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â��ÉSuÂ	^_X-gªXHSGPVQmUk^_`mg\j�PVgiUkt	WYdV^_`i�Gg\X<^_Xq^ft	t�Qa�V^øgi]HQajc|?v\QmU)^c¾VQa�?ho|?X;TRh�XH];^c];TR];^cWYdl^_dµço���VÎi� ³ [A];PRQJXHWYTVUk`bQ�^fXqgi]'gªS5WY^_d}]q�åWYdµ];PRQZ¶Äg�¿R^_Xm�1�V^_XH];g\d}]îÅ[�U;WYt�];PRQZW\Uk^_zY^_d?g\X'X;PRW¨pqdl^_dl¾Vz�ço�îço�5p9Q�PVg~v\Q è â#�ÉS|³/�1pqPRQmUkQ>³Câ$�<à���g\dG�l];PV^fXm�Vh5Qa^_dRzg�v\QajcWy`m^c]®|�S5W\]HQadw];^_g\jÙ�yt�TVXH]7X;gi];^fXH[s|�±²giSGj_g\`bQY� X�QanoTVgi];^cWYd©�R[sW\UD^c]9p�g\X7�RQmUk^cv\Qa��[�U;WYt"];PRQ'Qan}TGgi];^cWYdW\[A`bWYdw];^fd}TV^_]®|\��Ê-W~p

³ I âúÂ I äUî I Âºç\î«ÂA`bWYX'üJâVÂ I �ÍÎDÂ ç\îÂ `bWYX9ü-ä î IÂ I �3âVî I �ÍÎDÂ ç|Âî `bWYX'üqä Â Iî I � �Ýço���yÎ~�
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Ç�^czYTRU;QZço�îço¯&%<^c¬1QmU;Qad}]qXHQm];TVSGX�[sW\U-g\d?Wi¬1ø®`bQadw]HQmU;Qa�rPVgiUkt	WYdV^_`'g\jcWYdRz	];PVQ'¿�g�¿R^_XODPVQ«XH]HUkTV`b];TRUkQZço���yÎZg\j_jcW¨pqXDTVX�[�W\UD];PRQJTVXHQÅW\[�];PRQÅ[�WYj_jcW~p-^_dRz/Qb¿oS�g\dVX;^cWYd
�ÍÎDÂºç�dq`bWYX9üqäed I � kl âCÎ�äedGà G ��`bWYX'ü}��äed I à I ��`bWYX9ü}��ä(')')' �Ýço���\çY�[�W\U Ö d Ö Ì Îi�VpqPVQmU;QÅ];PRQ«`bWoQOCª`m^cQad}];X-à G ��`bWYX9ü}�Ú²;à I ��`bWYX9üo�Ú²*')')'GgiU;Q«^_dV�VQmS1QadG�RQadw]�W\[,d��ODPoTVXm�V^_[�ÂbÌeî��VSGTR]H];^fdRzLd�âúÂ�S|î��Vp9QZPVg~v\Q

Î³ â Îî ä Âî I à G ��`bWYX'üo��ä Â Iî s à I ��`bWYX9üo�1ä�')')' �Ýço���\ðY�pqPV^fjcQ\�R^c[�ÂbÍeî��
çiÏ



Î³ â ÎÂ ä îÂ I à G ��`bWYX9ü}��ä î IÂ s à I ��`bWYX¿ü}�5ä(')')' �Ýço���|�}�� ^fdV`bQ?];PRQ?]HQmU)t	X�^fd�Âu²jÂ I ²*')')'D²jÂ � G ²jÂ � I ²*')')'�W\[Å];PRQaX;QlQb¿ySGg\dVX;^cWYdGX	giU;QµPVWYt�W\z\QadRQmWYTVX�hGTR]	W\[�V^¬5QmU;Qad}]<�VQmz\U;QmQaXm�²g\X'U;QatªgiU;x\Qa�Ägih5W~v\Q\�©Qag\`)PÄt�TVXH]'h5Q�g{XHS�PRQmUk^_`mg\j»PVgiUkt�WYdG^_`i�«ODPoTVX<p�Q	PVg~v\Q];PRQ«]�p�W�XHQm];XDW\[AXHSGPVQmUk^_`mg\j5PVgiUkt�WYdG^_`mX«��^czYdRW\Uk^fdRz/];PRQZ`bWYdVXH];g\d}];Xîa�)�
Î\²jÂ\à G ��`bWYX'üo�Ú²jÂ I à I ��`bWYX9ü}�Ú²*')')'D² �Ýço���Y�Y�
ÎÂ ² à G ��`bWYX'ü}�Â I ² à I ��`bWYX'üo�Â s ²*')')'D² �Ýço���Y�Y�Qag\`kP�W\[�pqPG^_`kP	Xkgi];^_XH¾VQaX�±²giSGj_g\`bQY� X�QanoTVgi];^cWYd�^_�RQad}];^_`mg\j_jc|\� ³ ]�`mg\dªh5QqSGU;W~v\Qa���yTVX;^fdRzÅ];PRQqh�^_dRWYt	^_g\j];PRQmW\U;Qat ÿ ç|�Y�Ù�V];PVgi]

à G ��`bWYX'üo�Aâ�`bWYX'üT²;à I ��`bWYX'ü}�Aâ Îç �Ýð�`bWYX9ü I Â½Î~�Ú² �Ýço�����\�g\dV�¼XHWrWYd��eODPRQª[�TVdV`b];^_WYdVXJà � ��`bWYX9ü}�Ú²j( â Î\²kç0²kð0²*')')'D²�giUkQ�SGU;Qa`m^_XHQajc|´];PRQ�±©Qmz\QadG�RU;Q�[�TVdG`b];^cWYdVXW\U,+~�i��¤i¡�oo¤i¥��	�i�V�Ý�b§w��W\[q];PRQª¾VUkXH]Åxy^_dV��� ÿ ���|�Ù��ODPRQaX;Q�[�TVdG`b];^cWYdVX«giU;Q�giSVSVU;W\SVU)^_gi]HQ�]HWlSVUkW\hGjcQat	X�RQag\j_^fdRz/pq^c];P{XHSGPVQmUk^_`mg\j5h5WYTVdV�VgiU)^cQaXm�
Ð�Ñ<;�Ñ®Ò =�-".�Ô�ó�ô�Ø®ò²óæò²õJÔ�óåò0/�1O[yÖGóÁÕ\ÖV×YÖ3242�Ø5.7òÁÚÙÖ�Ø®óåô�ÖV×wØ®ÖGôµò©õ�6qÖ-?©ÖGó723×YÖ8.7ò²ÚX@3ó3ò01��Ø®Ô5Ú�ô
³ d{];PRQ«`mg\XHQJW\[»g	�VWYTRhGjcQm]�W\[AXH]HU;QadRz\];PãfÄgi]9�Z�Gp�QZPGgav\Q\¯è

â f«`bWYXGß³ I â f���ÂA`bWYX-ü«Âàîa���Â I ä±î I Âºç\î«Â3`bWYX'üo� s;: I âVf ãã î Î��Â I äUî I Âºç\î5`bWYX9üo� G : I �Ýço���Y!Y�
ODPoTVXm�V^_[�ÂbÌeî��

`bWYX1ß³ I âCÂ 1 Îî I ä ç|Âià G ��`bWYX'üo�î s ä ð|Â I à I ��`bWYX'üo�î=< ä(')')' 2 �Ýço���Y4Y�
pqPV^fjcQ<^_[�Â�Íeî

`bWYX�ß³ I â ÎÂ I à G ��`bWYX'ü}��ä ç\îÂ s à I ��`bWYX'ü}��ä ð\î IÂ�< à s ��`bWYX'üo��ä(')')' �Ýço���iÏw�ODPVQaXHQªQb¿ySGg\dVX;^_WYdVXÅzY^cv\Q�];PRQªv\QajcWy`m^c]�|eS1W\]HQad}];^_g\j�W\[Dgl�RWYTRh�jcQm]Z^_de]HQmU)t	XZW\[7];PVQH�mWYdVg\j9PVgiUHøt�WYdV^f`mXm�87eQZt	ga|�g\�V��];PRQÅ[�WYj_jcW~p-^_dRzZW\h�XHQmU;vigi];^cWYd�� ³ [ è ^fX9g�X;SGPRQmUk^_`mg\j1PVgiUkt	WYdV^_`i�yXHW�giU;Q«g\j_j5^c];XSGgiU;];^fg\j��V^¬5QmU;Qadw];^fg\j�`bW}QOCª`m^_Qadw];XqW\[�g\d}|�W\Uk�RQmUDpq^_];P�U;QaXHS5Qa`b]D]HW	¶�²H·9²;¸R�
%'&?> @Võ/0�67.1.�+>÷3:;69810�E =?0A�-0�,/E�2�0Äô~I�,�÷»8�:;+-,/.
³ ]ZPVg\X«h5QmQadÄXkPRW~pqdº^_dºço�îð{];PGgi]Z±²giSGjfg\`bQY� X«QanoTVgi];^cWYdº^fX«X;gi];^_XH¾GQa�eh}|eXHWYt	Q	[�TGdV`b];^cWYd ë �²pqPV^f`kPPVg\X7];PVQZXH]HUkTV`b];TVU;QÅzY^cv\Qad{ho| è

â U �U ���� G B J `bWYXX;^_d � å Jaë3C� �Ýço���yÎ~�
çyÎ



[�W\UÅ]®p9W?giU;hG^c]HU)giU;|?d}TGtZh5QmUkX_(¼g\dG�D�e�©^fdlSVU)^_dV`m^cSGj_Q«X;TRhyÌHQa`b]']HW�dVW�UkQaXH]HUk^_`b];^cWYd©�'OqPRQ�t�WYXH]^_t�S5W\U;];g\d}]Å`mg\XHQ�pqPV^f`kPrp�Q	XkPVg\j_j�`bWYdVX;^_�VQmU'^fX-p-PRQad^(�g\dV�E� giUkQ�S1WYXk^c];^cv\Q�^_d}]HQmz\QmUkXÅX;TV`)P´];PVgi](GF��e�±²Qm] ë â ��f I Â Î~� kl C ì ��];PRQad��3ho|NXkTRhGXH];^c];TV];^cWYdN^fd�ço���´�}��^c]/^_X�[sWYTGdV�¼];PVgi] ì X;gi];^_X;¾VQaX/];PRQQanoTVgi];^cWYd
�ÍÎDÂàf I � ý I ëý�f I ÂºçR�H��ä�Î~� f ý ìý�f ä���(?ÂI�µ�b��(�ä
�Èä�Î~� ì â�Ï �Ýço���\çY�

%'^¬5QmU;Qad}];^_gi];^_dRzJ�u];^_t	QaXD±©Qmz\U;QadG�RU;QY� X7QanoTVgi];^cWYdrço����4/p�QZ¾GdV��];PVgi]
�ÍÎDÂ f I � ý C&K I ëý�f C�K I ÂºçR�H�Èä�Î~� f ý C&K G ìý�f C&K G ä ��(?ÂI�µ�b��(�äL�Èä�Î~� ì â�Ï �Ýço���\ðY�

³ ]q[�WYj_jcW¨pqXq];PGgi]ùgNM�ig Ç M X;gi];^_X;¾VQaXq];PVQZQanoTVgi];^cWYd´ço���\çoù�];PRQJ`bWYt�S�jcQm]HQ�^fdw]HQmz\Ukg\jÁW\[A];PVgi]<Qan}TGgi];^cWYd^_X�];PRQmUkQm[sW\U;Q
ì â(� ý C à � ��fÁ�ý�f C ä
	 ý C � � ��fÁ�ý�f C �Ýço���|�}�

pqPRQmUkQO�>²;	"giU;QZgiUkhG^c]HUkgiU;|�`bWYdVXH];g\d}];Xm��OqPRQ«`bWYt�SGjcQm]HQJXHWYj_TR];^cWYd�W\[Aço���´��^fXD`bWYdVXHQanoTRQad}];jc|�¯
ì â#����f I Â½Î~� kl C ý C à � ��fÁ�ý�f C ä
	{��f I Â½Î~� kl C ý C � � ��fÁ�ý�f C �Ýço���Y�Y�

ODPVQÅ[�TVdG`b];^cWYdVX
à C� ��fÁ�3âå��f I Â½Î~� kl C ý C à � ��fÁ�ý�f C ² � C� ��fÁ�3âæ��f I Â½Î~� kl C ý C � � ��fÁ�ý�f C �Ýço���Y�Y�

giU;Q/];PRQ�g\X;XHWy`m^_gi]HQa�e±²Qmz\QadV�RU;Q/[�TVdV`b];^cWYdVX<W\[�];PRQ/¾VUkXH]'g\dV�´XHQa`bWYdV�´xy^_dV�µU;QaXHS5Qa`b];^cv\Qajc|\�«OqPV^_X<XHQm]W\[�[�TGdV`b];^cWYdVXm�Vg\jfjc]HW\z\Qm];PRQmU<pq^c];P{];PRQJ±©Qmz\QadV�RUkQ«[�TGdV`b];^cWYdVX7W\[�];PRQZ¾VUkXH]qg\dG�?XHQa`bWYdV�lxo^_dG���R[sW\U)t g`bWYt�SGj_Qm]HQZW\U;];PRW\z\WYdGg\j²XHQm]-W\[»[�TVdV`b];^_WYdVX7];PVgi]<PVgav\QJv\QmU;|?TVXHQm[�TVj5SVU;W\S5QmU;];^_QaX7];PVgi]q`mg\drPRQajcSlTGX7]HWXHWYjcv\Q7];PVQ�±ÁgiSGj_g\`bQ«��g\dV��g\j_X;W<];PVQhvÁWY^fX;XHWYd��²QanoTVgi];^cWYd/[�W\U3�V^¬5QmU;Qadw]»h5WYTVdV�VgiUk|«`bWYdV�V^c];^cWYdGXÁUkQaj_gi]HQa�]HWªXHS�PRQmUk^_`mg\j5z\QmWYt�Qm]HU)^cQaXm�
%'&�P Q":;.¿÷A+-I/.SR�:k.�.5:�ö/698�:;+-,
ODPRQ7j_g\X;]»]�p�WÅ]HQmU)t	X�W\[G];PRQ7QadVQmU;z\|ZQanoTVgi];^cWYd	ço�îç\ðÅ`bWYdGXH];^c];TR]HQ�];PRQDXHWÅ`mg\j_j_Qa��¢\�f§)§)�� y¤\���Ý�i�¹���o�1�a���Ý�i�T �AODPRQ-U;Qag\XHWYd�[�W\U9];PG^_X�^_X�];PVgi]9];PRQm|	U;QmSGU;QaXHQad}]�];PRQ-Ukgi]HQÅgi]�p-PV^_`kP�t�Qa`kPGg\dV^_`mg\j1QadRQmU;z\|ª^fX3h5Qa^_dRz`bWYd}v\QmU;]HQa�µ^fdw]HW	PRQagi]m¯

T ârdÁ� ãVë1ïã ¶ ï � I ä±f�� ãVë &ã ¶�" äåãGë "ã ¶'& �iãVë "ã ¶'& �Ýço�����\�
ODPVQ«XHQa`bWYdV�{]HQmUkt W\[Á];PVQ«Uk^czYP}]Íø®X;^_�RQ'W\[3ço������`mg\d?h1QÅQb¿ySVU;QaXkXHQa�?g\Xm¯

f��iãGë &ã ¶0" äåãVë "ã ¶9& �iãGë "ã ¶'& âúf Îç �iãVë &ã ¶�" äCãGë "ã ¶'& � I �Ýço���Y!Y�
ç\ç



°�n}TVgi];^_WYdµço�����ªg\dV�µço���Y!ªX;PRW~pB];PVgi] T ^_XDgªS5WYX;^c];^cv\Q«�RQm¾�dV^c]HQ«noTVg\dw];^_]®|\�1pqPV^_`)P?t�Qag\dVXq];PVgi]];PRQZ�G^_X;X;^cS�gi];^cWYdª[�TVdV`b];^_WYd{g\jcp9g~|oX-^_dV`bU;Qag\X;QaX7];PRQZ^_d}]HQmUkdVg\j5QadVQmU;z\|�^fd?g\d?^cU;UkQmv\QmUkX;^chGj_Q<t	g\dGdRQmUa�³ d/]HQmUkt	X�W\[�];PRQ7�V^_X;X;^_SGgi];^cWYdJ[�TVdG`b];^cWYd��i];PRQ7]HW\];g\jRp9W\U;xJ�VWYdRQ�h}|J];PRQ7X;TRU;[�g\`bQ7XH]HU;QaX;XHQaX�^_X»zY^cv\Qadho|
$'&."VãVë "ã ¶ & âCÂ�c9ãVë1ïã ¶ ï ä T �Ýço���Y4Y�7�PRQmU;Q T ^_X7�RQm¾�dRQa��h}|�Qan}TVgi];^_WYd?ço�����}��ODPRQ'¾VU)XH]�]HQmU)t"W\[Á];PRQ'Uk^_zYPw]7PVg\dV��X;^f�RQ-W\[»Qan���ço���Y4U;QmSVUkQaXHQadw]<];PRQ/U;Qmv\QmUkXk^chGjcQJ[sUkg\`b];^_WYdµW\[�];PV^_X-p�W\Ukx���pqPG^_jcQ«];PRQ�XHQa`bWYdG�µ]HQmU)tu^_X-^_U;U;Qmv\QmUkX;^_hGjcQ\�'ODPV^_XXHQa`bWYdV�r]HQmUktL^_X-W\[3^_d}]HQmU;QaXH]<[sW\U'`mg\j_`mTVj_gi];^fdRzª];PRQ�p9W\U;x?�RWYdRQJh}|lg�t�W¨vo^_dVzªW\hyÌHQa`b]<^ft	t�QmUkXHQa�µ^_dg�vy^_X;`bWYTVX7^fdV`bWYt�SVU;QaXkX;^chGjcQ'j_^_noTV^_�©�

Ð�Ñ�aAÑ®Ò ÛÄ×YÔ#?V[yò�Ö�Uì[RØÙÖ�ó²Õµõ ò²×µÔ�ó3ÖVÔ5×wÚ¡@ Ø®óÁÜ3Ø®ô\[RØ�2WV�òYX
ÇRW\Uk`bQaXµgiUk^_X;^fdRzN[�U;WYté];PRQet�W\];^_WYd�W\[�g�h5Wy�R|�^_t	t	QmUkXHQa��^_d�g¼�GTV^_��giU;Qe];PRQÄX;TVhyÌÍQa`b]�W\[�];PRQ];PRQmW\U;Qm];^f`mg\j�SGgiUk]«W\[�];PV^_X«p9W\U;x1�»g\dG�Ä];PRQa^cUJg\dVg\jc|yX;^_X«^_XZg?hGg\X;^f`�SVU;W\hGj_Qat ^_de�GTG^_�e�R|ydVg\t	^_`mXÅW\[z\U;Qagi]3SGUkg\`b];^_`mg\jV^_t	S1W\Uk];g\dV`bQD^_d�XHQmv\QmUkg\jVQadRzY^_dRQmQmUk^fdRz'¾VQaj_�VXm��ODPRQDdGgi];TRU;Q7W\[5X;TV`kP	[sW\Uk`bQaX��RQmS5QadV�VXz\U;Qagi];jc|NWYd�];PRQ{XH]HUkTV`b];TVU;Q�W\[-];PRQ��VW~p«��];PVgi]	^_dN];PRQ{X;^_t�SGj_QaXH]J`mg\XHQ?`mg\d�h5Q��RQaX;`bUk^_h1Qa�ºh}|N];PRQÈDQm|ydRWYj_�GX7d}TVtJh5QmUDg\dV�{];PRQZz\QmWYt�Qm]HU;|\�³ d´];PRQ	`mg\XHQ�W\[�XH]HQag\�R|´^cU;U;W\];gi];^_WYdVg\j��VW~på];PVQ�]HW\];g\jA[sW\U)`bQ�W~v\QmUJg\dº^_t	t�QmUkX;Qa�µh5Wy�R|l`mg\deh5QSVU;W¨v\Qa�´]HW{h5Q+�mQmUkWR�JODPV^fX-UkQaX;TVjc]'^_X<U;Qm[�QmU;U;Qa�r]HW?g\X«��� �<jcQatJh1QmUk]O� X:v�giUkg\�VWa¿5�²X;^_dV`bQ/Uk^_zY^_�lh5Wy�V^cQaX�RW?Qb¿yS5QmUk^cQadV`bQ�g{U;QaX;^_X;];g\dV`bQ	]HWµt	W\];^cWYdÄ];PRUkWYTRzYPÄU;Qag\j3�GTV^_����ODPV^_X«^fdV`bWYdVX;^_X;]HQadV`b|µ`bWYt�QaXJ[�U;WYt];PRQ'[�g\`b]7];PVgi]D^cU;U;W\];gi];^_WYdVg\j1�VW~pqX7`mg\dGdRW\]�[�TVj_¾Gj_jV];PVQ'dVWiø®X;j_^cS�`bWYdV�V^c];^_WYd��oXk^_dV`bQ'vo^fX;`bWYTVX9[sW\U)`bQaXDgiU;QQb¿R`mj_TV�RQa��[�U;WYt�];PG^_X�xy^_dV��W\[Å�VW¨p«�ÀÊ-Qmv\QmU;];PRQajcQaXkXm�7];PRQmU;QlgiUkQ?�VW~pLXH]HUkTV`b];TVU;QaX	];PVgi]ªU;QaXHQatJhGjcQv\QmU;|�`mjcWYXHQajc|�];PRQÅh5QaPVgavy^cW\U7W\[�g/S5W\]HQadw];^_g\j5�GW~p«�R];PVgi]-^_Xm�RXHWYt�Q«`mg\XHQaXDW\[»X;j_QadV�RQmU�h5Wo�V^_QaX9t	W~vy^_dRz];PRU;WYTVzYPªgZjf^_n}TG^_��gi]9PG^czYPHÈDQm|ydRWYj_�GX�doTVtZh5QmUa�wpqPRQmU;Q-];PRQ-XH]HUkQag\t	j_^_dRQaX�giU;Q-S�giUkg\j_jcQajR[�giU�[�U;WYtÈ];PRQh5Wo�V|\�²g\dV�eSVUkWo`bQmQa�e[�U;WYt g\dºgi]H];g\`kPVt�Qad}]�S1WY^fdw]ÅW\U«S5WY^_d}];XÅWYde];PVQ	[sW\Ukp9giUk�ºX;^_�RQ/W\[�];PRQ�h5Wo�V|]HWeXHWYt�Q{�RQm];g\`)PVt�Qad}]�S1WY^fdw]JW\U�S5WY^_d}];XJWYdN];PVQ��VW~pqdVX;]HU;Qag\t X;^_�RQ\�3giSVS�giU;Qadw];j_|ÄdRW\]�`mg\TVX;^_dRz´gXHQadVXk^chGjcQJp9gix\Q	W\UÅv\W\Uk];^_`bQaXÅh5QaPV^_dV�µ^c]m��â<dV�RQmU'];PRQaX;Q	`bWYdV�V^c];^cWYdGXm�1^_]'`bWYTGj_�rh1Q�giU;zYTVQa�´];PVgi]Å];PRQvy^_X;`bWYTVX�Qb¬1Qa`b];X�giU;Q<`bWYdR¾GdRQa��]HW/g«];PG^_d	j_g~|\QmU9gi]H];g\`)PRQa��]HWZ];PRQ-h1Wy�R|/X;TRU;[�g\`bQ\�oWYTR];X;^_�RQ7p-PV^_`kPª];PRQ�VW¨p h5QaPVgav\QaX-g\Xq^cU;UkW\];gi];^cWYdVg\jÝ�³ d?Î)4iÏ��o�Tv3Ukg\dG�R];j ÿ �\ç|�GS5WYXH];TGj_gi]HQa�	PV^_X�`bQajcQmhVUkgi]HQa�ª];PRQmW\U;|/W\[5h1WYTGdV�VgiU;|�j_ga|\QmUkXa�}pqPG^_`kP	X;];gi]HQaX];PVgi]m�ATVdV�VQmU«Ukgi];PRQmUJhVU;WYg\�º`bWYdG�V^c];^cWYdVXa�©vo^fX;`bWYX;^c]�|rQb¬5Qa`b];X/giU;Q�Xk^czYdV^c¾G`mg\d}]ª��g\dV�N`bWYt�SGgiUkgihGj_Qª^_dt	gizYdV^_];TV�RQ<pq^c];P�`bWYdwv\Qa`b];^cWYdlg\dV��W\];PRQmU7t	g\dV^c[�QaXH];gi];^cWYdGX�W\[»^_dRQmU;];^fg\jG[�W\Uk`bQaX)��^_d�j_g~|\QmUkX7g\��ÌHWY^_dV^_dRzXHWYj_^f��h5WYTVdV�VgiUk^_QaXAg\dV��^fd	`bQmU;];g\^_d�W\];PRQmU�j_ga|\QmUkXa�}];PRQ<];PV^_`kxodVQaX;XHQaX3W\[�p-PV^_`kP�giSVSVU;WYg\`)PL�mQmUkW�g\X�];PRQÈDQm|ydRWYj_�GX9doTVtJh5QmU9W\[Á];PRQÅ�VW¨p giSVSVU;WYg\`)PRQaXD^_dR¾�dV^c]®|\�yg\dV��giU;Q«X;tªg\j_j1WYTR];X;^_�RQ<];PRQaXHQ«jfga|\QmUkXm��ODPV^_XP}|}S5W\];PRQaX;^fXÅPVg\X'h5QmQadegiSVSGj_^cQa�r]HW?v\QmUk|rt	g\d}|´�V^¬5QmU;Qadw]'xy^_dV�VX<W\[9�VW~p�¾VQaj_�VXÅX;^fdV`bQ�^c]'p9g\XZ¾VUkXH]g\�Rvig\dV`bQa����ÊqW{z\QadRQmU)g\jAt	gi];PRQat	gi];^_`mg\j�SGU;W}W\[�W\[�];PRQ/h5WYTVdV�GgiU;|wø®jfga|\QmUÅPw|oS5W\];PRQaX;^_X'^_X'g~v�g\^_jfgihGjcQ\�hGTR]Á^c]Á^_XÁX;TRSVS5W\U;]HQa�«h}|«t	g\d}|ÅW\hGXHQmUkv�gi];^cWYdGX©W\[RSGgiU;];^f`mTVj_giU²�GW~p�XH|oX;]HQat	X ÿ �\�Ù�\g\X»p9Qaj_jwg\XÁh}|«X;Qmv\QmUkg\jW\[9];PRQ	xydRW~pqd´S�giU;];^_`mTVj_giU«X;WYj_TR];^cWYdVX<W\[9];PRQª`bWYt�S�jcQm]HQ�Qan}TGgi];^cWYdVXÅW\[�t�W\];^cWYd��	OqPRQ	dRW\];^cWYd´W\[7g];PV^_d�j_ga|\QmUD`mj_WYXHQ-]HW/g�XHWYj_^_�ªh1WYTGdV�VgiU;|/pq^c];PG^_d�pqPV^f`kP�v\W\U;];^_`m^c]�|	v�giU)^cQaX�U)giSG^_�Vjc|/g\X�gZUkQaX;TVjc]�W\[©];PRQ`bWYtJhG^_dRQa�ªQb¬1Qa`b];X�W\[�vo^fX;`bWYX;^c]�|\�}g\dV�ªWYTR];X;^_�RQqpqPV^_`)P�];PRQDv\W\U;];^f`m^c]®|	^_X��mQmU;W���vigiUk^cQaX�X;jcW¨pqjc|V�)�}g\j_jcW¨pqX[�W\U<];PVQ/t	Qm];PRWo�VWYjcW\zY^cQaX<];PVgi]'TR];^_j_^D�mQJS5W\]HQadw];^_g\j»�VW¨pC];PRQmW\U;|l]HW{`mg\j_`mTGj_gi]HQ/];PRQJ¾GQaj_�lWYTV];X;^_�RQ�];PRQ
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ODPVQ�]HW\];g\j3[�Uk^_`b];^cWYdrQb¿yQmU;]HQa�ÄW¨v\QmUZ];PRQ�Qad}];^cU;Q	X;TVU;[�g\`bQ�W\[9];PRQ	h�TRhVhGjcQ\��g\X«X;];gi]HQa�Äho|r±²Qmvo^_`)P��^_X7`bWYt�S5WYXHQa��W\[»]®p9WªS�giU;];Xm¯AU;QaX;^fXH];g\dV`bQÅ];PVgi]Dg\`b];XqWYd{];PRQÅhGTRhGhGjcQ-XkTRU;[�g\`bQ«TRS{]HW�];PRQ«XHQmSGgiU)gi];^cWYdS5WY^_d}]m�Gg\dV�?];PVQZ[�W\Uk`bQaXq];PGgi]-g\`b]'^_d{];PRQJ];TRU;hGTVj_Qadw]¤�mWYdRQ�W\Uqp�gix\Q\�ÈqQaX;^_XH];g\dV`bQ�^_d?];PVQ«¾VUkXH]�mWYdRQ^_X�vy^_X;`bWYTVXq^_d{dVgi];TRU;Q\� ³ ]D`mg\dlh1QÅ�RQmU)^cv\Qa�?t�WYXH]-X;^_t�SGj_|	h}|�`bWYt�SGTV];^_dRz/];PRQ«QadRQmUkz\|��G^_X;X;^cS�gi]HQa���� ^fdV`bQ	];PRQ	];g\dVz\Qadw];^_g\j9`bWYt�S5WYdRQad}];XZW\[7];PVQªXH]HU;QaX;XJ]HQadVXHW\U�tJTGXH]ZU;Qatªg\^_dÄ`bWYd}];^_d}TVWYTVXZgi]�];PRQ^_d}]HQmU;[�g\`bQ\�<g\dV��];PRQrvy^_X;`bWYX;^c]�|�W\[«];PVQrzYg\Xl`mg\dÀh5Q´�V^_XHUkQmzYgiUk�RQa��^_d�`bWYt�SGgiUk^_X;WYd�pq^_];PÀ];PGgi]�W\[];PRQ´j_^_noTV^_����];PRQr];g\dRz\Qad}];^_g\j<[sW\U)`bQ´t�TVXH]�h5Q¸�mQmU;W�WYd�];PRQeX;TRUk[�g\`bQrW\[«];PRQrhGTRhVh�jcQ\� ODPG^_X	[�g\`b]QaXH];gihGjf^_X;PRQaX�];PVgi]�];PRQD];g\dRz\Qad}];^_g\jRv\QajcWy`m^c]�|/gi]�];PRQqX;TRUk[�g\`bQ7W\[5];PRQ7hGTVhVhGjcQ9pq^_j_joh5QD`bWYdVXH];g\d}]m�ohGTR]A^c]�RWoQaX3dRW\]3g\X;XkTRU;Q�];PVgi]�^c]A^_X8�mQmUkWR�3ODP}TGXm�Y±©Qmvy^_`kP	QaXH];gihGj_^_XkPRQaX�];PVgi]Avy^_X;`bWYTVX�Qb¬5Qa`b];X�XkPRWYTVj_��h5Qa`bWYt�QX;^czYdG^c¾G`mg\d}]�^_d�gJ`bQmU;];g\^fdª];PV^fdªj_g~|\QmUDdRQagiU�];PVQ-zYg\XÍø®jf^_n}TG^_�	^_d}]HQmU;[�g\`bQ\�y^fdªpqPG^_`kP�gJt	g\dG^c[sQaX;];gi];^cWYdªW\[vy^_X;`bWYX;^c]�|\�G^_d�];PRQ«`mg\X;QZW\[�g�U;Qag\j©j_^fn}TV^f���o^fX7^_dRQmvy^c];gihGjcQ\�ODPVQ-`mg\j_`mTVjfgi];^cWYd	W\[�];PRQ-];PV^_`kxodRQaXkX�W\[�];PV^fX�j_g~|\QmU9p�g\X9t	g\�RQ-g\XkX;TVt	^_dVz«];PVgi]9];PRQqv\QajcWy`m^c]�|ªg\dV�SVU;QaXkX;TRU;Q�¾VQaj_�GXA`bWYdVX;^_XH]AW\[5g\dª^fdwvy^_X;`m^_�/g\dV��g«vo^_Xk`bWYTVX3`bWYd}]HUk^chGTR];^_WYd/[sW\U3Qag\`)P	vigiUk^_gihGj_Q\�Yh5Qa^_dRz'];PRQvy^_X;`bWYTVX<SGgiU;];X<v\QmU;|rX;t	g\j_j»`bWYt�SGgiUkQa�´]HW�];PVQa^cUÅ`bW\U;U;QaXHS5WYdV�V^fdRzª^_d}vo^fX;`m^_�l`bWYTGdw]HQmU;S�giU;];Xm�Z�Èt�W\U;Q�RQm];g\^_j_Qa��g\dVg\j_|oX;^fX�W\[Á];PV^_X�h1WYTGdV�VgiU;|�j_g~|\QmUD`mg\d�h1Q-[sWYTGdV��^fd ÿ �´�R�´�wð|�Ù�3OqPV^_X9j_ga|\QmUD^_X9gi]H];g\`kPVQa�{]HWSVUkg\`b];^f`mg\j_jc|�];PRQZp-PRWYjcQZX;TVU;[�g\`bQJW\[A];PRQZh�TRhVhGjcQ\� ³ ]-^_XqS1WYXkX;^chGjcQÅ]HW�X;PRW¨p ];PVgi]'^c];Xq];PV^_`;xydRQaX;X á*c ^_XW\[�W\Uk�RQmUedª�
³¹E � G : I �)�Vp-PV^_jcQ'];PRQ«W\U)�RQmUD[�W\UD];PRQ«v\QajcWy`m^c]�|��G^¬1QmUkQadV`bQÅh5Qm]®p9QmQad?];PRQ«S5W\]HQad}];^_g\j��VW¨pXHWYj_TV];^cWYd{g\dV�?];PVQ«U;Qag\j��VW¨p á ¶�^_X�d	�
³¹E � G �)�9ODPVQÅUkg\�V^_TVX�W\[�];PRQZp9gix\Q á û'^fX7W\[ d	�
³¹E � G : < �)�1g\dV�];PRQ�`bW\U;U;QaXHS5WYdV�V^fdRz{W\Uk�RQmUJ[sW\U�];PRQ��VQm];g\`kPVt�Qad}]/S5WY^_dw] á g ^_X,d	�
³¹E � G :�f �)�Ag\X/^_j_jfTVXH]HUkgi]HQa�e^_dº¾VzR�ço���R�
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O(Re    )

O(Re    )
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−1/2

−1/6

−1/4
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þ û T & � ýo÷�ä þ û Thg i ½ ýo÷Bâ#iJjåâCÂ�k âCÂ �ê J �Ûml �Ýço���iðY�
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QTqXMte_SZ]Ge_{VMPJmbn�lbNrpO9Y*bn�lb	opf\b¥m6k
Íì��QTqXMtsba9s9sb{VMPJhuwM_]TMt[=UWSZORQTJzS�O¬Jd[brpefMpo=r�a9ObSV��Up]6KëY9SZJdQd]GSZsbaXQTSVUWO¦uwUWa9{ZY�qbrP^pMAð=gcbWmm�Ûl�k�±�qXM

ª O9SZQdMx^pUW{�a9KNMDUp�$QTq9MNsbaXs9sb{ZMPJHe_rpa9JTMPJArpO�Mf}Xe_{Za9YXMPY�^pUW{Za9K	MNMf�~MPefQAQTqbr�QAKNU`YbS ª MPJ;QTqXMN��Up]GK!Up]
j ú
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α=0.018
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��SV�WaX]GM\¾XkûÊ`Ä$�Ý|�ÚUp��e_{Za9JdQdM_]6J�rpOX�W{VM\��Up]zY9S²�=M_]TMPORQ�^pUW{Za9KNM\��]GrpefQTSVUWO«Åyk$§�r�QdM_]dÌ¹�W{V��efM_]GSZOXM�lPµ í k
ð~gcb¥m6kDÍìO�Up]6YXM_]\QdU�[9]TUp[=M_]G{V�«efUWKN[br�]TMNQTqXMNMf}�[=M_]GSZKNMPORQTrp{�Y9SZJdQd]6SVsbaXQTSVUWObJ�uzSVQTq�r�efUp]T]GMPJd[=UWO9Y9SZOX�
r�]T]Grn��Up�t[�r�]TQTSZe_{VMPJ½uzSVQTq OXU*qR��YX]TU�YX�`ObrpK	SZe¬SZORQdM_]Grpe_SVUWOcozr�QTq9M_Up]TM_QTSZe_rp{;ð~gcb¥m	uwrpJ�e_rp{Ze_ab{Zr�QdMPY?o
a9JTS�OX�½QTq9M	LM_]6e_a9JÀÌ e M_^�SZeT��[brpSV]\Y9S�JdQd]GSVsba9QTSVUWO¬�ia9O9efQTSVUWO���Up]Aq9r�]GY�Jd[bq9M_]TMPJn´¶µ�¤�¸¹kD±�q9SZJ;QTqXM_Up]GM_QTSZe_rp{
Y9SZJTQd]GSVsbaXQTSZUWO½SZJhMf}XrpefQ_o�rpObY¬efUWO9JTSZY9M_]GJ�rN[=UpQdMPO¥QTS�rp{cYXM ª OXMPY¢s`�~Ä

q �srut �)b�v�ø
¤��X]t¡+r g�¾Xk¶¾Rm

uzqXM_]GM q SZJwQTqXM|��Up]GefM\[=UpQdMPO¥QTSZrp{=rpO9Y�ø½SZJhrx[br�]TQTSZe_{VM|]GrpYbSZa9J_k��XUp]�]GrpYbSZrp{�YbSZJdQTrpO9efMPJh�p]TMPr�QdM_]zQTq9rpO
UWOXMA[�r�]TQTSZe_{VM\]GrpYbSZa9J_o�QTqXMA��Up]GefMxSZJ�°_M_]TUXo�uzq9SZ{VM;��Up]	bn�"ø�giefUWORQTrpefQHs=M_QvuwM_MPO�Jd[bqXM_]TMPJ m6oXQTqXMA��Up]GefM
SZJ�SZO ª O9SVQdMpk
±�qbSZJhY9SZJdQd]GSZsbaXQTSVUWO½q9rpJ�rN[=MPr��½OXMPr�]zQTqXM|^ºrp{Za9MwbWñAbyxl�"ê`o9uzqbSZeGq¢KNMPrpO9J�QTq9r�Q�]GSV�WSZY¢Jd[�qXM_]TMPJ

e_rpO9OXUpQx[=MPOXM_Qd]Gr�QdM½MPrpeGq*UpQTqXM_]Pk��XUp]x{ZUnu efUWO9efMPO¥Qd]6r�QTSVUWO9JxQTqXM¢SZO9SVQTSZrp{®JG{VUp[=M	Up��QTqXMPJdM¢e_aX]T^pMPJxSZJ
rp{ZKNUWJTQ\^pM_]TQTSZe_rp{Üoc]GMPrpeGq9SZO9��]Gr�[bSZY9{Z��QTqXM	a9O9SVQTr�]G��^�rp{ZaXMxð~gcb¥mg��l�k	�HrpO9YXUWK�r�]T]Grn�`JAUp�$sba9s9sb{VMPJ
Up� ª ObSVQdM4JTSZ°_M4uwM_]TMNrp{ZJdU¢ORabKNM_]GSZe_rp{Z{Z�¦[b]TU`Yba9efMPY«rpObY�QTqXMPSZ];]6rpY9SZrp{�YbSZJdQd]GSVs�aXQTSVUWO��ia9O9efQTSVUWObJ�uwM_]TM
efUWKN[ba9QdMPY¬giY9rpJTq�ÌvYXUpQdQdMPY�{ZSZOXMPJ�SZO ª �WaX]GMPJ�¾XkZlPj`o¥¾XkZlPµ`o¥¾XkZlPÊ`o�rpO9YD¾XkZlnÇRo`rpO9YD¾XkZlP·Wm6k�±�qXMPJTMw]6rpO9YXUWK
]GrpY9S�rp{RY9S�JdQd]GSVsba9QTSVUWO\�ia9O9efQTSVUWO9J�r�]TM��`a9rp{ZSVQTr�QTSZ^pMP{V�tJTSZK�SZ{Zr�]�QdU|QTqXUWJTM�Ups9QTrpSZOXMPYxs`� e aX]T�pU�^pM_QTJd�`S�rpO9Y
Öw]GrpYX�?´ÈÇ ú ¸���Up]�sbaXsbsb{VMPJhSZO¢]GrpO9Y9UWKëKNUpQTSVUWO?k
É�S�O9efMhQTqXMzY9SV�WSZQTrp{XSZK	r��pM�[9]TU�efMPJTJTS�OX�|[~M_]6K	SVQdQdMPYNa9J®QdUtUps9QTrpSZODQTqXMzefMPORQd]TUWSZYbJ®��Up]�MPrpeGq	s�aXs9sb{VM

SZO½M_^pM_]T��[�SZefQTaX]TM;QTr��pMPO?o9SVQwuwrpJw[=UWJTJTSZsb{VM�QdU	KNMPrpJGaX]TM;QTqXM;O`a9K4s=M_]wUp��sbaXs9sb{ZMPJ�efUWORQTrpSZOXMPY�SZO½QTqXM
Y9S²�=M_]TMPORQTSZrp{Xr�]TMPrpJafEz4oRefUWKN[=UWJdMPYNs`�D]GSZOX��ÌvJGq9r�[=MPYxJGaXs9]TM_�WSVUWObJLs=M_QÁu$M_MPO½QTqXM�]GrpY9S�a9J$b\rpO9Y{b�o*f\b
giJdM_M ª �WaX]TMy¾XkZlPêWm6ky±zqXMy^�rp{ZaXMPJc��Up]|fEb�u$M_]GM$JTK	rp{�{p]GrpY9SZrp{¥SZO9ef]TMPKNMPORQTJcUp�XQTq9M�Up]GYXM_]LUp��UWOXM�sba9s9sb{VMpÎÈJ
KNMPrpO�]GrpY9SZa9JPk � ^pM_]T�¢��]6rpKNM\uwrpJHJduwM_[9Q�s`�½QTqXMPJTMtJTaXs9]GM_�WSVUWO9J_oXa9JTS�OX�NSZO9ef]TMPrpJTS�OX�D]GrpY9SZSÜoXJdQTr�]GQTSZOX�
��]TUWKÂQTqXMzefMPORQdM_]GKNUWJTQ�sbaXsbsb{VMpoWa9ORQTSZ{�QTqXMz{�SZK	SVQEUp�=QTqXMzefUp]T]TMPJT[~UWObY9SZOX�|[bSZefQTa9]TMhuwrpJ$]TMPrpeGq9MPY?k®±�qXM
]GrpY9S�rp{¥Y9SZJTQd]GSVsbaXQTSZUWOH�ia9O9efQTSZUWOAð~gcb¥mcuwrpJLUps9QTrpSZO9MPYt��Up]LMPrpe6qD��]6rpKNMpoprpO9YtQTq9MPO4rn^pM_]Gr��pMPY?oW[9]GUn^�SZY9SZOX�
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α=0.012
α=0.04
α=0.09

��SV�WaX]GM\¾XküÇRÄ$�Ý|�ÚUp��e_{Za9JdQdM_]6J�rpOX�W{VM\��Up]zY9S²�=M_]TMPORQ�^pUW{Za9KNM\��]GrpefQTSVUWO«Åyk$§�r�QdM_]dÌ¹�W{V��efM_]GSZOXM4j�¤ í k
rNQTSZK	MASZO9YXM_[=MPO9YXMPORQhYXMPJTef]GSV[bQTSVUWO¦Up�EQTq9MAJd�`JTQdMPK�ÎÈJzJdQd]6a9efQTaX]TMpk
±�q9MN]GrpY9SZrp{®Y9S�JdQd]GSVsba9QTSVUWO¬�ia9O9efQTSVUWO���Up]tY9SV�~M_]TMPORQ\^�rp{ZaXMPJ\Up��Å�SZJ\JTqXU�uzO�UWO�QTqXM	{ZM_��Q\Up����SV�Xk

