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b)a)

Iljxuh 415= VHP slfwxuhv ri wkh wzr Mrvhskvrq mxqfwlrq flufxlwv wkdw kdyh ehhq lq0

yhvwljdwhg1 d, D wkuhh0Mrvhskvrq mxqfwlrq orrs1 Qhdu d pdjqhwlf0 x{ eldv ri kdoi d

vxshufrqgxfwlqj  x{ txdqwxp wklv v|vwhp kdv wzr vwdeoh fodvvlfdo shuvlvwhqw0fxuuhqw

vwdwhv ri rssrvlwh srodulw|1 Wkh v|vwhp lv phdvxuhg e| frxsolqj lw lqgxfwlyho| wr dq xq0

ghugdpshg GF0VTXLG +qrw suhvhqw khuh,1 Plfurzdyh vshfwurvfrs| uhvxowv vkrz wkdw

wklv v|vwhp kdv wzr orz0hqhuj| txdqwxp ohyhov wkdw duh vxshusrvlwlrqv ri wkh wzr fodvvl0

fdo shuvlvwhqw0fxuuhqw vwdwhv1 e, D vpdoo Mrvhskvrq mxqfwlrq duud| zlwk wzr orrsv1 Qhdu

d  x{ eldv ri kdoi d vxshufrqgxfwlqj  x{ txdqwxp wklv v|vwhp kdv wzr vwdeoh fodvvlfdo

shuvlvwhqw0fxuuhqw vwdwhv/ wkdw fruuhvsrqg wr wkh suhvhqfh ri d shuvlvwhqw fxuuhqw lq rqh

orrs ru wkh rwkhu orrs1 Iru d �{hg  x{ eldv/ wkh fxuuhqwv ri wkh wzr vwdwhv  rz lq wkh

vdph gluhfwlrq/ exw dw d gl�huhqw orfdwlrq1 Frqwuroohg vxshufrqgxfwlqj vlqjoh0fkdujh

h�hfwv duh xvhg wr wxqh wkh jurxqg0vwdwh txdqwxp  xfwxdwlrqv lq wkh duud|*v skdvh dqg

fkdujh yduldeohv/ dqg frxog eh xvhg wr ghprqvwudwh d txdqwxp vxshusrvlwlrq ri wkh

wzr shuvlvwhqw0fxuuhqw vwdwhv1
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a) b)

Iljxuh 416= Vfkhpdwlf uhsuhvhqwdwlrq ri wkh shuvlvwhqw0fxuuhqw vwdwhv ri wkh wkuhh0

mxqfwlrq orrs +d,/ dqg wkh vpdoo wzr0glphqvlrqdo duud| +e,1 Forvh wr d  x{ eldv ri �

2
�f/

wkh Mrvhskvrq hqhuj| ri wkhvh v|vwhpv irupv d grxeoh zhoo srwhqwldo/ zlwk plqlpxpv

dw gl�huhqw ydoxhv ri wkh jdxjh0lqyduldqw skdvh frruglqdwhv ri wkh v|vwhpv1
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10 µm

Iljxuh 417= VHP slfwxuh ri d fkls zlwk :/333 Mrvhskvrq mxqfwlrq orrsv lqvlgh wkh

phdqghulqj olqhv ri d odujh/ gdpshg judglrphwhu GF0VTXLG1 Wkh frxsolqj ehwzhhq

wkh orrsv lv khuh yhu| zhdn +slfwxuh dqg vdpsoh e| D1 F1 Zdoodvw dqg \1 Vklpd}x,1
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D txelw kdv ehhq ghvljqhg wkdw fdq eh ideulfdwhg zlwk frqyhqwlrqdo

hohfwurq0ehdp olwkrjudsk| dqg lv vxlwhg iru lqwhjudwlrq lqwr d odujh txdq0

wxp frpsxwhu1 Wkh txelw frqvlvwv ri d plfurphwhu0vl}hg orrs zlwk wkuhh

ru irxu Mrvhskvrq mxqfwlrqv> wkh wzr txelw vwdwhv kdyh shuvlvwhqw fxuuhqwv

ri rssrvlwh gluhfwlrq1 Txdqwxp vxshusrvlwlrqv ri wkhvh vwdwhv duh rewdlqhg

e| sxovhg plfurzdyh prgxodwlrq ri wkh hqforvhg pdjqhwlf  x{ e| fxuuhqwv

lq frqwuro olqhv1 D vxshufrqgxfwlqj  x{ wudqvsruwhu doorzv iru frqwuroohg

wudqvihu ehwzhhq txelwv ri wkh  x{ wkdw lv jhqhudwhg e| wkh shuvlvwhqw fxu0

uhqwv/ ohdglqj wr hqwdqjohphqw ri txelw lqirupdwlrq1
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Iljxuh 514= Shuvlvwhqw fxuuhqw txelw1 d, Wkuhh0mxqfwlrq txelw1 D vxshufrqgxfwlqj

orrs zlwk wkuhh Mrvhskvrq mxqfwlrqv1 Wkh mxqfwlrqv duh lqglfdwhg zlwk wkh sdudooho

frpelqdwlrq ri wkh mxqfwlrq fdsdflwdqfh dqg wkh Mrvhskvrq wxqqho hohphqw +uhsuhvhqwhg

e| wkh furvvhv,1 Wkh orrs hqforvhv d  x{ wkdw lv vxssolhg e| dq h{whuqdo pdjqhw1 Wkh

 x{ lv i�f/ zkhuh �f lv wkh vxshufrqgxfwlqj  x{ txdqwxp dqg i lv 317<8 khuh1 Wzr

mxqfwlrqv kdyh d Mrvhskvrq frxsolqj hqhuj| Ha / wkh wklug mxqfwlrq �Ha / zkhuh � @ 3=:8

khuh1 Wklv v|vwhp kdv wzr +phwd,vwdeoh vwdwhv m3l dqg m4l zlwk rssrvlwh flufxodwlqj

shuvlvwhqw fxuuhqw LR1 Wkh ohyho vsolwwlqj lv ghwhuplqhg e| wkh r�vhw iurp �

2
�f ri wkh

 x{1 Wkh eduulhu ehwzhhq wkh vwdwhv ghshqgv rq wkh ydoxh ri �1 Wkh txelw lv rshudwhg

e| uhvrqdqw plfurzdyh prgxodwlrq ri wkh hqforvhg pdjqhwlf  x{ e| d vxshufrqgxfwlqj

frqwuro olqh +lqglfdwhg lq jud|,1 e, Irxu0mxqfwlrq txelw1 Wkh wrs mxqfwlrq ri ri wkh

flufxlw lq d, lv uhsodfhg e| d sdudooho mxqfwlrq +GF0VTXLG, flufxlw1 Wkhuh duh wzr orrsv

zlwk htxdo duhdv> d pdjqhw vxssolhv d vwdwlf  x{ 3=663�f wr erwk1 Txelw rshudwlrqv

duh shuiruphg zlwk fxuuhqwv lq vxshufrqgxfwlqj frqwuro olqhv +lqglfdwhg lq jud|, rq wrs

ri wkh txelw/ vhsdudwhg e| d wklq lqvxodwru1 Wkh plfurzdyh fxuuhqw LS@ frxsohv rqo| wr

wkh erwwrp orrs dqg shuirupv txelw rshudwlrqv dv wkh flufxlw lq d,1 LSK frxsohv wr erwk

orrsv> lw lv xvhg iru txelw rshudwlrqv zlwk vxssuhvvhg �5 dfwlrq dqg iru dq dgldedwlf

lqfuhdvh ri wkh wxqqho eduulhu ehwzhhq txelw vwdwhv wr idflolwdwh wkh phdvxuhphqw1
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a)

