
�20 �������	�
��	�
���	���������	�	�����������	�����	� �

��	�vpj#g#hs

��+&��(7&�+0�.(��'(�)�%&��'&.)
(
%&�%�	)�+�&/&�	��%�

`������7,�
,�b�s����h���,�7,�6�
����

���� !i)"���k�,��,��)!��))��)"�������/ ����k� � )���m|"� �5�/!)"����� )���&��

��aVWWT^	�V]TX
	�cRfV
X\�	T]kV�	_Ta
SZ
bYTWT_�Y��	]
�RkV�	\UT
	WVfVST	TX	��	�VSZ6
�V\V	�	[TSRf�UiV�	�VcU�X�
	U	]TS

	[TcaW�`
�\\S
aTUVW��`	 r�s�	�\`TaWe_�	 YT_[TW
W6
XV_��	 �V\\_VX��UV
_T^	 _Ta
S�	 �US�jX\�
\TUTYR[WT\X�	TXa
SZWe`	[�T�cUTa�X
S
^	�
TXa
SZWe`	[TX�
]�X
S
^�	�T\XT�W�
	bYTWT6
_�f
\YT^	\�\X
_e	U	Sj]T^	_T_
WX	U�
_
6
W�	 T[�\eUV
X\�	 a�WV_�f
\YT^	 _Ta
SZj�
`V�VYX
��cRjk
^	 [��\[T\T]S
W�
	 g
W	 UT
U�
_
W�	Y	UV��Vg��_	\[�T\V	[TX�
]�X
S
^
WV	XTUV�e	�	[�
aSTh
W��	XTUV�TU	[�T�cUT6
a�X
S�_�	U	R\STU��`	YTWYR�
Wg���

�Vhae^	[TX�
]�X
SZ	 U	 �V_YV`	 ]jah
X6
We`	TQ�VW�f
W�^	\X�
_�X\�	[TSRf�XZ	_VY6
\�_VSZWT
	 RaTUS
XUT�
W�
	TX	 Ue]��V
_TQT
�_	 V\\T�X�_
WXV	 XTUV�TU	�	 R\SRQ�	�TU
a
6
W�
	[�T�cUTa�X
S
^	`V�VYX
��cR
X\�	\X�
_6
S
W�
_	_VY\�_�c��TUVXZ	 [��]eSZ	 TX	 [�T6
�cUTa\XUV�	�US�jkRj\�	�VcWT\XZj	aT`TaV	TX
[�TaVh�	[�T�cU
a
WWe`	XTUV�TU	�	cVX�VX	WV
T\Rk
\XUS
W�
	 [�T�cUTa\XUV�

�XVY�	 [�
a[TSVQV
X\��	 fXT	 YVhae^	 �c
RfV\XW�YTU	bYTWT_�f
\YT^	\�\X
_e	_VY\�6
_�c��R
X	W
YTXT�Rj	U
S�f�WR	[��	T[�
a
6
S
WWe`	TQ�VW�f
W��`�	���	bXT_	�	g
S
UV�
dRWYg��	�	TQ�VW�f
W��	Ue�VhVjX\�	U	g
6
WV`	WV	XTUV�e�

�X_
X�_�	fXT	U	�\\S
aR
_T^	_Ta
S�	W

a
SV
X\�	 �VcS�f��	_
haR	 [�TaRYXV_�	 [�T6
�cUTa\XUV	�	[
�U�fWe_�	dVYXT�V_�	4XVY�6
_�	YVY	X�Ra�	c
_S�	�	X�[�5�	_e	T]l
a�W�
_
�`	U	TaWT	[TW�X�
	XTUV�V�

"
We	WV	 XTUV�e	 WVceUVjX\�	 �VUWTU
\6
We_��	 
\S�	[�T�cUTa�X
S�	�	[TX�
]�X
S��
a
^\XURjk�
	WV�SRfi�_	aS�	\
]�	T]�VcT_�
\TT]�VcR�\Z	[��	bXT_	\	]jah
XWe_�	TQ�V6
W�f
W��_��	T]
\[
f�UVjX	XVYT
	[TSTh
W�

U
k
^�	YTQaV	\[�T\	WV	YVhae^	XTUV�	W
	[�
6
UT\`Ta�X	
QT	[�
aSTh
W���

�	XTfY�	c�
W��	_VX
_VX�f
\YT^	bYTWT6
_�Y��	\T\XT�W�
	�VUWTU
\��	�US�
X\�	W
T]6

`Ta�_e_	R\STU�
_	\XV]�SZWT\X��	WT�_VSZ6
WTQT	dRWYg�TW��TUVW��	 bYTWT_�Y��	 �Vh6
We^	UT[�T\	p	T	 \Rk
\XUTUVW��	�VUWTU
\6
We`	g
W	p	[TSRf�S	�
i
W�
	U	X�RaV`	��6
�TR�	,
]�
�	

^SV�	��YV^aT	�	a�RQ�`	_VX
6
_VX�YTU	�	bYTWT_�\XTU	r�s�

�Ta
S��TUVW�
	a�WV_�Y�	g
W	WV	�
VSZ6
WT_	�eWY
	XTUV�TU	��	�V_RSZ\TW	r.s	[�
a6
STh�S	T[�\eUVXZ	\�\X
_T^	a�dd
�
Wg�VSZ6
We`	 R�VUW
W�^�	 �	 bXT^	_Ta
S�	 \f�XV
X\��
fXT	\YT�T\X�	�c_
W
W��	g
W	WV	�eWY
	[�T6
[T�g�TWVSZWe	dRWYg��_	�c]eXTfWTQT	\[�T6
\V	WV	\TTXU
X\XURjk�
	XTUV�e�

�VYT^	 [Ta`Ta	 \TTXU
X\XUR
X	 YSV\\�f
\6
YT_R	 cVYTWR	 \[�T\V	 �	 [�
aSTh
W���	 YTXT6
�e^	RXU
�haV
X�	fXT	g
WV	XTUV�V	[TUeiV
X6
\��	 
\S�	 \[�T\	WV	 XTUV�	[�
UeiV
X	�_
j6
k

\�	 [�
aSTh
W�
	 �	 [TW�hV
X\��	 
\S�
[�
aSTh
W�
	[�
UT\`Ta�X	\[�T\�

�VhWe_	UT[�T\T_	U	 a�WV_�f
\YT^	_T6
a
S�	 dT�_��TUVW��	 g
W	 �US�
X\�	 UT[�T\
R\XT^f�UT\X�	[�Tg
\\V	�`	dT�_��TUVW���	�
�_
WWT�	 UVhWT�	 fXT]e	[��	 Sj]e`	WVfVSZ6
We`	g
WV`	X
YRk�
	g
We	\X�
_�S�\Z	Y	W
6
YTXT�e_	 �VUWTU
\We_�	 �	 bXT_	 TX�VhV
X\�
\RkWT\XZ	 [�Tg
\\V	 YTWYR�
Wg���	 "
SZj
bXT^	 �V]TXe	 �US�
X\�	 �\\S
aTUVW�
	 R\XT^6
f�UT\X�	W
[�
�eUWT^	a�WV_�f
\YT^	_Ta
6
S�	�eWYV	 U	 R\STU��`	_WTQTcWVfWe`	dRWY6
g�^	�c]eXTfWTQT	\[�T\V�	�\XT^f�UT\XZ	XV6
YT^	_Ta
S�	�VW

	�V\\_VX��UVSV\Z	S�iZ	aS�
TaWTcWVfWe`	dRWYg�^	�c]eXTfWTQT	\[�T\V
4\_��	WV[���	r�s5�	�aWVYT	bXT	�US�
X\�	\Rk
6
\XU
WWe_	 R[�Tk
W�
_	_Ta
S�	 �	 W
	 TX�V6
hV
X	U	[TSWT^	_
�
	�
VSZWe`	bYTWT_�f
\6
Y�`	\�XRVg�^�	���	bXT_	\XVX�f
\YV�	_Ta
SZ
�\\S
aTUVWV	 aS�	 _WTQTcWVfWTQT	 \SRfV�
4\_� r�s5�

�
[�
�eUWV�	 a�WV_�f
\YV�	_Ta
SZ	 aS�
_WTQTcWVfWe`	dRWYg�^	�c]eXTfWTQT	\[�T6
\V	T[�\eUV
X\�	a�dd
�
Wg�VSZWe_�	UYSj6
f
W��_��	�TbXT_R	_e	 �\[TSZcR
_	 �
cRSZ6

�����������

��

���	������
���



�21�������	�
��	�
���	���������	�	�����������	�����	� �

XVXe	X
T���	a�dd
�
Wg�VSZWe`	UYSjf
W�^
4\_��	WV[���	r s5�

�e	]Ra
_	�\[TSZcTUVXZ	\S
aRjk�
	T]T6
cWVf
W��	 �	 T[�
a
S
W���	 �
k
\XU
WWT

O6_
�WT
	 
UYS�aTUT	 [�T\X�VW\XUT	 ]Ra
_
T]TcWVfVXZ	<O	 �	 �QT	 bS
_
WXV_�	 �US�jX\�
U
YXT�e	 � �4 � ����� 5On n n n=

�
�	�YVS��WT
	[�T�c6

U
a
W�
	4 � 5n L
� �

	_
haR	U
YXT�V_�	 � On L <∈
� �

	�
WT�_V	 n

�
	T[�
a
S�jX\�	T]efWe_	T]�VcT_

�
�

�

4 � 5 � 4 � 5 �
O

� �
�

n L n L n n n
=

= =∑� � � � �

�WTh
\XUT	U
YXT�TU	�c	 O< 	\	W
TX��gV6
X
SZWe_�	YT_[TW
WXV_�	]Ra
_	T]TcWVfVXZ

O<+ �	V	\TTXU
X\XURjk�
	U
YXT�e	]Ra
_	WV6
ceUVXZ	 W
TX��gVX
SZWe_��

��
a[TSTh�_�	 fXT	 WV	 �eWY
	 �_

X\�
YTW
fWT
	f�\ST	{	�VcS�fWe`	XTUV�TU�	UYSj6
fV�	R\SRQ�	U\
`	U�aTU�	�\S�	Ta�W	�	XTX	h

XTUV�	[TYR[V
X\�	�	[�TaV
X\�	U	�VcS�fWe`
_
\XV`�	 XT	 
QT	_ThWT	 �V\\_VX��UVXZ	 YVY	 O
�VcS�fWe`	XTUV�TU�	,
WZQ�	_e	XTh
	]Ra
_
�V\\_VX��UVXZ	 YVY	 XTUV�	 \	 WRS
Ue_	WT_
6
�T_�	XVY	fXT	U\
QT	YTS�f
\XUT	XTUV�TU	\f�6
XV
_	�VUWe_	M���

+��_R	�S�	a�RQT
	[TaT]WTQT	�TaV	[�T6
�cUTa\XU
WWT
	 T]l
a�W
W�
�	 [�T�cUTa�k


XTUV�e�	 ]Ra
_	 WVceUVXZ	 [�T�cUTa\XU
WWT^

a�W�g
^�	(Ra
_	\f�XVXZ�	fXT	R	YVhaT^	[�T6
�cUTa\XU
WWT^	
a�W�ge	�	4 �������� 5� N= 	�_
6

X\�	 _WTh
\XUT	 [�	 UTc_ThWe`	 [�T�cUTa6
\XU
WWe`	[SVWTU�	�S
_
WXV_�	 � �L [∈�

	�US�6
jX\�	U
YXT�e	�c	<M���	U6�	YT_[TW
WX~	YTXT6
�e`	 LU��	T]TcWVfV
X	Ue[R\Y	 XTUV�~	U	 U	 bXT_
[SVW
�	#VX�VXe	T]TcWVfVjX\�	TX��gVX
SZWe6

_�	 YT_[TW
WXV_��	�WTh
\XUT	 �
H

[ [= ∑
[�
a\XVUS�
X	 \T]T^	 WV]T�	 U\
UTc_ThWe`
Q�Vd�YTU	cVX�VX	�	Ue[R\YV	U\
QT	[�T�cUTa6
\XU
WWTQT	\
YXT�V�

�VhaV�	�c	[�T�cUTa\XU
WWe`	
a�W�g	\X�
6
_�X\�	T�QVW�cTUVXZ	[�T�cUTa\XUT	XVY�_	T]�V6
cT_�	fXT]e	_VY\�_�c��TUVXZ	\UT�	[��]eS��

��
a[TSTh�_�	 fXT	�_

X\�	�	[TX�
]�6
X
S
^	\	aT[R\X�_e_�	_WTh
\XUV_�	[TX�
]6
S
W��	oH	

�M

<
+

+⊂ 	4w������	�5�
�TX�
]�X
SZ	w	\X�
_�X\�	Ue]�VXZ	aT[R\6

X�_e^	U
YXT�	[TX�
]S
W��	 H Hn o∈
�

�	_VY\�6
_�c��Rjk�^	 
QT	 dRWYg�j	 [TS
cWT\X��

�R\XZ	
�

c

H
H

n n
=

= ∑� �
	T]TcWVfV
X	\TUTYR[We^	U
Y6

XT�	[TX�
]S
W���

�VY�_	 T]�VcT_�	 YVhaT_R	 U
YXT�R	 g
W
�� �4 ����� 5MS S S S=�

	WV]T�V	XTUV�TU	\TTXU
X\XUR6

X	\TUTYR[We^	U
YXT�	\[�T\V	 4 5n S

� �
�	�	\TUT6

YR[We^	U
YXT�	[�T�cUTa\XUV	4[�
aSTh
W��5
4 5L S
� �

�	T]SVaVjk�
	\TTXU
X\XURjk�_�	\UT^6
\XUV_�	T[X�_VSZWT\X��	�VY�
	U
YXT�e	 4 5n S

� �

�	 4 5L S
� �

�	 UTT]k
	 QTUT���	 W
	 
a�W\XU
WWe
�
�W�	[T�ThaVjX	\TTXU
X\XU
WWT	_WTQTcWVf6
We
	dRWYg��	 \[�T\V	 4 5Sφ �

	 �	 [�
aSTh
W��
4 5Sψ �

�	V	�`	�VcWT\XZ	[T�ThaV
X	_WTQTcWVf6
WRj	dRWYg�j	�c]eXTfWTQT	\[�T\V*

4 5 4 5 4 5` S S Sφ ψ= −
� � �

4\_�	WV[��	r��	f�	@@�	QS�	�s5�
,�WV_�YR	[�Tg
\\V	R\XVWTUS
W��	�VUWT6

U
\WT^	g
We	U	bXT_	\SRfV
	_ThWT	T[�\VXZ
a�dd
�
Wg�VSZWe_	 UYSjf
W�
_	 U	 [�T6
\X�VW\XU
	 �M< +

