
� ��������
	
�����	 ��� ����� �
	 � ��	
��� 	 ��� ������ � � ������������������ ���
�!��	!�����"�����
� �����#��$&% � � � ��$'� ��� ����� � $'�"�)(*�+%�� ��������	 ��� � ���,�������.- /�#�������

0 ���'� ��- � � � �.$&%
132547698;:=<>476@?ACB3DFE'G�HJILKLM>NPOLQ�G+RTSVU 47WYX=2LZ�[ G [ N [

\)47] B <>4_^ B3D <`2 Xba c E ^`< B3d=e
f9E`Dhg W=2 ikjml'nonop7q�8sr�] E 2*<ut_4_^ BoD <u2 j D X D 8;v f <=w2*6xw2*2 Ey*z R ckt32{6!WY2 w|VX B WT47<>X~}s2 UhD 6 RY� y{zo�3�L� B W UhB W E 2 R :Y<u436 A 2
�
�
�7�T�o�!�=�7���3�T�!���;�
�=�_�b�7�7�=�3�=�o�3���3�{�)�5�V���!�@�+�3�3�=�9�!�
�!�3���o�5�)�5�x���!�

����!�5��� ��� ¢¡T£¥¤!¦o§�¨o£¥©u£u§Lª*«;§�¬©>®£�£>¯°§J¨o£¥±o«3²£>¯;£>³_§�£u« ¦!³!£¥´m²£u§�µ!¶7¨3£¥±9£u«�´�£u§;§·ª*³_§�¨Y¸ ¶{¤o§�£>³o¬«J¨3£¥¹ºª!»©>¶5³�ª{¦o§�¶{´�ª*§�¬½¼_¦!£L®½£u¯J±!ª*«·ª*´¿¾£u§;«�£>¯¹F¶{³
¨!ª*´�£>³_§·ª{¦3À¿¨=¸Á²£`§�¶5¬®£>¯�¾ª�±
ª*«;§�¬Â«x¨o£k®½£u¦o«x¯;±9£u©u§;«�£5ÃYÄ�¶5¦3«x©>£u®Åª7Æ=³!¶{¦!¯xª*®®½¶{³!¯Ç±3«�¶5±9¶5¯;£`«Ç¨o£u¯s¯;¶5®¦3§�¬½¶{³!¯Èª*¦oÀ¿±3«�¶5¤o®º¾£u´�£>¯V«�£>³o©>¶5³_§;«7²£>¯V£u§x±o®¦!¯±
ªC«;§�¬½©u¦!®¬º¾£u«�£>´�£>³_§@®º¸ ¦o§�¬®¬½¯�ªC§�¬¶5³~¨o£s«7²£u¯;£Éª{¦3À¿¨3£x³!£>¦3«�¶5³o£>¯>Ã
Ê~Ë �{Ì*Í_Î=Ï3ÌÐ ÒÑ�£¿±3«�£>¯;£>³_§Jª#´�£u§�µo¶7¨o¶5®¶{Ó{Ôm§�¶�¶5¤3§·ª{¬³.§�µo£¿¯°§·ª*«�¯>¸ ¯�¹F¦!³!¨!ª*´�£>³_§·ª{®Õ±
ªC«·ª{´�£u§�£`«�¯�¹Å«�¶5´Ö§�µo£>¬Â«L¯;±9£u©u§;«�¦!´¿Ã�×Ø¶�´�ª{Ù5£¥§�µ!¬¯ª{¦3§�¶5´�ª*§�¬©Éª*®®Ô_Æ3ÚÛ£Ç³o£>£É¨�§�¶ ¯;¶5®ÜÝ£Ç´�ª*³7Ô�±3«�¶5¤o®½£u´�¯>ÆoÚ�£Ç±o«�£>¯;£>³_§@¯;¶{´�£Ç¯;¶5®¦o§�¬¶5³o¯Pª{³
¨L´�¶{«�£x£>¯;±9£u©>¬½ª{®®ÂÔ¥§�µ!£s¦!¯;£Ç¶{¹�³!£>¦3«·ª{®Y³!£u§ÁÚÛ¶{«�Ù7¯>Ã

Þ ßáà¿â�ãÕäæåmç�èsâÕéCäLà

\á2 E ]Y4 E 2 E X92JX B 6=6xw2{2 EÈA*B 6 E ^ D ^`Wxw2*2 E 2{6 E·d 2 A ^`< BoEuACBod=D 2 E ^`2 U 8
U 4 D <`2�<u2 d <=w2 E 2{6!^`2*6!^ W=6Ðt BoU WYê¥2+Xba D 69ë B <`ê�4_^ DÅB 6 ACB 6 E·D Xsw2{<u43] U 2oìcÈíY6~Xba B3d ^ D ê DFE 2{< U 2*WY<P2Cî d=UhB3D ^u47^ DhB 6 RoDÅU 2 E ^ D ê dTB <·^>476!^sX=2�X DFE 8
dØBoE 2*<ÇXba B W9^ DÅUFExd 2*<uê¥2*^·^>476!^ÈXba 2*î
^`<>4 D <`247W9^ B ê�4_^ Dhg W=2{ê¥2{6!^ U 2 E
D 69ë B <uê�4_^ DÅB 6 EPd < D 6 ACDhd 4 U 2 E*R 2C^Ç4 D 6 E`DÁR ëï4 A*DÅUhD ^`2*< U 2k^u<u4Ýt_4 DhU X92�<u2C8
A>e 2{< A>e 2VXba�w2C^ B3DhU 2 B W¥ð3< B W d 2xXba�w2C^ B3DhU 2 E <=w2 dØB 6TX=476!^�43W9î A < D ^{ñ2{<`2 EX92 U a W=^ DhUÅDFE 47^`2{W=<{ì
r�6�ê B 6!^`<u2 g W=2 U 2s<>4 f3B 6Y6=2*ê¿2*6!^ E ^`2 UÅU 4 D <u2 ACB <`<u2 E`dTB 6YXæñ4ÈWY6

E`d 2 A ^u<`2sX92V<>4 D 2 E ì S 2 E`d 2 A ^u<`2s2 E ^ò^u<{ñ2 E)A>e 4 B ^ Dhg W=2 R{DhU9ACB ê d <`2{6YX
d=U W E`D 2{W=< E ê DÅUhUÅD 2*< E X=2�<u4 D 2 E X92Lê B < dYe=B3UhB ð D 2 E X D½ó w2{<`2{6o^u2 EÇg W D
E 2 A>e 2{tÝ43W A>e 2{6o^ U 2 E W=6=2 EkU 2 E 47W9^u<`2 E ìØ|@6 A*B 6!^`<u2 d 47<`^ D 2 R�A>e 478
A W=6=2@X92 A 2 E <>4 D 2 E 2 E ^bë B 6 A ^ DÅB 6�X92 E)A 47<>4 A ^=w2{< DFE ^ DFg WY2 E X92 U a·w2*^ B3DhU 23ì\)2 E ^u< BoDhE�d < D 6 ACDhd 47W=î d 43<u43ê#ñ2C^`<u2 E�A 47<>4 A ^=w2*< DFE 436o^ U a·w2*^ B3DhU 2 E`B 6!^@ô
õ�öá÷�øÝø ô � 2*ê d w2*<>4_^`WY<`22 ó 2 A ^ D t323ì
õ UhB ðúùmôYû<>4Ýt D ^=w2X=2 E W=<`ëï4 A 23ì
õ'ü ý�þ_ÿ�� ôYj w2*^u4 UhUhDhA*D ^=w23ì
\á2 E <u2 U 4_^ DhB 6 E 2*6!^u<`2 U 2 EJd 47<>47ê�ñ2*^`<u2 E ë B 6YX=47ê¿2{6o^>47W9î�2C^ U 2