Iljxuh 515= Mrvhskvrq hqhuj| ri txelw lq skdvh vsdfh1 d, Hqhuj| sorwwhg dv d ixqfwlrq

ri wkh jdxjh0lqyduldqw skdvh gl�huhqfhv �� dqg �2 dfurvv wkh ohiw dqg uljkw mxqfwlrqv ri

Ilj1 514d1 Wkh hqhuj| lv shulrglf zlwk shulrg 5�1 Wkhuh duh wzr plqlpd lq hdfk xqlw

fhoo/ iru wkh fhqwhu fhoo lqglfdwhg zlwk Off dqg Uff1 Wkh wudmhfwru| ehwzhhq Off dqg

Uff lv lqglfdwhg zlwk wkh vrolg zklwh olqh/ wkh wudmhfwrulhv ehwzhhq Uff dqg plqlpd lq

qh{w0qhljkeru fhoov O�f dqg Of3� duh lqglfdwhg zlwk wkh gdvkhg zklwh olqhv1 e, Hqhuj|

dorqj wkh vrolg dqg gdvkhg wudmhfwru| ri Ilj1 515d1 Iru wkh sdudphwhuv fkrvhq/ wkh WJ�|

vdggoh srlqw lv vljql�fdqwo| kljkhu wkdq wkh W�? vdggoh srlqw1 Dv d uhvxow/ wxqqhoolqj

iurp fhoo wr fhoo lv vxssuhvvhg dqg wkh txelw lv ghfrxsohg iurp hohfwulfdo srwhqwldov1

Vrolg olqhv= LS@ @ LSK @ 3 +vhh Ilj1 514e,1 Grwwhg olqhv= Frqwuro fxuuhqw LSK uhgxfhv wkh

 x{ lq wkh VTXLG orrs e| �2 @ �3=35 wlphv wkh  x{ txdqwxp1 Gdvkhg olqhv= Zkhq

� lv lqfuhdvhg iurp 31:8 wkh W�? vdggoh srlqw jrhv xs/ zkloh wkh WJ�| vdggoh srlqw jrhv

grzq +khuh gudzq iru �� @ �3=34,1
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Ict

Icq1 Icq2

Iljxuh 516= Vzlwfkdeoh txelw frxsohu1 D vxshufrqgxfwlqj  x{ wudqvsruwhu +eodfn, lv

sodfhg rq wrs ri wzr txelwv +jud|,/ vhsdudwhg e| d wklq lqvxodwru1 Wkh wudqvsruwhu

lv d forvhg orrs wkdw frqwdlqv wzr Mrvhskvrq mxqfwlrqv lq sdudooho +GF0VTXLG, zlwk

kljk fulwlfdo fxuuhqw1 Lq wkh r� vwdwh/ wkh wzr orrsv ri wkh wudqvsruwhu frqwdlq dq

lqwhjhu qxpehu ri  x{ txdqwxpv +pdlq orrs, dqg kdoi d  x{ txdqwxp +GF0VTXLG

orrs,/ vxssolhg e| d shupdqhqw pdjqhw1 Wkh fxuuhqw uhvsrqvh wr d  x{ fkdqjh lv yhu|

vpdoo1 Lq wkh rq vwdwh/ wkh  x{ lq wkh GF0VTXLG orrs lv pdgh lqwhjhu e| phdqv ri
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Plfurzdyh0vshfwurvfrs| h{shulphqwv kdyh ehhq shuiruphg rq wzr txdq0

wxp ohyhov ri d pdfurvfrslf vxshufrqgxfwlqj orrs zlwk wkuhh Mrvhskvrq

mxqfwlrqv1 Wkh ohyho vhsdudwlrq ehwzhhq wkh jurxqg vwdwh dqg �uvw h{0

flwhg vwdwh vkrzv dq dqwl0furvvlqj zkhuh wzr fodvvlfdo shuvlvwhqw0fxuuhqw

vwdwhv zlwk rssrvlwh srodulw| duh ghjhqhudwh1 Wklv lv hylghqfh iru v|pphw0

ulf dqg dqwl0v|pphwulf txdqwxp vxshusrvlwlrqv ri wzr pdfurvfrslf vwdwhv>

wkh fodvvlfdo vwdwhv kdyh shuvlvwhqw fxuuhqwv ri 318 �D dqg fruuhvsrqg wr

wkh fhqwhu0ri0pdvv prwlrq ri ploolrqv ri Frrshu sdluv1 D vwxg| ri wkh wkhu0

pdo rffxsdqflhv ri wkh wzr txdqwxp ohyhov vkrzv wkdw wkh orrs lv dw orz

whpshudwxuhv lq d qrq0htxloleulxp vwdwh1
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wkuhh Mrvhskvrq mxqfwlrqv +ghqrwhg e| wkh furvvhv,1 Wkh orrs lv lqgxfwlyho| frxsohg
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Iljxuh 615= d, Vfkhpdwlf suhvhqwdwlrq ri wkh orrs*v grxeoh0zhoo srwhqwldo zlwk hqhuj|

ohyhov ^45` iru dq dssolhg  x{ �e%| ehorz
�
2�f +ohiw, dqg dw �

2�f +uljkw,1 Wkh yhuwlfdo

d{lv lv hqhuj|/ wkh krul}rqwdo d{lv lv d Mrvhskvrq skdvh frruglqdwh1 Lq wkh ylflqlw| ri

�e%| @
�
2�f wkh orrs lv d grxeoh0zhoo v|vwhp lq zklfk wkh wzr plqlpxpv fruuhvsrqg

wr fodvvlfdo vwdwhv zlwk shuvlvwhqw fxuuhqwv ri htxdo pdjqlwxgh LR/ exw zlwk rssrvlwh

srodulw|1 Txdqwxp phfkdqlfdoo|/ wkh v|vwhp kdv wzr orz0hqhuj| hljhq vwdwhv +eodfn

dqg jud|, wkdw duh zhoo vhsdudwhg lq hqhuj| iurp kljkhu h{flwhg vwdwhv +gdvkhg olqhv,/

vxfk wkdw lw lv h�hfwlyho| d txdqwxp wzr0ohyho v|vwhp1 Wkh vkdsh ri wkh zdyh ixqfwlrq

ri wkh jurxqg vwdwh +eodfn, dqg �uvw h{flwhg vwdwh +jud|, lv vkrzq dw wkh hqhuj| ohyho1

Iru �e%| ehorz ru deryh �
2�f wkh wzr orzhvw hljhq vwdwhv duh zhoo orfdol}hg rq hlwkhu

vlgh ri wkh eduulhu/ dqg fruuhvsrqg +dsduw iurp }hur0srlqw hqhuj|, wr wkh fodvvlfdo

shuvlvwhqw0fxuuhqw vwdwhv1 Zkhq txdqwxp wxqqholqj ehwzhhq wkh zhoov lv srvvleoh/ wkh

orrs*v hljhq vwdwhv duh dw �e%| @
�
2�f v|pphwulf dqg dqwl0v|pphwulf vxshusrvlwlrqv ri

wkh wzr shuvlvwhqw0fxuuhqw vwdwhv1 Wkh vfkhpdwlf sorwv vkrz d glvwulexwlrq ri wkh ohyhov

lq wkh srwhqwldo wkdw lv w|slfdo iru wkh ghylfh sdudphwhuv phqwlrqhg lq wkh wh{w1 e,

Hqhuj| ohyhov dqg shuvlvwhqw fxuuhqwv ri wkh orrs dv d ixqfwlrq ri dssolhg  x{ �e%|1 Wkh

lqvhwv ri wkh wrs sorw vkrz djdlq wkh grxeoh0zhoo srwhqwldo/ iru �e%| ehorz
�
2�f +ohiw,/

dw �
2�f +plggoh,/ dqg deryh �

2�f +uljkw,1 Wkh hqhujlhv ri wkh wzr orfdol}hg shuvlvwhqw0

fxuuhqw vwdwhv duh lqglfdwhg zlwk wkh gdvkhg olqhv/ dqg wkh| furvv dw �e%| @
�
2�f1 Wkh

txdqwxp ohyhov +vrolg olqhv, vkrz dq dqwl0furvvlqj qhdu �e%| @
�
2�f/ dqg duh vhsdudwhg

lq hqhuj| e| �H1 Wkh erwwrp sorw vkrzv wkh txdqwxp phfkdqlfdo h{shfwdwlrq ydoxh

kL^l @ �CH�@C�e%| ri wkh shuvlvwhqw fxuuhqw lq wkh orrs/ iru wkh jurxqg vwdwh Hf dqg wkh

h{flwhg vwdwh H�/ sorwwhg lq xqlwv ri wkh fodvvlfdo pdjqlwxgh ri wkh shuvlvwhqw fxuuhqwv

LR1
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Iljxuh 616= d, Fxuuhqw0yrowdjh fkdudfwhulvwlf +lqvhw, dqg vzlwfklqj0fxuuhqw klvwrjudp

ri wkh xqghugdpshg GF0VTXLG1 Wkh sorw zlwk eldv fxuuhqw LK�@r yhuvxv yrowdjh Y lv

vwurqjo| k|vwhuhwlf1 Wkh LK�@r ohyho zkhuh wkh VTXLG vzlwfkhv iurp wkh vxshufxuuhqw

eudqfk wr d �qlwh yrowdjh vwdwh �wkh vzlwfklqj fxuuhqw L7`� lv d phdvxuh iru wkh  x{ lq

wkh orrs ri wkh GF0VTXLG1 Vzlwfklqj wr wkh yrowdjh vwdwh lv d vwrfkdvwlf surfhvv1 Wkh

klvwrjudp lq wkh pdlq sorw vkrzv wkdw wkh yduldqfh lq L7` lv pxfk odujhu wkdq wkh  x{

vljqdo ri wkh lqqhu orrs*v shuvlvwhqw fxuuhqw/ zklfk jlyhv d vkliw lq wkh dyhudjhg L7` ri

derxw 4 qD +vhh Ilj1 616e,1 e, Vzlwfklqj0fxuuhqw ohyhov ri wkh GF0VTXLG yhuvxv dssolhg

 x{1 Wkh lqvhw vkrzv wkh prgxodwlrq ri L7` yhuvxv wkh  x{ �7'LU( dssolhg wr wkh

GF0VTXLG orrs +gdwd qrw dyhudjhg/ rqh srlqw shu vzlwfklqj hyhqw,1 Wkh pdlq �jxuh

vkrzv wkh dyhudjhg ohyho ri L7` +vrolg olqh, qhdu �7'LU( @ 3=:9�f1 Dw wklv srlqw wkh

 x{ lq wkh lqqhu orrs �e%| �
�
2�f1 Wkh urxqghg vwhs dw �e%| @

�
2�f lqglfdwhv wkh fkdqjh

ri vljq lq wkh shuvlvwhqw fxuuhqw ri wkh orrs*v jurxqg vwdwh1 V|pphwulfdoo| durxqg �
2�f

wkh vljqdo vkrzv d shdn dqg d gls/ zklfk duh rqo| revhuyhg zlwk phdvxuhphqwv lq

wkh suhvhqfh ri frqwlqxrxv0zdyh plfurzdyhv +khuh 81;<8 JK},1 Wkh shdn dqg gls duh

gxh wr uhvrqdqw wudqvlwlrqv ehwzhhq wkh orrs*v wzr txdqwxp ohyhov +vhh Ilj1 617,1 Wkh

edfnjurxqg vljqdo ri wkh GF0VTXLG wkdw uhvxowv iurp  x{ gluhfwo| dssolhg wr lwv orrs

+gdvkhg olqh, lv vxewudfwhg iurp wkh gdwd suhvhqwhg lq Iljv1 617d/ 618d dqg 619d1
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Iljxuh 617= d, Uhvrqdqfh olqhv lq wudfhv ri wkh vfdohg vzlwfklqj fxuuhqw �L7` yhuvxv

�e%|/ phdvxuhg dw gl�huhqw plfurzdyh iuhtxhqflhv i +odehov rq wkh uljkw,1 e, Kdoi

wkh glvwdqfh lq �e%| ehwzhhq wkh uhvrqdqw shdn dqg gls ��oer dw gl�huhqw plfurzdyh

iuhtxhqflhv i 1 Shdn dqg gls srvlwlrqv duh ghwhuplqhg iurp wudfhv dv lq Ilj1 617d1 Wkh

lqvhw }rrpv lq rq wkh orz iuhtxhqf| gdwd srlqwv1 Wkh juh| olqh lv d olqhdu �w wkurxjk

wkh kljk iuhtxhqf| gdwd dqg }hur1 Wkh eodfn olqh lv d �w ri +4,1
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Iljxuh 618= d, Wkh lq xhqfh ri wkh plfurzdyh dpsolwxgh rq wkh vkdsh ri wkh uhvrqdqfh

gls lq wkh vfdohg vzlwfklqj fxuuhqw �L7` / phdvxuhg dw 81;<8 JK} +wkh odehov rq wkh

ohiw jlyh wkh dpsolwxgh Y�� lq d1 x1,,1 e, Wkh gls dpsolwxgh �uvw lqfuhdvhv zlwk

plfurzdyh dpsolwxgh Y�� / exw vdwxudwhv dw Y�� A 5 d1 x1 f, Wkh ixoo0zlgwk0kdoi0pd{

