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Abstract 

9*! /03(! :%&;! :'! )&'('*/! -*! -*-4<(3(! %7! *%*=(4-*/'+! &'74',/3%*!
>&-/3*>(!?<!.(3*>!'@-,/!(%4./3%*(!%7!/0'!(',%*+!%&+'&!+377'&'*/3-4!
'A.-/3%*B!+'&3C'+!7&%2!D-@:'44!'A.-/3%*(B!3*!/'&2(!%7!D-/03'.!
7.*,/3%*(8! E0'! &'(.4/(! %?/-3*'+! ?<! .(3*>! /03(! 2'/0%+! :344! ?'!
,%2)-&'+!/%!/0%('!%?/-3*'+!?<!.(3*>!/0'!:'44!;*%:*!F%>'4*3;1(!
$%.)4'+!G-C'! E0'%&<!:03,0! )&'+3,/(!:3/0!>&'-/!- ,,.&-,<! /0'!
&'()%*('!%7!/0'!'77 ,3'*,<!%7!/0'!H'&%(!-*+!7 &(/!%&+'&!7%&!C%4.2'!
)0-('!>&-/3*>(B!7%&!?%/0!&'7 ',/3%*!-*+!/&-*(23((3%*!>&-/3*>(8!
8!
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1. Introduction 
E0'!(/.+<!%7!/0'!3*/'&-,/3%*!%7!'4',/&%2->*'/3,!&-+3-/3%*!:3/0!+377&-,/3C'!'4'2'*/(!
0-(! &','3C'+! 2.,0! -//'*/3%*! 3*! /0'! 43/'&-/.&'! I"=JK8! 9*! )-&/3,.4-&B! ('C'&-4!
/0'%&'/3,-4! 2%+'4(! 0-C'! ?''*! )&%)%('+! /%! -,,.&-/'4<! +'(,&3?'! /0'! ?'0-C3%.&! %7!
+377&-,/3%*!>&-/3*>(!%7!+377'&'*/!;3*+8!E0'!-//'*/3%*!)%('+!%*!/0'('!(/&.,/.&'(!3(!3*!
)-&/! +.'! /%! /0'! 7-,/! /0-/! -! (3*.(%3+-4! +377&-,/3%*! >&-/3*>! 3(! /0'! (32)4'(/! )'&3%+3,!
(/&.,/.&'! /0-/! ,-*! ?'! &',%&+'+!%*! -! )0%/%('*(3/3C'!2-/'&3-48! E0'&'7%&'! /0'! ?-(3,!
)&%?4'2!3*!C%4.2'!0%4%>&-)0<! /0'%&<! 3(!/% !+'(,&3?'!-,,.&-/'4<! /0'!)&%)'&/3'(!%7!
/03(!;3*+!%7! (/&.,/.&'(8!L!.(.-4!:-<! /%!,-4,.4-/'! /0'!'773,3'*,3'(!%7! /0'!+377'&'*/!
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%&+'&(!/0-/!)&%)->-/'!3*!/0'!C%4.2'!>&-/3*>!3(!/%!(%4C'!D-@:'44!'A.-/3%*(!7%&!/0'!
,-('! %7! -*! 3*,3+'*/! )4-*'! :-C'! %*! -! 2'+3.2! :0'&'! /0'! &'4-/3C'! +3'4',/&3,!
)'&23//3C3/<! C-&3'(8! L4/0%.>0! /0'! 3+'-! (''2(! ,4'-&! -*+! )&',3('B! 3*! /0'! 43/'&-/.&'!
/0'&'!-&'!-!>&'-/!*.2?'&!%7!2%+'4(!/0-/!-44%:!(%4C3*>!/0'!)&%?4'28!!
M*'!%7!/0'!2%(/!)&'+3,/3C'!-*+!)%).4-&!/0'%&3'(!/%!,-4,.4-/'!/0'!'773,3'*,<!%7!/0'!
%&+'&(!/0-/!)&%)->-/'!3*(3+'!-!+377&-,/3%*!>&-/3*>!3(!/0'!F%>'4*3;1(!$%.)4'+!G-C'!
E0'%&<!I"K8!E03(! /0'%&<!0-(!/0'!-+C-*/->'!%C'&!%/0'&!/0'%&3'(! 3*!/0-/B! 3*!()3/'!%7!
?'3*>! 2-/0'2-/3,-44<! (32)4'B! 3/! )&'+3,/(! C'&<! -,,.&-/'4<! /0'! &'()%*('! %7! /0'!
'773,3'*,<!%7!/0'!H'&%!-*+!73&(/!%&+'&!7%&!C%4.2'!)0-('!>&-/3*>(8!N%*'/0'4'((B!/0'!
-,,.&-,<! +',&'-('(! :0'*! '3/0'&! /0'! /03,;*'((! 3(!4%:!% &! :0'*! %C'&=2%+.4-/'+!
)-//'&*(! O03>0! &'7&-,/3C'! 3*+'@! 2%+.4-/3%*(P! -&'! &',%&+'+! 3*! /0'! 0%4%>&-28! 9*!
/0'('!,-('(B!/0'!,%.)4'+!:-C'!/0'%&<!O$GP!-44%:3*>!7%&!2%&'!/0-*!/:%!%&+'&(!%&!
/0'! &3>%&%.(! ,%.)4'+!:-C'! /0'%&<! OQ$GP! IR=SK!:03,0!+%'(*1/! +3(&'>-&+! (',%*+!
+'&3C-/3C'(!3*!/0'!,%.)4'+!:-C'!'A.-/3%*(!-(!+%'(!$GB!-&'!*''+'+8!!
L4/0%.>0!'@-,/!)&'+3,/3%*(!,-*!?'!%?/-3*'+!?<!.(3*>!/0'!Q$G!3/!3(!(/344!3*/'&'(/3*>!
/%! :%&;! :3/0! -*-4</3,-4! '@)&'((3%*(! 3*! %&+'&! /%! ,-4,.4-/'! /0'! '773,3'*,<! %7! /0'!
+377'&'*/!%&+'&(!/0-/!)&%)->-/'!3*(3+'!/0'!0%4%>&-28!L*-4</3,-4!'@)&'((3%*(!>3C'!-!
+'')'&! .*+'&(/-*+3*>! %7! /0'! )0<(3,-4! )&%,'(('(! /0-*! *.2'&3,-4! (%4./3%*(! +%8! 9*!
-++3/3%*B!?<!+3&',/!3*()',/3%*!%7!/0'!-*-4</3,-4!'@)&'((3%*(!-!,4'-&'&!3*/'&)&'/-/3%*!
%7!0%:!/0'!+377'&'*/!)-&-2'/'&(!3*74.'*,'!3*!/0'!'773,3'*,<!%7!/0'!+377'&'*/!%&+'&(!
3(! >%/8! 9*!/03(! :%&;! /0'! '773,3'*,3'(! %7! /0'! H'&%! -*+! 73&(/! %&+'&! -&'! %?/-3*'+! ?<!
(%4C3*>!/0'!(',%*+!%&+'&!+377'&'*/3-4!'A.-/3%*B!7&%2!D-@:'44!'A.-/3%*(B!-))43'+!/%!
-! *%*=(4-*/'+! &'74',/3%*! 3*! /'&2(! %7!D-/03'.! 7.*,/3%*(8! E0'! &'(.4/(! %?/-3*'+! ?<!
.(3*>! /03(! 2'/0%+! :344! ?'! ,%2)-&'+! /%! /0%('! %?/-3*'+! ?<! F%>'4*3;1(! ,%.)4'+!
:-C'!/0'%&<!(0%:3*>!>%%+!->&''2'*/8! !

2. Theory 
$%*(3+'&! -!)4- *'! '4',/&%2->*'/3,! :-C'! 3*,3+'*/! %*/%! -! )'&3%+3,! *%*=2->*'/3,!
2'+3.2B!:03,0!+3'4',/&3,!,%*(/-*/!C-&3'(!3*!7%&25!!

! P,%(O"T Kzrrr !!! "# !! O"P! !
E0'! /&'-/2'*/! 3(! +%*'! %*4<! 7%&! EU! )%4-&3H-/3%*B! ?./! ,-*! ?'! '@/'*+'+! /%!E D!
)%4-&3H-/3%*8!9*!/03(!,-('!/0'!7.*,/3%*!U!OHP!7%&!/0'!'4',/&3,!73'4+!3*(3+'!/0'!2'+3.2!
C'&373'(!/0'!7%44%:3*>!+377'&'*/3-4!'A.-/3%*5!!
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97!+,-3(!/0'!-*>4'!%7!3*,3+'*,'!-*+!+2!3(!/0'!-*>4'!?'/:''*!/0'!:-C'!C',/%&!-*+!/0'!
*%&2-4!/%!/0'!(.?(/&-/'!%7!&'7&-,/3C'!3*+'@!*#B!/0'*!/0'!7%44%:3*>!)-&-2'/'&(!,-*!
?'!+'73*'+5!!

! $ % $ % ##"" (3*X(3*X +.+. cncnK x ## ! ORP!

! $ % """ ,%(X +. cnq # ! OSP!

! $ % ### ,%(X +. cnq # ! OYP!
!!

!
Z3>.&'!"8=!N%*(4-*/'+!&'74',/3%*!>&-/3*>!!
!
E0'!'4',/&3,!73'4+!3*!/0'!73&(/!2'+3.2!,-*!?'!'@)&'(('+!-(!/0'!(.)'&)%(3/3%*!%7!-*!
3*,3+'*/!:-C'!-*+!-!&'74',/'+!:-C'!%7!/0'!7%&25!!
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N%:! (.))%('! /0-/! 7OHP! 3(! -!(% 4./3%*! %7! /0'! +377'&'*/3-4! 'A.-/3%*! :3/0! -!.*3/!
-2)43/.+'!/&-*(23//'+!:-C'5!!
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G0'&'! ,2!O- B! AB! HP!3(! /0'! 'C'*!D-/03'.! 7.*,/3%*! (2! O-B! AB!HP!/0'!%++! D-/03'.!
7.*,/3%*B!,2)!O-B!AB!HP!-*+!(2)!O-B!AB!HP!/0'!,%&&'()%*+3*>!+'&3C-/3C'(8!!

3. Results and discussion 
!
E%! C-43+-/'! /0'! /0'%&'/3,-4!2%+'4! )&'C3%.(4<! +'C'4%)'+!:'!:344! *%:! ,%*+.,/! -!
,%2)-&3(%*! ?'/:''*! /0'! &'(.4/(! %?/-3*'+!.(3*>! /0'!2%+'4! O,4-((3,-4! +377'&'*/3-4!
/0'%&<B!E`$P!:3/0!/0%('!%?/-3*'+!?<!/0'!,%.)4'+!:-C'!/0'%&<!%7!F%>'4*3;!OEFP8!
L!(32.4-/3%*!7%&!-!*%*=(4-*/'+!&'74',/3%*!>&-/3*>!:3/0!-!>&-/3*>!)'&3%+!%7!T8##!02!
3(! )&'('*/'+B! /0'! -C'&->'! &'7&-,/3C'! 3*+'@!:-(! (.))%('+! /%! ?'! *T! ]! "8YV! -*+! -*!
3*+'@!2%+.4-/3%*!%7!TBT"SB!/0'!3*,3+'*/!:-C'4'*>/0!:-(!-((.2'+!/%!?'!%7!YVV!*28!!
Z3>.&'!#!(0%:(!/0'!+377&-,/3%*!'773,3'*,<!-(!-!7.*,/3%*!%7!/0'!-*>4'!7%&!-!>&-/3*>!%7!
/03,;*'((!+!]!##!028!L(!(0%:*!3*!/0'!73>.&'!/0'!+'>&''!%7!->&''2'*/!?'/:''*!/0'!
/:%!/0'%&3'(!3(!A.3/'!>%%+!3*+3,-/3*>!/0'!C-43+3/<!%7!/0'!2%+'48!!

!
Z3>.&'! #8=! $%2)-&3(%*! %7!F%>'4*3;1(! $%.)4'+!G-C'! E0'%&<!:3/0! /0'!2'/0%+! )&%)%('+! 3*! /03(!
:%&;8!`%//'+!43*'5!F%>'4*3;1(!E0'%&<a!$%*/3*.%.(!43*'5!2'/0%+!%7!/03(!:%&;8!!
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4. Conclusions 
L! (%4./3%*! %7! /0'! (',%*+! %&+'&! +377'&'*/3-4! 'A.-/3%*! %?/-3*'+! 7&%2! D-@:'44!
'A.-/3%*(!7%&!EU!+'(,&3?3*>!-!*%*=(4-*/'+!&'74',/3%*!>&-/3*>!3*!/'&2(!%7!D-/03'.!
7.*,/3%*(!3(!)&'('*/'+8!E0'!2%+'4!3(!&3>%&%.(!3*!/0'!('*('!/0-/!*%!-))&%@32-/3%*(!
-&'!2-+'8!E0'!&'(.4/(!%?/-3*'+!?<!/03(!2'/0%+!:'&'!,%2)-&'+! /%!/0%('!%?/-3*'+!
?<! .(3*>! F%>4'*3;1(! ,%.)4'+! :-C'! /0'%&<! (0%:3*>! -! >%%+! ->&''2'*/! ?'/:''*!
?%/0!(32.4-/3%*(B!-*+!/0.(!C-43+-/3*>!/0'!2%+'4!)&%)%('+8!!
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