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R�S&T�UWV#X#Y[Z]\�^`_aVcbedgfH_eh�_aVib
V�jNhiklbmh�n&bporq9U's7dgbe_etCn&V
uwvxdlyzV�j{Nvr\i^`kl_evxV

|}kg~&~GdHv�j}��VcvxVih�S`V�v�h�S&V�^'�l�C�g�9��Y[�9V�~&jrV�UWs&vxV'Xl�H�g�cY��i�B~`kgfgVio

�%�����i���&�l�H� R�S&_moE~`kg~GVivw��Vioxh�vx_esGV�oEo�Vi�gV�v�klb9_eUW~&vrd��HV�UWV�^Cj�o�dl�7kg^W_�jxV�v�k�jr_e�gVkgbafHdgvx_�jxS&U���dgvEUWd���n&bmklvEU�n&bajr_e~&ba_mh�kljr_edg^Wdgvx_efg_e^`klbebaq
~&vxdg~7dHorVi��s9q��gVidg^&f�kl^`��� n`vrbeViordg^p ¡{£¢`vxo�j�UWd���_a¢Gh�kljr_edg^¤dl�jrS`V�vxVih�n&vxvrVi^`h�V*vxV�bmk�jx_adH^�klbebad�¥}o'n`o�jrd�_aUW~&beV�UWVi^Hj*k¦��nGo�V��
U'n&bajr_e~&beq¦kl^`�¦kH�&�¦n&^&_aji §R�S&V�^p¨7¥©V'o�S`d�¥KS&d�¥ªjxd%vrV���n`h�VcjrS&VBh�_evxh�n&_aj§klvxVikWs9q«kW�¬kgh�jrdgvNjz¥ d*¥S`V�^¦jxS&V'dH~GVivxkljrdgvdg7Vivxo}jrS&V
~GdCoror_es&_abe_ajzq'jxd�h�S&d9dHorV�jrS`VNUWd���n&bed'klUWdg^`f#k#o�V�j ®�¯±°r®�²g°�³�³i³�°r®«´± E{O^&V�¥µ_ajrV�v�k�jx_a�HVNklbefgdHvr_ajrS`U¶U*kl·9_e^&fcjrS`V}_aUW~&beV�UWVi^Hj�k�jx_adH^
dl�UWd���n&bmklv'V�¸�~GdH^&V�^Cjr_mk�jx_adH^¡Vikgor_eV�v#_mo#Vi�gV�^Cjxn`klbebaq���_morh�n`ororVi�p �¹&dgv�ºi»�¼½s&_aj'^9n&U's7V�v�oi¨�dHn&v#dg~7V�v�k�jxdgv�o
~GViv���dHvrU¾��dgv�_a^Gozj�kl^`h�V
¿ UW_ebabe_edg^`oBdl�§dg~7V�v�k�jr_edg^Go'~7V�v*orVih�dH^`�ÀdH^¤kAÁN_ev�jxV�¸9¼PÂÃ��Vi�C_mh�V�¥S&_ebaV�dg^`baq�vxVitCn&_evr_e^&fÀ����orbe_eh�Vioi ÀR�S&ViorV�dH~GVivxkljrdHvxo'_a^9�gdHba�HV
o�U*kgbabÄjxkls`baV�o#��V�~7V�^G��_a^`f�dg^�jrS`V%vrV�tCn&_avxVi�¡orV�j'dg�UBd���n`ba_P �{£ozjxvxkg_afHSHjr��dgvx¥©kgvx�-kl~&~`vrdCkgh�S�_eo
jxdAkln&jrdgU*kljr_mh�klbebeq�fgVi^&V�v�k�jxV%k
Á§Å§Æ§Çµ��V�orh�vr_e~�jr_edg^Adl�EjrS`V�UWd���n&bmklv
U'n`b�jx_a~&be_eV�v
kgh�h�dgv���_e^&f*jrd�® ¯ °�® ² °i³�³i³�°�® ´  cR�S`klj
��V�o�_efg^AUBV�jrS&d���dHbadHfgq«kgoxo�n`UBV�o}jxS`k�j
jrS&VNUBd���n`ba_`kgvrV�·9^&d�¥^Wk]~&vr_edgvx_&kl^G��¥©dgvx·�o�dg^&beq#��dHvwo�U*klbeb`orV�j�o�dl�ÈUBd���n`ba_P �ÉÊ^BdHvx�&V�v�jrd#k±�Hdg_m�#jxS&ViorV}��v�k±¥s`kgh�·�oi¨�¥©V~&vxdg~7dHorV
S&V�vxVckl^¦klbefgdHvr_ajrS`UÃjrS`kljNklbebad�¥}o jrdWs&n`_abm��jrS&V]j�kls&beVc¥S&_ebaVc¥©V
~GViv���dHvrU�jxS&V
¢`v�ozj}o�jrVi~`odl��jrS&VcUWd���n&bmklvU�n&bajr_e~&ba_mh�kljr_edg^p 
Ë¦ÌCÍÈÎrÏ'Ð ��Ñ��H�,Ò dgUW~&n&jrV�v}kgvr_ajrS`UBV�jr_mhl¨�UWd���n&bmklvU�n&b�jx_a~`ba_mh�kljr_edg^p¨`¹�u Z
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��� ����� � �#Ò V�j©kgv�jx_eh�baV§~&vx\iorV�^CjrVjxdgn�j��� kls7dgv��*��_e�gV�v�orVioÄkgUW\�be_adHvxkljr_edg^`o ��� n`^�klbefgdHvr_ajrS&UWV}_ajr\ivxkljr_a����V§U'n&bajr_e~&be_ehik�jr_edg^�UWd9�&n�¼
bmkl_evrVc~`vrdH~GdCo�\
V�^¡���g�C�#~`kgvN�gVidg^&fWV�jN� n`vrbeViordg^p 
	}^&V'or_eUB~`baVcUWd���_a¢Gh�kljr_edg^¦��VcbmkWvr\�h�n&vxvrVi^`h�V
~7V�vxUWV�j}b�� _eUW~&bekg^Cjxk�jx_adH^¦��� n`^&V
U�n&b�jx_a~`ba_mh�kljr_edg^�¼Êkg�&�&_�jx_adH^�UBd���n`bekg_avxVg �}dHn`o#UWdH^HjxvrdH^`ocVi^`o�n`_�jxV�h�dHUWUBVi^Cj'vr\���n&_evrV%��� n&^À�¬kgh+jxV�n&vB��V�n&¸�bmk«jxkg_abebeV���n�h�_av�h�n&_aj
bedgv�ortCn&V*b�� dg~7\�v�k�jrVin&vcdlÈvxV*baV%h�S&dH_�¸¡��n�UWd���n&bed¦~`klvxUW_wn&^�V�^Go�ViU's&beV*®¦¯l°�®«²l°i³�³i³�°�®¦´� ��}dgnGo#~&vxdg~7dHordg^`o]n&^�^`dgn&�HV�bÄkgbafHdl¼
vx_�jxS&UWV'�¬kHh�_eba_ajxkg^Cj§bmk%vx\iklbe_morkljr_edg^���V�b�� V�¸�~7dg^&Vi^Hjx_ekljr_edg^�UWd���n&bmkl_evxV'V�j
~&vx\iorV�^CjrdH^`oNtCn&VibetCn&V�oNvx\iorn&bajxkljxoN�&VBorq9^HjxS&TiorV'~7dgn`v]��V�o
h�_av�h�n&_ajxoc¹�u Z
{£��VWbek��¬klUW_ebabeVWÁN_ev�jxV�¸-�&V��N_eba_e^�¸Ö Wu�dHn&vc��Vio
^`dgU's`vrV�oc��V«ºi»�s&_�j�o�¨�baV�o
dg~7\�v�k�jxV�n&v�o
��\��HV�bedg~&~7\io]~7V�vxUBV�j�jxV�^Cj
~`kgvWV�¸�V�UW~&beV¦��� V�7V�h+jxn&V�v ¿ UW_abebe_adH^`o*��� dg~7\�v�k�jr_edg^Go���bmk-orVih�dg^`��V�V�^0n�jx_abe_eoxkl^Cj*n&^&_mtCn&V�UWVi^Hj¦���«jxvxkg^`h�S&Vioi  Ò V�o*��_a7\ivrVi^Hj�o
dH~G\ivxkljrV�n`vxo]^&\�h�Vioxor_�jxV�^Cj
jrdgn&jrV���dH_eo'��VW~GV�jr_ajrVio#jxkgs&baV�oc��\�~7V�^G�&kl^Cj#��n¡UWd9�&n&bad¦® h�S`dg_mo�_wkgn-UWdgUWVi^Hj#��V*b�� \ih�vx_ajrn&vxV*��n�h�d���V
Á]ÅNÆ]Çw `{}¢`^¦��V
vrViUB\���_eV�v��Wh�V�j_e^`h�dH^9�g\�^`_aVi^Hj�¨�^&dgnGo ~`vrdH~GdCo�dH^`o©n&^&V
UW\�jrS`d9�&V]vx\ih�n&v�o�_e�gV
��n«h�klbmh�n`bp��Vio©j�kls&beVioo�� V�7V�h+jxn`kl^Cj
~`kgvxkgbabeT�beV�UWVi^Hj}kgn�¸�~&vxV�UW_eT�vxVio©_�jx\�v�k�jx_adH^`o��Vcbmk�U�n&bajr_e~&ba_mh�kljr_edg^�UWd9�&n&bekg_avxVg 
� Ð �i� Î ��� � � {Nvr_ajrS`UB\�jr_mtCn&V#��Vio�dHvx�&_a^`kljrVin&vxoi¨9U'n&bajr_e~&be_ehik�jx_adH^�UWd���n&bmkl_evxVg¨&¹�u Z
{
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Ç<kNU'n&bajr_e~&be_ehik�jr_edg^'UBd���n`bekg_avxVÄ_e^CjrV�vx�9_aVi^Cji¨�V�^CjrvxV kgn�jrvxVioi¨��`kl^`o�baV�o�kl~&~&be_mh�k�jx_adH^`o<�&VÄjxvxkg_�jxV�UWV�^Cj��&n�or_afH^`klbHjr_evxkg^Cj�~`kgv�jx_C��V©bmk
vrVi~&vx\iorV�^Cjxkljr_edg^%UWd���n&bmkl_evrVc��V�o©^&dgU�s&vrV�o&W#XZY\[�]K^,_`Yba>_Dc?d
Y egfih�[�j-Y\c>k V�j}�&kl^Go ~`ban`or_eV�n&v�o�klbefgdgvx_ajrS&UWVio���Vch�vrq9~�jxdgfgv�kl~`S&_aVCl m,nP 
Ò V�jrjrVcdg~7\�v�k�jx_adH^�kgvr_ajrS`UB\�jr_mtCn&Vck�~Gklv}h�dH^`or\itCn&V�^Cj��¬kl_ajb�� dgs&yzV�jN��Vc^&dHU's&vxV�nGo�V�o \�jrn`�&Vio��dH^Hj}�Hdg_mh�_ptCn&VibetCn&V�o�V�¸�V�UW~&beVio&o

prq dg^CjrfHdgUWV�vxq�k�~&vrdH~GdCo�\�n&^AkgbafHdgvx_�jxS&UWV���dH^Hj]baV�~&vx_a^`h�_a~7VWh�dg^Go�_mozjxV���vrViUB~`bekHh�V�v§baV�oNdH~G\ivxkljr_edg^`oNUWd9�&n&bad�® ~`klv
��Vio
hiklbmh�n&bmoEUWd���n&bedcn&^&V}~`n&_eoxoxkl^`h�V��&V}bek
sGkgorV}�&kl^`owbekHtHn`V�bebaVordg^CjwvrVi~&vx\iorV�^Cjr\�o�baV�oEdg~7\�v�kl^`�&Vio7l ¿ n½ gÇ<k
