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�� ��WYX IMZ\[%]^ P _
`badcfe�gihfjlkmjTaFn5a�hojlpqarhoj�s2adtfkuhfa8vwyx adn5arhfj5tfgqhok�adzf{j|cfgqarj|n~}��fj5�fn~jlp�vj x k�adc�hfjTn w e�e w�� j��w kmz w��%� e�j%n�aB�dj%c��fn w vadk��og x�wu� gik � �fp w k0hfj�k w gqa���j|n x adkmcfa�hfj%�fn�c�v� � pijlau�o��a�hfj ��w kmz wS�M�d�
� �����o����� adc x ade��¡  w k x gqcohfaTh w e�j|zd�fcfh w pqj|g¢hfju£�j|¤ x a¥cFhfj x j|k�n5gqcfj�aTnDvadhf�fpiaSh w �dj|pqa � gih w hfjhfaTjlp�vj x kmadc�¦§jln©¨ª�fc¬«�¥w a5hoa�k w gqa®h w vadkm�fg x�w � �¯ ��� � �°�M� a¥c x a��
±�j x jlkmn�gicfj²a � adn � k�gin�j|c x auhfj³adcfh w hfj�hfj�sbkmadzdpqgij¡hfaujlp�vj x k�adc�´Vjlnµ¨ª�fc¬«�¥w ahfa¶k w giaJh w vadkm�fg x�w � �¸·ow �(jlcfhoay¹!emjº}��fj��fn w vadkm�fg x�w jle x�w¥� giadc³vw kmg w hoj|�dj w¥� adn5a�h w kS�fnc�v�fn5jlk�a³gic x jlgik�a�»�hfj � a¥n � kmgqn5jlc x a¥e\hoj2adcoh w)w a�pqa¥cfzda³hfjbem� w%� gqk � �fco¨ªj|kl{j|c � g wo� hfj x j|k�n5gqcfjade²k w gqade²h w e¼va¥k��fg x�w e � jlkmn�g x gqh w eb�l½ �¾ ��� � �°�®� a¥c x a��¡±�j x jlkmn�gicfj w jlcfj|k�zdg w hoa5j|p�vj x k�a¥cFc w vadkm�fg x�w hfjuk w giaT�l½ �
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¿À ÁÂÃ�Ä(Å�Æ³ÇÈfÉÊ ÄÌË Ê9Í Æ\ÎÐÏ|Ñ ÉÊ Ä;Ò
� � ± w e�jlz¥�fcfh w pqj|g¢hfj�£%j�¤ x adcºjuh w pijlg¢hoj�`ba¥�fpqadn�� �i���ÓÔ¥Õ+Öm× �� Ó�Ø � ¦ Ó�§ÙÚ adzda � ¦ ØÜÛ ��ÓÔyÕ+Ö�× �� �ÞÝuß�à Ó Ù¯ �%á-� adn � k�gqn5jlc x a®hfjuadcfh w hfjuhfj�sbk�a¥zdpqgij¼vj´ Ø â� ¦ Ø â�ã ������ Ó�ä Ô¥Õ+Ö�× ��å�ß�à Ó Ùæ � adcohfgm«�yw a �çw k w vadkm�fg x�w e¡jle x�w¥� gqadc²vw k�g w e§vj¯ Õ � Ø »è´ Ø » â ã ����é� Ó ä Ô¥Õ+Ö�× �lå ß�à Ó Ù Ú adzdaoê �|½ Ø » Ó�ëâ Ó����� Ó ä Ô¥Õ+Ö�× � Ù¾ � æ jlcfj|k�zdg w hfa�j|p�vj x k�a¥cºc��fn w vadk��og x�w hfjuk w gqa®�9vjì Ø �¯ � ¦ Ó � ��ÓÔyÕ+Ö�× �� Ø � ��Óí Õ+Ö�× �� Ù îadk x�w c x a�ade²c¢vï �dj|gqe³hfjujlcojlk�z¥g w e w aTh w h w e � a¥kì ½ Ø � ��Óí Õ+Ö�× ��l½ Ø � �¯ ëâ Ó Û ��ÓÔ¥Õ+Ö�× Ý Ó �» Ó Ù
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�� ��WYX IMZ\[%]^ P Q
ð n vwyx adn5a � adnñ�onñjlp�vj x kmadc x j|nñade³cèvï �¥jlgie²hfjujlcfj|k�zdg w gicfhfg ��w hfa¥e²c w �fzd�fk w

n=1

n=2
n=3

−13,6 eV

−54,4 eV .

−6,0 eV

��w � � � �°�®� a¥c x a��²ò�� w c x a¥e � kçva x adcfe x j|nñjle x j�vwyx adn5a�ó� �ô� ���o���®� adc x a�� · j�aõvwyx a¥n�aTjle x gö�djlk�cfa�jle x�w hfa5¨ª�fcfh w n5jlc x�w p � j|pqj � aÐhfj w �femadkm�¥jlk)�onñ¨yva x adchfj � � j|÷MóSø¥�fe x gi�ç}��fj ��ª� � � � �°�T� adc x a��³òM� w p�vj�a � a¥n � kmgqn5jlc x aThfj�adcfh w hfaT¨yva x adcFj|n�g x gihfa®c w5x k w coe�gm«�yw aT» Ø ¾�ù» Ø � ó
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��w � ð e w cfhfa w j�� � k�j|e�e w a ì ½ Ø � �B¾ ê�ü�ý Ó ä » Ó�� adnñ» Ø � ad� x jln5ade�)� Ô ê Ô Ø �B¾ ê�üuý Ó Ø¢þ ý Ø ¯ �ªÿ�� j��¶ad��e�j|�¼gqefva x a � a�� � j��è�
� �ô� · j w �fe�a¥km�dj|e�emj��fn ¨yva x adc � adn � � j|÷ � a�jlp�vj x kmadc x jlkmn�gic w kmg w�� a¥n�jlcfj|k�zdg w gizd� w p w ¹ � Ô � Ô �� � Ø ¹ ¾�� j|÷ �  îadkÐvjln �(� adn5a5c w aVt³vw cfj|cft��fn cèvï �¥jlp � adn j|e x�w jlcojlk�z¥g w a�¨yva x adcFc w a emjlkfvww �femadkm�Ðgqhoa �
�ª� � æ hfgi¨ªj|k�j|c¬«��w hfjujlcfj|k�zdg w jlc x kmj�ade²c¢vï �dj|gqe§vj� ì Ø ì � � ì ß Ø ��� Ô ê Ô Û �� � � Ý Ø � Ô ê Ô
	 í� Ø â �´

Ø¢þ ´ Ø � Ô ê � 	 � �� ß � � � ¾ 	 � ��� �� Ô ê Ô
	 í ä � � ¯ ê � 	 � � �� n
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�� ��WYX IMZ\[%]^ P �
æ ¨ª�fcî«�¥w a hojDadcfh w cfadkmn w pqg�� w h w hfa8jle x�w hfa8¨ª�ocfh w n5jlc x�w p5hojD�fn w �çw k x vï � �fp w cÐ�on � a�«� a}Ð� w hfk w hfa�gico�çcfg x a�vjuh w h wT� adk� ��� � Ø ������ ¯ ä�� e�gic � Õ � ä�� �~emj �� !�" � ê� �lw e�a � adc x kçvw kmgqa Ù� ��� � �°�³� adc x a��\±�j x j|k�n5gqcfj w jlcfj|k�zdg w ì h w��fw k x vï � �op w cfjleme�jbj|e x�w hfa�e w �Þj|cfhfay¹ e�j2}Ð�oj w ¨ª�fc¬«�¥w ahfjuadcfh w e wyx giem¨ w � w jl}�� w «�yw a5hfj ·�� tfk$#a¥hfgqcfz¥jlk �çw k w j|e�e w jlcojlk�z¥g wo�¯ ��� � �°��� adc x a��5±�j x jlk�n5gqcoj w�� kmad� w �ogqpqgih w hfjºhfjJ}��fj w9�çw k x vï � �fp w e�j&% w j|c � a¥c x k w h w jlc x kmj� Ø � j � Ø � ä Ô �¾ �����o���V� adc x ade�� ð x gipqg'�lj w kmjlp w «�¥w aVhfjTgqc � jlk x j(� w j�a�¨ w x arhfj®}��fj � �*) � �çw k w ad� x j|kM�fnpqgin�g x j�gqco¨ªj|k�gqa¥k �çw k w5w gic � j|k x j+� w cfa5n�adn5jlc x a �-, �
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¿À ÁÂÃ�Ä(Å�Æ³ÇÈfÉÊ ÄÌË Ê9Í Æ\ÎÐÏ|Ñ ÉÊ Ä/.
� � æ jl}�� w «�yw aVhoj ·Ð� tfk$#adhogqcfzdj|k �çw k w��� !�" � vj

� ëâ Ó¯ �10 Ó �0 � ÓrØ ì � Ù· �f�fe x g x �fgicfhfa 0 Ó �0 � ÓrØ �32 Õ�54 Ó76 ¯� e�gic 2 Õ ��84¼Ø �32 Õ�94 Ó � êad� x jln5ade ëâ Ó¯ � 2 Õ�94 Ó � Ø ì � Ù Ú adzda ì Ø ëâ Ó¯ � 2 Õ�94 Ó Ø â Óí � ��Ó Ù¯ � æ � k�a¥� w �fgipqgqh w hfjFvj: �é�� ;�< �2ä Ô � Ø =;> à ÿ× ? � ��� � ? Ó 0 � Ø ¯� =*> à ÿ× e�gqc Ó 2 Õ �� 4 0 � Ø ¯�A@ � ¯ � e�gic ¯ Õ � ä��Ô¥Õ ä�� B > à ÿ×Ø �Ô � �¯ Õ � �DC Ù¾ � ±�j w¥� a¥k�hfa � a¥n w kmjlp w «�¥w a®hoj�gic � j|k x j(� w hfj��djln5ade x j|k�E,F� �"G ëâ ¯ Ù îadk x�w c x a �-, G ëâ¯ � � G ëâ¯ � Ù
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�� ��WYX IMZ\[%]^ P G
��w � � � �°�®� a¥c x a��¡£%�on vwyx a¥n�a � cfjl� x k�a��bcoa�j|e x�w hfa5¨ª�ocfh w n5jlc x�w p w e ��w n w h w e²» Ø � j�» Ø ¯jle x�w a x a x�w pqn5jlc x j � k�jlj|c � tfgih w e � æ p�vj|n hfgqe x a � t²vw adg x aûjlp�vj x kmadcfeºc wû��w n w h w » Ø ¾ �±�j x jlk�n5gqcoj�a�c)v�on�j|k�a wyx {adn�g � aShojle x j¸vw x adn5a �� �ô� � � �°�S� adc x a��¡ò�� w gqe¡e w a®ade¡� w pqa¥k�jle � a¥e�elvï �dj|gqe²hfaTnDvadhf�fpia�hfaTn5adn�j|c x a w cozd�fp w kbadkm�fg x�w pÞje�� wT� kmaH%mj�«�yw a�emad�fkmj�aTj|gö��aJI �çw k w �fnñjlp�vj x k�adc�c��fn w em�f� ��w n w h w ¾ 0 ó�ª� � ���o���5� adc x a �)ò�� w gie)e w a§ade%� w piadk�j|e � ade�elvï �¥jlgqe%hfa§nDvadhf�fpiaVhfaVn�adn5jlc x a w cfz¥�fp w k³hfaVe � gicjue�� wT� k�aK%mj�«�¥w a5emad�fkmj�aTjlg ��aLI �çw k w �onñjlp�vj x kmadcôó
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¿À ÁÂÃ�Ä(Å�Æ³ÇÈfÉÊ ÄÌË Ê9Í Æ\ÎÐÏ|Ñ ÉÊ ÄON
��w ��± wSx�w �(jlp w » P �LQ �SR jlp�vj x k�adcfe� � � T � ä ¯ ¯¯ � � T � ä ¯ ¯� � � ê � ê � T � ä ¯ ü¾ � � T � ä ¯ ¯� � � ê � ê � T � ä ¯ ü�dj|n�ade³}��fjua5c�v�fn�j|k�a x a x�w p�hfjujlp�vj x kmadcfervj �Bí � `badn5a®aõvw x adn5a¸vjucfjl� x k�a � ý Ø ��í �
� �ô��  w k w �fnñjlp�vj x k�adcºc w®��w n w h w ¾ h � P Ø ¯Ø¢þ � Ø � P � P � � � ëâ ØVU ¾ ëâ? �LQ ? ) P Ø¢þ �XW Ø �LQ ëâ Ø � ¯ ëâ ê � ëâ ê � ê ëâ ê ¯ ëâ�ª� � á nDvadhf�opqa�hfaMn5adn5jlc x a w cfzd�fp w k¬hoj²e � gicZY=j¡em� wM� k�aH%mjÐ«�¥w a[Y W e�a¥�fk�j²aMj|gö��a9IMe w auh w h w e �k�j|e � j �|x gi� w n5jlc x j �ç� a¥k Y Ø � \ � \ � � � ëâ Ø U ¾¯ ëâY W Ø � W ëâ Ø T ëâ ¯] ÄF^�_¶Æ\Åa`Ê ^�bªÄvæ x a¥n�a®hfj�sba¥tfk c ì Ø � �B¾ ê�ü�ý Ó» Ó j|÷ Ùd j|adk�g w hoj�hoj�s2k�adzdpigqj c ´ Ø â ä , ê e Ø ì ä�f Ù 0kmgqc � vï � giaShfj5g!c � j|k x j(� w c �E,h� �iG ëâ ä ¯ ê � ì �kj G ëâ ä ¯ Ùl }�� w «�¥w a5hfj ·�� tfk�#adhfgqcozdjlk³gqcohfj � jlcfhojlc x j�hfa x jln � a c � ëâ Ó¯ �m0 Ó � ��� �0 � Ó �onS�p� � � ��� � Ø ì � ��� � Ùæ pqz¥�fcfe²c)v�fn5jlkmade²}��î{w c x g � ade c � Ø � P � P � � � ëâ ê �XW Ø �LQ ëâ êqY Ø � \ � \ � � � ëâ êrY W Ø � W ëâ Ùí