4 5
aS

` S
aY

∈
�

�
4�5

[��	cVaVWWT^	WVfVSZWT^	g
W
	 �4�5S S=
� �

�
�Ta	�
i
W�
_	a�dd
�
Wg�VSZWTQT	UYSj6

f
W��	4�5	]Ra
_	[TW�_VXZ	U
YXT�WRj	V]\TSjX6
WT	W
[�
�eUWRj	dRWYg�j	 4 5S Y

�
�	YTXT�V�	RaTU6

S
XUT��
X	 \TTXWTi
W�j	 4�5	[TfX�	 U\jaR	WV
cVaVWWT_	[�T_
hRXY
	�c_
W
W��	Y�

�VUWTU
\WV�	g
WV	 �S
�
	U	bXT^	\�XRVg��	RaTU6

S
XUT��
X	T[
�VXT�WT_R	UYSjf
W�j	U	 �M< +

�� 4 5�` S∈
�

4�5

�	\SRfV
	TaWTcWVfWT^	dRWYg��	�c]eXTf6
WTQT	\[�T\V	 4 5� S

� �
	U_
\XT	4�5	[TSRf�_	U
Y6

XT�WT
	a�dd
�
Wg�VSZWT
	R�VUW
W�


4 5�
aS

� S
aY

=
�

� �
4.5

V	U_
\XT	4�5	T[
�VXT�WT
	R�VUW
W�

�4 5 ��� S =

� �
4�5

��VUW
W�
	4.5	�	UYSjf
W�
	4�5	T[�\eUV6
jX	\�XRVg�j�	[��	YTXT�T^	g
WV	W
YTXT�TQT
XTUV�V	[TUeiV
X\�	�S�	[TW�hV
X\�	U	cVU�6
\�_T\X�	TX	XTQT�	]Ra
X	S�	�c]eXTfWe^	\[�T\
WV	 bXTX	 XTUV�	 [TSTh�X
S
W	 �S�	 TX��gVX
6
S
W�	�YT�T\XZ	bXTQT	[TUei
W��	�S�	[TW�6
h
W��	 [�T[T�g�TWVSZWV	 �Vc_
�R	 �c]eXTf6
WTQT	\[�T\V	�S�	�c]eXTfWTQT	[�
aSTh
W��
[T	YVhaT_R	XTUV�R�

�_
\XT	U
YXT�WTQT	R�VUW
W��	4.5	_ThWT
cV[�\VXZ	\�\X
_R	R�VUW
W�^

4 5 4 �������� 5�
� �

aS
� S � M

aY
λ= =

�
4 5

�����������

��

���	������
���



�3� �������	�
��	�
���	���������	�	�����������	�����	� �

\	[�T�cUTSZWe_�	[TSTh�X
SZWe_�	YTbdd�6
g�
WXV_�	 �λ �	��\SV	 ��λ > 	WVceUVjX	YTbd6
d�g�
WXV_�	[Ta\X�T^Y�	g
We	WV	 �6^	[�T6
aRYX�	�VYRj	_Ta
SZ	a�WV_�Y�	�eWTfWe`	g
W
aS�	T]k
QT	\SRfV�	{	XTUV�TU	U[
�Ue
	[�
a6
STh�S	��	�V_RSZ\TW	r.s�

�Ta`Ta�k�_	Ue]T�T_	
a�W�g	�c_
�
W��
aS�	YVhaTQT	XTUV�V	\�\X
_V	4 5	[��UTa�X\�
Y	U�aR	4.5�

���	 
\X
\XU
WWe`	 [�
a[TSTh
W��`	 WV
_VX
_VX�f
\YRj	_Ta
SZ	�eWYV	4\_�	r��	f�	@@
QS�	�s5	TYVceUV
X\��	fXT	_WTQTcWVfWV�	dRW6
Yg��	̀ 	[TSRW
[�
�eUWV	\U
�`R	�	TQ�VW�f
W6
WV�	V	

	T]�Vce	�US�jX\�	W
[R\Xe_�	Ue[RY6
Se_�	 cV_YWRXe_�	 �	 TQ�VW�f
WWe_�	_WT6
h
\XUV_��	S
hVk�_�	U	<M���

�VY�
	R\STU��	WV	dRWYg�j	T]T]k
WWT6
QT	\[�T\V	W�h
	]Ra
_	WVceUVXZ	T\WTUWe_��

��T_
	XTQT�	T]efWe
	[�
a[TSTh
W��	WV
_Ta
SZ	 �eWYV	 T]
\[
f�UVjX	 Ue[TSW
W�

cVYTWV	�VSZ�V\V

4 � 5 � 4 4 55�S f f ` S≤ ∀ ∈
� � � �

425

�\S�	425	Ue[TSW
WT	U	dT�_
	�VU
W\XUV�
XT	bXT	_e	]Ra
_	WVceUVXZ	cVYTWT_	�VSZ�V\V
U	dT�_
	�VU
W\XUV�

�Rk
\XUTUVW�
	�VUWTU
\WT^	g
We	QV�VW6
X��R
X	 \S
aRjk

	 RXU
�ha
W�
�	 [��WVaS
6
hVk

	

^SR	4\_�	r��	f�	@@	QS�	�s5�


�����4,��&)�-�5 ���� �/ �6�k& "7�6���m
8���/ ���� )%��)�� `� &���,!����6!�� �) �� �5
&),���65� �� ��%�, 6!�)6� ��"� ���,-��)�� qvt#
2����� )&3!)��&!��  !����7��!,- �!� �!0! �!

� �MS < +
+∈

�
� �%!����� ���� �",{/! �6� q�t� q��� �m

�!) �6�7! �t#�� �i!)������� ��!) ���7! ���5m
" &���

�Rk
\XUTUVW�
	 �
i
W��	 a�dd
�
Wg�6
VSZWTQT	UYSjf
W��	4�5	\	cVaVWWe_	WVfVSZ6
We_	 R\STU�
_�	 YTQaV	 C	 RaTUS
XUT��
X	 T\6
WTUWe_	R\STU��_�	�cU
\XWT	4\_�	r s5�	�Rk
6
\XUTUVW�
	W
TX��gVX
SZWTQT	�
i
W��	T]
\[
6
f�UV
X	\S
aRjk

	RXU
�ha
W�
	4\_� r2s5�


������,	�&)�-�5 ���� �/ �6�k& "7�6���8�m
��/ ����)%��)��̀ �&���,!����6!���) �� �5�&),�m
��65'���%�, 6!�)6���"� ���,-��)��qvt���&),���!
 !����7��!,- �)���)%��)��%��� &,!����7! !*

!),�� �S ≥
�

'�%��/!5� �HS = '

��� �Hf ≥ ��,6� 4 5f ` S∀ ∈
� �

#

2����� �,6� "�i����  �/�,- ��� 7! �� � �S ≥
�

)&3!)��&!�� !����7��!,- �!��!0! �!� 4 5 �S Y ≥
�

��kk!�! 7��,- ���� �",{/! �6� qjt� q�� �5�"�
�� "�t'�&���,!����6{3!!� �/�,- �5&�&),���{

�4�5 �S S=
� �

435

�����!0! �!��%�!�!,! ��%����)!�� �Y ≥ ��
&���,!����6!���7! "!

