
HAL Id: inria-00072590
https://inria.hal.science/inria-00072590

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.

A Monte Carlo Method without Grid to Compute the
Exchange Coefficient in the Double Porosity Model Part

I : From the Matrix to the Fissures
Fabien Campillo, Antoine Lejay

To cite this version:
Fabien Campillo, Antoine Lejay. A Monte Carlo Method without Grid to Compute the Exchange
Coefficient in the Double Porosity Model Part I : From the Matrix to the Fissures. [Research Report]
RR-4048, INRIA. 2000, pp.28. �inria-00072590�

https://inria.hal.science/inria-00072590
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

48
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Monte Carlo Method without Grid to Compute the
Exchange Coefficient in the Double Porosity Model.

Part I: From the Matrix to the Fissures

Fabien Campillo — Antoine Lejay

N° 4048

Novembre 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�4����� ���,�

5 �#�,6%���879�����#:����<; � ���,�3�>=
7?

����@BA%CD���#" ���,�E� 
F���G�H) ��� ���,�ECI� :�:��,���3:

JGKMLGNPORQ?S4KMTIU�NWVPVPXZY�[G\�QZ]^X<NWQ�O`_2O a KRb�c
dfehg�i�j�kml npoqi#rhsutwvxoqy{z%j�v|y{}~v�oui�oq�xtwv�ouy�z

� j
���R��v�g i�j ��� y{i�}hsqj��pj �
�-��y���j�v�n>�.np���
n

�|t�}h}<y{��v � j
��j �He~j ���He~j�zM�Gk���k���l ��y��{j�i#�h��j4�����{�.l ���4}�t��{j��

�� G¡�¢¤£�¥h¦�¢�§ dfehj � y{rh�hsqj�}<y{��y���o¨v©�ªi�y � j s«t�sqsuy�¬3�#v�y�� y{i�}hrpvxjDv�ehj�}h��j ����rh��j�t�v4t
i­tw� ��y���� y�}hou�#���¤twsuj4oqz®t­¯°�xtw��vxr~��j � }±y{��y{rh�²i�j � o³tp´µ�hr~v���j ¶>rhoq��j��Fvxehj�� y{i�}hr~vxtwvxoqy{z
y�¯·��y{i�j4j��p�He�twzh�{j�� yRj�¸�� oqj z�v.�He�t���t���v�j ��ou¹�ouzh��vxe~j4}�t�����t��{j4y�¯ºv�ehjm»�rho � ¯°��y{i�t�z �
vxy¼vxehj®}<y{��y�rh��i�j � out¾½°v�ehj®i�twvx��o¨�h¿,t�z � vxehjÀ¯°��t���v�rh��j�� ÁÂdfehou�%� yRj�¸���ouj�z>vÃi�t¤�
�±jÃzRr~i�j���oq�¤t�sqs¨�*� y�i�}~r~vxj � �>�Ä��y{i�j�ÅÃy{z�vxj®Æ�tw��sqyÇi�j�vxe~y � ´3���Èj��wt�sqr�twvxoqzh�ªv�ehj
vxoqi�j�t,É«��y�¬3zhout�zÊ}ht���v�ou��suj4��}±j�z � oqzÀvxehj4i�twv���oË�®t�z � v�ehjmÌ�����rh��j � Á4Í�sqv�ehy{rh��e®¬«j
��oqi#rhsutwvxj���y{i�j,��vxyR�He�t���vxoq��}h��yR� j���� ´ºvxe~j�t�}h}h��y�t��HeÎ}h��j���j�z>v�j � ehj ��j � ypj��4zhy�v4r~��j
t�}h}h��y��poqi�twvxoqy{zD������t�z � y{i0¬�t�sqÏ>� ´pt�z � vxehj�z � yRj �·zhy�v·��j ¶>rhoq��j�t�z�� � ou��� ��j�vxoq¹¤t�vxoqy{zµÁ

Ð©zÃvxehoq��Ì�����v²}ht���v ´<¬«j4t���j#oqz>v�j ��j ��v�j � y{zhs¨�%���Ãv�ehj#}�tw��vxoq� sqj ��ouz�v�ehj#i�twv���oË�ZÁ�Í
Ì�����v�tw}h}h��y¤�poqi­t�vxoqy{zÃyw¯�v�ehj
j��p�He�t�zh��j���ypj�¸­��ouj�z�v�i�t¤�,vxehj�zÃ�<j
� y{i�}hrpvxj � Á
ÑÃÒ�ÓZÔ�ÕmÖ £�×�¡�§ ÅÃy{z�vxj|Æ�tw��sqyFi�j�vxehy � ´���oui�rhs³t�vxoqy{z­yw¯ZÉ«��y�¬3zhout�z�i�ywvxoqy{z4j��po¨v-vxoqi�jw´
� y{rh�hsqj
}±y���y{��oqv©�,i�y � j sP´h¯°�xtw��vxr~��j � }<y{��y{r~�|i�j � o³t
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 §�� tm}h��j ����ouy�z � t�zh�frhz�i�ousqoqj r�}±y���j rR��Ì�����rh���.}<j rpv���v���jF�¤twsu��rhs���j��mrhzhj
� �Hehj�susqj�i�t�����y{��� y{}hoq¶>rhj��
s��÷t�o � j � rDi�y � g sqj � y{rh�hsqj�� }±y���y{��oqv���´>i�t�ou�·� j�v�v�j�t�}~}h��yR�Hehj
z�� ��j ����oqv�j � j � ��vxj���i�oqzhj ��sqj���ypj�¸�� oqj z�v � ��� �He�twzh�{j�Á«Æ2j�surho �©��o±� t��xtw��v!����oq��j²sqj�}ht�����t��{j
� rD»�rho � jFj�z>v���j²sqj²i�oqsuoqj r,}<y{��j�rp�À½Psut#i�twvx��ou��j�¿«j�vfsuj��2Ì�����rh��j � Á2Æ2j²��ypj�¸­��ouj�z�v3}±j�r~v
��j²� t�su��rhsqj ��z>rhi"� ��ou¶>rhj�i�j z�v|j z,�xtw�He�t�z�vfsqj�vxj�i�}~�2vxj�i�}~��}�t������F}�t�� � j��f}�t���v�ou��rhsqj �
�h��y�¬3zhoqj zhz~j � � t�zh�BsutFi�twvx��ou��jfj�v � twzh�-suj��-Ì�����rh��j�� ÁºÉ2oqj z�¶>rhjf��oqi#r~s³t�z�v � j��·}~��yR� j �#�
��rh�B��vxyR�He�t���vxoq¶Rr~j � ´�s��ût�}h}h��yp�Hehj2}h������j z�v�� jfoq� oRzhj���j�}±y���j2}ht��G��rh�Brhzhj2t�}h}h��y¤�~oqi�twvxoqy{z
}�t�� � j���i�t����Hehj ��t�s$�¤twv�y{ou��j �3j�v|zhj
z���� j�����o¨vxj�}�t�� � j � oq��������v�ou��twvxoqy{zµÁ

��t�zh�3� j�v�vxj
}h��j i�oqg ��j.}�t���vxoqj�´hz~y{rh�3zhy{rh�3oqz�v!� ��j ����y{zh��rhzhoq¶>rhj i�j z�v%� � j �3}�t���vxo �
� rhsqj �&���{y{sqr�t�z�v�� � t�zh��s³t�i�twv���oq� jw´�� j2¶>rhopzhy{rh� � y{zhz~j�rhzhj�}~��j i�oqg ��jft�}h}h��y¤�~oqi�twvxoqy{z
� rÃ��ypj�¸�� oqj z�v � �'���He�t�zh�{jwÁ
( Ö ¢^¡ Ô ¦*) 
 ¡%§ Å+��vxehy � j � jmÅ%y{z�vxj4Æ�tw��sqyh´M��oqi#rhsutwvxoqy{z � j.v�j i�}h� � �÷twv�vxj�ouz�vxj�}±y�rh�
rhzÃi�y{rp�{j i�j�z>v��h��y^¬3z~ouj�zµ´Mi�y � g�suj � y{rh�~suj,�©}<y{��y{��oqv���´�i�oqsuoqj r%}±y���j rR�,Ì�����rh���
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dfehou�Ã}�t�}<j �Ã}h��j���j z�v��Àt�z¾twsu�{y���o¨vxehi y�¯4��oui�rhsutwvxoqy{z¾y�¯4t � o��Zr~��oqy{z¾oqz tÈ}<y{��y�rh�
i�j � oqrhi ½°v�ehj � �
	�,.� � ¿­¬3oqv�e?Ì�����rh��j � Á dfehj®�{y�t�sFoq�,vxyÎ� y�i�}~r~vxj®vxehj®j��~�Heht�zh�{j
� yRj�¸�� oqj z�v|ouz,v�ehj � y{rh�~suj
}<y{��y{��oqv©�Di�y � j�s���� � M 3�� Á-Í¾Ì�����v|t�}~}h��y¤�poui�twv�ouy�z%yw¯�v�ehj
� yRj�¸�� oqj z�v¤´p¬3ehou�He,oq�2��ypy � rhz � j �«��y{i�j²��twvxehj��«zhtwvxrh��t�s±t�����rhi�}~vxoqy{z,y{z�vxehj|Ì�����rh��j
zhj�v ´-ou�4�{o¨�{j�zÎ�>�Êvxehj�t¤��j �xtw�{j,y�¯fvxe~j�Ì�����v4j��po¨v4vxoqi�j�¯°��y{i vxehj,i�twv���oË�Çyw¯�É«��y�¬ �
zho³twzÇ}�t���vxoq� sqj �moqzho¨vxout�sus¨�Êrhzho¨¯°y{��i�s¨� � oq��v���oq�hr~v�j � ÁÀdfe>rh��´ºv�ehj�twsu�{y���o¨vxehi&��oqi#r~s³twv�j �
vxehj�v�oui�j ��t�z � }<y{��oqv�ouy{zÎ¬3ehj�zÄtÀÉ2��y�¬3zho³twzÈ}�tw��vxoq� sqj�eho¨vx�m¯°y{�mv�ehj�Ì�����v�vxoqi�j�v�ehj
ouz�vxj���¯Pt���j
�±j�v©¬2j�j z v�ehj
i­t�vx��oË�%t�z � v�ehjFÌ�����rh��j�� Á

Ð©z�t²¯°y{��vxeh��y{i�ouzh�F¬«y{��Ï��÷Æ � � � ´{v�ehjf�±j�e�t¤�Rouy{�ºy�¯Mv�ehj3}�t���v�ou��sujfoqz4vxehjfÌ�����rh��jf¬3ousqs
�±j���v�r � oqj � Á­dfehj ��j�¬«j­¬3oqsqs-rh��j­t%i�y{��j�� y{i�}hsqj��`¯°y{��i#rhsut%sqoqzhÏ>ouzh�%vxehj�j��~�Heht�zh�{j
� yRj�¸�� oqj z�v|t�z � v�ehj
t�r~v�y �©��y{����j sutwvxoqy{z�yw¯çvxehj²}~��j ��j zh��jF¯°rhzh��v�ouy�z%yw¯çvxehjF}�tw��vxoq� sqj �foqz
vxehj
Ì�����rh��j�� Á3Ð©zÃ¯Ptw��v¤´M�<y�vxe%¬2y���Ï>��rh��j � o��±j ��j z�vFt�sq�{y{��oqv�ehi�� ´±t�z � t���jFvxe~j z���twvxehj��
ouz � j }<j z � j�z�v¤Á

� zhj.��e~y{rhs � zhy�v|sqy{��j.��oq�{e�v�y�¯Gv�ehj.¯Ptw��v3vxe�t�v�¬3ehj�z y{z~j.¬2t�z�vx�3vxy�rh��j#tDÅ%y{z�vxj
Æ�t���sqy�t�sq�{y{��oqv�ehi vxyÃ� y{i�}hrpvxj�t�¯°rhzh��vxoqy{z�t�sºoqz>��y{s¨�poqzh�À��vxy{}h}<j �ª� o��±rh��ouy{zª}h��yR� j����
½PoPÁûjwÁ � o��±rh��ouy{z%}h��yp��j ���3�{o¨�{j�z t�v3tm� j���vHtwouz%��v�y{}h}hoqzh�4vxoqi�j�¿�´~y{zhj²vxj�z � �fvxy4��oui�rhsutwvxj
vxehj � o��Zrh��ouy�z }h��yp��j ����oqv���j�sq¯B¬3e~ou�He�oq� ´<oqz i�t�z����¤t���j ��´Zzhy�v�t��{ypy � ��v��xtwv�j ����Á���j���j
oqv�oq�4}±y�����oq�hsqj%v�y � ou��j ��vxs¨�¼�¤t�sq� r~s³twv�j,vxehj,sut¤¬�y�¯���v�y{}h}<j �Î� o��Zrh��ouy�zÄt�z �I� j ��o¨�{jÃt
�{ypy � tw}h}h��y¤�poqi­t�vxoqy{zÀy�¯-vxe~jmj��p�He�t�z~�{jm� yRj�¸���ouj�z>v Á
dfehjm� y���vFoqz vxoqi�jmoq�²��j � rh� j � ´
t�z � z~yª�{��o � �{j zhj��xtwv�ouy�zÄoq�D��j�¶>rhou��j � ½°��j�j�� ��I&H M � ¯°y{���xt�z � y{i ¬2t�suÏÎy{zÈ��j��{rhsut��
�{��o � t�sq�{y{��oqv�ehi�� ´�� ��I&H N � ¯°y{�|�xt�z � y{i�¬2t�suÏ�y{z%zhy{zÃ��j��{rhsut�������o � t�sq�{y{��oqv�ehi�� ´±t�z �
�÷Æ�� ��� ��� � ¯°y{�3tmÌ�zho¨vxj �>�{y�surhi�j#t�}h}h��y�t��HeM¿�Á

�Êjmoqsusqrh��vx�xt�vxjmvxe~ou�Ftw}h}h��y{t��He�¯°y{�²t � o��±rh��oqy{z�¬3o¨vxe`t­v©¬«y � �wt�sqrhj �`� o��±rh��oqy{zÀ��y �
j�¸�� oqj z�v
y��{j��FtD�<y{rhz � j �À� y{i�t�oqz"!¾y�¯�#%$%½P��� }<j ��ouy � oq� o¨v©�Ã¬«jm��j ��v���oq��v
y{r~����j�sq��j �
vxy&!('*),+.-0/213$H¿#}h��j ��j�z�vxoqzh�ÇtÀzhj�v©¬2y{��Ï¼y�¯|Ì�����rh��j��54 tÀ��j�v�y�¯���j ��i�j�z�vx� ÁIÐ©z¼vxehoq�
j��~t�i�}hsqj.¬«j#� t�zÃ� t�sq� rhsutwvxj
vxe~j�sut¤¬ y�¯Gv�ehj
� y{r~}hsuj.vxoqi�j76w}<y{oqz>v|y�¯G��j t��Hehoqzh�Dy�¯�vxehoq�
zhj�v©¬«y{��ÏÃy�¯-Ì�����rh��j4�>�Ãvxehj � o��±rh��ouy{zZÁ.dfe~jm�¤t���j4y�¯·tDÌ�j�s � oqz � oqi�j�zh��oqy{z 3 ´<¬3ehou�He
ou�·y�¯µoqz�vxj���j ��v�oqzD}h��t���v�ou��j�´pouzh��sur � ouz~�mzhj�v©¬«y{��ÏR�«y�¯ç���xt��HÏ>�F½°ehj ��j�}<y{s¨�R�{y{z�t�sM}<y{��v�ouy�zh�
y�¯º}hsut�zh�H¿ � ypj��²zhy�v�� y{i�}h��ou��j�´ç��y{i�}�t���j � vxy�v�ehjm�¤tw��jm}h��j ��j z�vxj � ehj���jw´çt �h� o¨vxoqy{z�tws
i�j�vxehy � y{sqy{�{oq�¤tws � o¨¸­��rhs¨v©�Ã�~r~v3y{zhs¨��}h��y��hsuj�i��|yw¯Goqi�}hsuj�i�j z�vHtwv�ouy�zµÁ

� rh�º¬«y{��Ï�oq�2��j�s³t�vxj � vxy#ÅÃousq��v�j oqz�t�z � d���j�v©��twÏ�y�� �û�3y{zhj8�ûÅÃd H H � 4�vxe~j oq�2}hrh��}±y���j
ou�3vxy���oqi#rhsutwv�j#t � o��Zrh��ouy�z�}h��yR� j�����´±t���v�yp�He�tw��vxoq� � o��±j ��j z�vxout�s�j ¶>r�twv�ouy�z¼½únp� I·¿�´My{z
t��<y{rhz � j �%� y{i�t�oqzÃyw¯9#�:4t�z � y��{j��|t�Ì�z~oqv�j
v�oui�j
ehy{��ou¹�y{zµÁ
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Æ2y�z>v��xt�����v�y3v�ehjBvx��t � o¨vxoqy{z�t�s�t�}h}h��y�t��He­½Wtw�ç}h��j���j z�v�j � ´�¯°y{�µj��~t�i�}hsqj�´wouz.��t�� � y�rp� �
dGt�sut¤�"� �ºd3� ��� ¿�´hvxehj�� � y�zhy�vfÌ~��t4v�oui�j � oq��� ��j�v�ou¹ twvxoqy{z ��vxj�}µ´hvxehj���t � y�}~v�t�� vxoqi�j �
��}�t���j��­t�}~}h��y�tw�He54#vxe~j­Ïwj��`}±y�ouz�v�ou��´G��vxt���v�ouz~�Ã¯°��y�i&t�Ì~�pj � }±y���o¨vxoqy{z���� -
	���´�vxehj��
� y{zh��o � j ��v�ehj#¯°y{��i�j��Fn~��I9¬3o¨vxe�¯°��y{¹ j�z�� yRj�¸�� oqj z�v�� ´µvxehtwv²oq�24�
���������'���� -
	���
����
� ��� -
	���
���������´�������� ' 	?y�zÄvxehj � y{i�t�oqz )!� -
���"
�� )$# )!	&%'
�	�-
	(�)
�	 1 : Á¾dfehj��
vxe>rh�my{�pvHt�oqzÇt�É«��y�¬3zhout�z¼i�y�vxoqy{z9½ ¬3oqv�e � ��o¨¯ v�¿Fvxe�t�v�v�ehj��Ê��oqi#rhsutwv�j,y^��j �4t%��i�t�sqs
��}�t���j��úvxoqi�j.}�t���t�sqsuj�suj�}hou}<j � Á

