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B CED9FHGHI�JLK&MNFHOPI�D
QSRNTVUXWZYNTZ[]\?^`_bacUXde[gfeh*iEjkal[nmoUXaqp�aq_brNTV[tsHaqf`UX[1\c[H_ureR]UXawve[txyh7WZp�\z[n_brNTZac{�|Haz[H_uazUXjkWVa}hz~
�LdNW�hyreinr�aqj�f]a}hX\zjXWZY�aqh�i�jX[HYNReh;U�iEpef7az��\cWZazp�U�_�RNT�UkWVYeTV[]\?^7h;[HTVR]UkWV[HpSrNjk[g\zaqf]RejXa5m�[Hj�|naqpNazj?iET
UXdejXaqa�f]WZ_bazpehXWV[HpeiET&ve[tx�hXW�UkReitUkWV[Hpeh�WZpg�n[nTZ�gWVpe|*Y�[nUXd�hXWZpN|nTZac�5iEpef�_�RNTVUXWV�PrNd�inhXa�ve[txyhq~��LdNa_�ReT�UkWVYNTZ[]\?^�inrNrNjk[Hin\?d�WZh�WV_brNTZaz_bazp�Ukaqfbx=WVUXdNWZpuUXdNa=m�j?iE_baqx�[HjX^3[nm�UkdNa=x�aqTVTe^�pe[tx=pb�g��Q��&���
hX[nTZR]UXWZ[np�h;UXj?itUkaz|nsH~z�LdNa�_�RNTVUXWZYNTZ[g\?^�TZWVpNa}iEj9h;[HTV�Hazj?h�iEjka�YeinhXaqf�RNr�[np�in\z\zazTZazj?itUkWV[Hp�[nmgUXdNa�YeinhXWZ\
infef]W�UkWV�Ha��]\?dgx@injX��_bacUkdN[]f�Reh;WZpN|¡ 5jksgTV[t�¡hXRNYehXrein\za7_uazUXdN[]fNh¢WVp£UkdNa�¤ [nR]Ukazj�WVUXazj?itUkWV[Hpehq¥V~�LdNauac¦§aq\cU�[nm&WVp�\c[njkr�[nj?itUXWZpN|�UkdNab_�RNTVUXWZYNTZ[]\?^STVWZpNaqinj�hX[nTZ�naqj�x=WVUXdNWZplUXdNa��g��Q*������hX[nTZR]UkWV[Hp
rNjk[]\caqfNRNjXa�WZh&Y�aqWVpN|uf]W�hX\zRehXhXaqf�WVp¢hX[n_ba�fNacUkinWVTP~g��a}h�U&jkaqhXRNTVUkh�[Em§UXdea�pgRN_bazjkWZ\qiET�h;[HTVR]UkWV[Hp¢iEp�f\c[Hpg�nazjk|naqpe\ca�Y�aqdei¨�gWV[HjL[np7h;aq�nazj?iET�rNjk[nYNTZaz_�hLWZpg�n[nTZ�gWVpe|�WZpe\c[H_brNjXa}hXhXWZYNTVa5hXWVpN|HTVaz��iEpef�_�RNTVUXWV�
rNdeiHh;a5v�[txyhyiEjka3rNjkaqhXazp�UXa}f�~e�LdNa�rejX[HYNTVaq_�hy\?dN[HhXazp�WZp��H[nTZ�na5m�a}iEjkTVs¢hXWZ_ureTVa�|Haz[H_uazUXjkWVa}hz©esnacU
UXdeazs�WZTVTZReh;UXj?itUka�UkdNa5ac¦§aq\ªU=[nm�RehXWVpN|uUkdNa5_�RNTVUXWZYNTZ[g\?^�rejX[]\ca}f]RNjka�WZp�i�|naqpNazj?iET§rNRejXr�[HhXa�\z[]f]an~�LdNa3_�RNTVUXWZYNTZ[]\?^¢iErNrejX[�in\?dl«¬WVp*­H®�¯@W�h@UX[�hXaz|H_bazp�ULUXdNa3rNdgs]hXWZ\qiET�jkaz|nWZ[np�WVp�Uk[�\c[np�UkWV|HRN[nReh
