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recherche français ou étrangers, des laboratoires
publics ou privés.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by HAL-CEA

https://core.ac.uk/display/52707954?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.archives-ouvertes.fr
https://hal.archives-ouvertes.fr/hal-00001852


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

021  +3 1 �
!"�(�54#���������
��67���(� 1 *,�8�9�&�;: �<6(��!-���(=>�	�<��*?�A@�!�BC�	��!

DFEHGJILKNM�OQPSR�TUE+V�EHW�XNY2ILM-PZR�[CEFW\O^]_]`ILa9b�OcPZR�d�e-E�f<O^g_aha9gLPji�klEHm>n�oNXNY2ILa9]Lpje-PqiCILM�bJfrEHk�g_s'o
M�]ut'v
wyx{z}|�~L���Qz������������Lz��<z^��zc�h~��J�"��z��L���y��z��H�~��Lz���z���~L�����c��zc�u���u�h~��

� z�~��u��~��
������~��-��zc���
��~� ¡�£¢�¤L¥L¢�¦§�¨z���~L�����ª©��c~L�Z«
¬u­-~¯®����9~L�	��z��y� � ©9©u�°�{±r²�³��5���´�)��z��L���u��z�����´�
� � �u���L�����u�u��¥N ¯ 'µ�¶·�¸~L�y����z����^�u�(���h~L���u�

¹yºC�u������z�~L��zc����»�¼½�9~L�����·��±r»¾º���xC³��¿±r�´±r»�²&�
�À±�~¯�¯~L�9~
�uÁ��u�
¥N '¥
¤¡Â5�+� � ~L¼½�C­)�h�§x{¼
�9~L���u�u�����9~L���u�

ÃÅÄ¿Æ`Ç�È�É�Ê¾Ë¿ÌyÇ�Í�Î�ÈuÏ¿ÐÒÑ¯Ó½Ð`Ô�Ô`Ñ¡Õ

ÖJ×�Ø`Ù�Ú¡Û�Ü¯Ù
Ý É¯ÈuÇ	Æ�ÞSßZÈ�É�à�Ç	Æ`Ç	ÞSà	Ç	ÞSÌuÆ�ß¯Æ�á'Æ�ßZâNà	ÞSàFÍ�ã�É'È�á'à	ÞZÇQâ\ä
å'ÌyÇ	å'Æ`Ç	ÞSÍæá'à-ÞSáCÇ	ç¯È<ÌyâLßSÞ�á'É¯Ï
ÞSÌuÆ�ß¡á¯ÍæáNèéãÅå'à	ÞZÍæáCÉ¯ÈuêNÞSÌyÈ(ëqì£Þ�à�Ç�Ï
Æ�ß�í

ÞSà�î�ÈuÏ	ã^Í�Ï
ï>È�É�ð¸ñ�ç'ÈªÈyòNî�ÈuÏ
ÞSï>È�á¡Ç	Æ�ß<à�ÈuÇóè�å¯î�ÞSà>ÞSï>î½ßZÈ�ï>È�á¡Ç�È�É¨Þ�á�Í�Ï
É¯ÈuÏ{Ç�Í/Ï
È�Æ�Ì
ç§Ç	å'Ï	Î
å'ßZÈ�á¡ÇCÎ�È�ç
Æ�êNÞZÍ�ÏôÞSá
Ç	ç¯È>Ï	Í�Ç	Æ`Ç	Þ�á¯õ·î
ßSÆ�à	ïôÆªÌyÍæß�å'ï{á�ð�ñ<ö�Í´É'Þø÷�ÈuÏ	È�á�Ç¿Ç	å¯Ï
Î
å'ßZÈ�á¡Ç�Ï
ÈuõæÞSï>È�à\Æ`Ï	È>Í�Î
Ç	Æ�ÞSá¯È�ÉùÌyÍ�Ï	Ï	È�à	î�Íæá
É'ÞSá¯õªÇ�Í·Ç�ö�Í
à�È�ßZÈ�ÌyÇ�È�É�à�ÈuÇ	à�Í�ãúêÒÆ�ßSå'È�à�ã^Í�Ï�Ç	ç¯ÈªÆ�á'ÍLÉ¯Èªî�Í�Ç�È�á�Ç	Þ�Æ�ßrÆ�á'É¨Ç	ç¯ÈªÎ
ÞSÆ�à
ÞSá¯õ´Í�ã�Ç	ç'ÈlÌyÍæß�ßZÈ�ÌyÇ	ÞSá¯õ2î
ßSÆ`Ç�È�ðùñ�ç¯ÈUû'Ï
à�Ç
Ï	ÈuõæÞSï{È¿É
ÞSà�î
ßSÆ�âLà�Æ>à	ßZÍ_öúßZâ¡èéÏ	Í�Ç	Æ`Ç	ÞSá¯õ�ÌyÍæßSå'ïôáªÌ9ç'Æ`Ï
Æ�ÌyÇ�ÈuÏ
ÞSüuÈ�É´ÎLâôÇ	ç¯È¿î'Ï	È�à	È�á'ÌyÈ¿Í�ãFÆ>à	ç¯È�Æ`Ï�ß�Æ�â�ÈuÏúà�Èuî½Æ`Ï
Æ`Ç	ÞSá¯õ
Ç	ç¯È<î
ß�Æ�à	ï{Æ¿Î
å'ßSý\ãþÏ
Íæï#Ç	ç¯Èúà	ÌyÏ9Æ`î�ÈyèéÍ`÷·ßSÆ�â�ÈuÏ(Ãéÿ'Ë��-Õ9Ó�Ç	ç¯ÈúßSÆ`Ç�Ç�ÈuÏrà	ç¯Í�ö�ÞSá¯õ\Æ�à�Ç�Ï	Íæá'õ�ÞSá¡Ç�ÈuÏ
ï{ÞZÇ�Ç�È�á¡Ç�Î�È�ç'Æ�êNÞZÍ�Ï�ð
ñ�ç¯Èrà�È�ÌyÍæá'É�Ï	ÈuõæÞSï>È�ÌyÍ�Ï	Ï	È�à�î�Íæá'É'àHÇ�Í�Æ�örÈ�Æ`ýNßZâ¡èéÏ	Í�Ç	Æ`Ç	ÞSá¯õ¿ÌyÍæßSå'ïôá\ÞSá\ö�ç'ÞSÌ
ç�ÌyÍæç¯ÈuÏ	È�á'ÌyÈ¾ÞSàFßZÍæà�ÇHÞSá�Ç	ç¯È"î½ßSÆ�à	ï{Æ
Î
å'ßSý{Æ�á'É·Æ�à�Ç	Æ�á'É'Æ`Ï
É·É
Þø÷�å
à	ÞZê�Èúî
Ï	ÍLÌyÈ�à
à¾Ç	Æ`ý�È�à<î
ßSÆ�ÌyÈ�ÞSáªÇ	ç¯È�ÿ'Ë��"ð¯ñ�ç¯È�à�È¿û
á'É
ÞSá¯õæà"Æ`Ï
È\à	å¯î'î�Í�Ï	Ç�È�ÉUÎ¡âUÇ	ç¯È
ÌuÆ�ßSÌuå'ß�Æ`Ç	ÞZÍæá·Í�ã�Ç	ç¯È��(å¯Ï
à�Ç<ÈyòNî�Íæá¯È�á�Ç<Í�ã�Ç	ç¯È\Ç	å'Ï	Î
å'ßZÈ�á¡Ç<à	ÞZõæá'Æ�ß�à<å'à	ÞSá¯õ��/Æ�ê�È�ßZÈuÇóè�Æ�á'Æ�ßZâNà	ÞSàúÇ�È�Ì
ç'á'Þ��¡å¯È�à�ð

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

.



