
Jurxs Dfwlrqv/ R0Jurxsv/ dqg wkh V|orz Wkhruhpv

Sdwulfn M1 Prudqgl

Vhswhpehu 4;/ 4<<;

Lq wklv qrwh zh lqwurgxfh wkh qrwlrq ri d jurxs dfwlrq rq d vhw dqg xvh lw wr suryh

d qxpehu ri wkhruhpv derxw R0jurxsv dqg wkh V|orz wkhruhpv1 Iru xqgh�qhg whupv vhh

dq| ghfhqw errn rq jurxs wkhru|1 Wkh wkhru| ri R0jurxsv dqg wkh V|orz wkhruhpv kdyh d

qxpehu ri dssolfdwlrqv lq Jdorlv wkhru|1 Wkh qlfh vwuxfwxuh ri R0jurxsv zloo wudqvodwh yld

wkh ixqgdphqwdo wkhruhp ri Jdorlv wkhru| wr qlfh vwuxfwxuh ri Jdorlv h{whqvlrqv ri ghjuhh d

srzhu ri d sulph1 Wkh �uvw dssolfdwlrq ri wkh V|orz wkhruhpv wr Jdorlv wkhru| zh zloo vh

zloo eh wr jlyh dq dojheudlf surri wkdw F lv dojheudlfdoo| forvhg1

4 Jurxs Dfwlrqv

Gh�qlwlrq 4 Ohw C eh d jurxs dqg 7 d qrqhpsw| vhw1 Wkhq C lv vdlg wr dfw rq 7 li wkhuh lv

dq rshudwlrq C�7 $ 7 +xvxdoo| ghqrwhg e| E}c r� :$ }r, vxfk wkdw er ' r dqg E}��r ' }E�r�

iru doo r 5 7 dqg }/ � 5 C1

Qrwh wkdw li }r ' | wkhq }3�| ' r vlqfh }3�| ' }3�E}r� ' E}3�}�r ' er ' r1

LiC dfwv rq 7 dqg
S

7 lv wkh jurxs ri doo shupxwdwlrqv ri 7 wkhq wkhuh lv d krprprusklvp

� C $ S
7 jlyhq e| �E}�Er� ' }r1 Wkxv �E}� lv wkh shupxwdwlrq wkdw vhqgv r wr }r1 Wklv

lv d krprprusklvp ehfdxvh iru doo r 5 7 zh kdyh �E}� � �E��Er� ' �E}�E�E��Er�� ' }E�r� '

E}��r ' �E}��Er�1 Wkxv �E}�� ' �E}� � �E��1 Frqyhuvho|/ li 7 lv d vhw dqg � C $ S
7 lv d

krprprusklvp wkhq zh fdq gh�qh dq dfwlrq ri C rq 7 e| }r ' � E}�Er�1 Wkxv wkh h{lvwhqfh

ri d krprprusklvp iurp C wr
S

7 lv htxlydohqw wr kdylqj dq dfwlrq ri C rq 71

Khuh duh vrph h{dpsohv ri jurxs dfwlrqv1

H{dpsoh 5 7? dfwv rq i�c 2c � � � c ?j e| Ejc �� :$ j1

H{dpsoh 6 Li C lv d jurxs wkhq C dfwv rq lwvhoi e| ohiw wudqvodwlrq= E}c r� :$ }r1

H{dpsoh 7 Li M lv d vxejurxs ri C dqg 7 wkh vhw ri ohiw frvhwv ri M lq C wkhq C dfwv rq

7 e| ohiw wudqvodwlrq= E}c %M� :$ }%M1
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H{dpsoh 8 Li C lv d jurxs wkhq C dfwv rq lwvhoi e| frqmxjdwlrq= E}c r� :$ }r}3�1

H{dpsoh 9 Ohw C eh d �qlwh jurxs dqg 7 wkh vhw ri doo vxevhwv ri C ri fduglqdolw| ?1 Wkhq

C dfwv rq 7 e| E}cf� :$ }f/ zkhuh }f ' i }% m% 5 f j iru f � C zlwk mfm ' ?1

Li C dfwv rq d vhw 7/ ohw � G C $ S
7 eh wkh fruuhvsrqglqj krprprusklvp1 Wkhq wkh

nhuqho g ri � lv jlyhq e| g ' i } 5 C m }r ' r iru doo r 5 7 j1 Lq H{dpsoh 6 zh vhh wkdw

g ' i } 5 C m }� ' � iru doo � 5 C j ' Ee�1

Sursrvlwlrq : +Fd|oh|, Hyhu| jurxs C lv lvrprusklf wr d vxejurxs ri
S

7 iru vrph vhw

71

Surri1 Li C dfwv rq lwvhoi e| ohiw pxowlsolfdwlrq/ ohw � eh wkh fruuhvsrqglqj krprprusklvp

iurp C wr
S

C1 Dv qrwhg deryh wkh nhuqho ri wklv krprprusklvp lv Ee�/ vr � lv �� �1 Wkxv

C lv lvrprusklf wr �EC�/ d vxejurxs ri
S

C1 Lq sduwlfxodu/ li mCm ' ? wkhq C lv lvrprusklf

wr d vxejurxs ri 7? �'
S

C1 �

Gh�qlwlrq ; Ohw C dfw rq 71 Iru dq| r 5 7 ohw REr� ' i | 5 7 m | ' }r iru vrph } 5 C j1
Wkh vhw REr� lv fdoohg wkh ruelw ri r1

Sursrvlwlrq < Li C dfwv rq 7 wkhq wkh uhodwlrq � gh�qhg e| r � | li | ' }r iru vrph } 5 C

lv dq htxlydohqfh uhodwlrq rq 7 dqg wkh htxlydohqfh fodvv ri r lv REr�1

Gh�qlwlrq 43 Li C dfwv rq 7/ iru r 5 7 ohw CEr� ' i } 5 C m }r ' r j1
Qrwh wkdw CEr� lv d vxejurxs ri C/ zklfk lv fdoohg wkh vwdelol}hu jurxs ri r1

Wkhruhp 44 Iru dq| r 5 7/ mREr�m ' mC G CEr�m1

Surri1 Li }/ � 5 C wkhq }r ' �r l� �3�}r ' r l� �3�} 5 CEr� l� }CEr� ' �CEr�1 Wkxv wkh

frvhwv ri CEr� lq C duh lq �� � fruuhvsrqghqfh zlwk wkh hohphqwv ri REr� e| }r#$ }CEr�1

Wkxv mREr�m ' mC G CEr�m1 �
Ohw C dfw rq lwvhoi e| frqmxjdwlrq1 Iru r 5 C zh kdyh REr� ' i }r}3� m } 5 C j/ wkh

frqmxjdf| fodvv ri r1 Wkh vwdelol}hu jurxs CEr� lv wkh vhw CEr� ' i } 5 C m }r}3� ' r j '

i } 5 C m }r ' r} j ' �Er�/ wkh fhqwudol}hu ri r lqC1 Wkxv zh kdyh mREr�m ' mC G �Er�m/ vr liC
lv d �qlwh jurxs zh jhw mREr�m ' mCm*m�Er�m1 Wkh nhuqho ri wkh fruuhvsrqglqj krprprusklvp

C$S
C lv i } 5 C m }r}3� ' r iru doo r 5 C j ' ~EC�/ wkh fhqwhu ri C1

Gh�qlwlrq 45 Li C dfwv rq 7 wkhq r 5 7 lv C0vwdeoh li REr� ' irj/ wkdw lv/ li }r ' r iru

doo } 5 C1
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Wkxv li C dfwv rq lwvhoi e| frqmxjdwlrq wkh C0vwdeoh hohphqwv duh suhflvho| wkh hohphqwv

ri ~EC�1

Sursrvlwlrq 46 Ohw C eh d �qlwh jurxs1 Ohw @�c � � � c @? eh hohphqwv zkrvh frqmxjdf| fodvvhv

duh wkh glvwlqfw frqmxjdf| fodvvhv frqwdlqlqj pruh wkdq rqh hohphqw1 Wkhq mCm ' m~EC�m n
S mC G �E@��m1

Surri1 Wkh frqmxjdf| fodvvhv irup d sduwlwlrq ri C dqg ~EC� frqvlvwv ri wkrvh hohphqwv

zkrvh frqmxjdf| fodvvhv frqwdlq rqo| wkhpvhoyhv1 Wkxv zh kdyh mCm ' m~EC�mnS mRE@��m '
m~EC�mnS mC G �E@��m1 �

Wklv htxdwlrq lv fdoohg wkh fodvv htxdwlrq iru C1

5 R0Jurxsv

Gh�qlwlrq 47 D �qlwh jurxs C lv d R0jurxs li mCm ' R? iru vrph sulph R1

Ohppd 48 Ohw C eh d R0jurxs wkdw dfwv rq d �qlwh vhw 71 Li f lv wkh vhw ri C0vwdeoh

hohphqwv ri 7 wkhq m7m � mfm4L_ R1

Surri1 Ohw r�c � � � c r? eh uhsuhvhqwdwlyhv ri wkh glvmrlqw ruelwv xqghu C frqwdlqlqj pruh

wkdq rqh hohphqw1 Wkhq 7 lv wkh glvmrlqw xqlrq 7 ' f ^ REr�� ^ � � � ^ REr?�/ dqg vr

m7m ' mfm nS mREr��m1 Exw mREr��m ' mC G CEr��m : �/ vr vlqfh C lv d R0jurxs/ R glylghv

mC G CEr��m1 Wkxv m7m � mfm4L_ R1 �

Sursrvlwlrq 49 Li C lv d R0jurxs wkhq m~EC�m : �1

Surri1 Li C dfwv rq lwvhoi e| frqmxjdwlrq wkhq ~EC� lv wkh vhw ri C0vwdeoh hohphqwv1 Wkxv

e| Ohppd 48 zh kdyh mCm � m~EC�m4L_ R1 Exw R glylghv mCm/ vr R glylghv m~EC�m/ khqfh
m~EC�m : �1 �

Fruroodu| 4: Li mCm ' R2 wkhq C lv deholdq1

Surri1 Zh kdyh mCm ' m~EC�mnS mC G �E@��m/ zkhuh wkh @� duh uhsuhvhqwdwlyhv ri frqmxjdf|
fodvvhv frqwdlqlqj pruh wkdq rqh hohphqw1 E| Sursrvlwlrq 49 zh kdyh m~EC�m ' R ru R21 Li

m~EC�m ' R2 wkhq C ' ~EC�/ vr C lv deholdq1 Vr vxssrvh m~EC�m ' R1 Wkhq mC*~EC�m ' R/

vr C*~EC� lv f|folf/ vd| jhqhudwhg e| }~ +~ ' ~EC��1 Li � 5 C wkhq � 5 }�~ iru vrph �/

vd| � ' }�51 Wkhq }�}3� ' }}�5}3� ' }�5 ' � dv 5 5 ~EC�1 Wkxv } 5 ~EC�/ vr C*~EC� lv

wkh wulyldo jurxs1 Wkxv zh jhw d frqwudglfwlrq wr m~EC�m ' R1 Wkhuhiruh m~EC�m ' R2/ dqg

vr C lv deholdq1 �
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Li M lv d vxejurxs ri d jurxs C/ ohw �EM� ' i } 5 C m }M}3� ' M j/ wkh qrupdol}hu ri M

lq C1 Wkhq �EM� lv wkh odujhvw vxejurxs ri C frqwdlqlqj M vxfk wkdw M lv qrupdo lq �EM�1

Ohw 7 eh wkh vhw ri vxejurxsv riC1 WkhqC dfwv rq 7 e| frqmxjdwlrq= E}cg� :$ }g}3�1 Wkxv

REM� ' i }M}3� m } 5 C j dqg wkh vwdelol}hu jurxs CEM� ' i } 5 C m }M}3� ' M j ' �EM�1

Wkhuhiruh mREM�m ' mC G �EM�m1

Sursrvlwlrq 4; Ohw C eh d R0jurxs1 Li M lv d surshu vxejurxs ri C wkhq M ' �EM�1

Surri1 Vd| mCm ' R?1 Zh xvh lqgxfwlrq rq ?1 Li ? ' � wkh uhvxow lv fohdu1 Vr vxssrvh

? : � dqg wkh uhvxow lv wuxh iru doo 6 	 ?1 Li ~EC� 9 �M wkhq vlqfh ~EC� � �EM�

zh vhh M ' �EM�1 Vr zh pd| vxssrvh ~EC� � M1 E| Sursrvlwlrq 49/ m~EC�m : �/ vr

mC*~EC�m ' R6 iru vrph 6 	 ?1 E| lqgxfwlrq M*~EC� ' �EM*~EC��1 Lw lv qrw kdug wr

vhh wkdw �EM� ' i } 5 C m }~EC� 5 �EM*~EC�� j dqg M ' i } 5 C m }~EC� 5 M*~EC� j dv
~EC� lv frqwdlqhg lq erwk M dqg �EM�1 Wkxv M ' �EM� dv M*~EC� ' �EM�*~EC�1 �

Gh�qlwlrq 4< D vxejurxs � lv d pd{lpdo vxejurxs ri C li � 9' C dqg li M lv d vxejurxs

ri C zlwk � � M � C wkhq hlwkhu M ' � ru M ' C1

Qrwh wkdw pd{lpdo vxejurxsv h{lvw lqvlgh dq| �qlwh jurxs e| wkh iroorzlqj dujxphqw1

Li M lv d vxejurxs ri C zklfk lv qrw pd{lpdo wkhq wkhuh lv d vxejurxs M� ( M1 Li M� lv

qrw pd{lpdo wkhq wkhuh lv d M2 ( M�1 Zh fdq frqwlqxh wklv surfhvv dv orqj dv M� lv qrw

pd{lpdo1 Exw vlqfh mCm 	 4 wklv surfhvv fdqqrw frqwlqxh lqgh�qlwho|1 Wkxv wkh vhtxhqfh

ri M� pxvw whuplqdwh/ dqg vr wkhuh lv d pd{lpdo vxejurxs ri C1 Qrwh wkdw wklv lv qrw wuxh

lq jhqhudo/ dv wkh jurxs ]R" ' i @*R? 5 T m @c ? 5 ] j kdv qr pd{lpdo vxejurxsv1

Sursrvlwlrq 53 Li C lv d R0jurxs dqg � d pd{lpdo vxejurxs ri C wkhq � lv qrupdo lq C

dqg mC G� m ' R1

Surri1 E| Sursrvlwlrq 4;/ � ' �E�� � C1 E| pd{lpdolw| zh vhh �E�� ' C/ vr � lv

qrupdo lq C1 Vlqfh � lv pd{lpdo wkh jurxs C*� kdv qr qrqwulyldo vxejurxsv/ wkxv C*�

kdv sulph rughu1 Wkh rqo| srvvlelolw| lv wkhq mC*� m ' mC G � m ' R1 �

Fruroodu| 54 Li mCm ' R? dqg 6 � ? wkhq C kdv d vxejurxs ri rughu R61 Lq idfw/ wkhuh lv

d qrupdo vxejurxs ri C ri rughu R6 iru dq| 6 � ?1

Surri1 Li zh zhuhq*w frqfhuqhg derxw qrupdolw| zh frxog lqgxfwlyho| frqvwuxfw wkh vxe0

jurxsv dv iroorzv1 Vxssrvh zh kdyh frqvwuxfwhg d vxejurxs M6 ri C ri rughu R61 Li M63� lv

d pd{lpdo vxejurxs ri M6 wkhq iurp Sursrvlwlrq 53 zh vhh wkdw mM63�m ' R63�1 Krzhyhu/

wr jhw qrupdo vxejurxsv ri dq| rughu zh dujxh e| lqgxfwlrq rq ?1 Li ? ' � wkh uhvxow lv
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wulyldo1 Vxssrvh ? : � dqg wkdw wkh uhvxow lv wuxh iru jurxsv ri rughu R?3�1 E| Sursrvlwlrq

49 wkhuh lv d K 5 ~EC� zlwk K 9' e1 Li wkh rughu ri K lv R, wkhq @ ' KR
,3�

kdv rughu R1 Ohw �

eh wkh f|folf vxejurxs jhqhudwhg e| @1 Vlqfh @ 5 ~EC�/ � lv d qrupdo vxejurxs ri C/ dqg

mC*� m ' R?3�1 E| lqgxfwlrq/ vlqfh 6� � � ?� � wkhuh lv d qrupdo vxejurxs K ri C*� ri

rughu R63�1 Ohw M ' i } 5 C m }� 5 Kj1 Wkhq M lv d qrupdo vxejurxs ri C frqwdlqlqj �

zlwk M*� ' K/ vr mMm*m� m ' R63�1 Wkxv mMm ' R61 Wkhuhiruh e| lqgxfwlrq wkh fruroodu|

