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0(5' / G0049245-.)*= 3-A*&'2*3-, �0: 9*.23*-&4: 2')*+
23'-)2*344&(1&*9*.0-6*/'2-0>&*/754.0:2>4)**364&'�
27 =�+ 2*5)4 *23'1-&4: ( )C= =4 > C 4 )**364&'27 /-)2*3'
.)*3*.24( )C= =? @ 9*.0-G2*D**23'1-&4:I.542'-=C52*604&'
G2*D*/-)2*3'9*.2*:&&'C'934*23'1-&44=-&:-2.:2*0>)*
&'93'/0-&4-M,�E-642-.>C52*60:9*.23*-&&*+/'=423'-)�
2*344./-2*/*D*0(5'/G0049245-.)*=3-A*&'2*3-/-0454&'

L L
= = = =? 4 @ >

* (
+  &- A'/4.42 *2 &*=-3' *23'1-&4: =, I�')4-

.*83'&:BQ4-.:/-0454&7&'A7/'B2.:4&2-D3'0'=4.**2/-2�

.2/(BQ-D*3-A*&'2*3'404E40>:36',M



������	�����
�
�	���	�
��
	��

�
�����	��������	���
����

�����������
���������

9��(� �
����
�"� ��"%��������������� �
����
�"
 ���!���� ���%������(� �
����
�"� ���!���� ���%
�������������� �
����
�"� ���!���� ���!��%������
���(
����
�������

���
�	���������	��
���	� �!
�
���"

��������

�*/3-=-&&7+ =43 &-=7.04= E-A )'0>)(0:2*3*/ 4
)*=9>B2-3*/,N24.3-6.2/'/754.042-0>&*+2-8&4)4
=*D(2E7.23*.)0'67/'2>C(=&*1'2>C/*A/*642>/.2-�
9-&>46-0'2>-Q-='..(3'A&**E3'A&-+O48*9-3'H4+,
�6&')*E7.23*-/*A/-6-&4-/.2-9-&>./*642.:)E7.�
23*=((=&*1-&4BC'E7.23*-(=&*1-&4-F)E7.23*=(
.0*1-&4B,�-)*2*37-'0D*342=7C)*2*37-9*A/*0:B2
(.)*3:2>/754.0-&4:CE7044A/-.2&7-Q-63-/&4=,
�&'O-+.2'2>-C&'934=-3-&-.)*0>)48A'6'5C=7
8*24=.3'/&42>3'A045&7-'0D*342=749*.=*23-2>C
)')*+ 4A &48 4 / )')48 .0(5':8 3'E*2'-2 E7.23--,
�-)*2*37-4AG248A'6'5.93*.27=4P*3=(043*/)'=4
/*EQ-=.0(5'-*)'A'04.>6*.2'2*5&*)3-9)4=4*3-O�
)'=4,�7E(6-=P*3=(043*/'2>A'6'542')C)')*&4
&'=/.23-5'04.>60:5'.2&78.0(5'-/C..**2/-2.2/(B�
Q-+..70)*+&'4.2*5&4)C4-.04/4.2*5&4)-&-E70*
*E*EQ-&4:C2**26-0>&7=9(&)2*==7E(6-=P*3=(04�
3*/'2> .**2/-2.2/(BQ-- *E*EQ-&4-, �&*D6' A'6'54
E(6(2*5-&>9*8*144./:A'&7=-16(.*E*+C*6&')*/.-
1-(&48E(6(2*93-6-0-&&7-*20454:,�0:2-8C)2*&-
8*5-2*.2'&'/04/'2>.:&'6*.24D&(2*=C=793-60*14=
&-.)*0>)*&*/78A'6'560:4..0-6*/'&4:,

5���'�

�	�	�	�6
'MI[�\M�'&:Q4).'8'3&*D*9-.)'C5'O-5&7-/-.74
D43>)'/�D,�')/*A=*1&*E7.23--*2/-.42>9*)(9'�
2-0B�)D.'8'3'RI�)'142-.8-=((3'/&*/-O4/'&4+,M
EM�-=C)2*93-69*542'-2&-=-2345-.)(B.4.2-=(
=-34 /-.*/C=793-60'D'-=3-O42> G2( A'6'5(60:
D43>)4/�(&H4B4���P(&2*/.'8'3'I�P(&2V�L
(&H4+M,
/M�')3-O42>*EQ(BA'6'5(9*/A/-O4/'&4B=SD
.'8'3'.9*=*Q>B5'O-5&78/-.*/4D43>)4/�SDR
�	�	�	�7I���YWC�,�,�'943M
� 54.0*= 3'A3-O-&* 93*4A/*642> 6/- *9-3'H44;
�(/-04542> /6/*-� 4 �(/-04542> &' ��, �' )')*-
&'4=-&>O--54.0**9-3'H4+=*1&*4A54.0'�9*0(�
542>;'M���@EM=C-.04.(=='H4P36/*45&*+A'94.4
54.0'=3'/&'AR

