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0(5$6N :(/&+( $/6 02126(1625,(//( %,/'6(O
48(1=7$8*/,&+( u<67(0( 6,08/7$1 i5$8O
:(57O 81' v,()(1,1)250$7,21 $8)1(+0(1P
y(,7(5( $.78(//( g17:,&./81*(1 ,0 d(5(,&+
'(5 u(1625,. 71'(1 6,&+ ,1 h250 921 h,6+O
(<(6<67(0(1 =85 c8)1$+0( +(0,63+>5,O
6&+(5d,/'(5 81' 921 ',*,7$/(1 r$125$0$.$O
0(5$6 =85 i(1(5,(581* 921 UXR@Or$125$O
0(1 0,7 d,/'*5?M(1 921 %,6 =8 (,1(0 i,*$O
3,;(/N :(/&+( +>87* 817(5 '(0 d(*5,5 D20O
1,O',5(&7,21$/ 9,6,21I =86$00(1*()$667 :(5O
'(1P

x,(/( c5%(,7(1 ,1 m200,66,21 x +$%(1
',( i(1(5,(581* 921 r52'8.7(1 '(5 9,578(/O

/(1 t($/,7>7 =80 |,(/P f,( c1:(1'81*6*(O
%,(7( 5(,&+(1 +,(5 921 '(5m8/785(5%(Of2.8O
0(17$7,21 %,6 +,1 =85 e20387(5$1,0$7,21N
e20387(563,(/(1 81' $1,0,(57(1 j2//<O
:22'7/0(1P |86>7=/,&+ =85 i(1(5,(581*
7(;785,(57(5 UfOq%-(.702'(//( (5?51(7 ',(
c8)1$+0(81'x(5$5%(,781*08/7,O2.8/$5(5
d,/'6(48(1=(1 ',( 9,(57(f,0(16,21 81' '$O
0,7 9,(/)>/7,*( c1:(1'81*(1 ,1 '(5 UfOd(O
:(*81*6$1$/<6(P d,/'6(48(1=$1$/<6( 81'
u(1625)86,21 67(//(1 $8&+ ',(i581'/$*( '(6
g,16$7=(6 '(5 r+272*5$00(75,( ,1 d(5(,O
&+(1 :,( o2%,/( o$33,1* 81' $872120(
p$9,*$7,21 '$5P c/6 $.78(//(5o$66(10$5.7
(5*,%7 6,&+ +,(5 ',(t($/,6,(581* 921 h$+5(5O
$66,67(1=6<67(0(1N ,1 '(5(1 m21=(37(1 m$O
0(5$6 81' n$6(56&$11(5 9,(/( g,16$7=0?*O
/,&+.(,7(1 71'(1P f$5@%(5 +,1$86 (5?51(7
',( h86,21 921 u(1625,.N u(1625'$7(19(5$5O
%(,781*N ecfNiku 81'x,578$/t($/,7< :(,O
7( h256&+81*6O 81' c1:(1'81*6)(/'(5 ,0
d(5(,&+ n2&$7,21 d$6(' u(59,&(6 81' c8*O
0(17(' t($/,7<P
p(%(1 ,1'8675,(//(1 c1:(1'81*(1 .$11

',( %,2O0(',=,1,6&+( d,/'$1$/<6( $/6 (,1c1O
:(1'81*6*(%,(7 0,7 *52M(0y$&+6780632O
7(17,$/ $1*(6(+(1 :(5'(1N $8) '(0 ',( r+2O
72*5$00(75,( :(5792//( d(,75>*( /(,67(1
.$11P p(8(c1:(1'81*6*(%,(7( 71'(1 6,&+
+,(5 $8&+ ,1 '(5 c'$37,21 3+272*5$00(7O
5,6&+(5 x(5)$+5(1 $8) ',( c86:(5781* 921
e20387(57202*5$3+,('$7(1 81' ,1 '(5
d,20(75,(N :2 3+272*5$00(75,6&+( x(5)$+O
5(1 ,1 9(56&+,('(167(1 d(5(,&+(1 A 921 '(5
t$67(5(/(.7521(10,.526.23,( %,6 +,1 =85
c8720$7,6,(581* '(5 h2567,19(1785 A $1*(O
:$1'7 :(5'(1P
c// ',(6( c1:(1'81*6%(5(,&+( +$%(1 '$6

r527/ '(5 r+272*5$00(75,( 6(+5 67$5. 9(5O
%5(,7(57P x,(/( c5%(,7(1N ',( ,1 '(1 9(5*$1O
*(1(1 l$+5(1 $/6 h256&+81*6352-(.7( $8)
u<0326,(1 '(5 m200,66,21 x 925*(67(//7
:85'(1N+$%(1 '$1$&+ '(1y(* ,1 ',(r5$;,6
*()81'(1P u,( +$%(1N ,1'(0 6,( (5,=,(17(n?O
681*(1 )@5 1(8$57,*( o(66$8)*$%(1 $1%2O
7(1N '(5 r+272*5$00(75,( 1(8(o>5.7( 81'
'(1 r+272*5$00(7(51 1(8(d(58)6)(/'(5 (5O
6&+/266(1P f$66 ',(6(5 r52=(66 12&+ /$1*(
1,&+7 $%*(6&+/266(1 ,67N '2.80(17,(57( $8&+
',( c8667(//81* ,0 t$+0(1 '(6 f5(6'1(5
u<0326,806N $8) '(5 TS h,50(1N '$5817(5
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(,1( *$1=( t(,+( -81*(5 p(8*5@1'81*(1N
,+5( r52'8.7( 81' f,(167/(,6781*(1 925O
67(//7(1P kurtu e200,66,21 x :$5 ,00(5
$8&+ (,1( r/$77)250 )@5 NNp,&+7Or+272*5$0O
0(7(5DD A :,66(1'N '$66 ',(6(5 v(50 ,0
i581'( 81'(71,(57 ,67 81' '$66 -('(5N '(5
6,&+ 0,7 '(5 g;75$.7,21 48$17,7$7,9(5 0(75,O
6&+(5 k1)250$7,21 $86 d,/'(51 %(6&+>)7,*7N
(,1 r+272*5$00(7(5 ,67P f,(6 :,5' $8&+
'85&+ ',( |86$00(16(7=81* '(5 TWR v(,/O
1(+0(5 '(6u<0326,806 '2.80(17,(57N:(/O
&+( 6(+5 817(56&+,('/,&+(j,17(5*5@1'( $8)O
:,(6(1P f,( c%6,&+7 (,1(6 u<0326,806N (,O
1(1 $.78(//(1�%(5%/,&. @%(5 '$6c5%(,76*(O
%,(7 =8 *(%(1 81' '$%(, h256&+(5N g17:,&.O
/(5N c1:(1'(5 81' u78',(5(1'( $86 9(5O
6&+,('(1(1 d(5(,&+(1 =86$00(1=8%5,1*(1N

