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Logistique pour k=100, r=2

k*1000*exp(r*x)/(k+1000*(exp(r*x)-1))
k*10*exp(r*x)/(k+10*(exp(r*x)-1))

���! #" �%$ � , 1*7�/ ; B�1?0U@�/x0M��2 � @dq�B�0�@�B , B�@�/ 5I� 1*/�2 ^'&(&(& � ; ^'& + /x@ 9� 3 + 242 + P �?=
> 0U@�1*0�0 � /�0 �v5 ; 24/ . ; /�2 � @ � 2 9� ; 241 + . ; B�1*0 � 0 � 1 5 + 0 ;*) W � ]+ � "�� W � � m �� ) n) W ��+ � 2 9�J54� 0 ; OI5 B�7 + �T� 2 ; /�24� +<; B�1*0Ä@ � ) O 3 � ;�; 1*0 5 0 9� P +�; B , �?O:. 1*2�2 ��5�� 1?0�@Å�+ /�0�0�1?3F��2 � �@dq�B�0�@�B , B�@�/ 5 ,<+ .J. B�0 9��5X] ) � � m �:� 7 � 0�1*3F��2 � @ �J5 0�1?0�t ,<+ .J. B�0 9��5 � O 7 � ; � 2�3 � 0�1*0�tÕ7�B�0 9� + B�2 � @ �2 � 0 . 1*0 ; 2 ��5 @�B�3|B�0M/ � 7 + 3|1*2 ;K+ 7�B ; 9� @ � (.� � = � � 0�1*/ , � + / � 1*B�0 ; @dq 9� L!/�B�7�B���2 �N5 /�2Ñ7 � ���!� C � � n0 9� P*7�B�P 9� � ��5 ;}+ 7�1*2 5 � Y ( � ] 1*0 +�,<+ .J. B�0 9� � O 1*0 � 0 + P + P*0 9� @ � / � n-, C � ;4; � B�0 ; � 2 � 2 9� ;K+<; B�1*0�J5 ;�; 1*/ ; �+ w'+ B ; B�0 ; 9� 2 �J545 + 0 ; �?OÑ. + 2�7 �+ 1Z�/�1*0 @ � ,<+ B ;_³ � ; � 2F@ ��5�� 1?B�P*0 9�J��5 @ � 7 + � B�0 5F� 1*/�2�T� 2 ; /�2�� � 2�/�0 � 2 9� @ +<; � /�2 t � 241?B �?O 1*0 + 5 B�3 � 7 � 3 � 0 ; . 1*3 � ;�+ ��B�7�B 5!9� 7 � 0�1*3F��2 � @ � ,?+ .�. B�0 9��5@r���5 7 � @ 9�J� + 2 ; LM/�B 5��F5 1?/ 5 ; 2 + B ; �+ 7 + � 1 � /�7 +<; B�1*0 , /�7�0 9� 2 + ��7 � �+ .K� + LM/ � B�0 5 ;K+ 0 ; � � /�B 5 L!/ �ÓÚÖ�è�ç�ä�à�à'Ùÿç�ä�æ/.#0 Ó132 Ó4?4ØÚÙÚÔ�Ô�ÙÃÛáè�Ô�Ù æ�çzæzþÙÚÔÇäKÔ�Û�ÖJè6ÛáèzèzÖKåKä�è�Ô�ÙÃÞßÙÃâùäÿç?Ù æ�Ô�×zæ�û�äKÔ�Û�ÖJè:åKäJØ ØÚÛáè�ä�â�ÙÃäRþÙÚÔzþÙrÛ�è<à'çzÛáæzþÙ Ù öäÑàVÔ�û%ç�ä�æSâùäÿó%Ö�è�Ô�ä�ô�èzÙ

�ßä�Ûáè�Ô�Ù65�7HÙ è�Ù å-Û öÙ å�Ù:Ù è98J×zÛ�è�:<;<;�=ßý?>8èvô�ä�ô�è�ÙNÞßÙ�×ßìvç<ä�æÇØÚÙ%òJ×!ã ×zèFåKä�Ø�ØÚÛáèrþÙIò�×zÛSæ�Ù è�Ø Ö�è�Ô�æ�Ù:×�èAóIä�âáäJÞßÙ%èzÙæ�Ûùà�ò�×zÙÿæ�Û�Ù�èMÜA@�BÑÛ�è-åJÙ æÇà'Ù�óNÙ�è�Ô�ý
� &



� / �aO B�7 5 3 � /�2 � 0 ; � + 5�� 0 � 2 � 3�B��� 2 � + ��� 241 � B�3 +<; B�1*0 O 1?/ + 7�1*2 5 1*0 5 q + 242 + 0�P �v� 1*/�2_LM/rqsB�7 E� 0 + B ;I; 1?/ ³ 1*/�2 5 � @rqsB�3|3F/�0�B 5!9�J5 � =� / � ,<+ 0�1*/ 5 @�B�2 � 7�q + 0 + 7 E!54� @ � 2 9� ; 2�1 + . ; B�1*0 . B�2 . /�7 + 0 ; � � � � ���!� C 5 q 9��. 24B ;+ � "�� W � � m ( �� )8�� W �+-, ��.�. 1*3|3 � @dq � + � � W�� ��� � W�� ) = � ��� 241 � + P +<; � /�2 . 1?242 �J54� 1*0�@ + 0 ; ��5 ;
���
	 � &�� W �����rl � � ^ m ( ) �
	 �� � 	 o � 
*Ò �

1Ã�/ ) �
	 � ��5 ; @ 9� QS0�B:7 � 7�1*0�PU@ � 7 +k; 2 +ß³ ��. ; 1*B�2 � @ � 2 9� w 9� 2 � 0 .J�?=X> 0 �T� / ; 2 � 3 + 24LM/ � 2vLM/rq + /� 1*B�0 ; @rq 9� LM/�B�7�B���2 � ���
	 � &�� W ����� � m � 	 � O LM/�B
3|1*0 ; 2 � LM/ � .J�x� 1*B�0 ; �J5 ; ��B � 0 5 ;�+ ��7 �k�. q �J5 ; t��+ tÇ@�B�2 � LM/ � 7�q + 0 + 7 E!54� 7�B�0 9� + B�2 � w 1*/�240�B ; 7 + 5 ;�+ ��B�7�B ; 9�?O ��B � 0uLM/rqsB�7 w'+ B�7�7 � @ 9� 24B , � 2 
?� � 1*/�2. 1*0 . 7�/�2 �?=p , ��. .�� 3�1!@r�� 7 � @ � 2 ��. 1 � B � @rq 9� ;�+<; � ½¢W ^ � »¢W m n �� ) � O 7 + 2 9��� 1*0 54�x� ~ . + .�� �+ 7 +,<+ .J. B�0 +<; B�1*0 ��5 ; 5 B�3 � 7 � 3 � 0 ; ]
� � �
	 � &�� W m � "Î �����rl � � 	�� ^ m (� ) �
	 ��� m�� � ^ m (� ) � � ��� � o ( �� ) � � � � � � � 
?& �

� ~ . + . B ; 9�<O @�1*0 .<O ; 1*/ ³ 1*/�2 5 @ �R5 B�P*0 �D. 1*0 ; 2 + B�2 � �+ � =� 0 ,?+ .�. B�0 +<; B�1*0�@�/ � 1*B�0 ; @dq 9� L!/�B�7�B���2 � � ) W � � O 1*0 ; 241?/ , � LM/ � � �
	 � &�� W m ( � ^ m����� � m � 	 ��� O LM/�B ; � 0�@ , � 2 5 t ( � + 2 ,<+ 7 � /�2 5U5 / �:9� 24B � /�2 ��5J= � /rq �J5 ; t .�� LM/ � Ì. + 5 B�P*0�B�Q � �� +b,?+ 24B + ��7 � ) . 1*3 � ;�+ ��B�7�B 5�� 7 � 0�1*3F��2 � @rq�B�0�@�B , B�@�/ 5 i � 1*/�2 � 0 9� P +<; B w O 1*0 1*� ; B � 0 ;+ 5�E 3 � ; 1 ; B�LM/ � 3 � 0 ; (.� @ �R� 7�/ 5 @rq�B�0�@�B , B�@�/ 5 LM/ �R5 + 0 5 ,<+ .J. B�0 +<; B�1*0 � =

ÓÚâ�Ù_ø :�üÑÔ�æ�Ö�×zåaþÙÃçzæ�þÙ4Ø*þÙ4ÞßÙ ó%ó%Ù è�ÔËèMã äXç�äJàaÞzÙ8à�Ù è�àdà'Ù�â�ÖJèIâ�ã Ù��
Ø�ä�ØÚÛ�ÔzþÙ�Ü�Ûáâ)à ã ä�ôJÛsÔ!ÝV×�àVÔ�ÙHÞz×}ÞdþÙ�çzâáäJØÚÙ�óNÙ�è�ÔaÞß×ç<ÖJÛ�è�ÔHÞMãVþÙ4ò�×zÛ�âáÛáûzæ�Ù:àVÔÇä�ûzâáÙ��?ó%ä�Ûáà8Ö�èDâáÙ6æ�ÙÚÔ�æ�ÖJ×zå�Ù6ÛáØ Û ���Tà'Ô 5�ØÚÙ6ò�×Mã ×zèIÝVÙ�×zèzÙ�þÙ ó�þÙ�æ�Û�Ô�ÙvþÙ4ØÚæ�Û�æÇä�Û�Ô�â�ã ëzÛùà'Ô�Ö�Ûáæ�Ù6Þß×
� Þzä�è<àÃØÚÙÚÔ�Ô�ÙXØ Ö�âáâáä�û<ÖJæ�ä�Ô�ÛáÖ�è I����?5�� > >Hñ��

� ^



� � ������� ��� �	��

��� � 
�� ��� ����� 
 ��� ����� 
�� � 
��
��B�P*0 + 7 9��� � + 2 GH+<; O 1*0 + /�0 � 5!9� 24B � @rq + 7�P*1?24B ; � 3 � 5 @ � 5 + 0�0 9��� 5 
�Â t 
�
 � + 2� = � = � � 1*2 ; 1*0 ��� G � � LM/�B . 1*0 . � 2�0 � 0 ; 7�q +-,<+ 0 . �¹;�� 3 � 1*2 � 7�7 � @rq�/�0 �¼w'+ . ; 1*2�B 5 +�; B�1?0 @ �C � 1*7 � 5��)E @ + 0 5 7 � . + @�2 � @ � 7�q + ��� 7�B . +�; B�1?0 @�/ QS7 ; 2 + P � @ ����+ 7�3 + 0 @�B 54. 2 �J; = ��B ³��� + 2 + ��� 2 + 5 � 7 � 5 0�1 ;K+<; B�1*0 5 @ � � � 1*2 ; 1*0 � 1?/�2k0�1*/ 5 7 � 5 2 � 0�@�2 � � 7�/ 5 ; 2 + 0 5�� + 2 � 0 ;�� 5JO B�7� 1 5 � 7 � � 241?��7��� 3 � 5 /�B ,<+ 0 ; ]

