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II – Principales caractéristiques virologiques des polyomavirus 
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$GK#=E,!F$G&=&%!%'!'@$)#A%O!D%!,#'%!)(!F$=>='%($!)%!D@!$GK#=E!F$G&=&%O!%'!)%,!,#'%,!

)%!C#J@'#=E!)%!)#CCG$%E',!C@&'%($,!)%!'$@E,&$#F'#=EO!

!
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U D%,!$GK#=E,!LO!kO!1O!3!&=>F=$'%E'!D%!,#'%!)(!F$=>='%($!)%!D@!$GK#=E!'@$)#A%!%'!)%,!

,#'%,!)%!C#J@'#=E!F=($!)%,!C@&'%($,!'$@E,&$#F'#=EE%D,!m3FbO!VLUbO!D%!$G&%F'%($!@(J!

KD(&=&=$'#&=q)%,O!D%!$G&%F'%($!@(J!%,'$=K+E%,Qg/!

!
5@!$GK#=E!1.\.!F%('!n'$%!D%!,#'%!)%!>=)#C#&@'#=E,!)%!,GP(%E&%!'%DD%,!P(%!)%,!)GDG'#=E,O!

)%,!$GFG'#'#=E,!=(!)%,!$G@$$@EK%>%E',!)%!K$=(F%,!%E'#%$,!)%!E(&DG='#)%,/9;!5%,!'%$>%,!

)%!,=(&*%,!@$&*G'IF%,!mKGE='IF%!,@(A@K%g!%'!)%!,=(&*%,!$G@$$@EKG%,!,=E'!('#D#,G,/!"@E,!

D%! &=E'%J'%!)%,! #EC%&'#=E,!S!0hLI<!%E! '$@E,FD@E'@'#=E! $GE@D%O! &%,! ,=(&*%,! $G@$$@EKG%,!

=E'!(E%! &@F@&#'G! $GFD#&@'#A%!@(K>%E'G%! '7/&'9#+! %'! ,=E'!@,,=&#G%,! '7/&'&+! S!)%,! &*@$K%,!

A#$@D%,! FD@,>@'#P(%,! FD(,! GD%AG%,! %'! )%,! DG,#=E,! *#,'=D=K#P(%,! FD(,! ,GA+$%,! P(%! D%,!

C=$>%,!@$&*G'IF%,/9R!5?%J#,'%E&%!)%!C=$>%,!$G@$$@EKG%,!@!GK@D%>%E'!G'G!)G&$#'%!F=($!D%!

[.LI<O!%'!%DD%,!,%>ND%E'!GK@D%>%E'!@,,=&#G%,!S!(E%!F@'*=KGE#&#'G!@(K>%E'G%/!!

!

!
S(G#%*!PP!T!\5;&=6!)*!2_1%G6+('6,(1+!)*!26!h&G(1+!?1+,%i2*!41+!?1)6+,*!)*!:#6,%*!'1#5;*'!)*!

@Z$.N!
mMI*$%!%'!@D/O!7cbcg9_!

!
8g!.I&D%!)%!>(D'#FD#&@'#=E!A#$@D!

!
5?%E'$G%! )(! A#$#=E! )@E,! D@! &%DD(D%! ,%! C@#'! KGEG$@D%>%E'! F@$! C#J@'#=E! )%! D@! F$='G#E%!

>@H=$#'@#$%! )%! &@F,#)%! <Lb! ,($! )%,! $G&%F'%($,! %'! &=U$G&%F'%($,! ,FG&#C#P(%,! )%! 'IF%!

K@EKD#=,#)%,O!P(#!&=>F=$'%E'!)%,!$G,#)(,!)?@&#)%!,#@D#P(%/!L@$!%J%>FD%O!D@!F$='G#E%!<Lb!

)(! 0hLI<! #E'%$@K#'! @A%&! D%,! K@EKD#=,#)%,! d"bN! %'! d6bNO9i! D%! [.LI<! ,%! C#J%! ,($! D%,!

$G&%F'%($,!,G$='=E#E%$K#P(%,!:]67V/:c!
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5%,!F@$'#&(D%,!A#$@D%,!,=E'!%E,(#'%!#E'%$E@D#,G%,!F@$!%E)=&I'=,%/!5%!)%A%E#$!)%,!AG,#&(D%,!

)?%E)=&I'=,%!%,'!A@$#@ND%!%E!C=E&'#=E!)(!'IF%!)%!A#$(,/!L@$!%J%>FD%O!D%!0hLI<!('#D#,%!D@!

A=#%!)?%E)=&I'=,%!>G)#G%!F@$!D%,!&@AG=D#E%,O:b!@D=$,!P(%!D?%E'$G%!)@E,!D@!&%DD(D%!)(![.LI<!

,?%CC%&'(%!A#@!)%,!AG,#&(D%,!)?%E)=&I'=,%!&D@'*$#E%U)GF%E)@E'%,/:7 

5?@N@#,,%>%E'! )(! F]! )@E,! D@! AG,#&(D%! )?%E)=&I'=,%! ,%>ND%! &=E,'@E'!-! #D! F%$>%'! D@!

)G&@F,#)@'#=E/! 5%,! F@$'#&(D%,! A#$@D%,! '$@E,#'%E'! A#@! D%,! >#&$='(N(D%,! )(! $G'#&(D(>!

%E)=FD@,>#P(%!F=($!@$$#A%$!@(!E#A%@(!)%,!F=$%,!E(&DG@#$%,/!5?V"\!&#$&(D@#$%! D#NG$G!@(!

,%#E!)(!E=I@(!%,'!%E,(#'%!F$#,!%E!&*@$K%!F@$!D@!>@&*#E%$#%!&%DD(D@#$%/!VF$+,!'$@E,&$#F'#=E!

)%! D@! $GK#=E! F$G&=&%! @>%E@E'! S! D@! ,IE'*+,%! )?VK6O! D@! $GFD#&@'#=E! )%! D?V"\! )%,!

F=DI=>@A#$(,!%,'!#E#'#G%!D=$,P(%!)%(J!>='#C,!40"!)%!)%(J!>=DG&(D%,!)?VK6!,%!D#%E'!A#@!D%!

>='#C! 5l.l2! @(! ,#'%!:64! )%! D@! $GK#=E! 1.\.! mL=($! D%! 3<9cO! D%! ,#'%!:64! %,'! %E'=($G! )%!

P(@'$%!>='#C,!dVdd.g/!d$x&%!S!D?@&'#A#'G!V6L@,%!#E'$#E,+P(%!)%!D?VK6O!#D,!=E'!D@!&@F@&#'G!

)%!,?@,,%>ND%$!F=($!C=$>%$!(E!)=(ND%!*%J@>+$%!)?VK6!-!&*@P(%!*%J@>+$%!%,'!$GF@$'#!)%!

F@$'!%'!)?@('$%!)%,!>='#C,!F@D#E)$=>#P(%,!&%E'$@(J!)(!,#'%!:64/!

5?G'@'! )%! F*=,F*=$ID@'#=E! )%,! VK6! %,'! &@F#'@D/! 2E! F$G,%E&%! )?V"LO! D?@&'#A@'#=E! )(!

&=>FD%J%!)%!F$GU$GFD#&@'#=E!mC=$>G!F@$!D%,!)%(J!*%J@>+$%,!)?VK6g!E%!F%('!,%!C@#$%!P(%!

,#!D%,!,G$#E%,!%E!F=,#'#=E!b7c!%'!b78!,%!'$=(A%E'!,=(,!C=$>%!E=E!F*=,F*=$IDG%!%'!P(%!D@!

'*$G=E#E%!%E!F=,#'#=E!b79!%,'!>=E=F*=,F*=$IDG%/!VF$+,!@&'#A@'#=EO!D%!&=>FD%J%!)%!F$GU

$GFD#&@'#=E!,%!,&#E)%!%E!)%(J/!.%!&*@EK%>%E'!)%!&=EC=$>@'#=E!%E'$@#E%!D?@&'#A@'#=E!)%,!

)=>@#E%,! *GD#&@,%UV6L@,%,! P(#! #E#'#%E'! D%! $%&$('%>%E'! )%! F$='G#E%,! )%! $GFD#&@'#=E!

&%DD(D@#$%,!mL$='G#E%!V!)%!$GFD#&@'#=EO!V"\!F=DI>G$@,%!αUF$#>@,%O!6=F=#,=>G$@,%!`g/!5%,!

)%(J! *%J@>+$%,! @,,=&#G,! @(J! F$='G#E%,! )%! $GFD#&@'#=E! &%DD(D@#$%,! C=E&'#=EE%E'! @D=$,!

&=>>%!)%(J!*GD#&@,%,O!%'!#E#'#%E'!D@!$GFD#&@'#=E!)@E,!D%!,%E,!*=$@#$%!%'!)@E,!D%!,%E,!@E'#U

*=$@#$%/:8! 5@! '$@E,&$#F'#=E! )%! D@! $GK#=E! '@$)#A%! ,%! )G$=(D%! )%! C@Z=E! &=E&=>#'@E'%! S! D@!

$GFD#&@'#=E/!

5?@,,%>ND@K%! )%,! F$='G#E%,! ,'$(&'($@D%,! <LbO! <L7! %'! <L8! ,?%CC%&'(%! )@E,! D%! E=I@(! %'!

F$G&+)%!D?%E&@F,#)@'#=E!)%,!V"\!&#$&(D@#$%,!)=(ND%,!N$#E,!EG=,IE'*G'#,G,/:9!

"%! C@Z=E! ,#>FD#C#G%O! &%! &I&D%! &%DD(D@#$%! &=>FD%'! ,%! )G$=(D%! @(! ,%#E! )%,! &%DD(D%,!

F%$>#,,#A%,O!&%!P(#!%E'$@#E%!(E%!F$=)(&'#=E!DI'#P(%!)%!A#$#=E,/!.?%,'!F@$!%J%>FD%!D%!&@,!

)%! D@! >(D'#FD#&@'#=E! )(! [.LI<! @(! ,%#E! )%,! =D#K=)%E)$=&I'%,/! 2E! $%A@E&*%! %E! &@,!

)?#EC%&'#=E! )%! &%DD(D%,! E=E! F%$>#,,#A%,O! D%! &I&D%! &%DD(D@#$%! E?%,'! F@,! &=>FD%'/! 3%(D,! D%,!

F$='G#E%,!F$G&=&%,!,=E'!F$=)(#'%,O!&%!P(#!F%('!%E'$@tE%$!D@!&%DD(D%!A%$,!D@!&@E&G$#,@'#=E!

mY#K($%!b7g/!!
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!
S(G#%*!PX!T!\5;&=6!)#!)&%1#2*=*+,!)#!5.52*!5*22#26(%*!)6+'!#+*!5*22#2*!F*%=(''(8*!*,!)6+'!#+*!
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III – Epidémiologie 
!

bg!M=)%,!)%!'$@E,>#,,#=E!
!
5%!>=)%!)%!'$@E,>#,,#=E!)%,!F=DI=>@A#$(,!*(>@#E,!E?%,'!F@,!&D@#$%>%E'!GD(&#)G/!2E!&%!

P(#!&=E&%$E%!D%!0hLI<O!D%,!)=EEG%,!)%!D@!D#''G$@'($%!,=E'!%E!C@A%($!)?(E%!&=E'@>#E@'#=E!

)@E,!D@!F%'#'%!%EC@E&%O!%E!$@#,=E!)(!'@(J!)%!,G$=&=EA%$,#=E!GD%AG!&*%B!D%,!H%(E%,!%EC@E',/!

1%EC=$Z@E'!&%''%!#)G%O!)%,!&@,!)?#EC%&'#=E,!S!0hLI<!=E'!G'G!)G&$#',!%E!FG)#@'$#%/::O:;!

aE%! )%,! A=#%,! )%! '$@E,>#,,#=E! )%,! F=DI=>@A#$(,! F=($$@#'! n'$%! D@! A=#%! @G$#%EE%/! 5%!

0hLI<!%'!D%![.LI<!=E'!G'G!>#,!%E!GA#)%E&%!@(!E#A%@(!@>IK)@D#%EO!&*%B!)%,!%EC@E',!,@#E,!

%'!&*%B!)%,!%EC@E',!F$G,%E'@E'!)%,!,#KE%,!)?#EC%&'#=E,!$%,F#$@'=#$%,/:;O:R!L=($!$@FF%DO! D%!

h`LI<!%'!D%!jaLI<!=E'!G'G!)G&=(A%$',!F@$!L.1!S!F@$'#$!)?G&*@E'#DD=E,!$%,F#$@'=#$%,/!4E!

#>@K#E%!)+,!D=$,!@,,%B!C@&#D%>%E'!D@!F=,,#N#D#'G!)?(E%!'$@E,>#,,#=E!#E'%$*(>@#E%!A#@!D%,!

,G&$G'#=E,!$%,F#$@'=#$%,/!"?@('$%,!A=#%,!)%!'$@E,>#,,#=E!=E'!G'G!)G&$#'%,!=(!,(KKG$G%,!-!

D?@D#>%E'@'#=EO:_O:i!D%,!'$@E,C(,#=E,!,@EK(#E%,O;c!D%,!'$@E,FD@E'@'#=E,!)?=$K@E%,O;bO;7!=(!D@!

A=#%! '$@E,FD@&%E'@#$%/;8!5@!F$G,%E&%!)%!F=DI=>@A#$(,!*(>@#E,! m0hLI<!%'! [.LI<g!@!G'G!

)G'%&'G%! )@E,! )%,! %@(J! (,G%,O! &=EC#$>@E'! D%($! K$@E)%! $G,#,'@E&%! )@E,! D%! >#D#%(!

%J'G$#%($O!&%!P(#!F%('!C@A=$#,%$!D%($!'$@E,>#,,#=E/;9!!

!
7g!3G$=F$GA@D%E&%!

!
47/&'9#+O! D%,! F$='G#E%,! )%! &@F,#)%!<Lb!=E'! D@! F@$'#&(D@$#'G! )%! F=(A=#$! ,?@('=U@,,%>ND%$!

F=($!&=E,'#'(%$!)%,!<5L/99!5%($!%JF$%,,#=E!)@E,!)%,!,I,'+>%,!)%!N@&(D=A#$(,!F%$>%'!D@!

>#,%! @(! F=#E'! )%! '%,',! ,G$=D=K#P(%,! )%! 'IF%! 2EBI>%! 5#EX%)! `>>(E=3=$N%E'! V,,@I!

m25`3Vg/;:!5@!>@H=$#'G!)%,!'%,'!25`3V!)G'%&'%E'!D%,!@E'#&=$F,!E%('$@D#,@E',!@E'#U<Lb/!5%,!

F$='G#E%,! <Lb! )%,! )#CCG$%E',! F=DI=>@A#$(,! F@$'@K%E'! &%$'@#E,! GF#'=F%,! P(#! F%(A%E'!

%E'$@tE%$! D@! )G'%&'#=E! )?(E! ,#KE@D! E=E! ,FG&#C#P(%/! 5%,! '%,',! F@$! &=>FG'#'#=EO! @A%&! (E%!

G'@F%!)?#E&(N@'#=E!F$G@D@ND%O!D#>#'%E'!&%,!$G@&'#=E,!&$=#,G%,/!

!
"+,!biR8O!)%(J!@E,!,%(D%>%E'!@F$+,!D@!)G&=(A%$'%!)(!0hLI<!%'!)(![.LI<O!d@$)E%$!%'!@D/!

$G@D#,%E'!)%,!'%,',!,G$=D=K#P(%,!m#E*#N#'#=E!)?*G>@KKD('#E@'#=EO!C#J@'#=E!)(!&=>FDG>%E'g!

,($! :cc! ,G$(>,! )%! F@'#%E',! ,@#E,O! %'! %,'#>%E'! D@! ,G$=F$GA@D%E&%! )(! 0hLI<! )@E,! D@!

F=F(D@'#=E!KGEG$@D%!%E'$%!:7!%'!;9!v/;;!
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"%F(#,O!)%!E=>N$%(,%,!G'()%,!)%!,G$=F$GA@D%E&%!=E'!G'G!&=E)(#'%,!,($! D?%E,%>ND%!)%,!

F=DI=>@A#$(,!*(>@#E,/!2DD%,!=E'!F%$>#,!)%!>%''$%!%E!GA#)%E&%!P(?(E%!D@$K%!F$=F=$'#=E!

)%!D@!F=F(D@'#=E!@!G'G!%JF=,G%!=(!%,'!%JF=,G%!S!(E!=(!FD(,#%($,!F=DI=>@A#$(,!*(>@#E,/!!

`D!%J#,'%!)%(J!F$=C#D,!)%!$GF@$'#'#=E!)@E,!D@!F=F(D@'#=E!KGEG$@D%!mY#K($%!b8g!-!!

U )%,! A#$(,! F=($! D%,P(%D,! D@! ,G$=F$GA@D%E&%! =N,%$AG%! S! D?xK%! )%! bcUb:! @E,! %,'!

GP(#A@D%E'%! S! &%DD%! $%'$=(AG%! &*%B! D?@)(D'%/! .?%,'! D%! &@,! F=($! D@! >@H=$#'G! )%,!

F=DI=>@A#$(,!*(>@#E,!m0hLI<O!h`LI<O!jaLI<O!M.LI<O!]LI<;O!63LI<O!MjLI<O!

365LI<O!]LI<b7gO!

U )%,! A#$(,! F=($! D%,P(%D,! D@! ,G$=F$GA@D%E&%! @! '%E)@E&%! S! @(K>%E'%$! @A%&!

D?xK%!m[.LI<O!]LI<R!%'!]LI<ig/!
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!
S(G#%*!PW!T!\&%1F%&862*+5*!)*'!F12.1=68(%#'!;#=6(+'!)6+'!26!F1F#26,(1+!G&+&%62*!

m"?@F$+,!h%@E!%'!@D/O!7cci!%'!\#&=D!%'!@D/O!7cb8g;RO;_!

!
\%!C#K($@E'!F@,!,($!&%!K$@F*#P(%O!D@!,G$=F$GA@D%E&%!)(!MjLI<!%,'!%,'#>G%!%E'$%!8b!%'!

9RvO;i! %'! &%DD%! )(! 365LI<! %E'$%! ;_! %'! i:v/Rc! 5@! ,G$=F$GA@D%E&%! )%! D?]LI<b7! %,'!

)?%EA#$=E!7R!S!88v/8b!`D!E?%J#,'%!F@,!%E&=$%!)%!&*#CC$%,!)%!,G$=F$GA@D%E&%!F=($!D%!\[LI<O!

)G&=(A%$'!%E!7cb9/!

!

8g!1GF@$'#'#=E!KG=K$@F*#P(%!
!
5@!$GF@$'#'#=E!KG=K$@F*#P(%!)%,!F=DI=>@A#$(,!*(>@#E,!,%>ND%!&=,>=F=D#'%/!2E!%CC%'O!)%!

>(D'#FD%,!'$@A@(J!=E'!>=E'$G! D%($! D@$K%!)#,'$#N('#=E!,($! D%,!&#EP!&=E'#E%E',!%'!)@E,!)%!

E=>N$%(J! F@I,/! .%F%E)@E'O! #D! ,%>ND%! %J#,'%$! )%,! )#CCG$%E&%,! )%! $GF@$'#'#=E!

KG=K$@F*#P(%! F=($! D%,! F=DI=>@A#$(,! D=$,P(%! FD(,#%($,! KGE='IF%,! =E'! G'G! )G&$#',O!

&=>>%!&?%,'!D%!&@,!F=($!D%!0hLI</!

BKPyV age-specific seroprevalence 

JCPyV age-specific seroprevalence 

KIPyV age-specific seroprevalence 

WUPyV age-specific seroprevalence 
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IV – Pathogénicité virale, aspects cliniques et maladies 
associées 
!
5%,! F=DI=>@A#$(,! *(>@#E,! ,=E'! (N#P(#'@#$%,/! 5@! &=E'@>#E@'#=E!=(!F$#>=U#EC%&'#=E! %,'!

'$+,!,=(A%E'!@,I>F'=>@'#P(%/!2DD%!,($A#%E'!KGEG$@D%>%E'!'^'!)@E,!D?%EC@E&%O!F(#,P(%!D@!

,G$=F$GA@D%E&%! @(K>%E'%! )+,! D%! FD(,! H%(E%! xK%/! VF$+,! D@! F$#>=#EC%&'#=EO! D%,!

F=DI=>@A#$(,! F%$,#,'%E'! )@E,! )%,! ,#'%,! F$#A#DGK#G,! %'! $%,'%E'! ,#D%E&#%(J/! 5@! $%&*%$&*%!

)?V"\! A#$@D! )%! 0hLI<! =(! )%! [.LI<! S! F@$'#$! )%! FD@,>@,! )%! )=EE%($,! )%! ,@EK! E?%,'!

F=,#'#A%! P(%! &*%B! bc! S! 8cv! )%,! ,(H%',! ,G$=F=,#'#C,! F=($! &%,! >n>%,! A#$(,/Rb! aE%!

$GFD#&@'#=E!A#$@D%!E?%,'!)=E&!)G'%&'@ND%!P(%!&*%B!(E!F%'#'!E=>N$%!)%!F@'#%E',!,@#E,/!"%,!

,#'%,! '%D,!P(%! D%! '$@&'(,!($#E@#$%O! D%,! DI>F*=&I'%,;cOR7OR8!=(! D%! &%$A%@(R9! ,=E'!F$#A#DGK#G,!

F@$! D%,!F=DI=>@A#$(,!F=($!G'@ND#$! D%($!F%$,#,'@E&%/! `D,!,=E'!S! D?=$#K#E%!)%!$G@&'#A@'#=E,O!

F$GCG$%E'#%DD%>%E'! )@E,! (E! &=E'%J'%! )?#>>(E=)GF$%,,#=EO! P(#! )=EE%E'! D#%(! S! )%!

AG$#'@ND%,! @''%#E'%,! &D#E#P(%,/! 5@! K$@E)%!>@H=$#'G! )%,! &@,! )?#EC%&'#=E,! S! F=DI=>@A#$(,!

,=E'! )G&$#',! )@E,! )%,! &#$&=E,'@E&%,! )?#>>(E=)GF$%,,#=E! @&P(#,%/! `D! ,?@K#'! D%! FD(,!

,=(A%E'! )%! F@'#%E',! @''%#E',! )?*G>=F@'*#%,! >@D#KE%,O! )?#EC%&'#=E,! F@$! D%! <`]! =(! )%!
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F$=K$%,,#A%>%E'O!)%F(#,! D%!>=>%E'!)%! D@! '$@E,FD@E'@'#=E!%'! &%! H(,P(?S!b_!>=#,! @F$+,/!

.%,! $G,(D'@',! 'G>=#KE%E'! )%! D?%J#,'%E&%! )?(E%! $GFD#&@'#=E! )%! D?]LI<i! &*%B! D%,! F@'#%E',!

'$@E,FD@E'G,! $GE@(J/!"%! FD(,O! #D,!>=E'$%E'! P(%! D?]LI<i! %,'! FD(,! C$GP(%>>%E'! )G'%&'G!