.2117( '$0,7 8062 0@+(/26(5 (5)@//7 :(5O
'(1P
f,(6( c86*$%( '(5 rhi (17+>/7 (,1,*(

$86*(:>+/7( d(,75>*( $86 '(0 v+(0(1)(/'
'(5 m200,66,21 xP u>07/,&+( STR d(,75>*(
'(6 u<0326,806 6,1' ,0 ::: =8*>1*/,&+
817(5 +773\BB:::P78O'5(6'(1P'(B,3)B6<032
6,80B352&((',1*6 2'(5 ,1 d8&+)250 =8 %(O
=,(+(1 921\ikve %9N rPqPd2; SSTN ZWURce
n(00(5N v+( p(7+(5/$1'6N v(/P\ 1US JRK
WSV WX SZ WVN h$;\ 1US JRK WSV WX UZ [ZN
(O0$,/\ 0$,/%2;x*,7&P1/N y(%6,7(\ :::P
*,7&P1/

j$16Oi(5' o$$6 H f$1,/2 u&+1(,'(5N
f5(6'(1
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`54/-!4%$ b!,)"2!4)/. /& e)3(%9% b!-%2! r934%-3 !.$ 4(%
q%$5#4)/. /& b(2/-!4)# `"%22!4)/.

eq`mj `M u`m cdm gdtudkK qttc udqv``k E a`qs addqrK v!!2$%."52'?mk

m(<:25'6\ e$0(5$ &$/,%5$7,21N 76+(<( &$0(5$N &+520$7,& $%(55$7,21N 3$125$0$N
201,O',5(&7,21$/ ,0$*,1*

u800$5<\ v+,6 3$3(5 5(32576 21 7+( &$0(5$ &$O
/,%5$7,21352&('85( '(9(/23(' $7e<&/2o(',$ $1'
,76 02',7&$7,21 )25 7+( 5('8&7,21 2) &+520$7,&
$%(55$7,21 )25 )857+(5 ,03529(0(17 2) e<&/2o(O
',$I60$,1 352'8&7\ UXRO'(*5(( 3$125$0,& ,0$*(6
&$//(' e<&/25$0$6P v+(6( e<&/25$0$6 $5( 86('
)25 $ 9$5,(7< 2) $33/,&$7,216 )25 $ :,'( 5$1*( 2)
&/,(176 ,1&/8',1* 081,&,3$/,7,(6N 3529,1&(6N +286O
,1* &25325$7,216N (67$7( $*(176N $1' ,1685$1&(
&203$1,(6P
h25 7+( 352'8&7,21 2)e<&/25$0$6e<&/2o(',$

+$6 '(9(/23(' $ &$5O02817(' &$0(5$ 6<67(0 7+$7
0$.(6 86( 2) $ 76+(<( /(16P v+( $'237(' 76+(<(
&$0(5$ 02'(/ $1' 7+( 352&('85( )25 $8720$7('
&$0(5$ &$/,%5$7,21$5( 35(6(17(' ,1 7+( 3$3(5P v+(
&$/,%5$7,21 62)7:$5( 3(5)2506 $ /($67O648$5(6 $'O
-8670(17 )25 7+( (67,0$7,21 2) 7+( &$0(5$ 3$5O
$0(7(56 7+$7 '(6&5,%( 7+( 5(/$7,21 %(7:((1 7+(
63$7,$/ ',5(&7,21 2) $ 5$< $1' ,76 352-(&7,21 ,1 7+(
,0$*( 3/$1(N ,P (P 7+( ,17(5,25 25,(17$7,21P
v+( &$/,%5$7,21 352&('85( +$6 %((1 $33/,(' )25

($&+ &2/285 %$1' 2) $ 7(67 '$7$ 6(7 ,1 25'(5 72
5('8&( &+520$7,& $%(55$7,21P e2/285 $57()$&76
:(5( 67,// 35(6(17 ,1 7+( e<&/25$0$ &216758&7('
86,1* 7+( 3(5 %$1' &$/,%5$7,21 3$5$0(7(56P v+(
&21&/86,21 ,6 7+$7 7+( &2/285 $%(55$7,216 ,1 7+(
,0$*(6 81'(5 &216,'(5$7,21 &$1127 %( 5('8&('
6,*1,7&$17/< :,7+ 7+,6 $3352$&+ $1' 7+$7 127 21/<
/$7(5$/ &+520$7,& $%(55$7,21 3/$<6 $ 52/(P h857+(5O
025(N 7+( 1$785( 2) 7+,6 &+520$7,& $%(55$7,21 ,6
72 %( 678',(' ,1 025( '(7$,/ ,1 25'(5 72 &20( 72
$ 71$/ 62/87,21 )25 ,76 5('8&7,21P

|86$00(1)$6681*\c8720$7,6&+(m$/,%5,(581* 921
h,6+(<(Om$0(5$6 81' t('8=,(581* '(5 &+520$7,O
6&+(1 c%(55$7,21P f(5 c57,.(/ %(6&+5(,%7 (,1 x(5O
)$+5(1 =85 m$/,%5,(581* 921 h,6+(<(Om$0(5$6N
'$6 %(, e<&/2o(',$ (17:,&.(/7 :85'(N 62:,(w1O
7(568&+81* =85x(55,1*(581* '(5g5(.7( '(5 &+52O
0$7,6&+(1 c%(55$7,21 =85 :(,7(5(1 x(5%(66(581*
921 e<&/2o(',$I6 UXR@ r$125$0$%,/'(51P f,(6(
62*(1$117(1e<&/25$0$6 :(5'(1 ,1 '(5 r5$;,6 )@5
(,1 x,(/=$+/ 921 c1:(1'81*(1 (,1*(6(7=7N %(,O
63,(/6:(,6( %(, i(0(,1'(1N y2+181*6%$8*(6(//O
6&+$)7(1N k002%,/,(10$./(51 81'x(56,&+(581*6O
*(6(//6&+$)7(1P
h@5 ',( r52'8.7,21 921 e<&/25$0$6 +$7 e<&O

/2o(',$ (,1 m$0(5$6<67(0 0,7 (,1(0 h,6+(<(O
q%-(.7,9 (17:,&.(/7P f$6 m$0(5$02'(// 81' '$6
x(5)$+5(1 )@5 ',( $8720$7,6,(57(m$0(5$.$/,%5,(O
581* :(5'(1 ,1 ',(6(0 c57,.(/ '$5*(67(//7P f,(
u2)7:$5( )@5 ',(m$/,%5,(581* %(187=7 (,1(m/(,16O
7(Os8$'5$7(Oc86*/(,&+81* )@5 ',( u&+>7=81* '(5
m$0(5$3$5$0(7(5N ',( ',( t(/$7,21 =:,6&+(1 '(5
5>80/,&+(1 t,&+781* (,1(6 u75$+/6 81' 6(,1(5
r52-(.7,21 ,1 '(5 d,/'(%(1( %(6&+5(,%(1P f$6m$O
/,%5,(59(5)$+5(1.$11 )@5 -('(1h$5%.$1$/ 6(3$5$7
(,1*(6(7=7 :(5'(1N 80 g5(.7( '(5 &+520$7,6&+(1
c%:(,&+81*(1 =8 9(55,1*(51P f,( t(68/7$7( 921
v(670(6681*(1 =(,*(1 $//(5',1*6N '$66 ',( g5(.7(
'(5 &+520$7,6&+(1c%(55$7,21 0,7 ',(6(0c16$7=
185 3$57,(// %(6(,7,*7 :(5'(1 .?11(1P f$+(5 :,5'
',( &+520$7,6&+(c%(55$7,21 ,1&/86,9( ,+5(5 1,&+7O
5$',$/(1 c17(,/( '(7$,//,(57(5 %(75$&+7(7P

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

PMP a!#+'2/5.$

d2267(' %< 7+( &+$1*( )520 $1$/2*8( 72
',*,7$/ ,0$*,1*N 7+(5( ,6 $ *52:,1* ,17(5(67

,1 3$125$0,& ,0$*(5<P v+,6 ,6 127 21/< '8(
72 7+( )$&7 7+$7 722/6 )25 7+( &5($7,21 2)
',*,7$/ 3$125$0$6 +$9( %(&20( $ &2002'O
,7<P v+( 0$,1 $'9$17$*( 2) 3$125$0$6N $1'
(63(&,$//< 2) 201,O',5(&7,21$/ 25 UXRO'(*5((
3$125$0$6N ,6 )281' ,1 7+( 9$5,(7< 2) 7+(,5
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e)'M PY b9#,/l%$)! #!2 7)4( #!-%2! 3934%-M

e)'M QY r!-0,% b9#,/2!-!M

S y(%6,7( 2) 7+( /$67 :25.6+23\ +773\BB:::TP,1
)250$7,.P+8O%(5/,1P'(B69B35Br$125$0,&r+272*
5$00(75<y25.6+23TRRWB

$33/,&$7,216P h25 0$1< $33/,&$7,216 7+( ,0O
$*( *(20(75< 3/$<6 $ 0$-25 52/(P v+(5()25(N
&$/,%5$7,21 2) 7+( &$0(5$O/(16 &20%,1$7,21
87,/,6(' )25 &$3785,1* 7+( ,0$*(5< ,6 2) 87O
0267 ,03257$1&(N (63(&,$//< )25 Uf
0($685(0(17 $33/,&$7,216P

e<&/2o(',$ ,6 $ &203$1< 7+$7 +$6 201,O
',5(&7,21$/ 3$125$0$6N 62O&$//(' e<&/25$O
0$6N $6 ,76 0$,1 352'8&7P v+( e<&/25$0$6
$5( &5($7(' )520 7:2 76+(<( ,0$*(6 :,7+ $
7(/' 2) 9,(: 2) SZW '(*5(( ($&+P v+( &$0(5$
,6 7851(' SZR '(*5(( %(7:((1 7+( 7:2 6+276P
v+( &<&/25$0$6 $5( 6<67(0$7,&$//< $&48,5('
)520 $// 38%/,& 52$'6 :,7+ $ 67$1'$5' ,17(5O
9$/ 2) SR 0(7(5P h857+(5025(N 7+( ,0$*(5<
,6 *(2O5()(5(1&(' $1' &20021/< '(/,9(5('
:,7+ 722/6 )25 $ 6($0/(66 ,17(*5$7,21 :,7+
7+( &86720(56 ikuO$33/,&$7,21P e855(17/<N
e<&/2o(',$ +$6 UW &$56 :,7+ $ '(',&$7('
&$0(5$ 6<67(002817(' 21 7+( 522) Jh,*P SKP
v+,6 6<67(0 +$6 %((1 '(9(/23(' ,1O+286(N
,1&/8',1* 7+( 62)7:$5( )25 352&(66,1* 7+(

$3352;,0$7(/< Xid 2) ,0$*( '$7$ '$,/< '(O
/,9(5(' %< ($&+ &$5P
c e<&/25$0$ &$1 &217$,1 ,0$*( '$7$ )25

7+( )8// 63+(5( 6725(' ,1 $ 3$125$0$ ,0$*(
2) VZRR4TVRR 3,;(/6N &255(6321',1* 72
UXR@4SZR@P v+86N 21 7+( +25,=21N 7+( $1*8O
/$5 5(62/87,21 ,6 RPRYW@ 3(5 3,;(/P h25 (5,O
&,(1&< 5($6216 7+( 23(1,1* $1*/( ,1 9(57,&$/
',5(&7,21 ,6 5('8&(' :,7+ TR@ 5(029,1* 7+(
0$-25 3$57 2) 7+( &$5P c1 (;$03/( ,6 6+2:1
,1 h,*P TP h25 ($&+ 3,;(/ 7+( 63$7,$/ 25,(17$O
7,21 2) 7+( $662&,$7(' 5$< ,6 .12:1 ,1 7+(
&$0(5$ 6<67(0$1' &$1%( ',5(&7/< &20387('
)520 ,76 /2&$7,21 ,1 7+( ,0$*(P q%7$,1,1* $
3$125$0$:,7+ 7+,6 3523(57< )520 7:2 3$57O
/< 29(5/$33,1* 76+(<( ,0$*(6 5(48,5(6 7+(
&$0(5$O/(16 &20%,1$7,21 72 %( &$/,%5$7('N
,P (P 7+( ,17(5,25 25,(17$7,21 ,6 72 %( .12:1P
v+,6 &$/,%5$7,21 $1' ,76 '(3(1'(1&< 21
:$9(/(1*7+ ,6 7+( 723,& 2) 7+,6 3$3(5P

PMQ o2%6)/53 7/2+

k1 7+( /$67 <($56 7+(5( ,6 $ *52:,1* ,17(5(67
,1 3$125$0,& ,0$*,1* $1' 3+272*5$00(7O
5,& 86( 2) 3$125$0,& ,0$*(5<P v+,6 ,6 5(9(&7O
(' ,1 7+( 68&&(66 2) kurtu :25.6+236 21
7+,6 723,&SP u(9(5$/ 3$3(56 +$9( %((1 38%O
/,6+(' 21 7+( &$/,%5$7,21 2) 3$125$0,& &$0O
(5$ 6<67(06 7+$7 0$.( 86( 2) $ 76+(<( /(16P
u20( $3352$&+(6 $5( %$6(' 21 7+( 86( 2)
675$,*+7 /,1( )($785(6 Jc0,5,r$5,$1Hi5@1
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optical axis

e)'M RY e)3(%9% 02/*%#4)/. G3#(%-!4)#HM

TRRWKN 0267/< $ 32,17 7(/' ,6 86(' 2) :+,&+
7+( Uf &225',1$7(6 2) 7+( 7$5*(76 $5( .12:1
Jm$11$/$ H d5$1'7 TRRVN u&+1(,'(5 H
u&+:$/%( TRRWN u&+:$/%( TRRWKP v+( &$/,O
%5$7,21 0(7+2' 35(6(17(' +(5( ,6 )8//< $8O
720$7(' ,1 7+( 6(16( 7+$7 ,7 '(7(&76 32,17 )($O
785(6 86,1* ,0$*( 352&(66,1* $1' $8720$7,O
&$//< 71'6 &255(6321',1* 32,176 %(7:((1
29(5/$33,1* ,0$*(6P u3$7,$/ &225',1$7(6 2)
7+( 7$5*(76 $5( 127 5(48,5('P h857+(5025(N
7+( &$/,%5$7,21 ,6 $8720$7(' :+,&+ ,6 7+(
0$,1 ,03529(0(17 72 7+( 352&('85( $6 '(O
6&5,%(' ,1 J9$1 '(1 j(89(/ (7 $/P TRRXKP
t(&(17/<N 620( ,19(67,*$7,216 ,172 7+(

(/,0,1$7,21 2) /$7(5$/ &+520$7,& $%(55$7,21
+$9( %((1 &21'8&7(' Jm$8)0$11 H n$'O
67>'7(5 TRRWN n8+0$11 TRRXN u&+:$/%(
H o$$6 TRRXKP v+(6( 678',(6 $,0 $7 ,0$*(
(1+$1&(0(17 25 3+272*5$00(75,& 0($685(O
0(17 35(&,6,21 ,03529(0(17P q1/< ,1
Ju&+:$/%( H o$$6 TRRXK &+520$7,& $%(5O
5$7,21 2) $ 76+(<( &$0(5$ 6<67(0 ,6 &21O
6,'(5('P k1 $// $3352$&+(6 $ &$/,%5$7,21 352O
&('85( ,6 $33/,(' 6(3$5$7(/< )25 ($&+ &2/285
%$1' ,167($' 2) 21/< 21( %$1'N 868$//<
*5((1P v+86N $ 6(7 2) &$/,%5$7,21 3$5$0(7(56
,6 '(7(50,1(' )25 ($&+ &2/285 %$1'P k1 7+,6
3$3(5 :( $33/< 7+( 6$0( $3352$&+ 86,1* 7+(
&$/,%5$7,21 0(7+2' '(9(/23(' ,1O+286(P

PMR o!0%2 #/.4%.4

k1 6(&7,21 T 7+( &$0(5$ 02'(/ $'237(' %<
e<&/2o(',$ ,6 35(6(17(' $6 :(// $6 7+( &$0O
(5$ &$/,%5$7,21 352&('85( '(9(/23(' ,1O
+286(P v+( 35(&,6,21 2) 7+( &$/,%5$7,21 ,6
'(021675$7(' :,7+ $1 (;$03/(P k1 6(&7,21
U 7+( 1$785( 2) &+520$7,& $%(55$7,21 ,6 (;O
3/$,1(' $1' +2: :( 86( 285 &$/,%5$7,21 352O
&('85( )25 '(7(50,1,1* /$7(5$/ &+520$7,& $%O
(55$7,21P c1 (;$03/( 6+2:6 ,76 /,0,7(' $3O
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,1 7+( ,0$*( 3/$1(P v+( ,19(56( 2) (48$7,21
JUK 5(35(6(176 7+( 67(3 72 $ 63$7,$/ ',5(&7,21
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s!2'%4 $%4%#4)/.

h25 '(7(&7,21 2) 32,17 )($785(6 6(9(5$/
0(7+2'6 (;,67 J9$1 x/,(7 (7 $/P S[ZZKP y(
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3,;(/ ,6 0$5.(' $6 $ &$1','$7( )25 $ 7$5*(7P
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%<21(N 817,/ 7+( /$5*(67 5(6,'8$/ '5236 %(/2:
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,1 7+( (;$03/( ,1 7+( 1(;7 6(&7,21N 7+,6 352O
&('85( :$6 127 68&&(66)8/ )25 7+( ,0$*(5<
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387(' %< 0($16 2) 0(',$1 25 &216(1686 %(O
7:((1 7+( 3,;(/6 352-(&7(' 2172 7+( 3/$1(6
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648$5(6 0$7&+,1* $1' %81'/( $'-8670(17P k)
7+( 9$/8( ,6 +,*+(5 25 /2:(5 '(3(1'6 ,1 7567

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



,167$1&( 21 6&(1( *(20(75< $1' *(20(75,&$/
48$/,7<B67$%,/,7< 2) 7+( &$0(5$N %87 ,1 6(&21'
,167$1&( $/62 21 /,*+7,1* &21',7,216N (7&P v+(
29(5$// 5($621,1* ,6 7+$7 ,7 ,6 J(;75(0(/<K 81O
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675$,17 (48$7,21 $5( 86(' $6 ,1387 '$7$ 6(7P
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7+( ,1&,'(1&( $1*/( ,6 5($/,6(' %< 180%(5,1*
7+( ,0$*(6P v+( '(7(&7(' /$6(5 /,1( (1'
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2) 7+( )5217 $1' 7+( 5($5 3/$1( $5( &211(&7('
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21( 0,187(P
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end points and circular

targets using sub pixel

operators

Image coordinates of
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Transformation to

object space

3D coordinates of the
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3D coordinates of the
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Intersection of vectors
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Calibration parameters
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Image coordinates of

circular targets
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Calculation of the 3D

parameters of the
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parameters
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32,17 21 7+( :$7(5 685)$&( &$1 %( (67,0$7('P
v+( 5(/$7,9( 35(&,6,21 J35(&,6,21 2) $ 0($6O
85(' /(9(/ &+$1*(K ,6 08&+ %(77(5N %(&$86(
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(5$/ 6<67(0 3$5$0(7(56 $5( &255(/$7('P
v+(5()25(N $ 0($685(0(17 $&&85$&< 2)
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287N 7+$7 7+( $&&85$&< ,6 127 &2167$17 29(5
7+( :+2/( 0($685,1* 5$1*(P h2508/$ JZK
6+2:6 7+$7 7+( ',67$1&( %(7:((1 7+( ,17(5O
6(&7,21 /,1( 21 7+(:$7(5 $1' 7+( 9(57,&$/ *5,'
,6 $ '(&,',1* 3$5$0(7(5 )25 7+(0($685(0(17
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/,48,' 685)$&(6P d87 /,0,7$7,216 2) 7+,6 62O
/87,21 :(5( 2%9,286/< $1' :,// 5(48,5( )85O
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72 %( 685,&,(17P g48$7,21 JSK 7+(1 5($'6\

