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 7 � t  [7 � � ; � t �Y� �  [7 w�tv��� � 7 � 9 u:�m� ; � � 9 u�� � tv� /10 �e� � 7 � < ¨ � � 7 � 7 � 9 < � 7 �Y9T��9 <�����7 u�� 9 w 7 �
� � 7�<|; �¢� �[; tvu=� ; � �¢u < 9[� ��tv�E� 9 u ¨ � � �D� � � ��� 7 � � � 7� [7 w   ��t ���63 ® ¸C9 ¯ 3  7 � � 7 � 7$< 9[� 7 � ; §[§ 7 � �(� � tv�C$K
�*?_bEcGd¶CYCE?_b$d)c�d)H
d)c OQCE?DC�?B^_C$KYcD�@b$d)H� =K�I[?eX�K)b�^|c O  Pd¶C$K)IoS��4F)H^|M
K�vKYX�F¶C 9 < � � 7 ¥ ; � �e�*� <|; u��$��� 9 u
® � tv� � 7 � � � tvu 9 u�� � 7 � �e§ � w 7 u � �e� 0�� 7 §[� 9 u �'9 <�� � � 9[��� ��t �m� ¯ 3 ¥ 7 � 7 ¨ t � �eu�� � 7  8 � � 7 � �69 w ¨
� 9 § � ® 9[��� M u � � 9[� � 9 § � � ¯�t �6� 7 t � � 9,/ 7 � � 7 � 7 � 7�  tvu=� <|; u:�m�E� 9 u � 3

�'� 7 � 9T� ���¢�*� 7 w=�Dtv� 7 � 7 �*���$�Dt �Y� ����tv� �6�Y9[� 7 � � 0V9 < � � 7 � 7 �Y9T� � � t�§[� 9[/ tv� 9 u 7 « � � 7 � � u ; � / 7 �
� �@�6� 7 �$� � 7 � 0 % ®G�eu � � 7 � �¡; t � 7 ¯ ¨ tvu�w % 0/2 4 , ¦6; � � � 7 ��� 7 �,�D�$��t �Y� �D��tv� �6�Y9[� 7 � �E� 7 � � ; � ��� � 7 u
� � tvu � ��tv� 7 � � 7 � � 7 �  [7 � ; �:9 u�� � 7 t �E0 � � � 9 ���D�ywQ� � � � � / ; ��� 9 u 9 < � � 7 � 7 �Y9T� t � % 032 4 ,  7 u 9 �
� 9 u £�� � � � � � ��w 7 t /=0 �E�69 ���eu6§Jt � tv� � � 7 9 <y7 �e§ 7 u � ��tv� 7 � �eu� � 7 ¥ ; � �¢�*� � 7 �6� 7 � 7 u=��tv�E� 9 u ¨ < 9[�  t � � 9 ; ���E0=� � 7 � ��9 u�� � 7 � 9[� ; � tvu�wl� � 7 �E�s� 7 � 7 3

� t[� � ¥ ; � �e�*� <|; u:�m�E� 9 u ��� � �!� � 9 �E� 7 w ������� 7 « � � 7 � 9[�¬� � 9 � ¨¤9 u t ce?eH
K�d)X w 7 u � �e� 0J� ��tv� 7 ¨� � � 7 �Y� 7 � �¢uow6t � ��� � 7 � 7 t�� �!9 < ��� ®B�m�Dt �Y� �D�ztv� <|7 tv� ; � 7 ��¨4� ��t �m� ¯ ¨ � � �¢� 7 � � 7 /:9 ��� 9 � � � 9 � ¨ 9 u tcGF � d)XY?_^GMh�*?_b w 7 u � �e� 0�� ��tv� 7 ���¢� � tvu,t[w �E; � � 7 wV� 9 u=� � t � � < t[�$� 9[�)¨=� � � 7 �Y� 7 � t � � � �¢� 7 �E�:9 � � � � 7 � 7 �Y9T�9 <���� ® �[; tvu=� ; � <|7 tv� ; � 7 � ¯ 3
¦ �e§ 3 ¸ t �E�69 � � � � 7 ± � 9 u 9 �,�Dtv� ³ � G ® % + ¸ ¯
�T§[�  [7 u /10 ���63 ® ¸ `P¯ ¨ � � ��� � � � tv� �E9 � � 7@7 � 7 � 7 u �

�Yt �Y0 < t[�$� 9[� �¢u �"�s3 ® ¸C9 ¯ ¨ � � �¢� 7�¦ �¢§ 3 ¸$/��E�69 � � � � 7 � 9[� 7 � 7 u=� � ��tv� 7 � ·�! ! < 9[� % +�¸C: ,
¦ �e§ 3 & �E�s9 � � 7 �e§ 7 u � �Ytv� 7 ��9 < �(d �*?¢cB^ F)H6?|d)H:C ¨ � � � ��/ 7 �¢u6§�� � 7 �$�Dt �Y� ����tv�e� 0 �¢u=� 7 § � t / � 7 ��t � 7[3
�'� 7 ¥ t �Y� 7 �"¥ tv�*�e�¢� 9 u6�DtvuV� ��� + & 0 � 9T� &�' � 0 � 9T� &�' ��® 9 u*� � 7 � 9[� ; � ¯ 3 ¼ � � § �Y9 ; u:w � �Ytv� 7

� 9T9 � �  [7 �Y0�� �¢�*�e��t � � 9 � � 7 � 9[� 7 � 7 u=� � ��tv� 7 � ·�! !N� t   �¢us§V� � 7 � tv� 7 % ®_� <�3�¦ �¢§ 3 ¸$/ ¯ 3N¦ �e§ 3 & t �E�69 � �
� � 7 ¸C9v� � �*� ��tv� 7'< 9[� % + ` ¸ �v� 0 �¢u6§ �E; � � / 7 � 9 �¬� � 7 �m�Dt �Y� �D�ztv� C$K �&d)X�dT^|XY?ep*7 u 7 � § 0 ®B� 9T9[� w=�eu�tv� 7 � t � 7�E� � < � 7 w:¯ 3 � � 7 � 7 �Y9T� t � 7 u 7 tv��� 0 tv�e�¢§[u 7 w 9 u < 9 ; �y� � � tv�¢§ � ���e�eu 7 � 3 ¼ u < t[�$� ¨ tv�¢�'®Gu 9 u�w 7 § 7 u 7 � tv� 7 ¯� �Ytv� 7 ��9 < � � 7 �E01� � 7 � � t  [7 � � � �'�s�Y9[� 7 � � 0 3

�'� 7 5 � � �T�eu ¥ tv�*�¢�e� 9 u6��tvu 9 uy� � 7 �E�6� 7 � 7 ® 5 � � �T�eu 7 �&tv� 3 ¸�µ�:�9 ¯6� ��� + � 9T� � ( G��� � �eu � � � 9T� &�� -
¦ �e§ 3 & /��E�69 � � � � 7 & u�w � �Ytv� 7 9 < � � 7y�¡; tvu=���e� 7 w�� 9 w 7 � � t   �¢u6§ � +�¸C9 tvu:w � + · , 9 , � §Ttv�¢u ¨ ^GM
KvKYX�F¶C'ce?|K�d)cGF)H � bzS¡X)AvK C ¨ � � ��� � w 7 � 7 u:w 9 u�� � 7 �$�Dt �Y� ����tv� 7 u 7 � § 0*/ ; � � 7�7 �,�eu6§[� 0 u 9 � 9 u w=�e� � ,

�'� � � � � t �6�Y9[� 7 � � 0 � 7 � t  [7 9[/�� 7 �  [7 w*�¢u�tv�e�
�¢u=� 7 § � t / � 7�7�© tv� � � 7 �'� � ; w=� 7 w 3
� �¢§ 7 u <|; u:�m�E� 9 u ��9 <�b�M
d[FT^G?_b"��dC�
C t � 7 u 9 � w=� �E� �Dt 0 7 w 9 u ¦ �e§ � 3 ` � j 3
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tv� 9 u6§�� ; �  [7 ��9 < �¢u=� 7 § � t / � 7!7�© tv� � � 7 � 3 �'� � ���69 ��w � < 9[� tv�¢� / t�� 7 �y� �Ytv� 7 � - � 7 � t  [7 9 u6� 0 < 9 ; u:w ¨< 9[� % + &
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K�vK�X�F¶C!C$K�K
� ^ F � cecGq ce?�=K�d � d¶C$q'^GM
K � M
F)c|K ��M
d¶C$KyC �&dTb$K
d)X�K�dacGKm�B^4FTS6^  �O�^GM
K"Ms? � M�I=KYH�CE?B^eO�X�K � ?GF)H�Cv3  7�  � 7 �� � � �¤/ 7 � t   � 9[� t � t b M
d)X�dTb�^�KYXY?DC�^|?Bb'RTS=d)H
^ d)cCE? � H
dT^�S¡X�KaF¶��bEcGd¶CYCE?_b$d)cNb�M8d[F¶C��

9



S
P

h
T

-T
90

/0
10

 h
ttp

://
w

w
w

-s
ph

t.c
ea

.f
r/

ar
tic

le
s/

T
90

/0
10

/  
   

J.
 P

h
ys

. A
  2

3,
 1

76
5-

17
74

 (
19

90
)

¦ �eu�tv�e� 0[¨ � 7 � t  [7�7�© tv�*�eu 7 w*t��T�D�
� 7 w �E� �eu*��t �*9 u�� � 7 �E�6� 7 � 7 ¨ � � ��� � �m�Dt �Y� �D�ztv�e� 0 7�© � � / �e� �
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� 9 ��� 9 u�� 9P9 � �
� 9 ��tv�e� 0 � � t 9 �E����® ½ t��vtv� ; � t 7 �@tv� 3 ¸�µ���: ¯ 3 ¼ u�� � 7��¡; tvu=���e� 7 w  [7 �m� � 9 u ® � + ` · ¯ �s� � � � � � tvu � �e�E� 9 u� 7�7 � � � 9 � 7mª:7 �$���¢� � 7 � < �eu� � 7 9[� §Ttvu6�e�)tv��� 9 u 9 < � � 7 � 7 �Y9T� 3¦ 9[� � � 7�7 �e§ 7 u <|; u��$�E� 9 u 9 <y¦ �e§ 3 9 t
®�� + · , & ¯ �E9 � 7 � 7 �Y9T� t � 7 tv�¢�e§[u 7 w�tvu�w 9 � � 7 �m���E�s� 7 t[w 9 ; � ¨ � � �¢� 7 �eu ¦ �e§ 3 9v/ ®�� + ¸ ¯"� � 7 � 7 �Y9T�
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