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�[�(�L���J�����

> � ��<$:0�-.����%3�� uS���%3���� ?� $:3�1���$:1 c ��-.'$:3���?� $:3 kl-.'$:3���?� $:3
�T"��21*��<$��m1.$:"�� � �Q0J� �!��� $:3 ���.V $:3%3���0���3�
�:��0J� c ����%3��*"����<��3� @ $:����� �J�5, �%K��!$%�X"�?� $:3 u���04"�-������)%�<�
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&('*),+!+.-0/213�4-5��)76����!�4-089-0��� :
;=<>;@?BA7CEDGF0H,I,JKCELMF=AN<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< Q
;=<SRUT�F=LMVWH,XPY[Z#VGXOH,I�DEZ]\=F=A,A,X�^3X�A7C_CE`,X�DG^3LMabI,Xc<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< d

;=<SR0<>; egfKh[A,L>CELMF=AiH,XPjkZljMI,^3LMA[Z#A,J�Xm<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< d
;=<SR0<SR T�I,^3LMA[Z#A,J�XnH�o I,A5J�F=DGp,V_A,F=LMDi<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< q
;=<SR0< r s.DGF=p,DGLMfKCEf�V_DEZ#H,LkZtCEL>u=X�VWH,X�VvJ�F=DGp,V_DGf�X�jMVw<O<O<O<O<O<P<O<O<O<O<O<O<O<O< x

;=<SR0< ry<>; z.^3LMVGVGL>u0L>CEf5<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< x
;=<SR0< ry<SR T�F=L|{%F=A,H[Z#^3X�A7C}Z#jMXnH,I�DEZ]\=F=A,A,X�^3X�A7CvCE`,X�DG^3LMabI,X@<O<O<O< x
;=<SR0< ry< r ?BA,H,LMJ�X~J�F=^3p,jMX��yXO<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<�;��
;=<SR0< ry< � T�F=L�H,XO��X�X�D�<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<�;��

;=< rU?BA7CEDGF0H,I,JKCELMF=A�Z#IiCEDEZ#A,V�{%X�D�CvDEZ#H,LkZtCEL>{4p�F=I,D�I,A�^3LMjMLMX�I*VGX�^3L���CEDEZ#A,VGp[Z#DGX�A7C�<O<�;=;
;=< ���vZ]\=F=A,A,X�^3X�A7CvH,X�Vv�7Z#�~XKCvH,X�V_p[Z#D�CELMJ�I,jMX�V�VGF=jMLMH,X�V�<O<O<O<P<O<O<O<O<O<O<O<O<�;�R

;=< �,<>; �vZ]\=F=A,A,X�^3X�A7CvH,X�Vv�7Z#�3<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<�;�R
;=< �,<SR �vZ]\=F=A,A,X�^3X�A7CvH,X�Vvp[Z#D�CELMJ�I,jMX�V�<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<�;]�

� ���,���g�0���y�������, g���[¡t¢g£|�y���g�¤�y�����¥¢§¦%¨g��©|ª�«n¬����0���¬���®W¨g��¢g©�¯°¬�©
�g�±¡
�0�,�³²m£|�y g���g© ´¶µ
·¹¸�º4» �¼�t$%-w�4-½/%)¾� » �����4)y��$%��� · &
R0<>;¹z¶�yp,jMF=VGL>{!fKCEI,H,LMfÀ¿,jMX~A,L>CEDGF=^3fKCE`[Z#A,XU<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<ÁR0;
R0<SRUT�X�V_^3F0H,Â�jMX�V�H,XPH,fKCEF=A[ZtCELMF=AÃ<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<ÁR0;

R0<SR0<>; egfKh[A,L>CELMF=AiH,XPjkZlH,fKCEF=A[ZtCELMF=A�<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<ÁR0;
R0<SR0<SR Ä�`,f�F=DGLMX~H,X�Å�`[Z#p,^ÆZ#A0��Ç#F=I,�=I,XKCÈ<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<ÁR#r
R0<SR0< r Ä�`,f�F=DGLMX~H,X�É|X�jMH,F�u0L>CEJ}`�Ê[ËvX�I,^ÆZ#A,A�XKCgegF0X�DGLMA,�Ì<P<O<O<O<O<O<O<O<O<ÁR=Q

R0<SR0< ry<>; Í�F0H,Â�jMXÎ<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<ÁR=Q
Ï¹¸ ��)[�!1]$Ð��$%����" º ��"tÑ}� » �����4)y��$%�����4)[�!1Æ !��-7Ò�+¶/%��1]$%Ó º ��89�¼Ô¼Õ0�4- ·¼Ö
ry<>;@×g^3F=DGØ]Z#�=Xnp[Z#D_J}`,F0JPH,XPjkZ§H,fKCEF=A[ZtCELMF=A5<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<ÁR#x

L



���������
	�������������������

ry<SRUegLMVGp�F=VGL>CEL>{�X��yp�f�DGLM^3X�A7C}Z#j�p�F=I,DWj±o Z#^3F=DGØ]Z#�=XgH,X~jkZ§H,fKCEF=A[ZtCELMF=Aip[Z#DWLM^3p[Z#JKC
p,jkZ#A <O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<ÁR#x

ry< rcegX�VGJ�DGLMpyCELMF=A H,XPjkZ�CEDEZ#A,VGL>CELMF=AiJ}`,F0J��BH,fKCEF=A[ZtCELMF=A(<O<O<O<O<O<P<O<O<O<O<O<O<O< r=�
ry< � Å�F=A,A[Z#LMVGVEZ#A,J�X�VgZ#JKCEI,X�jMjMX�V�H,XPjkZ§ÄvÅWe�H�o I,A�X��yp,jMF=VGL>{¶jMLMabI,LMH,Xn`,F=^3F=�=Â�A,X <O< r=r
ry<SQ ?B^3p�F=D�C}Z#A,J�X~H,XPjkZ�CEX�^3p�f�DEZtCEI,DGX <O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< r#�

�0� ��«g«n¬����|�¤�y�����
¢g© ¬�� �b«�©��¼�0�,���0�|�.«n��©
¢§¦%£4²m���0�0������� ¬K¦%£|�y¨g¢g© ¢g©�� ²m£��|���g���y²m©���¢g© �0�,���g�0���y�����¹�, g���[¡
¢g£|�y���g�¤�y�����
¢g¨ �g���0�,�³²m£|�y g���g© ��µ
���§º ��$ÐÒ��4-½/%)¾8 » � º ���4-w�4-½1�+.-0"#������1]"=�¼+¶$%-5��� » 8 $21]1]$%��� � &
�,<>;@Ä!X�J}`,A,LMabI,X�VvH�o Z#A[Z#j>\0VGXPF=pyCELMabI,XPp�F=I,D�j±o fKCEI,H,XPH,X�V_^ÆZtCEf�DGLkZ#I0�*J�F=A,H,X�A,VGf�V <m�,;

�,<>;=<>; T4Zlp7\0DGF=^3fKCEDGLMX~F=pyCELMabI,X <O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<m�,;
�,<>;=<SR ×gIyCEDGX�V�CEX�J}`,A,LMabI,X�VvH�o Z#A[Z#j>\0VGX <O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<m�bR

�,<SRUegLMVGJ�I,VGVGLMF=A <O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<m�7r
:! $21�+.��1]$Ð��$%Ó�-7Ò�+ » �t$289-0����)[/³�4-½� » �����4)y��$%��� �#"
Q0<>;¹egX�VGJ�DGLMpyCELMF=Ac<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<m�bq

$  $21�+.��1]$Ð��$%Ó_�4-w1�+.-0"#������1]"=�¼+¶$%-w��� » 8 $21]1]$%��� :�&
dy<>; ÅWZ#DEZ#JKCEf�DGLMV�CELMabI,X�V_F=pyCELMabI,X�V_H,I A,L>CEDGF=^3fKCE`[Z#A,X <O<O<O<O<O<O<P<O<O<O<O<O<O<O<ÁQ0;
dy<SRcÅWZ#`,LMX�D�H,X�V_J}`[Z#DG�=X�VO¿[J�F=A7CEDEZ#LMA7CEX�V_XKC_H,F=^ÆZ#LMA,XnVGp�X�JKCEDEZ#j§<O<P<O<O<O<O<O<O<O<ÁQ=R
dy< rcegLMVGJ�I,VGVGLMF=A�VGI,D_jMX~J}`,F=L��iH,I�^ÆZtCEf�DGLMX�j|H,XOVGp�X�JKCEDGF=VGJ�F=p,LMXPH�o f�^3LMVGVGLMF=A�<O<O<O<ÁQt�

dy< ry<>; �WZ#DGDGXKCGCEX~H,XPH,fKCEX�JKCEX�I,DGV <O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<ÁQt�
dy< ry<SR ÅWZ#^3f�DEZ&%lY[Z#jkZ]\7Z#�=X~H,X~{%X�A7CEXOXKC_^ÆZtCEDGLMJ�XOÅ�ÅWe@<O<P<O<O<O<O<O<O<O<ÁQ=Q
dy< ry< r Å�F=A,J�jMI,VGLMF=A�<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<ÁQ=Q

dy< � '0p�X�JKCEDGF=VGJ�F=p,LMXPH�o f�^3LMVGVGLMF=AiH[Z#A,V_jMX~H,F=^ÆZ#LMA,Xgu0LMVGLMY,jMXP�yÊ r����yÊ (7Q*)#+ <O<O<O<ÁQ#d
dy< �,<>; 'b\0V�CEÂ�^3XPH,XPJ�F=jMjMX�JKCEX~H,I-,[I0��<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<ÁQ=q
dy< �,<SR Í�F=A,F0J}`,DGF=^ÆZtCEX�I,D <O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<ÁQ#x
dy< �,< r egfKCEX�JKCEX�I,D <O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< d=�
dy< �,< � ×�J�abI,LMVGL>CELMF=A�<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< dy;
dy< �,<SQ ÅWZ#jMLMY,DEZtCELMF=A <O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< dy;
dy< �,< d ÅWZ#jMJ�I,j�H�o X�DGDGX�I,D�<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< d7R

dy< �,< dy<>; '0F=I,DGJ�X�V_H�o X�DGDGX�I,DGV�<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< d7R
dy< �,< dy<SR z.DGDGX�I,DnVGI,DnjkZ3jMI,^3LMA[Z#A,J�XO^3X�VGI,DGf�X§XKCnVGI,DnjkZ3CEX�^3p�f�DEZ��

CEI,DGX~H,XPjMI,^3LMA[Z#A,J�XnJ]Z#jMJ�I,jMf�X5<O<O<O<O<O<O<P<O<O<O<O<O<O<O< d=r
dy<SQ�'0p�X�JKCEDGF=VGJ�F=p,LMXPH�o f�^3LMVGVGLMF=AiH[Z#A,V_jMX~H,F=^ÆZ#LMA,XnLMAy{%DEZ#DGF=I,�=X3<O<P<O<O<O<O<O<O<O< d7Q

dy<SQ0<>; '0p�X�JKCEDGF=VGJ�F=p,LMXPH�o f�^3LMVGVGLMF=A Z]u=X�JOI,A,XPY[Z#DGDGXKCGCEXPH,X
H,fKCEX�JKCEX�I,DGV�.v�bÅ�H¼É|A,Ä!X <O<O<P<O<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O< d7Q

LML
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dy<SQ0<SR '0p�X�JKCEDGF=VGJ�F=p,LMXPH�o f�^3LMVGVGLMF=A Z]u=X�JOH,X�VvH,fKCEX�JKCEX�I,DGVv?BA��PZ#×gV <O<O<O<O< d7q
dy<SQ0< r Å�F=A,J�jMI,VGLMF=A§XKC¤p�X�DGVGp�X�JKCEL>u=X�V.H,XWjkZvVGp�X�JKCEDGF=VGJ�F=p,LMX�H�o f�^3LMVGVGLMF=A�H[Z#A,V

j±o LMAy{%DEZ#DGF=I,�=Xgp,DGF0J}`,X <O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< d=x

�0�0� � ©��0¨v�,©�� ¢g© �b«�©��¼�0�,���0�|�.«n��©Á¢§¦%£4²m���0�0����� ¢g���g�N¬�©Á¢g�³²m�����g©
� ���0���n¬�©��_¯ ��¡��_¯
	����� µW´
"�� �� !�4-���-089+.�¼��-0/2/%- " :
q0<>; Í�X�VGI,DGX�VvH,XPjMI,^3LMA[Z#A,J�X@<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<Áq=Q

q0<>;=<>; �vZ#p,p�X�j�VGI,D_jMX�V_p,DGF=p,DGLMfKCEf�V�H,I5ËnÍ H[Z#A,V_jMX~H,F=^ÆZ#LMA,Xgu0LMVGLMY,jMX <O<O<Áq=Q
q0<>;=<SR �_f�VGI,j>C}ZtCEV�VGI,D_jMX�V_VGLM�=A[Z#I0�iH,XPjMI,^3LMA[Z#A,J�XnF=YyCEX�AbI,V(<O<O<O<O<O<O<O<Áq=Q

q0<SR Ä!X�^3p�f�DEZtCEI,DGX�V_H,XPjMI,^3LMA[Z#A,J�X <O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<Áq#x
q0< r�Å�F=^3p[Z#DEZ#LMVGF=A Z]u=X�JOjMX�V�X�VGVEZ#LMV_H,XPp7\0DGF=^3fKCEDGLMX <O<O<O<O<O<P<O<O<O<O<O<O<O<O< (y;

q0< ry<>; �_X�p,DGF0H,I,JKCELMY,LMjML>CEfvH,X�VvX�VGVEZ#LMV_H�o LM^3p[Z#JKC�p,jkZ#AÁ<O<O<P<O<O<O<O<O<O<O<O< (y;
q0< ry<SR T�I,^3LMA[Z#A,J�X�V�XKC�CEX�^3p�f�DEZtCEI,DGX�V³H,XvjMI,^3LMA[Z#A,J�XWF=YyCEX�AbI,X�V�p[Z#D�p7\0DGFt�

^3fKCEDGLMXÃ<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< (7R
��� �� !�4-w1�+.-0"#����)[/%- � :
(y<>;¹�_f�VGI,j>C}ZtCEV�<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< (7Q

(y<>;=<>; s.DGLMA,J�LMp[Z#I0�iDGf�VGI,j>C}ZtCEV <O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< (7Q
(y<>;=<SR Å�F=^3p[Z#DEZ#LMVGF=A,V�H,X�VWp,DGF#h[jMV %�j±o X�A7CEDGf�XgH,I*J}`,F0J#Ê %OjkZP{%F=DG^ÆZtCELMF=AÀH,X

jkZ§VGI,p�X�DGH,fKCEF=A[ZtCELMF=A�Ê[Z]u#Z#A7C_XKCvZ#p,DGÂ�V_VEZ§{%F=DG^ÆZtCELMF=A*XKC_X�A�H,fKCEF=A[Z��
CELMF=AifKC}Z#Y,jMLMX <O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< (=x

(y<SRcÅ�F=^3p[Z#DEZ#LMVGF=A Z]u=X�JOjkZ§p7\0DGF=^3fKCEDGLMX#Ê,jMF=DGV�H,XPjkZ§H,fKCEF=A[ZtCELMF=A fKC}Z#Y,jMLMXn<O<O<O<O< xy;
(y< rU?BA7CEX�DGp,DGfKC}ZtCELMF=A H,X�VvDGf�VGI,j>C}ZtCEVn<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< x7R

(y< ry<>; �_f�VGI,j>C}ZtCEV�H[Z#A,V_jkZljML>CGCEf�DEZtCEI,DGX <O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< x7R
(y< ry<SR z.VGp�Â�J�X�VvX�A�p,DGf�VGX�A,J�Xl<O<O<O<O<P<O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< x#�
(y< ry< r �_X�J}`,X�DGJ}`,X�H,X�V_J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V_F=pyCELMabI,X�V_H,X�V_^3LMjMLMX�I0� <O<O<O<O<O< x=d

(y< ry< ry<>; egfKCEF=A[ZtCELMF=AifKC}Z#Y,jMLMX <O<O<O<O<O<O<O<O<O<P<O<O<O<O<O<O<O<O< x=d
(y< ry< ry<SR s.DGF=p[Z#�7ZtCELMF=AiH,XPj±o F=A,H,X~H,XPVGI,p�X�DGH,fKCEF=A[ZtCELMF=A <O<O<O<O<O<.;��7R
(y< ry< ry< r z¤C}Z#p�X�X�A7CEDGX�j±o X�A7CEDGf�X³H,I�J}`,F0J³XKC¶jkZW{%F=DG^ÆZtCELMF=A~H,X³j±o F=A,H,X
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X��yp,jMF=VGL>{�jMLMabI,LMH,XOp,DGLMVgJ�F=^3^3X�J]Z#VnH�o f�J�F=jMX#<�egX�p,I,LMVnI,A,X§abI[Z#DEZ#A7C}Z#LMA,X§H�o Z#A,A,f�X�V�Ê�jMX�A,L>CEDGFt�
^3fKCE`[Z#A,Xg{2Z#L>C�j±o F=Y 2GXKC�H�o fKCEI,H,X�V�CE`,f�F=DGLMabI,X�V�XKC_X��yp�f�DGLM^3X�A7C}Z#jMX�V�� Q#�yÊy�bQ��±<,T�X�V_^3f�J]Z#A,LMVG^3X�V
H,XÀH,fKCEF=A[ZtCELMF=A°A,XÀVGF=A7COp[Z#VPX�A,J�F=DGXÀY,LMX�A°LMA7CEX�DGp,DGfKCEf�VO^
	�^3Xlp�F=I,D~I,A¾X��yp,jMF=VGL>{�DGX�jkZtCEL>u=X��
^3X�A7ClVGLM^3p,jMXÆJ�F=^3^3XÆjMXÆA,L>CEDGF=^3fKCE`[Z#A,X#<¤T�X�I,D§J�F=^3p,DGf�`,X�A,VGLMF=A DGX�p�F=VGXiI,A,LMabI,X�^3X�A7CÀVGI,D
H,X�Vg^3X�VGI,DGX�VvH,XO�=DEZ#A,H,X�I,DGVg^3f�J]Z#A,LMabI,X�V_CEX�jMjMX�V_abI,XOjkZÀp,DGX�VGVGLMF=A5XKCgjkZ§u0L>CEX�VGVGX�^ÆZtCEf�DGLMX�jMjMX#<
T4Z§CEX�^3p�f�DEZtCEI,DGX#Ê[p,jMI,V�H,L �3J�LMjMX %lH,fKCEX�DG^3LMA,X�D�X��yp�f�DGLM^3X�A7C}Z#jMX�^3X�A7C]Ê,X�V�Cgp�F=I,D�C}Z#A7C_I,A�p[Z��
DEZ#^3ÂKCEDGX~X�VGVGX�A7CELMX�j�%ljkZ�u#Z#jMLMH[ZtCELMF=A*H,X�V_^3F0H,Â�jMX�VWCE`,f�F=DGLMabI,X�V�Ê[j±o f�jkZ#Y�F=DEZtCELMF=AÆH,XPjMF=LMVWH�o fKC}ZtC
XKCvjkZ§J�F=A,A[Z#LMVGVEZ#A,J�XOH,X�V_J�LMA,fKCELMabI,X�V_J}`,LM^3LMabI,X�V�<
T4Z Y,DGLMÂKu=XKCEf3XKCOjMXÀJ]Z#DEZ#JKCEÂ�DGXÀH,X�V�CEDGI,JKCEX�I,D�H,X�VOX�VGVEZ#LMVOH,XÀH,fKCEF=A[ZtCELMF=A°LM^3p�F=VGX�A7CPj±o IyCEL��

jMLMVEZtCELMF=A½H,X3CEX�J}`,A,LMabI,X�V�H,XÆ^3X�VGI,DGX3A,F=A9LMA7CEDGI,VGL>u=X�V�<¶T�X�VO^3fKCE`,F0H,X�VOF=pyCELMabI,X�VOVGF=A7C§H,F=A,J
J�F=I,DEZ#^3^3X�A7C4IyCELMjMLMVGf�X�V�<�T�X�V4CEX�J}`,A,LMabI,X�V!H,X�u=f�jMF0J�LM^3fKCEDGLMX¤jkZ#VGX�D��%?�enT.Ê � ? '0×n����p�X�DG^3XKCGCEX�A7C
H�o F=YyCEX�A,LMD!jkZ_u0L>CEX�VGVGXW^ÆZtCEf�DGLMX�jMjMX#<�T4ZvVGp�X�JKCEDGF=VGJ�F=p,LMX�X�V�C�Z#p,p,jMLMabI,f�X³X�A�C}Z#A7C¤abI,XWVGp�X�JKCEDGF=VGJ�Ft�
p,LMXgH�o f�^3LMVGVGLMF=A*H[Z#A,V�jMXgH,F=^ÆZ#LMA,X_u0LMVGLMY,jMX#Ê0VGp�X�JKCEDGF=VGJ�F=p,LMX~H�o Z#Y,VGF=DGpyCELMF=A*H[Z#A,VWj±o I,j>CEDEZ]u0LMF=jMXKC
XKC§jMXÀu0LMVGLMY,jMX#Ê�VGp�X�JKCEDGF=VGJ�F=p,LMX*LMAy{%DEZ#DGF=I,�=X#Ê�VGp�X�JKCEDGF=VGJ�F=p,LMX*�vZ#^ÆZ#A�Ê�<><><¶T4Z�p7\0DGF=^3fKCEDGLMX3F=p0�
CELMabI,XgZPf��7Z#jMX�^3X�A7C³fKCEfvIyCELMjMLMVGf�X_p�F=I,D�j±o fKCEI,H,XvH,X�V³^ÆZtCEf�DGLkZ#I0�ÀJ�F=A,H,X�A,VGf�VWH,X�p,I,LMVv;�x7Q (
� r7R�
XKC*jMXwÅWz���Z9H,fKu=X�jMF=p,p�fwDGf�J�X�^3^3X�A7C*I,A�p7\0DGF=^3ÂKCEDGX5^§I,j>CEL��BjMF=A,�=I,X�I,DGVlH�o F=A,H,X5H[Z#A,V*jMX
u0LMVGLMY,jMXnXKCvj±o LMAy{%DEZ#DGF=I,�=X�� �7xyÊ�Qt���±<
T�XPH,fKu=X�jMF=p,p�X�^3X�A7CgH,XPjkZ§CEX�J}`,A,LMabI,XOp7\0DGF=^3fKCEDGLMabI,XPX�V�CgjMLMf %Àj±o LMA7CEf�D�	KC_H�o Z#J�J�f�H,X�D�%ljkZ

CEX�^3p�f�DEZtCEI,DGXvH,X�VW^3LMjMLMX�I0�ljMF=DGV³H,Xgj±o Z#^3F=DGØ]Z#�=X_H,XgjkZPH,fKCEF=A[ZtCELMF=A�<yÍ5Z#LMV³VEZ�H,fKCEX�DG^3LMA[ZtCELMF=A
DGX�p�F=VGXWVGI,D¶jkZvJ�F=A,A[Z#LMVGVEZ#A,J�XWp,DGf]Z#jkZ#Y,jMX�H,X�j±o f�^3LMVGVGL>u0L>CEf#< �nD�ÊtjMX�V¶p,DGF0H,I,L>CEV!H,X�DGf]Z#JKCELMF=A§XKC¤H,X
H,fKCEF=A[ZtCELMF=AiH,I�A,L>CEDGF=^3fKCE`[Z#A,XnVGF=A7CvH[Z#A,V_H,X�VvfKC}ZtCEV�H,X�A,VGX�V��%X�A7u0LMDGF=A5R#�=�=� ^���� + [���Ê %lH,X
CEDGÂ�V!`[Z#IyCEX�V!p,DGX�VGVGLMF=A,V���;�Q���r=���  � ��XKC!H,X�CEDGÂ�V!`[Z#IyCEX�V4CEX�^3p�f�DEZtCEI,DGX�V��2r=�=�=���B�bQ#�=� ����<tÅ�X�VfKC}ZtCEV~CE`,X�DG^3F0Hy\0A[Z#^3LMabI,X�V�Ê|p,DGF=p,DGX�V %ijkZ*H,fKCEF=A[ZtCELMF=A°A,XlVGF=A7COp[Z#VOZ#LMVGf�^3X�A7CPZ#J�J�X�VGVGLMY,jMX�V
XKC~jMX�I,DGVnJ]Z#DEZ#JKCEf�DGLMV�CELMabI,X�VnF=pyCELMabI,X�VnA,XlVGF=A7C~H,F=A,J %*J�X 2GF=I,Dgp[Z#VnJ�F=A,AbI,X�V�<�'0L¶jMX�VnfKCEI,H,X�V

;
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H,X�J�F=^§Y,I,V�CELMF=A�p�X�DG^3XKCGCEX�A7CgH�o fKCEI,H,LMX�DgjMX�VvH,F=^ÆZ#LMA,X�V_F��5jMX�Vvp,DGX�VGVGLMF=A,VgVGF=A7CgH,X�abI,X�jMabI,X�V
H,LM�]Z#LMA,X�V_H,XOY[Z#D_XKCgjMX�V�CEX�^3p�f�DEZtCEI,DGX�VvH,XOj±o F=DGH,DGXPH,X§R#�=�=� � ��;�x��±Ê¼F=A�p�X�IyCgH,L �3J�LMjMX�^3X�A7C
X��0CEDEZ#p�F=jMX�D*jMX�I,DGVip,DGF=p,DGLMfKCEf�V F=pyCELMabI,X�V-% J�X�jMjMX�V*H,X�V p,DGF0H,I,L>CEViH,X½DGf]Z#JKCELMF=A LMVGVGI,ViH,X°jMX
H,fKCEF=A[ZtCELMF=A°H�o I,A9X��yp,jMF=VGL>{�<!Ågo X�V�C�p�F=I,DGabI,F=L.jkZip7\0DGF=^3fKCEDGLMXÀX�V�C�Y[Z#VGf�X3VGI,DOjMXlJ}`,F=L��¾H�o I,A
^3F0H,Â�jMXWH,Il{2Z#JKCEX�I,D�H�o f�^3LMVGVGLMF=A�<=T.o `7\0p�F#CE`,Â�VGXvH,X_J�F=DGp,V�A,F=LMD¤F=IÀ�=DGLMV¤X�V�C³J�F=I,DEZ#A7CEX � R=RbÊ (=�0Ê
(=d�����H,X�Vn`7\0p�F#CE`,Â�VGX�V~p,jMI,VgJ�F=^3p,jMX��yX�VgJ�F=^3^3XOjkZÀu#Z#DGLkZtCELMF=A�jMLMA,f]Z#LMDGX~F=Iwp�F=j>\0A,F=^3LkZ#jMX~H,I
{2Z#JKCEX�I,D�H�o f�^3LMVGVGLMF=AÀX�A3{%F=A,JKCELMF=AÀH,XvjkZ~jMF=A,�=I,X�I,D.H�o F=A,H,XvVGF=A7C�f��7Z#jMX�^3X�A7C�DGX�A,J�F=A7CEDGf�X�V�� ry;#Ê
�7x��±<7Í5Z#LMV.LMj0X�V�C�{%F=D�C¤p,DGF=Y[Z#Y,jMXWabI,X_jMX�V¤X�VGp�Â�J�X�V³J}`,LM^3LMabI,X�V¤p,DGF0H,I,L>CEX�V.jMF=DGV¤H,X�jkZvCEDEZ#A,VGL>CELMF=A
J}`,F0J��BH,fKCEF=A[ZtCELMF=AlJ�F=A,H,I,LMVGX�A7C³p,jMIyC��#C�%~H,X�V�^3LMjMLMX�I0�OVGX�^3L���CEDEZ#A,VGp[Z#DGX�A7CEV�Ê=H,F=A7C³j±o f�^3LMVGVGL>u0L>CEf
A,XWu=f�DGL>h[X_p[Z#V.J�X�V�`7\0p�F#CE`,Â�VGX�V�� q#x��±<7T.o LM^3p,DGf�J�LMVGLMF=A�VGI,D�jMX�V¤^3X�VGI,DGX�V�H,XWCEX�^3p�f�DEZtCEI,DGX�p�X�IyC
ZtCGCEX�LMA,H,DGXl;��=�=� ��p[Z#D_X��yX�^3p,jMX~p�F=I,D_I,A�f�J]Z#D�C_H�o f�^3LMVGVGL>u0L>CEf~H,XO�yÊ (y<
Ågo X�V�C3p�F=I,DGabI,F=L±Ê¶VGI,L>CEX Z#I0�9CEDEZ]u#Z#I0� H,X*CE`,Â�VGX H,X T�f]Z#j���Å�DGF=I,��XKCÀZ#I�ÅWz�� VGI,Dlj±o Z#p0�

p,jMLMJ]ZtCELMF=AwH,XÀjkZ*p7\0DGF=^3fKCEDGLMXlF=pyCELMabI,X %ij±o fKCEI,H,XlH,X�VOX��yp,jMF=VGL>{%V~J�F=A,H,X�A,VGf�V � Q#���±Ê�LMj¤X�V�C�Z#p0�
p[Z#DGI abI�o I,A,X�Z#A[Z#j>\0VGXiVGp�X�JKCEDEZ#jMX*H,I A,L>CEDGF=^3fKCE`[Z#A,XÆfKC}Z#L>ClA,f�J�X�VGVEZ#LMDGX�Zth[A H,X*u=f�DGL>h[X�DlXKC
fKu=X�A7CEI,X�jMjMX�^3X�A7CvH,X~J�F=DGDGLM�=X�DWjMX�V�`7\0p�F#CE`,Â�VGX�VvVGI,D�j±o f�^3LMVGVGL>u0L>CEfgH,I,DEZ#A7C_jkZ�CEDEZ#A,VGL>CELMF=A*J}`,F0J��
H,fKCEF=A[ZtCELMF=A�<��vA,XOZ#A[Z#j>\0VGXPH,XOVGp�X�JKCEDGF=VGJ�F=p,LMXPp�X�DG^3XKCvH�o Z#p,p�F=D�CEX�D_H,X�V_LMAy{%F=DG^ÆZtCELMF=A,V�J�F=^l�
p,jMf�^3X�A7C}Z#LMDGX�V�Ê!A,X*VGX�DEZ#L>C��BJ�XÆabI,Xip[Z#D�jkZ�DGf�VGF=jMIyCELMF=A VGp�X�JKCEDEZ#jMX#<¶T.o fKCEI,H,XiY,LMY,jMLMF=�=DEZ#p,`,LMabI,X
H,X�VPH,L��|f�DGX�A7CEV~CEDEZ]u#Z#I0�°X��yp�f�DGLM^3X�A7C}Z#I0�½VGI,DPjMXlA,L>CEDGF=^3fKCE`[Z#A,X§A,F=I,VPZiJ�F=A,H,I,L>C %iJ}`,F=LMVGLMD
jkZwVGp�X�JKCEDGF=VGJ�F=p,LMX H�o f�^3LMVGVGLMF=A�Ê!CEX�J}`,A,LMabI,Xi{2Z#J�LMjMX�^3X�A7CÀZ#H[Z#pyC}Z#Y,jMXiZ#I H,LMVGp�F=VGL>CEL>{_H,X H,fKCEFt�
A[ZtCELMF=A X��yLMV�C}Z#A7ClH,I ÅWz��l<¤T�XÆH,F=^ÆZ#LMA,XÆVGp�X�JKCEDEZ#j�X�A7u0LMVEZ#�=f*LMA,L>CELkZ#jMX�^3X�A7COfKC}Z#L>C�J�F=^3p,DGLMV
X�A7CEDGX3�yÊ riXKC�Q )#+½<4s!F=I,D~H,X�VPDEZ#LMVGF=A,VnCEX�J}`,A,LMabI,X�V�Ê�VGX�I,jMXÀj±o X��yp,jMF=DEZtCELMF=A5H,I¾H,F=^ÆZ#LMA,XOu0L��
VGLMY,jMX��yÊ r����yÊ (7Q&)#+ X�V�Cnp,DGf�VGX�A7CEf�XÀLMJ�L±Ê[jkZ3^3LMVGX�Z#Iwp�F=LMA7CgH,I½H,F=^ÆZ#LMA,XO�yÊ (7Q��};=Ê ( )#+ fKC}Z#A7C
%*p�F=I,DGVGI,L>u0DGX#<�T�X�V~^3X�VGI,DGX�VPH,XlVGp�X�JKCEDGF=VGJ�F=p,LMXlH�o f�^3LMVGVGLMF=A5{%F=I,DGA,LMVGVGX�A7CPj±o LMA7CEX�A,VGL>CEf§f�^3LMVGX
p[Z#D_jMX~A,L>CEDGF=^3fKCE`[Z#A,X~jMF=DGV�H,XOjkZ§p,`[Z#VGXOH�o Z#^3F=DGØ]Z#�=X~XKCgH,XPjkZlH,fKCEF=A[ZtCELMF=A�Ê,VGF=I,V_{%F=DG^3X~H,X
jMI,^3LMA[Z#A,J�XOVGp�X�JKCEDEZ#jMX#<�T.o X��yp,jMF=L>C}ZtCELMF=A5H,X�V~VGLM�=A[Z#I0�5X�A½{%F=A,JKCELMF=A5H,I½CEX�^3p,VnXKC~H,X§jkZÆjMF=A0�
�=I,X�I,D³H�o F=A,H,Xgp�X�DG^3XKC³H�o F=YyCEX�A,LMD�H,X�V�LMAy{%F=DG^ÆZtCELMF=A,V¤VGI,D³jMX�V³J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V³F=pyCELMabI,X�Vv¿bjMX
^3LMjMLMX�I*X�V�C��BLMj�F=p[Z#abI,X#Ê[VGX�^3L���CEDEZ#A,VGp[Z#DGX�A7C]Ê�<><><
	
×�p[Z#D�CELMDWH,X�V_jMI,^3LMA[Z#A,J�X�V�Ê,LMj|X�V�Cgp�F=VGVGLMY,jMXnH,XPH,fKCEX�DG^3LMA,X�D�jMX�V_p,DGF#h[jMV�H,XnCEX�^3p�f�DEZtCEI,DGX

XKCÀH�o Z#J�J�f�H,X�D %½jMX�I,DlDGf�p[Z#D�CEL>CELMF=A VGp[ZtCELkZ#jMX*XKClCEX�^3p�F=DGX�jMjMX#<¤Å�XKCGCEX H,fKCEX�DG^3LMA[ZtCELMF=A DGX�p�F=VGX
VGI,D§j±o LMA7u=X�DGVGLMF=A ^ÆZtCE`,f�^ÆZtCELMabI,X3H,Xij±o f�abI[ZtCELMF=A9H,XÆCEDEZ#A,V�{%X�D�ClDEZ#H,LkZtCEL>{�H�o I,A ^3LMjMLMX�I¾VGX�^3L��
CEDEZ#A,VGp[Z#DGX�A7C]<,× A,F#CEDGXnJ�F=A,A[Z#LMVGVEZ#A,J�X#Ê,J�XKCGCEX~^3fKCE`,F0H,XnA�o Z 2EZ#^ÆZ#LMV�fKCEf~Z#p,p,jMLMabI,f�XnX�A H,fKCEFt�
A,LMabI,X#<�T4ZÆ^3fKCE`,F0H,X�H,X§DGf�VGF=jMIyCELMF=A5p,DGf�VGX�A7CEf�XÀLMJ�L¶Z3{2Z#L>Cgj±o F=Y 2GXKCnH�o I,A,XlJ�F0F=p�f�DEZtCELMF=AwZ]u=X�J
j±o f�abI,LMp�X3z.V�CELM^3XÀH,XÆj±o ?�Ëg�_?B×ÁabI,L³Z�H,fKu=X�jMF=p,p�fÆI,A Z#jM�=F=DGL>CE`,^3X§H�o LMA7u=X�DGVGLMF=A % p[Z#D�CELMDPH,X
j±o fKCEI,H,X*H,X*J]Z#V§VGLM^3p,jMX�V�H,X*H,fKCEF=A[ZtCELMF=A�<!?Bj�p�X�DG^3XKC§H,X*H,fKCEX�DG^3LMA,X�D�jMX�V§H,X�I0� �=DEZ#A,H,X�I,DGV
p,`7\0VGLMabI,X�VgabI,XPVGF=A7CvjkZ§CEX�^3p�f�DEZtCEI,DGX~XKCvjMX~J�F0X��3J�LMX�A7CvH�o Z#Y,VGF=DGpyCELMF=A�<
T�XPp,jkZ#A H,XPJ�XP^3f�^3F=LMDGXnVGX�DEZÀH,F=A,JOZ#D�CELMJ�I,jMfnH,XPjkZ�{2Z#Ø�F=A�VGI,L>u#Z#A7CEXl¿
� ×4u#Z#A7CÀH�o Z#Y�F=DGH,X�D§jkZ5p,DGF=Y,jMf�^ÆZtCELMabI,X3H,Xij±o Z#^3F=DGØ]Z#�=X3p[Z#D§J}`,F0JiH,I A,L>CEDGF=^3fKCE`[Z#A,X#ÊH,XgVGF=AiZ#A[Z#j>\0VGXgVGp�X�JKCEDEZ#jMXvXKCWH,XgjkZOH,fKCEX�DG^3LMA[ZtCELMF=AÀH,XgjkZPCEX�^3p�f�DEZtCEI,DGX#ÊbH,X�VWDEZ#p,p�X�jMV
VGI,D�jMX�V�A,F#CELMF=A,VOH,X*DEZ]\=F=A,A,X�^3X�A7ClIyCELMjMLMVGf�X�VPH[Z#A,V§jkZ CE`,Â�VGX*VGX�DGF=A7C§p,DGf�VGX�A7CEf�VÀH[Z#A,V
jMXPJ}`[Z#p,L>CEDGXÀ;=<�T�X�VvjMF=LMV�H,XPY[Z#VGX�H,I�DEZ]\=F=A,A,X�^3X�A7CgCE`,X�DG^3LMabI,XPVGF=A7CgDEZ#p,p�X�jMf�X�VvXKCgjMX

R
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CEDEZ#A,V�{%X�D�C.DEZ#H,LkZtCEL>{[H�o I,AÀ^3LMjMLMX�IOVGX�^3L���CEDEZ#A,VGp[Z#DGX�A7C.X�V�C�X��yp,jMLMabI,f#<��vAÀp[Z#DEZ#�=DEZ#p,`,XWX�V�C
J�F=A,VEZ#J�DGfOZ#I�DEZ]\=F=A,A,X�^3X�A7CgH,X�V_�7Z#�PXKC_H,X�Vvp[Z#D�CELMJ�I,jMX�V�<

� T4Zwp,DGX�^3LMÂ�DGX*p[Z#D�CELMX*J�F=A,J�X�DGA,X jkZ5CEDEZ#A,VGL>CELMF=A9J}`,F0J��BH,fKCEF=A[ZtCELMF=A H,I A,L>CEDGF=^3fKCE`[Z#A,X#ÊX��yp,jMF=VGL>{!jMLMabI,LMH,Xg`,F=^3F=�=Â�A,X#<[z.jMjMXgX�V�CvJ�F=^3p�F=VGf�X~H,X~H,X�I0� J}`[Z#p,L>CEDGX�V�<¼T�X~J}`[Z#p,L>CEDGXOR
p�F=D�CEX~VGI,D�jkZ�CE`,f�F=DGLMXnH,XPjkZ§H,fKCEF=A[ZtCELMF=A-%�CEDEZ]u=X�DGVvjMX�VWH,X�I0� ^3F0H,Â�jMX�V�H,XOÅ�`[Z#p,^ÆZ#A0�
Ç#F=I,�=I,XKC�XKC�H,X9É|X�jMH,F�u0L>CEJ}`�Ê_ËvX�I,^ÆZ#ANXKC5egF0X�DGLMA,�,<�T4Z CE`,f�F=DGLMX½H,X°jkZ CEDEZ#A,VGL>CELMF=A
J}`,F0J��BH,fKCEF=A[ZtCELMF=A X�V�CÀp,DGf�VGX�A7CEf�X�H[Z#A,VljMX*J}`[Z#p,L>CEDGXiry<¤T�Xi^3F0H,Â�jMXÆH,X�Å�`[Z#L 1#X�A X�V�C
H,LMVGJ�IyCEfPXKCvI,A�p[Z#DEZ#�=DEZ#p,`,XPp�X�DG^3XKC_H,XPJ�F=^3p,DGX�A,H,DGXPjkZlH,L �3J�I,j>CEf~H,XPH,fKCEX�DG^3LMA,X�D�jkZ
CEX�^3p�f�DEZtCEI,DGX#<

� T4Z�VGX�J�F=A,H,X³p[Z#D�CELMX¤CEDEZ#L>CEX¤H,X�j±o Z#p,p,jMLMJ]ZtCELMF=AgH,X�jkZWVGp�X�JKCEDGF=VGJ�F=p,LMX³H�o f�^3LMVGVGLMF=A %�j±o fKCEI,H,XH,X�VÆ^3f�J]Z#A,LMVG^3X�VÀH,X�CEDEZ#A,VGL>CELMF=A J}`,F0J��BH,fKCEF=A[ZtCELMF=A H,I�A,L>CEDGF=^3fKCE`[Z#A,X#<�ËvF=I,V3J�F=^l�
^3X�A,J�X�DGF=A,VgH[Z#A,VnjMXOJ}`[Z#p,L>CEDGXO�*p[Z#DvI,AwDGf�VGI,^3f§H,X�VvCEX�J}`,A,LMabI,X�V~p7\0DGF=^3fKCEDGLMabI,X�VgXKC
VGp�X�JKCEDGF=VGJ�F=p,LMabI,X�VvIyCELMjMLMVGf�X�VWp�F=I,DWj±o fKCEI,H,X~H,I A,L>CEDGF=^3fKCE`[Z#A,X#ÊyJ�XPabI,L�A,F=I,VvZ§p�X�DG^3LMV
H,XOJ}`,F=LMVGLMD�jkZlVGp�X�JKCEDGF=VGJ�F=p,LMXOH�o f�^3LMVGVGLMF=A�<[T�XOJ}`[Z#p,L>CEDGX�QlH,f�J�DGL>CvjMXPH,LMVGp�F=VGL>CEL>{!H,XPH,f��
CEF=A[ZtCELMF=A H,I�ÅWz�� IyCELMjMLMVGf3p�F=I,D§jMX�VlX�VGVEZ#LMVlH�o LM^3p[Z#JKC§p,jkZ#A�<¤T�XiJ}`[Z#p,L>CEDGXidwH,f�J�DGL>C
X�A,VGI,L>CEX~jMXnH,LMVGp�F=VGL>CEL>{�H,X~VGp�X�JKCEDGF=VGJ�F=p,LMX#<[×gp,DGÂ�VvZ]u=F=LMDWp,DGf�VGX�A7CEfPjMX�V�J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V
F=pyCELMabI,X�V~H,I¾A,L>CEDGF=^3fKCE`[Z#A,X§XKCPfKC}Z#Y,jML¤I,A°J]Z#`,LMX�D~H,X�VPJ}`[Z#DG�=X�V�Ê�A,F=I,VPH,LMVGJ�IyCEF=A,VPH,I
J}`,F=L�� H,I5^ÆZtCEf�DGLMX�j±<,T.o Z#A[Z#j>\0VGXPVGp�X�JKCEDEZ#jMXOX�V�CgVGJ�LMA,H,f�XOX�A5H,X�I0��fKCEI,H,X�V�¿[j±o fKCEI,H,XOH,I
H,F=^ÆZ#LMA,XÀu0LMVGLMY,jMXÆ�yÊ r����yÊ (7Q�)#+ XKClj±o fKCEI,H,X*H,I H,F=^ÆZ#LMA,X3LMAy{%DEZ#DGF=I,�=X#<¶s!F=I,D§J}`[Z#J�I,A
H,X�VOJ]Z#V�Ê�j±o Z#p,p[Z#DGX�LMjMjkZ#�=X�X�V�C�H,f�J�DGL>C]<4T�XÀJ]Z#jMJ�I,j.H�o X�DGDGX�I,DOH,X�VOH,L��|f�DGX�A7CEX�VO�=DEZ#A,H,X�I,DGV
X�V�CvX �|X�JKCEI,f#<

� T4ZlCEDGF=LMVGLMÂ�^3X~p[Z#D�CELMXPX�V�Cgj±o X��yp,jMF=L>C}ZtCELMF=A*H,X�Vv^3X�VGI,DGX�VgH,XOVGp�X�JKCEDGF=VGJ�F=p,LMXOH�o f�^3LMVGVGLMF=AH[Z#A,VPjMXÀH,F=^ÆZ#LMA,X�u0LMVGLMY,jMX#< �nA¾H,LMV�CELMA,�=I,Xlj±o Z#A[Z#j>\0VGX§CEX�^3p�F=DGX�jMjMX§H,X�VPVGLM�=A[Z#I0� �%J}`[Z��
p,L>CEDGXOq �WH,XPj±o Z#A[Z#j>\0VGXPVGp�X�JKCEDEZ#jMX �%J}`[Z#p,L>CEDGX ( ��<¼Å�F=^3pyCEX���CEX�AbI5H,X�VvF=Y,VGX�D�u#ZtCELMF=A,V_VGI,D
jMX�V!J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V!F=pyCELMabI,X�V¶H,X�V¶^3LMjMLMX�I0�nX�A§H,fKCEF=A[ZtCELMF=A�Ê�Z]u#Z#A7C]Ê�p�X�A,H[Z#A7C¤XKC.Z#p,DGÂ�V
jkZ§VGI,p�X�DGH,fKCEF=A[ZtCELMF=A�Ê,XKC�%lj±o X�A7CEDGf�XPH,I J}`,F0J#Ê[I,A�^3F0H,Â�jMXnH�o Z#Y,VGF=DGpyCELMF=A X�V�Cvp,DGF=p�F=VGf
XKCvX�V�CvJ�F=^3p[Z#DGf %lA,F=V_DGf�VGI,j>C}ZtCEV�<

� z.Ayh[A�ÊbjkZnH,X�DGA,LMÂ�DGX_p[Z#D�CELMX�p�F=D�CEX_VGI,D�jkZnH,fKCEX�DG^3LMA[ZtCELMF=AlH,X�V³p,DGF#h[jMV.H,X�CEX�^3p�f�DEZtCEI,DGX#<T�X*J}`[Z#p,L>CEDGX*xwp,DGf�VGX�A7CEXijMX3CEDEZ#A,V�{%X�D�ClDEZ#H,LkZtCEL>{�Z#p,p,jMLMabI,f %wjkZ CEDEZ#A,VGL>CELMF=A9J}`,F0J*H,f��
CEF=A[ZtCELMF=A°Z]u#Z#A7CPH,XÀH,f�J�DGLMDGXÀjkZ*^3fKCE`,F0H,XlH,XÀDGf�VGF=jMIyCELMF=A½H,I¾p,DGF=Y,jMÂ�^3XlLMA7u=X�DGVGX#<!T�X�V
J]Z#V�VGLM^3p,jMX�V¤abI,L[F=A7C�p�X�DG^3LMV¤H�o f�jkZ#Y�F=DGX�D.jMX�p,DGF=�=DEZ#^3^3X�H�o LMA7u=X�DGVGLMF=A3VGF=A7C³X��yp,jMLMabI,f�V�<
Ä!F=IyCÆH�o Z#Y�F=DGH�j±o Z#A[Z#j>\0VGX H,X�VGX�A,VGLMY,LMjML>CEfiH,X5j±o f�abI[ZtCELMF=A H,X CEDEZ#A,V�{%X�D�CÆDEZ#H,LkZtCEL>{nZ#I0�
�=DEZ#A,H,X�I,DGVÀCEX�^3p�f�DEZtCEI,DGX�XKCÆJ�F0X��3J�LMX�A7CÆH�o Z#Y,VGF=DGpyCELMF=A X�V�C*DGf]Z#jMLMVGf�X �%J}`[Z#p,L>CEDGX¾;�� ��Ê
p,I,LMV�jMX�V_DGf�VGI,j>C}ZtCEV�H,XPj±o LMA7u=X�DGVGLMF=A VGF=A7CvH,LMVGJ�IyCEf�V��%J}`[Z#p,L>CEDGXl;=;���<

� T�X�Vgf�jMf�^3X�A7CEVvX�VGVGX�A7CELMX�jMVnXKCgjMX�Vvp�X�DGVGp�X�JKCEL>u=X�VnH,X�J�XOCEDEZ]u#Z#LMj�H,XOCE`,Â�VGX�VGF=A7CnDGf�VGI,^3f�VX�A�J�F=A,J�jMI,VGLMF=A�<
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'5��)$������� �?K��4K�� �  �B#��������� ��L4M!NOFOP�Q#F=R�M#F=N�R1FTS!N�UV9

W�X�W ����Y[Z � �]\��3Y � � �
T�X�V*CEDGF=LMVÆ^3F0H,X�V3{%F=A,H[Z#^3X�A7C}Z#I0��H,X5CEDEZ#A,V�{%X�D�CiH,XwJ}`[Z#jMX�I,D*VGF=A7CijkZ9J�F=A,H,I,JKCELMF=A�Ê³jkZ

J�F=A7u=X�JKCELMF=A½XKCnjMX�DEZ]\=F=A,A,X�^3X�A7C]<�T4ZÆJ�F=A,H,I,JKCELMF=AwX�V�C~I,Awf�J}`[Z#A,�=X�CE`,X�DG^3LMabI,X�X�A7CEDGX§H,X�I0�
^3LMjMLMX�I0�wX�A¾J�F=A7C}Z#JKC�p�X�DG^ÆZ#A,X�A7C�Z#jMF=DGV~abI,XÆH[Z#A,VPjMXÀJ]Z#VOH,XÀjkZiJ�F=A7u=X�JKCELMF=A�Ê!j±o I,A°H,X�VO^3L��
jMLMX�I0�5VGXlH,f�p,jkZ#J�X§p[Z#DgDEZ#p,p�F=D�C %Æj±o Z#IyCEDGX#<�s¶Z#DnJ�F=A7CEDGX#Ê�jMXOCEDEZ#A,V�{%X�D�C~p[Z#DnDEZ]\=F=A,A,X�^3X�A7CPA,X
A,f�J�X�VGVGL>CEX½Z#I,J�I,A ^3LMjMLMX�I ^ÆZtCEf�DGLMX�j±< �vA�V�\0V�CEÂ�^3XwLMVGF=jMf H[Z#A,V*j±o X�VGp[Z#J�X5p�X�IyC*f�^3XKCGCEDGX5I,A
DEZ]\=F=A,A,X�^3X�A7CÆabI,L_VGX�p�X�DGH,DEZ°F=I VGX�DEZ°J]Z#pyCEf�p[Z#DÀI,A�Z#IyCEDGX V�\0V�CEÂ�^3X#<�T�XiCEDEZ#A,VGp�F=D�C3H,I
DEZ]\=F=A,A,X�^3X�A7CvVGX~{2Z#L>CWp[Z#D�F=A,H,X~f�jMX�JKCEDGF=^ÆZ#�=A,fKCELMabI,XnF=I p[Z#DWjMX�V�p,`,F#CEF=A,V�<[T4ZlabI[Z#A7CEL>CEf~H,X
J}`[Z#jMX�I,DWH,LMVGVGLMp�f�Xnp[Z#D�DEZ]\=F=A,A,X�^3X�A7C_CE`,X�DG^3LMabI,XgX�V�C_p,DGF=p�F=D�CELMF=A,A,X�jMjMX�%§jkZOp,I,LMVGVEZ#A,J�X~abI[Z��
CEDGLMÂ�^3X§H,XÀjkZÆCEX�^3p�f�DEZtCEI,DGX#<4s¶Z#DPJ�F=A,VGf�abI,X�A7C]Ê!jMX§DEZ]\=F=A,A,X�^3X�A7COCE`,X�DG^3LMabI,XlH,XKu0LMX�A7COp,jMI,V
LM^3p�F=D�C}Z#A7CgjMF=DGVGabI,X§jkZ3CEX�^3p�f�DEZtCEI,DGXlZ#I,�=^3X�A7CEX§XKC~p�X�IyC~H,XKu=X�A,LMD~p,DGf�p�F=A,H,f�DEZ#A7CPp�F=I,DnH,X
CEDGÂ�V_`[Z#IyCEX�V_CEX�^3p�f�DEZtCEI,DGX�V�<
egX�I0�½p�F=LMA7CEVnH,X�u0I,X§X��yLMV�CEX�A7CPp�F=I,DgH,f�J�DGLMDGX§jMX�DEZ]\=F=A,A,X�^3X�A7C~CE`,X�DG^3LMabI,XÆ¿|jMX�VgF=A,H,X�V

f�jMX�JKCEDGF=^ÆZ#�=A,fKCELMabI,X�VvF=IwjMX�Vgp,`,F#CEF=A,V�<|×gI,J�I,A½H,X�J�X�Vnp�F=LMA7CEVgH,XOu0I,X§A�o X�V�C~J]Z#p[Z#Y,jMX�H�o X��b�
p,jMLMabI,X�D�%OjMI,L[VGX�I,j¼CEF=I,V³jMX�V³p,`,f�A,F=^3Â�A,X�V�DEZ#H,LkZtCEL>{%V�¿bX�AÆ�=f�A,f�DEZ#j±Ê7jMX�V³p,DGF=p,DGLMfKCEf�V³DEZ#H,LkZtCEL>u=X�V
H,X�VWjMLMabI,LMH,X�V�Ê0H,X�VWVGF=jMLMH,X�V�XKC�H,X�VWLMA7CEX�D�{2Z#J�X�VWVGF=A7C�p,jMI,V³{2Z#J�LMjMX�^3X�A7C�p,DGf�H,L>CEX�VWp[Z#D�jkZOCE`,f�F=DGLMX
H,X�VlF=A,H,X�VÀf�jMX�JKCEDGF=^ÆZ#�=A,fKCELMabI,X�VlZ#jMF=DGV�abI,XijMX�V§p,DGF=p,DGLMfKCEf�VlH,X�Vl�7Z#�iVGF=A7ClH,f�H,I,L>CEX�VÀH,X*jkZ
^3f�J]Z#A,LMabI,X~abI[Z#A7CELMabI,X#<
Ä!F=IyCÆJ�F=DGp,V�Ê³abI,X�jMjMX�abI,X�VGF=L>CÆVEZ°CEX�^3p�f�DEZtCEI,DGX u#Z°H,F=A,J5f�^3XKCGCEDGX�I,A�DEZ]\=F=A,A,X�^3X�A7C]Ê

abI,L�J�F=DGDGX�VGp�F=A,H %5jkZ�H,LM^3LMAbIyCELMF=A¾H,X*VGF=A Z#�=L>C}ZtCELMF=A°CE`,X�DG^3LMabI,XÆf�jMX�JKCEDGF=A,LMabI,X*ZtCEF=^3LMabI,X
F=I�^3F=jMf�J�I,jkZ#LMDGX#<yT�F=DGVGabI�o I,AwZtCEF=^3X~F=I�I,A,XO^3F=jMf�J�I,jMXnVEZ#IyCEXOH�o I,A5A,L>u=X]Z#I�H�o f�A,X�DG�=LMX %ÀI,A
Z#IyCEDGXPVGI,L>CEX %ÀI,A,XOH,f�VGX��yJ�L>C}ZtCELMF=A�Ê¼Z#p,p[Z#DEZ�^MC_j±o f�^3LMVGVGLMF=AiH�o I,A�DEZ]\=F=A,A,X�^3X�A7CnH,X~{%DGf�abI,X�A,J�X
& u=f�DGL>h¼Z#A7CvjkZ§DGX�jkZtCELMF=A½¿ � V�_ X & ��;=<>;��
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Z]u=X�J X J�F=A,V�C}Z#A7CEXPH,XOs.jkZ#A,J�1¼<
T�X�VWF=A,H,X�VWf�jMX�JKCEDGF=^ÆZ#�=A,fKCELMabI,X�V�F=A7CWfKCEfnJ�jkZ#VGVGf�X�VWVGI,L>u#Z#A7CWjMX�I,D�J�F=^3p�F=D�CEX�^3X�A7C�X�AiH,L>{k�

{%f�DGX�A7CEX�V¤J]ZtCEf��=F=DGLMX�V�Ê�^3F=A7CEDGf�X�V¶VGI,D!jkZ�h[�=I,DGXg;=<>;=<�T�X�VGp�X�JKCEDGX�p�X�IyC¶V�o X��yp,DGLM^3X�D!X�A§jMF=A,�=I,X�I,D
H�o F=A,H,X�� )#+ ��Ê7X�A3{%DGf�abI,X�A,J�X��	��
 �¤F=I3X�A3A,F=^§Y,DGX_H�o F=A,H,X�� � + ,/. ��<bT�X_DEZ]\=F=A,A,X�^3X�A7CWf�jMX�J��CEDGF=^ÆZ#�=A,fKCELMabI,XWF=IÀjMX�V�p,`,F#CEF=A,V.f�^3LMV.H[Z#A,V.jkZ~�7Z#^3^3X�H,X_jMF=A,�=I,X�I,DGV.H�o F=A,H,Xv�yÊ>;W�³;��=��)#+
X�V�CvVGF=Iyu=X�A7C~Z#p,p�X�jMf~DEZ]\=F=A,A,X�^3X�A7CvCE`,X�DG^3LMabI,X#<

������ ;=<>;~��������������� �"!�#$�&%'� (*)	+,��-*./� (*)	+,�����10���-*)	�	2�#'��34�65�)	+6����)7!8�:9<;4=?>

W�X,@ A � � � � � �CB��2� �]\ Z B�� � ��� ��
 � ��Y YED � Z 
 ��F?\ �
´HG ��G�´ � £ �n�g���y����� ¢g© ¬�� ¬�¨n²m���g���g�|©
Å�F=A,VGLMH,f�DGF=A,V�I,Aif�jMf�^3X�A7C�H,XnVGI,D�{2Z#J�X KJI H,XnA,F=DG^ÆZ#jMXLK� X�A7CEF=I,DEZ#A7C_I,Aip�F=LMA7CvÍ �	M¶LM�,<

;=<SR ��<
T.o f�A,X�DG�=LMXLN 7�O J�F=A7CEX�AbI,XiH[Z#A,V§I,A Z#A,�=jMX3VGF=jMLMH,X K 5 Ê!DEZ]\=F=A,A,f�Xip[Z#D�I,A,L>CEfÆH,X3CEX�^3p,V

p[Z#D�jkZlVGI,D�{2Z#J�X KJI H[Z#A,V_jkZlH,LMDGX�JKCELMF=A K b�X�V�C_CEX�jMjMXnabI,X3¿
L _ N 7 .

�*P *3b # K 5 # KJI ��;=<SR �
s¶Z#D H,fKh[A,L>CELMF=A�Ê L X�V�C�jkZ jMI,^3LMA[Z#A,J�Xwf�A,X�DG�=fKCELMabI,X°H,X°jkZ VGI,D�{2Z#J�X KJI XKC V�o X��yp,DGLM^3X°X�A4 + ,�6 *38!,/.�<

d



��� � ����� �	�� � � �	��� ��� � ��� �����

dS

n

i

dW

M

i
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T�X ,[I0� CEF#C}Z#j�N 7�O X�V�CÆDGX�jMLMfiZ#I ,[I0� VGp�X�JKCEDEZ#j�F=I ,[I0� ^3F=A,F0J}`,DGF=^ÆZtCELMabI,X$N 7*O N X�A
LMA7CEf��=DEZ#A7C_VGI,L>u#Z#A7CvjkZ§jMF=A,�=I,X�I,D�H�o F=A,H,X % ¿

N 7 O _����
e

N 7 O N # K % ��;=< r �
e�o F���j±o X��yp,DGX�VGVGLMF=A�H,XPjkZljMI,^3LMA[Z#A,J�XnVGp�X�JKCEDEZ#jMX
�%H,X�A,VGL>CEfPVGp�X�JKCEDEZ#jMX�n¿

L N _ N 7*O N
�*P *3b # K 5 # KJI ��;=< ���

L N V�o X��yp,DGLM^3XPX�A 4 + ,�6 )#+ ,/. *38!,/.�<
´HG ��G � �§¨n²m���g���g�|© ¢§¦%¨g�È�|�.�y«n� �g���B�
s.jkZ#A,J�1½ZiJ]Z#jMJ�I,jMflj±o f�^3LMVGVGLMF=AwH�o I,A,XÀJ]Z]u0L>CEfÀ`,F=^3F=�=Â�A,XlX�A°CEX�^3p�f�DEZtCEI,DGXlabI,L�Z#Y,VGF=DGY�X
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T�X3p,DGX�^3LMX�DnCEX�DG^3XÀH,X3j±o z.Ä_��DGX�p,DGf�VGX�A7CEX*jMXlDEZ]\=F=A,A,X�^3X�A7C§LMA,J�LMH,X�A7COX�A P e CEDEZ#A,VG^3LMV2GI,VGabI�o % P � XKC!jMX.VGX�J�F=A,HPCEX�DG^3X�jkZWVGF=^3^3X.H,X�V4J�F=A7CEDGLMY,IyCELMF=A,V�H,X�V!DEZ]\=F=A,A,X�^3X�A7CEV!f�^3LMV�H[Z#A,V
jMX�V�H,L��|f�DGX�A7CEX�VvJ�F=I,J}`,X�VvH�o f�p[Z#LMVGVGX�I,D K P 0 <�Å�XPH,X�DGA,LMX�D�CEX�DG^3X~p�X�IyCvf��7Z#jMX�^3X�A7C_V�o X��yp,jMLMabI,X�DJ�F=^3^3Xwj±o f�^3LMVGVGLMF=A��=jMF=Y[Z#jMXwH,X°j±o f�J}`[Z#A7CELMjMjMF=A�X�A7CEDGX P e XKC P � J�F=^3pyCEXwCEX�AbINH,X°j±o Z#IyCEFt�Z#Y,VGF=DGpyCELMF=A H,I�^3LMjMLMX�I�<
T�XOCEX�DG^3X�X��yp�F=A,X�A7CELMX�j¶V�o Z#p,p�X�jMjMXP{2Z#JKCEX�I,DgH,XOCEDEZ#A,VG^3LMVGVGLMF=A�^3F=A,F0J}`,DGF=^ÆZtCELMabI,XPH�o I,A,X

f�p[Z#LMVGVGX�I,D P 0 Z]u=X�J P 0 _ P � P e ¿
- N OQP 0 R _ U P�� � � � D

D � �
N OQPSR K P � ��;=<SR#� �

T�XgCEX�DG^3X � N OQPSR K P X�V�C�j±o f�p[Z#LMVGVGX�I,D�F=pyCELMabI,XgH�o I,A,XnJ�F=I,J}`,X~H�o f�p[Z#LMVGVGX�I,D K P <,z.jMjMXvp�X�IyC
f��7Z#jMX�^3X�A7C3V�o X��yp,DGLM^3X�D3X�A�{%F=A,JKCELMF=A H,I�jMLMY,DGX p[Z#DGJ�F=I,DGV3^3F�\=X�A�H,X�VÆp,`,F#CEF=A,V % � _ .� �� q#r��±<|T�F=DGVGabI,Xlj±o f�p[Z#LMVGVGX�I,DgF=pyCELMabI,X�X�V�C~jkZ#DG�=X�^3X�A7CgVGI,p�f�DGLMX�I,DGX&%5; �2Z#p,p,DGF]�yLM^ÆZtCELMF=A�H�o I,A
^3LMjMLMX�I � % )	�	2�#'�*� �*�') -&%����/����Ê]jMX.jMLMY,DGX¤p[Z#DGJ�F=I,DGV�^3F�\=X�AOH,X�V!p,`,F#CEF=A,V�X�V�C!A,f��=jMLM�=X]Z#Y,jMX¤H,XKu#Z#A7C
j±o f�p[Z#LMVGVGX�I,D K P <,Å�`[Z#abI,Xnf�jMf�^3X�A7C�H,Xvu=F=jMI,^3XvH,Xgj±o f�J}`[Z#A7CELMjMjMF=A3J�F=A,VGLMH,f�DGfgX�V�CWH,LMDGX�JKCEX�^3X�A7C
Z �|X�JKCEf5p[Z#D3VGF=A u=F=LMVGLMA�XKCÆjMX CEDEZ#A,V�{%X�D�CÆDEZ#H,LkZtCEL>{�%°j±o LMA7CEf�DGLMX�I,DÀH,X5j±o f�J}`[Z#A7CELMjMjMF=A H,XKu0LMX�A7C
I,A½p,DGF0J�X�VGVGI,VPH,XlH,L��|I,VGLMF=A�<¼×mj±o LMA7u=X�DGVGX#Ê�jMF=DGVGabI,X§j±o f�p[Z#LMVGVGX�I,DnF=pyCELMabI,X§X�V�CPLMAy{%f�DGLMX�I,DGX*%w;
�2Z#p,p,DGF]�yLM^ÆZtCELMF=AÀH�o I,Ai^3LMjMLMX�I�� % )	�	2�#'�*� �*�') � ����( ����Ê0I,A*p,`,F#CEF=A*f�^3LMV�p[Z#D�I,A*f�jMf�^3X�A7CWH,X
j±o f�J}`[Z#A7CELMjMjMF=AiA,XOVGX�DEZ3p[Z#VvZ#Y,VGF=DGY�fOp[Z#D_jMX�Vvf�jMf�^3X�A7CEV�<��nA5p[Z#DGjMXPZ#jMF=DGV !�� ��#J)&���4� ���1��+?% )	� ���
A,f��=jMLM�=X]Z#Y,jMX#<
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T�X�VnZtCEF=^3X�V_XKCgjMX�V_^3F=jMf�J�I,jMX�V_H,XO�7Z#�~CEDEZ#A,VGp�F=D�CEX�A7CgI,A,X�J�X�D�C}Z#LMA,XPabI[Z#A7CEL>CEfOH�o f�A,X�DG�=LMX
abI,L7J�F=A,VGLMV�CEX�X�API,A,X�f�A,X�DG�=LMX.J�LMA,fKCELMabI,X.XKC4I,A,X�f�A,X�DG�=LMX.LMA7CEX�DGA,X�%�J}`[Z#abI,X�^3F=jMf�J�I,jMX#<]T.o f�A,X�D��
�=LMX³LMA7CEX�DGA,X�p,DGF�u0LMX�A7C¤H,X�p,jMI,VGLMX�I,DGV!J�F=A7CEDGLMY,IyCELMF=A,V�Ê�p,DGLMA,J�LMp[Z#jMX�^3X�A7C!H,X�V¤fKC}ZtCEV¶f�A,X�DG�=fKCELMabI,X�V
f�jMX�JKCEDGF=A,LMabI,X�V�Ê,u0LMY,DEZtCELMF=A,A,X�jMVWXKCvDGF#C}ZtCELMF=A,A,X�jMV�<y×gLMA,VGL±ÊyI,A�p,`,F#CEF=A�p�X�IyC 	KCEDGXOZ#Y,VGF=DGY�f~p[Z#D
I,A,Xl^3F=jMf�J�I,jMX�X�A½f�jMXKu#Z#A7CPjMX�A,L>u=X]Z#I°H�o f�A,X�DG�=LMX§H�o I,A°f�jMX�JKCEDGF=A�<�e�o Z#IyCEDGXlp[Z#D�C]Ê|I,A,Xl^3F=jMf��
J�I,jMXPp�X�IyCvf�^3XKCGCEDGXPVGp�F=A7C}Z#A,f�^3X�A7CgI,A�p,`,F#CEF=A5Zth[A�H,XPDGXKCEF=I,DGA,X�D�%ÀI,A�A,L>u=X]Z#I�H�o f�A,X�DG�=LMX
V�C}Z#Y,jMX#<|Å�XKCGCEX§f�^3LMVGVGLMF=A�p�X�IyCnf��7Z#jMX�^3X�A7C�	KCEDGX�p,DGF�u=F0abI,f�X§p[Z#DvI,AwJ}`[Z#^3pwf�jMX�JKCEDGF=^ÆZ#�=A,f��
CELMabI,XPX��0CEf�DGLMX�I,D�<�Ågo X�V�CvjMX~p,`,f�A,F=^3Â�A,XOH�o f�^3LMVGVGLMF=AiV�CELM^§I,jMf�X#<
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T�X�V3p,`,f�A,F=^3Â�A,X�V3H�o Z#Y,VGF=DGpyCELMF=A XKCÆH�o f�^3LMVGVGLMF=A VGF=A7CÆDGX�p,DGf�VGX�A7CEf�V*VGF=I,Vl{%F=DG^3XiH�o I,A,X
J�F=I,DGY�X§H,F=A,A[Z#A7CnjkZ3u#Z#DGLkZtCELMF=A H,X§j±o LMA7CEX�A,VGL>CEf§Z#Y,VGF=DGY�f�X§F=Iwf�^3LMVGX�X�A5{%F=A,JKCELMF=AwH,X§jkZ3jMF=A0�
�=I,X�I,DvH�o F=A,H,X � )#+ ��Ê[H,XOjkZ§{%DGf�abI,X�A,J�X �	��
 ��F=I�H,I5A,F=^§Y,DGXPH�o F=A,H,X � � + ,/. � �[F=AwZ#p,p�X�jMjMXDEZ#LMX�V�jMX�V�p,LMJ�V�F=Y,VGX�D�u=f�VvVGI,D_jMXnVGp�X�JKCEDGX#< �vA X��yX�^3p,jMX~H,XPVGp�X�JKCEDGXPH�o Z#Y,VGF=DGpyCELMF=A X�V�CvH,F=A,A,f
h[�=I,DGXÀ;=< dlp�F=I,D�jMX~H,LMF]�0\0H,XOH,XPJ]Z#DGY�F=A,X 0�� 6 %§CEX�^3p�f�DEZtCEI,DGX~XKCvp,DGX�VGVGLMF=A5Z#^§Y,LkZ#A7CEX�V�<
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T�X�V³DEZ#LMX�V�A,X_VGF=A7C�p[Z#V�V�CEDGLMJKCEX�^3X�A7C³^3F=A,F0J}`,DGF=^ÆZtCELMabI,X�V.^ÆZ#LMV¤VGF=A7C�f�jkZ#DG�=LMX�V�<bÅ�XKC�f�jkZ#D��
�=LMVGVGX�^3X�A7CvX�V�CvH&��%lp,jMI,VGLMX�I,DGV�{2Z#JKCEX�I,DGVP¿

� 	�. ��+ 0��/� �1�*� �*�')H� ��)	#J+,�*.
T4Z§H,I,DGf�X~H,Xnu0LMX - H�o I,A A,L>u=X]Z#IiH�o f�A,X�DG�=LMX~X�V�C�h[A,LMX#<,T4Z§DEZ#H,LkZtCELMF=AÆf�^3LMVGXnH[Z#A,V�I,A,XCEDEZ#A,VGL>CELMF=A½X�A7CEDGXÀH,X�I0�¾A,L>u=X]Z#I0�°H�o f�A,X�DG�=LMXÀH,I,DGXÀVGX�I,jMX�^3X�A7COI,A½CEX�^3p,V - . _ - <4T�Xp,DGLMA,J�LMp�XgH�o LMA,J�X�D�CEL>CEI,H,XvCEX�^3p,V���{%DGf�abI,X�A,J�XPp�F=VGXnabI,X % � - _ � & <¼Å�X�jkZ�J�F=A,H,I,L>C %§I,Af�jkZ#DG�=LMVGVGX�^3X�A7C_H,XPDEZ#LMX#Êy`,F=^3F=�=Â�A,XPXKC_H,XPp,DGF#h[j�jMF=DGX�A7CE��LMX�A�<
Å�XKCvf�jkZ#DG�=LMVGVGX�^3X�A7C_X�V�CvA,f��=jMLM�=X]Z#Y,jMXnH,XKu#Z#A7CvjMX�V�H,X�I0��VGI,L>u#Z#A7CEV�<

� 	�. ��+ 0��/� �1�*� �*�') ��� % % ./�*+
T4Zn{%DGf�abI,X�A,J�X�%~jkZ#abI,X�jMjMXWVGXvp,DGF0H,I,L>C.jkZnCEDEZ#A,VGL>CELMF=AlH,f�p�X�A,H3H,XvjkZgu0L>CEX�VGVGXvH,X_j±o ZtCEF=^3X
F=I H,X°jkZ ^3F=jMf�J�I,jMXwp[Z#DiDEZ#p,p�F=D�C�Z#INH,fKCEX�JKCEX�I,D�<vT�X°^3F=Iyu=X�^3X�A7C H,X�V�p[Z#D�CELMJ�I,jMX�V
fKC}Z#A7C�Z#jMf]ZtCEF=LMDGX#ÊbjkZP{%DGf�abI,X�A,J�X~X�V�C�H,F=A,JgH,f�J]Z#jMf�X~Z#I,VGVGL|Y,LMX�AÆu=X�DGVWjMX�V�`[Z#IyCEX�VWabI,XnjMX�V
Y[Z#VGVGX�V�{%DGf�abI,X�A,J�X�V�<�Å�XKC_f�jkZ#DG�=LMVGVGX�^3X�A7C_X�V�C_LMA,`,F=^3F=�=Â�A,XnXKC_J�F=A,H,I,L>C�%§I,A�p,DGF#h[j�H,X
DEZ#LMXn�7Z#I,VGVGLMX�A�<

� 	�. ��+ 0��/� �1�*� �*�')�!�� 	 . � % +,� � �*� ���
Å�XKC¶f�jkZ#DG�=LMVGVGX�^3X�A7C!X�V�C¶jMLMf�%_jkZW{%DGf�abI,X�A,J�XWH,X³J�F=jMjMLMVGLMF=A~H,X�V!^3F=jMf�J�I,jMX�V4�7Z#��X�I,VGX�V�<#s.jMI,V
jkZ�p,DGX�VGVGLMF=A�Z#I,�=^3X�A7CEX#Ê�p,jMI,V4jMX�V�J�F=jMjMLMVGLMF=A,V�VGF=A7C!A,F=^§Y,DGX�I,VGX�V!XKC!p[Z#D4J�F=A,VGf�abI,X�A7C¤p,jMI,V
jkZ_H,I,DGf�X�H,X�u0LMX³^3F�\=X�A,A,X - X�V�C¤J�F=I,D�CEX#Ê�J�X�abI,L0X�A7CEDEZ�^kA,X³I,A�f�jkZ#DG�=LMVGVGX�^3X�A7C¶H,X�V¶DEZ#LMX�V�Êf�jkZ#DG�=LMVGVGX�^3X�A7CO`,F=^3F=�=Â�A,X3XKC�abI,L³p,DGF0H,I,L>COH,X�V§DEZ#LMX�VPjMF=DGX�A7CE��LMX�A,A,X�V�Ê!VEZ#Iy{�p�F=I,DOjMX�V
CEDEZ#A,VGL>CELMF=A,VWY[Z#VGVGX�V_{%DGf�abI,X�A,J�X�V�<

T�X�V�p,DGF#h[jMV�H,XnDEZ#LMXgF=A7CWI,A,X~�=DEZ#A,H,XgLM^3p�F=D�C}Z#A,J�XvjMF=DGVGabI�o F=AifKCEI,H,LMXnabI[Z#A7CEL>C}ZtCEL>u=X�^3X�A7C
jkZ¾CEDEZ#A,VG^3LMVGVGLMF=A�H,I DEZ]\=F=A,A,X�^3X�A7C H[Z#A,ViI,A ^3LMjMLMX�I �7Z#��X�I0�|<_T�X�ViJ]Z#jMJ�I,jMVÆH,XwCEDEZ#A,V�{%X�D�C
DEZ#H,LkZtCEL>{4H,f�p�X�A,H,X�A7CgH,XPjkZlY�F=A,A,XPJ�F=A,A[Z#LMVGVEZ#A,J�XPabI,XOj±o F=A ZÀH,I p,DGF#h[j�H,XPDEZ#LMX#<
T�X_p,DGF=Y,jMÂ�^3X�H,X_j±o f�jkZ#DG�=LMVGVGX�^3X�A7C.H,X�V³DEZ#LMX�V�%P`[Z#IyCEX�V�p,DGX�VGVGLMF=A,V³X�V�C³LM^3p�F=D�C}Z#A7C.H[Z#A,V�jMX

J]Z#H,DGX_H,XvA,F#CEDGX_fKCEI,H,X_J]Z#D�jMX�V�^3f�J]Z#A,LMVG^3X�V.H,X�CEDEZ#A,VGL>CELMF=AlJ}`,F0J��BH,fKCEF=A[ZtCELMF=AÀVGXvp,DGF0H,I,LMVGX�A7C
%_H,X�V4fKC}ZtCEV!H,X�p,DGX�VGVGLMF=AOXKC4CEX�^3p�f�DEZtCEI,DGX.CEDGÂ�V4f�jMXKu=f�X�V�<#T�X�V!Y[Z#VGX�V!H,X�H,F=A,A,f�X�V¶Z#JKCEI,X�jMjMX�^3X�A7C
H,LMVGp�F=A,LMY,jMX�V�� d=dyÊ,�=���4VGF=A7C_CEDGÂ�V�J�F=^3p,jMÂKCEX�V�p�F=I,D�jMX�V�fKC}ZtCEV�%§CEX�^3p�f�DEZtCEI,DGXPZ#^§Y,LkZ#A7CEXnF=I�%
Y[Z#VGVGX�p,DGX�VGVGLMF=Aw^ÆZ#LMV�X�jMjMX�V_A,X�p�X�DG^3XKCGCEX�A7Cgp[Z#VvH�o Z]u=F=LMDvjMX�VvVGp�X�JKCEDGX�VnH�o f�^3LMVGVGLMF=A�p�F=I,D_jMX�V
fKC}ZtCEV�CE`,X�DG^3F0Hy\0A[Z#^3LMabI,X�V�DGX�A,J�F=A7CEDGf�VvX�A�H,fKCEF=A[ZtCELMF=A �,( 
wVGX�JKCELMF=A��,<SR ��<
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T.o LMA7CEX�DEZ#JKCELMF=A°X�A7CEDGXÀjMX�V~p,`,F#CEF=A,VPF=I¾jMX�V~F=A,H,X�VOf�jMX�JKCEDGF=^ÆZ#�=A,fKCELMabI,X�VPZ]u=X�JÀH,X�VOp[Z#D�CEL��

J�I,jMX�V§H,X*p�XKCEL>CEX3C}Z#LMjMjMXlp[Z#D�DEZ#p,p�F=D�C %5jkZ�jMF=A,�=I,X�I,D�H�o F=A,H,X*X�V�ClH,L��|f�DGX�A7CEX*H,X*J�X�jMjMX*Z]u=X�J
jMX�VW�7Z#�#Ê0jMLMabI,LMH,X�V�F=IiVGF=jMLMH,X�V�<0×gI0�*p,`,f�A,F=^3Â�A,X�V�J�jkZ#VGVGLMabI,X�V�H[Z#A,VWJ�X�V�^3LMjMLMX�I0�À`,F=^3F=�=Â�A,X�V
�ÐCEDEZ#A,VG^3LMVGVGLMF=A�Ê.DGf ,[X�JKCELMF=A�Ê³Z#Y,VGF=DGpyCELMF=A��§V�o Z 2GF=IyCEX5jMX p,`,f�A,F=^3Â�A,X5H,X5H,L��|I,VGLMF=A�<�T�X�p[Z#D��
J�F=I,DGV�H�o I,A p,`,F#CEF=A p�X�IyC 	KCEDGX~^3F0H,L>h[fgp[Z#DWH,L��|DEZ#JKCELMF=A�Ê0DGf ,[X��yLMF=A XKC_DGfK{%DEZ#JKCELMF=A Z]u=X�JPI,A,X
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H�o I,A X��yp,jMF=VGL>{gjMLMabI,LMH,X*p[Z#DlDEZ#p,p�F=D�C %°I,A X��yp,jMF=VGL>{gVGF=jMLMH,XiZ½p�F=I,D3Z]u#Z#A7C}Z#�=XiH�o fKu0L>CEX�DÀjkZ
J�F=^3p,jMX��yL>CEfn^3LMJ�DGF=V�CEDGI,JKCEI,DEZ#jMXnH,XPJ�XOH,X�DGA,LMX�D�<

@HX,@ A ��� 
 � ��� ����� � � � � Y � � B Y � � �
��G ��G�´ � £ �n�g���y����� ¢g© ¬�� ¢g£|�y���g�¤�y�����
T.o F=A,H,XÆH,X3H,fKCEF=A[ZtCELMF=A9X�V�C�jkZ p,DGF=p[Z#�7ZtCELMF=A°H,XÆDGf]Z#JKCELMF=A,VOJ}`,LM^3LMabI,X�VOH[Z#A,VOI,A,XÆVGI,Y0�

V�C}Z#A,J�X°X��yp,jMF=VGL>u=X %9u0L>CEX�VGVGX¾VGI,p�X�DGVGF=A,LMabI,X � q#d�� �%p,jMI,VGLMX�I,DGV*^3LMjMjMLMX�DGV3H,X + � *���<_z.jMjMXwX�V�C
J�F=A,V�CEL>CEI,f�X�H�o I,A,X§F=A,H,X�H,X�J}`,F0J§VGI,L>u0LMXOH,X�DGf]Z#JKCELMF=A,VgJ}`,LM^3LMabI,X�VvX��yF#CE`,X�DG^3LMabI,X�VnabI,L!X�A0�
CEDGXKCELMX�A,A,X�A7C�jkZip,DGF=p[Z#�7ZtCELMF=A°H,X3j±o F=A,H,X#<4T4Z H,fKCEF=A[ZtCELMF=A¾X�V�C§Z#IyCEF=A,F=^3XlXKC�VGX3p,DGF=p[Z#�=X %
I,A,X~u0L>CEX�VGVGXOJ�F=A,V�C}Z#A7CEX � (=x��4X�A�DGf��=LM^3XnV�C}ZtCELMF=A,A[Z#LMDGX#<

R0;
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�nA,H,XPH,XPJ}`,F0J#Ê�e � � � U � �
 e � � e � U e � � e _ '

������ R0<>;n����+,� %��10 ��)	� ��� !8� . � ��� !8� !8� !8-*)&��� ��)	� ��� ! ��� �"#J� �65*% ./�1�*� 
 ��#C+,�&%'�1�

T�X�V�jMF=LMVPH,XÆJ�F=A,VGX�D�u#ZtCELMF=A9H,XÆ^ÆZ#VGVGX#Ê!H,XÆ^3F=^3X�A7C�XKC�H�o f�A,X�DG�=LMX �%DGX�jkZtCELMF=A,VPH,X*�vZ#A 1bLMA,X��
.vI,�=F=A,LMF#C���Z#p,p,jMLMabI,f�X�VlH,Xip[Z#D�CÀXKCÀH�o Z#IyCEDGXiH,X jkZ5H,LMVGJ�F=A7CELMAbI,L>CEfiLMA,H,I,L>CEXÆp[Z#Dlj±o F=A,H,XiH,X
J}`,F0J �	M¶LM�,<[R0<>;���V�o f�J�DGL>u=X�A7CnH,XPjkZ�{2Z#Ø�F=A VGI,L>u#Z#A7CEXÀ¿� Å�F=A,VGX�D�u#ZtCELMF=A H,XPjkZl^ÆZ#VGVGX

� O T � � e R _ � e O T � � R �±R0<>;��

� Å�F=A,VGX�D�u#ZtCELMF=A H,XPjkZlabI[Z#A7CEL>CEf~H,XP^3F=Iyu=X�^3X�A7C
� e O  �  e R _ O T � � e R O � � � e R �±R0<SR �

� Å�F=A,VGX�D�u#ZtCELMF=A H,XPj±o f�A,X�DG�=LMX
U O  � � � %�� R �  � � O T � � R 6� _ U O  e � � e � % _ ' R �  e � e � O T � � e R 6� �±R0< r �

% DGX�p,DGf�VGX�A7CEX�jMX~p[Z#DEZ#^3ÂKCEDGX~H�o Z]u#Z#A,J�X�^3X�A7CgH,XPjkZ§DGf]Z#JKCELMF=A�Ê,J�F=^3p,DGLMV�X�A7CEDGXO�lXKCO;=<
egX�Vvf�abI[ZtCELMF=A,VgR0<>;PXKCnR0<SR0Ê,F=A F=YyCELMX�A7CO¿

 �  e _ � O � � � e R T 6� 6e �±R0< ���

egX§R0<>;=Ê¼R0<SR§XKCnR0< ryÊ,F=A�Z ¿
U � U e _ % � � O  �  e R2O � e � � R �±R0<SQ �

Å�XnV�\0V�CEÂ�^3X~H�o f�abI[ZtCELMF=A,V�Ê0{%X�DG^3fgp[Z#DWj±o f�abI[ZtCELMF=AÆH�o fKC}ZtCWCE`,X�DG^3F0Hy\0A[Z#^3LMabI,X U O  � � � % R H,I^3LMjMLMX�I*DGf]Z#JKCEL>{�Êyp�X�DG^3XKCvjMX~J]Z#jMJ�I,j�H,X�V_fKC}ZtCEV_VGF=I,VvJ}`,F0J#Ê[DGf]Z#JKCEL>{¶F=I A,F=A�<
T�X�Vvf�abI[ZtCELMF=A,VvR0< �ÀXKCnR0<SQ§VGX�DGF=A7CgX��yp,jMLMabI,f�X�V_H[Z#A,V_jMX~p[Z#DEZ#�=DEZ#p,`,XPVGI,L>u#Z#A7C]<
T�X�VWH,X�I0�*p,DGLMA,J�LMp[Z#I0�Æ^3F0H,Â�jMX�V³abI,L�H,f�J�DGL>u=X�A7C_jkZOH,fKCEF=A[ZtCELMF=AÆp,jkZ#A,XvV�C}ZtCELMF=A,A[Z#LMDGXvVGF=A7C

jMXÆ^3F0H,Â�jMX3H,X�Å�`[Z#p,^ÆZ#A0��Ç#F=I,�=I,XKC§XKCljMXÆ^3F0H,Â�jMX3H,X É|X�jMH,F�u0L>CEJ}`�Ê¶ËvX�I,^ÆZ#A,A XKCÀegF0X�DGLMA,�
� (=xyÊ¼R#x��±<

R=R
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��G ��G � �½ g£��.�,��© ¢g©��¾ g�.«~²m����¡�����¨ ��¨g©|�
T4Z�CE`,f�F=DGLMXÆH,XiÅ�`[Z#p,^ÆZ#A0��Ç#F=I,�=I,XKC§F=I¾CE`,f�F=DGLMXiÅ�ÇyÊ¶H,fKu=X�jMF=p,p�f�XiZ#I H,f�Y,IyC§H,I���� C

VGLMÂ�J�jMX#Ê�J�F=A,VGLMH,Â�DGX�jkZWH,fKCEF=A[ZtCELMF=APJ�F=^3^3X.I,A,X³H,LMVGJ�F=A7CELMAbI,L>CEf.p,jkZ#A,X.abI,L7VGX³p,DGF=p[Z#�=X�%Wu0L>CEX�VGVGX
J�F=A,V�C}Z#A7CEX5H[Z#A,V3I,A ^3LMjMLMX�I `,F=^3F=�=Â�A,X � ,[I,LMH,X p[Z#D�{2Z#L>C���XKCÆabI,L_LMA,H,I,L>CÀLMA,V�C}Z#A7C}Z#A,f�^3X�A7C
I,A,XgDGf]Z#JKCELMF=AÆJ}`,LM^3LMabI,X_jMF=DGV³H,XgVGF=A*p[Z#VGVEZ#�=X#<0Ä!F=IyCEXgj±o f�A,X�DG�=LMX_J}`,LM^3LMabI,XvfKC}Z#A7CWjMLMY�f�DGf�XvZ#I
A,L>u=X]Z#IÀH,I§{%DGF=A7C�H,X�j±o F=A,H,XWH,XWJ}`,F0J#Ê7F=Alp�X�IyC.{2Z#LMDGX�j±o `7\0p�F#CE`,Â�VGX�abI,X_jkZg��F=A,X�H,X�DGf]Z#JKCELMF=AÀZ
I,A,Xnf�p[Z#LMVGVGX�I,D�AbI,jMjMX#<,Ç#F=I,�=I,XKC�p[Z#DGjMXgH�o I,A,X���� !8� �65*% ./�1�*� ���K<b×gLMA,VGL±Ê0j±o F=A,H,XgH,XnH,fKCEF=A[ZtCELMF=A
X�V�Cgu0I,X§J�F=^3^3XOI,A,X�H,LMVGJ�F=A7CELMAbI,L>CEfOp,jkZ#A,X#Ê�DGf]Z#JKCEL>u=X#<|T�X�p[Z#DEZ#^3ÂKCEDGXOH�o Z]u#Z#A,J�X�^3X�A7C~H,X�jkZ
DGf]Z#JKCELMF=A % H,X�V�f�abI[ZtCELMF=A,VWH,XP�vZ#A 1bLMA,X���.vI,�=F=A,LMF#C�X�V�C�f��7Z#j#%l�§H[Z#A,VWj±o X��yp,jMF=VGL>{�X�A,J�F=DGXPZ#I
DGX�p�F=V_XKCvf��7Z#j %i;OH,X�DGDGLMÂ�DGX~jMXn{%DGF=A7CvH,XPH,fKCEF=A[ZtCELMF=A�<
T.o f�abI[ZtCELMF=A*R0< �PDGX�p,DGf�VGX�A7CEXgjMX�V�H,DGF=L>CEX�V.H,Xv�vZ]\0jMX�LM�=`ÀH[Z#A,V�jMX�p,jkZ#A O  � & R XKC³j±o f�abI[ZtCELMF=AR0<SQ jkZ J�F=I,DGY�X3H�o .vI,�=F=A,LMF#COF=I9J�F=I,DGY�X*Z#H,LkZ#Y[ZtCELMabI,XlHy\0A[Z#^3LMabI,X3H,X�V§p,DGF0H,I,L>CEVPH,XÆH,fKCEFt�

A[ZtCELMF=A��%VGF=Iyu=X�A7CgZ#p,p�X�jMf�XnJ�F=I,DGY�X~H,XOÅ�DGI,VGVEZ#DGH��WabI,L�H,f�J�DGL>u=X�A7C_X�A jMX�I,DWLMA7CEX�DGVGX�JKCELMF=A*CEF=I,V
jMX�V³fKC}ZtCEV�p�F=Iyu#Z#A7C�	KCEDGXnZtCGCEX�LMA7CEV³p[Z#D�j±o X��yp,jMF=VGL>{�Z#I*p[Z#VGVEZ#�=XgH�o I,A,XgF=A,H,XgH,XgJ}`,F0JgDGf]Z#JKCEL>u=X#Ê
p�F=I,D�I,A ^ÆZtCEf�DGLkZ#I9XKClI,A fKC}ZtClLMA,L>CELkZ#j.H,F=A,A,f�V�<.T4Z�h[�=I,DGX R0<SR�DGX�p,DGf�VGX�A7CEX jkZ5J�F=I,DGY�X*H,X
Å�DGI,VGVEZ#DGH5XKCvjMX�V�H,DGF=L>CEX�V�H,XO�vZ]\0jMX�LM�=` p�F=I,D�I,A�fKC}ZtC_LMA,L>CELkZ#j|Z#^§Y,LkZ#A7C]<

Courbe de Crussard

CJ

S

W

Pression

Volume

spécifique
n0

P0

PCJ

Droites de Rayleigh

nCJ

������ R0<SRO��� ��#J+�����!8� � +�# � � ��+6!$�*)7!�+,����)&� ��!8� ��� ��./�*� 0 ��! ��� � ./� � � !��*./� �
	

�nA�H,LMV�CELMA,�=I,X~p,jMI,VGLMX�I,DGV�J]Z#VP¿�  �  ���§¿=jkZnp�X�A7CEX_H,X_jkZnJ�F=I,DGY�X�H,XgÅ�DGI,VGVEZ#DGH3X�V�C³VGI,p�f�DGLMX�I,DGX_X�Alu#Z#jMX�I,D�Z#Y,VGF=jMI,X %jkZvp�X�A7CEX�H,XWjkZ_H,DGF=L>CEX³H,X��vZ]\0jMX�LM�=`�<�T.o f�J�F=I,jMX�^3X�A7C¤X�V�C.VGI,Y,VGF=A,LMabI,Xn¿tjMX�V¶H,fKCEF=A[ZtCELMF=A,V
{%F=D�CEX�VnVGF=A7C~VGX�A,VGLMY,jMX�V %Æj±o Z#JKCELMF=AwH,X�VnH,fKCEX�A7CEX�VPX��0CEf�DGLMX�I,DGX�VPabI,L¶p�X�Iyu=X�A7CODEZtCGCEDEZ#p�X�D
jMXn{%DGF=A7C_H,XPH,fKCEF=A[ZtCELMF=A XKCvj±o Z ��Z#LMY,jMLMD � q#d��±<¼Å�XKCgfKC}ZtC_A�o X�V�Cgp[Z#V_V�C}Z#Y,jMX#<� �  ���5¿�J#o X�V�CPjMX§H,F=^ÆZ#LMA,X�H,X§jkZ*H,fKCEF=A[ZtCELMF=A5{2Z#LMY,jMX3¿�j±o f�J�F=I,jMX�^3X�A7CnVGXlp,DGF=p[Z#�=XH,X§^ÆZ#A,LMÂ�DGXOVGI,p�X�DGVGF=A,LMabI,X#<4Ågo X�V�CPI,A½fKC}ZtCgCE`,X�DG^3F0Hy\0A[Z#^3LMabI,X�^3X�A7CnLMA,V�C}Z#Y,jMX�^ÆZ#LMV

R#r
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H,f 2 %lF=Y,VGX�D�u=f�H[Z#A,V_jMX�V�H,fKCEF=A[ZtCELMF=A,V�H[Z#A,V_jMX�V_�7Z#� � R (��±<�  _  ���°¿�jkZ VGX�I,jMX3VGF=jMIyCELMF=A°V�C}Z#Y,jMXÀX�V�C§jMF=DGVGabI,X3jkZiH,DGF=L>CEXÀH,XÆ�vZ]\0jMX�LM�=`¾X�V�COC}Z#A0�
�=X�A7CEX %ÀjkZ§J�F=I,DGY�XPH,X�Å�DGI,VGVEZ#DGHwZ#I p�F=LMA7C_H,L>C_H,X�Å�`[Z#p,^ÆZ#A0��Ç#F=I,�=I,XKC_A,F#CEfOÅ�Çy<�T4Z
H,fKCEF=A[ZtCELMF=A5X�V�CPZ#jMF=DGVvV�C}Z#Y,jMX�XKC~VGF=A,LMabI,X#<�T.o fKC}ZtCPÅ�Ç*H,f�VGLM�=A,X�j±o fKC}ZtCgH,X§H,fKCEF=A[ZtCELMF=A
LMH,f]Z#jMX#<

�nAÆp�X�IyCWDGX�p,DGf�VGX�A7CEX�DWj±o F=A,H,XvH,XvH,fKCEF=A[ZtCELMF=A3H[Z#A,V�jMX�V³p,jkZ#A,V O  � PSR XKC O ��� PSR Ê P DGX�p,DGf��
VGX�A7C}Z#A7CgjkZ§H,LMV�C}Z#A,J�XPH,XPp,DGF=p[Z#�7ZtCELMF=AiH,XPj±o F=A,H,X
�	M¶LM�,<[R0< r ��<

Distance x

Pression

D

CJPCJ

P0

Distance x

Température

TCJ

T0

������ R0< r§����+,���H. !8�". � ��� !8� �	!8-,��./� �1�*./����./�"� � !��*./� �
	

×�j±o Z]u#Z#A7C¶H,I�{%DGF=A7C¶H,X�H,fKCEF=A[ZtCELMF=A�Ê�j±o X��yp,jMF=VGL>{,VGX³CEDGF=Iyu=XWH[Z#A,V¶VGF=A§fKC}ZtC¶LMA,L>CELkZ#j O � e �  e R <T.o fKC}ZtC�H,XnH,fKCEF=A[ZtCELMF=AÆX�V�C_j±o fKC}ZtC�Å�ÇyÊ O � �����  ��� R <y×gI0�BH,X�j %OH,Iip�F=LMA7C_Å�ÇyÊyjMX�VWp,DGF0H,I,L>CEV�H,X
H,fKCEF=A[ZtCELMF=A½VGI,Y,LMVGVGX�A7C�I,A,XÀH,fKCEX�A7CEX3LMVGX�A7CEDGF=p,LMabI,X#<�enZ#A,VPjMXlJ]Z#VPH�o I,A,XÀH,fKCEF=A[ZtCELMF=A°Z#IyCEFt�
A,F=^3X³V�C}ZtCELMF=A,A[Z#LMDGX�XKC¶VGF=IyCEX�AbI,X#Ê=LMj7A�o \�Zvp[Z#V¶H,X�H,fKCEX�A7CEXWXKC¤jkZ_p,DGX�VGVGLMF=A§XKC¶jkZ�CEX�^3p�f�DEZtCEI,DGX
DGX�V�CEX�A7CgJ�F=A,V�C}Z#A7CEX�V�%lj±o Z#DGDGLMÂ�DGXnH,I {%DGF=A7CvH,XPH,fKCEF=A[ZtCELMF=A�<
T�XP^3F0H,Â�jMXPÅ�ÇÀX�V�CgIyCELMjMLMVGfgH[Z#A,V_jMX�V_jMF=�=LMJ�LMX�jMV³H,XPJ]Z#jMJ�I,j�CE`,X�DG^3F0J}`,LM^3LMabI,Xnp�X�DG^3XKCGC}Z#A7C

H,XÀH,fKCEX�DG^3LMA,X�D~jkZ*J�F=^3p�F=VGL>CELMF=AwJ}`,LM^3LMabI,X§H,X�VPp,DGF0H,I,L>CEV~H,XÀH,fKCEF=A[ZtCELMF=A�Ê|jMX�I,D~fKC}ZtC~CE`,X�D��
^3F0Hy\0A[Z#^3LMabI,XPH[Z#A,Vgj±o fKC}ZtCvH,X�H,fKCEF=A[ZtCELMF=A�Ê¼j±o LMVGX�A7CEDGF=p,LMabI,XPH,X�H,fKCEX�A7CEX§LMVGVGI,X�H,XOJ�XKCnfKC}ZtC
CE`,X�DG^3F0Hy\0A[Z#^3LMabI,XvXKC�jkZOJ�F=I,DGY�XgH,X~Å�DGI,VGVEZ#DGH�Êyp�F=I,D³H,X�V�X��yp,jMF=VGL>{%V³p,DGF0J}`,X�VWH,Xgj±o LMH,f]Z#jML>CEf#<
T�X J]Z#jMJ�I,jWX�V�CÀDGf]Z#jMLMVGf-%½j±o f�abI,LMjMLMY,DGX3CE`,X�DG^3F0J}`,LM^3LMabI,XÆp[Z#DÀ^3LMA,LM^3LMVEZtCELMF=A°H,X j±o X�A7CE`[Z#jMp,LMX
jMLMY,DGXPH,I5^3f�jkZ#A,�=XPH,X�VgX�VGp�Â�J�X�VnJ}`,LM^3LMabI,X�Vv�7Z#��X�I,VGX�VgXKCnJ�F=A,H,X�A,VGf�X�V�<�T4Z3H,L �3J�I,j>CEfOH,XOJ�X�V
J]Z#jMJ�I,jMVOX�V�ClH,I,XiZ#I J}`,F=L��9H,X�V§jMF=LMVOH�o fKC}ZtC§H,X�V§X�VGp�Â�J�X�VlJ�F=A,H,X�A,VGf�X�VÀXKC§H,I ^3f�jkZ#A,�=XÀH,X�V
X�VGp�Â�J�X�Vl�7Z#��X�I,VGX�VlH[Z#A,V§jMX�V�fKC}ZtCEV�H,X�A,VGX�V&%5p,DGX�VGVGLMF=A XKC§CEX�^3p�f�DEZtCEI,DGX3f�jMXKu=f�X�V�<¤?Bj�X��yLMV�CEX
H[Z#A,VnJ�X�VnJ�F0H,X�VgI,A½�=DEZ#A,H5J}`,F=L��5H,X§jMF=LMV_H�o fKC}ZtCnp�F=I,DgjkZ3p,`[Z#VGX§�7Z#��X�I,VGX§VGF=I,VnI,A,XO{%F=DG^3X
X�^3p,LMDGLMabI,XgH,X~j±o f�J]Z#D�C_Z#Ii�7Z#�np[Z#D�{2Z#L>CWF=IiVGF=I,V�I,A,XPZ#IyCEDGXg{%F=DG^3X#<,enZ#A,V�jMX�VWJ�F0H,X�V�jMX�VWp,jMI,V
DGf�J�X�A7CEV�Ê4jMXl^3f�jkZ#A,�=X§H,X�VPp,DGF0H,I,L>CEV~�7Z#��X�I0�°X�V�COH,f�J�DGL>COp[Z#D~I,A,XÀjMF=L¶H�o fKC}ZtCPCE`,f�F=DGLMabI,XlH,f��
H,I,L>CEXPH,XOjkZlCE`,f�F=DGLMX~CE`,X�DG^3F0Hy\0A[Z#^3LMabI,XPV�C}ZtCELMV�CELMabI,XOZ]u=X�J�I,A5p�F#CEX�A7CELMX�j�LMA7CEX�DG^3F=jMf�J�I,jkZ#LMDGX
XKC~jMX§J]Z#DGY�F=A,X§X�V�CPH,f�J�DGL>C~p[Z#DnH,X�V~jMF=LMVvH�o fKC}ZtC %Æp,jMI,VGLMX�I,DGVnp,`[Z#VGX�V�<!Å�X�V~jMF=LMVgH�o fKC}ZtCEV~VGF=A7C
J�X�p�X�A,H[Z#A7C�H,X�V¤p,DGF#CEF#CB\0p�X�V�Ê=X�A,J�F=DGXWp�X�IlJ�F=I,DEZ#A7CEX�V�� d��±<=T�XWJ�F0H,X�jMX�p,jMI,V¶IyCELMjMLMVGf³X�V�C.jMX�J�F0H,X
�������	� � � � r=���¼H,fKu=X�jMF=p,p�fvp[Z#D�jMXvT4Z �_DGX�A,J�XnT�L>u=X�DG^3F=DGX_ËgZtCELMF=A[Z#j[T4Z#Y�F=DEZtCEF=D�\lZ#I0� ��'0×�<
T.o fKC}ZtC³H,XvH,fKCEF=A[ZtCELMF=A3XKC�j±o LMVGX�A7CEDGF=p�X�H,XvH,fKCEX�A7CEXgJ]Z#jMJ�I,jMf�V³Z#IÆ^3F�\=X�AÆH,XvJ�XvJ�F0H,XvVGF=A7C�IyCEL��

Rt�
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jMLMVGf�V¤p�F=I,D¤LMH,X�A7CEL>h[X�D¤H,X�V�jMF=LMV¶H�o fKC}ZtC.X�^3p,LMDGLMabI,X�V¤H,XW{%F=DG^3XW^ÆZtCE`,f�^ÆZtCELMabI,X�VGLM^3p,jMX�IyCELMjMLMVGf�X
H[Z#A,V_jMX�V�J�F0H,X�VvH,XPJ]Z#jMJ�I,j�H�o `7\0H,DGF0Hy\0A[Z#^3LMabI,XPDEZ#p,LMH,X~p�F=I,D_jMX�V�p,DGF0H,I,L>CEV�H,XPH,fKCEF=A[ZtCELMF=A�<
T4ZlJ�F=^3p�F=VGL>CELMF=A*J}`,LM^3LMabI,XnH,X�Vvp,DGF0H,I,L>CEVWH,XPDGf]Z#JKCELMF=AiH,I5ËnÍ jMF=DGVWH�o I,A,XPH,fKCEF=A[ZtCELMF=A

H,X�CB\0p�XWÅ�`[Z#p,^ÆZ#A0��Ç#F=I,�=I,XKC¶Z#IyCEF=A,F=^3X�XKC¶V�C}ZtCELMF=A,A[Z#LMDGX#Ê]J]Z#jMJ�I,jMf�X³Z]u=X�J �������	� � � %_j±o Z#LMH,X
H,Xvj±o f�abI[ZtCELMF=AÀH�o fKC}ZtC�� � � Å��.p�F=I,D�jMX_^3f�jkZ#A,�=X�H,X�V³X�VGp�Â�J�X�V��7Z#��X�I,VGX�V�Ê0X�V�C�H,F=A,A,f�XgH[Z#A,V
jMXOC}Z#Y,jMX]Z#I½R0<SR0<�Å�XKCGCEX§J�F=^3p�F=VGL>CELMF=A J}`,LM^3LMabI,X�fKu=F=jMI,X�jMX�jMF=A,�ÆH,X§j±o LMVGX�A7CEDGF=p�XOH,X§H,fKCEX�A7CEX
H,X�V_p,DGF0H,I,L>CEV�H,XPDGf]Z#JKCELMF=A�<

z¤C}ZtC �  Ê �OÊ � � Å�F=^3p�F=VGL>CELMF=A*X�A�+ P d U * ��^�� K 0 U P�� d P *3b W
s Ä u � 6 � 	�6 0�� 0�� 6 0 � 7 0
;=;=Ê r r=d=d7Q �yÊ d#�,; R=R0Ê (=r (yÊ>;�q#d Q0Ê x#�=� ;=Ê x7Qt� �yÊSQt�bQ q0ÊSQ=R=q
Q R ( (=� �yÊ ( (7R ;�xyÊSR ( (yÊ>;]�7r xyÊ �7Qt� R0Ê>;�qt� ;=Ê (=x#� R0Ê (y;�d
;=Ê d R0;]�bQ ;=Ê �,;�r ;�dyÊ �y; (yÊ>;=;�r ;��yÊ �,; ryÊ>;=;�q R0ÊSqt� ( �
�yÊSq ; (7Q#d ;=Ê x#� ;�dyÊ � ( (yÊ>;=;�r ;��yÊ �,; ryÊ>;=;�q R0ÊSqt� ( �
����� � R0<SR���� ��� %'�1�*��)	� ��� (��J��� �	2�#'��!8� �E% +,� !�#J��)�� !8�7+,-,�8(*)	� ��� �/� �*# � !�� #J��� !8-*)&��� ��)	� ��� ��# �

)&������� � �*)?��)	� ���'� ����+,��!�#���� (,��./(*#J./- ��� ��� ( �������	� � � �*)�. � -,2�#���)	� ����� � � � �
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T�XvC}Z#Y,jMX]Z#IiR0<SRO^3F=A7CEDGXvabI,XnjMX�V³X�VGp�Â�J�X�V��7Z#��X�I,VGX�V�^ÆZ 2GF=DGL>C}Z#LMDGX�V.X�A*p,DGf�VGX�A,J�X~H[Z#A,V�jMX�V
p,DGF0H,I,L>CEVOH,X*H,fKCEF=A[ZtCELMF=A9H,I ËnÍ VGF=A7C � 6 � � 	�6 � 0�� � 0�� 6 XKC 0 � 7 <¶T�X�V§p[Z#D�CELMJ�I,jMX�VOH,XJ]Z#DGY�F=A,X*VGF=jMLMH,X3A,X*H,F=L>u=X�A7ClJ�X�p�X�A,H[Z#A7CÀp[Z#V�	KCEDGX*A,f��=jMLM�=f�X�V�H,I {2Z#L>C�H,X*jMX�I,D�p,DGF=p�F=D�CELMF=A
LM^3p�F=D�C}Z#A7CEX#<

��G ��G � �½ g£��.�,��© ¢g©	�O©�¬�¢g� � ���y�, §¯�
 ©�¨n²m���g�È©|� � ��©��,��� �

· � · � Ï �2& � ���4Õ0/%-
T�XW^3F0H,Â�jMX³H,XvÉ|X�jMH,F�u0L>CEJ}`�Ê#ËvX�I,^ÆZ#A,A§XKC�egF0X�DGLMA,� �±É�Ëge���Ê#H,fKu=X�jMF=p,p�fWH[Z#A,V.jMX�V¤Z#A,A,f�X�V

;�x#�7�yÊ7X�V�C�I,A*^3F0H,Â�jMX�H,XvH,fKCEF=A[ZtCELMF=A3p,jkZ#A,XvV�C}ZtCELMF=A,A[Z#LMDGX %OV�CEDGI,JKCEI,DGXgf�p[Z#LMVGVGX#<yÅ�F=A7CEDEZ#LMDGX��
^3X�A7CgZ#I�^3F0H,Â�jMXOÅ�ÇyÊ¼jkZl��F=A,XOH,XODGf]Z#JKCELMF=A�ZÀI,A,XOf�p[Z#LMVGVGX�I,DvA,F=A5AbI,jMjMX#<[T�XOp,DGF0J�X�VGVGI,VgH,X
H,fKCEF=A[ZtCELMF=A5J�F=A,VGLMV�CEX§X�A½I,A,X§F=A,H,X§H,X§J}`,F0J§VGI,L>u0LMX�H�o I,Awf�J�F=I,jMX�^3X�A7C~DGf]Z#JKCEL>{.H�o I,A ,[I,LMH,X
p[Z#D�{2Z#L>C]<
T�X¤{%DGF=A7C4H,X.H,fKCEF=A[ZtCELMF=A~p�F=D�CEX¤j±o X��yp,jMF=VGL>{0Z#IPDGX�p�F=V O  e � � e � % _ ' R %WI,APfKC}ZtC O � � � � � % _' R Z#p,p�X�jMf§p,LMJ§H,X � F=A¾ËvX�I,^ÆZ#A,A � � Ë ���	M¶LM�,<�R0< ����<|×gp,DGÂ�V~J�XKCGCEXlf�jMfKu#ZtCELMF=AwH,Xlp,DGX�VGVGLMF=A�Ê

jMX�V�DGf]Z#JKCELMF=A,VWJ}`,LM^3LMabI,X�V�V�o LMA,L>CELMX�A7CWXKC_jkZ§p,DGX�VGVGLMF=A H,LM^3LMAbI,X 2GI,VGabI�o %3ZtCGCEX�LMA,H,DGX  ���0Ê,H[Z#A,V
j±o fKC}ZtCÀH,X H,fKCEF=A[ZtCELMF=A�Ê¤abI[Z#A,H % _ %=<�T4Z°��F=A,X H,X DGf]Z#JKCELMF=A abI,L�V�o fKCEX�A,H�H,I J}`,F0J 2GI,V��
abI�o %ÀjkZ§VGI,D�{2Z#J�XODGX�p,DGf�VGX�A7C}Z#A7CgjkZ�h[A�H,X�VvDGf]Z#JKCELMF=A,V�X��yF#CE`,X�DG^3LMabI,X�V_X�V�CgV�C}ZtCELMF=A,A[Z#LMDGX#<,T�X�V
��������������������� �"!$#&%"'��)(*�+�,�.-,/0(*12��� !$�*�3�54 -���12�6��-����)'�#6� �"-)�,�.7*18'9��� :;-)'��)�0���&18(����)("'��=<?>A@CBEDGFIH$BEJKF

@.LGMCFIN�O�P�Q
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p,DGF0H,I,L>CEV_H,X�H,fKCEF=A[ZtCELMF=A�LMVGVGI,VgH,X�VgDGf]Z#JKCELMF=A,VvJ}`,LM^3LMabI,X�V_VGX�H,fKCEX�A,H,X�A7C~H,X�^ÆZ#A,LMÂ�DGXPLMVGX�A0�
CEDGF=p,LMabI,XiVGI,L>u#Z#A7CÀI,A,XiH,fKCEX�A7CEX5Z#p,p�X�jMf�X*F=A,H,X H,XiÄ¶Z]\0jMF=D�<.T4ZwDGX�p,DGf�VGX�A7C}ZtCELMF=A H,I p,DGF#h[j
H,Xlj±o F=A,H,X§H,X§H,fKCEF=A[ZtCELMF=A½VGX�jMF=A¾É�ËgemX�V�CPH,F=A,A,f�X§h[�=I,DGX3R0<SQ0<�T4Z*jkZ#DG�=X�I,DgH,XljkZÆ��F=A,XlH,X
DGf]Z#JKCELMF=A,V�J}`,LM^3LMabI,X�V_X�V�CvLMA,H,LMabI,f�X~p[Z#D � <
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T.o Z#p,p�F=D�C_LM^3p�F=D�C}Z#A7C�H,XPjkZOCE`,f�F=DGLMXOÉ�Ëge X�V�CvjkZ§J}`bIyCEXPH,X~p,DGX�VGVGLMF=A p,DGF�u=F0abI,f�XOp[Z#DWjkZ
DGf]Z#JKCELMF=A¾J}`,LM^3LMabI,X#Ê�J�X3abI,L³VGX�^§Y,jMX3Z#jMjMX�D %�j±o X�A,J�F=A7CEDGXÀH,X3j±o LMA7CEI,L>CELMF=A½�=f�A,f�DEZ#jMX#<�×gI�2GF=I,D��
H�o `bI,L±Ê�J�X§^3F0H,Â�jMXOp,DGX�A[Z#A7C~X�AwJ�F=^3pyCEX�I,A,X§��F=A,X§H,X§DGf]Z#JKCELMF=A,VgJ}`,LM^3LMabI,X�V�%Æj±o Z#DGDGLMÂ�DGXOH,I
{%DGF=A7C_H,XPJ}`,F0JOV�o Z]u=Â�DGXOp,jMI,V_p,DGf�J�LMV�abI,XOjMX~^3F0H,Â�jMXnp,jMI,V�VGLM^3p,jMXnH,X�Å�`[Z#p,^ÆZ#A0��Ç#F=I,�=I,XKC]<
T4Z3CE`,f�F=DGLMXOJ�jkZ#VGVGLMabI,X �±Å�ÇÆXKCPÉ�Ëge��_V�o Z#p,p,jMLMabI,X§Z#I0�5F=A,H,X�VnV�C}ZtCELMF=A,A[Z#LMDGX�V_I,A,LMH,LM^3X�A0�

VGLMF=A,A,X�jMjMX�Vgp,jkZ#A,X�V�< .vF=DGV�Ê�jMX�VnF=A,H,X�VPH,XlH,fKCEF=A[ZtCELMF=AwDGf�X�jMjMX�VnF=A7CPI,A,XlJ�F=I,DGY,I,DGXÀA,F=A½AbI,jMjMX
XKCOjMX�I,Dnu0L>CEX�VGVGX3p�X�IyCOfKu=X�A7CEI,X�jMjMX�^3X�A7CPu#Z#DGLMX�DPZ#I¾J�F=I,DGVPH,XÀjMX�I,D~p,DGF=p[Z#�7ZtCELMF=A�<�egÂ�V3;�x7q#�yÊ

R#d
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j±o fKCEI,H,XPH,XPp,jMI,VGLMX�I,DGV_X��yp,jMF=VGL>{%V�jMLMabI,LMH,X�V�H,F=A7CvjMXPËnÍ¾Ê¼ZÀ^3F=A7CEDGf~abI,XOjkZ§H,fKCEF=A[ZtCELMF=A fKC}Z#L>C
Z#p,p[Z#DGX�^3^3X�A7COI,A,LMH,LM^3X�A,VGLMF=A,A,X�jMjMX#Ê|X�A9Z#J�J�F=DGH Z]u=X�JÆjkZiCE`,f�F=DGLMXÀJ�jkZ#VGVGLMabI,XÀH[Z#A,VOH,X�V�J]Z#D��
CEF=I,J}`,X�V!JK\0jMLMA,H,DGLMabI,X�V4H,X³�=DEZ#A,HOH,LkZ#^3ÂKCEDGX#<]×vh[AOH,X�DGX�V�CEX�D!H[Z#A,V!jMX.J]Z#V!VGLM^3p,jMX¤H,X³jkZWCE`,f�F=DGLMX
J�jkZ#VGVGLMabI,X#Ê¼jMX�V_X�VGVEZ#LMVgH,XOH,fKCEF=A[ZtCELMF=A�DGf]Z#jMLMVGf�V_H[Z#A,VvJ�XKCGCEXPCE`,Â�VGX�VGF=A7CnH,X�VvX�VGVEZ#LMVvH�o LM^3p[Z#JKC
p,jkZ#A abI,L�p,DGF0H,I,LMVGX�A7CvH,X�V_F=A,H,X�VvH,XPH,fKCEF=A[ZtCELMF=AiI,A,LMH,LM^3X�A,VGLMF=A,A,X�jMjMX�V�p,jkZ#A,X�V�<
T4ZO^3F0H,f�jMLMVEZtCELMF=AlAbI,^3f�DGLMabI,XvH,XgjkZPH,fKCEF=A[ZtCELMF=A3H,I*ËnÍÃZOp�X�DG^3LMV�H,XgJ]Z#jMJ�I,jMX�D�j±o f�p[Z#LMV��

VGX�I,DÀH,XijkZ5��F=A,X H,XiDGf]Z#JKCELMF=A�<¤T4Z½A[ZtCEI,DGXiH,XiJ�XKCGCEX ��F=A,XiH,f�p�X�A,H H,X�VlC}Z#I0� H,XiH,f�J�F=^l�
p�F=VGL>CELMF=A�J}`,LM^3LMabI,XOXKCnH,X�j±o f�abI[ZtCELMF=A5H�o fKC}ZtCnIyCELMjMLMVGf�XPp�F=I,DgH,f�J�DGLMDGX�jMX�VvH,L��|f�DGX�A7CEVn^3LMjMLMX�I0�
X�A p,DGf�VGX�A,J�X#<�T.o f�p[Z#LMVGVGX�I,DÀH,fKCEX�DG^3LMA,f�X*p[Z#DÀÍ5Z#H,X�D � Q#d��WX�V�CÀLMAy{%f�DGLMX�I,DGX %°q#��)#+½<¤?BjWX�V�C
p�F=VGVGVGLMY,jMX�H,XWCEDGF=Iyu=X�D�f��7Z#jMX�^3X�A7C�H,X�V�X�V�CELM^ÆZtCELMF=A,V¶H�o f�p[Z#LMVGVGX�I,DGV³X�A7CEDGXv�yÊ r~XKC³d=�=��)#+ � R (��±<
s!F=I,D¤I,AlX��yp,jMF=VGL>{[VGF=jMLMH,X#ÊtjkZv��F=A,XWH,XWDGf]Z#JKCELMF=A§p�X�IyC 	KCEDGXWH,Il^
	�^3X�F=DGH,DGX�H,XW�=DEZ#A,H,X�I,D�Ê

;��=� )#+ p�F=I,D_j±o F0JKCEF=�=Â�A,XnF=I�p,jMI,V�f�p[Z#LMVGVGX#Ê¼p[Z#D�X��yX�^3p,jMX�R*+ +Ãp�F=I,D�jMX~Ä!×.Ä_� � R (��±<
T�F=DGVGabI,X_j±o f�p[Z#LMVGVGX�I,D.H,X_jkZg��F=A,X_H,X�DGf]Z#JKCELMF=AÀX�V�C�LMAy{%f�DGLMX�I,DGX %l;_^3^�ÊtjMX�^3F0H,Â�jMX�Å�ÇPX�V�C

Z#p,p,jMLMJ]Z#Y,jMXPX�Awp,DGX�^3LMÂ�DGX�Z#p,p,DGF]�yLM^ÆZtCELMF=A � d��±<�Ågo X�V�Cnp�F=I,DGabI,F=L!H[Z#A,VgjkZ3VGI,L>CEXOH,X§jkZlCE`,Â�VGX#Ê
jMX~J]Z#V_H,XPjkZ§H,fKCEF=A[ZtCELMF=A LMH,f]Z#jMXgCB\0p�X§Å�ÇÀVGX�DEZÀVGF=Iyu=X�A7CgIyCELMjMLMVGf#<

R=q
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T�X�VÆ^ÆZtCEf�DGLkZ#I0� X��yp,jMF=VGL>{%VÀ`,F=^3F=�=Â�A,X�V3VGF=A7CÆp[Z#DÀH,fKh[A,L>CELMF=A jMX�VÀjMLMabI,LMH,X�VÀF=I jMX�V3^3Ft�
A,F0J�DGLMV�C}Z#I0�9H[Z#A,V§jMX�VGabI,X�jMV§LMj�\ ZwI,A ^3LMA,LM^§I,^ H,X*H,fK{2Z#IyCEV �%Y,I,jMjMX�V�F=I9u0LMH,X�V �Op�F=Iyu#Z#A7C
p,DGF�u=F0abI,X�DvH,X�V_p�X�D�CEI,DGY[ZtCELMF=A,V�H[Z#A,Vvj±o LMA,L>CELkZtCELMF=AÀH,XPjkZlH,fKCEF=A[ZtCELMF=A�� R (��±<
T.o LMA,L>CELkZtCELMF=APH,X�jkZgH,fKCEF=A[ZtCELMF=A§p[Z#D¶I,A,X�F=A,H,X�H,XWJ}`,F0J�X�V�C.jMXW^3F0H,X�H�o Z#^3F=DGØ]Z#�=X�jMX�p,jMI,V

J�F=I,DEZ#^3^3X�A7C_DGXKCEX�AbI�p�F=I,D�jMX�V�fKCEI,H,X�VvH,X~CEDEZ#A,VGL>CELMF=AiJ}`,F0J��BH,fKCEF=A[ZtCELMF=A�<[Å�XPCB\0p�XPH�o Z#^3F=D��
Ø]Z#�=X�p�X�DG^3XKC¤H,XWDGf]Z#jMLMVGX�D!H,X�V¤X��yp�f�DGLMX�A,J�X�V¤I,A,LMH,LM^3X�A,VGLMF=A,A,X�jMjMX�V4p,jkZ#A,X�V¶abI,XWj±o F=A�p�X�IyC.H,F=A,J
^3F0H,f�jMLMVGX�Dnp,jMI,VP{2Z#J�LMjMX�^3X�A7C]<�?Bj.J�F=A,VGLMV�CEX % p,DGF0H,I,LMDGXÀI,A,X3F=A,H,X3H,X3J}`,F0JÀp,jkZ#A,XÀVGI �3VEZ#^l�
^3X�A7COLMA7CEX�A,VGX3p�F=I,DOZ#^3F=DGJ�X�DPjMX�VPDGf]Z#JKCELMF=A,VPH[Z#A,VPj±o X��yp,jMF=VGL>{�jMLMabI,LMH,X#<�'0L.j±o Z#p,p,jMLMJ]ZtCELMF=AwH,X
jkZ5p,DGX�VGVGLMF=A X�V�CÀVGI �3VEZ#^3^3X�A7CÀLM^3p�F=D�C}Z#A7CEX3XKCÀVGF=IyCEX�AbI,X#Ê.jMX*J}`,F0JiH,XKu0LMX�A,H,DEZ½I,A,XiH,fKCEFt�
A[ZtCELMF=A�<¤Å�Xip,DGF0J�X�VGVGI,V�Ê�Z#p,p�X�jMfÆCEDEZ#A,VGL>CELMF=A9J}`,F0J��BH,fKCEF=A[ZtCELMF=A�Ê¶X�V�ClLMA,V�C}ZtCELMF=A,A[Z#LMDGX3XKCÀVGI,L>C
LM^3^3f�H,LkZtCEX�^3X�A7CWj±o Z#^3F=DGØ]Z#�=X#<

� X,@ � � ����� � �>Y � ��� � � � Z � 
 � ��Y B]����� \@Z ���<B�
 � Z�� B	��� � � ��B
� � Y � � B Y � � � �CB Z � 
 �CB �3Y � ��B �

T.o F=A,H,X°H,X½J}`,F0J°X�V�C LMA,L>CELMf�X5H[Z#A,V jMX½ËnÍ p[Z#Dij±o LM^3p[Z#JKCÆp,jkZ#A H�o I,A H,LMVGabI,X¾Z#p,p�X�jMf
LM^3p[Z#JKCEX�I,D�Ê�%�CEDEZ]u=X�DGVlI,A Z#IyCEDGXÆH,LMVGabI,X*LMA7CEX�DG^3f�H,LkZ#LMDGX3Z#p,p�X�jMfÆp,jkZ#abI,XÆH,X3CEDEZ#A,V�{%X�D�C]<¤T�X
A,L>u=X]Z#I H,I J}`,F0JÆLMA,H,I,L>C�H[Z#A,V�jMXÆËnÍ X�V�C§^ÆZ�^MCEDGLMVGf %�p[Z#D�CELMDOH,XÆjkZiu0L>CEX�VGVGX*H�o LM^3p[Z#JKC�H,I
p,DGF�2GX�JKCELMjMX#Ê=H,XvjkZ~A[ZtCEI,DGX_H,Xvj±o LM^3p[Z#JKCEX�I,D¤XKC³H,XvjkZ~p,jkZ#abI,X_H,X_CEDEZ#A,V�{%X�D�C]ÊbZ#LMA,VGL[abI,XvH,X_jMX�I,DGV
f�p[Z#LMVGVGX�I,DGV�<�T�XiËnÍÌfKC}Z#A7CÀI,A X��yp,jMF=VGL>{_jMLMabI,LMH,X#Ê!LMj�H,F=L>C�	KCEDGXiJ�F=A7CEX�AbI H[Z#A,VlI,A,XiJ�X�jMjMI,jMX
fKC}Z#A,J}`,X#<�T4Z§h[�=I,DGXOry<>;PDGX�p,DGf�VGX�A7CEX�jMX~VGJ}`,f�^ÆZÀH,XPJ�XPH,LMVGp�F=VGL>CEL>{�<

R#x
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Impacteur Plaque de

transfert

Vitesse de

l’impacteur

Enceinte contenant

l’explosif liquide

Onde de choc

Tube de lancement

������ ry<>;n��� (��'-*��� !�#�!��/�&%'�1�*��)	� 
"!�� ��� ��+�� �108��%���+ ��� %��8(*) % . ���

� X�� � ��� �3Z � � Y � � � � � ��B Y[Z B � � �>Y � � � � D � � � � � Y � � B Y � � �
T4Z5CEDEZ#A,VGL>CELMF=A9J}`,F0J��BH,fKCEF=A[ZtCELMF=A �%A,F#CEf�XiÄvÅWe H[Z#A,V§jkZ�VGI,L>CEX�OH[Z#A,V§I,A X��yp,jMF=VGL>{_`,Ft�

^3F=�=Â�A,XPZÀfKCEfOfKCEI,H,LMf�XPp[Z#DvÅ�`[Z#L 1#X�A ��;�q��4p,I,LMVvÅWZ#^3p,Y�X�jMj±ÊyÄ!DEZ]u0LMV_XKCnenZ]u0LMV � q (yÊ�;�d��±<�Å�X�V
Z#IyCEX�I,DGVnDGf�p�F=A,H,X�A7C %ÆH,X�I0�wabI,X�V�CELMF=A,V~^ÆZ 2GX�I,DGX�V�Ê#%ÆVEZ]u=F=LMD�Ê�abI,X�jMVnVGF=A7C~jMX�Vnp,DGF0J�X�VGVGI,V~H,X
{%F=DG^ÆZtCELMF=AwH,XljkZ*H,fKCEF=A[ZtCELMF=A½XKC %*abI,F=L.X�V�COH,I,XÀjkZÆVGX�A,VGLMY,LMjML>CEflZ#I0�½J}`,F0J�VPH,X�VOX��yp,jMF=VGL>{%V�<
T�X�V¤fKCEI,H,X�V�F=A7C¤J�F=A,H,I,L>C�Z#I§^3F0H,Â�jMX�J�jkZ#VGVGLMabI,XWH,XWjkZ_CEDEZ#A,VGL>CELMF=A�J}`,F0J��BH,fKCEF=A[ZtCELMF=A§p,DGf�VGX�A7CEf
VGI,D_jkZ�h[�=I,DGXOry<SR§p[Z#D_I,A�H,LkZ#�=DEZ#^3^3XvCEX�^3p,V��BH,LMV�C}Z#A,J�X#<

Interface
impacteur/explosif

Détonation stable

Choc initial

Détonation
forte

Superdétonation

Espace

Temps

t1

t2

������ ry<SR��=� � !��*./��(*. � � �*�	2�#'� !8� . � ��E� �1�*./��� ������� � �*�

s!F=I,D�jMXÆËnÍ¾Ê4J�XÆp,DGF0J�X�VGVGI,V§X�V�C§F=Y,VGX�D�u#Z#Y,jMX3p�F=I,DOH,X�V�p,DGX�VGVGLMF=A,V�H,XÆJ}`,F0J3J�F=^3p,DGLMVGX�V
X�A7CEDGX (lXKCO;�R��  � <

r=�
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T4ZÀÄvÅWe�p�X�IyCvVGXOH,L>u0LMVGX�D�X�A CEDGF=LMVWfKC}Z#p�X�Vvp,DGLMA,J�LMp[Z#jMX�Vn¿
������-*)?��%'�À¿

×gp,DGÂ�VnLM^3p[Z#JKC]Ê¼I,A½J}`,F0J§VGX§p,DGF=p[Z#�=X*%ÆI,A,X�u0L>CEX�VGVGXlH,X�j±o F=DGH,DGX�H,X§�bQ#�=� + � *lH[Z#A,V
j±o X��yp,jMF=VGL>{!abI,L4X�V�Cg^3LMV�X�A5^3F=Iyu=X�^3X�A7C��	M¶LM�,<[ry< r ��XKCgLMj�ZtCGCEX�LMA7C_I,A5fKC}ZtC_CE`,X�DG^3F0Hy\7�
A[Z#^3LMabI,XvJ]Z#DEZ#JKCEf�DGLMVGfnp[Z#D�H,X�VWp,DGX�VGVGLMF=A,V�H,Xgj±o F=DGH,DGXgH,X§;����  � Ê0H,X�V�CEX�^3p�f�DEZtCEI,DGX�VH,XPj±o F=DGH,DGX~H,X3;��=�=� � XKCvI,A,XPH,X�A,VGL>CEfOH�o X�A7u0LMDGF=A¾;�x=�=� ^���� + [ �%jkZ§H,X�A,VGL>CEfOH,I5ËnÍ
X�V�CvH,XÀ;=;�r#� ^���� + [�%lj±o fKC}ZtCvZ#^§Y,LkZ#A7C���<

��� -*)?��%'�3¿
�vA,X X��yp,jMF=VGLMF=A CE`,X�DG^3LMabI,X Z°jMLMX�I H[Z#A,V3jkZwDGf��=LMF=A VGF=I,^3LMVGX jMXip,jMI,VÀjMF=A,�#CEX�^3p,V&%
j±o f�jMfKu#ZtCELMF=A¾H,X3CEX�^3p�f�DEZtCEI,DGX#Ê %5p,DGF]�yLM^3L>CEfÀH,XÆjkZ�p,jkZ#abI,XÆH,XÆCEDEZ#A,V�{%X�D�C �	M¶LM�,<4ry< ��� �
X�jMjMXnX�V�CgH,I,X %lH,X�VvDGf]Z#JKCELMF=A,V�J}`,LM^3LMabI,X�V_H,I5ËnÍ abI,L�p[Z#VGVGXOH,XPj±o fKC}ZtC_jMLMabI,LMH,X %lH,X�V
p,DGF0H,I,L>CEVWH,XnDGf]Z#JKCELMF=Ai�7Z#��X�I0�iH,X�A,VGX�VvJ�F=^3p,DGLM^3f�V�%§I,A,X~p,DGX�VGVGLMF=AiH,X~j±o F=DGH,DGXnH,XOR#�
�  � XKC %ir=�=�=���B�7�=�=� � <4Å�X�VPDGf]Z#JKCELMF=A,Vg{%F=D�CEX�^3X�A7C~X��yF#CE`,X�DG^3LMabI,X�VPJ�F=A,H,I,LMVGX�A7C %j±o LMA,V�C}Z#A7C � . %wjkZ {%F=DG^ÆZtCELMF=A9H�o I,A,XiH,fKCEF=A[ZtCELMF=A H[Z#A,VljMXÆ^3LMjMLMX�I9J�F=^3p,DGLM^3f3p[Z#D§jMXJ}`,F0JOLMA,L>CELkZ#j|abI,XOj±o F=A5Z#p,p�X�jMjMX~VGI,p�X�DGH,fKCEF=A[ZtCELMF=A�< 'yZÀu0L>CEX�VGVGXOX�V�CnVGI,p�f�DGLMX�I,DGX %ÀJ�X�jMjMX
H�o I,A,XPF=A,H,XPH,XPH,fKCEF=A[ZtCELMF=A VGXPp,DGF=p[Z#�=X]Z#A7CvH[Z#A,V_jMXPËnÍ A,F=A�J�F=^3p,DGLM^3f#<

��� -*)?��%'�3¿
T4ZnVGI,p�X�DGH,fKCEF=A[ZtCELMF=AlVGX_p,DGF=p[Z#�=XWXKC�DEZtCGCEDEZ#p�XWjMXWJ}`,F0J�LMA,L>CELkZ#j �	M¶LM�,<#ry<SQ � �#F=AlF=Y,VGX�D�u=X
%�j±o LMA,V�C}Z#A7C � 6 jkZ {%F=DG^ÆZtCELMF=A°H�o I,A,X*F=A,H,XÆH,XÆH,fKCEF=A[ZtCELMF=A¾{%F=D�CEX#<¤Å�X�jMjMX��BJ�L�VGXÆDGX�jkZ��yXX�A½I,A,X§F=A,H,X§H,X§H,fKCEF=A[ZtCELMF=A½Z#IyCEF=A,F=^3X�V�C}ZtCELMF=A,A[Z#LMDGXPabI,L¶u#ZÆVGX§p,DGF=p[Z#�=X�DnH[Z#A,VnjMX
ËnÍ A,F=AÀJ}`,F0abI,f#<0egX�DGDGLMÂ�DGX_j±o F=A,H,X�H,X_H,fKCEF=A[ZtCELMF=A�Ê#jMX�V.p,DGF0H,I,L>CEV.LMVGVGI,V�H,X�V�DGf]Z#JKCELMF=A,V
X��yF#CE`,X�DG^3LMabI,X�V.VGF=A7C�p�F=I,D¤j±o X�VGVGX�A7CELMX�j,�7Z#��X�I0� �	� 6 � Ê 	�6 Ê 0�� Ê 0�� 6 XKC 0 � 7 �!H�o I,A,XH,X�A,VGL>CEf_H,X_j±o F=DGH,DGXWH,XgR#�=�=� ^���� + []Ê %Pr7Q#�=���B�7�=�=� � XKC_;�R���R#���  � �%DGf�VGI,j>C}ZtCEV�LMVGVGI,VH,X�J]Z#jMJ�I,jvZ]u=X�J �������	� � � Ê¤u=F=LMDÆR0<SR0<SR ��<�egX�VÆp[Z#D�CELMJ�I,jMX�V3H,X�J]Z#DGY�F=A,X�VGF=jMLMH,X VGF=A7C
f��7Z#jMX�^3X�A7C_p,DGf�VGX�A7CEX�V�� ( + P d ��^�� K 0 U P�� d P *3b W X�A7u0LMDGF=A���<

Å�X�V4p,`,f�A,F=^3Â�A,X�V4VGX�H,f�DGF=I,jMX�A7C4p�X�A,H[Z#A7C4I,A,X.H,I,DGf�X.CEDGÂ�V�J�F=I,D�CEX#Ê�H,X.j±o F=DGH,DGX¤H,X.abI,X�jMabI,X�V
^3LMJ�DGF=VGX�J�F=A,H,X�V�<
T4Z§CE`,f�F=DGLMXnH,XPjkZ�ÄvÅWe�J�F=A,VGLMH,Â�DGX~abI,XPjMX�V�p,`,f�A,F=^3Â�A,X�V_VGI,L>u=X�A7CvI,A,XPJ�LMA,fKCELMabI,XnH�o ×gD��

DG`,f�A,LMI,V~XKC~jMX�CEX�^3p,V~H�o LMA,H,I,JKCELMF=AwH,Xlj±o X��yp,jMF=VGLMF=A5CE`,X�DG^3LMabI,X§V�o X��yp,DGLM^3XÀZ#jMF=DGVgVGX�jMF=A � r (0Ê
R=q��.¿

- _ 0JI ' � � 6� � V = U P�� � V =� � � �2ry<>;��
T4Z*VGX�A,VGLMY,LMjML>CEf�H,Xlj±o X��yp,jMF=VGL>{�jMLMabI,LMH,X§Z#I½J}`,F0JlH,f�p�X�A,H¾H,F=A,JlH,XljkZ3CEX�^3p�f�DEZtCEI,DGX§VGF=I,V

J}`,F0J#<³s¶Z#DÀu=F=LMX�H,X�J�F=A,VGf�abI,X�A,J�X#ÊWX�jMjMXiH,f�p�X�A,H Z#I,VGVGL_H,X5jkZ½p,DGX�VGVGLMF=A�H,X�J}`,F0J�XKCÆH,X�jkZ
CEX�^3p�f�DEZtCEI,DGX~LMA,L>CELkZ#jMXvH,XPj±o X��yp,jMF=VGL>{�<
T4Z3p,jMI,p[Z#D�CvH,X�VvCEDEZ]u#Z#I0�5VGI,Dvj±o LMA,L>CELkZtCELMF=A*H,XOjkZÀH,fKCEF=A[ZtCELMF=A�H[Z#A,VgjMXOËnÍ V�o Z#J�J�F=DGH,X�A7C

VGI,D�J�Xv^3F0H,Â�jMX#Ê7^ÆZ#jM�=DGf�abI,X�jMabI,X�VWH,L>u=X�DG�=X�A,J�X�VWH[Z#A,V³jkZ~{%F=DG^ÆZtCELMF=AÀH,XvjkZPVGI,p�X�DGH,fKCEF=A[ZtCELMF=A
XKCvVGI,DvjkZlJ�LMA,fKCELMabI,XPp,DGF=p�F=VGf�X#<
	nI,X�jMabI,X�VgZ#IyCEX�I,DGV_F=A7Cgp[Z#D_J�F=A7CEDGXPDGX�^3LMV_X�A�J]Z#I,VGXOj±o X��yLMV��
CEX�A,J�XnH,Xgj±o F=A,H,XvH,XgH,fKCEF=A[ZtCELMF=AÆabI,L|VGXgp,DGF=p[Z#�=XgH[Z#A,V�I,A*^3LMjMLMX�IÀJ�F=^3p,DGLM^3f_XKCWp,DGF=p�F=VGX�A7C
I,A5Z#IyCEDGXP^3F0H,Â�jMX#<,T�XPp[Z#DEZ#�=DEZ#p,`,X~VGI,L>u#Z#A7CvZ#A[Z#j>\0VGXPJ�X�VvH,L��|f�DGX�A7CEX�VvZ#p,p,DGF0J}`,X�V�<

ry;
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Choc

Impacteur

Plaque de

transfert

NM choqué

10 GPa, 1000 K

1900 kg/m
3

NM au repos

������ ry< r���� (��'-*��� !8�". � ������-*)?��%'��!8� . � ��E� ! ��� � ./� ���

Superdétonation

Choc

Explosion thermique

20 GPa, 3000-4000 K

NM au repos

Choc

NM choqué

Produits de

réaction

������ ry< �§��� (��'-*���L!8� . � ��� -*)?��%'��!8� . � ��E� ! ��� � ./� ���

r7R
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Onde de détonation

Produits de détonation

12-20 GPa, 3500-4000 K, 2000 kg/m
3

������ ry<SQO��� (��'-*��� !8�". � ��� -*)?��%'��!8� . � ��E� ! ��� � ./� ���

� X�� � � ��� B � � � B ��� ��� B �3Y \ �G������� � � ��B���� � � � \�� � � � ��� � � �
� ��F?\���� � D � 
 � � � � �

T�Xn^3F0H,Â�jMXgH,XPÅ�`[Z#L 1#X�A�ÊyCE`,f�F=DGLMXnLMA,L>CELkZ#jMX�p�F=I,DWX��yp,jMLMabI,X�DWjkZOÄvÅWe�V�CELMp,I,jMXgabI,X~j±o F=A,H,X
H,X3H,fKCEF=A[ZtCELMF=A¾H[Z#A,V�j±o X��yp,jMF=VGL>{�J}`,F0abI,fÆVGXÀ{%F=DG^3X %�j±o LMA7CEX�D�{2Z#J�XÀLM^3p[Z#JKCEX�I,D��tX��yp,jMF=VGL>{ � q (0Ê
;�d��±<�z.A½X �|XKC]Ê|J#o X�V�CPH[Z#A,V~J�XKCGCEX§��F=A,XlabI,Xlj±o X��yp,jMF=VGL>{�ZÆX�I°jMX�p,jMI,VnH,X�CEX�^3p,Vnp�F=I,DgDGf]Z#�=LMD
� r (yÊ0r=x��±<0T�X�V³CEDEZ]u#Z#I0�ÆH,XnT�f]Z#j���Å�DGF=I,��XKC �*)H��.�� � Q0; ��p,DGF=p�F=VGX�A7CWabI,XnjkZPVGI,p�X�DGH,fKCEF=A[ZtCELMF=AÆVGX
{%F=DG^3X�DEZ#L>CPX�A9DGf]Z#jML>CEf % I,A,XÆJ�X�D�C}Z#LMA,X3p,DGF#{%F=A,H,X�I,DOH[Z#A,VOj±o X��yp,jMF=VGL>{�Ê�{%F=A,JKCELMF=A¾H,X3jkZ p,DGX�V��
VGLMF=A�< '0X�VlJ�F=A,J�jMI,VGLMF=A,VlVGF=A7CÀJ�F=`,f�DGX�A7CEX�V3Z]u=X�J jMX�V§DGf�VGI,j>C}ZtCEVlH,X-'0`,X��3X�jMH �*) ��.���� R (���abI,L
p,DGF=p�F=VGX3I,A9^3F0H,Â�jMXÀH,X3ÄvÅWe�jMf��=Â�DGX�^3X�A7COH,L��|f�DGX�A7C]<¶T.o X��yp,jMF=VGL>{WJ}`,F0abI,f*ZtCGCEX�LMA,H,DEZ#L>CPI,A
fKC}ZtC O  � � R CEX�j_abI,X5jMX�VÀDGf]Z#JKCELMF=A,V3J}`,LM^3LMabI,X�V3V�o Z#^3F=DGJ�X�A7CÆjMF0J]Z#jMX�^3X�A7CÀH[Z#A,V3H,X�VÆ��F=A,X�V
VGI,Y�J�DGL>CELMabI,X�V�<7z.jMjMX�V¤p,DGF0H,I,LMDEZ#LMX�A7C.Z#jMF=DGV¶H,X�V�F=A,H,X�V.H,X�J�F=^3p,DGX�VGVGLMF=A3Z#I0�BH,X�j %gH,X�j±o LMA7CEX�D�{2Z#J�X
LM^3p[Z#JKCEX�I,D��#ËnÍ¾<|Å�X�VnF=A,H,X�Vgu=F=A7C~V�o Z#J�J�I,^§I,jMX�DgXKCnJ�F=A,H,I,LMDGX*%3I,Aw{%DGF=A7CgDGf]Z#JKCEL>{.p�F=Iyu#Z#A7C
H,XKu=X�A,LMDOI,A,X3F=A,H,X3H,XÀVGI,p�X�DGH,fKCEF=A[ZtCELMF=A�< '0X�I,jMVPjMX�V~CEDEZ]u#Z#I0�¾H,X � Z#j 1#X�DL�*) ��.���� r (���Z#LMA,VGL
abI,XÆJ�X�I0�9H,X*s.I�2GF=j �*) ��.���� d#���³DGX�^3XKCGCEX�A7C§X�A9J]Z#I,VGXÆj±o X��yLMV�CEX�A,J�XÆH,XÆjkZiVGI,p�X�DGH,fKCEF=A[ZtCELMF=A
XKCPp,DGF=p�F=VGX�A7COH,X�VP^3F0H,Â�jMX�V~p,DGF0J}`,X�VPH,X�VPp,DGF0J�X�VGVGI,VOH,XÀH,f�J�F=^3p�F=VGL>CELMF=Aw`,fKCEf�DGF=�=Â�A,X �%p[Z#D
p�F=LMA7CEVvJ}`[Z#I,H,V �_^ÆZ#LMV_jMX�V_CEDEZ]u#Z#I0�5DGf�J�X�A7CEVnH,X�T�f]Z#j���Å�DGF=I,��XKC �*) ��.�� � Q0; �!J�F=A7CEX�V�CEX�A7C~J�XKCGCEX
Z#p,p,DGF0J}`,X#<
��LMX�AOabI,X�jMX³ËnÍÁZ#L>C4I,A,X�V�CEDGI,JKCEI,DGX³^3F=jMf�J�I,jkZ#LMDGX¤VGLM^3p,jMX#Ê]VGF=AOJ�F=^3p�F=D�CEX�^3X�A7C!J}`,LM^3LMabI,X

%3`[Z#IyCEX�p,DGX�VGVGLMF=A5X�V�CnDGX�jkZtCEL>u=X�^3X�A7CgJ�F=^3p,jMX��yX#Ê¼A,F#C}Z#^3^3X�A7CvH,I5{2Z#L>CvH,X�VgA,F=^§Y,DGX�I0�5p,DGFt�
H,I,L>CEV.H,X_DGf]Z#JKCELMF=AÀH,IÆËnÍ abI,L[VGF=A7C�CEDGÂ�V�DGf]Z#JKCEL>{%V ��;]� �±<begX_p,jMI,V�Ê=jMX�V�p,`,f�A,F=^3Â�A,X�V³H,X_H,fKCEFt�
A[ZtCELMF=A5X�A7CEDEZ�^kA,X�A7C~H,X�VnJ�F=A,H,L>CELMF=A,VvCE`,X�DG^3F0Hy\0A[Z#^3LMabI,X�VvVGfKu=Â�DGX�VPX�AwCEX�DG^3X�VnH,X§p,DGX�VGVGLMF=A�Ê
CEX�^3p�f�DEZtCEI,DGXOXKCgH,X�A,VGL>CEf#< '0I,L>CEX %ÀH,X�VvCEDEZ]u#Z#I0� CE`,f�F=DGLMabI,X�VvF=I5H,X�VgX�VGVEZ#LMVvp�X�DG^3XKCGC}Z#A7CgH,X

r=r
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VGX3DEZ#p,p,DGF0J}`,X�DOH,X3J�X�VOJ�F=A,H,L>CELMF=A,V~CE`,X�DG^3F0Hy\0A[Z#^3LMabI,X�V�Ê�H,X�VO^3F0H,Â�jMX�V~DGf]Z#JKCEL>{%VPH,X3jkZiH,f��
J�F=^3p�F=VGL>CELMF=A H,I�ËnÍ�F=A7C3fKCEf�p,DGF=p�F=VGf�V�<³T4Z°Hy\0A[Z#^3LMabI,X�^3F=jMf�J�I,jkZ#LMDGXÆJ�jkZ#VGVGLMabI,X�F=I � �
���'��)	� �*XKC~jkZÆJ}`,LM^3LMX�abI[Z#A7CELMabI,XlF=A7C~J�F=A,H,I,L>C %*fKC}Z#Y,jMLMDvH,X�VPp,DGF0J�X�VGVGI,VPH,X§H,f�J�F=^3p�F=VGL>CELMF=A
Y,LM^3F=jMf�J�I,jkZ#LMDGX � ryÊ¼q=R�±<¼s¶Z#D_Z#LMjMjMX�I,DGV�Êyj±o `7\0p�F#CE`,Â�VGXPH�o I,A,XPH,F=I,Y,jMX~J�LMA,fKCELMabI,XPp,jMIyC��#C�abI�o I,A,X
VGLM^3p,jMX*J�LMA,fKCELMabI,X H�o ×gDGDG`,f�A,LMI,VÀVGX�^§Y,jMX p,jMI,Vlu0DEZ#LMVGX�^§Y,jkZ#Y,jMX�� � Q0Ê³Q=R� ��<�egX�V3^3X�VGI,DGX�V3H,X
VGp�X�JKCEDGF=VGJ�F=p,LMX3H,X3^ÆZ#VGVGX3H,I9ËnÍ VGF=I,VOVGF=jMjMLMJ�L>C}ZtCELMF=A5H,X3J}`,F0J�V�^§I,j>CELMp,jMX�V�� (���XKC�H,X�VO^3X��
VGI,DGX�VPH,XÀVGp�X�JKCEDGF=VGJ�F=p,LMXÀLMAy{%DEZ#DGF=I,�=X�jMF=DGVnH�o X��yp�f�DGLMX�A,J�X�VOH,XÀJ�F=^3p,DGX�VGVGLMF=A°X�A°X�A,J�jMI,^3XlH,X
H,LkZ#^ÆZ#A7C�� d=r��4^3XKCGCEX�A7C_f��7Z#jMX�^3X�A7C_X�A�fKu0LMH,X�A,J�XOJ�XPp,DGF0J�X�VGVGI,VvY,LM^3F=jMf�J�I,jkZ#LMDGXvabI,L�J�F=A,H,I,L>C
Z#I0�½J�F=^3p�F=VGf�Vn�7Z#��X�I0�½^ÆZ 2GF=DGL>C}Z#LMDGX�V � 6 � � 	�6 � � 0�� 6 �%J�F=^3p�F=VGL>CELMF=A5H,L��|f�DGX�A7CEX§H,XlJ�X�jMjMXH,fKCEX�DG^3LMA,f�X�p[Z#D ������� ��� � p�F=I,D.jMX�V.p,DGF0H,I,L>CEV¤H,X_H,fKCEF=A[ZtCELMF=A��!XKC�%~I,AÀJ�F=^3p�F=VGf�VGF=jMLMH,X
J]Z#DGY�F=A,f#<#?BjyX�V�C�p�X�Ilp,DGF=Y[Z#Y,jMX�abI,X�jMX�V¤X�VGVEZ#LMV¤VGF=I,V.`[Z#IyCEXWp,DGX�VGVGLMF=AlX�AlV�C}ZtCELMabI,XWJ�F=A,H,I,LMVGX�A7C
Z#I0�À^
	�^3X�V.^3f�J]Z#A,LMVG^3X�V¤DGf]Z#JKCELMF=A,A,X�jMV.abI,X_H,X�V³X��yp�f�DGLMX�A,J�X�V³Hy\0A[Z#^3LMabI,X�V.H,X_H,fKCEF=A[ZtCELMF=A�<
Å�X�p�X�A,H[Z#A7C]Ê¼jMX�V_DGf�VGI,j>C}ZtCEV�F=YyCEX�AbI,Vvp�X�DG^3XKCGCEX�A7CvH,XP^3LMX�I0� Z#p,p,DGf�`,X�A,H,X�DvjkZ§ÄvÅWe�<

� X�� � 
 ��� Z Y B ��� � � � ��B Y ��
 � � Z B Y \@Z �
e�o I,Aip�F=LMA7C³H,Xvu0I,XgCE`,f�F=DGLMabI,XvXKCWp,DEZtCELMabI,X#ÊbLMj¼X�V�CWLM^3p�F=D�C}Z#A7C³H,XgJ�F=A,A[Z�^MCEDGXvjkZPJ�f�jMf�DGL>CEf

H,X�VÆF=A,H,X�V3H,X�J}`,F0J5XKCÆH,X�H,fKCEF=A[ZtCELMF=A XKCÆj±o fKC}ZtC O  � � R H,I�^3LMjMLMX�I�< '0L_jkZ½u0L>CEX�VGVGX5XKC3jkZ
p,DGX�VGVGLMF=Alp�X�Iyu=X�A7C�	KCEDGXW^3X�VGI,DGf�X�V�Z]u=X�J�H,X�V¤p,DGf�J�LMVGLMF=A,V¤VEZtCELMV�{2Z#LMVEZ#A7CEX�V¶DGX�VGp�X�JKCEL>u=X�^3X�A7C�H,X~;
XKC�Q
	 � �bq�±Ê=jkZgCEX�^3p�f�DEZtCEI,DGX�H,X�^3X�I,DGX�H,L �3J�LMjMX�%~^3X�VGI,DGX�D�<bÅgo X�V�C³p�F=I,D�C}Z#A7C�I,AÀp[Z#DEZ#^3ÂKCEDGX
A,f�J�X�VGVEZ#LMDGX % jkZ J�F=^3p,DGf�`,X�A,VGLMF=A H,X�V�DGf]Z#JKCELMF=A,ViJ}`,LM^3LMabI,X�ViabI,LPVGX°p,DGF0H,I,LMVGX�A7C�jMF=DGViH,X
j±o LMA,L>CELkZtCELMF=A�H,XÀjkZ*H,fKCEF=A[ZtCELMF=A°XKC %ijkZiJ]Z#DEZ#JKCEf�DGLMVEZtCELMF=A½H,XÀj±o fKC}ZtC~CE`,X�DG^3F0Hy\0A[Z#^3LMabI,X§H,X�V
p,DGF0H,I,L>CEVvH,X�H,fKCEF=A[ZtCELMF=A�<�egX�p,jMI,V�Ê�jkZlu#Z#jMX�I,DvH,XOCEX�^3p�f�DEZtCEI,DGX�J]Z#jMJ�I,jMf�X�Z]u=X�J§I,Aw^3F0H,Â�jMX
H,f�p�X�A,H�Y�X]Z#I,J�F=I,p�H,I�J}`,F=L�� H,X�VÆf�abI[ZtCELMF=A,V3H�o fKC}ZtC]<³T4Z°u0L>CEX�VGVGX5XKCÆjkZ½p,DGX�VGVGLMF=A \ VGF=A7C
^3F=LMA,V.VGX�A,VGLMY,jMX�V�<ys¶Z#D³J�F=A,VGf�abI,X�A7C]ÊyjkZ~^3X�VGI,DGXgH,XvjkZnCEX�^3p�f�DEZtCEI,DGXvp�X�DG^3XKCGCEDEZ#L>C�H,X_u#Z#jMLMH,X�D
jMX�VPjMF=LMV~H�o fKC}ZtCOXKCOjMX�VP^3f�J]Z#A,LMVG^3X�VPJ}`,LM^3LMabI,X�VPX��yF#CE`,X�DG^3LMabI,X�V�<!T�X�VPC}Z#Y,jMX]Z#I0�¾ry<>;ÀXKC§ry<SR
LMA,H,LMabI,X�A7C~jMX�Vnp,DGLMA,J�LMp[Z#I0�wDGf�VGI,j>C}ZtCEV~F=YyCEX�AbI,V~H,X�p,I,LMV~jMX�V~Z#A,A,f�X�VOd=�ÆVGI,D~jkZ3CEX�^3p�f�DEZtCEI,DGX
H,I9{%DGF=A7C§H,X*H,fKCEF=A[ZtCELMF=A9abI,X*J�XÆVGF=L>C§X��yp�f�DGLM^3X�A7C}Z#jMX�^3X�A7C�F=I p[Z#D�J]Z#jMJ�I,j³Z]u=X�JijMX3J}`,F=L��
H�o I,A,XPf�abI[ZtCELMF=A�H�o fKC}ZtC]<

×gIyCEX�I,DGV Ä!X�^3p�f�DEZtCEI,DGXPH,I {%DGF=A7C_H,XPH,fKCEF=A[ZtCELMF=A � ���
�~LMY,VGF=A�Ê,XKCgZ#j±< r (=�=�
egDGX�^3LMA�Ê 'yZ]u0DGF�u r=d=�=��PZtCEF,Ê,XKCgZ#j±< r#�7�=�

T�X]Z#j���Å�DGF=I,��XKC]Ê[XKCvZ#j±< r=d=�=�
����� � ry<>;n�  �*� %'-*+6��)	#J+,��!�#
�+,���')�!8� !8-*)&��� ��)	� ��� !�# ��� !�� ��% + � ��!8� � +,- �*#J. )?��)�� �65*%'-*+�� �

� �*�')?��#�5 � � - �*#J. )?��)��")	��+,- ��!8�:9�� � � � ;<= �

r#�
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×gIyCEX�I,DGV Ä!X�^3p�f�DEZtCEI,DGX�Å�Ç � ��� z.abI[ZtCELMF=A H�o fKC}ZtC
Å�`,f�DGXKC ry;�r=d � � �

.gZ#DGH,X�V�CB\=Ê �~X�A,A,X�Hy\ r7Q0;�� Ç7Å�É¼��r
Ä¶Z#A[Z"1tZ r=r=�=� � .vÄ

T�X]Z#j���Å�DGF=I,��XKC]Ê,XKCgZ#j±< r7Q#r=� Ç �NT
����� � ry<SR��  �*� %'-*+6��)	#J+,� !�# 
�+,���')"!8� !8-*)&��� ��)	� ��� !�#���� !�� ��% + � �C!8� �$+,- �*#J. )?��)��C) �'- ���

+��	2�#'� � � � - �*#J. )?��)��")	��+,- ��!8� 9�� � � � ;<= �

Å�X�VnC}Z#Y,jMX]Z#I0��{%F=A7C~Z#p,p[Z#DEZ�^MCEDGXOH,X�Vnf�J]Z#D�CEV~H,X��7�=� � p[Z#DG^3L!jMX�VgH,L��|f�DGX�A7CEX�Vn^3X�VGI,DGX�V
X��yp�f�DGLM^3X�A7C}Z#jMX�VnF=I°jMX�VnJ]Z#jMJ�I,jMVnY[Z#VGf�VPVGI,D~H,L��|f�DGX�A7CEX�V~f�abI[ZtCELMF=A,V~H�o fKC}ZtC]<�T.o f�J]Z#D�COZtCGCEX�LMA7C
(=�=��� X�A7CEDGX_j±o X��yp�f�DGLMX�A,J�XvXKC³jkZn^3F0H,f�jMLMVEZtCELMF=A�<�� LMA,XK\ �*) ��.���� (y; �¼F=A7C³J]Z#jMJ�I,jMf�jkZgCEX�^3p�f�DEZ��
CEI,DGX_H,IÆËnÍ jMLMabI,LMH,XWVGF=I,V³J}`,F0J_p�F=I,D.p,jMI,VGLMX�I,DGV�fKC}ZtCEV�H,X_p,DGX�VGVGLMF=A3XKC�CEDGF=Iyu=X�A7C�f��7Z#jMX�^3X�A7C
H,X�V_f�J]Z#D�CEV�H,XPp,jMI,VWH,X�R#�=�%��X�A7CEDGX~jMX�V�H,L��|f�DGX�A7CEX�VvZ#p,p,DGF0J}`,X�V_XKC_jkZ§^3X�VGI,DGX~X��yp�f�DGLM^3X�A0�
C}Z#jMX#<=T4ZnC}Z#Y,jMX]Z#IÀry< r~DGX�p,DGX�A,H3jMX�I,DGV.DGf�VGI,j>C}ZtCEV�Ê7J�F=^3p,jMfKCEf�V¤H,X_J�X�I0�ÀF=YyCEX�AbI,V³p[Z#D�egX�jMp,I,X�J}`
�*):��.�� � R=Q��¶abI,L¶p,DGf�VGX�A7CEX�A7COH,X�V~f�J]Z#D�CEVnVGX�^§Y,jkZ#Y,jMX�V�< � LMA,XK\wZÆDGf]Z#jMLMVGf�H,X�VnX��yp�f�DGLMX�A,J�X�VPH,X
J}`,F0J�Vv^§I,j>CELMp,jMX�VWZ#jMF=DGV�abI,XOegX�jMp,I,X�J}`wZlX �|X�JKCEI,fOH,X�V_CELMDGV�X�A�J]Z#D�CEF=I,J}`,X�V�<

s � �  � � � h CjA + )_C O � R ��� � ��� ��� O � R � � � ��� � � � ���� LMA,XK\ �*)7��.��
(yÊSQ q=R=q d=dy; d7R#x q#d7q Q#x=r
;=; (7Q0; q (=d q0;�x (7Q#x d7q#�
;]�,ÊSR (=x=d q#dy; q#�=x (=d=r d7Q#r

egX�jMp,I,X�J}` �*)7��.��
R0Ê r �bqt� Q (=� Q#r=� � �
Q q0;�R (=r=� q#r=� � �
(yÊSQ (=d7Q ;��=�=� (7Q#� � �

����� � ry< r§�  �*� %'-*+6��)	#J+,� � �1��# � (��'�1( !�# ��������� )&�*� %'-*+6��)	#J+,� (,��./(*#J./- � � ��� ( 0JI �*)
��' _ � � U*� ��� � ��� ( 0JI _ W O � R �*) ��' _ � � U*� � � �1�*./��� � � !��*./� !8� �$����� � �
�
� � ��� ( 0JI _ W O � R �*) O N  � N � R I _ � � U

e�o Z#IyCEDGX�V_^3X�VGI,DGX�V�� �7x���X �|X�JKCEI,f�X�V_H,I,DEZ#A7C_jkZ�ÄvÅWe�F=A7C�f��7Z#jMX�^3X�A7CW^3F=A7CEDGfnjMX�V�f�J]Z#D�CEV
X�A7CEDGX°jMX�V*^3X�VGI,DGX�V XKC jkZ ^3F0H,f�jMLMVEZtCELMF=A�<³ËvF#C}Z#^3^3X�A7C]Ê³jMX�V*CEX�^3p�f�DEZtCEI,DGX�Vip,DGf�J�f�H[Z#A7C�jkZ
{%F=DG^ÆZtCELMF=AnH,X�jkZWVGI,p�X�DGH,fKCEF=A[ZtCELMF=AOF=YyCEX�AbI,X�V!VGF=A7C4CEDGF=pPf�jMXKu=f�X�V!p�F=I,D�J�F=Ayh[DG^3X�D4I,AO^3F0H,Â�jMX
H�o Z#^3F=DGØ]Z#�=X§`,F=^3F=�=Â�A,X§H,I½CB\0p�XljMF=L¶H�o ×gDGDG`,f�A,LMI,V�<�egX�VPf�J]Z#D�CEV~H,Xlp,jMI,VnH,Xi;��=�=� � VGF=A7C
F=Y,VGX�D�u=f�V�<
'0LvjkZ¾p,DGF=p[Z#�7ZtCELMF=A H,XwjkZ°H,fKCEF=A[ZtCELMF=A�fKC}Z#Y,jMLMX5Z¾fKCEfwVGF=Iyu=X�A7CifKCEI,H,LMf�XwXKC*J�F=^3p,DGLMVGX#Ê

H,X�VOLMA,J�X�D�CEL>CEI,H,X�VOVGI,DOjMXÀH,f�DGF=I,jMX�^3X�A7COH,X3jkZiÄvÅWe H,X�^3X�I,DGX�A7C]<!T4Z CEX�^3p�f�DEZtCEI,DGXÀX�V�C�I,A
f�jMf�^3X�A7C³LM^3p�F=D�C}Z#A7C.abI,L¼H,F=L>C.p�X�DG^3XKCGCEDGX_H,XvH,fKu=X�jMF=p,p�X�D³jkZ~J�F=^3p,DGf�`,X�A,VGLMF=A3H,X�V³H,L��|f�DGX�A7CEV

r7Q
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p,`,f�A,F=^3Â�A,X�V*Z]\7Z#A7C*jMLMX�I�<³Ågo X�V�Cip�F=I,DGabI,F=L_j±o F=Y 2GXKCÆH,X�jkZ½CE`,Â�VGX5X�V�C*H,X5H,fKu=X�jMF=p,p�X�DÆI,A,X
CEX�J}`,A,LMabI,X°H�o Z#A[Z#j>\0VGX½VGp�X�JKCEDEZ#jMX½abI,Lnp�X�DG^3XKC H�o Z#J�J�f�H,X�D�% jkZ DGf�VGF=jMIyCELMF=A�CEX�^3p�F=DGX�jMjMX5XKC
VGp[ZtCELkZ#jMXnH,XPjkZ§CEX�^3p�f�DEZtCEI,DGX#<

r=d
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T�X�V_CEX�J}`,A,LMabI,X�VvH,XP^3X�VGI,DGXPF=pyCELMabI,XnCEX�jMjMX�V�abI,XPjkZlp7\0DGF=^3fKCEDGLMX~VGF=A7CvVGF=Iyu=X�A7CgIyCELMjMLMVGf�X�V
p�F=I,D�H,fKCEX�DG^3LMA,X�D§jkZ CEX�^3p�f�DEZtCEI,DGXÆH,XiH,fKCEF=A[ZtCELMF=A9H�o X��yp,jMF=VGL>{%V�< �vA,X*H,X�V§CEX�J}`,A,LMabI,X�VljMX�V
p,jMI,V�Z]u#Z#A,J�f�X�VlZ#I�2GF=I,DGH�o `bI,L�X�V�C§jkZiCEX�J}`,A,LMabI,XÆp7\0DGF=^3fKCEDGLMabI,X*d jMF=A,�=I,X�I,DGVOH�o F=A,H,XÆH,fKu=X��
jMF=p,p�f�X�Z#IÆÅWz�� � �7x��±<bÅgo X�V�C³I,AÀ^3F�\=X�AÀH�o LMA7u=X�V�CELM�7ZtCELMF=AlLMA7CEf�DGX�VGVEZ#A7C³p�F=I,D¤J�F=^3p,DGX�A,H,DGX�jMX�V
^3f�J]Z#A,LMVG^3X�V.H,X�H,fKCEF=A[ZtCELMF=AÀ^ÆZ#LMV¶abI,L[DGX�p�F=VGX_VGI,D�j±o `7\0p�F#CE`,Â�VGX_H�o I,A,X_f�^3LMVGVGLMF=AlH,X�VGI,D�{2Z#J�X
H,I {%DGF=A7C_H,XPH,fKCEF=A[ZtCELMF=A�<,z.A�DGf]Z#jML>CEf#ÊyjMX�V�p,DGF0H,I,L>CEV�H,X~DGf]Z#JKCELMF=A H,I5ËnÍ Z#LMA,VGL�abI,XPjMX�V_J]Z��
DEZ#JKCEf�DGLMV�CELMabI,X�V�F=pyCELMabI,X�V�H,I*^3LMjMLMX�IÀVGF=A7CW^ÆZ#j¼J�F=A,AbI,VWVGI,D�CEF=IyCWH[Z#A,V�jkZPp,`[Z#VGXnH�o Z#^3F=DGØ]Z#�=X
H,XWjkZgH,fKCEF=A[ZtCELMF=A§F��ljMX�^3LMjMLMX�IOX�V�C�VGX�^3L���CEDEZ#A,VGp[Z#DGX�A7C]<�M¼Z#J�X %nJ�X�V.p,DGF=Y,jMÂ�^3X�V�Ê#I,A,X�Z#A[Z#j>\0VGX
VGp�X�JKCEDGF=VGJ�F=p,LMabI,XWH,XKu0DEZ#L>C¤p�X�DG^3XKCGCEDGX³H�o Z#p,p�F=D�CEX�D¶H,X�V¤LMAy{%F=DG^ÆZtCELMF=A,V�J�F=^3p,jMf�^3X�A7C}Z#LMDGX�V!Zth[A
H�o Z#^3f�jMLMF=DGX�DPjkZ CEX�J}`,A,LMabI,X*H,XÆp7\0DGF=^3fKCEDGLMX#<¶T�X�V�CEX�J}`,A,LMabI,X�V§H,X*VGp�X�JKCEDGF=VGJ�F=p,LMX*VGF=A7C§H,f 2 %
jkZ#DG�=X�^3X�A7C�IyCELMjMLMVGf�X�VWH[Z#A,V�jMX�V�fKCEI,H,X�VvVGI,D�jMX�V�^3f�J]Z#A,LMVG^3X�V�H,X~H,fKCEF=A[ZtCELMF=A H,X�V_^ÆZtCEf�DGLkZ#I0�
J�F=A,H,X�A,VGf�V�<


:G�´HG�´ �§��« W�,�³²m£|�0�,��©��.«v�y��®W¨g©
egX�p,I,LMViH,X½A,F=^§Y,DGX�I,VGX�V�Z#A,A,f�X�V�ÊWjkZ9p7\0DGF=^3fKCEDGLMXwF=pyCELMabI,XwX�V�C H,XKu=X�AbI,X¾H�o I,A �=DEZ#A,H

LMA7CEf�D�	KC³X�A3DEZ#LMVGF=AlH,I3^ÆZ#A,abI,X_H,X_H,F=A,A,f�X�V³VGI,D³jkZgCEX�^3p�f�DEZtCEI,DGX�H,I3^3LMjMLMX�I§X�A3H,fKCEF=A[ZtCELMF=A�<
T�X�V³p,DGX�^3LMX�DGV³Z#IyCEX�I,DGV�Z]\7Z#A7CWF=YyCEX�AbIÆH,X�V�DGf�VGI,j>C}ZtCEV�VGI,D³jkZ~CEX�^3p�f�DEZtCEI,DGX_H,XvjkZ~H,fKCEF=A[ZtCELMF=A
fKC}Z#Y,jMLMX~VGF=A7C �~LMY,VGF=A �*)���.��¼H,Â�VO;�x7Q (lp,I,LMV � F=V 1#F=Y�F=LMA,L 1#F�uiXKCv×gp,LMA � �7d��±<¼T.o Z#^3f�jMLMF=DEZtCELMF=A
H,X�V_CEX�J}`,A,F=jMF=�=LMX�V_H,XOj±o F=pyCEF0f�jMX�JKCEDGF=A,LMabI,XPZ#I�J�F=I,DGVvH,X�V~R#�ÀH,X�DGA,LMÂ�DGX�VgZ#A,A,f�X�VgZÀJ�F=A,H,I,L>C�%
j±o f�jkZ#Y�F=DEZtCELMF=AiH,XOp7\0DGF=^3ÂKCEDGX�Vgp,jMI,VvDEZ#p,LMH,X�V_J�F=^3^3XPjMXOp7\0DGF=^3ÂKCEDGX %3�3J�F=I,jMX�I,DGVgH,X �PZtCEF
�*)7��.�� � �7dyÊ,�bq���XKCvH,XOT�f]Z#j���Å�DGF=I,��XKC��*)7��.�� � �7x��±<
T�X�p,DGLMA,J�LMp�X³H,X�V¤^3fKCE`,F0H,X�V¶X�^3p,jMF�\=f�X�V¤J�F=A,VGLMV�CEX�%g^3X�VGI,DGX�D¶jMX�,[I0�§DEZ#H,LkZtCEL>{yf�^3LMV!p[Z#D¶jMX

{%DGF=A7C�H,XvH,fKCEF=A[ZtCELMF=AlXKC %~jMX�CEDEZ#H,I,LMDGXWX�A3CEX�^3p�f�DEZtCEI,DGX�H,X_jMI,^3LMA[Z#A,J�X %Pj±o Z#LMH,XWH,X_jkZnjMF=L,H,X
s.jkZ#A,J�1¼Ê�X�A¾VGI,p,p�F=VEZ#A7COVEZtCELMV�{2Z#L>CEX�VnjMX�VPJ�F=A,H,L>CELMF=A,VnH�o f�abI,LMjMLMY,DGX�CE`,X�DG^3F0Hy\0A[Z#^3LMabI,X§jMF0J]Z#j±Ê

�,;
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X�A H,X�`,F=DGVlH,X�VGabI,X�jMjMX�VlI,A,XÆCEX�^3p�f�DEZtCEI,DGX*A,Xip�X�IyC�	KCEDGX*H,fKh[A,LMX#<¤T�Xip,DGLMA,J�LMp[Z#j�p,DGF=Y,jMÂ�^3X
DGX�A,J�F=A7CEDGfÀp�F=I,DnjkZÆH,fKCEX�DG^3LMA[ZtCELMF=A5H,XljkZ3CEX�^3p�f�DEZtCEI,DGX�u0DEZ#LMX§X�V�CPjkZÆ^3f�J�F=A,A[Z#LMVGVEZ#A,J�XlH,I
{2Z#JKCEX�I,D�H�o f�^3LMVGVGLMF=AÆp�F=I,D³jMX�V�jMF=A,�=I,X�I,DGV³H�o F=A,H,XnH,Xg^3X�VGI,DGXgH,I*p7\0DGF=^3ÂKCEDGX#<ys¶Z#D�X��yX�^3p,jMX#Ê
p�F=I,DOI,A p7\0DGF=^3ÂKCEDGXÆ^3F=A,F0J}`,DGF=^ÆZtCELMabI,X#Ê�jkZ�DGX�jkZtCELMF=A¾X�A7CEDGXÆjkZ CEX�^3p�f�DEZtCEI,DGXÀu0DEZ#LMXÆXKC�jkZ
CEX�^3p�f�DEZtCEI,DGX~H,XP^3X�VGI,DGXPX�V�Cgf��7Z#jMX %i¿
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s.jMI,VGLMX�I,DGV_VGF=jMIyCELMF=A,VWF=A7CvfKCEfPX�A7u0LMVEZ#�=f�X�Vvp�F=I,D_p[Z#jMjMLMX�D�J�XPp,DGF=Y,jMÂ�^3X���;����±<
Å�X�D�C}Z#LMA,X�V�J�F=A,VGLMV�CEX�A7C�%§VGX~p,jkZ#J�X�DWH[Z#A,V�H,X�V�J�F=A,H,L>CELMF=A,VWH,X~J�F=DGp,V�A,F=LMD³h[JKCEL>{�ÊyjMF=DGVGabI�o LMj

