
Irxqgdwlrqv ri Prghuq Pdfurhfrqrplfv

Ehq M1 Khlmgud
Xqlyhuvlw| ri Jurqlqjhq

Dsulo 5335

Vroxwlrqv iru sureohpv wr Fkdswhu 48

Txhvwlrq 4

Sduw +d,

Lq wkh xqlw0hodvwlf prgho zh kdyh=

�f @ 4 vr wkdw � @ orjX +d,

��u @ 4 vr wkdw X @ F"� +4� O,�3"� +e,

�gu @ 4 vr wkdw | @ O"uN�3"u +e,

+D4,

Wkhuh duh wkxv rqo| wzr w|shv ri uhvxowv wr suryh/ qdpho| uhvxowv ri w|sh +d, dqg ri w|sh +e,1

Wr ghprqvwudwh Uhvxow +d,/ zh fdq xvh irrwqrwh 47 lq Fkdswhu 471 Jlyhq wkh gh�qlwlrq

ri � lq htxdwlrq +4,/ lw iroorzv wkdw erwk wkh qxphudwru dqg wkh ghqrplqdwru jr wr }hur dv

4@�f $ 41 Zh pxvw wkhuhiruh xvh O*K÷slwdo*v uxoh iru hydoxdwlqj olplwv ri wkh 3�3 w|sh1 Zh

�qg=

olp
�*jf<�

� @ olp
�*jf<�

�4�X�3�*jf orjX

�4
@ orjX= +D5,

Wr ghprqvwudwh Uhvxow +e, zh �uvw wdnh wkh orjdulwkp ri htxdwlrq +5,=

orjX @
orj ^��F

% . +4� ��,^4�O`%`

{
> +D6,

zkhuh { � +��u � 4,@��u1 Erwk wkh qxphudwru dqg wkh ghqrplqdwru lq +D6, jr wr }hur dv

{ $ 3 vr zh pxvw djdlq xvh O*K÷slwdo*v uxoh=

olp
%<f

orjX @ olp
%<f

��F
% orjF . +4� ��,^4� O`% orj+4� O,

��F% . +4� ��,^4� O`%

@ �� orjF . +4� ��, orj+4�O,> +D7,

zkhuh zh kdyh xvhg wkh idfw wkdw olp%<fF
% @ olp%<f+4 � O,% @ 4 wr jhw iurp wkh �uvw wr

wkh vhfrqg olqh ri +D7,1 Lw iroorzv iurp +D7, wkdw X @ F"� +4� O,�3"� 1

4
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Sduw +e,

Dffruglqj wr wkh klqw/ jlyhq lq htxdwlrq +9,/ zh fdq zulwh X+�, @ [+�,@SL +�,1 E| xvlqj wklv

uhvxow/ wkh rswlpl}dwlrq sureohp iru wkh krxvhkrog lq vwdjh 4 lv wr fkrrvh sdwkv iru [+�, dqg

D+�, vxfk wkdw=

�+w, @

]
"

|

%
+[+�,@SL +�,,

�3�*jf � 4

4� 4@�f

&
h4E|3��g�> +D8,

lv pd{lpl}hg vxemhfw wr wkh krxvhkrog exgjhw lghqwlw|=

bD+�, @ u+�,D+�, .Z +�,� W +�,�[+�,> +D9,

dqg wkh QSJ frqglwlrq +4818,1 Wkh krxvhkrog wdnhv dv jlyhq lwv lqlwldo ohyho ri �qdqfldo

dvvhwv/ D+w,1 Qrwh wkdw +D9, lv rewdlqhg iurp +4816, lq wkh errn e| xvlqj wkh gh�qlwlrq ri

ixoo frqvxpswlrq jlyhq lq htxdwlrq +9,1

Wkh fxuuhqw0ydoxh Kdplowrqldq iru wklv rswlpl}dwlrq sureohp lv=

K � +[+�,@SL +�,,
�3�*jf � 4

4� 4@�f
. �+�,

k
u+�,D+�, .Z +�,� W +�,�[+�,

l
>

zkhuh �+�, lv wkh fr0vwdwh yduldeoh/ D+�, lv wkh vwdwh yduldeoh/ dqg[+�, lv wkh frqwuro yduldeoh1