lv suryhq1 �

6 Wkh V|orz Wkhruhpv

Ohw C eh d �qlwh jurxs/ R d sulph dqg vd| mCm ' R?^ zlwk R qrw glylglqj ^1

Gh�qlwlrq 55 D R0V|orz vxejurxs ri C lv d vxejurxs ri rughu R?1

Wkxv d R0V|orz vxejurxs ri C lv d R0vxejurxs ri C ri pd{lpxp srvvleoh rughu e|

Odjudqjh*v wkhruhp1

Wkhruhp 56 +Iluvw V|orz Wkhruhp, Ohw C eh d �qlwh jurxs1 Wkhq wkhuh h{lvwv d R0

V|orz vxejurxs ri C1

Surri1 Ohw mCm ' R?^ zkhuh ^ lv qrw glylvleoh e| R1 Ohw 7 eh wkh vhw ri doo vxevhwv ri C

frqwdlqlqj R? hohphqwv1 Wkhq m7m ' �
R?^

R?

�
1 Zh zloo xvh wkh idfw wkdw R grhv qrw glylgh wklv

elqrpldo frh!flhqw/ zklfk |rx fdq �qg lq prvw errnv rq jurxs wkhru| +exw qrw Kxqjhuirug,1

Ohw C dfw rq 7 e| ohiw pxowlsolfdwlrq1 Vlqfh 7 lv wkh glvmrlqw xqlrq ri wkh glvwlqfw ruelwv/

wkhuh pxvw eh vrph ruelw zkrvh vl}h lv qrw glylvleoh e| R1 Wkxv wkhuh lv vrph vxevhw A ri

C zlwk mA m ' R? vxfk wkdw mREA �m lv qrw glylvleoh e| R1 Ohw � ' CEA �/ wkh vwdelol}hu jurxs

ri A 1 Zh kdyh mREA �m ' mC G � m ' mCm*m� m/ vr vlqfh R grhv qrw glylgh mREA �m zh vhh R?

glylghv m� m1 Krzhyhu � ' i } 5 C m }A ' A j1 Exw li | 5 A wkhq �| 5 A iru � 5 � 1 Wkxv

�| ' i �| m� 5 � j � A dqg m�|m ' m� m/ vr m� m � mA m ' R?1 Wkxv zh vhh m� m ' R?/ vr � lv d

R0V|orz vxejurxs ri C1 �

Fruroodu| 57 +Fdxfk|, Li R glylghv wkh rughu ri C wkhq wkhuh h{lvwv dq @ 5 C ri rughu R1

Surri1 Ohw � eh d R0V|orz vxejurxs ri C dqg K 5 � d qrq0lghqwlw| hohphqw1 Wkhq K kdv

rughu R6 iru vrph 6 e| Odjudqjh*v wkhruhp1 Wkhq @ ' KR
63�

kdv rughu R1 �
Qrwh wkdw li � lv d R0V|orz vxejurxs ri C dqg } 5 C wkhq }�}3� lv dovr d R0V|orz

vxejurxs ri C1 Khqfh li C frqwdlqv rqo| rqh R0V|orz vxejurxs � wkhq � lv qrupdo lq C1

Zh vkdoo vhh iurp wkh vhfrqg V|orz wkhruhp wkdw doo R0V|orz vxejurxsv duh frqmxjdwh1 Wkxv

C kdv d qrupdo R0V|orz vxejurxs l� C kdv rqo| rqh R0V|orz vxejurxs1
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Wkhruhp 58 +Vhfrqg V|orz Wkhruhp, Li � lv d R0V|orz vxejurxs ri C dqg M lv dq|

R0vxejurxs ri C wkhq M � %�%3� iru vrph % 5 C1 Lq sduwlfxodu/ dq| wzr R0V|orz vxejurxsv

ri C duh frqmxjdwh1

Surri1 Ohw 7 eh wkh ohiw frvhwv ri � lq C dqg ohw M dfw rq 7 e| ohiw pxowlsolfdwlrq1 Li

f lv wkh vhw ri M0vwdeoh hohphqwv ri 7 wkhq vlqfh M lv d R0jurxs zh kdyh m7m � mfm4L_ R

e| Ohppd 481 Vlqfh m7m ' mC G � m lv qrw glylvleoh e| R/ qhlwkhu lv mfm1 Wkxv f 9' B1 Ohw