�	�	�	�8�� I�LT�CN,�,#-0'D'M
�*A'6'&&*=(4 A&'5-&4- Y4 =*1&*&'+24A'234
'34P=-245-.)48 6-+.2/4:; L4 4 4= ◊ C T L L4 4 4= ◊ C
Y T T4 4 4= ◊ C' �U4 FA'9:2>6-+.2/4+;9-3/7-234F2-
1-.'=7-CA'2-= Y Y �W4 4 4◊ = 4 �W �U;4 4 4= ,�*)'14�
2-C52*;
'M ����4 =*1&*&'+24A'�L6-+.2/4+I(=&*1-&4+4
6-0-&4+M@
EM60:0BE*D*&'2(3'0>&*D*=A&'5-&4- =4 =*1&*

&'+24&-E*0--5-=A' L
K
]^_ �
L

= + 6-+.2/4+,

�0-6(BQ':A'6'5'E70'*9(E04)*/'&'/�Y�TD*6(/*
P3'&H(A.)*=='2-='245-.)*=1(3&'0-46*.489*3
')2('0>&',
�	�	�	�9I[L\C!,�-00')M
�')*-&'4=-&>O--54.0**9-3'H4+(=&*1-&4:&-*E�
8*64=*60:/*A/-6-&4:54.0'4/.2-9-&>=R
�	�	�	�:
`M IP*0>)0*3M �.2> 6/' .2-)0:&&78 O'34)' 4
����G2'1&7+6*=,�7E3*.'-2-O'34).3'A&78G2'1-+
G2*D*6*='C52*E7/7:.&42>C&'54&':.)')*D*G2'1'
O'34)E(6-23'AE4/'2>.:*29'6-&4:I&'934=-3C9'6':
.9:2*D*C(1-3'AE4/'-2.:C'.5-2/-32*D*F-Q-&-2M,
�*93*.;)')*-=4&4='0>&*-)*045-.2/*E3*.)*/9*&'�
6*E42.:60:2*D*C52*E72*5&*(A&'2>C.)')*D*4=-&&*
G2'1'O'34)4&'54&'B23'AE4/'2>.:R�*21-/*93*./
.0(5'-=�G2'1&*D*6*=',
EM�3-69*0*14=C52*O'34)*/&-*D3'&45-&&*-)*04�
5-.2/*,�')*-=4&4='0>&*-54.0*4.972'&4+IE3*.)*/
.G2'1-+6*='M&'/-3&:)'8/'242C52*E7*93-6-042>
)3-9*.2>O'34)'I2,-,G2'1C&'54&':.)*2*3*D*O'34�
)4&'54&'B23'AE4/'2>.:M,�*21-/*93*./.0(5'-=�
G2'1&*D*6*=',
�	�	�	�;
`MI�3-2>:�*3*.*/.)':*04=94'6'O)*0>&4)*/CA'�
6'5'���aa�WC�,�3*2'.*/M
�=--2.:�W)'32*5-)C&')*2*378&'94.'&73'A045�
&7-54.0',N24)'32*5)43'A0*1-&7&'.2*0-9*)3(D(
54.0'=4/&4A,�'6*&'+24)')4-�&4E(6>23446(Q4-
9*63:6 )'32*5)4 2')4-C 52* 54.0*C &'94.'&&*- &'
.3-6&-+4AG24823-8)'32*5-)CE*0>O-C5-=&')'16*+
4A6/(8.*.-6&48,�-3-/-3&(2>=*1&*9*.0-6*/'2-0>�
&*&-E*0--��)'32*5-),�')&'6*6-+.2/*/'2>C52*E7
&'/-3&:)'&'+24234)'32*5)4C60:)*2*378/79*0&:�
-2.:()'A'&&*-(.0*/4-R

��A'6'5'8K4T93-69*0'D'-2.:C52* �4 π 4 �4 π ,



� � � � � � � � � � � � � ��

EMI[K\C�,�3*2'.*/M�*)3(D(3'.2(2���6-3-/>-/C
/.-3'A&*D*/*A3'.2',�*1&*04/7:.&42>/*A3'.2�L
6-3-/>-/2')C52*E7&'/-3&:)'&'+246-3-/*C.2'3O--
*E*48./*48.*.-6-+I.0-/'4.93'/'MR
/M �* )3(D( 3'.2(2 = 6-3-/>-/ 3'A&*D* /*A3'.2'C
K= ≥ ,�)')*D*=4&4='0>&*D*54.0'6-3-/>-/&-*E�

8*64=* /7:.&42> /*A3'.2C 52*E7 &'/-3&:)' &'+24
6-3-/*C.2'3O--*E*48./*48.*.-6-+I.0-/'4.93'�
/'MR

:� �%�����
)���'

