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�	� 	 ±A@ � c|�|zy[ ± .\�|Í���� zy[ Z � 5 Z�� ´�� Ì � �|zy[ ± .\�|Í���� zy[ Z � 
¸ ±A@ � c|��� � zy[ Z � 5 Z�� ´�� Ì � ��� ��zv[ Z �¸ ±A@ � c¤° �
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 = 	 Ç 5 µ½ » ½ 
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�ax~^a]M`�O}Ta]aQ|O}zydvO}^cDO}[�]jdv[Px~O}x\^hzf�%]jX~ThO}x\�UX4]hdyi9WU�� Q � dv^4[\O}Thi1RUzvzv�!g\dy^�]jTady�\x~]hW+gT� � � ���/m » ½ �bm_]jX~W+[¼V6W ^jRA� ]jX\Rr]��  ¸WÎÊ�`l��� �<dy^�����������Â	�9Á���� ¿Lg\dy^�]jThdv�\x~]hW+g�RU[\g VuThdv]hW�� ��� � � �/m » ½ �Î� +�X\WDThW9dy^�O}[\W]hX\dy[~���UO}x�i-x\^a]wRUzfV_RA�P^uThWDi1WDi-�bWDTuRU��O}x~]uzyOU�}[\O}Tai�RUz�g\dv^a]jTady�\x�]jdyOU[\^  � Q!� �"� � � ��m »¤½ �6]hX\W+[ ­ ���-� ¸ W¡Ê�`8°#� = » ½< ¶ Æ
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	 ¾ µ�� ÆAÆAÆ � ¾�
w�(+lO1g~O�]hX\dy^�]hX\WMQ|O}zyzvO¨Vudv[\�>OU���aW+c¡]�dv^�c+W+[�]hTjRUz �
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U FV= @ ¸ Å
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] FV=^:~Á�Ã
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c`�= ³�� m2= ³�d 5 = ³�� m2= ³fe 5 = ³�d mAÆAÆAÆDm2= ³�� 5
= ³��0g � ÁUÂjÀ/���(PÀE;YÀ ��(PÀ �0&�ÂaÁ���(��
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�� � � �
��	 �7� �����-����������� 	!� $b��� 	�� É'Å �]hdyO}[MOrQP]hX\dy^D�
Brownian motion

t

B
(t

)