��� �������
	���
�������	��

d�e�g����yn�b½o�X����hn�a���n��^gÒM�]ÒglOþM�M�XNM��én��hO^XLM! "�ÅI#�hY2I2b�g�s½Oþ]Òg$��O%�CILM¸O^Y& FXLa'�uI¡M(�)�yI��ht*�yXùI#���hg$�����ye�g
n�M�b�gÒa����uILM�b�O^M�K�X#�+�hayILM��� HXNa'�ùOþM�Y£XNahgJ]ÒXNY& "�^g-,FP��^ILahKLg/.0�9]`I��þg1 "�^I��hY2I�]_XNM�2�KLn�ayI#�hO^XNM��ÒE drX3�he�O%�
gÒM�b-P�I>b�g/�uILO4�^g_b2I¡M�I��þo5�9O%��X��Fg��^g_]$�hahXNM�Oþ]�b�gÒM��hO4��o�6�n�]$�hn�I#�yOþXNM"��O^M��he�g�]�o5�^O^M�b�ahOþ]`I��½M�XNM7.8�én"�hOþXNM2b�g_s
O^]_g
GJO4�'�yahI���O4�9 HgÒa'�éXLahY£gÒb-Erd�e�g�g/,7 HgÒahOþY2g_M:�uI��7�hg$��.�n" ´O4��O^Y& "�þgÒY£gÒM:�yg_blO^M·XNa9b�gÒa;�yX>X<���yILO^MlI=�yn�a'��n"�^g_M:�
ahg_KNO^Y£g�OþMJI·a9X��uI#�hO^M�K� ��ÅI��9Y�Il]_X<�^n�Y£M-E
> M*�ye�O4�)?�XNa9t@?(gô]ÒXNM��hO^b�gÒa)�0?(X2b�O%���yO^M�]$�)�hg/�A��X��¾b�O4�h]ue�I¡ahKNg� �ILahILY£g$�yg_a��_PH]_XNaha9g��' FXNM�b�O^M�KB�yXB�ye�g

ILM�X
b�g� HX��yg_M:�yOÅI#�<ILM�bC�ye�g&��OÅI��9O^M�KùX��D�ye�g£]_X<�%�þgÒ]/�yO^M�K@ "�ÅIE�ygLEªd�e�g��^I#���hgÒa��9g$���ôo
O^g$�^b!�0?�XJb�O4FFgÒahg_M:�
�yn�a���n"�þgÒM:��ahgÒKLO^Y£g��ÒP�XLM�gU]_XNaha9g��' FXNM�b�O^M�KB�yX2IB���^XG?)��o(.óahX��yI#�yOþM�K·]ÒX��^n�Y£M3Héahg_KNO^Y£g�I�J�ILM�b¨I&�9gÒ]_XNM�b
XNM�gùOþMK?\e�Oþ]ueL�he�gù]ÒX��^n�Y£M O%�ªXNM"�þoM?�g`ILt(�þo�ahX��yI#�yOþM�KLHéahgÒKLO^Y£g@NOJ�E > M ahg_KNO^Y£g�IUP;�ye�gÒahg/g-,�O4�'���´I
sNg$�^X
]ÒOP��o!�he�g`ILa��ÅI`oLgÒa��he�ILa� "��o!�9g� �ILahI#�yOþM�K@�ye�g&��n"�^tQ "�ÅI��9Y�I&�éahXNYR�ye�g£D"S�T�ahgÒKLO^XNM-EUd�e�g��éXNahY£gÒa
ahX#�uI#�hg��>M�gÒILa���o¸I��ôIùahOþKNO^b!�HX
b�oNPU?\e�O4�^g·OþM!�ye�g2D"S�T IV���yahXLM�K/O^M:�yg_ahY£O4���hgÒM�]�o�X
]Ò]_n�a��_E > M�a9gÒKNOþY2g
NCP5�ye�g� "�^I��hY2IW��n"�^t&�^X<�9g��\I��þY2X��'�(I��%�HX��"O4���(]ÒXLe�gÒa9gÒM�]_gUI¡M�bùb�O%�' "�ÅI`o5��O^M:�hgÒahY£O4�'�yg_M�]_oLP5?\e�O4�^g�OþM��ye�g
D"S�T�b�g_M"�hOP��o@6�n�]/�yn�IE�yO^XLM"�)�he�XG?X���uILM�b�ILahb°b�OPF�n"�9OþsLg+�HgÒe�I�s
OþXNaÒE
d�e�g& �I� HgÒaôO%�ôXNahKNILM�O%Y_gÒb�I����éX<�%�þXZ?)�_E > M�D
gÒ]$�hO^XNM >�> �ye�g2g/,7 Fg_ahOþY2g_M(�yI��[�hg/�ªn" �O%����ahOþg$6�o§b�O%��.

]Òn����hg_b-E�D½gÒ]/�`E >�>�> O%�úb�g_sLX��yg_b@�yXlIUb�g��9]ÒahO4 ��yOþXNM�X#�U�ye�g��'�yI#�yO4�'�yOþ]`I��"�hX½X��%��gÒY& "�^X�oLgÒbùILM�b/D½gÒ]/�`E >]\ �hX
�ye�gUb�O4�h]_n"���9O^XNM°X��^�he�g{ahg$�hn"�P�A�ÒE�d�e�g��9gªOþM�]��þn�b�g��ye�g{Y£XNY£gÒM:�A�\X��;�ye�g�6�n�]/�yn�IE�yO^M�K��9O^KNM�I#�%�ÒP_�9n�]ue�I#�
Y£g`ILM°sLI#�^n�g¡P`���uILM�b�ILahb�b�g_s
OÅI#�hO^XNM�Pa�9tLg/?\M�g��'�UI¡M�b16+I#�hM�g��'�ÒP�I���IB�én�M�]$�hO^XNMJX����ye�gªayI¡b�OÅI���b�O%�'�yILM�]_g
b �éahXLYc�ye�g/]_gÒM:�yg_a�X����ye�g°]_o5�þO^M�b�a9O^]ÒI��¿b�g�s½Oþ]Òg¡E d�e�g°]`I��þ]Òn"�^I#�yOþXNM X���T�n�a'�'�2g/,7 HXNM�gÒM:��� ILM�bL�ye�g
]ue�ILahIL]$�hgÒa9O%Y`IE�yO^XLM°X#�^�ye�gôOþM:�ygÒa9Y2OP���hgÒM�]�oùX��^�he�g{]ÒXNa9ahg$�� HXNM�b�OþM�K&�hO^Y£g/.]�hgÒa9O^g$��O%�) �ahg$�hg_M(�hgÒb-Eed�O^M�I#�%�þoLP
D½g_]$�`E \ ]_XNM:�uILOþM"�O�ye�g{]ÒXLM�]��þn�b�O^M�K·ahgÒY2ILa9t5�_E

����� feg�h)fe�W�-ijfe���9k
lnm_fO�Oo�
�h

> M�GJO%���yahI��cP)�ye�gC ��ÅI��9Y�I O4�V �ahX
b�n�]_gÒbp�'o#IL�^ILahKLg�Yln"�P�yO% HX<�^ILaB�hXNn�a9]Òg¡P�X< HgÒayIE�yO^M�K I#�°Iq�^XG?
 �a9g����9n�ahg
H .artseu .�v5w(x Y
��ILa�J^I�ahKNXLM·b�O%�9]ue�ILahKLg�OþM��ye�g\Y2ILO^Mª]ue�ILY��HgÒa[�hn��'�uI¡O^M�g_b&�¯o·e�X���2_�ÅI¡Y2g_M(�
gÒY£O%�'�hOþXNMMHy�9gÒgôgLEjK�E{z .$| �éXNa�Y£XNahg>b�g/�uILO4�%�AJ�E
I e�O^KNeQ�yayI¡M"�� �I¡ahgÒM�]_ot6�X¯I#�hO^M�K2KNahOþbJO4�CO^M��hgÒa��yg_b!�Fg/�0?(g_gÒMC�ye�g��hXNn�ah]Ògª]ue�ILY��HgÒaCILM�b1�he�gªY2ILK#.