 � �
	 Y � 	 � W � � �
	 � Y"!$#% �
	 � W'&)( � Y+* � 
�
 �

,� L.-0/21�B436571�8�/95;:�<�84B=1 � :D@;-�@�B>:�<�8 � 1 O /@? � < # � 1 * @ � -BA��;8�-�B41�:�B>5�@ ,��CD� 5�@0/25.1�:D@ �FE 3 E � 5;5 �5.-;G4G �F� 1H:�/95;:)<�368�8 ,� GI/214B>365 � 5.1�8 �J� -BA O /K? � < L # `NM # L W � �PORQTS 5U391 ,���WV O L * `NM * L WX �PORQTS 5;391 ,��� � � 1 L # `NM * L W &UY � � : ,� 1Z/21�: � :�365[1]\;/95;:]^`_ � 1]G � : C 8�3?� � :�\0/95U:�^ba Y Æ GEW� : ��E �;G � L.- �AG /21c5;391 � 8�/9d41 # � �!Á C 36-;8e-;5f/9<�<�8�36d4:�: ��Eg� 5[1 � 8�3@he5;d � 5 Y � �HC /2:�: � GI/C /98�1�d � \;365;5;/95[1�G � P6/9d>5�\ �H� /9G E /95 � G>/ C /98�1�d � %i5 � : � 8�/W\;365;< C G4-;: ,� ?63!L.- ,��� � O C 36-;8 � 5/28�8�d=? � 8A�/WG>/ C /98�1�d � ¡ 1�d EW� tj/9\U?2/95;< ��£ Y�kd � W L � `NM � L � :T1�GI/ E /l1�8�d4< � \ � ?2/98Útj<�3@?2/98c\ � :]/95;3 E /9G>d � : � O 3957:�- CUC 36: � \ ,�Õ³ �/� Ê � <�1�- ,��� G>/ w /2<�1�398�d>:�/21�d4365+\ ��C � 36G � : �)E � �
	 � W m � m ( 3Z�- � � :�1n\UdI/?P63950/9G �oC 36:�d41�d=? �� 1 m 1�8�d>/95�P6-UGI/9d48 � :�- C Y �/�\;d>/?P6365;/9G � -;5;d=1 ,� Y �	/�L.- � :�1�d4365 � :T1o\ �7EW� 1�1�8 � �/ ³ 36-U8p< � 1�1 �w /2<�1�398�d>:�/21�d4365 C 36-U8 � �
	 Y � 	 � <�365;50/9d4:�:�/95[1 � 
�
 � � 365 CD� -U1 w /9d>8 � G � G>d � 5g/K? � <�G � � ��� \ �
� W �@qsrut Y� �WC 8�d45;<�d Cv�J� :T1w\rqx3*�U1 � 5;d48N-;5 �pC 8 ��E d��� 8 ��w /9<y1�368�d>:�/l1�d>395 O C -;d4:H\ � G>/�1�8�/95;: w 368 EW� 8 � 5C � 36G � : �)E P68 y/2< � �/F-;5 � 368�1 � 3*P63950/9G>d4:�/21�d>365g\ �Hz tÚ� C 365U\ ,� 8 ,��� ]$ <�365;<�/21 ,� 50/21�d>365 O 365 C 39: � Á W � � m � ! � � 1|{ W �[} ¸*Ï � � � V � � 365p/H\;365U< w /9d=1
/@?2/95U< � 8m � i$ w /9<�1�368�d4:�/21�d>365 C 8 ��E d��� 8 � \ � � [ W � � � ( Y'! � �jO~QPS ! ( W Á { Á ( O L.-;d|<�3 EWC 368T1 ��;d � 5�G>/ C /98�1�d � \;d>/?P6365;/9G ��E /9d4: Á 5dq � :�1�5;d�1�8�dI/95�P9-;GI/9d48 � 5;d�-;5;d=1 ,� i$ 1�8�/25;: w 368 E /l1�d>395 C /28 � z � � O � 5�\ ,� Q;5;d>:�:�/95[1�G>/¹�0/9: � L
� O ` \ � ? � <y1 � -U8�: ¡�� t368�1 � 3*P6365;/9-kA £ /K? � < M�� L�� `c� W � � � � � � { � O C 8�3B\;-;d=1':�<K/9G>/9d>8 ��� -;<�G>d>\Ud � 5C 365U\ ,� 8 ,�)C /98eGI/w\;d>/?P63650/2G � Y$ � tj368T1 � 3*P93650/9G4d>:�/l1�d>395 ] � 1�/2d>5;:�d � :�d]G � : E /21�8�d>< � :n:�365[1o8�/95�P ,��� : C /98nG4d�P65 � : �M � O L���� ` � W � � � O � ��� � { � W � O>� �.L4L � nO L4L � � :�1p8 ��C 8 ,� : � 5[1 ,��E /21�8�d4<�d � G>G ��EW� 5[1 C /98� { � ( W � L>L � nO L>L � � � i$ 365'/�/9G>398�: Á W m [ � � 5 C 36:�/25.1 m [ -U5 �iE /21�8�d>< � \ ,� Q;5;d ��C /98�GI/ � z � ] m [� :�1�1�8�d>/95�P6-UGI/9d48 �+C /98�G ��C 8�3k< ,� \ ,� \ ��z t � O 8 � 5;\;- � :�- C Y � 5�G�qxd>5;d=1�dI/2G>d>:�/95[1�/K? � <L�� _ ` W L # _ ` i$ � G>G �]� :T1�\ y { 1 � ¡ -;5;d41`1�8�d>/95�P6-;G>/98 £$C /98`G ��w /2d41`\ � :�/W\;d>/?P6365;/9G � <�365;:T1�d=1�- ,��� \ � ^ n id4G � 5�:�-;d=1�L.- � Á { Á ( W�m [ � { � ( m [ ( W�m [ � L4L � nO L4L � � � m [ ( O L.-;d�/7G>/ w 368 Eg�uC � 36G � : �)E*O� 1 � :T1NG�qx-;5;d�L.- � 1 � G4G �vw 398 EW� Y z t �7/o/2d>5;:�d CD� 8 E d>:�\ � 1�8�/95;: w 398 EW� 8 � � 5�-;5 C 8�3k\;-Ud41�\ �E /21�8�d>< �_C � 36G � : �)E C /98
-;5 �cE /21�8�d4< � � tj368T1 � 3?P63650/9G � ��� { � (ÿW \;d>/?P ��Y �Xq�/9:T1�-;< � 8 ,� :�d4\ ��� 5-U5 ��E ,� 1 � 3k\ � LB-Ud C 8 ,� : � 8�? � G>/c1�8�dI/25�P6-;G>/98�d=1 ,� O C /98 z t � O 1�36-k1 � 5F3 Ê 8�/95[1�-;5 � 398�1 � 3*P63650/2G>d41 ,�\ � :�1�d>5 ,��� �/W<�365;: � 8T? � 8�GI/ E /l1�8�d4< � \;d>/?P63650/2G � � < w�C G4-;:_�;/9:�:�-;8�G>/�P ,� 5 ,� 8�/9G4d>:�/21�d4365 C 36:�:�d��;G �\dq�-;5�1 � G C 8�3B< ,� \ ,� \ �NE d4: � �/ ³ 36-;8 �yY
0 7¦#
�­T¥���¬ß°z§�¬zªV­a¥ � 5�368�1 � 3*P6365;/9G>d4: � l Lj� O ` o \ � l L # O ` o �/ * ? � <�1 � -;8�:Nd>5;\ ,��Cv� 5;\0/95[1�:<�3 EWEg� Ì<�/ ] � 365�5;391 � m /9-fG4d � -o\ � m [ � iÓP�vÙ�Û�ôJëJÔ�Ù�Þ 7Hæ�ä�ó 5 �ßØÇë�óNÛùÞ-Ô4ý?���ä�à%ø�×zèzÛ�Ô�ä�Ûáæ�Ù�üzÜ@�Sä�Ô�ý

