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`Lp�s�lDs�d��$XLpM`Lp b¯oLl$XL�?p=qrp=X:Z¤`Lp�ZY�>~Cp�"'s�dV�?XLpMy_^$XLd��:aLp�*6p=y�Z�dVXLb�^$XLX:aLp�� �"!$#&%�!$#0T:º#lf~L\_¼=y_p=XLb�p
`Lp�sVd��?X3p�yD`�Í�^?XL`Lp=y�`Lp�b¯o3^>br`L^?X[Z�sVp�y ~C^?y�dVZ]dV^?XLyDy_^$X:Z d�XLb=^?XLX:aLp=y�\_p=X3�'^?\_b=p�sVp�yf`Ld'�Fb�a3sVZ]¼=y
~L\_¼=b�¼=`Lp�X[Z]p=y�T

� a ~C^?d�X[Z#`Lp6�.aLp¤X:aLqF¼�\�d��:aLp 0&`Lp¿XL^?q �L\_p=aLy_p=y±qF¼=Z]o3^>`Lp=y!`3p b�l$s�b=aLs[~�^$aL\Es�p�y#¼��:aIl�Z]d�^$XLy
pc°3l$bcZ]p�y ^?aHl$~3~L\_^.b¯oL¼�p=y³^?X[Z4¼=Z]¼g¼�s�l$��^$\_¼�p=y�TC�Bs�sVp�y�b�^?XL`3aLd�y�p�X[Z��F`Lp�y³\�¼�y�aLsVZ]lnZ]y�p�Xµlnb�b�^$\_`
l��?p�bfs�p=yM\_¼�l$s�d»Z]¼�yM`3pfs�l�qr¼=b�l$X3d��:aLp 0I^$X¥~Cp�a>Z4b=dVZ_p�\M~Il$\�p °3p=qr~3s�pN"��|S>UR0IS?S&0ªSn{�0ªv3U�� *cT

� a,~C^?d�X[Z `Lp��.aLp q�lnZ_oL¼�qrlnZ_d��:aLp 0[sVp�~L\_^?�3s�Ñ�qFp�`�Í|p °>d�y�Z_p�XLb=p³`Lp4y_^?sVa3Z]dV^?XLy6~�^$aL\ a3X�Z]p=s
qr^.`LÑ=s�p y_pr~�^?y�prZ_^?a���^?aL\�y�T � p=y�\_¼=y_aLs»Z¯lnZ_yg~Iln\�Z]dVp�sVyf^$X:Zg¼=Z_¼,l$~3~�^?\�Z]¼=y ~Il$\f`LprXL^?q��L\�p�a>°
l$a3Z_p�aL\�yAp�X¬a3Z]dVs�d�y_l$X[Z `3d! �¼�\_p=X[Z]p�yFl$~3~L\_^.b¯oLp�y�� qF¼=Z_oL^.`Lp,`Lp�b=^?qr~Ll$b�d»Z]¼,~Iln\Ab�^?qF~�p=XLy]lu%
Z]dV^?X,0Eqr¼cZ]oL^.`Lp=y�`Lp�y�Z¯l$�3d�s�dVy]lnZ_d�^?X:0�qr¼cZ]oL^.`Lp=y �nl$\_d�lnZ]dV^?XLXLp=s�s�p=y�T;®!l$\_qFd¿s�p�yg\_¼=y_aLs»Z¯lnZ_y�"Ny�aL\
sÎÍ�pc°>d�y�Z]p=XLb�p4`Lp y�^?s�a3Z_d�^?X3y�* b�^?X3b�p�\�XIl$X[Z�b=p4ZY�.~Cp³`�Í�¼�b�^$aLs�p=qrp=X:Z_y�0.^?X�~Cp�a>Z�b�d»Z]p=\ sVp�y6Z]\]l��nl$a>°
`Lp�£ T±}CT k�^$\]l)(¤pcZ*�+�|v[¢��$0#®#T-,�sV^?a/.0 p��Jp=Z213T#x4p3.0 l$y4��v?v5� 0!®#T6,DsV^?a/.0 p��7��v${5� 0��gT#®!T-8�dVZ�Z]p�s
�wS$¢�0CS$u5��p=Z k Tª®!^$�?a�pcZ98 TL #^?aL\�XLp�qFd�X3p:��{LU;�ÎT
� l$XLy<�|v?¢=� 0¿k�^?\]l)( p=Z>�mlJ¼=Z_aL`Ld�¼�sVp�y ¼��:aIl�Z]d�^$XLy pc°3l$b=Z_p�y@"Nb=^?XLy_p=\��nlnZ_d�^?XÒ`LpPs�lµqrl$y_y�p

p=Z�d�\_\�^$Z¯l�Z]d�^$XLXIl$sVdVZ]¼�*g~C^?aL\�a3X�¼�b=^?aLs�p=qrp=X[Z�Z]\_l$XLy�y_^?XLdV�:aLpH¼=Z]l$�LsVd4`IlnXLy�aLX b�l$XIl$s�d�X&�IXLd�%
qrp=X[Z�s�^?XL� ^?a ��sÎÍ�pc°.Z]¼=\_d�p=aL\M`�Í�aLXLpfl$dVs�p$T3}>^?a3yMsÎÍ�o:�.~C^$Z]o3Ñ�y_pD`Lp�b=^?X���p=b=Z]a3\_p�y�y_dV�?XLd��Ib�lnZ_dV�$p�y�0
sÎÍ|l$a3Z_p�aL\ lHqr^?X[Z_\_¼,s<Í|p °3dVy�Z_p�XLb=p�`Lp,y_^$s�a3Z_d�^?XLyf�Nl$d��3s�p�ygp�XÒa3Z_d�s�dVy]l$X[Zgs�lmqF¼=Z_oL^.`Lp,`Lp,b=^?q�%
~Il$b=dVZ]¼r~Il$\gb�^?qF~�p=XLy]l�Z]d�^$X,0!`3¼=�?p=s�^?~3~�¼=p�~Il$\�Ï T k�a3\]lnZApcZ ºBT £ T! ±ln\�Z¯ln\?��v?u5�<T �BX p
 �p=Z�0
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sÎÍ|l$a3Z_p�aL\AlHdVX[Z]\_^.`LaLd»Z a3X¬~3\_^?�LsVÑ�qFp "'`Lp,�'\_^?X[Z_d�Ñ�\�p,s�dV�L\_p�*fdVX:Z_p�\�qr¼=`Ld�l$dV\_pF`Il$XLy s�p��:aLp=s�s�p=y
b�^?X3`LdVZ_d�^?XLyrl$a>°�sVd�qFdVZ]p=yAXLpmy�^?X[Z,dVqr~C^?y_¼=p�yF�:aLpHy_a3\�s�l ~Il$\�Z]d�p¥`La��C^?\�`�^���sVp�qF^.`LaLs�p
`Lpµs�l �>d»Z]p=y_y_pJp=y�ZPd�X>�'¼�\_dVp�aL\ry�Z_\_d�bcZ]p=qrp=X:Z �·s�l �.dVZ_p�y_y�pJs�d�qFdVZ_p$T¿ºBÍwlna3Z]p=aL\�l·�Nl$dVZ�p�XLy�aLdVZ_p
sÎÍ�o[�>~C^$Z_oLÑ�y�pg�:aLpgb�pf~L\_^?�3s�Ñ�qFp�d�X[Z_p�\_qF¼�`3d�l$dV\_p³~C^?y_y�Ñ�`LpgaLXLpfy_^?sVa3Z]dV^?X��Nl$d��3s�p³�?¼=\_d��ªl$X[Z�aLXLp
b�p=\�Z¯lnd�XLp�� %�����#�� #&%������������ ! % �"# �4~C^?aL\fl$�C^?a3Z_d�\��IXLl$s�p=qrp=X:Z���s<Í|p °3dVy�Z_p�XLb=pF`3pFy�^?s�a>Z]d�^$XLy�`La
~L\_^$�Ls�Ñ=qrpFd�XLd»Z]d�l$sÎT"!�aLl$X[Z?�+,�s�^$a .0 p�� p=ZAx�p3.0 l$y?��v?v�� 0±sVp�y l$a3Z]p=aL\_yg^?X[Z�¼=�[l$s�p=qrp=X[Z�b�^$XLy_d�%`L¼�\�¼rsVp�yf¼��:aIlnZ_d�^?X3yfp °3l$b=Z_p�y `3¼�b�\�dV�nl$X[Zgs�p�yD¼=b�^?aLsVp�qFp�X[Z]yfZ]\_l$XLy_y�^?XLdV�.a3p�yf`Il$XLyfaLX�^$a3�?p=\�Z
��^$\_XL¼�y�a �Fy]l$qFqrp=X[Z�\_¼��$aLs�dVp�\�T>WYs�yM^?X[Z�a3Z_d�sVd�y_¼4s�l�qF¼=Z_oL^>`3p�`Lp�y�Z]l$�Ld�sVd�y_lnZ]dV^?X�p=X¥\_l=��^?a3Z]l$X[Z
s�p�Z]p=\_qFp��$#%# & T('�&�# 0ª^���&¬`L¼=y_d��$XLpgsVp�~�^nZ]p�X[Z_d�p�sE`LpD�.dVZ_p�y_y�p 0ª~C^?aL\4l$��^$a3Z]dV\p�FaLX3pg¼=�.aLly%
Z]dV^?XJ~Il$\]ln��^?sVd��:aLpnT�ºBÍ|p °>d�y�Z_p�XLb=p 0#sÎÍ�aLXLdVb�dVZ_¼�p=Zfs�lP\�¼��?a3s�l$\�dVZ]¼ `�Í|a3XLpry�^?s�a>Z]d�^$X `3a ~L\�^?�LsVÑ�qFp
y�Z]l$�Ld�sVd�y�¼�^?X[Z�¼cZ]¼µ`L¼=qr^$X:Z_\_¼=p�y�T��6X3y_aLd»Z]p 0 s�p=y�l$a3Z_p�aL\�y,^?X[Z�qF^?X[Z]\_¼m�.a3pµs�l�y�^?s�a3Z_d�^?X�`La
~L\_^$�Ls�Ñ=qrp�y�Z]l$�Ld�sVd�y�¼ 0?�'^?\�qrp�aLXLp³y�aLdVZ_p�"'p�X�Z_p�qF~Ly�**),+��-+;!;#/.�0��6`La�~L\_^?�3s�Ñ�qFp�Z]\]lnXLy_y�^?XLd��:aLpnT
� l$XLy ��v${�� 0 ,�sV^?a/.0 p�� lgl$qr¼=s�dV^?\_¼�sVp�y¿\_¼=y_aLs»Z¯lnZ_y `Lp�\_¼=�?aLs�l$\_d»Z]¼M`Lp=y¤y_^$s�a3Z_d�^?XLyB^$�3Z]p=X.a3p�y�`IlnXLysÎÍ|l$\�Z_d�b=s�pF~L\_¼=b�¼�`3p�X[Z�pcZFlHqr^$X:Z_\_¼�s<Í|p °3dVy�Z_p�XLb=p�`Lp�y_^?sVa3Z]dV^?XLy �Nlnd��LsVp�y1����� !*% �"#/.�02�43g~C^?aL\AsVp
~L\_^$�Ls�Ñ=qrp d�X3dVZ]d�l$sÎT
8Dd»Z_Z_p�s2��y�^?X Z_^?aL\f`Il$XLy �wS$¢��¿y�Í�p�y�Z d�X[Z]¼=\_p=y_y_¼�¼��[l$sVp�qFp�X[Z���s<Í|¼=�.aLlnZ]dV^?X
pc°3l$bcZ]p¥`L¼�b=\_dV�nl$X[Zrs�p=yF¼=b�^?a3s�p�qFp�X[Z_y Z_\]l$X3y_y_^$XLd��:aLp=y�`Il$X3yraLX¬^?a3�$p�\�Z��C^?\_X3¼�y�d�qF~Ls�p=qrp=X:Z
b�^?X3XLpc°>p$T6ºBÍ|l$a3Z_p�aL\AlmZ_\]l$d»Z]¼rs�p,~L\�^?�LsVÑ�qFp�b�^$qrqFp,aLXLp�d�XL¼=�[l$s�d»Z]¼ �nl$\_d�lnZ]dV^?XLXLp=s�s�p y�aL\AaLX
p�XLy�p�q��3s�p�b=^?X[�?p °3p�`L^?X[Z�sVp�yf¼�s�¼=qrp=X[Z]y y_lnZ]dVy��'^?X[ZgaLXLprb�^?X[Z]\_l$d�X[Z_pr`Lpr��^$\_XLd»Z]aL`LpF~C^?\�Z]l$X[Z
y_aL\Ms�lg�.dVZ_p�y_y�p�`Lp�sÎÍ�¼�b=^?aLsVp�qFp�X[Z�pcZ�aLXLp5� %�����#�� #&%��6��������� !*% �"# ��0�"N�$¼�XL¼=\]l$sVd�y]lnX:Z¤s�l1� %�����#�� #&%��
��������� !*% �"# �DqF^?XL^.`LdVqrp=XLy_dV^?XLXLp=s�s�p �.a3d¤y_prZ]\]ln`LaLdVZg~Il$\gaLXLp�lnb�b�¼=s�¼=\]lnZ_d�^?X �IXLd�p�*cT!�BXLy_aLd»Z]pz0
~Il$\gs�p�ygqr¼cZ]oL^.`Lp=y `Lp,b�l$s�b=aLs¿`Lpr�nl$\�d�lnZ_d�^?XLy
0EsÎÍ|l$a3Z]p=aL\glm¼=Z]l$�Ls�d¿sÎÍ�pc°>dVy�Z]p=XLb�p�`Lp�y�^?s�a3Z_d�^?X3y"N~C^?aL\4sÎÍ�d�XLp=�[l$s�d»Z]¼��nl$\_d�lnZ]dV^?XLXLp=s�sVp8*cT���¼=b�p�qFqFp�X[Z�0
8Dd»Z_Z]p=s �wS$u��Bl,l$qF¼�sVd�^?\�¼Ds�p�y \_¼�y�aLsVZ]lnZ]y `Lp
�wS$¢=�6p�X \_p=qr~Ls�l87�lnX:Z³s�l9� %�����#�� #&%��:��������� !*% �"# � �?s�^?�Ll$s�pg~Il$\DaLXLp6� %�����#�� #&%������������ !*% �"# � s�^z%
b�l$sVp$T3�6X3y_aLd»Z]p�s�l�b=^?X[Z]\_l$d�X[Z]p `Lp���^$\_XLd»Z]aL`Lp�~C^?\�Z¯l$X[ZMy�aL\Ms�lg�.d»Z]p�y�y_pD`Lp�s<Í|¼=b�^?aLsVp�qFp�X[Z�lA¼=Z_¼
lz Ol$d��LsVd�pnTOÏ±dVXIl$sVp�qFp�X[Z�0�s�p ~L\_^$�Ls�Ñ=qrp��nl$\�d�lnZ_d�^?XLX3p�sm"'¼��[lns�dVZ_¼ �nl$\_d�lnZ]dV^?XLXLp=s�sVp8*4lP¼=Z_¼ \_¼�y�^?s�aOT
� l$XLy ��{3U�� 0$®#^?�?a pcZ± #^?aL\�XLp�qFd�X3p ^?X[Z!¼=Z_aL`Ld�¼ s�p6~L\�^?�Ls�Ñ=qrp6`Lp=y±¼=b�^?aLsVp�qFp�X[Z]y#Z]\_l$XLy_y�^?XLdV�.a3p�y"Ny��>qF¼=Z_\_dV�.a3p�y�*B¼=Z]l$�LsVd�yBl$a>Z]^?aL\6`�Í�aLXF~L\_^z�Isª~Ls�l$b=¼Mp�X�lnZ]qF^?y_~3oLÑ�\�p�dVX��IXLdVp$T[º;p=y lna3Z]p=aL\_y¿^?X[Z
~L\_^$~�^?y�¼ a3XLp qF¼=Z_oL^.`Lp¿�'^$XLb=Z_d�^?XLX3p�s�sVp �:aLd.b�^?XLy�d�y�Z]p �4l$~3~L\_^.b¯oLp�\!s�p6b�ln\]l$bcZ]Ñ�\�p dV\_\�^$Z¯lnZ_d�^?X3XLp�s
`Lp�sÎÍ�¼�b�^$aLs�p=qrp=X:Z p=Z �gb=^?XLy�p�\��$p�\�s<Í|¼=�:aIlnZ]dV^?XF`Lp4s�lfb=^?XLy�p�\��nlnZ_d�^?Xr`Lp s�l�q�l$y�y_pnT3�BXLy�aLdVZ_p 0.d�s�y
d�X[Z]\�^>`3aLd�y�p�X[Z6aLXLp�d�X3¼��[l$sVdVZ_¼¤`Lp�y]lna3Z¿lz�IXF`Lp�b�^?X[Z_\]l$dVXL`L\_pMsVp�yB^?X3`Lp�y6`Lp�b¯oL^.bX�fln~L~Il$\_l<;�Z_\_p$T
®BaLd�y
0.p=X�qFd�XLdVqrdVy]l$X[Z±s�p�\_^$Z]lnZ]dV^?XLXLp=s$0?dVs�yB~Iln\��.d�p=XLXLp�X[Z �f~L\�^?a3�$p�\¤s<Í|p °>d�y�Z_p�XLb=p4`3p4y�^?s�a3Z_d�^?X3y
�Nl$d��3s�p�y=T?º;p�b�l$\_l$b=Z_Ñ�\�p�dV\_\�^$Z¯lnZ_d�^?X3XLp�s>`Lp�b�p=Z�Z]p�y_^$s�a3Z_d�^?X��Nl$dV�Ls�p¤X�Í|p=y�Z¿qrl$s�oLp=aL\_p=aLy_p=qrp=X[Z ~Ll$y
�[l$\_l$X[Z]dÎT

ºEp�Z_\]l��nl$d�s�~L\_¼=y_p�X[Z_¼g`IlnXLy�s�p³b�l$`L\_pD`LpDb=p=Z_Z_p�Z]oLÑ=y_pDb�^?X3b�p�\�XLpfs�p�b�lny�p=s�sVd�~3Z_d��:aLp�%©~Il$\_l$�&%
^?s�dV�:aLpm`LpmsÎÍ�¼��:aIlnZ_d�^?X�qF^.`L¼�sVd�y]lnX:ZFs<Í|¼=b�^?aLsVp�qFp�X[Z,y�Z¯lnZ_d�^?X3XIl$d�\�pmp=X \_¼��$d�qFp¥Z_\]l$XLy�y_^?X3d��:aLp
¼=Z]l$�Ls�d!l$a3Z_^?aL\4`�Í|a3Xµ~L\_^ �Ls±qFd�XLb=p 0Cb�l$\_l$b=Z_¼�\_dVy_¼g~Il$\³aLXµ~Cp=Z_dVZ4~Il$\_l$qrÑcZ]\�p y]lnXLy�`Ld�qFp�X3y_d�^$X
= 06pcZ�~Ls�l$b�¼¥p�X�lnZ]qF^?y�~LoLÑ�\�p�dVX��IXLdVp$T¿£¤p�~L\_^ �Ls�p=y�Zr\_¼=�?aLs�dVp�\ y]lna3�Dl$a���^?\�`�`LpP�'aLd»Z]pP^��
d�s#~L\_¼=y_p=X:Z_pAaLXLpA~C^?d�X[Z_p `�Í|l$XL�?sVp XL^$XµX.a3sÎT�ºEp=y³¼�b=^?aLsVp�qFp�X[Z]y�y�^?X[Z�y_aL~3~�^?y�¼�y�y��>qF¼=Z_\_dV�.a3p�y
~Il$\D\]ln~L~�^$\�Z��¥s<Íwl&°3p `Lp=y ln�Ly_b=d�y_y�p�yg`�Í|a3X�\_p=~�Ñ=\_pF^?\�Z_oL^?XL^$\_qF¼m�/>e< \ Á ^ � T;£¤pF�.a3d¿~Cp�\�qrpcZ`LpJ\_p=y�Z]\�p�dVXL`L\_p sÎÍ�¼=Z_aL`Lp l$a `Lp�qFd�%©~Ls�lnX y_aL~C¼�\�d�p�a3\ ^ ' (3T��BXLy�aLdVZ_p 0�d�sVy�y_^?X[Z¥y_aL~3~�^?y�¼�y
aLXLd»�'^?\_qFp�y � sÎÍ�d�X��LXLd>`3p¤�.dVZ]p=y_y�p@? 1 ^?\_dVp�X[Z]¼¤`Il$XLy s�l `LdV\_p�bcZ]dV^?X `Lp=y6l$�Ly�b�d�y�y_p=yBp=ZB`Lp¤XL^?q��L\�p`LpAk�l$b¯o � 1 >BA (>Á�EDC T / XH~C^?y�pE? 1 - � E?Á�([�cTCº;pg`3^?q�lnd�XLpD`LpgsÎÍ�¼�b�^$aLs�p=qrp=X:Z4p�y�Z³`L^$XLb sVp
`Lp�qFd�%©~Ls�lnX,~�^$y_dVZ_dV�#~L\�dV�?¼�`3a�`Lp=qrd�%Y~L\�^ �Is<T
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(1/2, 0)(−1/2, 0)

x

y

y= δ z(x)

1

δ

q
8 = (1,0)

q

8 = (1,0) q

8

(1,0)=

Profil symétrique d’épaisseur 2 δ/ X y_p�~Ls�l$b�p `Il$XLy!s�p b�l$y!^�� = I`IJE?T�� dVXLy_d 0&s�p¤�C^?\�`�`La�~L\�^ �Is�� 0nXL^$Z_¼�� O 0np=y�Z6lny_y_dVqrdVs�¼�AaLX�y�p��?qFp�X[Z�`LpD`L\�^?dVZ_p$T
�6X�`L¼�y�d��?XIlnX:Z¤~Il$\ ���EÁ��>�Bs�p�b¯oIl$qF~�`Lp �.d»Z]p�y�y_p4p=Z�p=X,y_a3~L~�^$y]l$X[ZM�:aLp4s�lf�.d»Z]p�y�y_p4`Lp³b�pcZ
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