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×XYmr^rsY$t}[^fbWzfb]nØdoGÙ´fbÚ\Ym�.oirÛ~d�ÜYmr�t}~dc�o czf fbcdrsoi[^vmwbo�cdY$�.oi]nÝm�m~�]�fbrÅcdY$Wde�ÙÞYmaden]Qr^oiWd[sYßfRr^~�xZY\[��
ÙÞ�n�me`YGcdY r^en]`�n�me`o³�m[sYmr^�\e`czf�azf&c�e`[^Y\v�wbo�à pip�áÁâ-ã Vät}en]`e`Úmfb�.oirä��åb]n�m~d]noir$cdY xd[se`�.Ymen[^oir
xd[^enad�m�nxde`oir�à^æyç
è¸ézè¸ê´èìëmâlí c�Ymayt}[so³cdo ÙÞoi[s�Of�]`e`rs�³oGczfMî¦Y\oi[^e`f�cdoOjz~da��me`obazfb]­cdf³q�Y\adr^enczfbcdY³à´q$j;î âlã

q�Y\ayt}[^o'cdoDÙÞoi[s�Of�]`e`rs�³o"czf'q$j¦î í ~�t}e`]ne`Úmfb�³obr fbxd[so±ï�en�OfbvmwboðczfDc�Ymadrse`czfbc�Y"]`o°��f�]=à©ñ?qAò âYðfbx�[^o�ï�e`�³fbv�wbo�c�Y�ób[}fbcdenYmayt}Y\r�óiYma�Ym[}f�]`e`Úmfbcdoir�àìô=ôßò â xzfb[^f�c�Ymr^�\[^YlkiYm[�o�t}Ym[s�³o�c�Yðt^[^o°��f�Y�\oi[^[sYm]�f�v�wbo ãöõ Y\xd[^Y\r^Ymayt}fb�³obr�fHrs~dx2Ym[sÙÞ�n�menY'f�t^[}f�kiÝ\r"cdY�÷\r^~�xZY\[^�mÝ\]`~d]`fbr±÷ í �m~Uø^fbr�xd[^obxd[^enYmczfbc�YmrY\]`Y\t^[^ùia�e`��f�rGx2oir^rs~dYm�úf��.Ymrs�Of�[^Y\xd[^Y\r^Ymayt}f�t}e�k�enczfbcdYOcdYO~d�³f�rs~dx2Ym[sÙÞ�n�menYOx2Ym[^enû�c�e`��f�YOena�üzade�tuf ãj;enÚmY\�³oir�~dr^o�cdYMxdrsYm~dcdobxZobt^Ymad�\e�fbenrScdYMadoi[s�Of&�\oiadr^Y\[sk�fbczf�Y r^en��~d]`fb�³obr�e`�³fbóiY\adr$cdYM�.e`�\[^oir��
�\oixde�f.Ym]nY\t}[sùiaden��f�à©ý�îX� â xzf�[}fO�³fbx2Y�fb[XYm]nY\t}[sùiaden��fb�.Ymayt}Y=cdYltufb]nØdYmr$cdfOr^~dx2Ym[�ÙÞ�`�\e`YRY\�ÿþÉ~dY\rst}wbo ã� �mû°cde`óio�~�t}e`]ne`ÚmfbcdoOÙÞoie¯o�ý�enYmr�tuf�azf�kiYm[sr}wbo áiã���í ado�þÉ~zfb]�oirSoi[sWdent}fbe`rSfUt}ùi�.e`�\oir$r}w�o�cdY\r^�\[^ent^oirf�t^[}f�kiÝ\rNcdY�ÙÞ~�adv��°Ymr¯cdYCWzfbrsYmr¯]`o°��f�]`e`Úmfbczfbr í oSþ°~�YÛxZobr^r^enWde`]nent}fä�måb]`�\~d]`obr;cdYÛrs~dx2Ym[^�\Ým]n~d]�fbr¦�moiayt^Ymadcdo�\Ymayt}Y\azfbrXcdY=å�t}oi�.oir ã

×Xoir^rso&t}[}f�Wzfb]`Ø�oO�mobadr^enrst}Y Y\� kbYm[senüz�mfb[�t}Y\oi[^en��fb�.Ymayt^Y�fb]nói~dadr
czfbcdoir�Ylï�xZY\[^en�³Y\aÉt}fbe`r í �\~Uøsoir[sYmr^~�]ntuf�cdoirSxd[sYm]`en�³enazfb[sYmr�enadcden��fb�ÿf&xZobr^r^enWde`]ne`czf�cdYRcdYMØzf�kbYm[ßcd~zfbrS�\oia�üzób~d[}fbv���Y\rßYmrst}å�kiYmenr í fbrþÉ~zfbenr
�uØdfb�Of�[^Ym�.oirXcdY��ÛfOY���W í xzfb[}f³fOfbc�r^oi[sv�wbo&c�YR�.oi]`Ý\�m~d]`fMc�YRWde�ÙÞYmaden]�r^oiWd[sY�f.r^~dx2Ym[�ÙÞ�`�menYcdYXr^en]`�n�me`oSadfGcden[^YmvmwboOà pip�á±âlã ý°Ymói~da�cdo�oirÅ[^Y\r^~d]�tufbcdobrCY-ï�x2Ym[se`�.Ymaytuf�e`rÅfG�\oia�üzói~�[}fbvmwbo��ÛfßÝ��³fbenrY\rstuå�kbYm]¯þÉ~dY.f���W ã î¦fb��W2Ým�ÿoiWdrsYm[sk�fU� r^Y þÉ~dY.f&�.oi]`Ý\�m~d]`fOcdY Wde�ÙÞYmaden];x2Ym[^�³fbadY\�mY�ü�ï�f�r^obWd[^YMfrs~dxZY\[sÙÞ�n�me`Y
cdYßý�eZazfR�\oia�üzói~�[}fbvmwbo	�Ûf í tufbayt}o�fRWzfbe ïdf�r�t}Y\�³x2Ym[^f�t}~d[^fbrSàÞ�mY\[^��f�c�Y ��

�=âlí þÉ~zfbayt}of�t}Y\�³x2Ym[^f�t}~�[}f.fb��WdenYmayt}Y ã�� ayt}[sY\tuf�adcdo í fM�moia�üdói~d[}f�v�wbo���W�fbxd[^Y\r^Y\aÉt}f³WdenYmr�tufbWden]`enczfbcdY í x2oie`räfWzf�e�ï�fbr$t}Y\�³x2Ym[^f�t}~�[}fbr=f��³oi]nÝm�\~d]�fOüz�mf�ü�ïdf�r^obWd[^Y³f�rs~dx2Ym[sÙÞ�n�menY YOf&t}Y\�³x2Ym[^f�t}~�[}f�fb��WdenYmayt}YMf
�.oi]`Ý\�m~d]`f=obr^�men]�f=r^oiWd[sYßfR�.Ymr^�³fRrs~dxZY\[sÙÞ�n�me`Y í o�þÉ~dYSx2o°cdY$o°��fbrse`oiazf�[CaÉ~d�³fR��~dcdfbadv�f�x2Ym[se`û°cde`�mfazf�r�xd[soixd[^enYmczf�cdYmrCYm]`Ylt}[sùiade`�mfbr�c�o��OfUt}Ym[se�fb] í �m~Áø^fRxd[^enad�menxzfb]Q��f�[}fb�lt}Ym[se`r�t}e`�mfGÝ$o=Ù´f�t}oRcdY�rsYm[Û~d�³frs~dxZY\[sÙÞ�n�me`YßrsYm�.e`�mobadcd~�t^oi[}f.cdYR��~�entufMfbx�]`e`�mfbv�w�o.t^Ym�ma�oi]`ûióbe�f�à´�uØdenxdr í �.Ym�.ûi[^e`fbr í �\e`[^�\~dent^oir í Ylt}� â-ãVX�Of���~�czfbadvmf�x2Ym[se`û°cde`�mf"azfbrM��f�[}fb�lt}Ym[se`r�t}e`�mfbr Ym]nY\t^[^ùiaden��fbrRcdYmrsr}fDrs~dx2Ym[sÙÞ�n�menY�xZo°cdY&ÙÞ~dad�\e`oiadfb[
�\oi�³oG~d�³fGazfba�oi�Oå�þ°~�e`azf í �\~Uø^f�fbxd]ne`�mfbv�wbo=x2o�cdYXr^Y\[Û~d���mobaÉt}fbcdoi[ í �\]`o°��� í e`ayt^Ym[^~�x�t}oi[ í �\e`[^�\~dent^o]nûióie`�\o�Ym� Ymr^�mfb]�fMf�t^ùi�.e`��f í Y\t^� ã

j;enÚmY\�³oirSo�Ymr�t}~dcdo�czfbr=xd[^obxd[^enYmczfbc�Y.Y\]`Ylt}[^ùbade`�mfbrßczf�rs~dxZY\[sÙÞ�n�me`YMY.czf��³oi]nÝm�\~d]�f&cdY.Wde�ÙÞYmaden]
rsoiWd[^Y$fRr^~dx2Ym[�ÙÞ�`�\e`Y í xzfb[^fGk�åb[^e`fbrÅ�moia�üdói~d[}f�v��°YmrÛczf��.oi]nÝm�m~�]�fßr^oiWd[sY�tuf�]Zrs~dxZY\[sÙÞ�n�me`Y ã�� Ym[senüz�mfb�.oirx2oi[^Ý\� í þÉ~dYAoirNY\rstuf�cdoir¯czf$�.oi]`Ý\�m~d]`f
rsoiWd[^YÛf$r^~dx2Ym[�ÙÞ�`�menYAfbxd[sYmrsYmaytufS~d�³f�x2YmþÉ~dYmadfßena��z~d�\ad�me`f�azf]`fb[^ói~�[}f cdo�÷lóyfbx?÷TcdY\rst}f í ob~"r^Y|ø^f í f³�.oi]`Ý\�m~d]`f�azwbo³xd[^oix2oi[s�me`obazf ��~dczfba�v�fbrXr^enóiadenüd��f�t^enk�fbrAazf�mfb[}fb�lt}Y\[^e`r�t}en��f�rsYm�.e`�mobadcd~�t^oi[}f�cdf$r^~dx2Ym[�ÙÞ�`�menYÛcdYXý�e í cdY�ÙÞob[^�³f�þÉ~dYAoirN[sYmr^~�]ntuf�cdoir¯Ylï�x2Ym[se`�.Ymaytufbenrazw�o)Ymr�tuwbo)c�Y�fb�mob[^cdo��\oi� oir&��å�]`�m~�]`oirMt}Y\ûi[^en�moir&~�r}fbadc�o�q$j;î í �\~Uø^f'�\[^Ymc�e`Wden]`e`cdfbcdY�r^Y�cdYlkiYfbobr=W2oiadr=[^Y\r^~d]�tufbc�oirßþ°~�Y³Y\r^r}f�t}Ymob[^e�f&t^Ym� xd[soix2oi[^�\e`oiazf�cdo�azf"j;�nr^en��f&cdYO�"f�t^Ym[^e`fbe`rSYMkiY\� r^Y
Y-ï�xdfbadcdenadcdo³fM�mfbczf cde`f ã
�¦fb]�f�k°[}fbrA�uØdf±kbYmr\�Sæyç è¸ézè¸ê´èìëUí ÙÞ~dad�\e`oiazf�]�czf cdYma�r^e`cdfbcdY í t^[^o°��f YS�moi[s[^Y\]�fbvmwbo í xdrsYm~dc�oixZo�t}Yma��me�f�] ã
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{|aMt}Ødenr$#�oi[%��#�YXe`aykbYmrst^e`óyfUt}YmcMt}Ø�Y
r�t}[^~��\t}~�[}fb]Qfba�cOYm]nYm�lt}[^obade`�Axd[soix2Ym[st^e`Y\rÅo�ÙZt^ØdY�f�cdr^oi[sx�t}enoia
obÙNWde`xdØ�Yma�&°];�.oi]`Y\�m~d]nYmräoia"t^ØdY ý�e à pip�áÁâ r^~d[�Ù´fb�mY ã(' Y�~dr^Y=t}ØdYGcdYma�r^ent)&�ÙÞ~dad�lt}enoiazfb]�t}Ø�Ymoi[*&+#äe�t}Øadob[^�Ü�moiadrsYm[�k�enadóMxdr^Y\~dcdoix2obt^Ymayt}e`fb]ZÙÞoi[s�Of�]`e`rs� ã jzoi[Ct^ØdYSYlï��uØzf�adóiYl� �moi[s[^Y\]�f�t^e`oia&Y\adYm[só,&-#CYSt}Y\rstW2obt}Ø�t}ØdY³]`o°��fb]¯c�Ymadrsent)&'fbadcDt^ØdYOóbYmadY\[}fb]ne`ÚmY\c'ói[^fbcdenYmayt�f�xdxd[^o�ï�e`�³f�t^e`oiadr í #äØdYm[sYOt}ØdY³]�fbr�t�f�x��xd[soyfb�uØ�Øzf�kbY WZY\Yma�r^Ø�o.#CYmcðt}oOóienkbY�WZYlt^t^Ym[$[sYmr^~�]nt}r
t}o&cdY\r^�\[^e`W2YRt^ØdY fbcdrsoi[^x�t}e`oba�obÙÅf&�.oi]`Y\�m~d]nY
oia�t^ØdYGý�e�r^~d[�Ù´fb�mY ã

� ~d[¯[sYmr^~�]nt}r¯rsØdo/#:t^Øzf�t¯t}Ø�YAWde`xdØ�Yma�&°]z�³oi]nYm�\~d]`YCe`r�fbcdrsoi[^W2YmcMoia t^ØdYXý�e|à pip�áÁâ r^~d[�Ù´fb�mYAenaMÙÞob~d[cde10­Y\[^Y\aÉtär�t}[s~d�\t^~d[^Y\r ã îAØde`rA[sYmr^~�]ntäe`rAena�fbói[sYmYm�.Ymayt2#äe�t}Ø�Ylï�x2Ym[^en�³Y\aytufb]�cdf�tuf�#äØdY\[^YßØzf�kiYßW2YmYmaoiW�r^Ym[�kiY\c�f�tÅ]`Ymfbrst¯t)#CoRcde10­Y\[^Y\aÉtC�moba�üzói~d[^f�t}enoiadrNÙÞoi[¯t^ØdY
W�e`xdØdY\a�&�]QoiaMt}Ø�Y$ý�e à pip�áÁâ r^~�[sÙ´fb�\Y ã îAØdYWdenadcdenadó�Yma�Ym[^ó3&&ÙÞoi[�t^ØdYS�³obrstAr�tufbWd]nY$rst^[^~d�lt}~d[sYßobÙ?t}ØdYSWdenxdØdY\a4&°]�enrC� g�ã65�7 Y �Rã�' YSobWdr^Y\[skiYSt^Øzf�trsoi�³Y=obÙ¦t}ØdYG�³oi]nYm�\~d]`YSW2oiadcdr8#äent^Ø�t}Ø�Y�ý�e¼r^~�[sÙ´fb�\YRfb[sYRr�t}[^obadó í #äØde`]nYßobt}ØdY\[^r
oiadYGfb[^YGadobt ã �9&xzf�r^r^e�k�f�t}enadó$fb]�t}Y\[^azf�t^e`adó
cde`�.Ym[¦[^o/#är¯obÙQt}Ø�Yäý�e|à pip�áÁâ r^~d[�Ù´fb�mY:#äe�t}Ø�Ø�&°cd[soióiYma.f�t^oi�.r í oi~�[N[^Y\r^~d]�t}rrsØdo/# t}Øzf�t
t}ØdYGrst^[^~d�lt}~d[sY�obÙNt^ØdYRWdenxdØdY\a4&°]¦oia"t}Ø�Y ý�e¼r^~d[�Ù´fb�mY��bY\Ymxdrßfb]n�³obrstät}ØdYGr}fb�.YGfbr
t^Øzf�t
obÙ�t^ØdY$adoba�xzfbr^rsenk�f�t^Ymc�r^~d[�Ù´fb�mY ã<; o/#CY\kiY\[Xt^ØdYm[sY$e`rÛfR�uØzfbadóbYSobÙ�t}ØdYSr�tufbW�e`]`e�t)&2�¦t}Ø�Y$�³obrstÛr�tufbW�]`Yr�t}[^~��\t}~�[^Y$ÙÞoi[�t^ØdY$WdenxdØdY\a4&°]�oba&t}ØdYSr^f�t}~d[^f�t}Y\c�ý�e|à pip�áÁâ r^~d[�Ù´fb�mYSenr�cde10­Y\[^Y\aÉtAÙÞ[soi��t}ØdYSr�t}[s~d�\t^~d[^YobÙ¼t}Ø�Y=W�e`xdØdY\a�&�]�oba�t^ØdYßadoia�r}f�t^~d[}fUt}Ymc�r^~�[sÙ´fb�\Y ã

' e�t}ØHt^ØdY�f�cdr^oi[sx�t}enoia:o�ÙSt}ØdY�Wde`xdØ�Yma�&°]
�.oi]`Y\�m~d]nY�obaHt}Ø�Y�ý�eRà pip�áÁâ rs~d[sÙ´f��mY í t^ØdY"Y\adYm[só,&Wzf�adc�óyfbx�r^~=0­Y\[ r^�³fb]`]Å�uØzfbadóbYmr ã îAØdY�xd[^Y\r^Yma��mY�obÙät}ØdY�WdenxdØdY\a4&°]Ûoba�t^ØdY�r^~�[sÙ´fb�\Y�e`ayt}[so�cd~��mYY\adYm[só,&.]`Y\kbYm]nr�e`a�r^e`c�YXt^ØdY
k�fb]nYmad�\Y�Wzfba�c&fbadcOe`adrse`cdYät}ØdY
�moia�cd~d�\t^e`oiaOWzfbadc ã jQob[Cadoba&xzfbrsr^enk�f�t^Ymcrs~d[sÙ´fb�\YmrÛt^ØdYSWzfbadc�óyf�x�r^~�0ZYm[ÛkbYm[%&Or^�³fb]`]2[^Y\cd~d�lt}e`oba�#äØ�Yma�t}ØdYSW�e`xdØdY\a�&�]­e`rAfbc�r^oi[sWZY\c ã � a�t^ØdYobt^ØdYm[CØzfbadc&ÙÞob[CØ�&°cd[^obóiYma�xzfbrsr^e�kbfUt}YmcOr^~d[�Ù´fb�mY\rÛt}ØdY
Wzfbadc�óyf�x&r^~�0ZYm[Ûfba&Yma�]�fb[sóiYm�.Ymayt�#äe�t}ØOt^ØdY
fbc�r^oi[sx�t}enoia�obÙ¼t}ØdYßWdenxdØdYma�&°]?�³ob]`Ym�\~d]`Y ã
�¦fb]�f�k°[}fbrA�uØdf±kbYmr\�Sæyç è¸ézè¸ê´èìëUí cdYma�r^ent)&OÙÞ~dad�\t^e`oiadfb] í Ylï��uØzfbadóbYl�|�\oi[^[sYm]`f�t}enoia í xdrsYm~dc�oixZo�t}Ymayt^e�fb] ã
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C9DFEHG/IKJMLON2DQPSRUTVIWE

C9DFEHG/IKJMLOX�IWY$L[ZQIWE

\ ]�^ G/T._`JMRbadcW_ x ãmáiá

e f�g ZQh�RbZi_SEjJMLlkmTVDFnoL=DiT._SE�kmT3D ^ h�pQqbDQ_SE x ãmá/�
g�ã�á jz~dadv���Y\räcdYm�Ûfbr^Y ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmá/�

g�ã�áiã�á jz~dadv��°YmräîAenxZo³ý�]`f�t}Y\[ ãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmár5
g�ã�áiã g jz~dadv��°YmräîAenxZo³ôßfb~dr^rse�fbadfbr ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmá.

g�ã�áiã�� � ò�øs~�rst}Y � fb[se�fb�\e`oiadfb]Zc�Y � ï�x2o�Y\aÉt^Ymr ã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmá/s
g�ã�áiã65 òAczfbx�t}fbv�w�o³cdY=jz~dadv���Y\räîAe`x2oOý°]�f�t^Ym[ ã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmáÁh
g�ã�áiãt
 � [^Wde�tufbenrA×
~d�.Ým[se`�\oir ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmá/7

u v L�G/_`JU_wZi_xPSDQI x ãmá/y
��ã�á î¼Ymoi[se�f cdo.jz~dad�\e`oiazf�]�czf.q�Ymadrse`czf�cdY ã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãmá/y

��ã�áiã�á î¦Y\oi[^Y\�Of�rXc�Y ; oiØdY\a°W2Ym[só³Y � oiØda ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãugbp
��ã�áiã g � þ°~dfbv��°YmrXcdY � oiØ�a���ý�Ødfb� ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãugig

��ã g ò
xd[^o�ï�e`�³fbv��°Ymrz�¦fb[}fMoMî¦Y\[^�.oMcdYßî¦[so��mf.Y � oi[s[^Ym]`fbv�w�o ã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãug,s
��ã g�ã�á ñ?qäò à´ò
xd[^o�ï�e`�³fbvmwbo czfMq�Yma�r^e`cdfbcdYGñ?o°��f�] âHã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãug,s
��ã g�ã g ôGôSòÜà´ò
xd[^o�ï�e`�³fbvmwbo cdYGôß[^fbcdenYmayt}Y\r�ôSYma�Ym[}f�]`e`Úmfbcdoir â�ã=ãGã=ã=ãGãßã=ã x ãug,7
��ã g�ã�� � oi[^[sYmvmwbo³c�Y���fbr^Y³àF�Ûýdý �Åâ ã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãug,y

��ã�� î¼Ymoi[sYm�³f.c�Y ; Ym]n]`�³fbada��|jQYH&°ad�Of�a ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{��á



��ã���ã�á î¦Y\oi[^Y\�OfMcdY ; Y\]`]n�Ofba�a���jzY�&°ad�³fba³azf³q�j;î ã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{�yg
��ã65 î¼Ymoi[se�f cdo|�¯r^Y\~dcdoix2obt}Y\ad�me`fb] ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{��


��ã65dã�á �¯r^Ym~�cdoix2obt}Y\ad�me`fbe`räcdY=×
ob[^�³f � oiadr^Y\[sk�fbczf ã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{�d7
��ãt
 ��en�m[soir^�\oixde�f�c�Y)î¦~�adYm]`fb�³Y\ayt}o Y � fb[s[^Ymc�~d[}fH�Dà©ý���f�adade`a�ó�î¦~�adadYm]ne`adó¡��e��

�\[^oirs�moix�&&��ý�îX� â ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5dá

~ � L[ErRMZiGrI�JM_SEjL���DQErh�RbE�E���L[E x ã}5d5
5dã�á ý�~�xZY\[sÙÞ�`�\e`YScdYGý�en]`�n�me`o�ý�e|à pip�áÁâ ãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5d5
5dã g ��ob]`Ým�\~d]�f cdYm��e�ÙÞYmaden] ã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5�y
5dã�� ý�~�xZY\[^�mÝ\]`~d]`f cdYGý�e|à pip�áÁâ à 5 ï �yâ ãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
ig
5dã65 òAcdrsoi[^vmwbo.czfO��oi]`Ý\�m~d]`f�cdYm��enÙÞY\ade`]�rsoiWd[sYGf.ý�~�xZY\[sÙÞ�`�\e`Y=ý�e à pip�áÁâ à 5 ï �yâ ãGãßã=ã x ã�
d

5dãt
 �¦fbr^rsenk�fbadcdo³f.ý�~dx2Ym[�ÙÞ�`�menYScdYGý�e��mob� ; encd[^oiób�madeno ãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{sdy

� f _ ^ h�ZQRbE�cW_ x ãuhih

� L4��L4T.� ^ h�DiI�E x ãuh,7



� AAÒ��
� � Ñ � A��5Ó��K��Ò

á � en�m]`o$fb~�t}o��moiadrse`r�t}Ymayt^Y í oiadcdYÛf�cde`ad_b�³en��fXcdYÛ�mobaÉkbYm[sói�mad�\e�fScdoSrse`rst^Ym�³f�xzfb[�t}Y
czf�cdY\adr^enczfbcdY�cdY��mfb[^óifðenade`�\e�fb]

nI(~r)
Y��moiaykiY\[^óiY�þÉ~zfba�cdo'f�cdY\adr^enczfbcdY�c�Y

�mfb[^óyf üzazf�]
nI+1(~r)

azwbo³fbxd[sYmrsYmaytufb[äk�fb]`ob[^YmrAc�e`rst^e`ayt}obrAczf.c�Ymadrse`czfbc�YGenade`�\e�fb] í
oiW�t}Yma�cdo³c�Ymr^r^f.ÙÞoi[s�OfRt^o�cdfbräfbräoiWdrsYm[sk�å�kiY\e`rXcdoMr^enrst}Y\�Of ã:ã=ãGã=ãGã=ã=ãGãßã=ã x ãug,s

g � oi�.x2oi[st}fb�³Y\ayt}o&czfOÙÞ~�adv�wbo�cdf�x�r^Ym~�cdobÙÞ~dadvmwbo�cdY oiadcdf&Y�xdr^Y\~dcdoix2obt^Ymad�\e�fb]
þÉ~zfba�cdo
�\oi�.xzfb[}f�cdoir��mob� fÛÙÞ~dadvmwboäcdY�oiadczfAcdY¯k�fb]`�\ad�me`fÛY¯xZo�t}Yma��me�f�]i�moi~�]`oi� �
Wde`fbado í [^YmrsxZY\�\t^enk�fb�.Ymayt}Y ãÅã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5yp

� � r^þÉ~dY\�Of.cdoM�³en�m[soir^�\ûixde`o c�Yßt^~dadY\]�fb�.Ymayt}o YSk�fb[s[^Ymc�~d[}f ã�ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5dá
5 ��en�m[soir^�\ûixde`o�cdY³t^~dadY\]�fb�.Ymayt}o�Y³k�fb[s[^Ymc�~d[}f í oiadcdY

D
ÝOf�cdenrstu_�ad�me`f�Ymayt^[^Y&f

x2oiaytuf�cdo"ý�îX� àÞxzfb[st^Y³rs~dx2Ym[^enoi[Sczf�üzói~d[^f â Y³f�rs~dx2Ym[sÙÞ�n�menY"àÞxzfb[�t}YMe`a�ÙÞY\[^enoi[
czf üzói~�[}f â-í

V
ÝGf cdc�x"fbx�]`e`�mfbczf�Y

I
Ý=f �mob[^[^Y\ayt}Y=cdYSt}~dadY\]�fb�.Ymayt^o ãdã=ãGãßã=ã x ã}5Ég


 ý�~�xZY\[sÙÞ�`�\e`YäcdYXr^en]`�`�\e`oScdY\rst}fb��fba�cdo�fb]nói~dadr¯kbY\t}ob[^YmrCcde`[sYm�\e`oiazf�e`r í fßYmr�t}[s~�t}~d[^fGcdY
[sYmcdYz�r���Ûc�oOý°e��|W�~d]��.Yßo.xdfb[}_b�.Y\t^[^oMcdYß[^Y\cdY³æ ã ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}54


s � rst^[^~�t^~d[}f�cdY�Wzfbadczf�cdo��m[se`rst}fb]ScdYðr^en]`�n�me`o í ~�r}fbadc�o�fbxd[so�ï�en�Of�v�wbo�ñ?qAò Y
ô=ôßò í [^Ymx�[^Ymr�tufba�cdoSo�ad��kiY\]�cdYÛjQY\[^�.e2à

EF
â Y�fb]`ób~dadr¼xZoiayt^oir��K��ECczf
xd[se`�.Ymen[}f

Ú\oiazfMcdYm��[^en]`]`ob~de`a³czf [^Ymc�Y8�r��� ãÕã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5�s
h q�Y\adr^enczfbcdY�t^obtuf�]
cdY"��fb[sóyf'Ym� t}ob[^ado�czfD]`e`óifbv�wbo'ý�e ��ý�eXYm� I YlYTxdfb[}f'o

ý�eC÷\W�~d]��Z÷��moi� fbx�[^o�ï�e`�³fbv��°YmrXñ?qAòTYRôGôSò [^YmrsxZY\�\t^enk�fb�.Ymayt}YGYGcdY\adr^enczfbcdY
t^obtufb]ZcdYS��f�[^óyfRY\�3t^oi[^ado cdf�]`e`óifbv�wbo�ý�e�� � Ym��hMY�J'xzfb[^f ý�e�� � ÷\Wd~d]��­÷8�\oi�
fbrG�³Y\r^�³fbrGfbxd[^o�ï�e`�³fbv���Y\rRñ?qAò Y&ôGôSò3[sYmrsxZY\�\t}e�k�fb�³Y\ayt}Y í ado�xd]`fbadoo� ábá±p3�
czfM[^Y\cdY2�r��� ã ãGã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5Éh

7 ý�~�xZY\[sÙÞ�`�\e`Y�c�Y�rse`]n�`�meno)ý°e|à pbp�áÁâ à g ï áÁâlí �\oi� ~d�³f'k°e`r�tuf�cdY�ÙÞ[^Y\ayt}Y�àÞüdói~d[}f�czf
Y\r^þÉ~dYm[sczf â Y�~d�Of�k�enrst}f']�f�t^Ym[^fb]GàÞüzói~�[}f'czfDcde`[sYment}f âlí azf'rs~zf)�moia�üzói~d[^fbv�wbo
�³fbe`r�Y\rst}å±kbYm] í �moi� s �.oiado°��fb�³fbczfbrOcdYDrse`]n�`�meno)r^Y\adcdo:fbr�cd~zfbr�xd[^en�³Y\e`[^fbr
ü�ï�fbrXYß~d�³f��³oia�o��mfb�Of�czf�cdYßØde`c�[^oiói�\ade`oRr}f�t^~d[}fba�cdoOf�rX]ne`óyf�v��°YmrÛcdo�÷\W�~d]��Z÷ ã x ã}5�7



y � rst^[^~�t^~d[}fGcdY
Wdfbadczf=czfGrs~dxZY\[sÙÞ�n�me`YäYXcdo�÷lWd~d]��Z÷�cdY�ý�eQaÉ~d�Of=r^~dx2Ym[s�mÝ\]`~d]`f=cdY
x2Ym[se`o°cde`�\e`czfbc�Y�à g ï á±âlí �moi� f�[^Ymx�[^YmrsYmaytuf�v�wbo�cdo�ad�nkbYm]NcdY.jzYm[s�³eÛà

EF
â Y cdoir

x2oiayt}oir��o�1E í Ymrsþ°~�Ym�³f�czf�cde`[sYme�tuf í f�[^Wde�t}[}å�[^e`obr=~�t}e`]ne`Úmfbcdoir=ado��³fbxZYmfb�.Ymayt}o
czfMÚmobazf ã'ã=ãßãGã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5�y

á±p ý�îX��Ylï�x2Ym[^en�³Y\aytufb]x� hV� xzfb[^fäfbr?xZoirsr^��kiYmenr?�moia�üdói~d[}f�v��°Ymr¼czfX�.oi]nÝm�m~�]�fÛcdY�Wde�ÙÞYl�
aden]zr^oiW�[^Y
fGr^~�xZY\[sÙÞ�`�\e`Y
ý�e à pip�á±âlí cdY\rstuf���fbadc�o�fß�³oi]nÝm�\~d]�fScdYXWdenÙÞY\ade`]�Y�fß�³Y\adoi[
x2Ym[se`o°cde`�\e`czfbc�YXcdfRr^~dx2Ym[s�mÝ\]`~d]`fGcdY$ý�eZadfRcde`[sYmvmwbo�� pip�á�� ��f�xzfbÚ�c�Y$fbcdrsoi[skbYm[�t}fb]
�.oi]`Ý\�m~d]`f í ~��Of�rs~dxZY\[^�\Ým]`~�]�f³ý�e|à pip�áÁâ à 5 ï �yâ-ã ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
bp

áiá ��ob]`Ým�\~d]�f�cdY�WdenÙÞY\ade`]Å�mobaÉkbYm[sóie`czf í [^Y\ÙÞY\[^Y\ad�me`fbadcdoðfb]nói~dadr�å�t}oi�.oirGxzfb[}f�~��Of
fbadåb]`enr^Y$cdY=]`enóyfbvmwbo�YSo³_badói~d]no cdYSt}oi[sv�wbo

Φ
ã¦ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
bp

áÁg ý�~�xZY\[^�mÝ\]`~d]`f�ý�e à pip�áÁâ à 5 ï �yâ �moi� s �³obado��mfb�³fbczfbr¯cdY�ý�e2Y
~��Ofß�³obado��mfb�³fbczf
ena�ÙÞYm[se`oi[Ûc�Y ;=ã � rAcd�`�.Ym[soirAcdYGý�e�r^~�xZY\[süz�\e�fbenrAxZoirsr^~dY\� e`ad�\]`enazfbv�w�o fb]nt^Ym[sazfbczf ã x ã�
ig

á/� � rst^[^~�t^~d[}fScdY�Wzfbadczf$YÛq � ý cdf$r^~dx2Ym[s�mÝm]n~d]�f$ý�e|à pip�áÁâ à 5 ï �yâ �moi�5fbxd[so�ï�en�Of�v�wbo
ñ?qAò í oiadc�Y � j�ÝßoMad�nkbYm]�cdY=jzYm[s�³e ã
ã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
,�

ár5 � rst^[^~�t^~d[}fScdY�Wzfbadczf$YÛq � ý cdf$r^~dx2Ym[s�mÝm]n~d]�f$ý�e|à pip�áÁâ à 5 ï �yâ �moi�5fbxd[so�ï�en�Of�v�wbo
ô=ôßò í oiadc�Y � j�ÝSo³a��nkiY\]�cdY=jzYm[^�.e ãÉã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
35

á.
 � oia�üzói~d[^fbv�wbo��Ûf í oiadcdYRf³�.oi]`Ý\�m~d]`f cdYRWde�ÙÞYmaden]�xZY\[^�³fbadY\�mYGü�ïdf³r^oiWd[sY�f.r^~��
x2Ym[�ÙÞ�`�menYAcdY�ý�e í cdY\rst}fb��fba�cdo�fb]nói~dadr�åUt}oi�.oir¯xzfb[^fßkbYm[senüz�mfb[�cdY\t^Ym[^�.e`adfbczfbr�cdenr��
t}_bad�me`fbrAe`ayt^Ym[}fUt}ùi�.e`�mfbr ã2ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
d


á/s � oia�üzói~d[^fbv�wbo���W í oia�cdYðf��³oi]nÝm�\~d]�f�cdY�WdenÙÞY\ade`]
oir^�\e`]`f'r^oiW�[^Yðf)r^~�xZY\[sÙÞ�`�\e`Y
cdY ý�e��Ot^Ym�.xZY\[}f�t^~d[}f&f���Wde`Y\ayt}Y í cdYmr�tufb�mfbadcdo�f�]`ói~da�rSå�t}ob�³oirXxzfb[^f³kiY\[^e�üz��fb[
cdYlt}Y\[^�.e`azfbcdfbrAcde`r�tu_ba��me�f�rAe`ayt}Y\[}f�t^ùi�³en��fbr ã ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
,s

áÁh �¯]�f�adoirßoiadcdY ÙÞoi[^fb� �\oiadr�t}[^~�e`cdoir=oirßói[^å�üz�mobr=c�Y.c�Ymadrse`czfbc�Y.t^obtufb];cdYM��fb[sóyf í
þÉ~dY$xdfb[}f=�³Y\]`Ødoi[Åe`c�Ymayt}e�üz��fbvmwboRrsYmói~�Ym�3fG�.Ymr^�³fGa�oi�³Y\ad�m]`f�t}~�[}f ã�� ï�Y\�³xd]nod�
o�xd]`fbado�I�c�Ymr^r^f�üdói~d[}fOt^Ym�ÿf&r^~zf&c�Ymadrse`czfbc�Y cdY���f�[^óyfbr�czfbczf&x2Ym]`f&j;e`ób~d[}f
á/7 I ã ã=ãGã=ãßãGã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
,7

á/7 ôS[}å�üd�moirNcdf�cdYma�r^e`cdfbcdY�t^obtufb]°cdYÛ�mfb[^óif í �m~ÁøsoirNxd]`fbadoir¦cdYmrs�m[^e�t}oir;xZY\]`oir¦ói[}å�üd�moir
cdY
cdYma�r^e`cdfbcdY�r^wbo�encdYmayt}e�üz��f�cdoirÅazfRj;enói~d[^f áÁh xzfb[^fRfb��Wdfbr�f�r��moba�üzói~d[^fbv��°Ymr
àQ�Ûf.Y��CW â YGf�xd[^o�ï�e`�³fbv��°Ymr=à´ñ?qäò YGô=ôßò âlã°ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
,y

