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WXYYZ[\ ] ^_`a b cdefg^ hifb j_hkilmd_f` decfino pc q`g mrr sf^^_j rc _` ^dm`dm`cfk ^ ^dicmb r_`c s mddci` ^ _` dec pmtc fh
m ln r_`gci md u cn`frg^ `kbjci^ lrf^c df dec f` ^cd fh vfidcw ^ecgg_`a m`g lrf^c df dec lnr_`gcix yec m`mrn ^_^ _`g_lmdc^
demd dpf g_hhcic`d ica_b c^ mic df jc cwscldcg x ] ^_`a `kb ci_lmr ^_bkrmd_f` ^o pc vci_hn dec cw_^dc`lc fh dec^c ica_b c^ x

yec j m^_l hcmdkic ^ fh dec zfp mifk`g m l_ilk rmi ln r_`gci fh g_mb {
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cdci � mic pcrr t`fp` x �fi rfp vmrkc^ fh dec ucn`frg^ `kbjci� �
= ��/

� dec zfp _^ mddmlecg df dec ln r_`gcix � d � �
≈ � dec

zfp ^cs mimdc^o m`g dpf lfk`dci{ifdmd_`a ^dcmgn vfid_lc^ mic lic{
mdcg jce_`g dec lnr_`gcix � d � �

≈ �� dec ^dcmgn zfp jclfb c^
k` ^dmj rc o m`g dec vfid_lc^ mic ^ecg sci_fg_lmrrn hifb dec lnr_`gcio
ic^krd_`a _` dec lcrcjimdcg vf` ��ib �` vfidcw ^diccd x yec dim` ^_{
d_f` df sci_fg_l_dn _^ m �fsh j _hkilmd_f` o ^cc c xa x ��� x �fi e_aeci
vmrkc^ fh � � dec zfp jclfb c^ deicc{g_b c`^_f`mr m`g dkijkrc`d x
yec skisf^c fh dec sic^c`d smsci _^ df m`mrn c dec dim` ^_d_f` hifb
^dcmgn zfp df sci_fg_l zfp f` dec jm^_^ fh dec ^dicmb r_`c smd{
dci` ^ x �` mddcbsd fh ^kle m` m`mrn ^_^ f` dec jm^_^ fh `kb cifk ^
v_^kmr_ md_f` cwsci_b c`d^ pm^ scihfib cg jn ¡ciin �� Z �� ��� x yec
ic^krd _^ ^efp` _` qakic ¢x yec jm^_l b clem`_^b _` dec licmd_f`
fh `cp vfid_lc^ _^ dec b cia_`a fh dpf g_v_g_`a ^dicmb r_`c^ md dec
lnr_`gci ^kihmlc o m^ ^efp` _` dec dim` ^_d_f` jcdpcc` sm`cr £g¤ m`g
£c¤ m`g mam_` jcdpcc` £e ¤ m`g £m¤ x ¥` de_^ siflc^^o m` mddmlecg
vfidcw m`g m hicc ^dma`md_f` sf_`d mic licmdcg x
¥` dec sic^c`d s msci pc lf` ^_gci dec c¦kmd_f` ^ hfi dec _` ^dm` {
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dm`cfk ^ ^dicmb r_`c^ md d_b c �± o ²³ = ´(³,
�±
,
� �

), m^ m gn`mb _lmr
^n ^dcb o gcsc`g_`a f` m smimb cdci � c o m`g o _` dec k` ^dcmgn lm^c o
dec d_b c �± x �fi lcidm_` vmrkc^ fh dec s mimb cdci^ dec ^dicmb r_`c
s mddci` b mn jc gcac`cimdc fi ^dikldkimrrn k` ^dmj rc o m`g mij_dimi_rn
^b mrr lem`ac^ _` dec s mimb cdci^ a_vc i_^c df ¦kmr_dmd_vc lem`ac^
_` dec ^dicmb r_`c smddci` ^ x ] ^_`a j _hkilmd_f` decfino lrm^^_qlmd_f`
fh dec sf^^_j rc smddci` ^ lrf^c df m gcac`cimdc lf`qakimd_f` b mn
jc fjdm_`cg x �fi dec sic^c`d lm^c o dec zfp lrf^c df m qwcg pmrr
p _de `f{^r_s jfk`gmin lf`g_d_f` ^o dec jm^_l decfin _^ c^dmj r_^ecg
_` �¢� m`g �µ� x �ss r_lmd_f` ^ fh de_^ mssifmle df dec m`mrn ^_^ fh
`kb ci_lmr ^_bkrmd_f` ^ mic a_vc` _` c xa x �¶� x
ymt_`a dec zfp md dec licmd_f` md � �

≈ � fh dec dpf ^dcmgn vfi{
d_lc^ m^ dec gcac`cimdc lf`qakimd_f` hifb pe_le pc scihfib dec
j _hkilmd_f` m`mrn ^_^o p c lm` sifvc dec hfrrfp _`a
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yec decficb _^ sifvcg p _de b cdefg^ hifb `fib mr hfib decfinx �fi siffh^ fh ^_b _rmi decficb ^o ^cc c xa x �Æ o µ� x yec m`mrn ^_^
fh dec `fib mr hfib ^dicmb hk`ld_f` ic^krd^ _` m deicc{g_b c` ^_f`mr j _hkilmd_f` g_maimb _` dec �±
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,Ä smimb cdci ^smlc x



�` _`dcic ^d_`a dpf{g_b c`^_f`mr ^r_lc _^ ^efp` _` qakic Æ x yec ^smlc _^ s mid_d_f`cg _`df ica_f` ^ ª ­ ª �o xxx p _de g_hhcic`d
^dicmb r_`c dfsfrfa_c ^ x yec ica_f` ^ mic jfk`gcg jn j_hkilmd_f` lkivc^o ^efp` ecmvnx yec lkivc � _^ m arfjmr j _hkilmd_f`
lkivc x �cic dec ^dicmb r_`c^ em^ dec dfsfrfan fh dec ^dcmgn vfidcw sm_io jkd s f^^_j rn p _de dec ^nbbcdin jiftc` x
yf lf``cld de_^ ic^krd p _de dec vfidcw ^ecgg_`a o pc m^^kb c demd
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dec dim` ^_d_f` df sci_fg_l zfp fllki ^ md m ucn`frg^ `kbjci ^f
lrf^c df dec licmd_f` fh dec ^dcmgn vfid_lc ^o demd dec zfp smddci` ^
lm` jc lf` ^_gcicg scidkijmd_f` ^ fh dec gcac`cimdc zfpo m`g ec`lc
bk ^d jc lf`dm_`cg _` dec j _hklmd_f` g_maimb x � _de de_^ m^^kbs{
d_f` o pc lm` hfrrfp dec gcvcrfsb c`d fh dec dfsfrfan fh dec pmtc
_` dec g_maimb m^ � c_^ _`licm^cg x yec ^dcmgn ^dmdc lfiic ^s f`g^ df
dec aicn sf_`d f` dec arfjmr j _hkilmd_f` lkivc � x � ^ dec zfp jc{
lfb c^ sci_fg_l o dec dcbsfimr gcvcrfsb c`d fh dec ^dicmb hk`ld_f`
bk ^d jc icsic^c`dcg jn m lrf^cg lkivc _` dec j _hkilmd_f` g_maimb x
u _aed mhdci dec j_hkilmd_f` dec mbs r_dkgc _^ ^b mrr o m`g _^ icsic{
^c`dcg jn dec ^b mrr crr_s ^c _` qakic Æ x �c`lc dec decfin sicg_ld^
demd i_aed mhdci dec �fs h j_hkilmd_f` o dpf g_hhcic`d ^dikldkimrrn ^dmj rc ^dicmb r_`c smddci ^ p _rr sicvm_ro ` mb crn ª m`g _d^ b _i{
ifi _b mac ª �x � d cwmldrn dpf d_b c _` ^dm`d^ gki_`a dec lnlrc o dec dfsfrfan fh dec ^dcmgn vfid_lc^ p _rr cw_^d o m^ dec j_hkilmd_f`
lkivc � _^ lif^^cg x
¥`licm^_`a � c o _d _^ cwscldcg de md dec mbsr_dkgc fh dec r_b _d lnlrc
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p _rr aifpo ic^k rd_`a _` m rmiaci lrf^cg fij _d _` dec j_hkilmd_f` g_m{
aimb x �c`lc o decic _^ dec sf^^_j _r_dno demd j cnf`g m lcidm_` li_d_lmr� c o hkideci j _hkilmd_f` lkivc^ lm` jc lif^^cg o m^ _`g_lmdcg jn dec
rmiac crr_s ^c _` qakic Æ x
yec m`mrn ^_^ mj fvc _^ fh m skicrn ¦kmr_dmd_vc `mdkic o m`g icr_c^
f`rn f` dec cw_^dc`lc fh m ^dicmb hk`ld_f` hfi dec zfp x �c`lc o f`c
lm``fd f` de _^ jm^_^ sicg_ld mldkmr u cn`frg^ `kbjci^ pecic dim` {
^_d_f` ^ jcdpcc` g_hhcic`d ^c¦kc`lc^ fllkix �c emvc vci_qcg dec
^lc`mi_f^ jn `kb ci_lmr ^_bkrmd_f` ^ k ^_`a m q`_dc vfrkb c lfgc x
yec lfgc q`g^ dec �fsh j_hkilmd_f` md � �

=
µ¶ o _` icm^f`mj rc

maiccb c`d p _de cwsci_b c`d^ x � d � �
=

µ� m ^c¦kc`lc fh smddci` ^
lfiic ^s f`g_`a df dec ^b mrr crr_s ^_^ _` qakic Æ _^ fj dm_`cg x ye_^
^c¦kc`lc sci^_^d^ f`rn k`d_r � �

≈

µ�.� o pecic dec r_b _d lnlrc _` {
dci ^cld^ dec j_hkilmd_f` lkivc^ �� m`g �� �o m`g dec ^dicmb r_`c smd{
dci` ^ ¨ m`g ¨ � msscmi gki_`a dec lnlrc x � f hkideci lem`ac^ mic
fj ^civcg ks df � �

= Æ�� x
� fdc o demd dec ^c¦kc`lc _` qakic ¢ _^ `fd fjdm_`cg x ¥d _^ m scihcldrn
rca_d_b mdc ^c¦kc`lc o m`g �mid`mlt �µ� ^efp ^ demd dec ^c¦kc`lc _^
_` hmld dec ^_bs rc^d s f^^_j rc pe_le lm` mllfk`d hfi licmd_f` m`g
gc^dikld_f` fh mddmlecg vfid_lc^ x � fpcvcio _d gfc^ `fd _`lrkgc dec
dfsfrfan fh dec ^dcmgn vfid_lc ^o m`g dec sic^c`d m`mrn ^_^ ^efp ^ demd de _^ lm``fd jc mvf_gcg ac`ci_lmrrnx
yec sic^c`d ¦kmr_dmd_vc m`mrn ^_^ gfc^ `fd gcsc`g f` dec ^scl_ql ^emsc fh dec qwcg jfgnx �fi b fic ac`cimr ^e msc^ ^kle
m^ crr_s ^c^ dec ^mb c j _hkilmd_f` g_maimb p_rr j c icrcvm`d o m^ rf`a m^ dec ^dicmb r_`c smddci` fh dec ^dcmgn vfidcw sm_i _^ fh
icrcvm`lc x
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