�[ 



$ d>5;d=1�dI/2G>d>:�/21�d4365�L�� _ ` W L # _ ` O � �/H8 � �D36-;8�: C 36-;8�3*�k1 � 5Ud>8|-U5n1�8�d>/95�P6G � :�- C ,� 8�d � -;8 C 36-;8m � i$ 365�<�365U:�1�8�-;d41N-U5 C 8 ��E d � 8�? � <�1 � -;8�LP� _ c � ` \0/95U: l LP� _ ` � L # _ c � ` o 368�1 � 3*P63950/9G}�/L�� _ ` L�� _ c � ` W L # _ c � ` m M # _ c � Ll� _ ` �L>L � n_ L>L � L�� _ `
<�3 EWEg�gz t ��<�G>/9:�:�d�L.- � �/�< � <�d C 8��� :AL.- � G � : C 8�3k\;-Ud41�:):�<�/9GI/2d>8 � :N:�365[1 C 365;\ ,� 8 ,� : �<?q � :�1 t��/�t \;d>8 � L.- � G�qx365J:�36-;:T1�8�/9d41 \;-F? � <�1 � -;8
:�/ � : � : � C 8�3 ³�� <y1�d4365 � � � :�-;8 GI/��;/9: � \ ,�Õ³ �/w 368 E ,��� ]$ d41 ,� 8�/21�d>365

L�� O ` W L # O ` m _�
��� O�� �

M # O L�� � ` �L>L � n� L>L � L�� � `
$ C 36-U8g:Jq /?�U:�1�8�/9d>8 � \ � GI/�8 � :�1�8�d><y1�d4365�:�-;8pG>/�:�3 EgEW� :�-;8 ��� 365�\ ,�	� 5;d41pGI/ E /21�8�d4< �1�8�d>/95�
6-UGI/9d48 � :�- C Y m 1 � G4G �
� - � � O>� ����������� ���������� �! � ��� � C 36-U8 �#" }%$'&)( 3 E Eg� 1 & :�-;8�GI/\;dI/*
93650/9G �]C 39-;8`3*�U1 � 5;d48wL # O " � � _ ��� � � O>� � � � � � � :�36d=1
+ Á � m � (, 36-;8
G�q � d>:T1�36d48 � � < � 1�1 ��w /9<y1�368�d>:�/21�d4365 � :�1�< � G4G � \ �.- 8�36-U1 � < � G>G � \ �.- � 36G � : ��/ � 5p\ ,� <�36-;GI/25.1