á/y �Ûf�adczf�Y�q � ýGczf��.oi]`Ý\�m~d]`fXc�Y�Wde�ÙÞYmaden]Éf�~d�³f
cdenrstu_�ad�me`fXcdY 5�� cdf
r^~�xZY\[sÙÞ�`�\e`Y
cdYßrse`]`�n�menoMý�e|à pip�áÁâ à 5 ï �yâ azf �moia�üdói~d[}f�v�wbo|�Ûf ã ã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{sip



gbp �Ûf�adczfAY�q � ý$czfA�³oi]nÝm�\~d]�fÅcdY¯WdenÙÞY\ade`]�]`enóyfbczf��ärs~dx2Ym[sÙÞ�n�menYNcdY¯r^en]`�n�me`oÛý�e|à pip�áÁâ à 5 ï �yâ
azfM�moba�üzói~d[^fbv�w�o���f ã�ã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{s�á

g�á �Ûf�adczf�Y�q � ýGczf��.oi]`Ý\�m~d]`fXc�Y�Wde�ÙÞYmaden]Éf�~d�³f
cdenrstu_�ad�me`fXcdY 5�� cdf
r^~�xZY\[sÙÞ�`�\e`Y
cdYßrse`]`�n�menoMý�e|à pip�áÁâ à 5 ï �yâ azf �moia�üdói~d[}f�v�wbo|��W ã¶ã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{syg

gig �Ûf�adczfAY�q � ý$czfA�³oi]nÝm�\~d]�fÅcdY¯WdenÙÞY\ade`]�]`enóyfbczf��ärs~dx2Ym[sÙÞ�n�menYNcdY¯r^en]`�n�me`oÛý�e|à pip�áÁâ à 5 ï �yâ
azfM�moba�üzói~d[^fbv�w�o��CW ã;ã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{sd�

g,� {|�³fbóiY\adrCý�îX� cdfbr¯�moia�üzói~d[^fbv��°Ymr9�ÛfßYz��W.a°~��OfSr^~�xZY\[^�mÝ\]`~d]`fßý�e|à pip�áÁâ à 5 ï �yâ-í
enadr^ena°~dfbadcdo�~��Of=xZoirsr^��kiYm]2]`enóyfbvmwboGþÉ~d�n�³en��fßYmayt}[sYSfbrC�³oi]nÝm�\~d]�fbr�cdY�WdenÙÞY\ade`]zcdY
cd~dfbrär^~dx2Ym[s�mÝm]n~d]�f�räk°enÚme`a�Øzfbr ã�ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{s,5

g35 � oia�üzói~d[^fbv�wboDîz��]Xczf'fbc�r^oi[sv�wboDczfD�.oi]`Ý\�m~d]`f�cdY�W�enÙÞYma�e`]Axd[soixZobrstuf�r.t^Ymoi[se��
�mfb�³Y\ayt}Y�cdY\rst}fb��fba�cdo�fb]`ói~�adr$å�t^oi�.oir
�\~Uø^fbr$c�e`rst}_bad�\e�fbr
e`ayt}Y\[}f�t^ùi�³en��fbrXYmr�tuwbo
Y-ï�x�[^Ymrsr}fbr
azfMî;fbW2Ym]`f 7�ãTã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{s,5

gd
 � oia�üzói~d[^fbv�wbo�îz�C~�cdf�fbcdr^ob[^v�w�o�czf��³ob]`Ým�\~d]�f�cdY&Wde�ÙÞYmaden]Cx�[^oix2oirst}fbrRt^Ymoi[se��
�mfb�³Y\ayt}Y�cdY\rst}fb��fba�cdo�fb]`ói~�adr$å�t^oi�.oir
�\~Uø^fbr$c�e`rst}_bad�\e�fbr
e`ayt}Y\[}f�t^ùi�³en��fbrXYmr�tuwbo
Y-ï�x�[^Ymrsr}fbr
azfMî;fbW2Ym]`f 7�ãTã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{s�


g,s q�Y\adr^enczfbcdYGt}obt}fb]?cdYR�mfb[^óyf³r^Ymób~dadcdo&obr�xd]`fbadoir(�¡  Y f � xzfb[^fOfbr
�moia�üzói~��
[^fbv��°Ymräîz��]�Yßîz��~�czfbrXj;enói~d[}f�r g35 Y gd
�í [^Y\r^x2Ym�lt}enk�fb�.Ymayt^Y ã2ãGã=ãGã=ã=ãGãßã=ã x ã{sds

gih �Ûf�adczfAY�q � ý$czfA�³oi]nÝm�\~d]�fÅcdY¯WdenÙÞY\ade`]�]`enóyfbczf��ärs~dx2Ym[sÙÞ�n�menYNcdY¯r^en]`�n�me`oÛý�e|à pip�áÁâ à 5 ï �yâ
azfM�moba�üzói~d[^fbv�w�o.îz�C] ã�ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{syh

g,7 �Ûf�adczfAY�q � ý$czfA�³oi]nÝm�\~d]�fÅcdY¯WdenÙÞY\ade`]�]`enóyfbczf��ärs~dx2Ym[sÙÞ�n�menYNcdY¯r^en]`�n�me`oÛý�e|à pip�áÁâ à 5 ï �yâ
azfM�moba�üzói~d[^fbv�w�o.îz�C~ ãAãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{sd7

g,y {|�³fbóiY\adr¼ý�îX��czfbr��moba�üzói~d[^fbv��°Ymr�îz�C]iY¯îz��~=a°~��OfÛrs~dxZY\[^�\Ým]`~�]�fäý�e à pip�á±â à 5 ï �iâlí
enadr^ena°~dfbadcdo�~��Of=xZoirsr^��kiYm]2]`enóyfbvmwboGþÉ~d�n�³en��fßYmayt}[sYSfbrC�³oi]nÝm�\~d]�fbr�cdY�WdenÙÞY\ade`]zcdY
cd~dfbrär^~dx2Ym[s�mÝm]n~d]�f�räk°enÚme`a�Øzfbr ã�ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã{sdy

�ip ý�~�xZY\[^�mÝ\]`~d]`f=ý�e|à pip�áÁâ à 5 ï �yâ �moi��~��Of$t}[se`]nØzf�cdYäcd�n�³Y\[^oirNc�Y�ý°edxzfbrsr^enk�fbcdfß�\oi�
å�t^oi�.oirAcdY ;Gãöã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuhbp

��á {|�³fbóiY\adrGc�YOý°îX� ã�� �¢I í t}Y\�³obrGf�r^~dx2Ym[�ÙÞ�`�\e`Y�à 5 ï �iâ cdYOý�e¯xd~�[}f í �moi� ÙÞob[��
�³fbv�w�o"cdo�_�adói~d]no"cdYð÷lWd~d���É]`enadóQ÷ í cdY\t^Ym[^�.e`adfbcdoirGxZY\]�f�k�fb[se�fbvmwbo"c�YOt}oiadfb]`e �
czf�cdYßado³W�[^e`]nØdo czf e`�³fbóiY\� ã�£ å.Y\�¤Y í t}Ym�.oirA~d�³f�t}[se`]`Ødf�cdYßcd�`�.Ym[soirÛcdYRý�e
xzf�r^r^e�k�fbczf$�mob��å�t^oi�³obr;cdY ;=í [^Y\xd[^Y\r^Y\aÉt}fbadcdo=~d�³f�[^Y\óie�w�o$xd]�f�azfb[;�\oi�TW�[^e`]nØdo
�³fbe`rßenaÉt^Ymadrso�Y.oi~�t}[^f�[sYmóie`wbo�adwbo"xzf�r^r^e�k�fbczf��\oi�Õo�_ba�ói~d]`o�cdY�÷\Wd~d���É]`enadóQ÷
fb]�t}Y\[^azfbc�o ã�ãßãGã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuhbp



�yg � rst^[^~�t^~d[}f&c�Y�WzfbadcdfOY q � ý�czf&rs~dx2Ym[^�\Ým]n~d]�fOý�e|à pip�áÁâ à 5 ï �yâ �moi� ~d�³f³t^[^e`]nØzf
cdYßcd�n�³Y\[^oirAc�YRý°e�xzfbr^rsenk�fbczf �\oi� å�t^oi�³obrÛcdY ;Gã ãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuh�á

�d� � oia�üzói~d[^fbv�wbo|�Ûf,� í cdY\rstuf���fbadc�o.c�Y\t}Y\[^�.e`azf�cdoiräå�t^oi�³obrÛxzfb[^f.f�azfb]`enÚ�fb[�fb]`ób~��
�³fbrAcdenrstu_�ad�me`fbrAe`ayt}Y\[}f�t^ùi�.e`��f�r ã ò t^[^e`]nØzfRxzf�r^r^e�k�fbczfMxZoirsr^~de�~�� å�t}ob�³o cdY ;
]ne`óyfbc�o f.�mfbczfMå�t^oi�³obrAcdoiräcd�`�.Ym[so cdYGý�e�cdY\r^r}f t}[se`]nØzf ã8ã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuhig

�,5 � oia�üzói~d[^fbv�wbo|��WW� í c�Ymrst}fb��f�adcdo.cdY\t^Ym[^�.e`adfbcdoir�å�t}oi�.oirCxzfb[}f f�azfb]`enÚ�fb[�fb]`ób~��
�³fbrAcdenrstu_�ad�me`fbrAe`ayt}Y\[}f�t^ùi�.e`��f�r ã ò t^[^e`]nØzfRxzf�r^r^e�k�fbczfMxZoirsr^~de�~�� å�t}ob�³o cdY ;
]ne`óyfbc�o f.�mfbczfMå�t^oi�³obrAcdoiräcd�`�.Ym[so cdYGý�e�cdY\r^r}f t}[se`]nØzf ã8ã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuh,�

��
 ý�~�xZY\[sÙÞ�`�\e`Y.cdY�ý°e��mob�úf��³ob]`Ým�\~d]�f�cdY³WdenÙÞY\ade`]Åfbcdrsoi[sk°enczf�azf�rR�moba�üzói~d[^fbv��°Ymr
�Ûf,��YO��W�� í cdY\rstuf���fbadc�o)oirOx�]�fbadobr³cdY"]`e`óifbv�wboð�.oi]`Ý\�m~d]`fU�|rs~dx2Ym[sÙÞ�n�menY&oiadcdY
cdYlt}Y\[^�.e`azfb�.oirAfMcdY\adr^enczfbcdYSt}o�tufb]�c�Y=�mfb[^óifMadf.j¦e`ói~d[^f �ds�ãDãGã=ãGã=ã=ãGãßã=ã x ãuh,�

�ds ôS[}å�üd�moir�cdf�cdYmadrse`czf�cdYOt}o�tufb]CcdY&��f�[^óyf"a�oir�xd]`fbadoir�enadcden��fbcdobrRx2Ym]�f�j;e`ób~d[}f
��
°í cdY\k°encdo-��rX�\oia�üzób~d[}fbv���Y\r8�Ûfd�:Y���WW� ãAã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuh35

�yh {|�³fbóiY\adr�ý�îX� czfbrO�moia�üdói~d[}f�v��°Ymr¡�Ûf,�ÜY��CW�� í a�oÁk�fb�.Ymayt^Y�czfbadc�o�f)e`� �
xd[sYmrsr}wbo³cdYß~d�OfRt^[^en]`Øzf�cdYß�.oi]`Ý\�m~d]`fbrÛ]ne`óyfbcdfbr�Y\aÉt^[^Y=r^e�rsoiWd[^Y=fMr^~dx2Ym[�ÙÞ�`�\e`Y ã:ã x ãuhd


�d7 ôS[}å�üd�moirCcdY�Y\rst}[s~�t}~�[}f�cdY
WzfbadczfGY$q � ý³czfG�moia�üdói~d[}f�v�wboj��fd��azfbr�c�e`[^Y\v��°Ymr
ΓJ
Y

ΓJ ′ ãÕãßãGã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuhd

�dy ôS[}å�üd�moir¦cdYCY\adrst^[^~�t^~d[}f$c�YCWzf�adczf�Y�q � ý=czf��\oia�üzób~d[}fbvmwbo��CW���azfbr;c�e`[^Y\v��°Ymr

ΓJ
Y

ΓJ ′ ãÕãßãGã=ã=ãGã=ãGã=ã=ãGãßã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuh,s
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á �¦fb[}_b�.Y\t^[^oirSc�Y [^Ymc�Y Ylï�xZY\[^en�³Y\aÉt}fbe`r�Y�t}Ymûb[^e`�\oir$oiW�t}e`c�oir$�mob� fbxd[so�ï�en�Of�v��°Ymr
ñ?qAòHY�ô=ôßò�xzf�[}fäoir?�m[^enrst}fbe`r?cdYCý�eÉYCý�e � í c�Ymrst}fb��f�adcdoSfäcde`r�tu_ba��me�fAcdY�]ne`óyfbvmwbo
Y\aÉt^[^Y=oiräxd[^en�³Y\e`[soirCk°e`Ú\e`adØ�oirAczfM[^Ymc�Yz�r��� ã�ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5�s

g q�enrst}_bad�me`fRcdY$]ne`óyf�v�wbo=Ymayt}[sYßfb]`ób~dadrÛåUt}oi�.oirÅY$cdYmrs]`o°��fb�.Ymayt^oirAf�t^ùi�³en�moirÅ[^YlÙÞYl�
[sYmayt}Y\r�f.j;e`ób~d[}f 7�í �moi� f�xd[^o�ï�e`�³fbv��°YmrÛñ¼qAò YGôGôSò ã°ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã}5�7

� q�enrst}_bad�me`fGcdY
]`enóyfbv�w�o=Y\ayt}[^Y�fb]`ób~dadrCå�t}oi�.oir�Y$_�adói~d]noGcdYXt}oi[sv�wboGczfG�.oi]nÝm�m~�]�f
cdYXWde�ÙÞYmaden] í �\oi��fbx�[^o�ï�e`�³fbv��°Ymr�ñ?qAò0Y
ô=ôßò ã ò¶[^YlÙÞYm[^�\ad�me`f�� 
d
V� ~dr}f=o=�\û�c�e`óio
� òSý�� àÞWzfbr^Y\rXt^e`x2o³obadczfbrXxd]�f�azfbr â Y=f³[sY\ÙÞY\[^�ma��me�f©� 
,s3� ~dr}f.o³�\û�c�e`óio³ôSòäV$ýÉ�
ý�{|ò�×Üà´WzfbrsYmrät}enxZo óyf�~dr^rse�fbazf�r âlã�ã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
�á

5 ôßfbxRc�e`[^Y\�menoiazfb]icdf
r^~�xZY\[sÙÞ�`�\e`Y�cdY�ý�e í �³fbxZYmfbcdoXaÉ~d�OfXr^~dx2Ym[s�mÝ\]`~d]`f�ý�e à pip�áÁâ à 5 ï �yâlã x ã�
35

 q�enrst}_bad�me`fbr?Ymayt}[sYÛfb]nói~dadr¼å�t^oi�.oir�czfär^~dx2Ym[�ÙÞ�`�menYCý�e|à pip�áÁâ à 5 ï �yâ �\oi� fX�.oi]nÝm�m~�]�f

fbc�r^oi[�k�enczf í adfbrä�moia�üdói~d[}f�v��°Ymr(�Ûf Y��CW í ~dr}f�adcdo³fbxd[^o�ï�e`�³fbvmwboMñ?qäò ã ãßã=ã x ã�
ih
s q�enrst}_bad�me`fbr?Ymayt}[sYÛfb]nói~dadr¼å�t^oi�.oir�czfär^~dx2Ym[�ÙÞ�`�menYCý�e|à pip�áÁâ à 5 ï �yâ �\oi� fX�.oi]nÝm�m~�]�f

fbc�r^oi[�k�enczf í adfbrä�moia�üdói~d[}f�v��°Ymr(�Ûf Y��CW í ~dr}f�adcdo³fbxd[^o�ï�e`�³fbvmwbo.ôGôSò ã ãßã=ã x ã�
ih
h � adY\[^óie`f�cdY³fbcdrsoi[^vmwbo"czf��³ob]`Ým�\~d]�f�cdY.Wde�ÙÞYmaden]¯r^oiWd[sYOf�r^~dx2Ym[�ÙÞ�`�\e`YMcdYOrse`]n�`�meno

ý�e à pip�áÁâ à 5 ï �yâ azfbrÛ�\oia�üzói~�[}fbv���Y\r:�ÛfRY���W&�\oi� f�xd[^o�ï�e`�³fbv��°Ymr�ô=ôßò í ñ?qAò8Y
ñ?qAòX�)�Aýdý � à´ñ¼qAò �mob�ö�moi[s[^Y\v�wbo.cdYßWzfbrsY âlã�ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ã�
,y

7 q�enrst}_bad�me`fbr?Ymayt}[sYÛfb]nói~dadr¼å�t^oi�.oir�czfär^~dx2Ym[�ÙÞ�`�menYCý�e|à pip�áÁâ à 5 ï �yâ �\oi� fX�.oi]nÝm�m~�]�f
fbc�r^oi[�k�enczf í adfbrä�moia�üdói~d[}f�v��°YmrXîz��]�Yßîz��~ í ~dr^fbadcdo³fbxd[so±ï�en�Ofbvmwbo.ô=ôßò ã;ã=ã x ã{sds

y q�enrst}_bad�me`fbr¼Ymayt}[sYÛfb]nói~dadr¼å�t^oi�³obr¼cdf
r^~�xZY\[sÙÞ�`�\e`Y�ý�e|à pip�áÁâ à 5 ï �yâ �\oi� ~d�³fät^[^e`]nØzf
cdY�cd�`�.Ym[soir;rs~dxZY\[süz�\e�fbenrNxzfbrsr^e�kbf�czf��mob� ; YÛf��³ob]`Ým�\~d]�fXcdYÛWde�ÙÞYmaden]°fbcdr^ob[sk°e`czf
azf�rX�\oia�üzób~d[}fbv���Y\r8�Ûfd�:Ym��W�� ã�ã=ãGã=ãGã=ã=ãGã=ãGãßã=ãGã=ã=ãGã=ãGã=ã=ãGãßã=ã x ãuh35
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� rse`]`�n�meno�Ý�~d� cdoir��OfUt}Ym[se�fbenr��Of�e`r�Ymr�t}~dczf�cdoir í xd[se`ad�\e`xzfb]n�³Y\ayt}YðcdY\k°encdo¨�br�r^~zf�r"xd[so��
xd[se`Y\czfbcdY\r�Ym]nY\t^[^ùiaden��fbr í f�rÛþÉ~zfbe`rCoRt}ob[^azfb��~d�Ü�mob�³x2oiadY\aÉt^Y�Y\r^r^Y\ad�me`fb]­adf��³en�m[^o=Y$azf�ado�Y\]`Ylt}[^ùU�
aden��f ã ý�Y\� Ym]nY í azwboXØzf�kiYm[se�fä�moi�.xd~�t}fbcdoi[sYmr í t^Ym]`YlÙÞoiadY\r¼�\Ym]n~d]�fb[sYmr?Y�adYm� fä�³fbe`oi[se�fÅcdoir¦fbxzfb[sYm]`Ø�oir
Y\]`Y\t^[^ùia�e`�mobr ã � ý�e��m[^enrst}fb]`enado�xd~�[^oßÝÛ~d�5r^Ym�.e`�\oiadcd~�t}oi[Nc�Y=÷\óyfbxw³l÷¡àÞWzfbadcdf$xd[^oienWde`cdf â x2YmþÉ~dY\ado í
oi~ðrsY�ø^f í xZo°cdY Ù´fb�\e`]`�.Ymayt^Y��moia�cd~dÚmen[ß�moi[s[^Ymayt^Y³Y\]`Ý\t^[^en��f ã ×
f�ÙÞ�nr^e`�mf&cdY.�Of�t^Ym[se�fbenr�r^Y\�³x�[^Y.Ymrst^~��
czf��³oir=~d�Õ�m[se`r�tufb]��mob�³o�~d�ú�\oiaUøs~dayt^o�cdY&åUt}oi�.oir=oi[^cdY\azfbcdobrRe`a�üzadent}fb�.Ymayt}Y ã+� ayt}[sY\t}fbayt}o�Ý
en�³x2oi[st}fbayt}YA[sYmr^r^fb]nt}fb[�þÉ~dY
Ym��r^~dfbrÛfbx�]`e`�mfbv��°Ymr�o��\[^enrstuf�]2c�YSý�eQÝ
üdadent^o í xZoirsr^~de2cden�³Y\adr}�°YmrCWZY\�
cdYlüzadenczfbr ã´� r^r}fD]`e`�.ent}fbv�w�o"cdoD�m[^enrst}fb]ÛÙ´fbÚ��moi� þÉ~dY�oir.å�t}ob�³oirMrs~dxZY\[sÙÞ�n�me�f�e`r cdY\r^r^Y��OfUt}Ym[se�fb]
rsY.[sY�fb[s[}fbaÁøsYm� Y\� Wd~drs��f�c�Y.�\oia�üzób~d[}fbv���Y\rßYmrst^[^~�t^~d[}f�e`rßþÉ~dY³�.e`a�e`�.e`ÚmY\� oirßY\ÙÞY\ent}obr=c�Y\k°e`cdo�f
fb~�r^�ma��me�fßcdYXfb]nói~d�³fbr¯]`enóyfbv��°Ymr;þ°~��`�.e`��f�r ã ò
e`adcdf=f�r^r^en� í f�]`ói~d�³fbrNc�Ymr^r^fbr�rs~dx2Ym[sÙÞ�n�menYmr�xd[^Ylk�fb]`Y\�mY
�\oi� ��fb[^fb�\t^Ym[se`rst^e`�mfbr
rsYm�.e`�\oiadcd~�t^oi[}f�r ã � �³f�t}Y\[^e�f�]?ý�e?tufb��W2Ým� x2o°cdYGrsYm[
cdoixzfbc�oO�mob� oi~�t}[soir
Y\]`Ym�.Ymayt^oirAþÉ~d�`�.e`�\oir�k�fb[^e`fbadcdoMcdY\r^r^fMÙÞoi[s�Of�rs~zfbrXxd[^obxd[^enYmczfbc�YmräYm]nY\t}[sùiaden��fbr ã

ò rs~dxZY\[sÙÞ�n�me`YSc�YRý°e?fbxd[^Y\r^Y\aÉt}f.]ne`óyf�v��°YmrÛx2Ymadc�Ymayt}Y\r í oiadcdYßxd[sY\ÙÞY\[^�ma��me�f�]`�.Ymayt}YSx2o�c�YSo��\oi[^[sYm[
fbc�r^oi[sv�wbo�cdYðoi~�t}[^obr&Ym]nYm�.Ymayt}oir�þÉ~d�n�³en�moirl� á�íäg�í2��í�5,� oi~¡f�t^Ý��³Y\r^�.o)oi~�t^[}fbr�rs~dx2Ym[sÙÞ�n�menYmr�Y
�.oi]`Ý\�m~d]`fbr�� 
�íµs.�ìã òTfbcdr^ob[^v�w�oOcdYG�³oi]nÝm�\~d]�fbrAob[^óy_ba�e`��f�r
Y\� rs~dx2Ym[sÙÞ�n�menY=c�Y ý�e¼xZo°cdYGfbxd[sYmr^Y\aytufb[
fbx�]`e`�mfbv��°Ymr�rse`adób~d]�fb[sYmr ã õ Y\�mY\aÉt^Ym�.Ymayt}Y'ói[^~dx2oir�cdYDxZY\r^þÉ~de`r^fbcdoi[sYmr�Ylï�xZY\[^en�³Y\aÉt}fbe`rK� h�í87�í8y3�©í
kbYm[^e�üz��f�[}fb� f�fbcdrsoi[^vmwbo'cdY��.oi]`Ý\�m~d]`fbr cdY�WdenÙÞY\ade`]ÛY\� r^~dx2Ym[�ÙÞ�`�\e`Y�cdY"rse`]n�`�menoðý�e à pip�á±âlí f�t}[^f±kbÝmr
cdY.e`�³fbóiY\adr=ý�îX� à´�.e`�m[soir^�\oixde`f�c�Y.t^~dadYm]`fb�.Ymayt}o�YMkbf�[^[^Y\cd~d[^f âlã ý�Ymói~�adcdo�f�rGen�OfbóbYmadr=ý�îX�
fbx�[^YmrsYmaytuf�czfbr í fO�³ob]`Ým�\~d]�f cdYRWdenÙÞY\ade`]?x2oir^rs~de¦c�~zfbr$�\oia�üzói~�[}fbv���Y\r$Ymr�tuå�kiY\e`r$cdY�fbcdr^ob[^v�w�o&r^oiW�[^Y
t}fb];rs~dxZY\[sÙÞ�n�me`Y ã ×
~d�³f&czfbr��moia�üdói~d[}f�v��°Ymrßf&�.oi]`Ý\�m~d]`f³cdY Wde�ÙÞYmaden]¼üd��fOü�ï�f�r^oiW�[^YMf&r^~�xZY\[sÙÞ�`�\e`Y í
t}fbayt}o f�Wzf�e�ï�fbrCt^Ym�.xZY\[}f�t^~d[}f�r�þÉ~zfbayt}o.fGt^Ym�.xZY\[}f�t^~d[}fRfb��WdenYmayt}Y ã<£ å�azf�oi~�t^[}fR�\oia�üzób~d[}fbvmwbo f
�.oi]`Ý\�m~d]`fMfbxd[^Y\r^Y\aÉt}f&Wde`Y\rst}fbWde`]ne`czf�cdY í üz�mfbadcdo³ü�ï�fOr^oiW�[^Y�f³r^~dx2Ym[�ÙÞ�`�menYRf.Wzfbe ïdf�rXt^Ym�.xZY\[}f�t^~d[}fbr í
x2oi[^Ý\� Ym� t^Ym�.xZY\[}f�t^~d[}f�fb��WdenYmayt}Y�f��³oi]nÝm�\~d]�f�oirs�men]�f�r^oiW�[^Y�fðr^~�xZY\[sÙÞ�`�\e`Y ã ò �moia�üdói~d[}f�v�wbo
WdenYmr�tuå�kiY\]AÝ�o�adoirsr^oDfb]nkboðcdY��Ofbenoi[Renayt}Ym[sYmrsr^Y í xZobe`r í azf�Y\kbYmayt}~dfb]`enczfbcdY�czf��.oi]`Ý\�m~d]`f�oir^�\e`]�f�[
rsoiWd[^Y�f�r^~�xZY\[sÙÞ�`�\e`YCf
t}Y\�³x2Ym[^f�t}~�[}f�f���Wde`Y\ayt}YCfbrNxd[soixd[^enYmczf�cdYmr¦Ym]`Ylt}[sùiade`�mfbr¼czf�r^~�xZY\[sÙÞ�`�\e`YÅxZo°cdY\�
¶*·�¸º¹	»(¼.½2¸�¾¿¸HÀÁ¼VÂV¸�Ã/Ä(Ä*Â.Ä%ÅFÆ�Çt¸VÈ=¹.ÅÊÉHÇtË.Ç¿Ã.¸HÌ9¹V¸ºÅ�¸ÍÄ}ÌiÎ�¸HÃ/É�Ì$Ä*¾tÄÁÎÊÅFÏ�Â.ÇtÀ*É�Ì%È�Ð�¼VÄ(ÌFÄ*¹V¸HÅÊ¸�ÉÍÎÊÉH¹,É�Ã.¸mËV¸ºÂ3Ã.¸�Ã/Ä

Ñ ¸º¾tÒ*ÂVÀ*Çt¸:Ã/É�ÓÔ¼.ÂVÃ.ÉzÃ.¸�ËV¸ºÂVÃV¸�Ã.Ä<ÀÁÉHÂ3Ã/¼VÕ*ÖHÉV×



ªºØ
��~�czfb[ÛY\�ör^enad�m[soiade�f��\oi�öY\rstuf oirs�men]�fbvmwbo í c�YßÙÞob[^�³fRþÉ~dYRf �.oi]`Ý\�m~d]`fR�mob�³x2oi[st}fU�|rsY$�mob�³o ~d�³f
azf�adoi�³åbþÉ~de`azf�àÞcdYmrsYm�.xZY\adØzf�~d� t}[^fbWzfb]nØdo��.o�cd~�]�fbcdo�Y\� Ymrs��fb]`fDfUt}ùi�.e`�mf âlí þÉ~dY�t}Y\� �moi�.o
x2oir^rs�nkbYm]Afbx�]`e`�mfbv�w�od�³�\]`o°��� í [sobt}ob[ í �mobaÉt}fbcdoi[ í �³Y\�³ûi[se�fbr=oi~��men[^�\~dent^o�]`ûióbe`�mo í t}~dc�o�Ym� Y\r^�mfb]�f
f�t^ùi�.e`��f ã

×Xoir¦�mfbxd��t}~d]noir g Y � fbx�[^YmrsYmaytuf��³oir¦f
[sY\k°e`r^wbo�W�e`Wd]ne`oiói[^å�üz�mf�cdoir¦xd[^enad�menxzfbe`r�t^Ym�³fbr?~�t}en]`enÚ�fbcdobr
ado�t}[^fbWzfb]nØdo í þÉ~dYDÝDf�t}Ymob[^e�f�Wzå�r^e`�mf�cdYD�måb]`�\~d]`obr�cdYDx�[^e`�.Ymen[^oirOxd[^enad�m�nxde`oir ã � ��f�xd�nt^~d]`o g
t^[}f�t}f�cdY�ÙÞ~dadv���Y\r³c�Y�Wzf�r^Y ãÙ£ åðo���fbxd��t}~d]no � r^enayt}Y\t^e`ÚmfDq$j¦î í f�xd[^o�ï�e`�³fbv��°Ymr.ñ?qAòÿY"ô=ôßò í
xdrsYm~dc�oixZo�t}Yma��me�f�] í ý�îX� Y\t^� ã � á±p�í�áiá�í�áÁg°í�á/�.�ìã

� ��fbx��nt}~�]`o 5 Ý&cdYmr�t}enazfbcdo��"ÙÞoi[s��~d]`fbv�wbo�cdo�xd[soiWd]nYm�³f í ��å�]`�m~�]`oir=[^Ymfb]`enÚ�fbcdobr í [sYmr^~�]ntuf�cdoir
oiW�t}e`c�oir&Y�cdenr^�m~�r^r}w�o�c�oir��³Y\r^�.oir ã j;e`adfb]`�.Ymayt}Y í ado���fbx��nt}~�]`o 
�í [^Y\r^~d�.e`�.oirOfbr�xd[^enad�menxzfbenr
�\oiad�m]n~dr}�°YmräoiW�t}e`cdfbrAadoMcdYm�\oi[^[sYm[äcdoMt}[^fbWzfb]nØdo ã
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� åb]n�m~d]noiräæyç�â è¸ézè¸ê´èìë oi~ cdYAxd[se`�.Ymen[^oir¦xd[^enad�m�nxde`oir¦r}wboS�.Ý\t^o�c�oirNWzfbrsY�fbc�oir¯azfS�³Y\��_ba�e`��f
þ°~d_ba��
t^e`��f í Ym�3xzfb[�t}e`�\~d]�f�[�azf�[sYmr^ob]`~dvmwbo czf YmþÉ~zfbvmwboMcdY=ý��uØd[%ã�c�e`adóiY\[Axzfb[^f�~d� cdYlt}Y\[^�.e`adczf�cdo xd[^obW��
]nYm�³fOÙÞ�`r^en�mo ã�� rsr^Y\rR�.Ý\t}o°cdoirSr^wbo�~�t}en]`e`Úmfbcdoir
xzfb[^f�c�Y\t}Y\[^�.e`azf�[ßfbrßxd[^oix�[^e`Y\czfbcdY\rßYm]`Ylt}[sùiade`�mfbrSY
óiY\oi�.Ý\t}[se`�mfbrCc�Y$r^ûi]ne`cdobrCY
�³oi]nÝm�\~d]�fbr ã ×XYmr^rsY$t}enxZoGcdY$��å�]`�m~�]`oRadwbo�r^Y�~�t}en]`e`ÚmfSczfbcdoir�Ylï�xZY\[^en�³Y\a��
t}fbe`r�à´xzf�[}fb�.Y\t^[^e`Úmfbv��°Ymr âlí Ymayt}[sY\tuf�aÉt^oßfb]`ób~dadr;[sYmrs~d]nt}fbcdoir;t^Ymûi[se`�\oir í tufbenr;�mob�³o
xzfb[}_��³Ylt}[^o
cdYÛ[sYmcdY
YAxd[soixd[se`YmcdfbcdYmr¯Y\]`Ylt}[^ùbade`�mfbrNcdYlkiYm��Y\rst}fb[¯cdYäWZob��fb�\oi[^cdoS�\oi�TobrÅobW�t}encdoirNY-ï�x2Ym[se`�.Ymaytuf�]`�.Ymayt}Y ã
� r^r^fMt^Ým�\ade`�mf$ø^å�t}Y\�ör^encdoM~�t}en]`enÚ�fbczfGxZoi[A]noiadóyf�cdf�tuf YSt}Y\� ÙÞoi[^a�Ym�mencdoMWZobadrä[^Ymrs~d]nt}fbcdoir ã

×
f)[^Ymrsoi]`~�v�wbo�czf�Y\þ°~dfbv�wbo�cdY�ý°�uØd[}ã°cde`a�óiYm[ í oir�ob[^Wde�tufbenrOf�t^ùi�.e`�mobrOr}w�o�Ylï�xzfbadc�e`cdoir�Y\�
t^Ym[^�.oirMcdY�ÙÞ~dadv��°Ymr³cdY�Wzfbr^Y\r ãÙ� r^r^fbrOÙÞ~dadv���Y\rOcdYlkiY\� rsY"fbc�YmþÉ~zfb[sYm� fboDx�[^oiWd]nYm�³f�a�o'r^Y\a��
t^e`cdo&c�Y cdYmrs�m[^YlkiY\[GW2Ym�ÿo�r^e`r�t}Y\�OfOÙÞ�nr^e`�\o í f�]`Ým� cdY rsYm[^Y\� Ù´fb�\e`]`�.Ymayt^Y�fÁøs~dr�tuå�kiY\e`r=fboir���åb]n�m~d]noir
�\oi�³x�~�tufb�\e`oiadfbe`r ã

ä	å�æ ç�è�é�ê�ë	ìzí¤î¡ìðï@ñmí`ì

jz~dadv���Y\r$cdYGWzfbr^YRr}wboOÙÞ~�adv��°Ymr$~�t}e`]ne`Úmfbczfbräxzfb[^fO[^Y\xd[^Y\r^Y\aÉt}fb[Soir
oi[^Wde�tufbenrXf�t}ùi�.e`�\oir í cdY\aÉt^[^o
cdY�~d�³f�t^Ymoi[se�f�e`a�e`�me`fb]`�.Ymayt^Y"ÙÞoi[^�³fb]ne`Ú�f�czf'x2oi[ £�ã�£�ãXõ o�o�t}Øzfif�aò� ár5,�©í þÉ~dY�üz�moi~0�moia�ØdYm�\e`czf
�\oi�³o��mob��Wde`adfbv�wbo�]`enadY�f�[ cdY"oi[sWdent}fbe`rMfUt}ùi�.e`�\oir�à©ñ � ò � âlã ý�Ymób~dadcdo�fðt}Y\oi[^e`f�xd[soix2oirst}fDx2oi[
õ o�o�t}Øzfif�a í oir;oi[^Wde�tufbenr;fUt}ùi�.e`�\oir¦Y��³oi]nYm�\~d]�fb[sYmr¼xZo°cdY\�5rsYm[¯cdY\r^�m[sent^oirN�mob�³o$�\oi��Wdenazfbvmwbo$]`enadY�f�[
cdY�ÙÞ~�adv��°YmrßcdY Wzf�r^Y í cdY\r^cdYMþÉ~dYMYmrsr}fbrßÙÞ~dadv���Y\rß�moiadc�~dÚ�fb� f�[^Ymrs~d]nt}fbcdoir$ÙÞ�nr^en�moir$�\o�Y\[^Y\aÉt^Ymr ã �
�.o�c�Ym]`o
cdY õ o�obt^ØzfifbaGÙÞoie�W2Ym�Tfb�mY\ent}o í xd[^enad�menxzfb]n�³Y\aÉt^YCx2oi[NrsYm[¯�\oi�³x�~�tufb�\e`oiadfb]`�.Ymayt}YCf�t^[}f�t^enkio ã
�¼oi[^Ý\� í fbenadczfÛx2Ym[^rse`r�t}e�f��8fb]nói~dadr�x�[^oiWd]nYm�³fbr ã � oi�.oAr}f�WZY\[¼þÉ~zf�e`r�ÙÞ~dadv���Y\r?�Of�t^Ym�³å�t}en��fbrZxZo°cdY\�
rsYm[.~�t}en]`e`ÚmfbczfbrR�moi�.oD�\oiaUøs~dayt^o'cdY�WzfbrsYmr�óðôS~dfbaytufbrMÙÞ~dadv���Y\r³cdY�WzfbrsY�r^wbo'a�Ym�mY\r^r^åb[^e`fbrOxzf�[}f
[sYmxd[sYmr^Y\aytufb[XoMr^e`r�t}Y\�Of Ym� Ymrst^~dcdo4ó

×
fRt}Ymayt}f�t}e�kbf=cdYS[^Y\r^x2oiadcdY\[AfbrÛþÉ~dY\rst}��Y\rA�³Y\ad�menoiazfbczf�rCÙÞoi[^fb��[^Y�f�]`e`ÚmfbcdoirÅk�åb[^enoirÅt^Ymr�t}YmräY\�
Wd~�r^��f³cdY�r^~ÁøsYmrst}��Y\r$xzfb[^f&f³Y\r^�\oi]`Øzf³cdo&�.Ym]`Ø�oi[ä�moiaUøs~�aÉt^o&cdYRÙÞ~�adv��°Ymr ã q�e`fbayt}YRc�oir�[sYmr^~�]ntuf�cdoir
Y\ad�moiayt^[}fbcdobrÛÙÞoi[}fb�Üxd[soixZobrst}obrÛt}[^�\rA�m[sent}Ý\[^enoir�Wzå�r^e`�\oirAxzfb[^f f�Ymrs�moi]nØzf cdo�t}enxZo�YSc�o a[õ��³Y\[^oMcdY



