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A Brisure spontanée et brisure explicite de symétrief�_�=�a<L:EVEV9<IKG�9h=:EVIKa�EVIë>A¦ÅuNOG6a<_:_:NAE ^ NA>�=:EHa�=�a<>�¨¤L:N»�HN`G6IdNO_:>�=:E�uNOJQuN ^ NA;�;&NO_$Gc,C1k=:EASNA>�G6a�L?GA@~>VImMT¦2Nx�)IK>³\G6NA_?JAN ^ N4>HÄ�;¼uNOG6EHIdNO>wuNxG}9<ItGmJAa�_$GVE69<IK±�_~9<_$G6N49FL#=Qa�IK_¤G ^ N ^ uNOG6NOEV;�Id_:NOEÁ=:EVNO>V¨¤L:N¾NA_$G6ITSNAEHNA;�NA_$GÃM�9 ^ Ä�_~9<;�Id¨¤L:N^ NA>0>³Ä)>³GcSNO;&NO>A@CJANOM�9 ^ Nxs)EV9<IKG�_?a�L:>0JAEHNOs<NAE�MdNO>»Ä�NAL��ë,Qf�E-ÂJA9h_ë¦§NO>HG�=~9<>0MKN�Jc9F>A,CBya<L:EV¨¤L:a�IÁ_ë¦§NO_�NO>HG�IKMë=~9<>9<Id_:>HIÐ¸wÉÊMXÄ´9RS9�JANAMd9 ^ N#;!L:MKGVId=:MKNA>8E�uNA=Qa�_:>HNA>A,�¥<Nws�a<L ^ E69FId>D�HL:>HGVN`NA_�Nx�)=�a<>VNAE�G6EHa�Id>O,WZ¹ënya�L)G ^ ¦/9<gQa�E ^ @ZMdNO>ÁMda�IK> ^ N4JAa�_?>VNAE³sF9FG6IKa�_�IK>V>HL:NA> ^ NO>y=:EHId_:JOId=QNA> ^ N4>³Ä);½uNOGVEVIKNo_:N4>Va�_$Gy¨�L?N¾±<Mda�g~9FMdNA>O,BD9<E�Nx�)NA;�=:MKN<@¾>VNAL?MdNRMË¦ÅuNO_:NAEH±�IdN GVa<G}9<MKN ^ ¦§L?_*>HÄ�>HGcSNA;�N°Id>Ha�MxuN´NO>HG�JOa�_:>HNAEHsouNON<@8;&9<IK>�IKM0_X¦2NA_þsF9�=~9F> ^ N;¢ÌNO;&N�NA_ ±yuNO_vuNAEV9<Mk=Qa�L:E&J}7~9<JOL:_ ^ N°>HNA> >Va<L:>�>HÄ�>³GcSNA;�NA>O,»1kIK_:>VIË@4Mda�EH>V¨¤LX¦2a�_ uNOGVL ^ IdN¢L:_ >HÄ�>³GcSNA;�N°NO_Id_$G6NOE69<JxG6Ida<_þ9cs�NOJ°>Va<_*NA_$s�IdEHa�_:_:NO;&NO_¤GA@8IKM0>VN°=QNAL?G&¨¤LX¦§9<L:JAL?_:N"¨¤L~9<_$G6ItG)uN�EVNAMd9FG6Its�N¢9<L*>³Ä)>³GcSNO;&NÆ¶�>Va<_uNA_:NOEV±�IKN¾IK_$G6NAEH_:N<@Z>Ha�_!IK;&=?L:Md>HIda�_X@ONOGVJ������6¹X_:Nv>Ha�IKGmJOa�_:>HNAEHsouNON<,<ÉÊM$=QNAL)GD_vuNA9<_:;�a�Id_?>ÁNx�)Id>³G6NAE ^ NO>y>HIKG6L:9FG6IKa�_:>amSL�MË¦§a<_�=~9FEHs�IdNO_¤G"S9¯Id>Ha�MdNOEhGVEASNO>&g:IKNA_�L:_þ>³Ä�>HGcSNO;&N ^ N�>Va�_�NA_$s�IdEHa�_:_:NO;&NO_¤G&NOG ^ 9<_?>&JON¢JA9<>&MKNA>hMda<Id>7~9<g:ItG6L:NOMdMdNO> ^ N�JAa<_:>VNOEHsF9FG6IKa�_&sF9<MKNA_$G»IK_ ^ uNO=�NO_ ^ 9<;�NA_$G»=Qa�L:E¾MdN�>HÄ�>³GcSNA;�NwNOG8=�a<L:EvMKNrEHNA>³G6N ^ NrMT¦2L:_:Its�NAEH>A,PR9<Id>kM�9&_?a<G6IKa�_ ^ N·3H>³Ä�>HGcSNO;&N�IK>Va�MxuNAU�NO>HG`NO_°��9<IKGkEVNAMd9FG6Its�N´S9�L:_:N�¨¤L~9<_$G6ItG)uN-JOa�_:>HNAEHsouNON ^ a�_:_vuNON<,Á1kIK_:>VIË@a�_R>V9<IKGrg:IdNO_°Id>Ha�MdNOE uNA_:NOEV±yuNxG6Id¨¤L:NO;&NO_$GwL:_°>³Ä)>³GcSNO;&N-NO_°MdN#;�NOGVG69<_$G ^ 9<_:>kL?_:N-gQa|ÌùKGVN�9cÄ�9<_$G ^ NA>r=~9<EHa�Id>9 ^ I�9Fg~9FG6IK¨¤L:NA>O@Q;&9<IK>rIKMyNO>HGwgQNc9<L?JAa�L:=R=:MdL:> ^ IKå�JAIKMdN ^ N-MKN���9<IKEVN#=�a<L:EkJON-¨¤L:IyNO>HG ^ N-MT¦2Id;�=:L:MK>VIda<_Xe:L:_:N��a�Id>�¨¤L:N-MË¦§a�_¢9�;�Id>�L:_°±�9<ä ^ 9<_:>kL?_:N!gQa|ÌùKGVN�=Qa�>�uNAN!>HL:EkL?_:N�G69<g:MdNF@CIdMm=�NOL?G¢uNOJ}7~9<_:±<NAE ^ N!MT¦2Id;�=:L:MK>VIKa�_9Zs<NAJ#L:_�E�uNA>HNAE³s�a�IKE�3³Id_?b~_?IdU[��M�9!GVNAEVEHN¿��s�I�9�MKNA>0=~9<EHa�Id> ^ N#Md9-g�a�Ì ùKG6N �<2 ,z<¹`+w9F_:>wMdNO>#>³Ä�>HGcSNO;&NO>´S9´±�EV9<_ ^ _:a�;-g:EHN ^ N�JAa�EH=:>A@Áa�_·>69FIKG`¨¤L:N�;¢ÌNO;&N�L:_·JAa<L:=:M�9F±�N-G6EASNA>w��9<Idg?MdN9Zs<NAJ�MT¦2NA_$s�IdEHa�_:_:NO;&NO_¤G#=QNAL?G�gQa�L:MdNxs�NOEV>VNOE�Md9 ^ Ä�_~9<;�Id¨¤L:Nh;&IKJAEHa�>VJOa�=:Id¨¤L:N ^ LÏ>³Ä)>³GcSNO;&N°¶�MT¦2Id_$GVNAE69FJOG6IKa�_±�E69cs�IKG69FG6IKa�_:_:NOMdMdN ^ NO> ;&a<MxuNAJOL:MdNO> ^ ¦§L:_µ±$9Fä°9cs�NOJ·L?_ uNAMdNOJOGVEVa�_ =:Md9<JQuN¼S9ÆMT¦§9<L?GVEVNRgQa�L?G ^ N"M�9·±$9<Md9|�)IdN=&�¹æA�§#0$& B ©�' (#�$\ *�J%')*¨*¨�#0%'�!�m¯�)*�J$*#�)�%�¨�#�)*.0#�$&%�$*#�)�%,£( ©¡a ©�'�!�Ï-�)*¬¿��®�¢��#��� ©�p%,¯�)&-�$��' ¤¯�)*��%�²;�!-�)�%'-�£©�p%!²*£¤-�¥0��-�$*¥� (�!$&$*��%
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NO>HG�>HL?å�>69<_$GVN°=�a<L:EhJAa�;�=:MTSNxG6NO;&NO_¤G&;�a ^ Itb~NAEO@«>VL?E�L:_�G6NA;�=:>�;&IKJAEHa�>VJOa�=:Id¨¤L:NF@oMdNO>�GVE69��HNOJOG6a<IdEVNO> ^ NA>;�a�MxuNOJAL:MKNA> ^ L´±$9<äZ¹�,:+w9<_?>»JANwJA9<>A@:>HNAL:MKN�L:_:N`9F=:=:EVa�J}7:Nw>³G}9FGVId>HGVId¨¤L:N�NO>HG0s�I�9Fg:MdNr>VIXg:IKNA_ ¨¤L:NwMKNA>»MKa�Id> ^ NJOa�_:>VNOEHsF9FGVIda�_¯=QNAL?s<NA_$G!±<E69<_ ^ NA;�NA_$G#=�NOE ^ EHN ^ NhMdNAL?E�Id_$G)uNOEAÌNxG�¨¤L~9F_ ^ g:IdNO_·;�ÌNA;�N�NAMKMdNO>�>Va�_$G`s4uNAEHIKb8uNONA>S9�L:_:N�GVEASNO>�gQa�_:_?N`9<=:=:EHaZ�)IK;�9FGVIda�_"¶�MT¦2Id;�=:L:MK>VIKa�_�GVa<G}9FMdN ^ ¦2L:_´±$9<ä ^ 9<_:>0L:_:N`gQa|ÌùKGVN�NA>³G�_¤L:MdMKN&S9 ^ N�G6EASNA>=QNOGVIKG6NO>CB~L:JOGVL~9FGVIda�_:>0=?EASNA>�NOG�=Qa�L:E³G}9<_$G�IdMë_:N`>A¦§9<±�IKG�=:9<> ^ ¦§L?_:N`¨�L:9<_$G6IKG)uN`=�NOEHG6IK_:NA_$GVNZ¹x,

�$¹�+w9<_:>�MKNA> ^ NAL)�þJc9<>�=:E�uNOJQuN ^ NA_$G6>O@0MdNA>&Mda�IK> ^ N°JAa<_:>VNOEHsF9FG6IKa�_*EHNAM�9|G6IKs<NA>¯S9�L:_ >HÄ�>³GcSNA;�N uNxG}9<IKNA_$GN��?=?MdIdJOIKGVNA;�NA_$Gos�Ida�MxuNANA>�S9wJc9FL:>VN ^ L&JOa�L:=:Md9<±�N!S9`MT¦2NA_$s�IdEHa�_:_:NO;&NO_¤GA,�f�_&=~9FEVMdN�9<MKa�EV> ^ N�g?EVId>HL:EVN�N��?=?MdIdJOIKGVN^ Nk>HÄ�;¼uNxG6EHIdN«e ^ 9<_:>8MT¦27~9<;�IdMKGVa�_:IKNA_ ^ uNOJAEVItsF9<_$G»JANk>HÄ�>HGcSNA;�N<@?a<_ ^ a�ItG8IK_:JAa�EH=�a<EVNAEvL:_�GVNAEV;�N ^ N�JAa�L?=:M�9<±<N9cs�NOJvMË¦§N���G)uNAEHIdNOL:Em¨�L?I�_?N¾EHNA>H=�NOJOG6N¾=~9<>ÃJANOEHG69<Id_:NO>m>HÄ�;¼uNxG6EHIdNA>O,ZÉÊM$Nx�)Id>³G6N4G6a�L)G6NO��a<Id> ^ NO>yJA9<>mamSL#L?_�=:EHa�g:MTSNA;�N¶�L:_ 7~9<;�IdMtG6a�_:IKNA_�D(=~9<EvNx�)NA;�=:MKNZ¹v=Qa�>V>ASN ^ NwL?_:N�>HÄ�;¼uNOGVEVIdNk>69<_:>8¨�L?Nw>VNA>0>Ha�MdL)G6Ida<_:>vMd9!=Qa�>V>ASN ^ N�¶�MT¦ÅuNOG}9|G��a�_ ^ 9<;�NA_$G}9<M ^ N�D =~9<E!N��)NA;�=:MdNc¹x,mø4a�IdJOIvL:_�Nx�)NA;�=:MdNF,o587:NOEVJ}7:a<_:>�MdN�G6E69Z�HNOG-MKN�=:MKL:>!JOa�L:E³G-EVNOMdId9<_$G¨¤L~9FGVEVN°=Qa�IK_¤GV>&>HIKGVL8uNA>�9<L*>Va<;&;�NOG ^ ¦2L:_*Jc9FEVE�uNF,»lÁNR=?EVa�g:MTSNA;�NR9FId_:>HI�=Qa�>�uNR=Qa�>V>ASN ^ N%uNxs)I ^ NA;�;�NA_$G�Md9>³Ä);½uNOGVEVIKN ^ L"JA9<EVE�uN<,Áf�_°GVEVa�L?s<N-_vuNA9<_:;�a�Id_:> ^ NAL��°>Ha�MdL?GVIda�_?> ^ a�_$G�9<L:JAL?_:N�_X¦§9�M�9�>³Ä�;¼uNxG6EVIKN ^ L"JA9<EVE�uN¶�9<L:JAL?_:N ^ NA> ^ NAL)�&b~±�L?EVNA>0_ë¦§NO>HG0IK_¤sF9<EHI�9<_$GVNk=~9<Ev>HÄ�;¼uNOG6EHIdNr;&IKEVa�IKE¾=:9<E8EV9<=:=Qa�EHG#S9!1�5*=~9<E8N��)NA;�=:MdNc¹�e
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f�_R=QNAL)G�>VN�JAa�_$sF9<IK_:JAEHN!JANO=�NO_ ^ 9<_$Gw¨¤L:N�MT¦2NA_:>HNA;-g?MdN ^ NA>�>Ha�MdL)G6Ida<_:> ^ a�IKG#ÌNxG6EVN�±�Mda<g~9<MdNO;&NO_$G�Id_$sF9<EVId9<_$G>Ha�L:>�MdNA>�a�=vuNAE69|G6Ida<_:> ^ N`>HÄ�;¼uNxG6EHIdN ^ LRJA9<EVE�uN&¶}S9h=~9<EHGVIdE ^ ¦2L:_:N#>Va<MdL?GVIda�_X@?a�_¢NO_:±�NO_ ^ EVN#a�g:MKId±$9|G6a�IKEVNA;�NA_$GL:_?N�>Va�MKL?G6IKa�_°Í 9<L?GVEVN&a�L�I ^ NA_$G6IK¨¤L:NhÍ =~9<E-9FJOG6IKa�_ ^ NA>-a<=8uNAEV9FG6IKa�_:> ^ N�>HÄ�;¼uNOGVEVIdN ^ LÆJA9<EVE�uNZ¹x,yj8IKNA_>�ÌL?EA@CL:_:N#��a�Id>�J}7:a�IK>VIdN#L:_:N�>Va�MKL?G6IKa�_X@~IKMÁ_X¦§NO>HGw=?MdL:> ^ L¢GVa�L?G¢uNOs�I ^ NO_$G ^ N�>VN!EHNA_ ^ EVN!JOa�;�=?G6N#¨¤LX¦§NOMdMKN�NO>HGIK>V>VL?N ^ ¦2L:_�=:EVa�g?MTSNA;�N =Qa�>V>�uN ^ 9<_$G ^ NA>�>HÄ�;¼uNOGVEVIdNO>&=?MdL:>h±�EV9<_ ^ NO>A,vf�_�=~9FEVMdN ^ 9<_:>�JAN�Jc9<> ^ N�g:EVIK>VL:EHN>H=�a�_$G69<_vuNAN ^ N0>³Ä);½uNOGVEVIKN<,¤lÁNA>4Jc9F> ^ N�g:EVIK>VL:EHN�>H=�a<_¤G69<_vuNON ^ N�>³Ä�;¼uNxG6EVIKN0>Va�_$G¾_:a�;!g:EVNOL)� ^ 9<_?>¾Md9�_~9FGVL:EVNFeMKNA>8=Qa�>HIKG6IKa�_:> ^ ¦ÅuNA¨¤L:IdMKIdg:EHN ^ ¦§L:_ JOE69cÄ�a<_ >VL:EvL:_:NkG69<g:MdN�7:a�EHIdäOa�_$G}9<MKN-¶�L:_:N�IK_:>HG69<g:MdNDe�MKNkJOE69cÄ�a�_�s<NAE³G6IdJA9<MT@L:_?N�IK_?b~_:ItG)uN ^ N�>³G}9<g?MdNA>ëe$MdN0JAEV9cÄ�a�_�JAa�L?J}78uNr>HL:E4M�9kG69<g:MdNc¹x@�MË¦/9FId;&9<_$G}9FGVIda�_#>V=Qa�_$G}9<_vuNAN ^ ¦§L?_&JOa�EV=:>o��NOEVEVa|\;&9<±�_vuNxG6IK¨�L?N»NA_ ^ NA>H>Va�L?> ^ N�>V9�G6NA;�=vuNOE69FGVL:EVN ^ N�58L?EVIdNF@�MdNO>oJAEHId>HG69<L)�-MdId¨¤L:I ^ NA>O@<MKN»;&a ^ SNOMdN ^ N»âÏNAIK_¤g�NOEV±\ Î 9<Md9<;¢@<NOG6J������}BÃa�L:EvJANA>v>HÄ�>HGcSNA;�NA>O@?MdNO>v>³Ä�;¼uNxG6EVIKNA>vNx�)Id>³G}9<_$G6NO>8>Ha�_$G»Jc9FJ}78uNANO>»NOG8_:Nr_?a�L:>8JOEASNxs�NA_$G ^ a<_:J=~9F>vMKNA>oÄ�NOL)��,:lm9#_?a<G6IKa�_ ^ Nrg:EHId>HL:EVN�>V=Qa�_$G}9F_8uNAN ^ Nr>³Ä�;¼uNxG6EVIKND�Ha�L:N�L:_�E�Ìa�MdN�JAa<_:>VI ^ uNAEV9<g:MdN0G69<_$GvNO_�=:7$Ä$\>HId¨¤L:N ^ NO>w=~9<E³G6IdJOL:MdNO>A@Q¨¤LX¦§NO_¯;¼uNOJc9<_:IK¨¤L:N->HG69FG6IK>HGVId¨¤L:N<@QNA_"=?7¤Ä�>HId¨¤L:N ^ L">Va<MdI ^ N<@CNA_"7$Ä ^ EVa ^ Ä�_~9<;�Id¨¤L:NF@NxG6J������
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II DÉFINITION DE LA NOTION DE GROUPE DE SYMÉTRIE ET DE
REPRÉSENTATIONS D’UN GROUPE

.o_ =:7$Ä�>VIK¨¤L:N<@»Md9�_:a<GVIda�_ ^ N°>³Ä);½uNOGVEVIKNRNA>³G ^ IKEVNAJxG6NO;&NO_¤G�EVNAMKIxuNON�S9�JONAMdMKN ^ ¦§IK_¤sF9<EHI�9<_?JAN<,¾ÉÊJAIË@ ^ NOL)�Nx�)NA;�=:MdNO>�NOG�L:_�=�NxG6IKG09Zs<NAE³G6Id>H>VNO;&NO_¤GA,P qr_ÆJA9<EVE�uN�NA>³G ^ IKG!=�a<>V>�uN ^ NAE!L:_½±�EVa<L:=�Nr�³� ^ N�>HÄ�;¼uNOG6EHIdN&Jc9<E�IdM¾NA>HG-Id_$sF9<EVId9<_$G�>Ha�L:>�MË¦§NO_:>VNO;-g:MdN ^ NA>G6E69F_:>H��a�EH;�9|G6Ida<_:>Xe$EVaFG}9FGVIda�_:> ^ ¦§9<_:±�MKNk�
��Q 4 z
��Q��}�MQ 4 z)@$>HÄ�;¼uNOG6EHIdNO>8;�IdEVa<IdEo=~9<EvE69<=?=�a�E³G»9FL)� ^ I�9<±<a�_~9<MKNA>NOG�9<L�� ;¼uN ^ Id9FG6EHIdJANO>��G�A,?+w9<_:>»JONwJc9<>O@?J<¦2NA>³G�MdN 3³>HÄ�>HGcSNA;�NAUhMdL:I \Ê;¢ÌNA;�N�¨�L?IXNA>³G�Id_$sF9<EVId9<_$G8>Ha�L:>0MdNk±�EVa�L?=�N^ NwG6E69F_:>H��a�EH;�9|G6Ida<_X,
P lo¦2Id_$sF9<EVId9<_:JON ^ N»Md9k=:7$Ä�>VIK¨�L?N�>Ha�L:>oMKN8±�EHa�L:=QN ^ NA>«GVE69<_?>VM�9|G6Ida<_:>D>HId±�_:Itb~N8¨¤LX¦2L:_:N0N��)=8uNAEHIdNA_?JAN�NOÇ�NAJxG6LvuNON^ 9<_:>yL:_-sF9<Id>H>VNc9FL->V=~9|G6I�9FMX¶�;&a<GVNAL:EÃJAa<L:=vuN»NxG«Mda<Id_ ^ NvG6a<L?G6Nv;�9FGVITSNOEVNZ¹ÁNA>³GoId_ ^ uNA=QNA_ ^ 9<_$G6N ^ N8M�9�=�a�>HIKGVIda�_^ LÏsF9<IK>V>VNA9<La� ` ,ÁÉÊJAI¾JAN�_X¦2NA>HG!=~9<>#MdNh>HÄ�>³GcSNA;�N�¨¤L:I¾NA>³G!IK_$s<9FEVI�9F_¤G#=:L?Id>V¨¤LX¦2IdMoNO>HG�G6E69F_:>VMd9FG)uNF@ÁJAN�>Va�_$G-MKNA>3�uNA¨¤L~9FGVIda�_?> ^ L¢;&a<L?s�NO;&NO_¤GVU ^ L¢>HÄ�>HGcSNA;�N!¨¤L:ImMdN`>Ha�_$Gh¶�>HNAL:MKNA>�MdNO>r=Qa�>VItG6IKa�_:>0Id_?IKG6Id9<MdNO>»J}7~9<_?±�NA_$Gc@Q=~9<>MT¦ÅuNOs�a<MdL?GVIda�_C¹�,Qf�_Rs�a�ItGk>HL:EkJONOGkNx�)NA;�=:MdN�¨¤LX¦§NO_"=:7$Ä�>VId¨¤L:N�ñxÚ|à�
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ÉÊMr_X¦2NA>HG�=~9<>�IK_:Id_$G)uNOEVNO>V>69F_¤G�_:a�_ =:MKL:> ^ N°_?a<G6NOE�¨¤L:N">HÄ�;¼uNOGVEVId¨¤L:NR>VId±<_:IKb~N*3&_:a�_ ^ Id>HGVId_:±<L~9<g:MKNAUa�L´NA_:JOa�EVNR3HId_?a�g:>VNOEHsF9<g:MKNAU:,:B4EHNA_:a<_:>rNO_¢NxÇëNxG�MT¦2Nx�)NA;�=:MdN ^ ¦§7~9Fg:IKG69<_$G6> ^ ¦2L:_¢;�a�_ ^ N#L?_:I ^ IK;&NO_:>VIKa�_:_:NOM9ZÄ�9<_$GoM�90��a�EH;&N ^ ¦2L:_-Jc9FEVE�uNF,<ÉÊ;&9<±�IK_:a�_:>m¨¤L:N ^ NOL)�!7~9<g:ItG}9<_$G6> ^ N»JON8;�a�_ ^ Nv>VN¾G)uNAMxuNA=:7?a�_:NA_$GoNxG«NO>V>69cÄ<NA_$G^ N¢>HNRJOa�;&;!L:_:Id¨¤L:NOE&MKNAL:E&9 ^ EHNA>H>VN¼¶�=�a�>HIKGVIda�_C¹!>HL:E�MKN´Jc9<EHE�uN<,¾ÉÊMd>�=QNAL?s<NA_$G J}7~9<JOL:_ >VN ^ IKEVN½S9Ï¨¤L:NAMKMdN^ Id>³G}9<_:JON�IKMd>0>Ha�_$G ^ N#MT¦§9<_:±�MKNwMdN`=:MKL:>r=?EVa�J}7:N<@Q;�9FId>0IdMK>�_:N�=QNAL)s�NA_$GwNO_°9<L?JAL:_:N�;�9F_:ITSNOEVNw>V=vuNAJAItb~NAEr>VL:E¨�L?NAMoJ�ÌaFG)uN ^ L¯Jc9FEVE�uNhIKMd>k>Ha�_$Gc@ÁJA9<EwMdNO>w¨�L:9FG6EHN�J�Ìa<G)uNA>A@Á¨¤L:Io>Ha�_$G"uNAJ}7~9F_:±yuNA>#=~9<EwMKNA> ^ Its�NOEV>VNO>`a�=vuNAEV9FG6IKa�_:>^ N¢>³Ä�;¼uNxG6EVIKN ^ L�JA9<EVE�uN<@4>Va<_¤G�9<g:>Ha�MdL?;&NO_¤G�IK_ ^ Id>HJANOEV_~9<g?MdNA>O,4lm9·>HNAL:MKN¢>Ha�MdL?GVIda�_¼=Qa�L:Eh>VN�EVNO=vuNAEHNAE�>VL:EMdN�JA9<EVE�uN NA>³G ^ N =:M�9F_¤GVNAE-L?_½=�a<GVNc9<L½NO_¼L:_½=�a<Id_$G�¨¤L:NAMKJAa�_?¨�L?N ^ L¼Jc9<EHE�uN NOG ^ ¦§IK_ ^ IK¨�L?NAE-L:_¼>HNA_:> ^ NEVa<G69FG6IKa�_X,<1rId_:>HI?G6a<L?G6NO>¾MKNA> ^ IK>HG69<_:JANO>v=QNAL)s�NA_$GkÌNOGVEVN�Jc9<MKJAL:MxuNANO>kS9#=~9FEHG6IKE ^ N�JANxGVGVN�a<EVId±<Id_:NF,$PR9<IK>o=:M�9F_¤GVNAEL:_°=Qa<G6NA9<LX@CJ<¦2NA>³Gw=:E�uNOJAIK>�uNA;�NA_$Gkg:EVIK>VNAErM�9h>HÄ�;¼uNOG6EHIdN ^ L°Jc9FEVE�uNF,�ÉÊMmNO>HGwgQa�_ ^ N!JAa<;&=:EHNA_ ^ EVN!¨¤LX¦2IdMÃNA_¢s<9^ Nh;¢ÌNO;&N·3 ^ 9<_:>`M�9�s�IdN ^ N�GVa�L:>`MdNO>v�Ha�L:EV>HU:,m+�IdEHN�¨¤L:NhM�9 =:7$Ä�>VId¨¤L:N�NA>³G#Id_$sF9<EVId9<_$G6N�=~9<E�GVE69<_?>VM�9|G6Ida<_X@ÂJc9R_X¦2NA>³Gh=~9<> ^ IdEVN�¨¤L:N MT¦2L:_:Its�NOEV>!¨¤L:I8_:a�L:>-NO_$G6a�L:EHN�NA>³G�MdN&;¢ÌNO;&N&=~9<E³G6a�L?GXey¨¤L:IKJAa�_:¨¤L:N >O¦§NO>HG�JOa�±�_vuNJAa�_$G6EHN�L:_½;-L?E ^ Nxs)EV9<IKG!NA_ ÌNxG6EVN�JAa�_$sF9<Id_?JALX,Dl4¦2L:_:Its�NOEV>-¨¤L:Iv_:a�L:>-NO_$G6a�L:EHN _X¦2NA>HG-=~9<>-IK_¤sF9<EHI�9<_$G�=~9<E
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III LE GROUPE DE SYMÉTRIE C «"¬ DU TRIANGLE ÉQUILATÉRAL
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ÓxÔtï<ÞC8�ÓxÙ6Ø|Þ~é0�Oï<à�ï<Òdñ`Mda<EV> ^ ¦§L?_:N�G6EV9<_:>³��a�EV;&9FG6IKa�_X,mlÁNA>�z � W�JAa<;&=Qa�>69F_¤GVNA> ^ N�~ _X¦2a�_$G ^ a<_:J9<L?JAL:_:N`EV9<Id>Ha�_ ^ Nv�Ha�L?NAE ^ NO>�E�Ìa�MdNO>»>VIK;&IKM�9<IKEVNO>A@$JAa<_¤GVE69<IKEVNO;&NO_¤G09<L)� ^ NAL)�´JOa�;�=�a�>V9<_$G6NO> ^ ¦§L?_´s<NAJxG6NAL?EA@JOa�_ ^ 9<;�_vuNONA>�S9v�Ha�L:NAE ^ NA>4E|Ìa�MKNA>o>HNA;-g:Md9<g:MKNA> ^ 9<_?>4GVa�L?GVN»G67vuNOa�EVIKN0Id_$sF9<EVId9<_$G6N»>Ha�L:>�_a`cb»NxGv¨¤LX¦2IdM?NA>HG ^ a<_:J_~9|G6L:EHNAM ^ N`E�uNAL:_:IKE ^ 9<_?>�L?_�;�ÌNA;�N�;-L?MKG6IK=:MdNxGc,).o_ ^ ¦/9<L)G6EVNO>0G6NAEH;&NO>A@:>HIÁMT¦2a�_ NOÇ�NAJxG6L:N`L:_?N#¨¤L:NOMdJOa�_:¨¤L:N^ NO>r>HIt��a�=vuNAEV9FG6IKa�_:>K` ^ N`>HÄ�;¼uNxG6EHIdN`>VL:E�MKN�G6EVId9<_:±�MKN<@�~ sF9�>VN`G6EV9<_:>³��a�EV;�NAE»=:9<E*�"¶e`?¹�e~ w 5 �"¶e`?¹�~
9cs�NOJ{�°¶e`?¹wÕ<Ò�ïB8�Ø|ÞQï<Ô�ì?ï<Ù[6AÔdØZê}ñ»ì~Ø|î�Ù`éÅØ|î�éS`�e

� 5 ¹ W ` ¶I`:¹ �� W��O¶I`?¹ º ¶�ÉHÉVÉ \ i�¹
f�_ ^ IKG`9<MKa�EV>w¨¤L:NhMË¦§NO_:>VNO;-g:MdN ^ NA>#;�9FGVEVIKJANA>J�"¶e`?¹r��a�EH;&NO_¤G�L:_:N�EVNA=?E�uNA>HNA_$G}9|G6Ida<_ �«ª�Cfy�Ã®<���º�D����^ N

_a`cb|,�qr_:N-EHNA=:E�uNA>HNA_$G}9FGVIda�_ ^ a�_$G�MË¦§NO_:>VNO;-g:MdN ^ NA>k;�9FGVEVIKJANA>�_:N�=�NOL?s�NO_¤G`=:9<>!ÌNxG6EVN�ñxÒÐà�î)Ô éTï<Þ�
Óxà�ÓxÞ~é ^ I�9|\±�a<_~9<MdIK>�uNONA>0=~9<E0g?Mda�JA>�NA>³G ^ IKG6N �����«ª�
fÃ�Ã®<���G�y��� ¶Ðs�a�IKE0MT¦2NA_:JA9 ^ E�uN#É³¹�,lÁNA>vEVNA=?E�uNA>HNA_$G}9|G6Ida<_:>8IKEVE�uN ^ L:JxG6Idg?MdNA>4>Ha�_$G8MKNA>¾>VNAL?MdNA>¾¨¤L:ICs�a�_$Gv_:a�L:>vId_$G)uNOEVNA>H>VNOEA,?58Nr>Ha�_$G»MdNO>4g:EVIK¨�L?NA>uNOMxuNA;�NA_$G69<IdEHNA> ^ N-GVa�L?GVN-JAa�_?>HG6EHL:JOGVIda�_ë,Áf�_¯=�NOL?Gw=:EHa�L?s�NOE#9<>V>HNAä�>VIK;&=?MdNA;�NA_$Gk¨�L?N�MdNA>rG6EVa<Id>�EHNA=:E�uNA>VNO_)\G69FG6IKa�_:> ^ a�_:_vuNANA>�=:E�uNOJQuN ^ NA;�;&NO_¤G�=�a<L:E�_a`cb´>Va�_$G�MKNA>�>VNOL:MdNO>&EHNA=:E�uNA>VNO_$G}9FGVIda�_:>�IdEVE�uN ^ L?JOG6IKg:MdNO>¢¶}S9¯L:_:NuNO¨�L?IKsF9<MdNO_:JAN`=:EASNA>6¹ ^ N#JON�±<EVa�L:=QN<@)s�a�IKE0MT¦21k=:=QNA_ ^ IdJAN`ÉHÉ},f�_�s�a<IKGc@Á>HL:E!MË¦§N��)NA;�=:MdN ^ NN_a`cbF@m>HN ^ uNOEVa�L:MKNAE#MdNh=:EHa�±�E69F;&;�Nh¨�L?N�MT¦2a�_·>A¦ÅuNOG69<IKG#b?�¾uN«emG6EVa<L?s�NOE!MdNO>EHNA=:E�uNA>VNO_$G}9FGVIda�_:>0IKEVE�uN ^ L:JxG6IKg:MdNO>A@�J<¦2NA>HG�S9-M�9#��a<Id>¾I ^ NO_¤GVIKb~NOE»MdNO>8¨¤L~9<_$GVIKG)uNO>»;&9FG67vuNO;�9|G6Id¨¤L:NO>8¨¤L:I�>VNkGVE69<_:>Å\��a�EH;&NO_$G�MdIK_8uNc9<IKEVNO;&NO_¤G�>Va<L:>�MdN�±<EVa�L:=QNÏÓxévMdNA>!;�9FGVEVIKJANA>!¨�L?I8G6EV9<_:>H��a<EV;�NA_$G�JANO>�¨¤L~9<_$G6ItG)uNA>O,oBya<L:E�L:_
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�-lÁ�¤�F®$��®�� e:lm9-;&a<MxuNAJOL:MdN��îDÂ`�NA>³GrL?_:Nw=$Ä)EV9<;�I ^ N ^ a<_¤G�Md9!g~9<>HN�G6EHI�9<_:±<L:M�9<IKEVN�NA>³G���a<EV;¼uNAN=:9<E»MdNO>»G6EHa�Id>09|G6a�;�NA> ^ ¦§7$Ä ^ EVa<±~SNA_:NF,C.oMdMdNk=�a�>H>ASN ^ N ^ a�_:JwMd9!>HÄ�;¼uNOG6EHIdN]_a`cb|,:1r=:=�NOMda�_?>G� ¢ ���7���D�a�MKNA>oa�EHg:IKG69<MdNO>8W#� ^ NO>v9|G6a�;�NA> ^ ¦§7$Ä ^ EVa<±~SNA_:N�NxGA� ü MT¦2a�EVg:ItG}9<MKN»z
� ^ N0MË¦/9|G6a�;�N ^ ¦§9<äOa<G6NF,�nyEHa�L?s<NAE4M�9EHNA=:E�uNA>HNA_$G}9FGVIda�_ ^ NÂ_a`cb ^ N ^ IK;&NO_:>VIKa�_R¨¤L~9|G6EVN�G6E69F_:>H��a�EH;�9F_¤GrJANO>wa�EVg?IKG}9FMdNA>O,�P¢a�_$G6EHNAE�¨¤LX¦2NAMKMdNNO>HGwGVEVIKs�Id9<MdNO;&NO_¤GkE�uN ^ L:JOGVIdg:MKN-NA_¯Md9�>Va�;�;�N ^ ¦2L:_:NhEVNO=:E�uNO>VNA_$G69FG6IKa�_ ^ N ^ Id;�NA_?>VIda<_ÆW�NOG ^ ¦2L:_:NEHNA=:E�uNA>HNA_$G}9FGVIda�_ ^ N ^ Id;�NA_:>HIda�_��?,4nyEHa�L?s<NAE�MKNA>�JAa�;!g:Id_~9FId>Va<_:>�MdIK_8uNc9<IKEVNO> ^ N�� ¢ ���7�!NOGb�7�!¨¤L:I=QNAEH;&NxGVGVNA_$G ^ N�E�uN ^ L:IKEVN�M�9¯EVNA=?E�uNA>HNA_$G}9|G6Ida<_ ^ N ^ Id;�NA_:>HIda�_��Ï=?E�uNAJQuN ^ NO_$G6N<,w¶Ëº uNA=Qa�_:>VNDe=� � 5� ¢ � �7� � �7�}@�� � 5 z
� ¢ - �7� - �7�}@���` 5 �7� - �a�},/¹
±�EVa�L?=�N!b:_:IT@QMdN-_?a�;-g:EHN ^ N�EVNO=:E�uNO>VNO_¤G69FG6IKa�_:>wIKEVE�uN ^ L:JxG6Idg?MdNA>rNA>³Gwb~_:I�¶�=�a�L?Ek=:MKL:> ^ ¦2Id_?��a<EV;&9FG6IKa�_:>A@~s<a�IdEMT¦21k=:=QNA_ ^ IdJAN�ÉVÉ³¹�,?By9<E8JOa�_$G6EHN<@�=�a�L?EvL:_�±�EVa�L?=�N�JAa�_$GVId_¤L�JAa<;&;�N�MdN�±�EVa�L?=�N ^ NA>vEVa<G69FG6IKa�_:>A@¤JONk_:a�;!g:EVNNA>HG�IK_?b~_:I ^ uNA_:a�;!g:E69<g?MdN<,Có�a�L:>�9<MKMda�_:>8;�9<IK_$G6NA_:9<_$G�JAa�_:>³G6EHL:IdEHNwJANA>�EVNO=:E�uNO>VNO_¤G69FG6IKa�_:>O,
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Groupes de Lie – groupes SO(3) et SU(2)

lÁN�=~9<>H>69<±�N ^ NA>w±�EHa�L:=QNA> ^ IK>VJOEVNOGV>wJAa�;�;�Nµ_a`!��9<L)�"±<EVa�L:=QNA>kJAa�_$G6IK_¤L:>�¶�IK_?b~_:ItG)uN!JOa�_$G6IK_�L?N ^ ¦ÅuNAMxuN�\;�NA_$G6>6¹�JOa�;&;�N´MdN�±�EVa<L:=�N ^ NA>&EVa<G69FG6IKa�_:>h>A¦§9<JOJAa�;�=~9<±�_?N ^ N¢=~9<>�;&9<M ^ N¢g�a<L:MdNxs�NAEH>VNO;&NO_¤GV>�¨¤L~9<_$G9<L��·EVNA=?E�uNA>HNA_?G69FG6IKa�_:> ^ N�JONA>!±<EVa�L:=QNA>#NOG�a�_Ï_:N&=QNAL)G!=~9F> ^ IKEVNOJOG6NO;&NO_$G�GVE69<_:>H=�a<>VNAE�NA_Ï±DuNA_vuNOE69<Mv9<L)�±�EHa�L:=QNA>«JOa�_$G6IK_�L?>«JAN»¨¤L:I?NA>HGDs<9FM�9<g:MKNv=Qa�L:EyMdNO>D±�EHa�L:=QNA> ^ IK>VJOEVNOGV>A,$+�NOL)�!±�E69<_ ^ NA>«JA9FG)uNO±�a�EHIdNA> ^ N»±�EHa�L:=QN>HN ^ Id>HGVId_:±<L:NA_$G ^ N JON�=Qa�IK_¤G ^ N s)L?N<@oMdNO>�JAa�;�=~9<JxG6>O@«=�a<L:E�MdNO>V¨¤L:NAMK>hMdN$¶�>}¹!=~9FE69<;¢SNOGVEVN$¶�>}¹ ^ L¼±�EHa�L:=QNsF9<EHIdN$¶�_$G�¹�>HL:E�L:_ JOa�;�=~9<JOG"¶�N��?NO;&=?MdN<evMdNO>�EVaFG}9FGVIda�_:>�aÁSL*MË¦/9<_?±�MdN´sF9<EVIKN¢NO_¤GVEVN¯��NxG�z"QÃ¹hNOG MKNA>&_:a�_JOa�;&=:9<JOGV>v=Qa�L:E¾MdNO>V¨¤L:NAMK>8IKM~_X¦§NO_�NA>³G»=~9F>»9<IK_:>VIy¶�N��)NA;�=:MdNFe�MKNA>4G6EV9<_:>VMd9FG6IKa�_:>4aÁSL�MdNA>¾=~9<EV9<;¢SNOG6EHNA>4sF9<EVIKNA_$G>HL:E¾GVa�L?G ¥A��@$MdNO>¾GVE69<_:>³��a�EV;&9FGVIda�_:> ^ NklÁa�EHNA_$G6ä�aÁSLhM�9`E69<=?I ^ ItG)uN»sF9<EVIKN0>VL:E ¥ ` ¹x,�Bya<L:EoG6a�L:>¾JANO>8±�EHa�L:=QNA>O@Md9�_:a<G6IKa�_ ^ N�EVNO=:E�uNO>VNA_$G69FG6IKa�_:>4IdEHE�uN ^ L:JOGVIdg:MKNA>o±$9<E ^ N0>Va<_&>HNA_:>¾;�9FId>«MKNAL:Eo_:a<;-g:EVNvÍ GVa�L|�Ha�L?EV>oId_)b~_:I�Í�@MKNAL:ErL:_:IKG69<EVItG)uN#NOGwMKNAL:E ^ Id;�NA_?>VIda<_°>Va�_$Gw_?a�_RG6EHIKs�I�9FMd>A,QlÁNA>k±�EVa�L?=�NO>�JAa�;�=~9<JxG6>�>Ha�_$GwJANOL)�"¨¤L:Iy>Va�_$G`MKN=:MKL:>�=:EVa�J}7:NA> ^ NA>r±�EVa<L:=�NO> ^ Id>VJOEVNxG6>AeQ=:EHNA>V¨¤L:N�G6a�L?Gr>VN#G6EV9<_:>V=Qa�>HN<@CMdN#_:a�;-g?EVN#Id_?b~_?I�Í ^ IK>VJOEVNOG0Í ^ NEHNA=:E�uNA>VNO_$G}9FGVIda�_:>8IdEVE�uN ^ L?JOG6IKg:MdNO>vL?_:IKG69<IdEHNA>huNOG}9F_¤G8M�9 ^ IKÇ�uNAEHNA_:JONk;&9��HNAL:EHN<,)óra�L?>»9<MKMda�_:>os<a�IdEv;�9<IK_$G6NA_:9<_$GNO_ ^ uNxG}9<IKMXJAN`¨¤LX¦2IdMÁNO_¢NO>HG�=�a<L:E�MdNw±�EHa�L:=QN ^ NA>�EVa<G69FG6IKa�_:>O,

I LE GROUPE DES ROTATIONS ET SES REPRÉSENTATIONS -
GROUPES SO(3) ET SU(2)
lo¦§7$Ä�=Qa<G67XSNO>VN ^ N�MË¦§IK>Va<GVEVa�=:IKN ^ NwMT¦2NA>V=:9<JANw>HId±�_:Itb~Nk=Qa�L:E0_?a�L:>»MË¦§IK_¤sF9<EHI�9<_?JAN ^ NA>0Mda<Id>8=?7¤Ä�>HId¨¤L:NA>�>Ha�L:>MKN�±�EHa�L:=QN ^ NA>!EVa<G69FG6IKa�_:> � ,«58a�;�;&N&IdM4MT¦§9 ^ uNÊ��S9%uNOG)uN�>V=vuNOJAIKb8uN 9<L:=~9FE69FsF9<_$Gc@y_:a�L:>!_:N�JAa<_:_~9<IK>V>Va<_:> ^ L±�EHa�L:=QN ^ NA>�EHa<G}9FGVIda�_?>»¨¤L:N`>VNA>�;&9<_:It��NA>HG69FG6IKa�_:>v>VL:E�MdNO>0±�E69F_ ^ NAL?EV>���MdNA>8¨�L:9<_$G6IKG)uNA>�;&9FG67vuNO;�9|G6Id¨¤L:NO>��¨¤L:N�_:a�L:>4L?GVIdMKId>Va<_:>«NA_�=:7$Ä�>VIK¨�L?N<,).oGVL ^ IKa�_:> ^ 9<_?>vL:_�=:EHNA;�IdNAEyG6NA;�=:>4M�9�GVE69<_:>³��a�EV;&9FGVIda�_ ^ NA>4s�NAJxG6NOL:EV>=~9FE�MKNA>�EVaFG}9FGVIda�_:>O,C.«G ^ ¦/9<gQa�E ^ @~L:_:N#EVNO;�9<EH¨¤L:N<,QBya<L:E´uNxG6L ^ IdNAE�MKNA>�EVa<G69FG6IKa�_:>O@:a�_¢9�MKN#J}7?a�It�´NO_$G6EVN�L:_=Qa�Id_$G ^ N�s�L:N"3V9<JOGVIK�|U�amSLRL:_°>HNAL:Mya�g:>HNAEHsF9FGVNAL:Eka�g:>VNOEHs<N ^ NAL��°>³Ä)>³GcSNO;&NO>wI ^ NO_¤GVId¨¤L:NO> ^ uN ^ L:IKGV>kMË¦§L:_ ^ NMË¦/9<L)G6EVN�=~9<E�EHa<G}9|G6Ida<_½¶�a<_°G6a�L:EH_:N�MdN�>HÄ�>HGcSNA;�N�NA_¯±$9<E ^ 9<_$Gkb)�?NO>`MdNA>�9|�)NA> ^ N�E�uNO�cuNOEVNA_?JANZ¹�@XNOG`L?_"=�a�IK_$G^ N�s�L:N�3³=~9<>V>HIK�|U�aÁSL L:_ ;¢ÌNA;�N�>HÄ�>³GcSNA;�N`NA>³G�a�g:>VNOEHsouN`=~9<E ^ NAL)��a�g:>VNOEHsF9FGVNAL:EH> ^ IKÇ�uNAEVNO_$G6>»G6a<L:EV_vuNO>�MT¦2L:_=~9FEkE69F=:=�a<EHGhS9&MT¦§9<L?GVEVN�¶�a�_¢±$9<E ^ N�b?�)N�MdN#>HÄ�>HGcSNA;�N-NOGka�_RG6a<L:EV_:N�MdNO>k9|�)NO> ^ N!E�uNO�cuNOEVNA_?JANZ¹�,Á5k¦2NA>³Gc@ë>V9<L?�;�NA_$G6IKa�_´Nx�)=:MKIdJAItG6N ^ L¢JOa�_$G6E69FIdEVNF@:JAN ^ NOEV_:IKNAE0=Qa�Id_$G ^ Nws�L:N#¨�L?N#_?a�L:>�9 ^ a�=)G6NAEHa�_:> ^ 9<_?>rMd9->VL:ItG6N � ,
����+2Ê ��%'¨&-0�§�Ï��%G�,%G)*¨&¨�#�%B¢�Ï��)&�§£( ( * ©��$¿�!��·-��'��#� ¤%r * ©¡a�!$�%G (#�$&%�/
ÍB��©,#��'#0$&%��!$Â¨�-�%�%'-�$0�»¯�)*��¨�#�)*�J¯0)CÊ )*$&���'®�¢�!#��� (��¨&®�¦B%' (¯�)*��%'#� ©�J�§#0¡a¨*£è·�§�'�0²7 ©£±��%G�»$�¢�p�§��%�%�-� (�'�a B�ª%�-�.�#� (���§#0¡�¡a��$0�

�§�!�G�'�a��®�¢��#��� ©�0²m¢���!�' ©�'��¨&-���)&$�#0É&%'�!��.�-��'��)*��²"%'���'�c-�$&%G�«#���¡a�a�!$Â�§��£©£(�L¢���!�' ©�'��¨&-���)*$Â-�)B���'��#0É&%G���'.¹-��'�!)&�aÔ�¨�#0 ©$��� B��.�)*�
¨&-�%�%' ���Õ§/



� ?0:i�mÓ¿8<Ù6Ø|î�ì~Ó!Õ�Ó}ñ`Ù6Ø|éTï<éËÒTØ|Þ?ñ z�z
A Les vecteurs - algèbre de Lie du groupe des rotations.«Ç�NAJxG6L:a�_?>A@�=~9<E¾Nx�)NA;�=:MdNF@¤L:_:N�EVa<G69FG6IKa�_ ^ NA>v9|�)NA> ^ ¦/9F_:±�MdN*�#9<L?GVa�L:E ^ N9�{�?,¤1k=?=�NOMda�_:>k¶ X  � � X  � � X  `x¹NOG!¶ X  � w � X  � w � X  ` w ¹8MdNO>�3³s�NOJOGVNAL:EH>VU ^ N`g~9F>VN ^ NA> ^ NOL)��>HÄ�>HGcSNA;�NA> ^ ¦§9|�)NA>A,

θ
x

y

y’

z

x’

V

EGFIHKJXz),tW�\���Ø|é­ï<é�ÒTØ|Þ±°Kì?ï|ñ}ñxÒ��<Ó ³ Õ<î ñxÚZñxé7RÓxà�Ó�Õ�Ý ï1L)Ó}ñ
BD9<E ^ uNxb~_:IKGVIda�_ë@ ^ 9<_:>mMdN4=Qa�Id_$G ^ N4s�L:N¾=~9<>V>HIK�Å@ZMKNA>Ás�NOJOG6NOL:EV>D_:NvJ}7:9<_:±�NO_¤Gy=~9<>O@�>VNAL?MdNA>ÃMdNOL:EV>mJOa�;&=Qa�>V9<_$G6NA>MdN���a�_$Gc,~58N�J}7~9F_:±�NA;�NA_$G ^ N�ê}Ø|àkì~ØZñAï<Þ~éÊÓ}ñ8NO>HG ^ a�_:_vuN#=:9<E ` e

`/ j 0±�P� j X  j 5 X� 5
`/z 0±��� wz X  z w ¶�É \ W�¹

9Zs<NAJ�¶Ë9FGHG6NO_¤GVIda�_�9<L��´>VIK±�_:NA>6¹
��� X  � wX  � wX  `&w ���� 5 ��� JAa�>�� >VId_G� �- >HId_G� JAa�>�� �� � W ���� ��� X  �X  �X  ` ���� ¶�É \ z�¹

BD9<E ^ uNxb~_:IKGVIda�_ ^ N#Md9�;�9FGVEVIKJAN6´-@~a�_�9 ^ a�_?J«e
X  z w 5 `/� 0±� ´ z � X  � ¶�É \ �$¹

amSLX@?=~9FE�JOa�_:>�uNA¨¤L:NA_$GA@P��NO>HG�L:_�Id_ ^ IdJAN ^ N#MKId±�_?N�NOG-� L:_�Id_ ^ IKJAN ^ N`JOa�Mda�_?_:N<,Cf�_�NA_ ^ uN ^ L:IKGÁe
� j 5

`/z 0±� � wz ´ z j 5
`/z 0±� ¶<�<´`¹�j z � wz 5

`/z 0±� ¶<´Kp � ¹�j z � wz ¶�É \ {¤¹
Jc9<EG´ NA>HG�L:_?N�;&9FG6EHIdJON�a�EHGV7:a�±�a<_~9<MdN�¶�IT,2N<, ^ N`EVa<G69FG6IKa�_C¹vNxG ^ a�_:Ja´ p � 5 � ´-,Qf�_�NO_ ^ uN ^ L:ItG ^ a�_:J«e

� wz 5
`/� 0±� ´ z � � � ¶�É \ [�¹

á&��©,#���#�$&%E¯0)&�, *-�$&%2£©�,¨�#� ($��E B�,.�)*�À¨&-0%'%' ©�; (£*�p%º�± &-�$*¥0�!���!)B¬J *�À¨�#�%G��� Á�MÄ Ô � y�� �V� � � ª Õ|��-��|#�$�����-�.¹-� (£(£©�,-�.0���� B�!)*¬É�-�%'��%� B ©Ð�¢���'��$��'��%�/
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Théorie quantique et symétries

-�
 ê�ß_ØPê2ê2ØPã(Ý�ÚeØ�ó�àPã2Þ ùØ¥Ýeà�Û:Ý�å:Þ�ã $�ð á £Üjá.Ü¼ØPÛôåWÞ�ã $Âõ Ü¼ê2Ø¥åWê2ÛWÚ + Þ�ØPÙ õ Ü¼Ú0à�Û ' ÞeØPÙWäFÜ ü
³ ï ØPã�å:Þ�ã2Ú ðÎ)Fï ØÎã�à�Û:óPÜjÞ0ÝRê(ÜCäjà�Û:Ý�Ü�ØPÛ ùØÅà�Û:óSÞ�ã(Þ,ê2ÜjÚ ø ÜjÛ $ ü /

± ü�t ã2ä ó ØPÛ $
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° hFiÛÚ ö q�|*Ü�ø	�5÷ ö q>� ö ��|Á÷ {ö m�|Pv�ø(Ýjo ö Ýjo:|Pv�nZø(Ýjo ö é��� ÷ Û:ÙIÜFÚ�å�ØÎäjÜ õ Ü�±Rã2ê2ÿVÜjÞ�Ý�ñÊÛWã½ÜjÚ0ÝÅê ï ÜFÚ�å�ØÎäjÜ õ ÜFÚ íÜFÝeØÎÝeÚ õ ÛîÚ ø Ú0Ý ùÜFáâÜ ü ô ï�Þ ø å�àÎÝ ÞoùÜFÚ�Ü õ�ï ã2Þ�ÞSíÜ õ Û:äFÝeã(ÿWã �ê(ã(Ý;íÜ¢ã2á.åWê(ã2ñÊÛWÜCñÊÛWÜ¥ê ï ÜFÚ�å�ØPäFÜ õ ÜS±*ã2ê(ÿ�ÜFÞ0ÝRÜjÚ�ÝCÜjÙ + ÜjÙ õ ÞSíÜ�ß ÜFÝ õ à�ÙWä õ íÜ E ÙWãgß å�ØÎÞcê2ÜFÚfàÎÜFÝ�ÚCåWÞ�à�å:Þ�ÜjÚ õ Üê ï ÜFÙWÚ�ÜFá¥ÿWê2ÜÁáÁØ $ ã(áÁØPê õHï à�å�íÜjÞeØ5ÝeÜjÛ:Þ�Ú ö2õ Üòê ï ÜjÙWÚ0Üjá¥ÿ:ê2Üòã(Þ�ÞSíÜ õ ÛWä%Ýeã2ÿ:ê2Ü ÷ äjàPáâá¥Û;Ý�ØPÙ�Ý ð ã ü Ü ü Ú�ã(á¥ÛWê�Ý�ØPÙ�íÜFáâÜFÙ�Ýõ ã2Ø + à�ÙWØPê2ã(ÚeØPÿWê(ÜjÚ ügá ÜjÚiàPÜ%ÝeÚ�Ú0à�Ù�Ý õ àPÙWäâÜFÙ�Ýeã ùÜFÞ�ÜFáâÜFÙÊÝ>Þ�ÜFå�íÜjÞSíÜjÚ¥åWØPÞ¼ê2ÜjÚ¼óÎØPê2ÜFÛWÞ�Ú¢åWÞ0à�åWÞ�ÜFÚ õ ÜÁäjÜFÚ�à�å�íÜjÞeØ �Ý�ÜjÛWÞ0Ú ö ØPÛ:äjÛWÙ Ù:à�á¥ÿWÞ0ÜÁñÊÛ�ØPÙ�Ýeã(ñÊÛWÜÁÚ0ÛWåWåWê%íÜjá.ÜjÙ�Ý�ØPã(Þ�ÜâÙ ï ÜFÚ0Ý�Ù½íÜjäFÜjÚ�Ú�ØPã2Þ0ÜòåVà�ÛWÞ�ê(ÜjÚ¢Þ�ÜFå½íÜjÞ0ÜjÞ ÷P¦ ü ô�ÜjÚ=íÜ%Ý�ØÎÝ�Úõ�ï ÛWÙôÚ ø Ú0Ý ùÜjá.Ü>ñÊÛ�ØÎÙÊÝ�ã2ñÊÛWÜ¢Ú�à�Ù�ÝRÞ�ÜFåWÞSíÜFÚ�ÜFÙÊÝ;íÜjÚ*å�ØPÞ,ê2ÜFÚ�ÞeØ ø à�Ù:ÚRÙ:à�Þ�á íÜjÚ õ Ü¼ê ï ÜjÚ0å�ØPäFÜ õ ÜjÚ�íÜFÝeØÎÝeÚ ð Û:ÙôÞ�Ø ø à�ÙíÜ%Ý�ØPÙ�Ý õ íÜ E ÙWãsäFà�á.áâÜ>ê ï ÜjÙWÚ0Üjá¥ÿWê(Ü õ ÜFÚ�ó�ÜFäFÝeÜFÛWÞ�Ú T � Å½� ñÊÛ�ØPÙ õ T õ íÜFäjÞ�ã�Ý ¨ ÜFÝCÛWÙ}Þ�Ø ø à�Ù»ÙWà�Þ0á íÜ>äjà�á.á.Üê ï ÜFÙWÚ�ÜFá¥ÿWê2Ü õ ÜFÚâó�ÜFäFÝ�ÜjÛWÞ0Ú�ÙWà�Þ�áîíÜjÚ T � Å½� Ø�óPÜjä �
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Le groupe de Lorentz SO(3,1) et le groupe
de Poincaré
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A Quelques définitions et conventionsÓ ©CØPÙ:ÚJÝ�à�Û:Ý�Ü=ê2Ø Ú0ÛWã(Ý�Ü ð à�Ù ÝeÞ�Ø�óÎØPã(ê2ê(ÜjÞeØ ûWØPÙWÚôê2ÜjÚôÛWÙWã�Ý;íÜFÚôàgýÛA@ k Ö ÜFÝCB k Ö ü�á ÜFäjã¢Ú�ã + ÙWã E ÜÚ0ã2á.åWê2ÜFáâÜFÙÊÝzñÊÛWÜ3ê ï à�Ù@äFà�áâå;ÝeÜ½ê(ÜjÚzóSã�ÝeÜjÚ0Ú�ÜFÚxÜFÙ@ÛWÙWã�Ý;íÜ�ûWÜ½êìØ*óSã(Ý�ÜjÚ0Ú�ÜLûWÜ3ê2Øcê2Û:áâã�ýÜjÞ�ÜxÜFÝ�ûWà�ÙWä,ñÊÛWÜ Mbk Ö  ¡w ð�����
��	�!g!"�
	��3%�ª���� ���
�_!��3�J!m.$	�#
W��"% � 0��JR-�"� 	���!ZT_��	��g�3�J!gWX%&!5��%���ª
	��J�mW��J!m0
��R���� 	��9!mWX����P �J!"T�#
R �Q�J	�R-�3%&WX%��J�HV#]���"��%3!mWX%3)�� � �!(%3�
�_! = Õ ���
�"�J�Q.$	��Y�3�J!�D Ew�_�J�l��#
����.$	��¥0
��R���� 	��9!7WX�]k�#
!"�
�C����!(�����QT�#
!QWX�J!/.$	�#
WX��% � 0��JR���� 	��9!
#
	b!(�J��!QW�	bª
���
	�TC�YWX�Í\���"�J�����
�X0��
%3�4�&#����2���d� �nk�#
!gW��d�3#�T�#
ª
�¥M2��=
 ���
��	�!¯0�� ���"����!�W�#2��!��&#d!"	�%§���
.$	\P %3��!JP #
ª
%���k�%3� �LWjP 	����"� �_!(�J	��J=����
	��¯��P %3��!(��#
�������]�3�7R �
��!"%3WjV� ���ZR �
)�)��g	���� ��!"� )]k����WX�d����)Yk����J!%F2GK "4H =



( hjiÛÚ ö qcyPpe�5oÒt ö q¢� ö Ú �5p ö v�nI: ö n½� ö @ �5øwvHm�|Ppz{ö fCBå�ØPÞ�Ü $ ÜFáâå:ê2Ü ð Ú�ã + ÙWã E Ü�ñÊÛWÜ@ê ï à�Ù¹Ú0Ü¤û�íÜjå:êìØPäFÜ�ýØòêìØ.áâà�ã�Ýeã%íÜiûWÜ�êìØâóSã(Ý�ÜjÚ0Ú�Ü¤ûWÜ@ê2Øâê2Û:áâã�ýÜjÞ�Ü ü ©�Ü>á £ÜFáâÜ ð à�Ùäjà�á.å:ÝeÜ¢ê2ÜFÚnûWã(Ú0ÝeØPÙWäjÜFÚcÜFÙ¹Ú�ÜFäjà�Ù�û:Ü L Øik w.Ú�ÜjäFà�Ù�ûWÜFÚ k w.Ú0ÜjäjàPÙ�ûWÜjÚCê(ÛWá.ã�ýÜjÞ0Ü k w � Ä � Ö B y àSá ü ¾CÙå�ÜFÛ:ÝÂóÃíÜjÞ�ã E ÜjÞzñSÛ ï ã(êWÙWÜ,Þ�ÜFÚ0Ý�Ü,ñSÛ ï ÛWÙ:ÜRÛ:ÙWã(Ý;íÜ3ã2Ù�û�íÜjåVÜjÙ�û�ØÎÙÊÝ�Ü�ñSÛ:Ü,ê ï à�Ù@å�ÜFÛ:ÝÃä Þ à�ã(Ú�ã(Þ £ÜFÝ�Þ�Ü,äFÜjê2ê(Ü�ûWÜ,ê2ØcáÁØÎÚ�Ú�ÜÜFÝRñÊÛ ï Û:ÙWÜiû:ã2Ú0ÝeØPÙWäFÜ¢ÜFÚ0ÝRÛWÙWÜ¼ã(ÙÊóPÜjÞ0Ú�Ü¢áÁØPÚ0Ú�Ü üÓ � ÜjÚRã2Ù�û:ã2äjÜFÚ + Þ�ÜFäjÚRäjà�ÛWÞ0ÜjÙ�Ý*Ú�ÛWÞRñÊÛ�ØÎÝeÞ0Ü¢óÎØPê(ÜjÛWÞ0Ú L [ "KJ k B " Ö "'w;"�Ä@ÜFÝRê2ÜFÚ*ã(Ù�ûWã(äjÜjÚ�ê2ØÎÝeã(ÙWÚ3Ú�Û:Þ*ê(ÜjÚ�ÝeÞ�àPã2ÚóPØÎê2ÜjÛ:Þ�Ú L 
 "�o k Ö "ìw;"�Ä ü B Þ�Üjå:ÞSíÜjÚ0ÜjÙ�ÝeÜ>êìØ@äjàPáâåVà�ÚeØÎÙÊÝ�Ü - ÝeÜFáâåVà�Þ0Üjê2ê(Ü /,L Ø � k a üÓ KRÙ íÜ%óÃíÜFÙWÜjá.ÜjÙ�ÝnÃ ÜjÚ�ÝcÛ:ÙôåVà�ã(ÙÊÝ�û:Ü¢ê ï ÜFÚ�å�ØÎäjÜbûWÜ t ã2Ù�àPà�.�Ú�àÊã k ÛWÙôã2ÙWÚ�Ý�ØPÙ�ÝRÜFÝRÛWÙJê(ã2ÜjÛ üÓ � Øúäjà�Ù�óPÜjÙ�Ýeã(à�Ù û ï 1Ãã(ÙWÚ0Ý�Üjã(Ù äjà�Ù:Ú�ã2Ú�ÝeÜ�û�ØPÙWÚòäFÜ�äjØPÚ ýØúÚ0à�á.áâÜFÞâÚ0ÛWÞÁÛWÙ ã2Ù�ûWã(äjÜ E�+ ÛWÞ�ØPÙ�ÝÑûWÜFÛ $ ß�àPã2Ú
û�ØPÙWÚ�ÛWÙJá.à�Ù £à�á.Ü�ÜFÝ¢n ö �
Ýjo ö ��J o;v ö q%nÂq%øwn_oC{ö¥ö v ö ÜFt���qj|Pv�nML0m��5v�n_p0|ÀÂuù5|Pp�ø_|Pv�nON ö nx��J |PoSnZp ö@ö v¹øwvV�Pø	m ö L0m��dÂù5|Pp%ø_|Pv�nPN ü #*à�Û:Úcó�ÜFÞ�Þ�àPÙWÚFû�ØPÙ:Ú�êìØ.Ú�ÛWã�ÝeÜ�åVà�ÛWÞ0ñÊÛWà�ã7û�ØPÙWÚ�ê ï ÜFÚ�å�ØÎäjÜHûWÜ t ã2Ù�àPà�.�Ú�àÊã ð ã2ê�ÜjÚ�Ý�äjàPáâá.àUû:ÜiûWÜ
û½íÜ E Ù:ã2ÞLûWÜFÚ*ã(Ù�ûWã2äFÜjÚ,ÜFÙ Þ ØÎÛ:ÝRÜFÝRÜjÙôÿ�ØPÚ ü ¾CÙôØÅå�ØPÞ,Ü $ ÜFáâå:ê2Ü L= ;'< < Ø ; < Ø < k = �u��< Ø � < Ø � �Q= 8u8 < Ø 8 < Ø 8 �Q= 9u9 < Ø 9 < Ø 9 �R= ¦u¦ < Ø ¦ < Ø ¦ ÿ 
 � fwúk < a 9 � < Ø 9 � <�+ 9 � <�- 9 ÿ 
��þ�júÓCS ñ^ñ�ï
ê�ñXô�ô�òå$å�æbé�ñUT�å�ð�é$ñXôZð(ï1èVT][
è_ïJì÷è_ô�ð-å�æ
W ¾�Ùôå�ÜFÛ:ÝcåVà�ÛWÞ,Ù ï ã(áâåVà�Þ0Ý�ÜCñÊÛWÜjê(ê2Ü¼ÿ�ØPÚ0Ü>Ü%Ý*Ù ï ã(áâåVà�Þ0Ý�ÜCñÊÛWÜjêó�Üjä%ÝeÜFÛWÞfû�íÜ E ÙWã(Þ�ûWÜjÛ $ Ú�à�Þ�ÝeÜjÚ�ûWÜ¼äjàSà�ÞJûWà�ÙWÙ�íÜFÜjÚ L] k ] ; � ; ÜFÝ ] ; k ] � � ; ÿ 
��þ�jú
á ÜjÚ,äjàSà�ÞJûWà�ÙWÙ�íÜFÜjÚ�Ø�ó�ÜFäCã2Ù�û:ã2äjÜ*ÜjÙ�ÿ�ØÎÚ3Ú�à�Ù�ÝRØPå:å�ÜFê%íÜjÜFÚ3äjàSà�ÞJûWà�ÙWÙ�íÜFÜjÚ,äFà � óÎØPÞ0ãìØPÙ�ÝeÜFÚ ü Ñ ØPÞ½Ü $ Üjá.åWê2Ü ð åVà�ÛWÞÛWÙWÜ¹ÿ�ØÎÚ�Ü¹ÙWàPÙ à�Þ0Ý Þ à + àPÙ�ØPê2Ü®ûWÜ¹ê ï ÜFÚ�å�ØÎäjÜ ö o�m%� ø_�Pø ö v äjÜFÚÑûWÜFÛ $ Ý�üSåVÜjÚÔûWÜ�äjàSà�Þ�ûWàPÙWÙ�íÜjÜFÚ�ÙWÜ�Ú0à�Ù�Ý�å�ØPÚäjà�Ù:ß�àPÙ�ûWÛWÜFÚ L

x

y

xx

y

y1
1

1
1

M

O

D]E(G^H é ü Ö � Ú ö q�� ö o_Üòn�T�t ö q�� ö m����5p0�S�5v�v�{ö�ö q�r�m��5ù5|Pp�ø_|Pv�n ö q ö n�m��5v�n_p0|Pù5|Pp�ø_|Pv�n ö q
 êcÜjÙ óÎØÛû:Ü}á £ÜFáâÜ ûWØPÙWÚJê ï ÜjÚ0å�ØPäjÜ�û:Ü t ã2Ù�àÎàX.�ÚJàÊãCÜFÝJà�Ù åVÜjÛ:ÝJäjØPê2äFÛWê2ÜFÞòêìØ Þ0ÜjêìØ5Ýeã2àPÙ ÜjÙ�ÝeÞ0Ü»äjÜjÚäjàSà�Þ�ûWàPÙWÙ�íÜjÜFÚ L ] ; k ] � � ;xk ] < � < � � ;xk>= ;?< ] < ÿ 
�� Ö Bjúá ÜFÝ�Ý�Ü}íÜjñÊÛ�ØÎÝ�ã2à�Ùôå�ÜFÛ:ÝRÚ ï ã2Ù�ó�ÜFÞ�Ú0ÜjÞRÜjÙ®û½íÜ E Ù:ã2Ú�Ú�ØPÙ�Ý = ;'< äFà�á.áâÜ�ê ï ã(Ù�ó�ÜjÞ0Ú�ÜbûWÜ = ;'< L= ;'< = <ZY k Ê ;Y ÿ 
 � Ö�Ö ú



( hFiÛÚ ö qcyPp��5o�t ö q>� ö Ú �5p ö v�n�: ö n½� ö @ �5øwvHm�|Pps{ö f ÖØ�ó�ÜFä Ê ;Y ê2ÜCÚ üSá¥ÿ�àPê2ÜbûWÜ\[CÞ�à�ÙWÜFä1àPÜFÞcà�ÞJûWã2Ù�ØÎã2Þ�Ü¤ÿ_Þ�ÜFáÁØÎÞ�ñÊÛWÜ L äjàPáâá.Ü = ;'< ÜFÚ0ÝRÚ�àPÙ�åWÞ0à�åWÞ�Ü¼ã(ÙÊóPÜjÞ0Ú�Ü ð à�Ù�ØåVà�ÛWÞ,ä Þ ØÎñSÛ:ÜXíÜjê%íÜjá.ÜjÙ�Ý�ûWÜ¼áâØÎÝeÞ0ã2äjÜ = ;'< k]= ;'< ü ú ¾CÙôÜjÙ®û�íÜ�ûWÛWã(Ý�û:à�ÙWä] ; k>= ;?< ] < ÜFÝ ] ; k]= ;'< ] < ÿ 
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�
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 êHÙ ï ÜFÚ0Ý�å�ØÎÚ,áÁØPÛ;óPØÎã2Ú�ûWÜCÞ0ÜFÝ�Þ�à�Û:óPÜjÞ,äFÜ¢ÞSíÜjÚ0ÛWê(ÝeØÎÝ,ÜjÙJÞ�ØPã2Ú0à�ÙWÙ�ØPÙ�ÝLûWØPÙWÚ,ê2Ücå�à�ã(Ù�ÝLûWÜ�óSÛWÜ¼ØPä%Ýeã(ß ü ©CØPÙWÚäjÜ¢å�à�ã(Ù�Ýfû:Ü¢óSÛWÜ ð û:ã2Þ�Ü¼ñÊÛ ï ÛWÙWÜ¢Ý Þ íÜFà�Þ�ã(Ü¢ÜFÚ0Ýcã2Ù�óÎØPÞ�ã2ØPÙ�ÝeÜCå�ØPÞRå�ØPÞ0ã(Ý;íÜ ð Þ0ÜFóSã2ÜFÙÊÝ,ýØ,û:ã2Þ�Ü¼ñÊÛWÜ¢Ú�ã�ÛWÙôÚJüSÚ0Ý*ýÜjá.ÜÜjÚ0ÝSû�íÜjäFÞ�ã�Ý�å�ØÎÞ>ÛWÙúÚ�åWã(ÙWÜjÛWÞ¢Ú�Ü.ÝeÞ�ØPÙWÚ0ß�àPÞ�áâØPÙ�Ý�å�ØÎÞ Ë 8 ð ØPê(à�Þ�Ú¼ê(ÜâÚ ü;Ú�Ý*ýÜFáâÜòàPÿ:ÝeÜFÙSÛúÜjÙ Ü ' ÜFäFÝeÛWØPÙ�Ý¥ÛWÙWÜã2Ù�ó�ÜFÞ�Ú�ã(à�Ù û:à�ã(Ý*ê2ÛWã�ØPÛ:Ú�Ú�ã�Ü $ ã(Ú0ÝeÜFÞ ð ûWà�ã�Ý £Ü%ÝeÞ0ÜSû�íÜFäjÞ�ã�Ý�å�ØÎÞ*ÛWÙ�Ú�åWã(ÙWÜjÛWÞ*Ú�Ü¢ÝeÞeØÎÙWÚ0ß�à�Þ0áÁØÎÙÊÝ*å�ØPÞ Ë 9�Ü%ÝFûWàPã(Ýà�ÿ�íÜjã(Þ½ØÎÛ $ á £Üjá.ÜjÚxê2àPã2ÚxñSÛ:Ü�ê2Ü*ÚJüSÚ0Ý*ýÜjá.Ü�ã2ÙWã�Ýeã2ØPê ü ©�ã(Ý½ØPÛ:ÝeÞ0Üjá.ÜjÙ�Ý ð ÛWÙWÜ*ÝeÜjê(ê2Ü�Ý Þ íÜFà�Þ�ã(ÜnûWàPã(ÝxÝeÞeØÎã(ÝeÜFÞ�Ú0ÛWÞ½Û:ÙåWã2Ü�û�û ï íÜ + ØPê(ã(Ý;íÜ>ê2ÜFÚlûWÜjÛ $ Ý�üSå�ÜFÚ�û:Ü@Ú�åWã(ÙWÜjÛWÞ ð ÝeàPÛ:ÝCäjàPáâá.Ü¥ÛWÙWÜ¥Ý Þ íÜjàPÞ�ã2Ü�ã2Ù�óÎØPÞ�ã2ØPÙ�ÝeÜ¥å�ØÎÞ�Þ�àPÝeØÎÝeã(à�Ù ûWàPã(ÝÝeÞeØÎã(ÝeÜFÞ½ÝeàPÛ:ÝeÜFÚRê(ÜjÚ�äjàPáâåVà�ÚeØÎÙÊÝ�ÜjÚ�û ï ÛWÙJó�Üjä%ÝeÜFÛWÞnûWÜCß_Ø &äFà�ÙJã�ûWÜFÙ�Ýeã2ñÊÛWÜ ü³*ã2ÙWÚ0ã ð ÜFÝJåVà�ÛWÞòê2Øúá £Üjá.Ü¹ÞeØPã(Ú�à�Ù ñSÛ ï ã(êcÜjÚ�ÝôØ�óPØÎÙÊÝeØ + ÜFÛ $ ûWÜ}ÞSíÜjÛWÙ:ã2ÞÑû�ØÎÙWÚ�ÛWÙ á £ÜFáâÜôÝeÞ0ã2åWê(ÜFÝòê(ÜjÚäjà�á.å�àPÚeØPÙ�ÝeÜFÚÑû ï ÛWÙ ó�ÜFäFÝ�ÜjÛWÞ ð ã2ê�óPØ £ÜFÝeÞ0Ü¹äjàPáâá.àUû:Ü ð å�à�Û:ÞÁê2ÜFÚÁÝ Þ íÜjà�Þ0ã2ÜjÚÁã2Ù�óÎØPÞ�ã2ØPÙ�ÝeÜjÚâå�ØPÞâå�ØPÞ�ã�Ý;íÜ ð ûWÜÞSíÜjÛ:ÙWã2ÞLû�ØÎÙWÚ�ÛWÙ�á £Üjá.ÜCñÊÛ�ØCûWÞ0ÛWåWê(ÜFÝ�ûWÜjÛ $ Ú�åWã(ÙWÜjÛWÞ0Ú�ûWÜ¼ä Þ ØPñÊÛWÜ¼Ý�ü;åVÜ L
Å k Õ Å �Å � × ÿ 
ZY��u���wúà
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V COMMENT FAIRE DES SCALAIRES ET DES QUADRI-VECTEURS

AVEC DES SPINEURS
 êÃÜjÚ�Ý�ã(áâåVà�Þ0ÝeØPÙ�ÝlûWÜ.ÚeØ�ó�àPã2ÞCß_ØPÿWÞ0ã2ñÊÛWÜjÞbûWÜFÚ>Ú0ä�ØPê2ØPã2Þ0ÜjÚ¼Ø�ó�ÜFäÁê(ÜjÚ¼Ú�åWã(ÙWÜjÛ:Þ�Ú¢ä�ØPÞ ð ÜjÙ û:ÜjÞ�Ù:ã2ÜjÞ¼Þ0ÜjÚ�Ú0à�Þ0Ý ðä ï ÜFÚ0ÝÅäjÜ�ûWà�Ù�Ý@ÙWà�Û:Ú@ØPÛWÞ0à�ÙWÚ�ÿVÜjÚ0à�ã2Ùúå�à�Û:Þ¥äjà�Ù:Ú0ÝeÞ0ÛWã2Þ0ÜÁê(ÜjÚ¥ê2Ø + ÞeØÎÙ + ã2ÜFÙWÚbûWÜjÚ¥Ý Þ íÜjàPÞ�ã2ÜFÚ�ñÊÛ�ØPÙ�Ý�ã2ñÊÛWÜjÚ¤û:ÜjÚä Þ ØÎáâåWÚÅß_ØPã(ÚeØPÙ�ÝÅã2Ù�Ý�ÜjÞ0óPÜjÙWã(Þ�ûWÜjÚ.å�ØPÞ�Ýeã2äFÛWê2ÜFÚ�ûWÜJÚ�åWã(Ù Ö  Àw ÿ�ê2ÜFÚ.ê2Ø + Þ�ØPÙ + ã(ÜjÙWÚ¥Ú0à�Ù�Ý�û:ÜjÚ.Ú�ä�ØÎêìØPã(Þ�ÜjÚ ú ü 1ÂÙß_ØPã�Ý ð ê2Ü�ê2Ø + Þ�ØPÙ + ã(ÜjÙÑûWÜ¼©�ã(ÞeØPä ð Ü%ÝLûWà�Ù:äCê ï íÜjñÊÛ�ØÎÝ�ã2à�ÙÔûWÛJá £Üjá.ÜcÙWàPá ð Ú�à�Ù�Ý�ÛWÙWÜCäFà�ÙWÚSíÜjñÊÛWÜjÙ:äjÜSû:ã2Þ�ÜFäFÝ�ÜlûWÜê ï ã(ÙÊóÎØPÞ0ãìØPÙ:äjÜ�Þ0ÜjêìØ5Ýeã(óSã(Ú0ÝeÜnûWÜ � àPÞ�ÜjÙ�Ý Ð Ü%ÝRÚ�Ü¼ÞeØPá®ýÜjÙ:ÜlûWà�ÙWäÑýØ@êìØ¥Þ0Üjä Þ ÜFÞ�ä Þ ÜiûWÜjÚ�ûWã ' íÜjÞ0ÜjÙ�ÝeÚ�ã(ÙÊóÎØPÞ0ãìØPÙ�Ý�ÚLûWÜåWê(ÛWÚ�ÿ�ØPÚ�ûWÜ + ÞSíÜ¼äjàPÙWÚ0Ý�Þ�ÛWã�ÝeÚRØ�ó�Üjä�ûWÜFÚRÿ:ã � Ú0åWã2Ù:ÜjÛWÞ0Ú 8 ¦ ü¾�Ù�óÎØ»ØPÛWÚ0Ú�ã�ä Þ ÜjÞ0ä Þ ÜjÞ ýØ»äFà�ÙWÚ�ÝeÞ�Û:ã2Þ�Ü®ûWÜFÚ.óPÜjäFÝ�ÜjÛWÞ0Ú ýØ»å�ØPÞ�Ýeã2Þ¤û:ÜjÚ.ÿWã � Ú�åWã(ÙWÜjÛWÞ0Ú ð äjØPÞÅà�Ù�Ú�ØPã(Ý�û�íÜ ) ýØß_ØPÿ:Þ�ã2ñÊÛWÜFÞ�ûWÜFÚ,Ú�ä�ØÎêìØPã(Þ�ÜjÚ�ê2à�Þ0Ú�ñÊÛ ï à�ÙJØHûWÜFÚ3ó�Üjä%ÝeÜFÛWÞ�Ú L ã(ê�Ú0Û:ëÅÝ�Ú�ã2á.åWê(Üjá.ÜjÙ�Ý�û:Ü�ß_ØPã2Þ0Ücê2Ü*åWÞ�à^ûWÛWã�Ý3Ú0ä�ØPê2ØPã2Þ0ÜØ�ó�ÜFäCÛWÙ�ØPÛ;ÝeÞ�ÜRó�ÜFäFÝeÜFÛWÞ ü¯á ÜjäjãHÚ�ÜjÞ�Ø�ã2á.åVà�Þ0ÝeØPÙ�Ý½ê(à�Þ�Ú0ñSÛ ï à�Ùâó�à�Û�û:ÞeØ�äFà�ÛWåWê(ÜjÞ½Û:ÙWÜ�å�ØPÞ�Ýeã(äjÛWê(ÜfûWÜcÚ�åWã(Ù Ö  ¡w ðû�íÜFäjÞ0ã(ÝeÜ¼å�ØÎÞRÛ:Ù�ÿWã � Ú0åWã2ÙWÜFÛWÞ ð ÜFÝRÛWÙWÜ¼å�ØPÞ�Ýeã(äjÛWê(ÜlûWÜ¼Ú�åWã(Ù Ö ð û½íÜjäFÞ�ã(Ý�Ü¼å�ØPÞ�ÛWÙôñSÛWØCûWÞ�ã � óPÜjäFÝ�ÜjÛWÞ ü
� ï Ü $ ÜFáâåWê(ÜäFêìØPÚ0Ú�ã2ñÊÛWÜ*ÜjÚ�Ý3äjÜFê2ÛWã�ûWÛâäjà�Û:åWêìØ + ÜJíÜFê2Üjä%ÝeÞ0à�Ù � ä Þ ØPá.åIíÜFê2Üjä%ÝeÞ0à�áÁØ + Ù�íÜFÝ�ã2ñÊÛWÜ�û�ØPÙWÚ�ê2Ü�êìØ + ÞeØPÙ + ã2ÜFÙ,û:Ücê ï íÜjê(Üjä �Ý�Þ�à^û�üSÙ�ØPá.ã2ñÊÛWÜCñÊÛ�ØPÙ�Ýeã(ñÊÛWÜ ü¾�Ù¥óÎØ*áâØPã2Ù�ÝeÜFÙ�ØPÙ�ÝsåVà�Ú0ÜjÞzåWØPÞ/û�íÜ E ÙWã�Ýeã2àPÙ�ñÊÛ ï ÛWÙÅÚ�åWã(ÙWÜjÛWÞ¶Ú�Ü½Ý�ÞeØPÙ:Ú0ß�à�Þ0áÁØPÙ�Ý¶å�ØPÞ Ë 8�Ú�ÜFÞeØFûWã�Ý + ØÎÛWä Þ ÜÜ%ÝCÙWàPÝ;íÜ Å � ÿ�� äjàPáâá.Ü + ØPÛWä Þ Ü ú ÜFÝCñÊÛ ï ÛWÙ}Ú0åWã2ÙWÜFÛWÞ�Ú0Ü�ÝeÞ�ØPÙWÚ0ß�àPÞ�áâØPÙ�Ýcå�ØÎÞ Ë 9CÚ0ÜjÞeØÑû:ã(ÝfûWÞ�à�ã�ÝcÜ%ÝCÙWàPÝ;íÜ
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( k�h0hji Î f:|P÷ct�q ö nzyPpe�5oÒt ö � ö @ �5øwvHm�|Ppz{ö ��O
VII LES CHAMPS DE SCALAIRES, DE SPINEURS ET DE VECTEURS –

GROUPE DE POINCARÉ

A Les champs, les rotations et les transformations de Lorentzá àPáâá.Ü,à�ÙÅóPØ £ÜFÝ�Þ�ÜRØPá.ÜjÙ�íÜHýØCÚ ï àSäjäjÛ:å�ÜFÞ]ûWÜRä Þ ØPá.åWÚ ð ã2êWÜFÚ0Ý�ÿ�à�Ù,ûWÜ�Ú�ÜRåVÜjÙWä Þ ÜFÞ�Ú0ÛWÞxêìØcÝeÞ�ØPÙWÚ�ß�à�Þ�áâØ óÝeã2àPÙ�ûWÜFÚ½ä Þ ØPá.åWÚ3Ü%Ý3ê2Øiû�íÜ E ÙWã(Ý�ã2à�Ù,ûWÛ�äjØPÞeØPä%Ý*ýÜFÞ�Ü*Ý�ÜjÙWÚ0à�Þ�ã(Üjê�û ï ÛWÙ�ä Þ ØPá.å ü�á à�áâá.ÜjÙ &äjà�ÙWÚ�å�ØPÞ�ê2Ü + Þ�à�Û:å�Ü
ûWÜjÚ�Þ�àÎÝ�ØÎÝ�ã2à�ÙWÚ ü
1 LE CAS EUCLIDIENKRÙJä Þ ØPá.å?ýØ ¡ äFà�áâåVà�Ú�ØPÙ�ÝeÜjÚ�ÜFÚ0Ý�å�ØPÞLû�íÜ E ÙWã�Ýeã(à�Ù�ÛWÙWÜCß�à�ÙWä%Ýeã(à�Ù�� ûWÜCê ï ÜjÚ0å�ØPäjÜbûWÜCÿWØPÚ�Ü«ÿ_ÜFÛWäjê(ã�ûWã(ÜjÙ
ýØÅÝ�Þ�à�ã(Ú�û:ã2á.ÜjÙWÚ0ã2à�ÙWÚ�û�ØÎÙWÚcäFÜFÝ�Ý�ÜSûWã(Ú�äFÛWÚ�Ú0ã2à�Ù ð á.ã2Ù�àÎà�.�Ú�àÊã2ÜFÙ ýØâñÊÛ�Ø5ÝeÞ�Ü�ûWã(áâÜFÙWÚ�ã(à�ÙWÚ�û�ØPÙWÚ*êìØ@Ú�Û:ã(ÝeÜ ú óPÜjÞ0Ú¤ ° ü K*Ù:Ü¢ß�à�Ù:äFÝeã(à�ÙÔû ï à�Ù�ûWÜ¼ÜFÚ0Ý*ÛWÙ�Ü $ Üjá.åWê2ÜlûWÜ¼ä Þ ØÎáâå ü¾�Ù ûWã2Þ�Ø»ñÊÛ ï ÛWÙ ä Þ ØPáâå�ÜjÚ�ÝÁÚ0ä�ØPê2ØPã2Þ0Üôê(à�Þ�Ú0ñÊÛWÜ ¡ k Ö Ü%ÝÁñÊÛWÜôåVà�ÛWÞÅÝeà�Û:Ý >Ø º ¤x¦Êð ��ÿ >Ø ú ÜjÚ�ÝÁÛ:ÙÚ�ä�ØÎêìØPã(Þ�Ü ü ©CØPÙWÚ½ê2Ü�åVà�ã2Ù�Ý�ûWÜ�óSÛWÜ¼å�ØPÚ�Ú0ã(ß ð äjÜjäFã�Ú�ã + ÙWã E Ü�ñÊÛWÜCêìØ¢óPØÎê2ÜjÛ:Þ�ûWÜCäjÜ%Ý�Ý�ÜCñSÛWØPÙ�Ýeã(Ý;íÜ�ÙWÜCä Þ ØÎÙ + ÜCå�ØPÚ
û�ØPÙWÚ�ÛWÙWÜ¼Þ0àPÝ�ØÎÝ�ã2à�Ù ð Ú�ÜFÛWê7ê ï íÜFÝ�ã2ñÊÛWÜFÝeØ + ÜlûWÜFÚ�å�à�ã(Ù�ÝeÚ�ä Þ ØPÙ + Ü LÓ åVà�ã2Ù�Ý Ë ð ä Þ ØPá.å÷��ÿ Ë ú
�Ó ÿ�ØPÚ0Ü ^ ØPÚ0Ú�àSäjã%íÜjÜÑýØ.ê ï àPÿWÚ�ÜFÞ0óÎØÎÝeÜFÛWÞ5R L ÿ >� 8%" >� 9�" >� ¦ ú ��ÿ Ë ú k � d ÿ Ø d " +_d " -�d
ú2�Ó ÿ�ØPÚ0Ü ^ \ ØÎÚ�Ú�àSäjã%íÜjÜÑýØ@ê ï à�ÿWÚ0ÜjÞ0óÎØÎÝ�ÜjÛWÞSR \ L ÿ >� 8 \ " >� 9 \ " >� ¦ \ ú ��ÿ Ë ú k � d N ÿ Ø d N " +Vd N " -�d N ú
�à
ýÛ�ÿ Ø d " +_d " -�d
ú Ü%ÝLÿ Ø d N " +Vd N " -�d N ú Ú�à�Ù�Ý¶Þ�ÜjÚ0å�ÜFäFÝ�ã(ó�ÜFáâÜFÙ�Ýsê2ÜFÚ7äjàSà�Þ�ûWàPÙWÙ�íÜjÜFÚQû:Ü Ë û�ØPÙWÚ ^ ÜFÝ7û�ØPÙWÚ ^ \ üO� Üß_ØPã(ÝxñÊÛWÜcê(Ü*ä Þ ØPáâåÁÚ�à�ã�Ý½Ú0ä�ØPê2ØPã2Þ0ÜRÚ0ã + Ù:ã E ØPÙ�Ý�ñÊÛWÜcÚ�Ø>óÎØPê2ÜFÛWÞ�ÜFÚ0Ý½ã�ûWÜFÙÊÝ�ã2ñÊÛWÜ*å�à�Û:Þ�ê(ÜjÚYûWÜjÛ $ à�ÿWÚ0ÜjÞ�óPØ5ÝeÜjÛ:Þ�Ú ðà�Ù�ûWà�ã(ÝRØ�óPà�ã2Þ L � d ÿ Ø d " +_d " -�d
ú k ��ÿ Ë ú k � d N ÿ Ø d N " +Vd N " -�d N ú ÿ Y�òZò ó Ö é Ö ú©�à�ÙWä ð û�ØPÙWÚÂê(Ü3ä�ØÎÚdû ï Û:Ù.ä Þ ØPáâå ð ê2ÜFÚzß�à�ÙWä%Ýeã2àPÙWÚsÞ�ÜFåWÞSíÜFÚ�ÜFÙÊÝeØPÙ�Ý#� ð ã ü Ü ü � d ÜFÝø� d N ð Ù:Ü,Ú�à�Ù�ÝÃå�ØPÚÂã�ûWÜjÙ�Ý�ã2ñÊÛWÜjÚä�ØPÞ,ê(ÜjÚ�äjàSà�Þ�û:à�ÙWÙ�íÜFÜjÚ�ûWÛôå�à�ã(Ù�Ý Ë ä Þ ØÎÙ + ÜjÙ�Ýfû ï ÛWÙ�àPÿWÚ�ÜFÞ0óÎØÎÝeÜFÛWÞ¤ýØÅê ï ØÎÛ:ÝeÞ0Ü ü Ñ à�Ú�à�Ù:Ú*å�ØÎÞ�û�íÜ E ÙWã�Ýeã(à�Ù L

Ê � d k � d�N � � dñSÛ:ã�Þ�Üjå:ÞSíÜjÚ0ÜjÙ�ÝeÜ>êìØ�óÎØPÞ0ãìØÎÝ�ã2à�ÙÔûWÜ¼ê2Ø5B��5vHm%nZø	�5vÁ� d ü ¾�Ù�Ø�û:à�ÙWä L
Ê � d ÿ Ø " + " -jú k � d N ÿ Ø " + " -jú � � d ÿ Ø " + " -jú ÿ Y�òZò ó Ö é w úà
ýÛôã(äjã�� d ÜFÝ�� d N Ú0à�Ù�ÝôíÜ%óPØÎê2Û�íÜFÜjÚRå�à�Û:ÞRê(Ü¼á £ÜFáâÜ�Ý�Þ�ã2å:ê2ÜFÝiÿ Ø " + " -jú ü�á àPÙWÚ�ã�û½íÜjÞ0à�ÙWÚRÛWÙWÜ¢Þ�àPÝeØÎÝeã(à�Ù�ã2Ù E ÙWã(Ý;íÜ óÚ�ã2áâØPê(Ü�ØPÛ:Ý�à�ÛWÞ�ûWÜ Í½- û ï ØPÙ + ê2Ü < ® L��� Ø d N+_d N-�d N � �� k ��� Ö < ®

� < ® Ö Ö
� �� ��� Ø d+_d-�d � �� � Í ÿ < ® 9 ú ÿ Y�òZò ó Ö é Ä ú¾CÙôØ�ûWà�ÙWäbû�ØÎÙWÚ�äjÜ¼ä�ØPÚ L� d N ÿ Ø d N " +_d N " -�d N ú k � d N ÿ Ø d " +Vd " -�d7ú � < ® Õ +Vd ßß Ø d � Ø d ßß +Vd × � d N ÿ Ø d " +_d " -�dQú ÿ Y�òZò_ó Ö é�é\ú



( kVh�hFi Î f:|P÷ct�q ö nzyPp��5o�t ö � ö @ �5øwvHm�|Pps{ö ��f©�à�Ù:ä>ÜFÙ�Ú�Ü>Ú�ÜFÞ0óÎØPÙ�ÝFûWÜÑÿ Y�òZò_ó Ö é Ö ú ÜFÝfûWÜÔÿ Y�òZò_ó Ö é w ú ÜFÝ*ÜjÙ�ÞeØPã(Ú�à�Ù:Ù�ØPÙ�Ý�ØÎÛ�åWÞ0Üjá.ã2ÜjÞ�à�ÞJûWÞ�Ü¢ÜjÙ < ® ð à�Ùà�ÿ;Ýeã2ÜFÙ�Ý L
Ê � d k < ® Õ Ø ßß + � + ßß Ø × � d ÿ Y�òÞò_ó Ö é�ùCúÑ à�Ú�à�Ù:Ú*å�ØÎÞLû½íÜ E Ù:ã(Ýeã(à�Ù � A k �qö Ô AND b Ø D ß b k ¿ >� k �6ö >Ø � >ú ÿ Y�òÞò_ó Ö é�Owúÿ�å�ØPÞ�Ü $ Üjá.åWê(Ü�� ^ k �qö ÿ + ß,û � - ß_b úJú%ð ØPê(à�Þ�Ú3åVà�ÛWÞ�ÛWÙ:Ü¢Þ0àPÝ�Ø5Ýeã2àPÙ�ã2Ù E Ù:ã(Ý;íÜFÚ�ã(áÁØPê(Üfû:Ü>å�ØÎÞeØPá�ýÜFÝ�Þ�Ü < >

®
Ê � y« � d k ö < >

® � >�Á� d ÿ Y�òÞò_ó Ö éÊfCú� ï ØPê + ýÜFÿWÞ�ÜnûWÜjÚ#� A ÙWÜ*ß_ØPã(Ý½å�ØPÚ�ûWÜcáSüSÚ0Ý*ýÜFÞ�ÜCåWÛ:ã2Ú�ñÊÛWÜCä ï ÜFÚ0Ý ) ÛWÚ�ÝeÜCäFÜjê2ê(ÜnûWÛ�á.à�á.ÜjÙ�Ý3äFã2Ù�íÜ%Ýeã(ñSÛ:Ü�ÜjÙJá íÜjä�Ø óÙWã(ñÊÛWÜ�ñÊÛ�ØPÙ�Ý�ã2ñÊÛWÜÔÿ�ã2ê�ÜFÚ0Ý�ÿVà�Ù�ûWÜ>ß_ØPã(Þ�Ü¼ê2Ü¢ä�ØÎê2äjÛ:ê�Û:ÙWÜ>ß�à�ã(Ú�û�ØPÙWÚ*ÚeØ.óSã(Ü � à�Ù�ß_ØPã�ÝRØ + ã(ÞRê(Ü>äFà�á.á¥Û:Ý�Ø5ÝeÜjÛ:ÞÚ0ÛWÞ�ÛWÙWÜ¼ß�à�ÙWäFÝ�ã2à�ÙòÝ�ÜjÚ�Ý ú�L
È � ^,ü � b É k ö � û ÿ Y�òÞò_ó Ö é��wúÜ%Ý>åVÜjÞ0á¥Û:ÝeØÎÝeã(à�ÙWÚ�äFã2Þ�äFÛWêìØÎã2Þ�ÜFÚ ümá ï ÜFÚ0Ý>ê ï ØPê + ýÜFÿWÞ�ÜSûWÜ � ã(ÜHûWÜ ±ÂÍ ÿ_Ä ú ü #*à�ÛWÚ¢Ø�ó�àPÙWÚiû:à�ÙWä¥ÝeÞ0à�Û:óÂíÜÅÛWÙWÜÅÞ�Ü óåWÞSíÜjÚ0ÜjÙ�Ý�ØÎÝ�ã2à�Ù®ûWÛ + Þ�àPÛWå�ÜbûWÜFÚ�Þ�àPÝeØÎÝeã(à�ÙWÚ,ÜjÙJÝeÜFÞ�á.ÜjÚLûWÜ¢ä Þ ØPá.åWÚ�Ú�äjØPêìØÎã2Þ�ÜFÚ ü

u Û ï ÜjÙ�ÜFÚ0ÝRã2êHå�à�Û:Þ,ê2ÜjÚ,ä Þ ØPáâå:ÚRóPÜjäFÝ�à�Þ�ã(Üjê(Ú 4 ¾CÙôÞ�ÜFåWÞ�ÜFÙ�ûôê2ÜCá £Üjá.ÜCÞeØPã(Ú�à�ÙWÙ:Üjá.ÜjÙ�Ý Lý Ad ÿ Ø d ü +_d ü -�dQú >þ A k >ý�ÿ Ë ú k ý Dd N ÿ Ø d N ü +_d N ü -�d N ú >þ D \ ÿ Y�òÞò_ó Ö é��wúá Ü%Ý�ÝeÜ¢Þ�ÜFêìØÎÝ�ã2à�ÙÁå�ÜFÛ:ÝRÜjÙWäFà�Þ�Ü¢Ú�Ü¼ÞSíÜVíÜjäFÞ�ã2Þ0ÜbûWÜ¼êìØ�ß_Ø ÿäFà�Ù�Ú0ÛWã(óÎØPÙ�Ý�Ü Lý Ad N ÿ Ø \ ú k D AND ý Dd ÿ Ø ú ÿ Y�òÞò ó Ö ùCBwúKRÙ�åVÜFÝ�ã(Ý�ä�ØÎê2äjÛ:ê�ÜFÝRà�Ù�ÝeÞ0à�Û:óPÜ>ñÊÛWÜ¼åVà�ÛWÞ�ÛWÙWÜ¼Þ�àÎÝ�ØÎÝ�ã2à�Ù�ã(Ù E ÙWã�Ý;íÜjÚ0ã2áâØPê2ÜcØPÛ:Ý�à�ÛWÞLûWÜ Í½-3L��� Ê ý 8dÊ ý 9dÊ ý ¦d � �� k < ® ÿ Ø ß_b � + ß,^ ú ��� ý 8dý 9dý ¦d � �� � ��� � < ® �
� < ® � �� � � � �� ��� ý 8dý 9dý ¦d � �� ÿ Y�òÞò ó Ö ù Ö úÑ à�ÛWÞ½ä Þ ØPäjÛWÙ:ÜFûWÜjÚ½äjà�á.å�àPÚeØPÙ�ÝeÜFÚ ð ê2ÜRåWÞ�ÜFáâã(ÜjÞÃÝeÜFÞ�á.ÜfûWÛÁáâÜFá¥ÿWÞ�Ü�ûWÜfûWÞ�à�ã�ÝeÜRÜjÚ�Ý3ã�û:ÜjÙ�Ýeã(ñSÛ:Ü,ýØ>äFÜjê(ÛWãZû:ÜjÚß�à�Ù:äFÝeã(à�ÙWÚ7Ú�äjØPêìØÎã2Þ�ÜFÚ L ã2êPÞ�ÜjÙ�û�äjàPáâå:Ý�Ü¥ûWÛ�ä Þ ØÎÙ + Üjá.ÜjÙ�ÝQûWÜÃäjàSà�Þ�û:à�ÙWÙ�íÜFÜjÚ/û:Û>åVà�ã2Ù�Ý Ë Ü%Ý�ÙWÜ�áîíÜjê2ØPÙ + ÜÂåWØPÚÜFÙWÚ�ÜFá¥ÿWê2Ü¢ê2ÜFÚ*äFà�á.å�à�Ú�ØPÙ�ÝeÜFÚfûWÜ¡>ý ü	� Ü¢Ú�ÜjäFà�Ù�û�Ý�ÜjÞ0áâÜ¼ÜjÚ�Ý�ã�ûWÜjÙ�Ýeã(ñÊÛWÜ�ýØÅêìØ¥Ý�ÞeØPÙWÚ�ß�à�Þ�áâØÎÝ�ã2à�ÙJáâØÎÝeÞ0ã2äjã(Üjê(ê2Ü

ûWÜFÚ*äFà�á.å�à�Ú�ØPÙ�ÝeÜFÚ�û ï ÛWÙJó�ÜFäFÝ�ÜjÛWÞ ümá ï ÜjÚ�Ý*ê(ÛWã�ñÊÛWã7Ú�ã + ÙWÜCê2Ø¥Ù�ØÎÝeÛ:Þ�ÜCó�ÜFäFÝeàPÞ�ã2ÜFê2ê(ÜlûWÛ�ä Þ ØPáâå üÆ ¶ ËwÀ ¶ Ë µ(¼ î�Ì(À ¶ ð à�Ù»ÝeÞ0à�Û:ó�ÜÅñÊÛWÜ,û�ØPÙWÚ¢ê2Ü@äjØPÚ�ûWÜjÚ¢ä Þ ØPá.åWÚ ð Ú0ÜâÚ0ÛWåVÜjÞ�åVà�Ú0ÜjÙ�Ý�ê2ØòÝeÞeØÎÙWÚ0ß�à�Þ0áÁØ5Ýeã2àPÙáâØÎÝeÞ0ã2äFã2Üjê(ê2Ü ð äjØPÞeØÎäFÝ;íÜFÞ�ã(Ú0Ýeã(ñÊÛWÜ�ûWÜJêìØ}Ù�ØÎÝ�ÛWÞ�Ü�ÝeÜFÙWÚ�àPÞ�ã2ÜFê2ê(ÜÔûWÛ�ä Þ ØPáâå ð ÜFÝ.êìØ�Ý�ÞeØPÙWÚ�ß�à�Þ�áâØÎÝ�ã2à�ÙîñÊÛWã,Þ0ÜjÙ�ûäFà�áâå;ÝeÜbûWÛJä Þ ØPÙ + Üjá.ÜjÙ�Ýnû:Ü¢äFà;àPÞ�ûWà�Ù:Ù½íÜjÜFÚfûWÛôåVà�ã2Ù�Ý,àgýÛJÜjÚ�ÝJíÜFóÎØPê2Û�íÜCê2ÜCä Þ ØPá.å L
Ê � A k ö ` < >

® ��>� a AND � D Ø�óPÜjä >� k >� � >± ÿ Y�òÞò ó Ö ù w ú



( k�h0hji Î f:|P÷ct�q ö nzyPpe�5oÒt ö � ö @ �5øwvHm�|Ppz{ö ���ÜFÝ�àgýÛ >� ð û�íÜ E ÙWãzå:ÞSíÜjäVíÜ$ûWÜFáâá.ÜjÙ�Ý¼ÜFÙÛÿ Y�òZò_ó Ö é�Ojú%ð Þ�ÜFåWÞSíÜFÚ�ÜjÙ�Ý�Ü.ê2Øâå�ØÎÞ0Ýeã(Ü - à�Þ�ÿWã�Ý�ØPê(Ü / ÜFÝ¡>± ê2Øâå�ØPÞ�Ýeã(Ü - ã(Ù óÝeÞ�ã(ÙWÚ$ýÜFñÊÛWÜ / ñÊÛWã3ÜFÚ0Ý.áÁØ5ÝeÞ�ã(äjã(Üjê2ê(ÜÅÜFÝÅñÊÛWã3ÜFÚ0ÝÅä Þ à�ã(Ú�ã(Üòå�àPÛWÞ@äjà�Þ0Þ�ÜFÚ�åVà�Ù�ûWÞ0Ü ýØ»ê2Ø�Ù�ØÎÝ�ÛWÞ�ÜòÝ�ÜjÙWÚ0à�Þ�ã(Üjê(ê2Ü�û:Ûä Þ ØPá.å L >± k >B åVà�ÛWÞ�Û:Ù}ä Þ ØPá.å}Ú�ä�ØÎêìØPã(Þ�Ü ð >± k >@  ÀwÁå�à�Û:ÞcÛWÙ»ä Þ ØPá.å}Ú�å:ã2ÙWà�Þ0ã2ÜFê ð ÜFÝ�äP����� 8 | Ñ à�ÛWÞCÛWÙWÜÞ�àPÝeØÎÝeã(à�Ù E ÙWã(Ü ð ê2Ø@Ý�ÞeØPÙ:Ú0ß�à�Þ0áÁØÎÝ�ã2à�ÙÁÚ ï íÜjäjÞ0ã(Ý L� \A ÿ >Ø ú k È þ A y«7¬ y� Ê A!D � D ÿ >Ø ú ÿ Y�òZò_ó Ö ù Ä úà�ÛJÜjÙWäFà�Þ�Ü�ÿ�óPà�ã2Þ,ê ï 1Âñ ü ÿ Y�òÞò,ó Ö ùCBjúJú�L � \A ÿ >Ø \ ú k È þ A y«�¬ yL Ê AND � D ÿ >Ø ú ÿ Y�òZò ó Ö ùÎé\ú
2 LE CAS MINKOWSKIEN� ï ØPÞ + ÛWáâÜFÙ�Ý3åWÞSíÜjäVíÜ�ûWÜjÙ�ÝRÚ�Ü + íÜjÙ�íÜFÞeØPê(ã2Ú0Ü*ÿWã(ÜjÙòÜFÙ�ÝeÜjÙ�ûWÛ ýØSûWÜjÚ,ä Þ ØPáâå:Ú�ûWÜcê ï ÜFÚ�å�ØÎäjÜFûWÜ t ã2Ù�àÎà�.�Ú�àÊã�ÜFÝØPÛ � Ý�ÞeØPÙWÚ�ß�à�Þ�áâØÎÝ�ã2à�ÙWÚ�ûWÜ � àPÞ�ÜjÙ�Ý Ð ü ©CØPÙWÚ�ÛWÙ:Ü¼Ý�ÞeØPÙ:Ú0ß�à�Þ0áÁØÎÝ�ã2à�ÙÁã2Ù E Ù:ã(Ý;íÜFÚ�ã(áÁØPê(Ü ð 1Âñ ü ÿ òÞòZò ó OwBwú�L

Ø ; deN k²Ø ; d � Ô ; < Ø < d ÿ Y�òZò ó Ö ù_ùwúà�ÙôØ ð å�àPÛWÞ,ÛWÙôä Þ ØPá.å�Ú0ä�ØPê2ØPã2Þ0ÜFûWÜ � à�Þ�ÜFÙÊÝ ÐsL� d ÿ Ø ; d ú k � d N ÿ Ø ; d N ú ÿ Y�òZò_ó Ö ùPOjúk � d N ÿ Ø ; d ú � Ô ; < Ø < d ß ; � d N ÿ Ø dQú ÿ Y�òZò ó Ö ù�fwúÜ%Ýfû:à�ÙWä L
Ê � d k � Öw ö Ô ;?< � ö ÿ Ø ; ß < � Ø < ß ; ú � d ÿ Y�òZò_ó Ö ùP�jú¾�Ùôå�à�Ú0Ü¼å�ØPÞLû�íÜ E ÙWã(Ý�ã2à�ÙJÜ%Ý*åWØPÞ�ØPÙ�ØPê(à + ã(Ü�Ø�ó�ÜFä�ê ï 1Âñ ü ÿ òZòZò_ó O��jú�L� ;'< k ö ÿ Ø ; ß < � Ø < ß ; ú k ¿ ÔÜÕ ÜÖ ��� ^ k ö ÿga ß_^ �AØ ß è ú k �6ö � ^ Ü%Ý�ã�ûWÜFá � b�� û� A!D k ö ÿ Ø A ß D � Ø D ß A ú k Ô AND b � b ÿ Y�òZò_ó Ö ùP�júà
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VIII Les translations et le groupe de Poincaré
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IX Les lagrangiens invariants de Klein-Gordon, Dirac et Maxwell
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Appendices

I Appendice I : Les représentations linéaires et non linéaires et leur
intérêt
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II APPENDICE II : THÉORIE DES CARACTÈRES POUR LES GROUPES
FINIS
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±µ³3è ¸ ¯�­d§ä±µ­ n ­d±R¬�Ü§�Äd§·�§ Û ·TÜ§�®²§�­�¬ ¸ ¬¶± ¹ ­d®�±µ·�·TÜ§�Äd¯dÕ�¬¶± e ³»§o® Û+¹ ¯d·�4?2 × ý Ù âæ ±3­ ¸�ÛdÛ §�³µ³»§aÕ ¸ · ¸ Õo¬ ã§�·�§�Äd§3³ ¸ÂÚ°¸ ¬¶·²±»Õo§ C+÷ × ô Ù æK·�§ Û ·TÜ§o®�§o­K¬ ¸ ­�¬1³�å�Ü§�³�Ü§ Ú §�­�¬¾ô;Ä&å
¯d­ m · ¹ ¯ Û §�Ä ¸ ­d®¾³ ¸8ü S ± ã§ Ú §·�§ Û ·TÜ§�®²§�­�¬ ¸ ¬¶± ¹ ­@±µ·�·TÜ§oÄd¯dÕ�¬¶± e ³»§�æ�³ ¸ ¬¶· ¸ Õ�§fÄd§fÕo§o¬�¬�§ Ú¼¸ ¬�·�±µÕ�§ X

ý ÷ × ô Ù Y . · × C+÷ × ô Ù�Ù × b'b S �Yñ Ù
U�§o¬�¬�§�Ä¾Ü§ n ­d±µ¬�± ¹ ­ä®�å�Ü§o¬�§�­dÄ¦¬¶·²±µ´T± ¸ ³»§ Ú §�­�¬ ¸ ¯ z ·²§ Û ·TÜ§�®�§o­�¬ ¸ ¬�± ¹ ­d®6·TÜ§�Äd¯�Õo¬¶± e ³»§o®�â b ³�§o®²¬FÕo³ ¸ ±µ· ã¸@Û�¸ ·²¬�±»·ÂÄd§�®Ä�Ü§ n ­�±µ¬¶± ¹ ­d® Û ·TÜ§�ÕmÜ§oÄd§�­�¬�§�®1ÝK¯d§�³µ§aÕ ¸ · ¸ Õo¬ ã§o·�§�§�®²¬�¯d­d§�Õ ¹ ­d®º¬ ¸ ­�¬�§ ã¸ ³«å
±µ­�¬�Ü§�·²±»§o¯d·?Ä]å
¯�­d§�Õo³ ¸ ®²®�§�Ä�§�Õ ¹ ­ � ¯ m�¸ ± S® ¹ ­]â ±3­:­ ¹ ¬�§�· ¸ <ý ÷ ³»§Å´�§�Õo¬�§�¯d· ã¸ õ°Õ ¹�Ú:Ûm¹ ® ¸ ­�¬�§�® X × ý ÷ × ô j Ù5` ¹�¹�¹ ` ý ÷ × ô�þ Ù�Ù â ë ¸ ·�§o³ ¸ ¬�± ¹ ­ � Ä&å ¹ ·º¬ �d¹Rm�¹ ­ ¸ ³µ±µ¬�Ü§º�®�¯d±R´ ¸ ­K¬�§fÕ ¹ ­d®º¬¶±R¬¶¯d§f³»§�·TÜ§�®²¯d³µ¬ ¸ ¬Åç ¹ ­dÄ ¸ Ú §o­K¬ ¸ ³]Äd§f³ ¸ ¬ � Ü§ ¹ ·�±µ§ÂÄ�§�®1Õ ¸ · ¸ Õo¬ ã§�·²§�® X

<ý ÷ HYÿ ¹m<ý ÷�Y õ é ÷
÷ H × b'b S ��� Ù
× b ³ Û §�¯�¬ ¸ ·�·²±µ´�§�·%ÝT¯�§�³µ§�® Ú¼¸ ¬¶·�±µÕ�§o®%Ä&å
¯d­�§�·�§ Û ·TÜ§o®�§o­K¬ ¸ ¬¶± ¹ ­]æK§o¬¾Ä ¹ ­�Õ�³µ§�®?Õ ¸ · ¸ Õo¬ ã§�·²§�®�æT® ¹ ±»§�­�¬%Õ ¹�Ú°Û ³µ§ z §�® Ù âg ±v¯d­d§f·�§ Û ·TÜ§o®�§�­�¬ ¸ ¬¶± ¹ ­�� C × ô Ù�� æ�Äd§fÕ ¸ · ¸ Õ�¬ ã§�·²§ <ý æ�§o®²¬a·TÜ§oÄd¯dÕ�¬¶± e ³»§�§o¬a®oå�Ü§oÕ�·�±R¬ X

C × ô Ù Y q ÷ p ÷ C+÷ × ô Ù × b'b S � _�Ù
¹Pã¯@±µ³v®�å ¸Rm ±µ¬aÄ]å½¯d­d§Â® ¹�Ú°Ú §fÄd±»·²§�Õo¬�§>®²¯d·�³µ§�®a·�§ Û ·TÜ§o®�§�­�¬ ¸ ¬¶± ¹ ­d®�±µ·�·TÜ§�Äd¯dÕ�¬¶± e ³»§o®�� C+÷ × ô Ù�� Äd¯ m · ¹ ¯ Û §�æ ¸ ³ ¹ ·�®oæÛ�¸ · ¸�ÛdÛ ³µ±»Õ ¸ ¬¶± ¹ ­FÄd±µ·�§�Õ�¬¶§1Äd§ × b'b S ��� Ù æ ¹ ­ ¹ e ¬¶±µ§�­�¬%ÝK¯d§�³µ§Å­ ¹�Ú e ·�§aÄd§Åç ¹ ±»®5ÝK¯d§a³ ¸fü S ± ã§ Ú §Å·�§ Û ·TÜ§�®²§�­�¬ ¸ ¬¶± ¹ ­±»·�·TÜ§�Äd¯�Õo¬¶± e ³»§ ¸�ÛdÛ�¸ · ¸ ¸ �µ¬-Ä ¸ ­d®1³ ¸ Ä¾Ü§oÕ ¹�Ú:Ûm¹ ®�±R¬¶± ¹ ­9Äd§ C §�®º¬ X

p ÷íY �õ <ý ÷ ÿ ¹m<ý × b'b S �©ý Ù
III APPENDICE III : TRANSFORMATION DES SPINEURS CLASSIQUES

» ¹ ¯d® ¸ ³»³ ¹ ­d®�´ ¹ ±»·?Ä ¸ ­�®¾Õo§o¬ ¸�ÛdÛ §�­dÄ�±»Õ�§aÝK¯d§a®�±j¯d­¼®ºèT®²¬ ã§ Ú §�Õ�³ ¸ ®�®²±»ÝK¯d§1§�®º¬�Ä¾Ü§oÕ�·²±µ¬ Û�¸ ·?¯d­:Ä ¹ ¯ e ³µ§o¬�æT±µ³®�å ¸Rm ±µ¬ ¹ e ³»± m�¸ ¬ ¹ ±»·²§ Ú §�­�¬�Ä]å½¯d­:® Û ±µ­d§�¯�· Ûm¹ ¯d·%452 × ý Ù â . ¹ ¯�¬%Õ�§�¬ ¸ ÛdÛ §o­dÄd±µÕ�§ Û §o¯�¬�¸§o¬�·�§1Õ ¹ ­�®�±»Ä¾Ü§�·TÜ§1Õ ¹�Ú°Ú §¯d­@§ z §�·�Õo±»Õo§�æj³»§o®Å® Û ±µ­d§�¯d·²®1Õ�³ ¸ ®�®�±µÝK¯d§�®a­]å�Ü§o¬ ¸ ­K¬ m ¯ ã§�·�§f±µ­K¬�Ü§�·²§�®�® ¸ ­�¬¶®�§�­ Û�� è�®²±»ÝK¯d§ âU ¹ ­d®�±µÄ�Ü§�· ¹ ­d®�Ä ¹ ­�ÕFÄd§�¯ z ¹ e ®�§�·º´ ¸ ¬¶§o¯d·�®3´T±µ´ ¸ ­�¬�Ä ¸ ­d®3³«å
§o® Û�¸ Õo§FÄd§ e ¸ ®�§F¬�·�± S Äd± Ú §�­�®�± ¹ ­d­d§�³v§�¬ ¸ ¯ z�SÝT¯�§�³»®>® ¹ ­�¬ ¸ ®�® ¹ Õ�±�Ü§�§o®FÄd§�¯ z e ¸ ®�§�®�� <v ' � §o¬�� <v �' � Y � ú"<v ' � æ ú Ü§�¬ ¸ ­�¬8¯d­d§ Ú°¸ ¬¶·²±»Õo§:Ä�§�· ¹ ¬ ¸ ¬¶± ¹ ­]â�U�§o®Äd§�¯ z ¹ e ®²§�·²´ ¸ ¬�§�¯d·²®¦Ü§o¬¶¯�Äd±»§o­K¬;³µ§ Ú ¸§ Ú §�®²èT®º¬ ã§ Ú § Û�� èT®�±µÝT¯�§�ÝK¯d±«æ Û�¸ · � è Ûm¹ ¬ �vã§�®²§�æ5§�®º¬;Ä¾Ü§�Õo·�±R¬ Û�¸ ·F¯�­



, �c�c�³¡�Z�Í3ÍgM7«9Î O ß�M��c�'�&\·®�ª'§R«¬¤���ÛFª Ë §R® O ÛF«qÎ�M�¤%¤	Í O «ÞM7Ü�ª�¤}ß7¥o§F¤�¤ O �ºÜíM�¤ ��� ¯
Ä ¹ ¯ e ³»§�¬#â » ¹ ¯d® ¸ ³»³ ¹ ­d®:Ü§�¬¶¯dÄ�±»§�·�Õ ¹�Ú:Ú §o­�¬ Û�¸ ®²®�§o·ÅÄd§3³ ¸ ç ¹ · Ú ¯�³ ¸ ¬�± ¹ ­:Äd§�³�å½¯d­�Ä�§�® ¹ e ®²§�·º´ ¸ ¬¶§�¯�·�® ã¸ Õ�§o³»³µ§Äd§f³«å ¸ ¯�¬¶·�§ × Ûm¹ ±»­�¬ÅÄd§3´T¯d§ Û�¸ ®�®�±Rç Ù âíU ¹�Ú:Ú §�­ ¹ ¯d® ¸ ´ ¹ ­d® Ú°¹ ­�¬�·TÜ§�ÝK¯]å½±»³�Ü§�¬ ¸ ±R¬Å³ ¹ ±µ®�± e ³»§aÄd§�³»§3ç ¸ ±»·�§ æ�­ ¹ ¯d®®²¯ ÛdÛm¹ ®�§o· ¹ ­d®�ÝK¯d§8Õ ��¸ Õ�¯�­ÖÄ�§�® ¹ e ®�§�·º´ ¸ ¬¶§o¯d·�® ¸¼Û ·�±»®�Õ ¹�Ú:Ú §>·²§ Û ·TÜ§�®�§o­�¬ ¸ ¬�± ¹ ­ Ú°¸ ¬¶·²±»Õo±»§�³µ³»§�Äd§o® m Ü§o­�Ü§�· ¸ S¬�§�¯d·²®�Äd§o®�· ¹ ¬ ¸ ¬¶± ¹ ­d® ¸ ¯�¬ ¹ ¯d·ÅÄd§Â®�§o® Û · ¹�Û ·²§�® ¸ z §�® × ¯d­d§ÂÄd§ Ú ±&ç ¹ ±»® Ù ³µ§�® Ú°¸ ¬¶·²±»Õ�§o®ÅÄd§¢² ¸ ¯d³µ± × ´ ¹ ±»· Û�¸+m §ý�u Ù â�U�§o®%Õ ��¹ ± zÉn¬z §�­�¬%§�­�¬¶± ã§�·�§ Ú §o­�¬?¯d­°Õ ��¹ ± z Äd§ e ¸ ®²§aÄ�§Å³�å½§�® Ûd¸ Õ�§ a l Ûm¹ ¯d·_Õ ��¸ Õ�¯�­¼Äd§o® ¹ e ®�§o·²´ ¸ ¬¶§o¯d·�®oæã¸ ® ¸ ´ ¹ ±»·	� E ` 7�
Å§o¬�� E ` 7 � 
oâ » ¹ ¬¶·²§ÂÕ ��¹ ± z Äd§ e ¸ ®�§Â®�± m ­d± n § Ú°¸ ¬¶·²±»Õ�±µ§�³µ³»§ Ú §�­�¬ X

Ó�
���� H��� H � Ô�� Á Y���Ë ` 7 � � 
 � H � � ¥ ` 7 � 
 Y Ó�
 ��� �� � Ô � Á Y���Ë ` 7�� 
 � � � ¥ ` 7�
 × b'bcb S � Q Ùê ÛdÛ §o³ ¹ ­�®���³ ¸�Ú¼¸ ¬¶·�±µÕ�§-Ä�§34�� × _�Ù ÝK¯d±�ç ¸ ±R¬5³»§ Ûd¸ ®�® ¸Rm §aÄd§�® m Ü§o­�Ü§�· ¸ ¬¶§o¯d·�® ¸ ¯�¬ ¹ ¯d·?Äd§�® <v ' ã¸ Õ�§�¯ z ¸ ¯�¬ ¹ ¯d·Äd§o® <v �' æ��?Ýjâ × b'b S Q � Ù X 
 ��� �� H � Y ú Ê y 
 ��� �� ï Y � y j 
 � � �� � � × b'bcb S � ¯ Ù§�¬ ¸ ÛdÛ §o³ ¹ ­�®"!ù³ ¸6Ú¼¸ ¬�·�±µÕ�§3ÝK¯d±]ç ¸ ±R¬Å³»§ Ûd¸ ®�® ¸Rm §ÂÄd§f³ ¸ e ¸ ®²§fÄd§�®�� ¥ ` 7�
 ¸ ¯ z � Ë ` 7 � 
 X� Ë ` 7 � 
 Y ! � Á � ¥ ` 7�
 × b'bcb S � Ê ÙU ¹�Ú:Ú § ¹ ­ Û §o¯�¬�¬ ¹ ¯ �²¹ ¯d·²® Û ·²§�­dÄ�·�§FÕo§�® e ¸ ®�§�® ¹ ·²¬ �d¹ ­ ¹ · Ú Ü§o§�® Û ¯d±»®²ÝK¯d§8³µ§�® m Ü§�­¾Ü§o· ¸ ¬�§�¯d·²®3® ¹ ­�¬ � §�· Ú ± S¬�±»§�­�®�æ#! §o®²¬:§�³µ³»§ ¸ ¯d®�®²±Å¯d­d±µ¬ ¸ ±»·²§¼§�¬;Äd§"Ä�Ü§o¬�§�· Ú ±»­ ¸ ­�¬6¯d­d±R¬�Ü§ X !%$ 4�� × _�Ù â » ¹ ¬ ¹ ­d®6ÝK¯d§"³«å ¹ ­ ¸öÛd¸ ·Ä¾Ü§ n ­d±R¬¶± ¹ ­�Ä�¯ Û · ¹ Ä�¯d±µ¬Å®²Õ ¸ ³ ¸ ±»·²§�®�§o®�ÝK¯d±»³µ±»­¾Ü§ ¸ ±»·²§ ��¸ e ±µ¬¶¯�§�³]Ä ¸ ­d®�³µ§�®Å§o® Û�¸ Õo§�®�Äd§Â*�±»³ e §o·²¬ÅÕ ¹�Ú:Û ³»§ z §o® X� ú ` 7&� Ë ` 7 � 
 Y ! �('��Ë ` 7 � � ú ` 7�
 Y t! �(' × b'bcb S � � Ù. ¹ ¯�¬1Ä ¹ ¯ e ³µ§o¬��*)+
 Û §�¯�¬1®�§ÂÄ�Ü§�Õ ¹�Ú°Ûm¹ ®²§�·1®�¯d·1³«å
¯d­�§ ¹ ¯@³«å ¸ ¯�¬¶·²§ e ¸ ®�§ X�*),
 Y ) � � Ë ` 7�
 Y ) �� � Ë ` 7 � 
 × b'bcb S �©d Ù� ¹ ­K¬�· ¹ ­�®ÅÝT¯�§�³»§ Û�¸ ®�® ¸+m §�Äd§�®") � ¸ ¯ z ) �Á ®�§3ç ¸ ±R¬ m ·�¸¸ Õ�§ ã¸ ³ ¸8Ú°¸ ¬¶·²±»Õ�§-�BÄ�§Â4.� × _�Ù â¬² ¹ ¯d·-¬�· ¹ ¯�´�§�·Å³ ¸·²§�³ ¸ ¬¶± ¹ ­9§�­�¬¶·²§/) � §o¬+) �Á ¹ ­�´ ¸ ± Ú:Ûm¹ ®�§o· × bcb'b S � Q Ù âg² ¸ ·²¬ ¹ ­d®aÄd§
Ó 
 � � H��� H � Ô � Á Y Ó 
 ��� �� � Ô � Á Y]¿ �«Ë ` 7 � � 
 � H � � ¥ ` 7 � 
 Y��«Ë ` 7 � �0� y j 
 � � �1� ¥ ` 7 � 
 × b'bcb S �©u Ù§�¬�±µ­d®TÜ§o· ¹ ­�®aÝK¯d§o³»ÝK¯d§o®�·²§�³ ¸ ¬¶± ¹ ­d®-Äd§�ç�§�· Ú §�¬¶¯d·²§��Ë ` 7 � � 
 � H � � ¥ ` 7 � 
 Y q' p 2�p 3Vp 4 ��Ë ` 7 � � ú ` 7�
 � ú ` 7��5� y j � é ` 7�
 � é ` 7�� 
 � � � É ` 7�
 � É ` 7��5��� 6 ` 7�
 � 6 ` 7�� ¥ ` 7 � 


Y q' p 2�p 3Vp 4 t! �(' � y j' 2 Ó 
 � � �� � Ô 273 ��3849! Á 4 × b'bcb S _ ñ Ù
U�§�¬�¬¶§@Ü§�ÝK¯ ¸ ¬�± ¹ ­°­]å
§o®²¬ÅÕ ¹�Ú:Û�¸ ¬¶± e ³»§ ¸ ´�§�Õ × b'bcb S � Q Ù ÝK¯d§ Û+¹ ¯d·"� Y t!:â<�?­¼·�§ Ûm¹ ·º¬ ¸ ­�¬-Ä ¸ ­d® × bcb'b S �©d Ù ¹ ­¬�· ¹ ¯�´�§ �*),
 Y ) � � Ë ` 7�
 Y ) �Á Ó;: � y j Ô Á � � Ë ` 7�
 × b'bcb S _ � Ù



, �=<�¡[Z�Í3ÍgM7«9Î O ß�M½�=<F\�P�Û O «g®I¤¢Î�M>­©ÜíMÉ§�ß7® O ��¤ ��� Ê
® ¹ ±R¬ ) �� Y � � Á ) Á × bcbcb S _�_�Ù² ¸ ·�Õ ¹ ­d®TÜ§�ÝK¯d§�­�¬�æ�§o¬5Õ ¹�Ú°Ú § ¹ ­ Û+¹ ¯�´ ¸ ±µ¬�®�å½§�­6Ä ¹ ¯�¬¶§o·�æ�³µ§�®�Õ ¹�¹ ·�Ä ¹ ­�­�Ü§�§o®�Ä]å½¯d­6Ä ¹ ¯ e ³»§o¬�®�§�¬�· ¸ ­d®ºç ¹ · Ú §�­�¬Û�¸ ·a4�� × _�Ù ³ ¹ ·�®ÅÄd§o®a· ¹ ¬ ¸ ¬¶± ¹ ­d®ÅÄ ¸ ­d®1³«å
§o® Û�¸ Õo§fÄd§ e ¸ ®�§ âb ³Pç ¸ ¯�¬a·²§ Ú°¸ ·�ÝK¯d§o·�Äd§>­ ¹ ¯�´�§ ¸ ¯öÝK¯d§>®�±x³�å ¹ ­"¬ ¹ ¯d·²­d§8Õ ¹ ­�¬¶±µ­ ¸¯ Ú §o­�¬�Ä�§ ñ ã¸ _ È ³µ§�® ¸ z §�®�Äd¯Æ®²§�Õ ¹ ­dÄ¹ e ®�§o·²´ ¸ ¬�§�¯d·3Ä ¸ ­d®3³«å
§o® Û�¸ Õo§8Äd§ e ¸ ®�§ æ&³µ§�®�Õ ¹�¹ ·�Ä ¹ ­�­�Ü§�§o®3Äd¯�Ä ¹ ¯ e ³»§�¬3­d§>·�§o´T±µ§�­d­d§o­�¬ Û�¸ ® ã¸ ³�å½±»Äd§o­K¬�±»ÝK¯d§Ú¼¸ ±µ®3® ¹ ­K¬>Õ ��¸ ­ m Ü§�§o®>Äd§;®²± m ­d§ â�U�§;­]å
§o®²¬>ÝK¯]å ¸ ¯ e ¹ ¯�¬fÄ]å½¯d­d§:· ¹ ¬ ¸ ¬¶± ¹ ­�Äd§ Q�È ÝK¯]å
§o³»³µ§�®f®�§;·�§�¬¶· ¹ ¯�´�§o­�¬ã¸ ³�å½±»Ä�§�­�¬¶±µÝT¯�§�â b ³¾§o®²¬ Û�¸ ·ÂÕ ¹ ­d®TÜ§�ÝK¯d§o­K¬;Ä ¹ ¯�¬¶§o¯ z ÝT¯�§¼³»§o®8® Û ±»­d§o¯d·�®>® ¹ ±µ§�­�¬F­¾Ü§�Õ�§o®�® ¸ ±»·²§�®FÄ ¸ ­d®8³µ§°Õ ¸ Äd·�§Õ�³ ¸ ®�®�±µÝK¯d§ ¹ ¯]æP® ¸ ¯�ç-§ z Õ�§ Û ¬¶± ¹ ­]æ ¹ ­�­]å ¸}��¸ Ú¼¸ ±µ® ¸ � ¸ ±»·²§ ã¸ Äd§�® ¹ e � §�¬¶® Ûm¹ ¯d·Â³»§o®�ÝK¯d§o³»®Â³»§�®Â· ¹ ¬ ¸ ¬�± ¹ ­d®fÄd§_ È §o¬fÄd§ Q�È ® ¹ ±»§o­�¬fÄd±»®²Õ�§�·²­ ¸ e ³µ§�®oâN�3§8¬¶§o³»® ¹ e � §�¬¶®f§ z ±µ®²¬¶§o­�¬ Ûm¹ ¯d·º¬ ¸ ­�¬ e §�³�§�¬ e ±»§o­]æ Ú°¸ ±»®�±»³µ®3­d§6® ¹ ­K¬��¸�Ú¼¸ ±»®8Ü§�³�Ü§ Ú §�­�¬ ¸ ±»·�§o®�â���­°§ z § Ú:Û ³»§aç ¸�Ú §�¯ z §�¬-® ¹ ¯�´�§o­K¬-Õ�±µ¬�Ü§�§o®²¬-Õo§�³µ¯d±jÄd¯ e · ¸ ®�§�¬-Äd§�³ ¸fÚ¼¸ ±µ­]æ Û�¸ ¯ Ú §¬ ¹ ¯d·²­¾Ü§�§>´�§�·²®3³»§>Õ�±µ§�³�æjÝK¯d± ¸�Û · ã§o®3¯d­ö¬ ¹ ¯d· Û ·TÜ§�®²§�­�¬¶§6¯�­d§8¬ ¹ ·�®�± ¹ ­ö§�¬3ÝK¯d± ¸ ¯ e ¹ ¯�¬3Äd§8Äd§�¯ z ¬ ¹ ¯d·�®3­&å
§o­Û ·TÜ§o®�§�­�¬�§ Û ³µ¯d®�âk±3­ Û §�¯�¬ Ú:¹ ­�¬¶·²§�·1§�­"¬ ¹ ¯�¬¶§ m Ü§�­¾Ü§o· ¸ ³µ±µ¬�Ü§�ÝT¯&å ¹ ­@­d§ Û §o¯�¬ Ûd¸ ®1Õ ¹ ­d®º¬¶·²¯d±»·²§>¯d­@Õ ¹�Ú:Û ¬�§�¯d·Äd§�®-· ¹ ¬ ¸ ¬¶± ¹ ­d® × ç ¸ ±µ¬¾Ä]å½§�­ m ·�§�­ ¸Rm §�®oædÄ]å ¸ ± m ¯d±»³µ³»§�®oæ�Äd§ Ûm¹ ¯d³µ±»§�®oæK§o¬¶Õ ¹�¹�¹ Ù Äd§3³«å
§o® Û�¸ Õo§�¬¶·²± S Äd± Ú §�­d®²± ¹ ­�­d§�³�ÝK¯d±ç ¹ ­dÕo¬�± ¹ ­�­d§ Ú°¹ Äd¯d³ ¹6Û ³»¯�®ÅÄd§ Q�È âë §o®>Õ �d¹ ®�§�®Â®�§ Û ·TÜ§�®�§o­�¬¶§�­�¬ ¸ ®�®²§ºå¼Ä�±°�aÜ§�·�§ Ú°Ú §�­�¬fÄ ¸ ­d®f³»§ Ú:¹ ­dÄd§;ÝK¯ ¸ ­�¬¶±µÝK¯d§?> ß�Û Ë Í9ª O ¤1ÍgÛFÜ�ª Î�M�¤Í¬§Rª7® O ß7Ü�¥�M�¤ðÐM7¥RÐM Ë M7«g®Ù§ O ª�M�¤ §o¬5Õo§ Ûm¹ ¯d·_¯�­d§�· ¸ ±»® ¹ ­F­ ¹ ­>¬¶·�±R´T± ¸ ³µ§%§ z Û+¹ ®TÜ§�§ÅÄ ¸ ­d®_³«å
§o­dÕ ¸ Ä�·TÜ§ bDË âR�5­6§³�+§o¬�æ ¹ ­Ú°¹ ­�¬�·�§ Û�¸Rm § ¯ � ÝK¯d§�æ�Ä ¸ ­�®�³µ§%Õ ¸ Äd·²§¾ÝK¯ ¸ ­�¬�±»ÝK¯d§�æ�³»§o®v¬¶· ¸ ­d®²ç ¹ · Ú¼¸ ¬¶± ¹ ­d®vÄ ¸ ­d®x³�å½§�® Û�¸ Õo§¾Äd§ e ¸ ®²§�±µ­dÄd¯d±µ®�§�­�¬Äd§�®5¬¶· ¸ ­d®ºç ¹ · Ú°¸ ¬¶± ¹ ­d®�Ä�§�®5´�§oÕo¬¶§o¯d·�®%Ä]å�Ü§o¬ ¸ ¬%Äd§Å³�å½§�® Û�¸ Õ�§1Äd§a*a±»³ e §�·º¬ÅË �M Ë M½Î3§R«¬¤�¥�M·ÍgÛ O «g®,Î�M½­©ÜgM!Í¬§F¤�¤ O � æÕ ¹ ­�¬¶· ¸ ±»·²§ Ú §�­�¬ ¸ ¯ÖÕ ¸ ®fÕ�³ ¸ ®�®²±»ÝK¯d§ â·U�§oÕ�±5´T±»§o­K¬>Äd¯Íç ¸ ±µ¬fÝK¯]å½¯d­Ö´�§�Õ�¬¶§o¯d·8Ä]å/Ü§o¬ ¸ ¬>­]å
§o®²¬ Û�¸ ®fÄd±µ·�§�Õ�¬¶§ Ú §o­K¬¸ ®�® ¹ Õo±�Ü§ ã¸ ¯�­d§¾ÝK¯ ¸ ­K¬�±µ¬�Ü§ Ú §�®²¯d· ¸ e ³»§·¿ ÝK¯d±K® ¹ ­�¬�³»§�®v´ ¸ ³µ§�¯d·²® Ú:¹ è�§o­d­d§�®�Ä]å ¹�Û Ü§�· ¸ ¬¶§o¯d·�®)¿ Õ ¹ ­�¬�· ¸ ±µ·�§ Ú §�­�¬ã¸ ¯�­Í´�§�Õ�¬¶§�¯�·8Õ�³ ¸ ®�®²±»ÝK¯d§6Õ ¹�Ú°Ú §F¯d­�§ Ûm¹ ®²±µ¬¶± ¹ ­ <{ æv¯d­ÍÕ ��¸�Ú:Û Ü§�³»§oÕo¬�·�±»ÝK¯d§ ¹ ¯ Ú°¸Rm ­¾Ü§o¬¶±µÝK¯d§�æ]§�¬¶Õ ¹�¹�¹ ë §�®¬¶· ¸ ­d®²ç ¹ · Ú¼¸ ¬¶± ¹ ­d®5® ¹ ­�¬¾Ä ¹ ­dÕaÄd±o�aÜ§o·�§�­�¬�§�®�Ä�§�Õo§�ÝK¯d±j§�®º¬ Û ·TÜ§�®�§o­�¬�Ü§�±µÕ�±«â ë §1¬ � Ü§ ¹ · ã§ Ú §�Äd§��G± m ­d§�·?±»­�Äd±»ÝK¯d§Õ ¹�Ú:Ú §o­�¬ Û · ¹ ÕmÜ§oÄd§�·oâ

» ¹ ¬ ¹ ­d®�§o­ n ­@ÝT¯�§>Ä ¸ ­d®�³µ§ Û+¹ ±µ­�¬1Äd§Â´T¯d§ Û�¸ ®²®�±µç�æ�³µ§�ç ¸ ±µ¬1ÝK¯d§Â³»§o®aÕ ¹�¹ ·�Ä ¹ ­�­�Ü§�§o®�Ä]å½¯d­@´�§�Õ�¬¶§�¯�· <¨ ¹ ¯Ä]å
¯�­"¬�§�­d®²§�¯d· C ß7¥o§F¤�¤ O �ºÜíM §�­ m §�­dÄ�·�§�­�¬aÄd§o®a·²§ Û ·TÜ§�®²§�­�¬ ¸ ¬�± ¹ ­�®aÄ�§Â4?2 × ý Ù §�®²¬1®ºèT­ ¹ ­�è Ú §ÂÄd§�³�å½§ z ±µ®²¬¶§o­dÕ�§� Ä]å°¸§o¬¶·²§�® m Ü§ ¹�Ú Ü§o¬�·�±µÝT¯�§�®c� <!:æ C ÝK¯d±T® ¹ ­�¬ O «g®�ª O «¬¤v�M��ºÜíM�¤�á O ¡�Mº¡ O «9Î½ÐM	ÍgM7«9Î3§R«g®�¤
Îx� Ü<«¼�ºÜíM7¥�ß�ÛF«m�ºÜgM ¤ > ¤7®��M Ë M�Î�Mß�Û©ÛFªcÎ�ÛF«g«¢ÐM�M�¤º¡ U�§o¬²¬¶§�­ ¹ ¬¶± ¹ ­:Ä]å ¹ e � §o¬�® m Ü§ ¹�Ú Ü§�¬¶·²±»ÝK¯d§�®%®�§�·�§�¬¶· ¹ ¯�´�§o­K¬-Äd§aç ¸ ^Õ ¹ ­°±»Äd§o­K¬�±»ÝK¯d§aÄ ¸ ­d®¾³�å½§�® Û�¸ Õ�§Äd§ � ±»­ µ ¹ � ® µ ±�æK® ¹ ¯d®?³ ¸ ç ¹ · Ú §�Äd§1ÝT¯ ¸ Äd·�±R´�§oÕo¬¶§o¯d·�®oæKÝT¯ ¸ Äd·�±R¬¶§o­d®�§o¯d·�®oæT§�¬¶Õ ¹�¹�¹ ¸ ±µ­d®�±�ÝT¯�§aÄ ¸ ­d®?³»§o®5§�® Ûd¸ Õ�§o®Äd§ 0 ±µ§ Ú°¸ ­d­9®�§o·²´ ¸ ­�¬�Äd§fÕ ¸ Äd·²§fÕ ¹ ­dÕo§ Û ¬�¯d§�³ ã¸ ³�å/Ü§o¬�¯dÄd§fÄd§f³ ¸}m · ¸ ´�±R¬ ¸ ¬�± ¹ ­&â
IV APPENDICE IV : POINTS DE VUE ACTIFS

» ¹ ¯d® ¸ ³»³ ¹ ­d®F·²§o¬�· ¹ ¯�´�§�·:Ä ¸ ­d®;³µ§�Õ ¸ Äd·²§�ÝK¯ ¸ ­K¬�±»ÝK¯d§�§o¬:Ä ¸ ­�®°³µ§�®6Äd§o¯ z Û+¹ ±µ­�¬¶®6Äd§"´T¯d§ ¸ Õo¬�±µç�®�æ5³µ§�®·TÜ§�®²¯d³µ¬ ¸ ¬¶®;Ä¾Ü§ ��ã¸ Ä¾Ü§o·�±R´?Ü§o®°Ä ¸ ­d®:³»§9¬¶§ z ¬�§@Ä ¸ ­d®:³»§ Û+¹ ±»­�¬;Äd§"´�¯�§ Û�¸ ®²®�±Rç�æ Û�¸Rm § ¯�¯ §o¬°®�¯d±R´ ¸ ­�¬¶§�®oâ » ¹ ¯d®Ä ¹ ­d­d§o· ¹ ­�® n ­ ¸ ³»§ Ú §o­�¬�¯�­@·TÜ§�Õ ¸ Û ±µ¬�¯d³ ¸ ¬�±µçPÄd§o®1ÝT¯ ¸ ¬¶·²§ Ûm¹ ±µ­K¬�®1Äd§�´�¯�§�â



, �@<�¡¦Z�Í3ÍgM7«9Î O ß�M��=<>\�P�Û O «g®�¤ÉÎ�M¦­©ÜgMÉ§�ß7® O ��¤ ��� �
b ³]è ¸ Äd§�¯ z Û+¹ ±»­�¬¶®1Äd§�´T¯d§ ¸ Õo¬�±µç�®oâ

æ ë § Û ·�§ Ú ±»§o·¾Õ ¹ ­d®²±»®²¬�§ ã¸8Û ·�§�­�Äd·�§3Ä�§�¯ z ¹ e ®²§�·²´ ¸ ¬�§�¯d·²®BAà§o¬BA � §�¬-Äd§o¯ z ®²èT®²¬ ã§ Ú §�® O Î�M7«g® O �ºÜíM�¤ 4[§�¬14 �¬�§�³»®1ÝK¯d§ O « O ® O §R¥�M Ë M7«g® A §�®º¬a·�§�³µ±�Ü§ ã¸ 4ûÄ�§Â³ ¸6Ú ¸§ Ú §3ç ¸ ^Õ ¹ ­"ÝK¯d§�A � §�®º¬�·²§�³µ±�Ü§ ã¸ 4 � âU�§�Õo±?®�± m ­d± n §8ÝT¯�§6³»§�®�®ºèT®²¬ ã§ Ú §o®ÍÜ§�¬ ¸ ­�¬f±µÄd§�­�¬¶±µÝK¯d§�®oæv±»³»®�® ¹ ­�¬ÂÕ ¸ · ¸ Õ�¬�Ü§�·²±»®TÜ§�® Û�¸ ·�³µ§ Ú ¸§ Ú §F§�­d®²§ Ú e ³»§±µ·�·TÜ§oÄd¯dÕ�¬¶± e ³»§�Ä]å ¹�Û Ü§o· ¸ ¬�§�¯d·²®°§�¬ ¹ ­�¬°Ä ¹ ­dÕ"³»§ Ú ¸§ Ú §9§�® Û�¸ Õ�§�Äd§�*�±µ³ e §�·º¬ × ¹ ¯ Äd§o®°§o® Û�¸ Õ�§�®°Äd§�*�±µ³ e §�·²¬±µ® ¹�Ú:¹ · Û¬� §�®ÅÝK¯d§Â³�å ¹ ­ Û §�¯�¬ Û�¸ ·1Õ ¹ ­d®TÜ§oÝK¯d§�­�¬3Õ ¹ ­�ç ¹ ­�Äd·�§ Ù âê ¤ f æj³»§�®1®ºè�®º¬ ã§ Ú §o®�Ü§o¬ ¸ ­�¬aÄ ¸ ­d®aÄd§�®a®�±R¬¶¯ ¸ ¬¶± ¹ ­d®1±»Äd§o­K¬�±»ÝK¯d§o®a·²§�³ ¸ ¬¶±R´�§ Ú §�­�¬ ã¸ ³»§�¯�· ¹ e ®�§o·²´ ¸ ¬¶§o¯d·a·�§�® SÛ §�Õ�¬¶±µç�æ�±«â
§ âKÝT¯�§�³µ§�® ¹�Û Ü§�· ¸ ¬¶§o¯d·�®¾Äd§a³�å½§�­d®²§ Ú e ³µ§1±»·�·TÜ§�Äd¯�Õo¬¶± e ³»§ ¹ ­�¬ Ú ¸§ Ú §Å´ ¸ ³µ§�¯d· Ú:¹ è�§�­d­�§�æT³»§ Ú ¸§ Ú § µ §o¬� ø;
 Û §o¯�¬Ì¸§�¬¶·�§ÂÕ �d¹ ±µ®�± Û�¸ ·aÕ ��¸ Õo¯d­�Äd§o® ¹ e ®²§�·º´ ¸ ¬¶§�¯�·�® ã¸ Õ�§o¬�±»­�®²¬ ¸ ­K¬ Û+¹ ¯d·1Ä�Ü§�Õo·�±»·²§8® ¹ ­Æ®ºè�®º¬ ã§ Ú § â]��³R¬�Ü§ S·²±»§�¯�·�§ Ú §�­�¬_±»³»® Ú §o®�¯d·²§�· ¹ ­�¬5³»§ Ú ¸§ Ú § � §�¯6Äd§ Û · ¹ e ¸ e ±»³µ±µ¬�Ü§�®xÄd§¾¬�· ¸ ­d®²±µ¬�± ¹ ­ × Ä ¹ ­�­�Ü§�® Û�¸ ·_³»§o® Ú ¸§ Ú §�®>Ü§�¬ ¸ ¬�®Äd§6³µ§�¯d·²® ¸�ÛdÛ�¸ ·�§�±µ³»®�Äd§ Ú §o®�¯d·²§ Ù §o¬fÄ¾Ü§�Õ�³ ¸ ·�§o· ¹ ­�¬�ÝK¯]å½¯d­d§;®ºè Ú Ü§o¬�·�±µ§6³»§�®�·²§�³µ±»§8®²±�Õ�§o®�´ ¸ ³»§�¯�·�® Ú:¹ è�§�­�­d§�®® ¹ ­�¬a¬ ¹ ¯ �²¹ ¯�·�®9Ü§ m�¸ ³»§�® X � � ýDC � C × ¤ ` ¤ f Ù � ø.
E� l Y � � ýDC � C � × ¤ ` ¤ f Ù � ø.
E� l × bDË S _ ý Ù¹vã¯ C × ¤ ` ¤ f Ù §�¬ C � × ¤ ` ¤ f Ù ® ¹ ­�¬�·²§�® Û §�Õ�¬¶±R´�§ Ú §�­�¬¾³»§o® ¹�Û Ü§�· ¸ ¬¶§o¯d·�®%Ä]å�Ü§o´ ¹ ³»¯�¬�± ¹ ­;¯�¬�±»³»±µ®TÜ§o® Û�¸ ·;A Û+¹ ¯d·?Ä�Ü§�Õo·�±»·²§³«å�Ü§�´ ¹ ³µ¯�¬¶± ¹ ­@Ä�§;4�§o¬ Ûd¸ ·FA � Ûm¹ ¯d·�Ä�Ü§�Õo·�±»·²§8Õo§�³»³µ§>Ä�§64 � â g ±_Õo§�Õo±_§�®º¬�´T· ¸ ± Ûm¹ ¯d·a¬ ¹ ¯�¬�� ø.
a§�¬�¬ ¹ ¯�¬G� ý�C 
�æ¹ ­�Ä¾Ü§oÄd¯d±µ¬aÝK¯]å ã¸ ¯d­�§>¯d­�§ Û��d¸ ®�§ Û · ã§o®�æjÝK¯d§Â³�å ¹ ­ Û §�¯�¬ Ú:¹ ­�¬¶·²§�·¦¸§o¬�·�§Â±»­d§o®�®²§�­�¬¶±µ§�³»³µ§�æ C Ä ¹ ±µ¬>¸§�¬¶·�§öÜ§ m�¸ ³ ã¸C � â � ¹ ­�¬¶· ¹ ­d®ÅÝK¯d§�Õo§o¬�¬�§�Õ ¹ ­�Äd±µ¬�± ¹ ­°§�®²¬ e ±»§�­¼±»Äd§o­K¬�±»ÝK¯d§ ã¸ Õo§�³µ³»§�¬�· ¹ ¯�´?Ü§o§�Ä ¸ ­d®Å³µ§ Ûm¹ ±»­�¬�Äd§�´T¯d§ Û�¸ ®²®�±Rç�â0 § Ú°¸ ·�ÝK¯ ¹ ­�®¾Ä]å ¸ e ¹ ·�Ä:ÝK¯d§ Ûm¹ ¯d·?³«å ¹ e ®�§�·º´ ¸ ¬¶§o¯d·HA � Û�¸ ·?§ z § Ú:Û ³µ§�æK³»§o®%Ä�§�¯ z ®²èT®º¬ ã§ Ú §�®-4ä§o¬-4 � ® ¹ ­�¬±µÄd§�­�¬¶±µÝK¯d§�®3§�¬�­d§6Äd±o� ã§o·�§o­K¬�ÝK¯d§ Û�¸ ·3³µ§�¯d·²®�Õ ¹ ­dÄd±R¬¶± ¹ ­d®�±µ­d±µ¬�± ¸ ³µ§�® × ±µ³»®a­d§F® ¹ ­K¬ Ûd¸ ® ¸ ¯ Ú ¸§ Ú § Ûm¹ ±µ­K¬ ¹ ¯Û�¸ ® ¹ ·²±»§�­�¬�Ü§�®aÄd§8³ ¸:Ú ¸§ Ú §�ç ¸ ^Õ ¹ ­&æm§�¬¶Õ ¹�¹�¹ Ù â b ³µ® ¹ ­K¬�Ä ¹ ­�Õ�æ Û+¹ ¯�·�Õo§o¬ ¹ e ®�§o·²´ ¸ ¬¶§o¯d·�æm³»§ Ú ¸§ Ú § ¹�Û Ü§�· ¸ ¬¶§o¯d·Ä]å/Ü§o´ ¹ ³»¯�¬¶± ¹ ­ C � × ¤ ` ¤ f Ù â b ³1§o­�´ ¸ Ä�§ Ú ¸§ Ú §�Ü§o´T±»Äd§ Ú°Ú §�­�¬ Ûm¹ ¯d·IA ÝK¯d±�§ Ú°Û ³ ¹ ±µ§�³»§ Ú ¸§ Ú § ¹�Û Ü§�· ¸ ¬¶§o¯d·Ä]å/Ü§o´ ¹ ³»¯�¬¶± ¹ ­ C × ¤ ` ¤ f Ù Ûm¹ ¯d·1Ä¾Ü§oÕ�·²±»·�§Â³»§o®"Ü§�´ ¹ ³µ¯�¬¶± ¹ ­d®1Äd§84�§o¬�Äd§84 � âk±3·a®²±P³�å ¹ ­@· ¸ ±»® ¹ ­d­d§ Ú°¸ ±»­�¬�§�­ ¸ ­�¬ ã¸®ºè�®º¬ ã§ Ú §FÄ ¹ ­d­¾Ü§ æ+Äd±µ® ¹ ­�®�4-æ+Õ å
§o®²¬ ã¸ Äd±»·²§>ÝK¯d§8³�å ¹ ­ ¹ ¯ e ³»±µ§ Ú°¹�Ú §�­�¬ ¸ ­¾Ü§ Ú §�­�¬�4 � æ ¸ ³ ¹ ·²® ¹ ­Æ®�§8·�§o¬�· ¹ ¯�´�§Ä ¸ ­d®�³µ§ Ûm¹ ±µ­K¬�Äd§f´T¯d§ Û�¸ ®�®�±Rç ¹vã¯�³»§�®aÄd§o¯ z ¹ e ®�§o·²´ ¸ ¬¶§o¯d·�®�Ä¾Ü§�Õo·�±R´�§�­�¬�³µ§ Ú ¸§ Ú §Â®²èT®²¬ ã§ Ú §64-âk±3­Æ® ¸ ±µ¬�Äd§­ ¹ ¬¶·�§ ¸ ­ ¸ ³µèT®²§ Û ·TÜ§oÕmÜ§oÄd§�­�¬¶§ÂÝK¯d§�³»§o® ¹�Û Ü§o· ¸ ¬�§�¯d·²®ÅÄ]å�Ü§o´ ¹ ³»¯�¬�± ¹ ­9¯�¬�±»³µ±»®TÜ§o® Û�¸ ·-³»§o®-Äd§�¯ z ¹ e ®²§�·²´ ¸ ¬�§�¯d·²® Û+¹ ¯d·Ä¾Ü§oÕ�·²±»·�§¾³�å�Ü§o´ ¹ ³»¯�¬�± ¹ ­>Äd§Å4ö­d§¾® ¹ ­�¬ Ûd¸ ® ¸�Û ·�± ¹ ·�±5Ü§ m�¸ ¯ z §�¬�® ¹ ­�¬5·�§o³»±�Ü§o® Ûd¸ · C � × ¤ ` ¤ f Ù Y � × ¤ Ù C × ¤ ` ¤ f Ù � \ × ¤ f Ù¹vã¯J� §o®²¬1Ä¾Ü§ n ­d±vÕ ¹�Ú°Ú § Û ·TÜ§�ÕmÜ§�Äd§ Ú°Ú §�­�¬a§o¬a§�®º¬1³�å ¹�Û Ü§o· ¸ ¬�§�¯d·oædÄ¾Ü§ n ­d±vÄ ¸ ­d®1³µ§ Û+¹ ±»­�¬ÅÄd§�´T¯d§ Û�¸ ®²®�±Rç�ædÝK¯d±ç ¸ ±R¬ Ûd¸ ®�®²§�·-Äd§o® µ §�¬¶®-¯�¬�±»³µ±»®TÜ§o® Ûd¸ ·"A ã¸ Õ�§o¯ z ¯�¬¶±»³µ±»®TÜ§�® Û�¸ ·"A � â<�5­9·�§o´�§�­ ¸ ­K¬ Ú°¸ ±µ­K¬�§�­ ¸ ­K¬ ã¸ ­ ¹ ¬¶·�§ Û+¹ ±µ­�¬Äd§°´�¯�§ ¸ Õo¬�±µç1§�¬FÕ ¹�Ú°Û ¬�§°¬�§�­K¯ Äd§¼Õo§�ÝK¯d± ¸ Ü§�¬�Ü§�Ü§�¬ ¸ e ³»± Û ·TÜ§oÕmÜ§�Ä�§ Ú:Ú §o­K¬�æ ¹ ­[Ä¾Ü§�Äd¯d±R¬FÝK¯d§�³«å ¹�Û Ü§�· ¸ ¬¶§o¯d·Ä]å/Ü§o´ ¹ ³»¯�¬¶± ¹ ­öÄd§;4 � ¯�¬¶±»³µ±»®TÜ§ Û�¸ ·FA � §�®º¬ C � × ¤ ` ¤ f Ù Y � × ¤ Ù C × ¤ ` ¤ f Ù � \ × ¤ f Ù â ë ¸ Õ ¹ ­dÄd±R¬¶± ¹ ­ Ûm¹ ¯d· ¸ ´ ¹ ±»·�¯d­d§®ºè Ú Ü§o¬�·�±µ§Â§o®²¬aÄ ¹ ­�Õ X C × ¤ ` ¤ f Ù Y � × ¤ Ù C × ¤ ` ¤ f Ù � \ × ¤ f Ù × bDË S _ Q ÙÕ ¹�Ú°Ú §5Ä ¸ ­�®x³µ§ Û+¹ ±µ­�¬PÄd§5´�¯�§ Û�¸ ®�®�±Rç�â 0 § Ú¼¸ ·�ÝK¯ ¹ ­d®oæYÄ ¸ ­d®PÕo§¾Õ ¸ ®�æYÝK¯]å ã¸ ¬ ¹ ¯�¬x±»­�®²¬ ¸ ­K¬�æY³»§o® µ §o¬�®�Ä¾Ü§oÕ�·²±µ´ ¸ ­�¬³µ§�®�®ºèT®²¬ ã§ Ú §o®14�§o¬Å4 � æT·�§�® Û §oÕo¬�±µ´�§ Ú §o­�¬ÅÄ ¸ ­d®¾³ ¸ Äd§�®²Õ�·²± Û ¬�± ¹ ­�Ä�§FA §o¬"A � æ�® ¹ ­�¬°Ü§ m�¸ ¯ z æ Û ¯�±»®�ÝK¯]å½±»³µ®?® ¹ ­�¬Ü§ m�¸ ¯ z ã¸ ¤ f §o¬ ¹ ­�¬ Ú ¸§ Ú § ¹�Û Ü§�· ¸ ¬¶§o¯d·1Ä]å�Ü§�´ ¹ ³µ¯�¬¶± ¹ ­ X� ø �K H × ¤ Ù 
 Y � ø K × ¤ Ù 
 × bDË S _ ¯ Ù
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U�å
§o®²¬ e ±»§o­äÕo§ ã¸ ÝK¯ ¹ ± ¹ ­ä®�å ¸ ¬�¬�§�­dÄä±»­�¬¶¯d±R¬¶±R´�§ Ú §�­�¬�â ë ¸�Ú ¸§ Ú § ¸ ­ ¸ ³RèT®�§;ÝK¯d§°Ä ¸ ­d®Â³»§;Õ ¸ ® Û�¸ ®�®�±Rç Û §�¯�¬Ä ¹ ­dÕf®�å ¹ e ¬�§�­d±µ·Å±»Õo±]§�­ Û�¸ ·²¬�±»Õo¯d³»±µ§�·�³«å
§ z ±»®²¬�§�­dÕo§fÄd§fÝT¯ ¸ ­�¬¶±µ¬�Ü§�®aÕ ¹ ­�®�§�·º´?Ü§�§�®oâ
æ ë §FÄ�§�¯ z ± ã§ Ú § Ûm¹ ±µ­K¬3Äd§8´T¯d§ ¸ Õo¬�±µç·¿ §�¬�ÝK¯d±�§o®²¬f³»§ Û ³»¯d®�® ¹ ¯�´�§�­�¬>§ Ú:Û ³ ¹ è?Ü§>¿ Õ ¹ ­d®�±µ®²¬�§ ã¸�Û ·�§o­dÄd·�§¯d­¼®²§�¯d³ ¹ e ®²§�·²´ ¸ ¬�§�¯d·HA §o¬¾Äd§�¯ z ®ºè�®º¬ ã§ Ú §o®Å4�§o¬-4 � ¬�· ¸ ­�®²ç ¹ · Ú Ü§o®¾³«å
¯d­:Äd§�³�å ¸ ¯�¬¶·²§�â b ³j®�å ¹ e ¬�±»§o­K¬ ã¸>Ûd¸ ·²¬�±»·Äd¯ Û ·�§ Ú ±µ§�· Û+¹ ±µ­�¬-Äd§�´T¯d§ ¸ Õo¬¶±RçP§�­�Ü§�³µ± Ú ±»­ ¸ ­K¬%³«å ¹ e ®�§�·º´ ¸ ¬¶§o¯d·BA � â b ³mç ¸ ¯�¬Å®²§3® ¹ ¯�´�§o­d±»·ÅÝK¯]å�Ü§o´T±»Ä�§ Ú:Ú §o­K¬³»§�® ¸ ÛdÛ�¸ ·²§�±»³µ®ÅÄd§ Ú §o®�¯d·²§fÄd§F4 � ® ¹ ­�¬�¬�· ¸ ­d®ºç ¹ · Ú Ü§�®Å§o¯ z ¸ ¯d®²®�± Û�¸ ·Å· ¸�ÛdÛm¹ ·²¬ ã¸ Õ�§o¯ z Ú §�®�¯�· ¸ ­�¬�4 × ¹ ­ ¸Û�¸ ·3§ z § Ú°Û ³»§FÄd§o¯ z § z Û Ü§�·�±µ§�­dÕo§�®f±»Ä�§�­�¬¶±µÝT¯�§�®�³�å½¯d­d§F¬ ¹ ¯d·²­�Ü§�§F´�§�·�®�³ ¸ � §�ÕoÝK¯d§;§o¬f³�å ¸ ¯�¬�·�§Â¬ ¹ ¯d·²­¾Ü§�§F´�§�·²®e�Ü§�·�¯�® ¸ ³µ§ Ú Ù â ë ¸ Õ ¹ ­�Äd±µ¬�± ¹ ­ Ûm¹ ¯d· ¸ ´ ¹ ±µ·�¯d­d§;®²è Ú Ü§o¬�·�±»§6§o®²¬>ÝK¯d§;³»§�®�·TÜ§�®²¯d³µ¬ ¸ ¬¶®fÄd§o® Ú §�®²¯d·�§o®fç ¸ ±µ¬¶§o®�®�¯d·³�å½¯d­"Äd§�®1®²èT®º¬ ã§ Ú §�®�® ¹ ±µ§�­�¬1±»Ä�§�­�¬¶±µÝT¯�§�® ã¸ Õo§�³µ³»§�®-ç ¸ ±µ¬¶§o®Å®�¯d·1³«å ¸ ¯�¬¶·�§ â0 §o´�§�­ ¹ ­d® Ûm¹ ¯d·%¯d­:±»­d®º¬ ¸ ­�¬ ¸ ¯ Û ·�§ Ú ±»§o· Û+¹ ±µ­�¬?Äd§a´T¯d§ ¸ Õ�¬¶±µç�â�±3­ ¸ Õ ¹�Ú:Ú §1·�§o³ ¸ ¬�± ¹ ­6§o­�¬¶·�§�³»§o® µ §o¬�®¸ ¬�¬�·�± e ¯�Ü§�® Û�¸ ·-Aù§o¬-A � ¸ ¯"®ºè�®º¬ ã§ Ú §84 � X� ø K H × ¤ Ù 
 Y � y j × ¤ Ù � ø �K H × ¤ Ù 
 Y � y j × ¤ Ù � ø K × ¤ Ù 
 × bDË S _ Ê Ùë ¸ Äd§�·²­d± ã§o·�§DÜ§ m�¸ ³µ±µ¬�Ü§�­]å�Ü§o¬ ¸ ­�¬�´T· ¸ ±µ§@ÝK¯d§ Ûm¹ ¯d·°¯d­d§Æ®ºè Ú Ü§�¬¶·�±µ§�â�² ¸ · ¸ ±»³µ³»§�¯�·�®�æ?±µ³a§ z ±»®²¬�§ö¯d­d§Æ·�§�³ ¸ ¬¶± ¹ ­¸ ­ ¸ ³ ¹�m ¯d§f§�­�¬�·�§F³µ§�® µ §o¬�®3Ä]å�Ü§o¬ ¸ ¬¶® ¸ ¬�¬¶·²± e ¯¾Ü§�®�æjÕo§o¬�¬�§>ç ¹ ±µ® S Õ�± Û�¸ ·�¯d­ Ú ¸§ Ú § ¹ e ®�§o·²´ ¸ ¬¶§o¯d·�æ ¸ ¯ z Ü§o¬ ¸ ¬¶®�Äd§�®¸�ÛdÛ�¸ ·²§�±µ³»®�Äd§ Ú §o®�¯d·²§ ¸ ¬�¬ ¸ Õ � Ü§�® ã¸ 4©§�¬84 � â��?­ä§³�+§o¬�æxÕ ¹�Ú:Ú §GA ¸ ¬²¬¶·�± e ¯d§ ¸ ¯ z Ü§o¬ ¸ ¬¶® Û�� è�®²±»ÝK¯d§o®FÄd§�®¸�ÛdÛ�¸ ·²§�±µ³»®1Äd§ Ú §�®²¯d·�§ÂÄd§F4Åæj³µ§�® Ú ¸§ Ú §o® µ §o¬¶®�� ýDC 
aÝK¯d§�A � ¸ ¬�¬�·�± e ¯d§ ã¸ Õ�§o¯ z Äd§64 � æ ¹ ­@Ä¾Ü§�Ä�¯d±µ¬�ÝK¯d§�A¸ ¬�¬�·�± e ¯d§ ¸ ¯ z Ü§o¬ ¸ ¬¶® Û¬� èT®²±»ÝK¯d§�®fÄd§o® ¸�ÛdÛ�¸ ·�§�±µ³»®�Äd§ Ú §o®�¯d·²§6Äd§:4 � æ+³»§�® µ §o¬�®L� y j × ¤ Ù � ý�C 
�â ë ¸ Õ ¹ ­�Äd±µ¬�± ¹ ­Äd§8®ºè Ú Ü§o¬�·�±µ§8§�­�¬�·�§F³µ§�®aÄd§�¯ z ®²èT®º¬ ã§ Ú §�®�®oå ¹ e ¬¶±µ§�­�¬3§o­öÄd±»® ¸ ­�¬3ÝK¯d§F³µ§�® Û · ¹ e ¸ e ±»³µ±µ¬�Ü§�®1Äd§>¬�· ¸ ­�®�±µ¬�± ¹ ­�® ¹ ­K¬±»Äd§o­K¬�±»ÝK¯d§o® Ûm¹ ¯d·Å³µ§�®1Äd§o¯ z ®²èT®²¬ ã§ Ú §�® X� × � ýDC �5� × ¤ Ù�Ù � C × ¤ ` ¤ f Ù � Ó � y j × ¤ f Ù � ø;
 Ô � l Y � � ý�C � C × ¤ ` ¤ f Ù � ø.
E� l × bDË S _ � Ù
× ­d§ Û�¸ ® ¹ ¯ e ³µ±»§o·%ÝK¯d§�³»§o®%Ä�§�¯ z ®²èT®º¬ ã§ Ú §�® ¹ ­�¬ Ûm¹ ¯d·�A ³»§ Ú ¸§ Ú § ¹�Û Ü§�· ¸ ¬¶§�¯�·¾Ä]å/Ü§o´ ¹ ³»¯�¬¶± ¹ ­ Ù â<U�§o¬²¬¶§�Õ ¹ ­dÄ�± S¬¶± ¹ ­9·�§�Ä ¹ ­d­d§Â³ ¸ Õ ¹ ­dÄd±R¬¶± ¹ ­9Äd§f®²è Ú Ü§�¬¶·²±»§fÄ¾Ü§ ��ã¸;¹ e ¬�§�­K¯d§fÄ ¸ ­�®a³µ§�® ¸ ¯�¬�·�§o® Ûm¹ ±µ­K¬�®ÅÄd§�´T¯d§ X

C Y � C � y j × bDË S _ d Ù
U ¹�Ú°Ú § ¹ ­ Û §�¯�¬8®�å½§�­¦Õ ¹ ­�´ ¸ ±»­dÕo·�§°ç ¸ Õ�±»³µ§ Ú §�­�¬#ævÕo§o¬²¬¶§¼·²§�³ ¸ ¬¶± ¹ ­ä®²± m ­�± n § ¸ ¯d®²®�±�ÝK¯d§°³»§;¬¶· ¸ ­d®²ç ¹ · Ú Ü§°Äd§³�å�Ü§o´ ¹ ³»¯¾Ü§�Ä ¸ ­d®@³µ§ö¬¶§ Ú°Û ®"§o®²¬@³�å�Ü§o´ ¹ ³»¯¾Ü§ÍÄd¯G¬¶· ¸ ­d®²ç ¹ · Ú Ü§ ¹ ¯©Ä�±µ¬ ¸ ¯�¬�·�§ Ú §o­K¬�ÝK¯d§Ö³»§o®�Ä�§�¯ z ®ºè�®º¬ ã§ Ú §o®Ü§o´ ¹ ³»¯d§o­K¬>Äd§;ç ¸ ^Õ ¹ ­ ¸ e ® ¹ ³µ¯ Ú §o­�¬ Ûd¸ · ¸ ³µ³ ã§o³»§F§�¬8ÝK¯d§ Û+¹ ¯d· Û�¸ ®�®²§�·>Äd§°³«å
¯�­ ã¸ ³�å ¸ ¯�¬�·�§ ã¸ ­&å
± Ú°Ûm¹ ·²¬�§6ÝK¯d§�³±»­d®º¬ ¸ ­�¬#æ�±»³]®²¯ Ò ¬�Ä&å
§ Ú°Û ³ ¹ è�§�·1³«å ¹�Û Ü§�· ¸ ¬¶§�¯�·+� y j × ¤ Ù â�a­d§F·²§ Ú°¸ ·�ÝK¯d§ n ­ ¸ ³»§>®�¯d·�³»§o® Û+¹ ±»­�¬¶®�Äd§8´T¯d§ ¸ Õ�¬¶±Rç�â ë § Û ·�§ Ú ±»§o· Ûm¹ ±µ­K¬�Äd§8´T¯d§ ¸ Õo¬¶±Rç5§�®º¬ × ±µ­dÕ ¹ ­d® SÕ�±»§ Ú°Ú §�­�¬�c Ù § Ú°Û ³ ¹ è?Ü§:§�­ Û�� èT®�±»ÝK¯d§ ã¸ Õ ��¸ ÝT¯�§¼ç ¹ ±»®fÝK¯]å½¯d­[³ ¸ e ¹ · ¸ ¬ ¹ ±»·²§F·�§�ç ¸ ±µ¬Â¯d­d§:§ z Û Ü§o·�±µ§�­dÕo§�Ä¾Ü§ ��ã¸§³�+§�Õo¬�¯¾Ü§�§ÂÄ ¸ ­�®Å¯d­ ¸ ¯�¬¶·²§�³ ¸ e ¹ · ¸ ¬ ¹ ±µ·�§�§�¬1Õ ¹�Ú:Û�¸ ·²§�®�§o®a·TÜ§�®²¯d³µ¬ ¸ ¬¶®oâíU�§ Û §�­dÄ ¸ ­�¬#æj±»³mç ¸ ¯�¬Åç ¸ ±µ·�§ ¸ ¬²¬¶§o­K¬�± ¹ ­ÝT¯�§:Õo§ Û+¹ ±µ­�¬�Äd§F´T¯d§ ¸ Õo¬�±µç Û §�¯�¬Â­d§ Û�¸ ®Â§ z ±»®²¬�§�·�Äd¯Í¬ ¹ ¯�¬f³ ¹ ·²®�ÝK¯d§ æ Û ·TÜ§oÕ�±µ®TÜ§ Ú §�­�¬�æv³ ¸ ¬¶· ¸ ­d®ºç ¹ · Ú°¸ ¬¶± ¹ ­Ü§o¬¶¯�Äd±�Ü§o§¾­]å½§�®º¬ Û�¸ ®�¯d­�§�®²è Ú Ü§o¬�·�±»§ â+¼�¯�§¾³«å ¹ ­Â® ¹ ­ m § ¸ ¯8­d§o¯�¬¶·²±»­ ¹ ÝK¯d±T­]å
§ z ±»®²¬�§�ÝK¯d§%® ¹ ¯�®_³ ¸ ç ¹ · Ú § m�¸ ¯�Õ � §�â
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ë å½§ z Û Ü§�·²±»§o­dÕ�§ Ú ±»· ¹ ±»·5ÝK¯d§�³�å ¹ ­¼Õ � §o·�Õ � §o· ¸ ±R¬ ã¸ ç ¸ ±µ·�§ Ûm¹ ¯d·¾¬�§�®º¬¶§�·oæ�Ä ¸ ­d®�³µ§ Ûm¹ ±»­�¬¾Äd§�´T¯d§ ¸ Õo¬¶±Rç�æ�³ ¸ ®²è Ú Ü§ S¬�·�±»§6Ä�§ Ûd¸ ·�±R¬�Ü§�æ&­]å
§ z ±»®²¬�§ Ûd¸ ® Û ¯d±µ®�ÝK¯d§�æ � ¯d®º¬¶§ Ú §o­K¬�æP³ ¸�Û�� èT®�±µÝT¯�§°Äd§o®>­�§�¯�¬�·�±»­ ¹ ®f­]å
§o®²¬ Û�¸ ®f±µ­K´ ¸ ·²± ¸ ­�¬�§Û�¸ · Û�¸ ·²±µ¬�Ü§a§�¬-ÝK¯d§3³µ§�®%­d§�¯�¬¶·�±µ­ ¹ ®¾Äd· ¹ ±R¬¶®%­]å½§ z ±»®º¬¶§�­�¬ Ûd¸ ®�â<�5­�Õ�§�®�§�­�®�æ�³µ§aç ¸ ±µ¬%ÝK¯d§3³»§ Ûm¹ ±»­�¬¾Äd§�´T¯d§ ¸ Õo¬�±µç­]å½§ z ±µ®²¬¶§ Ûd¸ ®3Ä ¸ ­�®�Õ�§FÕ ¸ ®�§�®º¬�§�­Í® ¹ ±_¯d­d§ Û ·�§o¯�´�§;Äd§F³ ¸ ­ ¹ ­�±µ­�´ ¸ ·�± ¸ ­dÕ�§ Û�¸ · Û�¸ ·�±µ¬�Ü§8Äd§8³�å½±»­�¬¶§o· ¸ Õ�¬¶± ¹ ­ç ¸ ± e ³»§ â ë § Û+¹ ±µ­�¬1Äd§�´�¯�§ Û�¸ ®�®�±Rç�·²§�®²¬�§>³µ¯d± Ûm¹ ®�®²± e ³µ§ Ú ¸§ Ú §fÄ ¸ ­d®1Õ�§ÂÕ ¸ ®oâ9U�§ Û §�­dÄ ¸ ­K¬�æ+±µ³]§ z ±µ®²¬¶§ÂÄd§o®aÕ ¸ ®¹vã¯6Õ å
§o®²¬%³»§ Ûm¹ ±µ­K¬ Û�¸ ®�®²±µçmÝK¯d±d­]å½§ z ±µ®²¬¶§ Û�¸ ®�â g ±«æ Û�¸ ·5§ z § Ú:Û ³»§ æK4�§�®²¬ ¸ ¯6Ä�§�³ ã¸ Ä�§Å³�å �d¹ ·�±°å ¹ ­6Õ ¹ ® Ú:¹ ³ ¹�m ±»ÝK¯d§Äd§LA � ædÕo§�³»¯�±vÕ�±v­]å ¸;¸ ¯dÕ�¯�­ Ú:¹ è�§�­�Äd§f³�å�Ü§o¬�¯dÄd±»§o·�â
A Récapitulatif» ¹ ¯d® ¸ ³µ³ ¹ ­�® Ú°¸ ±µ­K¬�§�­ ¸ ­K¬aÄ ¹ ­d­d§�·�¯d­Æ·TÜ§�®²¯ Ú Ü§>Äd§�®�Äd±°�1Ü§�·²§�­�¬¶® Û+¹ ±»­�¬¶®aÄd§f´�¯�§8§o¬�·TÜ§o®�¯d³R¬ ¸ ¬�®�Ä ¸ ­d®�³µ§Õ ¸ ®�Ä]å½¯d­d§�®²è Ú Ü§o¬¶·²±»§ â¬±3­ Û+¹ ¯�·�· ¸ ®�å½± Ú°¸Rm ±µ­d§�·?ÝK¯d§�³ ¸ ¬¶· ¸ ­d®²ç ¹ · Ú°¸ ¬¶± ¹ ­;Ä ¹ ­�¬ ¹ ­ Û�¸ ·²³»§1§�®º¬-¯d­d§�· ¹ ¬ ¸ ¬¶± ¹ ­]æÚ°¸ ±»®�­]å
± Ú°Ûm¹ ·º¬¶§3ÝK¯d§o³»³»§f®ºè Ú Ü§o¬�·�±µ§3ç ¸ ±µ¬Å³«å ¸ � ¸ ±µ·�§ â� ¸ ­d®f³µ§FÕ ¸ ®fÄ]å½¯d­d§;®ºè Ú Ü§o¬�·�±µ§�æ]­ ¹ ¯d® ¸ ´ ¹ ­d®oæ ã¸ Õ ��¸ ÝT¯�§°±µ­d®²¬ ¸ ­�¬#æ]³µ§�®�·�§o³ ¸ ¬�± ¹ ­�®3®�¯d±R´ ¸ ­�¬¶§�®f§o­K¬�·�§;³»§o®Äd±o�aÜ§o·�§o­K¬�§�®aÄd§�®²Õ�·²± Û ¬�± ¹ ­d® X � ø �K 
 Y �1� ø K 
 × bDË S _ u Ù¹vã¯;³»§o®?­ ¹ ¬ ¸ ¬¶± ¹ ­d®5Õ �d¹ ±µ®�±»§o®?® ¹ ­�¬%¬¶§�³µ³»§o®5ÝT¯�§�æ Û�¸ ·?§ z § Ú°Û ³µ§�æM� ø �K 
?§o®²¬¾³»§ µ §o¬ ¸ ¬�¬�·�± e ¯�Ü§ Û�¸ ·.A � ¸ ¯:®²èT®º¬ ã§ Ú §4-â9U�§o¬²¬¶§f·�§o³ ¸ ¬�± ¹ ­�´T±µ§�­�¬aÄd±»·²§�Õo¬�§ Ú §�­�¬1Äd¯"¬ � Ü§ ¹ · ã§ Ú §fÄd§@�G± m ­d§�·oâ » ¹ ¯d® ¸ ´ ¹ ­d®"Ü§o´T±»Ä�§ Ú:Ú §o­K¬ ¸ ¯�®�®�±� ø �K H 
 Y �1� ø K H 
 × bDË S ý�ñ Ù
Û ¯�±»®�ÝK¯d§"³ ¸ ·�§o³ ¸ ¬�± ¹ ­ × bDË S _ u Ù §�®º¬ m Ü§�­¾Ü§o·�±µÝT¯�§ Ú §�­�¬6´T· ¸ ±µ§9§�­�¬¶·²§9³»§�® µ §o¬�® ¸ ¬�¬¶·²± e ¯¾Ü§�® Û�¸ ·1A §o¬IA � ¸ ¯Ú ¸§ Ú §6®²èT®²¬ ã§ Ú §�â�² ¹ ¯�·Â¯�­d§°®ºè Ú Ü§�¬¶·�±µ§�æ ¹ ­ Û §�¯�¬f¬ ¹ ¯ �²¹ ¯d·²® Û ·�§�­�Äd·�§ × ã¸ ¯d­d§ Û���¸ ®�§:±»­d§o®�®�§o­�¬¶±»§o³»³µ§ Û · ã§o® ÙÛm¹ ¯d·-¬ ¹ ¯�¬ ¤ X � ø �K H × ¤ Ù 
 Y � ø K × ¤ Ù 
 × bDË S ý�� ÙÛ ¯�±»®�ÝK¯d§�³»§�®�®²èT®²¬ ã§ Ú §�®8Ü§�´ ¹ ³µ¯d§�­�¬#æ�·�§�³ ¸ ¬¶±R´�§ Ú §o­K¬ ã¸ ³µ§�¯d· ¹ e ®�§o·²´ ¸ ¬�§�¯d·�·²§�® Û §oÕo¬¶±Rç�æ�§ z ¸ Õo¬¶§ Ú §o­�¬5Äd§-³ ¸�Ú ¸§ Ú §ç ¸ ^Õ ¹ ­]â9±3­"Ä¾Ü§�Ä�¯d±µ¬aÄd§fÕ�§o®�·²§�³ ¸ ¬¶± ¹ ­d® X � ø K H 
 Y � y j � ø K 
 × bDË S ý _�ÙÝK¯d±]§o®²¬Å³ ¸ ·�§o³ ¸ ¬�± ¹ ­°¯�¬¶±µ³»§�Ä ¸ ­d®-³µ§3®�§oÕ ¹ ­�Ä Ûm¹ ±µ­K¬�Äd§�´T¯d§ ¸ Õ�¬¶±Rç�â ë §�ç ¸ ±R¬-ÝK¯d§�Õo§3® ¹ ±R¬B� y j ÝK¯d±]±»­�¬�§�·²´T±µ§�­�¬Ä ¸ ­d®°Õo§@Õ ¸ ®;§�®º¬°¬ ¹ ¯�¬ ã¸ ç ¸ ±µ¬;­ ¹ · Ú¼¸ ³ X Õo§�Õ�±a®�± m ­d± n §9®�± Ú°Û ³µ§ Ú §�­�¬#æ_Ä ¸ ­d®;³»§"Õ ¸ ®°Ä&å
¯d­�§@· ¹ ¬ ¸ ¬�± ¹ ­ Ûd¸ ·§ z § Ú°Û ³»§�æ�ÝT¯&å
¯d­�§�· ¹ ¬ ¸ ¬�± ¹ ­ Û�¸ ®�®²±µ´�§�¿ ±�â½§�â�Äd¯;·²§ Û]ã§o·�§�¿ Ä]å½¯d­ ¸ ­ m ³µ§ <�3§�®º¬6Ü§�ÝK¯d±µ´ ¸ ³µ§�­�¬¶§ ã¸ ¯d­�§a· ¹ ¬ ¸ ¬¶± ¹ ­¸ Õ�¬¶±R´�§1¿ ±�â½§�âdÄ�¯@®ºè�®º¬ ã§ Ú §%¿ Ä]å½¯d­ ¸ ­ m ³»§ Ç�<��â� ¸ ­d®;Õo§�®;Õ ¹ ­�´�§�­�¬¶± ¹ ­d®�æ?§�¬ Ûm¹ ¯d·6¯�­d§"®²è Ú Ü§�¬¶·²±»§�æ_³�å ¹�Û Ü§�· ¸ ¬¶§o¯d·6¯�¬�±»³»±µ®TÜ§ Û�¸ ·IA � §�¬ Ú §o®�¯d·TÜ§ Ûd¸ ·6¯d­¸�Û�Û�¸ ·�§o±»³xÄd§ Ú §�®²¯d·�§>³»±�Ü§ ã¸ 4 � æ � � K H æ+§o®²¬�±µÄd§�­�¬¶±µÝK¯d§ ã¸ Õo§�³µ¯d±_¯�¬�±»³µ±»®TÜ§ Û�¸ ·FA §�¬ Ú §�®²¯d·TÜ§ Ûd¸ ·�¯d­ ¸ ÛdÛ�¸ ·²§�±»³Äd§ Ú §�®²¯d·�§f³»±�Ü§ ã¸ 4Åæ � K X �a� K H Y � K × bDË S ý�ý Ù
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U�§�Õ�±P§o®²¬aÕ�³ ¸ ±»·-Õ ¹�Ú:Û ¬¶§�¬¶§o­K¯@Äd§ × bDË S ý�� Ù Û ¯d±»®²ÝT¯�§Â³µ§�®1Äd§o¯ z ®²èT®²¬ ã§ Ú §�®a§o¬a³»§o®1Äd§�¯ z ¹ e ®�§o·²´ ¸ ¬¶§o¯d·�®a® ¹ ­K¬¬ ¹ ¬ ¸ ³»§ Ú §o­K¬-®²è Ú Ü§�¬¶·²±»ÝK¯d§�®a§o¬aÝK¯d§ Û�¸ ·1Õ ¹ ­d®TÜ§oÝK¯d§�­�¬ X� � ø �K H � � � ø �K H 
E� Y � � ø K � � � ø K 
N� × bDË S ý Q Ù
U ¹�Ú°Û ¬¶§3¬¶§o­K¯ÆÄd§ × bDË S ý�� Ù §�¬aÄd§ × bDË S ý _�Ù ¹ ­"Ä¾Ü§oÄd¯d±µ¬aÄd§f³ ¸ ·�§�³ ¸ ¬¶± ¹ ­ Û ·TÜ§�ÕmÜ§oÄd§�­�¬�§ X� � ø K H �5� y j � �1� ø K H 
E� Y � � ø K � � � ø K 
E� × bDË S ý ¯ Ù� ±»§o­:®�¸¯d·�æ�³µ§ Ú § Ú e ·²§ÅÄd§ m�¸ ¯dÕ � §�·²§ Û ·TÜ§�®�§o­�¬¶§1¬ ¹ ¯ �²¹ ¯d·�®?³ ¸3Ú §�®²¯d·�§1§7�&§oÕo¬¶¯¾Ü§�§ Û�¸ ·5³»§o® ¸�ÛdÛ�¸ ·�§�±µ³»®�³µ±�Ü§o® ã¸ 4 �®�¯d·-³µ§�®ºè�®º¬ ã§ Ú §Â4 � â¬��¬ ¸ ­�¬ Û ·²±»®-§o­�¬¶·�§�³»§�®°Ü§o¬ ¸ ¬¶® ¸ ¬²¬¶·²± e ¯¾Ü§o® Û�¸ ·HA ¸ ¯9®ºèT®²¬ ã§ Ú §Â4 � æ�³�å ¹�Û Ü§o· ¸ ¬�§�¯d·H� y j � �§�®²¬a³«å ¹�Û Ü§�· ¸ ¬¶§�¯�·Å¯�¬¶±µ³»±»®TÜ§ Û�¸ ·+A §�¬ Ú §o®�¯d·TÜ§ Ûd¸ ·Å³»§o® ¸ ÛdÛ�¸ ·²§�±»³µ®-³»±�Ü§�® ã¸ 4 � X

� K H Y � y j � K � × bDË S ý Ê ÙÝT¯�±_­]å½§�®º¬f·�±»§o­�Ä]å ¸ ¯�¬¶·²§�æ+Ä ¸ ­d®3³µ§FÕ ¸ ® m Ü§�­¾Ü§�· ¸ ³�æmÝT¯�§6³�å�Ü§�ÝK¯ ¸ ¬�± ¹ ­ × Ë S ¯R¯ Ù × ³ ¸ Ä¾Ü§o·�±R´ ¸ ¬¶± ¹ ­ÆÄ ¹ ­�­�Ü§�§6±µÕ�±x§�®²¬Äd±°�aÜ§�·²§�­�¬¶§fÄd§fÕ�§o³»³µ§�Ä ¹ ­d­¾Ü§o§fÄ ¸ ­d®a³»§�¬�§ z ¬¶§ Ù â
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Quand on a tout oublié

e�§f®�¯d±µ®Å®3¸¯d·�æd¬ ¸ Õ�±R¬¶§o® ¸�Ú ±µ®�æT¬ ¹ ¯d®1­ ¹ ¯d®1³»§�® ¹�Ú°Ú §�®oæ¼3¯]å½±»³]­]å½§�®º¬�ÝK¯]å½¯d­d§f´�§o­ m § ¸ ­dÕ�§Â§o¬aÝK¯]å½±»³v­]å½§�®º¬aÝT¯&å
¯d­ Û�¸ ·²Ä ¹ ­��¬1Õ�å½§�®²¬�³�å ¹ ¯ e ³»±�â¬¼3¯d§�³µÝK¯d§fÄd±µ´T±»­�±µ¬�Ü§ n ¬aÄ ¹ ­�3§fÕ�§�¬�¬�§�Ü§�¬¶· ¸ ­ m §fÕ�³�Ü§ ã¸ ³ ¸Ì��¸ ±µ­d§�Äd§�® �d¹�Ú:Ú §�®�âe�â ë â � ¹ · m §o®
z �QPj���k�Nç5{ R ¯d­�§f¬ ¸ e ³µ§�Äd§ Ú ¯d³µ¬�± Û ³µ±»Õ ¸ ¬¶± ¹ ­ × ³ ¹ ±&±»­�¬¶§o·�­d§ Ù â��­ m · ¹ ¯ Û §9Äd§ ë ±»§ R m · ¹ ¯ Û §�Ä ¹ ­�¬:³»§o®[Ü§�³�Ü§ Ú §�­�¬¶®6Ä¾Ü§ Û §o­dÄd§o­K¬°Õ ¹ ­K¬�±»­!¸¯ Ú §�­�¬6Ä&å
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