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:52/(-((((#)4(-M+4/L4F(#QR(+*G012(+8/40G8)(F4I40F4074(-0(8)4(*07*F408(
I.2+4( *0840+*8*4+>( $#QR( 4:*884F( 12-0G( 8)4( I)1+4B:187)*0G( F*/478*-0( -9(

  

 

! 
k 1 + 2

! 
k 2 ( *07/41+4+(O*8)(I.2+4(@(I-O4/( 8-( 8)4( 9*/+8(-/F4/( JM2.4( +P.1/4+?(

4=I4/*:40812(F181i(M2.4(+-2*F(2*04?(9*8+K(O)*24(O*8)(I.2+4(;(I-O4/(8-(8)4(
+47-0F( -/F4/( J/4F( F-8+?( 4=I4/*:40812( F181i( /4F( +-2*F( 2*04?( 9*8+K>( #)4(
241+8B+P.1/4+(9*88*0G(";(L12.4+(1/4(0-84F>(

(

H1B+*+( -( ( ( ( #"#QR( +48.I( .8*2*c4+( 8O-( *07*F408( 9+B21+4/( I.2+4+( 10F(
G404/184+(1(jk(+*G012(8-(F48478(8)4(L*M/18*-012(F501:*7+>(
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!"#$%&'()&*+( ((

#)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==! "#!$%&'>?(;<@A?(,,?(@BC(D(L (

E241+4(F-(0-8(1F,.+8(:1/G*0+(E241+4(F-(0-8(1F,.+8(:1/G*0+(

8/10+9-/:4F( 8-( 5*42F( 8)4( .0F4/25*0G( 2-OB9/4P.4075( 7-)4/408(
:-F.218*-0( :-F4+( *0( 7/5+812( 2188*74( J7127*84K( 10F( QBM-0F*0G(
048O-/\(JO184/(10F(1P.4-.+(42478/-2584(+-2.8*-0?(+44(M42-OK>(
( $0( 8)4( 0-02*041/( /4+I-0+4( 9.078*-0( -9( 7-0F40+4FBI)1+4(
+1:I24+?( M-8)( 42478/-0*7( 10F( 0.7241/( /4+I-0+4+( 7-08/*M.84?(
8)-.G)( 8)4( *0*8*12( 42478/-0*7( /4+I-0+4( J85I*71225( -0( 8)4( +.MB9+(
8*:4+7124K( *+(:.7)( 91+84/( 8)10( 8)4(0.7241/( /4+I-0+4( J9+( 8-( I+(
8*:4+7124K>( `471.+4( 7127*84( 1M+-/M+( *0( 8)4( ]<<( 0:( /4G*-0(
Jf@<g( 1M+-/I8*-0K?( +-:4( 42478/-0*7( 7-)4/4074( *+( 17)*4L4F?(
O)*7)(:15(M4(4L*074F(M5(8)4(f;_<(9+(F4715(8*:4(7-0+8108(O*8)(
1(+:122(O4*G)8(JS*G>(;1K(*094//*0G(8)4(9/44(*0F.78*-0(F4715(JS$UK(
-9( 8)4( 01+7408( 42478/-0*7( -+7*2218*0G( F*I-24+( *0( 8)4(:4F*.:>C_(
#-(4=I-+4(18-:*7(:-8*-0+?(O4(10125c4(#"#QR(+*G012(1984/(f_<(
9+(M5(9*88*0G(8)4(-L4/122( *0840+*85(F4715(8-(F-.M24(4=I-0408*12+(
JS*G>(;1K(10F(4=8/178*0G(8)4(/4+*F.12(-+7*2218-/5(7-:I-0408(JS*G>(
;MK>(#)4(F-:*0108(0-0B/4+-0108(F4715(8*:4(7-0+8108(*+(fC](9+?(
7-0+*+8408(O*8)(8)4(*07*F408(I.2+4(F./18*-0(-9(fCA(9+>(#)4(#QR(
+*G012( 7-08*0.4+( 8-( F/-I( 8-( 1( +:122?( 12:-+8( 7-0+8108( M.8(
0-0c4/-(M17\G/-.0F(1984/(f;(I+?(O)*7)(:1*025(1/*+4+(9/-:(8)4(
+71884/*0G( -9( #QR( +*G012( A+,2.%,.@3( G404/184F( 12-0G( 8)4( SE@(
F*/478*-0(J*>4>?(C  

 

! 
k 1 K?(O)*7)(F-4+(0-8(4=)*M*8(P.108.:(M418+( *0(

-./(F48478*-0(+7)4:4>(Z4(7-09*/:(8)*+(I-*08(M5(M2-7\*0G(SE@(
8)18(*+(M4*0G(7)-II4F(10F(8)*+(+*G012(M17\G/-.0F(F*:*0*+)4+>(
( S*G>( ;7( +)-O+( 8)4( 91+8( S-./*4/( 8/10+9-/:( JSS#K(-9( *0840+*85(
-+7*2218*-0+(8)18(F*+1II41/(O*8)*0(fb(I+?(/4L412*0G(1(0.:M4/(-9(
2188*74( L*M/18*-0+( *0( 7127*84>( U.4( 8-( 8)4( SE@( M10FO*F8)?( 8)/44(
2-OB9/4P.4075(:-F4+(M42-O(]<<( 7:B@( 1/4( *:I.2+*L425( 4=7*84F(

