
�iz ������������������������

����������	
�����
�����	�������
���	�������������������	���������

�������������	
���������	�
�����������	�������������	�����

�� v� r|cjv|{� ��¯ �Ë²Ó� ÓÈ�}� |� {� z|�jvsj psz|� ÒÓÎ� �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p�|� �È�ºÓÈ sks �}¯ÈÒÓ©�

¬¿ ÍÐÌÍÁÄ ÏÄ×ÄÌÇÞ ÌÄÐÑ¿ÕÇÍÌ¿ÏÌÍÂÍ ÒÏ¿ÁÌÄÌÇÞ ÑÄÎÊÍÎÏÍÁÍÃÌÍÐÑÇ ËÄÑÍÃÍË ÉÍÌÄÖÌÚÔ Ï¿ÆÌÍÐÑÄÈ ÍÎÏÄÃÄÊÄÌÚ ÑÄË�
ÎÄÏ¿ÑÒÏÌÚÄ ÎÍÊÞ ÎÍÁÄÏÔÌÍÐÑÌÚÔ ÐÊÍÄÁ Á ÎÏÍÕÄÐÐÄ ÎÊ¿ÆËÄÌÌÍ�ÃÄÑÍÌ¿ÕÇÍÌÌÍÈ ÍÀÏ¿ÀÍÑÉÇ �®£­� ÇÆÃÄÊÇÈ� ¬¿ À¿ÆÄ

ÎÍÊÒÖÄÌÌÚÔ Ï¿ÐÖÄÑÌÚÔ Æ¿ÁÇÐÇËÍÐÑÄÈ ÎÏÍÁÄÃÄÌ ¿Ì¿ÊÇÆ ÉÇÌÄÑÇÉÇ Ó¿ÆÍÁÚÔ ÎÏÄÍÀÏ¿ÆÍÁ¿ÌÇÈ Á ÐÑÏÒÉÑÒÏÄ ÐÑ¿ÊÇ ²� ÎÏÇ

®£­� ¯ÄÆÒÊÛÑ¿ÑÚ Ï¿ÐÖÄÑÌÍ�ÑÄÍÏÄÑÇÖÄÐÉÍÂÍ ¿Ì¿ÊÇÆ¿ ÐÍÎÍÐÑ¿ÁÊÄÌÚ Ð ÜÉÐÎÄÏÇËÄÌÑ¿ÊÛÌÚËÇ Ã¿ÌÌÚËÇ�

zã
� Ë m © Ë ° ã º m È � ��ãË¯º�Ò°�È« °�Èã	� ¹ãÈÏäËÓÓº��Ë�º�
ÓÈ�ÒºÓÓÈ« º­¯È­º�}È� äË�º� }ºÓË�Ó©² ¯ÈÏÓº°�Ë®� ÓË°�È�Òº�
ÓÈ¯ÓºË �¯ÈmÓËÓÒË �Ë¹ãº¹¯ºmº�Óº°�Ò� �Ëä¹Ë¯È��¯Ó©Ë ¹ºã«�
m©°º}º°}º¯º°�Óº® ÓÈ�¯Ëm �º²ãÈÎ�ËÓÒË�� °�¯�}��¯Óº�ÁÈÏº�
m©Ë ¹¯Ëm¯È�ËÓÒ«