A�o \�ZÀabI�o I,A,X�VGX�I,jMXOjMF=A,�=I,X�I,D_H�o F=A,H,XOH,XO^3X�VGI,DGX � R=R�±<�s!F=I,DvI,A5p7\0DGF=^3ÂKCEDGX %ÀH,X�I0�5J�F=I0�
jMX�I,DGV�Ê�j±o `7\0p�F#CE`,Â�VGXlH�o I,A¾J�F=DGp,V~�=DGLMV�Ê|J#o X�V�C���%��BH,LMDGX§abI,XÀj±o f�^3LMVGVGL>u0L>CEfOA,XlH,f�p�X�A,H¾p[Z#V~H,XljkZ
jMF=A,�=I,X�I,DnH�o F=A,H,XlX�V�CPJ�F=I,DEZ#A7CEX � (=�yÊ (=d��±<�'0L¤jMX�VnjMF=A,�=I,X�I,DGVnH�o F=A,H,XlH,Xl^3X�VGI,DGXlVGF=A7COf�jMF=L��
�=A,f�X�V�Ê¼jkZlH,fKCEX�DG^3LMA[ZtCELMF=AiH,XPjkZ§CEX�^3p�f�DEZtCEI,DGXPX�V�CgLM^3p,DGf�J�LMVGX~J]Z#D_LMj�X�V�Cgp�X�I�p,DGF=Y[Z#Y,jMX~abI,X
jMX�V.{2Z#JKCEX�I,DGV�H�o f�^3LMVGVGLMF=AÀVGF=LMX�A7C³u=F=LMVGLMA,V�< �vA,XnZ#IyCEDGX_VGF=jMIyCELMF=AÀJ�F=A,VGLMV�CEX�%PVGI,p,p�F=VGX�D�I,A,X_u#Z��
DGLkZtCELMF=A�jMLMA,f]Z#LMDGX³H,X � X�A§{%F=A,JKCELMF=A§H,X�jkZgjMF=A,�=I,X�I,D¶H�o F=A,H,X�� ry; �,^ÆZ#LMV!J�XKCGCEX�`7\0p�F#CE`,Â�VGX_A�o X�V�Cp[Z#VPu=f�DGL>h[f�XÆp�F=I,DPCEF=IyCEX�V�jMX�VOVGI,D�{2Z#J�X�V�<¶T�XÆH,fKu=X�jMF=p,p�X�^3X�A7C�H,X�V�p7\0DGF=^3ÂKCEDGX�V�^§I,j>CELMJ}`,DGFt�
^ÆZtCELMabI,X�V�Ê¼H,F=A7CnjMXOH,F=^ÆZ#LMA,XPVGp�X�JKCEDEZ#j!H�o fKCEI,H,X�X�V�CnjkZ#DG�=X � 2GI,VGabI�o %5;=ÊSQ&)#+ ��Ê�Z3J�F=A,H,I,L>C %
f�jkZ#Y�F=DGX�D³H�o Z#IyCEDGX�V�^3F0H,Â�jMX�Vv¿0u#Z#DGLkZtCELMF=A3p�F=j>\0A,F=^3LkZ#jMX�X�A*{%F=A,JKCELMF=AÆH,XnjkZ�jMF=A,�=I,X�I,D�H�o F=A,H,X
H,X � � �7x���F=I�X�A,J�F=DGXPH,X���� � � R#���±<Ä!F=IyCEX�V³J�X�V�VGF=jMIyCELMF=A,V¤J�F=A,H,I,LMVGX�A7C %~DGf�VGF=I,H,DGXvI,AÀp,DGF=Y,jMÂ�^3X % � ^3X�VGI,DGX�V�%~H,L��|f�DGX�A7CEX�VjMF=A,�=I,X�I,DGVOH�o F=A,H,X*Z]u=X�J � � %ÆLMA,J�F=A,AbI,X�V O � � � � � R XKC§jMX�V�Z#IyCEX�I,DGVO{%F=A7C�I,A,XÆ`7\0p�F#CE`,Â�VGXp,jMI,V�F=I�^3F=LMA,V12GI,V�CEL>h[f�XPp�F=I,D�X�VGVEZ]\=X�DgH,XPjMXKu=X�D_j±o LMA,H,fKCEX�DG^3LMA[ZtCELMF=A�<


:G�´HG � ��¨_�0�,©�� �y©��, g�g��®W¨g©�� ¢§¦%���g��¬���0©
s.jMI,VGLMX�I,DGV_J}`,X�DGJ}`,X�I,DGVgH,X�V�CEDGF=LMV��=DEZ#A,H,V�jkZ#Y�F=DEZtCEF=LMDGX�V�Z#^3f�DGLMJ]Z#LMA,V�H,XPjkZ§p,`7\0VGLMabI,XOH,X�V

J}`,F0J�V�ÊbT�F=V.×gjkZ#^3F=V.ËgZtCELMF=A[Z#j,T4Z#Y�F=DEZtCEF=D�\=Ê 'yZ#A,H,LkZ~ËgZtCELMF=A[Z#jyT4Z#Y�F=DEZtCEF=D�\§XKC � Z#VG`,LMA,�#CEF=A
'bC}ZtCEX �vA,L>u=X�DGVGL>CB\ � d7Q0Ê!Q#xyÊ!r7Q�³F=A7C�DGX�J�X�A,VGfÆjMX�VPCEX�J}`,A,LMabI,X�V�H�o Z#A[Z#j>\0VGXÆF=pyCELMabI,XÀH,fKu=X�jMF=p0�
p�f�X�V³p�F=I,D�jkZ~J�F=^3p,DGf�`,X�A,VGLMF=A3H,X�V³^3f�J]Z#A,LMVG^3X�V³ZtCEF=^3LMabI,X�V.XKC�^3F=jMf�J�I,jkZ#LMDGX�V¤Z#LMA,VGL[abI,XvH,X�V
J�LMA,fKCELMabI,X�V�J}`,LM^3LMabI,X�V�abI,L�DGf��=LMVGVGX�A7C_jMX~J�F=^3p�F=D�CEX�^3X�A7C�H�o I,A X��yp,jMF=VGL>{¶VGF=I,^3LMV %§I,A�J}`,F0J#<
T�X�Vl^3X�VGI,DGX�VÀDGf]Z#jMLMVGf�X�V§X�A {%F=A,JKCELMF=A H,I CEX�^3p,VlZ#p,p[Z#DEZ#LMVGVGX�A7CÀjMX�Vlp,jMI,V§IyCELMjMX�V§^ÆZ#LMV�VGF=A7C
A,f]Z#A,^3F=LMA,VWH,L �3J�LMjMX�V %l^3XKCGCEDGX~X�A F0X�Iyu0DGX#<¼T�X�V�CEX�J}`,A,LMabI,X�VvH,X~VGp�X�JKCEDGF=VGJ�F=p,LMXPVGF=A7CvjkZ#DG�=X��
^3X�A7CvX��yp,jMF=L>CEf�X�V_abI,X�J�XPVGF=L>CvX�A�C}Z#A7CvabI,XOVGp�X�JKCEDGF=VGJ�F=p,LMXOf�jMX�JKCEDGF=A,LMabI,XPF=I�VGp�X�JKCEDGF=VGJ�F=p,LMX
u0LMY,DEZtCELMF=A,A,X�jMjMX#<
T4ZÆVGp�X�JKCEDGF=VGJ�F=p,LMX§H�o Z#Y,VGF=DGpyCELMF=AwH[Z#A,VnjMX�H,F=^ÆZ#LMA,XPu0LMVGLMY,jMX�ZÆp�X�DG^3LMV�%*s¶Z#A,�=LMjMLMA[Z#A �*)

��.�� � dy;=Ê (=ryÊ (#���!H,X�^3XKCGCEDGXPX�AwfKu0LMH,X�A,J�X�jMXPH,f�J]Z#jkZ#�=XOH,I5p,LMJPH�o Z#Y,VGF=DGpyCELMF=A5H,IwËnÍ %Ær=�=�
� +
u=X�DGVgjMX�Vv�=DEZ#A,H,X�VgjMF=A,�=I,X�I,DGVvH�o F=A,H,X#Ê�H,f�J]Z#jkZ#�=XPabI,L!H,f�p�X�A,HwH,X�jkZlCEX�^3p�f�DEZtCEI,DGXPVGF=I,V
J}`,F0J XKC3H,I A,L>u=X]Z#I H,X p,DGX�VGVGLMF=A�< �~AbI,H,VGF=A �*) ��.��.F=A7C3^3LMVlZ#I p�F=LMA7CÀI,A,X ^3fKCE`,F0H,XiH,X
VGp�X�JKCEDGF=VGJ�F=p,LMX§H�o Z#Y,VGF=DGpyCELMF=A½Z]u=X�J§I,A,X§DGf�VGF=jMIyCELMF=A�CEX�^3p�F=DGX�jMjMXPH,X*;��=� � *=Ê�X�A½VGF=I,jMLM�=A[Z#A7C
abI�o I,A,X~Z#I,�=^3X�A7C}ZtCELMF=A3H,XgjkZPDGf�VGF=jMIyCELMF=AÀCEX�^3p�F=DGX�jMjMX�A,f�J�X�VGVGL>CEXnjkZOH,LM^3LMAbIyCELMF=AlH,XgjkZPH,I,DGf�X

�bR
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H�o X�A,DGX��=LMV�CEDGX�^3X�A7C.H,X�j±o X��yp�f�DGLMX�A,J�X�� � (�� �%jMLM^3L>C}ZtCELMF=A,V�H,X�V.Z#p,p[Z#DGX�LMjMjkZ#�=X�V4p�F=I,D¶j±o Z#J�abI,LMVGL>CELMF=A
H,X�V_^3X�VGI,DGX�V ��<
egX�V_^3X�VGI,DGX�V_H,XPVGp�X�JKCEDGF=VGJ�F=p,LMX~H�o f�^3LMVGVGLMF=AiF=A7C_f��7Z#jMX�^3X�A7C_fKCEf~^3X�A,f�X�V_H,X�p,I,LMV~;�x=d=�y<

T�X�VÆCEX�^3p,VÆH,XwDGf�p�F=A,VGXwF=A7C*fKCEfwDGf�H,I,L>CEVÆH,X ;]�7� ) * � R#d���%9^3F=LMA,V3H,X°Q#� � * � d7RbÊWr#���±<
T.o F=Y 2GX�JKCEL>{�H,XvJ�X�V�fKCEI,H,X�V�fKC}Z#A7C�p[Z#D�{%F=LMV�H�o F=YyCEX�A,LMD�jkZ~CEX�^3p�f�DEZtCEI,DGX_H,IÆ^3LMjMLMX�I�Ê#jkZ~VGp�X�JKCEDGFt�
VGJ�F=p,LMXvp�X�DG^3XKC�Z#jMF=DGV�H�o Z]u=F=LMD³p,jMI,V�H�o LMAy{%F=DG^ÆZtCELMF=A,V¤X�AÆ{%F=A,JKCELMF=AÀH,XgjkZ~jMF=A,�=I,X�I,D�H�o F=A,H,XgX�A
J�F=^3p[Z#DEZ#LMVGF=A½Z]u=X�JljkZÆp7\0DGF=^3fKCEDGLMX#<�enZ#A,V~j±o LMAy{%DEZ#DGF=I,�=X#Ê�s.LMX�DG^ÆZ#DGLMA,L7�*):��.���F=A7C~fKCEI,H,LMf§jMX�V
p,DGF0H,I,L>CEV�H,X~H,f�J�F=^3p�F=VGL>CELMF=A*H,I5ËnÍ
VGF=I,V_`[Z#IyCEXPp,DGX�VGVGLMF=A�Ê[X�A V�C}ZtCELMabI,X#Ê[p[Z#DWVGp�X�JKCEDGF=^3f��
CEDGLMX %§CEDEZ#A,V�{%F=DG^3f�X~H,X"M[F=I,DGLMX�D�� d=r��±<
T4ZiVGp�X�JKCEDGF=VGJ�F=p,LMX3�vZ#^ÆZ#A½X�V�COI,A,Xl^3fKCE`,F0H,X§CEDGÂ�VPIyCELMjMX§p�F=I,D~H,fKCEX�DG^3LMA,X�DnjMX�V~V�C}Z#H,X�V

LMA,L>CELkZ#I0�iH,XOjkZÀDGf]Z#JKCELMF=A�J}`,LM^3LMabI,X#<¼z.jMjMX~J�F=^3p,jMÂKCEXOjMX�V_^3X�VGI,DGX�VgH�o Z#Y,VGF=DGpyCELMF=A�XKCgH,X ,[I,Ft�
DGX�VGJ�X�A,J�X#< � LMA,XK\ �*) ��.���F=A7COZ#LMA,VGL¤p,DGF=p�F=VGflabI,XÀjkZ*H,f�J�F=^3p�F=VGL>CELMF=AwH,I¾ËnÍ VGXÀH,f�DGF=I,jkZ#L>C
VGX�jMF=AiI,A p,DGF0J�X�VGVGI,V_Y,LM^3F=jMf�J�I,jkZ#LMDGX � (7R��±<[egX�jMp,I,X�J}` �*)���.��,F=A7C_H,fKCEX�DG^3LMA,fnjkZOCEX�^3p�f�DEZtCEI,DGX
%3j±o Z#DGDGLMÂ�DGX~H,X�j±o F=A,H,XOH,XOJ}`,F0J*%3j±o Z#LMH,X~H,IwDEZtCELMFÀH,X�VgLMA7CEX�A,VGL>CEf�VgH,XOH,L��|I,VGLMF=A5Z#A7CEL�� 'bCEF�1#X�V
XKC 'bCEF�1#X�V � R=Q�±<�T4ZÆVGp�X�JKCEDGF=VGJ�F=p,LMXl�vZ#^ÆZ#AwZiZ#I,VGVGL¶fKCEf§IyCELMjMLMVGf�XOp�F=I,DgH,X�V~fKCEI,H,X�V~X�A½V�C}Z��
CELMabI,XÀH,I9ËnÍ VGF=I,VOX�A,J�jMI,^3XlH,X3H,LkZ#^ÆZ#A7CPZth[A¾H,XÀH,fKCEX�DG^3LMA,X�DPjMXlH,LkZ#�=DEZ#^3^3X�H,XÀp,`[Z#VGX
H,XPj±o X��yp,jMF=VGL>{!X�A {%F=A,JKCELMF=A H,XPjkZ§p,DGX�VGVGLMF=A�XKCvH,XPjkZ�CEX�^3p�f�DEZtCEI,DGX � R#r��±<

� X,@ � � � �+\ � � � � �
T�X�V3^3fKCE`,F0H,X�VÀH�o Z#A[Z#j>\0VGX F=pyCELMabI,X#Ê¤H,X VGp�X�JKCEDGF=VGJ�F=p,LMX�F=I H,X p7\0DGF=^3fKCEDGLMX#Ê¤X�A Hy\0A[Z��

^3LMabI,X~F=I�X�A�V�C}ZtCELMabI,X#Ê[VGXOJ�F=^3p,jMÂKCEX�A7C_XKC_{%F=I,DGA,LMVGVGX�A7CgH,X�V_f�jMf�^3X�A7CEV_LMA,H,LMVGp�X�A,VEZ#Y,jMX�V�%ljkZ
J�F=^3p,DGf�`,X�A,VGLMF=A�H,XPjkZ§ÄvÅWe�<
Å�X�V§H,X�DGA,LMÂ�DGX�VlZ#A,A,f�X�V�Ê¶jMX*ÅWz���V�o X�V�ClF=DGLMX�A7CEf3u=X�DGV§jkZ p7\0DGF=^3fKCEDGLMX3F=pyCELMabI,X %5d5jMF=A0�

�=I,X�I,DGVnH�o F=A,H,X&%3CEDEZ]u=X�DGV~jkZ3CE`,Â�VGXlH,XlT�f]Z#j���Å�DGF=I,��XKC�� Q#���±<�T�X�V~^3X�VGI,DGX�VnH,X�CEX�^3p�f�DEZtCEI,DGX
u0DEZ#LMX�F=YyCEX�AbI,X�V*X�A�H,fKCEF=A[ZtCELMF=A V�C}ZtCELMF=A,A[Z#LMDGX�Z#IyCEF=A,F=^3X�VGF=A7C*X�A�Y�F=A�Z#J�J�F=DGH Z]u=X�J5jMX�V
J]Z#jMJ�I,jMV3CE`,f�F=DGLMabI,X�ViXKCijMX�ViZ#IyCEDGX�ViH,F=A,A,f�X�ViX��yp�f�DGLM^3X�A7C}Z#jMX�V��,( 
NVGX�JKCELMF=A ry<SQ ��<WT.o `7\0p�Ft�
CE`,Â�VGX*J}`,F=LMVGLMXÆp�F=I,DOjMX3{2Z#JKCEX�I,D�H�o f�^3LMVGVGLMF=A9X�V�C§I,A,XÆu#Z#DGLkZtCELMF=A°p�F=j>\0A,F=^3LkZ#jMXlX�A9{%F=A,JKCELMF=A
H,X~jkZ§jMF=A,�=I,X�I,DWH�o F=A,H,X#<¼T.o fKu=F=jMIyCELMF=AiH,Ii{2Z#JKCEX�I,D_H�o f�^3LMVGVGLMF=AiX�A7CEDGXP�yÊ x=xlXKCv�yÊ (=d§H,Ii{%DGF=A7C
H,XiH,fKCEF=A[ZtCELMF=A ^3F=A7CEDGXiabI,XiJ�Xi{%DGF=A7ClA�o f�^3XKCÀp[Z#VlJ�F=^3^3X*I,A J�F=DGp,VÀA,F=LMD�p[Z#D�{2Z#L>Cl^ÆZ#LMV
J�F=Ay{%F=D�CEXgj±o `7\0p�F#CE`,Â�VGX~H�o I,AiDEZ]\=F=A,A,X�^3X�A7C_H,XnVGI,D�{2Z#J�X#<,z.AiX �|XKC]Êyj±o fKC}ZtCWH,X�A,VGX~H[Z#A,VWjMX�abI,X�j
VGX*CEDGF=Iyu=X�A7C3jMX�V§p,DGF0H,I,L>CEV�H,XiH,fKCEF=A[ZtCELMF=A J�F=A,H,I,L>C %wp�X�A,VGX�DÀabI,XijMX*^3LMjMLMX�I9ZwI,A,XiF=p[Z��
J�L>CEfOf�jMXKu=f�X#<�egX�p,jMI,V�Ê�j±o f�jkZ#DG�=LMVGVGX�^3X�A7CvH,X�VnDEZ#LMX�V�%3`[Z#IyCEX�p,DGX�VGVGLMF=Awp�F=I,DGDEZ#L>CvLMA,H,I,LMDGXOI,A,X
u#Z#DGLkZtCELMF=A ^3F=A,F#CEF=A,XiH,I {2Z#JKCEX�I,DÀH�o f�^3LMVGVGLMF=A X�A {%F=A,JKCELMF=A H,X jkZ½jMF=A,�=I,X�I,DlH�o F=A,H,X#<³T�X�V
CEX�^3p�f�DEZtCEI,DGX�V³H,XvjMI,^3LMA[Z#A,J�X�^3X�VGI,DGf�X�V�A,XvVGF=A7C�p[Z#V³f��7Z#jMX�V�Ê7LMj,{2Z#IyC³H,F=A,JvV�o LMA7CEX�DGDGF=�=X�D³VGI,D
j±o F=DGLM�=LMA,XgH,XPJ�XKCvf�J]Z#D�CO¿� jkZg^3X�VGI,DGX�A,X�VGX�DEZ#L>C.p[Z#V.X�AlCEF=IyCEXWDGLM�=I,X�I,D¤VGI,D�{2Z#J�LMabI,X�^ÆZ#LMV¶LMA7CEf��=DGf�X�VGI,D.I,A,X�p�XKCEL>CEXf�p[Z#LMVGVGX�I,D�Ê[J�F=DGDGX�VGp�F=A,H[Z#A7C�%lj±o f�p[Z#LMVGVGX�I,D�H,XPjkZl��F=A,XPH,XPDGf]Z#JKCELMF=A�Ê� jMX�J�F0X��3J�LMX�A7C³H�o Z#Y,VGF=DGpyCELMF=AÀ^3F=A,F0J}`,DGF=^ÆZtCELMabI,XWX�AÀ{%F=A,JKCELMF=AÀH,X_jkZnjMF=A,�=I,X�I,D�H�o F=A,H,XVGI,Y,L>C�H,XgjMf��=Â�DGX�V³u#Z#DGLkZtCELMF=A,V�Z#IÆJ�F=I,DGV�H,XgjkZOp,DGF=p[Z#�7ZtCELMF=AÀH,Xgj±o F=A,H,XvH,XgH,fKCEF=A[ZtCELMF=A�Ê
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� jMXP{%DGF=A7CgA�o Z3p[Z#VgI,A,X�V�CEDGI,JKCEI,DGX�I,A,L>{%F=DG^3XP^ÆZ#LMV_I,A,X�V�CEDGI,JKCEI,DGX�J�X�jMjMI,jkZ#LMDGX~H,F=A,A[Z#A7CI,A�X �|XKCvH,XPDGI,�=F=VGL>CEfPZ#Ii{%DGF=A7C]<
egXÀp,jMI,V~�=DEZ#A,H,X�VPLMA,J�X�D�CEL>CEI,H,X�V~H,X�^3X�I,DGX�A7COX�A¾J�XÀabI,L.J�F=A,J�X�DGA,XÀjkZÆCEX�^3p�f�DEZtCEI,DGXlH,I0�

DEZ#A7C³jkZnÄvÅWe�<0T�X�V³`7\0p�F#CE`,Â�VGX�V�H�o I,A,X_f�^3LMVGVGLMF=AÀH,X_VGI,D�{2Z#J�X_XKC³H�o I,A,X_u#Z#DGLkZtCELMF=A§jMLMA,f]Z#LMDGXWH,X
j±o f�^3LMVGVGL>u0L>CEf_X�Ai{%F=A,JKCELMF=AÆH,XnjkZ�jMF=A,�=I,X�I,D�H�o F=A,H,XnA�o F=A7C�p[Z#V�H,Xg{%F=A,H,X�^3X�A7CEVWp,`7\0VGLMabI,X�V�<[?Bj
X�V�C�{%F=D�C�p�F=VGVGLMY,jMXgabI,XPjMX�,[I0�ijMI,^3LMA,X�I0�Æ^3X�VGI,DGf~p,DGF�u0LMX�A,A,XPZ#jMF=DGVWH�o I,A*u=F=jMI,^3X#<,enZ#A,V�jMX�V
H,X�I0�wJ]Z#V�Ê|f�^3LMVGVGLMF=A5H,X�VGI,D�{2Z#J�X§F=Iwf�^3LMVGVGLMF=A�u=F=jMI,^3LMabI,X#Ê¼LMj4X�V�C~A,f�J�X�VGVEZ#LMDGX§H,X§J�F=A,A[Z�^MCEDGX
jMX�V�J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V�F=pyCELMabI,X�V�p�F=I,DWp�F=Iyu=F=LMDWH,fKCEX�DG^3LMA,X�D�jkZOCEX�^3p�f�DEZtCEI,DGX#<¼Í5Z#LMVWjMX�I,DWH,f��
CEX�DG^3LMA[ZtCELMF=AlX�V�C�J�F=^3p,jMX��yX#<0T�X_A,L>CEDGF=^3fKCE`[Z#A,X_fKC}Z#A7C�jMX_VGLMÂ��=X_H,XvDGf]Z#JKCELMF=A,V�J}`,LM^3LMabI,X�V³abI,L
J�F=A,H,I,LMVGX�A7C�%OjkZn{%F=DG^ÆZtCELMF=AlH,Xvp,DGF0H,I,L>CEV.H,XvDGf]Z#JKCELMF=A3H,F=A7C�F=A3A,XvJ�F=A,A[Z�^MC³A,L¼p,DGf�J�LMVGf�^3X�A7C
jkZiA[ZtCEI,DGX#Ê�A,L.jkZiJ�F=A,J�X�A7CEDEZtCELMF=A¾XKCOabI,L.VGF=A7C�p,DGF=Y[Z#Y,jMX�^3X�A7CP`,F=DGVPf�abI,LMjMLMY,DGX#Ê�F=A¾A,XÀp�X�IyC
VEZ]u=F=LMD~V�o LMjMV~VGF=A7COF=p[Z#abI,X�VPF=I°A,F=A�<4T�X�VPf�^3LMVGVGLMF=A,VgCE`,X�DG^3LMabI,X�VPH,X�VPJ�F=I,J}`,X�VOVGI,J�J�X�VGVGL>u=X�V
H,I9A,L>CEDGF=^3fKCE`[Z#A,XÀabI,L�Z DGf]Z#�=L�VGF=A7C�u0DEZ#LMVGX�^§Y,jkZ#Y,jMX�^3X�A7C~CEDGÂ�VOH,L��|f�DGX�A7CEX�V�Ê!X�A DEZ#LMVGF=A¾H,I
{%F=D�C��=DEZ#H,LMX�A7C�H,XgJ�F=A,J�X�A7CEDEZtCELMF=A*H,X�V�X�VGp�Â�J�X�V��7Z#��X�I,VGX�V�XKC�J�F=A,H,X�A,VGf�X�V_X�A*p,DGf�VGX�A,J�X#<,?Bj�X�V�C
u0DEZ#L[abI,X_j±o F=AÀp�X�IyC³V�o Z#LMH,X�D.H�o I,A3J�F0H,X_H,X_J]Z#jMJ�I,jyCE`,X�DG^3F0J}`,LM^3LMabI,XWabI,L[H,fKCEX�DG^3LMA,X�jkZnJ�F=^l�
p�F=VGL>CELMF=AwJ}`,LM^3LMabI,X§XKCPj±o fKC}ZtCnCE`,X�DG^3F0Hy\0A[Z#^3LMabI,X§X�A9Z]u#Z#j¤H�o I,A,XÀH,fKCEF=A[ZtCELMF=A �,( 
9VGX�JKCELMF=A
R0<SR0<SR ��<bÅ�X�p�X�A,H[Z#A7C]ÊbF=AÀA,X_p�X�IyC³p[Z#V¤u=f�DGL>h[X�D�X��yp�f�DGLM^3X�A7C}Z#jMX�^3X�A7C�abI,X�jMV�VGF=A7C³jMX�V.p,DGF0H,I,L>CEV
H,XPDGf]Z#JKCELMF=A�<
egXÆp,jMI,V�Ê�J�F=^3^3X�A7CODGX�p�f�DGX�D�F=pyCELMabI,X�^3X�A7COjMX�VOX�VGp�Â�J�X�V�p�F=I,DOH,X3VGL�`[Z#IyCEX�VOp,DGX�VGVGLMF=A,V

XKC~CEX�^3p�f�DEZtCEI,DGX�V~VEZ#J}`[Z#A7CPabI,XÀjMX�VnVGp�X�JKCEDGX�VOH�o Z#Y,VGF=DGpyCELMF=A½F=I½H�o f�^3LMVGVGLMF=A½H,X�V~^3F=jMf�J�I,jMX�V
u#Z#DGLMX�A7CÆZ]u=X�J�J�X�VÆH,X�I0� p[Z#DEZ#^3ÂKCEDGX�VÀXKC3abI�o LMj_A�o \ Z°p[Z#V3H,X�Y[Z#A,abI,X�V3H,X�H,F=A,A,f�X�VÆp�F=I,D
H,X�V§u#Z#jMX�I,DGV§Z#I,VGVGLWf�jMXKu=f�X�V 	5T4Z5p,jMI,p[Z#D�C§H,X�Vl^3fKCE`,F0H,X�V§IyCELMjMLMVGf�X�V�X�A V�C}ZtCELMabI,X*p�F=I,D�H,f��
CEX�DG^3LMA,X�Dij±o f�^3LMVGVGL>u0L>CEf � d (yÊ��,; �±Ê�A,X¾VGF=A7C�p,jMI,V�Z#p,p,jMLMJ]Z#Y,jMX�V*X�A H,fKCEF=A,LMabI,X°J]Z#D X�jMjMX�ViA,X
p�X�DG^3XKCGCEX�A7CWp[Z#V³H�o Z#J�J�f�H,X�D�Z#I0�ÆDGf�VGF=jMIyCELMF=A,V.CEX�^3p�F=DGX�jMjMX�V�A,f�J�X�VGVEZ#LMDGX�V�<,T�X�V�^3F0H,f�jMLMVEZtCELMF=A,V
J]Z#jMJ�I,jkZ#A7CnjMX�VnVGp�X�JKCEDGX�VPH�o f�^3LMVGVGLMF=AwH,X�V~X�VGp�Â�J�X�VP�7Z#��X�I,VGX�VPX�Aw{%F=A,JKCELMF=AwH,XljkZÆp,DGX�VGVGLMF=A½XKC
H,XnjkZPCEX�^3p�f�DEZtCEI,DGX %�p[Z#D�CELMD³H,XnY[Z#VGX�V�H,XnH,F=A,A,f�X�V�� d=d0Êy�=����VGF=A7C�jMLM^3L>CEf�X�V�H[Z#A,VWjMX�V�J�F=A,H,L��
CELMF=A,V�CE`,X�DG^3F0Hy\0A[Z#^3LMabI,X�V�H,XijkZ5H,fKCEF=A,LMabI,X#<.egX�V§u#Z#jMLMH[ZtCELMF=A,VOX��yp�f�DGLM^3X�A7C}Z#jMX�V�p�X�Iyu=X�A7C
p�X�DG^3XKCGCEDGX�A7CWH,XgjMX�V³u=f�DGL>h[X�D�^ÆZ#LMV�LMj[{2Z#IyCWH�o Z#Y�F=DGHÆJ�F=^3^3X�A,J�X�D�p[Z#D³H,X�VWp,DGX�VGVGLMF=A,V³{2Z#LMY,jMX�V�Ê
H,XPj±o F=DGH,DGX~H�o I,A,XPH,LM�]Z#LMA,X~H,XPY[Z#D���;�x��±<
z.Ayh[A�ÊbVGL,jMXW{%DGF=A7C�H,X_H,fKCEF=A[ZtCELMF=AlX�V�C³Y,LMX�A3F=p[Z#abI,X�J�F=^3^3X�jMXWVGI,�=�=Â�DGX�A7C�H,X_A,F=^§Y,DGX�I0�

Z#IyCEX�I,DGV�Ê[J�F=^3^3X�A7C_F=Y,VGX�D�u=X�DgJ�XPabI,L�VGXPp[Z#VGVGX %lj±o Z#DGDGLMÂ�DGXnH,XPJ�XP{%DGF=A7C 	
� F=LMj %°p�F=I,DGabI,F=Lvj±o LMA7CEX�DGp,DGfKC}ZtCELMF=A H,X�VÆ^3X�VGI,DGX�V*H,X5p7\0DGF=^3fKCEDGLMX5X�V�C*jMLM^3L>CEf�Xip�F=I,D3jkZ

p,`[Z#VGX�H,X�ÄvÅWe�F��5jMX�Vvp,`,f�A,F=^3Â�A,X�VnVGF=A7CgJ�F=^3p,jMX��yX�VgXKCgDEZ#p,LMH,X�V�<¼?Bj!X�V�CgH,F=A,J�A,f�J�X�VGVEZ#LMDGX
H,X�^3XKCGCEDGX³X�AlfKu0LMH,X�A,J�X�j±o f�^3LMVGVGLMF=AOH,X�V¶p,DGF0H,I,L>CEV!H,XWDGf]Z#JKCELMF=AOXKC¤p,jMI,V¶�=f�A,f�DEZ#jMX�^3X�A7C¶H,X�H,f��
CEX�DG^3LMA,X�D�jMX�V³J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V�F=pyCELMabI,X�V³H,I*^3LMjMLMX�IÀZth[AÆH,Xvu=f�DGL>h[X�D³F=IÆDGX�^3XKCGCEDGXgX�AÆJ]Z#I,VGX
jMX�V�`7\0p�F#CE`,Â�VGX�Vlp,DGf�J�f�H,X�A7CEX�V�<�s!F=I,D§Z]u#Z#A,J�X�D§H[Z#A,V�jkZ�J�F=^3p,DGf�`,X�A,VGLMF=A�Ê!LMj�X�V�C§LM^3p�F=D�C}Z#A7C
H�o Z#J�J�f�H,X�D�%gjkZgDGf�p[Z#D�CEL>CELMF=A§VGp[ZtCELkZ#jMX³XKC.CEX�^3p�F=DGX�jMjMX³H,XWjkZvCEX�^3p�f�DEZtCEI,DGXWXKC�H,X�V.X�VGp�Â�J�X�V�J}`,L��
^3LMabI,X�Vvp,DGf�VGX�A7CEX�VPZ#I5^3F�\=X�AwH�o I,A,X�^3fKCE`,F0H,X�Z#H[Z#pyCEf�X§Z#I0��^3LMjMLMX�I0�iVGX�^3L���CEDEZ#A,VGp[Z#DGX�A7CEV�<
T�X�V¤^3fKCE`,F0H,X�V¤H,XWVGp�X�JKCEDGF=VGJ�F=p,LMX�DGf�p�F=A,H,X�A7C�%nJ�XWp,DGF=Y,jMÂ�^3X�J]Z#D¶X�jMjMX�V¶A,XWVGF=A7C�p[Z#V¤jMLM^3L>CEf�X�V
% I,A9J}`,F=L��°H,X3jMF=A,�=I,X�I,DGVPH�o F=A,H,X3H,X3^3X�VGI,DGX3XKC�jkZiDGf�VGF=jMIyCELMF=A°VGp�X�JKCEDEZ#jMXÀX�V�C§^3X�LMjMjMX�I,DGX#<
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z.jMjMX�V~p�X�DG^3XKCGCEX�A7COH�o Z]u=F=LMDOZ#LMA,VGL¤p,jMI,VPH�o LMAy{%F=DG^ÆZtCELMF=A,VnVGI,DPjMX�VPJ]Z#DEZ#JKCEf�DGLMV�CELMabI,X�VPF=pyCELMabI,X�V
H,I¾^3LMjMLMX�I�<�T4Z H,fKCEX�DG^3LMA[ZtCELMF=AwH,XÀjkZÆCEX�^3p�f�DEZtCEI,DGX %ip[Z#D�CELMDnH,X�VP^3X�VGI,DGX�VOH,XÀjMI,^3LMA[Z#A,J�X
A,f�J�X�VGVGL>CEX_X�A,VGI,L>CEX�H,XW{2Z#LMDGXWZ#p,p�X�j %nH,X�V�^3fKCE`,F0H,X�V¤^ÆZtCE`,f�^ÆZtCELMabI,X�V¤H,X�DGf�VGF=jMIyCELMF=A§LMA7u=X�DGVGX#<
T�X_J}`,F=L��ÀH�o I,AÆH,LkZ#�=A,F=V�CELMJWJ�F=^3p,jMf�^3X�A7C}Z#LMDGX %~jkZ~p7\0DGF=^3fKCEDGLMX_ZPfKCEf_H,LMVGJ�IyCEfvZ#IÀCEDEZ]u=X�DGV

H,X�V�fKCEI,H,X�V�H,X~VGp�X�JKCEDGF=VGJ�F=p,LMXnH,fKu=X�jMF=p,p�f�X�V_p�F=I,DWj±o fKCEI,H,XnH,X�V�^ÆZtCEf�DGLkZ#I0�3J�F=A,H,X�A,VGf�VgZ#LMA,VGL
abI,X_jMX�V�Z#IyCEDGX�V¤CEX�J}`,A,LMabI,X�V³X��yLMV�C}Z#A7CEX�V�<bT.o F=Y 2GXKC�H,X_jkZvCE`,Â�VGX_A�o fKC}Z#A7C³p[Z#V.H,X_H,f�J�DGLMDGXWCEF=IyCEX�V
J�X�V³CEX�J}`,A,LMabI,X�V�Ê0jMX_jMX�JKCEX�I,D³p�F=I,DGDEZPVGXvDGX�p�F=D�CEX�D³Z#I0�3DGfK{%f�DGX�A,J�X�VWVGI,L>u#Z#A7CEX�V�� �7ryÊbd7q0Ê7�7�yÊ¼;�Q�±<
T�XgJ}`,F=L��ÆV�o X�V�C�p�F=D�CEf_CEF=IyCWH�o Z#Y�F=DGHÆVGI,D�I,A,XgCEX�J}`,A,LMabI,XnH,L>CEXvp[Z#VGVGL>u=X#Êyp[Z#D³F=p,p�F=VGL>CELMF=AÆZ#I0�
CEX�J}`,A,LMabI,X�V3Z#JKCEL>u=X�VlabI,LW{%F=A7ClLMA7CEX�D�u=X�A,LMD§I,A,X VGF=I,DGJ�XijMI,^3LMA,X�I,VGX*X�A p,jMI,V§H,I V�\0V�CEÂ�^3X�%
fKCEI,H,LMX�D��%J]Z#V�H,X.jkZWVGp�X�JKCEDGF=VGJ�F=p,LMX�H�o Z#Y,VGF=DGpyCELMF=A~F=IPH,X¤CEDEZ#A,VG^3LMVGVGLMF=A���<]s¶Z#DG^3L#jMX�V�^3fKCE`,F0H,X�V
p[Z#VGVGL>u=X�V�Ê7jkZnVGp�X�JKCEDGF=VGJ�F=p,LMX�H�o f�^3LMVGVGLMF=AlV�o X�V�C³Z]u=f�DGf�XvjkZvCEX�J}`,A,LMabI,X_jkZnp,jMI,V¤VGLM^3p,jMX�%~^3XKCGCEDGX
X�AiF0X�Iyu0DGX~J�F=^3pyCEXgCEX�AbIiH,I H,LMVGp�F=VGL>CEL>{�X��yp�f�DGLM^3X�A7C}Z#j|H,X~H,fKCEF=A[ZtCELMF=A*XKC�p,DGF=^3XKCGCEX�I,VGX#Ê,Z#I
u0I A,F#C}Z#^3^3X�A7ClH,Xij±o fKCEI,H,XiH,X VGp�X�JKCEDGF=VGJ�F=p,LMX H�o f�^3LMVGVGLMF=A H,I ËnÍ H,X �~DGI,H,� 1#F�u �*) ��.��
� r#� �±<0z.jMjMXvDGX�p�F=VGXgVGI,DWjMXv^
	�^3Xvp,DGLMA,J�LMp�X_abI,XnjkZOp7\0DGF=^3fKCEDGLMXv^ÆZ#LMV�jkZODGf�VGF=jMIyCELMF=A3VGp�X�JKCEDEZ#jMX
X�V�Cvp,jMI,V�h[A,X#<

�bQ
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�HX�W � ��� �3Z � � Y � � �
T.o F=Y 2GX�JKCEL>{�H,X�VgX�VGVEZ#LMVnX�V�CnH�o fKCEI,H,LMX�DgjMX�Vvp,`,f�A,F=^3Â�A,X�VnDGf��=LMVGVEZ#A7Cnj±o Z#^3F=DGØ]Z#�=XPXKCnjkZÀH,f��

CEF=A[ZtCELMF=A9H,I A,L>CEDGF=^3fKCE`[Z#A,X#<¶T�X*p,DGLMA,J�LMp�XÆJ�F=A,VGLMV�CEX %5LMA,H,I,LMDGXÆI,A,X*F=A,H,X*H,X*J}`,F0Jip,jkZ#A,X
VGF=IyCEX�AbI,XvH[Z#A,V�jMXWA,L>CEDGF=^3fKCE`[Z#A,XWp[Z#D.LM^3p[Z#JKC.p,jkZ#AlH�o I,A3p,DGF�2GX�JKCELMjMX�VGI,D.I,A,X_J�X�jMjMI,jMXWJ�F=A7CEX��
A[Z#A7C¤j±o X��yp,jMF=VGL>{ �	M¶LM�,<tQ0<>;���<tT�X�H,LM^3X�A,VGLMF=A,A,X�^3X�A7C!H,I§V�\0V�CEÂ�^3XWX�V�C¶CEX�j0abI,XWjMX�V!p,`,f�A,F=^3Â�A,X�V
F=Y,VGX�D�u=f�VvVGXPH,f�DGF=I,jMX�A7C�VGX�jMF=A I,A f�J�F=I,jMX�^3X�A7C_p,jkZ#AiVGF=IyCEX�AbI�Ê[A,F=A p�X�D�CEI,DGY�f~p[Z#D�jMX�VWX �|XKCEV
H,XPY�F=DGH�<

Impacteur
en cuivre

Plaque de transfert
en cuivre

NM

Tête optique

Chambre en
polyéthylène Fibre optique

Vers système
de mesure

Projectile Cible Visée optique

Fenêtre en LiF

������ Q0<>;~��� (��'-*��� !8��% +�����(*� %'�"!8� � � � � ���/� !8� !8-*)&��� ��)	� ���

T�X�V¶CEDGF=LMV4p,DGLMA,J�LMp[Z#I0�Of�jMf�^3X�A7CEV¶J�F=A,V�CEL>CEIyCEL>{%V!H,I§V�\0V�CEÂ�^3XWVGF=A7C¤I,A§p,DGF�2GX�JKCELMjMX#Ê�I,A,X�J�LMY,jMX
J�F=A7CEX�A[Z#A7Cgj±o X��yp,jMF=VGL>{!XKC_I,A�H,LMVGp�F=VGL>CEL>{!H,XPJ�F=jMjMX�JKCEXnH,I-,[I0��jMI,^3LMA,X�I0�|<
T�X�jkZ#A,J�X�I,D %vp�F=I,H,DGX�×n�vz�'OH,IÀÅWz�� H�o I,A,X�jMF=A,�=I,X�I,D!H,Xg;���+ p,DGF=p,I,jMVGX�jMX³p,DGF�2GX�JKCELMjMX

VGI,DnjkZÆJ�LMY,jMXOH,X§A,L>CEDGF=^3fKCE`[Z#A,X*%ÆI,A,X�u0L>CEX�VGVGXlH,X§j±o F=DGH,DGX�H,X*;�x#�7� + � *§p�F=I,D~Z#^3F=DGJ�X�DvjkZ
H,fKCEF=A[ZtCELMF=A�<�×vh[APH�o Z#VGVGI,DGX�D4I,APLM^3p[Z#JKC�p,jkZ#A�Ê�jMX¤^3F=A7C}Z#�=X¤J�LMY,jMX¶X�V�C¶Z#jMLM�=A,f¶VGI,L>u#Z#A7C�j±o Z��yX.H,I
jkZ#A,J�X�I,D�<yT.o Z#A,�=jMXgX�A7CEDGX~jkZP{2Z#J�X~Z]u#Z#A7CWH,Xnj±o LM^3p[Z#JKCEX�I,D³XKC�jkZOJ�LMY,jMX#ÊyZ#p,p�X�jMfvCELMj>C %�j±o LM^3p[Z#JKC]Ê
X�V�C¤LMAy{%f�DGLMX�I,D�%nR0ÊSQ + 8 � K <tT�X�ËnÍÁX�V�C¤J�F=Ayh[A,f�H[Z#A,V!I,A,X�J}`[Z#^§Y,DGX³H,X�p�F=j>\=fKCE`7\0jMÂ�A,X�{%X�DG^3f�X

�bq
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p[Z#D¶I,A,XWp,jkZ#abI,X�H,X�CEDEZ#A,V�{%X�D�C.X�AlJ�I,L>u0DGX#<#T.o f�p[Z#LMVGVGX�I,D¤H,XWj±o X��yp,jMF=VGL>{[p�X�IyC¤u#Z#DGLMX�D!X�A7CEDGXn;�QvXKC
R=Q + +½<b×Nj±o Z#IyCEDGX_X��0CEDGf�^3L>CEf_H,XvjkZ~J�X�jMjMI,jMX�X�V�C�J�F=jMjMf�X_I,A,X_{%X�A�	KCEDGXvX�A ,[I,F=DGI,DGXvH,XvjML>CE`,LMI,^
�2T�L M �Op�X�DG^3XKCGC}Z#A7CÀH,Xiu0LMVGX�D %½j±o LMA7CEf�DGLMX�I,D§p�X�A,H[Z#A7C3jkZwÄvÅWe�<³T�X�T�L M X�V�C3I,A ^ÆZtCEf�DGLkZ#I
CEDEZ#A,VGp[Z#DGX�A7CWVGI,D³I,A*�=DEZ#A,H3H,F=^ÆZ#LMA,X_H,XvjMF=A,�=I,X�I,D³H�o F=A,H,X��%H,IÆu0LMVGLMY,jMX %Oj±o LMAy{%DEZ#DGF=I,�=XWu=X�DGV
d )#+½Ê.u=F=LMD§h[�=I,DGXwQ0<SR �§abI,L_DGf�VGLMV�CEX�%°H,X�VÆVGF=jMjMLMJ�L>C}ZtCELMF=A,VOf�jMXKu=f�X�VÆX�A�p,DGX�VGVGLMF=A �%p,jMI,VÀH,X
;�� �  � ��<

100

0 105
Longueur d'onde (µm)
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e=1 mm

e=12 mm

������ Q0<SRO����+,� % +�� -*)&- ��� % )	�	2�#'� ��!�#�� � � 3 
 ��#J+��'�/� �1�*#J+���� �>

egX�V~^3F�\=X�A,VnH,X�^3X�VGI,DGX§p�X�DG^3XKCGC}Z#A7CgH,X�u=f�DGL>h[X�DgjMX�Y�F=AwH,f�DGF=I,jMX�^3X�A7CgH,X§jkZ3H,fKCEF=A[Z��
CELMF=A3VGF=A7C�IyCELMjMLMVGf�V�¿bI,A,Xgf�jMX�JKCEDGF0H,X_H,Xvp�F=jkZ#DGLMVEZtCELMF=Alp�F=I,D�DGX�p�f�DGX�D�j±o Z#p,p[Z#DGL>CELMF=AlH,Xvj±o X�A7CEDGf�X
H,I J}`,F0J#Ê�jkZ5{%F=DG^ÆZtCELMF=A H,X jkZ½VGI,p�X�DGH,fKCEF=A[ZtCELMF=A XKC3H,X�jkZwH,fKCEF=A[ZtCELMF=A�Ê¤H,X�VÆZ#LM�=I,LMjMjMX�V�H,X
J}`,DGF=A,F=^3fKCEDGLMX#Ê,Zth[A�H�o F=YyCEX�A,LMDWjMX~H,LkZ#�=DEZ#^3^3XvH,XP^ÆZ#DGJ}`,X~H,X�V_F=A,H,X�V_H,X~J}`,F0JPXKC_H,XPH,fKCEFt�
A[ZtCELMF=A�ÊyI,A-,[I0�y^3ÂKCEDGXPjkZ#DG�=XnY[Z#A,H,X
� �yÊ x��v;=ÊSq )#+ �4abI,L�VGX�D�CvH,XnCEf�^3F=LMAiH,XPjkZ§H,fKCEF=A[ZtCELMF=A
�	M¶LM�,<[Q0< rlXKCvp,`,F#CEF=�=DEZ#p,`,LMX M¶LM�,<[Q0< ����<
T�XÆV�\0V�CEÂ�^3X*H,X*J�F=jMjMX�JKCEX3H,X ,[I0� �ÐC 	KCEXÆF=pyCELMabI,XÆXKC�h[Y,DGXÆF=pyCELMabI,X�PX�V�Cl^3F=A7CEf3VGI,D�jkZ

J�LMY,jMX#Ê,H[Z#A,V_j±o Z��yX~H,I�jkZ#A,J�X�I,D�<,?Bj�VGX�DEZÀH,f�J�DGL>C_I,j>CEf�DGLMX�I,DGX�^3X�A7C]<
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Lanceur Enceinte à vide

Nitrométhane

Projectile Impacteur

Plaque de transfert

Fenêtre Tête optique
fluxmètre

Chambre en
polyéthylène

Aiguilles Piézoélectriques

Aiguilles Piézoélectriques

Vitesse projectile

Vitesse Détonation

Fenêtre LiF

Tête
optique

Fibre optique

Support de réglage

Electrode

f
9
8
 m

m

f
7
0
 m

m

������ Q0< r���� �/�&%'�1�*��)	� 
"�65*%'-*+���� �*�')?��. !�� ��� %��8(*) % . ���C�*#J+ #J��� (*����./� !8� ���

������ Q0< �§�=� ���')?�108� !8�". � (*����./� 	 . � �65�)	+,-*� ��)&-�!�#C. ����( �*#J+
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� X�W � B Z B �3Y � Z � � Y ��F?\ ��� � � Y ��F?\ ��� �]\ ���>Y[Z � 
�� YED B � �
T4ZiVGX�^3L���CEDEZ#A,VGp[Z#DGX�A,J�X§H,I¾ËnÍ A,F=A½J}`,F0abI,fÀp�X�DG^3XKCPj±o fKCEI,H,X§H,XÀjkZ3CEDEZ#A,VGL>CELMF=AwJ}`,F0J��

H,fKCEF=A[ZtCELMF=A�<tT�XWVGp�X�JKCEDGXWH,X�CEDEZ#A,VG^3LMVGVGF=A§H,IlËnÍ �	M¶LM�,<tdy<>;��4ZgfKCEfWH,fKCEX�DG^3LMA,fWZ#IlT4z�z�z¾Z#I
^3F�\=X�A5H�o I,A5VGp�X�JKCEDGF=^3ÂKCEDGX %lCEDEZ#A,V�{%F=DG^3f�XPH,X M[F=I,DGLMX�D�H,X~CB\0p�X�ËvLMJ�F=jMXKCgÍ5Z#�=^ÆZ3Q=Q#�ÀVGI,D
I,A�f�J}`[Z#A7CELMjMjMF=AiH,XOËnÍ H,X�R=Q*+ +ÃH�o f�p[Z#LMVGVGX�I,D�Ê %lp,DGX�VGVGLMF=A�XKC_CEX�^3p�f�DEZtCEI,DGXPZ#^§Y,LkZ#A7CEX�V�<
T�X§A,L>CEDGF=^3fKCE`[Z#A,X#Ê�H[Z#A,VnJ�X�V~J�F=A,H,L>CELMF=A,V�Ê�X�V�CnCEDEZ#A,VGp[Z#DGX�A7C~X�A7CEDGXÀ�yÊ �*XKCl; )#+½<|z.A7CEDGX

;=Ê>; XKCÆR0Ê>; )#+½Ê¤LMj�p,DGf�VGX�A7CEX�H,X�VÀp,LMJ�VlH�o Z#Y,VGF=DGpyCELMF=A p,I,LMV�Ê¤p�F=I,D§H,X�VÀjMF=A,�=I,X�I,DGVlH�o F=A,H,X�V
p,jMI,V.f�jMXKu=f�X�V�ÊbJ�XKC³X��yp,jMF=VGL>{|Z#Y,VGF=DGY�X_jkZnjMI,^3LMÂ�DGX#<=Å�X�V³J]Z#DEZ#JKCEf�DGLMV�CELMabI,X�V.p[Z#D�CELMJ�I,jMLMÂ�DGX�V¤J�F=A,H,L��
CELMF=A,A,X�A7C�jMXWJ}`,F=L��§H,IÀH,F=^ÆZ#LMA,XWVGp�X�JKCEDEZ#j,H,X�j±o fKCEI,H,X#<7z.AÀX �|XKC]Ê7jMXWH,LMVGp�F=VGL>CEL>{[H,X�H,fKCEF=A[ZtCELMF=A
XKC³jkZnJ�F=A,J�X�pyCELMF=A3H,X_jkZnJ�LMY,jMX�LM^3p�F=VGX�A7C�I,A,X�u0LMVGf�X�%~CEDEZ]u=X�DGV³j±o X��yp,jMF=VGL>{�jMLMabI,LMH,X#<=s¶Z#D�J�F=A,VGf��
abI,X�A7C]Ê¼H[Z#A,V_jMX�V_H,F=^ÆZ#LMA,X�V�VGp�X�JKCEDEZ#I0��F�� jMXPËnÍ X�V�CgF=p[Z#abI,X#Ê[jMX�,[I0��f�^3LMV�p[Z#D�jMX~^3LMjMLMX�I
A,XPp�X�IyC 	KCEDGXP^3X�VGI,DGf#<
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� X,@ � B D�� � Z � ��� � D B Z ����� � � � ��Y[Z B ����Y ��� � Y � � 
 B ��� � ����� � �
Y[Z B]�

T�XOp,`,f�A,F=^3Â�A,XOH,XOH,fKCEF=A[ZtCELMF=A X�V�CgI,A5p,`,f�A,F=^3Â�A,XPCEDGÂ�VvDEZ#p,LMH,X#<¼s!F=I,DvI,A,XOf�p[Z#LMVGVGX�I,D
H,X9R=Q + +�H,X9ËnÍ¾Ê�LMjnV�o f�J�F=I,jMX¾VGX�I,jMX�^3X�A7CwQ ) *¾X�A7u0LMDGF=ANX�A7CEDGX¾j±o X�A7CEDGf�X°H,I J}`,F0J°XKC
j±o LMA7CEX�DEZ#JKCELMF=A*H,XPj±o F=A,H,X~H,XPH,fKCEF=A[ZtCELMF=A Z]u=X�JOjkZ�{%X�A�	KCEDGXPX�A5T�L M�<,T4Zlp,`[Z#VGXPH,XPÄvÅWe�H,I,DGX
X�A7CEDGX3�yÊSQ*XKCÀ;=ÊSQ ) *=<|?Bj.X�V�CPH,F=A,JÀLMA,H,LMVGp�X�A,VEZ#Y,jMX§H,XÀp�F=Iyu=F=LMDnH,LMVGp�F=VGX�D~H�o I,A¾^ÆZtCEf�DGLMX�j¶H,X
H,fKCEX�JKCELMF=A¾XKCOH�o X�A,DGX��=LMV�CEDGX�^3X�A7C�DEZ#p,LMH,Xlp�F=I,DPp�F=Iyu=F=LMD~F=Y,VGX�D�u=X�D§Z]u=X�J3p,DGf�J�LMVGLMF=A°jkZiÄvÅWe
H,I A,L>CEDGF=^3fKCE`[Z#A,X#<³×gp,DGÂ�V jMX�JKCEI,DGXwH,X�ViH,L��|f�DGX�A7CEV*CEDEZ]u#Z#I0� X��yp�f�DGLM^3X�A7C}Z#I0� VGI,DijMX½ËnÍ
�,( 
 VGX�JKCELMF=A �,<>;��PXKC§J�F=^3pyCEXÀCEX�AbI H,X�V§p�X�D�{%F=DG^ÆZ#A,J�X�V§Z#JKCEI,X�jMjMX�VOH,X�V§H,fKCEX�JKCEX�I,DGV§H[Z#A,V§jMX
H,F=^ÆZ#LMA,Xnu0LMVGLMY,jMX~XKCgj±o LMAy{%DEZ#DGF=I,�=X#ÊyA,F=I,VgZ]u=F=A,V_hy�yf�I,A,XODGf�VGF=jMIyCELMF=AiCEX�^3p�F=DGX�jMjMXnH,X3;�� � *=ÊJ�XnabI,L�J�F=DGDGX�VGp�F=A,H-%§I,A,XnDGf�VGF=jMIyCELMF=AÆVGp[ZtCELkZ#jMXgH,X~d=� )#+ �%p�F=I,D�I,A,Xgu0L>CEX�VGVGX~H,Xnj±o F=A,H,XnH,X
H,fKCEF=A[ZtCELMF=A H,XOd=�=�=�*+ � *���<
×�J�XKCGCEXPJ�F=A7CEDEZ#LMA7CEX~H,XPJ�f�jMf�DGL>CEf~H,I�p,`,f�A,F=^3Â�A,X#Ê[V�o Z 2GF=IyCEXPjMXn{2Z#L>C�abI,XPjMX�V_X��yp�f�DGLMX�A,J�X�V

H,X°H,fKCEF=A[ZtCELMF=A VGF=A7C�H,X�V�CEDGI,JKCEDGLMJ�X�V�<vz.ANX �|XKC]Ê�jkZ J�LMY,jMX½H,X½A,L>CEDGF=^3fKCE`[Z#A,X°Z#LMA,VGLnabI,X°jMX
^ÆZtCEf�DGLMX�j�H,X*^3X�VGI,DGX*p,DGF0J}`,XiH,X*jkZ�J�LMY,jMXÆVGF=A7ClH,fKCEDGI,L>CEV�<¶Ä!F=I,V§jMX�V§Z#p,p[Z#DGX�LMjMV�H,X*^3X�VGI,DGX
VGF=A7CvH,F=A,JPf�jMF=LM�=A,f�VWH,XPjkZ§J�LMY,jMXnXKCvjMXnCEDEZ#A,VGp�F=D�C_H,XPj±o f�A,X�DG�=LMXnjMI,^3LMA,X�I,VGX~A,XPp�X�IyC_VGX~{2Z#LMDGX
abI,XO�=D��#J�X %lH,X�V_h[Y,DGX�VvF=pyCELMabI,X�V�<
T�XwJ}`,F=L���H,I�H,F=^ÆZ#LMA,X�VGp�X�JKCEDEZ#jvXKCiH,X5jkZ¾DGf�VGF=jMIyCELMF=A�VGp�X�JKCEDEZ#jMX5V�o X�V�CiY[Z#VGfwVGI,DÆH,X�V

CEDEZ]u#Z#I0�°X �|X�JKCEI,f�VOp,DGf�J�f�H,X�^3^3X�A7C�VGI,DPjMXlËnÍ¾<!egXÀA,F=^§Y,DGX�I,VGX�VOX��yp�f�DGLMX�A,J�X�VOVGXÀp,jkZ#J�X�A7C
H[Z#A,V j±o LMA7CEX�D�u#Z#jMjMX�H,X°jMF=A,�=I,X�I,D*H�o F=A,H,X¾�yÊSR=Q����yÊSQ )#+¥F�� jMX½A,L>CEDGF=^3fKCE`[Z#A,XwX�V�C�F=p[Z#abI,X
2GI,VGabI�o %§�yÊ � )#+ p,I,LMV�CEDEZ#A,VGp[Z#DGX�A7C]<,Ågo X�V�C�jMXvJ]Z#V�H,X�V³CEDEZ]u#Z#I0�ÆDGf]Z#jMLMVGf�V³p[Z#D��~I,pyC}ZyÊ � LMA,XK\
XKC�Å�F=A,V�C}Z#A7CELMA,F=I � (=r0Ê0R0; �¼VGI,D.jkZnVGp�X�JKCEDGF=VGJ�F=p,LMXvH�o Z#Y,VGF=DGpyCELMF=AlH[Z#A,V�j±o �O< � <=XKC�jMXWu0LMVGLMY,jMX#<#?Bj
V�o Z#�=L>C.H�o fKCEI,H,LMX�D.jMXWH,f�p,jkZ#J�X�^3X�A7C�H,X�jkZgY[Z#A,H,X_H�o Z#Y,VGF=DGpyCELMF=AlH,I3ËnÍ�VGF=I,^3LMV %nH,X�V�p,LMJ�V.H,X
p,DGX�VGVGLMF=A°u=X�DGVOjMX�V~�=DEZ#A,H,X�VPjMF=A,�=I,X�I,DGV~H�o F=A,H,X#< �vA,X3Z#IyCEDGXlfKCEI,H,X3H,X �~DGI,� 1#F�u½XKC �~I,pyC}Z
� r#� �gp�F=D�CEX5VGI,D*jkZ9VGp�X�JKCEDGF=VGJ�F=p,LMXwH�o f�^3LMVGVGLMF=A�H[Z#A,V*jMX5H,F=^ÆZ#LMA,X�VGp�X�JKCEDEZ#jn�yÊ r7Q����yÊSq )#+½<
s¶Z#DG^3L³jMX�V�CEX�J}`,A,LMabI,X�VlH,X*p7\0DGF=^3fKCEDGLMXÆF=pyCELMabI,X#Ê¶jMX�V�^3X�VGI,DGX�VlH,I ÅWz�� V�o X �|X�JKCEI,X�A7C %½d
jMF=A,�=I,X�I,DGV�H�o F=A,H,XOJ}`,F=LMVGLMX�V�X�A7CEDGX��yÊSQ§XKCO;=ÊSQ*)#+ � �7x��±<
T�X�V�fKCEI,H,X�VWH,I*ËnÍ X�A*V�C}ZtCELMabI,XvVGF=I,V�`[Z#IyCEXgp,DGX�VGVGLMF=A*H[Z#A,V³I,A,XgJ�X�jMjMI,jMX�%OX�A,J�jMI,^3XvH,X

H,LkZ#^ÆZ#A7CvVGX�p,jkZ#J�X�A7CnH[Z#A,Vgj±o LMAy{%DEZ#DGF=I,�=X~X�A7CEDGX§rÆXKC�;]� )#+ �2r=r=r=rÀXKCPq0;�Q � + ,/. ��� d=ryÊ�Q=q�±<Å�XvJ}`,F=L��ÀX�V�C 2GI,H,LMJ�LMX�I0�Àp�F=I,D�F=Y,VGX�D�u=X�D�j±o f�^3LMVGVGLMF=AlH,X�V³p,DGF0H,I,L>CEV�H,X_DGf]Z#JKCELMF=A3H,I3A,L>CEDGF=^3f��
CE`[Z#A,X~J]Z#D�J#o X�V�CgH[Z#A,V�J�XPH,F=^ÆZ#LMA,XgVGp�X�JKCEDEZ#j�abI,XPj±o F=Aip�X�IyCvF=Y,VGX�D�u=X�D_jMX�V�DEZ#LMX�V�J]Z#DEZ#JKCEf�DGLMV��
CELMabI,X�V�H,X�V³�=DGF=I,p�X�^3X�A7CEV.{%F=A,JKCELMF=A,A,X�jMV�<7T.o f�p[Z#LMVGVGX�I,D³H,X_j±o X��yp,jMF=VGL>{�X�V�C³CEDGÂ�V.h[A,X#ÊbLMAy{%f�DGLMX�I,DGX
% ;�� )#+½<�enZ#A,V3J�X J]Z#V�Ê.jMX�VÀJ]Z#DEZ#JKCEf�DGLMV�CELMabI,X�VÀF=pyCELMabI,X�VÀVGF=A7CÀCEDGÂ�VÀH,L��|f�DGX�A7CEX�V3H,X J�X�jMjMX�V
H�o I,A,X3f�p[Z#LMVGVGX�I,DPH,XÀp,jMI,VGLMX�I,DGVP^3LMjMjMLM^3ÂKCEDGX�V_H�o X��yp,jMF=VGL>{�<�T�X3ËnÍ A�o X�V�C�p,jMI,V~F=p[Z#abI,X3H[Z#A,V
j±o LMAy{%DEZ#DGF=I,�=X_XKC�F=A*p�X�IyCWu0LMVGX�D�%OCEDEZ]u=X�DGV�j±o f�J}`[Z#A7CELMjMjMF=A�<bz.AiX �|XKC]ÊyjkZPCEDEZ#A,VG^3LMVGVGLMF=AÆH,I ËnÍ
Z#I,�=^3X�A7CEX�jMF=DGVGabI,X�j±o f�p[Z#LMVGVGX�I,D3H,I�^ÆZtCEf�DGLkZ#I H,LM^3LMAbI,XiVGX�jMF=A�jkZ½jMF=L�H,X5��X�X�D �%f�abI[ZtCELMF=A
;=<>;�r ��< �vA¾X��yX�^3p,jMXÀH,X3j±o X �|XKCOH,X3j±o f�p[Z#LMVGVGX�I,D d VGI,DOjMX§{2Z#JKCEX�I,DOH,XÀCEDEZ#A,VG^3LMVGVGLMF=A½H,I ËnÍ
X�V�CgH,F=A,A,fPVGI,DvjkZ§h[�=I,DGXOdy<SR0<¼s!F=I,D_I,A,XOf�p[Z#LMVGVGX�I,DvLM^3p�F=D�C}Z#A7CEX ��;�Q&%3R=Ql^3^ p�F=I,D_A,F#CEDGX
fKCEI,H,XnZth[A3H,Xvp�F=Iyu=F=LMD�X�A,DGX��=LMV�CEDGX�D³jkZPÄvÅWe���Ê0jMXvËnÍÈX�V�C�F=p[Z#abI,XvXKC�LMj[A�o X�V�C�p,jMI,V³p�F=VGVGLMY,jMX
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H,X~u0LMVGX�D�%§CEDEZ]u=X�DGV�<|Å�X�jkZlA,f�J�X�VGVGL>CEX�DEZ#L>CvI,A,XP^3F0H,L>h[J]ZtCELMF=A*H,I�H,LMVGp�F=VGL>CEL>{4H,XP^3X�VGI,DGX#<
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������ dy<SR�����%'� (*)	+,� !8�")	+6��� �*� �/� �*� ��� !�# ��� %'��#J+"!�� 	 -*+,�*�')&� ��-&%����/� �1�*#J+,�

T�X�VWDGf�VGI,j>C}ZtCEVWF=YyCEX�AbI,V�H[Z#A,V�J�X�VWCEDEZ]u#Z#I0�*^3F=A7CEDGX�A7CWabI,X~jMX�V�^3X�VGI,DGX�VWX �|X�JKCEI,f�X�V_H[Z#A,V
j±o I,j>CEDEZ]u0LMF=jMXKC]ÊyjMX~u0LMVGLMY,jMXPXKCgj±o LMAy{%DEZ#DGF=I,�=XPZ#p,p�F=D�CEX�A7CgH,X�Vgp,DGf�J�LMVGLMF=A,V_VGI,DgjMXPJ�F=^3p�F=D�CEX�^3X�A7C
H,I�A,L>CEDGF=^3fKCE`[Z#A,X~VGF=I,^3LMV %ÀI,A5J}`,F0J#<�Å�F=^3pyCEX~CEX�AbI5H,XOA,F#CEDGXPH,LMVGp�F=VGL>CEL>{!H,XPH,fKCEF=A[ZtCELMF=A�Ê
I,A,X�Z#A[Z#j>\0VGX�VGp�X�JKCEDEZ#jMX�p�F=I,D4jMX�V4jMF=A,�=I,X�I,DGV4H�o F=A,H,X�VGI,p�f�DGLMX�I,DGX�V %vR0Ê>;�)#+�VGX�DEZvLM^3p�F=VGVGLMY,jMX#<
z.A�X �|XKC]Ê.j±o f�p[Z#LMVGVGX�I,DÀH,X5ËnÍ�X�A7CEDGX�jMX*{%DGF=A7C3H,X�J}`,F0J XKCÆjkZw{%X�A�	KCEDGX�H�o F=Y,VGX�D�u#ZtCELMF=A X�V�C
F=p[Z#abI,X�%OJ�XKCGCEXgjMF=A,�=I,X�I,D³H�o F=A,H,X��	M¶LM�,<bdy<SR ��<0T�X�V³{2Z#LMY,jMX�V���F=A,X�V�H,XvCEDEZ#A,VG^3LMVGVGLMF=AÀu=X�DGV_R0ÊSQ
XKC3Q�)#+ A,X*VGX�DGF=A7Clp[Z#V§fKCEI,H,LMf�X�VlLMJ�L±<!T4Z5VGF=jMIyCELMF=A9jkZ5p,jMI,V§Z#H[Z#pyCEf�X*p�F=I,D§H,X�V§^3X�VGI,DGX�V
H[Z#A,V�j±o LMAy{%DEZ#DGF=I,�=XvX�V�C_H,X~^3F0H,L>h[X�D³j±o Z#p,p,jMLMJ]ZtCELMF=A3H,I J}`,F0J~p�F=I,DWp�F=Iyu=F=LMD³u0LMVGX�D %§j±o Z#DGDGLMÂ�DGX
H,I {%DGF=A7C_H,XPJ}`,F0JPXKCvA,F=A�%lj±o Z]u#Z#A7C]<
ËvF=I,VlA,F=I,VljMLM^3L>CEX�DGF=A,VOH,F=A,J-%wj±o fKCEI,H,XiH,I H,F=^ÆZ#LMA,X*�yÊ r���R0Ê>; )#+½<¤?BjWX�V�CÀLM^3p�F=D�C}Z#A7C

H�o fKCEI,H,LMX�DOjMXÀH,F=^ÆZ#LMA,Xlu0LMVGLMY,jMX��Bp,DGF0J}`,XÀLMAy{%DEZ#DGF=I,�=XlabI,L�Z H,f 2 % {2Z#L>COj±o F=Y 2GXKCOH,XÆA,F=^§Y,DGX�I0�
X�VGVEZ#LMV�H,X~p7\0DGF=^3fKCEDGLMX~dljMF=A,�=I,X�I,DGVWH�o F=A,H,X#<[T.o LMA7CEf�D�	KC_VGX�DEZlH,X~p,DGf�J�LMVGX�D�jMX�V�DGf�VGI,j>C}ZtCEVWH,f 2 %
F=YyCEX�AbI,Vvp[Z#D�I,A,XP^3X�LMjMjMX�I,DGXnDGf�VGF=jMIyCELMF=AiVGp�X�JKCEDEZ#jMX#<
T�XlY,IyC~H,XljkZÆVGp�X�JKCEDGF=VGJ�F=p,LMXlH�o f�^3LMVGVGLMF=A½A�o X�V�CPp[Z#V�Ê�H[Z#A,V~J�XKCGCEX§CE`,Â�VGX#Ê�H�o F=YyCEX�A,LMDnH,X�V

^3X�VGI,DGX�V�VGp�X�JKCEDEZ#jMX�V�Z]u=X�J_I,A,X�CEDGÂ�V.�=DEZ#A,H,X�DGf�VGF=jMIyCELMF=A§^ÆZ#LMV¶H�o X��yp,jMF=DGX�D.I,AÀH,F=^ÆZ#LMA,XWVGp�X�J��
CEDEZ#j.DGX�jkZtCEL>u=X�^3X�A7CPfKCEX�A,H,I9p�F=I,DPp�F=Iyu=F=LMDPp[Z#D~jkZiVGI,L>CEXÀH,fKh[A,LMDPj±o LMA7CEX�D�u#Z#jMjMX§H,XÀjMF=A,�=I,X�I,DGV
H�o F=A,H,X~abI,L�Z#p,p�F=D�CEXnjMXnp,jMI,VWH�o LMAy{%F=DG^ÆZtCELMF=A,V³VGI,D�jMX�VWp,`,f�A,F=^3Â�A,X�V�LMA7CEX�D�u=X�A[Z#A7CvH,I,DEZ#A7C�jkZ
ÄvÅWe�< �vA,X§DGf�VGF=jMIyCELMF=A5VGp�X�JKCEDEZ#jMX§H,XÀR#� %ir=� � +�X�V�CPZ#p,p[Z#DGI,X�	KCEDGX§I,A½Y�F=AwJ�F=^3p,DGF=^3LMV
X�A7CEDGXnjMXvY�X�VGF=LMA*H,Xnp,DGf�J�LMVGX�D�jMX�V�^3X�VGI,DGX�VWH,Xgp7\0DGF=^3fKCEDGLMXgXKCWJ�X�jMI,L�H�o Z#A[Z#j>\0VGX�D�I,AiH,F=^ÆZ#LMA,X
VGp�X�JKCEDEZ#j�fKCEX�A,H,I�<

Q#r
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T.o fKCEI,H,XPH,I�H,F=^ÆZ#LMA,XnVGX~{%X�DEZ§X�AwR§p[Z#D�CELMX�V�<,Ä!F=IyC_H�o Z#Y�F=DGH�Ê,j±o fKCEI,H,X~H,I�H,F=^ÆZ#LMA,X � � �
u0LMVGLMY,jMXÆX�A7CEDGX �yÊ rwXKC3�yÊ (7Q�)#+ p,I,LMV§j±o fKCEI,H,XiH,I H,F=^ÆZ#LMA,XÆLMAy{%DEZ#DGF=I,�=X#Ê!p,jMI,V§J�F=^3p,jMX��yX-%
J]Z#I,VGXOH,X�V_��F=A,X�VvH�o Z#Y,VGF=DGpyCELMF=A H,I5ËnÍ¾<
z.A DGf�VGI,^3f#ÊyjkZOCEX�J}`,A,LMabI,X~H,XnVGp�X�JKCEDGF=VGJ�F=p,LMX~H�o f�^3LMVGVGLMF=AÆH,F=L>C�u=f�DGL>h[X�DWjMX�VWJ�DGL>CEÂ�DGX�VWVGI,L��

u#Z#A7CEVP¿
� ^3X�VGI,DGXÀJ�F=A7CELMAbI,X3H,X3j±o f�^3LMVGVGLMF=A½H,I9ËnÍ H,I,DEZ#A7C�jkZiÄvÅWe�p�X�A,H[Z#A7C�I,A,X3H,I,DGf�X3H,X
j±o F=DGH,DGX~H,XPabI,X�jMabI,X�Vv^3LMJ�DGF=VGX�J�F=A,H,X�V�Ê

� DGf�VGF=jMIyCELMF=A*CEX�^3p�F=DGX�jMjMXnLMAy{%f�DGLMX�I,DGX % ;�� � *=Ê
� DGf�VGF=jMIyCELMF=A°VGp�X�JKCEDEZ#jMXÀH,XÆr=� � + X�A7u0LMDGF=A�Ê�DGf�VGF=jMIyCELMF=A°VGI �3VEZ#A7CEX*H[Z#A,VOI,A¾p,DGX�^3LMX�D
CEX�^3p,V_p�F=I,D�p,DGf�J�LMVGX�D_jMX�V�^3X�VGI,DGX�VvH,XPp7\0DGF=^3fKCEDGLMX#Ê

� ^3X�VGI,DGX�%OH,LMV�C}Z#A,J�XgX�A*DEZ#LMVGF=AÆH,I*J]Z#DEZ#JKCEÂ�DGXgH,X�V�CEDGI,JKCEX�I,DWH,X�VWX�VGVEZ#LMV�H,XgH,fKCEF=A[ZtCELMF=A�<

� X�� � � � �+\ � � � � � � \@Z ��� � D � � � �]\ 
 B Y � Z � �G� � � ����� �3Y[Z � �
� � � � � � � � ��
 � � � � � �

Å�F=A7CEDEZ#LMDGX�^3X�A7CgZ#I5p7\0DGF=^3ÂKCEDGXPF=pyCELMabI,XO^§I,j>CEL��BjMF=A,�=I,X�I,DGV�H�o F=A,H,XOH,I½ÅWz��mabI,L!Zl{2Z#L>C
j±o F=Y 2GXKC~H�o I,A°H,fKu=X�jMF=p,p�X�^3X�A7CPVGp�f�J�L>h[abI,X#Ê�LMj¤Z*fKCEflH,f�J�LMH,f§H,XlJ�F=A,V�CEL>CEI,X�DnjkZÆJ}`[Z�^kA,XlVGp�X�J��
CEDGF=^3fKCEDGLMabI,X %9p[Z#D�CELMD3H�o f�jMf�^3X�A7CEV*H,f 2 % X��yLMV�C}Z#A7CEV�<WT�XwH,LMVGp�F=VGL>CEL>{nH,XwVGp�X�JKCEDGF=VGJ�F=p,LMX½X�V�C
J�F=A,V�CEL>CEI,f�p,DGLMA,J�LMp[Z#jMX�^3X�A7CÀH�o I,A�f�jMf�^3X�A7C3H,LMVGp�X�DGVGL>{nXKCÆH�o I,A�f�jMf�^3X�A7CÆH,X�H,fKCEX�JKCELMF=A�<³T�X
J}`,F=L��iH,IiV�\0V�CEÂ�^3XPH,X~H,LMVGp�X�DGVGLMF=AiV�o X�V�Cvp�F=D�CEfnVGI,D�I,A ^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�%§DGf�VGX]Z#I�Ê,DGf�VGX]Z#I
abI,L|DGX�V�CEXghy�yX~p�X�A,H[Z#A7C�jkZOH,I,DGf�XnH,XnjkZO^3X�VGI,DGX#<,T�XgJ}`,F=L��*H,I*p,DGLMA,J�LMp�XgH,XnH,fKCEX�JKCELMF=A*V�o X�V�C
{2Z#L>COX�A7CEDGX*H,X�I0� J�F=Ayh[�=I,DEZtCELMF=A,VOp�F=VGVGLMY,jMX�VÆ¿!j±o IyCELMjMLMVEZtCELMF=AwH�o I,A,X*Y[Z#DGDGXKCGCEXÆH,XÆH,fKCEX�JKCEX�I,DGV
F=I j±o IyCELMjMLMVEZtCELMF=AÆH�o I,A,XPJ]Z#^3f�DEZ&%lY[Z#jkZ]\7Z#�=XPH,X~{%X�A7CEXOZ#VGVGF0J�LMf�X %lI,A,XP^ÆZtCEDGLMJ�XOÅ�ÅWe�<

� G � G�´ �¾�.�y�,©|�b�y© ¢g© ¢g£|�y©��¼�y©�¨v�,�
× j±o `,X�I,DGX~Z#JKCEI,X�jMjMX#Ê0H,X�VWH,fKCEX�JKCEX�I,DGVvZ]u=X�J~I,A*CEX�^3p,VWH,XnDGf�p�F=A,VGX~H,XnabI,X�jMabI,X�V�A[Z#A,F=VGX��

J�F=A,H,X�V¶X��yLMV�CEX�A7C]<#enZ#A,V¶jMX�H,F=^ÆZ#LMA,X � � ��u0LMVGLMY,jMX#Ê]J�X�V!CEX�^3p,V¶H,X³DGf�p�F=A,VGX�p�X�Iyu=X�A7C�ZtCGCEX�LMA,H,DGX
abI,X�jMabI,X�V_J�X�A7C}Z#LMA,X�V�H,X~p,LMJ�F=VGX�J�F=A,H,X�V�<¼enZ#A,V�j±o LMAy{%DEZ#DGF=I,�=X#ÊbjMX�V�H,fKCEX�JKCEX�I,DGV_VGF=A7C_^3F=LMA,V�DEZ��
p,LMH,X�V.XKC�I,AÀCEX�^3p,V.H,X�DGf�p�F=A,VGX_J�F=I,D�C�p�X�IyC 	KCEDGX_F=YyCEX�AbI3Z#IÀH,fKCEDGLM^3X�A7C�H,X�jkZnVGX�A,VGLMY,LMjML>CEf�XKC
H,IwY,DGI,L>C]<|z.AwVGF=D�CELMXOH,X§^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�Ê¼I,A,X�VGF=jMIyCELMF=A5X��3J]Z#J�X§J�F=A,VGLMV�CEX*%Æp,jkZ#J�X�DgI,A,X
Y[Z#DGDGXKCGCEX§H,X§H,fKCEX�JKCEX�I,DGV~DGX�jMLMf�X*%ÆH,X�V~F=VGJ�LMjMjMF=VGJ�F=p�X�VvVGX�D�u#Z#A7C %*Z#J�abI,f�DGLMDnjMX�VGLM�=A[Z#j±<¼?Bj!{2Z#IyC
Z#IyC}Z#A7COH,Xlu=F=LMX�VPH�o X�A,DGX��=LMV�CEDGX�^3X�A7COabI,X3H,XÀH,fKCEX�JKCEX�I,DGV�< �nA°F=YyCELMX�A7C�Z#LMA,VGL¤jMX�VPp,DGF#h[jMV~H,X
j±o LMA7CEX�A,VGL>CEfvf�^3LMVGXgp�F=I,D�J}`[Z#abI,Xnu=F=LMXgH,Xn^3X�VGI,DGX#ÊyJ�F=DGDGX�VGp�F=A,H[Z#A7C�%�I,A,XnjMF=A,�=I,X�I,D³H�o F=A,H,X#Ê
X�A {%F=A,JKCELMF=A H,I CEX�^3p,V�<�T4Z½DGf�VGF=jMIyCELMF=A VGp�X�JKCEDEZ#jMX#Ê.p�F=I,DlI,A DGf�VGX]Z#I�H,F=A,A,f#Ê.H,f�p�X�A,H�H,I
A,F=^§Y,DGXOH,XOH,fKCEX�JKCEX�I,DGVnH,XOjkZÀY[Z#DGDGXKCGCEX#<|Å�X�VGF=A7CgjMXOJ�F��yCgXKCgjkZÀH,LM^3X�A,VGLMF=A H,XOjkZÀY[Z#DGDGXKCGCEX
abI,L�jMLM^3L>CEX�A7CWjMX~A,F=^§Y,DGX~H�o f�jMf�^3X�A7CEV�<

Qt�
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Å�XKCGCEXg^3fKCE`,F0H,X#Ê7p,jMI,V³J�F��yCEX�I,VGX#Ê0X�V�CWJ�F=I,DEZ#^3^3X�A7C�IyCELMjMLMVGf�X_p[Z#D �~I,pyC}ZL�*)H��.��bH,Xvj±o I,A,L��

u=X�DGVGL>CEf5H,X � Z#VG`,LMA,�#CEF=A�p�F=I,D3jMX�V3fKCEI,H,X�VÆH,X5VGp�X�JKCEDGF=VGJ�F=p,LMX#< �vA,X�J]Z#^3f�DEZ %°Y[Z#jkZ]\7Z#�=X#Ê
p,jkZ#J�f�X3X�A9VGF=D�CELMX3H�o I,A9^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�Ê��tY[Z#jkZ]\=X��°jMXÀ{2Z#LMVGJ�X]Z#I¾H,LMVGp�X�DGVGfÆVGI,DOI,A f�J�DEZ#A
J]ZtCE`,F0H,LMabI,X#< �vA,XW^ÆZtCEDGLMJ�XWÅ�ÅWe X�A,DGX��=LMV�CEDGXWjMX³VGLM�=A[Z#j0f�^3LMV¶p[Z#D¶j±o f�J�DEZ#A§J]ZtCE`,F0H,LMabI,X#<=Å�XKCGCEX
^3fKCE`,F0H,X§X�V�CPZ#p,p,jMLMJ]Z#Y,jMXOp�F=I,DnH,X�Vn^3X�VGI,DGX�V~H[Z#A,V~j±o I,j>CEDEZ]u0LMF=jMXKCvXKC~jMXOu0LMVGLMY,jMX#< �vAwCEDEZ#L>CEX��
^3X�A7ClH�o LM^ÆZ#�=XÆX�V�CÀA,f�J�X�VGVEZ#LMDGX Z]u#Z#A7CÀj±o F=YyCEX�A7CELMF=A H,X�VlVGp�X�JKCEDGX�VÀH,Xij±o LMA7CEX�A,VGL>CEfÆf�^3LMVGX*X�A
{%F=A,JKCELMF=A3H,XgjkZ~jMF=A,�=I,X�I,D³H�o F=A,H,Xgp�F=I,D�H,L��|f�DGX�A7CEV�LMA,V�C}Z#A7CEV�<0T4ZODGf�VGF=jMIyCELMF=A3F=YyCEX�AbI,XgX�V�CWH,X
Q#� � *=< �vA,XPCEX�J}`,A,LMabI,X§H,XOVGp�X�JKCEDGF=VGJ�F=p,LMX§ZtCGCEX�LM�=A[Z#A7CvI,A,X�DGf�VGF=jMIyCELMF=A H,XÆ;��=� � *§ZÀf��7Z#jMX��^3X�A7CWfKCEfnH,fKu=X�jMF=p,p�f�X � � (��±<[Í5Z#LMV�p,jMI,V�jkZPu0L>CEX�VGVGX~H�o Z#J�abI,LMVGL>CELMF=AÆX�V�C�DEZ#p,LMH,X#Ê0p,jMI,V�jkZOH,I,DGf�X
H,IÆp,`,f�A,F=^3Â�A,XgF=Y,VGX�D�u#Z#Y,jMX_X�V�CWJ�F=I,D�CEX#<yÅ�XgV�\0V�CEÂ�^3Xgp�X�DG^3XKC³H�o F=YyCEX�A,LMD�H,X�V�^3X�VGI,DGX�VWZ]u=X�J
I,A,X*DGf�VGF=jMIyCELMF=A¾CEX�^3p�F=DGX�jMjMXÀVGI �3VEZ#^3^3X�A7C�h[A,X#<¶?Bj�p,DGf�VGX�A7CEXiX�A F=IyCEDGXÆj±o Z]u#Z#A7C}Z#�=X3H�o I,A,X
Y�F=A,A,XÆDGf�VGF=jMIyCELMF=A¾VGp�X�JKCEDEZ#jMXÆ�=D��#J�XÆZ#I A,F=^§Y,DGX3H,XÆH,fKCEX�JKCEX�I,DGVlH,XÆjkZ ^ÆZtCEDGLMJ�XÆÅ�ÅWe �2r=�
{%F=LMV�^3X�LMjMjMX�I,DGXgabI�o I,A,XOY[Z#DGDGXKCGCEXPH,XÀ;�dlH,fKCEX�JKCEX�I,DGV ��<

� G � G � �¾���g�|¬�¨g�0�����
Å�F=^3pyCEX�CEX�AbIÀH,XWj±o F=Y 2GX�JKCEL>{¼p,DGLMA,J�LMp[Z#jbabI,L,X�V�C.H�o fKCEI,H,LMX�D¤I,AlH,F=^ÆZ#LMA,X�VGp�X�JKCEDEZ#jyfKCEX�A,H,I�Ê

H,I¾u0LMVGLMY,jMX %�j±o LMAy{%DEZ#DGF=I,�=Xlp,DGF0J}`,X#Ê!jMXÀp,DGLMA,J�LMp�XÀH,XÆjkZ Y[Z#DGDGXKCGCEX3H,XÆH,fKCEX�JKCEX�I,DGV§VGX�^§Y,jMX3jMX
^3LMX�I0��Z#H[Z#pyCEf#<³z.A�DGXKu#Z#A,J}`,X#Ê�jkZ½CEX�J}`,A,LMabI,XwZ]u=X�JwjkZ°J]Z#^3f�DEZ %¾Y[Z#jkZ]\7Z#�=X�H,X {%X�A7CEX½Z#V��
VGF0J�LMf�X %*I,A,Xl^ÆZtCEDGLMJ�XlÅ�ÅWeÁVGX�DEZiLMA7CEf�DGX�VGVEZ#A7CEXljMF=DGVGabI�o LMj¶V�o Z#�=LMDEZÆH�o fKCEI,H,LMX�D~I,A½LMA7CEX�D�u#Z#jMjMX
H,XOjMF=A,�=I,X�I,D�H�o F=A,H,XOp,DGf�J�LMV�Ê�Z]u=X�JOI,A,XO^3X�LMjMjMX�I,DGXnDGf�VGF=jMIyCELMF=A VGp�X�JKCEDEZ#jMX#<¼T�XOJ�F��yCvH�o I,A�CEX�j
Z#p,p[Z#DGX�LMjMjkZ#�=X�X�V�CWX�A,J�F=DGXnf�jMXKu=fnp�F=I,D³H,X�VWDGf�VGF=jMIyCELMF=A,V�CEX�^3p�F=DGX�jMjMX�V�H,Xgj±o F=DGH,DGXvH,XnabI,X�jMabI,X�V
J�X�A7C}Z#LMA,X�VOH,X3p,LMJ�F=VGX�J�F=A,H,X�VOH[Z#A,VOjMX§u0LMVGLMY,jMX#Ê�XKC]Ê4H[Z#A,VOj±o LMAy{%DEZ#DGF=I,�=X#Ê|F=A9ZtCGCEX�LMA7CPH,L �3J�LMjMX��
^3X�A7CvJ�X�V�CEX�^3p,V_H,XPDGf�p�F=A,VGX#<

Q=Q
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T4ZÀJ}`[Z�^kA,X~H,XP^3X�VGI,DGXPH,XPVGp�X�JKCEDGF=VGJ�F=p,LMXOH�o f�^3LMVGVGLMF=A �	M¶LM�,<,dy< r ��J�F=A,VGLMV�CEXPX�A¾¿
� I,A�V�\0V�CEÂ�^3XOH,XPJ�F=jMjMX�JKCEX#Ê
� I,A�^3F=A,F0J}`,DGF=^ÆZtCEX�I,D %lDGf�VGX]Z#I�Ê
� I,A,XPY[Z#DGDGXKCGCEXPH,XPH,fKCEX�JKCEX�I,DGV��%Y[Z#DGDGXKCGCEX~H,XPp,`,F#CEF=^§I,j>CELMp,jMLMJ]ZtCEX�I,DGV ��Ê
� I,A�H,LMVGp�F=VGL>CEL>{4H�o Z#J�abI,LMVGL>CELMF=A�<

SOURCE

corps noir
ou

cible

COLLECTE DE FLUX
Tête optique + Fibre optique

DISPERSION
Monochromateur

DETECTION
Photomultiplicateur

ACQUISITION
Numériseurs Tektronix

Commande du
monochromateur
(fente et réseau)

Exploitation des
données

������ dy< r������������� !8� � � �*#J+,��!8� �&%'� (*)	+,�1�1( � % � � !�� -*� �/� �*� ���

Q#d
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T�X�,[I0�if�^3LMV %�CEDEZ]u=X�DGV�jkZP{%X�A�	KCEDGXnX�A T�L M9X�V�C�J�F=jMjMX�JKCEfgp[Z#D�I,A,XgC 	KCEX~F=pyCELMabI,Xgp,I,LMVWX�V�C

CEDEZ#A,VG^3LMV³Z#IÆV�\0V�CEÂ�^3XgH,Xg^3X�VGI,DGXvp[Z#D³I,A,X_h[Y,DGXgF=pyCELMabI,X#<0T4ZPC 	KCEXvF=pyCELMabI,XgZOfKCEfvH,fKu=X�jMF=p0�
p�f�XPVGp�f�J�LkZ#jMX�^3X�A7C_p�F=I,D�jMX�V_^3X�VGI,DGX�V_H,XPp7\0DGF=^3fKCEDGLMX#<[egX�I0� CB\0p�X�VvH,X~C 	KCEX�VvX��yLMV�CEX�A7CO¿

� I,A,XvC 	KCEX�%OH,F=I,Y,jMXKCEV�Z#J}`,DGF=^ÆZtCELMabI,X�V�ÊbH,F=A7C�jMX_H,F=^ÆZ#LMA,X_VGp�X�JKCEDEZ#j�X�V�C�J�F=^3p,DGLMV�X�A7CEDGX�yÊ r XKCÆ;=Ê d-)#+½<!T�X3p�F=LMA7COH,XÀu0LMVGf�XÆX�V�C�I,A,X3VGI,D�{2Z#J�XÆH,X*R + + H,X3H,LkZ#^3ÂKCEDGXlXKC�jkZ
{%F0J]Z#jMXnX�V�CvH,XÀ;�x7R*+ +½< �vA VGJ}`,f�^ÆZÀH,XOjkZ�C 	KCEXPX�V�CvDGX�p,DGf�VGX�A7CEf�VGI,D_jkZ�h[�=I,DGXOdy< �,<

1er doublet
2ème doublet

Connecteur SMA
pour fibre optique

125  mm

1
6

  
m

m

Diaphragme

������ dy< �l��� (��'-*��� !8�". ��)��*)&� 	 !8��# ��./�*)����8(��J+,������)	�	2�#'� �

� I,A,XnC 	KCEX %§^3LMDGF=LMDGV³Z§fKCEf~J�F=A,Ø�I,X~p�F=V�CEf�DGLMX�I,DGX�^3X�A7C�p�F=I,D�Z]u=F=LMD�I,Ai^3X�LMjMjMX�I,D³DGX�A,H,X��^3X�A7C~XKC~p�F=I,DnZ#I,�=^3X�A7CEX�DnjkZ3jkZ#DG�=X�I,DgH,I½H,F=^ÆZ#LMA,X�VGp�X�JKCEDEZ#j 2GI,VGabI�o %i�,ÊSQ )#+½< '0F=A
p,DGLMA,J�LMp�XgDGX�p�F=VGXnVGI,D�jMXgV�\0V�CEÂ�^3XOÅWZ#VGVGX��=DEZ#LMAiH,X�VWCEf�jMX�VGJ�F=p�X�V��	M¶LM�,<ydy<SQ ��<yT4Z�VGI,D�{2Z#J�X
u0LMVGf�XWZ]u=X�JWJ�XKCGCEX�C 	KCEXWZgI,A§H,LkZ#^3ÂKCEDGX�H,X_Q + + XKC¤jkZ_{%F0J]Z#jMX³X�V�C¤H,X�R#�=��+ +½<=T.o Z]u#Z#A0�
C}Z#�=X~H,XPJ�XPV�\0V�CEÂ�^3XOX�V�CvVGF=A�p,jMI,V�jkZ#DG�=XnH,F=^ÆZ#LMA,XnVGp�X�JKCEDEZ#j4�yÊ r��B�,ÊSQ )#+ÃXKCvjkZ§VGF=D�CELMX
VGI,DnI,A,X§VGX�I,jMX§F=I½H,X�I0�5h[Y,DGX�V~F=pyCELMabI,X�V �	M¶LM�,<�dy< d �vZth[A½H�o fKCEI,H,LMX�Dnp[Z#DgX��yX�^3p,jMX§jMX
H,F=^ÆZ#LMA,X§u0LMVGLMY,jMX§XKC�jMXlH,F=^ÆZ#LMA,XlLMAy{%DEZ#DGF=I,�=XlX�A¾^
	�^3XlCEX�^3p,V�<4T4Z VGf�p[Z#DEZtCELMF=A°H,X�V
H,X�I0� {2Z#LMVGJ�X]Z#I0�iV�o X �|X�JKCEI,X§Z#jMF=DGV %Àj±o Z#LMH,XnH�o I,A,XPjkZ#^3XnVGf�p[Z#DEZtCEDGLMJ�X#<

T4ZÀp�F=VGL>CELMF=AiH,XOjkZ§C 	KCEXPF=pyCELMabI,XPp[Z#D_DEZ#p,p�F=D�C�%Àj±o LMA7CEX�D�{2Z#J�XPËnÍ �§{%X�A�	KCEDGXOX�AwT�L M X�V�C
F=pyCELM^3LMVGf�X~H,XP^ÆZ#A,LMÂ�DGX %À^3LMA,LM^3LMVGX�D�jMX�V�u#Z#DGLkZtCELMF=A,VWH,X ,[I0��J�F=jMjMX�JKCEf~jMF=DGVGabI,XOI,A,XPVGI,D�{2Z#J�X
f�^3XKCGCEDGLMJ�X~VGXPH,f�p,jkZ#J�XPH,XPjkZlp,jkZ#abI,X~H,X~CEDEZ#A,V�{%X�D�C 2GI,VGabI�o %3jkZ�{%X�A�	KCEDGXPH�o F=Y,VGX�D�u#ZtCELMF=A�<[×vh[A
H,X3DGf]Z#jMLMVGX�Dn{2Z#J�LMjMX�^3X�A7C~jkZiJ]Z#jMLMY,DEZtCELMF=A½H,I¾V�\0V�CEÂ�^3X#Ê!J�XKCGCEXÀC 	KCEXÀp�F=VGVGÂ�H,XÆI,A¾p�F=LMA7CP{%F0J]Z#j±<
T4ZÀJ�F=jMjMX�JKCEXPH�o I,A�,[I0��p[Z#DEZ#jMjMÂ�jMX~Z#I,DEZ#L>Cvp�F=VGfOH,X�Vgp,DGF=Y,jMÂ�^3X�V_p�F=I,D_jkZÀJ]Z#jMLMY,DEZtCELMF=AiVGI,DvI,A
J�F=DGp,V_A,F=LMD�<
T4Z h[Y,DGX3F=pyCELMabI,X3IyCELMjMLMVGf�XlX�V�C�I,A,X3h[Y,DGX3VGLMjMLMJ�X �tVGLMjMLMJ�F=A,X�H,X�; + + H,X3J�F0X�I,D �npyCEDEZ#A

s � M H,X�Å�X�DEZ#^3F=pyCEX�JPH�o I,A,XPjMF=A,�=I,X�I,D�H,XÀ;�� +½<

Q=q
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Miroir concave
percé en son centre

Miroir convexe

Connecteur SMA
pour fibre optique

93 mm
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������ dy<SQ���� (��'-*��� !8�". ��)��*)&� 	 � ��+,����+,� 	 #J��� �1��+�)	� � !8� � ��+,�

������ dy< d�� � �'��)&� !8�". ��)��*)&� 	 � ��+,����+,���*)7!8� � �*� ����#J)�� 	 � ��# ��� ��+,� �

Q (
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� G�
:G � � ���g���, v�,�³²m�¤�y©�¨v�
?Bj�fKC}Z#L>C�A,f�J�X�VGVEZ#LMDGXPabI,XPjMX~^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�VGF=L>C_p�X�I X�A,J�F=^§Y,DEZ#A7CvX�A�DEZ#LMVGF=AiH,I H,f��

p,jkZ#J�X�^3X�A7C§H,I Y[Z#A,JÆH,X*^3X�VGI,DGX*X�A7CEDGX*jkZ�J]Z#jMLMY,DEZtCELMF=A°XKCljkZ�^3X�VGI,DGX*X�A H,fKCEF=A[ZtCELMF=A�<!T�X
J}`,F=L��½H�o I,A,XÀJ�F=I,D�CEX§{%F0J]Z#jMX§XKCPH�o I,A°p�XKCEL>C~Y�F=L>CELMX�DgV�o X�V�COLM^3p�F=VGf#<�egXÀp,jMI,V�Ê|jMXl^3F=A,F0J}`,DGFt�
^ÆZtCEX�I,D�J}`,F=LMVGL4Zlj±o Z]u#Z#A7C}Z#�=X~H,XPp�F=VGVGf�H,X�DvI,A,X~CEF=I,DGX�jMjMXnp�F=Iyu#Z#A7CvVGI,p,p�F=D�CEX�DvrlDGf�VGX]Z#I0�|<
T�X~^3F=A,F0J}`,DGF=^ÆZtCEX�I,DWJ}`,F=LMVGL�X�V�CvI,A Ä!DGLkZ��w; (=�§H,X�Ç#F=Y,LMA0����u=F=A�<[Ågo X�V�CvI,A�^3F=A,F0J}`,DGFt�

^ÆZtCEX�I,D³H,Xg{%F0J]Z#jMXO;�x=� + + Z]u=X�J~I,A,XgJ�F=Ayh[�=I,DEZtCELMF=A Å���X�DGA7\7�BÄ!I,DGA,X�D ��^§I,A,L|H�o I,A*DGf�VGX]Z#I
p,jkZ#AÀH,XO;�Q#� � 8 � + +½Ê7H,X_H,LM^3X�A,VGLMF=A,V³Q#�n�ÆQ#� + +½<bT�Xvp,DGX�^3LMX�D.^3LMDGF=LMD¶J�F=A,J]Z]u=XgZPI,A3D �=jMX
H,XnJ�F=jMjMLM^ÆZtCEX�I,D�H,XnjkZ�VGF=I,DGJ�X~jMI,^3LMA,X�I,VGXgXKC�jMXnVGX�J�F=A,Hi{2Z#L>C�J�F=A7u=X�DG�=X�D�%�jkZ�VGF=D�CELMXgH[Z#A,V�I,A
p,jkZ#A¾{%F0J]Z#j³jkZ jMI,^3LMÂ�DGX3H,LMVGp�X�DGVGf�X*p[Z#DOjMXÆDGf�VGX]Z#I�<¤T�XÆDGf�VGX]Z#I X�V�ClY,jkZ#VGf %w�yÊSQ�)#+ XKC§VGF=A
H,F=^ÆZ#LMA,XnH�o X��3J]Z#J�L>CEfOVGXOVGL>CEI,XPX�A7CEDGXO�yÊ rÀXKCg�yÊ x )#+ �	M¶LM�,<[dy<Sq ��<[T4ZÀH,LMVGp�X�DGVGLMF=A H,I�DGf�VGX]Z#I
X�V�CgH�o X�A7u0LMDGF=A5r7R0Ê ( � + � + + %ljkZljMF=A,�=I,X�I,D_H�o F=A,H,XPJ�X�A7CEDEZ#jMX��yÊSQ#d7Q*)#+½<¼T�X�V_^3X�VGI,DGX�VvVGX{%F=A7C�%gj±o F=DGH,DGXg;=<#T4Zv{%X�A7CEX�H�o X�A7CEDGf�X_ZgI,A,X�F=Iyu=X�D�CEI,DGX�DGf��=jkZ#Y,jMX 2GI,VGabI�o %PR�+ +½<7T4Zgp�F=VGL>CELMF=A
H,I�DGf�VGX]Z#I�XKCvj±o F=Iyu=X�D�CEI,DGXPH,XPjkZ§{%X�A7CEXPVGF=A7CvJ�F=^3^ÆZ#A,H,f�X�V_p[Z#D�I,A5s³Åg<
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������ dy<SqO��� ��#J+���� !�� ��� (,�8(*��)&- !�#C+,- �1�,��# ��. � �1- 	�� � � )#+

T�X~DEZ]\=F=A,A,X�^3X�A7C_f�^3LMV�H,I,DEZ#A7C�jkZ�H,fKCEF=A[ZtCELMF=A�Ê0J�F=jMjMX�JKCEfgp[Z#DWjkZOC 	KCEXnF=pyCELMabI,XnXKC�CEDEZ#A,V��
^3LMV�p[Z#D!jkZ�h[Y,DGX#Ê�X�V�C!{%F0J]Z#jMLMVGf.p[Z#D!I,A§Z#H[Z#pyC}ZtCEX�I,D4h[Y,DGX³F=pyCELMabI,X �t^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�J�F=A,V�CEL��
CEI,f3H,X*Ri^3LMDGF=LMDGV�Ê|VGI,DOjkZ*{%X�A7CEXÆH�o X�A7CEDGf�XÆH,I¾^3F=A,F0J}`,DGF=^ÆZtCEX�I,DPZ]u=X�JÆI,A9�=DEZ#A,H,LMVGVGX�^3X�A7C
f��7Z#j % ;=<
� JI1������+7 !0�+� ��� !$� ���,�&#6� '�!$� '��3���=��( '�-,�+�,18(���!$'�'��,�+7 !$�*�"18�0�	� ��1
��!$����$("'�12��� !$� D��)�)'�������MI("'��"�)'3�,���

'��)7"'�-,�+�)�0��-)�C�+("' ��1	��$("'����"Q �"Q

Q#x
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� G�
:G � � £|�y©��¼�y©�¨v�
×�jkZ�VGF=D�CELMXnH,I ^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�Ê0I,A,X~Y[Z#DGDGXKCGCEXnH,X~H,fKCEX�JKCEX�I,DGVvDEZ#p,LMH,X�VWp�F=I,DWj±o fKCEI,H,X

VGp�X�JKCEDEZ#jMX�H,IlH,F=^ÆZ#LMA,X�u0LMVGLMY,jMX#Ê�fKC}Z#L>C¤A,f�J�X�VGVEZ#LMDGX#<7enZ#A,V¤jMX�H,F=^ÆZ#LMA,X�u0LMVGLMY,jMX#Ê�jMX�V¶p,`,F#CEF=^§I,j��
CELMp,jMLMJ]ZtCEX�I,DGV!DGf�p�F=A,H,X�A7C�%nJ�XWJ�DGL>CEÂ�DGX#<��vAlp,`,F#CEF=^§I,j>CELMp,jMLMJ]ZtCEX�I,D4^§I,j>CELkZ#A,F0H,X�V .gZ#^ÆZ#^ÆZtCEVGI
�gQ#x=�=�������y;K��T.;�dÆp�X�DG^3XKCOj±o fKCEI,H,XÀH,I9H,F=^ÆZ#LMA,XlVGp�X�JKCEDEZ#j³�yÊ r����yÊ (7Q )#+ �	M¶LM�,<�dy< ( XKC§dy< x ��Ê
H,F=^ÆZ#LMA,X³F��ljMXWËnÍ X�V�C¤CEDEZ#A,VGp[Z#DGX�A7C]Ê7Z]u=X�J�I,A§CEX�^3p,V¤H,XWDGf�p�F=A,VGXWH,X��yÊ d � *=<=Å�X�H,fKCEX�JKCEX�I,DX�V�C~J�F=A,V�CEL>CEI,f§H,X*;�d*p,`,F#CEF0J]ZtCE`,F0H,X�VgH,XÀ�yÊ ( + +�H,X§jkZ#DG�=X�I,DgXKC~H,X*;�d + + H,X§`[Z#IyCEX�I,D�Ê
X�VGp[Z#J�f�X�VPH,Xl�yÊSR + +½<�T.o Z#jMLM�=A,X�^3X�A7CgH,X§jkZÆY[Z#DGDGXKCGCEX§p[Z#DgDEZ#p,p�F=D�C~Z#I½p,jkZ#A�{%F0J]Z#j¶H,X§VGF=D��
CELMX§H,I½^3F=A,F0J}`,DGF=^ÆZtCEX�I,DgV�o X �|X�JKCEI,X %*j±o Z#LMH,X�H,Xlp,jkZtCELMA,X�VgH,X§CEDEZ#A,VGjkZtCELMF=A�<|T4Z*DGf�VGF=jMIyCELMF=A
VGp�X�JKCEDEZ#jMXlZ#LMA,VGL!F=YyCEX�AbI,XlX�V�CPH�o X�A7u0LMDGF=A°r7R � + %i�yÊSQ#d7Q )#+½Ê�jMF=A,�=I,X�I,DnH�o F=A,H,X§J�X�A7CEDEZ#jMX#ÊJ}`[Z#abI,XPu=F=LMXPH,XP^3X�VGI,DGXPH,fKCEX�JKC}Z#A7CvI,A�LMA7CEX�D�u#Z#jMjMXnVGp�X�JKCEDEZ#j�H,X�R#dlA,^�H,XPjkZ#DG�=X#<

������ dy< (�� � �'��)&� !�# % �'��)&��� #J. )	� % . � (,��)&�*#J+ � #J. )	�	����� !8� �
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������ dy< x���� ��#J+���� !8�"+,-&%'��� �1� !�# % �'��)&��� #J. )	� % . � (,��)&�*#J+ � #J. )	�	����� !8� �

T4Z§h[�=I,DGXPdy<>;��§DGX�p,DGf�VGX�A7CEXOjMXn^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�ÊyjMXnp,`,F#CEF=^§I,j>CELMp,jMLMJ]ZtCEX�I,D��2s³Í ��Z#LMA,VGL
abI,XOj±o Z#H[Z#pyC}ZtCEX�I,D�h[Y,DGXPF=pyCELMabI,X �t^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�<

d=�
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������ dy<>;������ �/�&%'�1�*��)	� 
"!8� �&%'� (*)	+,�1�1( � % � � !�� -*� �/� �*� ���

� G�
:G�
 � �|®W¨g���0���y�����

egX�VWAbI,^3f�DGLMVGX�I,DGV³Ä!X 17CEDGF=A,L��ÆÄ_e 'Æd (#��p�F=VGVGf�H[Z#A7CW�Ou=F=LMX�V³VGF=A7CWIyCELMjMLMVGf�V�p�F=I,D³j±o Z#J�abI,L��
VGL>CELMF=A½H,X�VOVGLM�=A[Z#I0�|<4Å�XÀVGF=A7C�H,X�VPX�A,DGX��=LMV�CEDGX�I,DGV ( Y,L>CEV~H,Xl{%DGf�abI,X�A,J�X3H�o f�J}`[Z#A7CELMjMjMF=A,A[Z#�=X
^ÆZ��yLM^ÆZ#jMXlR0ÊSQ �"��
y<!T�F=DGVPH,X�VOX�VGVEZ#LMVOH,X3VGp�X�JKCEDGF=VGJ�F=p,LMXÀu0LMVGLMY,jMX#Ê�jkZiH,I,DGf�X3H�o X�A,DGX��=LMV�CEDGX��
^3X�A7CvX�V�CvH,XÀ;�Q*) *=Ê[Z]u=X�JOI,A,X~{%DGf�abI,X�A,J�X�H�o f�J}`[Z#A7CELMjMjMF=A,A[Z#�=XnH,XÀ; �"��
y<

� G�
:G � �¾��¬����g�,�¤�y�����

×4u#Z#A7C§J}`[Z#abI,X*X�VGVEZ#L±Ê!I,A,XÆJ]Z#jMLMY,DEZtCELMF=A°H,I H,LMVGp�F=VGL>CEL>{�H,F=L>C 	KCEDGXÆX �|X�JKCEI,f�X#<¤T4Z�VGF=I,DGJ�X
H,XÆDEZ]\=F=A,A,X�^3X�A7ClIyCELMjMLMVGf�XÀX�V�ClI,A J�F=DGp,V�A,F=LMD§Í�L 1bDGF=A Í5r=x=� %�J]Z]u0L>CEfÆH,XÆJ]Z#DGY�F=A,XÆH,F=A7C
jkZ �7Z#^3^3XÀH,X3CEX�^3p�f�DEZtCEI,DGX3V�o fKCEX�A,H H,XÆx=�=��%5r=r=�=��� < �vA9p7\0DGF=^3fKCEDGXÆfKC}Z#jMF=A Í�L 1bDGF=A
DGX�jMÂKu=X°jkZ¾CEX�^3p�f�DEZtCEI,DGX½H,I J�F=DGp,ViA,F=LMD�<�×4u#Z#A7CiCEF=IyCEX½^3X�VGI,DGX#Ê�jMXwp,`,F#CEF=^§I,j>CELMp,jMLMJ]ZtCEX�I,D
^§I,j>CELkZ#A,F0H,X�V.X�V�C�Z#jMLM�=A,f�%Oj±o Z#LMH,X_H�o I,A*jkZ#VGX�D .vX���ËvX#<��vA*p,DGF#CEF0J�F=jMX_H,Xg^3LMVGX_X�A*F0X�Iyu0DGXgH,I
H,LMVGp�F=VGL>CEL>{¤Z3fKCEf�DGf�H,LM�=f�Z#I½ÅWz�� ��;=; �±<�T�X�Y[Z#A,JOH�o fKC}Z#jMF=A,A[Z#�=XOX�V�Cnp,DGf�VGX�A7CEf§VGI,DgjkZlh[�=I,DGX
dy<>;=;=< �vA,XÀ{%F=LMVPjkZiJ]Z#jMLMY,DEZtCELMF=A½X �|X�JKCEI,f�X#Ê!jMXÀY[Z#A,J3H,X3VGp�X�JKCEDGF=VGJ�F=p,LMXÆX�V�C�H,f�p,jkZ#J�fÀu=X�DGV�jMX
H,LMVGp�F=VGL>CEL>{4H,X~CELMD�<

dy;
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������ dy<>;=;n�=� ����( !�� -*)?��./���'� �108�"!�#�!��/�&%'�1�*��)	� 
"!8� �&%'� (*)	+,�1�1( � % � �"!�� -*� �/� �*� ���

� G�
:G � �¾��¬��|¨g¬À¢§¦%©��y�,©�¨v�
$ � � � $ �2& ���� 4�t"=-01À����-b����-0 4�t1
�nA�H,LMV�CELMA,�=I,X~p,jMI,VGLMX�I,DGV�VGF=I,DGJ�X�VvH�o X�DGDGX�I,DGVO¿

� #(' � %(�/. � � � # T4ZÀCEX�^3p�f�DEZtCEI,DGX�H,IwJ�F=DGp,VnA,F=LMD_X�V�Cnu=f�DGL>h[f�X§p[Z#DgjMXOp7\0DGF=^3ÂKCEDGX�fKC}Z#jMF=A�<
T4Z�VGF=^3^3X3H,X�V�LMA,J�X�D�CEL>CEI,H,X�VOjMLMf�X�V %�j±o `,F=^3F=�=f�A,f�L>CEfÀH,XÆjkZ VGF=I,DGJ�X#Ê %�jkZ u#Z#DGLkZtCELMF=A°H,X3jkZ
CEX�^3p�f�DEZtCEI,DGX~H,X~jkZ§VGF=I,DGJ�X~XKC�%ljkZ§p,DGf�J�LMVGLMF=AiH,I p7\0DGF=^3ÂKCEDGX~X�V�CvfKu#Z#jMI,f�X % � � _���� ��; �±<

� ��" � �2#�� � *�� ��" *,# T.o Z#jMLM�=A,X�^3X�A7CWH,XnjkZ�Y[Z#DGDGXKCGCEX~Z]u=X�JPjMXv{2Z#LMVGJ�X]Z#IijkZ#VGX�DWX�A7CEDEZ�^kA,XnI,A,X
X�DGDGX�I,DWVGI,DWjkZOjMF=A,�=I,X�I,D³H�o F=A,H,X#<[Å�XKCGCEX~X�DGDGX�I,D�X�V�C_Z#VGVGF0J�LMf�X %�j±o LMA7CEX�D�u#Z#jMjMX�X�A7CEDGX~jMX�V�H,fKCEX�J��
CEX�I,DGV�<¼enZ#A,VvjMX~J]Z#V_H,XPjkZ§VGp�X�JKCEDGF=VGJ�F=p,LMXPu0LMVGLMY,jMX#ÊyX�jMjMXnX�V�Cgf��7Z#jMX % � % _�� ;$� � � +½<

� #("2���!��" T�F=DGVPH,X3^3X�VGI,DGX�VPH,X3DGf�p�fKC}Z#Y,LMjML>CEf#Ê|A,F=I,VOZ]u=F=A,VOF=YyCEX�AbI9I,A,X3X�DGDGX�I,DPDGX�jkZtCEL>u=X
abI,L�LMA,J�jMIyClj±o X�DGDGX�I,DÀH,I,X�Z#I0� AbI,^3f�DGLMVGX�I,DGV �%Y,DGI,L>ClXKC3p,DGf�J�LMVGLMF=A�� �	M¶LM�,<¤dy<>;�R ��<.T�X�Vlu=F=LMX�V
X��yp,jMF=L>C}Z#Y,jMX�Vnp,DGf�VGX�A7CEX�A7C�I,A,XÀX�DGDGX�I,D~LMAy{%f�DGLMX�I,DGX %½;�R 	*<�z.jMjMX§H,LM^3LMAbI,X�abI[Z#A,H¾jkZÆCEX�^3p�f��
DEZtCEI,DGX~Z#I,�=^3X�A7CEX#ÊyDGX�V�C}Z#A7C�LMAy{%f�DGLMX�I,DGX�%*;�� 	mp�F=I,DWjMX�V�CEX�^3p�f�DEZtCEI,DGX�VWVGI,p�f�DGLMX�I,DGX�V %Æ; (=�=�
� <!T�X�VPu=F=LMX�V�p�F=I,DPjMX�VGabI,X�jMjMX�VOj±o X�DGDGX�I,DPX�V�C§VGI,p�f�DGLMX�I,DGX %wR#� 	 H,F=A,A,X�A7C§I,A9VGLM�=A[Z#j.A,F�\=f
H[Z#A,V_jMX~Y,DGI,L>C]<

d7R
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������ dy<>;�RP���H��+�)&�,0�+6��% �J� � !8� . � �*+�+,�*#J+ +,�*. ��)	� ���"!8� . � )&�*� �*� ���C� � �*#J+,- �"�*� 
 ����(*)	� ��� !8� . �
)&�*� %'-*+6��)	#J+,� �*)7!8�". ��./���J0�#'�*#J+ !�� ��� !8� ./��+,� !8�". �$(,��. ����+6��)	� ���

$ � � � $ � · � ����-0 4�l1] 4�3/%)w/2 !8 $2�4)[�!"=- 89-01] 4� » -i-7�À1] 4�3/%)���-089+ » ��)y�� 4��- �4-�/2 !8 $kÑ
�4)[�!"=-½"=)[/2"7 !/ » -

T�X�V¶DGf�VGI,j>C}ZtCEV!H,X�J]Z#jMLMY,DEZtCELMF=A~VGX�p,DGf�VGX�A7CEX�A7C.VGF=I,V¶jkZ�{%F=DG^3X�H,X��=DEZ#p,`,X�V!H,X�V¶jMI,^3LMA[Z#A,J�X�V
X�AO{%F=A,JKCELMF=APH,X³jkZWCEX�A,VGLMF=A�<�ËvF=I,V¶Z]u=F=A,V!F=Y,VGX�D�u=f�I,A,X³Y�F=A,A,X³jMLMA,f]Z#DGL>CEf¤H,X�V!DGf�VGI,j>C}ZtCEV�<�×gp,DGÂ�V
jMLMA,f]Z#DGLMVEZtCELMF=AnH,X�V4p�F=LMA7CEV4H,X�^3X�VGI,DGX#Ê�jkZWDGX�jkZtCELMF=AnCEX�A,VGLMF=A0�BjMI,^3LMA[Z#A,J�X¤jMF=DGV�H,X�jkZ�J]Z#jMLMY,DEZtCELMF=A
X�V�CO¿

� ! _ � ! # L eHB=@g ! ? O % ! � � R �2dy<>;��
T.o LMA,H,LMJ�X b�DGX�p,DGf�VGX�A7CEXOjMX~AbI,^3f�DGF3H,XPjkZ�u=F=LMXPH,I H,fKCEX�JKCEX�I,D�<
T.o X�DGDGX�I,D_VGI,DvjMX�V�J�F0X��3J�LMX�A7CEVvH,XPJ]Z#jMLMY,DEZtCELMF=A � ! X�V�Cvf��7Z#jMX % � q=Q���¿

� � !� ! _
� � � � !� !

� 6 � �
�
� 0 6% ! � !

� 6 � � % !% !
� 6 � � 0 6% ! � !

� 6 � � � !
� !

� 6 �2dy<SR �
T4ZljMI,^3LMA[Z#A,J�Xn^3X�VGI,DGf�XOX�V�Cvf��7Z#jMX %i¿

L eh CjA O % ! � � R _ � !�� h CjA� ! �2dy< r �
T.o X�DGDGX�I,D_DGX�jkZtCEL>u=X~H,XPjkZ§jMI,^3LMA[Z#A,J�Xn^3X�VGI,DGf�X �	M¶LM�,<,dy<>;�r ��V�o f�J�DGL>CP¿

� Lfeh CjA
L eh CjA _

� � � � !�� h CjA� !�� h CjA
� 6 � � � � !� !

� 6 �2dy< ���

d=r
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������ dy<>;�rO���H��+�)&�,0�+6��% �J� � !8� . � �*+�+,�*#J+ +,�*. ��)	� ��� !8�:. ��. #J� ��� ����( � � � �*#J+,- � �*��
 ����(*)	� ���C!8�
. � )&�*� %'-*+6��)	#J+,� �*)7!8� . � ./���J0�#'�*#J+ !�� ��� !8�

T.o X�DGDGX�I,D§F=YyCEX�AbI,X*Z#I0�9Y[Z#VGVGX�V§CEX�^3p�f�DEZtCEI,DGX�VOXKClZ#I0�9J�F=I,D�CEX�V§jMF=A,�=I,X�I,DGVOH�o F=A,H,X*X�V�C
LM^3p�F=D�C}Z#A7CEX#<³Í5Z#LMVÀX�jMjMX H,LM^3LMAbI,X jMF=DGVGabI,X�jkZ½CEX�^3p�f�DEZtCEI,DGX�H,X�jMI,^3LMA[Z#A,J�X�Z#I,�=^3X�A7CEX�XKC
H,XKu0LMX�A7CvLMAy{%f�DGLMX�I,DGX %i;�� 	 %i; (=�=� ��p�F=I,D�jMX�V�u=F=LMX�V_X��yp,jMF=L>C}Z#Y,jMX�V�<
s¶Z#D¶J�F=A7CEDGX#Êtj±o X�DGDGX�I,D¶VGI,D¶jkZ�CEX�^3p�f�DEZtCEI,DGX³H,X�jMI,^3LMA[Z#A,J�X#Ê�p[Z#DEZ#^3ÂKCEDGX³abI,X�j±o F=A�VGF=I,`[Z#L>CEX

F=YyCEX�A,LMD�Ê,X�V�CvA,f��=jMLM�=X]Z#Y,jMX#<,z.jMjMXnX�V�CvH,F=A,A,f�XOp[Z#D~¿
� � !�� g + h !
� !�� g + h ! _

� � % ! � !0 6
� � !� !

� 6 � � � � % ! � !0 6
� % � � % !% !

� 6 � � % ! � !0 6
� � !� !

� 6 �2dy<SQ �

T4Zih[�=I,DGX3dy<>;]��^3F=A7CEDGXlabI,X3j±o X�DGDGX�I,DPDGX�jkZtCEL>u=XlH,X3jkZ*CEX�^3p�f�DEZtCEI,DGXÀH,XÀjMI,^3LMA[Z#A,J�XlX�V�C
Y,LMX�A LMAy{%f�DGLMX�I,DGX-%°�yÊ d 	 p�F=I,D§CEF=IyCEX�V3jMX�V§u=F=LMX�V�< �vA,X {2Z#LMY,jMXÆu#Z#DGLkZtCELMF=A H,XiCEX�^3p�f�DEZtCEI,DGX
X�A7CEDEZ�^kA,XÆI,A,XÆ�=DEZ#A,H,X3u#Z#DGLkZtCELMF=A¾H,XÆjMI,^3LMA[Z#A,J�X#Ê4J#o X�V�CljkZ jMF=L�H,Xis.jkZ#A,J�1¼<¤Å�X�J�LWZ#I,DEZ5I,A,X
J�F=A,VGf�abI,X�A,J�Xlp�F=I,DvjkZÀH,fKCEX�DG^3LMA[ZtCELMF=A H,X�Vgp,DGF#h[jMVvH,XOCEX�^3p�f�DEZtCEI,DGXOp[Z#Dv^3fKCE`,F0H,XOLMA7u=X�DGVGX
H,I {2Z#L>C�H,XPjkZ�{2Z#LMY,jMXnVGX�A,VGLMY,LMjML>CEfnH,X�V_^3X�VGI,DGX�VgZ#I p[Z#DEZ#^3ÂKCEDGX~H,X~CEX�^3p�f�DEZtCEI,DGX#<

d#�
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������ dy<>;]�����H��+�)&�,0�+6��% �J� � !8��. � �*+�+,�*#J+7+,�*. ��)	� ��� !8��. � )&�*� %'-*+6��)	#J+,�:!8��. #J� ��� ����( �:�*� 
 ����(��
)	� ��� !8�". ��)&�*� %'-*+6��)	#J+,� �*)7!8�". ��./���J0�#'�*#J+ !�� ��� !8� ./��+,� !8�". �$(,��. ����+6��)	� ���

� X�� � ��� �3Y[Z � � � � � � � � � ��
 � � � � � � � B � � ��� � � 
 B ��� � ��� � Z B �
Z � \ ���

T4Z ^3LMVGXÀX�A9p,jkZ#J�XÀH,I9H,LMVGp�F=VGL>CEL>{³H,X3VGp�X�JKCEDGF=VGJ�F=p,LMX3H�o f�^3LMVGVGLMF=A°p�F=I,DOj±o fKCEI,H,XÀH,I9H,Ft�
^ÆZ#LMA,XvLMAy{%DEZ#DGF=I,�=Xn�yÊ (7Q���R0Ê>;�)#+ÈV�o X�V�C_Z]u=f�DGf�XPp,jMI,V�H,f�jMLMJ]ZtCEXgabI,X~H[Z#A,VWjMXgH,F=^ÆZ#LMA,X_u0LMVGLMY,jMX#Ê
%PJ]Z#I,VGXvH,X_jkZ~p,jMI,V.{2Z#LMY,jMXWabI[Z#A7CEL>CEf_H,X ,[I0�3f�^3LMVGX#<7z.AÆX �|XKC]Ê7jMXvËnÍ H,XKu0LMX�A7CWZ#Y,VGF=DGY[Z#A7C³XKC
jMX�VvH,fKCEX�JKCEX�I,DGV~IyCELMjMLMVGf�V_VGF=A7C~^3F=LMA,V_VGX�A,VGLMY,jMX�VgabI,X§jMXOp,`,F#CEF=^§I,j>CELMp,jMLMJ]ZtCEX�I,DW^§I,j>CELkZ#A,F0H,X�V�<
ËvF=I,VPp,DGf�VGX�A7CEX�DGF=A,V�LMJ�L.jMX�V~H,X�I0�¾J�F=Ayh[�=I,DEZtCELMF=A,VPH,XÀ^3X�VGI,DGXlCEX�V�CEf�X�V�Ê!H,F=A7COjkZiH,L��|f�DGX�A,J�X
DGf�VGLMH,XPH[Z#A,V_jMX~p,DGLMA,J�LMp�XnH,XPH,fKCEX�JKCELMF=A�<

� G ��G�´ �W«�©��¼�0�,���0�|�.«n��© ¢§¦%£4²m���0�0�����È� � ©�� ¨g�g© �n�.�y�,©|�b�y© ¢g©
¢g£|�y©��¼�y©�¨v�,��� � �¾¢ �O�n�§©

T�X¾V�\0V�CEÂ�^3X9H,X¾J�F=jMjMX�JKCEX°X�V�CwLMH,X�A7CELMabI,X9Z#INp,DGf�J�f�H,X�A7C �%VGX�JKCELMF=A dy< �,<>;���< �vA,X9Z#IyCEDGX
h[Y,DGXÆF=pyCELMabI,XÆp�F=I,DGDEZ 	KCEDGXÆIyCELMjMLMVGf�X3p�F=I,DOjMX�V�jMF=A,�=I,X�I,DGVOH�o F=A,H,X*VGI,p�f�DGLMX�I,DGX�V*%9;=Ê d�)#+½Ê
I,A,X�h[Y,DGXlX�Awu=X�DGDGX*,[I,F=DGf§H,F=A7C~jMX�H,F=^ÆZ#LMA,XOVGp�X�JKCEDEZ#j¶X�V�CPJ�F=^3p,DGLMVvX�A7CEDGXÀ�yÊ �*XKC~�,ÊSQ )#+½<
T�X ^3F=A,F0J}`,DGF=^ÆZtCEX�I,DlX�V�CÆjMX ^
	�^3X#Ê.VGX�I,j_jMXiDGf�VGX]Z#I�J}`[Z#A,�=X#<�Ågo X�V�CÆI,A�DGf�VGX]Z#I�p,jkZ#A H,X
;�Q#� � 8 � + +½Ê[H,XOH,LM^3X�A,VGLMF=A,VgQ#�§�5Q#�&+ +½Ê¼Y,jkZ#VGf % ;=Ê � )#+ÃXKCgVGF=A5H,F=^ÆZ#LMA,X~H�o X��3J]Z#J�L>CEf
VGXPVGL>CEI,XPX�A7CEDGXO�yÊ (lXKCnR0Ê �&)#+ �	M¶LM�,<,dy<>;�Q ��<

d7Q
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������ dy<>;�QO��� ��#J+���� !�� ��� (,�8(*��)&- !�#C+,- �1�,��# ��. � �1- 	 � � � )#+

T�X�H,fKCEX�JKCEX�I,DnIyCELMjMLMVGfPX�V�CnI,A,X�Y[Z#DGDGXKCGCEXOH,X§r7RÀH,fKCEX�JKCEX�I,DGV .v�bÅ�H¼É|A,Ä!X#Ê�A,F=AwDGXK{%DGF=LMH,LMV�Ê
H,fKu=X�jMF=p,p�f�Xwp[Z#D3jkZ°VGF0J�LMfKCEf��npyCELMjkZ#V %¾p[Z#D�CELMDÀH,X5^3F=A,F0f�jMf�^3X�A7CEVÀH,X5^ÆZ#DGabI,X � LM�=F,<�T�X
CEX�^3p,VlH,XiDGf�p�F=A,VGX X�V�CÀH,X½;�� � *iXKCÀVGF=A H,F=^ÆZ#LMA,XÆVGp�X�JKCEDEZ#jWp�F=VGVGÂ�H,X j±o Z]u#Z#A7C}Z#�=X*H�o 	KCEDGXjkZ#DG�=X#Ê[H,X��yÊSq&% ( )#+ �	M¶LM�,<¼dy<>;�d ��<¼T.o fKCEX�A,H,I,X�H,XOjkZlY[Z#DGDGXKCGCEXOX�V�C~Z#I,VGVGL4I,A5LMA,J�F=A7u=f�A,LMX�A7C
J]Z#D�X�jMjMXnp�X�IyCvZ#jMF=DGVWH,fKCEX�JKCEX�D_jMX�V�F=DGH,DGX�V_H,X~H,L��|DEZ#JKCELMF=A*H,I DGf�VGX]Z#I�H,L��|f�DGX�A7CEV_H,X~j±o F=DGH,DGXl;
abI,L�VGXPDGX�J�F=I,p�X�A7C]<�egXPp,jMI,V�Ê[jkZ§A,f�J�X�VGVGL>CEfOH�o Z]u=F=LMD�I,A CEX�^3p,V�H,XPDGf�p�F=A,VGXPDEZ#p,LMH,X~AbI,L>C�%ljkZ
VGX�A,VGLMY,LMjML>CEfnabI,L�X�V�CvLMAy{%f�DGLMX�I,DGX % %('�� � + ��
M,/. 4 ,/.�<
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������ dy<>;�dO��� ��#J+���� !8� +,-&%'��� �1� !8� . � � ��+�+,�*)	)&� !8� !8-*)&� (*)&�*#J+,� � 0 �H! � �  � �*�')	+,� � �*)
� � )#+

�vA½X�VGVEZ#L¤ZÆfKCEf§DGf]Z#jMLMVGfOH[Z#A,VnJ�XKCGCEX§J�F=Ayh[�=I,DEZtCELMF=A5XKC~ZÆJ�F=Ayh[DG^3f§jkZÀ{2Z#LMY,jMXPVGX�A,VGLMY,LMjML>CEf

d=d
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H,I V�\0V�CEÂ�^3X°¿.jMXiVGLM�=A[Z#jWf�^3LMV§p[Z#DljkZ½H,fKCEF=A[ZtCELMF=A A�o Z°p[Z#Vlp,I 	KCEDGX ^3X�VGI,DGf#< �vA,X�Z#IyCEDGX
J�F=Ayh[�=I,DEZtCELMF=A�ZlH,F=A,JPfKCEf~CEX�V�CEf�X#<

� G ��G � �W«�©��¼�0�,���0�|�.«n��© ¢§¦%£4²m���0�0�����È� � ©�� ¢g©�� ¢g£|�y©��¼�y©�¨v�,� �=��� �����
T4ZwH,fKCEX�JKCEL>u0L>CEf*H,X�Vl^3F=A,F0f�jMf�^3X�A7CEVO?BA��PZ#×gV§IyCELMjMLMVGf�V�X�V�ClH,X � #&%('M._. � + ��
M,/. 4 ,/. %

; )#+ J�F=A7CEDGX � #&%(' �~p�F=I,DnjMX�V~H,fKCEX�JKCEX�I,DGV .v�bÅ�H¼É|A,Ä!XlA,F=A°DGXK{%DGF=LMH,LMV�<|T�X�I,DnCEX�^3p,V~H,XÀDGf��
p�F=A,VGXPX�V�CvLMAy{%f�DGLMX�I,D %3R#� � *OXKCvjMX�I,D�H,F=^ÆZ#LMA,XnVGp�X�JKCEDEZ#j�X�V�Cg�yÊ (��};=Ê (*)#+ �	M¶LM�,<,dy<>;�q ��<
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������ dy<>;�qO��� ��#J+���� !8�"+,-&%'��� �1�"!�#�!8-*)&� (*)&�*#J+ ����� �� �

×4u#Z#A7C H,Xw{2Z#LMDGX5j±o Z#J�abI,LMVGL>CELMF=A�H�o I,A,X½Y[Z#DGDGXKCGCEX½H,XwH,fKCEX�JKCEX�I,DGV�?BA��PZ#×gV�Ê�A,F=I,V Z]u=F=A,V
CEX�V�CEfÀJ�XlCB\0p�XlH,XÀH,fKCEX�JKCEX�I,DGVOX�A°IyCELMjMLMVEZ#A7CnH,X�VPp,`,F#CEF0H,LMF0H,X�VnabI,XÀp�F=VGVGf�H[Z#L>CPjMX3ÅWz��l<�T�X
,[I0�¾X�V�C�J�F=jMjMX�JKCEfÀp[Z#DOI,A,X3DGf��=jMXKCGCEXÀH,X�;�R*h[Y,DGX�VOF=pyCELMabI,X�VOH[Z#A,VOjMXÀp,jkZ#A°{%F0J]Z#j.H,X3VGF=D�CELMX
H,IÆ^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�Ê=J}`[Z#abI,Xvh[Y,DGXvfKC}Z#A7C�DGX�jMLMf�X�%PI,AÆH,fKCEX�JKCEX�I,D�<yT�X_H,LkZ#^3ÂKCEDGX_H,X�V�h[Y,DGX�V
X�V�C_f��7Z#j %ÀR#�=� )#+ÈXKC�jMX�V�h[Y,DGX�V�VGF=A7C_X�VGp[Z#J�f�X�V_H,XPQ#�=� )#+½< �vA,X~p,`,F#CEFlH,IiH,LMVGp�F=VGL>CEL>{�X�V�C
DGX�p,DGf�VGX�A7CEf�X�VGI,D_jkZ§h[�=I,DGXPdy<>; (y<

�vA,XÆC 	KCEX*F=pyCELMabI,X#Ê¶p,jMI,V�VGLM^3p,jMX3abI,X*jMX�VOC 	KCEX�V %wH,F=I,Y,jMXKCEV�XKC&%5^3LMDGF=LMDGV�Ê�J�F=A,V�CEL>CEI,f�X
I,A,LMabI,X�^3X�A7C4H�o I,A,X�jMX�A7CELMjMjMX!X�A�T�L MÆH,X¤{%F0J]Z#jMXW;=; + +�XKC4H,X.H,LkZ#^3ÂKCEDGXW;���+ +mZWfKCEf�IyCELMjMLMVGf�X#<
T4Z§p,DGLMA,J�LMp[Z#jMXgH,L �3J�I,j>CEfnDGX�p�F=VGXPZ#jMF=DGV�H[Z#A,V_jkZ�J]Z#jMLMY,DEZtCELMF=A3J]Z#D�LMj|A�o X�V�C_p[Z#V�p�F=VGVGLMY,jMX~Z]u=X�J
J�X3CB\0p�X*H,X3C 	KCEXÆF=pyCELMabI,XÆH�o F=YyCEX�A,LMDOX�A J]Z#jMLMY,DEZtCELMF=A½jkZ�^
	�^3X3J�F=Ayh[�=I,DEZtCELMF=A9H,XÆ^3X�VGI,DGX
abI,XPjMF=DGV�H�o I,A�X�VGVEZ#L4H,XPH,fKCEF=A[ZtCELMF=A�<
T�X�VÀX�VGVEZ#LMVlDGf]Z#jMLMVGf�V§X�A7CEDGX½;iXKC ;=Ê � )#+ F=A7ClH,F=A,A,fiH,X�VÀVGLM�=A[Z#I0� H,X*CEX�A,VGLMF=A {2Z#LMY,jMX�V

�	M¶LM�,<¤dy<>;�x �OabI,L�A,X p�X�Iyu=X�A7C 	KCEDGX X��yp,jMF=L>CEf�VlJ]Z#DljkZ½J]Z#jMLMY,DEZtCELMF=A9A�o X�V�C3p[Z#VÀVEZtCELMV�{2Z#LMVEZ#A7CEX
H�o I,A,XPp[Z#D�C�%lJ]Z#I,VGXPH,XPjkZ�{2Z#LMY,jMX�VGVGX~H,X�VvVGLM�=A[Z#I0�|Ê,H�o Z#IyCEDGXPp[Z#D�C�%lJ]Z#I,VGXOH,X�V_f�J]Z#D�CEV_X�A7CEDGX
jkZ�J�F=Ayh[�=I,DEZtCELMF=A¾H,X*^3X�VGI,DGXÆVGI,D�jMX3J�F=DGp,V§A,F=LMDPXKCljMF=DGVPH,X*j±o X�VGVEZ#L³DGf�X�j±<!Ëvf]Z#A,^3F=LMA,V�Ê4jMX�V
H,L��|f�DGX�A7CEX�V_p,`[Z#VGX�VvH,XPjkZlÄvÅWe�VGF=A7CvY,LMX�Aiu0LMVGLMY,jMX�V�<
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T�X�V5X�VGVEZ#LMV5DGf]Z#jMLMVGf�V�Z]u=X�J jMX�V�H,X�I0� J�F=Ayh[�=I,DEZtCELMF=A,V�p,DGf�VGX�A7CEf�X�V½VGF=I,jMLM�=A,X�A7C�jkZ H,L �l�
J�I,j>CEf_H,XvjkZP^3LMVGX�X�AÆF0X�Iyu0DGXgH,X�V³^3X�VGI,DGX�V�H,XvVGp�X�JKCEDGF=VGJ�F=p,LMXvH�o f�^3LMVGVGLMF=AÀH[Z#A,V³j±o LMAy{%DEZ#DGF=I,�=X
p,DGF0J}`,X#<
?Bj�X�V�C½p�F=VGVGLMY,jMX9H,X9H,fKCEX�DG^3LMA,X�D�CE`,f�F=DGLMabI,X�^3X�A7C]ÊgH[Z#A,VwI,A,X J�F=Ayh[�=I,DEZtCELMF=A H,F=A,A,f�X#Ê

abI,X�jMjMX�X�V�CijkZ°^3fKCE`,F0H,X5F=pyCELM^ÆZ#jMXip�F=I,DÆj±o F=YyCEX�A7CELMF=A H�o I,A
,[I0��XKC*H�o I,A,X5CEX�A,VGLMF=A�VGI �l�
VEZ#A7CEVÆX�A�VGF=D�CELMX�H,X5V�\0V�CEÂ�^3X#<�Í5Z#LMV3H,X5A,F=^§Y,DGX�I0� CEX�V�CEVÆF=A7CÆ^3F=A7CEDGf�abI,Xwj±o X��yp�f�DGLMX�A,J�X
p�X�IyClH,F=A,A,X�D§I,A DGf�VGI,j>C}ZtC§H,L��|f�DGX�A7C]<¤ËvF#C}Z#^3^3X�A7C]Ê4jMX�VOC 	KCEX�V&%5^3LMDGF=LMDGVPZ#VGVGF0J�LMf�X�V&%5I,A,X
h[Y,DGXvF=pyCELMabI,X_H,F=A,A,X�A7C�I,A,XvLM^ÆZ#�=XWJ�F=DGDGX�VGp�F=A,H[Z#A7C %~I,A*Z#A,A,X]Z#IÆXKC³A,F=A3I,AÆH,LMVGabI,XvJ�XvabI,L
p,DGF�u=F0abI,XOH,X�V_p�X�D�CEX�VvH,X ,[I0� LM^3p�F=D�C}Z#A7CEX�V�H[Z#A,V_jMX~^3F=A,F0J}`,DGF=^ÆZtCEX�I,D�<
?Bj�VGX�^§Y,jMX~J�X�p�X�A,H[Z#A7CgabI,XOj±o IyCELMjMLMVEZtCELMF=A3H�o I,A,XPY[Z#DGDGXKCGCEXPH,XPH,fKCEX�JKCEX�I,DGVg?BA��PZ#×gV�X�V�CvjkZ

^3X�LMjMjMX�I,DGXgVGF=jMIyCELMF=Aip�F=I,D�j±o fKCEI,H,XPH,I�H,F=^ÆZ#LMA,XnVGp�X�JKCEDEZ#j4�yÊ (��};=Ê ( )#+½<

d=x
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T�XgËnÍ X�V�CWp[Z#D�{2Z#L>CEX�^3X�A7C.CEDEZ#A,VGp[Z#DGX�A7CWX�A7CEDGXn�yÊ �OXKC��yÊ (7Q )#+ �	M¶LM�,<bq0<>;���<0enZ#A,V�j±o �O< � <

LMj�A�o \ Z#I,DEZwH,F=A,Jip[Z#VlH,XiVGLM�=A[Z#j�CEDEZ#A,VG^3LMV %5CEDEZ]u=X�DGVÀj±o f�p[Z#LMVGVGX�I,D§H,X ËnÍ Z#I DGX�p�F=VlJ]Z#D
j±o X��yp,jMF=VGL>{!X�V�CgZ#jMF=DGV�F=p[Z#abI,X#<
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µ7G�´HG � ��£��0¨g¬��y�¤�y� �0¨v��¬�©�� �0� ���g��¨_ªÈ¢g© ¬�¨n²m���g���g�|©�� �v�y©��W¨g�
T�X�Vnp,DGX�^3LMX�DGVvDGf�VGI,j>C}ZtCEVvF=YyCEX�AbI,VnVGF=A7C~jMX�Vvp,DGF#h[jMVvH,X�jMI,^3LMA[Z#A,J�XPp�F=I,DgjMX�VvH,L��|f�DGX�A7CEX�V

jMF=A,�=I,X�I,DGV³H�o F=A,H,XnX�AÆ{%F=A,JKCELMF=AÆH,I3CEX�^3p,V�<�'0L��ÆX�VGVEZ#LMV�% (yÊ d �  � F=A7C�fKCEfnDGf]Z#jMLMVGf�V³H[Z#A,V�jMXH,F=^ÆZ#LMA,X.u0LMVGLMY,jMX³VGI,D¶H,X�V¶J�LMY,jMX�V¶H,XWËnÍ�H,X�R=Q_^3^�H�o f�p[Z#LMVGVGX�I,D�<=T�X³C}Z#Y,jMX]Z#Ilq0<>;�DGf�J]Z#p,L>CEI,jMX
J�X�VvX�VGVEZ#LMV�<

q=Q
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Superdétonation

Fenêtre en LiF

1. Origine du flux mesuré à <0,6 µml

2. Origine du flux mesuré à 0,6 µml>

Produits
de réactions

Choc

1

2
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 coefficient d'absorption des produits

de détonation établie à 3600 K
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: c�XZS�W4keQ#[iXZSp_�t b cnhTS�QT\^P`_ _ S �; �"<=#  ��>?!�'@�r_ SV[i\^P`_ S�a4Q#[YXZS + [-kecnhiS�v hTQ#P`lrke_ j�SV[YP`aZv9\^P`_ S�a4Q#[iP`aZv9urkeQTc4SV[�qBA�P`QWDC lrk`hTW4fV[-S��  �"<|SV[%hY_	PphTS�oslrj�Q#P^hTa4QTS|P`a QTS�lrkn[�qEA�P`QYU�kec�[-jVmna4S�cnh��Z_ SV[H\^P`_ S�a4Q#[  + <, [-kecnhYU�kec4c a4SV[�q
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� +�D�X�D!. ACB�X / W D�B5/.U,S E�D�X:E
XYU/G�R�/!BMB FCS W U,X /.FCHN�R#T%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[ZaP%i R|{}mcdSVYqBRBT%X[qBqBRBb;U§OgZtU�hYRÅmcdSX�`cpcVfU±` i pcZcRBÂÃX[ZcT;UWVYX[Z`cR1C�R;U�` i pcZcRzÂÃX[ZcT;UWVYX[Z8`cRz¤,^ & R%pchYR%PµhYR%P2egOghYR%pcdSPµPSpcdµhYR%P�Oª{}R%P ¨ °oX[dS`cPµ`cR9h´O�r[dSVYhYhYR�©PSX[ZtUyT%X[ZcPSVY`cb%dSb%R%PyVYZc`cb%moR%Zc`xOgZtUWR%P%^oN�R>ZcX[q�°cdSR9`cR>mxOgdWOgqBw;UWdSR%P�R%P�UydSb%`cpcVfU�^� +�D�X�D!. ACB�X / W D�B5/.U,S W�ð D�H@D!/!XYFN:O8ÂÃX[dSqBRÅPSpcd,hYR%P±Oª{}R%P,R%P�U�VYqBmoX[PSb%Rg^ & R%pchYRÅhji OgqBmchYVfUWpc`cR±egOgdSVYRÅT%RB®¯pcVÈb%®¯pcVfegOgp}U�¸pcZcR9UWdWOgZcPSh´O1UWVYX[Z8`cR>h´O�r[dSVYhYhYR¬PSpcVfegOgZtU�hji Oª{}R9e[R%d�UWVYT�Ogh ¨�5 VYrc^f\�æ}^f\ª©|^N:Os`cVf³�b%dSR%ZcT%R8R%ZtUWdSR8h´O�mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR8R;UÅh´O�mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZadSb%`cpcVfUWR�R%P�UÅhYRZcX[q�°cdSRz`cRzmxOgdWOgqBw;UWdSR%P¶q#OgVYP¶OgpcPSPSV hji VYZtUWb%r[dWO1UWVYX[ZB` i VYZ}ÂÃX[dSq#O1UWVYX[ZcP%^¯N�R%PµmxOgdWOgqBw;UWdSR%P¶`cRzh´OmxOgdWOgqBb;UWdSVYPWO1UWVYX[Z#dSb%`cpcVfUWRzPSX[ZtUyqBX[VYZcP¶ZcX[q�°cdSR%p�{8q#OgVYP¶T§vxOgT%pcZ�`cR%PµmxOgdWOgqBw;UWdSR%PµT%X[ZtUWVYR%ZtUmchYpcPµ` i VYZ}ÂÃX[dSq#O1UWVYX[ZcP¶®¯pcR,hYR9qBº%qBR9ZcX[q�°cdSR9`cR>mxOgdWOgqBw;UWdSR%P�`cR>h´O�mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcRg^N�R¹T§vcX[V£{s` i R|{}mcdSVYqBR%dzhYR�T%X�R;ÞBT%VYR%ZtU>` i Og°cPSX[dSm}UWVYX[Z¿T%X[qBqBR±pcZcR¹r[dWOgZc`cR%pcdz®¯pcV*ZcR¹`cb|·moR%Zc`8®¯pcRz`cRzh´O,UWR%qBmob%dWO1UWpcdSRg²�R%hYhYR|·¥qBº%qBRµÂÃX[ZcT;UWVYX[Z�`cRzh´O,moX[PSVfUWVYX[Z#R;U2`cp�UWR%qBmcP%²}R;U2`cRzh´OhYX[Zcr[pcR%pcdá` i X[Zc`cRµR%ZtUWdWO1Ä´ZcR2pcZ¹mcdSX[°chYw%qBR¶`xOgZcP*hji VYZtUWR%dSmoX[h´O1UWVYX[Z ^ªk�Z¹R;³�R;U�²ghYR2PST§vcb%q#OzT§vcX[VYPSVdSR%hYVYRzOghYX[dSP2hYRzT%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z8qBX[ZcX�T§vcdSX[q#O1UWVY®¯pcRy`cp�¾zÀ�¸�hji b;U§O1U�Ogp8dSR%moX[P%²xOgpT%X�R;ÞBT%VYR%ZtU2` i Og°cPSX[dSm}UWVYX[Z#`cR%P¶mcdSX�`cpcVfUWPÈ`cR¬dSb�OgT;UWVYX[Z#¸,pcZcRyUWR%qBmob%dWO1UWpcdSRy°cVYR%Z#PSpcmob%dSVYR%pcdSRg²`cR>hji X[dS`cdSR9`cR,_tÆgæ[æ�� O ¨ UWdWOgT%bÅ\[² 5 VYrc^ \�æ}^ â ©|^

293 T (K)1500 3500

K
l

A
u

 r
e
p

o
s

S
o

u
s
 c

h
o

c R
é
a
g

i

2500 K (calculé)

Courbe calculée d’après
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8:9!;�<:\�æ}^ â ·�� A W R�H B#D�B:G1FIH�4 /!S�B FCX#E�U,H@D�B5/.U,S G1F W �,D�H�FCR�X W G�R ð U�F�� ð /.FCS�B G�4 D�1 W U,X#E
B5/.U,S . U,STU �ð�V XYU6. D�B5/��(R�F FCS ñ U,S ð B5/.U,S G1FIH@D B F�. E�ACX�D�B�R�XYF
N�RÅT%X�R;ÞBT%VYR%ZtU,` i Og°cPSX[dSm}UWVYX[Z�`cR%P>mcdSX�`cpcVfUWP9`cRÅdSb�OgT;UWVYX[Z�R%Z�ÂÃX[ZcT;UWVYX[Z¿`cRÅh´O#UWR%qBmob%dWOª·UWpcdSR¬T%X[dSdSR%PSmoX[Zc`8¸,hji OghYhYpcdSRµ`cp�T%X�R;ÞBT%VYR%ZtU2` i Og°cPSX[dSm}UWVYX[ZB`cb;UWR%dSqBVYZcb%R¬`xOgZcP¶hYR�mxOgdWOgr[dWOgmcvcRò ^ _}^ _}^f\[^)yZcR¹mcdSb%T%VYPSVYX[Z¿R%P�U>OgmcmoX[d�UWb%R¹®¯pcVámcdSR%Zc`�R%Z�T%X[qBm}UWR�hYR±T%X�R;ÞBT%VYR%ZtU>` i Og°cPSX[dSm}UWVYX[Z`cp¿¾zÀÁT§vcX�®¯pcbg² b%rtOgh4¸#T%R%hYpcV4`cp¿¾zÀ OgpsdSR%moX[P%^�N:OBUWR%qBmob%dWO1UWpcdSR±q#Oª{}VYq�pcq PSX[pcPzT§vcX�TR%P�U2T§vcX[VYPSVYR¬¸B\ªÆgæ[æ

�
^}N�i VYZtUWR%dSmoX[h´O1UWVYX[Z¹R%P�U2dSR%mcdSb%PSR%ZtUWb%R>OgVYZcPSV�mxOgd¶hYR�UWdWOgT%b â PSpcd¶h´O]6xr[pcdSR\�æ}^ â ^ �_6xZB` i O�e[X[VYd�mchYpcP�` i VYZ}ÂÃX[dSq#O1UWVYX[ZcPáR%ZtUWdSRyT%R%PÈ`cR%p�{ÅmoX[VYZtUWP%²tpcZBmoX[VYZtUÈ¸ â Ægæ[æ

�
O>b;UWbT�OghYT%pchYb,moX[pcdyhYR%P¬mcdSX�`cpcVfUWPy`cR±dSb�OgT;UWVYX[Z ¨ UWdWOgT%b�_t©|^
3¥h4R%P�UzmoR%psmcdSX[°xOg°chYR,®¯pcR�h´OÅegOgdSV´O1UWVYX[Z`cp�T%X�R;ÞBT%VYR%ZtU,R%ZtUWdSRÅhYR%P9`cR%p�{�moX[VYZtUWPz¤���)��LN N

�
R;U9¤�� > �LN N

�
PSX[VfU>hYVYZcb�OgVYdSR±q#OgVYP
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OgpcT%pcZcR±`cX[ZcZcb%R,mcvt«�PSVY®¯pcR±Z i R%P�Uz`cVYPSmoX[ZcVY°chYR>¸ÅT%R�wSX[pcd%^�3¥h:PSR%q�°chYR>`cVfÞBT%VYhYR9`cR,qBX�`cV@6xR%dµh´OmxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�q#OgVYP�O�«tOgZtU¬T%X[ZcZxOgVYPSPWOgZcT%R,`cR,T%R>mcdSX[°chYw%qBRg²xVYh�ÂÛOgpc`cdWO¹R%Z�UWR%ZcVYdµT%X[qBm}UWR`xOgZcP�hji R|{}mchYX[VfU§O1UWVYX[Z#`cR%PydSb%PSpchfU§O1UWP%^
N�i R%dSdSR%pcd�dSR%h´O1UWVfe[RÅR%ZtUWdSR�hYR%P,`cVf³�b%dSR%ZtUWR%P�mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP9R;U�h´O.U§Og°chYRÅÂÃX[pcdSZcVYRBO�b;UWbb;UWpc`cVYb%Rg^ � UWVfUWdSR9` i R|{}R%qBmchYRg²�R%hYhYR9R%P�UzVYZ}ÂÃb%dSVYR%pcdSR>¸ â ²ÇÆ�� moX[pcdyhji R%P�UWVYq#O1UWVYX[Z�mxOgd�mcdSX�`cpcVfUUWR%ZcPSX[dSVYR%h�`cR%P�qBX�«[R%ZcZcR%P ¨�5 VYrc^�\�æ}^ _t©|^
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���������-, � �I !�p0 � �� !	�������	������  !������	[����%���q�� ��Y0 /?�$ !�����Q !
½±i OgmcdSw%P�hYR%P*T�OgP*mcdSb%PSR%ZtUWb%PÈmcdSb%T%b%`cR%qBqBR%ZtU�²[hYR%P*mcdSX�6xhYP*`cR2UWR%qBmob%dWO1UWpcdSR2PSX[ZtU�PSX[hYp}UWVYX[ZcP`cR>hji b%®¯pxO1UWVYX[Z8vt«�moR%dS°oX[hYVY®¯pcR>ZcX[Z�·¥hYVYZcb�OgVYdSR¬PSpcVfegOgZtUWR��,�

¤ � � $ �A> $ �¤�������7���Nt��� ¤��¤����.��N ��7S��� ¤��� ¤� � � �� � ���*��¤z�S��� � ��¤z�
> $ � ��¤��%�S¤�� �	� �
�c� ¨ \�æ}^ _t©

> $ dSR%mcdSb%PSR%ZtUWRzhYR%P�mxOgdWOgqBw;UWdSR%PÈmoX[pcd�h´O9UWR%qBmob%dWO1UWpcdSRg²[¤��2R%P�U¶h´O9UWR%qBmob%dWO1UWpcdSR�VYZcVfUWV´OghYR ¨ X[pUWR%qBmob%dWO1UWpcdSR>`cp�¾zÀÁOgp�dSR%moX[P§©|²c¤��9R%P�Uyh´O�UWR%qBmob%dWO1UWpcdSR,¸ÅrtOgpcT§vcRg²o¸Åhji VYZtUWR%d�ÂÛOgT%R9mch´Og®¯pcR`cR9UWdWOgZcP�ÂÃR%d�U�²��sR;U���PSX[ZtUy`cR%PµÂÃX[ZcT;UWVYX[ZcP%^�o²*UWR%dSqBR8PSX[pcdST%Rg²�T%X[ZtUWdvu[hYR.hji OgqBmchYVfUWpc`cR#`cp mcdSX�6xhµ`cR8UWR%qBmob%dWO1UWpcdSRg^�N:O¿ÂÃX[ZcT;UWVYX[Z��`cbC6xZcVfUÈhYR%P�`cb%mch´OgT%R%qBR%ZtUWPÈPSR%hYX[Z¹�:^�ëáOgd�R|{}R%qBmchYRg²¯PSVxh´OzÂÃX[ZcT;UWVYX[Z¹Â R%P�U¶hYVYZcb�OgVYdSRg²gX[ZÅX[°cPSR%d�e[RpcZcR>`cVf³�pcPSVYX[Z.`cp8ÂÃdSX[ZtU¬Ogp.T%X[pcdSP�`cp.UWR%qBmcP%^)yZcR¹mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�PSmob%T%V@6x®¯pcRÅ¸�T§vxOg®¯pcRÅT�OgP9R%P�U>Zcb%T%R%PSPWOgVYdSRg^:N�R±U§Og°chYR�OgpÑ\�æ}^f\¹dSR|·T%R%ZcPSR±hYR>ZcX[q�°cdSR>`cR,mxOgdWOgqBw;UWdSR%P�moX[pcd�T§vxOg®¯pcR±T�OgP%^oN�R%PyT�OgPyPSX[ZtU¬ZcX[qBqBb%P�T�OgP,\[² â R;Uz_T%X[dSdSR%PSmoX[Zc`xOgZtU�dSR%PSmoR%T;UWVfe[R%qBR%ZtU¹OgpaT�OgP,`cR#h´O8`cb;UWX[ZxO1UWVYX[ZaOgp}UWX[ZcX[qBRÅP�U§O1UWVYX[ZcZxOgVYdSR¹PSX[p�·UWR%Z¯pcRg²¶Ogp T�OgPB`cR�h´O�`cb;UWX[ZxO1UWVYX[Z�P�U§O1UWVYX[ZcZxOgVYdSR.O�e[R%T�`cb;UWR%ZtUWR�`cR%PBmcdSX�`cpcVfUWPÅVYPSPSpcPB`cR�h´O`cb;UWX[ZxO1UWVYX[Z.R;UyOgp�T�OgP�PSVYqBmchYV@6xb¬` i pcZcR,PSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z ^

 O SR[TU#W4j�o2Ppc a4osj�QTb	mna4S|XZS|_	P6l�P`Q#P`osj�hTQTb	[TP^hTb kec QTjVXZa4b hTS|XZS�� SV[%h(_ SR[-a4b \^P`cnh )
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¼2OgP > $ ½¬R%PST%dSVYm}UWVYX[Z.`cR%PymxOgdWOgqBw;UWdSR%P¼2OgP>\ \ ¤ V��¼2OgP â _ ¤ V�� ²}¤ k*²x`cb;UWR%ZtUWR¼2OgPy_ Æ ¤ V�� ²}¤ k*²c¤ ê
²c`cb;UWR%ZtUWRg²xe�VfUWR%PSPSR,`cR>hji X[Zc`cR9`cR>`cb;UWX[ZxO1UWVYX[Z

� ���4<:\�æ}^f\¬·�\[U6. 1(XYF W G1F�E�D�X�D!. �CB�XYF W E�U,R�X H@D E�D�X�D!. ACB�X / W D�B5/.U,S XYAYG�R�/!B F G1F H@D B F�. E�ACX�D��
B�R�XYF

$��#"��  C�-:A8?|34)934- 680 ?���),+.)>?���-�0ä680 -�0�+.-�7��.7;?;7|3:C = �±A�' ?;0�-687���C2'á0�+¹34- �2),-
N�i 3�¾¬l 3�� O¹mcdSX�T%b%`cb>¸¹h´O±`cb%T%X[qBmoX[PSVfUWVYX[Z�R%Z8egOghYR%pcdSPµPSVYZcr[pchYVYw%dSR%P¶`cR9h´O�q#O1UWdSVYT%RIwWOgT%X1·°cVYR%ZcZcR ��� ���������� ^  moX[pcdµhYR%PµPSR%m}U¬mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP¶PSpcVfegOgZtUWR%P,� mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR>`cR9¤ R;UymxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR>`cR

�
² mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR>`cR9¤ R;UymxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�T%X[qBmchYw;UWR9`cR

�
² mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR>`cR9¤ R;UymxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�mxOgdµmcdSX�`cpcVfUµUWR%ZcPSX[dSVYR%h `cR

�
² mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR>`cR9¤ R;UymxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�PST�Ogh´OgVYdSRz`cR

�
² mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�dSb%`cpcVfUWR9`cR9¤]R;U�mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�T%X[qBmchYw;UWR9`cR
�
² mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�dSb%`cpcVfUWR9`cR9¤]R;U�mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�mxOgd�mcdSX�`cpcVfU2UWR%ZcPSX[dSVYR%h�`cR

�
² mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�dSb%`cpcVfUWR9`cR9¤]R;U�mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�PST�Ogh´OgVYdSR9`cR

�
^ë4X[pcd¬hYR%P¬mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP�6xZcR%P¬`cR±¤ R;U

�
²oh´OÅ`cVYqBR%ZcPSVYX[Z�R%P�UzT%X[ZcPSb%®¯pcR%ZtUWR ¨ -10>�

� N N}²�-54>� ):N N}²�-�.�� )��t©±R;UÅhYR�UWR%qBmcP¹`cR.T�OghYT%pch2`cR8h´Os`cb%T%X[qBmoX[PSVfUWVYX[Z "sR|{}mchYX[PSR $[^N�R%P#dSb%PSpchfU§O1UWP#ZcR�PSR%q�°chYR%ZtU�mxOgP#º;UWdSR 6�Og°chYR%PBmoX[pcdBhYR%P#T�OgP#hYVYqBVfUWR%P�`cR%P�moX[PSPSVY°cVYhYVfUWb%P¹`cR�����������:^:ë4X[pcd>UWX[pcP,hYR%P>T�OgP±O�e[R%T�h´O8mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcRB`cRBh´O8UWR%qBmob%dWO1UWpcdSRg²�PSR%pchYR%P®¯pcR%hY®¯pcR%P#egOghYR%pcdSPBPSVYZcr[pchYVYw%dSR%PBPSX[ZtU�b;egOghYpcb%R%P#mxOgdBpcZcRsqBb;UWvcX�`cR�VfUWb%dWO1UWVfe[Rg^ÈëáOgdBT%X[ZtUWdSRg²moX[pcdzhYR%PzmxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcPydSb%`cpcVfUWR%P%² h´O#`cVYqBR%ZcPSVYX[Z�dSR%P�UWR¹dWOgVYPSX[ZcZxOg°chYR ¨ `cR¹®¯pcR%hY®¯pcR%P>`cV£·u�OgVYZcR%P2¸±®¯pcR%hY®¯pcR%PµpcZcVfUWb%P2PSpcVfegOgZtU2hYRyT�OgP§©ÈR;U2UWX[p}UWR%P¶hYR%PÈegOghYR%pcdSP¶PSVYZcr[pchYVYw%dSR%P¶moR%p}e[R%ZtU�º;UWdSR`cb;UWR%dSqBVYZcb%R%P%^N:O±`cb%T%dSX[VYPSPWOgZcT%Rz`cR%PÈegOghYR%pcdSP¶PSVYZcr[pchYVYw%dSR%P�R%P�UµdSR%mcdSb%PSR%ZtUWb%R9PSpcd¶hYR%PM6xr[pcdSR%P¬\�æ}^ í±R;Uz\�æ}^ÇÆR%Z,b%T§vcR%hYhYR�hYX[rtOgdSVfUWvcqBVY®¯pcR4moX[pcd�hYR%P:T�OgP�\[² â R;Uá_}^�N�R%P�egOghYR%pcdSP:PSVYZcr[pchYVYw%dSR%P PSX[ZtUáZcX[dSq#OghYVYPSb%R%PmxOgdµh´O�mcdSR%qBVYw%dSRg^xN�R9ZcVfe[R�Ogp.`cR>°cdSpcVfUµmoR%p}Uyº;UWdSR9dSR%mcdSb%PSR%ZtUWb±mxOgPµpcZcR>`cdSX[VfUWR9vcX[dSVYu%X[ZtU§OghYRg^ë4X[pcd�pcZ�ZcVfe[R�OgpÑ`cR�°cdSpcVfU¹`cX[ZcZcbg²áhYR�ZcX[q�°cdSR�`cR#egOghYR%pcdSP�PSVYZcr[pchYVYw%dSR%P±PSpcmob%dSVYR%pcdSR%PÅ¸sT%R°cdSpcVfU�VYZc`cVY®¯pcR9hYR9ZcX[q�°cdSR9q#Oª{}VYq#Ogh�`cR>mxOgdWOgqBw;UWdSR%PµVY`cR%ZtUWV@6�Og°chYR%P%^½zOgZcP,UWX[pcP,hYR%P,T�OgP%²:hYR%P,hYpcqBVYZxOgZcT%R%P>qBR%PSpcdSb%R%P±T%X[ZtUWVYR%ZcZcR%ZtU�dSR%h´O1UWVfe[R%qBR%ZtU,°oR�OgpcT%X[pcm` i VYZ}ÂÃX[dSq#O1UWVYX[ZcP�PSpcd2hYR%P¶mxOgdWOgqBw;UWdSR%P¶dSR%T§vcR%dST§vcb%PyT�Ogd¶hYR%P â æ±mcdSR%qBVYw%dSR%PÈegOghYR%pcdSP¶PSVYZcr[pchYVYw%dSR%P`cR�h´O¿mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcR�PSX[ZtU#mcdSR%PS®¯pcR�UWX[p}UWR%PBVY`cR%ZtUWVY®¯pcR%P ¨ T%X[pcdS°oR%PBZcX[VYdSR%PÅmcdSw%PB`cRhji Oª{}R9PSpcmob%dSVYR%pcd�`cR%P¬Og°cPST%VYPSPSR%P§©|^½zOgZcP4hYR�T�OgPÈ\ ¨�5 VYrc^[\�æ}^ í¯©|²�h´OµT%X[qBmxOgdWOgVYPSX[Z>`cR%P4mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP T%X[qBmchYw;UWR%P ¨ T%X[pcdS°oR%P°chYR%pcRÈR;U*T%VYR%h�© R;UámxOgdámcdSX�`cpcVfU:UWR%ZcPSX[dSVYR%h ¨ T%X[pcdS°oR%P4e[R%d�UWR2R;USwWOgpcZcR�©:`cp±T%X�R;ÞBT%VYR%ZtU*` i Og°cPSX[dSm�·UWVYX[ZÅqBX[ZtUWdSRµ®¯pcRyhYR%P�mcdSR%qBVYw%dSR%P�egOghYR%pcdSP�PSVYZcr[pchYVYw%dSR%P�PSX[ZtUÈhYR%P�qBº%qBR%P
	t`cX[ZcT�h´O9mxOgdWOgqBb;UWdSV£·
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PWO1UWVYX[Z.mxOgd�mcdSX�`cpcVfU�UWR%ZcPSX[dSVYR%h ¨ qBX[VYZcPµ`cR>mxOgdWOgqBw;UWdSR%P§©µR%P�U�wSpc`cVYT%VYR%pcPSRg^ � Z�`cb;UWR%dSqBVYZcRÅ\�îegOghYR%pcdSP�PSVYZcr[pchYVYw%dSR%PµmoX[pcd�pcZ.UWXgU§Ogh `cR â æ¹mxOgdWOgqBw;UWdSR%P�VYZcVfUWV´Ogp�{8OghYX[dSPµ®¯pcR,`xOgZcPyhYR9T�OgPy`cRh´OBmxOgdWOgqBb;UWdSVYPWO1UWVYX[Z.T%X[qBmchYw;UWRg²�X[ZsR%Zs`cb;UWR%dSqBVYZcR â æBmoX[pcd¬pcZ�UWXgU§Ogh4`cR#\�æ[æBmxOgdWOgqBw;UWdSR%P%^& V2ZcX[pcP¹T%X[qBmxOgdSX[ZcP%²ámoX[pcd¹pcZcR8mxOgdWOgqBb;UWdSVYPWO1UWVYX[Za`cp�T%X�R;ÞBT%VYR%ZtUÅ` i Og°cPSX[dSm}UWVYX[ZÑ`cX[ZcZcb%Rg²h´O�mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z%6xZcRÅR;U>h´O�mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZsdSb%`cpcVfUWR¹`cRÅh´O#UWR%qBmob%dWO1UWpcdSRg² VYh4«�O8moR%p`cR,`cVf³�b%dSR%ZcT%R%PyR%ZtUWdSR±hYR%P�T%X[pcdS°oR%P%²oPWOgp}Â*moX[pcdyh´O¹mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z8PST�Ogh´OgVYdSR9`cp�T%X�R;ÞBT%VYR%ZtU` i Og°cPSX[dSm}UWVYX[Z ^ � Z#moR%dS`#`cX[ZcT�UWdSw%PÈmoR%p#` i VYZ}ÂÃX[dSq#O1UWVYX[Z¹hYX[dSPS®¯pcRyhYR�ZcX[q�°cdSR�`cRymxOgdWOgqBw;UWdSR%PR%P�U¹dSb%`cpcVfU�^áN:O�UWR%qBmob%dWO1UWpcdSR�O�`cX[ZcTBUWdSw%P�moR%pÑ`cR#mxOgdWOgqBw;UWdSR%P±VYZc`cb%moR%Zc`xOgZtUWP�R;U¹h´O�mxOª·dWOgqBb;UWdSVYPWO1UWVYX[Z 6xZcRBZ i R%P�U�mxOgP,p}UWVYhYRg^�½¬RBqBº%qBRÅmoX[pcd>hYRÅT%X�R;ÞBT%VYR%ZtU±` i Og°cPSX[dSm}UWVYX[Z ²:T�Ogd>VYh`cb%moR%Zc`�`cR>h´O±UWR%qBmob%dWO1UWpcdSRg^¼¶R;USUWR¹OgZxOghf«�PSR,`cR�PSR%ZcPSVY°cVYhYVfUWb9qBX[ZtUWdSR±®¯pcR±moX[pcdyh´OBdSb%PSX[hYp}UWVYX[Z�`cpsT�OgP±\[²oVYh�Z i R%P�U9mxOgPZcb%T%R%PSPWOgVYdSR¬`cRyT§vcX[VYPSVYd�pcZcR¬mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z+6xZcRg^�N:O,mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z¹dSb%`cpcVfUWRy`cR�¤ R;U¶h´OmxOgdWOgqBb;UWdSVYPWO1UWVYX[Z�mxOgdµmcdSX�`cpcVfUµUWR%ZcPSX[dSVYR%h `cR
�

PSR%q�°chYR%ZtUypcZ�°oX[Z.T%X[qBmcdSX[qBVYP%^

Numéro de la valeur singulière

V
a

le
u

r 
s
in

g
u

liè
re

 r
e

la
ti
v
e

t , kf in f in

t , kréduit com   plet

t , kf in scalaire

t , kf in t ensoriel

t , kf in com   plet

t , kréduit t ensoriel

t , kréduit scalaire Niveau de bruit (exemple)

8:9!;�<:\�æ}^ í±·���D�H�FCR�X W]W /!S�Z�R�H / �CXYF W E�U,R�XIH�F W G!/ ��ACXYFCS�B F W E�D�X�D!. ACB�X / W D�B5/.U,S W G)D�S W H�F ð D W =
ë4X[pcd¿hYR%PsT�OgP â R;U(_}²¬hYR%PsdSb%PSpchfU§O1UWPs`cRÑhji OgZxOghf«�PSRa`cRÑPSR%ZcPSVY°cVYhYVfUWb(PSX[ZtU�PSR%q�°ch´Og°chYR%P¨�5 VYrc^È\�æ}^ÇÆ[©|^�N�R%P�egOghYR%pcdSP¹PSVYZcr[pchYVYw%dSR%P�`cR8h´OsmxOgdWOgqBb;UWdSVYPWO1UWVYX[ZK6xZcR8`cR8¤ O�e[R%T.hYR%P¹mxOgdWOª·qBb;UWdSVYPWO1UWVYX[ZcPM6xZcR ¨ T%X[pcdS°oR9ZcX[VYdSR�©|²cT%X[qBmchYw;UWR ¨ T%X[pcdS°oR>°chYR%pcR�©¶R;U�PST�Ogh´OgVYdSR ¨ T%X[pcdS°oR9dSX[pcr[R�©`cR
�
PSX[ZtU2PSpcmoR%dSmoX[PSb%R%P%^�¼¶X[qBqBR�`xOgZcP¶hYRyT�OgP¬\[²¯VYhx«#O,moR%p�`cRy`cVf³�b%dSR%ZcT%R¬R%ZtUWdSRzhYR%PÈmxOgdWOª·qBb;UWdSVYPWO1UWVYX[ZcP�6xZcRyR;U¶dSb%`cpcVfUWRy`cR�¤¡moX[pcd�h´O>mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z¹mxOgd�mcdSX�`cpcVfU�UWR%ZcPSX[dSVYR%h�`cR

�¨ T%X[pcdS°oR%P*e[R%d�UWR�R;U wWOgpcZcR�©|^tN:OzmxOgdWOgqBb;UWdSVYPWO1UWVYX[Z[6xZcRµZ i b;U§OgZtU�mxOgP�R%Zte�VYPWOgr[R�Og°chYR�¸zT�OgpcPSR�`cRh´O8`cVYqBR%ZcPSVYX[Z¿UWdSX[m(VYqBmoX[d�U§OgZtUWR�`cp(e[R%T;UWR%pcd±`cR%P,mxOgdWOgqBw;UWdSR%P%²�PSR%pchYRBh´O8mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZdSb%`cpcVfUWR�`cR#¤ PSR%dWOsb;UWpc`cVYb%Rg^*N�R%P¹dSb%PSpchfU§O1UWP±qBX[ZtUWdSR%ZtU¹®¯pcR8T%R;USUWR�mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZaOgPSPSX1·T%VYb%RsOgp�{�`cVf³�b%dSR%ZtUWR%P�mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP¹dSb%`cpcVfUWR%P�`cp�T%X�R;ÞBT%VYR%ZtU8` i Og°cPSX[dSm}UWVYX[Z�OgmcmoX[d�UWRPSp}ÞBPWOgqBqBR%ZtUy` i VYZ}ÂÃX[dSq#O1UWVYX[Z#moX[pcd�R%PSmob%dSR%dymoX[p}e[X[VYd2dSb%PSX[pc`cdSR,hji VYZte[R%dSPSVYX[Z.`cR>hji k�»�l>^
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Numéro de la valeur singulière
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t , kf in f in

t , kréduit com   plet

t , kf in scalaire

t , kf in t ensoriel

t , kf in com   plet

t , kréduit t ensoriel

t , kréduit scalaire
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e

Numéro de la valeur singulière

t , kf in f in

t , kréduit com   plet

t , kf in scalaire

t , kf in t ensoriel

t , kf in com   plet

t , kréduit t ensoriel

t , kréduit scalaire
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N�i OgZxOghf«�PSR,`cR,PSR%ZcPSVY°cVYhYVfUWb9R%P�U¬pcZcR±OgZxOghf«�PSR,hYX�T�OghYRg²}dSb�OghYVYPSb%R,Ogp}UWX[pcd�`cp�moX[VYZtUy®¯pcR,hji X[ZPSX[pcvxOgVfUWRÅVYZte[R%dSPSR%d%^ák�hYhYR¹dSR%moX[PSRBPSpcd,pcZcRBhYVYZcb�OgdSVYPWO1UWVYX[Zs`cpamcdSX[°chYw%qBRg^:k�hYhYR¹ZcRBdSR%ZcPSR%VYr[ZcR`cX[ZcTµ®¯pcRµPSpcd*hYR2T%X[qBmoX[d�UWR%qBR%ZtU*hYX�T�Ogh�`cR2hji k�»�l>^[k�ZBOgpcT%pcZÅT�OgP*pcZcRµ°oX[ZcZcR2PSR%ZcPSVY°cVYhYVfUWb¶ZcRrtOgdWOgZtUWVfU�T%R%moR%Zc`xOgZtU¶®¯pcR¬hji X[ZÅmcpcVYPSPSR�UWdSX[p}e[R%dÈh´O9PSX[hYp}UWVYX[Z¹`cp#T%dSVfUWw%dSR�`cR%PÈqBX[VYZc`cdSR%P�T�OgdSdSb%P< PWOgZcP�dSR%ZcT%X[ZtUWdSR%d�`cRsqBVYZcVYq�pcq hYX�T�Oghj^�N:OaZcX[Z�·¥hYVYZcb�OgdSVfUWb8`cp mcdSX[°chYw%qBR�ZcR�moR%p}U8º;UWdSROgmcmcdSb%vcR%Zc`cb%Ry®¯pcR�mxOgd�h´O¬qBVYPSR2R%ZBX�R%p}e�dSR�`cRµhji OghYr[X[dSVfUWvcqBR�`cR�qBVYZcVYqBVYPWO1UWVYX[Z ^�¾yb�OgZcqBX[VYZcP%²pcZ�mcdSR%qBVYR%d2VYZc`cVYT�O1UWR%pcd2`cR>h´O�ZcX[Z�·¥hYVYZcb�OgdSVfUWb¬R%P�UyhYRzUWdWOgT%b>`cp.T%dSVfUWw%dSR>`cR%P�qBX[VYZc`cdSR%PµT�OgdSdSb%PPSpcd�pcZ�PSR%r[qBR%ZtUydSR%hYV´OgZtUµpcZ�moX[VYZtU�VYZcVfUWV´Ogho¸Åh´O�PSX[hYp}UWVYX[Z ^¾yX[pcP�`cX[ZcZcX[ZcP�pcZ<R|{}R%qBmchYR(`cp�UWdWOgT%b(`cp<T%dSVfUWw%dSR(moX[pcd.hYR�T�OgPa\[^�N:O 6xr[pcdSR \[\[^f\dSR%mcdSb%PSR%ZtUWRahYR%P�UWdWOgT%b%P.`cp¡T%dSVfUWw%dSR�ZcX[dSq#OghYVYPSb 'o�Û�IHAJ a �#moX[pcd8`cR%p�{�PSR%r[qBR%ZtUWP.dSRswSX[VYr[ZxOgZtU`cR%p�{ moX[VYZtUWP�VYZcVfUWV´Ogp�{��B��¸Qh´OaPSX[hYp}UWVYX[Z�� P ²2moX[pcd#UWdSX[VYP#T%X[pcmchYR%P8`cR¿mxOgdWOgqBb;UWdSVYPWO1UWVYX[Z`cR�h´O¿UWR%qBmob%dWO1UWpcdSR.R;U#`cp�T%X�R;ÞBT%VYR%ZtU#` i Og°cPSX[dSm}UWVYX[Z ^ÈN:O¿e�dWOgVYR8egOghYR%pcdÅ`cR.UWR%qBmob%dWO1UWpcdSRR%P�UÅ_[î[æ[æ

�
^áN�R%P�`cR%p�{QmoX[VYZtUWP±VYZcVfUWV´Ogp�{�PSX[ZtU¹_ ò Ægæ

�
¨�5 VYrc^�\[\[^f\[²:r[dWOgmcvcR�`cpQvxOgp}U|©>R;Uí¯Ægæ[æ

�
¨�5 VYrc^�\[\[^f\[²cr[dWOgmcvcR>`cp�°xOgP§©|^�ë4X[pcd�hYR9mcdSR%qBVYR%dµmoX[VYZtU�VYZcVfUWV´Oghj²¯VYh ZcR>PSR%q�°chYR>mxOgPµ«O�e[X[VYdµ`cR>qBVYZcVYq�pcq�hYX�T�Oghj^cëáOgd�T%X[ZcPSb%®¯pcR%ZtU�²ohji VYZte[R%dSPSVYX[Z8`cR;e�dWOgVfUymoR%dSqBR;USUWdSR9`cR>dSR;UWdSX[p}e[R%dÂÛOgT%VYhYR%qBR%ZtU�h´OsPSX[hYp}UWVYX[Z ^*ëáOgd¹T%X[ZtUWdSRg²�O�e[R%T.hYR8PSR%T%X[Zc` moX[VYZtU¹VYZcVfUWV´Oghj²�VYh¶«ÑO¿`cR%PÅqBVYZcVYq#OhYX�T�Ogp�{ ®¯pcV9`cR;e�dWOgVYR%ZtU�moX[PSR%d.mchYpcP8`cR(`cVfÞBT%pchfUWb%P8moX[pcd.hji X[m}UWVYqBVYPWO1UWVYX[Z `cp�T%dSVfUWw%dSRg^�k�ZO:wSX[p}U§OgZtU8`cp °cdSpcVfU�²ÈhYR%P�T%X[pcdS°oR%P�PSX[ZtU.PSR%pchYR%qBR%ZtU�UWdWOgZcPSh´O1UWb%R%P%^2N�R%P�egOghYR%pcdSP#`cp T%dSVfUWw%dSRZcX[dSq#OghYVYPSb�'#PSX[ZtUy`cX[ZcT>mchYpcPµb%hYR;e[b%R%P%^
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Point initial T=3850 K
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Point initial T=4500 K
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N�i X[°EwSR%T;UWVfÂ�`cR%P4UWdWO�egOgp�{±mcdSb%PSR%ZtUWb%P�`xOgZcPáT%R¶qBb%qBX[VYdSR�b;U§OgVfUá`cR¶T%X[ZtUWdSVY°cpcR%d*¸yh´OyT%X[ZcZxOgVYP�·PWOgZcT%Rz`cR%P2qBb%T�OgZcVYPSqBR%P¶` i OgqBX[dvK�Ogr[RyR;U2`cRz`cb;UWX[ZxO1UWVYX[Z#`cp8ZcVfUWdSX[qBb;UWvxOgZcR ¨ ¾zÀs©|²�R|{}mchYX[PSVfÂhYVY®¯pcVY`cR¹b%T%X[hYRg²:PSR%qBV£· UWdWOgZcPSmxOgdSR%ZtU�^ 3¥h�P%i Ogr[VYPSPWOgVfU,`cRBqBR;USUWdSRBR%ZaX�R%p}e�dSR#pcZcRÅUWR%T§vcZcVY®¯pcR�`cRPSmoR%T;UWdSX[qBb;UWdSVYRy` i b%qBVYPSPSVYX[Z#O,6xZ�`cR¬dSb�OghYVYPSR%d�hji OgZxOghf«�PSRyPSmoR%T;UWdWOghYR¬`cp�¾zÀ mcpcVYP¶`cR¬`cb;UWR%dSqBV£·ZcR%d2hYR%P2mcdSX�6xhYP¶`cRzUWR%qBmob%dWO1UWpcdSRz`cpcdWOgZtUµh´O,UWdWOgZcPSVfUWVYX[Z#T§vcX�T|·¥`cb;UWX[ZxO1UWVYX[Z ^}N:O,UWR%qBmob%dWO1UWpcdSRR%P�UµR%Z�R;³�R;U2pcZ�mxOgdWOgqBw;UWdSR¬q#O:wSR%pcdÈmoX[pcd¶h´O>egOghYVY`xO1UWVYX[Z¹`cR%P2qBX�`cw%hYR%P�UWvcb%X[dSVY®¯pcR%P%²}hji b%h´Og°oX1·dWO1UWVYX[Z8`cR>hYX[VYP2` i b;U§O1UyR;Uyh´O�T%X[ZcZxOgVYPSPWOgZcT%R>`cR%PyT%VYZcb;UWVY®¯pcR%P�T§vcVYqBVY®¯pcR%P%^N:O�PSmoR%T;UWdSX[qBb;UWdSVYRÅ` i b%qBVYPSPSVYX[ZaO�b;UWbBT§vcX[VYPSVYRBPSpcVfUWRB¸�`cR%P±b;UWpc`cR%P±`cRBmt«�dSX[qBb;UWdSVYRBX[m�·UWVY®¯pcR9¸�î±hYX[Zcr[pcR%pcdSP2` i X[Zc`cRz`cVYPST%dSw;UWR%P>ì Ægæ1ïj²}moX[pcdÈe[b%dSV@6xR%d2R;UµmcdSb%T%VYPSR%d2hYR%P2VYZtUWR%dSmcdSb;U§O1UWVYX[ZcPPSpcdµhji b%qBVYPSPSVfe�VfUWb¬`cR%P�`cVf³�b%dSR%ZtUWPµqBVYhYVYR%p�{BmcdSb%PSR%ZtUWPyhYX[dSP2`cR9h´O±UWdWOgZcPSVfUWVYX[Z�T§vcX�T|·¥`cb;UWX[ZxO1UWVYX[Z ^N:O,mchYpcmxOgd�U¶`cR%P2Ogd�UWVYT%hYR%PÈmoX[d�U§OgZtU¶PSpcd¶h´O,mt«�dSX[qBb;UWdSVYRyPSmoR%T;UWdWOghYRyX[ZtU2T%X[Zc`cpcVfU2¸,b;U§Og°chYVYd�®¯pcRhji X[Zc`cR�`cR�`cb;UWX[ZxO1UWVYX[Z�O�egOgVfUzpcZ¿T%X[qBmoX[d�UWR%qBR%ZtU9X[m}UWVY®¯pcR�mcdSX�T§vcR¹` i pcZ¿T%X[dSmcP9ZcX[VYd ¨ UWR%q¹·mob%dWO1UWpcdSR¹T%X[qBmcdSVYPSR¹R%ZtUWdSRB_gítæ[æ�R;U,_ ò æ[æ
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qBR;UzOgpsqBX[ZcX�T§vcdSX[q#O1UWR%pcd�mxOgdypcZcR[6x°cdSR�X[m}UWVY®¯pcRg^oN�R%P¬R%PSPWOgVYPz`cR±`cb;UWX[ZxO1UWVYX[Z�T%X[ZcPSVYP�UWR%ZtUR%Z¿`cR%P9VYqBmxOgT;UWP¬mch´OgZcPz` i pcZ�mcdSX wSR%T;UWVYhYR±PSpcdzpcZcR¹T%VY°chYR±T%X[ZtUWR%ZxOgZtU>hji R|{}mchYX[PSVfÂ�hYVY®¯pcVY`cRg^�½¬R%PqBR%PSpcdSR%P�`cR>PSmoR%T;UWdSX[qBb;UWdSVYR9` i b%qBVYPSPSVYX[Z.X[ZtU�b;UWb,dSb�OghYVYPSb%R%PµhYX[dSPµ`cR,î¹R%PSPWOgVYP�` i VYqBmxOgT;Uµmch´OgZ¸ ò ² î�ç,è,é�PSpcd±`cR%P±b%mxOgVYPSPSR%pcdSP�`cR â Æ >@>E`cR�¾zÀ(^4N�R%P,UWR%qBmob%dWO1UWpcdSR%P±`cRBhYpcqBVYZxOgZcT%R%PqBVYZcVYq#OghYR%PÈX[°}UWR%Z¯pcR%PyPSX[ZtUyb%rtOghYR%Py¸8\ªÆgæ[æ
�
^N�i p}UWVYhYVYPWO1UWVYX[Z¬`cR�`cVfe[R%dSP:qBX�«[R%ZcP:qBb;UWdSX[hYX[r[VY®¯pcR%P ¨ OgVYr[pcVYhYhYR%P�`cR�T§vcdSX[ZcX[qBb;UWdSVYRg²�`cb;UWR%T;UWR%pcdh´OgdSr[R¶°xOgZc`cRg²[b%hYR%T;UWdSX�`cR2`cR2moX[h´OgdSVYPWO1UWVYX[Z�©|²ªOgPSPSX�T%VYb%P�Ogp¹PSmoR%T;UWdSX[qBw;UWdSRg²[OzmoR%dSqBVYPá`cRµqBR;USUWdSRR%Z#b;e�VY`cR%ZcT%RyhYR%P�`cVf³�b%dSR%ZtUWR%P¶mcvxOgPSR%PÈ`cRyh´OzUWdWOgZcPSVfUWVYX[ZÅT§vcX�T|·¥`cb;UWX[ZxO1UWVYX[Z¹UWR%hYhYR%P�®¯pcR¬`cb%T%dSVfUWR%PmxOgd4¼¶vxOgV��gR%Z#ì£\4Kªïx��hji R%ZtUWdSb%R�`cp>T§vcX�T�`xOgZcP:hYR�¾zÀ(²�h´O¶ÂÃX[dSq#O1UWVYX[Zz` i pcZcR�X[Zc`cR�`cR�`cb;UWX[ZxO1UWVYX[Z`xOgZcPáhYRÈ¾zÀ T%X[qBmcdSVYqBb�mxOgd4hYR�T§vcX�T2OgmcmoR%hYb%RÈPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z ²ªhYRÈdWO1USUWdWOgmxOgr[R�`cp�T§vcX�TÈmxOgdh´O#PSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z¿mcpcVYP9h´OBÂÃX[dSq#O1UWVYX[Z�`cR¹h´O#`cb;UWX[ZxO1UWVYX[Z¿b;U§Og°chYVYRg^�N�R�T�OghYT%pchá`cR%P>mcdSX�6xhYP`cR2UWR%qBmob%dWO1UWpcdSRµ`cRµhYpcqBVYZxOgZcT%R�·:X[p�UWR%qBmob%dWO1UWpcdSR�OgmcmxOgdSR%ZtUWR¶·�UWR%qBmob%dWO1UWpcdSRµqBVYZcVYq#OghYRg²ªOqBX[ZtUWdSbz®¯pcR9h´O,UWR%qBmob%dWO1UWpcdSRz`cRzhYpcqBVYZxOgZcT%R¬`cp�¾zÀ T§vcX�®¯pcb>R%P�UµT%X[qBmcdSVYPSRzR%ZtUWdSR¹\ªÆgæ[æ

�R;U â Ægæ[æ
�
^x¼¶R;USUWR>Ogpcr[qBR%ZtU§O1UWVYX[Z#VYqBmoX[d�U§OgZtUWRy`cR9h´O,UWR%qBmob%dWO1UWpcdSR¬PSR%dWOgVfUµh´O,T%X[ZcPSb%®¯pcR%ZcT%R`cR>dSb�OgT;UWVYX[ZcPµT§vcVYqBVY®¯pcR%P�hYX�T�OghYVYPSb%R%Pµ¸¹hji VYZtUWR%d�ÂÛOgT%R9mch´Og®¯pcR9`cR9UWdWOgZcP�ÂÃR%d�U ng¾zÀ ì ít~1ïj^N�i OgZxOghf«�PSR�PSmoR%T;UWdWOghYRµ`cR�hji VYZtUWR%ZcPSVfUWb2b%qBVYPSRg²[T%X[pcmchYb%R�¸9hji OgZxOghf«�PSR2UWR%qBmoX[dSR%hYhYR¶moR%dSqBR;U�`cRPSpcVfe�dSRBhYR%P>b;e[X[hYp}UWVYX[ZcP>`cR%P,T�OgdWOgT;UWb%dSVYP�UWVY®¯pcR%P,X[m}UWVY®¯pcR%P>`cR%P,qBVYhYVYR%p�{s`cpcdWOgZtU±h´O�UWdWOgZcPSVfUWVYX[ZT§vcX�T|·¥`cb;UWX[ZxO1UWVYX[Z ^�N�i OgmcmxOgdSVfUWVYX[ZÅ` i pcZcR¬`cVYPST%X[ZtUWVYZ¯pcVfUWbyT%R%ZtUWdSb%Rz¸±æ}²	K5;$>�`cw%P¶h´O9ÂÃX[dSq#O1UWVYX[Z`cR¹h´OBPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z¿mcdSb%T%VYPSR¹hYR%PzqBR%PSpcdSR%P9`cR¹mt«�dSX[qBb;UWdSVYR±R;³�R%T;UWpcb%R%P±¸#`cR%P9hYX[Zcr[pcR%pcdSP` i X[Zc`cRÅ`cVYPST%dSw;UWR%P,®¯pcV�Z i O�egOgVYR%ZtU>mxOgP>R%ZcdSR%r[VYP�UWdSbÅT%R;USUWRÅmxOgd�UWVYT%pch´OgdSVfUWbg^ k�hYhYR�P%i R|{}mchYVY®¯pcR%dWOgVfUmxOgd±h´O8ÂÃX[dSq#O1UWVYX[Z�`cR%P�mcdSX�`cpcVfUWP,`cR�dSb�OgT;UWVYX[Z ^4N�i VYZtUWR%dSmcdSb;U§O1UWVYX[Za`cR%P±qBR%PSpcdSR%P¹O�T%X[Zc`cpcVfUOgp�{.T%X[ZcT%hYpcPSVYX[ZcPµPSpcVfegOgZtUWR%P,� N�i R|{}mchYX[VfU§O1UWVYX[Z�`cR%P>mcdSX�6xhYP9`cR¹hYpcqBVYZxOgZcT%R�T%X[dSdSb%hYb%RÅ¸�`cR%P>R%PSPWOgVYP>`cR¹dSb;e[R%dS°ob%dWO1UWVYX[ZPSX[pcP¹T§vcX�T8`cp�¾zÀFdSb�OghYVYPSb%P¹Ogp ¼2k �Áì ígïj²áqBX[ZtUWdSR�®¯pcR8hYR8¾zÀFdSR%P�UWR�UWdWOgZcPSmxOgdSR%ZtUPSX[pcP�T§vcX�T>R;UyT%X[Z*6xdSqBR>hji R|{}VYP�UWR%ZcT%R>`cR>dSb�OgT;UWVYX[ZcPµT§vcVYqBVY®¯pcR%P�hYX�T�OghYR%P%^ N�R%P¬mcdSX�`cpcVfUWP�`cR±dSb�OgT;UWVYX[ZcPy®¯pcVáOgmcmxOgdWOgVYPSPSR%ZtUz¸Bh´O¹ÂÃX[dSq#O1UWVYX[Z.`cR±hji X[Zc`cR>`cR±PSpcmoR%d�·`cb;UWX[ZxO1UWVYX[Z8PSX[ZtU¬PSR%qBV£· UWdWOgZcPSmxOgdSR%ZtUWP%^xë4X[pcd�hYR%PµhYX[Zcr[pcR%pcdSP�` i X[Zc`cR>T%X[qBmcdSVYPSR%PµR%ZtUWdSRæ}² íaR;U8æ}² î ;$>¿²ÈVYhYPBPSX[ZtU#UWdWOgZcPSmxOgdSR%ZtUWP%^2ëáOgd#T%X[ZtUWdSRg²¶moX[pcdBhYR%P#hYX[Zcr[pcR%pcdSP#` i X[Zc`cRT%X[qBmcdSVYPSR%P�R%ZtUWdSR8æ}² îsR;UÅæ}² ò Æ ;$>¿²áVYhYP±PSX[ZtU¹X[m}UWVY®¯pcR%qBR%ZtU¹b%mxOgVYP
	áhYR#dWO�«[X[ZcZcR%qBR%ZtUb%qBVYP�mcdSX�e�VYR%ZtU¶OghYX[dSP�` i pcZcRyT%X[pcT§vcRy`cR�mcdSX�`cpcVfUWP�`cR�dSb�OgT;UWVYX[ZÅ` i b%mxOgVYPSPSR%pcdÈT%X[ZcP�U§OgZtUWR¸¹hji OgdSdSVYw%dSRz`cR>hji X[Zc`cR9`cR>PSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z ^ N�R%P�mcdSX�`cpcVfUWP�`cR�`cb;UWX[ZxO1UWVYX[Z ²t¸>hji OgdSdSVYw%dSR2`cR�hji X[Zc`cRµ`cR�`cb;UWX[ZxO1UWVYX[ZÅPSX[ZtU¶OgpcPSPSV�PSR%qBV£·UWdWOgZcPSmxOgdSR%ZtUWP¬R;UyX[m}UWVY®¯pcR%qBR%ZtU¬b%mxOgVYP�`xOgZcPyhYR>`cX[q#OgVYZcRze�VYPSVY°chYR>æ}² í1·�æ}² ò ÆB;$>¿^�¼¬i R%P�UpcZcR�T%X[pcT§vcR�` i b%mxOgVYPSPSR%pcd 6xZcVYRg²�` i Ogp qBX[VYZcPBÆ >@> ®¯pcV�b%qBR;USUWdWOgVfUB¸�hji OgdSdSVYw%dSR8`cpÂÃdSX[ZtU�^�ëáOgd>T%X[ZcPSb%®¯pcR%ZtU�²:hji vt«�moXgUWvcw%PSRB`cRÅT%X[dSmcP9ZcX[VYd9X[p�r[dSVYPzT%X[pcdWOgqBqBR%ZtU>p}UWVYhYVYPSb%R`xOgZcP±hYR%P±b;UWpc`cR%P�`cR�mt«�dSX[qBb;UWdSVYRBX[m}UWVY®¯pcR#ZcR#moR%p}U¹º;UWdSR�OgmcmchYVY®¯pcb%Rg^áN�R#T%X�R;ÞBT%VYR%ZtU` i Og°cPSX[dSm}UWVYX[ZaqBX[ZcX�T§vcdSX[q#O1UWVY®¯pcRÅ`cR%P�mcdSX�`cpcVfUWP,`cR#`cb;UWX[ZxO1UWVYX[ZaR%P�U¹R%ZQR;³�R;U�b%hYR;e[bq#OgVYP2VYh `cb%moR%Zc`�`cR,h´O¹hYX[Zcr[pcR%pcdµ` i X[Zc`cR,R;UyZcR>T%X[dSdSR%PSmoX[Zc`�mxOgPy¸Åhji b%qBVYPSPSVfe�VfUWbz` i pcZT%X[dSmcP�ZcX[VYd%^)yZ�qBX�`cw%hYR�` i Og°cPSX[dSm}UWVYX[Z�O,b;UWb¬b;UWpc`cVYbymoX[pcdÈR|{}mchYVY®¯pcR%d¶h´O>`cVYPST%X[ZtUWVYZ¯pcVfUWb�`cR%P2PSmoR%T;UWdSR%P`cR±hYpcqBVYZxOgZcT%R%PyR%Z¿PSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z�R;U9R%Zs`cb;UWX[ZxO1UWVYX[Z ^o½zOgZcPzhYR,`cX[q#OgVYZcR±æ}² _ª·�æ}² ò Æ<;$>¿²
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hYR%P±R%PSmow%T%R%PÅT§vcVYqBVY®¯pcR%P�R%ZÑmcdSX[moX[d�UWVYX[ZadSR%h´O1UWVfe[R#q#O:wSX[dSVfU§OgVYdSR ¨ h´O�T%X[qBmoX[PSVfUWVYX[Z(T§vcVYqBVY®¯pcRR%P�U�T�OghYT%pchYb%RÅmxOgd,hYRÅT%X�`cRÅUWvcR%dSqBX�T§vcVYqBVY®¯pcR�������� �����4©¬PSpcPST%R%m}UWVY°chYR%P±` i b%qBR;USUWdSRBPSX[ZtU�hYRT�OgdS°oX[ZcR¶R;U�h´O�egOgmoR%pcdá` i R�Ogp ^[¾yX[pcP*O�e[X[ZcP�`cX[ZcT¶mcdSX[moX[PSb2pcZcR2b;UWpc`cR2°xOgPSb%R2PSpcdáh´Oy`cVf³�pcPSVYX[ZlyO�«�hYR%VYr[v¡`cR%P�mxOgd�UWVYT%pchYR%P8`cR�T�OgdS°oX[ZcR�`cX[ZtU�h´OQU§OgVYhYhYR�R%P�U�R%P�UWVYqBb%R(¸ Ægæ	� ì ò Æªï>R;U�PSpcdpcZcR�dSR%mcdSb%PSR%ZtU§O1UWVYX[Z�h´OgdSr[R8°xOgZc`cR�`cR%P#dWOgVYR%P¹` i b%qBVYPSPSVYX[Z `cR�hji R�Ogp ¨ qBX�`cw%hYR8R|{}moX[ZcR%ZtUWVYR%h`cR�k�` �2OgdS`cP¹ì Æ ò ï�©|^oN:OBT%X[qBmxOgdWOgVYPSX[Z�`cR%PzPSVYq�pch´O1UWVYX[ZcP�O�e[R%T�hYR%PyqBR%PSpcdSR%PzR|{}mob%dSVYqBR%ZtU§OghYR%P`cpcdWOgZtU�hYR%P±mcvxOgPSR%P�`cR�PSpcmoR%dS`cb;UWX[ZxO1UWVYX[ZaR;U�`cR�`cb;UWX[ZxO1UWVYX[Zab;U§Og°chYVYRBOg°oX[p}UWVfU�¸�mchYpcPSVYR%pcdSPT%X[ZcT%hYpcPSVYX[ZcP%^ N�R�qBX�`cw%hYRBT§vcX[VYPSV¶R%ZtUWdWO1Ä´ZcR�®¯pcR�hYR%P�mxOgd�UWVYT%pchYR%P±`cR�T�OgdS°oX[ZcR#`cX[ZtU¹h´O�ÂÃdWOgT;UWVYX[Z(e[X1·hYpcqBVY®¯pcRÅR%P�U±T%X[qBmcdSVYPSRBR%ZtUWdSR�î � R;U�~ � ¨ egOghYR%pcdSP>T�OghYT%pchYb%R%P,mxOgd,hYRBT%X�`cRÅUWvcR%dSqBX1·T§vcVYqBVY®¯pcR
������� �����amoX[pcdyhYR%P¬mcdSX�`cpcVfUWPy`cR±`cb;UWX[ZxO1UWVYX[Z�R;Uz`cR±dSb�OgT;UWVYX[Z�©µb%qBR;USUWR%ZtUT%X[qBqBR�pcZ�T%X[dSmcPÈZcX[VYd%²¯T%Ry®¯pcVoR%P�U2VYZcT%X[qBmxO1UWVY°chYR�O�e[R%T¬ZcX[P¶qBR%PSpcdSR%P%^ � Z#moR%p}U2`cX[ZcTP%i VYZtUWR%dSdSX[r[R%d�PSpcd�h´O±egOghYVY`cVfUWbz`cR%P�T�OghYT%pchYPµ`cp�T%X�`cRg^�½¬R>mchYpcP%²xh´O¹`cVf³�pcPSVYX[Z8`cR%PymxOgd�UWV£·T%pchYR%P�`cRµT�OgdS°oX[ZcR2Z i R%P�UÈP��cdSR%qBR%ZtU�mxOgP�Zcb%r[hYVYr[R�Og°chYRÈR;U�R%hYhYR¶ZcRµmoR%p}U�º;UWdSRµdSR%mcdSb%PSR%ZtUWb%RmxOgd�pcZBdSb%r[VYqBR2`cRy`cVf³�pcPSVYX[ZÅlyO�«�hYR%VYr[vÅVYZc`cb%moR%Zc`xOgZtUWRg^�N�i VYZtUWR%dWOgT;UWVYX[Z¹`cR%PÈmxOgd�UWVYT%pchYR%PR%ZtUWdSRzR%hYhYR%PÈ`cX[VfU¶º;UWdSRzmcdSVYPSR¬R%Z8T%X[qBm}UWRg^�3¥h�ÂÛOgp}U2`cX[ZcT¬p}UWVYhYVYPSR%d�h´O>ÂÃX[dSqBRyT%X[qBmchYw;UWR¬`cRhji b%®¯pxO1UWVYX[Z(`cRÅUWdWOgZcP�ÂÃR%d�U±dWOg`cV´O1UWVfÂ�² ®¯pcV�mcdSR%Zc`QR%ZaT%X[qBm}UWRBhji b%qBVYPSPSVYX[Z ² hji Og°cPSX[dSm}UWVYX[ZR;Uyh´O�`cVf³�pcPSVYX[Z8`cp�qBVYhYVYR%p ^ ½¬R%P�mcvcb%ZcX[qBw%ZcR%P�` i b%qBVYPSPSVYX[Z�Ogp}UWdSR%P.®¯pcR(UWvcR%dSqBVY®¯pcR%P.moR%p}e[R%ZtU¿O�e[X[VYd.hYVYR%p PSX[pcPÂÃX[dSqBRÅ`cR#T§vcVYqBVYhYpcqBVYZcR%PST%R%ZcT%Rg^:N�i b%®¯pxO1UWVYX[Za`cRBUWdWOgZcP�ÂÃR%d�U�dWOg`cV´O1UWVfÂ¶p}UWVYhYVYPSb%RÅmoX[pcd,hYRqBX�`cw%hYRÅZ i R|{}mcdSVYqBR#®¯pcR#`cR%P�mcvcb%ZcX[qBw%ZcR%P±` i b%qBVYPSPSVYX[Z(UWvcR%dSqBVY®¯pcRg^ 3¥hÈPSR#moR%p}U�®¯pcRh´OsÂÃX[dSq#O1UWVYX[ZÑ`cp `cVYX�{�«�`cR�` i Ogu%XgUWR�hYX[dSP¹`cR�h´O¿`cb%T%X[qBmoX[PSVfUWVYX[Z�`cp�¾zÀGmcdSX�e[X�®¯pcRpcZcR(b%qBVYPSPSVYX[Z �xpcX[dSR%PST%R%ZtUWRamoR%Zc`xOgZtU�UWX[p}UWR(h´OÑ`cpcdSb%R(`cR(h´OÑ`cb;UWX[ZxO1UWVYX[Z wSpcPS®¯p i ¸hji VYZtUWR%dWOgT;UWVYX[Z¿O�e[R%TBh´O#ÂÃR%Zcº;UWdSRg^4À�OgVYP9h´O�mcdSX[moX[d�UWVYX[Z¿dSR%h´O1UWVfe[R�`xOgZcP>hYR%P9mcdSX�`cpcVfUWP9`cRdSb�OgT;UWVYX[Z�`cR�-� E R%P�U�Zcb%r[hYVYr[R�Og°chYRg^1½±i Ogp}UWdSR%P�R%PSmow%T%R%P�moR%p}e[R%ZtUÈ`cX[ZcT2º;UWdSR�¸zhji X[dSVYr[VYZcR` i pcZ�mcvcb%ZcX[qBw%ZcR>`cR �xpcdSX[dSR%PST%R%ZcT%Rg² - E R%Z�mxOgd�UWVYT%pchYVYR%d%^ N�R>q#OgZc®¯pcR,`cR,`cX[ZcZcb%R%Pz¸ÅvxOgp}UWR%PymcdSR%PSPSVYX[ZcPyR;U¬vxOgp}UWR%P�UWR%qBmob%dWO1UWpcdSR%PyR%P�U¬pcZ�mcdSX1·°chYw%qBR,q#O:wSR%pcd¬moX[pcd¬hji b;UWpc`cR±`cR%P9T�OgdWOgT;UWb%dSVYP�UWVY®¯pcR%P¬X[m}UWVY®¯pcR%Pz`cR%PzqBVYhYVYR%p�{.R%Z¿`cb;UWX1·ZxO1UWVYX[Z ^N:O¿`cb;UWR%dSqBVYZxO1UWVYX[ZQ`cR%PÅmcdSX�6xhYP¹`cR�UWR%qBmob%dWO1UWpcdSR.OsÂÛOgVfU�hji X[°EwSR;UÅ` i pcZcR.T%X[hYh´Og°oX[dWO1UWVYX[ZR%ZtUWdSR¿hYRsN:k�k�kµ²¶hYR¿¼2k �MR;U8hji 3�¾¬l 3��±^¶N�i 3�¾¬l 3���Oa`cb;e[R%hYX[mcmob¿pcZ¡OghYr[X[dSVfUWvcqBR.` i X[m}UWV£·qBVYPWO1UWVYX[Z8`cR,hji b%®¯pxO1UWVYX[Z.`cR>UWdWOgZcP�ÂÃR%d�U¬dWOg`cV´O1UWVfÂ4` i pcZ�qBVYhYVYR%p8PSR%qBV£· UWdWOgZcPSmxOgdSR%ZtUyvcX[qBX[r[w%ZcR®¯pcV�b%qBR;UµR;U�Og°cPSX[dS°oRzpcZcVY®¯pcR%qBR%ZtU�^cë4X[pcd2pcZcR9mcdSR%qBVYw%dSRzOgmcmcdSX�T§vcRz`cp8mcdSX[°chYw%qBRg²�`cR%PµT�OgPPSVYqBmchYR%PµX[ZtU�b;UWb>UWdWOgVfUWb%P9�xhYR9T�OgP�` i pcZcR,`cb;UWX[ZxO1UWVYX[Z.Ogp}UWX[ZcX[qBR9P�U§O1UWVYX[ZcZxOgVYdSRzPSX[p}UWR%Z¯pcRg²ohYRT�OgP>` i pcZcRÅ`cb;UWX[ZxO1UWVYX[Z�P�U§O1UWVYX[ZcZxOgVYdSR�O�e[R%TB`cb;UWR%ZtUWRB`cR%P>mcdSX�`cpcVfUWP9VYPSPSpcP>`cRÅh´O�`cb;UWX[ZxO1UWVYX[ZR;U¶hYR�T�OgP�PSVYqBmchYV@6xbµ` i pcZcRyPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z ^¯N:O,mcdSR%qBVYw%dSRµb;U§OgmoRy`cRyh´O9qBb;UWvcX�`cX[hYX[r[VYR2mcdSX1·moX[PSb%Rg² hji OgZxOghf«�PSR�`cR�h´O#PSR%ZcPSVY°cVYhYVfUWb±`cR�h´O�hYpcqBVYZxOgZcT%R±Ogp�{¿`cR%p�{¿VYZcT%X[ZcZ¯pcR%P%²�UWR%qBmob%dWO1UWpcdSRR;U¶T%X�R;ÞBT%VYR%ZtU2` i Og°cPSX[dSm}UWVYX[Z#qBX[ZcX�T§vcdSX[q#O1UWVY®¯pcRg²tO,moR%dSqBVYP�`cR¬T§vcX[VYPSVYd�hYR%PÈdSR%mcdSb%PSR%ZtU§O1UWVYX[ZcPmxOgdWOgqBb;UWdSVY®¯pcR%P¹`cR�¤ R;U
�
��hYR%P¹mchYpcPÅOg`xOgm}UWb%R%P.��h´O�UWR%qBmob%dWO1UWpcdSR8R%P�UBdSR%mcdSb%PSR%ZtUWb%R�mxOgdpcZcR�b%®¯pxO1UWVYX[Z�vt«�moR%dS°oX[hYVY®¯pcR�R;U�hYR�T%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z�mxOgdBpcZcR�VYZtUWR%dSmoX[h´O1UWVYX[Z�hYV£·Zcb�OgVYdSR±`cR±egOghYR%pcdSP¬VYPSPSpcR%P9` i pcZcR�r[dSVYhYhYR>R%ZsÂÃX[ZcT;UWVYX[Zs`cR�h´OÅUWR%qBmob%dWO1UWpcdSR±R;U9`cp¿T%X�R;ÞBT%VYR%ZtU
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` i Og°cPSX[dSm}UWVYX[Z ²ÈVYZtUWR%dSmoX[h´O1UWVYX[Z�hYVYZcb�OgVYdSR.T�OghYT%pchYb%R�` i OgmcdSw%P�hYR%P#qBR%PSpcdSR%P8`cR�PSmoR%T;UWdSX[PST%X[mcVYRg^N�i OghYr[X[dSVfUWvcqBRÅO�b;UWbBegOghYVY`cbÅ`xOgZcP±hYRBmcdSR%qBVYR%d,T�OgP±pcZcVY®¯pcR%qBR%ZtU�PSpcd±`cR%P±mcdSX�6xhYP,`cR#hYpcqBV£·ZxOgZcT%R±ZcX[Zs°cdSpcVfUWb%P¬R;Uz°cdSpcVfUWb%P%²�O�e[R%T�pcZsmoX[pcdST%R%ZtU§Ogr[R±`cR�qBR%PSpcdSR%P¬R|{}mchYVY®¯pcb%R%PzPSpcmob%dSVYR%pcd¸¿~ â ��^�ë4X[pcd¹hYR%P¹`cR%p�{ Ogp}UWdSR%P¹T�OgP%²*hji VYZte[R%dSPSVYX[ZÑ` i pcZ�mcdSX�6xh2`cR8hYpcqBVYZxOgZcT%R#T�OgdWOgT;UWb%dSVYP�·UWVY®¯pcR9` i pcZ.mcdSX�6xh `cRzUWR%qBmob%dWO1UWpcdSRz®¯pcV�Z i R%P�U�mxOgPµdSR%mcdSb%PSR%ZtUWb,R|{cOgT;UWR%qBR%ZtUymxOgd2hji b%®¯pxO1UWVYX[Zvt«�moR%dS°oX[hYVY®¯pcRg²xZcR>moR%dSqBR;U�mxOgP�`cR>dSR;UWdSX[p}e[R%dµUWX[p}UWR%P�hYR%P�T�OgdWOgT;UWb%dSVYP�UWVY®¯pcR%P�`cp�mcdSX�6xhj^N�i VYZte[R%dSPSVYX[ZB`cRymcdSX�6xhYP!"1PSVYqBmchYR%P $¹`cR�`cb;UWX[ZxO1UWVYX[ZÅZ i R%P�U¶`cX[ZcTymxOgPÈOgVYPSb%Rg^)3¥hxPSR%q�°chYR�®¯pcRPSVohYRymcdSX�6xhodSR%T§vcR%dST§vcb9R%P�U2UWdSX[m#b%hYX[VYr[Zcb�`cRzh´O>dSR%mcdSb%PSR%ZtU§O1UWVYX[Z�mxOgdWOgqBb;UWdSVY®¯pcRy`cRzh´O9UWR%qBmob|·dWO1UWpcdSRg²ohji VYZte[R%dSPSVYX[ZsZcR±moR%dSqBR;UzmxOgP¬moX[pcd¬hYR±qBX[qBR%ZtU¬`cR±dSR;UWdSX[p}e[R%d9h´OBPSX[hYp}UWVYX[Z ^o¼¶X[qBqBRT%R;USUWR.dSR%mcdSb%PSR%ZtU§O1UWVYX[Z�O¿b;UWb8T§vcX[VYPSVYR8moX[pcd�UWdWOgVfUWR%d�pcZ�T�OgPÅr[b%Zcb%dSVY®¯pcR.mchYpcP¹dSR%mcdSb%PSR%ZtU§O1UWVfÂ`cpsT�OgPzR|{}mob%dSVYqBR%ZtU§Oghj²�X[ZsmoR%p}U9R%PSmob%dSR%dz®¯pcR�hji VYZte[R%dSPSVYX[Z�`cX[ZcZcR¹OghYX[dSPy`cR%PzdSb%PSpchfU§O1UWP¬mchYpcPmcdSX�T§vcR%P9`cR�h´OBPSX[hYp}UWVYX[Z ^oN:O#qBb%T%X[ZcZxOgVYPSPWOgZcT%R�`cp¿T%X�R;ÞBT%VYR%ZtU9` i Og°cPSX[dSm}UWVYX[Zs`cR%P9mcdSX�`cpcVfUWP`cR>dSb�OgT;UWVYX[Z.R;Uy`cR>`cb;UWX[ZxO1UWVYX[Z8R%P�U¬h´¸¹OgpcPSPSV�pcZ�X[°cP�U§OgT%hYR>q#O:wSR%pcd�¸¹h´O¹dSb%PSX[hYp}UWVYX[Z ^
N:O(PSmoR%T;UWdSX[qBb;UWdSVYR.` i b%qBVYPSPSVYX[Z `xOgZcPBhYR.`cX[q#OgVYZcR.æ}² _ª·�æ}² ò Æ ;$> OaOgmcmoX[d�UWb.`cR�ZcX[q¹·°cdSR%p�{�dSb%PSpchfU§O1UWPyT%X[ZcT%R%dSZxOgZtU¬hYR%P�T�OgdWOgT;UWb%dSVYP�UWVY®¯pcR%PyX[m}UWVY®¯pcR%P�`cR%P¬qBVYhYVYR%p�{#`cpcdWOgZtU¬h´O�UWdWOgZ�·PSVfUWVYX[Z�T§vcX�T|·¥`cb;UWX[ZxO1UWVYX[Z ^ �_6xZs`cR±T%X[qBmchYb;UWR%dyT%R,UWdWO�egOgVYhj²xmchYpcPSVYR%pcdSPye[X[VYR%P¬R|{}mob%dSVYqBR%ZtU§OghYR%PmoR%p}e[R%ZtU±º;UWdSRB`cb;e[R%hYX[mcmob%R%P%^4N:O8mcdSR%qBVYw%dSR¹T%X[ZcPSVYP�UWRB¸.qBR;USUWdSRÅOgp�moX[VYZtU>h´O�PSmoR%T;UWdSX[PST%X[mcVYR`xOgZcP*hYR2`cX[q#OgVYZcRÈVYZ}ÂÃdWOgdSX[pcr[Rg²1X��¹hYR2¾zÀ mcdSb%PSR%ZtUWRµ`cR%P�dWOgVYR%P*` i Og°cPSX[dSm}UWVYX[Z�R;U�R%P�U�X[mxOg®¯pcR�¸mxOgd�UWVYd�`cR â ²f\�;$>¿^�N�R%P¶R%PSmow%T%R%PµT§vcVYqBVY®¯pcR%P�ÂÃX[dSqBb%R%P%²¯R%Z�mxOgd�UWVYT%pchYVYR%d�h´O9egOgmoR%pcdÈ` i R�Ogp�R;U2hYR`cVYX�{�«�`cRµ`cR�T�OgdS°oX[ZcR2PSX[ZtUÈR%ZÅR;³�R;U�PSpcPST%R%m}UWVY°chYR%P�` i b%qBR;USUWdSRµ`xOgZcP�hYR2`cX[q#OgVYZcR â ·¥íU;$> ì ò æªïj^½¬R%P,T�OgqBb%dWOgP>VYZ}ÂÃdWOgdSX[pcr[R�dWOgmcVY`cR%P>moX[pcdSdWOgVYR%ZtU>moR%dSqBR;USUWdSRÅ` i R|{}mchYX[dSR%d>T%R;USUWRBdSb%r[VYX[Z�PSmoR%T|·UWdWOghYRg²�hji b%mxOgVYPSPSR%pcdµ`cR9¾zÀ	`cR;egOgZtU�º;UWdSR9hYVYqBVfUWb%Ry¸�®¯pcR%hY®¯pcR%P�T%R%ZtU§OgVYZcR%Pµ`cR9qBVYT%dSX[ZcP2O,6xZ.`cRmxOghYhYVYR%d¬¸#PSX[Z�X[mxOgT%VfUWbg^ ¾yX[pcP9O�e[X[ZcP>qBX[ZtUWdSb�`xOgZcPzT%R;USUWR�UWvcw%PSRÅh´O#`cVfÞBT%pchfUWb±`cR%P9qBR%PSpcdSR%P`xOgZcP>hYR�mcdSX�T§vcRÅVYZ}ÂÃdWOgdSX[pcr[R¹¸8T�OgpcPSRÅ`cp¿ÂÛOgVY°chYR �xp�{�b%qBVYPzR;U>`cRÅh´O�hYVYqBVfUWR,`cR¹`cb;UWR%T;UWVfe�VfUWb`cR%P8`cb;UWR%T;UWR%pcdSP%^ � Z moR%p}U8R%PSmob%dSR%d8®¯pcR¿hYR%P�`cb;e[R%hYX[mcmoR%qBR%ZtUWP�UWR%T§vcZcX[hYX[r[VY®¯pcR%P8`cR%P8T�Ogm�·UWR%pcdSP�3¥Z �>O �¬P2moX[pcd2hYR%P2T�OgqBb%dWOgP2moR%dSqBR;USUWR%ZtU�`cRzdSb%moX[Zc`cdSR>¸�T%RzmcdSX[°chYw%qBRg^cN�i p}UWVYhYVYPWO1UWVYX[Z` i pcZcR#T�OgqBb%dWO�¸�°xOgh´O�«tOgr[RB`cRBÂÃR%ZtUWR#`xOgZcP,hYRB`cX[q#OgVYZcR�e�VYPSVY°chYRÅmoR%dSqBR;USUWdWOgVfU,` i OgqBb%hYVYX[dSR%dh´O#dSb%PSX[hYp}UWVYX[Zs`cR%P9qBR%PSpcdSR%P%^�N�R�moR%d�ÂÃR%T;UWVYX[ZcZcR%qBR%ZtU9`cR¹h´OBUWR%T§vcZcVY®¯pcR¹`cR¹h´OBPSmoR%T;UWdSX[PST%X[mcVYR` i b%qBVYPSPSVYX[Z ¨ qBb;UWvcX�`cR9`cVfUWR>mxOgPSPSVfe[R�©µ`cX[VfUµº;UWdSR,T%X[qBmchYb;UWb%R9`cR,qBR%PSpcdSR%P�`cVfUWR%PyOgT;UWVfe[R%P%²�ZcX1·U§OgqBqBR%ZtUB`cR%P#qBR%PSpcdSR%P#`cR.UWdWOgZcPSqBVYPSPSVYX[Z ^�N�i b;UWpc`cR�`cR�dWO�«[X[ZcZcR%qBR%ZtUWP�mcpchYPSb%P#h´OgPSR%dSPB`cR®¯pcR%hY®¯pcR%P�mcVYT%X[PSR%T%X[Zc`cR%PµPSR9dSb �xb%T§vcVYPSPWOgZtUyPSpcdµh´O±mch´Og®¯pcRz`cRzUWdWOgZcP�ÂÃR%d�U�R;U2UWdWO�e[R%dSPWOgZtUyhYR¬qBV£·hYVYR%p�R%Z8`cb;UWX[ZxO1UWVYX[Z�moR%dSqBR;USUWdWOgVfU¶`cRzT%X[ZcZxO1ÄYUWdSRzhji Og°cPSX[dSm}UWVYX[Z#`cR%PµR%PSmow%T%R%Py¸±pcZcR9hYX[Zcr[pcR%pcd` i X[Zc`cR9`cVYPST%dSw;UWRg^ck�Z*6xZ ²ch´O±qBVYPSRzOgp8moX[VYZtU2` i pcZ8`cVYPSmoX[PSVfUWVfÂ�` i VYqBmxOgT;U¶mch´OgZ�moX[pcd2R;³�R%T;UWpcR%d`cR%P±qBR%PSpcdSR%P±X[m}UWVY®¯pcR%P,mxOgd>hji OgdSdSVYw%dSRÅ`cRBh´O8T%R%hYhYpchYRÅ` i R|{}mchYX[PSVfÂ2T%X[qBmchYw;UWR%dWOgVfU>hYR%P>qBR%PSpcdSR%PR;³�R%T;UWpcb%R%P¬`xOgZcP�h´O�`cVYdSR%T;UWVYX[Z.`cR>h´O�mcdSX[mxOgrtO1UWVYX[Z8`cR%P�X[Zc`cR%Py`cR>`cb;UWX[ZxO1UWVYX[Z ^N�i VYZte[R%dSPSVYX[Zsq#O1UWvcb%q#O1UWVY®¯pcR>`cR±hji b%®¯pxO1UWVYX[Z�`cR,UWdWOgZcP�ÂÃR%d�UzdWOg`cV´O1UWVfÂ*OgmchYVY®¯pcb%R±¸Bh´O¹UWdWOgZ�·PSVfUWVYX[Z�T§vcX�T|·¥`cb;UWX[ZxO1UWVYX[Z ²}ZcX[p}e[R%hYhYR9OgmcmcdSX�T§vcR9moX[pcdµh´O±`cb;UWR%dSqBVYZxO1UWVYX[Z�`cR%PµmcdSX�6xhYP2`cRzUWR%q¹·mob%dWO1UWpcdSRg²4R%P�UÅ¸�moX[pcdSPSpcVfe�dSRg^*N:O�mcdSb%T%VYPSVYX[Za`cR�hji X[m}UWVYqBVYPWO1UWVYX[ZsR%P�U¹hYVYb%R#¸�hji X[°}UWR%ZtUWVYX[Za`cR`cX[ZcZcb%R%P4PSpcd:hYR�T%X�R;ÞBT%VYR%ZtU4` i Og°cPSX[dSm}UWVYX[Z,qBX[ZcX�T§vcdSX[q#O1UWVY®¯pcR*¸�vxOgp}UWR%P:mcdSR%PSPSVYX[ZcP4R;U:vxOgp}UWR%P
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UWR%qBmob%dWO1UWpcdSR%P%^�3¥h�R%P�U�moX[PSPSVY°chYRz` i R%Zte�VYPWOgr[R%dµ`cR9`cb;e[R%hYX[mcmoR%dµpcZcR9qBb;UWvcX�`cR¬` i X[m}UWVYqBVYPWO1UWVYX[Z®¯pcVyVYZtUWw%r[dSRs¸(h´O¿ÂÃX[VYPBhji b%®¯pxO1UWVYX[Z `cR�UWdWOgZcP�ÂÃR%d�U�dWOg`cV´O1UWVfÂ¬R;U�hYR%P#b%®¯pxO1UWVYX[Z�dSR%h´O1UWVfe[R%P#¸(h´O`cb;UWX[ZxO1UWVYX[Z ¨ b%®¯pxO1UWVYX[ZcP2` i k�pchYR%d¶dSb�OgT;UWVfe[R%PµR;U2hYX[VYPÈvt«�`cdSX�`}«�ZxOgqBVY®¯pcR%P§©|^x¼¶R%T%V `cR;e�dWOgVfU2moR%d�·qBR;USUWdSR�`cR�`cVYqBVYZ¯pcR%d*hYR�ZcX[q�°cdSR�`cR�mxOgdWOgqBw;UWdSR%P�VYZcT%X[ZcZ¯pcP�R;UÈ` i OgT%T%b%`cR%d¶mchYpcP�mcdSb%T%VYPSb%qBR%ZtUOgp�{�mcdSX�6xhYPÅ`cR8UWR%qBmob%dWO1UWpcdSRg^�k�Z*6xZ ²�ZcXgUWdSR.b;UWpc`cR�O�«tOgZtUBqBX[ZtUWdSb.®¯pcR�h´O¿`cVf³�pcPSVYX[ZÑ`cR%PmxOgd�UWVYT%pchYR%P2`cR9T�OgdS°oX[ZcRzZcR9moX[p}egOgVfU2º;UWdSR9Zcb%r[hYVYr[b%Rg²�hji VYZte[R%dSPSVYX[Z8`cR9hji b%®¯pxO1UWVYX[Z�`cRzUWdWOgZcP�ÂÃR%d�UdWOg`cV´O1UWVfÂ:mcdSR%ZxOgZtUyR%Z�T%X[qBm}UWR>h´O�`cVf³�pcPSVYX[Z8`cR%PymxOgd�UWVYT%pchYR%PµPSR%dWOB¸¹`cb;e[R%hYX[mcmoR%d%^
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ì£\%ï "¶lyOgmcmoX[d�Uá` i R%PSPWOgV}`cp�N:¾¬kÑ�gOgPSPSVYP�U§OgZcT%RÈUWR%T§vcZcVY®¯pcR2moX[pcd4hYRÈT�OghYT%pch¯` i VYZcT%R%d�UWVfUWpc`cR%PádSR|·h´O1UWVfe[R%P¶¸,`cR%P¶qBR%PSpcdSR%P¶`cRyhYpcqBVYZxOgZcT%R%P�R;³�R%T;UWpcb%R%PµOgp#qBX�«[R%Z�` i pcZ#mt«�dSX[qBw;UWdSR¬q�pchfUWV£·hYX[Zcr[pcR%pcdSP�` i X[Zc`cR!$  \�~[~�K�^ì â ï�� <	� �49 ����9�
±R;U�T< ��8 <	� ��� � ���	� �  "y»µvcR%dSq#Ogh�dWOg`cV´O1UWVYX[Z#mcdSX[moR%d�UWVYR%P2XgÂ:`cVYPSmoR%dSPSR%`qBR%`cV´O��oUWvcR%X[dSR;UWVYT�Ogh4mcdSR%`cVYT;UWVYX[ZsOgZc`¿R|{}moR%dSVYqBR%ZtU§Ogh4T§vxOgdWOgT;UWR%dSVYu�O1UWVYX[Z $o²���U,R�X�S
D�H U ñ
� R�D�S�B5/!B#D�B5/ ��F�� E�F ð B�XYU W�ð U�E � D�S
G���D)G!/�D�B5/ ��F J�X�D�S WÃñ FCX���� ¨ â æ[æ[æt©|²}m ^�_ â K  _[î[_}^ì _1ï�� <�� <�� ��� � �  "�¼2OghYT%pch´O1UWR%`ÑdSR�OgT;UWVYX[Z�mxO1UWv��2O�«�PBÂÃX[d¹ZcVfUWdSX[qBR;UWvxOgZcR8OgZc`�UWvcR%VYddSX[hYR9VYZ8UWvcR>PSvcX�T �8VYZcVfUWV´O1UWVYX[ZBmcdSX�T%R%PSP $o² ò UWv�P�«�qBmoX[PSVYpcq5X[Z.`cR;UWX[ZxO1UWVYX[Z ² \�~ ò Æ�^ì ígï�� < � ��� �49�!#"$� <%� �&��� � ��� 9 ����" �+<$' � � ������9��ÑR;U)(]< � �$�O9�! ���  "9¼¶X[qBmoX[d�UWR|·qBR%ZtU>PSX[pcP9T§vcX�T¹`cp�ZcVfUWdSX[qBb;UWvxOgZcR±hYVY®¯pcVY`cR�$o² »4R%T§v ^�dSR%moX[d�U�² ½¬X�T%pcqBR%ZtU9UWR%T§vcZcVY®¯pcR» â æ[æ â ·�æ[æ[ægítæXn[¼2k �¹² â æ[æ â ^ì Æªï�* ² "�À�X�`cw%hYR�` i OgqBX[dvK�Ogr[R�mxOgd�T§vcX�Ts`cp ZcVfUWdSX[qBb;UWvxOgZcRa�2OgPSmoR%T;U8T%VYZcb;UWVY®¯pcRsT§vcV£·qBVY®¯pcR�$o²x»4R%T§v ^�dSR%moX[d�U�²x½¬X�T%pcqBR%ZtU�UWR%T§vcZcVY®¯pcR�¼2k �¹² â æ[æ â ^ì î1ï�� <�� ���	+49�!  "¬À�X�`cb%hYVYPWO1UWVYX[Z¹Z¯pcqBb%dSVY®¯pcR¬`cR%P¶T%X[pcmch´Ogr[R%P�UWvcR%dSqBVY®¯pcR%P%²�qBb%T�OgZcVY®¯pcR%PR;U�T§vcVYqBVY®¯pcR%P*`xOgZcP*hYR%Páb%T%X[pchYR%qBR%ZtUWP*VYZc`cpcP�UWdSVYR%hYP�$o²1»4R%T§v ^[dSR%moX[d�U�²t¼2k �¹² â æ[æ[æ}²[¼¶X[pcdSPb%T%X[hYR>` i b;UWb±¼2¾¬l & · & 5 »9^ì Kªï�� <�� ���	+49�!�R;U-, <�' � ; ����+��  " � � ½zN��!�¬·�~[~}²�hYX[r[VYT%VYR%h2`cR�T�OghYT%pch�h´Ogr[dWOgZcr[VYR%ZpcZcVY`cVYqBR%ZcPSVYX[ZcZcR%h�vt«�`cdSX[dSb�OgT;UWVfÂ�°xOgPSb2PSpcd*hYR¶PST§vcb%q#O9`cR��9X�`cpcZcX�e±Ogp¹PSR%T%X[Zc`¹X[dS`cdSR $o²»4R%T§v ^odSR%moX[d�U�²�¼2k �¹² â æ[æ[æ}²c½¬X�T%pcqBR%ZtU�UWR%T§vcZcVY®¯pcR±½ â æ[æ[æª·�æ[æ[æ[æ ò n[¼2k �1ng¾z¼¬^ì ò ï�. < �+<	� ���49�
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D�H4U ñ + V � W / ð D�H
L V F�.0/ W B�X �
	 9/;�9 ¨ \�~[~�K[©|²}m ^�\�æ�Kg_[_  \�æ�K1ít_}^ì ò _1ï�* ²�"9)
+y· e�VYPSVY°chYRzOg°cPSX[dSm}UWVYX[Z.PSmoR%T;UWdSX[PST%X[mt«8UWXÅR|{cOgqBVYZcRzPSvcX�T �[·¥VYZc`cpcT%R%`�`cR%T%X[qBmoX1·PSVfUWVYX[Z�VYZ ZcR�O1U#ZcVfUWdSX[qBR;UWvxOgZcR $o²1��U,R�X�S
D�H U ñ + V � W / ð D�H]L V F�.0/ W B�X � 7 9/;�9 ¨ \�~[~�K[©|²ZcXc^xít~}²cm ^�~[_[_[_  ~[_gítæ}^ì ò ígï��T< � <*� 9�!�� A1"�, < � <��)�*� ����R;U%� <�� < � ��
 � A  " & vcX�T �[·¥VYZc`cpcT%R%`sT§vxOgZcr[R%P¬VYZUWvcR¹Og°cPSX[dSm}UWVYX[Z�PSmoR%T;UWdSpcq XgÂ�ZcVfUWdSX[qBR;UWvxOgZcR�$o² � 3�ë�¼¶X[Z}ÂÃR%dSR%ZcT%R¹ë�dSX�T%R%R%`cVYZcr[P%²oe[X[hj^_[æ[~}² \�~[~gíc^ì ò Æªï�. < � < � 9�!�� �&��R;U_8 <&� <�� ���  " & U§Og°cVYhYVfU¥«>XgÂ�UWvcRµr[dWOgmcvcVfUWR2OgZc`¹`cV´OgqBX[Zc`�mcvxOgPSR%PXgÂ46xZcVfUWR9T�OgdS°oX[Z.T%hYpcP�UWR%dSP $o²�\[\%UWv.P�«�qBmoX[PSVYpcq5X[Z�`cR;UWX[ZxO1UWVYX[Z ²�\�~[~ ò ^ì ò î1ï�� <�� 9$��!	� �	�#"�� < ������!O; � �	!O;¡R;U � < � �	�	5 �$!O;  "9»µvcR¹qBR�OgPSpcdSR%qBR%ZtU9XgÂÈ`cR|·UWX[ZxO1UWVYX[Z#UWR%qBmoR%dWO1UWpcdSRzXgÂ4T%X[Zc`cR%ZcPSR%`�R|{}mchYX[PSVfe[R%P ��VfUWv�U �¶XÅT%X[hYX[pcd�·¥X[m}UWVYT�Ogh�6x°oR%dµmt«t·dSX[qBR;UWR%d $o² ò UWv.P�«�qBmoX[PSVYpcq X[Z.`cR;UWX[ZxO1UWVYX[Z ² \�~ ò K�^ì ò Kªï �+< �O< , ��� "�. < �+<&� � �'� �&
>R;U (]< �+<�� �$���&��
  "µ½¬R;UWX[ZxO1UWVYX[ZÅVYZ¹PSvcX�T �gR%`#vcX[qBX1·r[R%ZcR%X[pcP¬vcVYr[v�R|{}mchYX[PSVfe[R%P $o²�À�O1UWR%dSV´OghYPyl�R%PSR�OgdST§v & X�T%VYR;U¥« & «�qBmoX[PSVYpcq mcdSX�T%R%R%`cVYZcrc²e[X[hj^xíc\ ò ² \�~[~[î}^
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ì ò[ò ï�0]< � ��� ���sR;U D�H  "¶N�VYqBVfUWVYZcr¶T%X[Zc`cVfUWVYX[Z,XgÂxO�mcdSX[mxOgrtO1UWVYX[Z>XgÂxOy`cR;UWX[ZxO1UWVYX[Z>VYZ,hYVY®¯pcVY`PSX[hYp}UWVYX[ZcPzXgÂ�ZcVfUWdSX[°oR%Zcu%R%ZcR¹VYZsUWR;UWdWOgZcVfUWdSX[qBR;UWvxOgZcR�OgZc` �xpcdSX[ZcVfUWdSXgÂÃX[dSq $o² LMU6. 1(R W �
B5/.U,S F �CE
H�U W /.U,S�D�S
G W�V U ð 2 �MD���F W 93� ¨ \�~ ò æt©|²cZcXc^ \[²cm ^�\�ægíc^ì ò ~1ï��T< 4 < �	�	2���
sR;U � < (]<(� ��� � �&� ¨ b%`cP%^Ç©  � �CE
H�U W / ��F F ��F ð B W D�S
G D�E)E
H / ð D�B5/.U,S W ²& mcdSVYZcr[R%d%²�\�~[~ ò ^
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\[^f\ä½¬X[q#OgVYZcR%P2`cp�PSmoR%T;UWdSR,b%hYR%T;UWdSX[q#Ogr[Zcb;UWVY®¯pcR ¨ R|{�UWdWOgVfU�`cRBì ~ªï�©�^,^,^,^,^,^,^,^ î\[^ â 3¥ZtUWR%ZcPSVfUWb>` i pcZcR,PSX[pcdST%R>`xOgZcP�pcZcR>`cVYdSR%T;UWVYX[Z.`cX[ZcZcb%RB^,^,^>^,^,^,^,^,^,^,^,^ K\[^ _ ¼¶X[pcdS°oR%P�`cR,ë�h´OgZcT ��moX[pcdµ`cVf³�b%dSR%ZtUWR%P�UWR%qBmob%dWO1UWpcdSR%P ^,^>^,^,^,^,^,^,^,^,^ ò\[^ í k�qBVYPSPSVYX[Z n��¬°cPSX[dSm}UWVYX[Z�` i pcZ�b%hYb%qBR%ZtUy`cR9e[X[hYpcqBR9`cR>rtOgu ^,^,^,^,^,^,^,^,^ \[\\[^ÇÆ ë�dSX�T%R%PSPSpcPy` i Og°cPSX[dSm}UWVYX[Z.R;Uy` i b%qBVYPSPSVYX[Z8R%ZtUWdSR,`cR%p�{�ZcVfe[R�Ogp�{.` i b%ZcR%dSr[VYRn^,^ \�_\[^ î & moR%T;UWdSRB`cp O  E ¸.mcdSR%PSPSVYX[ZaR;U,UWR%qBmob%dWO1UWpcdSRBOgq�°cV´OgZtUWR%P ¨ PSX[pcdST%R�¾_3 & »¼¶vcR%qBVYP�UWd�« �aR%°c°oX�X �}©(^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^ \�_\[^	K l�b%r[VYqBR%P¶`cR>`cVf³�pcPSVYX[Z�moX[pcd2h´O�`cVf³�pcPSVYX[Z8VYZc`cb%moR%Zc`xOgZtUWR9R;U�`cb%moR%Zc`xOgZtUWRBì K Kªï�\�î
â ^f\äë�dSX[mxOgrtO1UWVYX[Z8`cR>hji X[Zc`cR9`cR>`cb;UWX[ZxO1UWVYX[Z8`xOgZcPypcZ.R|{}mchYX[PSVfÂ*Ogp�dSR%moX[P�^,^,^,^ â[ââ ^ â ¼¶X[pcdS°oR>`cR±¼¶dSpcPSPWOgdS`�R;U�`cdSX[VfUWR%P�`cR,lyO�«�hYR%VYr[v8`xOgZcP�hYR9qBX�`cw%hYR>¼�� ^,^,^,^ â _â ^ _ ë�dSX�6xh `cR>hji X[Zc`cR>VY`cb�OghYRzPSR%hYX[Z.hYR9qBX�`cw%hYR>¼�� ^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^ â íâ ^ í ¼¶X[pcdS°oR%P�` i �ypcr[X[ZcVYXgU�R;U�`cdSX[VfUWR%P�`cR,lyO�«�hYR%VYr[v8`xOgZcP�hYR9qBX�`cw%hYR�� ¾¬½ ^,^,^ â îâ ^ÇÆ ë�dSX�6xh `cR>hji X[Zc`cR>VY`cb�OghYRzPSR%hYX[Z.hYR9qBX�`cw%hYR�� ¾¬½�^,^,^,^,^,^>^,^,^,^,^,^,^,^,^ â î
_}^f\ & T§vcb%q#O¹`cp�`cVYPSmoX[PSVfUWVfÂ4` i OgqBX[dvK�Ogr[RzmxOgd�VYqBmxOgT;Uµmch´OgZÎ^,^>^,^,^,^,^,^,^,^,^�_[æ_}^ â À�X�`cw%hYR9T%h´OgPSPSVY®¯pcR>`cR>h´O�»y¼2½ PSR%hYX[Z�¼¶vxOgV��gR%ZM^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�_[æ_}^ _ & T§vcb%q#O¹`cR,h´O�\
	���b;U§OgmoR9`cR>h´O¹»y¼2½ `xOgZcP�hYR>¾zÀ ^,^,^,^>^,^,^,^,^,^,^,^,^�_ â_}^ í & T§vcb%q#O¹`cR,h´O â ��b;U§OgmoR>`cR>h´O�»y¼2½ `xOgZcP�hYR>¾zÀ ^,^,^,^,^>^,^,^,^,^,^,^,^,^�_ â_}^ÇÆ & T§vcb%q#O¹`cR,h´O¹_��b;U§OgmoR>`cR>h´O�»y¼2½ `xOgZcP�hYR>¾zÀ ^,^,^,^,^>^,^,^,^,^,^,^,^,^�_[_
Æ�^f\ & T§vcb%q#O¹`cR,mcdSVYZcT%VYmoRz`cR%PyR%PSPWOgVYP�`cR>`cb;UWX[ZxO1UWVYX[ZK^,^,^,^,^>^,^,^,^,^,^,^,^,^�í KÆ�^ â ë�dSX[mcdSVYb;UWb%PµX[m}UWVY®¯pcR%P�`cp�N�V 5¡¨ ÂÃX[pcdSZcVYPSPSR%pcd � ë �9©	^,^,^,^>^,^,^,^,^,^,^,^,^�í òÆ�^ _ ½¬VYPSmoX[PSVfUWVfÂ:R|{}mob%dSVYqBR%ZtU§Ogh�` i VYqBmxOgT;Uµmch´OgZ.PSpcd�pcZcR>T%VY°chYR9`cR,¾zÀ ^,^,^,^,^,^�ít~Æ�^ í À�X[ZtU§Ogr[R9`cR,h´O�T%VY°chYR9¸Åhji R|{�UWdSb%qBVfUWbz`cp�h´OgZcT%R%pcdn^,^,^,^,^>^,^,^,^,^,^,^,^,^�ít~
î}^f\ & moR%T;UWdSR>`cR9UWdWOgZcPSqBVYPSPSVYX[Z8`cp�¾zÀ�moX[pcdµpcZcR,b%mxOgVYPSPSR%pcd�`cR â Æ�qBq ^,^,^,^�Æ�\î}^ â & moR%T;UWdSR>`cR9UWdWOgZcPSqBVYPSPSVYX[Z8`cp�¾zÀ�moX[pcdµ`cVf³�b%dSR%ZtUWR%Pyb%mxOgVYPSPSR%pcdSP	^,^,^,^,^,^�Æg_î}^ _ ¼¶vxO1Ä´ZcR9`cR>qBR%PSpcdSR>`cR>PSmoR%T;UWdSX[PST%X[mcVYR,` i b%qBVYPSPSVYX[Z ^,^,^,^>^,^,^,^,^,^,^,^,^�Ægîî}^ í & T§vcb%q#O¹`cR,h´O±UWº;UWR,¸¹`cX[pc°chYR;UWPyOgT§vcdSX[q#O1UWVY®¯pcR%PG^,^,^,^,^>^,^,^,^,^,^,^,^,^�Æ Kî}^ÇÆ & T§vcb%q#O¹`cR,h´O±UWº;UWR,¸¹qBVYdSX[VYdSP2¸ÅpcZcR>PSX[d�UWVYR9`cR]6x°cdSR ^,^,^>^,^,^,^,^,^,^,^,^�Æ òî}^ î ë�vcXgUWXÅ`cR>h´O±UWº;UWR±¸¹qBVYdSX[VYdSP¶R;Uy`cR%P�R%q�°oX[p}UWPy¸8\>X[p â 6x°cdSR%P ^,^,^,^,^,^,^�Æ ò

\ ò _
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î}^	K ¼¶X[pcdS°oR>` i R;ÞBT�OgT%VfUWb>`cp�dSb%PSR�Ogp�°ch´OgPSb,¸Åæ}²ÇÆB;$> ^,^,^,^,^,^>^,^,^,^,^,^,^,^�Æg~î}^ ò ë�vcXgUWXÅ`cp�mcvcXgUWX[q�pchfUWVYmchYVYT�O1UWR%pcdÈq�pchfUWV´OgZcX�`cR%P ^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�î[æî}^ ~ ¼¶X[pcdS°oR>`cR>dSb%moX[ZcPSR>`cp�mcvcXgUWX[q�pchfUWVYmchYVYT�O1UWR%pcdÈq�pchfUWV´OgZcX�`cR%P<^,^,^,^,^,^,^,^�î[æî}^f\�æ ½¬VYPSmoX[PSVfUWVfÂ:`cR>PSmoR%T;UWdSX[PST%X[mcVYR,` i b%qBVYPSPSVYX[Z�^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�î}\î}^f\[\ �2OgZcT9` i b;U§OghYX[ZcZxOgr[R9`cp�`cVYPSmoX[PSVfUWVfÂ4`cR>PSmoR%T;UWdSX[PST%X[mcVYR>` i b%qBVYPSPSVYX[ZQ^,^,^,^,^,^�î âî}^f\ â ¼2Ogd�UWX[r[dWOgmcvcVYRµ`cR¬hji R%dSdSR%pcd�dSR%h´O1UWVfe[R�`cRyh´O9UWR%ZcPSVYX[Z#qBR%PSpcdSb%RyR%ZBÂÃX[ZcT;UWVYX[ZB`cRh´O±UWR%qBmob%dWO1UWpcdSR9R;Uy`cR>h´O¹hYX[Zcr[pcR%pcd2` i X[Zc`cR,hYX[dSP2`cR,h´O�T�OghYVY°cdWO1UWVYX[Z ^,^,^,^,^�î[_î}^f\�_¡¼2Ogd�UWX[r[dWOgmcvcVYRµ`cRyhji R%dSdSR%pcd�dSR%h´O1UWVfe[R�`cR�h´O>hYpcqBVYZxOgZcT%R2qBR%PSpcdSb%R¬R%ZBÂÃX[ZcT;UWVYX[Z`cR>h´O±UWR%qBmob%dWO1UWpcdSR9R;Uy`cR>h´O¹hYX[Zcr[pcR%pcd2` i X[Zc`cR]^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�îgíî}^f\�í�¼2Ogd�UWX[r[dWOgmcvcVYR,`cR�hji R%dSdSR%pcdzdSR%h´O1UWVfe[R±`cR�h´OÅUWR%qBmob%dWO1UWpcdSR�`cR�hYpcqBVYZxOgZcT%R,R%ZÂÃX[ZcT;UWVYX[Z,`cR¶h´O�UWR%qBmob%dWO1UWpcdSRÈR;U*`cR2h´O�hYX[Zcr[pcR%pcd4` i X[Zc`cR¶hYX[dSP4`cR2h´O�T�OghYVY°cdWO1UWVYX[Z îtÆî}^f\ªÆ ¼¶X[pcdS°oR>` i R;ÞBT�OgT%VfUWb>`cp�dSb%PSR�Ogp�°ch´OgPSb,¸8\[² í ;$> ^,^,^,^,^,^>^,^,^,^,^,^,^,^�î[îî}^f\�î¡¼¶X[pcdS°oRz`cRzdSb%moX[ZcPSRz`cRzh´O±°xOgdSdSR;USUWR¬`cR9`cb;UWR%T;UWR%pcdSP �yr¯¼¶` ��Zc»4R9R%ZtUWdSR â R;U\[\5;$> ^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�î[îî}^f\4K ¼¶X[pcdS°oR>`cR>dSb%moX[ZcPSR>`cp�`cb;UWR%T;UWR%pcd_3¥Z �>O �¬P ^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�î�Kî}^f\ ò ½¬VYPSmoX[PSVfUWVfÂ:`cR>PSmoR%T;UWdSX[PST%X[mcVYR,` i b%qBVYPSPSVYX[Z.O�e[R%T,hYR%Pµ`cb;UWR%T;UWR%pcdSP 3¥Z �>O �¬P ^,^�î òî}^f\�~ & VYr[ZxOgp�{.X[°}UWR%Z¯pcP¬mxOgd�PSmoR%T;UWdSX[PST%X[mcVYR,` i b%qBVYPSPSVYX[Z�O�e[R%T±hYR%P�`cb;UWR%T;UWR%pcdSP�3¥Z�·
�>O �¬PµhYX[dSPµ` i pcZ�R%PSPWOgV:` i VYqBmxOgT;Uµmch´OgZ�¸ ò ² îÅç,è,éÁ^,^,^,^,^>^,^,^,^,^,^,^,^�î òK�^f\ & moR%T;UWdSR¿`cRsUWdWOgZcPSqBVYPSPSVYX[Z�`cp�¾zÀ `xOgZcP8hYRs`cX[q#OgVYZcR�e�VYPSVY°chYR�moX[pcd�pcZcRb%mxOgVYPSPSR%pcd�`cR â Æ�qBq ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^ K[ÆK�^ â ë�dSX�6xhYP2`cR9hYpcqBVYZxOgZcT%RzX[°}UWR%Z¯pcP�mxOgd2PSmoR%T;UWdSX[PST%X[mcVYR>` i b%qBVYPSPSVYX[Z8hYX[dSP2`cp8UWVYd
L�7 � = � � 	 ¸ ò ² î �>ëáOÅPSpcd�pcZcR>T%VY°chYRz`cR±¾zÀ�`cR â Æ�qBq ^,^>^,^,^,^,^,^,^,^ K òK�^ _ ë�dSX�6xhYP `cR*UWR%qBmob%dWO1UWpcdSR�`cR�hYpcqBVYZxOgZcT%RáX[°}UWR%Z¯pcP:mxOgd�PSmoR%T;UWdSX[PST%X[mcVYR�` i b%qBVYP�·PSVYX[Z.hYX[dSP2`cp.UWVYd L�7 � = � � 	 ¸ ò ² î �>ëáOÅPSpcd�pcZcR>T%VY°chYR9`cR,¾zÀ�`cR â Æ�qBq ^ ò æK�^ í ë�dSX�6xhYP `cR*UWR%qBmob%dWO1UWpcdSR�`cR�hYpcqBVYZxOgZcT%RáX[°}UWR%Z¯pcP:mxOgd�PSmoR%T;UWdSX[PST%X[mcVYR�` i b%qBVYP�·PSVYX[Z.hYX[dSP2`cp.UWVYd L�7 � = � � � ¸ ò ² î �>ëáOÅPSpcd�pcZcR>T%VY°chYR9`cR,¾zÀ�`cR â Æ�qBq ^ ò æK�^ÇÆ ¼¶X[qBmxOgdWOgVYPSX[ZÅ`cR%PÈUWR%qBmcPÈT�OgdWOgT;UWb%dSVYP�UWVY®¯pcR%P¶X[°}UWR%Z¯pcP¶hYX[dSP�`cR¬`cVf³�b%dSR%ZtUWPÈR%P�·PWOgVYPµ` i VYqBmxOgT;Uµmch´OgZ.PSpcd�`cR%PyT%VY°chYR%Pµ`cR,¾zÀ ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^ ò \K�^ î ë�dSX�6xhYP9`cRÅhYpcqBVYZxOgZcT%R±X[°}UWR%Z¯pcP,mxOgd9mt«�dSX[qBb;UWdSVYR¹hYX[dSP9`cp�UWVYd L�7 
 ��� =�
Q¸ò ² îÅç,è,éBPSpcd�pcZcR>T%VY°chYR9`cR â Æ�qBq5`cR,¾zÀ ì ÆgæªïQ^,^,^,^,^,^>^,^,^,^,^,^,^,^ ò âK�^	K ë�dSX�6xhYPy`cR,UWR%qBmob%dWO1UWpcdSR,`cR±hYpcqBVYZxOgZcT%R>X[°}UWR%Z¯pcP¬mxOgd¬mt«�dSX[qBb;UWdSVYR,hYX[dSP�`cpUWVYd L�7 
 ��� =�
s¸ ò ² îÅç,è,éBPSpcd�pcZcR>T%VY°chYR9`cR â Æ�qBq5`cR,¾zÀ ì Ægæªï ^,^,^,^,^ ò _

ò ^f\äë�dSX�6xhYPÈ`cRzhYpcqBVYZxOgZcT%R�X[°}UWR%Z¯pcPµmxOgd¶PSmoR%T;UWdSX[qBb;UWdSVYRy` i b%qBVYPSPSVYX[Z#hYX[dSPÈ`cp�UWVYd
L�7 � = � � � ¸ ò ² î�ç,è,é8PSpcdzpcZcR�T%VY°chYR±`cR â ÆBqBqn`cR¹¾zÀ R%ZsÂÃX[ZcT;UWVYX[Z�`cpUWR%qBmcPµR;Uy`cR>h´O�hYX[Zcr[pcR%pcdµ` i X[Zc`cR ^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^ ò îò ^ â ë�dSX�6xhYPÈ`cRzhYpcqBVYZxOgZcT%R�X[°}UWR%Z¯pcPµmxOgd¶PSmoR%T;UWdSX[qBb;UWdSVYRy` i b%qBVYPSPSVYX[Z#hYX[dSPÈ`cp�UWVYd
L�7 � = � � � ¸ ò ² îÑç,è,é�PSpcd8pcZcR�T%VY°chYR�`cR â ÆaqBq `cR(¾zÀ R%Z ÂÃX[ZcT;UWVYX[Z`cR�h´O�hYX[Zcr[pcR%pcd±` i X[Zc`cR�moX[pcd�`cVf³�b%dSR%ZtUWP�VYZcP�U§OgZtUWP�T�OgdWOgT;UWb%dSVYP�UWVY®¯pcR%P ¨ & ½±²PSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z�© ^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^ ò K
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ò ^ _ & moR%T;UWdSR%P(`cRÑUWR%qBmob%dWO1UWpcdSR�`cR hYpcqBVYZxOgZcT%RQX[°}UWR%Z¯pcP(mxOgd�PSmoR%T;UWdSX[qBb;UWdSVYR` i b%qBVYPSPSVYX[ZÅhYX[dSPÈ`cpBUWVYd[L�7 � = � � � ¸ ò ² î±ç,è,é±PSpcd¶pcZcR¬T%VY°chYR�`cR â Æ>qBq�`cR¾zÀ	R%Z8ÂÃX[ZcT;UWVYX[Z8`cR>h´O�hYX[Zcr[pcR%pcd2` i X[Zc`cR>moX[pcd2`cVf³�b%dSR%ZtUWP�VYZcP�U§OgZtUWPµT�OgdWOgT|·UWb%dSVYP�UWVY®¯pcR%P ^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^ ò[òò ^ í & moR%T;UWdSR%Ps`cRQhYpcqBVYZxOgZcT%R(X[°}UWR%Z¯pcP¿mxOgd�PSmoR%T;UWdSX[qBb;UWdSVYRa` i b%qBVYPSPSVYX[Z moX[pcdT§vxOg®¯pcRÅR%PSPWOgVÈ¸ ò ² î8ç,è,é�PSpcd>pcZcRÅT%VY°chYR�`cR â Æ�qBq `cRB¾zÀER%Z�ÂÃX[ZcT;UWVYX[Z`cR>h´O�hYX[Zcr[pcR%pcdµ` i X[Zc`cR>moX[pcdµh´O¹`cb;UWX[ZxO1UWVYX[Z8b;U§Og°chYVYR¡^,^,^>^,^,^,^,^,^,^,^,^ ò ~ò ^ÇÆ ë�dSX�6xhYP�`cR,hYpcqBVYZxOgZcT%R9X[°}UWR%Z¯pcP¬mxOgd�PSmoR%T;UWdSX[qBb;UWdSVYR>` i b%qBVYPSPSVYX[Z.moX[pcdymchYp�·PSVYR%pcdSP�R%PSPWOgVYPy¸ ò ² îÅç,è,é#¸¹`cVf³�b%dSR%ZtUWPyVYZcP�U§OgZtUWPµ`cR>h´O¹»y¼2½ ^,^,^,^,^,^,^,^�~[æò ^ î ë�dSX�6xhYP�`cR,hYpcqBVYZxOgZcT%R9X[°}UWR%Z¯pcP¬mxOgd�PSmoR%T;UWdSX[qBb;UWdSVYR>` i b%qBVYPSPSVYX[Z.moX[pcdymchYp�·PSVYR%pcdSP�R%PSPWOgVYPy¸ ò ² îÅç,è,é#¸¹`cVf³�b%dSR%ZtUWPyVYZcP�U§OgZtUWPµ`cR>h´O¹»y¼2½ ^,^,^,^,^,^,^,^�~}\ò ^	K ë�dSX�6xhYPy`cR�hYpcqBVYZxOgZcT%R>X[°}UWR%Z¯pcPzmxOgd¬mt«�dSX[qBb;UWdSVYR±q�pchfUWV£·¥hYX[Zcr[pcR%pcdSPµ` i X[Zc`cRR;UzmxOgd¬PSmoR%T;UWdSX[qBb;UWdSVYR,` i b%qBVYPSPSVYX[Z�hYX[dSPy`cR%P¬UWVYdSP9¼ �z~�Kgæ}\�~BR;U>¼ �zæ[æ[æ�Kgî�¸ò ² î8ç,è,é�PSpcd9pcZcRÅT%VY°chYR�`cR â Æ#qBq `cRÅ¾zÀER%Z¿ÂÃX[ZcT;UWVYX[Z¿`cR¹h´O�hYX[Zcr[pcR%pcd` i X[Zc`cR>moX[pcdµh´O�`cb;UWX[ZxO1UWVYX[Z.b;U§Og°chYVYRE^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�~ âò ^ ò & moR%T;UWdSR.` i b%qBVYPSPSVYX[ZÑ`cp�¾zÀ PSX[pcqBVYP¹¸¿pcZ T§vcX�T.`cR�\�î}²	K¿ç,è,éx²�î[æ[æ 6�8OgmcdSw%P�hji R%ZtUWdSb%R>`cp�T§vcX�Tg^�ká{�UWdWOgVfU�`cRBì _gígï9^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�~[_ò ^ ~ & moR%T;UWdSR¬` i b%qBVYPSPSVYX[Z#`cp�hYX[dSPÈ`cR¬h´O,»y¼2½ `cp8¾zÀ ¸ ò ²ÇÆ,ç,è,é ¨ OgqBX[dvK%bymxOgdpcZcR>T§vxOgdSr[R,`cR,¾zÀ�moX[pcd�`cR%p�{�b%mxOgVYPSPSR%pcdSPy`cR,mch´Og®¯pcR9`cR>UWdWOgZcP�ÂÃR%d�U â Æ�R;UK[ÆB>@>�©|^�ká{�UWdWOgVfU�`cRBì î â ï ^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�~gíò ^f\�æ ë4X[PSVfUWVYX[ZB`cR%P¶mcdSVYZcT%VYmxOghYR%P�dWOgVYR%PÈ` i Og°cPSX[dSm}UWVYX[ZB`cR%P¶R%PSmow%T%R%PµmcdSb%PSR%ZtUWR%P2`xOgZcPhYR%PµmcdSX�`cpcVfUWPµ`cR>`cb;UWX[ZxO1UWVYX[Z(ì Æ ò ²xí â ï±^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�~tÆò ^f\[\ & moR%T;UWdSR2`cR¶UWdWOgZcPSqBVYPSPSVYX[Z�`cR�� E <¸¬mcdSR%PSPSVYX[Z¹R;U*UWR%qBmob%dWO1UWpcdSRµOgq�°cV´OgZtUWR%P%²qBX�`cb%hYVYPSbzO�e[R%T,h´O¹°xOgPSR>`cR>`cX[ZcZcb%R%P��[9$� �&��� ^�l�b%PSX[hYp}UWVYX[Z�\�æ<6 >¿^�^,^,^,^�~tÆò ^f\ â ¼¶X[qBmxOgdWOgVYPSX[Z�`cR%P±PSmoR%T;UWdSR%P�`cR#hYpcqBVYZxOgZcT%RÅO�egOgZtU�R;U�OgmcdSw%P±hji VYZtUWR%dWOgT;UWVYX[Z`cR>hji X[Zc`cR9`cR>`cb;UWX[ZxO1UWVYX[Z.O�e[R%T,h´O�ÂÃR%Zcº;UWdSR ^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�~�Kò ^f\�_ & T§vcb%q#O±`cR¬h´O,`cb;UWX[ZxO1UWVYX[ZBb;U§Og°chYVYRyPSR¬mcdSX[mxOgr[R�OgZtU2`xOgZcP2h´O>T%R%hYhYpchYR�hYX[dSPS®¯pcRhYR�T%X�R;ÞBT%VYR%ZtUá` i Og°cPSX[dSm}UWVYX[Z>mcdSX�e�VYR%ZtUá` i pcZcRÈT%X[pcT§vcRÈ` i b%mxOgVYPSPSR%pcd4T%X[ZcP�U§OgZtUWR¸¹hji OgdSdSVYw%dSRz`cp.ÂÃdSX[ZtUK^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�~�Kò ^f\�í¡½¬b;UWX[ZxO1UWVYX[Z.b;U§Og°chYVYRzPSR>mcdSX[mxOgr[R�OgZtUy`xOgZcP�h´O�T%R%hYhYpchYR ^,^,^>^,^,^,^,^,^,^,^,^�~ òò ^f\ªÆb3¥Z �xpcR%ZcT%R.`cR�h´O�egOghYR%pcd�`cpÑT%X�R;ÞBT%VYR%ZtUÅ` i Og°cPSX[dSm}UWVYX[ZQqBX[ZcX�T§vcdSX[q#O1UWVY®¯pcRPSpcd±h´O.hYpcqBVYZxOgZcT%RÅ` i pcZcR#`cb;UWX[ZxO1UWVYX[ZaOgp}UWX[ZcX[qBRBP�U§O1UWVYX[ZcZxOgVYdSRÅPSX[p}UWR%Z¯pcRg²h´O±UWR%qBmob%dWO1UWpcdSR9b;U§OgZtU 6}{}b%R±¸Å_[î[æ[æ
�

^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�æ[æò ^f\�î¡¼2OghYT%pch*`cp�dWOgmcmoX[d�U ��� ]  �"$#���� " 	 a �� � � 	 Z � X[p�b%qBVYPSPSVfe�VfUWb¹OgmcmxOgdSR%ZtUWRÅmoX[pcd9mchYpcPSVYR%pcdSPUWR%qBmob%dWO1UWpcdSR%P ^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�æ[æò ^f\4K ¼2OghYT%pch�`cR>hji b%mxOgVYPSPSR%pcd2X[m}UWVY®¯pcR9R%Z�`cb;UWX[ZxO1UWVYX[Z8b;U§Og°chYVYRz¸¹`cVf³�b%dSR%ZtUWR%PµUWR%q¹·mob%dWO1UWpcdSR%Pä^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�æ}\ò ^f\ ò ¼2OghYT%pch:`cp�T%X�R;ÞBT%VYR%ZtUz` i Og°cPSX[dSm}UWVYX[Z�R%Z�`cb;UWX[ZxO1UWVYX[Z�b;U§Og°chYVYR,¸B`cVf³�b%dSR%ZtUWR%PUWR%qBmob%dWO1UWpcdSR%P ^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�æ â
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ò ^f\�~ � Zc`cRz`cRzPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z�PSR9mcdSX[mxOgr[R�OgZtU2`xOgZcP2h´O±T%R%hYhYpchYRg²�¸±hji OgdSdSVYw%dSRy`cpÂÃdSX[ZtU�`cR>T§vcX�Tä^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�æ[_ò ^ â æ � dSVYr[VYZcR,`cp �xp�{¿qBR%PSpcdSb¹hYX[dSPz`cR�h´O#mcdSX[mxOgrtO1UWVYX[Zs`cR�hji X[Zc`cR�`cR¹PSpcmoR%dS`cb|·UWX[ZxO1UWVYX[Z ^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�ægíò ^ â \ ¼2OghYT%pch4`cpsT%X�R;ÞBT%VYR%ZtU9` i Og°cPSX[dSm}UWVYX[ZshYX[dSPy`cR�h´OBPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z¿¸#`cVf³�b|·dSR%ZtUWR%P�UWR%qBmob%dWO1UWpcdSR%PÅ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�ægíò ^ â[â À�R%PSpcdSR%P9mt«�dSX[qBb;UWdSVY®¯pcR%PzhYX[dSPy` i pcZ¿R%PSPWOgVá`cR�dSb;e[R%dS°ob%dWO1UWVYX[Zs`cR�T§vcX�T%PzPSpcdpcZcR>b%mxOgVYPSPSR%pcd�`cR â >@>	`cR,¾zÀ ^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�æ[îò ^ â _�»4dWOgZcPSqBVYPSPSVYX[Z8`cp�¾zÀ�moX[pcdµ`cR%Pyb%mxOgVYPSPSR%pcdSP�`cR â ²�Æ�R;U,\�æ<>@> ^,^,^,^,^,^�\�æ[îò ^ â í¡ë�dSX�e[R%ZxOgZcT%R,`cp �xp�{�PSpcVfegOgZtU�hYR9`cX[q#OgVYZcRz`cR>hYX[Zcr[pcR%pcdSP�` i X[Zc`cR(^,^,^,^,^,^�\�æ�Kò ^ â Æb3¥Zc`cVYT%R9T%X[qBmchYR|{}R9`cR9dSb;ÂÃdWOgT;UWVYX[Z8`cR%P�mxOgd�UWVYT%pchYR%Pµ`cR9PSpcVYR%P�moX[pcdµ`cVf³�b%dSR%ZtUWR%Pb;UWpc`cR%Py�c\µ·áN�R%RyOgZc`Å»µVYR%Z ¨ moX[hf«�P�U¥«�dSw%ZcRyR;UÈmchYR|{}VYr[h´OgP%² â · & UWpchYhxOgZc`Bë�h´OgPSP¨ T�OgdS°oX[ZcR,OgqBX[dSmcvcR�©|²�_�·2½zOghYu%R%hYh R;U & OgdSXgÂÃq ¨ mcdSX[mxOgZcR�©|²�í¹·��yX �2Ogd�UWv FCB 	
D�H ¨ mt«�dSX[r[dWOgmcvcVfUWR>¸B_[æ[æ

�
©|²oÆ,· 5 R%hYP �gR FCB 	0D�H ¨ mcdSX[mxOgZcR�©9ì Æ ò ï ^,^,^,^,^,^,^�\�æ[~ò ^ â î¡¼¶X�R;ÞBT%VYR%ZtU�` i R|{�UWVYZcT;UWVYX[ZQmoX[pcd±`cR%P�mxOgd�UWVYT%pchYR%P±`cR#T�OgdS°oX[ZcR�T;«�hYVYZc`cdSVY®¯pcR%PR;U�PSmcvcb%dSVY®¯pcR%P�ì Æ ò ï ^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�æ[~ò ^ â K ¼¶X�R;ÞBT%VYR%ZtU8` i Og°cPSX[dSm}UWVYX[Z `cR%P8mxOgd�UWVYT%pchYR%P#`cR¿T�OgdS°oX[ZcRs`cX[ZtU8h´O(ÂÃdWOgT;UWVYX[Ze[X[hYpcqBVY®¯pcR¬egOgdSVYRg²c` i OgmcdSw%PyhYRzqBX�`cw%hYR9`cR,lyO�«�hYR%VYr[v(^,^,^,^,^>^,^,^,^,^,^,^,^�\[\�æò ^ â ò ¼¶X�R;ÞBT%VYR%ZtU9` i Og°cPSX[dSm}UWVYX[Z¿`cR%P9mxOgd�UWVYT%pchYR%P¬`cR¹T�OgdS°oX[ZcR�` i OgmcdSw%P9hYR�qBX�`cw%hYRR%qBmcVYdSVY®¯pcR

�
�9� V ���� � ² O � > ²�éÅegOgdSVYR<^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\[\ò ^ â ~¡¼¶X�R;ÞBT%VYR%ZtU:` i Og°cPSX[dSm}UWVYX[Z9`cR%P:mxOgd�UWVYT%pchYR%P `cR�T�OgdS°oX[ZcR�T;«�hYVYZc`cdSVY®¯pcR%P R;U:PSmcvcb|·dSVY®¯pcR%P,`cR#`cVf³�b%dSR%ZtUWP,`cV´OgqBw;UWdSR%P,` i OgmcdSw%P±hYR%P,T�OghYT%pchYP>`cR�N�R%R#R;U±»µVYR%Z ²:`cRÂÃdWOgT;UWVYX[Z�e[X[hYpcqBVY®¯pcR>æ}^ æ[î�^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\[\ò ^ _[æ N�pcqBVYZxOgZcT%R%P�T�OghYT%pchYb%R%PBO�e[R%T.hYR8T%X�R;ÞBT%VYR%ZtUB` i Og°cPSX[dSm}UWVYX[ZÑ`cR%PÅmxOgd�UWVYT%pchYR%P`cR>T�OgdS°oX[ZcR9`cb%`cpcVfUy`cp�qBX�`cw%hYRz`cR,lyO�«�hYR%VYr[v(^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\ âò ^ _}\ 5 X[dSqBRz`cR%P�°xOgZc`cR%Py` i Og°cPSX[dSm}UWVYX[Z.`cp�qBX�`cw%hYRzR|{}moX[ZcR%ZtUWVYR%h:h´OgdSr[Rz°xOgZc`cR�^,^�\[\�íò ^ _ â +ÈOgdSV´O1UWVYX[Z9`cR%PámxOgdWOgqBw;UWdSR%P4`cp�qBX�`cw%hYR�R|{}moX[ZcR%ZtUWVYR%h�h´OgdSr[R�°xOgZc`cR¶moX[pcd4pcZcRdWOgVYRzP�«�qBb;UWdSVY®¯pcR ^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\�íò ^ _[_¡¼2OghYT%pcho`cp8T%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z�`cRzhji R�Ogp8O�e[R%T>hYR%P¶dWOgVYR%P2R%ZtUWdSR9æ}² îtÆ,R;Uæ}^ ~ ò ;$> ^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\ªÆò ^ _gí¡N�pcqBVYZxOgZcT%R%PáT�OghYT%pchYb%R%P*O�e[R%TµhYRÈT%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z�`cR2hji R�Ogp¹O�e[R%Tµ`cR%PdWOgVYR%PµR%ZtUWdSR,æ}² îtÆ�R;U¬æ}^ ~ ò ;$>¿² O �*):N	^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\�îò ^ _tÆ�N�pcqBVYZxOgZcT%R%PáT�OghYT%pchYb%R%P*O�e[R%TµhYRÈT%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z�`cR2hji R�Ogp¹O�e[R%Tµ`cR%PdWOgVYR%PµR%ZtUWdSR,æ}² îtÆ�R;U¬æ}^ ~ ò ;$>¿² O �*):N N N�^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\4Kò ^ _[î N�pcqBVYZxOgZcT%R%PáT�OghYT%pchYb%R%P*O�e[R%TµhYRÈT%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z�`cR2hji R�Ogp¹O�e[R%Tµ`cR%PdWOgVYR%PµR%ZtUWdSR,æ}² îtÆ�R;U¬æ}^ ~ ò ;$>¿² O �*)�^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\[\4Kò ^ _�K�N�pcqBVYZxOgZcT%R%PáT�OghYT%pchYb%R%P*O�e[R%TµhYRÈT%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z�`cR2hji R�Ogp¹O�e[R%Tµ`cR%PdWOgVYR%PyR%ZtUWdSR¹æ}² îtÆBR;U9æ}^ ~ ò ;$>¿² O � ):N#R;UzhYR±T%X�R;ÞBT%VYR%ZtU9` i Og°cPSX[dSm}UWVYX[Z�`cpT�OgdS°oX[ZcR9PSR%hYX[Z�hYR9qBX�`cw%hYRz`cR,lyO�«�hYR%VYr[v ²J�
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� ��+ ):N b � ^,^,^>^,^,^,^,^,^,^,^�\[\ ò
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ò ^ _ ò ¼¶X[qBmxOgdWOgVYPSX[Z�`cR%P�qBR%PSpcdSR%PÈ`cRµPSmoR%T;UWdSX[PST%X[mcVYR�R%ZB`cb;UWX[ZxO1UWVYX[Z¹b;U§Og°chYVYRµO�e[R%ThYR%PyhYpcqBVYZxOgZcT%R%PyP�«�ZtUWvcb;UWVY®¯pcR%P9moX[pcdypcZcR±b%mxOgVYPSPSR%pcdz`cR±mcdSX�`cpcVfUWPy`cR±`cb;UWX1·ZxO1UWVYX[Z8`cRÅ\4KB>@> ¨ O � ):N}² �
�
� ��+ ):N b � ²c¤M99_[î[æ[æ

�
©�^>^,^,^,^,^,^,^,^,^�\ â æò ^ _[~¡¼¶X[qBmxOgdWOgVYPSX[Z�`cR%P,qBR%PSpcdSR%P±`cRBPSmoR%T;UWdSX[PST%X[mcVYR#OgmcdSw%P,h´O8ÂÃX[dSq#O1UWVYX[Z¿`cRBh´OPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z8O�e[R%TzhYR%P¶hYpcqBVYZxOgZcT%R%P¶P�«�ZtUWvcb;UWVY®¯pcR%PµmoX[pcd¶pcZcRzb%mxOgVYPSPSR%pcd`cR>mcdSX�`cpcVfUWPµ`cR>dSb�OgT;UWVYX[Z8`cR ò >@> ¨ O �*):N}² �

�
� ��+ ):N b � ²c¤M99_ â æ[æ

�
©5^�\ â \ò ^ ítæ¡¼¶X[qBmxOgdWOgVYPSX[Z�`cR%P,qBR%PSpcdSR%P±`cRBPSmoR%T;UWdSX[PST%X[mcVYR#OgmcdSw%P,h´O8ÂÃX[dSq#O1UWVYX[Z¿`cRBh´OPSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z8O�e[R%TzhYR%P¶hYpcqBVYZxOgZcT%R%P¶P�«�ZtUWvcb;UWVY®¯pcR%PµmoX[pcd¶pcZcRzb%mxOgVYPSPSR%pcd`cR>mcdSX�`cpcVfUWPµ`cR>dSb�OgT;UWVYX[Z8`cR ò >@> ¨ O �*):N}² �

�
� ��+ ):N b � ²c¤M99_tÆgæ[æ

�
©5^�\ â[âò ^ íc\�ë�dSX�6xhYP>`cRBhYpcqBVYZxOgZcT%R¹X[°}UWR%Z¯pcP,mxOgd,PSmoR%T;UWdSX[PST%X[mcVYRB` i b%qBVYPSPSVYX[Z�hYX[dSP>` i pcZUWVYdyPSpcdzpcZcR�T%VY°chYR±`cR¹îtÆ �5UWb;UWdWOgZcVfUWdSX[qBb;UWvxOgZcR9·�_tÆ ��ZcVfUWdSX[°oR%Zcu%w%ZcR�`cR�íqBq5` i b%mxOgVYPSPSR%pcd5^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\ â îò ^ í â ¼¶X[qBmxOgdWOgVYPSX[Z<`cR%PsmcdSX�6xhYP�`cRQhYpcqBVYZxOgZcT%R(R%Z ÂÃX[ZcT;UWVYX[Z `cRQh´O hYX[Zcr[pcR%pcd` i X[Zc`cR¿R%Z�`cb;UWX[ZxO1UWVYX[Z b;U§Og°chYVYR�hYX[dSP8` i R%PSPWOgV9PSpcd8hYR�¾zÀ R;U.hYR¿qBb%h´OgZcr[RîtÆ ��UWb;UWdWOgZcVfUWdSX[qBb;UWvxOgZcRy·¶_tÆ � ZcVfUWdSX[°oR%Zcu%w%ZcRa^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\ â K

~}^f\ \
	���b;U§OgmoR>`cR>h´O¹»y¼2½��xpcZcR>X[Zc`cR>`cR>T§vcX�T>PSR,mcdSX[mxOgr[R9`xOgZcP�hYR>¾zÀ ^,^,^,^�\�_gí~}^ â ë�dSX�6xhYP¶`cR9hYpcqBVYZxOgZcT%RyZcX[Z8°cdSpcVfUWb%P2R;U�°cdSpcVfUWb%P2T�OghYT%pchYb%P¶`xOgZcPµhYR¬T�OgPµ` i pcZcR`cb;UWX[ZxO1UWVYX[Z.Ogp}UWX[ZcX[qBR9P�U§O1UWVYX[ZcZxOgVYdSRzPSX[p}UWR%Z¯pcR,moX[pcd9\�î¹hYX[Zcr[pcR%pcdSP�` i X[Zc`cR�\�_ ò~}^ _ ë�dSX�6xhYP¬`cR±hYpcqBVYZxOgZcT%R,qBX[ZcX�T§vcdSX[q#O1UWVY®¯pcR±ó:Ó�Ð��aÍxÉÛÚÛÔ%Ø¯Ê�T�OghYT%pchYb%P¬`xOgZcPzhYRT�OgPB` i pcZcRs`cb;UWX[ZxO1UWVYX[Z�Ogp}UWX[ZcX[qBR�P�U§O1UWVYX[ZcZxOgVYdSR8PSX[p}UWR%Z¯pcRsmoX[pcd�\�î(hYX[Z�·r[pcR%pcdSP�` i X[Zc`cR ^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�_[~~}^ í ë�dSX�6xhYP�`cR#UWR%qBmob%dWO1UWpcdSR8`xOgZcP�hYR�T�OgP¹` i pcZcR8`cb;UWX[ZxO1UWVYX[ZÑOgp}UWX[ZcX[qBR�P�U§Oª·UWVYX[ZcZxOgVYdSR¬PSX[p}UWR%Z¯pcR ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�ítæ~}^ÇÆ ë�dSX�6xhYP�`cRyUWR%qBmob%dWO1UWpcdSR�`xOgZcP¶hYR�T�OgP¶` i pcZcR¬`cb;UWX[ZxO1UWVYX[ZBP�U§O1UWVYX[ZcZxOgVYdSR�O�e[R%T`cb;UWR%ZtUWR,`cR%P�mcdSX�`cpcVfUWPµVYPSPSpcP�`cR>h´O¹`cb;UWX[ZxO1UWVYX[Z	^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�íc\~}^ î ë�dSX�6xhYPµ`cR9UWR%qBmob%dWO1UWpcdSR9`xOgZcP�hYR9T�OgP�PSVYqBmchYRz` i pcZcR,PSpcmoR%dS`cb;UWX[ZxO1UWVYX[Z ^,^,^�\�íc\
\�æ}^f\ �9dSVYhYhYRy`cR%PyT%X�R;ÞBT%VYR%ZtUWP�` i Og°cPSX[dSm}UWVYX[Z.ZcX[dSq#OghYVYPSb%P¶ÂÃX[pcdSZcVYRÁ^,^,^,^,^,^,^,^,^�\�í[í\�æ}^ â l�b%PSpchfU§O1U*`cRµhji VYZtUWR%dSmoX[h´O1UWVYX[Z>`cR%P*egOghYR%pcdSP*`cpÅT%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[Z¹qBX1·ZcX�T§vcdSX[q#O1UWVY®¯pcRzR%Z.ÂÃX[ZcT;UWVYX[Z.`cR>h´O±UWR%qBmob%dWO1UWpcdSR±^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�í¯Æ\�æ}^ _ k�dSdSR%pcd�dSR%h´O1UWVfe[R9R%ZtUWdSR,h´O�U§Og°chYRzÂÃX[pcdSZcVYR>R;Uyhji R%P�UWVYq#O1UWVYX[Z�mxOgd�mcdSX�`cpcVfUµUWR%Z�·PSX[dSVYR%h `cR%P�qBX�«[R%ZcZcR%P�^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\�ítî\�æ}^ í +ÈOghYR%pcdSPµPSVYZcr[pchYVYw%dSR%P2moX[pcd�hYR%Pµ`cVf³�b%dSR%ZtUWR%PymxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP¶`xOgZcP�hYR9T�OgP>\G\�ít~\�æ}^ÇÆ +ÈOghYR%pcdSP¶PSVYZcr[pchYVYw%dSR%PÈmoX[pcd¶hYR%P¶`cVf³�b%dSR%ZtUWR%P2mxOgdWOgqBb;UWdSVYPWO1UWVYX[ZcP�`xOgZcP2hYR¬T�OgP â¨ R%Z�vxOgp}U|©¶R;UyhYR9T�OgPy_ ¨ R%Z�°xOgP§©2^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\ªÆgæ
\[\[^f\Ñ»4dWOgT%b%P�`cR#h´O.ÂÃX[ZcT;UWVYX[ZaT%X �}U�ZcX[dSq#OghYVYPSb%R1'o�Û�IHAJ a �>PSpcd�pcZQPSR%r[qBR%ZtUÅO�«tOgZtUPSR%d�e�V�¸,T�OghYT%pchYR%d�hYR%PÈqBR%PSpcdSR%P¶`xOgZcP¶hYR�T�OgP¬\¬O�e[R%TzpcZ#moX[VYZtU¶VYZcVfUWV´Ogh}`cRz_ ò Ægæ

�
¨ R%Z�vxOgp}U|©2R;U�pcZ�moX[VYZtU�VYZcVfUWV´Ogho`cR>í¯Ægæ[æ

�
¨ R%Z�°xOgP§© ^>^,^,^,^,^,^,^,^,^�\ªÆ â

\ ò K



� � ���1����������� ���*	 ���

\[\[^ â ½¬V´Ogr[dWOgqBqBR�`cR%P2P�UWdWO1UWb%r[VYR%P2` i X[m}UWVYqBVYPWO1UWVYX[ZÅ`cVYdSR%T;UWR ¨ ` \ª©ÈR;U2vcVYb%dWOgdST§vcVY®¯pcR¨ v \;· â ·�_t©M^,^,^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\ªÆg_\[\[^ _ ½¬V´Ogr[dWOgqBqBR¬`cR%P�b;U§OgmoR%Py`cR>h´O�dSb%PSX[hYp}UWVYX[Z8VYZte[R%dSPSR�^,^,^,^,^>^,^,^,^,^,^,^,^�\ªÆg_\[\[^ í »4dWOgT%b%PB`cR%PBmcdSX�6xhYP¹`cR.UWR%qBmob%dWO1UWpcdSR8R;UB`cR�T%X�R;ÞBT%VYR%ZtUB` i Og°cPSX[dSm}UWVYX[Z dSR|·T§vcR%dST§vcb%P¬R%Z.ÂÃX[ZcT;UWVYX[Z8`cp.UWR%qBmcP�`xOgZcP�hYR9T�OgP>\[²x»Q99_[î[æ[æ
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^,^,^,^,^,^,^,^�\ªÆ1í\[\[^ÇÆ�»4dWOgT%b%P�`cR%P�mcdSX�6xhYP,`cRBUWR%qBmob%dWO1UWpcdSR#R;U�`cR�T%X�R;ÞBT%VYR%ZtU�` i Og°cPSX[dSm}UWVYX[ZQVYZcV£·UWV´Ogp�{8`xOgZcP�hYR9T�OgP>\ ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\ªÆgî\[\[^ î�»4dWOgT%b%Py`cR%PymcdSX�6xhYP�`cR>UWR%qBmob%dWO1UWpcdSR>R;Uy`cR,T%X�R;ÞBT%VYR%ZtU¬` i Og°cPSX[dSm}UWVYX[Z�PSX[hYp�·UWVYX[Z8`cR>hji X[m}UWVYqBVYPWO1UWVYX[ZB`cVYdSR%T;UWR>`xOgZcP�hYR9T�OgP>\Á^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\ªÆ K\[\[^	K�»4dWOgT%b%Py`cR%PymcdSX�6xhYP�`cR>UWR%qBmob%dWO1UWpcdSR>R;Uy`cR,T%X�R;ÞBT%VYR%ZtU¬` i Og°cPSX[dSm}UWVYX[Z�PSX[hYp�·UWVYX[Z8`cR>hji X[m}UWVYqBVYPWO1UWVYX[ZBvcVYb%dWOgdST§vcVY®¯pcR>`xOgZcP�hYR9T�OgP>\�^,^,^,^>^,^,^,^,^,^,^,^�\ªÆ ò\[\[^ ò »4dWOgT%b%P�`cR%P�Ò4ÐªÓ��*ÉÛÔ�Ê���ÍxãgÙªÔ9`cR9UWR%qBmob%dWO1UWpcdSRzR;Uy`cR9T%X�R;ÞBT%VYR%ZtUy` i Og°cPSX[dSm�·UWVYX[Z8dSR%T§vcR%dST§vcb%Pz`xOgZcP�hYR9T�OgP â ^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\ªÆg~\[\[^ ~�»4dWOgT%b%Py`cR%P¬Ò4ÐªÓ��*ÉÛÔ �aÓ�Ý:Ø�ÉÛÚÛÔ%Ø�Ô9`cR>UWR%qBmob%dWO1UWpcdSR>R;U¬`cR,T%X�R;ÞBT%VYR%ZtU¬` i Og°�·PSX[dSm}UWVYX[ZadSR%T§vcR%dST§vcb%PB`xOgZcP±hYR#T�OgP â ²4R;U¹h´O�r[dSVYhYhYRÅR%Z â ½5`cR%P¹T%X�R;ÞBT%VYR%ZtUWP` i Og°cPSX[dSm}UWVYX[Z ^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�î[æ\[\[^f\�æt»4dWOgT%b%Py`cR%PymcdSX�6xhYP�`cR>UWR%qBmob%dWO1UWpcdSR>R;Uy`cR,T%X�R;ÞBT%VYR%ZtU¬` i Og°cPSX[dSm}UWVYX[Z�PSX[hYp�·UWVYX[Z¹`cR�hji X[m}UWVYqBVYPWO1UWVYX[Z,vcVYb%dWOgdST§vcVY®¯pcR�`xOgZcP�hYRµT�OgP â moX[pcd�h´O9dSR%T§vcR%dST§vcR¬`cR%PÒ4ÐªÓ��*ÉÛÔ¹Ê���ÍxãgÙªÔ ^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�î}\\[\[^f\[\ª»4dWOgT%b%Py`cR%PymcdSX�6xhYP�`cR>UWR%qBmob%dWO1UWpcdSR>R;Uy`cR,T%X�R;ÞBT%VYR%ZtU¬` i Og°cPSX[dSm}UWVYX[Z�PSX[hYp�·UWVYX[Z¹`cR�hji X[m}UWVYqBVYPWO1UWVYX[Z,vcVYb%dWOgdST§vcVY®¯pcR�`xOgZcP�hYRµT�OgP â moX[pcd�h´O9dSR%T§vcR%dST§vcR¬`cR%PÒ4ÐªÓ��*ÉÛÔ �aÓ�Ý:Ø�ÉÛÚÛÔ%Ø�Ô ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�î â\[\[^f\ â »4dWOgT%b%P�`cR%P�Ò4ÐªÓ��*ÉÛÔ�Ê���ÍxãgÙªÔ9`cR9UWR%qBmob%dWO1UWpcdSRzR;Uy`cR9T%X�R;ÞBT%VYR%ZtUy` i Og°cPSX[dSm�·UWVYX[Z8dSR%T§vcR%dST§vcb%Pz`xOgZcP�hYR9T�OgPy_ ^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�î[_\[\[^f\�_t»4dWOgT%b%Py`cR%P¬Ò4ÐªÓ��*ÉÛÔ �aÓ�Ý:Ø�ÉÛÚÛÔ%Ø�Ô9`cR>UWR%qBmob%dWO1UWpcdSR>R;U¬`cR,T%X�R;ÞBT%VYR%ZtU¬` i Og°�·PSX[dSm}UWVYX[ZÑdSR%T§vcR%dST§vcb%P�`xOgZcPÅhYR8T�OgPB_�R;UBh´Osr[dSVYhYhYR#R%Z â ½n`cR%PBT%X�R;ÞBT%VYR%ZtUWP` i Og°cPSX[dSm}UWVYX[Z ^,^,^>^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�îgí\[\[^f\�í¯»4dWOgT%b%PÅ`cR%PÅmcdSX�6xhYP¹`cR8UWR%qBmob%dWO1UWpcdSR8R;UÅ`cR.T%X�R;ÞBT%VYR%ZtUB` i Og°cPSX[dSm}UWVYX[Z�PSX1·hYp}UWVYX[Za`cR8hji X[m}UWVYqBVYPWO1UWVYX[Z�`cVYdSR%T;UWR�`xOgZcP¹hYR�T�OgPÅ_smoX[pcd�h´O�dSR%T§vcR%dST§vcR�`cR%PÒ4ÐªÓ��*ÉÛÔ �aÓ�Ý:Ø�ÉÛÚÛÔ%Ø�Ô ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�î[î\[\[^f\ªÆtë�dSX�6xhYPB`cR�UWR%qBmob%dWO1UWpcdSR�X[°}UWR%Z¯pcP8O�e[R%T ���$+���� ;���� ¨ hYX[r[VYT%VYR%h2`cRsT�OghYT%pchh´Ogr[dWOgZcr[VYR%Z�pcZcVY`cVYqBR%ZcPSVYX[ZcZcR%h�vt«�`cdSX[dSb�OgT;UWVfÂ§©>hYX[dSP,`cR#h´O.UWdWOgZcPSVfUWVYX[Z(T§vcX�T|·`cb;UWX[ZxO1UWVYX[Z8`cp�¾zÀ(^Q^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^�\�î ò
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\[\[^f\�l�b%PSpchfU§O1UWPµ`cR>hji VYZte[R%dSPSVYX[Z.`xOgZcP�hYR9T�OgP>\ ^,^,^,^,^,^,^,^,^>^,^,^,^,^,^,^,^,^�\ªÆ1í

\ ò ~



��� � ��������� � � ���1� �����
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