¾XkZlPj`k�±�q9Mw]GMPJTa9{VQTJ®r�]TMz[9]TMPJdMPORQdMPY	SZODQdM_]GK�J®Up�}b\~��lb¥ñAb x oWuzqXM_]TM�b x SZJ®QTqXM�K	MPrpONsbaXs9s�{VM$]6rpY9SZa9J
��Up]tMPrpeGq�Mf}�[~M_]6SZKNMPORQ_k½±�qXM	Y9UpQdQdMPY�{ZS�OXMPJ\r�]TM�QTq9M�efUp]T]TMPJd[=UWO9YbSZOX�¢QTqXM_Up]TM_QTSZe_rp{yð~gcb¥m\e_rp{Ze_ab{Zr�QdMPY
a9JTS�OX��QTqXMDEM_]Ge_a9JÀÌ e M_^�SZeG�«[brpSZ];Y9S�JdQd]GSVsba9QTSVUWO��ia9O9efQTSVUWO«��Up]\q9r�]6Y«Jd[�qXM_]TMPJ_k|�XUp]wb\~x©�ê`o=ð~gcb\~Pm��
¤�ohs=MPe_rpa9JdM¬QTqXM�K	SZO9S�K4a9K1Y9S�JdQTrpO9efM�s=M_QvuwM_MPOËs�aXs9sb{VMPJNefMPORQdM_]GJ¦SZJ	r�[9[b]TUP}XSZK	r�QdMP{V�*QvuwU�QTS�KNMPJb�x4kË§-qXMPO�QTqXM�^pUW{Za9KNM¬��]GrpefQTSVUWO SZJN^pM_]T��{VU�u,g���Up]¦Å�� ¤��È¤p¤W·º¾�rpO9YËÅ�� ¤��¶¾W¤¥m6ozQTqXM¬^�rp{ZaXM
Up�Hð~gcb\~PmA��Up]�JTK�rp{Z{w^ºrp{Za9MPJDUp�	b\~¦SZJD{VMPJTJDQTq9rpOÚUWOXMpo$uzq9SZe6q�SZKN[b{�SVMPJAQTq9r�Q�QTqXM_]TM�SZJNr�]TM_�WSVUWOÚUp�
{VU�u0[b]TUpsbr�sbSZ{�SVQv�¦Up�yU�e_e_aX[br�QTSVUWO�r�]TUWa9O9Y«QTqXMx^`S�e_SZO9SVQÁ�¦Up�$rpO¥�¬s�aXs9sb{VMpkHIHJ;QTqXMx^pUW{Za9KNM4��]6rpefQTSVUWO
SZO9ef]GMPrpJdMPJ_o`QTqXMH[b]TUpsbr�sbSZ{�SVQv�DUp� ª ObY9SZOX�tO9MPSV�Wq¥s=Up]GS�OX�\sbaXs9s�{VMPJ�r�Qhe_{VUWJdM_]�Y9SZJTQTrpO9efMPJhSZO9ef]TMPrpJdMPJPk��9Up]
ÅI�-¤��È¤¥Ç ú o�rD[=MPr��¦e_rpO�s=M;Ups�JdM_]T^pMPY¢��Up]�b ~m� µ`o9JTqXUnuHSZOX�NrNJT{ZSV�WqRQhQdMPO9YXMPO9ef�½QTq9r�Q�Y9S²�=M_]GJw��]TUWK
QTqXMtefUp]G]TMPJd[=UWO9Y9SZO9�xq9r�]6Y�ÌvJd[bqXM_]GM|r�]G]GrP�po9uHSVQTqXUWaXQ�s=MPSZOX�NefUWO9e_{�a9JTSV^pMpk
4�576857� ;�]�H?SaU�@\UZ]�H?RT<w��DEU:B�H|@�R�@\UZ]|H-��V�^
±�qXM\e_{ZabJdQdM_]GSZOX�xQdMPO9YXMPObef�¦e_rpO�s=M|�iaX]TQTqXM_]�efUp]T]TUps=Up]Gr�QdMPY¬sR�¢e_rp{Ze_a9{Zr�QTS�OX�DQTqXMAefUWO9Y9SVQTSZUWO9rp{~[9]TUpsXÌ
r�sbSZ{�SVQv��Y9SZJdQd]GSZsbaXQTSVUWO?o~JTSZK	S�{Zr�]|QdU¬QTq9r�Q\Ups9QTrpSZO9MPY�sR��Öha9O9OXM_]ArpObY�±�]T�`�p�p^�rpJdUWO�´²l_¤p¸¹oL��Up]Ar¬�WSV^pMPO
]GrpY9S�a9J!b�k£±�q9SZJ½efUWO9Y9SVQTSVUWObrp{�[9]TUps�r�sbSZ{ZSVQÁ��uhrpJ�e_rp{Ze_a9{�r�QdMPYË��]TUWK�QTqXM�Y9SV�WSVQTrp{HSZK	r��pMPJ¢a9JTSZO9��r
KNM_QTqXU�Y�JTSZK�SZ{Zr�];QdU¬QTqXMNUWOXM	a9JTMPY�QdU¬Ups9QTrpSZOXMPY�ð=gcbWm6ÄAYbS²�~M_]GMPO¥QTSZrp{�]6SZOX��ÌvJTq9r�[=MPY«MP{VMPKNMPORQTJ\uwM_]TM
efUWO9JdQd]6a9efQdMPY?obefMPORQdM_]TMPY¬UWO�MPrpeGq�sbaXs9sb{ZMNgiJTM_Mt��SV�Xky¾XkZlf¾Rm6o=rpO9Y¢QTqXMnN�ÌvY9M_[~MPObYXMPO¥Qh��]TMP�`aXMPO9ef�¢q9SZJÀÌ
QdUp�p]GrpK	J���Up]®�WSZ^pMPON]GrpY9SZrp{`^�rp{ZaXMPJ�uwM_]TM�Ups9QTrpSZO9MPY?kE±zqXM�e_SV]Ge_{VMhuhrpJyY9SV^�SZYXMPYxSZORQdU\Y9SZJTef]TM_QdM�rpO9�Wa9{Zr�]
JdMPefQdUp]GJ � N	rpO9Y�QTq9MAsbaXs9s�{VMPJ$efMPORQdM_]GJ;{VU�e_r�QdMPY¬SZO¢QTqXMA]6rpOX�pMLby�mKIbC��uHSVQTq9SZO � NDuwM_]TMtefUWa9ORQdMPY?k±�q9M¢e_a9]T^pMPJDUWO*QTqXM¢]GSV�WqRQDS�O*��SV�Xk�¾XkZlPj�JTqXUnuëQTq9M¢efUWObY9SVQTSVUWO9rp{$[9]TUps�r�sbSZ{ZSVQÁ��Y9SZJdQd]6SVsbaXQTSVUWObJ
Up�yQTqXMDrpOX�W{VM{N½uzSVQTq¬]GMPJd[=MPefQHQdU¢QTqXMDqXUp]GSV°_UWORQTrp{Üo~Ups9QTrpSZOXMPY«��Up]|YbS²�~M_]GMPO¥QH]GrpOX�pMPJ;Up��OXUp]GK�rp{ZSV°_MPY
sbaXsbsb{VMHYbSZJdQTrpO9efMPJ�b\~�ky�XUp]z{ZUnu+^�rp{ZaXMPJhUp�E^pUW{Za9KNM|��]GrpefQTSVUWO�gÜÅI�-¤��È¤p¤W·º¾Rm�QTqXMAY9SZJTQd]GSVsbaXQTSZUWO�YXU`MPJ
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��SV�WaX]GM\¾Xkû·`Ä$�Ý|�ÚUp��e_{Za9JdQdM_]6J�rpOX�W{VM\��Up]zY9S²�=M_]TMPORQ�^pUW{Za9KNM\��]GrpefQTSVUWO«Åyk$§�r�QdM_]dÌ¹�W{V��efM_]GSZOXM4µ�¤ í k
OXUpQ	Mf}Xq9SVs�SVQxrpOR��e_{VMPr�]�QdMPObYXMPO9ef�*s~MPe_rpabJdM�QTqXM¬sba9s9sb{VMPJDr�]TM¬]GMP{Zr�QTSV^pMP{V�*��r�]���]TUWK¼MPrpeGq�UpQTq9M_]��
qXMPO9efMzQTqXMzSZORQdM_]GrpefQTSVUWO9J�r�]TM�uwMPr��	rpO9YNQTqXMzYbSZJdQd]GSVs�aXQTSVUWOtS�Jyrp{ZKNUWJdQ$a9O9SV��Up]GK�kE�XUp]wÅI�-¤��È¤�¾W¤xrpO9Y
Å��"¤��È¤¥Ç ú o?SVQHe_rpO¬s=MAUpsbJdM_]G^pMPY�r�e_{ZMPr�]zQdMPO9YXMPObef�¦��Up]HJGK	rp{Z{?Y9SZJTQTrpO9efMPJ�QdU¦rp{ZSV�WO¬r�]TUWabO9Y�N��+¤�o
uzq9S�{VM	��Up]x{Zr�]G�pM_]4^�rp{ZaXMPJ4Up��b\~¬gÜê�¤Ú©�b\~�© êpµWm6oyQTq9S�JAs=MPq9rP^�SVUp]DSZJt{ZMPJTJ4r�[b[br�]TMPORQ_k�±�qbSZJASZJxrpO
M_^�SZYXMPO9efM\QTq9r�QzQTqXMPJdMtY9S�JdQTrpO9efMfÌvYXM_[=MPO9YXMPORQh��Up]6efMPJzq9rn^pM4rN[9]GM_��M_]TMPORQTSZrp{?qXUp]6SV°_UWO¥QTrp{cUp]GSVMPORQTr�QTSVUWO?k
4�57685�4 ;�]�H?SaU�@\UZ]�H?RT<	]�D�UZB�H|@CR�@CU:]�H_��V�^'S�B ��B�HaS�B�Ha`�B�]�H�Q3B�5
±�qXMxuhrP��^�SZJTefUWabJzMf�=MPefQTJAe_rpO�SZO � a9MPO9efMte_{Za9JTQdM_]GSZOX�¦SZJHO9UpQ|e_{ZMPr�];��Up]|QTqXMDKNUWKNMPORQ_o?sbaXQzuwMNe_rpO
q9SV[=UpQTqXMPJGSV°_M½QTq9]TM_M¢uwrn�`J½SZO*uzq9SZe6q�QTq9M � Unu�efUWa9{�Y�s=M�rº�=MPefQdMPY?Ä�QTqXM ª ]GJTQxUWO9M¢S�JNY9aXM¢QdU�QTqXM
qR�`YX]GU`YX��O9rpK	S�ewS�O¥QdM_]GrpefQTSZUWO	YXM_[=MPO9YXMPO9ef�xUWONQTqXMH��M_��OXUW{ZY9JyO`a9K4s=M_]Pk#�LSV��Q®��Up]GefMPJ$r�]TMzYXM_[=MPO9Y9MPO¥Q
UWO¬s=UpQTq�QTqXM4�zM_�`OXUW{�Y9J�O`a9Kts=M_];rpO9Y�QTqXM4]GrpY9SZrp{cYbSZJdQTrpO9efMAs=M_QÁu$M_MPO�sbaXsbsb{VMPJ_kyÍìQHe_rpO«s=MtJTqXU�uzO
QTq9r�Q�{ZSZ��QwM_^pMPO¬eGqbrpOX�pMPJ�SVQTJhJTSV�WO¢��Up]�efM_]TQTrpSZO��zM_�`O9UW{ZY9JhORabKts=M_]Ag���Up]�rD�WSZ^pMPO¢]GrpY9SZrp{=JdM_[br�]6r�QTSVUWO�m
��Up]�QTqXM�e_rpJdM«Up�\QÁu$U*sbaXsbsb{VMPJD]GSZJGSZOX��JTSZY9M¬sR��JTS�YXM�SZO�r�{ZSZ�`a9SZY�´ ¾W¤n¸¹k+±�q9S�J	JTaX�p�pMPJdQTJ½QTq9r�Q¦QTqXM
e_{Za9JTQdM_]GSZOX��QdMPO9Y9MPO9ef�\JTqXUWa9{ZYtYXMPef]TMPrpJdM$uzSVQTq\QTqXMw��M_��OXUW{ZY9J�ORa9K4s=M_]Pk�±�q9M�JdMPefUWO9Y4�`S�O9Y|Up�X^`S�JTefUWa9J
Mf�=MPefQwSZJy]TMP{Zr�QdMPY	QdU4QTqXM�sba9s9sb{VMpÎÈJ�uhr��pMpkyÍìQ�q9rpJys=M_MPO�UpsbJdM_]T^pMPY�QTq9r�Q�M_^pMPO½��Up]w{Zr�]T�pMz�zMpo¥sba9s9sb{VMPJ
uhr��pMPJ�YXUxrº�=MPefQhUpQTqXM_]�sbaXsbsb{VMPJyKNUpQTSZUWO�giJTM_MN´ÈÇ�µ�¸=rpO9Y½]TM_��M_]TMPO9efMPJwQTqXM_]TMPS�O�m6ky±�q9SZJ$JTSVQTa9r�QTSZUWO�uhrpJ
rp{ZJdUDUpsbJTM_]T^pMPY¢sR�½a9JhY9aX]GSZO9�tUWaX]hMf}�[~M_]6SZKNMPORQTJ��sbaXs9sb{ZMPJy�pM_Q�Qd]Gr�[9[=MPY¢SZORQdU4UpQTq9M_]�sbaXs9sb{ZMPJ�uhr��pM
rpO9Y���UW{�{VUnu�SVQTJtQd]6r�¿ÀMPefQdUp]T�pk�±�qXMPJTM�^�SZJTefUWa9JtMf�~MPefQTJDuzS�{Z{®QdMPO9Y�QdU«sb]Gr��pM½qXUp]6SV°_UWO¥QTrp{we_{Za9JTQdM_]GSZOX�Xo
JTSZObefMzuhr��pMPJwr�]GM;rxJdUWaX]GefMHUp��r�QdQd]GrpefQTSV^pM|��Up]GefMPJws=M_QvuwM_MPO½^pM_]GQTSZe_rp{Z{V�	rp{ZSZ�WOXMPY	sba9s9sb{VMPJ_kE±�qXMHQTq9SV]GY
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³h{ZabJdQdM_]GJ	sb]TMPr��`a9[ JTqXUWab{ZY�rp{ZJdU�s=M�]TM � MPefQdMPY UWO QTqXMPSV]¢{ZSV��MPJd[brpO?owuzq9SZe6qËSZJ�QTqXM�QTSZKNM¬sba9s9sb{VMPJ
]TMPK	rpS�O�e_{VUWJdMHMPOXUWaX�Wq½QdU4s=M;efUWO9JTSZYXM_]GMPY�rtJGSZOX�W{VMze_{�a9JdQdM_]Pk®±�q9S�Jy{ZSV��MPJd[brpO	e_rpO¢rp{ZJTUts=MzKNMPrpJTa9]TMPY?o
rpO9Y�JTq9UWa9{ZY¢YXMPef]TMPrpJdM4rpJ�^pMP{VU�e_SVQv� � a9efQTabr�QTSVUWO9Jh�p]TU�uAkyÍÀO��ESZ�Xky¾Xkûêº¾�rN[b{ZUpQwUp��JTa9e6q�QTSZKNM|^pM_]GJGa9J
�WrpJ|^pUW{Za9K	M4��]GrpefQTSVUWO�SZJ;[9]TMPJTMPO¥QdMPY?o=��Up]AY9S²�=M_]TMPORQzQdMPJdQA{ZS��Ra9S�Y9J_k�ÍÀO�QTq9SZJ ª �WaX]TMDSVQ|SZJHe_{ZMPr�]�g�uzSVQTq
QTqXM�Mf}XefM_[9QTSVUWO	Up�~uhr�QdM_]hKNMPrpJTaX]TMPK	MPO¥QTJ6m�QTq9r�QyQTq9SZJ�QdMPObYXMPO9ef�NSZJ�^pM_]GS ª MPY?k®±�qXM�JdQd]GrpO9�pM�s=MPq9rP^�SVUp]
��Up];uhr�QdM_]AefUWa9{ZY�OXUpQ;s=M4Mf}�[b{ZrpS�OXMPY�r�Q|QTqXMD[9]TMPJTMPO¥Q;QTSZKNMpk\±�qXMDef]GSVQdM_]6SZr½abJdMPY�QdU�efUWO9JGSZYXM_];QTq9r�Q
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��SV�WaX]TM\¾XkZlPê`ÄwI�]6rpY9SZrp{~MP{VMPKNMPORQ	f\bD��Up]zrD�WSV^pMPO�]6rpY9SZa9JmbDa9JdMPY¬S�O½QTq9Mte_rp{Ze_a9{Zr�QTSZUWO¢Up�LQTqXM\]6rpY9SZrp{
Y9SZJTQd]GSVsbaXQTSZUWO��ia9O9efQTSVUWOck
QvuwU¬sba9s9sb{VMPJ|r�]TM�e_{�a9JdQdM_]TMPY�SZJ|QTqbr�QAQTqXM	JdM_[br�]6r�QTSVUWO�Y9SZJTQTrpO9efMNs=M_QvuwM_MPO�sbaXsbsb{VMPJ;SZO�QTqXM	{ZSZO9MxUp�
efUWORQTrpefQtY9SV]TMPefQTSZUWO«SZJ|{VMPJGJHUp]|MP�`a9rp{EQTq9rpO�QvuwU�[bS²}�MP{ZJxgir�[9[9]TUn}�SZK�r�QdMP{V��ly«�ê�¤¢QTqXMDsba9s9sb{VMPJHKNMPrpO
Y9SZrpK	M_QdM_] m6ky±�q9SZJ${ZSZOXMfÌ¹Up��ÌvefUWORQTrpefQ�Y9SZJdQTrpO9efMHuwrpJh^�r�]GSVMPY¦aX[¦QdU4UWO9M|K	MPrpO½]6rpY9SZa9J$rpO9Y�QTq9MH]TMPJGa9{VQTJ
��Up]HQTqXMD{ZSV��MPJd[brpO�Y9SZY�O9UpQ;JTq9Unu£K4a9e6q�JdMPO9JTSVs�SZ{ZSVQÁ��QdU¦QTq9SZJH[br�]GrpKNM_QdM_]|^�r�]GSZr�QTSVUWO9JPkzÖhaXs9sb{VMPJHrpO9Y
e_{Za9JTQdM_]GJt^pMP{ZU`e_SVQTSZMPJ4r�]TM¢rp{ZJdU�]TM_[9]GMPJdMPO¥QdMPYÚY9S�KNMPO¥QTSZUWO9{VMPJTJArpJDrpO*MP�`a9SV^�rp{VMPO¥Qx��M_��OXUW{ZY9J4ORabKts=M_]
�A �¬®wSZO	��SV�Xk�¾Xkûêpµ`k�±�q9S�J�MP�Ra9SZ^ºrp{VMPORQy��M_��OXUW{ZYbJ�uwrpJwe_rp{Ze_a9{Zr�QdMPY	uzSVQTqNQTqXMzMP�Ra9SZ^ºrp{VMPORQ®]GrpY9S�a9J®rpO9Y
QTqXM	QdM_]6K	SZO9rp{®^pMP{ZU`e_SVQÁ�pk�ÍìO�QTqXM½Y9S�KNMPO¥QTSZUWO9{VMPJTJ|]TM_[b]TMPJdMPORQTr�QTSVUWO�QTqXM�MP�Ra9SZ^ºrp{VMPORQt�zM_�`OXUW{�Y9JAYXU`MPJ
OXUpQ�YXMPe_rn��uzSVQTq¢QTqXM\^pUW{�a9KNM\��]GrpefQTSVUWO?o9rpO9Y¬QTqXM\Mf�~MPefQHUp�L^�SZJTefUWJGSVQv�¢SZJhQdU�YXMPef]GMPrpJdM4SVQ_k®ÍìQ�e_rpO¬s=M
JdM_MPO�QTqbr�Q�QTqXMte_{ZabJdQdM_]GJ�r�]TMAJG{VUnuwM_]zQTq9rpO�SZO9Y9SV^�SZY9abrp{9sbaXsbsb{VMPJw��]GUWK QTq9SZJ�]TM_[b]TMPJdMPORQTr�QTSVUWO�QdU`UXk
4�576857¯ °�U:±$=?U²S_¡�B�<Z]8`�UZ@�£/³[=a`O@C=?R�@CU:]�H?>
É`M_^pM_]Grp{�r�QdQdMPKN[bQTJ\q9rP^pMDs=M_MPO�K	rpYXMDSZO¬QTqXMx[brpJdQ|QdU¢KNU�YXMP{LS�OXM_]TQTSZrp{�sbaXs9sb{Z� � U�uzJ_o?Jd[=MPe_S ª e_rp{�{V�
KNUWOXU�Y9SZJT[~M_]6JdMPY�s�aXs9sb{V� � UnuzJD��Up]	uzq9S�eGq*QTqXM¬Y9a9rp{�{�SZK	SVQ4Up�;q9SZ�Wq*�zM_�`O9UW{ZY9JNrpO9Y�{VU�u�§�M_s=M_]
O`a9Kts=M_]GJ$rp{Z{VU�uzJ���Up]wQTqXM;abJdMHUp�?[=UpQdMPORQTSZrp{ � Unu-QTqXM_Up]T�½SZO�KNU�YXMP{Z{�SZOX�\sbaXsbsb{VMPJ®Up]�{ZSZ�`a9SZYNK	UpQTSVUWO?k
±�qXMH]TMPrpJdUWO¦��Up]w��U�e_a9JTSZOX�tUWaX]�r�QdQdMPO¥QTSVUWO¢UWO½^pMP{VU�e_SVQv� � a9efQTa9r�QTSZUWO9J$r�]GM;O`a9KNM_]TUWabJ_ÄLuHqXMPOXM_^pM_]�rpO
r�QdQdMPKN[9QAS�J;K�rpYXMDUp��Ups9QTrpSZObSZOX�½rn^pM_]Gr��pMPY�MP�`a9r�QTSVUWObJ|Up�$KNUpQTSVUWO���Up]Ar¦sbaXs9sb{Z� � UnuAo`¿Ta9JdQ|rpJ\SZO
QTqXM�e_rpJTM	Up�hQTaX]Tsba9{ZMPO¥Q � U�uzJn´ÈÇ�êº¸¹oEJdUWKNM	QdM_]GK�JAr�[9[=MPr�]Po$g�MP�`a9SV^�rp{VMPORQAQdU¬QTqXM��zM_�`O9UW{ZY9J\JdQd]TMPJGJdMPJ
SZO�QTa9]Tsba9{VMPObefM	KNU`Y9MP{ZJ6mHQTq9r�QxYXM_[=MPO9Y�UWO�^pMP{VU`e_SZQv� � a9efQTa9r�QTSZUWO9J_k¢±�qXMPJdM½QdM_]GK	Jtr�]GM�]TMP{Zr�QdMPY�QdU
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Radial distribution function 

g(r) = ~1 / ~ 



QTqXMNQd]GrpObJd[=Up]TQHUp�hKNUWKNMPORQTa9K�Y9a9MxQdU � a9efQTr�QTSVUWO9J\SZO�QTqXMN^pMP{ZU`e_SVQÁ�«Up�$sbaXs9s�{VMPJ_o=efUW{Z{ZSZJTSZUWO9J_o?rpO9Y
qR�`YX]GU`YX��O9rpK	S�e�SZORQdM_]GrpefQTSVUWO9JPk�É�SZO9efM¦QTqXMPJdM�rP^pM_]6r��pMPY�MP�`a9r�QTSVUWO9JNr�]TM�a9JGa9rp{Z{V��YXM_^pMP{VUp[=MPY*��]TUWK
QTqXMArpJTJGa9KN[9QTSVUWO¢QTqbr�Q�QTqXMA^pMP{VU�e_SVQv� ª MP{ZY�S�JhQTqXMAJTa9K Up��r	YXM_QdM_]GK�SZO9SZJdQTS�ez[br�]GQ�[b{Za9JhrNJdQdU�eGq9rpJTQTSZe
[br�]TQ_o`QTqXM|JdQd]Ga9efQTa9]TM�Up�cQTqXM;{Zr�QdQdM_]�SZJyUp�LSZO¥QdM_]GMPJdQ$SZO½K	rpOR��JTSVQTa9r�QTSZUWO9J_k�±�qXM_]TM;SZJ�r4[9]TM_^�SVUWa9J�u$Up]T�
uzq9S�eGq�SZJ\e_{VUWJTMP{V�«]GMP{Zr�QdMPY�QdU�UWaX]tS�O¥^pMPJdQTSZ�Wr�QTSVUWO?Ä4×~MPO9SZQ_o�´\U�eT��rpO9Y�É�rpOX�WrpObSv´¶·�¤º¸�KNMPrpJTaX]GMPY�QTqXM
{ZSZ�`a9SZYxrpO9YNs�aXs9sb{VMw^pMP{VU�e_SVQTSVMPJ���Up]�rAsbaXs9sb{ZMwKNUWO9U`Y9S�Jd[=M_]GJdMPYDJTa9Jd[=MPO9JGSVUWO4abJTSZONrAY9abrp{XSZKN[=MPY9rpO9efM
[9]TUps=MpkË±zqXM_�*rp{�JdU�e_rp{Ze_a9{�r�QdMPYËr ª ]6JdQ	r�[9[9]TUn}�S�K	r�QTSVUWOÚ��Up]�QTqXM�{�SZ�RabSZY�^pMP{ZU`e_SVQÁ��^ºr�]6SZrpO9efMpoha9JÀÌ
SZOX��QTqXM¢[=UpQdMPO¥QTS�rp{$Up�;r�JTSZOX�W{VM¦sbaXsbsb{VM	]GS�JTSZOX�«QTqX]TUWaX�WqÚr�{ZSZ�`a9SZY�r�QN]GMPJdQ_k�Öw��e_rp{Ze_ab{Zr�QTSZOX��QTqXM
JT�`a9r�]TMPY�^pMP{VU`e_SZQv�NY9SZJdQTa9]TsbrpO9efM�UWO½rtJTSZO9�W{VM�sbaXs9s�{VMpoWK4ab{VQTSV[b{V��SZOX�|SVQys`�DQTqXMHO`a9K4s=M_]�YXMPO9JTSZQv�NrpO9Y
SZORQdM_�p]Gr�QTSZOX�NU�^pM_];rp{�{=QTqXMtJd[brpefMpobQTqXM_�¢Ups9QTrpSZOXMPY?Ä

µc¶ ��E· � lµ Å ¶ �� g�¾XkûµWm
µc¶ �¸ · � jê�¤ Å ¶ �� g�¾XkûÊWm

uzqXM_]GM ¶ ��SZJhQTqXMtsbaXs9sb{ZMH^pMP{VU�e_SVQÁ�¦]GMP{Zr�QTSV^pM\QdU	QTqXM4{ZSZ�`a9SZY?k
±�q9M_]TMzr�]TM�UpQTq9M_]wr�QdQdMPKN[bQTJ�QdU4M_^ºrp{Zabr�QdMzQTqXM�^pMP{ZU`e_SVQÁ� � a9efQTa9r�QTSZUWO9J_oRS�ODUp]GYXM_]�QdU4Ups9QTrpSZO½KNUp]TM

rpe_e_aX]Gr�QdMtMPJdQTSZK	r�QdMPJ���Up]�QTqXM\�`a9rpO¥QTSZQTSVMPJ�SZOR^pUW{V^pMPY�SZO¢e_rp{Ze_a9{Zr�QTSZUWO9Jw��Up]�rn^pM_]Gr��pMPY¬MP�`a9r�QTSVUWO9JPk®ÆyrpO
§-S ¿dO9�Wrpr�]GYXMPO�´ÈÇ�êº¸=rp{ZJdUxe_rp{Ze_a9{Zr�QdMPY¦Mf}�[9]TMPJTJTSZUWO9Jy��Up]$QTq9MzMf}XefMPJTJhQTaX]Tsbab{VMPO¥Q®MPO9M_]T�p��e_rpa9JdMPY½s`�	QTqXM
[9]TMPJTMPO9efMHUp�LQTqXM|sbaXs9s�{VMPJ_o¥rpO9Y¢rp{ZJTUx��UWa9O9Y¦SVQwQdUDs~M|YXM_[=MPO9YXMPORQ�UWO¬Å ¶ �� ky±zqXMPJdM|�Ra9rpORQTSVQTSVMPJhq9rn^pMa9O9SZQTJAUp��MPOXM_]T�p�poyrpObY�a9JGa9rp{Z{V��r�]TM�QTq9M½UWO9{Z���`a9rpORQTSVQTSVMPJ4QTq9r�QDe_rpO�s=M�UpsbQTrpSZOXMPY*SZO�QTaX]Gsba9{VMPO9efM
]TMP{Zr�QdMPY¬Mf}`[=M_]GSZK	MPO¥QTJ_k
Æ®MP{VU�e_SVQÁ� � a9efQTa9r�QTSVUWObJ®��Up]wQTqXM�QTqbSZO	eGqbrpO9OXMP{9uwM_]TM�UpsbQTrpSZOXMPY�abJTSZOX�Ar4yÍìÆ-JT�`JdQdMPK¬o¥s`�x�pMPO9M_]dÌ

r�QTSZOX�xr4{�rpJdM_]$JTq9M_M_QwSZO�QTqXMHK�SZY9Y9{VM�[�{ZrpOXM�s=M_QvuwM_MPO¦QTqXMzQÁu$Ux�W{ZrpJTJwJTqXM_M_QTJwQTq9r�Qw��Up]GK¯QTqXM;eGq9rpObOXMP{
uhrp{Z{ZJ_k\±�q9S�JHSZJ;QTqXMx[b{ZrpO9M4uzq9M_]TM4QTq9MDY9UWK	SZO9rpORQ;efUWK	[~UWO9MPO¥QTJ;Up��QTq9MDK	UpQTSVUWO�r�]TMN{VU`e_r�QdMPYckA§�M
a9JdMPY � aXUp]TMPJTefMPORQz[�r�]TQTSZe_{VMPJ�S�O¢Up]GYXM_]zQdU¦rP^pUWSZY�]TM � MPefQTSVUWObJ���]TUWKëQTqXM4sbaXs9sb{ZMPJwJGaX]T�irpefMpkwIH��QdM_];rpO
rpY9r�[9QTSZ^pM½efUp]T]TMP{�r�QTSVUWO�rpO9Y ª {VQdM_]GS�OX�XocQTqXM½^pMP{VU`e_SZQv��^pMPefQdUp]GJxuwM_]TM�Ups9QTrpS�OXMPY?o�rpO9Y�QTqXM½^ºr�]GS�rpO9efMPJ
uwM_]TM;e_rp{�e_a9{Zr�QdMPY¢SZO¦rxÊ�¤�ò�ò�õ½Ê�¤�ò�ò���]GrpKNM|r�[9[9]TUn}�S�K	r�QdMP{V�poX{VU�e_r�QdMPY¦r�QhMP�`a9rp{~Y9SZJdQTrpO9efMPJ$��]TUWK
QTqXM	e6q9rpO9OXMP{EMPYX�pMPJ_kN±�q9Mx^�r�]GSZrpObefMxUp�wQTqXMD^pMP{VU�e_SVQv����Up]Ar�[9[9]TUn}�SZK�r�QdMP{V� ú Ê�¤¬S�O¥QdM_]GSZUp];[=UWSZORQTJ|SZO
QTqXMA��]GrpKNM\uwM_]TMtrn^pM_]Gr��pMPY�QdU	Ups9QTrpSZO¬QTqXMA]TMPJTab{VQTJ�JTqXU�uzO¬SZO���SV�WaX]GMPJ�¾XkûêpÊ	rpO9Y¬¾XkûêWÇRkw±�q9M\^pM_]TQTS²Ì
e_rp{=rº}�S�J�]TM_[b]TMPJdMPORQTJ$QTq9MH^pMP{VU�e_SVQÁ� � a9efQTa9r�QTSZUWO9J���Up]�Y9S²�=M_]TMPORQ�^�rp{ZaXMPJwUp�cQTqXM;�WrpJw^pUW{Za9KNM;��]6rpefQTSVUWO?o
OXUp]GK�rp{ZSV°_MPY¬uHSVQTq¬QTqXMDKNMPrpO«QdM_]GK	SZObrp{�^pMP{VU�e_SVQÁ��JT�`a9r�]TMPY?kz±zqXM4YXUpQdQdMPY�{ZS�OXMPJzr�]TMxQTqXM4MP�Ra9r�QTSZUWO9J
¾Xkûµ`kûÊ`k�±�qXM½^pM_]TQTSZe_rp{hrpO9Y*qXUp]GSV°_UWORQTrp{�^pMP{ZU`e_SVQÁ� � a9efQTabr�QTSVUWO9Jxr�]TM½�p]GMPr�QdM_]xQTqbrpO�QTq9M½QTqXM_Up]GM_QTSZe_rp{
{VU�u$M_]¢s=UWa9O9YË��]TUWK QTqXMPJdM�MP�`a9r�QTSVUWO9J_k£±�qXM«�pMPOXM_]Grp{;QdMPO9YXMPObef��Up�AQTqXM�Mf}`[=M_]GS�KNMPO¥QTrp{HY9r�QTrÚSZJ
SZO�r��p]TM_MPK	MPO¥QxuzSVQTq�UpQTqXM_]xrpaXQTqXUp]GJ�´²lpl ¸¹k½I;{ZJdU¬OXUpQdM	QTqbr�QAQTqXM	^pM_]TQTS�e_rp{ � a9efQTabr�QTSVUWO9J\r�]TM	s�SV�p�pM_]
QTq9rpO�QTqXMNqXUp]GSZ°_UWO¥QTrp{Es`��r¢efUWO9JdQTrpORQ;�irpefQdUp]AUp�yQÁu$UXktÍìO ª �WaX]GMPJz¾Xkûêp·¢rpO9Y�¾Xkûê ú QTqXMDOXUp]GK�rp{ZSV°_MPY
^pMP{VU�e_SVQv� � a9efQTa9r�QTSVUWO9Jt��Up]4QTqXM�^pM_]GQTSZe_rp{$rpObY�qXUp]GSZ°_UWO¥QTrp{�Up]GSVMPORQTr�QTSVUWO9Jxr�]TM�[9]GMPJdMPO¥QdMPYck¬Öwa9s9sb{VMPJ
^pMP{VU�e_SVQv� � a9efQTa9r�QTSVUWObJLr�]TM�r�[9[b]TUP}XSZK	r�QdMP{V�\QÁu$U|QTSZK	MPJE{�r�]T�pM_]�QTq9rpOtQTq9Mw{ZS��Ra9S�Y\[bq9rpJdM � a9efQTabr�QTSVUWO9J_k
É�rpOX�WrpObSÜo®×?q9rpOX�«rpObY�y]GUWJd[=M_]TM_QdQTSv´¶µ ú ¸hJdQTa9Y9SVMPY�QTqXM�[b]TUpsb{VMPKäUp��r¬sbaXsbsb{VM	K	S²}�QTaX]TM½JTaXs�¿dMPefQdMPY
QdU�JTK	rp{�{²ÌvrpKN[b{ZSZQTa9YXM	UWJTe_S�{Z{Zr�QdUp]T�*KNUpQTSVUWO?kÚ±�qXM_�*e_rp{Ze_a9{Zr�QdMPYÚQTqXM¬O9Up]GK	rp{ZSV°_MPY*^�r�]GSZrpO9efM¢Up�;QTqXM
sbaXsbsb{VMPJw^pMP{VU�e_SVQv�¢QdU�{VMPrpYbSZOX�DUp]GYXM_]zS�O¬Å�rpJPÄ