{ ¹¯º�Ë°°Ë mºÏ�Ë®°�mÒ« m©°º}ºÒÓ�ËÓ°ÒmÓ©äÒ �Ë¹�
ãºm©äÒ ¹º�º}ÈäÒ� °ºÏ�ÈmÈËä©äÒ ¹ãÈÏäËÓÓ©ä �Ë�
ÓË¯È�º¯ºä� ãÈÏË¯ºä� ªãË}�¯ºÓÓ©ä ã��ºä� ¹¯ºÒ°�
²º�Ò� ÓÈ�¯Ëm ¹ºmË¯²Óº°�Ò ° ¹º°ãË��
�Òä º²ãÈÎ�
�ËÓÒËä ËË ¹��Ëä º�mº�È �Ë¹ãÈ m äÈ�Ë¯ÒÈã Ò º}�
¯�ÎÈ
��
 °¯Ë��� m ¯ËÏ�ã	�È�Ë �Ë�º m ¹¯Ò¹ºmË¯²�
Óº°�Óºä °ãºË ¹¯ºÒ°²º�«� °�¯�}��¯Óº�ÁÈÏºm©Ë
¹¯Ëm¯È�ËÓÒ«� { �°ãºmÒ«² °}º¯º°�Óº�º ÓÈ�¯ËmÈ Ò
º²ãÈÎ�ËÓÒ« ÒÏäËÓ«Ë�°« }ÒÓË�Ò}È °�¯�}��¯Ó©² ¹¯Ë�
º­¯ÈÏºmÈÓÒ®� ��º º­�°ãºmãÒmÈË� °�mÒ� °ºº�mË�°�
�m�
�Ò² }¯Ò�Ò�Ë°}Ò² �º�Ë} ÁÈÏºm©² ¹¯Ëm¯È�ËÓÒ®
>�� �@� �¯Ò m©°º}º°}º¯º°�Óºä ÓÈ�¯ËmË ¹º�mº�ÒäÈ«
�Ë¹ãºmÈ« ªÓË¯�Ò« ¹¯Ëmº°²º�Ò� ªÓË¯�Ò
� ÓËº­²º�
�Òä�
 �ã« ¹Ë¯Ë°�¯º®}Ò }¯Ò°�ÈããÒ�Ë°}º® ¯Ë�Ë�}Ò
α → γ� È °ÈäÈ ¹Ë¯Ë°�¯º®}È Ò�Ë� ° ÓË}º�º¯º® °}º�
¯º°�	
� z¯ºäË �º�º� �ºäº�ËÓÒÏÈ�Ò« È�°�ËÓÒ�È Ò
¹¯º�Ë°° ¯Ë}¯Ò°�ÈããÒÏÈ�ÒÒ �ËÁº¯äÒ¯ºmÈÓÓ©² °¹ãÈ�
mºm °äË�È
�°« m º­ãÈ°�	 Ë�Ë ­ºãËË m©°º}Ò² �Ëä�
¹Ë¯È��¯�

iã« º¹¯Ë�ËãËÓÒ« °äË�ËÓÒ® �Ëä¹Ë¯È��¯ ÁÈÏº�
m©² ¹¯Ëm¯È�ËÓÒ® m °�Èã«² mº m¯Ëä« �Ë®°�mÒ« }ºÓ�
�ËÓ�¯Ò¯ºmÈÓÓº�º Ò°�º�ÓÒ}È ªÓË¯�ÒÒ º�Óº°Ò�Ëã	Óº
}¯Ò�Ò�Ë°}Ò² �º�Ë} ÓÈ ¯ÈmÓºmË°Óº® �ÒÈ�¯ÈääË ÎË�
ãËÏºÜ��ãË¯º� mÈÎÓº ÏÓÈ�	 �Ëä¹Ë¯È��¯ÓºË ¹ºãË Ò
ÒÏäËÓËÓÒË °}º¯º°�Ò ÓÈ�¯ËmÈ �º²ãÈÎ�ËÓÒ«� m ÏºÓË
º­¯È­º�}Ò� lÈ�ËäÈ�Ò�Ë°}ºä� äº�ËãÒ¯ºmÈÓÒ
 mºÏ�
�Ë®°�mÒ« }ºÓ�ËÓ�¯Ò¯ºmÈÓÓ©² �Ë¹ãºm©² ¹º�º}ºm ÓÈ
äÈ�Ë¯ÒÈã© ¹º°m«�ËÓº ­ºã	�ºË }ºãÒ�Ë°�mº ¯È­º�
>�Ü�@� { ÓÒ² ¯È°°äº�¯ËÓ© }È} ÈÓÈãÒ�Ò�Ë°}ÒË äË�
�º�©� �È} Ò äË�º�© �Ò°ãËÓÓº�º ÈÓÈãÒÏÈ �Ë¹ãºmº�º
°º°�º«ÓÒ« äÈ�Ë¯ÒÈãÈ� { ¯«�Ë ¯È­º� äº�ËãÒ¯�Ë�°«
mºÏ�Ë®°�mÒË ÓÈ ¹ºmË¯²Óº°�	 ÓË °�È�ÒºÓÈ¯Ó©ä� È
¹Ë¯Òº�Ò�Ë°}Òä �Ë¹ãºm©ä ¹º�º}ºä�

¡Ëã	 ¯È­º�© ÏÈ}ã
�ÈãÈ°	 m �Ò°ãËÓÓºä ¯È°�Ë�Ë
�Ëä¹Ë¯È��¯Ó©² ¹ºãË®� °}º¯º°�Ë® Ò² ÒÏäËÓËÓÒ«� È
�È}ÎË ÈÓÈãÒÏË Ò² mãÒ«ÓÒ« ÓÈ }ÒÓË�Ò}� ÁÈÏºm©²
¹¯Ëº­¯ÈÏºmÈÓÒ® m äº�ÒÁÒ�Ò¯ºmÈÓÓ©² °ãº«² ¹¯Ò
¹ãÈÏäËÓÓº��Ë�ºÓÈ�ÒºÓÓº® º­¯È­º�}Ë ��i|� ¹ºmË¯�

²Óº°�Ò ÒÏ�ËãÒ®� �Ë²Óºãº�Ò« �i| >�@ ¹ºÏmºã«Ë�
¹ºã��È�	 Òä¹�ã	°Ó©Ë ¹º�º}Ò ¹ãÈÏä©� ¹º� �Ë®°�
�mÒËä }º�º¯©² ¹ºmË¯²Óº°�	 ÒÏ�ËãÒ« Ò°¹©�©mÈË�
�Ò}ãÒ�Ë°}�
 �Ë¯äºº­¯È­º�}�� �Ëä¹Ë¯È��¯Ó©® �Ò�
È¹ÈÏºÓ ÓÈ�¯ËmÈ ¹ºmË¯²Óº°�Ò mËãÒ}� ��…���� Åv
Ò m©�Ë� {°ãË�°�mÒË ª�º�º� }¯ºäË ÒÏäËÓËÓÒ« �Ë¹�
ãºÁÒÏÒ�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò} m ÏÈmÒ°Òäº°�Ò º� �Ëä�
¹Ë¯È��¯© º­¯È­È�©mÈËäº�º äÈ�Ë¯ÒÈãÈ� ÓËº­²º�Òäº
��Ò�©mÈ�	 Ò °}¯©��
 �Ë¹ãº�� ÁÈÏºmº�º ¹Ë¯Ë²º�È�
|�ãÒ�Ò�Ëã	Óº® º°º­ËÓÓº°�	
 �i| «mã«Ë�°« �º�
��º ÒÏ�ËãÒË äºÎË� ­©�	 m}ã
�ËÓº m ¯ÈÏ¯«�Ó©®
}ºÓ��¯� j°°ãË�ºmÈÓÒË Èä¹ãÒ���Óº�m¯ËäËÓÓ©² ²È�

¯È}�Ë¯Ò°�Ò} �º}È ¹¯Ò �i| ¹º}ÈÏÈãº� ��º ¹ãº�Óº°�	

�º}È m º­¯È­È�©mÈËäº® º­ãÈ°�Ò m©�Ë ��
�
k�ä

�

>�@� �È}Òä º­¯ÈÏºä� ÓÈ�¯Ëm ¹ºmË¯²Óº°�Óº�º °ãº«

äÈ�Ë¯ÒÈãÈ m �°ãºmÒ«² �i| ¹¯ºÒ°²º�Ò� ­ãÈ�º�È¯«

mÓË�ÓËä� �Ë¹ãºmºä� ¹º�º}�� °º°�Èmã«
�ÒäÒ }º�

�º¯º�º «mã«
�°«� ªÓË¯�Ò«� ¹¯ÒÓº°ÒäÈ« ªãË}�¯º�

ÓÈäÒ� ÒºÓÈäÒ� ÓË®�¯Èã	Ó©äÒ È�ºäÈäÒ� ã��Ò°�È«

ªÓË¯�Ò«� È �È}ÎË ªÓË¯�Ò« m ¯ËÏ�ã	�È�Ë �Ë¹ãºm©�

�ËãËÓÒ« m ¹¯º�Ë°°Ë ¹¯º²ºÎ�ËÓÒ« Òä¹�ã	°Óº�º �º�

}È� �¯ÒÓÒäÈ« mº mÓÒäÈÓÒË �Ò¯º}Ò® �Ëä¹Ë¯È��¯�

Ó©® �ÒÈ¹ÈÏºÓ ÓÈ�¯ËmÈ ¹ºmË¯²Óº°�Ò� ÓËº­²º�Òäº

�È}ÎË ��Ò�©mÈ�	 ÒÏäËÓËÓÒ« ªãË}�¯ºÁÒÏÒ�Ë°}Ò²

°mº®°�m äÈ�Ë¯ÒÈãÈ� �È}Òä º­¯ÈÏºä� �ã« ¯È°�Ë�È

�ÒÓÈäÒ}Ò �Ëä¹Ë¯È��¯Ó©² ¹ºãË® ¹¯Ò �i| ¹¯Ë��

¹º��Ò�Ëã	ÓËË Ò°¹ºã	ÏºmÈ�	 �Ò°ãËÓÓºË äº�ËãÒ¯ºmÈ�

ÓÒË ¹¯º�Ë°°È� iã« ª�º�º ¹¯ÒäËÓ«ãÒ äË�º� }ºÓË�Ó©²

¯ÈÏÓº°�Ë®� �¯Ò ¯Ë�ËÓÒÒ ÏÈ�È�Ò ª�Òä äË�º�ºä Ò°�

¹ºã	ÏºmÈãÒ ¹ºãÓº°�	
 ÓË«mÓ�
 °²Ëä��

{ º°Ë°ÒääË�¯Ò�Óºä ¹¯Ò­ãÒÎËÓÒÒ ¯È°°äº�¯ËÓº

ÓË°�È�ÒºÓÈ¯ÓºË �¯ÈmÓËÓÒË �Ë¹ãº¹¯ºmº�Óº°�Ò ° ¹Ë�

¯ËäËÓÓ©äÒ }ºªÁÁÒ�ÒËÓ�ÈäÒ Ò ÓÈãÒ�ÒËä º­�ËäÓº�º

�Ë¹ãºm©�ËãËÓÒ«�

&(7) ρ(7)
∂7
∂W =

∂
∂]




λ(7)

∂7
∂]





+ �

U

∂
∂U

Uλ(7)
∂7
∂U

 +
M
�(W)

σ(7)�

� ≤ U ≤ 5� � ≤ U ≤ +�
���

��Ë &� λ� σ� ρ Û °ºº�mË�°�mËÓÓº ��Ëã	ÓÈ« �Ë¹�
ãºËä}º°�	� }ºªÁÁÒ�ÒËÓ� �Ë¹ãº¹¯ºmº�Óº°�Ò� ��Ëã	�
ÓÈ« ªãË}�¯º¹¯ºmº�Óº°�	 Ò ¹ãº�Óº°�	 äÈ�Ë¯ÒÈãÈ�
M Û ¹ãº�Óº°�	 �º}È� º¹¯Ë�Ëã«ËäÈ« ª}°¹Ë¯ÒäËÓ�
�Èã	Óº ° Ò°¹ºã	ÏºmÈÓÒËä äË�º�Ò}Ò ¹º«°ºm cº�ºm�

� �� v� rº¯Ò°ºm� |� {� zºãÒ°ÓÒ�ËÓ}º� ����

������ ��



°}º�º >�@�5�+Û °ºº�mË�°�mËÓÓº ¯È�Ò�° Ò �ºã�ÒÓÈ
º­¯ÈÏ�È�

vºº�Óº�ËÓÒË ¹ºmË¯²Óº°�Óº�º Ò º­�ËäÓº�º Ò°�
�º�ÓÒ}ºm �Ë¹ãÈ ÒäËË� mÒ� >�@

θ = λ7 ⁄ (χ M
� δ�)�

��Ë λ  �� {���ä⋅z�� 7  ���� z Û �Ëä¹Ë¯È��¯È
m °ãºË� χ  �⋅��Ü� |ä⋅ä Û ��Ëã	ÓºË ªãË}�¯Ò�Ë°}ºË
°º¹¯º�ÒmãËÓÒË� M  �⋅��� k�ä�� δ  ��Ü� ä Û ²È�
¯È}�Ë¯ÓÈ« �ã�­ÒÓÈ °ãº«�

�¯ºmË�ËÓÓÈ« º�ËÓ}È ¹º}ÈÏ©mÈË�� ��º º­�ËäÓºË
�Ë¹ãºm©�ËãËÓÒË °º°�Èmã«Ë� �� � º­�Ë�º �Ë¹ãºmº�º
m}ãÈ�È� �¯Ò Áº¯ä�ãÒ¯ºm}Ë �¯ÈÓÒ�Ó©² �°ãºmÒ®
�ã« �¯ÈmÓËÓÒ« ��� ¹¯ÒÓ«ãÒ °ãË��
�ÒË �º¹��ËÓÒ«�
ÒÏ�ËãÒË �Ë¹ãºÒÏºãÒ¯ºmÈÓº� ��Ëã	Ó©® �Ë¹ãºmº® ¹º�
�º} m ÒÏ�ËãÒË ÒäËË� �È�°°ºmº ¯È°¹¯Ë�ËãËÓÒË
T�U�  T�H[S>Ü�ξU�

�@ �T� Û äÈ}°ÒäÈã	ÓºË ÏÓÈ�Ë�
ÓÒË ��Ëã	Óº�º �Ë¹ãºmº�º ¹º�º}È� ξ Û }ºªÁÁÒ�ÒËÓ��
��Ò�©mÈ
�Ò® ÒÏäËÓËÓÒË ��Ëã	Óº�º �Ë¹ãºmº�º ¹º�
�º}È ¹º ¯È�Ò�°��� º²ãÈÎ�ËÓÒË ¹ºmË¯²Óº°�Ò º°��
�Ë°�mã«Ë�°« ÏÈ °�Ë� �Ë¹ãºº�mº�È m�ã�­	 äË�ÈããÈ�
È �È}ÎË ã��Ò°�º�º ¹º�º}È ° ¹ºmË¯²Óº°�Ò ÒÏ�ËãÒ«
Tã��  εσ6%7

� �ε Û °�Ë¹ËÓ	 �Ë¯Óº�© ¹ºmË¯²Óº°�Ò�
σ6% Û ¹º°�º«ÓÓÈ« v�ËÁÈÓÈ Ü rºã	�äÈÓÈ�

] = �� � ≤ U ≤ 5� λ
∂7
∂] = Ü T(U) + Tã���

] = +� � ≤ U ≤ 5� λ
∂7
∂] = ��

U = �� � ≤ ] ≤ +�

∂7
∂U = ��

U = 5� � ≤ ] ≤ +� λ
∂7
∂U = ��

W = �� 7 = ��� .�

iã« �¹¯º�ËÓÒ« ¯ÈÏÓº°�Óº® °²Ëä© �¯ÈmÓËÓÒË
��� ¹¯Ëº­¯ÈÏºmÈÓº } }mÈÏÒãÒÓË®Óºä� mÒ�� ¹��Ëä
ÏÈäËÓ©

6(7) = ∫
���

7

λ(7)G7�

�º��È �¯ÈmÓËÓÒË ��� ¹¯ÒÓÒäÈË� mÒ�

&(7)
λ(7) ρ

∂6(7)
∂W =

∂�6(7)

∂]�
+ �

U

∂
∂U




∂6(7)

