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Õ2Ö#×7ØoÙ�Ú ÖoÛ#Ü7×�ÝoÞ�ß�ày×�Û�á�â'×�Ö#×�ß�Û#ãåä æ�ç�Ö�ç�ä7Ü ÛéèêÛìë�çtí
î Ý�ç�ï³× ßoÛ�ã

Γ
á Ù ð�æ�Ú Ù Ú�â'çtÖ�ñ³ß�ç�â ä ë�ÝoÚ Ù ×

òTó � ª �IôQõR��ö ª Ä ÷Hø'�C� ª �Kù�ú0��Å�ûHü7��� ª �þý�ÿ�� Ù�à¯ãoÙ�Û�Ý�Û Ûoß#Ü7× Ö�×�ä�í
ß�ð�� ç�ä�ç���× ßoß#çtä�Ü Þ³× î ç ë�çtÙ�×7Ø�× ß¤Û�ã Ù���ÝoÛ�á7Û^Ü7×�âQë�× Ö�Ú�Ü7ð�í
Öoà ä Ù × Ö��oë¤Ö�ç�Ù ç�Ø�ãoï³× î ç ë�× Ö�×���ç�Ø�Ú
	 U���
 æ�Ú�á Ú�Ý�ç�ä�Þ��
� Ü�ç ß�Ú���Ø�× ß�ß¤Ú�ã Û�á âHÚ î ß�Û�Ü7ß¤à�� Û�á�âQ× Ö�× ßoÛ���	 U�q ≈
≈ � ����� ë¤Ö�× Ù�à���Ú�×7Ü�Ü�×�âbë#×�Ö¤Ú�Ü7ð�Ö�ð�	 U ≈ � ������ !�QëoÖ�Ûæ�ç�ÜIç�Ö�ç�� Ö�× î Û�ä�Ü Ö�Û�Ö�ðt×�Ü�äIã ß�×�ß�ð�Ý¤×�Ù�Ú�ã ÖoÚ�á ß�ç�ä7Ü�Þ�ä æ�çtí
Ö�ç�ä7Ü�×"��á Ù ð�æ�Ú³Ù³ä Ù × Ö��oëoÖ#çtÙ ç�Ø�ãoï³×��$#©Û�ß�ç�Ö�âHÚ�ÝoÞ�ß�ç��&%
ñ2Ú�á Ú�� �(' à�Ý�ç±Ù�à�ä�æ�Ú�á Ú ß�ç ë�Ö�×7Ø¤ë�ç�Ýoç�)�×�ß�Û�×�� � ÜIç±ë¤Ö�Û�í
� Û¤ß�ç��^Ü�Ú æ#ç î ç�ë�ç�Ù�×7Ø�× ß�Û#ã�â'ç î ð�Ü*��à�Ü�Þ$+�ñ³ñ®× æ�Ü àéâbÚ î íßoÛ�Ü ß�ç î ç Ö�Ú�ä ëoÚ Ö�Û¤Ù�Ú ß�Û�ã,��ë¤Ö�Û¤Ù ç�Ø�ãoï�Û�×ìÙ Û�ß�ÜI× Ö¤Ù�Ú�Ý�×
	 U�q.- 	 U æ/��×7ä ï³×�Ýo× Ù ç��/#Ií�ñ³Ú�á�× � Õ³ç�ä æ�ç�ÝdÞ æ�ð Û�áIâ'×�Ö#×�í
ßoÛ�ãåÙ ýIÿ�� ��à�ÝdÛ�ë¤Ö�ç�Ù ×�Ø�×�ß¤àþÙ±ç î Ö�Ú ß¤Û � ×�ß�ß�ç�â ä ßoÛ�á�ð
Ü7×�âHë�×�Ö¤Ú�Ü�ð#Ö�ß�ç�â Û�ß�ÜI× Ö¤Ù�Ú�Ý�×102	/3 4 � �657�*8��bë�Ö�×�Ø�ä7Ü Ú Ù�íÝ�ã�Ý�ç
Û�ß�ÜI× Ö�×�ä Û�ä�ä7Ý�×�Ø�ç�Ù�Ú Ü�Þ±ë�ç�Ù ×�Ø�× ßoÛ�×

Γ
ë¤Ö�Û���çtÝ�×7×

ßoÛ�á æ�Û��ìÜ�×7âHë�× Ö�Ú�ÜIðoÖ�Ú�� ��9 ä2��ç�Ø�ãåÛ#á:��ÝoÛ�á æ�ç�� Ú�ß�Ú�Ý¤çtí
î Û�Û�â�×2) Ø�ð ë#ç#Ù�×7Ø�× ßoÛ#×7â;+7Ý�×�æ�Ü Ö�ç�ßoß�ç î ç´æ�ç�+ ñ©ñ³Û=<�Û�× ß�í
Ü�Ú³ë�ç î Ý�ç�ï³× ß�Û#ã á�Ù ðoæ�Ú³Ù³ä Ù × Ö��dë�Ö�ç�Ù ç�Ø�ßoÛ�æ�Ú�� Û�Ö�×�ÝoÚ�æ�í
ä�Ú�<�Û�ç�ßoß�àyâ ë�ç î Ý�ç�ï³× ß¤Û�×7â á�Ù�ð�æ�Ú Ø¤Ù ð���ðoÖ�ç�Ù�ß�×�Ù�à�âHÛ
ä�Û�ä7Ü�×�âQÚ â'Û>0�?�@*A�8åÙB#[íCñ³Ú�á7×�� ä�Ý�×�Ø�ç�Ù�Ú�Ý�çþç�)´Û�ØoÚ�Ü Þ
ÝdÛ���ç ß�×2+ æ�ä�ë�çtß�×�ß�<oÛ¤Ú�ÝoÞ�ß#ç î ç ä ë�Ú�ØoÚ ßoÚ�ß¤Û�á æ�ç�Ü�×�âbë#×�í
ÖoÚ�Ü�ð�Ö�ß�ç�âDC���Ù ç�ä�Ü�×FE á�Ú Ù�Û�ä�Û�â'ç�ä�Ü�Û

ΓJ ( 	 )
�tÝ�Û���çG+ æ�ä�ë�çtí

ß�× ß�<¤ÛoÚ�ÝoÞ�ß�ç î ç.��ß�ç ä7ç�á7ß¤Ú � Û#Ü7×�ÝdÞ ß�ç�â'× ß�Þ��³×���ï�×7ÝoÞ��!�

×�ä7Ý�ÛH+ ñ©ñ®× æ�Ü à âbÚ î ß�Û�Ü ß�ç î ç Ö�Ú ä ë�Ú Ö¤Û�Ù�Ú ß¤Û�ã ä�ð�ï³×7ä�Ü í
Ù × ß¤ß�à �(I ß¤Ú�ä7Ü�ç ãoï ×"�±Ö�Ú��tç�Ü7×�ë�ç�æ�Ú�á Ú ß�çJ� � Ü7ç·ë�ç�Ù ×�Ø�× í
ß¤Û�×

ΓJ ( 	 )
ë�Ö¤Ûåß�Û�á æ�Û��ìÜ�×7âHë�× Ö�Ú Ü�ðoÖ�Ú��/�oç�Ö�ç��³ç
ç�ëoÛ�í

ä àyÙ�Ú ×�ÜIä�ã±Ü7ð�ß¤ß�×7Ý�Þ ß�çF�·â'ç�Ø�×7Ý�Þ��K02L,MH8 ýON=� Ù�Ö¤Ú�âHæ�Ú��
ä�Ü�Ú ß�Ø�Ú�Ö�Ü ß�ç î ç '  �P íCë¤Ö�Û���ÝoÛ�)2× ß¤Û�ã,� � Ü7ç ë�ç�á7Ù ç�Ý�ã�×�Ü
Û�ä�æ�ÝQ� � Û�Ü�ÞR��×�ä�ï³×�Ý¤×�Ù�ðS� î Û�ë�ç�Ü7×�á�ð �  Ö#ç�â'× Ü�ç î çT�ð�Ü7ç � ß�× ß�ß�ç�× á ß�Ú � × ßoÛ�× æ�Ö�Û�Ü7Û � ×�ä æ�ç�� Ü�×7âHë�× Ö�Ú�ÜIðoÖ�à
ç�ä�ß#ç#Ù�ß�ç î ç ç���U¤×7â'Ú ç���Ö�Ú�á�<oÚéçtæ�Ú�á�Ú�Ý¤ç�ä ÞH��ÝoÛ�á ætÛ�â æ
	 U ��Úþñ³Ûoæ�ä ÛoÖ#ðt×�âHÚ�ã ë�ç âbÚ î ß�Û�Ü�ßoà�â Û�á�âQ× Ö�× ßoÛtã#â
	 U�q ç�ë�Ö�×�Øt×�Ý�ã#×�Ü�äIã,� ë�çtíCÙ�Û�ØoÛ�â'ç�âQðJ��ë�çtÙ × Ö���ß�ç�ä7Ü ß�ç��
ñ³Ú�á7ç�� � L�×�â ß�×�â'× ß�×�× Ù ç�ætÖ�×�ä7Ü7ß�ç�ä�Ü Û7	 U ë�çtÙ ×�Ø�× ßoÛ#×
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ß�× ç�ë�Û�ä àyÙ�Ú�×�Ü�äIã ä7Ü Ú ß�Ø#Ú�Ö�Ü ß�ç��>L(MBV ä ë�Ú Ø
ΓJ ( 	 )ß¤Û�)�×:	 U ß�Ú � Û¤ß�Ú�×7ÜIä�ã î ç�Ö�Ú�á7Ø�ç�ë�ç�á2) ×�� � ×�â ë�Ö�×�Ø�ä�æ�Ú í

á àyÙ�Ú�×�Ü:L,M �W' ç�Ýo×�×�Ü7ç î çQ�HÙ·ß�× æ�ç�Ü�çtÖ�ç�âéÜ7×�âHë�×�Ö¤Ú�Ü�ð#Ö�í
ß�ç�â Û�ß�Ü7× Ö�Ù�Ú�Ýo×þßoÛ�) ×X	 U ë#ç î Ý¤çtï³× ß¤Û�× ß�×�ä�æ�ç�ÝoÞ�æ�ç
ë¤Ö�×�Ù�à���Ú ×�Ü

Γ E ( 	 ) � Õ©ç�Øtç���ßoà�×*+ ñ³ñ®×�æ�Ü�à Ö�Ú ß�×�×�ç�ÜIâ'× í
� Ú�ÝdÛ#ä�Þ�Ù Ú�âQç�Ö�ñ³ß�ç�â ä�ë#ÝdÚ Ù�×*Y(Z öIÅ òdó Â Å Û�æ�Ú � ×�ä7Ü Ù × ß�ß�ç��à�ÝoÛ ç���U�ã#ä ß�× ßoà[+7Ý�× æ�Ü Ö�ç�ß�ß�çF� ë�× Ö�×�ß�çtÖ#âbÛ¤Ö�ç�Ù�æ�ç��
ë¤Ú Ö�Ú�â'×7Ü Ö�Ú Ù á Ú Û�â'çtØ�×���ä�Ü Ù�Û�ã\?]@$A ä ð�ë¤Ö�ð î çF�þÙ�çtÝ¤í
ß�çF� ý � � �*
 Øoß�Ú�æ�ç Ù ý � � ß�×1�tàyÝ¤Û çF��ä7ð�)�Ø�×�ß�à Ù�ç�á í
â'ç�)´ß�ày× â'×2��Ú ß�Û�á7â'à^+7Ü�ç�� ë�×�Ö�× ß�ç�Ö�âHÛ�Ö�ç�Ù�æ�Û Û ß#×
ä�Ø�×7Ý¤Ú�ß�à æ�ç�Ý�Û � ×7ä�Ü Ù × ß�ßoà�×�ç�<�× ß¤ætÛ ×�× âbÚ�ä��³Ü Ú���Ú �]Iß¤Ú�ä7Ü�ç ãoï³×�� Ö�Ú��tç�Ü7× Ø�Ý�ã ç��FU�ã�ä�ß#×�ß¤Û�ã ç�ä�ç���× ßoß�ç�ä�Ü7×��
ë�ç î Ý�ç�ï³× ß�Û#ã±á�Ù�ð#æ�Ú�Ù���ÝoÛ�á7Û_	 U ë¤Ö�Û�Ù�Ýo× � ×�ß·â'×��oÚ�ß�Û�áIâ
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Ú Ø�ÛoÚ���Ú�Ü Û � ×7ä æ�ç��±ë�× Ö�× ß�ç�Ö�âHÛ�Ö�çtÙ�æ�Û±Ú�âHë�ÝdÛ#Ü7ð�Øoà æ�ç î ×�íÖ�× ß�Ü ß�ç î çìÜIð¤ß�ß�×�ÝoÛ¤Ö�çtÙ�Ú�ß�Û#ã ý 5 � �¯ë�ç�á Ù ç�ÝdÛ�Ù���Û��ìØoÚ�Ü Þ
ëoÖ�Û�×�â�Ý¤×7â'ç�×�æ�ç�ÝoÛ � ×�ä7Ü�Ù × ßoß�ç�×�ç�ë�Û�ä Ú ßoÛ�×