&*%B! D%,! F@'#%E',! F=,#'#C,! F=($! D%! 0hLI</! 2E! %CC%'O! _bO:v! )%,! ,G$(>,! F=,#'#C,! F=($!

D?]LI<i!,=E'!GK@D%>%E'!F=,#'#C,!F=($!D%!0hLI<!m77!,G$(>,!,($!7Rg/!2'!i:v!)%,!F@'#%E',!

@I@E'!(E%!L.1!]LI<i!F=,#'#A%!,=E'!A#$G>#P(%,!F=($!D%!0hLI<!mY#K($%!b;g/!

!

!
S(G#%*!PV!T!$%1F1%,(1+!)*!%&'#2,6,'!F1'(,(3'!F1#%!2_A$.NU!*+!31+5,(1+!)#!',6,#,!8('!I!8('!)#!@Z$.N!

m"?@F$+,!<@E!)%$!M%#H)%E!%'!@D/O!7cb9g!

!

!
"#
$%
&'
(
)
*
++
,
)
-"
.
,
-/
*
0-
"

".
,
1
2"
+$
3
4
5
6
7
"

!
"#
8
".
(
*
8
)
9-
":
/2
%
;
/<
1
8
-"
"

".
,
1
2"
+$
3
4
5
6
7
"

!"#$%&!'($

)*+,-.$

/012345677*58$

9*8:6;8$9*<-$

70=!'(>$

!-*9*-6*5$

/012345677*58$

9*8:6;8$9*<-$

70=!'(>$

=%>(*:8" ?@ABC" BD?E"!"

"4,-/*:8" FF@FF?" 7DGE"!"

?@4@<@$/<$

946.5@$9*<-$

$7.$%&!'($

)*+,-.$/.$

946.5@8$

A:-1+:B<.8$

9*<-$70=!'(>$

!-*9*-6*5$/.$

946.5@8$

A:-1+:B<.8$

9*<-$70=!'(>$

"=,)"6/2%;/<18" "B@B?" CDCG"!"

6/2%;/<18" FH@EC" FADFC"!"
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OBJECTIFS 
!
!
!
5?=NH%&'#C! )%! &%! '$@A@#D! G'@#'! )%! $%&*%$&*%$! D@! F$G,%E&%! )?]LI<i! )@E,! )%,! G&*@E'#DD=E,!

&D#E#P(%,!)%!F@'#%E',!'$@E,FD@E'G,!)%!$%#E/!5@!F$%>#+$%!F@$'#%!)(!'$@A@#D!%JFG$#>%E'@D!@!

&=E,#,'G! S! >%''$%! @(! F=#E'! (E%! L.1! '%>F,! $G%D! P(@E'#'@'#A%! F=($! D@! )G'%&'#=E! %'! D@!

P(@E'#C#&@'#=E! )(! KGE=>%! )%! D?]LI<i/! \=(,! @A=E,! &=>F@$G! )%(J! L.1! )=E'! D%,! K+E%,!

&#ND%,!G'@#%E'!,=#'!D?VK6O!,=#'!D%!K+E%!&=)@E'!F=($!D@!F$='G#E%!<Lb/!"@E,!(E!,%&=E)!'%>F,O!

E=(,!@A=E,!$%&*%$&*G!D@!F$G,%E&%!)%!KGE=>%!)?]LI<i!)@E,!)%,!G&*@E'#DD=E,!)%!,@EK!%'!

)?($#E%!)%!F@'#%E',! '$@E,FD@E'G,!)%!$%#E/!L@$'@E'!)%,!)=EEG%,!F(ND#G%,!$G&%>>%E'!F@$!

<@E!)%$!M%#H)%E!%'!@D/O!E=(,!@A=E,!,GD%&'#=EEG!FD(,!F@$'#&(D#+$%>%E'!)%,!F@'#%E',!F=,#'#C,!

F=($!D%!0hLI</!

!  
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MATÉRIEL ET MÉTHODES 
!
!
!
I – Matériel  
!

bg!L@'#%E',!!
!
V(! .]a! )%! \@E'%,O! '=(,! D%,! F@'#%E',! '$@E,FD@E'G,! $GE@(J! NGEGC#&#%E'! )?(E! ,(#A#!

A#$=D=K#P(%!,I,'G>@'#P(%!)%,!#EC%&'#=E,!S!0hLI<!@(!&=($,!)%,!)%(J!@EEG%,!F=,'UK$%CC%/!

aE%!$%&*%$&*%!)%!0hLI<!F@$!L.1!%,'!$G@D#,G%!)@E,!D%!,@EK!%'!D%,!($#E%,!S!(E!>=#,!mMbgO!

)%(J!>=#,!mM7gO!'$=#,!>=#,!mM8gO!,#J!>=#,!mM;gO!E%(C!>=#,!mMigO!)=(B%!>=#,!mMb7g!%'!79!

>=#,!mM79g!F=,'U'$@E,FD@E'@'#=E/!5%!,(#A#!%,'!$@FF$=&*G!'=(,!D%,!>=#,!%E!&@,!)%!A#$($#%!

GD%AG%!m,(FG$#%($%!S!bcR&=F#%,w>5g!=(!)%!A#$G>#%/!

k(@'$%UA#EK'U)#JUE%(C!F@'#%E',O!'$@E,FD@E'G,!%E'$%!=&'=N$%!7cbc!%'!E=A%>N$%!7cb8!=E'!

G'G! ,GD%&'#=EEG,! F=($! &%! '$@A@#D/! aE%! F@$'#%! )%! &%,! F@'#%E',! C@#'! F@$'#%! )?(E%! &=*=$'%!

,(#A#%!F=($!D%!F$=H%'!r1^D%!)%!D@!$GF=E,%!#>>(E%!&%DD(D@#$%!,FG&#C#P(%!)@E,!D%!&=E'$^D%!

)%!D?#EC%&'#=E!S!0hLI<s/!"@E,!(E%!F$%>#+$%!G'@F%!)(!'$@A@#DO!D%,!%J'$@#',!)?V"\!#,=DG,!S!

F@$'#$!)%!F$GD+A%>%E',!)%!,@EK!'='@D!2"6V!)%!7c!F@'#%E',!=E'!G'G!G'()#G,/!5@!$%&*%$&*%!

)?]LI<i!)@E,!D%,!($#E%,!@!G'G!GD@$K#%!S!(E!K$=(F%!FD(,!#>F=$'@E'!)%!_7!F@'#%E',/!6$=#,!

)%!&%,!F@'#%E',!=E'!G'G!#E&D(,!)@E,!D%,!)%(J!,=(,UG'()%,/!

!
7g!L$GD+A%>%E',!N#=D=K#P(%,!

!
5%,! F$GD+A%>%E',! )?($#E%,! mG&*@E'#DD=E! )%,! ($#E%,! )%! 79! *%($%,! =(! $%&(%#D! )?(E%!

>#&'#=Eg! %'! D%,! F$GD+A%>%E',! )%! ,@EK! '='@D! 2"6V! ,=E'! @&*%>#EG,! @(! D@N=$@'=#$%O! %E!

,'$(&'($%!F$GUL.1/!VA@E'!%J'$@&'#=EO!(E%!C$@&'#=E!)%!D?($#E%!%,'!@D#P(='G%!%'!&=E,%$AG%!S!!

U7c|./! !



9_!

8g!V>=$&%,!%'!,=E)%,!!
!
5%,!@>=$&%,!%'!D%,!,=E)%,!,IE'*G'#,G%,!F@$!2($=K%E'%&}!,=E'!$G&%F'#=EEG%,!,=(,!C=$>%!

DI=F*#D#,G%!F(#,!$%&=E,'#'(G%,!@A%&!)%!D?%@(!)#,'#DDG%!S!D@!&=E&%E'$@'#=E!)%!7cc!~M/!5%($!

&=E,%$A@'#=E!,?%CC%&'(%!S!U7c|.!@F$+,!@D#P(='@K%/!

!
WOPQ!"=1%5*'!*,!'1+)*'!'F&5(3(:#*'!)*!2MA$.NU!

!
"%(J! &=(FD%,! @>=$&%,w,=E)%! =E'! G'G! '%,'G%,!-! D?(E! &#ND@E'! (E%! F=$'#=E! )(! K+E%! '@$)#C!

&=)@E'!F=($! D@!F$='G#E%!<LbO! D?@('$%! &#ND@E'!(E%!F=$'#=E!)(!K+E%!F$G&=&%! &=)@E'!F=($!

D?VK6/!

!
8/b/bg!.=(FD%!@>=$&%,w,=E)%!F=($!@>FD#C#%$!D%!K+E%!<Lb!
!
L=($!@>FD#C#%$!&%''%!,GP(%E&%!)%!bci!FNO!D%!&=(FD%!@>=$&%,w,=E)%!,GD%&'#=EEG!%,'!&%D(#!

F(ND#G!F@$! D?GP(#F%!)%!<@E!)%$!M%#H)%E!%'!@D/!V!,=E!%J'$G>#'G!:?O! D@!,=E)%!%,'!>@$P(G%!

F@$!D%!CD(=$=&*$=>%!YVM!%'!F@$!D%!P(%E&*%$!0]kb!S!,=E!%J'$G>#'G!8?!m6@ND%@(!bg/!

!
e6D2*6#!P!T!\&:#*+5*'!)*'!6=1%5*'!*,!)*!26!'1+)*!5(D26+,!2*!G<+*!N$P!

L=,#'#=E,!)G'%$>#EG%,!)?@F$+,!D@!,GP(%E&%!)%!$GCG$%E&%!d%E0@EX!]k;i;:i:/b!

!

! Y=($E#,,%($! 3GP(%E&%!m:?U�8?g!
6@#DD%!
mFNg!

6>!
m|.g!

L=,#'#=E!

V>=$&%!,%E,! ! ! ! ! !

]LI<iU<LbU1db! 2($=K%E'%&! ..6d6VVd.6.6.6..66V! bi! :;Oc! 78::U78R8!

V>=$&%!@E'#,%E,! ! ! ! ! !

]LI<iU<LbU1d7! 2($=K%E'%&! ..6dV6VVV66.6dV.66.66.! 77! 99Ob! 7997U79;8!

3=E)%! ! ! ! ! !

]LI<iU<LbU1d3! 2($=K%E'%&! YVMU.66d66.6.6dd6.66V6d..6.VU0]kb! 79! :cO;! 78R_U79cb!

!

8/b/7g!.=(FD%!@>=$&%,w,=E)%!F=($!@>FD#C#%$!D%!K+E%!VK6!
!
L=($! &%''%! L.1O! D%,! @>=$&%,! %'! D@! ,=E)%! =E'! G'G! )%,,#EG%,! S! D?@#)%! )%! D?=('#D! )%!

&=E,'$(&'#=E! L$#>%$! k(%,'®! )(! ,#'%! `E'%K$@'%)! "\V! 6%&*E=D=K#%,! m`"6g/! 5%($,!

,GP(%E&%,!,=E'!,GD%&'#=EEG%,!F=($!GA#'%$! D@! C=$>@'#=E!)%!N=(&D%,! #E'$@&@'GE@#$%,!%'!)%!

)#>+$%,!)?@>=$&%,/!5@!,=E)%!%,'!>@$P(G%!F@$!D%!CD(=$=&*$=>%!.W:!S!,=E!%J'$G>#'G!:?!%'!

F@$!D%!P(%E&*%$!0]k7!S!,=E!%J'$G>#'G!8?!m6@ND%@(!7g/!

! !
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e6D2*6#!X!T!\&:#*+5*'!)*'!6=1%5*'!*,!)*!26!'1+)*!5(D26+,!2*!G<+*!"Ge!
L=,#'#=E,!)G'%$>#EG%,!)o@F$+,!D@!,GP(%E&%!)%!$GCG$%E&%!d%E0@EX!]k;i;:i:/b!

!
!

Y=($E#,,%($! 3GP(%E&%!m:?U�8?g!
6@#DD%!
mFNg!

6>!
m|.g!

L=,#'#=E!

V>=$&%!,%E,! ! ! ! ! !

]LI<iU56VdU1db! 2($=K%E'%&! d...Vdd66dVVdV6d666d! 7c! ;cOc! 8cR7U8cib!

V>=$&%!@E'#,%E,! ! ! ! ! !

]LI<iU56VdU1d7! 2($=K%E'%&! 66dVd66Vdd.6d6d.6V66dV! 77! 9;Oc! 8b9cU8b;b!

3=E)%! ! ! ! ! !

]LI<iU56VdU1d3! 2($=K%E'%&! .W:U6.6dd...66.V.V6.V6.VVd.VU0]k7! 79! :7O8! 8bc7U8b7:!

!!

WOXQ!"=1%5*'!*,!'1+)*!'F&5(3(:#*'!)*!2M62D#=(+*!
!
5?@>FD#C#&@'#=E!)?(E%!,GP(%E&%!)%!b9b!FN!)(!K+E%!)%!D?@DN(>#E%!%,'!$G@D#,G%!@(!>=I%E!

)%! ,=E)%!%'! @>=$&%,! ,FG&#C#P(%,O!)?@F$+,! D@! '%&*E#P(%!F(ND#G%!F@$!5@($%E)%@(!%'! @D/bc;!

5?('#D#,@'#=E! )%! &%! &=(FD%! @>=$&%,w,=E)%! %,'! )GHS! A@D#)G%! @(! D@N=$@'=#$%O! E='@>>%E'!

F=($!D@!P(@E'#C#&@'#=E!)(!.M<!%'!)%!D?20<!m6@ND%@(!8g/bcR!

!

e6D2*6#!W!T!\&:#*+5*'!)*'!6=1%5*'!*,!)*!26!'1+)*!5(D26+,!2*!G<+*!)*!2M62D#=(+*!
L=,#'#=E,!)G'%$>#EG%,!)o@F$+,!D@!,GP(%E&%!)%!$GCG$%E&%!d%E0@EX!Mb7:78/b!

m5@($%E)%@(!%'!@D/O!biiig!

!

! Y=($E#,,%($! 3GP(%E&%!m:?U�8?g!
6@#DD%!
mFNg!

6>!
m|.g!

L=,#'#=E!

V>=$&%!,%E,! ! ! ! ! !

V50U1db! 2($=K%E'%&! d.6d6.V6.6.66d6ddd.6d6! 77! ;_Oc! b;7_8Ub;8c9!

V>=$&%!@E'#,%E,! ! ! ! ! !

V50U1d7! 2($=K%E'%&! VVV.6.V6dddVd.6d.6dd66! 77! :cOc! b;9c7Ub;978!

3=E)%! ! ! ! ! !

V50U1d3! 2($=K%E'%&! [42U..6d6.V6d...V.V.VVV6.6.6..U0]k! 7;! _cOc! b;89cUb;8;:!

!

9g!6*%$>=&I&D%($ 
!
5?@FF@$%#D! )%! L.1! %E! '%>F,! $G%D! ('#D#,G! %,'! D%! 1='=$Ud%E%!k! mk#@K%E}g/! `D! F=,,+)%! ,#J!

&@E@(J!)%! D%&'($%!P(#!F%$>%''%E'! D?@&P(#,#'#=EO! @(!&=($,!)?(E%!$G@&'#=E!)?@>FD#C#&@'#=E!

)%!L.1O!)(!,#KE@D!)%!CD(=$%,&%E&%!G>#,!F@$!,#J!CD(=$=&*$=>%,!)#,'#E&',!F$G,%E',!)@E,!D%!

>GD@EK%!$G@&'#=EE%D/!5?@&P(#,#'#=E!)(!,#KE@D! D(>#E%(J!,?%CC%&'(%!S!&*@P(%!&I&D%!'=('!@(!

D=EK!)%!D@!$G@&'#=E!)?@>FD#C#&@'#=E!mY#K($%!bRg/!

!



:c!

!
S(G#%*!Pb!T!KR*=F2*!)*!51#%D*'!%&65,(1++*22*'!1D,*+#*'!'#%!2*!h1,1%Bk*+*!j!F1#%!#+*!G6==*!)*!

,&=1(+!F1'(,(3!)*!%6('1+!)(R!aP]f!I!P]]!51F(*'lm7Q!
5%!'*$%%,*=D)!=(!,%(#D!)%!CD(=$%,&%E&%!%,'!C#JG!S!cOc7:/!aE!&I&D%!,%(#D!=(!.'!%,'!@#E,#!)G'%$>#EG!F=($!

&*@P(%!)#D('#=EO!&%!P(#!F%$>%'!)?G'@ND#$!(E%!)$=#'%!)?G'@D=EE@K%!m<@D%($!>%,($G%!)(!.'!%E!C=E&'#=E!)%!D@!
&=E&%E'$@'#=E!#E#'#@D%!)(!'G>=#E!F=,#'#Cg/!

!
:g!6G>=#E!F=,#'#C!

!
2E! D?@N,%E&%! )?G&*@E'#DD=E! N#=D=K#P(%! &=EE(! F=,#'#C! S! ]LI<i! S! E='$%! )#,F=,#'#=EO! (E%!

,GP(%E&%!,IE'*G'#P(%!)%!i;c!FN!@!G'G!&=>>@E)G%!md%E%V$'}!3'$#EK,!"\V!Y$@K>%E',O!

`\<`614d2\}gmY#K($%! b_g/! `D! ,?@K#'! )%! C$@K>%E',! )?V"\! )=(ND%,! N$#E,! &=E,'$(#',! S!

F@$'#$! )?=D#K=E(&DG='#)%,! )%! ,IE'*+,%/! Y=($E#! ,=(,! C=$>%! DI=F*#D#,G%O! #D! %,'! $%&=E,'#'(G!

@A%&!)%!D?%@(!,'G$#D%!F=($!=N'%E#$!(E%!,=D('#=E!&=E&%E'$G%!S!bcbc!&=F#%,w~5/!aE%!K@>>%!

)%!)#D('#=E!)%!)#J!%E!)#J!%E!'@>F=E!6$#,!2"6V!%,'!&=E,%$AG%!S!U7c|./!

! !

!"#$%#&'()"#*
+%*&,-".#*

/"0.)1*%#*
#"-2'%*+%*

$"/.%0345*

6(7%8'0*
+8*!&**

!"#$ !"%"&$

!"'$ !(%#!$

!")$ !'%)*$

!"+$ ,!%("$

!"*$ ,+%")$

!"($ ,#%+!$

!",$ (!%&#$

!"!$ (*%&,$

!""$ (#%"*$



:b!

!
S(G#%*!Pf!T!\5;&=6!)*!26!'&:#*+5*!)#!,&=1(+!F1'(,(3/!I!F6%,(%!)*!26!'&:#*+5*!)*!2MA$.NU!

m"?@F$+,!3&()@!%'!@D/O!7cbbg!3GP(%E&%!)%!$GCG$%E&%!d%E0@EX!-!]k;i;:i:/b!



:7!

;g!6G>=#E!#E'%$E%!)?@>FD#C#&@'#=E!
!
5?('#D#,@'#=E! )(! 'G>=#E! #E'%$E%! )?@>FD#C#&@'#=E! 6@PM@E}! 2J=K%E=(,! `E'%$E@D! L=,#'#A%!

.=E'$=D! m`L.g!"\V!VFFD#%)!0#=,I,'%>,}!F%$>%'! )%! ,?@,,($%$! )(! N=E! )G$=(D%>%E'! )%!

D?G'@F%!)?@>FD#C#&@'#=E!)@E,!&*@P(%!'(N%!$G@&'#=EE%D/!5%!&=CC$%'!&=>F$%E)!GK@D%>%E'!D%!

>#J! `L.!)?@>FD#C#&@'#=E! &=E'%E@E'! D%,! @>=$&%,! ,FG&#C#P(%,! %'! D@! ,=E)%!>@$P(G%!F@$! D%!

CD(=$=&*$=>%!<`./!

!
! !
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II – Méthodes 
!

bg!2J'$@&'#=E!)%,!@&#)%,!E(&DG#P(%,!
!
5?%J'$@&'#=E!)?V"\!A#$@D!S!F@$'#$!)%!,@EK!'='@D!2"6V!%'!)?($#E%!%,'!$G@D#,G%!S!D?@#)%!)(!X#'!

"3Lw<#$(,!L@'*=K%E!mk#@K%E!}g!,($!D?%J'$@&'%($!k`V,I>F*=EI!3L/!.%'!%J'$@&'%($!$G@D#,%!

(E%! %J'$@&'#=E! @('=>@'#,G%! )%! 79! G&*@E'#DD=E,! ,#>(D'@EG>%E'/! `D! K@$@E'#'! (E%! *@('%!

$%F$=)(&'#N#D#'G!#E'%$U,G$#%,!%'!F%$>%'!)%!'$@A@#DD%$!@A%&!)%,!G&*@E'#DD=E,!&=)%UN@$$G,/!!

V(!>=I%E!)%!N#DD%,!>@KEG'#P(%,O!D@!F($#C#&@'#=E!)%,!@&#)%,!E(&DG#P(%,!&=E'%E(,!)@E,!D%!

,@EK! '='@D! 2"6V! =(! D?($#E%! %,'! @,,($G%! ,%D=E! D%! F$#E&#F%! )%! C#J@'#=EUGD('#=E/! L=($! D%,!

,@EK,!'='@(J!2"6VO!D?%J'$@&'#=E!%,'!$G@D#,G%!,($!(E%!F$#,%!)?%,,@#!)%!7cc!~5/!5%!A=D(>%!

)?%J'$@#'!=N'%E(!%,'!)%!bcc!~5/!5%,!($#E%,!&=E,%$AG%,!S!U7c|.!,=E'!)G&=EK%DG%,!F%E)@E'!

&#EP!>#E('%,!@(!N@#E!>@$#%!S!:;|.O!F(#,!,'@N#D#,G%,!)#J!>#E('%,!S!'%>FG$@'($%!@>N#@E'%!

mb:!S!7:|.g/!VF$+,!*=>=KGEG#,@'#=EO!D?%J'$@&'#=E!%,'!$G@D#,G%!S!F@$'#$!)%!:cc!~5!)?($#E%,/!

5%!A=D(>%!C#E@D!)?%J'$@#'!=N'%E(!F=($!D%,!($#E%,!%,'!)%!ic!~5/!5%,!%J'$@#',!,=E'!&=E,%$AG,!

S!U7c|.!@A@E'!('#D#,@'#=E/!

!
7g!1G@&'#C,!F=($!D@!L.1!%E!'%>F,!$G%D!

!
VA@E'! ('#D#,@'#=EO! D%,! %J'$@#',! &=E,%$AG,! S! U7c|.! ,=E'! )G&=EK%DG,! &#EP!>#E('%,! @(! N@#E!

>@$#%! S! ;:|.O! F(#,! ,'@N#D#,G,! S! '%>FG$@'($%! @>N#@E'%! mb:! S! 7:|.g/! aE! >GD@EK%!

$G@&'#=EE%D! F%$>%''@E'! D?@>FD#C#&@'#=E! )%! D?]LI<i! m,@EK! '='@D! 2"6V! %'! ($#E%g! %'! (E!

>GD@EK%! $G@&'#=EE%D! F%$>%''@E'! D?@>FD#C#&@'#=E! )%! D?@DN(>#E%! m($#E%g! ,=E'! ('#D#,G,/! 5%!

A=D(>%!)?%J'$@#'!@H=('G!)@E,!D%!>GD@EK%!$G@&'#=EE%D!%,'!'=(H=($,!)%!&#EP!>#&$=D#'$%,/!5%!

A=D(>%!$G@&'#=EE%D!'='@D!%,'!@H(,'G!S!7:!~5!@A%&!)%!D?%@(!)#,'#DDG%/!

!
XOPQ!"=F2(3(56,(1+!'F&5(3(:#*!)*!2MA$.NU!

!
5%,! &=E&%E'$@'#=E,! C#E@D%,! )%,! &=>F=,@E',! )(! >GD@EK%! $G@&'#=EE%D! F%$>%''@E'!

D?@>FD#C#&@'#=E!)(!K+E%!<Lb!=(!)(!K+E%!VK6!,=E'!-!

" d%E%!2JF$%,,#=E!M@,'%$!M#J!bl!!

" cO9!~M!)%!&*@&(E%!)%,!@>=$&%,!]LI<iU1db!%'!]LI<iU1d7!m<Lb!=(!56Vdg!

" cO8!~M!)%!,=E)%!]LI<iU1d3!m<Lb!=(!56Vdg!

" M#J!`L.!cO:l!m@>=$&%,!%'!,=E)%g!

" `L.!"\V!cO:l!

! !



:9!

XOXQ!"=F2(3(56,(1+!'F&5(3(:#*!)*!2M62D#=(+*!
!
5%,! &=E&%E'$@'#=E,! C#E@D%,! )%,! &=>F=,@E',! )(! >GD@EK%! $G@&'#=EE%D! F%$>%''@E'!

D?@>FD#C#&@'#=E!)%!D?@DN(>#E%!,=E'!-!

" d%E%!2JF$%,,#=E!M@,'%$!M#J!bl!!

" :!>M!)%!MK.D7!

" cO:!~M!)%!&*@&(E%!)%,!@>=$&%,!V50U1db!%'!V50U1d7!

" cOb!~M!)%!,=E)%!V50U1d3!

!
5%!d%E%!2JF$%,,#=E!M@,'%$!M#J!%,'!&=>>%$&#@D#,G!F@$!VFFD#%)!0#=,I,'%>,}/!`D!&=E'#%E'!

D@!6@P!F=DI>G$@,%!V>FD#6@P!d=D)}!"\V!L=DI>G$@,%!aD'$@!L($%/!2DD%!%,'!@,,=&#G%!S!(E!

>GD@EK%!)%!)G,=JI$#N=E(&DG='#)%,! '$#UF*=,F*@'%,!m)V6LO!)66LO!)a6LO!).6LO!)d6LgO!%'!

)?a$@&#D%UV"\! dDI&=,ID@,%O! P(#! F%$>%'! )%! D#>#'%$! D@! &=E'@>#E@'#=E! S! F@$'#$! )?V"\!

%J=K+E%,/!!

!
8g!`E'%$F$G'@'#=E!)%,!$G,(D'@',!)%!D@!L.1!

!
k(%DP(%,!GDG>%E',!F%$>%''%E'!)%!,?@,,($%$!)(!N=E!)G$=(D%>%E'!)%!D@!'%&*E#P(%!)%!L.1!

%E!'%>F,!$G%D!-!

" D?@,F%&'! KGEG$@D! )%! 'IF%! ,#K>=q)%! )%,! &=($N%,! )?@>FD#C#&@'#=E! @A%&! (E! F=#E'!

)?#ECD%J#=E! mP(#! F%$>%'! )%! )GC#E#$! D%! E=>N$%! )%! &I&D%,! m.'g! S! F@$'#$! )(! P(%D! D%!

,#KE@D! D(>#E%(J!)GF@,,%! D@! D#KE%!)%! ,%(#D! C#JG%! S! cOc7:!(E#'G,! )%! CD(=$%,&%E&%gO!

(E%!F*@,%!%JF=E%E'#%DD%!%'!(E%!F*@,%!)%!,@'($@'#=E/!

" D?@N,%E&%! )?@>FD#C#&@'#=E! )(! 'G>=#E! )?%J'$@&'#=E! m.'! �! 9:! &I&D%,g/! 5%! 'G>=#E!

)?%J'$@&'#=E! %,'! (E! '@>F=E! C=($E#! )@E,! D%! X#'! )?%J'$@&'#=E! m2@(! V1\@,%! C$%%!

,'@N#D#,G%! F@$! )%! D?@B#)%! )%! ,=)#(>! cOc9vg/! a'#D#,G! @(! &=($,! )%! &*@P(%! ,G$#%!

)?%J'$@&'#=EO!#D!F%$>%'!)%!AG$#C#%$!D?@N,%E&%!)%!&=E'@>#E@'#=E/!

" D?@>FD#C#&@'#=E!)(!'G>=#E!F=,#'#C!m.'!�!9c!&I&D%,g/!

" D?@>FD#C#&@'#=E!)(!&=E'$^D%!#E'%$E%!m.'!�!9c!&I&D%,g/!

" D?@>FD#C#&@'#=E!)%!D?@DN(>#E%!m.'!�!9c!&I&D%,g/! !



::!

RÉSULTATS 
!
!
!
I – Mise au point de la PCR HPyV9 en temps réel  
!

bg!.=E)#'#=E,!#E#'#@D%,!)%!L.1!F=($!D?@>FD#C#&@'#=E!)(!'G>=#E!F=,#'#C!
!
"@E,!(E!F$%>#%$!'%>F,O!E=(,!@A=E,!'%,'G!D@!)G'%&'#=E!)(!'G>=#E!F=,#'#C!%E!('#D#,@E'!(E!

F$=K$@>>%! )?@>FD#C#&@'#=E! &=E,'$(#'! F=($! D%,! @('$%,! A#$(,! S! V"\! @(! D@N=$@'=#$%/! 5%!

'@ND%@(!9!$G,(>%!D%,!&@$@&'G$#,'#P(%,!)%!D@!$G@&'#=E!)?@>FD#C#&@'#=E!$G@D#,G%!,($!D%!1='=$U

d%E%!k/!

!
e6D2*6#![!T!$%13(2!)*!26!%&65,(1+!)_6=F2(3(56,(1+!%&62('&*!'#%!2*!h1,1%Bk*+*!j!

!

\=>N$%!)%!.I&D%,! 2'@F%! 6%>FG$@'($%! "($G%!

b!&I&D%!F$GD#>#E@#$%!
"GE@'($@'#=E!%'!

@&'#A@'#=E!)%!D@!6@P!
L=DI>G$@,%!

i:|.! ;cc!,%&=E)%,!

9:!&I&D%,!

"GE@'($@'#=E! i9|.! b:!,%&=E)%,!

]IN$#)@'#=E! :_|.! 7c!,%&=E)%,!

2D=EK@'#=E! R7|.! 7c!,%&=E)%,!

!

5%,! &=(FD%,! @>=$&%,w,=E)%! &#ND@E'! D%,! K+E%,! <Lb! %'! VK6! =E'! G'G! '%,'G,/! 5%! '@ND%@(! :!

F$G,%E'%!D%,!$G,(D'@',!)%,!.'!=N'%E(,!)@E,!&%,!&=E)#'#=E,!F=($!&*@&(E%!)%,!L.1!]LI<i/!

!
e6D2*6#!^!T!?,!1D,*+#'!F1#%!)(33&%*+,*'!51+5*+,%6,(1+'!)*!,&=1(+!F1'(,(3!

!
!

.=E&%E'$@'#=E!'*G=$#P(%!
)(!'G>=#E!F=,#'#C!
m&=F#%,w~5g!

!

<Lb!m.'g! VK6!m.'g!

bc_! iO_8! _O;8!
bcR! b7Oi:! b7Ob_!
bc;! b;O_i! b:O9_!
bc:! 7cO79! biO79!
bc9! 78Oi9! 77OR9!
bc8! 7RO;R! 7;O8b!
bc7! 8bOb:! 8cO9:!
bcb! 8:Oc;! 87O7_!

!



:;!

5%! 'G>=#E!F=,#'#C! %,'! &=$$%&'%>%E'! @>FD#C#GO! @(,,#! N#%E! @A%&! D%,! @>=$&%,! %'! ,=E)%,!)(!

K+E%!<LbO!P(?@A%&!&%DD%,!)(!K+E%!)%!D?VK6/!5%,!.'!=N'%E(,!,=E'!&=$$GDG,!S!D@!P(@E'#'G!)%!

'G>=#E!F=,#'#C!F$G,%E'%!)@E,!D%!>GD@EK%!$G@&'#=EE%D!mY#K($%!big/!

!

!
S(G#%*!PU!T!>%1(,*'!)M&,621++6G*!1D,*+#*'!6F%<'!6=F2(3(56,(1+!)*!N$P!*,!)*!2M"Ge!F1#%!#+*!G6==*!!

)*!,&=1(+!F1'(,(3!a)(2#,(1+'!)*!P]f!I!P]P!51F(*'lm7Q!
.%,!)$=#'%,!,=E'!=N'%E(%,!@A%&!D%,!.'!$%F=$'G,!)@E,!D%!'@ND%@(!:/!

!
6=('%,!D%,!)#D('#=E,!,=E'!)G'%&'G%,O!I!&=>F$#,!D@!FD(,!C@#ND%!)%!bcb!&=F#%,w~5/!5%,!)$=#'%,!

)?G'@D=EE@K%! $%F$G,%E'%E'! D@! A@D%($! )(! .'! %JF$#>G%! %E! C=E&'#=E! )%! D@! &=E&%E'$@'#=E!

'*G=$#P(%! %E! 'G>=#E! F=,#'#C/! 5@! &=$$GD@'#=E! %,'! D#EG@#$%! ,($! D?%E,%>ND%! )%,! )#D('#=E,!

'%,'G%,!m)%!bc_!S!bcb!&=F#%,w~5g!%'!D?%CC#&@&#'G!%,'!F$=&*%!)%!b!F=($!D%,!)%(J!L.1/!

.%!'G>=#E!F=,#'#C!F%('!)=E&!n'$%!('#D#,G!F=($!=F'#>#,%$!D%,!&=E)#'#=E,!$G@&'#=EE%DD%,!)%!D@!

L.1!/! !

!"#$%&'()*%+,#--+.&'#/%&-0&'10$%&'2',)+34,$5$6+%$#-'(&'789'

!"#$%&'()*%+,#--+.&'#/%&-0&'10$%&'2',)+34,$5$6+%$#-'(&',):.;'



:R!

7g!4F'#>#,@'#=E!)%,!&=E)#'#=E,!)%!D@!L.1!%E!'%>F,!$G%D!F=($!D@!
)G'%&'#=E!)%!D?]LI<i!
!

XOPQ!?;1(R!)*!26!,*=F&%6,#%*!)M;.D%()6,(1+!)*'!6=1%5*'!
!
L=($!=F'#>#,%$!D@!'%>FG$@'($%!)?*IN$#)@'#=E!)%,!@>=$&%,O!(E!K$@)#%E'!)%!'%>FG$@'($%!@!

G'G!$G@D#,G!,($!D%!5#K*'!.I&D%$}!i;!1%@DU6#>%!L.1/!`D!,?@K#'!)?(E!'*%$>=&I&D%($!P(#!@! D@!

F@$'#&(D@$#'G! )%! F=(A=#$! '$@A@#DD%$! S! )#CCG$%E'%,! '%>FG$@'($%,! %E! >n>%! '%>F,O! ,($!

)#CCG$%E',!G&*@E'#DD=E,O! @(!>=I%E!)?(E!,I,'+>%!)%!&@F#DD@#$%,! '*%$>=$GK(DG,/!5%,!)%(J!

&=(FD%,!@>=$&%,w,=E)%!=E'!G'G!'%,'G,/!5%!'@ND%@(!;!F$G,%E'%!D%,!$G,(D'@',!)%,!.'!=N'%E(,!

%E!C@#,@E'!A@$#%$!D@!'%>FG$@'($%!)?*IN$#)@'#=E!)%!::/c|.!S!;:/c!|.O!%E!('#D#,@E'!'=(H=($,!

D@!>n>%!&=E&%E'$@'#=E!)%!'G>=#E!F=,#'#C!)%!bc7!&=F#%,w~5/!5?('#D#,@'#=E!)%!&%''%!)#D('#=E!

F%$>%'!)?=F'#>#,%$!D@!'%>FG$@'($%!)?*IN$#)@'#=E!S!F@$'#$!)?(E%!C@#ND%!&=E&%E'$@'#=E!)%!

'G>=#E!F=,#'#C/!

!
e6D2*6#!V!T!k%6)(*+,!)*!,*=F&%6,#%*!%&62('&!'#%!2*!7(G;,?.52*%n!UV!h*62Be(=*!$?h!F1#%!26!)(2#,(1+!

P]X!51F(*'lm7!)*!,&=1(+!F1'(,(3!!

!
!

6%>FG$@'($%,!
)?*IN$#)@'#=E!
)%,!@>=$&%,!!
!

<Lb!m.'g! VK6!m.'g!

::Oc!|.! 88Ob_! 7_Oc:!
::O:!|.! 87Oi;! 7_Ob:!
:;O:!|.! 88O97! 7_Occ!
:RO;!|.! 89O9R! 7RO_c!
:iOc!|.! 8iOR_! 7_Obc!
;cO8!|.! \"! 8cO9c!
;bOR!|.! \"! 89O7c!
;7Oi!|.! \"! 99O7c!
;8Oi!|.! \"! \"!
;9O;!|.! \"! \"!
;:Oc!|.! \"! \"!

! ! !!!!!\"!-!\=E!)G'%&'G! !



:_!

5@! &=>F@$@#,=E! )%,! .'! =N'%E(,! F=($! (E%! )#D('#=E! )%! bc7! &=F#%,w~5! )%! 'G>=#E! F=,#'#C!

>=E'$%! (E%! )G'%&'#=E! FD(,! F$G&=&%! @A%&! D%! &=(FD%! @>=$&%,w,=E)%! @>FD#C#@E'! D?VK6!

P(?@A%&!&%D(#!@>FD#C#@E'!<Lb!,($!D?@('=>@'%!5#K*'!.I&D%$}!i;!1%@DU6#>%!L.1/!

L=($! D?@>FD#C#&@'#=E!)(!K+E%!<LbO! D@! '%>FG$@'($%!)?*IN$#)@'#=E!)%,!@>=$&%,!)%!::O:|.!

F%$>%'! )?=N'%E#$! D%! FD(,! C@#ND%! .'O! '$@)(#,@E'! @#E,#! (E%! @>FD#C#&@'#=E! =F'#>@D%/!

.%F%E)@E'O!D@!)#CCG$%E&%!%E'$%!D%,!.'!=N'%E(,!%,'!>#E#>%!m>=#E,!)%!bO:v!)?G&@$'g!%E'$%!

::Oc|.!%'!:;O:|./!V(!)%DS!)%!:iOc|.O!D?@>FD#C#&@'#=E!)(!'G>=#E!F=,#'#C!E?%,'!FD(,!)G'%&'G%/!

2E!&%!P(#!&=E&%$E%!D?VK6O!D@!'%>FG$@'($%!)%!:RO;|.!F%$>%'!)?=N'%E#$!D%!.'!D%!FD(,!C@#ND%/!

6=('%C=#,O! #D! E?I! @! F@,! )%! )#CCG$%E&%! ,#KE#C#&@'#A%! %E'$%! D%,! .'! =N,%$AG,! F=($! )%,!

'%>FG$@'($%,! &=>F$#,%,! %E'$%! ::Oc! %'! :iOc|.! m>=#E,! )%! bO8v! )?G&@$'! %E'$%! D%,! .'!

=N'%E(,g/! aE%! '%>FG$@'($%! ,(FG$#%($%! S! ;cOc|.! )#>#E(%! D%,! F%$C=$>@E&%,!

)?@>FD#C#&@'#=E!)(!K+E%!)%!D?VK6/!

"@E,! D%!N('!)%!F=(A=#$! '$@A@#DD%$!,#>(D'@EG>%E'!S! D@!>n>%!'%>FG$@'($%!)?*IN$#)@'#=E!

@A%&! D%,! )%(J! &=(FD%,! @>=$&%,w,=E)%! %E! F@$@DD+D%! ,($! D%! 1='=$Ud%E%! kO! =E! &*=#,#'! )%!

,GD%&'#=EE%$!D@!'%>FG$@'($%!)%!:;Oc|.!F=($!D?*IN$#)@'#=E!)%,!@>=$&%,/!!

!
XOXQ!?1=F6%6('1+!)*'!$?h!N$P!*,!"Ge!F1#%!2M6=F2(3(56,(1+!)*!2MA$.NU!

!
\=(,! @A=E,! %E,(#'%! &=>F@$G! D%,! F%$C=$>@E&%,! )%,! )%(J! &=(FD%,! @>=$&%,w,=E)%,! ,($!

(E%!K@>>%!)%!)#D('#=E,!)%!'G>=#E!F=,#'#CO!F(#,!%E!G'()#@E'! D?#E'%$CG$%E&%!@A%&! D?`L.O!%'!

%E!AG$#C#@E'!D%($,!,FG&#C#&#'G,/!

!
7/7/bg!.=>F@$@#,=E!)%,!F%$C=$>@E&%,!)%,!&=(FD%,!@>=$&%,w,=E)%!

!
5%,! $G,(D'@',! F$G,%E'G,! )@E,! D%! '@ND%@(!R! =E'! G'G! =N'%E(,! %E! '%,'@E'! &#EP!)#D('#=E,! )%!

$@#,=E!)#J!)(!'G>=#E!F=,#'#C!)@E,! D%,!>n>%,!&=E)#'#=E,!@E@DI'#P(%,!F=($! D%,!)%(J!L.1!

]LI<i/!

! !



:i!

e6D2*6#!b!T!?1=F6%6('1+!)*'!?,!1D,*+#'!21%'!)*!:#6,%*!'&%(*'!)*!$?h!N$P!*,!"Ge!I!^Vo?!

!

.=E&%E'$@'#=E!
'*G=$#P(%!)%!
'G>=#E!F=,#'#C!
m&=F#%,w~5g!

.'!=N'%E(,!F@$!&=(FD%!@>=$&%,w,=E)%!

<Lb!m.'g!

3G$#%b! 3G$#%!7! 3G$#%!8! 3G$#%!9!
M=I%EE%!�!!

26!

bc9! 7:Oc;! 79O_i! !!!7:O;b! !!!7:O88! 7:O77!�!cO87!
bc8! 7_O:b! 7_O;R! !!!7_O_7! !!!7_O;9! 7_O;;!�!cOb8!
bc7! 8bOi_! 87O8c! !!!87O:b! !!!87Obi! 87O7:!�!cO77!

bcb! 89Oi7! 8:O:_! !!!8;O;i! !!!8:O;_! 8:OR7!�!cOR8!
bcc! 8_Oc9! 8_Oc9! !!!8RO77! !!!8RO89! 8RO;;!�!cO99!

.=E&%E'$@'#=E!
'*G=$#P(%!)%!
'G>=#E!F=,#'#C!
m&=F#%,w~5g!

VK6!m.'g!

3G$#%b! 3G$#%!7! 3G$#%!8! 3G$#%!9!
M=I%EE%!�!

26!

bc9! 78O;9! 79OR_! 7:Oci! 7:O_b! 79O_8!�!cOic!
bc8! 7RO9b! 7;O8b! 7_Obi! 7iOb8! 7ROR;!�!bO7c!
bc7! 8cO_b! 8bOi7! 87O88! 87O;7! 8bOi7!�!cORi!
bcb! 8:Ob8! 8;O9_! 8ROb:! 8;O_i! 8;O9b!�!cOic!

bcc! 9cO77! 8iO77! 8_Ocb! 8;Ob_! 8_O9b!�!bOR9!

!
.=E'$@#$%>%E'! S! &%! P(#! @A@#'! G'G! =N,%$AG! ,($! D%! 5#K*'! .I&D%$}! i;! 1%@DU6#>%! L.1O! D%,!

$G,(D'@',!)%,!.'!=N'%E(,!@A%&!D%,!)%(J!&=(FD%,!,=E'!GP(#A@D%E',!F=($!D%,!)#D('#=E,!@DD@E'!

)%! bc9! S! bc7! &=F#%,w~5/! 5@! )G'%&'#=E! )%! D@! )#D('#=E! bcc!&=F#%,w~5! F=($! D?VK6! %,'! '$+,!

A@$#@ND%!mA@D%($!)%!D?G&@$'!'IF%!-!bOR9g!%'!'@$)#A%!m.'!,(FG$#%($%!S!9cg!)@E,!(E%!,G$#%/!5@!
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II – Recherche de l’HPyV9 dans des échantillons cliniques chez 
des patients transplantés de rein 
!

bg!.@$@&'G$#,'#P(%,!)%!D@!F=F(D@'#=E!%'!F$GD+A%>%E',!G'()#G,!
!

\=(,!@A=E,!G'()#G!)%,!F$GD+A%>%E',!N#=D=K#P(%,!F$GD%AG,!&*%B!)%,!F@'#%E',!'$@E,FD@E'G,!

)%!$%#E!)%F(#,!>=#E,!)?(E!@E!@(!>=>%E'!)(!F$GD+A%>%E'!%'! ,(#A#,!@(!.]a!)%!\@E'%,/!

.%,!F@'#%E',!=E'!G'G!K$%CCG,!%E'$%!=&'=N$%!7cbc!%'!E=A%>N$%!7cb8/!

!

POPQ!$1F#26,(1+!&,#)(&*!F1#%!2*'!F%&2<8*=*+,'!'6+G#(+'!
!

`D!,?@K#'!)%!7c!F@'#%E',!K$%CCG,!%E'$%!@A$#D!7cb7!%'!E=A%>N$%!7cb8O!xKG,!)%!7;!S!;_!@E,!@(!

>=>%E'! )%! D@! K$%CC%! mxK%!>=I%E! -! :8! @E,! �b9Oc! @E,g/! 5%! ,%J%! $@'#=! %,'! )%! b/! 6=(,! D%,!

F@'#%E',!=E'!$%Z(!(E!K$%CC=E!$GE@D!#,=DG/!!

5@! L.1! ]LI<i! @! G'G! $G@D#,G%! ,($! ;b! F$GD+A%>%E',! )%! ,@EK! '='@D! 2"6V/! \=(,! @A=E,!

,GD%&'#=EEG,! &%(J! F$GD%AG,! %E'$%! '$=#,! >=#,! %'! E%(C! >=#,! @F$+,! '$@E,FD@E'@'#=EO! F=($!

D%,P(%D,! D@! &*@$K%! A#$@D%! 0hLI<! G'@#'! ,(FG$#%($%! S! 8Oc! 5=K! &=F#%,w>5! m.*@$K%! A#$@D%!

>=I%EE%!-!9Ob!5=K!&=F#%,w>5O!G&@$'!'IF%!-!cO;!5=K!&=F#%,w>5g/!

