
! ##!

^_Z&aIbJCk&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&)-84J&OJyJ&T.@+,$%":&

T.89J&,8%J&4+=J&UJiJ&S#-+#1/"9&&

g%.<14,.&+,@.#"91$%+:&?"3""B&FRO^h&

U6'<4&:*

c& kt'G& @J& *M0+& +28*0"%+/.#+& +-%,M-"1& <,.#=8L$%+@+& ?"3"%.& P@D$-.& P4>1B& %+-+,M:&

/M410"0&"L&%8-"%80M&3.:$%+@+&K8%.&<,.%="DB&#1,.$-/+,"38D&/&A10+9"&g@"4,+%$"41&%.0"EhB&

#.L/.##8D&?"-"#+3&�&+-&@,191$%+@+&$0+/.&\?"-+#]J&c&ktaC;3&e.,0>&Q8K1&$20./"0&?"-"#&$&

@"4,+%$"4+3&#.-,"E&2,"&-1321,.-8,1&kt(HkC(&)B&2+089"/&?"-+L.#J&~-+&#.L/.#"1&4.0&2+0"31,8&

#131=%":&?"3"%&x10"%$&R+221;V1:01,&Ga&01-&$28$-E&mk−GnJ&&&

5"-+L.#&"&/&#.$-+EA11&/,13E&2+089.D-&"L&?"-"#.B&%+-+,M:&L.#"3.1-&2+$01&=100D0+LM&

/-+,+1& 31$-+& 2+& ,.$2,+$-,.#1##+$-"& /& 2,",+41B& -.%& %.%& E/0E1-$E& +$#+/#M3& %+32+#1#-+3&

2.#=",1:& ,.%++*,.L#M?B& %8-"%80& #.$1%+3M?& "& 2.8%+/B& %01-+9#M?& $-1#+%& @,"*+/B& -.%K1&

/$-,19.1-$E&8&3+00D$%+/B& %,8@0M?&91,/1:&"& L101#M?&/+4+,+$01:J&i+&$-,8%-8,1&?"-"#&H&N-+&

0"#1:#M:& 2+0"$.?.,"4B& 3.%,+3+01%80M& %+-+,+@+& $+$-+E-& "L& ';.=1-.3"4+;';41L+%$";¹;8;

@0D%+2",.#+LMB& $+14"#1##M?& 31K48& $+*+:& gk→Ih;@0"%+L"4#+:& $/EL>DJ& & P-A1201#"1&

.=1-"0>#M?&@,822&?"-"#.&2,+"$?+4"-&/&+-#+$"-10>#+&K1$-%"?&8$0+/"E?&gI(;ICp;#M:&/+4#M:&

,.$-/+,& j�¤¯B& 2,"& -1321,.-8,1& kk(−kI(°&)B& /& -191#"1& I−`& 9.$+/hB& 2,"913& $-121#>&

41L.=1-"0",+/.#"E&g)_hB&-+&1$->&4+0E&+-A12"/f"?$E&.=1-.3"4#M?&@,822&/&,.$91-1&#.&+4#+&

N0131#-.,#+1&L/1#+B&$+$-./0E1-&+*M9#+&(Bt−(BC&mknJ&c&N-"?&8$0+/"E?&-.%K1&2,+-1%.1-&,.L,M/&

@0"%+L"4#M?&$/EL1:B&"L31#E1-$E&3+01%80E,#.E&3.$$.B&#.43+01%80E,#.E&$-,8%-8,.&"&4,J&

!

Q"$8#+%&−&x+,380.&?"-+L.#.&&

c&,1L80>-.-1&&+*,.L81-$E&?"-+L.#B&%+-+,M:&2,14$-./0E1-&

$+*+:& $31$>& 2+0"31,+/& $& ,.L#+:& 3+01%80E,#+:& 3.$$+:& "&

$-121#>D& 41L.=1-"0",+/.#"EB& $+41,K.A"?& a−kap&

.=1-.3"4#M?& @,822& .& -.%K1& 4+& kp& @,822B& $+14"#1##M?& $&

.3"#+%"$0+-.3"&"&212-"4.3"J&&

F0.@+4.,E&#.0"9"D&$/+*+4#M?&.3"#+;&"&@"4,+%$"0>#M?&

@,822&?"-+L.#&+*,.L81-&/+4+,+4#M1&$/EL"&$&+,@.#"91$%"3"&

/+4+,.$-/+,"3M3"& /1A1$-/.3"B& #.2,"31,B& $& ,.L0"9#M3"&

-+%$"#.3"J&&

Z,+31& -+@+B& ?"-+L.#& 3+K1-& 2,"$+14"#E->& "+#M& /+4+,+4.B& 2,"+*,1-.E& 2,"& N-+3&

2+0+K"-10>#M:& L.,E4B& 9-+& +*1$219"/.1-& 138& $/+:$-/.& ?+,+f1@+& .#"+#"-.B& .& -.%K1&

,.$-/+,E1-$E&/&/+4#M?&,.$-/+,.?&%"$0+-J&~-+&*"+.%-"/#M:B&*"+$+/31$-"3M:B&*"+,.L0.@.13M:&

"& #1-+%$"9#M:& 2+0"31,& $& 8#"%.0>#M3"& $/+:$-/.3"B& 9-+& +*1$219"/.1-& 138& f",+%+1&

2,"31#1#"1&2,"&"L@+-+/01#""&2,+48%-+/&2"-.#"EB&%+$31-"%"B&/&$10>$%+3&?+LE:$-/1B&+$+*1##+&

/&314"="#1&mk−InJ&*

UL& ?"-+L.#.& 410.D-& /+0+%#.B& 2+,+f%"B& 201#%"B& @8*%"B& f.,"%"B& ,.$-/+,MB& @10"& "&

%.2$80MJ&c+0+%#.&"&201#%"&"48-&#.&"L@+-+/01#"1&21,1/EL+9#M?&"&f+/#M?&3.-1,".0+/&m'nJ&~-"&

3.-1,".0M& #1& /MLM/.D-& .001,@""B& 2+$-121##+& ,.L0.@.D-$EB& *M$-,+& +$-.#./0"/.D-&

%,+/+-191#"1B& 2,14+-/,.A.D-& ,.L/"-"1& "#<1%=""J& Z,+31& -+@+B& ?"-+L.#& #1& 8$/."/.1-$E&

+,@.#"L3+3& 910+/1%.& "& 2,"31#E1-$E& %.%& N#-1,+$+,*1#-& /& %.91$-/1& %+32+#1#-.& 2"A"& "0"&

0191*#+;2,+<"0.%-"91$%+@+& 2,12.,.-.J& i+& .#.0+@"9#M3& #.2,./01#"E3& ?"-+L.#& #.?+4"-&&

2,"31#1#"1&/&/1-1,"#.,""&"&K"/+-#+/+4$-/1J&&

&&

uUO[QSO^QS&

kJ&Z.3$%.E&cJ[J&5"-+L.#q&$-,8%-8,.B&$/+:$-/.&"&"$2+0>L+/.#"1&ss&T.89#+1&+*+L,1#"1J&

F"+0+@"91$%"1&#.8%"J&H&'(k`J&H&v&`J&H&)J&G`−I'J&

'J&Q89%"#.&TJ&Q.4"&?"-+L.#.&,.L41#13&-.,.%.#.&ss&5"3"E&"&K"L#>J&−&'('(J&−&v&kJ&&

GJ&5"-+L.#q& & m~01%-,+##M:& ,1$8,$nJ& ³& '('(J& ³& �����qss��J���������J���s����s& ³& _.-.&

4+$-82.q&kCJkkJ'('(J&&

IJ&5"-"#& "& ?"-+L.#J& i+0891#"1B& $/+:$-/.& "& 2,"31#1#"1J& Q14Jq& )%,E*"#& ZJRJB&

c"?+,1/.&RJSJB&c.,0.3+/&cJiJH&!Jq&T.8%.B&'(('J&G`a&$J&

&

!

!

"#$

!#

%#$!#

!

!


