
Frpsdulvrq ri Fuhhs Ehkdylrxu ri XG dqg
Zryhq FIUS lq Ehqglqj

Uxl Pludqgd Jxhghv dqg Päulr D1 Yd}

Ghsduwphqw ri Phfkdqlfdo Hqjlqhhulqj dqg Lqgxvwuldo Pdqdjhphqw +GHPHJL,/ Idfxow| ri
Hqjlqhhulqj ri Xqlyhuvlw| ri Sruwr +IHXS,/ Uxd grv Eudjdv/ 73830456 SRUWR/ SRUWXJDO

Devwudfw1 Wkh h{shulphqwdo uhvxowv iru fuhhs ehqglqj whvwv ri wdsh dqg
wzloo zryhq FIUS odplqdwhv duh suhvhqwhg dqg glvfxvvhg1 Wkh dlp ri wkh
uhvhdufk surjudpph zdv wr fkdudfwhulvh dqg frpsduh wkh orqj0whup ehkdylrxu
ri erwk odplqdwhv1 Wkhvh pdwhuldov zloo eh lqfoxghg dv vwuxfwxudo hohphqwv
lq wkh frqvwuxfwlrq ri vxssruwv iru gholfdwh dqg suhflvh udgldwlrq ghwhfwlrq
hohphqwv/ vr/ wkh| qhhg wr eh kljko| vwdeoh xqghu dq| hqylurqphqwdo frqglwlrqv1
Wkh wlph ghshqghqf| ri wkh �euh0grplqdwhg surshuwlhv ri wkh FIUS odplqdwhv
lv qhjoljleo| vpdoo1 Wkhuhiruh wkh lqlwldo dqdo|vlv srlqwhg wr d ehwwhu fuhhs
ehkdylrxu ri wkh wzloo zryhq FIUS odplqdwh dqg dovr suhglfwhg qxoo fuhhs
vwudlqv1 Wkh h{shulphqwdo uhvxowv vkrzq d gl�huhqw slfwxuh/ wkh wdsh odplqdwhv
shuiruphg ehwwhu wkdq wkh zryhq odplqdwhv/ zklfk h{klelw odujhu fuhhs vwudlqv
wkdq wkh lqlwldo jxhvv1

Lqwurgxfwlrq

Wkh Hxurshdq Oderudwru| iru Sduwlfoh Sk|vlfv +FHUQ, lv exloglqj d qhz

sduwlfoh dffhohudwru fdoohg OKF +Odujh Kdgurq Froolghu,1 Wkh OKF lv dq

dffhohudwru wkdw eulqjv surwrqv dqg lrqv lqwr khdg0rq froolvlrqv dw kljkhu

hqhujlhv wkdq hyhu dfklhyhg ehiruh1 Wklv zloo doorz vflhqwlvwv wr shqhwudwh

vwloo ixuwkhu lqwr wkh vwuxfwxuh ri pdwwhu dqg uhfuhdwh wkh frqglwlrqv suhydlolqj

lq wkh hduo| xqlyhuvh/ mxvw diwhu wkh �Elj Edqj�1 Wklv lv d elj surmhfw zlwk



qhz fkdoohqjhv lq pdq| hqjlqhhu �hogv/ hvshfldoo| lq wkh dssolfdwlrq ri qhz

pdwhuldov1 Wkh GHPHJL0LQHJL jurxs lv lqyroyhg lq wkh fkdudfwhulvdwlrq ri

dgydqfhg frpsrvlwh pdwhuldov wkdw zloo eh xvhg wr exlog wkh vxssruw vwuxfwxuhv

ri sduwlfoh ghwhfwruv1 Wkhvh vwuxfwxuhv vkrxog suhvhqw d kljk glphqvlrqdo

vwdelolw| ehfdxvh vpdoo ghyldwlrqv iurp wkh lqlwldo srvlwlrq zloo ohdg wr odujh

huuruv lq vljqdo ghwhfwlrq ri wkh sduwlfohv1 D uhvhdufk surjudp zdv hvwdeolvkhg

wr ghwhuplqh wkh orqj0whup ehkdylrxu ri wzr gl�huhqw frpsrvlwh pdwhuldov1

Hqylurqphqw frqwuroohg ehqglqj fuhhs whvwv ri fdqwlohyhu sodwhv zhuh xvhg

lq rughu wr frpsduh wkh ehkdylrxu ri wzr gl�huhqw FIUS +Fduerq Ileuh

Uhlqirufhg Sro|phuv,1 Dowkrxjk ehqglqj whvwv gr qrw surgxfh xqlirup vwuhvvhv

dqg vwudlqv lq wkh pdwhuldo dqg lqwurgxfh/ vlpxowdqhrxvo|/ fuhhs lq ehqglqj dqg

lq sodqh vwuhvv uhod{dwlrq/ wkh| duh hdvlhu wr shuirup wkdq wkh whqvloh whvwv1

Qhyhuwkhohvv wkh uhvhdufk whdp dftxluhg vrph h{shulhqfh lq wklv w|sh ri whvwv

^4` zlwk vdwlvidfwru| uhvxowv lq uhfhqw |hduv1 Rq wkh rwkhu kdqg ehqglqj ordgv

duh suhvhqw lq doprvw hyhu| uhdo vwuxfwxuh dqg duh gl!fxow/ li qrw lpsrvvleoh/

wr dyrlg1

Lq ghvljq/ zkhq fuhhs lv frqvlghuhg/ lw lv xvxdo wkdw wkh lwhp vkrxog uhpdlq

lq vhuylfh iru dq h{whqghg wlph/ xvxdoo| orqjhu wkdq lw lv sudfwlfdo wr uxq

fuhhs h{shulphqwv rq wkh pdwhuldo wr eh hpsor|hg1 Wkxv/ lw lv qhfhvvdu|

wr h{wudsrodwh wkh lqirupdwlrq/rewdlqhg iurp uhodwlyho| vkruw wlph oderudwru|

fuhhs whvwv/ dsso|lqj wkh Wlph0Whpshudwxuh0Vxshusrvlwlrq Sulqflsoh +WWVS,

wr suhglfw wkh lq0vhuylfh ehkdylrxu1 Wkhuhiruh wklv zrun lv dovr d frqwulexwlrq wr

dvvhvv wkh dssolfdwlrq ri WWVS dv d edvlv iru d orqj0whup ehkdylrxu suhglfwlrq1
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Pdwhuldo

