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HIIHFW RI WKH UDGLDO HOHFWULF ILHOG/ LQGXFHG E\ DOIY�HQ

ZDYHV/ RQ WUDQVSRUW SURFHVVHV LQ WRNDPDNV

Y1V1 WV\SLQ��/ U1P1R1 JDOY�DR��/ L1F1 QDVFLPHQWR��/ D1J1HOILPRY��/
P1 WHQGOHU2�/ F1D1 GH D]HYHGR��/ D1V1 GH DVVLVe�
��Sk|vlfv Lqvwlwxwh/ Xqlyhuvlw| ri V�dr Sdxor/ F{1 Srvwdo 53849/ Eud}lo
2�Wkh Doiy�hq Oderudwru|/ HXUDWRP 0 QIU/ 43377 Vwrfnkrop/ Vzhghq
��Lqvwlwxwh ri Sk|vlfv/ Vwdwh Xqlyhuvlw| ri Ulr gh Mdqhlur/ 538830346/ Eud}lo
e�Lqvwlwxwh ri Pdwkhpdwlfv/ Ioxplqhqvh Ihghudo Xqlyhuvlw|/ Qlwhu�rl/ Eud}lo

Devwudfw

Zh ghprqvwudwh wkdw Doiy�hq zdyhv pd| eh wkh frqyhqlhqw wuljjhu iru wkh irupdwlrq dqg pdlqwh0

qdqfh ri hgjh dqg lqwhuqdo wudqvsruw eduulhuv gxh wr wkhlu vpdoo udgldo orfdol}dwlrqv1 Nlqhwlf Doiy�hq zdyhv

fdq dovr surylgh d phfkdqlvp iru vtxhh}lqj wkh edqdqd ruelwv ri lrqv lq zhdno| froolvlrqdo sodvpdv ri

wrndpdnv1 Lw lv vkrzq wkdw wkh udgldo hohfwulf �hog/ lqgxfhg e| Doiy�hq zdyhv/ dw vrph frqglwlrqv kdv d

qrqolqhdu ghshqghqfh rq wkh udglr0iuhtxhqf| devruehg srzhu1 Wkh ghshqghqfh ri wkh lrq khdw frqgxfwly0

lw| dqg ri wkh lrq srorlgdo ylvfrvlw| rq wkh udglr0iuhtxhqf| devruehg srzhu lv rewdlqhg lq wklv sdshu iru

wrndpdn sodvpdv zlwk lrq edqdqd ruelwv vtxhh}hg e| Doiy�hq zdyhv1 Hvwlpdwlrqv ri wkh surshu devruehg

srzhu ri Doiy�hq zdyhv lq vrph wrndpdnv lv derxw wkh ohyho ri devruehg srzhu wr eh xvhg lq hduo| ixo�oohg