ª{ö
ÙÞ~da�v��°YmräcdYßWzfbrsYb�

÷ f�r$ÙÞ~dadv��°Ymr=cdYMWzfbrsYMcdY\kbYm�Õr^Y\[ßÙ´f��me`]n�³Y\ayt}Y fÁøs~�rstuå�kbYme`r=Ym� [^Ym]`fbv�w�o�f�o�rse`r�t}Ym�³f�ado�þ°~dfb]
Y\rst}wbo
rsYmadc�o$~�t}en]`enÚ�fbczf�r í tuf���WZÝ\� cdYlkiYm� xd[soix2oi[^�\e`oiazf�[�xd[^oix�[^e`Y\czfbcdY\r¼ÙÞ�nr^en��fbr��\oi�³xdf�t}��kiYmenr
�\oi�öf�rXobW�t}enczfbrAYlï�x2Ym[se`�.Ymaytufb]n�³Y\ayt}Y ã

÷ oða4õd�.Ym[so�c�Y�ÙÞ~�adv��°Ymr.cdY�WzfbrsY�fðr^Y\[M~�t}en]`e`ÚmfbczfbrGcdY\kbY��\oi[^[sYmrsxZoia�cdYm[³fboðcdY�~d�³fðrsÝm[se`Y
�\oi�.xd]`Yltuf í oi~�tuwboMxd[sû±ï�en�³oMcdY\rstufMþÉ~zfbayt}o.x2oir^rs�nkiY\] ã

÷ fMYmrs�moi]nØzf³c�o³t}enxZo.Y=cdoOa4õd�.Ym[soOcdY=ÙÞ~dadv��°Ymr
cdY=Wzfbr^Y=tufb�RWZÝ\�öt}Ym� ~d�³fM[^Ym]`fbv�w�o³cden[^Yltuf
�\oi� oir?[sYm�m~�[^r^obr;�mob�³xd~�tufb�\e`oiazf�e`r ã ò�cdYlt}Ym[s�³enazfbvmwboäcdY¯t}o°czfbr¼fbr?e`ayt}Y\ói[}f�e`r�adY\�mYmrsr}åb[se�fbr;fbo
�måb]`�\~d]`oäcdYÅþÉ~zfb]nþ°~�Ym[¼xd[^oix�[^e`Y\czfbcdY�cdo
r^enrst}Y\�OfäcdYlkiY�rsYm[¦oiW�t}enczfAr^Y\� ób[}fbadc�Ymr¼cdenüz�\~d]`cdfbcdYmr ã

�¼o�cdY\�³obrÛ�me�tufb[ÅcdYmayt^[^oMcdYmrsr^Y\rät^[^�\rÛ�m[sent}Ý\[^enoir�xzf�[}f�f�Y\r^�mob]`Øzf�cdY
ÙÞ~dadv��°YmrAc�Y$WzfbrsY$cdoienr�t}enxZoirCcdY
ÙÞ~da�v��°Ymr=WZY\� r^~d�\Ymcdenczfbr í r}wbo�Ym]`fbrm�ßÙÞ~dadv���Y\r=t^e`x2o�ý�]�f�t^Ym[³àìý°î � ��ý�]�fUt}Ym[Sî<&°xZY � [^Wde�tufb]nr â � á.
.� Y
ÙÞ~da�v��°YmrAt}enxZo óyf�~dr^rse�fbazf�rRà©ôßî � ��ô=fb~�r^r^e`fba�î<&�x2Y � [sWdent}fb]`r â � á/s�í�áÁh/�ìã

ø:ù*ú9ù*ú û ��ü�ýwþA�`ÿ���	��G���A���������

VX�ÿcdobr�xd[se`�.Yme`[soirä��fbrsoir$cdYGÙÞ~dadv��°Ymr�cdY�WzfbrsY�W2Ym� r^~d�\Ymcdenczfbr í ado�r^Y\ayt}e`c�o&cdY�rse`�.xd]`e�üz��fb[
f�cdY\t^Ym[^�.e`adfbv�wbo�czfbrGe`ayt}Y\ói[}fbenrßcdY&Yma�Ym[^óbe�f�ÙÞob[}fb�Õfbr=ÙÞ~dadv���Y\rRcdY�ý°]�f�t^Ym[ ã ý�~df"[^Y\xd[^Y\r^Ymayt}fbv�wbo
�³f�t}Y\�OåUt}e`�mfRÝSczfbcdf.x2oi[m�

Φnlm(r, θ, φ) = Rn(r, ζ)Y m
l (θ, φ),

à g�ã�áÁâ

n, l
Y
m
r}w�o&a4õd�³Y\[^oir
e`ayt}Y\e`[soir
c�Ymadoi�.e`adfbcdoirXa4õd�³Y\[^oir
þÉ~z_bayt}en�moir�à

n = 1, 2, 3... � 0 <= l <=

n− 1
Y −l <= m <= l

âlí rsYmadcdo.þÉ~dYGfMxdfb[st^Y=[^fbcde`fb]
Rn(r, ζ)

Ý=cdfbczf xZob[m�

Rn(r, ζ) = N(n, ζ)rn−1e−ζr/a0 ,
à g�ã giâ

oia�cdY
N(n, ζ)

ÝS~d�3Ù´f�t}oi[Ac�Y=a�oi[^�³fb]`enÚ�fbvmwbo�þÉ~dYß�mob[^[^Y\r^x2oiadcdYGf��

N(n, ζ) =
[2ζ/a0]

n+1/2

[(2n)!]1/2
,

à g�ã��yâ
Y
a0

�moi[s[^YmrsxZobadcdY fbo³[}fbeno³cdfOxd[^en�³Y\e`[^fMûb[^Wde�tuf³c�o�å�t}ob�³o.cdYRØ�e`cd[soiói�ma�e`o.r^Ymób~dadcdo�fMt}Ymob[^e�f.cdY
��obØd[Gà´�mob��~d�.Ymayt}Yß�uØzfb�³fbcdoMcdY=[}f�e`o cdY���oiØd[ âlí

ζ
Ý=~��öxzfb[^_b�³Ylt}[so.þÉ~dY=cdYlkiYm[^å³rsYm[
fÁøs~drst}fbcdo

Y\�ÿÙÞ~dadvmwbo�cdY.fb]`ób~d�ÿ�\[^e�t}Ým[se`o�xd[sYmcdYlt}Y\[^�.e`azfbc�o í óiY\[}fb]n�³Y\aÉt^Y ~�t}en]`enÚ�fU� r^YRo��\[^e�t}Ým[se`o�cdYM�.�`aden�Of
Y\adYm[sóie�f ã

Y m
l (θ, φ)

�\oi[^[sYmr^x2oiadc�YRfbobrXØdfb[^�.ùiaden�moirÛY\rsÙÞÝ\[^e`�\oir í cdfbcdoiräx2oi[m�

Y m
l (θ, φ) =

[

2l + 1

4π

(l −m)!

(l +m)!

]1/2

Pm
l (θ)eimφ,

à g�ã65Éâ



ª
	
oia�cdY

Pm
l

r}wbo.oirAx2oi]`enadùi�.e`oirCfbr^rso��\e�fbc�oiräcdY=ñ?Y\óiYma�cd[^Y ã

ø:ù*ú9ùÊø û ��ü�ýwþA�`ÿ���	��G��� ����ÿ[ÿ°	��<ü
�9ÿ

ò
rNÙÞ~dadv��°Ymr�cdoSt^e`x2o=ý�]�f�t^Ym[NadwboSxZY\[^�.ent^Ym� ~d�Of$[sYmrsoi]`~dvmwbo=fbazfb]n�nt^e`��fXYA[}åbx�e`czf$czf�r¯e`ayt}Y\ói[}fbenr
cdY³cdoienrGY\]`Ý\t^[^oia�rR�mY\ayt}[}f�cdoir�Y\� �\o�ob[^cdY\azfbczfbrGcde`r�t}enaÉt}fbr=YOe`ayt^Ymói[^fbe`r=cdYOenayt}Ym[^fbv�w�o"aÉ~d�m]nY�fb[GcdY
t^[^�mrO�mYmayt^[^oir ã �;fb[^f)�moiayt^oi[^azf�[Oo)xd[soiWd]nYm�³fDczf'rsoi]`~�v�wbo�f�azfb]`��t}en��f�cdY�enaÉt^Ymói[^fbe`r.cdY�Y\adYm[sóie�f í
ÙÞ~da�v��°Ymr�c�oRt}enxZoGóyfb~drsr^e�f�azf=ÙÞoi[^fb��e`ayt}[so�c�~dÚmenczfbr ã ò8xzfb[�t}Y
[}fbcde`fb]QczfbrÅÙÞ~dadv��°YmrCt}e`x2o=óyfb~drsr^e�f�azfbr
r^wboM[^Ymx�[^YmrsYmaytuf�czfbr�cdfMrsYmói~�e`ayt}YSÙÞoi[s�Of��

Rn(r, α) = N(n, α)rn−1e−αr2

,
à g�ãt
iâ

rsYmadcdo
N(n, α)

czfbcdoMx2oi[m�

N(n, α) = 2n+1α(2n+1)/4[(2n)!]1/2(2π)−1/4.
à g�ã�syâ

ò
r^r^en� �moi�.o.o³xzf�[}_b�.Y\t^[^o
ζ
azfbräÙÞ~dadv���Y\r�cdYRý�]�fUt}Ym[ í oir
xdfb[}_b�.Y\t^[^oir

α
r^_boOcdYlt}Y\[^�.e`azfbc�oir
Y\�

ÙÞ~da�v�wboDcdY�fb]nói~d� �\[^ent^Ým[se`oDf'r^Y\[OcdYlüzade`c�o ã �¼o�c�Ym�.oir.kbYm[senüz�mfb[OþÉ~dY�f�cdenÙÞY\[^Y\adv�f'Wdåbr^en��fDY\a��
t^[^Y�f"ÙÞ~dadv���Y\r t}e`x2oðý�]`f�t}Y\[ Y&t}enxZo�óifb~dr^rse�fbadfbr Ý��³Y\[}fb�.Ymayt^Y�[}fbcde`fb] í YmþÉ~zfbv���Y\r"à g�ã giâ YDà g�ãt
iâ-í
Y-ï�enrst^YO~d�³f"cde�ÙÞYm[^Y\adv�f�ado"Ù´f�t^oi[Gc�Y&adoi[s�Ofb]ne`Úmfbv�wbo í obadcdY�f"Y-ï�xZoia�Ymad�\e�fb]ÅYmad�\oiayt}[^fU�|rsY�Ym]`Ylk�fbczf
fbo�þÉ~zfbcd[^fbczfbcdo"azf�ÙÞ~dadvmwbo�óyf�~dr^rse�fbazf ãO� rst}f�xZY\þÉ~dYmazf�c�enÙÞYm[sYmadvmf"e`ayt^[^o°cd~dÚO~��Of�e`�.xZoi[�tufbayt^Y
xd[soixd[se`YmcdfbcdY.Ym� Ù´f�kioi[GczfbrGÙÞ~�adv��°Ymr�óifb~dr^rse�fbadfbr í þ°~�Y&xZo°cdY.r^Y\[RYmaÉ~da��me�f�czf"�mob�³od� ë
���}ë����°ê�ë
������� æ�� ë���� æ è �9� �°é������ �! yæ � �"� è æ é æ��#� �$�&% � �$�'���(�)��� æ�� ��é��+*°ë  yæ � �"� è æ é æ ã �¼oi[�Y-ï�Ym�.xd]`o í o
xd[so�c�~�t}o�cdY c�~zfbr$ÙÞ~dadv���Y\rßóyfb~drsr^e�f�azfbr

G(αi, rA)
Y
G(αj, rB)

í f&x�[^e`�.Ymen[}f.�mYmayt^[}fbczf�azf&�\o�oi[��
cdY\azfbczf

A = (Ax, Ay, Az)
Y$fGr^Ymób~dadczf��\Ymayt}[^fbczf�azf��\o�oi[scdYmadfbczf

B = (Bx, By, Bz)
r^Y\[}å�~d�³f

ÙÞ~da�v�wboMóyfb~�r^r^e`fbazf
G(αk, rC)

�mYmayt^[}fbczfMYm�
C = (Cx, Cy, Cz)

ã �"fUt}Ym�³f�t^e`��f��³Y\aÉt^Yb�

G(αi, rA).G(αj, rB) = K.G(αk, rC),
à g�ã hiâ

rsYmadcdo

K = exp
(

αiαj

αk
AB

2
)

,
à g�ã�7yâ

�\oi�

αk = αi + αj

à g�ã�yyâ
YßoM�mY\aÉt^[^o

C
r^Y\[}åMcdY\üza�e`cdoMYm�3t}Ym[s�³obrAczfbrä�mo°oi[^c�Ymazfbcdfbrm�

CR =
αiAR + αjBR

αk
,
�moi�

R = x, y, z.
à g�ã�á±pyâ



ª
,
q�Y\rst}f³ÙÞoi[^�³f í f³x�[^e`a��me`xdfb]?[}fbÚmwboOxzf�[}f³~�t}e`]ne`Úmfb[ÛÙÞ~dadv���Y\r�óyfb~�r^r^e`fbazfbr
Ym� ��å�]`�m~�]`oiräcdY�Y\rst^[^~�t^~d[}f
Y\]`Y\t^[^ùia�e`��f&�\oiadrse`rst^YMazf&Ù´fb�men]`e`cdfbcdYRc�Y.rsYMoiW�t}Y\[Soirßxd[^o°cd~�t^oirScdYMe`ayt^Ymói[^fbe`r$�R~d]nt^e`cden�³Y\adr^enoiazfbenr í
þÉ~dY�x2o�c�Ym� rsYm[�Ù´f�t^oi[}f�czfbr�Y�[sYmYmrs�m[sentuf�r Ym�út^Ym[s�³oirRcdY��mY\aÉt^[^oir.fb]�t}Y\[^azf�t^enkboir ã �¦ob[ Ylï�Ym�.xd]`o í
o��måb]`�\~d]`oDczf)e`ayt}Y\ói[}f�]�cdY�rs~dxZY\[^x2oir^env�wbo�Y\ayt}[^Yðf�rOÙÞ~dadv���Y\r

G(αi, rA)
Y
G(αj, rB)

xZo°cdY�rsYm[
[sYmxd[sYmr^Y\aytufbcdo³xZob[m�

∫∫∫

G(αi, rA).G(αj, rB)dxdydz = K
∫∫∫

G(αk, rC)dxdydz,
à g�ã�áiáÁâ

rsYmadcdoXþÉ~dYÅfAói[}fba�cdY¯kbf�aÉt}fbóiY\�8cdY\rst}Y�t}[^f�tuf��³Y\aÉt^oAÝ�þ°~�YCfAenaÉt^Ymói[^fb]iczfAcden[^Y\entufÛx2o°cdY¯r^Y\[?Ù´fUt}oi[^fbczf
Y\� t}Y\[^�.oirAcdYb�

∫∫∫

G(αk, rC)dxdydz =
∫ ∞

−∞
G(αk, xC)dx

∫ ∞

−∞
G(αk, yC)dy

∫ ∞

−∞
G(αk, zC)dz,

à g�ã�áÁgiâ
�mfbczfO~d�³f³c�Ymr^r^fbr$enaÉt^Ymói[^fbe`rXYm� r^~dfbr$[^Y\r^x2Ym�lt}enk�fbr
�mo°oi[^c�YmazfbcdfbrSfbxd[sYmrsYmaytufb� ~d�³f³rsoi]`~dvmwbo&�\o��
adØ�Ym�menczf í ob~�rsY�ø^f í �\oiaykiY\[st}Y\�³obr
~d�³f e`ayt}Y\ói[}f�]Zt}[se`xd]`f�adoMxd[^o°cd~�t^oMcdYSt}[^�\räe`ayt}Y\ói[}fbenrÛ~dadencde`�.Yma°�
rse`oiazf�e`r ã<� r�tufMxd[^oix�[^e`Y\czfbcdYßx2oir^rse`Wden]`e�tufGo.��å�]`�m~�]`oMfbazf�]`�nt^e`�\o�cdYße`ayt}Y\ói[}f�e`rAcdYßYma�Ym[^óbe�f ~�t}en]`enÚ�fbczf�r
Y\�ö��åb]n�m~d]noir�t^e`x2o ; fb[st^[^Y\Yl��jzo°���l� á/y�íQg�p3�ìã
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� Y\[^enüd��fbczfÛþÉ~zf�e`r?fbr�ÙÞ~da�v��°Ymr�cdY¯Wzf�r^Y�þÉ~dY�e`[}w�oÛ[^Y\xd[^Y\r^Ymayt}fb[?oir�oi[^W�entuf�e`r�fUt}ùi�.e`�\oir í c�Y\t}Y\[^�.e`azfÁ�
rsYSfGÙÞ~dadvmwbo cdY$obadczf fbxd[so�ï�en�Of�czfGcdoRr^e`r�t}Y\�Of í �moia�rst}[s~d�`cdf�f�t}[^f�kiÝmrAcdfR�moi�RWde`azf�v�wbo�]ne`adYmfb[Åczfbr
ÙÞ~da�v��°YmräcdYßWzfbrsYb�

Ψi =
M
∑

k=1

CikΦk,
à g�ãnár�yâ

oia�cdY
Ψi

ÝßfRÙÞ~dadvmwbo cdYSoia�czf�cdo oi[sWdent}fb]
i
í
M
ÝSa4õd�.Ym[^o c�Y$ÙÞ~dadv��°Ymr�cdYSWzfbrsYmrä~�t^e`]`enÚ�fbcdfbrCxdfb[}f

[sYmxd[sYmr^Y\aytufb[C��fbczf=oi[^W�entuf�]dY
Cik

r^wboRoir��\o�Ylüz�menYmayt}Y\rÛczfßYlï�xzfbadr^wbo ã î¼o�c�oirCobrC�\o�Ylüz�menYmayt}Y\rÛcdYmr�tuf
�\oi��Wdenazfbv�w�o
]ne`adYmfb[?r}wbo$xdfb[}_b�.Y\t^[^oir¼þÉ~dY�x2o°cdYm� r^Y\[N�.o�cde�üz��f�cdoir?cdYCt}fb]°�Ofba�Yme`[^fXþÉ~dY�f�Yma�Ym[^óbe�f
cdoRr^e`r�t}Y\�OfRrsY�ø^f��.�`aden�Of ã �¼oi[Afbazf�]`oióie`fS�moi�Ü�³Ýlt}o°cdoirCcdY$[^Y\ói[^Y\r^r^wbo í þÉ~zfbayt^o �Ofbenoi[Åo�a4õd�³Y\[^o
cdY�xzf�[}_b�.Y\t^[^oirMf�r^Y\[^Y\� fÁøs~drst}fbcdoðxzfb[^f�[^Ymx�[^YmrsYmaytuf�[O~d�³f"ÙÞ~dadvmwboDþÉ~zf�]`þÉ~dYm[ í �.Ym]nØdoi[�rsYm[^åDf
[sYmxd[sYmr^Y\aytufbvmwbo:cdY\r^r^f�ÙÞ~dadvmwbo ã �¦oi[�tufbayt^o í x2o�cdY-�|rsY�en�Of�óie`azf�[OþÉ~dY�þ°~dfbayt}o:�³fbenoi[&o�a4õd�³Y\[^o
cdY�ÙÞ~dadv���Y\rOcdY�WzfbrsY í �.Ym]nØdoi[.f�[sYmxd[sYmrsYmaytufbvmwbo�czfðÙÞ~dadv�w�o'cdY�oiadczf�Y"�.Ym]nØdoi[MfDY\adYm[sóie�fðcdo
rse`rst^Ym�³f ã$� ayt}[sY\tuf�aÉt^o í þÉ~zf�adcdo�~�t^e`]ne`Ú�fÁ�|r^Yä~d���\oiaUøs~dayt}o þÉ~zf�]`þÉ~dYm[CcdY�ÙÞ~da�v��°Ymr�c�Y$WzfbrsY í x2o°cdYl� r^Y
x2Ym[sói~daytufb[År^Y�fbx2YmazfbrCoirÅ�mo°Y\üz�\e`Ymayt^YmrÛczf=�moi�RWde`azf�v�wbo=]`enadY�fb[¯r^wbo�f±øs~drst}å±kbYmenr�k�fb[^e`fb�menoiazfb]n�³Y\aÉt^Y ã
ò¡[^Y\r^x2oirst}fGÝ�adwbo í fbazfb]ne`Úmfbadcdoß�.Ym]`Ø�oi[Åf=ÙÞoi[s�OfS�³f�t}Y\�Oå�t^e`�mfßcdfbrÅÙÞ~�adv��°YmrCcdY
Wdfbr^YXt}e`x2oRý�]�f�t^Ym[ í
Y\þ°~dfbv�wbo³à g�ã gbâlí YÛt^e`x2oSóyfb~drsr^e�f�azf í Y\þ°~dfbv�wboOà g°ã¿
iâ-í oiWdrsYm[�kbf��³oir¯þÉ~dYAY-ï�e`rst^Ym��ob~�t}[soir¯xzfb[^_b�³Ylt}[soir
þÉ~dYMx2o�cdY\� r^Y\[Rf±øs~drst}fbcdoirßcdYM�³fbadYmen[}f&þÉ~dY³f�YmadY\[^óie`f�rsY�ø^f��³enade`�.e`Úmfbczf ã jz~dadv��°YmrßcdY³ý�]`f�t}Y\[
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Y�óyfb~drsr^e`fbazfbr.cdYmx2Yma�cdYm� xZob[.Y-ï�Ym�.xd]`oDcdoir.xzfb[}_��³Ylt}[^obr

ζ
Y
α
í [^Y\r^x2Ym�\t^enk�fb�.Ymayt}Y ã ô$~zfbadcdo

cdY\r^�\[^Y\kbYm�.oirXoirAoi[^W�entuf�e`rAf�t^ùi�.e`�mobr��mob�³o ~d� �moiaUøs~�aÉt^oMcdYSÙÞ~dadv��°Ymräcdo t^e`x2oMý�]�fUt}Ym[ í þÉ~zfb]�cdYlkiY
rsYm[�o"k�fb]noi[=cdoir�Y-ï�x2o°Ymayt}Y\r

ζ
cdY&��f�czf�ÙÞ~dadvmwbo4ó � rsYOÙÞoi[^Y\�ú~�t}e`]ne`ÚmfbczfbrSÙÞ~dadv���Y\r�óyfb~�r^r^e`fbazfbr í

þÉ~zfb]Ac�Y\kiY�r^Y\[Mo�k�fb]noi[�cdoirMY-ï�x2o°Ymayt}Y\r
α
ó ò [sYmrsxZoir�tufðÝ�r^e`�.xd]nYmr í x2o�c�Ym�.oir obt}en�³enÚ�fb[GYmrsr^Ymr

xzf�[}_b�.Y\t^[^oirÛc�Yßt}fb]��³fbadY\e`[}f�þÉ~dY=f Yma�Ym[^óbe�f cdoMr^enrst}Y\�Of oia�cdYSÙÞoi[}fb�3obt}en�³enÚ�fbc�oir�rsY�ø^f �³�nade`�³f í
oi~�rsY�ø^f í t}fbayt}o

ζ
þÉ~zfbayt^o

α
r^wbo.xzfb[}_��³Ylt}[^obrAþ°~�Y=x2o°cdYm�örsYm[At}[^f�tuf�cdoirÛk�fb[^e`fb�menoiazfb]n�³Y\ayt}Y ã
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� û ��ü�ýwþA�`ÿ���	��G�E�A���������

q�Ylk°e`cdo���r&��fb[^fb�\t^Ym[se`rst^e`�mfbr.Ù´f�kboi[}å�kiY\e`r&cdfbrOÙÞ~dadv���Y\r&cdY�Wzfbr^Y�t}e`x2o'óifb~dr^rse�fbadfbr í x2o�c�Ym�.oir
Y-ï�xdfbadcden[Aoiräoi[^Wde�tufbenr�t}enxZo.ý°]�f�t^Ym[Ax2oi[Aóyfb~drsr^e`fbazfbrAcdoMt}enxZo��

ΦSTO
µ (~r) =

N
∑

i=1

CiµΦαiµ,
à g�ãná�5Éâ

oia�cdY
N
Ý�o�a4õd�.Ym[^obr.c�Y�óifb~dr^rse�fbadfbr í

µ
Ý�o��`adc�e`�mY�c�Y�Y\rst}fbcdo í

Ciµ

r}wbo�oirM�mo°Y\üd�me`Y\ayt}Ymr.czf
Y-ï�xdfbadr}w�o³Y

Φαiµ

r^wboMóyfb~drsr^e�f�azfbräxd[^en�³e�t}e�kbf�r ã
f _ ^GF R ^ Gr_�JMLOYbI�E�LIH`D ^ PwZiLKJML�L�G/ION
HPL=Q

� r^rsY �moiaÁøs~dayt}o�cdY�Wdfbr^Y [sYmxd[sYmr^Y\aytuf���fbcdf&oi[^Wde�tufb]?x2oi[$~d�³f�õ�ade`�mfOÙÞ~dadv�w�oOt}enxZo�ý°]�f�t^Ym[ ã ôßY\[}fb] �
�.Ymayt}YßY\r^r}f ÙÞ~dadvmwbo.Ý$ÙÞoi[^�³fbczf�x2oi[äóyfb~drsr^e`fbazfbrAxd[se`�.ent^enk�fbr ã

f _ ^GF R ^ Gr_�JMLOYbI�E�L��¡_wRUYbZQLKJ$L$L�G/IRN}�SLTQ
� r^rsYä�moiaUøs~�aÉt^oßcdYAWzfbrsYX[sYmxd[sYmrsYmaytufß��fbcdfßob[^Wde�tufb]°xZob[¯cd~zfbrNÙÞ~da�v��°Ymr¯t}enxZoßý°]�f�t^Ym[ í ��fbczfS~d�³f$�mob�
~d�5kbf�]`oi[¯cdY

ζ
x�[^ûixd[se`o	� g�áií°gig.�ìã ôSYm[^fb]`�.Ymayt^YA~d�Of$ÙÞ~da�v�wbo=Ý�÷l�moiayt}[^fb�`cdf ³ ÷\YXfßoi~�t^[}f³÷\cdenÙÞ~�r}f�U�÷ ã

f _ ^GF R ^ Gr_�JMLOYbI�E�LIH�qbZQDiG�J&VmI�ZiL ^ hdL
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NUR ^ ad��L[E|JMLOk�_SZQIWTVD@W�I�adcW_
ý�w�oXÙÞ~da�v��°Ymr;c�Y�a4õd�.Ym[^obr¦þÉ~z_bayt^e`�mobr¦�³fbe`r¼fb]�t}oir¼fbc�e`�menoiazfbcdfbr¼fbo
�\oiaUøs~dayt^o$cdYÅWzfbr^Y\r ã ò
r¼ÙÞ~�adv��°Ymr
cdY�x2oi]�fb[se`Úmfbv�wbo�fb~°ï�en]`e`fb�úadfDcdY\r^�m[se`vmwbo'czf�rOcdenrst}ob[^v��°YmrMczf�aÉ~�kiY\� Y\]`Y\t^[^ùia�e`��fðYm� f���Wde`Y\ayt}Y
�.oi]`Y\�m~d]`fb[ í en�³x2oi[�tufbayt}Y\r&azf�cdY\r^�m[se`vmwboHcdfbr�]`enóyfbv��°YmrOþ°~��`�.e`��f�r í Yð�moi[s[^YmrsxZobadcdYm� f�ÙÞ~�adv��°Ymr
fbc�e`�menoiazfbenrS�moi�Õ�.oi�.Ymayt}o�fbadói~�]�fb[ßcde�ÙÞYm[^Y\ayt}YOcdfbþÉ~dYm]nY&fbxd[sYmrsYmaytufbc�o�xZY\]�f�Wzfbr^YOoi[^enóie`azf�] ã �¼oi[
Y-ï�Y\�³x�]`o í xdfb[}f'o'å�t}ob�³oDcdY"�mfb[^W2oiadoD~d�OfðÙÞ~dadvmwbo)cdY�Wdfbr^Y��moiaykiY\ad�menoiazfb]
e`ad�\]`~den[^e`f�f�xZY\azfbr
ÙÞ~da�v��°YmrMcdY�WzfbrsY�c�o�t^e`x2o

s
Y
p
ã ò e`ad�\]`~dr^wbo�cdY�ÙÞ~dadv���Y\r³c�Y�x2oi]`fb[^enÚ�fbvmwbo��mob[^[^Y\r^x2oiadcdY\[^e`f�f
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oi~�a�YmadØÉ~d�³f
ena��z~d�\ad�me`f
cdYÅÙ´f�t}oi[sYmr¦��~dent^o
cdenrst}fbayt}YmräcdY\r^r^f³[^Y\óie�w�o ã {|r^rsoOr^YßcdYlkiYRfbo Ù´f�t}oMcdoirX×Xò �fe rXr^Ym[sYm� aÉ~d]noirXfb]`Ý\� cdo.[}fbenoMcdYß�moi[�t}Y
rc

fbcdo�tufbcdo xdfb[}f þÉ~dYßo��\oi[^[^f e`ayt}Y\[}fbvmwbo Ymayt}[sYßoi[^Wde�tufbenrÛYm]nY\t^[^ùiaden�moir�cde`r�t}e`ayt^oir í c�Ymr^r^fMÙÞob[^�³f�r}wbo
adY\�mY\r^r}å�[^e�f�r�xZob~d��fbr=ÙÞ~dadv���Y\r�cdYOWdfbr^Y\r xzfb[}f�cdYmrs�m[sY\kiY\[MoirRoi[sWdent}fbe`r ã �;fb[^f"óiYm[^fb[Robr�×
ò ��e r�Ý
adY\�mY\r^r}å�[^e`o=[^Y\r^oi]�kiY\[Åo ; fb�³en]nt^oiade�f�ado
c�Y � oiØda���ý�Øzfb�5þÉ~dYär^Ym[^å=c�Y\tuf�]`Øzfbc�o=a�o=�mfbxd��t}~d]no ��í r^Y\v�wbo
��ã�áiã g�í xdfb[}f�xdrsYm~dc�oyå�t}ob�³oirAenr^oi]`fbcdoir í óifb[}fbayt^e`adcdo�f�Ymrst^[^e�tuf�]`o°��f�]`e`Úmfbv�w�oRcdY\r^r^Y\rXfMxdfb[st^e`[�cdf�e`� �
x2oir^env�wboMcdY=cdYlt}Ym[s�³enazfbczf�rX�\oiadcdenv��°YmrXcdY=�moiayt}ob[^ado í fbc�e`�menoiazfba�cdoMxZobt^Ymad�\e�fbenrAcdY=�moia�üdazfb�.Ymayt}o
� g,s�í2gbh°í2g,73� oi~��.o°cdenüz�mfbadcdoMf�räfb~�t}o�ÙÞ~dadv��°Ymräcdobr
åUt}oi�.oirA]`e�k°[^Ymr�� g,y.�ìã
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g
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i�å�æ joì<kmlPn�ñ îok ç-è©éqpTn$k�é©ñsr�î�ñ t ìzé�íun�î�ñmî�ì

×
fDt}Y\oi[^e`fDcdY ; fb[st^[^Y\Yl��jzo°��� í xdfb[}f'~�� rse`rst^Ym�³f'cdY���~dent^oirOY\]`Ýlt}[^obadr³t^[}fbadr�ÙÞoi[^�³fU� r^Y"~��
xd[soiWd]nYm�³f�cdY&×3�mob[^x2oirRY\� ×Üxd[^oiW�]`Ym�³fbr=cdY&~d�Õ�\oi[^x2o í f�t^[}å�kiY\r�cdY�f�xd[^o�ï�e`�³fbv��°Ymr í oia�cdY&f
ÙÞ~da�v�wbo�c�Y$oiadczf=t}obt}fb]

Ψ
þÉ~dY�cdYmx2Ymadc�YSczfR�mo°oi[scdYmazf�czfRcdoirÛ×8�moi[sxZobr�Ý$o�obW°øsY\t^oRÙÞ~dadczf��³Y\aÉt}fb]

xzf�[}fRo cdY\r^Y\aÉkboi]nk°en�³Y\aÉt^oMcdoirÛ�måb]`�\~d]`oir ã � Ymr^þÉ~dY\�Of Wzå�r^e`�\o cdYmrsr}f�t}Y\oi[^e`fRÝ$~d�3xd[^o°�mY\r^rso.enayt}Ym[��
f�t^enkbo�þÉ~dYS�moia�r^e`r�t}Y$Y\� czf�cdo�o x2obt}Y\ad�me`fb]2t^obtuf�] í oiW�t}Y\[AfRÙÞ~dadvmwbo cdY$obadczf�e`a�e`�me`fb]

ΨI

fbxd]`en��fba�cdo
f�Y\þ°~dfbv�wbo.cdY=ý��uØ�[}ã°cde`adóbYm[ ã q
Y\üzadencdoMo xZo�t}Yma��me�f�]

V (~r)
í obW�t}Y\�M� r^YßfRÙÞ~dadvmwboMcdYßoiadczfRt^obtuf�]

ΨþÉ~dY$Ý�fG�uØzf�kbYSxzfb[}f=kiYm[senüz�mfb[�oGkbf�]`oi[�YmrsxZY\[}fbc�o cdY
t^o�czf�rÛfbrCoiWdr^Y\[sk�å�kiY\e`rÛcdoRr^e`r�t}Y\�Of í e`a��m]`~�r^enkbY
czf cdY\adr^enczfbcdYSc�Y=�mfb[^óif

n(~r)
ã �;fb[�t}e`a�cdo cdoMxZo�t}Yma��me�f�]

V (~r)
oMY\r^þÉ~dYm�³f cdYmrsr}fMt}Ymob[^e�f�x2o°cdY$r^Y\[

[sYmxd[sYmr^Y\aytufbcdo³czf r^Y\ói~de`ayt^YßÙÞob[^�³f��

V (~r) −→Eq. de
Schrödinger −→ Ψ(~r1, ..., ~rN) −→ 〈Ψ|Ô|Ψ〉 −→ � W�r^Ym[�k�å±kbYmenr

,

�³fbe`r?ena�ÙÞoi[^�³fbv���Y\r¦rsoiWd[^Y�f
t}Y\oi[^e`f
cdY ; fb[�t}[sYmYÛY�jQo°���ßxZo°cdYCr^Ym[;oiW�t}enczfbr¼azfbr¦[^Y\ÙÞY\[^�\ad�me`fbr2� á/y�íbgbp3�©í
Y=fbenadczf�~d� f�xd[^en�³oi[^fb�.Ymayt}o�c�Ymr^r^f.t^Ymoi[se�f í xZoi[Xý°]�f�t^Ym[�� �ip3�©ã

ò
xZY\r}fb[Xczf³ób[}fbadc�YGen�³x2oi[st}_bad�\e�f�cdoir
��åb]n�m~d]noirAt}enxZo ; f�[st}[sYmY-��jzo���� í Ylï�enrst}YG~d�³f.oi~�t}[}f.�OfÁ�
adY\e`[^fÛcdY¯[^Y\r^oi]�kiYm[�oäxd[soiWd]nYm�³f�cdY�×)xzfb[�t}�n�m~d]`fbr í þÉ~dY��\oiadr^enrst^Y¯Ym� ~�t^e`]ne`Ú�f�[­fÛcdY\adr^enczfbcdY�Y\]`Y\t^[^ùia�e`��f
n(~r)

�moi�.o.oiW°øsY\t^o&xd[se`ad�\e`xzfb] ã q
Y�fb�\oi[^cdo.�mob� Y\r^r^f³t}Y\oi[^e`f.f.cdYma�r^e`cdfbcdYRY\]`Ylt}[^ùbade`�mfMÝG~d�³fMk�fU�
[se�å�kiY\]NWzåbrse`��f�xzf�[}f�f�cdY\t^Ym[^�.e`adfbv�wbo�cdY t^o�czf�rßfbrSoiWdrsYm[sk�å�kiY\e`r=cdo�Ymr�tufbcdo�ÙÞ~dadcdfb�³Y\aytufb] ãj� r^r}f
t^Ymoi[se�f³ÝR�moiadØ�Ym�menczf&�mob�³o.t}Ymob[^e�f³cdoOÙÞ~dad�\e`oiadfb]¦cdf&cdYmadrse`czf�cdY�YRÙÞoie¼cdY\r^Ymaykboi]nk°e`cdf�x2oi[ ; oiØdY\a��
W2Ym[só=Y � obØda³Y\� á/yds35 � ��á�� Y
x2oi[ � obØda³Y
ý�Ødfb��Ym� áryds�
 � �ig.�©ã$� r^r^YXt}[^fbWzfb]nØdoSÝäcdYXt}wboßói[}f�adcdY
en�³x2oi[st}_bad�\e�fOþÉ~dY³[^Yma�cdYm~�f ' f�]nt}Y\[ � oiØdaDo�x�[^�m�.e`o�×
obWZY\]Åc�Y�ô$~d�n�³en��f&Ym� á/y,yd7 � �d�.�ìã VX�
Y\r^þÉ~dYm�³fMWzåbr^en�moMxzfb[^f Ymr^r^f.t^Ymoi[se�f�x2o�cdYßrsYm[ä[^Y\xd[^Y\r^Ymayt}fbcdoOx2oi[\�

n(~r) −→Eq. de
Poisson −→ V (~r) −→Eq. de

Schrödinger −→ Ψ(~r1, ..., ~rN) −→ 〈Ψ|Ô|Ψ〉 −→ � WdrsYm[sk�å�kiY\e`r
.