Í��|v�ehj��,¬«y{��Ï,y{zÃr~zh��}<j ��oqÌ�j � �±y�rhz � j � � y{i�t�oqzµ´Mt���ou��j �|vxehj�zÃvxe~j � oq¸�� r~sqv©�%y�¯
vxehj²�<y{� � j ��ÁBÐ©z � j�j � ´hv�ehj��­e�t¤�{j²v�ym}h��y�}±y{��jFt#i�j�v�ehy � ¯°y{��t�}~}h��y¤�poui�twv�jF��j t����Hehoqzh�
¯°y{�2j��~o¨vf}<y{oqz>v���y�¯�vxe~j²��}�tw� j��úvxoqi�j � o��Zrh��ouy�z�¯°��y{iÂtm�±y�rhz � j �,� y{i�t�oqzµÁ-dfehoq�f}±y{oqz�v
ou�3¶>rho¨vxj � o¨¸­��rhs¨v¤Á

Ð©z®vxe~j oq��tw}h}h��y{t��Heµ´�vxehj��®��vxoqsqs-}h��y{}<y{��j­t���oqi#r~s³twv�ouy�zªi�j�v�ehy � ¯°y{�
t � o��Zrh��ouy�zµÁ
Ð©z y{rh����´|v�ehjÀ� yRj�¸���ouj�z>v��%t���j���y{zh��vHt�z�v¤´���yÇv�e�twv�¬«j®t¤�{y{o � vxehoq� � j�v�y{rh�,twz � �{y
��vx��t�oq�{e�v�¯°y��µvxehj·s³t¤¬ªy�¯~v�ehjºj��poqv�}<y{ouz�v���yw¯~vxe~j � o��±rh��oqy{z.¯°��y{i tf�<y{rhz � j � ´w}±y{s¨�R�{y{z�tws
� y{i�t�oqzµÁ ��y{�µv�e�twv ´^¬«j·� y{zh��vx��rh��v�o¨vxj ��twvxo¨�{j�sq�Fv�ehjºj��po¨v�v�oui�j·t�z � }<y{��o¨vxoqy{z
¯°��y{i?��y{i�j
��¶>r�t���j4�¤t���j�¯°rhsqsq� �Hehy{��j z`t�z � t����hou��tw�²}±y�����oq�hsqj�Á ��y�¬«j���j � ´�o¨¯ºvxehjm��ypj�¸�� oqj z�vx�
y�¯
vxehj � o��Zr~��oqy{zªtw��j4zhy�v
��y{zh��vHt�z�v�t�z � vxehj4�<y{rhz � t�����y�¯«v�ehj � y{i�t�oqz®ou�
}<y{sq�R�{y�z�t�sP´
¬3oqv�eÇ��oq¹ j,y�¯�j � �{j��mi#r~�HeI����j¤t�vxj �.vxe�twzªvxehjDy{����ousqs³t�vxoqy{zh�my�¯2vxehj���ypj�¸�� oqj z�v¤´Bv�ehj z
y{rh��i�j�v�ehy � i�t¤���<jF� y�rh}hsqj � ¬3oqv�e�v�ehj I-rhsqj �|np�Hehj�i�j�y{�«vxehj.ÅÃoqsq��vxj�ouz �©d���j�v©�{t�Ï�y��
i�j�vxehy � ÁBnpyh´�¬«jfe�t¤�{j�y�zhsq�.vxyF��oui�rhsutwvxj���y{i�j � o��Zrh��ouy�z4ouz4��¶Rrht���j�� ´{¬3ehoq�He���oqi�}~suo¨¯ �
� y{zh��o � j �xtw�hsq�4v�ehjf¬�t¤��y�¯±vxehj3�<y{rhz � t����4}~��y{�hsqj i�ou�-vx��j¤twv�j � ´R��oqzh��j|¬«j � y�z~y�v·e�t¤�{j
vxym�HehyRy{��j²��i�t�sqsuj��3t�z � ��i�t�susqj �f}ht��xt�sqsqj }ho � j � ¬3e~j z,¬2j²t���j²��suy���j�v�ymvxehj��±y{r~z � t����
¬3oqv�e`v�ehj­ÅÃousq��v�j oqz �©d���j�v©��t�Ïwy��¼t�sq�{y{��oqv�ehi�´çy{�Fvxy,vxj���v.j¤t��HeÊj � ��j�yw¯«v�ehj��±y{r~z � t����
twv�j t��HeÀ��v�j }�v�y�Ï>zhy�¬!¬3e~j�vxe~j �Fo¨v²e�t����±j�j zÀ����y{����j � ���%vxehj#}�t���v�ou��suj#y{��z~y�v�¬3o¨vxe
vxehj I-rhsqj ��np�Hehj�i�jwÁ

* 5 ���,6%���8$À�����#:����<; " �����3�

� j�v%!È�<j�tF�<y{rhz � j � ´R� sqy{��j � ��rh�h��j�v%#%${´Rt�z � ! '�!,+.-8!�/`¬3o¨vxe�!,+�08!�/�''1hÁ9�Êj
t�����rhi�j
v�e�twvfv�ehjFi�j � out�oq�f}<j ��oqy � ou�w´Mt�z � vxe~j z,vxe�t�v ! oq�3o � j�z�vxo¨¯ ��¬3oqv�e%v�ehj²¬3ehy{sqj
��}�t���j�Á·dfehj.��rh�h��j�v !�/Èoq�3vxehj � �
	Q,$� � ´hv�e�twv3oq��t4}<y{��y�rh�3i�j � out~Á2dfehj.��r~�h��j�v !,+ºoq�
vxehj
zhj�v�yw¯2� vxehoqz3�²Ìh����r~��j ��Á

æ�æ 

X~ý!��ý�ð



M ��� �&�
�����'-'-/����� ��� �
	2���

���

�����	��

���
������

� ��
��
������
�Goq�{rh��j F 4-Í�z%j��~t�i�}hsqj.y�¯Bt4zhj�v©¬2y���Ï�y�¯�Ì�����rh��j��m½ ¬3oqv�eÃ¹�ypy{i­¿

dfe~j«��oui�}hsqj ��v-j ¶>r�twv�ouy�z#�{o¨�Rouzh�3vxe~j«}h��j ����rh��j������ -
	���yw¯�tf»�rho � oqz#��r~�Hemt�i�j � our~i
twvfvxoqi�j ��t�z � oqz%v�ehj
}±y{oqz�v�	�oq�24� ����� -
	��� � '! "����� -
	�� - ½�F^¿
¬3ehj ��j�4  '

$#$&% ')(�* �� 	 $ +-, $&% ' ��	�� �� 	 '/.10 ½W�{¿

dfehj
� yRj�¸�� oqj z�v , ��j�}h��j���j z�v���vxe~j � o��±rh��o¨�Roqv©�%y�¯�vxe~j.��yp�HÏM´Mt�z � ¬«j�t�����rhi�j.v�e�twv04, ��	�� '32 , / #54�6 - oq¯�	87 !�/�-, + #54�6 - oq¯�	87 !,+ - ½ 3 ¿

¬3oqv�e , +�9 , /�Á
É«r~v I-¶>r�twv�ouy{zI½�F^¿fou�|¬3��o¨v�vxj�z®twv|vxehjm���¤t�sqj#yw¯-vxehj�}±y{��j ��´±¬3ehj���j¤tw�Ft�z�y{oqs�vHt�zhÏ

�¤t�z.e�t¤�{j«suj�zh��vxe.y�¯~��j���j ��t�spÏ>oqsuy�i�j�vxj���� Á � z~j«y�¯Rvxe~j«i�j�v�ehy � ��v�y���vxr � �Fvxehj·}h��j�����rh��j
� y{zh��ou��vx�|ouz�vx��t�zh��¯°y{��i�oqzh�À½�F^¿2ouz�v�yDt4���R��vxj i 4:;;< ;;=?> /

�A@ /� � ' , /"B @ / %DC�� @ / % @ + � - > /�'3EGFIHKJ � !�/ �ELFIHKJ � !��
> +
�-@ +� � ' , +MB @ + �NC�� @ / % @ +�� - > +9' EGFOHKJ � !,+ �EGFOHKJ � !��

½°k>¿
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¬3ehj ��j @ /It�z � @ +Bt���j²vxehj
i�j¤t�z�}h��j ����rh��j �|ouz,vxe~j.i�twv���oË��t�z � v�ehj²Ì�����rh��j �|y^��j �|t
�{oq��j z��{y{sqrhi�j�� 4@ /���� -
	�� ' /EGFOHKJ ��	 �'����0 !�/ ���

���
���	��
���
�� ����� -�� � 6��

t�z � @ + ��� -
	�� ' /EGFOHKJ ��	 �'����0 !,+ �
�
� �

������
������ ����� -���� 6�� 0
dfehj3� yRj�¸�� oqj z�vx� , /`t�z � , +�t���j�v�ehj3j �±j ��v�oq��j � o��±rh��o¨�Roqv©����ypj�¸­��ouj�z�vx�2oqz4vxehj3i�twv���oË�
t�z � v�ehj�Ìh����r~��j ��Á�dfe~j#� yRj�¸���ouj�z>v C¼oq��� t�sqsuj � vxehj ���
�����
� �
�������"!#�$���$�%	 ÁfÍ�z � v�ehj
i�y � j�sF½Pk�¿�ou��vxehj 1 �����2-/� �%��,����$�'	 � ���21 �$- ´Behj���j,}h��j ��j z�vxj � oqz¼}±j���i�t�zhj�z�v���j ��oui�j
½P��v�j¤t � �9��vHt�vxjÊt�}h}h��y��poqi�twvxoqy{zM¿ ��� � M 3�� Á Í8i�y{��j®� y{i�}hsqou� twvxj � �{j�����ouy{z y�¯�v�ehj
� y{rh�hsqj�}<y{��y{��o¨v©��i�y � j�s±i�t¤�D�<j3¯°y{rhz � oqz ��� � H M{t~´pÆ�� � � �{� � ½°��j�jFt�sq��ym��j�¯°j ��j zh��j �
¬3oqv�ehouz�¿�´h¬3o¨vxe%��y{i�j.zRr~i�j���oq�¤t�s�t�zht�sq�R��ou��Á

�Êj � j¤t�sºoqzÊv�ehou�.��j�}±y���v.¬3oqv�eÊvxe~j­� t���j�¬3ehj ��j­vxe~j­��twvxoqy , +�� , /?ou�
�{j����`s³tw���{jwÁ
dfehj
y{ousçoq�3ouz~oqv�o³t�sqs¨�,ouz�vxe~j.i�twv���oË�±´��hr~v¤´h¬3e~j z%i�y��Roqzh�h´�vxehj
y{oqsµ��vHt¤��j ����j z�v�o³t�sqs¨�Ãoqz
vxehj#Ìh����r~��j �
zhj�v¤ÁFdfehjmv�j ��i , /"B @ /*oq�²zhj��{sqj ��vxt��hsqj4ouz�¯°��y{z�vFy�¯-v�ehjmy�v�ehj ��v�j ��i���Á
dfehj � tw}hs³tw� jFvx��t�zh��¯°y���i�y�¯�vxe~j�t¤��j �xtw�{j
y�¯�v�ehj
}h��j�����rh��j @ +
��� -�	��foq�3��y{sqr~v�ouy{z�vxy.4B � @ + � � -
	�� ''��! ������� @ + ��� -
	�� -
¬3ehj ��j�´Mouz�}<j ��i­twzhj z�v���j ��oui�j�´�!Àoq�3v�ehjF¯°rhzh��vxoqy{z

! ������' > + > / �,�NC
> / �,�NC

Ð v#ou��Ï>zhy�¬3zÇvxe�twv.vxe~jDy{}<j ��twvxy{�  Âou�#v�ehj�ouz~Ìhzhoqv�j ��oui�t�s���j zhj��xtwv�y{��yw¯3t ��j sqsuj��
��j i�o �©�{��y{rh}µ´~t�z � v�ehj z­vxe�twv�t � o��±rh��oqy{z,}h��yp��j ����t � i�oqv��  ¾tw�2�{j�zhj ��twvxy{��Á���rh��v�ehj �#�
i�y���j-vxehoq��}h��yR� j�����oq����y{zh��j����wtwv�oq��j2t�z � ��y{z�vxoqzRr~y{rh�2½P��j�j �÷npd3�|�{�~´ � I#"{�{� � ¯°y��µj��~t�i �
}hsuj¤¿�ÁºÐ vfi�t¤��t�sq��y��<jF��vxr � ouj � ����v�ehj²vxe~j y{����y�¯G��oq��oq�Hehsuj�v3¯°y{��i�� � � � d H�k~´MÅ � H�F � Á
dfehj2tw��vxoq� sqj � �%$ � � � NR´^� � ��NCH{t~´^� � ��N
Hw�µ´wÅÃd H{�~´wÅ � H{� � � y{z�vHtwouz���y{i�j�tw� � y�rhz�vx�
t��±y�r~v-vxehjf��j i�o �©�{��y{rh}�ouz��¤t���j3y�¯Z��ypj�¸�� oqj z�vx�·e�t¤�Rouzh� � oq����y{z�vxoqzRr~oqv�ouj���t�sqy{zh�
e��R}±j�� �
��rh��¯Pt�� j�� Á

dfe~j3v��xt���j���v�y{��oqj �ºy�¯<vxehj � o��±rh��oqy{z�}h��yR� j����·t���jfouz�vxj���}h��j�v�j � tw�Bvxehj3i�y��{j i�j�z>v«y�¯
��y{i�jF}�t���vxoq� sqj
ouz,vxe~jFi�j � out~ÁºÐ©z�v�ehj
i�twvx��o¨�±´~v�ehjF}�t���vxoq� sqj.i�y��{j��3suoqÏ�j�t4É2��y�¬3zhout�z
i�ywvxoqy{zÀ¬3oqv�e`��}±j�j �'& , /�Á �9ehj z`oqv
oq�Foqz`v�ehjmÌ�����rh��j�� ´�oqv
i�y��{j��
suoqÏ�j­t,É2��y�¬3zhout�z
i�ywvxoqy{z,¬3oqv�e ��}<j j �(& , +�Áºdfehj.}�t�����t��{jF¯°��y�i vxehj
i�twv���oË�,vxy4vxe~j
Ìh����r~��j ��t�z � ¯°��y{i
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vxehj%Ì�����rh��j���vxyªv�ehj i�twv���oË�*zhj�j � �D��y{i�j���}±j�� out�s�v���j¤t�vxi�j z�v¤´f¬3ehoq�He ¬3ousqs�z~y�v��<j
� y{zh��o � j ��j � ehj���j�Á ��y�¬«j��{j�� ´G¬«j�i­t¤�`t�����rhi�j�vxe�twv.y{z~� j�oqv.e�t��.eho¨v
vxehj�ouz�v�j ��¯Ptw� j
�±j�v©¬2j�j z¼vxehjDi­t�vx��oË�ªt�z � v�ehjDÌ�����rh��j�´-vxe~jD}�t���vxoq� sqj�j z�v�j ���4oqz�vxy v�ehj�sut���v#y{zhjwÁ�Í
��rh��v�oqÌ�� twvxoqy{z%y�¯�vxehoq�3i­t¤���<j²¯°y{rhz � oqz �ûÆ � � � Á

�Êj,t���jDoqz�vxj ��j ��vxj � ���`vxehj���oui�rhsutwvxoqy{zÎy�¯�v�ehj ��j,}�t���v�ou��suj�� Á �ÊjD�{o¨�{jDzhy�¬Âv�ehj
suoqzhÏ��<j�v©¬«j j�z vxehj�ou�fv��xt���j���vxy���oqj �|t�z � vxehj � y�rh�hsqj.}<y{��y{��o¨v©�,i�y � j sPÁ

Ð ¯�� +�oq�²vxe~j4��vxyR�He�t���vxoq��}h��yR� j����
��rh�He®vxehtwv�� + ����� ' /�oq�²vxehj4}ht���v�ou��suj�twv�vxoqi�j �
ou�Foqz�vxehjmÌh����r~��j�t�z � � + � +�� ' +�y�v�ehj ��¬3ou��j�´çvxehj�z®oqvFeht��F�±j�j z®}h��y^��j � ouz � ��I&H{��� �
vxe�twv2vxehjF��ypj�¸­��ouj�z�v CÊi�t¤���<jF� y�i�}~r~vxj � rh��ouz~��v�ehj
t�r~v�y �©��y{����j sutwvxoqy{z�¯°rhz~��vxoqy{z�y�¯
vxehj
}h��yp��j ����� + 4

C"' > $+ > $/
+ � ���
�
���
	 )�� +
������� + � +�� 1�% > $+ � 6�� . 
 * 0 ½ � ¿
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