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7��O. P!��� N!�=D� Q��!�� H��!�= Q!�=D�E��

R��?, 9�!,? �,,, �!9< 9,<-, �9,<

S��, 9�!,? -6,, ;!<, �,��, �9<-

S�?, 9�!,? 6,,, ;!-< �-;?, ��99
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�&��1�����$������%����#����#��������#*�������"������$��#���(�'�#�

T���
�	
�
 R�, RU
α!�;EK ωS

α!�;EK ωS
ωS!�;EK ωT

ωT!�;EK ωT
δ!�;EK

, �!@<6< ;!;��� R�,!?@;� R�;!�-�- ,!,?;�; ,!;,,?@

,!- 9!�9�- ;!;<,, R�,!?6;� R�;!@@;@ ,!,?96- ,!;,-��

,!< �!,,�? ;!�<,9 R�,!-,;6 R�;!69?@ ,!,?69� ,!;;-,?

;!, �!���9 ;!�9;9 R�,!-;�, R�;!69?@ ,!,-�@, ,!;�-,<

;!; �!99@, ;!9?-- R�,!-,�< R�;!6�<9 ,!,-@�< ,!;96?�

;!? �!9�<- ;!�?�- R�,!�<;9 R�;!?@?- ,!,@96� ,!;--?,

;!@ �!;@�� ;!;<<? R�,�9,� R�;!�9�� ,!,@;?9 ,!;-9,9

�!, 9!6��< ;!;9�� R�,!9?6� R�;!�@�� ,!,-9-? ,!;�;;?

�!? 9!9,,� ;!,9?9 R�,!�@;9 R�;!,--9 ,!,?�@? ,!;;,66

9!, �!6-?@ ,!<�9? R�,!�,�? R�,!6@�� ,!,��9< ,!,<,�6

9!? �!?�9< ,!6-;< R�,!;?�? R�,!@�,- ,!,9@<; ,!,@-;,

�!, �!9,-� ,!6,?6 R�,!;;@9 R�,!-�@9 ,!,99,� ,!,-?66

�!? �!,699 ,!@@,; R�,!9,6< R�,!?@?- ,!,�<?- ,!,?6�?

?!, ;!66;- ,!@9�� R�,!,,<� R�,!???< ,!,�@�@ ,!,?9�6

-!, ;!??�- ,!-?�6 R�,!,?�@ R�,!??,6 ,!,��,@ ,!�?��<

T���
�	
�
 R�, R(
α!�;EK ωS

α!�;EK ωS
ωP!�;EK ωT

ωT!�;EK ωT
δ!�;EK

, ,!�,,, ,!�9,?? R�,!;,;, R�,!,@�96 ,!,,;<; ,!,,�<,

,!- ,!�?,, ,!�9-9? R�,!;,-6 R�,!,@6,9 ,!,,�,; ,!,,�<6

,!< ,!?6,, ,!��<�, R�,!;;@� R�,!,6�69 ,!,,�;� ,!,,9;�

;!; ,!-6�? ,!�6;9, R�,!;�<9 R�,!,<�-6 ,!,,�9; ,!,,99?

;!9 ,!-6?, ,!�6?-? R�,!;9?< R�,!,<@?- ,!,,��- ,!,,9-,

;!? ,!-�?, ,!�6��, R�,!;9�, R�,!,<@?- ,!,,��6 ,!,,9-<

;!@ ,!?-<, ,!�@??, R�,!;�@@ R�,!,<�<@ ,!,,��� ,!,,9-9

�!, ,!?;;? ,!�-�@? R�,!;;?� R�,!,66;6 ,!,,�9� ,!,,9?,

9!, ,!�,?, ,!;<<<? R�,!,@-< R�,!,@,?@ ,!,,�,@ ,!,,9;,

�!, ,!9��, ,!;-�9? R�,!,�<� R�,!,?-9� ,!,,;6� ,!,,�6,

?!, ,!�?<9 ,!;�?�, R�,!,9�9 R�,!,�@<@ ,!,,;?< ,!,,�?,

-!, ,!�,?, ,!;99,? R�,!,�,- R�,!,�99, ,!,,;9- ,!,,��,
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T���
�	
�
 R�, R(
α!�;EK ωS

α!�;EK ωS
ωS!�;EK ωT

ωT!�;EK ωT
δ!�;EK

, 9!�<6< ;!,-�� R�,!�,,, R�,!��,-� ,!,?;�; ,!;,,?@

,!- �!�?�- ;!;;@, R�,!�;?, R�,!���<9 ,!,?96- ,!;,-��

,!< �!66�? ;!��,6 R�,!�9?, R�,!�?;-� ,!,?69� ,!;;-,?