M�g/�yO%Y_gÒb} "�ÅI��9Y�I/]ÒX��^n�Y£M-E f<a9O^Y2ILa9o¸g$�^g_]$�ya9XNM"�@Hy~ v g \ J{X�sNg_ah]_XNY2g&�ye�g&6�X¯I#�hO^M�K* HX��yg_M:�yOÅI#�<X��e�ye�g
O^MZ�9gÒ]$�hO^XNM�KNahOþb ILM�b O^XNM�O%YÒgB�ye�g�K¯I��UO^M"�9O^b�gB�ye�g ]ÒX<�þn�Y£M-EQIAM�gÒKNI#�yO�sNg�]ue�ILahKNg��hn�a' "�^n��lO%�U]ÒahgÒI#�yg_b
]��þX<�hg@�hXM�he�g/IE,½O%�´X����ye�gt�^I#���hgÒa_P[?\e�O%�^g��ye�g/O^XLM"�´ILahgV HX
XNa���o Y2ILKNM�g/�yO%Y_gÒb ILM�b5]_XNM:�yahO4��n��hg*�hXÀI

�



ayI¡b�OÅI�� �^X<�'��X���]ue�ILa9KNg���XNn����hO^b�g+�he�gU]_X<�^n�Y2M-EDI ayILb�O^I��-g � n�O%�^O4��ahOþn�Y g$�^g_]$�ya9O^]�2�g$�^bJVj�ye�g_M1�hg/�A��O^M-E
V��^g_]$�ya9XNM"�{ILM�b¸O^XNM"�Cb�ahOP� ��O^MQ�ye�g��hILY2gªb�O^a9gÒ]$�hO^XNM�I#���ye�g��yILY£g�� u�� sNg$�^X
]ÒO4��oLP-]ÒXLM(�hahO4��n��yOþM�K��hX
�ye�gôa9X��uIE�yO^XLMùX��;�he�g{]ÒX<�þn�Y£M-E
> M��he�g��9g>g/,7 Fg_ahOþY2g_M(���ÒP��he�g� "�^I��hY2IUe�I��e�HgÒgÒMù]_XNM�2�M�gÒbV�yX
�he�g��^OþM�g`I¡aD �ILa'��X#� �ye�g�]ue�ILY��HgÒa�HéX��

�^g_M�K��he . E � Y�J[�¯o�IU]ÒOþah]_n"�ÅILaú]ÒX��%�^g_]$�hXNaÒErd�e�g� "�^I��hY2Iôb�OÅILY£g$�hgÒaúO%�D�^O^Y£O4�hgÒb��yX . ~l]_Y �¯o�IUY£g$�yI��%�þO^]
b�O^I� �e�ahILKNY Hy�^OþY2OP�yg_a�J�P5 "�^IL]Òg_bJIE�O�ye�g>g_M(�hayILM�]ÒgôX��;�he�g��^OþM�g`I¡ae �ILa��`E > M*�ye�O4�e?¿I`oNP�b�O4FFn"�hOþXNM/]`ILM*�Hg
O^M¯sLg��'�hO^K¯IE�ygÒb¨O^M*�ye�gW�he�ILb�XZ? X��^�ye�gW�^O^Y£O4�hgÒa ?\e�gÒahgW�ye�gôO^XNM�O%Y`IE�yO^XLMt �ahX
]Òg��'��O%��M�X��^XNM�KLgÒa� �ahg$�hgÒM:�ÒE
� O4�he!�ye�g·KLahO^b¨tLg� 7�+6�X¯I#�yOþM�K�Pa�ye�g·]_XNM:�yahX��^ �ILahILY£g$�yg_a��{ILa9g
�ye�g� FX��hgÒM:�yO^I���X#�D�he�g´ILM�X
b�g��
	�I¡M�b
�ye�g+��OÅI��9O^M�K·X��{�ye�gô]_X<�%�þgÒ]/�yO^M�K� "�ÅI#�hg��
����������E<d�e�gô]ÒXNa9ahg$�� HXNM�b�OþM�K·sLI#�^n�g$��I¡ahg��

W\gÒKLO^Y£g�I�� �
	������ \ ILM�b �
��������� � . � \�!

W\gÒKNOþY2g�N"� �
	�����# \ ILM�b �
�������$�%� .�v \'&

d�e�gùg$�^gÒ]/�ya9XNM�O^]��yI#�hn�ayIE�yO^XLM b�gÒM��hO4��o�O%�lY£g`I#�hn�a9gÒb3�ye�ahXNn�KLe ICT"I¡M�KNYln�OþaW �ahX<�HgLP�n"�9O^M�K¸I!�9O^M7.
K<�þg@ �O^Mq?\OP�ye�IC FX<�^ILahO4Y`I#�hO^XNM�X�� . � \ E9I�M ILn7�yXNY2I#�yg_b IL] � n�O4�hOP�yO^XLMq�9o5�'�hgÒY O%�´I¡b�X< ��hgÒb-P[?\e�gÒa9g
�ye�gn�'�yg$ " HgÒa�.óY2X#�yXNa�X��*�he�g#Y2X�s¡I��"�þg  �a9X<�Fg I¡M�b �ye�g#X<�9]ÒO4�%�^X��h]ÒX� Fg#I¡ahg#Y2ILM�ILKNg_b �¯o?I T"I#�
\ Oþg$?)(*  �a9XNKNahILYJE
� g&���yn�b½o �'�uIE�yO^XLM�ILa9o1�yO^Y£gla9gÒ]ÒXLahb"�ôX��e�þgÒM�K#�ye,+ � s@u .�v x P)ahg$ �ahg$�hgÒM:�hO^M�KJg��^g_]$�hahXNMÀb�gÒM��hO4��o

6�n�]/�yn�IE�yO^XLM"��I#�) FX��hO4�hO^XNM b P��yILtLg_M�I#�\g � n�O^b�O4�'�uI¡M(�)�hO^Y£g�O^M:�yg_a9s¡I��4�.-�/�EDN(X#�yetI�[�ILM�bJk{[p�9O^KNM�I��%�
e�I`sNgB�HgÒg_MÀ]_XNM"�9O^b�g_ahgÒb�E�d�XNa�a9gÒKNOþY2gWIªP ?�g·e�I`sNg��uI¡tLgÒM)-'/�� �10 �{ILM�b¸X����uILOþM�gÒb �#v �hgÒa9O^g$�� Fg_a
ayI¡b�OÅI��a HX<�hOP�yO^XLM��éXNa\k{[ �hOþKNM�I��4�ÒP�I¡M�b .Gv<v �hg_ahOþg��O HgÒa�ayI¡b�OÅI��a HX<�hOP�yO^XLM��éXNaeI�[ �hO^KLM�I��%�_E�d�XNa¿a9gÒKNOþY2g
NCP5?(g>e�I`sLg��yILtLg_M�-�/2� ~ 0 ��I¡M�bùX<���yILO^M�g_b s�v �9gÒahOþg��O HgÒa¿ahILb�O^I��` HX<�9O4�yOþXNM��éXNa �FX#�ye/k{[#ILM�b*I�[
�hOþKNM�I��4�ÒE

���$��� m_�9kO����m_�����=k
l ��	�	�lDm

� g&���yn�b½o�g$�^g_]$�ya9XNMÀb�gÒM"�9O4��oC6�n�]$�yn�I#�yOþXNM"�435 H b ! /'J6�879��H b ! /'J:�<;=79��H b J?>_P ?\e�gÒa9g@;=7A��H b J�>�O%���ye�g
Y£g`ILMôsLI#�^n�g(I#� b PNI¡M�bl]`I#�^]Òn��ÅI#�hgD�ég/? e�O^KNe�gÒa�Y£XNY£gÒM:�A�"X���35 H b ! /'J�P��hn�]ue´I��{�ye�g �'�yILM�b�ILa9blb�g�s½O^I#�yOþXNM-P
BDC �E; 5 i > R=Fói P;?\e�Oþ]ue�Y£g`I��9n�ahg$�W�he�g ILY& "�þO4�yn�b�g·X�� 6�n�]$�hn�I#�yOþXNM"�_P;�ye�g��9tLg$?\M�g����_PHGI�J; 5 v >�K B vC P
?\e�Oþ]ueùY2gÒI��hn�a9g��e�he�g>I��
o½Y£Y£g$�ya
o�X#� �ye�g��9O^KNM�I��cP
ILM�b@�he�g=6+IE�yM�g$���ÒPDL<�M; 5 x >�K B xC P5?\e�O^]ueùa9XNn�KNe��þo
�yg$�%�4�<n"�(I#�FXNn7�D�he�g� �ahg$�hgÒM�]Òg�X���g/,5�ya9gÒY2I���g_sLgÒM:�A��Hy�hXE.�]`I#�%�^g_b���I#�[�uILO4�^gÒb� �ahX<��I#��O%�þO4��olb�O%�'�hahO4��n��yOþXNM"�AJ�E
d�e�g t'n�a��yX<�9O%�lO4�ªa9g��ÅIE�ygÒb}�yX1�he�g�6+I#�hM�g��'���¯oON �PLQ�R#�E!d�XNaU]ÒXNY& �ILa9O%�9XNM-P;�he�g/m{ILn"�'�hOÅI¡M H�XNa
M�XNa9Y�I#� J�b�O4�'�hahO%��n��yOþXNM e�I���GS� v ILM�bTL��I#tH�OQEqg¡E
NE� v J�E

#



d�e�gôg/,½O%���yg_M�]ÒgôX��9 HX<�'�hO%���^g��^XLM�K#.]�hO^Y£g�]ÒXLahahg$�ÅI#�hO^XNM��¿O^M*�ye�g��hn�a���n��^gÒM:���hOþKNM�I��4��]`ILMt�Fg��9g`ILa9]ue�gÒb
�ye�ahXNn�KLeQ�ye�gUb�g/�yg_ahY£O^M�I#�hO^XNMùX#�^�ye�gªT�n�a����BHQT=J¿g/,7 FXLM�gÒM:��X#�^�ye�gU]_XNaha9g��� HXNM�b�O^M�K&�yO^Y£g��hg_ahOþg��
Hy�hg_g
W\g$�	E*z �E| I��ôIùKNg_M�gÒahI��¾ahg�s
O^g$?�J�E´W�g_]Òg_M(���þoLP � I`sNg$�^g$���ôILM�I���o7�9O%���hX°]_XNY& �n��yg´T e�I����Fg_gÒM�I� " "�þO^gÒb
�yXt6�n�]/�yn�I#�hO^M�K1�hO^KLM�I��%���yILtLg_M3�éahXNY It�hO^Y& "�þg£Y2ILKNM�g$�yO4YÒg_b}�yXLahn"�ªILM�b a9g��ÅIE�ygÒbM�yX�b�O4FFn"�hO�s½OP��o z�# | E
> M*�ye�g��éX<�%�þXG?\O^M�K�P(?�gUb�O4�h]_n"���)�ye�g��9X#.�]ÒI��%�þgÒbV?¿I`sLg��^g/��6�n�]$�hn�I#�yOþXNM°ILM�I���o5�hO%�+z�# | P+ILM�b°b�O%�9ahg_K¯ILahb*�ye�g
s¡ILahO^I��"�þg b �éXNaO�9O^Y& "�^Oþ]ÒO4��o£X��rM�X��yI#�yOþXNM-E
> M��ye�O4�{?(I`sNg��þg$�¾ILM�I���o7�9O%�_P�XLM�g�a9gÒK¯I¡ahb"� �ye�g[6�n�]/�yn�IE�yO^M�K=�hOþKNM�I��'I#�{���yg$ "�^ HgÒa��éXNahY£gÒb+�¯oªI\ayI¡M�b�XNY

?(I��^t¡gÒa�I��^XLM�K´I£XLM�g>b�O^Y£gÒM��hO^XLM�I��U �IE�ye-P�?\e�gÒahgôO4���O FX��hO4�hO^XNM/IE� �ygÒaH/ �yOþY2g����yg$ "��O4��X<���yILO^M�g_b°I��

� H /'J2� .
-�/
������ /�� 35 H /��PJ & H . J

d�e�g � n�ILM:�yO4��o � H /'JO "�^I�o5�)�ye�gôahX��^gôX��^�he�g
 �a9X�2_�þgUI#���hX
]ÒO^I#�yg_bQ�hX I&�éahIL]$�hO^XNM�I�� N(ahXG?\M�O^ILM°Y2X��hO^XNM
H �yN�Y@J�Pa?\e�Oþ]ue�O%�CI2KNg_M�gÒahI���Y£X
b�g�� �éXNa��^XNM�KE.�ayI¡M�KNg{]ÒXNa9ahg$�ÅI#�hgÒb1?(I��^t(��z ~ | E�d�XNa�I���o5 �Oþ]`I��"g/,�ILY& "�^g
X���I�6�n�]$�hn�I#�hO^M�K& �ahX#2_�^g��9gÒgôW�g/�	E{z # | E
d�e�g_M-P;?�g I`sNg_ayILKLg � H /'J�X�sNg_aªM�XNM5.�X�sNg_a��ÅI# " �O^M�Kt�hO^Y£g£OþM:�ygÒa
s¡I��%�{X�� �^gÒM�K��ye
	1���DK -�/�P{?\e�gÒa9g��
R-'/¿O%�e�he�g��yOþY2g-.�KNahILO^M@�9]`I��þgôI#�O?\e�O^]ue*6�n�]/�yn�IE�yO^XLM"�\ILahg����yn�b�OþgÒb-P�o
Oþg��^b�O^M�K�P

��� H�	�J � .	 �� ���
R
� � /�� � w R�� ���

���
! 	 
 . ! H � J

?\O4�he ."!$# ! OþM(��H=+�K%	GJ�PD�éa9XNY ?\e�O^]ueL?(g°g_s¡I��þn�I#�yg@�he�gV6�n�]/�yn�I#�hO^XNM��·X��=�9n�]ue ]_X¯ILa'�hg/.óKNayI¡O^M�g_b
?(I��^t(�ÒP�b�gÒM�X��hgÒb¨I��e2�a����CXLahb�g_ae?¿I`sNg$�^g/�A�ÒPFIL]_]ÒXNa9b�O^M�K��hX

L iR H�	�J2�M;AH ���
� R
H&	GJ � �'� H�	�J'J i > H=#:J

?\e�g_ahg ; & &$& >�b�gÒM�X��yg$�[�he�g\I`sNg_ayILKNgO�yILtLg_M£X�sLgÒaúI��%�½]ÒXNM��hgÒ]_n��yO�sNg\O^M:�hgÒa9s¡I��4�)H # ! #)( . J�E�d�e�g�g-,7 FXNM�gÒM:�* ]`ILM��Fg�g����yO^Y2I#�hgÒb��éahXNY �he�g�g/,7 Fg_]$�hgÒb@�9]`I��þO^M�K{ahg$�ÅI#�hO^XNM�P L R H�	�J,+-	/.�E¾d"Xªb�O%�hg_M:�uILM�K��^g\O^M:�ya9O^M"�9O^]
6�n�]/�yn�IE�yO^XLM"�
�éahXLY �he�g@ �a9g��9gÒM�]_g°X#�) FX<�'�hO4�"�^g&�yahg_M�b"�·OþM}�ye�gV�hO^KLM�I��cPrXNM�g2]`ILM I��4�hX!���yn�b½o e�OþKNe�gÒa
XNa9b�gÒaO?(I�sLg��þg$�A�_P �hn�]ue¨I��

L ii H&	GJ�� ;Az ���
� i
H&	GJ � � ���

� R
H&	GJ ( ��� H&	�J | i > Hy~(J

L iv H&	GJ�� ;Az ���
� v
H&	GJ � # ���

� i
H&	GJ ( # ���

� R
H�	�J � ��� H&	�J | i > H s J

?\e�g_ahg��he�g�I�sLgÒahILKNg�� ; &$& & >úILa9g� HgÒa��éXNahY£gÒb£XNM2]ÒXNM"�9gÒ]_n��yO�sNg��hahO4 "�^g/�A��H # ! #0( . ! #1(C� JúILM�b � n�ILb�ahn5.
 "�þg$�A�WH # ! #2( . ! #3(j� ! #2( #:J�P�a9g��' Fg_]$�yO�sNg$�þoNE
d�e�g¸T�n�a���� g-,� HXNM�g_M:�/]`ILa9ahO^g$��OþY� HXNa'�yILM:�£O^M��éXNa9Y�IE�yO^XLM5I#�FXNn7���ye�g�ILn��hX#.�]_XNaha9g��^I#�yOþXNM"�´X����ye�g