hXRNYNjkaz|nWZ[np�hz©Haqin\?d�Y�[nRepef]aqf¢YgsbhXWV{�\zRNjk�naqf¢h;W�f]aqh@iEp�f�aqiH\?d�[Em°x=dNW�\?d�Ukjkinpeh�m�[HjX_�h�UX[�i�\cRNYeWZ\
YNTZ[]\?^¡WVp£UkdNa*\c[H_ureR]UkiEUXWZ[npeinT=jXaq|nWZ[np°~��&iH\?d�|HjXW�f�YeTV[]\?^¡W�h�inhkhXRN_baqf�UX[�Y�a7Uk[nr�[nTZ[n|HWZ\qiETZTVs\cReYNWZ\w«�WZp±­H®�¯�iEp�f�deinh�WVUkhu[tx=p�\cRejX�gWZTVWZpNaqinj�\z[�[HjkfNWVpeiEUXa�h;s]h;UXaz_7~³²NRNjXUXdeazjk_u[HjXaH©�UkdNa�Reh;a
[Em�_�RNTVUXWZYNTV[]\?^1|HjXW�fNh�W�h�inf]�tiEp�U?iE|naq[nReh�WVp�UXazjk_�h¢[nm�aq\z[npN[H_uW�\*R�h;al[Em�_baz_b[njks1iEpef1UXdNar�[Hhkh;WZYNWZTVWVU�s�UX[�Reh;aLf]WV¦�aqjXaqp�U�ve[tx�a}´�ReitUkWV[Hpeh�WZp�fNW�¦§azjkazp�U³YNTV[]\?^]hq~tµ�pNa@h;de[nRNT�f�inTZhX[ypN[nUXW�\ca�UXdNa
r�[EUXaqp�UXW�iET�m�[nj�hXWV|HpNW�¶�\ziEp�U³h;r�aza}f]RNru[np�reinjkinTVTZazT�_�in\?dNWZpNa}h�WZp�R�h;WZpN|�UXdNa@_�RNTVUXWZYNTZ[]\?^�iErNrNjk[HiH\?d
inh&\c[n_breinjXa}f�UX[3RehXWVpe|�i�h;WZpN|HTVa=YNTZ[]\?^�inrNrNjk[Hin\?d�~n�gWVp�\cay_�RNT�UkWVYeTV[]\?^�|HjXW�fNh�injXa=Repeh�UkjXR�\ªUXRejXa}f[np�UXdNabYNTZ[]\?^STVaq�naqT·©§WZp]m�[njk_�itUXWZ[np�WZh5pNaqaqf]a}f*[Hp*UXdeab\z[npNpeaq\ªUkWV�gWVU�sS[Em&peazWZ|ndgY�[HRNjkWVpN|�YNTZ[g\?^]h
iETZ[npe|�x=W�UkdSUXdNaqWVj�[njkWVaqp�UkitUkWV[Hp°~e��in\?d7YNTZ[g\?^�deiHh=W�U?h�[tx=pSTZ[]\zinT�\c[g[nj?f]WZpeitUka�h;s]h;UXaq_�©�pNaza}f]aqf
UX[�rNjX[t�gW�f]ay|Haz[n_bazUXjkWZ\qiET]veaz{]WVYNWZTZW�U�sH~��LdNa�_�RNTVUXWZYNTZ[g\?^�inrNrNjk[Hin\?d�\qiEp�iET�hX[3Y�a�Reh;a}fbUX[�deiEp�f]TVahXW�UkReitUkWV[Hpeh3WZp��H[nTZ�gWVpN|7\cs]\zTVW�\bY�[HRNpefNinjXsl\c[np�f]W�UkWV[Hpehq©°dNazjka�i�YNTZ[g\?^w\zinp±¤ x=j?iEr�iEjk[nRNpef°¥§UXdNa
hkiE_ba5aqf]|Han~�LdNa� 5jksgTV[t�y_bazUXdN[]fNh�RehXaqf5dNaqjXa&injXa�UXdNa@h�U?iEpefNinjkf5\z[npt¸�RN|�itUka�|nj?inf]WZazp�U°_bacUkdN[]f�«�R�h;a}f5m�[nj
hX[nTZ��WZpN|�UkdNa�rejXa}hXhXRNjka�\c[njkjkaq\ªUkWV[Hp7aq´�ReitUkWV[HpSWVplh;WVUXReiEUXWZ[npeh�WVpg�H[nTZ��WZpN|�WZpe\c[H_brNjXa}hXhXWZYNTVa�ve[txyhk¯
¹�º�»t¼V½=¾¿»t¼oÀXÁÂ»EÃª¼�ºVÄª»EÃcÅ�ÆeÄª»XÇÂÀXÁ¬ÀX»EÈ¿À@Äc»5É&ÄªÊ@Ãcº�»3É&À¿È¿ÄªÊ9ËqÄªÌ¿º�¼�ºZÄª»3Í�ÀX¼�½¨Ä;ÎªÌÏ�ÐqÑ ÒPÓªÔ�ÕNÖ�Ò¬Ò·Ö;Ô�Ï�×}ØgÙPÚªÔ·Û·ÒPÜ?Ð�ÝEÞ3Ü?ß?àtÖ&áE×¨Ï�Û¬ânÖ;Ð¨ÜkãNÜkàtÐ�ä³Ü;åzÑæÐ5Ï�×}ç�ÖÂècÖ;Û éê�ëkìªìªí ä³ä�Þu× ÓªÔ·ß



înï?î ð�ñ�ò¿óLô�õ&ö@÷
iEp�f�UXdea�ø@W�ùLú3�]��û�ø�_bacUXde[gf¢rNjk[nr�[HhXaqf�WZplü ý�f]ý�þHÿ��¿~eµ�pNa5h;dN[HRNT�f�pN[EUkWZ\za�UkdeitU@m�[nj@|naqpNazj?iET
\c[H_brNjXa}hXhXWZYNTVa�ve[txyh�UkdNa�iEjkWZhXWVpe|�rNjkaqhkhXRNjXab\c[HjXjkaq\cUXWZ[nplaq´�ReitUkWV[HplW�h3iET�hX[�pN[HpehXs�_b_bacUkjXW�\E~��Âp
UXdeab\qinhXa�[nm�WZpe\c[H_brNjXa}hXhXWZYNTVa�ve[tx UkdNabrNjXa}hXhXRNjkau\z[njkjXa}\ªUkWV[Hp*aq´�ReiEUXWZ[npl\qiEplY�a�hX[nTZ�naqf�RehXWVpN|
UXdea�ù�[npt¸�RN|�itUka�ú�jkiHf]WVaqp�UL_bazUXdN[]f�©einp7[nr]UkWV[Hp�|HWV�Hazp�WVp7[HRNjy\c[]f]aH~eQSRNTVUXWZYNTZ[g\?^�iErNrejX[�in\?dNa}h
UX[�hX[nTZ�gWVpN|b�gW�hX\z[nReh@veReWZf�ve[tx rNjX[HYNTZaz_�hL\ziEp7Y�a5m�[nRNp�f�WZp�an~ |e~�ü  �ú5þH­g©e�=²³þHÿ��¿~
� ��I�����G�D@O¿D	��

��K	��F�O·I9D	����D&J��¡O��EMNG��eF�O�����FHOPI�D
�LdNa�_�RNTVUXWZYNTV[]\?^�TZWVpNa}iEj�hX[nTZ�naqj�rNjkaqhXazp�UXa}f�dNazjka�deiHh�Y�azazp�WV_brNTZaz_bazp�Ukaqf�WZp�UX[�i*\z[n_brNR]Ukazj
rNjk[n|Hjkin_.ü ú3�N�=þn­��Hm�[nj9h;WZ_�RNT�itUkWV[Hp3[EmgveRNW�f5ve[txyh°WVp�\z[n_brNTZac{�UXdNjkaza�f]WV_baqpeh;WZ[np�iETn|Haz[H_uazUXjkWVa}hz~
�LdNa&\z[]f]a�WZh�YeinhXaqf�[Hp5UXdNa�R�h;a�[nm]|nazpeazj?iETE\cRejX�gWZTVWZpNaqinj°\c[g[nj?f]WZpeitUkaqh°inpef�WZh�iErNreTVW�\zinYNTVa³Uk[yY�[EUXd
T�iE_bWVp�iEj�inpef�UXRejXYNReTVaqpHU�ve[txyh�iHhyx@azTZT�iHhy_�ReT�UkW��¿rNdeiHh;a3v�[txyhyRehXWVpe|¢i�_b[]f]azT�m�[nj�f]WZhXr�azj?h;a}f
ve[tx3~t�¿U�W�h�inhkh;Re_ua}f�UkdeitU³UkdNaLveRNW�fuWZh�i���azxLUX[HpNW�iEp�veRNW�fuhXRe\?d�UXdeiEU�UXdNa@ve[tx±WZh³|H[t�naqjXpNa}f�Ygs
UXdea���i¨�gWVaqj;����Uk[n^na}h�a}´�ReitUkWV[Hpeh5x=dNW�\?dlaz{grejXa}hXh3\z[npehXazjk�titUXWZ[npl[Em@_biHhXh3inpefl_u[H_bazp�UXRN_7~°�Âp
