
!"#$%&'(!'&)'#$



*+%&(,+-

./(,+-



0%$1"2'
."#&+3#+4"'3(526(6'$'#$"+2(7 #8511'29'3
:"92'$$'3(7 -'$$'&(6'$'#$+&3('25-1';

<"+1+9/(=#&/+>?1'#$&+2(."#&+3#+4/@
.5$'&"513( ="2>3"$%(?1'#$&+2(."#&+3#+4/@
A#522"29(B"#&+3#+4"'3( ='1'#$&+23(526(C>&5/3@
D'%&51(EB"#&+3#+4"'3F( =5(B"26("3(5($'&&"-1'($8"29($+(G53$'@

EH&526(I8511'29'F(JKKLKKK()&5B'M3'#N(EOP>AQ?.F
OKK(H-M3(6"&'#$>$+>D?RAI
A#"'2#'(6&"S'&()+&(5(E65$5(3%4'&)5#"1"$/F( 7 "2(TKJU

A/2$8'3"3(7 G85$("3(#+BB+2($+(511(+)($8"3V



A''"29(AB511(Q8"293

!"#
$!%

!"#
$!&

!"#
$!'

!"#
$!(

!"#
$()

!"#
$(%

!"#
$(&

!"#
$('

!"#
*((

!"#
*('

!"#
*(&

!"#
*(%

!"#
$!'

!"#
$!(

!"#
$()

!"#
$(%

!"#
$(&

!"#
$('

!"#
*((

!"#
*('

!"#
*(&

!"#
*(%

!"#
*()

!"#
*!(

!"#
*('

!"#
*(&

!"#
*(%

!"#
*()

!"#
*!(

!"#
*!'

!"#
*!&

!"#
*!%

!"#
*!)

!"#
*'(

!"#
*''

!"#
*'&

! "#$

%&"'($

)&"*+$

.52/(+-W'#$3("B59'6(G"$8
S"3"-1'(1"98$

X>&5/3(=YZA@

'1'#$&+23(=?.@

2'%$&+23L([



P"))&5#$"+2(Z"B"$

R'3+1S'6 D+$(R'3+1S'6,%3$(R'3+1S'6

6 6 6

!"#



A+1%$"+23

:"3"-1'(1"98$(\]JKK3(2B
A%4'&>&'3+1%$"+2($'#82"^%'3

A8+&$'&(G5S'1'29$83
C>&5/3(\]JK>J(_

04$"#3
?1'#$&+23(\]KNJ(_

04$"#3



.+6'&2(."#&+3#+4/
!""#$%&'(%)& *%+,)-+)./ 0/(/+(%)&

0'('12&'"3-%-
4%-#'"%5'(%)&

2,+6%7'"18(),'9/



Y6S'2$(+)(P"9"$51(P'$'#$+&3
A"1S'&(851"6'('B%13"+2(&'#+&6"29(3/3$'B
!&'$$/(9++6`

Y9C a(9'15$"2
='B%13"+2@

+,-./01H'+&9'(?53$B52
b*+%(4&'33($8'(-%$$+2L(G'(6+($8'(&'3$b(

3%->cB $+
)'G>cB 9&5"23



P"9"$51(P'$'#$+&(!"
de>O<(I+&+25(A5$'11"$';(fKg3(7 UKg3

e"98(345$"51(&'3+1%$"+2
Z5&9'(5&'5
?53/($+(%3'
=I8'54@

e%--1'(A45#'(Q'1'3#+4'(."&&+&(> JhUh

e%--1'(IIP(7 KNi(.!"X'1?))"#"'2#/
P/25B"#(&529'
R'56+%$($"B'
[



P/25B"#3;(j2#&'53'(A4''6(526(AMD

KNk()43

kK()43



TKKl(7 Q?Y.(P'$'#$+&(=lKK(.<M3@

m1%+&'3#'2$ 3#&''2

!8+348+&(IIP

EI85&5#$'&"n5$"+2(+)(5(I.0A(5#$"S'(4"X'1(3'23+&(
)+&(%3'("2($8'(Q?Y.(B"#&+3#+4'F(<5$$591"5 '$(51NL(TKJK

0%,/+(10/(/+(%)&1

!&:%,/+(10/(/+(%)&

KNk()43

kK()43

OKK )43



m5#$+&(+)(T("2(A45$"51(R'3+1%$"+2( Ji(X(P+3'