�hOþKNM�I�� 35 H /'J_E > � * 4 v & s �ye�g&�hOþKNM�I����9e�XG?)�
 HgÒa'�hO%���yg_M�]Òg¡P¾OcEjgLE� FX<�9O4�hOþsNg´]_XNaha9g��ÅIE�yO^XLM"�ÒE \ I��^n�g��ôX��

~



* � v & s O^M�b�O^]ÒI#�yg£ILM:�yO4 Fg_a��9O%�'�hgÒM�]_gLP¾OQEqg¡E M�g_K¯I#�yO�sNg£]ÒXNa9ahg$�ÅI#�hO^XNM"�{OþMM�he�g�b�IE�uI�EVd�XNa * � v & s �ye�g
�hOþKNM�I���O%��M�X��\]_XNaha9g��^I#�yg_b¨I��_P"�éXNa�g/,�ILY& "�þgLP��éXNa\I�?\e�OP�yg{M�XNO4�hg��9O^KNM�I#�cE
S=�ye�g_a)Y2g/�ye�X
b"�)e�I`sNg �Fg_gÒMª]_XNM"�9O^b�g_ahgÒbUO^M��ye�g  "�^I��hY2IO�^OP�ygÒahI#�yn�ahg9�yX�]`I#�^]Òn��ÅI#�hg�TUP�?\O4�heUb�O4FFgÒahg_M:�

b�g_KNahg_gúX#��I¡]Ò]Òn�ayIL]�o{ILM�b��hn�]Ò]Òg$���eHy�hg_g�gLEjK�Eez �E| J�E"d�e�g�?¿I`sLg��^g/�rILM�I���o7�9O%�-e�I�� �Fg_gÒM{b�g��9O^KNM�gÒb��yX�b�g/�ygÒ]/�
� �yahn��þoHp"�^XLM�K#.]�hO^Y£gC]_XNaha9g��ÅIE�yO^XLM"��O^MV�ye�g+�9O^KNM�I��U�¯oùg��þO^Y£O^M�IE�yO^M�KW�ye�gôg/F�g_]$����X��; HX<���9O%�"�þg��yahg_M�b"�_PFI¡M�b
�he�XNn"�^b��Fg��ye�g_ahg$�éXLahg�Y£XNahg�IL]_]Òn�ahI#�yg=�he�ILM X#�ye�g_a(Y£g$�ye�X½b"�_E > MùILb�b�O4�yOþXNM��hX * P(�ye�g�O^M:�yg_ahY£O4�'�ygÒM�]_o
O^M��ye�g��hILY£g=�yOþY2g-.0�hg_ahOþg��ú]`ILMV�Hg�O^M¯sLg��'�hO^K¯IE�ygÒbV�¯o�Y2gÒILM"�¿X��)a9gÒ]_gÒM:�'.óahg_s
Oþg$?�gÒbt�'�uIE�yO%���yOþ]`I�� �yX
X<�%�=z sE| E

���@� �
f�m"
�l_��m

W\gÒKNOþY2g$�OI ILM�b!N �9gÒg_Y �hX2b�O%�� ��ÅI`o@�0?�X b�O4FFgÒa9gÒM:�� �e�gÒM�XNY2g_M�X<�þXNKNO^g$�ÒE�d�e�g��9gª]`I¡M1�HgW�9gÒgÒY OþM
d�OþK�E . O^M1?\e�Oþ]ue!�ye�gªY2gÒILM¨s¡I��^n�g���X���b�gÒM"�9O4��oNP�a9g��^I#�yO�sNgW6�n�]$�hn�I#�yOþXNM"�_P �ht¡g$?\M�g$���UILM�b!6+IE�yM�g$���{ILa9g
�he�XZ?\M§I#�CI��én�M�]$�hO^XNM°X��<ahILb�OÅI#�{ HX<�9O4�yOþXNM b E > M1�he�gW2�KNn�ahg$�ÒPFI��%�9X��he�g
 HX<�hOP�yOþXNM/X��9�ye�gªb�O^I� �e�ahILKNY
Hy�þO^Y£O4�hgÒa�J<O%��OþM�b�Oþ]`I#�hgÒb-E
d�e�g��HgÒe�I`s
O^XNa\X��{�ye�g+ ��ÅI��9Y�IlOþM°a9gÒKNOþY2g�I H �hgÒg+d�OþK�E . J(a9g��9gÒY��"�þg��)�ye�g{XNM�gôb�g��h]_ahO4�Fg_bJOþMJW\g$�	E

z .�| EúD
]ue�gÒY2I#�yOþ]`I��4�þoLP7?�gU]ÒILMJb�O%�'�hO^M�KLn�O%�9e@�éXNn�a�b�OPF�g_ahgÒM:��YÒXLM�g�� �

��� XNM�g . H v ! b !�� ]_Y@J �<d�e�gW ��ÅI��9Y�Il]_XNahg¡P+I´]_XNe�g_ahgÒM:���^XG?p6�n�]$�hn�I#�hO^XNM"�)���uI#�hgLE

��� XNM�g � H � ! b !�	 ]_Y@J �<d�e�gUa9gÒKNOþXNM sNg_a9o/]$�^X<�9g��hX��ye�g{]ÒX��^n�Y£M}H � M�g`ILa_pHD"S�T{J�E
��� XNM�g #tH 	 ! b ! .�. ]_Y@J ��I e�O^KNeùOþM:�ygÒa9Y2OP���hgÒM:�`P�sLgÒa
o/M�ILaha9XG? ahg_KNO^XLMMH ?\O4�he�O^MV�he�gUD"S�T;J�E

��� XNM�g+~QH b 4 . . ]ÒY�J �<d�e�g � ��ILa_p+D"S�T�ahg_KNO^XLM-E

> MCYÒXLM�g�� . P � ILM�bC~�P`6�n�]$�yn�I#�yOþXNM"�Cb�O%�� ��ÅI`oJI M�g`ILa'�þo:.
m{ILn"�'�hO^ILM¨]ue�I¡ayIL]/�ygÒa_P ?\e�O4�^gªOþM1Y_XNM�g�#��he�g_o
�he�XZ? I � n�I#�^O4�yI#�yO�sNg$�þoùb�OPF�g_ahg_M(���he�I� HgLE > M!�ye�gW�ÅI#�'�yg_aÒP 6�n�]$�hn�I#�hO^XNM"�CILahgUb�XNY£O^M�IE�ygÒbQ�¯o¨g-,7�hahg_Y�I��
g_sLgÒM:�A��O^MV?\e�Oþ]ue°IB�^ILahKLg=�éayIL]/�yOþXNMùX��{�ye�g>b�g_M"�hOP��oNP"��o5 �Oþ]`I��4�þo£s½O4�hn�I#�^O%Y_gÒb/I��\I¡MJI¡ahY X#�¾I��� �O^ayI#��z .�| P
]`I¡M��hXLY2g/�yO^Y£g���b�g/�uIL]ue�gCKNO�s½OþM�KôahO%�9gO�yX
�^ILahKLg�b�gÒM"�9O4��o&�"�^X��"�ÒE¾d�e�g��hg�6�n�]/�yn�I#�hO^XNM�� �9gÒgÒY �yXôY£X½b�OP��o
�ye�gôb�O4FFn"�hOþXNMV�Fg_e�I`s
O^XNa\O^MV�he�g{M�g`ILa'�¯oVYÒXNM�gLE
> M/ahg_KNO^Y£g�NCP�?�gUb�O%�'�hO^M�KLn�O%�9eùg����9gÒM:�yO^I��%��o��0?�X�a9gÒKNOþY2g$� �

��� XNM�g . H v ! b !�
 ]_Y@J �<d�e�gW ��ÅI��9Y�Il]_XNahg�?\e�g_ahgôM�XG? O^M:�hgÒahY£O4�'�yg_M�]_o�O%�O �a9g��hg_M:�`E

��� XNM�g � H b 4 
 ]_Y@J ��d�e�gW�9e�ILb�XG? a9gÒKNOþXNM/O^MV?\e�Oþ]ueQ�ye�g+ ��ÅI��9Y�Ilb�O4�� "�^I`o7�\M�XLahY2I��-b�OPF�n"�9OþsLg
�HgÒe�I`s
O^XLaÒE

s



����� ð��`Ê"Ä¿Þø÷�ÈuÏ	È�á¡Ç�ï>Íæï>È�á¡Ç	à�Í�ã�É¯È�á
à	ÞZÇ�âªä
å'ÌyÇ	å
Æ`Ç	ÞZÍæá'à�Æ�à�Æ>ã^å
á'ÌyÇ	ÞZÍæá·Í�ã�É'ÞSà	Ç	Æ�á'ÌyÈ��Nð�ì£È�Æ�á´ê`Æ�ßSå¯È
	�� � Ã���Õ�

Ã^Ç�Í�î ßZÈuãþÇ9Õ9Ó¾Ï	È�ß�Æ`Ç	ÞZê�È£ä
å
ÌyÇ	å'Æ`Ç	ÞZÍæá'à�� ��� 	�� � Ã���Õ�
´Ã^Î�Í�Ç�Ç�Íæï.ßZÈuãþÇ9Õ9Ó<à�ý�Èuö�á¯È�à	à Ã^Ç�Í�îÀÏ
ÞZõæç¡Ç9Õ9Ó<ä
Æ`Ç	á¯È�à
à2Ã^Î�Í�Ç�Ç�Íæï
Ï
ÞZõæç¡Ç9Õ9ð�ñ�ç¯ÈCî�Íæà	ÞZÇ	ÞZÍæá£Í�ã)Ç	ç¯È�ßSÞSï{ÞZÇ�ÈuÏ�Ã������������ªÌuïUÕ�ÞSà�Þ�á'É'ÞSÌuÆ`Ç�È�É2Î¡â£Ç	ç¯ÈCà
ç'Æ�É¯Í�ö�È�É Î
Æ`Ï�ð���ÈuõæÞ�ï>È Ý
Ã^Ç�Í�î£î½Æ�á¯È�ßþÕ9Ó¯Ï	ÈuõæÞSï{È�� ÃÅßZÍ�ö�ÈuÏúî
Æ�á'È�ßþÕ9ð

�



����� ð�ÐLÊ���å¯Ï9à�Ç�ÈyòLî�Íæá¯È�á¡Ç	à\ã^Í�Ï�Ï
ÈuõæÞSï>È Ý Æ�á'É ��Ó�Æ�à�Æ·ãÅå'á'ÌyÇ	ÞSÍæáùÍ�ã<Ï
Æ�É'ÞSÆ�ß�É
ÞSà�Ç	Æ�á'ÌyÈ��NÓFÍ�Î'Ç	Æ�ÞSá¯È�ÉJå'à	ÞSá¯õ
Ç	ç'ÞZÏ9ÉlÍ�Ï
É¯ÈuÏ<ö¾Æ�ê�È�ßZÈuÇ¿Æ�á'Æ�ßZâNà	ÞSàuÓ � v Ã���Õ9Ó����½ðHÃ��æÕ9ð

W\XNn�KNe"��o@�' FgÒILt'O^M�K�P�a9gÒKNOþY2g=I a9g��9gÒY��"�þg���I·drXNt�ILY2ILt ]_XNM�2�KLn�ayI#�hO^XNMMH ?\e�gÒa9gUXLM"�þo@�he�gUD"S�T�O%�
�'�hahXNM�K<�þoV�hn�a���n��^gÒM:��J�P_?\e�O%�þg{ahgÒKLO^Y£gWNp�hg_gÒY&��]$�^X<�9gÒa)�yX I¡M¸D�GJd H ?\e�g_ahglI&�'�hahXNM�K2O^M:�yg_ahY£O4�'�ygÒM�]_o
O%�� �ahg��9gÒM:�UO^MC�ye�g´OþM�M�gÒa� �I¡a'�{X��D�ye�g·s¡IL]_n�n�Y8]ue�ILY
�Fg_aUI¡M�b�OP�>O%�����ya9O^]$���þo¨]ÒXNa9ahg��^I#�yg_bM�hX* "�ÅI��9Y�I
 �a9X½b�n�]$�yOþXNM J�E
d�e�gôT�n�a��'�\g-,7 FXNM�gÒM:�A��e�I`sNg��HgÒgÒM°g����yOþY�I#�hgÒb/n"�9O^M�K�?(I`sNg��þg$�CILM�I���o5�hO%�(n" V�yX��ye�Oþahb7.óXNahb�gÒaÒE�d�e�g

ahg$�hn"�P�A�_P½]_XNaha9g��� HXNM�b�O^M�K+�yX��ye�Oþahb7.óXNahb�g_a�?¿I`sNg$�^g/�A�ÒP�V � E H s J�P
ILahg�ahg$ FXNa��yg_b�O^M�d�OþK�E � E�d�XNa�ahg_KNO^Y£gOIªP
6�n�]/�yn�IE�yO^XLM"��b�O%�' "�ÅI`o *	� . H ��I��%�þO%���yO^]�b�OPF�n"�9O^XNM_J�O^MVY_XNM�g . P�I·]_XNM"�hg � n�gÒM�]_gªX��{�ye�g���IL]$�O�he�I#�O�ye�g
 "�^I��hY2I ahX��yI#�yg$�{I��ôI � n�I��hO .�ahOþKNO^bQ�FX
b�oLE > M}Y_XNM�g � P ?�gB2�M�b * �RH v & ~ s � v & s<s J�]ÒXNa9ahg$�� HXNM�b�OþM�K
�yXV���uILM�b�ILahb§b�OPF�n��hO^XLM-E > M Y_XNM�g�#�P * � H v & 
<s � v & � #:J� HXNOþM(�hO^M�K��yX°I@�hn" HgÒa .�b�OPF�n��hOþsLg��hOP�yn�I#�hO^XNM
]ÒXLM"�hO4�'�yg_M:�9?\O4�heW�ye�g  �Oþ]$�yn�ahg��rX���g-,� �n"�%�9gÒb��"�þX<�"�"X���b�g_M"�hOP��oNE�drO^M�I��4�þoLP�OþMWY_XNM�g ~�P * � H v & �<s � v & 
<s J
]ÒXLahahg$�� HXNM�b�OþM�KQ�hX¨IV?�g`ILt¡gÒa��9n" Fg_a�.ób�O4FFn"�hO�sNg&�Fg_e�I`s
O^XNa_E d�e�O%�ô]`I¡MK�Hg2OþM(�hgÒa' �ahg/�ygÒb�I��UI°a9g��hOþb�n�I��
b�OPF�n"�9OþsLgV �ahX
]Òg$���B?\e�O^]ue�tLg_g� "�2Y2g_Y2XNa
o�X#���hn�a���n��^gÒM:�£]ÒXLM'sLgÒ]/�yO^XLM �éa9XNYc�ye�g/I��FX�sLgJY£gÒM:�yOþXNM�g_b
b�g/�uIL]ue�g_b1���yahn�]$�yn�ahg��_E
d�XNa£ahgÒKLO^Y£gQN�PD?�g�e�I`sNg§IM���þO^KNe:�A��o�ILM:�yO .0 HgÒa��9O%���ygÒM:���hOþKNM�I��)?\O4�he * � H v & # �1� v & ~ s JQH �hn"�5.

