
� ���������� �������	
����� �������� 
���� ��� ��� ���� �� ��Â
D NDG>N�J�� TDKAON>� INR GDAV@J>CDKJ��

GN>??DH BDJCKRP@J> AJDPDDVK>�@M
�X�X�[��
]]��

�a�a�k �dbefdkjg� �dc�gjaedfj�» ��abbdi ¤djef��gja cjd�dd�fa�g� �d k�d efgaj�h���gg�dbi�¬kj �d��£d� f�� fa�de� Vddejd£kjgk fk�h��eaedi� �d�h�kjj�» i K�L� K¾L� b fk�h��eaeacgjabed�¬k� fa�de� d�bh±�akeb� i �dj�k �acke�g�Sa�kk ibk cjd�dd�fa�g�� g» efgaj�h���gg g �df�g�c� �fk��d�a�aªeb� �hbd�jd¸�gjk�j�cg�ibk cjd�dd�fa�g� � �dc�a�ej�cg� ibk �df�g�c� � dfgkjegfdiajj�cg�¤hbe� �
o
� cjd±kbeid ibk» dfgkjegfdiajj�» efgaj�h���g� x" − �y¸ckfjd� b�kf� b ed�jdb#e�ª �d g�dcdf�g�ca� bd»faj�ª¬k�d dfgkjea�gª� ¤hbe� ¡ � a�k�kia �fh��a� W�d�ja�gc �kfk��ox¡y a�k�kih �fh��h ibk» �hj��g� �   �o→ ¡

�g�ckj�ª¬g» �ja� �fg �ackjk dfgkjea�gg efg#aj�h���gg xb�geakc� �ed �,x¡y ~ ¡y� W�fk�k�gc �g��kfkj�ga� �   �ox¡y → �o
�tx¡y �d�dfch�k x��yx«y ~P � x�� �y� ��k bhcca �kfkeb� �d ibkc ikf£gjac � efgaj�h���gg « ∈ �
o
�tg dfgkjea�g� �� � gj�h�gfdiaja dfgkjea�gk� «�Xk��d �fdikfge�� �ed �§ ~ ��Ja�gc d�fa�dc�i �∗ x¡y iid�geb� befh�ehfa �d�k�jd�d �dc��k�ba�¤hbe� 	 � efgaj�h���g� ¥¸ckfjd�d cjd�dd�fa�g�� &ddfgkjea�gk� bgc��k�ba �h�kc ja��#iae� dfgkjea�gª k�d �gj�a� W�d�ja�gc �kfk� b
∗

x	 �¡y �k�jd� �dc��k�b �ddfgkjegfdiajj�»bgc��g�ga��j�» �k�k� �dc��k�ba	 �$dcd�d�gg �ed�d �k�jd�d �dc��k�ba bdi�a�aªe b �dcd�d�g#�cg�
∗
x|	|� b¡y� ��k b¡� dfgkjegfhª¬g� �h�d� cjd�dd�fa�g� |	| bd b�dkc ¡�&a±�d� �hj��gg� ∈ �ox¡y bd�dbeaigc �ddfgkjegfdiajjhª �k�� ��x	y ∈ b



−o
x	 �¡y �d �dfch�k ��x	y ~P��

−�∈� � x�� �

−oy�



−o� ¼a�dikc �hj��gª � ∈ �ox¡y ��������� ��������� kb�g��� �ª�d�d cjd�dd�fa�g� g �ª�d� k�d efgaj�h���gg 	 �ddfgkjegfdiajja� �k�� ��x	y �i��ke#b� �g��dc�

�(^�]'�^��^X �y *42-)3, � ,69,/:+, 9.-59'2. (.0=49. :.B85 3 :.9'-. :.B857-.B85 � ,69,/:+, -.)3-9.= 6 -.)/�2.= -.=�9/-+/ �∗ x¡yH©y !+93 � ,69,/:+, -.B0523)/ 6 -.)/�2.= -.=�9/-+/ �∗ x¡y7 :. 89, 9;�.B. =2.	B..�05G3, 3 9;�. /B. :0352B49,)33 	 )/�' ��x	y ,69,/:+, B0523)/ H·y !+93 	t 3 	§
C 86/ :0352B49,)33 .82.B. =2.B..�05G3,7 � C 9.-59'25, (.0=4957:. )3-9+ ��x	ty 3 ��x	§

y B.=.9.B3
2+H
Ja�gc d�fa�dc� ��abb �d�dcd�d�g� ! ∈ �ox�∗ x¡yy d�fk�k��ke ��� �ª�d�d cjd�dd�fa#�g� "
 ��abb �dcd�d�g� !�x"
y ∈ �


−o
x"
 � b¡y g� b�k�diaek��jd� �d �id�beikjjdbeg¤haj�afk� ��abb �d�dcd�d�g� !�x"
y ∈ �ox"

 �¡y�Yb�g ¥ ~ " g cjd�dd�fa�gk"o dfg#kjegfdiajd� ed ��abbh ! bddeikebeihke ��kckje !# x"oy ~ 〈!

�x"oy� K"oL〉 ∈ ¡�&d�fajg���d�k�jd�d �dc��k�ba �∗ x¡y �h�kc ja��iae� $�%&%����'�% �d�a��j�cg �dfch�acg�W^'(^)[ %X &4+:' ! C �0.3G6.9'2+ �9/=/2: B04��+ �ox�∗ x¡yyH �.B85 !#x"ot y ~!#x"o§
y 89, 9;�+( 864( �.0852:2+( .03/2:30.6522+( =2.B..�05G3 "ot 3 "o§

H
V�k�diaek��jd� d�fk�k�kj �dcdcdf�g�c )  �ox�∗ x¡yy → *�!x+o

�¡y� bd�dbeai��ª¬g���abbh �d�dcd�d�g� ! �dcdcdf�g�c !# � ��k +
∗
� �fh��a �hbd�jd¸�gjk�j�» dfgkjegfdiajj�»�df�g�cdi ed��g�

W^'(^)[ �X * +94
5/ ¡ ~ Q
B.=.=.0(3G= ) ,69,/:+, 3G.=.0(3G=.=H �5-3= .�05	G.=7 B04��5 �∗ x�∗ xQyy 3G.=.0(25 5883:362. B04��/ -.9')5 �.932.=.6 Q K�t��§

� � � � L 7
�-,�r ~ ¾1 H
Y]^�-
_�^X �9, 9;�.B. 25�.05 . ~ x/t� /§

� � � � � /�y 2/.:03)5:/9'2+( )/9+( 
3+/9
+4</+:64/: /832+:6/22+ -95++ -.B.=.9.B3 01 ∈ ��2pN�§pR�···

��p34x�∗ xQyy :5-. 7

:. 0�1 x"
y ~ �pNt x"
y�pR§ x"


y · · ·�p3� x"

y 89, 9;�.B. =2.B..�05G3, "
 7 B8/�r x"
y C 1 � 05)3.259'2+ -95++ &.2:0,B325 =2.B..�05G3, "
 H 595+++ 01 .�05G4;:�5G3+ 6/-:.02.B. �0.+:052+:65 �∗ x�∗ xQyyH



�Â� � ���������� �������	
����� �������� 
���� ��� ��� ���� ��
�a�a�a d �ijdc ig�k �d�a��j�» �dfch� �fk�beai��ke dbd��� gjekfkb� ¤fgik�kc ja£h b»kch

�dbefdkjg� �ijd� �dfch�� ��� �kfid�d fa�gdja��jd�d ��abba ¤djef��gja� ¤hbe� � ∈ �� xQy ��d�a��ja� �dfch�a� �ja�kjgk x��yx	y ~ � jk ckj�keb� �fg �g�ik��j�» �fkd�fa�diajg�» efg#aj�h���gg	 �ke�fk»ckfjd� b�kf� xd�fk�k�kjgk �g�ik��j�» �fkd�fa�diajg� bc�i K¹L g K¿Ly�"ed�d�id��ke d�gbae���a� ckj�keb� �ja�kjgk � x«y�fg �g�ik��j�»�fkd�fa�diajg�» efgaj�h���gg «efk»ckfjd� b�kf�� Wbeakeb� �ackege�� �ed �d ekdfkck ¤a»jkfa K¹L �ª�a� efgaj�h���g� b�kf��d�h�akeb� g� �fajg�� bgc��k�ba b �dcd¬�ª �djk�jd�d �gb�a �g�ik��j�» �fkd�fa�diajg���i#jd� �dfch�k ��� �kfid�d ��abba ¤djef��gja �h�ke �dbi�¬kja de�k��ja� �h��g�a�g��
W^'(^)[ �X �ox�∗ x¡yy ~ �7 �6 "

6
¾7 89, 9;�. +.�+:6/22. �.8B04��+ ¡⊂ Q

H
V�k�diaek��jd� kb�g � ∈ �� xQy � jkefgiga��ja� �d�a��ja� �dfch�a� ed ��� �ª�d�d ja#ehfa��jd�d �gb�a � bh¬kbeihke efgaj�h���g� « ∈ �

�
ea�a���ed �jackjaek�� �ja�kjg� � x«y �k#�geb� ja � �S�� �ª�d� �hj��gg � ∈ �∗ xQy d�d�ja�gc �kfk� �-��x�y jagckj�£kk d�¬kk �faejdk�jackjaek�k� �ja�kjg� � x«y� ��k « �fd�k�ake ibk efgaj�h���gg b�kf� b jk �d�kk �kc z ikf£gja#cg�

W^'(^)[ �X �9, 9;�.B. -95++5 -.B.=.9.B3 ! ∈ �∗ x�∗ xQyy +4</+:64;: 9.-59'25,
(.0=495 � 7 �0/8+:569,;<5, -95++ !7 3 )/95, -.2+:52:5 
 :5-3/7 
:. �-��x�y 8/93:
xz n �y� 89, 9;�.B. zH
W^'(^)[ �X &4+:' � ∈ �� xQy C �0.3G6.9'25, 9.-59'25, (.0=4957 �0/8+:569,;<5,-95++ 0

2t4
H �.B85 �-��x�y 8/93:+, 25 253=/2'1// .�<// -05:2./ 
3+/9 �� ©� � � � � z − ·89, 9;�.B. 
/:2.B. z

> ��H
U K¾L ���d i�kfi�k �d�a�ajd� �ed ��abb� �dcd�d�g�� �id�beikjj�k �d ¤haj�afk fa�gdja��#j�c �dc�gjaedfj�c ��abbac ¤djef��gja cjd�dd�fa�g�� cd�he ��e� �fk�beai�kj� �g��acg� i�dedf�k�a±��� bgc��k�bi»d�ge b�d���g�gkjedc��aigb�¬gc ed���d de k�d �ik����Á�fk�h��ea#edi jabed�¬k� fa�de� i�ek�ake d�faejdk heikf±�kjgk  �ª�d� fa�gdja��j�� �g����d�h�kjj���d �d�a��jd� �dfch�k� �fk�beai��ke ��abb �dcd�d�g�� �id�beikjj�� �d ¤haj�afk �d�gjdch de�dc�gjaedfj�» ��abbdi ¤djef��gja�U K©L ja��kj� �ij�k �d�a��j�k �dfch�� ��� ik¬kbeikjj�»��abbdi ¤djef��gja� gb�d���hª¬gk abgc�edeg�h b�k�efa �g��kfkj�ga��jd�d d�kfaedfa� ¤fg�edc dbeakeb� jkg�ikbej�c� �i��ªeb� �g �dbefdkjj�k �d jgc �g��� fa�gdja��j�cg� U K�L� K·L�d�h�kj� �ij�k �dfch�� ��� �g��di� ��abb� �dcd�d�g� �dedf�» �id�beikjj� �d ¤haj�afk fa#�gdja��j�c ��abbac ¤djef��gja xi K�L � ed���d ��� �kfid�d ��abba ¤djef��gjay� "eg �dfch��gb�d���hªe jk�dedf�k �d�d�jgek��j�k befh�ehf�� �a�ajj�k ja cjd�dd�fa�gg xja�fgckf�i K�L ���a��hª befh�ehfh� bd��abdiajjhª b efgaj�h���gk�y� ¤d�edch �dfch�� g� K�L� K·L jk �d�a��j�i ja£kc bc�b�k�U K�L �d�h�kja jk�d�a��ja� �dc�gjaedfja� �dfch�a ��� �kfid�d ��abba ¤dje#f��gja� ea�a���ed �dbefdkjj�� �d jk� bgc��g�ga��j�� �g�� gckke �jackjaek�g� jk �fkidb»d��#¬gk ¾��
� ��a�d�afkj U�d��h»£ea�kfh �a �dbeajdi�g �a�a� g �a �dbed�jjdk ijgcajgk � cdk� fa�dek�a ea�±kX�T�T�ajg�� Á�U� �ab�a�dih g $�Á�½af��gjh �a �d�k�j�k d�bh±�kjg��

V¤ÁVW& XÁJY`TJ�`Z
K[L f]#]�b&sy�`hkt)]#]�_`i�bcut#]p]�h�yj ll Àhj��� aja�g� g �fg�� �Âº¹�J� Â� m ©� V� �©�©�� m ·� V� ¹�©¿� KeL 	] 
���
�� ll �� ���-�-���� �-�!� �Â�·� �� ��� m¾�

�� ¹º¹�¿¹º� KnL �]�]��������t ]!]��"#���$%� ll &'  � µ!-��(���� ¶��� �ÂÂ©� �� ©¿�m ©��� ·�¾�·�Â� K.L)]*�+,--t
] %.�/� ll �́����µ!-��(���� ¶��� �Âº���� ©·Â��� ·Â��·Âº�K0L1]#�"���� ll2'��/-�� ��3�!4��� �ÂÂ���� �©�m ©��� �©Â��¾¹� K5L6]�]7."�$-�8��t9]:]#��%+�´��'�µ������ ���´�-��µ// �������� ��´�/� �,; ���3�!4�������������<��-��-�
=² µ!-��(���� ¶���� ©��©� x>��<��-��'�- ¶-���� ©¾�y
ddb�dib�g� �dbh�afbeikjj��hjgikfbgeke gc�d�U�Xdcdjdbdia

¤fgj�ed fk��d��k�gk�©·����©��¾