j11%B"25$'(35B41'
P'$'#$(E4"X'1F(5&'53
!"X'1(3"n'( 6

A+%&#'("3(!+"33+2"52
T(6"B'23"+23(!
=DT@T

e5&6($+(-'5$(!+"33+2
EA#5$$'&"29('))"#"'2#/F
'>L(C>&5/3L('2'&9/[
;0/(/+(%)&1/<<%+%/&+3=

!+"33+2(3$5$"3$"#3;(oD(p(qD
I+2$&53$(I( oDMD
>)-/1?,%(/,%)&@1?1A1B1CB1D1EF

D(45&$"#1'3(M(E4"X'1F

D(p()rPr6T
P(p(P+3'(p(4$#1M3MY&'5(X(Q"B'
)(p()5#$+&()+&(3#5$$'&"29(526(
6'$'#$"+2('))"#"'2#/

P(](sTM)rITr6T

<%$(I(](6( 01G1HI<J:K

!$.,)7/1<L

R56"5$"+2(P5B59'( P+3'(=P@



jB59"29(<"+1+9"#51(A5B41'3

C>&5/3

<&"98$'&(3+%&#'(2''6'6($+(3''(3B511'&(+-W'#$3

.+&'(4&+-'(45&$"#1'3M_T

>':%'(%)&10'$'9/

<"+1+9"#51(35B41'3;(Z+3'(#+2$&53$(5)$'&($++(B%#8(6+3'

EY2(533'33B'2$(+)($8'(&'3+1%$"+2(1"B"$5$"+2(6%'($+(&56"5$"+2>65B59'( "2(C>&5/(6"))&5#$"+2(B"#&+3#+4/FL(e+G'113('$(51N(TKKh



P"&'#$(P'$'#$"+2(7 #&/+?.
?.(B54(6'4+3"$"+23( "2($8'(?1'#$&+2(."#&+3#+4/(P5$5(<52s(

=8$$4;MM'B65$5-52sN+&9M@( +S'&($8'(153$(3"X(/'5&3

EQ8'(6'S'1+4B'2$(+)(#&/+>?.("2$+(5(B5"23$&'5B(3$&%#$%&51(-"+1+9/($'#82"̂ %'F(D+951'3(TKJi

)



jB59'(R'#+23$&%#$"+2
jB59'(&'#+23$&%#$"+2(&'^%"&'3(533'B-1/(+)($8'(
B%1$"41'(4&+W'#$"+2("B59'3("2$+(5(kP(B+6'1
!5&$"#1'3(5&'(51"92'6($+(4&+W'#$"+23(#51#%15$'6(
)&+B(5(3$5&$"29(B+6'1
Y(2'G(B+6'1("3(#&'5$'6(526($8'(4&+#'33'6(
"$'&5$'6

j2"$"51(kP(
.+6'1

!5&$"#1'3

!&+W'#$"+23

I1533")/(
!5&$"#1'3

Y1"92(t(I1533(
YS'&59'

D'G(kP(
.+6'1

!N(Y65B3L(Z<DZ



?))"#"'2#/((((((((((!"# A4''6(

EA$&%#$%&'(+)($8'(QR!:J("+2(#8522'1(6'$'&B"2'6(-/('1'#$&+2(#&/+>B"#&+3#+4/F(Z"5+( '$(51NL(TKJk

j26"&'#$(6'$'#$"+2 P"&'#$(6'$'#$"+2(a(.+$"+2(#+&&'#$"+2

E?1'#$&+2(#+%2$"29(526(-'5B>"26%#'6(B+$"+2(#+&&'#$"+2('25-1'(2'5&>5$+B"#>&'3+1%$"+2(3"291'>45&$"#1'(#&/+>?.F(Z"('$(51NL(TKJk

.+$"+2(=_M3@(S3N(m&5B'



A+)$G5&'([
.52/(45#s59'3(%3'6

Z5&9'(2%B-'&3(+)("B59'3(8'16("2(B'B+&/
Y19+&"$8B(3#51"29(=V@

m&+2$>'26
EI+%2$"29MI1%3$'&"n"29F

200

150

100

50

0
M

ap
s 

Re
le

as
ed

20162014201220102008200620042002
Year

 Spider
 Imagic
 Eman
 Sparx
 Mrc
 Xmipp
 IMOD
 Bsoft
 Frealign
 Relion

iNO(H4"XM3
)MG



P/25B"#3;(H&+G$8(5$($8'(D52+3#51'
A%##'33)%1(6'S'1+4B'2$(+)(5(6"&'#$('1'#$&+2(
6'$'#$+&(6'6"#5$'6()+&("2>3"$%(B"#&+3#+4/

!&+S"6'3(%24&'#'6'2$'6(5-"1"$/($+("B59'($8'(
4&+#'33'3(+)(#&/3$51(9&+G$8(5$($8'(5$+B"#(3#51'