10F( 8)45( :187)( 8)4( 9/4P.407*4+( *0( 8)4( +810F1/F( "1:10(
+I478/.:(M.8(0-8( 8)4( /4218*L4( *0840+*85( /18*-+>(#)*+( *+(M471.+4(
8)4( 9*/+8( 21+4/( 4=7*818*-0( 7-)4/40825( F/*L4+( "1:10( 8/10+*8*-0+(
J+44( S*G>( 6C( 9-/( 8)4( I-O4/( F4I40F4074( F181( -9( L*M/18*-012(
P.108.:(M418*0G(1:I2*8.F4(*0('6$HK>C<?C@(jI-0(0-/:12*c*0G(8)4(
#"#QRBSS#( 10F( +810F1/F( +I-08104-.+( "1:10( +I478/1( 8-( 8)4(
;];(7:B@(I41\?(8)4(@AA(J^<CK(7:B@(:-F4(/48/*4L4F(9/-:(SS#(*+(
+8/-0G4/( JO41\4/K( 8)10( 8)4( 7-//4+I-0F*0G( "1:10( :-F4?(
/4+I478*L425?( 7-//4218*0G( O*8)( )*G)4/( J2-O4/K( *0840+*85( -9(
*07*F408( I)-8-0+( O*8)*0( 8)4( I.2+4F( 21+4/( M10FO*F8)( JS*G>( ;7(
*0+4/8K>( #)*+( 7-09*/:+( 8)4( *:I.2+*L4( 4=7*818*-0( 018./4( -9( 8)4(
-M+4/L4F(:-F.218*-0(:-F4+(J67)4:4(;K(9-/(#"#QR(F48478*-0?(
O)*7)(40)1074+(8)4(2-O4/B9/4P.4075(I)-0-0(:-F4+(8)18(I215(
1( 85I*71225( :-/4( *:I-/8108( /-24( *0( G-L4/0*0G( 8)4/:12( 404/G5(
8/10+I-/8(I/-I4/8*4+(-9(7-0F40+4FBI)1+4(9.078*-012(:184/*12+>(
( $0( 7-:I1/*+-0( 8-( +810F1/F( "1:10( I41\+( O*8)( &-/408c*10(
2*04+)1I4?( 8)4( SS#( +I478/.:( *0( S*G>( ;7( +)-O+( 8)18( 122( 8)4(
F-:*0108( I41\+( 710( M4( 9*884F( .+*0G( R1.++*10( I/-9*24+( O*8)(
+:122( 4//-/?;b?C_?C^( *0F*718*L4( -9( +8/-0G( *0)-:-G404-.+( 499478(
9/-:(8)-+4(8/10+*40825(G404/184F(-I8*712(I)-0-0(:-F4+(*0(8)4(
7127*84( +1:I24>( S-./( 721++4+( -9( 7/5+8122-G/1I)*7( F49478+( 7-.2F(
7-08/*M.84N( J@K( I-*08( F49478+( 2*\4( L171075( 10F( *084/+8*8*12(
F49478+?( J;K( 2*04( F49478+( *072.F*0G( F*+2-718*-0+?( JCK( I2101/(
F49478+( +.7)( 1+( G/1*0( M-.0F1/*4+?( 10F( JbK( M.2\( F49478+>Cb?C](
!0-8)4/( 7-08/*M.8*0G( 9178-/( 1/*+4+( 9/-:( 8)4( O15+( 8)4(
4=I4/*:408+(1/4(I4/9-/:4F>($0(+I-08104-.+("1:10(7-0F.784F(
O*8)( 1( 7-08*0.-.+BO1L4( J7OK( 21+4/?( +)1/I( L*M/18*-012( :-F4+(
O*8)-.8(I)1+4(/4218*-0+(-/(10)1/:-0*7(499478+(1/4(G404/184F>(
Q-O4L4/?( *0( #"#QR( +I478/-+7-I5?( 8)4( I/474F*0G( 9+BI.2+4(
+*:.28104-.+25( 4=7*84+( 122( 8)4( "1:10(:-F4+(O*8)*0( *8+( M/-1F(
+I478/12( M10FO*F8)( L*1( +8*:.2184F( "1:10( I/-74++4+>C<?C;?CW(
S-22-O*0G( 9+( I)-8-4=7*818*-0?( 8)4+4( 7-)4/408( L*M/18*-012(
:-8*-0+( *084/178(O*8)(-04(10-8)4/(F./*0G(+8/.78./12(4L-2.8*-0(
8)18( I/-L*F4+( L1/*-.+( 404/G5( F*++*I18*-0( I18)O15+( )4074( 8)4(
-M+4/L4F("1:10(I41\(*0)-:-G404*85>;b(
( #-(F*++478(8)4(84:I-/12(4L-2.8*-0(-9(I)-0-0+?(O4(I4/9-/:(
Y-/248(O1L4248(8/10+9-/:b<(-9(8)4(#QR(-+7*2218-/5(7-:I-0408>(
#)4( ;U( 9/4P.4075B8*:4( *0840+*85( 7-08-./( I2-8( *0( S*G>( ;F(
O*8)-.8( 105( 9*88*0G( 7241/25( +)-O+( 8)/44( F*+8*078?( 8/10+*408(
I)-0-0( :-F4+>( S./8)4/:-/4?( 8)4( I)-0-0( *0840+*85( +)-O+( 1(
:-F4BF4I40F408( /*+4( O*8)( 8)4( )*G)4/B9/4P.4075( :-F4(
F*+I215*0G( 8)4( 91+84+8( /*+4( 10F( F4715?( 7-0+*+8408( O*8)( 41/25B
8*:4( 404/G5( 8/10+94/( 8-O1/F( 2-O4/B9/4P.4075( I)-0-0+( L*1(
10)1/:-0*7( 7-.I2*0G( J+44( 1FF*8*-012( F*+7.++*-0( *0( '6$HK>b@(
R404/1225( +I41\*0G?( 8)4(-M+4/L4F(F4715( /184(F*994/4074( 7-.2F(
M4( 4++408*1225( 71.+4F(M5( L*M/18*-012(:-F4( /421=18*-0( *08-( 8)4(
M18)(:-F4+(7-0+*+8*0G(-9(:105(2-OB9/4P.4075(:-F4+>Cb?b;(#)4(
F40+*85(-9(8)4(M18)(:-F4+(*+()*G)4/(18()*G)(404/G5(+-(8)18(8)4(
)*G)B9/4P.4075(:-F4+()1L4(:-/4(L*M/18*-012(404/G5(/421=18*-0(
I18)O15+(10F(+)-/84/(2*948*:4+>(Q-O4L4/?(*0(8)4(*0*8*12(+84I+(8-(
7127.2184(I)-0-0(*0840+*85(18(1(74/81*0(9/4P.4075?(8)4(O1L4248(
M1+*+( *+(-025(I1/8*1225(-L4/21II4F(O*8)( 8)4( 81/G48( +*G012( *0( 8)4(
8*:4( F-:1*0?( :1\*0G( *8( F*99*7.28( 8-( I/47*+425( 4=8/178( 2*948*:4(
4+I47*1225(9-/(8)4(+)-/8B2*L4F(:-F4+(O*8)(M/-1F(2*04O*F8)(J4>G>?(
^<C(7:B@K>(V0(8)4(-8)4/()10F?(8)4()*G)4/B9/4P.4075(:-F4+(1/4(
85I*71225( /4+-2L4F( 91+84/( 041/( 8*:4( c4/-( *0(O1L4248( 8/10+9-/:(
J+44(S*G>(;FK(M471.+4(8)4*/(L*M/18*-012(I4/*-F+(1/4(+)-/84/(8)10(

(

(

:52/(K((((#"#QR(+I478/-+7-I5(-0(7127*84>(J1K(#)4(*0840+*85(F181(J/4F(+-2*F(
8/174K( +)-O( 7241/( 8*:4BF4I40F408( -+7*2218*-0+( O*8)*0( b( I+>( e-84( 8)18(
8)4(F-:*0108(#QR(+*G012(1/-.0F(8*:4(c4/-(*+(8/.07184F>(#)4(*07-)4/408(
F4715( *+( 9*884F(M*B4=I-0408*1225( JM217\( +-2*F( 7./L4K(O*8)(O4*G)84F( 8*:4(
7-0+8108+(0-84F(*0(8)4(*0+4/8>(JMK(#)4(4=8/1784F(-+7*2218-/5(7-:I-0408(
J/4F( 7*/724( 2*04K( O*8)( 8/*I24B+*04BO1L4( 9*88*0G( /4+.28+( JM2.4( 2*04K>( #)4(
*0+4/8(+)-O+(8)4(4021/G4F(I2-8(.I(8-(b<<(9+>(J7K(#)4(SS#(+I478/.:(J/4F(
+-2*F( 8/174K( *+( -L4/21*F( O*8)( 8)4( +810F1/F( "1:10( +I478/.:( -9( 7127*84(
7/5+812(JG/440(+-2*F(8/174K?(0-/:12*c4F(8-(8)4(;];(7:B@(I41\()4*G)8>(#)4(
*0+4/8(F4I*78+(8)4(M/-1FM10F(SE@(I.2+4(8)18(*:I.2+*L425(F/*L4+(7-)4/408(
I)-0-0(:-8*-0+>( JFK(#)4(O1L4248( 8/10+9-/:(7-08-./(I2-8(-9( 8)4( 8*:4B
/4+-2L4F( 9/4P.4075( 7-:I-0408+( 9/-:( 8)4( #QR( *0840+*85( P.108.:(
M418+>(#)4(+2*74+( 8)/-.G)(8)/44(I41\(I-+*8*-0+( J:1G4081(F1+)4F( 2*04+K(
1/4(0-/:12*c4F(10F(I2-884F(1G1*0+8(F4215(8*:4(10F(+)-O0(*0(8)4(*0+4/8>(
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( !"#$%&'()&*+(

M (D("#!$%&'>?(;<@A?(,,?(@BC( #)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==(

E241+4(F-(0-8(1F,.+8(:1/G*0+(E241+4(F-(0-8(1F,.+8(:1/G*0+(

8)-+4( -9( 8)4( 2-O4/B9/4P.4075(:-F4+>( #-( 9./8)4/( +.M+8108*184(
8)4( 2*948*:4( /48/*4L12( 9/-:( #"#QR( F181?( O4( M.*2F( -0( 8)4( SS#(
10125+*+( 10F( O1L4248( 8/10+9-/:( /4+.28+( 8)18( 7-09*/:( 8)4(
4=*+84074(-9(8)/44(7)1/1784/*+8*7(-I8*712(I)-0-0+(*0(7/5+8122*04(
7127*84?(10F(0.:4/*71225(9*8(8)4(7-)4/408(P.108.:(M418+(*0(S*G>(
;M(O*8)(8/*I24(F4715*0G(+*04(O1L4+?(

(((((((((((((((

 

S(t) = Aie
" t /# i sin($ it +%i)

i=1

3

& ((((((((((((((((((((((((((((((J;K(

O)4/4(

 

Ai ?( ?( ( 10F( ( /4I/4+408( 417)( L*M/18*-012( :-F4(
1:I2*8.F4?( 2*948*:4?( 9/4P.4075( 10F( I)1+4?( /4+I478*L425>( #)4(
4=8/1784F( :.28*I24( I)-0-0( 9/4P.4075( 10F( 2*948*:4( 9/-:( 8)*+(
241+8B+P.1/4+B9*88*0G( :48)-F( 710( M4( 177./18425( F484/:*04F(
O*8)(1(+810F1/F(F4L*18*-0(J+>F>K(4//-/(-9((lAg?(/4I/4+408*0G(10(
499478*L4(4=I4/*:40812(:48)-F(8-(F*++478(L*M/18*-012(F501:*7+(
O)40(1(0.:M4/(-9(2-OB9/4P.4075(:-F4+(7-08/*M.84(*0(810F4:(
8-(8)4(-M+4/L4F(P.108.:(M418+>(
( #)4( 9*88*0G( /4L412+( 8)18( 8)4( @AA?( ;];( 10F(^<C( 7:B@(:-F4+(
)1L4(8)4( 2*948*:4(-9(71>(@>_(I+?(@>C(I+(10F(;A<(9+?(/4+I478*L425(
JS*G>(6@( *0('6$HK>(Z)5( *+( 8)4(^<C(7:B@(:-F4(4I)4:4/12m(S/-:(
L*M/18*-012( 0-/:12( :-F4( 10125+*+?( 8)4( @AA( 7:B@( :-F4(
7-//4+I-0F+(8-(-.8B-9BI)1+4(8/10+218*-0(-9(8)4(71/M-0184(*-0+(
I1/12242( 8-( 8)4( J@@@K(I2104(-9( 8)4( /)-:M-)4F/12( 7422>( #)4(;];(
7:B@( :-F4( *+( 1++*G04F( 8-( 2*M/18*-0+( -9( 8)4( 71/M-0184( *-0+(
1/-.0F( 8)4( 8O-B9-2F( +5::48/5( 1=4+>( #)4( ^<C( 7:B@( :-F4( *+(
1++-7*184F( O*8)( 8)4( +5::48/*7( F49-/:18*-0( -9( I2101/( %VC(
.0*8+>@C?bC(#)4(8O-(2-O4/B9/4P.4075(:-F4+(*0L-2L4(8/10+218*-0+(
M48O440(%1;n(10F(%VC

;B(O*8)(0-(/4218*L4(18-:*7(:-8*-0(O*8)*0(
8)4(71/M-0184( *-0+>(Q-O4L4/?( *0( 8)4(^<C(7:B@(:-F4?( 8)4( 9-./(
18-:+( :-L4( *0( 8)4( 74084/( -9( :1++( +5+84:( -9( %VC

;B( 10F(

4=I4/*4074( :-/4( *084/012( o9/*78*-0+p( 8-( F1:I( 8)4( 7-)4/408(
I)-0-0(:-8*-0+?(241F*0G(8-(1(/4F.74F(2*948*:4>(Y-/4-L4/?(8)4(
I/-74++(M5(O)*7)()*G)B9/4P.4075(+8/-0G25(*084/178*0G(I)-0-0+(
F4715(*08-(2-OB9/4P.4075(O41\25( *084/178*0G(I)-0-0+(O*8)-.8(
M/41\*0G( 404/G5( 10F(:-:408.:( 7-0+4/L18*-0( *+( 1( +*G0*9*7108(
9178-/(+)-/840*0G(8)4(I)-0-0(2*948*:4(J+44('6$HK>b@(&1+825?(+*074(
1( I)-0-0( *+( 4++408*1225( 1( 8/1L422*0G( :47)10*712( O1L4( *0( 1(
:4F*.:?(L1/*-.+(I)-0-0+(/4+I-0F(8-(F49478+(*0(F*994/408(O15+(
F./*0G( I/-I1G18*-0>C]( &-OB9/4P.4075( -I8*712( I)-0-0+( O*8)(
2-0G(O1L4240G8)+( )1L4( )*G)( 8-24/1074( 9-/( 8)4( +*c4( -9( F49478+(
F.4( 8-( 8)4*/( +8/-0G4/( F*99/178*-0( 1M*2*85>( $0( 7-08/1+8?( )*G)B
9/4P.4075(:-F4+(1/4(:-/4(L.204/1M24(8-(2-712(F49478+(M471.+4(
8)45(1/4(:-/4(2*\425(8-(M4(+71884/4F(10F(F1:I4F>(
( V04( :1,-/( 1FL1081G4( -9( #"#QR( *+( 8)4( 42.7*F18*-0( -9(
8/10+*408(I)-0-0(F501:*7+>(#5I*71225?(8)4(2*948*:4(-9(1(I)-0-0(
:-F4(710(M4(4+8*:184F( 9/-:( *8+( +I478/12(O*F8)( J9.22BO*F8)B18B
)129B:1=*:.:(-/(9O):?( K(.+*0G(404/G5B8*:4(.074/81*085?(

((((((((((((((((((((((

 

"#$ % = 12&c (((((((((((((((((((((((((((((((((((((((((((((((((((((((((JCK(
O*8)( 8)4( L12.4( -9( 1M-.8( A>C( I+q7:B@( 9-/( 8)4( JL*M/18*-012(
I-I.218*-0( /421=18*-0K( 2*948*:4BF-:*0184F( +I478/12( 2*04(
M/-1F40*0G(:47)10*+:>C;?b@?bb?bA( `4+*F4+( *0+8/.:40812( 9178-/+?(
8)*+( :48)-F( 04G2478+( -8)4/( 9178-/+( +.7)( 1+( 7/5+8122-G/1I)*7(
F49478+( 10F( 10)1/:-0*7( 499478+( 8)18( *092.4074( I41\( O*F8)?(
O)*7)(710(M4(177-.084F(9-/(M5(1(+712*0G(9178-/>(e-81M25?(#"#QR(
401M24+(F48478*-0(-9(7-)4/408(I)-0-0(F501:*7+(+81/8*0G(9/-:(
8*:4( c4/-( -9( I)-8-4=7*818*-0?( 10F( 8)4( :-F4BF4I40F408(
2*948*:4( :41+./4:408>( #)4( -M+4/L4F( 9O):( 10F( 2*948*:4( -9(
8)/44(F-:*0108( I)-0-0(:-F4+( 18( @AA?( ;];?( ^<C( 7:B@( 1/4( 71>(
@W?( ;<?( ;A( 7:B@( 10F( @>_( I+?( @>C( I+?( ;A<( 9+?( /4+I478*L425( J+44(
1M-L4K>(#)4(I/-F.78(-9(9O):(10F(2*948*:4(F4L*184+(9/-:(@(J+44(
4P0( JCKK?( 7-09*/:*0G( 8)18( -8)4/(M/-1F40*0G( 9178-/+( 7-08/*M.84(
8-( 8)4( I41\( O*F8)>b_( Y-/4-L4/?( O*8)( 10( 1FF*8*-012( ]<<( 0:(
I.2+4?( ;U( #"#QR( )1+( M440( /4740825( F4:-0+8/184F( *0( -./( 21M(
8)18( :15( I/-L*F4( 1( 7-:I178( 1284/018*L4( +48.I( 9-/( ;U( jk(
+I478/-+7-I5?C_?b^(10F(O*22(M4(/4I-/84F(*0(1(9.8./4(I.M2*718*-0>(
( #)4( +.774++( -9( #"#QR( 8-( /4L412( +-2*FB+8184( I)-0-0(
F501:*7+(:-8*L184+(.+(8-(4=I2-/4(:-/4(I-8408*12(1II2*718*-0+(
-9(8)*+(847)0*P.4>(Y-247.21/(L*M/18*-0+(*0(2*P.*F+(1/4(7/.7*12( *0(
7)4:*712( /4178*-0+>b]( E1/8*7.21/25?( 2-OB9/4P.4075( +\424812(
:-8*-0+( I215( 1( \45( /-24( *0( 4=7*84FB+8184( I/-8-0( 8/10+94/>bWBA;(
Q-O4L4/?( 2*P.*F+(1/4( *08/*0+*71225(F*+-/F4/4F(10F(:-247.24+( *0(
2*P.*F+( 710( :-L4( -0( .28/191+8( 8*:4+7124+>( &-OB9/4P.4075(
L*M/18*-0+?(4+I47*1225(8)-+4(/42184F(8-(*084/:-247.21/(9-/74+( *0(
2*P.*F+?(1/4(8).+(7)12240G*0G(8-(71I8./4>(%10(O4(+8.F5(8)4(2-OB
9/4P.4075( L*M/18*-012(F501:*7+( *0( +-2.8*-0(M5( *07-/I-/18*0G(1(
)-:4BM.*28(92-O*0G(2*P.*F(+1:I24(,48(8-(8)4(#"#QR(+48.Im(#)4(
\45(*+(8-(17)*4L4(8)4(+I478/12(10F(84:I-/12(/4+-2.8*-0+(044F4F(
8-(42.7*F184(8)4(7-09-/:18*-012(:-8*-0+(-9(+-2L408(10F(+-2.84(
:-247.24+>(Z4(+81/8(O*8)(I./4(O184/?(8)4(-:0*I/4+408(+-2L408(
10F(12+-( 8)4(o:18/*=(-9( 2*94p>(#)4(#"#QR(F181( JS*G>(C1K(7241/25(
F*+I215( *0840+*85( P.108.:(M418+(O*8)*0( @(I+?(O)*7)( *+( +)-/84/(
8)10( 8)4(7127*84(F48478*-0( 8*:4(O*0F-O(JS*G>(;1K>(#)4(F-.M24B
+*04BO1L4( 9*88*0G( *0( S*G>( CM( 1984/( +.M8/178*0G( 8)4( *07-)4/408(
#QR( +*G012( 4=I-0408*12( F4715( 7-:I-0408( /4L412+( 1(F-:*0108(
:-F.218*-0(:-F4(18(fC]A(7:B@(O*8)(1( 2*948*:4(-9(__r](9+(J+44(
/4I/-F.7*M*2*85( *0(S*G>(6;(*0('6$HK>(Z4(1++*G0(8)*+("1:10(:-F4(

(

(

:52/(L((((#"#QR(+I478/1(-9(O184/(10F(b(Y(a0%2;(1P.4-.+(+-2.8*-0>(J1K(#)4(
/1O(F181(-9(Q;V(J/4FK(10F(8)4(+*0G24B4=I-0408*12(9*8(JM2.4K(8)18(*+(:1*025(
/42184F( 8-( 8)4( 1.8-7-//4218*-0( I/-9*24( -9( 8)4( *07*F408( I.2+4+>( JMK( #)4(
+.MBI+( 7-)4/408( -+7*2218-/5( 7-:I-0408( 9/-:( J1K( *0( /4F( +-2*F( 8/174( *+(
0.:4/*71225( 9*884F( M5( 1( +.:( -9( F4715*0G( +*04( O1L4+( *0( M2.4( F1+)4F(
8/174>( J7K( #)4( /1O( F181( -9( b(Y( a0%2;( 1P.4-.+( +-2.8*-0( J/4FK( 10F( 8)4(
+*0G24B4=I-0408*12( 9*8( JM2.4K>( 6*:*21/( 8-( J1K?( 8)4( 1+84/*+\( F40-84+( 10(
10-:125( 18( f^C<( 9+( 8)18( :15( 1/*+4( 9/-:( 1( 9/-08BM17\B+./9174( F-.M24(
/492478*-0(-9(8)4(92-O*0G(2*P.*F(9*2:(O*8)(1(8)*7\04++(-9(f@<<(µ:>(JFK(#)4(
7-)4/408( -+7*2218-/5( 7-:I-0408( 9/-:( J7K( *0( /4F( +-2*F( 8/174( *+(
0.:4/*71225(9*884F(M5(1(F4715*0G(+*04(O1L4(*0(M2.4(F1+)4F(8/174>(
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!"#$%&'()&*+( ((

#)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==! "#!$%&'>?(;<@A?(,,?(@BC(D(N (

E241+4(F-(0-8(1F,.+8(:1/G*0+(E241+4(F-(0-8(1F,.+8(:1/G*0+(

8-( 10( *084/:-247.21/( L*M/18*-0( O*8)*0( 8)4( O184/( 2*M/18*-012(
M10FACBAA( 8)18( +*G0*9*710825( :-F.2184+( 8)4( 7.M*7( 0-02*041/(
42478/*7(+.+74I8*M*2*85(!JCK(-9(8)4(:4F*.:(J+44(4P0(J@KK>Cb?A_(#)4(
M/-1F( I41\( 18( f@_<( 7:B@( O*8)( 1( 2*948*:4( -9( @C<r@A( 9+( 2*\425(
7-0+*+8+(-9( 8)4(QBM-0F(VsQqqqV( +8/487)*0G(:-F4(18(f@]<(7:B@(
*0(O184/?A^(O)*7)(*+(1(8/10+218*-012(:-8*-0(8)18(/474*L4+(:.7)(
24++(404/G5(8)10(/-818*-012(F4G/44+(-9(9/44F-:(-0(8)4(+.MB@<<(
9+( 8*:4+7124A]( 10F( 4=4/8+( 24++( *092.4074( -0( 8)4( 01+7408( #QR(
+*G012( J+44(/4218*L4(O4*G)8(-9( 8)4( 9*884F(7-:I-0408+( 9-22-O*0G(
S*G>(6;( *0('6$HK>(#)4+4(/4+.28+(M1+4F(-0(-./(04O(4=I4/*:40812(
F181(F4:-0+8/184( 8)4( /4+-2L*0G(I-O4/(-9( #"#QR( *0( 71I8./*0G(
4P.*2*M/*.:( +\424812(:-8*-0+(-9( 2*P.*F( +1:I24+( +.7)( 1+(O184/>(
$0( 7-:I1/*+-0( 8-( 84/1)4/8c( J#QcK( +I478/-+7-I5( 8)18( *+( 1(
I-O4/9.2( 847)0*P.4( +8.F5*0G( 2-OB9/4P.4075( :-F4+( *0(
:-247.21/(+5+84:+?@@?@;?AW?_<(#"#QR()1+(1(+*:I24/(-I8*712(+48.I(
J4>G>?( 0-( 0-02*041/( 7/5+812( 9-/( #Qc( I.2+4( G404/18*-0K?( )*G)4/(
8*:4(/4+-2.8*-0(J4>G>?(4=I-+*0G(:.28*I24(:-F4(2*948*:4+(-0(8)4(
9+( 8*:4+7124K?( 10F( +I47*9*7*85( *0( -M+4/L*0G( :*7/-+7-I*7(
:-247.21/( F501:*7+( 7-//4+I-0F*0G( 8-( 8)4( )*G)4/B9/4P.4075(
J85I*71225( t@<<( 7:B@K( I/-74++4+( *0( F*42478/*7( +I478/.:( *0( 8)4(
#Qc(F-:1*0>_@(#-(9./8)4/(7-09*/:(8)4(-M+4/L4F(2-OB9/4P.4075(
"1:10B178*L4( :-F4+( M42-O( A<<( 7:B@?( O4( .+4( -./( 04O25(
F4L42-I4F( 8.01M24( S6"6( +48.I( *0( 8)4( +1:4( 21M-/18-/5( 8-(
:41+./4( 8)4( G/-.0FB+8184( "1:10(:-F4+( -9( I./4( O184/( J+44(
'=I4/*:40812( 6478*-0K>( #)4( 7-:I1/*+-0( M48O440( 8)4( SS#(
+I478/.:(-9(#"#QR(-+7*2218-/5(F181(10F(8)4(S6"6(+I478/.:;b?_;(
*0(S*G>(b1(7241/25(7-//-M-/184+(8)4(1++*G0:408(-9(8)4(8O-(M/-1F(
I41\+(8-(8)4(/4I-/84F(QBM-0F(+8/487)*0G(10F(2*M/18*-012(:-F4+(
*0(O184/>@^?A^?A](
( #-( -L4/7-:4( +*G012B8-B0-*+4( *++.4+( 10F( +.M+8108*184( 8)4(
#"#QR( 71I1M*2*85( 8-( /4L412( +-2.8*-0( oI)-0-0p( :-F4+?( O4(
7-08*0.4( 8-( +8.F5( 2-OB9/4P.4075( L*M/18*-0+( O*8)( G/4184/(
I-21/*c1M*2*85( 10F( 2-0G4/( 2*948*:4>( #/10+*8*-0(:4812( 7-:I24=4+(
85I*71225( )1L4( 21/G4( 42478/-0*7( I-21/*c1M*2*85( F.4( 8-(-II-+*8425(
7)1/G4F( :4812( 74084/( 10F( 2*G10F+>( S*G>( C7( +)-O+( 8)4( #"#QR(
F181(-0(b(Y(a0%2;(1P.4-.+(+-2.8*-0(O*8)(I/-0-.074F(P.108.:(
M418+( JS*G>( CFK( O)*7)( /4I/4+408( 1( 04O( 71+4( +8.F5( 9-/( 2-OB
9/4P.4075( L*M/18*-012( :-8*-0+( -9( 42478/-2584+( F*++-2L4F( *0(
O184/>( #)4( .0F4/25*0G( L*M/18*-012(:-F4( 9/-:( 9*88*0G( J+44( 4P0(
J;K(M.8(O*8)(1(+*0G24(F4715*0G(+*04(O1L4K(*+(18(f;]A(7:B@(Jf;]<(
7:B@(*0(8)4(SS#(+I478/.:?(S*G>(bMK(O*8)(1(2*948*:4(-9(C^<r;A(9+>(
#)*+(:-F4(*+(1(7)1/1784/*+8*7(+5::48/*7(+8/487)*0G(M10F(J#@1@G?(
5b)(I-*08(G/-.IK(-9(a0%2bJQ;VK;

