
HAL Id: inria-00072772
https://hal.inria.fr/inria-00072772

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Simulation de processus objets : Etude de faisabilité
pour une application à la segmentation d’image

Mikael Imberty, Xavier Descombes

To cite this version:
Mikael Imberty, Xavier Descombes. Simulation de processus objets : Etude de faisabilité pour une
application à la segmentation d’image. [Rapport de recherche] RR-3881, INRIA. 2000, pp.50. �inria-
00072772�

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

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50452016?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00072772
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
38

81
--

F
R ap por t  

de  r ech er ch e 

THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Simulation de processus objets :
Etude de faisabilité pour une

application à la segmentation d’image

Mikael Imberty, Xavier Descombes

N° 3881

Février 2000





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

����������	�
����� �����������������������! "�#
��%$
& 
������'���%()	�����	*�+�����,
�-.�/����0�����

	*���1�����#	�
����� 2 ��	 �3�546� ���7
�	�
����� �98:��� 	;4;�

<>=@?BADCFEHGJILKMCFN�OQPSR�T1AFU�=VCFNXW�CFY[ZF\DI9K]CFY
^5_a`�b7c6d�e fhgjikc�lkmon,ikprqsgt_aqob�b7cQuhb�monv_aprgacow

prb�moxsc�y�wBzaqsg{ga|�c�y�w}n�qsg{gBmopryJykm)gan�c�y
~�lJq)��c,iH����fh�����

�Hmo�a�Dqsl�i�zac*lJc�nv_{c�lJnv_{c�gB��ds�s�{��e ��|���l�p�c�l��)�s�s��e �o���Bmoxsc�y

�!�������L���5 �mog{y�n�c�iJiJc�|,ik¡az{cow�gaqs¡ay*n�qsb7�BmolJqogay*¢V£¤c�¥�n�m)n�p¦ik|Xz{c�z{c�¡¨§©iJc�nv_agaprªF¡ac�y
zac�yJprb6¡{¢«m)iJp�qog+�amol#nv_Bm¬«gac�y5zac;®tmol�¯oq[�©°V®²±5®²±5³�zac��{lJq�n�c�y�yJ¡ayHmo¢r|�mikqsprlJc�y#yJ¡al5z{c�y
c�gay�c�b6´{¢�c�yµz¶£¤qs´¨��c�iJy6xs|�qsb7|�iJlJprª�¡{c�y!·�¢@£¸mo¢rxsqsl�priJ_ab7c�z{c�gBm)p�y�ykmogan�c,u¹b�qol�iµc,i6n�c�¢r¡ap]zac
®1c�iJlJqs�Dqs¢rp�y:u:º�m)y�ikprgaxsy:u�»�lJc�c�g¶¼½3c�y�n�qob��amolkmopryJqogay�y�qsgji�c�¾"c�n�iJ¡a|�c�y�y�¡al�z{pr¾"|�l�c�gjiky�b7q)u
za`�¢rc�y5zac��alJq�n�c�yJyJ¡{y5qs´¨��c�iJy#zac�ih¿��Dc*m)iJiJlkmon,ikp¦À3�al�|�yJc�gjivmogjiH¡ag!prgjik|�l�Á�i�c�g!iklkm)priJc�b7c�gji
z¶£Âprb�moxsc)¼Ã��qs¡ay�mo�{�a¢�prªF¡aqsgay�c�gayJ¡ap¦ikcMn�c�y�b7|,ik_aq�zac�y�zac]y�p�b�¡a¢«mikprqsg6Ä5¢�mHy�c�xsb7c�gFikm)ikprqsg
z¶£Âprb�moxsc)¼�~�qs¡al6n�c�¢�m{w�gaqs¡ay�gaqs¡ay��a¢«m)Å�qsgay�zBmogay�¢�c�n�moz{lJcX´am[¿o|�y�p�c�gÆ·�gaqs¡{y6za|,ÇBgapry�u
yJqsgay�zaqsg{n+¡{gÈb7q�za`�¢rctm©�al�p�qsl�p�m)iJiJlkmon,ikp¦À�y�p�b7�a¢rc+yJ¡al�zac�y�qs´¨��c,iky�lJc�n�ivm)gaxs¡a¢�moprlJc�y�w
mop�g{yJp�ª�¡S£Â¡ag1ikc�l�b7cµz¶£Âm)iJikmonv_acµm)¡¨§1zaqsgaga|�c�y�xsmolkmogjiJp�y�ykmogji�¢@£Âmoza|�ªF¡Bmikprqsg²zac�y�qs´¨��c,iky
Ä�¢@£Âprb�moxsc)¼S�Hqs¡ayH¡{ikpr¢�pryJqogay�c�gayJ¡ap¦ikc6¡agtl�c�n�¡{pri�yJprb6¡a¢r|µ�Dqs¡alHc,§�iklJmoprlJc;¢�c�y�zap¦¾S|�lJc�gFiJc�y
É qsgac�y�zac*¢V£¤p�b�moxoco¼} �c�yHiJc�y�iJy�y�qsgjiHc�¾"c�n�iJ¡a|�yHyJ¡{lHz{c�yHp�b�moxsc�y�y�¿�gjik_a|,ikprª�¡{c�y�¼
ÊÌËBÍÃ�QÎvÏjÐÑ���Ò� ~]l�q¨n�c�y�yJ¡ay9®tmol�¯oq[�ÔÓ�´¨��c�iJy�w;®1|,ik_aq�zac�y9®t±5®²±�w�Õ¨c�xsb7c�gFikm)ikprqsg
z¶£Âprb�moxsc



� �! S��� 
�� ����������3�����������+��	*
��,6� $
��
������ (;� ��� 	*4�� �3�546� ���7
�	�
����� �+�����/����

��� ��Í��
	aÏoÍj��fhg ik_apryµy�iJ¡az{¿ow���c�n�qsb7�BmolJc�ik_ac�c�¥�n�prc�gan,¿ qoÀ5i� q©mo¢rxsqslJp¦ik_{b�y�¡ayJprgax
®1qsgjikc�±#molJ¢rq�®tm)lJ¯oq[��nv_Bmoprgay b�c,ik_aq�zay p�g�qslJzac�lMiJq6y�p�b�¡a¢«mikc�lJmogazaqob �alJq�n�c�yJyJc�y#qoÀ
xsc�qsb7c,iklJprn�m)¢¨qs´���c�n�iJy�y�c�iky�·�iJ_ac#m)¢�xsqolJp¦ik_ab qoÀa´ap�l�ik_6mogaz6z{c�m)iJ_�mogaz6iJ_acMz{¿�gBmob7p�n�y�qoÀ
®1c�iJlJqs�Dqs¢rp�y:u:º�m)y�ikprgaxsy:u�»�lJc�c�g¶¼�^5_{c#n�qsb7�Bm)lJpryJqsgay�molJc n�mol�lJprc�z�qs¡{i�qsgµ�)molJprqs¡ay�qs´¨��c�n�i
b�q�zac�¢�y�ÀÑqsl�n�¢r¡ay�iJc�l�c�z/�Bm)i�ikc�lJgay�w���_{p�nv_/n�qs¡a¢rzt´Dc�qoÀ�p�gjiJc�lJc�y�i�p�g1p�b�moxsc;�al�q¨n�c�yJy�p�g{xa¼
^5_ac�g���c�mo�a�{¢r¿!iJ_ac�y�c�b7c,ik_aq�zay�qoÀ�yJprb6¡a¢�m)ikprqsg+ikq7p�b�moxoc�yJc�xob�c�gjivm)iJp�qsgSwD¡{yJprgax�iJ_ac
´Bm�¿sc�y�p«m)g�mo�a�al�qjmonv_�·3ik_F¡ay���cMzac�Çagac�m�yJprb7�a¢rc��al�p�qsl�b7q�zac�¢jqsg;lJc�n�ikmogaxs¡a¢�mol�qs´¨��c�n�iky�w
moy���c�¢�¢�moyHm��Dqsy�ikc�l�p�qolH�{lJqs´Bm)´ap�¢rp¦ih¿�xs¡BmolJmogjikc�c�p�g{x�ik_{c6moz{c�ªF¡Bmon,¿�qoÀ�iJ_ac�qo´¨��c�n,iky�ikq
ik_ac�zam)ivm{¼��Lc�ÇBgBm)¢�¢¦¿X¡{yJc;m6y�iJq¨nv_amoy�iJp�n;mogag{c�mo¢rp�g{xµikq�c,§�iJlkmon,i5ik_ac��)mol�p�qs¡{y É qsg{c�y5qoÀik_ac*prb�m)xsco¼MÕ¨qob�c�iJc�y�iJy�m)lJc*�"c�l�ÀÑqsl�b7c�z+qsg�y�¿�gjik_ac,ikprn6zBm)ikm
�����SÎ��µË��
���o�ÈÓ�´¨��c�n�i�®tmolJ¯)q[��~�lJq�n�c�y�y�w"®²±5®²±Æb�c,ik_aq�zay�wDprb�moxsc*yJc�xsb7c�gjivmikprqsg



d

� 	;�+��� ����� � 	*
����5�����

� ��� Í �ÃË ����ÏoÍ��@Ë � 	


 � �ÃË3Ï ����������Ë �� �jÍÃ� �
��¼�� ��qoikm)ikprqsgay ¼;¼*¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �
��¼ � ~]l�q¨n�c�y�yJ¡ay��"qsg{n�ik¡{c�¢ry�w}�alJq�n�c�yJy�¡ay�qo´¨��c�iJy�¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �

� � � ��Ð��¶� �����9Ë ����Ð ��� �
d¨¼�� ~]l�q¨n�c�y�yJ¡ay�m[�oc�n;p�gjiJc�lkm)n�ikprqsgayH�Bmol5�amop�l�c�y�z¶£¤qs´¨��c,iky>¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �
d¨¼ � ~]l�q¨n�c�y�yJ¡ay�zac�®tmolJ¯)q[�'¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �
d¨¼¸d ~]l�q¨n�c�y�yJ¡ay�®tmolJ¯)q[��qs´¨��c�iJyHmo¡¨§��a¢r¡ayH�alJq�nv_ac�y��oqspryJprgay ¼;¼�¼;¼;¼�¼;¼�¼ �
d¨¼�� Õ�ivmo´{p�¢rpriJ|0¼�¼;¼*¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼Ò�s�

� Ê �jÍ���Ë ���¨��Ê��6Ê�� � 

�{¼�� ±�_Bm¬«gac�yHzac�®tmol�¯oq[��c�iHn�qogF�oc�l�xsc�gan�c*¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼Ò�[d
�{¼ � ��¢rxsqslJp¦ik_{b�c�y ¼*¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼Ò�!�

�a¼ ��¼�� ��mop�y�ykmog{n�c,u¹b7qsl�i ¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼Ò�Ã�
�a¼ ��¼ � ®1c,ikl�qs�"qo¢�pry�uhº�moy�ikprgaxsy5¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼Ò���
�a¼ ��¼¸d ®1c,ikl�qs�"qo¢�pry�uhº�moy�ikprgaxsy�u:»*l�c�c�g ¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼Ò�[�

	 " �@� ��Ð 	{Í��ÑË � � ���$# �Ë¶Ï �¨�������7Ë �%� �jÍÃ� 
'&
��¼�� fhb��{¢«mogjikm)ikprqsg ¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �o�

�¨¼��o¼�� ®1c,ikl�qs�"qo¢�pry�uhº�moy�ikprgaxsy�u:»*l�c�c�g ° ®1º�»;³'¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �o�
�¨¼��o¼ � ��mop�y�ykmog{n�c,u¹b7qsl�i ¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �¨�
�¨¼��o¼¸d ±�qsgj�oc�lJxoc�gan�c/¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �¨�

��¼ � ~]l�q¨n�c�y�yJ¡ay�zac�Õ�iklJmo¡ayJy%¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �s�
��¼¸d ~]l�q¨n�c�y�yJ¡ay�zac*lJc�xolJqs¡a�Dc�b7c�gFi�mo¢r|�m)iJqsprlJc�°)(+*-,/.10325476�8:9<;�=?>�@A2B0C.1>�8@³*¼�¼ �s�

�¨¼¸d¨¼�� fhb7�a¢�mogjivm)iJp�qog ¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �s�
�¨¼¸d¨¼ � ��|�y�¡a¢rikm)ikyHgF¡ab7|�l�p�ªF¡ac�y/¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �-�

��¼�� ~]l�q¨n�c�y�yJ¡ay�z¶£Âprgjikc�lkmon,ikprqsgtz¶£ÂmoprlJc�yÈ¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �D�
��¼ � ±�qsgan�¢r¡ay�p�qsg ¼;¼*¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ dj�

� � #E#�ÐF�@Ï 	{Í��ÑË � �HGLÐ 	L� �1ID� � � Í�	{Í��ÑË � �J�
�¨¼�� ±#mozalJc;´Bm�¿s|�yJprc�g ¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ d-�
�¨¼ � �Hc�n�¡ap¦i�y�p�b�¡a¢r|.¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ d-�

KEKML-NPO�Q�Q�R



� ����� 2���>�@ =��
	����� > ; 6 032���> ;

�¨¼¸d ��¡{iHzac*¢V£¤|�iJ¡azac ¼�¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ dj�
�¨¼�� ®1q¨z{`�¢rc6m��al�p�qsl�pÒ¼;¼;¼�¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ dj�
�¨¼ � �#iJivm)nv_ac6m)¡¨§�zaqsg{ga|�c�y ¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �j�
�¨¼ � ��¢rxsqslJp¦ik_{b�c*zac*l�c�n�¡{pri%¼;¼�¼;¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �jd
�¨¼ � �H|�yJ¡a¢¦ivm)iJy�c,iHn�qsb7b7c�gjivm)p�l�c�y ¼;¼�¼*¼;¼�¼;¼�¼;¼;¼�¼;¼�¼*¼;¼�¼;¼;¼�¼;¼�¼ �F�

� ��Ë � ÏjÐV���!�ÑË � � �

�5� � ÐF�ÑË'I��
	 # �E� � ���

���EK����



�

� � �7
�������+�M
�����
 �mogay!¢rc²n�m)zalJc²z{¡�iklkm)priJc�b7c�gji��al�qs´Bmo´{p�¢rp�y�ikc²z{c�y!prb�moxsc�y�w#¢@£¸mo�{�alJq�nv_ac²¢�m9�a¢r¡ay

n�¢�moyJy�p�ªF¡ac�n�qsgayJpry�iJc*Ä6b7q¨z{|�¢rp�y�c�l#¡ag{c�p�b�moxoc�gF¡ab7|�lJprªF¡ac�n�qob�b7c�¢�m6lJ|�mo¢rp�yJm)ikprqsg!z¶£¤¡ag
�alJq�n�c�yJyJ¡{y�mo¢�|�m)ikqop�l�c�·{nv_Bm)ª�¡{c;�Dqsprgji�w{qo¡!�ap §{c�¢Vw{zac�¢@£Âprb�moxsc�c�y�iHmoprgayJp"lJc��alJ|�yJc�gjiJ|;�amol
¡agac��)molJp�mo´a¢rc�mo¢r|�m)iJqsp�l�c�zaqsgji7¢«m²�)mo¢rc�¡al7n�qslJl�c�yJ�DqsgazÈÄ/yJqsg prgFiJc�gay�priJ|o¼M½�m/b�q�za|�¢�p u
ykm)iJp�qsg9�Bmol 6�� *-2��J;B.1> �$*-@��<0	�/n�qsg{yJpry�ikcX�Bmol6cQ§¨c�b7�a¢rc�Ätn�qogayJprza|�l�c�lµªF¡ac�nv_BmoªF¡ac
�ap¦§¨c�¢ayJ¡ap¦i]¡agac5¢rqspaz{c5�alJqs´amo´apr¢�p¦ik|5zaqogFi�¢«m�¢rqsp{n�qsgazap¦ikprqsgagac�¢�¢rcHmo¡�lJc�y�iJcHz{c5¢V£¤p�b�moxoc#gac
za|��Dc�gaz�ªF¡ac5zac�yM�{p¦§¨c�¢ry��sqspryJprgay�¼{±�c,iJiJc�m)�a�alJq�nv_ac5c�y�i]n�qo¡alkmob7b7c�gjiM¡{iJp�¢rp�y�|�cH�"qo¡al�¢rc�y
�alJqs´{¢�`�b�c�y�zac5lJc�y�ikmo¡alkmikprqsg7qs¡�zac#y�c�xsb7c�gjikm)ikprqsg�z¶£Âprb�moxsc u¶�sqsprl�gaqoikmob7b�c�gji�
 �aw-��V¼

½�mXy�c�xsb7c�gFikm)ikprqsg©z¶£¤¡agac�prb�moxscµn�qsgayJpry�iJc7Ä!m)i�iklJpr´a¡ac�l�Ä!nv_BmoªF¡ac��{p¦§¨c�¢�¡ag/¢«m)´"c�¢
p�gaz{p�ªF¡Bmogji+Ä9ªF¡ac�¢�¢rc É qsg{c²qs¡ ªF¡ac�¢�qs´¨��c�i!n�c/�ap §¨c�¢�mo�{�Bmol�iJp�c�gjiXu�n,À��amol!c,§¨c�b��{¢�c

 �	�V¼"~�qs¡al�¢�c�y�prb�moxsc�y�ykm)iJc�¢r¢�p¦ivmoprlJc�y�c�i�mo|�l�p�c�gagac�y�wSqog²yJqs¡{_Bmop¦ikc6�amol�cQ§{c�b7�a¢�c6zap�y�ikprg¨u
xs¡ac�l�¢rc�y É qsgac�y;¡{lJ´Bmoprgac�y;z{c�y É qsg{c�y;moxsl�p�n�qs¢�c�y�w¶cQ§�iklkm)p�l�c�¢rc�y�l�qs¡{iJc�y*qs¡/zap¦¾S|�lJc�gan�prc�lzac�yµnv_amob7�ayµzac�n�¡a¢¦ik¡al�c�y�zap¦¾"|�lJc�gjikc�y�¼�½3c�y6mo�a�al�q¨nv_ac�yµ�ap §¨|�¢rp�ªF¡ac�y��Dqsy�yJ`�z{c�gji7zac�¡�§
n�molJmon�iJ|�lJpry�iJp�ªF¡ac�y�ªF¡ap�¢�prb7priJc�gji;¢�c�¡alJy��Dc�l�ÀÑqslJb�mogan�c�y�¼��]g©�al�c�b7prc�l�¢rp�c�¡¶w3¢«mX��lJmop�y�c�bµu
´a¢«m)gan�c7°Ñno£¤c�y�i�u:ÄÃuhzaprlJc�¢V£Âm)iJikmonv_ac�m)¡¨§!z{qsgaga|�c�yv³Mc�y�i#n�mo¢rn�¡a¢r|�c*Ä�¡agac�|�nv_ac�¢r¢rc��ap¦§¨|�¢�prªF¡aco¼
 �`�y�¢�qsl�y�w]¢�mLlJqo´a¡ay�iJc�y�yJc²�Dqs¡al�zac�ÀÑqsl�iJy�gap¦�sc�mo¡¨§ zac+´alJ¡ap¦i!c�y�i�¢�prb7priJ|�c1b�m)¢�xsl�|1¢rc
�"qs¡¨�sqsprl�l�|�xs¡a¢�mol�p�yJm)ikc�¡al#za¡!b7q�za`�¢rc�m��alJprqslJp@¼���gac�miJivm)nv_ac�mo¡�§Xz{qsgaga|�c�y5n�m)¢�n�¡a¢�|�c�Ä
¢V£¤|�nv_ac�¢�¢rc*z¶£¤¡ag1qo´¨��c�i�y�c�b6´{¢�c;mo¢rqslJy��alJ|,ÀÑ|�lkm)´a¢�c)¼���g+y�c�n�qsgaz+¢�prc�¡¶w{p�¢¶c�y�i�zap¦¥�n�pr¢�c*z¶£¤prg¨u
��c�n�iJc�l�z{c�y�n�qogFiJlkmoprgjikc�y�zac6ih¿��"c�xo|�qsb7|�iJlJprªF¡ac7ÄX¢�m!yJqs¢r¡{ikprqsg©m��sc�n�zac�y�prgjikc�lkmon,ikprqsgay
mo¡tgap¦�sc�mo¡²�ap §¨|�¢rp�ªF¡ac)¼3½3c�´{¡{i�z{c6¢�m�yJc�xsb7c�gjivmikprqsg²c�y�i�zac;�Bmol�ikp¦ikprqsgagac�l�¢@£Âprb�moxsc;c�g
¡ag�n�c�l�ivm)p�g7gaqsb�´alJc5zS£Âqs´���c�iky�¼F~�¢�¡{i��oi�ªF¡ac5zac5n�qsgay�p�za|�lJc�lM¢@£¤p�b�moxsc�z¶£Â¡{g��Dqsprgji�zac#��¡ac
�ap¦§¨|�¢�prªF¡acow¨p�¢DyJc�b6´a¢rc�zaqsg{n�prgFiJ|�l�c�yJyJmogji5zac�¢«m;b�q�za|�¢�pryJc�l#n�qsb7b7c�¡{gXc�g{yJc�b�´a¢rc�z¶£Âqo´¨u
��c�iky�n�qsl�lJc�y��"qogazBmogjiky;mo¡�§/zap¦¾S|�lJc�gFiJc�y É qogac�y�ªF¡ac�¢@£Âqog©�oc�¡{i*l�|�n�¡a�"|�lJc�l�¼�±�£¤c�y�i*n�c�i�ikcgaqs¡{�oc�¢r¢�c�mo�a�al�q¨nv_{cowBprgFiJlJq�za¡ap¦ikc*zBmog{y�
Â���VwBªF¡ac�g{qs¡ay�¡{ikpr¢rp�y�qsgay�zBmogayHn�c,iJiJc;|,ik¡az{co¼

±�qob�b7c;zBmogay�¢rc*n�moy��ap §¨|�¢rp�ªF¡ac)w"¢�m�l�|��Bm)l�ikp¦ikprqsg+zac�y�qs´���c�ikyHzBmog{yH¡{gac*p�b�moxsc*c�y�i
iklkm)priJ|�c�zac�À@moÅ�qsg y�ikq�nv_Bmoy�ikprªF¡ac�·M¢�c�y�qo´¨��c�iJy�w�qs¡ ¢rc�y É qsgac�y7zac�¢V£¤p�b�moxocow�y�qsgjiXm)p�gay�p¢«mXl�|�mo¢rprykm)iJp�qsg/zS£Â¡ag/�{lJq�n�c�y�yJ¡ay*m)¢�|�m)ikqsprlJc)w"z{pri��/@ 0 6 > ; ;�9<; 0 ��� >�=@wDqs¡��/@ 0 6 > ; ;�9 ;��J03,6�4
=F9J>�8%2 *-@��C9��,¼a½�m�y�p�b�¡a¢«mikprqsg1z{c�ikc�¢ry��alJq�n�c�yJy�¡ay�c�y�iHc�yJyJc�gjikprc�¢r¢�c)w"n�mol5c�¢r¢�c*�Dc�l�b�c,i�zac
ikc�y�ikc�l�¢�m²�)mo¢�przap¦ik|�zac�y�b7q�za`�¢rc�y�¡{iJp�¢rp�y�|�y��"qo¡al�¢«m/l�c��al�|�yJc�gjivm)iJp�qsgÈzac�y7prb�moxsc�y�¼] �c
�a¢�¡{y�wD¢«mXl�|�y�qs¢�¡¨ikprqsg²zac�¢«m��a¢�¡{�Bmol�i�zac�y��alJqo´a¢�`�b7c�y�prgj�sc�l�yJc�y;c�g²prb�m)xsc�l�p�c*u�iJc�¢ry�ªF¡ac
yJc�xob�c�gjivm)iJp�qsgSw¨l�c�y�ikmo¡alJm)ikprqsg¶wFc,§�iJlkmon,ikprqsgXzac�n�qsgjiJqs¡alJy�u��alJc�gagac�gFi#zBmogayM¢�cHn�m)zalJcHzac

KEKML-NPO�Q�Q�R



� ����� 2���>�@ =��
	����� > ; 6 032���> ;

¢V£Âmo�a�al�q¨nv_{c�´Bm�¿s|�yJprc�gag{c�¢«m*ÀÑqslJb7c�z{c�¢�m6b�m§¨p�b7prykm)iJp�qog!z¶£¤¡agac�¢rqsp}zac��alJqs´amo´apr¢�p¦ik|)¼{½�m
lJ|�y�qs¢r¡{ikprqsg©zac�n�c��{lJqs´a¢r`�b7c7�Dc�¡{i*y�cµÀ@mop�l�cµ�Bmol�¢@£Âmo¢�xoqslJp¦ik_ab7cµz{c @ > 6�9�� =+;�� 259 8 �,w"ªF¡ap
ga|�n�c�yJy�priJc6zac*�Dqs¡{�oqsp�l�y�p�b�¡a¢�c�l�¢�m�¢�qop3n�qsgay�p�z{|�lJ|�co¼

 �mogay*¡agac��al�c�b7pr`�lJc7�Bm)l�ikprcowSgaqs¡ay�zaqogagaqsgay�z{pr¾"|�l�c�gjiky;c,§¨c�b7�a¢rc�y;zac��al�q¨n�c�y�yJ¡ay
qs´¨��c�iJy�¡{iJp�¢rp�y�|�y�zBm)gay�¢�mXyJ¡{priJc�za¡tiklJm��om)p�¢@¼S�Hqs¡ay�n�qsb7�Bmol�qsgay�c�gayJ¡ap¦ikc6yJ¡al�z{pr¾"|�l�c�gjiky
c,§¨c�b7�a¢rc�y!z{c�¡¨§ mo¢rxsqsl�priJ_ab7c�y�zacty�p�b�¡a¢«mikprqsg zac+ikc�¢�y��alJq�n�c�yJy�¡ay¶·�¢@£Âmo¢�xoqslJp¦ik_ab7c+zac
� >�=�@ 0��J038�� ;�4�� *3;�=�� ,�� ;�4
	+@ > >�,²°Ñn�À 
r�[�	� ³�c�i�¢@£¸m)¢�xsqolJp¦ik_ab7c5zac ,/*�� ; ;C*-,6 >�4)2B03@ = °@n,À 
r� �	� ³Q¼
½�m7ikl�qsp�y�p�`�b7c��Bmol�iJp�c;ikc�y�ikc6¢«m7�om)¢�przap¦ik|µzac�n�c,iJikcµmo�a�al�q¨nv_ac6c�g/mo�{�a¢�prªF¡Bmogji�¢rc�y�m)¢�xsqu
lJp¦ik_ab7c�yHÄ7¢«m�y�c�xsb7c�gjikm)ikprqsgtzS£Âprb�moxsc�y�y�p�b7�a¢rc�y�¼

� � ���� ����������;�! S�#
��
±�c �BmolJmoxslkm)�a_acMp�gjikl�q¨z{¡apri�¢�cM�sq�n�mo´{¡a¢«m)p�l�c�c�i�¢rc�y�za|,ÇBgap¦ikprqsgay�¡{ikpr¢�pryJ|�y��Bmol�¢«mHyJ¡ap¦ikc)¼

±�c�y�gaqoivmikprqsgay�yJqsgji�c�y�yJc�gjiJp�c�¢�¢rc�b7c�gji]l�c��al�p�y�c�y�z{cM¢@£Âmol�iJp�n�¢�c 
r��d	�Vw�{¡ap�y�ªF¡ac�n�c�¢r¡ap¦u¹n�pFy�£¤prg¨u
ik|�l�c�y�yJc�m)¡��al�qs´a¢r`�b7c�iJlJ`�y y�p�b7pr¢«moprlJc�zacH¢«m*lJc�n�qsgagamop�y�ykmog{n�c�zS£Âqs´���c�iky�¼{�Hqs¡ayMzaqsgag{qsgay
c�gay�¡apriJcµªF¡ac�¢rªF¡ac�y*cQ§{c�b7�a¢�c�y�zacµ�al�q¨n�c�y�yJ¡ay�qo´¨��c�iJy�wSªF¡ap�yJc�lJqsgji�|,ik¡azapr|�y�g�¡{b�|�lJprªF¡ac,u
b�c�gji�zamogay�¢�c�y��amol�iJp�c�yHy�¡ap¦�om)gFiJc�y�¼

���� �����������������
Ó�g�y�£Âprgjik|�l�c�y�yJc�zBmogay�n�c�iMm)l�ikprn�¢rc5Ä�¢�m�yJprb6¡{¢«m)iJp�qog�zac#zapry�iJlJpr´a¡{ikprqsgay�zS£Âqs´���c�iky�zamogay

¡ag�c�y��Bmon�c*zaqogaga|! ;wam)�a�"c�¢�|B> ; � *16 >!� 2 *"� >,¼¨ �mogay5¢rc�n�moz{lJc�ªF¡ap¶g{qs¡ay5prgFiJ|�l�c�yJy�cowBn�c�i
c�yJ�amon�c#c�y�i�¡agac#prb�moxsc�gF¡ab7|�lJprª�¡{cowszaqogan�¡ag{c#xslJpr¢r¢�cMÇBgaprc�zac#�{p¦§¨c�¢ry�¼sÓ�gµyJ¡a�{�"qsy�c#ªF¡ac
¢�c�y#qs´¨��c,iky#y�qsgji5lJc��alJ|�yJc�gjikmo´a¢rc�y��Bmol ¡ag!gaqsb�´alJc�ÇBgapSz{c��BmolJmob7`�ikl�c�y�w{ªF¡apSprgazaprªF¡ac�gji
�Bmol�c,§¨c�b7�a¢rc ¢�m ikmopr¢�¢rcLc,i+¢«m �"qsy�priJp�qog zac�ytqs´���c�iky�¼�Ó�g gaqoiJc$#�¢@£Âc�yJ�Bm)n�c9z{cLn�c�y
�Bmolkm)b�`,ikl�c�y�wFm)�a�"c�¢�|H> ; � *16 > 0 ��� >�=Vwsc,i]�"qo¡al�nv_BmoªF¡ac�qs´¨��c,i�%'&(#>qog�g{qoikc*),+-%/.102 
yJqsg;yJ¡a�{�"qsl�i�zamogay�¢V£¤prb�m)xsco¼ �mog{y�¢rc n�moy�n�qsgjiJp�gF¡¶wqsg;yJ¡a�a�Dqsy�c ªF¡ac�# c�y�i�¡ag;´DqslJ|�¢�prc�g
zac43 )�5wMb6¡{gap�zac²¢�mLiJlJpr´a¡ ´"qolJ|�¢rprc�gagac'6�c�i�zact¢«m9b7c�yJ¡al�c/zac/½3c�´Dc�y�xs¡ac873¼5Ó�g
yJ¡a�a�Dqsy�c6zac;�a¢r¡ay�ªF¡ac:9<;=7>+?#@.*;=ACB ¼} �mogay�¢rc;n�moy�zap�y�n�l�c�i�wD#Òc�y�i�¡ag1c�gay�c�b�´a¢�c
ÇBgap3zac*�Dqsp�gjiJyHz{cC3 )E5[wBªF¡ac�¢@£¤qsg�b6¡agap¦i�zac*¢«mµikl�p�´{¡F6HGJIK+L#E.�c,iHzac*¢«m�b7c�y�¡alJc;zac
n�qsb7�{ikmoxscM7�¼

�Hgac*n�qsg¨ÇBxs¡alJm)ikprqsg+z¶£Âqo´¨��c�iJy*Ntc�y�i�mo¢rqsl�y5¡ag1c�gayJc�b6´a¢rc6g{qsg1qolJzaqsg{ga|*z¶£Âqo´¨��c�iJy¶·
NOGQPR%TS
UWVXVWVWUY%[Z�\�U]%[^>&_#

���EK����



�

Õ�p�qog1gaq)ikc��1Z�¢@£¤c�gay�c�b6´{¢�cµz{c�y�n�qsg{ÇBxo¡alkm)iJp�qogay�z{c�� qs´¨��c,iky�wD¢@£Âc�yJ�Bmon�c�iJqoivmo¢3z{c�y
n�qsg{Çaxs¡alkmikprqsgay�c�y�i��=G����	�^�
� �1Z{¼"Ó�gt�"c�¡{i�b�¡agaprl�n�c�i�c�yJ�Bm)n�cµz¶£¤¡agac��Du:m)¢�xs`�´alJc��
c�i#zS£Â¡ag{c�b7c�yJ¡{lJc���¼¨½3c�y#za|,ÇBgap¦ikprqsgay5y�qsgji#zaqsg{ga|�c�y5zBmogay 
¦� �Vw¨c,i#gaqo¡ay#¢rc�y#lJmo�a�Dc�¢rqsgay
p�n�p3´alJpr`��oc�b7c�gji�¼

�Hqoikqogay��>Z���# Z�� �1Z7¢«m7�al�q)��c�n,ikprqsgtzac��Du¹¡a�a¢rc�iJy�qsl�zaqsgag{|�yHzBmogayH¢�c�y�n�qsg{ÇBxo¡¨u
lkm)iJp�qsg{y*Ä�� qs´���c�iky�w�c�iC6 Z�¢�m�iJlJpr´a¡ �alJq�za¡ap¦i;yJ¡al # Z ¼3��¢�qolJy*qsg©za|�Çagapri��Ìn�qsb7b7c
|�ivm)gFiH¢�mµiklJpr´a¡+c�gaxoc�gazal�|�c;�Bmol���� +�6�� .,w�� S +-6<S .,w���� +-6 � .,wTVWVWVBc�iH¢«m�b7c�y�¡alJc�� �Bmol¶·

� +"! . G$#&%�')(+*	,.-�/1032,&4!�5�A �6
Z7
 S �/Z[+8! .��9 : °:�Ã³

q<; � Z[+8! . G>= VXVWV?=@/A0 %TS
UXVWVWVXU %[Z,&4!�5 7 +8B�%TS�.�VWVWV 7 +8B�%[Z . °V�s³
�"qs¡{lC! &D��¼�½�m�b7c�y�¡alJcE�+c�y�iMc�gXlJ|�mo¢rpriJ|H¢�m�zapry�ikl�p�´{¡{ikprqsgXzS£Â¡ag��alJq�n�c�yJy�¡ay �Dqsgan,ik¡ac�¢
zac�~�qop�y�yJqsg yJ¡{l # z{c!b7c�yJ¡{lJc�z¶£¤p�gjiJc�gay�priJ|'73w�n�c�ªF¡ap�y�p�xogaprÇac�ª�¡{c!¢V£¤c�y��"|�lkmog{n�c�za¡
gaqsb6´{lJc*zac*�"qop�gjiky�z¶£¤¡ag+ikc�¢S�alJq�n�c�yJyJ¡{y�c�y�i!7>+?#@.Q¼

��� F4G �IHKJD����L��NMC���OH ��LEJQP��KR�MSG��IH.JD����L � �UTIV1J/���
�Hg �al�q¨n�c�yJy�¡ay��Dqsgan�iJ¡ac�¢UW c�y�i�zaqsg{nX¡agac!mo�a�a¢rp�n�m)ikprqsg b7c�yJ¡alJmo´a¢rc�za|�ÇBg{p�c!y�¡al

¡ag1n�c�l�ivmoprg1c�yJ�Bm)n�c*zac*�alJqo´Bmo´apr¢�p¦ik|*c,i�Äµ�)mo¢rc�¡al�y�zamogayM+"�EU3��.Q¼DÓ�g+gaqoiJc��Bmol�¢�m7y�¡ap¦ikcX ¢�m�zac�g{yJp¦ik|;zac*n�c;�alJq�n�c�yJyJ¡{y��Bm)l5lkmo�a�Dqsl�iHÄ�¢�m�b�c�yJ¡al�c���¼
 �mogay�n�c;n�moz{lJc*xs|�g{|�lkm)¢3qsg��"c�¡{iHzap�y�ikprgaxs¡ac�l�z{c�¡¨§�ih¿��Dc�yHzac*�alJq�n�c�yJy�¡ay¶·Y ¢�c�y��{lJq�n�c�y�yJ¡ay��"qogan�iJ¡ac�¢ry�y��Bm)ikp�mo¡¨§"w}�Dqs¡alH¢�c�yJªF¡ac�¢ryM# G= ;wBno£¤c�y�i�u:ÄÃuhzaprlJc;�"qo¡al
¢�c�yJªF¡ac�¢�y�¢�c�yHqo´¨��c�iJyHy�qsgji�l�|�za¡{priJy�Ä�zac�y��Dqsprgjiky�zac*¢V£¤c�y��Bmon�c�prb�moxsc[ZY ¢�c�yt�al�q¨n�c�y�yJ¡ay²qo´¨��c�iJy�w�mo�a�Dc�¢r|�y²|�xjmo¢rc�b7c�gji/�al�q¨n�c�y�yJ¡ay²�Dqsgan,ik¡ac�¢�y1b�molJªF¡a|�y�w�"qo¡al�¢�c�yJªF¡ac�¢ryM# G� >\^] q<;D] c�y�i�¢@£Âc�yJ�Bm)n�c6z{c�y�b�mol�ªF¡ac�y�m)iJikmonv_a|�c�y�mo¡�§
qs´¨��c,iky�wBn)£Âc�y�i�u:Äu¹zap�l�c*zac�yH�BmolJmob7`�ikl�c�yHmo¡{iJlJc�yHªF¡ac;¢rc�y�n�q�qslJz{qsgaga|�c�yHyJ�Bm)iJp«m)¢�c�y�¼

±�£¤c�y�i�n�c�i�ikc]zac�lJgapr`�l�cMn�m)ik|�xsqsl�p�c�ªF¡apsg{qs¡ay3prgFiJ|�l�c�yJy�c �{¢�¡ay��Bm)l�ikprn�¡{¢�pr`�l�c�b7c�gji�wÃ�a¡{p�y�ª�¡{c
gaqs¡ay�gaqo¡ay7p�gjik|�lJc�yJyJqogay!Ä/zac�y��{lJq�n�c�y�yJ¡ay�yJ¡{l�zac�y�qs´¨��c,iky�ikc�¢�y�ªF¡ac+zac�y7y�c�xsb7c�gjiJy�w
zac�yHzapryJªF¡ac�y�w"z{c�yHc�¢r¢�pr�ayJc�y�qs¡+z¶£Âmo¡{iJlJc�yHqs´¨��c,ikyHxs|�qob�|,ikl�p�ªF¡ac�y�¼S±�c��Dc�gazBm)gFi�w"¢rc*n�moz{lJc

KEKML-NPO�Q�Q�R



� ����� 2���>�@ =��
	����� > ; 6 032���> ;

za|�n�lJp¦i#n�p uhz{c�yJy�¡ay5c�g{xs¢�qo´"c�|�xjmo¢rc�b7c�gFi#¢�c�y��al�q¨n�c�yJy�¡ay5�Dqsgan�iJ¡ac�¢ry#n�¢«moy�yJprªF¡ac�y�wac�i�¢�c�y#mo¢ u
xsqslJp¦ik_{b�c�y�z{|�n�l�priJy�zamogay�¢�c;�BmolJmoxslJmo�a_ac �a¼¸�µy�£Âmo�a�a¢rp�ªF¡ac�gji�c�g+�Bmol�ikprn�¡a¢rp�c�l�m)¡¨§+zac�¡�§
ih¿¨�Dc�yHzac*�al�q¨n�c�yJy�¡ay�¼

� � ��������������� �� �������
½3c�yHz{c�gay�priJ|�y�z{c�y��alJq�n�c�yJy�¡ay�qs´���c�iky�n�qs¡alkm)b�b7c�gFi�¡{iJp�¢rp�y�|�yHyJqsgjiHzac*¢�m7ÀÑqsl�b7c�·X +-N .���� +8� + N . .	�/+-N . °@dj³

q<;���+-N .3c�y�i�¢rc]gaqsb6´{lJcMz¶£Âqo´¨��c�iJy�zBmog{y�¢�m�n�qsg{Çaxs¡alkmikprqsgMN�w
� +�.¶c�i��/+�.Szac�¡¨§*ÀÑqsgan,ikprqsgay
b�c�yJ¡alJmo´a¢rc�y!�Dqsy�priJpr�oc�y�¼� �mogay�¢�c+n�m)yXz¶£¤¡ag �{lJq�n�c�y�yJ¡ayXzac²~�qsp�y�yJqsgSw�� +8�D. G� Z c,i�T+ N .8G /s¼�½�m ÀÑqsg{n�ikprqsg��1+ .XlJc��{lJ|�y�c�gjikcLzaqsgan yJnv_{|�b�m)ikprªF¡ac�b7c�gFi©¢@£¤p�gjikc�gayJp¦ik| za¡
�alJq�n�c�yJyJ¡{y�wap@¼Âc)¼¨¢rc�g{qsb6´al�c�b7q[¿sc�g{y5z¶£Âqo´¨��c�iJy#zac�N�w¨c�i��T+ .]b7q�za|�¢rpryJc�¢rc�y#prgjikc�lkmon,ikprqsgay
c�gjikl�c;qo´¨��c�iJy�¼

� ��� F4G �IHKJD����L�� ���CJ H ������J G �CH � ������� M!�CG M!��� G�JD�����-�CTIV1J/� �
�Hg>�alJc�b�prc�l!ih¿��Dc©zac/�alJq�n�c�yJy�¡ay�qs´¨��c�iJy�c�y�i1n�c�¢r¡ap�q<;>¢�m9ÀÑqsgan,ikprqsg�� �Dc�¡¨i�yJc

b�c,iJiJlJc*yJqs¡{yH¢�m�ÀÑqslJb7c�·
�/+-N . G �

����� �! #"%$'&
+�% U)( . ° �F³

q<;
&
�<�I� � 0 9 U B .,¼BÓ�g+yJ¡{�a�"qoyJc;zac*�a¢�¡{yHªF¡ac;¢�m7z{c�gay�priJ| X c�y�i�_{|�lJ|�zap¦ivmoprlJc)wBpV¼¤co¼�·X +-N .�*29,+ X +.- ./*29 01-<02N °V�s³

n�c�ª�¡{pMl�c���prc�gji�Ä�zaprlJc�p�n�pMªF¡ac2�1+ � + N . .�*H93+ � +8��+.- . .4* 9¨¼� �mogay;n�c7ih¿��"c�zac
�alJq�n�c�yJyJ¡{y�wM¢�c�y�prgjikc�lkmon,ikprqsgay�g¶£ÂcQ§¨p�y�ikc�gji�ªF¡¶£¤c�gjiJlJc+�BmoprlJc�y�z¶£¤qs´¨��c,iky�w]z¶£¤q<; ¢�c�gaqob u
� *�� @65 � ; >@� ,J=?>�@ *16�=�� 03, �J0 � ,J= �/@ 0 6 > ; ; > ;;c�gtm)gaxs¢�mop�y�¼

½�£¤c,§¨c�b7�a¢rc#¢rc �{¢�¡ay�yJprb7�a¢rc�c�y�i�yJmogay�zaqs¡{iJc ¢rc �{lJq�n�c�y�yJ¡ay�zac�Õ�iklJmo¡ayJy�w)�Dqs¡al�¢rc�ªF¡ac�¢o·

&
+�% U)( . G87 S:9 ��;<�>= °��j³

���EK����



�

q<;�� c�y�i#¡{gac�l�c�¢�m)ikprqsg�y�¿�b7|�ikl�p�ªF¡ac�yJ¡al�#�¼{±�c,iJiJc�lJc�¢«mikprqsg�c�y�i#m;�al�p�qolJpBªF¡ac�¢rn�qogaªF¡acow
b�m)p�y�qsg�¢�m�za|,ÇBgap¦iHxs|�ga|�lkmo¢rc�b7c�gFi��Bmol

%���( � B/+-% U (�. ; ) °F�s³
q<; B/+�VXUWV .5c�y�iH¢�m7z{p�y�ivmogan�c�c�gjiklJc;zac�¡¨§�qs´¨��c,iky�¼"½�m�zac�gayJp¦ik| X y�£¤c,§¨�alJprb7cµmo¢rqsl�y5�Bmol¶·X +-N .��  Z ( $ , 7��?( $ , °@�j³
q<;�� + N .Mza|�yJprxsgac�¢rc�g{qsb6´al�c�zac��BmoprlJc�y z¶£¤qs´¨��c�iJy#ªF¡apSy�qsgji5Ä;¡agac�zapry�ikmogan�c�p�g¨ÀÑ|�lJprc�¡{lJc
Ä )Ô¢V£¤¡ag+zac*¢V£Âmo¡{iJlJc)¼

�Hg7mo¡{iJlJc#cQ§{c�b7�a¢�c5n�qsgay�p�y�ikcHÄ�za|,ÇBgaprl�¢«m�l�c�¢�m)ikprqsg��Bm)l %�� (�� ),+�% .
	!),+ ( .��G2�·{zac�¡¨§+qo´¨��c�iJy�prgjikc�lJmoxspryJy�c�gji�y�p3¢�c�¡alJyHyJ¡{�a�"qol�iky�y�c;n�qs¡a�Dc�gji�¼
� �� F4G �IHKJD����L����OJ� �CG�� ���

½3c��alJq�n�c�yJyJ¡{y�zac7Õ�iJlkmo¡ay�y��DqsyJy�`�zac�c�gtÀ@mop¦i�¡ag{cµ�Bmol�ikprn�¡a¢�molJp¦ik|��Bmol�lkmo�a�Dqsl�i�ÄX¢�m
za|�ÇBg{priJp�qsgtxs|�ga|�lkmo¢rc6z{c�y��al�q¨n�c�y�yJ¡ay�m��oc�nµprgjikc�lJmon�iJp�qog/�BmolH�BmoprlJc�y�z¶£¤qs´¨��c�iJy¶·Szamogay�¢rc
�alJq�n�c�yJyJ¡{y�zac6Õ�iklJmo¡ayJy�w"z{c�¡¨§1qs´¨��c,iky�%/c�i (�g¶£Âprgjik|�lkmoxspryJy�c�gji�ªF¡ac�y�£¤p�¢ry��o|�lJp¦ÇBc�gFi�¡agac
lJc�¢�m)iJp�qsg�zac �oqspryJprgBmoxsc %���(}¼)��pr�a¢�c,¿;c�i���c�¢�¢¦¿;qsgji�prgjiklJq�za¡ap¦i�zamogay 
¦�[���¨¢rc�y �/@ 0 6 > ; ;�9<;
�J03,6�=F9J>�8 ; .1> �$*-@��<0	��ªF¡apSyJqsgjiH¡agac�xs|�ga|�lJmo¢rp�yJm)ikprqsg�zac*n�c,iJikc�prza|�co¼}½3c�¡al5z{|�ÇBgap¦ikprqsg
|�ªF¡ap¦�om)¡{i�c�g�c,¾Sc,iHÄ6zaprlJc�ªF¡¶£¤¡ag��alJq�n�c�yJyJ¡{y W%c�y�i5z{c;®tmolJ¯)q[�!yJp"c�i�y�c�¡a¢rc�b7c�gjiHyJpSykm
zac�gay�priJ|�c�y�iHzac*¢�m�ÀÑqolJb7c�· X +-N . G �

� "%$
�@+.- . °��j³

q<;��Ôc�y�i�¡agac7ÀÑqsgan,ikprqsg9�Dqsy�priJpr�oc�iJc�¢r¢�c�ª�¡{c��@+ -�.@G@/�y�£¤pr¢McQ§¨p�y�ikc<%�w'(²zamogay -²ikc�¢ry
ª�¡{cC%����(D¼B��¡{ikl�c�b7c�gji�zap¦i�wB¢�m7z{c�gay�priJ| X za|��Dc�g{z1z¶£¤¡agac*ÀÑqsgan,ikprqsg+z¶£Âprgjikc�lkmon,ikprqsg��
ª�¡{p�moxsp¦i5yJ¡al�¢rc�y�c�g{yJc�b�´a¢rc�y�zS£Âqs´���c�iky5�oqsp�y�p�g{y�¼"±�c�i�ikc*za|�ÇagapriJp�qog1c�y�i5ikl�`�y�yJprb7p�¢�moprlJc;Ä
n�c�¢r¢rc;z{c�yHnv_Bmob7�ayHzac�®tmolJ¯)q[��zBmogay�¢rc;n�moy�zapryJn�l�c�i�¼

� �.� F4G �IHKJD����L��� �CG�� ��� �CTIV1J/���$� L�� MSP L �NMSG �IH��OJD� � � ����� � �
�Hqs¡ay#z{qsgagaqsg{y�b�moprgFiJc�gBm)gFi�¢�m6za|,ÇBgap¦ikprqsg��a¢r¡ay#xs|�ga|�lJmo¢rc�zac�y �/@ 0 6 > ; ;�9 ; � *-@��<0	�

0 ��� >�= ; *-9�� �/8:9<; �/@ 0 6��J> ; �-0 � ;�� , ;�u5,>7*-@ > ;�=�4),>�� �� ��039 @ �$*-@��<0	� 0 ��� > 6�= �/@ 0 6 > ; ;Xc�g

KEKML-NPO�Q�Q�R



�[� ����� 2���>�@ =��
	����� > ; 6 032���> ;

mogaxs¢�mopry�u�prgFiJlJq�za¡ap¦ikc5�Bm)l �#mozazac�¢�c,¿µc,i ®��o¢r¢�c�l�zBmogay 
¦� �V¼j~�qs¡{l�n�c#ih¿��"c5z{c5�alJq�n�c�yJyJ¡{y�w
¢�c�y�qs´���c�iky;g¶£¤p�gjiJ|�lkm)xsp�y�yJc�gFiµ|�xjmo¢rc�b7c�gFi�ªF¡¶£Âm[�oc�n!¢rc�¡{lJy*�sqspryJprgay�w�b�mopry�¢�m+l�c�¢�m)ikprqsg zac
�sqspryJprgBmoxsc;�Dc�¡{i�za|��"c�gazal�c�zac*¢�m�n�qsg{ÇBxo¡alkm)iJp�qogON�¼

Ó�g!y�¡a�a�DqsyJc�z{qsgan�ªF¡ac��Dqs¡alMikqs¡¨i1N4&D��p�¢"c,§¨p�y�ikc�¡ag{c�lJc�¢«m)iJp�qog!y�¿�b7|�iJlJprª�¡{c � $za|�ÇBg{p�c�y�¡alµ¢@£Âc�gayJc�b6´a¢rc N�¼� �c�¡¨§ �DqsprgFiJy % c�i (©ikc�¢�y6ª�¡{c % � $ (©yJqsgji�mo¢rqslJy�zap¦iky
N�4 �-0 � ;�� , ;;c�i�qsg1mo�a�Dc�¢r¢�c@N�4 �-0 � ;�� ,/*"� >*zS£Â¡ag+yJqo¡ay�u¹c�gay�c�b6´{¢�c4-��2N²¢@£Âc�gayJc�b6´a¢rc�·

� +.-��LN . GQPR%'&'N��
	 (K& - %�� $ ([\ °����j³
 �c*�a¢�¡{y�w}¡ag+yJqs¡ay:uhc�gayJc�b6´a¢rc -��2Ntc�y�i�¡{gac 6�8����C9'>;zac@NtyJp 0E% U ( & - %�� $ (}¼ �|�ÇBg{p�y�yJqsgay�c�g{Çag¶wB�"qo¡al�¡ag1�{lJq�n�c�y�yJ¡ayHqs´¨��c,ikyIW zac*zac�gay�priJ| X wa¢�c*lJmo�a�Dqsl�i

7�� + N UY% . G -� ( $�� ���� , ( $ , yJp X +-N ./*29
9 yJprgaqsg °��o�Ã³

c�y�i�mo�{�"c�¢�| .1>�, ;�� = � .1>��+* � *-,�� >�8 039¨¼
 �mogay#n�c�n�qsgjiJc,§�ikc)wa¡ag��al�q¨n�c�yJy�¡ayH®tmol�¯oq[�!qo´¨��c�iJy5mo¡¨§X�a¢r¡ay#�al�q¨nv_ac�y#�sqspryJprgay5c�y�i

¡ag1�{lJq�n�c�y�yJ¡ayHqs´¨��c,ikyIW yJ¡alE#ÌzaqogFiH¢�m�zac�gay�priJ| X �o|�lJp¦ÇBc�·
�s¼ X +-N ./*29 + X +.- .�* 9 0 -��2N
�¨¼/0EN'&4�ÆiJc�¢3ªF¡ac X + N . * 9�c,i/0@%��&'N�ws¢rc5lkmo�a�Dqsl�i�7 � + N UY% .�g{cHz{|��Dc�gaz�ªF¡ac5zac
%�w�� +LPR% \��LN��,PR%D\ .�c,i]zac�yMlJc�y�ikl�p�n,ikprqsgay]zac � $ c,i � $�� ���  Ä
� +LPR% \��LN��,PR%D\ .,¼

��gÆxs|�g{|�lkm)¢Vw�¢�m l�c�¢�m)ikprqsg � $ c�y�itz{|�ÇBgaprc �Bmol�¢@£Âprgjikc�l�b7|�zap�moprlJc9zS£Â¡ag{cLl�c�¢�m)ikprqsgy�¿�b7|�ikl�p�ªF¡ac6mo¡¨§¨pr¢�p�moprlJc�� zac�ikc�¢�¢rc*yJqsl�ikc*ªF¡ac
%�� $ ( � 	*%TS
U % � UWVXVWVXU %[Z &'N %OG %TS���%K� � VWVXV���%�� G ( °��[�s³

�]gtz¶£¸m)¡{ikl�c�y�iJc�lJb7c�y�wT% � $ (�yJp>%©c�i (�y�qsgji�zBmog{y�¢«m�b�Á�b7cµn�qsb7�Dqsykm)gFiJcµn�qogagac,§¨c�"qs¡{l�¢�mLl�c�¢�m)ikprqsg ��¼  �mogay�n�ctz{c�lJg{p�c�lXn�m)y�wM¡ag l�|�yJ¡{¢rikm)i!|,ivmo´a¢rp�zBmogay 
Âd	��b7qsgjiJlJc
ª�¡{c+¢�m²za|,ÇBgap¦ikprqsgÈzS£Â¡ag �al�q¨n�c�yJy�¡ay�®tmol�¯oq[� qs´¨��c,iky7mo¡¨§ �a¢�¡{y��alJq�nv_ac�y��oqsp�y�p�g{y�c�y�i
|�ªF¡ap¦�om)¢�c�gFiJc6m)¡+À@mop¦i�ªF¡ac*¢«m7zac�gayJp¦ik|;za¡+�alJq�n�c�yJyJ¡{y�y�qspriHzac*¢�mµÀÑqslJb7c�·X + N . � �

����� ( $ , �@+ -�. °���dj³

q<;��<+ N .5c�y�iH¢@£Âc�gayJc�b6´a¢rc6zac�y�n�¢�prªF¡ac�yHb�m§¨p�b�mo¢rc�y�zac*¢«m�n�qsg{ÇBxs¡{lkm)iJp�qsg N�¼
���EK����



�s�

��� ��� #�Ð ���  �c�¡¨§/cQ§{c�b7�a¢�c�y*zac6ikc�¢�y��alJq�n�c�yJyJ¡{y;qo´¨��c�iJy�yJqsgji�prb7�"qol�ivm)gFiJy��Dqs¡al�¢�m
b�q�za|�¢�prykm)iJp�qog�zac��a_a|�gaqsb7`�gac�yHm)iJiJlkmon,ikp¦ÀÑy�w{c,i�yJc�lJqsgji5|,ik¡azapr|�y�gF¡ab7|�l�p�ªF¡ac�b7c�gji�zamogay
¢«m�yJ¡{priJco¼

½3c��alJc�b�prc�l��alJq�n�c�yJyJ¡{y�wagaqob�b7| 6 03,J= � ,J919 2 @ *-,/.10325476�8:9 ;�=)>�@ 2B0C.1>�8¶c�g�mog{xs¢«m)p�y�w
m7�Dqs¡al#ÀÑqogan�iJp�qsg+z¶£¤p�gjiJc�lkm)n�ikprqsg �@+.- . G8 Z ( � , �
7�way�qspriH¢�m�zac�gay�priJ|X +-N .��  Z ( $ , 7 %��"( $ , °��C�F³
q<;���+ N .5c�y�iH¢rc�gaqsb6´{lJc;zac�n�¢rp�ªF¡ac�y�b�m§¨prb�m)¢�c�yHzamogay�N²�Dqs¡al5¢�m�lJc�¢�m)iJp�qsg � $ °Ñqs¡�zacÀ@moÅ�qsg�|�ª�¡{pr�)mo¢rc�gjikc�¢�c*gaqob6´al�c�zac*n�qsb7�"qsyJmogjikc�y�n�qsgagacQ§{c�y�zBm)gay�N²�Dqs¡al5¢�m�l�c�¢�m)ikprqsg
��³Q¼¶fhn�p@wS¢�m�lJc�¢�m)iJp�qsg ��c�y�i�m!�alJprqslJp�ª�¡{c�¢rn�qsgaªF¡ac�Z�pr¢��Dc�¡¨i*y�£Âmoxsprl�z¶£¤¡agac�lJc�¢«mikprqsg/zac
�sqspryJprgBmoxsc;yJ�am)ikp�mo¢¶qs¡+zac*lJc�n�qs¡¨�¨l�c�b7c�gji�zac�y�qs´¨��c,ikyH�Bmol5cQ§{c�b7�a¢�c)¼

½3c*yJc�n�qsg{zt�al�q¨n�c�yJy�¡ay�w}gaqob�b7| *-@ >7*-4L� ,J=?>�@ *16�=�� 03,$2B0C.1>�8 wac�y�iHza|�Çagap��Bmol¶·
�@+.- . G  Z ( � , 7 %�')(���	 ,

m[�oc�n ) � G � � � � ),+-%/.Q¼�½�m/lJc�¢«m)iJp�qog � c�y�i�zBmog{y�n�c�n�moy7za|,ÇBgaprc��Bmol % � ( �
),+�% . 	'),+ ( .��G 2a¼}Õ{m7zac�gay�priJ|�c�y�iHzaqsg{nX +-N . �� Z ( $ , 7 %�'?(
���), °��[�s³
fh¢"À@mo¡{i#gaqoikc�l#ªF¡ac�n�c��alJq�n�c�yJyJ¡{yHc�y�i�|�xjmo¢rc�b7c�gji�¡ag��al�q¨n�c�y�yJ¡ay�zac*®1molJ¯)qÃ�!n�¢�moyJy�p�ªF¡ac
mo¡�yJc�g{y�zac;��p��{¢�c,¿�c�i ��c�¢r¢r¿o¼

±�c�y�zac�¡¨§��alJq�n�c�yJy�¡ay1y�qsgji�|�iJ¡azapr|�y�zBmogay 
¤��Vw�zBm)gay�¢�c/n�moy��Bmol�ikprn�¡a¢rprc�l�q<; ¢rc�y
qs´¨��c�iJyµyJqogFiµzac�yµz{p�y�ª�¡{c�y�zac!lJm�¿sqsg$)�Ç{§¨|)¼���qo¡ayµc�g z{qsgagac�lJqsgay6zac�yµy�p�b�¡a¢�m)ikprqsgay
zBmogay�¢rc;�amolkmoxolkmo�a_{c;�¨¼

� �� �1���CTE� P �?���
�Hqs¡ay5m��oqsgay�zaqsgag{|�n�p uhzac�yJy�¡ay�zac�y5cQ§{c�b7�a¢�c�y�zac�zac�g{yJp¦ik|�y��Dqs¡al ¢«mµb7c�y�¡alJc �²y�¡al

¢V£¤c�y��Bmon�c�z{c�y�n�qsg{ÇBxs¡{lkm)iJp�qsg{y�z¶£¤qs´¨��c�iJy�ykmog{y�gaqs¡ay�yJqs¡an�p�c�l�zacµ¢@£Âprgjik|�xslkmo´{p�¢rpriJ|�zacµn�c�y
zac�gay�priJ|�y�zBmog{y#¢�c�n�moy#n�qsgjikprg�¡S¼D»*c,¿sc�l 
¦�s� �3zaqsgag{c�zac�¡�§�n�qogazap¦ikprqsgay5zacH;�= * � � 8�� = ��ªF¡ap
p�b7�a¢rp�ªF¡ac�gji�ikqo¡{ikc�y�zac�¡¨§;¢@£Âprgjik|�xolkmo´apr¢rpriJ|owc�i�ªF¡apFzac �{¢�¡ay�yJqogFi�¡{iJp�¢rc�y��"qo¡al�¢�c�y��al�c�¡{�oc�y
zac�n�qsgj�oc�lJxoc�gan�c�zac�y�mo¢rxsqslJp¦ik_{b�c�y5zac�yJprb6¡{¢«m)iJp�qog¶¼}®1Á�b�c*y�p¶¢�c�y5yJprb6¡a¢�m)iJp�qsg{yHy�c�ÀÑqsgji
zBmogay]¢rc�n�moy]zap�y�n�l�c�i�w�zac�y �al�qs´a¢r`�b7c�yMgF¡ab7|�l�p�ªF¡ac�y#yJqsgji yJ¡ay�n�c��{ikpr´a¢rc�y#z¶£¤Á�iJlJcHqs´ay�c�l��o|�y

KEKML-NPO�Q�Q�R



�Ã� ����� 2���>�@ =��
	����� > ; 6 032���> ;

yJpSn�c�y�n�qogazap¦ikprqsgay5gac�y�qsgji5�Bmoy#�o|�lJp¦ÇB|�c�y¶·}no£¤c�y�i�¢�c�n�moy5gaqoikmob7b7c�gji�za¡��al�q¨n�c�yJy�¡ay�zac
Õ�iklJmo¡ayJy��Dqs¡al�7 *$/X° �sqsprl��BmolJmoxslkm)�a_ac;�¨¼¸�s³,¼

±�c�y�z{c�¡¨§+n�qsgazap¦ikprqsgay�yJqogFi¶·Y ±�qsgazap¦ikprqsg1��·��E, �/@ 0 6 > ; ;�9 ; �J03,6�=�9J>�8* �-> 6 91,> .1>�, ;�� = � ,03,J4),03@ 2 *-8�� ; � > � *-@
@ * � �J03@�=�� 8 * 2B> ;�9 @ >�� > ;�=+;�= * �C8 > .<*-, ; 8 > ; >�, ; .1> ( 9J>�8 8 > ;�� � 8 > �]� ;�=)>�] &0�/�U B .A=?>�8 �C9J>�� X + N .	� ] Z ( $ ,�U 0 N'&4� °��!�j³Y ±�qsgazap¦ikprqsg!��·��E, �/@ 0 6 > ; ;�9 ; �J03,6�=�9J>�8* �-> 6 91,> .1>�, ;�� = � ,03,J4),03@ 2 *-8�� ; � > � *-@
@ * � �J03@�=
�B8 * 2B> ;�91@ >E� > ;�= ;�= * �C8 >A;�� � 8E> �]� ;�=?>S] & ) =)>�8 �C9'>��X +-N �F% .�� ] X +-N .
U 0 N4&4� 0 %4&(# °�� �s³
pV¼¤co¼rwByJp3¢�m�zac�g{yJp¦ik|;zac;~�mo�Bm)gaxsc�¢rqs¡1c�y�iH´DqslJg{|�co¼

±�c,iJiJc�zac�lJgapr`�l�c6n�qsgazap¦ikprqsgtc�y�i�¢«m7�a¢r¡ayHyJprb��{¢�c6Ä7�o|�lJp¦ÇBc�l�wDb�Á�b7c�y�p�c�¢�¢rc;c�y�i��a¢r¡ay
n�qsgjiklJmoprxsgBmogjikc*ªF¡ac;¢«m��al�c�b7pr`�lJc)¼

�  -#
���������  �� �
½�m/zap¦¥�n�¡a¢¦ik|+zac�y�yJprb6¡{¢«m)iJp�qogay�z{c+�{lJq�n�c�y�yJ¡ay�qs´¨��c,iky7�¨prc�gji�zac+n�c�ªF¡ac+¢V£¤qsg gac

n�qsgagam¬«i��Bmoy�c�g²xo|�ga|�lkmo¢�¢�mXn�qsg{y�ivm)gFiJc6zac�gaqsl�b�m)¢�prykm)iJp�qogtzac�¢«m�zac�gay�priJ|µza¡²�{lJq�n�c�y:u
yJ¡ay�¼D±�qsb7b�c*¢@£Âc�yJ�Bm)n�c*zac�y�qs´���c�iky5c�y�i�ikl�`�y5xslJmogaz¶w{¢V£¤c�y�ikprb�mikprqsg1z{c�n�c�i�ikc*n�qogay�ikmogjikc
g¶£Âc�y�iH�Bmoy�c�gF��prykmoxoc�mo´a¢rco¼

½3c�y�b�|,ik_aq�zac�y�¢�c�y��a¢�¡{y�ÀÑlJ|�ªF¡ac�b7b�c�gji�c�b��{¢�q[¿s|�c�yM�"qo¡al�qs´¨ikc�g{p�l�zac�y�lJ|�mo¢�prykmikprqsgay
zac�ikc�¢�y��alJq�n�c�yJyJ¡{y5yJqsgji�mo¢rqsl�y�zac�ih¿��Dc*®1qsgjiJc*±#molJ¢rqaw�q<;�¢@£ÂqsgXyJprb6¡a¢rc�¡agac�nv_am¬ g{c�zac
®tmolJ¯)q[�/n�qsgj�oc�lJxoc�gjikc��sc�lJy*¢�m�z{p�y�iklJpr´a¡{iJp�qog l�c�nv_ac�lJnv_a|�c�u�n�c�y�b7|�iJ_aq�zac�y*yJqogFi*z{priJc�y
®²±5®²± °��1®tmol�¯oq[�È±�_Bmoprg ®+qsgjikc1±#molJ¢rq���c�g m)gaxs¢�mop�yk³,¼MÓ�g lJc�nv_ac�l�nv_ac²zaqsg{n+z{c�y
nv_Bm¬«gac�y�iJc�¢r¢�c�y;ªF¡ac6�"qs¡{l�ikqs¡¨i�|�ikm)i�prgapriJp«m)¢Vw"¢«m!zapry�iJlJpr´a¡{iJp�qsg©zac6¢«m!nv_BmÃ¬ gac�n�qsgj�sc�lJxsc
�sc�l�y�¢�m�zapry�ikl�p�´{¡{ikprqsg��7·

�������� �	� �	! � +-N U#"@.%$&��+'"@. � G=9 0(" &D�
q<; ! � + N U)"E. G ! + W � &*" �7W��1G N .,¼

���EK����



�[d

���)mogji�zac��al�|�y�c�gjikc�l�¢�c�y7mo¢�xoqslJp¦ik_ab7c�y�zac!yJprb6¡{¢«m)iJp�qog¶w�gaqs¡{yµlkmo�{�"c�¢�qsg{y�´alJpr`��oc,u
b�c�gji�ªF¡ac�¢rªF¡ac�y�za|,ÇBgap¦ikprqsgay�c,i�l�|�yJ¡{¢rikm)iky�y�¡al�¢�m�n�qsgj�sc�l�xsc�g{n�c7zac�y�nv_Bm¬«gac�y�z{c�®tmol:u
¯oq[�D¼

���� � ����� �OJD���SJ  �UG � ��� J/� H/�����CJ G��UJ �EH.J
 �mogay5¢�m7y�¡ap¦ikcow�W � za|�yJprxsgac*¡agac*nv_BmÃ¬ gac�z{c;®tmolJ¯)q[��yJ¡al5¢@£¤c�yJ�amon�c +"�EU3�!U3� .QwBzaqsgji¢�c*gaq[¿jm)¡1zac�iJlkmogay�priJp�qog1c�y�i ! + N U)"E.#�"qs¡{l N4&4�Æc�i " &D��¼

�C��� 	 �3� 	 � Ï ��� ��gac*¢rqsp � c�y�iHprgj�om)lJp�mogjikc;�"qs¡{l5¢«m�nv_Bm¬«gac;zac�®tmol�¯oq[��yJp)·
� + "@. G = ! +-N U#"@. � +8B N . 0(" &D� °����j³

±�c�iJiJc�n�qogazap¦ikprqsg!c�y�i5ga|�n�c�y�ykmoprlJc*�Dqs¡alMqs´{iJc�gaprl#¢�m6n�qsgj�oc�lJxoc�gan�c�zac�¢�m6nv_Bm¬«gac��oc�lJy	��¼
�!� � � ��!� � �@Ð��ÑÍ[���'½�m�nv_Bm¬«gac;c�y�i�lJ|,�sc�lJyJpr´a¢rcµ�Dqs¡al �9y�p�¢rc;gaq[¿jmo¡1zac;iJlkmog{yJp¦ikprqsg1�o|,u
lJp¦ÇBc�· =

� ! +-N U#"@. � +8B N . G = � ! +-N U ! . � +8B N . 0("MU ! &D� °��!�j³

±�c�iJiJc�n�qsgazap¦ikprqsgµprb7�a¢�prªF¡ac#¢@£Âprgj�)molJp�mogan�c#�"qo¡al���w)c,i�y�p�xsg{prÇBc�ª�¡{c�yJqo¡ay�¢�m�zapry�iJlJpr´a¡{ikprqsg
y�ivmikprqsgagBmoprlJc � ¢�m1�al�qs´Bmo´apr¢rpriJ|!zacX�amoyJy�c�lµzac " Ä ! c�y�iµ¢«m+b�Á�b7c!ªF¡ac!zac!�amoyJy�c�l
zac�!�Ä "6¼}½�m��{¢�¡a�amol�iHzac�y�mo¢rxsqsl�priJ_ab7c�yHzac*yJprb6¡a¢�m)iJp�qsgtyJqsgjiHc�g1lJ|�m)¢�p¦ik|;n�qsg{y�ikl�¡ap¦iky
�"qs¡{l5�alJq�za¡aprlJc*zac�yHnv_am¬ g{c�y�z{c6®1molJ¯)qÃ�!lJ|��oc�l�yJpr´a¢�c�y�¼

� � �Ã� ����ÏoÍ�� � �@ÐF� Í[�5��½�m�nv_Bm¬«gac;c�y�i�z{priJc �"uhprlJlJ|�za¡an,ikpr´a¢�c;yJp 0!N4&D� c�i�0 " &D�/·
��+'"@.�*29 + 	
	 ! � + N U)"E. *29 ° �)�j³

±�c�¢�m²yJprxsgap¦ÇBc�ªF¡ac�¢«m²nv_am¬ g{c�m²¡agac��al�qs´Bmo´apr¢rpriJ|!gaqsg gF¡a¢r¢�c�zS£¸m)i�ikc�p�gaz{lJc�c�g iJc�b7�ay
ÇBgap�iJqs¡{i�c�gay�c�b6´{¢�c �Su¹�alJqo´Bmo´a¢rco¼¶±�c�iJiJcµn�qogazap¦ikprqsg/c�y�i�n�¢�moprlJc�b7c�gFi*g{|�n�c�yJyJmop�l�c��"qo¡al
ª�¡{cµ¢«m�nv_Bm¬«gacµn�qogF�oc�l�xsc�c�g/zapry�iJlJpr´a¡{iJp�qsg²�oc�l�y � m��sc�n�g¶£Âprb7�"qol�ikc6ª�¡{c�¢r¢�cµn�qsgazap¦ikprqsg
p�gap¦ikp�mo¢rco¼

KEKML-NPO�Q�Q�R



�!� ����� 2���>�@ =��
	����� > ; 6 032���> ;

� #�� �3�ÑË �E�VÏ<� Í[�H�.½�£¸m)�"|�lJprq¨zaprn�p¦ik|6moyJy�¡alJc6ª�¡{c6¢rc�y�za|��a¢�mon�c�b�c�gjiky�c�gjiJlJcµ|,ivm)iJy�g¶£¤qsgji
�Bmoy iJlJqs��zac�n�qsgjiklJmop�gjiJc�y#za|,ikc�lJb7p�g{p�y�ikc�y�¼}�BqslJb7c�¢r¢rc�b7c�gji�w¨¢«m;nv_Bm¬«gac�c�y�i5m)�"|�lJprq¨zaprªF¡ac
y�£¤p�¢3g¶£¤c,§¨pry�iJc��Bm)yHzS£Âc�gayJc�b6´a¢rc�y "O�[w�¼r¼r¼�w#" 5 % S�& � m��oc�n�B����6ikc�¢�yHªF¡ac�·

! + N U)" ^ � S 9 5 = . G / 0!N4& "�^LU��>G�9�UXVWVXVWU3B $ / ° ���Ã³
��gac5n�qsgazap¦ikprqsg�yJ¡¨¥�yJmogjikc6°@b�mopry�gaqsg7ga|�n�c�yJykm)p�l�c[³��"qo¡al�ªF¡¶£¤p�¢{¿µmop¦i]mo�D|�lJprq�zap�n�priJ|5c�y�i3·

0EN'&4� ! +-N U N .�*29 ° �o�s³
 �mogay�n�c�n�moy�w�¢�m+nv_am¬ g{cXc�y�iµzap¦ikc7ÀÑqsl�ikc�b7c�gFiµmo�D|�lJprq�zap�ªF¡ac)¼� �mogay6¢rc�n�moy;zapryJn�l�c�i�w�pr¢
yJ¡{¥7iHzac��s|�lJp¦ÇBc�lHn�c,iJikc;�al�qs�alJpr|�iJ|*�"qs¡{l5¡ag1y�c�¡a¢DN'&4��¼

½3qsl�yJªF¡ac�¢«m�nv_BmÃ¬ gac7c�y�i �SuhprlJl�|�za¡{n�ikpr´a¢rc�c,i;mo�D|�lJprq�zap�ªF¡ac)w�mo¢�qolJy�c�¢r¢rc�n�qsgj�sc�lJxsc�c�g
zap�y�ikl�p�´a¡¨ikprqsg+�oc�l�y �L�"qo¡al5�alJc�yJªF¡ac*ikqs¡¨ikc*n�qsg{zapriJp�qog1prgap¦ikp�mo¢�c�·

�	! � +-N UWV .%$ ��+�V . �
� 9 �Dqs¡al5�al�c�yJªF¡ac;ikqs¡¨i�N ° �)dj³

�!��Ïj� � � � � Ï � 	B�/� � � � ����� 	 � �3�V�]� ±�c�i�ikcMgaqoiJp�qsg;�Dc�lJb7c,i�z¶£Âmoy�yJ¡al�c�l�¡{gac n�qsgj�sc�l�u
xsc�gan�c��Dqs¡al]ikqs¡{iJc�n�qsgazap¦ikprqsg�prgapriJp«m)¢�c)¼a±�£¤c�y�i5¡agac�g{qoikprqsg!�a¢r¡ay�ÀÑqol�ikcHªF¡ac�¢@£ÂprlJl�|�za¡{n�ikp u
´ap�¢rp¦ik|owBªF¡ap�m)yJyJ¡{lJc;ª�¡{c10!N4&4�Æc�i/0 " &D�/·

��+ "E.�*29 + ! + 	
	�W � & " � W��1G N . G�/ ° �3�F³

~�qs¡al��s|�lJp¦ÇBc�l�ªF¡ac�¢rc�y�mo¢rxsqsl�priJ_ab7c�y�®²±5®²±ÒÀÑqsg{n�ikprqsgag{c�gji�w�qsg/�s|�lJp¦ÇBcXz{qsgan7c�g
xs|�ga|�lkmo¢]ªF¡ac�¢«m+nv_Bm¬«gacXzac!®tmol�¯oq[� �alJq�za¡ap¦ikcXmozab7c�i�¢«m+¢�qop�� n�qsb7b7cX�{lJqs´Bm)´ap�¢rp¦ik|
p�gj�)molJp�mogjikc)w"ªF¡¶£¤c�¢r¢rcµc�y�i�mo�D|�l�p�q�zaprª�¡{cµc�i �SuhprlJl�|�za¡{n�ikpr´a¢rcow"no£¤c�y�i�u:Äu¹zaprlJc6ªF¡¶£¤c�¢r¢rcµc�y�i�c�l:u
xsq¨z{p�ªF¡ac)¼

��� � P ���CG �L���
	 JD�
�Hqs¡ay�za|�n�l�pr�oqsgay;b�m)p�gjikc�gBmogji*¢rc�y*zac�¡�§©mo¢rxsqsl�priJ_ab7c�y�¡{iJp�¢rp�y�|�y*�Dqs¡al�yJprb6¡{¢�c�l;z{c�y

�alJq�n�c�yJyJ¡{y#qs´¨��c,iky�¼¨½3c��al�c�b7prc�l�w�zap¦i5mo¢rxsqsl�priJ_ab7c�z{cH,/*�� ; ;C*-,6 >�4)2B03@ =�c�y�i#�al�qs�al�c�mo¡�§
�alJq�n�c�yJyJ¡{y��"qsg{n�ik¡{c�¢ry�wsivm)gazapry�ªF¡ac5¢�c�yJc�n�qsgaz¶wo¢V£Âmo¢rxsqslJp¦ik_{b�c�zac � >�=�@ 0��J038�� ;�4�� *3;�=�� ,�� ;�4
	+@ > >�,�c�y�i��a¢r¡ay�xs|�ga|�lJmo¢¨c,i��Dc�¡{i�Á�ikl�c#¡{iJp�¢rp�y�|5�"qo¡al�¡ag{c#¢«m)lJxsc n�m)iJ|�xsqsl�p�c zac#�al�q¨n�c�y�yJ¡ay

���EK����



�Ã�

mo¢�|�m)ikqop�l�c�y�¼
±�qob�b7c²g{qs¡ayX¢@£Âm[�oqsgay�yJqs¡a¢rprxsga|²�a¢r¡ay�_Bmo¡{i�w ¢rc�y��alJq�n�c�yJyJ¡{y!ªF¡ac²¢@£ÂqsgÈyJqs¡{_Bmop¦ikc

yJprb6¡a¢rc�l;gac7yJqsgji�n�qsg{g�¡{y�ªF¡ac7�Bmol*¢rc�¡al*zac�gayJp¦ik|�gaqsg gaqsl�b�mo¢�pryJ|�co¼�½�m+n�qsgay�iklJ¡{n�ikprqsg
zac6¢�mXnv_Bm¬«gac�zacµ®tmol�¯oq[�²gac�zaqsp¦i�zaqoganµ�BmoyHÀ@moprlJc6prgjikc�l��sc�gaprl;¢�mXn�qsgay�ikmogjikcµz{c6gaqsl:u
b�m)¢�prykm)iJp�qog¶¼

��� 
���� � 	J�V��� 	 � Ï �jÎk�9Ë��[Í
½�£Âmo¢rxsqslJp¦ik_{b�c�zacB,/*�� ; ;C*-,6 >�4)2B03@ =5n�qsgayJpry�iJc�ÄXg¶£Âmo¡{iJqslJpryJc�l�Ä�nv_BmoªF¡ac�|�ikmo�Dc6ªF¡ac

zac�¡¨§!ih¿¨�Dc�y�zac�iJlkmogay�priJp�qogay¶·B¢@£¸m��qo¡{i�qs¡�¢«m�y�¡a�a�al�c�yJy�p�qogtz¶£¤¡ag�qs´¨��c,i�Äµ¢�m�n�qsg¨ÇBxs¡alJmu
ikprqsg¶¼�½�m+z{p�y�iklJpr´a¡{iJp�qog9¡{iJp�¢rp�y�|�c��"qo¡al*¢�c�nv_aqsp § zac�¢V£¤qs´¨��c,i6Ä+m��qs¡¨ikc�l*qs¡ yJ¡{�a�alJprb7c�l
za|��Dc�gaz�c,§¨�a¢rprn�p¦ikc�b7c�gFi�zac5¢�m*¢rqsp ��wsn�c�n�p}m)ÇBg7z¶£Âmoy�yJ¡al�c�lM¢«m�n�qogF�oc�l�xsc�gan�c�z{cH¢�m�nv_Bm¬«gac
�sc�l�y�¢�m�´"qogagac*¢�qopV¼

~�¢r¡ay#�al�|�n�p�y�|�b7c�gji�wBqog!za|�Çagapri#yJ¡al ¢V£¤c�y��Bmon�c:# ¡agac�b�c�yJ¡al�c�zac�gamop�y�ykmog{n�c�! + N UXV .
ª�¡{paza|��Dc�g{z�z{c5¢«m�n�qsg{ÇBxs¡{lkm)iJp�qsg N�woc�i]�Dqs¡al�nv_Bm)ª�¡{cHqo´¨��c�i %�zac5¢�m�n�qsg¨ÇBxs¡alJm)ikprqsg�¡ag
ivmo¡¨§µzac5b7qsl�i[B/+ N UY% .Q¼jÓ�g7n�mo¢rn�¡a¢rc�c�gay�¡ap¦ikc�¢�c�y�ivmo¡�§�zac5gBm)p�y�ykmogan�c�c�i]b7qsl�i�xs¢�qo´Bmo¡¨§�·

� +-N . G 6��� � $ B/+ N UY%[^ . ° �o�s³

! +-N .�G ! + N U #E. ° � �j³
½�£Âmo¢rxsqslJp¦ik_{b�c*zac*gBm)p�y�ykmogan�c,u¹b�qol�iHyJc;za|�n�lJp¦i�mo¢�qolJy5zac*¢�m7À@moÅ�qsg�yJ¡ap¦�)mogjikc�·
�s¼�|�ikmogji�zaqsgag{|�c/¢�m n�qsg{Çaxs¡alkmikprqsg N � Ä ¢@£¤|�ivm)�"c 	Qw�¢«m b7q�zaprÇan�m)iJp�qsg c,¾Sc�n�iJ¡a|�cc�y�i*¢V£Âm��qs¡{i�z¶£Â¡{g �Dqsprgji*m��sc�n7¡ag{c��alJqs´amo´apr¢�p¦ik| ! + N � . ��+�� +-N � . A ! +-N � . .�c�i*¢�myJ¡a�{�alJc�yJyJprqsg1z¶£Â¡{gt�Dqsp�gji�zac@N � m[�oc�n;¢«m��al�qs´Bmo´{p�¢rpriJ|�� +-N � . ��+	� + N � .DA !K+-N � . .�¨¼�yJp5¢�m b7q�zap¦ÇBn�m)iJp�qog c�y�i�¡agac+gBmopryJykm)gan�c)w qsg nv_aqspryJp¦iXmo¢�qolJy7¡ag �Dqsprgji % zac4#
yJc�¢�qsg+¢�m7z{p�y�iklJpr´a¡{iJp�qogD! + N � UXV . � !K+-N � .�c�iHqsg+�DqsyJc@N � � S�G N � �8PR% \d{¼�yJpD¢«m�b�q�zap¦ÇBn�mikprqsg�c�y�i5¡agac�b7qsl�i�w�qsg!nv_aqop�y�pri5¢rc��DqsprgFi/(7zac!N � m��sc�n�¢«m6�{lJqs´BmÃu´apr¢�p¦ik| B +-N � U)(�. �
� + N � .�c�iHqsg��DqsyJc@N � � S G N ��� P ([\Ó�g�yJcH�a¢«m)n�c�xo|�ga|�lkmo¢rc�b7c�gji�zBmogay ¢�cHn�moyMq<;�¢«m*b7c�yJ¡{lJc�! + N UXV .��"qsy�yJ`�zac�¡ag{c�zac�g¨u

yJp¦ik|*�"qo¡al5¢«m7b7c�y�¡alJc���wazac�gayJp¦ik|;ªF¡ac;¢V£¤qsg�gaqoiJc� + N UXV .,¼
KEKML-NPO�Q�Q�R



� � ����� 2���>�@ =��
	����� > ; 6 032���> ;

~�qs¡al+moy�yJ¡al�c�l+¢«m n�qogF�oc�l�xsc�gan�c9zac©¢�m nv_am¬ g{c �oc�lJy+¢�m ¢rqsp ��w5p�¢�À@mo¡¨i�´ap�c�g y��al
¡{ikpr¢�pryJc�l6¢rc�y6ikmo¡¨§Lzac�gBmopryJykm)gan�cQuhb7qsl�i ! +-N UWV .;c�i�B +-N UWV .;moza|�ªF¡Bmiky�¼� �mogay�¢�c�n�moy�q<;
¢«m�zac�gay�priJ| X c�y�i�_a|�l�|�zap¦ivm)p�l�c�°@n,À�|�ªF¡Bmikprqsg©�s³#c�i�¢�qolJyJªF¡ac�¢«m�n�qsg{zapriJp�qogtzac�y�ivm)´ap�¢rp¦ik|
°@n�ÀM���o³Mc�y�i#�s|�lJp¦ÇB|�c)wB¡ag�lJ|�yJ¡a¢¦ivmi5za|�b7qsgjiJlJ|�zBmog{y 
r��d�3moy�yJ¡al�c�ªF¡ac��Dqs¡al#¢rc�y�ikmo¡¨§Xzac
gBmopryJykm)gan�cQuhb7qsl�iHy�¡apr�)mogjiJy¶·

 +-N U % . G - �
 ( $�� ���� , ( $ ,���� yJp X + N .�*29

9 yJp X + N . G=9
° �-�s³

B +-N U % . G - �
 ( $��:���� , ( $ ,	�

S % � yJp X +-N ./* 9/ �&� + N . yJp X +-N . G�9
° �)�j³

q<;�
_& 0 9 U+/?5 w"¢«m!nv_BmÃ¬ gac7zac�®tmolJ¯)q[�/�alJq�za¡ap¦ikc�n�qsgj�sc�lJxsc7c�g/¢rqsp��oc�l�y �È�Dqs¡al�ikqs¡{iJc
n�qsgaz{priJp�qsg�prgap¦ikp�mo¢rco¼B �c��{¢�¡ay�wa¢rc�n�mo¢rn�¡a¢"zac�y5ikmo¡¨§Xc�y�iHm)p�y�|�¢�qolJyJªF¡ac*¢�mµzac�g{yJp¦ik|�zac*~�mu
�Bmogaxsc�¢�qo¡1c�y�iHn�qsg{g�¡{co¼

½�£¤p�g{n�qsgj�s|�gaprc�gji7zac�n�c�iµmo¢rxsqslJp¦ik_{b�c7c�y�iµªF¡ac�¢�c�n�m)¢�n�¡a¢ z{c�y*ivmo¡¨§ z{cXgBmopryJyJmogan�c,u
b�qol�i]zaqsp¦i]Á�iJlJc5c,¾Sc�n�ik¡{|�Ä�nv_Bm)ª�¡{c�p¦ik|�lkm)iJp�qsgSwsn�c5ªF¡apB�Dc�¡{i]Á,ikl�c�iJlJ`�y�n�q��{iJc�¡¨§�¢rqsl�yJªF¡ac
¢V£¤c�y��Bmon�c #�c�y�i6xslkmog{z¶¼�~�qs¡al�yJ¡a�{�alJprb7c�lµ¢rcXn�mo¢�n�¡a¢Mzac�y;ivmo¡¨§Lzac�b7qsl�iJy�w�qsg ¡{iJp�¢rpryJc
yJqs¡{�oc�gji ¢�cHn�moy
 G /�·j¢rc�yMqs´¨��c,ikyMÄ;y�¡a�a�al�p�b7c�l y�qsgjiMiJp�l�|�yMzac5À@moÅ�qog�¡ag{prÀÑqsl�b7cHy�¡al N�w
zac�ikc�¢r¢rc�y�qsl�iJc;ªF¡ac;ªF¡ac�� +-N .�G � + N .,¼D½3c*n�moy�
 G 9��Dqs¡al�lkmop¦iHyJc�b�´a¢rc�l�prgjik|�lJc�y�ykmogji
zBmogay*¢�m�b7c�yJ¡al�c�q<;©pr¢�|���p¦ikc�¢�c7n�mo¢�n�¡a¢�zac�y*ikmo¡¨§©z{c�gamop�y�ykmog{n�cow�ªF¡ap�c�y�i;c�g©xs|�ga|�lJmo¢
´ap�c�gÈ�{¢�¡ay7n�q��{ikc�¡¨§ ªF¡ac�n�c�¢�¡ap�zac�y�ivmo¡¨§ zac�b�qol�i7¢rqslJy�ª�¡{c1¢@£Âc�yJ�Bm)n�c # c�y�i�xolkmogazS¼
±�c��Dc�gazBm)gFi�w#n�c1n�moyXg¶£Âc�y�i��amoy!c�¥�n�mon�c²n�molX¢@£Âmo¢�xoqslJp¦ik_ab7c/m ikc�g{zBmogan�c/Ä9lkmÃ��qs¡{ikc�l
´"c�mo¡an�qo¡a�1zS£Âqs´���c�ikyH�Dqs¡al5c�g{yJ¡ap¦ikc;¢�c�y�c�¾Smon�c�l�¼

Ó�g �"c�¡{i;¢�prb7priJc�l;¢�c7gaqob6´al�c�zac7n�mo¢�n�¡a¢MÄ�nv_BmoªF¡acXp¦ik|�lkm)iJp�qog �{¡ap�y�ªF¡¶£Âc�g xs|�ga|�lJmo¢
n�c�l�ivmoprgay�ikmo¡¨§/z{c�gBmopryJykm)gan�c7gacµy�qsgji*�Bmoy�b7q�zaprÇa|�y*�Bmol�¢@£Âm��qs¡{i�qo¡/¢«m�yJ¡{�a�alJc�yJy�p�qsg
z¶£Â¡{g qs´¨��c�i�¼�±�c��"c�gazBmogji�w�¢�c�yµivmo¡¨§9zac!gamop�y�ykmog{n�c�y7ªF¡ap zaqsp¦�sc�gji7Á,iklJcXb�pry7Ä���qs¡{lµÄ
nv_BmoªF¡ac*|�ikmo�"c��)mol�p�c�gji�yJc�¢rqsg�¢rc�b�q�za`�¢�c)wac�i��Dc�¡{�oc�gjiHÁ�iJlJc�|�xsmo¢�c�b7c�gjiHc�g�ikl�`�y5xslJmogaz
gaqsb6´{lJco¼s �c#�a¢r¡ay�wo¢«m��a¢�mon�c5b�|�b7qsp�l�c#ga|�n�c�y�ykmoprlJcH�Dqs¡al�¢@£Âmo¢�xoqslJp¦ik_ab7c#c�y�i]�al�qs�Dqsl�iJp�qsg�u
gac�¢r¢�c;Ä7¢«mµikmop�¢r¢rc;z{c;¢@£¤c�yJ�amon�c #�¼

���EK����



���

��� 
�� 
 Ê �jÍ �ÃË'#�Ë"Ð��@�,Î � 	B��Í�� � I"�
±�c1zac�¡�§{pr`�b7c/m)¢�xsqolJp¦ik_ab7ctc�y�iX´"c�mo¡an�qo¡a� �a¢r¡ay!xo|�ga|�lkmo¢�ªF¡act¢rct�{lJc�b7prc�l�w c,i!pr¢

�"c�¡{i;y�£Âmo�a�a¢rp�ªF¡ac�l6Ä�z¶£Âmo¡{iJlJc�y;�al�q¨n�c�yJy�¡ay;ª�¡{c�¢rc�y;�alJq�n�c�yJy�¡ay��Dqsgan,ik¡ac�¢�y�¼�fh¢�n�qsgay�p�y�ikc
Ä!�alJqs�Dqsy�c�l*Ä!nv_BmoªF¡ac7|,ivmo�Dc�zac�y�iJlkmog{yJp¦ikprqsgay�zac�¢@£Â|,ivm)i*n�qs¡alJmogji@N � �oc�l�y;¡{g |,ivm)i -m©�{lJprqslJp#ªF¡ac�¢�n�qsgaªF¡ac)¼�½3c�y �hb7qs¡{�sc�b7c�gjiky �²m)¡{ikqsl�p�y�|�y7gac�y�qsgji�z{qsgan��Bmoy�ga|�n�c�yJykm)p¦u
lJc�b7c�gFiµ¡agac!gBm)p�y�ykmogan�c�qs¡ ¡agacXb�qol�i�w�c�i6¢�cXnv_aqsp § zac�¢V£¤|�ikm)i�zac!z{c�y�iJp�gam)ikprqsg�-©gac
za|��Dc�gazX�Bmoy]ÀÑqslJn�|�b7c�gji#z{c�¢�m�zac�gayJp¦ik| X Ä;yJprb6¡a¢rc�l�¼{½�m;iJlkmog{yJp¦ikprqsgX�al�qs�DqsyJ|�c�zac*N � Ä-+c�y�i�c�gayJ¡{priJc�mon�n�c��{iJ|�c7m��sc�n�¡agac�n�c�l�ivmoprgacµ�{lJqs´Bm)´ap�¢rp¦ik| �]¼¶±�c6ikmo¡¨§1z¶£Âmon�n�c��{ikm)ikprqsg� À@mopri7prgjikc�l��sc�gaprlXxs|�ga|�lJmo¢�c�b7c�gjiX¢�m/zac�g{yJp¦ik| X w�n�c�ªF¡ap�moy�yJ¡al�c1¢�m/n�qsgj�sc�lJxsc�gan�c1zac
¢V£Âmo¢rxsqslJp¦ik_{b�c��oc�lJyH¢�m7´Dqsgag{c;¢rqsp@¼

~�¢r¡ay��al�|�n�pryJ|�b7c�gji�w]¢@£¸mo¢rxsqsl�priJ_ab7c!¡{iJp�¢rp�y�c�¡agac!zac�gayJp¦ik|�zac!iJlkmog{yJp¦ikprqsg mo¡¨§¨pr¢�p�moprlJc
� + N UXV .HªF¡ac�¢V£¤qsg²y�¡a�a�DqsyJcµn�mo¢rn�¡a¢�mo´a¢rcµc,§¨�a¢rprn�p¦ikc�b7c�gFi*c,i�y�p�b�¡a¢«m)´a¢�c�À@mon�pr¢�c�b7c�gji�¼S½]£Âmo¢ uxsqslJp¦ik_{b�c*y�c;z{|�n�l�pri�mo¢rqsl�yHz{c;¢�mµÀ@mon�qog+y�¡ap¦�om)gFiJc�·
�s¼�|�ikmogji�zaqsgaga|�c*¢«mµn�qsg{ÇBxs¡{lkm)iJp�qsg N � Ä�¢V£¤|�ikmo�"c 	Qw{qsg�yJprb6¡a¢rc*¡agac*n�qsg¨ÇBxs¡alJm)ikprqsg-Xy�c�¢rqsgt¢�m�zac�gay�priJ| � +-N � UWV .�¨¼�qsg�n�mo¢rn�¡{¢�c�mo¢rqslJy5¢rc�ivmo¡¨§

� G
X +.- . � + - U N � .X + N � . � + N � U - . ° � �j³

d{¼Hm��sc�n�¢«m7�al�qs´Bmo´apr¢rpriJ|��_G � ��� + /]U � .#qsgt�Dqsy�cCN � � S1G�-�c,i�m��sc�n6¢�m��{lJqs´Bm)´ap�¢rp¦ik|/ $ �9qsg+�"qsy�c@N � � S�GJN � ¼
±�qob�b7c�zBmogay ¢�c�n�moy zac�¢@£¸m)¢�xsqolJp¦ik_ab7cHzac�gBm)p�y�ykmogan�c,u¹b�qol�i�w�¢�m�n�qogay�ikmogjikc�zacHgaqsl:u

b�m)¢�prykm)iJp�qog²g¶£¤p�gjikc�l���prc�gji*�Bmoy�zBmogay�¢rc�y�n�mo¢rn�¡a¢ry�¼S½3c�y�ÀÑqolJb6¡{¢�c�y�gacµy�qsgji�za|,ÇBgaprc�y�ªF¡ac
¢�qsl�yJªF¡ac X + N � .�c�y�i*g{qsg©g�¡{¢V¼�Õ¨p�qsg©p�gap¦ikp�mo¢rp�y�c7¢V£Âmo¢rxsqslJp¦ik_{b�c�m��sc�n7¡agac7n�qsg¨ÇBxs¡alJm)ikprqsgN ��iJc�¢r¢�c*ªF¡ac X + N ��.�*29{wBm)¢�qsl�y#¢�m7nv_am¬ g{c;z{c;®tmolJ¯)q[��gac��Bmoy�yJc�lkm7ª�¡{c��Bmol5zac�y5|�ivmiky
zac��{lJqs´Bm)´ap�¢rp¦ik|HgaqsgXgF¡a¢r¢rcow�c�i ¢�cHn�mo¢rn�¡{¢"za¡�ivmo¡�§�z¶£¸m)n�n�c��{ivmikprqsg!yJc�lkm*ikqs¡)��qo¡alJyMza|�Çagap
c�iHy�iJlJprn�ikc�b7c�gji��Dqsy�priJprÀ:¼

½�m�zac�gayJp¦ik|Hzac#iklJmogay�priJp�qsg�mo¡¨§¨pr¢�p�moprlJc � +�VWUXV .�c�y�i�m��{lJprqslJpBªF¡ac�¢�n�qsgaªF¡acowFb�mopry]p�¢{À@m)¡{i¢�¡ap�prb7�"qoyJc�l;ªF¡ac�¢rªF¡ac�y6lJc�y�ikl�p�n,ikprqsgay;�"qs¡{l�m)yJyJ¡{lJc�l;¢�m+n�qsgj�sc�l�xsc�g{n�c!zac�¢@£¸mo¢rxsqsl�priJ_ab7c
�sc�l�y�¢«m zac�gayJp¦ik| X ¼# �mogay!iJqs¡ay�¢rc�y�n�m)y�w#¢�m ¢�qsp X c�y�i1prgj�)molJp�mogjikc/�Dqs¡al!¢�m nv_Bm¬«gac
zac7®tmol�¯oq[�²�{lJq�za¡ap¦ikc6�amol�¢@£¸mo¢rxsqsl�priJ_ab7c�u#�oqsprl��Bmol�c,§¨c�b7�a¢rc 
r�!�� ¼S~�qs¡{l�ªF¡¶£Âpr¢�¿tmop¦i

KEKML-NPO�Q�Q�R



�[� ����� 2���>�@ =��
	����� > ; 6 032���> ;

c�lJxoq¨zaprn�p¦ik|)w pr¢5À@mo¡{i��s|�lJp¦ÇBc�l!¢@£Âmo�"|�lJprq¨z{p�n�priJ|1c,i!¢�m X u¹p�l�lJ|�z{¡an�iJp�´apr¢rpriJ|o¼ ½]£Âmo�D|�l�p�q�zaprn�p¦ik|
c�y�i5��lJmop�c�y�p ! +-N U N . *29µ�"qs¡{l#ikqs¡{i1N�wano£¤c�y�i�u:ÄÃuhzaprlJc�y�p3Ä�nv_BmoªF¡ac*|�ikmo�"c�¢@£¤|��s|�gac�b7c�gFi
N � � S�GJN � yJc5�{lJq�za¡ap¦i]m��sc�n�¡ag{c5�alJqs´amo´apr¢�p¦ik|5gaqog�g�¡{¢�¢rco¼�±�c,iJikc5n�qsgazap¦ikprqsg7c�y�i��s|�lJp¦ÇB|�cmoyJy�c É À@mon�pr¢�c�b7c�gji�zamogay�¢«m��a¢r¡a�Bm)l�iHzac�y�n�moy�¼ �mogay]¢�c5n�moy]zapryJn�l�c�i�wj¢V£¤p�l�lJ|�za¡an�iJp�´{p�¢rpriJ|�y�p�xogaprÇacHªF¡ac5iJqs¡{i]|�ikm)i]zac5�al�qs´Bmo´{p�¢rpriJ|�gaqsg
g�¡{¢�¢rc��Dc�¡{i�Á�iJlJc m)iJiJc�prgji�c�g6¡ag�gaqsb6´{lJc]ÇBgap�zacMiJlkmog{yJp¦ikprqsgay�m[�oc�n ¡agac��{lJqs´Bm)´ap�¢rp¦ik|Mgaqsg
g�¡{¢�¢rco¼[fh¢jc�y�i�zaqsg{nMprb7�"qol�ivm)gFi�z{c]�o|�l�prÇBc�l�ª�¡{c ¢rc�y�b7qs¡{�oc�b7c�gjiky�mo¡{iJqslJpryJ|�y��"c�lJb7c�i�ikc�gji
z¶£¸miJikc�p�g{zalJc�ikqo¡{ikc�yH¢rc�yHn�qog{ÇBxs¡alJm)ikprqsgay��DqsyJy�p�´{¢�c�y�¼

Õ�p3¢V£¤c�y��Bmon�c #Ìc�y�iHzapryJn�l�c�i�wB¢V£¤p�l�lJ|�za¡an�iJp�´{p�¢rpriJ|�y�¡{¥7i��Dqs¡al�m)yJyJ¡{lJc�l�¢�m�n�qsgj�sc�lJxsc�gan�c
zac*¢V£Âmo¢rxsqslJp¦ik_{b�c*�Dqs¡al#iJqs¡{ikc*n�qsgazap¦ikprqsgtprgap¦ikp�mo¢rco¼} �mog{y�¢rc*n�moy�n�qogFiJp�gF¡¶w}pr¢¶À@mo¡{i5�o|�lJp u
ÇBc�l�c�g²�a¢r¡ay�¢�m�l�|�n�¡alJl�c�gan�c7mo¡ty�c�gay�zac6º�mol�lJpry�¼" �c�y�n�qsgaz{priJp�qsg{y�moyJy�c É À@m)p�´a¢rc�y��"qo¡alª�¡{c;n�c�i�ikc;�alJqs�{lJpr|�ik|*y�qspri���lkm)p�c*yJqogFiHzaqogaga|�c�y�zamogay 
¸���sw}�	�V¼

 �£¸mo¡¨iklJc��Bmol�i�w�¡agacXl�c�b�mol�ª�¡{c!p�b7�Dqsl�ikmogjikc�yJ¡al6¢«m+zac�gay�priJ| � +�VWUXV .*c�y�i�ªF¡ac��"qo¡alikqs¡{iJc�iklJmogay�priJp�qsg��Dqsy�yJpr´a¢�c5zS£Â¡ag�|,ivm)i N��oc�l�y�¢V£¤|�ikm)i�-Dw)¢�m�iklJmogayJp¦ikprqsg�prgj�sc�l�yJc�zac�-*�sc�lJy
N�zaqsp¦i�Á,iklJc��"qoyJyJpr´a¢rco¼ �]gXc�¾"c�i�w�zBmog{y�¢rc�n�m)y�n�qogFiJlkmoprlJc�¢�c�lkmo�{�"qsl�i � +.- U N . � � +-N U)-�.�c�y�ig�¡{¢VwBzaqogan*¢�c*b7qs¡{�oc�b7c�gji�z{c N²Ä -!yJc�lkm�ikqs¡)��qo¡alJy5l�c���c�iJ|o¼

½�£Âmo¢rxsqslJp¦ik_{b�c z{c ®+c�ikl�qs�Dqs¢�pry�uhº�moy�ikprgaxsy©ga|�n�c�y�yJp¦ikcÈzaqsgan b7qsprgay©zac n�mo¢rn�¡{¢�y Ä
nv_BmoªF¡ac�priJ|�lkmikprqsgLªF¡ac�¢@£¸mo¢rxsqsl�priJ_ab7c7zac7gBmopryJykm)gan�cQuhb7qsl�i�¼ �]gLlJc,�om)ganv_acow�¢rqslJy�ªF¡ac�¢�m
zac�gay�priJ| � +�VWUXV .Hgac6za|��Dc�gaz/�amoy�zac X wD¢�cµnv_{qsp¦§tzac�y�iklJmogay�priJp�qsg{y�c�y�i�p�g{za|��Dc�gazamogji�zacn�c�i�ikc5¢rqsp{c,i]¢V£Âmo¢rxsqsl�priJ_ab7c#�alJqo�"qsy�c5´"c�mo¡an�qs¡a�7zac5b7qs¡{�oc�b7c�gjikyMªF¡apay�qsgji]p�b7b7|�zap�m)iJc,u
b�c�gji�lJc���c,ik|�y�¼B �m)gay5n�c�n�moy�w¨¢�c�gaqob6´al�c�z¶£Âp¦ik|�lkm)iJp�qogay�Ä6c�¾"c�n,ik¡ac�lHm[�)mogji5z{c��Bmol��oc�gaprl
Ä�¢�m�n�qsgj�sc�l�xsc�g{n�c�c�y�i��{¢�¡ay�p�b7�Dqsl�ikmogji�ªF¡ac��"qo¡al�¢V£Âmo¢rxsqslJp¦ik_{b�c;zac�gBmopryJykm)gan�cQuhb7qsl�i�¼
��qoiJqsgayMmo¡ay�yJp}ªF¡ac�¢�m*za|�ÇBg{priJp�qsg�zac�yMb7qs¡{�oc�b7c�gjiky�c�y�i �al�p�b7qsl�zap«m)¢�c��Dqs¡al]¢V£¤c�¥�n�mon�p¦ik|
zac*¢V£Âmo¢rxsqslJp¦ik_{b�c)¼

��� 
�� � Ê �jÍ �ÃË'#�Ë"Ð��@�,Î � 	B��Í�� � I"�QÎ����
� � �
�Hgac�n�qogFiJlkmoprgjikc�c�yJyJc�gjikprc�¢r¢�c�yJ¡al�¢«m!zac�gayJp¦ik|�mo¡�§{pr¢rp«moprlJc � +�VXUWV .Hc�y�i*ªF¡¶£¤c�¢r¢rc�y�qsp¦i�yJp ub6¡a¢�mo´a¢rc�À@mon�pr¢�c�b7c�gji�¼M �mog{y�¢rc�n�m)y�z{c�y7�alJq�n�c�yJy�¡ay��Dqsgan,ik¡ac�¢�y�w�¢�c�y�iklkm)gayJp¦ikprqsgay7ªF¡ac

¢V£¤qsg m)¡{ikqsl�p�y�c�Ä1nv_amoªF¡ac!p¦ik|�lJm)ikprqsg y�qsgjiµzaqoganXl�c�¢�m)ikp¦�sc�b�c�gji7yJprb��{¢�c�y�¼�±�cXyJqsgjiµ�amol
c,§¨c�b7�a¢rc�¢@£¸mÃ��qs¡{i qs¡X¢�m;b7qsl�i�zS£Â¡ag�qs´¨��c,i�zacH¢�m�n�qog{ÇBxs¡alJm)ikprqsg¶wj¢rcHza|��a¢�mon�c�b7c�gji5z¶£¤¡ag
qs¡/�a¢r¡ayJprc�¡al�y�qs´¨��c,iky�wS¢«m!zapr¢�m)ivm)iJp�qog/z¶£Â¡{g/qs¡/�a¢r¡ayJprc�¡al�y*qs´¨��c�iJy�w¶c,ikn)¼�¼r¼¶½3qsl�yJªF¡ac�¢@£Âc�y�u
�Bmon�c # c�y�i�zapryJn�lJc�i�w3¢V£Âmo¢rxsqsl�priJ_ab7cµ�alJ|�n�|�zac�gji;c�i�¢@£¤|�ªF¡Bm)iJp�qsgL�-��lJc�y�ikc�gFi��)mo¢�mo´a¢rc�y�w3Ä

���EK����



� �

n�qsgaz{priJp�qsg9zacXl�c�b7�a¢�mon�c�lµ¢«m+zac�g{yJp¦ik| � +�VWUXV .;�amol�¡{gacXb�m)iJlJprn�cXz{c�iklJmogay�priJp�qsg��<+�VXUWV .Q¼½�qolJyJªF¡ac # c�y�iHn�qsgjikprg�¡+c�g�l�c��)moganv_ac)wB¢�c�À@m)pri�zac�g{c�n�qsgay�p�z{|�lJc�l�ªF¡ac�z{c�y�gaq[¿jmo¡�§�zac
iklkm)gayJp¦ikprqsg�m�¿jmogji�¡ag{c�zac�g{yJp¦ik|*�"qo¡al�¢�mµb7c�yJ¡{lJc��/zac�¢@£¤c�yJ�amon�c �>c�y�i#ikl�qs��lJc�y�ikl�p�n,ikp¦À:¼
��qoikmob7b�c�gji�wj¢rcHg{qÃ¿smo¡Xz{c�iJlkmog{yJp¦ikprqsg�gS£¸mo¡¨ikqsl�p�yJmogji ªF¡acH¢rc�y]gBmopryJyJmogan�c�y�c,i ¢rc�yMb7qsl�iJy
g¶£¸m)zab7c�iH�Bmoy�¡agac�iJc�¢r¢�c*zac�gayJp¦ik|)¼

»�lJc�c�g m©moprgayJp#prgjikl�q¨za¡{pri7¡ag{c�mo¡{ikl�c!�sc�lJyJprqsg zac�¢@£¸mo¢rxsqsl�priJ_ab7c�zac1®1c�iJlJqs�Dqs¢rp�y:u
º�moy�ikprgaxsy�woª�¡{pBc�y�iMy�c�gay�p�´a¢rc�b7c�gFi�p�z{c�gjikprªF¡ac�Ä�¢�m��alJ|�n�|�zac�gjikcHb�mopryMq ;�¢�c�y]iJlkmog{yJp¦ikprqsgay
yJqsgjiHza|�Çagap�c�y��amol�zac�y�b7c�y�¡alJc�y�zac*�al�qs´Bmo´apr¢rpriJ|;c,i�gaqsg+zac�yHzac�gayJp¦ik|�y�¼

½�m z{c�gay�priJ| gaqsg¨u¹gaqsl�b�m)¢�pryJ|�c X c�y�i²z{qsgan l�c�b7�a¢�mon�|�c �Bmol1¢«m b�c�yJ¡al�c&� gaqog¨u
gaqslJb�mo¢rpryJ|�c+yJ¡{l�¢@£Âc�yJ�Bm)n�ctz{c�y�|�ivmiky ��¼ ½�m©zac�g{yJp¦ik|²m)¡¨§¨p�¢rp«m)p�l�c1c�y�i�lJc�b7�a¢�mon�|�ct�amol
¢�cµg{qÃ¿smo¡�� +-N U#"@.,w N & ��w " & ��¼¶�Hqs¡ay�yJ¡{�a�"qoyJqsgay�|�xjmo¢rc�b7c�gji*¢@£ÂcQ§¨p�y�ikc�g{n�c7z¶£¤¡agac
b�c�yJ¡al�c�y�¿�b7|�ikl�p�ªF¡ac���y�¡alC�4\��Èzaqsb7prgBmogji ��+ B�N .��<+ N U B%- .,wzac5yJqol�ikc5ªF¡ac�¢�m�za|�l�pr�o|�c
zac;��moz{qsg¨u:�Hp�¯)q¨z¨¿¨b�c,§¨p�y�ikc)·

� + N U - . G ��+ B�N .��<+ N U B%- .
� + B N U B%- . °Vdo�j³

ª�¡{p�lJc�b7�a¢�mon�c X +-N . � +-N U)- .tzBmogay/¢@£Â|�nv_Bmogjikpr¢r¢�qsg{gac�¡alLzac ®1c,iklJqo�"qs¢rpry�u:º�moy�iJp�g{xsy�¼;½3civmo¡¨§�z¶£¸m)n�n�c��{ivmikprqsg1z{c���p�c�gji�mo¢rqsl�y¶·
� G � +.- U N .

� +-N U)- . °Vd¨�Ã³
½�£Âmo¢rxsqslJp¦ik_{b�c*c�y�iHzaqsgan*¢rc*yJ¡ap¦�)mogji3·
�s¼�Õ¨prb6¡a¢rc�l - ��� +-N U	��.
�¨¼�±#mo¢rn�¡a¢rc�l�¢rc;lJmo�a�Dqsl�i � G � +.- U N . � � +-N U)-�.
d{¼��5n�n�c��{iJc�lH¢�c*gaqs¡¨�sc�¢�|,ivm)i -�m��oc�n;¢«m��al�qs´Bmo´apr¢rpriJ| � ��� + /]U � .,¼
±�c,iJiJc ÀÑqsl�b6¡a¢�m)ikprqsg��"c�lJb7c�i�zacMza|�b7qsgjikl�c�l�¢«mHn�qsgj�sc�lJxsc�gan�c�zac ¢@£Âmo¢�xoqslJp¦ik_ab7cM�"qo¡al

¢�c�y��al�q¨n�c�yJy�¡ay��Dqsgan�iJ¡ac�¢ry�y�¡al�zac�y�c�y��Bmon�c�y�n�qogFiJp�gF¡ay�¼�Ó�g²yJc�lJc��"qsl�ikc�lkmXgaq)ivmob7b7c�gji
Ä 
¦�[��¶�"qs¡{lH¢rc�y�za|�b7qsgay�iJlkm)iJp�qogay�¼

 �mogay�¢«m yJ¡ap¦ikc)wMg{qs¡ay�gaqs¡ay��a¢�moÅ�qsg{y�zBm)gay�¢rc+n�moy�zac+yJprb6¡a¢�m)ikprqsgay�gF¡ab7|�lJprªF¡ac�y
ÇBgaprc�y¶·B¢@£Âc�yJ�Bm)n�c*p�b�moxocE c�y�i�¡agac�prb�moxsc�gF¡ab7|�l�p�ªF¡ac;zapryJn�l�|�iJp�y�|�cow}c,i�¢V£¤c�y��Bmon�c*qs´���c�i
# c�y�iX|�xjmo¢rc�b7c�gFiXÇBgap@¼�½3ctn�mo¢rn�¡a¢Hzac�y�ivmo¡�§ zS£¸mon�n�c��{ivm)iJp�qog yJc1ÀÑc�lkm zaqsgantm[�oc�n²¢�m
ÀÑqslJb�¡a¢�c��-�¨¼

KEKML-NPO�Q�Q�R



�o� ����� 2���>�@ =��
	����� > ; 6 032���> ;

� ����������	*
��,6���������������������������! "�#
��
½3c�´a¡¨i*zac�n�c��Bm)lkmoxslJmo�a_ac6c�y�i*z{c�n�qsb7�Bmol�c�l�¢@£Âc,¥�n�mon�priJ|�zac�y;�!mo¢rxsqslJp¦ik_{b�c�y�c�g

ikc�l�b7c1zac�iJc�b7�ay�zac1n�mo¢rn�¡a¢5y�¡al��{¢�¡ay�p�c�¡alJy�ih¿��"c�y�zac��al�q¨n�c�y�yJ¡ay�qs´¨��c�iJy�w]c�i��Bm)l�¢�m
b�Á�b7c�q�n�n�moyJprqsg�z¶£¤|�ik¡{zap�c�l�¢rc�yH�al�qs�alJpr|�iJ|�y�zac*ªF¡ac�¢rªF¡ac�y��alJq�n�c�yJy�¡ay�m)i�iklJmon�iJprÀÑy�¼

^�qs¡{iJc�yH¢�c�y�yJprb6¡a¢�m)ikprqsgayHqsgjiH|�iJ|;�{lJqsxslJmob7b7|�c�y�zBm)gay�¢rc�¢�mogaxjmoxoc6±����µ¼

����� � 	 M�P����������������
	 ������� Ê �jÍ �ÃË'#�Ë"Ð��@�,Î � 	B��Í�� � I"�QÎ����
� � ��� Ê � �	�

~�qs¡al�n�qsb7�Bmol�c�l�¢�c�y��Dc�l�ÀÑqolJb�mogan�c�y�z{c�y*��mo¢�xoqslJp¦ik_ab7c�y�wDgaqs¡ay�m[�oqsgay�¡¨ikpr¢�pryJ|�¡agac
�sc�l�yJprqsg yJprb7�a¢rprÇB|�c zac ¢V£Âmo¢rxsqsl�priJ_ab7c ®tº�»7¼H½3c�y1yJc�¡{¢�y²b7qs¡¨�sc�b7c�gFiJy©mo¡{iJqslJpryJ|�y²Ä
nv_BmoªF¡ac!p¦ik|�lkm)iJp�qsgLyJqsgji6n�qsb7b7c!�Dqs¡al;¢V£Âmo¢rxsqslJp¦ik_{b�c�zacXgamop�y�ykmog{n�c,u¹b7qsl�i6¢V£Âm��qs¡{i6qs¡
¢«mµy�¡a�a�al�c�yJy�p�qogtz¶£¤¡ag�qs´¨��c,i�¼B½3c�y5qo´¨��c�iJy5yJqsgji�zBmog{y5¡ag��alJc�b�prc�l5iJc�b7�ay5¡agaprªF¡ac�b7c�gFi
zac�y n�c�l�n�¢rc�y#z{c�lJm[¿oqsgXÇ{§¨c!)µ¼�
Ænv_BmoªF¡ac�priJ|�lkmikprqsg¶wFqsgXc,¾Sc�n�iJ¡ac�zaqogan�¢rc�y qs�"|�lkm)iJp�qogay
yJ¡ap¦�)mogjikc�yS·

�s¼�nv_aqspryJprl�y�p�¢@£Âqog1�)mXc�¾"c�n,ik¡ac�l�¡ag{c6gBmopryJyJmogan�c�m��sc�n6¡agac6�{lJqs´Bm)´ap�¢rp¦ik| ! S�qs¡1¡agacb7qsl�iHm��sc�n�¡{gac*�alJqs´amo´apr¢�p¦ik| ! � G�/ $ ! S.Z�¨¼�zBmogay�¢rc*n�moy�z¶£¤¡agac*gBmopryJyJmogan�c�·Y nv_aqspryJprlH¡ag1qo´¨��c�i %t¡{gaprÀÑqolJb7|�b7c�gji�zBmogayE# � N�ZY n�m)¢�n�¡a¢�c�l¶·
� G�7 � + N UY% . � +-N �_PR%D\�U N .

� +-N U N � PR% \ . G=7 � + N UY% . ! �
! S

�Y# � $N� + N .� + N .DA / °Vds�s³

Y m��sc�n�¢�m��{lJqs´Bm)´ap�¢rp¦ik| � � � + /]U � .Qwa�"qoyJc�l�N � � S G N �8PR% \F¼
d{¼�zBmogay�¢rc*n�moy�z¶£¤¡agac*b7qsl�i¶·Y nv_aqspryJprlH¡ag1qo´¨��c�i (X¡{gaprÀÑqolJb7|�b7c�gji�zBmogay�N�ZY n�m)¢�n�¡a¢�c�l¶·

� G
/

7 � + N � P ( \�U)(�.
� +-N � P ([\�U N .
� +-N U N � P ( \ . G

/
7 � + N � P ([\�U (�. !

S

! � ��+-N .
�Y# � $ � + N . A /

°Vdodj³

���EK����



�¨�

Y m��sc�n�¢�m��{lJqs´Bm)´ap�¢rp¦ik| � � � + /]U � .Qwa�"qoyJc�l�N � � S G N � P ([\F¼
½3c�y�zac�¡¨§²b7qs¡¨�sc�b7c�gFiJy;mo¡{ikqolJpryJ|�y�w"¢@£Âm��qs¡{i�c�i�¢�m�y�¡a�a�al�c�y�yJprqsg©z¶£Â¡{g²qs´¨��c,i�wDyJqsgji

yJ¡{¥�ykm)gFiJy*�"qs¡{l�xjmolJmogjikprl�¢V£¤prlJlJ|�za¡an,ikpr´ap�¢rp¦ik|7�"qo¡al�ikqo¡{ikc�zapry�iJlJpr´a¡{iJp�qsg X y�iklJprn�iJc�b7c�gji
�"qsy�priJpr�ocLy�¡al ��¼ ��g c�¾"c�i�w�zBm)gay1n�cLn�moy+¢�c�y+ikmo¡¨§Æz¶£Âmon�n�c��{ikm)ikprqsg �"qs¡{l+¢rc�y1zac�¡�§
b�qo¡{�sc�b�c�gjiky*gac�yJqogFi ��mob�mop�y�g�¡{¢�y�¼¶fh¢�c�y�i�c�g �amol�iJp�n�¡a¢�prc�l��"qsy�yJpr´a¢rc�zac�lJc:��qsp�g{zalJcµ¢�m
n�qsg{Çaxs¡alkmikprqsg���przac c�gµ¡ag;ikc�b7�ay�ÇBgap�Ä��Bmol�iJp�l�zacMg¶£¤p�b7�Dqsl�iJc ªF¡ac�¢�¢rc#n�qog{ÇBxs¡alJm)ikprqsg N�w
�a¡apryJªF¡ac7¢«m!�{lJqs´Bm)´ap�¢rp¦ik|µz¶£¤c�¾"c�n,ik¡ac�l � +-N .HyJ¡a�a�{lJc�y�yJprqsgay;yJ¡an�n�c�yJyJp¦�sc�yµc�y�i�gaqsg©gF¡a¢r¢�c)¼
fh¢#c�y�i�z{c+b7Á�b�c��DqsyJy�p�´{¢�c�zac�lJc:��qsprgazalJc+Ä/�Bmol�ikprl�zac�¢�m©n�qsg{ÇBxo¡alkm)iJp�qog ��przac�ikqs¡{iJc
n�qsg{Çaxs¡alkmikprqsg�zac���¼}½]£¤prlJlJ|�za¡an,ikpr´ap�¢rp¦ik|6c�g1z{|�n�qo¡a¢�c;prb�b7|�zap«mikc�b7c�gFi�¼
	 ����� 
 � 	J�V��� 	 � Ï �jÎk�9Ë��[Í

½�£Âmo¢rxsqslJp¦ik_{b�cHprb��{¢«mogjiJ|�c�y�i#n�c�¢�¡{p"za|�n�l�pri�zBmogay ¢�cH�BmolJmoxslkm)�a_ac �a¼ ��¼��swFzBm)gay�¢rc�n�moy
 G>/s¼[½3c�y3ivm)¡¨§*zac�gBm)p�y�ykmogan�c y�qsgji�c�gal�c�xspry�iJlJ|�y�zBmog{y�¡{g*ikmo´a¢rc�mo¡Sw[c�i�¢rcM�Dqsprgji�za|�¢rp�n�m)i
n�qsgay�p�y�ikc�Ä�b�c,iJiJlJcµÄ*��qs¡al�n�c�y�b7Á�b�c�y�ivm)¡¨§"¼S~�qs¡al�n�c�¢�m{w"pr¢�À@mo¡{i�n�qsgay�p�za|�lJc�l�nv_BmoªF¡ac
b�q�za`�¢�cHmo¡7n�m)yM�amol]n�moy]c�iMc�yJykm�¿oc�lMzac�g¶£Âc,¾Sc�n�iJ¡ac�l ª�¡{cH¢rc�y]b7pryJc�y:u:Äu���qs¡al]ga|�n�c�y�ykmoprlJc�y�w
no£¤c�y�i�u:Äu¹zaprlJc*zac*gac*lJc�n�mo¢rn�¡a¢rc�lHªF¡ac*¢�c�yHikmo¡¨§�y�¡ayJn�c��{iJp�´{¢�c�y�z¶£Âm��sqsprl�nv_Bmogaxs|)¼

	 ����� � ��Ë ��� � �3I�� � Ï �
½3cM�alJqo´a¢�`�b7c�zacMza|�iJc�n,ikc�l�ªF¡Bmogazµ¢�m�nv_am¬ g{c�zac�®tmol�¯oq[��m�m)i�ikc�p�gji�¢�m�n�qsgj�sc�lJxsc�gan�c

c�y�i5moyJy�c É zap¦¥�n�pr¢�c)¼B±�¼a��qs´Dc�l�i#zaqsg{gac��Bmol c,§¨c�b7�a¢rc*zBmogay�
r�!��SªF¡ac�¢�ªF¡ac�y�p�gaz{p�n�m)ikc�¡alJyzac7n�qsgj�sc�lJxsc�gan�c)w�b�mopry*n�c�¡�§�u¹n�p]gac7yJqogFi��Bmoy�iJqs¡)��qs¡al�y*n�mo¢rn�¡a¢�mo´a¢rc�y;zBmog{y;g{qoikl�c�n�moy
�Bmol�iJp�n�¡a¢rp�c�l�¼��qs¡{y��al�|�ÀÑ|�lJqsgay�zaqsg{n zac�y�b7|�iJ_aq�zac�y�xslkm)�a_aprª�¡{c�y�wªF¡apF�"qo¡al�¢�c�y�b7q¨z{`�¢rc�y
yJprb��{¢�c�y�yJ¡ap¦�)mogjiky�y�¡{¥�yJc�gFi�Ä�za|,ikc�l�b7p�gac�l�¢rqslJy�ª�¡{c6¢�m�nv_Bm¬«gacµy�£Âc�y�i�y�ivm)´ap�¢rpryJ|�c)¼¶�Hqs¡ay
iklkm)Å�qsgay�zaqsgan1�a¢r¡ayJprc�¡al�y!y�ikm)ikpry�iJp�ªF¡ac�y�yJprxsgap¦ÇBn�mikp¦�sc�y � ^L+ W_.7za¡ b7q�za`�¢rc/moprgayJpHªF¡ac
¢�c�¡alJy�b7q[¿sc�g{gac�y�c�b7�aprlJprª�¡{c�y¶·

�� ^�+  !. G /
 

�6
� 
 S � ^�+-N � . °Vd �F³

½�c�y#yJ¡{priJc�yC+ � ^�+  !. .
�
w{ªF¡ap¶n�qsgj�sc�l�xsc�gjiH¢rqslJy�ª�¡{c�¢«m6nv_am¬ g{c�c�y�i�y�ivm)iJp�qogagBmoprlJc)w{zaqsg{gac�gji

¡ag prgazaprn�m)iJc�¡alµ��pryJ¡ac�¢#zacX¢�mtn�qsgj�sc�l�xsc�g{n�c�zac!¢@£¸m)¢�xsqolJp¦ik_ab7co¼�~�qs¡{lµ¢�c��alJq�n�c�yJy�¡ay�zac
Õ�iklJmo¡ayJy�wS¢rc�y�y�ivm)iJp�y�ikprªF¡ac�y�¡{iJp�¢rpryJ|�c�y�yJqogFi��Bmol�cQ§¨c�b7�a¢rc�¢�c�gaqsb6´{lJcµz¶£¤qs´¨��c,iky���+-N .�c,i
¢�c*gaqsb�´alJc*zac*�Bm)p�l�c�yHz¶£Âqo´¨��c�iJyHy�£Âprgjikc�lJyJc�n�ikmogji � + N .,¼

KEKML-NPO�Q�Q�R



�s� ����� 2���>�@ =��
	����� > ; 6 032���> ;

���� F4G �IHKJD����L����OJ �1��G �UL ���
½�m�zac�gayJp¦ik|;zac*n�c;�alJq�n�c�yJy�¡ay�c�y�iX + N . �  Z ( $ , 7��?( $ , °Vds�s³

q<; � + N .�c�y�i�¢�c6gaqsb6´{lJcµzac6�BmoprlJc�y�z¶£Âqo´¨��c�iJy�ª�¡{p�y�£¤prgFiJc�l�yJc�n,ikc�gFi�¼�½�m�zac�gay�priJ|�zac�~�mu
�Bmogaxsc�¢�qo¡1y�£ÂcQ§{�{lJprb�c�mo¢rqslJy�y�p�b7�a¢rc�b7c�gji��Bmol

7 � + N UY% . G  7�� ( $ � � , °Vd-�j³
q<; ��+ N UY% . G 6 � � $ /A0 ),+.(�. 	F),+�% .��G$2 5

±�c5�{lJq�n�c�y�yJ¡ay]m�|�ik|5prgjikl�q¨za¡{pri��amol�Õ�iJlkmo¡{yJy�zBmog{y 
¸�)��amÇBg�zac#b7q�za|�¢rp�y�c�l�¢�m�n�l�qsp�y:u
ykmogan�c�zac���c�¡{gac�y �"qs¡{yJyJc�y�zacHyJ|�ªF¡aqsp�mµmo¡{iJqs¡alMzacHiJlJqsg{n�yM�a¢�¡{y#mogan�p�c�gay�¼{Õ�iJlkmo¡ay�y�y�£Âc�y�i
p�gjik|�lJc�yJyJ|��a¢r¡ay��amol�iJp�n�¡a¢�pr`�l�c�b7c�gjiµmo¡Ln�moy�m)iJiJlkmon,ikp¦À:w3no£¤c�y�i�u:Äu¹zaprlJc�mo¡ n�moy;q<; 7�* /o¼
~]¢r¡ay�p�c�¡alJy�|�ik¡{zac�y�w��amol�c,§¨c�b7�a¢rc 
¦�!� �Vw3qsgji;n�c��"c�gazBmogji�yJqs¡a¢rprxsga|7ªF¡ac�¢�m�yJprb6¡a¢�m)ikprqsg
za¡©�alJq�n�c�yJyJ¡{y;z{c�Õ�iklJmo¡ayJy*zBm)gay�¢�c�n�moy*m)i�iklkm)n�ikp¦ÀMc�y�i*za|�¢rp�n�m)i;n�mol�iklJ`�y*yJc�g{yJpr´a¢�c�mo¡�§
�om)¢�c�¡alJy]zac�y �Bm)lkmob7`�iJlJc�y�¼ ��gXc,¾Sc,i ¢rc�y]zac�¡¨§�mo¢rxsqsl�priJ_ab7c�y]zaqsgag{c�gji��Dqs¡al�z{cHxolkmogaz{c�y
�om)¢�c�¡alJy zac 7�¡ag{c�n�qog{ÇBxs¡alJm)ikprqsg!n�qsgjikc�gBmogji#¡agXxslkmog{zXgaqsb�´alJc�z¶£Âqo´¨��c�iJy#moxsxo¢�¡{iJp�g{|�y
c�g©¡ag yJc�¡{¢�n�¢r¡ay�iJc�l�¼�±�c�n�p�y�£¤c,§¨�a¢rprª�¡{cX�Bmol�¢rcµÀ@mop¦i*ªF¡ac7¢«m�zac�gayJp¦ik|�dj�Xc�y�i*ÀÑqsl�iJc�b7c�gji
n�qsgan�c�gjikl�|�c�m)¡{ikqs¡{l�zac�¢«m;n�qsg{Çaxs¡alkmikprqsg!n�qogFiJc�gBm)gFi#¡ag!yJc�¡a¢"mob�moy�z¶£¤qs´¨��c,iky#c,i#l�c�bµu
�a¢�pryJyJmogji#ikqo¡{i�¢@£¤c�yJ�amon�c)¼a �mog{y#¢�c�n�moy n�qsgjiJp�gF¡¶w¨¢�qsl�yJªF¡ac�� G 3 )E5wFn�c�iJiJc�zac�gayJp¦ik|�gS£Âc�y�i
z¶£¸m)p�¢r¢�c�¡alJy��Bm)y�prgjik|�xslkmo´{¢�c�u}�sqop�l 
¦���	�V¼Ã»*c,¿sc�l�cQ§¨�a¢�prªF¡ac�zamogay 
r�o� �F�Dqs¡alJªF¡aqopsn�c,iJikcMzac�g¨u
yJp¦ik|�gac�n�qsgay�ikp¦ik¡ac��amoy#¡agac�b�q�za|�¢�prykm)iJp�qog�p�gjik|�lJc�yJykm)gFiJc*z¶£Âqo´¨��c�iJy�m)iJiJlkmon,ikp¦ÀÑy�¼¨ �mogay#¢rc
n�moyMq<;X¢rcHgaqsb6´{lJc�zS£Âqs´���c�iky c�y�i�Ç{§¨|ow�pr¢Db7qsgjiJlJc�ªF¡¶£¤¡agXiJc�¢}�al�q¨n�c�yJy�¡ay#c�y�i c�g!ªF¡ac�¢�ªF¡ac
yJqsl�ikc7´aprb�q�zBmo¢@w��a¡apryJªF¡ac�yJc�y;lJ|�mo¢rp�yJm)ikprqsgay�mo�a�Bm)lkmopryJy�c�gjiµy�qspri;n�qsb7b�c�¡agLyJc�¡{¢M´{¢�q�n
z¶£Âqo´¨��c�iJy5mob�moyJy�|�y5zBm)gay#¡agac�y��a_a`�lJc�zac�lkm�¿sqsgO)�°Ñn�qsl�lJc�y��"qogazBmogji�Ä47OG A B ³,w�yJqsp¦i
n�qsb7b7c5¢«m�l�|�mo¢rp�yJm)ikprqsg�z¶£¤¡ag��alJq�n�c�yJy�¡ay]zac�~�qspryJy�qsgt°@n�qolJlJc�yJ�DqsgazBm)gFiMÄ 7OG�/Ã³,¼s±�c�i�ikc
za¡Bmo¢rpriJ|#m�c,¾Sc�n�iJpr�oc�b7c�gji]|�iJ|#n�qogay�ikm)ik|�c#c�gµ�{lkm)iJp�ªF¡ac�·oÄ��Bm)l�ikprl�zS£Â¡ag{c#n�c�l�ivm)p�gacM�)mo¢�c�¡al
za¡�lkmo�a�Dqsl�i  � 7�w¨¢�c�y�qs´¨��c�iJy��:c�gj�)mo_apryJy�c�gji �;¢@£¤p�b�moxsc)wBc�i�c�g¨uhzac�yJy�qs¡ayHzac*n�c�i�ikc*b7Á�b7c
�om)¢�c�¡al�wB¢rc�y�prgFiJc�lJmon�iJp�qsg{y�y�qsgjiHiJlJ`�y�À@m)p�´a¢rc�y�¼

½3c�n�moy�l�|��a¡{¢�y�prÀ:w"¢�qsl�yJªF¡ac 9 � 7 ; /swDÀÑqo¡alJgap¦i�c�g/lJc,�)moganv_acµ¡{g²b7q¨za`�¢�c6p�gjik|�lJc�y�u
ykmogji��"qs¡{lH¢rc�y�b7qoikp¦ÀÑy�l�|�xs¡{¢�prc�l�y�¼"½�m�ÇBxs¡{lJc���zaqogagac6¡{gtc,§¨c�b��{¢�c�zac�l�|�mo¢rprykm)iJp�qsg1zac
n�c*�alJq�n�c�yJy�¡ay�w}n�qob��amolJ|�m��sc�n;¡ag��al�q¨n�c�yJy�¡ay�z{c�~�qspryJyJqog¶¼

���EK����



�od

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

�������}� Y�� � *-9'6��J> 	%;�� 25918 *-=�� 03, .�� 9 , �/@ 0 6 > ; ;�9<; .1>�	'=�@ *-9 ; ; @�� �/918 ;�� 
 .1> � *-@ *-2���=F@ > ;$GH9 VY9]9]9� >�=�7_GH9 V / ����> ; .�� ; �C9'> ; 03,J= 9 , .���*-2���=F@ >5.1>���� .<*-, ; 9 ,>@�D@
� 8 8 > .1>
����� � ����� � � � >�8 ; � � .-@ 0 � =?> 	E;�� 25918 *-= � 03, .�� 9 , �/@ 0 6 > ; ;�9 ;A.1> � 0 � ; ; 03, * �D*-,J= 8 >A2���2B>
,032��C@ >A2B0 � >�, .�� 0 ��� >�= ; �

KEKML-NPO�Q�Q�R



� � ����� 2���>�@ =��
	����� > ; 6 032���> ;

� p�c�g�ªF¡acH¢�c�b7q�za`�¢rc�g{cHy�qsp¦i �amoy�iklJ`�y prgjik|�lJc�y�ykmogji c�g�¢�¡ap uhb7Á�b�c6°@z{¡�b7qsprgay]�"qo¡al
yJprb6¡a¢rc�l�zac�yµprgFiJc�lJmon�iJp�qsg{y�m)iJiJlkmon,ikp¦�sc�yv³,w�¢«m1n�qsb7�BmolJmopryJqsg zac�yµ�Dc�l�ÀÑqolJb�mogan�c�yµzac�y7�
mo¢�xoqslJp¦ik_ab7c�y;c�y�i6moyJy�c É p�g{y�ikl�¡an�iJpr�oco¼ �]g c�¾"c�i�w�¢�c7b7q¨z{`�¢rc�c�y�i�zac�y;�a¢r¡ay�y�p�b7�a¢rc�y�w�c,i¢�c�y�ivm)¡¨§1zac6gBm)p�y�ykmogan�cµªF¡ap��om)lJprc�gji�y�qsgji�À@mon�p�¢rc�y�Ä�ikl�qs¡{�oc�l�c,i�Ä�b�c,iJiJlJcµÄ���qs¡al�¼ ��g
c�¾"c�i3·Y mo�al�`�y�¢�m©gamop�y�ykmog{n�c�z¶£¤¡ag qs´¨��c�i,%�w  + N�� PR%D\�U (�. G 7  + N U (�.6�Dqs¡alµiJqs¡ay�¢rc�y

qs´¨��c,iky (!iJc�¢ry�ªF¡ac:% � (}¼D~�qs¡{l�¢rc�y�mo¡¨iklJc�y�qs´���c�iky�wS¢rc�ikmo¡¨§1zac6gamop�y�ykmog{n�cµc�y�i
p�g{nv_Bmogaxs|�ZY mo�al�`�y�¢�m6b7qsl�i#z¶£¤¡ag!qs´���c�i�%�w  +-N � PR%D\�U (�.�G  + N U (�. �
7+�"qs¡{l�¢rc�y#qs´���c�iky�(�ikc�¢ry
ªF¡ac %���(}¼}~�qs¡{lH¢rc�yHmo¡¨iklJc�y�qs´¨��c�iJy�w}¢rc*ikmo¡¨§�c�y�iHprganv_Bmogaxo|o¼

±�qsb7b�c�zacH�a¢�¡{y�¢rc�y�qo´¨��c�iJy�qsgji ¡agac�ivmopr¢�¢rc�Ç¨§{c)w¨¢rcHgaqsb6´{lJc�zS£Âqs´���c�ikyMikc�¢�y ª�¡{c ( ��%
�"qs¡{l %XÇ¨§{|�c�y�i�n�qsg{y�ivm)gFi�w¨c,i�n�c�y#qo´¨��c�iJy�yJqogFi#mopryJ|�y�Ä�za|,ikc�lJb7p�g{c�l�¼{~�molMn�qogayJ|�ª�¡{c�gji�w
¢�cMb7q¨za`�¢�c c�y�i�mH�alJprqslJpF¡ag�n�moy�ikl�`�y�À@m[�oqslkm)´a¢�c �"qo¡al�¢V£Âmo¢rxsqslJp¦ik_{b�cMzac gBmopryJykm)gan�cQuhb7qsl�i�w
c�i�¢rc�y�n�mo¢rn�¡a¢ry�zac6b�pryJcQu:Äu���qs¡al�zac�y�ikmo¡¨§1yJc�b6´a¢rc�gji;�Dc�¡²�D|�gBm)¢�prykmogjiJy��Bmol�lJmo�a�Dqsl�i�Ä
¢V£Âmo¢rxsqslJp¦ik_{b�c�®tº�»7¼

Ó�l�¢rc�y7yJprb6¡{¢«m)iJp�qogay�gF¡ab7|�lJprª�¡{c�yXb7qsgjiJlJc�gji�ªF¡ac�b�mo¢�xolJ|�n�c�¢«m©¢@£¸mo¢rxsqsl�priJ_ab7c�zac
®1c�iJlJqs�Dqs¢rp�y�c�y�i��{¢�¡ayHlkm)�ap�z{c;zamogayH¢«m7�a¢r¡a�Bmol�i�z{c�yHn�moy�¼}½�c*gaqob6´al�c�z¶£¤p¦ik|�lJm)ikprqsgayHlJcQu
ª�¡{p�yH�Bmol5n�c�zac�lJgaprc�lH�Dqs¡al�m)i�ikc�prgazal�c�¢�m�n�qsgj�oc�lJxoc�gan�cµc�y�i�c,¾Sc�n�iJpr�oc�b7c�gji��a¢r¡ayH|�¢rc��o|ow
b�m)p�y�¢rc�ikc�b7�ay�ikq)ivmo¢¶z{c;n�mo¢rn�¡a¢3l�c�y�iJc*xs|�ga|�lkmo¢rc�b7c�gFi��a¢r¡ay5À@mopr´a¢�c)¼}~�¢�¡ayHc,§{mon,ikc�b�c�gji�w
¢V£Âmo¢rxsqslJp¦ik_{b�c�zac�gBmopryJyJmogan�c,uhb7qsl�i5c�y�i��a¢r¡ay#lkm)�ap�z{c�¢�qsl�yJªF¡ac�¢rc�y5qo´¨��c�iJy#qsgji5¡agac�ikmopr¢�¢rc
iklJ`�yHÀ@m)p�´a¢rcow}b�mopry�¢rqslJy�ªF¡ac )Òmo¡axsb7c�gjiJcowD¢�c�gaqsb6´{lJc;zac�ikmo¡¨§1Ä7b�c,iJiJlJcµÄ���qs¡al�mo¡axu
b�c�gjikc�·3zBm)gay*¢�c�n�moy�zac�n�c�lJn�¢�c�y�zac�lJm�¿sqsg_)µw¶¢rc7gaqsb6´{lJc�z¶£¤qs´¨��c,iky (8& # ikc�¢�y*ªF¡ac( � % Ä %9Ç¨§{|�c�y�i6c�gLc,¾Sc,i6z{c�¢@£¤qslJzal�c�z{c��<+ ) � .Q¼�½3qslJy�ª�¡{c<)�c�y�i�xslJmogaz¶w3¢@£¸m)¢�xsqu
lJp¦ik_ab7c+zac1®tº�» zac,��p�c�gFiX�a¢r¡ay�prgjik|�lJc�y�ykmogji�¼ fh¢Hm²À@mo¢r¢�¡ÈmoprgayJp�¡ag �"c�¡ �a¢r¡ay�z¶£¤¡agac
b�prgF¡{ikc�c,i�c�gj��p�l�qsg �o�s�6p¦ik|�lkm)iJp�qsg{y5�"qs¡{l#qs´{iJc�gaprl5¢«mµy�p�b�¡a¢�m)ikprqsg�zac�¢�m�Çaxs¡alJc6�*m[�oc�n
¢V£Âmo¢rxsqslJp¦ik_{b�c�zac6gamop�y�ykmog{n�c,u¹b7qsl�i�wSn�qogFiJlJcµb7qsprgay�zac!�[��yJc�n�qsgazac�y�b�mop�y��s�o�s��priJ|�lJmu
ikprqsgay7m��sc�n+®tº�»�¼� 6£Âmo¡{iJlJc��Bmol�i�w�yJqs¡a¢rprxsgaqsgay�c�gan�qolJc�¡agac!ÀÑqspryµªF¡ac�¢�mt�sc�lJyJprqsg zac
¢V£Âmo¢rxsqslJp¦ik_{b�c�®1º�» ªF¡ac7gaqs¡{y*m[�oqsgay*prb��{¢«mogjiJ|�c�g¶£¸m)¡{ikqsl�p�y�c�ªF¡ac7zac�y*b7qs¡{�oc�b7c�gjiky
zac�ih¿¨�DcXgamop�y�ykmog{n�c,u¹b7qsl�i�c�i;ªF¡ac�¢�c�y�gBm)p�y�ykmogan�c�yµy�qsgji;nv_aqspryJprc�yµzac�À@moÅ�qsg ¡agap¦ÀÑqslJb7c
yJ¡al # � N�¼ ��g�c�gj��p�yJmoxsc�m)gFi �Bmol�cQ§¨c�b7�a¢rc�zac�y gamop�y�ykmog{n�c�yMgaqsg7¡ag{prÀÑqsl�b7c�y�wFpr¢ac�y�iM�"qsy:uyJpr´a¢�c7zac�z{p�b7prg�¡{c�l;¢�c�gaqob6´al�c�zS£Âp¦ik|�lkm)iJp�qsg{y�zac7¢V£Âmo¢rxsqslJp¦ik_{b�c�®1º�» c,i*z¶£¸m)b�|�¢�prqsl�c�l
yJc�yH�Dc�l�ÀÑqolJb�mogan�c�y�¼

���EK����



�s�

���.� F4G �IHKJD����L�� �SJ G�J �CG �ULOM�J 	 J ��� �UP �D��� ��� G�J��������	��
�����������������
��
�� �!�#"

�Hqs¡ay;gaqs¡ay;prgFiJ|�l�c�yJy�qsgay�b�moprgjikc�gamogjiµÄ+¢«m�yJprb6¡a¢�m)iJp�qsg9za¡9b7q�za`�¢rcXmiJiklJmon�iJprÀ�zac
zac�gay�priJ| X + N . �  Z ( $ , 7 %��"( $ ,
��+ N .6za|�y�p�xsgamogjiX¢rc�gaqsb6´{lJc�zac�n�qsb7�Dqsykm)gFiJc�y�n�qsg{gac,§¨c�y�za¡ xslkm)�a_ac�zac N��Dqs¡al�¢�m
lJc�¢�m)iJp�qsg % �,( � ),+�% . 	'),+ (�. �G 2a¼D½3c*�Bmolkm)b�`,ikl�c 7©c�y�i�y�ikl�p�n,ikc�b�c�gji�yJ¡a�D|�l�p�c�¡al
Ä��o¼B½�m�zac�gayJp¦ik|;zac;~�m)�Bmogaxsc�¢�qo¡+�)mo¡{i�prn�p)·

7 � + N UY% . G8 7 �"( $ � � , % S °VdD�s³
q<;���+ N UY% . c�y�iH¢�c�g{qsb6´al�c*zac*n�qsb7�DqsykmogjiJc�y�n�qsg{gac,§¨c�yHzac@N1ª�¡S£Âprgjikc�l�yJc�n�ikc�¢V£¤qs´¨��c,i*%�¼

	 � ����� � � #�Ð 	 � Í 	{Í��ÑË �
�HÇBg+zac*�"qs¡¨�sqsprl5n�mo¢rn�¡{¢�c�l�c,¥�n�mon�c�b7c�gji�¢rc*lkmo�{�"qsl�i�7 � +-N U %/.Qwapr¢¶À@mo¡{i5b7|�b7qsl�p�y�c�l

¢�c�xslkmo�{_ac�z{cMN©�Dqs¡alH¢«m�lJc�¢�m)iJp�qsg��7¼S±�c�n�p�y�c6À@mop¦iHzac�À@moÅ�qsgtn�¢«m)yJyJprªF¡acowSc�g²¡{iJp�¢rprykmogji
¡agac7ivmo´a¢rc�zacX_Bm)nv_Bmoxsc�ªF¡ap�Ä�nv_BmoªF¡acXqs´¨��c�iM% moy�yJq�n�prcX¢�m+¢rpry�ikc�zac�y�qs´¨��c,iky (tzac N
n�qs¡a�amogji,%�¼� 6£¸m)¡{ikl�c+�amol�i�w�¢�c�y�qs´¨��c,iky7yJqsgji�|�iJp�ªF¡ac,ik|�y��Bm)l�¡ag c�gjikprc�l7c�g ÀÑqsgan,ikprqsg
zac*¢«m7n�qsb7�Dqsykm)gFiJc�n�qsgagacQ§¨cµÄ�¢«m)ª�¡{c�¢r¢�c�p�¢ryHmo�a�Bmol�ikprc�gag{c�gji3·"mop�g{yJp3zac�¡¨§+qs´¨��c,ikyHyJqsgji
zBmogay�¢�m7b7Á�b�c;n�qob��DqsyJmogjikc;yJp3c�i�y�c�¡a¢rc�b7c�gFi�yJp3¢rc�¡al�y�|,ikprªF¡ac�i�ikc�yHyJqogFi�|�xsmo¢�c�y�¼

½3c;n�mo¢rn�¡{¢�z{c�y�ikmo¡¨§+zac;gBmopryJyJmogan�c6ªF¡ap�zaqsp¦iHÁ�ikl�c6c,¾Sc�n�ik¡{|�zBm)gay�¢@£¸m)¢�xsqolJp¦ik_ab7c*zac
gBmopryJykm)gan�cQuhb7qsl�i�c�y�iX´Dc�m)¡an�qs¡{� �a¢r¡ay��"|�gBmo¢rp�yJmogjiXªF¡ac+zBmogay�¢rc1b7q�za`�¢rc1�{lJ|�n�|�zac�gji�¼
~�qs¡al��"qs¡¨�sqsprl5c�¾"c�n,ik¡ac�lH¡{gac�n�qob��amolkmopryJqog �h_aqsgag{Á�ikc ��c�gjiklJc*¢rc�y5zac�¡¨§�m)¢�xsqolJp¦ik_ab7c�y�w
p�¢�À@mo¡¨i*zaqsgan7y�£¤c�¾"qsl�n�c�l*z¶£¤prb��{¢«mogjiJc�l;¢�c7n�m)¢�n�¡a¢]zac7n�c�y*ivm)¡¨§©zac7¢�m�b�mog{p�`�lJc�¢«m��a¢r¡ay
c�¥�n�mon�c5�"qoyJyJpr´a¢rco¼�±�c5n�mo¢�n�¡a¢{n�qsgay�p�y�ikcHÄ�|��)mo¢r¡ac�l�¢rc�y�xolkmogaz{c�¡al�y ��+ N UY% .,w)q<; %'&_# � N�¼~�qs¡al�n�c�¢�m{wBgaqs¡ayHm��sqogay�c�yJy�c�gjikprc�¢r¢�c�b7c�gji�zac�¡¨§+�"qoyJyJpr´apr¢�p¦ik|�y¶·
�s¼�±�qsb7b7c�gan�c�l��Bmol�nv_ac�l�nv_ac�l*¢rc�y�qs´���c�iky1('& # iJc�¢ry�ªF¡ac % � (H·Spr¢�¿tm �K+�) � .
ikc�¢�y*qs´¨��c,iky�¼�~�molJb7p�n�c�¡¨§Fuhn�pVw�nv_ac�lJnv_ac�l6¢rc�y;qs´¨��c,iky*ªF¡ap]yJqsgji;zBmogay*¢�m+n�qsg{ÇBxo¡¨u
lkm)iJp�qog$N�c�i�n�qsb7�{iJc�l�¢�c�gaqob6´al�c1z¶£¤|�iJp�ªF¡ac,iJiJc�yXz{pr¾"|�l�c�gjikc�y�¼�±�c1gaqob6´al�c1c�y�i
�alJ|�n�pryJ|�b�c�gji�¢rc�gaqsb6´{lJc�zac�n�qsb7�Dqsykm)gFiJc�yMn�qsg{gac,§¨c�yMªF¡¶£¤p�gjikc�lJy�c�n�iJc!%�¼F±�qsb7b7c
gaqs¡ay�¡{ikpr¢rp�y�qsgay�¡ag{c ivm)´a¢�c zac�_amonv_Bmoxsc�°@y�¡a�a�DqsyJ|�c#�Bmol�À@mopriJc[³Qw)¢�m�l�c�nv_ac�lJnv_ac5z¶£¤¡ag
|�¢r|�b7c�gji�zamogay�¢�mXn�qog{ÇBxs¡alJm)ikprqsg²�{lJc�g{z²¡ag²ikc�b7�ay�n�qogay�ikmogji �K+ /R.,¼}½3c6iJc�b7�ay
ikqoikmo¢�z{¡ n�mo¢rn�¡a¢#z{c ��+ N UY% .6�Bmol6n�c�i�ikc�b7|�iJ_aq¨z{c�c�y�i7z{qsgan�c�g �<+ ) � .Q¼]±�c�i�ikc

KEKML-NPO�Q�Q�R



�-� ����� 2���>�@ =��
	����� > ; 6 032���> ;

b7|�ik_{q¨zac�zaqopri��Bmol7n�qsgayJ|�ªF¡ac�gji�Á,iklJc�c�b��{¢�q[¿s|�c²¢rqslJy�ª�¡{c1¢rc�y�qs´¨��c,iky�yJqsgji�zac
�"c,ikp¦ikc�ivm)p�¢r¢�c)¼

�¨¼H~�mol�n�qs¡{lJprl zaprlJc�n�iJc�b7c�gji#iJqs¡{ikcH¢�m�n�qog{ÇBxs¡alJm)ikprqsg N�c�iMiklJqo¡{�sc�l ikqo¡ay ¢rc�yM�sqspryJprgay
zac1%7zBm)gay>N�w)�a¡apry�n�qsb7�{iJc�l�z{c�¢�m�b7Á�b7c#b�mogapr`�l�c#¢�c�gaqsb6´{lJc#z¶£¤|�iJp�ªF¡ac,iJiJc�y�zap¦À u
ÀÑ|�l�c�gjikc�y5�BmolJb7p¶n�c�y5qs´���c�iky�¼}±�c�n�m)¢�n�¡a¢¶�al�c�gaz�¡ag�ikc�b7�ay#ikqoikmo¢ �K+8��+-N . .,w{z{qsgan
n�c,iJikc*b7|�iJ_aq�zac*zaqsp¦i�Á,ikl�c;¡¨ikpr¢�pryJ|�c�¢rqslJy�ªF¡ac�¢rc�y�qs´���c�iky�y�qsgji��Dc�¡�gaqsb�´alJc�¡¨§"¼

½3c�yµqs�D|�lkmikprqsgay6z{c!b7p�y�c�Ä���qs¡al;za¡ xslJmo�a_ac�c�i6zac�yµ|,ikprªF¡ac�i�ikc�y7Ä1nv_BmoªF¡ac�yJ¡{�¨u
�alJc�yJyJprqsg�qs¡�prgayJc�l�ikprqsg�z¶£¤¡ag�qs´¨��c,i�zBmogay N+n�qogagBmopryJy�c�gji�¢�mµb7Á�b7c*mo¢¦ikc�lJgBm)iJpr�oc*z¶£Âprbµu
�a¢«m)gFikm)ikprqsg¶wDb�mopry�¢V£¤c�g��c�¡©c�y�i�zBmogay�n�cµn�moy�b7qsprgay�n�lJ¡an�p«mo¢)·¶n�qob�b7cµg{qs¡ay�m��sqogay��a¡
¢�c7n�qogay�ikm)ikc�l�w�¢�c�À@mon,ikc�¡al*¢�prb7prikmogji6zBm)gay*¢V£Âmo¢rxsqslJp¦ik_{b�c7zac�gBmopryJyJmogan�c,uhb7qsl�i;c�y�i�´aprc�g
¢�c!n�mo¢rn�¡a¢#z{c�y6ikmo¡¨§ z{c!gBmopryJyJmogan�c)¼ 
�iJpriJlJc!z¶£¤c,§¨c�b��{¢�c)w�¢�c�yµikc�b7�ay�z{c!n�mo¢rn�¡{¢#�"qo¡al
¢�c�y�zap¦�sc�l�yJc�y�qs�"|�lkm)iJp�qogay�zac6n�c�i�mo¢�xoqslJp¦ik_ab7c�qsgji�|�iJ|6b7c�y�¡alJ|�y;m[�oc�nµ¢rc�y��Bmolkm)b�`,ikl�c�y
zac�¢«m²ÇBxs¡{lJct� °Ñzaqsgan+m��sc�n1z{c�y�qs´¨��c�iJy7lJc�¢�m)iJpr�oc�b7c�gji!xolJqsy�w�b�m)p�y�ÇBgBm)¢�c�b�c�gjiX�Dc�¡
gaqsb6´{lJc�¡�§B³Q¼�fh¢My�£¤c�y�i7moprgayJp m��s|�l�|!ªF¡¶£Âm[�oc�n�gaq)iklJc�p�b7�a¢�mogjivmikprqsg �<��� za¡Likc�b7�ay�zac
n�mo¢rn�¡a¢3c�y�i�n�qsg{ykmon�lJ|;Ä�¢�m�b7p�y�c,u:ÄÃu«��qs¡al�zac�y5ivmo¡¨§�zac*gBmopryJykm)gan�cQuhb7qsl�i�w"����mo¡¨§�nv_aqsp §
zac�yMqs´¨��c,iky Ä�m��qo¡{ikc�l qs¡�Ä*yJ¡a�a�{lJprb�c�l�c,i�b7qsprgayMzac���� Ä;¢�m*b�pryJcQu:Äu���qs¡al]za¡�xslkmo�{_ac
c�iHzac�y�|,ikprª�¡{c�iJiJc�y�¼

	 � ��� 
 �!������Ð Í 	{ÍÃ� � ���9� �3�F�¶�����
~�qs¡alHn�c��alJq�n�c�yJyJ¡{y�wS¢@£Âmo¢�xoqslJp¦ik_ab7c;zac;gBmopryJykm)gan�cQuhb7qsl�i�c�y�i��Bmol�ikprn�¡a¢rpr`�lJc�b7c�gji�prg¨u

c�¥�n�mon�cµ¢rqslJy�ª�¡{c6¢rc�y�qs´���c�iky�yJqsgji�lJc�¢�m)iJpr�oc�b7c�gji*gaqsb�´alJc�¡¨§tqs¡tªF¡¶£¤p�¢ry�qsgji�¡agac6ikmopr¢�¢rc
iklJqo� xslkm)gazaco¼ ��g c�¾"c�i�¢rc�yµqo�"|�lkm)iJp�qsg{y6zac!b7pryJcQu:Äu���qs¡al6z{c�yµivm)¡¨§ z{c!gBmopryJyJmogan�c�c,i
zac�b7qsl�iHyJqsgji�zBmogay�n�c;n�m)y��Bm)l�ikprn�¡{¢�pr`�l�c�b7c�gji�n�q��{ikc�¡ayJc�y�¼"½3qslJy�ª�¡{c��Bm)l�cQ§{c�b7�a¢�c�qsg
m��qs¡{iJc ¡ag��"qop�gji>%�Ä�¢�m�n�qsg{ÇBxs¡{lkm)iJp�qsgCN�wÃ¢�c�y�qs´¨��c,iky (<&(# � N7zaqogFi�pr¢FÀ@m)¡{i�lJc�n�mo¢rn�¡a¢rc�l¢�c�ivm)¡¨§�zac*gBmopryJyJmogan�c  +-N �8PR%D\�U %/.MyJqsgji�n�c�¡�§�ikc�¢�yHªF¡ac

( � $�� ����� �! %
~�qs¡al�ikqo¡ay�n�c�y�qo´¨��c�iJy�wDp�¢�c�y�i�c�gtc�¾"c�i��"qoyJyJpr´a¢rc6ªF¡ac ��+ N �(PR%D\�U (�.#zap¦¾S`�lJc;zac � +-N U % .
°@n�c�g¶£¤c�y�i��amoyMiJqs¡)��qs¡{lJy]¢�c�n�moy�wFb�mopryMqog��Dc�¡{i]iJlJqs¡{�oc�lMzac�yMn�qog{ÇBxs¡alJm)ikprqsgay]ikc�¢�¢rc�yMªF¡ac
n�c�i�ikc�moyJy�c�l�iJp�qog�yJqsp¦i���lkm)p�c�³,¼)½�qolJyJªF¡ac ¢�c�y�qs´¨��c,iky�yJqsgji�zac xslkm)gazac]ivmopr¢�¢rc�c,i�gaqob6´al�c�¡¨§"w
¢�cHgaqsb�´alJc�zacHiJc�¢ry�qs´���c�iky zac���prc�gji�iJlJ`�y�prb��Dqsl�ivmogji�wFc,i�¢rc�n�q��{i zac�y b7p�y�c�y�uhÄu«��qo¡al z{c�y
ivmo¡¨§�zac*gBmopryJykm)gan�cQuhb7qsl�iHc�y�iHzaqsgan*|�¢�c,�s|o¼

���EK����



�D�

fh¢�c�y�i��"qoyJyJpr´a¢rc�zS£Âc�gF��prykmoxoc�l6zS£¸mo¡¨iklJc�y*b�|,ik_aq�zac�y6ªF¡ac7n�c�¢�¢rc�y��alJqs�Dqsy�|�c�y;zBmog{y;¢rc
�Bmolkm)xslkmo�{_ac��alJ|�n�|�zac�gji��"qs¡{l�m)b�|�¢�prqsl�c�l�¢�c�iJc�b7�ayHzac*n�mo¢rn�¡{¢3zac�yHxslkm)gazac�¡{lJy ��+ N UY% .Q¼
Ó�gt�"qs¡{lJlkm)pri��Bmol�cQ§¨c�b7�a¢rc�b�|�b7qslJpryJc�l��"qs¡{l�nv_BmoªF¡ac %(& # ¢«mX¢rpry�ikc6zacµyJc�y�qs´¨��c,iky
�sqspryJprgayHzBmogay5¢�m�n�qsg{Çaxs¡alkmikprqsg N °Vm)¡+¢rprc�¡+zac*gac�b7|�b7qslJpryJc�l�n�c*xslkmo�{_ac�ªF¡ac*yJ¡al�¢rc�y
qs´¨��c�iJy�%'&FN"³,¼)½�c�n�mo¢rn�¡a¢�zac � +-N U % .�y�c�lkm)pri�mop�g{yJp{¢rprga|�moprlJc c�g�¢rc�gaqob6´al�c#zac��oqsp�y�p�g{y�zac
%�zBmogay1N9°@mo¡!¢rp�c�¡�zac �<+8� + N . .]qs¡ �K+�) � .J³Q¼a±�c,iJiJc�b7|�ik_{q¨zac�c�y�i#c�gj��p�yJmoxsc�m)´a¢�c�zamogay
gaqoikl�c�c,§¨c�b7�a¢rc�q<;�¢V£¤c�y��Bmon�cC#Æc�y�i�z{c�¢�m;b7Á�b�cHivmopr¢r¢�c�ªF¡ac�¢@£¤p�b�moxsc)wjb�mop�yM¢rqslJy�ª�¡{c�¢rc�y
qs´¨��c�iJy�qsgji �a¢r¡ay�zacH�BmolJmob7`�iJlJc�y�w¨¢@£¤c�yJ�amon�c�b7|�b�qop�l�c�ga|�n�c�y�ykmoprlJc�yJc�lJm;iJlJ`�y xslkm)gaz¶¼� �c
�a¢�¡{y�w{¢rc�gaqob6´al�c�zac�ikmo¡¨§XÄ6b7c�i�iklJc�ÄH��qs¡al g¶£Âc�y�i��Bm)y�zaprb7p�gF¡a|)wan�c�ªF¡ap"¢«m)p�y�yJc��Dc�gay�c�l
ª�¡{c;¢@£Âm[�)mogjikmoxsc*lJc�y�ikc�lkm�Ä�¢@£Âmo¢�xoqslJp¦ik_ab7c�zac�®1c,ikl�qs�"qo¢�pry�uhº�moy�ikprgaxsy�u:»*l�c�c�g¶¼

½3c�y6ÇBxs¡al�c�yµy�¡ap¦�om)gFiJc�y��1c,i��1�al�|�y�c�gjikc�gFi7¢rc�y6lJ|�y�¡a¢¦ivm)iJy�qs´{ikc�gF¡ayµ�Bmol6¢�c�yµzac�¡�§
mo¢�xoqslJp¦ik_ab7c�y�¼�~�qs¡al�zac�¡�§ y�p�b�¡a¢«mikprqsgay�w�gaqs¡ay�zaqsgagaqogay6¢@£Â|,�sqs¢r¡{iJp�qsg zamogayµ¢rc�iJc�b7�ay
zac�y��;xslkmog{zac�¡al�y5yJprxsgap¦ÇBn�mikp¦�sc�y�zac�¢«m6nv_am¬ g{c�zac*®tmol�¯oq[�Dw���+ W_. c,i � + W_.Qw{moprgay�pSªF¡ac
n�c�¢r¢rc;z{c�¢rc�¡al�y�b�q[¿oc�gagac�y�c�b��{p�l�p�ªF¡ac�y�¼

��¡���¡6z{c�y�y�p�b�¡a¢�m)ikprqsgay�wogaqs¡{y��Dqs¡{�oqsgay�z{p�l�c ªF¡ac n�cMb�q�za`�¢�c zaqsgagacMzac�y�lJ|�yJ¡a¢¦ivmiky
´ap�c�g/�a¢r¡ay��alJqo´Bmogjiky�ªF¡ac�¢rcµ�al�q¨n�c�y�yJ¡ay*zac7ÕFiklkm)¡ayJy�¼3½3c�y�qs´¨��c,iky�y�qsgji*c�¾"c�n,ikp¦�sc�b7c�gFi
�a¢�¡{y1m)xsxs¢rqsb7|�lJ|�y�ª�¡{cLzBm)gay�¡ag �{lJq�n�c�y�yJ¡ay+zac ~�qop�y�yJqsg¶w�c,i1¢rc�y�y�p�b�¡a¢«mikprqsgay+yJqsgji
b�qop�gayXyJc�g{yJpr´a¢�c�ytm)¡¨§��amolkmob7`,iklJc�y!ªF¡ac/¢rc²�alJq�n�c�yJy�¡ay�zac©Õ�iJlkmo¡ay�y¶·#¢�m zaprnv_aqoikqob�prc
lJc�¢rc��o|�c;zBmogayH¢rc��Bmolkm)xslkmo�{_ac��¨¼ �µg¶£Âmo�a�amolkm¬�i��Bmoy�zBm)gay�n�c;n�moy�¼

���� F4G �IHKJD����L���� � ������J G �CH � ����� � ����� G�JD�
±�c��alJq�n�c�yJy�¡ay�n�qogay�iJpriJ¡ac6n�qsb7b�c6¢�c;�alJ|�n�|�zac�gji*¡ag1b�q�za`�¢�c�p�gjik|�lJc�yJykm)gFi�z¶£Âprgjikc�l�u

mon�iJp�qsg{y�m)i�iklJmon�iJpr�oc�y�w¨�a¡apryJªF¡¶£¤p�¢D�al�c�gaz!c�g!n�qob��¨ikc�¢�m�y�¡al�À@m)n�c�ikqoikmo¢�cHq�n�n�¡{�"|�c��BmolM¢rc�y
qs´¨��c�iJy5zBmogay5¢@£¤p�b�moxsc)¼B½�mµzac�g{yJp¦ik|*zac��al�qs´Bmo´apr¢rpriJ|�za|�n�lJqsp¦i�c,§¨�Dqsgac�gjiJp�c�¢�¢rc�b7c�gji�yJc�¢rqsg
n�c�i�ikc*yJ¡{l�À@mon�c�· X +-N . �� Z ( $ , 7 %�')(�� � , °Vdo�j³
q<; ) $ G � � � $ ),+-% .�c�i 7 * /o¼B½�m�zac�gayJp¦ik|;zac;~�m)�Bmogaxsc�¢�qo¡1y�£ÂcQ§{�{lJprb�c��Bmol¶·

7 � +-N U % . G  7K')(
��� � �( � ,+, %�')(���( � , , G  7K'?(
��� � �( � ,+, %�� ��� °Vd-�j³
±�qogFiJlkmoprlJc�b7c�gjiHmo¡¨§Xzac�¡�§��al�q¨n�c�yJy�¡ay5�al�|�n�|�zac�gjiJy�wBn�c,iJiJc�zac�gay�priJ|�c�y�i#À@moy�iJp�z{p�c�¡ayJc

Ä�n�m)¢�n�¡a¢�c�l�¼ ��gac�b�|,ik_aq�zac�p�gaz{p�l�c�n�iJcµ�Dqs¡alHyJprb6¡a¢rc�l�n�c�i�ikcµzac�gayJp¦ik|6c�y�i�zaqsgag{|�c6zamogay

KEKML-NPO�Q�Q�R



�o� ����� 2���>�@ =��
	����� > ; 6 032���> ;

0 10 20 30 40 50 60
0

10

20

30

40

50

60

0 10 20 30 40 50 60
0

10

20

30

40

50

60

0 10 20 30 40 50 60
0

10

20

30

40

50

60

0 10 20 30 40 50 60
0

10

20

30

40

50

60

�������B� Y 	 � 25918 *-= � 03, ;A.�� 91, 2B0C.���8 >A.1> 6�8:9<;�=)>�@�� ,�� � ��> ; 0 ��� >�= ; ; 03,J= .1> ;A.�� ; �C9J> ; .1>
.���*-2���=F@ > � ;�9 @ 9 ,>!�D@
� 8 8 > .1>���� \���� � � � >�8 ; ��� , � *-91= � � *-9'6��J> 	 8 > ; � *-@ *-2���=F@ > ;
; 03,J=�JG 9 V+/  	�7 G��]9 	 >�, � *-9 = � .-@ 0 � =)>  G 9 V+/ � 	 7 G �9 	A>�, � *3; �O� *-9J6��J> G�9 V / 	'7OG  >�= >�, � *3; � .-@ 0 � =)> 9 , �/@ 0 6 > ; ;�9<; .1> � 0 � ; ; 03, �

���EK����



�-�

0 100 200 300
0

20

40

60

80
Number of points

0 100 200 300
2

4

6

8

10

12
Number of neighbours

0 100 200 300
15

20

25

30

35

40
Number of points mean

0 100 200 300
4.5

5

5.5

6
Number of neighbours mean

��������d Y � �-038:9 =�� 03, .-9 ,032��C@ > .1>��J0 � ,J= ; >�= .1> 6�8:9<;�=?>�@ ; 8 03@ ; .1> 8 *$;�� 259 8 *-=�� 03,
� *-@ 91, *-8 � 03@
� = �12B>A.1>A= ���J> � >�=F@ 0��J038�� ;�4��A*3;�= � ,�� ;A.�� 9 , 2B0C.���8 > *-=F=�@ *16�= � 
 	 * �-> 6/ G
9 V 9�/�� 	 7OG �]9 	 ) G ��V  � �E> =?>�2��J; .1> 67*-8 6�9 8 > ;�= .1> � � 2 � , 	�2 *�� ; 8 *A;�= *-=�� 03,J,/*-@
� = �
> ;�=+*-=�=?>�� ,J=)> �/8:9<; @ * � ��.1>�2B>�,J= �

0 50 100 150 200 250
0

10

20

30

40

50

60

70
Number of points

0 50 100 150 200 250
0

2

4

6

8

10

12
Number of neighbours

0 50 100 150 200 250
0

10

20

30

40

50
Number of points mean

0 50 100 150 200 250
2

3

4

5

6

7
Number of neighbours mean

������� � Y 	 � 25918 *-= � 03, � *-@ 8 � *-8 � 03@
� = �12B> .1> ,/*�� ; ;C*-,6 >�4)2B03@ = .-9 2���2B>��/@ 0 6 > ; ;�9<;
* �/@ � ; � � 2 � , .1> 67*-8 6�918 � � *-8 >�2B>�,J= ��� >�=�=?> 
!0 � ;�476�� 	%8 � *-8 � 03@�� = �12B> .1> ,/*�� ; ;C*-,6 >�4)2B03@ =
, � * � *3; *-=�=?>�� ,J= 8 * ;�= *-=�� 03,J,/*-@
� = � �

KEKML-NPO�Q�Q�R



ds� ����� 2���>�@ =��
	����� > ; 6 032���> ;

0 10 20 30 40 50 60
0

10

20

30

40

50

60

0 10 20 30 40 50 60
0

10

20

30

40

50

60

0 10 20 30 40 50 60
0

10

20

30

40

50

60

0 10 20 30 40 50 60
0

10

20

30

40

50

60

�������]� Y 	 � 25918 *-=�� 03, ; .�� 91, 2B0C.���8 > .1> 6�8:9<;�=?>�@
� ,�� � ��> ; 0 ��� >�= ;B; 03,J= .1> ; .�� ; �C9J> ;
.1>B.���*-2���=F@ > � ;�9 @ 91,> �D@
� 8 8 >B.1> ��� \ � ��� � � >�8 ; � � , � *-91= 	 8 > ; � *-@ *-2���=�@ > ;5; 03,J= G�9 VY9 � 	 7OG �]9 	+>�= >�, � *3;  G�9 VY9�/�� 	'7 G ��9 �

���EK����



d{�


¸�s� �5c�i�l�c��al�p�y�c+zamogay 
¤�� ¼�½]£¤prza|�c�n�qogayJpry�iJctÄ/yJprb6¡{¢�c�l�z{c�¡¨§ �{lJq�n�c�y�yJ¡ay�zac�~�qsp�y�yJqsg
zap�y�ikprgan�iJy�zBmogay�¢�c6b�Á�b7cµc�y��Bmon�c)w¶c�gtp�b7�Dqsykmogji�ªF¡ac6zac�¡¨§²qs´¨��c,iky�mo�{�Bmol�iJc�gBm)gFi�Ä��
�alJq�n�c�yJyJ¡{y�z{pr¾"|�l�c�gjiky7gac!�Dc�¡¨�sc�gji�yJc�n�qs¡a�Dc�l�¼�½3c�y�zac�¡¨§ �al�q¨n�c�y�yJ¡ay7yJc�l�c��Dqs¡ay�yJc�gji
mop�g{yJp}b6¡{iJ¡ac�¢r¢rc�b7c�gji�w{qs´a¢rp�xsc�mogji#¢rc�y qs´¨��c�iJy�z¶£¤¡ag!b7Á�b�c��alJq�n�c�yJy�¡ay5Ä�y�c�nv_ac,�)mo¡anv_ac�l�¼
��prgayJp@wByJp3¢@£Âqog1n�qsgayJprza`�lJc;¢�c*�al�q¨n�c�yJy�¡ayHyJ¡alH¢V£¤c�y��Bmon�c�� \4� zac*zac�gayJp¦ik|�·X +-N U)-�.��� Z ( $ ,S  Z ( � ,� /A0 ) $ 	') � G$2 5 °��s�j³
qsg��"c�¡{iHb�qogFiJlJc�lHªF¡ac;¢�m7z{c�gay�priJ|�b�mol�xsp�gamo¢�c*zac@Ntc�y�i¶·X +-N .��  Z ( $ ,S ����� +. � 7 + ) $ . . °��{�Ã³
no£¤c�y�i�u:Äu¹zaprlJc*¡ag+�alJq�n�c�yJyJ¡{y�z¶£¤prgFiJc�lJmon�iJp�qsg1z¶£Âmop�l�c�y�zac*�BmolJmob7`�iJlJc�yM+ /S�U #��

�
.Q¼

~�qs¡alµy�p�b�¡a¢rc�l�n�cX�alJq�n�c�yJyJ¡{y�yJ¡al���\N��w�g{qs¡ay�m��sqogay�nv_aqspryJp zac!g¶£¤¡{ikpr¢rp�y�c�l�ªF¡ac
¢V£Âmo¢rxsqslJp¦ik_{b�c�zac!®tº�»�w��{¢�¡ay�yJprb7�a¢�cXz¶£Âc�b7�a¢�qop zBm)gay6n�cXn�m)y�¼��]qsp�n�p]¢«m+zac�y�n�lJpr�{iJp�qsg
zac�y�n�m)¢�n�¡a¢�yHc�¾"c�n,ik¡a|�y�Ä7nv_BmoªF¡ac;p¦ik|�lJm)ikprqsg�·
�s¼�±�_aqspryJprl]zac#À@moÅ�qog�|�ªF¡ap��{lJqs´Bm)´a¢�cH¡ag7zac�y �*b7qs¡{�oc�b7c�gjiJy�yJ¡{pr�)mogjikyS·Fm��qs¡{i]z¶£¤¡ag
qs´¨��c,i�Ä�¢�m�n�qsg{Çaxs¡alkmikprqsg N�wFmÃ��qs¡{i]z¶£¤¡agXqo´¨��c�i Ä�¢«m�n�qsg{ÇBxs¡{lkm)iJp�qsg -DwsyJ¡a�{�alJc�y�u
yJprqsg+z¶£Â¡{g1�DqsprgFi�z{c N�wBy�¡a�a�al�c�y�yJprqsg²z¶£¤¡ag+�"qsprgjiHzac -"¼

�¨¼�zBmogay�¢rc*n�moy�zac*¢@£¸m��qo¡{i�z¶£¤¡ag1�Dqsprgji�Ä N;·Y nv_aqspryJprlH¡ag1qo´¨��c�i %t¡{gaprÀÑqolJb7|�b7c�gji�zBmogayE# � N�ZY n�m)¢�n�¡a¢�c�l¶·
� G /SK/A0 ),+�% . 	') � G$2 5 � # � $N��+-N .� + N . A / °��j�s³

Y m��sc�n�¢�m��{lJqs´Bm)´ap�¢rp¦ik| � � � + /]U � .Qwa�"qoyJc�l�N � � S G N �8PR% \F¼
d{¼�zBmogay�¢rc*n�moy�zac*¢�m7y�¡a�a�al�c�y�yJprqsg²z¶£¤¡ag+qs´¨��c�iHzac@N;·Y nv_aqspryJprlH¡ag1qo´¨��c�i (X¡{gaprÀÑqolJb7|�b7c�gji�zBmogay�N�ZY n�m)¢�n�¡a¢�c�l¶·

� G
//S ��+-N .
� # � $N� +-N .DA / °��sdj³

Y m��sc�n�¢�m��{lJqs´Bm)´ap�¢rp¦ik| � � � + /]U � .Qwa�"qoyJc�l�N � � S G N � P ([\F¼

KEKML-NPO�Q�Q�R



dj� ����� 2���>�@ =��
	����� > ; 6 032���> ;

�a¼H½�£¸m��qo¡{i�c�iH¢�m7y�¡a�a�al�c�y�yJprqsg²z¶£¤¡ag+qs´¨��c�iHzac -!y�c�iklkm)priJc�gjiHzac*¢«m�b7Á�b7c*À@moÅ�qsgS¼
±�qob�b7c#�{lJ|���¡¶w)¢�c�y�y�p�b�¡a¢«mikprqsgay�b7qsgjikl�c�gji�ªF¡ac#¢rc�y�qs´¨��c�iJy�y�c#yJ¡a�Dc�l��"qoyJc�gji�´Dc�m)¡¨u

n�qs¡a�6�a¢�¡{y�ªF¡¶£¸m��oc�n5¢rc�b7q¨z{`�¢rc�zac n�¢r¡ay�iJc�lJprgax*�al�|�n�|�zac�gji�¼s 6£Âmo¡{iJlJc#�Bm)l�i�wgaqs¡{y�n�qogay�ikmu
ikqsgay�ª�¡{c#¢�c�b�q�za`�¢�c#c�y�i�n�c�i�ikc#ÀÑqspry�u¹n�pFiklJ`�y�yJc�gayJpr´a¢rcHmo¡¨§6�Bmolkm)b�`,ikl�c�y¶·)yJp{�amol�c,§¨c�b��{¢�c
¢�c�lkmo�{�"qsl�i  ��� /S�c�y�i;iklJqo�9xslJmogaz¶w3¢rcX�al�q¨n�c�y�yJ¡ay4-©m+ikc�gazBmog{n�c!Ä�|�iJqs¡{¾"c�l;¢�c��al�q)u
n�c�y�yJ¡ay N�wMz{qsgjiX¢rc1g{qsb6´al�c1zS£Âqs´���c�ikyXÄ ¢@£¤|�ªF¡apr¢�pr´alJctc�y�i�ªF¡Bmoy�p�b7c�gjiXg�¡{¢V¼���¡ac�¢rªF¡ac�y
yJprb6¡a¢�m)ikprqsgayHyJqogFiH�al�|�y�c�gjik|�c�y�zamogay�¢«m�ÇBxs¡{lJc �{¼

fh¢�yJc�lkmop¦i�|�xsmo¢�c�b7c�gji�prgFiJ|�l�c�yJyJmogji;zacµyJprb6¡{¢�c�l�¢�cµn�moy�l�|��a¡a¢ryJp¦À 7 ; /�·Smo¡²¢rp�c�¡/zac
yJc�nv_ac��)mo¡{nv_ac�l�w¨¢rc�y]qs´¨��c,ikyMmo¡alJmoprc�gji]ikc�g{zBmogan�c�Ä*q�n�n�¡{�"c�l�¢�c�b�m§¨p�b�¡ab z¶£¤c�y��Bmon�c)wFn�c
ª�¡{p¶�"c�¡{i�Á�iJlJc�prgjik|�l�c�y�ykmogji��"qs¡{l#¢«m�y�c�xsb7c�gjikm)ikprqsg¶¼D®tm)¢�_ac�¡alJc�¡ayJc�b7c�gji�wD¢«mµb7|,ik_aq�zac
zac7yJprb6¡a¢�m)ikprqsg �alJqo�"qsy�|�c�n�p uhzac�yJy�¡ay�g{c7ÀÑqogan�iJp�qsg{gac7�Bmoy*�"qo¡al*¢�c�n�moy�l�|��a¡{¢�y�prÀ:w3c,i�¢�m
b�|,ik_aq�zac*zaprlJc�n�ikc;c�y�iH�alJqs´amo´a¢rc�b7c�gjiHÀ@moy�iJp�zaprc�¡{yJc�Ä7prb7�a¢�mogjikc�l�zBm)gay�¢�c*n�m)yHxo|�ga|�lkmo¢@¼

��� � �_���OH P L������ �
Õ�¡al#¢rc�y5ªF¡ac�¢rªF¡ac�y�b7q�za`�¢rc�y5�al�|�y�c�gjik|�y�prn�p@w{¢@£¸m)¢�xsqolJp¦ik_ab7c�zac*®+c�ikl�qs�a¢rp�y:u:º�moy�iJp�gaxoy�u

»*l�c�c�g�y�c�b�´a¢�c;zaqsg{n��a¢�¡{y5�"c�l�ÀÑqsl�b�m)gFi¶·a�a¢r¡ay5yJprb7�a¢�c;Äµprb7�a¢«m)gFiJc�l�wBp�¢"c�y�iH|�xjmo¢rc�b7c�gji
zBmogay�´aprc�g�zac�yXn�moy��{¢�¡ay�lkmo�{p�zac)¼M½]£Âmo¢rxsqsl�priJ_ab7c1zac+gBmopryJyJmogan�c,uhb7qsl�i!g¶£¤c�y�i!c�gÈÀ@mop¦i
p�gjik|�lJc�yJykm)gFi�ªF¡ac*¢�qolJyJªF¡ac;¢@£Âc�yJ�Bmon�c*zac�yHqs´¨��c,ikyE#Ìc�y�i�yJ¡{¥�yJmob7b�c�gji��Dc�ikp¦i�c�iHªF¡ac*¢rc�y
qs´¨��c�iJy�g¶£¤qsgji�zac�y�p�gjikc�lkmon,ikprqsgay�ª�¡S£¸Ä7À@mop�´{¢�c;zapry�ivm)gan�c)¼3Õ¨qsgtm��om)gFikmoxsc;lJ|�yJprzac6zBm)gay�¢rc
À@mopri6ªF¡¶£¸ÄtiJlkm��sc�lJyµ¢rc!n�mo¢�n�¡a¢�z{c�yµivm)¡¨§Lzac!gBmopryJyJmogan�cow�pr¢��Dc�l�b�c,i�zac!l�c���qsprgazal�c!�a¢r¡ay
lkmo�aprzac�b�c�gji6¢rc�y*n�qog{ÇBxs¡alJm)ikprqsgay*zac7�a¢r¡ay*xslJmogazac���lkmopryJc�b6´a¢�mogan�cow�b�mop�y*n�c�y;n�mo¢rn�¡a¢ry
yJqsgjiHn�c��"c�gazBmogjiHiklJ`�y��"|�gBmo¢rp�yJmogjikyH�"qs¡{l5¢«m���priJc�yJy�c;iJqoivm)¢�c*zac*¢@£¸mo¢rxsqsl�priJ_ab7co¼

�Hqs¡ay�m��sqsgayHn�qob��amolJ|*¢rc�yHzac�¡¨§1m)¢�xsqolJp¦ik_ab7c�yH¡agaprªF¡ac�b7c�gFi�za¡1�Dqsprgji�z{c;��¡ac*za¡
ikc�b7�ay5z{c�n�mo¢rn�¡{¢3±#~ ��¼B~�qs¡al#¡{gac�|�iJ¡azac��a¢r¡ay5b�m)iJ_a|�b�m)iJp�ªF¡ac)wan�qsg{n�c�l�gBmogji�gaqoikmobµu
b�c�gji�¢�c�y!�alJqo�alJpr|�iJ|/zac²b7|�¢�mogaxsctzac/¢«mLnv_Bm¬«gac/zac©®tm)lJ¯oq[� �alJq�za¡ap¦ikc)w#¢�ct¢�c�n�ikc�¡al
�"qs¡{lJlkm�y�c;l�|�ÀÑ|�lJc�lHÄ 
¦� ��qs¡ 
��	� ¼

���EK����



dsd

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

�������P� Y 	 � 25918 *-=�� 03, ; .�� 91, 2B0C.���8 > .�� � ,J=)>�@ *16�= � 03, .�� *�� @ > � ��> ; .�� ; �C9'> ; 03,J= 91, .���*-4
2���=F@ >�� � .<*-, ; 9 ,>��D@
� 8 8 > .1> ����� � ����� � � � >�8 ; 	 >�= 8 > ; � *-@ *-2���=F@ > ; ; 03,J=  G�9�V 9]9�9�� 	7OG � � � +�V 9�9]9 � .

KEKML-NPO�Q�Q�R



d-� ����� 2���>�@ =��
	����� > ; 6 032���> ;

� � ���1�����#	�
��������2 ��	 �3�546� ���7
�	�
�����

� ��� �_� �SG�J$T!��� �D� � J �
�Hgac�mo�{�alJq�nv_ac6n�¢«m)yJyJprªF¡ac��Dqs¡al�¢@£¤c,§�iklJmon�iJp�qsg/zS£Âprg{ÀÑqsl�b�mikprqsg²qs¡²¢�mXl�c�y�ikmo¡alJm)ikprqsg

z¶£Âprb�moxsc�y;c�y�i�¢V£Âmo�a�{lJq�nv_ac7´Bm�¿s|�y�p�c�gagac)¼�Ó�g zap�y��"qoyJc�mop�g{yJp�z¶£¤¡agac7prb�m)xsc7qs´ayJc�l��o|�c2-
ª�¡{p�c�y�i�¢«m �:z{|�ÀÑqsl�b�mikprqsg ��zS£Â¡ag{c�prb�moxsc*p�z{|�mo¢rcCN²ª�¡{c�¢@£Âqog1y�qs¡a_Bmop¦ikc;lJ|�n�¡a�D|�l�c�l�¼¶Ó�g
yJ¡a�a�Dqsy�c6|�xsmo¢�c�b7c�gji�ªF¡ac�¢V£¤p�b�moxocCN©m�|�iJ|�xs|�ga|�l�|�c�yJc�¢rqsg²¡{gac .�� ;�=�@
� �C9 =�� 03, * �/@�� 03@
�
zac�zac�g{yJp¦ik| � +-N .6c,i7ªF¡ac�¢«m²za|,ÀÑqslJb�m)iJp�qog z{c�¢V£¤p�b�moxoc�yJ¡ap¦i7¡agac�¢rqsp�zac��{lJqs´Bm)´ap�¢rp¦ik|
zac7zac�gay�priJ| X +.-��LN .,¼3½�m�b7|�ik_{q¨zac7´Bm�¿o|�yJprc�g{gacXn�qsgayJpry�iJcXÄ�qs�¨ikprb�pryJc�l;mo¡©yJc�g{y�z¶£¤¡ag
n�c�l�ivmoprg n�l�priJ`�l�c�¢«m²¢rqsp#m²�Dqsy�ikc�l�p�qolJp ! +-N �:- .,¼�½�m²�alJqs´amo´apr¢�p¦ik|!n�qsgazap¦ikprqsgag{c�¢r¢�c�zac<Nn�qsgagamop�y�ykmogji -Xc�y�i3·

� +-N �:-�.�G X +.-
�LN .�� +-N .
� +.- . � X +.- �LN .�� +-N . °��-�F³

½�c*n�lJp¦ik`�l�c*za¡²®1m§¨p�b�¡ab0�Ô~�qsy�ikc�l�p�qolJpM° ®+��~M³#c�y�i�zaqsg{ga|*�Bmol¶·
�NOG����
	 � � �$ X + -��LN .�� + N . °��j�s³

�Hqs¡ayµg{qs¡ay6prgjik|�lJc�y�yJqsg{y�prn�p mo¡ �{lJqs´a¢r`�b7c!z{c!¢«m+yJc�xsb7c�gjivm)iJp�qog�·�qsg9�oc�¡{i7m)p�gay�p
c,§�iklJmop�l�c�zac�¢@£Âprb�moxsc�¢rc�y É qsg{c�y�mo�a�Bm)l�ikc�gBmogji�Ä²zac�y�c�gjikp¦ik|�y7zap¦¾"|�lJc�gjikc�y�¼M~�qs¡al�z{c�yp�b�moxsc�y�ykm)iJc�¢r¢�p¦ivm)p�l�c�y�qs¡ mo|�lJprc�gagac�y�w3¢rc�´a¡{i�c�y�i*zac��amol�iJpriJp�qsg{gac�l�¢@£Âprb�moxsc�c�g/zap�y�ikprg¨u
xs¡Bmogji!�amolXcQ§{c�b7�a¢�c/¢rc�y É qsgac�y�¡alJ´amop�g{c�y!zac�y É qogac�y!l�¡alkm)¢�c�y�w�qo¡�¢�c�y!nv_Bmob7�ay�z{c�ylJqs¡{iJc�y�wBc�ikn)¼�¼r¼

½�m7gaqs¡{�oc�¢r¢�cµmo�a�al�q¨nv_ac;ªF¡ac6g{qs¡ayH�alJqs�Dqsy�qsgayHp�n�p�n�qsgayJpry�iJcµÄ7gac6�{¢�¡ayHn�qogayJprza|�l�c�l
¢V£¤p�b�moxoc�prza|�m)¢�c*N�n�qob�b7cH¡agXnv_amob7�XzacH�ap §{c�¢�y b�molJ¯)qÃ��prc�g¶w�b�mopry n�qsb7b�c�¢«m*lJ|�mo¢rp�yJmu
ikprqsg/z¶£¤¡agL�{lJq�n�c�y�yJ¡ay*qs´���c�iky�¼�Ó�g c�yJ�D`�l�c��amol�n�c,iJiJc�b7|,ik_aq�zac7�"qo¡{�sqsprl�lJc��alJ|�yJc�gFiJc�l
zap�l�c�n,ikc�b7c�gFi#nv_BmoªF¡ac É qsgac�z{c�¢@£Âprb�moxsc��amol�¡ag�qs¡!¡ag�gaqsb�´alJc�l�c�y�iklJc�p�gji5zS£Âqs´���c�iky zacÀÑqslJb7c�xs|�qsb7|�ikl�p�ªF¡ac;yJprb7�a¢rco¼

� �� � J H.L!�?� � � 	�LOP �
½�£¤p�gjiJ|�lJÁ,itz{cLy�p�b�¡a¢�c�ltlJmo�aprzac�b7c�gji1zac�y+�al�q¨n�c�yJy�¡ay²m)¢�|�m)ikqsprlJc�y1c�y�i1zac©�"qo¡{�sqsprl

c�gay�¡apriJc�¡{ikpr¢rp�y�c�l�¢@£¸mo¢rxsqsl�priJ_ab7cµza¡ @ > 6�9�� = ;�� 259 8 �6�"qo¡al�l�|�yJqo¡azalJc�¢rcµ�al�qs´a¢r`�b7c�zacµ¢�m

���EK����



dj�

lJc�nv_{c�lJnv_{c�za¡�b�m§¨p�b�¡ab �N�¼F±�c,iJikc�b7|�iJ_aq�zac�n�qsgay�p�y�ikc�Ä�yJprb6¡a¢rc�lMyJ¡{n�n�c�yJy�pr�oc�b7c�gji�¢rc�y
¢�qspry X

�
+-N . � + X +.-
�LN .�� +-N . .��� °��D�j³

q<;4 * 9!c�y�i*¡ag©lJ|�c�¢�mo�a�Dc�¢r| =)>�2�� ��@7*-=�91@ >,¼S½3qslJy�ª�¡{c, Ôikc�gaz/�sc�lJyC9{wS¢�m!¢rqsp X
�
+ N .

ikc�g{zÈ�sc�lJy!¡{gactzapry�iJlJpr´a¡{iJp�qsg ¡agap¦ÀÑqslJb7c+yJ¡al�¢V£¤c�gay�c�b�´a¢�ctzac�y�yJqs¢r¡{ikprqsgay�b�m§¨p�b�mo¢rc�y
�N G � �
	 � � � $ X +.-
�LN .�� +-N .�°@z{qsganX¡{g  �prlkmon�c�g ¢�m1y�qs¢r¡{ikprqsg b�m§¨prb�m)¢�c�yJpMn�c�¢r¢rc,uhn�pc�y�i�¡ag{p�ªF¡ac�³,¼M½�£¸mo¢rxsqsl�priJ_ab7c�zac�lJc�n�¡ap¦i�u¹yJprb6¡a¢r|1c,¾Sc�n�iJ¡ac1�{¢�¡ay�p�c�¡alJy�yJprb6¡{¢«m)iJp�qogay�z{c�y
¢�qspry X

�
+ N .]c�g�À@moprykm)gFi ´BmopryJy�c�lM�alJqoxslJc�yJyJp¦�sc�b7c�gji5¢�m*iJc�b7�"|�lkm)iJ¡alJc��sc�lJy19{¼F½3cHl�|�y�¡a¢rikm)i

zac�n�c�y�y�p�b�¡a¢�m)ikprqsgay�iJc�gaz�m)¢�qsl�y��oc�l�y�¢«m�yJqs¢r¡{ikprqsgµqo�{ikprb�mo¢�cMlJc�nv_ac�l�nv_a|�cHm��sc�n#¡agacMÀÑqsl�iJc
�alJqs´amo´apr¢�p¦ik|)¼"½�m�za|�n�lJqspryJyJmogan�c6zac�¢�m�iJc�b7�D|�lkmik¡al�c�zaqopri�ga|�m)gab7qsp�g{y�Á�iJlJc �:y�¡{¥�ykmobµu
b�c�gji �6¢�c�gFiJcow¶n�mol�zamogay�¢rcµn�moy�n�qsgjiklJmoprlJcµ¢rc�y�y�p�b�¡a¢�m)ikprqsgay��Dc�¡{�oc�gji;lJc�y�ikc�l�´a¢rq¨ªF¡a|�c�y
yJ¡al�zac�yHb�m§¨prb�m�¢rq¨n�mo¡¨§"¼

� �.� � L�� �OJ P6� �/��L �SJ
 �mogay�¢«m7yJ¡{priJc;z{c;n�c�i�ikc;|�ik¡{zacowBgaqo¡ay�m)¢�¢rqsgay5n�qsgay�iJlJ¡aprlJc;¡ag+b7q¨za`�¢�c*y�p�b7�a¢rc��Dc�l:u

b�c,iJikmogji5zac�iJc�y�iJc�l#¢@£¤c�¥�n�mon�priJ|�zac�n�c�iJiJc*mo�a�al�q¨nv_{c�xs|�qob�|,ikl�p�ªF¡ac��Dqs¡al ¢«m6y�c�xsb7c�gFikmu
ikprqsg/z¶£¤p�b�moxsc)¼3½3c�y�prb�moxsc�y�iJc�y�iJy�yJc�lJqsgji;zac�y�prb�moxsc�y�zac�y�¿�gjik_a`�yJc�n�qsb7b7c7n�c�¢�¢rc�zac
¢«m*ÇBxs¡al�c��s�ow�n�qsgay�ikp¦ik¡a|�c�y#zac É qsg{c�y�l�c�n,ivmogaxo¡a¢«m)p�l�c�y��amolkmo¢r¢r`�¢rc�y#m)¡¨§Xm§¨c�y�¼¨½3c�b7q�za`�¢rc�"c�¡{i5yJc�b6´a¢rc�lHyJprb7�a¢rp�y�ikcowBb�mopry5¢rc�´a¡{i�zac�¢@£Â|,ik¡az{c�c�y�i��{¢�¡{i��oi�zac�iJc�y�iJc�l5¢�mµb7|�ik_{q¨zac)w
z¶£Âc�g+mo�a�al�|�_ac�gazac�l�¢rc�y�m��)mogjivmoxoc�y5qs¡�¢rc�y�zap¦¥�n�¡a¢¦ik|�yHªF¡ac�zS£Âqs´¨ikc�g{p�l5za`�y�b�m)p�gjikc�gBmogji
zac�y�lJ|�yJ¡a¢¦ivmikyHyJ¡al�zac�yHn�moyHlJ|�c�¢�y�¼

½3c�y�yJprb6¡{¢«m)iJp�qogay#yJcHÀÑc�l�qsgji#zaqsg{n�m��sc�n�zac�y lJc�n�ivm)gaxs¢rc�y#zacHivmopr¢r¢�c�y �)molJp�mo´a¢rc�y�w¨b�mopry
z¶£ÂqolJprc�gjivm)iJp�qogLÇ{§¨co¼��Hqs¡ay;nv_ac�l�nv_aqsgay�m)p�gay�pMÄ+l�|�n�¡{�"|�lJc�l�¢«m�n�qog{ÇBxs¡alJm)ikprqsg p�z{|�mo¢rc N
zac�y�lJc�n�ikmogaxs¢rc�y�m�¿jmogjiH�alJq�za¡ap¦iH¢V£¤prb�m)xsc*qs´ayJc�l��o|�c -"¼
� ��  � ���QP J=� MOG����CG��

½3c�yHqo´¨��c�iJyHy�qsgji�zac�y�l�c�n�ikmogaxs¢rc�y��Bm)lkmob7|�iJlJ|�yH�amol5¢�c�y�n�q�qslJzaqogaga|�c�y�zac�¢�c�¡al5n�qop�g
p�g{ÀÑ|�lJprc�¡al7xjm)¡anv_acow�¢�c�¡al7¢�qsg{xs¡ac�¡{l�c�i�¢�c�¡al�¢�molJxsc�¡al�¼�½�c�y7¢�qsg{xs¡ac�¡{lJy7zac�y�n �oik|�y7yJqsgji
n�qsb7�al�p�y�c�yHc�gjikl�c�¡ag{c*�)mo¢rc�¡{lHb7prgaprb�m)¢�c;c�iH¡agac��)mo¢rc�¡al�b�m§¨prb�m)¢�c)¼SÓ�g�nv_ac�lJnv_ac�¡agac
zap�y�ikl�p�´a¡¨ikprqsg�yJ¡{lXn�c�y!lJc�n�ikmogaxs¢rc�y�ª�¡{p�b7q�za|�¢rp�y�c²¡ag��am[�)moxoctmo¢r|�mikqsprlJc+zact¢@£¤p�b�moxsc)¼
±�c�iJiJc�z{p�y�iklJpr´a¡{iJp�qog zaqsp¦i;zaqsgan7À@m��sqsl�p�y�c�l6¢rc�y;lkm)�a�alJq�nv_ac�b�c�gjikyµc�gFiJlJc�lJc�n�ivm)gaxs¢rc�y6c,i

KEKML-NPO�Q�Q�R



dD� ����� 2���>�@ =��
	����� > ; 6 032���> ;

�"|�gBmo¢rp�y�c�l]¢�c�y�nv_ac��)mo¡{nv_ac�b7c�gjiJy�¼{fh¢{yJc�b�´a¢rcHzamogay�n�c�n�moy��a¢r¡ay]mo�a�al�qs�al�p�|5z¶£¤¡{iJp�¢rp�y�c�l]¡ag
b�q�za`�¢�cMm��sc�n prgjikc�lJmon�iJp�qogay��Bmol3�BmoprlJc�y�z¶£Âqo´¨��c�iJy�¼��qs¡{y�z{|�ÇBgapryJy�qsgay�zaqsgan�¡ag;�Dqoikc�gFiJp�c�¢�!yJ¡{l@# \(# ikc�¢3ªF¡ac�·

� +-N . �� Z ( $ , �
��� � � ���  #"%$ �/+�%[^�U %���. °��<�s³

½3c*�Dqoikc�gFiJp�c�¢ �/+�% U (�. n�qsb7�"qol�ikc*zac�¡¨§+�Bmol�ikprc�y¶·
�s¼���gac*�Bm)l�ikprc�lJ|��a¡a¢ryJp¦�sc�·"¢�qolJyJªF¡ac�� ),+�% . 	F),+ ( . � �G�9{w

�/+-% U)(�.�G � � �
� $ 7[S � ),+�% . 	F),+.(�. �

� ��� +�� ),+�% . � U � ),+.(�. � .�� °��s�j³
q<; 7[S�* 9�c,i�q<; � V �Fz{|�yJprxsgac;¢�m7b7c�yJ¡al�c�zac;½3c�´Dc�y�xs¡ac;zac 3 ) � ¼

�¨¼���gac*�Bm)l�ikprc*m)i�iklkm)n�ikp¦�sc�·D¢rqsl�yJªF¡ac � ),+�% . 	F),+.(�. � G 9{w
�/+�% U (�.�G /1A�7��	� +-% U (�. ����� + $ 7��	B +�% U)(�. . °��D�j³

q<; 7�� * 9{w 7�� * 9{w B +�% U)( .�c�y�i�¡agac6z{p�y�ivmogan�c6c�gFiJlJc�¢�c�y�qs´¨��c,iky�%²c�i (Dw	��+-% U)(�.
¢«m�¢rqsgaxs¡{c�¡al�zac�yHn �oik|�y�c�g1l�c�xjm)lJzL°Ñ�oqsp�l5ÇBxo¡alJc �s³Q¼
±�cL�DqoiJc�gjikprc�¢;c�y�itb�m§¨prb�m)¢�¢rqslJy�ªF¡ac9¢rc�y+zac�¡�§ l�c�n,ivmogaxo¢�c�ytqsgji1¡ag n �oik| c�g
n�qsb7b�¡ag¶¼

��g©¡{iJp�¢rp�yJmogji*zac�y��)mo¢rc�¡al�y�yJ¡{¥�yJmob7b�c�gji6|�¢�c,�s|�c�y�z{c�y*�BmolJmob7`�ikl�c�y 7[SQw 7���c,i17
��w
no£¤c�y�i�u:Äu¹zaprlJc©Ä ´Bmoy�yJc©ikc�b7�D|�lJm)ik¡al�cow5¢rc�y�yJprb6¡{¢«m)iJp�qogay��alJ|�yJc�gjiJc�gji²¢@£¸m)yJ�Dc�n�i+l�c�nv_ac�l�u
nv_a|�z¶£¤¡ag �Bm��)moxsc�mo¢r|�mikqsprlJc�zac�¢V£¤prb�m)xsc©°Ñ�oqsprl6ÇBxs¡al�c��j³Q¼�½3c�yµ�amolkmob7`,iklJc�y >c�i�7��
�"c�lJb7c�i�ikc�gjiXzac+À@m)p�l�c+�)mol�p�c�l�¢rc1g{qsb6´al�ctz¶£¤qs´¨��c,iky�b�q[¿oc�g¶¼ ½3c1�Bm��)moxsc+qs´{iJc�gF¡�c�y�i
ykm)iJp�y�À@mop�yJmogji�¼���|�mogab7qsprgay�w�gaqo¡ay��Dqs¡{�oqsgay;lJc�b�m)lJªF¡ac�l;ªF¡ac�¢�c�y�l�c�n�ikmogaxs¢rc�y;qsgji*ikc�g¨u
zBmogan�c!ÄtÁ,iklJc�zac!�Dc�iJpriJc�ivm)p�¢r¢�c)¼�~�qs¡al��Bmo¢r¢�prc�lµn�c�i6p�gan�qsgj�s|�gap�c�gji�w�qsg �Dc�¡¨iµlkmÃ��qs¡{ikc�l
¡ag+iJc�l�b�c;À@m��sqsl�p�yJmogji�¢rc�yHxslJqoyHl�c�n,ivmogaxo¢�c�y�zBmog{y�¢rc*b�q�za`�¢�c�m��{lJprqslJp@¼"±�c;iJc�lJb7c;zaqsp¦i
Á�ikl�c�¡agac�ÀÑqogan�iJp�qsg�n�lJqspryJyJmogjikc � zac�¢@£¸moprlJc�z¶£Â¡{g+l�c�n,ivmogaxo¢�c)w{ªF¡ap¶zaqopri5z{c��a¢r¡ay#�s|�lJp¦ÇBc�l
� +���S A���
./* � +���S . � +�� �
.Qwjm)ÇBg�ªF¡ac�¢�m�lJ|�¡{gap�qog�z{cH��lJc�n,ivmog{xs¢�c�y]yJqsp¦i �:b7c�pr¢r¢�c�¡alJc �5ªF¡ac
n�c�y���l�c�n,ivmogaxo¢�c�y�yJ|��Bmol�|�y�¼oÓ�g6�Dc�¡{i��Bmol�c,§¨c�b��{¢�c#�{lJc�g{zalJc �"qs¡{l � ¡{gac cQ§¨�"qsg{c�gjikprc�¢r¢�c
ª�¡amozalkmikprª�¡{co¼D½3c�b�q�za`�¢�c�m��alJprqslJpSzac���prc�gji�mo¢rqsl�y¶·

� +-N . �� Z ( $ , �� � � $ ����� +���( � +-%[^ . . �
����� � ���  #"%$ �/+�%[^ UY%���. ° �)�j³

q<;�( +�% .;za|�yJprxsgac�¢@£¸moprlJcXzac %Èc,i�q<;�� * 9{¼ �Hgac�yJprb6¡a¢�m)iJp�qsg za¡ b7q�za`�¢rc�m²�alJprqsl�p
n�qsgjikc�gBmogji�¡{gtikc�lJb7c�À@m��sqolJprykmogji�¢rc�y�xslkm)gazay�qo´¨��c�iJy�zaqsg{gac6¢rc6l�|�yJ¡{¢rikm)i�zac;¢�m�ÇBxs¡{lJc
�{¼

���EK����



d<�

Objet v

d(u,v)l(u,v)

Objet u

1

potentiel

distance des objetsaire de l’intersection

Partie repulsive Partie attractive

�������+� Y � � ;�= *-,6 > ; 91=�� 8�� ; � > ; >�,J=�@ > 8 > ; @ > 6�= *-,��D8 > ;�� >�, � *-91=�� >�=H@ > �/@�� ; >�,J= *-=�� 03,
; 6�� ��2 *-= ���C9J> .-9 �J03=?>�,J=�� >�8�� >�, � *3;�� �

KEKML-NPO�Q�Q�R



ds� ����� 2���>�@ =��
	����� > ; 6 032���> ;

0 50 100 150 200 250
0

50

100

150

200

250

�������}� Y 	 � 25918 *-= � 03, .-9 2B0C.���8 > * �/@
� 03@
�

���EK����



dD�

0 50 100 150 200 250
0

50

100

150

200

250

�������/� Y 	 � 25918 *-= � 03, .-9 2B0C.���8 > * �/@
� 03@
� * �/@ � ; @ * � 0391=+.�� 91,$=)>�@�2B> 
�* �-03@
� ;C*-,J= 8 > ;
0 ��� >�= ; .1>��D@ *-,/.1> = *�� 8 8 > �

KEKML-NPO�Q�Q�R



�j� ����� 2���>�@ =��
	����� > ; 6 032���> ;

� � � � ��� �CH �EJ �UL � �����!� � JD�
½3c�ikc�lJb7c�z¶£Âm)i�ivmonv_ac�mo¡¨§�zaqsg{ga|�c�y�n�qolJlJc�yJ�Dqsgaz�Ä;¢«m;¢�qop � +.-
�LN .,wFªF¡ap"b7q�za|�¢rpryJc�¢rc

�BmoyJyJmoxscMzacM¢«m�n�qsg¨ÇBxs¡alJm)ikprqsg6prza|�mo¢�c N7Ä�¢V£¤prb�m)xsc l�|�c�¢�¢rc qo´ayJc�l��s|�c�-D¼
�#mozaz{c�¢rc�¿;c�i �Mmog
½�prc�y�_aqs¡{i�
Â�	���alJqo�"qsy�c�gji�¡ag1b7q�za`�¢rc;n�qsgay�p�y�ivmogji�c�gt¡{gac�z{|�ÀÑqsl�b�mikprqsg1z{|�ikc�lJb7prgap�y�ikc
yJ¡ap¦��p�c]z¶£¤¡ag;´alJ¡ap¦i�mo¢r|�m)iJqsprlJco¼[fh¢ry3|�n�lJp¦�sc�gFi�mo¢rqslJy3¢�m#�alJqo´Bmo´apr¢�p¦ik|]n�qsgazap¦ikprqsgagac�¢�¢rc � +.-
�LN .
n�qsb7b7c*¢�c*�al�q¨za¡{pri3·

� +.-��LN .�� �
� � �

�/+.-/+ 	 . ��� $ + 	 . . ° ���Ã³

q<;�� $ lJc��alJ|�yJc�gFiJc²¢@£Âprb�moxsc�p�z{|�mo¢rc1l�|�y�¡a¢rikmogjiXz{c1¢�m n�qsg{ÇBxo¡alkm)iJp�qogÈprza|�m)¢�cON�w]c�i�q<;�T+�V � �].�c�y�i6¡{gacXzapry�iJlJpr´a¡{iJp�qsgLb7q¨za|�¢�prykm)gFi6¢�c�´alJ¡{pri�¼�±�c,iJiJcXlJc��alJ|�yJc�gFikm)ikprqsg c�y�i6p�gjik|Qu
lJc�y�ykmogjiJcµ�"qo¡al�¢�m�l�c�n�qsgagBmopryJyJmogan�cµz¶£¤qs´¨��c�iJy�przac�gjiJp�ªF¡ac�y�zBmogay�¡agac6prb�moxsc)wDb�mopry�c�¢�¢rc
c�y�i�zap¦¥�n�pr¢�c�b7c�gji!cQ§¨iJc�gay�p�´{¢�ctmo¡Èn�moy7q<; ¢�c�y�z{qsgaga|�c�y�zac�¢V£¤p�b�moxoc+qo´ayJc�l��s|�c -Dw�moy:u
yJq�n�pr|�c�y;mo¡�§©qs´¨��c,iky*zac7¢«m�n�qsg{ÇBxs¡{lkm)iJp�qsg N�w3qsgji*zac�y*zap�y�ikl�p�´a¡¨ikprqsgay;zapr¾"|�l�c�gjikc�y�¼�±�c
b�q�za`�¢�c*yJ¡{�a�"qoyJc;zac*�a¢�¡{yHªF¡ac;¢�m7z{p�y�iklJpr´a¡{iJp�qog ��c�y�i�n�qogagF¡aco¼

�Hgac mo¡{iJlJc/À@moÅ�qogÆz{cLl�c��al�|�yJc�gjikc�l+¢@£¸m)i�ivmonv_{c9mo¡�§>zaqsgag{|�c�y+c�y�i+zac©za|�ÇBg{p�l�¡ag
�"qoiJc�gjikprc�¢ � yJ¡al@#Ìc�iHz¶£¤|�n�lJprlJc;moprgayJp)·

� + - �LN .����� � � $ � +�%[^ . ° �o�s³

Ó�g!y�qs¡a_Bm)priJc�ªF¡ac � +�% .]y�qsp¦i#b�m§¨p�b�mo¢"¢�qolJyJªF¡ac�¢�c�yJ¡a�a�Dqsl�i*),+�% .�zac�¢@£Âqs´���c�i#zamogay¢V£¤p�b�moxoc c�y�i�¡agac É qsgacM_aqsb7qsxo`�gac)w)n)£Âc�y�i�uhÄuhz{p�l�c ¡ag{c É qsgacMª�¡{p�n�qslJl�c�y��"qsg{zµÄ�¡{g6b7Á�b7cqs´¨��c�i �a_j¿�yJprªF¡ac�°@�Bm)l cQ§{c�b7�a¢�c�¡agXnv_Bm)b��Xqs¡X¡ag{c���p�¢r¢rc[³,¼¨��qo¡ay �Dqs¡al�lJprqsgay yJ¡a�a�Dqsy�c�l
n�qsgagF¡ac�y!¢rc�yX¢rqspry�l�|�xspryJyJmogji�¢�m �:y�¿�gFiJ_a`�y�c �tzac+¢V£¤p�b�moxoc - ÄL�amol�iJp�l�z¶£¤¡agactn�qsg{ÇBxo¡¨u
lkm)iJp�qsg©z¶£¤qs´¨��c,iky�w3c�i;moprgayJp�n�qsb7�Bmol�c�l*¢«m�zapry�iJlJpr´a¡{iJp�qsg zac�y;�{p¦§¨c�¢ry�Ä�¢@£¤p�gjik|�lJprc�¡al*z¶£¤¡ag
lJc�n,ivmog{xs¢�c % Ä²n�c�y�zap¦¾S|�lJc�gFiJc�y�¢�qop�y�¼���qo¡ay��alJ|,ÀÑ|�l�qsgay�n�c��"c�gazBmogji�¡{iJp�¢rp�y�c�l�¡ag{c�b�|Qu
ik_aq�zac�ªF¡apD|���p¦ikc�n�c�ih¿��"c�z¶£Â_j¿��Dqoik_a`�yJc)wan�mol zBmogay ¢�c�y#prb�m)xsc�y#l�|�c�¢�¢rc�y#¢rc�y��Bmolkm)b�`,ikl�c�y
gac�y�qsgji6�amoy*n�qsgagF¡ay�¼��Hqs¡ay;nv_ac�l�nv_aqsgay�zaqsgan�yJprb7�a¢rc�b7c�gji�¡ag ikc�y�i�z¶£Â_{qsb7qsxs|�g{|�p¦ik|
z¶£Â¡{gac É qsg{c5zac#¢@£Âprb�moxscowoykmogay�|�b7c�iJiJlJc�z¶£¤_j¿¨�DqoiJ_a`�y�cHy�¡al�¢�m�gBm)ik¡{lJc#zac�y�zapry�ikl�p�´{¡{ikprqsgayzac�y��ap §¨c�¢ry�zac*¢@£Âprb�moxsc)¼

½�£¤_aqsb7qsxs|�ga|�p¦ik|�c�y�iM¡agac�gaqoiJp�qog�ªF¡apB�Dc�¡¨i]yJc�b�´a¢rc�l�prgjik¡ap¦ikp¦�sc)wFb�m)p�y�ªF¡apBg¶£¤c�y�iM�Bmoy
mop�y�|�c�Ä�ÀÑqolJb�mo¢rp�y�c�l�¼�Õ�pM¢@£¤qsgL�Dc�g{yJc�Ä+¢�m�À@m)Å�qsg zaqsgji;gaqs¡ay;�Dc�lJn�c��oqsgay���pryJ¡ac�¢�¢rc�b7c�gFi

���EK����



�a�

¢V£¤_aqsb7qsxs|�ga|�p¦ik|1z¶£¤¡agactprb�moxsc)w pr¢��"c�¡{i!y�c�b6´{¢�c�l!gBm)iJ¡alJc�¢Hz{ctzaprlJc1ª�¡S£Â¡ag{c É qogactc�y�i_aqsb7qsxs`�gacXy�p ikqo¡{ikc�yµyJc�yµyJqs¡{y�uh�amol�iJp�c�yµ�alJ|�yJc�gFiJc�gji7¢rc!b7Á�b7c�moy��"c�n�i�¼ ��¡Bmogaz g{qs¡ay
�BmolJ¢rqsgayMzacHyJqs¡{y�uh�amol�iJp�c)w�g{qs¡ayM�"c�gayJqsg{y#Ä*¡agac�y�qs¡ay:uh�Bmol�ikprc�n�qsgagacQ§¨cow¨Ä;¡ag�c�gay�c�b�´a¢�c
zac5�ap §{c�¢�y��oqsp�y�p�g{y c,i]gaqsg7zapry@��qsprgjiky�¼F½�m�ga|�n�c�y�yJp¦ik|Hzac5�al�q¨n�|�zac�l Ä�¡{gac�yJ¡a´Dzap¦�¨pryJprqsg�zac
¢«m É qsgac��Dqs¡alMikc�y�ikc�l5yJqsg�_aqob�qoxs|�ga|�priJ|*mo�a�Bm)lkm¬�i5yJ¡{l#¢«m6Çaxs¡alJc6�[�#·¨c�g�_Bmo¡{i5¢�m É qsgacc�y�i6n�qsg{yJprza|�l�|�c!n�qsb7b�cXp�ga_{qsb7qsxs`�g{cXn�m)l�y�c�yµzac�¡¨§9b�qopriJp�|�y6qsgji�zac�yµlJmozaprqsb7|�iJlJprc�y
zapr¾"|�l�c�gjikc�y�w¨c�g!l�c��)moganv_ac)wayJpD¢@£Âqsg�b7|�¢�mogaxsc�m)¢�|�m)ikqsprlJc�b7c�gji#¢rc�y#�{p¦§¨c�¢ry�w¨¢«m É qsg{c�mo�a�amulkm¬�i#_aqob�qoxs`�gac*m)¢�qsl�y�ªF¡ac�¢�mµzapry�ikl�p�´{¡{ikprqsg�xs¢rqs´Bmo¢rc�c�y�i�prganv_Bmogaxo|�co¼a��qs¡ay��alJqs�Dqsy�qsgay
zaqsgan�¡agtikc�y�i�yJprb��{¢�c�·"zap¦�¨pryJc�l�¢�c�lJc�n�ivm)gaxs¢rc6c�g � * �7n�qs¢rqsgagac�y�zac�b�Á�b7cµ¢«m)lJxsc�¡al
c�i5n�qsb7�BmolJc�l5¢�c�y#zapry�iJlJpr´a¡{ikprqsgay�zac�n�c�y5n�qs¢�qogagac�y�wa�a¡apry5�al�q¨n�|�zac�l5zac�b7Á�b7c*m��sc�n;z{c�y
yJ¡a´Dzap¦�¨pryJprqsgay�_aqsl�p É qsgjivmo¢rc�y�¼

�������}��� Y �%*�� �D91@ > .-9 � *3; * ��= �A0 �C=?>�,J9J>A>�, 2 ��8 *-,�� >7*-,J= *-8 �7*-=?0 � @ >�2B>�,J=�8 > ; � � � >�8 ;
.1> 8 *�� �D9 @ > .-9 � *-91= �

� ����Í ��� �!Ë"Ð@�9Ë'I}Ë��Ë � Î " � � � � Ë�� ±�c�ikc�y�i��"c�lJb7c�i�zac�b7c�yJ¡{lJc�l�¢V£¤|�n�mol�i�c�gjiJlJc
zac�¡¨§tzapry�iJlJpr´a¡{ikprqsgayHu��oqsp�l��Bmol�cQ§¨c�b7�a¢rc 
r�[�	� wD�Bmoxoc�y �D�s�u)�D�-�a¼���ivmogji�z{qsgaga|�y�zac�¡�§

KEKML-NPO�Q�Q�R



�F� ����� 2���>�@ =��
	����� > ; 6 032���> ;

|�nv_BmogjiJp�¢r¢�qogay +-N[^ .�c�i +.- ^ .Hy�¡al!3 ) zacµn�m)lJzaprgBmo¡¨§tlJc�yJ�Dc�n,ikp¦ÀÑy�� SHc�iS� ��wDqsg²za|,ÇBgap¦i�¢rc�y
zac�¡¨§1zapry�iJlJpr´a¡{iJp�qsg{y�� Z

�
+ 	 .5c�i�� Z

�

+ 	 ."·�� Z[+ 	 .�l�c��al�|�y�c�gjikcµ¢�m�ÀÑlkmon,ikprqsgtz¶£¤|�nv_amogjikpr¢�¢rqsgay
p�g{ÀÑ|�lJprc�¡al�y�Ä 	Q¼DÓ�g�n�mo¢rn�¡{¢�c�mo¢rqslJy5¢�m�y�ivm)iJp�y�ikprªF¡ac�·

� G � � �% ��� � ��� ��� Z � + 	 . $�� Z � + 	 . � ° �)dj³
��y�¿�b7�{iJqoikprªF¡ac�b7c�gjiHc�g � SMc�iI�.��w¨¢�m6zapry�ikmogan�c ��c�gjikl�c�¢rc�y5zac�¡¨§!z{p�y�iklJpr´a¡{iJp�qogay5yJ¡ap¦i
¡agac*¢�qop¶n�mo¢rn�¡{¢«mo´{¢�c;c,§¨�a¢rp�n�priJc�b7c�gji�¼ ��g1c,¾Sc,i�wBc�g1�Dqsykm)gFi¶·

�	��
 +�7 . G � �6 � 
 S + $�/R. � % S # % � � � ' � ° �3�F³

mo¢�qolJyMzBmogayM¢�c�n�moyMzacH¢V£¤_j¿��"qoiJ_a`�y�c�gF¡a¢r¢�c�q ;�¢rc�y zac�¡¨§�zapry�iJlJpr´a¡{iJp�qsg{y#yJqsgji ¢�c�y�b7Á�b7c�y�w
qsg+m#·

~]l�qs´Bmo´{p�¢rpriJ|�+	� * �>.�G ����
 +� � S �.�� SDA �.� �>. ° �o�s³

Õ¨p¶¢@£ÂcQ§{�{lJc�y�yJprqsg/�o�6c�y�iHprg{ÀÑ|�l�p�c�¡alJc;Äµ¡ag+yJc�¡apr¢¶zaqsgag{| �²°@�Bm)l#c,§¨c�b7�a¢rc �,G�9 VY9�s³Qw{¢rc�y
zac�¡¨§t|�nv_amogjikpr¢�¢rqsgay*qsgji�¡ag{cµ�alJqo´Bmo´apr¢�p¦ik|6p�g{ÀÑ|�lJprc�¡al�c7Ä �+zacµyJ¡{pr��lJc�¢�mXb7Á�b7c�zapry�iJlJp u
´a¡{ikprqsg¶¼

½3c�n�mo¢�n�¡a¢jza¡*�Dqoikc�gFiJp�c�¢ � +�% ."n�qogayJpry�iJcMz{qsgan]Ä5c�¾"c�n,ik¡ac�l � $�/�iJc�y�iJy�zac ��qs¢rb7qsxsqsl�qo¾}uÕ¨b7p�l�gaqo¾ÈyJ¡al � yJ¡a´Dzap¦�¨pryJprqsgayµ�oc�l�ikprn�mo¢rc�y�za¡ l�c�n,ivmogaxo¢�cK% c,i�mo¡{ikmogjiµzac�ikc�y�ikyµy�¡al
� y�¡a´Dzapr��pryJprqsgay�_aqsl�p É qsgjivmo¢rc�y�¼ �Hqs¡ay7za|,ÇBgapryJyJqogayXm)¢�qsl�y7¢�c��Dqoikc�gjikprc�¢ � +�% .6n�qsb7b7c¢«mX�{¢�¡ay��"c,ikp¦ikc6�)mo¢rc�¡{l�lJ|�yJ¡a¢¦ivm)gFi�zacµn�c�y�ikc�y�iJy�¼¶~�¢r¡ay�¢rcµgaqsb�´alJc6zac6y�¡a´"z{pr��pryJprqsgay
�
c�y�i�|�¢�c,�s|;c�i��a¢r¡ay�¢rc�ikc�y�iHc�y�i5ÇBmo´a¢rc�xs|�qsb7|,iklJprªF¡ac�b7c�gFi�¼ ��g�lJc,�)moganv_ac)wD�{¢�¡ay5¢rc�y�y�qs¡ay
lJ|�xop�qsg{y�y�qsgjiµxslJmogazac�y�w��a¢�¡{y6¢rc�y6y�ivm)iJp�y�ikprªF¡ac�y�y�qsgji6l�qs´a¡ay�ikc�y�¼ ��g �alJm)ikprªF¡ac�� G��
lJc��{lJ|�y�c�gjikc�¡ag�´"qog1n�qsb7�alJqsb7pry�¼

~�qs¡al�p�gan�priJc�l�¢rc�y�qs´¨��c�iJy�ÄXy�c6�a¢�mon�c�l�y�¡al�¢rc�y�n�qsgjikqs¡{lJy�z{c�y É qsgac�y�zac6¢@£Âprb�moxsc)wSpr¢c�y�i#p�gjik|�lJc�yJykm)gFiHzac�lkm��qs¡¨ikc�l�mo¡��Dqoikc�gFiJp�c�¢ � +�% .M¡{g!ikc�l�b7c�À@m��sqsl�p�yJmogji5¢�c�y5lJc�n�ivm)gaxs¢rc�y
%+z{qsgji�¢�c�y5´"qsl�zay#y�qsgji�yJp¦ik¡a|�y5yJ¡al5zac�y5¢�prb7priJc�y5zac É qsgac�y�¼B~�qs¡al5n�c�¢«m¨w{qsg�n�qsb7�BmolJc�¢�mzap�y�ikl�p�´a¡¨ikprqsg7zac�y]�ap §¨c�¢ryMzamogay]¡agac5|,iklJqopriJc5´Bmogazac5zS£Â¡ag�n �)ik|5c�i]z{c5¢V£Âmo¡{iJlJc5z¶£¤¡ag7´"qolJz
za¡/lJc�n�ivm)gaxs¢rc %�¼¶½3qslJy�ªF¡ac�n�c�y�zapry�ikl�p�´{¡{ikprqsgay*yJqogFi�zapr¾"|�l�c�gjikc�y�w3n)£Âc�y�i;ÄXzaprlJc�¢rqsl�yJªF¡ac
¢�cHikc�y�i5zac �Hqs¢rb�qoxsqslJq)¾Du:Õ¨b7p�l�gaqo¾+lJc�gF�oqsprc�¡agac��)mo¢rc�¡al p�g¨ÀÑ|�lJprc�¡{lJc�Ä6¡{g�yJc�¡{p�¢"zaqsgaga|)w

���EK����



�jd

qsg�mo¡axob�c�gjikc�¢rc��Dqoikc�gjikprc�¢ � +�% .�z¶£¤¡agac�ªF¡BmogjiJpriJ|��Bmol�cQ§¨c�b7�a¢rc��alJqs�Dqsl�ikprqsgagac�¢�¢rc�Ä6¢�m¢�qsg{xs¡ac�¡{l za¡�´"qolJz�n�qsgay�p�z{|�lJ|)¼B±�c�ikc�lJb7c�y�¡a�a�a¢r|�b7c�gjikmop�l�c�mob7|�¢rprqslJcH¢�c�y�l�|�yJ¡{¢rikm)ikyMc�g
�alkm)iJp�ªF¡ac)wBc�iH¢rc;�Dqsy�priJp�qsg{gac�b7c�gji�zac�yHlJc�n�ikmogaxs¢rc�y�yJ¡{lH¢rc�yHn�qogFiJqs¡al�yHc�y�i��a¢r¡ay��alJ|�n�pry�¼

� � � � P ���CG �L���
	 J8�SJ G�J H L��L�
~�qs¡al�lJ|�yJqs¡{zalJc;¢V£¤|�ªF¡Bmikprqsg �j�¨wagaqs¡{y�m)¢�¢rqsgay�yJprb6¡{¢�c�l�¢�m�¢rqsp

X
�
+-N . � ��� Z ( $ , ���� � $ � +-% ^ . �

��� � � ���  #"%$ �T+-%[^�U %�� .���
��

° � �j³

c�g1mo´BmopryJyJmogji��{lJqsxsl�c�y�yJp¦�sc�b7c�gFi�¢«mµikc�b7�"|�lkm)iJ¡alJc  �oc�lJy��{¼
~�qs¡al c�¾"c�n�iJ¡ac�l ¢�c�y#yJprb6¡{¢«m)iJp�qogay�w¨gaqs¡ayMnv_aqspryJpryJy�qsgay5¢@£¸mo¢rxsqsl�priJ_ab7c�zac�®1c�iJlJqs�Dqs¢rp�y:u

º�moy�ikprgaxsy�u:»*l�c�c�g¶w]b�m)p�y7n�c,iJiJc+ÀÑqspry�u¹n�p5c�g�m��qs¡¨ivmogji�¢«m©�DqsyJy�p�´apr¢rpriJ|1zac+b7qs¡{�oc�b7c�gjiky
mo¡{ikl�c�y�ª�¡{ctzac�y!m��qs¡¨ikyXc,iXy�¡a�a�al�c�y�yJprqsgay�z¶£¤qs´¨��c,iky�Ä nv_BmoªF¡act|,ivmo�Dco¼ ½�£Âprgjik|�lJc�iXzac
lkm��qs¡¨ikc�lHzac�y�b7qs¡{�oc�b7c�gjiky�c�y�i�z¶£¸m)n�n�|�¢�|�lJc�l�¢«m�n�qsgj�oc�lJxoc�gan�cµzac�y�yJprb6¡a¢�m)iJp�qsg{y�wSb�mopry
|�xjmo¢rc�b7c�gFi�z¶£Âmob7|�¢rp�qsl�c�l�¢«m5Ç}mo´apr¢rpriJ|�za¡�lJc�n�¡ap¦i�uhy�p�b�¡a¢r|#c�g�¢�prb7prikmogji�¢rc�y�lJpryJªF¡ac�y�ª�¡{c�¢rc�y
yJprb6¡a¢�m)ikprqsgay�gac�y�c�´a¢rq¨ªF¡ac�gFiHzBm)gay5zac�y
�h�a¡ap¦iky ��zac�¢�mµzapry�ikl�p�´{¡{ikprqsg�zaqsgji�qsg�nv_ac�lJnv_ac
¢V£¤qs�{iJp�b�¡ab�¼

~�¡apryJªF¡ac6¢�c�ivm)¡¨§+z¶£Âmon�n�c��{ikm)ikprqsg²za¡+b7qs¡{�oc�b7c�gjiEN � -�À@mopriHprgjikc�l��sc�gap�l�¢�c*lkm)�¨u
�"qsl�i3·

�<+ - U N .
�<+ N U - . ° �-�s³

p�¢�À@m)¡{i;ª�¡{c��Dqs¡al�nv_amoªF¡ac�b7q�zap¦ÇBn�m)iJp�qog9mo¡¨ikqsl�p�y�|�cow3¢�m�b�q�zap¦ÇBn�mikprqsgLn�qsgjiklJmop�l�c7yJqsp¦i
|�xjmo¢rc�b7c�gFi7�Dqsy�yJpr´a¢�c)w�yJprgaqsg n�c�b7qs¡¨�sc�b7c�gFi�yJc�lkm²ikqo¡)��qs¡al�yµlJc:��c�ik|)¼���qo¡ay�zaqsgag{qsgay
b�m)p�gjikc�gBmogji5¢�m�¢rp�y�ikc�z{c�y#b7qs¡{�oc�b7c�gjiJy5ª�¡{c�gaqs¡ay�m��sqsgay�¡{ikpr¢�pryJ|�y5c�i�¢V£¤c,§¨�al�c�yJy�p�qog+z{c�y
ivmo¡¨§�zS£¸mon�n�c��{ivm)iJp�qog¶¼{½�m;¢�qsg{xs¡ac�¡{l c,i�¢�m�¢�molJxoc�¡alMzac�y lJc�n�ivm)gaxs¢rc�y�c�y�i�n�qsb7�al�p�y�c�c�gjiJlJc
¢�c�y��)mo¢rc�¡{lJy ��� � � c�i ��� � N�wB¢V£¤prb�m)xsc�c�y�i�¡{gac*xslJpr¢�¢rc�zac�W \�� �{p¦§¨c�¢ry�¼D~�qs¡al5�a¢r¡ay�zac
yJprb��{¢�prn�p¦ik|�zBmogay ¢�c�yMÀÑqsl�b6¡a¢rc�y zac�y lkm)iJp�qoy�wjgaqs¡{y ga|�xs¢rp�xsc�lJqsg{y�¢rc�y��{lJqs´a¢r`�b7c�y��Dqs¡{�)mogji
yJ¡al��sc�g{p�l�mo¡¨§�´DqslJz{y�zac*¢@£Âprb�moxsc)wD´{p�c�gtªF¡ac;n�c�¡�§�u¹n�p�moprc�gji�|�ik|;�al�p�yHc�g+n�qsb7�{iJc�zamogay

KEKML-NPO�Q�Q�R



�D� ����� 2���>�@ =��
	����� > ; 6 032���> ;

¢V£¤p�b7�a¢�mogjivmikprqsg¶¼

�s¼ �A� ËD��Í ���r� � � ��ÏoÍ 	 � I"Ð ��°@�{lJqs´Bm)´ap�¢rp¦ik| ! � ³D·)�a¡{p�y�ª�¡{c#¢�c ´a¡{i�c�y�i�zac�y�c�xsb7c�gFiJc�l¢V£¤prb�m)xscow¶qog y�qs¡a_Bm)priJc�ª�¡{c�¢rc�y�qo´¨��c�iJy;l�c�n�qs¡{��lJc�gFi�c�gjiJp�`�lJc�b7c�gFi�n�c,iJiJc�prb�moxsc)¼
��ÇBgÈz¶£Âmon�n�|�¢r|�lJc�l!¢rctlJc�n�qs¡¨�¨l�c�b7c�gji�w#¢�c�yXgBm)p�y�ykmogan�c�y!g{ctyJqogFiX�a¢r¡ay�iJp�l�|�c�y�zac
b�mogapr`�lJc6mo¢r|�m)iJqsp�l�cow}b�mopry�zac�yJqsl�ikc;ªF¡ac6¢rc�y�lJc�n,ivmog{xs¢�c�y�zaqogFi�¢�c;n�c�gjiklJc6c�y�i�¡ag
�"qop�gji�gaqsg9c�gan�qolJcXl�c�n�qs¡{�sc�l�i6yJqsprc�gjiµ�{lJp¦�¨pr¢r|�xspr|�y�¼�~�qo¡al6ªF¡ac�n�c�n�p y�c�À@moy�yJc�zac
b�mogapr`�lJc�c�¥�n�mon�c)w�qsg b7c�i6Ä���qo¡al;mo¡Ln�qs¡al�y�zac�¢@£¸mo¢rxsqsl�priJ_ab7c7¡agLikmo´a¢rc�mo¡ zac
¢«m+ivmopr¢�¢rc!zac�¢@£¤p�b�moxscXp�gaz{p�ªF¡Bmogji7ªF¡ac�¢�y7�ap §¨c�¢ry�yJqsgji7n�qo¡{�sc�l�iky�¼MÕ¨p�qog c�¾"c�n,ik¡ac
¢�c�ikprlkm)xsc1z{c1ikc�¢�¢rc+yJqsl�ikctªF¡¶£¤¡ag��DqsprgjiXgaqog lJc�n�qs¡¨�sc�l�i�yJqopri�nv_aqspryJp�m[�oc�n1¡agac
�alJqo´Bmo´apr¢�p¦ik| �tÀÑqop�y*�a¢r¡ay*p�b7�Dqsl�ikmogjikc�ªF¡¶£Â¡{gL�DqsprgFi;l�c�n�qo¡{�sc�l�i�w�¢�m��{lJqs´Bm)´ap�¢rp¦ik|
zacHnv_aqspryJprl�¡ag�ikc�¢}�DqsprgFi c�y�i � ��+ W � A$+�� $ /R. � � + N . .,wFq<; � � + N .]c�y�i#¢rcHgaqsb6´{lJczac;�ap¦§¨c�¢�y�g{qsg²n�qo¡{�sc�l�iky�zBmogay�¢V£¤p�b�moxoco¼"Õ¨p�¢�c�lJc�n,ivmog{xs¢�cM%²nv_aqspryJp�m�¡ag1n�c�gFiJlJc
¢�pr´al�cowB¢rc*ikmo¡¨§�zS£¸mon�n�c��{ivm)iJp�qog1c�y�iHzaqsgan�·

� G�7 � + N UY% . ! �
! �
/� + W �JA=+�� $ / . � � + N . . +���� � N $ ��� � �T. �� + N .DA / ° �)�j³

Õ¨p�¢rcLl�c�n�ikmogaxs¢rcLm ¡agÆn�c�gjiklJcLlJc�n�qs¡{�oc�l�i�wH¢�c©ivmo¡�§>zaqsp¦i+Á�ikl�cLb�¡a¢¦ikpr�a¢�pr|9�amol�}¼�±�c�i�ikc!b7|,ik_aq�zac��Dc�lJb7c,i�c�¾"c�n,ikp¦�sc�b7c�gFi�zac!nv_{qsp�y�p�l��{¢�¡ay�lJmo�aprzac�b7c�gFi7z{c�y
lJc�n�ivm)gaxs¢rc�y]zBmogay]¢rc�y É qsg{c�y]gaqsg�n�qs¡¨�sc�l�ikc�y�wFb�mop�yMpr¢{À@mo¡{i]n�c��Dc�gazBm)gFi gaqoiJc�l]ªF¡ac¢�qolJyJªF¡ac � � +-N .�c�y�i5À@mopr´a¢�c)wa¢rc;lJm)ikprq�c�y�i��a¢r¡ay��"c,ikp¦i�z¶£Â¡{g�À@m)n�ikc�¡al �XªF¡ac�¢rc�ivmo¡¨§n�qsl�lJc�yJ�DqsgazBmogji1Ä ¡ag ikprlkmoxoc/¡agap¦ÀÑqslJb7co¼�½�m b7|�iJ_aq¨z{c c�y�i+zaqsg{n l�|�c�¢�¢rc�b7c�gji
p�gjiJ|�lJc�yJyJmogjikc6¢rqsl�yJªF¡ac*¢�c�yHikmo¡¨§�zS£¸mon�n�c��{ivm)iJp�qog1y�qsgji�y�¡a�D|�lJprc�¡{lJy�Ä��s¼

�¨¼ " ��#E# � �����!�ÑË � ����� � � ��ÏoÍ 	 � IDÐ �1°@�{lJqs´Bm)´ap�¢rp¦ik| ! � ³"·¨¢�c�y5lJc�n�ivm)gaxs¢rc�yHÄ6yJ¡{�a�alJp ub7c�l�yJqsgji�ikqo¡)��qs¡al�y5nv_aqspryJpry�zac*b�mogapr`�l�c;¡{gaprÀÑqolJb7co¼}½3c*lkm)iJp�q7c�y�i3·

� G
/

7 � +-N � PR% \�U % . ! �! �
� � +-N .