vx\���\ivrVi^`h�V&lë�Fn&��dHn&vx^&_�j
n`^&VcsGdH^&^&V
s&_es&be_adHfgv�kl~&S&_eV
vrVibekljr_e�gV
kln�¸�_aUW~&bmkl^Cjxkljr_edg^`o�U*kljr\�vx_eV�bebaV�o©�&V#h�V�jNkgbafHdgvx_�jxS&UWVg 

p uÄban`or_eV�n&v�o}h�S&Vivxh�S&Vin&v�o�dg^Cj}\�jxn`��_e\'��VioNUWd9�&n&ba_�~`klvrjr_mh�n`ba_eV�v�o�¨&h�dgUWUWVCs�tvu0ºcV�jgs*tw ºH¨��¬kgh�_abe_ajxkl^CjNbmkWvx\iklbe_morkljr_edg^«��V#bmk
U�n&bajr_e~&ba_mh�kljr_edg^�UWd9�&n&bekg_avxV?W��Hdg_ev~`klvV�¸9ViUW~&baV"l �`¨Ê�,n�k+ 

p Ç<dgv�ortCn&V�beVEUWd9�&n&badN® Vio�j<~&vxV�UW_eV�v�¨+baVwfHvrdHn&~7VEU'n&bajr_e~&be_ehik�jr_a��xKybz�®{y�|
}7Vio�j<_mo�dHUWdgvx~&S&VEkln
fgvxdgn`~GVwkH�&��_ajr_a�DygzDx�®~ucº�|+y�le�g¨
��nP GÉÊb�V�ozj]kl_e^`o�_�~GdCoror_es&baV���V'vxV�UW~&bmkgh�V�v}bmk*U'n`b�jx_a~&be_mh�k�jx_adH^�UWd���n&bed%®¾~Gklv}b�� kH�&��_ajr_edg^�UWd���n&bed%®�uµºg GÇ � _e^`h�dg^9�g\i^&_aVi^Cj
�&V
h�V�jrjrVcUW\�jxS&d���Vcvr\�o�_m��Vc�&kg^`o�baV�os&bed�h�o��VcUW\�UWdH_avxV§_e^`��_mor~GVi^`orkgs&beVio}kgn�hiklbmh�n&bp��Vcb�� _eordgUWdgvx~&S&_morUBVH 

Æ§kg^`o�h�V�j«klvrjr_mh�beVg¨Ä^`dgn`o�\�jrnG��_adH^`o���Vio�klbefgdgvx_ajrS&UWVio%s`kgor\io�o�n&v�baV�orh�S`\�U*kÀ��VAÅNdgvx^&V�v�V�j«h�klbmh�n`bekg^Hj%_ajr\ivxkljr_e�gViUBVi^Cj�baV
~&vxd9�&n&_�j}UWd���n&bmkl_evxV]��V#�&V�n�¸�dH~G\ivxkg^`��V�o�  �Ndgn`o�~&vxdg~7dHordg^Gowjxdgn�jN��� kls7dgv�����_a�HV�v�o�V�o�klUW\�be_adHvxkljr_edg^`o©��� n&^&Vc_ajr\ivxkljr_edg^�~&vrdH~GdCo�\iV
~`klv§�gVidg^&f*V�j§�©n&vrbeViordg^~lãX�n�~7V�vxUWV�jrjxkl^Cj§��� V�7V�h+jrn`V�vNn`^&V#U'n`b�jx_a~&be_mh�k�jx_adH^�¼Êkg�&��_ajr_edg^«UWd���n&bmkl_evrV
jxdgn�j§V�^¦vx\i��n&_moxkl^Cj}bek*orn&vr�¬kgh�V
��V�b�� dg~7\�v�k�jxV�n&v�_e^&_�jx_ekgb�W¬orVih�jr_edg^BX& a��k+  �Ndgn`o���\�h�vx_a�Hdg^`o�V�^`orn&_ajrV�n&^&V©^&dHn&�gVibabeV _ajr\ivxkljr_edg^'�¬kgh�_ebe_�j�kl^Cj�b�� _aUW~&bmkl^Cjxkljr_edg^W��� dg~7\�v�k�jr_edg^Go
h�dHUBUWV]b�� V�¸�~7dg^&Vi^Cjr_mk�jr_edg^�UBd���n`bekg_avxVCWLo�V�h+jr_edg^«X� ãX*kwV�j�~&vr\�o�Vi^Cjrdg^GoÄtCn&V�bmtCn&Vio©vx\iorn&bajxk�j�oÄdHs�jrVi^9n`oÄ~7dgn`v©��V�o�h�_evxh�n&_�j�o ¹�u Z
{ ��V
bek��¬kgUB_ebebaVcÁ§_avrjrV�¸C¼½Â ��V �N_ebe_a^�¸�W¬orVih�jr_edg^«��k+ 

Ò Vio�~&vxV�UW_eV�v�o<dH~G\ivxkljrV�n`vxo<^&\ih�Vioxo�_ajrVi^Hj�jrdHn�jrV���dg_mo���V ~7V�jx_�jxVio�j�kls&beVioIW¬�&V�� � ¿ UWdlj�o��&V bmk}j�kl_ebabeV���Vio�dg~7\�v�kl^G��VioMkp��\i~GVi^`�&kg^Hj
��nWUWd9�&n&bad
®£h�S`dg_mo�_P  Ò V~`klv�klUWT�jxvrV���dH_�jE~`kgvwh�dg^Go�\�tHn`V�^CjO��jrvxVh�dg^`^CnWklnBUWdgUWV�^CjÄ��V�bmk
��Vioxh�vx_a~&jr_edg^BÁ§ÅNÆ]Ç¦��nWU'n`b�jx_a~&be_eV�n&v
tCn&_g^&Vw��dg^`h�jr_edg^&^&VivxktCn&VÄ~GdHn&v<n&^`Vwn&^&_mtCn&Vw��klbeV�n&v���Vw®�  Ò V�j�jrV h�klv�kgh�jr\ivr_mozjx_etCn&V�~7V�n�j�o � k±�g\ivrVivÈjrvxdg~
vxVio�jrvx_eh�jr_e�gVw�&kg^`oph�Viv�j�kl_e^&Vio
kl~&~`ba_mh�kljr_edg^`oi i� � _abHVio�j<~7dHoxo�_es&beVw��VEfg\i^&\�vxV�vÖbeViopjxkls`baV�oph�dHvrvxVior~GdH^`�&kg^Hj���n&^cVi^`orV�U's`baVI��® ¯ °�³�³i³�°�® ´�� �&VwUWd9�&n&ba_P¨�_ebg^`dgn`oporV�U�s&beV
~&ben`o#_e^Cjr\�vxVioxoxkl^Cj#��V%��\��HV�bedg~&~7V�vcn`^�^&dgn&�HV�bwdH~G\ivxkljrVin&v#��dg^Cj#beV*UWd9�&n&bad¦® Vio�j#b�� n&^&V���ViocVi^Cjrvx\�Vioi ��}dHn`oc~&vxdg~7dHordg^Goc�&kl^`o
bek*orVih�jr_edg^«�*n&^&VcUW\�jrS&d���V#vx\ih�n&v�o�_e�gV
��V'h�dg^`o�jrvxn`h+jx_adH^��&Vio�j�kls&beVio}o�� V�ÈVih+jxn`kl^Cj}~`kgvxkgbabeT�beV�UWVi^Hj}kgn�¸�~&vxV�UW_eT�vxVio�_ajr\ivxkljr_edg^`o��V
b�� klbefgdHvr_ajrS`UBVc��V
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Nombre de moduli

Avec le théorème 1 (n=16)
Sans le théorème 1 (n=16)
Avec le théorème 1 (n=32)
Sans le théorème 1 (n=32)
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