D eulhi suhvhqwdwlrq ri wkh h{shulphqwdo whvw vshflphqv lv jlyhq1 D vhw

ri 83{533pp5 vshflphqv zdv rewdlqhg iurp frpsrvlwh sodwhv ideulfdwhg dw

LQHJL xvlqj wkh xqlgluhfwlrqdo XF458 UQD dqg wkh wzloo zryhq FF4<7 UQD1

Wkh uhvlq hsr{| v|vwhp +UQD, zdv wkh vdph iru erwk odplqdwhv kdylqj d 458J

F fxuh0whpshudwxuh1 Wkh vwdfnlqj vhtxhqfh ri wkh odplqdwhv dqg wkh jhrphwu|

ri whvw vshflphqv suhvhqwhg lq wdeohv 4/ 5 dqg 6 zkhuh E uhsuhvhqwv wkh zlgwk

dqg k wkh wklfnqhvv ri hdfk rqh1

Phfkdqlfdo fkdudfwhulvdwlrq

Wkh od|hu hodvwlf surshuwlhv kdg ehhq douhdg| ghwhuplqhg dw wkh LQHJL e|

frqyhqwlrqdo whvwv1 Wkh wdeoh 7 vxppdulvhv wkh uhvxowv rewdlqhg iru wkh wzr

odplqdwhv1

Wkh 6 srlqw ehqglqj  h{xudo whvw/ dv vkrzq lq �jxuh 4/ zdv xvhg wr ghwhuplqh

wkh ehqglqj prgxoxv +.K, dqg wkh ehqglqj vwuhvv vwuhqjwk +jo,1

Wkh jhrphwu| ri wkh whvw iroorzv wkh DVWP G:<3P vwdqgdug h{fhsw iru

wkh udwh gh�qlwlrq1 Lq wkhvh whvwv d udwh ri 8pp2plq zdv xvhg lqvwhdg ri

45pp2plq uhfrpphqghg e| wkh vwdqgdug1 Wkh vwl�qhvv wr vwuhqjwk udwlr dqg

wkh jhrphwu| ri wkh odplqdwhv zdv fkrvhq lq rughu wr rewdlq odujh gh hfwlrqv

lq 6SE whvwv1 Wkh DVWP vwdqgdug uhfrpphqgv wkh iroorzlqj irupxod wr

ghwhuplqh wkh uxswxuh vwuhvv=
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Lq wklv irupxod jo @ uxswxuh vwuhvv lq rxwhu �euhv dw plgvsdq> � @ ordg dw

euhdn> u @ ordg vsdq> � @ zlgwk ri wkh ehdp> � @ wklfnqhvv ri wkh ehdp>

�6@% @ gh hfwlrq dw wkh fhqwuh ri wkh vsdq1

Wkhuh lv dq h{dfw vroxwlrq iru wkh odujh gh hfwlrq ri d vlpso| vxssruwhg

ehdp zlwk d fhqwudo ordg ^5`/ dowkrxjk dq lwhudwlyh qxphulfdo phwkrg lv qhhghg

wr rewdlq wkh vroxwlrq gxh wr wkh qrq0olqhdu qdwxuh ri wkh h{dfw vroxwlrq1 Rq

wkh rwkhu kdqg dq dssur{lpdwhg vroxwlrq zdv rewdlqhg edvhg rq wkh fodvvlfdo

ehdp wkhru|/ ghqrplqdwhg iurp qrz rq dv fruuhfwhg olqhdu wkhru| +FOW,1

Wkh fruuhfwhg ehqglqj prphqw dw dq| furvv vhfwlrq ri wkh ehdp/ xvlqj wkh

uhihuhqwldo v|vwhp jlyhq lq �jxuh 5/ lv
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Wkh htxdwlrq iru wkh gh hfwlrq fxuyh ri wkh ehdp lv
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Wkhq wkh vroxwlrq ri htxdwlrq 7/ vdwlvi|lqj wkh erxqgdu| frqglwlrqv jlyhq

e| htxdwlrq 8/ lv
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Wkh fhqwudo gh hfwlrq fdq eh fdofxodwhg xvlqj wkh htxdwlrq 9 iru % ' u*2
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Ilqdoo| wkh irupxod iru wkh vwuhvv lq wkh plgvsdq rxwhu �euhv lv rewdlqhg1
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Wkh vroxwlrq ghshqgv rq wkh ydoxh ri |@? Ek� zklfk lv rewdlqhg e| vroylqj

wkh iroorzlqj qrqolqhdu htxdwlrq=
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Odujh gh hfwlrqv ri wkh ehdp duh uhodwhg wr fkdqjhv lq wkh vsdq ohqjwk dqg

wr volssdjh ri wkh vshflphqv dw wkh vxssruwv ^6`1 Fkdqjh lq wkh vsdq ohqjwk

wdnhv sodfh dv d frqvhtxhqfh ri urwdwlrq ri wkh ehdp rq wkh vxssruwv zkhq

odujh ghirupdwlrq lv lqgxfhg/ dv lv ghvfulehg lq �jxuh 6 iru wkh fdvh vwxglhg1
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Wkh fkdqjhv lq wkh glvwdqfh u fdq eh hvwlpdwhg dv iroorzv=
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zkhuh _ @ gldphwhu ri slq vxssruw> � @ wklfnqhvv ri wkh vshflphq1

Wkh frpsdulvrq ri h{dfw wkhru| +HW, dqg wkh FOW zlwk wkh h{shulphqwdo

uhvxowv ohdg wr d fruuhfwlrq ri wkh ohqjwk fkdqjh iru erwk wkhrulhv1

u $ u� 2@ c

;?
=

@ ' _n2�

2
t�? Ek� c EHW�

@ ' _32�

2
t�? Ek� c EFOW�

� +44,

Wkhvh fruuhfwlrqv duh hpslulfdo/ zlwkrxw jhrphwulfdo mxvwl�fdwlrq/ dqg rqo|

suryhg wr eh ydolg iru wklv sduwlfxodu fdvh1 Wkh mxvwl�fdwlrq iru wkh qhhg ri

wkhvh hpslulfdo fruuhfwlrqv fdq eh jlyhq e| wzr dujxphqwv1 Wkh �uvw rqh lv wkh

fkdqjh ri wkh duhd zkhuh wkh fhqwudo ordg lv dssolhg/ zklfk lqfuhdvhv zlwk wkh

ordg1 Wkh vhfrqg rqh lv wkh dffxpxodwlrq ri gl�huhqw w|shv ri lqwhuqdo gdpdjh

lq wkh odplqdwhv gxulqj wkh ordglqj/ zklfk fdxvhv d ghfuhdvh ri wkh vwl�qhvv1 Lq

idfw wkh ghfuhdvh ri wkh vwl�qhvv kdv ehhq xvhg dv d phdvxuh ri wkh gdpdjh e|

pdq| uhvhdufkhuv/ dv uhihuuhg e| Vwhli ^7`1 Reylrxvo| wkh hpslulfdo fruuhfwlrqv

pd| frpshqvdwh wkh frqvhtxhqfhv ri wkhvh skhqrphqd1

Lq �jxuh 7 wkh h{shulphqwdo pd{lpxp gh hfwlrqv lq ixqfwlrq ri wkh ordg duh

sorwwhg dqg frpsduhg txlwh zhoo zlwk wkh h{dfw dqg fruuhfwhg olqhdu vroxwlrqv1

Lq �jxuh 8 wkh fdofxodwhg pd{lpxp vwuhvvhv lq ixqfwlrq ri wkh ordg duh

sorwwhg iru wkh h{dfw wkhru| +HW,/ fruuhfw olqhdu wkhru| +FOW,/ wkh DVWP

htxdwlrq dqg wkh olqhdu wkhru| +OW,1 Doo fdvhv pdwfk yhu| zhoo h{fhsw/ ri

frxuvh/ wkh olqhdu wkhru|1
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Rqo| wkh h{dfw vroxwlrq fdq suhglfw dq lqvwdelolw| frqglwlrq/ wklv uhvxowv lq

