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7,0,=(' 1(7:25. +$6 72 %( &216,'(5(' 72 ,1O
6(57 25 '(/(7( 3$576 2) 7+( &217285P r266,%/(
)857+(5 $33/,&$7,216 $5( 7+( '(/,1($7,21 2)
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3 e)'M RY d842!#4)/. /& #%,,3 &2/- -)#2/3#/0)# #%,, )-!'%29 GPRT4PRT 0)8%,3HY !H #%,, )-!'%Z "H #%,,
.5#,%) !.$ $%2)6%$ ).)4)!,):!4)/. G",5%HZ #H ).)4)!,):!4)/. /& 4(% .%47/2+ 3.!+% G",5%HZ $H 4/0/,/'9Z
%H ).)4)!,):!4)/. G",5%HK -/6%-%.4 G7()4%H !.$ 2%35,4 /& 4(% 3.!+% G2%$HZ &H 2%35,4 350%2)-0/3%$ /.
#%,, )-!'% I)-!'%29 02/6)$%$ "9 d6/4%# s%#(./,/')%3_M

27+(5 2%-(&76 68&+ $6 52$' 1(7:25.6N $1'
27+(5 723,&6 68&+ $6 7+( 83'$7( 2) ikuO'$7$
:,7+ $1 $/5($'< *,9(1 7232/2*<P
k1 $'',7,21N 7+( &21752/ 2) 7+( ,17(51$/ (1O

(5*< &$1 %( ,03529(' &+226,1* 9$5<,1*
9$/8(6 2) 7+( 3$5$0(7(56 ( $1' mN ,) 7+(
02'(/(' 2%-(&7 6+$3( +$6 7+(6( &+$5$&7(5,6O
7,&6P c )857+(5 ,17(5(67,1* 48(67,21 ,6 7+( %(O
+$9,25 2) 7+( ,7(5$7,21 352&(66\ $5( 7+(5( '(O
3(1'(1&,(6 2) 7+( ,1,7,$/,=$7,21N ,17(51$/ (1O
(5*< $1' ,0$*( &+$5$&7(5,67,&6 $1' &$1 7+(<
%( (;3/2,7('a h25 (;$03/(N ,) 7+( 2%-(&7 2)
,17(5(67 +$6 27+(5 6+$3( &+$5$&7(5,67,&6 7+$1
7+( ,0$*( ',6785%$1&(6 25 12,6(N 7+( &21752/
2) 7+( ,17(51$/ (1(5*< $1' 7+( (;3/2,7$7,21
2) 7+( 7232/2*< &$1 $//2: )25 $ 5(/$7,9(/<
&2$56( ,1,7,$/,=$7,21P k19(67,*$7,216 5(*$5'O
,1* 7+,6 352%/(0 &$1 *,9( 63(&,7& $16:(56
$%287 7+( 5(48,5(' 48$/,7< 2) 7+( ,0$*( '$7$
$1' 7+( ,1,7,$/,=$7,21P

q%&%2%.#%3

c3/,1N rP H c7.,1621N rPoPN TRRV\ r5(',&7,1*
o,66,1*h,(/' d281'$5,(6 72 k1&5($6( r(5Oh,(/'
e/$66,7&$7,21 c&&85$&<P A r+272*5$00(75,&
g1*,1((5,1*Ht(027( u(16,1* YR JSK\ SVSASV[P

d/$.(N cP H k6$5'N oPN S[[Z\ c&7,9( e2172856P
A UWS 3PN u35,1*(5 x(5/$*N d(5/,1 j(,'(/%(5*
p(: {25.P

d85*+$5'7N fP Ho(,(5N uPN S[[Y\ e$572*5$3+,&
f,63/$&(0(17 w6,1* 7+( u1$.( e21&(37P A k1\
h?5671(5 H r/@0(5 J('6PK\ u(0$17,&
o2'(/,1* )25 7+( c&48,6,7,21 2) v232*5$3+,&
k1)250$7,21 )520 k0$*(6 $1' o$36P A d,5.O
+>86(5 x(5/$*N d$6(/N 33P W[AYSP

d87(187+N oP H j(,3.(N ePN TRRW\ p(7:25.
u1$.(6Ou833257('g;75$&7,21 2)h,(/'d281'$O
5,(6 )520 k0$*(5<P A k1\ m523$76&+N u$%/$7O
1,* H j$1%85< J('6PK\ r$77(51 t(&2*1,7,21P A
n(&785(p27(6 ,1 e20387(5 u&,(1&( UXXU\ VSYA
VTVN u35,1*(5Ox(5/$*P

e$6(//(6N xPN m,00(/N tP H u$3,52N iPN S[[Y\
i(2'(6,& c&7,9( e2172856P A k17(51$7,21$/
l2851$/ 2) e20387(5 x,6,21 TT JSK\ XSAY[P

e2+(1N nPfP H e2+(1N kPN S[[U\ h,1,7( g/(0(17
o(7+2'6 )25 c&7,9( e217285 o2'(/6 $1' d$/O

/2216 )25 TOf $1' UOf k0$*(6P A kggg v5$16O
$&7,216 21 r$77(51 c1$/<6,6 $1' o$&+,1( k1O
7(//,*(1&( SW JSSK\ SSUSASSVYP

e2+(1N nPfPN S[[S\ q1 c&7,9( e217285 o2'(/6
$1' d$//2216P A exikr\ k0$*(w1'(567$1',1*
WU JTK\ TSSATSZP

f,&.,1621N uPlPN l$6,2%('=.,N rPN q/2)6621N iP
H e+5,67(16(1N jPkPN S[[V\ s8$/,7$7,9( v5$&.O
,1* 2) UOf q%-(&76 w6,1* c&7,9( e217285 p(7O
:25.6P A r52&((',1*6 kggg e21)(5(1&( 21
e20387(5 x,6,21 $1' r$77(51 t(&2*1,7,21N
u($77/(N 33P ZSTAZSYP

h8$N rPN i5@1N cP H n,N jPN TRRR\ q37,0,=$7,21O
d$6(' c3352$&+(6 72 h($785( g;75$&7,21 )520
c(5,$/ k0$*(6P A k1\f(50$1,6N i5@1H u$162
J('6PK\ i(20$7,& o(7+2'6 )25 7+( c1$/<6,6 2)
f$7$ ,1 7+( g$57+ u&,(1&(6P A n(&785( p27(6 ,1
g$57+ u&,(1&( [W\ S[RATTZN u35,1*(5 x(5/$*P

l$6,2%('=.,N rPN S[[U\ c'$37,9( c'-$&(1&<
i5$3+6P A urkg TRUSN i(20(75,& o(7+2'6 ,1
e20387(5 x,6,21 kkN 33P T[VAURUN u$1 f,(*2P

