
Ilowhulqj ri Qrqolqhdu Vwrfkdvwlf Ihhgedfn V|vwhpv

I1 Fduudyhwwd4 D1 Jhupdql4>5 U1 V1 Olswvhu6 F1 Pdqhv4>5

4 Lvwlwxwr gl Dqdolvl ghl Vlvwhpl hg Lqirupdwlfd gho FQU/ LDVL0FQU
Yldoh Pdq}rql 63/ 334;8 Urpd 0 Lwdo|/ ifduudyhwwd/jhupdqljCldvl1up1fqu1lw

5 Glsduwlphqwr gl Lqjhjqhuld Hohwwulfd/ Xqlyhuvlw�d ghjol Vwxgl ghoo*Dtxlod
Srjjlr gl Urlr/ 9:373 O*Dtxlod 0 Lwdo|/ ipdqhv/jhupdqljClqj1xqlydt1lw

6 Ghsduwphqw ri Hohfwulfdo Hqjlqhhulqj0V|vwhpv/ Who Dyly Xqlyhuvlw|
9<<:; Who Dyly/ Lvudho/ olswvhuChqj1wdx1df1lo

Devwudfw

Wklv sdshu frqfhuqv wkh �owhulqj sureohp iru wkh fodvv
ri vwrfkdvwlf qrqolqhdu v|vwhpv rq zklfk dq rxwsxw ihhg0
edfn fdq eh forvhg1 Lw lv suryhq wkdw wkh rswlpdo �owhu iru
wkh rshq0orrs v|vwhp uhpdlqv rswlpdo zkhq wkh ihhgedfn
lv forvhg1

41 Lqwurgxfwlrq

Wklv sdshu frqvlghuv wkh fodvv ri vwrfkdvwlf v|vwhpv
ghvfulehg e| wkh htxdwlrqv=

g[w @ i+w>[w> x+w> \^3>w`,,gw. gZ 3
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g\w @ k+w>[w> x+w> \^3>w`,,gw. gZ 33
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vxemhfw wr udqgrp lqlwldo frqglwlrq[3 dqg \3 @ 3/ zkhuh
[w 5 LUg lv wkh v|vwhp vwdwh/ \w 5 LUp lv wkh revhuydwlrq
surfhvv/ x+w> \^3>w`, 5 LUs lv wkh lqsxw ixqfwlrq ghshqg0
lqj iru hyhu| w rq \^3>w` @ i\v> 3 � v � wj/ Z 3

w 5 LU�4 /

Z 33

w
5 LU�5 duh lqghshqghqw Zlhqhu surfhvvhv zlwk lq0

ghshqghqw frpsrqhqwv/ dqg i>k duh yhfwru ixqfwlrqv ri

vxlwdeoh glphqvlrqv1 Doo yhfwruv duh yhfwru0froxpqv1

Ohw Vw ghqrwh wkh vljqdo wr eh hvwlpdwhg/ wkdw lv d
ixqfwlrq ri wkh vwdwh gh�qhg dv
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zkhuh I = LUg
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lv d erxqghg phdvxudeoh yhfwru
ixqfwlrq1

Wkurxjkrxw wkh sdshu zh zloo xvh wkh iroorzlqj vxe0

vfulsw qrwdwlrq= iru d jlyhq ixqfwlrq �+w,> w � 3/ zh vkdoo
ghqrwh zlwk �^3>w` wkh zkroh wudmhfwru| ri i�v>3 � v � wj1
Vr/ wkh whup x+w> \^3>w`, lq wkh v|vwhp +414, uhsuhvhqwv d
fdxvdo pds ri wkh revhuydwlrq surfhvv lqwr wkh lqsxw/ gh0
vfulelqj d ehkdylrxu ri vrph frqwuro ghylfh fdoohg d frq0

wuroohu/ dqg wkhuhiruh wkh v|vwhp +414, lv xqghu d ihhgedfn

odz/ dqg zh zloo uhihu wr vxfk d v|vwhp dv wkh forvhg orrs

v|vwhp1
Li lq v|vwhp +414, wkh whup x+w> \^3>w`, lv uhsodfhg e|

x+w> !^3>w`,/ zkhuh !+w,/ w � 3/ lv d frqwlqxrxv ixqfwlrq/
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wkh vroxwlrq ri wkh rshq0orrs v|vwhp/ fruuhvsrqglqj wr
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!
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�w+|^3>w`>!^3>w`,/ +|w> !+w,/ w � 3/ duh frqwlqxrxv yhfwru
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Wklv lv wkh rshq0orrs �owhu/ l1h1 wkh rswlpdo �owhu iru wkh
rshq0orrs v|vwhp +416,/ wkdw lv irufhg e| wkh v|vwhp rxw0
sxw dqg e| wkh iruflqj whup !1 Iru hyhu| w dvvxph dovr
wkhuh h{lvwv d ixqfwlrq �w+|^3>w`, +\w/ w � 3/ lv frqwlqxrxv
yhfwru ixqfwlrq ydoxhg lq LUs, vxfk wkdw
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Wklv lv wkh forvhg0orrs �owhu/ l1h1 wkh rswlpdo �owhu iru
wkh forvhg0orrs v|vwhp +414,/ wkdw lv irufhg e| wkh v|vwhp
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wkh forvhg0orrs v|vwhp/ wkhq grhv wkh hvwlpdwh djuhh zlwk
wkh rswlpdo vwdwh0hvwlpdwh iru wkh forvhg0orrs v|vwhpB

Wkh txhvwlrq li +419, krogv ru qrw lv qrw rqo| lqwhu0
hvwlqj e| lwvhoi/ exw lv lpsruwdqw lq pdq| dssolfdwlrqv1
Iru lqvwdqfh/ lq doo fdvhv lq zklfk d �qlwh0glphqvlrqdo
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+419, suryhv wkdw wkh �owhu uhpdlqv rswlpdo dqg �qlwh0
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Zh srlqw rxw wkdw dq d�updwlyh dqvzhu wr wkh txhv0
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Surri1 Sudfwlfdoo| zh uhshdw khuh wkh surri ri Ohppd
5181 E| yluwxh ri +515, wkh vhfrqg htxdwlrq iurp +414, lv
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Wkh �uvw htxdolw| lq +616, lv reylrxv1 Wr yhuli| wkh yd0
olglw| ri wkh vhfrqg rqh/ ohw xv lqwurgxfh wlph prphqwv
vq
l
@ w

q
l/ l @ 4> = = = > q dqg vhw Kq+v> !, @ K+vq

l
> !,> v 5

^vq
l
> vq

l.4,> l @ 3> = = = > q= Lw lv fohdu wkdw iru dq| q � 4 zh
kdyh

� ] w

3

K�

q+v>!,gZ
33

v

���
!�\

@

] w

3

K�

q+v> \ ,gZ 33

v =

Xvlqj wkh odwwhu htxdolw|/ zulwh

�����
� ] w

3

K�+v>!,gZ 33

v

����
!�\

�

]
w

3

K�+v> \ ,gZ 33

v

�����
�

�����
�] w

3

q
K�+v>!,�K�

q+v> !,
r
gZ 33

v

����
!�\

�����
.

�����
]

w

3

q
K�+v> \ ,�K�

q
+v> \ ,

r
gZ 33

v

�����=

Vlqfh
U
w

3
nK+v> \ , � Kq+v> \ ,n5gv $ 3> q $ 4> wkh

vhfrqg whup lq wkh uljkw vlgh ri wkh deryh lqhtxdolw|
frqyhujhv wr }hur lq suredelolw|1 Wkxv/ lw uhpdlqv wr
hvwdeolvk rqo| wkdw iru hyhu| % A 3

olp
q

S

����
]

w

3

q
K�+v>!,�K�

q
+v> !,

r
gZ 33

v

����%>! � \

�
@3=

+617,
Zulwh

q���
]

w

3

q
K�+v> !, �K�

q+v>!,
r
gZ 33

v

��� � %> ! � \

r

@
q
L+!^3>w` � \^3>w`,

���
] w

3

q
K�+v>!,�K�

q+v>!,
r
gZ 33

v

��� � %

r

@
q
L+!^3>w` � \^3>w`,

���
] w

3
L+!^3>v` � \^3>v`,

q
K

�+v> !,�K
�

q+v> !,
r
gZ

33

v

��� � %

r

�

q���
] w

3

L+!^3>v` � \^3>v`,

�

q
K�+v>!,�K�

q+v>!,
r
gZ 33

v

��� � %

r

@
q���

] w

3

L+!^3>v` � \^3>v`,

�

q
K�+v> \ ,�K�

q+v> \ ,
r
gZ 33

v

��� � %

r
=

Ixuwkhu/ vlqfh

]
w

3

L+!^3>v` � \^3>v`,nK+v> \ ,�Kq+v> \ ,n5gv

�

] w

3

nK+v> \ ,�Kq+v> \ ,n5gv$ 3> q$4>

zh frqfoxgh wkdw +617, lv ydolg1

Surri ri Wkhruhp 6141 Frpsdulqj +518, dqg +51;,/ rqh
fdq frqfoxgh wkdw +419, krogv/ li

�!>w+{>z>\ !,��
!�\

@ �\>w+{>z>\ ,> S 0d1v1

Qrz/ lw uhpdlqv wr qrwh rqo| wkdw wkh uhtxluhg surshuw|
lv lpsolhg e| Ohppd 6151

Uhihuhqfhv

^4` U1V1 Olswvhu/ D1Q1 Vklu|d|hy1 Vwdwlvwlfv ri Udqgrp

Surfhvvhv/ Yro 4/ Vsulqjhu Yhuodj/ Qhz \run/ 4<::1

^5` U1V1 Olswvhu/ D1Q1 Vklu|d|hy1 Vwdwlvwlfv ri Udqgrp

Surfhvvhv/ Yro 5/ Vsulqjhu Yhuodj/ Qhz \run/ 4<:;1

^6` U1H1 Ndopdq/ _D Qhz Dssurdfk wr Olqhdu Ilowhulqj
dqg Suhglfwlrq Sureohpv/% M1 Edvlf1 Hqj1/ yro1 4/ ss1
68078/ 4<931

^7` D1Y1 Edodnulvkqdq/ Ndopdq Ilowhulqj Wkhru|/ Rs0
wlpl}dwlrq Vriwzduh/Lqf1/ Sxeolfdwlrq Glylvlrq/ Qhz
\run/ 4<;71

^8` E1G1R1 Dqghuvrq/ M1E1 Prruh/ Rswlpdo Ilowhulqj/
Suhqwlfh Kdoo/ Lqf1/ Hqjohzrrg Fol�v/ Q1M1/ 4<:<1

^9` Z1M1 Nrorg}lhm/ U1U1 Prkohu/ _Vwdwh Hvwlpdwlrq dqg
Frqwuro ri Frqglwlrqdoo| Olqhdu V|vwhpv/% VLDP

Mrxuqdo rq Frqwuro dqg Rswlpl}dwlrq/ Yro1 57/ Qr1
6/ ss1 7<:083;/ Pd| 4<;91

^:` Z1M1 Nrorg}lhm/ U1U1 Prkohu/ _Frqglwlrqdoo| Olqhdu
dqg Qrq0Jdxvvldq Surfhvvhv/% lq Qrq0Jdxvvldq Vlj0

qdo Surfhvvlqj/ H1 Zhjpdq dqg V1 Vfkzduw}/ hgv1/
Qruwk0Kroodqg/ Dpvwhugdp/ 4<;:1

^;` P1 Frkhq Gh Odud/ _Ilqlwh0Glphqvlrqdo Ilowhuv1 Sduw
L= Wkh Zhl Qrupdq Whfkqltxh%/ _Ilqlwh0Glphqvlrqdo
Ilowhuv1 Sduw LL= Lqyduldqfh Jurxs Whfkqltxhv% / VLDP
M1 Frqwu1 ) Rsw1/ Yro1 68/ Qr1 6/ ss1 <;3~435<1