D'G(8"98()&5B'(&5$'("B59"29(#545-"1"$"'3(511+G(
#54$%&'(+)(B533"S'(5B+%2$3(+)(&"#8("B59'(65$5

044+&$%2"$"'3(t(I8511'29'3

Q8'&'("3(5(B533"S'(5B+%2$(+)(65$5($+(-'(
5251/n'6L(4&+$+#+13(526(B'$8+63($+(-'(
6'S'1+4'6

!"#$%&'()#*%#&+"#, -./01/2

$"%&'(%)&*+&,-.,/012&3%"%)!4%(&*"&!5%)!3%&
67.8&*+&#!4!&9%)&('::%((+';&<%%=>&.?@(&@(&
A*)%&4?!"&B>C&A@;;@*"& @A!3%&+)!A%(&



!"#$%%&'#"$(")*#*"+
,-&./#'0/ 123242+'0

!""#$%&&#
$'(

56##24&7089'::80

!""#$'(#
)*+,#-#./

551&*23;&:7''<&:480/3'&
=&>-?@&5AB&A00/C

DE:4/FF&8)&GH&IJK:&)2J'0&87429&
)08#&.LB&48&M*D.KA?NA5

2 ,#$%*-&
2 .*/&"012"3&#*45#&6"*77$8*#&)"#$"96"($%"

:#&;<$%*%5="6#$%*-&

2 !'*756>6
2 ,9<&%?8$;<9#>'-"(*8>7>#>&6"@&1-1"AB&C"D$%E"F79&GH

2 I>6#%>49#>$'
2 J7#%*(*6#")*#*"<><&7>'&6"(%$;"#K&"7*4"#$"BDL
2 L$''&8#>$'"/>*"AM7$496"N'7>'&G"*#"!BO

!"#$%&'()#-./01/2



P$%E>'-"C>#K"Q;*-&"I*#*",&#6

2 J<7$*)" *')")$C'7$*)" (>7&6
2 P$%E"C>#K"F>-"I*#*"6&#6"(%$;"

%&;$#&"7$8*#>$'6
2 R$'>#$%"*"S$4T"8K&8E"C$%E"(7$C
2 M&#"96&%"*88$9'#" >'($%;*#>$'"
2 !9#K&'#>8*#&"96>'-"96&%"8%&)&'#>*7
2 J6&%")&<&')&'#"%>-K#6"

2 ,56#&;"%&6$9%8&6
2 U>7&6"
2 F*#8K"S$46
2 ,K&77"8$;;*')"
2 ,#*#96

3(&%#4*#4&5%#%6#768
0 !+9:95&%*#'(&++*5;*<#49%(#7&%&#

%=&5<>*=
0 $(&=*#7&%&#49%(#?<*=<
0 -65@*=%#A&%&#<*%<#
0 B5&+C<* 7&%&#<*%<
0 A&%&#<(&=95;#
0 A&%&#:&5&;*:*5%
0 D*7?'*#+&%*5'C

2 LK*77&'-&6"#$"&((>8>&'#")*#*"<%$8&66>'-
2 .>-K"#&;<$%*7"*')"6<*#>*7"%&6$79#>$'
2 O*%-&"I*#*",&#6"#K*#"%&V9>%&"

6$<K>6#>8*#&)"6#$%*-&"68K&;&6

!"#$%&'()#-./01/2



A#522"29(M(Q&523B"33"+2(."#&+3#+4/

3,4.56/789597:7-:;4

<4/1=:56/7895 97:7-:;4

=XL/@

D=XL/@



D52+><'5B(?1'#$&+2(P"))&5#$"+2(A$&5"2(.544"29

<N(0n6+1L(IN(H5BB'&L(IN(048%3L(!N(?&#"%3L(,N(I"3$+2L(526(YN(."2+&D&EFG&H27ICJ

>#?@5A5B C((5.7D
E,:,0 F'$AG59/47-:597:7-:/;05-,H74,

64,H754,:7I5&((56JK

'L%M5N5'L%M
!"'50H5K:7M5K/O7

%LPL((59/664,-:/;05M,::740K
7,-=5'.5N5'.5



j2(3"$%(D52+><'5B(A$&5"2(.544"29(+)(Y1>.9

IN(H5BB'&L(,N(d5#8'&L(,N(I"3$+2L(I(In5&2"sL0NZN(u5&&'2L(YN.N(."2+&L(3%-B"$$'6

.544"29(+)(1+#51(3$&5"2(6%&"29(6')+&B5$"+2



'&'& J5%)

I(048%3('$(51NL(
D5$(I+BB UL(
JKUJh(=TKJi@

A"B41'(!853'(I+2$&53$("2(AQ?.

