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  Les auteurs du présent livre proposent de parcourir ces frontières afin 
de questionner aussi bien l'existence des ouvrages, leur production et 
leur matérialité, que les visées de l'auteur, les attentes de ses destina-
taires et les réceptions des lecteurs. Les vingt-deux contributions       

quité avec les Éléments XXe 
« maths modernes 

Bourbaki dans les siècles suivants. 
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Les frontières qui séparent les ouvrages de mathématiques, qu'ils 
soient destinés à la recherche, à l'enseignement ou à la culture, sont 
poreuses. En effet, l'auteur d'un texte destiné à la recherche doit se    
faire comprendre, surtout s'il propose des notions inédites. L'auteur 
d'un manuel d'enseignement voit parfois des questions d'enseignement 
devenir des problèmes mathématiques. Un écrit destiné à la culture 
mathématique accumule les difficultés : diffuser des idées nouvelles à 
un public non averti. 
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6;"S()-041&"$+"$*/%,/-(0""W$51634"9-0;4A1354%&"u"[X"S(",0"($-()04-/$+"$
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180B6H81" 7318A589805" -;J" c3/,"2-#" #6;1" ;5323481" 582" 6;" 582"
5D/61@98$" ,8" ?-448;1" 734530.;-35" -;443" 2-" =-F13A69626.38" 78" 2-"
:()-04%,/-(0"" G6;" :()-04%,%3%*0"!" 6;" :()-01&"$ +"$ */%,/-(0"I!"
2-C;8228" 4 6AA;#8" 78" 2-" 984;18" 85" 845" #-1" 84480A8" ;08" ./69/5138"

!"C; 8228"4635"30451;9805/8"6;"060$"
,8"965""(*)#-04"!"C;3"-##-1-q5"7-04"28"46;4(53518"78"P"85"R!"845"

/.-289805" ;0" 0/626.3498" 78" 2 30B805360" 78" ,8" ?-448;1" 85" ;0"
&204&,$7-04"2-"2-0.;8"=1-0O-348$"Q2"845"=619/"4;1"2-"1-A308".18AC;8"

"G/(*%2$e$-A58!"51-B-32I"7605"7/13B8$ "G/(*)#-04%#$e$-A53=!"
51-B-3228;1I!"9-34" K8" 08" A1634" #-4" C; 32" B38008" 7 ;0" 58J58" .18A$" ,8"
?-448;1" 489F28" -B631" 89#1;05/" G6;" 18A1//I" ;0" 0/626.3498" 2-530"
=61./"-;"?8"43@A28"-#$"N$(P"4;1"A8558"1-A308"#-1"k-153-0;4"P-##822-$"
P82;3(A3!"#-12-05"784"#4.",)-)!"6;"=3.;184"7;"1-3460089805"./69/(
513C;8!" 284"73B34-35"80"f""(*)#-04)!$C;3"A6053800805"784" 30451;A53604"
#6;1" 1/-23481" C;82C;8" =6198" C; 60" B6;71-"h" 85" f"):%+04-04)!" C;3"
-##615805" 784" 7/960451-53604" 78" 2-" AD648" <" #16;B81" C; 324" 605"
-==319/8"h)e$" ,84" ):%+04-04)" 4605" B343F289805" 284" 5D/61@984"u" 284"
"(*)#-04)$ #8;B805" c518" 378053=3/4" -;J" #16F2@984!" 9-34" 4605" #2;4"
8J-A589805" 284" A60451;A53604" f"C;3" =605" 28" 51-B-32"h$", 81.-453A8"-;"
4804" 78" ,8" ?-448;1" 845" 760A" 2-" A6228A5360" 784" #16F2@984" 78" 2-"
./69/5138$"
Q2"18458"<"A69980581"28"1o28"C;8",8"?-448;1"-443.0-35"-;":%02-$"

:0"#-12-05"7 81.-453A8"7;"#6305"#2;5o5"C;8"784"=3.;184!"32"48"#2-O-35"
7-04" 2-"51-735360"-053C;8"18A;832238"#-1"V16A2;4" G?8"43@A28"-#$"N$(PI"
48260"2-C;8228"28"#6305"845"28"#130A3#8"./0/1-58;1"G I"78"56;584"
284"=3.;184$"P-1"2-"23.08!"735"V16A2;4!"845"f"28"=2;J"G I"7;"#6305"h!"
2-"4;1=-A8"845"28"=2;J"78"2-"23.08"85"28"462378"28"=2;J"78"2-"4;1=-A8)[$"

""""""""""""""""""""""""""""""""""""""""""""""""""""""
)e"kL_iQLRZd" PLVV:,,L!" W"$ ?&:-00#$ S.03%3%*0f$ "-$ E"(4&(00!" /7$"

\1-0A34A;4"?35-234"X673-0;4!"?3A80A8!":013A6"73"P- y806!"Y+]]$"k83228;184"
/7353604" #-1" j;.6" ^1653;4" G,8H78!" `==3A30-" V2-05303-0-!" Ye]]I" 85"
\1-0A34A;4":H4480D-175"G,83#x3.!"i8;F081!"Y&[[I$"?631"23B18"?Q!"z"'Ye$"
)["V_`P,Zd" E:" ,TPQ:!" !"#$ ;%,,"2-)0("#$ #&($ 3"$ S(",0"($ !0'("$ +"#$

c3/,"2-#$+ M&430+"<$ 51-7;35"7;".18A"#-1"V-;2"?81":8AU8!"X1;.84!"E84A2/8"
78"X16;S81!"Y]+&!"#$"''(]Y$"
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%]["

,8"?-448;1"0658"-3043"C;8"2-"23.08"f"845"2-"9-1C;8"78"2-"=2;J360"7;"
#6305"h)'!" #;34"W" f"28" #16#18" 7;" #6305" m845n" 78" A1/81" 2-" 23.08!" 85" 2-"
23.08"2-"4;#81=3A38"80"48"96;B-05"2-5/1-289805"80"23.08!"85"28"A61#4"
845" A1//" 7;" 96;B89805" 615D6.608" 78" 2-" 4;#81=3A38" A6998" 43" 60"
/28B-35"4;1"3A8228";08"23.08$$$"h)&$"`0"06581-"2 -443932-5360"7;"=2;J"-;"
96;B89805!" A8" C;3!" 4 32" 4 -.344-35" 78" =60781" 2-" ./69/5138!" A1/81-35"
;08" A31A;2-135/" 26.3C;8"W" ;0" 96;B89805" 7635" 4 8==8A5;81" 7-04" ;0"
238;" #1/8J345-05$" ,8" ?-448;1" 48" A6058058" 78" 734530.;81" -B8A" 4630"
51634" 461584" 78" #63054"W" /A-15-05" 28" #6305"9-5D/9-53C;8" 8;A237380!"
-F451-35" 85" 30B343F28!" #;34" 28" f"#6305" 0-5;182"h!" 4;1" 28C;82" 18#648"
f";08" #63058" 7 -3.;3228" 51@4" -3.;M"h" 85" C;3" /AD-##8" -;J" 4804!" 32"
#1/A60348"28"18A6;14"-;"43.08"6;"<"2-"9-1C;8"B343F28$"

L architecture de l ouvrage : une arithmétique des figures 
Z08"A-1-A5/13453C;8"305/1844-058"7;"8()0-/$+"$6)9(04%,%3%*0""845"

460" -1AD358A5;18" 613.30-28!" 4;1" ;0" #2-0" 51@4" 4H45/9-53C;8$" :228"
960518" AD8x" ,8" ?-448;1" ;0" 84#135" C;3!" #6;1" c518" /930899805"
#1-53C;8!"08"7/7-3.0-35"#-4"2-"4#/A;2-5360"-F451-358$"
, 6;B1-.8"A69#1807"78;J"23B184$",8"#189381!"C;3"0 -"#-4"78"53518"

80" #16#18!" 51-358" 784" 23.084" 85" 4;1=-A84$" ,8" 48A607!" #2;4" F18=" 78"
96353/"80B3160!"845";0"8()04-/$+"#$#%30+"#$%&$6)9(04)#-"("%2$"PD-A;0"
784" 78;J" 23B184" 845" 73B34/" 80" 43J" #-15384" 7605" 2-" #1893@18" #-1538!"
4-04" 53518!" -F6178" 2-" =-F13C;8" 6;" A60451;A5360" 784" =3.;184" #16#18(
9805" 7358!" 85" 284" A30C" 4;3B-0584" 4605" A604-A1/84" <" 2-" 1/7;A5360" <"
2 /.-2!"2 -7735360!"2-"46;451-A5360!"2-"9;253#23A-5360"85"2-"73B34360"784"
=3.;184$" PD-A;08" A69#1807" ;08" 4;358" 78" #16F2@984" 0;9/165/4"
G28;1" 069F18" B-138" 78" ;0" <" A30C;-058(51634I" 46;B805" -4461534" 78"
#2;438;14"A60451;A53604"6;"7/960451-53604"-3043"C;8"78"A61622-3184"
GK;4C; <"5183x8I$"
,-" B34360" C; 3073C;8" ;08" 58228" 61.-034-5360" 845" A2-318"W" 284"

=3.;184" ./69/513C;84" #8;B805" c518" 46;93484" <" ;08" -135D9/53C;8"
-0-26.;8"<"A8228"784"069F184!"18#64-05"4;1";08"065360"7 /.-235/"85"
4;1" 284"C;-518"6#/1-53604$", /.-235/" G7358" 1/7;A5360!" 6;"9/5-.6.38I"
4 805807"3A3"80"984;18"85"-AA69#238"#-1";08"A60451;A5360"8==8A53B8!"
#-1"8J89#28"6)0("$&2$:)()33/3%*(),,"$/*)3$P$&2$4)((/$+%22/<$+%2-$
3)$+066/("24"$ "2-("$ 3"#$+"&J$ 4g-/#$ #%0-$+%22/"" 6;"80A618" (/+&0("$&2$
:(0#,"$%&$:"2-)D+("$"2$4&9"$", -7735360"85"2-"46;451-A5360"4 80580(
7805",%+&3%"2-"1/7;A5360"<";08"=6198"#184A1358!"46;B805"D696.@08"
<"A8228"784"7600/84"W")++0-0%22"($+"&J$4)((/#$"-$1&"$3"$(/#&3-)-$#%0-$

""""""""""""""""""""""""""""""""""""""""""""""""""""""
)'"P"W"#$"%"u"V"W"=62$"%B$"
)&"P"W"#$"Y%e"u"V"W"=62$"e&1$"
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"%]'"

&2$4)((/<$#%&#-()0("$&2$-(0)2*3"$/1&03)-/()3$+ &2$)&-("$:3&#$*()2+$"-$
1&"$ 3"$ ("#-"$ #%0-$&2$ -(0)2*3"$ /1&03)-/()3$",-"9;253#23A-5360!" A6998"
2-" 73B34360!" f"48" A60437@18" 76;F289805"h$" `0" -" 7 ;08" #-15" 2-"
#6443F3235/"78"9;253#2381";08"23.08"G184#$";08"4;1=-A8I"#-1";08"23.08"
#6;1" 6F58031" ;08" 4;1=-A8" G184#$" ;0" 462378I!" 78" 73B3481" ;08" 4;1=-A8"
G184#$" ;0" 462378I" #-1" ;08" 23.08" #6;1" 6F58031" ;08" 23.08" G184#$" ;08"
4;1=-A8I" 6;" 73B3481" ;0" 462378" #-1" ;08" 4;1=-A8" #6;1" 6F58031" ;08"
23.08$"k-34"60"#8;5"80A618"9;253#2381"6;"73B3481";08"=3.;18"#-1";0"
069F18!"C; 32"4635"805381" "2-"9;253#23A-5360"845"-2614"-7735360"35/1/8"
!" 169#;!" 311-5360082" 6;" f"311-536082" 169#;"h!" #6;1" 6F58031" 7-04"
56;4"A84"A-4";08"=3.;18"489F2-F28$"
,8" ?-448;1" 960518" #-1" 8J89#28" A699805" 73B3481" ;08" 23.08"

716358" #-1" e!" 9;253#2381" ;0" A81A28" #-1" %"+{'!" 73B3481" ;0" 513-0.28"
/C;32-5/1-2" #-1" )"%{)" 6;" ;0" A81A28" #-1" e"){+$" d3" 28" 069F18" 30581(
B3805"3A3!"A8"0 845"#-4"80"5-05"C;8"984;18"A6998"7-04"2-":()4-04%5
3%*0"!"9-34"80"5-05"C; 6#/1-58;1$":0"7600-05"6#/1-078"85"1/4;25-5"
85"80"789-07-05"78"7/58193081"C;82"/5-35" 2 6#/1-58;1"0;9/13C;8!"
60" 7/=3035" 2 6#/1-5360" C;8" ,8" ?-448;1" 06998" 4%2'"(#"" 78" 2-"
#1/A/78058!" #819855-05" 78" 73B3481" ;08" 23.08" G184#$" ;08" 4;1=-A8!"
184#$" ;0" 462378I" #-1" ;0G8I" -;518"W" 32" #16#648" -3043" ;0" 8J89#28" 78"
73B34360"7 ;0"A-11/"#-1";0"-;518!"85"516;B8"#6;1"C;653805"28"069F18"
&$" :0=30" 2-" 73B34360" 7 ;08" =3.;18" #-1" ;0" 069F18" 805381" G6;" #2;4"
./0/1-289805"48260";08"#16#615360"7600/8I"#8;5"-;443"48"=-318"f"80"
#-15384"D/5/16.@084"h!"1/4;25-05"80";08"#-1535360"80"=3.;184"/.-284"
80"984;18!"060"0/A844-3189805"489F2-F284$",8"?-448;1"76008";0"
.1-07" 069F18" 78" #16F2@984" 78" A8" 5H#8!" #-1" 8J89#28" +0'0#"($ &2$
-(0)2*3"$"2$+"&J$:)(-0"#$/*)3"#$:)($&2"$30*2"$:)##)2-$:)($&2$:%02-$
60J/$6;"+0'0#"($&2$4g2"$"2$-(%0#$:)(-0"#$/*)3"#$:)($+"#$:3)2#$:)()35
3D3"#$P$3)$9)#"$"
P8558" 5-J306938" 784" #16F2@984" 845" A81584" 2630" 7 c518" 4-534=-35

4-058"85"-F6;538!"9-34"32"39#6158"7 H"18#/181";0"8==615"5D/613C;8"78"
9348"80"#2-A8"7 ;08"-135D9/53C;8"93J58"784"6FK854"./69/513C;84"85"
784"069F184$"X380"C;8",8"?-448;1"0 H"8w5"A815-3089805"#-4"B;"78"
2 -2.@F18!" 60" #8;5" #80481" <" 2 -2.@F18" -1-F8" 7;" Q>8" 43@A28" 6;" <"
2 -2.@F18" A-5/.613C;8" 7;" >>8" 43@A28!" -##23A-F284" <" 56;584" 461584"
7 6FK854!"#-1"6##6435360!"#-1"8J89#28!"<" 2 -2.@F18"#;189805"0;9/5
13C;8"7 ;0"^;322-;98"^6448230!"28"9-5D/9-53A380"A-800-34"7;">?Q8"
43@A28$",8"#6305".-178";08"#2-A8"A8051-28"7-04"2 /73=3A8!"80"5-05"C;8"
f"58198"A699;0"7 ;08"-7735360"85"9;253#23A-5360"784"23.084!"A6998"
-;443"78"2-"46;451-A5360"85"2-"73B34360"7 3A82284"h)]$"

""""""""""""""""""""""""""""""""""""""""""""""""""""""
)]"P"W"#$"%"u"V"W"=62$"%B$"
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Problèmes géométriques, naturels et mécaniques 
d3"2-"=-F13A69626.38"51-358"48;289805!"80"#130A3#8!"784"A60451;A(

53604"./69/513C;84!"<" 2-"1@.28"85"-;"A69#-4!",8"?-448;1"8J#648"<"
#2;438;14" 18#13484" 784" A60451;A53604" C;3" 1844615344805" -;"9/A-03(
C;8!" 4635" #-1A8" C; -;A;08" A60451;A5360" ./69/513C;8" 0 845" A600;8!"
4635"#6;1"#16#6481";08"48A6078"A60451;A5360"#2;4"439#28$"k-34"32"48"
239358" -2614!" 8J#23C;8(5(32" 7@4" 28" 7/F;5" 7;" 51-35/" 7-04" ;08"
39#615-058" 4AD6238!" <" A8" C; 32" -##8228" 284" f"#16F2@984" 0-5;1824"h"W"
A8;J"C;3"f"48"A60451;34805"46;B805"<"5g5604"h!"9-34"f"/5-05"-AD8B/4"
78"A60451;318!"48"7/96051805"=615"F380"h$"Q2"284"734530.;8"784"#16F2@(
984"9/A-03C;84"#16#189805"7354!"784C;824"f"284"6#/1-53604"48"=605"
<"5g5604"85"284"7/960451-53604"08"4 80"#8;B805"=-318"h"+*$"
Q2" 960518" A699805" 98081" f"#-1" 28" #16F2@98" 0-5;182"h" ;08"

#-1-22@28"<";08"23.08"716358"7600/8"#-44-05"#-1";0"#6305"7600/"80"
-K;45-05"2 6;B815;18"7;"A69#-4"W"f"E;"#6305"7600/"L!"4635"7/A135";0"

"h"V6;1"73B3481";08"23.08"716358"
80";0"069F18" 39#-31"78"#-15384" /.-284!" 85" -B-05"78"#1/480581" 284"
9/5D6784" ./69/513C;84" #-1" #16#6153600-235/!" 32" #16#648" 78" #16A/(
781" #-1" -K;4589805" 78" 2 6;B815;18" 7;" A69#-4!" 9/5D678" f"#-1" 284"
2634" 784" #16F2@984" 0-5;1824"h" C; 32" 735" <" 2-" =634" c518" ;08" f"AD648"
A699;08"h"85"460"f"30B805360"h$"P8558"A6051-73A5360"845"#8;5(c518"2-"
51-A8"7 ;08"1/=28J360"/#345/9626.3C;8"4;1"2-"B-28;1"78"2-"9/5D678!"
85" 32" 08" =-;5" 4-04" 76;58" #-4" AD81AD81" #2;4" 2630" 2-" 9H45/138;48"
9/5D678"78"460"30B805360"182-53B8"<"A8"#16F2@98!"C; 32"-B-35"18=;4/"
78"A699;03C;81"<"k8148008!"7605"P610381"#-128"7-04"4-"285518"7;"
%]"K;32285"Y[%e$""
Q2"51-358"80A618"A6998"#16F2@984"0-5;1824"W"2-"73B34360"7;"A81A28"

80"A30C"#-15384"/.-284"u"2 304A13#5360"7;"#805-.608"1/.;2381"7-04";0"
A81A28"u" 2 304815360"78"78;J"96H80084"#16#615360082284!"51-35/8"<" 2-"
=-O60"78"j/160"7 L28J-07138"G06;4"H"18B38071604I"85"4;1"2-C;8228"32"
A60A2;5"W"f"N;4C;84"<"9-30580-05"0;2"0 -"80A618"516;B/" 2 30B805360"
78"A60451;318"A8"#16F2@98"./69/513C;89805"h+Y"; 2-"A60451;A5360"78"
2 D8#5-.608"1/.;2381"78"Ao5/"7600/"<"#-1531"78"51348A53604"7 -0.284!"
f"K;4C;84"<"#1/4805"580;8"39#6443F28"<"1/46;718"./69/513C;89805!"
C;63C;8"#2;438;14" 2 -3805" 5805/8"h+%$"V6;1"6F58031" f"2-"B1-38"6B-28"h"
#-1";0"51-A/"A60530;!" 32" 43.0-28"C; 32"8J3458"A815-304"A69#-4"f"784(
C;824" 06;4" 08" #-12604" #6305" 3A3" A6998" AD648" D614" 78" #16#64"h+)!"
""""""""""""""""""""""""""""""""""""""""""""""""""""""
+*"P"W"#$"["u"V"W"=62$"+1$"
+Y"P"W"#$")]"u"V"W"=62$"Y]1$"
+%"P"W"#$"[)"u"V"W"=62$"%]B$"
+)"P"W"#$"'%"u"V"W"=62$")+1$"
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-2614"C;8"#6;1"7/A1318";08"B6w58"80"=6198"78"7893(6B-28!"85"-#1@4"
-B631" #16A/7/" #6305" #-1" #6305" #-1" -==3035/" <" #-1531" 7 ;0" A81A28!" 32"
8J#23C;8" A699805" 60" #8;5" =-318" f"-;5189805!" 9-34" 9/A-03C;8(
9805"h"-;"96H80"7 ;08"=3A8228$"
P8" 08" 4605" #-4" 48;289805" 784" A60451;A53604!" 9-34" -;443" 784"

,/-.%+"#$+"$+/,%2#-()-0%2"C;3"#8;B805"c518"4;4#8A584"78"184461531"
-;"9/A-03C;8$",8"?-448;1"/B6C;8";08" K;453=3A-5360"78" 2-"9-03@18"
A2-443C;8" 78" 73B3481" ;0" 513-0.28" 80" 78;J" #-15384" /.-284" #-1" ;08"
23.08"716358"#-44-05"#-1";0"#6305"7600/" 4;1";0" Ao5/!" A604345-05"<"
7/A6;#81"85"7/#2-A81"784"#85354" 513-0.284"7-04" 2-" =3.;18$"V6;1" 2;3!"
8228"f"-##16AD8"7;"9/A-03C;8"h"85"0 845"f"#6305"5-05"A815-308"A6998"
2-"#1893@18!"2-C;8228"845"#2;4"08558"85"4-04"1/#23C;8"h++$"Q2"=-;5"B631"
3A3";0"/AD6"78"2-"A1353C;8!"-##-1;8"<"2 /#6C;8"9678108!"7;"#130A3#8"
78" 4;#81#6435360";53234/"#-1" 51634" =634"#-1":;A2378" Gc3/,"2-#<$ Q!"+"u"
Q!"&"u" QQQ!"%+I$"E/#2-A81";08" =3.;18"#6;1" 2 -98081" 4;1";08"-;518"08"
A60518735(32"#-4"28"=-35"C; ;08"=3.;18"7600/8"0 -"C; ;08"#6435360"p"85"
A699805" 4 -44;181" C;8" 2-" =3.;18" 7/#2-A/8" A6l0A3781-" -B8A" A8228"
1845/8"=3J8!"43"A8"0 845"#-1"284"4804"p"P2-B3;4"-"F8-;"-B631"8J#23C;/+e"
C; 32" 08" 4 -.35" #-4" 7 ;0" 1/82" 96;B89805!" 9-34" 78" 4;#81#6435360"
f"#-1" 2-" #804/8" 85" #-1" 2 84#135"h" G4%*0-)-0%2"$ -)2-&,$ )4$ ,"2-"I!" 28"
76;58"4;F434581-"80A618"260.589#4"AD8x"069F18"7 -;58;14+[$"

Les sources de l ouvrage 
a" 80" A16318" 460" 734A3#28" _6F815" 78" 2-" j6;448!" ,8" ?-448;1" -"

A604;25/"284"f"#2;4"76A584"85"1806998x"k-5D/9-53A3804"h$"Q2"0 80"-"
#6;15-05" 98053600/" C;8" 51@4" #8;$" d8;284" 284" 1/=/180A84" -;J"
c3/,"2-#" 7 :;A2378" 4605" -F607-0584"W" 7 -F617" 23935/84" -;J" 43J"
#1893814" 23B184!" 82284" 4 /5807805"7-04" 28"d)9(04)#-"("%2" -;J" 23B184"
>Q" 85" >QQ" -3043" C; <" 2 -#6A1H#D8" 23B18" >?" 4;1" 284" #62H@7184$" ,-"
U"%,"-(0)$:()4-04)$78"P2-B3;4" G_698!"Y[*+I"-"B343F289805" 304#31/"
,8"?-448;1"4;1"F380"784"4;K854$":228"0 845"A8#807-05"A35/8"C;8"78;J"
=634!" 4;1" 2-" A60451;A5360" 7|18138008" 7;" #805-.608" 1/.;2381" 85" 4;1"
784" A60451;A53604" 7 6B-284$" a" #16#64" 7 ;08" C;845360" 4;1" 284" 5/51-(
@7184!",8"?-448;1"180B638"<"f"_-9;4"%%$,$"Y%$#$"h"W" 32"4 -.35"3A3"784"
V(0-.,"-04f$309(0$+&%$"-$U"%,"-(0f$#":-",$"-$'0*02-0"78"V38118"78"2-"
_-9/8" GXg28!" Ye[]I$" :0=30!" 2]2+"(h"=#&2*$ +"($ E"##&2*$
7 L2F18AD5"E|181"GR;189F81.!"Ye%eI"6;"#2;5o5"4-"51-7;A5360"2-5308"
""""""""""""""""""""""""""""""""""""""""""""""""""""""
++"P"W"#$"Ye)"u"V"W"=62$"'Y1$"
+e"8."%+%#00$ 8(0:%30-f$ G:.f(04%(&,$ 309(0$ OOO!" -B8A" 7/960451-53604" 85"

4AD62384"78"$PD13456#D61;4"P,L?QZd!"_698!"E69303A;4"X-4-!"Ye&[!"#$")+)$"
+["V38118(E-0382" jZ:i!" W",%2#-()-0%$ "')2*"304)!" V-134!" d5/#D-08"

k3AD-2285!"Y[']!"#$"%[$$"
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GO2#-0-&-0%2"#$*"%,"-(04f!"V-134!"Ye)%I"489F28"-B631"/5/";08"46;1A8"
84480538228"W" 6;518" 284" 9/5D6784" 78" A60451;A5360" 784" #62H.6084"
1/.;23814"85"78"C;-71-5;18"7;"A81A28"73584"f"48260"L2F815"h!"069F18"
78"A60451;A53604"78"A6;1F84!"#6305"#-1"#6305"6;"#-1"1-AA617"7 -1A4"
A31A;2-3184!"80"#16B3800805"A815-3089805$"P 845"28"A-4"78"A8228(A3"W"

Wc;KOKM$!V$;OK;a?dcKM?;M$W ]?M$SaOKM+'L$G%0-$:(0#"$&2"$+(%0-"$30*2"$
P$'%3%2-/$4%,,"$LX<$3)1&"33"$03$6)&+()$+0'0#"($"2$+0J$:)(-0"#$/*)3"#<$
"-$#&($3"$:%02-$+&$,030"&$1&0$"#-$P$"-$3 02-"(')33"$PE$%&$P:<$1&0$#%2-$
+"&J$ /*)&J<$ #%0-$ +/4(0-$ 3"$ +",054"(43"$ E\:L$ S&0#$ +&$ 4"2-("$ L<$ +"$
3 02-"(')33"$ L:<$ 6)&-$ +/4(0("$ 3 )(4$ :j$ "-$ +&$ 4"2-("$ X<$ +"$ ,i,"$
+0#-)24"<$ 6)&-$ +/4(0("$Ej<$ 1&0$ 4%24%&("(%2-$ )&$ :%02-$jL$ V+%24$ 3)$
60*&("$jE\:$ #"()$ 3)$ 40(4%26/("24"$ ("1&0#"L$j&"<$ #0$ "33"$ #",93"$ -(%:$
)0*&k$"2$j<$#%0-$,"2/"$3)$30*2"$+"$4%2-02*"24"$Q^,<$"-$#%0"2-$+0'0#/#$
3"#$1&)(-0"(#$E^$"-$:^$4.)4&2$"2$+"&J$/*)3","2-$)&J$:%02-#$k<$RL$
S&0#$#&($3"$4"2-("$R<$+"$3 "#:)4"$RQ<$+/4(0("$3 )(4$QV<$4%,,"$)&##0$+"$
k$ +/4(0("$ 3 )(4$,VL$!%(#$ 3)$ 40(4%26/("24"$+"$ 3)$:%0("$ #"()$VQE\:,<$
+%24$V$#"()$:3&#$%9-&#$1&"$j[\$$

,-"1-185/"784"1/=/180A84"1807"#-1=634"2 378053=3A-5360"784"46;1A84"
78",8"?-448;1"73==3A328$"N8"18458"30513.;/"#-1"28"#16F2@98"4;3B-05"W"

WOROGMK$]?$;l?M$a]$S`KVEOWM$SKaSaGc$M?$8KaOG$SVK8OMG$cUV!MG$SVK$
WMG$S!V?G$SVKV!!m!MG$T$!V$FVGM+]L$!"$4g2"$+%22/$#%0-$LXP<$ "-$1&"$
:E$#%0-$/*)3$P$&2$+"#$4g-/#$LP$%&$XPL$j&"$E\$%&$:^$#%0-$#%2$-0"(#L$
!)$,)n"&("$+"#$+"&J$,%="22"#$ #%0-$\jL$S&0#$ #%0"2-$ 6)0-#$PQ$ "-$P,$
4.)4&2$/*)&J$P$\j<$:&0#$,"2/$3"$:3)2$Q,$o$ 3"$4g2"$PQ,$"#-$3)$-0"(4"$
:)(-0"$+"$-%&-$3"$4g2"$LXPL$;)($4%,,"$:E$"#-$P$E\$"2$()0#%2$-(0:3"<$
)02#0$ LXP$ P$ PQ," mB-13-058" 7-04" V"W$ )02#0$ LXP$ "-$ QP,$ 1&0$ #%2-$
.%,%*D2"#$#%2-$"2$()0#%2$-(0:3"<$4%,,"$#%&'"2-$2%&#$)'%2#$,%2-(/n$$
G"4%2+","2-<$ 1&"$Ek$ #%0-$ 3"#$+"&J$ -0"(#$+"$:E$ p4 "#-5P5+0("$+"$LP$
#%2$/*)3XL$!)$,)n"&("$+"#$+"&J$ mV"W$:(%:%(-0%22"33"#n$,%="22"#$#%0-$
kRL$S&0#$03$6)&+()$1&"$PV$q$P_$3&0$#%0"2-$/*)3"#<$"-$4%&:"($3"$4g2"$
:)($ 3"$:3)2$_VL$S&0#$ 4%,,"$:E$ "#-$ "2$ ()0#%2$ #"#1&0)3-D("$+"$Ek<$
)&##0$3"$4g2"$LXP$"#-$"2$()0#%2$#"#1&0)3-D("$+"$V_P<$+%24$Q,P$"#-$3"$
+",0$+"$V_P<$ "-$V_P$ 3"#$ +"&J$ -0"(#$ +"$LXP<$ :)($ 1&%0$ Q,P$ #"()$ 3"$
+",0$ +&$ -(%24$ Q,XL$ "-$ 3"$ 4g2"$ Q,P$ /*)3$ )&$ -(%24$,%="2$ Q,_V<$ "-$
)&##0$ "#-$ /*)3$ )&$ -(%24$ "J-(i,"$ V_XLL$ ;"$ 1&0$ "#-$ 6)403"$ +"$
4%,:("2+("$:%&(1&%0$2%&#$)'%2#$+0'0#/$3"$4g2"$+%22/$LXP$"2$-(%0#$
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+&"E|181" -B-35" 7/A135" ;08" "W" L2F18AD5" E}_:_!"

U/%,/-(0"!" 51-7;A5360"85"#1/4805-5360"78"N8-008"V:Q\\:_!"V-134!" 28"d8;32!"
Y]]e!"#$"Y[%(Y[)$"E8"4-"A60451;A5360!",8"?-448;1"-"48;289805"4;##139/"28"
7810381"-1A"78"A81A28!"#8;5(c518"#6;1"/B3581"2-"=6198"2353.38;48"78"2
#804-35" 46;B805" 78#;34"E|181" C; ;0" #2-0" 51-B814-05" ;0" Ao08" 78" #-15" 80"
#-15"7844308";08"=6198"7 ,-"A6;1F8"6F580;8"0 845"#-4"23448"80"O"6;"!$"
+]"P"W"#$"%')(%'e"u"V"W"=62$"Y%+1$"N -3"3A3"96781034/"2 615D6.1-#D8$"
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:)(-0"#$/*)3"#<$#)'%0($3"$4g2"$XVP$"-$3"#$+"&J$4g2"#$-(%21&/#$Q,_V$"-$
V_XL$:)($+"&J$:3)2#$:)()33D3"#$P$3)$9)#"<$1&0$#%2-$Q,$"-$V_L$j&"$#0$
"2$30"&$+ &2$4g2"$%2$"&-$:(%:%#/$&2"$:=(),0+"<$3)$4%2#-(&4-0%2$#"()0-$
#",93)93"L$

,-"462;5360"78",8"?-448;1"4 -##;38"4;1";08"9/5D678"9/A-03C;8"
#6;1" A60451;318" 284" 78;J" 96H80084" #16#615360082284" 80518" 78;J"
23.084" 7163584" MW" 85" Wd$" :J#64/8" 7-04" 460" #189381" 23B18e*!" 8228"
A6043458" <" A60451;318" 28" 18A5-0.28" WMUd$ 85" <" 98081" #-1" ^" ;08"
716358"7605"284"#63054"7 3058148A5360"I"85"^"-B8A"284"Ao5/4"Wd"85"MW"
#16260./4" 4605" /C;37345-054" 7;" A80518" b"W" 2-" #2;4" .1-078" 784"
96H80084"#16#615360082284" 845" -2614"dI!" 2-" #2;4"#85358" 845"M^$" d3"
Wd" 845" 28" 53814" 78"MW!" 2-" #2;4" .1-078" 96H8008" B-;5!" 80" 581984"
96781084!"

 ED 33 $"

E8"9c98!"43"WE"845"/.-28"-;J"78;J"53814"78"MW!" 2-"#2;4".1-078"
96H8008"80518"MW"85"WE"845"/.-28"<""

  ED. 2 33 $"

N8" 0 -3" #;" 18516;B81" 2 613.308" 78" A8" #16F2@98" 78" 2-" 73B34360" 7;"
Ao08$" E-04" 28" 23B18" QQQ" 78" 484"E"-(04)!" j/160" 7 L28J-07138" 8J#648"
C;-518" #16F2@984" 78" 73B34360" 78" 4623784!" 7605" A8228" 7 ;0" Ao08" 6;"
7 ;08"#H1-9378"#-1";0"#2-0"#-1-22@28"<"2-"F-48"7-04"2-"#16#615360"
e"W"+$"P8#807-05!"28"48;2"9-0;4A135"A600;"78"A85"6;B1-.8!"A6#3/"-;"
>8"43@A28!"-"804;358"/5/"#817;"85"0 -"/5/"18516;B/"C; -;">Q>8"43@A28eY$"
,-" 73B34360" 7;" Ao08" 489F28" 308J345-058" 7-04" 284" 9-5D/9-53C;84"
9/73/B-284!" 85" K8" 0 80" A600-34" #-4" 7 6AA;1180A8" -05/138;18" -;J"
;%,,"2-)0("#$#&($ 3)$*/%,/-(0"$+"$EL$W"#4)(-"#$78"_-F;82" GY')*I!"
7605"28"C;-513@98"#16F2@98(8J89#28"789-078"W"f"E3B3481"2-"23C;8;1"
A60580;M"7-04";0"B8118"78"=3.;18"A603C;8"80"78;J"#-15384"/.-284"h$"
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e*"P"W" #$")&()]"u" V"W" =62$"Y&B(Y]1$" P 845" 2-" 9/5D678" 78" j/160"W" !"#$

E/4)201&"#$ %&$ 3 c3/')-"&($ +"$ I/(%2$ + V3"J)2+(0"!$ #;F23/84" #6;1" 2-"
#1893@18" =634" 4;1" 2-" B814360" -1-F8" 78" t645g" 3F0" ,wCg" 85" 51-7;3584" 80"
=1-0O-34"#-1"k$"28"X-160"78"PL__L"E:"?LZ>!"^%&(2)3$)#0)-01&"!"Q>(%!"Y&])!"
#$"Ye)(Yee$" :228" =;5" 18#1348" 7-04"W" L2F18AD5" E}_:_!" ]2+"(h"=#&2*$ +"($
E"##&2*!" R;189F81.!"j38160H9;4" L0718~" \6194AD083781!" Ye%e!" Q?!" eY"
G�" U/%,/-(0"<$ %:L$ 40-L!" #$"))%()))I"u" PD13456#D61;4" P,L?QZd!" U"%,"-(0)$
S()4-04)!"_698!"L26343;4"y-08553!"Y[*+!"23F$"?Q!"#16F2$"Y*!"#$"%[[(%['$"
eY"X810-17" ?Qi_LP!"I/(%2$ + V3"J)2+(0"$ "-$ 3"$ 4%(:&#$ ,/-(%3%*01&"$o$ /-)-$

+"#$30"&J!"A604;25-F28"80"23.08" "
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Conclusion 
,8" 8()0-/$ +"$ 6)9(04%,%3%*0"" -##-1-q5" 80" 7/=30353B8" A6998" ;0"

6;B1-.8"#/7-.6.3C;8"-9F3538;J!" 1/481B/"<"784"/2@B84"8J3.8-054"85"
18=2/5-05";08"#804/8"#8146008228$"d60"-;58;1"-"#;34/"<"784"46;1A84"
B-13/84!" 2;3" 7600-05" ;0" A60580;" 13AD8" C;3" 28" 734530.;8" 085589805"
784" 6;B1-.84" A60589#61-304" A69#-1-F284e%$" , 8J34580A8" 78" 51634"
A6#384"4;..@18";08"182-53B8"A31A;2-5360"85";08"1/A8#5360"=-B61-F28$"
L;K6;17 D;3!"A84"9-0;4A1354"48"#1c5805"<"F380"784"8J#2635-53604"

#/7-.6.3C;84!"-B8A"784" 26.3A3824"78"./69/5138"7H0-93C;8"6;"7-04"
;08" -##16AD8" #2;13734A3#230-318$" Q24" #8;B805" A607;318" /2@B84" 6;"
/5;73-054!"4;1#134"#-1"784"-##16AD84"304623584!"<"4 3058116.81"4;1"284"
80K8;J"85"7/9-1AD84"78"2-"1/462;5360"78"#16F2@984"80"./69/5138$"
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