;!, ?!;��9 ;!�@9, R�,!��?, R�,!�?6<� ,!,-�@, ,!;�-,<

;!; ?!�?@, ;!�6<� R�,!��9, R�,!�?@9� ,!,-@�< ,!;96?�

;!? ?!9�<- ;!;<�; R�,!9@;@ R�,!9<96< ,!,@96� ,!;--?,

;!@ ?!�;�� ;!;9<� R�,!9�6� R�,!9?6?? ,!,@;?9 ,!;-9,9

�!, �!<��< ;!,@?? R�,!�@,� R�,!9�6;, ,!,-9-? ,!;�;;?

�!? �!?,,� ,!<6�? R�,!;6@, R�,!�--?- ,!,?�@? ,!;;,66

9!, �!;-?@ ,!6<6? R�,!;;<, R�,!�;6;� ,!,9@<; ,!,<,�6

9!? 9!<�9< ,!6��@ R�,!,@?? R�,!;6,;- ,!,9@<; ,!,@-;,

�!, 9!6,-@ ,!@@�? R�,!,�?- R�,!;?-69 ,!,99,� ,!,-?66

�!? �!-69� ,!@��- R�,!,�9? R�,!;�9<� ,!,�<?- ,!,?6�?

?!, 9!?6;- ,!@;�@ R�,!,,@? R�,!;96<6 ,!,�@�@ ,!,?9�6

-!, 9!�?�? ,!-��6 R�,!,�,, R�,!;9@@, ,!,��,@ ,!�?�<�
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Z[\]^Q_�``a�,-�bcd�``a�,-`�be^�c[fbdbU_