¹ øEb9g ¹�º ¬²»�¼Ámdñ ¹ �� �-¤��ûêWÇ�µpÅ g�¾XküÇpm
¾RÇ



uzqXM_]GM ¹ ��S�JhQTqXMAsbaXsbsb{VM|Jd[=M_MPY�rpO9Y ¹�º ¬²»®¼yS�J�QTqXM\sbaXsbsb{VMPJw^pM_]TQTSZe_rp{�^pMP{VU`e_SZQv�pk±�q9M � a9efQTa9r�QTSVUWObJ®Ups9QTrpSZOXMPY	Mf}`[=M_]GSZK	MPO¥QTrp{V�xr�]TMz{Zr�]G�pM_]�QTq9rpONMf}�[=MPefQdMPY	��]TUWKÂMP�`a9r�QTSVUWO�¾Xkûµ`kûÊ`o
rpO9Y�rp{ZJdU�{Zr�]T�pM_];QTq9rpO�QTqXUWJdMD]TM_[=Up]TQdMPY«s`��Öha9O9OXM_]|rpO9Y�±�]G�R�p^�rpJTJdUWO�´²lpl_¸E��]TUWK�j�ÝÃJGSZK4ab{Zr�QTSVUWO9J_k
ÍìQtJdM_MPK	J\QTqbr�QtefUWO ª OXMPK	MPO¥QtqbrpJAr¬JdQd]TUWO9�¬Mf�~MPefQ4UWO�QTqXM	s�aXs9sb{VMPJ;^pMP{VU�e_SVQÁ� � a9efQTa9r�QTSVUWO9JPk½»|OXM
[=UWJTJTSVs�{VMh]TMPrpJdUWO	��Up]�QTqbSZJ®SZJ®QTqXM;SZO9JdQTr�s�SZ{ZSVQÁ�AUp�=QTqXM�Qd]Gr�¿dMPefQdUp]T��SZO � aXMPO9efMPYDs`�DQTqXM�uhrp{Z{ZJ®[9]GMPJdMPO9efMC�
rNQdUp[bS�e|QTq9r�Q�uzSZ{�{�s=M\efUn^pM_]GMPY«KNUp]GMtefUWKN[9]TMPq9MPO9JTSV^pMP{V�½UWO�QTqXMtO9Mf}`Q�e6q9r�[9QdM_]Pk
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Q�HJZ[ILCFEyv|HJIfEYN�ILK\_JV��2Hi{ Q�HJZ/GyT2V�_wILKMHON`HJQsILCFE�Ek~bIfEnZ@NU_JV��JEYVMHqjnKMI�h��2EYV\c8t���QsILC2E�v6HJIfEYNxILK�_JV�K\X&�qNFH�{[N
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XfEnI-HJQ"_JV�KM]ONFEYclXfvUCFEnZ@EYXn�8XfEnvU_wZ@_wIfEYclRbhg_^ZLEn]OT2V�_wZ-cUK\XfIL_JN2jkE=¯=t:BDCFEeXfhqG	GeEnIfZLhgvUV\_JNFEYX-VMHqjn_wIfEYc
_wIDILCFEyG	K\c2c2V\EAHJQ>EY_Jj@C�vU_JKMZ&HJQuXfvUCFEnZ@EYXD_wZLE:EYabT2KM�w_JVMEYN�I�IfH�ILCFE:jkHONF�UNUK\NF]=vUV\_JNFE-{S_JV\V\Xnt
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BDC2ED�JEYVMHqjnKMILKMEYX�HJQ6ILCFE[ILCFZLEnEAXLvUCFEnZLEYX�_wZ@EAjkHON2XLK�cFEnZLEYceIfHyR|E&ILC2EAXL_JGeEJ�b_JXz{�EYV\V2_JXzILCFEYKMZ"Z@_Jc2K\KÖt
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¬ �_ å ® �kj�å)laz� ¬ jkHOX�\ å ®s¿�¬ �¯ ® �+j�å ef{ g�z ¬ �kj {{ j�z ®k¬ _ Õ¯ ® { ¬rÏ��i® �+j�å)laz{ ¬ jkHOXC\ Õ ® ¬ÖØbtÃïO®
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Velocity potential and streamlines for two bubbles
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Velocity field and streamlines for three bubbles

−3 −2 −1 0 1 2 3
−1.5

−1

−0.5

0

0.5

1

1.5

2

ÅuKM]OTFZLE4ØbtÃØbÆ�BzhbvUK\jn_JVF�JEYV\HbjnKMI�he�2EYV\c	_JNUc	XfIfZLEY_JG	V�K\NFEYXsQ�HJZzILCFZ@EnE[RUTFRURUVMEYXsK\G	G	EnZ@XfEYceK\N	_yT2N2KMQ�HJZ@G
�2H�{:t021435143 ¢£H5¤uHNF¥Sk;�D�:M:MDQ¦�U¨§�>£@�9N;=:M;C>�D�E7FRG©H(;CJ�@�;=:M@�;KHNJNF�OQPNE7D�:�SkUªSM9N;XWBUCY
BDCFE-]JEYNFEnZ/_JV\KM�Y_wILKMHON�IfHeILC2E:jn_JXfE:HJQu_JN`K\NF�UNUKMIfEAXfEnI[HJQ�RUT2R2RUVMEYX�K\X&XfIfZ@_JK\]OCxIfQ�HJZL{S_wZ@c8�2jkHON2XLK�cFEnZ@K\NF]
ILCFE"ILCFZLEnE�RUT2R2RUVMEYX8jn_JXfEJts´�EnI�T2X�jkHONUXLK\cFEnZ�ILC2E"XL_JGeE"]JEnHOGeEnIfZLhJ�JR6EYK\NF]&ILC2EzjkEYNxIfEnZuRUT2R2RUVMEuK\N2cFEk~qEYc
{[KMILCgILCFE=N�T2GyR6EnZA�nEnZ@HF�|ILC2E�NFEk~qI4RUTFR2RUV\E:IfH�ILC2EyZ@K\]OCxIA{"HOT2V�cgR6E�RWTFR2RUVMEmHON2EJ�|ILC2EyHONFE�IfH^ILCFE
VMEnQ�I&R6EYK\NF]=RUTFR2RWVME4GoK\N�TUXSHONFEJ�2EnILjwtM�W_JX[K\XDXLCFH�{[N�K\N^�2]OT2ZLE�ØbtÃ»bÆ

x

z

y

θ0

r0 µ

P

r−2

θ−2

r2
θ2

ÅuKM]OTFZLEDØbtÃ»bÆu�rNF�UN2KMIfE�_wZLZ@_ihyHJQ|RUTFR2RWVMEYXnt�BDC2ESjkEYN�IfEnZzRWTFR2RUVME�K\XuN�TUG�R6EnZs¼q�Ov6HOXLKMILKM�JE&_JN2ceN2En]O_wILKM�JE
K\N2c2Ek~bEYXSIfH	ILC2E:Z@KM]OC�ID_JN2c`VMEnQ�In�FZLEYXfv6EYjkILKM�JEYV\h
BDC2EAv2Z@HbjkEYc2T2ZLE[{�HOT2V\coR|E4ILCFE-XL_JGeEm_JXSK\N�ILCFEAvUZLEn�bK\HOT2X"XLEYjkILKMHON8�FXfIL_wZLILK\N2]�Q�ZLHOG�_�v6HJIfEYN�ILK\_JV

HJQuILCFE:XL_JGeE�Q�HJZ@G`�F{[KMILC�XfvUC2EnZ@K\jn_JV8C2_wZ@G	HON2K\jnX&jkEYN�IfEnZLEYcg_wIDEY_Jj/CgRWTFR2RUVMEJÆb ¿üÎ4Í�c ef�kg�åI« ef¬ g�å i ¬� ¬ Í_ ¬ ® �+j�å l å� ¬ jkHOXK\ å ®£^jkHOX=n ¬ÖØbtÃÂJØO®
{[CFEnZ@E&ILCFEDK\N2cFEk~�®=ZLEnv2ZLEYXLEYNxILXsILC2EDjkHJZLZLEYXfv6HON2c2K�NF]4K�G	_w]JEDXfvUCFEnZ@EJ�xC2_Y�qK\NF]m_:XLvUCFEnZ@K\jn_JVqC2_wZ/GeHON2K\j
HJQuHJZ@cFEnZ��¨_JXLXLHbjnK\_wIfEYcgIfHoKMInt
ÅFHOV�VMHi{[K�NF]�ILC2E=X@_JGeEeXfIfEnvUXm_JX-K\NlXfEYjkILKMHONPØbtÃÂb��KMI-K\X4v6HOXLXLKMRWVME:HJR2IL_JK\NdILCFE=EYabT2_wILKMHON2X4Q�HJZmILCFE

»JÔ



jkHJZLZLEYXLv|HONUc2K\NF]=jkHON2XfIL_JN�ILXA_wI[RUTFR2RUV\EAÉLÆ

Ï i ]� ¿ �Â � åR� Ï ��oÓò� f ¬M¯g ] ef { g�å ¬ �kj {�kj�å ®rì { j��+j�å i ¬{q É>Ï�® q �+j { j�åk° ] ¬ ¬ÖØbtÃÂJ»O®
{[CFEnZ@E

° ] ¬ ¿ �±±±±� ±±±±�
¬rÏ:�i® �kj�å .)®^±�É
¬rÏ:�i® { j�å .)®�õ�É ¬ÖØbtÃÂOÝJ®

BDC2K�XmK\X:_gV�K\NFEY_wZ:XfEnIyHJQu����EYa�T2_wILK\HON2Xm{[KMILC¨ILCFEoXL_JGeE�N�TUG�R6EnZ:HJQ&T2NF�qNFH�{[N2XntoB[CFEe�JEYVMHqjnKMI¥h
�2EYV\c�jkHOG	K\NF]yQ�Z@HOG�ILC2K\X"XfHOV\TFILK\HONoC2_JX"I¥{�HyZ@EY_JVUvUV�_JNFEYX�HJQ�XfhqG	GeEnIfZ@h	_wI"EY_Jj/C�X@K\cFEDHJQ8ILCFE-jkEYN�IfZ@_JV
RUTFRURUVMEx¬�Éz¿�¼x®/t-��QzILCFE�jn_JV�jnT2V\_wILKMHONdK\XAIfZ@T2N2jn_wIfEYcdIfH�_�ZLEY_JXfHON2_wRUV\EyNbT2G�R6EnZ4HJQzV\_wIfEnZ@_JV>RUT2R2RUVMEYXn�
XLT2j/C`vUV�_JNFEYXDHJQsXfhqG	GeEnIfZLh^{�HOT2V\cgR|EmEYabT2KM�w_JVMEYN�IDIfHovWV\_JNFE:{S_JV\V\XntSBDCFE�ILCFZLEnE�RWTFR2RUVMEYXSvUZLHJRUVMEYG
HJQ�ILCFEev2ZLEn�qKMHOT2X-XfEYjkILKMHON¸K\X-ILCFE	jn_JXfE	HJQSC2_i�bK\N2]�HON2VMhgILC2EeRUTFR2RUV\EYXD}@�w�>¼�_JN2c��w��{[CUK\j@Cljn_JN¨R6E
�JEnZ@KM�UEYc^R�h�c2KMZ@EYjkIDXLTFRUXfILK\ILTFILKMHON^K\N^EYabT2_wILKMHONgØbtÃÂJ»bt02143514² 8&9(;?JN:MD�G³D�>�F7H5¤uHNFRS+;�>£;=:<FR;K>´U¨§�µ�¶¸· � tI¹ ��º
�rN¸ILC2K�X�XfEYjkILKMHON¦_��2Z@XfIyHJZ@cFEnZ=_wv2v2ZLHi~qK�G	_wILKMHONÛIfH�ILCFE^cFZ@_w]dK\XyIfH�R6EoHJRUIL_JK\NFEYc8�uRbh¨ILCFE�TUXfE�HJQ
XfEnZ@K\EYX&Ek~bvW_JN2XLKMHON2XDHJQ>ILC2E�XfHOV\TFILK\HON�Q�HJZ[ILCFE:�JEYVMHqjnKMI¥h�v6HJIfEYN�ILK\_JV8Q�HJZ[ILCFZ@EnE�_JV\KM]ONFEYc`RUTFR2RUV\EYXntsBDCFE
jkHJZLZLEYXLv|HONUc2K\NF]y�2Hi{«K\X&c2EnvUK\jkIfEYc^K\N��2]OTFZLE:ØbtÃÂ=_JN2c`ØbtÃØbt"´�EnIDT2X&jkHON2X@K\cFEnZS�2Z@XfI�ILCFE:XfHOV�TFILKMHON�ØbtÃµbÆ

b ¿èÎ4Ídc�ef�+g�å h i å� ¬ Í_ å ® �kj�å l å� ¬ jkHOXC\ å ®8Ó i ç� ¬ Í_ ç ® �kj�å l å� ¬ jkHOXC\ ç ®�Ó i Õ� ¬ Í_ Õ ® �kj�å l å� ¬ jkHOXC\ Õ ® m jkHOX=n¬ÖØbtÃÂJÔO®
{[CFEnZ@E�_ å *�_ ç *�_ Õ *�\ å *�\ ç *�\ Õ _wZ@EDILCFE&ILCFZLEnE&RWTFR2RUVMEYX>Z@_JcUK\Kq_JN2cev6HOV\_wZ�_JNF]OVMEYXY�x_JjnjkHJZ@c2K\N2]mIfH:�2]Ft�ØbtÃµbt  _Jj/C`HJQ>ILCFE�V\_wIfEnZ/_JV8v6HJIfEYNxILK\_JV�XDGyTUXfI&R6EmEn�·_JV\TU_wIfEYc`K\N^IfEnZ@G	X[HJQ�ILC2E:Z@_Jc2K\TUX�_ å ¬ _JN2c`_JNF]OVME�\ å ®/�K\N^HJZ@c2EnZDIfHo_wv2vUV\hoR6HOT2N2c2_wZ@hojkHON2c2KMILK\HON`Øbt¶�Ft"B�H	ILC2_wIDvUT2ZLv6HOXfE-ILCFEmZLEYV\_wILKMHON�ØbtÃØeK\XDT2XLEYc8Æ

b ¿èÎ4Í"c ef�+g�å « i å� ¬ Í_ å ® �kj�å)l=å� ¬ jkHOXC\ å ®�Ó�¬ i ç� Ó i Õ� ®k¬ �¯ ® �+j�å ef{ g�z ¬ �kj {{ j�z ®k¬ _ å¯ ® { laz{ ¬ jkHOXC\ å ®£�jkHOX=n¬ÖØbtÃÂJïO®
BDC2E�XLabT2_wZLEYc��JEYVMHqjnKMI�h^K�X&HJR2IL_JK\NFEYcgv6EnZLQ�HJZ/G	K\NF]�ILCFE:Z@_JcUK\_JV�_JN2c`_JN2]OT2V\_wZ[cFEnZ/KM�·_wILK\�JEYXDHJQuILCFE

v6HJIfEYNxILK�_JV8Q�Z@HOG�Æ
ø r ¿ o bo _ å ¬ÖØbtÃµw¼x®
øk» ¿ �_ å o bo \ å ¬ÖØbtÃµq�i®
ø£¼ ¿ �_sXLK\N�\ o bo n ¬ÖØbtÃµJÂO®
ø ç½ ¿ ø çr Ó¦ø ç» Ó§ø ç¼ ¬ÖØbtÃµJµO®

�>EnZLQ�HJZ@G	K\N2][ILCFESXLTFZLQ _JjkESK\NxIfEn]JZ/_JVqÂbtñÝJÝ���_JN2cycUKM�bK�c2K\NF]&RbhmILCFES´�En�qK\j@C=cFZ@_w]mÂbtñÝwïb�xKMI>K\X�v|HOX@XLKMRUVME
IfH	HJR2IL_JK�N`_e�2Z@XLI�HJZ/cFEnZ[_wv2v2Z@HY~FK\G	_wILKMHON�HJQ>ILCFE:Z@EYV\_wILKM�JEmHJZ[c2K�GeEYN2XLKMHONUVMEYXLXScFZ@_w]FÆ

»Jï



÷|¬¥®�¾FÑA¿ Õ ® Ìz¬ÁÀD�n¼ ä × l Íqì·® û�¬w¿-�oÑA¿�® ¯:°mZ@_JN2]JE öè°:Z@_JNF]JE
ÅuV\T2K\cl� Ýw»q� �FtÃï·��Ý �Y»btº¼OµJ» ïw¼	±¢¯:°:±¢��Ý·¼ ¼qÁº¼OØ	±%ö °�±ÐÂbÁÃ»JÔ
ÅuV\T2K\c�Â Ôq�YÔ Ý�tñÝJÝb� �YØbt¶�xØJØ �O¼	±¢¯:°:±%µw¼J¼ ¼qÁº¼OØ	±%ö °�±ÐÂbÁº¼O»
ÅuV\T2K\c�µ Ô·�2� �iÝ�tñÝb� �YÂbt¶�xØJØ µw¼	±¢¯:°:±ü�n¼J¼ ¼qÁº¼OØ	±%ö °�±«�wÁÃµJï

B>_wRUVME�Øbt\�wÆ�Å>V�T2K\c�v2ZLHJv6EnZLILKMEYXSQ�HJZDEk~qv6EnZ@K\GeEYN�IL_JV8XL_JGevUV\EYXnt

à rxÂ�Ãá ¿��U¬ i åå ® ç Ó�Â·�U¬ i çå ® ç Óò�Y»F¬ i åç ® ç ì î Ó��YÂJÔ i åç i çç ì ¡ Ó%ÁMÁMÁ ¬ÖØbtÃµ·��®
{[CFEnZ@E�ìy¿ t� K\X[ILC2EyZ@_wILK\HoR6EnI¥{�EnEYNlILCFE�Z@_Jc2K\T2X[HJQsILCFE�RUTFR2RUV\E�_JN2c�I¥{[K\jkE�ILCFE=c2K\XfIL_JNUjkE�IfH^ILCFE{S_JV\VD¬ c2K\XfIL_JNUjkEeR|EnI�{"EnEYN¸_Jc·pf_JjkEYN�I:RUT2R2RUVMEYX/®/�6{[CUK\j@Cl�w_wZ@KMEYX-Q�ZLHOG¾¼�IfH`¼qtÃØb�uXLK\N2jkE=ILCFE	GoK\N2K\G	_JV
c2K\XLIL_JN2jkEyR6EnI�{"EnEYNlRUT2R2RUVMEYXAK\X[HON2E�RWTFR2RUVMEyc2K\_JGeEnIfEnZYt-�rNgILC2E=XLv|EYjnK�_JV�jn_JXfE=HJQz_^XLK�NF]OVME�RWTFR2RUVMEJ�i
å ¿ò¼qÁÃØb�Wì-¿ò¼	_JN2c

i ]ç�� Õ ¿ò¼'.�Ä|ÉL�2]OKM�qK\NF]	´�En�bK\j/C8¹ºX&ZLEYX@T2VMIntBDCUK\XAjkHOG	vUV\K\jn_wIfEYc�Ek~bvUZLEYXLXLKMHONdjn_JNlR6E�Ek~qvU_JN2cFEYclK\Nd_�B�_ihbVMHJZ:XLEnZ@KMEYX4_JXm_oQ T2N2jkILKMHON�HJQ"ì`¬Öì
�w_wZ@KMEYX&Q�ZLHOG�¼=IfHd�^ÅwÂO®/Æ

à r�Â�Ãá ¿Þ�zÓ�ÂJì Õ Ó �iÝÔ ì í Ó�ÁMÁMÁñão¬Öì î ® ¬ÖØbtÃµJØO®
BDCUK\X:Ek~qv2ZLEYXLX@KMHON2X�jn_JNÛR6E^jkHOGevU_wZLEYc§IfHlEYaWt�¬ÖÔO®yK\Nò� �O¼w���z_�ZLEYXLTUVMI�HJR2IL_JK�NFEYc¸Rbh¸ëmHJ�ò�¶µJÂ·�

Q�HJZAILCFE=cFZ@_w]^K\NgILCFE�jn_JXLEyHJQ�I�{"H^RUT2R2RUVMEYX&Z/K\XLK\NF]	X@K\cFE�Rbh`XLK\c2EyT2N2c2EnZAXLK\GoK\V\_wZ[jkHON2cUKMILKMHON2X�¬ C2KM]OC
©DEnhqNFHOV\cUXr}�VMH�{ÐªPEnR6EnZ�V�K\G	KMI/®/tuBDCFE[G	HOXfI"K\G	v|HJZ@IL_JNxI�jkHON�IfZ@KMRUT2ILKMHONoK\X�v2ZLEYjnK\XfEYV\hyI�{[K\jkE4ILCFEDEk�6EYjkI
HJQuILCFE:_Jc2c2K\ILKMHON2_JV|RUTFR2RWVMEJÆ

à"ÆuÇ ¬á ¿ �xÔ¯:° ¬r�"Ó�ì Õ Ó
µ
� ì í Ó�ÁMÁMÁñão¬Öì ¡ ®f® ¬ÖØbtÃµJ»O®

ê4NFQ�HJZLILT2N2_wIfEYVMh�Ek~qv2ZLEYXLXLK\HON	ØbtÃµJØ:jn_JNoN2HJI�R6E�Ek~qv6EYjkIfEYc	IfHyR|ES�w_JV\K\c=Q�HJZ"ì�Èó¼qÁÃØb��R6EYjn_JT2XLEDILCFE
jkHON��JEnZL]JEYN2jkEoHJQ"ILCFE	XfEnZ@K\EYXmXfHOV\TFILKMHONlK\NdILC2_wI:V�K\G	KMIAZLEYa�TUKMZLEYX-XfEn�JEnZ@_JVsIfEnZ/G	Xn��XfH�ILC2K�XAEk~qv2ZLEYX@XLKMHON
C2_JX&�w_JV\K\cUKMI¥h�HON2VMhoQ�HJZ4ì[ÈÚ¼q�UK�N�_=Z@_JNF]JE:{[CUK\j@C�K\XDIfH	R6E4IfEYXLIfEYc�T2X@K\NF]eN�TUGeEnZ@K\jn_JV6XLK\G�T2V\_wILK\HON2Xnt�4VMILCFHOTF]OC`EYaUt"ØbtÃµJØ�G	_ih^N2HJIDR6E-_	]JH�Hqcg_wv2vUZLHY~FK\G	_wILKMHON^Q�HJZ4ì�Èó¼qÁÃØb�WEk~bv2Z@EYXLXLKMHONgØbtÃµ·��jn_JN
R6E[T2XfEYc��xXLK\N2jkE[ILCFED�w_JV\TFEYX�Q�HJZ i |] jn_JNoR6E[jn_JV\jnTUV\_wIfEYcoNbT2GeEnZ@K�jn_JV\VMh�Q�HJZ"_JN�heÉ�*7~2�bXfH�KMIzK\X�v|HOX@XLKMRUVMEJ�
K\N^v2Z/K\N2jnKMvUV\EJ�xIfHoK\G	v2ZLHi�JE�EYaUt"ØbtÃµJØ	v2ZLEYjnK\X@KMHON^_JN2c�IfEYXfI[K\ILXD_wv2vUV\K�jn_wRUK\V\KMI�hJt

+-,xÉ Ê�Ë��&��5�?)ÌÍ�z143����d?/1�Î��N238?�Ïd��38?L741
BDCFE�Ek~qv|EnZ/K\GeEYN�IL_JV�XfEnILT2vlK�XAXLC2Hi{[NdK\N��2]OTFZLEeØbtñÝ�t���ILC2K�N�j/C2_JN2NFEYV�{�_JX-RWT2K\VMI[TUXLK\NF]�I¥{�H�]OV�_JXLX
XLCFEnEnILX4HJQz_wvUv2ZLHY~FK\G	_wIfEYV\hgÂw¼JjnGÜ{[K\cFILC�_JN2cg�O¼JjnGÜCFEYK\]OCxIn�8XfEnvU_wZ/_wIfEYc�Rbhg_�]O_wvlHJQ"µbtÃ»wG	G�t��SI
ILCFElR6HJIfIfHOG HJQ�ILCFElj@CU_JN2NFEYV4RUTFR2RWVMEYX	{�EnZLEPv2ZLHqc2T2jkEYcÐR�h%RUVMH�{[K\NF]§_JKMZ^ILCFZLHOTF]OCò_¦jn_wvUK\V\V�_wZLh
ILTFR6EJtgBDC2E�V\K\abT2K\cUXmT2XfEYcÛ{"EnZLE�XLK\V\K�jkHON¨HOK\V"G	K�~qILTFZLEYX:HJQAc2K��6EnZLEYNxIy�bK�XLjkHOXLKMILKMEYX�IfHd_i�JHOK\c¦XLTFZLQ _JjkE
jkHON�IL_JG	K\N2_wILKMHON�tuB[CFE�©[EnhbN2HOV\c2XuN�TUG�R6EnZ>Z@_JNF]JEYc=R6EnI¥{�EnEYN	µw¼m_JN2ceØw¼J¼m_JN2c�ILCFESªPEnR6EnZ�N�T2GyR6EnZ@X
IfEYXfIfEYcÛ{"EnZ@EoK\NPILCFE�Z@_JNF]JEo¼qÁº¼OØÑÐ�ö °´Ð ÂbÁñÝ�t���ZLHJv6EnZLILK\EYXmHJQSILCFEoT2XfEYcÛV\K\abT2K\c2X4_wZLE�XLCFHi{AN¨K\N
IL_wRUVME�Øbt\�wt
BDC2E=X@C2_wv6E	_JN2cPGeHJILKMHONlHJQ�ILCFEeRUTFRURUVMEYX4{"EnZ@E	jn_wv2ILTFZLEYc¨TUXLK\NF]^_�C2KM]OCPXfv6EnEYcPjn_JGeEnZ/_`_JN2c

_ocUKM]OKMIL_JV�K\Go_w]JE:v2ZLHqjkEYXLXLK\N2]oXfHJQ�I¥{S_wZLEJtDBDCFE:Ek~qIfEYN�IAHJQsILCFEyK\G	_w]JE�{S_JX4XfEnIAK\NgXLT2j@C�_	{S_Yh`_JXAIfH

Ý·¼



G	_·~FK\G	KM�nE=ILCFEeZ@EYV\_wILKM�JE	XLKM�nEeHJQ�ILCFEeRUT2R2RUVME�K\NlILCFE	c2KM]OK\IL_JV>K�G	_w]JE	Q�Z@_JGeEJ��IL_w�qK\NF]`K\N�IfH�_JjnjkHOT2N�I
ILCFE�GoK\N2K\G�T2Gôc2K\XfIL_JN2jkEmILCU_wIDILCFE:RUT2R2RUVME4{"HOTUV\c^IfZ@_Y�JEYV�R6EnQ�HJZLE:_wIfIL_JK�N2K\NF]	KMILXD�UN2_JV6�JEYVMHqjnKMI¥hJt
BDCUK\XDc2K\XLIL_JN2jkE�_JN2c�ILC2Eyj@CU_wZ@_JjkIfEnZ@K\XfILK�j:ILK\GeEyNFEnEYcFEYc`IfH�ZLEY_Jj@CdKMIDjn_JN�R6E�jn_JV\jnT2V\_wIfEYcgQ�Z@HOG _

cFhqN2_JG	K\j�EYabT2_wILKMHON¸HJQ�GeHJILK\HON¸jkHON2XLK�cFEnZ@K\NF]�ILCFEoGo_JXLXmHJQSILCFE	RUT2R2RUVME�IfH`R6EeILCFE	�qKMZLILT2_JVsGo_JXLXn�
_JN2c§NFEn]OVMEYjkILK\N2]gILCFE�C2K\XfIfHJZLhlQ�HJZ@jkEJt�B[CFEoQ�HJZ@jkEYX�HON¸ILC2E�RUT2R2RUVME={�HOT2V\c¨ILC2EYN¸R6EoILC2Ed¬ ´�En�qK\j/CW®
cFZ@_w]eQ�HJZ@jkE�_JNUc�RUTFH�hO_JN2jkh6���YïJ��t ¿ t ú øúMÒ ¿ � µ Ë8Í ç ÷<¾�Ï¢�YÂwË6Ì�Í�ø ¬ÖØbtÃµOÝJ®
{[CFEnZLE-ÍoK�XzILCFE-RUT2R2RUVMEJ¹ºX"Z@_Jc2K\TUXn�<¿ t K\X�ILCFEm_Jc2c2EYc�Go_JXLX&_JN2cÓ¾oK\X�ILCFEm_JjnjkEYVMEnZ@_wILKMHON^HJQ�]JZ@_Y�qKMI�hJty-KM�qK\c2K\NF]�R6HJILC�XLK\cFEYXSHJQ>EYabT2_wILKMHONgØbtÃµ=Rbh&¿ t �2_JN2c�Z@EnvUV\_JjnK\NF]�ILCFE:�w_JV\TFE-Q�HJZDILCFE:_Jc2c2EYc`G	_JXLX&HJQ_	XLK�NF]OVME-RUTFR2RWVME�¿ t ¿��iÑwÂF¬���ÑwµwË8Í Õ ÷q®&VMEY_Jc2X&IfH`Æ

ú ø
úMÒ Ó �Ô r ø	¿�ÂA¾ ¬ÖØbtÃµJÔO®

CFEnZLEmILC2E�j@C2_wZ/_JjkIfEnZ@K\XfILK\j:ILK\GeE Ô r K\X&cFEn�UNFEYc�_JXÔ r ¿ ��YÔ Í çâ ¬ÖØbtÃµJïO®
ÅuK\N2_JV�VMhJ�FXfHOVM�qK\NF]=Q�HJZ[ILCFE:�JEYVMHqjnKMI¥h^]OKM�JEYX

ø	¿èÎ ½ ¬r�DÏ¨Ek~bv�¬rÏ Ò Ñ Ô r ®f® ¬ÖØbt¶�O¼x®
²�EYK\NF]�Î ½ ¿ ÂA¾ Ô r ILCFE=�UNU_JV�Z@K�XfEy�JEYV\HbjnKMI�hJ��_JN2cPâdILCFE=�bK�NFEYG	_wILK\j��bK\X@jkHOXLKMI¥h�HJQzILCFE=�UTUK\c8t-BDC2K\X�JEYVMHqjnKMI¥h�jn_JN�R|ESK\N�IfEn]JZ@_wIfEYc={[KMILCyZLEYXfv6EYjkI>IfH-ILK\GeE�IfH4]OK\�JE�ILC2E�c2K�XfIL_JN2jkE�IfZ@_Y�JEnZ@XLEYceR�h�ILCFE"RWTFR2RUVME
R6EnQ�HJZ@EoZLEY_Jj/C2K\NF]lïJØO½ HJQ&ILC2E��UNU_JV��JEYVMHqjnKMI¥h¢Î ½ ¬ Ò ¿�µ Ô r ®/�>{AC2K\j@CÛK\X�XLCFHi{AN¸K\N¸�2]OTFZLE^ØbtÃÔ`Q�HJZc2K��6EnZLEYN�Iy�w_JV\TFEYX�HJQDILC2E��qK\NFEYGo_wILK\jo�qK\XLjkHOX@KMI¥hJt¨BDCUK\XycUK\XfIL_JN2jkE��·_wZ/KMEYX�Q�ZLHOGó_dQ�En{�jkEYN�ILK\GeEnIfEnZ/X
¬ _wv2v2Z@HY~FK\G	_wIfEYVMh�Ô�G	GÜQ�HJZm_�RUTFR2RUV\E:{[KMILCl_^c2K\_JGeEnIfEnZ-HJQ4�wt¶�OG	G _JN2cPâ�Õ ÂbÁ\��ji£qI/®AIfH^_�Q�En{
G	K\V�V\K\GeEnIfEnZ@X"Q�HJZAXLG	_JV�VMEnZSRUTFR2RUV\EYX�_JNUc��bK�XLjkHOXLKMILKMEYXYt
Ä NUjkE�ILC2E^cUK\XfIL_JN2jkEYX=_JN2c¦Q�HbjnTUXy{�EnZLE�jn_JV\KMRUZ@_wIfEYc8��ILCFE^Z@K�XfE��JEYV\HbjnKMI�h¸{S_JXeGeEY_JXLTFZ@EYc§TUXLK\NF]

XfEYabTFEYN2jkEYX-HJQ�K\G	_w]JEYXn��X@T2j@Cl_JXmILCFE=HONFEecFEnvWK\jkIfEYclK\Nd�2]OTFZLEeØbtÃïbt�B[CFEYXfEeK\G	_w]JEYX-{�EnZLEec2KM]OKMIL_JV�VMh
IfZLEY_wIfEYc�_JN2c¢IfZ/_JN2XfQ�HJZ@GeEYc�IfHÛRUK\N2_wZLh§K\G	_w]JEYXnt��¾jkHOGevUT2IfEnZov2ZLHJ]JZ/_JGÚ{�_JX�cFEn�JEYVMHJv6EYc¢TUXLK\NF]Ö Í Ò Ò Ív× jØ IfHoK�cFEYNxILK\Q�h�ILCFE:RUTFRURUVME-_JN2c�GeEY_JXLTFZ@E�KMILX&XLC2_wv6E:_JN2c`�JEYVMHbjnK\I¥hJtÅuKM]FtsØbt\�n¼-XLCFHi{AX�ILCFE�Z@K\XfEz�JEYVMHbjnK\I¥hmøm_JXu_DQ T2N2jkILKMHON�HJQFILCFE"c2K�XfIL_JN2jkEzIfZ/_Y�JEYV\VMEYcyRbhmILCFEzRUT2R2RUVMEJ¹ºX
jkEYN�IfZLHOK\c8t��¤I`jn_JN�R6EdHJRWXfEnZL�JEYc�ILC2_wI�ILC2EP�UN2_JV4Z@K\XfEl�JEYVMHqjnKMI�h�K\X�_wIfIL_JK�NFEYc�R6EnQ�HJZ@EPIfZ@_Y�JEnZ@X@K\NF]
�OG	GÚ¬ _wv2v2Z@HY~FK\G	_wIfEYVMh�ì�¿��iÑ���®/t:BDCFE�RUKM]J]JEYXLI=¬ KÖt¶EJtmILC2EyQ _JXfIfEYXfI/®Ajn_JXfEYXm_wZLE=v2Z@EYXfEYNxIfEYc¨.�CFEYN2jkEJ�
ILCFEocUK\XfIL_JN2jkE	Q�HJZ�{AC2K\j@ClILC2E	IfEnZ@G	K\NU_JVs�JEYVMHqjnKMI¥hPK\XmZ@EY_Jj@CFEYc§K\NPILCFE�jn_JXfEoHJQ&XLG	_JV�VMEnZmRUTFR2RWVMEYXmK\X
{[KMILCUK\N�ILCFEdXL_JGeEdZ@_JNF]JEJtèB[CFEgIfEnZ@GoK\N2_JVD�JEYV\HbjnKMILK\EYXoHJR2IL_JK�NFEYcÐ{�EnZLEd�JEnZ@KM�2EYc%T2XLK\N2]¸_ÛXLEYjkHON2c
HJZ@c2K�N2_wZLh`jn_JGeEnZ@_¨¬Öµw¼wQ�vUX/®AILCU_wI:jn_wv2ILTFZLEYclG�T2j@CPVMHON2]JEnZmIfZ@_�prEYjkIfHJZ/KMEYXntyB[CFEeT2N2jkEnZLIL_JK\N�I¥hdK\NdILCFE
GeEY_JXLT2ZLEYGeEYN�ILXD{S_JXDVMEYXLX&ILCU_JNgØO½�t
BDC2E�RWTFR2RUVME�XLC2_wv6EYX�HJR2IL_JK\NFEYc§Q�HJZeILC2K\X=Ek~qv6EnZ@K\GeEYN�IL_JVSXfEnILTFv¦{"EnZ@E�HJRUV\_wIfE�EYV\V\K\vUXfHOK\c2X:{[KMILC

_JXfv6EYjkI&Z@_wILKMHOX:¬ Go_�prHJZDIfH	GoK\NFHJZ&XfEYG	K\_·~FK\X�Z@_wILKMH�®�Ù"�qILC2_wI&�·_wZ/KMEYc�R|EnI�{"EnEYN¸�-IfH`�wtÃµbtz�rN�HJZ/cFEnZ&IfH
En�w_JV\T2_wIfE[ILC2EDEk�|EYjkI"HJQ�jkHONF�UNFEYG	EYNxI�HONoILCFE[cFZ/_w]�jkH�Enß�jnKMEYNxIn�bILCFEDIfEnZ/G	K\N2_JVq�JEYVMHqjnKMI�h^Î ½ _JN2coILCFE
G	_�pfHJZ[_JN2c`GoK\NFHJZ&RUTFRURUVMEJ¹ºXSXfEYG	K\_·~FK\XÛÚ¯�_JN2c Ú_={�EnZLE:GeEY_JXLT2ZLEYc�Q�HJZ[c2K��6EnZLEYN�I&RUTFR2RUV\E4XLK\�nEYXD_JN2c
{S_JV\V8XfEnvU_wZ@_wILK\HON2XntzBDC2E:cFEYN2XLKMI�h�_JN2c`�bK\X@jkHOXLKMI¥h�HJQuILCFEm�UT2K�c�{�EnZLE�G	EY_JXLTFZLEYc�Q�HJZDEY_Jj/C�V\K�a�T2K�c8t

Ýb�



Computer

Camera 2

Camera 1

syringe

Thin channel

ÅuKM]OTFZLE�ØbtñÝ�Æ   ~qv|EnZ/K\GeEYN�IL_JV8XfEnILTFv�t
BDC2E:Ek~bv6EnZ@K�GeEYNxIL_JV�cFZ@_w]ojkHbEnßojnKMEYN�IA{S_JXDEn�w_JV\T2_wIfEYc�Q�ZLHOG _	XLIfEY_JcFh�Q�HJZ/jkE�RU_JV\_JNUjkE:R6EnI¥{�EnEYN

RUTFH�hO_JN2jkh�_JN2c`cFZ/_w]FÆ

È á¢¿ò÷M¾|¬ �µ Ë Ú¯ ç Ú_O® ¬ÖØbt¶�2�i®
ê4XLK\NF]eILC2E:cFEn�UN2KMILK\HON�HJQscFZ/_w]	jkH�EnßojnK\EYNxInÆ

àSá�¿ È á
åç ÷2Î ç½'Ü ¬ÖØbt¶�xÂO®

{[CFEnZ@E Ü ¿òË Ú¯ ç K�XSILCFE:v2ZLH·pfEYjkIfEYcg_wZ@EY_eHJQ�ILC2E:RUTFR2RWVMEJ��{�E�C2_i�JE
àSá�¿ Ôµ Ú_^¾Î ç½ ¬ÖØbt¶�xµO®

BDC2E4�w_JV\TFEYXDHJQ�ILCFE:c2Z@_w]ejkH�EnßojnK\EYNxID{�EnZLE:NFHJZ/G	_JV\KM�nEYc^{[K\ILC�ILC2E:jkHJZLZLEYXfv6HON2c2K�NF]y�w_JV\TFE-HJQu_JN
T2N2jkHON2�UNFEYc^RUTFRURUVMEJtsBDCFEmEk~qv6EnZ@K\GeEYN�IL_JV�cFZ@_w]	jkHbEnßojnKMEYN�I[{S_JX[cUKM�bK�cFEYc�R�h�ILCFE:v2Z@EYc2K\jkIfEYc^�w_JV\TFE
Q�HJZ[_JN�HJRUV\_wIfE�EYV\V\KMvUXLHOK\c�¬Ö³gH�HJZLEx� �xÔi��®/Æ

à ú�Ý ¿ àSá
àSá5Þ ÇxÇ rxÂ ¬ÖØbt¶�J��®

{[C2EnZLEyàSá5Þ ÇxÇ r�Â K\XnÆ
àSá5Þ ÇxÇ r�Â ¿ �xÔ¯:°Kß ¬wÙs® h �"Óáà ¬wÙu®¯:° å�ærç ÓÐã	¬ ¯:° äCâLæ í ®^m ¬ÖØbt¶�xØO®

{[CFEnZ@EmILCFEmQ�TUN2jkILKMHON ß ¬wÙs®SK\X&cFEn�WNFEYc�_JX
ß ¬wÙs®z¿��iÑwµ£Ù × æ Õ ¬wÙ ç Ïl�i® Õ ærç �M¬wÙ ç Ïd�i® å�ærç ÏP¬ÖÂ"ÏÓÙ ç ®rì�°^ã ä8å Ù���Ñq� Ù ç ì·°pã ä8å Ù	ÏP¬wÙ ç Ïd�i® å�ærç � ç ¬ÖØbt¶�x»O®

ÝwÂ



0.1 0.2 0.3 0.4 0.5 0.6 0.7

10−3

10−2

10−1

100

101

r (mm)

y 
(m

m
)

distance y traveled by one bubble of radius r

ν=2cst

ν=1cst

ν=10cst

Å>K\]OTFZLE:ØbtÃÔbÆ�y-K\XfIL_JNUjkE:IfZ@_Y�JEnZ/XfEYcgRbh^_JN`_JKMZDRUT2R2RUVME4R6EnQ�HJZLE:_wIfIL_JK�N2K\NF]	KMILXS�WN2_JV6Z@K\XfEm�JEYV\HbjnKMI�h
¡AEnZLE4ILCFEAQ T2N2jkILK\HON à ¬wÙu®�{�_JX�HJR2IL_JK�NFEYcov6EnZLQ�HJZ@G	K�NF]:_=N�T2G	EnZ@K\jn_JVUK�NxIfEnZLv6HOV\_wILK\HON	HJQ�Bä�A²S´  �mQ�ZLHOGÀZLEnQ�EnZLEYN2jkEo� �xÔJ��t

+-,7å æ�; ÌÍ��5�?L<5����021�Î��N238?�Ïd��38?L741
BDCFEP_JN2_JV\h�ILK\jn_JVmjn_JV�jnT2V\_wILKMHONòHJQ�ILCFE¨cFZ@_w]�Q�HJZ�ILCFE¨jn_JXfE¸HJQ�_�jkHONF�WNFEYcòRUTFR2RWVME�K\X�_�cUKMßojnT2VMI
IL_JXf�|tºBDCFE4XLK\GevUV�KM�Ujn_wILKMHON=jkHON2XLK�cFEnZLEYc	K\NeXLEYjkILKMHON�ØbtÃÂ:ZLEYXLT2V\ILX�K\Nev2Z@EYc2K\jkILKMHON2XuILCU_wI"cFH�N2HJIz_JjnjkHOT2N�I
Q�HJZ�ILC2EdNFHONF}¥XLV\KMv�jkHON2c2KMILKMHON�_wI^ILCFEd{�_JV\V�tÞ³gHJZLEnH��JEnZY�mXfHOGeEd�·_wZ@K�_wRUVMEYX�jn_JN2NFHJI^R6E�GeEY_JXLT2ZLEYc
c2KMZ@EYjkILVMhJtd£qK\G�T2V\_wILK\HON2X:jn_JNÛv2ZLHi�qK\cFEJ�sK\N¸ILC2K\Xyjn_JXfEJ��_�XLHOV\TFILKMHON¸IfH��w_JV\K\c2_wIfE�_JN2cÛEn�·_JV\TU_wIfE��2H�{
GeEY_JXLT2ZLEYGeEYN�ILXnt
BDC2E[XLK\G�T2V\_wILKMHONUXu{"EnZLE[v|EnZ@Q�HJZ@G	EYc	T2XLK\N2]4ILC2EANbT2GeEnZ@K\jn_JVFjkHqcFE�çM�[yA�f³¸txBDC2K\XzjkHbcFEAC2_JX�R6EnEYN

Ek~qIfEYN2XLKM�JEYVMh=�w_JV\K\c2_wIfEYc	HONoXfEn�JEnZ@_JVU�UT2K\cec2hbN2_JGoK\jnXs_JN2coC2EY_wI�IfZ@_JN2XfQ�EnZzvUZLHJRUVMEYG	XsK�NeILCFEDvU_JXLIi�¶µJï·��t
BDCFE�jkHbcFE�XfHOVM�JEYX�ILCFEoQ T2V\V5,4_Y�qKMEnZf}¤£bIfHJ�JEYX�EYabT2_wILKMHON2X�Q�HJZ�_`�UTUK\cl{[KMILCÛjkHON2XfIL_JN�I��qK\XLjkHOXLKMI�h¨_JN2c
cFEYN2X@KMI¥hJt021éèN176 8&9(;ëê2ì�í�¢Aî O'U5J(;
BDCFE[EYa�T2_wILK\HON2XzILCU_wI"cFEYXLjkZ/KMR6EDILCFE[vWCxhqXLK\jn_JVFvUZLHJRUVMEYGÞHJQ�K�NxIfEnZLEYXLI"_wZLE4ILCFEAjkHONUXfEnZL�w_wILKMHONoHJQ�Go_JXLXn�
GeHOGeEYN�ILT2GÜ_JN2c�EYNFEnZL]JhJt:BDC2Enh`_wZLEejkHbcFEYcdK\Nd_JNl_wRUXfHOV\TFIfE�ZLEnQ�EnZLEYN2jkE�Q�Z/_JGeEyQ�HOV\VMH�{[K\NF]�_JN   Tq}
VMEnZ@K�_JNP�2Hi{ôcFEYXLjkZ@K\v2ILKMHONlQ�HJZ�_JNÛK\N2jkHOGev2Z@EYXLXLKMRUV\E�NFEn{[IfHON2K\_JN¨�WT2K\c8toB[CFEocFhqN2_JG	K\j=�qK\XLjkHOX@KMI¥hlÌs�
cFEYN2X@KMI¥h:÷y_JN2c=�bK�NFEYG	_wILK\j"�bK�XLjkHOXLKMI�h�âo¿�Ì�Ñ�÷�_wZLE&jkHON2XLK\c2EnZLEYc�IfHmR|E&jkHON2XLIL_JNxILXntsBDC2EYXfESEYa�T2_wILK\HON2X
_wZLE&ZLEnvUZLEYXfEYN�IfEYc	K\N=HJZLILCFHJ]JHONU_JV2jnTFZL�qK\V\K\N2EY_wZ>jkHbHJZ@c2K\NU_wIfEYX�XfHmILCFEnhe_wZLED_Jc2_wvUIL_wRUVME&IfH:c2K��6EnZLEYN�Is]JEk}
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ÅuKM]OTFZLE	ØbtÃïbÆ�£qEYa�TFEYNUjkEeHJQ�v6HOXLK\ILKMHON2X4Q�HJZ:_`RUTFR2RUV\EyK\NlIfZ@_JNUXLKMIfHJZLhdGeHJILKMHONÐ¬ÖÂJØw¼wQ�vUX/®/toB[CFE��nG	G
jn_wvUK\V�V\_wZLh	EYcF]JE�jn_JN`_JV\XfHoR|E-HJRUXLEnZL�JEYc8t
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ÅuKM]OTFZLE=Øbt\�n¼qÆ&�JEYVMHqjnKMI¥h`�qXnt[cUK\XfIL_JN2jkEyIfZ@_Y�JEYVMEYcdQ�HJZ4cUK��|EnZ@EYNxID�w_JV\TFEYXAHJQsILCFEyEYa�T2K\�·_JVMEYN�I[Z/_Jc2K\T2X�_ Â¬ÖÂJØw¼wQ�vUX/®

HOGeEnIfZ@K\EYX-¬ V�KM�JEAXfvWCFEnZ@K\jn_JVUHJRUXfIL_JjnVMEYXn�qHJZS_JNxhoHJILCFEnZ&_·~qK\XLhbG	G	EnIfZ@K\jn_JV2Q�HJZ@G��qjn_JN2_JV\XY�bc2TUjkILXn��EnILjwtMtMtñ®/t
BDC2K�X�jkHbHJZ@c2K\NU_wIfE�Q�Z@_JGeE&j/CFHOK\jkED_JV\XfHm_JV\V\Hi{[X>Q�HJZsILCFE&XfHOV\TFILKMHON�HJQWILCFESEYa�T2_wILK\HON2XsK\N�v2ZLEYXfEYNUjkE�HJQ|cFEk}
Q�HJZ@G	_wRUVME&K\N�IfEnZLQ _JjkEYXn�xXfH:K\I>]OK\�JEYX�c2KMZLEYjkIs_JjnjkEYXLXzIfH�NFHJZ@Go_JVb_JNUc=IL_JNF]JEYNxILK�_JV2G	_w]ON2KMILTUcFEYXD¬��JEYVMHqjnKMI¥h
jkHOGev6HONFEYN�ILXn�2v2Z@EYXLXLTFZLEJ��tMtMtñ®/t�BDC2E:HJZLILCFHJ]JHON2_JV�KMI¥h^v2ZLHJv6EnZLI�h�K�GevUV\KMEYX�ILCFEyZLEYXfIfZ@K�jkILKMHON�IfHo_�c2K\_w]JHw}
N2_JVqGeEnIfZ@K�j"IfEYNUXfHJZY�J{[C2K�j@C=GeEY_JN2XsXLT2RUXfIL_JN�ILK\_JVqXLK\GevUV�KM�Ujn_wILKMHON�HJQUILCFESEYabT2_wILKMHON2Xn�JILC2ESjkHOTUNxIfEnZLvW_wZLI
R6EYK\NF]eN2_wILTFZ/_JV\VMh	ILCFE�HJZLILCFHJ]JHON2_JV8]JZ/K\c^]JEYNFEnZ@_wILKMHONgHON�En�JEnZLh�jn_JV\jnT2V�_wILKMHON^v6HOK\NxInt�B[CFE-EYa�T2_wILK\HON2X
_wZLE-Q�HJZ@GyTUV\_wIfEYc^K\NoILC2E4vUZ@K\G	KMILK\�JE[Xfv6EnEYcq}�v2ZLEYX@XLTFZLED�w_wZ@K\_wRWVMEYXn�qXfHeKMI�K�Xzv6HOXLXLK\RUVMEDIfHe{DZ/KMIfEAcFH�{[N^K\N
_JN�K\G	G	EYc2K\_wIfE-Q�HJZ/G�ILCFEmV\K\G	KMILK�NF]yjkHON2cUKMILKMHON2Xn�q_JN2c^IfHe]OKM�JE:_JjnjkEYX@X[c2KMZ@EYjkILVMh	IfH	Xfv6EnEYc8�qv2ZLEYX@XLTFZLEJ�
XfIfZLEYX@XfEYXn�sEnILjw��H��JEnZeILCFE�cFHOGo_JK\N¸R6HOT2NUc2_wZ@KMEYXnt`B[CFE�c2K�XLjkZLEnILKM�Y_wILKMHON§GeEnILCFHqc§K\X:�UNUKMIfEo�JHOV\TUGeEYXn�
{[C2K�j@CdK\X4vU_wZLILK\jnT2V�_wZ@K\VMh^_Jc2_wv2IfEYclIfH^ILCFE=v2ZLEYXLEnZL�·_wILK\HONgHJQ"v2ZLHJv6EnZLILKMEYXnt-BDCFE=GeEnILCFHqcFHOVMHJ]JhdK\X4_JXr}
XfHqjnK\_wIfEYcPIfHg_gXfEYG	K�}¥K\G	vUV\K\jnKMI[ZLEYXfHOV\TFILK\HONP_JVM]JHJZ@KMILC2GÜ{AKMILCP_�Q�Z@_JjkILKMHON2_JVsXfIfEnv�t	BDCFEev2ZLEYjnK�XLKMHONlK\N
ILK\GeE:_JNUc`XfvU_JjkE�K�X[ã	¬¥ï Ò ç *)ï�` ç ®/�2IfH�K\N2XLTFZ@E4_e]JHbHqc`cFEYXLjkZ@K\v2ILKMHON^Q�HJZ[NFHONq}¥XfIL_wILK\HON2_wZLh��2Hi{[XYt
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BDCFES]JZ@K�ceT2XfEYc=Q�HJZ�ILCFEDjn_JV\jnT2V�_wILKMHON2XsG�T2XfIuR6E&HJZLILCFHJ]JHON2_JV2_JNUc=ILCFEDVMHqjn_wILKMHONeHJQ|R|HOTUN2c2_wZ@KMEYX>G�T2XfI
jkHOK\N2jnK�cFEz{[K\ILCyILC2E�jkHON2XLIL_JNxI�jnTFZ@�bK\V�K\NFEY_wZ�V\K�NFEYX�Rbh�GeEY_JNUX�HJQ|_4RUK pfEYjkILKM�JE"IfZ/_JN2XfQ�HJZ@G	_wILKMHONyR6EnI¥{�EnEYN
jn_wZLIfEYXLK�_JN¸_JN2cÛjnTFZL�qK\V\K\NFEY_wZmjkHbHJZ@c2K\NU_wIfEYXnt�B[CFEe]JZ@K\cPIfH�R6EeQ�EYc¸IfHTçM�[y4�r³�K\X�HONFE	HJQSILCFE�GeHOXfI
K\Gev6HJZLIL_JN�I�¬ K\Q[NFHJI�ILCFE�GeHOXfI/®�K\NFvUTFILXyHJQDILCFE�v2ZLHJ]JZ/_JG�tl��QDILCUK\X�]JZ/K\cÛK�XyjkHJZLZ@EYjkILVMhÛcFEn�WNFEYc8�s_JX
HONFE:j/CFH�HOXLEYX&IfHoK\N2jkZ@EY_JXfE-ILCFE:N�TUG�R6EnZSHJQ�ILC2Em]JZ@K\c�v6HOK\NxILXSK\N�_ec2EYN2XfEnZ&GeEYXLC8�FILC2EmZLEYXLT2VMILX�HJQ>ILCFE
XLK\G�T2V\_wILK\HONPXLCFHOT2V\cPjkHON��JEnZL]JE�IfHgILCFEojkHJZ@ZLEYjkI�ZLEYX@T2VMIo¬ jkHOGevU_wZ/K\NF]�{[KMILC¸_�R6EYN2j@C2Go_wZL��vUZLHJRUVMEYG
{[CFHOXLE�_JN2_JV\h�ILK\jn_JVuXfHOV�TFILKMHONgK�XA�qNFH�{[NW®/tmÅFHJZmEk~F_JGevUVMEJ�|ILCFEec2K\XfIL_JNUjkEyR6EnI¥{�EnEYNl]JZ@K\c�v6HOK\N�ILXAK\Nd_
]OKM�JEYN�c2KMZLEYjkILKMHONgK\X[_ovU_wZ@_JGeEnIfEnZAILC2_wIAjkHOT2V�cgK\NF�WTFEYN2jkEmK\Ng_	�JEnZLh`cFZ@_JXfILK�jmQ�HJZ/G�ILCFE:HOT2ILjkHOGeEyHJQ
ILCFEeXLK\G�T2V\_wILK\HON8t4B[CFE=]JZ@K\c�vU_wZ@_JGeEnIfEnZ@Xm_wZ@E=N2HJI-K�N2cFEnv6EYN2cFEYN�IDHJQzEY_Jj/CPHJILCFEnZp.�ILCFEYKMZ-Q�TUN2jkILKMHON2_JV
ZLEYV\_wILK\HON¸jkHOT2V\c¸R6E	�JEnZLh¸jkHOGevWVMEk~|�uXfHlK\NP]JEYNFEnZ/_JV"KMI�K\X�N2HJI�v6HOXLXLKMRWVME=IfHd_JN2_JV\h��nE�ILCFE�K�NF�UTFEYN2jkE
HJQ&HONFE�vU_wZ@_JGeEnIfEnZi¹ºX��w_wZ@K\_wILKMHONÛXfEnvU_wZ@_wIfEYV\hJt�BDCFEnZ@Eo_wZLE^G	_JNxh¨cUK��|EnZ@EYNxI:]JZ/K\c¨vU_wZ/_JGeEnIfEnZ@XyILC2_wI
C2_i�JEmR|EnEYN^HJRWXfEnZL�JEYc^IfH=R6E4HJQ�ZLEYVMEn�w_JN2jkEmK\N�ILCFE-vU_wZLILK\jnTUV\_wZ&jn_JXfEmHJQ�_�RUTFRURUVMEAjkHON2�UNFEYc�R6EnI¥{�EnEYN
I¥{�H¨{S_JV\V\Xnt¸�¤N§�2]OTFZ@E�Øbt\�J�`HONFE�a�T2_wZ@IfEnZeHJQAILCFE�jkHOGevWTFIL_wILKMHON2_JV&cFHOGo_JK\N¦K\XecFEnvUK\jkIfEYc��zc2TFE�IfH
_·~FK\_JVsXfhqG	GeEnIfZLhJt�BDCFE�ò�_·~FK\XmK\X4vU_wZ@_JV\V\EYV�IfH^ILCFEe{S_JV\VÖ�8_wI:_�c2K�XfIL_JN2jkEe¯�ÑwÂ�Q�ZLHOGÜILC2E=jkEYN�IfEnZ�HJQ
ILCFE	RWTFR2RUVMEJ�8¯�R6EYK\NF]^ILCFE�c2K\XfIL_JN2jkEeR6EnI�{"EnEYN¸{�_JV\V�XnteBDCFEeRUTFRURUVMEJ¹ºX-XLTFZLQ _JjkE	v2Z@H·prEYjkILKMHON¸K\NlILCFE`gÏ�òdvUV\_JNFE	K\X�c2KM�qK\cFEYclK\N�IfH-��Í���¾d_wZ@j	EYVMEYGeEYN�ILXn�>_JNUc¨_JNPEYabT2KMv6HJIfEYNxILK�_JV�K\N�IfEnZ@XfEYjkILX:ILC2E	T2N2KMI
jnKMZ@jnV\El¬w_¸¿ÜÍF®y_wIeEY_Jj@C�HJQ4ILCFEYXfE�XLTFR8c2K\�bK\X@KMHON2XntdBDCFE�cFHOG	_JK\N¦K\X=c2K\�bK\c2EYcÛK\N�IfH���`Mó¢NFHqcFEYX=K\N
ILCFE�`¸c2K\ZLEYjkILKMHON8�8_JN2c���òAó¨K\NgILC2E ò�c2KMZ@EYjkILKMHON8�|Q�HOV\V\Hi{[K\N2]�ILCFEeXfIfZ@EY_JG	V\K\NFEYX-_JN2cdEYabT2KMv6HJIfEYN�ILK\_JV\X
ZLEYXfv6EYjkILKM�JEYV\hJt�y-K��6EnZLEYNxI-jkHOGyRUK\N2_wILKMHONUX[HJQ�ILC2E��w_wZ@KMHOT2XAvU_wZ@_JGeEnIfEnZ/XA{�EnZLE�IfEYXfIfEYc8�6IL_w�qK\NF]^K\N2KMILK\_JV
�w_JV\TFEYX-HJQ�ILCFE=vU_wZ@_JGeEnIfEnZ@X:Q�ZLHOGÜvUZLEn�bK\HOT2X4{"HJZL�qXm{[C2EnZLEôçM�[yA�f³Ú{S_JX:XLTUjnjkEYXLXfQ T2V\VMhg_wvUvUV\KMEYc�IfH
XLK\GoK\V\_wZSv2ZLHJRUV\EYG	Xi� �O¼���t

ÅuKM]OTFZLE�Øbt\�J�wÆ"]JZ@K\c^vU_wZ@_JG	EnIfEnZ@X

ÝwØ

(31,2) 

~.::>!nxp 

(31,1) 



021éèN14² ²¨íõD�H�Jö3�í÷GI:<F7J�>
B&{�HyI�h�v6EYX�HJQ�]JZ@K�c2Xz{�EnZLE4IfEYXfIfEYc�K\N�N�T2G	EnZ@K\jn_JV|XLK\G�T2V\_wILKMHON2XYÆ�ILCFE�øAùûúkü�ý¥þ	{S_JX&jn_JV\jnT2V\_wIfEYc�Q�ZLHOG
_JN¦_wv2v2ZLHi~qK�G	_wIfE�XfHOV\TFILKMHONÛHJQ[ILC2E^´�_wvUV\_JjkE^EYabT2_wILKMHON§Q�HJZeILC2ZLEnE�K�cFEYNxILK�jn_JV"RWTFR2RUVMEYX�Z@K\XLK�NF]gK\N¦_
abT2KMEYXLjkEYN�I&V\K\abT2K\co_wI[ILCFEmXL_JGeE:Xfv6EnEYc�Î K\N�µ+yÀ¬ XfEnE:XfEYjkILK\HON`ØbtÃÂb�2R6EYK\NF]�ILCFEmvUV\_JNFEYX�ILCFZ@HOTF]OC^ILCFE
G	K\c2v|HOK�NxILX&R6EnI�{"EnEYNdILCFE�jkEYNxIfZ@_JV>RUT2R2RUVME:_JN2cgR6HJILC�V\_wIfEnZ/_JV�RUT2R2RUVMEYXD_JNd_wv2v2Z@HY~FK\G	_wILKMHONgHJQ�I¥{�H
XfhqG	GeEnIfZLh�vUV\_JN2EYXn�2KÖt¶EJts�JEnZLILK\jn_JV�{�_JV�V\X/®/t�BDCFE ÿ+ù úkü�ý�þ`{�_JXD]JEYNFEnZ@_wIfEYc�Q�ZLHOG _JN`_wv2v2ZLHi~qK�G	_wILKMHON
HJQFILCFE�v6HJIfEYNxILK\_JVx�2Hi{�XfHOV�TFILKMHONmQ�HJZ>_4jkhqV\K\N2cFEnZ�jkHONF�UNFEYc�R|EnI�{"EnEYN�I�{"H-{S_JV\V\X�XLEnvU_wZ@_wIfEYc=_[c2K�XfIL_JN2jkE
¯=�U_JV\K\]ONFEYc^v6EnZLv6EYN2c2K\jnT2V�_wZ"IfHo_oT2N2KMQ�HJZ@G��2H�{:t"BDCUK\XDÂ+y�v6HJIfEYNxILK\_JV�jkHOGevUV\K\EYc^Ek~q_JjkILVMh^{[K\ILC�ILCFE
R6HOT2N2c2_wZ@h:jkHON2c2KMILKMHONUX�HON�ILCFE&XLTFZ@Q�_JjkE�HJQUILCFESRUT2R2RUVMEz_JNUcy{S_JV\V\XY�w_JNUc�CU_Jc�_JN�EnZLZ@HJZ>HJQ8ã	¬f¬ ÍFÑ·¯�®¤ç�®
Q _wZyQ�ZLHOG ILC2EoR6HOT2N2c2_wZ/KMEYXnt�B[C2K\Xm]JZ@K�c¸C2_JXyILCFE�_Jc2�·_JN�IL_w]JE�HJQD_�GyTUj@C§XLG	_JV\VMEnZyvU_wZ@_JGeEnIfEnZ � eILC2_JN^ILCFE-EYabT2KM�w_JVMEYN�ISµ+y ]JZ@K\c��q_JX&X@CFHi{[N^K\N��2]OT2ZLE-Øbt\�YÂb�U{[C2K\j/C�_JV�XfHeK\GevUV\K\EYXz_=R6EnIfIfEnZ&R6EYC2_Y�qKMHJZ
K\NdIfEnZ@G	X-HJQ�XLGeHbHJILC2NFEYXLXmK�NgILCFEeIfZ/_JN2XLKMILKMHON�Q�ZLHOGÜHONFEeXfIfZLEY_JG	V�K\NFE�IfH�ILCFEeNFEk~bImHONlILCU_wI4Z@En]OKMHON
HJQuILCFEm�2H�{«�2EYV\c8t

2D equipotentials and streamlines
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3D equipotentials and streamlines
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ÅuKM]OTFZLE[Øbt\�YÂbÆzÂ+yü_JN2coµ+y�EYabT2KMv6HJIfEYN�ILK\_JV\X�_JN2coXfIfZLEY_JG	V\K�NFEYXuQ�HJZ"ILCFE[_JNoEYa�T2K\�·_JVMEYN�I�XfEnI"HJQ|vW_wZ@_JG=}
EnIfEnZ@X:¬¥�^*���`MóI*���òAó6®/tN�SI&ILC2E-V\Hi{�EnZ&Z@KM]JILC�ZLEn]OKMHON�HJQ�ILC2E4]JZ/_wvUC2Xn�qILCFEmc2K��6EnZLEYN2jkE4R6EnI¥{�EnEYN�ILCFE�� evU_wZ@_JG	EnIfEnZAK\X&_wv2vW_wZLEYNxInt"ÅFHJZ[ILCFE�Â+y�]JZ@K\c�KMILX&�w_JV\TFE:K�X&¼qtº¼OÂb�U{[C2K�VME-Q�HJZAµ+yÞK\IDK\X&¼qtº¼xÝ�t
021éèN1éè � U�Sk;CH©SMFRD�E�D�HNJ O'UIH��I;=:<G¨;CJ >+F7ñÛP�ERD�SMFRUIH�>çM�[y4�r³Ùjn_JN�ZLEnv6HJZLI�ILCFE:C�hbc2ZLHbc2hbN2_JGoK\jDQ�HJZ@jkEYX&HON^ILCFEmRWTFR2RUVMEAQ�HJZDcUK��|EnZ@EYNxISILK\GeEYXY�qK�N�HJZ/cFEnZ&IfH
XfILT2c2hPILCFEoIfZ@_JNUXLKMEYN�IyHJZ=XfIfEY_JcFh¸XLIL_wIfE�HJQ[ILCFE��UHi{ô�2EYV\c8t`ªòCFEYNÛILCFE^XLK\G�T2V\_wILKMHON¸Z@T2N2XyT2NxILK�Vz_
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XfIfEY_JcFh�XfIL_wIfE:C2_JX"R|EnEYN�ZLEY_Jj/CFEYc8�FILCFE-XfHOV\TFILK\HONoK\X"EYa�TUKM�·_JV\EYNxI"IfH=_yRUTFRURUVME[_JXLjkEYNUc2K\NF]�K\No_=abT2KMEYXr}
jkEYN�I:V\K\abT2K\c`_wImjkHON2XfIL_JN�Im�JEYVMHqjnKMI¥hJtyBDC2K\X4XLKMILT2_wILK\HONdK�XAjkHOGevW_wZ@_wRUVME={[KMILC�ILCFE=ILCFEnHJZLhdcFEn�JEYVMHJv6EYc
Rbh�³gHbHJZLEx� ��Ý·��_JX4K\N`ÅuKM]OT2ZLEyØbt\�Yµbt&BDC2K\XDZ@T2N2N2K�NF]�G	HbcFE�{[K\V\V6R6EmZLEnQ�EnZLEYc`IfH�_JX����	��
�Áü¥ú���þ�XLK\G�Tq}
V\_wILKMHONUXn�F_JN2c`K\X&_Jj/C2KMEn�JEYc�Rbh�XLEnIfILK\NF]eILCFE:NbT2GyR|EnZ&HJQ>ILK\GeEmXfIfEnvWX&IfHo_eV\_wZL]JEm�w_JV\TFEo¬�ão¬ÖÂJØw¼J¼x®SQ�HJZ
¯:°yHJQzã	¬r�n¼J¼x®f®/t[ªòCFEYNgILCFEyNbT2GyR|EnZ[HJQsILK\GeE�XfIfEnvWX[K\X[�JEnZLh`XLG	_JV\V"¬�ã	¬r�n¼x®f®/�6ILCFE��qK\XLjkHOTUXDEk�6EYjkILX
C2_i�JEANFHJI�hJEnI"R6EnEYN	_wRUVME&IfH:IfZ/_JN2Xfv6HJZLI�GeHOGeEYN�ILT2G Q�ZLHOG�ILCFE[XLTFZ@Q�_JjkE&HJQ6ILCFEDRWTFR2RUVMEm¬ _JcF�JEYjkILKMHON|®
IfH	ILCFE-RUTUVM�	�2H�{:tN�SIDILC2K�X�G	HOGeEYNxI[ILCFEmRUTFR2RWVMEAcFHbEYXDNFHJIDCU_Y�JE�_=R6HOT2N2cU_wZLhoV\_ihJEnZ[NFHJZD_={S_w�JEJ�
XfH�ILCFE��2H�{ K�X[KMZLZ@HJIL_wILKMHON2_JV�_JNUc`ILCFE�cFZ@_w]�jn_JV�jnT2V\_wIfEYc�Q�ZLHOG�ILCFEyv|HJIfEYN�ILK\_JV��2Hi{�_wv2v2ZLHi~qK�G	_wILKMHON
K\XyEk~q_JjkIi�¶µq�i��tPBDC2K\XyXLK\G�T2V\_wILKMHONÛGeHqcFEo{[K�V\V�R6EoZ@EnQ�EnZLEYc§IfHl_JX������������ý���AXLK\G�T2V\_wILK\HON2Xn�uXLK\N2jkE^KMILX
ZLEYXLTUVMILXSXLCFHOT2V\coR6E4jkHOGevW_wZ@_wRUVME-{[KMILC�´�En�qK\j/C8¹ºXi� �xµw���q{[C2EnZLEAILC2E4�qK\XLjkHOTUX"Ek�6EYjkILX[K�NoILCFE-R6HOT2N2cU_wZLh
V\_ihJEnZ�_wZLE4c2K\XfZ@En]O_wZ@cFEYc8tuBDCFE[K�NxIfEnZ@G	EYc2K\_wIfE[XLK\ILT2_wILKMHON	jkHJZLZ@EYXfv6HON2c2XsIfHyILCFE[IfZ@_JNUXLKMEYN�I�R6EYC2_Y�qKMHJZzHJQ
ILCFE&C�hbcFZ@HbcFhqN2_JG	K�j"K\N�IfEnZ@_JjkILKMHON=R6EnI�{"EnEYNeILC2E�RWTFR2RUVME�_JN2c=ILCFES{S_JV\V\Xn�O_JN2ceK�X>_-�JEnZ@hyjkHOGevUV�K\jn_wIfEYc
G	_wIfIfEnZ4ILC2_wIAK�XDR6EnhJHON2c�ILCFE�XLjkHJv6E:HJQsILC2K\X[K\Nx�JEYXLILKM]O_wILKMHON8t&BDC2K�XDc2K\XfILK�N2jkILKMHON�K\XDK�Gev6HJZLIL_JNxIAXLK\N2jkE
KMI-{�HOT2V\cl_JV\VMH�{ Q�HJZmILCFE	GeEY_JX@TFZLEYGeEYN�I-HJQ"ILCFE={S_w�JEo_JN2cdR6HOT2N2c2_wZ@h`V\_YhJEnZ�jkHON�IfZ@KMRWTFILKMHONdIfH�ILCFE
cFZ@_w]Ft021éèN140 �ÓD�E�F7JNDKSMF7UIH
BDCFE��2Z@XLI��w_JV\K\c2_wILK\HON�IfEYXfILXsjkHONUXLK\XfIfEYceK\N�jkHOGevU_wZ/K\NF]m³`HbHJZLEJ¹ºXuv2ZLEYcUK\jkILKMHONyQ�HJZsILCFEScFZ@_w]mjkHbEnßojnKMEYN�I
{[KMILCdILC2_wImHJQ�_^RUTFR2RWVME�R6EnI¥{�EnEYNPI�{"H`{S_JV\V\XY�6XLEnvU_wZ@_wIfEYc¨_wI:_�V\_wZ@]JE=cUK\XfIL_JN2jkE=Q�ZLHOGÜEY_Jj@CPHJILC2EnZYt
BDCFEDV�_wIfIfEnZ"jn_JXfE[G�T2XfIsIfEYNUc	_JXfhqGev2IfHJILK\jn_JV\V\hyIfH:EYabT2_wILKMHON�Øbt¶�xØ:_JXzì�Èó¼qt�B�EYXfILX�{�EnZLE&v6EnZLQ�HJZ@GeEYc
Q�HJZ�c2KM�|EnZLEYN�Iz�w_JV\TFEYX"HJQ�¯:°-_JN2c �Ot(�4X�ILCFE[]JZ/K\covW_wZ@_JGeEnIfEnZ��:cFEYjkZLEY_JXLEYXn�qILCFE[EnZLZ@HJZ@X"_wZ@E4XLGo_JV\VMEnZY�
_JN2c¸ILCFEoXLK\G�T2V\_wIfEYc¸cFZ@_w]�jkHbEnßojnKMEYN�I�IfEYNUc2X:IfH�{�_wZ@cUX�ILCFE�ILCFEnHJZLEnILK\jn_JVzZLEYXLT2V\In�>_JXyK\V\V\T2XLIfZ@_wIfEYcPK\N
�2]OTFZ@E"Øbt\�YµbtsBDCFEzK\NUKMILK\_JVw�w_JV\TFEYX�Q�HJZ�ILC2E�vU_wZ@_JGeEnIfEnZ/XI��`<ó��A��òAó��£� t)��� {"EnZLE�XfEnI�RW_JXfEYc:HON�v2ZLEn�qKMHOT2XEk~qv|EnZ/KMEYN2jkEYX:{AKMILCXç<��y4�f³ ¬ XfEnEP� �O¼w��_JN2cÛZLEnQ�EnZLEYN2jkEYXyILCFEnZLEYK\N|®/�u_JNUc¨{�EnZLE�G	Hbc2K\�2EYc¨K\NÛXLT2j@C§_
{S_Yh^ILC2_wIDILCFE�vU_wZLILK\jnT2V�_wZDjkHON2c2KMILKMHONUX"HJQuILCFE�v2ZLHJRUVMEYGô{�EnZLE�XL_wILK�Xf�2EYc8t
BDC2EoXfEYjkHON2cÛ�·_JV�K\c2_wILKMHON¨XLEnIyjkHON2XLK�XfIfEYc¸K\N¸IfEYXfILK\NF]gILCFE�jkHqcFEo{AKMILC¸C2K\]OCFEnZ�jkHONF�UN2EYGeEYNxIyvU_·}

Z@_JGeEnIfEnZ4�w_JV\TFEYX[ì:¿��iÑwÂw¼'*Y�iÑb�n¼'*Y�iÑwØv*i�iÑ·�Q*Y��Ñwµ�_JN2c¸�iÑwÂbÁÃ»btDB[CFE:]JZ@K\c`vU_wZ@_JGeEnIfEnZa���·_wZ/KMEYc�Q�ZLHOG
¼qÁº¼J¼OØeIfH	¼qÁº¼J¼J¼F�wtSÅFHJZAILCFEmIfEYXfILX&IfH	R6EmXLT2jnjkEYX@XfQ�TUVÖ�F_JXd��c2EYjkZLEY_JXfEYXy¬ XLHeILCFE:GeEYXLC�K\X&K�N2jkZLEY_JXLK\N2]OVMh
cFEYN2XLEnZ ®/�WILC2EyZLEYX@T2VMILK\NF]�cFZ@_w]^GyT2XLIAjkHON��JEnZL]JEeIfH�_^jkHON2XLIL_JNxI-�w_JV\TFEJtAB[C2K\X[jkHON��JEnZL]JEYN�ImR6EYC2_Y�qKMHJZ
{S_JX4_Jj/C2KMEn�JEYclQ�HJZ-�·_JV\T2EYXAHJQzILCFE�jkHON2�UNFEYGeEYN�I4V\EYXLX4HJZ4EYabT2_JV>IfH�ì�¿ô�iÑwÂbÁÃ»^K\NdjkHON��JEnZL]JEYc¨XLK\G�Tq}
V\_wILKMHONUXnt&��HJIfEYN�ILK\_JV>XLK\G�T2V\_wILKMHONUX&{"EnZ@EyVMEYXLXAjkHON2XLK\XLIfEYNxIn�6XLCFH�{[K\NF]	_�c2K��6EnZLEYN2jkE:HJQ�_wvUv2ZLHY~FK\G	_wIfEYV\h
�n¼x½�R6EnI�{"EnEYNdÂ+yÞ_JN2cgµ+y�]JZ@K\cUXS{[KMILC^ZLEYXfv6EYjkIDIfHoILCFE:´�En�qK\j@C�cFZ@_w]g¬�à á ¿��xÔOÑ·¯:°·®/tB� jkHONx�JEnZL}
]JEYN�I[R6EYC2_Y�qKMHJZA{�_JX[HJRUXfEnZL�JEYc�Q�HJZA�·_JV�TFEYX&HJQ(�=TFvgIfH^ìm¿Þ�iÑ���HON2VMhJt"B[CFE�NbT2GeEnZ@K\jn_JV�XLK\G�T2V\_wILKMHON
ZLEYXLTUVMILX&_wZLE:v2Z@EYXfEYNxIfEYcgK\N^ILCFE�NFEk~qIDXfEYjkILKMHON��U_JN2c`jkHOGevW_wZLEYc�{[KMILC^ILC2E:Ek~bv6EnZ@K�GeEYNxIL_JV6Z@EYXLT2VMILXnt

