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2 ù Â0üÚËj	
Ã*É*Ì�Ë�Æ*É*ÃÅÀcÜ�Í�ÈÊÍ"Ì¥Ï:í[ÏÚÐ0Ë�Ã*þÅÄdð-���j�÷À�ÂQÏ"Ë�Ü�Ø�ÍHÏ�Ì�Ã*Ë`Ï"Ñ*Í:	
þ*ÉÅÄ�ÎÅÉÅÏ"Ì Ä¥Ø�ÉYÔ�Ò Ý�� É÷ý Ý�ã@� ÂP�	ÍHÄ�ÃÅÏ�çôÃÊÄ�Û�ÎÊìQÈÊÍ"Ã*ÉÅ×
Ø�Ä�æHÍ"Æ*Ë¥ÜcÑ*ÆÅË�Ü�Ë�ÈÊí*Ì�Ï:í ÜñÏ�Æ*Í�ÈÊÃ*ÍHØâË�ÈÊÉ*Ã`ÆÅÄ�æîÜ Ø�Í�Ï:í*þ¬Â
Ô�Æ*Ë¥À"ÆÅÄ¥Ø�Ø�ÄYÏ"Ë�ÈÊÍ"Æ��zÉ*Ì ð »�¿cÉÅÏ�Ì�Ë�Ù*Ã*ÉÅÐ�Ë¥Ü ú Ï�Ü�í*æHÄ�Ã*Ã*çéè
ÏQË�Û�ÎÊÄ�Ï"ÌHíÅØ�ÉaÄ�ÐÅÌ�É*Ü�ÃÅË�À"Ë æ"Ü¥Í"æ�ÈÊË�Ë¥Û�ÆÅÄ�æ"Ë�Ü�Ä�Ã*É*í�Ü�ÃÅÄ�ÁÍH×
ý�Ä!ÎÄ�Ð*Ì�ÉÅÐ�Í«É~ÏéÀ�Ä�æ"Ë¥Ñ*çéÎÅÍ"Ü¥ç�Ø�ÉmË¥Û�Ë�ÎÅË�Ù*Ð�Ä¥Ø�ÉmÑ*ÍHÆ*ÍHØ�ÍHÃx	
Ã*çéèîæ"Ü�ÍHæ�ÈfÑ*Ë¥æ�ÈÊÃ*É*èîÏ�ÑÅÍ"Ð*Ì�ÆÊÄ!ÎÅå¥Ã*çéèïÐ�ÎÄ�Ï"Ï"Ë�Ü]ê�Ð*ÆÅÄ¥Ï�	
Ã*çéèyÀ"É*À�Ä�Ã*Ì�Ë¥ÜÅÂ ä Ä�Û�ÎÅìQÈÊÍHÃ*É�íyÃÅÄ÷Ò/Ó}	6»�»ñÑÅÆ*Ë�Ü¥Ë�ÈÅí*Ì�Ï:í
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Ð*É�èïæ"Ü�ÍHæ�ÈÚÏ�Ë�ÎÊÃ*Í"Ù*ÃÅË�À"Ë]Ì�É*ÑÊÄ*Â*ºvÜ¥ç«Û�Ë�ÆÅÍ�ÙÅÄ¥Ï�Ì�Ë¥Ì�çvÈÅÎÅí
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2 ù ÈÊË�Î���	
Ã*ç Û�ç«Ì�åzÉ*æ"Ü¥ÍHÏ�Ì�Ã*çgÈÊÆ*Õ0À"Ë¥×îþÅÉ*Ü�É�ÎÊÉ*æHÄ�þ*É*É¬Âº[Ë�Ï�Ë�Û¥Í"Ãx	
Ã*Ë�Ï�Ì�É ú ÍHÏ�ÎÅÉ"�zÉ*æHÃ*åïÉÊØ�Í"Í"ÌïÜ�Ë�ÈÊÃÅÕ�ìâË¥Ï�ÃÅË�Ü�Õ¥Â;�MÄ¥Ï�Ì�Ë¥Ì�ç
ÎÅÉ*ÃÅÉ*×ÚÜ�Ë�ÈÊçdÈÊË�Îl�aÃÅçgÛ¥ç«Ì�å]ÈÅÎ*ífº à�� Ø�Ä�ÀHÉ*Ù*ÍHÏ"Ð*ÉÅØ�É�  úÜ�çQÈÍ�ÎÅÍHÃ*Ã*ç�Ø�ÉcÉÅæ]Ü�Ï�Í"èïÈÆ*Õ0À"É�è�Â ä ÍaÏ�Ì�Ë¥É*ÌÇË¥Ì�Ü�ÍHÆ*À�Ä�Ì�å
Ü�Ë¥æHØ�Ë��zÃ*Ë�Ï�Ì�åÚÑ*Ë�Ï�çéÎÊÄ�Ì�åYÏ"É*À"ÃÊÄ!ÎÅç É`ÃÅÄcÙÊÄ�Ï�Ì�Ë�Ì�ÍÇÎÅÉx	
Ã*É*Éoþ*ÉÊÄ�ÃÅÄ�þ*Í"Ì�É*ÎÅÍ"ÃÅÄÅÂ¢¡	Ì!ÄzØ�Ë�ÎÅÍHÐ*Õ�ÎÊÄaÎÅÍ
�zÉ*ÌzÜzË¥Ï"Ã*Ë�Ü¥Í

þ*ÍHÑ*Ë�Ù*ÐÅÉ�è0ÉÊØ�É*Ù*ÍHÏ"Ð*É�è�Æ*ÍHÄ�Ð*þ*É*× ú Ü�Í�ÈÊÕ0ÖÁÉ�è ÐMË�Û¥ÆÅÄ�æHË�Ü¥Äj	
Ã*É*ìëÄ�Ø�É*ÃÅË�Ð*ÉÅÏ�ÎÅË�Ìaê Ë¥Ï�ÃÅË�Ü�ÃÅçéèïÏ�Ë�Ï�Ì!Ä�Ü�Î*í*ì�ÖmÉ�èïÛ¥Í�Î�	
Ð0Ë�Ü¥çéè Ø�Ë�ÎÊÍ"Ð*Õ�Î ú Ñ*Ëf£"Ì�Ë�Ø�ÕYÍHÍÇÙÅÄ¥Ï�Ì�Ë¥Ì�ç Ì!Ä�Ðx�]ÍÇØ�Ë�ÀHÕ�Ì
Û�ç«Ì�å>ÉÅÏ�ÑÅË�ÎÅå¥æ"Ë�Ü�Ä�Ã*ç ÈÅÎ*í~Ø�Í:�zæHÜ�Í"æ�ÈÊÃ*Ë¥×zÆÅÄ ÈÊÉÅË¥Ï�Ü�í*æ"É¬Â

Ô�Æ*ÉzÑ*Ë¥ÉÅÏ�Ð0Í�Ï�ÉÅÀ"ÃÅÄ�ÎÅË�ÜMÑ*ÆÅÉÅØ�Í"Ã�í�ÎÄ�Ï�å@mÌ!Ä�Ì�ÃÅÄ�í~Ä�Ñx	
ÑÅÄ�ÆÅÄ�Ì�Õ0ÆÅÄßÒ/Ó}	6»�»�ÈÅÎ*í]ÃÅÄ�Û�ÎÅìQÈÊÍHÃ*É*×]ÃÅÄ Ü�Ë�ÎÊÃÅÄ!è~ð¥Â ò�¿�ÏHØ
ÉÚû*Â »ÁØ�Ø ú ÑÅÄ�ÆÊÄ�Ø�Í"Ì�Æ*ç[Ð0Ë�Ì�Ë�Æ*Ë¥×ïÑ*ÆÅÉ*Ü�Í�ÈÊÍ"Ã*çgÜaÌ Ä�Û�Î ÂHð�Â
Ô�Æ*ÉÅØ�ÍHÃ�í�ÎÊÄ¥Ï�åcÏ"Ì Ä�Ã0ÈÄ�Æ*Ì�ÃÅÄ�í Ø�Í"Ì�Ë�ÈÊÉÅÐ0ÄcÃÅÄ�Û�ÎÅìQÈÊÍHÃ*É*× úÉÅÏ"Ñ*Ë�ÎÅå¥æ"Õ¥ÍHØ�Ä!íaÑ*Æ*É~Ø�Ë¥Ã*É*Ì�Ë¥Æ*É*Ã*ÀHÍ�Ð0Ë¥ÏHØ�É*Ù*Í�Ï�Ð*É�èzØ�Ä�æHÍ:	
Æ*Ë¥Ü ú Í"Í]Ë�Ñ*ÉÅÏHÄ�Ã*ÉÅÍMÈÄ�Ã*ËïÒ/Õ"ÈÃ*É*þ*Ð*ÉÊØâó »�½�½�»�ÿ�Â�Ô�Æ*ÉYÃÅÄn	
Û�ÎÊìQÈÊÍ"Ã*É*í�è Ð�Än�]ÈÊË¥×Mæ"Ü¥Í"æ�ÈçYÑ*ÆÅÉ*ÍHØ�Ã*ÉÅÐÁÃÅÄ¥Ï�Ì�ÆÅÄ�É*Ü¥Ä�ÎÊÏ:í
ÃÅÄÇÙÅÄ�Ï"Ì�Ë�Ì�Õñó Ï>Õ0Ù*Í"Ì�Ë¥Ø¤£=¥@¥�Í"Ð*Ì!Ä)¦ÁË¥Ñ�ÎÅÍ"ÆÊÄ¥ÿ ú Ï�Ë¥Ë�Ì�Ü¥Í"Ìn	Ï�Ì�Ü�Õ0ì�ÖmÕ�ìôÎÅÕ0Ù*Í"Ü¥Ë�×fÏ�Ð0Ë¥Æ*Ë¥Ï"Ì�ÉÚæ"Ü¥Í"æ�Èç

V∗

ÂÊÔ�Æ*ÉG£"Ì�Ë�Ø
Ë�ÃÊÄaË�Ð�Ä�æHç«Ü¥Ä!ÎÄ�Ï�åmÜzþ*Í"ÃÅÌ�Æ*ÍÁÑÅË�ÎÅË�Ï�çpÙÅÄ�Ï"Ì�Ë�ÌzÏ�ÑÅÍ"Ð*Ì�ÆÅËj	
Ä�ÃÊÄ!ÎÅÉ*æ�Ä�Ì�Ë¥ÆÅÄ*Â0ºéÏ:íÇÑ*Æ*Ë¥þ*Í�ÈÕ�ÆÊÄÁÑ*ÆÅË�Ü�Ë�ÈÉ�ÎÊÄ�Ï"å>Ü]Æ*ÍHÄ�ÎÅåj	
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Ü�Ë�ÎÅÃ*ç ú mÕ0Ø�Ë¥Ü ú Ñ*ËzÏ"Ð�Ë¥Æ*Ë¥Ï"Ì�É ú VR úØ�Ø ± ÐÊØ?²!Ï ÐÅØ?²�Ï
ðHòÅÂ ¿ ð�»�½ ½*Â ðH½*ð ð »�Â ��ò
û*Â » ò�½¥½ ½*Â ½�ö¥» �0Â �*ð
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Í~ÎlÏ�Ð~Ì�Ñ�ÒkÓ¢Ô:Õ�Ö�×¢ØnÙÚ×�Û
Ü�Ü�Û.Ý;Û�Þ�Ûjß
Ö3Ø�Ö�Ô7à¢álÝlá;áwâ�ã
3 ä

λ = 8.2
Ü�Ü�åbàxæyçjèjÔbçjå=é¤â�êCëjìlí=î�í�ïjð�ÒkÖ�×®Ô�à¢Õ�Ø�ñòØ�Ö3ó

Ü7Ô
Þ�Ô:Ý¢Û�à¢ô�Þ�Ô-èjÛ
æwß
Õ�Ø^×¢Ønß
Ö3õ3ç�èjÔ(ç�å=é
V∗ = −21.4

Õ=Ü�ö®ß-ð

��� ��� �� � � �� �� ��

���

���

���

�

��

��

��

9

Emq_\Zy�kdhjhklv��df�k

+'��������λ �����kf������������

Ie
hl

gh
kl
v�i

hl
hd

Z��
Yg

Í~ÎlÏ�Ð�ÊxÑ�ÒkÓ¢Ô:Õ�Ö�×¢ØnÙÚ×�Û
Ü�Ü�Û÷Ý¢ÛøÞ�Ûjß:Ö)Ø�Ö)Ôwà¢á;Ýlálá¤â
2 ù

λ = 1.35
ß�ÜCå�àxæúçjè�Ô(ç�å-éûâ�êüëfîjýfî�í=ð7ÒAÖ�×®Ô�à¢ÕfØ�ñJØ�Ö3ó

Ü7Ô
Þ�Ô:Ý¢Û�à¢ôfÞ�Ô
èjÛ
æþß
Õ�Ø^×¢Ønß:Ö)õ�ç�èjÔbçjå=é
V∗ = 5.4

Õ=Ü�ö®ß-ð
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ÿ�& Ê�4?A ��� A � + �F����� ��ÎlÏ ��� ÑÌ	G ����HI�*'���& D ��������.*�;���*� Ï '���.*��)�� Ï ���jÿ Î��KJ @� Ï ��-A ��� A � + �<ÿ���)����������
ÿ Î�Î '���������&;7L� Ê�4�4lÌ .*�	� � ��&;� Î
)�� Ï ����ÿ�& Ï:Î .
ÿ�����& Ï )����
��/-��NM 4, �
�*����������%�jÿ����
ÿ�ÿ�&
�POQ��)�������� Î�ÎSRTD @�
ÿ Î�� ÿ���� +�Ê�4�4�Ê�UQVFÎ ÿ�� Î � Î;Ï"Î ��� ÐW+Ê�4�4fÊ�GXU

Ê�G;A ��� A ��& Î�A )�����.*�����E�
&LY 0 �	� Î ��'�Z[ Î � Î )�)�������%R�Ì	\�\�4�GXU
] G
A ��� A ��& + �����������jÿlÿ�&=�;@'�����-fÿ Î '���� Î ��� � �
�fÿ Î� 
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2 ù λ = 1.35
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