E`d 2 A ^u<`2 E·B 6o^V2Cî
^`<{ñ2*ê¿2{ê¥2{6!^ ACB ê dYU 2*î
2 E ü y � ì!j�4 U ð3<=w2 U 4J<`25X B 6=8X=436 A 2sX92 U a D 6=ë B <uê¿47^ DhB 6JX DhE`dTB 6 D ] U 2 RÝU 2 d < B ] U ñ2*ê¿2PX92 U a 2 E ^ D ê�4_8^ DÅB 6 X92 A 2 E�d 47<>47ê#ñ2C^u<`2 E ñ4 d 43<·^ D <¥X9W E·d 2 A ^`<u2~<u2 E ^`2~Xsw2 UhDhA 4_^5ìv U W E`D 2*W=< E 4 d=d < B9A>e 2 ExE`B 6!^Ç2*6
t DhE 47ðo2{43] U 2 E ô
\)4 d <u2*ê D ñ2*<u2 ACB 6 E·DFE ^u2�ñ4�<=w254 UhDhE 2*<#W=6=2 ACU 4 EuE·D í A 47^ DhB 6�X92 E

E`d 2 A ^u<`2 EÇE ^u2 UhU 4 D <u2 ExE 2 UhB 6 U 2 E`f
E ^{ñ2*ê¿2�j����Áj B <uðo43698�� 2{2*6Y436��
ü q � d 43<�2Cî92*ê d=U 2 R)U 2 d <u2*ê D 2*<�] DhU 476 E W=< A 2 E ê w2*^ e=B X92 E ñ4�w2C^=w2X9<u2 EuE w2ò2{6 y
	 p�� ü � � ì S 2*^·^u2P4 d=d < B9A>e 2 ACB 6 E`DhE ^`2kñ4Ç4 ó 2 A ^`2{< A>e 4 g WY2w2*^ B3DhU 2Ðñ4.W=6Y2 A*U 4 E`E 2 ñ4 d 47<`^ D <�X92 U a 2Cî=47ê¿2{6úX92 E`B 6 E`d 2 A ^`<u23ì
SVB ê d ^`2�^u2*6
W X9W 6 B êJ]=<u2 UhD ê D ^=w2~X=2 ACU 4 EuE 2 E*R)U 4 g WY436!^ D í A 478^ DÅB 6 D 6!^`< B X9W D ^`2 d 2{W9^�43ê¥2{6=2*<Jñ4 E w2 d 47<u2*<x47<`^ D í ACD 2 UhU 2{ê¿2*6!^kX92 Ew2*^ B3DhU 2 E X92 A 43<u4 A ^=w2*< DhE ^ DFg W=2 E ^`<5ñ2 EÕd < B
A>e 2 E ^ B W9^P2{6æ<u2*ð3< B W d 476!^X92 E w2C^ B3DhU 2 E X92 A 43<u4 A ^=w2*< DhE ^ DFg W=2 E ]T2547W A*B W d�d=U W E w2 UÅBoD ðo6sw2*2 E ì

\)4¥X92*W=î D ñ2{ê¥2 4 dYd < B9A>e 2këï4 D ^ U a B ]��2*^ÈX92 A 2C^`^`2 ACB ê¥êLW=6 DFA 478^ DÅB 6áìY| UhU 2�<`2 E·d 2 A ^`2 U 4¿6Y4_^uW=<`2 A*B 6!^ D 6
W=2�X92 EkA 47<>4 A ^=w2{< DFE ^ DFg WY2 EX92 E w2C^ BoDÅU 2 E 2*6 2 EuE 4 f 476!^+X92 <=w254 UhDhE 2*<~W=6=2.ê B Xsw2 UhDhE 4_^ DÅB 6 D 698to2*< E 2 RYA a 2 E ^¿ñ4æX D <u2�ë B WY<`6 D <kWY6=2�2 E ^ D ê�4_^ DÅB 6�X92 U 4�t_4 U 2*W=<X92 E
d 43<u43ê#ñ2C^u<`2 E ë B 6YX=47ê¿2{6o^>47W9î�ñ4 d 47<`^ D <@X92 U a 2*î943ê¿2*6¿X9W E·d 2 A ^`<u2
ü y{� � ì{|P6 ACB 6o^u<`2 d 47<`^ D 2 RCE`D3dØB WY< U 4 ACU 4 EuE·D í A 47^ DhB 6 R*U 4xðÕw2*6xw2*<>4_^ DhB 6X92ë < B 6!^ D ñ2{<`2 E X92 Xsw2 ACDFE·DhB 6æ6 B 6 UÅD 6xw254 D <`2 E 6=2 dØBoE 2 d 4 E X92 d < B 8] U ñ2{ê¥2 RoDhU�f 4�^u<{ñ2 E@d 2*W�X92k<Yw2 E W U ^u47^ EVE W=< U 4�ê B Xsw2 UÅDFE 47^ DhB 6�6 B 6
UhD 6xw2{4 D <u2+2*î d=UÅBoD ^>47] U 2 E X D <u2 A ^`2*ê¿2{6o^ dØB W=< U 2 d < B ] U ñ2{ê¥2#2*6
t D 8
E 47ðÕw23ì

� ���æâÛã���èsâÛé*äLà å���������ã�������xâ�ã����! 3äLà#"
å����$�kà¥â%��ç&�

')(+* ,.-0/�1325476�89/3:;20-
cÇíY6mX=2�6 B W EÈd=U 4 A 2{<ÈX=476 E X92 EÈA*B 6YX D ^ DÅB 6 EÇD XVw2{4 U 2 E 2C^Èëï4 D <u243] E ^u<u4 A ^ DÅB 6�X92 E ]=<`W D ^ E X92 ê¿2 E W=<`2 R X=2 U 4Ð<=w2 dØB 6 E 2 D 6 E ^u<`W98ê¿2*6!^>4 U 2J2C^ X92�^ B W9^ 47W9^u<`2 d < B ] U ñ2*ê¿2 UhD w2#ñ4 U a B ] E 2{<`t_47^ DhB 6�X92 Ew2*^ BoDÅU 2 E{R 6 B W E 4Ýt B 6 E#A>e=BoDhE`D X92.^`<>4ÝtÝ4 DÅUhU 2*< E WY<mX92 E�E`d 2 A ^`<u2 E

E`f 6o^ e w2*^ DFg WY2 E ìv U W E`D 2*W=< EÛd 2{< E`B 6Y6=2 EÛB 6o^ d < BodTB!E w2sW=6=2 E`B3U W9^ DÅB 6¿43W d < B ] U ñ2*ê¿2X92 E·f 6!^ e ñ2 E 2 R 6 B W E 6 B W EáE·B ê¿ê¥2 E <u2 E ^`<u2 D 6o^Vñ4 U a e!f
dØB ^{ñ2 E 2ÕXba�w2 g W D 8
UhD ]Y<`2�^ e 2{<`ê B X f 6Y43ê DFg W=2 UhB9A 4 U ü y � E 4 A>e 436o^ g WY2 A a 2 E ^xW=6 d <`2*8ê D 2*< d 4 E t32{< EáU 2Û^u<u4 D ^u2*ê¿2*6!^òX92 EáE`d 2 A ^`<u2 E Xba�w2C^ BoDÅU 2 E�dYU W EòA>e 47W=8X92 E 2C^ E W=<`^ B W=^kX92 E·d 2 A ^`<u2 E <=w2*2 UhE ì
<k2 d=U W E*R 47íY6�X92kX D ê D 6
W=2{< U 4�X D>=æA W U ^=w2 R 6 B W E 4Ýt B 6 EòUhD ê D ^=w2

U a 2{6 E 2*êJ] U 2PX=2 Eòd 47<>47ê�ñ2*^`<u2 E t_47< D 43] U 2 E ñ4 U 4x^`2{ê d w2*<>4_^uW=<u2Õ2 ó 2 A 8^ D to2 öá÷�øÝø 2C^ ñ4 U 4�ð3<>4Ýt D ^=w2 UhB ð�ù U 2 E 47W=^`<u2 E <u2 E ^u436o^ A*B 6 E ^u436!^ E ìS 2 ACD 6Y2 UÅD ê D ^u2È2*6�< D 2*6 U 2 E <=w2 E W U ^u47^ EÕA 43< U a 2 E ^ D ê�4_^ DÅB 6�X92 A>e 478
A W=6#X=2 Esd 47<>47ê�ñ2*^`<u2 EPd 2{W9^@?2C^`<u2�ëï4 D ^`2 X92ëï4b?ACB 6 D 6YXsw2 d 2{6YX=436o^u2X92 E 47W9^u<`2 E ì S 2 d <`2{ê D 2*<+^`<>4Ýt_4 DhU X B3D ^�X B 6 A ?2C^`<u2 A*B 6 E`D XVw2*<Yw2
A*B ê¿ê¿2�W=6=2�w2C^uWYX92�X92 ëï4 DhE 47] DhUhD ^=w23ì



\)4 E`f 6!^ e ñ2 E 2�X92 E�E`d 2 A ^u<`2 E 6=2 dTB!E 2 d 4 E X=2 d < B ] U ñ2{ê¥2 d 47<`8^ DhA W UÅD 2*<�ô

T
eff

λf(    , T    , log g)
eff

log g
Spectre synthétique

Modèle de Kurucz

G

ACBEDGFIH7J&KMLONQP3RTSUWVXU@Y�Z L U
[]\_^a`cbed.\+f SU
`+UQg

h)ijh kml5npoqsrct+uwvyx3t lGz
{}|~{}|�� �&�e���y�.�����y���G���y�y���W�
���y�����s�����3�I�3�I�s��.�
��Nw� `}� NQ�3�wN da`s[ N d�`cZ~YC�U L U L9R UM� LONQPaRTSU
VXUMY�U Rj� U�`;\OZ�V���\OZ N d�Y�U
`

�a� L �QV SU]\ L U�`}� N daY3��VXU
dw\�� ��� [ N V VXU R U�� LONQP3RTSUWVXUCZ�d � U L `cU5` � Z>¡� ��d.\_^

λf(    , T    , log g)
eff

T
eff

Spectre synthétique

log gG
−1

A)BEDGFC¢�J£K0L+NwP3RTSUWVXU&Z¤d � U L `+U�^G¥0`c\+Z¤VX��\+Z N d¦Y�U
`X��� L ��V SU]\ L U�`
� N daY3��VXU
dw\�� ��� g
§ Z RT� N d¨�QY N ��\+U R U � L Z�d�[]Z¤��U�Y�U d3U �a�Q` � \+Z R Z¤`+U L©� d�V N Y SU R U

�&� L Z NwL Z%ª � ZM[ N daY � Z L �QZ>\ S� � d3U�` NwR�� \+Z N d�U � \ L
«UWVXUWVXU
dw\©[ N V¬¡
� R U � Uw���U � Y�U)V£�U]\+f N Y3U
`�Y�U5V N YC�U R Z~`+��\+Z N d¬d N d R Z¤d)�U���Z L UC®��UWd)�UW¡L Z¤ª � U�`%U � Z~`;\OUWd.\
gw¯ � U
`c\M� Nw�3L []U R �_ª � U)d Nw� `M� �wN da`y�9UWda`��UCV UW\c¡
\ L U S��� LON�° \ R U�`I[
� L �Q[]\3�U L Z~`;\OZ¤ª � U�`±d N d R Z¤d)�U���Z L U�`}Y�U
` L �U
`+U
� ��� Y�U
d3U �3LON d3U�`C² ³�´�g K%NQ�aL �9U � ª � U R U5d N V PaL U)Y�U)d3U �aL+N d3U
`�` N Z�\M` � �µ¡° `O��d.\� N d#V N d.\ L U@ª �s� Z R U � Z~`;\OU@Y�U�`)`;\ L+� []\ �3L U
`CY�U L �U
`+U
� ��� Y�U
d3U �3LON d3U�`I�9U L VXU]\+\O��d.\0Y�U L �U
� R Z~`+U Ly� d �Q�3� LON�� Z�V���\OU �3L%� daZ � U L ¡
`+U R ² ¶�´·²¹¸
´e[WU0ª � ZQ�9U L VXU]\%Y�U L �U
` NQ� Y L U R U�\;be��U0Y3U0� LONQP3RjSU
V U�ª � Z
d Nw� `¬Z�d.\3�U L U
`O`cU�² º�´��»�� R f3U �aL U � `cU
VXUWd.\
 R U�`¬[
���a�w[]Z�\3�U�`¼Y � � d3U
\OU R¤R U@`;\ L+� []\ �3L U7` N d.\ R Z¤VXZ>\3�UWU�`W.d N \���VXVXUWd.\G� NQ�aLGL �U
� R Z~`+U L�� d3U
V �3R \OZ�� R Z~[W��\+Z N d}y[]U&ª � ZC� � ®wVXUWd.\+U R ��[ N VX� R U � Z�\3�U½Y �£L �U�`cU�� �
UW\ R Z¤VXZ>\OU7`+U
`��9U L � NQL V���da[WU
`
gQ¾ � U � U
V � R U�[WZ>¡¿Y�U�`+` NQ� `
 P Z¤UWd&ª � UR Z�d)�U
�QZ L UQeZ R�R¤� `c\ L U P Z�U
d R U_� LONQP3RjSU
V U ^
¯ N da`+Z~YG�U LON d�` R ��� N da[À\OZ N dXÁ%Â�Ã9Ä0Å�Æ©ÇµÃMÈ�ÉM R �7[ N d3d���Z~`+`O��da[WU

Y�U©Ê ÅËÁ%ÂEÃ±ÄC� Nw�3L Y�U �3�#� � R U �3L `)Y�U©ÃÌ�9U L VXU]\�Y � NQP \+UWdaZ L)� d3U
` NQR¤� \+Z N d½� � � LONQP3RjSU
V UwgQ¾}U@[W� R [ �3R Y�U R � � � R U �3L Y � �a� L �QV SU]\ L U
ÆG�Y N d3daU¼^�Æ¨ÅÎÍ]Ï�Ð9Í�ÑÒ Ï�Ð Ò Ñ g § Z RT� N d&YG�U
`+Z L U L �U�� R Z¤`+U L [WU@[
� R [ �3R � � U�[� d L �U
`+U
� � Y�UXd3U �3LON daU
`©[ N d � UWd.\+Z N dad3U R []U R ��`+U¼�EU L �Ì� � � L Z �
Y � � dÓd N V PaL U½Y�U&d3U �aL+N d3U
`¨�U R U � �U�U]\ � d3Z~ª � UWVXUWd.\¬� NQ�aL¼� d3U
[WU L \O��Z¤d3U©� R ��®wU@Y�U � � L Z~��\OZ N dÌY�U�`)�a� L ��V SUW\ L U
`
g
Ô d½` NQR¤� \+Z N d �9U L V UW\c\���d.\GY�U���� R¤R Z¤U L [WU5� L+NwP3RTSUWVXU5`cU L �©` NQ� ¡

VXZ~`cU S� R � L U �e� UXÕ;¥G¥0¥×Ö L ��da`
g N d � U �3L � RM� UW\;Ø NwL+Ù�R�NwL `Oª � UR U
` L �U
` �3R \O��\O`)`cU L+N d.\ � � R Z~YG�U
`
g

{}|~{}|~{ Ú¬�3ÛT�Q�yÛ)�I�e� �0Ü9Ý��y� �y�¦�y��e�
�e�3�
¾s� ° ® �3L U�Y�U RT� ��d3daU � U�d3Þ H�L UW� L �U�`cU
d.\+U � d L �U�`cU�� �ßS�áà

[ NQ� [�f3U�`)[W�Q[�f)�UWU�`Wg

¾}U�`0� N Z~Y3`C`cbeda�Q��\+Z~ª � U
`C` N d.\ L �U]���U L U
da[±�U
`y�a� L \ LON Z~`0Z¤daY�Z~[]U�`�^
â5ãQäÌåæ�ç�è�é]æOê ãQä æ ã çEë åæcæ�ê ãQä�ì;í ë+çEî~æ ��� L U � U
V � R Uw R U5� N Z~Y3`M`+beda���3\+Z~ª � UU
dw\ L U Rj� UWd.\ L �UWU�ï�ð ê ñ U]\ R U�� L UWVXZ¤U L d3U �3LON d3U�Y�U R �p� L UWVXZ SU L U[ NQ� [�f3U�[
�Q[�f)�U
U¼U�`;\_d N V Vá�U â ð ê ñWê ò g}¾}U
`©Z¤daY�Z~[]U�` � \+Z R Z¤`��U
`©[ NQL ¡L U
`+� N daY�U
dw\ S�Ì^ó ^ô¯ Nw� [�f3U_Y�U�YC�UW�a� L \�gõ ^ô¯ Nw� [�f3U_Y � � LOL Z � �UWUwg

ö�÷ ^ô¯ Nw� [�f3U©ø íWù
¾}U@[ L Z>\ SU L U L UW\+U
d � � NQ�aL ª � ��d.\OZ ° U L0Rj� U L+L U �aL ® R¤NQP � R U�UWd½` NQL ¡

\OZ�U½ÂT[ NQ� [�f3U�àúÈ H ÄCU�`;\_^

û�Å
ü%ýGþ Ïÿ� ýCþ Ï�� ò � ï���� òÀê � ýGþ Ï	� Ê � ýGþ Ï � ñ

N}S� Ê � ýCþ Ï U
`c\ R � � � R U �aL YG�U
`+Z L �U
U7Y�U R �X` NwL \OZ�U©ø í ö ��� ò g
¾ � �U
[ L Z�\ �aL U�Y � � d¦� LON ® L ��VXVXU�Y � ���3� L UWd.\OZ¤`O`+�Q®QUÌd3U�`+U�
 � `;¡

\OZ ° U ���Q`�Y3�Qda` R UÓ[W�Q`�®��UWd)�U L � R gGÕ R U � Z¤`c\+U Y�Up\ L
SU
` P9N da`�`+Z>¡
V �3R ��\+U �3L `�[ N V VXU § �7� § ² HQH ´¬�a� L U � U
V � R Uwg K � L [ N d.\ L UwR U
`�V N Y�Z ° [
��\+Z N d�`�UWd � Z~`+�Q®��U
U
`�` �aL�R ��`;\ L+� [À\ �aL U£Y �ßL �U�`cU�� �
d Nw� ` N d.\7��VXUWd)�U
` S� L �U·�U
[ L Z L U � d�\OU R � L+N ® L ��VXVXUQg��� L
SU
` � daU
�UW\ � Y3U P Z P3R Z N ® L ���3f3Z~ª � UGY3U
`%Y�Z����U L U
d.\O`s� R ® NQL Z>\Of3VXU
`yY � ���3� L UWd3¡
\OZ¤`O`+�Q®QU@² H�¢ ´�² H�� ´j�d Nw� `%� �QN da`W�Y3��d�` � d¬� L UWVXZ¤U L \+U
V ��`W � �U L Z ° �URj� Z¤d.\3�U L
«U]\IY�U�`%V N Y3Z ° [
��\OZ N da`I` �3L Y�U�` L �U�`cU�� ��� Y�UG����Z P3R U5Y�Z¤VXUWd�¡
`+Z N da`}` NQ� `·»���\ R � P � � U
[ � d����a� L U
d.\+Z~`+`O��®wUyY � \;be�9U0¾}U � U
d P U L ®�¡
»�� L ª � � L Y�\
g KM� Z~`W�d Nw� `%� �QN da`I�wY N �3\3�U R U R �Qd3®w�Q®QU5¯¨� Nw�3L Y�U
`L �U
`+U
� ��� Y�UX\O�QZ R¤R U�� R�� `_[ N d�`��U�ª � UWd.\+UX� � U�[ � dp�Q�3� L UWd.\+Z~`O`+�Q®QUP �w`��U@` �3L Y�U�`5V£�U]\Of N Y�U
`)Y � \;be��U_® L �wY�Z¤UWd.\�[ N d�
 � ® � �U ² H ³�´�g
»�� R ® L �U � dX\+U
VX�a`0Y�U7[ N d � U L ®QUWd�[]UCZ�VX� NQL \O��d.\��d NQ� `M� �QN da`

[ N VXVXUWda[±�U S�)� L+N ® L ��VXVXU L±� d��Q�3� L UWd.\+Z~`+`O��®wUI��� L}L �U]\ L+N � LON �a��¡
®.��\+Z N d&Y � ® L �wY�Z�U
d.\
gw¾I� L
SUW® R U7Y�U�V N Y�Z ° [W��\+Z N d&Y3U
`G� N Z¤Y3`)`+b.¡
da�Q��\+Z~ª � U
`)U�`;\ R �¬` � Z � ��d.\+UX^ â�÷ ê î�ê � Å â�÷ ê î�ê � ��� Ç����������� � � ! N}S� �U�`;\ R U©�a�Q`5Y � ���a� L U
d.\+Z~`+`O��®wUQg
§ Z R ��d N d R Z¤d)�U�� L Z>\3�U½Y � daU �3LON d3U&ø í õ Y�U R ��[ Nw� [�f3U ù U
`c\

d N \3�U
U	" ÷ ê � Â�Ã9ÄsU]\$#ï ÷ � ò�ê � Å&% ü �î � ð â�÷ ê î�ê � Ç ï ÷ ê î R ��` N VXV U0� N daYC�UW¡L �UWU_� � ��d.\����a� R Z~[W��\+Z N d�Y�U R �Xd N d3¡ R Z�d)�U
� L Z�\3�U@Y � d3U �aL+N d3U�Y � Z�d�¡
Y�Z~[]U ù(' õ  N d�d N \+U L � R �XYC�U L Z � �UWU ��)���� !+* Ò�,� Ò - Ò �/.æ � þ Ï � ! Å10 ÷ ê � g
§ Z32 � Å ï4�5� ò�ê � � Ê � R �#Y�Z6�7�U L U
da[]U�U
d.\ L U R �½` NQL \+Z¤U�ø í õ UW\R �_` NwL \OZ�U5YC�U
`+Z L �UWU87 N d¼\ L+Nw�3� U R U
`�U � � L U�`+`+Z N da`%Y�U R �_YG�U L Z � �UWUGY3URj� U L+L U �aL ��� L5L ���3� NQL \�� ��� � N Z~Y3` S� Rj� �Qd3d3U � U©d3Þ ¢

¥Md�®��UWd)�U L � R·R U
`7d N d R Z¤d)�U�� L Z>\3�U
`5` N d.\@Z¤Y�U
d.\+Z~ª � U
`7� Nw�3L \ NQ� `R U
`·daU �3LON d3U�`W
[]U
[WZ��9U L V UW\IY�UM`+Z�VX� R Z ° U L}R U
`sU � � L U
`O`cZ N d�`�� L �U�[±�UW¡
Y�U
d.\+U
`�� � Z¤`Oª � U¨\ Nw� \+U�` R U�`�YG�U L Z � �UWU
`&` N d.\ÌZ~Y�UWd.\OZ¤ª � U�`W�`+U �3RRj� � L ® � VXUWd.\5U
`c\�Y�Z6�7�U L U
dw\
Ö)f)�U NQL Z¤ª � U
V U
d.\
 � d3UM[ NQ� [�faUM[W�Q[�f)�UWUyU
`c\I` �:9 `+�Qdw\OUQ]� � Z¤`Oª � U

\ NQ� \OU�� N d�[À\+Z N d�[ N d.\+Z¤d � U��9U � \ «UW\ L U����3� LON [�f)�U
U R¤N [W� R U
V U
d.\
�a� L#� dË� NwR bed «N VXUQ R �Ó� L U
V Z SU L U�[ NQ� [�f3U���U L VXU]\�Y�U¨[W� R [ � ¡R U L�R U�� L+N Y � Z>\½UW\ R �p[ Nw� [�f3U�Y�U�` NwL \OZ�U R �¨` N VXVXUQgM¥0dá� L ��¡
\OZ¤ª � Uw·\ Nw� \¼[ N V VXU�U
d¨[ R �w`+`+Z ° [W��\OZ N d} R U L ��
 NQ� \_Y�U½[ Nw� [�f3U�`
` � �3� R �U
V U
d.\O��Z L U
`X�9U L V UW\#Y�U�Y�Z¤VXZ�d � U L½R U�d N V P3L U�Y3U�d3U � ¡LON d3U�`5` �aL�R U�`�[ NQ� [�f3U�`5� � YC�UW\ L Z�VXU
dw\�Y � \OUWVX�a`7Y � �Q�3� L UWd.\+Z~`c¡
`O��®wUQ�Z R ��� � \�� R�NwL ` L U
[�f3U L [�f3U L)� d�[ N VX� LON VXZ~`Wg



')(<; ,.-$=�2M1?>A@y/3:;20- 4�:CBED_2G-�:GFIHGJ
\á2 E�E·d 2 A ^`<u2 E�E`f 6!^ e w2C^ DhE w2 E¥A*B W=t
<u2*6!^ U 4 d=U 47ðo2LKNM � � � ñ4O � ��P(Q 4Ýt32 A W=6=2<=w2 E·BoU W=^ DhB 6SRT R M z n �3�3� A 2 g W D�ACB <`<u2 E`dTB 6YXñ4 y n �o�3�o� dØB3D 6!^ E ì SVB ê d ^`2 ^`2{6!W&X92 U 4 d W DhEuE 476 A 2�X92 E#A 4 U 8

A W U 47^`2{W=< E 4 A ^`W=2 UhE 2C^�X9W ACB ?W=^ A 4 UFA W U 4_^ B3D <`2~X=2 U a 4 U ð B < D ^ e ê¿2Xba 4 dYd <`2{6!^ DFE`E 47ðo2 R=DhU 6)a 2 E ^ d 4 E 2*6
t DhE 47ðo2{47] U 2�X92J^`<>4Ýt_4 DhUÅU 2*<X D 8<u2 A ^`2*ê¿2{6o^ E W=< U 2 E y n �3�o�3� t_4 U 2{W=< E X=W E`d 2 A ^u<`2oì
SVB ê d ^u2¿^`2*6
WÐX92 U a�w2C^`< B3D ^`2¿<u2 U 4_^ DÅB 6 2{6o^u<`2 U 2 E�d 47<>47ê#ñ2C^u<`2 Eë B 6YX=47ê¿2{6o^>47W9î#2C^ U 4 A*U 4 E`E`D í A 4_^ DÅB 6#j�� RYDhU 2Cî DFE ^u2�W=6mê B_f 2*6

E ?W=< dTB W=<�<=w2{X9W D <u2 U 2�6 B êL]=<`2�Xba 2*6!^u<=w2{2 E X9W�<=w2 E 2{47W X=2�6=2*W98< B 6=2 E ìVU U�E a 43ð D ^�X=2 U a ck:%< R cÈ6Y4 UÅf9E 2.:T4 A ^ B < D 2 UÅU 2p< DFE`A < D ê D 86Y436!^`2 RÕg W DkE a 4 d=d=UhDFg WY2#43W9î d < B ] U ñ2{ê¥2 E X=2 A*U 4 E`E`D í A 47^ DhB 6 2{6ê B X92 E W d 2{<`t DFE w23ìá|@6�2 ó 2*^ U 2�<�?B3U 2æX92 U a c�:%< 2 E ^LX92�<u2 A>e 2*<`8
A>e 2{< 2C^JX92 UhD ê D ^`2*< U 2¿6 B êL]=<u2¿X=2 E 4_î92 E X DhEuA < D ê D 6Y476!^ E�A a 2 E ^ñ4�X D <`2 U 2 E 4_î92 E X92 d < B �2 A ^ DÅB 6 dØB WY< U 2 g WY2 UFE�U 4�t_43< D 476 A 2 D 698^u2*< ACU 4 EuE 2 E 2C^ U 4�t_43< D 476 A 2 D 6!^u<u4 ACU 4 EuE 2 E�E·B 6!^J<`2 E·d 2 A ^ D t32{ê¥2{6!^ê�4_î D ê�4 U 2J2C^ ê D 6 D ê�4 U 2 A 2 g W D 2 E ^ U 2Lð!47ð32LXba WY6=2 A*U 4 E`E`D í A 478^ DÅB 6 B3d ^ D ê DFE w2*2�ê�4 DhE 6 B 6 B3d ^ D ê�4 U 2 A 43< U 2 E�d < B �2 A ^ DhB 6 E <u2 E 8^u2*6!^kX9W�X B ê�4 D 6=2�X92 U a 4 U ðYñ2*]Y<`2 UÅD 6xw254 D <`2oìc D 6 E`D RÝE`D
U 2V6 B WYt32 U 2*6 E 2{êJ] U 2sX=2Vt_47< D 47] U 2 E)d 2{<`ê¿2C^ÛW=6=2s] B 6=6=2
A*U 4 E`E`D í A 4_^ DÅB 6 RÝDÅU 2 E ^@<>4 DFE`B 6=6Y43] U 2VX92 d 2*6 E 2*< g Wáa 2 UhU 2 EÕACB 6
t D 2*6=8X9< B 6!^ dTB W=< U 2 d < B ] U ñ2*ê¿2LXáa 2*î!^u<u4 A ^ DÅB 6.X92 E d 47<>47ê�ñ2*^`<u2 E ë B 698X=43ê¿2*6!^u43W9îbìØjm4 UÅe 2*W=<u2*W E 2*ê¿2{6o^ U a c�:y< D ê dTB!E 2¿X92¿ê�476 Dhd W98
U 2*< dYU W E`D 2*W=< E ê�4_^`< DFA 2 E X92 y n �3�3�o� î y n �3�o�3� E`B3D ^ y � � û B¥E`D)U 2 E
d 43<u43ê#ñ2C^u<`2 E�E`B 6!^ ACB Xsw2 E E W=<�� B9A ^u2C^ E ì S 2*^·^u2�tÝ4 U 2{W=<�2 E ^ U 47<`8ðo2*ê¿2*6!^s43W+X92 E`E W E X92 EsdØBoEuE·D ] DhUÅD ^=w2 E Xáa W=6Y2 E ^u47^ DhB 6+X=2k^u<u4Ýt_4 DhU Rê�?2{ê¥2 E·DoU 2 d < D 6 A*DÅd 2P2 E ^)] B 6 R{DhU ëï43WYX9<>4È4 = 6=2{< U a 4 d=d < B9A>e 2 d 47<W=6Y2æw2*^`WYX=2 E ^u47^ DFE ^ Dhg W=2 E WY< U 4 d 2*<`^ D 6=2{6 A 2ÇX92 Eòd 47<>47ê#ñ2C^u<`2 Ebd < DhEW=6 ñ4¥W=6#^`2 U)g W=2 U 2 A < D ^{ñ2*<u2X92�: DFE·e 2{< ü 	 �°ü � � ì

W X¢äLà�è$Y{ç���é*äLà��
\á2 E 2*î d w2*< D ê¥2{6!^u4_^ DÅB 6 E)E`B 6!^Û2*6 ACB W=< E 2*^ U 2 E <=w2 E W U ^u47^ E 6áa B 6!^ê�4 Uhe 2{W=<`2{W E 2*ê¿2*6!^ d 4 Esd W�?2C^u<`2 D 6!^=w2*ðo<=w2 E X=436 ExA 2*^·^`2 A*B ê¿êJW986 DFA 47^ DhB 6áìÇ|P6o^u<`2 ^`2{ê dYE*R 6 B W E 4Ýt B 6 E 2*W ACB 6=6Y4 DFEuE 436 A 2�X92 E<=w2 E W U ^u47^ E¥B ]9^u2*6
W E�d 47< S ìV}x4 DÅU 2*<`8°1 B 6Y2 E ü y5� � g W D ê B 6o^u<`2{6!^U a D 6!^=w2{<
?2C^�Xba W=6=2æ^u2 UhU 2+4 d=d < B9A>e 2 E W=<JX92 ELE`d 2 A ^u<`2 E ^u<{ñ2 E ]Y4 EuE 2<=w2 E`B3U W9^ DÅB 6áì<476 E 6 B ^`<u2 A 4 E*RÇACB ê d ^`2�^u2*6
W X=W 6 B êJ]Y<`2 D ê dØB <`^u436o^mX92

dØB3D 6!^ E 2{6Ð2*6!^`<=w2*2æX=WÐ<=w2 E 2547W R�U 2 E ^`2*ê dYE X92 A*B 6
t32{<`ðo2*6 A 2¥X92
U a 4 U ð B < D ^ e ê¿2�Xba 4 d=d <u2*6!^ DFEuE 43ð32 E·B 6!^�^`<{ñ2 E¿D ê dTB <·^>476!^ E ê�?2{ê¿2
dØB W=<W=6�4 d=d <`2{6o^ DhEuE 47ð32�X=W�^ f
d 2Lðo<u4oX D 2{6!^ ACB 6��W=ðoWsw23ìØcÈW EuE`DÁR6 B W E 47^·^`2{6YX B 6 E ]Ø2{43W ACB W d X92 U 4 ê B X D í A 4_^ DhB 6�2{6
t DFE 47ðÕw2*2 E W=<
U 4 E ^u<`W A ^`W=<u2�X9W�<=w2 E 2{47W~W9^ DhUÅDFE w23ì

Z\[�� [�Èã��kà�è5���
ü y � l B ]T2{<·^s\@ìQ� W=<uW A^]`_La�bdc^ef`g<h�a4ikj?lc^mCcnipona4mrqtsvu/s(fIs�wx�y b{zN|}g x m�i ì � e 2 c E ^u< Bod=e
f9E·DFA 4 U 1 B WY<`6Y4 Uv~ W d=d=U 2*ê¿2{6o^~ 2{< D 2 E z!� R9d=d y 8 � zo� R jm4 f y�	 p 	 ì
ü q � SVB < f 6m}x4 DhU 2{<·8;1 B 6=2 E$�rc^�:m x e(�rc^gk��a�mC���8e x i�i+� �	� x g<��a y a�o|}g�c^e e x m�|�j?c��ng<m x ì�U;6 E ^ D ^`W=^`2 B ëkc E ^u< B 6 B ê f 436YX |@ê¿ê�4_86
W=2 U�SVB3UhU 2{ð32 S 47êL]=< D X9ðo2 R <�2 A 2{êJ]Ø2*< y�	Q	dO ì
ü � � � ì ~9A>e ê D X
^·8¿��4 U 2*< f��:g�a4h x g<����|�j?c��^g<m x e$��e x i�i�� �t� x g<��a y}�� m�c+i^c y g$|}g x g�c x4y b�u(�:g<�:mCc���cn�4c^e�a�j�h�c y gki ì(U�cÇi SVB3UhUÅB 8
g W D W=ê z p B 6 ~
d 2 A ^u<u4 U�SVU 4 EuE·D í A 4_^ DhB 6 B ëØ^ e 2Èë W=^`W=<u2 R y3y 8y n��W UÅf y
	 p�� R t BoU 	 R d=d q��on_8;qQ� O R n z nÝ8�n Oo� R y
	 p 	 ì

ü z � ~ ìv�k4 f��
D 6 �rc^�:m x ep�5cng<��a4mC�4i�� x ��a�h$j�mCc�lc y i+� ��cIona�� y?�b x g<��a y ìTv@<u2*6!^ DhA 2I��4 UhUÁR y�	 p 	 ì
ü n � �¿ì�� B <u6 D��ØR jÐì ~ ^ D 6 A>eTACB êL]T2 R ��ìr� e=D ^u2 _{�:e�g<� e x4  c^monc�c�bGona�m+� x mCb y c^gk��a�mC��i x mCc¡� y � ��c^m�i x e x jdj�mCa^¢E� h x g�a4m�i ì£k2*W=<>4 U £k2C^G¤ B < �9E*R
d=d n3n y 8�n Oo� R y�	Q	o� ì
ü O � \Pì�1!4 A��3B ¤ EC� 4_8 ~ ^`<uW=ê¿ê DÅUhUhBYR 1Yì ~9Bd�3BoUÅB ¤ EC�
DÁR cJì¦¥ B 8
A>eYB ¤ E��
Dr§�lc�g�a�ja�e�a�¨���� x e©bdc^m+� � x g<� ��cªh«cng¬la�b x�y b x g<� � ��^� x e y c^�:m x e y c^g<��a4mC�4itona4m y �:h�c^m+��� x e�i^a4e6�:gk��a y aGo�iCl x jc� y ��c^m�i^c�j}m�ad^e�cnh ì4UG£kl$U�c�\ B <`<>4 D 6=2 R 6® � p � 	 R 13WY6=2 y�	Q	Q	 ì

ü p � û¥ì SVf ]Ø2*6 �oB¯f	jEj}mCa�¢E� h x gk��a y    i+��jc^m<ja4i+� gk��a y aGo�i��6¨ �h«a4��b x e^o�� y �ng<��a y i ì5jm47^ e 2{ê�4_^ DFA*EòB ë SVB 6!^`< B3U R�~
D ð36Y4 U 436YX~9f
E ^`2{ê E*R t B3U q R9dYd�� � � 8 � y*z R y
	 � 	 ì
ü � � : DFE·e 2*< R l�ì cJì §}l?c°|±g x g<�²i+gk��� x e�³8gk� e6��´ x gk��a y aGo�_{�:e�g<� j}e�c_�c x i+�:mCc^h«c y g�i ì_cÈ6=6T4 UFEòB ëT|@WYð32*6 DhA{E*R t BoU � R5dYdL� p O 8 � � O Ry�	 � �=ì
ü 	 � : DFE·e 2*< R l�ì cJì §�lcµ³pi^cLa�oª_¶�:e6gk� j�e�c{_�c x i+�:mCc^h«c y g�iª� y§ x ¢�a y a4h���� � m�ad^e�cnh5i ck6=6Y4 UhE¥B ëk|PW=ð32{6 DFA*E{R t B3U p RÛd=dy p 	 8 y �Q� R y
	 � O ì
ü y{� � SVB < f 6#}s4 DÅU 2*<`8;1 B 6=2 E·|±g�cne e x mtj x m x h�c^g�c^m�i3o�mCa4h¸�4cnm   e�a��m�c+i^a4e6�:gk��a y i<j?c��ng<m x°x4y b°h«c�b4� �:h¹ x4y b5��e�g�cnm�i¯§8ckºVs�e�aC¨¨ x�y b«»k_�¼�½�¾���i�� y ¨ y c^�:m x e y c^g<��a4mC�4i ìbc E ^u< B 6 B ê f 436YXc E ^u< Bod=e
f9E·DFA*E{R t B3Uá� nop R!dYd y�	 pÝ8;q � n R q �o�3� ì
ü y3y � U;6 E ^ D ^uW9^`2 ë B < vÕ43<u4 UÅU 2 U 436YX < DhE ^`< D ]YW9^`25X � D ð e 8vÛ2{<·ë B <`ê�436 A 2 ~9f
E ^`2{ê E ��U�v3¿�l7� R iÈ6 D to2*< E·D ^ f B ë~ ^`W9^`^`ðo43<·^ |}gk�:g<g²¨ x m+gÀ�rc^�:m x eÁ�5cng<��a4mC�Â|±� h��:e x g�a4m ì