ΓJ ( 	 ) �
 ä ß�ç�Ù�ß�à�âþë�ç�ä7Ü�ð�ÝdÚ�Ü�ç�âKL,M �¯ß�Ú�� ×�ØS��Û�â ��×�á7ç î çtíÙ ç�Ö�ç � ß�ç�× + æ�ä�ë�× Ö�Û�â�×�ß�Ü Ú�ÝoÞ�ß�ç�×±ë�ç�Ø�Ü Ù × Ö�)³Ø�× ßoÛ�×;0Iä�â �çF��á7ç�Ö ý�N�� 8�� ãoÙ�Ý�ã�×7Ü�äIã ë¤Ö�×7Ø¤ë�ç�Ý�ç�)2× ß¤Û�× ç ä7ð�ï ×7ä�Ü7í
Ù ç�Ù�Ú ß¤Û�Û Ù ä7Ü�× æ�Ý�Ú�� ØoÙ ð��=U�ã�â'ßoà�� ë�ç�Ü�×�ß�<¤Û¤Ú�Ý�ç�Ù ä
Ü7ð�ß¤ß�×7Ý�Þ ß�çF� ä Ù�ã�á�Þ�� âQ×�)³Ø�ð ç�ÜIØ�×�Ý�Þ ßoà�âHÛ ã#âHÚ�âHÛJ�
ë�Ý�ç�Ü ß�ç�ä7Ü�Þ�ä�ç�ä7Ü�ç ãoß¤Û���æ�ç�Ü7ç�Ö�à�� �__ ë�ç�ä�ÜIç�ãoß�ßoÚ·Ù·ë¤Ö�çtí
ä7Ü Ö�Ú�ß#ä7Ü Ù ×
ë¤Ú Ö�Ú â�×7Ü Ö�ç�Ù

ξ
�����

∆ Å 0 ξ � Ú�ä Û�â'âQ×�Ü Ö�Û�ã
ØoÙ ð��=U�ã�âHß�ç î ç ë�ç�Ü�× ß�<oÛ¤Ú�ÝoÚ��

∆Å � Ú�âHë�Ý�Û�Ü�ð�ØoÚ
æ�ç î ×�íÖ�× ß�Ü ß�ç î ç�Ü�ð�ßoß#×7Ý�Û�Ö�çtÙ�Ú ß¤Û�ã.8 �Q
 Ü�æ#ÝoÛoæ ä�Û#ä7Ü�×7âHà ?$@*A
ßoÚ^Ù�ß�×���ß�×7×�Ù ç�áIâ'ð�ï�× ß�Û�×´ç�ëoÖ#×7Ø�×�Ý�ã�×�Ü7ä�ã±ä�Ö�×7Ø�ß¤Û�â ë�ç
Ú�ß�ä Ú�â,�tÝ=� ?*@*A �
	 Ú�ä�Ü�çåÛ�á±ä7ç�ç��tÖ¤Ú�)2× ß¤Û��ìð�Ø�ç���ä�Ü�Ù�Ú
ëoÖ�Ûêð�ä�Ö�×�Øoß�× ß¤Û�Û
Û�ä ë�ç�Ý�Þ�á7ð��®Ü7ä�ã
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ß¤Û�Ü�Þ

η = � � D 8 ± � � � 8 ��9 á +�Ü7Û��ìØoÚ ß�ß¤à��åâHà â�ç�)³×7â
Ü Ú æ�)³×�ð�Ü7ç � ßoÛ�Ü Þ·Ù ×�ÝdÛ � Û¤ß�ð�	 U Ø�Ý�ãµç�ä ß�ç�Ù�ß�ç î ç±ç���U¤× í
âHÚ³ç���Ö�Ú�á�<¤Ú � �´Ú�æ�Ý¤çtß^Ú�ë�ë¤Ö�çtæ#ä�Û�âQÛ¤Ö�ð��³ï³×"�^ë�Ö#ã#â�ç���Û
×�×�ë�× Ö�×�ä7× � ×�ß�Û�×±ä ç�ä Þ�� ç�Ö�ØoÛ�ß¤Ú�Ü�0IÖoÛ#ä � ÿ �«Ù ä�Ü Ú Ù�æ�Ú�8ß¤Û�æ�çtÛ�â ç���ÖoÚ�á�ç�â ß�× ä�Ù�ã�á�Ú ß�à ä�Ù�à���ç�Ö�ç�â 	 U$� ?©Ý�ã
ë¤Ö�çtÙ�×7Ø�× ß¤Û�ã_)�×�ë�ç�Ýoß�ç î ç Ö�Ú ä � ×�Ü�Ú ΓJ ( 	 )

ß�×7ç�����ç�Ø#Û�â'ç
Û�ä�ë�ç�ÝoÞ�áIç�Ù�Ú�Ü Þ·æ�çtß¤æ�Ö�×�Ü�ß#çt×�á ß¤Ú � × ß�Û�×&	 U*� ��Ú�Ö¤Û�ä � ÿÙ�Û�Ø�ß�çT� � Ü7ç
Ö�Ú ä � ×�Ü�ß¤Ú�ã æ�Ö¤Û�Ù�Ú�ãìØ�Ý�ã 	 U = � � ����� î ç�íÖ�Ú�áIØ�ç Ýoð � �³×
ä�ç î ÝdÚ�ä�ð�×7Ü�äIã ä1+�æ#ä�ë�× Ö�Û�â'×�ß�Ü Ú�Ý�Þ ßoà�âHÛ
ØoÚ ß¤ß�à�âHÛ �
' ÝoÛ�á�ç�ä�Ü�Þ ∆J ( � )! 	 U æ '  �P í-á ß�Ú � ×�ß¤Û��éä�Ù�Û�Ø�×�Ü7×�Ý�Þ í

ä�Ü�Ù�ðt×�Ü�� � ÜIç ç�ä�çF��×�ß¤ß�ç�ä�Ü�Û�ë�çtÙ�×7Ø�× ß�Û#ã
Γ( $ )

Ù·çtæ�Ö�×7ä�Ü í
ß�ç�ä�Ü�Û 	 U ß#× ä�Ù�ã�á7Ú�ß�à äK+�ñ³ñ®× æ�Ü Ú�âHÛ âbÚ î ß¤Û�Ü ß�ç î çÖ�Ú�ä�ë�Ú Ö¤Û�Ù�Ú ßoÛ�ã ��
 ��ä�ð�Ø�Û�â Ü�× ë�× Ö�Þ·ëoÖ�Û�â'×�ß¤Û�â'ç�ä�Ü�Þ î Û�íë�ç�Ü�×7á à\+7Ý¤× æ�Ü Ö�ç�ß�ß�çF� ë�× Ö�× ß�ç�Ö�âHÛ�Ö�çtÙ�æ�Û " æ
ç�ë�Û�ä Ú í
ß¤Û�� ë�çtÙ�×7Ø�× ß�Û#ã

ΓJ ( $ ) ���Ú Ö�Û�ä � N ëoÖ�ÛoÙ�×7Ø�× ßoà ØoÚ ß�ß¤à�× ë�ç Û�áIâ'× ß�× ß�Û=�
ΓJ ( $ )

Û
Γ E ( $ )

Ù ç#æ�Ö�×7ä�Ü ß�ç�ä7Ü7Û>	 U � Û�á�âQ× Ö�× ßoß�à�× ä
��ç�Ý¤×7×�Ù�à�ä�ç�æ�Û�â Ö¤Ú�á�Ö�×��³× ßoÛ#×7â � � ×�â ßoÚ Ö�Û�ä � ÿ � 0�× íá�ðtÝ�Þ�Ü Ú�Ü�à ç�Ü ß�ç�Ö�âHÛ�Ö�ç�Ù�Ú ß¤à ß¤Ú á ß�Ú � ×�ß¤Û�× " Å =
= N � � 8 ⋅ ÿ � − � ��ë�ç�Ýoð � ×�ß�ß�ç�× Û�á�ßoÚ æ�Ý�ç#ß�Ú^è J ( � ��	 )

Ù î Ý¤ð�í��çtæ�ç�â ä Ù × Ö��dë�Ö�ç�Ù ç�Ø�ã�ï ×�âåä�ç�ä7Ü�ç ãoß¤Û�Û 02	 Y � � �6� �!8�� �

	 ã�òôþ � 4�
�����x7�j��u�sC|��7�IuKw³�ju���}7{j}���z�{jsjvy�ju�sC|7��u���}Iw³� E �
● 
 } J �

❍ 
{jzI{jsjzKw7��}�w7��4���uK{j¨���s�x��7}
η = V�� � � � S � =

Å ª Ä�ö�� ��� 
 � Å ª ����
⋅ ⋅ ⋅ 
 4���{�sjuK�)��u7,��³zIxI���C�7��~����I}��

∆ � ( Å ) } η ª {jx�~7z��'�IuKw2~�}��7}�w �
~�}7�I�K�I��ujw©u�x�xI��z��I{�}I��uK�7}�wt4

� � sjz©�j��u�¨����I}�� =  ���7��u��7uK�juyx7�I�K��¥!��u)�js�u���u�~�z)�C}�¨)��|7�±���j~�}I¨I}I��| ª x7��}I���C�7�K�I�I|��±�#"f�%$j4&��uK{��Iz('T�7�j��}I�«�KzI�j�I}��I~�zyx7z�sjz���| ª ¨�sjzy�#" �%$�7~�w«zI���j���I} =  }I{KxIzI~Iv��jz���u���uQ~�}I���j�7��ujwy�ju���}I{K}I��z�{jsjv i )
(
*+* �

) ª ��u)��~IzI���Iz�sjzI�IzI��{j}7~�v���zH�juK�)}�{j}�s�z�s�xI�K�I����zI�I��}7��zI���I} , 4 �TzI{j~7�C���Iw�w�-"���$�����|[¨�}Isj¥���u�~Iu�{jv74���z § sj}I�.'��'x7��}I¨I}I��u�� x7��}7�K�j�7�j���IuKwy�/"f�%$¤z)���j���Iu η sjuK�('��'�juK�)¥��'�j�7u�4
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I ä7Ü Ú ß�Ø¤Ú Ö�Ü�ß#çS� L,M ß�ç�Ö�âHÛ�Ö#ç#Ù�Ú ßoß�Ú�ã Ù�×7Ý�Û � Û¤ß��
Γ(
	 � ) ëoÖ�Û

ω
Y � 	 Ø�ç�Ý=)�ßoÚX�tàyÜ�Þ ��ÝdÛ�á æ�Ú æ � � 8 �Õ2× Ö�× ß�ç�Ö�âHÛoÖ�ç�Ù�æ�Ú 0Ið�â'× ßoÞ��³× ß¤Û�×F8 " �µ×�ä�Ü7×�ä7Ü Ù × ß�ß�çQ�

ä7ØoÙ�Û î Ú�×�Ü Γ
Ù·ä�Ü7ç�Ö�ç�ß�ð â'×�ß�Þ���Û���á�ß�Ú � × ß¤Û�� ��
 Ø�ßoÚ æ�ç

Û�á�â�× ÖoÛ#Ü�Þ·Ù ×�Ý�Û � Û�ß�ð á7Ú�ÜIð��oÚ ß¤Û�ã�ä�Ü7ç � ß�ç�ä�Ü Þ��þÝ�ð � �³×
ÿ � ��ë�ç�á Ù ç�Ý�ãe�©ï ×"� Ú ß�Ú Ý¤Û�á7Û¤Ö�ç�Ù�Ú�Ü Þ ä7Ø¤Ù�Û î + æ�ä ë�× Ö�Û�íâQ× ß�Ü7Ú ÝoÞ�ß�ç���á Ú Ù�Û�ä�Û#âQç�ä�Ü7Û·Ù�ä Ö¤Ú Ù�ß�× ßoÛ�Û�ä�Ö�Ú�ä � ×7Ü ß�ç��J�ß�× ð�ØoÚ�×�Ü�äIã � Õ2ç�+7Ü�ç�â'ð çF��ä7ð�)�Ø¤Ú�×7Ü�äIã Ý�Û���Þ ç�Ü�ß#çtä Û�í
Ü7×�ÝdÞ ß�ç�× ë�ç�Ýoç�)�×�ß�Û�×±Ý�Û�ß¤Û��

ΓJ ( 	 )
Û

Γ E ( 	 )
07ë�ç�ä7Ý¤×7Ø�í

ß�ã�ã
ë�ç�Ýoð � ×�ß�Ú±Ù·âHÚ î ß�Û�Ü7ß�ç�â ë�ç�Ýo×��
≈ N�� ÝJ8��Qæ�ç�Ü�çtíÖ�ç�×2â�ç�)2×�Ü ��à�Ü Þ�Û�á�â'×�Ö�× ß�ç�ä î ç�ÖoÚ�á�Ø�çG��ç�Ýo×�×2Ù�à�ä7ç�æ�ç��

Ü7ç � ß�ç�ä�Ü Þ��K0IÖ¤Û�ä � N 8 �AHðoï�×7ä�Ü�Ù�ç ç���ä�ðF)³ØoÚ�×�â'ç�� C�Ú ß�ç�âHÚ�ÝoÛ¤ÛQE
Γ

Ý¤× î æ�çðoÙ�Û�Ø�×7Ü Þ��dä Ö�Ú Ù�ßoÛ�Ù�Ú�ã�+�æ�ä ë�×�Ö�Û#âQ× ß�Ü7Ú ÝoÞ�ß�à�×�á�Ú Ù�Û�ä Û�â'çtí
ä7Ü Û�ä³Ö�Ú ä = � Û�Ü Ú ß�ß¤à�âHÛJ�#ë�ç�Ý¤ð � × ß�ß¤à�âHÛ�Ù³ä7Ü Ú ß�ØoÚ Ö�Ü ß�ç��
L(M[0*,�Û�ä � N ��æ ,oÛ�Ù�à�×	��8 � A�ç î Ý¤Ú ä ß�ç Ö¤Ú�ä � ×�ÜIð,�oð�â�× ßoÞ í��× ß�Û�×�ë�ç î Ý�ç�ï³×�ß�Û�ã ß¤Ú � Û�ßoÚ�×�Ü�äIã�ð�)³×�Ù 	 U Û·ëoÖ#çtØ�ç�Ýoí
)´Ú�×7Ü�ä�ã ä³Ù ç�á�Ö
��ä7Ü Ú��³ï³×"��æ�Ö�ð�Ü7Û�á�ß#çS��ë¤Ö�Û�ë�çtß¤Û�)�× ß�Û¤Û
Ü7×�âHë�×�Ö¤Ú�Ü�ð#Ö�à ��� æ#ä�ë�×�Ö�Û�â'×�ß�Ü7Ú Ý¤Þ�ß�Ú�ã�á Ú Ù�Û�ä�Û#âQç�ä7Ü Þ�Ù�×�í
Ø�×7Ü ä7×�� ã ãoÙ�ß�ç Û�ß¤Ú � ×�VåÙ ë¤Ö�×7Ø�×7ÝoÚ�� Ö�Ú�á Ö�×"��×�ß¤Û�ã
ΓJ ( 	 )

ß�× Û�ä ë�àyÜ7à®Ù�Ú�×�Ü æ�Ú æ�Û��¤í-Ý�Û���ç±Û�á7â'× ß�× ßoÛ���Ù 	 U �Ú�ë�ÖoÛ ��ç�Ý¤×�×´ßoÛ#á�æ�ÛS�±Ü7×�âQë�× Ö�Ú�Ü7ð�Ö¤Ú���Û�â'×�×7Ü�äIã·Ü7× ß�Ø�× ß�í
<oÛ#ãêë¤Ö�× Ù�à��³× ß¤Û�ã

ΓJ ( 	 )
ßoÚ�Ø

ΓE ( 	 ) �|I ç�Ù�äIãoæ�ç�â ä7Ý�ð�í
� Ú�×�� ΓJ ( 	 )

ë�Ö�Ú�æ�Ü Û � ×7ä æ�Ûìß�×�Û#á7â'× ß�ã�×7Ü�äIãåÙ;��Û¤Ö�çtæ#çtâ
Ûoß�Ü�× Ö�Ù�Ú�Ý�×D	 � 	 U$�G' ç�Ý�×�×åÙ�àyÖ�Ú�)³×�ß¤ß�à�×1+�ñ³ñ®×�æ�Ü à
ë�ç�Ø�ç��tß�ç î ç Ö�ç�ØoÚ Ö¤Ú ß�×�× ç���ß�Ú Ö�ð�)2× ß¤à Ù ä ë�ÝoÚ Ù ×
Y(Z öIÅ�
���� V ý � � ��I Ö¤Ú���ç�Ü�× ý � � ��à�Ý¤ç�Ù�à ä�æ�Ú�á7Ú�ß�ç�ë�Ö�×7Ø�í
ë�ç�Ýoç�)�×�ß�Û�×�� � ÜIç&+�Ü Û Ú ß�ç�âHÚ�Ý�Û�Û^â'ç î ð�Ü*��àyÜ7Þ�ä Ù�ã�á7Ú�ß�à
äG+�Ý�× æ�Ü�Ö#ç#ß�ß�ç��±ë�× Ö�× ß�ç�Ö�âHÛ�Ö�çtÙ�æ#çF�±ë¤Ú Ö�Ú â�×7Ü Ö�Ú " �Õ©× Ö�× ß�ç�Ö�â'ÛoÖ#ç#Ù�æ�Ú ÷ Ù·Û�ä�ä7Ý¤×�Ø�çtÙ�Ú ß�ç�â ßoÚ�âHÛ ä�ë�ÝoÚ í
Ù ×±Ø�×���ä7Ü7Ù�Û�Ü�×�ÝoÞ�ß�çìÛ�â'×7×�Ü±â�×7ä�Ü7ç � �´×�çtë¤Ö�ç�Ù × Ö�)�Û�âQàyâ
ä�Ù�Û�Ø�×�ÜI×�ÝdÞ�ä�Ü Ù ç�âåÙ^ë�ç�ÝdÞ�á�ð�+7Ü�ç î ç^ãoÙ Ý#ã#×�Ü�äIã�ë�× Ö�×�ä�× � ×�íßoÛ�× á Ú Ù�Û#ä�Û�â'ç�ä�Ü7×�� è J ( 	 )

Û è E ( 	 )
ë�Ö�Û Ø�ç�ä7Ü Ú�Ü�ç � ß�çßoÛ�á æ�ç�� Ü7×�âQë�× Ö�Ú�Ü7ð�Ö�× 	�� 8 0IØ�Ý�ã D�N M î < 	�� 8 =

= � � � 8 8 �!8 � M�Ú�ä"��Ü�Ú���ë�× Ö�× ß�ç�Ö�â'ÛoÖ#ç#Ù�æ�Û Ù�×7ä Þ â'Ú�á ß�Ú í
� Û�ÜI×�Ýo× ßJV δ

" ! " Å ∼ � � N 8 Û ÙéØoÙ�ÚéÖ�Ú�á�ÚéëoÖ�× Ù�à�� Ú ×�Ü
η
� ! 5 ∼ � � � � - � � ÿdN � � ÜIç ë�ç�á7Ù ç�Ý�ã�×�Ü ë�Ö�×�Øoë�ç�Ýoç�)´Û�Ü Þ

ä7ðoï�×7ä�Ü�Ù�çtÙ�Ú ßoÛ�× ß�×�ä�æ�ç�ÝoÞ�æ�Û�� â'×��oÚ ßoÛ#á7â'çtÙ ë�×�Ö#×�í
ß�ç�Ö�â'ÛoÖ�ç�Ù�ætÛ � ��' çtÝ�×7× Ü7ç î çQ�©ß�×7ä�çtë�ç�ä�Ü�Ú Ù�Û�â'ç�ä7Ü Þ âHÚ�ä�í
��Ü7Ú��tÚ

δ
" ! " Å ä±Ù ×�ÝdÛ � Û¤ß�ç��
Ú ß�ç�âHÚ�Ý�Û��ìÙ

ΓJ ( $ )
ð�æ�Ú í

á�àyÙ�Ú ×�Ü ßoÚ Ü�çQ� � Ü7ç +7Ü Û â�×��dÚ ß¤Û�á�âbà Ý¤Ûe��Þ Ù
ß�×�á�ß�Ú � Û�ÜI×�ÝdÞ ß�çF�éä�Ü7× ë�× ß�Ûéá�Ú�Ü Ö�Ú î Û�Ù�Ú�� Ü7?$@*A*�©ñ®çtÖ�í
âbÛ¤Ö�ð��³ï�Û�×³Ö�×�ÝoÚ æ�ä Ú�<oÛ�çtß¤ß�ç�×©á�Ú ÜIð��¤Ú ßoÛ�×³ëoÖ�Û 	

∼
	 U �� Ú ë�ç�âHß�Û�â�� � Ü�ç�ç�ä�ß�çtÙ�ß�ç���Ù�æ�ÝdÚ�Ø�Ù

Γ( $ )
Ø¤Ú��yÜ�Ú�ä�Û�âQí

âQ×�Ü Ö�Û � ßoà�× ?�@*A ä 
 9���3 ∼ √ω! 	 ��� ÿ � 
 ØoÛ�ß Û�á
Ù ç�á7â�ç�)�ß¤à�� â�×��dÚ ß¤Û�á�âQç�Ù
ë�× Ö�×�ß�ç�Ö�âHÛ�Ö#ç#Ù�æ�ÛJ�yð � Û#Ü�àyí
Ù�Ú��®ï�Û=�åñ®Ý�ð¤æ�Ü�ð�Ú�<�Û�çtß¤ß�ðe� ë#×�Ö�×�ä�Ü�Ö�ç���æ#ð7�tÚ�Ö�Þ�× ÖoÚ±Ù
ØoÙ ð��=U�ã�âHß�ç�â ë�ç�Ü7× ße<�ÛoÚ�Ý¤×���ä Ù�ã�á�Ú ß Ü�çtÝ¤Þ�æ�ç·ä�ä Û�â'âQ×�Ü7í
ÖoÛ � ß�à âQÛ ?*@*A ý � � Û Ù�æ#ÝoÚ�ØoÚ�Ù

Γ(
	

)
�Të�çtíCÙ�Û�ØoÛ�â'ç�âQðJ�

ß�×�Ø¤Ú�×7Ü ���ØoÛ¤Ú��tÚ Ü�Û � ×�ä�æ�Ú�ã ë�×�Ö#×�ß�çtÖ�âQÛ¤Ö�ç�Ù�æ�Ú ç î Ö�Ú ßoÛ � × ß�Û=�ßoÚ Ù�ç�áIâ'çF)�ß¤à�×þá�ß�Ú � × ßoÛtã 
 ß#× ß�Ú æ�Ý�Ú�ØoàyÙ�Ú�×�Ü ý T � ��´×�ä7â�çtÜ Ö�ãåß¤Ú±Ü�ç.� � Ü�ç�ðtä�Ý¤çtÙ�Û�×
ε & ÿ ë�ç�âQ× ï�Ú�×�Ü±æ�çtí

î × Ö�× ß�Ü�ß�çtíhÜ�ð#ß¤ß�×�ÝdÛ�Ö�ðe�©ï Û�×
?$@*A Ù ç���ÝoÚ�ä7Ü7Þ Ø�×"��ä�Ü í
Ù�Û#ã±ç��tÖ�×�á�Ú��³ï³× î ç±ñ©Ú�æ�Ü7ç�Ö�Ú�Ù 0 N 8���Û���ë�� Ö�<oÛ¤Ú�ÝoÞ�ß�à �
Ù�æ#ÝoÚ Ø·Ù

Γ(
	

)
Ù�â'Ú ä��³Ü�Ú���×´Ö¤Û�ä � N â�ç�)³×�Ü*��à�Ü�Þ Ø�ç�ä�Ü Ú í

Ü�ç � ß�ç^á7Ú â�×7Ü ß¤à�â �?©Ý�ã ë�Ö#ç#Ù�×7Ø�×�ß�Û#ã � Û�ä�Ý�× ßoß�ç î ç ÖoÚ�ä � ×7Ü�Ú���à�ÝdÚ Û�ä í
ë�ç�Ý�Þ�á7ç�Ù�Ú�ß�Ú â�ç�Ø�×�ÝoÞ�ß�Ú�ã + ß�×�Ö î ×7Ü Û � ×�ä�æ�Ú�ã á Ú Ù�Û�ä�Û�í
â'ç�ä�Ü�Þ�ë¤Ú Ö�Ú�â'×�Ü�Ö�Ú�ë#×�Ö�×�ß#ç#Ö#âbÛ�Ö�ç�Ù�æ�Û
"
" Å = ÿ − Θ (ε −

