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λ/4
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  c#<;),/�=L<;/�0.<`+@)�7#/�-�)5l2/�9;)�3�4B7R+`\^9I3�4B)5G:Q&-6<>=h4B9I-L3j+.0b/ED[=L12Qb<;-69I3�4B=L9I3
r c#<;),7:)�0@9I<I<I=Lk6)�+.)�7R/�-�)5l2/�9;)�3�4B7R+`\^9I3�4B)5G:Q&-6<>=h4B9I-L34�rN5<I9I129I3.=C4B9;-63A+@)�7R/�-�)5l2/�9;)�3�4B7
4:G:-6QMQ&)54B9K4B7O!

s c#<;)�/�=L<;/�0.<,+.0 Q�-C4B)�3�4:9I)�<,/5G:N5)�Q[=CGb<!\ =C3�4:)�3.3@)�780.G <;) 7B=C4:)�<I<;9;4:)P.|Q.=LG84:9IG_+.)
<!\ =LQ@Q.G:-�/ED.),)�)eQ&-63.)53�4:9I)5<I<I)Q�u-6Q@4:9IF�0.),Q.DKu�7:9;F�0@)"!

Jec#<;)�/�=L<;/�0.<,+.0 Q�-C4B)�3�4:9I)�<,/5G:N5)�Q[=CGb<!\ =C3�4:)�3.3@)�780.G <;) 7B=C4:)�<I<;9;4:)P.|Q.=LG84:9IG_+.)
<!\ =LQ@G:-�/ED.)�1 0.<;4:9IQ&-6<>=L9;G:)R%&/5) /�=L<I/50.<�)�784T9I3�4BN5k6G:N�+[=L3.7�<I)H/�-�+.)>SUTWVUSYX[ZU\]\�)54
78-63 0e4B9I<;9I7:=C4B9;-63	)5784R+.N�/5G:9K4B)H+[=L3.7#<;),+.-e/50.12)�3�4#G:)5<>=C4:9;JE. /�)H/�-�+.)Lc

V�-L0.7R=L<I<;-63.7W+.-L3./H+.N�/5G:9IG8),+[=L3.7#/5)�+.-�/�0@1A)53�4#<;)�7#F�0[=C4:G:)HQ.G:)51A9;)�G87�Q�-69;3�4B7�c
q )a12-�+.0.<I)T+.)H/�=L<;/�0.<`Q@G:N�78)�3�4BN�9I/59`/�-612Q.G8)�3.+b+.9^#�N�G8)�3�4B7#N5<IN�12)�3�4:7�%
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lecture.exe

Fichier 

data

Mesures
format CNES

Mesures
format CESC

farinterpol.exe alpha.dat

farthreshold.exe alpha_threshold.dat

far2nearOP.exe far2near_exp.dat

FMM
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' <]\^)�)eN5/�0@4B= �.<I)��9`������Ya������ �!	"�������MQ�)5G:12)54�+.)�/�=L<I/50.<I)5G#<I)�7#/5-e)PlA/59I)53�4:7T+`\^9I3Y(
4B)5G:Q&-6<>=h4B9I-L3
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4B)5G:Q&-6<>=h4B9I-L3	4BG8-6QMQ�)P4B9;4:7

' <]\^)�)eN5/�0@4B= �.<I)'�9`���()���]`��WX!*,+-������� 0@4:9I<;9I7:)t<!\ =CQ.Q.G:-�/ED.)f9I787:0.)Z+.)*<!\ -6Qe4B9IF�0.) Q.DKuU(
7:9;F�0.)�Q�-L0.Gt/�=L<;/�0.<;)�G�<;)W/ED[=L12Q Q.G:-�/ED.)#7:0@Gt0.3 -[�.784B=L/�<;)�/ED.-69;7:9]c q )IM[/ED.9I)5Gt+.)
7:-LG84B9;)TQ&-60.G8GB=/.P4BG:)T/�-612Q[=LG8N&. /5)�<I0@9&Ju-60@G:3.9&Q[=LGW<I=�12N54:D.-e+@)&36575 <;-6G:78F�0.)
<>=?+@9I784B=L3./5)�=C3�4:)�3.3@)�( 7:=C4B)5<I<;9;4B)T)�784�Q.G8-e/ED.)H+.)   <I-L3.k60.)50.G:7#+`\^-63.+.)Cc