7*AR 17*AS 6 *AJ;AN <AK3iJzN{K JWK

:,7+ /,1($5 75$16)(5 3$5$0(7(56 )25 256(7 7*AR
$1' 6&$/( 7*AS P

v+( 5$1*( 9$/8(6 2) 7+( /$6(5 6&$11(5 $5(
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5(*8/$5,7,(6 ,1 7+( :$// 7+,&.1(66P
v+( 0$7(5,$/ (;+,%,76 $ +202*(1(286 ,1O

'(; 2) 5()5$&7,21 7+$7 +$6 %((1 0$7&+(' 86O
,1* $1 $3352;,0$7( JVR \ XRK 0,;785( 2) */<O
&(52/ $1' :$7(5P f85,1* 7+( 0,;,1* $1'
0$7&+,1*N 7+( 5()5$&7,9( ,1'(; 2) 7+( 62O
/87,21 :$6 5(3($7('/< 0($685(' 86,1* $ d(/O
/,1*+$0 1 u7$1/(< g&/,36( VWAVS 5()5$&O
720(7(5N :+,&+ $//2:(' $3352$&+,1* 7+(
,'($/ 0,;785( $6<03727,&$//<P

QMQ e5,, 6/,5-% ),,5-).!4)/. &/2
0!24)#,%3 0(!3%

c6 75$&(5 3$57,&/(6 :( $''(' t+2'$0,1(
/$%(//(' 3$57,&/(6 :,7+ $ 120,1$/ 6,=( ',6O
75,%87,21 2) XV ]0. '[R. STZ]0P k7 :$6
1(&(66$5< 72 86( /$%(//(' 3$57,&/(6 72 ,1&5($6(
7+( 6,*1$/ 72 12,6( 5$7,2P w1)25781$7(/<N 7+(
6,/,&21( 0$7(5,$/ :$6 025( 23$48( 7+$1 ,7
6+28/' ,'($//< +$9( %((1P c/7+28*+ &(57$,1
23$48(1(66 ,6 '(6,5$%/(N 722 08&+ 6&$77(5
)520 7+( :$// ,1&5($6(6 7+( %$&.*5281' *5(<
9$/8( $1' $/62 %/2&.6 /,*+7 (63(&,$//< 72 5(O