�
) ý�ÿ + ( N H (∆) − ÿ ) Θ ( N ∆ − ε) � η �5 �

02��8
î Ø�× � � ä Ù ç���çtØ�ß¤à��±ë�ç�Ø î ç�ß�ç � ß¤à��±ë�Ú�Ö�Ú�â'×7Ü Ö �.I 02��8ë�×�Ö�Ù�à�� ä7ç�âQß�ç�)�Û�Ü7×�Ý�Þ�Ù ä7Ý¤Ú î Ú�×7â'ç�â���çtë¤Û�ä�àyÙ�Ú��®ï³×7â
ë�×�Ö�× ß�ç�Ö�âHÛ�Ö�çtÙ�æ�ðJ�2ç�ë�Ö�×7Ø�×�Ý�ã�×�Ü î ÖoÚ ß�Ûe<�ð â'×�)³Ø�ð ç���í
Ý�Ú�ä7Ü�ã�âQÛ ÿ Û N � Õ2ç�ä�æ�ç�ÝdÞ æ#ð
ë�Ö�Û

ε � ÿ æ�ç î ×�Ö�× ß�Ü7ßoÚ�ãÚ�âHë�Ý¤Û�ÜIð�Ø#Ú
∆ Å∗ ð�â�×�ß¤Þ���Ú�×7Ü�äIã7+ æ�ä ë�ç�ß�× ße<¤Û�Ú�Ý�Þ ß�ç ý 5 � �Ü Ú æ�Ú�ã Ú ë�ëoÖ�ç�æ�ä Û�âHÚ�<¤Û�ã ë�Ö�×7Ø�ä7Ü Ú Ù Ý�ã�×7ÜIä�ã Ø�ç�ä�Ü�Ú�Ü�ç � ß�çÖ�Ú�áIð�âQß�çF� � I çåÙ�Ü7ç�Ö�ç�â ä�ç�âHß�ç�)�Û�Ü�×7Ý�×�Ù102�=8�ð � Ü�× ß�çT�

� Ü7ç ë¤Ö�Û
ε � N ∆ Ù�æ�ÝoÚ�Ø Ùþë�× Ö�×�ß�çtÖ�âQÛ¤Ö�ç�Ù�æ�ð â'ç î ð�ÜØoÚ�Ü Þ�Ü7ç�ÝdÞ æ#ç ß�ç�Ö�âHÚ�Ý�Þ ßoà�×´Ù�ç�á2��ðF) Ø�×�ß�Û�ã �0�×�á�ðtÝ�Þ�Ü Ú�Ü Ö�Ú ä � ×�Ü Ú Ü Ú æ�)�× ë�Ö�ÛoÙ�×7Ø�×�ßþß¤Ú Ö�Û�ä � N07æ ,�Û�Ù�ày×��.8 � A«ç î ÝoÚ ä�çtÙ�Ú�Ü�Þ·Û�ß�ÜI× ÖoÙ�Ú�Ýµë¤Ö�Û���Ý�Û�á Û�Ü7×�Ý�Þ í

ß�çF�>C�ß�×�á�Ú Ù�Û�ä Û�â'ç�ä7Ü7ÛJE
ΓJ ( 	 )

ä ß�Ú���ÝQ�yØoÚ�×�âHà�â ë�Ö¤Û
á Ú�ØoÚ ßoß#çS� Ù ×�ÝoÛ � Û¤ß�× η = � � D 8 ð�Ø�Ú ×�ÜIä�ã ë�Ö�Û Ù�ë�ç�Ýdß#×
Ö�Ú�áIð�âQß�ç�âéá7ßoÚ � × ß�Û¤Û �

= ÿ � N ± � � ÿ �,I Û�Øoß�çQ� � Ü�ç±Ö�Ú�ä í
ä � Û#Ü�Ú ß¤ß�Ú�ã á�Ú Ù�Û�ä Û�â'ç�ä�Ü�Þ

ΓJ ( 	 )
ßoÛS)�×&	 U Ù�ßoÚ � Ú�Ý�×·Û�á í

â'×�ßtã#×�Ü�äIã
Ü Ú æ�)³×��«æ�Ú æ Û
Ù ä7Ü�Ú�ß�ØoÚ Ö#Ü�ß�çF�1L(M � ? Ú�Ý�×�×
ΓJ ( 	 )

Û�ä ëoà�Ü àyÙ�Ú�×�Ü Û�áIÝ¤ç�â ä Û�á�â'×�ß#×�ß¤Û�×�â á7ß¤Ú æ�Ú
�

Γ! � 	åë¤Ö�Û 	
= N ∆J ! � � Õ2ç�ãoÙ Ý¤×�ß�Û�×�Û�á7Ý�çtâHÚ ãoÙ Ý#ã#×�Ü í

ä�ã ä�Ý�×�Ø�ä�Ü�Ù�Û�×7â Û�ä ë�ç�Ý�Þ�á7ç�Ù�Ú ß�Û�ã Ù102�=8�ä�Ü�ð#ë#×�ß � Ú�Ü7ç î çë¤Ö�Û���ÝoÛ�)2× ß¤Û�ã,V©Ø�ç Ü�×2� ë�ç , ë�çtæ�Ú N ∆J ß�×
ë�Ö�×�Ù�à�ä�Û#Ü
á ß�Ú � ×�ß¤Û�ã �
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	 � � ä�Ù�×�Ö��oë¤Ö�çtÙ�ç�ØoÛ�â'ç�ä�Ü�Þ ß�Û¤æ�Ú æ�ç î ç
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Ù Ý�Û�ãoßoÛ�ã ß¤Ú
ë�×�Ö�× ß�çtÖ�âHÛ¤Ö�çtÙ�æ�ð ß#×
çtæ�Ú�á�àyÙ�Ú ×�Ü �G
 � ×�íÙ�Û�Øoß�çJ� ç î Ö¤Ú ß�Û � ×�ß�Û�× ë�×�Ö�× ß�çtÖ�âHÛ¤Ö�çtÙ�æ�Û " ä ßoÛ�á�ð
ë�ÝoÚ�Ù�ß�ç�� ñ®ð#ß�æ�<oÛ#×"� + ß�× Ö î Û�Û ð�â'×�ß�Þ���Û�Ü
Û#á7â'× ß�×�ß¤Û�×
ΓJ ( $ )