�1020 ( ��Y
�)3xd>5[1 ,� 8 y� 1)\ � < � 1H/9G4
9368�d=1 � EW� 8 ,� :�d4\ � : � G>365�G53�/9-U1 � -;8 � 5i:�365 � ~W<K/9<�d41 ,� � ,��C 8�36-U? ,��� :�-;8�76 Æ98;:<- &=& & � � � � E /2d>: C 36-;8w5U36-;: � d4G|8 ��C 8 ,� : � 5[1 ��� 5 C G>-;:��H-;5 ��E ,� 1 � 3B\ � \>3 /K?2/95;< �1 ��EWC 398 � G4G � d45.1 � 8 Cv� G>GI/25.1eG � � ��� Y , /98 � A ��EWC G � � G53x368�1 � 3=
6365;/9G>d4:�/21�d>365g:?3 � Ê � <�1�- � \0/25;:�-U5� : C /2< � \ �JC � /9: � /9-�
 EW� 5[1 ,� \ � ! � G � :]? � <y1 � -U8�:)G>d4
95 � \ � Á � � -;d�d><�d�:?3�/ C;C G>d � - � �/G@3 � : C /2< � \ � :}�;8�-;d41�: E /9d4:�\0/95U:�G � � ��� /9-kAp1�8�/95;: w � 8�1�: ±§ ¨Ñ­T¤�° �-¤�ª>2r°�¦�A Y² /2d>:�� � 368T1�365+1�8�/9d41 � G � <K/2: C /98�1�d><�-UG>d � 8 ¡ \B3x-;5À�;8�-Ud41W\ � <�36-UG � -U8!C £D� -;d`< � 1�1 ��w 36d4: �d45[1 � 8 Cv� G>G � GI/ ² �   Y � 5 < �E� - � G � : / :T1-���EW� / � \;d4:�365U: � -;5 �Èw / E d4G>G � \ � �;8�-;d41�:u�;G>/95;<�:C 365;\ ,� 8 ,� : C /98�-;5 �JE /21�8�d>< �GF �
	 � \UdI/*
63950/9G � � d45;: � 5;:�d��;G � :N/9-kA ,� 1Z/21�: � � - � G@3 /9-k1 � -U8 ,� <�8�d41<�3 EWEg� Ì<�/H+ I �J�K �
	 $ � 	 � � I

�ML �ML a& F K I �J�K �
	 � $ I & � KÆ G � :�1�/9G4368�: C 8 ,� <�365;d>: ,� \ � 8 ,� :�36-;\;8 � \>3 /?�D368�\�G>/ C /98�1�d � \ ,� 1 � 8 E d>5;d4:�1 � +I �JNK � I
�ML �ML a& O K I �JNK �
	 �

/K?2/95[1c\ � <�3 EWC G ,� 1 � 8 C /98`G@3 /K?2/95;< � :T1�3B< � /9:T1�d � - � +I �JNK �
	 $ � 	 � � I O && F K I �JNK $ I & � K
� 5�?9/F?639d>8 � - � G � : C 8�3 C 8�d ,� 1 ,� :�\ � < � / � - � : / :�1-���EW�$CD� 8 EW� 1c\ � :�d EgC G4d �0� 8�G � :�<�/9G><�-;G>:e\ �G@3 /K?2/95;< � \ � : w /9<y1 � -U8�:c\ � � Y � 5�:�- CUC 36: � /2d>5;:�d � - � � � m { m ( /K? � <)GI/F:�36-;:QP :�1�8�-;<y1�-;8 �,� 1Z/21�:7R��U8�-;d=1�:
+

m � I m L m L a& m a K � SUT { � � { L � { a � ��V: G>368�: � G@3 /K?2/95;< � \ ,� 1 � 8 E d>5;d4:�1 � \ � GI/ w /9<y1�368�d>:�/l1�d>395 � :�1c:�d EWC G ��Eg� 5.1W+Ó >8è�ä%ÞdþÙ'Ý öä%ØÚÙÚÔÃÛáè�ÔzþÙ�æ�êÙ Ô �?Ö�×�æÃâ�ã Û�ó��zâ þÙ�óNÙ�è�Ô�Ù æZÞ�ä�è�àÃñDÛáèzÛ K�Ù�æ�ÜßèzÖJè �?�Û�â-úXä�Ø Ù æ�Ô�Ùdâ�Ù �zæ�Ö�ûzâ öÙ�óNÙaÞßÙrâ�ã Ù ó:û<ÖKê XsÔ�Ù ó%Ù è�Ô4Ü�óIä�Ûùà�ä�×�à�à�ÛJÙ�è6ÛáèJÔ�×zÛ�Ô�Ù æ�×zè�Ùaó�þÙ Ô�ëzÖßÞßÙ �<ÖJ×zæ�égä�Ûáæ�Ùdä�åKä�è�Ø Ù æâ�Ù4à þ�Zý ��ýßÙÚÔZâùä �ZY;[:ý\�Û�â)èzÙXà�ã ä�ô�Û�Ô���ä�àÃÞMã ×zè�ûzæ�×zÛ�ÔZèzÖ�Ûáæ4ý
�*�



$'m a � 1�{ a d>5;< � /25�
 ,� : ($ �ML a � �ML m L a $ �ML a m a ($ m { m ( � � �ML m L � { L � �ML m L � ( (395�/ ³ -U:�1 � -U5 � z � �/ CD� 8 w 368 EW� 8
:�-;8`< � 1�1 � \ � 8�5;d��� 8 �]� A C 8 � :�:�d4365 � G@3 /K?2/95;< � \ � �ML a ,� 1Z/25.1-U5 � :�d EWC G � /K?9/25;< � G>d45 ,� /9d48 � Y: C 8 ,� : � 5[1 � G � : / :�1-���Eg� �U8�-;d=1 ,�n� :�1F\;d>/*
6365;/9G � 1J/9-k1�368�d>: � GI/ E d4: � �/ ³ 36-;8w<�3 � ~g<�d � 5.1C /98�<�3 � ~W<�d � 5[1 Y �)3 /9-k1 � -U8 C 36: � G � : C 8�d>5;<�d CD� :e\;-�1�8�/9d=1 ��Eg� 5.1 � 57<�395;:�d4\ ,� 8�/95[1�\B3�/?�D368�\fG �C 8�3*�;G����EW� :�-;d=?2/95[1
+0365 C 36: � � � m { m ( � /@? � <)GI/F:�1�8�-;<y1�-;8 � +
m � �� m Q m Q�� m Q #& & m � #& & m #

�� ( { � ���
	�� � { Q � � � { # �
/2G>368�: � 5 C 36:�/95[1 � � � O ��
 � O � � � 1 � � � & � V � & � � 1 � G>: � - � ��� � � � � � ¸)ÏMÏ � � $ � � G �: / :�1-���Eg��� 8�-;d41 ,� � 365�\ ,� 1 � 8 E d45 � m � � 1c{ � C /98.+$'m �Q # � m Q # � m �# � m # � 1�{ �# � { # ($ � � � 
 A �W$ V ($'m �� # � 
 m � # ($ � 1 m �Q�� � �� � m Q�� (/2G>368�: � m �Q � 1�{ �Q :�/21�d4:�� 365[1��/JG53 ,� 
[/2G>d41 ,� +

m �Q { �Q m � (Q � m Q { Q m (Q $ � �� � V � m Q�� m (Q��
< � 1�1 � \ � 8�5;d��� 8 � 8 � GI/21�d>365 � :T1N1�8�39-U? ,��� : ��E�� GI/ � G � �/oGI/�� 368 EW� 1�8�/9d41 ,���JC /98NG@3 /*
9368�d=1�� EW� \ �: 
 ��� PÕ� -;8�5 � 8 � � -;d � :T1�/9d45;:�dU:�36G4G>d><�d41 ,��C 39-;8 -;5 �c��� <K/9<�d41 ,� \ �eE d>: � �/ ³ 36-;8 \ � :
<�3 ��� <�d � 5[1�: Y�)3�/ C;C G4d><�/21�d4365o/9-�: / :�1����EW��� 8�-;d=1 ,��� :T1�/9G>368�:.+:�36d � 5.1 * � 1 
 G � :c\Ud EW� 5;:�d>365;:`\ � � � 1)J Y� 5�<K/9G4<�-;G � d41 ,� 8�/21�d4? ��EW� 5[1 C 39-;8 � � &

��
$ � �_ � � � 
 A� � _ � � $ V � ($ C 36-U8 } � &
�   � V V V � * $ ��� & � G � :`? � <�1 � -;8�:WL�� " � 12L � � " _ � � +$ � O � � O>� _ � � ($ � �O>� _ � � � 
 � �� �! �� �  "! � � O ($ � �O4� _ � � � 
 � � _ � � � � # � � * $ � $ & � � V V V � � * $ 
 � (C -;d>:c/K? � <H-;5 : 
 ��� PÇ�s-U8�5 � 8 � 365 Eg� 1��/ ³ 36-;8 C /98
+

m � � { � � � m � � � ( � m � { � � m � � ( $ ½ � Ll� " M �fL
3$�- m � �&% d>\ ��E C 36-;8|{ % 8 ��C 8 ,� : � 5.1 � GI/ C /98�1�d � :�- C ,� 8�d � -;8 � 
6/9-;<'� � \>3�368�\;8 � � * $ ��� & �
\ � : E /21�8�d4< � : m � � 1�{ � � � 1c3$�- ½ �<� �  �! ��  �! � V � Y� d450/9G ��EW� 5[1 � 5;<�398 � � G53�/9-U1 � -;8��u/9d41H8 ��E /98 � - � 8 % < � � -Ud|<�395;< � 8�5 �o� 5;<�368 � ² �   %� - � G>/ E ,� 1��;3B\ � :?3 ,� 1 � 5;\(�/�GI/ C 8 ,� : � 5;< � \ � ¡ C /28�/ E �� 1�8 � : � dI/9d4: ,� : £ Y*) d|GI/ C /98T1�d41�d>365 � :�1/2G>368�: � � � J �"+ � ( � /K? � <J< � : C /98�/ E �� 1�8 � : � 5�\ � 8�5Ud � 8 � G53�/9G 
6368�d=1�� EW� :?3 ,� 1 � 5;\ � 5 ,� 1 � 5U\0/95[1NGI/C 8 ,� < ,� \ � 5[1 ��� 36-;<�G � :�-;8,#-�/ * $ 
 $ GI/w\;d Eg� 5;:�d4365o\ � L + " Y
§�¨8¨8©�ª'«*§�¬zªV­T¥���¨Ñ­T¤�°/.(021�3 � 5 Cv� -U1�1 � 5[1 � 8`\ � 8 ,� :�- EW� 8�G � :`/2: CD� <�1�:`\ � G>/ E ,� 1��;3B\ �\ ��4 �U368�1�365 � -;d C -;d>:�: � /9G>d Eg� 5[1 � 8|G ��C 8�d>5;<�d CD� \B3 ��E�� 365741 ��EW� 5[1e\ � GI/ ² �   Y98 5 
68�36: � /2-G4d � -f\B3x-U1�d>G>d4: � 8cG>//:<;4a>= Q <�3 EWEg� \0/25;:]GI/ & &   � �u/2d>8 � /K?2/95;< � 8]G>/W\ ,� <�3 EWC 36:�d=1�d>395�/K? � <w-;5 �E ,� 1"�;3B\ � 5 �)C 368T1Z/95[1 � - � :�-U8 m � 1c{ G>/9d>:�: �]� : C ,� 8 � 8�-;5 C 36:�:�d � G ����E�� 365741 ��EW� 5[1 Y

�?Â



$ GI/�1�36-k1 � C 8 ��E d��� 8 � ,� 1Z/ CD� <�365U:�d41 � �/ �u/9d48 � /K?2/95;< � 8 m 1�8�d>/95�
 Y :�- C Y -;5;d=1 ,�<�GI/2:�:�d � - ��EW� 5[1 Y ) 36- E d>: � � \;365U<�/�-;5 <K/9G4<�-;G�<�GI/2:�:�d � - � \;- ² �   E /9d>:n395 CD� -U1C 8 � 5;\;8 �)� 5�<�3 EgC 1 � GI/�� 368 Eg� : C ,� <�d � � - � \ � m (
$ GI/n: ,��C /98�/21�d4365 E 3B\ �� G � \ ,� 1 � 8 E d45;d>:T1 � ? � 8�:�-;: � 8�-;d=1 ,� + , /21 Eg� �u/2d41�8 ��E /98 � - � 8 � - �� d � 5 � -B3xd>G�:�39d41 	 ��� ��� � � \;d � <�d>G � \ � : ,��C /98 � 8�\ � : �u/ E d4G>G � :o/ / /25.1f-;5 � � 5.-;G>G � �G53x3k<�<�-;8 � 5;< � \B3x-;5 � 1 � G4G �NC 39:�:�d � d>G4d41 ,��C 36: � \ � : C 8�3 � G����EW� :�/9- � G=1�8�/ 
 � Y Æ G �u/9-U1�\;365;<G ��CD� 8 EW� 1�1�8 � � � 1c/2d>5;:�d C 8�3 � 1 � 8`\ � :�/9G4
639:�\ � : ,��C /98�/l1�d>395�\ ��4 �;398�1�395 Y$ :�-;8cGI/ � z P ) \0/21�d>365 � � G4G � 5 � <�365U< � 8�5 � � - � G>/ C /98�1�d � �ML m L \ ,�Ú³ �/J<K/9G4<�-;G ,��� � � 1�365�/:�d EWC G ��EW� 5[1`< � 1�1 � 1�8�d4
93650/9G4d>:�/l1�d>395 �/ � Ê � <y1�- � 8 Yd4G�/ C;C /98�/�57=1 � -B3x365 ,� ?kd=1 � � : ��E�� G � P 1QPjd>G � G>/�: ;=a�= Q Y

� 7¦!¥ 7¦!°z§S©'ª ��§�¬zªV­T¥ , 8 � 50/95[1 ) 8 � C /28 � A ��EWC G � � 395+/9-;8�/2d41 � � m�#)m ( � 1 � $�� � �
� � � ( � /K? � <)< � 1�1 � � 36d4:QP <�d m -U5;d41�/9d>8 � Y Æ G �u/9-U\;8�/9d=1�1�8�36-U? � 8c-;5 � �u/9<�1�368�d4:�/21�d>365n\ � � m � -;d:�36d41)G �FC 8�3B\;-;d=1N\B3�-U5 �gE /21�8�d>< � -;5;d=1Z/9d48 �FC /98N-;5 �gE /21�8�d>< � � Pj368T1��;3=
93650/9G4d>:�/ � G � � <�3 EWEg�
m � { � ( m ( � /K? � < � m � m � Y 8 5 �u/9d=1 � d>G �u/2-;\;8�/2d41 � Ê � <y1�- � 8�-;5 � ) 8 � \ � � m �
	���
 (/K? � < 	�	 ( � O _ � 1 
 ( { 
 � � L4L º O L4L A � � � / � 5 � - � � � � m { � � m � ( ��	���
 ( { 
���	 ( �
	 � � A {iL4L º O L>L A � � � 	 ( Y ² /9d>:e/2G>368�: � - �Hz P ) � :�1c:�d EWC G � �/ �u/2d>8 � � 395f/Fd4<�d -U5 � ) 8 � � -;d�5B3 � :T1C /9:g:�d EWC G � % :�/2- ���/�<�365;:�d>\ ,� 8 � 8g-;5 E 3B\$�� G � � -0/25.1�d � - �fC 36-U8 � -;d � � � A C � m 	 � � :�1-U5;d41�/9d>8 � Y4Y=Y� 8 � � � �/ C /98�1gGI/2�u/9<y1�368�d>:�/21�d4365�� � � � -;de:?3 ��E�� 365741 � � 365;\0/ EW� 5[1�/9G ��Eg� 5.1W\;- �u/9d=1 � - �G ��C 8�3B\;-;d=1 E /21�8�d4<�d � G
<�365;: � 8�? � GI/�1�8�d 
63650/9G4d>:�/21�d4365 �10 mNm � � 0 � mNm � � � � G � 8 � :�1 � 8 ,� :�d4:�1 �8 ,� :�36G>- EW� 5[1 Y
��� ��	����	� � �o��� 
�� ����� 
�� ���w�-�

� 5�8�/ C;CD� G4G � G>/F\ ,�	� 5Ud41�d4365o: � G>365 - /9<�-;<�d�\ � G>/J\Ud Êc,� 8 � 5[1�d � G>G � \ �Hz 5/l1 � /2-kAE+
 "! � � ($# � � G>d E� � Î & � �%! � � $ � # � � ! � � ���

C 36-;8 � 8 ,��� G � 1 # /98 � d41�8�/9d48 �'& ( � 1 � 5 C 8�/21�d � - � � - /9<�-;<�d C 8 ,� <�365;d4: � \B3�/950/9G / : � 8JG � 1 � 8 Eg�:�- C;C G ,��EW� 5[1Z/2d>8 � � � # � \0/25;:eGI/F\;d Êe,� 8 � 5;< �N� 5[1�8 � G>/  � 1�G>/$?2/98�d>/21�d4365p1�321Z/9G � \ � ! +
! � � $ � # � � ! � � � �  "! � � ((# � $ � � # �

3$�-�365�\U36d41W? ,� 8�d �0� 8 � - � +bG>d E � � Î � � # �*) � � &UY , 8�/*
 E /21�d � - ��EW� 5[1g\;365;< � ³�� ?636d4: C /9:C 36-;8 � -;36dc365�5 ��C 36-;8�8�/9d>:J8 � :�1�8 � d>5;\;8 � # �/ � - � G � - � :�36-;:�P � : C /9< � ? � <�1�368�d � G C 8 ,� : � 5.1�/95[1� 5;<�398 � \ � G53xd>5[1 ,� 8 5� 1 % C � / :�d � - ��EW� 5[1 C /98�GI/95[1 Y� 5�8�/ C;CD� G4G �.� - � \0/95U:�G>/�� 368 E -UGI/21�d>365n\ � : � 5;:�d � d4G>d41 ,� \B3x-;5 � 8 ,��C 365U: � � � 365U<�1�d4365;5 � G>G � �\ � - /9<�-;<�d � GI/�G>d45 ,� /28�d>:�/21�d4365 \B3�-U5 : / :�1����EW� � 5 -;5 C 39d>5[1 � 5>3 � :�1 C 36:�:�d � G � C /98\Ud Êc,� 8 � 5;<�d>/21�d4365o\ �Hz 5/21 � /9-kA � 5;391 ,���  � \ � ! � � � � - � :�:�d2+& Y ! � � � :�/21�d4:��u/9d=1`-;5 � <�395;\;d41�d>365o\ � ��d C :�<'�;d=1 É �u/9d � G � � � 1  Y ! � � $ � # & $ � # A � � ! � � $ � # & � � ! � � $ � # A � $ ! � � � �,+ � � �\;/95;:�< � <K/9:|: � -UG ��EW� 5[1 � 365n5U391 �  "! � � ((# � � ! �- # � 3 ,- !�� � :�1�GI/H\ ,� 8�d=? ,��� \ �]z 5/21 � /9-BA � 5� \ � ! A YÓ�ÝVÙÿà�×����?ÖJà�ÙXò�×zÙÑà'ÖJè_Ù ìßÛáà'Ô�Ù�è�ØÚÙÑÛáó��<Ö�à'Ù/.10 �?�æzþÙ é4þÙ æ�Ù è<ØÚÙ�àTÙ èDä�è<ä�âáú-à�Ù8é�Ö�è�ØÚÔ�ÛáÖ�èzèzÙ�â�âáÙ�ý
2 Ò



��368�: � - � G � :n3 C ,� 8�/21 � -;8�:n\B3 ,� ?936G>-U1�d>365�:�365[1o<�3 EgC G>d � - ,� : % <�3 EWEg� \0/95;:pG � <�/9:n\ �G@3�-k1�d>G4d>:�/21�d4365�\B3�-U5 � :�- � 8�36-U1�d>5 �$C 36-U8 �u/9d48 � \ � GI/p\Ud Êc,� 8 � 5;<�d>/21�d4365 C /98]\;d Êc,� 8 � 5U< � � 5Ud � %3957\;36d=1]/9:�:�-;8 � 8�\ � :]<�8�d41��� 8 � : CD� 8 Eg� 1�1Z/25.1�\B3�/ C;C G4d � - � 8�-;5 � 1 � <'�;5Ud � - � \ � G>d>5 ,� /98�d>:�/l1�d>395 (d4GF:�- � 1 Cv� -U1 P'5� 1�8 � \ � \ ,� 1 � 8 E d>5 � 8�-;5 � d>5[1 � 8 E ,� \;d>/9d>8 ��� 5[1�8 � G>/ CD� 8T1 � \ �"C 8 ,� <�d>:�d>365C /98)1�8�365U<K/21�-;8 �W� 1HGI/ Cv� 8�1 � \ � G>d45 ,� /28�d41 ,� Y$8 5;<�368 � � G@3 � : C /2< � ? � <y1�368�d � G \ � # C 39-;8�8�/-5� 1�8 �8 � :T1�8 � d>5;\ E /9d>: C � / :�d � - ��EW� 5[1 Cv� 8�1�d45 � 5[1 Y

2��


