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LC!C! H)*%/<%/"0/"1("%A6$/"

H/%%/" %A6$/" $2&*%,5/$$/" (." 35)E16'/" 0/" 1(" 4)**(&$$(*4/" 0." $).$I$)1" 0(*$" 1/" 4(05/" 0/" 12/<31)5(%&)*"
3,%5)1&65/C" :*" 0/$" /*;/.<" '(;/.5$" 0/" 12&*0.$%5&/" 3,%5)1&65/" /$%" 02(>)&5" 1(" '/&11/.5/" 4)**(&$$(*4/" 0/$"
+&$/'/*%$"0/"+(Y"/%"0/"3,%5)1/C"D/$"',%A)0/$"0/"35)$3/4%&)*"0."$).$I$)1"$)*%"*)'E5/.$/$?"'(&$"1("31.$"
.%&1&$,/"/$%"12&'(+/5&/"$&$'&-./"-.&"/$%?"=".*/",4A/11/"E/(.4).3"31.$"1(5+/?"%56$"$/'E1(E1/"="12,4A)+5(3A&/"
',0&4(1/C"V2(.%5/$" %F3/$"0/"',%A)0/$"$)*%" 1/$"0&(+5(3A&/$"/88/4%.,/$"0(*$"0/$"8)5(+/$"-.&"'/$.5/*%" 1/$"
35)35&,%,$"0/$"4).4A/$"-.&"$)*%"0/$"&*8)5'(%&)*$"35,4&$/$?"'(&$"%56$"1)4(1&$,/$C"

:*/"0/$"+5(*0/$"%A,'(%&-./$"0/"5/4A/54A/"/%"0,>/1)33/'/*%"0/"12&*0.$%5&/"3,%5)1&65/"/$%"12k"&*%,+5(%&)*"l"
0/" 4/" %F3/" 0/" 0)**,/$" 0/" *(%.5/$" %56$" 0&88,5/*%/$?" )." 4)''/*%" 4)'E&*/5" (." '&/.<" 1/$" &*8)5'(%&)*$"
0&$3)*&E1/$" @0)**,/$" $&$'&-./$?" 1)+$" 0/" 3.&%$?" &*8)5'(%&)*$" +,)1)+&-./$?" /%4CB" 3).5" 45,/5" 1(" '/&11/.5/"
&'(+/"m")."'/&11/.5"')061/"m"0/"1("Y)*/",%.0&,/"n"

V(*$"1/"4(05/"3,%5)1&/5?"1/$",%.0/$"+,)3AF$&-./$")*%",'/5+,"/%"E/(.4).3",>)1.,"(."4).5$"0."MM/"$&641/?"/*"
3(5(1161/"(>/4"12&*0.$%5&(1&$(%&)*"'($$&>/"')*0&(1/C"D/.5"35/'&65/"'&$$&)*"/$%"02)E%/*&5"0/$"0)**,/$"@)."
/*5/+&$%5/'/*%$B?" -.&" $)*%" /11/$I'P'/$" .%&1&$,/$" 3).5" 4)*$%5.&5/" 0/$"')061/$" 0." $).$I$)1?" 0&%$"')061/$"
5,$/5>)&5" -.&" /<35&'/*%" 0/$" 35)35&,%,$" 4)''/" 12&'3,0(*4/" (4).$%&-./?" 1(" 3)5)$&%,?" 1(" 3/5',(E&1&%,?" 1/$"
8(4&6$"+,)1)+&-./$?"/%4C"3).5"/*$.&%/"3/5'/%%5/"1("35&$/"0/"0,4&$&)*"4)*4/5*(*%".*/",>/*%./11/"/<31)&%(%&)*C"

O/*0(*%" 1)*+%/'3$"1/$" %/4A*&-./$"0/"4)*$%5.4%&)*"0/"')061/"5,$/5>)&5")*%",%,"+,)3AF$&-./$?".*"0/" 1/.5"
3)&*%"8(&E1/"/$%"0/"*/"3($"3).>)&5"/$%&'/5"5&+).5/.$/'/*%"1/$"&*4/5%&%.0/$"$.5"1/$"5,$.1%(%$?"4/"-.&"/$%".*"
3)&*%" /$$/*%&/1" 3).5" 0/$" ,%.0/$" (.<" /*;/.<" 8&*(*4&/5$" ,*)5'/$C" D(" +,)$%(%&$%&-./?" .*/" $4&/*4/" (33(5./"
0(*$"1/$"(**,/$"!dge"(."H/*%5/"0/"c,)$%(%&$%&-./"0/"12o4)1/"0/$"a&*/$"0/"O(5&$?"$2/$%"(1)5$"3)$&%&)**,/"
$.5"4/$"35)E16'/$"0/"4)*$%5.4%&)*"0/"')061/$"5,$/5>)&5C"

V/$"',%A)0/$"02/$%&'(%&)*"0/">(5&(E1/$"3/58/4%&)**,/$?"4)*%5(&*%/$")."*)*"3(5"0/$"&*8)5'(%&)*$"A*#,%7,%?"
0/$"')061/$"0/"$%5.4%.5/"$3(%&(1/"/%"0/"4)55,1(%&)*"/*%5/"1/$">(5&(E1/$"/11/$I'P'/$")*%",%,"0,>/1)33,$"/%"
)*%"3/5'&$"02(33)5%/5"0/$"5,3)*$/$"="0/$"35)E16'/$"-./"1("+,)3AF$&-./"4)**(&$$(&%"X"4)''/*%"5/35)0.&5/"
1/$" A,%,5)+,*,&%,$" 0/$" >(5&(E1/$" >./$" (." 3.&%$" $.5" 12/*$/'E1/" 0." ')061/"n" H)''/*%" &*%,+5/5"
5&+).5/.$/'/*%"0/$"0)**,/$"0/"*(%.5/"0&88,5/*%/"n"H)''/*%"-.(*%&8&/5"1/$"&*4/5%&%.0/$"/*%5/"1/$",%(3/$"0/"
4)*$%5.4%&)*"0."')061/?")."$.5"1/"')061/"8&*(1"1.&I'P'/"n"

H/"4)*%/<%/?"="4A/>(1"$.5"1/$"0/.<"0)'(&*/$"c,)3AF$&-./"/%"c,)$%(%&$%&-./"/$%"4/1.&"-.&"(",%,"="12&*&%&(%&>/"
0/"4/%%/"%A6$/C"V(*$".*"$).4&"0/"4)11(E)5(%&)*"0/$"4/*%5/$"0/"5/4A/54A/"/*%5/"/.<?"12o4)1/"0/$"a&*/$"0/"
O(5&$?"("3/5'&$"-.2.*"$.;/%" &*%,+5(*%" 1/$"0/.<"$4&/*4/$?"35)4A/$"0/$"$).4&$"0/" 12&*0.$%5&/"3,%5)1&65/?"$)&%"
35)3)$,C"

H/%%/" %A6$/" $/" 3)$&%&)**/" =" 1(" $.&%/" 0/" 4/11/" 02G1/<(*05/" #+5/%/(.?" (*4&/*" 0)4%)5(*%" 0." H/*%5/" 0/"
c,)3AF$&-./?" -.&" (" %5(>(&11," $.5" 12(*(1F$/" 0/$" >(5&(%&)*$" 0/" 1(" 5,81/4%&>&%," $&$'&-./" (356$" .*/"',%A)0/"
02&'(+/5&/"$&$'&-./"/*"35)8)*0/.5C"J).$"(11)*$"5/35/*05/".*/"3(5%&/"0/"4/$"%5(>(.<"-./"*).$"0,45&5)*$"
3).5"1("E)**/"4)'35,A/*$&)*"0/"1("',%A)0)1)+&/"35)3)$,/C"

J).$"(11)*$"'(&*%/*(*%"0,45&5/"1("35)E1,'(%&-./"+,*,5(1/"0/"4/%%/"%A6$/C"
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LCQC! O5)E1,'(%&-./"+,*,5(1/"

H/%%/"%A6$/"("3).5"$.;/%"1("45,(%&)*"0/$"')061/$"0&%$"5,$/5>)&5"="3(5%&5"0/$"0)**,/$"&$$./$"0/$"%5(&%/'/*%$"
+,)3AF$&-./$"4)''/"12&'(+/5&/"$&$'&-./"/%"12(*(1F$/"0/"1("5,81/4%&>&%,?"'(&$"(.$$&"0/$"0)**,/$"&$$./$"0/$"
3.&%$"$&%.,$"$.5"1("Y)*/",%.0&,/C"

D/$"',%A)0/$"$&$'&-./$")*%"3).5"E.%"0/"8).5*&5".*/"&'(+/"$%5.4%.5(1/"-.&"3/5'/%".*/"&*%/535,%(%&)*"8&*/"
0."$).$I$)1"'(&$"(.$$&"02)E%/*&5"0/$" &*8)5'(%&)*$"4(5(4%,5&$%&-./$"4)''/" 1/" 4)*%/*."/*"AF05)4(5E.5/$C"
D2&'3,0(*4/"(4).$%&-./" @4p/$%I=I0&5/" 1/"35)0.&%"0/" 1(">&%/$$/"$&$'&-./"/%"0/" 1("0/*$&%,B"3/5'/%"0/" 5/1&/5"
0/$"8(4&6$"/%"0/$">(1/.5$"0/"3)5)$&%,"/%"3/5',(E&1&%,"="12(&0/"0/"12&*8)5'(%&)*"0/$"1)+$">.$"(.<"3.&%$C"

G>/4" 1(" 0/$45&3%&)*" +,)3AF$&-./" 0/" 1(" $.E$.58(4/" @>&%/$$/" /%" 0/*$&%,B?" .*" 0/$" 3(5('6%5/$" 8).5*&$" 3(5"
12&'(+/5&/" $&$'&-./" /$%" 1/" 4)*%5($%/" 02&'3,0(*4/" (4).$%&-./?" 4)55/$3)*0(*%" =" 1(" 5,81/4%&>&%," $&$'&-./C"
a(1A/.5/.$/'/*%?"12)E%/*%&)*"0/"12&'3,0(*4/"(4).$%&-./"="3(5%&5"0/$"4)*%5($%/$"02&'3,0(*4/"/*5/+&$%5,$"
3(5"1("$&$'&-./"5,81/<&)*"*2/$%"3($",>&0/*%/C"

V(*$"1/"0)'(&*/"0/"1("4(5(4%,5&$(%&)*"0/"5,$/5>)&5?"1/$"',%A)0/$"0/"4(14.1"0/"12&'3,0(*4/"(4).$%&-./"$)*%"
*)'E5/.$/$?" /%" /*" ,>)1.%&)*" 4)*$%(*%/C" D/$" 31.$" /'31)F,/$?" 0(*$" 1/" $/4%/.5" +,)3AF$&-./" $)*%" 0/$"
',%A)0/$"4)''/"12&*>/5$&)*"/*"8)5'/"02)*0/$"*)*"1&*,(&5/?"4)''/"35)3)$,"3(5"qH5($/")&*A$1?"!dder")."
12&*>/5$&)*"$%5(%&+5(3A&-./"qU)*/11)%?"QeeerC"

9,4/''/*%?" q#+5/%/(.?"Qeefr"("0,')*%5,"-./" 1("'&+5(%&)*"/*"35)8)*0/.5" =" ('31&%.0/"35,$/5>,/" $.&>&/"
3(5".*"%5(&%/'/*%"(356$I'&+5(%&)*"(0,-.(%?".*/"&*>/5$&)*"GKG"@3).5"!"#$%&'()*+),-'-*!./$)B?"3/.%"P%5/"
.*" ).%&1" (0(3%," =" 1(" 1)4(1&$(%&)*" /%" 1(" 41($$&8&4(%&)*" 0/$" (*)'(1&/$" 0/" 5,81/4%&>&%," 0(*$" 1/" 0)'(&*/"
35)8)*0/.5C"

H/%%/"',%A)0/"*/"8).5*&%"-./"0/$"4)*%5($%/$"02&'3,0(*4/?"'(&$"&1$"$)*%"("35&)5&"4)55/4%/'/*%"3)$&%&)**,$"
/*"35)8)*0/.5"/%"1/.5$"('31&%.0/$"$)*%"35,$/5>,/$C"#*"/<%5(F(*%"/*"'P'/"%/'3$"12&*8)5'(%&)*"$%5.4%.5(1/"
'(&$"(.$$&"12&*8)5'(%&)*"-.(*%&%(%&>/"0/$"0&88,5/*%/$"$/4%&)*$"02(%%5&E.%$"GKG?"*).$">).1)*$"4)*0&%&)**/5"
1("4)*$%5.4%&)*"02.*"')061/"/*"&'3,0(*4/"(4).$%&-./"/*"35)8)*0/.5"$.5"12/*$/'E1/"0/"1("Y)*/",%.0&,/C"

D2&*>/5$&)*"GKG".%&1&$,/"0(*$"4/%%/"%A6$/"3/5'/%%5("02)E%/*&5"0/$"$/4%&)*$"GKG"$).$"8)5'/"0/"$-./1/%%/$"
-.&"0,45&>/*%" 1("5,81/4%&>&%,"/%"$(">(5&(%&)*"1/"1)*+"0/"12(*+1/"3).5"0/$"3)&*%$"$&%.,$"$.5"%).%/"1("Y)*/C"s"
4A(4.*"0/$"3)&*%$"0."$-./1/%%/"/$%"($$)4&,/".*/"k"%5(;/4%)&5/"l"-.&"4)55/$3)*0"="1(">(5&(%&)*"0/"5,81/4%&>&%,"
1/"1)*+"0/"1("+(''/"(*+.1(&5/C"D("')53A)1)+&/"0/"4/$"%5(;/4%)&5/$"3/5'/%"0/"-.(*%&8&/5"1/$"&*4/5%&%.0/$"0/"
4A(4.*"0/$" ,1,'/*%$"0." $-./1/%%/" /*" %/5'/$"0/"3)$&%&)**/'/*%" /*"35)8)*0/.5?"02/<&$%/*4/" /%" 0/">(1/.5"
02(%%5&E.%$"GKGC"G&*$&"1/$",1,'/*%$"0."$-./1/%%/"($$)4&,$"="0/$"&*4/5%&%.0/$"%5)3",1/>,/$"*/"$/5)*%"3($"35&$"
/*"4)'3%/"3).5"1("4)*$%5.4%&)*"0."')061/"/*"&'3,0(*4/"(4).$%&-./C"

D("',%A)0/"0/"4)*$%5.4%&)*"0."')061/"/$%".*/"$&'.1(%&)*"+,)$%(%&$%&-./"4)*0&%&)**,/"3(5"1/$"&*8)5'(%&)*$"
8).5*&/$"3(5"12/*$/'E1/"0/$"%5(&%/'/*%$"+,)3AF$&-./$C"

V(*$".*"35/'&/5"%/'3$?"1("$&'.1(%&)*"$/5("4)*0&%&)**,/"3(5"1/$">(1/.5$"02&'3,0(*4/"(4).$%&-./">./$"(.<"
3.&%$" /%" 1(" +,)',%5&/" 0/$" 4).4A/$" -.&" $)*%" 3)&*%,/$" $.5" 1/$" $-./1/%%/$"GKGC" D/"')061/" /*" &'3,0(*4/"
(4).$%&-./")E%/*."3(5"$&'.1(%&)*"+,)$%(%&$%&-./"$/5("4)*$&0,5,"4)''/"1/"')061/"&*&%&(1"3).5"1("$.&%/"0/"1("
',%A)0/C"

#*$.&%/?" *).$" 35)3)$)*$" 02&*%,+5/5" 12&*8)5'(%&)*" -.(*%&%(%&>/" 4)*%/*./" 0(*$" .*/" 0/$" $/4%&)*$" &$$./" 0."
%5(&%/'/*%" GKG" -.&" 8).5*&%" .*/" >(1/.5" 0/" 5,81/4%&>&%," @&*%/54/3%B" /*" 4A(-./" 3)&*%" 0/" 1(" $/4%&)*C"
D2&*%/535,%(%&)*"0/$"5,$.1%(%$"0/"1("'&+5(%&)*?"0/"12(*(1F$/"GKG"/%"02(.%5/$"(%%5&E.%$"3/5'/%"0/"5/3,5/5"1/$"



!e"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

,>/*%./11/$"(*)'(1&/$"02AF05)4(5E.5/$"35,$/*%$"$.5"1("Y)*/C"V/"31.$?"1("5,81/4%&>&%,"/$%"0&5/4%/'/*%"1&,/"="
12&'3,0(*4/"(4).$%&-./C"J).$"3).>)*$"0)*4"1)4(1/'/*%"')0&8&/5"1/"')061/"/*"&'3,0(*4/"(4).$%&-./"0/"
8)*0"3).5"5/35)0.&5/"1/$"(*)'(1&/$C"

J).$"35)3)$)*$"'(&*%/*(*%"0/"0,45&5/"1/$"0&88,5/*%/$"3(5%&/$"-.&"4)'3)$/*%"4/"',')&5/"/%"(&*$&"/<31&-./5"
12,>)1.%&)*"0/"4/"%5(>(&1"/%"$.5%).%"/<3)$/5"1/$"0&88,5/*%/$"(331&4(%&)*$"0(*$"0/$"4($"$F*%A,%&-./$"/%"5,/1$"
-.&"*).$")*%"3/5'&$"0/"%/$%/5?"8(&5/",>)1./5"/%">(1&0/5"*)%5/"',%A)0)1)+&/C"

"

LCRC! O1(*"0/"%A6$/"

H/%%/" %A6$/" /$%" )5+(*&$,/" $/1)*" 4&*-" +5(*0/$" 3(5%&/$?" 1(" 35/'&65/" 35,$/*%/" %).%/" 1(" ',%A)0)1)+&/"
0,>/1)33,/"0(*$" 4/%%/" %A6$/" /%" 0,45&5(" 1/$" %5(>(.<" $.5" 1/$-./1$"*).$"*).$"E($)*$C"D/$"3(5%&/$" $.&>(*%/$"
4)55/$3)*0/*%"(.<"(331&4(%&)*$"$.5"1/$"0)**,/$"$F*%A,%&-./$"/%"5,/11/$"/%")*%"4A(4.*/"1/.5"&*%,5P%"3).5"4/"
%5(>(&1C"#*8&*?"1("0/5*&65/"3(5%&/"35,$/*%/"1/$"4)*41.$&)*$"/%"1/$"3/5$3/4%&>/$"0/"1("%A6$/C"

"

1. Méthodologie 

H/%%/"35/'&65/"3(5%&/"0,45&%"12/*$/'E1/"0/"1("',%A)0)1)+&/C"J).$"35,$/*%/5)*$"0(*$".*"35/'&/5"%/'3$"1/$"
35&*4&3/$" 0/" 12&'(+/5&/" $&$'&-./" /%" 1(" ',%A)0/" 0/" '&+5(%&)*" /*" 35)8)*0/.5" (>(*%" $)''(%&)*" /%" ="
('31&%.0/"35,$/5>,/"@0,>/1)33/'/*%"4)'31/%"/*"(**/</B"/%"/*$.&%/"1/$"%5(&%/'/*%$"GKG"3).5"12(*(1F$/"0/"
1("5,81/4%&>&%,C"O.&$?" 1/$" %5(>(.<"02GC"#+5/%/(."$/5)*%"0,45&%$?" &1$"8).5*&$$/*%" 1/$"$/4%&)*$"$-./1/%%/$"GKG"
-.&" $/5>&5)*%"3).5"4)*%5(&*05/" 1(" $&'.1(%&)*"+,)$%(%&$%&-./"0/" 12&'3,0(*4/"(4).$%&-./C"D2(*(1F$/"0/"4/$"
$-./1/%%/$"/%"0/$"%5(;/4%)&5/$"($$)4&,/$"3/5'/%"0/"-.(*%&8&/5"1/$"&*4/5%&%.0/$"-.&"0,45&>/*%"1("-.(1&%,"0/"%).$"
1/$"%5(&%/'/*%$"35,4,0/*%$C"

J).$"0,45&5)*$"/*$.&%/" 1("',%A)0/"0/"$&'.1(%&)*"+,)$%(%&$%&-./"/%" 1/$"(>(*%(+/$"-.2/11/"(33)5%/"3).5" 1("
45,(%&)*"0."')061/"/*"&'3,0(*4/"(4).$%&-./"&*&%&(1C"

#*8&*?" *).$" 35,$/*%/5)*$" 1("',%A)0/" 3).5" &*%,+5/5" 12&*8)5'(%&)*" /*" 5,81/4%&>&%," 8).5*&/" 3(5" 1/" $-./1/%%/"
&*%/54/3%C"H/%%/")3,5(%&)*"3/5'/%"0/"5/35)0.&5/"0/$"(*)'(1&/$"1)4(1/$"/*"&'3,0(*4/"(4).$%&-./"-.&")*%",%,"
35,(1(E1/'/*%"5/3,5,/$"1)5$"0/"1("3A($/"02&*%/535,%(%&)*"0/$"$/4%&)*$"&$$./$"0/$"%5(&%/'/*%$"+,)3AF$&-./$C"

HA(4.*/"0/$",%(3/$"0/"4/%%/"',%A)0)1)+&/"$/5("&11.$%5,/"3(5"0/$"8&+.5/$"0&88,5/*%/$"/%"/<%5(&%/$"0/"%5(>(.<"
(*%,5&/.5$?"/11/$"*2(.5)*%"0)*4"3($"8)54,'/*%"0/"4)A,5/*4/"/*%5/"/11/$C"

"

2. Application sur données synthétiques créées par la géophysique 

D(" 35/'&65/" (331&4(%&)*" (" 3).5" E.%" 0/" '/%%5/" /*" 31(4/" /%" %/$%/5" *)%5/" ',%A)0)1)+&/?" '(&$" (.$$&" 0/"
12&11.$%5/5"41(&5/'/*%C"O).5"4/1(?"*).$"(>)*$"0,8&*&".*"'&1&/.",1($%&-./"$F*%A,%&-./"@$/4%&)*$"/*">&%/$$/"O?"
>&%/$$/" ^" /%" 0/*$&%,B?" $.5" 1/-./1" *).$" (>)*$" /88/4%.," .*/" ')0,1&$(%&)*" 02.*" /*$/'E1/" 0/" 0)**,/$""
$&$'&-./$" $F*%A,%&-./$" 5,(1&$%/$" 3(5" 0&88,5/*4/$" 8&*&/$" 0/" 12,-.(%&)*" 02)*0/" ,1($%&-./C" D2/*$/'E1/" 0/$"
%5(&%/'/*%$"+,)3AF$&-./$?"'&+5(%&)*"/%"(*(1F$/"GKG"$/5)*%"/88/4%.,$"3).5"3).>)&5")E%/*&5"1/$"$-./1/%%/$"
02(%%5&E.%$" GKGC" #*$.&%/?" %).%/$" 1/$" ,%(3/$" 3).5" 3).>)&5" /88/4%./5" 1(" $&'.1(%&)*" +,)$%(%&$%&-./" =" 3(5%&5"
02.*" )." 0/" 31.$&/.5$" 3.&%$" /<%5(&%$" 0." ')061/" /*" &'3,0(*4/" %A,)5&-./" $/5)*%" 8(&%/$C" D/$" 5,$.1%(%$" 0."
35/'&/5" ')061/" /*" &'3,0(*4/" (4).$%&-./" &*&%&(1?" 3.&$" 4/1.&" &*%,+5(*%" 12&*8)5'(%&)*" -.(*%&%(%&>/" 3).5"



!!"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

5/35)0.&5/" .*/" (*)'(1&/" 0/" +(Y" $/5)*%" (*(1F$,$" /%" 4)'3(5,$" (." ')061/" /*" &'3,0(*4/" %A,)5&-./" -.&"
5/35,$/*%/"1("5,(1&%,C"

"

3. Application sur données réelles 

D("',%A)0/"/$%"(331&-.,/"=".*"4($"0/"0)**,/$"5,/11/$")t".*"$/.1"3.&%$"/$%"0&$3)*&E1/C"H/%%/"3(5%&/"("3).5"
E.%" 1(" '&$/" /*" 35(%&-./" 0/" 1(" ',%A)0)1)+&/" 0(*$" .*" 4($" 5,(1&$%/" /%" 02(E)50/5" 1/$" -./$%&)*$" 1&,/$" (.<"
4)*%5(&*%/$"-./"*).$"*/"5/*4)*%5)*$"3($"0(*$"1/$"4($"$F*%A,%&-./$"X"4(1(+/"0/"1("$&$'&-./"(."3.&%$?".*"$/.1"
3.&%$"0&$3)*&E1/?"/%4C"D/$" 5,$.1%(%$"0/" 1("'&+5(%&)*"/%"0/" 12&*>/5$&)*"GKG"$)*%"31.$" &*4/5%(&*$"/%"E5.&%,$"
-./"4/.<"0/$"(331&4(%&)*$"$F*%A,%&-./$?"/%"12&0/*%&8&4(%&)*"0/$"(*)'(1&/$"/*"+(Y"/$%"')&*$",>&0/*%/C"V(*$"
4/" 4($" *).$" 35)3)$/5)*$" .*/"',%A)0/" 0/" 4(1(+/" 0/$" 5,$.1%(%$" 0/" 1("'&+5(%&)*" $&$'&-./" (." 3.&%$C"J).$"
'/%%5)*$"/*",>&0/*4/"1("3/58)5'(*4/"0/"1("'&+5(%&)*"/*"35)8)*0/.5".%&1&$,/C"

D2&*%/535,%(%&)*" 0/$" 5,$.1%(%$" $&$'&-./$" /%" 0/$" $/4%&)*$" GKG" *).$" &*0&-./5(" 1(" 35,$/*4/" 0/" 0/.<"
(*)'(1&/$" 0/" +(Y" 0/" *(%.5/" 0&88,5/*%/$?" 4/" -.&" 3/5'/%%5(" 0/" %/$%/5" 1/$" 0&88,5/*%$" %F3/$" 0/"')0&8&4(%&)*"
1)4(1/"0."')061/"/*"&'3,0(*4/"(4).$%&-./"&*&%&(1C"

"

4. Application sur données géologiques synthétiques 

H/%%/"0/5*&65/"(331&4(%&)*"0/"1("',%A)0)1)+&/"$.5".*"4($"0/"0)**,/$"$&$'&-./$"$F*%A,%&-./$"4(14.1,/$"$.5"
.*"')061/",1($%&-./"@K3?"K$?"0/*$&%,B"4)*$%5.&%"3(5"0/$"$&'.1(%&)*$"+,)$%(%&$%&-./$C"

H/" 4($" 4)55/$3)*0" =".*" 5,$.1%(%" )E%/*." /*" 4(5(4%,5&$(%&)*"0/" 5,$/5>)&5" /*" 8(4&6$" ="3(5%&5" 0/"0)**,/$"0/"
8)5(+/$"35&*4&3(1/'/*%C"D/$"&'(+/$")E%/*./$"$)*%"="12,4A/11/"0."5,$/5>)&5?"0)*4"0/"%(&11/"31.$"5,0.&%/"-./"
0(*$"1/"35/'&/5"4($"/%"0/"35,4&$&)*"31.$"+5(*0/?"35,$/*%(*%"0/$"A,%,5)+,*,&%,$"31.$"&'3)5%(*%/$C"

D/$"4)*0&%&)*$"$/"5(335)4A/*%"0)*4"0/"4/11/$"02.*"4($"5,/1C"D2&*%,5P%"0/"4/%"/</'31/"/$%"'.1%&31/"X"

!! 4)'3(5/5"1("5,3)*$/"$&$'&-./"="1("k"5,(1&%,"lC"

!! (*(1F$/5"1/$"1&/*$"/*%5/"1/$">(5&)+5(''/$"A)5&Y)*%(.<"0/$"0&88,5/*%/$">(5&(E1/$C"

"

5. Conclusions et perspectives 

J).$" 8/5)*$" 0(*$" 4/%%/" 0/5*&65/" 3(5%&/" .*" 5,4(3&%.1(%&8" 0/$" 5,$.1%(%$" )E%/*.$" /%" '/%%5)*$" /*" (>(*%" 1/$"
(>(*%(+/$?"'(&$"(.$$&"1/$"1&'&%(%&)*$"0/"1("',%A)0)1)+&/C"

H/%%/" %A6$/" ,%(*%" .*/" 35/'&65/" (')54/" 02.*/" 4)11(E)5(%&)*" /*%5/" 1/$" 4/*%5/$" 0/" c,)$%(%&$%&-./" /%" 0/"
c,)3AF$&-./"0/" 12o4)1/" 0/$"a&*/$" 0/"O(5&$?" .*"+5(*0"*)'E5/"0/" 3)&*%$" )*%" ,%," (E)50,$?" $(*$" 3).>)&5"
%).;).5$" (335)8)*0&5" 5&+).5/.$/'/*%" 1/$" 35)E16'/$C" H)*$4&/*%$" -./" 4/$" %5(>(.<" 0)&>/*%" P%5/" 4)*%&*.,$"
0(*$" 4/5%(&*/$" 0&5/4%&)*$?" *).$" 35)3)$/5)*$" .*" 4/5%(&*" *)'E5/" 0/" 3/5$3/4%&>/$" -.&" 3/5'/%%5(&/*%" 0/$"
)5&/*%(%&)*$"3).5".*/",>/*%./11/"$.44/$$&)*C"

"

"

"

"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
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"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLC!C! L*%5)0.4%&)*"

D("4(5(4%,5&$(%&)*"0/$"5,$/5>)&5$"$/5%"0/"E($/"="1("35&$/"0/"0,4&$&)*"0."0,>/1)33/'/*%"0."+&$/'/*%C"#11/"
4)*$&$%/"="8).5*&5".*/"&'(+/"1("31.$"5/35,$/*%(%&>/"3)$$&E1/"02.*"5,$/5>)&5"02AF05)4(5E.5/$"/*">./"0/"$)*"
,>/*%./11/"/<31)&%(%&)*"/*"3/5'/%%(*%"12/$%&'(%&)*"0/"4(5(4%,5&$%&-./$"4)''/"12/<%/*$&)*"0."5,$/5>)&5?"1/$"
>)1.'/$"0/"81.&0/?"1/$"-.(1&%,$"3,%5)3AF$&-./$"@3)5)$&%,?"3/5',(E&1&%,?"/%4CBC"

D("8&+.5/"!"&11.$%5/"1/"4A/'&*/'/*%"02.*/",%.0/"02/<31)5(%&)*"0/"5,$/5>)&5"0(*$"1/"4)*%/<%/"+,)3AF$&-./C"
D/$" ,%(3/$" $)*%" 1/$" $.&>(*%/$"X" (4-.&$&%&)*?" 35,%5(&%/'/*%$?" 4)*$%5.4%&)*"0."')061/"0/">&%/$$/?" &'(+/5&/?"
,%.0/$"GKS"@1/"31.$"$).>/*%"/88/4%.,/$"/*" %/'3$"$.5" 1/$"$/4%&)*$"k"3)&*%"'&1&/."4)''.*"l"HVOB"3).5"
12(*(1F$/" 0." 4)'3)5%/'/*%" 0/" 1(" 5,81/4%&>&%," )." 0&5/4%/'/*%" &*%/535,%(%&)*" 0/$" &'(+/$" $&$'&-./$C" D("
4(5(4%,5&$(%&)*" 3/5'/%" 02)E%/*&5" .*" ')061/" 5,$/5>)&5?" -.&" /$%" .%&1&$," 3).5" /88/4%./5" 0/$" $&'.1(%&)*$"
02,4).1/'/*%" 0/" 81.&0/" (." 4).5$" 0." %/'3$" @,%.0/$" 0/" 8(&$(E&1&%," 0/" 35)0.4%&)*B" 4)''/" 1/" 35)3)$/" 3(5"
/</'31/" 1/" 1)+&4&/1" #HDLO^#" 0/" 1(" 4)'3(+*&/" ^4A1.'E/5+/5?" 3).5" 8&*(1/'/*%" 3/5'/%%5/" 1(" 35&$/" 0/"
0,4&$&)*"02.*/"*).>/11/"/<31)5(%&)*")."0/"35)0.4%&)*"$&"1/$"5,$.1%(%$"$)*%"%56$"3)$&%&8$C"

"

"

6%/',)*3*\*0$$'-&,A&%7.*('*=>)"%.)").&*()*$@5&'()*(@)L#$7,A&%7.*()*,5-),97%,*(@>S(,7=A,M',)-1*

"

J).$"0&$4.%/5)*$"0(*$" 4/%%/"3(5%&/"0/" 1("0,8&*&%&)*"0/" 1(" 4(5(4%,5&$(%&)*"0/" 5,$/5>)&5" /%"35,$/*%/5)*$" 1/$"
',%A)0/$" 1/$"31.$".%&1&$,/$"3).5"4)*$%5.&5/".*"k"')061/" 5,$/5>)&5"lC"V/3.&$".*/">&*+%(&*/"02(**,/$"0/$"
',%A)0/$" .%&1&$(*%" 0/$" 4)*4/3%$" +,)$%(%&$%&-./$" /%" 0/$" 0)**,/$" +,)3AF$&-./$" $)*%" (33(5./$?" *).$" 1/$"
35,$/*%/5)*$"3).5"/*$.&%/"35,4&$/5"1/"4)*%/<%/"0(*$"1/-./1"4/%%/"%A6$/"$2&*$45&%?"(&*$&"-./"12&**)>(%&)*"-./"
*).$"$).A(&%)*$"(33)5%/5C"



!f"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLCQC! G'E&%&)*$"/%"A&$%)5&-./"

qD(7/"/%"H(55)11?"!d_gr")*%"35)3)$,".*/"35/'&65/"0,8&*&%&)*"0/"1("4(5(4%,5&$(%&)*"0/$"5,$/5>)&5$"X"42/$%".*"
35)4,0,"3).5"4)'E&*/5"-.(*%&%(%&>/'/*%"1/$"35)35&,%,$"5,$/5>)&5?"5/4)**(u%5/"12&*8)5'(%&)*"+,)1)+&-./"/%"
1/$"&*4/5%&%.0/$"$.5"1(">(5&(E&1&%,"$3(%&(1/C"

V(*$" 1/" 4(05/" 0/" 4/%%/" %A6$/?" &1" /$%" &'3)5%(*%" 0/" 0,8&*&5" 4/" -./" *).$" (11)*$" (33/1/5" 4(5(4%,5&$(%&)*" 0/"
5,$/5>)&5C" ^.&>(*%" 1/" 0)'(&*/" 02(331&4(%&)*" ,%.0&,?" 1/" %/5'/" k"4(5(4%,5&$(%&)*"l" 3/.%" 35/*05/" 31.$&/.5$"
$/*$"X"

!! Dans le domaine des études réservoir dynamiques?" 1(" 4(5(4%,5&$(%&)*" $&+*&8&/" 12,%.0/" 0."
4)'3)5%/'/*%" 0." 5,$/5>)&5" )E$/5>," 1)5$" 0/" $&'.1(%&)*$" 02,4).1/'/*%$" 0/" 81.&0/?" *).$" 3(51)*$"
(1)5$" 31.%N%" 0/" k"$&'.1(%&)*" 5,$/5>)&5"lC" b.(*0" 4/$" ,%.0/$" $)*%" /88/4%.,/$" (>(*%" 1(" '&$/" /*"
35)0.4%&)*" 0." +&$/'/*%?" /11/$" 3/5'/%%/*%" 02(*%&4&3/5" 1/$" '&+5(%&)*$" 0/" 81.&0/" /%" )3%&'&$/5?" 3(5"
/</'31/?"1("1)4(1&$(%&)*"0/$"3.&%$"35)0.4%/.5$C"J).$"$)''/$"(1)5$"0(*$"1/"4(05/"02,%.0/$"0&%/$"0/"
k"8(&$(E&1&%,"lC" b.(*0" 4/$" %5(>(.<" $)*%" /88/4%.,$" 3/*0(*%" 1(" 35)0.4%&)*" 0." +&$/'/*%?" 1/$"
$&'.1(%&)*$"3/5'/%%/*%" 12(;.$%/'/*%" &*$%(*%(*,"0/$"3(5('6%5/$"0."')061/"5,$/5>)&5"(8&*"0/"4(1/5"
(.<"A&$%)5&-./$"0/"35)0.4%&)*"/%"35,0&5/"1/"4)'3)5%/'/*%"8.%.5"0."5,$/5>)&5C"

!! Dans le domaine des études réservoirs statiques?" /%" 4/1.&" 0/" 1(" +,)$%(%&$%&-./" 3,%5)1&65/?" 1("
k"4(5(4%,5&$(%&)*"l" /$%" $F*)*F'/"0/" k"')0,1&$(%&)*"l"X" 0/$"',%A)0/$" $)*%"'&$/$" /*"v.>5/" 3).5"
4)*$%5.&5/" 1/" '/&11/.5" ')061/" 5,$/5>)&5" 5/35,$/*%(%&8" 0/" 1(" 5,(1&%," =" 12(&0/" 02.*" '(<&'.'"
02&*8)5'(%&)*$" @+,)1)+&/?" $&$'&-./?" 3.&%$?" /%4CBC"s" 1(" 0&88,5/*4/" 0/" 1(" 0,8&*&%&)*" 35,4,0/*%/?" .*"
')061/"$%(%&-./"/$%"4)*$%5.&%C"

J)$" %5(>(.<" $)*%" /*%5/35&$" $/1)*" 4/%%/" 0/5*&65/" 0,8&*&%&)*"X" &1" 8(.%" /*%/*05/" 1/" %/5'/" 4(5(4%,5&$(%&)*" 3(5"
4/1.&"0/"')0,1&$(%&)*C"L1"$/5("(.$$&"/$$/*%&/1"0/"*/"3($"&*%/535,%/5"1/"%/5'/"k"$&'.1(%&)*"l"3(5"4/1.&"0/"1("
$&'.1(%&)*" 02,4).1/'/*%?" '(&$" 31.%N%" 3(5" 4/1.&" 0/" $&'.1(%&)*" +,)$%(%&$%&-./?" ).%&1" 3/5'/%%(*%" 1("
')0,1&$(%&)*"0."5,$/5>)&5C"

"

"

"

"

"

"

"

"

"

"



!g"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLCRC! H)*$%5.4%&)*"0/$"')061/$"5,$/5>)&5"

LLCRC!C! V,8&*&%&)*$"0."')061/"5,$/5>)&5"

D(" 4(5(4%,5&$(%&)*" 0/" 5,$/5>)&5" 4)*$&$%/" =" 45,/5" .*" ')061/" =" A(.%/" 5,$)1.%&)*" -.&" &*%6+5/" /%" 4)*4&1&/"
0&88,5/*%$"%F3/$"02&*8)5'(%&)*$"+,)1)+&-./$"/%"3AF$&-./$?"(11(*%"0/"12,4A/11/"0."3)5/"="4/11/"0."E($$&*C"H/"
')061/" /$%" $).>/*%" 0,8&*&" 4)''/" k"&*%/50&$4&31&*(&5/"l?" 4p/$%I=I0&5/" -.2&1" /$%" 4)*$%5.&%" 3(5" &*%,+5(%&)*"
02&*8)5'(%&)*$"02)5&+&*/$"/%"0/"%F3/$"0&88,5/*%$C"

:*"0/$"/*;/.<"0/"1("4(5(4%,5&$(%&)*"0/"5,$/5>)&5"/$%"0/"$,1/4%&)**/5"1/$">(5&(E1/$"@3)5)$&%,?"3/5',(E&1&%,?"
8(4&6$?" /%4CB" /%" 1/.5$" +,)',%5&/$" -.&" 3/5'/%%/*%" 0/" 0,45&5/" (." '&/.<" 1/" 5,$/5>)&5" /%" 02,>/*%./11/'/*%"
3).>)&5"'&'/5"$)*"4)'3)5%/'/*%"0(*$".*"$).4&"0/"'/&11/.5/"/<31)&%(%&)*C"

D/$",>)1.%&)*$" %/4A*&-./$"/%" 12(',1&)5(%&)*"0/$"3/58)5'(*4/$"0/" 4(14.1" &*8)5'(%&-./")*%"3/5'&$"0/3.&$"
1)*+%/'3$"0/"3($$/5"0/"')0,1&$(%&)*$"$&'31&$%/$"@4)''/"1("$&'31/"&*%/53)1(%&)*"0/$"3(5('6%5/$"5,$/5>)&5"
/*%5/" 1/$" 3.&%$" 02/<31)5(%&)*B" =" 0/$" (335)4A/$" 31.$" 4)'31/</$" 4)''/" 1/$" ',%A)0/$" 02&*>/5$&)*"
$%5(%&+5(3A&-./"/%"1/$"',%A)0/$"0/"$&'.1(%&)*"+,)$%(%&$%&-./C"

D2(335)4A/" %5(0&%&)**/11/" /$%" /88/4%.,/" 3(5" .*" +,)1)+./" 0/" 35)0.4%&)*C" #11/" (" 3).5" E.%" 0/" 0,45&5/" 1/"
5,$/5>)&5" =" 12(&0/" 0/$" >(5&(E1/$" 3,%5)3AF$&-./$" @3)5)$&%,?" 3/5',(E&1&%,B" >&(" 1/$" >&%/$$/$" $&$'&-./$?" 1("
0/*$&%,?"1/$"&'3,0(*4/$"/%"1/$"%5(*$8)5'(%&)*$".$./11/$"%/11/$"1/$",-.(%&)*$"0/"c($$'(*C"H2/$%".*/"$)1.%&)*"
0,%/5'&*&$%/"-.&"/$%"1&'&%,/"$&"1/"+&$/'/*%"/$%"4)'31/</"/%"-.&"35,$/*%/".*/"&*4/5%&%.0/",1/>,/C"L1"/$%"0)*4"
0&88&4&1/"02,%(E1&5"0/$"/$%&'(%&)*$"0/">)1.'/$"8&(E1/$C"

D2(335)4A/"+,)$%(%&$%&-./?"31.$"')0/5*/?"4)*$&$%/"/*"12/$%&'(%&)*"02.*/"0&$%5&E.%&)*"0/">(1/.5$"3)$$&E1/$"
@)." .*/" +(''/" 0/" >(1/.5$B" /*" 4A(-./" /*05)&%" 0/" 1(" Y)*/" ,%.0&,/" 3).5" 0/$" >(5&(E1/$" 3,%5)3AF$&-./$"
@12&'3,0(*4/" (4).$%&-./" 0(*$" *)%5/" 4($BC" #11/" 3/5'/%" 12&*%,+5(%&)*" 4)A,5/*%/" 0/$" 0)**,/$" 0/" %F3/$"
0&88,5/*%$?"1("')0,1&$(%&)*"0/$"A,%,5)+,*,&%,$"0/$"5)4A/$"/%"1("-.(*%&8&4(%&)*"0/$"&*4/5%&%.0/$C"

V(*$"1/"4A(3&%5/"$.&>(*%?"*).$"35)3)$)*$"0/"35,$/*%/5"1/$"35&*4&3(1/$"%/4A*&-./$"/<&$%(*%/$?"/%"*).$"*).$"
,%/*05)*$"31.$"1(5+/'/*%"$.5"12/$%&'(%&)*"+,)$%(%&$%&-./?"3).5"/*$.&%/"35,$/*%/5"1("*).>/11/"',%A)0)1)+&/"
-.&"/$%"1/"85.&%"0/"4/"%5(>(&1C"

"

"

"

"

"

"

"

"

"

"

"



!h"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLCRCQC! U/4A*&-./$"02/$%&'(%&)*"0/"12&'3,0(*4/"(4).$%&-./C"

LLCRCQC!C!D/$"0)**,/$".%&1&$,/$"

D("4(5(4%,5&$(%&)*"0/"5,$/5>)&5"8(&%"1("$F*%A6$/"0/"0)**,/$"0/"0/.<"%F3/$"@8&+.5/"QB"X"

!! D/$"0)**,/$"0&%/$"k"/$7MA$)-*]"4)''/"1/$"0)**,/$"$&$'&-./$C"H/"$)*%"0/$"0)**,/$"-.&"4).>5/*%"
0/$"Y)*/$"1(5+/$"'(&$"$)*%"0/"8(&E1/"5,$)1.%&)*"@0/"12)505/"0/"1("0&Y(&*/"0/"'6%5/$BC"

!! D/$"0)**,/$"0&%/$"k"#7.=&')$$)-*]"4)''/"1/$"0)**,/$"0/"3.&%$"-.&"*/"$)*%"4)**./$"-.2/*"4/5%(&*$"
/*05)&%$"0/"1("Y)*/"'(&$")*%".*/"5,$)1.%&)*",1/>,/"@0/"12)505/"0."4/*%&'6%5/BC"

"

6%/',)*;*\*T)-*(7..5)-*^*/$7MA$)-*]*O-%-"%?')_*>A'&Q*)&*$)-*(7..5)-*^*#7.=&')$$)-*]*O#'%&-_*MA-Q*#),")&&).&*

()* =A,A=&5,%-),* $A* `7.)* 5&'(%5)* ).* #A,A"8&,)-* ,5-),97%,* O%"#5(A.=)* A=7'-&%?')* O(,7%&)Q_* #7,7-%&5_*

#),"5AM%$%&5-_*6A=%8-_*)&=1Q1*

*

D2&*%,5P%"0/"1("4(5(4%,5&$(%&)*"0/"5,$/5>)&5"/$%"1("35&$/"/*"4)'3%/"0/"12/*$/'E1/"0/$"0)**,/$"0&$3)*&E1/$"
4)*4/5*(*%"1/"5,$/5>)&5?"/%"$.5%).%"3).>)&5"4)'E&*/5"(."'&/.<"1/.5"0&88,5/*4/"0/"5,$)1.%&)*C"

"

LLCRCQCQC!L*%/53)1(%&)*"0/$"0)**,/$"

:*/" 0/$" ',%A)0/$" $&'31/$" /%" 5(3&0/$" 3).5" 35)3)$/5" .*" ')061/" 0/" 5,$/5>)&5" /$%" 02&*%/53)1/5" 1/$"
&*8)5'(%&)*$" >./$" (.<" 3.&%$" @>&%/$$/$?" 0/*$&%," %5(*$8)5',/$" /*" &'3,0(*4/?" 3)5)$&%,?" 3/5',(E&1&%,?" /%4CB"
0(*$" %).%" 12/$3(4/?" 4/" -.&" 4)55/$3)*0" =" .*/" /$%&'(%&)*" 0/" >(5&(E1/$" 5,+&)*(1&$,/$C" L1" /$%" (.$$&" 3)$$&E1/"
02/<%5(3)1/5" 1/$" >(5&(E1/$" (.I0/1=" 0/$" 3.&%$C" H/%%/" ',%A)0/?" .%&1&$,/" 1(5+/'/*%" (." 0,E.%" 0/$" ,%.0/$"
5,$/5>)&5?" /$%" (44/3%(E1/" 3).5" 0/$" 4($" +,)1)+&-./$" $&'31/$"X" '&1&/." A)')+6*/?" %(E.1(&5/" /%" $(*$"



!_"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

0&$4)*%&*.&%,$"'(;/.5/$C" D/$" %/4A*&-./$" 02&*%/53)1(%&)*" 3/.>/*%" E&/*" $w5" P%5/" (0(3%,/$" (." 4($" 3(5" 4($"X"
31.$" 35)4A/" >)&$&*?" ')F/**/" ')E&1/?" &*>/5$/" 0/$" 0&$%(*4/$?" )." 0/$" ',%A)0/$" +,)$%(%&$%&-./$" 4)''/"
12/$%&'(%&)*"3)*4%./11/?"12/$%&'(%&)*"0/"E1)4?"/%4C?"'(&$"4/$"',%A)0/$")*%"3).5"0,8(.%"0/"*/"3($"-.(*%&8&/5"
1/$"&*4/5%&%.0/$"$.5"1/"')061/")E%/*.C"

"

LLCRCQCRC!L*>/5$&)*"$%5(%&+5(3A&-./"

D2&*>/5$&)*" $%5(%&+5(3A&-./" 3/5'/%" 12)E%/*%&)*" 0." ')061/" 5,$/5>)&5" /*" &'3,0(*4/" (4).$%&-./" =" 12(&0/"
02.*/"',%A)0/" 02&*>/5$&)*" E($,/" $.5" 1("'&*&'&$(%&)*" 02.*/" 8)*4%&)*" 4)w%C" #11/" 3/5'/%" 0/" 4(14.1/5" 1/$"
3(5('6%5/$"5,$/5>)&5$"4)''/"1/$"8(4&6$"'(&$"(.$$&"12&'3,0(*4/"(4).$%&-./?"1("3)5)$&%,"/%"1("3/5',(E&1&%,"="
12,4A/11/"0."5,$/5>)&5C"

H/%%/"',%A)0/".%&1&$/"1/$"0)**,/$"$&$'&-./$"5,/11/$"(356$")."(>(*%"$)''(%&)*"$.5".*/"Y)*/"@QV")."RVBC"
:*" 35/'&/5"')061/" 5,$/5>)&5" /$%" /$%&',?" 3(5" /</'31/" /*" &*%/53)1(*%" 1/$" >(1/.5$" 02&'3,0(*4/" >./$" (.<"
3.&%$"$.5"1("Y)*/",%.0&,/C"D/"35)E16'/"0&5/4%"4)*$&$%/"="4(14.1/5"1("5,3)*$/"$&$'&-./"0/"4/"')061/"("35&)5&"
=".*/"/<4&%(%&)*"0)**,/C"

#*$.&%/?" .*/" 8)*4%&)*" 4)w%" /$%" 0,8&*&/?" -.&" 4(14.1/" 12/55/.5" /*%5/" 1/$" 0)**,/$" $&$'&-./$" 5,/11/$" /%" 1/$"
0)**,/$"$&$'&-./$"4(14.1,/$C"D/"35&*4&3/"0/"12&*>/5$&)*"$%5(%&+5(3A&-./?"-.&"5,$).%".*"35)E16'/"&*>/5$/?"
/$%"0/"%5).>/5"1/"')061/"0/"$).$I$)1"-.&"'&*&'&$/"1("8)*4%&)*"4)w%?"0)*4"12/55/.5"/*%5/"1/$"0)**,/$"5,/11/$"
/%"4(14.1,/$C"

^).>/*%?" 1(" '&*&'&$(%&)*" 0/" 1(" 8)*4%&)*" 4)w%" /$%" .*/" ',%A)0/" 0/" +5(0&/*%" 4)*;.+.," /%" 1/" ')061/" 0/"
3(5('6%5/"5,$/5>)&5")E%/*."/$%".*&-./?"(&*$&"12&*>/5$&)*"$%5(%&+5(3A&-./"/$%".*/"',%A)0/"0,%/5'&*&$%/C"

V/3.&$"$("8)5'.1(%&)*"0/"E($/?"12&*>/5$&)*"$%5(%&+5(3A&-./"("E/(.4).3",>)1.,?"*)%(''/*%"3).5"1/"4(14.1"
0/$" 35)35&,%,$" ,1($%&-./$" 0/" 1(" $.E$.58(4/" /*" .%&1&$(*%" 1/$" 0)**,/$" $&$'&-./$" (>(*%" $)''(%&)*" -.&"
4)*%&/**/*%" %).%/" 12&*8)5'(%&)*" $&$'&-./" /*" 8)*4%&)*" 0/" 12(*+1/C" qH)*)11F?" !dddr" (" 35)3)$," 02&*>/5$/5"
$,-./*%&/11/'/*%" 1/$" 0)**,/$" $)'',/$" 3).5" 4A(-./" 41($$/" 0x(*+1/" (8&*" 02)E%/*&5" .*" ')061/" /*"
&'3,0(*4/" @3$/.0)B" ,1($%&-./" 3/5'/%%(*%" 1/" 4(14.1" 0/$" ')061/$" 02&'3,0(*4/" 0#" /%" 0-C" qO/*05/1" )&* A$1?"
Qeeer")*%"35)3)$,".*/"(',1&)5(%&)*"0."4(14.1"0/"0#"/%"0-"/*"&*>/5$(*%"$&'.1%(*,'/*%" %).%/$" 1/$"0)**,/$"
$&$'&-./$"/*"41($$/"02(*+1/C"

D("35&*4&3(1/"1&'&%(%&)*"0/"4/$"',%A)0/$"/$%"-./"1/"4(14.1"0/"0-"*2/$%"3($"E&/*"4)*0&%&)**,"3(5"1/$")*0/$"
$&$'&-./$" 0/" 4)'35/$$&)*" FFC" qU)*/11)%" )&* A$1?" Qee!r" 35)3)$/" (1)5$" .*" '/&11/.5" 4)*0&%&)**/'/*%" 0/"
12&*>/5$&)*"$%5(%&+5(3A&-./"3(5"41($$/$"02(*+1/"/*".%&1&$(*%"31.$&/.5$"')061/$"A*#,%7,%"0#?"0-"/%"0/*$&%,C"L1"
0,8&*&%"(.$$&".*/"8)*4%&)*"4)w%"-.&"/$%"+1)E(1/"4(5"/11/"4(14.1/"%).%/$"1/$"/55/.5$?"$)&%"X"

!! .*"%/5'/"$&$'&-./"-.&"4(14.1/"12/55/.5"/*%5/"1/$"0)**,/$"$&$'&-./$"5,/11/$"/%"4(14.1,/C"

!! .*" %/5'/" +,)1)+&-./" -.&" 4(14.1/" 12/55/.5" /*%5/" 1/$" 3(5('6%5/$" +,)',%5&-./$" (" 35&)5&" /%" 1/$"
3(5('6%5/$"35,0&%$C"

qG+.11)" )&* A$1?" Qee\r" )*%" /*$.&%/" 35)3)$," .*/" /<%/*$&)*" 0/" 1(" ',%A)0/" 0/" qU)*/11)%" )&* A$1?" Qee!r" /*"
.%&1&$(*%"*)*"3($".*/"$/.1/"'(&$"31.$&/.5$"4)'3)$(*%/$"0/$"0)**,/$"$&$'&-./$"(>(*%"$)''(%&)*?"$)&%"1/$"
)*0/$"FF"/%"4)*>/5%&/$"FVC"

"



!d"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLCRCQC\C!L*>/5$&)*"0/$"8)5'/$"02)*0/$"

Dp&'(+/5&/"0/$"3(5('6%5/$"3AF$&-./$"0."$).$I$)1"="3(5%&5"0p/*5/+&$%5/'/*%$"$&$'&-./$"0/"$.58(4/"4)*$%&%./"
.*"35)E16'/"&*>/5$/"*)*"1&*,(&5/C"

Dp&*>/5$&)*"0/$" 8)5'/$"0p)*0/$"/$%".*/"',%A)0/"0p&'(+/5&/"-.(*%&%(%&>/"'.1%&3(5('6%5/$?"*,4/$$&%(*%"(."
35,(1(E1/" 1(" 4)**(&$$(*4/" 35,4&$/" 0p.*" ')061/" 0/" >&%/$$/" -.&" 3/5'/%" 0/" %5(*$8)5'/5" 12&*8)5'(%&)*"
$&$'&-./"/*"3(5('6%5/$",1($%&-./$"4)''/"1/$">&%/$$/$"$&$'&-./$"K3?"K$"/%"1("0/*$&%,C"

V(*$".*"35/'&/5"%/'3$?"12&*>/5$&)*"/88/4%./"1/"4(14.1"0&5/4%"0/"12,-.(%&)*"02)*0/"3(5".*/"')0,1&$(%&)*"/*"
0&88,5/*4/$" 8&*&/$C"H/%%/"')0,1&$(%&)*?" 31.$" 3/58)5'(*%/" -./" 1("')0,1&$(%&)*" 41($$&-./" 3(5" 4)*>)1.%&)*?"
3/.%" P%5/" /88/4%.,/" 0(*$" 0/$" '&1&/.<" 4)'31/</$?" /11/" &*41.%" %).$" 1/$" %F3/$" 02)*0/$" 0." 5,+&'/" 0/"
35)3(+(%&)*"4)*$&0,5,"/%"3/5'/%"(&*$&"02)E%/*&5"="%/5'/"0/$"')061/$"5,$/5>)&5$"0/"+5(*0/"-.(1&%,C"

#*$.&%/?" 12,%(3/" 02&*>/5$&)*" $p(33.&/" $.5" .*/" ',%A)0/" 0/" +5(0&/*%" 3).5" '&*&'&$/5" .*/" 8)*4%&)*" 4)w%"
-.(*%&8&(*%"12/55/.5"1/$"0&88,5/*4/$"/*%5/"0)**,/$"$&$'&-./$")E$/5>,/$"/%"4(14.1,/$C"

]&$%)5&-./'/*%?"qU(5(*%)1(?"!d_\r"("0,>/1)33,"1/"4)*4/3%"02&*>/5$&)*"0/$"8)5'/"02)*0/$"0(*$"1/"4(05/"0/"
12/<31)5(%&)*" $&$')1)+&-./C" #*$.&%/?" qc(.%A&/5" )&* A$1?" !d_gr" /%" qa)5(?" !d_hr" )*%" 0,>/1)33," 0/$"
(1+)5&%A'/$"02&*>/5$&)*"/*"8)5'/"02)*0/$"4)'31/%$"3).5"1/$"0)**,/$"0/"$&$'&-./"5,81/<&)*"(4).$%&-./$"/%"
,1($%&-./$C"D/.5"',%A)0/"/$%"8)*0,/"$.5"1/$"$)1.%&)*$"0/"12,-.(%&)*"02)*0/"3(5"0&88,5/*4/$"8&*&/$"0(*$"1/"
0)'(&*/"%/'3$C"a(1+5,"0/$"E)*$"5,$.1%(%$"$.5"0/$"0)**,/$"$&$'&-./$"="QV?"4/%%/"%/4A*)1)+&/"*2(";('(&$"
,%,"(331&-.,/"3).5"0/$"4($"02/<31)5(%&)*"3,%5)1&65/"&*0.$%5&/11/"-.&"8)*%"&*%/5>/*&5"0/$"+5(*0/$"-.(*%&%,$"0/"
0)**,/$"$&$'&-./$C"

D2&*>/5$&)*" /88/4%.,/" 0(*$" 1/" 0)'(&*/" 85,-./*%&/1" /$%" (33(5./" 0(*$" 1/$" (**,/$" !dde"X" qO5(%%?" !dddr" ("
,%/*0."12&*>/5$&)*"/*"8)5'/"02)*0/"(."0)'(&*/"0/"Z).5&/5"-.&"/$%"02.*"3)&*%"0/">./"%A,)5&-./"$%5&4%/'/*%"
,-.&>(1/*%/"="1(">/5$&)*"%/'3)5/11/C"H/%%/",>)1.%&)*"3/5'/%"0/"1&'&%/5"1("$)1.%&)*"0."35)E16'/"&*>/5$/"="
.*" 4/5%(&*" *)'E5/" 0/" 85,-./*4/$" -.&" $)*%" &*>/5$,/$" $&'.1%(*,'/*%?" 4/" -.&" (',1&)5/" 12/88&4(4&%," 0."
35)4/$$.$" 02&*>/5$&)*" /%" 3/5'/%" 0)*4" 12(331&4(%&)*" 0/" 12&*>/5$&)*" /*" 8)5'/" 02)*0/$" 3).5" 0/$" +5(*0$"
>)1.'/$"0/"0)**,/$C"

"

D/$"',%A)0/$"0/"4)*$%5.4%&)*"0/"')061/"5,$/5>)&5"-./"*).$">/*)*$"0/"35,$/*%/5"$/"E($/*%"$.5"1/"35&*4&3/"
0/"12&*>/5$&)*"0/$"0)**,/$"$&$'&-./$C"H2/$%"="0&5/"-.2.*"')061/"("35&)5&"0)&%"P%5/"35)3)$,?"3).5"/*$.&%/"
P%5/"'&$"=";).5"(8&*"0/"'&*&'&$/5"12/55/.5"/*%5/"1/$"0)**,/$"4(14.1,/$"/%"1/$"0)**,/$"5,/11/$C"J/"$).A(&%(*%"
3($" .%&1&$/5" 4/" 8)5'(1&$'/?" *).$" 35)3)$)*$" 0/" 4(14.1/5" .*" ')061/" /*" &'3,0(*4/" (4).$%&-./" 0/" 8(y)*"
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Estimation : le krigeage 

:*" 35)E16'/" 4).5(*%" /*" $4&/*4/$" 0/" 1(" %/55/" /$%" 1(" 4(5%)+5(3A&/" 0/" >(5&(E1/$" 5,+&)*(1&$,/$" =" 3(5%&5" 0/"
3)&*%$"4)**.$"@%)3)+5(3A&/?"3)11.%&)*?"AF05)1)+&/?"/<31)5(%&)*"3,%5)1&65/?"/%4CBC"

D/"75&+/(+/"/$%".*"&*%/53)1(%/.5"-.&"("3).5"(>(*%(+/"0/"8).5*&5".*/">(5&(*4/"0p/55/.5"/*"31.$"0/"1(">(1/.5"
&*%/53)1,/C" H/%%/" >(5&(*4/" */" 0,3/*0" 3($" /<31&4&%/'/*%" 0/$" >(1/.5$" $/5>(*%" =" 1p&*%/53)1(%&)*?" '(&$" 0."
')061/"0/">(5&)+5(''/?"0/"1("3)$&%&)*"0."3)&*%"&*%/53)1,"/%"0/"1("+,)',%5&/"0/"1p,4A(*%&11)**(+/C""

"

"

"



QQ"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D2&0,/" 35&*4&3(1/" 0." 75&+/(+/" /$%" 0/" >).1)&5" 4)*$%5.&5/" .*" /$%&'(%/.5" cdO'Q" -.&" /$%" .*/" 4)'E&*(&$)*"
1&*,(&5/"0/$"0)**,/$?" $(*$"E&(&$?"/%"-.&"/$%")3%&'(1"0(*$" 1/"$/*$"0/$"')&*05/$"4(55,$C"Hp/$%I=I0&5/"-./" 1("
0&88,5/*4/"')F/**,/"/%"-.(05(%&-./"/$%"'&*&'&$,/"/*%5/"1(">(1/.5"5,/11/"cO'Q"/%"$)*"/$%&'(%&)*"X"

! "! " ! "!""#$" % $ % $!# " "

D2,-.(%&)*"0/"75&+/(+/"="5,$).05/"/$%"1("$.&>(*%/"X"

! "
#

! " ! " ! " ! "
&

% $ ' $ % $ ' $! ! !

!

"!

#

" # "# "

(>/4"X"

!! ! "% $! 12/$%&'(%&)*"="1("4&E1/"0,8&*&/"3(5"1/">/4%/.5"'C"

!! ! "' $ "1("')F/**/"("35&)5&"(.<"4&E1/$"'C"

!! $ #$%%%$&!" ! # ?"1/$"3)&0$"(331&-.,$"(.<".*0)**,/$C"

!! ! "$ #$%%%$( $ &! ! # "1/$"0)**,/$C"

!! ! "$ #$%%%$' $ &! ! # 1/$"')F/**/$"("35&)5&"0/$"4&E1/$"@3)&*%$"4)*0&%&)**(*%$BC"

^.&>(*%" 1/" $%(%.%" 0/" 1(" ')F/**/?" 1/$" ')061/$" 02/$%&'(%&)*" $)*%" 0&88,5/*%$"X" 75&+/(+/" $&'31/" @')F/**/"
4)**./B?"75&+/(+/")50&*(&5/"@')F/**/"&*4)**./B?"75&+/(+/"&*%5&*$6-./{"

"

Les simulations 

^&'.1/5"4)*$&$%/"="+,*,5/5"31.$&/.5$"5,(1&$(%&)*$"0/"1("8)*4%&)*"(1,(%)&5/C"HA(-./"$&'.1(%&)*"5/35)0.&%"1/$"
35&*4&3(1/$"4(5(4%,5&$%&-./$"0/"0&$3/5$&)*"0/"4/%%/">(5&(E1/C"#11/"3/5'/%"(1)5$"02)E%/*&5"0/$" &*8)5'(%&)*$"
02)505/"$%(%&$%&-./"X">(1/.5"',0&(*/?"81.4%.(%&)*?"/%4C"$.5"1/"3A,*)'6*/",%.0&,"/%"$.5%).%"0/"-.(*%&8&/5"0/$"
4).5E/$"0/"5&$-./"-.(*0".*/"$,1/4%&)*"/$%"(331&-.,/"(.<"5,(1&$(%&)*$C"

L1" /<&$%/" 0/" *)'E5/.$/$" ',%A)0/$" 3).5" +,*,5/5" 1/$" 8)*4%&)*$" (1,(%)&5/$" 4)''/" 4/11/" 0/" $&'.1(%&)*"
$,-./*%&/11/" +(.$$&/**/?" -./" *).$" (11)*$" .%&1&$/5C" #11/" 4)*$&$%/" =" (;).%/5" =" 12/$%&'(%&)*" 3(5" 75&+/(+/" .*"
5,$&0."3)*0,5,"3(5"12,4(5%"%F3/"0/"75&+/(+/"X"

" "# $# #
) )

& & & &( ( *# ?"

)t"X"

!! #
)
&( " "/$%"1/"75&+/(+/"0/"1(">(5&(E1/"(>/4"1/$".I!">(1/.5$"4)**./$"="12,%(3/".C"

!! #
)
&# " "/$%"12,4(5%"%F3/"0/"75&+/(+/"4)55/$3)*0(*%C"

!! X."/$%".*"5,$&0."+(.$$&/*"&*0,3/*0(*%"0/$">(1/.5$"+(.$$&/**/$"35,4,0/*%/$"iC"

^.5" .*/" Y)*/" 0/" 5,$/5>)&5" 4)*$%5.&%/" 3(5"',%A)0/" +,)$%(%&$%&-./?" 1/" 4(14.1" 0/$" >)1.'/$" @4p/$%I=I0&5/" 1("
-.(*%&%,"0/"81.&0/"4)*%/*./"0(*$".*/".*&%,"/*%5/"1/"%)&%"0."5,$/5>)&5"/%"1("$.58(4/"0/"4)*%(4%B"$/5("E&(&$,"$&"
1/"4(14.1"0/$"3(5('6%5/$"3,%5)3AF$&-./$"/$%"/88/4%.,"3(5"/$%&'(%&)*"4)''/"1/"75&+/(+/").".*/"-./14)*-./"
',%A)0/" 02&*%/53)1(%&)*" @%/4A*&-./$" 1&*,(&5/$" /%" 1&$$(*%/$BC"D(" %/4A*&-./" 0/$" $&'.1(%&)*$" 0)&%" (1)5$" P%5/"
.%&1&$,/"X"/11/"8).5*&%"0&88,5/*%$"5,$.1%(%$"0)*4"4A(4.*"5/35)0.&%" 1/$"4(5(4%,5&$%&-./$"0/"1(">(5&(E1/"&*&%&(1/"
@1/$"A,%,5)+,*,&%,$B"/%"4(1/"3(58(&%/'/*%"(.<"0)**,/$"4)*0&%&)**(*%/$C"



QR"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

G8&*"0/"$/"5/*05/"4)'3%/"0/"12(33)5%"0/"1("$&'.1(%&)*?"*).$"(88&4A)*$".*/"4)'3(5(&$)*"@8&+.5/"\B"/*%5/"1/"
75&+/(+/"@4).5E/">/5%/B"/%"0/.<"$&'.1(%&)*$"@4).5E/$"E1/./"/%"5).+/B"02.*/"$.58(4/"%)3)+5(3A&-./C"J).$"
)E$/5>)*$"E&/*"1/"4(5(4%65/"A,%,5)+6*/"5/35)0.&%"3(5"1/$"$&'.1(%&)*$?"%(*0&$"-./"12/$%&'(%&)*"3(5"75&+/(+/"
35)0.&%".*/"4).5E/"%56$"1&$$/C"

 0 500 1000  1500 

-1030 

-1020 

-1010 

-1000 

-990 

78.9

:8.9

;+#-)&-)

$#.<2&%#,'!=
$#.<2&%#,'!>

"

6%/',)* H*\* K7"#A,A%-7.* ).&,)* '.)* -',6A=)* &7#7/,A#>%?')* )-&%"5)* #A,* e,%/)A/)* O=7',M)* 9),&)Q* )&* #A,*

-%"'$A&%7.-* O=7',M)-* ,7'/)* )&* M$)')Q1* f7'-* 7M-),97.-* M%).* $)* =A,A=&8,)* >5&5,7/8.)* ,)#,7('%&* #A,* $)-*

-%"'$A&%7.-_* &A.(%-* ?')* $@)-&%"A&%7.* #A,* e,%/)A/)* #,7('%&)* '.)* =7',M)* &,8-* $%--)* OK).&,)* ()*

Y57-&A&%-&%?')_*g=7$)*()-*I%.)-*()*FA,%-Q1*

"

LLCRCRCQC!:%&1&$(%&)*"0/"12&*8)5'(%&)*"$&$'&-./"

J).$"35,$/*%)*$" 1/$"',%A)0/$"41($$&-./$"-.&"3/5'/%%/*%"02&*%,+5/5"(."4(14.1"0/" 12&'3,0(*4/"(4).$%&-./"
@)." 02(.%5/$" 3(5('6%5/$B" 12&*8)5'(%&)*" 8).5*&/" 3(5" 1(" $&$'&-./C" D("',%A)0/" +,)$%(%&$%&-./" 35)3)$,/" >("
P%5/"'&$/"/*"5/1(%&)*"(>/4"4/$"',%A)0/$"/%"*).$"/*"0,45&5)*$"12)5&+&*(1&%,C"

"

LLCRCRCQC!C! D/$"0)**,/$"$&$'&-./$"4)''/">(5&(E1/"$/4)*0(&5/"X"1/"4)75&+/(+/"/%"1("4)$&'.1(%&)*"

V/$"',%A)0/$")*%",%,"0,>/1)33,/$"3).5"&*%,+5/5"1/$"0)**,/$"$&$'&-./$"4)''/".*/">(5&(E1/"(.<&1&(&5/"-.&"
+.&0/" 12/$%&'(%&)*"02.*/"(.%5/">(5&(E1/" @3)5)$&%,?" &'3,0(*4/"(4).$%&-./?" /%4CBC"H/" $)*%" 1/$"',%A)0/$"0/"
4)75&+/(+/")."4)$&'.1(%&)*"-.&".%&1&$/*%"1("$&$'&-./"4)''/"0)**,/$"A*#,%7,%C"

D/"4)75&+/(+/"/$%".*/"',%A)0/"02&*%/53)1(%&)*"3/5'/%%(*%"0/"4)'E&*/5"31.$&/.5$"$).54/$"02&*8)5'(%&)*C"

D(" 8)5'/" 1(" 31.$" 4).5(*%/" /$%" 1/" 4)75&+/(+/" =" 0/.<" >(5&(E1/$" -.&" 4)55/$3)*0" =" 12&*%/53)1(%&)*" 02.*"
3(5('6%5/"="12(&0/"0/$"3)&*%$"4)**.$"0/"4/"'P'/"3(5('6%5/"@>(5&(E1/"35&'(&5/B"/%"0/$">(1/.5$"02.*"(.%5/"
3(5('6%5/"@>(5&(E1/"$/4)*0(&5/B"1)4(1&$,/$"/*"4/$"'P'/$"3)&*%$"/%z)."/*"02(.%5/$"3)&*%$C"

D/" 4)75&+/(+/" (" ,%," 0,>/1)33," 0(*$" 1/$" (**,/$" !dge" 3).5" 0/$" (331&4(%&)*$"'&*&65/$C" qV)F/*?" !d__r" ("
$).'&$"3).5"1("35/'&65/"8)&$"12&0,/"-./"4/%%/"',%A)0/"3).>(&%"P%5/".%&1&$,/"3).5"/$%&'/5"1("3)5)$&%,"02.*"
5,$/5>)&5" /*" .%&1&$(*%" 1/$" 1)+$" 0/" 3)5)$&%," 0/$" 3.&%$" /%" 12&'3,0(*4/" (4).$%&-./" 4(14.1,/" 3(5" &*>/5$&)*"
$&$'&-./C"

O).5" 0/$" (331&4(%&)*$" 3,%5)1&65/$?" 1(" >(5&(E1/" 35&'(&5/" 4)55/$3)*0" +,*,5(1/'/*%" (.<" '/$.5/$" )E%/*./$"
1/"1)*+"0/$"8)5(+/$?"(1)5$"-./"1("$/4)*0(&5/"/$%"&$$./"0/$"0)**,/$"$&$'&-./$C"



Q\"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D/$"35&*4&3(1/$"0&88&4.1%,$"0."4)75&+/(+/"$)*%"X"

!! 0/"0,8&*&5"/%"02(;.$%/5"1/$"')061/$"$&'31/$"/%"1/"')061/"45)&$,"0/$">(5&(E1/$"-.&"0,45&%"1("$%5.4%.5/"
4)*;)&*%/" 0/$" >(5&(E1/$" /*%5/" /11/$C" D/$" 5/1(%&)*$" /*%5/" 1/$" >(5&(E1/$?" 'P'/" $&" /11/$" $)*%" E&/*"
0,45&%/$"/*"%A,)5&/?"3/.>/*%"$2(>,5/5"0,1&4(%/$"0(*$"0/$"4($"5,/1$"@4)''/"1("3)5)$&%,"/*"8)*4%&)*"
0/"12&'3,0(*4/"(4).$%&-./BC"

!! 35/*05/"/*"4)'3%/" %).%/" 12&*8)5'(%&)*"0/" 1("$&$'&-./"@0)**,/"35,$/*%/"3(5%).%B?"4/"-.&"3)$/".*"
35)E16'/"0/"%(&11/"0/">)&$&*(+/"="4(.$/"0/"12,*)5'/"-.(*%&%,"0/"0)**,/$"$&$'&-./$C"

O1.$&/.5$" $&'31&8&4(%&)*$")*%" ,%," 35)3)$,/$" 3).5" $2(885(*4A&5" 0." 35)E16'/" 0/" %(&11/" 0/" >)&$&*(+/"X" 1/"
4)75&+/(+/" 4)1)4(1&$," qM." )&* A$1?" !ddQr" /%" qH)1,).?" QeeQ(r?" 1/" 4)75&+/(+/" '.1%&I4)1)4(1&$," qHA&16$" /%"
V/18&*/5?"!dddr")."1/"4)75&+/(+/"8(4%)5&/1"qH)1,).?"QeeQErC"

D/" 4)75&+/(+/" /$%" 4)''/" .*/" /$%&'(%&)*" -.&" 8).5*&%" .*" 5,$.1%(%" 1&$$/C" J).$" 35,8,5/5)*$" .%&1&$/5" 0/$"
$&'.1(%&)*$?"0)*4"0/$"4)$&'.1(%&)*$"3).5"*)%5/"',%A)0)1)+&/C"D/$"4)$&'.1(%&)*$"3/.>/*%"P%5/"0,8&*&/$"0/"
0&88,5/*%/$"'(*&65/$"X"

!! 1/$" 0)**,/$" $&$'&-./$" $)*%" 4)*$&0,5,/$" 4)''/" >(5&(E1/$" $/4)*0(&5/$" @4($" 1/" 31.$" 41($$&-./B?"
4)''/"3).5"1/"4)75&+/(+/C":*"(%%5&E.%"$&$'&-./"/$%"4)*$&0,5,"4)''/">(5&(E1/"$/4)*0(&5/"/%"&1"/$%"
$%(%&$%&-./'/*%"4)55,1,"(>/4"1(">(5&(E1/"35&'(&5/"-./"*).$"$).A(&%)*$"$&'.1/5C"H/$"5/1(%&)*$"/*%5/"
>(5&(E1/$"3/.>/*%"P%5/"1&*,(&5/$?"'(&$"(.$$&"*)*"1&*,(&5/$"qc)'/YI]/5*(*0/Y"/%"|).5*/1?"!ddRrC"

!! 1(" $&'.1(%&)*" $).$" 4)*%5(&*%/" 02&*%/5>(11/$" 0,3/*0(*%" 02.*/" (.%5/" >(5&(E1/" @&*8)5'(%&)*" $.5" 1("
')F/**/"1)4(1/"3(5"/</'31/BC"

!! 1("$&'.1(%&)*"4)*0&%&)**/11/"/*"4($4(0/"X"="3(5%&5"0/"1("35/'&65/"$&'.1(%&)*"0/"1("3)5)$&%,?"02(.%5/$"
>(5&(E1/$" 3/.>/*%" P%5/" +,*,5,/$" @3/5',(E&1&%,?" $(%.5(%&)*?" /%4CB" 3(5" $&'.1(%&)*" $.44/$$&>/C"H/%%/"
',%A)0/"0,E.%/" (>/4" 1(">(5&(E1/" 1("'&/.<" 4)**./?" 3.&$" 4A(-./" $&'.1(%&)*" /$%" 4)*%5(&*%/"3(5" 1("
$&'.1(%&)*"(*%,5&/.5/C"

"

LLCRCRCQCQC! H(1&E5(+/"3(5"1("$&$'&-./"X"12&*>/5$&)*"+,)$%(%&$%&-./"

D/$"',%A)0/$"02&*>/5$&)*?" %).%"4)''/"1("+,)$%(%&$%&-./?")*%"8(&%"02,*)5'/$"35)+56$"4/$" %5/*%/"0/5*&65/$"
(**,/$C" qU(5(*%)1(?" !d_hr" /%" qV.&;*0('?" !d__r" )*%" 35)3)$," 12(335)4A/" 0,%/5'&*&$%/" E($,/" $.5"
12)3%&'&$(%&)*C"

D/$"(**,/$"!dde")*%">.",'/5+/5"12&0,/"02(331&-./5"1("%/4A*&-./"0/"$&'.1(%&)*"4)*0&%&)**/11/"="12&*>/5$&)*"
0/" 12&'3,0(*4/" (4).$%&-./" 3).5" )E%/*&5" 0/$" /*$/'E1/$" 0/" ')061/$?" %).$" 4)*%5(&*%$" 3(5" 1/$" 0)**,/$"
$&$'&-./$C"H/%%/"',%A)0/" /$%" 4)''.*,'/*%" (33/1,/" &*>/5$&)*" +,)$%(%&$%&-./C"V(*$" 4/" 4($" 1/$" 0)**,/$"
$&$'&-./$"$)*%">./$"4)''/"0)**,/$"("3)$%/5&)5&C"

D("',%A)0/"(",%,"E&/*"0,45&%/"3(5"q](($"/%"V.E5.1/?"!dd\rC"D2&*>/5$&)*"+,)$%(%&$%&-./"4)*$&$%/"="+,*,5/5"
0/$" 5,(1&$(%&)*$"'.1%&31/$"0/" 12&'3,0(*4/"(4).$%&-./?" %).%/$"4)*%5(&*%/$"3(5" 1/$"0)**,/$"$&$'&-./$C"#11/"
3/5'/%"0/"5/$3/4%/5"1/$"0)**,/$"0/"3.&%$?"1/">(5&)+5(''/"/%"1/$"0)**,/$"$&$'&-./$C"

D2(1+)5&%A'/"35)3)$,"/$%"1/"$.&>(*%"X"=".*"/*05)&%"0/"1("Y)*/",%.0&,/"@QV")."RVB?"1("$&'.1(%&)*"+(.$$&/**/"
$,-./*%&/11/"4(14.1/".*"+5(*0"*)'E5/"0/"5,(1&$(%&)*$"0/"%5(4/$"/*"&'3,0(*4/"(4).$%&-./"@1/$"1)+$"0/"3.&%$"
$)*%"1/$"0)**,/$"4)*0&%&)**(*%/$BC"H/$"%5(4/$"$)*%"4)*>)1.,/$"(>/4"12)*0/1/%%/"$&$'&-./"/%"1("%5(4/"1("31.$"
$&'&1(&5/" (>/4" 1(" %5(4/" $&$'&-./" 5,/11/" /$%" $,1/4%&)**,/C" D2)3,5(%&)*" /$%" /*$.&%/" /88/4%.,/" =" .*" (.%5/"



Qf"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

/*05)&%?"4A)&$&"$/1)*".*"4A/'&*"(1,(%)&5/C"b.(*0"%).%/$"1/$"%5(4/$"/*"&'3,0(*4/"0/"1("Y)*/"$)*%"$&'.1,/$?"
1/"')061/"/*"&'3,0(*4/"(4).$%&-./"8&*(1"/$%")E%/*.C"

D2/55/.5"/*%5/"1/$"0)**,/$"$&'.1,/$"/%"1/$"0)**,/$"5,/11/$"/$%"-.(*%&8&,/"="12(&0/"02.*/"8)*4%&)*")E;/4%&>/?"
$).>/*%" /$%&',/" 3(5" .*" 5,$&0." (." $/*$" 0/$" ')&*05/$" 4(55,$C" V(*$" 4/%%/" (335)4A/?" 1(" 4)*>/5+/*4/" 0."
5,$.1%(%" *2/$%" 3($" )E%/*./" 3(5" '&*&'&$(%&)*" 0/" 1(" 8)*4%&)*" /*" '/%%(*%" =" ;).5" 1/" ')061/" @4)''/" 3).5"
12&*>/5$&)*"$%5(%&+5(3A&-./"/*"+,)3AF$&-./B?"'(&$"/*"4A)&$&$$(*%"1("'/&11/.5/"5,(1&$(%&)*"0(*$".*"3(*/1"0/"
%5(4/$"$&'.1,/$C"

D/$" 3(5('6%5/$" $%(%&$%&-./$" -.&" 4)*%5(&+*/*%" 1(" $&'.1(%&)*" $)*%" 1/$" 'P'/$" -./" 3).5" 1(" $&'.1(%&)*"
+,)$%(%&$%&-./"41($$&-./?"42/$%I=I0&5/"1/">(5&)+5(''/"/%"1/$"4(5(4%,5&$%&-./$"$%(%&$%&-./$"0/"4A(-./"4).4A/C"
D/">(5&)+5(''/"1(%,5(1"3/5'/%"02)E%/*&5".*/"4)*%&*.&%,"1(%,5(1/"/*%5/"1/$"%5(4/$"/*"&'3,0(*4/C"

D2&*>/5$&)*"+,)$%(%&$%&-./"3/5'/%"02&*%,+5/5" 1("+5(*0/" 5,$)1.%&)*">/5%&4(1/"0/$"0)**,/$"0/"3.&%$" (>/4" 1("
1(5+/"4).>/5%.5/"0/$"0)**,/$"$&$'&-./$"qU)55/$IK/50&*")&*A$1?"!dddrC"

:*"0/$"35)E16'/$"'(;/.5$"0/"4/%%/" %/4A*&-./"/$%" 1/"*)'E5/"0/" 5,(1&$(%&)*$"*,4/$$(&5/$"3).5")E%/*&5".*"
5,$.1%(%" $(%&$8(&$(*%?"/%"0)*4".*/"/55/.5"/*%5/" 1/$"0)**,/$"$&'.1,/$"/%" 1/$"0)**,/$" 5,/11/$"(44/3%(E1/C"D("
3/58)5'(*4/" 0/" 4/%%/" ',%A)0/" /$%" 0&5/4%/'/*%" 1&,/" (." *)'E5/" 0/" 5,(1&$(%&)*$" /88/4%.,/$" 3).5" 4A(-./"
%5(4/"X" *).$" 3).>)*$" P%5/" ('/*,$" =" +,*,5/5" E/(.4).3"0/" 5,(1&$(%&)*$" 3).5" /*" %5).>/5" .*/" $(%&$8(&$(*%/C"
H2/$%"*)%(''/*%"1/"4($"3).5"1/$",%.0/$"0/"5,$/5>)&5$"RV")t"1/"35)0.&%"0."*)'E5/"0/"%5(4/$"3(5"1/"*)'E5/"
0/"5,(1&$(%&)*$"4A)&$&/$"3/.%"P%5/"1).50C"

"

LLCRCRCRC!H)*%/<%/"+,)$%(%&$%&-./"0/"1("%A6$/"

V(*$" 1/" 4(05/" 0/" 4/%%/" %A6$/?" *).$" (11)*$" 35)3)$/5" .*/" ',%A)0/" -.&" $2&*$45&%" 0(*$" 1(" 1&+*,/" 0/$"
4)$&'.1(%&)*$" +,)$%(%&$%&-./$?" 4p/$%I=I0&5/" -./" *).$" .%&1&$/5)*$" .*/" 0)**,/" $/4)*0(&5/" (" 35&)5&" 3).5"
4)*%5(&*05/"1("$&'.1(%&)*"0/"12&'3,0(*4/"(4).$%&-./C"

H)*%5(&5/'/*%" (.<"',%A)0/$"0/"4)75&+/(+/"/%"0/"4)$&'.1(%&)*"-.&".%&1&$/*%" 1/$"('31&%.0/$"0/$"0)**,/$"
$&$'&-./$"4)''/">(5&(E1/"$/4)*0(&5/?"*).$"35)3)$)*$"02.%&1&$/5"1/$"5,$.1%(%$"0/"%5(&%/'/*%$"+,)3AF$&-./$"
-.&" $)*%"0/$"3)&*%,$"0/" 1(" 5,81/4%&>&%,C"H/" %F3/"0/" 5,81/4%&>&%,?")5+(*&$," $).$" 8)5'/"0/"k"$-./1/%%/"l?" /$%"
0&5/4%/'/*%"1&,"="12&'3,0(*4/"(4).$%&-./"3(5".*/"5/1(%&)*"3AF$&-./"/%"'(%A,'(%&-./"-./"*).$"35,4&$/5)*$C"
V/"31.$?"*).$"4&E1/5)*$"1/$"Y)*/$"3).5"1/$-./11/$"*).$">).1)*$"&*%,+5/5"4/%%/"&*8)5'(%&)*"/*"5,81/4%&>&%,?"
0(*$"1/"E.%"0/"5/35)0.&5/"0/$"(*)'(1&/$"02&'3,0(*4/C"

O(5"5(33)5%"="12&*>/5$&)*"+,)$%(%&$%&-./"-.&"/$%"/88/4%.,/"$).$"8)5'/"0/"E).41/$"0/"4(14.1?"*).$"35)3)$)*$"
.*"')061/"-.&"5/35)0.&%"0&5/4%/'/*%"1/$"(*)'(1&/$"4&E1,/$C"^&"1/"5,$.1%(%"/$%"$(%&$8(&$(*%"@/*"4)'3(5(*%"3(5"
/</'31/" 0/$" 0)**,/$" $&$'&-./$" $F*%A,%&-./$" =" 3(5%&5" 0." ')061/" /*" &'3,0(*4/" (4).$%&-./" (>/4" 1/$"
0)**,/$"$&$'&-./$" 5,/11/$B?" 1/"')061/"3/.%"P%5/".%&1&$," %/1"-./1C"^&"4/"*2/$%"3($" 1/"4($?" 1/"')061/"$&'.1,"
3/.%"P%5/".%&1&$,"4)''/"')061/"02/*%5,/"3).5".*/"&*>/5$&)*"$%5(%&+5(3A&-./"-.&"4)*>/5+/5("E/(.4).3"31.$"
>&%/"-./"0(*$".*"4($"41($$&-./C"

J).$"(>)*$"(.$$&"&4&"&*%,5P%"02.%&1&$/5"0/$"0)**,/$"$&$'&-./$"/<35&',/$"/*"8)*4%&)*"0/"1("35)8)*0/.5?"1("
$&'.1(%&)*"$/5("/88/4%.,/"0(*$"4/"0)'(&*/?"/*"4)A,5/*4/"(>/4"1/$"0)**,/$"0/"3.&%$C"

"



Qg"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLC\C! a,%A)0/"35)3)$,/"

:*"0/$"3)&*%$"8)5%$"0/"4/"%5(>(&1"0/"%A6$/"(",%,"0/"45,/5"0/$"1&/*$",%5)&%$"/*%5/"1/"4/*%5/"0/"c,)3AF$&-./"/%"
1/"4/*%5/"0/"c,)$%(%&$%&-./"0/"12o4)1/"0/$"a&*/$"0/"O(5&$?"1/$"0/.<"0&$4&31&*/$"(F(*%"4A(4.*/".*/"1)*+./"
/<3,5&/*4/"0(*$"1/"0)'(&*/"3,%5)1&/5C"

D(" +,)3AF$&-./" 4).>5/" 0/$" 0)'(&*/$" %56$" 1(5+/$" 4)''/" 12(4-.&$&%&)*" 0/$" 0)**,/$?" 1/$" 35,%5(&%/'/*%$?"
12/$%&'(%&)*"0."')061/"0/">&%/$$/?"12&'(+/5&/"$&$'&-./?"/%4C"

D("+,)$%(%&$%&-./?"$4&/*4/"31.$"5,4/*%/?"$2/$%"$)1&0/'/*%"3)$&%&)**,/"$.5"1/$"35)E16'/$"0/"4(5(4%,5&$(%&)*"
0/" 5,$/5>)&5" @4)''/" 12/$%&'(%&)*" 0/" 1(" +,)',%5&/" 0/$" 5,$/5>)&5$?" 1(" $&'.1(%&)*" 0/" 8(4&6$" +,)1)+&-./$B?"
'(&$"(.$$&"$.5"1/"%5(&%/'/*%"0/$">&%/$$/$"$&$'&-./$?"0/"4A(*+/'/*%$"02,4A/11/?"/%"E&/*%N%"$.5"0/$"',%A)0/$"
0/"$&$'&-./"\VC"

D2&0,/"0/"0,3(5%"0/"4/" %5(>(&1"4)*$&$%(&%"/*".*/"E)**/"4)'35,A/*$&)*"0/$" %/4A*&-./$"(331&-.,/$"3(5" 1/$"
0/.<" 0&$4&31&*/$" /%" 0/$" 5,$.1%(%$" ($$)4&,$" (8&*" 0/" 35)3)$/5" .*/" *).>/11/"',%A)0/" 0/" 4)*$%5.4%&)*" 02.*"
')061/"/*"&'3,0(*4/"(4).$%&-./"="12(&0/"02.*"'(<&'.'"02&*8)5'(%&)*$"+,)3AF$&-./$"/%"+,)$%(%&$%&-./$C"

H/%%/"',%A)0)1)+&/"&*41.%"X"

!! 1("35&$/"/*"4)'3%/"0/$"&*8)5'(%&)*$"+,)',%5&-./$"/%"-.(*%&%(%&>/$"4)*%/*./$"0(*$"1/$"5,$.1%(%$?"1/$"
%5(&%/'/*%$" 0/" 1(" +,)3AF$&-./" 4)''/" 12&'(+/5&/" $&$'&-./" /%" 12(*(1F$/" 0/" 1(" 5,81/4%&>&%,"
/*5/+&$%5,/"}"

!! 1/$").%&1$"0/"1("+,)$%(%&$%&-./"3).5"$&'.1/5".*/">(5&(E1/"="3(5%&5"0/">(1/.5$"4)**./$"@0)**,/$"0/"
3.&%$BC"

J)%5/">)1)*%,"/$%"0/"4)'E&*/5"(."'&/.<"1/$").%&1$"/%"1/$"5,$.1%(%$"/*%5/"1/$"0/.<"0)'(&*/$"/*"&*%,+5(*%".*"
4/5%(&*"*)'E5/"02&*8)5'(%&)*$"$.5"1("-.(1&%,"0/$"%5(&%/'/*%$"+,)3AF$&-./$"="1("4)*$%5.4%&)*"+,)$%(%&$%&-./"
0."')061/"5,$/5>)&5C"U5)3"$).>/*%"1/$"0&88,5/*%$"0)'(&*/$"0/$",%.0/$"3,%5)1&65/$"@+,)1)+&/?"+,)3AF$&-./?"
+&$/'/*%$?"+,)$%(%&$%&-./B"$)*%")3(-./$"1/$".*$"/*>/5$"1/$"(.%5/$"X"1/$"5,$.1%(%$"$)*%"%5(*$'&$"/%".%&1&$,$"%/1"
-./1$?"1/$"&*4/5%&%.0/$"$2(44.'.1/*%"(1)5$"/%"1/$"/55/.5$"(33(5(&$$/*%C"

D(" 8&+.5/" f" 35,$/*%/" 1/" 4)*%/<%/" 0/" 12&'(+/5&/" /%" 1(" 4(5(4%,5&$(%&)*" 0/" 5,$/5>)&5" 0(*$" 1/" 0)'(&*/"
35)8)*0/.5"0(*$"1/-./1"4/"%5(>(&1"$/5("/88/4%.,C"

D/$" 35,%5(&%/'/*%$" 0/$" 0)**,/$" $&$'&-./$" $)*%" /88/4%.,$" 0(*$" 1/" 0)'(&*/" %/'3$C" V(*$" *)%5/" 4($?" .*"
(1+)5&%A'/"0/"'&+5(%&)*"0/$"0)**,/$"/*"35)8)*0/.5"/$%".%&1&$,C"L1"3/5'/%"02)E%/*&5".*/"$/4%&)*"QV"'&+5,/"
/*"35)8)*0/.5"/%"1/$"3(**/(.<"0/"5,81/4%&>&%,"/*"(*+1/"3).5"4A(-./"3)$&%&)*"@4/%%/",%(3/"02&'(+/5&/"$/5("
0,45&%/"0(*$"1("3(5%&/"$.&>(*%/BC"

"



Qh"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

"

6%/',)*G*\*K7.&)L&)*()*$@%"A/),%)*)&*$A*=A,A=&5,%-A&%7.*()*,5-),97%,*(A.-*$)*(7"A%.)*#,767.()',1*

"

6%/',)*:*\*<,A.-%&%7.*).&,)*$)*(7"A%.)*/57#>S-%?')*)&*$)*(7"A%.)*/57-&A&%-&%?')1*

"



Q_"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D(" 8&+.5/"g" $4A,'(%&$/" 1/"3($$(+/"/*%5/" 1/"0)'(&*/"+,)3AF$&-./"/%" 1/"0)'(&*/"+,)$%(%&$%&-./"-./"*).$"
(11)*$"4)*$&0,5/5"0(*$"1/"4(05/"0/"4/%%/"%A6$/C"

H/"%F3/"02&'(+/5&/"&*%6+5/"&'31&4&%/'/*%"12,%(3/"0/"4)*>/5$&)*"%/'3$"35)8)*0/.5?"/11/"3/5'/%"0/"35)4,0/5"
(.<" %5(&%/'/*%$" 3)$%I'&+5(%&)*" 0&5/4%/'/*%" /*" 35)8)*0/.5" @12(*(1F$/"GKG?" 1(" 4(5(4%,5&$(%&)*?" /%4CBC"V/"
31.$"/11/"3/5'/%"0/"%5(>(&11/5"$.5"0/$"'&1&/.<"A,%,5)+6*/$"4)'31/</$C"

#*" +,)3AF$&-./?" 1/$" 35&*4&3(1/$" ,%(3/$" -./" *).$" '/%%5)*$" /*" v.>5/" $)*%" 12&'(+/5&/" $&$'&-./" /*"
35)8)*0/.5" =" ('31&%.0/$" 35,$/5>,/$" @(>/4" %).%" 4/" -./" 4/1(" &'3)5%/"X" 35,%5(&%/'/*%" 0/$" 0)**,/$" 0/"
$&$'&-./?"12,1(E)5(%&)*"0."')061/"0/">&%/$$/?"4(1(+/"0/"12&'(+/"$&$'&-./"(."3.&%$?"/%4CB"/%"1/$"%5(&%/'/*%$"
(356$"&'(+/5&/"X"&*>/5$&)*"GKG?"4(14.1"0/$"$-./1/%%/$"/%"(*(1F$/"0/$"%5(;/4%)&5/$C"

D/$"5,$.1%(%$"-./"*).$".%&1&$/5)*$"3).5"1("+,)$%(%&$%&-./"$)*%" 12&'(+/"'&+5,/"/*"35)8)*0/.5?" 1/$"$/4%&)*$"
GKG"/%"1/$"1)+$"0/$"3.&%$"35,$/*%$"$.5"1("Y)*/",%.0&,/C"J).$"35)3)$/5)*$".*/"(*(1F$/">(5&)+5(3A&-./"0/$"
&'3,0(*4/$"(.<"3.&%$"3).5" 5/35)0.&5/" 1/"4)'3)5%/'/*%"$%5.4%.5(1"0/" 12&'3,0(*4/"(4).$%&-./?"3.&$"*).$"
/88/4%./5)*$"1/$"$&'.1(%&)*$"+,)$%(%&$%&-./$"="3(5%&5"0/$"3.&%$"$).$"4)*%5(&*%/"0/$"&*8)5'(%&)*$"4)*%/*./$"
0(*$" 1/$" $/4%&)*$" GKG" @+,)',%5&/" /%" &*8)5'(%&)*" -.(*%&%(%&>/B" 3).5" )E%/*&5" 8&*(1/'/*%" .*" ')061/"
5,$/5>)&5"0,45&>(*%"(."'&/.<"1("$%5.4%.5/"0."$)1"/%"4)*%/*(*%"0/$"(*)'(1&/$"/*"AF05)4(5E.5/C"

D(" ',%A)0)1)+&/" 4)'316%/" >(" P%5/" 0,>/1)33,/" 0(*$" 1(" 3(5%&/" $.&>(*%/"/%" 0&88,5/*%/$" (331&4(%&)*$" $)*%"
35)3)$,/$" 3(5" 1(" $.&%/"X" %).%" 02(E)50" .*/" (331&4(%&)*" $.5" .*" ')061/" $F*%A,%&-./" -.&" (" 3/5'&$" 0/"
0,>/1)33/5"/%"%/$%/5"*)$").%&1$C"#*$.&%/?".*/"'&$/"/*"v.>5/"0/"4/%%/"',%A)0)1)+&/"$.5"0/$"0)**,/$"5,/11/$?"
/%"/*8&*".*/"(331&4(%&)*"$.5".*"')061/"$F*%A,%&-./"45,,"3(5"1("+,)$%(%&$%&-./C"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"



Qd"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

LLLC!a,%A)0)1)+&/"
"

"

"

"

"

"

"

"

"

"

"

"

"

"

"



Re"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D(" ',%A)0)1)+&/" 35)3)$,/" 8(&%" &*%/5>/*&5" .*" +5(*0" *)'E5/" 0/" 4)*4/3%$" /%" 02).%&1$" /*" +,)3AF$&-./" /%"
+,)$%(%&$%&-./C" HA(-./" ,%(3/" /$%" 0,>/1)33,/" /%" &11.$%5,/" 3(5" 0/$" /</'31/$" 0&88,5/*%$C" HA(4.*/" 0/$"
(331&4(%&)*$"$.5"0)**,/$"$F*%A,%&-./$"/%"5,/11/$"-./"*).$"35,$/*%/5)*$"0(*$"1/$"4A(3&%5/$"$.&>(*%$"5/>&/*%"
$.5"4/$"4)*4/3%$?"'(&$"8(&%"(.$$&"&*%/5>/*&5"0/$"*)%&)*$"$.331,'/*%(&5/$?"(0(3%,/$"="4A(-./"4($"3(5%&4.1&/5C"

D("35/'&65/"3(5%&/"/$%"/$$/*%&/11/'/*%"+,)3AF$&-./?"/11/"%5(&%/"12&'(+/5&/"$&$'&-./?"/%"31.$"35,4&$,'/*%"1("
'&+5(%&)*"(>(*%"$)''(%&)*"/*"35)8)*0/.5"/%"="('31&%.0/"35,$/5>,/"@F,)-),9)(*!"#$%&'()*F,)-&A=e*4)#&>*
I%/,A&%7.?"OGO$Va"(.$$&"(33/1,/"'&+5(%&)*",A%*h*i%,=>>766*0/"3(5%" 1/$"0/.<"(335)<&'(%&)*$"'(;/.5/$"
'&$/$" /*" v.>5/BC" O.&$" *).$" *).$" 4)*4/*%5/5)*$" $.5" 12(*(1F$/" 0/" 1(" 5,81/4%&>&%," /*" 8)*4%&)*" 0/" 12(*+1/"
02&*4&0/*4/"0/"12)*0/"@(*(1F$/"!"#$%&'()*+),-'-*!./$)"GKGB"(356$"1("'&+5(%&)*"/%"1/$"5,$.1%(%$"0/"4/%%/"
(*(1F$/"-.&"$/5)*%".%&1/$"3).5"1("$.&%/"0/"1("',%A)0/C"

D(" 0/.<&6'/" 3(5%&/" 4)*4/5*/" 1/$" ',%A)0/$" +,)$%(%&$%&-./$" @31.$" 35,4&$,'/*%" 1/" >(5&)+5(''/" /%" 1("
$&'.1(%&)*B" /%" 12.%&1&$(%&)*" 0/$" 5,$.1%(%$" 0." %5(&%/'/*%" +,)3AF$&-./" 3).5" 1(" 4)*$%5.4%&)*" 02.*" ')061/"
5,$/5>)&5"/*"&'3,0(*4/"(4).$%&-./C"

"

LLLC!C! L'(+/5&/"$&$'&-./"

#*" +,)3AF$&-./?" 1/$" ',%A)0/$" 02/<31)5(%&)*" 0." $).$I$)1" $)*%" *)'E5/.$/$?" /11/$" $)*%" E($,/$" $.5" 0/$"
35&*4&3/$" 3AF$&-./$" 0&88,5/*%$"X" 12,1/4%5)'(+*,%&$'/?" 1(" +5(>&',%5&/?" 1(" 4)*0.4%&)*" ,1/4%5&-./?" /%4C" D("
',%A)0/"1("31.$"4).5(*%/"-.&"(",%,"35&*4&3(1/'/*%"0,>/1)33,/"3(5"12&*0.$%5&/"3,%5)1&65/"/%"-.&"/$%"E($,/"$.5"
1(" 35)3(+(%&)*" /%" 1(" 5,81/<&)*" 0/$" )*0/$" $&$'&-./$" /$%" 12&'(+/5&/" $&$'&-./" @)." 31.$" 35,4&$,'/*%"
k"$&$'&-./"5,81/<&)*"lBC"

"

LLLC!C!C!]&$%)5&-./"

D(" 5,4.3,5(%&)*" 0/$" AF05)4(5E.5/$" /$%" .*" /*;/."')*0&(1"'(;/.5C" D2&*0.$%5&(1&$(%&)*"'($$&>/" 0/3.&$" 1/"
0,E.%"0."MLM/"$&641/?"12.%&1&$(%&)*"&*4)*%).5*(E1/"0/$"')F/*$"0/"%5(*$3)5%$"5).%&/5$?"(,5&/*$"/%"'(5&%&'/$?"
1/" 0,>/1)33/'/*%" 0." 4)*8)5%" 0)'/$%&-./" @4A(.88(+/" (."+(Y" *(%.5/1" /%" 8&).1B?" )*%" 4)*0.&%" 1/" 3,%5)1/?" (."
'P'/"%&%5/"-./"12/(.?"="0/>/*&5".*/"5/$$).54/"&*0&$3/*$(E1/"(."8)*4%&)**/'/*%"/%"(."0,>/1)33/'/*%"02.*"
3(F$C"

D2(**)*4/" 02.*/" 3,*.5&/" 3)$$&E1/?" 1/$" *)'E5/.<" 35)E16'/$" +,)3)1&%&-./$?" ,4)*)'&-./$" /%"'(&*%/*(*%"
/*>&5)**/'/*%(.<",E5(*1/*%"12&*0.$%5&/"3,%5)1&65/"/%"('6*/*%"1/$"4)'3(+*&/$"="(.+'/*%/5"1("4(3(4&%,"0/"
35)0.4%&)*"0/$"+&$/'/*%$"/<&$%(*%$"@/*"(.+'/*%(*%"3(5"/</'31/" 1/" %(.<"0/"5,4.3,5(%&)*B"/%" &*4&%/*%"=" 1("
5/4A/54A/"0/"*).>/11/$"5,$/5>/$C"

V(*$".*"4)*%/<%/"0&88&4&1/"/%"&*$%(E1/?"1/$"4)'3(+*&/$"3,%5)1&65/$"@(&0,/$"(4%./11/'/*%"3(5".*"35&<"0."E(5&1"
0/"3,%5)1/",1/>,?"ge"~"/*" 8,>5&/5"QeehB"*2A,$&%/*%"3($"=" &*>/$%&5"0/" 8(y)*"(445./"0(*$" 1(" 5/4A/54A/"/%" 1/"
0,>/1)33/'/*%" 0/$"',%A)0/$" 02/<31)5(%&)*" -.&" )*%" 4)*$%(''/*%" ,>)1.," 0/3.&$" 1/$" (**,/$" !dQeI!dRe?"
*)%(''/*%"1/$"%/4A*&-./$"02&'(+/5&/"$&$'&-./C"

D/"0,>/1)33/'/*%"0/$"%/4A*&-./$"0/"5/4).>5/'/*%"0/$"(4-.&$&%&)*$"0(*$"1/$"(**,/$"!dfe?"1("*.',5&$(%&)*"
0/$" 0)**,/$" 0(*$" 1/$" (**,/$"!dge" /%" 3(5(1161/'/*%" 1/$" 35)+56$" 0/" 12&*8)5'(%&-./" /%" 12,1/4%5)*&-./" )*%"
4)*0.&%"="12,1(E)5(%&)*"0/"',%A)0/$"02&'(+/5&/"QV"/%"$.5%).%"RVC"



R!"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLLC!CQC! O5&*4&3/"0/"12&'(+/5&/"$&$'&-./"

D2&'(+/5&/"$&$'&-./"("3).5"E.%"02)E%/*&5"0/$"&'(+/$"0."$).$I$)1?"02&0/*%&8&/5"35,4&$,'/*%"$("4)'3)$&%&)*"
/%"/*"3(5%&4.1&/5"0,%/4%/5"1("35,$/*4/"02A.&1/"/%"0/"+(YC"

L1"/$%" &'3/*$(E1/"02&'(+/5" %).%"1/"$).$I$)1"3).5"5,(1&$/5".*/"5/4A/54A/"$F$%,'(%&-./"0/$"AF05)4(5E.5/$?"
(&*$&" &1" /$%" &*0&$3/*$(E1/" 0/" 4)**(u%5/" 1/$" ',4(*&$'/$" 0/" 8)5'(%&)*" /%" 02(44.'.1(%&)*" 3).5" 3).>)&5"
1)4(1&$/5"1/$"Y)*/$"5,$/5>)&5$"3)%/*%&/11/$"@8&+.5/"hBC"

"

!"#$%&'(#&(')*+,%&
-.*)%.)*&(/$'$01&(&"(')*+,%&

"

6%/',)*B*\*0$$'-&,A&%7.*()-*#%8/)-*J*>S(,7=A,M',)-*$)-*#$'-*=7',A.&-*O-7',=)*\*E).,S_*3WWBQ1*4)'L*/,A.(-*

&S#)-*()*#%8/)-*)L%-&).&*\*$)-*#%8/)-*-&,A&%/,A#>%?')-*)&*$)-*#%8/)-*-&,'=&',A'L1*

"

O(5"(*(1)+&/"(>/4"1/"$/4%/.5"',0&4(1?"12&'(+/5&/"$&$'&-./"/$%"$/'E1(E1/"="12,4A)+5(3A&/"35,*(%(1/"@8&+.5/"
_B"X"0/$".1%5($)*$"$)*%"/*>)F,$"0(*$"1/">/*%5/"'(%/5*/1"/%"$/"5,81,4A&$$/*%"$.5"1/$")5+(*/$"0."8v%.$C"V(*$"
4/" 4($" 1/$" 85,-./*4/$" .%&1&$,/$" $)*%" 0/" 12)505/" 0/" R"a]Y" 3).5" )E%/*&5" .*/" 5,$)1.%&)*" &*8,5&/.5/" (."
'&11&'6%5/C"V(*$"1/"4($"0/"12/<31)5(%&)*"3,%5)1&65/"1/$"0&'/*$&)*$"$)*%"0&88,5/*%/$"X"1/"4)53$"&'(+,"/$%"1("
$.E$.58(4/" @$/$" 35/'&/5$" 7&1)'6%5/$BC" D/$" )*0/$" .%&1&$,/$" $)*%" 1/$" )*0/$" 0/" 4)'35/$$&)*" O" /%z)." 0/"
4&$(&11/'/*%"^C" D/$" 85,-./*4/$" $)*%" E/(.4).3" 31.$" 8(&E1/$?" /*%5/" !e" /%" !Qe"]Y" 3).5" .*/" +5(*0/"
3,*,%5(%&)*?" '(&$" .*/" 5,$)1.%&)*" 0/" 12)505/" 0." '6%5/" =" 1(" 0&Y(&*/" 0/" '6%5/$C" V(*$" 1/$" 0/.<" 0)'(&*/$"
12&'(+/5&/" (" ,>)1.," 0/$" ',%A)0/$" QV" (.<" ',%A)0/$" RV" (." 4).5$" 0/$" >&*+%" 0/5*&65/$" (**,/$?"
/$$/*%&/11/'/*%"+5�4/"="12,1/4%5)*&-./"/%"12&*8)5'(%&-./C"



RQ"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

?+1@<)'()!A!BCD

E1$,2<%#,'!A!B#22#.F%+)

?+1@<)'()!A!GD

E1$,2<%#,'!A!BF%+)!H "1(&.F%+) "

6%/',)* U*\* !.A$7/%)* ).&,)* $@5=>7/,A#>%)* "5(%=A$)* O/A'=>)Q* )&* $@%"A/),%)* -%-"%?')* O(,7%&)Q1* T)-* 7.()-*

'&%$%-5)-* .)* -7.&* #A-*()*"j")*.A&',)* O6,5?').=)-* (%665,).&)-Q1*4A.-* $)-*()'L*(7"A%.)-* $)-*"5&>7()-*J*

&,7%-*(%").-%7.-*7.&*5"),/5*O-7',=)-*\*#,7N)&*F,7='M)&)A"_Y)7"7,)Q1*

"

:*/"$).54/"(5%&8&4&/11/"@/<31)$&8").">&E5(%/.5"$.5"%/55/?"4(*)*"="(&5"/*"'/5B",'/%"0/$")*0/$"0(*$"1/"$).$I
$)1C" H/$" )*0/$" 35)3(+,/$" $/" 5,81,4A&$$/*%" /%" $/" 0&885(4%/*%" $.5" 1/$" &*%/58(4/$" 0,1&'&%(*%" 1/$" 4).4A/$"
+,)1)+&-./$C" :*" /*$/'E1/" 0/" 4(3%/.5$" 3)$&%&)**,$" /*" $.58(4/" @+,)3A)*/$" $.5" %/55/" /%" AF05)3A)*/$" /*"
'/5B"3/5'/%"12/*5/+&$%5/'/*%"0."%/'3$"02(55&>,/"0/$")*0/$"-.&")*%",%,"5,81,4A&/$">/5$"1("$.58(4/C"

L1"/$%"(&*$&"3)$$&E1/"0/"4)**(u%5/"1("5,81/4%&>&%,"0/"4A(-./"3)&*%"0."$).$I$)1?"/%"0)*4"$)*"&'(+/"$%5.4%.5(1/"
="QV")."RV"$/1)*"1/"0&$3)$&%&8".%&1&$,C"

D(" 8&+.5/" d" ')*%5/" .*" 0&$3)$&%&8" 02(4-.&$&%&)*" 0/" $&$'&-./" '(5&*/C" D(" 8&+.5/" !e" 35,$/*%/" 0/.<"
3A)%)+5(3A&/$"@3/5$)**/11/$B"02.*"E(%/(."02/<31)5(%&)*"$&$'&-./"(33(5%/*(*%"="12L85/'/5C"D("3A)%)+5(3A&/"
0/"05)&%/"')*%5/"1/$"0/.<"4(*)*$"="/(."%&5,$".*/"0&Y(&*/"0/"'6%5/$"0/55&65/"1/"E(%/(.?"/%" 1/$"0/.<"81w%/$"
4)*%/*(*%"1/$"$,5&/$"0/"4(3%/.5$"(%%(4A,/$"(.<"E5($"/<%,5&/.5$C"

"

"

"

"

"



RR"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

"

6%/',)*W*\*0$$'-&,A&%7.*(@'.)*A=?'%-%&%7.*-%-"%?')*"A,%.)*\*'.*MA&)A'*&%,)*'.*(%-#7-%&%6*()*=A.7.-*J*A%,*)&*

()-*6$k&)-*=7.&).A.&*$)-*>S(,7#>7.)-*?'%*).,)/%-&,).&*$)-*&)"#-*(@A,,%95-*()-*7.()-*?'%*7.&*5&5*,56$5=>%)-*

#A,*$)*-7'-b-7$1*

*

" "

6%/',)* 3D*\* lA&)A'* (@)L#$7,A&%7.* -%-"%?')* ^*T)* V',7m&*]* ()* $A* =7"#A/.%)* 06,)"),* O/A'=>)Q* A'* (5#A,&*

(@'.)*"%--%7.*).*"),*I5(%&),,A.5)1*+')*A,,%8,)*('*#7.&*"'.%*()*$@5?'%#)").&*(@A=?'%-%&%7.*O(,7%&)Q_*$)-*

()'L*=A.7.-*J*A%,*-7.&*%""),/5-*J*$@A,,%8,)*('*MA&)A'1*4)'L*6$k&)-*()*2*e"*()*$7./*"'.%-*(@>S(,7#>7.)-*

-7.&*A&&A=>5)-*J*()-*M,A-*)L&5,%)',-*O=7.&,%M'&%7.*#),-7..)$$)Q1*

"

"

"



R\"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D/$"/*5/+&$%5/'/*%$"3(5"1/$"4(3%/.5$"0/"12/*$/'E1/"0/$")*0/$"$)*%"0/$"%5(4/$"$&$'&-./$"/*"%/'3$"<O&Q"0)*%"
12,-.(%&)*"/$%?"0(*$"1/"')061/"0&%"4)*>)1.%&8"X"

! " ! "! ! " ! " ! "" ! "+ ,++ + *- + . + + /"$0+ +$ # ! ! % $ "

D("%5(4/"$&$'&-./"4)'35/*0"31.$&/.5$"%/5'/$"X"

!! 1/" 35/'&/5" %/5'/" '.1%&31&4(%&8" A&&O&Q" -.&" /$%" 1/" %/5'/" 02(1%,5(%&)*" 0." $&+*(1" @1/$" 4)55/4%&)*$"
02('31&%.0/"$/5)*%"/<31&4&%,/$".1%,5&/.5/'/*%BC"L1"/$%"="1("8)&$"+,)',%5&-./"@0,45)&$$(*4/"/*"!z,"0/"
12('31&%.0/"/*"8)*4%&)*"0/"1("0&$%(*4/",B"/%"(*,1($%&-./"@3/5%/"02,*/5+&/"/%"0&'&*.%&)*"0."4)*%/*."
85,-./*%&/1"(>/4"1("35)8)*0/.5BC"J).$"4A/54A)*$"$).>/*%"="/*"4)'E1/5"1("3(5%&/"35,3)*0,5(*%/"0./"
="12/<3(*$&)*"0."85)*%"02)*0/?"/*"(331&-.(*%".*/"4)55/4%&)*"0/"+(&*"/%"(&*$&")E%/*&5"0/$"$/4%&)*$"
,*/5+&-./'/*%"%56$",-.&1&E5,/$C"D/"35)E16'/"/$%"-./"4/%%/"4)55/4%&)*"0,%5.&%"12&*8)5'(%&)*"$.5"1/$"
('31&%.0/$"4)*%/*./$"0(*$"4A(-./" %5(4/"/%" 1/" %5(>(&1".1%,5&/.5" $.5" 12&*8)5'(%&)*"-.(*%&%(%&>/"0/$"
5,81/<&)*$"0." $).$I$)1" $/5("E&(&$,C"J).$"35,8,5)*$" (1)5$" 4)*$/5>/5" 1/$" 4(5(4%,5&$%&-./$"0." $&+*(1"
35)35/"="4A(-./"%5(4/C"

!! XKO&Q"4)55/$3)*0"(.<"4)/88&4&/*%$"0/"5,81/<&)*"0."$).$I$)1C"

!! -O&Q"/$%"1/"%/5'/"0/"$).54/C"

!! IO&Q"/<35&'/"1/$"5,81/<&)*$"'.1%&31/$C"

!! 1/" %/5'/" 0/" E5.&%" (00&%&8" M,'%&O&Q" /$%" 4)*$%&%.," 0/$" E5.&%$" (1,(%)&5/$" /%" 0/$" (55&>,/$" 0/$" )*0/$"
5,85(4%,/$"-.&"$/"35)3(+/*%"31.$" 1/*%/'/*%"-./" 1/$")*0/$"0/"5,81/<&)*C"H/"E5.&%"3/.%"P%5/"(**.1,"
3(5"8&1%5(+/").",1&'&*(%&)*"@"'&)B?"*).$"(.+'/*%)*$"(&*$&"1/"5(33)5%"$&+*(1zE5.&%C"

D/$" 35,%5(&%/'/*%$" 0/$" 0)**,/$" E5.%/$?" 0)*4" 12/*$/'E1/" 0/$" %5(4/$" $&$'&-./$" /*5/+&$%5,/$" 1)5$" 0/"
12(4-.&$&%&)*" $)*%" 0/$" ,%(3/$" /$$/*%&/11/$" 3).5" /$3,5/5" )E%/*&5" .*/" E)**/" &'(+/" 0." $).$I$)1C" D/"
35,%5(&%/'/*%"$/5("(E)50,"(."$/&*"0/$"4A(3&%5/$"$.5"1/$"(331&4(%&)*$C"

V2.*"3)&*%"0/">./"&0,(1?"*).$"%5(>(&11)*$"(>/4"1("%5(4/"0,E(55($$,/"0/$"E5.&%$"/%"0/$"'.1%&31/$"X"

! " ! "! ! " ! ""+ ,++ + *- + . +$ # ! "

a(&$?"1("%5(4/"3/.%"(.$$&"P%5/"0,4)*>)1.,/?"4p/$%I=I0&5/"-./"12)*"5/%&5/"1/"%/5'/"0/"$).54/C"J).$")E%/*)*$"
(1)5$"1/"1)+"0/"5,81/4%&>&%,"X"

1 *-# ?"

)."

%1 ,++ *-# "

$&"*).$"*2(331&-.)*$"3($"0/"4)55/4%&)*"0/"+(&*C"

D2&'3.1$&)*" &*&%&(1/" -O&Q* /$%" >./" 4)''/" .*/" )*0/1/%%/" $&$'&-./" 02.*/" 1)*+./.5" 02)*0/" 0)**,/C" D/$"
$%5.4%.5/$"8&*/$"0."$).$I$)1"*2)*%"+1)E(1/'/*%"3($"02&'3(4%"$.5"1/$"4A('3$"02)*0/$"-.&"1/$"%5(>/5$/*%"X"&1"
/<&$%/" .*/" 1&'&%/" 0/" 5,$)1.%&)*" 0/" 12&'(+/5&/" $&$'&-./" -.2&1" /$%" 3)$$&E1/" 0/" 5,0.&5/" /*" (+5(*0&$$(*%" 1("



Rf"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

E(*0/"0/" 85,-./*4/"0/" 12)*0/1/%%/" &*&%&(1/?"'(&$" 4/4&" (."0,%5&'/*%"0."3).>)&5" 0/"3,*,%5(%&)*"0." 4A('3"
02)*0/C"

V(*$" 1/" 4($" 0/" 1(" 0,4)*>)1.%&)*?" 12/$%&'(%&)*" 0/" 12)*0/1/%%/" /$%" .*" 3)&*%" 45.4&(1?" &1" 8(.%" 4)**(u%5/" $)*"
4)*%/*."85,-./*%&/1?"$)*"%F3/"@9&47/5%"02)505/"!?"Q")."R{B?"/%"$("3A($/C"

J).$" (11)*$" '(&*%/*(*%" 0,45&5/" 1/$" %F3/$" 0/" %5(&%/'/*%$" 41($$&-./$" -.&" $/5)*%" (331&-.,$" (.<" 0)**,/$"
$&$'&-./$" /*5/+&$%5,/$?" 3).5" 3).>)&5" /*$.&%/" 0,>/1)33/5" 1/" %F3/" 02&'(+/5&/" -.&" $/5(" .%&1&$," 0(*$" 4/%%/"
%A6$/C"#*"/88/%?" 1/$"0)**,/$"$&$'&-./$"E5.%/$"*/"$)*%"3($"0&5/4%/'/*%".%&1&$(E1/$"3).5".*/" &*%/535,%(%&)*"
5)E.$%/" 0." $).$I$)1" &'(+," /%" 3).5" 0/$" %5(&%/'/*%$" 3)$%I&'(+/5&/?" 4)''/" 12,%.0/" 0/" 1(" >(5&(%&)*" 0/" 1("
5,81/4%&>&%,"/%"/*"3(5%&4.1&/5"*)%5/"',%A)0)1)+&/"0/"4)*$%5.4%&)*"0/"5,$/5>)&5"/*"&'3,0(*4/"(4).$%&-./C"

"

LLLC!CRC! U5(&%/'/*%$"41($$&-./$"

D("8&+.5/"!!"5/35,$/*%/".*"/</'31/"0/"3)&*%"0/"%&5"$&$'&-./"')*%5(*%"1/$"5,81/<&)*$"/*5/+&$%5,/$"/*"%/'3$"
3(5".*"/*$/'E1/"0/"4(3%/.5$C"H/%%/"$/4%&)*"5/35,$/*%/"0)*4".*"/*$/'E1/"0/"%5(4/$"$&$'&-./$"0&$3)$,/$"1/$"
.*/$"="4N%,"0/$"(.%5/$C"D2)88$/%"@)."0,3)5%"/*"85(*y(&$B"4)55/$3)*0"="1("0&$%(*4/"/*%5/"$).54/"/%"5,4/3%/.5C"

J).$"F")E$/5>)*$"1/$"AF3/5E)1/$"0/"5,81/<&)*"-.&"$)*%"1("$&+*(%.5/"0/$"5,81/4%/.5$"$&$'&-./$C"D/"%5(&%"/*"
3)&*%&11,"5).+/"&*0&-./".*/"0/"4/$"AF3/5E)1/$C"#11/$"$)*%"4).5E,/$">/5$"1/"E($"@/88/%"02)E1&-.&%,B"/*"5(&$)*"
0."%/'3$"02(55&>,/"45)&$$(*%"(>/4"12(.+'/*%(%&)*"0/"12)88$/%C"

I66$)%!8;.9 J

K

L

L

M
)
.
0
$
!8
$
9

"

6%/',)* 33*\* ZL)"#$)* ()* #7%.&* ()* &%,*"7.&,A.&* $)-* ,56$)L%7.-* ).,)/%-&,5)-* ).* &)"#-* #A,* '.* ).-)"M$)* ()*

=A#&)',-1*f7'-*S*7M-),97.-*$)-*>S#),M7$)-*()*,56$)L%7.*?'%*-7.&*$A*-%/.A&',)*()-*,56$)=&)',-*-%-"%?')-1*



Rg"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLLC!CRC!C! H)55/4%&)*$"0F*('&-./$"@JaSB"

D(" 4)55/4%&)*" 0F*('&-./" 4)'3/*$/" 12/88/%" 02)E1&-.&%," 0/$" 5,81/<&)*$" 1/" 1)*+" 0/" 12)88$/%C" #11/" (" 3).5"
35&*4&3/"0/" 5('/*/5" 1/$" %/'3$"02(55&>,/"="4/.<"0/" %5(4/$" =")88$/%"*.1?" 4p/$%I=I0&5/"-.(*0" 1(" $).54/"/%" 1/"
5,4/3%/.5" $)*%" 4)*8)*0.$C" H/%%/" 4)55/4%&)*" /$%" 4)''.*,'/*%" (33/1,/" J)5'(1" a)>/" S.%" @JaSBC" D("
4)55/4%&)*"0,3/*0"0/"12)88$/%">"/%"0."%/'3$"02(55&>,/"&*0/"12)*0/"5,81,4A&/C"

O).5" 1/"4($"02.*" 5,81/4%/.5"A)5&Y)*%(1" /%"3).5".*/"4).4A/"A)')+6*/?" 1(" 5,81/<&)*"$.5" 12&*%/58(4/"("3).5"
&*0&4(%5&4/".*/"AF3/5E)1/"02,-.(%&)*"X"

&
& &

' &
! "

2
+ 2 +

3
# $ "

)t" &D" /$%" 1/" %/'3$" )t" 12,'/%%/.5" /%" 1/" 5,4/3%/.5" 4)*8)*0.?" +" 1(" >&%/$$/" 02&*%/5>(11/" 0(*$" 1(" 4).4A/"
$.5')*%(*%"12&*%/58(4/"/%">"12)88$/%C"

"

O).5" 1/$"4($"0/"31.$&/.5$" 5,81/4%/.5$"A)5&Y)*%(.<"/%"02.*/"$.44/$$&)*"0/"4).4A/$"31(*/$?"A)5&Y)*%(1/$"/%"
A)')+6*/$"02,3(&$$/.5"%/'3$"!%"/%"0/">&%/$$/"+%"X"

&
& &

' &
! "

"'.

2
+ 2 +

3
# $ "

)t"+,"-*/$%"1(">&%/$$/"')F/**/"%/'3$"0/$">&%/$$/$"02&*%/5>(11/"+%C"

"

O).5"1/$"4($"02.*"5,81/4%/.5"&*41&*,"*).$"(>)*$"X"

&
& (&

' (&
! "

2
+ 2 +

3!
# $ "

)t" "* /$%" 1/" 3/*0(+/" 0." 5,81/4%/.5?" &D@
;" /$%" 1/" %/'3$" 4)55/$3)*0(*%" (." 5(F)*" *)5'(1" (." 3)&*%I'&1&/."

4)''.*"/%"X"

)*+

3
3!

!
# "

( &
' '

+,-
! "

4
+ 2 +

3

!
# % "

(>/4"&D"1/"%/'3$"4)55/$3)*0(*%"(."5(F)*"*)5'(1"(."3)&*%"$).54/"/%"1/"$&+*/"�")."m"0,3/*0"0/"1("3)$&%&)*"0."
5,4/3%/.5"3(5"5(33)5%"="1("$).54/C"

"

"

"

"



Rh"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLLC!CRCQC! H)55/4%&)*$"0/"3/*0(+/"@VaSB"

b.(*0"1/$"3/*0(+/$"0/$"&*%/58(4/$"$)*%"&'3)5%(*%$?"&1"/$%"*,4/$$(&5/"0/"%5(*$8)5'/5"1/$"4)11/4%&)*$"3)&*%I
'&1&/."4)''.*"/*"4)11/4%&)*"3)&*%I'&5)&5"0/"8(y)*"="4/"-./"4A(-./"3)&*%I'&1&/."4)''.*"4)*%&/**/"1/$"
(55&>,/$"5,81,4A&/$"35)>/*(*%"0."'P'/"3)&*%I'&5)&5C"H/%%/"%5(*$8)5'(%&)*"/$%"(33/1,/"4)55/4%&)*"0/"12/88/%"
0/"3/*0(+/")."VaS"@V&3"a)>/"S.%B?"qa(5&")&*A$1?"!ddhrC"

G356$"4)55/4%&)*$"0F*('&-./$?"1/$"(55&>,/$"5,81,4A&/$"(33(5(&$$/*%"$.5"1/$"%5(4/$"02.*"'P'/"3)&*%I'&1&/."
4)''.*"="0/$"%/'3$"&@D_>"$/1)*"1("5/1(%&)*"X"

(
'$ ' '

+,-

(2

4 2
+ + +

3 3

!
# % # % "

)t"+@*/$%"1(">&%/$$/"(33(5/*%/",+(1/"(."5(33)5%"0/"85,-./*4/*6"(."*)'E5/"02)*0/"e"X"+@a6ne1"

U).%" 4)''/" 1(" 4)55/4%&)*"JaS?" 1(" 4)55/4%&)*" 0/" 3/*0(+/"VaS" 4)*$&$%/" =" %5(*$8)5'/5" 1/$" $/4%&)*$" ="
)88$/%"4)*$%(*%"/*"$/4%&)*$"=")88$/%"*.1"/%"3/.%"$/"5,(1&$/5"(.$$&"E&/*"0(*$"1/"0)'(&*/"85,-./*%&/1"@6_eB"-./"
1/"0)'(&*/"%/'3$"@>_&BC"

D/$"$/4%&)*$"(356$"4)55/4%&)*"0/"3/*0(+/"VaS"/%"4)55&+,/$"JaS"3/.>/*%"P%5/".%&1&$,/$"4)''/"0)**,/$"
/*%5(*%/$"0/"1("'&+5(%&)*"(356$"$)''(%&)*"/*"%/'3$"@3)$%I$%(47BC"

"

LLLC!CRCRC! D("'&+5(%&)*"

D/$" 0)**,/$" $&$'&-./$" E5.%/$" $)*%" $).>/*%" 5/+5).3,/$" 3(5" 3)&*%$" '&1&/." 4)''.*$" @HaOB" )." 3)&*%$"
35)8)*0/.5"4)''.*$"@HVOBC""#11/$">)*%"P%5/".%&1&$,/$"3).5"12(*(1F$/"0/"12('31&%.0/"0/"1("5,81/4%&>&%,"/*"
8)*4%&)*"0/" 12)88$/%C"D/"35)E16'/"/$%"-./" 1/"3)$&%&)**/'/*%" /%" 1(" 1)*+./.5"0/$" ,>,*/'/*%$">.$"0(*$" 1("
$/4%&)*"%/'3$"$)*%"1/"31.$"$).>/*%"/55)*,$"@8&+.5/"!QBC"

V(*$"1/"4($"0/"12&'(+/5&/"02.*"'&1&/."3/."4)'31/</?"5/1(%&>/'/*%"%(E.1(&5/?"1("$/4%&)*"=")88$/%"*.1"0)**/"
.*/"35/'&65/"&'(+/"0/$"$%5.4%.5/$"+,)1)+&-./$C"H/3/*0(*%?"$&"1/"'&1&/."&'(+,"/$%"31.$"4)'31/</?"(>/4"0/$"
4).4A/$"="8)5%"3/*0(+/?"0/$"8(&11/$")."0/$"4)*%5($%/$"0/">&%/$$/"1(%,5(.<"&'3)5%(*%$?"&1"/$%"&*0&$3/*$(E1/"0/"
35)4,0/5"="1("'&+5(%&)*"0/$"0)**,/$"/*"35)8)*0/.5C"

H2/$%"(1)5$"-.2&*%/5>&/*%"1/"35&*4&3/"0/"'&+5(%&)*?"-.&"/<&$%/"0/3.&$"12(33(5&%&)*"0/"1("$&$'&-./"5,81/<&)*"
0(*$"1/$"(**,/$"!dQe"@35/'&65/"/<3,5&/*4/"0/"12(11/'(*0"a&*%5)3BC"L1"4)*$&$%/"(."5/3)$&%&)**/'/*%"0(*$"
1/" 0)'(&*/" %/'3$" )." 1/" 0)'(&*/" 35)8)*0/.5" @12&'(+/5&/" /*" 35)8)*0/.5" /$%" (33(5./" 31.$" %(50B" 0/$"
5,81/<&)*$")E$/5>,/$"0(*$"1/$"0)**,/$?"/%"$&"3)$$&E1/?"="5/%5).>/5"-.(*%&%(%&>/'/*%"1/$"35)35&,%,$"0."'&1&/."
4)''/"1/$"4)*%5($%/$"02&'3,0(*4/C"

:*/"0/$"0,8&*&%&)*$"0/"1("'&+5(%&)*"4)55/$3)*0"(."0,31(4/'/*%"k"&'(+&*(&5/"l"/*"35)8)*0/.5"0/$"$).54/$"
/%"0/$"5,4/3%/.5$C"

"

"



R_"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

&

N

O>P!E> O=P!E=

4
+,
6,
'
3
)
<
+ M

)
.
0
$

&Q

NQ

"

6%/',)*3;*\*0$$'-&,A&%7.*('*#,%.=%#)*()*"%/,A&%7.*)&*()* $@)66)&*()*"%/,A&%7.1*T@).,)/%-&,)").&*oA@_M@p*()-*

7.()-* ,56$5=>%)-* -',* $)* -)/").&* oA_Mp* )-&* ,5A$%-5* (A.-* $)*(7"A%.)* &)"#-* O,7'/)Q1*TA* ,)#,5-).&A&%7.* )-&*

),,7.5)* ).* &),")-* ()* #7-%&%7._* #).(A/)* )&* &A%$$)1* TA*"%/,A&%7.* =7.-%-&)* J* 7M&).%,* $@%"A/)* =7,,)=&)* ).*

#,767.()',*OM$)'Q*J*#A,&%,*()*$A*-)=&%7.*&)"#-*O6$8=>)-*.7%,)-Q1*

*

D/$" ',%A)0/$" /<&$%(*%/$" 3).5" 5,$).05/" 4/" 35)E16'/" $)*%" %).%/$" E($,/$" $.5" 1(" 5,$)1.%&)*" 02.*/" 8)5'/"
02,-.(%&)*"02)*0/C"#11/$"$/"0&$%&*+./*%"$/1)*"-./"X"

!! 1("$/4%&)*"'&+5,/"$)&%"5/35,$/*%,/"/*"8)*4%&)*"0."%/'3$"@'&+5(%&)*"/*"%/'3$")."&%")*"%/,A&%7."lB"
)."0/"1("35)8)*0/.5"@'&+5(%&)*"35)8)*0/.5")."()#&>*"%/,A&%7.BC"

!! /11/$" .%&1&$/*%" .*" *)'E5/" 5,0.&%" 0/" 0)**,/$" )E%/*./$" 3(5" $)''(%&)*" 0/$" %5(4/$" )5&+&*(1/$"
@'&+5(%&)*" (356$" $)''(%&)*" )."#7-&b-&A=e*"%/,A&%7.B" )." -.2/11/$" .%&1&$/*%" %).%/$" 1/$" %5(4/$" 0/$"
0)**,/$"(>(*%"$)''(%&)*"@'&+5(%&)*"(>(*%"$)''(%&)*")."#,)b-&A=e*"%/,A&%7.BC"

D("8&+.5/"!R"')*%5/".*"/</'31/"0/"'&+5(%&)*"/*"35)8)*0/.5"$(*$"$)''(%&)*"0/"0)**,/$"$&$'&-./$"QV"/*"
%/'3$"X" 1/$" ,>,*/'/*%$" $)*%" 5/3)$&%&)**,$" /*" 35)8)*0/.5" /%" 8).5*&$$/*%" .*/" 35/'&65/" &*%/535,%(%&)*"
$%5.4%.5(1/"0/"1("Y)*/"&'(+,/C"

H/$"',%A)0/$" $)*%" $).>/*%" 4)'E&*,/$"/%" 1("',%A)0/" 1("31.$"(0(3%,/"3).5" 1/$"'&1&/.<"4)'31/</$"/$%" 1("
'&+5(%&)*"/*"35)8)*0/.5"(>(*%"$)''(%&)*"0/$"%5(4/$"@)."F,)-&A=e*4)#&>*I%/,A&%7.B"4)''/"4/"$/5("1/"4($"
0(*$"4/%%/" %A6$/?"$).$" 5,$/5>/"02(335)<&'(%&)*$"3).5" 5/*05/" 1/"4(14.1"0/" 1("'&+5(%&)*"8(&$(E1/")."')&*$"
4)w%/.<C"

"



Rd"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

"

"

6%/',)*32*\*ZL)"#$)*()*"%/,A&%7.*).*#,767.()',*A9A.&*-7""A&%7.*()*(7..5)-*%.%&%A$)-*).*&)"#-1*Z.*>A'&*

-7.&* A66%=>5)-* $)-* (7..5)-* ).* &)"#-_* #7',* '.)* (%-&A.=)* -7',=)* ,5=)#&)',* =7.-&A.&)* O-)=&%7.* J* 766-)&*

=7""'.Q1* Z.* MA-* $)* ,5-'$&A&* ()* $A*"%/,A&%7.* A9)=* ()-* 595.)").&-* ,)#7-%&%7..5-* ).* #,767.()',* )&* ?'%*

67',.%--).&*'.)*#,)"%8,)*%.&),#,5&A&%7.*/57$7/%?')*()*$A*`7.)*%"A/5)1*V7',=)*o<>%),,S_*3WWBp1*

"

"

"

"

"

"

"



\e"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLLC!CRC\C! a)061/"0/">&%/$$/"

D/"')061/" 0/" >&%/$$/" /$%" .*" ,1,'/*%" 45.4&(1" 0(*$" 1(" 4A(u*/" 0." %5(&%/'/*%" $&$'&-./C" L1" (" .*/" &*81./*4/"
'(;/.5/" $.5" 1/" 35,%5(&%/'/*%?" 1("'&+5(%&)*" /%" 1(" 5/1(%&)*" /*%5/" 12)88$/%" /%" 12(*+1/" -./" *).$" /<31&4&%/5)*$"
.1%,5&/.5/'/*%C"

V(*$"1/"4($"02.*"'&1&/."%5&0&'/*$&)**/1?"1("4)'31/<&%,"0."')061/"0/">&%/$$/"/$%"0,8&*&/"3(5"1/"*)'E5/"0/"
0&5/4%&)*$"3).5"1/$-./11/$"/<&$%/*%"0/$"4)*%5($%/$?"0)*4"0/$"A,%,5)+,*,&%,$C"

D/"'&1&/."3/.%"0)*4"X"

!! P%5/"A)')+6*/"0(*$"1/$"%5)&$"0&5/4%&)*$C"

!! ')*%5/5" 0/$" >(5&(%&)*$" 0(*$" .*/" $/.1/" 0&5/4%&)*?" +,*,5(1/'/*%" 1(" 35)8)*0/.5?" 4/" -.&" 0)**/" .*"
'&1&/."%(E.1(&5/"0)*%"1/$"4).4A/$"$)*%"A)')+6*/$C"

!! ')*%5/5"0/$">(5&(%&)*$"0(*$"0/.<"0&5/4%&)*$?"<"/%"Y"@4($"k"QCf"V"lBC"

!! ')*%5/5"0/$">(5&(%&)*$"0(*$"%).%/$"1/$"0&5/4%&)*$?"&1"/$%"0)*4"%)%(1/'/*%"A,%,5)+6*/C"

D/"35)E16'/"0/"1("0,%/5'&*(%&)*"0."')061/"0/">&%/$$/"*2/$%"="12A/.5/"(4%./11/"-./"3(5%&/11/'/*%"5,$)1.C"D("
',%A)0/"1("31.$"41($$&-./"/$%"12(*(1F$/"0/">&%/$$/"E($,/"$.5"1/"3)&*%,"0/$">&%/$$/$"-.(05(%&-./$"')F/**/$C"
H/"3)&*%"/$%"(E)50,"="1("O(5%&/"K"1)5$"0/"12(331&4(%&)*"0/"1("',%A)0/"$.5"1/$"0)**,/$"5,/11/$C"

H/" %F3/"02(*(1F$/"0/">&%/$$/"*2/$%" (331&4(E1/" -.2(.<"'&1&/.<" $%5(%&8&,$" A)5&Y)*%(1/'/*%" /%" $2(>65/"0)*4"
&*(0(3%,"(.<"'&1&/.<"4)'31/</$C"

V/3.&$" .*/" -.&*Y(&*/" 02(**,/$?" 31.$&/.5$" ',%A)0/$" )*%" ,%," 0,>/1)33,/$" 3).5" %/*%/5" 0/" 3(11&/5" 4/"
35)E16'/?" 1(" 35&*4&3(1/" 0&88&4.1%," ,%(*%" 0/" $.5')*%/5" 1(" *)*I1&*,(5&%,C"V/" 1("'P'/" 8(y)*" -./" 12(*(1F$/"
41($$&-./?"4/$"',%A)0/$".%&1&$/*%" 1/$"0)**,/$")E$/5>,/$"3).5"/<%5(&5/" 12&*8)5'(%&)*"$.5" 1(" 1)&"0/">&%/$$/C"
H/$"%/4A*&-./$"-.&"$/"+,*,5(1&$/*%"0(*$"1("35(%&-./"$)*%"1("%)')+5(3A&/"0/"%/'3$"0/"%5(;/%"/%"12(*(1F$/"0/"
>&%/$$/C"

D/" ')061/" 0/" >&%/$$/" (" /*" 3(5%&4.1&/5" .*/" &'3)5%(*4/" 35,3)*0,5(*%/" 3).5" 1(" '&+5(%&)*" 0/$" 0)**,/$C"
D)5$-./" 1/"')061/" 0/" >&%/$$/" .%&1&$," 3/*0(*%" 1("'&+5(%&)*" /$%" 4)55/4%?" 1(" 3)$&%&)*" /*" 35)8)*0/.5" 02.*/"
&*%/58(4/?"-.&"/$%".*&-./?"*/"0)&%"3($"0,3/*05/"0."0,3)5%")."0/"12(*+1/"qG1Ij(AF(?"!d_dr"X"1/$"3(**/(.<"/*"
(*+1/"@(33/1,$"L$)IMB"0)&>/*%"0)*4"35,$/*%/5"0/$",>,*/'/*%$"A)5&Y)*%(.<?"-./11/"-./"$)&%"1("4)'31/<&%,"
0."$).$I$)1"@8&+.5/"!\BC"

V(*$" 1/" 4($" )t" 1/" ')061/" 0/" >&%/$$/" /$%" $.5/$%&',?" 4p/$%I=I0&5/" -./" 1(" >&%/$$/" /$%" %5)3" ,1/>,/?" 1/$"
,>,*/'/*%$"0(*$"12L$)IM"3/*4A/*%">/5$"1/"E($C"V(*$"1/"4($")t"1/"')061/"0/">&%/$$/"(",%,"$).$I/$%&',?"*).$"
)E%/*)*$"12&*>/5$/C"H/$"4).5E.5/$"0(*$"1/$"L$)IM"$)*%"(33/1,/$"1/$"3/*%/$"5,$&0./11/$C"

#*8&*?" &1" *2F" (" -./" 0(*$" 1/" 4($" )t" 1/" ')061/" 0/" >&%/$$/" /$%" 35)4A/" 0/" 1(" 5,(1&%," -./" 1/$" ,>,*/'/*%$"
(33(5(&$$/*%"31(%$C"

D("8&+.5/"!f"')*%5/"0/.<"$/4%&)*$"5,/11/$"(>(*%"/%"(356$"'&+5(%&)*"/*"35)8)*0/.5"/88/4%.,"(>/4".*"')061/"
0/" >&%/$$/" 4)55/4%?" 4p/$%I=I0&5/" .*" 3)&*%" 0/" %&5" /<35&'," /*" %/'3$" @+(.4A/B" /%" .*" L$)IM" /<35&'," /*"
35)8)*0/.5C"

"



\!"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

M
)
.
0
$

4
+,
6,
'
3
)
<
+

"

6%/',)* 3H*\* X5-'$&A&* ()* $A*"%/,A&%7.* ).* #,767.()',* #7',* #$'-%)',-*"7(8$)-* ()* 9%&)--)* -',* '.* #A..)A'*

-=>5"A&%-A.&* '.* #7%.&* ()* &%,1* q* /A'=>)* $)-* (7..5)-* %.%&%A$)-* )L#,%"5)-* ).* &)"#-* )&* 7,/A.%-5)-* -)$7.*

$@766-)&*=,7%--A.&1*q*(,7%&)*$)*,5-'$&A&*"%/,5*).*#,767.()',*#7',*&,7%-*"7(8$)-*()*9%&)--)*(%665,).&-1*V)'$*$)*

"7(8$)*()*9%&)--)*#,7=>)*()*$A*,5A$%&5*#7-%&%7..)*=7,,)=&)").&*J*#$A&*$)-*598.)").&-1*

M
)
.
0
$
!8
$
9

I66$)%!8.9 I66$)%!8.9

R

KSLL KSLLL L

L

R

L

4
+,
6,
'
3
)
<
+!
8;
.
9

K

T'-2)!8U9 KSI66$)%!8.9
"

6%/',)*3G*\*X5-'$&A&*()*$A*"%/,A&%7.*).*#,767.()',*-',*'.*#A..)A'*,)#,5-).&A.&*'.*#7%.&*()*&%,1*q*/A'=>)*

$)-* (7..5)-* %.%&%A$)-* )L#,%"5)-* ).* &)"#-* )&* -)$7.* $@766-)&* =,7%--A.&1* q* (,7%&)* $)* ,5-'$&A&* "%/,5* ).*

#,767.()',*A9)=*$)-*595.)").&-*,)"%-*J*#$A&1*



\Q"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D/"$).4&"0/"8&(E&1&%,"0."')061/"0/">&%/$$/"/$%"/$$/*%&/1"3).5"'/*/5"="E&/*".*/"'&+5(%&)*?"'(&$"(.$$&" 1/$"
35,%5(&%/'/*%$"0/$"0)**,/$"E5.%/$C"H/"35)E16'/"*/"8(&%"3($"3(5%&/"0."%5(>(&1"35,$/*%,"0(*$"4/"5(33)5%C"

H/3/*0(*%"*).$"*).$"0/>)*$"0/"E&/*"4)'35/*05/"12&*8)5'(%&)*"4)'35&$/"0(*$"4/$"L$)IM"/%"12(33)5%"-./"
*).$" 3).>)*$" /*" %&5/5" 3).5" 1(" 4(5(4%,5&$(%&)*" 0/" 5,$/5>)&5C" J).$" 35,$/*%/5)*$" 31.$" %(50" .*/" ',%A)0/"
02(*(1F$/" 0/" 1(" 5,81/4%&>&%," /%" 1/$" &*8)5'(%&)*$" -./" *).$" 3).>)*$" /*" %&5/5" $.5" 1(" -.(1&%," 0/" 12&'(+/5&/"
.%&1&$,/C"

"

LLLC!CRCfC! H)*>/5$&)*")88$/%"="(*+1/"

D/$"0)**,/$"$&$'&-./$"8).5*&$$/*%".*/"&*8)5'(%&)*"$.5"1/"4)*%5($%/"0/"5,81/4%&>&%,"/*"8)*4%&)*"0."%/'3$"/%"
0/"12)88$/%C"D("'&+5(%&)*"/*"35)8)*0/.5"-./"*).$".%&1&$/5)*$"3/5'/%%5("02)E%/*&5"0/$"0)**,/$"/<35&',/$"
/*"35)8)*0/.5"/%"/*"8)*4%&)*"0/"12)88$/%C"a(&$"1/$",-.(%&)*$"-.&"5,+&$$/*%"1/$">(5&(%&)*$"0."4)/88&4&/*%"0/"
5,81/<&)*"$/5)*%"/<35&',/$"/*"8)*4%&)*"0/"12(*+1/"02&*4&0/*4/C"

L1"/$%"(1)5$"*,4/$$(&5/"0/"4)*>/5%&5"1/$"0)**,/$"/<35&',/$"/*")88$/%"/*"0)**,/$"/<35&',/$"/*"(*+1/C"

H1($$&-./'/*%?"4/"4(14.1"3/.%"$/"8(&5/"="3(5%&5"0/"31.$&/.5$"AF3)%A6$/$"qW(10/*?"!dd!r"X"

!! 1/"'&1&/."/$%"A)')+6*/"/*%5/"1("$.58(4/"/%"1/"3)&*%"35)8)*0/.5C"

!! 1/"'&1&/."/$%"$%5(%&8&,"(>/4"0/$"5,81/4%/.5$"A)5&Y)*%(.<"qV&<?"!dffrC"

!! 1/"'&1&/."/$%"4)'3)$,"02.*/"4).4A/"A)')+6*/"0/">&%/$$/"+,"-"/%".*/"0/5*&65/"4).4A/"(.I0/$$.$"
0."3)&*%"0/"5,81/<&)*"(.<-./11/$")*"(331&-./"1("1)&"0/"^*/11IV/$4(5%/$C"

D2/$%&'(%&)*" 41($$&-./" 0/$" (*+1/$" $/" 8(&%" $.5" 4A(-./" 3)$&%&)*" 3)&*%I'&1&/." 4)''.*" @)." =7""7.*I%(b
F7%.&""HaOB"3).5"4A(-./")88$/%C"D/$"%5(4/$"$)*%"$)'',/$"0(*$"0/$"41($$/$"02(*+1/$"35,0,8&*&/$"/%"*).$"
)E%/*)*$".*";/."0/"0)**,/$"$&$'&-./$"4)'3)$,"0/"-./1-./$"+(''/$"(*+.1(&5/$"@0/"12)505/"0/"1("0&Y(&*/B"
="4)'3(5/5"(.<"4/*%(&*/$"0/"+(''/$"0/"4)*%5&E.%&)*$"/*"0,3)5%C"

J).$" (11)*$"'(&*%/*(*%" 35,$/*%/5" 1("',%A)0/" 02&'(+/5&/" -./" *).$" (11)*$" .%&1&$/5C" H2/$%" .*/"'&+5(%&)*"
35)8)*0/.5" (>(*%" $)''(%&)*" /%" =" ('31&%.0/$" 35,$/5>,/$" /%" 35,$/*%/" E/(.4).3" 02(>(*%(+/$" 3).5" *)%5/"
',%A)0)1)+&/"0/"4)*$%5.4%&)*"02.*"')061/"/*"&'3,0(*4/"(4).$%&-./C"

"

LLLC!C\C!a&+5(%&)*"$&$'&-./"/*"35)8)*0/.5"="('31&%.0/"35,$/5>,/C"
'$3)V,+',<3)W#+!

O(5"$).4&"0/"81.&0&%,"0/"4/"',')&5/?"*).$"35,$/*%)*$"/*"(**/</"!"1/"35&*4&3/"0/"1("'&+5(%&)*"35)8)*0/.5"
35/$%(47"="('31&%.0/"35,$/5>,/")."F,)-),9)(*!"#$%&'()*F,)-&A=e*4)#&>*I%/,A&%7."@OGO$VaBC"

J).$"'/*%&)**)*$"$/.1/'/*%" 1/"8(&%"-./"4/" %F3/"02&'(+/5&/"$/"E($/"$.5" 1("5/8)5'.1(%&)*"0."35&*4&3/"0/"
'&+5(%&)*?" -.&" (" ,%," .*/" 0/$" ,>)1.%&)*$"'(;/.5/$C" #*" /88/%?" 1(" '&+5(%&)*" /$%" >./" 4)''/" .*/"',%A)0/"
02&*>/5$&)*?"4p/$%I=I0&5/"E($,/"$.5"1("',%A)0/"0."35)E16'/"&*>/5$/"0/"qU(5(*%)1(?"!d_\rC"

D/$"0)**,/$"&*&%&(1/$"$)*%"0/$"0)**,/$"$&$'&-./$"/*"%/'3$"/%"*)*"$)'',/$"D/$"0&88,5/*%/$",%(3/$"0/"1("
'&+5(%&)*"$)*%"X"

!! 1/"%5(4,"0/"5(&$"$&$'&-./$"@35)E16'/"0&5/4%B"(."$/&*"0."')061/"0/">&%/$$/"-.&"(",%,"1&$$,?"/%"0)*4"1/"
4(14.1" 0/$" 8)*4%&)*$" 0/"c5//*" -.&" 8).5*&$$/*%" 1(" 5,3)*$/" &'3.1$&)**/11/" =" .*/" $).54/" 0(*$" .*"



\R"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

4/5%(&*"'&1&/.C"H/$" 8)*4%&)*$" 8).5*&$$/*%" 1/$">(1/.5$"0/"0&>/5+/*4/"+,)',%5&-./?" /%" 1/" %/'3$"0/"
%5(;/%"0/$")*0/$C"

!! 1(" 5,$)1.%&)*" 0." 35)E16'/" &*>/5$/" -.&" 3/5'/%" 0/" 8)5'.1/5" 12/<35/$$&)*" 0/" 1(" '&+5(%&)*" -.&"
'&*&'&$/".*/"8)*4%&)*"4)w%"/*%5/"1/$"0)**,/$"$&$'&-./$"'/$.5,/$"/%"4(14.1,/$C"

!! 1("'&+5(%&)*"0/$"(%%5&E.%$"$&$'&-./$"@4)''/"12(*+1/B?"/%"1("4)*>/5$&)*")88$/%"="(*+1/"&*%5&*$6-./C"

D("8&+.5/"!g"')*%5/".*"$4A,'("0/"1("'&+5(%&)*"OGO$VaC"D/"5,$.1%(%"0/"12&'(+/5&/"/$%".*"/*$/'E1/"0/"
0)**,/$"'&+5,/$"/*"35)8)*0/.5"/%"="('31&%.0/"35,$/5>,/C"O/53/*0&4.1(&5/'/*%"="1("$/4%&)*"="(*+1/"*.1?"1/$"
$/4%&)*$" L$)IM" @)."H&c"3).5*K7""7.* %"A/)*YA&>),B" 8).5*&$$/*%" 1(" 5,81/4%&>&%,"0/" 4A(-./"3)&*%" &'(+,"
$/1)*"12(*+1/C"

HA(4.*/"0/$" ,%)&1/$" $.5" 1/$"0)**,/$" /*" %/'3$" &*0&-./".*/"0&$%(*4/" $).54/I5,4/3%/.5" @)88$/%B" 45)&$$(*%/"
3).5".*"3)&*%"&'(+,?"/%"/$%"($$)4&,/"=".*/",%)&1/"$.5"12L$)IM?"$/1)*".*"(*+1/"45)&$$(*%C"
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"

6%/',)* 3:*\* r)'* ()* (7..5)-* ;4_* =$A--5* ).* 67.=&%7.* ()* $@766-)&* O/A'=>)Q* )&* #A--A/)* A'* (7"A%.)* "%/,5*

O(,7%&)Q1*T@0-7bs*)-&*%.(%?'5*).*=A,,5*.7%,1*T)*-=>5"A*('*MA-*"7.&,)*$@%"A/),%)*(@'.*"j")*#7%.&*-'%9A.&*

(%665,).&-* 766-)&* O7'* (%-#7-%&%7.* ()* $A* -7',=)* )&* ('* ,5=)#&)',* $@'.* #A,* ,A##7,&* J* $@A'&,)Q1* K)-*

).,)/%-&,)").&-*-7.&*%.(%?'5-*-',*$)-*#A..)A'L*J*$@A%()*(@5&7%$)-1*OV=>5"A*(@A#,8-*oK>A',%-_*;DDDpQ1*

"

"
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\\"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

O).5" 5,$.'/5" 1/$"(33)5%$"0." %5(>(&1" /*"35)8)*0/.5?" 1/" %(E1/(."0/" 1(" 8&+.5/"!h"0,45&%" 1("4)'3(5(&$)*"0/$"
',%A)0/$"02&'(+/5&/"0(*$"1/"4($"41($$&-./"/*"%/'3$"/%"*)%5/"4($"/*"35)8)*0/.5C"

D/$" 0)**,/$" (>(*%" $)''(%&)*" 3/5'/%%/*%" 0/" 4)*$/5>/5" %).%/" 12&*8)5'(%&)*" $.5" 1(" >(5&(%&)*" 0/" 1("
5,81/4%&>&%,?".*"3)&*%"/$$/*%&/1"3).5"1/"E)*"0,5).1/'/*%"0/$"%5(&%/'/*%$"(356$"'&+5(%&)*C"

Y,#!3)!Z#%)$$)!J"Y,#!3)!Z#%)$$)!>"!
Conversion Offset -

Angle

[<&2#%1 3)!2&!.#-+&%#,'!0+,6,'3)<+Y#.#%&%#,'!3<!%+&#%).)'%!%).0$Complexité de la cible

Y,#!3)!Z#%)$$)!J"!

Y,+$!3)!2&!.#-+&%#,'!0+,6,'3)<+

Y,#!3)!Z#%)$$)!>"!

Y,+$!3)!2&!(&+&(%1+#$&%#,'

Conversion Temps -

Profondeur

B#-+&%#,'!@<&'%#%&%#Z)

\,++)(%#,'!3#Z)+-)'()!

-1,.1%+#@<)!J"!#.02#(#%)

\,++)(%#,'!3#Z)+-)'()!

-1,.1%+#@<)!>"

Préservation de 

l’amplitude

4+,6,'3)<+M).0$Contexte

"

6%/',)*3B*\*K7"#A,A%-7.*()-*#,7=5(5-*(@%"A/),%)*(A.-*$)-*()'L*=7.&)L&)-*&)"#-*)&*#,767.()',1*

"

J).$" 0,45&>)*$" 1/$" 3)&*%$" 3).5" 1/$-./1$" 4/%%/" '&+5(%&)*" /$%" .*/" $)1.%&)*" 3).5" +(5(*%&5" 1/$" '/&11/.5$"
5,$.1%(%$"3).5"1/"E)*"8)*4%&)**/'/*%"0/"*)%5/"',%A)0)1)+&/"X"

!! 41($$&-./'/*%?" 1(" 4)55/4%&)*" 0/" 0&>/5+/*4/" +,)',%5&-./" 8)*4%&)*" 0." %/'3$" /$%" (331&-.,/" (.<"
0)**,/$" $&$'&-./$" &*&%&(1/$" 1)5$" 0/" 1(" 3A($/" 0/" 35,%5(&%/'/*%$" 3).5" 5/A(.$$/5" 12('31&%.0/" 0/$"
0)**,/$" &*&%&(1/$"-.&")*%",%,"(1%,5,/$C"D/"35)E16'/"/$%"-./"4/%%/" 4)55/4%&)*?" $).>/*%" /88/4%.,/" ="
3(5%&5" 02.*/" 1)&" 0/" >&%/$$/" !V?" 0,%5.&%" 12&*8)5'(%&)*" $.5" 1/$" ('31&%.0/$" /%" 1/.5$" >(5&(%&)*$C" D("
'&+5(%&)*"(>(*%"$)''(%&)*"="('31&%.0/"35,$/5>,/"/*"35)8)*0/.5?"-.&".%&1&$/".*/"1)&"0/"4)55/4%&)*"
+,)',%5&-./"RV" &'31&4&%/?"/$%".*/"E)**/"$)1.%&)*"3).5"+(5(*%&5" 1("-.(1&%,"/%" 1("35,$/5>(%&)*"0/$"
>(5&(%&)*$"02('31&%.0/$"4)*%/*./$"0(*$"1/$"0)**,/$"E5.%/$C"

!! 1("'&+5(%&)*"3/5'/%".*"5/3)$&%&)**/'/*%"/*"35)8)*0/.5"0/$",>,*/'/*%$"/%"0/" 1(" 8)4(1&$(%&)*"0/"
%).%/$"1/$"4)*%5&E.%&)*$"4)*%/*./$"0(*$"1/$"0)**,/$"(>(*%"$)''(%&)*C"

!! 1(" '&+5(%&)*" /*" 35)8)*0/.5" (>(*%" $)''(%&)*" =" ('31&%.0/" 35,$/5>,/" 3/5'/%" 0/" 5,$).05/" 1/"
35)E16'/" 0&5/4%" m" 1(" 35)3(+(%&)*" m" 0(*$" .*" 4A('3" 0/" >&%/$$/" A,%,5)+6*/" 5,(1&$%/?" /%" 3/5'/%"
02)E%/*&5"0/$"&'(+/$"'&/.<"8)4(1&$,/$"1)5$-./"1/$"Y)*/$"02&*%,5P%"$)*%"4)'31/</$C"

!! 1/$"',%A)0/$"02(*(1F$/"0/">(5&(%&)*"12('31&%.0/"-.&"$/5)*%".%&1&$,/$"3(5"1("$.&%/"8)*%"&*%/5>/*&5"0/$"
,-.(%&)*$" -.&" 0,3/*0(*%" 0/" 12(*+1/" 02&*4&0/*4/C" S5" 1(" '&+5(%&)*" OGO$Va" /88/4%./" .*/"
4)*>/5$&)*")88$/%I(*+1/" &'31&4&%/"3(5".*/" 1)&"0/">&%/$$/"RV?"0)*4"(3%/"="P%5/"/88/4%.,/"3).5"0/$"
Y)*/$" 4)'31/</$C" U(*0&$" -./" 1/$" ',%A)0/$" 41($$&-./$" 8)*%" $).>/*%" 12AF3)%A6$/" 0/" '&1&/."



\f"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

%(E.1(&5/"@1)&"0/">&%/$$/"!VB"3).5"/88/4%./5"4/%%/"4)*>/5$&)*"qW(10/*?"!dd!r?"4/"-.&"5/$%5/&*%" 1/$"
4A('3$"02(331&4(%&)*"(.<"'&1&/.<"$,0&'/*%(&5/$"$&'31/$C"

H/%%/" %A6$/"*2("3($"3).5"E.%"0/" %/$%/5")."0,>/1)33/5".*/"',%A)0/"02&'(+/5&/?"'(&$"*)%5/"',%A)0)1)+&/"
5/-.&/5%" 0/$" 0)**,/$" $&$'&-./$"'&+5,/$" $3,4&8&-./$" @/<35&',/$" /*" 35)8)*0/.5" /%" /*" (*+1/?" ('31&%.0/$"
$&$'&-./$"35,$/5>,/$?" /%4{BC"G&*$&?" %).%/"',%A)0/"02&'(+/5&/"35)3)$(*%"4/$"(>(*%(+/$?" /%"3).>(*%"P%5/"
(331&-.,/"0(*$".*"'&1&/."4)'31/</?"3/.%"P%5/".%&1&$,/C"J).$"3).55&)*$"3(5"/</'31/".%&1&$/5"1/$"*).>/11/$"
',%A)0/$"0/"'&+5(%&)*"0&%/$"tA9)*)?'A&%7."E($,/$"$.5".*/"(335)<&'(%&)*"3(5(<&(1/"0/"12,-.(%&)*"02)*0/"
,-.(%&)*"02)*0/"-.&"3/5'/%%/*%"/11/$"(.$$&"0/"35,$/5>/5"1/$"('31&%.0/$?"/%")*%"12(>(*%(+/"02P%5/"$/*$&E1/$"
(.<"8)5%$"4)*%5($%/$Cq|)*4).5?"QeefrC"

"

LLLC!CfC!H(1(+/"0/"1("$&$'&-./"(.<"3.&%$"

D)5$"02.*/",%.0/"$&$'&-./?"(>(*%"02&*%/535,%/5"1("$%5.4%.5/"0/"1("Y)*/?"1("35/'&65/")3,5(%&)*"="/88/4%./5"/$%"
1/" 4(1(+/" (.<" 3.&%$C" H/1(" 4)*$&$%/" =" (88/4%/5" =" .*" *&>/(." +,)1)+&-./" .*" ,>,*/'/*%" $&$'&-./" %/1" -.2.*"
'(<&'.'").".*"'&*&'.'"02.*/"%5(4/C"

c,*,5(1/'/*%?"1/"4(1(+/"0."3.&%$"/$%"/88/4%.,"0/"1("8(y)*"$.&>(*%/"X"

!! &1" 8(.%" %).%" 02(E)50" ,%(E1&5" .*/" 5/1(%&)*" /*%5/" .*" %/'3$" 0/" 35)3(+(%&)*" /%" .*/" 35)8)*0/.5" /*"
0,8&*&$$(*%".*/"1)&"0/">&%/$$/")E%/*./"3(5".*"1)+"0/"$)*&4"@>&%/$$/"0/$"4).4A/$BC"

!! .*/"%5(4/"$F*%A,%&-./"0(*$"1("E(*0/"0/"85,-./*4/"0/"1("$&$'&-./"/$%"45,,/"/*"4)*>)1.(*%"1/"1)+"0/"
5,81/4%&>&%,"@0,0.&%"0."1)+"02&'3,0(*4/B"3(5".*/")*0/1/%%/"/*"%/'3$"

!! 1("k"%5(4/"$&$'&-./"l"(&*$&")E%/*./"/$%"4)'3(5,/"(.<"%5(4/$"$&$'&-./$"/*"%/'3$">)&$&*/$"&$$./$"0/"
12&'(+/"'&+5,/"@8&+.5/"!_BC"

"

6%/',)*3U*\*K7,,5$A&%7.-*).&,)*$)-*(7..5)-*()*-%-"%?')*()*-',6A=)*)&*()*#'%&-*OV7',=)*\*YA`*()*[,A.=)Q1*0=%*

()'L*#'%&-*!*)&*l*-7.&*(%-#7.%M$)-_*%$-*-7.&*=7.9),&%-*).*&)"#-*)&*%$-*7.&*5&5*6%$&,5-*(A.-*$A*"j")*MA.()*()*

6,5?').=)*()*$A*-%-"%?')1*



\g"
"

"
"

#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

q`)F/5"/%"a(5&?"!dd\r")*%"35)3)$,".*/"',%A)0/"3).5"/$%&'/5".*/"5/1(%&)*"%/'3$I35)8)*0/.5"5)E.$%/"X"/*"
&*%,+5(*%"1/"1)+"0/"1/*%/.5"!&"$.5"1("35)8)*0/.5?"*).$")E%/*)*$"1/"%/'3$"-./"'/%%5(&%"12)*0/"3).5"3(54).5&5"
1(" 0&$%(*4/" 4)'35&$/" /*%5/" 1/$" 0/.<" 35)8)*0/.5$" 4)55/$3)*0(*%/$C" D2)3,5(%&)*" 0/" 4(1(+/" (" 3).5" E.%" 0/"
4(14.1/5"1/"%/'3$">/5%&4(1"0/"35)3(+(%&)*"02.*/")*0/",'&$/"/*"$.58(4/"3(5".*/"$).54/"/%"/*5/+&$%5,/"3(5".*"
4(3%/.5"(*45,"="1("3(5)&"0."3.&%$"="0&88,5/*%/$"4N%/$"/%"="1.&"($$)4&/5".*/"35)8)*0/.5C"D/$"',%A)0/$"0."!&"
"%.%"'""/%"l$7=*->%6&"q`)F/5"/%"a(5&?"!dd\r"3/5'/%%/*%"0/"4)55&+/5"1/$"%/'3$"'/$.5,$"0(*$"1/"$)*&4"0/$"
/88/%$"0/"Y)*/"(1%,5,/?"0/"81.4%.(%&)*"0/"$&+*(%.5/"/%"0."0,3)5%"0/"1("$).54/"3(5"5(33)5%"(."3.&%$C"

V(*$" 1/"4($"0/"4/%%/" %A6$/?" 1/$" 1)+$"0/"3.&%$"0)*%"*).$"0&$3)$)*$"$)*%"/<35&',$"$/1)*"1("35)8)*0/.5"-.&"
4)55/$3)*0"="1("35)8)*0/.5"5,/11/C"

L1"/$%" &'3)5%(*%"02/88/4%./5"4/"4(1(+/"/*"35)8)*0/.5"@$.5%).%"3).5"*)%5/"(331&4(%&)*"$.5"0)**,/$"5,/11/$B"
4(5"'(1+5," 1/$" 3/58)5'(*4/$" 0/" 1("'&+5(%&)*" /*" 35)8)*0/.5"'&$/" /*"v.>5/?" 1/" E)*" 3)$&%&)**/'/*%" 0/$"
A)5&Y)*$" /$%" %56$"0,3/*0(*%"0."')061/"0/">&%/$$/".%&1&$," /%" 0." 1&$$(+/"-.&"F" (" ,%," (331&-.," @4)*$,-./*%"
0(*$"*)%5/"4($"02&'(+/5&/"0/"%F3/"5(&"�"�&54AA)88BC"

V(*$" *)%5/" 4($?" 12&'(+/" '&+5,/" /$%" /<35&',/" /*" 35)8)*0/.5C" J).$" 35)3)$)*$" (1)5$" .*" 4(1(+/" /*"
35)8)*0/.5"-.&"/$%"&4&"5,$.',"/*"31.$&/.5$",%(3/$"X"

!! 1/"3.&%$"("+,*,5(1/'/*%".*",4A(*%&11)**(+/"$.3,5&/.5"="12&'(+/"'&+5,/"0/"12)505/"0/"1("0&Y(&*/"0/"
4/*%&'6%5/$"4)*%5/"1/"'6%5/")."1("0&Y(&*/"0/"'6%5/$"3).5"1("$&$'&-./?"/%"35,$/*%/".*/"+(''/"0/"
85,-./*4/"31.$",1/>,/C"J).$"8&1%5)*$"1/"1)+"0/"3.&%$"0(*$"1("'P'/"E(*0/"0/"85,-./*4/"-./"12&'(+/"
'&+5,/"/%",4A(*%&11)**)*$"12/*$/'E1/"0/$"0)**,/$"="1("'P'/"5,$)1.%&)*C"

!! *).$"5/4A/54A)*$"1/$"4)*%5($%/$"$.5"1/"1)+"/%"1/$"%5(4/$"$&$'&-./$">)&$&*/$"(."3.&%$"-.&"%,')&+*/*%"
0/"1("35,$/*4/"02.*"'P'/"5,4/3%/.5C"O).5"4/1("*).$"(88&4A)*$"1/"3.&%$"0.31&-.,"/*%).5,"0/$"%5(4/$"
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@3)5)$&%,"0/"!f"="Qf"�BC"H/$"$(E1/$"$)*%"$).>/*%"0&88&4&1/$"="0&$%&*+./5"$.5"1/$"$/4%&)*$"$)'',/$"
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/55)*,"/*%5(u*/*%"0/$"/55/.5$"$.5"1/$"5,$.1%(%$"/%"1/$">(1/.5$"0/$"(%%5&E.%$C"

c,*,5(1/'/*%?"1/$"4(14.1$"0/$"(%%5&E.%$"GKG"$)*%"$/*$&E1/$"(.<"8(&E1/$"0,>&(%&)*$"0/$"0)**,/$"35)4A/$"/%"
+5(*0$"0,3)5%$"0.$"(.<"/55/.5$"0."')061/"0/">&%/$$/C"H/$"'(.>(&$"(1&+*/'/*%$"35)0.&$/*%"0/$"0&$%)5$&)*$"
0/$"(%%5&E.%$"GKG"-.&"$)*%" $).>/*%"31.$",1/>,/$"-./"4/11/$"35)0.&%/$"3(5" 12,%&5/'/*%"0/" 12)*0/1/%%/"(.<"
(*+1/$"1)&*%(&*$C"

D2/$%&'(%&)*"0/"4/%%/"0,>&(%&)*"/*"35)8)*0/.5"/$%"/88/4%.,/"/*"/$%&'(*%"%A,)5&-./'/*%"/%"/*"0,%/4%(*%"1/$"
>(5&(%&)*$" 0/" 5,81/4%&>&%," 1/" 1)*+" 0/$" ,1,'/*%$" 0/$" L$)IM" (>/4" 1(" %/4A*&-./" 0." <,AN)=&7,S* I79)bP'&"
@UaSB""35)3)$,/"3(5"q#+5/%/(.?"QeefrC"

Hp/$%I=I0&5/"-./"3(5%(*%"02.*/"35/'&65/">(1/.5"&*&%&(1/"XDO&%DQ"4(14.1,/"3(5".*/"35/'&65/"&*>/5$&)*"GKG?"
*).$" 4(14.1)*$" 1(" >(1/.5" %A,)5&-./" $.&>(*%/"XDO&%Dh3Q" $/1)*" 12(*+1/" 45)&$$(*%" =" 12(&0/" 0/" 12,-.(%&)*" %5)&$"
%/5'/$" 0/" ^A./F?" /%" *).$" 0,%/4%)*$" 1(" >(1/.5" 0." >)&$&*(+/" 1(" 31.$" $&'&1(&5/C" H/1(" 5/>&/*%" =" 8(&5/" .*/"
5/4A/54A/z0,%/4%&)*" @-=A..%./BC" H/%%/" )3,5(%&)*" /$%" /88/4%.,/" 02(*+1/" /*" (*+1/?" /%" 1/" 4A/'&*" 35&$" 3(5"
12&*>/5$&)*"1/"1)*+"0/"1("0&'/*$&)*"(*+.1(&5/"/$%"0,8&*&"4)''/"1("%5(;/4%)&5/"($$)4&,/"(."5,81/4%/.5"@8&+.5/"
RQBC"

H/%%/"%5(;/4%)&5/"4)55/$3)*0"0)*4"(.<">(1/.5$"0/"5,81/4%&>&%,"1/$"31.$"5)E.$%/$?"4(5"1/$">(1/.5$"5,/11/$"$)*%"
1/$"31.$"35)4A/$"0/$">(1/.5$"%A,)5&-./$C"#11/"/$%"02(.%(*%"31.$"35,4&$/"-.2/11/"3/5'/%"1("35&$/"/*"4)'3%/"
0/$",>/*%./11/$"&*>/5$&)*$"0/"3)1(5&%,"-.&"3/.>/*%"/<&$%/5"$).$"4/5%(&*/$"4)*0&%&)*$C"#*"/88/%?"0(*$"4/5%(&*$"
4($?" 1(" 5,81/4%&>&%," 02.*/" &*%/58(4/" 3/.%" 3($$/5" 02.*/" >(1/.5" 3)$&%&>/" =" .*/" >(1/.5" *,+(%&>/" 1/" 1)*+" 0/"
12(*+1/?"/%"4/"%F3/"02&*%/58(4/"3/.%"*/"3($"8&+.5/5"$.5"1("$/4%&)*"$)'',/C"
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#*" 31.$" 0/" 4)*$&0,5/5" 1/$" >(1/.5$" 0/" 5,81/4%&>&%," 1/$" 31.$" $w5/$?" 4/%%/" %/4A*&-./" 35,$/*%/" 31.$&/.5$"
(>(*%(+/$"X"

!! 1/" *)'E5/" 0/" >(1/.5$" &*>/5$,/$" )." 5/35,$/*%,/$" $.5" 1/" +5(3A&-./" &*%/54/3%z+5(0&/*%" 0&'&*./"
8)5%/'/*%C"

!! .*"+5(*0"*)'E5/"0/">(1/.5$"E&(&$(*%/$"$)*%"$.335&',/$C"

!! 1/"%/'3$"0/"4(14.1"0/"12&*>/5$&)*"/$%"(',1&)5,C"
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D("35,4&$&)*"0/"12&*>/5$&)*"GKG"/$%"(&*$&"41(&5/'/*%"(',1&)5,/"3(5"5(33)5%"(.<"',%A)0/$"41($$&-./$"-.&"
/88/4%./*%"12&*>/5$&)*"GKG"0(*$"1/"0)'(&*/"(*+.1(&5/"$(*$"35&$/"/*"4)'3%/"0/$",>/*%./11/$"0,>&(%&)*$"0."
5,81/4%/.5C" D(" 8&+.5/" RR" 5/35,$/*%/" 0/.<" 4)'3(5(&$)*$" 0/$" >(1/.5$" 0/" 5,81/4%&>&%," /<%5(&%/$" 0(*$" 1/" 4($"
41($$&-./"/%"1/"4($"UaSC"J).$")E$/5>)*$"1/$">(1/.5$"0/"5,81/4%&>&%,"3)&*%,/$"%56$"0&88,5/*%/$?"$.5%).%"3).5"
1/$" )88$/%$" 1)&*%(&*$C" D/$" >(1/.5$" 0/$" (%%5&E.%$" GKG" $/5)*%" 0)*4" '/&11/.5/$" -.(*0" 1(" ',%A)0/" 0/$"
%5(;/4%)&5/$"/$%"/'31)F,/C"
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LLLCQC\CRC! D/"$-./1/%%/"+,)'/%5&-./"

^&"*).$"4(14.1)*$"1/$"%5(;/4%)&5/$"$.5"%).$"1/$"L$)IM"/%"4)*$&0,5)*$"1("$/4%&)*"="(*+1/"*.1")."8(&E1/?"*).$"
4)*$%(%)*$"-.2&1"(33(5(u%".*/"$%5.4%.5/"/*"35)8)*0/.5"-./"*).$"(33/11/5)*$"k"$-./1/%%/"+,)',%5&-./"l"0/"
1("Y)*/"&'(+,/"@8&+.5/"R\BC"

H/"$-./1/%%/"+,)1)+&-./"@8&+.5/"RfB"/$%"/<35&',"0(*$" 1/"0)'(&*/"35)8)*0/.5C"H/%%/"$/4%&)*"4)*%&/*%"0/$"
,1,'/*%$" @1/$" 3)&*%$" 0/" 0,3(5%" 0/$" %5(;/4%)&5/$B" -.&" 5/35,$/*%/*%" %).%/$" 1/$" &*%/58(4/$" ($$)4&,/$" =" 0/$"
4)*%5($%/$"02&'3,0(*4/"5/1(%&>/'/*%"8)5%$"3).5"+,*,5/5".*/"5,81/<&)*"$&$'&-./C"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

D(" $,1/4%&)*" 0/" 4A(4.*" 0/$" ,1,'/*%$" 0/" 4/" $-./1/%%/" /$%" /*" 8(&%" 0&5/4%/'/*%" E($,/" $.5" 1(" >(1/.5" 0/"
12&*%/54/3%" 4)55/$3)*0(*%C" O(5" /<%/*$&)*?" &1" /<&$%/" 3).5" 4A(4.*" 0/" $/$" ,1,'/*%$" .*/" /$%&'(%&)*" 0/$"
3(5('6%5/$" GKG" &*%/54/3%" /%" +5(0&/*%?" '(&$" (.$$&" 02(.%5/$" (%%5&E.%$" -.&" /*" 0,4).1/*%" @4)/88&4&/*%" 0/"
O)&$$)*?"8(4%/.5"0/"81.&0/?"/%4CBC"

H/"$-./1/%%/"4)*%&/*%".*"$/+'/*%"3).5"4A(-./" %5(;/4%)&5/"0,%/4%,/?"4/"-.&"$(%&$8(&%"0)*4" 12(335)<&'(%&)*"
GKG".%&1&$,/"3).5"1("')0,1&$(%&)*?"(."')&*$"3).5"-./1-./$")88$/%$")."(*+1/$C"H/"3)&*%,?"-.(*0"*).$"1/"
4)'3(5)*$" =" .*" 3)&*%," 0/$" ,>,*/'/*%$" 5,(1&$,$" $.5" .*/" $/4%&)*" $)'',/" (356$" '&+5(%&)*?" 3/5'/%"
02,1&'&*/5"(.%)'(%&-./'/*%"1/$"3)&*%,$"-.&"*2(.5(&/*%"(.4.*/"$&+*&8&4(%&)*"+,)3AF$&-./C"
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LLLCRC!^-./1/%%/$"GKG"
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4A(4.*" 0/$" ,1,'/*%$" 0." $-./1/%%/" +,)',%5&-./C" #*" 4)*$,-./*4/?" &1" /<&$%/" .*" $-./1/%%/" &*%/54/3%" /%" .*"
$-./1/%%/"+5(0&/*%?"/.<"(.$$&"/<35&',$"/*"35)8)*0/.5C"
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8&+.5/" Rh" ')*%5/" 1/$" $-./1/%%/$" &*%/54/3%" /%" +5(0&/*%" ($$)4&,$?" -.&" 4)55/$3)*0/*%" (.<" 0/.<" $/4%&)*$"
&*%/54/3%"/%"+5(0&/*%"31/&*/$"35,$/*%,$"31.$"A(.%C""

G>(*%"0/"3(51/5"0/"12.%&1&$(%&)*"8.%.5/"-./"*).$"8/5)*$"0/"4/$"$-./1/%%/$"3).5"1("4)*$%5.4%&)*"02.*"')061/"
02&'3,0(*4/"(4).$%&-./?"*).$"35,$/*%)*$".*"0/"1/.5$"35/'&/5$"(>(*%(+/$C"

D("8&+.5/"R_"')*%5/"1/"+5(3A&-./"4(14.1,"$.5"1("'P'/"Y)*/"-./"35,4,0/''/*%"@8&+.5/"ReB?"'(&$"&*>/5$,/"
="12(&0/"0/$"%5(;/4%)&5/$C"V(*$"4/"4($?"1/"*)'E5/"0/"3)&*%$",%(*%"5,0.&%?"&1"/$%"31.$"8(4&1/"0/"0&$%&*+./5"1/$"
0&88,5/*%$"/*$/'E1/$C"

^&" *).$" 3)&*%)*$" 1(" 8)5%/" 5,81/4%&>&%," 0/" >(1/.5" *,+(%&>/" @8&+.5/" RdB?" *).$" )E$/5>)*$" 0&5/4%/'/*%"
12(*)'(1&/"4)55/$3)*0(*%/C"
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6%/',)*2U*\*X)#,5-).&A&%7.*('*/,A#>%?')* %.&),=)#&n/,A(%).&*-',*'.*)L)"#$)*()* $A*"j")*`7.)*?')*-',* $A*
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LLLCRC!C!b.(1&%,"/%"*/%%)F(+/"0."$-./1/%%/"

D/$"$-./1/%%/$"&*%/54/3%"/%"+5(0&/*%"$)*%"="1("E($/"0/"1("',%A)0)1)+&/"35)3)$,/"3).5"1("4)*$%5.4%&)*"02.*"
')061/" /*" &'3,0(*4/" (4).$%&-./C" D(" $&'.1(%&)*" 0/" 12&'3,0(*4/" (4).$%&-./" $/5(" /88/4%.,/" =" 3(5%&5" 0/$"
0)**,/$" 0/" 3.&%$" 0(*$" 0/$" 4).4A/$" -.&" 0,1&'&%/*%" 1(" $/4%&)*" ,%.0&,/" /%" -.&" $/5)*%" 0,8&*&/$" (>/4" 1/$"
$-./1/%%/$" &*%/54/3%" /%" +5(0&/*%C" L1" /$%" 0)*4" &*0&$3/*$(E1/" 0/" 0&$4.%/5" 0/" 1/.5" 8&(E&1&%," /%" 0/$" >,5&%(E1/$"
&*8)5'(%&)*$"-.2&1$"8).5*&$$/*%"(.<"*&>/(.<"-.(*%&%(%&8$"/%"-.(1&%(%&8$C"

J).$"(33/11/5)*$"0)5,*(>(*%" 1/" $-./1/%%/"+,)',%5&-./"k"$-./1/%%/"l?"-.(*0"*).$" 1/" 4)*$&0,5)*$"4)''/"
E&*(&5/C"Hp/$%I=I0&5/"-./"*).$"($$)4&)*$"=".*/">(1/.5"&*%/54/3%"*)*"*.11/".*",1,'/*%"0/">(1/.5"!?"/%"1/"5/$%/"
/$%",+(1"="Y,5)C"

D(">(1&0&%,"0."$-./1/%%/"0,3/*0"8)5%/'/*%"0."35,%5(&%/'/*%"(331&-.,"(.<"0)**,/$"(>(*%"1("'&+5(%&)*?"/%"0/"
1("'&+5(%&)*"/11/I'P'/C"

V&$4.%)*$"%).%"02(E)50"0/$"1&'&%/$"0/"4/"$-./1/%%/"X"

!! &1"*/"3/.%"4)*%/*&5"-./"1/$"$%5.4%.5/$"$.5" 1/$-./11/$" 1/$")*0/$"$/"$)*%"5,81,4A&/$"(."4).5$"0/"1/.5"
35)3(+(%&)*C"

!! 1/" 35,%5(&%/'/*%" 0/$" 0)**,/$" *2(" 3." ,1&'&*/5" %).$" 1/$" '.1%&31/$" 4)*%/*.$" 0(*$" 1/$" 0)**,/$"
&*&%&(1/$?"*)%(''/*%"4/.<"0."8)*0"0/"12/(."X"1/"')&*05/"'.1%&31/"0/"8)5%/"('31&%.0/"35,$/*%"$.5"1("
$/4%&)*"'&+5,/"$/5("35,$/*%"0(*$"1/"$-./1/%%/C"

!! 1("4)*%&*.&%,"0/$"&*%/58(4/$">./$"$.5"1/"$-./1/%%/"*2/$%"3($"3(58(&%/?"$.5%).%"0(*$"1/$"4($"5,/1$C"

!! 1/"3)$&%&)**/'/*%"/*"35)8)*0/.5"0/$"&*%/58(4/$"0,3/*0"%56$"8)5%/'/*%"0."')061/"0/">&%/$$/".%&1&$,"
/%"&1"*2/$%"/*"(.4.*"4($"3)$$&E1/"02(88&5'/5"-./"4/1.&I4&"/$%"3(58(&%C"
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!! D("35/'&65/" &*>/5$&)*"GKG"-.&"4(14.1/" 1("35/'&65/">(1/.5"0/"5,81/4%&>&%,"="3(5%&5"0/" 1(-./11/" 1("
%5(;/4%)&5/" /$%" 0,8&*&/" /$%" /88/4%.,/" $.5" 1(" $/4%&)*" &*%/54/3%" 31/&*/C" S5" 4/%%/" $/4%&)*" 4)*%&/*%"
12)*0/1/%%/"$&$'&-./?"4/"-.&">/.%"0&5/"-./"0/$"1)E/$"(33(5(&$$/*%"0/"3(5%"/%"02(.%5/$"0/$"5,81/4%/.5$"
35&*4&3(.<C"a(1+5," 1/" $/.&11(+/" &'3)$," 1)5$" 0/" 1(" 0,%/4%&)*" 0/$" 5,81/4%/.5$" 35&*4&3(.<" 3).5" 1/"
4(14.1"0/$"%5(;/4%)&5/$?"4/5%(&*$"1)E/$"3/.>/*%"P%5/"35&$"/*"4)'3%/"/%"(33(5(u%5/"0(*$"1/"$-./1/%%/C"
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$&$'&-./C"L1"4)*>&/*%"(1)5$"0/"35)3)$/5"0/$"45&%65/$"0/"-.(1&%,?"02/*"-.(*%&8&/5"12&'3)5%(*4/"/%"02(33)5%/5"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

Gamme angulaire 

J).$"4(14.1)*$"1("k"1)*+./.5"l"0/$"%5(;/4%)&5/$"1/"1)*+"0/"12(*+1/?"4/"-.&"8).5*&%"4/"-./"*).$"(33/1)*$"1("
k"+(''/"(*+.1(&5/"l"@8&+.5/"\!BC"J).$"3/*$)*$"("35&)5&"-./"1/$",>,*/'/*%$"($$)4&,$"="0/$"+(''/$"%5)3"
3/%&%/$" */" 3/.>/*%" P%5/" 8&(E1/$C" #*" /88/%?" 0(*$" 4/" 4($?" 12&*>/5$&)*"GKG" /$%" /88/4%.,/" (>/4" %5)3" 3/." 0/"
3)&*%$" 4)*0&%&)**(*%$" /%" /$%" 0)*4" &*$%(E1/C" J).$" *2(>)*$" -.2.*/" 4)*8&(*4/" 1&'&%,/" /*>/5$" 1/$" >(1/.5$"
02&*%/54/3%" /%" +5(0&/*%" ($$)4&,/$?" *).$" *2,1&'&*)*$" 3($" 12,>,*/'/*%" '(&$" *).$"1.&" ($$)4&)*$" .*/"
&*4/5%&%.0/",1/>,/C"

:*"/</'31/"0/"$/4%&)*"0/"+(''/"(*+.1(&5/"/$%"35,$/*%,"$.5"1("8&+.5/"\QC"J).$"3).>)*$"F"(3/54/>)&5"X"

!! .*/"0,45)&$$(*4/"+1)E(1/"0/" 1("+(''/"$/1)*" 1("35)8)*0/.5"-.&"/$%" 1&,/"=" 1(" 1&'&%(%&)*"(*+.1(&5/"
&'3)$,/"="12&*>/5$&)*"GKG"1/"1)*+"0/$"%5(;/4%)&5/$C"

!! +1)E(1/'/*%?"1/"'P'/")505/"0/"+(''/"(*+.1(&5/"1/"1)*+"0/"4A(-./"A)5&Y)*"4)*%&*.C"

!! 1("35,$/*4/"02,1,'/*%$"0/"8(&E1/"+(''/"3(5"5(33)5%"="1/.5">)&$&*(+/?"*).$"3).>)*$"($$)4&/5"="4/$"
,1,'/*%$".*/"&*4/5%&%.0/"$.5"1/.5$">(1/.5$"02(%%5&E.%$"GKG"&*%/54/3%"/%"+5(0&/*%C"
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6%/',)* H3*\* K,%&8,)-* ()* ?'A$%&5* ()-* &,AN)=&7%,)-* 9')-* -',* '.* 0-7bs* )&* ?'%* -7.&* A--7=%5)-* J* =>A='.* ()-*

5$5").&-* ('* -?')$)&&)*\* $A* /A"")* )&* $A* (59%A&%7.* A./'$A%,)1* TA* (567,"A&%7.* A./'$A%,)* ?'%* -),A* #$'&z&*

'&%$%-5)*)-&*5/A$)*A'*,A##7,&*()*$A*(59%A&%7.*-',*$A*/A"")1*
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6%/',)*H;*\*YA"")*A./'$A%,)*-',*$@).-)"M$)*()-*0-7bs*=7.-&%&'A.&*$)*-?')$)&&)*O/A'=>)Q*O5&'(%5)*(A.-*$A*

#A,&%)*000Q1* ZL)"#$)* (@0-7bs* =7,,)-#7.(A.&* A'* -?')$)&&)* 5&'(%5* O(,7%&)Q1* TA* 6$8=>)* 9),&)* #7%.&)* '.)*

&,AN)=&7%,)*#,5-).&A.&*'.)*/A"")*A./'$A%,)*5$)95)1*T)-*6$8=>)-*NA'.)-*#7%.&).&*()-*&,AN)=&7%,)-*()*6A%M$)*
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Déformation angulaire 

V/" 1("'P'/"'(*&65/" -./" 1(" +(''/?" *).$" 4(14.1)*$" 1(" k"0,8)5'(%&)*" (*+.1(&5/"l" @8&+.5/" \!BC"V(*$" .*"
35/'&/5" %/'3$" *).$" (>&)*$" /$%&'," 1(" k"0,>&(%&)*" (*+.1(&5/"l?" $)&%" 1(" 0,>&(%&)*" >/5%&4(1/" 0/" 4A(-./"
%5(;/4%)&5/"/*%5/"$/$"0/.<"/<%5,'&%,$C"V(*$"4/"4($?".*/"0,>&(%&)*"%5)3",1/>,/"3/.%"5/*$/&+*/5"$.5"12/55/.5"0/"
1("'&+5(%&)*"0./"=".*"')061/"0/">&%/$$/" %5)3"/55)*,C"H2/$%" $).>/*%" 1/"4($"02(*)'(1&/$")."0/"'.1%&31/$C"
J).$"3).>)*$"0)*4"($$)4&/5"="4/"+/*5/"02,1,'/*%$".*/"&*4/5%&%.0/"0."3)$&%&)**/'/*%"/*"35)8)*0/.5C"

O).5"4A(4.*"0/$",1,'/*%$"0."$-./1/%%/?"/%"0)*4"3).5"4A(4.*/"0/$"%5(;/4%)&5/$?"*).$"35)3)$)*$"0/"0&>&$/5"
4/%%/">(1/.5"0/"0,>&(%&)*"3(5"4/11/"0/"1("+(''/C"#*"/88/%?"1/$"%5(;/4%)&5/$"0/"1(5+/"+(''/"(F(*%"0(>(*%(+/"
0/"5&$-./"02P%5/"0,>&,/$?"1("*)5'(1&$(%&)*"0/"1/.5"0,>&(%&)*"3(5"1(">(1/.5"0/"1("+(''/"3/5'/%"0/"-.(*%&8&/5"
0/"8(y)*"5)E.$%/"1/.5"0,>&(%&)*"5/1(%&>/?"-./"*).$"(33/1)*$"0,8)5'(%&)*"(*+.1(&5/C"

O).5" &11.$%5/5" 4/" 5(&$)**/'/*%?" *).$" 35)3)$)*$" .*" $4A,'(" @8&+.5/" \RBC" D/$" 0/.<" %5(;/4%)&5/$" G" /%" `"
35,$/*%/*%"1("'P'/">(1/.5"0/"0,>&(%&)*"/*"35)8)*0/.5"@V�!B?"'(&$"0/$">(1/.5$"0/"+(''/"(*+.1(&5/"4).5%/"
@'B"/%"1)*+./"@(BC"D/"%F3/"0/"0,>&(%&)*"0/"1("%5(;/4%)&5/"G"("E/(.4).3"31.$"0/"5&$-./"0/"35)>/*&5"0/"12/88/%"
0/" 12,%&5/'/*%" 0/" 12)*0/1/%%/?" )." 02.*" '(.>(&$" 3)&*%," 0/" 1(" 5,81/4%&>&%," $.5" 12L$)IMC" U(*0&$" -./" 1("
%5(;/4%)&5/"`"')*%5/"41(&5/'/*%".*/"0,>&(%&)*"&*0.&%/"3(5".*/"'(.>(&$/"4)55/4%&)*"0/">&%/$$/C"D(">(1/.5"0/"
0,>&(%&)*"*2/$%"3($"0&$45&'&*(*%/?"(1)5$"-./"4/11/"0/"1("0,8)5'(%&)*"(*+.1(&5/"@eCf"3).5"1("%5(;/4%)&5/"G"/%"
!"3).5"1("%5(;/4%)&5/"`B"3/5'/%"0/"0&$4/5*/5"-./11/$"%5(;/4%)&5/$"$)*%"5,/11/'/*%"%).4A,/$"3(5".*"'(.>(&$"
3)$&%&)**/'/*%"/*"35)8)*0/.5C"
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6%/',)*H2*\*V=>5"A*%$$'-&,A&%6*()*$@%.&5,j&*(@'&%$%-),*$A*(567,"A&%7.*A./'$A%,)1*T)-*&,AN)=&7%,)-*!*)&*l*7.&*
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A--7=%5)*J*'.*"A'9A%-*#7-%&%7..)").&*).*#,767.()',1*
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D(" $/4%&)*" 0/" 0,8)5'(%&)*" (*+.1(&5/" /$%" 4(14.1,/" /%" 35,$/*%,/" $.5" 1(" 8&+.5/" \\C" J).$" 3).>)*$" F"
(3/54/>)&5"X"

!! 0/$">(1/.5$"+1)E(1/'/*%",1/>,/$"$.5"1("3(5%&/"+(.4A/"@.*/"(*)'(1&/"0/"+(Y"3/5%.5E/"12&'(+/5&/BC"

!! 0/$"%5(;/4%)&5/$"')*%5/*%".*/"0,8)5'(%&)*"3)$&%&>/",1/>,/"-.&"4)55/$3)*0"=".*"'(.>(&$"3)&*%,C"
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6%/',)*HH*\*4567,"A&%7.*A./'$A%,)*-',*$@).-)"M$)*()-*0-7bs*=7.-&%&'A.&-* $)*-?')$)&&)*O/A'=>)Q1*ZL)"#$)*

(@0-7bs*=7,,)-#7.(A.&*A'*-?')$)&&)*5&'(%5*O(,7%&)Q1*TA*6$8=>)*,7'/)*#7%.&)*'.)*&,AN)=&7%,)*#,5-).&A.&*'.)*
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

LLLCRC!CQC! ^/4%&)*$"&*4/5%&%.0/$"

U).$"1/$"45&%65/$"-./"*).$">/*)*$"0/"0,45&5/"8).5*&$$/*%"0/$"4(5%/$"02&*4/5%&%.0/$"-.&"3/.>/*%"/11/$I'P'/$"
P%5/".%&1&$,/$"0(*$"4A(4.*/"0/$",%(3/$"-.&"$.&>/*%C"

J).$" 35)3)$)*$" (&*$&" 3(5" 1/" E&(&$" 0/" 4/$" $/4%&)*$?" /%" 0)*4" 0/" 12(*(1F$/" 0/$" %5(;/4%)&5/$" 0/$" L$)IM?" 0/"
%5(*$'/%%5/" 12&*8)5'(%&)*" $.5" 1(" -.(1&%," 0." %5(&%/'/*%" +,)3AF$&-./" =" 1(" 4)*$%5.4%&)*" +,)$%(%&$%&-./" 0."
')061/"/*"&'3,0(*4/"(4).$%&-./C"

H/%%/" $)1.%&)*" 5/$%/" 0,1&4(%/?" $/*$&E1/" (.<" 35,%5(&%/'/*%$" /%" %F3/" 02&'(+/5&/" /'31)F,$" @0)*4" =" 1("
4)'31/<&%," 0." 5,$/5>)&5" ,%.0&," /%" /*" 4)*$,-./*4/" (."')061/" 0/" >&%/$$/" .%&1&$,B?" /%" E&/*" ,>&0/''/*%" ="
12&*%/535,%(%&)*"3/5$)**/11/C"

HA(4.*/"0/$"$/4%&)*$"45&%65/$"35,$/*%,/$"31.$"A(.%"(",%,"4)*>/5%&/"/*"0/+5,"02&*4/5%&%.0/"@8&+.5/"\fBC"H/%%/"
4)*>/5$&)*"/$%"0,8&*&/"="3(5%&5"02.*";.+/'/*%"3/5$)**/1"/%"/$%"$&*+.1&65/"3).5"4A(-./",%.0/C"

J).$"(>)*$"0)*4?"3).5"4A(-./",1,'/*%"0."$-./1/%%/"&*%/54/3%"X"

!! 0/$">(1/.5$"02&*%/54/3%"/%"0/"+5(0&/*%"(>/4"&*4/5%&%.0/"X"XD*{*#XD*/%"Y*{*#Y1"

!! .*/"35)8)*0/.5"(>/4"&*4/5%&%.0/"X"c*{*#c"

!! .*/"35)E(E&1&%,"02/<&$%/*4/C"
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6%/',)* HG*\* V)=&%7.-* %.=),&%&'()* -',* $A* #,767.()',_* $)-* 9A$)',-* ()-* A&&,%M'&-* !+!* )&* $A* #,7MAM%$%&5*

(@)L%-&).=)1*<7'&)-* &,7%-* -7.&* )-&%"5)-*J*#A,&%,*()* ,)-#)=&%9)").&_* $A*(567,"A&%7.*A./'$A%,)_* $A*/A"")*

A./'$A%,)*)&*$@%-7$)").&*()-*5$5").&-*A'*-)%.*('*-?')$)&&)1*
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"

J).$"35)3)$)*$"0)*4"0/"4)'E&*/5"4/$"&*8)5'(%&)*$"/*"&*4/5%&%.0/"3).5"1/$",%(3/$"$.&>(*%/$"X"3)&*%,"0/$"
A)5&Y)*$"$.5"1/$"$-./1/%%/$"&*%/54/3%"/%"+5(0&/*%?"&*4/5%&%.0/"/*"35)8)*0/.5"/%"/*">(1/.5"3).5"1("$&'.1(%&)*"
0/$"(*)'(1&/$?"/%4C"

J).$"(11)*$"'(&*%/*(*%"35,$/*%/5"12.%&1&$(%&)*"0/$"$-./1/%%/$"GKG"0(*$"1/"4(05/"0/"*)%5/"',%A)0)1)+&/"X"
&1$">)*%"3/5'/%%5/"0/" 8(y)*"4)'31,'/*%(&5/"0/"0,8&*&5".*/" &*8)5'(%&)*"+,)',%5&-./"0/"-.(1&%,"3).5" 1/$"
4).4A/$"0/" 1("Y)*/",%.0&,/C"D("$&'.1(%&)*"+,)$%(%&$%&-./"0/" 12&'3,0(*4/"(4).$%&-./"$/5("/88/4%.,/"0(*$"
4A(4.*/"0/"4/$"4).4A/$C"

"

LLLCRCQC!:%&1&$(%&)*"0/$"$-./1/%%/$"GKG"

LLLCRCQC!C! H)'31,'/*%(5&%,"0/$"$-./1/%%/$"

D/"$-./1/%%/"&*%/54/3%"/$%"4/1.&"-.&"$/5("'(;)5&%(&5/'/*%".%&1&$,"3).5"1/"3)&*%,"0/$"A)5&Y)*$"-.&"0,8&*&5("1/$"
4).4A/$"0(*$"1/$-./11/$"1("$&'.1(%&)*"0/"12&'3,0(*4/"(4).$%&-./"$/5("/88/4%.,/C"D/"$-./1/%%/"+5(0&/*%">("
3/5'/%"0/"4)'31,%/5"1/"3)&*%,"4(5"&1"(88&4A/"0/$"A)5&Y)*$"(E$/*%$"$.5"1/"$-./1/%%/"&*%/54/3%"/%"($$)4&,$"="0/$"
$(E1/$"0/"41($$/"LLC"#*"/88/%?"4/$"$(E1/$"$)*%"4(5(4%,5&$,$"3(5"0/$">(1/.5$"02&*%/54/3%"*.11/$")."8(&E1/$"'(&$"
="0/$">(1/.5$"0/"+5(0&/*%"$&+*&8&4(%&>/$"@8)5%/'/*%"*,+(%&>/"3).5"1/"%)&%"02.*/"(*)'(1&/"/*"$(E1/"0/"41($$/"
LLBC"D2/<31)5(%&)*"/%"1("0/$45&3%&)*"0/"4/"%F3/"0/"$(E1/"8(&%"0/"31.$"/*"31.$"3(5%&/"0/$"/*;/.<"0/"12&*0.$%5&/"
3,%5)1&65/C"

G8&*"02/<31&-./5"/*"-.)&"12(%%5&E.%"+5(0&/*%"3/.%"8).5*&5".*/"&*8)5'(%&)*"$.331,'/*%(&5/"$.5"1("-.(1&%,"0."
$-./1/%%/"&*%/54/3%?"*).$"35)3)$)*$".*"$4A,'("$&'31/"@8&+.5/"\gBC"

L'(+&*)*$" -./" 1)4(1/'/*%?" 1(" ',%A)0/" 02&'(+/5&/" 8).5*&$$/" .*" 5,$.1%(%" 0/" 0/.<" &*%/58(4/$" %56$"
5(335)4A,/$?" 0/" 'P'/" ')53A)1)+&/" @4)*%&*.&%," 0(*$" 1/" 3/*0(+/?" 4)A,5/*4/" 0/" 1(" 35)8)*0/.5B" /%" 0/"
4(5(4%,5&$%&-./$"0/"5,81/4%&>&%,"$&'&1(&5/$C"

J).$"3).>)*$"&'(+&*/5"0/.<"$&%.(%&)*$"X"

!! .*/" Y)*/" /*" +(Y" $&%.,/" (.I0/$$.$" (" .*" /88/%" 1)4(1" 3/5%.5E(*%" $.5" 1(" 35)3(+(%&)*" 0/$" )*0/$"
$&$'&-./$?"&1"(33(5(u%"(1)5$"/*"4)*%5/E($".*/"Y)*/"81)./"35,$/*%(*%"(.4.*/")."3/."0/"5,81/4%&>&%,C"
L1" /$%" (1)5$" %).%" =" 8(&%" 3)$$&E1/" 0/" 4)*$%(%/5" .*/" &*%/58(4/" 4)'316%/" k"%5)*-.,/"l" /*" 0/$$).$" 0/"
4/%%/"(*)'(1&/"@8&+.5/"\g?"+(.4A/BC"

!! .*/"Y)*/"0/"$(E1/"0/"41($$/"LL?"$)&%"XD"&"e"/%*Y"�"e?"@4)*%5($%/"02&'3,0(*4/"35/$-./"*.1"(>/4"$)*"
/*4(&$$(*%B?" %5(>/5$/" .*/" &*%/58(4/" 4)*%&*./" 0/" 5,81/4%&>&%," A)')+6*/C" V(*$" 4/" 4($I1=" (.$$&" 1/"
5,$.1%(%"0/"12&'(+/5&/"$&$'&-./"&*0&-./".*/"&*%/58(4/"%5)*-.,/"@8&+.5/"\g?"05)&%/BC"

"
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Anomalie  

Gaz 

R
0

R
0

R
0

R
0

"

6%/',)* H:*\* V=>5"A* -%"#$)* ()* ()'L* -%&'A&%7.-* #7--%M$)-* #7',* $)-?')$$)-* '.)* %.&),6A=)* =7"#$8&)* )-&*

&,7.?'5)*#A,*$@)66)&*(@'.)*`7.)*).*/A`*7'*'.*-AM$)*()*=$A--)*001*KA-*(@'.*)66)&*#,7#A/A&%6*O/A'=>)Q_*)&*=A-*

(@'.*-AM$)*()*=$A--)*00*O(,7%&)Q1*

"

L1"/$%"%).%"="8(&%"3)$$&E1/"-./"4/$"0/.<"&*%/58(4/$"*/"$)&/*%"/88/4%&>/'/*%"3($"1&,/$?"'P'/"$&"12&*%/535,%(%&)*"
$&$'&-./"$/'E1/"&*0&-./5"1/"4)*%5(&5/C"

V(*$"1/"0/5*&/5"4($?"12(*(1F$/"0."$-./1/%%/"+5(0&/*%"3/.%"(1)5$"3/5'/%%5/"0/"0,%/5'&*/5"$&"4/%%/"&*%/58(4/"/$%"
4)*%&*./")."*)*C"L1"/$%"(1)5$"3)$$&E1/"0/"3).>)&5"5/4)*$%5.&5/"12&*%/58(4/"4)'316%/C"

H)''/" *).$" 1/" >/55)*$" 1)5$" 0/" 1(" 35/'&65/" (331&4(%&)*?" 1/$" $-./1/%%/$" &*%/54/3%" /%" +5(0&/*%" $)*%"
4)'31,'/*%(&5/$" 3).5" 8).5*&5" 12&*8)5'(%&)*" $.5" 12)5+(*&$(%&)*" +,)',%5&-./" 0/" 1(" $/4%&)*" $&$'&-./?" /%"
*)%(''/*%" 3).5" /<%5(&5/" 1/$" A)5&Y)*$" -.&" 0,1&'&%/5)*%" 1/$" 4).4A/$" 0(*$" 1/$-./11/$" *).$" $&'.1/5)*$"
12&'3,0(*4/"(4).$%&-./C"

V(*$" 1/$" 4($" 41($$&-./$?" 1/" %5(>(&1" 02&*%/535,%(%&)*" $.5" .*/" $/4%&)*" $&$'&-./" $)'',/" */" 3/5'/%" 3($" 0/"
35/*05/"/*"4)'3%/"4/"+/*5/"0/"$&%.(%&)*C"#*"/88/%?" " 1("$)''(%&)*"0/" 1("5,81/4%&>&%,"-.&"4A(*+/"0/"3A($/"
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