
!!"#$!%&'()*& +,-.'/'0112'3&456&%*&'3&%5'%&'&&(
!"+,!%&'()*!"+,"7%()%&(7#4%\\3%3\$ &�qw'()*!"+,"%3XEf@XE((4&&#%\XEf@XE37&&&$
-./0!(&&&53 �q6)5*ê678)
LM-.!q!%O-.0A!RF;.>.23&&&Q%*(',=-

'IJ9:'

IJ¥Yâ¥rYÛ?"5OÎ��@ MF%)
��§çãrdþ@ $96%) =ú^"¤
+78!97

!!(01)!jk!9:=û%IJ¥Yâ¥rYÛ?""M#H$ÈõH�ª^��Þþ·èC��¥ÂÃ

78%·Ðx E"\^M����%Zá$¥ M�� %)"MF%)$ã��¥ÂÃ^èCXèógû%� MF%) ã M#H

èCXèó^ûÞr¸ûl*!l,!ÁÂ M#H5OÎÏ@ MF%) ��§çLrdþ@s��Ø²6%)

"$96%)$^=ú"¤*!mn!�{¥�§¦=¢§ )& � \ ä��¥st a"5O��¾)ÓìV#u�cV

X M#H%#(#)#%\#37 G V%©V %& �* M#HV5O*8�þv¹I�Í²wxrYÛ%{¾yz{áâ
"b]$$Óm 35rK|rYÛ%*ú|Kâ�"*44m%p*&m7$ <].%?@ M#H5O�Ë%u�cV5O)wxrY

Û* ±V5Oúé}:r~¢èT0"b6YO]$Ô�%Õç ]3}^C�'X��&V�±V5OÎÏm��/

��É¾%�{ÑÒ��bcö§ MF%) ��&�{��VW¤*¢ÔÕ±V5OrdþVW@ $96%) ´s^

=ú*!9o!¾)ÓìVãu�cV]5O b6YO]]3}C�'X��#ÎÏ@ MF%) ��� E"\^ M��^

Þß#rdþVW@ $96%) ×¥��§Þ!%ý�úêþö*Mÿ"Ue&m734#&m7(&#&m75*#&m\4*$* ãu�c

VÞ!%± M#HV5O b6YO]]3 }^C�'ûAùñ%��ûAÃ"%ý�úgþö*Mÿ"ú Un&m&5$*

M#H%#(#)#%\ X 37 G V5OÎÏ@ MF%) ��� E"\^ M��^Þß��� " %m7& p&m%7 $c# " %m47 p

&m3&$c#"3m(\p&m3&$c#"3m%%p&m%($c#"%m43p&m%7$c%úûA$»u�cV^"&m4\p&m%($c%ý�ú

gþö*Mÿ"ú Un&m&5$* M#H%#(#)#%\ X 37 G V5OrdþVW@ $96%) ×¥��§���% *)(m\%*p

%77m&3%#% 743m\(%p%5%m&3*#3 \3&m\5\p35*m&3\#% 44*m\34p%))m&33 X% *34m\%&p%3)m&3(%úûA$»u�

cV^ )4*m(3*p%&&m&37%ý�úgþö*Mÿ"ú Un&m&5$*!9p!M#H5OÎÏ@ MF%) ��� E"\^ M

��^Þßÿ#%rdþVW@ $96%) ´s=úçøæ%�.ÈÍGã M#H^èCXèóíD*!

(234)!Yâ¥rYÛ?"& E"\^M����+��& á$¥ M�� %)& s��Ø²6%)& ÑÒ��

c& ��VW¤*& (i�Ë

<,")C'+%1A,9P .%+*(*E'+./')%-#('+")2&'(*)"/*)('&/'3G*)D9P '0.&'++*%)*)&"(+8*(,(&"3$"(*-%.(*-

)'3&%."(,#!#$&): N'.?")%].) N'.*W&8.-,9&),/418$,$.09/0/:;%O".)%") A&B"2.0<)"=&-7",;C&)&-.0N/78",.0%

O".)%") IGGGEJ%5$").

5/--&78/)B"): .',$/-!].) N'.%R9."0!8$'.;.)JGGGSFHI*2/9

!45+(&"-("6F"-GC&%3)26a?;G0:11F=S:G ?F.??D.;-.?0,=R?0,2:;D=R.?F>"M#H$ ,.2 .,?0U.?:.2G 02G;,:

0--;2=602JA.--.?=D>D:1R=21:%SF0A:MF:AR:D,:AA%) "MF%)$%.E"\^ MA>-RF=,>?:%01.11=,0.?:G S0?F 0--;2=6

02JA.--.?=D>D:1R=21:'L=S:U:D%?F::JJ:,?1=JMF%) =2 ?F:G:U:A=R-:2?=JM#H.D:;2,A:.D'!H5I'-(*E'!MF011?;G>

S.1?==C1:DU:?F:,F.2B:1=JMF%) A>-RF=,>?:102 1RA::2 .2G ?F::TRD:110=2 =J02?:DA:;<026%) "$96)$ 02 D:?02.02

M#HD.?1'!J'(,%2+!a:U:2?>-.A:\6S::<6=AG a"D.?1S:D:D.2G=-A>G0U0G:G 02?=2=D-.A,=2?D=ABD=;R%1F.-

=R:D.?0=2 BD=;R .2G M#H%6%(6%)6%%\6.2G 376G.>BD=;R .,,=DG02B?=D.2G=-2;-C:D?.CA:'MF:=R?0,.A2:DU:1=J?F:

D0BF?:>:1S:D::TR=1:G .2G 0-R.,?:G .?.35r.2BA:C>;102BJA;0G R:D,;110=2 02/;D>"b]$$ G:U0,:S0?F ?F:.U:D.B:

J=D,:"*44m%p*&m7$ <].?=,D:.?:?F:M#H-=G:A102 ?F:M#HBD=;R1%.2G =2A>=R?0,.A2:DU:1S:D::TR=1:G 02 ?F:

1F.-=R:D.?0=2 BD=;R'bA.1F U01;.A:U=<:G R=?:2?0.A"b6YO]$ S.1D:,=DG:G .2G ?F:.-RA0?;G:.2G A.?:2,>S:D:

-:.1;D:G ?=:U.A;.?:?F:J;2,?0=2 =J=R?0,.A2:DU:1=J?F:D.?1'MF:D.?1RA:2=,>?:1;1R:210=2 02 U.D0=;1BD=;R1S.1

'*)7' @!IJ8)"O 3&%5 # %& $% (( &% %& '!EF02 XOTR #RF?F.A-=A%#,?=C:D3&%5%Y=A'((%H='%&

Q2xvdWRWZXJzaW9uLQo?



RD:R.D:G J=D?F:G:?:,?0=2 =JMF%) ,:AA1C>JA=S,>?=-:?D>%.2G ?F::TRD:110=2 =J$96%) RD=?:02 S.1G:?:,?:G C>

0--;2=,F:-01?D>'!K'+3/(+!H=10B20J0,.2?G0JJ:D:2,:1S:D:J=;2G 02 ?F:.-RA0?;G:1.2G A.?:2,0:1=J]3 S.U:%

RD=R=D?0=2 =JMF%) ,:AA1.2G ?F:$96%) R=10?0U:,:AA2;-C:D102 D:?02.C:?S::2 ?F:2=D-.A,=2?D=ABD=;R .2G 1F.-

=R:D.?0=2 BD=;R "Ue&m734%&m7(&%&m75*%&m\4* $'MF:.-RA0?;G:1=J]3 S.U:S:D:10B20J0,.2?A>A=S:D%.2G ?F:

A.?:2,0:1=J]3 S.U:S:D:10B20J0,.2?A>A=2B:D02 ?F:M#HBD=;R1?F.2 ?F=1:02 ?F:1F.-=R:D.?0=2 BD=;R ".AA.?Un

&m&5$'MF:RD=R=D?0=21=JMF%) R=10?0U:E"\^ MA>-RF=,>?:1S:D:" &m4\ p&m%( $c% " %m7& p&m%7 $c% " %m47 p