+IZKP, ri wkh glsv lqfuhdvhv zlwk Y�� 1 Wkh olqhdu �w wkurxjk wkh kljkhvw gdwd

srlqwv dqg }hur lv d jxlgh wr wkh h|h1 Wkh krul}rqwdo gdvkhg olqh lv dw d  x{ ydoxh wkdw

fruuhvsrqgv wr wkh vkliw lq h�hfwlyh  x{ eldv �e%| wkdw lv lqgxfhg zkhq wkh eldv fxuuhqw

lv udpshg wkurxjk wkh GF0VTXLG1 Wklv dfwv dv d  x{ lqvwdelolw| zlwk dq dpsolwxgh ri

� 53 � 433S�f1 Uhvrqdqfh olqhv zlwk d IZKP ehorz wklv ydoxh fdqqrw eh revhuyhg1

Wkh orvv ri gls dpsolwxgh lq Ilj1 618e zkhq orzhulqj Y�� ? 5 d1 x1 vhwv lq zkhuh wkh

IZKP 1 53 � 43
3S

�f1 Wkh  x{ vkliw iurp wkh VTXLG lv fdofxodwhg xvlqj wkh LK�@r

lqwhuydo +wkh IZKP ri wkh vzlwfklqj0fxuuhqw klvwrjudp lv xvhg, zkhuh wkh VTXLG

w|slfdoo| vzlwfkhv1
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Devwudfw

Zh glvfxvv wkh uhod{dwlrq dqg ghskdvlqj udwhv wkdw uhvxow iurp wkh

phdvxuhphqw vhwxs lwvhoi lq h{shulphqwv rq Mrvhskvrq shuvlvwhqw0fxuuhqw

txelwv1 Iru frqwuro dqg phdvxuhphqw ri wkh txelw vwdwh/ wkh txelw lv lq0

gxfwlyho| frxsohg wr hohfwurpdjqhwlf flufxlwu|1 Zh vkrz krz wklv v|vwhp

fdq eh pdsshg rq wkh vslq0ervrq prgho/ dqg krz wkh vshfwudo ghqvlw|

ri wkh ervrqlf edwk fdq eh ghulyhg iurp wkh hohfwurpdjqhwlf lpshgdqfh

wkdw lv frxsohg wr wkh txelw1 Sduw ri wkh hohfwurpdjqhwlf hqylurqphqw lv

d phdvxuhphqw dssdudwxv +GF0VTXLG,/ wkdw lv shupdqhqwo| frxsohg wr

wkh vlqjoh txdqwxp v|vwhp wkdw lv vwxglhg1 Vlqfh wkhuh lv dq reylrxv frq0

 lfw ehwzhhq orqj frkhuhqfh wlphv dqg dq h!flhqw phdvxuhphqw vfkhph/

wkh phdvxuhphqw surfhvv lv dqdo|}hg lq ghwdlo iru gl�huhqw phdvxuhphqw

vfkhphv1 Sdudphwhuv wkdw fdq eh uhdol}hg lq h{shulphqwv wrgd| duh xvhg

iru d txdqwlwdwlyh hydoxdwlrq/ dqg lw lv vkrzq wkdw wkh uhod{dwlrq dqg gh0

skdvlqj udwhv wkdw duh lqgxfhg e| wkh phdvxuhphqw vhwxs fdq eh pdgh orz

hqrxjk iru d wlph0uhvroyhg vwxg| ri wkh txdqwxp g|qdplfv ri Mrvhskvrq

shuvlvwhqw0fxuuhqw txelwv1

Wklv fkdswhu lv edvhg rq Uhi1 43 rq s1 4441
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Ibias

g)

h)

IC

Iljxuh 715= Vnhwfk ri d w|slfdo k|vwhuhwlf fxuuhqw0yrowdjh fkdudfwhulvwlf +LY , iru d

fxuuhqw0eldvhg Mrvhskvrq mxqfwlrq ru vpdoo GF0VTXLG1 Wkh LY lv k|vwhuhwlf> duurzv

lqglfdwh zklfk ri wkh wzr eudqfkhv lv iroorzhg dw dq lqfuhdvh ru ghfuhdvh ri wkh eldv

fxuuhqw1 Zkhq wkh eldv fxuuhqw LK�@r lv udpshg xs iurp }hur +d,/ wkh yrowdjh Y �uvw

uhpdlqv }hur1 Wkh flufxlw lv khuh rq wkh vxshufxuuhqw eudqfk ri wkh LY +e,1 Zkhq LK�@r

dssurdfkhv wkh fulwlfdo fxuuhqw L� / d vorz gl�xvlyh prwlrq ri wkh skdvh *e%| ohdgv wr

d yhu| vpdoo yrowdjh dfurvv wkh v|vwhp +f,1 Dw voljkwo| kljkhu fxuuhqw +g,/ exw dozd|v

ehorz L� +h,/ wkh v|vwhp vzlwfkhv wr d uxqqlqj prgh iru *e%|/ dqg wkh yrowdjh mxpsv

wr d ydoxh vhw e| txdvlsduwlfoh wxqqholqj ryhu wkh vxshufrqgxfwlqj jds/ Y @ 5�@h +wklv

fxuuhqw ohyho +g, lv wkh vzlwfklqj fxuuhqw L7` ,1 Dw ixuwkhu lqfuhdvh ri wkh fxuuhqw +i,

wkh LY dssurdfkhv dq Rkplf eudqfk/ zkhuh wudqvsruw lv grplqdwhg e| txdvlsduwlfoh

wxqqholqj wkurxjk wkh qrupdo wxqqho uhvlvwdqfh ri wkh mxqfwlrqv1 Zkhq orzhulqj wkh

eldv fxuuhqw wkh v|vwhp iroorzv wkh uxqqlqj prgh +j, grzq wr d orz eldv fxuuhqw zkhuh

lw uhwudsv rq wkh vxshufxuuhqw eudqfk +dw wkh ohyho Loe|o@R/ lqglfdwhg e| +k,,1 Vhh dovr

wkh fruuhvsrqglqj zdvkerdug srwhqwldo prgho/ lq Ilj1 7161
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Ibias = 0a)

b)

c)

d)

e)

f)

Ibias < Idiff

Ibias ≈ Idiff

Ibias ≈ ISW

Ibias = IC

Ibias > IC

Iljxuh 716= Wkh g|qdplfv ri d fxuuhqw0eldvhg GF0VTXLG/ prghohg dv d sduwlfoh zlwk

frruglqdwh *e%| lq d rqh0glphqvlrqdo wlowhg zdvkerdug srwhqwldo X 1 Wkh odeholqj d,0i,

fruuhvsrqgv wr wkdw ri Ilj1 7151 Dw }hur +d, dqg vpdoo eldv fxuuhqwv +e,/ wkh sduwlfoh lv

wudsshg lq d zhoo ri wkh zdvkerdug1 Dsduw iurp wkh vpdoo sodvpd rvfloodwlrqv dw wkh

erwwrp ri wkh zhoo/ wkh sduwlfoh*v frruglqdwh *e%| lv �{hg1 Zkhq lqfuhdvlqj wkh vorsh ri

wkh zdvkerdug/ wkh sduwlfoh zloo vwduw wr kdyh d vorz/ rq dyhudjh grzqzdugv/ gl�xvlyh

g|qdplfv/ zlwk uduh h{fxuvlrqv wr rqh ri wkh qhljkerulqj zhoov +f,1 Dw wkh vzlwfklqj

fxuuhqw L7` wkhuh lv d kljk suredelolw| wkdw wkh wudsshg sduwlfoh zloo hvfdsh wr d uxqqlqj

prgh +g,/ zlwk h�hfwlyho| }hur suredelolw| iru uhwudsslqj1 Khuh wkh orvv ri srwhqwldo
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qrlvh/ dqg lq fhuwdlq fdvhv txdqwxp  xfwxdwlrqv/ wklv rffxuv ehorz wkh fulwlfdo fxuuhqw

L� = wkh vorsh zkhuh doo orfdo plqlpxpv lq wkh zdvkerdug srwhqwldo glvdsshdu +h,1 Dw

fxuuhqwv kljkhu wkdq wklv vorsh +i,/ wkh sduwlfoh zloo dozd|v eh lq d uxqqlqj prgh1 Wkh

uhwudsslqj surfhvv zkhq orzhulqj wkh eldv fxuuhqw iroorzv vlplodu g|qdplfv1
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Iljxuh 717= Flufxlw prghov iru wkh F0vkxqwhg GF0VTXLG +d, dqg wkh UF0vkxqwhg

GF0VTXLG +e,1 Wkh VTXLG lv prghohg dv dq lqgxfwdqfh Oa 1 D vkxqw flufxlw/ wkh

vxshufrqgxfwlqj fdsdflwru Fr� ru wkh Ur�0Fr� vhulhv/ lv ideulfdwhg rq fkls yhu| forvh wr

wkh VTXLG1 Wkh qrlvh wkdw frxsohv wr wkh txelw uhvxowv iurp Mrkqvrq0Q|txlvw yrowdjh

qrlvh �Y iurp wkh flufxlw*v wrwdo lpshgdqfh ]|1 ]| lv iruphg e| d sdudooho frpelqdwlrq
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Iljxuh 718= D w|slfdo Uhi]|+$,j iru wkh F0vkxqwhg VTXLG +d, dqg wkh UF0vkxqwhg

VTXLG +e,/ dqg fruuhvsrqglqj M+$, lq +f, dqg +g, uhvshfwlyho|1 Iru frpsdulvrq/ wkh

gdvkhg olqh lq +f, vkrzv d vlpsoh Rkplf vshfwuxp +7174, zlwk h{srqhqwldo fxw r� $S@5�

@ 318 JK} dqg �@ 31333951 Wkh sdudphwhuv xvhg khuh duh LR @ 833 qD dqg W @ 63pN1

Wkh VTXLG zlwk 5LSJ @ 533 qD lv rshudwhg dw i @ 3=:8� dqg fxuuhqw eldvhg dw 453 qD/

d w|slfdo ydoxh iru vzlwfklqj ri wkh F0vkxqwhg flufxlw +wkh UF0vkxqwhg flufxlw vzlwfkhv

dw kljkhu fxuuhqw ydoxhv,1 Wkh pxwxdo lqgxfwdqfh P @ ; sK +l1 h1
�UR
xf

@ 3=335,1 Wkh

vkxqw lv Fr� @ 63 sI dqg iru wkh UF vkxqw Ur� @ 43 
1 Wkh ohdgv duh prghohg e|

U, @ 433 
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Iljxuh 719= W|slfdo uhod{dwlrq wlphv gxh wr wkh F0vkxqwhg VTXLG/ wkh UF0vkxqwhg

VTXLG/ dqg frxsolqj wkh plfurzdyh ohdgv dv d ixqfwlrq ri wkh uhvrqdqfh iuhtxhqf| dw

zklfk wkh txelw lv rshudwhg1 Wkh h{dpsoh ri wkh plfurzdyh ohdgv frqwulexwlrq lv iru d

pxwxdo lqgxfwdqfh P6� wr wkh frd{ldo olqh ri P6� @ 3=4 sK1 Sdudphwhuv duh ixuwkhu

dv ghvfulehg lq wkh fdswlrq ri Ilj1 7181
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Iljxuh 71:= Wkh ghskdvlqj wlph +7173, dv d ixqfwlrq ri wkh eldv fxuuhqw Lr^ wkurxjk

wkh VTXLG/ fdofxodwhg iru d uhohydqw hqylurqphqwdo iuhtxhqf| vfdoh $k@5� ? 43. K}

+vrolg olqh,1 Wkh gdvkhg olqh vkrzv �� iru Lr^ @ 8 qD/ d w|slfdo plqlpxp ydoxh iru wkh

h�hfwlyh eldv fxuuhqw iru d VTXLG zlwk d ihz shufhqw dv|pphwu| ehwzhhq lwv mxqfwlrqv1

Dw wklv srlqw �� @ 464 �v/ dqg � @ 4 � 433.1 Sdudphwhuv duh ixuwkhu dv ghvfulehg lq

wkh fdswlrq ri Ilj1 7181
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Iljxuh 71;= Flufxlw prgho iru frd{ldo olqh wkdw lv lqgxfwlyho| frxsohg wr wkh txelw1

Wkh frd{ldo olqh lv prghohg dv d 83 
 lpshgdqfh wkdw lv vkruwhg qhdu wkh txelw zlwk dq

lqgxfwdqfh O6�1 Wkh txelw lv frxsohg wr wklv vkruw zlwk d pxwxdo lqgxfwdqfh P6�1

Wkh qrlvh wkdw frxsohv wr wkh txelw uhvxowv iurp Mrkqvrq0Q|txlvw yrowdjh qrlvh �Y

iurp wkh flufxlw*v wrwdo lpshgdqfh ]|/ iruphg e| d sdudooho frpelqdwlrq ri wkh 83 
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Devwudfw

Zh uhsruw rq phdvxuhphqwv ri vlqjoh0Frrshu0sdlu fkdujlqj h�hfwv lq

vpdoo Mrvhskvrq mxqfwlrq duud|v/ dqg wkh h{shulphqwdo whfkqltxhv wkdw

zhuh xvhg1 Zh vxffhhghg lq kdylqj frpsohwh frqwuro ryhu wkh duud|*v hohf0

wurvwdwlf sdudphwhuv> r�vhw fkdujhv zhuh dffxudwho| frpshqvdwhg/ dqg wkh

srlvrqlqj ri 5h0shulrglf h�hfwv e| txdvlsduwlfohv zdv flufxpyhqwhg1 Wklv

doorzhg iru d frqwuroohg vwxg| ri wkh duud|*v frkhuhqw jurxqg vwdwh1 D ihz

phdvxuhphqwv jdyh uhvxowv zklfk zhuh qrw ixoo| 5h0shulrglf gxh wr lqwhu0

hvwlqj sdulw| h�hfwv1 Wkh duud|v duh lq wkh uhjlph zkhuh wkh hqhuj| vfdohv

iru wkh Mrvhskvrq h�hfw dqg vlqjoh0fkdujh h�hfwv duh frpsdudeoh1
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Iljxuh 814= Wkh vzlwfklqj fxuuhqw L7` dv d ixqfwlrq ri fkdujh iuxvwudwlrq1 d, Uhvxowv

ri 5333 lqglylgxdo vzlwfk hyhqwv phdvxuhg zkloh vorzo| vzhhslqj wkh lqgxfhg fkdujh

q}@F}Y}@5h rq erwk jdwhv vlpxowdqhrxvo| +duud| 6/ �@3/ W@:3 pN,1 e, Uhvxowv ri

53333 lqglylgxdo vzlwfk hyhqwv1 Wkuhh ohyhov dsshdu gxh wr sdulw| h�hfwv/ l1 h1/ txdvl0

sduwlfohv lq wkh duud| +duud| 4/ �@3/ W@43 pN,1 f, Qxphulfdo vlpxodwlrqv ri wkh

duud|*v fulwlfdo fxuuhqw L� yhuvxv q} +L� lq xqlwv ri L�f@+5h@|,Ha,/ edvhg rq ^:`/ zlwk

Ha@H�@3=81 Wudfh L lv iru wkh +hyhq�hyhq, sdulw| frq�jxudwlrq/ LL lv iru +rgg�rgg,/

LLL lv iru +rgg�hyhq, dqg +hyhq�rgg,1
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Iljxuh 815= Fxuuhqw0yrowdjh fkdudfwhulvwlf +LY , phdvxuhg rq duud| 41 Wkh eldv fxuuhqw

LK�@r zkhuh wkh duud| vzlwfkhv iurp wkh }hur0yrowdjh eudqfk wr d �qlwh yrowdjh lv wkh

vzlwfklqj fxuuhqw L7` 1 Duurzv lqglfdwh wkh gluhfwlrq ri wkh k|vwhuhwlf f|foh lq wkh LY 1

� �

V

Cg

E ,CJ

Ibias

junction
gateg1

Vg2

Iljxuh 816= Vfkhpdwlf ri wkh Mrvhskvrq mxqfwlrq duud|1 Wzr vpdoo vxshufrqgxfwlqj

hohfwurghv duh frxsohg wr hdfk rwkhu dqg wr ohdgv e| vpdoo wxqqho mxqfwlrqv1 Wkh

mxqfwlrqv kdyh htxdo Mrvhskvrq frxsolqj Ha dqg fdsdflwdqfh F1 Wkh yrowdjh Y} rq

fdsdflwlyho| frqqhfwhg jdwhv frqwurov wkh jdwh0lqgxfhg fkdujh1 Wkh eldv fxuuhqw LK�@r

lv lqmhfwhg yld pdfurvfrslf ohdgv1 D pdjqhwlf  x{ � fdq eh dssolhg wr wkh orrsv1
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Iljxuh 817= VHP0judskv ri wkh duud|1 Lq d, wkh wzr lvodqgv duh lq wkh fhqwhu1 Iurp

wkh wrs0ohiw dqg erwwrp0uljkw/ ohdgv duh frqqhfwhg lq d irxu0srlqw vhwxs1 Wzr jdwh hohf0

wurghv dssurdfk wkh duud| iurp wkh wrs0uljkw dqg erwwrp0ohiw/ vxuurxqghg e| jurxqghg

jxdug hohfwurghv1 Wkh judskv ehorz looxvwudwh wkh gl�huhqfh lq lvodqg vkdsh ehwzhhq

duud|v 5 dqg 6 +judsk e,,/ dqg duud|v 4/ 7 dqg 8 +judsk f,,1
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Iljxuh 818= Wkh vzlwfklqj fxuuhqw L7` yhuvxv Y}�/ zlwk jdwh 5 dw q}2�31 Wkh Y}�

yrowdjh zlqgrz fruuhvsrqgv wr d jdwh fkdujh ri 5h1 Lq d,/ 5h0shulrglflw| lv qrw glvwxuehg

e| txdvlsduwlfohv +duud| 6/ �@3/ W@:3 pN,1 Lq e, dqg f, 5h0shulrglflw| lv glvwxuehg

e| d txdvlsduwlfoh mxpslqj rqwr lvodqg 4/ zklfk uhvxowv lq wzr glvwlqfw ohyhov lq L7`

+duud| 5/ �@3 �f/ W@63 pN,1 Judsk f, looxvwudwhv wkdw wkh dgglwlrqdo ohyho lq L7` lv

htxdo wr wkh xqglvwxuehg ohyho vkliwhg ryhu d glvwdqfh h +7 pY,1
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Wdeoh 814= Surshuwlhv ri duud|v 4�81 Ha zdv hvwlpdwhg iurp h{shulphqwdoo| ghwhuplqhg

ydoxhv ri wkh wxqqho uhvlvwdqfh U dqg wkh jds �/ xvlqj Ha@k�@;h
2U1 U dqg H� zhuh

hvwlpdwhg iurp wkh gl�huhqwldo uhvlvwdqfh dqg wkh yrowdjh r�vhw lq wkh kljk0eldv LY

^53`1 � zdv gluhfwo| phdvxuhg lq wkh orz0eldv LY 1 F} zdv hvwlpdwhg iurp Frxorpe

rvfloodwlrqv lq wkh qrupdo vwdwh +dsso|lqj d 40W pdjqhwlf �hog, wr dyrlg dpeljxlw|

derxw h ru 5h0shulrglflw|1 Wkh odvw froxpqv lqglfdwh wkh suhvhqfh ri dq rq0fkls FUF

vkxqw0qhwzrun/ zkdw frsshu srzghu �owhu dqg vklhoglqj vhw zdv xvhg/ dqg zkhwkhu

uhvxowv zhuh h ru 5h0shulrglf1 Ilowhu vhw LL suryhg h�hfwlyh iru rewdlqlqj 5h0shulrglflw|

iurp wkhvh phdvxuhphqwv1 Vhw L suryhg h�hfwlyh lq wkh phdvxuhphqwv ri ^7`1
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Zh vwxglhg wkh jurxqg vwdwh ri d vpdoo wzr0glphqvlrqdo duud| ri Mrvhsk0

vrq mxqfwlrqv/ lq zklfk wkh fkdujlqj hqhuj| lv frpsdudeoh wr wkh Mrvhskvrq

frxsolqj hqhuj|1 Phdvxuhphqwv ri wkh duud|*v fulwlfdo vxshufxuuhqw ghprq0

vwudwh wkdw gxdo fkdujh dqg yruwh{ vxshusrvlwlrqv frh{lvw lq wkh duud|1
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Iljxuh 914= d, Vfkhpdwlf ri wkh duud|1 Wkh Mrvhskvrq mxqfwlrqv duh prghoohg e|

wkh sdudooho frpelqdwlrqv ri wkh Mrvhskvrq wxqqho hohphqw +furvv, dqg wkh mxqfwlrq

fdsdflwdqfh1 D eldv fxuuhqw LK�@r fdq eh lqmhfwhg iurp pdfurvfrslf ohdgv1 e, Wkh

duud|*v hohfwurvwdwlf hqhuj| yv1 q} +vrolg,1 Wkh gdvkhg olqhv duh h{dpsohv ri hljhq

hqhujlhv fdofxodwhg iru Ha@H� @ 3=38/ i @ 3 dqg LK�@r @ 31 f, Wkh duud|*v wrwdo

Mrvhskvrq hqhuj| yv1 i +vrolg,1 Wkh gdvkhg olqhv duh hljhq hqhujlhv fdofxodwhg iru

Ha@H� @ 5/ q} @ 3 dqg LK�@r @ 31 Wkh duurzv vkrz wkdw wkh glvwdqfh ehwzhhq wkh ohyho

furvvlqjv lv odujhu iru wkh txdqwxp ohyhov1 Lq g, dqg h, wkh wrwdo Mrvhskvrq hqhuj| Xa

yv1 *� dqg *2/ rq wkh vdph jud| vfdoh +eodfn lv orz Xa,1 Wkh sorwv duh iru i @ 3=697/

LK�@r @ 3/ dqg � @ 3 +g,/ dqg � @ � +h,1
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Iljxuh 915= d, Fxuuhqw0yrowdjh fkdudfwhulvwlf phdvxuhg rq duud| 61 Duurzv lqglfdwh

wkh gluhfwlrq ri wkh k|vwhuhwlf f|foh1 e, Jud| vfdoh sorw ri vzlwfklqj fxuuhqwv L7`

yv1 jdwh yrowdjhv Y}� dqg Y}2/ phdvxuhg zlwk i @ 3 dqg W @ :3pN rq duud| 6 +eodfn

lv 3 qD/ zklwh lv 9 qD/ 583/333 vzlwfklqj hyhqwv,1 Wkh L7` prgxodwlrq lv 5h shulrglf

lq wkh lqgxfhg jdwh fkdujhv1
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Iljxuh 916= d, L7` yv1 q}/ iru +wrs wr erwwrp, i @ 3 wr i @ 3=8 lq vwhsv ri 314 +gdwd

: qD/ 818 qD/ 8 qD/ 8 qD/ 6 qD dqg qr r�vhw,1 e, L7` yv1 i / iru q} @ 3=69 +wrs/ 3158

qD r�vhw, dqg q} @ 3 +erwwrp/ qr r�vhw,1 Gdwd iurp duud| 61 Wkh gdwd srlqwv zlwk

orz L7` zkhuh q} �
�

2
dqg i � �

2
duh gxh wr uhvlgxdo sdulw| h�hfwv ^9`1 Gdwd srlqwv iru

yhu| orz L7` duh devhqw vlqfh wkh| frxog qrw eh uhfrughg/ W @ :3pN1 Lq f, dqg g,

vlpxodwhg L� lq xqlwv ri LSJ iru Ha@H� @ 3=5:1 Vrolg olqhv lq f, duh iru +wrs wr erwwrp,

i @ 3/ 314/ 315/ 316/ dqg gdvkhg +erwwrp wr wrs/ 03138 r�vhw, iru i @ 3=7/ 3181 Lq g,

fxuyhv iru q} @ 3 +erwwrp, dqg 3169 +wrs/ 3138 r�vhw,1
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Iljxuh 917= Phdvxuhg dqg vlpxodwhg srvlwlrqv ri pd{lpxpv lq L7` yv1 q}/ dqg

plqlpxpv lq L7` yv1 i 1 Gdwd iurp duud| 4 +vtxduhv,/ 5 +rshq flufohv, dqg 6 +vrolg

flufohv,1 Huuruv eduv lqglfdwh wkh xqfhuwdlqw| lq devroxwh srvlwlrqv ri pd{lpxpv dqg

plqlpxpv/ xqfhuwdlqw| lq wkh vkliwv ri srvlwlrqv lq rqh phdvxuhg wudfh zlwk uhvshfw

dqrwkhu lv derxw rqh rughu vpdoohu1 Lq d, srvlwlrqv ri pd{lpxpv q}6@% iurp gdwd dv lq

Ilj1 916d/ iru gl�huhqw i 1 Lq e, srvlwlrqv ri plqlpxpv i6�? iurp gdwd dv lq Ilj1 916e/

iru gl�huhqw q}1 Vrolg eodfn olqhv vkrz vlpxodwhg ydoxhv iru Ha@H� @ 3=5:/ wkh eodfn

gdvkhg sduwv lq d, uhsuhvhqw wkh idfw wkdw L� ghyhorsv iru i * 3=6: dq dgglwlrqdo shdn

vwuxfwxuh1 Jud| duhdv lqglfdwh zkhuh q}6@% dqg i6�? duh h{shfwhg iru fodvvlfdo fkdujlqj

dqg Mrvhskvrq h�hfwv1
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Zh kdyh h{shulphqwdoo| vwxglhg d vpdoo Mrvhskvrq mxqfwlrq duud| lq wkh

suhvhqfh ri plfurzdyh luudgldwlrq1 Wkh duud| kdv frpsdudeoh hqhuj| vfdohv

iru vlqjoh0fkdujh h�hfwv dqg wkh Mrvhskvrq h�hfw/ uhvxowlqj lq d glvfuhwh vhw

ri pdfurvfrslf hljhq0hqhuj| ohyhov1 H{flwdwlrq ri wkh duud| e| orz0srzhu

plfurzdyhv lv srvvleoh dw iuhtxhqflhv zkhuh wkh skrwrq hqhuj| pdwfkhv wkh

ohyho vsdflqj1 Wkh plfurzdyh iuhtxhqf| dqg dpsolwxgh ghshqghqfh vkrz

wkdw wkh h{flwdwlrq phfkdqlvp lqyroyhv uhvrqdqw txdqwxp g|qdplfv ri wkh

duud|1
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Iljxuh :14= Wrs= Vfkhpdwlf ri wkh duud|1 Khuh zh rqo| frqvlghu wkh fdvh ri v|p0