�)'16*+4AG248A'6'5)'16*=(&'2(3'0>&*=(54.0(
==7=*1-=.*9*.2'/42>.**2/-2.2/(BQ--=4&4='0>�
&*- 54.0* *9-3'H4+ I6-+.2/4+C /A/-O4/'&4+MC 2-=
.'=7= 9*0(54/ 60: )'16*+ A'6'54 ./*B 54.0*/(B
9*.0-6*/'2-0>&*.2>,�')245-.)4=79*0(5'-=&-)4-
'0D*342=7 60: )'16*+ A'6'54C 934 G2*= =�+ 50-&
9*.0-6*/'2-0>&*.24 / 2*5&*.24 3'/-& 54.0( O'D*/
.**2/-2.2/(BQ-D*'0D*342=',�')C/(.0*/44A'6'54K
934/-6-&7'0D*342=79*0(5-&4: Y4 4 �U4 C.**2/-2�
.2/-&&*CA'K4A'UO'D*/C'9*.)*0>)(G24'0D*342=7
:/0:B2.:=4&4='0>&7=4I93*/-3>2-MC2*/*.>=*+50-&
G2*+9*.0-6*/'2-0>&*.243'/-&KC'�U�+50-&9*.0-6*�
/'2-0>&*.243'/-&U,
�/-6-=*E*A&'5-&4:60:9*.0-6*/'2-0>&*.2-+C)*2*�
37-(&'.9*:/404.>;

( )B = F=4&4='0>&*-54.0*/A/-O4/'&4+C&-*E8*64�
=*-60:9*0(5-&4:=CD.'8'3'&'5'O-5&78/-.'8.
D43>)*+/�SDIA'6'5'�C/M@

( )D = F=4&4='0>&*-54.0**9-3'H4+C&-*E8*64=*-
60:9*0(5-&4:54.0'=IA'6'5'LCEM@

( )E = F=4&4='0>&*-54.0*6-+.2/4+I(=&*1-&4+4
6-0-&4+MC &-*E8*64=*- 60: /*A/-6-&4: 54.0' " /
.2-9-&>=IA'6'5'KM@

( )3 = F=4&4='0>&*-54.0*(=&*1-&4+C&-*E8*64=*-
60:/*A/-6-&4:54.0'4/.2-9-&>=IA'6'5'TM@

( )( = F=4&4='0>&*-54.0*E3*.)*//A'6'5-.O'34�
)'=4IA'6'5'UCEM,
�794O-=/2'E04H(&-.)*0>)*&'5'0>&78A&'5-&4+
G2489*.0-6*/'2-0>&*.2-+;

�')/46&*4A2'E04H7C(9-3/*+9*.0-6*/'2-0>&*.24
-.2>:/&':A')*&*=-3&*.2>;934.=*2342-.>)50-&'=
9*.0-6*/'2-0>&*.24C .2*:Q4=&'L�=CT�=CY�=C�W�=
=-.2'8,N2486'&&78/9*0&-6*.2'2*5&*C52*E7.P*3�
=(043*/'2>93-69*0*1-&4-4&6()H44,
�')*&*=-3&*.2>.(Q-.2/(-2460:/2*3*+9*.0-6*�
/'2-0>&*.24C8*2:*&'4&-2')A'=-2&',�*.=*2342-C
&'934=-3C &' A&'5-&4: 50-&*/ 9*.0-6*/'2-0>&*.24C
.2*:Q48&'&-5-2&78=-.2'8C4&' A&'5-&4:50-&*/
9*.0-6*/'2-0>&*.24C.2*:Q489-3-6&4=4,!*2:C)*�

&-5&*C60:93-69*0*1-&4:4&6()H44&-*E8*64=76*�
9*0&42-0>&7-3'..(16-&4:,
�3'/&4/ A'6'54 K 4 TC 0*D45&* A')0B542>C 52*
*9-3'H4:=4(=&*1-&4:46-0-&4:=76*.24D&-=3-�
A(0>2'2'&-=-60-&&--C5-=2*0>)**9-3'H4:=4(=&*�
1-&4:C2,-, ( ) ( )E / 3 /£ ,�')&4.23'&&*C&*=7/464=C
52* &'5'0>&7- 50-&7 9*.0-6*/'2-0>&*.2-+ ( )E =  4

( )3 = .*/9'6'B2,�-=&-=-&--C.(Q-.2/(-2E-.)*&-5&*
=&*D* 54.-0 /C 60: )*2*378 ( ) ( )E / 3 /< , �*5&7-
P*3=(07 60: 50-&*/ G248 9*.0-6*/'2-0>&*.2-+ &-
&'+6-&7C&*/.-�2')4=*1&**H-&42>A&'5-&4:50-&*/
9*.0-6*/'2-0>&*.24404C)')=7D*/*3404C54.0*O'�
D*/.**2/-2.2/(BQ-D*'0D*342=',
�2* 1- *Eb-64&:-2 /.- G24 A'6'54R �* &'O-=(
=&-&4BC )* /.-= G24= A'6'5'= 934=-&4= E4&'3&7+
=-2*6C404648*2*=4:L ,�-3*:2&*C93'/40>&*D*/*342>
*E4&'3&*==-2*6-C)*D6'=752*�2*(6/'4/'-=C4*
648*2*=44C)*D6'=752*�2*6-04=9*9*0'=,