b�OPF�n"�9O^XNM_Je?\OP�ye�OþMt�he�gôe�X<�^g{X��^�ye�g+�^OþY2OP�ygÒa�H b � 
 ]ÒY�J\ILM�b *
� v & s H �'�yILM�b�ILa9b¨b�OPF�n��hO^XLM J¿O^M°O4�A�
�he�ILb�XG? H b 4 
 ]ÒY�J�H d�OþK�E � J�E
> �2O%�£O^M:�yg_ahg����yOþM�KM�hXK���yn�b�o �ye�gQ �a9X<��I���O%�^OP��o b�O4�'�hahO%��n��yOþXNM �én�M�]$�hO^XNM HQf�k�d�J��éXNaB�ye�gt FX��hO4�hO^XNM

b � .Gv & s ]ÒY O^M �ye�gJ]`I��9g¨X��>a9gÒKNOþY2gtIªP[?\e�Oþ]ue�b�O%�' "�ÅI`o5�2I}��I#�'.8�uILO4� �éXNa& FX��hO4�hOþsLgt6�n�]$�yn�I#�yOþXNM"�ÒE
> Mj�he�g1�éX<�4�^XG?\O^M�K�P ?�g�]ÒXNM�]ÒgÒM:�hayI#�hg�n"� XNM �ye�gQ FX<�9O4�hOþsNgQ�hOþb�g¨X����he�g�f�k�d(P[?\e�Oþ]ue�O%�2b�O%�' "�ÅI`oNg_b






10
0

10
1

g

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

P
D

F
(g

)

g
−3.5

y=0.3e
−(ln(g/0.5))

2

(Tsallis: q=0.81) (green line)

y=0.5(1−0.248(1−q)ln
2
(g/0.118))

1/(1−q)

(blue line)

����� ð��LÊ)ñ�ç¯Èúî'Ï	Í�Î
Æ`Î
Þ�ßSÞZÇ�âCÉ'ÞSà�Ç�Ï9ÞZÎ
å¯Ç	ÞZÍæá�ãÅå'á'ÌyÇ	ÞSÍæá£Ã��"Ä � Õ�ã^Í�Ï¾É¯È�á'à	ÞZÇQâ�ä
å'ÌyÇ	å'Æ`Ç	ÞZÍæá
à)ê�ÈuÏ
à	å
à"à	ÌuÆ�ßZÈ�ÉUê`Æ`Ï
ÞSÆ`Î
ßZÈ

����� � ��� � �
	 ÔNÓ¯ãþÍ�Ï<Ï	ÈuõæÞ�ï>È Ý Æ`ÇúÆ>É
ÞSà�Ç	Æ�á'ÌyÈ�� � �uÔ�� �{Ìuï?Ã^Í�î�È�á·à �Lå'Æ`Ï	È�à9Õ9ðrñ�ç¯È�ßSÞSá¯È�à�Æ`ÇúÉ'ÞZ÷�ÈuÏ	È�á¡Ç¾û'Ç	à
Ç�ÍlÇ	ç¯È�É'Æ`Ç	ÆNÊúî�Í�ö�ÈuÏ�è�ßSÆ�ö Ã^Ï	È�É ßSÞSá¯È_Õ9Ó�ßZÍ�õ`è�á¯Í�Ï
ïôÆ�ß¾Ã^Î½ßSå¯È�ß�ÞSá¯È_Õ9Ó�Æ�á'É2Ælï>ÍNÉ'ÞZû
È�É£ßZÍ�õ`è�á¯Í�Ï9ï{Æ�ß<Ã^õ�Ï	ÈuÈ�á ßSÞSá¯È_Õ9ð
ñ�ç¯È�ÈyòNî'Ï	È�à
à	ÞZÍæá'à<å'à	È�É·Æ`Ï	È\Ï	Èuî�Í�Ï	Ç�È�É´Þ�álÇ	ç¯È�û'õæå¯Ï	È�ð

O^M3d�O^K�E #�E§d�e�O4�� �ILa'�hO^]_n"�ÅILa+�he�I� FgùX#���he�g/f�k�d e�I����HgÒg_Mq2"���hgÒb-P��éXNalO4�%�þn"�'�hayI#�hO^XNM-P"n"�9O^M�K!�he�ahg_g
b�OPF�g_ahgÒM:���én�M�]$�hO^XNM�I#�{�éXNa9Y�� ��I@ FXG?�gÒa�.]�ÅI�?{P�I����uILM�b�ILahbC�þXNK#.óM�XNahY2I��)ILM�b§I Y2X
b�O42�gÒb1�þXNK#.óM�XNahY2I��QE
d�e�gt�ÅI#�'�yg_a£O4�£I����9n�Y2g_b �hX}�Hg/X��=�he�gt�éXLahY X���IÀdO�hI��%�þO%�·b�O4�'�hahO%��n��yOþXNMpHy�9gÒg¨g¡EqK�E�W\g$�	E%z �E| J�E > �2O%�
I� " �ILahg_M(���éahXLY d�O^K�E
#B�he�I#��IB FXG?�gÒa�.]�ÅI�? O4��M�X���]ÒXNM"�9O%���ygÒM:��?\O4�het�he�gW ��ÅI��9Y�I·b�I#�yI�P�g/,½]_g� ����éXNa�I
sNg_a9o¸M�ILaha9XZ? ahg_KNO^XLM¸X��[�ye�g��9]`I��þgÒb¸s¡ILahO^I��"�^g�
HEWI �þXNK#.óM�XNahY2I�� �he�I� Fg£I� � �ahX�,½O^Y2I#�yg$�=�ye�g� "�ÅI��9Y�I
f�k�d �Hg$�'�ygÒa���n�����ILO%�4�\I#���ye�gUg/,5�ya9gÒY2I��; �ILa'��X��^�he�gW�yILO%�QE¿d�e�gUY2X<���=�hI#�yO4�'��IL]/�yXNa
oV2"��O%��X<���uI¡O^M�g_b
n"�9O^M�K£I´Y2X
b�O42�gÒbV�^XLK#.�M�XLahY2I��cE"d�e�O%�O�HgÒe�I�s
OþXNa\ahgÒY2ILOþM"� �yXB�Hg{n�M�b�g_a��'�hX½X
b-E
� g�e�I`sNg\]ÒXNM��hO^b�gÒahg_b&�he�g � n�g����yOþXNM´X��HO^b�g_M(�hO4��o
O^M�K��ye�gO�9e�I� Hg�X�� ��n�a����A��O^M��he�gO�hOþKNM�I��4�)H�]/�éaÒENW\g$�	E

z sE| J�E(d"X�b�XB�ye�O%�ÒP+I&��n�a'�'��O%�\b�g$2�M�gÒb¸I#��I�6�n�]/�yn�IE�yO^XLMQ?\e�Oþ]ue¨X�sNg_ah]ÒXLY2g$���he�g+�he�ahg$�he�X��^b@# B �_P+I¡M�b
 HgÒa'�éXLahYAILMùI`sNg_ayILKNg>X�sLgÒa�I��4�`�9n�]ue/g_sLgÒM:�A�O?\O4�he�O^M&�ye�g��hO^Y£g��9gÒa9O^g��(]ÒXNa9ahg��' FXLM�b�O^M�K��yX·I
 �ILa'�hO^]Òn��ÅILa
 HX<�hOP�yO^XLM b E¨W\g��9n"�4���W�éXNa��ye�g@��n�a'�'���9e�I� Hg��lX����uILOþM�gÒb}�éXNaW HX<�9O4�yOþXNM b � .Gv & s ]_Y �éXNaªa9gÒKNOþY2gBIªP
ILM�b@�éXLa b �I# & s ]_Y �éXLa(ahg_KNO^Y£g�N�P�ILa9g��he�XZ?\M/OþMVd�O^K�E5~�E���X��hg=�ye�gCb�O4FFgÒa9gÒM:�e?\O^b7�ye"��X�� �ye�g���n�a����
�he�I� Fg$�ÒE

�



����� ð)Ñ¯Ê£ñ�ç¯È´Æ�ê�ÈuÏ
Æ`õ�È à	ç'Æ`î�È·Í�ã�Î½å¯Ï
à�Ç	à>Í�ã¿à	ÌuÆ�ßZÈ�ÉÀÉ¯È�á'à	ÞZÇQâJä½å'ÌyÇ	å'Æ`Ç	ÞZÍæá'à � ê�ÈuÏ
à	å
à>Ç	ÞSï>È´ßSÆ`õ���� �+à��éÓ<Æ`Ç
î�Íæà	ÞZÇ	ÞZÍæá � � �uÔ�� �>Ìuï ãþÍ�Ï<Ï
ÈuõæÞSï>È Ý ÃÅßZÈuã^Çrî½Æ�á¯È�ßþÕ9Ó¯Æ�á'Éªî�Íæà	ÞZÇ	ÞZÍæá
� � ��� ��Ìuï ãþÍ�Ï¾Ï	ÈuõæÞSï{È ��Ã^Ï
ÞZõæç¡Ç¾î
Æ�á¯È�ßþÕ9ð
Ý Î
å¯Ï9à�Ç�ÞSà�ÌyÍæá'à	ÞSÉ¯ÈuÏ
È�É/Æ�à�à	å'Ì
ç°öúç¯È�á°Ç	ç¯Èôä
å
ÌyÇ	å'Æ`Ç	ÞZÍæá/Í_ê�ÈuÏ
ÌyÍæï>È�à�� � � Ó�Þ�ð È�ð � 	 �LÓ�Æ�á'É°Ç	ç'ÈUà	ÞZõæá
Æ�ß)ÞSà
Æ�ê�ÈuÏ9Æ`õ�È�É2Í_ê�ÈuÏ�Æ�ßSß�Èuê�È�á¡Ç	à�î'Ï	È�à�È�á¡ÇúÞSálÇ	ç¯È�Ç	Þ�ï>È\à�ÈuÏ
ÞZÈ�à�ð

����� ð �LÊ¾ñ�ç¯È\î'Ï
Í�Î
Æ`Î
ÞSßSÞSÇ�âUÉ
ÞSà�Ç�Ï
ÞZÎ½å¯Ç	ÞZÍæáªã^å
á'ÌyÇ	ÞZÍæá·Í�ã�ö¾Æ�ÞZÇ	ÞSá¯õ>Ç	Þ�ï>È�à�Î�ÈuÇ�ö�ÈuÈ�á à	å'ÌuÌyÈ�à	à
ÞZê�È\Î
å¯Ï9à�Ç	à<ê�ÈuÏ
à	å
à��
� �+à��éÓ¯Æ`Ç¾î�Íæà	ÞZÇ	ÞZÍæá � � �uÔ�� ��Ìuï ãþÍ�Ï¾Ï	ÈuõæÞSï{È Ý ÃÅßZÈuãþÇ�î
Æ�á¯È�ß^Õ9ÓLÆ�á'Éªî�Íæà	ÞZÇ	ÞSÍæá
� � ��� ��Ìuï ãþÍ�Ï<Ï
ÈuõæÞSï>È��5Ã^Ï
ÞZõæç¡Ç
î
Æ�á¯È�ß^Õ9ð

d�e�g�?(ILO4�hO^M�K@�hO^Y£g �§g��^I� "�hg_b}�Hg$�0?�gÒg_MK�0?�XQ�9n�]Ò]_g����9OþsLg���n�a'�'���ôe�I����Fg_gÒMÀb�g$�hgÒahY£O^M�gÒbC�éXNa��ye�g
�yI¡Y2g& FX��hO4�hO^XNM��ô]_XNM"�9O^b�g_ahgÒb�O^M}d�O^K�E ~�Eùd�e�g�]_XNaha9g��' FXNM�b�O^M�K¨f�k�d�ILa9g� ��^X��'�ygÒb�O^M}d�O^K�E s EVN(X��he
b�O4�'�ya9O%��n7�yO^XLM"�9�he�XZ?�I>b�O% ´ILa9XNn�M�b � � .Gv<v 0 �_P:�éX<�%�þXZ?�gÒb��¯o´I���a9X¯ILbB��n�Y& £I#�<e�OþKNe�g_a9�yO^Y£ge�9]`I��þg��ÒE
d"X1�Hg�M�X��hgÒb O4�+�he�I#�+�ye�g �  ��ÅI#�hg`ILn-p)X<���hgÒa
sNg_b�O^M}�he�g f�k�d I#���^ILahKLgÒa��yOþY2gB�h]ÒI��^g$�ÒP � 4 .Gv<v�0 �ÒP
]ÒXLahahg$�� HXNM�b*�yXB�ye�g��hO^Y£g�O^M:�yg_a9s¡I��4�e?\e�gÒa9g��he�gôT�n�a'�'��g/,7 HXNM�gÒM:����e�I`sLgW�HgÒg_MJb�g/�yg_ahY£O^M�g_b-E

	



�@� ��	��V��l^
�m"��	��*m

d�e�g·a9X��uI#�hO^XNMJX��[�ye�g� ��ÅI��9Y�I£]ÒX<�þn�Y2M1�hgÒg_Y����hXùO^M�b�n�]Òg´I@�9n" Fg_a�.ób�O4FFn"�hO�sNg� �ahX
]Òg��'�{X���b�gÒM��hO4��o
6�n�]/�yn�IE�yO^XLM"�ªOþMK�ye�gùD"S�T�E�D7�þXZ?\OþM�K#.ób�XG?\MK�ye�g�ahX��yI#�yOþXNM-P�b�O4FFn"�hOþXNMK�HgÒ]_XNY2g$�l]��þX<�hg_aW�hX!�'�yILM�b�ILa9b
�HgÒe�I`s
O^XNa_E�I Y£X½b�O42�g_b@�^XNKE.�M�XNa9Y�I#��b�O%���yahO4��n��hO^XNM&�hg_gÒY&�e�yX
2"��I� " �a9X< �ahO^I#�yg$�þoB�ye�g=��I#�'.8�uILO4�^g_b�f�k�d(E
d�e�g/I`sNg_ayILKLg@�he�I# Fg X#����n�a����A�ÒP�OQEqg¡E�g_sLgÒM:�A�B�ÅI¡ahKNg_a+�he�ILM # B P�b�O%�' "�ÅI`o5�·IQ?\Oþb��ye�X���I#�FXNn7��~ v 0 �
�éXNaO�ye�gô]ÒI��hgôX��^�'�ya9XNM�K£O^M:�yg_ahY£O4�'�ygÒM�]_o Héahg_KNO^Y£g�I�J�PFI¡M�bJX#�¾I��HXNn�� . # v�0 ���éXNae�he�gô]`I��9gUX��{?�g`ILt¡gÒa
�yn�a���n"�þgÒM�]_g�H�ahg_KNO^Y£g�NOJ�E

� � �Uñ�ç+ð��rÞZÈuÏ	Ï	È�Ó Ý ð �rà	ÌuÆ`Ï	õæå¯È�ß�Ó'ÄCð � å¯âLïôÆ`Ï
Ì`í ç�Ó ��ð ��Æ`Ï9á'Þ�Ó � ð ��ÞSÌuÌuÆ`Ï
É'Þ�Ó
�rç�âNàuð ��Èuê�ð �HÈuÇ�Çuð���ÐLÓ½Ô � �`Ô�Ô`ÑùÃ�Ð`Ô�Ô`Ñ¡Õ

� Ð � �(ð Ý ð � Æ`Ï	Ï	ÈuÏ9Æ�àuÓ'ÈuÇúÆ�ß�ðZÓ �rç�âNàuð �rßSÆ�à	ï{Æ�à��+Ó ����� �£Ã �������æÕ9ð
� � �lÿ�ð
ì2Æ`õæá'Þ�Ó � ð �úÞSÌuÌuÆ`Ï9É'Þ�Ó
��ð���ð ��ÍæïôÆ�á�Ó �"ç¡âNàuð �"ßSÆ�à
ï{Æ�à �LÓ ����� �2Ã�Ð`Ô�Ô`Ñ¡Õ
� Ñ �
	'ð � È�É¯ÈuÏ�Ó���
�������������Ã��"ßZÈ�áLå'ï·Ó���Èuö��)Í�Ï	ý�Ó �������æÕ
� � � � ð��Cð Ý á�Ç	Æ`Ï�Ó
ÈuÇúÆ�ß�ðZÓ �rç�âNàuð �rßSÆ�à	ï{Æ�à��uÔNÓ½Ñ ���´Ã�Ð`Ô�Ô �æÕ
� � �Uñ�ð Ý Ï
ÞSïôÞZÇ	à	å�Ó���ð Ý Ï
Þ�ï{ÞZÇ	à	å�Ó��"ç¡âNà	ÞSÌuÆ Ý �`Ô �LÓ�Ð ���2Ã�Ð`Ô�ÔæÐæÕ

.Gv