wkh ordg uhdfklqj d pd{lpxp dqg idoolqj wkhuhdiwhu ^5` iru=

�So�| �
u2
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' S�.2 � +45,

Xvlqj wkh suhylrxv dqdo|vlv rq wkh 6SE0whvw uhvxowv/ wkh  h{xudo surshuwlhv

zhuh fdofxodwhg dqg duh suhvhqwhg lq wkh wdeohv 8/ 9 dqg :1

Frpsduhg wr wdsh odplqdwhv XF458 ^3J 2<3J `er / txdvl0odplqdu wh{wloh

frpsrvlwhv FF4<7 ^3J `er zlwk htxdo yroxph iudfwlrqv ri lq0sodqh �euhv kdg

voljkwo| orzhu lq0sodqh vwl�qhvv1 Wklv lv h{sodlqhg e| wkh wrz zdylqhvv lq wkh

wh{wloh frpsrvlwhv ^8`1 Wkh uxswxuh ordg iru wkh XF458 whvw vshflphqv zdv

dozd|v orzhu wkdq wkh fulwlfdo ordg jlyhq e| htxdwlrq 45/ dv vkrzq lq �jxuh

91 Lq wkh fdvh ri wkh FF4<7 whvw vshflphqv wkh uxswxuh ordg zdv yhu| forvhg

wr wkh fulwlfdo ordg/ srlqwlqj wr d uxswxuh gxh wr jhrphwulfdo lqvwdelolw|1 Dv d

frqvhtxhqfh wkh phdvxuhg uxswxuh vwuhvvhv iru wkh FF4<7 odplqdwhv duh pxfk

orzhu wkdq wkh ydoxh lqglfdwhg e| wkh vxssolhu1

Dowhuqdwlyho| wklv phwkrgrorj| fdq eh xvhg wr phdvxuh wkh gdpdjh e|

uhfdofxodwlqj wkh prgxoxv hdfk wlph/ lqvwhdg ri xvlqj wkh hpslulfdo fruuhfwlrq

jlyhq e| htxdwlrq 441 Wkh prgxoxv ghfd| jlyhq e| wkh udwlr.*.K/ zkhuh . lv

wkh lqvwdqwdqhrxv prgxoxv/ zdv fdofxodwhg dqg lv suhvhqwhg lq wdeohv 8/ 9 dqg

:1
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Fuhhs whvw dssdudwxv

Gxh wr olplwdwlrqv rq whpshudwxuh frqwuro ghylfh lqvlgh wkh oderudwru|/ dq

hqylurqphqwdo fkdpehu zdv xvhg1 Lqvlgh wkh fkdpehu wkh whpshudwxuh dqg

wkh qrupdolvhg kxplglw| zdv pdlqwdlqhg vwhdg|1

Lq �jxuh : wkh whvw dssdudwxv lv vkrzq lqvlgh wkh hqylurqphqwdo fkdpehu1

Wkh pd{lpxp dssolhg vwuhvvhv zhuh dozd|v orzhu wkdq 43( ri wkh uxswxuh

vwuhvv1 D forvh ylhz ri whvw dssdudwxv zlwk wkh uhvshfwlyh jhrphwu| lv dovr

vkrzq lq �jxuh ;1

Wkh fuhhs h{whqvlrqv zhuh phdvxuhg xvlqj hohfwulfdo vwudlq jdxjhv/ KEP

432683O\741 Iru wkh ehqglqj whvwv/ wkh whqvloh dqg frpsuhvvlrq h{whqvlrqv

duh uhfrughg forvh wr wkh vhfwlrq ri pd{lpxp ehqglqj prphqw1 D Shuvrqdo

Frpsxwhu frqwuroohg gdwd dftxlvlwlrq erdug/ VRODUWURQ 68<8/ zdv xvhg wr

dxwrpdwlfdoo| uhfrug wkh h{shulphqwdo gdwd1

Wkh frqyhqwlrqdo irlo hohfwulfdo uhvlvwdqfh vwudlq jdxjhv xvhg lq wkhvh whvwv

glvsod|hg wkh uhtxluhg vhqvlwlylw| fkdudfwhulvwlfv exw zhuh xqvwdeoh ryhu d orqj

whup1 Lq rughu wr vprrwk rxw h{wudqhrxv qrlvh zlwkrxw dowhulqj wkh gdwd

fkdudfwhulvwlfv dqg frpsdfw gdwd lqwr d vpdoohu vhw wkh iroorzlqj surfhgxuh ^9`

zdv xvhg=

Iru hdfk ghfdgh/ lq orjdulwkplf wlph vfdoh/ wkh gdwd zdv glylghg lq whq htxdo

wlph lqwhuydov>

Wkh gdwd lq hdfk wlph lqwhuydo zdv �wwhg lqwr d vlqjoh whup h{srqhqwldo/

" ' � � e�u| c +46,
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zkhuh " @ wkh vwudlq uhvsrqvh> | @ wlph> � dqg � @ ehvw �w frqvwdqwv e| ohdvw

vtxduhv phwkrg>

Wkh hqwluh ? gdwd srlqwv lq hdfk wlph lqwhuydo zdv uhsodfhg e| " dqg |=

| '
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G|qdplf0Phfkdqlfdo0Wkhupdo0Dqdo|vhu +GPWD, whvw

uhvxow

Wkh fkdudfwhulvdwlrq ri wkh phfkdqlfdo surshuwlhv ri sro|phulf pdwhuldov

rq d GPWD dqdo|vhu jlyhv wkh frpsoh{ frpsoldqfh E7�� dv d ixqfwlrq

ri dqjxodu iuhtxhqf| �1 Lq rughu wr fkdudfwhulvh wkh ylvfrhodvwlf pdwhuldo

ehkdylrxu lq d yhu| eurdg udqjh ri iuhtxhqflhv +ru wlphv,/ lw lv qhfhvvdu| wr

frpelqh phdvxuhphqwv dw vhyhudo whpshudwxuhv dsso|lqj wkh wlph0whpshudwxuh

vxshusrvlwlrq sulqflsoh +WWVS,1 Dffruglqj wr wklv sulqflsoh/ d jlyhq surshuw|

phdvxuhg iru vkruw wlphv pxvw eh lghqwlfdo zlwk rqh phdvxuhg iru orqjhu wlphv

dw d orzhu whpshudwxuh/ vr/ wkh fxuyhv duh vkliwhg sdudooho wr wkh krul}rqwdo

d{lv pdwfklqj wr irup d pdvwhu fxuyh1

Wkh g|qdplf whvw vshflphqv zhuh fxwwhg rxw iurp sodwhv zlwk wkuhh gl�huhqw

vwdfnlqj vhtxhqfhv1 Wkh g|qdplf whvwv zhuh fduulhg rxw lq d ehdp fdqwlohyhu

dssdudwxv1 Wkh vshflphqv kdg d wklfnqhvv ri 2�266/ zlgwk ri �f�f66 dqg

wkh glvwdqfh ehwzhhq wkh vxssruw dqg wkh ordg dssolfdwlrq srlqw ri 22�f661

D eulhi ghvfulswlrq ri wkh phwkrgrorj| xvhg wr rewdlq wkh fuhhs pdvwhu

fxuyhv ^:` lv jlyhq1 Iru hdfk whpshudwxuh ohyho/ wkh iuhtxhqflhv ydulhg iurp

<



f��M5 wr �ffM51 Wkh pd{lpxp lpsrvhg gh hfwlrq zdv Se>6 dqg wkh

whpshudwxuh ohyhov zhuh zlwklq wkh udqjh ri 2f�� wr ��D��1 Iroorzlqj wkh

iuhtxhqf|0wlph wudqvirupdwlrq surfhgxuh/ wkh vkruw0whup frpsoldqfh fxuyhv lq

wlph grpdlq zhuh rewdlqhg1 Wkhq wkh gdwd zdv vkliwhg iru hdfk whpshudwxuh

wr d uhihuhqfh whpshudwxuh/ Wuhi/ xvlqj wkh wlph0whpshudwxuh vxshusrvlwlrq

sulqflsoh +WWVS, wr exlog xs wkh pdvwhu fuhhs frpsoldqfh fxuyh dv vkrzq lq

�jxuh <1

Pdq| dxwkruv douhdg| glvfxvvhg wkh lqdffxudf| ri wkh vlpsoh srzhu odz wr

prgho wkh zkroh pdvwhu fxuyh1 Wkh Vlpsoh Srzhu Odz lv gh�qhg dv iroorzv=
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zkhuh 7f @ wlph lqghshqghqw lqlwldo frpsoldqfh> 7� @ frh!flhqw ri wkh wlph

ghshqghqw frpsoldqfh> ? @ pdwhuldo frqvwdqw> dqg � f @ xqlw uhihuhqfh wlph1

Pdq| sro|phuv/ vxfk dv wkh furvvolqnhg sro|phuv/ ghirup lq dq dv|pswrwlf

irup/ iurp jodvv| wr uxeehu olnh ehkdylrxu1 Lq wkh olwhudwxuh wkhuh duh pdq|

h{suhvvlrqv ri wkh wlph0ghshqghqw frpsoldqfh wkdw fdq ghvfuleh wkh ylvfrhodvwlf

skhqrphqd ryhu d eurdg udqjh1 Lq wklv vwxg| wkh uhvsrqvh ixqfwlrq ^;` fkrvhq

wr �w wkh pdvwhu fxuyh zdv jlyhq e|=
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zkhuh � E|� lv wkh Froh0Froh ixqfwlrq

� E|� '
�

� n
�
�f

7f

�? +4:,
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zkhuh 7f @ wlph lqghshqghqw lqlwldo frpsoldqfh> 7" @ wlph lqghshqghqw

frpsoldqfh dw lq�qlw| wlph> ? @ pdwhuldo frqvwdqw> dqg � f @ xqlw uhihuhqfh

wlph1

Wkh pdvwhu fxuyhv zhuh �wwhg wr wkh Froh0Froh ixqfwlrq exw lw zdv irxqg

wkdw wkh fxuyh �wwlqj glgq*w kdyh d jrrg djuhhphqw lq wkh orqjhu wlph udqjh1

Wkh fxuyh �wwlqj dqg wkh �wwlqj uhvxowv duh vkrzq lq �jxuh < dqg lq wdeoh ;1

Wkh glvfuhsdqf| lq wkh orqjhu wlph udqjh zdv uhodwhg wr wkh vkdsh ri wkh

frpsoldqfh pdvwhu fxuyhv1 Dowkrxjk wkh pdvwhu fxuyhv vkrzq d ghfuhdvh ri

wkh fuhhs dw orqjhu wlphv/ lw zdv fohdu wkdw wkh| glg qrw uhdfk d olplw ydoxh

dv wkh Froh0Froh ixqfwlrq suhglfwv1 Qhyhuwkhohvv/ li wkh zrunlqj whpshudwxuhv

duh orzhu wkdq DfJ�/ wkhq wkh orqjhu wlph udqjh/ �fS wr �f�e krxuv/ uhsuhvhqwv

yhu| orqj wlphv/ l1h1/ ��e dqg ���e eloolrqv ri |hduv/ uhvshfwlyho|1 Khqfh/ lq

wklv fdvh/ lw lv shuihfwo| uhdvrqdeoh wr xvh wkh Vlpsoh Srzhu Odz wr suhglfw

orqj0whup ehkdylrxu lq d kxpdq wlph vfdoh/ l1h1/ Df |hduv1

Fuhhs whvw uhvxowv

Wkh fuhhs frpsoldqfh lv gh�qhg dv=

7 E|� '
" E|�

jf
+4;,

zkhuh " E|� @ vwudlq phdvxuhg> jf @ frqvwdqw vwuhvv lpsrvhg > 7 E|� @ fuhhs

frpsoldqfh1

Iru d ehwwhu frpsdulvrq ri doo whvw vshflphqv wkh qrupdolvhg fuhhs

frpsoldqfh zdv xvhg lqvwhdg ri wkh fuhhs frpsoldqfh1 Wkh qrupdolvhg fuhhs

frpsoldqfh lv gh�qhg dv=
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7- E|� '
7 E|�

7f

+4<,

zkhuh 7 E|� @ fuhhs frpsoldqfh> 7f @ wkh lqvwdqwdqhrxv frpsoldqfh 7- E|� @

qrupdolvhg fuhhs frpsoldqfh1

Diwhu doprvw �Hff krxuv ri ehqglqj fuhhs whvw ri vshflphqv pdgh ri XF 458

UQD dw 2�J� dqg DfIMo/ qr vljql�fdqw fuhhs vwudlqv zhuh ghwhfwhg zlwklq

wkh vwudlq jdxjhv dffxudf|/ l1h1/ 	 2f>61

Wkhvh uhvxowv prwlydwhg wkh ghflvlrq wr lqfuhdvh wkh whpshudwxuh wr DfJ�

lqvwhdg ri lqfuhdvlqj wkh ordglqj vwuhvv/ zlwk wzr sxusrvhv= dffhohudwh wkh

ylvfrhodvwlf ehkdylrxu dqg dyrlg wkh qrq0olqhdu ehkdylrxu1

Lq �jxuhv 43 dqg 44 wkh fuhhs whvw uhvxowv duh sorwwhg zlwk wkh vlpsoh

srzhu odz suhglfwlrqv +Ilqgoh|, dqg wkh pdvwhu fuhhs fxuyh +GPWD,1 Doo

h{shulphqwdo uhvxowv duh lq whqvlrq h{fhsw wkh E5+F, dqg F8+F, wkdw duh lq

frpsuhvvlrq1 Wkh Ilqgoh| ru wkh vlpsoh srzhu odz zdv douhdg| gh�qhg e|

htxdwlrq 481

Wkhvh h{shulphqwdo uhvxowv/ uhsuhvhqwlqj pruh wkdq 2Dff krxuv/ uhyhdohg dq

lqfuhdvh ri wkh fuhhs frpsoldqfh durxqg S�.I lq dyhudjh iru wkh FF4<7 dqg

durxqg 2�DI lq dyhudjh iru wkh XF4581 Vxusulvlqjo| wkh fuhhs whvwv srlqwhg

wkdw wkh FF4<7 kdv d odujhu lqfuhdvh ri wkh fuhhs frpsoldqfh wkdq wkh XF4581

Iru frqwlqxrxv fduerq �euh frpsrvlwhv/ wkh wlph ghshqghqf| h{klelwhg e|

wkh �euh grplqdwhg phfkdqlfdo surshuwlhv .��/ D�2 lv qhjoljleo| vpdoo/ zkhq

frpsduhg wr wkh kljko| wlph ghshqghqw pdwul{ grplqdwhg surshuwlhv1 Wkhq/

iru wkhvh vwdnlqj vhtxhqfhv qr vljql�fdqw fuhhs zdv h{shfwhg gxh wr wkh

h{lvwhqfh ri �euhv lq wkh ordglqj gluhfwlrq1
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Dw wklv vwdjh vrph frqfoxvlrqv fdq eh dgguhvvhg1 Wkh uhvxowv vkrzhg

d odujh glvfuhsdqf| ehwzhhq wkh GPWD dqg wkh ehqglqj fuhhs/ dssduhqwo|

kdylqj glvwlqfw ehkdylrxuv1 Lq idfw hdfk whvw lqyroyhg vshflphqv zlwk gl�huhqw

glphqvlrqv exw wkh vfdoh idfwru/ dorqh/ frxog qrw h{sodlq vr odujh ghyldwlrqv1

Rq wkh rwkhu kdqg wkh Ilqgoh| htxdwlrq suhglfwlrq iru wkh FF4<7 vshflphqv/

edvhg rq wkh �uvw �ff krxuv / vkrzq d jrrg djuhhphqw zlwk wkh h{shulphqwdo

gdwd xqwlo wkh �fff krxuv zhuh uhdfkhg1 Diwhu wklv wlph wkh fuhhs gdwd vkrzq d

odujh ghfuhdvh ri wkh fuhhs udwh/ dssduhqwo| glyhujlqj iurp wkh srzhu odz1 Dv

iru wkh XF458 vshflphqv wkh suhglfwlrqv ri wkh Ilqgoh| duh lq jrrg djuhhphqw

zlwk wkh h{shulphqwdo gdwd/ fhuwdlqo| gxh wr wkh yhu| orz fuhhs ohyho suhvhqwhg1

Kdylqj wklv lq plqg d qhz prgho zdv ghyhorshg1

Dqdo|vlv ri h{shulphqwdo uhvxowv xvlqj d qhz prgho

Wkh qhz prgho dssurdfk zdv ghyhorshg diwhu d fduhixo dqdo|vlv ri wkh

GPWD whvw dssdudwxv1 Lw zdv qrw gl!fxow wr frqfoxgh wkdw wkh ehdp fdqwlohyhu

vkrxog eh frqvlghuhg d vkruw ehdp1 Wkhuhiruh lw ehfrphv reylrxv wkdw wkh

GPWD uhvxowv zhuh uhodwhg qrw rqo| zlwk wkh frpsoldqfh exw dovr zlwk wkh

vkhdu frpsoldqfh ri wkh odplqdwh1 Iru wkdw yhu| uhdvrq wkh surshuwlhv ri wkh

ylvfrhodvwlf pdwul{ frxog rqo| eh ghwhuplqhg dssur{lpdwho|1

Wkh Srlvvrq*v udwlr v6 ri wkh ylvfrhodvwlf pdwul{ zdv frqvlghuhg frqvwdqw

dqg htxdo wr f�2D1 Wkh fuhhs frpsoldqfh 76 ' 76
��

' 76
22
dqg wkh vkhdu fuhhs

frpsoldqfh 76
SS
ri wkh pdwul{ zhuh fdofxodwhg xvlqj vrph dssur{lpdwlrqv1 Lq

wklv fdvh lw zdv frqvlghuhg wkdw wkh GPWD whvw phdvxuhg/ gluhfwo|/ wkh vkhdu

fuhhs frpsoldqfh ri wkh odplqdwh dgplwwlqj wkdw wkh lq xhqfh ri wkh fuhhs
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frpsoldqfh ri wkh odplqdwh frxog eh ljqruhg/ l1h1/ 7�� E|� � �*.K1 Wkh htxdwlrq

53 jlyhv wkh uhodwlrq ehwzhhq wkh fuhhs frpsoldqfh/ rewdlqhg gluhfwo| iurp

GPWD whvwv/ dqg wkh vkhdu fuhhs frpsoldqfh ri wkh odplqdwh1 Wkh htxdwlrq

53 zdv rewdlqhg e| frpsdulvrq ri ehdp fdqwlohyhu vroxwlrq zlwk dqg zlwkrxw

wkh vkhdu fruuhfwlrq1

7SS E|� '
�

S

�
u

�

�2�
77 E|�� �

.K

�
+53,

zkhuh u @ wkh ohqjwk ri wkh ehdp> � @ wkh wklfnqhvv ri wkh odplqdwh> 77E|� @

wkh fuhhs frpsoldqfh rewdlqhg iurp wkh GPWD dqg .K @ wkh ehqglqj prgxoxv

ri wkh odplqdwh frqvlghuhg olqhdu hodvwlf1

Wkh plfurphfkdqlfv irupxodh edvhg rq wkh Kdoslq0Wvdl htxdwlrqv kdg ehhq

dgdswhg dqg xvhg iru ylvfrhodvwlf dqdo|vlv ^<`/ ^43`1 Edvhg rq vxfk dqdo|vlv/

dvvxplqj wkh �euhv olqhdu hodvwlf dqg wkh zryhq frpsrvlwh dv d pxowlgluhfwlrqdo

odplqdwh frqvlvwlqj ri wkh �euh dqjohv/ wkh uhodwlrqvkls ehwzhhq vkhdu fuhhs

frpsoldqfh ri wkh pdwul{/ 76
SS
E|�/ dqg wkh odplqdwh vkhdu fuhhs frpsoldqfh/

7SS E|�/ zdv rewdlqhg dv iroorzv=
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+54,

zkhuh Ds @ wkh yroxph iudfwlrq ri wkh �euh> 7s
SS

@ �euh vkhdu frpsoldqfh

frqvlghuhg olqhdu hodvwlf dqg htxdo wr 22 JSd ^8`1
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Ilqdoo| xvlqj d uhodwlrq dssolhg vxffhvvlyho| hovhzkhuh ^43` wkh fuhhs

frpsoldqfh ri wkh pdwul{ zdv ghwhuplqhg e| wkh iroorzlqj htxdwlrq 551

76 E|� '
76
SS
E|�

2 E� n D6�
+55,

D qrqolqhdu ylvfrhodvwlf dqdo|vlv ri wkh fduerq �euh pdwul{ lqwhuskdvh zdv

douhdg| suhvhqwhg e| dqrwkhu uhvhdufkhu ^44`1 Wkh suhvhqw dssurdfk frqvlghuv

d ylvfrhodvwlf lqwhuod|hu ehwzhhq hdfk so| ri wkh odplqdwh/ l1h1/ d uhvlq0ulfk

lqwhuod|hu }rqh zlwk wkh vdph surshuwlhv ri wkh uhvlq/ zlwk d wklfnqhvv wr eh

ghwhuplqhg/ dv vkrzq lq �jxuh 451

Lqwurgxflqj wkh jhrphwu| dqg surshuwlhv ri wkh odplqdwhv lqwr wkh ODPIOX

surjudp ^45`/ lw zdv srvvleoh wr ghwhuplqh dssur{lpdwho| wkh uhvlq lqwhuod|hu

wklfnqhvv/ xqnqrzq dw wklv vwdjh/ iru wkh XF458 dqg FF4<7 odplqdwhv xvlqj

wkh �uvw �ff krxuv ri wkh h{shulphqwdo uhvxowv1 Wkh uhvxowv iru wkh lqwhuod|hu

wklfnqhvv/ vhh �jxuh 45/ duh suhvhqwhg rq wdeoh <1

Wkh ydoxhv ghwhuplqhg iru wkh lqwhuod|hu wklfnqhvv uhyhdo wkdw wkh wzloo

zryhq odplqdwh +FF4<7, kdv d odujhu uhvlq lqwhuod|hu/ l1h1/ eeI ri wkh so|

wklfnqhvv/ wkdq wkh wdsh odplqdwh +XF458,1

Wkh zryhq frpsrvlwhv frpsduhg wr wdsh odplqdwhv/ zlwk wkh vdph yroxph

iudfwlrqv ri lq0sodqh �euhv/ kdyh xvxdoo| voljkwo| orzhu lq0sodqh vwl�qhvv ehfdxvh

ri wkh wrz zdylqhvv1 Wkhuhiruh/ d{ldo vkhdu vwuhvvhv duh kljkhu xqghu qrplqdoo|

doljqhg ordgv ^8`1 Wkh wrz zdylqhvv dqg wkh kljkhu vkhdu vwuhvv frxog mxvwli|

wkh odujhu uhvlq lqwhuod|hu wklfnqhvv ri wkh FF4<7 lq wkh suhvhqw prgho1
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Wkh dqdo|vlv ri ghodplqdwlrq lq dqjoh0so| frpsrvlwhv ohdg vrph uhvhdufkhuv

^46` wr prgho wkh frpsrvlwh odplqdwh dv dq dvvhpeo| ri dqlvrwurslf

krprjhqhrxv solhv erqghg e| wklq uhvlq lqwhuod|huv1 Wkh lqwhuodplqdu uhvlq

od|hu zdv frqvlghuhg dq lvrwurslf pdwhuldo zlwk d xqlirup wklfnqhvv ri rqh0

whqwk ri wkh lqglylgxdo so| wklfnqhvv dv revhuyhg xqghu plfurvfrsh ^47`1

Lq wkh suhvhqw fdvh qr plfurvfrslf revhuydwlrqv zhuh pdgh exw lw zdv fohdu

wkdw wkh suhvhqw prgho zdv d fuxgh vlpsol�fdwlrq ri wkh uhdo uhvlq lqwhuod|hu ri

wkh FF4<7 odplqdwh1 Suredeo| wkh lqwhuod|hu wklfnqhvv wkdw zdv ghwhuplqhg

iru wkh suhvhqw prgho uh hfwhg wkh lq xhqfh udwkhu wkh uhdo jhrphwu| ri wkh

ylvfrhodvwlf lqwhuod|hu1

Lq �jxuhv 46 dqg 47 wkh suhglfwlrqv ri wkh suhvhqw prgho +Prgho, dqg ri wkh

vlpsoh srzhu odz +Ilqgoh|, duh sorwwhg zlwk wkh dyhudjhg h{shulphqwdo gdwd

+H{shu1,1 Wkh suhglfwlrqv pdgh e| ODPIOX +Prgho, frpsduhg uhdvrqdeo|

zhoo zlwk wkh h{shulphqwdo uhvxowv1 Wkh prgho suhglfwv d olplw wr wkh fuhhs

ghirupdwlrq dqg wkh h{shulphqwdo gdwd dsshduv wr iroorz wkh vdph wuhqg1

Wkh odplqdwh solhv zhuh frqvlghuhg olqhdu hodvwlf iru wkh FF4<7 dqg

wkh XF4581 Lq idfw wkh XF458 lv qrw uhdoo| xqlgluhfwlrqdo/ l1h1/ frqwdlqv

jodvv �euhv lq wkh zhiw gluhfwlrqv/ derxw 2fI lq zhljkw1 Wkhuhiruh wkh

ylvfrhodvwlf lqwhuod|huv vx�hu fuhhs dqg vwuhvv uhod{dwlrq vlpxowdqhrxvo| dqg

dv d frqvhtxhqfh ruljlqdwh ordg wudqvihu wr wkh dgmdfhqw od|huv1 Diwhu d fhuwdlq

shulrg ri wlph dq htxloleulxp vwdwh lv uhdfkhg dqg wkh fuhhs ghirupdwlrq lv

duuhvwhg1
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Frqfoxvlrqv

Wkh phwkrgrorj| wr ghvljq kljko| vwdeoh vwuxfwxuhv iroorzhg e| FHUQ ohdg

wr fkrrvh FIUS odplqdwhv dv vwuxfwxudo hohphqwv1 Wkh fuhhs ehkdylrxu ri d

txdvl odplqdu wh{wloh dqg dq htxlydohqw wdsh odplqdwh zdv frpsduhg1

Wkh lqlwldo dqdo|vlv srlqwhg wkh wzloo zryhq odplqdwh dv d ehwwhu fkrlfh lq

d orqj0whup ehkdylrxu edvlv1 Wkh h{shulphqwdo fuhhs whvwv vkrzhg d gl�huhqw

slfwxuh/ wkh wdsh odplqdwhv h{klelwhg orzhu fuhhs vwudlqv wkdq wkh wzloo zryhq

odplqdwhv dqg suryhq wr eh pruh vwdeoh1 Wkh vlpsoh srzhu odz zdv dghtxdwh

wr �w wkh XF458 dqg FF4<7 h{shulphqwdo gdwd iru wkh �uvw �ff krxuv1 Wkh

prgho h{wudsrodwlrqv iru wkh XF458 odplqdwhv vkrzhg d jrrg djuhhphqw zlwk

wkh h{shulphqwdo uhvxowv1 Iru wkh FF4<7 odplqdwhv wkh prgho h{wudsrodwlrq

vkrzq d jrrg djuhhphqw xqwlo �fff krxuv zhuh uhdfkhg/ diwhu wklv wkh prgho

glyhujhg iurp wkh h{shulphqwdo uhvxowv1 Wkh h{shulphqwdo gdwd iru wkh FF4<7

odplqdwhv vkrzq dq hyroxwlrq ri wkh fuhhs vwudlq wr d olplw ydoxh qhdu 2fff

krxuv1

Rqh vlpsoh h{sodqdwlrq iru FF 4<7 ehkdylrxu/ zklfk fdph rxw lqlwldoo|/

zdv irxqg rq wkh uhlqirufhphqw wlvvxh lwvhoi1 Wkh ryhuods ri wkh wudqvyhuvh

dqg orqjlwxglqdo �euhv +wzloo zryhq, frxog surgxfh solhv zlwk �euhv qrw

vwuhwfkhg1 Wkh whqvloh vwuhvvhv dqg wkh ylvfrhodvwlf pdwul{ wkhq surprwhg wkh

vwuhwfklqj ri wkh �euhv1 Wklv skhqrphqrq vkrxog qrw kdsshq lq xqlgluhfwlrqdo

uhlqirufhphqwv1 Qhyhuwkhohvv wklv sdudgljp glg qrw vhhp vdwlvidfwru| wr

h{sodlq wkh h{shulphqwdo uhvxowv1

Wkh fuhhs pdvwhu fxuyhv rewdlqhg iurp wkh g|qdplf phfkdqlfdo dqg wkhupdo

dqdo|vlv +GPWD, zhuh yhu| vlplodu iru erwk odplqdwhv XF458 UQD ^3J 2<3J
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`7v dqg FF 4<7 UQD ^3J `7v1 Wkh pdvwhu fxuyhv vkrzq dq lqfuhdvh ri wkh

fuhhs frpsoldqfh +wr d olplw ydoxhB, ehwzhhq 49 dqg 4< wlphv ri wkh lqlwldo

ydoxh1 Ixuwkhu wkh pdvwhu fxuyhv lqglfdwh/ dv vkrzq lq �jxuh </ wkdw lw wdnhv

dq devxug wlph wr uhdfk wklv olplw dw DfJ�/ l1h1/ 4 ploolrqv ri |hduv$

Rqh wkh rwkhu kdqg wkh frpsdulvrq ri fuhhs pdvwhu fxuyhv dqg fuhhs whvw

uhvxowv kdyh vkrzq d odujh glvfuhsdqf|1 D qhz lqwhusuhwdwlrq ri wkh GPWD

uhvxowv zdv grqh1 Wklv doorzhg wkh ghwhuplqdwlrq ri wkh pdwul{ ylvfrhodvwlf

surshuwlhv xvlqj wkh plfurphfkdqlf dqdo|vlv1 Wkh lqwurgxfwlrq ri d ylvfrhodvwlf

lqwhuod|hu ehwzhhq solhv lqwr wkh odplqdwh prgho uhvxowhg lqwr d qhz dssurdfk1

Wkh ghyhorshg prgho h{sodlqhg wkh h{shulphqwdo uhvxowv dqg shuplwwhg d orqj0

whup suhglfwlrq ri wkh fuhhs ehqglqj uhvsrqvh ri wkh XF458 UQD ^3J 2<3J `er

dqg FF 4<7 UQD ^3J `er odplqdwhv edvhg rq Wlph Whpshudwxuh Vxshusrvlwlrq

Sulqflsoh1

Uhihuhqfhv

41 U1 P1 Jxhghv/ D1 W1 Pdutxhv/ dqg D1 K1 Fdugrq/ Fuhhs2Fuhhs0Uhfryhu|
Uhvsrqvh ri Ileuhgx{ <53F0WV08075 Frpsrvlwh xqghu Ioh{xudo Ordglqj/
Dssolhg Frpsrvlwh Pdwhuldov 9/ ss1 :4�;9/ 4<<<1

51 M1 Zlooldpv/ Vwuhvv Dqdo|vlv ri Sro|phuv/ ss1 493�4:61 Phfkdqlfdo
Hqjlqhhulqj/ Hoolv Kruzrrg/ 4<;31

61 \1 P1 Wduqrosrov*vnll dqg W1 Nlqflv/ Vwdwlf Whvw Phwkrgv iru Frpsrvlwhv/
fk1 8/ ss1 553�5961 Ydq Qrvwudqg/ Uhlqkrog/ Qhz \run/ 4<;81

71 S1 V1 Vwhli/ Vwl�qhvv Uhgxfwlrq Gxh wr Ilehu Euhdndjh/ Mrxuqdo ri

Frpsrvlwh Pdwhuldov 4:+5,/ ss1 485�4:5/ 4<;61

81 E1 Fr{ dqg J1 Iodqdjdq/ Kdqgerrn ri Dqdo|wlfdo Phwkrgv iru Wh{wloh
Frpsrvlwhv/ Whfk1 Uhs1 7:83/ QDVD/ 4<<:1

91 H1 P1 Zx/ Q1 T1 Qjx|hq/ dqg U1 O1 Prruh/ Pdwul{0Grplqdwhg Wlph0
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Ghshqghqw Ghirupdwlrq dqg Gdpdjh ri Judsklwh2 Hsr{| Frpsrvlwh
H{shulphqwdo Gdwd Xqghu Udps Ordglqj/ Whfk1 Uhs1 DIZDO0WU0;50
63:9/ Odzuhqfh Olyhupruh Qdwlrqdo Oderudwru|/ Olyhupruh/ Fdoliruqld/
4<;51

:1 U1 P1 Jxhghv/ D1 W1 Pdutxhv/ dqg D1 K1 Fdugrq/ Fuhhs ru Uhod{dwlrq
Pdvwhu Fxuyhv Fdofxodwhg iurp H{shulphqwdo G|qdplf Ylvfrhodvwlf
Ixqfwlrq/ Vflhqfh dqg Hqjlqhhulqj ri Frpsrvlwh Pdwhuldov :+6,/ ss1 58<�
59:/ 4<<;1

;1 T1 \dqj/ Qrqolqhdu Ylvfrhodvwlf0Ylvfrsodvwlf Fkdudfwhul}dwlrq ri d

Sro|phu Pdwul{ Frpsrvlwh1 SkG wkhvlv/ Iuhh Xqlyhuvlw| ri Euxvvhov
+Y1X1E1,/ 4<<91

<1 V1 Z1 Ehfnzlwk/ Ylvfrhodvwlf Fkdudfwhul}dwlrq ri d qrqolqhdu/ jodvv2hsr{|
frpsrvlwh xvlqj plfurphfdqlfv wkhru|/ lq MDQQDI/ Vwuxfwxuhv dqg
Phfkdqlfdo Ehkdylrxu Zrunlqj Jurxs Phhw1/ Vdq Iudqflvfr/ FD/ Iheuxdu|
4<:81

431 D1 Krurvfkhqnr�/ Fkdudfwhul}dwlrq ri wkh Fuhhs Frpsoldqfhv M55 dqg M99
ri Ruwkrwurslf Frpsrvlwhv zlwk SHHN dqg Hsr{| Pdwulfhv Xvlqj wkh
Qrqolqhdu Ylvfrhodvwlf Uhvsrqvh ri wkh Qhdw Uhvlqv/ Mrxuqdo ri Frpsrvlwh
Pdwhuldov 57/ ss1 ;:<�;<4/ Dxjxvw 4<<31

441 H1 Vdqfdnwdu dqg S1 ]kdqj/ Qrqolqhdu Ylvfrhodvwlf Prghoolqj ri wkh Ilehu0
Pdwul{ Lqwhuskdvh lq Frpsrvlwh Pdwhuldov/ Mrxuqdo ri Phfkdqlfdo Ghvljq

445/ ss1 938�94</ 4<<31

451 U1 P1 Jxhghv/ D1 W1 Pdutxhv/ dqg D1 K1 Fdugrq/ Dqdo|wlfdo dqg
H{shulphqwdo Hydoxdwlrq ri Qrqolqhdu Ylvfrhodvwlf0Ylvfrsodvwlf Frpsrvlwh
Odplqdwhv xqghu Fuhhs/ Fuhhs0Uhfryhu|/ Uhod{dwlrq dqg Udps Ordglqj/
Phfkdqlfv ri Wlph0Ghshqghqw Pdwhuldov 5/ ss1 446�45;/ 4<<;1

461 V1 Zdqj/ Dq Dqdo|vlv ri Ghodplqdwlrq lq Dqjoh0So| Ilehu0Uhlqirufhg
Frpsrvlwhv/ Wudqvdfwlrqv ri wkh DVPH 7:/ ss1 97�:3/ 4<;31

471 F1 Zx/ Qrqolqhdu Dqdo|vlv ri Hgjh H�hufwv lq Dqjoh0So| Odplqdwhv/
Frpsxwhuv ) Vwuxfwxuhv 58+8,/ ss1 :;:�:<;/ 4<;:1
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Wdeoh 4= Jhrphwu| ri whvw vshflphqv iurp sodwh XF458 UQD ^3J 278J 2<3J

2078J `2r

Vshflphqv D4 D5 D6 D7

k +pp, 5=65 5=69 5=68 5=65

E +pp, 7;=;: 83=3; 83=75 7<=84

Wdeoh 5= Jhrphwu| ri whvw vshflphqv iurp sodwh XF458 UQD ^3J 2<3J `er

Vshflphqv E4 E5 E6

k +pp, 5=65 5=69 5=68

E +pp, 7;=;: 83=3; 83=75

Wdeoh 6= Jhrphwu| ri whvw vshflphqv iurp sodwh FF4<7 UQD ^3J `er

Vshflphqv F7 F8 F9 F:

k +pp, 5=33 5=35 5=34 5=35

E +pp, 7;=<4 7<=55 7;=5; 7:=59
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Wdeoh 7= Od|hu hodvwlf surshuwlhv ri wkh odplqdwhv

Vshflphqv H4+JSd, H5 +JSd,  45 J45+JSd,
XF458 UQD <5=38 44=9< 3=58 6=:7
FF4<7 UQD 86=8: 86=8: 3=38; 6=;5

Wdeoh 8= Vwdwlf ehqglqj surshuwlhv ri wkh whvw vshflphqv XF458 ^3J 278J 2<3J

2078J `2r

Vshflphqv D4 D5 D6 Dyhudjh

He +JSd, 6;=;7 6;=8: 6<=3: 6;=;6
�u +PSd, 986 97; 957 975
H@He+(, <8=8 <9=: <7=5 <8=8

Wdeoh 9= Vwdwlf ehqglqj surshuwlhv ri wkh whvw vshflphqv XF458 ^3J 2<3J `er

Vshflphqv E4 E5 E6 Dyhudjh

He +JSd, 79=:9 79=:5 7;=:5 7:=73
�u +PSd, ;83 ;83 ;98 ;88
H@He+(, <6=8 <4=5 <5=7 <5=7

Wdeoh := Vwdwlf ehqglqj surshuwlhv ri wkh whvw vshflphqv FF4<7 ^3J `er

Vshflphqv F4 F5 F6 Dyhudjh Vxssolhu

He +JSd, 74=<7 75=83 75=49 75=53 83
�u +PSd, :4: :5: :64 :58 <33
H@He+(, <5=8 <4=7 <4=9 <4=;

Wdeoh ;= Sdudphwhuv ri wkh pdvwhu frpsolqfh fxuyh

Sdudphwhuv q �3 +V4 � V3, @V3
XF458 3=65 8� 438 46=7:
FF4<7 3=65 45� 438 48=48

Wdeoh <= Wklfnqhvv ri wkh solhv dqg wkh uhvlq lqwhuod|huv

Glphqvlrqv +pp, ks kl ks@kl +(,
XF458 3=476; 3=35<9 54

FF4<7 3=5833 3=43;9 77
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Iljxuh 4= Wkh jhrphwu| ri wkh wkuhh srlqw ehqglqj whvwv +6SE,

L
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wmax

h

y

x

Iljxuh 5= D wkuhh srlqw ehqglqj whvw +6SE, zlwk odujh gh hfwlrqv
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Iljxuh 6= Wkh fkdqjh lq wkh vsdq ohqjwk iru wkh vlpso| vxssruwhg ehdp zlwk
d fhqwudo ordg
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Iljxuh 7= Wkh gh hfwlrq dw wkh plgvsdq iru wkh 6SE whvwv frpsduhg zlwk
dqdo|wlfdo vroxwlrqv
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Iljxuh 8= Wkh pd{lpxp vwuhvv fdofxodwhg dw wkh plgvsdq iru wkh 6SE whvwv
iru vhyhudo wkhrulhv
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Iljxuh 9= Frpsdulvrq ri uxswxuh dqg fulwlfdo ordg iru wkh 6SE uxswxuh whvwv
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Iljxuh := Whvw dssdudwxv lqvlgh wkh hqylurqphqwdo fkdpehu

P
14829

Strain gauge

Iljxuh ;= Wkh whvw jhrphwu| dqg srvlwlrq ri wkh vwudlq phdvxulqj srlqw
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Iljxuh 43= Qrupdol}hg fuhhs frpsoldqfh iru wkh XF458 UQD ^3J2<3J`er whvw
vshflphqv
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Iljxuh 44= Qrupdol}hg fuhhs frpsoldqfh iru wkh FF 4<7 UQD ^3J`er whvw
vshflphqv
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viscoelastic resin
interlayer

ply
2 hp hi

Iljxuh 45= Odplqdwh ghwdlo ri wkh ylvfrhodvwlf uhvlq lqwhuod|hu
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Iljxuh 46= Wkh dyhudjhg fuhhs frpsoldqfh ri wkh XF458 UQD ^3J2<3J`er whvw
vshflphqv zlwk wkh prgho dqg Ilqgoh| suhglfwlrqv
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Iljxuh 47= Wkh dyhudjhg fuhhs frpsoldqfh ri wkh FF4<7 UQD ^3J`er whvw
vshflphqv zlwk wkh prgho dqg Ilqgoh| suhglfwlrqv
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