ò fbxd]ne`�mfbv�wbo cdf t^Ymoi[se�f cdoMÙÞ~dad�\e`oiazf�]�czf cdYma�r^e`cdfbcdY=Ym� å�t^oi�.oir í �.oi]nÝm�m~�]�fbrÛYßrsûi]`encdoirÛkiY\�



Ø�v
�\[^Ymrs�mY\adcdo:�R~dent^o�Yðt^Ym� rsYD�.oir�t}[}f�cdo�~d� �.Ý\t^o�cdo���~�ent}o�Ylüz�menYmayt}Y�xzfb[^f���fb]n�m~d]`fb[�fbr�xd[so��
xd[se`Y\czfbcdY\rXY\]`Ylt}[^ùbade`�mfbrÛYßYmr�t}[^~�t}~d[^fbe`räcdYßr^enrst^Ym�³fbrAado.Ymrst}fbcdoMÙÞ~dadczf��³Y\aÉt}fb] ã

-zù*ú9ù*ú �����¯�d�?���<ÿ����5w8�7x��`üT_G���zyT�9{��7x�ü

ò�t}Y\oi[^e`f�cdo�ÙÞ~dad�\e`oiazf�]¯czf�cdY\adr^enczfbcdY³Ymr�tuå�fb]ne`�\Ym[^vmfbczf�Ym�Õcdobe`rßt}Ymob[^Ym�³fbrßxd[soixZobrst}obrRx2oi[
; oiØdYmaÉW2Ym[só³Y � obØda � ��áH� þ°~�Y=x2o°cdYm�örsYm[äxd[soÁk�fbc�oirXfbazfb]nent}en��fb�.Ymayt^Y�x2oi[äfbWdrs~d[^cdo ã

X�L4_xT.L[n I ]�| q$fbc�oD~d� r^e`r�t}Y\�Ofð�moi� × xdfb[st^�`�m~�]�fbr í oðx2obt}Y\ad�me`fb]AYlï°t}Y\[^ado
v(~r)

r^Y\ayt}e`c�o
x2Ym]noirAYm]nÝ\t}[soiadräÝß~d� ÙÞ~da��me`obazfb]`õdaden�moMczfMcdYma�r^e`cdfbcdYßYm]nY\t}[sùiaden��f

n(~r)
í czf �.Ymr^�³f�ÙÞoi[^�³f þÉ~dY=f

cdY\adr^enczfbcdYßY\]`Y\t^[^ùia�e`��f�c�o³rse`rst^Ym�³f�tufb��W2Ým�3Ýß~d� ÙÞ~dad�\e`oiadfb]µõda�e`�mo.cdoMx2obt}Y\ad�me`fb]�Ylï°t^Ym[^a�o ã
kmT._G}WI | ý�Y�ø^f

Ψ
oMYmrst}fbcdoMÙÞ~dadczf��³Y\aÉt}fb]�cdo.r^enrst^Ym�³f í �mfb[}fb�lt}Y\[^e`ÚmfbcdoMx2Ym]`o Ødfb�³en]nt^oiade�f�ado

Ĥ�\oi�3~�� x2obt}Y\ad�me`fb]­Y-ï�t^Ym[sado
v(~r)

í o.Ødfb�³en]nt^oiade�f�adoßÝSczfbcdo x2oi[
Ĥ = T̂ + Ûee + V̂

í oiadcdY
T̂
Ý$o

t^Ym[^�.oMcdYßYmadY\[^óie`f.�\e`adÝlt}en��f í
Ûee

YmadY\[^óie`fMc�YGenaÉt^Ym[^fbv�wboMY\]`Ý\t^[^oia°�|Ym]nÝ\t^[^oia�Y
V̂
YmadY\[^óie`f.x2obt}Y\ad�me`fb] ã

ý�~�xZoia�Øzf�þÉ~dYDYlï�e`r�tuf�~d� oi~�t^[^o�xZo�t}Yma��me�f�]
v′(~r)

í þ°~�YD[sYmr^~�]nt}Y�Ym� ~�� Øzfb�.e`]nt^oiade`fbado
Ĥ ′

Y
~d�ÿYmr�tufbcdo�ÙÞ~dadcdfb�³Y\aytufb]

Ψ′ ã � oiadrse`cdY\[^Y þÉ~dYMoirScdoienrSxZo�t}Yma��me�f�e`r$]nY\kiY\�¢�&�.Ymr^�³f&cdY\adr^enczfbcdY
Y\]`Y\t^[^ùia�e`��f

n(~r)
ã q�Ymr�tuf.ÙÞob[^�³f��

Ĥ = T̂ + Ûee + V̂ .
à ��ã�áÁâ

Ĥ ′ = T̂ + Ûee + V̂ ′.
à ��ã giâ

�¼o�cdY\�³obrAoiWdr^Y\[sk�fb[XfMr^Ymób~de`ayt}Yß[sYm]�f�v�wbo Y\aÉt^[^Y=oirAcdoienrAØzfb�.e`]�t}oiade`fbadoir\�

Ĥ ′ = Ĥ − V̂ + V̂ ′.
à ��ã��yâ

ý�Y\adcdo
Ψ 6= Ψ′ í t^[}f�t}fbadcdoU�|r^Y c�YMfb~�t}o°Ymr�tufbc�oirßcdY cdenÙÞY\[^Y\aÉt^YmrßØzfb�.e`]�t}oia�e�fbadobr ã �¦oi[Sc�Y\üzadenv�wbo�f

Y\adYm[sóie�f cdoMYmr�tufbc�o.ÙÞ~da�czfb�.Ymaytufb]­ÝGfMYma�Ym[^óbe�f �³�nade`�³f í czfbe©�

E = 〈Ψ | Ĥ | Ψ〉. à ��ã65Éâ

E ′ = 〈Ψ′ | Ĥ ′ | Ψ′〉. à ��ãt
iâ
� aytuwbo í t}Ym�.oirAþÉ~dY��

E = 〈Ψ | T̂ + Ûee + V̂ | Ψ〉 < 〈Ψ′ | T̂ + Ûee + V̂ | Ψ′〉. à ��ã�syâ

E ′ = 〈Ψ′ | T̂ + Ûee + V̂ ′ | Ψ′〉 < 〈Ψ | T̂ + Ûee + V̂ ′ | Ψ〉, à ��ã hiâ



Ødª
x2o�c�Ym�.oirAYmrs�m[^YlkiY\[$fbrAY\þ°~dfbv��°YmrRà ��ã�syâ Y³à ��ã hiâ f xzf�[st}en[Aczf YmþÉ~zfbvmwbo"à ��ã��yâlí czf.rsYmói~�e`ayt}YSÙÞoi[s�Of��

E = 〈Ψ | Ĥ | Ψ〉 < 〈Ψ′ | Ĥ ′ | Ψ′〉 + 〈Ψ′ | V̂ − V̂ ′ | Ψ′〉. à ��ã�7yâ

E ′ = 〈Ψ′ | Ĥ ′ | Ψ′〉 < 〈Ψ | Ĥ | Ψ〉 + 〈Ψ | V̂ ′ − V̂ | Ψ〉, à ��ã�yyâ
�³fbr

n(~r) = 〈Ψ |
N
∑

i=1

δ(~r − ~ri) | Ψ〉 Y V̂ =
N
∑

i=1

v(~ri).
à ��ãná�pyâ

�¼oi[st}fbayt}o

〈Ψ | V̂ | Ψ〉 =
N
∑

i=1

∫

d3r1...
∫

d3rNΨ∗(~r1, ..., ~rN)v(~ri)Ψ(~r1, ..., ~rN) =
∫

n(~r)v(~r)d3r.
à ��ãnábáÁâ

Vät}e`]ne`Úmfbadcdo f�rAYmþÉ~zfbv���Y\r�à ��ãt7iâ YOà ��ã�yyâlí t^Ym�.oirm�

E < E ′ +
∫

[v(~r) − v′(~r)]n(~r)d3r.
à ��ãná±giâ

E ′ < E +
∫

[v′(~r) − v(~r)]n(~r)d3r.
à ��ãnár�yâ

ñ�oióio í r^oi�³fbadcdo=fbr�Y\þ°~dfbv��°Ymr�à ��ã�áÁgiâ YGà ��ãnár�yâlí t^Ym� �|r^Y��
E+E ′ < E ′ +E

í oßþ°~�Y
Ýä~d��fbW�r^~d[scdo ã
� r^rsY�[^Y\r^~d]�tufbc�o&fbWdrs~d[^c�o�r^YRc�Y\kiY�fboOÙ´f�t^oOcdYGr^~dx2oi[�xdfb[}f.cdoie`r
xZo�t}Yma��me�f�e`räYlï°t}Y\[^adobr$cdenÙÞY\[^Y\aÉt^Ymr
à
v(~r) 6= v′(~r)

â f.�.Ymrs�OfMcdYma�r^e`cdfbcdY
n(~r)

í xZo°cdY\�³oiräY\aÉt}wboO�\oiad�\]`~den[XþÉ~dY
v(~r)

Ý=~d�öÙÞ~dad�\e`oiazf�]
õda�e`�moMxzf�[}fMf cdYmadrse`czf�cdY

n(~r)
ã � oi�³o

v(~r)
cdYlüzadY=oMØzfb�.e`]nt^oiade`fbado

Ĥ
í x2o�c�Ym�.oirA�moia��m]`~�e`[ÛþÉ~dY

o Y\rstuf�cdo.ÙÞ~�adczfb�.Ymaytuf�]
Ψ
Ý$t}fb��W2Ým�3~d� ÙÞ~dad�\e`oiadfb]µõda�e`�moMcdY

n(~r)
ã q
Ymrst}fMÙÞob[^�³f í

n(~r)
cdYlüzadY

t^o�czf�räfbräoiWdr^Y\[sk�å�kiY\e`rXcdoMr^e`r�t}Y\�Of xzfb[^f o.Y\rst}fbcdoMÙÞ~dadczfb�.Ymayt}fb]
Ψ
ã

X�L4_xT.L[n I ]/]�| ò�YmadY\[^óie`fAcdo
Y\rst}fbcdoäÙÞ~dadczfb�.Ymayt}fb]icdoXr^enrst}Y\�Of
E0[n]

í t^Ym� ~d�0kbf�]`oi[��.�`aden�³o
xzf�[}fMf cdYmadrse`czf�cdY

n(~r)
Y-ïdfUtuf��

E[n] = 〈Ψ | T̂ + Û + V̂ | Ψ〉. à ��ã�ár5Éâ

kmT._G}WI | ý�Y|ø^f
n(~r)

fGcdY\adr^enczfbcdYXcdYX~d��cdYlt}Ym[s�³enazfbcdo=Ymr�tufbc�o
Ψ
í þ°~�Y�azwbo=adY\�mYmrsr}fb[se�fb�.Ymayt^Y

f cdY\adr^enczfbcdYßxd[soÁkbYmadenYmayt}Y=cdY
Ĥ = T̂ + Û + V̂

czf�czf xZoi[
n0
ã î¦Y\�³obrXþÉ~dY��

n 6= n0 ⇒ Ψ 6= Ψ0,
oi~�r^Y�ø^f

, E > E0.
à ��ãná/
iâ

n = n0 ⇒ Ψ = Ψ0,
oi~�r^Y�ø^f

, E = E0.
à ��ãnársyâ



Ø/Ø
� r^rsY
t^Ymoi[sYm�³f=�.oirst^[}fSþÉ~dY

E[n]
ÝX~d��ÙÞ~dad�\e`oiazf�]zcdY

n(~r)
í �\~UøsoGk�fb]noi[¯�³�nade`�.o$ÝXoiW�t^e`cdo=f�t^[}f�kiÝ\r

czf�cdYma�r^e`cdfbcdYOY\]`Ylt}[^ùbade`�mf�cdo�Ymr�tufbcdo�ÙÞ~dadczfb�.Ymayt}fb] ã �¼o�cdY\�³obrRYmrs�m[sY\kiY\[Mf�Y\þ°~dfbv�wbo�à ��ã�ár5Éâ czf
rsYmói~denayt}YSÙÞoi[^�³f��

E[n] = 〈Ψ | T̂ + Û | Ψ〉 + 〈Ψ | V̂ | Ψ〉, à ��ã�áÁhiâ
oi~�fbenadczf

E[n] = F [n] + 〈Ψ | V̂ | Ψ〉, à ��ã�á/7yâ
oia�cdY

F [n]
ÝR~d� ÙÞ~da��me`obazfb]�~dade�kiY\[^r}f�]¼k�åb]ne`cdoMxzfb[^f³þÉ~zfb]nþÉ~dYm[Xr^enrst}Y\�Of.�moi~�]`oi��W�e�fbadoMY=o³t^Ym[^�.o

〈Ψ | V̂ | Ψ〉 cdY\xZY\adcdY=cdoMr^enrst}Y\�Of Y\�öþÉ~dYmr�tuwbo ã �;f�[}f o³Y\rst}fbcdoMÙÞ~dadczfb�.Ymayt}fb] í t}Ym�.oir\�

E[n0] = F [n0] + 〈Ψ0 | V̂ | Ψ0〉.
à ��ãnáryyâ

� oi�.o
n0

cdYlt}Ym[s�³enazf
Ψ0

Y
n
cdYlt}Ym[s�³enazf

Ψ
í fbr^rs~d�.e`adcdoßþÉ~dY

n0

YAt}o°cdoir¯oir
n
r}w�oGcdYlt}Y\[^�.e`azfbc�oir

x2oi[äfb]nói~d�ÜxZobt^Ymad�\e�fb]­Ylï°t}Y\[^ado í x2o�c�Ym�.oirAYmaytuw�o³f�xd]`en��fb[Ûo t^Ymoi[sYm�³f k�fb[se�fb�\e`oiadfb] í e`r�t}o Ýb�

E[Ψ0] < E[Ψ].
à ��ã gbpyâ

〈Ψ0 | T̂ + Û | Ψ0〉 + 〈Ψ0 | V̂ | Ψ0〉 < 〈Ψ | T̂ + Û | Ψ〉 + 〈Ψ | V̂ | Ψ〉. à ��ã g�áÁâ

F [n0] + 〈Ψ0 | V̂ | Ψ0〉 < F [n] + 〈Ψ | V̂ | Ψ〉, à ��ã gigiâ
cdY\rst}fMÙÞoi[s�Of

E[n0] < E[n].
à ��ã g,�yâ

-zù*ú9ùÊø 8q~Û���<ýwþA�`ÿ��
�9{��7x�ü<�3�<x
�Å�

� oi�.oOø^åðÙÞobeÛ�³Y\ad�menoiazfbc�oDf�aÉt^Ym[se`oi[s�³Y\aÉt^Y í�� oiØ�aHY�ý�Øzf�� � �yg/� t}e�kiYm[^fb� ói[^fbadcdY�xzf�[st}en�me �
xzf�v�wboMadoMcdY\r^Ymaykboi]nk°e`�.Ymayt^o³Y=fbxd]ne`�mfbv�wbo cdf t^Ymoi[se�f�cdo ÙÞ~da��me`obazfb]�czfMcdY\adr^enczfbcdY í fbxd[^Y\r^Y\aÉt}fbadcdo
~d� �³Ýlt}o°cdo�cdY.��åb]n�m~d]no�cdYMYmrst^[^~�t^~d[}f�Ym]nY\t^[^ùiaden��f�cdYMr^enrst^Ym�³fbrSYmaykiob]nkiY\adcdo��R~dent}fbr$xzfb[�t}�n�m~d]`fbr
~�t^e`]ne`Ú�f�adcdo fMq$j;î ã

q�Ylk°e`cdoDfboðÙ´f�t}oðczfbrMenaÉt^Ym[^fbv��°YmrM�mob~d]`oi�RWde�fbadfbr�r^Y\[^Y\� cdY�]`oiadóboDf�]`��f�ad�mY í Ý��mobaÉkbYmadenYmayt}Y



Ø/Ú
rsYmxzfb[^fb[Xf xzfb[st^YS�moi~�]`oi��W�e�fbazf��\]�åbrsr^en��f cdo ÙÞ~dad�\e`oiazf�]�~dade�kiYm[sr}fb]

F [n]
ã

F [n] =
1

2

∫ ∫

n(~r)n(~r′)

| ~r − ~r′ |
d3rd3r′ +G[n],

à ��ã g35Éâ
oia�cdY

G[n]
tufb�RWZÝ\� Ý�~d� ÙÞ~dad�menoiazfb]C~dade�kiYm[sr}fb]AY�oðx2obt}Y\ad�me`fb]�Y-ï°t}Ym[sado�azf"ÙÞoi[^�³f�e`ayt^Ymói[^fb]�Ý

czf�cdoMxZoi[\�
∫

v(~r)n(~r)d3r = 〈Ψ|V̂ |Ψ〉. à ��ã gd
iâ
�¼o�cdY\�³obrAYmaytuwbo.Ymrs�m[sY\kiY\[$f YmþÉ~zf�v�wbo"à ��ã�á/7yâ cdf.rsYmói~denayt}YSÙÞoi[^�³f��

E[n] =
∫

v(~r)n(~r)d3r +
1

2

∫ ∫

n(~r)n(~r′)

| ~r − ~r′ |
d3rd3r′ +G[n].

à ��ã g,syâ
� rst}f&YmþÉ~zfbvmwbo�cdYmrs�m[sY\kiY.W2Ym� f&Y\adYm[sóie�f&c�o�Ymrst}fbcdo�ÙÞ~dadcdfb�³Y\aytufb]¦cdY ~d� óiåbr$cdY Y\]`Ý\t^[^oia�r$azwbo
Ødob�³oiób�madY\o�e`ayt}Y\[}fbóienadcdo&�\oi� ~�� xZo�t}Yma��me�f�];Ylï°t^Ym[^a�o

v(~r)
ã�� rsr}f�YmþÉ~zfbvmwbo"f�xd[^Y\r^Ymayt}f�cde�üz�m~�]��

czf�cdYmr
cdYGrsYm[Xt}[}f�Wzfb]`Ødfbczf í c�Y\k°e`cdo-�³ói[^fbadcdY=þÉ~zfbayt}enczfbcdY=cdYGe`ayt}Y\[}fbvmwbo³Y\]`Ylt}[^ùbade`�mf.cdo³r^enrst}Y\�Of ã
VX� fb[�t}e�ÙÞ�`�meno�ÝOt}[^f�tufb[Go�r^enrst}Y\�Of��moi�.o"~d� óyåbrRcdY&Ym]nÝ\t^[^oiadrRazwbo�enaÉt^Ym[^fbóiYmayt^Ymr e`a��m]`~�e`adcdo"fbo
ÙÞ~da��me`obazfb]

G[n]
~d� oi~�t}[so t}Ym[s�³oMxzf�[}f �moi[s[^enóie`[ÛY\r^r^f³fbx�[^o�ï�e`�³fbv�wbo í fbrsr^e`�3t}Ym�.oir\�

G[n] = T0[n] + Exc[n],
à ��ã gbhiâ

oia�cdY
T0[n]

Ý�fRYma�Ym[^óbe�fR�\e`adÝlt}e`�mfGcdY
~d�Ür^e`r�t}Y\�Of=cdY$Ym]nÝ\t^[^oiadrCazwboGe`ayt}Y\[}fbóiY\ayt}Ymr��moi��cdY\adr^enczfbcdY
n(~r)

í o�t}Y\[^�.o�cdY$�\oi[^[sYmv�w�o cdY\k°e`c�o	����~dczfba�v�f�ado�t^[}f�t}fb�³Y\ayt}o�cdo rse`r�t}Ym�³fRÝ$o
Exc[n]

þÉ~dYSÝSf
Y\adYm[sóie�fMcdYßt}[^o°��fMY=�moi[s[^Ym]`fbv�w�o.c�YR~d� rse`rst^Ym�³f.enayt}Ym[^fbóiY\aÉt^YG�\oi� cdY\adr^enczfbcdY

n(~r)
í þÉ~dYGÝ=czfbcdf

x2oi[m�

Exc[n] =
∫

n(~r)εxc[n(~r)]d3r,
à ��ã g37yâ

εxc

Ý&f"YmadY\[^óie`f"cdY.t}[^o°��f�Y&�moi[s[^Y\]�fbvmwbo"x2oi[Rxdfb[st^�`�m~�]�f�c�Y&~d� óyåbrRc�Y&Ym]nÝ\t}[soiadr�c�YOcdY\adr^enczfbcdY
~da�enÙÞoi[s�³Y

n
ã ý�~dWdr�t}e�t}~denadcdo.fbräYmþÉ~zfbv���Y\r�à ��ã gihiâ Y³à ��ã g,7yâ azf.Y\þÉ~zfbv�w�o�à ��ã g3syâ t}Y\�³oir\�

E[n] =
∫

v(~r)n(~r)d3r +
1

2

∫ ∫

n(~r)n(~r′)

| ~r − ~r′ |
d3rd3r′ + T0[n] +

∫

n(~r)εxc[n(~r)]d3r.
à ��ã g3yyâ

ý�Y\adcdoMfbrsr^en� í f�YmadY\[^óie`fRcdo Y\rstuf�cdo�ÙÞ~dadczf��³Y\aÉt}fb]
E[n0]

Ý$obW�t}enczfGxzf�[}f fRcdY\adr^enczfbcdYSc�o Ymrst}fbcdo
ÙÞ~da�czfb�.Ymaytufb]

n0(~r)
í þÉ~dYGx2Ym[s�³e�t}Y$Y\ad�mobaÉt^[}fb[ät}o°czfbräf�rXobWdr^Y\[sk�å�kiYmenr
c�Ymrst^YGY\rst}fbcdo í �\~Uø^fMÙÞ~�adv�wbo

cdY obadczf�Ý
Ψ0(~r)

ã � xd[^en�³Y\e`[^oOxzfbr^rso�ÝMcdYlt}Y\[^�.e`azfb[�þ°~dfb]�f�cdYmadrse`czf�cdY
n(~r)

þÉ~dYM�.e`aden�³enÚ�f.f
Y\adYm[sóie�fMazfMYmþÉ~zfbvmwboðà ��ã g,yiâlí cdYßÙÞoi[^�³fMþ°~�Y

δE = 0
oiadc�YRf.cdYmadrse`czf�cdYGen[}å k�fb[^e`fb[AoiW2YmcdY\�mYma�cdo



Ø�ö
~d�3k��nad�m~�]`od�

N =
∫

n(~r)d3r = cte.
à ��ã��ipyâ

� rst^YSk��nad�m~�]`o fbrsr^Y\ói~d[}fMþÉ~dYßazwbo Øzf�kbYm[}åMx2Ym[^cdfMa�Ym� óifbadØdoMcdYSxzf�[st}�n�m~d]`fbrÛado rse`r�t}Ym�³f�cd~d[^fbayt}Y
o³xd[^o°�mY\r^r^oOcdYR�.e`aden�³enÚ�fbvmwbo�czf³YmadY\[^óie`f ã òAcde`�\e`oiadfbadcdo.~d� ��~d]�t}e`x�]`e`�mfbcdoi[�cdYR]`fbói[}f�adóiY í

ε
í fbo

k°�`a��m~d]no í �\oiadr^Y\[sk�fU� r^Y o�a4õd�.Ym[^o�c�Y xzfb[st^�`�\~d]�fbr
Y fbxd]ne`�mfOo��³Ýlt}o°cdoOk�fb[se�fb�\e`oiazf�] í �³enade`�.e`Úmfbadcdo
f Yma�Ym[^óbe�f cdoMr^enrst}Y\�Of��

δ
[

E[n] − εN
]

= 0,
à ��ã���áÁâ

fbrsr^en���

δ
[

E[n] − εN
]

= δ
[

∫

v(~r)n(~r)d3r +
1

2

∫ ∫ n(~r)n(~r′)

| ~r − ~r′ |
d3rd3r′ + T0[n] +

+
∫

n(~r)εxc[n(~r)]d3r − ε
∫

n(~r)d3r
]

= 0,
à ��ã��ygiâ

oi~�rsY�ø^f��
∫

δn
[

v(~r) +
∫

n(~r′)

| ~r − ~r′ |
d3r′ +

δT0

δn
+ vxc − ε

]

d3r = 0,
à ��ã��d�yâ

oia�cdY

vxc =
δExc

δn
.

à ��ãt�35Éâ

ò cdY\adr^enczfbcdYßYm]nY\t^[^ùiaden��f�[sYm]�f��me`obazfU�|rsY$�mob� fbrAÙÞ~dadv���Y\rXc�Y=obadczfMczf r^Ymób~de`ayt}YSÙÞoi[s�Of��

n =
N
∑

i=1

| Ψi |2=
N
∑

i=1

Ψ∗
i Ψi,

à ��ãt�d
iâ
cdY\r^r^fMÙÞoi[s�Of í

δn =
N
∑

i=1

δΨ∗
i Ψi.

à ��ãt�,syâ

� r^�\[^YlkiYma�cdoSfAYmadY\[^óie`fA�me`a�Ý\t}en��fÛcdoäóyå�r�cdY�Ym]`Ýlt}[soiadr?azwboäe`ayt^Ym[}f�óiYmayt}Y¯Y\� ~dadenczfbcdY\r¼f�t}ùi�.e`�mfbr í
t^Ym�.oirm�

T0[n] = −1

2

∑

i

∫

Ψ∗
i∇2Ψid

3r.
à ��ãt�ihiâ



Ø�	
ý�~�Wdrst^ent}~�e`adcdo.fbräY\þ°~dfbv��°YmrRà ��ã��dsyâ YOà ��ã��yhiâ azf YmþÉ~zf�v�wbo"à ��ã��d�yâ-í t}Y\�³obrm�

∑

i

∫

δΨ∗
i

[

v(~r) +
∫

n(~r′)

| ~r − ~r′ |
d3r′ − 1

2
∇2 + vxc − ε

]

Ψid
3r = 0.

à ��ã��d7yâ
� oi�.o�f&ÙÞ~dadvmwbo�cdY oiadczf�x2o�c�Y r^obÙÞ[sYm[SþÉ~zfb]nþ°~�Ym[$k�fb[^e`fbv�w�o í f�õdaden��f&ÙÞoi[s�OfOc�Y.óifb[}fbayt^e`[�þÉ~dY.f
Y\þ°~dfbv�wbo"à ��ãt�d7iâ r^Y�ø^f r^f�t}enrsÙÞYme�tuf Ý$t}ob�Ofba�cdo.fMrsYmói~�e`ayt}Yße`ób~zfb]`cdfbcdY$xzf�[}f ��fbcdfMÙÞ~da�v�wbo

Ψi

�
[

v(~r) +
∫

n(~r′)

|~r − ~r′|
d3r′ − 1

2
∇2 + vxc − ε

]

Ψi = 0,
à ��ã��dyyâ

oia�cdY o�xZo�t}Yma��me�f�];Y\ÙÞYlt}e�kio�cdY � oiØda���ý�Øzfb� à
vKS

e

âlí o�þÉ~zf�]¯f&xzfb[�t}�`�\~d]�f³Ymrst}f�r^~UøsY\entuf³Ý cdY\üza�e`cdo
x2oi[m�

vKS
e (~r) = v(~r) +

∫

n(~r′)

| ~r − ~r′ |
d3r′ + vxc.

à ��ã�5ipyâ
ý�~�Wdrst^ent}~�e`adcdoDfDY\þÉ~zfbv�w�o à ��ã�5ypiâ azf�YmþÉ~zfbvmwbo à ��ã��dyyâlí üzazfb]n�³Y\ayt}Y�t}Ym�.oir.o'Øzf��³en]nt}obade�fba�o�cdY
� oiØda���ý�Øzfb� à � ý â xzfb[^fM~��Of xzfb[�t}�n�m~d]`f
õdaden��f

ĥKS í Ymr^�\[^e�t}o.czf r^Ymób~de`ayt}YSÙÞoi[s�Of��

ĥKSΨi =
[

−1

2
∇2 + vKS

e (~r)
]

Ψi = εiΨi.
à ��ã�5�áÁâ

ò
rAYmþÉ~zfbv���Y\rRà ��ã��dsyâlí à ��ã��dyyâ YMà ��ã65dáÁâ r}wbo.fbrÛY\þÉ~zfbv��°YmräcdY � oiØda���ý�Øzfba�cdYSxdfb[st^�`�m~�]�f
õda�e`��f ã
� r^r^fbr.YmþÉ~zfbv���Y\rOþÉ~zfbadc�o'[^Y\r^oi]�k°e`czfbr c�Y�ÙÞoi[s�Ofðfb~�t}oð�moia�r^e`r�t}Y\aÉt^Y�ÙÞoi[sadYm�\Y"f�ÙÞ~da�v�wboDcdY�oiadczf
cdo'Ymrst}fbcdo)ÙÞ~da�czfb�.Ymaytufb] í f)þÉ~zfb]�c�Y\kiY\[}å�r^Y\[&r^~�Wdrst^ent}~�e`czf)azfDYmþÉ~zfbvmwbo¡à ��ã���
iâ xzfb[^f)oiW�t}Y\[&f
cdY\adr^enczfbcdY
Ym]nY\t}[sùiaden��fß�moi[s[^Y\t}f

n(~r)
cdo�Ymr�tufbc�oRÙÞ~dadczf��³Y\aÉt}fb] ã ý�~dWdr�t}e�t}~denadcdoRY\r^r^fRcdYma�r^e`cdfbcdY�adf

Y\þ°~dfbv�wbo"à ��ã g,yiâ cdY\t^Ym[^�.e`adfb�³obrAf YmadY\[^óie`f t^obtuf�]�cdoMYmr�tufbcdoMÙÞ~dadcdfb�³Y\aytufb]�cdoMrse`rst^Ym�³f ã
� Y\[^enüd��fU� r^Y�cdYmrsr}fðÙÞoi[^�³f í þÉ~dY"f�cdY\adr^enczfbcdY�cdo�Ymr�tufbcdoðÙÞ~dadcdfb�³Y\aytufb]AcdY�~d� r^e`r�t}Y\�OfðcdY

Y\]`Ý\t^[^oia�rÅenayt}Ym[^fbóiY\aÉt^YmrCÝ
cdYlt}Y\[^�.e`azfbcdf=fUt}[}f�kbÝmr�cdfbrCY\þÉ~zfbv��°YmrCcdY � ý í fßxzfb[�t}en[Åc�Y
~d��x�[^oiWd]nYm�³f
fb~°ï�en]`e`fb[$cdY³~d�Õr^e`r�t}Y\�Of�cdYOY\]`Ýlt}[^obadrRazw�o"e`ayt^Ym[}f�óiYmayt}Y\r ã �¦o°cdY\�³oir=tufb�RWZÝ\� í kiY\[^enüd��fb[=þÉ~dY&f
rse`�.xd]`Y\rGrsoi�OfUt}ûi[se�f�cdYOt}o°cdoirGoir fb~�t}o±k�fb]`oi[sYmr

εi

azwbo�[sYmxd[sYmrsYmaytufðf�Yma�Ym[^óbe�f�t^obtufb]�cdo�rse`r�t}Ym�³f
xzf�[}f&o�Ymr�tufbc�o�ÙÞ~�adczfb�.Ymaytuf�] í ~d�³fOkiY\ÚMþ°~�Y Ymr^rsYmrGfb~�t^oÁk�fb]noi[^Y\r$r^û�fbxdfb[^Y\�mYm�ÿcdY\k°encdo�f�fbcde`vmwbo
cdo k°�`a��m~d]no í oMþÉ~zfb]�r^Yß~�t^e`]ne`Ú�fGxzfb[}f �\oiadr^Y\[sk�fb[äoMa4õd�³Y\[^oMcdYßxzfb[�t}�n�m~d]`fbr í azwbo.��fb[s[^YmóifbadcdoMx2oie`r í
adY\adØÉ~d�³fRxd[^obxd[^enYmczfbc�Y
ÙÞ�`rse`�mfGcdo�rse`r�t}Ym�³f ã ò
rÛe`a�ÙÞoi[^�³fbv��°YmrÅ[^Y\]`Ylkbf�aÉt^YmrÛr^wbo�oiW�t}e`cdfbrÛf�t^[}f�kiÝ\rÛcdo
�\e`�m]noMfb~�t^o.�\oiadrse`rst^Ymayt}Y=Ylï�enWde`cdo adf³j;enói~d[^f áiã

� ÙÞoi[s�Ofb]ne`rs�³oMcdY � ý�adfOÙÞoi[^�³f.þÉ~dY ÝRYmr^�\[^e�t}o&Ý�Y-ï�f�t}o í xZobe`r
t^~dcdo&þÉ~dY ÝGcdYmrs�moia�ØdYm�\e`cdo�Y
t^o�czf�rSfbr$�\oi[^[sYmv��°Ymr í r}wbo��\oi]`o°��fbcdfbr$ado&t^Ym[^�.o�cdYRt^[^o°��f&Y �\oi[^[sYm]�f�v�wbo ãm� r^rsY t}Ym[s�³oOÝ cdYmrs�m[^e�t}o
f�t^[}f�kiÝ\räcdY=fbxd[^o�ï�e`�³fbv���Y\rAþ°~�YGrsYm[}w�o.c�e`r^�\~�t}enczfbräazf xd[so±ï�en�Of�rsYmv�w�o ã



Ø�,

nI(~r)

��

vks(~r)

��

oo

(

−∇2

2
+ vks(~r)

)

ψI
i = εiψ

I
i

��

nI+1(~r) =
∑

i ψ
∗(I)
i ψ

(I)
i

// nI = nI+1

×�w�o

ý�en�
���=�����(�����"�+�(���=�D�������
���

j;enói~d[^f á � � e`�m]no�fb~�t}o��mobadr^enrst}Y\ayt}Y í oiadc�YOf�cde`ad_b�³en��fOc�Y³�\oiaykiYm[sói�ma��me�f�cdo�r^e`r�t}Y\�Of�xzfb[�t}YMczfcdY\adr^enczfbcdYXcdYX��fb[sóyfGenade`�\e�fb]
nI(~r)

YX�moiaykiY\[^óiY
þÉ~zfbadcdoRfGcdY\adr^enczfbcdYXcdY
��fb[sóyfßüdazfb]
nI+1(~r)

azwbo
fbx�[^YmrsYmaytuf�[;k�fb]`oi[sYmr¦cde`r�t}e`ayt^oir;czf
cdYmadrse`czf�cdYAe`aden�me`fb] í oiW�t}Yma�cdoScdYmrsr}f$ÙÞoi[s�Ofät}o°czfbrNf�rNoiWdrsYm[sk�å�kiY\e`rcdoMrse`rst^Ym�³f ã
i�å{ä ���olPkB��n�� ñmê�ë	ìzí�� ñ#l�ñ�k�joì�l�� k�î�ì�j�l�k
p:ñ�ì�� kml¡l�ì<r�ñmê�¢mk

� e`�.oiräfbayt}Y\[^e`ob[^�.Ymayt}Y=þÉ~dYRf.YmadY\[^óie`fMt^obtuf�]�cdoOrse`rst^Ym�³f.a�o³Y\rstuf�cdo³ÙÞ~da�czfb�.Ymaytufb]?x2o�c�Y=rsYm[
Y\r^�m[sent}f=�\oi�³oß~d��ÙÞ~�ad�menoiazfb]Wõ�ade`�\oGczfßcdY\adr^enczfbcdYXYm]nY\t}[sùiaden��f ã ôS~dfbadcdo=�³enade`�.e`Úmfb�.oir;fßYma�Ym[^óbe�f
t^obtufb]äcdYlt}Y\[^�.e`azfb�.oirM~d� x2obt}Y\ad�me`fb]äY\ÙÞY\t^enkbo í fbo)þÉ~zf�]
oir.Ym]nÝ\t^[^oiadr³Ymr�tuwbo)rs~dWd�.Y\t^e`cdoir ã � oia��
rse`cdY\[}fbadc�o þ°~�Y=Y\rst}fb�³obrÛt}[}fUtufbadc�o.~�� r^enrst^Ym�³f�cdY=× Ym]`Ýlt}[soiadrAe`ayt^Ym[}f�óiYmayt}Y\rA�moi�.o ~d�örse`r�t}Ym�³f
cdY�Ym]`Ýlt}[soiadrNazw�oSe`ayt}Y\[}fbóiY\ayt}Ymr ã$� ayt}[^Yltufbayt^o í o�ÙÞ~dad�\e`oiadfb]�czf
YmadY\[^óie`f$cdY�t}[so��mf�YA�mob[^[^Y\]�fbvmwbo$xzf�[}f
o�r^enrst^Ym�³f&�³Y\ad�menoiazfbcdo�Ý ~�� t}Y\[^�.o�cdYmrs�moiadØ�Ym�mencdo ãj� å�[^e�f�r�t}Y\aÉt}f�t}e�k�fbr$t}�\� r^encdo�ÙÞYme�tufbrSxzf�[}f
cdYlt}Y\[^�.e`azfb[ÅþÉ~zfbenr�r}w�o fbrAfbx�[^o�ï�e`�³fbv��°YmrÅþÉ~dY í f�xd]`en��fbczf�r�fRY\r^rsY$t}Ym[s�³o í fbx�[^YmrsYmayt}Y\� [sYmr^~�]ntuf�cdoir
r^f�t}enrsÙ´f�t^ûi[^enoir ã

ôSYm[^fb]`�.Ymayt}Y
fbrÛc�~zfbrAfbx�[^o�ï�e`�³fbv��°YmrÅ�Of�e`rÅ~�t}en]`e`Úmfbczfbr�xzf�[}fRoRt^Ym[s�³oGcdY�t}[so��mfRY��\oi[^[sYm]`fbv�wbo í
r^wbod�Dñ¼qAò à`£ ë �^æ�¤�¥ �lé � è¸ê.¦¨§T�3���}ëM©ièª� æ ê©èìëUé �Mò
xd[^o�ï�e`�³fbvmwbo'czf�q
Ymadrse`czfbc�Yðñ?o°��f�] â Y�ôGôSò
à$« �lé¬�$� æ�¤ è®­��¯� « � æ �bè[�lézê�§T�3���}ëM©ièª� æ ê©èìëUé �Åò�xd[so�ï�en�Of�v�wbo cdYGôS[}fbc�e`Ymayt^YmrXôSYmadY\[}fb]ne`Ú�f�cdoir â-ã

-zùÊø2ù*ú ��° 0 ±M0 �����²:A	s���<ýDCÅ���
�³°¶�`ü�ÿ°	��
�����8�R�<6­���(´

×
f:fbxd[so�ï�en�Of�v�wboHñ?qäò cdY\t^Ym[^�.e`adfU�|rsYDfHYmadY\[^óie`fHcdY�t}[^o°��f�Y'�\oi[^[sYm]`fbv�wboHxZob[�xzf�[st}�n�m~d]`f
εxc[n(~r)]

c�Y�~�� óyåbrMcdY�Y\]`Ýlt}[^obadrMØdoi�.oiói�ma�Ymo í �mobadr^encdYm[^fbadcdoðþÉ~dY�fðc�Ymadrse`czfbc�Y
n(~r)

cdY�~d�
x2oiayt}o

~r
þÉ~zfb]nþÉ~dYm[
Ý fOxd[sûixd[^e`f³cdY\adr^enczfbcdYRcdYmrsr^Y x2oiayt}o&Y�þÉ~dY�fOcdYma�r^e`cdfbcdY

n(~r)
k�fb[se�f³rs~zf�kiY-�

�.Ymayt}Yßazf�rAxd[^o�ï�e`�.e`czf�cdYmrAcdoMx2oiayt}o
~r
ã

ELDA
xc [n(~r)] =

∫

n(~r)εxc[n(~r)]d3r,
à ��ã�5ygiâ



Ø+>
oia�cdY

εxc[n(~r)]
Ý&f"Y\adYm[sóie�f�cdYOt^[^o°��f�Y³�moi[s[^Y\]�fbvmwbo"x2oi[RY\]`Ýlt}[^obadrRcdY³~d�ÕóyåbrGcdY&Ym]nÝ\t^[^oiadrGØdo��

�.oiói�\adYmoMcdYßcdY\adr^enczfbcdY
n(~r)

ã � xZobt^Ymad�\e�fb]­cdYSt}[^o°��f Yß�mob[^[^Y\]�fbvmwboMÝßczfbcdoMx2oi[m�

vLDA
xc [n(~r)] =

δELDA
xc [n(~r)]

δn(~r)
= εxc[n(~r)] + n(~r)

δεxc[n(~r)]

δn(~r)

à ��ã�5d�yâ
Y=f YmþÉ~zfbvmwbo.cdY � oiadØ°��ý�Øzf�� üz��f czfMr^Y\ói~denaÉt^YSÙÞoi[^�³f��

[

−1

2
∇2 + v(~r) +

∫ n(~r)

| ~r − ~r′ |
d3r + vLDA

xc [n(~r)]

]

Ψi = εiΨi.
à ��ã�5,5Éâ

� rst}f�Y\þÉ~zfbv�w�oHcdYlt}Y\[^�.e`azf�f�fbxd[so±ï�en�Ofbvmwbo)czf�cdY\adr^enczfbcdYð]`o°��f�]�cdY � obØda���ý°Øzfb� à � ýy��ñ?qAò â
þÉ~zfba�cdoR[sYmr^ob]nk°e`czf=cdY
ÙÞob[^�³f=f�~�t}oG�moiadrse`r�t}Ymayt^Y ã �¦o°cdYm�.oirÅr^en�³xd]nenüz�mfb[¯~d��x2oi~d�moG�Of�e`r�oGt^Ym[^�.o
cdYSt^[^o°��f YS�moi[s[^Y\]�fbvmwbo í rsYmxzfb[^fbadcdo.o t}Y\[^�.o.c�Yßt^[^o°��f cdoMt}Y\[^�.o cdYß�moi[s[^Ym]`fbv�w�od�

εxc[n(~r)] = εx[n(~r)] + εc[n(~r)].
à ��ã654
iâ

ò�xzfb[�t}Y�cdY�t}[so��mf
εx
x2o�cdY�rsYm[?oiW�t^e`czfäfbazf�]`ent^e`�mfb�³Y\ayt}YNx2Ym]`färsoi]`~�v�wboäczfäYmþÉ~zfbvmwbo�c�Y ; fb[st^[^Y\Yl�

jzo°��� í ò
xZ�\adcde`�\Y
{ í òAcdfb]`W2Ym[�t}oGj2f�Úme`o	� áÁgV�©ã<£ å=f=xdfb[st^Y
cdYä�\oi[^[sYm]�f�v�wbo
εc
ÝX�³fbe`rN�\oi�.xd]`Y-ïdfßYäazwbo

x2o�c�YÛr^Y\[¯cdY\t^Ym[^�.e`adfbczf$Ylï�f�t}fb�.Ymayt}Y ã�� åb[se�fbr¦xd[^obxZoir�tuf�t^�m�Trse`cdoßf�xd[^Y\r^Ymayt}fbczfbrÅazf�t}Y\aytuf�t^enk�f$cdY
cdYlt}Y\[^�.e`azåU� ]�f ã q�Y\aÉt^[^YßYm]`fbr�x2o°cdYm�.oirÛcdY\rst}fb��fb[ � Ymx2Ym[^]1&&Y$ò
]`cdY\[Í� �,53�©í þÉ~dYßf�t^[}f�kiÝ\rAcdo �³Ýlt}o°cdo
cdY���oiayt}Y � fb[^]no�ô$~z_�aÉt^e`�\oOxzfb[^f³~d� óyå�r
cdYGYm]nÝ\t}[soiadrXe`ayt}Y\[}fbóbYmayt}Y\r í c�Ym[}f�� ~��OfMr^enóiadenüd��f�t^enk�f
�\oiayt}[^enWd~denv�wbo�xzf�[}f�f�cdY\t^Ym[^�.e`adfbv�wbo��\oi[^[sY\t}f�cdo�t^Ym[^�.o�cdYM�moi[s[^Y\]�fbvmwbo�xzfb[^f�k�åb[se`oir$k�fb]noi[^Y\rScdY
cdY\adr^enczfbcdY ã�� r�tufMxd[^oix2oir�tuf�ÙÞoie��³fbe`r�t}fb[^c�Y=xdfb[}fb�.Y\t^[^enÚ�fbczf�x2oi[z�¼Ym[^c�Y�# Y¶µ­~dadóiY\[m� ��
/�ìí �\oi�öo
oiWÉøsY\t}e�kioßcdYAt}ob[^azfb[;oir�xd[^o°�mY\cde`�.Ymayt}obr¯�moi�.xd~�t}fb�menoiazfbenr;�³fbe`rNx�[}å�t^e`�mobr¯YAr^e`�.xd]nYmr ã q�Ymrsr}fßÙÞoi[^�³f
Y\r^�m[sY\kbYl�|rsY=f�cdYmadrse`czf�cdY$Ym]nY\t^[^ùiaden��fRY\�ÜÙÞ~�adv�wbo c�o�[}fbenoRcdY ' enóiadY\[Sà

rs
â-í [}f�e`oRo°�m~�xzfbcdo�x2oi[Û~��

Y\]`Ý\t^[^oia­�

n(~r) =
3

4π

1

r3
s

.
à ��ã�5dsyâ

×
f�xzfb[^fb�³Ylt}[se`Ú�f�v�wbo
cdY2�¦Y\[^cdYH#�Y·µ­~�adóiYm[ í Ymrs�m[sY\kiY-�|rsY
f$Y\adYm[sóie�f
Ym� ~dade`cdfbcdYmr;cdYÛØzfb[�t}[sYmY í obadcdY
fO�mfb[^óifOYm]nYm�.Ymaytufb[
cdo&Y\]`Ý\t^[^oia

e = 1
YRo&[^fbe`o³czf&xd[^en�³Y\e`[^f.ûi[sWdent}f³cdY���oiØd[

a0 = 1
í oiW�t^Ymadcdo

e2/2a0 = 0.5 hartree
ã9� rst}f.xzf�[}fb�.Y\t^[^e`Úmfbv�w�o�ÙÞoi[^adY\�mY

εx
Y
εc
czf.rsYmói~�e`ayt}YSÙÞoi[s�Of��

εx[n(~r)] =
−0.4582

rs

,
à ��ã�5yhiâ

oia�cdYßo.[^fbe`o c�Y ' enóiadY\[=à
rs
â ÝßczfbcdoMx2oi[m�

rs =
(

3

4πn

)1/3

.
à ��ã�5d7yâ



Ø�]

εc[n(~r)] =
−0.1423

1 + 1.9529
√
rs + 0.3334rs

, rs ≥ 1;

= −0.0480 + 0.0311 ln(rs) − 0.0116rs + 0.0020rs ln(rs), rs < 1.
à ��ã65�yyâ

ô$~zfba�cdo)f�cdYmadrse`czf�cdY"Y\]`Y\t^[^ùia�e`��f
n(~r)

azwbo)f�xd[^Y\r^Ymayt}fb[O~d�³fDc�e`rst^[^enWd~de`vmwboð~dade�ÙÞoi[^�.Y�Ym�
t^oi[^adoSc�YA~d�Tx2oiayt}o

~r
í fßfbxd[so±ï�en�OfbvmwboSñ?qAò xzfb[^f=f$Y\adYm[sóie�f$c�YÛt}[^o°��f$YA�\oi[^[sYm]`fbv�wboSadwbo$ÙÞoi[^a�Ym�mY

W2oiadr$[sYmrs~d]nt}fbcdoir ã �¼oi[st}fbayt}o í xzfb[}f&c�e`rst^[^enWd~de`v���Y\r�Y\]`Y\t^[^ùia�e`��f�r�azwbo�~�adenÙÞoi[s�³Y\r�Ý�a�Ym�mY\r^r^åb[^eno�~��
oi~�t}[^o�t}e`x2o"c�Y�fbxd[so±ï�en�Ofbvmwbo ã V
�Õ[^Ylüzazfb�.Ymayt}o�a�o��³Ýlt}o°cdo�ñ?qAòö��~de�t}o�~�t}en]`e`Úmfbcdo�adoðq$j;î
�\oiadr^enrst^YXY\��Ylï�xd[sYmr^r^fb[�oßÙÞ~dad�\e`oiadfb]

Exc[n(~r)]
Y\�Tt}Y\[^�.oir�cdo=ói[}fbc�e`Ymayt^YXcdf=cdY\adr^enczfbcdY í ob~³rsY�ø^f í

�\oiadr^encdYm[^fb[äf�k�fb[^e`fbv�wbo cdf.cdY\adr^enczfbcdYSt^obtufb]­Ym� t^oi[^adoMcdYß~d� xZoiayt^o ã

-zùÊø2ùÊø �¸� 0 ±M0 �����²:A	s���<ýDCÅ���
�¹�����Å�
	��`ü=���`ÿº���`ü������Å��	�»­���
�9ÿ¼´

òúfbxd[so±ï�en�OfbvmwboHôGôSòÕr^~d[sóiY'cdf�adY\�mY\r^r^enczfbcdY'cdYD�\oiadrse`cdY\[}fb[�oir�Y\ÙÞYme�t}oir�azwbo�]`o°��f�e`r�czf
cdY\adr^enczfbcdY
cdY$�mfb[^óyf í fb~�r^Ymayt^YmrÛazfRfbxd[^o�ï�e`�³fbvmwboRñ?qAò ã ò8Y\adYm[sóie�f=cdY
t^[^o°��fRY
�moi[s[^Ym]`fbv�w�oRxzfbrsr}f
f&cdY\xZY\adcdY\[Gazw�o�rsoi�.Ymayt}Y czf�cdY\adr^enczfbcdYMY\]`Y\t^[^ùia�e`��f&c�o�x2oiayt}o

~r
í �³fbr$tufb�RWZÝ\�ÿcdo�ói[^fbcdenYmayt}Y

czf cdY\adr^enczfbcdYßY\]`Y\t^[^ùia�e`��f Y\� t}oi[sadoMcdYmrsr^Y=xZobaÉt^o ã

EGGA
xc [n(~r),∇n(~r)] =

∫

n(~r)εxc [n(~r),∇n(~r)] d3r.
à ��ã¿
�pyâ

� ï�e`r�t}Ym� k�åb[^e`fbr¼xd[^oix2oir�tufbr¦xzfb[}fXo�ÙÞ~dad�\e`oiadfb]
EGGA

xc

í Ymayt}[sY\t}fbayt}oßfbr¦�Ofbenr?~�t}en]`e`Úmfbczfbr¼f�t^~zfb]n�³Y\aÉt^Y
r^wbo"Wzf�r^Y�f�czfbrRa�oirGt^[}fbWzf�]`ØdoirßcdY-�¦Y\[^cdYH#Û�Á��~d[%�bY-� � [^Ú\YmadØdo�ÙMàF�<� �Åâ � �,s3�ìí cdY
½Åobadó��Á�¦fb[^[��Á��Y\���bY
� �yh.�©í cdYz�¼Ym[scdY�#HY ' fbadó	� �d7V�©í cdYz�¼Ym[^c�Y�# � �dyV� YÛc�Yz��Ym����Y�� 5ypV�ìã ò�xd[^obxZoir�tufSô=ôSòX�Á�<� � x2oir^rs~de
~d�³f�e`�.xd]`Y\�³Y\aÉt}fbv�w�o�xzfb[}f�o"x2obt^Ymad�\e�fb]¯cdYMt}[so��mf�Y.�moi[s[^Y\]�fbvmwbo�Y\� ~d�³f�kbYm[^r^wbo�cdenr^�\[^Y\t^e`Úmfbczf
cdY ' Ødent^YRY��Ce`[^c � 5dáH�ìã ×�fOkiY\[^r^wbo��<� � t^o�cdfbr�oir�xzfb[}_��³Ylt}[^obr
r^wbo��moia�rstuf�aÉt^Ymr$ÙÞ~da�czfb�.Ymaytufbenr
Y.adoir=]`en�³e�t}YmrSc�Y³cdY\adr^enczfbcdY³Ym]nY\t}[sùiaden��f�~dadenÙÞob[^�.Y oi~'�\oi�ÕxZoi~���f�k�fb[se�fbvmwbo�Ym� t}ob[^ado�cdYO~��
cdYlt}Y\[^�.e`azfbc�o"x2oiayt}o

~r
í f�f�xd[^o�ï�e`�³fbv�w�o�ô=ôßòä�Á�<� � cdY\kbY�fbxd[sYmr^Y\aytufb[ oirG�³Y\r^�.oirR[sYmrs~d]nt}fbcdoir

oiW�t}e`c�oirA�moi� f³f�xd[^o�ï�e`�³fbv�w�oMñ¼qAò ã
� rAt}Y\[^�.oirAcdYSt}[so��mfMYß�\oi[^[sYm]�f�v�wbo x2o�c�Ym�örsYm[äYmrs�m[^e�t}oiräczfMr^Y\ói~denaÉt^YSÙÞoi[^�³f��

EGGA
x [n(~r),∇n(~r)] =

∫

n(~r)εxF (s)d3r,
à ��ã¿
°áÁâ

EGGA
c [n(~r),∇n(~r)] =

∫

n(~r) [εc +H(t)] d3r,
à ��ã¿
bgiâ

oia�cdY
F (s)

Y
H(t)

r^wbo ÙÞ~dadv��°YmräY\rstuf�WZY\]`Ym�\e`czf�rXx2Ym]no ÙÞ~dad�menoiazfb]��9� �äí

s =
| ∇n(~r) |
2KFn

,
à ��ã¿
3�yâ



Ø�g
Y

t =
| ∇n(~r) |

2Ksn
,

à ��ã¿
V5Éâ
rsYmadcdo.þÉ~dY

KF

ÝßoMkbY\t^oi[äcdYßoiadczfMcdY=jzYm[^�.e ã �¦o°cdYm�.oiräYmayt}wbo³Y\r^�\[^Y\kbYm[
KF

Y
Ks

�\oi�³o��

KF =
(

3π2n
)1/3

.
à ��ã¿
,
iâ

Ks =
(

4KF

π

)1/2

.
à ��ã¿
3syâ

�¼o�cdY\�³obrXkbYm[^e�üz��f�[
Y\aÉt}wbo í xZY\]�fbräY\þ°~dfbv��°Ymr�à ��ãt
�áÁâ Y�à ��ãt
igiâ þÉ~dY í þÉ~zfbadcdo
F → 1

Y
H → 0

í oir
k�fb]noi[^Y\rCoiW�t}e`c�oir�xzf�[}f�fbrCYmadY\[^óie`fbr�c�Y�t}[so��mfGY$�\oi[^[sYm]�f�v�wboG~dr}fba�cdoMfRfbx�[^o�ï�e`�³fbv�wbo�ôGôSò¡cdY\kbYm�
�\oi[^[sYmr^x2oiadc�Ym[Xfboirä�.Ymr^�.oirÛk�fb]noi[^Y\rAoiW�t}encdoirA~dr^fbadcdo³fMfbxd[so±ï�en�OfbvmwboMñ?qAò ã

-zùÊø2ù.- ���¯�����`ý¬C������¿¾��<ÿ�� ± ¾À�'�<8�´

ò Y\adYm[sóie�f�cdY�enayt}Ym[^fbv�w�o�Y\ayt}[^Y�c�oie`r rs~dW��|rse`r�t}Ym�³fbr ò Y���]`enóyfbcdobr í Ý�Y-ï�t^[^Y\�Ofb�.Ymayt^Y�e`� �
x2oiaytufbayt^YSxzfb[}f cdYlt}Y\[^�.e`azfb[�o þ°~dfbayt}o.Ý$Ù´f±kboi[}å�kbYm]¼f�ÙÞoi[^�³fbv�w�o�cdYß~d� rse`r�t}Ym�³f�ò�� ã ôS~dfbadcdoMf
enaÉt^Ym[^fbv�wboOr^Y t}[^f�tufb[
cdY r^enrst^Ym�³fbr�ÙÞoi[�t}Ym�.Ymayt^Y ]`e`óifbcdoirXoi~�r^enrst^Ym�³fbr$�mob� WzfbrsYmrß�mob�³xd]nY\t}fbr�þÉ~dY
xd[sYmY\ad�uØdYm��t^o�cdoßoßYmrsxzfbv\oGczfßr^~�xZY\[^�mÝ\]`~d]`f[³AàÞt}enxZoSobadczfbr�xd]`fbazfbr âlí fSYmadY\[^óie`fScdYäe`ayt}Y\[}fbvmwboßxZo°cdY
rsYm[S��f�]`�m~�]�fbczf.r^en�³xd]nYmrs�³Y\aÉt^Y�r^~�W�t}[^fbe`adc�o�czf&YmadY\[^óie`f&cdo�r^enrst^Ym�³fOò�� f&Yma�Ym[^óbe�fOcdY rsYm~drßrs~dW��
rse`rst^Ym�³fbr ã {|rst}oMÝ í czfbc�o cdoie`r�r^~dW�� r^enrst}Y\�Of�rÛò YÍ� í r^Y\xzfb[}f�cdoirAx2oi[�~d�³f�cdenrstu_�ad�me`f õßí f�Yma�Ym[^óbe�f
cdYßenaÉt^Ym[^fbv�wboMY\aÉt^[^YßYmrsr^Y\r�cdoienrAr^enrst}Y\�Of�rAxZo°cdYSr^Y\[
c�Y\üzadenczf �moi�.od�

∆Eint(AB) = ER(AB) − E(A) − E(B),
à ��ã¿
bhiâ

oia�cdY
∆Eint(AB)

[^Y\xd[^Y\r^Ymayt}fOfMYmadY\[^óie`f�cdYße`ayt}Y\[}fbvmwboMYmayt}[sYGoirärs~dW��|rse`r�t}Ym�³fbrAò Ym� í
ER(AB)[sYmxd[sYmr^Y\aytuf&f.YmadY\[^óie`fMt^obtufb]�c�oOr^enrst^Ym�³f.enaÉt^Ym[^fbóiYmayt^YGò�� í

E(A)
Y
E(B)

[sYmxd[sYmr^Y\aytuf&f.YmadY\[^óie`f
t^obtufb]­cdoirär^~dW°�|r^enrst^Ym�³fbrAe`rsoi]�fbc�oirÛò Ym� í [^Y\r^x2Ym�lt}enk�fb�.Ymayt^Y ã

òöx�[^oix2oirst}f�fb]`óbÝmWd[se`��f�cdY õ o�obt^Øzfifba'xzfb[}f�Y\rst^e`�³fb[�f�Y\adYm[sóie�f"c�Y�e`ayt}Y\[}fbvmwbo�czf�YmþÉ~zf�v�wbo
à ��ã¿
bhiâlí cdY\k°e`c�o-�bräWzf�r^YmrX~�t^e`]`enÚ�fbcdfbr�ÝßczfbcdfMx2oi[\�

∆E(AB) = Eα∪β
AB (AB) − Eα

A(A) − Eβ
B(B).

à ��ãt
,7yâ
q�Y\r^r^f"ÙÞoi[^�³f í

Eσ
X(Y )

ÝOf�Yma�Ym[^óbe�f�c�o�r^enrst}Y\�Of
Y
azf�óiYmob�³Ylt}[^e`f

X
�moi�.xd~�t}fbczf��moi�Õo"�\oia��

øs~dayt^o)cdY"Wdfbr^Y
σ
à
α
í
β
Y
α ∪ β

âlã �¦ob[^Ým� í xzf�[}f'rse`rst^Ym�³fbrMÙÞ[}fb�mfb�³Y\ayt}Y"]ne`óyf�cdoirM�moi� Wzf�r^Ymr
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Ú�v
]no��mfb]`enÚ�fbczf�rSàÞt^e`x2o.ý�]�fUt}Ym[ í óyfb~�r^r^e`fbazfbräYßoi[sWdent}fbe`rÛaÉ~d�.Ým[se`�\oir â-í oirä��åb]n�m~d]noir=æyç�â è¸ézè¸ê©èìë cdY=Yma�Ym[^óbe�f
cdYCe`ayt}Y\[}fbvmwbo�adwbo$fbx�[^YmrsYmaytuf��5W2oiadr¼[^Y\r^~d]�tufbcdobr í cdYlk°e`cdo�fbo
t^[^~dad�mfb�.Ymayt}o$c�o��mobaUøs~dayt}o$c�Y�WzfbrsYmr
[sYm]�f��me`obazfbczfbr ã

� t^[^~da���fb�.Ymayt}o
czfäWzfbr^YC�moiayt^[^e`W�~deyxzfb[^fXcden�³enaÉ~de`vmwboAczfäYmadY\[^óie`fXcdYÅe`ayt^Ym[}f�v�wboXxZob[¼�mfb~dr^f
cdo
YlÙÞYment^o³c�YRr^~�xZY\[^x2oir^env�wbo³cdYGWdfbr^Y í ��f�czf³rs~dW��|rse`r�t}Ym�³f³enadcde�k�encd~zfb]Züz��f.�³Y\]`Ødoi[äcdY\r^�\[^ent^o í þ°~dfbadcdo
enad�m]n~de`�.oirXf&Ym]nY fbr$ÙÞ~dadv���Y\rScdY WzfbrsY cdo�oi~�t^[^o�rs~dW��|rse`r�t}Ym�³f í ob~�r^Y�ø^f í xzfb[^f&��fbczf�rs~dW��|rse`r�t}Ym�³f
cdYlkiY-�|r^Y��\oi�.xd~�tuf�[�fbr&Wzf�r^Y�cdo�rse`r�t}Ym�³f'�\oi�³x�]`Y\t^o ã VX�Of'r^fb�`cdf'xzfb[^f'Ymrsr^Y�t}enxZoDcdY���åb]n�m~d]no
ÙÞoie�x�[^oix2oirst}f.x2oi[(��o/&°r�Y���Ym[sazfb[^c�e�àÞYm� á/yihbpyâ � 5yg.�©í azfMþÉ~zfb]?oOx�[^o°�mYmc�e`�.Ymayt}o.WzfbrsY�fU� r^Y=a°~��Of
ÙÞ~da�v�wbo
cdY�Y\rstuf�cdo�cdYCYmþÉ~den]`�`W�[^e`o=às÷\�mob~dayt}Ym[sxZobe`r^Yi÷ � � âlí þÉ~dYÛ~�t}e`]ne`ÚmfÛxzfb[}fXo��måb]`�\~d]`oXczfbr¼YmadY\[^óie`fbr
rsYmxzfb[^fbczfbr�cdYð�mfbczf�r^~dW�� r^enrst}Y\�Of�t}o°cdo��mobaUøs~dayt}o�cdY�ÙÞ~dadv���Y\r�cdYðWzf�r^Ymr�Ylï�xzf�adcde`cdfbr�xzfb[}f�o
�måb]`�\~d]`o czf Y\adYm[sóie�f cdo.r^enrst}Y\�Of í oi~�r^Y|ø^f��

∆ECP (AB) = Eα∪β
AB (AB) − Eα∪β

A (A) − Eα∪β
B (B),

à ��ãt
,yyâ
oia�cdYSt}o°czfbräfbräYma�Ym[^óbe�fbrAr^wbo³�\oi�.xd~�tuf�czfbrA�mob�öoM�³Y\r^�.o.�\oiaUøs~dayt^o³cdYßWzf�r^Y ã

ò0�moi[s[^Ymvmwbo	�Aýdý � à`Æ
æ�� è �'Ç �lê Ç ���¼�$�`�zë � è¸ê©èìëUé;È=�
�}ë�� � � [s[^o�c�Yßý�~dx2Ym[sxZoirse`vmwbo�cdY � obaUøs~dayt}o
cdYm�Ûf�r^Ymr â x�[^oix2oirst}f.x2oi[z��o/&°rXY
��Y\[^azf�[^cde�Ýßczfbcdf.x2Ym]`fMc�enÙÞYm[s�madvmf.Y\ayt}[^YGfbräYmþÉ~zf�v��°Ymr à ��ãt
,yyâ Y
à ��ã¿
37yâlã

BSSE = ∆ECP (AB) − ∆EAB ;

=
[

Eα
A(A) − Eα∪β

A (A)
]

+
[

Eβ
B(B) − Eα∪β

B (B)
]

.
à ��ãtsbpyâ

�¼o�cdY\�³obr�obWdr^Y\[sk�fb[�þÉ~dY
∆ECP (AB)

Ýð~d�³f�f�xd[^o�ï�e`�³fbv�w�o��\oiadrse`rst^Ymayt}Y�xzfb[^f�f�Y\adYm[sóie�f�cdY
enaÉt^Ym[^fbv�wbo

∆Eint(AB)
í cdYlk°e`cdo f�oGWzf�]�fbad�\Y�fb�.Ymayt^oRcdY
Wzfbr^Y\r

α∪β xdfb[}f=oirCrs~dW�� r^e`r�t}Y\�Of=ò8Y(�Y=o³rse`r�t}Ym�³fMò�� ãw� rstuf³fbxd[so±ï�en�OfbvmwboMÝGen�³x2oi[�tufbayt}Y í xZobe`räazf³Y\þÉ~zfbv�w�o�à ��ã¿
,7iâ t^Ym�.oirXcdoie`rärs~dW��
rse`rst^Ym�³fbrÛ�\oi�³x�~�tufbc�oirA�moi� cdenÙÞY\[^Ymayt^YmrA�mobaUøs~dayt}oiräcdYßWzf�r^Y ã �¼oi[^Ý\�ö�moi�.o ��f�]`�m~�]�fb[�fbrAYmadY\[^óie`fbr
Eα∪β

A (A)
Y
Eα∪β

B (B)
rsYmxzf�[}fbczf��³Y\aÉt^Y
�\oi��o=�moiaÁøs~dayt}o=cdYäWzfbr^Y\r

α∪β xzf�[}fß��fbczfSrs~dW��|rse`r�t}Ym�³f ãò rsoi]`~�v�wbo)c�Y���o/&°r�Y���Ym[sazfb[^c�e
ÙÞoieXe`ad�\]`~den[OåUt}oi�.oir�÷-Ù´fbaytufbrs�Ofbr�÷ U azf'óbYmoi�.Y\t^[^e�fDcdoir&rs~dW��
rse`rst^Ym�³fbrße`rsoi]�fbc�oirßxzfb[}f�oir=��åb]n�m~d]noirßcdY.YmadY\[^óie`f�cdY.e`ayt^Ym[}f�v�wbo ã q�Y³ÙÞoi[s�Of�þÉ~dY³oirRfUt}ûi�.oirScdo
rs~dW��|rse`r�t}Ym�³f���azw�o r^Ym[se�fb�Ü�mob�³xd~�tufbcdobrÛado r^~�W��|rse`rst^Ym�³fRò �³fbrÛrs~zfbrAWzfbrsYmrArse`�ÜY�k°e`�mY-� kbYm[^r^f ã

VX�OfSoiWdrsYm[�kbf�v�wboGe`�.xZoi[�tufbayt^YAÝXþÉ~dY
fß�moi[s[^Ymvmwbo��Ûýdý � fbxd]ne`�mfbczf$Ym��ÙÞ~�adv��°YmrÅcdYXWzfbr^YX]`o°��fÁ�
]ne`Ú�f�czfbr í ÙÞoi[sadYm�\Y�k�fb]`oi[sYmr¼xzfb[^f$f�Yma�Ym[^óbe�f�cdYCe`ayt}Y\[}fbvmwbo$xd[sû�ï�en�³obr;fbobr¦k�fb]`ob[^Ymr¦oiW�t^e`cdoir¦~�t}en]`enÚ�fbadc�o
oia�czfbr¼xd]�fbadfbr í þ°~�Y�r}w�o�cdY\r^]`o°��f�]`e`Úmfbczfbr?YÅxd[^Y\Ymad�uØ�Ym�5t^o�cdf�f
rs~dx2Ym[^�\Ým]n~d]�f í fbxd[sYmrsYmaytufba�cdoS�³Y\]`ØdoU�
\&ÉlÇtÃ/»%Çt¸2Ã.Ä7Ä�ÎFÉ�½:É�ÌwÓ1¸ºÂ�ÎÊ¸H½2¸HÌ�»<¸:ÌQÄ%ÆH¼.ÇtÂ�ÎFÄMÊxÐ�¼3¸ºÂVÃ/É:¼.½´ÌQÇ¿ÌQÎFÄ*½2¸�É¡Ë©»�ÓÔÉHÅÊ½2¸HÃ/É2¸�¹V¸ºÅFÎFÇtÅUÃ/Ä<Ã/É�ÇtÌ`ÌF¼.ËVÌFÇ¿Ì@ÃÎFÄ%½:¸�ÌUÇ¿ÌQÉ�¾t¸�Ã/É�ÌPÉ�ÄTËbÈ,¹V¸HÅÊ¸ Ñ Ä*ÅÊÇÌZ,À*¸ºÅb¸zÄ*ÂVÄ*ÅÊÆHÇ¿¸2Ã/Ä<ÓÔÉ�ÅF½2¸HÕ%ÖºÉzÃ/Ä�É¡Ël¸2Ä%Â.Ä*ÅÊÆHÇ¿¸zÃ/Ä�À*¸�Ã.¸zÌF¼.ËVÌFÇtÌQÎFÄ%½:¸8ÇtÌFÉH¾¿¸HÃ.É»m½:Ä*¾ÎÍ.É�Å�Ã/Ä}ÌFÀ*ÅFÇ�ÎÊ¸	¼/ÎFÇÎÏ%¸HÂVÃ/É�¸|ÆHÄ%ÉH½:ÄÁÎÊÅFÇ¿¸jÃ/É�ÌFÇtÄ%ÌQÎFÄ*½2¸ÐÉ¡Ë�ÈwÉ/À*¼.¾6Î�¸HÃ/ÉÐÍ.ÉHÅ�¸	¸�Ì(À*É�É�ÅÊÃ.Ä*ÂV¸�Ã.¸HÌz¸ºÎFÏ�½�Ç¿À*¸�Ì8Ã/ÉÌQ¼VËVÌQÇ¿ÌQÎFÄ*½2¸�É<È�Í.ÉHÅ�¸�¸�Ì`ÀÁÉrÉHÅ�Ã/Ä%ÂV¸HÃ.¸�Ìw¸ºÎFÏ�½�Ç¿À*¸�Ì�Ã/ÉzÌQ¼VËVÌQÇ¿ÌQÎFÄ*½2¸�Ë



Údª
[sYmrÛ[sYmr^~�]ntuf�cdoir ã ò�e`a�czfRr^en� í cdYlkiY\�³oir�[^Ymrsr}fb]�tufb[CþÉ~dY$Ymrsr^YS�.Ý\t^o�cdoGÝSfbxd]ne`�mfbcdo=r^oi�.Ymayt}Y�þ°~dfbadcdo
rsY�~�t^e`]`enÚ�fßfbxd[so�ï�en�Of�v�wboGñ?qäò0xzfb[^fGoGt^Ym[s�³oGcdYXt^[^o°��f=Y��mob[^[^Y\]�fbvmwbo í ~d�³f=kbYmÚ$þÉ~dY�fRfbxd[so�ï�en�OfÁ�
vmwbo�ôGôSò�r^~dW�� Ymr�t}e`�³f�f�Y\adYm[sóie�f�cdYM]ne`óyfbvmwbo í f�xd]`en��fb[$�\oi[^[sYmvmwbo"xzf�[}f�Ymrsr}f"f�xd[^o�ï�e`�³fbv�w�o�rsYm[se�f
~d�³f�r^~�xZY\[^x2oir^env�wbo.cdYßYm[s[^oir ã

i�å&i joì<kmlbì·� ñ î¡ìÒÑ�ì<r$rM� ñ�é�é�Ó�ç�ì�Ô�éq� ñmé

ò
r$ÙÞoi[^vmfbr$e`ayt^Ym[}fUt}ùi�.e`�mfbr�r^wbo�cdY�ói[^fbadcdY en�³x2oi[�tu_bad�\e�fMxzfb[^f�f&oi[^óyf�ade`Úmfbv�wboOYmrst^[^~�t^~d[}f�]NcdY
rsûi]`encdoir�Y��.oi]`Ý\�m~d]`fbr í x2oie`r í r^wboR[sYmrsxZoia�r}å�kiY\e`rAx2Ym]�f�rCcdenrst^oi[^v���Y\r�czfRóbYmoi�.Y\t^[^e�fScdY\r^rsYmrA�³f�t}Y\[^e�f�e`r í
cdYlk°e`cdoj��r�[^Y\xd~d]nr}�°YmrÛY�f�t}[^fbv��°YmrÛY\ayt}[^Y$å�t}oi�.oirÅYm�ÜWd~drs��f�cdY
�moia�üdói~d[}f�v��°YmrÛcdY��³Y\adoi[�Y\adYm[sóie�f ã

; Ym]`]n�Of�ada�� 5d�V� Y=jzY�&°ad�³fbaK� 5d53�ìí cdY\�³obrst}[^fb[}f�� þÉ~dY=oirAxd[^obWd]`Y\�OfbrA[sYm]`fb�menoiazfbcdobr2�brAÙÞoi[^vmfbr
enaÉt^Ym[^f�t}ùi�.e`�mfbr2xZo°cdYm[se�fb�¡r^Y\[?[^Ymrsoi]nk°encdoir�f�t^[}f�kiÝ\r?cdY¯~d�³fAfbxd[^o�ï�e`�³fbvmwboÛ�m]`åbr^rse`�mfßà©ñ�Ymeic�Y � oi~d]`ob��W âlí
xzf�[}fßo=t^[}f�t}fb�³Y\ayt}o=czfbr�ÙÞoi[^vmfbrCþÉ~dY
f�t^~zfb��ado=a4õd�m]nYmo�fUt}ùi�.e`�\oScdY
rsûi]`encdoir�YX�³oi]nÝm�\~d]�fbr ã �¼oi[^Ý\�
xzf�[}fðYmr^rsY�t^[}f�t}fb�³Y\ayt}o�Ý�adY\�mY\r^r}å�[^e`oDoD�\oiadØdY\�men�³Y\aÉt^o'czf�ÙÞ~dadvmwbo'c�Y�oia�czf�c�o'r^enrst^Ym�³f�xzf�[}f
�mfbczf³�\oia�üzób~d[}fbvmwbo í f³þÉ~zfb]¼r^Y�c�Ymr^Y|ø^fOkiY\[^enüd��fb[Xt}o°czfbräÙÞoi[^vmfbr�Y\aÉkboi]nk°enczfbr í xZob[stuf�aÉt^oOxzf�[}f³�mfbczf
�\oiaUøs~dayt}o³cdY=xZoirse`v���Y\r
fUt}ùi�.e`�mfbrÛt}Y\�M� r^Yß~d� �mobaUøs~dayt}o³cdY=ÙÞob[^v�f�rXenayt}Ym[^f�t}ùb�³en��fbrAY\aÉkboi]nk°encdo í cdY
ÙÞoi[s�OfMþÉ~dY fOx2oirse`v�w�o&cdYR�.Yma�oi[�Y\adYm[sóie�f.Ý fbþÉ~dYm]`fO�m~Áøso&�moiaÁøs~dayt}o&cdYGÙÞoi[^vmfbr�Ý�÷la°~�]`oQ÷ í cdY\aÉt^[^o
cdoM�\[^ent^Ým[se`o cdYß�mobaÉkbYm[sói�mad�\e�f.cdYSÙÞoi[^vmfbräfbcdobt}fbcdoiräxzf�[}f oMr^e`r�t}Y\�Of ã

� t}Y\oi[^Y\�Of'c�Y ; Y\]`]`�³fbada°��jzY�&°ad�³fba��moiadrse`r�t}Y�Ym� fbrsr^~d�.e`[³þ°~�Y�o�Øzfb�.e`]nt^oiade`fbado
Ĥ
Y�f

ÙÞ~da�v�wbo�cdY�obadczf
Ψ
r^Y|ø^fb�úk°e`a��m~d]`fbcdoir f�~��úxzf�[}_b�.Y\t^[^o

λ
þÉ~zf�]`þÉ~dYm[ í tufb]Cþ°~�Y

Ĥ = Ĥ(λ)
Y

Ψ = Ψ(λ)
ã q
Ymr^r^f.ÙÞoi[s�OfRt^Ym� �|rsYßf.rsYmói~denayt}YßYmþÉ~zfbvmwbo.cdY=fb~�t}o±k�fb]noi[m�

Ĥ(λ)|Ψ(λ)〉 = E(λ)|Ψ(λ)〉, à ��ãts�áÁâ
oia�cdY

E(λ)
Ýßo k�fb]`oi[��³Ý\cde`o cdo.Øzfb�.e`]�t}oia�e�fbado

Ĥ(λ)
fbx�]`e`�mfbcdo Y\�

Ψ(λ)
í ob~�rsY�ø^f��

E(λ) = 〈Ψ(λ)|Ĥ(λ)|Ψ(λ)〉. à ��ã�sygiâ

�¼o�cdY\�³obrRcdY\�³oia�rst}[^fb[�f�xzfb[st^e`[ßczf"Y\þÉ~zfbv�w�o�à ��ã�sygiâ-í þÉ~dY�f"c�Ym[^e�k�fbczf�cdf"YmadY\[^óie`f
E(λ)

Ý
czf�czf r^e`�.xd]nYmr^�.Ymayt^YSxZY\]`o�k�fb]`ob[A�³Ý\cde`o czf cdY\[^e�kbf�czf cdoMØzfb�.e`]nt^oiade`fbado

Ĥ(λ)
ã

q�Y\�³obrst}[^fbv�w�od�
dE(λ)

dλ
=

〈

∂Ψ(λ)

∂λ

∣

∣

∣

∣

∣

Ĥ(λ)

∣

∣

∣

∣

∣

Ψ(λ)

〉

+

〈

Ψ(λ)

∣

∣

∣

∣

∣

Ĥ(λ)

∣

∣

∣

∣

∣

∂Ψ(λ)

∂λ

〉

+

+

〈

Ψ(λ)

∣

∣

∣

∣

∣

∂Ĥ(λ)

∂λ

∣

∣

∣

∣

∣

Ψ(λ)

〉

.
à ��ãts,�yâ



Ú/Ø
ý�Y\adcdo�oGoix2Ym[}f�cdoi[

Ĥ(λ)
ØdYm[s�³e�t}e`fbadoßY�]nY\k�fbadcdo=Ym���\oiadr^encdYm[^fbv�w�o fGY\þ°~dfbv�wbo�à ��ã�s�áÁâ-í x2o°cdYm�.oir

Y\r^�m[sY\kbYm[m�
dE(λ)

dλ
= E(λ)

〈

∂Ψ(λ)

∂λ

∣

∣

∣

∣

∣

Ψ(λ)

〉

+ E(λ)

〈

Ψ(λ)

∣

∣

∣

∣

∣

∂Ψ(λ)

∂λ

〉

+

+

〈

Ψ(λ)

∣

∣

∣

∣

∣

∂Ĥ(λ)

∂λ

∣

∣

∣

∣

∣

Ψ(λ)

〉

,
à ��ãts35Éâ

oMþÉ~dYßÝßYmþÉ~denk�fb]nYmayt}Y=f
dE(λ)

dλ
= E(λ)

d

dλ
〈Ψ(λ)|Ψ(λ)〉+

〈

Ψ(λ)

∣

∣

∣

∣

∣

∂Ĥ(λ)

∂λ

∣

∣

∣

∣

∣

Ψ(λ)

〉

,
à ��ãtsd
iâ

�\oi�³o 〈Ψ(λ)|Ψ(λ)〉 = 1
í t}Y\�³oiräþÉ~dY d

dλ
〈Ψ(λ)|Ψ(λ)〉 = 0

í x2oi[st}fbayt}oMxd[^o±k�fU� r^YSþÉ~dYb�

dE(λ)

dλ
=

〈

Ψ(λ)

∣

∣

∣

∣

∣

∂Ĥ(λ)

∂λ

∣

∣

∣

∣

∣

Ψ(λ)

〉

.
à ��ãts,syâ

-zù.-8ù*ú �����¯�d�?�����
�¸w8���������<ü�ü<� û �ÖÕ:ü$���<ü ü��³° û �

×XYmrst}f=rsYmvmwbo�fbx�]`e`�mfb[^Y\�³obrNoSt}Ymob[^Ym�³fßcdY ; Ym]n]`�³fbada��|jzY�&°ad�³fba�azf=q$j;î í oia�cdY
oßxzf�[}_b�.Y\t^[^o
fÁøs~�rstuå�kbYm]

λ
[sY\ÙÞYm[sYl� r^YR�\oi]`Ylt}e�kbf��³Y\aÉt^Ym�br��\o�oi[scdYmadfbczfbr
a°~��m]`Ymfb[^Y\r ã ò5Y\adYm[sóie�fMt}obt}fb]?cdoOrse`r�t}Ym�³f

ÝßczfbcdfMx2oi[\�

E[n] =
∑

i

∫

Ψ∗
i (~r)

[

−1

2
∇2
]

Ψi(~r)d
3r +

1

2

∫ ∫

n(~r)n(~r′)

|~r − ~r′|
d3rd3r′ +

∫

v(~r)n(~r)d3r +

−
∑

A

∫

ZAn(~r)

|~r − ~RA|
d3r +

∑

A<B

ZAZB

|~RA − ~RB|
+
∫

n(~r)εxc[n(~r)]d3r,
à ��ãtsihiâ

oia�cdY
ZA, ZB

r}wbo�x�r^Ym~�cdo��|�mfb[^óifbrAaÉ~d�m]nY�fb[sYmrÛY
RA, RB

r^~dfbrA[^Y\r^x2Ym�\t^enk�fbrÛx2oirse`v��°Ymr�Ymr^xdfb�me`fbe`r í

vxc =
d

dn
{n(~r)εxc[n(~r)]} Y

n(~r) =
∑

i

|Ψi(~r)|2.
à ��ãts,7yâ

� oia�r^e`c�Ym[^Y�o'a4õd�\]`Y\o'r^e�t}~zf�cdoDY\� ~d� xZobaÉt^o ~RC

þÉ~zfb]nþ°~�Ym[ í rsobÙÞ[^Y\adcdoD~d� cdYmrs]`o°��fb�.Ymayt^oDena��
üza�ent}Y\r^en�Ofb] í

δ ~RC
ã ò Y\adYm[sóie�f�t}o�tufb]�c�o.rse`r�t}Ym�³f e`[^å k�fb[se�fb[�cdY

δE
í cdYSÙÞoi[s�Of�þÉ~dY��

δE = δ ~RC

[

−ZC
∂

∂ ~RC

∫

n(~r)

|~r − ~RC |
d3r + ZC

∂

∂ ~RC

∑

A6=C

ZA

|~RA − ~RC |

]

+

+ δ ~RC

∑

i

∫

d3r

[(

∂

∂ ~RC

Ψ∗
i (~r)

)

(

−1

2
∇2
)

Ψi(~r) +

+ Ψ∗
i (~r)

(

−1

2
∇2
)

(

∂

∂ ~RC

Ψi(~r)

)]

+

+ δ ~RC

∫

d3r′
(

∂

∂ ~RC

n(~r′)

)[

∫

d3r
n(~r)

|~r − ~r′|
−
∑

A

ZA

|~r − ~RA|
+ vxc + v(~r)

]

.
à ��ãts,yyâ



Ú/Ú
×
f�YmþÉ~zf�v�wboðfb�\e`�³f í olõd]nt^e`�.o�t}Ym[s�³o�Ymayt}[sY&�mob]`�uØdYlt}YmrRÝOo"x2obt^Ymad�\e�fb]ÅY\ÙÞYlt}enkbo�cdY � oiØda°��ý�Øzf��
vKS

e (~r)
í cdYSÙÞoi[^�³f�þÉ~dYßoMØzfb�.e`]nt^oiade`fbadoRc�Y � oiØda���ý�Øzfb� Ý=cdfbcdoMxZob[m�

ĥKS = −1

2
∇2 + vKS

e (~r).
à ��ã hbpyâ

ý�f�WZY\adcdoMþÉ~dYb�
∂

∂ ~RC

n(~r) =
∑

i

∂

∂ ~RC

[Ψ∗
i (~r)Ψi(~r)] =

∑

i

[(

∂

∂ ~RC

Ψ∗
i (~r)

)

Ψi(~r) + Ψ∗
i (~r)

∂

∂ ~RC

Ψi(~r)

]

.
à ��ã h°áÁâ

õ YmY\r^�m[sY\kbYm�.oir
δE

�mob�³od�

δE = ZCδ ~RC







∂

∂ ~RC





∑

A6=C

ZA

|~RA − ~RC |
−
∫

n(~r)

|~r − ~RC |
d3r











+

+ δ ~RC

∑

i

{

∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

ĥKSΨi(~r)

)

+

(

Ψ∗
i (~r)ĥ

KS ∂Ψi(~r)

∂ ~RC

)]}

;

≡ δ ~RCZCB + δ ~RCA,
à ��ã hbgiâ

oia�cdYSo xd[^en�³Y\e`[soGt}Y\[^�.o Ymayt}[sYß�uØzf�kiYmrXczf�Y\þ°~dfbv�wbo.�mob[^[^Y\r^x2oiadcdYßf	��YSoMr^Y\ói~dadc�oMt^Ym[s�³o Y\aÉt^[^Y
�uØzf�kbYmr��\oi[^[sYmrsxZoia�cdY=f.ò ã � t}Y\[^�.o ò xZo°cdYSr^Y\[
Y\r^�\[^ent^oMczf r^Ymób~de`ayt}YßÙÞoi[s�Of��

A =
∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

ĥKSΨi(~r)

)

+

(

Ψ∗
i (~r)ĥ

KS ∂Ψi(~r)

∂ ~RC

)]

=
∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

ĥKSΨi(~r)

)

+

(

Ψ∗
i (~r)ĥ

KS ∂Ψi(~r)

∂ ~RC

)

+

+

(

∂Ψi(~r)

∂ ~RC

ĥKSΨ∗
i (~r)

)

−
(

∂Ψi(~r)

∂ ~RC

ĥKSΨ∗
i (~r)

)]

=
∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

ĥKSΨi(~r)

)

+

(

∂Ψi(~r)

∂ ~RC

ĥKSΨ∗
i (~r)

)]

+

+
∫

d3r

[(

Ψ∗
i (~r)ĥ

KS ∂Ψi(~r)

∂ ~RC

)

−
(

∂Ψi(~r)

∂ ~RC

ĥKSΨ∗
i (~r)

)]

=
∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

ĥKSΨi(~r)

)

+

(

∂Ψi(~r)

∂ ~RC

ĥKSΨ∗
i (~r)

)]

+

+
∫

d3r

[

Ψ∗
i (~r)

(

−1

2
∇2
)

∂Ψi(~r)

∂ ~RC

− ∂Ψi(~r)

∂ ~RC

(

−1

2
∇2
)

Ψ∗
i (~r)

]

.
à ��ã h3�yâ

òBõd]nt^e`�³fXenaÉt^Ymói[^fb]Éczf�Y\þ°~dfbv�wbo.à ��ã h,�yâ x2o°cdY�rsYm[;t^[}fbadr�ÙÞoi[^�³fbczfXaÉ~d�OfXe`ayt}Y\ói[}f�]�cdY�r^~dx2Ym[�ÙÞ�`�menY
þÉ~dY í xzfb[}f Y\rstuf�cdoirX]`e`óifbcdoir í r^YSt^oi[^azf aÉ~d]`f í x2oi[st}fbayt}od�

A =
∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

ĥKSΨi(~r)

)

+

(

∂Ψi(~r)

∂ ~RC

ĥKSΨ∗
i (~r)

)]

.
à ��ã hV5Éâ



Ú�ö
ý�f�WZY\adcdoMþÉ~dYb�

0 =
∂

∂ ~RC

[

−εi
∫

Ψ∗
i (~r)Ψi(~r)d

3r + εi

∫

Ψ∗
i (~r)Ψi(~r)d

3r
]

;

= −εi
∫

[

∂Ψ∗
i (~r)

∂ ~RC

Ψi(~r) + Ψ∗
i (~r)

∂Ψi(~r)

∂ ~RC

]

d3r +
∂

∂ ~RC

εi

∫

Ψ∗
i (~r)Ψi(~r)d

3r.
à ��ã h,
iâ

òAcden�menoiazfbadc�o Ymr^rsYG[sYmrs~d]nt}fbcdo.f.Y\þÉ~zfbv�w�o�à ��ã hV5Éâlí t^Ym�.oirAþÉ~dYb�

A =
∫

d3r

[(

∂Ψ∗
i (~r)

∂ ~RC

(ĥKS − εi)Ψi(~r)

)

+

(

∂Ψi(~r)

∂ ~RC

(ĥKS − εi)Ψ
∗
i (~r)

)]

+

+ εi
∂

∂ ~RC

∫

Ψ∗
i (~r)Ψi(~r)d

3r.
à ��ã h3syâ

� oi�.o o|õd]nt^e`�.oRt}Y\[^�.o cdYmrsr}f³Y-ï�xd[^Y\r^r}w�oOÝßaÉ~d]`oMY
ĥKS ÝSØdY\[^�.ent}e`fbado í t}Y\�³oir\�

A = 2
∫

∂Ψ∗
i (~r)

∂ ~RC

(ĥKS − εi)Ψi(~r)d
3r.

à ��ã hbhiâ
ý�~�Wdrst^ent}~�e`adcdoMò azfMYmþÉ~zf�v�wbo"à ��ã higiâ-í t}Y\�M� r^Y��

δE = ZCδ ~RC
∂

∂ ~RC





∑

A6=C

ZA

|~RA − ~RC |
−
∫

n(~r)

|~r − ~RC |
d3r



+

+ δ ~RC2
∑

i

∫

∂Ψ∗
i (~r)

∂ ~RC

(ĥKS − εi)Ψi(~r)d
3r.

à ��ã h37yâ
q�Y\r^r^f.ÙÞoi[s�Of f�ÙÞoi[sv�f þÉ~dYRf�óiYSr^oiW�[^YßoMa[õ��m]`Y\o

C
rsYm[^å.czf�czf xZoi[\�

FC = − δE

δ ~RC

;

= −ZC
∂

∂ ~RC





∑

A6=C

ZA

|~RA − ~RC |
−
∫ n(~r)

|~r − ~RC |
d3r



+

− 2
∑

i

∫

∂Ψ∗
i (~r)

∂ ~RC

(ĥKS − εi)Ψi(~r)d
3r.

à ��ã h3yyâ
� xd[se`�.Yme`[so�t^Ym[s�³o)cdf)YmþÉ~zfbvmwbo¡à ��ã h,yyâ Ý�f'ÙÞoi[sv�f'c�Y ; Y\]`]`�³fbada°��jzY�&°ad�³fba

FHF Y�o't^Ym[^�.o
2
∑

i

∫ ∂Ψ∗

i
(~r)

∂ ~RC

(ĥKS −εi)Ψi(~r)d
3r
Ýä~d�³f$�mob[^[^Y\v�wboßczf$ÙÞoi[sv�f$adoß�mfbr^o=cdY

εi
azwboSrsYm[�~d��f�~�t}o±k�fb]`ob[

Y-ïdfUt}oßcdoSØzfb�.e`]�t}oia�e�fbado
ĥKS í oßþ°~�YXo°�mob[^[^Y�þ°~dfbadcdoGf$WzfbrsYX~�t}e`]ne`Úmfbczf
adwbo$ÙÞoi[^�³fb[N~��T�mobaUøs~dayt}o

�\oi�³x�]`Y\t^o ã ×Xo.�mfbr^o.Ym� þ°~�Y
ĥKSΨi = εiΨi

t^Ym�.oirm�

FC = ZC∇RU(~R)|~R=~RC
,

à ��ãt7bpyâ
oia�cdY

U(~R) = −




∑

A6=C

ZA

|~RA − ~RC |
−
∫ n(~r)

|~r − ~RC |
d3r



 .
à ��ãt7�áÁâ



Ú�	
i�å�× joì<kmlPn�ñ îok � í`ìzè�îok¶�ØksÙUìzéqpTn�ñsr

ò
xZY\r}fb[�c�YOt}o°cdoir�obr���åb]n�m~d]noirGfbxd[^Y\r^Y\aÉt}fbcdoir í [sYmrsoi]nkbYm[ f"Y\þÉ~zfbv�w�o�c�Y�ý��uØd[%ã�cdenadóiY\[�fbenadczf
fbx�[^YmrsYmaytuf��\Ym[�tufbr�c�enüz�\~d]`czf�cdYmr ã ô$~zfbadcdo"r^Y�~�t^e`]`enÚ�f&t}o°cdoirRoirRY\]`Ý\t^[^oia�r f�t}ùb�³en�moirßado��måb]`�\~d]`o í
Y\rst}Y\r¼üd��fb� ��~�ent}oäx2Ymr^fbcdoir í x2oie`r�r^wbo
a�Ym�mY\r^r^åb[^e`fbr¼k�åb[se�fbr�ÙÞ~�adv��°Ymr¼cdYÅoiadczfäxzfb[^fXcdY\r^�\[^Y\kbYm[¼t}o°cdoir
oirGYm]nÝ\t}[soiadr ã q�e`fbayt}Y&cdY\r^r^fbr�cde�üz�m~d]nczfbcdY\r í rs~d[^óiYOfb]`ób~d�Of�r=t^Ymaytuf�t^enk�fbrGcdYOY\ad�moiayt^[}fb[�rsoi]`~�v��°Ymr
�.Ymadobr&�moi�.xd]ne`��f�czfbr ã ò xd[se`�.Yme`[^f'fbx�[^o�ï�e`�³fbv�wbo�adf't}Ymayt}f�t}e�kbf)c�YðÙ´f��me`]nent}fb[.f�[sYmrsoi]`~dvmwbo�czf
Y\þ°~dfbv�wboXcdYCý��uØd[%ã�c�e`adóiY\[ í ÙÞoieirsYmxzfb[^fb[?Ym]nÝ\t}[soiadr?cdY���f�[^o°vmoäcdoir?Ym]nÝ\t^[^oiadr?cdY¯k�fb]n�mad�\e�f ã � r?Ym]`Ýlt}[soiadr
cdY���fb[so�v\o�Ymr�tuwbo �³fbe`rCxd[^û�ï�e`�.oirCcdo�a4õd�m]nYmoMf�t^ùi�.e`�moGY�ÙÞoi[�t}Ym�.Ymayt^Y$]`enóyfbcdoirCfRY\rst}Y.àÞr^Y\aÉt^Ym�ö~��
x2obt}Y\ad�me`fb]zÙÞoi[st^Ym�.Ymayt}Y�f�t}[^f�t}e�kioGcdY\k°e`c�oMfboRa4õd�\]`Ymo âlí ÙÞob[^�³fbadcdoG~d���`oia í �m~Áø^fbr�ÙÞ~dadv���Y\rÛcdY
oiadczf
r^wboßxZoi~��mo=xZY\[st}~�[^Wzfbcdfbr�Ym��fb�RWde`Y\aÉt^Ymr�þÉ~d�`�.e`�\oirNcde�ÙÞYm[sYmayt}Y\r í xd[^enad�menxzfb]n�³Y\aÉt^YÛx2Ym]`oSÙ´f�t^oScdYäazwbo
xzf�[st}en�menxzfb[^Y\� czfbrG]`e`óifbv��°YmrßþÉ~d�`�.e`�mfbr ãO£ å"oirGYm]nÝ\t}[soiadrGcdYOk�fb]`�\ad�me`f�Y\rst}wbo��Of�e`r=f�Ù´fbr�tufbcdobrRcdo
a4õd�\]`Ymo�Y�ÙÞ[^fb��fb�.Ymayt^Y ]`e`óifbcdoir�f�Y\rst^Y"àÞr^Y\aÉt^Ym� ~d�ÿxZo�t}Yma��me�f�];W2Ym� �.Ymadobrßf�t}[^f�t}e�kio�cdYlk�encdo�fbo
a4õd�\]`Ymo âlí xZobe`räØzåM~d�OfMWd]ne`adczf�óiYm�3Ym]`Ylt}[sùiade`�mf.c�Y\k°e`cdo³fboirXYm]nÝ\t^[^oiadrXcdY=��fb[so�v\o ã � rXYm]nÝ\t}[soiadrXcdY
k�fb]n�mad�\e�fÛxzfb[�t}en�me`xdfb�0enayt}Yma�r}fb�.Ymayt}Y�czf�r¼]ne`óyf�v��°Ymr�þÉ~d�n�³en��fbr í x2oi[�tufbayt}oärs~zfbr�ÙÞ~dadv���Y\r¦cdY�oia�czfAr}wbo
Ù´fb�\e`]n�³Y\aÉt^YÛx2Ym[st^~d[^WdfbczfbrÅYm��fb�RWde`Y\aÉt^Ymr�þÉ~d�`�.e`�\oir¯cde�ÙÞYm[^Y\ayt}Ymr ã q�Y
fb�moi[scdo=�moi��Y\r^r^fbr��\oiadcdenv��°Ymr
Ýð[}f�Úmoyå�kiY\]ß�moiadrse`cdY\[}fb[�fbx2Ymadfbr�obr�Y\]`Ýlt}[^obadr�cdY�kbf�]`�ma��me�f�xzf�[}f�cdY\t^Ym[^�.e`adfb[�fbr�xd[^obxd[^enYmczfbc�Ymr
Y\]`Y\t^[^ùia�e`��f�rÛcdYßr^ûi]ne`cdobrAY=�.oi]nÝm�m~�]�fbr ã

ò x�[^e`�.Ymen[}fßxd[^obxZoir�tufRc�Y$r^Y\xzfb[}f�v�wbo Y\]`Y\t^[^ùia�e`��f=ÙÞoieZc�Y ; Y\[^[^enadó¡� 54
V�©í Y\rstuf��\oiadrse`rst^e�fRY\�3c�Yl�
rs�m[^YlkiY\[�f�ÙÞ~dadv�w�o$cdYÛoia�czf$[^Ymfb]�cdf�kbf�]`�ma��me�f
f�t}ùb�³en��f |Ψ〉 �\oi�³o�~d�OfXÙÞ~dadv�w�o$cdYÛoia�czfSfb[^W�ent}[^åb[^e`frs~zf�kiY |Φ〉 �³fbe`rÛ~��Of �mob��Wde`adfbv�wbo ]ne`adYmfb[ÛcdYßY\rstuf�cdoiräcdYß��fb[so�v\o |Φc〉

í cdYSÙÞoi[s�Of�þÉ~dY |Ψ〉 ÙÞobr^r^Yoi[�t}oióboiazfb]­fboiräYmr�tufbcdobrXc�Y=�mfb[^o°vmo ã ò�r^rse`���

|Ψ〉 = |Φ〉 +
∑

c

bc|Φc〉.
à ��ãt7igiâ

ò ÙÞ~�adv�wbo�c�Y�oiadczf'[sY�fb] |Ψ〉 fbx�[^YmrsYmaytuf���~�ent}obrOadûirOxd[^û�ï�e`�.o��)oi[se`óiY\� í Y\ayt}[^Yltufbayt^o í fÙÞ~da�v�wboMcdYßoiadcdf.rs~zf�kiY |Φ〉 fbxd[sYmr^Y\aytuf³�\oi�.o.�mfb[}f��\t}Y\[^�nrst}en��f�xd[se`ad�\e`xzf�]�o Ù´f�t}oMcdYßr^Y\[äWZY\� �Ofbenrrs~zf�kiY=cdoMþ°~�YRf�ÙÞ~dadvmwbo.[^Y�f�] ã
ò oi[st^oióioiadfb]`enczfbcdY$Y\ayt}[^YRfMÙÞ~�adv�wbo³cdYRobadczfM[^Y�f�]¼YGf³�\oi��WdenazfbvmwboMcdoirXYmrst}fbcdoir
cdY=��fb[so�v\o í

óyf�[}fbayt}Y\� þÉ~dY��

〈Φc|Ψ〉 = 〈Ψ|Φc〉 = 0.
à ��ã�7d�yâ

� rä�mo°Y\üz�\e`Y\aÉt^Ymr
bc
r^wbo³c�Y\t}Y\[^�.e`azf�cdoirAczf r^Y\ói~denaÉt^YSÙÞoi[^�³f��

〈Φc′ |Ψ〉 = 〈Φc′|Φ〉 +
∑

c

bc〈Φc′|Φc〉;



Ú�,

0 = 〈Φc′|Φ〉 +
∑

c

bc δ(c′,c);

= 〈Φc|Φ〉 + bc,
à ��ãt735Éâ

oi~�rsY�ø^f í

bc = −〈Φc|Φ〉.
à ��ã�7�
iâ

ý�~�Wdrst^ent}~�e`adcdoMoirA�\o�Ylüz�menYmayt}Y\r
adf.Y\þ°~dfbv�wbo"à ��ãt7ygbâlí t^Ym�.oirm�

|Ψ〉 = |Φ〉 −
∑

c

|Φc〉〈Φc|Φ〉.
à ��ã�7dsyâ

� ayt}[sY\tuf�aÉt^oSoS�³Ýlt}o°cdo$cdY ; Ym[s[^enadóSfbxd[sYmrsYmaytuf�k�fGf�]`ói~da�r;xd[soiWd]`Y\�Of�r ã î;fbenrN�mob�³od�?cde�üz�m~�]`czfbc�Y�azf
�\oiaykiYm[sói�ma��me�f cdoRr^e`r�t}Y\�Of í oir�t^Ym[^�.oirÛcdf�oi[st^oióioiazf�]`e`Úmfbv�w�oRfbx�[^YmrsYmaytuf�k�fb�ÜÙÞoi[^�³fbr��\oi�.xd]`en��fbczf�r
azf�Y\þ°~dfbv�wboDY�oirM��åb]n�m~d]noir Ym[^fb� ��~de�t}o�t^[}fbWzf�]`Ødoirsoir ã q�e`fbayt}Y�cdY\r^r^fbrOcde�üz�m~�]`czfbc�YmrMYm� áry�
,y
�¯Øden]`]`enxdrOY � ]`Y\e`ad�³fba � 5�sV� Yðx2oirst^Ym[se`oi[s�³Y\aÉt^Y�ò�~dr�t}ena íÍ; Y\e`adYðYDý�Øzf�� � 5yhV� �.oirst^[}fb[^fb� þÉ~dY
Ý�xZobr^r^��kiY\] í f�t^[}f�kiÝ\rOcdY�~d� �.Ý\t}o°cdoð�³fbe`rMr^en�³x�]`YmrM�uØzf��Ofbc�oDcdY�xdr^Y\~dcdoix2obt^Ymad�\e�fb] í oiW�t^Ym[.oir
�.Ymrs�³oiräf�~�t}o±k�fb]`ob[^YmrAcdfMY\þÉ~zfbv�w�o³cdY � ý�xd[^oix2oir�t}oMxZob[ ; Ym[s[^enadó ã

�¯Øden]`]`enxdr?Y � ]`Y\e`ad�³fba=cdYm�.oiadr�t}[}f�[}fb� þÉ~dYAfbr¼ÙÞ~dadv���Y\r¯cdY�oia�czf$xZo°cde`fb� r^Y\[NoiW�t^e`czfbr¦f�xzf�[st}en[
cdY³~d�ÕxZo�t}Yma��me�f�]Å[sYmxd~�]`r^e�kio�à

V̂R
âlí þ°~�Y&��fba��mYm]`f�xzf�[^�me`fb]`�.Ymayt^Y.o"xZobt^Ymad�\e�fb]Åf�t^[}f�t^enkbo�à

V̂c
â cdoir

�mfb[^o°vmoir í oi[^enóie`adfbadcdoS~d�TxZobt^Ymad�\e�fb]�Y\ÙÞYlt}enkbo&à
V̂ef
âlí �.Ymadoir�fUt}[}fUt}enkbo í cdY\adoi�.e`azfbc�oScdYäxdr^Y\~dcdoix2o��

t^Ymad�\e�fb]�à
V̂ PS âlã � xZo�t}Yma��me�f�]�[^Y\xd~d]`rsenkbo³ÝßoiW�t^e`cdoMfUt}[}f�kbÝmrXczf YmþÉ~zfbvmwbo³c�Y � ý í

Ĥ|Ψ〉 = ε|Ψ〉;
(

T̂ + V̂
)

|Ψ〉 = ε|Ψ〉, à ��ã�7yhiâ
oia�cdY

T̂
Ý
fßYmadY\[^óie`fG�menadÝ\t^e`�mf í

V̂
ÝXoRx2obt}Y\ad�me`fb]zY\ÙÞYlt}e�kioRrsYmayt}encdoRx2Ym]noir�Ym]nÝ\t}[soiadrÅY |Ψ〉 Ý�fßÙÞ~�adv�wbocdYßoia�czf [^Y�f�] ã ò�x�]`e`�mfbadcdoMf �.Ymrs�Of YmþÉ~zf�v�wbo.azf�ÙÞ~dadvmwbo³c�Y=obadczf cdo.��fb[so�v\o³fUt}ûi�.e`�\oRt}Y\�M� r^Yb�

Ĥ|Φc〉 = εc|Φc〉.
à ��ãt7,7yâ

î¼[}fbWdfb]`Øzf�adcdoGfbrCY\þÉ~zfbv��°Ymr$à ��ã�7yhiâ YRà ��ã�7d7yâ Y\�Ü�\e`�³fSczfGxd[soix2oirst}f=cdY ; Y\[^[se`adó í Y\þ°~dfbv�wbo�à ��ã�7dsyâ-í
t^Ym� �|r^Y��

Ĥ|Ψ〉 = ε|Ψ〉;

Ĥ
[

|Φ〉 −
∑

c

|Φc〉〈Φc|Φ〉
]

= ε
[

|Φ〉 −
∑

c

|Φc〉〈Φc|Φ〉
]

;

Ĥ|Φ〉 −
∑

c

Ĥ|Φc〉〈Φc|Φ〉 = ε|Φ〉 −
∑

c

ε|Φc〉〈Φc|Φ〉;

Ĥ|Φ〉 −
∑

c

εc|Φc〉〈Φc|Φ〉 = ε|Φ〉 −
∑

c

ε|Φc〉〈Φc|Φ〉;
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Ĥ|Φ〉 +
∑

c

(ε− εc)|Φc〉〈Φc|Φ〉 = ε|Φ〉;
[

Ĥ +
∑

c

(ε− εc)|Φc〉〈Φc|
]

|Φ〉 = ε|Φ〉. à ��ã�7dyyâ
oia�cdY |Φ〉 ÝM~d�³f&xdr^Y\~dcdobÙÞ~�adv�wbo�cdYMoiadcdf�rs~zf�kiY ã � ob�³o ε > εc

o�t}Y\[^�.o ∑
c(ε − εc)|Φc〉〈Φc|Ý³~d� t^Ym[s�³o�[^Ymx�~d]`rsenkio"cdY&x2obt}Y\ad�me`fb]
à

V̂R
âlí cdYOÙÞoi[s�Of�þÉ~dY

V̂ + V̂R = V̂ PS í r^Y\adcdo V̂ PS ~��
xdrsYm~dc�oixZo�t}Yma��me�f�] í x2oi[st}fbayt}od�

[

T̂ + V̂ PS
]

|Φ〉 = ε|Φ〉, à ��ã�yipyâ
oMþÉ~dYße`�.xd]`en��fRY\���

V̂ PS|Φ〉 =
(

V̂ + V̂R

)

|Φ〉. à ��ã�y�áÁâ

ò YmþÉ~zfbvmwbo à ��ã�yipyâ �³obrst}[^f�þÉ~dY�~d� Øzfb�.e`]�t}oia�e�fbado"cdoDt^e`x2o
ĤPS = T̂ + V̂ PS fbxd]ne`��f�cdo

f�~d�Of�xdrsYm~dcdo�ÙÞ~dadv�w�o�cdYOoia�czf�rs~zf�kiY |Φ〉 í f�xd[^Y\r^Ymayt}f"o��.Ymr^�.o�fb~�t}o±k�fb]noi[ßcdo"Øzf��³en]nt}obade�fba�o
Ĥ = T̂ + V̂

fbxd]ne`�mfbcdo	��ÙÞ~dadvmwbo³c�Y=obadczf [^Ymfb] |Ψ〉 ã
ò
~drst^e`a í�; YmenadY$Yßý°Øzfb� c�Ym�.oiadrst^[}fb[^fb��þÉ~dYßfRÙÞoi[^�³fGc�o xdr^Y\~dcdoix2obt}Y\ad�me`fb]­adwbo Ý�õdaden��f ã �

t^Ym[^�.o&[sYmxd~d]nr^e�kioDà
V̂R
â c�o�xdr^Y\~dcdoix2obt}Y\ad�me`fb]¯fbx�]`e`�mfbcdo¡�&x�r^Ym~�cdobÙÞ~dadvmwbo�cdY oiadcdf |Φ〉 x2o�cdYRr^Ym[Y\r^�m[sent^o.�\oi�.od�

V̂R|Φ〉 =
∑

c

〈Fc|Φc〉〈Φc|Φ〉,
à ��ã�yygiâ

oia�cdY
Fc
ÝX~d�³fßÙÞ~da�v�wboGfb[^W�ent}[^åb[^e`f í t}fb]zþÉ~dY í Ylï�xzfba�cde`adc�o�fGx�r^Ym~�cdobÙÞ~dadvmwboRc�Y
oia�czfGcdYäk�fb]`�\ad�me`f

|Φv〉
aÉ~d�³f�Wzfbr^Y�ÙÞoi[s�Of�czf)xZob[�fb~�t}o°Ymr�tufbc�oir��moi�.xd]`Ylt}oir í xzf�[}f�Ymr�tufbcdobr�c�Yðk�fb]n�mad�\e�f |Ψv〉

Y
Y\rstuf�cdoirXcdYß�moiadc�~dv�wbo |Ψc〉

í f�e`adczf ~�t^e`]ne`Ú�f�adcdo f ÙÞoi[^�³f óiYm[^fb]�cdYßxdrsYm~dcdobxZobt^Ymad�\e�fb]?czfMYmþÉ~zf�v�wbo
à ��ãtyigiâlí t}Ym� �|rsY=fMx�r^Ym~�cdobÙÞ~dadvmwboOc�Y=obadczf |Φv〉

í czf�czf xZoi[\�

|Φv〉 = |Ψv〉 +
∑

c

αc|Φc〉,
à ��ãty,�yâ

cdYß�.o�c�o þ°~�Y

ĤPS|Φv〉 = εv|Φv〉,
à ��ãty35Éâ

oi~MrsY�ø^f í fbx�[^YmrsYmaytuf=oS�³Y\r^�.o=fb~�t}o±k�fb]noi[;þÉ~dY
Ĥ|Ψv〉 = εv|Ψv〉

oßþÉ~dYä�moia�üd[^�³fSfßadwboß~dade`�\e`czf�cdY
azfðÙÞoi[^�³f�cdo'x�r^Ym~�cdoix2obt}Y\ad�me`fb] ã �¼oi[^Ý\� í f�e`adczfðYm[^fDxd[soiWd]nYm�³å�t}en�mo�oi[�t}oióiobazfb]`enÚ�fb[ |Ψ〉 Y |Φ〉rse`��~d]�tufba�Y�fb�.Ymayt}Y í �moia�r^Ymþ�ÚdY\ayt}Ym�.Ymayt^Y.Ødf±k°e`f³cde�üz�m~d]nczfbcdY=Ym� Ù´fbÚ\Ym[
�moi� þÉ~dY f.xdr^Y\~dcdobÙÞ~�adv�wbo
cdYSobadczf Yßf�ÙÞ~dadv�w�o.c�YSoiadczf [^Ymfb]­ÙÞoirsr^Y\�öe`ói~dfbe`rCazf [^Ymóbe�wbo cdY$k�fb]n�mad�\e�f ã V
� ob~�t}[so.x�[^oiWd]nYm�³f
Y\rstuf�k�fOado.Ù´f�t}o³cdo&xdrsYm~dc�oixZo�t}Yma��me�f�]¦rsYm[��R~dent^oO[^Y\xd~d]nr^enkboOxd[sû�ï�en�³o.czfOob[^e`óbYm� í o&þÉ~dYRen�³xd]ne`�mf



Ú�]
aÉ~d�³f r^e`a�ói~d]�f�[^e`cdfbcdY�adf.[sYmr^ob]`~dvmwboMczf YmþÉ~zfbvmwboOcdYGý��uØ�[}ã°cde`adóbYm[ ã

-zù@?(ù*ú 
�ÿ°�������A�G�����`üÛ6­	���	Áÿ��
�9a8�¯�d���3���<ü�ÿ°���ÝÜ¦�Å�
�

� � ��åb]n�m~d]noir¼�moi� q$j;î�czåXr^YÛ~�� Y\a�ÙÞo°þ°~�Y�YmrsxZY\�me`fb]�xdfb[}f�x�r^Ym~�cdoix2obt}Y\ad�me`fbe`r¦cdY�adob[^�³fX�\oia��
rsYm[sk�fbcdf í �\~Uø^fbr�ÙÞoi[^�R~d]�fbv���Y\r�r}wboGcdY���fb�uØdYm]nY\t íW; f��Ofba�a³Y�ý��uØd]ÞÚ�t}Y\[$àQ� ; ý â � 5d7V� Y
c�Y�î¼[^oi~d]n]`enYm[��
�"f�[st}enadr�à´îX� â � 5�y3�©ã òÕ�moiadr�t}[s~dv�wbo�cdY\r^r^Y\r"xdrsYm~dc�oixZo�t}Yma��me�f�e`r&ÙÞoieSxd[soix2oirst}f�x2oi[ßµ­~da�óiYm[�Y
� oiØ�Yma©� 
�pV� YA�\oiadrse`rst^YÛYm�5[^Y\r^oi]�kiYm[Nf$YmþÉ~zfbvmwboßcdY � obØda���ý°Øzfb� cdYÛÙÞoi[^�³f�f�~�t}o°�moia�r^e`r�t}Y\aÉt^Y í �\oia��
rse`cdY\[}fbadc�o.~��Of Wd]ne`adczf�óiYm�ÜYm]nY\t}[sùiaden��f�cdY=r^en�³Ylt}[^e`fRYmr�ÙÞÝm[se`��f ã<� � ~�ade`czf�cdYmräf�t^ùi�.e`��f�r í t^Ym�.oirm�

[

−1

2

d2

dr2
+
l(l + 1)

2r2
+ V (n, r)

]

Pl(r) = εlPl(r),
à ��ã�y�
iâ

�\oi�
Pl(r) = rRnl(r)

í oiadc�Y
Rnl(r)

Ý�f.xdr^Y\~dcdobÙÞ~�adv�wbo�c�YRoiadcdf³[}f�cde�fb] í oiW�t^e`czf.�moi� t}o°cdoirXoir
Y\]`Ý\t^[^oia�r ã � xZobt^Ymad�\e�fb]¼Y\ÙÞYlt}e�kio�Ý�czf�cdo�xZob[

V (n, r) = Ve−n + VH + Vxc
í oiadcdY

Ve−n = −Z/rÝSoMx2obt}Y\ad�me`fb]�cdYße`ayt^Ym[}f�v�wboMYm]nÝ\t^[^oia�a4õd�m]nYmo í
VH
ÝSoMx2obt}Y\ad�me`fb]�cdY ; f�[st}[sYmYßY

Vxc
ÝßoMxZo�t}Yma��me�f�]

cdY$t^[^o°��f YS�mob[^[^Y\]�fbvmwbo ã jQfbÚ\Ymadcdo
Ve−n

t^Ymadc�Ym[Xf
V PS(r)

í t}Y\�M� r^YSoMxdr^Y\~dcdoix2obt^Ymad�\e�fb]�Wd]ne`adcdfbcdo
V PS

l

í czfbcdo.xZob[m�

V PS
l (r) = V PS(r) + V PS

H (r) + V PS
xc (r).

à ��ã�ydsyâ

� ayt}[sY\tuf�adcdoGfß�\oiadr�t}[^~�v�wboßcdoßxdrsYm~dcdobxZobt^Ymad�\e�fb]z[sYmþÉ~dY\[Cf�]`ói~d�³fbr¦�moiadc�e`v��°Ymr¯Y\r^rsYmad�\e�fbenr í tufbenr
�\oi�³o��

÷ o�x�r^Ym~�cdoix2obt}Y\ad�me`fb]AcdY\kbY�rsYm[ rs~zf�kiY í fbo��³Y\r^�.o�t}Y\�³x2oðþ°~�Y�f�xdrsYm~dc�obÙÞ~dadvmwboDc�Y�oiadczf
óbYm[}f�cdoi[}f�c�o³xdrsYm~dc�oixZo�t}Yma��me�f�]�azwboMcdY\kbYGx2oirsr^~den[Xa�ûir ã

÷ f�]`Ým� c�Y�~d� cdY\t^Ym[^�.e`adfbcdo'[^fbe`o�cdY��\oi[st^Y�à
rc
â f'x�r^Ym~�cdobÙÞ~dadvmwbo�cdY"obadczf)[}f�cde�fb]äcdYlkiY

rsYm[�encd�mayt^e`��fO��ÙÞ~dadvmwbo�oiW�t^e`czf�f�xzfb[st^e`[=cdY���å�]`�m~�]`oirGf�t}ùb�³en�moir í �moia�r^e`c�Ym[}f�adcdo"t^o�cdobr�oir
Y\]`Ýlt}[^obadr=à´î �Åâ �

RPS
l (r) = RTE

l (r) , r ≥ rc;
à ��ãtyihiâ

÷ fScdY\adr^enczfbcdYäcdYä�mfb[^óyfSazfS[sYmóie`wbo r < rc
í c�Y\k°e`cdom�ßxdr^Y\~dcdobÙÞ~�adv�wbo=cdYäoiadcdfßc�Y\kiYXr^Y\[�e`ói~zf�]

f cdY\adr^enczfbcdYßcdYß�mfb[^óyf czf ÙÞ~dadvmwboM[^Ymfb]�adYmrsr}f.[^Ymóbe�wbod�
∫ rc

0
|RPS

l (r)|2r2dr =
∫ rc

0
|RTE

l (r)|2r2dr;
à ��ã�yd7yâ

÷ obr�fb~�t}o±k�fb]noi[^Y\r�oiW�t}encdoir�f�t^[}f�kiÝ\r�cdoHx�r^Ym~�cdoix2obt}Y\ad�me`fb]SYðf�t}[^f�kiÝmr�cdo���å�]`�m~�]`o�f�t^ùi�³en�mo í
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c�Y\kiY\� r^Y\[Xenói~zfbenrÛxzfb[^f oiräYmrst}fbcdoiräcdYSk�fb]n�mad�\e�f��

εPS
l = εTE

l .
à ��ãty,yyâ

q�Ylt}Y\[^�.e`azfbcdfDf�xdr^Y\~dcdobÙÞ~da�v�wbo�cdY�oiadcdf'þÉ~dY"r^f�t}enrsÙ´fbvmfDfbr³�moia�cde`v���Y\r³cdY��moia�rst}[s~dv�w�o)cdY
xdrsYm~dc�oixZo�t}Yma��me�f�]¼�\ent}fbczfbr í Ý=xZobr^r^��kiY\];cdYlt}Ym[s�³enazfb[äoOx�r^Ym~�cdoix2obt}Y\ad�me`fb]¦W�]`e`a�czfbcdo"à

V PS
l

âlí e`aykiY\[��
t^Ymadcdo³f YmþÉ~zfbvmwbo"à ��ã�y�
iâ xzf�[}fMf xdr^Y\~dcdobÙÞ~da�v�wbo³cdYßoiadczf

Pl(r)
í fbrsr^e`���

V PS
l = εl −

l(l + 1)

2r2
+

1

2Pl(r)

d2

dr2
Pl(r),

à ��ãná�pipyâ
oia�cdYOf�r^enadói~d]`fb[^enczfbcdYRazf�oi[se`óiY\� ÝM[^Y\�³o±k°e`czf�Ù´fbÚ\Ymadcdo��moi� þÉ~dY

V PS
l

rsY³�\oi�.xZoi[�t}YM�mob�³o
rl

xd[sû�ï�en�³o cdfMob[^e`óbYm� ã
ò
xZY\r}fb[ßcdo�xdrsYm~dcdobxZobt^Ymad�\e�fb]Nt^Ym[Srse`cdo�cdYlt}Ym[s�³enazfbcdo�rsYmói~�e`adcdo�t^o�cdobrßfbrS�moia�cde`v���Y\r=Y\r^rsYma��

�\e�fbenr í Y\rst^Y³f�xd[^Y\r^Ymayt}f�cdobe`r�t^Ym[^�.oirSþÉ~dY cdY\xZY\adcdY\� cdo�fb��WdenYmayt}Y obadcdY o�xdrsYm~dcdobxZobt^Ymad�\e�fb]NÙÞobe
�\[^e�f�cdo í r}wbo�Y\]`Y\rÛo xZo�t}Yma��me�f�]ZcdY ; fb[�t}[^Y\Y

V PS
H

Y$o x2obt^Ymad�\e�fb]2cdY�t^[^o°��fRY$�\oi[^[sYm]`fbv�wbo
V PS

xc

ã �¦ob[��
t}fbayt}o�Y\r^r^Y\r xZo�t}Yma��me�f�e`r=cdY\kbYm� rsYm[�c�Ymr}f��moixd]`fbcdoirRcdo�xdrsYm~dcdobxZobt^Ymad�\e�fb] í xzfb[^f�þÉ~dY�Y\rst}YOxZoirsr}f
rsYm[�~�t}e`]ne`ÚmfbcdoSYm��oi~�t}[^obr�fb�RWde`Y\aÉt^Ymr ã ×
oRc�Ymr}f��moixd]`fb�.Ymayt}o=t}Ym� �|rsY
oGxZo�t}Yma��me�f�]2enùiaden�mo

V PS
ion

þÉ~dY
ÝSk�åb]`encdo�xzf�[}f þÉ~zfb]`þÉ~dY\[Xfb��WdenYmayt}Y ã

V PS
ion (r) = V PS

l (r) − V PS
H (r) − V PS

xc (r).
à ��ãná�p�áÁâ

� �\oi�³x2oi[�tufb�.Ymayt}o=czf=xdr^Y\~dcdobÙÞ~da�v�wbo cdY
oiadczfGY�cdoGxdr^Y\~dcdoix2obt}Y\ad�me`fb]2Ym��[^Y\]�fbvmwbo��ßÙÞ~dadv�w�o�cdY
oia�czf [^Y�f�]�Y=x2obt^Ymad�\e�fb]Z[^Y�f�]�xZo°cdYSr^Y\[
obWdr^Y\[sk�fbcdo.azfMj;e`ób~d[}f g�ã
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j;enói~d[^f g � � oi�.xZoi[�tufb�.Ymayt^oGczfßÙÞ~dadvmwboRczf=xdr^Y\~dcdobÙÞ~�adv�wboRcdY�oia�czfGY
xdr^Y\~dcdoix2obt}Y\ad�me`fb]2þ°~dfbadcdo�\oi�³xdfb[}fbc�oir��\oi�ÜfRÙÞ~dadv�w�o�cdY$oia�czfRcdY�k�fb]n�mad�\e�f=Y$xZo�t}Yma��me�f�]Z�\oi~d]`ob��Wde�f�ado í [^Y\r^x2Ym�\t^enk�fb�.Ymayt}Y ã



ö4ª
i�å(à á nMp=lPk
í²pTkm�qn�ñ î¡ì j è�é¡ì<r�ñm� ìzéfÙ²k ì â ñ#l¡l�ìzî�è;l�ñ Ó�ãÝäÐp:ñmé�Ó

éon�éoå j è�é�é�ì<r$n�éqå á n�pæl�k�í²pTk¶�çÔ Ódä;j�á è

� �moi�.xzfb[�t}en]`Øzfb�.Ymayt^oDY\]`Y\t^[^ùia�e`�mo'oi~¶f't}[^fbadrsÙÞY\[^�\ad�me`f)cdY�Ym]nÝ\t}[soiadr&x2Ym[s�³e�t}Y"fboir�å�t^oi�.oir
ÙÞoi[s�Of�[Aoir�cde�kiY\[^r^obr��³f�t}Y\[^e�f�e`rAþÉ~dY��\oiadØdY\�mYm�.oir í enad�m]n~dr^e�kiY=ado±kbf�r
ÙÞoi[s�OfbräcdYG�OfUt}Ým[se�fMr}wbo³r^ena��
t^Y\t}enÚ�fbcdfbr¯xzfb[^fGf�t^Ymadc�Ym[Åfbr�adYm�\Ymrsr^e`cdfbcdYmrCczfßadoir^r^f=rso��\e`Y\czfbcdY ã �"fbrÅ�moi�.oS�³fbxZYmfb[�fßr^~dx2Ym[�ÙÞ�`�menY
cdY\r^rsYmr��³f�t^Ym[^e`fbe`rAY\� Wd~drs��f³c�YG~d�³fMcdYmrs�m[^env�wbo³Ym]nY\t}[sùiaden��f czfbrX�³Y\r^�³fbr�ó�òÛt}~dfb]`�.Ymayt}Yß�\oi� oir
�.e`�\[^oirs�mûixdenoirXcdYRk�fb[^[sYmcd~�[}f&Ý�x2oir^rs�nkbYm];obW�t}Y\[$~d�³fOe`�³fbóiY\� cde`[sY\tuf³cdoirSå�t^oi�.oir
adf&r^~dx2Ym[�ÙÞ�`�menY
cdY³~d�Õ�OfUt}Ym[se�fb] ã ×Xoðý�îX� Y-ï�x2Ym[se`�.Ymaytuf�]�f�r^~dx2Ym[�ÙÞ�`�menY³c�o��OfUt}Ym[se�fb];ÝOx2Ym[^�\oi[^[se`czf��moi�Õ~d�³f
x2oiaytuf"�R~dent^o"üzazf��\oi�³o"�³oir�t}[^f�f"üzói~d[^f ��ã �;fb[^f"t}[^fbWzfb]nØzfb[=cdY��³o°cdo�Ylüz�menYmayt}Y�Y\�úY\r^�mfb]�f

j;enói~d[^f � � � r^þÉ~dYm�³f³c�o.�.e`�\[^oirs�mûix�e`o cdYSt}~�adYm]`fb�³Y\ayt}oMY$k�fb[^[sYmcd~d[^f ã
f�t^ùi�.e`��f í adYm�\Ymrsr^ent}fU�|rsY�cdYX~d�³f=x2oiaytufßcdYXxd[^o±k�fG�R~dent^oßüdazfGYä]`en�³xdf ã � e`cdYmfb]zÝ
þÉ~dY�f=x2oiaytuf=cdY
xd[so±kbf&rsY�ø^f�x2oiayt}~zfb]AàÞt}Y\[^�.e`adYRYm� ~�� õdaden�mo�å�t^oi�³o âlã ×
o�ý�îX� f�xZobaÉt}f&cdY\kbY.üd��fb[Srsoi�³Y\ayt}Y
fb]nói~dadr$_badóir�t}[^obadr³à

10−8 �m� â czf�r^~dx2Ym[�ÙÞ�`�\e`Y í x2oi[S�mfb~dr}f�cdo�ÙÞYma�ùi�³Y\ado�czf��³Y\��_ba�e`��f&þÉ~z_�aÉt^e`�mf í
�uØzf��Ofbc�o�÷lt^~dadYm]`fb�.Ymayt}oQ÷ ã � r�Y\]`Ýlt}[^obadr�fbo�[^Y\cdoi[Rc�o�a4õd�m]nYmo�f�t^ùi�.e`�mo�azwbo�Ymr�tuwbo��\oia�üzadfbcdoir
aÉ~d�³f���fb�³fbczf=ü�ï�f í YSr^en�3aÉ~d�³f�cdenrst}[se`Wd~�e`v�w�o�r^~zf�kbYGf�o [^Ymc�oi[ÛcdoMa4õd�m]nYmo í e`r^rso r^enóiadenüd��fRþÉ~dYSo
]ne`�.ent}YßcdY ~�� å�t^oi�³o�adwbo�Ý WZY\� cdYlüzadencdo ã ò�x�[^oiWzf�Wde`]ne`czfbc�YGcdYMY\ad�moiayt^[}fb[So�Y\]`Ý\t^[^oia�f&~d�³f
czf�czf cde`r�tu_bad�\e�f

r
cdoMa4õd�\]`Ymo.Ýßczfbczf x2Ym]`fMY\þÉ~zfbv�w�od�

P (r) = Ae
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à ��ãná±pigiâ

oia�cdY
A
Ý�~d�Of��\oiadrst}fbayt}YðY

r0
Ý�o�[^fbe`o�c�Yo�CoiØd[ ã � rsr}f�YmþÉ~zfbvmwboH�.oir�t}[}f)þÉ~dY�o�Ym]nÝ\t}[soia

üz�mfD�³fbe`r t^Ym�.xZoDxd[^û�ï�e`�.oDc�o)a4õd�m]nYmo'c�o)þÉ~dY�f�Ù´f�rstuf�cdo ã òÿx�[^oiWzf�Wde`]ne`czfbc�Y�cdY"cdenrst^[^e`W�~de`vmwbo
cden�³enaÉ~de;Y-ï�x2oiadY\ad�me`fb]`�.Ymayt^Y.�\oi�Õf�cde`r�tu_bad�\e�f�cdo�a4õd�m]nYmo ã ý�Yma�cdo"oirß]ne`�.ent}Y\r$cdoir=å�t^oi�.oirSazwbo
W2Ym� cdYlüzadencdoir í Ylï�e`r�t}Y³~d�Of�[^Y\óie�w�o�Y\aÉt^[^Y³cdoie`r=å�t^oi�.oir í cde`r�tufbayt^Ymr=cdY&fb]nói~dadr=_ba�óirst^[^oiadr í þÉ~dY
rsYGY\aÉt^[^Y\]�fbvmfb� ã � �³o±k°e`�.Ymayt}o.cdoirXYm]nÝ\t^[^oiadrXcdY=~d� å�t}ob�³oMxzfb[^f³oi~�t}[^o.ÝRx�[^oienWde`cdoMx2Ym]`fMÙÞ�nr^e`�mf
�\]�åbrsr^e`�mf í x2oi[sþ°~�YDo�Ym]nÝ\t}[soia¡azwbo�t}Ym� YmadY\[^óie`f�rs~�üz�menYmayt}YDxzfb[^f�rsY�t^[}fba�rsÙÞYm[se`[�Ymayt^[^YDå�t}oi�.oir ã
� ayt}[sY\tuf�aÉt^o í obr.Y\]`Ýlt}[^obadrM�moi�.xZob[stuf��M� r^Y��mob�³oðcdY\r^�m[sent^oirMxZY\]�f��³Y\��_ba�e`��f�þÉ~z_bayt^e`��f í oi~�r^Y|ø^f í
~d� Y\]`Ý\t^[^oia:xZo°cdY"xdfbr^r^fb[�àÞxZoi[.t}~da�Ym]�f��³Y\aÉt^o â cdY�~d� å�t^oi�³oDczf'x2oiaytuf�cdY�xd[soÁk�f'xdfb[}f'~��
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j;enói~d[^f 5 �G��e`�\[^oirs�mûixdeno�cdY t}~dadY\]�fb�.Ymayt^o�Y k�fb[^[sYmcd~�[}f í oiadc�Y
D
Ý.f�c�e`rst}_bad�\e�f�Ymayt}[sYOf�x2oiaytuf

cdo�ý�îX� àÞxzfb[st^Y³rs~dx2Ym[^enoi[=czf�üzób~d[}f â Y³f�r^~�xZY\[sÙÞ�`�\e`Y"à´xzf�[st}Y.e`a�ÙÞYm[^enoi[Sczf�üdói~d[}f âlí
V
Ý&f�cdcdx

fbx�]`e`�mfbczfRY
I
ÝßfM�mob[^[^Y\ayt}YßcdYSt}~da�Ym]�f��³Y\aÉt^o ã

òHcde`r�t}[^enWd~denv�wboäcdo
Ym]`Ýlt}[soia�ado�å�t}oi�.oXcde`�.e`aÉ~deyY-ï�x2oiadY\ad�me`fb]`�.Ymayt^YC�\oi� f
cdenrstu_�ad�me`f ã ò
r^rse`� í
f��\oi[^[sYmayt}YßcdY$t^~dadYm]`fb�.Ymayt}o ÝS~d�³f��.YmcdenczfRczf r^Y\xzfb[^fbv�wbo enayt}Ym[^f�t}ùb�³en��f ã ôS~dfbadcdo.f�x2oiaytuf cdY
xd[so±kbfA�.o±kiYl� r^Y�x2Ym]�fÛrs~dx2Ym[sÙÞ�n�menY�fä~��OfAfb]�t}~d[^fÛ�moia�rstuf�aÉt^YÅfä�\oi[^[sYmayt}YÅcdYNt^~dadYm]`fb�.Ymayt}oä��~dcdf í xZoienr
oSY\aÉt^[^Y\]�fbvmfb�³Y\ayt}oSYmayt^[^YAoßå�t^oi�³o
czfSxZobaÉt}f$YÛoir¯åUt}oi�.oirNczf$rs~dx2Ym[sÙÞ�n�menYCk�fb[^e`f ã ôS~dfbadcdoßf$x2oiaytuf
cdYGxd[^o±k�f³Y\rst^enkiY\[�cden[^Yltufb�.Ymayt}Y=r^obWd[^Y f.r^~dx2Ym[�ÙÞ�`�\e`Y=cdYR~d� å�t^oi�.o í f³�\oi[^[sYmayt}Y�c�YGt}~�adYm]`fb�³Y\ayt}o
rsYm[}å �³fbe`ob[Ccdo þÉ~dYßþÉ~zfba�cdoMf xZoiayt}f�Ymrst^enkbYm[AYmayt^[^YßcdoienrÛå�t^oi�³obr ã VX� xd[soiWd]`Y\�OfGYm� Y\rst^~dczfb[äf
rs~dxZY\[sÙÞ�n�me`YGcdYmr�tuf��³fbadYmen[}fOrsY�cdYlkiY|�&xZobr^r^enWde`]ne`czf�cdYGc�Y�þÉ~dYmWd[^f�czf&xZobaÉt}f&cdY xd[soÁk�f í xZoi[�Ymrst}fb[
rsoi�³Y\ayt}Y$f�]`ói~da�rÛ_badóbrst}[soiadrCczfRr^~�xZY\[sÙÞ�`�\Y í fRazwbo�rsYm[Cþ°~�YSfRr^~�xZY\[sÙÞ�`�\e`Y
r^Y�ø^fG~dadenÙÞob[^�.Y
Y\�ÜY\r^�mfb]�f
f�t^ùi�.e`��f ã

�¦fb[}fM�moiayt^oi[^azf�[
oMxd[soiWd]`Y\�Of cdY=þÉ~dYmW�[}f³cdf.x2oiaytufMcdY=xd[^o±k�f í oOý�îX� Ý=~dr^~dfb]`�.Ymayt}Yßoix2Ym[��
fbc�o�r^oiW��\oi[^[sYmayt}Y �\oiadrst}fbayt}Y ã ò�x2oiaytuf&cdY x�[^o±k�f�f�Ù´fbrst}fU�|rsY�czf&rs~dxZY\[sÙÞ�n�me`YRþ°~dfbadcdo�f&�\oi[^[sYmayt}Y
Ýß�³fbe`rAf�]ntuf�c�o³þÉ~dY=fMcdYmrsY�ø^fbczf í ��fbrso³�\oiayt}[}å�[^e`oMY\]�f�r^YGfbxd[so�ï�en�Of ã q�Ymr�tuf.�Ofba�Yme`[^f í f �\oi[^[sYmayt}Y
x2Ym[s�Ofba�Ym�mY
�moia�rstuf�aÉt^Y$aÉ~d��kbf�]`oi[ÅcdYmrsY�ø^fbc�o ã ò8��~�czfbadvmfRczfRx2oir^env�wboGczfRx2oiaytufRÝ�cde`[sY\tuf��³Y\aÉt^Y
xd[soix2oi[^�\e`oiazf�]$��kboi]nt}fbóiY\� fbxd]ne`��f�czf í cdY.�³o°cdo�þÉ~dYOf���~dczf�adv�f�azf�kboi]nt}fbóiY\� xd[^o°cd~dÚ\e`czf�x2oi[
~d� �\oiayt}[^ob]�fbcdob[¦ÝÛc�e`[^Yltufb�.Ymayt^Y�xd[soixZob[^�menoiazfb][�br¦��~dczf�adv�fbr;azf$fb]�t}~d[^f
czf�rs~dx2Ym[sÙÞ�n�menY ã VX� �moi� �
xd~�tufbcdob[=ÝM~�t^e`]ne`Ú�f�cdo&xzfb[^f��\oiayt}[soi]�fb[ßf�x2oir^env�wbo�czf�x2oiaytuf�r^oiWd[sYOf�rs~dxZY\[sÙÞ�n�me`Y í o��\oi�³x�~�tufbc�oi[
�.YmcdY�f�fb]�t}~d[^fGWzfbrsY�fbcdf�azfGkiob]ntuf�óiYm�3fbxd]ne`��f�czf=xdfb[}fR�³fbayt}Y\[��\oiadrst}fbayt}YßfR�\oi[^[sYmayt}Y�cdY�t}~�adYm]`fU�
�.Ymayt}o ã � [^e`fU�|rsY
Y\aÉt}wbo í ~d�Üfb[^[^fbaUøsoGWde`cden�³Y\adr^enoiazfb]�cdY�a4õd�.Ym[soir�[sYmxd[sYmr^Y\aytufbadc�oMfbrÛfb]�t}~d[^fbrÅazfbr
cde�ÙÞYm[sYmayt}Y\rSxZoirse`v���Y\r$�Of�xZYmfbczfbr
czf�åb[^Ymf&e`aykiY\rst}enóyfbczf³r^oiWd[sYMf&r^~dx2Ym[�ÙÞ�`�\e`Y í Ymr^rsYM�Ofbx2Y�f��³Y\aÉt^o&Ý
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�³fbe`ob[GcdY\adr^enczfbcdY�c�Y&�moi[s[^Y\aÉt^Y�r}wbo�[sYmxd[sYmr^Y\aytufbcdobr.x2oi[��\oi[^Y\r �Of�e`rRW�[^e`]nØzfbayt}Y í Y�oir�]no��mfbe`rGcdY
�.Ymadob[AcdYmadrse`czf�cdYRcdYß�\oi[^[sYmayt}YGr}wbo.Ymrs�m~d[soir í [^Y\r^~d]�tufbadc�o³aÉ~d�³fMüdói~d[}f.þÉ~dYGÝ=Ymrsr^Y\ad�me`fb]`�.Ymayt}Yßo
þÉ~dYMr^Y\[^e`f&~d�Of&ÙÞobt^oiói[^f�üQfOczf�rs~dxZY\[sÙÞ�n�me`Y ã î¼Ymoi[se`��f��³Y\aÉt^Y ÝMxZoirsr^��kiYm];r^e`�R~d]�fb[�~d� �.e`�\[^oirs�mûixdeno
cdYSt^~dadYm]`fb�.Ymayt}o YSk�fb[^[sYmcd~�[}f í Wzf�r^Y�f�cdo³adfbrAt}Ým�\ade`�mfbräYlï�x2Ym[^en�³Y\aytufbenr ã

î¼Ymoi[se`�mfb�³Y\ayt}YCf
cdenrst}[se`Wd~�e`v�w�oXc�YC�mfb[^óyf�r¦Y\� ~�� �\[^enrstuf�]yoi~R�.oi]`Ý\�m~d]`fAÝC�³fbx2Y�fbczfXf�t^[}f�kiÝ\rNcdY
~d�³f
�³fb]nØzfXt^[^e`c�e`�.Ymad�\e`oiazf�] í oiadc�Y���f�czf$xZobaÉt^o$czf��³fb]nØzfXc�Y\üzadYäf
cdYmadrse`czf�cdYÛcdYÛ�mfb[^óif�czfbþÉ~dY\]`Y
x2oiayt}o ã � ý°îX�ÿt}Ymûb[^e`�\oR�\oiadr^enrst^Y$Ym��k�fb[^[sYm[�t}o°czf�fRrs~dxZY\[sÙÞ�n�me`YXcdY$Y\rst^~dcdo Ym��Wd~�r^��f�c�Y$xZobaÉt^oir
czfG�Ofb]nØzfß�m~Uø^fbr�cdYmadrse`czf�cdYmrÛY\]`Ylt}[^ùbade`�mfbr�rsY�ø^fb�Ü�moia�rstuf�aÉt^Ymr í fbcdobt}fbadcdoR~d�Of=xZY\þÉ~dYmazf�k�fb[se�fbvmwbo
cdY�fb]nt^~d[}f=Ymayt}[sY$oirCxZoiayt^oirÛfbcÁø^fb�mY\aÉt^YmrAczf=�Of�]`Øzf í cdY\r^r^fRÙÞoi[^�³fG�\[^e�fÁ�|r^YX~d�³fGen�OfbóbYm��[^YlÙÞYm[sYmayt}Y
fXYmr^rsYÛ�³fbxZYmfb�.Ymayt}oXcdY�x2oiayt}obr í obadcdY�o
xZobaÉt^oir;�³fbenr?fb]nt^oir;f�xd[^Y\r^Ymayt}fb�5�³fbenoi[�xZobr^r^enWde`]ne`czf�cdY¯cdY
t^~dadYm]`fb�.Ymayt}oAcdY¯Y\]`Ýlt}[^obadr�Ymayt}[sY�oA�³en�m[^obr^�mûbxde`oÛY\]`Ylt}[^ùbade`�\oÛk�en[st^~zfb]bY�fArs~dxZY\[sÙÞ�n�me`Y í ��fb[^fb�\t^Ym[se`Ú�f�cdoir
x2oi[S[^Y\óie��°YmrßcdYM�³fbe`ob[$Wd[^en]`Ødo�adf�en�OfbóbYm� c�YOý°îX� ãb£ å�oir=x2oiayt}oirß�³fbe`r$Wdfbe�ï�oirß[^Y\xd[^Y\r^Y\aÉt}fb�
Y\]`Ý\t^[^oia�rC�\oi���Of�e`oi[¯cde�üz�m~�]`czfbc�Y
cdYXt}~da�Ym]�f��³Y\aÉt^o í fbxd[sYmr^Y\aytufbadc�o�azfGen�Of�óiYm��c�YSý�îX�ÿ[sYmóie���Y\r
�³fbe`r�Y\r^�m~�[}fbr ã î¼Ym[sr^o,0�Y ; fb�.�Ofba+� 
�á�� fbxd[sYmr^Y\aytufb�Ü~d���³Y\]`Ødob[CY\r^�m]`fb[^Y\�men�³Y\aÉt^oRrsoiWd[^Y
o ý�îX�
t^Ymûi[se`�mo ã
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×XYmrst^YM��fbxd��t}~d]no�fbxd[sYmrsYmaytufb[sYm�.oirSY cdenr^�m~�t}e`[sYm�.oir�t^o�cdobr$oirSxzfbrsr^oirSc�o�a�oir^rso�t^[}fbWdfb]`Ødo í azf
cdY\r^�\[^e`vmwboOcdf³r^~�xZY\[sÙÞ�`�\e`Y=cdY=r^e`]n�`�\e`o.ý�e à pip�á±âlí þÉ~zfb]¦f.�\Ým]n~d]�fMxd[^en�³e�t}e�kbf�c�o�ý�e í rsYm~�xdfb[}_b�.Y\t^[^o.cdY
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�\Ým]`~�]�f&xd[se`�.ent}e�k�f³YMo�r^Ym~Dxzfb[^_b�³Ylt}[so�cdYM[^Ymc�Y í ~d�Of&kbYmÚ.þ°~�Y.Y\rst^Ymr=czfbcdoirßr^wbo�c�Y.ób[}fbadc�Y e`� �
x2oi[st}_bad�\e�f�xzfb[^fDfð��fb[^fb�\t^Ym[se`Ú�f�v�wboðcdY\r^r^Y"�Of�t^Ym[se�fb] ã � oi�³o�fðr^~dx2Ym[�ÙÞ�`�\e`Y�cdY�Ymrst^~dcdoDxZoirsr^~deXf
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� oia�ØdYm�\YmadcdoDfbr xd[soixd[se`YmcdfbcdYmr Y\]`Ylt}[^ùbade`�mfbrRczf�rs~dxZY\[sÙÞ�n�me`YOcdY�ý�e í kbYm[senüz�mfb�³obr�þÉ~dY�fb]`ói~�adr
t^[}fbWzf�]`ØdoirGYlï�x2Ym[^en�³Y\aytufbenrGt}enadØzfb� ~d� e`ayt}Y\[^Y\r^r^Y�Y\r^x2Ym�me`fb]�xdfb[}f�f�fbc�r^oi[sv�wbo�cdYO�³oi]nÝm�\~d]�fbrGcdY
Wde�ÙÞYmaden]CY\� rs~dxZY\[sÙÞ�n�me`YOcdY�ý�e|à pip�áÁâ � h�í$7�í�y3�ìão� r^rsYmrMt}[}f�Wzfb]`Ø�oirRenadcde`�mf�kbf��úf�x2oir^rse`Wden]`enczfbcdY.cdY
Øzf�kbYm[Å�OfbenrNcdYä~d�³fS�moia�üdói~d[}f�v�wbo=xZobr^r^��kiY\]2xdfb[}fßfbcdrsoi[^vmwbo=cdYäWdenÙÞY\ade`]�azf=rs~dx2Ym[sÙÞ�n�menYAcdY$ý°e|à pbp�áÁâlí
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cdenrst}_bad�me`fbrSe`ayt^Ym[}fUt}ùi�.e`�mfbr$czf��³ob]`Ým�\~d]�f&Y\rst}wbo�c�Y³W2oi� fb�\oi[^c�o��\oi�Õfbrß[^YlÙÞYm[s�mad�\e�fbr í x2o�c�Ym�.oir
Y\aÉt}wbo"Ù´fbÚ\Ym[�~��úY\rst}~�cdo�cdYmrsr}f��.oi]`Ý\�m~d]`f�rsoiWd[^Y&f"r^~dx2Ym[�ÙÞ�`�\e`YOc�Y�ý�eÅY&oiW�t^Ym[RW2oiadrR[^Ymrs~d]nt}fbcdoir í
~�t^e`]ne`Ú�f�adcdo�oM�mû°cdenóio.ý�e`Y\rst}f ã

� r¦t^[}fbWdfb]`Ødobr;Ylï�x2Ym[se`�.Ymaytufbenr¦enadcden��fb� þÉ~dYÛxdfb[}f$f�r;�moba�üzói~d[^fbv��°Ymr;oiWdr^Y\[sk�fbczf�rNczf��.oi]`Ý\�m~d]`f
cdYAW�enÙÞYma�e`]drsoiWd[^YXfSr^~�xZY\[sÙÞ�`�\e`YÛc�Y�ý°e í ~d��c�oir�fbadÝ\e`r¯ÙÞYmadenr¯czfS�³ob]`Ým�\~d]�f
Ymrst}f=rsoiWd[sYX~���cd�`�.Ym[soScdY
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�\oi�.oM÷\Wd~�tst}Y\[%�W&­÷ ã<£ åSoSoi~�t}[^oßf�adYm]�ÙÞY\ade`]°azwboßY\rstuf$]ne`óyf�cdo$fSr^~�xZY\[sÙÞ�`�\e`Y í
Y\rst}Y�x2oir^rs~deycd~zf�r¼�\oia�üzób~d[}fbv���Y\r?xZoirsr^��kiYmenrm�?~d�³fÛYmr�tuå�kiY\] í �\oi�8~��OfAóiY\oi�³Ylt}[se�f�x2oi~d�\o
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cdoäoi~�t}[^oäcd�n�³Y\[^oAcdYÅý°eyr^Ymób~de`ayt}YÅfboäcdoXfba�Ym]bü�ï�oXazfAr^~dx2Ym[�ÙÞ�`�\Y í j;e`ói~�[}f á±p àÞY â-ãb� r�tufä�moia�üdói~d[}f�v�wbo
Ý�Y\rst}å±kbYm] í x2oie`rOf)�³oi]nÝm�\~d]�fðcdY�Wde�ÙÞYmaden]
x2Ym[s�Ofba�Ym�mY�ü�ï�f�rsoiWd[sY�f)r^~dx2Ym[�ÙÞ�`�\e`Y"t}fbayt}o�f'Wzf�e�ï�fbr
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� oi�.o$ø^å.ÙÞoie�k°e`r�t}o³azfOj;enói~d[^f á�p�í f³�.Ymadoi[ärs~dxZY\[^�\Ým]`~�]�f³c�Y�ý�e?�\[^Ymrs�menczfOazf.cde`[sYmv�w�o�à pip�áÁâ-í
azf�þÉ~zfb]Ax2o°cdYl� r^Y�fbcdrsoi[skbYm[³f��.oi]`Ý\�m~d]`f"cdY�Wde�ÙÞYmaden] í x2oir^rs~deä~d�Of�x2Ym[se`o°cde`�\e`czfbc�Y�à 5 ï �iâlã�� r^r}f
rs~dxZY\[^�\Ým]`~�]�f³ÙÞoie¼xd[so�cd~�Úme`cdf&f&xzfb[�t}e`[Xczf&rs~dxZY\[^�\Ým]`~�]�fOcdY ý�e|à pip�áÁâ à g ï áÁâ czf&j;enói~d[^f 7�ã VX�Of³kbYmÚ
þÉ~dYðYmrsr}f��mÝ\]`~d]`f�ø^å)ÙÞoie��\oiaykiYm[sóie`cdf�Ý�[^fbÚmoiå±kbYm]Srs~dxZob[�þ°~�Y�obr�å�t}oi�.oir&cdf��.oiado°��f��Ofbcdf'cdY
Ødencd[^obói�madeno azwbo.xd[^Y\�menr}fb�öc�YGrsYm[äado±k�fb�³Y\ayt}Y=[^Ym]`fUï�fbcdoir í ø^å þ°~�YGY\r^r}f.[^Y\]�fUï�fbvmwbo ÙÞoie�obt}en�³enÚ�fbcdf
azf rs~dxZY\[^�\Ým]`~�]�f cdYGý�e|à pip�áÁâ à g ï áÁâ Y=obrXYlÙÞYme�t}oirAþÉ~dYßxd[sY\t}Y\adcdY\�³oir
fbazf�]`e`Úmfb[�r^wbo.r^~dx2Ym[�üz�me`fbe`r ã

