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$ PXOWLGLPHQVLRQDO YHUVLRQ RI WKH oUVW 'DUERX[ SUREOHP IRU D VHFRQG RUGHU GHJHQ�

HUDWLQJ K\SHUEROLF HTXDWLRQ LV FRQVLGHUHG� 8VLQJ WKH D SULRUL HVWLPDWLRQV PHWKRG WKH

FRUUHFW IRUPXODWLRQ RI WKLV SUREOHP LQ WKH 6REROHY ZHLJKWHG VSDFH LV SURYHG�

Nh| zrugv dqg skudvhv= 'HJHQHUDWLQJ K\SHUEROLF HTXDWLRQ� PXOWLGLPHQVLRQDO YHU�

VLRQ RI WKH oUVW 'DUERX[ SUREOHP� 6REROHY ZHLJKWHG VSDFH� D SULRUL HVWLPDWLRQV�

DPV vxemhfw fodvvl�fdwlrq= ��/��

�� W?|hL_�U|�L?

Lq wkh vsdfh ri yduldeohv {�> {2> w ohw xv frqvlghu d vhfrqg rughu ghjhqhudwlqj

k|shuerolf htxdwlrq ri wkh nlqg

Ox � x|| � {62 x%�%� � x%2%2 . d�x%� . d2x%2 . d�x| . dex @ I> +414,

zkhuh d�> l @ 4> ===> 7/I duh wkh jlyhq dqg x lv wkh xqnqrzq uhdo ixqfwlrqv/
p 5 Q lv wkh srvlwlyh lqwhjhu1

Ehorz iru htxdwlrq +4=4, zh vkdoo frqvlghu d erxqgdu| ydoxh sureohp
iru zklfk gdwd vxssruwv duh d sduw ri wkh sodqh {2 @ 3 dqg d sduw ri fkdu0
dfwhulvwlf frqrlg ri ehdpv zlwk d yhuwh{ dw wkh ruljlq R+3> 3> 3, orfdwhg lq
wkh glkhgudo dqjoh {2 A 3> w A 31 Zkhq p @ 3/ l1h1/ iru htxdwlrq +4=4, zlwk
wkh zdyh rshudwru lq lwv sulqflsdo sduw vlplodu sureohpv kdyh ehhq lqyhv0
wljdwhg lq ^5> 7> <`1 Qrwh wkdw hyhq iru p @ 5 wkh fkdudfwhulvwlf frqrlg ri
ehdpv zlwk d yhuwh{ dw wkh srlqw R+3> 3> 3, ri htxdwlrq +4=4, kdv jhrphwulf
vwuxfwxuh frpsolfdwhg hqrxjk/ zklfk lq d fhuwdlq vhqvh pdnhv lw gl�fxow wr
irupxodwh wkh erxqgdu| ydoxh sureohp1 Ehorz zh frqvlghu wkh fdvh p @ 41
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Zkhq p @ 4 wkh fkdudfwhulvwlf frqrlg ri ehdpv N� ri htxdwlrq +4=4,
frpsrvhg ri elfkdudfwhulvwlf ehdpv/ frplqj rxw ri wkh ruljlq R+3> 3> 3,/
ghvlqwhjudwh rq irxu frqlfdo vxuidfhv N�> l @ 4> ===> 7> zlwk d yhuwh{ dw wkh
srlqw R+3> 3> 3,/ hdfk lv krphrprusklf wr wkh flufxodu frqh w @

s
{2
�
. {2

2
1

Wzr ri wkhp N�>N2 kdyh wkh frpprq wdqjhqw elfkdudfwhulvwlf ehdp {� @
3> w. 5{2 @ 3> w � 3/ orfdwhg lq wkh kdoi0vsdfh w� {2 � 3 dqg ghvfulehg e|
wkh vdph htxdwlrq N�>N2 = {

