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R.##*(#$&.%5,"+"(3$"($&"C8"$'"#$)*&+"#$.33"#36"#$%.&$+*5(#$,"$HI$)&.D+"(3#?

!"#$%"&'"#$*C.'"#$.%'.35"#$*(3$8("$)*&+"$3&>#$C*5#5("$,"$@"''"$,"#$%"&'"#$,53"#$S$D&.5($

2$#*(3$,"#$%"&'"#$@*(578"#$%"&@6"#$,.(#$
14?

15$
1 2$.%%.&.F3$,.(#$@"$+.36&5"'?$

HT? !"!!#$H999$("$@*+%&"(,$78"$,"#$%"&'"#$&80.(6"#$
)*&+6"#$,"$,"8G$@N("#$@*+%'"3#:$<.83#$"3$,"$).50'"$,5.+>3&":$&68(5#$%.&$'.$0.#"$1 2?$U?$M"*((.$
"($&"C.(@<"$835'5#"$'"$3"&+"$%*8&$,6#5D("&$,"#$*0A"3#$)*&+6#$,"$,"8G$3&*(@#$,"$@N("$&68(5#$%.&$'.$
0.#"?$R*8&$05"($,5#35(D8"&$'"#$%"&'"#$05@*(578"#$&80.(6"#$,"$V?WM?$L"((.$,"$'.$@.36D*&5"$,"$%"&'"#$
+*(*@<&*+"#$,*(3$(*8#$%.&'*(#:$785$"($,5))>&"$%.&$'.$)*&+":$'.$3.5''"$"3$'"$3/%":$(*8#$.C*(#$835'5#6$

HX?$ M5+"(#5*(#$Y$<?$HI$"3$HZ$++$E$,5.+>3&"$,"$'.$0.#"$9$"3$HH$++?
H;?$ [$YHX$++:$ ,5.+>3&"$ 5()6&5"8&$Y$ HJ$++:$ ,5.+>3&"$ #8%6&5"8&$Y$ HI$++?$ M-.%&>#$ V?WM?$ L"((.:$ @"#$

%"&'"#$#*(3$C&.5#"+0'.0'"+"(3$+*8'6"#?
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!"# $"$%&'#(%# )%*# +,$-%*#(".*# /0%.*%-1/%#(%#.,&$%#-"&'$2%/# 2.(234%#5$,1"1/%-%.&#
3402/#.%#*0"62&#5"*#(04.%#+"1$2)"&2,.#(%#/0"&%/2%$7

/"$6%-%.&# 8#6$"2.# (0,$6%# %&# 6,4&&%#89# (%4:# *,.&# &$;*# +$'34%.&%*# 8#&$2".64/"2$%*# %&#
*5<'$234%*#89#%&#(0"4&$%*#&=5%*#*,.&#5/4*#$"$%*9#-"2*#.'".-,2.*#$')4$$%.&*7#>,&,.*#
34%#/%*#+,$-%*#/%*#5/4*#),4$".&%*#*,.&#(%*#5%$/%*#(,.&#/"#+"1$2)"&2,.#%*&#*2-5/%7

2.3.2. Perles rubanées
?2#/%*#5%$/%*#-,.,)<$,-%*#*,.&#&$;*#/"$6%-%.&#-"@,$2&"2$%*9#4.%#"4&$%#)"&'6,$2%#12%.#
$%5$'*%.&'%#%*&#)%//%#(%*#5%$/%*#$41".'%*7#?,4*#)%&&%#('*26."&2,.#*,.&#$%6$,45'%*#/%*#

AB9C#D#(4#&,&"/#(%*#5%$/%*9#*,2&#EF#5%$/%*#%.&2;$%*#%&#GHE#+$"6-%.&*7#!%*#+,$-%*9#I#4.%#
%:)%5&2,.#5$;*9#.%#*,.&#5"*#(2++'$%.&%*#(%#)%//%*#(%*#5%$/%*#-,.,)<$,-%*7#

5%$/%*#&$2".64/"2$%*9#12),.234%*#%&#%.#6,4&&%7

!%*#5%$/%*#/%*#5/4*#.,-1$%4*%*#*,.&#/%*#5%$/%*#&$2".64/"2$%*#J K#L#%//%*#+,$-%.&#
5$%*34%#/"#-,2&2'#(%*#+$"6-%.&*#JHM#DK7#!%4$*#(2-%.*2,.*#*,.&#),-5"$"1/%*#I#)%//%*#
(%*#5%$/%*#-,.,)<$,-%*#(%#-N-%# +,$-%7#O,4$# )%#342# %*&# (%*# ),4/%4$*9# /0'&"&#(%#

!%*#5%$/%*#12),.234%*# J K# *,.&#(04.%# +,$-%#342#.0%:2*&%#5"*#5,4$# /%*#5%$/%*#
-,.,)<$,-%*7# P//%*# '&"2%.&# +"1$234'%*# 5"$# %.$,4/%-%.&# (04.%# 5/"34%&&%# "4&,4$#
(04.%# &26%# %&# +"Q,.."6%7# R".*# .,&$%# ),$54*9# /%*# 5%$/%*# 12),.234%*# $%5$'*%.&%.&#
5$;*#(04.#34"$&#(%*#5%$/%*#$41".'%*7#O"$-2#)%*#5%$/%*#12),.234%*#$41".'%*9# 2/# +"4&#
(2*&2.64%$#)%//%*#342#,.&#4.#&=5%#(%#('),$#5"$&2)4/2%$#L#/%*#5%$/%*#2-2&".&#/0"6"&%9#(,.&#

(%#)%#&=5%#),..4%*#I#R'/,*#JE#$'5%$&,$2'%*K7

!%*#5%$/%*#%.#+,$-%#(%#6,4&&%# J K#),.*&2&4%.&#GS#D#(%*#5%$/%*#$41".'%*#(%#
/0T5<$,(2*2,.9#*,2&#EH#+$"6-%.&*7#P//%*#5$'*%.&%.&#+$'34%--%.&#(%4:#),4/%4$*#J1/%4#

(2-%.*2,.*#U"$2%.&#(%#AS#I#GS#--#(%#/,.64%4$7#V.#%:%-5/"2$%#(%#6$".(%*#(2-%.*2,.*#
%*&#2.),-5/%&7#!%*#"4&$%*#+,$-%*#*,.&#%.#5$,5,$&2,.#.%&&%-%.&#-,2.*#2-5,$&".&%7

J K# I# /0T5<$,(2*2,.7# !0"**,)2"&2,.# %.&$%# )%&&%# +,$-%# %&# )%# ('),$# %*&# 4.%#

(2-%.*2,.*#*,.&#(%#AG#--#(%#/,.64%4$#5,4$#F#--#(%#/"$6%7

!%*#5%$/%*#,U,W(%*# *,.&#%.# &$;*# +"21/%#.,-1$%#L#-,2.*#(%#G#D#(4# &,&"/#(%*#5%$/%*#
$41".'%*7
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!"# $%&'# %(%)*'+,-%# .%# *%-'%# $*/0-,1&%# -&2+"0%# 3 !!

4%$5+&-06#,'#*-0$%"5%#&"#.078-#,),5+"5#'9+:+5%#;#$8"#.,+)<5-%#%$5#.%#=>#))?#@'#A,%"5#
$9+B8&5%-#+&(#.%&(#%(%)*'+,-%$#78""&$#B&$1&9C#*-0$%"5#C#D0'8$?

2.3.3. Perles bichromes
E+7%#C#'907-+$+"5%#)+B8-,50#.%#*%-'%$#)8"87/-8)%$#%5#'+#*-8*8-5,8"#"85+2'%#.%#*%-'%$#
-&2+"0%$6#'%$#*%-'%$#2,7/-8)%$#%5#87&'0%$#$8"5#-%*-0$%"50%$#%"#5-<$#F+,2'%#1&+"5,50?#
G%$#*%-'%$#2,7/-8)%$#-%*-0$%"5%"5#)8,"$#.%#=#H#.&#78-*&$6#$8,5#=I#F-+:)%"5$#8&#

:-+".%#)+B8-,50# %$5#.%# F8-)%#8A8J.%# 3 !"K?#L%$#*%-'%$# $8"5# 78"$5,5&0%$#.9&"#

L%55%#+$$87,+5,8"#.%#F8-)%#%5#.%#.078-#"9+A+,5#*+$#%"78-%#050#-0*%-58-,0%#C#D0'8$?

2.3.4. Perles à décor oculé
G%$#*%-'%$#C#.078-#87&'0#$8"5#%"78-%#*'&$# -+-%$#.+"$#"85-%#78-*&$#M#"8&$#"9+A8"$#

"0+")8,"$#*-0$%"5%$#M# $*/0-,1&%#%5#8A8J.%?#L%55%#.%-",<-%# F8-)%#05+,5# ,"78""&%#C#
D0'8$#*8&-#7%#5N*%#.%#F+2-,7+5,8"#;#"85-%#%(%)*'+,-%#%$5#78)*'%56#2'+"7#8*+1&%#+A%7#
.%$#N%&(#2'%&#7'+,-#%5#2'+"7$?#G%$#*%-'%$#$*/0-,1&%$#$8"5#.%#7+',2-%#)8N%"6#$8,5#+&58&-#
.%#=>#))#.%#.,+)<5-%?

E,:?#==#M#D,FF0-%"5$#5N*%$#%5#F8-)%$#.%#*%-'%$#3O#E?#P,7856#QERK?
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2.3.5. Bilan

!"#$%&'%(")*+,'&%!'%&-")'&,'+.%/0#)%"1$'#)'$%&'$%2'+&'$%(03&*'$%')%!'$%40+('$%2+0!3,)'$%
5%6*&0$%7%2'+&'$%'#%101,#'8%!'#)'&*'$8%9+",#%!'%:"4*8%);)'%!'%#0,+16.%<",$%#03$%"=0#$%
"3$$,% !*:03='+)% !'$% 40+('$% #03='&&'$% 03% !'$% "$$0:,"),0#$% #03='&&'$% '#)+'% 3#'%
40+('%')%3#%)>2'%!'%!*:0+%7%0#)%",#$,%*)*%+':0##3'$%!'$%2'+&'$%0:3&*'$%0=0?!'$8%!'$%
2'+&'$% +31"#*'$% '#% 40+('% !-"+>1"&&'8% !'$% 2'+&'$% 1,:@+0('$% $2@*+,A3'$8% !'$% 2'+&'$%
(0#0:@+0('$%0="&'$%"2&"),'$%')%!'$%2'+&'$%(0#0:@+0('$%:>&,#!+,A3'$.%

")'&,'+.%<",$8%5%:'%$)"!'%!'%&-*)3!'8%#03$%203++,0#$%"3$$,%1,'#%,#)'+2+*)'+%&'%(")*+,'&%
!'%&"%2,B:'%C%:0(('%2+0='#"#)%!-3#'%103),A3'%!'%='++,'+.%D'%A3,%2'+(')%!'%&'%+'&,'+%
:&",+'('#)%5%3#%")'&,'+8%:-'$)% &"%2+*$'#:'%2"+(,% &'$%='$),9'$%!-3#%9+"#!%#0(1+'%!'%
+*$,!3$%!'%4"1+,:"),0#.%

A3,% #03$% 2'+('))'#)% !'% !*)'+(,#'+% A3'% &'% (")*+,'&% 2+0=,'#)% 1,'#% !-3#% !*20)0,+%%
!-")'&,'+.%

2.4.1. Matière première
E%6*&0$8%"3:3#%")'&,'+%!'%4"1+,:"),0#%2+,(",+'%#-"%*)*%!*:03='+)%F%&"%("),B+'%2+'(,B+'%
)'+(,#"&'%*)",)%,(20+)*'%!"#$%&-G&'%$03$%40+('%!'%1&0:$%!'%='++'.%H+B$%!'%IJ%K%!'$%

!-*:&")$% 03% !'% 4+"9('#)$% !'% 1&0:$% !'% ("),B+'% 2+'(,B+'% )'+(,#"&'% ,(20+)*$% 203+%
)+"#$40+("),0#%!"#$% &'$%")'&,'+$% $':0#!",+'$%!'%6*&0$.%D'+)",#$%20+)'#)%!'$% )+":'$%
!'% :@0:8% !'$%0#!'$% :0#:'#)+,A3'$%A3,% $0#)% &'$%("+A3'$%!3%!*1,)"9'%!'% :'$%1&0:$%
L !M.

2.4.2. Résidus de chau!e du verre

='++'8%$0,)%203+%&"%4"1+,:"),0#%!'%!'(,N2+0!3,)$%5%2"+),+%!'%1&0:$%!'%("),B+'%2+'(,B+'%

O'%2+'(,'+%01P')%A3,%"))'$)'% &"%:@"344'%!3%='++'%'$)%3#'%2&"A3'%!-"+9,&'% +*4+":)",+'%
L "M%20+)"#)%$3+%3#'%4":'%3#'%:03:@'%1&"#:@Q)+'%!-3#'%*2",$$'3+% ,#4*+,'3+'%5%
R%((%')8%$3+% &-"3)+'8% &'%(;('%)>2'%!'%(")*+,"3%,#:+3$)*%!'%2'),)$%*:&")$%!'%='++'17.%
O'$%")'&,'+$%$':0#!",+'$%!'=",'#)%:@"344'+%')%2"+40,$%+':3,+'%&'%='++'.%H'3)N;)+'%$-"9,)N,&%
!-3#%4+"9('#)%!'%+*:,2,'#)%A3,%$'+=",)%5%:@"344'+%03%5%9"+!'+%"3%:@"3!%&'%='++'%3),&,$*%

RS.
RT.% 6,"(B)+'%("U.%:0#$.8%'#%((.%7%O.%VI%F%&.%IT%F%*2.%RW8V.
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!"#$% &"%'()!*+,-)#%$.+)#!"-(./%0"%+)*+1.%2&"#+13,(.% $.% (.,()*4.%$*(%!.$%"5(65",$%
!.%'.,-,$%7("58.#,$%!.%4.((.%+1"*776%!6+)*4.(,$%.#%9*"#,-,6%#)#%#65&-5."2&.%!"#$%&.%
8:8.%+)#,.;,.%< !=/

>#%+.(,"-#%#)82(.%!.%(6$-!*$%$'16(-9*.$%< =%#.%'.*4.#,%:,(.%!.$%'"$,-&&.$?%+"(%

!.$%5)*,,.$%9*-%$.%!6,"+1.#,%!.%&"%8",-@(.%(6+1"*776.%.,%,("4"-&&6.?%$)-,%"*%8)8.#,%

$)#,%!.%,"-&&.%.,%!.%+)*&.*(%4"(-"2&.%A%+.(,"-#.$%$.82&.#,%+)((.$')#!(.%"*;%+)*&.*($%

+)88.%!.$%(",6$%!.%7"2(-+",-)#%!.%'.(&.$/

7)#+,-)#%'(6+-$.?%$)#,%4-$-2&.8.#,%&-6$%B%&"%+1"*77.%!*%4.((.%C%+.(,"-#$%$.82&.#,%:,(.%
!.$%+)*&*(.$%< =%!.%8",-@(.%+1"*!.%.,%8"&&6"2&.%A%!D"*,(.$?%7)(86$%!.%'&"9*.,,.$%
.#()*&6.$%$*(%.&&.$E8:8.$%!.%7"F)#%-((65*&-@(.%< =?%'.*4.#,%:,(.%!.$%(6$-!*$%!.%
7"2(-+",-)#%!.$%'.(&.$%'()!*-,.$%'"(%.#()*&.8.#,%!D*#.%'&"9*.,,.%"*,)*(%!D*#.%,-5./

0.$% '&*$% -#,6(.$$"#,$% !.$% (6$-!*$% !.% +1"*77.% $)#,% &.$% 7("58.#,$% ')(,"#,% !.$%
,("+.$% !D)*,-&$% < =/% G*(% &.$% HI% 7("58.#,$% +)#+.(#6$?% ,()-$% ,J'.$% !D)*,-&$% $)#,%
(.+)##"-$$"2&.$/%0.$%,("+.$%&.$%'&*$%#.,,.$%$)#,%!.$%,("+.$%!.%'-#+.$%4-$-2&.$%$*(%!.$%

%A%
$)#,% ,.(8-#6.$% '"(% !.$% $'",*&.$% !.% K% )*% L%88%!.% &"(5./% 0.$% ,("+.$% $)#,% $)*4.#,%

M-5/%NH%C%O6$-!*$%!.%7"2(-+",-)#%<P%M/%Q-+),?%RMS=/
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!"#$%&'(#")*+,&-'(&'.-/'0'1'))'2 '&+' 34'5%67#&6,7'!,"8)&9+7'(&':&'+;<&'

9=67'">=97'#7=%?'(&6@'!,"8)&9+7'7&)$%"$%&7-'+6$6%"#,&7'">&:'69&'<",+#&'?>"7?&-'$,#7?&-'
A6#'7&)$%&'7?<",?&'(&'%B"6+,&'<",+#&'<",'69&')",A6&'(&'7&:+#=9'2 34

2.4.3. Demi-produits
C6+,&' %&7')"+#*,&7' <,&)#*,&7' &+' %&7' (?:D&+7' (&' :D"6!!&-' %&7' ,?7#(67' (&' !"$,#:"+#=9'
7&':=)<=7&9+'(&'(&)#E<,=(6#+7-':B&7+E0E(#,&'(&'<,=(6#+7'+,"97!=,)?7'A6#'7&,>&9+'0'

<",'=,(,&'(&'!,?A6&9:&-'&+'<&6>&9+'F+,&')#7'&9',&%"+#=9'">&:'69'=6'<%67#&6,7'+;<&7'

2 !!

(#7A6&-'(&'8,"#9'(&',#G-'(&'+F+&'(&'9=#,'&+'(&':D"<&"6':D#9=#74'

2 !"3-'A6#',&<,?7&9+&9+'("97'9=+,&':=,<67'<,*7'(&'.H'I'(&7',?7#(674'JB6+#%#7"+#=9'

>#7#$%&-':=,,&7<=9('$#&9'"6@':=6%&6,7'(&7'<&,%&7'(?:,#+&7'<%67'D"6+4

K' 69' (&8,?' 76<?,#&6,' (B?%"$=,"+#=9-' %&' )"+?,#&%' (&' %B"+&%#&,' :=)<=,+&' (&7''

:=6%&6,7'(#!!?,&9+&7'2 'L' #3-'A6#'7&,>&9+'0'!"$,#A6&,'(&7'<&,%&7',6$"9?&7'
(&')F)&7'!=,)&7'A6&'%&7')=9=:D,=)&74

MB"6+,&7' +;<&7'(&'<&,%&7'9?:&77#+&9+'69'<,=(6#+'(&'(?<",+'(#!!?,&9+'N'(&7' +6$&7'(&'
>&,,&'2 3-'<,?7&9+7'("97'9=+,&':=,<67'2O/'!,"8)&9+734'P&'7=9+'%&7'<&,%&7'&9'
!=,)&'(&'8,"#9'(B=,8&'&+'%&7'<&,%&7':;%#9(,#A6&74'J&'(#")*+,&'&@+?,#&6,'(&7'+6$&7'>"'

C9'"'>6'&9:=,&'A6&':&,+"#9&7'<&,%&7'?+"#&9+'!"$,#A6?&7'0'<",+#,'(&'<%"A6&++&7'2 3-'
)=9=:D,=)&7'=6'<=%;:D,=)&7'7&%=9'A6&'%&7'<&,%&7'7=9+')=9=:D,=)&7'=6',6$"9?&74'
Q%' 7B"8#+' (&7' <&,%&7' +,#"986%"#,&7-' <=6,' %&7A6&%%&7' %"' <%"A6&++&' &7+' (?:=6<?&-' &+' (&7'
<&,%&7'$#:=9#A6&7-'<=6,'%&7A6&%%&7'&%%&'&7+'&9,=6%?&'"6+=6,(B69&'+#8&')?+"%%#A6&4'R=67'

S'I'(&7',?7#(674'P&,+"#9&7'<,?7&9+&9+'69&' #(&9+#+?'(&':=6%&6,7'!,"<<"9+&'">&:'(&7'
<&,%&7':=97&,>?&74
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!" #$%&'()*+," $-+."/+,"

/+" 0$" -$',,+00+" !"#$%"&&$1" 2)" +3.2&+" #2&4+&" 0$" %2&/)&+" /+" -$',,+00+" &)%$3*+" 2)"
42,$5()*+6" 7$'," +00+," 82)-$'+39" $),,'" %'+3" :9&+" )9'0',*+," 9+00+," ()+00+," .244+""

%;9233+9,6"<+"/'$4=9&+"-$&'+"/+">"?"@A"44"+9"0$"023B)+)&".23,+&-*+"-$"C),()D?"E".46

2.4.4. Ratés de fabrication

0+"4$9*&'+0" +,9" 0$" 8&*,+3.+" /+" &$9*," /+" #$%&'.$9'23" .23,9'9)*," /+" 8+&0+," .200*+," 0+,"

)3+,"$)F"$)9&+,6"G'3,'1"9&2',"8+&0+,"+3"#2&4+"/+"B2)99+"#2&4+39")3"$B&*B$9"H 1"

3+",239"8$,"$0'B3*,6"I00+,"/2'-+39"/23.",D:9&+"$B&*B*+,"?")3+"*9$8+"/+"0$"#$%&'.$9'23"

2J" +00+," *9$'+39" /*C?" $.K+-*+,1" 4$'," +3.2&+" .K$)/+,"L" 0D$&9',$3" $)&$" C)B*" ()+" .+0$"

3+"-$0$'9"8$,"0$"8+'3+"/+"0+,"/*.200+&6"M3"$)9&+"$B&*B$9"H 1"?"/&2'9+!"&$,,+4%0+"

/+)F"8+&0+,"9&'$3B)0$'&+,1"$-+."0D'39*&:9"()D'0",D$B'9"/D)3+"8+&0+"4232.K&24+"+9"/D)3+"

8+&0+"&)%$3*+1".+"()'"4239&+"()+"0$"/'##*&+3.+"/+"/*.2&"3D'480'()+"8$,"/+,"$9+0'+&,"

/'##*&+39,6

7$',"0D+F+480+"0+"80),".2480+9"/)"8&2.+,,),"/+"#$%&'.$9'23"+,9"/233*"8$&"0+".$,"/+,"

8+9'9+,"8+&0+,".N0'3/&'()+,"9)&()2',+1"82)&"0+,()+00+,"92)9+,"0+,"*9$8+,"/+"0$"8&2/).9'23"

H/+," 8+&0+," 323" ,*8$&*+,!" +9" /+," 8+&0+," .2480=9+,1" /+" /'$4=9&+" ,'323" +F$.9+4+39"

,+4%0$%0+1"/)"42'3,"9&=,"8&2.K+"H !6

<$"3$9)&+"+9"0$"-$&'*9*"/+,"&*,'/),"/+"#$%&'.$9'23"H4$9'=&+"8&+4'=&+"9+&4'3$0+1"'3/'.+,"

/+" .K$)##+1" /+4'O8&2/)'9," +9" &$9*," /+" #$%&'.$9'23!" 8+&4+99+39" /+" &+0'+&" .0$'&+4+39"

329&+" 4$9*&'+0" ?" )3" $9+0'+&" /+" -+&&'+&" ,+.23/$'&+6" 7$'," ()+" 8+)9O23" /'&+" /+" 0$"

02.$0',$9'23"+9"/+"0$"8&2/).9'23"/+".+9"$9+0'+&"P

HQ"R6"S)&-N+1"ITG!6
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!"#$%&'()(*&+&$,%#-'.#-,%%*'.

!"#"$%&'()*+*,)$-.$/+01&2)3$

!"#$%&'()*+,-./&01232+'-#2-4(&-+*(,-%/*(12-4(2-+*(,-$1*+,-$55$&/2-$(-6"%*'*&/-67(+-
$'2)&2/-8

9-)$-%/",2+#2-62-/",&6(,-2'-62-/$'",-62-5$./&#$'&*+-:

)2,-';%2,-62-%2/)2,-6"#*(12/',-6$+,-)2-#*+'2<'2-62-#2-6"%*'*&/-67$'2)&2/-2'-4(&-"'$&2+'-
6"=>-#*++(,-,*+'-#*+,&6"/",-%$/-?@AB@-C2++$-#*332-62,-%/*6(#'&*+,-6")&2++2,@

B$+,- )2-6*3$&+2-62- )7*('&))$D2E-+*(,-+7$1*+,-%$,-62-%/2(12-"1&62+'2@-F*(/-#2-4(&-
2,'- 62,- *('&),- 3"'$))&4(2,E- +*(,- $1*+,- .&2+- 6"#*(12/'- 4(2)4(2,- '&D2,- 62- ./*+G2-
,(,#2%'&.)2,-67$1*&/-,2/1&-62-%*+'&)-*(-62-%&+#2E-3$&,- )2(/-"'$'-62-#*+,2/1$'&*+-+2-
%2/32'-%$,-62-6"'2/3&+2/-)2(/-5*+#'&*+-:-4($+'-$(-5/$D32+'-62-#"/$3&4(2-%*/'$+'-

3$&,-&)-2,'-&,*)"-2'-62-5$&.)2,-6&32+,&*+,@

#2+6/2(,2,H-6$+,-)2,-%$/'&2,-5*(&))"2,@-

B2- #2,- 6&12/,2,- 6*++"2,- %/*12+$+'- 6(-3$'"/&2)- )(&A3I32- 2'- 62- ,*+- #*+'2<'2- 62-
6"#*(12/'2E-*+-%2('-'&/2/-62(<-#*+#)(,&*+,@-J$-%/23&0/2-2,'-4(2-)2-3$'"/&2)E-K*3*D0+2-
2'-/&#K2-2+-/",&6(,-62-5$./&#$'&*+E-%/*1&2+'-$,,(/"32+'-67(+-$'2)&2/-:-)$-,2#*+62-2,'-4(2-
#2'-$'2)&2/-+2-,2-'/*(12-%$,-6$+,-)$-%&0#2-3I32E-3$&,-%)(,-%/*.$.)232+'->-%/*<&3&'"@-

!"4"$%&'-.,02'*$-)$35+0)32)&

J7$+$);,2-6(-3$'"/&2)-%2/32'-62-%/"#&,2/-)$-%/*6(#'&*+-62-#2'-$'2)&2/@-

L- %$/'&/- 62- )$- 3$'&0/2- %/23&0/2- '2/3&+$)2E- )7$'2)&2/- 5$./&4(2- 62,- 623&A%/*6(&',@-
M2/'$&+,-62-#2,-623&A%/*6(&',-,23.)2+'-+7I'/2-%$,-6&/2#'232+'-2<%)*&'",-%$/-)7$'2)&2/-

N&D@-OP-8-F2/)2,-#;)&+6/&4(2,-8-'(.2E-/$'"-62-
5$./&#$'&*+-2'-%2/)2-QR-?@-B*('K2E-$H@

N&D@-OS-8-!$'",-62-5$./&#$'&*+-62-%2/)2,--
QR-N@-C&#*'E-TNUH@
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!"#$%&'"()*+,!#-./)00)*,'/1-23)*4,*"20,/05#5*3*,*/',!#-%),!"/', #-, 6-1'5%-05"2,7), #-,
!'52%5!-#),!'"7/%05"2,7),#8-0)#5)'+,#)*,!)'#)*9

:8-0)#5)',!'"7/50,*/'0"/0,!#/*5)/'*,0$!)*,)0,6"'()*,7),!)'#)*+,7"20,#),#5)2,-;)%,#8-0)#5)',

<,#-,!'3*)2%),7),'-03*,7),6-1'5%-05"2,=!)'#)*,)2,6"'(),7),>"/00)*+,!)'#)*,0'5-2>/#-5')*+,
("2"%&'"()*,)0,'/1-23)*+,!)'#)*,%$#527'5./)*4,?

!)'#)*,0'5-2>/#-5')*,)0,*!&3'5./)*+,!)'#)*,'/1-23)*,15%"25./)*4,?

2"/*,!"/;"2*,*)/#)()20,2"0)',./), #-,(-@"'503,7)*,7)(5A!'"7/50*,23%)**-5')*,B, #-,
!'"7/%05"2,7)*,!)'#)*,73%"/;)'0)*,7-2*,#8C!&'"75*5"2,)*0,("2"%&'"()+,%"((),#-,
0'D*,>'-27),(-@"'503,7)*,!)'#)*,%"2*)';3)*9

E2,');-2%&)+,%)'0-52*,0$!)*,7),!)'#)*,%"/'-(()20,!'"7/50*,B,F3#"*,*"20,-1*)20*,"/,

G"/', %), ./5, )*0, 7), #-, ;-5**)##)+, 5#, *)(1#),./), #8-0)#5)', 28)2,!'"7/5*),!-*,H, 0'D*,!)/,

!'"7/5*)20,!-*,7),;-5**)##),B,#83!"./),&)##325*05./)9

303,(5*,-/, @"/',7)*,;)*05>)*,7),!'"7/%05"2,7),;)'')+,)0,!'"!"*),7"2%,7), #"%-#5*)',
0'"5*,-0)#5)'*,H,#8/2,*),*50/),-/,*/7,7/,I-("0&'-J35"2+,#8-/0'),7-2*,#-,&-/0),;-##3),7),
#8K2"!"*+,#),7)'25)',B,!'"L5(503,5((375-0),7),#8C!&'"75*5"2+,7-2*,#)*,="/,B,!'"L5(503,
7)*4,(->-*52*,7), #-,M-5*"2,7)*,I0/%*+,(5*,-/, @"/',)2,NOPO,!-',Q&'9,:),R"$189,:-,
!'"7/%05"2,7),;)''),B,F3#"*,*)(1#),7"2%,#"%-#5*3),7-2*,#-,;-##3),7),#8K2"!"*+,*-2*,
./), #)*, %-'-%03'5*05./)*,>3">'-!&5./)*,7/, *50), *"5)20,!"/',>'-27A%&"*),7-2*,%)00),
5(!#-20-05"2,H,5#,*8->50,;5*51#)()20,78/2,'-**)(1#)()20,0&3(-05./)9,

F-2*, #)*, (->-*52*, 7), #-, M-5*"2, 7)*, I0/%*, "20, 303, 73%"/;)'0*, 7)*, 73%&)0*, 7),
(-05D'), !')(5D'), 0)'(52-#)+, 7)*, 7)(5A!'"7/50*+, 7)*, '-03*, 7), 6-1'5%-05"2, 7), !)'#)*,

NS9, :),'-!!"'0,*/',%)*,6"/5##)*,=!"#,ST,UNOVWX+,!9,SPT4,2),6-50,!-*,()205"2,7/,;)'')+,7"20,#-,!/1#5%-05"2,-,

./5,*/50+,2"/*,2"/*,-!!/$"2*,*/',#)*,3#3()20*,7),;)''),!'";)2-20,7),%)00),6"/5##)+,!/1#53*,7-2*,75;)'*,
!-**->)*,7),!"!!#,NOOO9
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!"# $!%# &!'(!%19)# *+# ,-!%"./0# !%"# $!# %+1/.'# %.# (+#2+.%/0# $!%# 3"-4%# !"# (56&7'/$.%./0#
4/0".!00!0"#(!#8+"9'.!(#$5-0#%!-(#!"#8:8!#+"!(.!'#/-#$!#$!-;#+"!(.!'%#$.%".04"%)#<0#
%!'+."#!0#!==!"#"!0"9#$!#'+&&'/47!'#(!%#$!-;#=/-.((!%#>#8:8!%#'9%.$-%#$!#=+?'.4+"./0@#
8:8!#&'/$-4"./0# A&!'(!%B@# (/4+(.%+"./0%# "'C%#1/.%.0!%@# "/-"#4!(+# .01."!# D#4/0%.$9'!'#
(57E&/"7C%!#,-!#(5/'.F.0!#$-#8+"9'.!(#%/."#(+#8:8!#$+0%#(!%#$!-;#4+%)#G0!#4/8&+'+.%/0#
&(-%#$9"+.((9!#8/0"'!#"/-"!=/.%#,-5.(#E#+#!0"'!#(!#8+"9'.!(#$!#(56&7'/$.%./0#!"#4!(-.#$!#
(+#2+.%/0#$!%#3"-4%#,-!(,-!%#$.==9'!04!%)

D# +""'.?-!'# D# (5+"!(.!'# $!# (+# 2+.%/0# $!%# 3"-4%# (+# =+?'.4+"./0# $!# &!'(!%# /4-(9!%#H# D#
(56&7'/$.%./0@#+-4-0!#?+F-!""!#&/(E47'/8!#&/-1+0"#%!'1.'#D#4!""!#&'/$-4"./0#05+#
9"9#$94/-1!'"!# I-%,-5.4.)#J5!%"#-0!#&'!8.C'!#$.==9'!04!@#,-.#&!-"#:"'!#"/-"#$!#%-."!#
0-+049!#># "/-"# (!#8+"9'.!(#$!#1!''!#05+E+0"#&+%#9"9#'!%"+-'9@# .(#!%"#&/%%.?(!#,-!#$!%#
?+F-!""!%#$!#4!#"E&!#0/-%#+.!0"#947+&&9#D#4+-%!#$!#(!-'#.'.%+"./0)

K+'#+.((!-'%@#?.!0#,-!#(+#$.==9'!04!#4/0%.$9'+?(!#!0"'!#(!#0/8?'!#$5/?I!"%#$94/-1!'"%#
$+0%#(+#2+.%/0#$!%#3"-4%#!"#D#(56&7'/$.%./0#A(!#'+&&/'"#!%"#$!#L#D#LMMB#'!0$!#$9(.4+"!#
"/-"!#4/8&+'+.%/0#%"+".%".,-!@#/0#4/0%"+"!#,-!#(+#&'/&/'"./0#$!#&!'(!%#8/0/47'/8!%#
%!8?(!#?!+-4/-&#&(-%#.8&/'"+0"!#D#(56&7'/$.%./0#,-5D#(+#2+.%/0#$!%#3"-4%@#/N#(!%#
&!'(!%#4/0%!'19!%#!0#&(-%#F'+0$#0/8?'!#%!'+.!0"#$!%#&!'(!%#'-?+09!%20)#

=/'8!#$5+'E?+((!%@#4!#,-.#0!#4/''!%&/0$#&+%#D#-0!#&'/$-4"./0#.8&/'"+0"!#$!#(5+"!(.!'#
$!#(56&7'/$.%./0)

J!%# ,-!(,-!%# $.==9'!04!%# !8&:47!0"# $5!;4(-'!# +?%/(-8!0"# (+# &/%%.?.(."9# ,-!# (!#
8+"9'.!(#$!#(56&7'/$.%./0#!"#4!(-.#$!#(+#2+.%/0#$!%#3"-4%#&'/1.!00!0"#$!#$!-;#+"!(.!'%#
$.%".04"%#H#(!%#$.1!'F!04!%#%/0"#"/-"!=/.%#"'/&#(9FC'!%#!"#%-I!""!%#D#'91.%./0#&/-'#,-!#
(5/0#&-.%%!#&'9=9'!'#4!""!#7E&/"7C%!#D#4!((!#$5-0#+"!(.!'#-0.,-!)

!"#$%&$'()*%&#

*!#8+"9'.!(# &'9%!0"9# .4.# !%"# ?.!0# %O'# !0# 4/-'%# $59"-$!#H# (!%# 4/04(-%./0%# ,-!# 0/-%#
".'/0%#$!# %/0# +0+(E%!# %/0"#$/04# +8!09!%# D# 91/(-!'# +1!4# (+# &/-'%-."!#$!%# =/-.((!%#
!"# $!%# '!%"+-'+"./0%)# *5.0"9':"# 8+I!-'# $!# 4!"# !0%!8?(!# 1.!0"# $!# 4!# ,-5.(# &!'8!"#

&/%%.?(!# D# P9(/%# !"# +%%!Q# '+'!8!0"# $+0%# (!# '!%"!# $-# 8/0$!# F'!4)# *!# $!-;.C8!#
!0I!-# $!# (59"-$!# $-# 8+"9'.!(# $!# (56&7'/$.%./0@# !04/'!# D# %!%# $9?-"%@# !%"# -0!##

&'/;.8."9# .889$.+"!# $!# $!-;# +"!(.!'%@# 4!(-.# $!%# 3"-4%# !"# 4!(-.# $/0"# &'/1.!0"# (!#
8+"9'.!(#$!#(56&7'/$.%./0@#+I/-"!#-0#9(98!0"#D#(59"-$!#$!#(+#4/04!0"'+"./0#$!#4!#"E&!#
$!#&'/$-4"./0#$+0%#(+#1+((9!#$!#(5R0/&/%)

LS)# T/.'#NENNA#LSSS@#&)#LUV@#LSL#!"#LWU)
WM)# !"!!##LSSS)
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!"#$%&'() *'(+,"&) -.%/"&0(.(#1 2

3&"1&)0%.'.45".%&) 6768 9:6 6;6< 89=9<020>&)0?&"1&)

@"#+')0>A."$& B7; 6:7 ;9: 97=:C
@.D((&) 796 6E; 9B8 E;=EE

67: 7B 6BB <=BB
F?5G"+HD&) B: 96 6:6 C=8;
IJ1+'>"+HD&) 9< E: B< 9=:6
KL.M>&) 9C 67 C8 7=7;
N"J/#11&) EC E< C9 7=69

6; ; E9 6=9:

O+P(".'4.'+HD&) 9 6E 6B :=<7

Q+)HD&) 6 < 6: :=C8
KL#1&)0#?1#(+&) ; E < :=0CE
I5#?&#DR045+'.+) : E E :=6E

6 : 6 :=:B
3J"#%+>#1&) 6 : 6 :=:B

!"#$%&'() *'(+,"&) -.%/"&0(.(#1 2
3&"1&)0"D/#'G&) E9B B< 76C 6C=7:020>&)0?&"1&)

6E6 E; 698 9B=<8
O+4.'+HD&) B; 6: ;; E9=99
@.D((&) 9E EE B9 E:=7E
N"J/#11&) ; 7 6: 7=6;
@"#+')0>&0"+S C 9 < E=8B
KL.M>&) 9 E B 6=<:
F?5G"+HD&) : 6 6 :=7E

!"#$%&'() *'(+,"&) 2
3&"1&)0/+45".%&) < 6: 6< :=<E020>&)0?&"1&)
F?5G"+HD&) : E E 6:=C7
KL.M>&) < 8 6; 8<=9;

!"#$%&'() *'(+,"&) 2

3&"1&)0.4D1G&) 9 E B :=E<020>&)0?&"1&)

F?5G"+HD&) 9 6 C 87=77

KL.M>&) : 6 6 6B=BB

-.%/"&
!+10T0)&4(+.'04+"4D1#+"& E97

!+10T0)&4(+.'0HD#>"#'$D1#+"& 6:9
8C

O#$D&((&0?.1J45".%& C7
;:
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!"#!"# $%&'()!*+'!,-./' 0123!145&(*+!"
6(785+ 9 6(785+ 9 6(785+ 9

:+5;+'!(/.;4+' <= >? @ ABC A CB"C
,1245&D.+'!E5('!/%;&85+ >> >@B#> F >? C C
,1245&D.+'!7(G+)!/%;&85+ A# #AB>< " #? ? <#B""

HI(J*+ C C C C F FABA#
:+5;+'!5.8%)4+'

K*()-!&7&-%)-!;L%E%-+M

FC>

K<M
><BA?

@?

K>M
A#BF

"F?

KF<M
F?B"C

?" ?FB=# ">N>!/(;;4+'!1%5!/2%;+.5 #?B?A F@< @AB=<
O(.--+' F@ F"B#" > @B@@ A@ >CB">

Biconiques 15 (6) 14,70 4 (2) 8,89 77 (18) 24,44
Sphériques 5 4,90 2 4,44 1 0,32

Hémisphériques 7 6,86 1 2,22 0 0
HI(J*+'!%1;%-&+' @!K>M "B=> C C C C
PG;&)*5&D.+' @!K>M "B=> > @B@@ C C

05G8%;;+' C C C C FC "BF#

HI(J*+' C C C C A FB=C
O5%&)'!*+!5&Q C C C C = >B<A

:+5;+'!8&/25(7+' A FBA< C C F= CB=C
,1245&D.+' A FCC C C > FCB?"
HI(J*+' C C C C F# <=B@#

:+5;+'!7()(/25(7+' F?= @@BA F< >AB= F#F= <"B?C
05G8%;;+' F> #B?@ ?!K*()-!"!)()!1+5/4+'M >#B#< ?@ "BF@

F# FCBA= F ?B?A >@ FB@C
R(8&)+' @ >B?F F ?B?A C C
O(.--+' = ?BAA " FABA# @A< >#B>>

= ?BAA > FFBFF FAA =BAA
O5%&)'!*+!/%S4 @ >B?F F ?B?A C C
O5%&)'!*L(5E+ F< FFB"> > FFBFF #@C @"BC?
O5%&)'!*+!5&Q > FB>A C C C C

P2%1+%.T!/2&)(&' F@ <B<C C C > CBF>
# @B@C F ?B?A C C

U&'D.+' # @B@C F ?B?A FC CB?<
V47&'1245&D.+' >C F>B?< C C C C

A "B## C C F CBCA
,1245&D.+' # @B@C F ?B?A FCF ?B<#

PW-+;4+'!E5('!/%;&85+ A "B## C C C C
PW-+;4+'!1+-&-!/%;&85+ F# FCBA= C C C C
HI%;+'!%1;%-&+' C C C C = CB?>
PG;&)*5&D.+' C C C C A= @BCF
HI(J*+' C C C C ?< "B"#

R&X-5()/()&D.+' C C C C FA CB="
:G5%7&*%;+' C C C C F CBCA

"?A A# >C?=

!
Y!U4;('B!*%)'!;%!$%&'()!*+'!,-./'!+-!*%)'!;+'!*48;%&'!*L%-+;&+5!*+!;L0125(*&'&()3

ceciledurvye-derapper
Note
Marked définie par ceciledurvye-derapper

ceciledurvye-derapper
Note
Marked définie par ceciledurvye-derapper

ceciledurvye-derapper
Note
Marked définie par ceciledurvye-derapper

ceciledurvye-derapper
Note
Marked définie par ceciledurvye-derapper
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!"!#"$%&'()"*

Bruneau 1970 !"#$Bruneau%$ !"#$"%#$"&' &(%' )"&' #()*"&' +"' ,-).&' /' )0-1.2("'
$"))-34&*42("'"*'/')0-1.2("'451-%46)"%$789:!'&'($)'*(+,#

Deonna 1938 -#$Deonna%$;"'<.=4)4"%'+-)4"3>'8:,''.$)'*/.,#

Durvye 2006 0#$Durvye%$ 1$23"456789$ :$ ;<=5>$?$ @A=89$ 3AB=7@$ 98$ 347C<$ :$
!8?'''*$)&++D,%$3#$./E''/#

Nenna 1999  F#E;#$Nenna%$;"&'@"%%"&%$8:,$/($)'***,#

Roussel 1987 !#$Roussel,$,-).&'#.).34"'6*$-34"33"%$789:!''''$)'*.(,#