�4 5 4 �5�S Y S Y≤ ∀ ≥� �
405

�\STU�
	 W
TX��gVX
SZWT\X��	 d�QR���R6
jk

	U	S
__
	��	TcWVfV
X�	fXT	U	\SRfV
	g
We

�HS = 	\[�T\	WV	H6^	XTUV�	W
	_
WZi
	[�
aST6
h
W���

��h
	 aT[TSW�X
SZWT	 ]Ra
_	 [�
a[TSV6
QVXZ�	fXT	�
i
W�
	cVaVf�	4�5�	435	[��	Sj]T_
WVfVSZWT_	�V\[�
a
S
W��	g
W	 � �S ≥

�
�T[�
6

a
S�
X\�	
a�W\XU
WWe_	T]�VcT_	U[�VUT�	�XT
[�
a[TSTh
W�
	�_

X	
\X
\XU
WWe^	bYTWT6
_�f
\Y�^	 \_e\S�	 �	 \SRfV
	 TaWTcWVfWT^
dRWYg��	�c]eXTfWTQT	\[�T\V	 4 5� S

� �
TWT	T]
\6

[
f�UV
X\��	WV[��_
��	QSVaYT\XZj	 4 5� S
� �

�
�	 �eWTfWT^	 bYTWT_�Y
	 U	 �TS�	 �
QRS�6

XT�V�	\TQSV\TUeUVjk
QT	a
^\XU��	U\
`	RfV6
\XW�YTU	 �	 R\XVWVUS�UVjk
QT	 �VUWTU
\We

g
We�	Ue\XR[V
X	�eWTY�	�Tc_ThWT\XZ	aT\6
X�h
W��	 �VUWTU
\��	 U	 �
VSZWe`	 bYTWT_�6
f
\Y�`	\�\X
_V`	T]
\[
f�UV
X\�	QST]VSZWT^
R\XT^f�UT\XZj	 [TSTh
W��	 �VUWTU
\��	 U
\_e\S
	_VX
_VX�f
\YT^	X
T���	R\XT^f�UT6
\X�	[T	��[RWTUR�

�eWTY	WVcTU
_	4QST]VSZWT5	R\XT^f�Ue_�

\S�	 [��	 Sj]e`	 WVfVSZWe`	 g
WV`	 � �S ≥

�

YVhaV�	�c	X�V
YXT��^�	cVaVf�	4�5�	435�	T[�6
\eUVjk�`	 a�WV_�YR	 4[�Tg
\\	 �c_
W
W��5
g
W�	[��]S�hV
X\�	Y	W
YTXT�T_R	�VUWTU
\6
WT_R	\T\XT�W�j	[��	UTc�V\XVW��	U�
_
W��

�\\S
aR
_	 R\XT^f�UT\XZ	 �eWYV	 U	 R\ST6
U��`	 Ue[TSW
W��	 VY\�T_e	 Ue�US
WWTQT
[�
a[TfX
W���	�XT]e	[T�\W�XZ	\Ta
�hVX
SZ6
We^	 \_e\S	 bXTQT	 R\STU���	 UWVfVS
	 UU
a
_
bXT	[TW�X�
	aS�	�Wa�U�aRVSZWT^	dRWYg��
\[�T\V	 4 5Sϕ �

	TaWTQT	�c	[TX�
]�X
S
^�
(Ra
_	 QTUT��XZ�	 fXT	 U
YXT�	 � �4 5f Sϕ∈

� �

Ue�US
WT	[�
a[Tf�XV
X\�	U
YXT�R	 � �4 5f Sϕ∈
� �

[�� � �S S≠
� �

�	
\S�
� � � � � �4 � 5 4 � 5 4 5�S f S f f f≥ ≠
� � � � � �

415

#a
\Z	 4 � 5S f
� �

	T[�\eUV
X	T]k�
	�ca
�hY�
[TX�
]�X
S�	aS�	aVWWT^	g
We	 S

�
	�	U
YXT�V

[TX�
]S
W��	 f
�
�	,�RQ�_�	\STUV_��	[TX�
]�6

X
SZ	[�
a[Tf�XV
X	_VY\�_�c��TUVXZ	[��T]6
�
XV
_e^	 WV]T�	 XTUV�TU	 U	 �V_YV`	 \UT
QT
]jah
XWTQT	 TQ�VW�f
W���

+RWYg��	\[�T\V	 4 5Sϕ �
	RaTUS
XUT��
X	4\SV6

]T^5	 VY\�T_
	 Ue�US
WWTQT	 [�
a[TfX
W���

\S�	�c	R\STU��	415�	Ue[TSW
WWTQT	aS�	W
6

�����������

��

���	������
���



�3��������	�
��	�
���	���������	�	�����������	�����	� �

YTXT�e`	 � �4 5 ���m� �f S � f f∈Φ = ≠
� � � �

	\S
aR
X�
fXT	aS�	bX�`	 � ��f f

� �
	\[�VU
aS�UT

� � � �4 � 5 4 � 5�S f S f>
� � � �

�XT	TcWVfV
X�	fXT	
\S�	WV]T�	XTUV�TU	 �f
�

Ue�US
WT	[�
a[Tf�XV
X\�	WV]T�R	XTUV�TU	 �f
�

4[��	g
WV`	 �S
�
5�	XT	WV]T�	XTUV�TU	 �f

�
	W
	_T6

h
X	Ue�US
WT	[�
a[Tf�XVXZ\�	WV]T�R	XTUV6
�TU	 �f

�
	[��	g
WV`	 �S

�
�

(Ra
_	 QTUT��XZ�	 fXT	 \TUTYR[WV�	dRWY6
g��	 �c]eXTfWTQT	 \[�T\V	 `	 RaTUS
XUT��
X
4\SV]T^5	 VY\�T_
	 Ue�US
WWTQT	 [�
a[TfX
6
W���	
\S�	aS�	Sj]e`	g
W	 � �S S≠

� �
	�c	\TTXWT6

i
W��
� � �4 � 5 �S f f− ≤
� � �

�

Ue[TSW
WWTQT	 aS�	 W
YTXT�e`	 4 5� �f ` S∈
� �

� ����m� f f= ≠
� �

	\S
aR
X�	fXT	aS�	bX�`	 � ��f f
� �

�_

X	_
\XT	W
�VU
W\XUT
� � �4 � 5 ��S f f− <
� � �

���	aVSZW
^i�`	�\\S
aTUVW��`	UVhWe_
�US�
X\�	 \S
aRjk

	 R\STU�
	 4�5	 WV	dRWY6
g�j	�c]eXTfWTQT	\[�T\V	`#

4�5�	�c	XTQT�	fXT	 y
�
���U
YXT�	�VUWTU
\6

We`	 g
W�	 V	 S
�
� �VUWTU
\We_	 W
	 �US�
X\��

UeX
YV
X	 W
�VU
W\XUT*

4 � 5 � 4 4 55�y f f ` S> ∀ ∈
� � � �

4��5


�����9,��&)�-���%�, ! ���) �� �!�%�!�m
%�,�i! �6� ��k& "7�{���8���/ ����)%��)��`
����"� ���,-��)��qvt���k��5!����! )���#��&)�-
��%�, ��!,- �� k& "7�6� ��8���/ ���� )%��)�
&���,!����6!��q),�8��t��")��5!���6�,!  ���
%�!�%�/�! �6#�2�������%�, ! ��&),���!�q
t#

3��������%�������R\XZ	 �S
�
	 Sj]T^	d�Y6

\��TUVWWe^	U
YXT�	�VUWTU
\���	V	 S
�
	�	Sj6

]T^	 W
�VUWTU
\We^	 U
YXT��	 �TSTh�_
� �S S=
� �

	�	 �S S=
� �

�	�TQaV	aS�	Sj]e`	d�Y\�6
�TUVWWe`	 4 5f ` S∈

� �
	U	\�SR	cVYTWV	�VSZ�V\V

�_

_*
� � � �4 � 5 4 � 5 4 4 55�S f f S f f ` S− = ∀ ∈

� � � � � � �

�	fV\XWT\X��	 X�Y�	 �S
�
	�	U
YXT�	�VUWTU
6

\���	 XT	 �� 4 5` S∈
�

�	�TbXT_R	aS�	 � �f =
�

	_T6
h
_	cV[�\VXZ

4 �� 5 �S f− =
�� �

4 4 55f ` S∀ ∈
� ��

�

�TQaV	 [T	 4\SV]T^5	 VY\�T_
	 Ue�US
WWTQT
[�
a[TfX
W��	 [TSRf�_

� �4 � � 5 4 � 5 � 4 4 55�S f S f f ` S− = − < ∀ ∈
� � � � � �

�T\S
aW

	 TcWVfV
X	 Ue[TSW
W�
	 R\ST6
U�� 4�5�

�\STU�
	4�5	U	\TTXU
X\XU��	\	S
__T^	.
_ThWT	WVcUVXZ	4\SV]T^5	VY\�T_T^	Ue�US
W6
WTQT	[�
a[TfX
W��	[��	�VUWTU
\We`	g
WV`�


������,
�&)�-���%�, ! ���) �� �!�%�!�m
%�,�i! �6� ��k& "7�{���8���/ ����)%��)��`
����"� ���,-��)��qvt#�������%�, ! ���&),���6
q
t�5 �i!)������	 �)!�� ���5�i ���  !����m
7��!,- ��� �!"������ ��� ��!)�6� ��%&",�� �
��5" &����	<M��#