;B(7-:I24=(*0(b(Y(a0%2;(1P.4-.+(

+-2.8*-0?( +.II-/84F( M5( M-8)( 4=I4/*:40812( 10F( 8)4-/48*712(
/4I-/8+>_CB_A( #)*+( /4+.28( 12+-( 0*7425( :187)4+( -./( G/-.0FB+8184(
S6"6(+I478/.:(8)18(+)-O+(1(F-:*0108(;]<(7:B@(I41\(JS*G>(bMK>(
#)4( *07/41+4( -9( -M+4/L4F( L*M/18*-012( :-F4( 2*948*:4( *0(
7-:I1/*+-0( 8-( I./4( O184/( Jf@<<( 9+K( 1+( O422( 1+( 01//-O4/(
2*04O*F8)(*0(S*G>(bM(L4/+.+(b1(J+44(4P0(JCKK(+.GG4+8+(8)18(:-/4(
+8/.78./12( -/F4/( *+( 4+81M2*+)4F( *0( 8)4( a0%2;( 1P.4-.+( +-2.8*-0?(
I1/8*7.21/25( *0( 8)4( 9*/+8( +-2L18*-0( +)422( -9( 8)4( F-:*0108(
a0%2bJQ;VK;

;B( 7-:I24=( J*>4>?( 8)4( a0;n( *-0( 7--/F*0184+( 9-./( %2B(
*-0+(*0(1(+*0G24(I2104(10F(8O-(Q;V(:-247.24+(1M-L4(10F(M42-O(
8)4(I2104?(/4+I478*L425K>(Z4(4=I478(8-(.+4(#"#QR(+I478/-+7-I5(
8-( +8.F5( -8)4/( 1P.4-.+( 42478/-2584+( 10F( M407):1/\( 8)4(
+8/.78./12( F501:*7+( M1+*+( 9-/( 7--/F*018*-0( 7)4:*+8/5( *0( 1( QB
M-0F*0G(048O-/\(-0(8)4(*08/*0+*7(:-247.21/(8*:4+7124>(

4OI+$5*+%7&'(
`/*4925?( 10( 9+( #*N+1II)*/4( 21+4/( /4G404/18*L4( 1:I2*9*4/( J&4G40F(
'2*84Bj6E?(%-)4/408K(+44F4F(M5(10(-+7*2218-/(JY108*+?(%-)4/408?(
$07>K( I/-L*F4+( 9.0F1:40812( I.2+4+( JSE+K( O*8)( CA( 9+( I.2+4(
F./18*-0?(]<<(0:(74084/(O1L4240G8)(18(@(\Qc(/4I48*8*-0(/184>(!(
I-/8*-0( -9( 8)4( 6OI-21/*c4F( SE( *+( F*L*F4F( M5( 1( M41:+I2*884/(
JA<"XA<#K( *08-( 8O-( 1/:+( O*8)( fA<( uvXI.2+4( 404/G5( 417)?(
18840.184F(M5(10(*/*+(10F(1(L1/*1M24(04.8/12(F40+*85(9*284/>(`-8)(
1/:+(JSE@(10F(SE;( *0(67)4:4(@K(1/4(+48(8-(_(uv(I.2+4(404/G5>(
#)4( 8O-( 0-07-22*041/( SE+( 1/4( +I18*1225( -L4/21II4F( *0( 1(
R1.++*10(+I-8(-0(8)4(@B::B8)*7\(7127*84(7/5+812(I2184(.+*0G(10(
7w@<( 7:( !GB7-184F( 7-071L4( :*//-/?( O*8)( M41:( F*1:484/+( -9(
f<>;(::(18(8)4(9-7*(10F(f_x(7/-++*0G(10G24>(#)4(7127*84(7/5+812(
*+(/-8184F(8-(17)*4L4(:1=*:12(jk(+*G012(G404/18*-0(18(8)4(#QR(
#5I4B$( I)1+4B:187)*0G( 10G24>__( $0( /412*85?( 8)4( 10G24( 8.0*0G( -9(
7/5+812(-/*40818*-0(*+(I4/9-/:4F(8-(:*0*:*c4("\?(O)*7)(/417)4+(
c4/-(9-/(I4/9478(I)1+4(:187)*0G(*0(8)4(7-22*041/(+48.I(JO)4/4*0(
8)4(O1L4L478-/( +7121/( \B!D( w(,B!D!XA?(,B!D( *+( 8)4( 9/4P.4075B
F4I40F408( /49/178*L4( *0F4=?(!( *+( 10G.21/( 9/4P.4075?( 10F( A( *+(
L17..:(2*G)8(L42-7*85K>(e-81M25?(8)4(#QR(+*G012(O1L4240G8)(O4(
F48478( *0( M48O440( 8)4( 8O-( *07*F408( 21+4/( M41:+( J67)4:4( @K(
F*994/+( 9/-:( 8)18( 4:*884F( 7-22*041/25(O*8)( 8)4( *07*F408( M41:+(
J*>4>?( C  