be^�Qg^�h[_Q�i[ijkbe�e[\]^Q_�lc�Zj__lb!�fglk^�Qg^�mnbeQo

_U_Q^h�l_�Qg^�h[_Q�i[ijkbe�e[\]^Q�lc�Qg^�pqr�

sg^�``a�,-`� e^^cQeU� t^gl\k^�hbNlhjh� uklvgQ

bkQlQjd^�l_�-,�6,�]lk[h^Q^e_�

qlc\^� ;<66� Qg^� e[\]^Q� l_� ^hik[U^d� u[e� Qg^�flcd

t^k[\lQU� bcd� Q^hi^ebQje^� h^b_je^h^cQ� lc� jii^e

bQh[_ig^e^�

sg^�e[\]^Q�l_�^wjlii^d�flQg�Qg^�^cvlc^�flQg�b�_Q^^k

x[dU� b_� b� Qgej_Q^e!� fgl\g� e^_jkQ_� lc� k[f� Qgej_Q^d

^uul\l^c\U�u[e�h[d^ec�Q^\gc[k[vU�_QbQ^�[u�Qg^�beQ�AQg^

^hiQU�^cvlc^�flQg�_QbxlklP^e_�Q[�uj^k�f^lvgQ�ebQl[�^wjbk_

,�?-B�

@ABACDCECFGH9E�DCHIAB�J@AD9K

ILMN;;>=OPQL�9�G���IRSPO<;LT�U�@���VNM>QLT�V�WR���@R=>;?XOT�9�9�

f�� !"%�� ��������g"!�#"��#%�$�#& �!�#�#$�%���#��h/�L*�J"��)�

56��L*�*��'�)�>#(#�W#��>#�� !/��i"'#��89999:��H"���#

�<%#�'=�>?>�$!@ "'#/�� 

sg^�bkQlQjd^�[u�ie[xlcv�l_�e^kbQlt^kU�k[f!�bcd�^wjbk_

6,�]h!� bcd�ie[xlcv� bQ� Qg^� uklvgQ�jifbed� Qeby^\Q[eU� l_

lhi[__lxk^�

s[�bt[ld�Qg^�bx[t^�h^cQl[c^d�debfxb\]_!�Qg^�qz

{c_Qejh^cQbQl[c�n^_lvc�|je^bj�jcd^e�\[cQeb\Q�flQg�Qg^

`lcl_QeU�[u�}ctle[ch^cQbk�`[clQ[elcv� bcd�Z^_^be\g

d^t^k[i^d�m`^ebo�h^Q^[e[k[vl\bk�e[\]^Q�flQg�ie[xlcv

bkQlQjd^�ve^bQ^e�Qgbc�;,,�]h�

s[�_^et^�b_�b� Qgej_Q^e� Qg^�_jeub\^�Q[�ble�xl�\bklx^e

hl__lk^� ^cvlc^!� j_lcv� _[kld� ie[i^kkbcQ� AflQg� d^c_lQU

lhijk_^�[u���,�]v~_E]vB�fb_�d^t^k[i^d�bcd� ulcl_g^d�

[uu!�flQg� ulx^evkb__� x[dU� bcd� Qg^� ^hiQU� ^cvlc^�flQg

_QbxlklP^e_� Q[� uj^k� f^lvgQ� ebQl[� [u� ,�9�� {Q� bkk[f_
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_lvclul\bcQkU�e^dj\^�lclQlbk�f^lvgQ�[u�Qg^�e[\]^Q�bcd�lQ_

_lP^�

sg^�h^Q^[e[k[vl\bk� e[\]^Q� m`^ebo�fb_� d^_lvc^d

xb_^d�[c�Qg^�bx[t^�_bld�_jeub\^�Q[�ble�xl�\bklx^e�hl__lk^

^cvlc^!�bcd�``a�,-`�mnbeQo�b_�e^^cQeU�t^gl\k^�\ejl_^

\[hi[c^cQ�

s[� ie[tld^� e^wjle^h^cQ_� ujkulkkh^cQ� Ab\gl^tlcv

bkQlQjd^_�[t^e�;,,�]hB�h^Q^[e[k[vl\bk�e[\]^Q�m`^ebo�gb_

Qf[�_Qbv^�_Qej\Qje^�flQg�ib__lt^�\ejl_^�\[hi[c^cQ�bcd

^wjlii^d�flQg�b�x[[_Q^e�

`^b_jelcv�bcd�_^etl\lcv�^wjlih^cQ�l_�bkk[\bQ^d�lc

Qg^�\ejl_^�\[hi[c^cQ�lc�Qg^�u[eh�[u�b�\[cQblc^e��sg^

\ejl_^� \[hi[c^cQ� l_� ^wjlii^d� flQg� ibeb\gjQ^� lc� b

_^ibebQ^�\[cQblc^e�

�c� Qg^� b__jhiQl[c� [u� _Qluuc^__� \[cdlQl[c_� bcd

e^wjle^d�Q^hi^ebQje^�Qg^�x[dU�[u�Qg^�\ejl_^�\[hi[c^cQ

l_�ie[Q^\Q^d�xU�\[hxlc^d�\[bQlcv�

s[�^c_je^�ebdl[�_lvcbk�[u�Qg^�^wjlih^cQ�ie[ibvbQl[c

Qg^�\ejl_^�\[hi[c^cQ�l_�^wjlii^d�flQg�ebdl[�Qebc_ibe^cQ

lc_^eQl[c�

s[� ^c_je^� b^e[dUcbhl\� _QbxlklQU� Qg^� \ejl_^

\[hi[c^cQ�l_�^wjlii^d�flQg�b_Uhh^Qel\bk�\[c_[k^_�

sg^�ibi^e�ie^_^cQ_�b^e[dUcbhl\!�f^lvgQ!�lc^eQlbk�bcd

xbkkl_Ql\� \gbeb\Q^el_Ql\_!� lhib\Q� P[c^_� bcd� _^ibebQ^d

^cvlc^�Qeby^\Q[el^_!�b_�f^kk�b_�\ejl_^�\[hi[c^cQ�lhib\Q

P[c^_�

IOYZL=[;\� h^Q^[e[k[vl\bk� e[\]^Q!� bQh[_ig^el\

ie[xlcv!�e[\]^QeU�

DO]O=OP?O;

;� �lk�_^c� n�� h�!�$��#%�>#� "J!#)'(#�%(>*� ��#!(#$�)

Ar^e[dUcbhl\_� [u� �jld^d� ae[y^\Qlk^_B!� `[_\[f!
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