phwulfdoo| lqgxfhg jdwh fkdujhv iru wkh wrs dqg erwwrp lvodqg q} @ F}Y}@5h/ dqg d

pdjqhwlf  x{ � @ 3 dssolhg wr wkh orrsv1 Erwwrp= Wkh orzhvw wkuhh edqgv ri wkh duud|

dv d ixqfwlrq ri wkh skdvh � dfurvv wkh duud|/ khuh fdofxodwhg iru Ha@H� @ 3=6 dqg

q} @ 3=6: xvlqj ^8`1 Dw �qlwh eldv fxuuhqw wkh edqgv duh wlowhg +L�f @ +5h@|,Ha,1
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Iljxuh :15= Phdvxuhphqwv ri wkh 5h0shulrglf prgxodwlrq ri wkh vzlwfklqj fxuuhqw L7`

e| wkh glphqvlrqohvv jdwh fkdujh q}/ phdvxuhg zlwk gl�huhqw plfurzdyh iuhtxhqflhv/

dw d whpshudwxuh ri 43 pN1 Gdwd vhwv duh 5 qD r�vhw iru fodulw|1
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41 Frqwuroohg vlqjoh0Frrshu0sdlu fkdujlqj h�hfwv

lq d vpdoo Mrvhskvrq0mxqfwlrq duud|

Fdvsdu K1 ydq ghu Zdo/ M1 H1 Prrlm/ M1 Vxshuf1 45/ ;3: +4<<<,1

51 Mrvhskvrq shuvlvwhqw0fxuuhqw txelw

M1 H1 Prrlm/ W1 S1 Ruodqgr/ O1 Ohylwry/ Olq Wldq/ Fdvsdu K1 ydq ghu Zdo/ Vhwk

Oor|g/ Vflhqfh 5;8/ 4369 +4<<<,1

61 Vxshufrqgxfwlqj shuvlvwhqw0fxuuhqw txelw

W1 S1 Ruodqgr/ M1 H1 Prrlm/ Olq Wldq/ Fdvsdu K1 ydq ghu Zdo/ O1 V1 Ohylwry/ Vhwk

Oor|g/ M1 M1 Pd}r/ Sk|v1 Uhy1 E 93/ 486<; +4<<<,1

71 Txdqwxp wudqvlwlrqv ri d vpdoo Mrvhskvrq0mxqfwlrq duud|

Fdvsdu K1 ydq ghu Zdo/ S1 Nxlshu/ M1 H1 Prrlm/ Sk|vlfd E 5;3/ 576 +5333,1

81 Ghfrkhuhqfh ri wkh vxshufrqgxfwlqj shuvlvwhqw0fxuuhqw txelw

Olq Wldq/ O1 V1 Ohylwry/ M1 H1 Prrlm/ W1 S1 Ruodqgr/ Fdvsdu K1 ydq ghu Zdo/

Vhwk Oor|g/ lq Txdqwxp Phvrvfrslf Skhqrphqd dqg Phvrvfrslf Ghylfhv lq Pl0

furhohfwurqlfv/ L1 R1 Nxoln/ U1 Hooldowlr�jox/ hgv1 +Noxzhu Dfdghplf Sxeolvkhuv/

Gruguhfkw/ 5333,/ ss1 75<�76;> frqg0pdw2<<433951

91 Txdqwxp vxshusrvlwlrq ri pdfurvfrslf shuvlvwhqw0fxuuhqw vwdwhv

Fdvsdu K1 ydq ghu Zdo/ D1 F1 M1 whu Kddu/ I1 N1 Zlokhop/ U1 Q1 Vfkrxwhq/

F1 M1 S1 P1 Kdupdqv/ W1 S1 Ruodqgr/ Vhwk Oor|g/ M1 H1 Prrlm/ Vflhqfh 5<3/ ::6

+5333,1

:1 Pdfurvfrslf txdqwxp vxshusrvlwlrq lq d wkuhh0Mrvhskvrq0mxqfwlrq orrs

Fdvsdu K1 ydq ghu Zdo/ D1 F1 M1 whu Kddu/ I1 N1 Zlokhop/ U1 Q1 Vfkrxwhq/

F1 M1 S1 P1 Kdupdqv/ W1 S1 Ruodqgr/ Vhwk Oor|g/ M1 H1 Prrlm/ vxeplwwhg wr wkh

PTF50zrunvkrs surfhhglqjv/ Qdsohv/ 47�4: Mxqh 53331
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;1 Pdfurvfrslf txdqwxp vxshusrvlwlrq ri fxuuhqw vwdwhv

lq d Mrvhskvrq0mxqfwlrq orrs

I1 N1 Zlokhop/ F1 K1 ydq ghu Zdo/ D1 F1 M1 whu Kddu/ U1 Q1 Vfkrxwhq/ F1 M1 S1 P1

Kdupdqv/ M1 H1 Prrlm/ W1 S1 Ruodqgr/ Vhwk Oor|g/ vxeplwwhg wr Vry1 Sk|v1 Xvs1/

frqihuhqfh surfhhglqjv ri %Phvrvfrslf dqg vwurqjo| fruuhodwhg hohfwurq v|vwhpv%/

Fkhuqrjrorynd/ <�49 Mxo| 53331

<1 Gxdo fkdujh dqg yruwh{ vxshusrvlwlrqv lq d vpdoo Mrvhskvrq0mxqfwlrq duud|

Fdvsdu K1 ydq ghu Zdo/ M1 H1 Prrlm/ vxeplwwhg wr Sk|v1 Uhy1 Ohww1 +5334,1

431 Hqjlqhhulqj ghfrkhuhqfh lq Mrvhskvrq shuvlvwhqw0fxuuhqw txelwv=

Phdvxuhphqw dssdudwxv dqg rwkhu hohfwurpdjqhwlf hqylurqphqwv

Fdvsdu K1 ydq ghu Zdo/ I1 N1 Zlokhop/ F1 M1 S1 P1 Kdupdqv/ M1 H1 Prrlm/

lq suhsdudwlrq iru Hxu1 Sk|v1 M1 E +5334,1

441 Vrolg vwduw iru vrolg0vwdwh txdqwxp elwv +shuvshfwlyh,

Fdvsdu ydq ghu Zdo/ Ohr Nrxzhqkryhq Sk|vlfv Zruog 45/ 54 +Mxo| 4<<<,1