Wkh �uvw0rughu frqglwlrqv duh CK@C[ @ 3 dqg �CK@CD @ b�� ��/ ru=�
[+�,

SL+�,

�
3�*jf 4

SL +�,
@ �+�,> +D:,

�u+�,�+�, @ b�+�,� ��+�,= +D;,

Frpelqlqj wkhvh �uvw0rughu frqglwlrqv |lhogv=

b�+�,

�+�,
@ � 4

�f

#
b[+�,

[+�,
�

bSL +�,

SL +�,

$
�

bSL +�,

SL +�,
@ �� u+�, ,

b[+�,

[+�,
�

bSL +�,

SL +�,
. �f

bSL+�,

SL+�,
@ �f ^u+�,� �` ,

b[+�,

[+�,
@ �f ^u+�,� �` . +4� �f,

bSL +�,

SL +�,
= +D<,

Htxdwlrq +D<, frlqflghv zlwk wkh h{suhvvlrq lq +7,1 Zh pxvw qrz yhuli| wkdw +8, lv wkh fruuhfw

h{suhvvlrq iru wkh wuxh frvw0ri0olylqj lqgh{1 Zh gr vr e| vroylqj vwdjh 5 ri wkh rswlpl}dwlrq

surfhgxuh1

Lq vwdjh 5/ wkh krxvhkrog pd{lpl}hv vxeiholflw|/ X / vxemhfw wr wkh frqvwudlqw [ @ F .

Z +4� O,/ zlwk [ jlyhq1 Wkh Odjudqjldq h{suhvvlrq lv=

O �
k
��F+�,Ej�u3��*j�u . +4� ��,^4� O+�,`Ej�u3��*j�u

lj�u*Ej�u3��
.� ^[ �F �Z +4�O,` > +D43,
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zkhuh � lv wkh Odjudqjh pxowlsolhu1 Wkh �uvw0rughu frqglwlrqv duh wkh frqvwudlqw dv zhoo dv

CO@CF @ CO@C+4� O, @ 31 Lw iroorzv iurp wkh odwwhu wzr frqglwlrqv wkdw=

^�`j�u*Ej�u3��3� ��FEj�u3��*j�u3� @ �> +D44,

^�`j�u*Ej�u3��3� +4� ��,+4� O,Ej�u3��*j�u3� @ �Z> +D45,

zkhuh ^�` lv wkh whup lq vtxduh eudfnhwv lq htxdwlrq +5,1 E| glylglqj +D45, e| +D44, zh rewdlq

wkh h{suhvvlrq iru wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg frqvxpswlrq=

+4� ��,+4�O,3�*j�u

��F3�*j�u
@ Z= +D46,

Zh fdq xvh +D46, dqg wkh frqvwudlqw wr h{suhvv F dqg 4 � O lq whupv ri [/ Z / dqg wkh

sdudphwhuv1 Zh vkrz d ihz vwhsv khuh=

�
��Z

4� ��

�j�u
+4� O, .Z +4� O, @ [ ,

Z +4�O,
�
4 . �j�u� +4� ��,

3j�uZj�u3�
�

@ [ ,
+4� ��,

3j�uZj�u3�Z +4� O,
�
�j�u� . +4� ��,

j�uZ �3j�u
�

@ [ ,
Z +4� O, @ +4� ff,[> +D47,

zkhuh 4� ff lv wkh ixoo frqvxpswlrq vkduh ri vshqglqj rq ohlvxuh1 Lw lv gh�qhg dv=

4� ff @
+4� ��,

j�uZ �3j�u�
�j�u� . +4� ��,j�uZ �3j�u

� = +D48,

Vlploduo|/ zh fdq zulwh F @ ff[/ zkhuh ff lv gh�qhg dv=

ff @
�j�u��

�j�u� . +4� ��,j�uZ �3j�u
� = +D49,

Zh fdq qrz uhodwh X dqg [ dqg ghulyh wkh h{suhvvlrq iru SL 1 Zh �qg=

X @
k
��F

Ej�u3��*j�u . +4� ��,^4� O`Ej�u3��*j�u
lj�u*Ej�u3��

@

%
�� +ff[,Ej�u3��*j�u . +4� ��,

�
+4� ff,[

Z

�Ej�u3��*j�u
&j�u*Ej�u3��

@ [

%
��f

Ej�u3��*j�u
f . +4� ��,

�
4� ff
Z

�Ej�u3��*j�u
&j�u*Ej�u3��

= +D4:,

E| xvlqj wkh h{suhvvlrqv iru ff dqg 4� ff / wkh frpsolfdwhg whup lq vtxduh eudfnhwv rq wkh
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uljkw0kdqg vlgh ri +D4:, fdq eh vlpsol�hg=

^�` @ ��

%
�j�u��

�j�u� . +4� ��,j�uZ �3j�u
�
&Ej�u3��*j�u

.+4� ��,

%
+4� ��,

j�uZ �3j�u�
�j�u� . +4� ��,j�uZ �3j�u

� 4

Z

&Ej�u3��*j�u

@
�j�u� . +4� ��,

j�uZ �3j�u�
�j�u� . +4� ��,j�uZ �3j�u

�Ej�u3��*j�u
@

�
�j�u� . +4� ��,

j�uZ �3j�u
��*j�u = +D4;,

E| xvlqj +D4;, lq +D4:, zh rewdlq=

X @
[�

�j�u� . +4� ��,j�uZ �3j�u
��3j�u @

[

SL
> +D4<,

zkhuh SL lv wkxv=

SL � �
�j�u� . +4� ��,

j�uZ �3j�u
��3j�u = +D53,

Wklv h{suhvvlrq frlqflghv zlwk wkh vhfrqg olqh lq +8,1 Wr rewdlq wkh �uvw olqh lq +8, zh fdq

ohw ��u $ 4 lq +D53,1 Wklv olplw fdq djdlq eh ghwhuplqhg e| xvlqj O*K÷slwdo*v uxoh1

Sduw +f,

Ilup ehkdylrxu lv vwloo fkdudfwhul}hg e| wkh xvxdo uhqwdo h{suhvvlrqv vwdwhg lq +48148,1 E|

xvlqj htxdwlrq +6,/ zh �qg wkdw wkh pdujlqdo surgxfw ri oderxu fdq eh zulwwhq dv iroorzv=

CI

CO
@

k
�uO

Ejgu3��*jgu . +4� �u,N
Ejgu3��*jgu

ljgu*Ejgu3��3�
�uO

3�*jgu

@
k
\ Ejgu3��*jgu

l�*Ejgu3��
�uO

3�*jgu

@ �u

�
\

O

��*jgu

= +D54,

Vlploduo|/ zh fdq zulwh wkh pdujlqdo surgxfw ri fdslwdo dv=

CI

CN
@

k
�uO

Ejgu3��*jgu . +4� �u,N
Ejgu3��*jgu

ljgu*Ejgu3��3�
+4� �u,N

3�*jgu

@
k
\ Ejgu3��*jgu

l�*Ejgu3��
+4� �u,N

3�*jgu

@ +4� �u,

�
\

N

��*jgu

= +D55,

Lqwxlwlyho|/ �gu phdvxuhv krz hdv| lw lv wr vxevwlwxwh wkh surgxfwlrq idfwruv iru hdfk rwkhu1

E| xvlqj +D54,0+D55, lq +48148, zh �qg wkh ghpdqg ixqfwlrqv iru fdslwdo dqg oderxu=

N

\
@

�
u. �

4� �u

�
3jgu

>
O

\
@

�
Z

4� �u

�
3jgu

= +D56,
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Li �gu lv yhu| kljk wkhq wkh ghpdqg ixqfwlrqv duh yhu| vhqvlwlyh wr fkdqjhv lq idfwru sulfhv/

l1h1 wkh| duh yhu|  dw1 Wklv lv ehfdxvh vxevwlwxwlrq lv yhu| hdv| lq wkdw fdvh1 Frqyhuvho|/ li

�gu lv forvh wr }hur/ wkhq wkh ghpdqg ixqfwlrqv duh udwkhu lqvhqvlwlyh wr fkdqjhv lq idfwruv

sulfhv/ l1h1 wkh| duh yhu| vwhhs1 Lqwxlwlyho|/ wklv lv ehfdxvh vxevwlwxwlrq lv yhu| gl!fxow lq wkdw

fdvh dqg wkh surgxfwlrq ixqfwlrq ihdwxuhv qhduo| frqvwdqw lqsxw frh!flhqwv/ l1h1 lw lv forvh wr

d Ohrqwlhi surgxfwlrq ixqfwlrq +dqg wkh lvrtxdqwv duh forvh wr O0vkdshg,1

Sduw +g,

Wkh juhdw udwlrv duh ghwhuplqhg dv iroorzv1 Lq wkh vwhdg| vwdwh zh kdyh b[ @ 3/ bN @ 3

+dqg bSL @ 3, vr wkdw lw iroorzv iurp +7, wkdw u @ � dqg iurp +48147, wkdw L @ �N1 Vlqfh

u. � @ +4� �u, +\@N,�*jgu lw iroorzv wkdw \@N lv frqvwdqw1 Khqfh/ L@\ dqg +e| wkh FUWV

surgxfwlrq ixqfwlrq, N@O duh dovr frqvwdqw1 Vlqfh Iu ghshqgv rq wkh N@O udwlr/ lw dqg wkh

uhdo zdjh duh erwk frqvwdqwv1 E| +D46, zh �qg wkdw F@+4� O, lv dovr frqvwdqw1

Sduw +h,

Wkh orqj0uxq pxowlsolhu fdq eh frpsxwhg e| qrwlqj wkdw wkh vxsso| vlgh ri wkh prgho �{hv

wkh juhdw udwlrv1 Htxdwlrqv +4814;,0+4814<, duh doo vwloo ydolg vr wkh pxowlsolhu lv vwloo dv jlyhq

lq +48153,1 Wkh lqwhuwhpsrudo vxevwlwxwlrq hodvwlflw| grhv qrw d�hfw wkh juhdw udwlrv dw doo

ehfdxvh wkhvh duh �{hg e| wkh vxsso| vlgh ri wkh prgho1 Lw grhv/ krzhyhu/ d�hfw wkh wudqvlwlrq

sdwk wrzdugv wkh vwhdg| vwdwh1

Txhvwlrq 5

Sduw +d,

Wkh uhsuhvhqwdwlyh krxvhkrog pdnhv wkh frqvxpswlrq dqg dffxpxodwlrq ghflvlrqv1 Qrwh wkdw

+8, fdq eh uhzulwwhq lq d pruh frqyhqwlrqdo irup dv=

F� . L�� . LM� @ Z�O� .Ug
� N�

� � W� > +D4,

zkhuh L�� � N�
�n� � +4� �� ,N�

� dqg LM� � NM
�n� � +4� �M,N

M
� uhsuhvhqw jurvv lqyhvwphqw

lq/ uhvshfwlyho|/ exvlqhvv dqg krph fdslwdo1 Htxdwlrq +D4, lv wkxv d jhqhudol}hg yhuvlrq ri

htxdwlrq +48194, lq wkh errn1 Vlqfh zh duh dgglqj xs wkh gl�huhqw w|shv ri fdslwdo lq +8, dqg

lq +D4,/ zh lpsolflwo| dvvxph wkdw wkh wzr w|shv ri fdslwdo duh shuihfw vxevwlwxwhv dv idu dv

wkh krxvhkrog*v lqyhvwphqw ghflvlrq lv frqfhuqhg1

Sduw +e,

Wkh krxvhkrog fkrrvhv vhtxhqfhv iF�j"| / iF�
� j"| / iFM

� j"| / iO�j"| / iO�� j"| / iOM� j"| / iNM
�n�j"| /

dqg iN�
�n�j"| lq rughu wr pd{lpl}h +4, vxemhfw wr wkh frqvwudlqwv dqg gh�qlwlrqv +5,0+8,/ wdn0

lqj dv jlyhq wkh lqlwldo vwrfn ri wrwdo fdslwdo/ N�
| .NM

| 1 Lw lv wkxv dvvxphg wkdw krxvhkrog
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fdslwdo fdq frvwohvvo| dqg lqvwdqwdqhrxvo| eh wxuqhg lqwr exvlqhvv fdslwdo dqg ylfh yhuvd1 Wkh

Odjudqjldq h{suhvvlrq iru wklv sureohp lv=

OM| � H|

"[
�'|

�
4

4 . �

��3| �
�� orjF� . +4� ��, orj^4� O�� � OM� `

���
�
N�
�n� .NM

�n� .F�
� �Z�O

�
� � +Ug

� . 4� �� ,N�
� � +4� �M,N

M
�

�
���

�
F� �

k
�M

�
FM
�

�Ej3��*j
. +4� �M,

�
F�
�

�Ej3��*jlj*Ej3���

��|
�
FM
� � ]M

�

�
OM�

�#u �NM
�

��3#u��> +D5,

zkhuh zh kdyh vxevwlwxwhg wkh wlph frqvwudlqw +6, lqwr wkh iholflw| ixqfwlrq1 Wkh Odjudqjh

pxowlsolhuv duh ghqrwhg e| �� / �� / dqg �� dqg wkh +lqwhuhvwlqj, �uvw0rughu frqglwlrqv duh=

COM|
CF�

@

�
4

4 . �

��3|
H|

�
��
F�

� ��

�
@ 3> +D6,

COM|
CO��

@ �
�

4

4 . �

��3|
H|

�
4� ��
4� O�

� ��Z�

�
@ 3> +D7,

COM|
COM�

@ �
�

4

4 . �

��3|
H|

�
4� ��
4� O�

� �� aZ�

�
@ 3> +D8,

COM|
CF�

�

@

�
4

4 . �

��3|
H|

%
�� +4� �M,

�
F�
F�
�

��*j

� ��

&
@ 3> +D9,

COM|
CFM

�

@

�
4

4 . �

��3|
H|

%
�� �M

�
F�
FM
�

��*j

� ��

&
@ 3> +D:,

COM|
CN�

�n�

@

�
4

4 . �

��3|
H|

%
��� . ��n�

#
Ug
�n� . 4� ��

4 . �

$&
@ 3> +D;,

COM|
CNM

�n�

@

�
4

4 . �

��3|
H|

%
��� . ��n�

#
+��n�@��n�, aUg

�n� . 4� �M
4 . �

$&
@ 3> +D<,

zkhuh aZ� lv wkh lpsxwhg krph zdjh/ l1h1 wkh pdujlqdo surgxfw ri zrunlqj dw krph +surgxflqj

krph jrrgv,=

aZ� � �u]
M
�

�
OM�

�#u3� �NM
�

��3#u @ �u

�
FM
�

OM�

�
> +D43,

dqg aUg
� lv wkh lpsxwhg uhqwdo fkdujh rq krph fdslwdo/ zklfk lv gh�qhg dv=

aUg
� � +4� �u,]

M
�

�
OM�

�#u �NM
�

�
3#u @ +4� �u,

�
FM
�

NM
�

�
= +D44,

Iru wkh sodqqlqj shulrg/ � @ w/ zh fdq vlpsoli| wkhvh �uvw0rughu frqglwlrqv lqwr d qxpehu

ri vwdwlf frqglwlrqv dqg d g|qdplf frqglwlrq1 E| xvlqj +D7,0+D8, zh �qg=

�| � �|
�|

@
Z|

aZ|

> +D45,
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zkhuh �| lv wkh uhodwlyh sulfh ri krph jrrgv1 Dffruglqj wr +D45,/ oderxu pxvw eh doorfdwhg

dfurvv wkh wzr dfwlylwlhv vxfk wkdw lw |lhogv wkh vdph uhdo +lpsxwhg, zdjh1 E| vxevwlwxwlqj

+D6,0+D7, lqwr +D9, zh �qg=

�| @
��+4� �M,

F|

�
F|
F�
|

��*j

@
4� ��
4� O|

4

Z|
,

Z| @
+4� ��,@+4� O|,

^��@F|` +4� �M,
�
F|@F�

|

��*j > +D46,

l1h1 wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg frqvxpswlrq ri wkh krph jrrg pxvw

eh htxdwhg wr wkh zdjh udwh1 Vlploduo|/ e| xvlqj +D6, dqg +D8, lq +D:, zh �qg=

�| � �|�| @
���M
F|

�
F|
FM
|

��*j

@
4� ��
4� O|

4

aZ|

,

aZ| � Z|

�|
@

+4� ��,@+4� O|,

^��@F|` �M
�
F|@FM

|

��*j = +D47,

Djdlq/ wkh rswlpdolw| frqglwlrq fdoov iru dq htxdol}dwlrq ri wkh pdujlqdo udwh ri vxevwlwxwlrq

ehwzhhq ohlvxuh dqg krph frqvxpswlrq zlwk wkh uhohydqw zdjh udwh/ aZ|1 Htxdwlrqv +D46,0

+D47, ghwhuplqh wkh rswlpdo glylvlrq ehwzhhq krph frqvxpswlrq dqg frqvxpswlrq ri pdunhw

jrrgv dv d ixqfwlrq ri wkh uhodwlyh sulfh/ �|1

Qh{w zh xvh +D9,0+D:, wr ghgxfh d uhodwlrqvkls ehwzhhq �| dqg �|1 Htxdwlrqv +D9,0+D:,

lpso|=

F�
| @

�
�|+4� �M,

�|

�j
F|> FM

| @

�
�|�M
�|�|

�j
F|> +D48,

zkhuh �| lv gh�qhg lq +D45, deryh1 E| vxevwlwxwlqj wkhvh h{suhvvlrqv lqwr htxdwlrq +5, zh

�qg=

F
Ej3��*j
| @ �M

��
�|�M
�|�|

�j
F|

�Ej3��*j
. +4� �M,
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zkhuh S +�|, lv wkh wuxh sulfh lqgh{ ri frpsrvlwh frqvxpswlrq1 Vlqfh +D9,0+D:, duh hvvhqwldoo|

vwdwlf ghflvlrqv/ +D49, krogv qrw rqo| iru shulrg w exw dovr iru doo rwkhu shulrgv/ l1h1 ��@�� @

S +�� ,1 Qrwh wkdw +D6,0+D7, lq frpelqdwlrq zlwk +D49, lpso|=

+4� ��,@+4� O� ,
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S +�� ,
= +D4:,

Wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg frpsrvlwh frqvxpswlrq lv htxdwhg wr

wkh uhdo zdjh udwh/ xvlqj wkh wuxh sulfh lqgh{ iru frpsrvlwh frqvxpswlrq dv wkh gh dwru1

Htxdwlrq +D4:, lq wkh frxqwhusduw wr +48199, lq wkh errn1



; Khlmgud dqg ydq ghu Sorhj= Irxqgdwlrqv ri Prghuq Pdfurhfrqrplfv

Htxdwlrqv +D;,0+D<, vwdwh wkdw wkh wzr fdslwdo vwrfnv vkrxog |lhog wkh vdph h{ dqwh udwh

ri uhwxuq1 Iru shulrg w zh �qg iurp +D;,0+D<,=
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zkhuh u|n� � Ug
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|n� � �� 1 E| xvlqj +D6, dqg +D49, zh �qg wkdw

+D4;, fdq eh uhzulwwhq dv=
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Htxdwlrq +D4<, lv wkh frxqwhusduw wr +4819:, lq wkh errn1 Ri frxuvh/ vlqfh fdslwdo lv shuihfwo|

preloh dfurvv dfwlylwlhv/ h{ srvw udwhv ri uhwxuq zloo dovr htxdol}h/ l1h1 u� @ au� iru doo � 1

Sduw +f,

Wkh uhsuhvhqwdwlyh �up pdnhv d vwdwlf ghflvlrq uhjduglqj rxwsxw dqg lqsxw ghpdqgv1 Lq

shulrg � / wkh uhdol}dwlrq ri wkh whfkqrorj| vkrfn/ ]� lv nqrzq dqg wkh �up pd{lpl}hv ��

vxemhfw wr wkh whfkqrorj| +9,1 Wkh �uvw0rughu frqglwlrqv duh=
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Ehfdxvh wkh whfkqrorj| ihdwxuhv FUWV h{fhvv sur�w lv }hur +�� @ 3 iru doo �,1

Sduw +g,

Lpsolflw lq wkh irupxodwlrq ri wkh iholflw| ixqfwlrq lv wkh qrwlrq wkdw wkh krxvhkrog ghulyhv

glvxwlolw| iurp lwv wrwdo zrun h�ruw/ O�� . OM� / uhjdugohvv ri zkhuh wkh zrun wdnhv sodfh1 Lw

iroorzv wkdw O�� dqg OM� duh shuihfw vxevwlwxwhv wr wkh krxvhkrog1 Iroorzlqj Ehqkdele hw do1

+4<<4/ s1 44:4, zh fdq fkdqjh wklv dvshfw ri wkh prgho e| dgrswlqj wkh iroorzlqj iholflw|

ixqfwlrq=
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zlwk 3 ? �� ? 4 dqg 3 � �u ? 4 � �u1 Zlwk wklv irupxodwlrq/ wkh pdujlqdo glvxwlolw| ri

zrunlqj dw krph ru lq wkh pdunhw duh=
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Surylghg �u lv vwulfwo| srvlwlyh/ zrunlqj lq wkh pdunhw vhfwru lv suhihuuhg wr zrunlqj durxqg

wkh krxvh1 +Qrwh wkdw wkh vljq uhvwulfwlrq rq �u hqvxuhv wkdw �CX�@CO
�
� uhpdlqv srvlwlyh1,



Vroxwlrqv iru sureohpv wr Fkdswhu 48 <

Uhihuhqfhv

Ehqkdele/ M1/ Urjhuvrq/ U1/ dqg Zuljkw/ U1 +4<<4,1 Krphzrun lq pdfurhfrqrplfv= Krxvhkrog

surgxfwlrq dqg djjuhjdwh  xfwxdwlrqv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <<=4499�44;:1