ô$~zfba�cdoär^Y�t}[}fUtufÛcdY�r^~�xZY\[sÙÞ�`�\e`Y¯cdYCý�e í Ý�k�åb]ne`cdo�[^Ymrsr}fb]�tufb[?þÉ~dYÅfb]nói~dadr�Ù´f�t^oi[^Y\r í �moi�.oAoX_badói~�]`o
cdY"÷\Wd~����°]ne`adóz÷ÿe`a��d~dYmad�\e�fb� xzfb[}f�þÉ~dYOrsY³obW�t}Y\adØzf�~d�Of�r^~�xZY\[sÙÞ�`�\e`YMcdY.�³Y\adoi[ßYma�Ym[^óbe�f í x2oie`r í
þÉ~zfba�cdo�Ymr�t}Y._badói~�]`o³ÙÞob[^�³fbcdo&x2Ym]noir$cd�n�³Y\[^oir
cdY.ý�e;cdf�õd]nt^e`�³f³�.oiado°��fb�³fbczf.r}wbo�fb]�t}Y\[^azfbc�oir
rsoiWd[^Y
fßr^~dx2Ym[�ÙÞ�`�menYäo��\oi[^[sYX~��Ofß[^Y\cd~dv�w�oRcdY
fbxd[so±ï�en�Ofbcdfb�³Y\ayt}Y p�í p�á Y � adfGYma�Ym[^óbe�fScdoRrse`r�t}Ym�³f
x2oi[�c��`�.Ym[^o í oi~�rsY�ø^f í xzf�[}f&~d�³fOr^~�xZY\[sÙÞ�`�\e`Y�à 5 ï �yâ �\oi� rsYme`r�cd�`�.Ym[soir$f&[sYmcd~dvmwbo�czf&Yma�Ym[^óbe�f&Ý
Y\�ÿt}ob[^ado�cdY p�í pds Y �Rã ò�rSx�[^oixd[se`Y\czfbcdY\rSYm]`Ylt}[sùiade`�mfbr
t}fb��W2Ým�ÿr}wbo�f�ÙÞYltufbcdfbrS�moi� fOÙÞoi[^�³fbvmwbo
cdoO_badói~�]`o.cdY&÷lWd~d���É]`enadóQ÷ í ~d�³fMkbYmÚ�þÉ~dYRf³rs~dxZY\[sÙÞ�n�me`YßrsYm� oOcdYlk�encdo&_�adói~d]no³Ý=�moia�cd~�t}ob[}f ã8£ å
�\oi�öf ÙÞoi[^�³fbvmwbo�cdo³_badói~�]`o cdY³÷\Wd~����°]ne`adóz÷ azwboMØzå oi[sWdent}fbe`r�]`enk°[sYmrAoMþÉ~dYGcdå.f �mfb[}fb�lt}Y\[^�`r�t}en��f
cdYRr^Ym�.e`�\oiadcd~�t}oi[^f¡�Or^~dx2Ym[�ÙÞ�`�\e`Y í þ°~�Y ÝMfOxd[^obxd[^enYmczfbc�Y��Of�e`r�~�t}e`]ne`Úmfbczf³c�o�ý�e í xd[^enad�menxzfb]`�.Ymayt^Y
Y\� cdenr^x2oir^e�t}enkboirAYm]nY\t^[^ùiaden�moir ã �¦ob[^Ým� ÝGf��moiadrsYm]nØzå�kiYm]�cdfb[A~d�³f.f±øs~dczf e`aden�me`fb]Zxdfb[}fMf�ÙÞoi[^�³fbvmwbo
cdo:÷\Wd~����°]ne`adóz÷ í c�Y�ÙÞoi[s�Of�fð[^Y\cd~dÚ\e`[.o��\~drst^o'�\oi�³x�~�tufb�\e`oiadfb]Ûcdo���åb]n�m~d]no ã �¦o°cdYm�.oir.Ymaytuw�o í
cdYlt}Y\[^�.e`azfb[Mf��moia�üzói~d[^fbv�wbo�cdY��³Y\adoi[MYmadY\[^óie`f�cdfDr^~�xZY\[^�mÝ\]`~d]`f'ý°e|à pbp�áÁâ à 5 ï �yâlí j;enói~d[}f áÁg°í Y
Y\rst}~�czfb[Xfb]`ób~d�Of�rÛxd[^obxd[^enYmczfbc�YmräYm]nY\t}[sùiaden��fbrÛc�Ymr^r^f³rs~dxZY\[^�\Ým]`~�]�f ã

3 4

j;enói~d[^f áÁg �¯ý�~dx2Ym[^�\Ým]n~d]�f ý°e|à pbp�áÁâ à 5 ï �yâ �moi� s �³obado��mfb�³fbczfbr�cdY=ý�eZY$~d�³fR�.oiado°��fb�³fbczfße`a�ÙÞY-�[se`oi[Ûc�Y ;=ã � rAcd�`�.Ym[soirAcdYGý�e�r^~�xZY\[süz�\e�fbenrAxZoirsr^~dY\� e`ad�\]`enazfbv�w�o fb]nt^Ym[sazfbczf ã



	/Ú
� oia�rst}[s~de`�.oirGo�ói[}åUüz�moirGcdY&Y\rst}[s~�t}~�[}f�cdY³Wzfbadczf�r�Y&o�q � ý àÞcdYmadrse`czf�cdYOcdYOYmrst}fbcdoir â czf

rs~dxZY\[^�\Ým]`~�]�f³ý�e|à pip�áÁâ à 5 ï �yâ �mob� fbxd[^o�ï�e`�³fbv���Y\r�ñ?qAò à´j;e`ói~�[}f á/�yâ Y�ô=ôSòöà´j;e`ói~�[}f ár5Éâ xzfb[^f.o
t^Ym[^�.o cdYSt}[so��mf Y=�\oi[^[sYm]`fbv�wbo ã
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j;enói~d[^f ár� � � r�t}[s~�t}~d[^f�cdYCWzfbadczfXYÛq � ýGcdf
r^~�xZY\[^�mÝ\]`~d]`f$ý�e à pip�áÁâ à 5 ï �yâ �moi� fbxd[so�ï�en�Of�v�wboXñ?qAò íoia�cdY � j�ÝßoMad�nkbYm]�cdY=jzYm[s�³e ã

� ób[}å�üz�\oHcdfHYmr�t}[s~�t}~d[^fHcdY�Wzfba�czf��\oi�.o�ø^å�ÙÞoieS�.Ymadrse`oiadfbcdoHfbayt}Ym[se`oi[s�³Y\ayt}Y í cdY\üza�Y'f
]`fb[^ói~�[}fRcdo"÷\óyf�x?÷ cdoM�³f�t}Y\[^e`fb]­Y\�öYmr�t}~dcdo í þ°~�YGadY\r^rsYG�mfbr^o.Ýßf.rs~dx2Ym[sÙÞ�n�menY$cdYGý�e ã<� ayt}Y\adcdY-�|r^Y
x2oi[S÷lóyfbx?÷ fRY\adYm[sóie�f�a�Ym�mY\r^r^åb[^e`f�xzfb[}fG]`Y\k�fb[C~d� Y\]`Ýlt}[^oba&czf�Wzfba�czfRcdY$k�fb]n�mad�\e�fGxdfb[}f fRWdfbadczf
cdYR�moiadc�~dv�wbo í oi~�Ym� oi~�t^[}fbr$xdfb]�f�k°[}fbr�ÝMfOþÉ~zfbayt}enczfbcdY cdYRYmadY\[^óie`f&þ°~�Y cdY\kbYm�.oir$ÙÞoi[^a�Ym�mY\[ßfbo
�³f�t}Y\[^e`fb]zr^Y\�³en�moiadc�~�t}oi[ í xdfb[}fRþÉ~dY�o��³Y\r^�.oRxzf�r^r^Yßf=�moia�cd~dÚmen[Û�mob[^[^Y\ayt}Y$Y\]`Ý\t^[^en��f ã ò8Wzfba�czf�cdY
k�fb]n�mad�\e�fSÝAÙÞoi[^�³fbczfSx2oi[�ad�nkbYme`r�cdYXYma�Ym[^óbe�fScdY\k°encdoRf�oirCY\]`Ýlt}[^obadr�czf=�mfb�³fbczfßcdYAkbf�]`�ma��me�fSþÉ~dYXr^Y
Y\ad�moiayt^[}fb��þÉ~zfbrsYm]`e�k°[^Ymr ã<� rstuf=Wzfbadcdf=t}Y\��YmadY\[^óie`fbrC�.Yma�oi[^Y\rCþÉ~dY�fGWzfba�czfGcdYX�mobadcd~dvmwbo í obadcdY
o°�moi[s[^YMo�t}[}f�adr^x2oi[st^Y³c�oirßYm]`Ýlt}[soiadr ã òÜWdfbadczf�cdY³�\oiadcd~�v�wbo í ~d�³f�kbYmÚ³o��\~dxzfbczf�x2oi[ßYm]`Ýlt}[soiadr
�.û±kiYmenr í xZY\[^�.ent}YGþÉ~dY r^Y\~��³o±k°e`�.Ymayt}oO[^Ymrs~d]nt^Y�aÉ~d�³fOcde`[sYmvmwbo&xzfb[�t}en�m~d]`fb[
þÉ~dY �\oi[^[sYmrsxZoia�cdYMfbo
�z~°ï�oMcdYSY\]`Ylt}[^en�menczfbcdY�f�t}[^f±kbÝmräcdo rsûi]`encdo í þ°~�Y=a�o adoir^rsoM��fbrso.Ýßf�rs~dx2Ym[sÙÞ�n�menY$cdY=ý�e ã � q � ý&ÝSf
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j;enói~d[^f ár5 � � r�t}[s~�t}~d[^f�c�Y�Wzfbadczf�Yðq � ý�czf�r^~�xZY\[^�mÝ\]`~d]`f�ý�e|à pip�áÁâ à 5 ï �yâ �moi� fbxd[^o�ï�e`�³fbvmwbo
ô=ôßò í oia�cdY � j�ÝßoMad�nkbYm]�cdY=jzYm[s�³e ã
�.Ymcdenczf cdoOa4õd�.Ym[soOcdYGYmr�tufbcdobr�cdenr^x2oiad�nkbYm]?�mob� cdY\t^Ym[^�.e`adfbcdoiräk�fb]`oi[sYmräcdY=YmadY\[^óie`f³Y=o�÷\óifbx?÷
rsYmxzfb[^f.o|õd]�t}e`�.o Ymr�tufbc�o³o°�m~dxdfbcdoOcdf.Wzf�adczfMcdY=k�fb]n�mad�\e�f cdo.xd[^en�³Y\e`[so Ymrst}fbcdo.cdYmrso��\~dxzfbc�oOczf
Wzf�adczf cdYß�moia�cd~dv�w�o ã

� W�t^Ym�.oirßoir&÷lóyfbxdr�÷ cde`[sYm�menoiazfbenrSczf�r^~dx2Ym[�ÙÞ�`�menYMcdY³ý�e í �m~Uøsobrßk�fb]noi[^Y\rßYmrst}wbo"adf�î¦fbW2Ym]�f 5
cdYGfb�\oi[^cdo³�moi� f�r�j;enói~d[^fbr á/� Y ár5dã2� r�t}Ymr�czfbcdoirXr}w�oOcdY=ói[}f�adcdY=e`�.xZoi[�tu_ba��me�f�xdfb[}fMkiYm[senüz�mfb[
rsYGo°�moi[s[^Y=fb]nói~d�³f���~dczfba�v�fMado�÷\óifbx?÷ í c�Y\k°e`cdoOf³f�cdr^oi[sv�wbo.czfM�³ob]`Ým�\~d]�f cdYßWde�ÙÞYmaden]�YßoiadcdY=oir
Y\rstuf�cdoiräczfM�³oi]nÝm�\~d]�fRrsY=fbói[^~�xzfb� fbobrAYmrst}fbcdoirXczf r^~�xZY\[sÙÞ�`�\e`Y ã

���3��þ��K� ým������þ $<���çÿ��#� � �Ý�(�G4 ���(���<ÿ3�(����ÿ3þ#H!ÿK� ��������þmÿ��'����
�ÿ��
Γ → J Γ → J

′� 	�� v�� öVØ � ; v�� 	/Ø � ;$%$&� v�� ö�, � ; v�� 	+> � ;
î¦fbW2Ym]`f 5 �Åô=fbx�cden[^Y\�me`obazfb]­cdf.rs~dxZY\[sÙÞ�n�me`YSc�YRý°e í �³fbx2Y�fbcdo aÉ~d�³f r^~dx2Ym[s�mÝ\]`~d]`f³ý°e|à pbp�áÁâ à 5 ï �yâlã
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�¦fb[}f�kiY\[^e�üz��fb[XfMfbcdrsoi[^vmwboMczfM�³oi]nÝm�\~d]�fRc�YSWdenÙÞY\ade`]�rsoiWd[sYGf rs~dxZY\[^�\Ým]`~�]�fMý�e à pip�á±â à 5 ï �iâlí c�Yl�
t^Ym[^�.e`adfb�³obrAfbrXóiYmoi�.Y\t^[^e`fbrAe`aden�me`fbe`rÛcdfbr
c�~zfbrX�moia�üdói~d[}f�v��°Ymr
f�t}ÝßYmayt}wboOrs~dóiYm[se`czf�r�àQ�Ûf.Y���W â-ã
� �.Ý\t^o�cdoG~�t}en]`enÚ�fbcdo=Ý�oR�³Y\r^�.oRczfRrs~dx2Ym[sÙÞ�n�menY í oi~&r^Y|ø^f í oR�³Ýlt}o°cdoRcdY
r^~dx2Ym[s�mÝ\]`~d]`fRado±k�fb�³Y\ayt}Y
enadr^Y\[^e`a�cdo�~d�Of�[^Y\óie�w�o�cdY.k�åb�\~do�cdY á�p©� f��me`�³f�czf��³oi]nÝm�\~d]�f&]ne`óyfbcdf¡��rs~dxZY\[sÙÞ�n�me`Y ã {|a�e`�me`fb]��
�.Ymayt}Y í �mobadr^encdYm[^fbadcdoMf�cdenrst}_bad�me`f�czf��.oi]`Ý\�m~d]`f
��r^~�xZY\[sÙÞ�`�\e`Y$Wdfbr^Ymfbczf azf�cdenrstu_�ad�me`f�cdYS]`enóyfbv�w�o
ý�e � � cdo.÷\W�~d]��Z÷�cdYA��fb[sWZYlt}oßcdYArse`]`�n�meno í c�YÛÙÞoi[^�³f�þÉ~dYXf$�³ob]`Ým�\~d]�fX]`enóyf
t}o�tufb]n�³Y\aÉt^Y:�Sr^~�xZY\[sÙÞ�`�\e`Y ã
�¼oi[^Ý\� í fbx2ûir�fß�moiaykiY\[^ói�\ad�me`fGcdo=r^enrst^Ym�³fß~���cdoirCfbadÝ\e`r¯ÙÞYmadenr¯czfß�³oi]nÝm�\~d]�f$rsY�f�Ù´f�rstufSczfßr^~�xZY\[��
ÙÞ�n�me`Y í üz��f�adcdoRrsoi�.Ymayt}YX~d��cdY\]`YmrC]`enóyfbcdoßfßYmr�tuf í �moi�.oßxd[^oix2oir�t}oRa�oirÅt^[}fbWdfb]`ØdobrÅY-ï�xZY\[^e`�.Ymayt}fbe`r ã
�¼o�cdY\�³obrÛYmaytuw�o í oiWdrsYm[�kbf�[A�moi�.oRüz�mfb�öfbr�cd~zfbrArs~dxZobrstuf�rA�moia�üdói~d[}f�v��°Ymräfbx2ûirAf��\oiaykiYm[sói�ma��me�f
cdo rse`r�t}Ym�³f í �Ûf�azf j;enói~d[}f á.
 YÍ��W�azf j;enói~d[^f á/s�í cdYmr�tufb�mfbadcdoMadY\r^r}f�räüdói~d[}f�räfb]`ói~�adrÛå�t^oi�.oir
xzf�[}f ~d�³f.f�azåb]`enr^YS�³fbe`r�cdY\t}fb]`Øzf�czf �moi� f�xd[^o�ï�e`�³fbv�w�oMñ¼qAò í î¦fbW2Ym]`f 
 Y=fbxd[so±ï�en�Ofbvmwbo.ô=ôßò í
î¦fbW2Ym]�f s�ã
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j;enói~d[^f á.
 � � oia�üzób~d[}fbvmwbo	�Ûf í oiadcdY$fR�³ob]`Ým�\~d]�fßcdY$W�enÙÞYma�e`]2xZY\[^�³fbadYm�\Y
ü�ï�f�rsoiWd[^Y$f�r^~dx2Ym[�ÙÞ�`�menYcdYGý�e í cdY\rstuf���fbadc�oOfb]nói~dadräåUt}oi�.oirÛxzf�[}f kiYm[senüz�mfb[AcdYlt}Ym[s�³enazfbczf�rAcde`r�tu_bad�\e�fbrAenayt}Ym[^f�t}ùb�³en��fbr ã
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j;enói~d[^f á/s � � oia�üzói~d[^fbv�wbo���W í oia�cdY f&�.oi]`Ý\�m~d]`f.cdYRWdenÙÞY\ade`]¼oir^�\e`]`f³r^obWd[^Y f³r^~dx2Ym[�ÙÞ�`�menYRcdY.ý°e��t^Ym�.xZY\[}f�t^~d[}f.fb��WdenYmayt}Y í cdYmr�tufb�mfbadcdo�f�]`ói~da�r�å�t^oi�.oiräxzfb[}fMkiY\[^enüd��fb[XcdY\t^Ym[s�³enazfbczfbrXcdenrstu_�ad�me`fbrenaÉt^Ym[^f�t}ùi�.e`�mfbr ã
òAcdrsoi[sk°enczfGfS�.oi]`Ý\�m~d]`f�cdYäWde�ÙÞYmaden]�r^obWd[^Y
fSr^~dx2Ym[�ÙÞ�`�menYAcdY
ý�e í x2o°cdYm�.oirNcdYlt}Y\[^�.e`azfb[¯þÉ~zf�]zczfbr

�\oia�üzói~�[}fbv���Y\r�àQ�ÛfßY���W â Ýä�³fbe`r¯Y\rst}å±kbYm];à´x2oir^rs~deQ�³Y\adoi[¯Y\adYm[sóie�fßcdYAÙÞoi[^�³fbvmwbo âlí kbYm[senüz�mfbadcdo=r^Y
f�xd[soix2oirst}f�Ylï�xZY\[^en�³Y\aÉt}fb]�Y\rstuå �\o�Y\[^Ymayt^YS�moi�3oirA��åb]n�m~d]noirSæyç è¸ézè¸ê©èìëUã ò
]`Ým�Ücdo �³fbe`r í x2o�c�Ym�.oir
Y-ïdf��³enazfb[?�moi�.oXoir;Y\rstuf�cdoir;cdf��³ob]`Ým�\~d]�fArsYÛfbói[s~dxzfb� f�oir;Y\rstuf�cdoir;cdf
r^~�xZY\[sÙÞ�`�\e`Y í e`a=�z~dYma��me�f�adcdo
oi~�azwbo�ado�tufb�³fbadØ�o�c�o"óyfbx ã �¼o�cdY\�³obr=t}fb��W2Ým� í Ù´fbÚmY\[Goirßói[^å�üz�\oirGc�Y³cdY\adr^enczfbcdY.cdY.��fb[sóyf
fbo�]`obadóio�cdoir�xd]�f�adoir�cdY�]`e`óifbv�wbo�cdf��.oi]`Ý\�m~d]`f��moi� f�r^~dx2Ym[�ÙÞ�`�\e`Y í xzfb[}f�cdYlt}Ym[s�³enazfb[�r^Y�Øzå
t^[}fbadr�ÙÞYm[s�mad�\e�f cdYß��fb[sóyfMfboM]`oia�óio czfM]`e`óifbv�wboRWdenÙÞY\ade`] �|r^~�xZY\[sÙÞ�`�\e`Y ã
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cdY³e`aykiY\rst^e`óyfb[=þÉ~zfb]Cf�ena��z~d�\ad�me`f�czf"�.oi]nÝm�m~�]�f�cdYOW�enÙÞYma�e`]�ado�÷lóyfbx?÷Õczf�rs~dxZY\[sÙÞ�n�me`Y í ~d�³f�kbYmÚ
þÉ~dYSY\rstuf��³oir�e`ayt}Y\[^Ymrsr}fbc�oiräYm�3kbYm[senüz�mfb[Ar^Yßf�rs~dxZY\[sÙÞ�n�me`Y��moiadc�~dÚßoi~�azwbo �\oi[^[sYmayt}YßYm]nÝ\t^[^e`�mfR�mob�
f��³ob]`Ým�\~d]�f�fbc�r^oi[�k�enczf�Y\�ÕcdY\t^Ym[^�.e`adfbczfbrß�moba�üzói~d[^fbv��°Ymr ã j;e`Ú\Ym�.oirßYmaytuwbo�oirRób[}å�üz�\oir=�moi�Õf
�.oi]`Ý\�m~d]`f�f�Ù´fbr�tufbcdfðcdfðrs~dx2Ym[sÙÞ�n�menY�fð~��Of�cdenrstu_�ad�me`f�cdY 5K�Gí xzfb[^f�oiWdr^Y\[sk�fb[M�mob�³oðoir ad��kiY\e`r
cdY Y\rst}fbcdoirSY\]`Y\t^[^ùia�e`�mobr$czf��³ob]`Ým�\~d]�f.e`ayt}Y\[}fbóbYm� �\oi� obrSad�nkbYme`r�Ym]`Ylt}[sùiade`�\oir$czf�rs~dxZY\[sÙÞ�n�me`Y í azf
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j;enói~d[^f gbp ���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~�[}fbvmwbo-��f ã
j;enói~d[^f á/y t}Y\�³oirßf�Ymr�t}[s~�t}~d[^f�c�Y.Wdfbadczf�Y.f�cdYmadrse`czf�cdYMcdYMYmrst}fbcdoir³à´q � ý â czf��moia�üdói~d[}f�v�wbo
�Ûf.�moi� f.�³oi]nÝm�\~d]�fMf�Ù´fbr�tufbcdf í x2oir�t}Ym[se`oi[s�³Y\ayt}Y=azfOj;enói~d[^f gbp t}Y\�³oirXoir
�³Y\r^�.oir
ób[}å�üz�\oir í azf
�.Ymrs�Of��moia�üdói~d[}f�v�wbo��\oi� fD�³oi]nÝm�\~d]�f�fbcdrsoi[sk°e`cdf ã �¦o°cdY\�³oirOoiWdr^Y\[sk�fb[&þÉ~dY"oir&Ymr�tufbc�oir&czf
�.oi]`Ý\�m~d]`f.adwbo&Ymayt^[}fb� azf&[sYmóie`wbo³c�oð÷\óyfbx�÷3czfOrs~dxZY\[sÙÞ�n�me`YGYRx2oi[st}fbayt}o&adwbo&o°�moi[s[^Y�f�]nt}Y\[}fbv���Y\r
rse`óiade�üz��fUt}enk�fbräado³kbf�]`oi[Xcdo��.Ymr^�.o ã � r
Ymr�tufbcdobrScdY��³fbe`rXWzfbe ïdf.YmadY\[^óie`fOczfO�.oi]nÝm�m~�]�fMYmayt}[^fb�
adoO�³Y\e`oOcdf&Wzfbadczf³cdY�k�fb]`�\ad�me`f³czfOrs~dx2Ym[sÙÞ�n�menY í ø^å³oir$Ymr�tufbc�oirSYlï��me�tufbc�oir$czfO�.oi]nÝm�m~�]�fMYmayt}[^fb�
adoß�.Ymeno$czfßWzfbadczfScdYA�\oiadcd~�v�wbo í fbenadczfSfbrsr^en� í oiW�r^Ym[�k�fU�|rsYXþÉ~dYäazw�o=Ødåßa�YmadØÉ~d��cdY\r^]no��mfb�³Y\ayt}o
rse`óiade�üz��fUt}enkboAcdYmrsr^Y\rNYmr�tufbcdobr¦xzf�[}fXfX[sYmóie`wboäcdo ÷\óifbx?÷�czfXr^~dx2Ym[�ÙÞ�`�\e`Y��moi� fX�.oi]`Ý\�m~d]`fAfbcdrsoi[sk°e`cdf í
o þÉ~dYSx2o�c�Y$r^Y\[AoiWdr^Y\[sk�fbcdoM�\oi�³xdfb[}fba�cdo�oirÛób[}å�üz�\oirA�.Ymad�\e`oiazf�cdoir��\oi� obrÛczf�r^~�xZY\[sÙÞ�`�\e`Y$x�~d[}f
azf.j;enói~d[}f ár5dí x2Ym[s�mY\WZY-�|r^YRþ°~�YRf.]�fb[sói~d[}f cdo�÷\óyfbx�÷�x2Ym[s�Of�adYm�\YGxd[^f�t}en��fb�.Ymayt^Y=enazfb]�t}Ym[^fbcdoMazf
cden[^Y\v�wbo

Γ J
Ym� t^oi[^ado�c�Y p�ã�5�s Y � YMrsobÙÞ[^Y ~d�³f&x2YmþÉ~dYmadf�[sYmcd~dvmwbo�cdY p�ã p�
 Y � azf�cde`[sYmv�w�o

Γ

J ′ í xzfbrsr}fbadc�o�c�Y p�ã¿
bh Y � xzfb[}f p�ã¿
ig Y �Rí Ymrsr}fðxZY\þÉ~dYmazf�[sYmcd~dvmwboðazwboð[^Y\xd[^Y\r^Y\aÉt}fDf�]nt}Y\[}fbv���Y\r



,/Ø
rse`óiade�üz��fUt}enk�f azfbr
xd[^obxd[^enYmczfbc�Ymr�Y\]`Ylt}[^ùbade`�mfbr
cdfOr^~dx2Ym[�ÙÞ�`�\e`Y ã jQfbÚ\Ymadcdo&f³�.Ymr^�³fOf�azåb]`enr^Yßxzfb[^fOf
�\oia�üzói~�[}fbvmwbo¡��W í t}Ym�.oirSf³�³oi]nÝm�\~d]�f³f�Ù´fbrst}fbczfOcdfOr^~dx2Ym[�ÙÞ�`�\e`YRx2oi[$~��OfOc�e`rst}_bad�\e�f³c�Y 5¡� azf
j;enói~d[^f g�á Y�f��³oi]nÝm�\~d]�f�f�cdr^oi[�k°e`czf�azfðj;enói~d[}f gbg�í oiadcdY�oir [sYmr^~�]ntuf�cdoirMr^Y�[^Y\xZYlt}Y\� ã�� rsr^Ymr
[sYmr^~�]ntuf�cdoir�enadcden��fb� þÉ~dY�a�YmadØÉ~d�³f&czfbr
�moia�üdói~d[}f�v��°Ymr$�.Ymad�\e`oiadfbczfbrXt}[}f�adrsÙÞoi[s�Of³f³rs~dxZY\[süz�\e`Y
rsYm�.e`�mobadcd~�t^oi[}f�cdY�r^e`]n�`�\e`o�Ym� �\oiadcd~�t}oi[^fH�mob�³o�xd[^obxd~dadØzf�� fbr�[sY\ÙÞY\[^�ma��me�f�r"Ylï�x2Ym[se`�.Ymaytufbenr
� h�í<yV�©í �\~Uø^fðe`ayt}Y\adv�wbo�Ý�r^~dóiY\[^en[Mf�x2oir^rs�nkbYm]ä~�t}en]`enÚ�fbvmwbo��moi�.oð~d�³fðadfbadoi�³åbþÉ~de`adfðc�Y�W�enÙÞYma�e`] í
�mfbxzfbÚ
cdY��.oiade�t}oi[^fb[�fGxzf�r^r}f�óiYm��cdY
xd~d]`rsoir�Y\]`Ýlt}[^en�moirCf�t^[}f�kiÝ\rÛczfGrs~dx2Ym[sÙÞ�n�menY
cdY$ý�e í x2Ym[^�.ent^e`adc�o
f �mobadrst^[^~dvmwbo³c�Y=enayt}Ym[s~dx�t^oi[^Y\r í �m]no����Ér í [^obt^oi[ í �\e`[s�m~de�t}o ]`ûbóie`�\o Y\t}� í Ym�öY\r^�mfb]�fMf�t^ùi�³en��f ã
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j;enói~d[^f g�á �$��fbadczf Yßq � ý&czf��.oi]`Ý\�m~d]`fRcdYSWde�ÙÞYmaden]­f ~d�³f�cde`r�tu_ba��me�fGcdY 5	� cdfMrs~dx2Ym[sÙÞ�n�menY$cdY
rse`]`�n�meno ý�e à pip�á±â à 5 ï �iâ azf �moia�üzói~d[^fbv�wbo���W ã

ï xd]�f�~dr^��kiYm]¦Y�W2Ym�ÿkbYm[sczfbcdY í þ°~�Y ��åb]n�m~d]noir�~dr^fbadcdo�q�j;î5Y\rst}wbo�xd[^û�ï�e`�.oir�fbo&Ymr�tufbc�o�ÙÞ~�a��
czf��³Y\aÉt}fb]äY"þÉ~dY�YlÙÞYme�t}oir.cdY"t^Ym�.xZY\[}f�t^~d[}f�r}wboDYmr^rsYmad�\e�fbenr&xzfb[^fD�mfb[}fb�lt}Y\[^e`Úmfb[.~d� �³f�t^Ym[^e`fb]2�
t^Ym�.xZY\[}f�t^~d[}f�fb�RWde`Y\aÉt^Y ãj� ayt}[sY\t}fbayt}o í YmrsxZY\[}fU� r^YMþÉ~dY.f�ena��z~d�\ad�me`f�cdY�t}Y\�³x2Ym[^f�t}~d[^f�azwbo�cdY\k�f
rsYm[O�R~dent^o�c�enÙÞYm[sYmayt}Y�xzfb[^f'fbr.�moia�üzói~d[^fbv��°Ymr-�ÛfDY+��W í oi~Hr^Y|ø^f í r^Y"fD�\oia�üzói~�[}fbvmwbo �Ûf�azwbo
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j;enói~d[^f gig ���Ûfbadczf�Y$q � ý�cdf��³oi]nÝm�\~d]�f=cdY$Wde�ÙÞYmaden]Z]ne`óyfbcdf���rs~dxZY\[sÙÞ�n�me`Y�cdY$r^en]`�n�me`oRý�e à pip�á±â à 5 ï �iâazf �\oia�üzói~�[}fbvmwbo-�CW ã
�\oiadcd~dÚ\e`[X�moi[s[^Y\aÉt^YRY\]`Ý\t^[^en��f|�Mt^Ym�.xZY\[}f�t^~d[}f³fb��WdenYmayt}Y í �\oi�.o³xd[soixd~da�Øzfb� oirXYlï�xZY\[^en�³Y\aÉt}fbe`rXf
��W�tufb�RWZÝ\� azwbo�cdY\kbYm[^e`f��\oiadcd~dÚ\e`[=�moi[s[^Y\aÉt^YOY\]`Ý\t^[^en��f�cdY&f��moi[scdo��\oi� oirG��åb]n�m~d]noirßf�t}Ý³fbóiob[}f
[sY�fb]ne`Ú�f�cdoir ã ý°e`��~d]`fb�.oirSYmaytuw�o í fbrGe`�³fbóiYma�rRý°îX� czfbrR�\oia�üzób~d[}fbv���Y\r��Ûf�Y���W¶à´j;e`ób~d[}f g,�yâ-í
xzf�[}f&oiWdrsYm[�kbf�[=rsY Ymr�tufbrß�mobe`ad�\e`cdY\� �mob� fbrSY-ï�x2Ym[se`�.Ymaytuf�e`r í x2oienr í o�Wd[se`]`Ø�o&��fb[^fb�\t^Ym[se`rst^e`�\o�czfbr
en�OfbóbYmadrSY-ï�x2Ym[se`�.Ymaytuf�e`rSx2o�cdY.]`Ylk�fb[ßf��\oiad�\]`~dr%��Y\rGen�³xd[sYm�\e`r}f�rScdo�þÉ~dY.kiY\adØzf"f�r^Y\[Rf�rG�mfb[}fb�-�
t^Ym[^�nrst^e`��f�rA[^Y�f�e`rAcdoM�³f�t}Y\[^e�f�] ã

� WdrsYm[sk�fb�.oirCxZY\]�fbrÅe`�³fbóiY\adrCþÉ~dY$fG�.oi]`Ý\�m~d]`f=cdY
WdenÙÞY\ade`]QcdY
~d�³fGr^~�xZY\[^�mÝ\]`~d]`f ý�e à pip�á±â à 5 ï �iâ
enaÉt^Ym[^fbóiY¯�mob� fA�³oi]nÝm�\~d]�fÛczfA�\Ým]`~�]�fÛk°e`ÚmenadØzfÛ�\[^e�f�adcdoä~d�³fAt^[^en]`ØzfÛcdY��.oi]`Ý\�m~d]`f�r^obWd[^YÅfär^~dx2Ym[�ÙÞ�`�menY
cdY&ý�e ã VX�Of�e`�³fbóiYm� �moi�ÕYmrsr}fbr �mfb[}f��\t}Y\[^enrst}en��fbr=adoirG]`Ylkbf�f�~d�³f�x�[^Ýl� �moia��m]`~�r}wbo�Y\�Õþ°~�Y�fbr
xd[soixd[se`YmcdfbcdYmrOYm]`Ylt}[sùiade`�mfbrOcdf'r^~dx2Ym[�ÙÞ�`�\e`Y"rsY�ø^fb� [^Ymfb]`�.Ymayt}Y��³o°cde�üz��fbcdfbr í xd[se`ad�\e`xzf�]`�.Ymayt}Y�fbo
]noiadóio.cdYmrsr}fOt^[^e`]nØzf cdY��.oi]`Ý\�m~d]`fbräcdYRW�enÙÞYma�e`] ã �¦oi[sÝm� í kiY\[^e�üz��fb�.oirXþÉ~dY fbr
�³oi]nÝm�\~d]�fbrAk°e`Ú\e`adØdfbr
azw�o"Ù´fbÚmY\�ÕadYmadØÉ~d� t}enxZo�cdYO]ne`óyfbvmwbo í ~d�úfbadYm]�ÙÞYma�e`]Åczf"�.oi]`Ý\�m~d]`f�cdYOWdenÙÞY\ade`]¯üz�mf�ü�ï�o�r^oiW�[^Y
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j;enói~d[^f g,� ��{|�³fbóiYma�r"ý°îX� czfbr��\oia�üzói~�[}fbv���Y\rO�Ûf�YK��W¡a°~��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
f�r^~�xZY\[sÙÞ�`�\e`Y�c�YOý°e¯YmadþÉ~zfbayt^o�o�oi~�t^[^o�fbadY\]�f�Ù´fbr�tuf�czf��³Y\r^�³f&YM�moiadrsYmþÉ~dY\aÉt^Ym�.Ymayt}YOf�Ù´fbr�tufU� r^Y
t}fb��W2Ým��cdoGxd[^en�³Y\e`[soGf�adYm]zü�ï�o�czf=�³ob]`Ým�\~d]�f$k°e`Ú\e`adØdf í cdY
ÙÞob[^�³f=þÉ~dY
azwbo=ØzåGadY\adØÉ~d�³fR]`enóyfbv�w�o
þÉ~d�n�³en��f�Ymayt}[sYOoir=�.Ymr^�.oir í o"þÉ~dY³Ylï�xd]ne`��f�o�Ù´fUt}o�cdYOazw�o��\[^e�f�[G~d� �mfbazfb]��\oiadcd~�t^oi[RrsoiWd[sYOf
rs~dxZY\[sÙÞ�n�me`Y í xzfb[^f adYmadØÉ~d�³fMczfbrä�moia�üzói~d[^fbv��°Ymr ã
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j;enói~d[^f gV5 � � oia�üzói~d[^fbv�wbo³îz��]¼czfOfbc�r^oi[sv�wbo.czf³�.oi]nÝm�m~�]�f cdYRW�enÙÞYma�e`]�xd[soixZobrstuf�rXt^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
�"f��Of�t}�É~d]`o±k
� 
d
.�ìí fbenadczf��\entufÛob~�t}[^fbr�cd~zfbr��\oia�üzób~d[}fbv���Y\r�t}Ymûb[^e`�mfbr�x2oir^rs�nkbYme`r�xdfb[}fAfäfbcdob[^v�w�o

czfM�.oi]`Ý\�m~d]`f�cdYGW�enÙÞYma�e`]�r^obWd[^YGf.rs~dx2Ym[sÙÞ�n�menY=c�Y�ý�e í oiadcdY=~d� fba�Ym]�ÙÞYmaden]�czfM�³oi]nÝm�\~d]�f�cdY=Wde�ÙÞYmaden]