q =�M.k60.G:) � +.N5/�G:9K4�7:0./5/�9I3@/54B)51A)53�4�<;)�Ju-63./P4B9I-L3.3.)�12)�3�4�k6N53.N�G:=L<�)54�<I=/M[k60.G8)   +.-L3.3.)
<>= <I9;784:)i+.)�7#G8N�Q&)�G84:-69IG8)�7#)54R<;)�0.G�/5-63�4B)�3�0`c
OTV<N�=j[Vi12 VG810 k3214657498!:<;>=@?BA!C>DE465F=@?HG�DIGJ5>4>KL?#?NM,=!5FDE4PORQ>OR4TS-;6U@GH4>VRWYX 4>KL?HVZ:<4�[�DE4
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src fichiers.f90 
fichiers.o

bin
lecture.exe
farinterpol.exe
farthreshold.exe
far2nearOP.exe

mod modules.mod

Fichier data

makefile

MESURES fichiers de mesure INTERPOL fichiers alpha

 FAR2NEAR_OP fichiers resultat

� �����   '7� G8k�=L3.9;7B=C4:9I-63_+@)�7#G:N5Q�)5G84B-L9IG:)57

q )�7,+.98#{N5G:)�3�4:)�7HN54B=LQ�)57,+.) /�=C<I/�0@<�7:-63�4H+.NP4E=L9;<I<;N�)�7�+[=L3.7,<;)�7,Q[=CGB=Lk6G:=LQ.D.)57i7:0@98(
OC=L3�4B75c
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� � ( #)� �R� �?� +,$ � &% "��#�� ���"( ��+,#  "� $ ��#=�_+3�

q )#/ED[=C1AQ <I-L9I3�4E=L9;3?)�7S4f+.-63.3.N#Q[=CGt+.)�7 12)�7:0@G:)�75c�d�-60.G +.98#{N5G:)53�4:)�7tOC=L<I)50.G:7t+@)�7
=L3.k6<;)�7

θ
)P4

φ
g.78-63�4�Ju-60.G:3@9I)�7�<!\ =C1AQ.<;9;4:0.+.)T)P4#<>=?Q.D.=L7:)H+.)57R/5-612Q�-67:=L3�4B)57

E∞,θ

)P4
E∞,φ

c��,=L3@7�/5)�7=M[/ED.9I)5G:7�+.)f1A)57:0.G8)Lgx<]\ =L3.kL<I)
θ
OC=LG:9;)t+.)

−π
.

π
)54

φ
+.)
	�.

π
c�VR-60.7

=�O6-63.7R+.-63@/a)�#{)5/54:0.NH0.3.),4BG:=L3.78Ju-LG:1A=C4B9;-63j+.)H1A=L3.9 ,5G:) . 3.-60@7RG8)54:G:-60@OL)�G#+[=L3@7R<I=
7:9K4B0[=C4:9I-63 �rQ.<;0.7 /�<I=L7:789IF�0.)jQ&-60.G 3.-L0.7L!

θ ∈ [0; π]
)54

φ ∈ [0; 2π]
c��T)bQ@<I0.75g�3.-60@7

Jr=L9I78-63.7f<]\^DKueQ&-L4:DA,�78)T7:0@9;OC=L3�4B)R%�<;)�Q.=L7Z+@)T12)�7:0@G:)T780.9;OC=L3�4
θ
)P4

ϕ
)�7S4W/�-L3.784B=L3�4�=L0

/�-60@G:7H+.0�4B)51AQ.75c
��3 Q.G8)�129I)5Gi)�)eN�/50@4E=?�.<I) Q&)�G:12)54i+.) 4BGB=C3.78Ju-6G81A)5Gi<I)RM[/ED.9I)5G,+.)
1A)57:0.G8)H)�3b0.3GM./ED.9I)5GR7S4E=L3@+[=LG:+ =L0_Ju-6G81	=C4�SUTWVUS[c
OTV<N�=j[Vi12 V�i10 k���M,=�V�VZ4�� 4>KLG�V�A�=)8/A�K��,DE465�W�=/56?BA�K W�A�VZW�������������� K�M,? :65

θ
4>?

