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/103254�03687:9<;>=@?BADCFE�G3H
IKJML�NPORQ>SUTWVXN
YMZ\[^]_Va`cb@O�]�`edf]_VaNPV\gh[i]hVX`eb

j O�ghkWgl]hL,NPO,g�m�`cNPdMZaO�nfO,g
o�p_`iqrO�]�s
[iVXNP[eb

t�[idMdu`eph]K]hOvmwJMbMV\xcYyOBb{z}|c~��e��S��F[ep_g�~e|e|e��SU�c�
dy[e�eOvg

�1�W�v����������OPZa`c�eV\m�VXO�Z j�� � ZXO,m�]hp_`eN�[i�cb � ]_VXghNPO��u�5�y�f�e�y�5�c�f��d3O,phNPO�] j O�m�`eYydMZaO,p�dMZXYyglVXO�Yyp_gR� � `i�
N � ]hp_VaOvg
[^nfV\glkWN � ]_phV\x�YMO,g
O�b YM]hVXZaV\gh[eb�]�ZXO,g
¡¢`ep_N
YMZ\[^]_Va`cbyg�VXbc] � �cp_[eZaOvg�£�s¤O j `fm�YyN>O,b�]�p_O��ep_`eYyd3O�ZXO,g
NP` j Va¥3m�[i]hVX`ebyg¤O�¦{O,m�]hY � O,g j [ib3g§ZXO�m�` j O¨�u�5�M�f�c�M�5���f� j�� © ZXm,[^]hO,Z�TWdy[em�O
ª�`edf]_VaNPV\gh[i]hVX`eb#O�]
d3[ipw[iZXZ � �
ZXV\gh[i]hVX`eb j O,g j Va¦ � p_O�b�]_g�g_m�p_VXdf]_g�ghJMO�ZXZ«£
¬®­y¯v��°w±e²¢�W�.� � x�Yy[i]hVX`ebygKVXb�] � �epw[iZXO,g,³�m,[iZ\m�YMZ�Va] � p_[i]hVa¡r³f� � `eN � ]_phVXO,g
dMZXYMp_V´�µ[^nfV\glkWN � ]_phV\x�YMO,g
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��� �,¯��	�M±e¯e�§IKJyO
gl`e¡Ë]�

[ephOR�u�5�y�W�c�y�v���f� V\g�YyghO j VXbFO�ZXO,m�]hp_`eN�[i�cbMO�]_VXghN ]h`1m�`eYydMZaO�gl`cN>O�[infVXghkWN��
NPO�]hp_VXm,[iZy�cO�`cN>O�]hp_VaOvg
�Wk�Y3glVXbM��VXb�]hO��cp_[eZf¡¢`ep_N
YyZX[i]hVX`ebyg,£�IKJyVXg j `fm�YMNPO�b�]
phO,d3`cpl]wgÇ[iZXZ3NP` j Va¥3m�[i]hVX`ebyg
j `ebMO¨]h`�VXNPdMph`	�cO�]hJyO�m�` j O��u�v�y�f�e�y�5���f�®`i¡ © ZXm,[^]_O�Z�TWdy[em�Oeª�`edf]_VaNPV��,[i]hVX`ebD[eb j dy[ep_[eZaZXO�ZXV��v[^]_Va`cb>`e¡
ghJMO,ZaZ�g_m�p_VadM]_g
�����{°��
­��	���e� Vab�]hO,�epw[iZ{O,x�Yy[i]hVX`ebyg,³fVa]hO�pw[^]_V��cOBm�`eNPdMYf]w[^]_Va`cb�³fN
YMZa]hVa�µ[^nfVXghkWNPN>O�]hp_VXm,[iZ��cO�`eNPO�]hp_VaOvg
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© ZXm,[^]hO,Z�TWdy[em�O j V\gldu`cghO j O�dMZXYyghVaO,YMpwgÇZX`e�eV\m�VXO�Z\g j O�m,[iZ\m�YMZ j O¨pw[5ke`cbMbMO,N>O,b�] � ZXO,mº]_ph`cN�[i�eb � ]hV\x�YMOe£

�¨`eYygKby`eYygKVXb�] � p_O,g_gh`ebyg
O�b.dy[epl]_VXm�YMZaVXO�p�� j O,YfnDZX`e�cVXm�VaO,ZXg�x�YMV�`cbc]�du`eYMp �yYf] j O�p � gh`eY j p_OBZaOvg � x�Yy[^�
]_Va`cbyg j O
�F[in 
¤O,ZaZ�O�b�p � �cVaNPO¤Jy[ip_NP`ebMV\x�YMO j [ebyg(Yyb�O,ghdy[em�O j O j VXN>O,byghVa`cb
� j [ebygÖZaO
m�[egÖdy[epl]_VXm�YMZaVXO�p
j�� ` �fqrO�]wg��>ghkWN � ]hp_VXO j O�p � �e`eZXYf]_Va`cb�£ ��`eY3gKbM`eNPNPO�p_`ebygKZXO,gKZX`e�cVXm�VaO,ZXg"!M�$#y�&%�'�({� O�]K�u�5�y�f�e�y�5�c�f�{£
!f�$#y�&%)'$({�>d3O,phNPO�] j OPm,[iZ\m�YMZXO�pRZXOPp_[5kc`ebMbMO,NPO�b�] j O�dyZaYyghVXO�YMpwgB` �fqrO�]_gRO�b j VXNPO�byghVa`cb �@[ �eOvm
Yyb

N+*�NPO�[inWO j O�p � �e`cZaYf]_Va`cb�³em � Ovgr]§Yyb#m�` j O¨[inWV\ghk�N � ]hp_VXx�YMOc£e�([RN � ]_JM` j O¨YM]hVXZaV\glO¨ZaOvg � x�Yy[i]hVX`ebyg
Vab�] � �epw[iZXO,g,³cm�O�x�YMVud3O,phNPO�] j OBp �vj YMVXphO j�� YybMO j VXNPO�byghVX`eb j�� O,ghdy[cm�O¨Z\[�]w[iVXZaZXO j Y#dMp_` �MZXL�NPOe³�O�]
j [ib3g�m�O
m,[egKdy[epl]_VXm�YMZXVaO,p j�� [^nfVXghkWN � ]hp_VXOe³MghO�YMZ�YybFNP[eVaZXZ\[i�eO+,.- j O�Z\[P� � b � pw[^]_phV\m�O j O�Z � ` �fqrO�]
O,gl]�b � m�O,g_gh[eVap_Oe£

�3�5�y�f�e�y�5���W�%m�`eYMdyZaO�dMZXYyghVaO,YMpwg � Z � NPO�b�]wg�pw[5ke`ebyby[ib�]_gR[inWV\ghk�N � ]hp_VXx�YMOvgRNP[eVXg j `eb�]
ZXO,g�[infO,g j O
glkWN � ]_phVXOÇduO�Y �cO�b�]/*�]hp_O j Va¦ � phO,b�]_g�ªvm � O,gl]ÖYMb�m�` j OÇdMZXYMp_V´�µ[^nfV\glkWN � ]_phV\x�YMOe£,� � [iZX�e`ep_Va]hJMNPO�O,gl]ÖYyb
dMp_`Wm�O,g_glY3g�Va] � p_[i]hVa¡
[eY�m�`eYMpwg j Yyx�YMO�Z§ZaOvgR` �fqrO�]_g � NPO�]l]hO,b�]RO�]�phO.0�`cV��cO�b�] j Ovg�`eb j O,g¤qrYyg_x�Y � �
Z � ` �M]hO�b�]_Va`cb j�� Yyb p � �eVXN>O@Jy[ephNP`cbMVXx�YMO m�`eYMdyZ � £§��OFdu`eVXb�] j O jf� dy[iph] j�� �u�v�y�f�e�y�5���f� Ovgr]
j `ebyb � dy[ep j Ovg#¡¢`cphN�YMZ\[^]hVX`eb3g�Vab�] � �epw[iZXO,g#Vab jM� duO�b j [eb�]hO,g,³Km�[iZ\m�YyZ � O,g#d3[ip1!M�$#y�&%�'�({�Fdu`eYMp
mwJy[ex�YMO.[^nfO j O@ghk�N � ]hp_VaO32ÖVaZ�g � [e�eVa]
O�b3glYMVa]hOc³�[iY ¥yZ j Ovg
Va] � p_[i]hVX`ebyg,³ j O1¡:[iVXp_O#p_[5kc`ebMbyO�p�ZXO,g
� Z � NPO�b�]wg�O�b�]hp_OFO�YMn{£
��O m�`eYMdMZ\[i�cO@O�b�]hp_O j Va¦ � phO,bc]wg � Z � NPO,bc]wg�pw[5ke`ebyby[ib�]_g>Ovgr] � ]hY j V �<j O
N�[ibMVXL�p_OB]hJ � `ep_VXx�YMO j [ebyg54 ~�6«£

!M�$#y�&%�'�({�RglO,p �WVXp_[ j O�m�` j O j ORp � ¡ � phO,bym�ORZX`epwg j O,g �^[iZXV j [^]_Va`cbyg�£
7¨bMOFdy[iph]hVXO j OFNP`eb ]hpw[ �^[iVXZ�d3`�gr]h� j `fm�]h`epw[iZ�m�`ebym�O�p_bMO1Z � [em�m � Z � pw[^]_Va`cb j O@Z\[ m�`eb �cO�p_�eO�b3m�O j Y

m�`eYMdyZX[e�eO j Ovg j Va¦ � phO,b�]hO,g�¡¢`ep_N
YMZ\[^]_Va`cbyg�VXbc] � �cp_[eZaOvg�O�bFdMp_`edu`cg_[ib�]�YMbMO �eO,p_ghVa`cb1`cdf]hVXNPVXg � O j O
Z � [eZ´�
�c`ep_V´]_JMNPO��u�5�y�f�e�y�5�c�f� j [ibygKZXO �MYf] j�� � ]_O�b j phO�gh`eb1Yf]hVXZaV\g_[^]hVX`eb(£us¤OB]hpw[ �5[eVaZ{Ovgr]�dMp � ghO�b�] �Bj [ebyg�m�O
j `Wm�YMNPO�b�]�O�]�m�`eNPdMp_O�b j x�Yy[^]_phOR�epw[ib j O,g
dy[epl]_VaOvg�ª

,e£KZX[Pdyp � glO,bc]w[^]_Va`cbDO�]�Z � � ]_[i] j O,g�ZXVXO�Yfn j Y.ZX`e�cVXm�VaO,Z��u�v�y�f�e�y�5���f� O�b.¡ � ��p_VXO�p�~i|c|c~
~f£KZ � `edM]hVXN>V\g_[^]hVX`eb j O�Z � [eZa�c`ep_V´]_JMNPO
�M£KZaOvg�dMp_O�NPVXL�p_O,g �^[iZXV j [i]hVX`ebygKO�]�ZX[Pm�`eb �eO,ph�cO�bym�O j O�Z � [eZa�c`ep_V´]_JMNPO�`cdf]hVXNPVXg �
Qy£KZX[Pd3[ipw[iZXZ � ZaV\gh[i]hVX`eb j Y@g_m�p_VXdf]�O�]�ZXO�m�ZXYygr]_O�p j O�o
s�£
s¤O�]l]hO � ]_Y j O�[ � ] � NPO�b � O¤O,b � ]_ph`cV´]_O¤m�`eZXZX[ �3`cp_[i]hVX`eb�[ �eOvm¤s¤JMp_VXgl]hO,ZaZXOKt�`eY �yVa`cb j Y8- � d3[iph]hO�NPO,bc]

t�O,mwJMO,p_mwJMO j�� © Z\m�[i]hO�Z�TWdy[em�Oe£

9 :<; ��&Ö��) " ' " 	��
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© NP`eb.[ip_phV�� � O>=Ë¡ � ��p_VXO�p�~i|e|�~$?�³�q � [iV�p � m�Yyd � p � YMbMOBdMphO,NPVaL,phO �eO�pwghVa`cb j YDZX`e�cVXm�VaO,Z3�u�5�y�f�e�y�5�c�f�

[ �cO,m j V´¦ � p_O�b�]_gBm�[cg�]_O,gl]_g j O �5[eZaV j [i]hVX`eb�£�s¤O�]h]hO �eO�pwghVa`cb j Y<ZX`e�cVXm�VaO,ZÖOvgr]���­�@Ö­y°_�v­u� �^± ��A§��­�@Ö­y°
B ¯,���	�f¯ B�C � ��¯D@(­E@�­�F(¯ B � B �v���u£G-�O�Yfn1]rkWd3Ovg j O�m�[cg
]hO,gl]_g�`eb�] � ] � dyph`cd3`�g � g�ª

H YMbMO�gh`eYMpwm�OI=¢�eYyV j O j�� `eb j O>[eZaVXNPO�b�] � dy[ipBYMb�glO,YMZ}NP` j O.?¨O�]�dMZXYyglVXO�Yyp_gB` �MqrO�]_g�N � ]w[iZXZaV\x�YMO,g
[iZXVa�cb � g�ghO�ZX`ebPZXO�N+*�NPO�[^nfOe£c��O,g}p � ghYMZa]_[i]_g�O,b�]_O�p_NPO j O�dMYMV\ghg_[ib3m�OKp_[5kc`ebMb � OKgl`cbc]§m�`eNPdy[ep � g
�Pm�O�YMn j `cbMb � gKd3[ip�!M�$#M�&%)'�({��£
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H YMbMO�gh`eYMpwm�OD=:�eYMV j O j�� `eb j O�[eZaVXNPO�b�] � d3[ipKYMbFglO,YMZ�NP` j O.?
O�]�dMZXYyglVXO�Yyp_gK` �fqrO�]wg j V � ZXO,mº]_phV\x�YMO,g
�WV j OvgD=¢duO�p_NPV´]h]hV���Va] �	��

������� ��� O�]�duO�p_N � [ �yVaZXV´] �
��
�������� ��� ?�£���O,gBp � ghYMZa]_[^]wg j `eV��eO,bc]5*�]_phO
V j O�b�]hV\x�YMO,g��Pm�O�Yfn j O�ZX[Pgh`eYMpwm�OBVXgh`eZ � Oc£
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"$#�% &!'�(*)*+-,/.�021435,�67,8.�,/9:'
� � [eZa�c`ep_V´]_JMNPO j Y@ZX`e�cVXm�VaO,Z��3�5�y�f�e�y�5���W� O,gl]�dMp � glO,b�] � �Mp_VaL �eO�NPO,bc]v£ft�[idMduO�ZX`eb3g�xcYyO�m�O�]h]hO �eO,pl�

ghVX`eb j Y�Za`c�eV\m�VXO�Z�[ � ] � �^[iZXV jf� O j [ibyg#ZaOFm�[ j p_O j Y�ghO�dM]hO�] j�� [eb�]hO�bybMO,g�m�VaO,ph�cO,g>O�]D[�¡:[eV´]#Z � ` �fqrO�]
j�� YMb<p_[edMd3`cpl]B[iY<ghO�VXb j�� © Z\m�[i]hO�Z�TWdy[cm�O 4 ,
6«£E��`cYyg�[ �c`ebyg�phO,dMphV\g�ZXO,g�N+*�NPO,g�bM`e]_[^]_Va`cbyg¨x�YMO>m�O,ZaZXO,g
YM]hVXZaV\g � O,g j [ib3g�m�ODpw[idMdu`eph],³��<g_[ �e`eVXpv³(x�YMODZXO,g>gl`cYMpwm�O,g�gl`cb�]�m�`cbyglV jf� p � O,g
m�`eNPNPO j Ovg
` �fqrO�]wg�³�O�]
j `ebym¨ZaOBbM`eN �Mp_O j�� ` �fqrO�]_g¤O,gl]K[eY#NP`eVXbyg � �c[eZu[eY#bM`cN �Mp_O j ORgh`eYMpwm�Ovg�£ -�[ebyg
ZX[�glYMVa]hOc³WZa`cp_g_x�YMO�p_VaO,b
byO
glO,p_[>dMp � m�VXg � ³3ZaO�]hO�p_NPO2;r` �fqrO�]wg8<�ghO�p_[edMdu`eph]hO�pw[	��Z � O�b3glO,N �MZXO2;lgh`eYyp_m�O,g7= ` �fqrO�]_g/<w³ j [ibyg¨ZaO�m�[eg
m�`eb�]hpw[iVXp_O¨bM`cYygKYf]hVXZXVXghO�p_`ebyg
ZXOB]hO�p_NPO>;r` �fqrO�]wgKYMbMV\xcYyO�NPO�b�]/<º£M��Ovg
¥3mwJMVXO�pwg j�� O,b�]hp � ORO�] j O�gh`eph]hVXO j Y
ZX`e�cVXm�VaO,Zygh`eb�]ÇbM`eN �Mp_O�Yfn�³ibM`cYygÇ[eZaZX`ebygÇO�b�dy[epl]_VXm�YMZaVXO�p§O�nfdMZX`eVa]hO�p§ZaOK¥3mwJyVaO,p¤x�YMVMduO�p_NPO�] j O ��V\ghYy[iZXVXghO�p
Z\[>dMYMV\ghg_[ib3m�ORp_[5kc`ebMb � O¨O�]�ZX[>dMJ3[eghOBO,bFm�`PO�]¨m�ph`�ghg
du`eZ\[ip_VXg_[^]_Va`cb�£
� � [eZa�c`ep_V´]_JMNPO�� � b � p_[eZ j�� �u�5�y�f�e�y�5�c�f� O,gl] jf� m�phVa]�m�Va� [edMphLvg�£
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,cª � �&��� �'� � �&���)( �"�%���
�*� �&�+�,���
�-�P�&�

s
[iZ\m�YMZ j ORZ\[�gl`cYMpwm�O
m�[eZXm�YMZ j YFm�`cYMp_[eb�]KghYMp�Z\[Pgl`cYMp_m�O
m�[eZXm�YMZ j YFmwJy[iNPd j O�Z\[>gh`eYyp_m�ORghYMp�Z\[>�ep_VaZXZaO j O �WV\glYy[eZaV\g_[^]hVX`eb

s
[iZ\m�YMZ j ORZ � ` �fqrO�] (
jf� ]_O�p_NPVaby[i]hVX`eb j YFmwJy[iNPd.dMp_`WmwJyOBV\g_glY j O�Z\[>gh`eYyp_m�ORghYMp�Z � ` �fqrO�] (
jf� NP` j YMZ\[^]_Va`cb j Y.mwJ3[iNPdFglYMp�Z � ` �fqrO�] (
m�[eZXm�YMZ j YFm�`cYMp_[eb�]KghYMp�Z � ` �fqrO�] (
m�[eZXm�YMZ j YFmwJy[iNPd@glYyp�ZX[P�cphVXZaZXO j O �WVXghYy[iZXV\gh[i]hVX`eb
mwJy[iNPd.dMp_`WmwJyOBV\g_glY j O�Z � ` �fqrO�] ( ghYMp�Z\[Pgl`cYMp_m�O	=:phO�]h`cYMp�glYyp�ZX[Pgh`eYMpwm�O ?
jf� NP` j YMZ\[^]_Va`cb j Y.mwJ3[iNPdFglYMp�Z\[Pgl`cYMpwm�O
m�[eZXm�YMZ j YFm�`cYMp_[eb�]KghYMp�Z\[Pgl`cYMp_m�O/.
mwJy[iNPd j O�Z\[>gh`eYyp_m�ORghYMp�Z\[>�ep_VaZXZaO j O �WV\glYy[eZaV\g_[^]hVX`eb0.

,cª&1 �2�"� � �3� �#��� ����� �&���)(

~Mª � �&��� �'���G�#���)( �"�%���
�4� �&�+�,���
�5�
�L�
�yª � �&��� �'���G�#���76 �"�%���
�*� �&�+�,���
�-�P�&�

8µb:9yYMO,bym�O j O�Z � ` �fqrO�] ( glYMp�Z � ` �fqrO�] 6
mwJy[iNPd.dMp_`WmwJyOBV\g_glY j O�Z � ` �fqrO�] ( ghYMp�Z � ` �fqrO�] 6
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Puissance rayonnee : calcul validation reference

balayage(dg)

1 source isolee
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference

balayage(dg)

1 source isolee

phi=0 
phi=45 
phi=90 

� W���� ]5¸wÆ«¾

� ��
 ��~ H�� �&�������N
T�����$NEG,N ���P�I�����G�#��� � � 

�#���$�D� ��

� ��ND� �

�$#�� � 6>3 � )��>+�� 3 3�. �76 )	��
�3�.
�2, � '/3 � . + ,�� �>3��>,��>3
�¨`eYygBp_O�dMp_O�bM`cbyg�Z\[Dgh`eYyp_m�O�dMp � m �vj O�b�]_O
O�]RbM`cYyg�[iqr`eYf]_`ebyg�glYyp�ZXO�N+*,N>OP[^nfO j O
p � �c`eZXYf]hVX`eb���Yyb ` �MqrO�]
¡:[eYyg_glO,N>O,b�] j V � ZXO,m�]hp_VXx�YMOc³}m � Ovgr]+� j VXp_O j O1d3O,phNPVa]l]_V��WVa] �@� ��[iZXO1� ,c£}�Ö[ � � `eN � ]hp_VaO#Ovgr]

p_O�dyp � glO,bc] � ORglYyp�ZX[�¥y�cYMphO��y£

X Y

Z

60λ

6λ

Source

�	��
��u� H�
 N ���-NP� �N�+�!�"�N
T�"�,��� �"�%���
��
 �

��b ]hJ � `ep_VaOc³¤m�O�]l]_O m�`ebf¥y�cYMpw[^]hVX`eb�Ovgr].V j O,b�]hV\xcYyO � Z\[ m�`ebf¥y�cYMpw[^]hVX`eb [ �cO,mFZ\[ gh`eYMpwm�O V\gh`eZ � Oe£
s � O,gl]}dMp � m�V\g � NPO�b�]}m�O�Z\[�x�YMOKbM`cYyg �e`cYMZa`cbyg � � p_Va¥yO�p�[iY�bMV��eO,[eY
bWYMN � p_V\xcYyOe£^�([�dMYMV\ghg_[ib3m�O
p_[5kc`ebMb � O

Ê¢Ô�Õ�ÊËÐ



���������	��

��������� �u�5�y�f�e�y�5�c�f� ,�,

p_O�dyp � glO,bc] � O�ghYMp§Z\[R¥y�cYMphO�Q
O,gl] �MVXO�b�V j O�b�]hV\x�YMO ��Z\[�m�`eYMp��3O j O�p � ¡ � p_O�bym�Oe£��([�m�`cYMp��3O�p_O�Z\[^]_V��cO��RZX[
dyJy[eghO�O,gl] j V´¦ � p_O�b�]hO>m�[ep¨ZXO
m�[eZXm�YMZÖO�¦uOvmº]_Y ��j [ebygBmwJy[em�YMb j O,g j O,YfnFZa`c�eV\m�VXO�Z\g�Yf]hVXZXVXghO
YMbyO
p_`eYf]_VabMO
j V´¦ � p_O�b�]hO§ª�VXZu¡:[iY j p_[eV´]
N>` j Va¥yO,p
ZXO jf� p_`eYMZXO�Yyp j OBdMJy[cglO�Yf]hVXZXVXg �Bj [ibyg
�u�5�M�f�c�M�5���f�{£���`cYyg¤bMO�by`eYyg
gh`eNPNPO,g
dy[eg>[^]h]_[ep jf� g
ghYMp�m�ODdu`eVXb�]�du`eYMp>ZaO1NP`eNPO�b�](ª j [ib3g�]_`eYf]Pm�O1x�YMVKghYMV´]v³}ZaOvg�m�`eYMp��3Ovg j O
dyJy[eghO�gl`cb�]¨glVXNPdMZaO,NPO�b�] j `ebyb � Ovg�d3`cYMp¨VXbf¡¢`cphN�[^]_Va`cb1O�]¨bMO
gh`eb�]�dy[cg���m�`cNPdy[ip_O�p�[ �eOvmBZX[#m�`eYMp��uO
j OBp � ¡ � phO,bym�O j O !M�$#y�&%�'�({�W£

−200 −150 −100 −50 0 50 100 150 200
−40

−35

−30

−25

−20

−15

−10

−5

0
Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

2iterations new−algo

1 source + 1 objet dielectrique vide 1m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight−optimise

balayage(dg)

1 source + 1 objet dielectrique vide 1m

2iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight

balayage(dg)

5iterations new−algo

1 source + 2 objets dielectrique vide 1m et 3m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight

balayage(dg)

1 source + 2 objets dielectrique vide 1m et 3m

5iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + 1 objet metal deaxe

2iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight

balayage(dg)

1 source + 2 objets metals deaxes

2iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation reference

balayage(dg)

1 source + 1 objet metal 1m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference

balayage(dg)

1 source + 1 objet metal 1m
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phi=45 
phi=90 

� W���� ]5¸wÆ«¾

�	��
��{� H 
 � �J� �����)�P�"� �$NEG,N �$�P�I�D���G�#���T�"�,���I�"�%���P��
8�
	#�D� !M�$#y�&%�'�({���
© dMphLvg j O,YfnDVa] � pw[^]_Va`cbyg,³fZaOvg�m�`eYyp �uO,gK` �f]hO,b�YyO,g�[ �eOvmB�3�5�y�f�e�y�5���W� phOvghghO�N �MZXO�b�]�dy[iph¡:[iVa]hO,N>O,b�]

[eYfn�m�`eYMp��3Ovg j O�p � ¡ � p_O�bym�O
m�`eNPNPO�ZaOKNP`eb�]_phOKZ\[¨¥3�eYMp_O ,v|M£)�¨`eYyg�[ �c`ebyg�p_O�du`eph] �Kj [ibyg}ZXO,g�]_[ �yZaOv[iYfn
��O�] � Z\[Pm�`cbc]_phV��MYf]_Va`cb j O�mwJy[em�YMbMO j O,gKVa] � p_[i]hVX`ebygKO�]�ZaOR]_O�NPdyg�s
o37
£

−200 −150 −100 −50 0 50 100 150 200
−40

−35

−30

−25

−20

−15

−10

−5

0
Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + 1 objet metal 1m

2iterations new−algo
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phi=45 co
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phi=90  co
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Phase: calcul validation echolight−optimise

balayage(dg)

2iterations new−algo

1 source + 1 objet metal 1m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation reference

balayage(dg)

1 source + 2 objets metal 1m−3m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference

balayage(dg)

1 source + 2 objets metal 1m−3m
phi=0 
phi=45 
phi=90 
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Puissance rayonnee : calcul validation echolight

balayage(dg)

1 source + 2 objets metal 1m−3m

1iteration new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight

balayage(dg)

1iteration new−algo

1 source + 2 objets metal 1m−3m phi=0 co
phi=45 co
phi=45 cross
phi=90  co

� W���� ]5¸wÆ«¾

�	��
���,5~ H � �)� 	#� �E�	�
�C�D�8�N� �$�P
 � �C�>���ON � �)�����)� �

−200 −150 −100 −50 0 50 100 150 200
−40

−35

−30

−25

−20

−15

−10

−5

0

Puissance rayonnee : calcul validation echolight

balayage(dg)

1 source + 2 objets metal 1m−3m

2iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight

balayage(dg)

2iterations new−algo

1 source + 2 objets metal 1m−3m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight

balayage(dg)

1 source + 2 objets metal 1m−3m

3iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight

balayage(dg)

3iterations new−algo

1 source + 2 objets metal 1m−3m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation reference

balayage(dg)

1 source + 3 objets metal 1m−3m−5m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference

balayage(dg)

1 source + 3 objets metal 1m−3m−5m phi=0 
phi=45 
phi=90 
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Puissance rayonnee : calcul validation echolight

balayage(dg)

1 source + 3 objets metal 1m−3m−5m

1iteration new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight

balayage(dg)

2iterations new−algo

1 source + 3 objets metal 1m−3m−5m phi=0 co
phi=45 co
phi=45 cross
phi=90  co

� W�� M¤» Á8Ãl·8¸_Á8»½ÉºÅ5Æ

�	��
 � ,^� H � � ��
 

�)�C�D� � � 
$���&�CND���P��GP���C�
�����������P
5��� N � ���������L
������L
 �'�!� � 
T�"��� �"�%���P��
 �

p_[edMdu`eph]*) j+�
Va] � p_[i]hVX`eb , �µ|M£ ,$, j��
Va] � p_[i]hVX`ebF~ �r�i| j��354�6 �3� H � �)�-� �$��� � ��� N � ���������G
!�
�)� �)� 	#� �S�"�
�C�D��� �&��� ���L��� �$�	�"�%���P��
 �

ÕM¶.Å)JLKNMPONO



~c~ ����� ���N� ��� �

� Yy[i]hp_O�` �fqrO�]wg ,RV´] � pw[^]_Va`cb ,BVa] � p_[i]hVX`eb.phO�]h`cYMp�gl`cYMpwm�O ~�V´] � pw[^]_Va`cbyg
� ��� ��� � � � � , �354�6 ��,,| H � �
� �L
 � � � �G�#���T���L��� �$�>�	�����
��
 �

-�O
Z\[#N+*�NPO�NP[ebMVXL�p_O
x�YMO j [ebyg�ZXO�]w[ �MZXO,[eY � ³uZaO
]_[ �MZaOv[iY ,v|#m�`cN>d3[ip_O�Z � [ibym�VaO,b O�]BZaO�bM`eY��eO�Z
[eZa�c`ep_V´]_JMNPOe£

�$#�� ��3 ��3 �>.�3�. 9�� 3 � �76>3 9:'�,�1 3 6 .�9 .�,/) 6 1 ) 6>)�� )��2+�� 3
�(O1ghO�df]_O�]
Ovgr]Pm�`eNPdu`cg �Dj ODghO�dM]>[ib�]_O�bMbMOvg
m�VaO,ph�cO,g j `cb�]
ZX[F¡¢`ep_N>ODO,gl]
phO,dMp � ghO�b�] � O�O�b j O,Yfn

j VaNPO�b3glVX`ebyg�glYyp
Z\[F¥y�cYMphO , � £�7�bMO.[ib�]hO,bMbMO.m�VXO�p_�eO�O,gl]�dyZX[cm � O.[iY m�O�b�]hp_O#O�]>ZaOvg�ghVan [eYf]hp_O,g�[ibf�
]_O�bMbyO,g§gh`eb�]§du`cghVa]hVX`ebMb � O,g�O,bDm�O,p_m�ZaO�[eYf]h`cYMp j O�ZX[RdyphO,N>VXL�p_O¨m�`eNPNPO�ZaO¨N>`cb�]hp_O�ZX[R¥3�eYMp_O ,,�y£�TWO,YMZaO
Z � [ib�]hO,bMbMO�m�O�b�]hpw[iZXO¨Ovgr]K[iZXVaNPO,bc] � Oc£��Ö[�¡¢p � x�YMO�b3m�O¨Ovgr] j OR~i|M£½~ ��� �¨O�]
Z\[ j V\gl]_[ib3m�ORm�O�b�]_phO �>m�O,b�]hp_O
O,b�]hp_OBZ\[Pgl`cYMpwm�OBO�]�ZXO,g �u`eYM�cVaOvg
O�b �WVap_`ebMb3[ib�]hOvg¤Ovgr] j O	, � NPN gh`eVa] ,e£½~�ZX`eby�eYMO,YMp j�� `eb j Oc£

x

0.5λ0.96λ

�.7	��6:9�
e2
�,7����}9�������������� �"!#��!�!�$
%&�c250u6

')( 0+*�9�,.-0/1�e2
�v7:9

� ��
 ��, � H 
 �,� N
�D� � � � �I�8�)�L� �P�&�C�!�P�+� �E�	� �

Ê¢Ô�Õ�ÊËÐ



���������	��

��������� �u�5�y�f�e�y�5�c�f� ~e�

X

Y

-0.02 -0.01 0 0.01 0.02 0.03 0.04

-0.02

-0.01

0

0.01

0.02

Source

�	��
 ��,,� H � �&� �:�5���P
��	�)�L� �P�&�C�P
 �
�+� �S�"�P
 �

� � [ebc]_O�bMbyORm�O�b�]hpw[iZXO�x�YMV�O,gl]�[iZXVaNPO,bc] � O�[idydy[ipw[��\]�glYMp�Z\[�¥y�eYyphO�~i|>[ �eOvm¨Z\[�m�`cYMZXO�YMpKp_`eYM�cOe£

X Y

Z

�	��
 ��~i| H 
 N ���-N
� �N�+�5���P
��	�)�L� �P�&�C�P
 �
�+� �S�"�P
 �

s¤O j VXghdu`cghV´]_V´¡3[�¡:[iVa]ÖZ � ` �fqrO�] j�� YybMO
m,[iNPdy[e�ebMO j O
NPO,ghYMp_O,g�p � [eZaV\g � O,g�dy[ip © Z\m�[^]_O�ZfTWdy[cm�O§O,b�~i|c|e|y£
�¨`eYyg¨gl`cYMJy[iVa]h`cbyg�[edMdMp_`WmwJyO�p�[iYFNPVXO�Yfn@ZXO,g¨m�`eYMp��uO,g j O
N>OvglYyphO j O�ZX[>¥3�eYMp_O�~ ,�O�]�m�`cNPdy[ip_O�p�ZXO,g
]_O�NPdyg j ORm,[iZ\m�YMZ�[ �cO,mBZ\[�dyphO,N>VXL�p_O �eO,p_ghVa`cb j�� �u�5�M�f�c�M�5���f�{£

ÕM¶.Å)JLKNMPONO



~iQ ����� ���N� ��� �

�	��
��{~ , H�� �N
����$�P
T�#� 
����&� �P��� � ���&�O�
�L�I�N
 �

�Ö[�Z � �cO�b j OBp_O�Z\[^]_V��cO�[iYfn1m�`eYMp��uO,g j ORNPO,ghYMp_O j O�ZX[�¥y�cYMphO�~G,BOvgr] j `cbMb � ORm�V´� j Ovghgh`eYyg,£
H ph`cYM�eO�du`eYyp§ZXO�dMZ\[ib j O¨m�`eYMduO�dMJyV �B|y³eO�b#m�`i� d3`cZX[ephV\g_[^]hVX`eb>[ �eOvmKZaO�]_p_[eV´]
m�`eb�]_VabWYPO�]
O�b#m�p_`cg_gl�
d3`cZX[ephV\g_[^]hVX`eb.[ �eOvm¨ZXOR]hpw[iVa]�d3`cVab�]hVXZXZ �

H �eO,pl]Kd3`cYMpKZaORdMZ\[ib j O�m�`cYMd3OBdMJMV ��Q	�
O�b.m�`e�«du`eZ\[ip_VXg_[^]_Va`cb#[ �eOvm�ZXO�]_p_[eV´]�m�`cb�]hVXb�Y1O�]�O�b@m�p_`cg_gl�
d3`cZX[ephV\g_[^]hVX`eb.[ �eOvm¨ZXO�d3`cVab�]_VaZXZ �

H �MZXO�Y.d3`cYMp¤ZXOBdMZX[eb j ORm�`cYMduO�dMJyV �B�c|�O�b.m�`e�«du`eZ\[ip_VXg_[^]_Va`cb�[ �eO,m�ZaO�]hpw[iVa]Km�`eb�]hVXbWYDO�]
O,b1m�p_`cg_gl�
d3`cZX[ephV\g_[^]hVX`eb.[ �eOvm¨ZXOR]hpw[iVa]�d3`cVab�]hVXZXZ �

�Ö[�m�`cphp_O,ghd3`cb j [ebym�O j O,g(m�`eYyZaO,YMp_g{Ovgr]�Z\[KN+*�NPOÇdu`eYMp(ZaOvg�p � glYyZ´]w[^]_g j O,g�ghVXN
YMZ\[^]_Va`cbyg�[ �eOvmÖ�u�5�y�f�e�y�5�c�f� ghYMp
ZXO,g�¥y�eYMp_O,g�~e~.O�]P~i�M£Ö��O,g�]hp_`eV\g�m�`cYMp �uO,g�O�b m�`e�«du`eZ\[ip_V\gh[i]hVX`eb�gl`cbc] j `ebMb � O,g,³�dy[ep
m�`cbc]_phO�du`eYyp�ZX[
du`eZ\[ip_V\gh[i]hVX`eb1m�ph`cVXg � Oc³fglO,YMZaORZ\[>dMYMV\ghg_[ibym�ORp_[5kc`ebMb � O j [ibygKZXORdMZX[eb@dMJMV ��Q	�
O,gl]�phO,dMp � glO,b�] � Oc£

Ê¢Ô�Õ�ÊËÐ



���������	��

��������� �u�5�y�f�e�y�5�c�f� ~"�

−80 −60 −40 −20 0 20 40 60 80
−40

−35

−30

−25

−20

−15

−10

−5

0
Puissance rayonnee : calcul validation echolight

balayage(dg)
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N+*�NPO>¡¢p � xcYyO�bym�OPx�YMO>Z\[.gh`eYyp_m�O8�.Z � VXbc] � p_VaO,YMp j Y��eYMV j O j�� `eb j Oc£�� � [iZXVaNPO�b�]w[^]hVX`eb O,gl] j `ebym
NP` j V´¥ � O�[iY1¡¢YMp�O�] ��NPOvglYMp_O j O,gKVa] � p_[i]hVX`ebygKO�]�ZaORNP` j L�ZXO�[em�]hYMO,Z�b � O�b.]hVXO�b�]�dy[cg�m�`eNPdf]_Oe£

� � [eZa�c`ep_V´]_JMNPO��u�5�y�f�e�y�5�c�f� bMO�d3O,Yf] j `cbymBdy[eg"*�]hp_O�[idMdMZXV\xcY �Rj [ibygKYMbyOR]hO�ZXZXO�glVa]hYy[i]hVX`eb�£

�$#�%�� �56>3 � )��>+ � 3 3�. �26 � ��'�9 .�3 �2+
o�`eYyp �^[iZXV j O�p
by`i]hp_O1[eZa�c`ep_V´]_JMNPO#glYyp j O,Yfn ` �fqrO�]_g�dyph`fmwJMOvg�³Ö`eb m�`cbyghV j L,phO�YybMO1gh`eYMpwm�ODO�]�Yyb

� m�Z\[^]_O�YMp�m�`cNPN>OPZ � VXb j V\x�YMOPZX[1¥y�cYMp_OP~��W£���O�mwJM`cV´n j OPm�O�]h]hO�� � `eN � ]_phVXO�[ � ] � ¡:[iVa] j OPN�[ibMVXL�p_O	�
� �WV´]_O�p�ZXO,gKdMp_` �MZXL�NPOvg j O�m�`cb j O�b3gh[i]hO�Yyp
p_O�b3m�`eb�]_p � g¤dyp � m �,j O�NPNPO�b�],£
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Puissance rayonnee : calcul validation reference

balayage(dg)

1 source + eclateur
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference

balayage(dg)

1 source + eclateur phi=0 
phi=45 
phi=90 
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + eclateur

1iteration new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + eclateur

1iteration new−algo avec retour src phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + eclateur
2iterations new−algo phi=0 co

phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + eclateur
3iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

1 source + eclateur
5iterations new−algo

phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise

balayage(dg)

8iterations new−algo

1 source + eclateur
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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p_[edMdu`eph]*) j+�
Va] � p_[i]hVX`eb , � £ � ~ j��
Va] � p_[i]hVX`ebF~ � � j��
Va] � p_[i]hVX`eb@� � , � j��
Va] � p_[i]hVX`eb.Q �µ~"� j��
Va] � p_[i]hVX`eb � � � � j��
Va] � p_[i]hVX`eb � �«Qf� j��
Va] � p_[i]hVX`eb � � ��� j��
Va] � p_[i]hVX`eb � � � � j��3 4 6 �/,,� H � �)�-� �$��� � ��� N � ���������G
!�
�*� �)� 	#� �E�	�
�C�D���G�#���T�"�,���I�"�%���
��
 �

-�O�Yfn1` �fqrO�]_g ��Va] � p_[i]hVX`ebyg �
Va] � p_[i]hVX`ebyg � V´] � pw[^]hVX`eb3g
� ��� � � � � � , � �354�6 ��,�Q H � �
� �&
 � � � �G�#���T�������I�"�%���P��
 �

TWYypRm�O�]BO�nfO�NPdMZXO�` � ZXO,g j O�YMn@` �fqrO�]wg�gh`eb�]�]hp_L,g�dMph`fmwJMOvg�³uZ\[Dm�`cb �eO�p_�eO,bym�O�Ovgr]RdMZXYyg j V �#m�VaZXO	�
g � � ]_[ �MZXVapv£{s¤O,d3O,b j [ib�]v³u[eY j O�Z�� j O
Z\[ j O,YfnfVaL,N>O�V´] � pw[^]_Va`cb�³yZ\[#dMYyVXg_gh[ebym�O
p_[5kc`ebMb � O�bMO �5[ephVXO�dMZXYyg
�uO,[eYym�`cYMd@m�`eNPNPORZaO�NP`cbc]_phORZ\[�¥y�eYMp_O�~i�y£

�$#�%*% � . � �>3 �>3�'�9 � ) 6 � 3�+�( 3 6 � 3 3 6�� ) 6 � .�,/) 6 �23�'/9 �7, ��.�9 6 � 3 3 6 . +-3 '�3 �
)	� 
 3�. �

�¨`eYyg�gl`cYMJy[eV´]_`ebyg � ]hY j VaO,pÖZ\[¨m�`eb �eO,ph�cO�bym�O j Y
ZX`e�cVXm�VaO,ZeO�b�¡¢`ebym�]hVX`eb j O¤ZX[ j V\gr]w[ibym�O¤gh`eYMpwm�O��«` �fqrO�]v£
© dy[iph]hVXp j O¨Z � O�nfO�NPdMZXO j Y1glO,df]hO�] j�� [ib�]_O�bMbMOvg�³�bM`cYyg¤mwJy`eV\glV\ghgh`eb3g j O�YMn�[eb�]hO�bybMO,g
m�VXO�p_�eOvg§[ �eOvm�YMbMO
[eZaVXNPO�b�]_[i]hVX`eb N>`cbM`i�µgh`eYMpwm�Oc£��Ö[ ¡¢p � x�YMO,bym�O.O,gl]P¥Mn � O ��~e|M£½~ ��� �e£3�¨`eYyg�[eZaZX`ebyg
¡:[iVXp_O �^[ephVXO�p>ZX[
j VXgl]_[ebym�ORm�O,bc]_phO5�>m�O�b�]_phOBO�b�]hp_OBZaOvg j O�Yfn �u`eYM�cVaOvg�³WbM`e] � O��#ghYMp
ZX[�¥y�cYMp_O��e|�O�]�p_O�ZXO��cO�p§ZXORbM`eN �Mp_O
j�� Va] � p_[i]hVX`ebygRb � m�Ovghg_[iVXphOvgBd3`cYMp � � phVa¥yO�pRZXO#m�p_V´]_L�p_O j O#m�`cb��cO�p_�eO,bym�OI=8~$?�ª�ZaOvg�Va] � pw[^]_Va`cbygRg � [ip_p *�]hO,b�]
j L,g�ZX`epwg�x�YMO�Z\[�m�`cb�]hp_V��MYM]hVX`ebFO,gl]¨VXbf¡ � p_VXO�YMp_O>�>� � | j�� £&�¨`eYyg�m�[eZXm�YMZa`cbyg�m�O
m�p_V´]_L�p_O j [ib3g�ZXO,g�]_ph`cVXg
dyZX[ebyg j OBm�`eYMduO,g
dMp_VXbym�VXdy[iYMn�� �5� �M³�� � � . �eO�]�� � , � �eO�]KZaOvg �5[eZaO,YMpwg
gh`eb�]KphO,d3`cpl] � Ovg j [ebyg
ZaO
]w[ �MZXO,[eY ,
�f£
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-¨O,Yfn.[eb�]hO�bybMO,g�m�VaO,ph�cO,g � ���#����� � ���
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����� � ���
���
�
��`eN �Mp_O j�� Va] � p_[i]hVX`ebyg ~ ~ ~ ~

8 ] � pw[^]hVX`eb ,
� �5� � |y£ |c� � j�� � |y£ |c|iQ j�� � |y£ |c|�� j�� |M£ |e|"� j��
� � � . � |y£ |c�e| j�� � |y£ |c|"� j�� � |y£ |c|�� j�� |M£ |e|"� j��
� � , � � |y£ |eQc� j�� � |y£ |c|iQ j�� � |y£ |c|�� j�� |M£ |e|"� j��

8 ] � pw[^]hVX`ebF~
� �5� � � �iQy£ |e� j�� �r�i�M£ � � j�� � �c|M£ |"� j�� � ,v|"�M£ � j��
� � � . � � � � £X��� j�� � � � £X� � j�� � ,v|c~f£ ��� j�� � ,5~e~f£ � , j��
� � , � � � � ~f£X�e~ j�� � ,v�c~f£½~i� j�� � ,,Q � £ |e� j�� � , � ,e£ � � j��3 4 6 �/,Z� H � ��� 	
� �E�	�P�I�����
�!GP���I�P������� ����� �3����
N� �)�C�D� � �
�L� �$� �'�N
T������� ���&�O�
�L�I�N
��P�+� �E�	�N
 �

TWYyp¤Z\[R¥y�cYMphO��G,e³cbM`eY3g§[ �e`cbyg}]_p_[cm � Z\[�m�`cb�]hp_V��MYM]hVX`eb j O�ZX[ j O�YfnfVXL�NPO�Va] � p_[i]hVX`eb�O�b#¡¢`ebym�]hVX`eb j O
Z\[ j V\gr]w[ibym�O ��d3`cYMp�ZXO,gK]_ph`cVXgKdMZ\[ib3g j O�m�`cYMd3ORdMp_VXbym�VXdy[iYMn{£{s¤O�]l]_O�m�`cbc]_phV��MYf]_Va`cb1Ovgr] j�� [iYM]_[ib�]�dMZXYyg
b � �eZXVX�eO,[ �MZXOBx�YMORZ\[ j VXgl]_[ebym�O ��Ovgr] � ZaO � � OÇªWZX[�m�`eb �eO,ph�cO�bym�O¨O,gl]�[iZX`epwg �3Ov[iYym�`eYMd.dMZXYyg�pw[idMV j Oe£

-�O�d3[ip�g_[#ghVaNPdMZXV\m�Va] � ³{m�O>m�[cg�]hOvgr]BbM`eY3g�[�duO�p_NPVXg j O �5[eZaV j O,p¨Z\[Dm�`cb �eO�p_�eO,bym�O j O�bM`i]_phO>[iZX�e`e�
p_Va]hJMNPO�O�] j O�qrYygl]hVa¥yO�p¨ZaO
mwJy`eVan j O�bM`e]hp_O�m�p_V´]_L�p_O j�� [ip_p *�],£ ��bF¡¢`cbymº]_Va`cb j O,g�[edMdMZXVXm,[^]_Va`cbyg�O�] j O�ZX[
dyp � m�V\glVX`eb�p_O,x�YMV\glOc³cZXORglO,YMVaZ j O�� � | j�� VXNPd3`�g � d3`cYMp¤Z � [ip_p *�] j Ovg§Va] � p_[i]hVX`ebyg¤glO j `eVa] j�� *�]hp_O�NP` j Va¥ � £
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�¨`eYyg�[ �c`ebyg¤dMp_`edu`cg � YMbMO �eO,p_ghVa`cbDN�YMZ´]_V´�µgh`eYMpwm�Ovg�³fVa] � p_[i]hV��eOBO�]�`edM]hVXN>V\g � O j Y@Za`c�eV\m�VXO�Z

�u�5�y�f�e�y�5�c�f�{£us¤O�]l]hO>bM`cY �eO,ZaZXO �eO,p_ghVX`eb [ � ] � ]hOvgr] � O�ghYMp j O>bM`eN �MphO,Yfn@O�nfO�NPdMZXO,g�O�nW]hpw[iVa]_g j O 4 ,
6«£
�Ö[�m�`cb �eO�p_�eO,bym�O�[ � ] � ` �yghO�p�� � Oe³iN+*�NPOBglVy]h`eYM]hO�¡¢`cVXg j [ebygÇZ\[�dMZXYMdy[epl] j O,g
glVa]hY3[^]hVX`eb3gÇYMbMO�`eY j O,Yfn
Va] � p_[i]hVX`ebyg�glY���ghO�b�]>d3`cYMp�p_O�]_ph`cY �eO,p�ZX[ gl`cZaYM]hVX`eb j O1p � ¡ � p_O�bym�Oe£�s¤O�ph]_[iVXbyg
d3`cVab�]_g�p_O,gl]hO�b�]>O�bym�`ep_O
�1p � �eZXO�p�m�`eNPNPO>Z\[ j V´¦ � p_O�b3m�O j OPdMJy[cglOPO�b�]_phO	!M�)#y�&%)'�(u�>O�]��u�5�y�W�c�y�v���f�@`eY�O�bym�`ep_O�ZXO,gB]_O�NPdyg
j O m�[iZ\m�YyZK]hp_`ed�Za`cbM�cg,£ © �5[eb�] j O m�`cbyglV jf� phO,p j�� [eYf]hp_O,g�m,[eg>]hOvgr]wg�dMZXYyg�p � [eZaV\gr]_O,g,³�VaZ¨dy[ipw[��\] j `ebym
dyphVXNP`ep j VX[eZ j O�g � VXbc] � p_O,g_glO,p��PZ � [em�m � Z � pw[^]_Va`cb j�� �3�5�y�f�c�y�5���f�u£
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� � V jf� OBm�`cbyglV\gl]hO ��[cm�m � Z � p_O�pÇZXO¨g_m�p_Vadf] j�� �3�5�y�f�e�y�5���W�®O�b#Yf]_VaZXV\gh[ebc]¤ZaOvg§p_O,g_gl`cYMpwm�O,g j O¨dMZXYyghVaO,YMp_g

N�[cmwJMVabyO,g,£L��`cYyg�[iZXZX`ebyg j `ebymRdy[ep_[eZaZ � ZXV\glO,p�ZaOvg �3`cYym�ZXO,g j [ib3g�ZaOvghx�YMO,ZaZXO,g�ZaOvg�m�[eZXm�YMZXg�gl`cb�]�Vab jM� duO�bf�
j [ib�]_g,£uo}[ep�O�nWO,NPdMZaO�ZaOPm�[eZXm�YMZ j O,gBm�`cYMp_[eb�]_g�O�] j O,gRmwJy[iNPdyg�m�p ��� g¨dy[epBmwJ3[em�YybMO j Ovg�gh`eYyp_m�O,g�Ovgr]
VXb jf� d3O,b j [ebc] j OvgP[iYf]_phOvg>m,[iZ\m�YMZ\g,£��eYyg_x�Y � �<dMp � ghO�b�]>by`eYyg>Yf]_VaZXVXghVX`ebygPZXO,g>p_O,g_gl`cYMp_m�O,g j�� YybMOFglO,YMZaO
N�[cmwJMVabyOR[ �cO,m�Z � [iZX�e`cphVa]hJyN>ORghYMV��^[ebc]Öª
� s
[eZXm�YMZ�gl`cYMpwm�O,g"�>Z � Va] � p_[i]hVX`eb = � ?{ª
,cª � �&��� �'���G�#���)( 

�#���$�D�

`eb@[idMduO�ZXZXO�YMbFm�` j OB¡¢`eph]hpw[ib.d3`cYMp�m�[eZXm�YMZXO�p�ZXORm�`eYMpw[ib�]�glYyp�mwJy[ex�YMO�gh`eYMpwm�O
,cª&1 �2�"� � �3� �#��� ��� 
����*( 

�#���$�D� ªM`eb j V\gldu`cghO j YFm�`eYyp_[ebc] = � ?
d3`cYMpK]h`cYf]hOvg�ZaOvg�gl`cYMpwm�O,g
� s
[eZXm�YMZ�gl`cYMpwm�O,g
dy[ep_[eZaZ � ZXV\g � �>Z � V´] � pw[^]_Va`cb = � ?º³3`eb.Yf]hVXZaV\ghO�[iYf]w[ib�] j ORNP[cmwJMVXbMO,g�x�YMO j O�gh`eYMpwm�Ovg�ª
,cª � �&��� �'���G�#���)( 

�#���$�D�

`eb.ZX[ebym�O�ZXO�m�[eZXm�YMZ j O�Z\[>gh`eYyp_m�O ( glYMp�Z\[>N�[emwJMVXbMO 6
,cª&1 �2�"� � �3� �#��� ��� 
����*( 

�#���$�D� ªM`eb j V\gldu`cghO j YFm�`eYyp_[ebc] = � ?
d3`cYMpK]h`cYf]hOvg�ZaOvg�gl`cYMpwm�O,g
TfV�ZaOvg�phOvghgh`eYyp_m�O,g�Vabf¡¢`cphN�[i]hV\xcYyO,gBZaO�duO�p_NPO�]h]hO�b�]v³�Z � V jf� [eZ�O,gl] j O j VXghdu`cghO�p j�� [iYf]w[ib�] j O�N�[emwJMVXbMO,g
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