@,:-=795A88QH/0,:/;05,09537:7-:;45
A0:74674;H7:4R5S@A3AT$G>#@"

>=/K50,H7547674K5:;5=;U5,5V/4:Q,85
97:7-:;45/K5WH,:-=79X5:;5:=75M=,K75
K:4Q-:Q475/HM,4:795:;5:=75/88QH/0,:/;0P5
,88;UK5/0:74674;H7:4/-5M=,K75-;0:4,K:"

M=,K75M8,:768,:5M=,K7

?99/:/;05;65,5M=,K75M8,:75:;5:=75
M4;+7517074,:7K58/07,45/0:7467470-7"5

M=,K75
;+Y7-:



'L'L J5%)

.jPj>AQ?.(?X4'&"B'2$I+1"2(048%3
jB59'3(#&'6"$;(e5+*529L(,"852 v8+%L(!'$'&(?&#"%3

Z;U59;K75,MM8/-,:/;05;65@A3A$G>#@5:;5U79175
K,HM87P5-;0:,/0/015K:4;01745K-,::74/015,095:=/-.745
471/;0P5,K5U7885,K5:=/0P5U7,.8R$K-,::74/015471/;0I5

YPm>AQ?.
"B59'

.jPj>AQ?.

K,HM875K-=7H,:/-
G/

-4RK:,8
471/;0

G/['

,H;4M=;QK
471/;0

V,-QQH

A"B%1$52'+%31/(
&'#+&6'6`



H&526(I8511'29'

EOPF(AQ?.
T(345$"51(6"B'23"+23(a(T(&'#"4&+#51(6"B'23"+23
E&#@++)!:4@*"&9!44%)"&!4&%5%)K&9)*L%&9*@"4
8)<(M',/N:,%7/&1C.)-(16)+F1/O./,%$/&(-

0'('1,'(/-1'..,)'+61H1PQI-
>/':31%&1RSHT
Y(#+2#&'$'(3#"'2#'(6&"S'&()+&(5(E65$5(3%4'&)5#"1"$/F
Y(4&+$+$/4'()+&(ZIZA>jj

u'(5&'(6'S'1+4"29(ZIZA>jj(A+)$(C>&5/(6'$'#$+&3
OP(AQ?.()+&#'3(%3($+(3+1S'(4&+-1'B3(2+G
Z'5&2(8+G($+(#+>6'3"92()+&($8'()%$%&'



JKKLKKK()&5B'M3'#+26(P'$'#$+&
OP(AQ?.



!853'6(Y44&+5#8
OKK(H-M3(6"&'#$($+(I+&"

P5$5("2(B'B+&/L(2+$(6"3s
!853'(K(7 1+G(34''6

Z'5&2(8+G($+(6'51(G"$8(65$5(
!853'(J(7 )%11(34''6

P5$5(&'6%#$"+2(519+&"$8B(
6'S'1+4B'2$

!853'(T(7 m!HY(4&+#'33"29

m!HY



YZA W&8><%$8*7"
,<*8&

E$'&%%*=95;F
G9HIJ$BK$LG9HM-
H&=&++*+#$'&%%*=95;

.54%>)
E-N$MJ-F

Ptychographic 
reconstruction

W&*7",<*8&
EO6:6;=&H(CF

B=*'P7)#Q?&5%-O)
-=?5'(.+64

,<&8#%$68$<5
EM9'=6K&<F

$(9=+*CKB$#EM$AF
1*=R*+*CI3#E/!D$-F

PN(!5&s"23+2L(Z<DZ



!$/#8+9&548/ 5$(YZA

PN(A854"&+L(Z<DZ

R+6'2-%&9L(FMG UV =TKKU@

AQC.(=1"s'(AQ?.@
!$/#8+9&548"#51
j$'&5$"S'(?29"2'(
519+&"$8B(=!j?@7 3'&"51(
&'#+23$&%#$"+2
D+2>#&/3$511"2'L(
'X$'26'6(35B41'
D+(+4$"#3

Z"s'(OP(AQ?.
=5@ P5$5(! D?RAI
=-@ Y19+&"$8B(

=65$5(&'6%#$"+2@



.+&'(P5$5(!.+&'(I+B4%$"29

Q852s3($+(PN(!5&s"23+2(> m"9%&'()&+B(d'S"2(.56'& 8$$43;MM&5G9"$N#+BMOw%52$MARjTKJfMB53$'&MARj!&'3N8$B1xM

TKKK TKKl TKJO TKTK

R'
15
$"S
'(
Q"
B
'

?X4'&"B'2$51(Q"B'(<&'5s6+G2

Y251/3"3

P5$5(B5259'B'2$

P5$5(5#^%"3"$"+2

?X4'&"B'2$(4&'45&5$"+2



Y(EA%4'&()5#"1"$/F()+&(!8+$+23

Q+65/;(#+B-"2'(?A2'$g3
-526G"6$8L(I+&"(!853'(j(
65$5>#'2$&"#(e!IL(ZIZA(
34+23+&'6(3$+&59'L(526(
e!AA(5&#8"S'
Q+B+&&+G;(ZIZA>jj(JKD(X(
ZIZA>j(=2''6()53$'&(526(
B+&'@

e!I(P5$5
Y251/3"3

D?RAI

Z+#51(P5$5
Y251/3"3

e!AA
I+&"(A%4'&#+B4%$'&;(
fKKd(#+&'3L(Tl(!<(6"3s

ZIZA

?A2'$(y(JKKH-M3

Z+#51(
P5$5(

Y251/3"3

e!AA

<'5B1"2';(
JKKQ<(-%&3$3

+21"2'(#+4/(

+))>1"2'(#+4/(



<RYjD(> Z"2s(3$&%#$%&'($+()%2#$"+2(5#&+33(3#51'3

P"345&5$'(345$"+>$'B4+&51(
3#51'3

2B($+(B
43 $+(/'5&3

P"S'&3'(65$5($/4'3
9'2+B"#3($+(
=)%2#$"+251M3$&%#$%&51@(
#+22'#$+B"#3
'1'#$&"#51L(+4$"#51(526(+$8'&(
B'53%&'B'2$3(
-'85S"+&L(3'23+&/(3$"B%1"L(
4'&$%&-5$"+23

I+B41'X(5251/3"3("33%'3
)%3"+2(+)(B%1$">B+651(65$5
"2)'&'2#'(&+-%3$($+(2+"3'
4&+S"6'("23"98$("2$+(
#+B4%$5$"+23
3$5$"3$"#51(4&'6"#$"+2(+)(
)%$%&'('S'2$3
'X$&5#$"+2(+)("B4+&$52$(
)'5$%&'3

e%B52(<&5"2( !&+W'#$L(TKJTdN(<+%#85&6L(Z<DZ



W,'%&1X#&+(%)&-1',/1Y/&/,'(/:1Q310%-(,%Q#(/:1
8.'(%)(/$.),'"1Z'((/,&-1)<1?),(%+'"12+(%7%(3

dN(<+%#85&6L(Z<DZ



:'&/>e"98(P'23"$/(?1'#$&+#+&$"#+9&548/ =?I+H@

10mm

A$5$'>+)>$8'>5&$( $+65/;(O('1'#$&+6'3(M(#BT

J('1'#$&+6'(M(J(G"&'

Z<DZ(%-:?@9;(JKLKKK('1'#$&+6'3(M(#BT

JLKKK('1'#$&+6'3(M(J(G"&'
P'$'#$+&(H&+%4

!&+#'33"29

JKT '1'#$&+6'3(5$(JKk en(! JKi '1'#$&+6'3(5$(JKO en
j2#&'53'(JKf "2(65$5(&5$'



Q8'(m%2#$"+251(I+22'#$+B';(
$8'(A$&%#$%&'(+)(<&5"2(m%2#$"+23

D'%&+2

D
'%
&+
2

Y(G'"98$'6L(6"&'#$(9&548
6'3#&"-"29($8'(6/25B"#L(
#53%51( "2$'&5#$"+23(5B+293$
2'%&+23("2($8'()%2#$"+2"29(-&5"2N

='N9N@(?5#8('69'("3(estimated )&+B(65$5(53(45&$"51(#+&&'15$"+2(#+'))"#"'2$(%3"29(linear regressionN

dN(<+%#85&6L(Z<DZ

Z5&9'
P"B'23"+2



?1'#$&+23L(!8+$+23L(D'%$&+23

Q;<%$/&)"R*8K>'&
O&*%'>'-"R&#K$)6

I&&<"B&#C$%E6"
($%"I&8$)>'-

,<*%6&"
,>-'*76

.$6#>'-"I*#*
W&<$6>#$%>&6

,#*')*%)>X&)
I*#*"R$)&76

u'-(4+&$513

Y($'B415$'()+&(65$5>"2$'23"S'(3#"'2#'