φ  �!K�M,=!5/4#" 4<;>?H=�M,K�5%$'&�A�V ?BG�V
W!465 A�K��,DE465
θ′

4>?
φ′ D AF?BV�A�K�5)( M,V O A�?HGHM,K 56=�G*� A�KL?N4







56G
θ′ ∈ [0; π]

4>?
φ′ ∈ [0; π] → θ = θ′

4>?
φ = φ′56G

θ′ ∈ [−π; π]
4>?

φ′ ∈ [0; π] → θ = −θ′
4>?

φ = φ′ + π
A+� 4<;�DE4 ;6U�A�K���4>OR4>KL?

W!4
56G,�,K�4 [
Eθ(−θ′, π + φ′) = −Eθ(θ, φ) Eφ(−θ′, π + φ′) = −Eφ(θ, φ)� � !

� cN@ <�Jr=L0@4HG8)�12Q.<I9;GT<;)�M[/ED.9I)5G,+.) +.-63.3@N�)�7;_9` aA`U=�OL)�/ <I)57a/ED.=L1AQ@7aQ@G:N�/59I78N�7H/�9 (
+.)57:7:-L0.7�c q =RQ.G8)�129 ,5G:) <I9;k63.)t+.) /�) M[/ED.9;)�G�9I3.+@9IF�0.) F�0.)Z<;)t/ED[=L12Q <;-69I3�4E=C9I3i)5784
+.-63@3.N�Q[=LG�+@)�7t12)�7:0@G:)�75c q \ 0e4B9I<;9I7:=C4B)50.G�=T<I=TQ&-67:789 �.9;<I9;4:NZ+@)�/ED.-69I789IG�0.3 +.9IQ.-6<I)
)54R+[=C3.7#/�)H/�=L75g[<>= +.9;G:)�/P4B9;-63_+.0b+.9IQ.-6<I)T+.-69;4�.54BG8)H9I3.+.9;F�0.N�)Cg[/5J c[7:)5/54:9I-63 s c
/0/ T!�Ya@���!�21 %�� ���L
��4365L��%&������%3� � _ ��� �!	��
5L��% ������%
/0/87 � ����
 a ��� ��_�� _ ��� �@	�� %@� %�� ���L
,�83]_ ��� �!	��
9 � 9�9 � 9;: � 9
/0/0< ��5�_��3� �!
&$ �)��� _�=9�)�Ya@���@� 
�� �Ya��,�A`)�Ya 	���%>5L��% ������%
\YTWV@?BA]TWVBC[S@*D?�+]TAV � _9` a
/0/0< ��5�_��3� �!
&$ �)��� _�� %��)�]a��)� `)� ���)�E5 `[a S < TWVF1
a�$��[aW` _L%HGJI :�K�9�L>:�K�98M � a �!$ �HG 9NLO:�KB9+M
\YTWV@?BA]TWVBC,� �)��	?_WXUS < TWV�� _9` a
/0/0< ��5�_��3� �!
&$ �)��� _�� %��)�]a��)� `)� ���)�E5 `[a S[TAVUSP1
a�$��[aW` _L%HG 9NLO:�KB9+M � a �!$ �QG 9�LSR�T09+M 1 % aL��
VUWX����Y`[_
\YTWV@?BA]TWVBC,� �)��	?_WXUS[TWVUS'� _9` a
/0/0< ��5�W���� _�=O`)�BX�	���% a�$�� aW`Y3 < a�$�� aA` � � ��� 	�� ���,�E5 ` a S[TWV]S
`EZ���
 a�$L� aW` _L%[G 9�L\:�K�9+M
:�K.:
/0/0< ��5�W���� _�=O`)�BX�	���% �!$ �D3 < �!$ � � � ��� 	�� ���)�+5 ` a S[TWVUS



� � �)� ��� ��� � ����� �S��� � � �
�)� �T��� � � ��� �E� 	�� ��� ���

`EZ���
 �!$ �QG 9�L R�T09 G�� R�T09 � � � 
���5���� ��%	�
K

  c q =L3./5)�G#<>=?/5-612Q.9I<I=C4B9;-63	Q.0@9I7�<]\^)�)eN5/�0@4:9I-63 %

 5 `+U���� � � X+5 `EU���� 	���
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