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AGHHIGJKLMGNJHO�PKQRSNIG�TNUJKLKQMGULO�KQJQKG�QHNMQVQ�UGHQHG�LHWXHHJMNUUQVQ�YNSXZQ[WG� HNKZTG� ��\���M�IGVULJUQI

PQZMNHN���GS]^�_G_QK�PKQJQ[UQ^�[GHJL?�M]HQWLN�HWQKQHJL�MKG`NULO�KQJQKG?�UNQRaQZLI]^�KNHXKH�XHJKQ^HJMG��\�?�NVQ�UGZNY�

UQHJb�L�cXUWTLQUGSbUQHJb�PKNZdOMSOeJ�M]HQWLN�JKNRQMGULO�W� HLHJNIN�XPKGMSNULO�KQJQKQI�UG�IGVULJU]a�PQZfLPULWGa��g

ZGUUQ^�HJGJbN�PKNZSGVGNJHO� HLUJN_� _GWQUQM�XPKGMSNULO�KQJQKQI��\��UG�IGVULJU]a�PQZfLPULWGa�UG�QHUQMN�INJQZG�
	
A

�GUGSLJL[NHWQN�WQUHJKXLKQMGULN�GVKNVLKQMGUU]a�KNVXSOJQKQM��HLUNKVNJL[NHWQ^�JNQKLL�XPKGMSNULO��hQWG_GU]�MQ_IQYUQHJL�L

PNKHPNWJLM]�PKLINUNULO�PKNZSQYNUUQ^�HaNI]�XPKGMSNULO�

��������

�_MNHJUQ?�[JQ�HNKZN[UQ�HQHXZLHJ]N�_GRQSNMGULO�OMSOeJHO
QHUQMUQ^�PKL[LUQ^�HINKJL�MQ�MHNI�ILKN�i�j��kSGMUQ^�GSbJNK�
UGJLMQ^�JKGUHPSGUJGTLL�HJGSQ�LHPQSb_QMGULN�XHJKQ^HJM�IN�
aGUL[NHWQ^�PQZZNKYWL�WKQMQQRKG`NULO?�JGW�UG_]MGNI]a�LH�
WXHHJMNUU]a�YNSXZQ[WQM�HNKZTG���\���i�j���QMNKfNUHJMXOHb?
IQZNSL��\��PKQfSL�PXJb�QJ�INIRKGUU]a�UGHQHQM�RQSbfLa
VGRGKLJQMC�l@� �&m &��18����n?�3o�L�p3o��l4)%� &�/�2%�$�n?
�q
�?�lr%� /%�n��l>%�*��@� �&�2%�$�n?�2F?��q
��=�ZQ�KQJQK�
U]a�TNUJKQRNYU]aC� l@� �&> ��n� �l@� �&> ��� 1.&��. &(%. *?
1./�n?��q
�?� lD#� @� �&n� �l4��#<%?� 1./�n?�m1?��q
��=�LSL
ILULGJeKU]a�QHNM]a�UGHQHQMC� l1./%�n� �lE��*(.@� �&�s<-)n?
kNKIGULO�?� l@� �&m &�� 11n� �l4)%� &�/�2%�$�n?��q
�?� JGWYN
PKNZXHIGJKLMGe`La� tUZQMGHWXSOKUXe� LIPSGUJGTLe� =
l1<$�** n��lF-(%<��n?��q
��i�j�i�j�

uZUQ�L_�UGPKGMSNUL^�KG_MLJLO�M�tJQ^�QRSGHJL�_GULIGNJHO
KG_KGRQJWQ^�WQUTNPTLL��\��QHNMQVQ�JLPG�i�j?�i7j?�i�j?�i�j���Q�
HJQ^UQ^�MULIGULO�IQYUQ�H[LJGJb�IQZNSb�l1./%�n�H�IGVULJU]I
PQZMNHQI�M�WG[NHJMN�QPQK]�KQJQKG��
WJLMU]N�IGVULJU]N�PQZ�
fLPULWL� �
�h�?� M]VQZUQ�QJSL[GOHb�RNHWQUJGWJU]I�PQZMN�
HQI�KQJQKG?�PQSX[LSL�HMQN�KGHPKQHJKGUNULN�M�R]HJKQaQZU]a
KQJQKU]a�IGfLUGa�RSGVQZGKO�KOZX� ZQHJQLUHJM?� W� WQJQK]I
QJUQHOJC�M]HQWXe�HWQKQHJb�MKG`NULO�PKL�HQaKGUNULL�La�HJG�
JL[NHWQ^�YNHJWQHJL?� M]HQWXe�JQ[UQHJb� HJGRLSL_LKQMGUUQVQ
PQSQYNULO�QHL�MKG`NULO�KQJQKG?�QJUQHLJNSbUQ�M]HQWXe�VKX�
_QPQZdNIUQHJb?� M]HQWXe�INaGUL[NHWXe�PKQ[UQHJb?� MQ_IQY�
UQHJb�L_INUNULO�YNHJWQHJL�L�ZNIPcLKQMGULO�M�fLKQWLa�PKN�
ZNSGa� i9j�i��j��uHQRNUUQ�MGYUG�MQ_IQYUQHJb�M]HQWQ^�JQ[UQH�
JL�PQ_LTLQULKQMGULO�KQJQKG�MMLZX�IGSQVQ� _G_QKG�M�WGINKN
UGHQHG�L�KLHWG�VNIQSL_G�WKQML�

hQSQYNULN�KQJQKG�QJUQHLJNSbUQ� HJGJQKG�KNVXSLKXNJHO� H
PQIQ`be�HLHJNI]�QRKGJUQ^�HMO_L?�[JQ�QRNHPN[LMGNJ�XHJQ^[L�
MQHJb� PQSQYNULO� QHL� MKG`NULO���NXHJQ^[LMQHJb� KQJQKG� M

�h�PKQOMSONJHO�M�MLZN�NVQ�WQSNRGUL^�QJUQHLJNSbUQ�LHaQZ�
UQVQ�PQSQYNULO�KGMUQMNHLO�LSL�NVQ�l_GMLHGULOn�UG�HJKGaQMQ[�
U]a�PQZfLPULWGa� i9j�i��j���JGRLSL_GTLO�KQJQKG�QHX`NHJMSO�
NJHO�GMJQIGJL[NHWLI�XPKGMSNULNI�HLSQ^�JQWG?�PQHJXPGe`NVQ

M�QRIQJWL� tSNWJKQIGVULJQM?�L� HQQJMNJHJMNUUQ�XPKGMSNULNI
HLSGIL�IGVULJUQVQ�PKLJOYNULO?�ZN^HJMXe`LIL�UG�KQJQK��g
WG[NHJMN�SQVL[NHWQVQ�XPKGMSOe`NVQ�XHJKQ^HJMG?�WGW�PKGMLSQ?
PKLINUOeJ�h���KNVXSOJQK?�KNGSL_Xe`L^�PKQPQKTLQUGSbUQ�
LUJNVKGSbUQ�ZLccNKNUTLGSbU]^�_GWQU�KNVXSLKQMGULO�i�j?�i��j�
�[LJGNJHO?�[JQ�PQ[JL����v�KNVXSOJQKQM?�UGaQZO`LaHO�M�UGHJQ�
O`NN�MKNIO�M� tWHPSXGJGTLL?�LHPQSb_XeJ�h���GSVQKLJI���N�
ZQHJGJWGIL�JGWQVQ� _GWQUG�XPKGMSNULO�OMSOeJHOC�QVKGUL[NU�
UGO�JQ[UQHJb��QHQRNUUQ�PKL�XPKGMSNULL�QRdNWJGIL�H�RQSbfQ^
LUNKTLQUUQHJbe�L�_GPG_Z]MGULNI�?�PNKNKNVXSLKQMGULN?�[XM�
HJMLJNSbUQHJb� W�fXIGI?� aXZfLN� HMQ^HJMG� M�PNKNaQZU]a�KN�
YLIGa� �IGSQN�R]HJKQZN^HJMLN�L�RQSbfGO�WQSNRGJNSbUQHJb��
	KQIN� JQVQ?� PKQTNZXKG� UGHJKQ^WL� PGKGINJKQM� KNVXSOJQKG
PKNZHJGMSONJ� HQRQ^� HSQYU]^� L� ZQHJGJQ[UQ� HXRdNWJLMU]^
PKQTNHH�

g�PQHSNZUNN�MKNIO�PQSX[LS�KG_MLJLN�UQM]^�HLUNKVNJL[NH�
WL^�PQZaQZ�W�PKQRSNIN� HLUJN_G� HLHJNI�XPKGMSNULO�UNSLUN^�
U]IL�IUQVQINKU]IL�IUQVQHMO_U]IL� QRdNWJGIL� =� INJQZ

	
A?�M�QHUQMN�WQJQKQVQ�SNYLJ�LZNO�MMNZNULO�PKLJOVLMGe�
`La�LUMGKLGUJU]a�IUQVQQRKG_L^�ψ��R�?�w?�R���x��?�UG�WQJQ�
K]a�UGLSX[fLI�QRKG_QI�HQVSGHXeJHO�NHJNHJMNUU]N��tUNKVNJL�
[NHWLN?�INaGUL[NHWLN?�JNPSQM]N�L�J��Z���HMQ^HJMG�QRdNWJG�L�JKN�
RQMGULO�_GZG[L�XPKGMSNULO� i��j���QMQWXPUQHJb�WKLJNKLNM�XP�
KGMSNULO� LSL� UGRQK�YNSGUL^� PKQNWJLKQM`LWG� HLHJNI]� M
INJQZN�
	
A�PKLUOJQ�M]KGYGJb�M�MLZN�HQQJMNJHJMXe`N^�HLH�
JNI]�LUMGKLGUJQM�=�GJJKGWJQKQM?�WQJQK]N�M]HJXPGeJ�WGW�TNSb
XPKGMSNULO���G�ULa�QRNHPN[LMGNJHO�M]PQSUNULN�_GZGUUQ^�JNa�
UQSQVL[NHWQ^�_GZG[L?�G�PKQTNZXKG�HLUJN_G�HMQZLJHO�W�PQLHWX
RG_QM]a� _GWQUQM� XPKGMSNULO?� PKL�WQJQK]a� tJL�LUMGKLGUJ]
M]PQSUOeJHO� i��j�i��j�

�UQVQ�KGRQJ�PQHMO`NUQ�KG_MLJLe?�LHHSNZQMGULe�L�PKL�
INUNULe�HLUNKVNJL[NHWQVQ�PQZaQZG�W�XPKGMSNULe�UNSLUN^U]�
IL�HLHJNIGIL�i��j�i��j��AN_XSbJGJ]�PKQMNZNUUQVQ�LHHSNZQMGULO
ZNIQUHJKLKXeJ� tccNWJLMUQHJb� HLUJN_LKQMGUU]a�INJQZQI

	
A�_GWQUQM�XPKGMSNULO�KQJQKQI�UGHQHG��\��UG�IGVULJ�
U]a�PQZfLPULWGa�

	
��
����
���������HJGRLSL_LKQMGJb�TNUJKGSbUQN�PQSQYN�
ULN�KQJQKG?�MKG`Ge`NVQHO�M�IGVULJU]a�PQZfLPULWGa?�QHNMQ�
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VQ�UGHQHG��\�?�LHPQSb_XO�PKLUTLP]�L�INJQZ]�HLUNKVNJL[NH�
WQ^�JNQKLL�XPKGMSNULO�
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AGHHIGJKLMGNJHO� HLIINJKL[U]^�QZUQKQZU]^�YNHJWL^�KQ�
JQK�IGHHQ^� ?�ZLGINJKQI�
?�ZSLUQ^�#?�MKG`Ge`L^HO�MZQSb�PKQ�
ZQSbUQ^�QHL�H�PQHJQOUUQ^�XVSQMQ^�HWQKQHJbe�Ω�M�ZMXa�KGZL�
GSbU]a�GWJLMU]a�IGVULJU]a�PQZfLPULWGa�
�h��L�
�h��
�LHJNIG�ZLccNKNUTLGSbU]a�XKGMUNUL^?�QPLH]MGe`La�ZLUG�
ILWX�KQJQKG�UG�
�h�M�WQQKZLUGJGa�PQSeHG�S�x�yR�?�&�?�α?�βz4?
LINNJ�MLZ

( ) ( )
( )

( ) ( )
( )

( ) ( )

1 2 1 1 2 2

2
1 1 2 2

1 2 1 1 2 2

2
1 1 2 2

2 2
1 1 2 2 1 1 2 2

2
1 1 1 2 2 2

cos sin ;

sin cos ;

o s s o s s

i x i x x x y

o s s o s s

i y i y y x y

x z s s o s s

i y i y x

mx k k x a k a k

k i k i P m e t e t

my k k y a k a k

k i k i P m e t e t

I I a k a k y a k a k

a k i a k i M I

+ + + − + β =

= + + + Ω Ω − Ω

+ + + − α =

= + + + Ω Ω + Ω

α + Ωβ + − + + α =

= − + + Ω −

��

��

���

( )
( ) ( )

( )
2 2

1 1 2 2 1 1 2 2

2
1 1 1 2 2 2

sin cos ;

sin cos ,

zx yz

y z s s o s s

i x i x y yz zx

t I t

I I a k a k x a k a k

a k i a k i M I t I t










 Ω + Ω
 β − Ωα + − + + + β =
 = − + + + Ω Ω + Ω
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�

���

VZN�TR?�T&?�T�?�T�R?�T&��=�WQIPQUNUJ]�JNU_QKG�LUNKTLL{����?����?�L����?
����=�HQQJMNJHJMNUUQ�PQ_LTLQUUGO�lQJKLTGJNSbUGOn�YNHJWQHJb
L�JQWQMGO�YNHJWQHJb�WGUGSQM�XPKGMSNULO{���?����=�KGHHJQOULO
QJ�PQSeHG�KQJQKG�ZQ�
�h�?�
�h�{��R�?��&�?��R�?��&��=�XPKGMSOe�
`LN�JQWL{�UR?�U&� =�PKQNWTLL�VSGMUQVQ�MNWJQKG�MUNfULa�HLS{
VR?�V&�=�PKQNWTLL�VSGMUQVQ�IQINUJG�MUNfULa�HLS{��R?��&�=�WQI�
PQUNUJ]�MNWJQKG�tWHTNUJKLHLJNJG�TNUJKG�IGHH�KQJQKG�

hQHSN�_GINU]�PNKNINUU]a�R��x�R�?� 1 2 ,x x=� �&��x�&�?� 1 2 ,y y=�

α�x�α�?� 1 2 ,α = α� �β�x�β�?� 1 2β = β� �L�X[LJ]MGO?�[JQ�TR�x�T&?�PQSX[LI
HSNZXe`Xe�HLHJNIX�ZLccNKNUTLGSbU]a�XKGMUNUL^C

1 2

2 1 1 2 1 3 1 4 2 5

1 2

2 1 1 2 1 3 1 4 2 5

1 2

2
2 8 2 9 1 10 1 11 1 12 2 13 14

1 2

2
2 8 2 9 1 10 1 11 1 12 2 13 15

;

;

;

;

;

;

;

,

x x x

y y y

y y x

x x y

x x

x b x b b i b i b P

y y

y b y b b i b i b P

b b y b b i b i b M b

b b x b b i b i b M b

=
 = + β + + +
 =


= − α + + +
 α = α
 α = − Ωβ − − α + − + + Ω

β = β


β = Ωα + − β − + + + Ω
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�

�

�

�

�

�

�
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VZN�PW�=�PQHJQOUU]N�WQtccLTLNUJ]?�HMO_GUU]N�H�PGKGINJKGIL
KQJQKG�L�
�h�

hKLMNZNUUGO�HLHJNIG�HQZNKYLJ�[NJ]KN�WGUGSG�XPKGMSNULO
=�XPKGMSOe`LN�JQWL��R�?��&�?��R�?��&��L�[NJ]KN�MQ_IX`Ge`La�MQ_�
ZN^HJMLO�UR?�U&?�VR?�V&�
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|HJQ^[LMQHJb�PQZMNHG�QRNHPN[LMGNJHO� HQQJMNJHJMXe`LI
M]RQKQI� _GWQUG�XPKGMSNULO� i�j��hKLMNZNUUGO�IQZNSb� ���� HQ�
ZNKYLJ�[NJ]KN�WGUGSG�XPKGMSNULO?�HSNZQMGJNSbUQ?�IQYNJ�R]Jb
UG_UG[NUQ�[NJ]KN�LUMGKLGUJG�i��j���SO�HJGRLSL_GTLL�PQSQYN�
ULO�KQJQKG�JNaUQSQVL[NHWLIL�LUMGKLGUJGIL� HLUJN_LKXNIQ^
HLHJNI]�OMSOeJHO�R��x�R�

�?�&��x�&�
�?�α��x�α�

�?�β��x�β�
�?�VZN�R�

�?�&�
�?

α�
�?�β�

��=�YNSGNI]N�_UG[NULO�HQQJMNJHJMXe`La�WQQKZLUGJ��_G�
ZGUUQN�PQSQYNULN�KQJQKG��

�QVSGHUQ�INJQZX�
	
A?�ZSO�PGKLKQMGULO�MUNfULa�MQ_IX�
`NUL^�UNQRaQZLIQ�WGYZQN�L_�ULa�PKNZHJGMLJb�M�MLZN�ZLUGIL�
[NHWQ^�IQZNSL?�UG�M]aQZN�WQJQKQ^�cQKILKXNJHO�GPPKQWHLIL�
KQMGUUQN�MQ_IX`NULN�HQQJMNJHJMXe`NVQ�WSGHHG�i�7j���SO�tJQ�
VQ�MMQZOJHO�ZQPQSULJNSbU]N�PNKNINUU]N���?���?���?��7?�WQJQK]N
OMSOeJHO�QTNUWQ^�MUNfULa�MQ_IX`NUL^� i��j?� i��j��
QVZG�IQ�

ZNSb�HLHJNI]�M�KGHfLKNUUQI�MLZN?�UG_]MGNIGO�lIQZNSbe�HL�
UNKVNJL[NHWQVQ�HLUJN_Gn?�RXZNJ�LINJb�MLZ

1 2

2
2 1 1 2 1 3 1 4 2 5 1 6

1 2

2
2 1 1 2 1 3 3 4 4 5 2 7

1 2

2
2 8 2 9 1 10 1 11 3 12 4 13 3 14

1 2

2
2 8 2 9 1 10 1 11 1 12 2 13 4 15

1 1 1

;

;

;

;

;

;

;

;

;
���

x x

x b x b b u b u b z b

y y

y b y b b u b u b z b

b b y b b u b u b z b

b b x b b u b u b z b

z

=

= + β + + + + Ω
=

= − α + + + + Ω
α = α

α = − Ωβ − − α + − + + Ω

β = β

β = Ωα + − β − + + + Ω
= µ Φ

�

�

�

�

�

�

�

�

�

�2 2 2

3 3 3

4 4 4

;

;

,

���

���

���

z

z

z

















= µ Φ
 = µ Φ
 = µ Φ

�

�

�

���

VZN���?���?���?��7�=�WQQKZLUGJ]�KGHfLKNUUQ^�PQZHLHJNI]{�µ�?�µ�?�µ�?
µ7�=�PQHJQOUU]N�WQtccLTLNUJ]{�}JNa��x�R��=�R�

�?�}JNa��x�&��=�&�
�?

}JNa��x�α��=�α�
�?�}JNa7�x�β��=�β�

��=�JNaUQSQVL[NHWLN�LUMGKLGUJ]{
Q�?�Q�?�Q�?�Q7�=�XPKGMSOe`LN�MQ_ZN^HJMLO�
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�SO�HLUJN_G�_GWQUQM�XPKGMSNULO�UNQRaQZLIQ�HcQKILKQMGJb
IGWKQPNKNINUU]N?�QJMN[Ge`LN�TNSOI�XPKGMSNULO���SO�KNYL�
IG�M_GLIQHMO_GUUQVQ�XPKGMSNULO�IQYUQ�MMNHJL�PGKGSSNSbUXe
HQMQWXPUQHJb�LUMGKLGUJU]a�IUQVQQRKG_L^�HSNZXe`NVQ�MLZGC

ψ
�
�x�γ

��
��~�γ

��
X�~�γ

��
��~�γ

�7
	{

ψ
�
�x�γ

��
��~�γ

��
X�~�γ

��
��~�γ

�7
	{

ψ
�
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VZN�γ�W?�ρW?��W?����W�x��?��?��?�7�=�PQHJQOUU]N�WQtccLTLNUJ]�
�GWKQPNKNINUU]N�XKGMUNUL^� �7�� ZQSYU]�XZQMSNJMQKOJb

cXUWTLQUGSbU]I�XKGMUNULOI�PNKMQVQ�PQKOZWG� i��j�i��j

1 1 1 0;T ψ + ψ =�

2 2 2 0;T ψ + ψ =�

3 3 3 0;T ψ + ψ =�

4 4 4 0,T ψ + ψ =� � ���

VZN���?���?���?��7�����=�PQHJQOUU]N�MKNINUL���GWQU]�XPKGMSN�
ULO�Q�?�Q�?�Q�?�Q7�UGaQZOJHO�L_�HQMINHJUQVQ�KNfNULO�XKGMUNUL^
���?� �7�?� �����\NSGNI]N� _UG[NULO� HQQJMNJHJMXe`La�WQQKZLUGJ
R�

�?�&�
�?�α�

�?�β�
��ZSO�PQHJGMSNUUQ^�_GZG[L�ZQSYU]�R]Jb�KGMU]

UXSe�
hGKGINJK]?�HMO_GUU]N�H�KQJQKQI�L�
�h?�LINeJ�HSNZXe�

`LN�_UG[NULOC� �x���?7������=��WV{�
�x���?������=��I{�#�x��������=��I{
TR�x�T&�x��?�������

=��WV�I�{�T&��x��?������
=���WV�I�{�T�R�x��?������

=���WV�I�{
���x����x���

=��I{��R�x��&�x��?�������
=��I{�����x�����x���

����
=�{
����x�����x�=��

7���I=�{�Ω�x��������QR�ILU=���hKLMNZNUU]N�ZGU�
U]N� HQQJMNJHJMXeJ� VNQINJKL[NHWLI�L�IGHHQM]I�aGKGWJNKLH�
JLWGI�KG_KGRGJ]MGNIQ^�IQZNSL�UGHQHG��\���hQWG_GJNSL?�HMO�
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_GUU]N�H�
�h?�=�_UG[NULO�JQWQM]a�L�PQ_LTLQUU]a�YNHJWQH�
JN^�WGUGSQM�XPKGMSNULO�=�PKLUOJ]�L_�ZLGPG_QUG�ZQPXHWGNI]a
_UG[NUL^�L�PQZKG_XINMGeJ�ZGSbUN^fNN�XJQ[UNULN�M� HQQJMNJ�
HJMLL�H�JKNRQMGULOIL�L�MQ_IQYUQHJOIL�GPPGKGJUQ^�KNGSL_G�
TLL�HLHJNI]�XPKGMSNULO�UGHQHQI��\���g�UQKIN�UNQRaQZLI]^
ZSO�YL_UNZNOJNSbUQHJL�KGHaQZ�WKQML�HQHJGMSONJ�������S�ILU=��
g�PKNZNSbUQI�KNYLIN�KGRQJ]�[GHJQJG�MKG`NULO�KQJQKG�Ω�HQ�
HJGMSONJ��������QR�ILU=��

kKGcLWL�IQZNSLKQMGULO�HLHJNI]�����PQWG_GU]�UG�)/.
�Y�Z�
hGKGINJK]�_GWQUQM�XPKGMSNULOC����x����x����x��7�x��?�{
ρ��x�ρ��x�ρ��x�ρ7�x����{����x����x����x��7�x���=�{�µ��x�µ��x�µ��x�µ7�x���

=�{
γ���x�γ���x�γ7��x�γ77�x��{�γ���x�γ���x�γ�7�x�γ7��x��{�γ���x�γ���x�γ���x�γ7��x��{
γ�7�x�γ���x�γ���x�γ�7�x�7�

gUNfULN�MQ_IX`Ge`LN�HLS]�M�KGHHIGJKLMGNIQI�UGHQHN�UN
PKNM]fGeJ�9��?� PQtJQIX� M� WG[NHJMN� MUNfUNVQ� MQ_IX`NULO
UR���?�U&���?�VR���?�V&����PKLUOJ]�HSNZXe`LN�WXHQ[UQ�PQHJQOU�
U]N�cXUWTLLC

( ) ( ) ( ) ( ) 5, 1;
, , ,

10, 1.x y x y
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P t P t M t M t

t

<
=  ≥

�_INUNULO�M]aQZU]a�WQQKZLUGJ�R�?�&�?�α�?�β��M�XHJGUQMLM�
fNIHO�KNYLIN�KGMU]�L�HQHJGMSOeJ�=�?���9�����=��I��KGZ��HQQJ�
MNJHJMNUUQ��)/.
�Y����GWHLIGSbUQ�ZQPXHJLIQN�HIN`NULN�KQJQ�
KG�KGMUQ�∆�x��?��II���GWHLIGSbUQN�_UG[NULN�HWG[WQM�ZSO�WQ�
QKZLUGJ�R�?�&�?�α�?�β��KGMUQ��?��������

=��I�L�M�QR`NI�HSX[GN�KNVX�
SLKXNJHO� HQQJMNJHJMXe`LI� QRKG_QI� PQZQRKGUU]IL
WQtccLTLNUJGIL�HLUJN_LKQMGUUQVQ�KNVXSOJQKG��}G_QM]N�JKG�
NWJQKLL�PKLJOVLMGeJHO�L_�PKQL_MQSbU]a�UG[GSbU]a�HQHJQO�
UL^�M�QWKNHJUQHJL�IGWHLIGSbUQ�ZQPXHJLIQVQ�HIN`NULO�KQJQ�
KG�W�_GZGUUQIX�PQSQYNULe�UXSO��)/.
�[��

�_�VKGcLWQM�L_INUNUL^�XPKGMSOe`La�MQ_ZN^HJML^��)/.
�\?�Z�
MLZUQ?�[JQ�XHJGUQMLMfL^HO�KNYLI�ZQHJLVGNJHO�R]HJKQ?�G�HGIL
XPKGMSNULO�LINeJ�PKLNISNI]N�ZSO� GPPGKGJUQ^�KNGSL_GTLL
_UG[NULO�

�QZNSLKQMGULN�UG�)/.
�Y�Z�PKNZHJGMSNUQ�ZSO�KNYLIG�M_GL�
IQHMO_GUUQVQ�XPKGMSNULO?�J��N��ZSO�IGWKQPNKNINUU]a�XKGMUN�
UL^� �7���hKL�PQZHJGUQMWN�M�HLHJNIX�XPKGMSNULO� ����XPKQ`NU�
U]a�_GWQUQM?�J��N��PKL�γ���x�γ���x�γ�7�x�γ���x�γ���x�γ�7�x�γ���x�γ���x
x�γ�7�x�γ7��x�γ7��x�γ7��x��?�KN_XSbJGJ]�IQZNSLKQMGULO�QWG_]MG�
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eJHO�JN�YN���JQ�HMO_GUQ�H�UGSL[LNI�MUXJKNUULa�HMO_N^�INYZX
WQQKZLUGJGIL�M�QRdNWJN�XPKGMSNULO?�WQJQK]N�QRNHPN[LMGeJ
M_GLIQZN^HJMLN�PNKNINUU]a�HLHJNI]�L�HQQJMNJHJMNUUQ�HQVSG�
HQMGUUQHJb�M]aQZU]a�WQQKZLUGJ��g�tJQI�HSX[GN�IGWKQPNKNINU�
U]N�XKGMUNUL^� �7�?� HQQJMNJHJMXe`LN�ZGUUQIX�KNYLIX�XPKGM�
SNULO?�PKLULIGeJ�XPKQ`NUU]^�MLZ�L�PKNQRKG_XeJHO�M�[NJ]KN
GMJQUQIU]a�XKGMUNULO?�WGYZQN�L_�WQJQK]a�QJMN[GNJ�_G�HJGRL�
SL_GTLe�HQQJMNJHJMXe`N^�WQQKZLUGJ]C
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hKQZNIQUHJKLKQMGU�HLUNKVNJL[NHWL^�PQZaQZ�W�XPKGMSNULe
KQJQKQI��\��UG�IGVULJU]a�PQZfLPULWGa?�QHUQMGUU]^�UG
MMNZNULL�LUMGKLGUJU]a�IUQVQQRKG_L^��hQWG_GUQ?�[JQ�HLUJN�
_LKQMGUU]N�UG�QHUQMN�INJQZG�
	
A�_GWQU]�XPKGMSNULO� VG�
KGUJLKXeJ�R]HJKXe�HJGRLSL_GTLe�KQJQKG�M� _GZGUUQI�PQSQ�
YNULL�L�M]HQWXe�JQ[UQHJb�PQ_LTLQULKQMGULO�QRdNWJG�XPKGM�
SNULO��hKL�tJQI�QRNHPN[LMGNJHO�XHJQ^[LMQHJb�HLHJNI]�QJUQ�
HLJNSbUQ� HJGTLQUGKUQVQ� HQHJQOULO?� HQQJMNJHJMXe`NVQ
_GZGUUQIX�KNYLIX�ZMLYNULO�KQJQKG��hKL�IGWHLIGSbU]a�PQ�
HJQOUU]a�MQ_IX`NULOa�L�M]RKGUU]a�PGKGINJKGa�_GWQUQM�XP�
KGMSNULO�PQSQYNULN�KQJQKG�HJGRLSL_LKXNJHO�PKLINKUQ��?��H?
QZUGWQ�MKNIO�KNVXSLKQMGULO�IQYNJ�R]Jb� HULYNUQ�M� _GMLHL�
IQHJL�QJ�L_INUNUU]a�PGKGINJKQM�_GZG[L�_G� H[NJ�PQHJQOUU]a
MKNINUL���?���?���?��7?�MSLOe`La�UG�WG[NHJMQ�ZLUGILWL�PKQ�
TNHHQM�M�_GIWUXJQ^�HLHJNIN��
GWLI�QRKG_QI?�PKLINUNUU]^�ZSO
TNUJKLKQMGULO�KQJQKG�M�IGVULJUQI�PQZMNHN�INJQZ�
	
A�HL�
UNKVNJL[NHWQ^�JNQKLL�QJWK]MGNJ�fLKQWLN�MQ_IQYUQHJL�L�PNK�
HPNWJLM]�KNfNULO�_GZG[L�XPKGMSNULO�KQJQKQI�M�PQJQWN�WKQ�
ML�
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g�ZGUUQ^�HJGJbN�PKLMNZNU�QR_QK�HLHJNI?�INJQZQM�L�GSVQKLJIQM�XPKGMSNULO�ZSO�GPPGKGJQM�MHPQIQVGJNSbUQVQ�WKQMQQRKG`N�

ULO?�QPXRSLWQMGUU]a�M�SLJNKGJXKN�_G�PQHSNZULN�POJb�SNJ���GUQ�WKGJUQN�QPLHGULN�HLHJNI�XPKGMSNULO?�LHPQSb_XNI]a�M�WSLUL�

[NHWQ^�PKGWJLWN��AGHHIQJKNU]�GSVQKLJI]�QTNUWL�L�KNVXSLKQMWL?�XPKGMSNULO�KNYLIGIL�KGRQJ]?�cL_LQSQVL[NHWQVQ�XPKGMSN�

ULO�GPPGKGJGIL�MHPQIQVGJNSbUQVQ�WKQMQQRKG`NULO�KQJQKUQVQ�JLPG�

��������


PPGKGJ]�MHPQIQVGJNSbUQVQ�WKQMQQRKG`NULO��
g	��_GKN�
WQINUZQMGSL�HNRO�WGW�tccNWJLMUQN� HKNZHJMQ�SN[NULO�QHJK]a
cQKI�HNKZN[UQ^�UNZQHJGJQ[UQHJL�UGKOZX� H� JKGUHPSGUJGTLN^
HNKZTG� i�j�i7j���UQYNHJMQ�PGTLNUJQM�H�KG_SL[UQ^�PGJQcL_LQ�
SQVLN^�HNKZN[UQ^�ZNOJNSbUQHJL�L�fLKQWL^�M]RQK�
g	�ZSO�La
SN[NULO�QRXHSQMSLMGeJ�UNQRaQZLIQHJb�M�KG_SL[U]a� HJKGJN�
VLOa�SN[NULO�i�j�i�j���SO�KNGSL_GTLL�PQZQRU]a�HJKGJNVL^�SN[N�
ULO?� GMJQIGJL[NHWQVQ�XPKGMSNULO�
g	�M�KGIWGa�M]RKGUUQ^
HJKGJNVLL?�PQM]fNULO�WG[NHJMG�YL_UL�PGTLNUJG?�PKNZQJMKG�
`NULO�PKQRSNI?�QRXHSQMSNUU]a�HPNTLcLWQ^�KGRQJ]�LIPSGU�
JLKXNIQVQ�KQJQKUQVQ�UGHQHG�WKQML� �A�	�?�KG_KGRGJ]MGeJHO
KG_SL[U]N�GSVQKLJI]?�INJQZ]�L�HLHJNI]�XPKGMSNULO�

�NSb�KGHHIGJKLMGNIQ^�KGRQJ]�_GWSe[GNJHO�M�QR_QKN�HLH�
JNI?�INJQZQM�L�GSVQKLJIQM�XPKGMSNULO�KQJQKU]IL�UGHQHGIL
WKQML� ZSO� GPPGKGJQM� MHPQIQVGJNSbUQVQ� WKQMQQRKG`NULO?
QPXRSLWQMGUU]a�M� SLJNKGJXKN� _G�PQHSNZULN�POJb�SNJ��AGUNN
JGWYN�R]SL�QPXRSLWQMGU]�GUGSQVL[U]N�QR_QK]�L�ZGU]�KG_�
SL[U]N�MGKLGUJ]�WSGHHLcLWGTLL�HLHJNI�XPKGMSNULO�ZSO�GP�
PGKGJQM�MHPQIQVGJNSbUQVQ�WKQMQQRKG`NULO� i9j�i��j��uJSL[LN

ZGUUQ^�KGRQJ]�_GWSe[GNJHO�M�GWTNUJN�UG�MQ_IQYUQHJOa�L�PKN�
LIX`NHJMGa?� WQJQK]N�QRNHPN[LMGeJ�KGHHIGJKLMGNI]N� HLHJN�
I]�XPKGMSNULO{�PQILIQ�tJQVQ?�M�KGRQJN�KGHHIGJKLMGeJHO�HLH�
JNI]�XPKGMSNULO�
g	?�WQJQK]N�UG�ZGUU]^�IQINUJ�PKLINUO�
eJHO�M�WSLUL[NHWQ^�PKGWJLWN�
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g�UGHQHGa�l@� �&> ���@3FDn�L�l@� �&> ���m3FDn�WKQ�
MQJQW�QTNULMGNJHO�WQHMNUU]IL�INJQZGIL� H�LHPQSb_QMGULNI
MNSL[LU� HWQKQHJL�MKG`NULO�KQJQKG?� JQWG�ZMLVGJNSO�L� VNIG�
JQWKLJG?�M�WG[NHJMN�MaQZU]a�PGKGINJKQM�i��j�i��j�

uHNMQ^�UGHQH� l+ �(,� ����n�PQ_MQSONJ�PGTLNUJX�L_INUOJb
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