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,) 7+( 675,36 $5( 127 7,(' 72*(7+(5 $3352O
35,$7(/< ,1 $ &20021 $'-8670(17P v+,6 :$6
(9(1 025( 352%$%/( $6 7+( v+81 5(*,21 :$6
7+( 9(5< 7567 5(*,21 ,1 u:,7=(5/$1' 7+$7 :$6
&29(5(' :,7+ /$6(5 6&$11(5 '$7$ $1' $7 7+$7

,1,7,$/ 67$*( 7+( u:,667232 %87 $/62 7+( &20O
3$1,(6 3(5)250,1* 7+( '$7$ &2//(&7,21N 352O
&(66,1* $1' (',7,1* +$' 5(/$7,9(/< /,77/( (;O
3(5,(1&(P v+( v+81 5(*,21N $021* $// u:,66
7(55,725< &29(5(' :,7+ /$6(5 6&$11(5 '$7$N ,6
(67,0$7(' %< 7+( u:,667232 72 %( 7+( 5(*,21
:,7+ 7+( /($67 $&&85$7( /$6(5fuoPj2:(9(5N
7+( ',67$1&( %(7:((1 7+( 675,3(6 2%6(59(' ,1
h,*P X J/()7K :$6 722 /$5*( &203$5(' 72 7+(
/$6(5 6&$11(5 6:$7+N $1' 7+( )$&7 7+$7 7+(<
:(5( 7:2N $1' $3352;,0$7(/< $7 7+( 29(5/$3
5(*,216 2) 7+( U eef6 :$6 48,7( 6863,&,286P
v2 9(5,)< 7+( $668037,21 2) ,17(5,25 25,(1O
7$7,21 (55256 2) 7+( k.2126 6(1625N 7+( )2/O
/2:,1* 352&('85( :$6 )2//2:('P h,567N 7+(
k.2126 48,&./22.6 :(5( 86(' 72 71' 7+( $3O
352;,0$7( 326,7,21 2) 7+( 29(5/$3 5(*,216
J$1' 3266,%/( 6($0 /,1(6 %(7:((1 7+( U
eef6KP v+( 48,&./22.6 $5( 7+( 5$: '$7$N
$)7(5 67,7&+,1*N :,7+ $ 63$7,$/ 5(62/87,21 2)
$%287 SX0P v+(1N 7+(6( 5(*,216 :(5( 75$16O
)(55(' 72 7+( i(2 ,0$*(6 86,1* &255(6321'O
,1* 32,176P p(;7N :( ,'(17,7(' $5($6 7+$7
:(5( $/0267 727$//< 9$7 ,1 7+(6( 29(5/$3 5(O
*,216P y( 7+(1 0$7&+(' 6(0,O$8720$7,&$//<
:,7+ /($67 648$5(6 0$7&+,1* ,1 7+( i(2 )25O
:$5' $1' %$&.:$5' ,0$*(6 2) 7+( 67(5(23$,5
2) 7+( 75,3/(7 fgeAq 9(5< '(16( 32,176
$/21* $ 3527/( 7+$7 :$6 9(57,&$/ 72 ($&+ 2)
7+( 7:2 29(5/$33,1* 5(*,216 J675,3(6KP k1
7+(6( 9$7 5(*,216N ,17(5,25 25,(17$7,21 (55256
:(5( 9,6,%/( $6 3$5$//$; -8036 $/21* 7+( 352O
7/(6P v+( $%29( &$/,%5$7,21 352&('85( ,6 127
237,0$/ $6 $K ,7 5(48,5(6 9$7 5(*,216 $1' %K
0$7&+,1* (55256 $/21* 21( 6,1*/( 3527/(N '8(
(P *P 72 /$&. 2) 7(;785(N 0$< &$86( 3$5$//$;
-8036P c025( $335235,$7( ,1O9,*+7 &$/,%5$O
7,21 352&('85( :,// %( 287/,1(' %(/2:P
v+( )$&7 7+$7 (55256 $33($5 21/< ,1 9(57,&$/

675,3(6 ,6 ($6,/< 81'(567$1'$%/(P c 6+,)7N (P *P
,1 7+( 0,''/( 2) 7+( U eef6N :,// %( 67$%/(
'85,1* 7+( 48$6,O6,08/7$1(286 ,0$*( $&48,O
6,7,21 2) $ 67(5(23$,5 25 75,3/(7N $1' 7+86 )25
2%-(&7 32,176 ,0$*(' $7 7+( 6$0( eef 12
<O3$5$//$; J,1 7+( 6&$11,1* ',5(&7,21K:,// %(
,1752'8&(' J7+( 3/$1,0(75,& 326,7,21 2) 68&+
32,176 :,// %( 6+,)7('N %87 7+(,5 +(,*+7 :,//
%( 6,0,/$5 $3$57 )520 326,7,216 2) $%5837
+(,*+7 ',6&217,18,7,(6KP j2:(9(5N *5281'
32,176 ,0$*(' $7 ',5(5(17eef6 :,// (;+,%,7
3$5$//$; J$1' +(,*+7K (55256P v+,6 :,// $/O
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P1

P2

x (CCD line direction)

y (flight direction)

e)'M TY s(% #!53% /& 6%24)#!, 342)0%3 7)4( ,!2'%2
(%)'(4 %22/2 $5% 4/ ).!##52!4% ).4%2)/2 /2)%.L
4!4)/. -/$%,,).'M dM 'M ! 0/33)",% 3()&4 /& 4(%
-)$$,% bbc 2%,!4)6% 4/ 4(% /4(%2 47/ 7),, #!53%
4(% 3!-% 0)8%, #//2$).!4% %22/2 &/2 0/).4 oPK
"54 ./4 &/2 0/).4 oQK ).42/$5#).' 4(53 ! 9L0!2!,L
,!8 G!.$ (%)'(4H %22/2M

:$<6 +$33(1 $6 7+( 32,17,1* $&&85$&< 2)
k.2126 21 7+( *5281' ,6 ,1 7+( 25'(5 2) )(:
+81'5(' 0(7(56P v+( :,'7+ 2) 7+( 9(57,&$/
675,3(6 :,// 9$5< '(3(1',1* 21 7+( 32,17,1*
$&&85$&< 2) 7+( 6(1625 %87 $/62 21 6&$/( ',)O
)(5(1&(6 ,1 7+( $5($ %(7:((1 7+( ',5(5(17
k.2126 ,0$*(6P c1 (;$03/( ,6 6+2:1 ,1
h,*P W :,7+ 7+( ,0$*(6 2) $ 67(5(23$,5 J(P *P
)25:$5' $1' %$&.:$5'K 6(3$5$7(' ,1 U 3$576N
($&+ 5(35(6(17,1* 7+( 3$57 ,0$*(' %< ($&+
2) 7+( U /,1($5 eef6P r2,17 rS ,6 ,0$*(' ,1
%27+ ,0$*(6 ,1 7+( 0,''/( eefN $1' 7+86
$ 3266,%/( 5(/$7,9( 6+,)7 2) 7+,6 eef :,7+
5(63(&7 72 7+( 27+(5 7:2 :,// %( 7+( 6$0( ,1
%27+ ,0$*(6P j2:(9(5N 32,17 rT ,6 ,0$*('
,1 7+( 0,''/( $1' /()7eef6 $1' 7+86 $ 5(/$O
7,9( 6+,)7 %(7:((1 7+(0:,// /($' 72 $ <O3$5$/O
/$; $1' 5(63(&7,9( +(,*+7 (5525P

c %(77(5 ,1O9,*+7 &$/,%5$7,21 352&('85(
86(6 7+( 9(5< '(16( 0$7&+,1* 5(68/76 $1'
7+(,5 ',5(5(1&(6 )520 7+( 5()(5(1&( '$7$
J(P *P /$6(5 fuoK ,1 23(1N 127 58**(' $5($6N
,'($//< :,7+ (128*+ 7(;785( 72 $//2: $&&8O
5$7( 0$7&+,1*P v+86N $5($6 :,7+ 75((6N
%86+(6N 85%$1 $5($6 (7&P :(5( (;&/8'('N $1'
$5($6 6+2:1 $7 7+( 326,7,21 2) 3527/(6 rS
72 rV J6(( h,*P XN /()7K :(5( 6(/(&7('P v+(6(
3527/(6 &$1 $&78$//< %( 5(&7$1*8/$5 $5($6
$/21* 7+( 675,3(6 72 $//2: $ +,*+ 180%(5 2)
+(,*+7 ',5(5(1&(6 72 %( 86(' ,1 7+( )857+(5

$1$/<6,6P v+( +,*+ 180%(5 $//2:6 $ 60227+O
,1* 2) 0$7&+,1* (55256 $1' (55256 2) 7+( 5()O
(5(1&( '$7$ $1' $/62 $1 (/,0,1$7,21 2) /$5*(
',5(5(1&(6 '8( 72 )(: 6,1*/( 75((6 $1' %8,/'O
,1*6 ,1&/8'(' ,1 7+( 5(&7$1*/(P c6 $/5($'<
0(17,21('N 7+( $&&85$&< 2) 2850$7&+,1* $/O
*25,7+0 ,1 23(1 7(55$,1 ,6 S0 25 /(66P
v+528*+ $9(5$*,1* 2) 0$1< +(,*+7 ',5(5(1O
&(6N :( $17,&,3$7( 72 (67,0$7( 7+( +(,*+7
-803 :,7+ $1 $&&85$&< RPUARPW0N '(3(1'O
,1* $/62 21 7+( 48$/,7< 2) 7+( 5()(5(1&( '$7$P
c7 7+( 326,7,21 2) ($&+ 3527/( 7+( +(,*+7
-803 $7 7+( /()7 $1' 5,*+7 6,'( 2) ($&+ 3527/(
,6 &20387(' 7+528*+ $9(5$*,1* 2) 9$/8(6 72
7+( /()7 $1' 5,*+7 6,'( 2) ($&+ -803P v+( (6O
7,0$7,21 2) 7+( -803 $7 7+( /()7 $1' 5,*+7
3$57 2) ($&+ 3527/( $1' (63(&,$//< 7+( &20O
3$5,621 %(7:((1 7+( -803 ,1 7+( /()7 $1'
5,*+7 29(5/$3 5(*,216 $//2:6 72 (67,0$7(
:+(7+(5 7+(5( ,6 21/< $ 6+,)7 %(7:((1 7+( U
eef6 25 $/62 $ 527$7,21P v+( $%29( 352O
&('85( &$1 %( 86(' $6 $ *(1(5$/ ,1O9,*+7 &$/,O
%5$7,21 0(7+2' 72 '(7(50,1( 68&+ ,17(5,25
25,(17$7,21 (55256P v+( 5()(5(1&( '$7$ 0$<
&20( )520 $1< 6285&( $1' 6+28/' +$9( $1
$&&85$&< 2) $ )(: '0P k1 7+,6 5(63(&7N 7+(
/$6(5 '$7$ 86(' +(5( :(5( 127 237,0$/N $6
7+(,5 $&&85$&< J21( 6,*0$K $7 23(1 7(55$,1
:$6 RPW0 $1' 7+(< +$' 620( $57,)$&76 J6((
%(/2: $1' h,*P XKP v+( 7(55$,1 '2(6 127 +$9(
72 %( 9$7 J81'8/$7,1* 7(55$,1 ,6 )8//< 685,O
&,(17KN:+,/( 12 6,*1$/,6(' 32,176 $5( 1(('('P
v+( $%29( $1$/<6,6 :,7+ 7+( fgeAq :$6

0$'( ,1 c35,/ TRRV %87 :$6 127 38%/,6+('
)25 9$5,286 5($6216P c)7(5 3(5621$/ &217$&76
:,7+ uk $1' 9(5,7&$7,21 2) 7+( (1&2817(5('
352%/(06N uk 3(5)250(' $ 1(: 025( $&&8O
5$7( '(7(50,1$7,21 2) 7+( k.2126 ,17(51$/ *(O
20(75<N $1' 7+(f(&(0%(5 TW7+ ,0$*(6 :(5(
352&(66(' :,7+ 7+,6 1(: &$/,%5$7,21 JfgeA
pKN :+,/( 7+( q&72%(5 ,0$*(6 :(5( 67,// :,7+
7+( 2/' &$/,%5$7,21P k7 ,6 81.12:1 +2: 7+,6
1(: &$/,%5$7,21 :$6 3(5)250(' %< ukN %87
3266,%/< 86,1* 7(677(/'J6KP c &203$5,621 2)
h,*P X /()7 $1' 5,*+7 6+2:6 $ 6,*1,7&$17 ,0O
3529(0(17 :,7+ 7+( 1(: &$/,%5$7,21 $1' 12
$33$5(17 675,3(6 $1' +(,*+7 -803 ,1 h,*P X
5,*+7P k7 $/62 675(66(6 7+( ,03257$1&( 2) 3(5O
)250,1* $ )5(48(17 ,1O9,*+7 &$/,%5$7,21 %<
7+( &203$1,(6 23(5$7,1* 6$7(//,7(6P v+( ,1O
98(1&( 2) 7+( 1(: &$/,%5$7,21 21 7+( Uf 32O

TQ o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. P?QOOU



e)'M UY `##52!#9 !.!,93)3 "!3%$ /. #/,/52 #/$%$ (%)'(4 $)&&%2%.#%3 G). '2%%. !.$ 2%$ .%'!4)6%
!.$ 0/3)4)6% 6!,5%3K 2%30%#4)6%,9HM s(% (%)'(4 $)&&%2%.#%3 7%2% #/-054%$ &2/- 4(% 2%&%2%.#% crl
!.$ 4(% ).4%20/,!4%$ (%)'(43 &2/- 4(% crl '%.%2!4%$ "9 -!4#().'M `4 4(% "/44/-K 4(% (%)'(4 $)&L
&%2%.#%3 !,/.' S 02/&),%3 GoP 4/ oSK ). 4(% 3!-% 3%15%.#% !3 3(/7. ). 4(% 4/0 )-!'%3HM k%&4Y &/2
)-!'% 42)0,%4 cdb>nM q)'(4Y &/2 )-!'% 42)0,%4 cdb>m !&4%2 4(% .%7 )-02/6%$ ).4%2)/2 /2)%.4!4)/.
$%4%2-).!4)/.M

6,7,21,1* $&&85$&< ,6 $/62 6+2:1 ,1 7+( {O
toug 9$/8(6 2) v$%P T $1' 7+( $9(5$*( (5O
525 9$/8(6 2) &$6(6dSN dT $1'dU 2)fgeAq
$1' fgeAp ,1 v$%P UP c1 $1$/<6,6 2) 7+(
q&72%(5 ,0$*(6 6+2:(' $ -803 $7 %27+
29(5/$3 5(*,216N +2:(9(5N 7+( :,'7+ 2) 7+(
-803 :$6 60$//(5P v+( :,'7+ 2) 7+( 29(5/$3
'(3(1'60$,1/< 21 7+( $&5266O75$&. 32,17,1*
$&&85$&< 2) 7+( 6$7(//,7(P k7 ,6 $/62 ,198(1&('
%< 6&$/( ',5(5(1&(6 %(7:((1 7+( ,0$*(6N 7+(
675,3(6 %(&20,1* 025( $33$5(17 :+(1 7+(
6&$/( ',5(5(1&(6 ,1&5($6( J:+,&+ ,6 7+( &$6(
:+(1 7+( 67(5(23$,5 ,0$*(6 $5( 127 6<00(7O
5,& :,7+ 5(63(&7 72 7+( 1$',5 25 7+( 7(55$,1
6/23( ,1 9,*+7 ',5(&7,21 ,6 /$5*(KP
v+( ',5(5(1&(6 %(7:((1 /$6(5 fuo $1'

7+( 0$7&+,1* 5(68/76 2) $// 75,3/(76 6+2:('
620( 6<67(0$7,& $57,)$&76N 6(( $552:6 ,1
h,*P X 5,*+7P v+(6( $5( $775,%87(' 72 (55256
,1 7+( /$6(5 fuoP k7 ,6 6&,(17,7&$//< 9(5< ,1O
7(5(67,1* 72 6(( 7+$7 623+,67,&$7(' 0$7&+,1*
0(7+2'6 $1' 6$7(//,7( ,0$*(6 )520 XZR.0

9<,1* +(,*+7 &$1 5(9($/ (55256 ,1 $,5%251(
/$6(5 6&$11,1*N $/7+28*+ 7+,6 ,6 &(57$,1/< 127
$ &267O(5(&7,9( 0(7+2' )25 48$/,7< &21752/
2) fuo6 *(1(5$7(' %< /$6(5 6&$11,1*P