0 2 4 6 8 10

-1
.0

-0
.5

0.
0

0.
5

1.
0

1.
5

�
x\^hW¡Q|x\z�QSRUc¡]�Q|O}zvzyO'Vudy[~��Q|TaO}i ]jX\W�dy[\g~W+`�W+[\g\WD[�]Mdy[\cDThWDi1WD[�]�`\ThOU`bWDTa]��Ldy^u]jXYRr]Q|OUTuRU[���i1W+RU^hx~TjRU�\zvW��  �� F � Q|OUTuVuX~dycqX ­���� ���?= ³ 5 =�Xa� � 	 � H V6W�XYRAZ}W­�� ���?= ³ 5 =�Xa� ��
 X 	 ¸ ­�� ���?= ³ 5 =�Xa� 	 ��_P� ���VuX~W+ThW 
 X ¸ » B.=�
  Å 	 oS	 [ D6Æ+�X\W_Q|x~[\gYRUi9W+[�]qRrzYRU^h^ax\i9`~]jdvO}[-OUQ¥]jX~Wu£6z�RUcq�}�ÐN�cqX\O}zvW+^�i9O�g~W+z~dv^�]hXYRr]�]hX\W�^a]hO�cq�`~ThdycDWMcARU[���W¢TaW+`\TaW+^aW+[�]jWDg8��� ±b³ ¸ ±A@ WÎÊ~`>� �n¾ = » = ³ � ��_P� � �VuX~W+ThW�= ³ dy^�RIN~£_����N�x\cqX!R«`\TaO�cDW+^a^-dy^�cARUzvzyW+gHR«�}WDO}i1W¡]jTadyc1£_� �|Vudf]jX¬g\TadvQÄ]q�¡�NYx\T�]jX\WDThi9O}ThWr�3dv]�RU^a^hx\i9W+^�]jX\Rr]M]jX\WDThW9W¡Ê�dy^�]j^¢R4Thdy^a��zyW+^a^¢RU^h^aWD]%� R�i1OU[\WD�Ii1RUTa�UWD]Rrc+c+OUx\[�]Î�¡�/ª<[\W�g\O}zvz�RUT6dy[�Z}WD^a]jWDg«dv[4]hX\W�i1OU[\WD��i�RUTa�UW¡]�Rrc+c+OUx\[�]�Vudvzyzb�}ThO'V§Rr^
� ³ ¸ WÎÊ~`l�|Ç�¾a� ��_P� � �VuX~W+ThW�Ç8dv^�R cDO}[\^a]jRU[�]«�|]��P`\dyc+RUzyzf�¬Ç ��Å��¡� ��W+[\cDW�� ³ dy^�]jX~W�cDO}[�]jdv[Px~O}x\^�]jdvi1WRr[YRUzyOU�}x\W<OUQ�s @�� ³ Æ¦ XYR�]6g\OPW+^w�`_�� � ��i9WARr[#�LË�OU]jW�]jX\Rr]�^hdy[~c+W = ³ Y � �SÅ~mh¾a�q� ±b³ XYRU^/R¢zvO}�}[\OUThi1RUzg~dy^a]hThdv�\x~]jdvO}[4RU[\g zy[ ° ±b³ �±A@ ¶ ¸ �l¾ µ = » = ³�� m
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�fÁB&?/�� /�&S¿ OUQ�]jX~W%^a]hO�cq�I�M�\x�]�[\OU]hW1]jX\Rr]�dv]ThWARrzyzv�1g\WD^hc+Tady��W+^wR�`\ThO}`�W+T�]��4OUQl]jX\W�zyOU��RUThdf]jX\i9dyc�ThW¡]jx\Ta[LOrQ�]hX\W�^a]jOPcq�¥�2+�X~W+ThW�RUTaW^hWDZUW+ThRUz�ThW+RU^hOU[\^<Q|O}T�i9OPg\W+zvzydy[~��]hX\W-^�]jOPcq�L`\TadycDW�RU^<�}WDO}i9WD]jTadyc�£_� Vudv]hX8g\TadvQÄ]<OUTW���x\dvZrRUzvW+[�]jzf��RUzvz�zvO}��RUTadv]jX~i1dvcwTaWD]jx~Th[\^�RU^udy[~g\W+`�W+[\g~W+[�]<Rr[\g4[\O}Thi1RUz �(N�dyTa^a]�OrQ�RUzvz��x\[\zyWD^h^�dv]�dv^��\z�Rr]jRU[�]jzf�Hx\[~ThWARr^hO}[YRr�\zyWr�6i9O�g\WDzyzvdy[\� I�TjRU[\g~O}i?O}� �aW+cD]h^]JHRU^ I7�0/�/1(CJdy^Q&�:YÀ�V_RA�I]hO�^�]qRUT�]A����i9`\dyTadyc+RUzyzf�Ldf]Mdy^MOrQÄ]jW+[ R��}OPO�g Rr`\`\ThOAÊ�dyi1Rr]hdyO}[«]hO4i1OPg\W+z]jX\W¢zyO}�}RUThdf]jX\i9dycwThWD]hx\Th[~^�RU^���W+dy[~�1[\OUThi1RUz¤Vudv]hX�e~Ê�WDg8i1W+RU[LRU[\gLe�Ê~WDg«ZrRUThdyRU[\cDW]jX\TaO}x\�}X ]jdvi1Wr��� NYThO}i R4`\TaO}�YRU�\dvzydv^a]jdvc>`�O}dy[�]�OUQ�ZPdyW¡V���df]�cARU[ �bW9^hX~O¨Vu[ ]jXYR�]�dfQV6W%V6RU[�]9R8^a]hO�cq��`\Thdvc+W%`\TaO�cDW+^a^-Vudv]jX�cDO}[�]jdv[Px~O}x\^-^hRUi1`~zyW%`YR�]jX\^�Rr[\g�V6W%V6RU[�]ThWD]hx\Th[~^<]jO���W�dy[\g\WD`bWD[\g\WD[�]¢Rr[\g ^a]qR�]jdyOU[YRUTa�¬�S�~x~]M[\OU]<[\W+cDW+^h^hRUThdvzv�«[\O}Thi1RUzlQ|ThO}i]jX\W�O}x~]h^hWD]q�¡�6]hX\W+[��}W+O}i9WD]hThdvcL£l� dy^�]hX\W«O}[~zv��`�O}^h^ady�\dvzydf]��}�!��[\g z�RU^�]��\x�]�[\Or]zyWARr^a]  � ]u�UdvZ}WD^uThdy^aWM]jO��bW+RUx~]hdvQ|x\z�e\[YRU[\cDd�RUz�]hX\W+OUTa�}�� Q6�}O}x¬dv[�Z}W+^�]-O}[~W1g\OUzyz�RrTMdy[ ]jX\W9i1OU[\WD� i1RUTh�rWD]>RUc+cDO}x\[�]�R�]�]hdyi9W�Å~��df]¢Vudvzyz�}ThO'V§Rr^ � ³ ¸ W¡Ê�`l�SÇ¨¾a�¡� ��O}zyg\dv[\��O}[\W¢g\O}zvz�RUT6dy[�]jX\W�^�]jOPcq�%Vudyzyz��}dvZUW�Rr[Lx\[~c+W+T�]qRUdv[RUi1OUx\[�]6R�]/]hdyi9Wu¾{OrQ¤W¡Ê�`l���l¾ = » = ³ ��RU[\g1]hX\dy^/RUi9O}x\[�]�XYRU^6RU[�WÎÊ~`�W+c¡]jWDg%ZURrzyx\W�OUQ­ WÎÊ�`l� �l¾ = » = ³ � ¸ W¡Ê�`l���l¾ = É< » ½ ¾a�¡Æ+�X\W ��xYRU[�]jdf]�� ¹ ¸ � = µ½ » ½ dv^�OUQÄ]hW+[8TaWDQ|W+TaThWDg8]jO%Rr^w]jX~W (UÂO/ KO&wOrQ�]jX\W>^a]jOPcq�¥� ¦ WXYRAZ}W�[~OU]6�UWD]_g~dy^hcDx\^h^aW+g �|WDZ}WD[�dy[1O}x\T�g\dy^ac+ThW¡]jWwi1OPg\W+zv^q��X\O'V RU�}WD[�]h^6g\W¡]jWDThi9dy[\W ¹RU[\g » ½ ���\x~]�Q|O}Tw[~O¨V=]hX\dy[\�4OUQ{df]w]hX\dy^�V_RA�  ) dv^h��RAZ}W+Ta^hW�RU�UW+[�]j^�Vudvzyz3g\WDi�RU[~g ¹]jO-��W<�}TaWARr]hW+T/]hXYRU[�Ç�]jO-cDO}i9`bWD[\^jRr]hW�Q|O}T�]jX\W<x~[\c+WDTa]qRrdy[�]���dv[�]jX~W<^a]hO�cq� 
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