'..=*234=9(&)2EM9-3/*+A'6'54,�5-/46&*C52*
=7=*1-=/A/-.42>-Q-.2*0>)*1-.'8'3'C.)*0>)*
0-142 &' *6&*+ 4A 5'O-) /-.*/, �')4= *E3'A*=C
/A/-O4/'-=.9*=*Q>BD43>)4�(&H4B.'8'3'CA'2-=C
(E3'/D43>)(C/A/-O4/'-=&'/-.'8-Q-*6&((&H4B
.'8'3'4..79'-=.'8'3&'*6&(5'O(/-.*/,�*0(5'-=
&'*6&*+5'O-/-.*/L(&H44.'8'3'C/A/-O4/'-=-Q-
6/-(&H44.'8'3'C..79'-=&'*6&(5'O(C9*0(5'-=(1-
5-273-(&H44.'8'3',�*/2*3:-=G2(93*H-6(3(C9*0(�
5':9*.0-6*/'2-0>&*YC�WCKLCWTC�LYCLUWCU�LC��LT
(&H4+.'8'3',�*.)*0>)(���P(&2*/V�L��(&H4+C'
�L��V��LTc�LYcKLc�WC2*=7=*1-=(93'/42>.:
&-E*0--5-=A'K�V��cYcWcU/A/-O4/'&4+,�-.04
E7=7C4=-:�W(&H4+.'8'3'C/A/-.404*64&3'A�W
(&H4+.'8'3'4*2.79'04E748/63(D(B-=)*.2>C'
A'2-=C/A/-.4//*/2*3*+3'A�W(&H4+C9-3-.79'04E7
48&'63(D(B5'O(/-.*/C2*9*0(5404E7*9:2>KL
(&H44&'5'O-/-.*/90B.(1-*2=-3-&&7-�W(&H4+,
�*.2(9':2*5&*2')1-.KL(&H4:=4C'A'2-=F.*�LY
(&H4:=4C=7(93'/404.>E7A'�TV��c�c�c�
/A/-O4/'&4+,�*&:2&*C52*G2*6*.2'2*5&*E7.237+C
8*2:4&-=4&4='0>&7+'0D*342=,�.-6-0*/2*=C52*

9*.0-9-3/*D*/A/-O4/'&4:=7(E3'04D43>)(4E*0>O-
--&-4.9*0>A*/'04,
�.9*0>A*/'&4-D43>)4/6'0>&-+O48/A/-O4/'&4:8
9*A/*0:-2&'=&-2*0>)**E*+24.>E-A6*9*0&42-0>&*+
-=)*.24C&*49*0(542>=4&4='0>&7+'0D*342=/A/-�
O4/'&4:, !423*.2> A')0B5'-2.: -Q- 4 / 2*=C 52*
D43>)( =7 =*1-= 9*0*142> )') &' *6&(C 2') 4 &'

L�48*2*=4:F*2D3-5,διχοτοµια. �0*/*.*.2'/0-&*4A διχη
F&'6/*-4SτοµηF6-0-&4-,



63(D(B5'O(/-.*/,�')4=*E3'A*=C-.04=7/A/-.404
/ (&H4+ .'8'3'C 2* A' .0-6(BQ-- /A/-O4/'&4- =7
=*1-=9*0(542>&'63(D*+5'O-/-.*//
;�C/404
/
F
�(&H4+.'8'3'/A'/4.4=*.24*22*D*C4.9*0>A*/'04
04=7D43>)(C4-.044.9*0>A*/'04C2*&')')(B5'O(
/-.*/--9*0*1404,�.79'/.'8'3/=-.2-C=79*0(54=
&' G2*=O'D- L/ F �C L/ 404 L/
 F
 � (&H4B .'8'3'
.**2/-2.2/-&&*,�=-&&*4A�A'G2*+8423*.24A&'5-&4:
50-&*/ 9*.0-6*/'2-0>&*.24 ( )B =  *2 &*=-3' LG  6*
&*=-3' �L �G+ − /.-3'/&7Gc�,�3(D4=4.0*/'=4C