U b/.#,53)/.3

y( 35(6(17(' 352&(66,1* 2) k.2126 75,3/(7
,0$*(6 29(5 $ 7(677(/' ,1 v+81N u:,7=(5/$1'
:,7+ $&&85$7( *5281' &21752/ 32,176N SXRR0
+(,*+7 5$1*(N 9$5,$%/( /$1' &29(5 $1' 68%23O
7,0$/ ,0$*,1* &21',7,216 J612:N /21*
6+$'2:6KP c 623+,67,&$7(' 0$7&+,1* $/*2O
5,7+0 )25 fuo *(1(5$7,21 :$6 35(6(17('
$1' 7+( 5(68/76 :(5( &203$5(' 72 5()(5(1&(
'$7$ )520 $,5%251( /$6(5 6&$11,1*P v+(
tou (55256 )25 7+( :+2/( $5($N (;&/8',1*
9(*(7$7,21N :(5( TAU0N :+,/( )25 %$5(
*5281' 7+( $&&85$&< ,6 $%287 S0 25 /(66P
c6 (9,'(1&(' %< 7+( 9,68$/ ,163(&7,21 2) 7+(
5(68/76N 2850$7&+,1*0(7+2' &$1 5(352'8&(
127 21/< 7+( *(1(5$/ )($785(6 2) 7+( 7(55$,1
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5(/,()N %87 $/62 '(7$,/(' )($785(6 2) 5(/,()P v+(
5(68/76 :(5( 3$57/< ,198(1&(' %< 7+( 68%23O
7,0$/ $&&85$&< 2) 7+( 5()(5(1&( fuo $1'
,76 7(0325$/ ',5(5(1&( )520 7+( $&48,6,7,21
2) 7+( k.2126 ,0$*(6P v+( /$5*(67 (55256
868$//< 2&&855(' ,1 7+( 6+$'2:N 75(( $1'
%8,/',1* &29(5(' $5($6 $1' 7+( %(67 5(68/76
:(5( 2%7$,1(' ,1 %$5( *5281' $5($6P k) 7+(
%,$6 ,1752'8&(' %< 75((6 $1' %8,/',1*6 ,6
7$.(1 287N :( &$1 (;3(&7 $ +(,*+7 $&&85$&<
2) 21( 3,;(/ 25 (9(1 %(77(5 )520 kmqpqu
,0$*(5< $6 DD%(67 &$6(II 6&(1$5,2P c 0$-25
352%/(0 2) 285 $8720$7,& fuo *(1(5$7,21
$3352$&+ ,6 7+( $8720$7(' '(7(&7,21 2)
60$// %/81'(56N :+,&+ 67,// (;,67 ,1 7+( 5(O
68/76P v+,6 &2167,787(6 $ 5(/(9$17 723,& )25
)857+(5 5(6($5&+P

v+( $&&85$7( 0$7&+,1* $//2:(' 7+( '(7(&O
7,21 $1' 48$17,7&$7,21 2) (55256 ,1 7+( ,1O
7(5,25 25,(17$7,21 2) 7+( 6(1625N &$86(' %<
&+$1*(6 ,1 7+( 5(/$7,9( 326,7,21 2) 7+( U
eef6 )250,1* 7+( 9,578$/ eef /,1(P v+(6(
(55256 :(5( 9(5,7(' 7+528*+ $ &223(5$7,21
:,7+ u3$&( k0$*,1* $1' 5(&20387$7,21 2)
7+( 6(1625 ,17(5,25 25,(17$7,21P v+( ,17(5,25
25,(17$7,21 (55256 &$86(' +(,*+7 -8036 2)
SPU 72 SPW0 $/21* 7:2 675,3(6 $7 7+( 29(5/$3
5(*,216 2) 7+( U eef6P v+( 0(7+2' 86('
)25 7+( '(7(&7,21 $1' 48$17,7&$7,21 2) 7+(6(
(55256 ,6 $33/,&$%/( )25 ,1O9,*+7 &$/,%5$7,21
2) 6(16256 )250,1* $ 9,578$/ ,0$*( 7+528*+
%877,1* 2) 08/7,3/(eef $55$<6N:,7+287 7+(
1((' 2) 7(677(/'6 :,7+ 6,*1$/,6(' 32,176N
:+,&+ $5( ',5,&8/7 72 (67$%/,6+ $1'0$,17$,1P
f(3(1',1* 21 7+( $&&85$&< 2) 7+( 0$7&+,1*
0(7+2' $1' 2) 7+( 5()(5(1&( fuoN :( (6O
7,0$7( 7+$7 7+,6 ,1O9,*+7 &$/,%5$7,21 0(7+2'
&$1 '(7(&7 ,17(5,25 25,(17$7,21 (55256 &$86O
,1* 3$5$//$; (55256 2)RPUARPW3,;(/6 25025(P

`#+./7,%$'%-%.43

y( $&.12:/('*( 7+( 6833257 2) u3$&( k0$*O
,1* wuc %< 3529,6,21 2) 7+( ,0$*(6 $1'
)58,7)8/ ',6&866,216 $1' 7+( 6833257 2) 7+(
u:,66 h('(5$/ q5,&( 2) v232*5$3+<N d(51N
:+,&+ 3529,'(' 7+( /$6(5 fuoP

q%&%2%.#%3

d$/76$9,$6N gPrPN r$7(5$.,N oP H |+$1*N nPN
TRRS\ t$',20(75,& $1' i(20(75,& g9$/8$7,21

2) kmqpqui(2 k0$*(6 $1' v+(,5w6( )25 Uf
d8,/',1* o2'(/,1*P A l2,17 kurtu y25.6+23
21 NNj,*+ t(62/87,21 o$33,1* )520 u3$&(
TRRSDDN j$1129(5N i(50$1<N S[ATS u(37(0%(5P

g,6(1%(,66N jPN d$/76$9,$6N gPrPN r$7(5$.,N oP
H |+$1*N nPN TRRV\ r27(17,$/ 2) kmqpqu $1'
swkemdktf k0$*(5< )25 c&&85$7( UfOr2,17
r26,7,21,1*N q57+2,0$*( $1' fuo i(1(O
5$7,21P A kcrtuN x2/P UW JdUK\ WTTAWTZP

h5$6(5N ePN d$/76$9,$6N gPrP H i58(1N cPN TRRT\
r52&(66,1* 2) kmqpqu k0$*(5< )25 u8%O0(7(5
Uf r26,7,21,1* $1' d8,/',1* g;75$&7,21P A
kurtu l2851$/ 2) rHtuN WX JUK\ SYYAS[VP

h5$6(5N eP H {$0$.$:$N vPN TRRU\ c33/,&$%,/,7<
2) 7+(c5,1(o2'(/ )25 kmqpqu k0$*(q5,(1O
7$7,21 q9(5 o2817$,1286 v(55$,1P A l2,17
kurtuBgctu(n y25.6+23 21 j,*+Ot(62/O
87,21 o$33,1* )520 u3$&( TRRUN j$1129(5N
i(50$1<N XAZ q&72%(5 J21 efOtqoKP

i52'(&.,N lP H f,$/N iPN TRRU\ d/2&. c'-867O
0(17 2) j,*+Ot(62/87,21 u$7(//,7( k0$*(6 f(O
6&5,%(' %<t$7,21$/ r2/<120,$/6P A rgHtuN X[
JSK\ W[AXZP

l$&2%6(1N mPN TRRU\ i(20(75,& r27(17,$/ 2)
kmqpquO $1' s8,&.d,5'Ok0$*(6P A k1\
h5,76&+N fP Jg'PK\ r+272*5P y((. DDRUN 33P SRSP

r221N lPN h5$6(5N ePN |+$1*N ePN |+$1*N nP H
i58(1N cPN TRRW\ s8$/,7< c66(660(17 2)
f,*,7$/ u85)$&( o2'(/6 i(1(5$7(' )520
kmqpqu k0$*(5<P A r+272*5$00(75,& t(O
&25'N TR JSSRK\ SXTASYSP

v$2N ePxP H j8N {PN TRRS\ c e2035(+(16,9(
u78'< 2) 7+( t$7,21$/ h81&7,21 o2'(/ )25
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