∂U




+
M(W)�

σ(7)� ���

�¯Ò Òä¹�ã	°Óºä ¹ãÈÏäËÓÓºä mºÏ�Ë®°�mÒÒ m ¹º�
mË¯²Óº°�Ó©² °ãº«² mºÏÓÒ}ÈË� ­ºã	�º® �¯È�ÒËÓ�
�Ëä¹Ë¯È��¯� �È}Òä º­¯ÈÏºä� ÓË°�È�ÒºÓÈ¯ÓºË �¯Èm�
ÓËÓÒË �Ë¹ãº¹¯ºmº�Óº°�Ò °ãË��Ë� ¯Ë�È�	 ÓÈ ÓË¯Èm�
ÓºäË¯Óº® °Ë�}Ë� ��º ÓË°}ºã	}º �°ãºÎÓ«Ë� ÏÈ�È���
iã« ¹Ë¯Ë²º�È } ¯ÈmÓºäË¯Óº® °Ë�}Ë ­©ãº º°��Ë°�
�mãËÓº ¹¯Ëº­¯ÈÏºmÈÓÒË }ºº¯�ÒÓÈ�© ] >�@

] = +
� Ü H

η]a

� Ü H
η � ���

��Ë η Û }ºªÁÁÒ�ÒËÓ�� ��Ò�©mÈ
�Ò® °�Ë¹ËÓ	

ÓË¯ÈmÓºäË¯Óº°�Ò °Ë�}Ò� ]a =
OQ(� Ü ](� Ü Hη) ⁄+)

η Û

­ËÏ¯ÈÏäË¯ÓÈ« }ºº¯�ÒÓÈ�È ÓÈ ¯ÈmÓºäË¯Óº® °Ë�}Ë�

�¯ÈmÓËÓÒË ��� ÓÈ ¯ÈmÓºäË¯Óº® °Ë�}Ë ° ��Ë�ºä
¹¯Ëº­¯ÈÏºmÈÓÒ« ��� m Óºmº® °Ò°�ËäË }ºº¯�ÒÓÈ�
ÒäËË� mÒ�

&(7)
λ(7) ρ

∂6
∂W =

∂�6

∂]a�
�

η�






H

η
Ü �

+H
η]a







�

Ü

∂6
∂]a

�

η






H

η
Ü �

+H
η]a








�

+

+ �

U

∂
∂U




∂6(7)

∂U




+
M(W)�

σ(7)�
���

�º°ãË ¹¯ÒmË�ËÓÒ« } ­ËÏ¯ÈÏäË¯Óºä� mÒ�� ¯ÈÏ�
Óº°�Ó©® ÈÓÈãº� �¯ÈmÓËÓÒ« ��� ¯Ë�ÈË�°« ° Ò°¹ºã	�
ÏºmÈÓÒËä °²Ëä© �Ò°äËÓÈ Ü cª}Áº¯�È >�@ äË�º�ºä
º�ÓºäË¯Ó©² ¹¯º�ºÓº} ¹º ] Ò U�

iã« º­Ë°¹Ë�ËÓÒ« ª}ºÓºäÒ�Óº°�Ò °²Ëä© Ò �äËÓ	�
�ËÓÒ« �È�ºm ¹¯Ò º°�©mÈÓÒÒ ¹ºmË¯²Óº°�Ò Ò°¹ºã	�
ÏºmÈãÒ ÓË¯ÈmÓºäË¯Ó�
 °Ë�}� ¹º m¯ËäËÓÒ� vË�}È
°���ÈË�°« mº m¯ËäËÓÓºä ÒÓ�Ë¯mÈãË °��Ë°�mºmÈÓÒ«
­ºã	�Ò² �¯È�ÒËÓ�ºm �Ëä¹Ë¯È��¯ Ò ¯ÈÏ¯ËÎÈË�°« ¹¯Ò
äÈã©² �¯È�ÒËÓ�È²� bÈ� °Ë�}Ò º¹¯Ë�Ëã«Ë�°« ÒÏ m©�
¯ÈÎËÓÒ«