h{shulphqwv1

41 LQWURGXFWLRQ

Xvlqj udglr iuhtxhqf| zdyhv lq wrndpdn sodvpdv fdq jlyh d srvvlelolw| wr vroyh pxowl jrdo
sureohpv1 Wkhvh zdyhv frqyhuw lqwr nlqhwlf ru vorz Doiy�hq zdyhv qhdu wkh surshu pdjqhwlf
vxuidfh1 Sodvpd khdwlqj dqg fxuuhqw gulyh e| Doiy�hq zdyhv zhuh wkrurxjko| lqyhvwljdwhg lq wkh
WFD dqg Skdhguxv 0 W wrndpdnv Uhiv^4/5`1 Lq wkh odwwhu/ fxuuhqw gulyh dqg sodvpd urwdwlrq
lqgxfhg e| Doiy�hq zdyhv zhuh fohduo| ghprqvwudwhg1 Nlqhwlf ru vorz Doiy�hq zdyhv +NDZ ru
VDZ, kdyh d vpdoo udgldo orfdol}dwlrq/ dqg/ frqvhtxhqwo|/ fdq eh xvhg wr fuhdwh vwurqjo| vkhduhg
sodvpd urwdwlrq dqg udgldo hohfwulf �hog1 Lq idfw wkhruhwlfdo fdofxodwlrqv lqglfdwh wkdw Doiy�hq
zdyhv fdq eh xvhg iru wkh irupdwlrq dqg pdlqwhqdqfh ri hgjh dqg lqwhuqdo wudqvsruw eduulhuv
+LWE, Uhi1^6` dqg fdq dovr surylgh d phfkdqlvp iru vtxhh}lqj wkh edqdqd ruelwv ri lrqv lq
zhdno| froolvlrqdo sodvpdv ri wrndpdnv1 Wklv srvvlelolw| zloo eh lqyhvwljdwhg lq wkh iruwkfrplqj
h{shulphqwdo surjudp lq WFD2EU Uhi1^6`1
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Lq wkh O0uhjlph frqglwlrqv/ wkh sodvpd sdudphwhuv kdyh xvxdoo| vprrwk udgldo sur�ohv1
Wkh srorlgdo yhorflw| X�w lv rq wkh ohyho ri guliw yhorflwlhv/ X�w @ nXA �/ XA � @ +f@h�E,CW�@Cu/
n lv ri rughu xqlw| iru doo froolvlrqdo uhjlphv1 Lq wkh suhvhqfh ri ui irufhv zlwk wkh vwurqj udgldo
orfdol}dwlrqv +iru h{dpsoh/ ri NDZ ru VDZ,/ wkh srorlgdo yhorflw| fdq vxevwdqwldoo| h{fhhg wkh
guliw yhorflwlhv lq wkh wrndpdn sodvpd dqg eh rq wkh vxevrqlf ohyho1

Zh ixuwkhu frqvlghu wkh fdvh fr A X�w A ikwX�l >X�Rj1 Wkh udgldo hohfwulf �hog fdq eh
irxqg iurp wkh lrq prphqwxp htxdwlrq

Ho � E +�X�w . kwX�l . XR�, @f � �EX�w@f> XR� @ +f@h�qfE, +Cs�@Cu, > +4,

zkhuh X�l lv wrurlgdo frpsrqhqwv ri wkh lrq yhorflw| Y� uhvshfwlyho|1 Wr �qg wkh lrq srorlgdo
yhorflw|/ zh surfhhg iurp wkh htxdwlrqv
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Wkh irufhv IZ
w dqg I�

w duh wkh ylvfrxv dqg ui irufhv uhvshfwlyho| dfwlqj dorqj wkh srorlgdo �
gluhfwlrq ri wrndpdn1 Khuh/ ��wf lv wkh dssur{lpdwh srorlgdo ylvfrvlw| frh�flhqw/ �W� @ tU@���

�*2/
t lv wkh vdihw| idfwru/ � @ u@U lv wkh lqyhuvh dvshfw udwlr/ U lv wkh wruxv pdmru udglxv/ �� @ yA�@��
lv wkh lrq phdq iuhh sdwk/ yA � @

s
5W�@P� lv wkh lrq wkhupdo yhorflw|/ dqg �� lv wkh lrq0lrq

froolvlrqdo iuhtxhqf|1
H{suhvvlrqv iru wkh ui irufh I�

w / frqqhfwhg zlwk NDZ ru VDZ/ zhuh hduolhu irxqg Uhi1^8`
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zkhuh p lv wkh srorlgdo zdyh qxpehu/  lv wkh iuhtxhqf| ri wkh ui zdyh/ S� lv wkh ui srzhu/
devruehg lq wkh sodvpd1

Frpelqlqj Htv+4,0+6,/ zh h{suhvv wkh udgldo hohfwulf �hog Ht1+4, yld devruehg srzhu

Ho � �p$S�S�@ +uh���wf, > $S� @ h�E@P�f= +7,
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Dw �uvw/ zh hvwlpdwh wkh srvvlelolw| ri wkh hgjh sodvpd wxuexohqfh vxssuhvvlrq e| Doiy�hq
zdyhv1 Lq wklv fdvh/ lw lv qhfhvvdu| wr kdyh wkh sdudphwhu �. pxvw eh juhdwhu wkdq wkh lqfuhphqwv
ri prvw gdqjhurxv lqvwdelolwlhv lq wrndpdn sodvpdv Uhi1^6`
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Qrz/ zh fdq hvwlpdwh wkh txdqwlw| �. Ht1+8,1 Zh qrwh wkdw doo wkh sdudphwhuv xqghu wkh udgldo
ghulydwlyhv lq Ht1+8, duh wkh vprrwk ixqfwlrqv ri u h{fhsw ri wkh devruehg srzhu S�/ zklfk lv
orfdol}hg lq wkh qduurz udgldo od|hu �u1 Wkxv/ zh fdq vxssrvh iru zhdno| froolvlrqdo sodvpdv
Uhi1^8`
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Khuh/ d lv wkh sodvpd plqru udglxv/ Y� @ E@
s
7�qfP� lv wkh Doiy�hq vshhg/ $2