!

POXQ!$1F#26,(1+!&,#)(&*!F1#%!2*'!F%&2<8*=*+,'!#%(+6(%*'!
!

5@!F=F(D@'#=E!G'()#G%O! xKG%!)%!bi!S!Ri!@E,O! %,'! &=>F=,G%!)%!_7!F@'#%E',! '$@E,FD@E'G,!

%E'$%!=&'=N$%!7cbc!%'!H(#DD%'!7cb8/!5?xK%!>=I%E!@(!>=>%E'!)%!D@!'$@E,FD@E'@'#=EO!%,'!)%!

:b!@E,!m�!b9O7!@E,g/!5%!,%J%!$@'#=!%,'!)%!bOR8!*=>>%,!F=($!(E%!C%>>%/!aE!,%(D!F@'#%E'!@!

$%Z(!(E!K$%CC=E!)%!'IF%!$%#EUF@E&$G@,/!6=(,!D%,!@('$%,!F@'#%E',!=E'!$%Z(!(E!K$%CC=E!$GE@D!

#,=DG!m_b!F@'#%E',g/!

!

L=($!&*@P(%!F@'#%E'O!)%,!($#E%,!$%&(%#DD#%,!S!8!>=#,!mM8gO!;!>=#,!mM;g!%'!i!>=#,!mMig!

F=,'U'$@E,FD@E'@'#=E!=E'!G'G!,GD%&'#=EEG%,/!L=($!&@(,%!)?@$$n'!)(!,(#A#!D=EK#'()#E@D!)?(E!

F@'#%E'O!(E!G&*@E'#DD=E!)?($#E%!%,'!>@EP(@E'!mMig/!V#E,#!79:!F$GD+A%>%E',!)?($#E%,!=E'!

G'G!G'()#G,!m6@ND%@(!bbg/!



;9!

e6D2*6#!PP!T!>&26('!)*!%*5#*(2!)*'!X[^!F%&2<8*=*+,'!)_#%(+*'!5122*5,&'!

!

"GD@#!$G%D!m%E!>=#,g!
!

M8!
!

M;! Mi!

M=I%EE%! 8Ocb! ;Oc:! iO7;!

MG)#@E%! 8Oc7! ;Occ! iOcR!

M#E#>(>! bOi8! 8O8R! RO;8!

M@J#>(>! 9ObR! iO8R! b8O78!

2&@$'!'IF%! cO87! cO;c! cOR9!

\=>N$%!)%!F$GD+A%>%E',!
)?($#E%,!&=DD%&'G,! _7! _7! _b!

!

5%!,(#A#!D=EK#'()#E@D!)%!&%,!F@'#%E',!#E&D(,!D@!$G@D#,@'#=E!)%!L.1!0hLI<!,($!,@EK!'='@D!%'!

,($! D%,! ($#E%,/! <@E! )%$! M%#H)%E! %'! @D/! =E'! >=E'$G! (E%! )G'%&'#=E! FD(,! C$GP(%E'%! )%!

D?]LI<i! &*%B! D%,! F@'#%E',! A#$G>#P(%,! F=($! D%!0hLI</!\=(,! @A=E,! )=E&! &=E,'#'(G! '$=#,!

K$=(F%,!)%!F@'#%E',!%E!C=E&'#=E!)%,!$G,(D'@',!)%,!L.1!0hLI<!,@EK(#E%,!%'!($#E@#$%,/!

!
5%!F$%>#%$!K$=(F%!%,'!&=>F=,G!)%!b;!F@'#%E',!@I@E'!)GA%D=FFG!(E%!\0h<!=(!@I@E'!%(!

(E%! &*@$K%! A#$@D%! ,(FG$#%($%! S! 8Oc! 5=K! &=F#%,w>5! ,($! ,@EK! '='@D! 2"6V! D=$,! )%! D@!

F$%>#+$%!@EEG%!F=,'UK$%CC%/!5%,!$G,(D'@',!)%,!L.1!0hLI<!,@EK(#E%,!%'!($#E@#$%,!)%!&%,!

F@'#%E',!C#K($%E'!)@E,!D%!'@ND%@(!b7/!



;:!

e6D2*6#!PX!T!h&'#2,6,'!)*'!5;6%G*'!8(%62*'!@Z$.N!'6+G#(+*'!*,!#%(+6(%*'!)*'!F6,(*+,'!)#!G%1#F*!P!

!
L@'#%E',!

A#$G>#P(%,!
0hLI<!

!
M8!
!

M;! Mi!

L=($&%E'@K%! :;v! :cv! :;v!

.<!>=I%EE%!
m5=K!&=F#%,w>5g!

8ORi! 9Oc9! 8O8_!

2&@$'!'IF%!
m5=K!&=F#%,w>5g!

cOR:! bO98! cO_:!

L.1!0hLI<!!
($#E@#$%!F=,#'#A%!

!
M8!
!

M;! Mi!

L=($&%E'@K%! R:v! _RO:v! R:v!

.<!>=I%EE%!!
m5=K!&=F#%,w>5g!

RO7b! ;ORi! ;O;7!

2&@$'!'IF%!
m5=K!&=F#%,w>5g!

7Obb! 7Oc! 7ObR!

!
5%!K$=(F%!7!%,'!&=E,'#'(G!)%!7:!F@'#%E',!@I@E'!%(!@(!>=#E,!(E%!L.1!0hLI<!F=,#'#A%!)@E,!

D%,!($#E%,!@A%&!(E%!&*@$K%!A#$@D%!'=(H=($,!#ECG$#%($%!S!8Oc!5=K!&=F#%,w>5!,($!,@EK!'='@D!

2"6V!@(!&=($,!)%!D@!F$%>#+$%!@EEG%!F=,'UK$%CC%/!5%,!$G,(D'@',!)%,!L.1!0hLI<!$G@D#,G%,!

,($! D%,! ($#E%,! ,=E'! F$G,%E'G,! )@E,! D%! '@ND%@(! b8/! 3%(D,! '$=#,! F@'#%E',! =E'! %(! (E%! L.1!

0hLI<! F=,#'#A%! ,($! ,@EK! '='@D! 2"6VO! @(! ,#J#+>%! >=#,! m.*@$K%! A#$@D%! GK@D%! S! 7Oc! 5=K!

&=F#%,w>5g/!

!
e6D2*6#!PW!T!h&'#2,6,'!)*'!5;6%G*'!8(%62*'!@Z$.N!#%(+6(%*'!)*'!F6,(*+,'!)#!G%1#F*!X!

!

L.1!0hLI<!!
($#E@#$%!F=,#'#A%!

M8! M;! Mi!

L=($&%E'@K%! 87v! 99v! 9cv!

.<!>=I%EE%!
m5=K!&=F#%,w>5g!

:Oi8! :O:c! :O;9!

2&@$'!'IF%!
m5=K!&=F#%,w>5g!

bOii! bO_7! 7O9b!

!
5%,! 9b! F@'#%E',! )(! K$=(F%! 8! =E'! %(! (E! ,(#A#! A#$=D=K#P(%! ,'$#&'%>%E'! EGK@'#C! F=($! D%!

0hLI<!@(!&=($,!)%!D%($!F$%>#+$%!@EEG%!F=,'UK$%CC%/!V(&(E!F@'#%E'!E?@!%(!)%!L.1!0hLI<!

F=,#'#A%!,($!,@EK!'='@D!2"6V!=(!,($!F$GD+A%>%E'!($#E@#$%/!

!

! !



;;!

7g!1%&*%$&*%!)%!D?]FI<i!)@E,!D%,!F$GD+A%>%E',!)%!,@EK!
!
3($! D%,! ;b! F$GD+A%>%E',! )%! ,@EK! '='@D! @E@DI,G,O! @(&(E! E?@! G'G! )G'%&'G! F=,#'#C! F=($!

D?]LI<iO!>@DK$G!(E%!)G'%&'#=E!,@'#,C@#,@E'%!)%!D?`L.!m6@ND%@(!b9g/!

!
e6D2*6#!P[!T!?,!1D,*+#'!F1#%!2M6=F2(3(56,(1+!)*!2MC$?!)6+'!2*'!VP!&5;6+,(221+'!)*!'6+G!,1,62!K>e"!

!

.'!
!

`L.!!
!

M=I%EE%! 89Ob8!

MG)#@E%! 89O;:!

M#E#>(>! 87OiR!

M@J#>(>! 9cO97!

2&@$'!'IF%! bOi;!

!
8g!1%&*%$&*%!)%!D?]LI<i!)@E,!D%,!F$GD+A%>%E',!)?($#E%!

!
3(#'%!S!D?@N,%E&%!)%!)G'%&'#=E!)%!D?]LI<i!,($!D%,!F$GD+A%>%E',!)%!,@EK!'='@D!2"6VO!E=(,!

@A=E,!&*=#,#!)?G'()#%$!)%,!F$GD+A%>%E',!)?($#E%/!\=(,!E=(,!,=>>%,!@FF(IG,!,($!D?#)G%!

P(%! D%,! &*@$K%,! A#$@D%,! ($#E@#$%,! F=(A@#%E'! n'$%! ,#KE#C#&@'#A%>%E'! FD(,! C=$'%,! P(%! D%,!

&*@$K%,!A#$@D%,!,@EK(#E%,O!&%!P(#!F=($$@#'!C@&#D#'%$!D@!)G'%&'#=E!)%!D?]LI<i/!

!
5@!L.1!]LI<i!@!G'G!%CC%&'(G%!,($!79:!F$GD+A%>%E',!)?($#E%/!V(&(E!G&*@E'#DD=E!E?@!G'G!

)G'%&'G!F=,#'#C!F=($!D?]LI<i!>@DK$G!!(E%!)G'%&'#=E!,@'#,C@#,@E'%!)(!K+E%!)%!D?@DN(>#E%!%'!

)%!D?`L./!!

!

VF$+,! %J'$@&'#=EO! D%! K+E%! )%! D?@DN(>#E%! @! G'G! @>FD#C#G! )@E,! 79b! ($#E%,/! 5?`L.! @! G'G!

@>FD#C#G!@A%&! ,(&&+,!F=($! '=(,! D%,!G&*@E'#DD=E,! '%,'G,/!"%,! $G,(D'@',! &=>FD%',O! C#K($@E'!

)@E,!D%!'@ND%@(!b:O!=E'!@#E,#!G'G!=N'%E(,!F=($!79b!G&*@E'#DD=E,!)?($#E%/!

!
! !



;R!

e6D2*6#!P^!T!?,!1D,*+#'!F1#%!2M6=F2(3(56,(1+!)*!2MC$?!*,!)#!G<+*!)*!2M62D#=(+*!)6+'!2*'!X[P!
&5;6+,(221+'!)M#%(+*'!6+62.'&'!

!

.'!
!

`L.!!
!

!
VDN(>#E%!!

!

M=I%EE%! 89Oib! 8bO;;!

MG)#@E%! 89O__! 87OcR!

M#E#>@D%! 8bOcR! biO:;!

M@J#>@D%! 8_Oc8! 8ROii!

2&@$'!'IF%! bO87! 8O9:!

!
5%,! A@D%($,! )%! .'! >%,($G%,! @F$+,! @>FD#C#&@'#=E! )(! K+E%! )%! D?@DN(>#E%! =E'! (E%!

)#,F%$,#=E! *G'G$=K+E%O! ,?%JFD#P(@E'! F@$! D@! P(@E'#'G! A@$#@ND%! )?@DN(>#E%O! $%'$=(AG%! @(!

E#A%@(!($#E@#$%O!)?(E!F@'#%E'!S!(E!@('$%/!2E!$%A@E&*%O!D%,!A@D%($,!)%!.'!>%,($G%,!@F$+,!

@>FD#C#&@'#=E! )%! D?`L.! =E'! (E%! )#,F%$,#=E! *=>=K+E%! @('=($! )%! D@! A@D%($! )%! 8:! &I&D%,!

mY#K($%!7cg/!



;_!

!
S(G#%*!X]!T!4#6G*'!)*!F1(+,!%*F%&'*+,6+,!26!)('F*%'(1+!)*'!862*#%'!)*!?,!)#!G<+*!)*!2_62D#=(+*!*,!

)*!2MC$?!F1#%!2*'!X[P!&5;6+,(221+'!)M#%(+*'!'&2*5,(1++&'!
!

!
! !



;i!

DISCUSSION 
!

!

!

5%! E=>N$%! )%! F=DI=>@A#$(,! *(>@#E,! &=EE(,! ,?%,'! &=E,#)G$@ND%>%E'! %E$#&*#! &%,!

)%$E#+$%,! @EEG%,O! K$x&%! S! D?('#D#,@'#=E! )%! '%&*E#P(%,! )%! L.1w,GP(%EZ@K%! F%$>%''@E'!

)?#)%E'#C#%$!)%!E=(A%@(J!F@'*=K+E%,!K$x&%!S!D?@>FD#C#&@'#=E!)%!D%($!KGE=>%/!5%!F=(A=#$!

F@'*=K+E%!)%,! F=DI=>@A#$(,! *(>@#E,!E?%,'! F@,! F$G&#,G>%E'! #)%E'#C#G! F=($! D?%E,%>ND%!

)%! D@! C@>#DD%/! 5%,! F=DI=>@A#$(,! D%,! FD(,! &=EE(,O! &@$! @,,=&#G,! S! (E! F=(A=#$! F@'*=K+E%!

N#%E! #E)#A#)(@D#,GO! ,=E'!E='@>>%E'! D%,!0hLI<O! D%! [.LI<O! D%!M.LI</!.%,!A#$(,! '$+,!N#%E!

@)@F'G,! S! D?*=>>%! F@,,%E'! D%! FD(,! ,=(A%E'! '='@D%>%E'! #E@F%$Z(,! D=$,! )%! D@!

F$#>=#EC%&'#=E!&*%B!D%!,(H%'!,@#E/!.?%,'!)@E,!(E!&=E'%J'%!)?#>>(E=)GF$%,,#=E!P(%!D%($!

F@'*=KGE#&#'G! ,?%JF$#>%! D%! FD(,! ,=(A%E'O! %'! E='@>>%E'! @F$+,! '$@E,FD@E'@'#=E! $GE@D%!

)@E,!D%!&@,!)(!0hLI</!

!2E! 7cbbO! D%! F=DI=>@A#$(,! *(>@#E! i! m]LI<ig! %,'! )G&=(A%$'! F@$! 3&()@! %'! @D/! )@E,! D%!

,G$(>!)?(E%!F@'#%E'%! '$@E,FD@E'G%! $GE@D%/!4E!E%!)#,F=,%!)?@(&(E%! #EC=$>@'#=E! ,($! D%,!

>=DG&(D%,! #>>(E=,(FF$%,,#A%,! @)>#E#,'$G%,! S! &%''%! F@'#%E'%O! E#! ,($! D@! )($G%! )%F(#,!

D@P(%DD%!D@!F@'#%E'%!G'@#'!K$%CCG%!@(!>=>%E'!)%!&%''%!)G&=(A%$'%/!.%F%E)@E'O!&%D@!@>+E%!

S! ,%! F=,%$! D@! P(%,'#=E! )?(E! GA%E'(%D! D#%E! %E'$%! '$@E,FD@E'@'#=E! $GE@D%! %'! #EC%&'#=E! S!

]LI<i/!!

2E!7cb9O!D?GP(#F%!)%!<@E!)%$!M%#H)%E!%'!@D/!G'()#%!(E%!&=*=$'%!)%!F@'#%E',!'$@E,FD@E'G,!

$GE@(J/!`D,!F@$A#%EE%E'!S!)G'%&'%$!D?]LI<i!F@$!(E%!L.1!,FG&#C#P(%!S!F@$'#$!)?G&*@E'#DD=E,!

)%!,G$(>!&*%B!7cO_v!)%,!F@'#%E',!,(#A#,/!L@$>#!D%,!F@'#%E',!F=,#'#C,!F=($!D?]LI<iO!i:v!

)?%E'$%!%(J!,=E'!A#$G>#P(%,!F=($!D%!0hLI</!

5?=NH%&'#C! )%! E='$%! '$@A@#D! G'@#'! )%! >%''$%! @(! F=#E'! (E%! >G'*=)%! )%! )G'%&'#=E!

P(@E'#'@'#A%!F@$!L.1!%E!'%>F,!$G%D!)%!D?]LI<i/!`D!,?@K#,,@#'!,%&=E)@#$%>%E'!)%!&=EC#$>%$!

D@!C$GP(%E&%!GD%AG%!)%!)G'%&'#=E!)(!KGE=>%!)%!D?]LI<i!)@E,!(E%!F=F(D@'#=E!)%!F@'#%E',!

'$@E,FD@E'G,!$GE@(J/!

"@E,!(E!F$%>#%$!'%>F,O!E=(,!@A=E,!>#,!@(!F=#E'!(E%!>G'*=)%!)%!)G'%&'#=E!P(@E'#'@'#A%!

)(!KGE=>%!)%!D?]LI<i!F@$!L.1!%E!'%>F,!$G%D!mF@$!'%&*E=D=K#%!6@PM@Eg/!\=(,!E?@A#=E,!

F@,! )?G&*@E'#DD=E! N#=D=K#P(%! *(>@#E! F=,#'#C! F=($! D?]LI<i! S! E='$%! )#,F=,#'#=E/! \=(,!

@A=E,!)=E&!C@#'!,IE'*G'#,%$!(E!C$@K>%E'!)?V"\!)=(ND%!N$#E/!\='$%!&*=#J!,?%,'!F=$'G!,($!

(E%!F=$'#=E!)%!i;c!FN!)(!KGE=>%!)%!D?]LI<i/!3($!&%''%!F@$'#%!)(!KGE=>%O!D%,!K+E%,!P(#!



Rc!

&=)%E'!F=($!D@!F$='G#E%!<Lb!%'!D?VK6!,=E'!&=E'#K(,O!)(!C@#'!)%!D@!,'$(&'($%!&#$&(D@#$%!)%,!

F=DI=>@A#$(,!m>@DK$G!D%($!'$@E,&$#F'#=E!$%,F%&'#A%!)@E,!)%,!,%E,!=FF=,G,g/!

5@!>#,%!@(!F=#E'!)%,!&=E)#'#=E,!)%!L.1!@!G'G!%CC%&'(G%!@(!>=I%E!)%!&%!'G>=#E!F=,#'#CO!%E!

'%,'@E'! )%(J! &=(FD%,! @>=$&%,w,=E)%! )#CCG$%E',O! &#ND@E'! D%,! K+E%,! <Lb! %'! VK6/!

5?GD@N=$@'#=E!)?(E%!K@>>%!)%!,'@E)@$)O! S!F@$'#$!)%!)#CCG$%E'%,!)#D('#=E,!)%!&%! 'G>=#E!

F=,#'#CO! @!F%$>#,!)?%CC%&'(%$!)%,! '%,',!)%! $%F$=)(&'#N#D#'GO!)%! ,FG&#C#&#'GO! %'!)?%,'#>%$! D@!

D#>#'%!#ECG$#%($%!)%!)G'%&'#=E!)%!E='$%!>G'*=)%/!

.%,!'%,',!=E'!&=E)(#'!S!,GD%&'#=EE%$!D%!&=(FD%!@>=$&%,w,=E)%!,FG&#C#P(%!)(!K+E%!&=)@E'!

F=($!D@!F$='G#E%!<Lb!F=($!%,,@I%$!)?@>FD#C#%$!D?]LI<i/!

"@E,! (E! ,%&=E)! '%>F,O! &%''%! '%&*E#P(%! @! G'G! @FFD#P(G%! S! (E%! &=*=$'%! )%! F@'#%E',!

'$@E,FD@E'G,! $GE@(JO! )@E,! D%! &@)$%! )?(E%! G'()%! $G'$=,F%&'#A%/! .%,! F@'#%E',! NGEGC#&#%E'!

)?(E!,(#A#! ,I,'G>@'#P(%!$@FF$=&*G!F%E)@E'! D%,!)%(J!F$%>#+$%,!@EEG%,!@F$+,! D@!K$%CC%/!

\=(,!@A=E,!G'()#G!)%,!G&*@E'#DD=E,!N#=D=K#P(%,!F$GD%AG,!%E'$%! '$=#,!>=#,!%'!E%(C!>=#,!

@F$+,!'$@E,FD@E'@'#=E/!`D,!&=$$%,F=E)%E'!S!D@!FG$#=)%!=y!D%!E#A%@(!)?#>>(E=,(FF$%,,#=E!

%,'!D%!FD(,!GD%AGO!%'!F@$!)G)(&'#=EO!S!(E%!FD(,!K$@E)%!F$=N@N#D#'G!)%!F@$A%E#$!S!>%''$%!%E!

GA#)%E&%!(E%!$G@&'#A@'#=E!A#$@D%/!

L=($! $@FF%D! D?GP(#F%! )%! 3&()@! %'! @D/! F(#,! &%DD%! )%! <@E! )%$!M%#H)%E! %'! @D/! =E'! @>FD#C#G!

D?]LI<i! S! F@$'#$! )%! F$GD+A%>%E',! ,@EK(#E,! m,@EK! '='@DO! FD@,>@O! ,G$(>g! %'! )%!

F$GD+A%>%E',!($#E@#$%,/!

\=(,! @A=E,! )?@N=$)! '%,'G! E='$%! L.1! ,($! ;b! G&*@E'#DD=E,! )%! ,@EK! '='@D! 2"6V/! .%,!

G&*@E'#DD=E,!G'@#%E'!#E#'#@D%>%E'!)G)#G,!S!D@!$%&*%$&*%!)(!0hLI</!`D,!@A@#%E'!G'G!&=DD%&'G,!

&*%B! )%,! F@'#%E',! '$@E,FD@E'G,! $GE@(J! %E'$%! '$=#,! %'! E%(C! >=#,! @F$+,! D%($!

'$@E,FD@E'@'#=E/!3?#E,F#$@E'!)%,!$G,(D'@',!F(ND#G,!F@$!<@E!)%$!M%#H)%E!%'!@D/O!E=(,!@A=E,!

,GD%&'#=EEG! )%,! G&*@E'#DD=E,! F=($! D%,P(%D,! D%,! &*@$K%,! A#$@D%,! 0hLI<! G'@#%E'! '=('%,!

,(FG$#%($%,! S! 8Oc! 5=K! &=F#%,w>5/! 5?]LI<i! E?@! F(! n'$%! )G'%&'G! )@E,! @(&(E! )%! &%,! ;b!

F$GD+A%>%E',/!

3(#'%! S! D?@N,%E&%! )%! )G'%&'#=E! )%! D?]LI<i! ,($! ,@EK! '='@D! 2"6VO! #D! E=(,! @! ,%>NDG!

#E'G$%,,@E'!)%!$%&*%$&*%$!D%!KGE=>%!)%!D?]LI<i!)@E,!D%,!($#E%,!)%!F@'#%E',!'$@E,FD@E'G,!

$GE@(J/! L=($! D%! 0hLI<O! D%,! &*@$K%,! A#$@D%,! ($#E@#$%,! ,=E'! N#%E! FD(,! GD%AG%,! P(%! D%,!

&*@$K%,! A#$@D%,! ,@EK(#E%,! m;! S! i! 5=K! &=F#%,w>5! )@E,! D%,! ($#E%,! &=E'$%! 8! S! :! 5=K!

&=F#%,w>5!,($!,@EK!'='@D!2"6Vg/!\=(,!@A=E,!C@#'!D?*IF='*+,%!P(%!&%''%!)#CCG$%E&%!%E'$%!

D%,! &*@$K%,!A#$@D%,!($#E@#$%,!%'! ,@EK(#E%,!F=(A@#'! @(,,#! %J#,'%$!F=($! D?]LI<iO!>n>%!,#!

F=($!D?#E,'@E'!D%!,#'%!)%!F%$,#,'@E&%!)%!D?]LI<i!E?%,'!F@,!&=EE(/!



Rb!

\=(,!@A=E,!&=E,'#'(G!'$=#,!K$=(F%,!)%!F@'#%E',O!F=($!A=#$!,#!D%,!F@'#%E',!P(#!C@#,@#%E'!(E%!

#EC%&'#=E!S!0hLI<!@A@#%E'!(E%!FD(,!K$@E)%!F$=N@N#D#'G!)?@A=#$!(E%!L.1!F=,#'#A%!S!]LI<i/!

5%!F$%>#%$!K$=(F%!%,'!&=E,'#'(G!)%!b;!F@'#%E',!@I@E'!%(!(E%!L.1!0hLI<!F=,#'#A%!@A%&!

(E%!&*@$K%!A#$@D%!,(FG$#%($%!S!8Oc!5=K!&=F#%,w>5!,($!,@EK!'='@D!2"6VO!@(!&=($,!)%!D%($!

F$%>#+$%! @EEG%!F=,'U'$@E,FD@E'@'#=E/!k(@'$%!)?%E'$%! %(J!=E'!)GA%D=FFG!(E%!\0h</!5%!

,%&=E)!%,'! C=$>G!)%!7:!F@'#%E',O!F=($!D%,P(%D,!@(!>=#E,!(E%!L.1!0hLI<!%CC%&'(G%!,($!

D%,! ($#E%,! %,'! $%A%E(%! F=,#'#A%O! @A%&! (E%! &*@$K%! A#$@D%! '=(H=($,! #ECG$#%($%! S! 8Oc! 5=K!

&=F#%,w>5! ,($! ,@EK! '='@D! 2"6V/! 5%! '$=#,#+>%! K$=(F%! $G(E#'! 9b! F@'#%E',O! )=E'!D%! ,(#A#!

A#$=D=K#P(%O!@(!&=($,!)%!&%''%!>n>%!F$%>#+$%!@EEG%!F=,'UK$%CC%O!%,'!$%,'G!EGK@'#C!F=($!D%!

0hLI</!!

\='$%! L.1! ,FG&#C#P(%! ]LI<i! @! G'G! %CC%&'(G%! ,($! 79:! F$GD+A%>%E',! )?($#E%,/! 6=(,!

K$=(F%,!&=EC=E)(,O!@(&(E!G&*@E'#DD=E!E?@!G'G!)G'%&'G!F=,#'#C!F=($!D?]LI<iO!>@DK$G!D@!&=U

)G'%&'#=E!)%!D?@DN(>#E%!%'!)(!&=E'$^D%!#E'%$E%!)?@>FD#C#&@'#=E!)@E,!79b!($#E%,/!

5%!K+E%!)%!D?@DN(>#E%!%,'!@>FD#C#G!)%!C@Z=E!,@'#,C@#,@E'%!m.'!#ECG$#%($!S!9c!&I&D%,g!)@E,!

79b!G&*@E'#DD=E,!)?($#E%,O!,=#'!i_O9v!)%,!($#E%,!&=DD%&'G%,/!.%!$G,(D'@'!A@D#)%!D?%J'$@&'#=E!

)%,!@&#)%,!E(&DG#P(%,!%CC%&'(G%!,($!D%!k`V,I>F*=EI!3L!k`Vd2\}/!"%!FD(,O!D?`L.!@H=('G!

)@E,! &*@P(%! >GD@EK%! $G@&'#=EE%D! %,'! @>FD#C#G! )@E,! bccv! )%,! ($#E%,! &=DD%&'G%,/! 5@!

)G'%&'#=E!&=E,'@E'%!)%!&%''%!@>FD#C#&@'#=EO!@A%&!)%,!A@D%($,!)%!.'!'=(H=($,!#ECG$#%($%,!S!

9cO! A@D#)%! D?G'@F%! )?@>FD#C#&@'#=E/! M@DK$G! &%,! GDG>%E',! ,@'#,C@#,@E',! S! F$=F=,! )%!

D?@>FD#C#&@'#=E!)(!K+E%!)%! D?@DN(>#E%!%'!)%! D?`L.O!&%$'@#E,!F=#E',! '%&*E#P(%,!F=($$@#%E'!

%JFD#P(%$!D?@N,%E&%!)%!)G'%&'#=E!)%!D?]LI<i/!

!

L$%>#+$%>%E'O!D@!>#,%!@(!F=#E'!)%!E='$%!L.1!@!%E'#+$%>%E'!G'G!%CC%&'(G%!@A%&!(E!'G>=#E!

,IE'*G'#P(%/!0#%E!P(%! D@! ,GP(%E&%!)%! &%! 'G>=#E! ,=#'! #)%E'#P(%! S! &%DD%! )%! D@! ,=(&*%!)%!

$GCG$%E&%! )?]LI<i! m3GP(%E&%! d%E0@EX! -! ]k;i;:i:/bgO! #D! @($@#'! G'G! #E'G$%,,@E'!

)?%CC%&'(%$! D@! >#,%! @(! F=#E'! )%! E='$%! L.1! @A%&! (E! G&*@E'#DD=E! N#=D=K#P(%! F=,#'#C/! 5%,!

,=E)%,!%'!@>=$&%,!,FG&#C#P(%,!,%! C#J%E'!F$=N@ND%>%E'!S! D?#)%E'#P(%!,($! D@!,GP(%E&%!)%!

'G>=#E! F=,#'#C! =(! ,($! D%! KGE=>%! )%! D?]LI<i/! `D! %,'! F=,,#ND%! P(%! )%,! A@$#@'#=E,!

E(&DG='#)#P(%,!%J#,'%E'!@(!E#A%@(!)%!D@!,GP(%E&%!)%,!@>=$&%,!=(!)%!D@!,=E)%!%E'$%!D%,!

)#CCG$%E'%,!,=(&*%,!)?]LI<i/!.%F%E)@E'O!&=>>%!E=(,!@A=E,!('#D#,G!D%,!@>=$&%,!%'!,=E)%!

F(ND#G%,!F@$!(E%!@('$%!GP(#F%!F$G&G)%>>%E'O!&%''%!*IF='*+,%!%,'!F%(!F$=N@ND%O!%E!'=('!

&@,!F@,!,($!D?%E,%>ND%!)%,!,=(&*%,!)?]LI<i!&#$&(D@E'%,/!



R7!

aE%!@('$%!%JFD#&@'#=E!F=,,#ND%!%,'!(E%!,%E,#N#D#'G! #E,(CC#,@E'%!)%!E='$%! '%&*E#P(%!F=($!

)G'%&'%$!)%,!&*@$K%,!A#$@D%,!'$+,!C@#ND%,/!.=E'$@#$%>%E'!S!D@!D#>#'%!)%!)G'%&'#=E!=N,%$AG%!

D=$,!)%!D@!>#,%!@(!F=#E'!)%!E='$%!L.1!mbcc!&=F#%,w~5gO!D@!FD(,!F%'#'%!)#D('#=E!)%!'G>=#E!

F=,#'#C! '=(H=($,!)G'%&'G%!@(!&=($,!)%,!,G$#%,!)%!L.1!,($! D%,!G&*@E'#DD=E,!&D#E#P(%,!G'@#'!

&%DD%! )%! bcb! &=F#%,w~5/! .%! P(#! GP(#A@('! S! (E%! &=E&%E'$@'#=E! '*G=$#P(%! )%! :ccc!

&=F#%,w>5!)@E,!D%,!F$GD+A%>%E',!)%!,@EK!'='@D!2"6V!)%!)GF@$'O!%'!)%!b_cc!&=F#%,w>5!

)@E,! D%,!($#E%,!F$#>#'#A%,/! 5@!)G'%&'#=E!)%! D@!)#D('#=E!bcc! &=F#%,w~5!)%! 'G>=#E!F=,#'#C!

)@E,! D%!>GD@EK%! $G@&'#=EE%D! G'@#'! @DG@'=#$%/! 5@! D#>#'%! )%! )G'%&'#=E! )%! E='$%! '%&*E#P(%!

F%('!)=E&!n'$%!%,'#>G%!%E'$%!:cc!%'!:ccc!&=F#%,w>5!F=($! D%!,@EK!'='@D!2"6V!%'!%E'$%!

b_c!%'!b_cc!&=F#%,w>5!F=($!D%,!($#E%,/!

"@E,! D?@$'#&D%!)%!<@E!)%$!M%#H)%E!%'! @D/O! D%,! &*@$K%,!A#$@D%,! ,G$#P(%,!>%,($G%,!=E'!)%,!

A@D%($,! &=>F$#,%,! %E'$%! 7:! %'! :8c! &=F#%,w>5/! 5@! ,%E,#N#D#'G! >%E'#=EEG%! )@E,! D%($!

@$'#&D%!%,'!)%!bc!&=F#%,w>5!m,=#'!(E%!&@F@&#'G!)%!)G'%&'#=E!)%!cO7!&=F#%,!)@E,!D%!>GD@EK%!

$G@&'#=EE%D!,%D=E!D%($!F$='=&=D%g/!5%,!&*@$K%,!A#$@D%,!>%,($G%,!%'!D@!,%E,#N#D#'G!@CC#&*G%!

,=E'! '$+,! C@#ND%,/! VA%&! E='$%! '%&*E#P(%O! E=(,! @($#=E,! (E%! ,%E,#N#D#'G! GP(#A@D%E'%! %E!

)G'%&'@E'! D@!)#D('#=E!)%!bcUb! &=F#%,!~5/!.%!P(#!&=$$%,F=E)$@#'!S!)%,!A@D%($,!)%!&*@$K%,!

A#$@D%,!,@EK(#E%,!%'!($#E@#$%,!)%!:c!%'!b_!&=F#%,!w>5/!

"?@F$+,! &%,! &=E,'@'@'#=E,O! D@! ,%E,#N#D#'G! )%! E='$%! >G'*=)%! @FF@$@t'! &=>>%! (E! $G%D!

@$K(>%E'!)@E,!D@!E=E!)G'%&'#=E!)?G&*@E'#DD=E,!F=,#'#C,/!6=('%C=#,O!S!D@!)#CCG$%E&%!)%!<@E!

)%$!M%#H)%E!%'!@D/O!E=(,!@A=E,!'$@A@#DDG!S!F@$'#$!)%!F$GD+A%>%E',!)?($#E%,/!3#!=E!,?@('=$#,%!

S! %CC%&'(%$! (E%! &=>F@$@#,=E! @A%&! D%! 0hLI<O! F=($! D%P(%D! D%,! &*@$K%,! A#$@D%,! ($#E@#$%,!

,=E'!bccc!S!bc!ccc!C=#,!FD(,!GD%AG%,!P(%!D%,!&*@$K%,!A#$@D%,!,@EK(#E%,O!=E!,?@''%E)$@#'!S!

)G'%&'%$! )%,! G&*@E'#DD=E,! )?($#E%,! F=,#'#C,O! >n>%! @A%&! (E%! '%&*E#P(%! )%! ,%E,#N#D#'G!

$%D@'#A%/!.%&#!F=($$@#'!,?%JFD#P(%$!F@$!(E%!%J&$G'#=E!($#E@#$%!C@#ND%!=(!'$+,!#E'%$>#''%E'%!

)%! D?]LI<iO! P(#! %,'! F%('! n'$%! &@$@&'G$#,G! F@$! (E! C@#ND%! '$=F#,>%! F=($! D%! '$@&'(,! $GE=U

($#E@#$%/!.%F%E)@E'O!)?@('$%,!F=DI=>@A#$(,!=E'!G'G!)G'%&'G,!)@E,!)%,!($#E%,!)%!F@'#%E',!

'$@E,FD@E'G,! $GE@(J! m[.LI<O! M.LI<O! h`LI<O! jaLI<O! 63LI<g/! "%! FD(,O! 3&()@! %'! @D/! %'!

.,=>@!%'!@D/!,=E'!F@$A%E(,!S!@>FD#C#%$!D?]LI<i!S!F@$'#$!)?G&*@E'#DD=E,!($#E@#$%,O!>@#,!%E!

('#D#,@E'!)%,!'%&*E#P(%,!*IF%$,%E,#ND%,!%'!,@E,!)=EEG%,!P(@E'#'@'#A%,/!

!
"@E,! D@! &=*=$'%! ]=DD@E)@#,%O! 7cO_v! )%,! F@'#%E',! =E'! %(! @(! >=#E,! (E%! L.1! ]LI<i!

F=,#'#A%! @(! &=($,! )%,! b_!>=#,! F=,'U'$@E,FD@E'@'#=E/! T! &%! &*#CC$%! GD%AG! )%! F$GA@D%E&%O!

,?@H=('%! (E%! #>F=$'@E'%! F$=F=$'#=E! )%! F@'#%E',! @I@E'! (E%! L.1! F=,#'#A%! S! '$=#,! >=#,!



R8!

%'w=(!,#J!>=#,!%'w=(!E%(C!>=#,!@F$+,!D@!'$@E,FD@E'@'#=E!-!$%,F%&'#A%>%E'!RObvO!;O7v!%'!

;O8v! )%,! F@'#%E',/! L@$! %J'%E,#=E! )%! &%,! &*#CC$%,! S! E='$%! F=F(D@'#=EO! =E! F=($$@#'!

,?@''%E)$%! S! =N'%E#$! )%,! $G,(D'@',! F=,#'#C,! F=($! @(! >=#E,! (E%! )#B@#E%! )?G&*@E'#DD=E,!

)?($#E%/!

5%,!F@'#%E',!#,,(,!)%!E='$%!&=*=$'%!%'!&%(J!)%!D?G'()%!]=DD@E)@#,%!F$=A#%EE%E'!)%!)%(J!

&%E'$%,!)#CCG$%E',!)%!'$@E,FD@E'@'#=E,/!"%,!)#CCG$%E&%,!)?('#D#,@'#=E!)%,!'$@#'%>%E',!@E'#U

$%H%'! F%(A%E'! %J#,'%$! %E'$%! D%,! &%E'$%,O! >n>%! ,#! ! KD=N@D%>%E'! D%,! @,,=&#@'#=E,! )%!

>=DG&(D%,! ,=E'! D%,! >n>%,/! 2E! &%! P(#! &=E&%$E%! D%! .]a! )%! \@E'%,O! )@E,! D%! &@,! )?(E%!

F$%>#+$%! '$@E,FD@E'@'#=E! $GE@D%O! D%! F$='=&=D%! '*G$@F%('#P(%! ,'@E)@$)! &=>F$%E)!

D?@)>#E#,'$@'#=E! )%! :cc! >K! )%! >G'*IDF$%)E#,=E%! %'! )%! 7c! >K! )%! 3#>(D%&'}! =(!

N@,#D#J#>@N! m@E'@K=E#,'%! )(! $G&%F'%($! )%! D?`5U7g! D%! H=($! )%! D?#E'%$A%E'#=E/!

5?@)>#E#,'$@'#=E! )%! 7c!>K!)%! N@,#D#J#>@N! %,'! $%E=(A%DG%! D%! P(@'$#+>%! H=($! ,(#A@E'! D@!

'$@E,FD@E'@'#=E! $GE@D%/! 5%! '$@#'%>%E'! r@E'#U$%H%'! @(! D=EK! &=($,s! &=>F$%E)! %E! KGEG$@D!

D?@,,=&#@'#=E!)%!'@&$=D#>(,O!)%!>I&=F*GE=D@'%!>=CG'#D!mbccc!>KgO!%'!)%!KD(&=&=$'#&=q)%,/!

"@E,!)%,! &#$&=E,'@E&%,! ,FG&#C#P(%,! mK$%CC%,!V04! #E&=>F@'#ND%,O! '$@E,FD@E'@'#=E! $GE@D%!

@E'G$#%($%O! F@'#%E'! S! *@('! $#,P(%! #>>(E=D=K#P(%QgO! )?@('$%,! '*G$@F%('#P(%,! F%(A%E'!

n'$%!('#D#,G%,!%E!&=>FDG>%E'O!&=>>%!D%!$#'(J#>@N!m@E'#&=$F,!@E'#U."7cgO!)%,!KD=N(D#E%,!

@E'#UDI>F*=&I'@#$%,! mV6dUY$%E%,#(,}gO! )%,! KD=N(D#E%,! @E'#U'*I>=&I'%,!

m6*I>=KD=N(D#E}g! =(! %E&=$%! )%,! #>>(E=KD=N(D#E%,! *(>@#E%,! F=DIA@D%E'%,!

mL$#A#K%E}g/!!

L=($!D%,!F@'#%E',!,(#A#,!)@E,!D@!&=*=$'%!]=DD@E)@#,%O!#D!%,'!>%E'#=EEG!)@E,!D@!F(ND#&@'#=E!

)%!<@E!)%$!M%#H)%E!%'!@D/!D?('#D#,@'#=E!)%!N@,#D#J#>@N!S!D@!)=,%!)%!9c!>K!S![4!%'![9!m&=E'$%!

7c!>K! )@E,! D%! F$='=&=D%! E@E'@#,g! =(! )%! �%E@F@J}O! )@&D#B(>@N! m@('$%! @E'@K=E#,'%! )(!

$G&%F'%($!)%!D?`DU7gO!@)>#E#,'$G!S!D@!)=,%!)%!bcc>KwH=($!F%E)@E'!D%,!)#J!F$%>#%$,!H=($,!

,(#A@E',! D@! '$@E,FD@E'@'#=E/! 5%,! >=DG&(D%,! ('#D#,G%,! @(! D=EK! &=($,! ,=E'! D%,! ,(#A@E'%,!-!

F$%)E#,=E%O!>I&=F*GE=D@'%!>=CG'#D!%'!&#&D=,F=$#E%!=(!'@&$=D#>(,/!`D!E?%,'!F@,!F$=F=,G!)%!

&$#'+$%,!F=($!D%!&*=#J!)%,!@E'@K=E#,'%,!)(!$G&%F'%($!)%!D?`DU7!=(!F=($!D%,!>=DG&(D%,!)%!D@!

&D@,,%!)%,!@E'#&@D&#E%($#E%,/!

`D!E%!,%>ND%!F@,!I!@A=#$!)%!)#CCG$%E&%,!>@H%($%,!%E'$%!D%,!F$@'#P(%,!)%,!)%(J!&%E'$%,!)%!

'$@E,FD@E'@'#=E,O! >n>%! ,#! D?=E! E%! )#,F=,%! P(%! )%,! K$@E)%,! D#KE%,! '*G$@F%('#P(%,/! 5@!

,%(D%! )#CCG$%E&%! F=$'%! ,($! D@! F=,=D=K#%! )(! N@,#D#J#>@N/! `D! ,?@K#'! )@E,! D?%E,%>ND%! )%!

F$='=&=D%,!,'@E)@$)#,G,O!P(#!&=>F=$'%E'!D%,!>n>%,!>=DG&(D%,!@E'#U$%H%'/!!



R9!

`D!,%$@#'!#E'G$%,,@E'!)%!&=EE@t'$%!F=($!&*@P(%!F@'#%E'O!D@!F@'*=D=K#%!$GE@D%!#E#'#@D%!@I@E'!

>='#AG%! D@! K$%CC%O! D%! ,'@'('!)(!)=EE%($!)(!K$%CC=E! m)=EE%($!A#A@E'!=(! &u($!@$$n'Gg! %'!

D?%J#,'%E&%! )?(E%! GA%E'(%DD%! K$%CC%! @E'G$#%($%O! F=($! %,,@I%$! )?GA@D(%$! D%! E#A%@(!

)?#>>(E=)GF$%,,#=E! @(P(%D! %,'! %JF=,G! D%! F@'#%E'! %E! C=E&'#=E! )%,! '$@#'%>%E',! P(?#D!

$%Z=#'/!5@!&=EC$=E'@'#=E!)%!&%!E#A%@(!$%D@'#C!)?#>>(E=)GF$%,,#=E!@(J!$G,(D'@',!)%,!L.1!

]LI<i!F=($$@#'!n'$%!#EC=$>@'#A%/!

V!E='%$!P(%!D%,!)=EEG%,!GF#)G>#=D=K#P(%,!)%,!)%(J!&=*=$'%,!)%!F@'#%E',!m,%J%!$@'#=O!xK%!

)(!F@'#%E'!@(!>=>%E'!)%!D@!K$%CC%g!,=E'!,#>#D@#$%,/!!

!
"?@('$%,!*IF='*+,%,!,=E'!%EA#,@K%@ND%,!F=($!%JFD#P(%$!&%,!)#CCG$%E&%,!)%!$G,(D'@',/!2E!

%CC%'O! D@! )#,'$#N('#=E! )%,! F=DI=>@A#$(,! %,'! *@N#'(%DD%>%E'! &=E,#)G$G%! &=>>%!

(N#P(#'@#$%O!>@#,!=E!F%('!#>@K#E%$!P(%!&%!E%!,=#'!F@,!'=('!S!C@#'! D%!&@,!F=($!D?]LI<i/!`D!

E?%J#,'%!F@,!)%!)=EEG%,!,($! D@!$GF@$'#'#=E!KG=K$@F*#P(%!)%!&%!A#$(,/!V! D?*%($%!@&'(%DD%O!

,%(D%,!&#EP!GP(#F%,!)@E,!D%!>=E)%!=E'!$G(,,#!S!)G'%&'%$!D%!KGE=>%!)%!D?]LI<i!)@E,!)%,!

G&*@E'#DD=E,! N#=D=K#P(%,! *(>@#E,/! 4('$%! 3&()@! %'! @D/! S! D?=$#K#E%! )%! ,@! )G&=(A%$'%! %E!

7cbbO!%'!D?GP(#F%!)%!<@E!)%$!M%#H)%E!%'!@D/!S!D?=$#K#E%!)%!D?G'()%!)%!D@!&=*=$'%!)%!F@'#%E',!

'$@E,FD@E'G,!$GE@(J!]=DD@E)@#,O!'$=#,!@('$%,!GP(#F%,!=E'!$G(,,#!S!@>FD#C#%$!D%!KGE=>%!)%!

D?]LI<i!%E!@=�'!7cbb!m3@(A@K%!%'!@D/gObc7!%E!>@#!7cb7!m.,=>@!%'!@D/gObc8!%'!%E!,%F'%>N$%!

7cb9!m5%)E#&XI!%'!@D/g/bc9!

.%,! &#EP! GP(#F%,! ,=E'! $%,F%&'#A%>%E'! =$#K#E@#$%,! )%! 0%$D#E! mVDD%>@KE%gO! )%! 5%#)%E!

m]=DD@E)%gO! )%!M=E'F%DD#%$! mY$@E&%gO! )%!"%N$%&%E! m]=EK$#%g! %'!)%!d@#E%,A#DD%! mYD=$#)%O!

2'@',UaE#,g/! .%! P(#! &=$$%,F=E)! F=($! D?#E,'@E'! S! (E%! )#,'$#N('#=E! KG=K$@F*#P(%!

$%D@'#A%>%E'!D#>#'G%!m6@ND%@(!b;g/!

! !



R:!

!
e6D2*6#!PV!T!\.+,;<'*!)*'!F#D2(56,(1+'!%6FF1%,6+,!26!)&,*5,(1+!)_A$.NU!F6%!$?h!

!

V('%($,! "@'%,! L=F(D@'#=E,!
!

2&*@E'#DD=E,!
N#=D=K#P(%,!

MG'*=)%,!
!

3'@'('!)%!D@!
$%&*%$&*%!

!3GP(%E&%!

!
!
!

Y$GP(%E&%!
)%!

)G'%&'#=E!!
!

3&()@!%'!@D/!
YGA$#%$!
7cbb!

L@'#%E',!
'$@E,FD@E'G,!
$GE@(J!

LD@,>@,!
3G$(>,!
a$#E%,!

L.1!
)GKGEG$G%!

"G&=(A%$'%! ]k;i;:i:/b!
bwR;mbO8vg!
bw9bm7O9vg!
bw8_m7O;vg!

3@(A@K%!%'!
@D/!

V=�'!7cbb!
L@'#%E',!
@''%#E',!
)%!..M!

L%@(! 1.V! "G&=(A%$'%! Y1_787_9/7! 7w_!m7:vg!

.,=>@!%'!@D/! M@#!7cb7!

Y%>>%,!
%E&%#E'%,!%'!

E=E!
%E&%#E'%,!

LD@,>@,O!
a$#E%,O!!

2&=(A#DD=E,!
)%!K=$K%!

L.1!E#&*G%!
,FG&#C#P(%!

1%&*%$&*%!
,FG&#C#P(%!

w! 7!S!;v!

<@E!)%$!
M%#H)%E!%'!

@D/!
[(#E!7cb9!

L@'#%E',!
'$@E,FD@E'G,!
$GE@(J!

3G$(>,!
L.1!

,FG&#C#P(%!
P(@E'#'@'#A%!

1%&*%$&*%!
,FG&#C#P(%!

w!
7bwbcb!
m7cO_vg!

5%)E#&XI!%'!
@D/!

3%F'%>N$%!
7cb9!

L@'#%E',!@(!
,'@)%!3`"V!

5I>F*=&I'%,!
)(!,@EK!

FG$#F*G$#P(%!
1.V! "G&=(A%$'%! h._8b99c/b! w!

!
5?%JFD#&@'#=E!D@!FD(,!A$@#,%>ND@ND%!%,'!,($%>%E'!D%!&@$@&'+$%!$G&%E'!)%!D@!)G&=(A%$'%!)%!

D?]LI<iO!@,,=&#G!S!(E!E=>N$%!$%,'$%#E'!)%!D@N=$@'=#$%,!)%!$%&*%$&*%!P(#!'$@A@#DD%E'!,($!

&%!,(H%'/!!

`D! %,'! '$+,! F$=N@ND%! P(%! D@! )#,'$#N('#=E! )%! D?]LI<i! E%! ,=#'! F@,! @(,,#! $%,'$%#E'%/! 5@!

,G$=F$GA@D%E&%!GD%AG%!m%EA#$=E!7cv!&*%B!D%,!>=#E,!)%!P(#EB%!@E,O!%'!9c!S!;cv!&*%B!D%,!

FD(,! )%! :c! @E,g! %,'! %E! C@A%($! )?(E%! @,,%B! D@$K%! )#,'$#N('#=E/! 6=('%C=#,O! #D! E?%,'! F@,!

#>F=,,#ND%!)?%EA#,@K%$!P(?(E%!$GFD#&@'#=E!E%!,=#'!)G'%&'@ND%!P(%!)@E,!)%,!C=I%$,!D#>#'G,!

)%!F=F(D@'#=EO!,=(,!D?#ECD(%E&%!)?GA%E'(%D,!C@&'%($,!%EA#$=EE%>%E'@(J!D=&@(J/!

!

`D! ,%$@#'! #E'G$%,,@E'! )%! $%&*%$&*%$! D?]LI<i! )@E,! )?@('$%,! F=F(D@'#=E,! )%! F@'#%E',!

#>>(E=)GF$#>G,/!5?]LI<i!@!G'G!>#,!%E!GA#)%E&%!S!F@$'#$!)?G&=(A#DD=E,!&('@EG,!&*%B!)%,!

F@'#%E',!@''%#E',!)%!..M/!"@E,O!(E%!G'()%!C$@EZ@#,%!$%K$=(F@E'!*(#'!F@'#%E',!@''%#E',!)%!

..MO!)%(J!=E'!%(!(E%!L.1!F=,#'#A%!S!]LI<i/!!

L$G&G)%>>%E'O!D?]LI<;!%'!D?]LI<R!=E'!)GHS!G'G!#,=DG,!S!F@$'#$!)%!F$GD+A%>%E',!&('@EG,!

)%!F@'#%E',! ,@#E,O! D@#,,@E'! ,(FF=,%$! D%! C@#'! P(?#D,! F(#,,%E'! C@#$%!F@$'#%! #E'GK$@E'%!)?(E%!

CD=$%!A#$@D%!&('@EG%/!"+,!D=$,O!F%('U#D!%E!n'$%!)%!>n>%!F=($!D?]LI<i!=(!N#%E!%J#,'%!'U#D!(E!



R;!

D#%E!F$#A#DGK#G!%E'$%!#EC%&'#=E!S!M.LI<!%'!D?]LI<i/!.%!D#%E!@!)GHS!G'G!=N,%$AG!F@$!3&()@!%'!

@D/! D=$,!)%!D@!)G&=(A%$'%!)%!D?]LI<i!-! #D,!@A@#%E'!@>FD#C#G!D%!KGE=>%!)%!D?]LI<i!%'!&%D(#!

)(!M.LI<!)@E,!(E%!($#E%!)?(E!F@'#%E'!'$@E,FD@E'G!$GE@D/!

!
5@! $%&*%$&*%! )%! D?]LI<i! F=($$@#'! n'$%! %CC%&'(G%! &*%B! )%,! F@'#%E',! @''%#E',!

)?*G>=F@'*#%,O! E='@>>%E'!)%! D%(&G>#%! @#K�%!>IGD=q)%/! 5?GP(#F%!)%! 3&()@! %'! @D/! @A@#'!

$G(,,#O! S! F@$'#$! )%! F$GD+A%>%E',! )%! ,@EK,! '='@(JO! S! )G'%&'%$! (E! G&*@E'#DD=E! F=,#'#C! ,($!

A#EK'! F$GD+A%>%E',! @E@DI,G,/! 0#%E! P(%! &%,! )=EEG%,! E%! ,=#%E'! F@,! &=EC#$>G%,! F@$!

)?@('$%,! G'()%,O! D%,! F@'#%E',! D%(&G>#P(%,! F=($$@#%E'! F='%E'#%DD%>%E'! &=E,'#'(%$! (E%!

F=F(D@'#=E!)?#E'G$n'/!

2E! )GF#'! )%! &%,! P(%DP(%,! F#,'%,! )%! $GCD%J#=EO! =E! E%! )#,F=,%! @(H=($)?*(#! )?@(&(E%!

#EC=$>@'#=E! ,($! D@! F@'*=KGE#&#'G! GA%E'(%DD%! )%! D?]LI<i/! .=>>%! F=($! '=(,! D%,!

F=DI=>@A#$(,!)G&=(A%$',!)%F(#,!7cbbO! #D!%,'!)#CC#&#D%!)%!,%!F$=E=E&%$!,($! D%!$^D%!)%!&%!

A#$(,!)%A@E'!D%!>@EP(%!)?GDG>%E',!S!E='$%!)#,F=,#'#=E/!! !



RR!

RÉFÉRENCES BIBLIOGRAPHIQUES 
!
!
!
b/! d$=,,O!5/!V!C#D'%$@ND%!@K%E'O!$%&=A%$%)!C$=>!VX!D%(X%>#&!%J'$@&',O!&@(,#EK!,@D#A@$I!
KD@E)! &@$&#E=>@,! #E!.8]!>#&%/!*#+18/;+18/0<$8/3'+,8/="(8/;+18/0<$8/3'+,8/="(8/>8/?8/>!fW/!
9b9f97b!mbi:8g/!
7/! 3'%p@$'O! 3/! 2/O! 2))IO! 0/! 2/O! d=&*%E=($O! V/!M/O! 0=$K%,%O! \/! d/! �! d$(NN,O! d/! 2/! 6*%!
#E)(&'#=E!=C!E%=FD@,>,!p#'*!@!,(N,'@E&%!$%D%@,%)!C$=>!>=(,%!'(>=$,!NI!'#,,(%!&(D'($%/!
@'#+,+A-!W/!8_cf9cc!mbi:Rg/!
8/! 3p%%'O!0/!]/!�!]#DD%>@EO!M/!1/!6*%!A@&(=D@'#EK!A#$(,O!3/</!9c/!*#+18/;+18/0<$8/3'+,8/
="(8/;+18/0<$8/3'+,8/="(8/>8/?8/>!P]^/!97cf97R!mbi;cg/!
9/! d#$@$)#O!V/![/O!3p%%'O!0/!]/O!3D='E#&XO!</!0/!�!]#DD%>@EO!M/!1/!"%A%D=F>%E'!=C!6(>=$,!
#E!]@>,'%$,! `E=&(D@'%)! #E! '*%!\%=E@'@D!L%$#=)!p#'*!<@&(=D@'#EK!<#$(,O!3<9c/!0<$8/3'+,8/
="(8!P]U/!;9if;;c!mbi;7g/!
:/! d$=,,O!5/!4E&=K%E#&!<#$(,%,/!B778/68/C+,,8/;5#A8/07A,8!WW/!;RfR_!mbi;8g/!
;/! 1#CX#E)O! "/O! d==)>@EO! \/! �! ]#DDO! [/O! 1=DD@! 0/! 6*%! .D#E#&@D! 3#KE#C#&@E&%! =C!
.I'=>%K@D=A#$(,! `EC%&'#=E! #E!1%E@D!6$@E,FD@E'!1%&#F#%E',/!B778/479"#78/="(8!VV/! bbb;f
bb7_!mbi;Rg/!
R/! d@$)E%$O!3/!"/O!Y#%D)O!V/!M/O!.=D%>@EO!"/!</!�!](D>%O!0/!\%p!*(>@E!F@F=A@A#$(,!
m0/h/g!#,=D@'%)!C$=>!($#E%!@C'%$!$%E@D!'$@E,FD@E'@'#=E/!D)71"9!P/!b7:8fb7:R!mbiRbg/!
_/! L@)K%''O! 0/! 5/O! j@DX%$O! "/! 5/O! �(1*%#EO! d/! M/O! 2&X$=@)%O! 1/! [/! �! "%,,%DO! 0/! ]/!
.(D'#A@'#=E! =C! F@F=A@UD#X%! A#$(,! C$=>! *(>@E! N$@#E! p#'*! F$=K$%,,#A%! >(D'#C=&@D!
D%(&=%E&%F*@D=F@'*I/!D)71"9!P/!b7:Rfb7;c!mbiRbg/!
i/! h*@D#D#O! h/! �! 3'=E%$O! d/! 5/! !5.)7/ *+,-+.)&'#5%"%E/ =+,"15,)#/ )7(/ C,'7'1),/
*"#%$"19'&"%/!m[=*E!j#D%I!�!3=E,O!7cc9g/!
bc/! M%DE#&XO![/!5/!L@F=A@!A#$(,!K$=(F/!;1'"71"!PW^/!bb7_fbb8c!mbi;7g/!
bb/! L$#EKD%O! ./! 1/! <#$(,! '@J=E=>I! @'! '*%! l`'*! `E'%$E@'#=E@D! .=EK$%,,! =C! <#$=D=KIO!
3I)E%IO!V(,'$@D#@O!biii/!B#128/@'#+,8!P[[/!7c;:f7cRc!mbiiig/!
b7/! Y%D'X@>FO!M/!./!j/O!h@B%>O!3/O!A@E!)%$!M%#H)%EO!2/O!5@(N%$O!./!�!d=$N@D%EI@O!V/!2/!
Y$=>!3'=&X*=D>!'=!M@D@p#-!$%&%E'!)%A%D=F>%E',!#E!,'()I#EK!*(>@E!F=DI=>@A#$(,%,/!F8/
G"78/@'#+,8!U[/!9_7f9i;!m7cb8g/!
b8/! VDD@E)%$O! 6/! "9/ ),8! .D=E#EK! =C! @! *(>@E! F@$A=A#$(,! NI! >=D%&(D@$! ,&$%%E#EK! =C!
$%,F#$@'=$I!'$@&'!,@>FD%,/!*#+18/>)9,8/B1)(8/;1'8/H8/;8/B8!P]X/!b7_ibfb7_i;!m7cc:g/!
b9/! Y$=(,,@$)O! L/! V! $@E)=>UL.1! >%'*=)! m$L.1g! '=! &=E,'$(&'! p*=D%! &"\V! D#N$@$I!
C$=>!D=p!@>=(E',!=C!1\V/!>51,"'1/B1'(%/6"%8!X]/!7icc!mbii7g/!
b:/! [=*E%O! 1/O! M�DD%$O! ]/O! 1%&'=$O! V/O! A@E! 1@E,'O! M/! �! 3'%A%E,O! ]/! 1=DD#EKU&#$&D%!
@>FD#C#&@'#=E!=C!A#$@D!"\V!K%E=>%,!(,#EK!F*#7i!F=DI>%$@,%/!I#"7(%/='1#+J'+,8!Pb/!7c:f
7bb!m7ccig/!
b;/! VDD@E)%$O!6/!"9/),8!`)%E'#C#&@'#=E!=C!@!'*#$)!*(>@E!F=DI=>@A#$(,/!F8/@'#+,8!fP/!9b8cf
9b8;!m7ccRg/!
bR/! d@IE=$O! V/! M/! "9/ ),8! `)%E'#C#&@'#=E! =C! @! E=A%D! F=DI=>@A#$(,! C$=>! F@'#%E',! p#'*!
@&('%!$%,F#$@'=$I!'$@&'!#EC%&'#=E,/!*D+;/*)92+A8!W/!%;9!m7ccRg/!
b_/! 6=X%$O!./!6$@N%&(D@$!&@$&#E=>@!=C!'*%!,X#E/!B#128/K"#.)9+,8!P]^/!bcRfbbc!mbiR7g/!
bi/! M%$X%DO! Y/! 6@,'B%DD%E! (E)! 6@,'X�$F%$&*%E! N%#! )%E! ]@(,'#%$%E! (E)! N%#>!
M%E,&*%E/!B#L8/MN#/='L#+%L8/B7)98/079O'1LP/D57A%."12)7'L!PP/!;8;f;:7!mb_R:g/!
7c/! Y%EKO!]/!"9/),8!](>@E!6$@E,&$#F'=>%!3(N'$@&'#=E!NI!a,#EK!3*=$'!3%P(%E&%!6@K,!
6=! 3%@$&*! C=$! 6(>=$! <#$(,%,! #E! .=EH(E&'#A@D! .@$&#E=>@/! F8/ @'#+,8! fP/! bb887fbb89c!
m7ccRg/!



R_!

7b/! Y%EKO!]/O!3*()@O!M/O!.*@EKO!W/!�!M==$%O!L/!3/!.D=E@D!#E'%K$@'#=E!=C!@!F=DI=>@A#$(,!
#E!*(>@E!M%$X%D!&%DD!&@$&#E=>@/!;1'"71"!WPU/!bci;fbbcc!m7cc_g/!
77/! 3&*=p@D'%$O! 1/! M/O! L@,'$@E@O! "/! </O! L(>F*$%IO! h/! V/O! M=I%$O! V/! 5/! �! 0(&XO! ./! 0/!
M%$X%D! .%DD! L=DI=>@A#$(,! @E)! 6p=! \=A%D! L=DI=>@A#$(,%,! V$%! .*$=E#&@DDI! 3*%)! C$=>!
](>@E!3X#E/!C",,/!+%9/='1#+J"!b/!:cif:b:!m7cbcg/!
78/! .D@#$%! 5! ]@I&=JO! 3/! h/! 6$#&*=)I,FD@,#@! ,F#E(D=,@UU@! E%pDI! )%,&$#N%)!
C=DD#&(D=&%E'$#&! A#$@D! #EC%&'#=E! #E! @E! #>>(E=&=>F$=>#,%)! *=,'/! F8/ 47&"%9'A8/ K"#.)9+,8/
;-.$8/*#+18/;+18/47&"%9'A8/K"#.)9+,8/471/05#8/;+18/K"#.)9+,8/6"%8![/!7;_fRb!mbiiig/!
79/! <@E! )%$! M%#H)%EO! 2/! "9/ ),8! "#,&=A%$I! =C! @! E%p! *(>@E! F=DI=>@A#$(,! @,,=&#@'%)!
p#'*! '$#&*=)I,FD@,#@! ,F#E(D=,@! #E! @E! #>>(E=&=>F$=>#B%)! F@'#%E'/! *D+;/ *)92+A8! V/!
%bccbc79!m7cbcg/!
7:/! <#,&#)#O! 1/! L/! �! .D@I>@EO! 0/! 3%$=D=K#&@D! &$=,,! $%@&'#A#'I! N%'p%%E! F=DI=>@A#$(,!
&@F,#),/!B(&8/0<$8/="(8/3'+,8!^bb/!R8f_9!m7cc;g/!
7;/! 3&()@O!\/!"9/),8!V!E=A%D!*(>@E!F=DI=>@A#$(,!&D=,%DI!$%D@'%)!'=!'*%!@C$#&@E!K$%%E!
>=EX%IU)%$#A%)!DI>F*='$=F#&!F=DI=>@A#$(,/!F8/@'#+,8!f^/!9:_;f9:ic!m7cbbg/!
7R/! 3#%N$@,,%O!2/!V/!"9/),8!`)%E'#C#&@'#=E!=C!Mj!F=DI=>@A#$(,O!@!E=A%D!F=DI=>@A#$(,!#E!
*(>@E!,'==D/!F8/@'#+,8!fV/!bc87bfbc87;!m7cb7g/!
7_/! 0(&XO!./!0/!"9/),8! .=>FD%'%! K%E=>%! ,%P(%E&%!=C! @! '%E'*!*(>@E!F=DI=>@A#$(,/! F8/
@'#+,8!fV/!bc__R!m7cb7g/!
7i/! [=*E%O! 1/! "9/ ),8! 6@J=E=>#&@D! )%A%D=F>%E',! #E! '*%! C@>#DI! L=DI=>@A#$#)@%/! B#128/
@'#+,8!P^V/!b;7Rfb;89!m7cbbg/!
8c/! 5#>O! 2/! 3/! "9/ ),8! "#,&=A%$I! =C! 365! F=DI=>@A#$(,O! @! F=DI=>@A#$(,! =C! @E&%,'$@D!
$%&=>N#E@E'! =$#K#E! '*@'! %E&=)%,! @! (E#P(%! 6! @E'#K%E! NI! @D'%$E@'#A%! ,FD#&#EK/! @'#+,+A-!
[WV/!7i:f8c8!m7cb8g/!
8b/! h=$(FO! 3/! "9/ ),8! `)%E'#C#&@'#=E! =C! @! E=A%D! *(>@E! F=DI=>@A#$(,! #E! =$K@E,! =C! '*%!
K@,'$=#E'%,'#E@D!'$@&'/!*,+;/:7"!f/!%:_c7b!m7cb8g/!
87/! M#,*$@O!\/!"9/),8!`)%E'#C#&@'#=E!=C!@!E=A%D!F=DI=>@A#$(,!#E!@!F@E&$%@'#&!'$@E,FD@E'!
$%&#F#%E'!p#'*!$%'#E@D!ND#E)E%,,!@E)!A@,&(D#'#&!>I=F@'*I/! F8/47Q"198/K'%8!XP]/!b:i:fb:ii!
m7cb9g/!
88/! `>F%$#@D%O!M/![/!�!M@H=$/!L=DI=>@A#$(,%,/!`E!Y#%D),?!<#$=D=KI/!=/R7'$"/*/=/!+O,"-!
^!,;!K)(,(1+/!77;8f77i_!m7ccRg/!
89/! 3'%*D%O!6/O!3/![/!d@>ND#EO!W/!W@EO!@E)!3/!./!]@$$#,=E/!6*%!,'$(&'($%!=C!3#>#@E!<#$(,!9c!
$%C#E%)!@'!8/b!V|!$%,=D('#=E/!b;:fb_7!mbii;g/!
8:/! 5#O! L/! L/! "9/ ),8! `>F=$'@E&%! =C! <Fb! .@D&#(>U0#E)#EK! 1%,#)(%,! #E! V,,%>NDIO! .%DD!
2E'$IO!@E)!\(&D%@$!2E'$I!=C!3#>#@E!<#$(,!9c/!F8/@'#+,8!bb/!R:7RfR:8_!m7cc8g/!
8;/! dH=%$(FO!4/!�!.*@EKO!W/!aF)@'%!=E!*(>@E!F=DI=>@A#$(,%,!@E)!&@E&%$/!B(&8/C)71"#/
6"%8!P]V/!bf:b!m7cbcg/!
8R/! VEO! L/O! 3�%EB! 1=ND%,O! M/! 6/! �! L#F@,O! [/! M/! 5@$K%! 6! @E'#K%E,! =C! F=DI=>@A#$(,%,-!
@>@B#EK!>=D%&(D@$!>@&*#E%,/!B7758/6"&8/='1#+J'+,8!VV/!7b8f78;!m7cb7g/!
8_/! j%D&X%$O! M/! �! .D($>@EO! 0/! 2/! 6*%! 3<9c! D@$K%! 6! @E'#K%E! &=E'@#E,! @! )%&=I!
F*=,F*=)%K$=E! '*@'! >%)#@'%,! #',! #E'%$@&'#=E,! p#'*! YNpRw*.)&9/! F8/ 3'+,8/ C2".8! Xf]/!
R;:9fR;:_!m7cc:g/!
8i/! L@DD@,O! "/! ./! "9/ ),8! 6*%! '*#$)! ,(N(E#'! =C! F$='%#E! F*=,F*@'@,%! 7V! mLL7VgO! @! ::U
X#D=)@D'=E!F$='%#E!p*#&*!#,!@FF@$%E'DI!,(N,'#'('%)!C=$!NI!6!@E'#K%E,!#E!&=>FD%J%,!p#'*!
'*%!8;U!@E)!;8UX#D=)@D'=E!LL7V!,(N(E#',O!N%@$,!D#''D%!$%,%>ND@E&%!'=!6!@E'#K%E,/!F8/@'#+,8!
VV/!__;f_i8!mbii7g/!
9c/! VE)$@N#O! 3/O! dH=%$(FO!4/!</O!h%@EO! [/! V/O! 1=N%$',O! 6/!M/!�! 3&*@CC*@(,%EO!0/! L$='%#E!
F*=,F*@'@,%! 7V! $%K(D@'%,! D#C%! @E)! )%@'*! )%&#,#=E,! A#@! VX'! #E! @! &=E'%J'U)%F%E)%E'!
>@EE%$/!*#+18/>)9,8/B1)(8/;1'8/H8/;8/B8!P][/!bicbbfbicb;!m7ccRg/!



Ri!

9b/! "%.@F$#=O! [/!V/!�!d@$&%@O!1/!5/!V!&=$E(&=F#@!=C!*(>@E!F=DI=>@A#$(,%,/!>)98/6"&8/
='1#+J'+,8!PP/!7;9f7R;!m7cb8g/!
97/! 3%=O!d/! [/O! Y#EXO! 5/!]/! 5/O!4?]@$@O!0/O! V'p==)O!j/! [/!�! 3(DD#A@EO! ./! 3/! 2A=D('#=E@$#DI!
.=E,%$A%)!Y(E&'#=E!=C!@!<#$@D!M#&$=1\V/!F8/@'#+,8!fX/!i_78fi_7_!m7cc_g/!
98/! 0$=%X%>@O! \/! M/! �! `>F%$#@D%O! M/! [/! >#1\V! $%K(D@'#=E! =C! 0h! F=DI=>@A#$(,!
$%FD#&@'#=E!)($#EK!%@$DI!#EC%&'#=E/!*#+18/>)9,8/B1)(8/;1'8/H8/;8/B8!PP]/!_7ccf_7c:!m7cb8g/!
99/! 3@D(EX%O!"/!M/O!.@,F@$O!"/!5/!�!d@$&%@O!1/!5/!3%DCU@,,%>NDI!=C!F($#C#%)!F=DI=>@A#$(,!
&@F,#)!F$='%#E!<Lb/!C",,![V/!_i:fic9!mbi_;g/!
9:/! M@$X=p#'BO! 1/! 0/! �! "IE@EO!j/! 3/! 0#E)#EK! =C! &%DD(D@$! F$='%#E,! '=! '*%! $%K(D@'=$I!
$%K#=E!=C!0h!A#$(,!"\V/!F8/@'#+,8!VX/!88__f88i_!mbi__g/!
9;/! M=%E,O! a/O! [=*@E,%EO! 6/O! [=*E,%EO! [/! `/O! 3%'%$E%,O! 4/! M/! �! 6$@@A#XO! 6/! \=E&=)#EK!
&=E'$=D! $%K#=E! =C! E@'($@DDI! =&&($$#EK! 0h! A#$(,! A@$#@E',-! ,%P(%E&%! &=>F@$#,=E! @E)!
C(E&'#=E@D!@E@DI,#,/!@'#5%/G"7"%!P]/!7;bf7R:!mbii:g/!
9R/! d=,%$'O! 1/! "9/ ),8! L=DI=>@A#$(,! 0h! p#'*! $%@$$@EK%)! E=E&=)#EK! &=E'$=D! $%K#=E!
%>%$K%! #E! A#A=! #E! $%E@D! '$@E,FD@E'! F@'#%E',! @E)! #E&$%@,%! A#$@D! $%FD#&@'#=E! @E)!
&I'=F@'*=D=KI/!F8/0<$8/="(8!X]^/!_9bf_:7!m7cc_g/!
9_/! MI*$%O! M/! 1/O! 4D,%EO! d/U]/O! d=,%$'O! 1/O! ]#$,&*O! ]/! ]/! �! 1#E@D)=O! ./! ]/! .D#E#&@D!
F=DI=>@A#$(,! 0h! A@$#@E',! p#'*! @KE=K%E%! )%D%'#=E! @$%! E=EUC(E&'#=E@D! N('! $%,&(%)! NI!
'$@E,U&=>FD%>%E'@'#=E/!@'#+,+A-!WUf/!b7f7c!m7cbcg/!
9i/! 5=pO! [/!V/O!M@KE(,=EO!0/O!6,@#O!0/!�! `>F%$#@D%O!M/! [/! `)%E'#C#&@'#=E!=C!d@EKD#=,#)%,!
d"bN!@E)!d6bN!@,!1%&%F'=$,!C=$!0h!<#$(,/!F8/@'#+,8!f]/!b8;bfb8;;!m7cc;g/!
:c/! 2DF*#&XO! d/! Y/! "9/ ),8! 6*%! *(>@E! F=DI=>@A#$(,O! [.<O! (,%,! ,%$='=E#E! $%&%F'=$,! '=!
#EC%&'!&%DD,/!;1'"71"!W]V/!b8_cfb8_8!m7cc9g/!
:b/! M=$#I@>@O!6/O!M@$P(%BO![/!L/O!j@X@',(X#O!6/!�!3=$=X#EO!V/!.@A%=D@$!2E)=&I'=,#,!`,!
.$#'#&@D!C=$!0h!<#$(,!`EC%&'#=E!=C!](>@E!1%E@D!L$=J#>@D!6(N(D@$!2F#'*%D#@D!.%DD,/!F8/@'#+,8!
fP/!_::7f_:;7!m7ccRg/!
:7/! L*=O! M/! 6/O! V,*=XO! V/! �! V'p==)O! j/! [/! [.! <#$(,! 2E'%$,! ](>@E! dD#@D! .%DD,! NI!
.D@'*$#EU"%F%E)%E'!1%&%F'=$UM%)#@'%)!2E)=&I'=,#,/!F8/@'#+,8!b[/!77__f77i7!m7cccg/!
:8/! 3=p)O!d/!V/!�!Y@EE#EKO!2/!V!j=DC!#E!3*%%F?,!.D='*#EK-!3<9c!.=U=F',!]=,'!d%E=>%!
M@#E'%E@E&%!L$='%#E,!'=!1%FD#&@'%!<#$@D!"\V/!*D+;/*)92+A8!f/!m7cb7g/!
:9/! 3@E)@D=EO! �/! �! 4FF%E*%#>O! V/! 3%DCUV,,%>NDI! @E)! L$='%#EfL$='%#E! `E'%$@&'#=E,!
N%'p%%E! '*%! 3<9c! .@F,#)! L$='%#E,! L$=)(&%)! #E! `E,%&'! .%DD,/! @'#+,+A-! XWb/! 9b9f97b!
mbiiRg/!
::/! ]@,*#)@O!W/O!d@CCE%IO!L/! ./!�!W(E#,O! 2/! [/!V&('%!*%>=$$*@K#&! &I,'#'#,! =C! &*#D)*==)!
@E)!F@F=A@A#$(,UD#X%!F@$'#&D%,/!F8/*"(')9#8!fU/!_:f_R!mbiR;g/!
:;/! d=(),>#'O![/O!"#DD%EO!L/!j/O!A@E!3'$#%EO!V/!�!A@E!)%$!\==$)@@O![/!6*%!$=D%!=C!0h!A#$(,!
#E!@&('%!$%,F#$@'=$I!'$@&'!)#,%@,%!@E)!'*%!F$%,%E&%!=C!0h<!"\V!#E!'=E,#D,/!F8/="(8/@'#+,8!
P]/!ibfii!mbi_7g/!
:R/! M=E@&=O!M/!./O!V'p==)O!j/! [/O!d$@A%DDO!M/O!6=$E@'=$%O!./!3/!�!M@H=$O!2/!4/! [.!A#$(,!
#EC%&'#=E! =C! *%>@'=F=#%'#&! F$=K%E#'=$! &%DD,O! F$#>@$I! 0! DI>F*=&I'%,O! @E)! '=E,#DD@$!
,'$=>@D!&%DD,-!#>FD#&@'#=E,!C=$!A#$@D!D@'%E&I/!F8/@'#+,8!b]/!Rcc9fRcb7!mbii;g/!
:_/! 1#&&#@$)#%DD=O!5/!"9/),8![.!A#$(,!"\V!,%P(%E&%,!@$%!C$%P(%E'DI!F$%,%E'!#E!'*%!*(>@E!
(FF%$!@E)!D=p%$!K@,'$=#E'%,'#E@D!'$@&'/!G)%9#+"79"#+,+A-!PPU/!b77_fb78:!m7cccg/!
:i/! 0=C#DDUM@,O! 3/O! Y=$>#K@U.$(BO! M/O! .D%>%E'%U.@,@$%,O! L/O! .@D@C%DDO! Y/! �! d#$=E%,O! 1/!
L='%E'#@D! 6$@E,>#,,#=E! =C! ](>@E! L=DI=>@A#$(,%,! '*$=(K*! '*%! d@,'$=#E'%,'#E@D! 6$@&'!
@C'%$!2JF=,($%!'=!<#$#=E,!=$!<#$@D!"\V/!F8/@'#+,8!b^/!bc7icfbc7ii!m7ccbg/!
;c/! "=D%#O! V/! "9/ ),8! L=DI=>@A#$(,! F%$,#,'%E&%! #E! DI>F*=&I'%,-! F$%A@D%E&%! #E!
DI>F*=&I'%,!C$=>!ND==)!)=E=$,!@E)!*%@D'*I!F%$,=EE%D!=C!@!ND==)!'$@E,C(,#=E!&%E'$%/!F8/
G"78/@'#+,8!fP/!bi;RfbiR8!m7cccg/!



_c!

;b/! VE)$%p,O!./O!3*@*O!h/!</O!1(N#EO!1/!�!]#$,&*O!M/!0h!F@F=A@A#$(,!#EC%&'#=E,!#E!$%E@D!
'$@E,FD@E'!$%&#F#%E',-!&=E'$#N('#=E!=C!)=E=$!X#)E%I,/!F8/47Q"198/K'%8!P[^/!7R;!mbi_7g/!
;7/! VE)$%p,O!./!V/O!3*@*O!h/!</O!"@E#%DO!1/!j/O!]#$,&*O!M/!3/!�!1(N#EO!1/!]/!V!,%$=D=K#&@D!
#EA%,'#K@'#=E!=C!0h!A#$(,!@E)![.!A#$(,!#EC%&'#=E,!#E!$%&#F#%E',!=C!$%E@D!@DD=K$@C',/!F8/47Q"198/
K'%8!P^f/!bR;fb_b!mbi__g/!
;8/! L#%'$=F@=D=O!</!"9/),8! 6$@E,FD@&%E'@D! '$@E,>#,,#=E!=C!*(>@E!F=DI=>@A#$(,!0h/! F8/
="(8/@'#+,8!^V/!8R7f8R;!mbii_g/!
;9/! 0=C#DDUM@,O! 3/O! L#E@O! 3/!�!d#$=E%,O! 1/! "=&(>%E'#EK! '*%! %F#)%>#=D=K#&! F@''%$E,! =C!
F=DI=>@A#$(,%,!#E!*(>@E!F=F(D@'#=E,!NI!,'()I#EK!'*%#$!F$%,%E&%!#E!($N@E!,%p@K%/!B$$,8/
07&'#+78/='1#+J'+,8!VV/!78_f79:!m7cccg/!
;:/! 6=(BGO!V/!"9/),8!d%E%$@'#=E!=C!M%$X%D!&%DD!F=DI=>@A#$(,!mM.<gUD#X%!F@$'#&D%,!@E)!
'*%#$! @FFD#&@'#=E! '=! )%'%&'#=E! =C! M.<! @E'#N=)#%,/! F8/ C,'78/ ='1#+J'+,8! [f/! bR;RfbRRc!
m7cbcg/!
;;/! d@$)E%$O!3/!"/!L$%A@D%E&%!#E!2EKD@E)!=C!VE'#N=)I!'=!](>@E!L=DI=>@A#$(,!m0/h/g/!
3#8/="(8/F8!P/!RRfR_!mbiR8g/!
;R/! h%@EO! [/! M/O! 1@=O! 3/O! j@EKO! M/! �! d@$&%@O! 1/! 5/! 3%$=%F#)%>#=D=KI! =C! ](>@E!
L=DI=>@A#$(,%,/!*D+;/*)92+A8!^/!m7ccig/!
;_/! \#&=DO! [/! 6/! [/! "9/ ),8! VK%U,F%&#C#&! ,%$=F$%A@D%E&%,! =C! >%$X%D! &%DD! F=DI=>@A#$(,O!
*(>@E! F=DI=>@A#$(,%,! ;O! RO! @E)! iO! @E)! '$#&*=)I,FD@,#@! ,F#E(D=,@U@,,=&#@'%)!
F=DI=>@A#$(,/!C,'78/@)11'7"/4..57+,8/C@4!X]/!8;8f8;_!m7cb8g/!
;i/! \#&=DO! [/! 6/! [/! "9/ ),8! 3%$=F$%A@D%E&%! =C! *(>@E! M@D@p#! F=DI=>@A#$(,/! F8/ C,'78/
='1#+J'+,8!^X/!87bf878!m7cb9g/!
Rc/! 5#>O!2/!3/O!M%#E%$BO!\/!M/O!L$#>#O!0/O!j@EKO!"/!�!d@$&%@O!1/!5/!.=>>=E!%JF=,($%!'=!
365!F=DI=>@A#$(,!)($#EK!&*#D)*==)/!0."#A8/47Q"198/K'%8!X]/!b::ifb:;b!m7cb9g/!
Rb/! 2KD#O!V/!"9/),8! L$%A@D%E&%!=C!F=DI=>@A#$(,!0h!@E)! [.! #EC%&'#=E!@E)! $%FD#&@'#=E! #E!
9cc!*%@D'*I!ND==)!)=E=$,/!F8/47Q"198/K'%8!PUU/!_8Rf_9;!m7ccig/!
R7/! VBB#O! V/! "9/ ),8! ](>@E! F=DI=>@A#$(,%,! "\V! )%'%&'#=E! #E! F%$#F*%$@D! ND==)!
D%(X=&I'%,!C$=>!#>>(E=&=>F%'%E'!@E)!#>>(E=&=>F$=>#,%)!#E)#A#)(@D,/!F8/>"5#+&'#+,8!
X/!9bbf9b;!mbii;g/!
R8/! "�$$#%,O!h/O!<=K%DO!2/O!d�E'*%$O!3/!�!.B(NO!3/!`EC%&'#=E!=C!*(>@E!F=DI=>@A#$(,%,![.!
@E)! 0h! #E! F%$#F*%$@D! ND==)! D%(X=&I'%,! C$=>! #>>(E=&=>F%'%E'! #E)#A#)(@D,/! @'#+,+A-!
PUf/!:ifRc!mbii9g/!
R9/! 6@EO! ./! 3/!"9/),8! [.! A#$(,! D@'%E&I! #E! '*%!N$@#E! @E)! %J'$@E%($@D! =$K@E,! =C! F@'#%E',!
p#'*! @E)!p#'*=('!F$=K$%,,#A%!>(D'#C=&@D! D%(X=%E&%F*@D=F@'*I/! F8/@'#+,8!f[/! i7ccfi7ci!
m7cbcg/!
R:/! 0%*B@)U0%*N@*@E#O! V/O! hD@FF%$O! L/! 2/O! <@DD%DIO! L/! [/O! .D%@'=$O! d/! M/! �! h*==O! 3/! ]/!
"%'%&'#=E! =C! 0h! A#$(,! @E)! [.! A#$(,! "\V! #E! ($#E%! ,@>FD%,! C$=>! #>>(E=&=>F$=>#,%)!
m]`<U#EC%&'%)g! @E)! #>>(E=&=>F%'%E'! m]`<UE=EU#EC%&'%)g! F@'#%E',! (,#EK! F=DI>%$@,%!
&*@#E! $%@&'#=E! @E)! >#&$=FD@'%! *IN$#)#,@'#=E/! F8/ C,'78/ @'#+,8/ :QQ8/ *5J,8/ *)7/ B.8/ ;+18/ C,'78/
@'#+,8!XU/!779f77i!m7cc9g/!
R;/! ]#$,&*O!]/!]/!"9/),8!L=DI=>@A#$(,U@,,=&#@'%)!E%F*$=F@'*I!#E!$%E@D!'$@E,FD@E'@'#=E-!
#E'%$)#,&#FD#E@$I! @E@DI,%,! @E)! $%&=>>%E)@'#=E,/! I#)7%$,)79)9'+7! bU/! b7RRfb7_;!
m7cc:g/!
RR/! 0$%,,=DD%''%U0=)#EO! ./! "9/ ),8! V! L$=,F%&'#A%! 5=EK#'()#E@D! 3'()I! =C! 0h! <#$(,!
`EC%&'#=E!#E!bc9!1%E@D!6$@E,FD@E'!1%&#F#%E',/!B.8/F8/I#)7%$,)798!^/!bi7;fbi88!m7cc:g/!
R_/! 1@E)*@p@O!L/!3/!�!"%>%'$#,O!V/! [/!\%F*$=F@'*I!)(%! '=!F=DI=>@A#$(,! 'IF%!0h/!>8/
07A,8/F8/="(8!W[X/!b8;bfb8;8!m7cccg/!
Ri/! 5!h!"$=F(D#&O!1/! [/! [/!L=DI=>@A#$(,!0h! #EC%&'#=E! #E!ND==)!@E)!>@$$=p!'$@E,FD@E'!
$%&#F#%E',/!3+7"/=)##+O/I#)7%$,)798![P/!bbf_!m7cc_g/!



_b!

_c/! ]#$,&*O!]/!]/!�!3'%#K%$O![/!L=DI=>@A#$(,!0h/!D)71"9/47Q"198/K'%8!W/!;bbf;78!m7cc8g/!
_b/! 1%FD=%KO! M/! "/O! 3'=$&*O! d/! V/! �! .D#CC=$)O! "/! 0/! 0h! <#$(,-! V! .D#E#&@D! 1%A#%p/! C,'78/
47Q"198/K'%8!WW/!bibf7c7!m7ccbg/!
_7/! 6@EO! ./! 3/! �! h=$@DE#XO! `/! [/! 0%I=E)! F$=K$%,,#A%!>(D'#C=&@D! D%(X=%E&%F*@D=F@'*I-!
%JF@E)%)! F@'*=K%E%,#,! =C! [.! A#$(,! #EC%&'#=E! #E! '*%! &%E'$@D! E%$A=(,! ,I,'%>/! D)71"9/
>"5#+,8!U/!97:f98R!m7cbcg/!
_8/! 0%DD#BB#O! V/! "9/ ),8! \%p! #E,#K*',! =E! *(>@E! F=DI=>@A#$(,! [.! @E)! F@'*=K%E%,#,! =C!
F$=K$%,,#A%!>(D'#C=&@D!D%(X=%E&%F*@D=F@'*I/!C,'78/K"&8/4..57+,8!X]PW/!_8iRbi!m7cb8g/!
_9/! LD@E@,O! 1/O! [%D�#�O! `/O! 3&*#FFD#EKO! 3/O! M@$'#EO! 1/! �! 3=,F%)$@O! M/! \@'@D#B(>@N!
'$%@'>%E'! F%$'($N,! >%>=$IU! @E)! >@$K#E@D! B=E%UD#X%! 0U&%DD! *=>#EK! #E! ,%&=E)@$I!
DI>F*=#)!=$K@E,!#E!>(D'#FD%!,&D%$=,#,/!05#8/F8/4..57+,8![X/!RicfRi_!m7cb7g/!
_:/! 0$%pO! 0/! [/O! "@A#%,O! \/! j/! 3/O! .#EP(%O! L/O! .D#CC=$)O! "/! 0/! �! \@'*O! V/! L$=K$%,,#A%!
>(D'#C=&@D!D%(X=%E&%F*@D=F@'*I!@E)!='*%$!C=$>,!=C![.!A#$(,!)#,%@,%/!>)98/6"&8/>"5#+,8!V/!
;;Rf;Ri!m7cbcg/!
_;/! VN%)#!h#@,@$#O!0/O!<@DD%DIO!L/![/O!.=$D%,,O!./!2/O!VDU]@>>@)#O!M/!�!hD@FF%$O!L/!2/!VK%U
$%D@'%)!F@''%$E!=C!h`!@E)!ja!F=DI=>@A#$(,!#EC%&'#=E/!F8/C,'78/@'#+,8![W/!b78fb7:!m7cc_g/!
_R/! 0#@D@,#%p#&BO!3/!"9/),8!V!E%pDI!$%F=$'%)!*(>@E!F=DI=>@A#$(,O!h`!A#$(,O!#,!F$%,%E'!
#E! '*%! $%,F#$@'=$I! '$@&'! =C!V(,'$@D#@E! &*#D)$%E/! F8/C,'78/@'#+,8/:QQ8/*5J,8/*)7/B.8/;+18/C,'78/
@'#+,8![]/!b:fb_!m7ccRg/!
__/! 0@N@X#$UM#E@O!M/!"9/),8!h`!@E)!ja!L=DI=>@A#$(,%,!@E)!."9z!.%DD!.=(E',!#E!]`<U
bf#EC%&'%)!L@'#%E',O!`'@DI/!0."#A8/47Q"198/K'%8!PV/!b9_7fb9_:!m7cbcg/!
_i/! 0#@D@,#%p#&BO!3/O!j*#D%IO!"/!M/O!5@>N%$'O!3/!0/O!\#,,%EO!M/!"/!�!3D==',O!6/!L/!"%'%&'#=E!
=C! 0hO! [.O! jaO! =$! h`! F=DI=>@A#$(,%,! #E! C@%&@DO! ($#E%O! ND==)O! &%$%N$=,F#E@D! CD(#)! @E)!
$%,F#$@'=$I!,@>FD%,/!F8/C,'78/@'#+,8/:QQ8/*5J,8/*)7/B.8/;+18/C,'78/@'#+,8![^/!79if7:9!m7ccig/!
ic/! .,=>@O!2/O!MG,B�$=,O!0/O!V,B'@D=,O!5/O!h�EI@O![/!�!d%$K%DIO!5/!L$%A@D%E&%!=C!ja!@E)!
h`! F=DI=>@A#$(,%,! #E! FD@,>@O! ($#E%O! @E)! $%,F#$@'=$I! ,@>FD%,! C$=>! $%E@D! '$@E,FD@E'!
F@'#%E',/!F8/="(8/@'#+,8!fW/!b7R:fb7R_!m7cbbg/!
ib/! 3#%N$@,,%O! 2/! V/O! \K(I%EO! \/! 5/O! 3>#'*O! ./O! 3#>>=E),O! L/! �! j@EKO! "/!
`>>(E=*#,'=&*%>#&@D! )%'%&'#=E! =C!h`! F=DI=>@A#$(,! #E! D(EK! @E)! ,FD%%E/!@'#+,+A-![VfB
[b]/!bR_fb_9!m7cb9g/!
i7/! 0#@D@,#%p#&BO!3/!"9/),8!L$%,%E&%!=C!'*%!E%pDI!)#,&=A%$%)!*(>@E!F=DI=>@A#$(,%,!h`!
@E)!ja! #E! V(,'$@D#@E! F@'#%E',!p#'*! @&('%! $%,F#$@'=$I! '$@&'! #EC%&'#=E/! F8/ C,'78/@'#+,8/:QQ8/
*5J,8/*)7/B.8/;+18/C,'78/@'#+,8![P/!;8f;_!m7cc_g/!
i8/! VK%DD#O! M/! �! .D%KKO! 5/! l/! 2F#)%>#=D=KI! =C! F$#>@$I!M%$X%D! &%DD! &@$&#E=>@! #E! '*%!
aE#'%)!3'@'%,/!F8/B.8/B1)(8/K"#.)9+,8![U/!_87f_9b!m7cc8g/!
i9/! 3*()@O! M/! "9/ ),8! 6! @E'#K%E!>('@'#=E,! @$%! @! *(>@E! '(>=$U,F%&#C#&! ,#KE@'($%! C=$!
M%$X%D!&%DD!F=DI=>@A#$(,/!*#+18/>)9,8/B1)(8/;1'8!P]^/!b;7R7fb;7RR!m7cc_g/!
i:/! 3*()@O! M/O! hp(EO! ]/! [/O! Y%EKO! ]/O! .*@EKO! W/! �! M==$%O! L/! 3/! ](>@E! M%$X%D! &%DD!
F=DI=>@A#$(,! ,>@DD! 6! @E'#K%E! #,! @E! =E&=F$='%#E! '@$K%'#EK! '*%! 92U0Lb! '$@E,D@'#=E!
$%K(D@'=$/!F8/C,'78/47&"%98!PXP/!8;78f8;89!m7cbbg/!
i;/! .*@,'@#EO! M/! V/! �!M#DD#X@EO! 5/! 2/! L#D=>@'$#J! )I,FD@,#@! #E! @E! #>>(E=,(FF$%,,%)!
F@'#%E'/!F8/B.8/B1)(8/K"#.)9+,8![W/!bb_fb77!m7cccg/!
iR/! ]%@F*IO!M/!1/O!3*@>>@O!]/!\/O!]#&X>@EEO!M/!�!j*#'%O!M/![/!.I&D=,F=$#E%U#E)(&%)!
C=DD#&(D=)I,'$=F*I/!F8/B.8/B1)(8/K"#.)9+,8!^]/!8bcf8b:!m7cc9g/!
i_/! 3F%$D#EKO! 5/! ./O! 6=>@,B%p,X#O! M/UM/! �! 6*=>@,O! "/! V/! <#$@DU@,,=&#@'%)!
'$#&*=)I,FD@,#@! #E! F@'#%E',! p*=! @$%! #>>(E=&=>F$=>#,%)/! F8/ B.8/ B1)(8/ K"#.)9+,8! ^]/!
8b_f877!m7cc9g/!
ii/! 4,,p@D)O!3/!3/O!h(D#&XO!h/!0/O!6=>@,B%p,X#O!M/UM/!�!3F%$D#EKO!5/!./!<#$@DU@,,=&#@'%)!
'$#&*=)I,FD@,#@! #E!@!F@'#%E'!p#'*! DI>F*=>@-!@!&@,%!$%F=$'!@E)!$%A#%p/! F8/C59)78/*)92+,8!



_7!

W[/!R7bfR7:!m7ccRg/!
bcc/! �($!]@(,%EO!]/!�!d#,,>@EEO!5/!5I>F*='$=F#&!F@F=A@A#$(,%,!#,=D@'%)!C$=>!VC$#&@E!
K$%%E!>=EX%I!@E)!*(>@E!&%DD,/!="(8/='1#+J'+,8/4..57+,8/S3"#,8T!PVb/!b8Rfb:8!mbiRig/!
bcb/! ]%$$>@EEO!M/O!4FF%ED�E)%$O!M/!�!L@pD#'@O!M/!Y@,'!@E)!*#K*U@CC#E#'I!N#E)#EK!=C!0U
DI>F*='$=F#&! F@F=A@A#$(,! '=! *(>@E! 0UDI>F*=>@! &%DD! D#E%,/! F8/ @'#+,8! VU/! ;RiRf;_c9!
mbii:g/!
bc7/! 3@(A@K%O! </! "9/ ),8! ](>@E! L=DI=>@A#$(,! 1%D@'%)! '=! VC$#&@E! d$%%E! M=EX%I!
5I>F*='$=F#&!L=DI=>@A#$(,/!0."#A8/47Q"198/K'%8!Pb/!b8;9fb8Rc!m7cbbg/!
bc8/! .,=>@O! 2/O! 3�FIO! 6/O!MG,B�$=,O! 0/! �! d%$K%DIO! 5/! \=A%D! *(>@E! F=DI=>@A#$(,%,! #E!
F$%KE@E&I-!*#K*%$!F$%A@D%E&%!=C!0hLI<O!N('!E=!jaLI<O!h`LI<!@E)!]LI<i/!F8/C,'78/@'#+,8/
:QQ8/*5J,8/*)7/B.8/;+18/C,'78/@'#+,8!^^/!7;7f7;:!m7cb7g/!
bc9/! 5%)E#&XIO![/!V/O!0('%DO![/!3/O!5(%'X%O!M/!./!�!5=%NO![/!./!.=>FD%'%!K%E=>#&!,%P(%E&%!=C!
@! E%p! ](>@E! F=DI=>@A#$(,! i! ,'$@#E!p#'*! @E! @D'%$%)! E=E&=)#EK! &=E'$=D! $%K#=E/!@'#5%/
G"7"%![U/!9icf9i7!m7cb9g/!
bc:/! <@E!)%$!M%#H)%EO!2/!"9/),8!](>@E!F=DI=>@A#$(,!i! #EC%&'#=E! #E!X#)E%I! '$@E,FD@E'!
F@'#%E',/!0."#A8/47Q"198/K'%8!X]/!m7cb9g/!
bc;/! 5@($%E)%@(O!`/!"9/),8!6@PM@E!L.1UN@,%)!K%E%!)=,@K%!@,,@I!C=$!F$%)#&'#A%!'%,'#EK!
#E! #E)#A#)(@D,! C$=>!@!&@E&%$! C@>#DI!p#'*! `\h9! D=&(,!*@FD=#E,(CC#&#%E&I/!C,'78/C2".8![^/!
i_7fi_;!mbiiig/!
bcR/! 0$%,,=DD%''%U0=)#EO! ./! "9/),8! .%DD(D@$! E=$>@D#B@'#=E! =C! A#$@D! "\V! D=@),! =E!p*=D%!
ND==)! #>F$=A%,! '*%! &D#E#&@D! >@E@K%>%E'! =C! &I'=>%K@D=A#$(,! =$! 2F,'%#E! 0@$$! A#$(,!
#EC%&'#=E,!#E!'*%!,%''#EK!=C!F$%U%>F'#A%!'*%$@FI/!F8/="(8/@'#+,8!fP/!icfi_!m7ccig/!
!
! !



_8!

LISTE DES ABRÉVIATIONS 
 
!
!
V"\-! ! V&#)%!"G,=JI$#N=\(&DG#P(%!
V"\@,%-! "G,=JI$#N=E(&DG@,%!
V"\&-!! V&#)%!"G,=JI$#N=\(&DG#P(%!&=>FDG>%E'@#$%!
V"L-! ! V)GE=,#E%!"#L*=,F*@'%!
V"<-! ! V)GE=A#$(,! !
VK6-! ! d$@E)!@E'#K+E%!6!
@K6-! ! L%'#'!@E'#K+E%!6!
V1\-! ! V&#)%!1#N=\(&DG#P(%!
V1\@,%-! 1#N=E(&DG@,%!
V1\>-! V&#)%!1#N=\(&DG#P(%!>%,,@K%$!
0hLI<-! F=DI=>@A#$(,!0h!
05V36-! 0@,#&!5=&@D!VD#KE>%E'!3%@$&*!6==D!!
..M-! ! .@$&#E=>%!.%DD(D@#$%!)%!M%$X%D!
.*LI<-! .*#>F@EBG!F=DI=>@A#$(,!
.M<-! ! .I'=>GK@D=A#$(,!*(>@#E!
.3]-! ! .%DD(D%,!3=(&*%,!]G>@'=F=#G'#P(%,!
.<-! ! .*@$K%!<#$@D%!
.<!v-! ! .=%CC#&#%E'!)%!A@$#@'#=E!%JF$#>G!%E!F=($&%E'@K%!
"63-! ! "#K#'@D!6$@E,&$#F'=>%!3(N'$@&'#=E!
20<-! ! <#$(,!2F,'%#E!0@$$!!
2.L-!! ! 2CC%'!.I'=L@'*=K+E%!
2"6V-!! 2'*ID+E%!"#@>#E%!6G'$@UV&G'#P(% !
25`3V-!! 2EBI>%!5#EX%)!`>>(E=3=$N%E'!V,,@I!
26-! ! 2&@$'!'IF%!
]LI<;-! F=DI=>@A#$(,!*(>@#E!;!!
]LI<R-! F=DI=>@A#$(,!*(>@#E!R!
]LI<i-! F=DI=>@A#$(,!*(>@#E!i!
]LI<bc-! F=DI=>@A#$(,!*(>@#E!bc!
]LI<b7-! F=DI=>@A#$(,!*(>@#E!b7!
`.!i:!v-! #E'%$A@DD%!)%!&=EC#@E&%!S!i:!v!
`.<6-! ! `E'%$E@'#=E@D!.=>>#''%%!=E!<#$(,!6@J=E=>I!
`LLI<-!! `E,'#'('!L@,'%($!F=DI=>@A#$(,!
`1M-! ! `>@K%$#%!F@$!1G,=EE@E&%!M@KEG'#P(%!
[.LI<-!!! [.!F=DI=>@A#$(,!
X"-! !! X#D="@D'=E!
h`LI<-!!! h@$=D#E,X@!`E,'#'('%!F=DI=>@A#$(,!
52ML-!!! 5%(&=2E&GF*@D=F@'*#%!M(D'#C=&@D%!L$=K$%,,#A%!
5LI<-! ! 5I>F*='$=F#&!F=DI=>@A#$(,!
M.LI<-! M%$X%D!.%DD!F=DI=>@A#$(,!
>#V1\-! >#&$=!V&#)%!1#N=\(&DG#P(%!
>5-! ! >#DD#D#'$%!
>M-! ! >#DD#>=D@#$%!
MjLI<-! M@D@p#!F=DI=>@A#$(,!
\0h<-!! \GF*$=F@'*#%!S!F=DI=>@A#$(,!0h!
\.0`-! ! \@'#=E@D!.%E'%$!C=$!0#='%&*E=D=KI!



_9!

\"-! ! E=E!)G'%&'G!
\YUκ0: \(&D%@$!Y@&'=$!X@FF@!0!
\[LI<-!! \%p![%$,%I!F=DI=>@A#$(,!
E>-! ! E@E=>+'$%!
\6-! ! \=E!6%,'G!
40"-! ! 4$#K#E!"\V!0#E)#EK!"=>@#E!
41`-! ! 4$#K#E%!)%!$GFD#&@'#=E!
FN-! !! F@#$%!)%!N@,%,!
L.1-! !! L=DI>%$@,%!.*@#E!1%@&'#=E!
F1N-! ! F$='G#E%!@,,=&#G%!@(!$G'#E=ND@,'=>%!
1.V-! ! 1=DD#EK!.#$&D%!V>FD#C#&@'#=E!
1.\.-!! 1GK#=E!.=E'$^D%!\=E!.=)@E'%!
16UL.1-! 1%A%$,%!6$@E,&$#F'#=E!f!L=DI>%$@,%!.*@#E!1%@&'#=E!
3`"V-! ! 3IE)$=>%!)?`>>(E=)GC#&#%E&%!V&P(#,%!
365LI<-! 3@#E'!5=(#,!F=DI=>@A#$(,!
3<9c-! !! 3#>#@E!<@&(=D@'#EK!A#$(,!9c!
63LI<-! F=DI=>@A#$(,!@,,=&#G!S!D@!6$#&*=)I,FD@,#%!,F#E(D%(,%!
~5-! ! >#&$=D#'$%!
~M-! ! >#&$=>=D@#$%!
<`]-! ! <#$(,!)%!D?`>>(E=)GC#&#%E&%!](>@#E%!
<5L-! ! <#$(,!5#X%!L@$'#&(D%,!
jaLI<-!! j@,*#EK'=E!aE#A%$,#'I!F=DI=>@A#$(,!
! !



_:!

LISTE DES FIGURES 
 
!
!
Y#K($%!b!-!5#,'%!)%,!F$#E&#F@(J!A#$(,!=E&=K+E%,!&=EE(,!%E!bi;8!@A%&!D?@EEG%!%'!D?@('%($!

)%!D%($!)G&=(A%$'%!/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!b7!
Y#K($%!7!-!e&*@E'#DD=E!)?($#E%!&=E'%E@E'!)%,!F@$'#&(D%,!)%!0hLI<!=N,%$AG!%E!

>#&$=,&=F#%!GD%&'$=E#P(%!///////////////////////////////////////////////////////////////////////////////////////////////////////////////////!b8!
Y#K($%!8!-!.=(F%!C#E%!)%!&%DD(D%!KD#@D%!>=E'$@E'!)%,!@K$GK@',!)%!F@$'#&(D%,!A#$@D%,!&*%B!(E!

F@'#%E'!@''%#E'!)%!52ML!///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!b9!
Y#K($%!9!-!L=($&%E'@K%,!)?*=>=D=K#%!F@$'@KG,!%E'$%!D%,!,GP(%E&%,!F$='G#P(%,!%'!

KGE=>#P(%,!)(!3<9cO!)(!0hLI<!%'!)(![.LI<!/////////////////////////////////////////////////////////////////////////////!b:!
Y#K($%!:!-!.@$@&'G$#,'#P(%,!)%,!A#$(,!>%>N$%,!)(!K$=(F%!)%,!L@F=A@A#$(,!/////////////////////////!b;!
Y#K($%!;!-!Y$#,%!&*$=E=D=K#P(%!$G,(>@E'!Do%E,%>ND%!)%,!F=DI=>@A#$(,!*(>@#E,!

#)%E'#C#G,!S!&%!H=($!//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!b;!
Y#K($%!R!-!`DD(,'$@'#=E!)(!C=E&'#=EE%>%E'!)?(E%!@>=$&%!(E#A%$,%DD%!////////////////////////////////////////!b_!
Y#K($%!_!-!M#&$=K$@F*#%!GD%&'$=E#P(%!)%!XG$@'#E=&I'%,!>=E'$@E'!)%,!F@$'#&(D%,!)%!63LI<

!////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!7b!
Y#K($%!i!-!1%F$G,%E'@'#=E!,&*G>@'#P(%!)(!KGE=>%!)?(E!F=DI=>@A#$(,!*(>@#E!/////////////////!7R!
Y#K($%!bc!-!1%F$G,%E'@'#=E!)%!D@!,'$(&'($%!)%,!)%(J!@E'#K+E%,!6!///////////////////////////////////////////////!7_!
Y#K($%!bb!-!3&*G>@!)%!Do=$K@E#,@'#=E!)%!D@!1GK#=E!.=E'$^D%!\=E!.=)@E'%!)%!P(@'$%!

,=(&*%,!)%!0hLI<!//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!8c!
Y#K($%!b7!-!3&*G>@!)(!)G$=(D%>%E'!)(!&I&D%!&%DD(D@#$%!)@E,!(E%!&%DD(D%!F%$>#,,#A%!%'!

)@E,!(E%!&%DD(D%!E=E!F%$>#,,#A%!//////////////////////////////////////////////////////////////////////////////////////////////////////!87!
Y#K($%!b8!-!3G$=F$GA@D%E&%!)%,!F=DI=>@A#$(,!*(>@#E,!)@E,!D@!F=F(D@'#=E!KGEG$@D%!///////!8:!
Y#K($%!b9!-!3&*G>@!)(!KGE=>%!)%!Do]LI<iO!)o@F$+,!D@!,GP(%E&%!)%!$GCG$%E&%!

]k;i;:i:/b!//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!98!
Y#K($%!b:!-!L=($&%E'@K%!)%!F@'#%E',!@I@E'!(E%!L.1!]LI<i!F=,#'#A%!,($!,G$(>!%'!&*@$K%,!

A#$@D%,!%JF$#>G%,!%E!E=>N$%!)%!&=F#%,!F@$!>5!)%!,G$(>O!%E'$%!c!%'!b_!>=#,!@F$+,!
'$@E,FD@E'@'#=E!$GE@D%!//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!9:!

Y#K($%!b;!-!L$=F=$'#=E!)%!$G,(D'@',!F=,#'#C,!F=($!Do]LI<i!%E!C=E&'#=E!)(!,'@'('!A#,!S!A#,!
)(!0hLI<!////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!9:!

Y#K($%!bR!-!2J%>FD%!)%!&=($N%,!$G@&'#=EE%DD%,!=N'%E(%,!,($!D%!1='=$Ud%E%!k!F=($!(E%!
K@>>%!)%!'G>=#E!F=,#'#C!)%!$@#,=E!)#J!mbc_!S!bcc!&=F#%,w~5g!///////////////////////////////////////////!:c!

Y#K($%!b_!-!3&*G>@!)%!D@!,GP(%E&%!)(!'G>=#E!F=,#'#CO!S!F@$'#$!)%!D@!,GP(%E&%!)%!D?]LI<i
!////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!:b!

Y#K($%!bi!-!"$=#'%,!)?G'@D=EE@K%!=N'%E(%,!@F$+,!@>FD#C#&@'#=E!)%!<Lb!%'!)%!D?VK6!F=($!
(E%!K@>>%!!)%!'G>=#E!F=,#'#C!m)#D('#=E,!)%!bc_!S!bcb!&=F#%,w~5g!///////////////////////////////////!:;!

Y#K($%!7c!-!\(@K%,!)%!F=#E'!$%F$G,%E'@E'!D@!)#,F%$,#=E!)%,!A@D%($,!)%!.'!)(!K+E%!)%!
Do@DN(>#E%!%'!)%!D?`L.!F=($!D%,!79b!G&*@E'#DD=E,!)?($#E%,!,GD%&'#=EEG,!//////////////////////////!;_!

!
! !



_;!

LISTE DES TABLEAUX 
!
!
!
6@ND%@(!b!-!3GP(%E&%,!)%,!@>=$&%,!%'!)%!D@!,=E)%!&#ND@E'!D%!K+E%!<Lb!///////////////////////////////////!9_!
6@ND%@(!7!-!3GP(%E&%,!)%,!@>=$&%,!%'!)%!D@!,=E)%!&#ND@E'!D%!K+E%!VK6!///////////////////////////////////!9i!
6@ND%@(!8!-!3GP(%E&%,!)%,!@>=$&%,!%'!)%!D@!,=E)%!&#ND@E'!D%!K+E%!)%!D?@DN(>#E%!///////////////!9i!
6@ND%@(!9!-!L$=C#D!)%!D@!$G@&'#=E!)o@>FD#C#&@'#=E!$G@D#,G%!,($!D%!1='=$Ud%E%!k!/////////////////////!::!
6@ND%@(!:!-!.'!=N'%E(,!F=($!)#CCG$%E'%,!&=E&%E'$@'#=E,!)%!'G>=#E!F=,#'#C!////////////////////////////!::!
6@ND%@(!;!-!d$@)#%E'!)%!'%>FG$@'($%!$G@D#,G!,($!D%!5#K*'.I&D%$}!i;!1%@DU6#>%!L.1!F=($!

D@!)#D('#=E!bc7!&=F#%,w~5!)%!'G>=#E!F=,#'#C!/////////////////////////////////////////////////////////////////////////////////!:R!
6@ND%@(!R!-!.=>F@$@#,=E!)%,!.'!=N'%E(,!D=$,!)%!P(@'$%!,G$#%,!)%!L.1!<Lb!%'!VK6!S!:;|.

!////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!:i!
6@ND%@(!_!-!.'!=N'%E(,!F=($!Do`L.!&=U@>FD#C#G!@A%&!D%!'G>=#E!F=,#'#C!////////////////////////////////////////!;c!
6@ND%@(!i!-!1G,(D'@',!)%,!'%,',!)%!$%F$=)(&'#N#D#'G!S!F@$'#$!)%!b9!%JFG$#%E&%,!////////////////////!;b!
6@ND%@(!bc!-!.'!=N'%E(,!@F$+,!@H=('!)%!'G>=#E!F=,#'#C!)@E,!)%,!($#E%,!///////////////////////////////////!;7!
6@ND%@(!bb!-!"GD@#,!)%!$%&(%#D!)%,!79:!F$GD+A%>%E',!)o($#E%,!&=DD%&'G,!/////////////////////////////////!;9!
6@ND%@(!b7!-!1G,(D'@',!)%,!&*@$K%,!A#$@D%,!0hLI<!,@EK(#E%,!%'!($#E@#$%,!)%,!F@'#%E',!)(!

K$=(F%!b!//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!;:!
6@ND%@(!b8!-!1G,(D'@',!)%,!&*@$K%,!A#$@D%,!0hLI<!($#E@#$%,!)%,!F@'#%E',!)(!K$=(F%!7!////!;:!
6@ND%@(!b9!-!.'!=N'%E(,!F=($!D?@>FD#C#&@'#=E!)%!D?`L.!)@E,!D%,!;b!G&*@E'#DD=E,!)%!,@EK!

'='@D!2"6V!//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////!;;!
6@ND%@(!b:!-!.'!=N'%E(,!F=($!D?@>FD#C#&@'#=E!)%!D?`L.!%'!)(!K+E%!)%!D?@DN(>#E%!)@E,!D%,!

79b!G&*@E'#DD=E,!)?($#E%,!@E@DI,G,!/////////////////////////////////////////////////////////////////////////////////////////////////!;R!
6@ND%@(!b;!-!3IE'*+,%!)%,!F(ND#&@'#=E,!$@FF=$'@E'!D@!)G'%&'#=E!)o]LI<i!F@$!L.1!///////////!R:!

!
! !



_R!

SERMENT DE GALIEN 
 
!
!
Je jure, en présence des maîtres de la faculté et de mes condisciples : 
 
 

D’honorer ceux qui m’ont instruit dans les préceptes de mon art et de 
leur témoigner ma reconnaissance en restant fidèle à leur enseignement. 
 
 

D’exercer, dans l’intérêt de la santé publique, ma profession avec 

conscience et de respecter non seulement la législation en vigueur, mais 
aussi les règles de l’honneur, de la probité et du désintéressement. 
 
 

De ne jamais oublier ma responsabilité, mes devoirs envers le malade et 
sa dignité humaine, de respecter le secret professionnel. 
 
  

En aucun cas, je ne consentirai à utiliser mes connaissances et mon état 

pour corrompre les mœurs et favoriser des actes criminels. 
 
 

Que les hommes m’accordent leur estime si je suis fidèle à mes 
promesses. 
 
 

Que je sois couvert d’opprobre et méprisé de mes confrères si j’y 
manque. 
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