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



e)'M PY o2/#%33%$ "!#+ 0,!.% #!,)"2!4)/. )-!'%
!3 3%%. "9 /.% #!-%2!M h. 4(% 3%#/.$ &2/- "/4L
4/- 2/7 /.% 2%#/'.):%3 4(% 3,)'(4,9 /0!15%
``` 0(!.4/- 7!,, G0!24)#,%3 7%2% 2%-/6%$HM

*,216 :+(5( ,7 +$6 72 3$66 08/7,3/( :$// 6(*O
0(176P v+( 3$57,&/( 3+$6( :$6 7+(5()25(
0($685(' 6(3$5$7(/< )520 7+( :$// $&48,6,O
7,21 '(6&5,%(' )857+(5 %(/2:P
v2 0($685( 7+( 3$57,&/( 3+$6(N :( 86('

$1 (;3$1'(' c5Ok21 /$6(5 %($0 $1' <(//2:
7/7(56 21 7+( &$0(5$6 72 %/2&. 7+( 6&$77(5('
/,*+7 JVZZ $1' WSV10:$9(/(1*7+KN )520 7+(
$1(85,60 :$//P c 6(3$5$7( &$0(5$ &$/,%5$O
7,21 :$6 2%7$,1(' )25 7+( 6(783 :,7+ 7/7(56
6,1&( ,7 :$6 1(&(66$5< 72 728&+ 7+( &$0(5$6
72 02817 7+( 0,55256P v+( &$0(5$ (;32685(
:$6 29(5 7+( (17,5( )5$0( $7 $ &$0(5$ )5$0(
5$7( 2) )e3TWRj=P

QMR r#!..).' ,!3%2 3(%%4 ),,5-).!4)/.
&/2 7!,,

q85 /$6(5 6+((7 ,6 2%7$,1(' %< (;3$1',1* $1
c5Ok21 /$6(5 %($0 2) $3352;,0$7(/< TPW00
',$0(7(5 86,1* $ &</,1'5,&$/ /(16P v+( 6+((7
7+,&.1(66 $7 7+( 2%6(59$7,21 92/80( $'-8676
72 $3352;,0$7(/< 'nu3S00 86,1* $ /21*
)2&$/ /(1*7+ &</,1'5,&$/ /(16P v+( /$6(5 %($0
5(9(&76 )520 527$7,1* SXO)$&( &</,1'5,&$/
0,5525 $1' $ 3$66(6 7+528*+ $ 63+(5,&$/ /(16
72 3$5$//(/,=( 7+( %($0P v+( 35,60 :$6
&/26(' /223 &21752//(' 86,1* p$7,21$/ k1O
67580(176 027,21 &21752/ +$5':$5(P v+(
+25,=217$//< 6&$11,1* %($0 12: (;3$1'6 72
$ 6+((7 86,1* $ )3ZPW00 )2&$/ /(1*7+ &<O
/,1'5,&$/ /(16 +$9,1* $ 0$;,080 /(1*7+
/3ZR00P v+( 6&$11,1* /$6(5 6+((7 7+(1 ,6
0,5525(' ',5(&7/< 72 7+( 5(*,21 2) ,17(5(67
68&+ 7+$7 7+( /,*+7 3$66(6 7+528*+ 7+( 02'(/
,1 7+( /($67 6(/) 2%6758&7,1* :$<N 3266,%/<
&203520,6,1* 7+( ,'($/ &$6( 2) 7+( 6&$1 ',O
5(&7,21 %(,1* $6 $/,*1(' 72 7+( &$0(5$ $;,6
$6 3266,%/( 72 0$;,0,=( '$7$ <,(/'P v+( :$//
'$7$ :$6 $&48,5(' +$9,1* 7+( 35,60 527$7,1*
$7 )xu3SSj=P e$0(5$ )5$0( 5$7( :$6 6(7
$7 )e3WRRj= $1' 6+877(5 6(7 72 S 06 72
2%7$,1 6723 $&7,21 ,0$*(6P

QMS b!-%2! 3%450 !.$ )-!'% 30,)44%2

y( 86( $ 6(7 2) )285 +,*+63((' &$0(5$6
Jo,&527521:,7+ 5(62/87,21 STZR. %< SRTV.
x ST ]0 648$5( 3,;(/6K :,7+ eO02817
)3TW00 )2&$/ /(1*7+ /(16(6 6(7 :,7+ 7:2
W00 63$&(56 $1' $7 )=SX 720$;,0,=( '(37+

2) 7(/'P c'',7,21$//< $ <(//2: 7/7(5 5('8&('
7+( ',5(&7 6&$77(5 2) 7+( /$6(5 /,*+7 $1' 3$66('
7+( t+2'$0,1( (0,77(' /,*+7 (66(17,$//< 81O
+,1'(5('P v+,6 $//2:(' $'',7,21$/ 6,*1$/ ,0O
3529(0(17 )25 7+( 98,' 3+$6( 75$&.,1*P v+(
&$0(5$6 $5( 6(7 72 9,(: $ &20021 5(*,21
2) ,17(5(67P

R c!4! !#15)3)4)/. !.$ 02/#%33).'

RMP b!-%2! #!,)"2!4)/.

v+( &$0(5$ &$/,%5$7,21 ,6 $&+,(9(' 86,1* $
67$1'$5' rkx 7$5*(7 326,7,21(' $7 7:2
.12:1 3/$1(6 6(3$5$7(' $3352;,0$7(/< $6
72 %25'(5 7+( )5217 $1' %$&. 2) 7+( 5(*,21
2) ,17(5(67 :,7+ 5(63(&7 72 7+( &$0(5$ $;,6P
v+( %$&. &$/,%5$7,21 ,0$*( :$6 7$.(1
7+528*+ 7+(ccc 3+$1720P v+,6 ,0$*( :$6
+,*+ 3$66 7/7(5('N $)7(5 :+,&+ ('*( $57()$&76
)520 7+( 3+$1720 :(5( 5(029('N :+(5($6
7+( )5217 &$/,%5$7,21 :$6 ,0$*(' ',5(&7/<P v2
*,9( $1 ,035(66,21 )25 7+( ,1'(;0$7&+ 48$/O
,7< :( 6+2: 7+( 25,*,1$/ %$&. &$/,%5$7,21
,0$*( ,1 h,*P SP
v2*(7+(5 :,7+ $ 7$5*(7 7/( 2) 7+( DD758(II

Uf &225',1$7(6N 7+,6 ,0$*( 7/( $//2:6 '(7(5O
0,1$7,21 2) 7+( ,11(5 $1' 287(5 &$0(5$ 3$O
5$0(7(56:,7+ 5(63(&7 72 $ &+26(1 &225',1$7(
6<67(0P v+( &$/,%5$7,21N 7+( 3$57,&/( 5(&2*O
1,7,21 $1' 7+( 67(5(26&23,& 0$7&+,1*
7+528*+ 7+(08/7,0(',$ *(20(75< ,6 '(7$,/('

QOXjMvMg/9%2 %4 !,MK r)-5,4!.%/53 RcLe,/7 e)%,$



e)'M QY e),-342)0 /& /.% 6/,5-% 3#!. 4(2/5'( 4(% !/24! !3 )-!'%$ "9 /.% #!-%2! 6)%7M s)-%
02/'2%33%3 &2/- ,%&4 4/ 2)'(4 !.$ &2/- 4/0 4/ "/44/-M s(% #!-%2! &2!-% 2!4% &2/- 4()3 %!2,)%2 )3
Q +g: !.$ )3 !#15)2%$ 7)4(). P?POO 3M

,1o$$6 JS[[TKP v+( &$/,%5$7,21 2) 7+( &$0O
(5$ 02'(/ $//2:(' ,'(17,7&$7,21 $1' 67(5(2O
0$7&+,1* 2) $%287 VRR 3$57,&/(6 3(5 6/,&(P
v+( 326,7,21,1* $&&85$&< ,6 $%287 WR ]0 ,1