3��������%�����	�
[R\XTXV	_WTh
\XUV	��

�	
QT	cV_YWRXT\XZ	T]
\[
f�UV
X\�	S
__T^ ��
�R\XZ	 S

�
	�	 y

�
	Sj]e
	bS
_
WXe	�c	��	�

4� 5 �G S yλ λ= + −
� � �

Qa
	 4���5�λ ∈ 	�TQaV	 �MG < +
+∈

�
�	�\S�	G

�
	W
	�U6

S�
X\�	 �VUWTU
\We_	 U
YXT�T_�	 V	 R\STU�

4�5	Ue[TSW
WT�	XT

4 � 5 �� 4 � 5 � 4 4 55�S f y f f ` G> > ∀ ∈
� � � � � �

�S
aTUVX
SZWT�	aS�	 4 5f ` G∀ ∈
� �

	�_

_

4 � 5 4 � 5 4� 54 � 5 ��G f S f y fλ λ= + − >
� � � � � �

fXT	[�TX�UT�
f�X	cVYTWR	�VSZ�V\V	425�
�VY�_	T]�VcT_�	G

�
	
\XZ	�VUWTU
\We^	U
Y6

XT�	�	[TbXT_R	_WTh
\XUT	���Ue[RYST�
�XU
�ha
W�
	S
__e	�	[TcUTS�
X	UU
\X�

bS
_
WX	 �
QRS��TUVW��	 U	 _Ta
SZ	 �eWYV�
�e]�VXZ	[TSTh
W�
	�VUWTU
\��	�c	_WTh
6
\XUV	��	 U	 \TTXU
X\XU��	\	 cVaVWWe_	Y��X
6
��
_	T[X�_VSZWT\X��	�T	bXT_R	[TUTaR	�_
6
jX\�	 �
cRSZXVXe	 U	 r2s�	�]k�
	 [Ta`Tae	[T
bXT^	X
_
	�cSTh
We	U	r3s�

+��
����4,��&)�-���%�, ! ���) �� �!�&),�m
��6� ��k& "7�{���8���/ ����)%��)�'���"� ���,-m
��)��qvt���q),�8�6t��")��5����6�,!  ����%�!�%�m
/�! �6�q
t�%������ ��!) ���7! ��#��&)�-'�"��m
5!�����'��5!!��5!)���!�� )��!  �)�-��%����
�!0! �6�����/��qjt'�qst#�2������� �"�&)���/��#

3��������%�����	�\S�	�
i
W�
	 4 5S Y
�

cVaV6
f�	4�5�	435	U	W
YTXT�e^	_T_
WX	U�
_
W�	4WV6
[��_
��	WVfVSZWe^5	\TU[VaV
X	\	YVY�_6S�]T
�VUWTU
\We_	U
YXT�T_�	XT	U	\�SR	
a�W\XU
W6
WT\X�	U[�VUT	bXT	�
i
W�
	�	[��	U\
`	Y ��	]R6
a
X	�VUWT	bXT_R	�VUWTU
\WT_R	U
YXT�R�	�R\XZ
X
[
�Z	 4 5S Y

�
	p	W
YTXT�T
	�
i
W�
	cVaVf�	4�5�

435	W
	�US�jk

\�	�VUWTU
\We_	U
YXT�T_	W�
[��	YVY�`	 �Y ≥ �	 V	 �S

�
	p	W
YTXT�e^	U
YXT�

g
W	�VUWTU
\���	�V\\_TX��_	�V\\XT�W�

��4 5 4 5Y S Y Sυ = −

� �
�

,�dd
�
Wg��R�	bXR	dRWYg�j	�	�\[TSZ6
cR�	cVYTW	�VSZ�V\V	425	�	R\STU�
	4�5�	[TSR6
f�_	[TfX�	[��	U\
`	 4�� 5Y ∈ ∞

�����������

��

���	������
���



�3� �������	�
��	�
���	���������	�	�����������	�����	� �

� ��4 4 5 � 5 �4 � 5 ��
a

S Y S f S f
aY
υ = − = − <� � � �

Qa
	 4 4 55f ` S Y∈
� �

�	�TQaV	 4 5Yυ 	_TWTXTWWT	R]e6
UV
X	 �	 [��	 bXT_	 T\XV
X\�	 [TSTh�X
SZWT^
dRWYg�
^�	�S
aTUVX
SZWT�	 4 5Yυ 	 \`Ta�X\�	Y
W
TX��gVX
SZWT_R	[�
a
SR	[��	Y → +∞ �	�T6

bXT_R	\YT�T\XZ	�c_
W
W��	
a
aY
υ
	aTShWV	\X�
6

_�XZ\�	Y	WRSj	WV	W
YTXT�T^	[Ta[T\S
aTUV6
X
SZWT\X�	XTf
Y	 NY → +∞ �	#WVf�X�	WV^aRX\�
bS
_
WXe	 4 4 55N

Nf ` S Y∈
� �

	XVY�
�	fXT

4 � 5 �NS f →
� �

	[��	 �NY → +∞ 4��5

��T_
	XTQT�	[T\YTSZYR	cWVf
W��	 4 5NS Y
�

	S
6
hVX	 U	 cV_YWRXT_	TQ�VW�f
WWT_	_WTh
\XU

4iV�
	\_�	4055�	XT	WV^a
X\�	\`Ta�kV�\�	[Ta6
[T\S
aTUVX
SZWT\XZ	�c	 � 4 5�NS Y

�
�	(
c	 TQ�VW�6

f
W��	T]kWT\X�	_ThWT	\f�XVXZ�	fXT	XVYTUV
\V_V	bXV	[T\S
aTUVX
SZWT\XZ�	�R\XZ

4 5NS Y y→
� �

	[��	 NY → +∞ �

�	R\STU��`	X
T�
_e	_WTQTcWVfWV�	dRWY6
g��	 `	 [TSRW
[�
�eUWV	 \U
�`R	 �	 T]SVaV
X
YT_[VYXWe_�	 T]�VcV_��	�TbXT_R	 TWV	 ST6
YVSZWT	TQ�VW�f
WV	U	TY�
\XWT\X�	XTfY�	 y

