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j;enói~d[^f gd
 � � oba�üzói~d[^fbv�w�o.îz�C~�cdf.f�cdr^oi[sv�wbo cdfM�.oi]nÝm�m~�]�fGc�YSWdenÙÞY\ade`]Zxd[^oix2oir�tufbrÛt^Ymoi[se`��f��³Y\aÉt^YcdY\rst}fb��fba�cdoOf�]`ói~da�räå�t}oi�.oirA�\~Uø^fbräcde`r�tu_ba��me�f�rÛe`ayt}Y\[}f�t^ùi�.e`��f�rÛYmr�tuwbo.Ylï�xd[sYmr^r^fbr�adfMî¦fbW2Ym]`f 7�ã
üzób~d[}fbrÛø^å��\oiaykiY\[^óienczfbr�f�]`ói~da�rGxd]`fbadoir³àQ�¡  Y f � â oiadcdY³cdY\t^Ym[^�.e`adfb�³obrGf�cdYma�r^e`cdfbcdY³t^obtuf�]
cdYS�mfb[^óif�à´j;e`ób~d[}f g3syâ YSoiWdrsYm[�kbf��³oirAþÉ~dYßo°�moi[s[^YS~d�³f�]`enóyfbvmwboRÙÞoi[�t}Y í cdY\k°e`c�o���enayt}Yma�r^e`cdfbcdYScdo
Wd[se`]nØdo�fbo�]`obadóio&czf�]ne`óyfbvmwbo&�.oi]`Ý\�m~d]`fU�|rs~dx2Ym[sÙÞ�n�menY í oiWdr^Y\[sk�fU� r^Y tufb�RWZÝ\� í þÉ~dYM�\oi� f�[^Y\xZYlt}e`vmwbo
cdY³tufbenrRcdY\adr^enczfbcdY\r azf�t}Y\aytuf�t^enk�f"cdY&óbYm[}f�[Rr^~�xZY\[^�mÝ\]`~d]`fbrRk°e`Ú\e`adØdfbrRazw�o�kiYm[senüz�mf�~d�³f"]`enóyfbv�w�o
Y\aÉt^[^Y=fbrä�.oi]`Ý\�m~d]`fbrÛcdYßr^~�xZY\[^�mÝ\]`~d]`fbrÛk°e`Ú\e`adØzf�r ã

ò
]`ói~d�³fbr cdenrst}_bad�me`fbrMcdY�]`e`óifbv��°Ymr�enayt}Ym[^f�t}ùb�³en��fbr cdY\r^r^fbrO�\oia�üzói~�[}fbv���Y\r³Y\rstuw�o'azfðî;f�WZY\]�f
7�ã � WdrsYm[sk�fU� r^Y.þÉ~dYMo��\oi[^[sY³f�]`ói~d�³fbr$c�e`rst^oi[^v���Y\rßczf��.oi]nÝm�m~�]�fOado�fÁøs~dr�t}Y.czfbrß�moba�üzói~d[^fbv��°Ymr=Y
þÉ~dY
fb��Wzf�rCf�rÅ�\oia�üzób~d[}fbv���Y\r�f�xd[^Y\r^Ymayt}fR~d��fba�Ym]zÙÞYmaden]dÙ´fbÚmY\adcdo=þÉ~zf�t}[soG]ne`óyf�v��°Ymr¯þÉ~d�`�.e`�mfbr¯�mob�
fðr^~dx2Ym[�ÙÞ�`�\e`Y í oi~Hr^Y�ø^f í fð�³oi]nÝm�\~d]�f��\oiayt}e`aÉ~zf�r^Y\adcdo'þÉ~den�³en��fb�.Ymayt^Y�fbcdr^ob[sk°e`czfðY�oirM��åb]n�m~d]noir
�\oi� f�xd[^o�ï�e`�³fbv�w�oðôGôSòöcdYlkiY�cdY\r^�m[sY\kbYm[.WZY\� oir�[sYmrs~d]nt}fbcdoir ã � ayt}[^Yltufbayt^o�adf��moia�üdói~d[}f�v�wbo
îz��]Xoir.þÉ~zf�t}[so)å�t^oi�.oir³c�Y��mfb[^W2oiadoDcdo)fba�Ym]äÙÞYmaden]XþÉ~dY�]`enóyf��Dr^~�xZY\[sÙÞ�`�\e`Y�r}wboDoirOþÉ~dY�Ymr�tuwbo
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j;enói~d[^f g3s �Aq�Y\adr^enczfbcdY=t}obt}fb]?cdYR�mfb[^óyfMr^Y\ói~dadc�o�oir
x�]�fbadobr��¡ ÜY f � xzfb[^fOfbrX�moia�üzói~d[^fbv��°Ymr
îz��]�Yßîz��~�czfbrXj;enói~d[^fbr g35 Y gd
�í [sYmrsxZY\�\t}e�k�fb�³Y\ayt}Y ã
�³fbe`rAx�[^û�ï�e`�.oirXfbo³rsYmói~�adcdo&f�adYm]�ÙÞYma�e`]�czfM�³ob]`Ým�\~d]�f þÉ~dY=r^YGYmad�\oiayt}[}f.cdYmrs]`enóyfbcdoMczf.r^~dx2Ym[�ÙÞ�`�menY
à´j;e`ói~�[}f g35Éâ-ã�£ å.azfM�moba�üzói~d[^fbv�w�o³îz��~�oiräþÉ~zf�t}[soOåUt}oi�.oirAcdY=��fb[sWZobado³c�oOfba�Ym]�ÙÞYma�e`]�þÉ~dY=]`enóyf
�&rs~dxZY\[sÙÞ�n�me`YRr}wbo�oirS�³fbe`r$f�Ù´fbrst}fbcdoir�cdo�r^Ymób~dadcdo�fbadY\]NþÉ~dYMr^Y Yma��moiayt}[^f�c�Ymr^]ne`óyf�cdo&czf��.Ymr^�³f
à´j;e`ói~�[}f gd
bâlãb� Y\[^e�üz��fb�.oir¦þ°~�Y
fS�\oia�üzói~�[}fbvmwboSîz��~.ÝA�Ofbenr;Y\rstuå�kbYm]QþÉ~dYäfSîz��]dYm� p�ã��d� Y ��í Y\�

0 ù�þ�ýsþ�� ø�þ�
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��(�®���=�(ý � 	��"��ú�þ��
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�ù�þ 	T����ùÅü�
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î¦fbW2Ym]�f 7 �Hq�enrstu_�ad�me`fbr�Ymayt}[sY)fb]nói~dadr�å�t^oi�³obr�czfHrs~dxZY\[sÙÞ�n�me`YDý�e à pip�áÁâ à 5 ï �yâ �mob� f��.oi]`Ý\�m~d]`f
fbc�r^oi[�k�enczf í adfbrä�moia�üdói~d[}f�v��°Ymräîz��]�Yßîz��~ í ~dr^fbadcdo³fbxd[so�ï�en�Of�v�wbo.ô=ôßò ã
�\oiad�mob[^cz_ba��me�f$�\oi��f$[sY\ÙÞY\[^�ma��me�f	� 
d
.�©í �m~Áøsoßk�fb]noi[;Ý p�ãt��
 Y �Rã �¦ob[^Ým��fbr¯�moia�üzói~d[^fbv�wbo���fßYäfÍ�CW í
fbenadczf³fbxd[^Y\r^Y\aÉt}fb� �Ofbenoi[äYmr�tufbWden]`enczfbcdYßþÉ~dY fOîz�C~�Ym� p�ãná±g Y � Y p�ã pd
 Y ��í [^Y\r^x2Ym�\t^enk�fb�.Ymayt}Y í
Y\� cdYmr^fb�moi[scdo��\oi�Õf�[sY\ÙÞY\[^�ma��me�fo� 
,
V�ìí oiadc�YO�me�tuf�f��\oia�üzób~d[}fbvmwbo"îz�C~'�mob�³o�f��³fbe`rSY\rst}å±kbYm]
x2oir^rs�nkbYm]dxzf�[}fßfßfbcdr^ob[^v�w�o=cdf$�³oi]nÝm�\~d]�f�c�YXW�enÙÞYma�e`]°r^oiWd[sYXfßrs~dx2Ym[sÙÞ�n�menYÛcdYAr^en]`�n�me`o$ý�e|à pip�áÁâ-ã �¼oi[^Ý\�
f [^YlÙÞYm[s�mad�\e�fM�ment}fbczf azwbo Ù´fbÚß~drso³cdf.rs~dxZY\[sÙÞ�n�me`YSc�YRý°e�cdYG�.Yma�oi[AYmadY\[^óie`f í Y\]`Ymrä�\oiadr^encdYm[^fb�öþÉ~dY
fbr¯t^[^e`]nØzfbrNc�Y
cd�n�³Y\[^oir;cdY$ý°ezr}wbo=e`ói~dfbe`r í fb]`Ý\�TcdYX~�t^e`]`enÚ�fb[¦WzfbrsYmrÅcdY
obadczfbr�xd]`fbazfbr ã$£ åßYm��adoirsr^o
t^[}fbWzf�]`Ødo í ~d�³fGt}[se`]nØzfGcdY�cd�`�.Ym[soir�cdY=ý°e­ÝSf�en�OfbóbYmaOcdf�oi~�t}[^f í �\oi�.o�r^YSØdob~�kiY\r^r^Y=~d�ÜYmrsxZY\]`Ødo
Y\aÉt^[^Y
fbr¯t}[se`]`Ødfbr í ÙÞoi[s�Of�adcdoS~d�³f=rs~dx2Ym[sÙÞ�n�menYAcdY
�.Yma�oi[¯YmadY\[^óie`f=Yä~�t^e`]ne`Ú�f��³oir¦WzfbrsYmr�]no��mfb]`enÚ�fbcdfbr ã
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j;enói~d[^f gih ���Ûfbadczf�Y$q � ý�cdf��³oi]nÝm�\~d]�f=cdY$Wde�ÙÞYmaden]Z]ne`óyfbcdf���rs~dxZY\[sÙÞ�n�me`Y�cdY$r^en]`�n�me`oRý�e à pip�á±â à 5 ï �iâazf �\oia�üzói~�[}fbvmwbo³îz�C] ã
×XoÁk�fb�.Ymayt^Y"kiY\[^enüd��fb�.oir&fUt}[}f�kbÝmr&cdobr&ói[}åUüz�moirOcdY"Y\rst}[s~�t}~�[}f)cdY�Wdfbadczf)Y�czf'cdY\adr^enczfbcdY