2
� @

�

b
+w.5{2,

2+w�{2, dqg wkh wzr uhpdlqghu
frqlfdo vxuidfhv N�dqgNe kdyh wkh frpprq wdqjhqw elfkdudfwhulvwlf ehdp
{� @ 3> w�5{2 @ 3> w � 3/ orfdwhg lq wkh kdoi0vsdfh w.{2 � 3 dqg ghvfulehg
e| wkh htxdwlrq N�>Ne = {

2
� @ ��

b
+w � 5{2,

2+w. {2,1 Qrwh wkdw N�+N2, lv
orfdwhg lq wkh glkhgudo dqjoh w.5{2 � 3> w�{2 � 3 +w.5{2 � 3> w�{2 � 3,
dqg N�+Ne, lv orfdwhg lq wkh glkhgudo dqjoh w.{2 � 3> w�5{2 � 3 +w.{2 �
3> w� 5{2 � 3,1

Ohw xv ghqrwh e| �V� wkh sduw ri wkh frqrlg ri ehdpv Nf orfdwhg lq
wkh glkhgudo dqjoh {2 � 3> w � 3> l=h=> �V� = {2� @ �

b
+w . 5{2,

2+w � {2,> {2 �

3> w � 3 dqg ghqrwh e| �V2 wkh sduw ri wkh frqrlg ri ehdpv NR zlwk d
yhuwh{ dw wkh srlqw S @ +3=3=wf,> wf A 3/ orfdwhg lq wkh glkhgudo dqjoh
{2 � 3> w � wf> l=h=> �V2 = {2

�
@ �

b
+w� wf � 5{2,

2+wf � w� {2,> {2 � 3> w � wf1

Ohw G eh d grpdlq erxqghg e| wkh sodqh �Vf = {2 @ 3 dqg wkh vxuidfhv
�V�> �V2 orfdwhg lq wkh kdoi0vsdfh {2 A 31 Ohw V� @ CG_ �V�> l @ 3> 4> 51 Lw fdq
eh yhul�hg wkdw V�qi+3> 3> 3,j 5 F"> l @ 4> 51 Ehorz zh vkdoo dvvxph wkdw
d� 5 F2+ �G,> l @ 4> ===> 7/ dqg p @ 41

Iru htxdwlrq +4=4, zh vkdoo frqvlghu d pxowlglphqvlrqdo yhuvlrq ri wkh
Jrxuvdw sureohp irupxodwhg dv iroorzv= lq wkh grpdlq G �qg d vroxwlrq
x+{�> {2> w, ri htxdwlrq +4=4, vdwlvi|lqj wkh erxqgdu| frqglwlrq

xm7f�7� @ 3 = +514,

Lq d vlplodu pdqqhu zh irupxodwh wkh sureohp iru wkh htxdwlrq

OWy � y||� {62 y%�%� � y%2%2 � +d�y,%� � +d2y,%� � +d�y,|. dey @ I� +515,

lq wkh grpdlq xvlqj wkh erxqgdu| frqglwlrq

ym7f�72 @ 3 > +516,

zkhuh OW lv wkh irupdo frqmxjdwh rshudwru ri O1

�� 5L4i 6�?U|�L?@* 5T@Uit @?_ wi44@t

Ghqrwh e| H dqgHW wkh fodvvhv ri ixqfwlrqv iurp wkh vsdfh F2+ �G, vdwlvi|lqj
wkh erxqgdu| frqglwlrq +5=4, ru +5=6,/ uhvshfwlyho|1 Ohw Zn+Z

W

n, eh wkh

9:
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Kloehuw vsdfh zlwk zhljkw rewdlqhg e| wkh forvxuh ri wkh vsdfh H+HW, zlwk
uhvshfw wr wkh qrup

mmxmm2� @

]

(

^x2 . {62 x
2
%�

. x2%2 . x2| `gG=

Ghqrwh e| Z3+Z
W

3
, wkh vsdfh zlwk qhjdwlyh qrup frqvwuxfwhg zlwk uh0

vshfw wr O2+G, dqg Zn+Z
W

n, ^4`1 Vlqfh wkh fodvv ri ixqfwlrqv iurp wkh
vsdfh H+HW, ydqlvklqj lq vrph +rzq iru hyhu| ixqfwlrq, wkuhh0glphqvlrqdo
qhljkerukrrg ri wkh vhjphqw Lf = {� @ {2 @ 3> 3 � w � wf ri wkh d{lv w / lv
olnhzlvh ghqvh lq wkh vsdfh Zn+Z

W

n, ^43`/ ehorz dv H+HW, zh wdnh wkh fodvv
ri ixqfwlrqv srvvhvvlqj wklv surshuw|1

Lpsrvh rq wkh orzhu frh�flhqw d� lq htxdwlrq +4=4, wkh iroorzlqj uh0
vwulfwlrq

P @ vxs
7(

m{
3
6

2

2
d�+{�> {2> w,m ? .4= +614,

Ohppd 6141 Ohw frqglwlrq +6=4, eh ixo�oohg1 Wkhq iru hyhu| x 5 H> y 5
HW zh kdyh wkh lqhtxdolwlhv

mmOxmm` W

3

� f�mmxmm`n
> +615,

mmOWymm`3
� f2mmymm` W

n
> +616,

zkhuh wkh srvlwlyh frqvwdqwv f� dqg f2 gr qrw ghshqg rq x dqg y/ uhvshf0

wlyho|/ mm=mm`n
@ mm=mm`3

@ mm=mm�1
Surri1 Ohw q @ +��> �2> �f, eh wkh xqlw yhfwru ri wkh rxwhu CG qrupdo /

l1h1/ �� @ frv+q̂> {�,> �2 @ frv+q̂> {2,> �f @ frv+fq> w,1 Vlqfh iru wkh rshudwru O
wkh ghulydwlyh zlwk uhvshfw wr wkh frqrupdo C@CQ lv wkh lqwhuqdo gl�huhqwldo
rshudwru rq wkh fkdudfwhulvwlf vxuidfhv ri htxdwlrq +4=4,/ e| yluwxh ri +5=4,
dqg +5=6, zh �qg iru wkh ixqfwlrqv x 5 H dqg y 5 HW wkdw

Cx

CQ

�����
7�

@
Cy

CQ

�����
72

@ 3= +617,

E| wkh gh�qlwlrq ri d qhjdwlyh qrup/ iru x 5 H zlwk uhjdug wr htxdolwlhv
+5=4,> +5=6, dqg +6=7, zh kdyh

mmOxmm` W

3

@ vxs
�M` W

n

mmymm3�
` W

n
+Ox> y,u2E(� @ vxs

�M.W

mmymm3�
` W

n
+Ox> y,u2E(� @

@ vxs
�M.W
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` W

n

]
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ygv. vxs

�M.W

mmymm3�
` W

n

]
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^�x|y| . {62 x%�y%�.

9;
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.x%2y%2 . d�x%�y . d2x%2y . d�x|y . dexy`gG @ vxs
�M.W

mmymm3�
`
W

n

]
(

^�x|y|.

.{62 x%�y%� . x%2y%2 . d�x%�y . d2x%2y . d�x|y . dexy`gG= +618,

Lq ylhz ri +6=4, dqg wkh nqrzq lqhtxdolwlhv

m

]
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�ijgGm � +
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zh rewdlq
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]
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^�x|y| . {62 x%�y%� . x%2y%2 `gGm � m

]
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+x2| . {62 x
2
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. x2%2,gGm
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]
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+y2| . {62 y
2
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. y2%2,gGm
�

2 � mmxmm`n
mmymm` W

n
> +619,

m

]
(

^d�x%�y . d2x%2y . d�x|y . dexy`gGm � ^P+

]
(

{62 x
2
%�
gG,
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2.