+ W �JA=+�� $ /R. � � +-N � PR%D\ . +���� ��N $���� � �T. � ° � �j³

¢�qolJyJªF¡ac*¢rc�n�c�gFiJlJc;za¡�lJc�n�ivm)gaxs¢rcC%+g¶£¤c�y�i�n�qs¡{�oc�l�i��Bmol�m)¡an�¡ag+mo¡¨iklJc�qo´¨��c�iHªF¡ac
%/°Ñn�cHª�¡{pBc�y�i �alJm)ikprªF¡ac�b7c�gji ikqs¡)��qo¡alJy]¢rcHn�moyM¢�qsl�yJªF¡acH¢�cH�Dqoikc�gFiJp�c�¢}m;�{lJprqslJpBc�y�i
yJ¡{¥�yJmob7b�c�gji�lJ|��a¡a¢ryJp¦Àv³Q¼

d{¼����1#�Ð 	BÏ ��� � � Í ���r� � � �¨ÏoÍ�	 � IDÐ �µ°Ñ�alJqo´Bmo´apr¢�p¦ik| ! �5³D·�n�c�b7qs¡{�oc�b7c�gji�n�qsg{yJpry�ikcÄXnv_aqspryJprl*¡agac�zaprlJc�n�iJp�qsg©zac6za|��a¢�mon�c�b7c�gji!°Ñ�sc�l�iJp�n�mo¢�c�qo¡/_aqslJp É qogFikmo¢rc[³��a¡apry*Ä

���EK����



�F�

za|��{¢«mon�c�l�¢�c1lJc�n,ivmog{xs¢�c1z¶£¤¡agactn�c�l�ivmoprgac²zapry�ikmogan�cowMnv_aqspryJprc²zactb�mog{p�`�lJc²m)¢�|�mu
ikqsprlJc)¼D½�c;´a¡{i�zac;n�c�b�qo¡{�sc�b�c�gji�|�ikmogji�yJ¡{l�ikqo¡{i�zS£¸m��¡{y�ikc�l�¢rc��{¢«mon�c�b7c�gji�z{c�y
qs´¨��c,iky�yJ¡{l�¢rc�y7¢rp�b7p¦ikc�y�z{c É qsgac�y�c,i�À@m��sqsl�p�y�c�l7¢�c�y7lJc�xolJqs¡a�Dc�b7c�gFiJy�zS£Âqs´���c�iky�wgaqs¡ay�¢rprb�p¦ikqogay*¢«m!zapry�ikmogan�c�z{c�z{|��a¢�mon�c�b7c�gjiµÄ!¡{gac��om)¢�c�¡al � � � N�w3lJc�¢�m)iJpr�oc,u
b7c�gji À@m)p�´a¢rco¼�½3cHlkmo�a�Dqsl�i#�-�*c�y�i p�n�pD|�xjmo¢DÄ /s¼F½3qslJy�ª�¡{c�¢@£Âqs´���c�i %!c�y�i iJlkmogay�¢«mik|
c�g+¢V£¤qs´¨��c,i (Dw{¢�c�ivm)¡¨§�z¶£Âmon�n�c��{ikm)ikprqsg+c�y�i�zaqogan�·

� G
� + N � P ( \ � PR% \ .

� + N . G � +.(�.
� +-% .

�� � � $ � � ���
 � �/+ ( U %[^ .�/+�% UY%[^ . °F�o�j³

�a¼�� �VÐ 	{Í 	{Í �@Ë � ���r� � � ��ÏoÍ 	 � I"Ð � °Ñ�alJqs´amo´apr¢�p¦ik| ! 5 ³"·��Dqs¡al*n�c�b7qs¡{�oc�b7c�gji�w�qsgnv_aqspryJp¦iµm)¢�|�m)ikqsprlJc�b7c�gji6¡{gLn �oik|�z¶£¤¡agLl�c�n,ivmogaxo¢�c�c�i�w¶ikqs¡{i;c�g9b�moprgFiJc�gBm)gFi�¢rc�y
mo¡{iJlJc�y�Ç{§¨c�y�w#qsg�¢rc²za|��a¢«m)n�c²�Dc�l��"c�gazaprn�¡a¢�moprlJc�b7c�gFi1Ä9¢r¡ap uhb7Á�b7c²zS£Â¡ag{c/zap�y:u
ivmog{n�cHnv_aqspryJprc�mo¢r|�m)iJqsp�l�c�b7c�gji�c�gjikl�c $EB � � N+c�i B � � N�¼a±�qsb7b7c�¢rc��{lJ|�n�|�zac�gji�w
n�cµb7qs¡¨�sc�b7c�gFi;�Dc�l�b�c,i�z¶£Âmon�n�|�¢r|�l�c�l�¢rc�y�lJc�xslJqo¡a�"c�b7c�gjiky�z¶£¤qs´¨��c,iky�c�g/n�qs¢rb�mu
ivmogjiHz¶£¤|��oc�gjik¡ac�¢�y�prgjikc�lJy�iJp�n�c�y�c�gFiJlJc;¢�c�y�l�c�n�ikmogaxs¢rc�y�¼S½3c*ivmo¡�§+z¶£¸m)n�n�c��{ivmikprqsg/m
|�xjm)¢�c�b�c�gji�¢@£¤c,§¨�alJc�yJy�p�qsg$�s�{¼

�¨¼����1#�Ð 	BÏ ��� � � Í�� �r� � ��� �ÃË � Í�� � � �9ÏsËD� �©� � � °@�al�qs´Bmo´apr¢rpriJ| !  ³"·3yJp�¢rc7�"quikc�gFiJp�c�¢ �µc�y�i ikl�qs�XmiJiklJmon�iJprÀ:wFzac�¡¨§�qs´¨��c,iky�n�qs¢r¢�|�y�lJpryJªF¡ac�gji5zacHgac��a¢r¡ayM�"qo¡{�sqsprl
Á�iJlJcHza|��a¢�mon�|�y5mo¡�n�qs¡{lJy�z{c�¢@£¸mo¢rxsqsl�priJ_ab7c�z{c�yJprb6¡{¢«m)iJp�qog¶w{gaq)ivmob7b7c�gji5Ä;´Bmoy�yJc
ikc�b��D|�lJm)ik¡{lJco¼)fh¢ac�y�i�zaqsg{n5p�gjik|�lJc�yJykm)gFiMz¶£Âmo¡{iJqslJpryJc�l�¢rc#za|��{¢«mon�c�b7c�gji z¶£¤¡ag�´"qolJz
n�qsb7b�¡ag7Ä��a¢r¡ay�p�c�¡alJy�qs´���c�iky�wsm)Çagµzac�l�c�n,ikp¦ÇBc�l�zS£Â|,�sc�gjiJ¡ac�¢r¢�c�y]p�b7�al�|�n�pryJprqsgay�y�¡al
¢�c��a¢�mon�c�b7c�gji�zac�yµqs´¨��c,iky�¼���qo¡ayµm��sqogay6prb7�a¢«m)gFiJ|!n�c�b7qs¡{�sc�b7c�gji��Dqs¡al;¡agac
ÀÑlJqsgjiJp�`�lJc*n�qsb7b�¡agac�Ä�zac�¡¨§�qs´���c�iky�¼D½�c�y�z{c�¡¨§�l�c�n,ivmogaxo¢�c�y�m�¿jm)gFi�¡ag+´"qolJz�c�g
n�qsb7b�¡agXc,i ¢�m�z{p�y�ivmogan�c�z{c�za|��a¢�mon�c�b�c�gji#yJqogFi nv_aqspryJprc�y zacHb�m)gap�`�lJc�mo¢r|�m)iJqsp�l�c
c�i �h¡agap¦ÀÑqslJb7c �v¼s½3c5lJmo�a�Dqsl�i��D��c�y�i�ikqs¡)��qo¡alJy�|�xjmo¢{Äµ�5c�i]¢rc�ivmo¡�§�z¶£Âmon�n�c��{ikm)ikprqsg
c�y�i�z{qsgan*zac*¢«mµÀÑqsl�b7c�·

� G
� +-N � P ( /]U ( ��\ � PR%Q/]UY% ��\ .

� +-N . °F�¨�Ã³

� ��� � �D��LSP?��� ���NJ/� H � 	 	 J ������� G�JD�
½3c�y�l�|�yJ¡{¢rikm)iky�qs´{iJc�gF¡ay�y�qsgji��{lJ|�y�c�gjik|�y�yJ¡{l�¢�m�Çaxs¡alJc��s�M�Dqs¡al�zac�y�lkm)�a�"qol�iky�yJprxsgBm)¢

Ä�´al�¡apri�zac / � V �&B !Ôc�i�/�V � B !X¼F�Æikp¦iklJc�zac�n�qsb7�BmolJmop�y�qsg¶w¨¢�c�y�lJ|�yJ¡a¢¦ivmiky#qs´¨ikc�gF¡ay#m[�oc�n
¡ag�b7q¨za`�¢�c5z{c�~�qoi�iky�yJqogFi]b7qsgjiJlJ|�y�y�¡al�¢�m�ÇBxs¡al�c��Ã�¨¼o~�qs¡al�¡{g�´alJ¡ap¦i�À@mopr´a¢rcowo¢rc#ikc�lJb7c

KEKML-NPO�Q�Q�R



�<� ����� 2���>�@ =��
	����� > ; 6 032���> ;

zac6l�|�xs¡a¢�mol�p�yJm)ikprqsgt�Dc�¡¨i�Á�iJlJc�lJ|�z{¡apri�¼S �`�y�¢rqsl�y�wD¢�c�b�q�za`�¢�c�zacµ~�qoiJiJy�zaqsg{gac6z¶£¤c,§¨n�c,u
¢�c�gFiJy6l�|�yJ¡{¢rikm)iky�w�b7c�p�¢r¢�c�¡al6b7Á�b�c�ªF¡ac�¢rc��alJq�n�c�yJyJ¡{y�®tmol�¯oq[� qs´¨��c,iky�¼ ��g9l�c��)moganv_{cow
¢�qsl�yJªF¡ac+¢�c+´al�¡apriXmo¡axob�c�gjikcowM¢rc+iJc�lJb7c+zac+lJ|�xo¡a¢«m)lJprykm)iJp�qsgÈzac���prc�gji!�{lJ|��Dqsgaz{|�lkm)gFi�¼
Õ¨¡ap¦�om)gFi�¢rcXnv_aqsp §Lzac�y��BmolJmob7`�ikl�c�y�w�¢rcXb7q�za`�¢rc�z{c!~�q)iJiky6m1m)¢�qsl�y;iJc�gazamogan�c)w�y�qspri6Ä
yJqs¡ay:uhl�|�xs¡a¢�mol�p�y�c�l+°@�{lJ|�y�c�gan�c1z{c�´alJ¡ap¦i�l�|�yJprza¡ac�¢ ³Qw�yJqsp¦i�Ä²yJ¡{l�uhl�|�xs¡{¢«mol�p�y�c�l+°Ñza|�ÀÑqsl�b�mu
ikprqsg�zac�y�n�qsgjikqs¡al�yv³Q¼B½3c��alJq�n�c�yJyJ¡{y�®tm)lJ¯oq[��qo´¨��c�i�c�y�i�w{ª�¡amogjiHÄ7¢r¡ap@wa´Dc�mo¡an�qs¡a���a¢r¡ay
lJqs´a¡{y�ikcHc�iM¢rc�yMlJ|�yJ¡a¢¦ivm)iJy y�qsgjiMzac�b7Á�b�cHªF¡Bmo¢rpriJ|��Dqs¡al]¢rc�yMzac�¡�§�p�b�moxsc�y�¼�½3c��a¢«m)g�c�y�i
´ap�c�gL�am[�o|o¼���qs¡{y;qo´{ikc�gaqsgay;¡agac7¢r|�xs`�lJc�yJ¡al:uhyJc�xsb7c�gjivmikprqsg9ªF¡ap]�Dqs¡alJlJmop¦i;mop�y�|�b7c�gji
Á�ikl�c;m)¥�gac�l��Bmol5¡{g1�Dqsy�i�u¹iJlkmop¦ikc�b�c�gji�¼

� � 6���#�������,6�
½3c�y��alJq�n�c�yJy�¡ay]qs´¨��c�iJy�yJqogFi�¡ag�qs¡{iJp�¢�iklJ`�y��al�qsb7c�iJiJc�¡al��"qs¡{l�¢«m�yJc�xob�c�gjivm)iJp�qsg7n�mol

p�¢ry��Dc�lJb7c,iJikc�gji�¡agac�m)�a�alJq�nv_ac�Ä�¢«m�ÀÑqop�y�xs|�qsb7|,iklJprªF¡ac�c�i�y�iJq¨nv_Bm)y�ikprªF¡ac7zac6¢@£¤p�b�moxsc)¼
fh¢�y#n�qsgay�ikp¦ik¡ac�gFi5mop�g{yJpS¡{gac�b7q�za|�¢rp�yJm)ikprqsg��a¢r¡ay#xo¢�qs´amo¢�c�ªF¡ac�¢rc�y#b7|�iJ_aq�zac�y#n�¢«m)yJyJprªF¡ac�y
�Bmol5nv_Bmob7�ayHzac�®tmol�¯oq[�D¼}��qs¡{y�m��oqsgay��¨¡+ªF¡ac*n�c,iJikc�iJc�nv_agaprªF¡ac�ÀÑqogan�iJp�qsg{gac*n�qsl�lJc�nQu
ikc�b7c�gFi�yJ¡{l�¢rc1b7q�za`�¢rc+yJprb��{¢�c1|�ik¡{zap�|+zBmog{y�n�c1lJmo�a�Dqsl�i�¼]½�c�y��{lJc�b7prc�l�yXlJ|�yJ¡a¢¦ivmiky
yJc�b�´a¢rc�gji�moprgay�p3p�gaz{p�ªF¡ac�l�¡ag{c;´Dqsgag{c;l�qs´a¡ay�ikc�yJyJc�mo¡+´alJ¡{pri�¼

fh¢�n�qsgj��prc�gji+b�m)p�gjikc�gBmogji�z¶£¤|�iJc�gazal�c/¢�ctb�q�za`�¢�c/�al�qs�DqsyJ|/m)¡¨§�n�moy!zac�y�p�b�moxoc�y
lJ|�c�¢�¢rc�y�¼a½3c�y qs´¨��c,iky#¡{iJp�¢rpryJ|�y�zac���lJqogFi�gaqoikmob7b�c�gji5�"c�lJb7c�i�ikl�c�zac�za|�n�lJprlJc�zac�y ÀÑqsl�b7c�y
xs|�qsb7|,iklJprªF¡ac�y��a¢r¡ay�n�qsb7�a¢rc,§¨c�y�w�ikc�¢�¢rc�y�ªF¡ac�¢rc�y*ÀÑqsl�b�c�y�z{c�y;nv_Bmob7�ay6qo´ayJc�l��s|�c�yµy�¡al
¢�c�yHprb�moxsc�y�m)|�lJprc�g{gac�y�¼

��g qo¡{ikl�cow�¢rcXnv_{qsp¦§9zac�yµzap¦¾S|�lJc�gjiJyµb7qs¡{�sc�b7c�gjiky7zac�¢V£Âmo¢rxsqslJp¦ik_{b�cXz¶£Âqo�{ikprb7p�yJmu
ikprqsg m)ÇBg9zacXb�m§¨prb�pryJc�l�¢�c�ivmo¡�§ z¶£Âmon�n�c��¨ivm)iJp�qsg l�c�y�ikc!¡ag9�alJqs´{¢�`�b�c�ikqs¡{i6n�qsb7b7c
¢V£¤c�y�ikprb�mikprqsg1z{c�yH�Bmolkm)b�`,ikl�c�y�¼

���EK����



� �

0 50 100 150 200 250

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

�������D�s� Y (�� ;�918:= *-= ; * �-> 6 8 > � @ 0 6 > ; ;�9<; � *-@��<0	��� ��� >�= ; . � � ,[� � � � � 2 *"� > .-9 � *3; > ;�=
�/8:9 ; �C@ 9�� = � > � � �F) G�/]V � B ! � �C9J> 6 >�8 8 > .-9 � *-91= � � �')�G�/ ��V �&B ! � � � 0391@ 0 �C=?>�,[� @
6 > ; @�� ;�918:= *-= ; 	 ,039<; * �-03, ; 
�*�� = =)039 @ ,>�@ 8 > @ > 6�9�� =�4 ;�� 259 8 � ��� 2 � ,J91=)> ; �J039 @ 8 *�� �D9 @ >
.-9 � *-91= >�= � �J>�91@ > �J039 @ 6 >�8 8 > .-9 � *3; 	 ;�91@ 91,> ;�= *-= � 03, ��8:=F@ * 	 � *-@ 6 � � � ��� �O���
�

KEKML-NPO�Q�Q�R



�j� ����� 2���>�@ =��
	����� > ; 6 032���> ;

�������}�[� Y ( � ;�9 8:= *-= ;A0 �C=?>�,J9<; * �-> 6 9 , @ > 6�9�� =E;�� 25918 � 9 =�� 8�� ;C*-,J=E9 , 2B0C.���8 > .1> � 03=�= ; �
� � ��,>�@��]� > .-9 2B0C.���8 >H> ;�= �

# +-N .�G8 6� � � ����� � $�� �
 $ � � A 6 � 6 � � + -
�
$ � � . �
�&� �

�
A /
�
�����/+ � �Q� �� . � � $�� 
 �

0
	 ; � U ��� *�. � ;�� �D,>�,J= .1>�9���� � � >�8 ; � >�= �� �-0 � ;�� , ; 	[N
�
> ;�= 8 > 8 * ��>�8�/@ 0��J0 ; � *-9 � � � >�8

� � ��> ; � � >�= � � ; 03,J= 8 > ; � *-@ *-2���=F@ > ; .1> ; 8 0 � ;*� *-9<; ;�� >�,J,> ; *3; ; 0 6�� � > ; � 6�� *16�91, .1> ;
8 * ��>�8 ; � 	 � *-@7*-2���=�@ > ; �C9J> 8 � 03, ;�9�� �J0 ; > .103,6 � 6�� 6 03,J,J9<; �

���EK����



�<�

� -5()-5�����������

r� � �#mozazac�¢�c,¿sw#��¼��{¼�mogaz>® �o¢�¢rc�l�w��{¼�°�� �s�-�j³,¼ ��c�molJc�y�i�u¹gac�prxs_F´Dqs¡al�®tm)lJ¯oq[� �"qsprgji

�alJq�n�c�yJyJc�y�mog{z+lJmogazaqob yJc,iky�w � ,J=?>�@ ,/*-=�� 03,/*-8 	'= *-= � ;�=�� 6A( > � � >65 	 � w'�s�uk�Ã�¨�s¼

¸��� �#mozazac�¢�c,¿sw¨�6¼��{¼¨m)gaz��)mogX½�prc�y�_aqs¡{i�wa® ¼¸�;¼ ® °�� �D�s�s³]Ó�´���c�n�i�lJc�n�qsxsg{priJp�qsg�¡ayJprgax

®tmolJ¯)q[�µyJ�am)ikp�mo¢{�{lJq�n�c�y�yJc�y�¼sfhg¶· � @ 0 6 > >7.�� ,�� ; ��� = � ��� � ( � ,J=)>�@ ,/*-= � 03,/*-8 � 03, 
!>�4
@ >�,6 > 03, �+*-=�=?>�@ , ( > 6 0 �D,[� = � 03,Bw��]qs¢r¡ab7c ��ws�[dD�uk�[dD�{w�f � � �²±�qsb7�a¡{ikc�l�Õ�q¨n�p�c,ih¿
~]l�c�y�y�wD½3qsy���¢�mob7priJqsy�¼


Âd	� �#mozazac�¢�c,¿sw"�6¼��{¼�w}�)mog²½3prc�yJ_{qs¡{i�wS®L¼Â��¼¸®.mogaz²®��o¢r¢�c�l�w��{¼�°:� �D�D�j³�®tm)lJ¯oq[�+�al�q)u
�"c�l�ikprc�y�qoÀ�n�¢r¡ay�ikc�l��al�q¨n�c�y�yJc�y�¼�� . �3*-,6 > ;@� ,	� � �/8�� >7. � @ 0 � * � � 8�� = � � 	 	 	
� �w 
 �¶w
d-�<�uhdj�s�¨¼


 �� ��c�yJmoxaw��{¼�°:� �<� �j³,¼BÕ��Bm)ikp�mo¢"p�gjikc�lkmon,ikprqsg1mogaz�ik_ac�y�ivm)iJp�y�ikprn�mo¢¶mogBmo¢¦¿�yJpryHq)À�¢�m)i�ikprn�c
y�¿�y�iJc�b7y�¼� �E( 0 �-*-8 	'= *-= � ;�= � 	%0 6 � �F; >�@
� > ;�� �w � �¶w3� �j�[u:dj�-�¨¼


¸����±�_Bmog¶w �7¼¸Õ"¼�mogaz »�c�¿oc�l�w�±�¼��{¼#°:� �D�-�F³* �pryJn�¡ayJy�p�qsg qoÀ#iJ_acX�amo�"c�l6´j¿L^5p�c�lJgac,¿s¼
� ,J,/*-8 ; 0 
 	'= *-=�� ;�=�� 6 ;,w 
'
 w3� � � �Ãuk���s�o�{¼


��	��±�¢�p¦¾SqolJz¶w�~�¼�mogaz �Hp�nv_aqo¢�¢ry�w�»7¼�°�� �-�-�F³;±�qsb7�BmolJpryJqog qoÀ�´aprl�iJ_¨u:mog{z¨uhzac�m)ik_ mogaz
®1c�iJlJqs�Dqs¢rp�y:u:º�m)y�ikprgaxsy6®tmol�¯oq[� nv_Bmoprg ®1qogFiJc�±#molJ¢rq1ÀÑqsl�iJ_acXÕ�iklJmo¡ayJy;�al�q¨n�c�yJy�w
gaqoiH�a¡a´a¢rpryJ_ac�zt´a¡{i�m��)mopr¢«mo´{¢�c;m)i3·
����������������������� !�"����� #����$�%'&���(�) ��*$+ ,(.-.�'/�(�0�$1�*2�&�&'34��&'01(�%�5�0�&�6'34�4�'���*6�7�3� ,���4��&

8:91;=<?>.@BA�C"DFEGDFHJI
K"L MON�LPDFQRNTS*UWVWUWX*X�I�YPL[Z#\^]4]4_J`aLPbRc�deVWf'gGD�hji UWk=delJDBg�m�n"VWQoE�delJDpDFQqgGDFl4krDFc�Q�d�M
QoUs>�c�L�tuh'UWQoUs>�c"gwvxd�gGgG>�c�L

8zy�;|{~}el4lJgoQoEG��k�I���LWI��4dec|�jUsDBgoS">�C*Q^I4v�L���L�v�L4dec"h|v���VWVsDFE^I4K"L*Z��q>^�JDFk��PDFE^I"\^]4]4�J`�<S�deE�d�@aM
QGDFEoUsg�deQoUs>�c�EGDBgGC*VWQGg�dec"h�vxdeEo�J>^��@GS�deUWc�v�>�c�QGD�<�deEoVs>�deVWlJ>�EoUWQoS*krg�UWc"@FVWC"h'UWc*lrDa�"d�@FQ�goU�M
k�C*V�deQoUs>�c���>�E�gG>�krDgGX�deQoU�deV�X�>�UWc�Q�X*EG>�@BDBgGg�DBg^L1b~deVW�P>�Eol~�wc*UW�JDFEGgoUWQOfJIe�~DFc*k=deEo�PL��4�����4_'I
�4�����4_'L

8z]�;=��DFk=dec�I�YPL�dec"h=��DFk=dec�I4��L*Z#\^]4ye��`TY�QG>.@GS�d�goQoUs@�EGDFV�d��"deQoUs>�c�I��qUW�*�"gTh'UsgGQoEoUW�*C*QoUs>�c�IJdec"h
QoS"D���d^fJDBgoU�dec EGDBgoQ�deC*E�deQoUs>�c¡>e�wUWk=delJDBg^L�¢o£u£�£¥¤*¦o§�¨*©B§JªB«�¬!�¨*©��¨�®¯§J«!«O°a¦�¨²±w¨
§�³�´e©�¬µ©
§4¨
¶|·x§Jªa¸�¬¹¨P°~¢�¨�«O°a³¹³º¬W»�°a¨Pª�°FI�¼?½=¾À¿�Á�Â[Z!�J`aI
9�Ã'\aM�9��"\4L

8W\^��;=��DFfJDFE^I'<qL�K|dec"h=vÄ��VWVsDFE^I.K"L
Z#\^]4]e��`?Y�UWkpC*V�deQoUs>�c�dec"hÅVWUW�JDFVWUWS">�>.hrUWc'�!DFEGDFc"@BDÆ�!>�EgGX�deQoU�deV
X�>�UWc�QRX*EG>�@BDBgGg�DBg^LPÇPªG§�¨P¶�¬µ¨P§�È^¬!§�¨ÄÉ.�Ê.¦�¨
§4³+#Ë~Ç
«,§4«�¬µ©a«�¬!ªa©FI�ÌjÍ�I"�4_4]�MÎ�J9��'L

8W\4\a;=��DFfJDFE^I�<qLqZ#\^]4]4�J`aI�jUW�JDFVWUWS">.>.h¡ÏÎc'��DFEGDFc"@BDÐ�!>�E�Y�X�deQoU�deVqN�>�UWc�Q�NTEG>.@BDBgGgGDBg1L?ÑÆ°�©^°o§�¦oªa¸
ÑR°OÒ'�¦F«!I��wc*UW�JDFEGgoUWQOf�>e�TvÐUWc*c"DBg�>�Q�d'I"�~Y.b�L

8W\^Ã�;=�~EGDBDFc�I�N�L�K"LwZ#\^]4]4_J`�ÓwDF�JDFEGgoUW�*VsD�Ô#C*k|XÕvxdeEo�J>^� @GS�deUWcÖv�>�c�QGD�<�deEoVs>×@B>�k|X*C*Q�deQoUs>�c
dec"hÐØ�d^fJDBgoU�dec�kr>.h*DFV[h*DFQGDFEok|UWc�deQoUs>�c�LjÙ¯¬!�Ú=°F«�¦a¬�Ûe§JI�Ü
Ì�I�9.\4\aM�9��4Ã'L

8W\^��;��4decÐ�jUsDBgGS">�C*Q^I
v�L���L�v�L[Z#\^]4]4�J`wY�QG>�@�S�d�goQoUs@�dec*c"D^deVWUWc*lÅ��>�ERc"D^deEGDBgoQ#M,c"DFUWl4S���>�C*E~XP>�UWc�Q
X*EG>.@BDBgGgGDBgÆÝ¯UWQoS�deX*X*VWUs@^deQoUs>�cÐQG>|>��'ÔoDB@FQÆEGDB@B>�l4c*UWQoUs>�c�IP<ÞßÏ?ÓRDFX�>�EoQÆØ¯Y�MOÓq]4�4�4�'L

à�àâá.ã�ä�å1åJæ



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

8W\F��;|vÄ��VWVsDFE^I[K�LZ#\^]4]4yJ`�vxdeEo�J>^� <S�deUWc�v�>�c�QGD�<�deEoVs>Ädec"h goX�deQoU�deV�X�>�UWc�Q�X*EG>�@BDBg�gGDBg^L�ÏÎc�m
®�¦#^ª�°G°o¶�¬¹¨�»e©qÇ��aÚ�¬¹¨
§�¬¹¦o°?£?Ê.¦#�Ò �G°a¨Ð¶�°ÆÇ
«,§4«�¬µ©a«�¬"!FÊ"°$#&%sÇ
«,1ªa¸.§e©F«�¬�ª¯»�°G�Ú=°F«�¦�´'#[³�¬µÛ�°a³�¬�¸.1^¶'#
§4¨
¶Åª��ÚwÒ
Ê.«,§J«�¬��¨�(#I"��>�c"h*>�c�IP<S�deX*k=decxdec"h�{~deVWV,L

8W\^_�;|NuEGDBgGgÆÞ LWI*)�V�dec*c"DFEof�Ø~LWI*++DFC*�J>�Vsgo��fÐYPLWI*,uDFQoQGDFEoVWUWc*lÅÞÀL�Z#\^]4y4yJ`aI
�RC*krDFEoUs@^deV+ÓRDB@FUWX�DBg
UWcx<qI�<�dekp�*EoUsh'lJD��Rc*UW�JDFEGgoUWQÎf�NTEGDBgGg^L

8W\^��;|NuEGDBgoQG>�c�I"<qL�K"LPZ#\^]J9494`?Y�X�deQoU�deV��*UWEoQoS'MÎdec"h.MOh*D^deQoS�X*EG>�@BDBg�gGDBg^L.ÙÆÊ.³µ³s°F«�¬¹¨�#Ë~«¹¸'°Æ¢�¨�«O°a¦a¨
§.-
«�¬!�¨
§4³�Ç
«,§4«�¬µ©a«�¬!ªG§�³
¢�¨*©F«�¬¹«�Ê'«O°FI*/
Â[I��J9.\aMÎ�4]'\4L

8W\191;|��DFVWVWfJI0)�L�N dec"h	ÓRUWX*VsDFfJI�ØqL���LuZ#\^]J9��J`��wc Y�QoE�deC"gGg1i�g~kr>�h*DFV��!>�E�@FVWC"goQGDFEoUWc*l"I[Ù¯¬!�Ú=°1-
«�¦a¬µÛe§4I�Â32�I"�4_J91MÎ�4�4�'L

8W\^y�;|ÓRUWX*VsDFfJIuØ~L���L�dec"h ��DFVWVWfJI4)�L�N�LwZ#\^]J9494`�vxdeEo�J>^� X�>�UWc�QrX*EG>.@BDBgGgGDBg^L¯É6587��¨P¶�5Æ·Ä§4«¹¸65
Ç�^ª5+Í�9�Ij\^y4y�M�\^]4Ã'L

8W\^]�;|Ów>��PDFEoQ^I�<qL�v;:FQoS">.h*DBgÆh*D�vÄ>�c�QGD�<�deEoVs>rX�deER@GS�d=<sc"DBgwh*D�vÄdeEo�J>1�PIP£¯ªG�¨
4Ú�¬!ªG§4L
8zÃ4��;=Y�QoE�deC"g�g^I"��L�K"L[Z#\^]J9�_J`�b kr>.h*DFV���>�ER@FVWC"gGQGDFEoUWc*l"I:Ù¯¬!�Ú=°F«�¦a¬�Ûe§JI
Â>2[I'���J91M,��9�_'L
8zÃ'\a;?+�UsDFEoc"DFfJI��uL¯Z#\^]4]e��`�vÄdeEo�J>1�²<S�deUWc"g��!>�E|Da�.X*Vs>�EoUWc*l	X�>4goQGDFEoUs>�Erh'UsgoQoEoUW�*C*QoUs>�c"g�Z¹Ý¯UWQoS

h'Usg�@FC"gGgoUs>�c
`aL
±w¨"¨P§�³:©�#Ë~Ç
«,§J«�¬�©F«�¬�ªa©FI�Ì�Ì�Ij\19��'\aM�\19��4Ã'L
8zÃ4Ã�;�ÞÖUsh*>�k�I�Ø~L+dec"h�ÓR>^Ý¯VWUWc"g�>�c�I�K�L:YPL�Z#\^]J9��J`pb c"DFÝ kr>�h*DFV�!>�EpQoS"D�goQoC"h'f×>e�ÆVWUsA�C*Ush.M

�4deX�>�E¯X*S�d�gGD�QoE�dec"goUWQoUs>�c"g^L[É��Ê.¦�¨P§�³+#ËA@+¸'°FÚ�¬!ªG§�³�®¸�´e©�¬!ªa©aI>9
ÌjIj\^�J9���M�\^�4ye�"L

BDC�à&BDE



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