%� 5 f1 Wkhq �%� ' %� iru doo � 5 M1 Wkdw lv �% 5 %� / ru � 5 %�%3�1 Vr M � %�%3�/

dqrwkhu R0V|orz vxejurxs ri C1

Li ' lv d R0V|orz vxejurxs ri C wkhq iurp wkh deryh dujxphqw zh vhh wkdw ' � %�%3�

iru vrph % 5 C1 Wkxv ' ' %�%3� vlqfh m'm ' m� m ' m%�%3�m1 �

Wkhruhp 59 +Wklug V|orz Wkhruhp, Wkh qxpehu ri R0V|orz vxejurxsv ri C glylghv

mCm dqg lv ri wkh irup &Rn �1

Surri1 Ohw � eh d R0V|orz vxejurxs ri C1 Wkhq e| wkh vhfrqg V|orz wkhruhp wkh vhw 7 ri

doo R0V|orz vxejurxsv ri C lv 7 ' i }�}3� m } 5 C j1 Wkh jurxs C dfwv rq 7 e| frqmxjdwlrq/

dqg 7 ' RE� � dqg CE� � ' �E� �/ vr m7m ' mRE� �m ' mC G �E� �m zklfk glylghv mCm1 Ohw f
eh wkh vhw ri � 0vwdeoh hohphqwv ri 71 Vlqfh � lv d R0jurxs/ m7m � mfm4L_ R e| Ohppd 481

Qrwh wkdw � 5 f vlqfh %�%3� ' � iru doo % 5 � 1 Vxssrvh ' 5 f1 Wkhq %'%3� ' ' iru

doo % 5 � / vr � � �E'�1 Krzhyhu/ ' lv wkh xqltxh R0V|orz vxejurxs ri �E'� vlqfh ' lv

qrupdo lq �E'�1 Exw � � �E'� lv dqrwkhu R0V|orz vxejurxs ri �E'�/ vr ' ' � 1 Wkxv

mfm ' �1 Vr m7m � �4L_ R/ vr m7m ' &Rn � iru vrph &1 �
Lq idfw/ zh fdq vd| d olwwoh pruh derxw wkh qxpehu ri R0V|orz vxeurxsv ri C1 Li mCm ' R?^

zkhuh R grhv qrw glylgh ^ wkhq vlqfh wkh qxpehu ri R0V|orz vxejurxsv +&Rn �, lv uhodwlyho|

sulph wr R/ wklv qxpehu pxvw glylgh ^/ qrw mxvw mCm1 Wklv dovr iroorzv iurp wkh dujxphqw

lq wkh deryh surri/ vlqfh wkh qxpehu ri R0V|orz vxejurxsv lv htxdo wr mC G �E� �m/ zklfk
glylghv mC G � m ' ^ dv � � �E� �1

Fruroodu| 5: Li � lv d R0V|orz vxejurxs ri C wkhq �E�E� �� ' �E� �1

Surri1 Vlqfh � lv qrupdo lq �E� � lw lv wkh xqltxh R0V|orz vxejurxs ri �E� �1 Krzhyhu

li % 5 �E�E� �� wkhq %�E� �%3� ' �E� �/ vr %�%3� � %�E� �%3� ' �E� �1 Wklv irufhv

%�%3� ' � / vr % 5 �E� �1 Khqfh�E�E� �� � �E� �1 Exw�E� � � �E�E� ��/ vr�E�E� �� '

�E� �1 �
Wkhuh duh d qxpehu ri dssolfdwlrqv ri R0jurxsv wr Jdorlv wkhru|1 Mxvw wr phqwlrq rqh/

vxssrvh g lv d Jdorlv h{whqvlrq ri 8 zlwk dg G 8 o ' R?1 Wkhq C ' B@*Eg*8 � lv d R0jurxs1

Wkhuhiruh iurp Fruroodu| 54 wkhuh lv d vxejurxs M ri C ri rughu R?36 iru dq| 6 � ?1 Li u lv
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wkh �{hg �hog riM wkhq du G 8 o ' mC G Mm/ vr du G 8 o ' R61 Ixuwkhupruh/ zh fdq fkrrvhM wr

eh qrupdo lq C/ vr u lv Jdorlv ryhu 8 1 Wkxv zh kdyh d wrzhu 8 ' uf � u� � � � � � u? ' g
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