�
�

�TQaV	 [T\S
aTUVX
SZWT\XZ	 � �Nf
�

	 TQ�VW�f
WV
�	 cWVf�X	 \Ta
�h�X	 \`Ta�kRj\�	 [Ta[T\S
6
aTUVX
SZWT\XZ�	�ThWT	 \f�XVXZ�	 fXT	 \V_V
[T\S
aTUVX
SZWT\XZ	 � �Nf

�
	 \`Ta�X\�	 Y	 W
YT6

XT�T_R	bS
_
WXR	G
�
	[��	 N → ∞ �

�[�XZ�	UT\[TSZcTUVUi�\Z	[TSRW
[�
�eU6
WT\XZj	 \U
�`R	dRWYg��	`�	 cVYSjf�_�	 fXT

4 5G ` y∈
� �

�	�
[
�Z�	WV	T\WTUVW��	4��5	_ThWT
\a
SVXZ	UeUTa�	fXT

�4 � 5 �S G =
� �

�

�TQaV	[T	 R\STU�j	 4�5	[TSRfV
_�	 fXT	 y
�

�VUWTU
\We^	U
YXT��
,S�	cVaVWWTQT	�
i
W��	 4 5S Y

�
	cVaVf�	4�5�

435	�V\\_TX��_	X
[
�Z	a�RQRj	dRWYg�j

�

�4 5 4 5 �Y S Y yυ = −� �

�TQSV\WT	 [�
aeaRk�_	 �V\\Rha
W��_�
�V\\XT�W�
	 �4 5Yυ 	_
haR	 4 5S Y

�
	�	 y

�
	_TWTXTW6

WT	R]eUV
X	�	aS�	W
YTXT�T^	[Ta[T\S
aTUV6
X
SZWT\X�	 YN	TWT	\X�
_�X\�	Y	WRSj�	�S
aT6
UVX
SZWT�	�V\\XT�W�
	_
haR	 4 5S Y

�
	�	y

�
	aTSh6

WT	\X�
_�XZ\�	Y	WRSj�	X�
�

4 5��w�
Y

y S Y
→+∞

=� �

�XT	aTYVceUV
X	R\XT^f�UT\XZ�
4���5"�����
�VY�_	T]�VcT_�	U	�V]TX
	R\6

XVWTUS
WV	QST]VSZWV�	R\XT^f�UT\XZ	_VX
_V6
X�f
\YT^	 _Ta
S�	 YTWYR�
WXWTQT	 �eWYV	 U
R\STU��`	_WTQTcWVfWe`	dRWYg�^	\[�T\V	�
[�
aSTh
W��	[��	Ue[TSW
W��	4\SV]T^5	VY6
\�T_e	 Ue�US
WWTQT	 [�
a[TfX
W���	 �VYT^
�
cRSZXVX	�VW

	]eS	R\XVWTUS
W	S�iZ	aS�	Ta6
WTcWVfWe`	dRWYg�^	\[�T\V	�	[�
aSTh
W���

����������

��	
05� ��'��#
�	�U
a
W�
	U	_VX
_VX�f
\YRj
bYTWT_�YR	u	��	��	�i_VWTU�	p	��	*	�VRYV�	�10��
p	�1.	\�

��	��"����'�(�	�e[RYSe
	\X�RYXR�e	�	_VX
6
_VX�f
\YV�	bYTWT_�YV	u	!�	��YV^aT�	p	�� *	����
�13��	p	 �� \�

.�	 ;KcTJ\XPN'� V#C�	 C��x�~yw�x|	 ��	 z}�x��w}
~x~��|w|	u�E�	8�	F~��z�|�x�	p	D~��{w�z	*	7~||~}��6
|zyy|�	�1�0�

��	CMMPG'�R#}#�WTMGHIf'�̂ �	Bx	y�z	Fy~�w�wy�	��	y�z
}���zywyw�z	z��w�w�{w��	@�	;}�x��zy{w}~	�1 0�	J� �2�
E�	 ��p  ��

 �	1�,�%%��'�
#1�	,�dd
�
Wg�VSZWe
	R�VU6
W
W��	\	�Vc�eUWT^	[�VUT^	fV\XZj	u	��	+�	+�6
S�[[TU�	p	��	*	�VRYV�	�10 �

2�	(�7"!��/'��#��	�VX
_VX�f
\YT
	_Ta
S��T6
UVW�
	[�Tg
\\TU	a�WV_�Y�	�	R[�VUS
W��	U	bYT6
WT_�Y
	 *	_TWTQ�Vd��	u	��	��	!VgY
U�f�	�T�T6
W
h	*	"
WX�VSZWT6�
�WTc
_WT
	YW�hWT
	�caV6
X
SZ\XUT�	���.�	p	��3 \�

3� ��"����'��#�#	�VX
_VX�f
\YV�	X
T���	bYT6
WT_�f
\YT^	a�WV_�Y�	�	�VUWTU
\��	u��#��#���m
"����'�
#�����&8� ���	p	��	*	�VRYV�	�13.�	p	.. \�

�����������

��

���	������
���




