
Concepts et méthodes
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!
"!#$%&'()!*(!+,!*-../0-$1!*(0!)20/+','0!*(!6#&7'%.)899:!3*-../0-$1!&)24/(!+(!56!%,)0!76689:!+(0!1$%(1#+,'/)(0!
2#$1$%-;/(0!*(!&)$*/-'0!/'-+-02(0!&$/)!+,!&)20(1','-$1!*(0!*$112(0!*/!#$%%()#(!(<'2)-(/)!#=,1>(1'?)
!
@(!1$/4(++(0!1$%(1#+,'/)(0!*A,#'-4-'20!('!*(!&)$*/-'0!.),1B,-0(0:!C"D!)24-0-$1!7!3$/!E!C"D!766F!G9!('!HID!
)24-0-$1!7! 3$/!E!HID!766F!G9:! 0$1'!(1')2(0!(1!4->/(/)! +(!5()! J,14-()!766F?!H(''(!$&2),'-$1!0A-10#)-'!*,10!/1!
&)$#(00/0!*(!)24-0-$1!*A(10(%K+(!*(0!1$%(1#+,'/)(0!*A,#'-4-'20!('!*(!&)$*/-'0!,/<!1-4(,/<!%$1*-,+:!(/)$&2(1!
('! .),1B,-0?!L(0! )24-0-$10:! &-+$'2(0! &,)! +AMCNOO! 0$/0! +A2>-*(! *(! +,!H$%%-00-$1! 1,'-$1,+(! *(0! 1$%(1#+,'/)(0!
2#$1$%-;/(0!('!0$#-,+(0!3HCCON9!*/!H$10(-+!1,'-$1,+!*(!+A-1.$)%,'-$1!0','-0'-;/(!3HCMN9:!$1'!.,-'!+A$KJ('!*A/1(!
+,)>(!#$1#()','-$1!,4(#!+(0!)(&)20(1',1'0!*(!+A(10(%K+(!*(0!.2*2),'-$10!&)$.(00-$11(++(0?!
!
I$/)!+,!&)20(1','-$1!*(0!.0+,-$#$+)*,)1(33%.1%)%;$0.'%,.:!+(0!#$102;/(1#(0!0$1'!+(0!0/-4,1'(0!P!
!
!O1! %,'-Q)(! *(! *$112(0! *(! 0R1'=Q0(! 3>),1*0! -1*-#,'(/)0! ('! *$112(0! *(! #,*),>(9:! +,! C$%(1#+,'/)(!

S#$1$%-;/(! *(! NR1'=Q0(! 3CON9! (0'! ,K,1*$112(! ,/! &)$.-'! *(! <) &'7%#,;) *=#>.0>#$'(&) +/01'4'5,%+! *(! +,!
1$%(1#+,'/)(!C"DTHID!)24-0-$1!7!3766F9!P!?@A:!?<B:!?@8:?!
!
!O1!%,'-Q)(!*(!*$112(0!1,'-$1,+(0!$/!)2>-$1,+(0!(1!HID:!-#).07'+'(&)8)CD)EFG)899B)HI!(0'!/'-+-02(!(1!+-(/!('!

&+,#(!*(!+,!)24-0-$1!5!3E!HID!766U!G9?!
!
!L(0!&,+%,)Q0!E!O1')(&)-0(0!G!P!+V-1.$)%,'-$1!0/)!+V,#'-4-'2!*(0!(1')(&)-0(0:!*-0&$1-K+(!*,10!+(0!&,+%,)Q0:!0(!
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!

!"#$%&'"()*))
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1$%(1#+,'/)(! *$/,1-Q)(! 3CHF9! ('! +,! HID! 766F! *,10! 0$1! 1-4(,/! +(! &+/0! *2',-++2! 3HIDX9?! "! #(! 1-4(,/:! +(!
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+V,K0(1#(! *(! #$))(0&$1*,1#(! *-)(#'(! ,4(#! +,! 1$%(1#+,'/)(! *$/,1-Q)(?! O1! $/')(:! +,! #)2,'-$1! *(! &$0'(0!
0&2#-.-;/(0!,/!#$%%()#(!(<'2)-(/)!,!2'2!12#(00,-)(!3#,0!*(0!&)$*/-'0!#$1.-*(1'-,+-020!*$/,1-()0!('!*(0!#$+-0!
&$0',/<!1$',%%(1'9?!
!
I$/)!+(0!*$112(0!*(!0R1'=Q0(!3"5Y:!"UF:!"5789:!+(0!+-K(++20!*V$)->-1(:!#$1B/0!(1!4/(!*A/1(!#+,00-.-#,'-$1!*(0!
,#'-4-'20:! R?#?! *(! 0()4-#(0:! $1'! 2'2! %$*-.-20! &$/)! +(0! K(0$-10! *(! +,! *-../0-$1! *(0! )20/+','0! */! #$%%()#(!
(<'2)-(/)!3#.?!&,>(0!0/-4,1'(09?!
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?S))F.(*,'$+)#>.'1(-%+T)+U-7'1(-%+T)*%)-#)/V12%)%$)*%)-=#5,#1,-$,.%)

) "\! I)$*/-'0!,>)-#$+(0:!0R+4-#$+(0:!*(!+,!&]#=(!('!*(!+V,;/,#/+'/)(!

) ! "65\! I)$*/-'0!*(!+,!#/+'/)(!('!*(!+V2+(4,>(!
) ! "67\! I)$*/-'0!0R+4-#$+(0!
) ! "6U\! I)$*/-'0!*(!+,!&]#=(!('!*(!+A,;/,#/+'/)(!
) ! !

PW))XU*.(1#.Y,.%+)&#$,.%-+T)#,$.%+)/.(*,'$+)*%+)'&*,+$.'%+)%;$.#1$'7%+T)0-%1$.'1'$0T)*012%$+)

) ^\! _R*)$#,)K/)(0!1,'/)(+0!('!,/')(0!&)$*/-'0!*(0!-1*/0')-(0!(<'),#'-4(0!

) ! ^6`\! _$/-++(!
) ! ^6X\! _R*)$#,)K/)(0!1,'/)(+0!
) ! ^6Y\! a-1(),-0!%2',++-;/(0!
) ! ^6F\! I)$*/-'0!*-4()0!*(0!-1*/0')-(0!(<'),#'-4(0!

) @\! O+(#')-#-'2!('!>,b!%,1/.,#'/)2!

) ! @U`"! S+(#')-#-'2!
) ! @U`^! c,b!%,1/.,#'/)2!

) O\! @2#=('0!-1*/0')-(+0!('!%21,>()0!

) ! OUY\! ^$/(0!*A2&/),'-$1!('!$)*/)(0!%21,>Q)(0!
) ! OUF\! @2#=('0!-1*/0')-(+0!
) ! !

E@))F.(*,'$+)*%+)'&*,+$.'%+)#>.(#-'3%&$#'.%+)CZ??I)

) H"! I)$*/-'0!*(0!-1*/0')-(0!,>)$,+-%(1',-)(0!3M""9!

) ! H56"! d-,1*(!('!&)$*/-'0!W!K,0(!*(!4-,1*(!
) ! H56^! I)2&,),'-$10!('!#$10()4(0!W!K,0(!*(!&$-00$1!('!*(!&)$*/-'0!*(!+,!&]#=(!
) ! H56H! I)$*/-'0!W!K,0(!*(!.)/-'0!('!+2>/%(0:!R!#$%&)-0!+(0!J/0!
) ! H56@! _/-+(0!('!>),-00(0!42>2',+(0!('!,1-%,+(0:!'$/)'(,/<!
) ! H56O! I)$*/-'0!+,-'-()0!('!>+,#(0!
) ! H56D! I)$*/-'0!*/!'),4,-+!*(0!>),-10!('!&)$*/-'0!,%R+,#20!
) ! H56c! I)$*/-'0!*(!K$/+,1>()-(T&e'-00()-(!('!&e'(0!,+-%(1',-)(0!
) ! H56_! I)$*/-'0!,+-%(1',-)(0!*-4()0!
) ! H56f! "+-%(1'0!&$/)!,1-%,/<!
) ! H55\! ^$-00$10!
) ! H57\! g,K,#0!%,1/.,#'/)20!
) ! !

E8))F.(*,'$+)/0$.(-'%.+).#44'&0+)%$)1(Q%)

) H@! I)$*/-'0!&2')$+-()0!),..-120!('!#$[(!

) ! H58\! I)$*/-'0!&2')$+-()0!),..-120!('!#$[(!
) ! !

E<))[5,'/%3%&$+)301#&'5,%+T)3#$0.'%-)0-%1$.'5,%T)0-%1$.(&'5,%)%$)'&4(.3#$'5,%)

) HM! I)$*/-'0!-1.$)%,'-;/(0:!2+(#')$1-;/(0!('!$&'-;/(0!