l21(6N vPtPN e$53(17(5N cP Hi2//$1'N rPN TRRW\
x25212,Od$6('u(*0(17$7,21 2)e(//6 21 k0$*(
o$1,)2/'6P A k1\ n,8N l,$1* H |+$1* J('6PK\
n(&785( p27(6 ,1 e20387(5 u&,(1&( UYXWN 33P
WUWAWVUN u35,1*(5 x(5/$*P

m$66N oPN y,7.,1N cP H v(5=2328/86N fPN S[ZZ\
u1$.(6\ c&7,9( e217285 o2'(/6P A k17(51$7,2O
1$/ l2851$/ 2) e20387(5 x,6,21 S\ UTSAUUSP

n$37(9N kPN o$<(5N jPN n,1'(%(5*N vPN g&.67(,1N
yPN u7(*(5N eP H d$80*$571(5N cPN TRRR\ c8O
720$7,& g;75$&7,21 2) t2$'6 )520 c(5,$/ k0O
$*(6 d$6(' 21 u&$/( u3$&( $1' u1$.(6P A o$O
&+,1( x,6,21 $1' c33/,&$7,216 ST\ TUAUSP

o$//$',N tPN u(7+,$1N lPcP H x(085,N dPePN
S[[W\ u+$3(o2'(/,1*:,7+h5217r523$*$7,21\
c n(9(/ u(7 c3352$&+P A kggg v5$16$&7,216
21 r$77(51 c1$/<6,6 $1' o$&+,1( k17(//,*(1&(
SY JTK\ SWZASYWP

o&k1(51(<N vP H v(5=2328/26N fPN S[[X\ f(O
)250$%/( o2'(/6 ,1 o(',&$/ k0$*( c1$/<6,6\
c u859(<P A o(',&$/ k0$*( c1$/<6,6 S JTK\ [SA
SRZP

u85,N lPuPN m$0$/(',1 u(7$5(+'$1N uP H u,1*+N
uPN TRRT\ c'9$1&('c/*25,7+0,&c3352$&+(6 72
o(',&$/ k0$*( u(*0(17$7,21\ u7$7(O2)O7+(Oc57
c33/,&$7,216 ,1 e$5',2/2*<N p(852/2*<N o$0O
02*5$3+< $1' r$7+2/2*<P A XXZ 3PN u35,1*(5
x(5/$*N d(5/,1 j(,'(/%(5* p(: {25.P

PTlMa54%.54(K r%'-%.4!4)/. /& h-!'%29 t3).' m%47/2+ r.!+%3



v255(NoP Ht$'(9$N rPN TRRR\ c*5,&8/785$/h,(/'
g;75$&7,21 )520 c(5,$/ k0$*(6w6,1* $t(*,21
e203(7,7,21 c/*25,7+0P A k17(51$7,21$/ c5O
&+,9(6 2) r+272*5$00(75< $1' t(027( u(16O
,1* zzzkkk JdTK\ ZZ[AZ[XP

|,00(5N ePHq/,9,2Oo$5,1N lPePN TRRW\ e283/('
r$5$0(75,& c&7,9( e2172856P A kggg v5$16$&O
7,216 21 r$77(51 c1$/<6,6 $1' o$&+,1( k17(/O
/,*(1&( TY JSSK\ SZUZASZVTP

c''5(66 2) 7+( $87+25\

f,3/POk1*P o$77+,$6 d87(187+
k167,787 )@5 r+272*5$00(75,( 81'
i(2k1)250$7,21
n(,%1,= w1,9(56,7>7 j$1129(5
p,(1%85*(5 u75P SN fOURSXY j$1129(5
(O0$,/\ %87(187+y,3,P81,O+$1129(5P'(

o$186.5,37 (,1*(5(,&+7\ p29(0%(5 TRRX
c1*(1200(1\ p29(0%(5 TRRX

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



e!#!$% q%#/.3425#4)/. &2/- `%2)!, h-!'%3 "9 l5,4)Lu)%7
o,!.% r7%%0).'

ktj`r ydadchmK `mcqd`r jk`trK a`qa`q` fqtadq E jnmq`c j`qmdqK f2!:

m(<:25'6\ e20387(5 9,6,21N %8,/',1* 5(&216758&7,21N $(5,$/ ,0$*(6N 3/$1( 6:((3,1*N
,1)250$7,21 )86,21N 08/7,O9,(: 0$7&+,1*

|86$00(1)$6681*\ h$66$'(1Ot(.216758.7,21 $86
n8)7%,/'(51 0,7 (,1(0 c/*25,7+086 =85 d(67,0O
081* '(5h$66$'(1(%(1(1 ,1 ',*,7$/(1q%(59>&+(1O
02'(//(1P k1 ',(6(0 d(,75$* :,5' (,1c/*25,7+086
=8 d(67,0081* 921 h$66$'(1(%(1(1 ,1f,*,7$/(1
q%(59>&+(102'(//(1 $86 n8)7%,/'$8)1$+0(1
925*(67(//7P d(, ',(6(0 x(5)$+5(1 :,5' $1*(120O
0(1N '$66 ',( h$66$'(1 9(57,.$/ $86*(5,&+7(7 81'
',( j?+(1,1)250$7,21(1 )@5 ',( k1,7,$/,6,(581*
'(6 q37,0,(581*6$/*25,7+086 $865(,&+(1' *(1$8
6,1'P f,( k1,7,$/,6,(581* '(5 q5,(17,(581* '(5
g%(1(1 187=7 ',( h/8&+7/,1,(1P g,1 +,(5$5&+,6&+(5
c/*25,7+086 237,0,(57 ',(6( '85&+ o$;,0,(581*
'(5 m255(/$7,21 '(5 v(;785 $86 817(56&+,('/,&+(1
c16,&+7(1 '(5 n8)7%,/'$8)1$+0(1P f$6 x(5)$+O
5(1 :,5' 6&+/,(M/,&+ $1 5($/(1 f$7(1 *(7(67(7P

c%675$&7\ v+,6 3$3(56 '(6&5,%(6 $1 $/*25,7+0 72
(67,0$7( 7+( 35(&,6( 326,7,21 2) )$&$'( 3/$1(6 ,1
',*,7$/ 685)$&( 02'(/6 JfuoK 5(&216758&7(' )520
$(5,$/ ,0$*(6 86,1* $1 ,0$*(O%$6(' 237,0,=$7,21
0(7+2':+,&+ (;3/2,76 7+( 5('81'$1&< 2) 7+( '$7$
6(7 J$/21* $1' $&5266 75$&. 29(5/$3KP v+,6 $3O
352$&+ $6680(6 7+$7 $ )$&$'( ,6 $ 9(57,&$/ 3/$1(
$1' 7+$7 7+( +(,*+77(/' ,6 35(&,6( (128*+ 72 *(1O
(5$7( +<327+(6(6 )25 7+( ,1,7,$/,=$7,21 2) 7+( 23O
7,0,=$7,21 $/*25,7+0P v+( ,1,7,$/,=$7,21 ,6 7567
528*+/< 25,(17(' 86,1* 7+( 35,1&,3$/ /,1( ',5(&O
7,216 2) ,76 7(;785(N $)7(5:$5'6 $ +,(5$5&+,&$/ $/O
*25,7+0 3(5)2506 $ 71(5 237,0,=$7,21 72 0$;,O
0,=( 7+( &255(/$7,21 $&5266 ',5(5(17 9,(:6P v+(
352326('0(7+2' ,6 $33/,(' 72 5($/ :25/' ,0$*(5<
$1' ,76 5(68/76 $5( 6+2:1P

P h.42/$5#4)/. !.$ -/4)6!4)/.

t(&216758&7,21 2) %8,/',1*6 ,1 85%$1 $5($6
)520 $(5,$/ ,0$*(6 ,6 $ &+$//(1*,1* 7$6.P
o$1< $33/,&$7,216 /,.( 9,578$/ 7285,60N 85O
%$1 3/$11,1* $1' &8/785$/ '2&80(17$7,21
%(1(77 )520 $ 5($/,67,&N +,*+O48$/,7< &,7<
02'(/P v+(5( $/5($'< (;,67 0(7+2'6 72 &5(O
$7( $ '(16( 32,17 &/28' 2) 85%$1 6&(1(6 86,1*
nkfct 6&$16 25 '(16( ,0$*( 0$7&+,1*
Jd(57+2' (7 $/P S[[WN e25' (7 $/P S[[ZK
:+,&+ &$1 %( 86(' 72 &5($7( $ 32/<*21$/ 522)
02'(/ Ju$0$'=$'(*$1 (7 $/P TRRWN x266(/O
0$1H f,-.0$1 TRRSKN +2:(9(5 7+( (67,0$O
7,21 2) )$&$'(6 326(6 $ 6(3$5$7( 352%/(0 %(O
&$86( 2) 7+( 2%/,48( $1*/( $7 :+,&+ 7+(< $5(
9,(:(' '85,1* $(5,$/ '$7$ $&48,6,7,21P v+(
237,0,=$7,21 (03/2<(' %< 7+( 352326(' $/O
*25,7+0 ,6 ,0$*(O%$6('P

q1( &5,7,&$/ $63(&7 2) %8,/',1* 5(&216758&O
7,21 ,6 7+( (67,0$7,21 2) 7+( &2172856 2)
%8,/',1*6P o$1< :25.92:6 21 85%$1 6&(1(
5(&216758&7,21 5(/< 21 $'',7,21$/ ,1)250$O
7,21 /,.( $ *5281'O3/$1 Jd5(11(5 TRRR $1'
j$$/$ (7 $/P S[[ZK )25 (;$03/( 72 '(/,1($7(
7+( &2172856 2) %8,/',1*6P j2:(9(5N 7+,6 ,1O
)250$7,21 ,6 127 $/:$<6 $9$,/$%/( 25 +$6 72
%( 0$18$//< &5($7(' :+,&+ ,6 $ 0$-25 '5$:O
%$&. ,) $ )8//< $8720$7,& :25.92: ,6 '(6,5O
$%/(P
v+( 27+(5 3266,%,/,7< ,6 72 ,1)(5 7+( 287O

/,1(6 2) %8,/',1*6 %< 6(*0(17,1* 7+( fuo
,172 %8,/',1* %/2&.6P v+,6 +$6 %((1 '21( %<
y(,'1(5 S[[X $1' x266(/0$1 S[[[P v+(
'5$:%$&. 2) 7+,6 $3352$&+ ,6 2%9,286/< 7+(
9$:('N -$**< 1$785( 2) 7+( 2%7$,1(' &21O
72856P Ji5266 TRRWK 75,(' 72 $//(9,$7( 7+,6 %<
777,1* 5(&7$1*/(6 72 7+( 287/,1(P u8&+ ,0O
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3529(0(176 +2:(9(5 &$1 21/< *8(66 7+( 32O
6,7,21 2) 7+( )$&$'(6P k) 7+( 5(68/7,1* 02'(/
,6 $)7(5:$5'6 7(;785('N $1< (5525 ,1 7+(
3/$&(0(17 5(68/76 ,1 6.(:(' $1' 0,6$/,*1('
7(;785(6P

v+,6 '5$:%$&. 2) $8720$7,& '('8&7,21 2)
287/,1(6 &$1 %( $//(9,$7(' %< 237,0,=,1* 7+(
326,7,21 2) 7+( 287/,1(6 $6 352326(' ,1 7+,6
3$3(5P

e225*H v(//(5N S[[[N 35(6(17(' $ 6,0,O
/$5 $/*25,7+0:+,&+ 23(5$7(' 21 &/26(O5$1*(
,0$*(5<P v+(<N +2:(9(5N 5(/,(' 67521*/< 21
+25,=217$/ /,1(6 ,1 %8,/',1* )$&$'(6 72 (9(1
,1,7,$/,=( 7+(,5 (67,0$7(6P

v+( %$6,& ,'($ 2) 3/$1( 6:((3,1* :$6 $/62
86(' ,1y(51(5 TRRTN %87 7+(5( 21/< $ 75$16O
/$7,21$/ 3/$1( 6:((3 ,6 &216,'(5(' ,1 7(55(6O
7,$/ ,0$*(5<P c/62 7+( ,1,7,$/,=$7,21 2) 7+(
3/$1( 6:((3 ,6 48,7( ',5(5(17 )520 285 $3O
352$&+ :+(5( 9$1,6+,1* 32,176 $5( %(,1* (;O
3/2,7('P

x(675,N TRRRN ',6&866(6 $ 9(5< 6,0,/$5 $/O
*25,7+0 72 7+( 21( 352326(' ,1 7+,6 3$3(5N
%87 ,6 %$6(' 21 32,17:,6( 5(&216758&7,21 2)
$ )$&$'(P v+( 0$,1 ',5(5(1&( +2:(9(5 ,6
7+$7 7+(< 86( 9(57,&$/ 3/$1(6 :+,&+ $5( 52O
7$7(' ,1 TR '(*5(( ,17(59$/6 $5281' 7+( 9(5O
7,&$/ $;,6 72 2%7$,1 7+( )$&$'( 32,176 :+(5($6
285 $/*25,7+0 237,0,=(6 7+( 527$7,21$/ $1'
75$16/$7,21$/ &20321(17 2) ($&+ )$&* $'( ,1O
'(3(1'(17/< 7+(5()25( ,1&5($6,1* 7+( (67,0$O
7,21 $&&85$&<P c'',7,21$//< 7+( 32,17:,6(
5(&216758&7,21 3(5)250(' %< 7+(0 '2(6 127
(;3/2,7 7+( .12:/('*( 7+$7 7+( )$&$'( ,6 $
3/$1(P

v+,6 &2175,%87,21 ,6 %$6(' 21 ,0$*(6 )520
7+(w/75$e$0f &$0(5$ )520x(;&(/e2532O
5$7,21 :,7+ ,76 08/7,63(&75$/ &$3$%,/,7<P v+(
w/75$e$0f &$0(5$ )($785(6 $ 08/7,O+($'
'(6,*1P k7 '(/,9(56 /$5*( )250$7 3$1&+52O
0$7,& ,0$*(6 &20326(' )5201,1(eef 6(1O
6256 JSSWRR 3,;(/6 $&5266O75$&. $1' YWRR
3,;(/6 $/21*O75$&.K $1' 6,08/7$1(286/< 5(O
&25'(' )285 $'',7,21$/ &+$11(/6 J5('N *5((1N
%/8($1'pktK$7$ )5$0( 6,=(2) UXZR%< TVRR
3,;(/6P v+( ,0$*( '$7$ 86(' &2035,6( 7+(
3$1&+520$7,& +,*+ 5(62/87,21 ,0$*(6 $6 :(//
$6 7+( /2: 5(62/87,21 08/7,63(&75$/ ,0$*(6P

v+( '$7$ 6(7 86(' ,1 7+,6 3$3(5 72 &20387(
7+( '(3,&7(' 5(68/76 :$6 $&48,5(' ,1 u800(5
TRRW 29(5 7+( ,11(5 &,7< 2) i5$=N c8675,$P

k7 &216,676 2) SWW ,0$*(6 92:1 ,1 W 675,36P
v+( $/21*O75$&.O29(5/$3 2) 7+,6 '$7$ 6(7 ,6
ZR@N 7+( $&5266O75$&. 29(5/$3 ,6 $3352;,O
0$7(/< XR@P v+( *5281' 6$03/,1* ',67$1&(
,6 $5281' Z &0P

Q e!#!$% n04)-):!4)/.

v+( $/*25,7+0 )25 2%7$,1,1* 237,0,=(' )$O
&$'(6 &$1 %( '(&20326(' ,172 7+5(( ',67,1&7
67(36\ 7567 620( +<327+(6(6 +$9( 72 %(
)281'P v+26( (67,0$7(' )$&$'(6 $5( 7+(1 5(O
71(' ,1 68&+ $ :$<N 7+$7 7+(< $5( 3$5$//(/
72 7+( 758( )$&$'(P k1 7+( /$67 67(3 7+( 71(O
*5$,1(' 237,0,=$7,21 86,1* 08/7,O9,(: &25O
5(/$7,21 ,6 3(5)250('P

QMP h.054 c!4!

v+( 237,0,=$7,21 $/*25,7+0 ,6 ,0$*(O%$6('N
7+(5()25( $ 35(&,6( 25,(17$7,21 2) 7+( ,0O
$*(5< ,6 2) 870267 ,03257$1&(P v+( $9(5$*(
%$&. 352-(&7,21 (5525 ,6 2) 870267 ,03257O
$1&( 72 (1$%/( &219(5*(1&( 2) 7+( 237,0,=$O
7,21P v+(25(7,&$//< 7:2 9,(:6 2) $ 3/$1( $5(
(128*+ 72 &$/&8/$7( 7+( &255(/$7,21 6&25(N
+2:(9(5 ,1 &$6( 2) 2&&/86,216 $1' ,1 25'(5
72 ,1&5($6( 67$%,/,7< 025( 9,(:6 &$1 %( 86('P
v+(5()25( 7+( '$7$ $&48,6,7,21 ,6 $/62 &5,7,&$/
72 7+( 68&&(66 2) 7+( 237,0,=$7,21 %(&$86(
21/< 9,(:6 $5( 86$%/( :+(5( 7+( )$&$'( /,(6
1($5 7+( %25'(5 2) 7+( ,0$*(P v+( 5($621
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"Cloud" model, t = [0 −1 0]T, ω ≈ [0 −.035 0]T

| t − t
0
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| t − t
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| uncalibrated

| ω − ω
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| ω − ω
0
| uncalibrated
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"Cloud" model, t = [0 0 1]T, ω ≈ [0 −.035 0]T

| t − t
0
| calibrated

| t − t
0
| uncalibrated

| ω − ω
0
| calibrated

| ω − ω
0
| uncalibrated
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"Abyss" model, t = [1 0 0]T, ω ≈ [0 0 .175]T
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| t − t
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| ω − ω
0
| calibrated

| ω − ω
0
| uncalibrated
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"Abyss" model, t = [0 0 1]T, ω ≈ [0 0 .175]T
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| uncalibrated
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"Biscuit" model, t = [0 1 0]T, ω ≈ [0 −0.047 −0.017]T

| t − t
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0
| uncalibrated
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"Biscuit" model, t = [0 0 1]T, ω ≈ [0 −0.017 0.047]T

| t − t
0
| calibrated

| t − t
0
| uncalibrated

| ω − ω
0
| calibrated

| ω − ω
0
| uncalibrated

e)'M SY Aa)3#5)4F -/$%,K !.$ -%!. %22/23 &/2 47/
$)&&%2%.4 -/4)/.3M

e)'M TY s7/ &2!-%3 &2/- 4(% Ab!34,%F 3%15%.#%K
7)4( %0)0/,!2 ,).%3 /6%2,!)$M

p2:N ,1 7+( 237,0,=$7,21 67(3N ,167($' 2)
6((.,1*

$5* 0$;
h

|JhK N JSWK

7+( 237,0,=$7,21 :28/' %( 29(5

$5* 0$;gN )N 3
0
N 3
1
|Jg 8 )N 3;N 3<K |J ) K |J3;N 3<K

JSXK

k1 7+,6 :$<N ,1 21( 67(3N 7+( 0267 /,.(/< &$O
/,%5$7,21 3$5$0(7(56 :28/' %( )281' $6 :(//
$6 7+( 0267 /,.(/< 027,21P v+,6 &28/' %( 3$5O
7,&8/$5/< 86()8/ ,1 7+( &20021 &$6( 7+$7 7+(
&$0(5$ &$/,%5$7,21 ,6 $3352;,0$7(/< .12:1N
%87 7+( )2&$/ /(1*7+ &+$1*(6N 3(5+$36 '8(
72 &+$1*( 2) )2&86P

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

v+( $87+256 :28/' /,.( 72 7+$1. i,//(6
v5$1 )25 3529,',1* 7+( UOf 02'(/6N v+(
q;)25'x,68$/i(20(75<i5283 )25 3529,'O

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



e)'M UY s7/ &2!-%3 &2/- 4(% An8&/2$b/22)$/2F 3%L
15%.#%K 7)4( %0)0/,!2 ,).%3 /6%2,!)$M

,1* 7+( Dq;)25' e255,'25I 6(48(1&(N $1'
o$5& r2//()(<6 )25 3529,',1* 7+( De$67/(I
6(48(1&(P

q%&%2%.#%3

d$572/,N cP H u7850N rPN TRRV\ p21O/,1($5 (67,O
0$7,21 2) 7+( )81'$0(17$/ 0$75,; :,7+ 0,1,O
0$/ 3$5$0(7(56P A kggg v5$16$&7,216 21 r$7O
7(51 c1$/<6,6 $1' o$&+,1( k17(//,*(1&( TXJVK\
VTXAVUTP

d52'6.<N vPN h(508//(5N eP H c/2,02126N {PN
TRRR\ u758&785( )520 027,21\ d(<21' 7+( (3,O
32/$5 &21675$,17P A k17(51$7,21$/ l2851$/ 2)
e20387(5 x,6,21 UYJUK\ TUSATWZP

h,6&+/(5N oPcP H d2//(6N tPePN S[ZS\ t$1'20
6$03/( &216(1686\ $ 3$5$',*0 )25 02'(/ 777,1*
:,7+ $33/,&$7,216 72 ,0$*( $1$/<6,6 $1' $872O
0$7(' &$572*5$3+<P A e20081P ceo TVJXK\
UZSAU[WP

j$55,6N ePiP H u7(3+(16NoPN S[ZZ\ c &20%,1('
&251(5 $1' ('*( '(O7(&725P A cxe ZZ\ SVYASWSP

j$57/(<N tPkP H |,66(50$1N cPN TRRV\ o8/7,3/(
x,(: i(20(75< ,1 e20387(5 x,6,21P A T1' ('PN
e$0%5,'*( w1,9(56,7< r5(66N kudp\ RWTSWV
RWSZP

n2:(N fPiPN TRRV\ f,67,1&7,9( ,0$*( )($785(6
)520 6&$/(O,19$5,$17 .(<32,176P A k17P lP e20O
387P x,6,21 XRJTK\ [SASSRP

o$.$',$N cPN i(<(5N eP H f$1,,/,',6N mPN TRRW\
t$'21O%$6(' 6758&785( )520 027,21 :,7+287
&255(6321'(1&(6P A exrtP

p,67(E 5NfPN TRRV\ c1 (5,&,(17 62/87,21 72 7+( 79(O
32,17 5(/$7,9( 326( 352%/(0P A kgggv5$16P r$7O
7(51 c1$/P o$&+P k17(//P TXJXK\ YWXAYYYP

q/,(16,6N lPN TRRWP v+( /($67O648$5(6 (5525 )25
6758&785( )520 ,171,7(6,0$/ 027,21P A k17P
lP e20387P x,6,21 XSJUK\ TW[AT[[P

r2//()(<6N oPN i22/N nPxPN x(5*$8:(1N oPN
x(5%,(67N hPN e251(/,6N mPN v236N lP H m2&+N
tPN TRRV\ x,68$/ 02'(/,1* :,7+ $ +$1'O+(/' &$O
0(5$P A k17P lP e20387P x,6,21 W[JUK\ TRYATUTP

u&+0,'N ePN o2+5N tP H d$8&.+$*(N ePN TRRR\
g9$/8$7,21 2) ,17(5(67 32,17 '(7(&7256P A k17(5O
1$7,21$/ l2851$/ 2) e20387(5 x,6,21 UYJTK\
SWSASYTP

v,$1N vPN v20$6,N eP H j((*(5N fPN S[[X\ e20O
3$5,621 2) $3352$&+(6 72 (*2027,21 &20387$O
7,21P

v5,**6N dPN o&n$8&+/$1N rPhPN j$57/(<N tPkP
H h,7=*,%%21N cPyPN S[[[\ d81'/( $'-8670(17
A $ 02'(51 6<17+(6,6P A y25.6+23 21 x,6,21
c/*25,7+06N 33P T[ZAUYTP

c''5(66 2) 7+( $87+256\

oPu&P l867,1 f20.(
(O0$,/\ '20.(y&6P80'P('8

r52)P oPu&P r+PfP {,$11,6 c/2,02126
(O0$,/\ <,$11,6y&)$5P80'P('8

e20387$7,21$/ x,6,21 n$%25$725<
e(17(5 )25 c8720$7,21 t(6($5&+
w1,9(56,7< 2) o$5</$1'
e2//(*( r$5.N ofN TRYVRN wuc
+773\BB:::P&6P80'P('8B'20.(B
+773\BB:::P&)$5P80'P('8B<,$11,6B

o$186.5,37 (,1*(5(,&+7\ p29(0%(5 TRRX
c1*(1200(1\ p29(0%(5 TRRX

RRiMc/-+% E xM `,/)-/./3K ` o2/"!"),)34)# m/4)/. /& b!-%2! f%/-%429



xcmcv



Rc s2%%4/0 o/3)4)/.).' "9 l5,4)0,% h-!'% l!4#().' /& `%2)!,
h-!'%3 ). ! Rc r%!2#( u/,5-% a/5.$%$ "9 khc`q r52&!#%
l/$%,3

hkjj` jnqodk`K g%,3).+)

m(<:25'6\ h25(67 ,19(1725<N 5(027( 6(16,1*N 6,1*/( 75((N 0$33,1*N +(,*+7 (67,0$7,21N
$//20(75,& 02'(/,1*

|86$00(1)$6681*\ g,1( o(7+2'( =85 6(0,O$872O
0$7,6&+(1 5>80/,&+(1 r26,7,216%(67,0081* 921
d$80.521(1P f,( c1:(1'81* %(67(+7 ,1 '(5 g5O
67(//81* 921 d$80.$57(1 ,1./86,9( j?+(1$1*$O
%(1N :(/&+( )@5 )2567:,576&+$)7/,&+( r/$181*6$8)O
*$%(1 921 %(621'(5(0 k17(5(66( 6,1'P f$6 x(5O
)$+5(1 ,17(*5,(57 +2&+ $89?6(1'( d,/''$7(1 0,7
n,'$5Of$7(1 *(5,1O*(5(5 c89?681*P n(7=7(5( %(O
*5(1=(1 '(1 u8&+%(5(,&+ )@5 ',( j(567(//81* '(6
m521(16&+/866(6 ,1 '(1 d,/''$7(1 81' ',(1(1 $/6
i581'/$*( )@5 (,1( 6,&+(5( d(67,0081* '(5 m52O
1(1+?+(P

c%675$&7\ v+,6 3$3(5 35(6(176 $ 0(7+2' )25 6(0,O
$8720$7,& Uf 326,7,21,1* 2) 75(( 7236 7+$7 &$1
%( 86(' )25 2%7$,1,1* 75(( 0$36 2) 7+( 3+272O9,O
6,%/( 75((6 $1' 75(( +(,*+76P u8&+ 63$7,2O7(0325$/N
'(7$,/(' ,1)250$7,21 ,6 86$%/( )25 0$1< $33/,&$O
7,216 ,1 (P *P )25(675< $1' /$1'6&$3( 0$1$*(0(17P
v+(0(7+2' ,1&25325$7(6 7+( 86( 2) 3$66,9(N +,*+O
5(62/87,21 237,&$/ ,0$*(6 :,7+ &2O(;,67(17 /2:O5(O
62/87,21 $,5%251( /,'$5 '$7$P v+( /$77(5 ,6 86('
)25 &2171,1* 7+( 6($5&+ 63$&( 2) ,0$*( 0$7&+,1*
72 $*5(( :,7+ 7+( 92/80( 2) 3+272O9,6,%/( 75((6
,1 7+( 833(5 &$123< $1' )25 2%7$,1,1* $1 $&&85$7(
(/(9$7,21 02'(/N :+,&+ ,6 3$5$02817 )25 5(/,$%/(
75(( +(,*+7 (67,0$7,21P v+( 0(7+2' ,6 35(6(17('
+(5( $1' 7(67(' :,7+ 5(675,&7(' ,0$*( $1' 7(/'0$O
7(5,$/P

P h.42/$5#4)/.

t(027( 6(16,1* ,6 $33/,(' &855(17/< ,1 $/O
0267 $// )25(67 '$7$ $&48,6,7,21P q57+2O
,0$*(6 $1' 67(5(23$,56 2) $(5,$/ 3+272O
*5$3+6 $5( 86(' )25 675$7,)<,1* 7+( )25(67 ,172
67$1'6N 6$7(//,7( ,0$*(6 $5( (03/2<(' ,1 7+(
$66(660(17 2) /$5*( $5($6 $1' $,5%251( /$6(5
6&$11,1* ,6 86(' )25 7+(0$33,1* 2) 7232*5$O
3+< $1' &$123,(6P c'9$1&(6 ,1 7+( 6(1625
7(&+12/2*,(6 $1' $1$/<6,6 0(7+2'6 &217,1O
8286/< :,'(1 7+( 327(17,$/ 6&(1$5,26 2) 1(:
)25(67 ,19(1725< 0(7+2'6 7+$7 387 72 86( 5(O
027( 6(16,1* Jn(&.,( S[[RN d$/76$9,$6
S[[[N r(75,( TRRUN p$(66(7 (7 $/P TRRVKP
u,1*/(O75(( 5(027( 6(16,1* JuvtuK 7+$7 ,6
%$6(' 21 7+( ,'($ 2) 68%67,787,1* 7+( 7(/'
0($685(0(176 $1' 0$33,1* 2) ,1',9,'8$/

75((6 :,7+ &267O(5,&,(17 $,5%251( 2%6(59$O
7,216 ,6 $1 (;$03/( 2) $ 7(/' 0$'( 3266,%/(
%< 7+( '(9(/230(17P f,*,7$/ $1' $8720$7,&N
,0$*(O $1'B25 /,'$5O%$6(' uvtu ,6 $ 723,&$/
'20$,1 Ju(( 5()(5(1&(6 ,1 e8/9(125 TRRUN
m253(/$ TRRVN r28/,27 (7 $/P TRRWKN $/O
7+28*+ 7+( &21&(37 2) uvtu ,6 127 (17,5(/<
129(/ Jy25/(<Hn$1',6 S[WVN v$/76 S[YYKP
uvtu $,06 $7 $ '(7$,/(' '(6&5,37,21 2) 7+(

*52:,1* 672&. 7+$7 ,6 &58&,$/ ,1 0267 $33/,O
&$7,216 2) )25(67 ,19(1725<P k'($//<N ,7 352O
9,'(6 7+( 6,=(O',675,%87,21 2) 7+( 67$1',1*
75((6 3(5 63(&,(6 :,7+ 7+( 7:2O 25 7+5((O',O
0(16,21$/0$3 2) 75((6Pm253(/$Hv2.2/$
JTRRXK (;$0,1(' 7+( 327(17,$/ 2) ,0$*(O
%$6('N Tf $1' Uf uvtuP v+( fdj J67(0
',$0(7(5 $7 SPU0 +(,*+7K $1' 92/80( 2) ,1O
',9,'8$/ 75((6 &$1127 %( (67,0$7(' $6 $&&8O

o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. P?QOOVK rM RT>SSK V &)'3MK R 4!"3M

SVUTOZUXVBRYBTRRYBRRUW C TPWR
B TRRY firh BgP u&+:(,=(5%$57I6&+( x(5/$*6%8&++$1'/81*N fOYRSYX u7877*$57



e)'M PY `. %8!-0,% /& 4(% $!4!K 4!3+3 !.$ /54054
/& ! Rc )-!'%L"!3%$ rsqrL3934%- &/2 34!.$
#25)3).'M

5$7(/< :,7+ uvtu $6 ,6 ,7 3266,%/( ,1 7+( 7(/'P
v+( 0$,1 5($621 ,6 7+( ,1',5(&7 (67,0$7,21
3+$6( :,7+ $//20(75,& 02'(/6 7+$7 5(68/76 ,1
%27+ 5$1'20 $1' 6<67(0$7,&N 75(( $1' 67$1'
/(9(/ (55256P v+( 02'(/ ,1$&&85$&,(6 $5(
&283/(' :,7+ 3+272*5$00(75,& 0($685(O
0(17 (55256 ,1 63(&,(6N 75(( +(,*+7 $1'B25
&52:1 :,'7+P t$1'20 (55256 &$1&(/ 287 ()O
)(&7,9(/<N %87 7+( $**5(*$7( 5(68/76 2) uvtu
$7 7+( 67$1' /(9(/ $5( /,$%/( 72 6<67(0$7,& 2)O
)6(76P k1&/86,21 2) 75(( +(,*+76N ,P (P 7+( 86(
2) Uf uvtu :$6 )281' 72 ,03529( 7+( (67,O
0$7,21 $&&85$&< 2) %27+fdj $1' 67(0 92/O
80( &216,'(5$%/< ,1 &203$5,621 72 Tf
uvtuN ,1 :+,&+ 75((6 $5( 0($685(' )25 63(O
&,(6 $1' &52:1 ',0(16,216 21/<P k1 $'',O
7,21N ,1 uvtu 7+( *52:,1* 672&. ,6 ,1+(5(17O
/< 81'(5(67,0$7(' 6,1&( 620( 75((6 $/:$<6
5(0$,1 816((1 A $7 /($67 %< 237,&$/ 6(16256P

k1 uvtuN 7(/' &$/,%5$7,21 ,6 1(('(' )25
$92,',1* 7+( 6<67(0$7,& (55256 2) 7+( $/O
/20(75,& (48$7,216P v+86N 620( 7(/' 9,6,76
6((0 ,1(9,7$%/( ,) 9(5< $&&85$7( '$7$ ,6
:$17('P d(&$86( 2) 7+( ,1)(5,25 $&&85$&< ,1
&203$5,621 72 7(/'0($685(0(176N $1 $33/,O
&$%/( uvtu 6<67(0 +$6 72 3529,'( 7+(
0($685(0(176 $1' (67,0$7(6 :,7+ 08&+
/2:(5 &2676N :+,&+ &$//6 )25 $8720$7,& 352O
&('85(6P c &203/(7( Uf uvtu 6<67(0 62/9(6
$// 2) 7+( )2//2:,1* 7$6.6\ J$K 75(( 25 &52:1
326,7,21,1* ,1 UfN 0($685(0(176 2) J%K
&52:1 ',0(16,216 $1' J&K 75(( +(,*+7N J'K
63(&,(6 5(&2*1,7,21 $1' J(K $//20(75,& (67,O
0$7,21 2) 67(0 6,=( Jh,*P SKP

PMP g90/4(%3%3 !.$ /"*%#4)6%3

v+,6 3$3(5 $''5(66(6 7+( 48(67,21 2) 86,1*
5(027( 6(16,1* )25 Uf 75((723 326,7,21,1*
$1' +(,*+7 (67,0$7,21 $1' (;7(1'6 7+( :25.
%< m253(/$ JTRRRN TRRVKN ,1 :+,&+ $ 6(0,O
$8720$7,& 0(7+2' )25 75((723 326,7,21,1*
:$6 ,1752'8&('P k7 :$6 %$6(' 21 7+( 86( 2)
08/7,3/( ,0$*(O0$7&+,1* 2) ',*,7,=(' $(5,$/
3+272*5$3+6 )25 7+( 385326( 2) 71',1*
75((7236 ,16,'( $ 35('(71(' Uf 6($5&+ 63$&(
,1 7+( &$123< 92/80( Jh,*P TKP v+( $/*2O
5,7+0 $33/,(6 7(03/$7( 0$7&+,1* )25 352O
&(66,1* 7+( $(5,$/ ,0$*(6 ,172 &255(/$7,21 ,0O
$*(6N :+(5( /2&$/ 0$;,0$ &255(6321' 72 Tf
,0$*( 326,7,216 2) 75((7236 J&)P r2//2&.

S[[XN n$56(1 H t8'(02 S[[ZKP v+( 35(O
'(71(' Uf 6($5&+ 63$&( ,6 352&(66(' ,172 $
32,170(6+P v+( 32,176 ,1 7+(0(6+ $5( %$&.O
352-(&7(' ,172 7+( &255(/$7,21 ,0$*(6 $1'
$**5(*$7(' )25 92/80(75,& &255(/$7,21N
:+,&+ ,6 )857+(5 352&(66(' ,172 Uf 0$;,0$
7+$7 &255(6321' 72 &$1','$7( 75((723 326,O
7,216P v+( $/*25,7+0 5(6(0%/(6 7+$7 2)v$53O
l2+$16(1 JTRRSKN :+2 326,7,21(' 75(( %$6(6
2) 2$.6 ,1 Uf 86,1* 08/7,3/( /($)O25 $(5,$/
,0$*(6P j(5(N ,7 ,6 )857+(5 $6680(' 7+$7 &25O
5(&7 Uf 75((723 326,7,216 :,// +(/3 ,1 62/9,1*
7+( 27+(5 ,0$*(O%$6(' 7$6.6 2) 7+( 0($685(O
0(17 2) 7+( &52:1 ',0(16,216 $1' 7+( ,1O
7(535(7$7,21 2) 63(&,(6 J&)P h,*P SKP
v+( ',6&(51,%,/,7< 2) 75((7236 ,6 $ 0$-25

5(675,&7,21 2) 237,&$/ uvtuP q1/< 7+( '20,O
1$17N &2O'20,1$17 $1' ,17(50(',$7( 75((6
$5( 9,6,%/( :,7+ $ +,*+ /,.(/,+22'P v+( 352%O
$%,/,7< 2) ',6&(51,%,/,7< ,6 $1 (;321(17,$/
)81&7,21 2) 7+( 5(/$7,9( +(,*+7 2) 7+( 75((]
68&+ 352%$%,/,7<O2)O',6&(51,%,/,7< &859(6
9$5< %(7:((1 67$1'6 $&&25',1* 72 7+( '(16O
,7< 2) 7+( 67$1' Jm253(/$ TRRVKP k1 0267
&$6(6 75((6 :,7+ $ 5(/$7,9( +(,*+7 2) %(/2:
WR@ $5( 127 6((1 $7 $// ,1 7+( ,0$*(6P v+(
WR@ 5(/$7,9( +(,*+7 &2167,787(6 7+86 $ /2:(5
/,0,7 )25 7+( 92/80( )520 :+(5( 72 &21'8&7
7+( 0$18$/ 25 $8720$7,& 6($5&+ 2) 75((7236
A $7 /($67 ,1 &/26(' &$123,(6P t(63(&7,9(/<N
7+( 833(5 /,0,7 ,6 $7 7+( 0$;,0$/ +(,*+7 2)
75((6P v+(6( 7:2 3$5$0(7(56 9$5< 63$7,$//<

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



e)'M QY h-!'% -!4#().' &/2 Rc 42%% 4/0 0/3)4)/.L
).' Gjnqodk` QOOSHM s(% 3%!2#( )3 2%342)#4%$ 4/
! 02%$%&).%$ 6/,5-% ). 4(% #!./09M ` cdl?csl
)3 53%$ &/2 (%)'(4 %34)-!4)/.M s(% 3#!,% /& 4(%
)-!'%3 Gm#PH )3 ./4 2%342)#4%$ !3 35#(K "54 4(%
&5,, /2)%.4!4)/. /& 4(% )-!'%3 (!3 4/ "% %34!"L
,)3(%$ 2%,)!",9M

$1' ,7 ,6 1(&(66$5< 72 2%7$,1 5($621$%/< $&O
&85$7( (67,0$7(6 2) 7+(0 72 $92,' &200,6O
6,21 (55256 %< 7+( 75((723 326,7,21,1* $/*2O
5,7+0 Jm253(/$ TRRRN TRRVK $6 7+( /2&$//<
5(675,&7(' '(37+ 2) 7+( Uf 6($5&+ 63$&( ,6
7+( *(20(75,& J(3,32/$5K &21675$,17 7+$7 ,6
86(' )25 7+( 62/87,21 2) 7+( 0$7+(0$7,&$//<
,//O326(' &255(6321'(1&( 352%/(0 )25 75((
7236P v+( 5(68/76 &$1 21/< %( 237,0$/ ,) 7+(
6($5&+ ,6 6(7 72 &29(5 7+( 833(5 &$123< 92/O
80( Jm253(/$ TRRV] 3P UWN XWAXXKP
v+( (67,0$7,21 2) 75(( +(,*+7 ,6 675$,*+7O

)25:$5'21&( 7+( 75((723 ,6 326,7,21(' ,1 UfP
c fvo *,9(6 7+( (/(9$7,21 2) 7+( %877P v+(
(5525 2) 7+( +(,*+7 (67,0$7( &216,676 7+86
)520 3266,%/( 75((723 326,7,21,1* (55256 $1'
fvo (55256P c fvo ,6 $/62 1(('(' )25 '(O
71,1* 7+( /2:(5 /,0,7 2) 6($5&+ 63$&( $7 7+(
$33P WR@ 5(/$7,9( +(,*+7 /(9(/ %(/2: :+,&+
75((7236 &$1127 %( (;3(&7(' 72 %( 0($685O
$%/(P m253(/$ JTRRVK 68**(67(' 7+$7 $1 $&O
&85$7( fvo 2%7$,1(' %< 0($16 2) /2:O5(O
62/87,21 /$6(5 6&$11,1* &28/' %( ,1&25325O
$7(' ,1 7+( $/*25,7+0 )25 7+( '(/,1($7,21 2)
7+( 6($5&+ 63$&( $1' )25 $&&85$7( 75(( +(,*+7
(67,0$7,21P u,0,/$5/<N /$6(5 6&$11,1* :$6
352326(' )25 7+( (67,0$7,21 2) 7+( /2&$/N

0$;,0$/ +(,*+7 2) 75((6 %< $ &$123< +(,*+7
02'(/ JejoKP v+(6( 352326$/6B7+(6(6 $5(
387 72 7(67 +(5( :,7+ 5($/ 7(/'N ,0$*( $1'
/,'$5 '$7$P d< &20%,1,1* $(5,$/ 3+272*5$3+6
:,7+ /,'$5 7+,6 3$3(5 (;3/2,76 7+( 35,1&,3/(
2) 7+( 3+272O/,'$5 $3352$&+ 35(6(17(' %<
u7Oq1*( (7 $/P JTRRVKP c /2: 6$03/,1* 5$7(
$,5%251( /,'$5 ,6 86(' 72 .((3 7+( 0$7(5,$/
&2676 72 $ 0,1,080P v+( 352326$/ ,1 7+,6
$57,&/( ,6 7+$7 /2:O5(62/87,21 /,'$5 &$1 %(
&20%,1(' :,7+ 08/7,3/( ,0$*(O0$7&+,1* 2)
$(5,$/ ,0$*(6 )25 $&&85$7( $1' &267O(5,&,(17N
6(0,O$8720$7,& 75(( 723 326,7,21,1* $1' 75((
+(,*+7 (67,0$7,21P

Q l%4(/$ &/2 3%-)L!54/-!4)# Rc
42%%4/0 0/3)4)/.).' 53).' !%2)!,
)-!'%3 !.$ khc`q "!3%$ 352&!#%
-/$%,3

v+( 0(7+2' &216,676 2) 7+( 67(36 SO[ *,9(1
%(/2:P c8720$7,21 2) 67(36 T $1' &2038O
7$7,216 ,1 67(3 W +$9( %((1 '(9(/23(' 0267
,1 &203$5,621 72 7+( $/*25,7+0 35(6(17('
,1 m253(/$ TRRVP

SK f(/,1($7,21 2) 7+( $5($ 2) ,17(5(67P j(5(N
7+( 75(( 7236 :(5( 326,7,21(' ,16,'( &,5&8/$5
3/276 :,7+ $ 5$',86 5$1*,1* )520 SW 72 TR0P
k1 *(1(5$/N 7+( *(20(75< 2) 7+( $5($ 2) ,1O
7(5(67 &$1 9$5< $1' $ +202*(1286 67$1'
:28/' %( $ 1$785$/ &+2,&( ,1 35$&7,&(P

TK f(/,1($7,21 2) 7+( Uf 6($5&+ 63$&( ,1 7+(
833(5 &$123<P v+,6 ,6 '21( %< $1$/<=,1* 7+(
/,'$5Ofvo $1' 7+( /,'$5Oejo 68&+ 7+$7
7+( 6($5&+ 63$&( ,6 7//(' %< $ Uf 32,17 0(6+
:,7+ RPW0 63$&,1*P v+( 0$;,0$/ (/(9$7,21
25 /2&$/ '20,1$17 +(,*+7 ,1 $ *,9(1z{32,17
,6 *,9(1 %< 7+( ejoN :+,&+ ,6 08/7,3/,('
%< 3$5$0(7(5 )jfqo | LSN SPUb 72 5('8&(
7+( ,1+(5(17 81'(5(67,0$7,21P r$5$0(7(5
jf(37+ | LRN Sb '(71(6 7+( '(37+ 2) 7+(
6($5&+ 63$&( :,7+ 5(63(&7 72 7+( /2&$/ '20,O
1$17 +(,*+7 2) 75((6 Jjf(37+3SK $1' 7+(
7(55$,1 (/(9$7,21 Jjf(37+3RKP

UK u(/(&7,21 2) $ 6$03/( 75(( $1' 7+(
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SPTR Z[PW Y 2RPR[ RPZR RPYR RPSY
SPTW [RPW W 2RPSZ RPZX RPYS RPSX
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