τ =
τ�(� Ü ωN)
� Ü ω � N = �� �� … � OF�

��Ë OF Û }ºãÒ�Ë°�mº �È�ºm m ¯È°�Ë�Óº® °Ë�}Ë ¹º
m¯ËäËÓÒ ¹¯Ò º°�©mÈÓÒÒ� ω Û }ºªÁÁÒ�ÒËÓ� �Ë�
ºäË�¯Ò�Ë°}º® ¹¯º�¯Ë°°ÒÒ� º¹Ò°©mÈ
�Ë® ÓË¯ÈmÓº�
äË¯Óº°�	 °Ë�}Ò ¹º m¯ËäËÓÓº® }ºº¯�ÒÓÈ�Ë� τ� Û
¹Ë¯m©® �È� ¹º m¯ËäËÓÒ ¹¯Ò º°�©mÈÓÒÒ�

��Ë� �Ë¹ãº�© ÁÈÏºmº�º ¹Ë¯Ë²º�È m ¯È°�Ë�Óº®
äº�ËãÒ ¹¯ºmº�ÒãÒ ¹��Ëä ÏÈäËÓ© ÏÓÈ�ËÓÒ® Ò°�ÒÓ�
Óº® �Ë¹ãºËä}º°�Ò v��� ÓÈ ªÁÁË}�ÒmÓ�
 m ÒÓ�
�Ë¯mÈãË �Ëä¹Ë¯È��¯ ¹Ë¯Ë²º�È ÒÏ º�Óº�º È�¯Ë�È�Óº�º
°º°�º«ÓÒ« m �¯��ºË >��@�

 Ò°ãËÓÓ©® ¯È°�Ë� ÒÏäËÓËÓÒ« �Ëä¹Ë¯È��¯Óº�º
¹ºã« ¹ºmË¯²Óº°�Ó©² °ãºËm º­¯ÈÏ�ºm ÒÏ °�ÈãÒ äÈ¯}Ò
�� ­©ã ¹¯ºmË�ËÓ ¹¯Ò °ãË��
�Ò² �°ãºmÒ«² �i|�
��Ëã	Ó©® �Ë¹ãºmº® ¹º�º} m ¹ºmË¯²Óº°�	 T�  
 ���⋅��� {��ä�� �ãÒ�Ëã	Óº°�	 Òä¹�ã	°È τ  ��� ä°�
Èä¹ãÒ���È �º}È ,  ���⋅��� k� �ºã�ÒÓÈ º­¯ÈÏ�È
+  ���⋅��Ü� ä� ¯È�Ò�° º­¯ÈÏ�È 5  ���⋅��Ü� ä�
}ºãÒ�Ë°�mº Òä¹�ã	°ºm Q  �� �È°�º�È °ãË�ºmÈÓÒ«
Òä¹�ã	°ºm ν  � ���

�¯Ò ÓÈ�¯ËmË }¯Ò�Ò�Ë°}È« �º�}È $
F
�

°äË�ÈË�°«

m º­ãÈ°�	 m©°º}Ò² �Ëä¹Ë¯È��¯ ÓÈ mËãÒ�ÒÓ� ∆�} >�@�

∆7} =





�N

�
[
�

�'







� ⁄ �

YÓ
� ⁄ �

� ���

��Ë ' Û }ºªÁÁÒ�ÒËÓ� �ÒÁÁ�ÏÒÒ ��ãË¯º�È m È�°�
�ËÓÒ�Ë� YÓ Û °}º¯º°�	 ÓÈ�¯ËmÈ m }¯Ò�Ò�Ë°}ºä ÒÓ�
�Ë¯mÈãË �Ëä¹Ë¯È��¯� N Û ¹È¯ÈäË�¯� º¹¯Ë�Ëã«Ëä©®
ÒÏ �ÒÈ�¯Èää© )HÜ)H�& ��ã« °�ÈãÒ N  ����� [ Û
°�¯�}��¯Ó©® ÁÈ}�º¯ �¹ºãºmÒÓÈ ¯È°°�º«ÓÒ« äËÎ��
°º°Ë�ÓÒäÒ �ËÓ�¯ÈäÒ }¯Ò°�ÈããÒÏÈ�ÒÒ È�°�ËÓÒ�È��

sÈ ¯Ò°� � ¹º}ÈÏÈÓº ÒÏäËÓËÓÒË �Ëä¹Ë¯È��¯© mº
m¯ËäËÓÒ m �º�}È² ° }ºº¯�ÒÓÈ�º® U  � ää ÓÈ ¯ÈÏ�
ãÒ�Óºä ¯È°°�º«ÓÒÒ º� ¹ºmË¯²Óº°�Ò ]� j°¹ºã	Ïº�
mÈÓÒË ¯ÈmÓºmË°Óº® �ÒÈ�¯Èää© ÎËãËÏºÜ��ãË¯º� �ã«
º¹¯Ë�ËãËÓÒ« �ºã�ÒÓ© äº�ÒÁÒ�Ò¯ºmÈÓÓº�º °ãº« �ÈË�
ÏÈm©�ËÓÓºË ÏÓÈ�ËÓÒË Û �� ä}ä� iã« º¹¯Ë�ËãËÓÒ«
�ºã�ÒÓ©¹ºmË¯²Óº°�Óº�º °ãº«� Ò°¹©�Èm�Ë�ºÁÈÏºm©Ë
¹¯Ëm¯È�ËÓÒ« m �°ãºmÒ«² �i|� ÓËº­²º�Òäº ÏÓÈ�	

�� ������



°}º¯º°�	 ÓÈ�¯ËmÈ� sÈ ¯Ò°� � ÒÏº­¯ÈÎËÓ© ¯È°�Ë�Ó©Ë
}¯Òm©Ë °}º¯º°�Ò ÓÈ�¯ËmÈ ÓÈ ¯ÈÏãÒ�Óº® �ã�­ÒÓË�
{Ò�Óº� ��º ¹¯Ò W  ���⋅��Ü� ° ÓÈ �ã�­ÒÓË ]  ��
ä}ä °}º¯º°�	 ÓÈ�¯ËmÈ YÓ ≈ 1⋅��� z�°� È ÓÈ ¯È°°�º�
«ÓÒÒ º� ¹ºmË¯²Óº°�Ò ] ≤ �� ä}ä YÓ ≈ 1,5⋅��� z�°�
iã« ÏÈ}ÈãËÓÓº® °�ÈãÒ �� °�¯�}��¯Ó©® ÁÈ}�º¯ [
  ��Ü� °ä� }ºªÁÁÒ�ÒËÓ� �ÒÁÁ�ÏÒÒ ��ãË¯º�È m
È�°�ËÓÒ�Ë m ¯È°°äÈ�¯ÒmÈËä©² �°ãºmÒ«² ' ≈
≈ ���… ���⋅��Ü� °ä��° >�@� j°²º�« ÒÏ �¯ÈmÓËÓÒ«
���� }¯Ò�Ò�Ë°}È« �º�}È $

F
�

°äË�ÈË�°« m º­ãÈ°�	

m©°º}Ò² �Ëä¹Ë¯È��¯ ÓÈ ∆�}  ���…��� Åv� Ò� °ãË�
�ºmÈ�Ëã	Óº� ÓËÒÏº�Ë¯äÒ�Ë°}ºË È�°�ËÓÒ�ÓºË ¹¯Ëm�
¯È�ËÓÒË ÏÈ}ÈÓ�ÒmÈË�°« ¹¯Ò �Ëä¹Ë¯È��¯Ë º}ºãº
���� z� �È}Òä º­¯ÈÏºä� ¹¯Ò ¹º°ãË��
�Ëä º²ãÈÎ�
�ËÓÒÒ m ¹ºmË¯²Óº°�Óºä °ãºË ≈ �� ä}ä mºÏäºÎÓº
äÈ¯�ËÓ°Ò�ÓºË ¹¯Ëm¯È�ËÓÒË �¯Ò°� �� ��� �ã�­ÎË
­��Ë� ¯È°¹ºãÈ�È�	°« °�¯�}��¯È� º­¯ÈÏ�
�È«°« ¹¯Ò
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