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Devwudfw

Dxwrpdwlf vfdqqlqj v|vwhpv kdyh uhfhqwo| ehhq ghyhorshg iru dssolfd0
wlrq lq qhxwulqr h{shulphqwv h{sorlwlqj qxfohdu hpxovlrq ghwhfwruv iru sduwlfoh
wudfnv1 Wkhvh v|vwhpv vxevwdqwldoo| vshhg xs wkh dqdo|vlv ri hyhqwv lq hpxo0
vlrq/ doorzlqj wkh uhdolvdwlrq ri h{shulphqwv zlwk xqsuhfhghqwhg vwdwlvwlfv1
Wkh slrqhhulqj zrun rq dxwrpdwlf vfdqqlqj kdv ehhq grqh e| wkh Xqlyhuvlw|
ri Qdjr|d +Mdsdq,1 Wkh vr0fdoohg Qhz Wudfn Vhohfwru kdv d yhu| jrrg uhsur0
gxflelolw| lq srvlwlrq +; � >6, dqg dqjoh +; � pudg,/ zlwk wkh srvvlelolw| wr
uhfrqvwuxfw/ lq derxw 6 vhfrqgv/ doo wkh wudfnv lq d ylhz ri 483{483 >621 D
qhz v|vwhp +Xowud Wudfn Vhohfwru,/ zlwk vshhg kljkhu e| rqh rughu ri pdjql0
wxgh/ kdv vwduwhg wr eh lq rshudwlrq1 U)G surjudpv duh jrlqj rq lq Qdjr|d
dqg lq rwkhu oderudwrulhv lq rughu wr ghyhors qhz v|vwhpv1 Wkh vfdqqlqj vshhg
lq qxfohdu hpxovlrq eh ixuwkhu lqfuhdvhg e| dq rughu ri pdjqlwxgh1 Wkh uhfhqw
surjuhvv lq wkh whfkqrorj| ri gljlwdo vljqdo surfhvvlqj dqg ri lpdjh dftxlvlwlrq
v|vwhpv +FFG*v dqg idvw Iudph Judeehuv, doorzv wkh uhdol}dwlrq ri v|vwhpv
zlwk kljk shuirupdqfh1

Qhz lqwhuhvwlqj dssolfdwlrqv ri wkh whfkqltxh lq rwkhu �hogv kdyh uhfhqwo|
ehhq hqylvdjhg1

4 Lqwurgxfwlrq

Qxfohdu hpxovlrq ghwhfwruv surylgh wkuhh0glphqvlrqdo vsdwldo lqirupdwlrq rq sdu0
wlfoh wudfnv/ zlwk h{fhoohqw uhvroxwlrq +ri wkh rughu ri 4 �p,/ dv zhoo dv kljk klw
ghqvlw| +633 klwv2pp, dorqj wkh wudfnv1 Wkh| duh/ wkhuhiruh/ lghdo iru wkh xqdp0
eljxrxv ghwhfwlrq ri vkruw0olyhg sduwlfohv1 Wklv lv fuxfldo wr dwwdlq wkh uhtxluhg
vhqvlwlylw| lq wkh FKRUXV ^4` dqg RSHUD ^5` h{shulphqwv1 Wkh ihdvlelolw| ri
wkhvh h{shulphqwv lv olqnhg wr wkh lpsuhvvlyh surjuhvv uhfhqwo| pdgh lq wkh �hog ri
frpsxwhu frqwuroohg plfurvfrshv/ zlwk Fkdujhg Frxsohg Ghylfhv +FFG, uhdg0rxw/
dqg lq dxwrpdwlf sdwwhuq uhfrjqlwlrq1

WIurp wkh FKRUXV frooderudwlrq
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5 Qxfohdu hpxovlrq

Qxfohdu hpxovlrqv duh pdgh ri plfur0fu|vwdov ri vloyhu kdolghv +DjEu, dv vhqvlwlyh
ghylfhv glvshuvhg lq d wklq jhodwlqh od|hu1 Wkh vl}h ri plfur0fu|vwdov udqjhv iurp
315 wr 316 �p dqg wkh frqfhqwudwlrq ri wkh fu|vwdov lq wkh hpxovlrq jrhv iurp � 58
wr 83( lq yroxph1 Wkh glphqvlrq dqg wkh w|sh ri fu|vwdov fdq eh frqwuroohg e|
fxuuhqw dgydqfhg lqgxvwuldo whfkqrorjlhv ghyhorshg iru qxfohdu hpxovlrq1

Hpxovlrq Vkhhwv +HV, kdyh hpxovlrq od|huv rq erwk vlghv ri d wudqvsduhqw sodvwlf
edvh zkrvh wklfnqhvv udqjhv iurp :3 wr 4333 �p1 Wkh wklfnqhvv ri wkh hpxovlrq
od|hu fdq ydu| iurp 83 wr 833 �p/ ghshqglqj rq wkh vshfl�f xvh1

Wkh lqflghqw sduwlfoh ehdp kdv xvxdoo| d gluhfwlrq shushqglfxodu wr wkh HV
vxuidfh1 Zkhq dq lrql}lqj sduwlfoh wudyhuvhv wkh hpxovlrq od|hu ri dq HV/ hohfwurq0
kroh sdluv duh fuhdwhg lq wkh fu|vwdov1 Foxvwhuv ri vhyhudo vloyhu dwrpv duh iruphg lq
vhyhudo plfur fu|vwdov e| vxffhvvlyh lrqlf surfhvvhv1 Fkhplfdo surfhvvlqj lv uhtxluhg
wr pdnh wkh HV uhdgdeoh e| vfdqqlqj v|vwhpv1 E| fkhplfdo dfwlrq wkh vpdoo vloyhu
foxvwhuv +fdoohg odwhqw lpdjh, duh dpsol�hg dqg vloyhu foxvwhuv zlwk gldphwhu ri
� 3=9�p duh iruphg/ zklfk fdq eh lghqwl�hg e| wkh rswlfdo slfn0xs ri wkh vfdqqlqj
v|vwhp/ l1h1 e| d plfurvfrsh htxlsshg zlwk d FFG fdphud1

Dxwrpdwlf vfdqqlqj v|vwhpv kdyh frpsohwho| fkdqjhg rxu lghd ri qxfohdu hpxo0
vlrq1 Qrzdgd|v qxfohdu hpxovlrq fdq eh frqvlghuhg dv d orqj whup gdwd vwrudjh
ghylfh zklfk doorzv wr uhfrug frpsohwh wkuhh glphqvlrqdo lqirupdwlrq rq fkdujhg
sduwlfoh wudmhfwru|1 Wklv lqirupdwlrq lv uhdg0rxw e| dxwrpdwlf vfdqqlqj v|vwhpv1

6 Dxwrpdwlf Vfdqqlqj V|vwhpv

Wkh frqfhsw ri ixoo| dxwrpdwlf wudfn uhfrjqlwlrq/ zklfk lv wkh edvh ri wkh dojrulwkp
xvhg lq wkh fxuuhqw v|vwhpv/ zdv sursrvhg douhdg| lq wkh *:3v ^6` ^7` dw wkh Xqlyhu0
vlw| ri Qdjr|d +Mdsdq,1 Xqiruwxqdwho|/ wkh whfkqrorj| zdv qrw dgydqfhg hqrxjk wr
lpsohphqw lw1 Wkh jurxs frqwlqxhg wkh h�ruw wr ghyhors d ixoo| dxwrpdwlf v|vwhp
gxulqj wkh *;3v/ dqg zh kdyh d �uvw frpsohwh dssolfdwlrq ri wkh dxwrpdwlf v|vwhp
lq FKRUXV h{shulphqw gdwd dqdo|vlv lq wkh *<3v1 Qrzdgd|v wkh Qdjr|d jurxs lv
forvh wr gholyhu d wklug jhqhudwlrq ri dxwrpdwlf vfdqqlqj v|vwhp ^8` dqg dq lqwhqvh
U)G surjudp lv xqghuzd| dovr lq Hxursh e| vhyhudo jurxsv ri wkh FKRUXV Fro0
oderudwlrqv1 Lq �jxuh 4 d vfkhpdwlf ylhz ri d w|slfdo dxwrpdwlf vfdqqlqj v|vwhp
fdq eh vhhq1

614 Wkh Qdjr|d v|vwhp

Wkh edvlf frpsrqhqwv ri wkh Wudfn Vhohfwru +WV, duh ghvljqhg wr ghwhfw wudfnv
zlwk suhglfwhg dqjoh lq wkh �hog ri ylhz ri wkh FFG fdphud1 Wkh v|vwhp xvhv
d Idvw Surjudppdeoh Jdwh Duud| +ISJD, . Idvw Phpru| dqg d judeehu erdug
frqqhfwhg wr d FFG Fdphud +845 { 845 sl{hov dw 453 K} iudph udwh,1 Wkh duhd
ri ylhz lv � 483{483 �p51 Lw lv ghwhuplqhg e| wkh plfurvfrsh rswlfv dqg e| wkh
vxuidfh ri wkh FFG1 Wkh irfdo ghswk ri wkh plfurvfrsh jlyhv dq lpdjh uhodwlyh wr
� 6�p ri hpxovlrq wklfnqhvv1 Vl{whhq wrprjudsklfv lpdjhv ri +h1j1, 433 �p wklfn
hpxovlrq od|huv duh wdnhq dqg gljlwlvhg1 Hyhu| gljlwlvhg lpdjh lv vkliwhg krul}rqwdoo|
uhodwlyh wr wkh �uvw od|hu/ vr wkdw wkh suhglfwhg dqjoh wudfnv ehfrph shushqglfxodu
wr wkh lpdjh sodqh1 E| vxshulpsrvlqj wkh vl{whhq vkliwhg gljlwlvhg lpdjhv wudfnv
duh lghqwl�hg dv hqkdqfhphqwv ri sxovh khljkwv1 Wkh txdolw| ri rqh wudfn vhjphqw lv
phdvxuhg e| wkh vljqdo sxovh khljkw1 Rxwsxwv iurp wkh WV duh wkh srvlwlrq +{> |> },
dqg wkh dqjoh +�{> �|, ri wkh ghwhfwhg wudfn vhjphqwv1 Fxuuhqwo| wkh Wudfn Vhohfwru
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v|vwhp lv lq lwv vhfrqg jhqhudwlrq zlwk wkh Qhz Wudfn Vhohfwru v|vwhp1 D wklug
jhqhudwlrq fdoohg Xowud Wudfn Vhohfwru +XWV, lv qrz rshudwlqj dqg d Vxshu0XWV lv
xqghu ghyhorsphqw1 Wkh XWV v|vwhp lv fdsdeoh ri dqdo|vlqj 4 fp52 krxu dqg wr
uhfrjqlvh wudfnv xs wr 733 pudg zlwk wudfn �qglqj h!flhqf| � <;(= Wkh Vxshu0
XWV lv h{shfwhg wr lqfuhdvh wkh vfdqqlqj vshhg xs wr 43 fp52 krxu1 Wkh vfdqqlqj
srzhu urdg pds ri wkh Qdjr|d v|vwhpv lv vkrzq lq �jxuh 51

615 Pxowl wudfn v|vwhp

Jurxsv ri wkh FKRUXV Frooderudwlrq duh iroorzlqj wkh dssurdfk ri wkh vr0fdoohg
Pxowl Wudfn V|vwhpv +PWV,/ lqlwldwhg e| wkh Vdohuqr jurxs zlwk wkh V|Vdo v|vwhp
^9`1 Lq wkh iroorzlqj zh suhvhqw wkh U)G xqghuzd| e| wkh Qdsohv dqg P qvwhu
jurxsv1 Vlplodu vwxglhv duh ehlqj pdgh e| wkh FHUQ dqg QLNKHI jurxsv1

Lq d PWV v|vwhp doo wudfnv lq hdfk �hog ri ylhz duh uhfrqvwuxfwhg uhjdugohvv
ri wkhlu vorsh/ surylghg wkh| duh zlwklq d uhjlrq ri dqjxodu dffhswdqfh1 Wkh udz
gdwd duh vhulhv ri wrprjudsklf lpdjhv ri wkh hpxovlrq +iurp 43 wr 83,/ wdnhq dw
gl�huhqw ghswk ohyhov +518 wr 618 �p,1 D gljlwdo �owhu lv xvhg wr hqkdqfh wkh vljqdo
+wudfn judlqv, wr qrlvh +edfnjurxqg judlqv, udwlr iru hdfk lpdjh1 D wkuhvkrog lv
dssolhg wr wkh �owhu rxwsxw wr h{wudfw wkh gdun vsrwv wkdw duh fdqglgdwhv wr ehfrph
judlqv1 Wkh iroorzlqj vwhs frqvlvwv lq frpelqlqj judlqv iurp gl�huhqw od|huv wr
uhfrjqlvh jhrphwulfdo doljqphqwv1 Wkh �hog ri ylhz lv vxeglylghg lq fhoov derxw 53
�p zlgh1 Orfdo doljqphqwv ri judlqv duh wkhq ghwhfwhg zlwklq hdfk fhoo dqg dfurvv
erxqgdulhv ri qhljkerxulqj fhoov1 Wudfn vhjphqwv lq wkh wzr hpxovlrq od|huv duh
�qdoo| frqqhfwhg dqg vwruhg rq wkh orfdo gdwdedvh1 Wkh gulylqj sulqflsoh lq wkh
ghvljq ri wklv v|vwhp lv wkh xvh ri vwdwh0ri0wkh0duw frpphufldo surgxfwv/ erwk iru
wkh kdugzduh dqg iru wkh vriwzduh1 Wklv pdnhv wkh v|vwhp lwvhoi  h{leoh hqrxjk wr
eh xsjudghg iroorzlqj wkh udslg surjuhvv lq wkh whfkqrorj|1 Whvwv zhuh pdgh xvlqj
d odujh sodwh plfurvfrsh vwdjh +;3 { 73 fp5, e| Plfrv0jpeK41 Wkh plfurvfrsh lv
htxlsshg zlwk idvw vwhsslqj prwruv ru GF prwruv erwk rq wkh krul}rqwdo dqg rq
wkh yhuwlfdo d{hv1 Erwk d idvw FFG fdphud +845 { 845 sl{hov dw 453 K}, dqg kljk0
uhvroxwlrq FFG fdphud +4357 {4357 sl{hov dw 63 K}, duh xvhg zlwk wklv v|vwhp 1 D
�hog ri ylhz ri derxw 533 { 533 �p5 lv surylghg zlwk dq lqwhjudwlrq wlph ri derxw
5 pv1 Wkh Shuirupdqfh frxog eh ixuwkhu lpsuryhg e| xvlqj idvw PhjdSl{ho fdphudv
zlwk/ dw ohdvw/ 833 K} iudph udwh/ zklfk zloo eh vrrq dydlodeoh rq wkh pdunhw1

Wkh fxuuhqw v|vwhp xvhv d Pdwur{ Jhqhvlv5 erdug ^:` zlwk 4 Gljlwdo Vljqdo Sur0
fhvvru +GVS,1 Wklv erdug lv d frpphufldo iudph judeehu dqg ylghr lpdjhv dqdo|vlv
ghylfh1 Wkh erdug lv htxlsshg zlwk d Qhljkerukrrg Rshudwlrq Dffhohudwru +QRD,/
d Pdwur{ fxvwrp surfhvvru dqg d ghglfdwhg GVS Wh{dv Lqvwuxphqwv WPV653F;3/
zklfk frqwdlqv irxu lqwhjhu srlqw surfhvvlqj xqlwv dqg d pdvwhu surfhvvru1 Xs wr
irxu erdugv zlwk 5 GVS dqg 5 QRD fdq zrun wrjhwkhu wr dqdo|vh wkh lpdjh1 Zlwk
wklv qxpehu ri surfhvvruv wkh v|vwhp lv fdsdeoh ri �owhulqj/ gljlwlvlqj dqg foxvwhulqj
rqh iudph lq ohvv wkdq 43 pv1 Wklv doorzv wr hqylvdjh d vshhg ri 4 pp2v gxulqj gdwd
wdnlqj iurp wkh hpxovlrq1 Wkh wlph qhhghg wr dqdo|vh d frpsohwh �hog +erwk hpxo0
vlrq vlghv, zrxog wkxv eh derxw 633 pv1 Wkh wudfnlqj lv shuiruphg lq sdudooho wr wkh
pdlq dftxlvlwlrq vhtxhqfh1 E| xvlqj d Shqwlxp LLL fodvv surfhvvru zlwk 833 PK}
forfn/ doo wudfnv lq d frpsohwh �hog duh irxqg lq derxw 533 pv1 Lq shuvshfwlyh derxw
6 �hogv shu vhfrqg frxog eh dqdo|vhg wdnlqj lqwr dffrxqw wkh wlph qhhghg wr pryh
wr dgmdfhqw ylhzv1 Derxw 47 plqxwhv frxog wkhq eh uhtxluhg wr ixoo| uhfrqvwuxfw doo
wudfnv frqwdlqhg lq rqh fhqwlphwhu vtxduhg ri HV1

Dq dssurdfk rulhqwhg wrzdugv wkh xvh ri vriwzduh dqg ri dgydqfhg frpphufldo
surgxfwv lq lpdjh surfhvvlqj lv dovr iroorzhg e| wkh FHUQ dqg QLNKHI jurxsv ri

4Plfrv JPEK/ :557 Xpnlufk +Jhupdq|,
5Jhqhvlv lv d wudghpdun ri Pdwur{ Hohfwurqlf V|vwhp Owg1

6



FKRUXV1 Wkh| kdyh ghyhorshg/ lq frooderudwlrq zlwk lqgxvwu|/ d qhz rswlfv zlwk d
odujh �hog ri ylhz dqg rswlplvhg lw iru hpxovlrq vfdqqlqj1 Lq wkh ixwxuh/ dxwrpdwlf
vfdqqlqj frxog sur�w iurp wklv ghyhorsphqw erwk lq vshhg dqg txdolw|1

7 Dssolfdwlrq lq rwkhu �hogv

Wkh ixoo surjudppdelolw| dqg  h{lelolw| ri fxuuhqw v|vwhpv iru qxfohdu hpxovlrqv
lpdjh dqdo|vlv jlyh wkh srvvlelolw| wr hdvlo| dsso| wkhp lq d gl�huhqw uhvhdufk �hogv1
Lq wkh Qdsohv dqg P qvwhu oderudwrulhv/ lq frooderudwlrq zlwk d elrsk|vlfv jurxs ri
Qdsohv Xqlyhuvlw|/ wkh ihdvlelolw| ri d ixoo dxwrpdwlf v|vwhp iru fkurprvrpdo dqdo|vlv
lv xqghu vwxg|/ dsso|lqj d whfkqrorj| wudqvihu ehwzhhq sk|vlfv dqg elrsk|vlfv1 D
vhpl0dxwrpdwlf v|vwhp +rshudwru0dvvlvwhg, iru fkurprvrphv frxqwlqj lv ehlqj whvwhg
dw Qdsohv Xqlyhuvlw|1 Wkh vshhg ri wkh v|vwhp lv whq wlphv idvwhu wkdq wkh pdqxdo
vfdqqlqj surfhgxuh1 Fkurprvrpdo dqdo|vlv lv d urxwlqh phwkrg lq vhyhudo phglfdo
dssolfdwlrqv +suhqdwdo gldjqrvlv/ fdqfhu f|wrjhqhwlfv/ elrorjlfdo grvlphwu|,1 Wkh
prvw lpsruwdqw olplwlqj idfwruv lq folqlfdo f|wrjhqhwlfv duh wkh wlph ri vfrulqj/
lwv dffxudf| dqg uhsurgxflelolw|/ dqg wkh vdpsoh vl}h wkdw fdq eh dqdo|}hg lq d
uhdvrqdeoh dprxqw ri wlph1 Wkh dqdo|vlv ri fkurprvrph lpdjhv kdyh pdq| frqwdfw
srlqwv zlwk qxfohdu hpxovlrq dqdo|vlv dqg lw fdq sur�w iurp wkh dftxluhg h{shulhqfh
dqg iurp wkh srzhu ri wkh fxuuhqw v|vwhpv1

8 Frqfoxvlrqv

Wkh lpsuhvvlyh surjuhvv ri wkh dxwrpdwlf vfdqqlqj v|vwhpv whfkqrorjlhv kdv vwlpx0
odwhg wkh uhylydo ri qxfohdu hpxovlrq dv sduwlfoh wudfnv ghwhfwruv1 Wkh xvh ri wkhvh
v|vwhpv wrjhwkhu zlwk qxfohdu hpxovlrq doorzv wkh uhdolvdwlrq ri h{shulphqwv zlwk
xqsuhfhghqwhg vwdwlvwlfv1 Rq wkh rwkhu kdqg/ wkh fxuuhqw v|vwhpv duh  h{leoh hqrxjk
wr eh xvhg lq vrph rwkhu �hogv zkhuh d idvw gljlwdo lpdjh dqdo|vlv lv uhtxluhg1
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Iljxuh 4= Vfkhpdwlf ylhz ri wkh frpsrqhqwv ri d w|slfdo dxwrpdwlf vfdqqlqj
v|vwhp iru qxfohdu hpxovlrq1

Iljxuh 5= Vfdqqlqj srzhu urdg pds ri Qdjr|d V|vwhp

Dfnqrzohgjphqwv
L judwhixoo| dfnqrzohgjh wkh �qdqfldo vxssruw iurp HX +WPU surjudp, xqghu
frqwudfw qr HUEIPU[0FW<;034<9
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