) ! H7X"! H$%&$0,1'0!('!#,)'(0!2+(#')$1-;/(0!
) ! H7X^! h)*-1,'(/)0!('!2;/-&(%(1'0!&2)-&=2)-;/(0!
) ! H7XH! g2+2&=$1(0!('!2;/-&(%(1'0!*(!#$%%/1-#,'-$1!
) ! H7X@! I)$*/-'0!2+(#')$1-;/(0!>),1*!&/K+-#!
) ! H7XO! "&&,)(-+0!*(!%(0/)(:!*A(00,-!('!*(!1,4->,'-$1!i!,)'-#+(0!*A=$)+$>()-(!
) ! H7XD! S;/-&(%(1'0!2+(#')$%2*-#,/<!*(!*-,>1$0'-#!('!*(!'),-'(%(1'!
) ! H7Xc! a,'2)-(+0!$&'-;/(!('!&=$'$>),&=-;/(!i!0/&&$)'0!%,>12'-;/(0!('!$&'-;/(0!

) Hj! S;/-&(%(1'0!2+(#')-;/(0!('!%21,>()0!

) ! H7Y"! "&&,)(-+0!%21,>()0!
) ! H7Y^! a,'2)-(+!2+(#')-;/(!

) Hf! a,#=-1(0!-1*/0')-(++(0!('!,>)-#$+(0:!%,#=-1(0!*-4()0(0!

) ! H7F"! a,#=-1(0!('!2;/-&(%(1'0!*A/0,>(!>212),+!
) ! H7F^! a,#=-1(0!,>)-#$+(0!('!.$)(0'-Q)(0!
) ! H7FH! a,#=-1(0T$/'-+0!
) ! H7F@! a,#=-1(0!*-4()0(0!*A/0,>(!0&2#-.-;/(!
) ! !

C-4(,/<!*V,>)2>,'-$1!0&2#-.-;/(0!*(!
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E\))]#$0.'%-+)*%)$.#&+/(.$)

) HL! a,'2)-(+0!*(!'),10&$)'!

) ! H78"! I)$*/-'0!*(!+,!#$10')/#'-$1!,/'$%$K-+(!
) ! H78^! S;/-&(%(1'0!&$/)!,/'$%$K-+(0!
) ! HU6"! C,4-)(0!('!K,'(,/<!
) ! HU6^! a,'2)-(+!.())$4-,-)(!)$/+,1'!
) ! HU6H! I)$*/-'!*(!+,!#$10')/#'-$1!,2)$1,/'-;/(!('!0&,'-,+(!
) ! HU6O! HR#+(0!('!%$'$#R#+(0!
) ! !

E^))?,$.%+)/.(*,'$+)'&*,+$.'%-+))

) H^! g(<'-+(0:!=,K-++(%(1':!#/-)!('!#=,/00/)(0!

) ! H5U\! I)$*/-'0!*(!+A-1*/0')-(!'(<'-+(!
) ! H5k\! ")'-#+(0!*A=,K-++(%(1'!
) ! H5`\! H/-):!K,>,>(0!('!#=,/00/)(0!

) HH! ^$-0:!&,&-()!('!#,)'$1!

) ! H5X\! ^$-0:!,)'-#+(0!(1!K$-0!
) ! H5Y"! Ie'(!W!&,&-():!&,&-()!('!#,)'$1!
) ! H5Y^! ")'-#+(0!(1!&,&-()!$/!(1!#,)'$1!
) ! H5F\! a,'2)-(+!*V-%&)(00-$1!('!*(!)(&)$*/#'-$1!

) HO! I)$*/-'0!#=-%-;/(0:!&,)./%0!('!#$0%2'-;/(0!

) ! H76"! I)$*/-'0!#=-%-;/(0!*(!K,0(:!&)$*/-'0!,b$'20:!%,'-Q)(0!&+,0'-;/(0!('!#,$/'#=$/#!0R1'=2'-;/(!
) ! H76^! I,)./%0:!#$0%2'-;/(0!('!&)$*/-'0!*V(1')('-(1!
) ! H76H! I)$*/-'0!#=-%-;/(0!*-4()0!

) HD! I)$*/-'0!&=,)%,#(/'-;/(0!

) ! H75\! I)$*/-'0!&=,)%,#(/'-;/(0!

) Hc! I)$*/-'0!(1!#,$/'#=$/#!('!(1!&+,0'-;/(:!&)$*/-'0!%-12),/<!*-4()0!

) ! H77"! I)$*/-'0!(1!#,$/'#=$/#!
) ! H77^! I)$*/-'0!(1!&+,0'-;/(!
) ! H7U"! d())(!('!,)'-#+(0!(1!4())(!
) ! H7U^! a,'2)-,/<!*(!#$10')/#'-$1!('!&)$*/-'0!%-12),/<!*-4()0!

) H_! I)$*/-'0!%2',++/)>-;/(0!('!%2',++-;/(0!

) ! H7k"! I)$*/-'0!0-*2)/)>-;/(0!('!*(!&)(%-Q)(!'),10.$)%,'-$1!*(!+A,#-()!
) ! H7k^! a2',/<!1$1!.())(/<!
) ! H7kH! I)$*/-'0!*(!.$1*()-(!
) ! H7`"! S+2%(1'0!(1!%2',+!&$/)!+,!#$10')/#'-$1!
) ! H7`^! I)$*/-'0!*(!+,!#=,/*)$11()-(!
) ! H7`H! ")%(0!('!%/1-'-$10!
) ! H7`O! H$/'(++()-(:!$/'-++,>(:!;/-1#,-++()-(!('!$/4),>(0!*-4()0!(1!%2',/<!

) Ha! I)$*/-'0!%,1/.,#'/)20!*-4()0!

) ! HU5\! a(/K+(0!
) ! HU7"! ")'-#+(0!*(!J$,-++()-(!('!K-J$/'()-(:!-10')/%(1'0!*(!%/0-;/(!
) ! HU7^! M10')/%(1'0!W!/0,>(!%2*-#,+:!$&'-;/(!('!*(1',-)(!
) ! HU7H! ")'-#+(0!*(!0&$)':!J(/<!('!J$/('0!i!&)$*/-'0!%,1/.,#'/)20!*-4()0!
) ! !
RS))F.(*,'$+)*%)-=0*'$'(&)%$)*%)-#)1(33,&'1#$'(&)

) j"! I)$*/-'0!*(!+V2*-'-$1!('!*(!+,!#$%%/1-#,'-$1!

) ! j`F\! I)$*/-'0!*(!+V2*-'-$1:!+$>-#-(+0!
) ! j`8\! H@!('!@d@!(1)(>-0')20!
) ! !

C-4(,/<!*V,>)2>,'-$1!0&2#-.-;/(0!*(!
C"DTHID!)24-0-$1!7!3"5Y:!"UF:!"5789!
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]J))F-#&+)%$)*%++'&+)$%12&'5,%+)_)/-#5,%+)%$)4'-3+)/2($(>.#/2'5,%+)%;/(+0+)

) aa! I+,10!('!*(00-10!'(#=1-;/(0!i!&+,;/(0!('!.-+%0!&=$'$>),&=-;/(0!(<&$020!

) ! aY5\! I+,10!('!*(00-10!'(#=1-;/(0!
) ! aYk\! I+,;/(0!('!.-+%0!&=$'$>),&=-;/(0!(<&$020!
) ! !

`a))bY6%$+)*=#.$T)*=#&$'5,'$0)%$)*%)1(--%1$'(&)

) l\! hKJ('0!*V,)':!*V,1'-;/-'2!('!*(!#$++(#'-$1!

) ) l86\! g,K+(,/<:!>),4/)(0:!0#/+&'/)(0!
) ) l85\! hKJ('0!*V,1'-;/-'2!('!*(!#$++(#'-$1!

) N\! H=(4(/<!K)/'0!

) ) N8X\! H=(4(/<!K)/'0!

!
)
)
?7%.$'++%3%&$)K)
!
L(0!+-K(++20!*V$)->-1(:!#$1B/0!(1!4/(!*A/1(!#+,00-.-#,'-$1!*(0!,#'-4-'20:!R?#?!*(!0()4-#(0:!$1'!2'2!%$*-.-20!&$/)!+(0!K(0$-10!*(!+,!
*-../0-$1!*(0!)20/+','0!*/!#$%%()#(!(<'2)-(/)?!
!

"#!$%&'$()#*+,'!%,-.-$'))'!/'0!$-1'#+2!/3#.,4.#*-%$!054(-6-7+'0!/'!)#!89:!,41-0-%$!;!'0*!(%$0+)*#<)'!0+,!)'!0-*'!/'!)3=8>??!@!)3#/,'00'!0+-1#$*'!A!

!=''&PZZmmm?-10((?.)Z.)Z%('=$*(0Z*(.,/+'?,0&n&,>(o1$%(1#+,'/)(0Z,>)(>,'1,.766FZ,>)(>,'1,.766F?='%!
!
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