.vxs
(

md2mmmx%2 mmu2E(� . vxs
(

md�mmmx|mmu2E(� . vxs
(

mdemmmxmmu2E(�`mmymmu2E(� �

� +P .
e[
�'2

vxs
(

md�m,mmxmm`n
mmymm` W

n
= +61:,

Lqhtxdolw| +6=5, iroorzv gluhfwo| iurp +6=8,� +6=:,1 Vlqfh wkh lqhtxdolw|
+6=6, lv suryhg dqdorjrxvo| / ohppd 614 lv wkhuhe| frpsohwho| suryhg1

Uhpdun 6141 E| yluwxh ri lqhtxdolw| +6=5, ++6=6,, wkh rshudwru O =
Zn $ Z W

3
+OW = Z W

n $ Z3, zlwk d ghqvh grpdlq ri gh�qlwlrq H+HW,
dgplwv d forvxuh ehlqj d frqwlqxrxv rshudwru iurp wkh vsdfh Zn+Z

W

n, wr wkh
vsdfh Z3+Z

W

3
,1 Uhwdlqlqj iru wklv rshudwru wkh suhylrxv qrwdwlrq O+OW,/

zh qrwh wkdw lw lv gh�qhg rq wkh zkroh Kloehuw vsdfh Zn+Z
W

n,1

Ohppd 6151 Sureohp +4=4,> +5=4, dqg +5=5,> +5=6, duh pxwxdoo| frqmx0

jdwh / l1h1/ wkh htxdolw|

+Ox> y, @ +x>OWy, +61;,

krogv iru dq| x 5Zn dqg y 5Z W

n1

9<
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Surri1 E| uhpdun 614 lw lv hqrxjk wr suryh htxdolw| +6=;, zkhq x 5 H
x y 5 HW1 Zh kdyh

+Ox> y, @ +Ox> y,u2E(� @

]
Y(

^y
Cx

CQ
� x

Cy

CQ
. +d��� . d2�2 . d��f,xy`gv.

.+x>OWy,u2E(�= +61<,

E| yluwxh ri +5=4,> +5=6, dqg +6=7, zh uhdglo| rewdlq htxdolw| +6=;, iurp
+6=<,/ zklfk suryhv ohppd 6151

e� � �h�Lh� ,t|�4@|�L?t @?_ �hLLu Lu |�i �@�? A�iLhi4

Frqvlghu wkh frqglwlrqv

$m72 � 3 > +�$ . $|,m( � 3> +714,

zkhuh wkh vhfrqg lqhtxdolw| lv ixo�oohg iru vx�flhqwo| odujh � / dqg $ @
d�%� . d2%2 . d�| � de1

Ohppd 7141 Ohw frqglwlrqv +6=4, dqg +7=4, eh ixo�oohg1 Wkhq iru dq|

x 5Zn zh kdyh wkh lqhtxdolw|

fmmxmmu2E(� � mmOxmm` W

3

> +715,

zkhuh wkh srvlwlyh frqvwdqw f grhv qrw ghshqg rq x1

Surri1 Ohw xv ghqrwh e|  wkh ruwkrjrqdo surmhfwlrq �G rq wkh sodqh
R%�%2 1 Wkhq / lw lv hdvlo| yhul�hg wkdw wkh frqlf fkdudfwhulvwlf vxuidfh V�
iurp +5=4, dgplwv wkh uhsuhvhqwdwlrq V� = w @ j�+{�> {2, 5 F"+qi+3> 3,j,/
zkhuh

j�+{�> {�, @ {2 .
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Dqdorjrxvo| zh kdyh V2 = w @ j2+{�> {2, 5 F"+qi+3> 3,j,/ zkhuh
j2+{�> {2, @ wf � j�+{�> {2,1