e ^`^ d ôÄÃEÃ�¤©¤©¤x8°<u4Yì D 69ë B <`ê�4_^ D�� ì W=6 D 8Á^uW=2*] D 6=ðo2*6áì X924Ã ~ £�£ ~ Ã
ü y q � cJì l�ì?�.2*]=] R <4Ýt D X�\ B ¤s2 R j ì <LìT}s2{X¤ B <·^ eLfÅ�3a4h·j x��m+�²i^a y aGo`�ra y e�� y c x m�z�j}g<� h��²i x gk��a y |±g<m x g�c�¨d��c+i	ona�mÆu�c�c�b �u�a4m+� x mCbrf�b x j}g x g<� ��cIÇ x�  cnmCc�b��5cng<��a4mC�4i ì9l B_f 4 U�~
D ð36T4 UFE436YX�lk43X=43< | E ^>47] UhDFE·e ê¿2{6o^ R j�2*ê B <>476TX9W=ê zYy nop R jm4 fy�	 �w�=ì
ü y � � �'ì ~9A>e=DÅó ê¿436=6 R jÐìÇ1 B!B!E ^ R l�ìt�.2*<u6=2*< z�j}g<� h5��´ x g<��a ya�org¬lc5w x ����j}mCa�j x ¨ x gk��a y f�e ¨Èa4m+� g¬l�hAona4mL§:m x � y � y ¨ª_{�:e �g<� e x�  cnm � c^mC��c�j}g<mCa y i ìdU;6 E ^ D ^uW9^`2 B ë d=e
f9E·DFA*E{R iÈ6 D t32{< E`D ^ f�B ë� B ] U 2*6 ]oR?~ 2 d ^u2*êL]T2{<kq 	 R y�	Q	3z ì
ü y*z � j�47<`^ D 6ú:sìVj B3UhU 2{< fÉ|�� x e�c�bÊ�/a y^Ë �d¨ x g�cÌqVm x b4��c y g�f�e �¨Èa4m+� g¬l�hÍona4mÎu x i+gµ|}��jc^m+���²inc�bÏÇ�c x m y � y ¨ ì SVB ê d W=^`2*<~=ACD 2*6 A 2C<�2 d 43<·^uê¿2*6!^ R iÈ6 D to2*< E·D ^ f B ëTc�47< e W E*R <�436=ê�47< ��R£ B t32{êJ]Ø2*< y �YR y
	Q	o� ì
ü y n � <Lì·��4_^ ]3R�S ì ~
B W=] D <u436 R l�ì S 4 f <u2 U R jÐìbc�X=X=4 R l�ì S 47W=8^>4 D 6 z y±� e�� y cIbdc^g�cnm+h�� y}x gk��a y a�oVi+g�c^e e x m x g<h�a4ikj?lc^m+���	j x4�m x h«cng�cnm�i ö ÷�øÝø s�UÅB ðÕù s ü Ð ÷ þ_ÿ�� o�mCa4hÒÑ3Ç©z/�IÓCÑÔc���lc^e e�ci<j?c��ng<m x ì9c E ^u< B 6 B ê f 436YXæc E ^`< B3dYe!f9E`DhA{E 6?® �o� � R3d=d y n y 8y�O3� R y�	Q	 �
ü y�O � ûW f <k2{ê B ê¿2*6!^ R 1Õw2*<�?B ê¿2ÌU�X D 2{< R 1o2{476=8°:Y<u436Õ?ACBoDhE û DÅB 8t_436=6=2 UhUhDÁR c UhD j B3e 47ê¿ê�43X
8¿<M·47ëï47< D ì� mCaEnenÕcnh«c+i`� y �4c^m�incnic y g<m x � g�cnh«c y g·b4�°i+�6¨ y}x e�c^g�bEc�e�Ö � h x ¨Èc � 2 A>e 6 Dhg W=2 E X=2

U a D 6=ðÕw2*6 D 2{W=<s8 � <>4 D ^=w2 Xba�w2 U 2 A ^`< B 6 DFg W=23ì
ü y p � ~ ì SVe 2{6 R«~ ì cJì�} DhUhUÅD 6=ð E{R �'ì¿\áW B ì ztm+g¬la�¨Èa y}x e�e�c x i�gi^×^� x mCcni�h«cng¬la�b�i x4y b�g¬lc^� m x jdj�e���� x g<��a y g�a y a y?� e�� y c x mi   i+g�cnhØ��bEc y gk� �t� x g<��a y ì:U;6!^5ì
1Tì SVB 6!^`< B3U R t B3U n � R 6?®Õn R
d=dy �!p � 8 y � 	EO R y�	 � 	 ì
ü y � �rÙ D 6=ð e WT4Æ¥ e 476=ðTì ³pi+� y ¨°Ú x ��c^e�c^gp�rc^gk��a�mC��� y �5a y j x m x4�h«c^gkm+����Ñ	i+gk� h x g<��a y ìòlÈ4 d=dØB <`^ D 6!^`2{<`6=2«UG£�l©U�c 6®@q � q y R�WY6=2 R y�	Q	3z ì



Û à�à��)�Ì� àªÜ ÞÞÝ¯ß~è�à [�7�$� åmç ã [���y����ç à��kç�ãÕä � éW� [�xâÛé^á~ç��

e1,1

e1,2

e1,N

e1,i

1

1,0e    = 1

M+1,1

M+1,2e

M+1,ie

M+1,Ne
M+1

e

M,0e    = 1

M,1e

M,2e

M,N
M

e

M,je

0

0,i,j

0,0

e0,1

e0,2

e0,i

eO,N

e    = 1
ek+1,1

ek+1,2

ek+1,i

ek+1,N

k+1,0e       = 1

k+1

ek,1

ek,2

ek,j

ek,N
k

k,0e    = 1

1,i,j k,i,j k+1,i,jPoids          w                            w                                  w                             w                                      w    M,i,j

Etage            0                            1                                   k                             k+1                                   M                             M+1

âtã¬ä	å � õ l+w2 E 2{43W
Û à�à��)�Ì� à Ü �æÝ�� �Ì��ã����y��é*äLà��Öå���� å [�Èã@é+ç [�����Öå��ÒYdèc�ÈãÕã��kç�ã
õ dØB WY< U 4 ACB W A>e 2 Ppé ý ô ê±ëê±ì$í î ï�î ð M�qIñ�ò í î ï ñ�ó í î ð ñ�ô ð
õ dØB WY< U 4 ACB W A>e 2 P é ýöõ y ôê?ëê}ì í ÷(ø î ï¬î ð M�qIñ�ò í ÷vø î ï ñ�ó í ÷vø î ð ñ5ùú û¡ü�ýtþÈÿ�� ýtþÈÿ�� ø ô � ýtþÈÿ�� T ý�� � ý	þ�ÿ � 	}ý�� 
�� � ýtþÈÿ

� �
õ dØB WY< U 4 ACB W A>e 2 Ppé ýöõ q~ô ê±ëê}ì í ÷vø î ï�î ð M�qIñ�ò í ÷�� î ï ñ�ó í ÷�� î ð ñrùú û ÿ ü�ý	þ�ÿ�� ý	þ�ÿ�� ø ñÄô � ýtþÈÿ ñ�ó í î � ýtþ�ÿ

ñ���� ü ý�� ý ��� ó í ÷vø î � ý ñ ì í ÷(ø î ðCî � ý ñ ì í î � ý î � ýtþ�ÿ�� � � � ÿõ vÕ43<xðÕw2{6sw2*<>4 UhDFE 47^ DhB 6 R7dØB WY< U 4 A*B W A>e 2 Ppé�� ôê±ëê±ì�� î ï�î ð M qIñ^ò � î ï ñ�ó � î ð ñrùú û ÿ ü�ý	þ�ÿ�� ý	þ�ÿ�� ø ô � ý	þ�ÿ ñ�ó í î � ý	þ�ÿ ñ ��� ü8ý�� ý����
ì$í î � ý î � ýtþ�ÿ ñ ñ^ñ�ñ

ñ^ñ�ñ ñ�ó � î �"! þ�ÿ ñ � ýtþ ��# ! ü !��"! ���
ì � î �$! î �"! þ�ÿ ñ ñ�ñ^ñ

ñ^ñ�ñ ñ�ó �&% � î �"' þ)( ñ�ùú û ý # ' ü ' þ ���"' þ � ��� ó �&% ø î �"' þ �©ñ ì��&% ø î ðCî �"' þ �©ñ ì"��% � î �"' þ � î �"' þ)( � � ý # ' ñ^ñ�ñ � **� ýtþ �+# ! ñ�ñ^ñ
� ****� �
� ****� ÿ


