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ijklm nopqlr sol tujvsj p low tjux yzy jl {zp |vos }myjsz~ }myjszo�mk �j�js��j� � �osm�

ym~ �u|�o{my m �zplou {z|ym � �zlo�zlmyx �m�myx �owz{my� � lo� {o �o{oo j{ {o tjym{|s {zp
pj�po�x j{ jplz�ms {z� pz�jo �o{{jo m {olso{{jo � o�j n|wx o�j mnomx o�j noszx lj oplr ljx {z klj
{o uzptujpluz{qolpq �szplr p�oulm��o�jn{q |�opl{j �nopr �ptj�{mlr j�zlo�zlmkopyj� {zpsonmm }�}��j�js��j�zx j o�j�smq{mm
yzy �zlo�zlmyz {z uz��mlmo pj�uo�o{{j~ lojuolmkopyj~ m �zlo�zlmkopyj~ �m�mymxj o�j �j�{j�
m{lossoylox jl�oko{{j� tokzlr� �o{mzsr{jplm� }�}� �j�js��j� � �zlo�zlmy ��j�ro~ �msjp�
lr�� � tj tuz�| tum{znso�ml y lj~ tsoqno �osmymw u|ppymw |ko{�wx lu|n� yjlju�w j�optokmsm
�|u{�~ uzp��ol �zlo�zlmym � ���� � �� �oyox {op�jluq {z lzy {z���zo�j~ �ljlzsmlzum������j� {z|k{|� yzurou| }�}� �j�js��j� {zkzs � �mo�o tjn u|yj�jnpl�j� zyzno�myz
}��� �u�sj�zx m � �� sol j{ jt|�smyj�zs p�j~ tou��~ lu|n tj �zlo�zlmyo� �ljl {zkzsr�
{�~ �ymo�pym~� toumjn o�j {z|k{j�j l�jukopl�z ��s tjp�q�o{ yzy kmplj lojuolmkopym�x lzy
m tumyszn{�� �jtujpz� �zlo�zlmym � tuq��� �oljnz� �zumz�mj{{j�j mpkmpso{mqx lojumm
tjklm toumjnmkopymw �|{y�m~x lojumm tum�sm�o{m~x �oljnz� tum�sm�o{{j�j uovo{mq nm��o�
uo{�mzsr{�w |uz�{o{m~x nm{z�mkopym� pmplo�z�x �u�jnmkopym� p�j~pl�z�x zpm�tljlmkopym�
�oljnz�x {osm{o~{j~ �owz{myox plzlmplmkopyj~ �owz{myox ym{olmkopym� |uz�{o{mq�x y�z{lj�j~
plzlmplmyo�� ��sm pj�nz{� �{z�o{ml�o �oljn� {osm{o~{j~ �owz{mym� ced\] �_[e]VeVW` U[^ 
¡\¢Y£¤\X\¡¥¦\¢Y m Y_WcZd\dW§e_bW¨ ced\] U[^¡\¢Y£¤\X\¡¥¦\¢Y£©Wd[\Z\¡ª_b\X\� «tou��onjyz�z{j p|�opl�j�z{mo m{�zumz{l{j~ �ou� � nm{z�mkopymw pmplo�zwx nz{j {j�jo tjplujo{mo
lojumm tjklm toumjnmkopymw �|{y�m~ m njyz�z{� {oj�wjnm��o zum��olmkopymo lojuo����qn uz�jl ��s ��tjs{o{ }�}��j�js��j��� � �mo�o � p�q�m p tjluo�{jplq�m {j�j~ uz��m�z�
��o~pq low{mym m plujmlosrpl�z�
«�nz��mopq mppsonj�z{mq �jsjnj�j |ko{j�j �pyjuo pj�nzsm o�| vmujy|� m��opl{jplr� ¬�j

zptmuz{lpyzq uz�jlz �p�� ­�®x ­̄ ®� ��sz ��pjyj j�o{o{z �{z�o{ml�� mlzsrq{pym� �zlo�zlmyj�°��j{ossm m � �±²³ �jn| |njpljo{z tuo�mm ´yzno�mm {z|y �jsj{rmx z z�lju| ��sz tump|�no{z
|ko{zq ploto{r njyljuz �zlo�zlmym µ¶·¶¸¹º »¼½º¼�
« tjpso�jo{{�~ toumjn tjq�msmpr �z�okzlosr{�o uz�jl� }�}� �j�js��j�z tj pj�uo�o{{j~

�zlo�zlmyo � p�q�m p pj�nz{mo� �zlo�zlmkopyj�j zttzuzlz nsq uovo{mq {j��w �znzk lojuolmkop�
yj~ �m�mym m zlj�{j~ �{ou�olmym� }�}��j�js��j� {myj�nz {o njyz���zs lojuo� �jj��ox �pqyzq
�¾p{j�{�o uz�jl� �lj�j toumjnzx jlj�uz{{�o pz�m�}myjszo� }myjszo�mko�xtouo�ono{� {z

z{�sm~pym~ q��y m �jvsm � ¿¿¿ lj� �sml{j�j m�nz{mq ���uz{{�w lu|nj� ­�®� ­À®�
Á
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lojuo�z njyz���zszpr m� nsq ko�j
sm�jx puz�| vszx yzy �j�juqlx �� nosj�� ¾{ ��pluj pw�zl���zs �zlo�zlmkopy|� p|lr �m�mkopyj~ �znzkmx pj�nz�zs {j��~ �j�{�~ �oljn p �jsrvm� �ztzpj�
�tujk{jplm�x jplz�sqq p�jm� |ko{myz� nzsr{o~vmo j�j��o{mqx |ljk{o{mqx njuz�jlymx � � � ��x
o�j |ko{mymx{ojn{jyuzl{j {z�s�nzsm lzyj~ o�j l�jukopym~ tjn�o�x �jpwm�zsmpr uz�jlj~ �zp�
louzx {z noso �mnosmx yzy tujmpwjnml �smq{mo �m�mym {z �zlo�zlmy|� � nu|�j~ pljuj{�x j{ uzp�
p�zlum�zs �zlo�zlmy| {o ljsryj yzy puonpl�j nsq ��kmpso{m~x {j m yzy �oljn tjs|ko{mq {j�j�j
�{z{mq m� {opyjsrymw jko�mn{�w tjsj�o{m~ �zypmj�� p tj�j�r� �zlo�zlmymx yzy �j�juqlx �{z
yj{kmyo touz��

¾u�z{mkopyjo psmq{mo �zlo�zlmym m �m�mym � l�jukopl�o }�}� �j�js��j�z tj��jsmsj o�|

�{oplm uovz��m~ �yszn � uz��mlmo lojuolmkopyj~ �m�mym m �zylmkopym �zsj�mlr jp{j�� pj�
�uo�o{{j~ �zlo�zlmkopyj~ �m�mym� ��o � �±¯² �jn| }�}� �j�js��j� m�os tjs{jo jp{j�z{mo
jt|�smyj�zlr ­�® lzyjo |l�ou�no{mo� �¾p{j�{�o tj{qlmq m �oljn� y�z{lj�j~ lojumm tjsq plz{j�
�qlpq �po �jsoo �zlo�zlmkopym�m�� �otour �j�{j pyz�zlr �jsrvo� ��ojuolmkopyzq �m�myz �po �
�jsrvo~ ploto{m plz{j�mlpq �zlo�zlmkopyj~ �m�myj~�� ��o � ¯³
w �jnzw {z�uosz {zpljqlosr{zq{oj�wjnm�jplr � pj�nz{mm {j�j�j �|u{zsz m � ju�z{m�z�mm {j�j~ uo�|squ{j no~pl�|��o~ �o��
n|{zujn{j~ yj{�ouo{�mm tj lojuolmkopyj~ m �zlo�zlmkopyj~ �m�myo� ij m{m�mzlm�o }�}��j�j�
s��j�z lzyj~ �|u{zs ��s pj�nz{ � �±¯± �jn| � �lj ��ojuolmkopyzq m �zlo�zlmkopyzq �m�myz�x
� {zpljq�oo �uo�q �po�mu{j m��opl{�~ �|u{zs� iou�zq �o�n|{zujn{zq �j�js��j�pyzq yj{�o�
uo{�mq pjpljqszpr � �±���jn| ��jpy�o� �zsoo� «zuvz�zx�mjljx � � � ijpson{qqx�¿¿¿
qxtujvsz� °j{nj{o � �³³³ �jn|��son|q m�{zkzsr{�� tum{�mtz� �j�js��j�pyj~ vyjs�xyzy �|u{zsx lzy m yj{�ouo{�mq ��sm
jp{z�o{� j��otum�{z{{j~ ���so�j~

�
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pm��jsm�mu|��o~ j��oo �o�n| �zlo�zlmyz�m m �m�myz�mx�o�n| �zlo�zlmyj~ m �m�myj~�
«tuj�uz��{j���pl|tso{mm ­±® {z jlyu�lmm�o�n|{zujn{j�j pj�o�z{mq tjtuj�so�z�y�z{�

lj�j~ lojumm tjsq �́ s|vlzx �±����� }�}��j�js��j� lzy j�o{m�zs tjsj�o{mo � �zlo�zlmkopyj~
�m�myo�
�� {zp {z �sz�zw �z tjpson{mo �jn� j�ju�mszpr pj�ouvo{{j {j�zq j�szplr {z|ymx yjlju|�

|�opl{oo �po�j {z��zlr pj�uo�o{{j~ �zlo�zlmkopyj~ �m�myj~� ¾{z m�ool lj �o �o{olmkopyjo
tujmpwj�no{mox klj m yszppmkopyzq �zlo�zlmkopyzq �m�myz� �� � � ��ovo{mo {j��w �m�mkopymw �znzk y�z{lj�j~ lojumm tjsq p{zkzsz mpyzsm {z t|lqw |pj�ouvo{�
pl�j�z{mq j��k{�w �oljnj� y�z{lj�j~ �owz{mym� « �lj �uo�q �m�mym |ptosm |�onmlrpqxklj nsq
tjs|ko{mq uz�|�{�w jl�olj� {z p�jm �jtujp� j{m njs�{� �s|��o tj{qlr �zlo�zlmkopy|� tum�
ujn| j��oylj� mppsonj�z{mqx lzymw yzy j�j��o{{�o �|{y�mm msm {oj�uz{mko{{�o jtouzlju�x
tj��pmlr tum{ql�~ plz{nzul njyz�zlosr{j~ pms� zu�|�o{lz�mm�
«nzsr{o~vo� nsq lj�j klj�� jp�j�jnmlrpq jl kuo��ou{j~ m m{j�nz �opp��pso{{j~ nolzsm�z�

�mmx plzsm m��pym�zlr zypmj�zlmkopymo t|lm tjplujo{mq lojumm� �j�nz plzsj jko�mn{jx klj pj�
�uo�o{{�o �zlo�zlmkopymo �oljn� tj��jsq�l tjs|kzlr m{j�nz jko{r pmsr{�o uo�|srlzl�� �� � � �
�� {zwjnm�pq � pz�j� {zkzso t|lm� �jplzljk{j �ptj�{mlrx klj �{o lojumm �j��|�o{m~ o�o

{o tjplujo{j {m jn{j�j {olum�mzsr{j�j tum�ouz y�z{lj�j~ lojumm tjsqx njplzljk{j �sm�yj�j y
uozsr{j�| �m�mkopyj�| �mu| � kol�uow m��ouo{mqw�
¾�uz�o{mo�m�myj�y�oljnz� pj�uo�o{{j~�zlo�zlmymxm{louop�zlo�zlmyj�y �znzkz�y�z{�

lj�j~ �m�mym � ��zm�{j tsjnjl�ju{���
�lm tjsj�o{mq }�}� �j�js��j�z {o |luzlmsm p�jo�j zyl|zsr{j�j �{zko{mq m nj {zpljq�o�j

�uo�o{m�

ij p|�opl�| � �lj� m pjpljqsj uz�smkmo �o�n| vyjsz�m �j�js��j�z m °z{nz| � À³��³
o�jn�� ijnuj�{oo j� �lj� p�� � ­�®� «uo�q uzpp|nmsj ptju � |�o nz�{j �m�mym
lojuolmym vmuj�yj mptjsr�|�l pz��o z�pluzyl{�o uz�nos� �zlo�zlmym � jl �zvm{� �r�um{�z nj �
znmkopymwkmpos�
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�uym� tum�ouj� pj�nz{mq m tum�o{o{mq {j��w �zlo�zlmkopymw puonpl� y �m�myo q�sqolpq

uz�uz�jlyz zypmj�zlmkopyj�j tjnwjnz y y�z{lj�j~ lojumm tjsqx tuontum{qlzq }�}� �j�js��j�
��� � �³
o �jn�� «z�{j~ tuj�so�j~ lj�nz ��sz tuj�so�z |srluz�mjsolj��w uzpwjnm�jplo~ tummptjsr�j�z{mm �z�msrlj{j�z �ju�zsm��z � y�z{lj�j~ lojumm tjsq�
}myjsz~ }myjszo�mk tuonsj�ms {j��~ tjnwjn y �lj~ tuj�so�o� iuo�no �po�j j{ jlyz�zs�

pq jl �z�msrlj{j�z �ju�zsm��z m tum{qs �z jp{j�| lojumm �zlum�| uzppoq{mq �x ��ono{{|�
�o~�o{�ou�j�� �sq lj�j klj�� ��oplm �mtjlo�| znmz�zlmkopyj�j �ys�ko{mqx j{ uzpp�zlum�zol
�
�zlum�| yzy �|{y�mj{zs 	 →

� ­	® {z �wjujvmw� �|{y�mqw ��ys�ko{mq ��zm�jno~pl�mq� 	 �
�x
tumko� tum 	

→
� � ­	® pluo�mlpq y �m�mkopyj~ �zlum�o ��

ium �lj� luo�j�zsjprx klj�� �
�zlum�z |nj�sol�juqsz jp{j�{�� �m�mkopym� tjpl|szlz��p�� ­�³®x ­��®�� [e¡`dW¢W_d_b\¨ b\¢Y[WYVdV\_dW� �VWdY[V\_dW� Z[W§WVV\_dW� _Zebd[Y¡ªV\_dW�
}zm�jsrv|�lu|n{jplr ����zsz �ju�|smuj�yz|psj�mq tumkm{{jplm� �sq �lj~ �osm }�}��j�j�
s��j� ��jnml sjyzsr{�o �o~�o{�ou�j�� jtouzlju�x yzy �zumz�mj{{�o tujm��jn{�o �
�zlum��tj �|{y�mm �ys�ko{mq ��zm�jno~pl�mq 	 �
�xm �ju�|smu|ol |psj�mo tumkm{{jplmx {�{o wjujvj
m��opl{jo yzy �_¡\¢We cWb[\Z[W§WVV\_dW ¤\X\¡¥¦\¢Y�
iuonsj�o{{zq }�}��j�js��j��� pmplo�z zypmj� � �lj tou��~ jt�l {olum�mzsr{j�j tum�o�

{o{mq zypmj�zlmkopyj�j �oljnz � �m�myo� �zylmkopym j{ pnoszs tou��o vz�m y uovo{m�voplj~
tuj�so�� ���msr�oulz ­��®� �zypmj�zlm�muj�zlr lo �m�mkopymo {z|ymx � yjlju�w �z�{|� ujsr
m�uzol�zlo�zlmyz�� �son|ol jl�olmlrxklj {opyjsryj tj��ouz�uz�zl��zsmpr m nu|�mo pmplo��
zypmj� y�z{lj�j~ lojumm tjsqx p�q�z{{�o p m�o{z�m �z~l�z{zx°o�z{zx �m�z{�myzx
m��ou�z�
{zx�zz�zx ´uzymx�zplsouzx � � �
ium njyz�zlosrpl�o nmptoupmj{{�w pjjl{jvo{m~ � uz�yzw zypmj�zlmkopyj~ y�z{lj�j~ loj�

umm tjsq }�}� �j�js��j� pljsy{|spq p uqnj� {j��w kmplj �zlo�zlmkopymw �znzkx so�z�mw {z
pl�yo lojumm �|{y�m~ �{j�mw yj�tsoyp{�w touo�o{{�w m j�j��o{{�w �|{y�m~x � �lj �jtujp�
z{zsmlmkopyj�j tujnjs�o{mq j�j��o{{�w �|{y�m~� iuo�no �po�j j{ jlyu�s m njyz�zs jko{r
�z�{|� lojuo�|x m��opl{|� {�{o yzy de\[ecY \¦ �\_d[We b¡WVY�¤\X\¡¥¦\¢Yx � oo sjyzsr{j~ m
�sj�zsr{j~ �oupmqw�� {o �|n| �nopr tum�jnmlr �ju�|smuj�y| �lj~ lojuo�� ��mn| oo psj�{jplm�p�� ­�²®�� ¾l�ok| smvrx klj oo �sj�zsr{�~ �zumz{l p|�opl�o{{j jtmuzolpq {z p�j~pl�j tpo�nj�
��t|ysjplm j�jsjkoy �jsj�ju�{jplm j�szplo~ pto�mzsr{j�j �mnz �|{y�m~ �{j�mw yj�tsoyp{�w
touo�o{{�w�
iou�jonjyz�zlosrpl�j lojuo�� j� �jplumoysm{z�x yzy m jtmuz��oopq {z{oo njyz�zlosrpl�j

nmptoupmj{{�w pjjl{jvo{m~x ��sm tjplujo{� }myjszo� }myjszo�mko� � �±�¯ �jn| m njsj�o{�
{z �o�n|{zujn{j~ yj{�ouo{�mm � �m�lso � lj� �o �jn| ­��®� � pj�zso{m�x j{ {o j�z�jlmspq
puz�| jt|�smyj�zlr �lm njyz�zlosrpl�z {z z{�sm~pyj� q��yox klj tjujnmsj {ojn{j�{zk{�o tum�
jumlol{�o j�o{ym �p��x {ztum�oux ­�À®x ­��®�� «jl klj �j�juql tj �lj�| tj�jn| pz�m z�lju� �
}�}� �j�js��j� m ��«��muyj� � m��opl{j~ y{m�m �«�ono{mo � lojum� y�z{lj�z{{�w tjso~�x
m�n� �±�² �� �p�� ­�³®��
�«tou��o �lz low{myz ��sz uz��mlz �j�js��j��� � pouonm{o �³
w �jnj�� }zm�jsoo j��m� myszppmkopym� uo�|srlzlj� �nopr q�sqolpq lojuo�z j �j��j�{jplm jtuonoso{mq jtouo�z��o~ m

�ztz�n��z��o~ �|{y�m~ � onm{|� z{zsmlmkopy|� �|{y�m� �p���j{j�uz�m��j�js��j�z��on
�ono�z�ijsm�z{j�z ��±��� � njtjs{o{mo ´x lojuo�z ¿�� «tjpsonpl�mm �lz lojuo�z tjs|kmsz {z�
��z{mo �lojuo�z j� jplumo ysm{z�� �zpp|�no{mqx jp{j�z{{�o {z mptjsr�j�z{mm �lj~ lojuo��xm
tj��jsq�l njyz���zlr nmptoupmj{{�o pjjl{jvo{mq nsq uz�{�w ps|kzo� � � �

�zsr{o~voo uz��mlmo �lm �oljn� tjs|kmsm � uz�jlzw �j�js��j�z m «sznm�muj�z ��±���x
�uo�ou�z{zx¾�om �o~sjuz ��±���x °o�z{z ��±�±�x«sznm�muj�zm °j�|{j�z ��±�±�x ¾�om �o~�
sjuz ��±�±�x �jnjuj�z ��±¯³� m nu��
}�{o lojuo�z j� �jplumo ysm{z� �j�js��j�z m oo psonpl�mq tujk{j �jvsm � �zlo�zlmy|x

m�o�l �s|�jymo j�j��o{mq m �{j�mo tum�o{o{mq m pjplz�sq�l {j�|� �sz�| � lojumm �|{y�mm
�{j�mw yj�tsoyp{�w touo�o{{�w ­�²®� �{zko{mo �lj~ lojuo�� nzsoyj ��wjnml �z uz�ym tjluo��
{jplo~ �m�mym� «jl {z�sqn{�~ tum�ou �smq{mq �m�mym {z �zlo�zlmy|�
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�� zypmj� }�}� �j�js��j�zx m� lojuo�� j� �jplumo ysm{z� m m� oo j�j��o{m~ ��loyz�l yzy
m� �uj�z m�j�msmq� �{j�mo psonpl�mqx pjnou�z�mo {j��o �m�mkopymo �{z{mqx pyu�l�o � zypmj�
�zw� �lj � tou�|� jkouonr jl{jpmlpq y nmptoupmj{{�� pjjl{jvo{mq� � y�z{lj�j~ lojumm tjsq�
�lm� �o �jtujpz� ��sm tjp�q�o{� tso{zu{�o njyszn� {z �o�n|{zujn{j� yj{�uoppo �zlo�z�
lmyj� � �nm{�|u�o � �±�� �jn| ­�¯® m {z �jkoploupyj~ yj{�ouo{�mm tj �m�myo ��pjymw �{ou�m~ �
�mo�o � �±�± �jn| ­��®�

�mptoupmj{{�~ tjnwjn � y�z{lj�j~ lojumm tjsq jlyu�s{j��~ �lzt � lojumm pmsr{�w ��zm�j�
no~pl�m~� �m�mym tjs|kmsm tuonplz�so{mo j� z�tsml|no uzppoq{mq yzy j onm{j~ z{zsmlmkopyj~
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