&m3&$c%"3m(\p&m3&$c%"3m%%p&m%($c%"%m43p&m%7$c 02 ?F:1F.-=R:D.?0=2 BD=;R%M#H%6G.>BD=;R%M#H

(6G.>BD=;R%M#H)6G.>BD=;R%M#H%\6G.>BD=;R .2G M#H376G.>BD=;R%D:1R:,?0U:A>%1F=S02B10B20J0,.2?G0JJ:D:2,:1

C:?S::2 ?F:1F.-=R:D.?0=2 BD=;R .2G U.D0=;1M#HBD=;R1".AA.?Un&m&5 $'$2 .GG0?0=2%?F:$96%) R=10?0U:,:AA

2;-C:D102 D:?02.S:D:)4*m(3* p%&&m&37% % *)(m\%* p%77m&3%% % 743m\(% p%5%m&3*% 3 \3&m\5\ p35*m&3\%

% 44*m\34p%))m&33 .2G % *34m\%&p%3)m&3( 02 ?F:1F.-=R:D.?0=2 BD=;R%M#H%6G.>BD=;R%M#H(6G.>BD=;R%M#H

)6G.>BD=;R%M#H%\6G.>BD=;R .2G M#H376G.>BD=;R%D:1R:,?0U:A>%1F=S02B10B20J0,.2?G0JJ:D:2,:1C:?S::2 ?F:1F.-

=R:D.?0=2 BD=;R .2G U.D0=;1M#HBD=;R1".AA.?Un&m&5$'!<%)-/3+*%)+!$2 D.?1=JM#H%?F:RD=R=D?0=2 =JMF%)

,:AA02 1RA:2=,>?:1.2G ?F::TRD:110=21=J$96%) 02 D:?02..D:02,D:.1:G%1;BB:1?02B?F.?MF%) .2G $96%) R.D?0,0R.?:02

?F:RD=BD:110=2 =JM#H'!

!7'# 8%&2+"6#R?0,2:;D=R.?F>% ?D.;-.?0,& E"\6R=10?0U:M6A>-RF=,>?:1+0--;2=A=B>& MF:AR:D,:AA%)&

$2?:DA:;<026%)& bA=S,>?=-:?D>& $--;2=F01?=,F:-01?D>& "01:.1:-=G:A1% .20-.A

!!Yâ¥rYÛ?" "?D.;-.?0,=R?0,2:;D=R.?F>%
M#H$Tz{áâ�G^²èÃ\Ð%�SFÈK¥á
â^ &m5c d3m&c%¦�]«rYÛáâ +%, * ,Ó
M#Hè?��^9:r¸�u%���Ê�rêþÐ
^.½* �#¼9:=û%M#HÈõH�ª^��Þ
þ%ÈÍÄÓ M#H^'IîC��* á$¥ M�� %)
"MF:AR:D,:AA%)%MF%)$T�#¼èé^Ðx E"\^M��
��%È�>$í*^s��Ø²6%)"02?:DA:;<026%)%$96
%)$%Gã�ª^5¯B��78%÷·¢£ÂÃè
C%«'���¥>?X¯B¥>?@èùG¤^-
{ +3 (̀, * MF%) L $96%) « M#H@"¤^9:,�g
��* Y9:@ZÁÂ M#H�Ë5OÎÏ@ MF%) �
�^§çãrdþ@ $96%) =ú^(¶"¤d�%�
ÇÐ]9: MF%) ��X $96%) =ú« M#Hè?@^
-{deIJ¹ø*