E| uhpdun 614 lw lv hqrxjk wr vkrz wkdw lqhtxdolw| +7=5, lv ixo�oohg zkhq
x 5 H1 Li x 5 H dqg wkxv ydqlvkhv lq vrph qhljkerukrrg ri wkh vhjphqw
Lf = {� @ {2 @ 3 > 3 � w � wf ri wkh d{lv w / wkhq rqh fdq hdvlo| yhuli| wkdw
wkh ixqfwlrq

y+{�> {2> w, @
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:3



. D Pxowlglphqwlrqdo Yhuvlrq ri wkh Iluvw111 DPL Yro18/ Qr14/ 5333

ehorqjv wr wkh vsdfh HW dqg wkh htxdolwlhv
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Vlqfh ym72 @ 3 / wkh judglhqw uy @ +y%� > y%2 > y|, lv sursruwlrqdo wr wkh
xqlw yhfwru ri wkh rxwhu wr V2 qrupdo / l1h1/ iru vrph � zh kdyh y%� @
���> y%2 @ ��2> y| @ ��f rq V21 Wkhuhiruh / uhfdoolqj wkdw wkh vxuidfh V2
lv fkdudfwhulvwlf/ zh rewdlq
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E| yluwxh ri +5=6,> +7=:, dqg +7=;, zh kdyh
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hb|+y2| . {62 y
2
%�

. y2%2,gG`
�

2 �

� �h3
�

2
b|f ^

]
(

hb|+y2| . {62 y
2
%�

. y2%2,gG`
�

2 > +7146,

zkhuh � @ �
2+��P � 6�, A 3 iru vx�flhqwo| odujh �/ dqg

h3
�

2
b|f @ +lqi

(

h3b|,
�

2 A 3 e| wkh vwuxfwxuh ri wkh grpdlqG=

Vlqfh ym72 @ 3 +xm7� @ 3,/ xvlqj wkh vwdqgdug dujxphqwv zh fdq hdvlo|
suryh wkh ydolglw| ri wkh lqhtxdolw|]

(

y2gG � ff

]
(

y2| gG +

]
(

x2gG � ff

]
(

x2|gG,

iru zklfk ff @ frqvw A 3 grhv qrw ghshqg rq y 5 HW+x 5 H,= Wkxv zh
frqfoxgh wkdw / lq wkh vsdfh Zn+Z

W

n, / wkh qrup

mmxmm2`nE` W

n
� @

]
(

+x2 . {62 x
2
%�

. x2%2 . x2| ,gG

lv htxlydohqw wr wkh qrup

mmxmm2 @

]
(

+x2| . {62 x
2
%�

. x2%2,gG= +7147,

Wkhuhiruh/ uhwdlqlqj iru qrup +7=47, wkh suhylrxv ghvljqdwlrq mmxmm`nE` W

n�

iurp +7=46, zh kdyh

+Ox> y,u2E(� � �h3
�

2
b|f mmxmmu2E(�mmymm` W

n
= +7148,

Li qrz zh dsso| wkh jhqhudol}hg Vfkzdu} lqhtxdolw|

+Ox> y, � mmOxmm` W

3

mmymm` W

n

:6



DPL Yro18/ Qr14/ 5333 V1 Nkdulehjdvkylol .

wr wkh ohiw0kdqg vlgh +7=48,/ wkhq diwhu uhgxflqj e| mmymm` W

n
zh jhw lqhtxdolw|

+7=5, lq zklfk f @ �h3
�

2
b|f @ frqvw A 31 Ohppd 714 lv wkhuhe| frpsohwho|

suryhg1

Frqvlghu wkh frqglwlrqv

dem72 � 3 > +�de � de|,m( � 3> +7149,

ri zklfk wkh vhfrqg rqh wdnhv sodfh iru vx�flhqwo| odujh �=

Ohppd 7151 Ohw frqglwlrqv +6=4, dqg +7=49, eh ixo�oohg 1 Wkhq iru dq|

y 5Z W

n wkh lqhtxdolw|

fmmymmu2E(� � mmOWymm`3
+714:,

lv ydolg iru vrph f @ frqvw A 3 lqghshqghqw ri y 5Z W

n1

Surri1 Mxvw dv lq ohppd 714 dqg ehfdxvh ri uhpdun 614 / lw vx�fhv wr
suryh wkh ydolglw| ri lqhtxdolw| +7=4:, iru y 5 HW1 Ohw y 5 HW dqg ohw xv
wdnh lqwr frqvlghudwlrq wkh ixqfwlrq

x+{�> {2> w, @

|]
}�E%�c%2�

hb�y+{�> {2> �,g�> � @ frqvw A 3>

zkhuh w @ j�+{�> {2, lv wkh htxdwlrq ri wkh fkdudfwhulvwlf vxuidfh V�1 Wkh
ixqfwlrq x+{�> {2> w, ehorqjv wr wkh vsdfh H dqg wkh htxdolwlhv

x|+{�> {2> w, @ hb|y+{�> {2> w,> y+{�> {2> w, @ h3b|x|+{�> {2> w, +714;,

krog1

E| yluwxh ri +5=4,> +5=6,> +6=7, dqg +7=4;,/ dqdorjrxvo| wr +7=7,�+7=<, zh
kdyh

+OWy> x,u2E(� @ �

]
(

hb|y|ygG .

]
(

h3b|^{62 x%�|x%� . x%2|x%2 `gG.

.

]
(

h3b|^d�x%� . d2x%2 . d�x| . dex`x|gG> +714<,

�

]
(

hb|y|ygG @ �
4

5

]
Y(

hb|y2�fgv.
4

5

]
(

hb|�y2gG @

@ �
4

5

]
7�

h3b|y2�fgv.
4

5

]
(

h3b|�x2|gG @
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@ �
4

5

]
7�

h3b|x2| �fgv.
4

5

]
(

h3b|�x2|gG > +7153,

]
(

h3b|^{62 x%�|x%� . x%2|x%2 `gG @
4

5

]
(

h3b|^{62 x
2
%�

. x2%2 `�fgv.

.
4

5

]
(

h3b|�^{62 x
2
%�

. x2%2 `gG> +7154,

+x2| � {62 x
2
%�
� x2%2 m7� @ 3 > +7155,

�
4

5

]
7�

h3b|x2| �fgv.
4

5

]
(

h3b|^{62 x
2
%�

. x2%2 `�fgv @ �
4

5

]
7�

h3b|x2| �fgv.

.
4

5

]
7�

h3b|^{62 x
2
%�

. x2%2 `�fgv.
4

5

]
72

h3b|^{62 x
2
%�

. x2%2 `�fgv �

�
4

5

]
7�

h3b|^x2| � {62 x
2
%�
� x2%2 `�fgv @ 3= +7156,

Lq ylhz ri +7=53,� +7=56, iurp +7=4<, zh �qg wkdw

+OWy> x,u2E(� �
�

5

]
(

h3b|^x2| . {62 x
2
%�

. x2%2 `gG .

]
(

h3b|dexx|gG�

�m

]
(

h3b|^d�x%� . d2x%2 . d�x|`x|gGm>

zkhqfh dv lq rewdlqhg lqhtxdolw| +7=5, iurp +7=43, lq ohppd 714/ zh duulyh
dw lqhtxdolw| +7=4:,1

Gh�qlwlrq1 Iru I 5 O2+G,+Z W

3
, wkh ixqfwlrq x zloo eh fdoohg d vwurqjo|

jhqhudol}hg vroxwlrq ri sureohp +4=4,> +5=4, iurp wkh fodvv Zn+O2, surylghg
wkdw x 5Zn+O2+G,, dqg wkhuh h{lvwv d vhtxhqfh ri ixqfwlrqv x? 5 Hf vxfk
wkdw x? $ x lq wkh vsdfh Zn+O2+G,, dqg Ox? $ I lq wkh vsdfh Z W

3
+Z W

3
,/

l1h1
olp
?<"

mmx? � xmm`n
@ olp

?<"
mmOx? �I mm` W

3

@ 3=

E| wkh uhvxowv ri ^4> ;> 43` Ohppdv 4� 7 jlyh ulvh wr wkh iroorzlqj wkhr0
uhp1

Wkhruhp1 Ohw frqglwlrqv +6=4,> +7=4, dqg +7=49, eh ixo�oohg1 Wkhq iru

dq| I 5 O2+G,+Z W

3
, wkhuh h{lvwv d xqltxh vwurqj jhqhudol}hg vroxwlrq x ri

sureohp +4=4,> +5=4, ri wkh fodvv Zn+O2, iru zklfk wkh hvwlpdwh

mmxmmu2E(� � fmmI mm` W

3
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zlwk wkh srvlwlyh frqvwdqw f lqghshqghqw ri I krogv1

Uhihuhqfhv

41 Ehuh}dqvnll \x1P1 H{sdqvlrq lq surshu ixqfwlrqv ri vhoi0frqmxjdwh rshudwruv1

Qdxnryd Gxpnd/ Nlhy/ 4<98 +lq uxvvldq,1

51 Elwvdg}h D1Y1Rq pl{hg w|sh htxdwlrqv rq wkuhh glphqvlrqdo grpdlqv1 Grno1

Dndg1 Qdxn VVVU 476+4<95,/ Qr18/ 434:0434<1 +lq uxvvldq,1

61 Kdgdpdug M1 Ohfwxuhv rq Fdxfk|*v sureohp lq sduwldo gl�huhqwldo htxdwlrqv1

Qhz Kdyhq= \doh Xqlyhuvlw| Suhvv/ 4<561

71 Ndophqry W1Vk1 Rq pxowlglphqvlrqdo uhjxodu erxqgdu| ydoxh sureohpv iru

wkh zdyh htxdwlrq1 L}y1 Dndg1 Qdxn Nd}dnk1 VVU1 Vhu1 Il}10Pdw1 4<;5/

Qr16/ 4;058+lq uxvvldq,1

81 Nkdulehjdvkylol V1 Rq vrph pxowlglphqvlrqdo yhuvlrqv ri d fkdudfwhulvwlf

sureohp iru vhfrqg rughu ghjhqhudwlqj k|shuerolf htxdwlrqv1 Jhrujldq Pdwk1

Mrxuq1 8+4<<;,/ Qr1 5/ 46<04891

91 Nkdulehjdvkylol V1 Rq wkh vroydelolw| ri d vsdwldo sureohp ri Gduerx{ w|sh

iru wkh zdyh htxdwlrq1 Jhrujldq Pdwk1 Mrxuq1 5+4<<8,/ Qr1 7/ 6;806<71

:1 Nkdulehjdvkylol V1 Wr wkh wkhru| ri erxqgdu| ydoxh sureohpv iru htxdwlrqv

dqg v|vwhpv ri k|shuerolf w|sh1 Php1 Gl�1 Htxdwlrqv Pdwk1 Sk|v1

45+4<<:,/ 9;0 :8 +frdxwkhu M1 Jyd}dyd,1

;1 Omdvknr L1L1/ Glghqnr Y1S1/ Wvlwulwvnll R1H1Qrlvh �owudwlrq1 Qdxnryd Gxpnd/

4<:<+lq uxvvldq,1

<1 Qdnkxvkhy D1P1 D pxowlglphqvlrqdo dqdorj| ri wkh Gduerx{ sureohp iru

k|shuerolf htxdwlrqv1 Grno1 Dndg1 Qdxn VVVU 4<7+4<:3,/ Qr14/ 64067 +lq

uxvvldq,1

431 Wulheho K1 Lqwhusrodwlrq wkhru|/ ixqfwlrq vsdfhv/ gl�huhqwldo rshudwruv1 YHE

Ghxwvfkhu Yhuodj ghu Zlvvhqvfkdiwhq/ Ehuolq/ 4<::1

441 Wrohq M1 Sureohph gh Fdxfk| vxu od ghx{ k|shuvxuidfhv fdudfwhulvwltxhv vh0

fdqwhv1 F1U1 Dfdg1 Vfl1 Sdulv Vhu1 D0E 5<4+4<;3,/ Qr1 4/ 7<0851
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