRQV &(0, DQG &(0,,, ZLWK DQG ZLWKRXW
F\OLQGHUV WHVWHG DW GD\V LV VKRZQ LQ )LJIJXUH W ZDV F
SRURVLW\ UHGXFWLRQ RI LQ &(0 DQG &(0,,, DIWHU WKH LQF

5HGXFWLRQ LQ SRURVLW\ RI &(0,,, LR ZDV PRUH UHOHYDQW
FRPSRVLWLRQV HPSKDVLVLQJ WKH HIILFLHQF\ RI WKH ELRSURG
UHIHUUHG WR UHSODFLQJ FHPHQW WR **%6 DV LW KDV KLJK |

W P niif



LURQ UHVSLULQJ EDFWHULD 6 RQHLGHQVLV 6LGGLTXH HW L
DGGLWLRQ RI ELR DJHQW GLUHFWO\ LQWR WKH IUHVK FRQFUHWH

SRURVLW\
®o
s

%LR SURGXFW &HPHQW

J)LIXUH + &8RQFUHWH RSHQ SRURVLW\ WHVW IRU &(0 , DQG &(

7TKH LOWHUDFWLRQ EHWZHHQ ZDWHU DQG WKH SRURXV VWUXFW
DYDLODELOLW\ RI XQILOOHG YRLGY DQG SRUHV FRQFUHWH LV I
FRQFUHWH VLPLODU WR RWKHU SRURXV PDWHULDOV LV FKDUI
LQJUHVV WR FRQFUHWH XQGHU D SUHVVXUH KHDG 3HUPHDELO|I
FRQVWUXFWLRQ VLQFH LW LV QHIJDWLYHO\ DIIHFWLQJ WKH FRC
&RQFUHWH SHUPHDELOLW\ LV QRW MXVW D IXQFWLRQ RI SRUR
WRUWXRVLW\ RI FRQFUHWH SRUH FKDQQHOV > @

,QHYLWDEOH PLFURFUDFNLQJ RI WKH VXUIDFH FDQ UHVXOW LQ S
DJJUHVVLYH DIJHQWYV DWPRYBWHULFGERDVYEGQYHGL RKIGCRUKGHYV LQ

WKH ORQJ WHUP GXUDELOLW\ > @ 7KHUHIRUH WKH VHOI KHDOL
WKH RSHQ PLFUR FUDFNV LQ FRQFUHWH WKDW FDQ WKUHDWHC
DJJUHVVLYH OLTXLGY DQG JDVVHV 7KH SULQFLSOH RI XVLQJ LU
DLPHG DW SURWHFWLQJ VWHHO LQGLUHFWODVYURF BRBURMLR & H\
WR DGGUHVV WKH FRQFHUQY UHODWHG WR FRQFUHWH FRUURVLF

7KH ODERUDWRU\ HISHULPHQWDO UHVXOWY SURYHG WKDW WKH
YDOXHV RI SRURVLW\ ZKHQ FRPSDUHG WR FRQWURO VDPSOHV
ULVH WKURXJK FDSLOODU\ DFWLRQV LQ ELR FRQFUHWH DQG WK
SRURXV ZKHQ FRPSDUHG WR WKH FRQWURO FRQFUHWH VDPSOF
SUHFLSLWDWLRQ LQ FRQFUHWH SRUHVY GXH WR WKH EDFWHULDO

&ROFUHWH FRPSUHVVLYH VWUHQJWK

7KH IROORZLQJ ILIXUH SUHVHQW WKH DYHUDJH FRPSUHVVLYH V
DQG ZLWKRXW ELR SURGXFW =% GD\V
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JLIXUH + $YHUDJH FRPSUHVVLYH VWUHQJIJWK DQG FRHIILFLH

7KH SUHYLRXV UHVXOWY VKRZ WKDW WKH DGGLWLRQ RI WKH ELI
HLWKHU IRU &(0 , DQG &(0 ,,, +RZHYHU IRU &(0, LW LV GHWHFW
XVH RI WKH ELR DIJHQW ©6LPLODU RXWFRPHV ZHUH UHSRUWHG L
DIHQW LQWR WKH IUHVK FRQFUHWH PRUWDU PL[WXUHV KDG FRQ
XVH RI OLJKW ZHLJK DJJUHJDWHV [/:$ LPSUHJQDWHG EDFWHL
FRPSUHVVLYH VWUHQJWK DOVR GHOD\HG WKH FHPHQW KDUGHQ

6FDQOLOJ (OHFWURQ OLFURVFRSH 6(0

7TKH SUHFLSLWDWLRQV SURGXFHG DW WKH FUDFNV VXUIDFH RI V
7KH UHVXOWY SUHVHQWHG LQ ILIJXUH VKRZV &(0,,, FRQFUHWH
SUHFLSLWDWLRQ E\ EDFWHULDO DFWLRQ UHPHGLDWHG WKH PLF
SUHFLSLWDWLRQ REVHUYHG LQ WKH FRQWURO VDPSOHV DV VKR
ZLWK ELR DIJHQW ILJXUH VKRZV WKH WUDFHV RI EDFWHULDO
EDFWHULDO VDPSOHV WKDW ZHUH VXEMHFWHG WR FRQWLQXRXV

J)LIXUH 6(0 DQEDO\VLV IRU FRQFUHWH &(0,,, ZLWK D C
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JLIXUH $QDO\WLV RI WKH PLFURVWUXFWXUH YLD WKH 6(0 D

JLIXUH VKRZV HYLGHQFH RI WKH GHYHORSPHQW RI ELRILOPV
WKH EDFWHULDO FHOOV D FOHDU SUHFLSLWDWLRQ ZDV REVHUY
GHYHORSHG QHDU WKH FUDFN VXUIDFH

7KH VLJQLILFDQW UROH RI ELR DJHQW LQGXFHG LQ FHPHQW ED)
HQWHU WKH FUDFNV WKH GRUPDQW VSRUHV SRVVLEO\ ZLOO EH
SURGXFHG DQG D VHOI KHDOLQJ ZLOO EH REWDLQHG

&21&/86,21

7KH SUHYLRXV UHVXOWVY GHPRQVWUDWHG WKDW LQFRUSRUDWLQ
DOORZV WKLV PHWKRG WR EH D SURPLVLQJ WHFKQLTXH WR LQFL
WKH SURSRVHG DSSOLFDWLRQ Rl VXVWDLQDEOH ELRORJLFDO VH
DQG UHSDLU FRVWV Rl 5& VWUXFWXUHV 7KH SRWHQWLDO RI VH
ZKLFK EDFWHULD LQIOXHQFHV WKH PLQHUDO SUHFLSLWDWLRQ
FHPHQW EDVHG PDWHULDOV WKH SULPDU\ FKDOOHQJHV RI WKL
WKDW FDQ ZLWKVWDQG WKH KLJK DONDOLQH HQYLURQPHQWV
GXULQJ PL[LQJ SURFHVV

60XPS WHVW VKRZHG WKDW WKH DGGLWLRQ RI ELR DJHQW LQFU

QRW FKDQJH LQ &(0, 7KH DGGLWLRQ RI ELR DIJHQW DSSHDUV W

FKDQJHV ZHUH GHWHFWHG :DWHU DEVRUSWLRQ YLD FDSLOODL
WP nib



LQWURGXFHG WR FRQFUHWH W\SH &(0,,, +RZHYHU IRU &(0, FRQI
PD[LPXP ZDWHU DEVRUEHG 7KH ILUVW K VKRZV D FRQVLGHUD
KHDOLQJ LV XVHG LQ &(0 , DQG &(0,,, FRQFUHWHY ZKLFK LV [
LQFRUSRUDWLRQ RI ELR DJHQW UHVXOWHG LQ SRURVLW\ UHGXF
LQ &(0,,, DQG LPSURYLQJ FRPSUHVVLYH VWUHQJWK IRU &(0, E\

LQ &(0,,, 7KH SRURVLW\ UHGXFWLRQ DQG LPSURYH LQ PHFKDQLF
OHDG LQWR GXUDELOLW\ DQG VHUYLFH OLIH LPSURYHPHQW )l
SUHFLSLWDWHG E\ EDFWHULD DFWLRQ ILOOHG WKH PLFUR FUDEN

$V D UHVXOW WKH H[SHULPHQWDO RXWFRPHV ZHUH YHU\ SURPL
UHVXOWY WKH QRYHO PHWKRG RI WKH ELR EDVHG VHOI KHDOLQ
FRQFHUQV DVVRFLDWHG ZLWK FRQFUHWH FRUURVLRQ SUREOHP'
VDPSOHVY WR EHWWHU FKDUDFWHULVH ORQJ WHUP SHUIRUPDQFH

$FNQRZOHGJPHQW

7KH DXWKRUV Rl WKLV SDSHU ZRXOG OLNH WR WDNH WKH 5R\DO
5RXQG DQG WKH JUDQW 6 %8( WKDW HQDEOHG Wi

5(0)(5(1&(6

> @ *DUGQHU " /DUN 5 -HIIHUVRQ 7 'DYLHV 5 $ VXUYI
FRQVWUXFWLRQ DQG WKH SRWHQWLDO EHQHILWY RI VHOI KHDC
ODWHULDOV JHEUXDU\ 9ROXPH SS

> @ 'DYLV 0 +RXOW 1 $ G6FRWW $ 'LVWULEXWHG VW
ERQG SHUIRUPDQFH &E® QWW Q XFWFLHRI) FIRMIOWHGRIOKRH 0DVBISULD O\

> @ +XDQJ 7#KHUPRG\QDPLFV Rl $XWRJHQRXV 6HOH®HD O LI W Q
8QLYHUVLW\ Rl 7THFKQRORJ\

>@ /Y /| <DQJ ] =KX * +DQ 1 B6FKODQJHQ ( :LQJ )
SRO\PHULF PLFURFDSVXOH DQG IHDVLELOLW\ B®QNWVLXIFDMLRRY |
%XLOGLQJ OB\WHXDDOVI9ROXPH Ss

> @ $OVKDOLI $ ) ,UuzbQ -0 28K PEORPQ 1LRPUABAH]IR2 / 6HHTXHVW
&RQFUHWH $RKRUHWOYICHAVLD ('3 6FLHQFHV S

> @ $0 $\LVKQYILURQPHQWDO ,PSDFW RI &RQFUHWH 6WUXFWXUH)
(INLFLEAWQRFNKROP .7+

> @ $OD]KDUL 0 6KDUPD 7 +HDWK $ &RRSHU 5 3DLQH
EDFWHULD DQG JURZWK P HAR.Q@VIRWX¥WQ R | HDORQXPER G E QHS0B W H

> @ 7TDODLHNKR]DQ $ .H\YDQIDU $ 6KDIDJKDW $ $QGDOLE
JHH & 7 +XVVDLP 0 : +DP]DK 1 0DUZDU 1 ) +DLGDU + ,
5HVHDUFK 'H-RXURIPFHRW(QYLURQPHQWPHEUXBDWPHQVWIHFKQLT X
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> @ &KDKDO 1 & 5DMRU $ 6LGGLTXH 5 ,QIOXHQFH R
DEVRUSWLRQDQG UDSLG FKORU&RBEYVSWHIKAFFMDLER.(D IDVB\K RPOPCHD G V®J F
SS

> @ 6LGGLTXH 5 6LQJK . .XQDO 6LQJK 0O &RULQDOGHVL 09
DVK FRQRQMWHXFWLRQ DQROKRHOGLEBO0DWHULDOYV

> @ $QGDOLE 5 ODMLG 0 = $ +XVVLQ O : 3RQUDM 0 .H\YDQI
FRQFHQWUDWLRQ RI%DFLOOXV PHJDVERQVX\PURBWLRQHDQ W K%k QLA
9ROXPH Ss

> @ :DQJ - < B6QRHFN ' 9DQ 90LHUEHUJKH 6 9HUVWUDHWH
FDUERQDWH SUHFRSVWDWEW 1P PWRBOKRHOGLYS ODWHULDOV

> @ 'XELHO 0 +VX &+ &KLHQ && ODQVIHOG ) 1HZPDQ . 0l
IURP &RYFIRVLURMFLURQ OISFURELRO

> @ 6DGLTXH 0 &RDNOH\ ( 7TKH LQIOXHQFH RI SK\VLFR FK
JHQHUDWLRQ RI KLIK Y¥ROX@HHN L Q@ \&H F RQANHAVWHH D U F KS *

> @5 $EERXG 5 3RSD 9 6RX]D (JLSV\ & 6 *LRPHWWL 6
+ 1HDOVRQ JRZ THPSHUDWXUH *URZWK$3R/V,(6K$ZDQHOO
(19,5210(17$/ 0,&52%PHE/QHXD U\ S +

> @ *KRVK 3 0DQGDO 6 'HYHORSPHQW RI ELRFRQFUHW
WKHUPRSKLOLF D@®UHUR ER XK UEIIFAVR U (BHSBPHQWDO %LRORJ\

> @ %DL 4 %DL < B X E9% RN WBR B HEONL. QEL OHWA\I Q, Q$QD O\V
V O 6FLHQFH'LUHFW SS

> @ OR . + $OHQJDUDP 8 - -XPDDW = S8WLOL]DWLRQ F
FHPHQW UHSODFHPHQW LQ OLIJKWZHLJKW RLO SDOP VKHOO FRQ

> @ 6ULQLYDVD 9 5 G6UHHQLYDVD G 5 G6HVKDJLUL 9 5 0
%DFWHULDRX&URPFURWHHFKDQLFDO DQG &LY$® (QJLQHHULQJ ,26

> @ 7]JLYLORJORX ( :LNWRU 9 -RQNHUV + 0 6FKODQJHQ
LQFUHDVH OLTXLGRQL\IWWRFW VR BOBEKRHOGLESB0DWHULDOYV



