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!"#$%& $'& ()#(*(+(,(-#$.(*& /(#.(+,0#(1#23& /03#(,(4$5& +(& +67*8& )1$/70/)9&

/7#"0%& :6*$#47& ;0#4%<67& =>??>->@ABC& $& DE/6$#& F,("-0//& =>?@?-1979). G060"&

(.(#17#$0%&H.(,2I& *(& *60%9& 6(-"0)/*0#).$3& .7#$.8,& >@>J& 4("7I& DE/6$#& 817)/*(*7,7& *&

E.).86)$$& +(& $)),0"(*7/0,K).(%8& L0#/68& .(%+7#$$& General Electric (GECI& 4"0& 00& (/0L&

.(4"7-/(& 67M(/7,& #717,K#$.(%& +7/0#/#(4(& (/"0,7N& O7%& +6($'(H,(& 00& '#7.(%)/*(& )&

:6*$#4(%&;0#4%<6(%I&67M(/7*H$%&3$%$.(%&*&/(%&L0#/60N&P+8)/9&+768&,0/&DE/6$#&M2,7&

#7#9/7&;0#4%<6(% *&.710)/*0&)*(04(&7))$)/0#/7I&)/7*&+06*(5&-0#Q$#(5-$)),0"(*7/0,0%I&

#7#9/(5& #7& 67M(/8& *& GE. G06*20& #0).(,K.(& ,0/& M2,$& +()*9Q0#2& 67M(/7%& +(&

)(*06H0#)/*(*7#$<&,7%+&#7.7,$*7#$9N&R&>@SJ&4("8I&+6(67M(/7*&"*7&4("7&*&D7*0#H$").(5&

,7M(67/(6$$&+("&68.(*(")/*(%&,78607/7&T(M0,0*).(5&+60%$$&+(&3$%$$&>@U?&)E67&V6#)/7&

W0'06X(6"7I&DE/6$#&8-0&)(&)/0+0#K<&"(./(67&#78.&'7#9,7)K&*%0)/0&)&;E#4%<6(%&3$%$05&

/(#.$3&+,0#(.N&R)0&#71$#7,()K&)&$)),0"(*7#$9 X$'$.$&%2,K#23&+8'2605N&D7.&$'*0)/#(I&

+(*063#()/K& %2,K#(4(& +8'269& +060,$*70/)9& 67'#2%$& L*0/7%$I& 7& E/(& ('#7170/I& 1/(&

/(,Q$#7& 04(& )/0#.$& "(,-#7& )((/*0/)/*(*7/K& 10/*06/$& ",$#2& *(,#2& (/67-0##(4(&

$',810#$9I& /N0N& )()/7*,9/K& %0#KH0& %$.6(#7& ",9& *$"$%(4(& "$7+7'(#7N& O7.$%& (M67'(%I

%2,K#25& +8'26K& 9*,90/)9& 8#$.7,K#2%& #74,9"#2%& +60")/7*,0#$0%& #7#(%0/6(*23&

)/68./86I& *$"$%23& #0*((68-0##2%& 4,7'(%N Y7,K#05H$0& $)),0"(*7#$9& +('*(,$,$&

+(,817/K&%(#(%(,0.8,96#20&),($&#7&+(*063#()/$&-$".()/$I 60'8,K/7/(%&.(/(623&)/7,(&

+6$)8-"0#$0&T(M0,0*).(5& +60%$$& +(& 3$%$$&;E#4%<68& *& >@ZS& 4("8N& G,0#.$& ;E#4%<67&

()/7*7,$)K& /(,K.( #781#2%& X0#(%0#(%I& )+()(M#2%& 67'*0& 1/(& (M[9)#$/K& L*0/& %2,K#23&
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+8'2605&$&M0#'$#(*(5&+,0#.$&#7&*("0. O7.&"(&/03&+(6&+(.7&F,("-0// *&)060"$#0&>@ZU-3&

4("(*&#0&#7H,7&)+()(M&+060#()7&%(#(%(,0.8,96#23&+,0#(.&#7&/*06"20&+,7)/$#.$&="(&)$3&

+(6& E/(/& )+()(M& $'*0)/0#& .7.& %0/("& ;E#4%<67-F,("-0//C& $& #0& (M#768-$,7I& 1/(& +,0#.$&

%( -#( &#7#( )$/K& ( "#7& #7& "6848<N& DE/6 $#& +6 $H,7& *& 4( ,( *8& %2),K^& *0"K& 0),$& .7-"79

/(,Q$#7& $%00/& )*(5& _$#/06X060#L$(##25`& L*0/I& /(I& #7#0)9& #8-#(0& .(,$10)/*(& ),(0*

=6$)N>CI& %(-#(& )"0,7/K& (M21#(0& )/0.,(& =(/67-7<Q00& "(& >Ua& +7"7<Q04(& )*0/7C&

+(,#()/K<I&#7&@@aI&+6('671#2%b[9].

W$)N >N&R,$9#$0&.(,$10)/*7&+6()*0/,9<Q$3&+(.62/$5&#7&.(EXX$L$0#/ (/67-0#$9&

(+/$10).(4(&%7/06$7,7

!+/$%7,K#(5&(.7'7,7)K&+,0#.7&$'&cc&),(0*&)/0767/7&M76$9&=M,$'.(4(&6(")/*0##$.7&

%2,7CI&$&*&>@Z?&4("8&.(%+7#$9&de&(M[9*$,7&(&)('"7#$$&_#0*$"$%(4(`& =+6()*0/,0##(4(C&

)/0.,7I& '#7.(%(4(& #2#0& +67./$10).$& .7-"(%8I& ./(& 3(/K& 67'& *$"0,& M$#(.,K& $,$&

X(/((M[0./$*N R& #7)/(9Q00& *60%9& )('"70/)9& "(& )(/0#& +6()*0/,9<Q$3& +(.62/$5I&

/(,Q$#(5&+(69".7&A#%&*&(+/$10).$3&(M[0./$*73&$&X$,K/673N&

Y7##20& 60'8,K/7/2& +(,(-$,$& #717,(& M86#(%8& 67'*$/$<& %0/("(*& +(,810#$9&

/(#.$3&+,0#(.N&P&>@ZU3&4("(* $)+(,K'(*7,)9&/06%(*7.88%#25&)+()(M&()7-"0#$9&+,0#(.I&

.(/(625& ()#(*7#& #7& #7460*0& *& *7.88%0& *0Q0)/*7& "(& 04(& 7./$*#(4(& $)+760#$9& $&

.(#"0#)7L$$&$)+760##23&7/(%(*&#7&+(*063#()/$&+(",(-.$N P30%7&+6(L0))7&$'(M67-0#7&

#7&6$)NSN&:)+7690%(0&*0Q0)/*(&>I&#73("9)K&*&*7.88%#(5&.7%060I&+("*06470/)9&#7460*8&$&

$)+7690/)9N&:)+760##(0&*0Q0)/*(&.(#"0#)$680/)9&#7&+(",(-.0&S&*&*$"0&/(#.(4(&),(9N&G6$&

#0(M3("$%()/$& +(",(-.7& %(-0/& /7.-0& #7460*7/K)9& )& +(%(QK<& #7460*7/0,9& ZN& T7&

#717,K#(%& E/7+0& $)+760#$9& *(& $'M0-7#$0& '7469'#0#$9& +,0#.$& '7& )10/& +6$%0)05I&

7")(6M$6(*7##23&+(*063#()/K<&$)+7690%(4(&*0Q0)/*7I&7&/7.-0&",9&*2*("7&$)+76$/0,9&#7&

67M(18<&/0%+067/868&$)+(,K'80/)9&'7),(#.7&cI&*60%0##(&+060.62*7<Q79&+(/(.&*0Q0)/*7&

#7&+(",(-.8[2].
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W$)N SN&P30%7&/06%(*7.88%#(4(&#7+2,0#$9

R& >@A@& 4("8& Radio Corporation of America *2+8)/$,7& /(#.(+,f#(1#25& +(,0*(5&

/67#'$)/(6& #7& )8,KX$"0& .7"%$9I& 1/(& +6$*0,(& .& 67'*$/$<& %0/7,,-(.)$"#(5-

+(,8+6(*("#$.(*(5& =\!GC&,(4$.$N&G6$%0#0#$0& /(#.(+,0#(1#23& /03#(,(4$5&+('*(,$,(&

)(*06H$/K& 60*(,<L$<&*& (M,7)/$&+(,8+6(*("#$.(*(5& E,0./6(#$.$I&*2/0)#$*& *7.88%#20&

,7%+2I& +6$*0"9& .& )('"7#$<& $#/0467,K#23& )30%& $& .(%+K</06(*N& R 1970-0& 4("2& \!G-

%$.6()30%2&'7*(0*7,$&62#.$&%$.6()30%&+7%9/$&$&%$.6(+6(L0))(6(*I&7&*&#717,0&ggh&*0.7&

"(,9&\!G-%$.6()30%& "()/$4,7& @@a&(/& (MQ04(& 1$),7& *2+8).70%23&$#/0467,K#23& )30%N&

Y,9&)('"7#$9&.710)/*0##23&/(#.(+,0#(1#23&/67#'$)/(6(*&#0(M3("$%(&M2,(&*267Q$*7/K&

40/06()/68./862& '7"7##(5& /(,Q$#2& )& %(#(7/(%#(& 4,7".$%$& 40/06(467#$L7%$& $& )&

'7"7##2%&+6(X$,0%& ,04$6(*7#$9I& 1/(& +6$*0,(& .& 67'*$/$<&%0/("7&%(,0.8,96#(-,810*(5&

E+$/7.)$$[8].

R& .(#L0& >@JU-3& 4("(*& M2,7& )('"7#7& /03#(,(4$9& %(,0.8,96#(-,810*(5 E+$/7.)$$&

=\;VC&Y-N WN i6/86(%&$&i,KX60"(%&j(N P30%7&\;V&$'(M67-0#7&#7&6$)NZN

W$)NZN&P30%7&\(,0.8,96#(-;810*(5&V+$/7.)$$
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\(,0.8,96#(-,810*79& E+$/7.)$9& +6(*("$/)9& *& *7.88%0& $& ()#(*7#7& #7&

*'7$%("05)/*$$& #0).(,K.$3& %(,0.8,96#23& +81.(*& )& #7460/(5& %(#(.6$)/7,,$10).(5&

+(",(-.(5N Y,9&$)+760#$9&#0(M3("$%23&",9&6()/7&*0Q0)/*&$)+(,K'8</)9&%(,0.8,96#20&

$)/(1#$.$&– EXX8'$(##20&.7%062N&:)+760##(0&*&/$4,0&*0Q0)/*(&*&*$"0&+81.7&+(+7"70/&#7&

+(",(-.8N& F,74("769& )*063*2)(.(%8& *7.88%8& %(,0.8,2& *0Q0)/*7& 67)+6()/67#9</)9&

+67./$10).$& +(& +69%(5& #0& $)+2/2*79& )(8"760#$9& )& %(,0.8,7%$& 47'7N R& ),8170&

$)+(,K'(*7#$9&/84(+,7*.$3&%7/06$7,(*&$,$&*0Q0)/*&)&*2)(.(5&3$%$10).(5&7./$*#()/K<&

$)+(,K'80/)9&7*/(/$40,K#25&%0/("&$)+760#$9N&V,0./6(##25&+81(.&+(+7"70/&*&*0Q0)/*(&$&

67)+,7*,90/& #0M(,KH(5& 817)/(.N& O7.$%& (M67'(%& *0Q0)/*(& )7%(& 9*,90/)9& /$4,0%N&

P(*60%0##20& 8)/6(5)/*7& .(#/6(,9& E,0./6(##(4(& +81.7& +('*(,9</& $'%0#9/K& 04(&

#7+67*,0#$0I&X(.8)I&$#/0#)$*#()/K&$&"684$0&+767%0/62&)&L0,K<&+(,81$/K&67*#(%06#25&

7/(%76#25&+81(.& $,$& +(*2)$/K& EXX0./$*#()/K& 67)3("7&%7/06$7,7N D7%067& )('"7f/)9& $'&

#06-7*0<Q04(& )+,7*7& *2)(.(5& 1$)/(/2N& Y,9& (M0)+010#$9& *7.88%7& *& .7%060I& +060"&

67M(/(5& 00& +6(460*7</& "(& *2)(.$3& /0%+067/86N& G6$& E/(%& +6($)3("$/& "047'7L$9&

+(*063#()/$N&\7#$+8,9/(6&=+(",(-.("06-7/0,KC&$)+(,K'80/)9&",9&.60+,0#$9&+(",(-.$I&

00& *67Q0#$9& $& #7460*7#$9N& R)/6(0##25& *& %7#$+8,9/(6& #7460*7/0,K& (M0)+01$*70/&

+60"*76$/0,K#25& +6(460*& (M67'L7& ",9& (1$)/.$& 04(& (/& 469'$& $& )4(#7& '7Q$/#(4(& ),(9&

(.$),7N&R(&*60%9&67M(/2&#7460*7/0,K&+(""06-$*70/&+()/(9##8<&/0%+067/868&+(",(-.$I&

+6$& .(/(6(5& +6($)3("$/& %$467L$9& 7")(6M$6(*7##23& 7/(%(*& ()7-"70%(4(& *0Q0)/*7& +(&

+(*063#()/$N& Y,9& 8,81H0#$9& *7.88%7& $& *2%(67-$*7#$9& #0& +(+7*H$3& #7& +(",(-.8&

%(,0.8,& $)+7690%(4(& *0Q0)/*7& *(.684& %7#$+8,9/(67& 8)/7#(*,0#2& .6$(+7#0,$& —

0%.()/$I& '7+(,#0#20& -$".$%& 7'(/(%N& O7.-0& (#$& $)+(,K'8</)9& ",9& 67'"0,0#$9&

%(,0.8,96#23& $)/(1#$.(*& "684& (/& "6847& +(& /0%+067/860N !)#(*#20& /60M(*7#$9& .&

8)/7#(*.0&E+$/7.)$$&),0"8<Q$0^

! R& 67M(105& .7%060& 8)/7#(*.$& #0(M3("$%(& +(""06-$*7/K& )*063*2)(.$5&

*7.88%&=(.(,(&>U
k8
G7CN

! j$)/(/7&$)+7690%23&%7/06$7,(*&"(,-#7&"()/$47/K&@@I@@@@@@&aN

! T0(M3("$%& %(,0.8,96#25& $)/(1#$.I& )+()(M#25& $)+769/K& /84(+,7*.$0&

*0Q0)/*7& =/7.$0& .7.& %0/7,,2C& )& *('%(-#()/K<& 6048,$6(*.$& +,(/#()/$&

+(/(.7&*0Q0)/*7N

R& >@B>& 4("8& .(%+7#$05& Radio Corporation of America M2,& )('"7#& +06*25& )$#$5&

)*0/("$("N& G06*20& )*0/("$("2I& +(,0'#20& ",9& +6(%2H,0##()/$I& M2,$& )('"7#2&

7%06$.7#L0%&T$.(%&l(,(#K9.(%N&!#$&M7'$6(*7,$)K&#7&)/68./860&dmnopqdmpN&R&JU-0&4("2&

)*0/("$("2& $'& dmp& %(4,$& $'"7*7/K& -f,/(0& $& .67)#(0& )*010#$0N& G6(L0#/& $',81f##23&

X(/(#(*& (/& (MQ04(& 1$),7& +060#0)f##23& 1060'& r-n-+0603("& E,0%0#/76#23& '769"(*&
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=*#0H#$5& .*7#/(*25& *23("C& #0& +60*2H7,& UI>aN& Y,$#7& *(,#2& $',810#$9& )()/7*,9,7&

+(69".7& AUU-600#%I& 1/(& +(+7"7,(& *& (M,7)/K& 18*)/*$/0,K#()/$& 10,(*010).(4(& 4,7'7I& 7&

'#71$/I& 96.()/K& E/(4(& $',810#$9& -f,/(-'0,f#(4(& L*0/7& M2,7& "()/7/(1#(5I& ",9&

$)+(,K'(*7#$9& 0f& *& L0,93& $#"$.7L$$N R& "7,K#05H0%& )*0/("$("2& 67'*$*7,$)K& *& "*83&

#7+67*,0#$93&– 67)H$69,)9&)+0./6&$',810#$9&$&8*0,$1$*7,)9&.*7#/(*25&*23("N&T0%7,(&

+(67M(/7,$&*&E/(5&)X060&81f#20&P(*0/).(4(&P(<'7N&R&>@BU-0&4("2&sN&:N&i,Xf6(*2%&M2,$&

67'67M(/7#2& %#(4(+6(3("#20& "*(5#20& 40/06()/68./862I& M,74("769& .(/(62%& M2,7&

(467#$10#7&7./$*#79&(M,7)/K&60.(%M$#7L$$I&1/(&8*0,$1$,(&*#0H#$5&.*7#/(*25&*23("N&t7&

)1f/&$)+(,K'(*7#$9&40/06()/68./86&#7&()#(*0&76)0#$"(*&47,,$9-7,<%$#$9I&.67)#79&17)/K&

)+0./67&8*0,$1$,7)K&"(&>Aa&=+6$&)*0/(*(5&(/"710&*&>U&;%qR/CI&7&$#X67.67)#79&– "(&M(,00&

10%&ZUaN&R&SUUU& 4("8&81f#25&+(,81$,&T(M0,0*).8<&+60%$<&'7& E/(&$'(M60/0#$0N G(),0&

$'(M60/0#$9& )$#$3& )*0/("$("(*& '7%.#8,)9& udv-.684N& O0+06KI& )%0H$*79& )8Q0)/*8<Q$0&

L*0/7I&%(-#(&+(,81$/K&,<M(5&(//0#(.I&"7-0&M0,25&L*0/N&P%0H$*7/K&%(-#(&.7.&#0).(,K.(&

)*0/("$("(*&67'#23&L*0/(*I&/7.&$&)(0"$#$/K&)$#$0I&'0,0#20&$&.67)#20&.6$)/7,,2&*&("#(%&

/6f3.6$)/7,K#(%& )*0/("$("0N O7.$%& (M67'(%I& +6$%0#0#$0& /(#.(+,0#(1#23& /03#(,(4$5&

)*06H$,(& 60*(,<L$<& *& )*0/($',817<Q$3& )/68./8673I& +('*(,$*& )('"7*7/K, *& 17)/#()/$,

L*0/#20& "$)+,0$& $& %(Q#20& E#064(EXX0./$*#20& )*0/("$("#20& )$)/0%2& ()*0Q0#$9& $&

$#"$.7L$$N

R& >@??& 4("8& M2,(& (/.62/(& 4$47#/).(0& %74#0/()(+6(/$*,0#$0 (w\P) =7#4,N& dxmyz&

magnetoresistance, GMR) — .*7#/(*(%037#$10).$5& EXX0./I& #7M,<"70%25& *& /(#.$3&

%0/7,,$10).$3& +,f#.73I& )()/(9Q$3& $'& 1060"8<Q$3)9& X066(%74#$/#23& $& +6(*("9Q$3&

#0%74#$/#23& ),(f*N& VXX0./& )()/($/& *& )8Q0)/*0##(%& $'%0#0#$$& E,0./6$10).(4(&

)(+6(/$*,0#$9&/7.(5&)/68./862&+6$&$'%0#0#$$&*'7$%#(4(&#7+67*,0#$9&#7%74#$10##()/$&

)()0"#$3&%74#$/#23&),(f*N&T7+67*,0#$0%&#7%74#$10##()/$&%(-#(&8+67*,9/KI&#7+6$%06I&

+6$,(-0#$0%&*#0H#04(&%74#$/#(4(&+(,9N&R&()#(*0&EXX0./7&,0-$/&67))09#$0&E,0./6(#(*I&

'7*$)9Q00&(/&#7+67*,0#$9&)+$#7N&t7&(/.62/$0&4$47#/).(4(&%74#0/()(+6(/$*,0#$9&*&>@??&

4("8& X$'$.$& i,KM06& ]06/& ={#$*06)$/0/& G76$--<4& ghC& $& G0/06& w6<#M064&

=:)),0"(*7/0,K).$5&L0#/6&|,$3C&M2,$&8"()/(0#2&T(M0,0*).(5&+60%$$&+(&X$'$.0&*&SUU7

4("8N

R& 67M(/0I& *& .(/(6(5& M2,(& '79*,0#(& (M& (/.62/$$& EXX0./7I& $)),0"(*7,()K&

%74#0/()(+6(/$*,0#$0& =UU>C}~q=UU>C��& )*06360Hf/(.N& R& E/(%& E.)+06$%0#/0& #7&

(M[f%#(L0#/6$6(*7##8<&.8M$10).8<&60Hf/.8&=UU>Cdmno&*&*2)(.(%&*7.88%0&#7#()$,$)K&

),($&-0,0'7&$&36(%7&+6$&/0%+067/860&+(",(-.$&(.(,(&SU&��N&G6$&/(,Q$#0&),(f*&-0,0'7&*&

Z&#%&$&*76K$6(*7#$$&/(,Q$#2&#0%74#$/#(5&+6(),(5.$&$'&36(%7&%0-"8&#$%$&(/&UI@&"(&Z&

#%&8*0,$10#$0&/(,Q$#2&+6(),(0.&36(%7&*&)*06360Hf/.0&(),7M,9,(&7#/$X066(%74#$/#8<&
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)*9'K&%0-"8&),(9%$&-0,0'7&$&+(,0&67'%74#$1$*7#$9N&G(),0"#00&/7.-0&8%0#KH7,()K&+6$&

8*0,$10#$$& /0%+067/862& (/& cIS& D& "(& .(%#7/#(5N& :'%0#0#$0& /(,Q$#2& #0%74#$/#23&

+6(),(0.&+6$*("$,(&.&)8Q0)/*0##(%8&8%0#KH0#$<&()/7/(1#(5&#7%74#$10##()/$&*&+0/,0&

4$)/060'$)7N&F2,7&+(.7'7#7&)$,K#79&'7*$)$%()/K&)(+6(/$*,0#$9&(M67'L7&=$'%0#0#$0&"(&AU&

aC&(/&*0,$1$#2&*#0H#04(&%74#$/#(4(&+(,9&+6$&/0%+067/860&cIS&DN&R&)/7/K0&]06/7&>@??&

4("7& #(*25& EXX0./& M2,& #7'*7#& 4$47#/).$%& %74#0/()(+6(/$*,0#$0%I& 1/(M2& +("106.#8/K&

04(& '#71$/0,K#8<& *0,$1$#8& +(& )67*#0#$0%& )& 7#$'(/6(+#2%& %74#0/()(+6(/$*,0#$0%N

F,74("769&$)+(,K'(*7#$<&"7##(4(&EXX0./7I&()#(*7##(%&#7&/(#.(+,0#(1#23&/03#(,(4$93&

)/7,(& *('%(-#2%& 8*0,$10#$0& +,(/#()/$& %74#$/#(5& '7+$)$& #7& #0).(,K.(& +(69".(*& '7&

"0)9/$,0/$0& – )& "0)9/.(*& %047M75/& "(& /067M75/I& /0%& )7%2%& +6($'*0"9& 60*(,<L$<I& *&

17)/#()/$I&*&(M,7)/$&.(%+K</06#(5&/03#$.$ =6$)NcC.

W$)N 4. Y$#7%$.7&$'%0#0#$9&0%.()/$&-0)/.$3&"$).(*

B1-?0<02270$2+4?+-502.A /1231450216278$/0821519.:

F86#(0& 67'*$/$0& /(#.(+,0#(1#23& /03#(,(4$5& +(),0"#$0& +768& "0)9/.(*& ,0/&

(M8),(*,0#2&+06)+0./$*7%$&.(%%0610).(4(&8)+037&#7&+6$%0673I&*&/(%&1$),0I&(+$)7##23&

*2H0N&T7& "7##25&%(%0#/& )8Q0)/*80/&%#(-0)/*(&+06)+0./$*#23&$& *& 67',$1#(5& )/0+0#$&

607,$'(*7##23&#7+67*,0#$5I *(/&#0.(/(620&$'&#$3:

�& T7#(,$/(467X$9N& P(*60%0##79& +6(0.L$(##79& ,$/(467X$9& – /03#(,(4$9I&

+('*(,9<Q79& )('"7*7/K& )/68./862& )& 67'%067%$& E,0%0#/(*& *& "0)9/.$& #7#(%0/6(*& – +(-

*$"$%(%8I& ("#7& $'& #7$M(,00& H$6(.(& +6$%0#90%23& *& #7)/(9Q00& *60%9& #7#(/03#(,(4$5N&

W7'*$/$0& %0/("(*& +6(0.L$(##(5& ,$/(467X$$I& +(*2H0#$0& +6($'*("$/0,K#()/$& $&

67'60H7<Q05& )+()(M#()/$& +017/7<Q$3& 8)/6(5)/*& 9*,9</)9& .,<10*2%$& #7+67*,0#$9%$&

#7#($#"8)/6$$N& P30%7& X(/(,$/(467X$$ *& 4,8M(.(%& 8,K/67X$(,0/0 +(.7'7#7& #7& 6$)NAN&
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G6("(,-79& 67'*$*7/K& %E5#)/6$%& )(*60%0##(5& +6(0.L$(##(5& ,$/(467X$$& )&

$)+(,K'(*7#$0%&,7'06#(4(&$',810#$9&#7&",$#0&*(,#2&>@Z&#%I&+$(#062&$#"8)/6$$I&/7.$0&

.(%+7#$$& .7.& n���I& hyz~�I& �my�y& $& 69"& "684$3& 8"0,9</& (46(%#(0& *#$%7#$0& 67'*$/$<&

),0"8<Q04(&+(.(,0#$9&+6(0.L$(##(5&,$/(467X$$&)&$)+(,K'(*7#$0%&$',810#$9&)&",$#(5&

*(,#2&>ZIA&#%I&/7.&#7'2*70%(5&e��&,$/(467X$$N&G0603("&*&(M,7)/K&e��&=e�z�~�~&��z�m&

�x��~zC& +('*(,$/& +0605/$& .& 67'60H0#$9%& SS& $& %0#00& #7#(%0/6(*I& )& +06)+0./$*(5&

"()/$-0#$9& *& M8"8Q0%&67'60H0#$9& *& >J&#%N&G6$& /(%I& 1/(&e��&,$/(467X$9&67'*$*70/)9&

8-0& #0).(,K.(& ,0/& $& +60")/7*,90/& )(M(5& *+(,#0& '60,8<& /03#(,(4$<I& )8Q0)/*80/& L0,25&

69"&/03#(,(4$10).$3&7)+0./(*I&",9&.(/(623&#0&"()/$4#8/2&+(.7'7/0,$I&#0(M3("$%20&",9&

()8Q0)/*,0#$9&���&=�x��&�����~&�my��m�z��~C&60-$%(*N&

W$)N5. P30%7&8)/7#(*.$&EUV-X(/(,$/(467X$$

R& 17)/#()/$I& +6$& 67M(/0& #7& )/(,K& %7,23& ",$#73& *(,#& (/)8/)/*80/& *('%(-#()/K&

$)+(,K'(*7#$9& /67"$L$(##(5& ,$#'(*(5& (+/$.$N& V/(/& *(+6()& 60H70/)9& +6$%0#0#$0%&

(+/$.$I& ()#(*7##(5& #7& +06$("$10).$3& )/68./8673& – M6044(*).(5& (+/$.$N& G(*2H0#$0&

67'60H0#$9& /03#(,(4$10).(4(& +6(L0))7& +6$& +6($'*(")/*0& $#/0467,K#23& %$.6()30%&

+6$*("$/& .& '#71$/0,K#(%8& 8*0,$10#$<& E#064(EXX0./$*#()/$I& 8%0#KH0#$<& 47M76$/(*& $&

+(*2H0#$<&$3&X8#.L$(#7,K#23&.710)/*N

�& {+6(1#9<Q$0& +(.62/$9N& VXX0./& l(,,7-G0/17& "7f/& .(,$10)/*0##(0& (+$)7#$0&

6()/7&+60"0,7&/0.810)/$&+(,$.6$)/7,,$10).(4(&%7/06$7,7&)&8%0#KH0#$0%&67'%067&'06#7N&

R&()#(*0&E/(5&'7*$)$%()/$&,0-7/&"$),(.7L$(##20&%037#$'%2&+,7)/$10).(5&"0X(6%7L$$^&

467#$L2&'f60#&/(6%('9/&"*$-0#$0&"$),(.7L$5N&R7-#(&(/%0/$/KI&1/(&",9&#7#(%7/06$7,(*&

)&67'%06(%&'06#7&+(69".7&#0).(,K.$3&"0)9/.(*&#7#(%0/6(*&E/(/&'7.(#&*&/(5&$,$&$#(5&%060&

#768H70/)9I&$&+6(9*,90/)9&/7.&#7'2*70%25&(M67/#25&EXX0./&l(,,7-G0/17& =7#4,N& xy�~�o~&

Hall–p~z��& ~��~�zCI& %037#$'%2& .(/(6(4(& *& #7)/(9Q00& *60%9& #0"()/7/(1#(& $'810#2[9]. T7&
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6$)N& @& +6("0%(#)/6$6(*7#7& E.)+06$%0#/7,K#79& '7*$)$%()/K& /*06"()/$& +(.62/$9& (/& 04(&

/(,Q$#2&*&)((/*0/)/*$$&)&EXX0./(%&l(,,7-G0/17N

W$)NJN&{*0,$10#$0&/*06"()/$&+(.62/$5&+6$&8%0#KH0#$$&/(,Q$#2

�& i,%7'(+("(M#20& =���C& +(.62/$9& – )()/(9/& $'& 7/(%(*& 84,06("7I& .7.& )&

7,%7'#2%$I& /7.& $& )& 467X$/(+("(M#2%$& )*9'9%$N& O7.$0& 7%(6X#20& +(.62/$9& %(-#(&

+(,817/K&*&H$6(.(5&(M,7)/$&/0%+067/86I&*+,(/K&"(&.(%#7/#(5I&#7&67',$1#23&%7/06$7,73^&

%0/7,,73I&.067%$.0I&)/0.,0I&+,7)/$10).$3&%7/06$7,73N

R2)(.(0& )("06-7#$0& 7/(%(*& 84,06("7& )& 7,%7'#2%$& )*9'9%$& *& +6$)8/)/*$$&

467X$/(+("(M#23& )*9'05I& +6$*("$/& .& +(9*,0#$<& 8#$.7,K#23& 3767./06$)/$.&

7,%7'(+("(M#23&+(.62/$5I&/7.$3&.7.^

! *2)(.79&/*06"()/K

! #$'.$5&.(EXX$L$0#/&/60#$9

! *2)(.79&$'#()(8)/(51$*()/K

! 3$%$10).79&$#06/#()/K

! M$()(*%0)/$%()/K

! +6('671#()/K *&$#X67.67)#(%&"$7+7'(#0&)+0./67

! E.(,(4$10).79&1$)/(/7&

P67*#$/0,K#79& (L0#.7& /*06"()/$& 7,%7'(+("(M#(4(& +(.62/$9& )& 7%(6X#2%& (ta-C)

84,06("(%&)&"684$%$&)8Q0)/*8<Q$%$&+(.62/$9%$&+(.7'7#7&#7&6$)NBN
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W$)N 7. O*06"()/K&7,%7'(+("(M#23&+(.62/$5

Y7##20& )*(5)/*7& +,0#(.& +60.67)#(& '760.(%0#"(*7,$& )0M9& *(& %#(4$3& (/67),93&

#7H05& +6(%2H,0##()/$I& *& 17)/#()/$& %0/7,,((M67M7/2*7<Q05& ",9& 60-8Q$3&

$#)/68%0#/(*&)&iGG&+(.62/$9%$&#7&%0/1$.73I&X60'73I&)*06,73I&40,$(/$#(*23&#(-73I&#7&

+60))-X(6%73& $& H/7%+73N& P6(.& ),8-M2& $'"0,$5& +6$& E/(%& *('67)/70/& (/& A& "(& SU& 67'N&

T7$M(,KH$5& EXX0./& "()/$470/)9& +6$& (M67M(/.0& %0"#23I& 7,<%$#$0*23I& /$/7#(*23&

)+,7*(*I& )/0.,(+,7)/$.(*I& 7& /7.-0& (/*0/)/*0##23& "0/7,05& %7H$#& $& %037#$'%(*I&

67M(/7<Q$3&*&8),(*$93&*2)(.(4(&/60#$9&$&$'#()7I&+("*$-#23I&*67Q7<Q$3)9&"0/7,05&$&

8',(*I& +("H$+#$.(*I& #7+67*,9<Q$3I& '73*7/2*7<Q$3& "0/7,05& .(#*0506(*I&

4$"67*,$10).$3& L$,$#"6(*I& +(6H#05I& +("*$-#23I& *67Q7<Q$3)9& "0/7,05& $& 8',(*I&

+("H$+#$.(*N

�&O06%(E,0./6$10)/*(N&!/.62/25&*&>?Zc&4("8&&EXX0./&G0,K/K0I&'7.,<17<Q$5)9&*&

*2"0,0#$$&$,$&+(4,(Q0#$$&/0+,7&+6$&+6(3(-"0#$$&E,0./6$10).(4(&/(.7&*&%0)/0&.(#/7./7&

=)+79C& "*83& 67'#(6("#23& +6(*("#$.(*& +('*(,$,& )('"7/K& /06%(E,0./6$10).$0& %("8,$

=6$)N?CI& +6$%0#90%20& *&#7)/(9Q0%&*60%0#$& *(&%#(4$3&(M,7)/93& /03#$.$&$& E,0./6(#$.$N&

O06%(E,0./6$10).$0&%("8,$&&#7&()#(*0&EXX0./7&G0,K/K0&(M,7"7</&69"(%&+60$%8Q0)/*&+(&

)67*#0#$<& )& /67"$L$(##2%$& 8)/6(5)/*7%$& /0+,((/*("7^& (/)8/)/*$0& +("*$-#23& 17)/05I&

*('%(-#()/K& %$#$7/<6$'7L$$I& *('%(-#()/K& (3,7-"0#$9& "(& )*063#$'.$3& /0%+067/86& $&

"684$0N R& )(*60%0##23& /*06"(/0,K#23& /06%(E,0./6$10).$3& +60(M67'(*7/0,93& E#064$$&

$)+(,K'8</)9&+60$%8Q0)/*0##(& (M[0%#20&%7/06$7,2N&:#/060)& .& /(#.$%&$& )*063/(#.$%&

+,0#.7%&8.7'7##23&+(,8+6(*("#$.(*&(M8),(*,0#&+06)+0./$*7%$&)('"7#$9&%$#$7/<6#23&

8)/6(5)/*& )& M(,00& *2)(.$%$& X8#.L$(#7,K#2%$& *('%(-#()/9%$N ;(.7,K#(0& (3,7-"0#$0&
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$,$& #7460*7#$0& +6($)3("$/& +6$M,$'$/0,K#(& *& S�>U
4
67'& M2)/600I& 10%& *& 8)/6(5)/*73I&

)('"7##23&#7&()#(*0&(M[0%#23&%7/06$7,(*[1,6].

W$)N 8. P30%7&/06%(E,0./6$10).(4(&E,0%0#/7&G0,K/K0

C@@50D1-+2.A$-$EFG!$.<($H(I(J+><+2+

R& \wO{& $%& TN VN& F78%7#7& 7./$*#(& +6(*("9/)9& 67M(/2& +(& ("#$%& $'& )7%23&

+06)+0./$*#23& #7+67*,0#$5& /(#.(+,0#(1#23& /03#(,(4$5N& W7M(/2& +6(*("9/)9& #7&

*2)(.(/03#(,(4$1#(%&(M(68"(*7#$$&TiT!]iF->UU&)&+6$%0#0#$0%&%0/("7&$%+8,K)#(4(&

,7'06#(4(&()7-"0#$9&",9&+(,810#$9&/(#.$3&+,0#(. =6$)N@C.

W$)N 9. G,7/X(6%7&T7#(X7M->UUI&%("8,K&$%+8,K)#(4(&,7'06#(4(&()7-"0#$9
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\0/("& $%+8,K)#(4(& ,7'06#(4(& ()7-"0#$9& *24("#(& (/,$170/)9& (/& /06%$10).$3&

%0/("(*& #0+6062*#(4(& ()7-"0#$9& /(#.$3& +,0#(.& +(,8+6(*("#$.(*N& T7,$1$0& M(,KH(5&

"(,$& *('M8-"0##23& 7/(%(*& $& $(#(* +('*(,90/& +(#$'$/K& /0%+067/868& E+$/7.)$7,K#(4(&

6()/7I& 7& *2)(.79& ).(6()/K& (M67'(*7#$9& '76("2H05& +('*(,90/& ()7-"7/K& 160'*2175#(&

/(#.$0&)+,(H#20&+,0#.$&=0"$#$L2&#7#(%0/6(*CN&D6(%0&/(4(I&+().(,K.8&'7&("$#&$%+8,K)&

$)+7690/)9& #0'#71$/0,K#79& %7))7& *0Q0)/*7& %$H0#$I& %(-#(& "()/7/(1#(& /(1#(&

.(#/6(,$6(*7/K&/(,Q$#8&+,0#.$&.(,$10)/*(%&,7'06#23&$%+8,K)(*N&D710)/*(&+(,810##23&

%0/("(%&,7'06#(5&7M,9L$$&+,0#(.&)(+()/7*$%(&)&.710)/*(%&+,0#(.I&*267Q0##23&%0/("(%&

%(,0.8,96#(-,810*(5&E+$/7.)$$[4,5].

W$)N 10. P30%7&%0/("7&$%+8,K)#(4(&,7'06#(4(&()7-"0#$9

G6$#L$+& %0/("7 $%+8,K)#(4(& ,7'06#(4(& ()7-"0#$9& )30%7/$1#(& $'(M67-0#& #7&

6$)N>UN&R&/010#$0&$%+8,K)7&,7'06#25&,81&E.)$%06#(4(&,7'067&=7C&+6(3("7&1060'&.*76L0*(0&

(.#(& =MC& +(+7"70/& *& *7.88%#8<& .7%068& $& X(.8)$680/)9& #7& +(*063#()/$& %$H0#$& =*CI&

'7.60+,0##(5& #7& .768)0,$& =4CN& j7)/K& *0Q0)/*7& +("& *('"05)/*$0%& $',810#$9& #7460*70/)9I&

$)+7690/)9& $& +060#()$/)9& *& 47'(-+,7'%0##(5& X7'0& #7& +(",(-.8& =0CI& *& +(),0")/*$$&

()7-"79)K&#7&#05&*&*$"0&),(9&=-CN&&G(",(-.7&'7.60+,0#7&*&+(",(-.("06-7/0,0&='C&$&$%00/&

*('%(-#()/K& +60"*76$/0,K#(4(& +("(460*7& )& +(%(QK<& #7460*7/0,9& =$CN& G(",(-.0& )&

%$H0#K<& +6$"70/)9& *67Q7/0,K#(0& "*$-0#$0& *(.684& $3& L0#/6(*I& 7& ,7'06#25& ,81&

)(*06H70/& #0,$#05#(-+()/8+7/0,K#20& "*$-0#$9I& 67*#(%06#(& ).7#$689& +(*063#()/K&

%$H0#$N R&\wO{& $%& TN &VN &F78%7#7& *0"8/)9& $)),0"(*7#$9& *('%(-#()/$& +(,810#$9&

/(#.$3& /06%(E,0./6$10).$3& +,0#(.& %0/("(%& $%+8,K)#(4(& ,7'06#(4(& ()7-"0#$9N&
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:)/(1#$.(%& ,7'06#(4(& $',810#$9& ),8-$/& E.)$%06#25& ��-}& ,7'06& )& ",$#(5& *(,#2&

,7'06#(4(& $',810#$9& Sc?& #%I& %7.)$%7,K#(5& E#064$05& "(& cUU& %Y-I& ",$/0,K#()/K<&

$%+8,K)7& ZU& #)I& 17)/(/(5& ),0"(*7#$9& $%+8,K)(*& "(& >U& wLN& R& .710)/*0& %$H0#05&

$)+(,K'(*7,$)K& /7M,0/.$& $'& +60))(*7##(4(& +(6(H.7& /0,,86$"7& *$)%8/7N& V.)+06$%0#/2&

+6(*("$,$)K& *& *2)(.(%& & *7.88%0& =>U
-8
/(66CI& +6$& 67',$1#23& E#064$93& ,7'06#(4(&

$',810#$9I&+6$&67',$1#23&/0%+067/8673&+(",(-.$N

G(,810#2& +06*20& 60'8,K/7/2I& #0(M3("$%20& ",9& "7,K#05H05& 67'67M(/.$&

/03#(,(4$$& +(,810#$9& /06%(E,0./6$10).$3& *2)(.(,(.7,$'(*7##23& %$.6(%("8,05I&

$)),0"(*7#2& +8/$& +(*2H0#$9& /06%(E,0./6$10).(5& "(M6(/#()/$& E/$3& %("8,05I 7& /7.-0

*('%(-#()/K&+(,810#$9&7,%7'(+("(M#23&+(.62/$5&$'&467X$/7&*2)(.(5&1$)/(/2N

G(,810##20& 60'8,K/7/2& %(48/& M2/K& $)+(,K'(*7#2& +6$& $'4(/(*,0#$$&

/06%(E,0./6$10).$3& %("8,05& =OV\CI& +6$#L$+& X8#.L$(#$6(*7#$9& .(/(623& ()#(*7#& #7&

.*7#/(*(-67'%06#(%& EXX0./0N&V/(&+('*(,$/& )8Q0)/*0##(&+(*2)$/K&$3& EXX0./$*#()/K& '7&

)10/& %#(4(.67/#(4(& 8)$,0#$9& /06%(E,0./6$10).(4(& EXX0./7I& 7& /7.-0& (647#$'(*7/K&

'7%.#8/25& L$.,& & $)+(,K'(*7#$9& E#064$$& 67',$1#23& 8)/6(5)/*& '7& )10/& +60(M67'(*7#$9&

*2"0,90%(4(&$%$&$',$H#04(&/0+,7&*&+(,0'#8<&E#064$<N

B4.@13$5./0?+/>?7

1. !)7-"0#$0&/(#.$3&+,0#(.&vxS�~Z&$&��S�~Z&%0/("(% $%+8,K)#(5&,7'06#(5&7M,9L$$N&

q&R$6/&:NPN&�$&"6N�&]$'$.7&$&/03#$.7&+(,8+6(*("#$.(*I&&SU>UN&/N 44.

2. O03#(,(4$9&/(#.$3&+,0#(.N&P+67*(1#$.N&G("&60"N&;N&\75))0,7I&WN&w,E#47N&O(%&>N&\N^&

P(*0/).(0&67"$(N&>@BBN

3. w0/06("$#&iN&T0*$"$%(0&)/0.,(^&.7.&+6()*0/,9,7)K&(+/$.7N&//G(+8,96#79&%037#$.7I&

SUUB4N

4. i#7,$'& +(*063#()/$& /(#.$3& +,0#(.& vxS�~Z& ()7-"0##23& %0/("(%& $%+8,K)#(5&

,7'06#(5&7M,9L$$&qw6$4(6K9#L&iN&wN&�$&"6N�&T78.7&$&(M67'(*7#$0N&– 2011. - #10, 77-
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