cdY³Ymr�tufbcdobr í j;e`ób~d[}fbr gih Y g,7 xzf�[}f�fbrG�moia�üzói~d[^fbv��°Ymr�îz�C]�Y&îz��~ í [^YmrsxZY\�\t^enk�fb�.Ymayt}Y í þ°~�Y&oir
Y\rstuf�cdoir czf��.oi]`Ý\�m~d]`f"azwbo�xd[soix2oi[^�\e`oiazf�� fb]�t}Y\[}fbv���Y\r��moia�r^e`c�Ym[}å�kbYme`rMazf�Y\rst}[s~�t}~�[}f�Ym]nY\t}[sùiaden��f
czfGr^~dx2Ym[�ÙÞ�`�menY
c�Yßý�e í þÉ~zfbadc�o �moi�.xzfb[^fbcdoirÅ�moi�ÜoirC[^Ymrs~d]nt}fbcdoirCoiW�t^e`cdoirCxzfb[^f�fGrs~dxZY\[sÙÞ�n�me`Y
xd~d[^f í
j;enói~d[^f á�5dã ×
f³�\oia�üzói~�[}fbvmwbo³îz�C]¼o�÷\óyfbx�÷TxZY\[^�³fbadYm�\YGx�[}f�t^e`��f��³Y\aÉt^Yße`azfb]�t}Y\[}fbcdo adf³cden[^Ymvmwbo
ΓJ
í Ym� t}oi[sado'c�Y p�ã65�s Y � Y�r^obÙÞ[sY"~d�³fDx2YmþÉ~dY\azf)fb]�t}Ym[^fbv�w�oDazf�cde`[sYmvmwbo

ΓJ ′ í xzfbrsr}fbadc�o)cdY
p�ãt
ih Y � xdfb[}f p�ít
ig Y �Rãw£ å³f.�moia�üdói~d[}f�v�wbo.îz��~�rsobÙÞ[^Y=~d�³fMx2YmþÉ~dY\azfO[sYmcd~dvmwboOadf³cden[^Ymvmwbo

ΓJ
í

xzf�r^r}f�adcdo�cdY p�í65�s Y � xzfb[^f p�í65Ég Y � Y³azf�cden[^Y\v�wbo
ΓJ ′ í xZY\[^�³fbadY\�mYOenazfb]�t}Ym[^fbcdo�Ym� t^oi[^ado�cdY

p�ít
ih Y ��ã
ò
rXen�Of�óiYmadrAý�îX� czf�rA�moia�üdói~d[}f�v��°Ymräîz��]�Yßîz��~'à©j;enói~d[}f g3yyâlí f�r^r^en� �\oi�³oMazf�rA�moia�üdói~��

[^fbv��°Ymr��Ûf$Y:��W í e`adc�~dÚAf�~d�³fXÙ´f�]`r}f
e`cdÝ\e�f
c�Y�þÉ~dYäfbr¦�³oi]nÝm�\~d]�fbr¼cdYÛW�enÙÞYma�e`]ÉcdYÛcd~dfbrNr^~�xZY\[^�mÝ\]`~d]`fbr
ý�e à pip�áÁâ à 5 ï �yâ k°enÚme`a�Øzfbr;Y\rst}wboS]`enóyfbczfbr¼Ymayt^[^YAr^e í ÙÞoi[s�Ofba�cdo$~d�³f
t}[se`]nØzfXc�YAWdenÙÞY\ade`] ã �¼o�c�Ym�.oir¯f�üz[��



,�]

-3

-2

-1

0

1

2

3

0 10 20 30 40

En
er

gi
a 

(e
V

)

DOS

Ef

J
Γ

-3

-2

-1

0

1

2

3
0 10 20 30 40

E
ne

rg
ia

 (e
V

)

DOS

Ef

J’Γ

BANDA

BANDA

Γ
Γ J

KJ’

j;enói~d[^f g,7 ���Ûfbadczf�Y$q � ý�cdf��³oi]nÝm�\~d]�f=cdY$Wde�ÙÞYmaden]Z]ne`óyfbcdf���rs~dxZY\[sÙÞ�n�me`Y�cdY$r^en]`�n�me`oRý�e à pip�á±â à 5 ï �iâazf �\oia�üzói~�[}fbvmwbo³îz�C~ ã
�³fb[NþÉ~dYäÝä~d�³f�Ù´fb]`r^f$e`cdÝ\e�f í x2oienrNoßói[}å�üd�moßczfScdYma�r^e`cdfbcdYAt}obt}fb]dcdYä�mfb[^óyfSadobr¯xd]�fba�oir¯cdYä]`enóyfbv�w�o
�.oi]`Ý\�m~d]`fU�|rs~dx2Ym[sÙÞ�n�menY
czfMj;enói~d[^f g,s azwbo.fbxd[sYmr^Y\aytufM~d�ö�mobaÉt^�`aÉ~doMcdYßcdY\adr^enczfbcdYßcdYß��f�[^óyf í fbxZY-�
azf�rÅ~��OfS�mobad�mY\aÉt^[}fbvmwboRc�YX�mfb[^óif=Y\�Tt}oi[sado=czf=�.oi]nÝm�m~�]�f�cdYX��f�czf=rs~dx2Ym[^�\Ým]n~d]�f ã ò�rÅe`�³fbóiY\adr¯cdY
ý�îX�ÕadYmrsr^YG��fbrso³xzf�[st}en�m~d]`fb[ÛcdY=�moba�üzói~d[^fbv�w�o³óiY\[}fM~d�³fMrs~dx2oir^env�wbo.Ym[s[^ùiadYmf.þÉ~dY=x2oir^r^f³Ylï�enrst}en[
~d�3��fbadfb]��moia�cd~�t}ob[Ar^oiWd[sY=fMrs~dx2Ym[sÙÞ�n�menY í oMþÉ~dYßazwboMÝßoiWdrsYm[�kbf�cdoMadoiräói[}åUüz�moirAc�Y=Y\rst^[^~�t^~d[}fMcdY
Wzf�adczf YßcdYmadrse`czf�cdYßcdYßYmrst}fbcdo.cdo.�Of�t^Ym[se�fb] ã

� e`rst^o)þÉ~dY�fbr³�moia�üzói~d[^fbv��°Ymr¡��f'Y���W�r^wbo��³fbe`r.Ymr�tuå�kiY\e`r&þÉ~dYðfbr³�moia�üzói~d[^fbv��°Ymr&îz�C]�Y
îz��~ í þÉ~dY.fbrSx�[^oixd[se`Y\czfbcdY\rSYm]`Ylt}[%�iade`�mfbr$czf�rs~dxZY\[sÙÞ�n�me`Y c�Y.ý�e¯aÉ~d�Of&rs~dx2Ym[^�\Ým]n~d]�f�ý�e à pip�á±â à 5 ï �iâ
r^wbo)xd[^f�t}en��fb�.Ymayt}Y�e`azf�]nt}Y\[}fbcdfbrO�\oi� f'fbcdr^ob[^v�w�o�czf)�³ob]`Ým�\~d]�fðcdY�W�enÙÞYma�e`]XY�þÉ~dYðf)fb~drs�mad�\e�f
cdY³fb]nói~d�³fbrS]`enóyfbv��°YmrScdf�r^~�xZY\[sÙÞ�`�\e`YMcdYOý�e�cdY\k°encdol��ÙÞoi[^�³fbvmwbo�c�Y³cd�n�³Y\[^oir=f�t}oi[sazf�Wzfbrst}fbayt}Y
[sY�f�t^enk�f í [^Y\r^oi]�kiY\�³oirÅxzfbrsr^e�kbf�[Å~��Ofßczfbr¯t}[se`]nØzfbr¯cdYXcd�`�.Ym[soir�cdY�ý�eQ�moi��å�t^oi�.oir¯cdYXØde`cd[soiói�\ade`oßY
fbadfb]`enÚ�fb[¦oir�[^Ymrs~d]nt}fbcdoir í tufbayt}o=xzfb[^fGfSrs~dxZY\[sÙÞ�n�me`Yäxd~�[}fS�moi��~��Of$t}[se`]nØzf$xzfbrsr^enk�fbcdfßþÉ~zf�aÉt^oRxzf�[}f
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j;enói~d[^f g,y �ß{|�Of�óiYmadrGý�îX� czfbr=�moba�üzói~d[^fbv��°Ymrßîz��]�YMîz��~Da°~��Of�r^~�xZY\[^�mÝ\]`~d]`f"ý°e|à pbp�áÁâ à 5 ï �yâlíenadr^ena°~dfbadcdo
~d�Of
xZoirsr^��kiYm]�]`enóyfbv�w�oXþÉ~d�n�³en��fXYmayt}[sYAfbr;�.oi]nÝm�m~�]�fbr¼cdYÛWde�ÙÞYmaden]ÉcdY�cd~dfbrNr^~�xZY\[^�mÝ\]`~d]`fbr
k°e`Ú\e`adØdfbr ã
fbrA�\oia�üzób~d[}fbv���Y\r���fMYm��W�r^obWd[^YßYmrsr}fM�³Y\r^�³f r^~dx2Ym[�ÙÞ�`�menYS�moi� ~d�Of�t^[^e`]nØzfRxzf�r^r^e�k�fbczf �moi� ;Gã

×¡å(à � ñmíUíun:W�ñ�é�îok ñ ä�èq��ì�lPì�í�pTnHì¦î¡ì äÐn�p=k)� Ñ n�îolPkmå#Xzéon$k

�¦fbr^rsenk�fb[Ûf=r^~dx2Ym[�ÙÞ�`�\e`YäcdY�rse`]n�`�meno í �\oiadr^enrst^Y�Ym��r^f�t}~d[^fb[Ûf�rC]ne`óyfbv���Y\r�xZY\adcdYmayt^YmrÛcdobr�cd�n�³Y\[^oir ã
�¼oi[^Ý\� í fRr}fUt}~d[^fbv�wboRazwbo�Ý�fb]`Ymf�t}ûi[se�f í Y-ï�enrst^Y�~d�³f�fb[sWdent^[}fb[se`YmcdfbcdYäYm�Ü[^Y\]�fbvmwbo�fbobrÛå�t^oi�³obrCþÉ~dY
x2oir^rsenkbYm]`�.Ymayt^Y�x2o�c�Ym� xzfbrsr^e�kbf�[Mt}fb]är^~dx2Ym[�ÙÞ�`�\e`Y ã {|�Ofbóbe`adY�þÉ~dY�fDr^~�xZY\[sÙÞ�`�\e`Y�Ym� Y\rst}~�cdo)Ymr�tuå
en�³Y\[^r}f�adf.fUt}�.oirsÙÞÝ\[}f í �m~Uø^f �mob�³x2oir^env�wbo �\oiadrse`rst^YßYm� a�ent}[soiói�\ade`o í o�ï�enói�ma�e`o í Øde`cd[soiói�\ade`o í óyfbrsYmr
adobWd[^Y\r í Ylt}� ã ò0r^~dx2Ym[�ÙÞ�`�\e`Y�enayt}Ym[^fbóiY
�moi�Üo fb[CYm�ÜWd~dr^�mf cdY$�³fbe`oi[�Y\rstuf�Wde`]ne`czfbc�Y ã � f�czf�cd�`�.Ym[so
cdY ý�e;czf&rs~dx2Ym[sÙÞ�n�menYRx2oir^rs~deNcdoienr$å�t^oi�.oir�cdY.ý°e í �mfbczf&~d� �mob�ÿ~d�³fO]ne`óyfbvmwboOx2Yma�cdYmayt}Y í �moi�.o
o ; [sY�fb]ne`Ú�f�~d�Of�]ne`óyfbvmwbo"þÉ~d�n�³en��f"Ý�W2Ym� xd[^o±k�å�kiYm]AþÉ~dY�x2oir^r^f�o��\oi[^[sYm[ ~d�³f�xzfbrsr^enk�fbvmwbo�czf
rs~dxZY\[sÙÞ�n�me`YSc�YRý°e��moi�öå�t}oi�.oirAcdY ;=ã

�¦fb[st^e`adcdo�czf�r^~dx2Ym[s�mÝm]n~d]�f�ý�e à pip�á±â à 5 ï �iâlí oiadc�YSø^å�kiY\[^enüd��fb�.oir=þ°~�Y³o°�moi[s[^Y.f"f�cdr^oi[sv�wbo�czf
�.oi]`Ý\�m~d]`fOcdY Wde�ÙÞYmaden];rsoiWd[^YM~d�³f&t}[se`]`ØdfOcdY cd�n�³Y\[^oirScdY.ý°e í ÙÞoi[s�Ofba�cdo�~d�³f&]`e`óifbv�wboO�³oi]nÝm�\~d]�fU�
rs~dxZY\[sÙÞ�n�mY í [^Ymr�tufba�cdo�xZoienr í ~��Of³t^[^en]`Øzf.cdY cd�`�.Ym[soir$cdY ý�e¯f&þÉ~zfb]Nxdfbr^rsenk�fb�.oir��\oi� Ødencd[^obói�madeno
f�üd�Üc�Y�e`a�cd~dÚmen[CrsoiWd[sY$fRrs~dxZY\[sÙÞ�n�me`YX~d����f�azfb]2cdY$fbc�r^oi[sv�wbo��.oi]nYm�m~�]�fb[ í j;e`ói~�[}f �ip�ã � WdrsYm[sk�fU� r^Y
þÉ~dYM�mob� f�xzfbrsr^enk�fbvmwbo�oirScd�n�³Y\[^oir$rsY t}oi[sazfb� x�]�fbazf�[ í Y\]`e`�.e`adfbadcdo³o�_�adói~d]no&cdY�÷\Wd~d���É]ne`adóQ÷ í
[sYm]�fUt}enkbo	�brä]`enóyfbv��°Ymr�xZY\adcdYmayt^Ymr í tuf���WZÝ\�öo°�moi[s[^YSo³f�Ù´fbrst}fb�.Ymayt}oMYmayt^[^YßoirXå�t}ob�³oirAc�o³cd�n�³Y\[^o í
xzf�r^r}f�adcdoScdYC~d�Of
cde`r�tu_bad�\e�fä�³Ý\cde�fXcdY g�í��d78� r^Y\�5xzf�r^r^e�k�fbv�wbo�xzfb[}f g�í65���� �\oi�5f�xzfbrsr^enk�fbvmwbo
�\oi� ; Y=f cde`r�tu_bad�\e�f cdYß]`enóyfbvmwboMý�e � ; czfMr^~�xZYlÙÞ�`�menY$üz��f Y\�öt}oi[sadoMcdY áií¿
3�	�Gã

ò
r&e`�³fbóiY\adrOcdY�ý�îX� czf)r^~�xZY\[sÙÞ�`�\e`Y)à 5 ï �yâ cdYðý�e
xd~d[}f)Y"�moi� ~d�³f�t}[se`]nØzfDcdY"cd�`�.Ym[soir
xzf�r^r^e�k�fbczfß�moi� ;=í j¦e`ói~d[^f ��áií r}wboG�m]�f�[}fb�.Ymayt}Yäcdenrst^e`ói~d��kiY\e`r í obadcdY
fGr^~�xZY\[sÙÞ�`�\e`Yäxd~d[^fRfbx�[^YmrsYmaytuf
k�fb[se�fbvmwbo³adf³t}oiadfb]`enczfbcdYßczf.e`�³fbóiYm� í [^YlÙÞYm[sYmayt}Y	�³fb]nt^Ym[^adfbad�me`f.c�o�_badói~�]`oOc�Y�÷\Wd~����°]ne`adóz÷Üx2oi[
t^o�czfßfßr^~dx2Ym[�ÙÞ�`�\e`Y í ø^å=fßr^~dx2Ym[�ÙÞ�`�menYA�moi�T~d�OfSt}[se`]nØzf$cdYäcd�`�.Ym[soir¯xzfbrsr^e�kbf�czfbrCfbxd[^Y\r^Y\aÉt}f=k�fb[se�fbvmwbo
cdYAt^oiazfb]ne`czfbc�YÛr^oi�.Ymayt^YXadf=[sYmóie`wboSoiadcdYäazw�oGo°�moi[s[^Yäfßxzfbrsr^enk�fbvmwbo í x2oie`r¯adwboGo°�mob[^[^Y=÷lWd~d���É]`enadóQ÷
azf [sYmóie`wbo xzfbrsr^enk�fbcdf ã
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j;enói~d[^f �ip �)ý�~dx2Ym[s�mÝm]n~d]�f)ý�e|à pip�áÁâ à 5 ï �yâ �moi� ~d�Of�t}[^en]`Øzf�cdY�cd�n�³Y\[^oir³cdY�ý�e$xzf�r^r^e�k�fbczf)�mob�
å�t^oi�.oirÛcdY ;Gã

a b

j;enói~d[^f ��á �${|�³fbóiY\adr$cdY³ý�îX� ãU� � I í t}Y\�³oir$f�rs~dx2Ym[sÙÞ�n�menY�à 5 ï �yâ c�Y.ý�eNxd~d[^f í �moi� ÙÞoi[^�³fbvmwbocdo�_badói~d]noRcdY ÷\Wd~d���É]`enadóQ÷ í cdYlt}Ym[s�³enazfbcdobr�x2Ym]�f=kbf�[^e�f�v�wboGcdY
t^oiazfb]ne`czfbc�Y
ado W�[^e`]nØdo=czf�e`�³fbóiY\� ã
£ å.Ym� Y í t}Y\�³oirX~d�³f.t^[^e`]nØzf cdYRc��`�.Ym[^obr
cdY�ý�e¼xzfbr^rsenk�fbczf.�moi� å�t^oi�.oir
c�Y ;Gí [sYmxd[sYmr^Y\aytufbadc�o~d�³fR[sYmóie`wbo�xd]`fbazfb[C�moi�ÜWd[^en]`ØdoR�OfbenrCenayt}Yma�r^oMY$oi~�t^[}f�[sYmóie`wbo�azwbo xdfbr^rsenk�fbczfR�\oi� oM_�adói~d]no�cdY
÷\W�~d���É]`e`a�óQ÷5fb]�t}Y\[^azfbc�o ã
� rOób[}å�üz�\oir&cdY�Ymr�t}[^~�t}~d[^f)cdY"Wzf�adczf'Y�c�Ymadrse`czfbc�Y"cdY�Y\rst}fbcdoir í j¦e`ói~d[^f �ig�í �³obrst}[^fDþÉ~dY

azf�cde`[sYmvmwbo�cdf�t}[se`]`Ødf�c�YOcd�n�³Y\[^oir³à
ΓJ
â azw�o"o°�moi[s[^Y³fb]nt^Ym[}f�v��°Ymr=azf�Y\rst}[s~�t}~�[}f"cdY³Wzfbadcdf��mob�

f"xdfbr^rsenk�fbv�w�o í þÉ~zfbadc�o��moi�.xzfb[^fbczf��\oi�úf"r^~dx2Ym[�ÙÞ�`�\e`YOx�~d[}f�o"k�fb]noi[=cdo�÷\óyf�x?÷ú�mobaÉt^e`aÉ~zf�Y\�
t^oi[^ado�cdY p�í65Éh Y �Rã � þÉ~dY³Ý.xd]`fb~dr^��kiY\] í xZobe`r=fbr=]`e`óifbv��°YmrSx2Ymadc�Ymayt}Y\rRczf�t}[^en]`Øzf&adwbo�xdfbr^rsenk�fbczf
x2Ym[s�Ofba�Ym�mY í cdY ÙÞoi[^�³fOþÉ~dYMYlï�enrst}YM�³fbe`ob[�]`enWZY\[^czf�cdY�cdY �.o±k�en�³Y\ayt}o�cdoirSY\]`Ýlt}[^obadrSazwbo�]`enóyfbcdobr
adY\r^r^fðc�e`[^Y\v�wbo ã �¦oi[sÝm�úazf�cde`[sYmvmwbo�x2Ym[^x2Yma�cde`�\~d]�fb[
��t}[se`]nØzf�cdYOcd�`�.Ym[soir�à

ΓJ ′ â �\[^e`f"xZY\þÉ~dYmazf
Wzf�[^[^Y\e`[^fäxdfb[}fäo��.o±k�en�³Y\ayt}oäYm]nY\t}[sùiaden�moäcdY\k°encdo��At}[se`]`Ødfäxdfbr^rsenk�fbczfä�moi� ;=í cdYÅÙÞob[^�³fäþÉ~dYÅo°�moi[s[^Y



>,ª
~d��f�~d�³Y\ayt}oRc�o�÷\óyf�x?÷�adYmrsr}f�cden[^Ymvmwbo í xzfbrsr}fba�cdo�cdY p�ít
ih Y � à´rs~dxZY\[sÙÞ�n�me`YXxd~d[^f â xzfb[}f p�í�s�
 Y �Rã
j;enÚmY\�³oir¦Ymaytuw�o í fSfbcdrsoi[^vmwboSczf$�.oi]`Ý\�m~d]`f
cdYAWde�ÙÞYmaden]�adfbr¯cd~zfbr¯�\oia�üzób~d[}fbv���Y\r¯�Of�e`r;Y\rst}å±kbYmenrXàF�Ûf
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j;enói~d[^f �yg � � r�t}[s~�t}~d[^f�cdY�WzfbadcdfðY�q � ý)czf�rs~dxZY\[^�\Ým]`~�]�fðý�e à pip�á±â à 5 ï �iâ �mob� ~d�³f"t}[se`]`Ødf"cdY
cd�n�³Y\[^oir�cdYGý�e�xzfbrsr^enk�fbcdfM�\oi� å�t^oi�.oirAcdY ;Gã
YÍ�CW âlí rsoiWd[sYßf�r^~dx2Ym[�ÙÞ�`�menY$cdY=ý�eZaÉ~d�Of�rs~dx2Ym[^�\Ým]n~d]�fMý�e à pip�áÁâ à 5 ï �yâ �\oi� ~d�³fGt^[^e`]nØzfGc�YScd�`�.Ym[soir
xzf�r^r^e�k�fbczfA�moi� ;Gí x2oie`r?f�t^ÝÅfbóioi[^f í oir?��åb]n�m~d]noir�adoir?�.oirst^[}fb�0þÉ~dY�fA�.oi]`Ý\�m~d]`fÛcdY�WdenÙÞY\ade`]bazwboä�m[se�f
adY\adØÉ~d�³fß�R~dczfbadvmfSYm]`Ylt}[sùiade`�mf$r^oiW�[^YXfSr^~dx2Ym[�ÙÞ�`�menYAcdYXý�ezxd~�[}f ã � oi��oße`ayt}~�ent}o�cdYAkiYm[senüz�mfb[¯r^Yäo
�.Ymrs�³o
o��\oi[^[sYÛ�moi�5f�rs~dxZY\[sÙÞ�n�me`Y��moi� ~d�³f
t}[se`]`ØdfXcdY�cd�`�.Ym[soir;xzf�r^r^e�k�fbczf$�mob� ;=í f�t^[^e`W�~de`�.oir¼fbr
fbW�[^Y\k°e`fbv��°YmrM�Ûfd��Y��CW���xzfb[^fXf�r¦�\oia�üzói~�[}fbv���Y\rb��fXY���W í [^Y\r^x2Ym�\t^enk�fb�.Ymayt}Y�rsoiWd[^Y�tuf�]yr^~dx2Ym[�ÙÞ�`�menY
xzf�r^r^e�k�fbczf í �m~Áø^fbr�óiY\oi�.Y\t}[se�fbr��\oiaykiYm[sóie`cdfbrÛYmr�tuwboG[^Y\xd[^Y\r^Ymayt}fbczfbrAazf�rCrsYmói~denayt}YmrCüzói~d[^fbrm�¯j¦e`ói~d[^f
�d� xzfb[^f'f �Ûf,��Y"j;e`ób~d[}f �,5 xdfb[}fDf ��W�� ã ×XoÁk�fb�.Ymayt^Y í oiWdrsYm[�kbfÁ�|r^Y"þ°~�Y�~d� fbadY\]XÙÞY\ade`]äczf
�.oi]`Ý\�m~d]`fRcdYßWde�ÙÞYmaden]­azwbo.]`enóyf�� r^~�xZY\[sÙÞ�`�\e`Y ã

ò
rAcde`r�tu_bad�\e�fbr�e`ayt}Y\[}f�t^ùi�³en��fbrC[^Y\]`Y\k�fbayt^YmrAxzfb[^f f��moi�.xzfb[^fbv�w�o cdYS[^Y\r^~d]�tufbcdobr í oiW�t}e`c�oirÛ�mob�
fbrG�moia�üzói~d[^fbv��°Ymr
�Ûf"Y��CW)azwbo�xdfbr^rsenk�fbczfbrGczf"î¦fbW2Ym]�f s�í Y\rstuw�o�Ylï�xd[sYmr^r^fbr xzfb[^f"fbrR�³Y\r^�³fbr
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j;enói~d[^f �d� � � oia�üzói~�[}fbvmwboK�Ûfd� í cdYmr�tufb�mfbadcdoðcdYlt}Ym[s�³enazfbcdobr å�t}ob�³oirRxzfb[}f�f�azfb]`enÚ�fb[Rfb]`ób~d�Of�rcdenrst}_bad�me`fbr�enayt}Ym[^f�t}ùb�³en��fbr ã ò8t^[^e`]nØzfGxdfbr^rsenk�fbczfRx2oirsr^~de�~�� å�t^oi�.o�cdY ; ]ne`óyf�cdo�fR�mfbczf å�t^oi�.oircdobrXc��`�.Ym[^o c�YRý°e�cdYmrsr}fMt}[^en]`Øzf ã
�\oia�üzói~�[}fbv���Y\r.xdfbr^rsenk�fbczfbr �\oi� ; azf�î¦fbWZY\]�f y�í r^Y\ói~dadcdoDfbr.j;enói~d[}f�r �d� Y �,5dã � WdrsYm[sk�fU� r^Y
þÉ~dYðfbr&k�fb[se�fbv���Y\r&azfbr�c�entu_�ad�me`fbrOenaÉt^Ym[^f�t}ùi�.e`�mfbrOr^wbo��³�nade`�³fbr í oi~¶r^Y|ø^f í f)t^[^e`]nØzfDxdfbr^rsenk�fbczf
azw�o�ena��z~dY\ad�me`f�azf��moia�üdói~d[}f�v�wbo�czf��.oi]`Ý\�m~d]`f�r^oiWd[sY&f�r^~dx2Ym[�ÙÞ�`�menY ã¡� ayt}[sY\t}fbadcdo í o��\oi[^[sY³~d�³f
enaÉkbYm[sr}wbo.cdYSYmr�tufbW�e`]`enczfbcdY í x2oie`rA�\oi�öf xzf�r^r^e�k�fbv�wbo í f �moia�üdói~d[}f�v�wbo���W���Ý=�³fbenrÛYmr�tuå�kiY\]¼þÉ~dY=f
�Ûf,�¡Y\� p�í pds Y �Rí ]`Y\��Wd[}f�adcdo&þÉ~dY xzf�[}f&f&rs~dxZY\[sÙÞ�n�me`YR]`e`�.xzf�à´xd~�[}f â f¡��f&Ý��Of�e`r�Y\rst}å±kbYm]¯þÉ~dY
f	��W�Ym� p�í p,7 Y ��ã �¦ob[stuf�aÉt^o.fMxdfbr^rsenk�fbv�w�o azwboMe`a��d~dYmad�\e�f azfbrAóbYmoi�.Y\t^[^e�f�rÛczfbrA�\oia�üzói~�[}fbv���Y\r í
�³fbr.r^e`� í adfbrOY\adYm[sóie�fbr.cdY�ÙÞoi[^�³fbv�w�oDcdY\r^r^fbr&�moba�üzói~d[^fbv��°Ymr ã � W�r^Ym[�k�fb�³obr³tuf���WZÝ\� í þÉ~dY�f
Y\adYm[sóie�f�cdY�fbc�r^oi[sv�wboðczf��.oi]`Ý\�m~d]`f"xZY\[^�³fbadY\�mY�Ym�út}oi[sadoðcdYO� g�í65yp Y � xzfb[^f�f��moia�üdói~d[}f�v�wbo
��WW� í o��³Y\r^�.oGk�fb]noi[CobW�t}encdoGxdfb[}f�f
��W�fbo�xdfbr^rso�þÉ~dY$xzfb[^f�fG�\oia�üzób~d[}fbvmwboj�Ûf,�Hf=YmadY\[^óie`fRcdY
fbc�r^oi[sv�wbo.ÝG�³fbenoi[AþÉ~dY�f|�Ûf í � g°ít�,5 Y � Yß� g�í�5d7 Y �Rí [sYmrsxZY\�\t}e�k�fb�³Y\ayt}Y ã � rst}fbWZY\]`Y\�mYm�.oirXYmaytuw�o í
fb]nói~dadrCxd]�f�adoirÛczf�rs~dx2Ym[sÙÞ�n�menY$xzfb[^f��moiadr�t}[s~de`[ÛobrAói[}å�üd�moirÛc�YScdYmadrse`czf�cdY$t}obt}fb]­c�YS��fb[sóyf í j¦e`ói~d[^f
��
°ã�� Ym[^e�üz��f��³oir=x2Ym]�f�cdY\adr^enczfbcdY&c�YO��f�[^óyf í j;enói~d[}f �ds�í þÉ~dYOY-ï�enrst^Y&~d�³f�x2YmþÉ~dY\azf�e`ayt}Y\[}fbvmwbo
cdo.fba�Ym]�ÙÞYma�e`]�azwboM]ne`óyfbc�o	�Mrs~dx2Ym[sÙÞ�n�menYS�moi�ö~�� å�t}oi�.o cdY ; czf t}[^en]`ØzfGcdYGc��`�.Ym[^obrÛxzfbrsr^enk�fbcdf í
o&þÉ~dY Y-ï�xd]`en��fOoOÙ´fUt}o&czf³�moia�üdói~d[}f�v�wbo��Ûf,�¡rsYm[$�.Ymadobr$Ymr�tuå�kiY\]NþÉ~dYMf���W�� í x2oie`r
f&e`ayt}Y\[}fbvmwbo
fba�Ym]�� ; Ý
[^Y\xd~d]`rsenk�f í fb��W2oirÅr^Y$Y\ad�moiayt^[}fb�Ür}f�t^~d[}f�cdoir ã {|a��m]`~�r^enkbYSfRcdenrst}_bad�me`f=�.Ýmc�e�fGc�Y$]`enóyfbv�w�o
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j;enói~d[^f �,5 � � oia�üdói~d[}f�v�wboK��W�� í cdY\rst}fb��fba�cdoðcdY\t^Ym[^�.e`adfbcdoir åUt}oi�.oirRxdfb[}f�fbadfb]`enÚ�fb[Gfb]`ób~d�Of�rcdenrst}_bad�me`fbr�enayt}Ym[^f�t}ùb�³en��fbr ã ò8t^[^e`]nØzfGxdfbr^rsenk�fbczfRx2oirsr^~de�~�� å�t^oi�.o�cdY ; ]ne`óyf�cdo�fR�mfbczf å�t^oi�.oircdobrXc��`�.Ym[^o c�YRý°e�cdYmrsr}fMt}[^en]`Øzf ã
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j;enói~d[^f ��
 ��ý�~dx2Ym[sÙÞ�n�menYScdY�ý°e��moi� fM�³ob]`Ým�\~d]�f�c�YGWde�ÙÞYmaden]�fbcdrsoi[sk°enczf.adfbrä�moia�üdói~d[}f�v��°Ymr(�Ûfd��Y
��WW� í cdY\rstuf���fbadc�oRoir�xd]`fbadoir¯cdYX]`enóyfbvmwbo$�.oi]`Ý\�m~d]`fU�|rs~dxZY\[sÙÞ�n�me`YCoiadcdYäcdYlt}Y\[^�.e`azfb�.oir�fScdY\adr^enczfbcdYt^obtufb]­cdYß��fb[sóyf azfMj;e`ói~�[}f �ds�ã
� � ; czf��³ob]`Ým�\~d]�f�Ý.e`ayk�fb[^e`fbayt}Y í �mY\[^��f�cdY áií�áiá|� adfbrRcd~dfbrR�\oia�üzói~�[}fbv���Y\r ãO£ å"f�c�e`rst}_bad�\e�f
�.Ýmcde`f
cdY�]`e`óifbv�wbo�ý�e � ; czf�t}[se`]`ØdfXxzf�r^r^e�k�fbczf í �\~Uøso�k�fb]noi[¦Ý áií¿
3���Rí r^obÙÞ[sYÛ~d�³f(õdaden��f�c�Y\ÙÞoi[s�Ofbvmwbo
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�\oia�üzói~�[}fbv���Y\r��Ûf,�
Y���WW�Tfbxd[sYmrsYmaytufb� ��fb[^fb�\t^Ym[^enrst^e`��f�r�cdenÙÞY\[^Y\aÉt^YmrMczfbr �\oia�üzób~d[}fbv���Y\rMfbayt}Y\[^e`ob[^Ymr í xZoienr�o°�moi[s[^Y&o
fb]`fb[^óifb�³Y\ayt}o�cdo�÷\óifbx?÷ �moi� f.f�cdr^oi[sv�wboMczf �.oi]`Ý\�m~d]`fRcdYßWde�ÙÞYmaden] í e`rst^o Ý í þÉ~zfba�cdoM�moi�.xzfb[^fbcdo
fboO÷\óyf�x?÷�czf=rs~dx2Ym[sÙÞ�n�menY
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×Xoir^rsoRt}[^fbWzfb]nØdoG�\oi�.xd[^o±k�fGþÉ~dYSfG�³oi]nÝm�\~d]�fScdY
WdenÙÞY\ade`]QÝ�þÉ~den�³en��fb�.Ymayt^Y
f�cdr^oi[�k°e`czf=r^oiWd[sY$f
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�.oir
fbr
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�moia�üzói~d[^fbv��°Ymr
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Ý
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