 

! 
k 1-/( C  

 

! 
k 2K( *0( 177-/F1074(O*8)( 8)4( 178.12( JG4-:48/*712K(

I)1+4B:187)*0G(7-0F*8*-0+>;;(Y-/4-L4/?(M471.+4(M.2\(O184/(*+(
0-8( M*/49/*0G408( :184/*12( 2*\4( 7127*84( 7/5+812?( 8)4( I)1+4(
:*+:187)( *+( 21/G4/( 10F( 8)4( -M+4/L4F( #QR( +*G012( +8/40G8)( *+(
:.7)(O41\4/(*0(8)*0(O184/(9*2:(8)10(8)18(*0(7/5+8122*04(7127*84>(
( !( )*G)B/4+-2.8*-0( :-8-/*c4F( F4215( +81G4( J<^'!6A<b?( %k$(
Y4224+(R/*-8K(7-08/-2+(8)4(8*:4(F4215(M48O440(8)4(8O-(*07*F408(
I.2+4+>( SE@( *+( 7)-II4F( 18( A<<( Qc( M5( 1( I)1+4B2-7\4F( -I8*712(
7)-II4/( JCA<@?( e4OI-/8K>( #-( *07/41+4( 8)4( 7-)4/408( I)-0-0(
G404/18*-0(499*7*4075(10F(:*0*:*c4(8)4(SEB#QR(+71884/*0G?(O4(
:-0*8-/( 8)4( #QR( +*G012( 1984/( 1( jkBM10FI1++( 9*284/( JSRjk@@?(
#)-/21M+K( -0( 8)4( .07)-II4F( SE;( M41:( +*F4( J+44( 67)4:4( @K(
10F(6*(I)-8-F*-F4(F48478-/>;C(#)4(I)1+4B:187)*0G(7-0F*8*-0(-9(
8)4(/4+.28108(#QR(+*G012(*+(  

 

! 
k 1 + 2

! 
k 2 ?(10F(*8+(*0840+*85(*+(F484784F(

O*8)( 1( +84I( +*c4( -9( f_>_^( 9+( 8)/-.G)( 1( 2-7\B*0( 1:I2*9*4/(
+507)/-0*c4F( 8-( 8)4( I)1+4B+81M24( -I8*712( 7)-II4/>( !22( 8)4(
4=I4/*:40812(F181(1/4(7-224784F(18(1:M*408(I/4++./4(10F(/--:(
84:I4/18./4(-9(;;(x%>(

(

:52/( M( ( ( ( %-:I1/*+-0( M48O440( 8)4( SS#( +I478/.:( J/4FK( -9( 8)4( #"#QR(
*0840+*85( P.108.:( M418+( +)-O0( *0( S*G>( C( 10F( 8)4( G/-.0FB+8184(
94:8-+47-0F( +8*:.2184F( "1:10( +I478/-+7-I5( JS6"6K( +I478/.:( JM2.4?(
O*8)(A]<(0:("1:10(I.:IK(M42-O(A<<(7:B@(-9(I./4(O184/(J1K(10F(b(Y(
a0%2;(1P.4-.+(+-2.8*-0(JMK?(/4+I478*L425>(
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( !"#$%&'()&*+(

P (D("#!$%&'>?(;<@A?(,,?(@BC( #)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==(

E241+4(F-(0-8(1F,.+8(:1/G*0+(E241+4(F-(0-8(1F,.+8(:1/G*0+(

( $0(8)4(2*P.*F(+1:I24(,48?(2*P.*F(*+(I.:I4F(8-(.II4/(/4+4/L-*/(
M5( 1( I4/*+8128*7( I.:I( 9/-:( 8)4( M-88-:( /4+4/L-*/>( #)4( .II4/(
/4+4/L-*/(*+(-I40(8-(1*/(10F()1+(1(M5I1++(8-(:1*081*0(7-0+8108(
2*P.*F(I/4++./4>(U/*L40(M5(G/1L*85?(2*P.*F(+1:I24(92-O+(9/-:(8)4(
.II4/(/4+4/L-*/(10F(9-/:+(1(8)*0(9*2:(M48O440(8O-(I1/12242(#*(
O*/4+(O)40(*8(4=*8+(8)4(,48(L4/8*71225>(!984/(8)4(+1:I24(7187)4/?(
2*P.*F( +1:I24( *+( /475724F( 9/-:( 8)4( M-88-:( /4+4/L-*/( 10F(
I.:I4F( .IO1/F>( S-/( 94:8-+47-0F( "1:10( :41+./4:408+?( 1(
04O25( F4L42-I4F(O1L4240G8)( 8.01M24( S6"6( +48.I_;( *+( .+4F( 8-(
G404/184(8)4("1:10(I.:I(I.2+4(18(A]<(0:?(f;(I+?(](:Z?(10F(
1(:.7)(O41\4/(9+(M/-1FM10F(I/-M4(I.2+4(8-(8)4(/4F(+*F4(-9(8)4(
"1:10(I.:I>(#)4(:.7)()*G)4/(I.2+4F(21+4/(I41\(F40+*85?(8)4(
+8*:.2184F(018./4(-9("1:10(+71884/*0G?(10F( 8)4(499*7*408(F181(
1L4/1G*0G( 18( f;(:+X+I478/.:( J*>4>?( %%U( 71:4/1( +507)/-0*c4F(
O*8)( 8)4( @( \Qc( 21+4/( /4I48*8*-0( /184( 10F( 8)4( -I8*712( 7)-II4/(
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