Re @ 7�qfh
2
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Wkxv/ lq Ht1+8, zh fdq rqo| wdnh lqwr dffrxqw wkh ghulydwlyhv ri wkh devruehg srzhu S�/
dqg Ht1+8, wdnh wkh irup diwhu wkh xvlqj Htv+7,/+9,
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Zh vkrxog frpsduh �. zlwk wkh prvw gdqjhurxv lqvwdelolwlhv lq wrndpdn hgjh sodvpdv Uhi1^6`1
Vxfk w|shv ri lqvwdelolwlhv duh hohfwurq0guliw dqg lrq whpshudwxuh judglhqw +LWJ, lqvwdelolwlhv1
Khuh/ zh hvwlpdwh wkh srvvlelolw| ri wkh vxssuhvvlqj LWJ prgh e| DZ1 Wkh glvshuvlrq uhodwlrq
ri wklv prgh lv
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Wkxv/ iurp Htv+:,/+;, rqh �qgv wkh lqvwdelolw| vxssuhvvlrq frqglwlrq
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\hw/ wkh vkhduhg yhorflw| lv xvxdoo| vxssrvhg wr eh wkh vrxufh ri Nhoylq0Khopkrow} lqvwd0
elolwlhv1 Qhyhuwkhohvv/ wkh pdjqhwlf vkhdu fdq vxssuhvv wklv lqvwdelolw|/ dqg wkh vwdelolw| fulwhulrq
iru wkh zhdno| froolvlrqdo sodvpd fdvh dqg wkh xsshu olplwdwlrq rq wkh devruehg srzhu S�/ wdnlqj
lqwr dffrxqw Htv+:,/+;,/ duh
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zkhuh Or lv wkh pdjqhwlf vkhdu ohqjwk1 Frpsdulqj wkh lqhtxdolwlhv Htv+<,/+43, zh vhh wkh| duh
lq qr frqwudglfwlrq/ l1h1/ wkhuh lv wkh srzhu udqjh wr vxssuhvv wkh LWJ prgh dqg qrw wr h{flwh
Nhoylq0Khopkrow} lqvwdelolwlhv1

Qrz/ zh pdnh hvwlpdwlrqv iru wkh Wrndpdn Fkdx�djh Doiy�hq2Eud}lo +WFD2EU, sodvpd
sdudphwhuv Uhi1^7` W� � 5 � 43SN/ qf � 6 � 43�bp3�/ Ef @ 4W/ d @ 3=4;p/ U @ 3=94p/
$ @ 5 � 43.udg3�/ p @ 4 � 6/ S� @ +7 � ;, � 43SZ@p�1 Zh rewdlq wkh hydoxdwlrq iru wkh
devruehg srzhu S� A +4� 5,� 43S Z2p�1 Wklv txdqwlw| lv ri wkh vdph rughu zklfk zdv xvhg
lq h{shulphqwv Uhi1^5`/ dqg ohvv wkdq rqh zklfk zloo eh xvhg lq ixwxuh h{shulphqwv Uhi1^7`1
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Lw lv zhoo nqrzq wkdw d udgldo hohfwulf �hog vkhdu fdq vtxhh}h lrq edqdqd ruelwv Uhi1^9`1
Wkh vtxhh}lqj sdudphwhu V lv jlyhq e|

V @ 4 . L2h��
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zkhuh E lv wkh pdjqhwlf �hog/ U lv wkh pdmru udglxv/ � lv wkh wrurlgdo dqjoh/ h� lv wkh lrq fkdujh/
P� lv wkh lrq pdvv/ $S�f lv wkh j|uriuhtxhqf| lq dq duelwudu| srlqw zlwk wkh frruglqdwhv #f> �f/
� lv wkh htxloleulxp hohfwurvwdwlf srwhqwldo/ �� @ g�@g#/ dqg # lv wkh srorlgdo �x{ ixqfwlrq1 Lq
wklv sdshu zh dqdo|}h wkh srvvlelolw| ri hpsor|lqj wkh udgldo hohfwulf �hog surgxfhg e| Doiy�hq
zdyhv wr prgli| wkh vl}h ri wkh edqdqd zlgwk ri lrqv1

Lw iroorzv wkdw lq Ht1+7, wkdw zh fdq qhjohfw wkh udgldo ghshqghqfh ri doo pdfurvfrslf
txdqwlwlhv h{fhsw wkdw ri S�1 Wkhuhiruh/
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Zh hvwlpdwh qh{w wkh lrq khdw frqgxfwlylw| dqg srorlgdo ylvfrvlw| lq wrndpdn zhdno|
froolvlrqdo sodvpdv zlwk d vwurqjo| vkhduhg hohfwulf �hog/ lqgxfhg e| Doiy�hq zdyhv/ wdnlqj lqwr
dffrxqw wkh lrq edqdqd ruelw vtxhh}lqj1 Wr hvwlpdwh wkh udgldo hohfwulf �hog lq wrndpdn zhdno|
froolvlrqdo sodvpdv zlwk lrq edqdqd ruelwv vtxhh}hg e| Doiy�hq zdyhv/ rqh vkrxog dovr wdnh lqwr
dffrxqw hohfwurq ylvfrxv irufhv lq Ht1+5,/ ehfdxvh xqghu vrph vshfldo frqglwlrqv/ wkh lrq dqg
hohfwurq ylvfrxv irufhv fdq eh ri wkh vdph rughu/ dv vkrzq lq Uhi1^9`1 Wkxv/ Ht1+6, pxvw eh
prgl�hg wr
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Lqglfhv l> h vwdqg iru lrqv dqg hohfwurqv/ uhvshfwlyho|1 Xvlqj lqhtxdolwlhv fr A X�w A ikwX�l >X�Rj/
zh rewdlq iurp Ht1+4, wkdw Xew � X�w1 Wkxv/ lq zhdno| froolvlrqdo sodvpdv zlwk lrq edqdqd
ruelwv vtxhh}hg e| Doiy�hq zdyhv/ Htv+7,/+45, vkrxog eh fkdqjhg wr
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Xvlqj Ht1+47, dqg wkh gh�qlwlrq ri wkh srorlgdo �x{ ixqfwlrq # @
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udgldo hohfwulf �hog Ho @ �g�@gu/ zh h{suhvv wkh vtxhh}lqj sdudphwhu V yld wkh devruehg srzhu
S�

V @ 4�
h�E

2

l

P�$2
S�E

2

w

gHo

gu
� 4 .

nK
+�w� . �wef,$S�

E2

l

E2

w

S�

�u
= +48,

Khuh/ Ew dqg El duh wkh srorlgdo dqg wrurlgdo frpsrqhqwv ri wkh pdjqhwlf �hog uhvshfwlyho|1
Zh zulwh wkh vljq %.% ehiruh wkh whup zlwk S� lq Ht1+48,/ wdnlqj lqwr dffrxqw wkh wudqvsruw
frh�flhqw ghshqghqfh rq m V m +vhh Uhi1^9`,/ dqg irfxvlqj rq wkh fdvh V A 41

Wkh lrq srorlgdo ylvfrvlw| lq wkh fruh r�0d{lv wrndpdn uhjlrq zlwk wkh vtxhh}hg edqdqd
ruelwv fdq eh zulwwhq lq wkh irup
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Wkh dqdo|vlv ri Ht1+49, vkrzv wkdw wkh lrq srorlgdo ylvfrvlw| �w� ghfuhdvhv udslgo| zlwk lqfuhdvlqj
ri wkh devruehg srzhu S�1 Wkh lrq srorlgdo ylvfrvlw| �w� ehfrphv ri wkh rughu ri wkh hohfwurq
srorlgdo ylvfrvlw| �we zkhq wkh sdudphwhu S W

� lv derxw 3=8/ m S W

� m� 3=8/ fruuhvsrqglqj wr
V � 45=61 Wklv uhvxow lv lqghshqghqw rq wkh vljq ri S W

� li zh frqvlghu wkh fdvh m V mA 41 Lw fdq eh
hdvlo| xqghuvwrrg dv dq lqfuhdvh lq wkh devruehg srzhu S� +dqg frqvhtxhqwo| ri wkh vtxhh}lqj
idfwru m V m, ohdgv wr d ghfuhdvh ri wkh lrq srorlgdo ylvfrvlw| frh�flhqw �w� dqg wr d ixuwkhu
lqfuhdvh ri wkh vtxhh}lqj sdudphwhu m V m1

Wkh lrq khdw frqgxfwlylw| "� lq wrndpdn r�0d{lv sodvpdv kdv ehhq lqyhvwljdwhg lq Uhi1^9`1
Zh frqvwuxfw "� lq wkh suhvhqfh ri wkh lrq edqdqd ruelw vtxhh}lqj e| Doiy�hq zdyhv dqdorjrxvo|
wr Uhi1^9`1 Zh kdyh

"� � t2�2� ��+� m V m,3�*2> +4:,

zkhuh wkh vtxhh}lqj sdudphwhu V uhvxowv iurp Ht1+49,/ dqg �� @ yA �@$S�1 Dv lw iroorzv iurp wkh
deryh phqwlrqhg dqdo|vlv/ wkh lrq khdw frqgxfwlylw| lv txlfno| uhgxfhg zlwk wkh jurzwk ri wkh
devruehg srzhu S�/ dqg/ dw m S

W

� mA 3=8/ wkh qrupdol}hg ylvfrvlw| frh�flhqw �Ww� fdq eh qhjohfwhg
lq wkh vtxhh}lqj sdudphwhu V lq frpsdulvrq zlwk �Wwe1

Wr looxvwudwh wkh srlqw zh r�hu vrph hvwlpdwlrqv iru GLLL0G wrndpdn dvvxplqj wkh fruh
sodvpd sdudphwhuv Uhi1^:`= W� � 5 �43HN/ qf � 8=: �43�bp3�/ Ef @ 5=4W/ u @ 3=95p/ U @ 4=9;p/
 � 43.udg3�/ p @ 4� 61 Xvlqj wkh lqhtxdolw| S W

� A 3=8/ iurp Ht1+49,/ zh �qg wkh devruehg
srzhu S� A 6�43SZ@p� wr eh qhfhvvdu| iru d vwurqj vxssuhvvlrq ri lrq wudqvsruw lq wkh edqdqd
uhjlrq1

81 FRQFOXVLRQ

Lq frqfoxvlrq/ lw lv ghprqvwudwhg wkdw d udgldo hohfwulf �hog fdq eh lqgxfhg e| h{whuqdoo|
odxqfkhg udglr iuhtxhqf| zdyhv/ lq wkh Doiy�hq zdyh udqjh ri iuhtxhqflhv/ zklfk duh prgh frq0
yhuwhg lqwr nlqhwlf Doiy�hq zdyhv1 Wkhvh zdyhv duh vwurqjo| orfdol}hg dw d jlyhq plqru udglxv
wrndpdn sodvpd/ jlylqj ulvh wr lqgxfhg udgldo hohfwulf �hogv zlwk odujh udgldo ghulydwlyhv dqg wr
vx�flhqwo| vwurqj srorlgdo �rz vkhdu1 Wxuexohqw hgglhv jhw wruq dsduw/ wkxv uhgxflqj wkh �xf0
wxdwlrq ohyho1 Wkhvh �hogv fdq dovr vtxhh}h wkh lrq edqdqd ruelwv lq wrndpdnv1 Wklv h�hfw rshqv
wkh srvvlelolw| wr �h{leoh lq�xhqfh wkh qhrfodvvlfdo lrq wudqvsruw lq wrndpdn edqdqd uhjlphv e|
h{whuqdoo| h{flwhg nlqhwlf Doiy�hq zdyhv1 Devruehg srzhuv/ zklfk duh qhfhvvdu| wr d�hfw wkh lrq
wudqvsruw/ duh rq wkh ohyho ri wkrvh xvhg lq wrndpdn h{shulphqwv zlwk nlqhwlf Doiy�hq zdyhv1
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