( ) [ ]L]^_ �B = == + C

D6-[ ]4 FH-0':5'.2>54.0'4,�7*.2'/0:-=542'2-0B
93*/-.24&-.0*1&*-6*)'A'2-0>.2/*G2*D*P')2'934
9*=*Q4=-2*6'='2-='245-.)*+4&6()H44,�*.)*0>)(
�� ��L ��LT �L�� L�T� L �= < < = − C2*=4&4='0>&*-54.�
0*/A/-O4/'&4+60:���P(&2*/.'8'3'3'/&*��,
�*.=*234=&'/2*3(BA'6'5(5-3-A934A=(9-3/*+,
�*�9-3/78C &-23(6&* 9*&:2>C 52* ( )L �GD G= + , �*�
/2*378C9*(.0*/4B4A54.0'/&'.0-6(BQ-=O'D-=7
=*1-=9*0(542>04E*/
F
�C04E*L/,�'G2*=.8*6.2/*
.9-3/*+A'6'5-+/3*6-E7A')'&54/'-2.:,
�*93*E(-=/.-�2')43-O42>934=-3,#(6-=6-+.2/*�
/'2>.)*&H',�34=-&4=)9*0(5-&&*=(&')')*=�2*
O'D-54.0(*9-3'H44C*E3'2&7-)4=-BQ4=.:/(.0*�
/44C2,-,E(6-=6-042>&'L4/7542'2>�,�70-D)*
9*.23*4=H-9*5)(;

� L � L � � L

� L � L � � L �

��� U� LU LT

�L W K L � �

−

− −

 →  →  →  →

 → →  →  →  → ,
�-9-3>*.2'-2.:/&*/>*E3'242>*9-3'H44C4=79*0(�
54=4.)*=(B=4&4='0>&(BH-9*5)(;

� L � L L

L � L L

� � L K W �L

�L LT LU U� ���,

+ × + × ×

× + × ×

 →  →  → →  →

 →  →  →  → I ∗ M

�*2*&CE4&'3&7+=-2*6C/6-+.2/44X
�*&:2&*C 52* -.04=76-+.2/(-= . )*&H' 4 ( &'.
9*0(5'-2.:&-5-2&*-54.0*C2*=7=*1-=2*0>)*/7�
5-.2>�,�.041-=79*0(5'-=5-2&*-54.0*C2*C3'A=7
4Q-==4&4='0>&(BH-9*5)(C&'=&-*E8*64=*6-042>
&'LC9*.)*0>)(934/7542'&44-64&4H754.0*O'D*/
E(6-2 E*0>O-, �23*D*- 6*)'A'2-0>.2/* G2*D* P')2'
2')1-=*1&*93*/-.24=-2*6*=='2-='245-.)*+4&6()�
H44,
�6&')*/*/2*3*+A'6'5-&'.4&2-3-.(-29*6.)'A)'C
)*2*3':P4D(343(-2/.'=*=(.0*/44A'6'54C'4=-&&*
P3'A'�.(=='H4P36/*45&*+A'94.454.0'=�,�-0*/
2*=C 52* &- 2*0>)* 6/*45&': A'94.> 54.0'C &* 4
9'3'=-23�.(=='H4P36/*45&*+A'94.4�4D3'B2*6&(
4A)0B5-/783*0-+&-2*0>)*/G2*+C&*4/.0-6(BQ48
A'6'5'8,�**EG2*=5(2>9*A1-,
�9-3/786/(8A'6'5'8=7(=&*1'04&'LC6*E'/0:04
404/7542'04�C'/23-2>-+45-2/-32*+A'6'5-=7
/*A/*64=54.0'/.2-9-&>,�-(1-04.(Q-.2/(-2./:A>
=-16(G24=4A'6'5'=4R�';6-0*/2*=C52**.&*/'&4-
.2-9-&4 =7 &4D6- &- 4.9*0>A(-=C 4 /.- *9-3'H44
93*4.8*6:2.9*)'A'2-0:=4,
�')C934=-39*0(5-&4:4A4A&'5-&4: Y4 4AA'6'54
K '&'0*D45-& 9*0(5-&4B 4A � 54.0' Y 934 9*=*Q4

(6/*-&4:,
'..=*234=9*.23*-&&(B/7O-H-9*5)(I ∗ MC
&'54&':.�,�79*0(54=.0-6(BQ4+E7.237+'0D*�
342=/*A/-6-&4:/����B.2-9-&>;

L4 4 4⋅ = C L K4 4 4⋅ = C K K W4 4 4⋅ = C W W �L4 4 4⋅ = C

 �L �L LT4 4 4⋅ = C LT LU4 4 4⋅ = C LU LU U�4 4 4⋅ = C

 U� U� ���4 4 4⋅ = ,

�'A'0*.> E7C A' 4.)0B5-&4-= �.6/4D'� I/ A'6'5- L
*9-3'H44&'54&'B2.:.�C'/A'6'5'8K4T*9-3'H44
&'54&'B2.:.�MC=74=--=&(1&7+&'='0D*342=60:
3-O-&4:A'6'54T,�2*E7(.23'&42>�.6/4D�C6*.2'2*5�
&*3'..=*23-2>9*.0-6*/'2-0>&*.2> ( ) �D = − C.**2/-2�
.2/(BQ4+'0D*342=)*2*3*+3*/&*&'*64&O'D)*3*5-C
5-=(9*.0-6*/'2-0>&*.24 ( )D = ,�0:&'5'0>&78A&'5-�
&4+&(1&*/75-.2>/.**2/-2.2/(BQ-+.23*)-2'E04H7
9*�4A)'16*+)0-2)4 G2*+ .23*)4,�2*E7(/46-2>
3'A&4H(=-16(A'6'5'=4C9*.=*234=C)')9*0(542>4A
4A&'5-&4- �U4 ,
#4&'3&7+=-2*6&'=6'-2

� � L � � L�U �T � W K− − →  →  →  →
� � LK L �− →  → 4*E3'2&*

L � L � L� L K W � �T× + × + × →  →  →  →  →
��T �U+ → F/.-D*WO'D*/,

� 2-3=4&'8 /*A/-6-&4: / .2-9-&>4=--= .0-6(BQ4+
E7.237+'0D*342=;

L4 4 4⋅ = C L K4 4 4⋅ = C K K W4 4 4⋅ = C W �4 4 4⋅ = C

 � � �T4 4 4⋅ = C �T �U4 4 4⋅ = ,

�*=7=*1-=9*+2449*�63(D*=(C'4=-&&*
2'); L4 4 4⋅ = C L K4 4 4⋅ = C K K W4 4 4⋅ = C W W �L4 4 4⋅ = C
�L K �U4 4 4⋅ = @
404 2'); L4 4 4⋅ = C L K4 4 4⋅ = C K L U4 4 4⋅ = C
U U ��4 4 4⋅ = C �� U �U4 4 4⋅ = ,

N24'0D*342=7.*.2*:24AUO'D*/X�2=-24=C52*=7
9*0(5404 �U4 A'UO'D*/2*0>)**6&4=4(=&*1-&4:=4
E-A6-0-&4:I.3'/&42-.934=-3*=A'6'54KM,�0-6*/'�
2-0>&*C E4&'3&7+ =-2*6 :/0:-2.: ������	C &* &-
/.-D6'	���	�����	'0D*342=*=,
�.)(O-&&7+ 542'2-0> *2=-242C 52*C &-.=*23: &'
.8*6.2/*A'6'54L.A'6'5'=4K4TC=-16(&4=4-.2>
/'1&*-C8*2:4&-A'=-2&*-&'9-3/7+/AD0:6*20454-,
N2**20454-0-D)*9*&:2>0BE*=(O)*0>&4)(CA&')*�
=*=( . 93*D3'==43*/'&4-=,�-6> / A'6'5- L=7&-
A'9*=4&'-=93*=-1(2*5&7-3-A(0>2'27/754.0-&4+C'
/A'6'5'8K4T93*=-1(2*5&7-3-A(0>2'27/754.0-&4+
4.9*0>A(B2.:&'=4&-*6&*)3'2&*,�*G2*=(=*1&*.)'�
A'2>C52*(=-&>O-&4-)*045-.2/'*9-3'H4+9344.9*0>�
A*/'&44.**2/-2.2/(BQ48'0D*342=*//A'6'5'8K4T
6*.24D'-2.:A'.5-24.9*0>A*/'&4:E*0>O-+9'=:24,
�93-676(Q-=934=-3-60:E7.23*D*/*A/-6-&4:/
.2-9-&>=7934=-&4042')&'A7/'-=7+	����
	�����
�����,�E-)*3*2)4-H-9*5)44A934=-3'9*.23*-&7
4.8*6:4A2*D*C52* K U U K �U⋅ = ⋅ = ,�.04/.9*=&42>
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./*+.2/*.2-9-&-+ ( ) ( )/ EE/ E /4 4 4= = C2*.2'&*/42.:
9*&:2&7=/2*3*+'0D*342=9*.23*-&4:H-9*5-),�.04
=74=--=3'A0*1-&4-&'*2045&7-*2�=&*142-04=
0
0 E/C2*.&'5'0'=7&'8*64= E4 C'A'2-=/*A/*64=
3-A(0>2'2/.2-9-&>/,�.041-=F93*.2*-54.0*C2*=7
2')4= .9*.*E*=&'8*64= �=4 −  4 &' 9*.0-6&-=O'D-
(=&*1'-=&'4,�A'/4.4=*.24*2=C0(5O4=*)'A7/'�
-2.:2**64&C2*63(D*+=-2*6,�E'G24'0D*342='=*D(2
E72>�=*6-3&4A43*/'&7�C4C)*&-5&*C48=*1&*.)*=�
E4&43*/'2>,�A/-.2-&4-Q-*64&=-2*6C&**EG2*=5(2>
&41-,
�&'.2*:Q--/3-=:/*EQ-=/46-A'6'5'&'8*16-&4:
=4&4='0>&*D*'0D*342='60:E7.23*D*/*A/-6-&4:/
.2-9-&>&-3-O-&'4/9*0&-=*1-23'..='234/'2>.:)')
A'6'5'60:.-3>-A&*D*4..0-6*/'&4:,�2*1-/3-=:C
3'A&7=4='2-='24)'=49*0(5-&3:63-A(0>2'2*/C)*2*�
37-=78*24=.**EQ42>4)*2*37-=*D(23'..='234�
/'2>.: )') .'=*.2*:2-0>&7- A'6'54 4 (93'1&-&4:C
9*.)*0>)(483-O-&4-/9*0&-9*.40'=O)*0>&4)'=4
.2(6-&2'=,
�')=7(1-D*/*3404/7O-C*.&*/'&4-.2-9-&4&4D6-
&-4.9*0>A(-2.:C9*G2*=(=7=*1-=9-3-P*3=(043*�
/'2>A'6'54K4T/2-3=4&'8.0*1-&4:4/7542'&4:
I(=&*1-&4-&'LFG2*934E'/0-&4-)54.0(.'=*D*
.-E:M,�*252*9*0(542.:,
�M �'0>)(0:2*3 =*1-2 2*0>)* .)0'67/'2> 54.0'C
4=-BQ4-.: / -D* 9'=:24, �-3/*&'5'0>&* / 9'=:24
)'0>)(0:2*3' A'E42' � I-64&4H'MC )*045-.2/* :5--)
9'=:24&-*D3'&45-&*,�93'O4/'-2.:CA')')*-=4&4�
='0>&*-54.0**9-3'H4+4A�=*1&*9*0(542>=R
LM �'0>)(0:2*3 =*1-2 .)0'67/'2> 404 /7542'2>
54.0'C 4=-BQ4-.: / -D* 9'=:24, �-3/*&'5'0>&* /
9'=:24)'0>)(0:2*3'A'E42'�I-64&4H'MC)*045-.2/*
:5--)9'=:24&-*D3'&45-&*,�93'O4/'-2.:CA')')*-
=4&4='0>&*-54.0**9-3'H4+4A�=*1&*9*0(542>=R
�2=-24=C52*-.04A'6'5(L2*1-9-3-P*3=(043*/'2>
&' :A7)- )'0>)(0:2*3*/C 2* ( 2')*D* )'0>)(0:2*3'
E(6-2 /.-D* 6/- :5-+)4 9'=:24C / *6&( 4A )*2*378
/.-D6'A'E42'�,

0��	$%
%��

6�I[T\C�,�D'8'&*/M,�4.0*C&'94.'&&*-&'6*.)-C)'16(B
=4&(2(04E*(6/'4/'-2.:C04E*4A&-D*/7542'-2.:-64&4H',
�*.0-&-.)*0>)482')48*9-3'H4+4A54.0'�E70*9*0(5-&*
54.0* L��L,�*)'142-C 52* / &-)*2*37+=*=-&2&' 6*.)-
E70*A'94.'&*54.0*C.*6-31'Q--/./*-+A'94.4H4P3(K,
7 [U\, �*=9>B2-3&': 93*D3'==' 93-*E3'A(-2 &'E*3 4A
&'2(3'0>&78 54.-0 9* .0-6(BQ-=( 93'/40(; )'16*- 5-2�
&*- 54.0* 6-042.: &' 6/'C ' 4A )'16*D* &-5-2&*D* 54.0'
/7542'-2.:-64&4H',�*)'142-C52*-.04&'5'0>&7+&'E*3
.*.2*:04A9:249*.0-6*/'2-0>&78&'2(3'0>&7854.-0C2*
9*.0- 6/(8 93-*E3'A*/'&4+ / &-= 9*:/:2.: 8*2: E7 6/'
3'/&7854.0',

�6&')*/-3&-=.:)6/*45&*+A'94.454.0'=,�(.2>
�

� � �L L ,,, LG G
G G= ( ( ( (−

−= ⋅ + ⋅ + + ⋅ + C

D6- �G( = C d�C�eH( ∈ ,

�E*A&'54=5-3-A ( )= Gλ = (=-&>O-&&(B&'�604&(
6/*45&*+A'94.454.0'=C'5-3-A ( )=ν F.(==(H4P3C
2,-,)*045-.2/*2-854.-0 H( C)*2*37-3'/&7�,�*&:2�

&*C 52* ( ) [ ]L]^_= G =λ = = , �-9-3> =7=*1-= 0-D)*
9*0(542>*2/-2)A'6'5-L60:0BE*D*54.0'=C'4=-&&*
.(5-2*=�.6/4D'�;

( ) ( ) ( ) [ ] ( )L]^_D = = = = == λ + ν = + ν ,

�')=7*2=-5'04CA'6'5'T*)'A'0'.>/*EQ-=.0(5'-
�)3-9)4=*3-O)*=�C4/*)3(D&--*E3'A*/'0*.>.-3>�
-A&*-9*0-60:4..0-6*/'&4+,�7934/-6-=E-A6*)'�
A'2-0>.2/'&-.)*0>)*2-*3-=C)*2*37-9*)'A7/'B2C)')
3'A/4/'04.>4(.*/-3O-&.2/*/'04.>E7.237-'0D*342�
=7,�-*3-=74486*)'A'2-0>.2/'C'2')1-&-)*2*37-
(93'1&-&4:=*1&*&'+24/ [�\,�0:&'5'0'/.-1-
9*.=*234=&'&-.)*0>)*5'.2&78934=-3*/,
�.04 ( ) �=ν = C2*=:/0:-2.:.2-9-&>B6/*+)4,�*�
.)*0>)( ( )3 = FG2*54.0*O'D*//=4&4='0>&*='0D*�

342=-C2* ( )LG3 G= ,N2*3'/-&.2/*6*)'A7/'-2.:9*
4&6()H444.(5-2*=.6/4D'.*D0'.(-2.:.934/-6-&&7=

3'&--3'/-&.2/*= ( )L �GD G= + ,�.04 ( ) L=ν = C2,-,=
:/0:-2.:.(==*+6/(83'A045&78.2-9-&-+6/*+)4C2*

( ) ( )L L �G I3 = 3 G= + = + 60:G
J
I,

�.04 ( ) K=ν = C2,-,=:/0:-2.:.(==*+23-83'A045�
&78.2-9-&-+6/*+)4C2*/79*0&:-2.:.0-6(BQ':

�
�
)	�6�� ( )G I K3 L L L G L+ + = + 
���G
J
I
J
K,

�*)'A'2-0>.2/*G2*+2-*3-=7&-0-142&'9*/-38&*�
.24 4 23-E(-2 6-2'0>&*D* 3'..=*23-&4: /*A=*1&78
/'34'&2*/,
�A G248 934=-3*/ &'D0:6&* /46&*C 52* E4&'3&7+
=-2*6:/0:-2.:*924='0>&7=C)*D6' ( ) K=ν ≤ ,#*0--
2*D*C&-9*.3-6.2/-&&*-3'..=*23-&4-./*+.2/E4&'3&*�
D*=-2*6'9*A/*0:-2&'=9*0(542>*H-&)4&' ( )3 = 60:
*EQ-D*.0(5':,N24*H-&)4.P*3=(043*/'&7/.0-6(�
BQ-+2-*3-=-,
�
�
)	� 7�� ,������$���
 �����������
 ( )=λ ≤
( ) ( ) ( )3 = = = M≤ ≤ λ + ν − ,
�*)'A'2-0>.2/*2-*3-=7L/9*0&-G0-=-&2'3&*C4=7
*.2'/0:-=-D*542'2-0:=/)'5-.2/-(93'1&-&4:,

0��	$%
%�
� 8� �*)'142- &-3'/-&.2/* ( ) L]^_3 = =≥  4
934/-642-934=-37C)*D6'*&**E3'Q'-2.:/3'/-&.2/*,

�7(1-/46-04C52*934�
0
�UE4&'3&7+=-2*6&-
*924='0-&,�-23(6&*93*/-342>C52**&&-*924='0-&
60:�
 0
 LK 404�
 0
 K� I/ G248 5'.2&78 .0(5':8

( ) T=ν = M,�..0-6*/'&4:9*)'A7/'B2C52*934/*A3'�
.2'&44 54.0' ( )=ν  )*045-.2/* /*A=*1&78 .0(5'-/
.(Q-.2/-&&*(/-0454/'-2.:,N2*400B.2343(-2.0-6(�
BQ':2-*3-='C/)*2*3*+3'..=*23-&.0(5'+ ( ) T=ν = C
-Q-9*66'BQ4+.:3'A(=&*=(*94.'&4B,
�
�
)	� 8 I�,�&(2M, N���
 ( )= Oν ≥ !
 ��
( ) ( )= & 3 =λ + ≤ 
��
����$�����	
����$#�"
������"

������
 *';�'!
 ���
 ������"
 ( )G I K D3 L L L L+ + + =
G L= + !
���
G
J
I
J
K
J
D2

�'
 G I K D− = − 
%���	��2
=
0
MP'8
�'
 G I K D− = − +M
%���	��2
=
0
L&'8
�'
 G I &− = !
 K D− = M
%���	��2
=
0
&Q'8
�'
 G I P− = !
 I K K D− = − =M
%���	��2
=
0
M&P'�
�0(5O-&4-/-38&-+*H-&)4C9*0(5-&&*+/2-*3-=-LC
6*.24D'-2.:A'.5-23'..=*23-&4:E�'3&*D*=-2*6',�7
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