96qrsmn

9'96^_
9'9'96IJ(iL�V6��� \ ä��¥st a"
5O )& �%`»�q6)5*IJ(i@A%ªqç
(&& d(5& B* IJ(i^g{X�¡hi WIY#�
û%Y9:Û�q6)5*IJ(i�jjkÄ8¿
Lí* 8{¥�§¦=¢§5O¥���¾)Óì
V#u�cVX M#H%#(#)#%\#37 G V%ú¶�*8-�
IJ8%(8¸��j*
9'9'=6Ê¤n¼LÓ°6�����Í¾ "��ú
)ef$&b$ME.6�5O E"\ /õö5ª#]O.6
�5O $96%) /õö5ª "r% @"ef$&�5O¦

õö $B[Ð5 "r% a.2?.ED;Pef $&�5� $B[6
LI]�5n¼�"uv@�"�Cibcgdef$*
K#"O9&%6@¾ y z { á â " JA;0G R:D,;110=2 02/;D>%
b]$$Ó"r% H:S1;2 ef$&bWEaE.A0C;DÑÒ��Ó
"r% @"ef$&IOM$6]=D?+a,.23% ¦ÌÍr~TC
j�cÓ"�% I=A.2G ef$*
9'=6Ê¢
9'='96M#H(i�Ë^?@!GìZ�+\,@�R
^Ê¢?@ M#H(i�Ë* {ª÷�§ %&cíK�
�"(m5 -A+<B$�� M#HV5O%� %& g&& d3 g&& Ê
0�î�¹*8 öF�þ%�Í²wxrYÛ%§5
O��« b]$O¡ÿ%�¢þY�§'�^rYÛ|
K4òu8£U¤ 3 --%�Ö|K¥m 35r|KrY
Û%*ú|Kâ�"*44m%p*&m7$ <].* u�cV5O
��I%� %& g&& d3 g&& Ê0�î�¹*8 öF�
þ%�Í²wxrYÛ%�¸�|K�j* ¾)ÓìV
5O¸�¦§�j* >�I(ï¨©ª«8¾H8%
©X ( ±%'n¯B*
9'='=6±V5O}:r~¢èT0ÔÕ6%&cíK
�� " (m5 -A+<B$ ��5O%�{¬¡T "_5 n
%5 <($ÇéÔÕ* -{T�u®<¯ö�"#i0$
ÔÃ%G°T�u±F"b]i$ÔÃ%²T�u³I
½æ�"W0$ÔÃ* �{ 9O"8´}µôõ%}µ¶
·� %m* LP%L¶¸¹� (& d%&& LP%©8»·Õç (
±%©±]º %& -02* ��6Ý¾)ÓìV#u�cV
L± M#HV 5 O } : r ~ ¢ è T 0 " JA.1F U01;.A
:U=<:G R=?:2?0.A%b6YO]$]3}^C�'X��*
9'='>6ÑÒ��ÓÔÕ±V5OÎÏ@ MF%) ���

'))7'@!IJ8)"O 3&%5 # %& $% (( &% %& '!EF02 XOTR #RF?F.A-=A%#,?=C:D3&%5%Y=A'((%H='%&

Q2xvdWRWZXJzaW9uLQo?



P2[ms]
114

N2�P2

7.66μv

P2[ms]
75

N2�P2

13.3μv
P2[ms]
93

N2�P2

10μv

BA C

P2[ms]
125

N2�P2

5.92μv
P2[ms]
134

N2�P2

4.85μv
D E F

P2[ms]
79

N2�P2

12.8μv

N1

P1
P2

N3
N1

P1

N2

P2

N1

P1

N2

P2

N1
P1

N2
N3

P2
N1

P1

N2

P2 N3

N3

P2

N2

P1

N1

N2

2 96�� ¡;#¢£C;�� AHQ; RDSM!D¤9o!]3µ=C�'%H36]3µ=��!W!¾)ÓìV!@!u�cV!E!M#H% G V!"!

M#H) G V!O!M#H%\ G V!b!M#H37 G V

E"\^M��^Þß!��î�¢�@5OI�¬Î
Ï%{ ]@a ¥¦~ %v»I�»¼½¾@9Ë%{
3&& ,¸¿À�díÍI��/��É¾%{5O�
����Í¾Çé�ÍmG�����%§����
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