+-,f+ � �(6; �r3�
BDCFE�ZLEYXLTUVMILX�HJQDILCFE^Ek~bv6EnZ@K�GeEYNxILX=_JN2c¦XLK�GyT2V�_wILKMHON2X�_wZ@E�Ek~bv2Z@EYXLXfEYc¦K\NÛIfEnZ@G	X=HJQ[_lNFHJZ@Go_JV\KM�nEYc
cFZ@_w]	jkHbEnßojnKMEYN�IAàSá&ÑJàSá5Þ ÇxÇ r�Â �FHJR2IL_JK\NFEYc^Q�HJZ[c2K��6EnZLEYN�IS�·_JV\T2EYXSHJQuì-¿òÍFÑ·¯=t�BDCFEmcFZ@_w]eZLEYX@T2VMIfEYcIfH^R6E�XfIfZ@HONF]OVMhgcFEnv6EYN2c2EYNxI4HONdILCFEejkHONF�UNFEYGeEYN�I-vU_wZ@_JGeEnIfEnZ�ìxt:©DEYX@T2VMILX4{[K\V\V�R6Eyv2Z@EYXfEYNxIfEYcdQ�HJZ
I¥{�H�jn_JXLEYXnÆ�ZLEYjkILK\V�K\NFEY_wZD_JN2c�HOX@jnK\V\V\_wILK\N2]�IfZ/_�prEYjkIfHJZ@K\EYXnt
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ÅuKM]OTFZLEPØbt\�YµbÆXy4Z@_w]�jkHbEnßojnKMEYN�I^Q�HJZ�ÍFÑ·¯ ¿ ¼qÁ\�l_JX^_ÛQ�T2NUjkILKMHONÐHJQy¯:°Jt �HOGevU_wZ/K\XfHON%HJQ:ILCFE
XLK\G�T2V\_wILK\HON�{AKMILC^ILCFE:v2Z@EYc2K\jnKMIfHON^HJQs³`HbHJZLEJ���YïJ»JÂd¬ ÍFÑ·¯�ÈÚ¼x®021405176 ��;COvSMF�E7F7HN;=D�:´Sk:MD��£;COvSkU¨:<F7;C>
BDCFE"Ek~bv6EnZ@K�GeEYNxIL_JV��·ILC2EnHJZLEnILK\jn_JVq_JN2c�N�T2G	EnZ@K\jn_JV�ZLEYXLT2VMILX>_wZLE�v2ZLEYXfEYN�IfEYc=K\N�ÅuKM]FtÃØbt\�k�Ft�B[CFE"�JEnZ@ILK\jn_JV
_·~FK\X	ZLEnvUZLEYXfEYN�ILXoILCFEdNFHJZ@G	_JV�KM�nEYc¢cFZ@_w]¦àSáSÑJàSá5Þ ÇxÇ r�Â �D_JN2cÐILCFE�C2HJZ@KM�nHON�IL_JV[_·~FK\XojkHJZLZ@EYXfv6HON2c2XIfHPILCFE`c2K�GeEYN2XLKMHONUVMEYXLX�cUK\XfIL_JN2jkE^R6EnI¥{�EnEYN�{S_JV\V\X	ìxtÛBDCFE�jkZLHOX@XfEYXeZLEnv2Z@EYXfEYNxI=ILCFE�Ek~qv6EnZ@K\GeEYN�IL_JV
c2_wIL_q��{AC2K\VMEyILCFE=IfZ@K\_JNF]OVMEYX-Z@Env2ZLEYXfEYN�ImN�T2G	EnZ@K\jn_JV>XLK\G�T2V\_wILKMHON2XYt:BDCFEYXfE=ZLEYXLTUVMILX-jkHJZLZLEYXfv6HON2cdIfH`_
Z@_JNF]JE^HJQ-©DEnhqNFHOV\c2X�NbT2G�R6EnZ@X�R6EnI¥{�EnEYNÐµw¼l_JN2c��n¼J¼P_wv2vUZLHY~FK\G	_wIfEYVMhJt§ÅFHJZeILCFEYXfE�Ek~qv6EnZ@K\GeEYN�ILX
ILCFE�IfZ@_�pfEYjkIfHJZLh¸HJQAILCFE�RWTFR2RUVME	K�X�ZLEYjkILK�V\K\NFEY_wZY�s_JN2cÛILCFE�RUTFR2RWVME	ZLEYG	_JK�N2Xy_wI�ILCFE�jkEYN�IfEnZeHJQDILCFE
j@CU_JN2NFEYVÖt-�4X�ì�K\NUjkZLEY_JXfEYXyQ�ZLHOG ì�¿À¼Û¬ TUN2jkHONF�UNFEYcÛjn_JXfEJ�s{[CFEnZ@E	ILCFE�N2HJZ@G	_JV\KM�nEYc¸cFZ@_w]gIfEYNUc2X
IfH`T2N2K\I¥h2®&IfHgìe¿À�iÑwÂ¸¬�ILCFEeGeHOXfI:jkHONF�UN2EYcdjkHON2�2]OTFZ@_wILKMHON|®DILC2E=c2Z@_w]�K\N2jkZLEY_JXfEYXmG	HONFHJIfHON2K\jn_JV\V\h
ZLEY_Jj/C2K\NF]¦NFEY_wZ@VMhÐI¥{�H�ILK\GeEYX�ILCFElT2N2jkHONF�UN2EYc%cFZ/_w]Ftö�AVMILC2HOTF]OC�ILCFEnZLElK\X^XfHOGeEPXLjn_wIfIfEnZ@K\N2]§HJQ
ILCFE�Ek~bv6EnZ@K�GeEYNxIL_JV"c2_wIL_q�sILCFEYXfE�ZLEYXLT2V\ILXy_wZLE�K\N¨Z@EY_JXfHON2_wRUVME^_w]JZLEnEYGeEYN�I={[KMILCÛXLK\G�T2V\_wILKMHON2XYt^Å2HJZ
GeHOXfIyEk~bv6EnZ@K�GeEYNxILX:ILCFE�cFZ/_w]�jkHbEnßojnKMEYN�IyK\X:X@V\KM]OC�ILVMhdV�_wZL]JEnZ�ILC2_JNÛILCFEoNbT2GeEnZ/K\jn_JV�ZLEYX@T2VMILXnt�BDCFE
NbT2GeEnZ@K\jn_JV8c2Z@_w]	jn_JN`R6Em�2IfIfEYc�IfH

àSá¢¿«àSá5Þ ÇxÇ r�Â ���"Ó�ÔJì Õ Ó¢ã	¬Öì × ®¥� ¬ÖØbt¶��ÝJ®,AHJIfE=ILC2_wIAILCUK\XDEk~qv2ZLEYXLX@KMHONgK\XAc2K��6EnZLEYN�I[Q�ZLHOG ILCU_wIAHJR2IL_JK�NFEYc`Rbh`ëmHJ�Û¬�EYaWt4ØbtÃÂO®/t��AV\ILCFHOTF]OC
ILCFE`Q T2N2jkILK\HON2_JV&cFEnv6EYN2cFEYN2jkE�K\XojkHJZLZLEYjkIn�SILCFEdão¬Öì Õ ®=jkHbEnßojnKMEYN�IoK\Xec2KM�|EnZLEYN�IntÐBDCUK\XeG	_Yh¦R6E`_
ZLEYXLTUVMImHJQSILCFE	Q _JjkI:ILC2_wI�HONUVMh�I�{"H�RUTFR2RWVMEYXe¬�HONFE	{S_JV\V�®A{�EnZLE�jkHON2X@K\cFEnZLEYc8tô�4V\XfHF��ILCFE	v6HJIfEYN�ILK\_JV
�2H�{ _JXLXLT2GevUILKMHONòcFH�EYX^NFHJI`X@_wILK\XfQ�h¢ILCFEPNFHONq}¥XLV�KMv�jkHONUc2KMILKMHONò_wI^ILCFEP{S_JV\VÖt�BDCFElQ _JjkI�ILC2_wI`_
v6HJIfEYNxILK�_JV�jn_JV\jnT2V\_wILK\HON`Q _JK\V\X&K\XD_JV�XfHo_	jkHON2XLEYa�TFEYNUjkE�HJQuILCFE:HOG	K�XLXLKMHON^HJQu�JHJZLILK\jnK\I¥hJtSésHJZLILK\jnKMI�h�C2_JX
_	�JEnh�Z@HOVME:HON`ILC2Eyc2K\X@XLKMvU_wILKMHON��q_JNUcgCFEYN2jkE�HON`ILCFE�cFZ@_w]Ft&BDCFEmZLEYV�_wILKMHON2XLC2K\v�R|EnI�{"EnEYNdcFZ@_w]�_JN2c
�JHJZLILK\jnK\I¥heC2_JXsR6EnEYNeHJRqpfEYjkI�HJQ6XfILT2cFh=K\N=ILCFE[vU_JXfIntsÅFHJZ"_:R|HqcFh�K�NeGeHJILKMHON8�bK\G	GeEnZ@XLEYceK\Ne_mXfIfEY_JcFh
�UT2K�c8�2ILCFE��JHJZLILK\jnKMI�hgK\X[]JEYNFEnZ@_wIfEYcP_wI4ILCFEyR6HqcFh�XLTFZLQ _JjkEJtAB[CFEycFZ/_w]�K\XAILCFEYNdcFEnv6EYN2cFEYN�I[HON�ILC2K\X
�JHJZLILK\jnK\I¥h^�2EYV\c8�F_JN2cgKMIDjn_JN�R6E:XLCFH�{[N�ILC2_wIy¬ XLEnE��¶ØOÝ���®/Æ
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ÅuKM]OTFZLESØbt\�k�FÆsSHOGevU_wZ@K\XLHONmR6EnI¥{�EnEYNyEk~qv6EnZ@K\GeEYN�IL_JVx_JNUcyNbT2GeEnZ@K�jn_JVONFHJZ@G	_JV�KM�nEYc�cFZ/_w]AjkHbEnßojnKMEYN�ILX
Q�HJZ[NFHON�HOXLjnK�V\V\_wILK\NF]=RUT2R2RUVMEYXnt

� ¿! #"%$TÀ´n ú'& ¬ÖØbt¶�xÔO®
{[CFEnZ@E � K\XSILCFEmcFZ@_w]=Q�HJZ@jkEJ� & ILCFEm�JHOV�T2GeE4HJQ�ILCFEmXLT2ZLZLHOT2N2cUK\NF]:�UTUK\c8�($gILCFE-�JEYVMHbjnK\I¥h��2EYV\c^_JN2cnÛ¿*)áÀ+$�K\X&ILC2Em�JHJZLILK\jnKMI�h��UEYV\c8t
BDC2E�cFZ@_w]�Q�HJZ	£bIfHJ�JEYX=�2H�{[X�jn_JN¸R6EoEk~qv2ZLEYX@XfEYcÛ_JX�_�Q�T2NUjkILKMHON¨HJQDILC2E�G	_·~FK\G�T2G �JHJZLILK�jnKMI¥h, zBt Ê _JX&Q�HOV\VMH�{[XnÆ

� ¿ÞÏ&�OË6Ì�Í ç , z�t Ê ¬ÖØbt¶�xïO®

´�En]JEYN2cFZLE&Ek~qIfEYN2cFEYcoILC2K\XuZLEYV\_wILK\HON=IfH:ILCFEDjn_JXfEAHJQW�UNUKMIfE&©DEnhqNFHOV\c2XsNbT2GyR|EnZ/Xi� �2� ��tz�HOG�RWK\N2K\NF]
ILCFES´�En�qK\j@C=cFZ/_w] � ¿ Ï:�YÂwË6Ì�ÍUÎy�O{[K\ILC:ILCFESG	_·~FK\GyTUGü�JHJZLILK�jnKMI¥h , z�t Êy¿«µ�Î&Ñ·ÍW�J]OKM�JEYX>ILCFE&XL_JGeEZLEYXLTUVMID_JX[K\N`EYaUtDØbtÃØbt\�wt&´�En]JEYN2c2ZLE�v6EnZLQ�HJZ@GeEYc�NbT2GeEnZ@K�jn_JV�XLK\G�T2V\_wILKMHONUX&T2XLK\NF]eILC2E�çM�[y4�r³ jkHqcFEJ�
_JN2cm�JEnZ/KM�2EYcmILC2_wI�ILC2K\X�CFHOV�c2X6IfZ@TFE�Q�HJZ��w_JV\TFEYX8HJQqILCFE"©DEnhqNFHOV\c2X�NbT2GyR6EnZ�TFv:IfH4Øw¼J¼qtu²�hmjkHOG�RUK�N2K\NF]
EYabT2_wILKMHON¨ØbtÃØbt\�e{[K\ILC�ILC2E=c2En�UN2KMILKMHON�HJQ"c2Z@_w]`jkH�Enß�jnKMEYNxIo¬�EYaWt�ÂbtñÝb�i®/�>ILCFEecFZ@_w]�jkHbEnßojnKMEYN�I:_JX:_
Q T2N2jkILKMHON^HJQuILCFE:G	_·~FK\G�T2G��JHJZLILK\jnK\I¥h�K\XnÆ
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£qK�GyT2V�_wILKMHON2Xy{"EnZLE^v6EnZLQ�HJZ@GeEYcÛQ�HJZ	cUK��|EnZ@EYNxI=�w_JV\TFEYX�HJQ[ILCFE�jkHONF�WNFEYGeEYN�Ieìx��HJR2IL_JK�N2K\NF]dILCFE
G	_·~FK\G�T2GèN2HJZ@G	_JV\KM�nEYc��JHJZLILK\jnKMI�h , ÝzBt Ê ¿ , zBt Ê t- Q�HJZsXfvUCFEnZ/K\jn_JVxjkHONF�WNFEYc�RWTFR2RUVMEYX"¬�Q�HJZ�ìA¿Þ�iÑwµb�, ÝzBt Ê Õ�µO®/t�BDCUK\XzNFEn{�cFZ/_w]�jn_JN�R6EAjkHOGevW_wZLEYc�{[KMILC	ILC2E4Ek~qv6EnZ@K\GeEYN�IL_JVU_JNUc�NbT2GeEnZ@K�jn_JVUZLEYX@T2VMILXn�_JN2c«K�X^vUVMHJIfIfEYcüK�N�Å>K\]OTFZLE¸Øbt\�k�F��_JV\XLHÐNFHJZ@G	_JV�KM�nEYcò{[KMILCòILCFE§³`HbHJZLE¸cFZ/_w]¢jkH�EnßojnK\EYNxInt�BDCFE
jkHOGevU_wZ/K\XfHONl{[KMILCdEk~qv6EnZ@K\GeEYN�ILX-_JN2cPXLK\G�T2V\_wILKMHONUXAXLC2Hi{[X-ILC2_wImILC2E��JHJZ@ILK\jnKMI¥hd]JEYNFEnZ@_wIfEYc¸R�h�ILCFE
v2ZLEYXLEYN2jkE:HJQuILCFE�{S_JV\V\XSHONUVMh�cFHoNFHJIDQ T2V\V\hoEk~qvUV\_JK\N^ILCFEyc2K��6EnZLEYN2jkEJt Ä ILCFEnZAXfHOT2Z@jkE:HJQu�JHJZLILK\jnKMI�h`K\X
ILCFE�HJRUV\_wILNFEYX@X[HJQsILCFE�RUTFRURUVMEYXnt&´�En]JEYNUcFZLEyjn_JV�jnT2V\_wIfEYcdILCFEyGo_·~qK\G�T2G��JHJZLILK\jnKMI�h`Q�HJZ4T2NUjkHONF�UNFEYc
EYV\V\K\vUXfHOK\c2_JVURUTFR2RWVMEYXn�xQ�HJZDc2K��6EnZLEYN�I&_JXfv6EYjkI&Z@_wILKMHOX&_JN2c�©[EnhbNFHOV�c2X&N�TUG�R6EnZ@XntsBDCUK\X"K�NFQ�HJZ/G	_wILKMHON^K\X
vUVMHJIfIfEYc�K\N`�U]Ft&Øbt\�YØbtABDCFE�G	_·~FK\G�T2G N2HJZ@G	_JV\KM�nEYc`�JHJZLILK\jnKMI�h`c2TFE:IfH�jkHONF�UNFEYGeEYN�IAK�XDvUVMHJIfIfEYc�K\N
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ILCFEeZLEYV\En�·_JN�I-vU_wZ@_JGeEnIfEnZ@X����k�O��t=BDCFE=IfZ@_JN2XLK\ILKMHONdQ�ZLHOGÜZ@EYjkILK\V\K\NFEY_wZ4IfH`HOXLjnK�V\V\_wILK\NF]�IfZ@_�pfEYjkIfHJZLhPC2_JX
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ÅuKM]OTFZLE�Øbt\�Y»bÆA³g_·~FK\G�T2G N2HJZ@G	_JV\KM�nEYcg�JHJZLILK\jnKMI�h , Ýz�t Ê Q�HJZ4cUK��|EnZ@EYNxID�w_JV\TFEYX[HJQ�ILCFE�jkHONF�UNFEYGeEYN�Iìxt
K\G	_wIfEYV\hdµb��_JNUcP_JXfv6EYjkI:Z@_wILKMHOXmHJQ-�wtÃÔF���YÔw��t ,AEn�JEnZLILCFEYVMEYX@Xn��XLGo_JV\Vs_JGeHOT2N�ILXmHJQSXLTFZLQ _JjkE	jkHONxIL_JGoK�}
N2_wILKMHON�jn_JN�c2Z@_JG	_wILK\jn_JV\V\h�VMH�{"EnZ4ILC2K\XDILCFZLEYXLCFHOV�c�IfH�©[EnhbNFHOV�c2X[NbT2GyR|EnZ/X&HJQs_wv2v2ZLHi~qK\Go_wIfEYVMh`Âw¼J¼qt
ªPEnR6EnZ>NbT2GyR6EnZ@X8HJQFILCFE"HJZ@cFEnZ�HJQFILC2ZLEnE"C2_Jcy_JV\XfHAR|EnEYN�ZLEnv6HJZLIfEYc8t>BDCFE�ZLEY_JXLHON�Q�HJZ�ILCUK\X/����10�ý1�#23�4�	56 ý1� ý1��7�K\X��JHJZLIfEk~`XLCFEYc2c2K�NF]F�b_JjnjkHJZ/c2K\NF]=IfH�³gHOTF]OK\N^_JN2c`³�_w]ON2_JT2cFEnI�� �xï·��tzëmEYV\V\Enh6�¶ÂJÔ��8v6EnZLQ�HJZ@GeEYc
_JN�Ek~qv6EnZ@K\GeEYN�IL_JVDK\N��JEYXfILKM]O_wILKMHON¢HON�RUTFR2RWVMEYX�Z@K\XLK\N2]dK\NÐ_P¡[EYVMEk}¤£FC2_Y{&}�I�h�v6Egj/C2_JN2NFEYV���_JN2cÐ_JV\XfH
ZLEnv6HJZLIfEYcd_�jkZ/KMILK\jn_JV�©[EnhbN2HOV\c2X[NbT2GyR6EnZ[HJQ�ão¬r�n¼Jç�®SQ�HJZ-vU_wILC�K�N2XfIL_wRUK\V�KMI¥hJ�2RWTFIAC2K�XDRUTFRURUVMEm{S_w�JEYX
ZLEYXfEYGyRUVME�GeHJZLE�ILCFHOXfE=HJQzjkhqV\K\N2c2EnZ@X�¬�{[KMILCdë98_wZ@G:8_JNg�JHJZLIfEk~lXfIfZLEnEnI-I¥hbv6EyvWCFEYNFHOGeEYN2_x®&ILC2_JNdILCFE
HONFEYX>HJRUXfEnZ@�JEYc�K�N:Q�ZLEnE"Z/K\XLK\NF]&RWTFR2RUVMEYXYtIy4E"ésZ@K\EYXi���iÝ��F_JN2_JVMhb�nEYcyILC2Ez{S_w�JESXLIfZ@T2jkILTFZLE�HJQFHOXLjnK\V�V\_wILK\NF]
RUTFRURUVMEYX[_JNUclHJR2IL_JK\NFEYc¨£qj/C2V\KMEnZLEYNdK\G	_w]JEYX-HJQ"{�_w�JE�XfIfZ@T2jkILTFZ@EYXAQ�HJZ:XfIfZ@_JK\]OCxI-Z@K\X@K\NF]�_JNUc��YK\]J�Y_w]w}
]OK\NF]gRUTFR2RUV\EYXntoBDCFEo{�_w�JE�HJQ&ILCFEoV\_wIfIfEnZ�v2ZLEYXfEYN�IfEYc¨I�{"HlVMHONF]�ILCUK\N¨jkHOT2N�IfEnZf}�ZLHJIL_wILK\N2]��JHJZLILK�jkEYXn�
{[C2K�j@ClC2_Jcl_JV\XfH^R6EnEYNlcFEYXLjkZ@KMR6EYc�R�h�ILCFEeN�TUGeEnZ@K\jn_JV>XLK\G�T2V\_wILKMHONUX[HJQS³`HOTF]OK�Nd_JNUc¨³g_w]ON2_JTUcFEnInt
£qCFEn{��z�>HON2jkEnI	_JN2c¦�zK\N�IfHON��¶»JÂ·�DK\N��JEYXfILKM]O_wIfEYc¢ILCFE�cFhbNU_JG	K\jnX�HJQAG	K�V\V\K\GeEnIfEnZ=XLKM�nEYc¦_JKMZ=RUT2R2RUVMEYX
Z@K\X@K\NF]eILCFZLHOT2]OC�XfILK�V\V8{S_wIfEnZ-TUXLK\NF]	vUZLEYjnK\XfE�T2VMIfZ@_JXfHOTUN2c��JEYVMHqjnKMI¥h�GeEY_JXLTFZLEYG	EYNxILX-jkHOGyRUK\NFEYcg{[KMILC
C2KM]OC�Xfv6EnEYc��bK\c2EnHFt�BDCFEnhojn_JV\jnTUV\_wIfEYc�ILCFE4V�KMQ�I�_JN2c^cFZ@_w]=K\N2c2K\ZLEYjkILVMhJ��_JNUc�C�hbv|HJILC2EYXLKM�nEYc�ILC2_wISILC2K\X
cFHOTFRWVMEAILC2ZLEY_JcFEYc^�JHJZLIfEk~`XfIfZ@TUjkILTFZLE-K\XSv2ZLHqc2T2jkEYc^K\N^_eXLK\GoK\V\_wZzQ _JXLC2K\HON�_JXDILCFEm{[K\NF]w}�ILK\v��JHJZLILK�jkEYX
v2ZLEYXLEYNxI[K�N`_JKMZLvUV�_JNFEm{[K\NF]OXDHJZ[Z@T2cUcFEnZ@XntzB[CFEnh^Hw�|EnZ-_JN`Ek~qvUV\_JN2_wILK\HON�HJQsILCFE:�YKM]J�Y_w]�HOXLjnK\V�V\_wILKMHON2X
RU_JXfEYc`HON`XfHOV\K\c^GeEY_JX@TFZLEYGeEYN�ILX[_JN2c^HJRWXfEnZL�w_wILKMHON2XnÆsILCFEyK\N2XfIL_wRUK�V\KMI¥heHqjnjnTFZ@XD{[CFEYN^ILCFEmI�{"H�IfZ@_JK\V�}
K\NF]o�JHJZLILK\jkEYXm_wv2v6EY_wZYt�çxT2XfI[_JX-K\NgILCFEy_JK\ZLvUV\_JNFE�{[K\NF]w}�ILKMv��JHJZLILK\jkEYXn�|ILCFE�RUTFR2RWVMEmEk~bv6EnZ@K\EYN2jkEYX[V\K\Q�I
R6EYjn_JT2XfE�HJQ-�JEYVMHqjnKMI¥h�_JN2c¢v2ZLEYXLXLT2ZLE�c2K��6EnZLEYN2jkEYXeHON�R6HJILC¢X@K\cFEYX=HJQ-KMILX	XLTFZ@Q�_JjkEJtª�4XeILCFE�_JNF]OVME
R6EnI¥{�EnEYNgILC2E�vU_wILCd_JN2c`�JEnZ@ILK\jn_JV�]JZ@Hi{[Xn�|ILCFE�cFZ@KM�qK\NF]=Q�HJZ@jkE�¬�RUT2HihO_JN2jkh2®Dc2EYjkZLEY_JXfEYX-_JN2cgXLH�cFHbEYX
ILCFED�JEYV\HbjnKMI�hJt(�SIzVMH�{"EnZ�Xfv6EnEYc2XsILCFE&RUT2R2RUVME&jn_JN2NFHJI"G	_JNxIL_JK�NeILCFED{S_w�JE[v2Z@Hbc2TUjkILKMHON8�OXfHmILCFE[vU_wILC
jnTFZL�w_wILTFZLE^cFEYjkZLEY_JXLEYX�_JNUcÛILC2E�{S_w�JE�c2K\XLXLK\vU_wIfEYXntl£FK\N2jkEoILC2E�V\K\Q�I:�w_JN2K\X@CFEYXyTUN2cFEnZ�ILC2EYXfE�jkHON2c2K�}
ILKMHON2XY��ILCFE-RUT2R2RUVME[XLIL_wZLILXS_JjnjkEYVMEnZ@_wILK\NF]ec2T2EAIfH=RUTFH�hO_JN2jkh�_JNUc�ILC2E4jkhqjnVMEmXfIL_wZLILX�Hi�JEnZA_w]O_JK\N�{[KMILC
_��JHJZLILK\jnKMI�h¸XLKM]ON¸ZLEn�JEnZ@XL_JVÖtdBDC2K\X�{"HOTUV\c¸_JN�ILK\jnKMvU_wIfE^_`{S_w�JE�XfIfZ@T2jkILT2ZLE�XfHOG	EYCFHi{ÀK\N�IfEnZ@G	KMIfIfEYN�I
{[CFEYN§vU_wILC¦K\NUXfIL_wRUK\V\K\I¥hlHbjnjnT2Z@XntÑy-KMZLEYjkI�HJRUXfEnZL�w_wILKMHON2X=HJQ[ILCFE^{�_w�JE`XfIfZ/T2jkILTFZLEYX�Rbh¸²�Z;T2jL�JEnZ·�¶ïw�
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exp16: D=1.44mm, X=1.17, U
mean

=139.34mm/s

exp19: D=0.44mm, X=1, U
mean

=159.24mm/s

exp8: D=1.55mm, X=1.31, U
mean

=187.48mm/s

ÅuKM]OTFZLE¨Øbt\�YÔbÆ�ésEnZLILK�jn_JVmZ@K\XfEd�JEYVMHqjnKMI¥h�Q�HJZ�HOXLjnK\V\V\_wILK�NF]ÛRWTFR2RUVMEYXYt�BDCFEP_JXfv6EYjkI�Z@_wILKMHëÙz�-G	_�pfHJZ
c2K\_JG	EnIfEnZ � _JNUc`GeEY_JN��JEYVMHqjnKMI�h�Î z Â t�� K\XDXLC2Hi{[N8t0214051éè I D�E7E�¢AHN>ASkD@C�F�E7F¥S^¦
BDCFE4v2ZLEYXLEYN2jkE-HJQ�_�{�_JV\V6NFEY_wZ&_�Z@K\X@K\NF]�RWTFR2RUVMEAC2_JXS_JVMZLEY_JcFh	R6EnEYN^_JN2_JVMhb�nEYc^RbhoXfEn�JEnZ@_JV8_JTFILC2HJZ@Xnt
B>_w�JEYGyTFZ/_`_JN2c¸³�_w]ON2_JT2cFEnIi�¶»OÝw�zXfILT2c2K\EYc�Ek~qv6EnZ@K\GeEYN�IL_JV\VMhgILCFE	V\KMQ�I-Q�HJZ@jkEoHJQ�jkHON�IL_JG	K\N2_wIfEYcÛ_JN2c
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NbT2GeEnZ@K\jn_JVS]JZ@HOT2N2c2X`¬�IL_w�qK\NF]¨K\N�IfH¨_JjnjkHOT2N�IoR6HJILC�ILCFE`V\Hi{ _JN2c�CUKM]OC�©DEnhqNFHOV\c2XeNbT2GyR6EnZ	V\K\G	KMI
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simulations 2D grid

Theory: 1+2s3+O(s6)

100 < Re <200
Re ≥ 200
(16/Re)Ω*

max
, Re<100

exp 30<Re<100
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XG�f¼¬�<���|���¸�
XG�f¼¬�<�Y�z�"�¬�
XG�f¼¬�<����\dl|c]�t�°kGn;kIkGq¡l��}Ó¬Wrq)q)l¨~"�t\�l<c¬�b�
XG�f¼¬�<�z¢£cz¤d^<\��:�¥W¡X�¦vl�j?`¨S�U>�t�°kGn;kIkGq¡l��i¢£cz¤d^<\��:�¥W¡X�¦vl�j?`¨S�Uy�V�
XG�f¼¬�<�z¢£W¡j?^¨\i�7�?W§X�¦vl�j?`¨S�U¥�t�°kGn;kIkGq¡l���¢£W¡j?^¨\i�7�¥W¡X�¦vl�j¥`<S�UÍ�V�

R:X�c.�;laX�\al]Xbn3qYSbX·S�^ueÇ^b�.WÈl$wF\zc6ehlVX
¢��f¼����½`.lVSiw)\|c.eÃl¬�
l|j¥~

R�Z>q�c6�ÁSiU;làe´^b�.WÈl
e´^b�.WÈl"�á¢Q�
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Ë3UbWáXvZb\�^i`i\Fciex\Flfm�^i`zjbWç¯YlfXM^ik�¤¡lfm�S�X0^iwIm�lY\�S�ciWèj´XFWç¯YlfX3cijb~±ciXOZ6lfm�S3\Fc�S�Wç^zXY� ¿ S3mYcij±ciqèXO^�k6l¬nbX�lf~½SO^
\�lfm�^i`zjbWè¯Yl¸Wèjb~bWè�}Wè~anbciqVkanVkakaqçlfX�^i\0mYqènbXOSOlY\)XY�b~VlYZ6lfjb~bWèjb`¸^zj½S�UVl¬m)UV^zXOlfjÇXFWç¯YlfX3cijb~½ciXOZ6lfm�S3\)c�S�Wç^zXY�
Xr���}�V�a���<�7�������i���v�3�i�d�:�i�����3�i�z�y\_l|c¸�f�f�>�I�6��R��_�z¢£cz¤d^<\i�7�¥W¡X�¦vl}j?`<S�Ut���������i�}¢£W¡j?^<\��:�¥W¡X�¦vl�j?`¨S�U7���_�"���

ca\dl}cae�W°j?W§e±c>�ÀÅ6�

cV\dl|cbe±c���W�e´c6�QµiÏ�²<�áR½é|Ub^|eÀl�é?XiSznG~GlbjIS6éGkvw_Wr`?n"l<\}^;c¥l.é?l��;ZGlV\|WFeÊlbjISzX¨é?c6`�nGcIµV².².²6wrZ>X Â é<w¡�]ê�mze

ë e�WèjI����ì?�
ë e¸cY�?�hµ6��Å.Å?�
~z�7~vWr\¸�a�f¹v�f¤iZG`t�d�]�

ºf» �[¼I�½µV¾rq�laj>`�S|Ut�f~¬�<�

¿ ��W¡e�\�l}c<~¸�f~K�f¼¬�<��jaczeÀlI�.�
¼

µY²zÅ



¿iÂ � ¿ �

¿ �¸W�eÃc.~<¤znGXiSI� ¿ ���i� Â �dì��V�I�

ífRhS�U�WYX�Z�c6\zS{X}l<Z�c]\Vc¥S�l6X[SiU;l$kIc<m|¼�`<\�^<n;j;~���Ë7U;W¡Xk;c<m�¼�`¨\�^6n;j?~¶WdX�S�U;l
ífRÀmi^ae´Z¥q�l|eÇl|j]SC^¥wßSiU;l îzîa`�q�nIlb~Ã�z�Úk>nGkGk>qOlbX>�

k;c<m�¼�`¨\�^6n;j?~|�MW°eÇ^bZ¥l|jK� ¿ �<XbSa\<l¥qv����~�WrX�¼Q�_�_µ?�b�6�rR�Ï>�¨�<�
k}s]�MkIc<m|¼�`<\�^<n;j;~y�

k}sà��Wïe Â k<s´�|k;c<m�¼�`¨\�^6n;j?~¸�6�

mY^�e�Z��0W�e´mz^aeÇZ?qÈl|e´l|j�S¨��k�sÇ�.�
mY^�e�Z��¸W�eÃeÃnGq�SzWOZ>qO���YmY^|eÀZ��d¢ðcbXdmzcV\�c¸�6�

��qrc¥kvl<qrl6~Ç�_j¥n]ehÎ7kV¤fl|mzS_X<��� kGsÀq�c6k>lbq}�Ymf^|e�Z:�YÏ"���
kGn;kIkGq¡l,� \�l¨`¥W)^¥j�Z�\}^]ZvX¥�aqrc¥kvl<qrl6~ñ�i�z�y\dl|cÀ���|�.ÑylbjISi\z^�W�~h���|�}ÒM^bn]j�~�WÈj.`bÒK^��½�|�}�]Î½\�W)l¨j�S�c�S}WF^?jh�|���a¢

í�R®UIlV\zlòsMl�X�laZvc�\�c�S�l�s¬U.c}SÐs0lLs¬c�j6Sò�;m.qfn3XbSVl�\aX�^6\!k>nIkGk�qOlbX<�

`.\|c.jG~GlbX)��w_W�jv~��b��kGn;kIkGq¡lv�|Ó¸W)qrqFl<~��t\}l¨c]��ÕTca\dl}cae�W°j?W§e±c�Ö
�_kGn;kIkGq¡l��}Ó¬W)qrq)l¨~"�t\�l<c���×Àcb\_l|cbe±c���W�e±chÖ
�_kGn;kIkGq¡l��i¢£cz¤d^¨\i�7�?W§X�¦vl�j?`¨S�Uy�b�_é��zkGn;kIkGq¡lv��¢�W§j?^<\i�7�¥W¡X�¦vl}j?`<S�U��ÈÕ0� ë e�WèjÊÖ
�_kGn;kIkGq¡l��i¢£cz¤d^¨\i�7�?W§X�¦vl�j?`¨S�Uy�b�_é��zkGn;kIkGq¡lv��¢�W§j?^<\i�7�¥W¡X�¦vl}j?`<S�U��È×0� ë e�c��v�<�
kGn;kIkGq¡l)�KkGn;kIkGq¡lG��`.\|c.jG~IlbX��6�

mal6j"S�\�^;Wr~"l]�t�°kGn;kIkGq¡l���Ñ7lbjISi\z^�W�~��b�
R:m¨c�¤�c"�t�§k�nIkGk>qOlbXG�fÒM^bn]j�~�WÈj.`bÒK^����b�
R7c6\zlbc��t�§k�nIkGk>qOlbXG�_�y\_l|c"�

�z�7m¨l6j�S}\�^?W�~"l��Vµ>¾ Â ¾�q�laj>`�S|U½�bm¨l6j�S}\�^?W�~"l��<�6�
�i�7m¨l6j�S}\�^?W�~"l�� Â ¾ Â ¾�q�laj>`�S|U½�bm¨l6j�S}\�^?W�~"l��<�6�

WØe½XYU6^�sÊ�fmY^|e�Z3�
RKWØe½XYU6^�sh� ¿ �
U;^.qO~u^Vj
Zvq)^]S��Y�¸�r�À�|�Ü\��À���

µY²zÄ



ºf» � W�W¨�½µb¾Fq�laj>`�S|U½�f�v�
S|lb�GSv�Y���;W�W"�6�Y�M�?WiWM�I���i��Ý�¾z�Lj¥n?e Â X_Sd\6�;WiWK�<�a���<Ñ�^.q¡^<\Í���|�r²oµ[²"���
l�j]~

U;^.qO~ ^Gw�w

RTw�Wf`Gn�\bl

eQci�aWÆeT^r�;e:cd�Í�a��kGn;kIkGq¡l��}Ó¬W)qrq)l¨~"�t\�l<c¬�}�¥�

RKU�c��gó6n�lànGX|c6\�c<q¡`.nIj c?\V\Vl<`Iq�^©\�c.\�^oZ?^<\ió�n?làX�^<jp~]l�~�WfXVSbWfjvSa^>X[j.ô¸etl�\Y^VXH~]l
Ryk>nI\|k>n<¤zc.XàqYc;X$WOeÊc<`6lVj;lVXG�
RtqYqYl��vcI\�c$m|cbk?^o^]Z"la\�c]m¨WF^?j>l<X�mz^<j ë c�j6SÐ� ë cbmiS

Û º ¼.Õv²
R:^]Z"la\�c]maW)^¥j�l¨X!~]lgm<c;qYm6n�q�^u~]là�Il<qF^?maWr~�c¥~

l|j]~

R�kGn;kIkGq¡lVc<j;S)�ÍkGn;kIkGq¡l��
R��?c¨j?S)���¬�
RÍ�¥c¨j?S)�"�Í�
XG�f¼¬�<���|���¸�
XG�f¼¬�<�Y�z�"�¬�
XG�f¼¬�<����\dl|c]�t�°kGn;kIkGq¡l��}Ó¬Wrq)q)l¨~"�t\�l<c¬�b�
XG�f¼¬�<�z¢£cz¤d^<\��:�¥W¡X�¦vl�j?`¨S�U>�t�°kGn;kIkGq¡l��i¢£cz¤d^<\��:�¥W¡X�¦vl�j?`¨S�Uy�V�
XG�f¼¬�<�z¢£W¡j?^¨\i�7�?W§X�¦vl�j?`¨S�U¥�t�°kGn;kIkGq¡l���¢£W¡j?^¨\i�7�¥W¡X�¦vl�j¥`<S�UÍ�V�

S�lb�GS¬�¨µ¥²M�dµ?²0���f�¨wd\T¾z�'j¥n?e Â X_Sd\��f¼��<�<�z�<Ñ�^.q¡^6\����|�}¢ñc}`}lij6SYc7���
¢��f¼����½`.lVSiw)\|c.eÃl¬�
l|j¥~

e´^b�.WÈl"�á¢Q�

R:�>l<qr^;m¨W�~vc¥~"l6X

µY²|ê



õ±öï÷Iö�ø ùTúzû�ü�ú|ý6þ ÿ��>ý<ÿ���ý������	��ý<ÿ�
�½úzý��	��ý����	���dÿ�ú������Gÿ��Èû��������	�}ÿ��Èû��
Ë3UbWáXGZb\�^i`i\)cieænbX�lfX>S�UVl�c�\�\Fc_���KSO^7mYciqèmYnbqèc�SOl�~bWèXOS�cijam�lfX>k6lYS�s"lYlfjtWèjb~bWè�}Wè~anbciq}kanVkbkaqèlfXGcijb~TS�UVlfj
WçS3mYciqèmYnaqèc�SOlfX3S�UVl¬~aWèXOSO\FWçk¨nVS�Wç^zjTwï^i\0~aW! <lY\Flfj|S�\Fci~aWèWØ�IË3UVl�\�lfX�naqçS�X3c�\�l¬c_�ilY\Fc�`ilf~hWèjtS�Wèe:li�
ífRÇqO^�c.~ \al]Xbn3qYSbX$wO\�^¨e ^]S|UGlb\[Z?\d^¨`a\�cae�X

qO^�c.~ ¢ XiWOj;`.q¡l
\�eK��e�ldczj��æX�óI\�SK�a�zX;�.wd\Í�<�d�y\_l�cG�_éMZ�W��ß�.�
qO^�c.~ ¢ X|WFj>`]q�laS|X

` \�S�l�e±ZÀ�����i�
\�X�S�l}e�ZÍ�Ã�Æ�

\;µ?W_jKWdm¥Wdc�qV�:Þa².�
R7qO^�c.~ß¢

ºf» �à¼a¼G�tµ�¾áÅðíVR#" » SiU;lom6c;qYm<n�qYc?SVW�^Ij s:W°S�U©S�U;low�W��vlÁm�lbjISilV\|eÊ^�XzS�k>nIkGk�qOlbX

m6q�l6c?\p` \
m6q�l6c?\p\VX

~z�7~vWr\¸�a�f¹v�f¤iZG`t�d�]�

ºf» �®wd\I�½µV¾FqFlajG`]S|U½��X]�

ífRhS}^;SVc;qW°e�cb`¨làc6\zlbc

�;�t�§XG�<w�\��.�)�¸�b�
�?�t�§XG�<w�\��.�r�¬�b�
�M�t�§XG�<w�\��.�d�y\_l|cK�b�

¿ ��W¡e�\�l}c<~¸�f~K�<wd\Í�6�rjaczeÀlG�6�
w�\

µY²zÏ



í�R�¢ðcbX_m|cV\dcÌWfXàcCetc�Xr¼�W)jÁ�aª¥�|«©S�U�la\}l�c.\�l�k�c�~©óGnvc¥q�WrS���W°e�cb`¨l$\�l<`?Wr^;jvX0�

XVW�¯6l¨�]�ÀXbW�¯�l¸� ¿ � Â ���
XVW�¯6l<���ÀXbW�¯�l¸� ¿ ��µ?���
ZG^.\|m�lbjGSzc�¤�la¢,c.XzmVc6\|c��:µ��³R$"3« º ªI�&%��
�y\_l�c��:XVW�¯6l<�Í¹GXVW�¯6l<��¹�Z>^.\|m�lbjISzc�¤ila¢ c.XzmVc6\�cM�èRQs�Ual�jàc�eQc}Xr¼ÁWfXgn;X�l}~´�HX�lal�Z;\�^<m�¢£c<X�m}c¨\�c
\bµ��T\;µ]W�jMWdm¥Wdc�q>�
~vl.q�S�c?\��½� Â Å.¹]\bµ��

' WÈj¬���È�i�

ífRhS�U�WYX�Z�c6\zS{q)^]^¥¼GX ºf» �gSiU;l·m�lbjISilV\|eÊ^�XiS!kGn;kIkGq¡l
RÀl<X}S}l m]Wfm�q_^ laX[ZIc¨\�c�k>n>XzmVc6\$q�cpkGn;\ikGn¨¤�cæe¸�vXÐm�lV\|mVc.j>c c?qßmblajGSz\�^

(*) Û+%¡«�WOX�lVehZIS��¸� ' WÈj3�
�¬µ°�¸Z"W�¹.\bµ�, Â �
' WÈjI�·wdWrjv~�� �|�.-�XVW�¯6l¨�:é Â ���/, Â10 �f��-¬XVW�¯6l6��é Â �z�2, Â ×´\bµ3, Â �b�

Û º j¥^<SI��WOX�lVehZIS��¸� ' W�j��}�

mVlajGS|\|^<� ' WÈjÍ��¼¨¼¬�6�
�]mY�"�K�VmVlaj>Sz\|^t�<�
��mY�v�M�VmVlaj>Sz\|^t�<�
R¶l?qdqdW_ZKX<ly��\bµ���\bµÍ��²3�aXVW�¯6l<�Àé Â ��XVW�¯<l6�yé Â �
RpZ"q)^]Sv�Y�K�amVlaj>Sz\|^T�<�Y�K�VmVlaj>Sz\|^Ç�¥�i��\v¹;�F�

«4%r�b«
\bµd�Í\bµ 0 ~vl.q�SVc?\0�
l�j]~

l|j]~

\ Â �7~vl.q�SVc¥\M�
ífRÇUIlV\zl�s0l�m6c;qYm<n�qYc?S�loSiU;l�~vW�X}S}c?jvmal6X{S�^oS�U;lgm�lbjISilV\�eÊ^�XiS!kGn;kIkGq¡l

~�WYX�SVc;j�m6WYc?X;�´� �f�.-"�]m>�b�5, Â60 �z�7-v��mv�¨�8, Â �<�9,I�bµ]é Â �¨�

~�WYX�SVc;j�m6WYc?X��:~�WYX�SVc;j�m6WYc?X¬�Üw_W�jv~À�ij�l"�¨~�WYX�SVc;j�m6WYc;X¬�)²v�¨� �6�
Rylb�ImaqFn>~>l$SiU;lpS�l.X�S�Z>^¥WFjGS

µY²zì



' n¨eTl_\r^��0\�^¨n?j¥~¬�re:cd���<~�WYX�S�c;j�m6WYc;X>��é¨\�e,�<�
ZIc¨X�^}�0\�^¨n?j¥~¬� ' e�c��<é ' �6�
k�W�j"X�m¨l<j"S}l¨\VX¥�ÇµV¾¡ZIc¨X�^y¾ ' e¸c��3�
k�W�j"X�m¨l<j"S}l¨\VXi�yk�W�j"X�m¨l<j"S}l¨\VX?¹i\�e��

ífR:c}j.~gc�joUGWFXiSi^.`.\|c.e WdXuma^¥j"X|S�\}n"mbS�l¨~Q¾

�zk�WFj�Xv��k�W�jvX�mal6j"S�l<\VX<���ðU�WYX�S3�<~�WYX�SVc;j�m<WYc;X��}k�WrjvX�m¨l<j"S}l¨\VXK�.�
c.jGmVUG^.k>W�jGX��yk�W�jvX}m¨l6j�S}l<\�X"� Â ��-ñk�WrjvX�m¨l<j"S}l¨\VX��¨µ?�.� c�\}l¨c]k"Wrj"X6�p�
�¨k�W�j"X�m¨l<j"S}l¨\VX 0 c.jGmVUG^.k>W�jGX.é Â ���:, Â - �6k�W�jvX}m¨l6j�S}l<\�X�-0c.jGmVUG^.k>W�jGX�é Â ���5, Â
�z¹�Z"W}��RQ~ ' éz~<;Àé?� ' é=;Q�` \"�6w�\Í��¾F�}���§²
k�WFj�X"�OéKc]\�l<c�kvW)j"X¥é?�.XbW�¯�l¸�_�Í� Â �}é��y\_l�c¸�V�b�

\VX"�<w�\¬�f¾r�a�£�O²pk�W�j"X�m¨l<j"S}l¨\VX]é|\�e �V�
R�Z"q)^]Sv�b\VX"�<wd\T�|¾��;�<` \v�<wd\T�|¾����I�

l|j¥~
w�WY`Gn�\bl

` \�S�l}e�ZM�t��` \�S�l�e±Z½��` \M�b�
\iX�S�l}e�Z"�t��\iXdS�l�e±ZÀ�|\VX��b�
R7ZvqF^¥Sv�fe�l_czj��i\iX�S�l}e�Z��6�)eÀl_czj��z` \�S�l}e�Z:���
l|j¥~zRM¼a¼
RTw�Wf`Gn�\bl

ífRÊ\bl]Xbn0qYSaXgc<�]l�\zc<`6l�~ W)j�S�W¡e�l��

Zvq)^]S"�fe�l_czj��|\�X�S�l}e�Z:�6��e�l_czjK�z` \�S�l}e�Z����
R qO^�c.~®` \�cam|n?e
R ` \�cam�n¥e��t�Ø` \�c¨m|n?eÜ�FeÀl_czj��V` \Í�a�V�
R X|c6�¥l�` \�cam|n?eÜ�reTc|SA` \�c¨m|n?e
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Ë3UbWáX0Zb\F^i`i\Fcie[X�cf�ilfX¬ciqáq]S�UVl:cijV`znaqèc�\Íe:lfciX�nV\�lfe�lfj|S�X�k6lYS�s"lYlfjhkanVkakaqçlfXY�<nbX�WèjV`TS�UVl:Wèjb~bWè�}Wè~anbciq
m�lfj�SO\�^zWè~Çm�^}^i\F~bWèjac�SOlfXY�

µiµY²



m6q�l6c?\¶c�qdq
~�WYX�SVc?j�m6WYc;X m<l6jvS�\V^Q�����i�
c¥j>`?n�q)^¥X mal¨j�S|\}^À���È�i�

qO^�c.~ ¢ XiWOj;`.q¡l
\�eK��e�ldczj��æX�óI\�SK�a�zX��d��\dl|c>�féMZ"W.�æ�]�
qO^�c.~ ¢ X|WFj>`]q�laS|X��èR¬¢�É

~z�7~vWr\¸�a�f¹v�f¤iZG`t�d�]�

Û º q�l¨jG`�S|U½�}Xa��Õ�µi²V²
jInIehw)WOjIc6qf��µd²|²
«4%)�a«
jInIehw)WOjIc6qØ�¸qFlajG`]S|U½��X]�
l|j¥~

ºf» �®wd\I�½µV¾OjInIehw)WOjIc6q

�;�t�§XG�<w�\��.�)�¸�b�
�?�t�§XG�<w�\��.�r�¬�b�
�M�t�§XG�<w�\��.�d�y\_l|cK�b�

w�\

' k;n¥k¥k;q�l}X��¸qFlajG`]S|U½�Y�v�

º_» �pmVlajGS|\|^0�½µV¾ ' k?n¥k?k?q°l�X
�¨�|�"�K�VmVlaj>Sz\|^ 0 µV¾FqFlajG`�S�Ut�f�¸�¨�.�
�¨�z�v�M�VmVlaj>Sz\|^ 0 µV¾FqFlajG`�S�Ut�_�¬�¨�.�

~�WYX�SVc;j�m6WYc?X>�h�h�_�a�@-;���bmVlaj>Sz\|^:���b�A, Â60 ���¨�.-G�M�VmVlaj>Sz\|^t�a�<��, Â �6��,>�bµ¥é Â �.�
c.jG`�nGqO^�Xd��c¨S�c¨j Â �d�a��-I�K�bmVlaj>Sz\|^T�6�Y�a�B-?�K�amVlaj>Sz\|^T�<�6�
R7c.jG`�nGqO^�X.�t�¡c.jI`�nGqO^�XK��µ?¾�mVlaj>Sz\|^�-yµi�
c.jG`�nGqO^�Xv�bmVlaj>Sz\|^ 0 µV¾)qFlajG`�S�UQ��c.jI`�n>qO^�X¬���a�a�ò~�WYX�SVc;j�m<WYc;X��:~�WYX�SVc;j�m<WYc;X3�
w_W�jv~À�ij]l>�¨~�WYX�SVc;j�m6WYc;X��¡²G���Ð�a�FR'lV�Gmbq)n>~>l$SiU;lpS�l6X�S�Z>^]W)jGS
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