Ù���ÝdÛ�á Û 	 U ÛìÝ�Û�æ�Ù�Û�ØoÛ¤Ö�ð�×7Ü�Û�á�Ý�ç�â �  Ü Ú æ�ç�â'ð
)�× Ö#×7á�ð�ÝdÞ�Ü Ú�Ü7ð ë�Ö�Û¤Ù ×�Ø�×7Ü Û ×�ä7Ü�×�ä7Ü Ù × ß�ß�ç�× Ø�Ý�ã
Ú â�ç�Ö�ñ³ß�ç î ç çF��Ö�Ú á�<oÚìð���Û¤Ö�× ß�Û�×
ä Ù × Ö��dë�Ö�ç�Ù ç�Ø#ã�ï�× î çë�× Ö�×��oç�ØoÚ � Õ2ç�+7Ü�ç�â�ð�Ö�× Ú ÝoÞ�ß�ç±ä�Ý�×7Ø�ðt×�Ü�ç�)�Û�ØoÚ�Ü Þ�� � Ü7ç
ΓJ ( $ )

Ù 	 U ß#×&��ð�Øt×�Ü Û#á7â'× ß�ã�Ü�Þ�äIã,�Qæ�Ú æ +7Ü�ç�Û�ß¤Ú���ÝQ�©í
ØoÚ�×7Ü�ä�ã + æ�ä�ë�× Ö�Û�â�×�ß�Ü Ú�ÝoÞ�ß�ç �L'Ú æ�Û�â ç���ÖoÚ�á�ç�â �W+�Ù�ç�Ýe��<oÛ�ã

ΓJ ( $ )
Ù���Ý�Û�á�Û/	 U ç�ë�í

Ö�×�Ø�×7Ý�ã�×7Ü�äIã·ØoÙ ð�â�ã ñ³Ú æ�Ü�çtÖ�Ú âQÛ Voä ë�Ú Ø�ç�â
ΓJ ( $ )

Ù�ä7Ý¤×7Ø�í
ä7Ü Ù�Û�×�ð�â'×�ß�Þ��³× ß�Û�ã � Ú�ä7Ü�ç�Ü à Ö#×7Ý�Ú æ�ä Ú�<oÛ�Û
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Û±Ö�ç�ä�Ü�çtâ

ΓJ ( $ )
Û�á í-á Ú&C�Ù�à â�ç�Ö�Ú�)´Û�Ù�Ú�ß�Û�ã.E�ë�× Ö�×�ß�ç�Ö�âHÛ�Ö#ç#Ù�æ�Û " �Õ2× Ö�Ù�à��ìñ³Ú æ�Ü�çtÖJ�yÙ±ç�Ü7Ý�Û � Û�×±ç�Ü Ù�Ü7ç�Ö�ç î çQ� � Ú�ä�Ü7ç�Ü7ß�çtíá�Ú Ù�Û�ä Û�â �´ë�ç�+7Ü�ç�â'ð Ö�×�á7ð�Ý�Þ�Ü�Û�Ö�ð��©ï ×�×åÛ�á7â�×�ß�×�ß�Û�×

ΓJÜ�Ú æ�) ×_��ð�Ø�×�Ü�á Ú Ù�Û�ä�×�Ü�Þêç�Ü � Ú�ä�Ü�çtÜ�à � Õ2Ö�Ûéðtâ'× ßoÞ���×�í
ßoÛ�Û

ω
ç���Ý�Ú�ä�Ü�Þ Ü�×7âHë�× Ö¤Ú�Ü7ð�ÖJ�
Ù æ�ç�Ü7ç ,�ç��
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Ü7×��7)³×

η
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ä7ç�ä�Ü7ç�ã�ß¤Û�ã_+�Ý¤×�æ�Ü Ö�ç�ß�ß�ç���ë�ç�Ø�ä Û�ä7Ü�×�âbà �WI +�Ü Û�� ð�ä7Ý¤çtí
Ù�Û#ãS� CtÙ�à�âQç�ÖoÚ�)�Û¤Ù�Ú ß¤Û�×�Eåë�× Ö�× ß�ç�Ö�â'ÛoÖ#ç#Ù�æ�ÛìØ�ç�Ý=)�ß�ç
ØoÚ Ù�Ú�Ü7Þ Ø�Ú�)³× ��ç�Ý�×�× Ù�àyÖoÚ�)³× ßoß�à �K+ ñ³ñy× æ�Ü�� � ×�â Ù
+�æ�ä ë�× ,�Û#âQ× ß�Ü7Ú��,�Hë�,#ç#Ù�×7Ø�× ßoß�à��
ß¤Ú�âbÛ(� � Ü7çJ�Hë�ç�í�Ù�Û�ØoÛ�íâQç�â�ð,�dÛ±ß¤Ú���ÝQ�yØoÚ�Ý¤ç�ä Þ�Ù ý � � �I á Ú æ�Ýe� � ×�ß¤Û ü ä ñyç�Ö�â'ð�ÝdÛ�Ö�ð�×�â�ç�ä ß�ç�Ù�ß¤à�×�Ö#×7á�ð�ÝdÞ í
Ü�Ú�Ü àþÖ�Ú���ç�Ü à � Õ2ç�+ æ�ä�ë#×�Ö¤Û�â'×�ß#Ü�Ú�Ý�Þ ß�ç�� á�Ú Ù�Û�ä Û�â'ç�ä�Ü Û
ë�ç î Ý�ç�ï³× ßoÛ�ã
á Ù ð�æ�Ú Ù ä�Ù�×�Ö���ë�Ö�ç�Ù�ç�Ø�ãoï³×�â Ú�â'ç#Ö�ñ2ß#çtâ
ä�ë�ÝoÚ�Ù�× ò�ó Ã � ª � ô'õ �Cö ª Ä ÷�ø �j� ª � ù©ú �jÅ ûHü �@� � �

ç�ë�Ö�×�Ø�×7Ý¤× ß�à
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η
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Ûìæ�ç�Ý�Û � ×7ä�Ü Ù × ß�ß�ç
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