P5$5(R5$'3(M(:+1%B'3;

TKKK TKKf TKJK TKJf TKTK TKTf

0'('1>'(/1[WI-\

'

z

2

JKi

JKi

JKi

JKh

Q?Y.(P'$'#$+&
JKJK JKJJ

dT OP(AQ?.

JKl

m53$IIP

JKJJ

:'&/m53$IIP

JKh
'>#8"4

JKJJ

P5$5(3'$3(5&'(3'#+263($+(B+2$83

P5$5(&5$'3(5&';(Q+65/;(KNJ(Q-M3(7 TKJU;(Q-M3(7 TKTK;(JK(Q-M3

e/-&"6
!"X'13

JKU

Y2(56B"$$'61/(45&+#8"51( S"'G4+"2$



! ! ! ! ! ! !

! !

! ! ! ! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! ! ! ! ! !

! ! ! !

L7*66>(>8*#>$'

W&-%&66>$'

L796#&%>'-

I>;&'6>$'*7>#5
W&)98#>$'

Q'(&%&'8&

R$)&7"Y6#>;*#>$'

I&6>-'"$("
YZ<&%>;&'#6

,&;*'#>8"!'*756>6

U&*#9%&"O&*%'>'-

!'$;*75"I&#&8#>$'

!6
#%

$'
$;

5

L$
6;

$7
$-

5

L7
>;

*#
&

,5
6#

&;
6

F>
$7

$-
5

B
&9

%$
68

>&
'8

&

F>
$Q

;
*-

>'
-

R
*6

6?
6<

&8
Q;

*-
>'

-

3&
%6

$'
*7

>X
&)

[$
Z>

8$
7$

-5

R
*#

&%
>*

76

3*
%#

>8
7&

3K
56

>8
6

YR
\]

?%
*5

"
R

>8
%$

68
$<

5

!&5-85$L(dN(<+%#85&6L(Z<DZ

Y251/$"#3



A"B"15&"$"'3(M(P"))'&'2#'3
]"/+(,)&-1I1Z6)()&-

Q+65/;(JK3(H4"X'1 M(3
P5$5(&'6%#$"+2(=V@

m&5B'3
j26'4'26'2$(=Cm?Z@
o =B+S"'@

^/#,)&-
*'3$'&65/;(JKK3(4"X'1(M(3
]Q+65/;(].4"X'1M3
Q+B+&&+G;(]H4"X'1M3

m&5B'3;(#+B41'X()=$@
P5$5(&'6%#$"+2(=V@



I+BB+2(Q8'B'3
P5$5(R5$'3(!;(='N9N(OP(AQ?.(7 35$%&5$'(OKK(H-M3(1"2s@
Y(4&"+&"(65$5(&'6%#$"+2($'#82"^%'(+)$'2(%2s2+G2

j2"$"511/(2''6($+(E1++s(5$F(511($8'(65$5
.+S'L(5251/n'L(3$+&'

.?%"B+S'(+21/(&'6%#'6(65$5
{3'&(65$5(=+)(+2'()+&B(+&(52+$8'&@
Y11(2''6(3+B'(S5&"52$(+)(E65$5(3%4'&)5#"1"$/F



.+6'&2(."#&+3#+4/
TKK(/'5&3(+)(
B"#&+3#+4/

TK(/'5&3(+)(
6'$'#$+&3
I+B4%$"29V

!""#$%&'(%)& *%+,)-+)./ 0/(/+(%)&

0'('12&'"3-%-
4%-#'"%5'(%)& JKO

JKk

JKT

JK

J <'&s'1'/(0_.L(0RDZ(I3(AQ?.
<DZ(T>I3(Q?.MAQ?.

<'&s'1'/(
YR.

P]2*1

]"/+(,)&1
*%+,)-+)./

_%96(1
*%+,)-+)./

2Q/,,'(%)&1?),,/+(%)&`

R
'3
+1
%$
"+
2(
=_
@

JlKK JlOK JllK JhTK JhiK TKKK

.5&$+2

R%3s5
Y--'

YB"#"

R+33 NE+4%)
M*(%