7+( 1250$/ 72 $1' $%287 URR]0 3$5$//(/ 72
7+( &$0(5$ $;,6P v+( '(&5($6(' 5(62/87,21
$/21* 7+( 237,&$/ $;,6 &$1 %( (;3/$,1(' :,7+
7+( /$5*( :25.,1* ',67$1&( :+(1 ,0$*,1* $
5(/$7,9(/< /$5*( 5(*,21 2) ,17(5(67 86,1* 7+(
V :$< 63/,77(5 *(20(75< $1' $ TW00 )2&$/
/(1*7+ /(16P c 6+257(5 )2&$/ /(1*7+ /(16 0$<
$/62 +(/3 72 ,03529( 7+,6 &203520,6(P

RMQ b!-%2! 42)''%2

v+( &$0(5$ ,6 %(,1* 75,**(5(' ,1 DD5$1'20
5(6(7IIO02'( :+,&+ $//2:6 75,**(5,1* 72 7+(
527$7,1* 35,60 25 ($&+ 1(: 67$57 2) 7+( /$6(5
6&$1P q1 7+( 75,**(5N 7+( &$0(5$ 7,0(5 ,6 5(O
6(7 $)7(5 :+,&+ $ 6(7 180%(5 2) ,0$*(6 $5(

7$.(1 $7 $ 35(O352*5$00(' )5$0( 5$7(P k1
285 &$6( :( 2%7$,1(' TR ,0$*(6 $7 WRRj=
&$0(5$ )5$0( 5$7( 3(5 75,**(5P

RMR h-!'% 3%15%.#%

k1 urvx :( 86( $ /$6(5 6+((7 7+$7 6&$16 3(5O
3(1',&8/$5 72 ,76 3/$1(N :+(5($6 $ &$0(5$
5(3($7('/< 7$.(6 $ 5$3,' ,0$*( 6(48(1&(P v2
,//8675$7( 7+( 352&(66N :( +$9( $''(' $ 7/0O
675,3 ,0$*( 2) $ 92/80( 6&$1 7+528*+ 7+(
5(*,21 2) ,17(5(67
c6 $ 5(68/7 2) 7+( )$67 6(48(17,$/ ,0$*(

$&48,6,7,21 :( +$9( $1 2%6(59$7,21 92/80(
7+$7 ,6 *$7+(5(' :,7+ ,1&5($6,1* 7,0( 67$03N
(P *P 7+( )$5 3/$1(6 $5( 6&$11(' $)7(5 7+( 1($5
3/$1(6P h25 7+( 75$&.,1* $1' 3267O352&(66O
,1* ,7 ,6 '(6,5$%/( 72 +$9( $// '$7$ ,17(532O
/$7(' 72 $ 6,1*/( 7,0( 67$03 )25 ($&+ 92/80(
6&$1P v+( '(7$,/(' &2'( $'$37$7,216 )25

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



e)'M RY s/0?,%&4 15!24%2 /& 4(% )-!'%2 #()0 7)4(
490)#!, 2!7 $!4! G'2%9H !.$ 0%!2,L342).' #/.4/52
G2%$HM s(% '2%%. !22/7 )3 0!2!,,%, 4/ 4(% ,!3%2
,)'(4M a/4( 4(% ),,5-).!4)/. !.$ 4(% /"3%26!4)/.
0!4(3 !2% 0!24,9 /"3#52%$ "9 7!,, -!4%2)!,Z %3L
0%#)!,,9 ./4)#%!",% !3 $!2+ 2%')/. G4/0 2)'(4H
!.$ !3 %$'% !24%&!#4 4(2/5'( 4(% ,/7%2 3%'-%.4
G"/44/- 2)'(4HK 2%30%#4)6%,9M

e)'M SY h..%2 !.$ /54%2 352&!#% #/.4/523 /& 4(% !/24)# 7!,, #/-0),%$ &2/- QO 3,)#%3M b/,/523 ).$)#!4%3
yL#//2$).!4% G2%$ .%!2?",5% &!2H G5.)43 ). I--_HM

urvx 3267O352&(66,1* +$9( %((1 38%/,6+('
5(&(17/<j2<(5 (7 $/P JTRRWKP y( 75$&.(' 7+(
3$57,&/( '$7$ 6(48(1&( 86,1* $ &255(/$7,21
%$6(' $3352$&+ '(7$,/(' ,1 j2<(5 (7 $/P
JTRRXKP h25 12:N :( :,// )2&86 21 7+( ('*(

'(7(&7,21 $/*25,7+0 86(' 72 '(7(50,1( 7+(
:$// &225',1$7(6P h,*P U 6+2:6 $ 6,1*/( 6/,&(
2) 5$: '$7$ 2) 7+( 723B/()7 WSTT 3,;(/6N:+(5(
6((' 3$57,&/(6 $1' $257,& :$// $5( 9,6,%/( %(O
,1* ,//80,1$7(' %< $ 7+,1 6/,&(P v+( ('*( '(O
7(&7(' %< 7+( ,0$*( 35(O352&(66,1* ,6 $/62
+,*+/,*+7(' $6 5(' 32,17(' /,1(P y( &$1 6((
7+$7 7+( 2%6758&7,21 2) 7+( ,//80,1$7(' 5(O
*,21 %< '$5. :$// 0$7(5,$/ /($'6 72 )$/6(
('*(6N 9,6,%/( ,1 ('*( '(7(&7(' 7+( /2:(5 5,*+7
$57(5<P u,1&( 7+(6( )$/6( ('*(6 '2 127 *(1O
(5$//< 5(68/7 ,1 0$7&+(' ('*(6N 7+(< '2 127
6+2: 83 ,1 7+( 5(68/7P q1/< ('*(6 7+$7 +$9(
67(5(26&23,& 0$7&+(6 $5( '(7(50,1(' 5($/N
'$7$ 7+$7 '2(6 127 5(68/7 ,1 67(5(26&23,&
0$7&+(6 ,6 ',6&$5'('P
v+( 6&$11,1* /$6(5 6+((7 $''6 $1 $'',O

7,21$/ '<1$0,& 7+,&.1(66 72 7+( :,'7+ 2) 7+(
/$6(5 6+((7Py+(1 6&$11,1* 7+( 6+((7 3(53(1O
',&8/$5 72 ,76 3/$1(N 7+( ,//80,1$7(' 5(*,21
*52:6 /,1($5/< :,7+ 7,0(P v2 2%7$,1 $ 6+$53
&217285 ,7 ,6 7+(5()25( '(6,5$%/( 72 +$9( $
7+,1 67$7,& 6+((7 $1' $ 6+257 (;32685( 7,0(P
u,1&( 7+( 3$57,&/( 5(&2*1,7,21 5(48,5(6 7+(
6+877(5 72 %( 23(1 )25 7+( ,19(56( 2) 7+(
)5$0( 5$7(N :( &$1 21/< ,1&5($6( 7+( )5$0(
5$7( 72 0,1,0,=( 7+,6 '<1$0,& (5(&7P h25 7+(

QPPjMvMg/9%2 %4 !,MK r)-5,4!.%/53 RcLe,/7 e)%,$
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e)'M T!>&Y `8)!, u%,/#)49 02/&),% /6%2 4(% !24%29 #2/33 3%#4)/. !4 $)&&%2%.4 ).34!.#%3 ). 4)-%M c!3(%3
,).%3 2%3%-",% .%'!4)6% 6%,/#)4)%3M c!4! )3 ).4%20/,!4%$ 53).' PU 0(!3% ,/#+%$ 05,3%3 /6%2!,,M

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



685)$&( (;75$&7,21N 7+( ,0$*(6 :(5( 35(O352O
&(66(' 72 5(029( 7+( 3$57,&/(6 $1' 72 ,1O
&5($6( 7+( 6,*1$/ )520 7+( :$// 6&$77(5 86,1*
/2: 3$66 7/7(5,1* $1' *$00$ &255(&7,21P
v+( ('*( '(7(&7,21 $1' 6(*0(17$7,21 :$6
$&+,(9(' 86,1* 7+( n$%x,(: ,0$*( 352&(66O
,1* 722/%2;P

RMS r52&!#% %842!#4)/.

v+( 685)$&( (;75$&7,21 ,6 $&+,(9(' %< 352O
&(66,1* 7+( ('*( 6(*0(176 $6 675,1*6 2) 3$5O
7,&/(6P v+(5()25( :( *(1(5$7(' 71(/< ',6O
&5(7,=(' /,1(6 2) DD3$57,&/(6II $/21* $// ('*(
6(48(1&(6 72 )((' 72 7+( 3$57,&/( 5(&2*1,7,21
$1' 0$7&+,1* &2'(P y+(1 7+( /,1( ,6 ',6O
&5(7,=(' ,1 ,1&5(0(176 60$//(5 7+$1 7+( 72/O
(5$1&( 72 7+( (3,32/$5 /,1(N 7+( 67(5(26&23,&
0$7&+,1* $/*25,7+0 :,// 71' 620( &$1',O
'$7(6 $1' &+226(6 7+( 0$7&+ :,7+ 7+( /($67
(5525 ,1 (9(5< ,0$*( $6 /21* $6 $ &20021
('*( +$6 %((1 '(7(&7('P v+( $'',7,21$/ 12,6(
,1752'8&(' 72 7+( :$// &225',1$7( ,6 ',5(&7/<
5(/$7(' 72 7+( ',6&5(7,=$7,21 $1' 7+86 &$1 %(
5('8&(' 72 /(9(/6 &203$5$%/( :,7+ 5(*8/$5
3$57,&/( 5(&2*1,7,21 81&(57$,17,(6P h25 7+(
&855(17 $33/,&$7,21N 0(025< 25 352&(66,1*
7,0( 5(675$,176 +$9( 127 685)$&(' 86,1* 7+,6
$3352$&+P
h,*P V 6+2:6 7+( 5(&216758&7(' 92/80(

2%7$,1(' :,7+ 7+( '(6&5,%(' ('*( '(7(&7,21
',63/$<,1* 7+( 0$,1 $%'20,1$/ $257,&
%5$1&+(6 6833/<,1* .,'1(<6 $1' ',*(67,9(
75$&7P v+( %5$1&+ /($',1* 287 72 7+( %27720
5,*+7 (;+,%,76 '(&5($6(' 5(62/87,21 $1' 326O
6,%/< $57()$&76 '8( 72 7+(0(17,21(' 2%6758&O
7,21 ,1 7+( 2%6(59$7,21 3$7+P v+,6 2%6758&O
7,21 &$1 %( 5('8&(' %< 352&(66,1* $/62
81$0%,*8286 67(5(2 3$,56P v+,6 ,6 3266,%/(
21/< :+(1 7+( /2&$7,21 2) 7+( $5%,75$5,/< ,1O
&/,1(' 6&$11,1* 3/$1( ,6 02'(//(' &255(&7/<
,1 7,0(N 62 7+$7 7+( (3,32/$5 /,1(6 &$1 %( .(37
$6 6+257 $6 3266,%/(P v+,6 &$1 %( '21( ,1 $
6(&21' 67(3 $)7(5 352&(66,1* 7+( ,0$*(6 ,1
$ 7567 67(3 86,1* /,77/( 5(675,&7,21 21 7+(
/(1*7+ 2) 7+( (3,32/$5 /,1(6P v+( $5%,75$5<
,1&/,1$7,21 $1' 6&$11,1* ',5(&7,21 ,6 1(&(66O
$5< 72 $92,' 2%6758&7,21 2) 7+( ,//80,1$7,21
3$7+P v+,6 ,7(5$7,9( 6(&21' 67(3 ,6 127 <(7
,03/(0(17(' $1' 7+( 3$57,&/( &/28' 35(6O
(17(' ,1 h,*P V :$6 &203,/(' )520 75,3/(76

$1'48$'583/(76N (P *P &2002132,176 5(&2*O
1,=(' ,1 7+5(( $1' )285 &$0(5$6 6,08/7$O
1(286/<N 5(63(&7,9(/<P r266,%/< $/62 27+(5
7232/2*,&$/ )($785(6 68&+ $6 7+( *5(< 9$/8(
*5$',(17 :,// %( 1(('(' 72 6257 287 '28%/(7
0$7&+ $0%,*8,7,(6 )520 23326,7( 685)$&(6P

RMT e,/7 &)%,$ %842!#4)/.

v+( 38/6$7,1* 92: 7(/' ,1 7+( 2%6(59(' (;O
3(5,0(17 J6(( h,*P W$A)K +$6 $ /$5*( 9$5,O
$7,21 )520 $/0267 =(52 9(/2&,7< 72 $ 0$;,O
080 2) w3RPSW0B6 :+,&+ /($'6 72 $
t(<12/'6 180%(5 2)t(3VWR %$6(' 21 7+(
$257$ ',$0(7(5 f3RPRU0 $1' .,1(0$7,&
9,6&26,7< 2) 7+( :$7(5 */<(5&2/ 0,;785(
93SR.M0JB6P
r$57,&/( 75$&.,1* :$6 $&+,(9(' 86,1* 7+(

)285 7,0( )5$0( 75$&.,1* $/*25,7+0 '(O
6&5,%(' 35(9,286/<P y( :(5( $/62 86,1* $ <(/O
/2: 7/7(5 72 ,1&5($6( 7+( 6,*1$/ 72 12,6( 5$7,2
)25 7+( 3$57,&/(6N +2:(9(5 +$' 7528%/( 5(&2*O
1,=,1* 3$57,&/(6 ,1 7+( '$5.(5 5(*,216N :+,&+
,6 (63(&,$//< 758( $7 7+(i$866,$1 7$,/6 2) 7+(
/$6(5 6+((7 ,17(16,7<P e2175$5< 72 7+( ,0$*(
35(352&(66,1* )25 7+( :$// 685)$&(N 7+( 3$5O
7,&/( ,0$*(6 :(5( +,*+ 3$66 7/7(5('P

S b/.#,53)/.

y( $5( 35(6(17,1* $ +,*+/< 5(62/9(' 92:
7(/' :,7+,1 $ 5(3/,&$ 2) $1 $%'20,1$/ $257,&
$1(85<60 86,1* urvx )25 7+( ,//80,1$7,21
2) 7+( 75$&(5 3$57,&/(6 $1' 7+( 3+$1720:$//P
h520 $ 727$/ 2) SSWRR '(7(&7(' 3$57,&/(6 3(5
92/80( 6&$1N VRRR ,17(532/$7(' 75$-(&725,(6
5(0$,1(' $)7(5 75$&.,1* $1' 75$-(&725< ,17(5O
32/$7,21P v+( 6&$77(5(' /,*+7 )520 7+(
23$48(1(66 2) 7+( 3+$1720 :$// 0$7(5,$/
(;&(('6 %< )$5 7+( 6,*1$/ )520 7+( 3$57,&/(
,0$*(6P v+(5()25( :( 86(' 63(&75$/ 6(3$5O
$7,21 %(7:((1 7+( (;&,7$7,21 $7 WSV10 $1'
7+( 3$57,&/( t+2'$0,1( (0,66,21 86,1* $
<(//2: 7/7(5P v+( 02'(/ :$// :$6 025(
23$48( 7+$1 1(&(66$5< :+,&+ 5(68/7(' ,1 5(O
'8&(' '$7$ 48$/,7< $1' 1(&(66,7$7(' :25.O
$5281'6P v+( 3$57,&/( 5(&2*1,7,21 $1'
0$7&+,1* $/*25,7+0 $//2:6 (66(17,$//< $1 $5O
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