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Jryhuqphqw Ghew dqg Fdslwdo Dffxpxodwlrq lq
wkh Eodqfkdug0Fdvv0\ddul ROJ Prgho

Er Vdqghpdqq Udvpxvvhq�

Rfwrehu 53/ 5333

Devwudfw

Lw lv vkrzq wkdw dowkrxjk jryhuqphqw ghew lq sulqflsoh kdv dq dpeljxrxv

h�hfw rq wkh vwhdg| vwdwh fdslwdo vwrfn lq dq ROJ prgho ri wkh Eodqfkdug0

Fdvv0\ddul ydulhw|/ rqfh vwdelolw| ri wkh vwhdg| vwdwh htxloleulxp lv lpsrvhg

wkhuh lv dq xqdpeljxrxv qhjdwlyh uhodwlrq ehwzhhq wkh ohyho ri jryhuqphqw

ghew dqg wkh fdslwdo vwrfn1

Nh|zrugv= ROJ prgho/ jryhuqphqw ghew/ vwdelolw|/ fdslwdo dffxpxodwlrq1

MHO= H46/ K961

41 Lqwurgxfwlrq

Wkh lpsdfw ri jryhuqphqw ghew rq wkh hfrqrp| lv dq lpsruwdqw wrslf rqfh Ul0
fdugldq htxlydohqfh idlov wr krog/ h1j1 gxh wr krxvhkrogv kdylqj �qlwh olyhv1 Wkh
Eodqfkdug0Fdvv0\ddul prgho ri ryhuodsslqj jhqhudwlrqv zkhuh djhqwv frqwlqxrxvo|
idfh d ulvn ri g|lqj kdv ehfrph d srsxodu prgho iru dqdo|vhv ri wkh lpsdfw ri sxeolf
ghew +vhh h1j1 Jhuwohu +4<<<, iru d uhfhqw frqwulexwlrq wkdw h{whqgv wkh Eodqfkdug0
Fdvv0\ddul prgho wr lqfoxgh vwrfkdvwlf uhwluhphqw,1 Lq wkdw prgho sxeolf ghew
pdwwhuv vlqfh lw uhglvwulexwhv zhdowk dfurvv jhqhudwlrqv1 Zlwk �qlwh krul}rqv lq
wkh sulydwh vhfwru dq lqwhuwhpsrudo uhdoorfdwlrq ri wd{hv wkdw doorzv iru d shu0
pdqhqw lqfuhdvh lq wkh ohyho ri jryhuqphqw ghew +exw vdwlv�hv wkh jryhuqphqw*v
lqwhuwhpsrudo vroyhqf| frqglwlrq, zloo lqfuhdvh wkh vwrfn ri kxpdq zhdowk ri wkh
krxvhkrogv fxuuhqwo| dolyh dqg uhgxfh wkh vwrfn ri kxpdq zhdowk ri krxvhkrogv
eruq lqwr wkh ixwxuh dv wkh| pxvw sd| kljkhu wd{hv wr fryhu wkh lqfuhdvhg lqwhuhvw
sd|phqwv rq wkh sxeolf ghew1 Wkhvh uhdoorfdwlrqv ri zhdowk dfurvv jhqhudwlrqv zloo

�Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv1 Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xql0

yhuvlw| ri Ddukxv/ Exloglqj 683/ GN ;333 Ddukxv F/ Ghqpdun1 h0pdlo= eudvpxvvhqChfrq1dx1gn1



d�hfw vdylqj ehkdylrxu dqg khqfh fdslwdo dffxpxodwlrq/ dqg d vlpsoh/ dqg srolf|
uhohydqw/ txhvwlrq lv lq zkdw gluhfwlrq wkh djjuhjdwh fdslwdo vwrfn lv d�hfwhg1 Lq
Eodqfkdug dqg Ilvfkhu +4<;</ fk1 6, wklv lv dqdo|}hg uljrurxvo| dqg wkh frqfox0
vlrq lv wkdw wkh h�hfw lv jhqhudoo| dpeljxrxv/ exw li oderxu lqfrph h{fhhgv wkh
wd{ sd|phqwv wkhuh lv xqdpeljxrxvo| d qhjdwlyh h�hfw rq wkh vwhdg| vwdwh fdslwdo
vwrfn ri dq lqfuhdvh lq jryhuqphqw ghew1 Wkh sxusrvh ri wkh suhvhqw sdshu lv wr
vkrz wkdw e| lpsrvlqj vwdelolw| ri wkh vwhdg| vwdwh htxloleulxp wkh dpeljxlw| fdq
eh uhpryhg/ lpso|lqj wkdw dq xqdpeljxrxv qhjdwlyh uhodwlrq ehwzhhq wkh vwhdg|
vwdwh fdslwdo vwrfn dqg wkh ohyho ri jryhuqphqw ghew h{lvwv1

51 Wkh Prgho

Wkh prgho iroorzv forvho| Eodqfkdug +4<;8, dqg Eodqfkdug dqg Ilvfkhu +4<;</ fk1
6,1 Dw hdfk lqvwdqw d frkruw ri vl}h R : f lv eruq/ dqg e| dvvxplqj wkdw krxvhkrogv
idfh d frqvwdqw ghdwk udwh htxdo wr wkh eluwk udwh/ R/ wkh srsxodwlrq lv frqvwdqw dw
d vl}h ri rqh1 Jlyhq wkh suredelolw| ri g|lqj wkhuh lv xqfhuwdlqw| derxw lqglylgxdo
olihwlph/ exw gxh wr hdfk frkruw ehlqj �elj� +wkh vl}h R lv d qrupdol}dwlrq, wkhuh
lv qr djjuhjdwh xqfhuwdlqw|= Hdfk frkruw ghfolqhv ghwhuplqlvwlfdoo| wkurxjk wlph
vxfk wkdw d frkruw eruq dw wlph r zloo eh ri vl}h Re3RE|3r� dw wlph |1 Wkh suhvhqfh ri
lqglylgxdo xqfhuwdlqw| dqg djjuhjdwh fhuwdlqw| lpsolhv wkdw dq| lqglylgxdo lqfrph
xqfhuwdlqw| +gxh wr xqfhuwdlq olihwlphv, fdq eh uhpryhg wkurxjk dq lqvxudqfh
pdunhw1 Frpshwlwlyh lqvxudqfh frpsdqlhv r�hu �lqvxudqfh� ri wkh irup zkhuh
hdfk lqglylgxdo uhfhlyhv wkh  rz R�E|�/ zkhuh �E|� lv wkh ohyho ri qrqkxpdq zhdowk
ri wkh lqglylgxdo/ zkhq dolyh lq h{fkdqjh ri sd|lqj wkh ixoo dprxqw �E|� wr wkh
lqvxudqfh frpsdqlhv zkhq wkh| glh1 Wkh lqvxudqfh frpsdqlhv edodqfh wkhlu errnv
dqg wkh lqglylgxdov dyrlg hlwkhu ohdylqj xqlqwhqghg ehtxhvwv ru uxqqlqj rxw ri
zhdowk ehiruh g|lqj1

Wkh yrq Qhxpdqq0Prujhqvwhuq h{shfwhg xwlolw| ixqfwlrq lv

.LE|� '
]
"

|
*? ESE5�� e3EwnR�E53|�_5c +514,

zkhuh w : f lv wkh lqvwdqwdqhrxv udwh ri wlph suhihuhqfh/ SE5� lv frqvxpswlrq dw
wlph 5 dqg wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq lv dvvxphg wr eh orjdulwplf1 Wkh
 rz exgjhw frqvwudlqw uhdgv

u

�E5� ' EoE5� n R� �E5� n +E5�� SE5�� |E5�c +515,

oE5� ehlqj wkh lqwhuhvw udwh/ +E5� oderxu lqfrph dqg |E5� +oxps vxp, wd{hv1 Il0
qdoo|/ wr dyrlg d wulyldo vroxwlrq wr wkh rswlpdo frqvxpswlrq fkrlfh sureohp d
Qr0Srq}l0Jdph frqglwlrq lv lpsrvhg/

*�4
5<"

�E5�e3
U

5

|
EoED�nR�_D ' f� +516,
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Xvlqj wkh pd{lpxp sulqflsoh wkh Hxohu htxdwlrq ehfrphv

u

SE5� ' doE5�� wo SE5�c +517,

zklfk kdv wkh vroxwlrq
SE5� ' SE|�e

U
5

|
EoED�3w�_D� +518,

Fdofxodwlqj wkh suhvhqw ydoxh ri frqvxpswlrq |lhogv/

]
"

|
SE5�e3

U
5

|
EoED�nR�_D_5 '

SE|�

w n R
' �E|� n �E|�c +519,

zkhuh wkh vhfrqg sduw ri wkh htxdwlrq iroorzv iurp wkh suhvhqw ydoxh exgjhw
frqvwudlqw/ �E|� ehlqj kxpdq zhdowk gh�qhg dv wkh suhvhqw ydoxh ri oderxu lqfrph
qhw ri wd{hv

�E|� '
]
"

|
d+E5�� |E5�o e3

U
5

|
EoED�nR�_D_5� +51:,

Wkxv/ wkh lqglylgxdo frqvxpswlrq ixqfwlrq lv

SE|� ' Ew n R� E�E|� n �E|�� � +51;,

Wr rewdlq djjuhjdwh frqvxpswlrq/ �E|�/ zh mxvw dgg frqvxpswlrq ri doo lqglylgxdov
dolyh dw wlph | +qrz SErc |� ghqrwhv frqvxpswlrq dw wlph | ri dq lqglylgxdo eruq
dw wlph r dqg vlploduo| iru rwkhu lqglylgxdo yduldeohv,=

�E|� '
] |

3"

SErc |�Re3RE|3r�_rc +51<,

zkhuh Re3RE|3r� lv wkh vl}h dw | ri wkh frkruw eruq dw wlph r1 Lqvhuwlqj wkh lqgl0
ylgxdo frqvxpswlrq ixqfwlrqv dqg xvlqj wkh gh�qlwlrqv ri djjuhjdwh kxpdq dqg
qrqkxpdq zhdowk/ ME|� dqg T E|� uhvshfwlyho|/

ME|� '
] |

3"

�Erc |�Re3RE|3r�_rc +5143,

T E|� '
] |

3"

�Erc |�Re3RE|3r�_rc +5144,

zh jhw
�E|� ' Ew n R� ET E|� nME|�� � +5145,

Wkh g|qdplfv ri djjuhjdwh frqvxpswlrq iroorzv iurp wkh g|qdplfv ri kxpdq dqg
qrqkxpdq zhdowk=

u

�E|� ' Ew n R�
�

u

T E|� n
u

ME|�
�
� +5146,
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Djjuhjdwh kxpdq zhdowk lv htxdo wr

ME|� '
]
"

|
dt E5�� A E5�o e3

U
5

|
EoE��nR�_�_5c

zkhuh t E5� dqg A E5� duh djjuhjdwh oderxu lqfrph dqg oxps vxp wd{hv dw wlph
5/ uhvshfwlyho|1 Lw lv khuh lpsolflwo| dvvxphg wkdw lqglylgxdo oderxu lqfrph lv
glvwulexwhg lqghshqghqwo| ri djh1 Gl�huhqwldwlqj ME|� zlwk uhvshfw wr wlph ohdgv
wr

u

ME|� ' EoE|� n R�ME|�� t E|� n A E|�� +5147,

Djjuhjdwh qrqkxpdq zhdowk frqvlvwv ri sk|vlfdo fdslwdo/gE|�/ dqg jryhuqphqw
erqgv/ �E|�/

T E|� ' gE|� n�E|�c +5148,

vxfk wkdw wkh g|qdplfv ri qrqkxpdq zhdowk iroorzv iurp wkh g|qdplfv ri sk|vlfdo
fdslwdo dqg jryhuqphqw ghew1

Wkh qhw surgxfwlrq ixqfwlrq/ 8 EgE|��/ vdwlv�hv wkh xvxdo qhrfodvvlfdo dvvxps0
wlrqv +lqfoxglqj frqvwdqw uhwxuqv wr vfdoh dqg wkh Lqdgd frqglwlrqv,1 Wkh ghpdqg
iru fdslwdo e| sur�w pd{lpl}lqj �upv ehfrphv

8
�

EgE|�� ' oE|�c +5149,

zkloh oderxu lqfrph dprxqwv wr

t E|� ' 8 EgE|��� oE|�gE|�c

lpso|lqj }hur sxuh sur�wv1
Wkh g|qdplfv ri wkh fdslwdo vwrfn iroorzv iurp wkh djjuhjdwh uhvrxufh frq0

vwudlqw

u

gE|� ' 8 Eg|��� �E|��CE|� ' t E|� n oE|�gE|�� �E|��CE|�c +514:,

zkhuh CE|� lv jryhuqphqw frqvxpswlrq1 Wkh jryhuqphqw*v  rz exgjhw frqvwudlqw
uhdgv4

u

�E|� ' oE|��E|� nCE|�� A E|�� +514;,

Wkxv/ xvlqj htxdwlrqv 514: dqg 514; wkh g|qdplfv ri qrqkxpdq zhdowk ehfrph

u

T E|� ' oE|�T E|� n t E|�� �E|�� A E|�� +514<,

4Dv xvxdo/ d Qr0Srq}l0Jdph frqglwlrq lv lpsrvhg rq wkh jryhuqphqw

olp
}$4

E+},h
�

U
}

w

u+�,g�
@ 3>

vxfk wkdw wkh  rz exgjhw frqvwudlqw fdq eh lqwhjudwhg lqwr d suhvhqw ydoxh exgjhw frqvwudlqw1

7



Xvlqj htxdwlrqv 5147 dqg 514< djjuhjdwh frqvxpswlrq g|qdplfv fdq eh h{suhvvhg
dv

u

�E|� ' EoE|�� w��E|�� R Ew n R�T E|�� +5153,

Wkxv/ zh fdq vwdwh wkh djjuhjdwh g|qdplfv ri wkh prgho +wlph lqglfhv duh ohiw rxw
iurp qrz rq,=

u

� '
�
8

�

Eg�� w
�
� � R Ew n R� E� ng� +5154,

u

g ' 8 Eg�� � �C +5155,
u

� ' 8
�

Eg�� nC� A� +5156,

61 Vwhdg| Vwdwh Htxloleulxp

Lq d vwhdg| vwdwh htxloleulxp wkh ohyhov ri wkh hqgrjhqrxv yduldeohv pxvw eh frq0

vwdqw/
u

� '
u

g '
u

� ' f +wklv edvlfdoo| iroorzv iurp wkh Lqdgd frqglwlrqv uxolqj
rxw hqgrjhqrxv jurzwk,1 Ghqrwlqj vwhdg| vwdwh htxloleulxp ohyhov e| dq dvwhulvn/
�W�/ wkh vwhdg| vwdwh htxloleulxp lv fkdudfwhul}hg e|

�W '
R Ew n R� E�W ngW�

8 �EgW�� w
' 8 EgW��C +614,

�W '
C� A

8 �EgW�
+615,

oW ' 8
�

EgW�� +616,

+Qrwlfh wkdw 8
�

EgW� ' oW : w iru �W : f lpso|lqj wkh zhoo0nqrzq uhvxow wkdw wkh
vwhdg| vwdwh fdslwdo vwrfn lq wkh Eodqfkdug0Fdvv0\ddul prgho lv ehorz wkh ohyho
lpsolhg e| wkh �prgl�hg Jroghq Uxoh� vwdwlqj wkdw 8

�

EgW� ' w�, E| wkh Lqdgd
frqglwlrq

*�4
g<f

8 �Eg� ' 4c

wkh vwdwlrqdu| wudmhfwru| iru � vwduwv dw E�cg� ' Efc f�1 Dvvxplqj frqyh{lw| ri
u

� ' f/5 wkh frqfdylw| ri
u

g ' f lpsolhv wkdw wkhuh h{lvwv hlwkhu }hur/ rqh ru wzr
vwhdg| vwdwh htxloleuld1 Iru d vx!flhqwo| odujh ydoxh ri C wkhuh h{lvwv qr vwhdg|
vwdwh htxloleulxp/ zkloh lq wkh olplwlqj fdvh zkhuh wkh vwdwlrqdu| wudmhfwrulhv iru �

5Wkh vwdwlrqdu| wudmhfwru| iru F qhhg qrw eh frqyh{ lq +F>N,0vsdfh vlqfh wkh vljq ri
g
5
F

gN5

��� �

F@3
ghshqgv rq wkh wklug ghulydwlyh ri wkh qhw surgxfwlrq ixqfwlrq1 Zh zloo dvvxph

frqyh{lw| krogv/ iru vlpsolflw| +zklfk zloo eh wkh fdvh li h1j1 wkh qhw surgxfwlrq ixqfwlrq lv
Free0Grxjodv,/ exw rxu uhvxowv duh hdvlo| h{whqghg wr fryhu qrq0frqyh{lw| ri wkh vwdwlrqdu|
wudmhfwru| iru F1

8



dqg g duh wdqjhqwldo wr hdfk rwkhu d xqltxh vwhdg| vwdwh htxloleulxp h{lvwv1 Erwk
ri wkhvh fdvhv duh glvuhjdughg lq wkh iroorzlqj e| dvvxplqj wkdw C lv vx!flhqwo|
vpdoo1 Khqfh/ zh frqvlghu wkh jhqhudo fdvh zkhuh wzr vwhdg| vwdwh htxloleuld h{lvw/
vhh Iljxuh 41

Iljxuh 4= Vwdelolw| ri Vwhdg| Vwdwh Htxloleuld

6141 Orfdo Vwdelolw|

Wr frqvlghu wkh vwdelolw| ri wkh vwhdg| vwdwh htxloleuld zh olqhdul}h wkh g|qdplf
htxdwlrqv durxqg d vwhdg| vwdwh htxloleulxp=65

7 u

�
u

g

6
8 '

%
oW � wc 8

��

EgW��W

� R Ew n R�
��c oW

& %
� � �W

g �gW

&
+617,

6Lq wkh srolf| h{shulphqw wkh ohyho ri jryhuqphqw ghew fkdqjhv glvfuhwho| zkhuhdiwhu wd{hv

duh vhw vxfk wkdw wkh duh qr vxevhtxhqw fkdqjhv lq ghew1 Khqfh/ zh fdq frqvlghu wkh g|qdplf

v|vwhp dv d wzr0yduldeoh v|vwhp lq +F>N,1 Zh fdq wkhq iurp wkh jryhuqphqw exgjhw frqvwudlqw

ghwhuplqh wkh ohyho ri wd{hv qhhghg wr krog wkh ohyho ri ghew frqvwdqw1

9



Wkh hljhqydoxhv duh ghwhuplqhg e|

����� o
W
� w � bc 8

��

EgW��W
� R Ew n R�

��c oW � b

����� ' fc +618,

ru
b2 � E2oW � w�bn 8

��

EgW��W

� R Ew n R� n oW EoW � w� ' f� +619,

Wkh vroxwlrq wr wklv txdgudwlf htxdwlrq lv

b '
2oW � w 	

k
E2oW � w�2 � e

�
8

��

EgW��W
� R Ew n R� n oW EoW � w�

�l�
2

2
� +61:,

Vlqfh wkh fdslwdo vwrfn lv d suhghwhuplqhg yduldeoh zkloh frqvxpswlrq lv d mxps
yduldeoh zh uhtxluh wkdw wkh wzr urrwv eh ri rssrvlwh vljq iru wkh vwhdg| vwdwh
wr eh vdggoh sdwk vwdeoh/ zkloh wkh htxloleulxp zloo eh xqvwdeoh li erwk urrwv duh
srvlwlyh1 Wkh uhvxow lv vwdwhg lq wkh iroorzlqj ohppd1

Ohppd 41 +Orfdo, Vwdelolw|= Wkh vwhdg| vwdwh htxloleulxp lv orfdoo| vwdeoh li

R Ew n R�� 8
��

EgW��W

oW � w
: oW�

Surri1 Lw iroorzv gluhfwo| iurp 61: wkdw wkh wzr urrwv zloo eh ri rssrvlwh vljq

surylghg REwnR�38
��

EgW��W

oW3w
: oW�

Fdofxodwlqj wkh vorshv ri wkh vwdwlrqdu| wudmhfwrulhv iru � dqg g/

_�

_g

�
�
�
�

u

� 'f
'

RERn w�� 8
��

EgW��W

oW � w
: f +61;,

_�

_g

�
�
�
�

u

g 'f
' oW : fc +61<,

lw iroorzv wkdw wkh vwdelolw| frqglwlrq fdq eh vwdwhg lq whupv ri wkh uhodwlyh vorshv
ri wkh vwdwlrqdu| wudmhfwrulhv1 Wkxv/

_�

_g

�
�
�
�

u

� 'f
:

_�

_g

�
�
�
�

u

g 'f
, orfdo vwdelolw|1 +6143,

Wklv fdq eh looxvwudwhg e| frqvlghulqj wkh g|qdplfv ri wkh hfrqrp| lq Iljxuh 4
zkhuh wkh vwhdg| vwdwh htxloleulxp .f lv xqvwdeoh zkloh .� lv vwdeoh1

:



71 Jryhuqphqw Ghew dqg Fdslwdo Dffxpxodwlrq

Frqvlghu qrz dq lqfuhdvh lq vwhdg| vwdwh jryhuqphqw ghew eurxjkw derxw e| d
whpsrudu| ghfuhdvh lq wd{dwlrq iroorzhg e| dq lqfuhdvh lq wd{dwlrq wkdw nhhsv
wkh ohyho jryhuqphqw ghew frqvwdqw dw hyhu| vxevhtxhqw lqvwdqw1 Fdofxodwlqj wkh
h�hfw rq wkh vwhdg| vwdwh fdslwdo vwrfn iurp htxdwlrq 614 |lhogv +diwhu vrph pd0
qlsxodwlrqv,

_gW

_�W
'

R ERn w�

8 ��EgW��W � EoW � w�Et W � A �* E�W ngW�
+714,

vxfk wkdw t W : A lv d vx!flhqw frqglwlrq iru _gW

_�W
	 f/ dv dujxhg e| Eodq0

fkdug dqg Ilvfkhu +4<;</ fk1 6,1 Krzhyhu/ vlqfh wrwdo krxvhkrog lqfrph lv
EoW E�W ngW� n t W� wkhuh lv qr uhdvrq zk| t W : A vkrxog krog/ lpso|lqj wkdw
zh vhhplqjo| fdqqrw vljq _gW

_�W
1 Pruhryhu/ vlqfh t W 	 A +e| d vpdoo dprxqw, frxog

eh frqvlvwhqw zlwk _gW

_�W
	 f/ wkhuh lv kdugo| dq| lqwxlwlrq ehklqg wklv frqglwlrq1

Iruwxqdwho|/ wkhuh lv d pxfk ehwwhu dujxphqw iru uxolqj rxw d srvlwlyh uhodwlrq
ehwzhhq vwhdg| vwdwh jryhuqphqw ghew dqg wkh fdslwdo vwrfn edvhg rq d vwdelolw|
dujxphqw1

Jlyhq wkh pxowlsoh htxloleulxp surshuw| ri wkh vwhdg| vwdwh htxloleuld lw vhhpv
qhfhvvdu| wr wdnh wkh vwdelolw| surshuwlhv ri wkh ydulrxv htxloleuld lqwr dffrxqw1
Lw wxqv rxw wkdw lpsrvlqj vwdelolw| ri wkh vwhdg| vwdwh htxloleulxp lv vx!flhqw wr
uxoh rxw wkh srvvlelolw| ri d srvlwlyh uhodwlrqvkls ehwzhhq jryhuqphqw ghew dqg
fdslwdo dffxpxodwlrq1

Sursrvlwlrq 41 D qhfhvvdu| dqg vx!flhqw frqglwlrq iru _gW

_�W
	 f/ lv wkdw

_�

_g

�
�
�
�

u

� 'f
:

_�

_g

�
�
�
�

u

g 'f
� +715,

Surri1 Xvlqj wkh h{suhvvlrqv iru wkh vorshv ri wkh vwdwlrqdu| wudmhfwrulhv jlyhq
lq htxdwlrqv 61; dqg 61</ wkh vwhdg| vwdwh h�hfw rq wkh fdslwdo vwrfn ri dq lqfuhdvh
lq jryhuqphqw ghew fdq eh zulwwhq dv

_gW

_�W
' �

EoW � w� R ERn w�

_�
_g

�
�
�
�

u

� 'f
�

_�
_g

�
�
�
�

u

g 'f

c +716,

lpso|lqj wkdw d qhfhvvdu| dqg vx!flhqw frqglwlrq iru d qhjdwlyh h�hfw rq wkh
fdslwdo vwrfn ri dq lqfuhdvh lq jryhuqphqw ghew lv wkdw wkh vwdwlrqdu| wudmhfwru|
iru frqvxpswlrq lv vwhhshu wkdq wkh vwdwlrqdu| wudmhfwru| iru fdslwdo1

;



Wkxv/ vlqfh frqglwlrq 715 lv h{dfwo| zkdw fkdudfwhul}hv d +orfdoo|, vwdeoh vwhdg|
vwdwh htxloleulxp/ dq xqdpeljxrxv qhjdwlyh vwhdg| vwdwh uhodwlrq h{lvwv li vwdelolw|
ri wkh vwhdg| vwdwh htxloleulxp lv lpsrvhg1 Khqfh/ zh gr qrw qhhg wr lpsrvh
dq duelwudu| frqglwlrq olnh t W : A iru wkh vwhdg| vwdwh h�hfw wr eh xqltxho|
ghwhuplqhg1

Dv dq looxvwudwlrq/ frqvlghu Iljxuh 5/ zkhuh .f lv wkh lqlwldo xqvwdeoh vwhdg|
vwdwh htxloleulxp zkloh .� lv wkh lqlwldo vwdeoh vwhdg| vwdwh htxloleulxp1

Iljxuh 51 Vwhdg| Vwdwh H�hfwv ri Lqfuhdvlqj Jryhuqphqw Ghew

D ulvh lq jryhuqphqw ghew urwdwhv wkh
u

� ' f vfkhgxoh xszdugv +wr
u

� � ' f,

zkloh ohdylqj wkh
u

g ' f vfkhgxoh xqfkdqjhg1 Wkhq/ vwduwlqj iurp wkh xqvwdeoh
htxloleulxp wkh h�hfw rq wkh fdslwdo vwrfn lv vhhplqjo| srvlwlyh/ iurp .f wr .

�

f/
zkloh wkh h�hfw lv qhjdwlyh zkhq vwduwlqj iurp wkh vwdeoh htxloleulxp/ .� wr .

�

�1
Reylrxvo|/ glvuhjduglqj wkh xqvwdeoh htxloleulxp uhpryhv wkh dpeljxlw| ri wkh
h�hfw rq wkh fdslwdo vwrfn iurp dq lqfuhdvh lq jryhuqphqw ghew1

<
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Lw kdv ehhq vkrzq wkdw wkh vljq ri wkh h�hfw rq wkh fdslwdo vwrfn ri dq lqfuhdvh
lq wkh ohyho ri jryhuqphqw ghew fdq eh xqltxho| ghwhuplqhg e| lpsrvlqj vwdelolw|
ri wkh vwhdg| vwdwh htxloleulxp1 Jlyhq vwdelolw| wkhuh h{lvwv dq xqdpeljxrxvo|
qhjdwlyh uhodwlrq ehwzhhq wkh vwhdg| vwdwh fdslwdo vwrfn dqg wkh ohyho ri jryhuq0
phqw ghew1 Qr dvvxpswlrqv derxw wkh uhodwlyh vl}h ri oderxu lqfrph dqg oxps
vxp wd{hv duh qhhghg wr ghwhuplqh wkh vljq ri wklv uhodwlrq1

Uhihuhqfhv

^4` Eodqfkdug/ R1M1 +4<;8,/ �Ghew/ Gh�flwv dqg Ilqlwh Krul}rqv�/ Mrxuqdo ri Sr0
olwlfdo Hfrqrp|/ <6/ 556057:1

^5` Eodqfkdug/ R1M1 dqg V1 Ilvfkhu +4<;<,/ �Ohfwxuhv rq Pdfurhfrqrplfv�/ PLW
Suhvv +Fdpeulgjh/ PD,1

^6` Jhuwohu/ P1 +4<<<,/ �Jryhuqphqw Ghew dqg Vrfldo Vhfxulw| lq d Olih0F|foh
Hfrqrp|�/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 83/ 940
4431
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