UXdea5\qinhXa�[nm�UkRNjXYeRNTVaqp�ULjkaqiH\ªUkWV�Hayve[txyh�UXdea�a}´�ReitUkWV[HpehLiEjka�iERe|n_bazp�UXa}f¢Ygs�a}´HR�itUXWZ[np�h&m�[Hj@UXdNa
\c[HpehXazjk�¨iEUXWZ[np�[nm�azp�UXd�iETZr�sH©�i�h�U?iEpefeiEj?fbUXRNjkYNRNTZazp�\ca�_b[]f]aqT§iHh&x@azTZT�inh�aq´�ReiEUXWZ[npeh�f]aqhk\cjkWVYeWVpN|
UXdea7\z[npehXazjk�titUkWV[Hp¡[Em�_biHhXh�m�j?in\cUXWZ[np�[nm�iw\?dNaz_bW�\zinTLhXr�aq\cWZan~��Ldea7\z[npehXazjk�titUkWV[Hp¡aq´�ReiEUXWZ[npeh
_�i¨s�Y�a3x=jXWVU;Ukazp7WVp7|HazpNaqjkinT�m�[HjX_ inh@m�[nTZTZ[txyh��

� « �"!§¯��#%$ � «&��')(*!§¯��+ ( , ��-+ ( « .0/ � !��+ ( ¯ $21 / «·ÿ]~43}¯
x=dNaqjXa5! jXaqrNjXa}h;aqp�Ukh�fNW�¦§azjkazp�U�\c[np�h;aqjX�Haqf ´�ReiEp�UkW�UkWVa}hlhXRe\?d.iHh�_b[n_baqpHUkRN_7©3\c[np�UkWVpgRNWVU�sn©azp�UkdeiETZrgsn©9UXRNjkYNRNTZazp�U�^gWVpeacUXW�\7azpeazjk|ns�acU?\E~��Âp±UXdNaSh;UXaqiHf]s�h;UkiEUXa7\zinhXa�UXdNW�hbWZh�ilrNjk[EUk[EU�sgr�a
[Em3i�hk\ziET�iEj�iHf]�na}\ªUXWZ[npN�¿f]WV¦§Reh;WZ[np£aq´�ReiEUXWZ[np°~��LdeaqhXaSaq´�ReitUkWV[Hpeh�iEjkaSf]W�hX\zjXazUXW�h;a}f±[Hp£i�pe[np]�
[njXUXde[n|n[HpeiETN\z[E�¿TV[]\qitUXa}fb|njkWZf�injXj?iEpe|naz_baqpHU}~E�¿m�i5veRN{b�Haq\cUX[nj76 ( \c[HpHU?iEWZpNWZpN|�\c[Hp��Haq\cUXWZ[np�iEp�ff]WV¦�R�h;WZ[np7W�h=f]ac¶epeaqf7inh 6 ( , ��' ( !98:. / � !�-+ ( «·ÿ]~æÿn¯
aq´�ReiEUXWZ[np�«·ÿN~;3¨¯�\qiEp7Y�a3x=jXWVU;Ukazp7inh � «&�<!§¯��#%$ � 6	(��+ (:, 1 / «·ÿ]~ ­H¯
=�a�Reh;a�i�¶epeW�Uka��n[nTZRN_ba�f]W�hX\zjXazUXWZ�qitUkWV[Hpwhk\?dNaq_ua�x=deazjka�UkdNa�aq´�ReiEUXWZ[npeh�m�[Hj5UXdNa�\z[npehXazjk�na}f
´�ReiEp�UkW�UkWVa}huinjXa�WZpHUkaz|HjkiEUXaqf�[t�naqjuil|naqpNazj?iET@pN[npN�P[Hj;UkdN[n|H[npeinT�\c[Hp�UXjk[nT@�n[nTZRN_ban~�QSReT�UkWVYNTZ[]\?^
|njkW�fNh�iEjkaSdeiEp�f]TVa}f£Reh;WZpN|¡i�TZ[]\ziET�\c[g[nj?f]WZpeitUka7hXs]h�Ukaz_7~&�LdNa}h;aSTZ[]\zinT�\c[g[nj?f]WZpeitUkaSh;s]h;UXaz_�h_�i¨s�Y�aupN[np�UXjkWZ��W�iETZTZs�jkazT�itUkaqfSinh�YNTZ[g\?^7Y�[nRNp�fNiEjkWVa}h�injXa�\zjX[�hXhXaqf°©�«�aH~ |�~�[HjXWZazp�U?itUXWZ[np*\?d�iEpN|Ha
inhyx�aqTVT9inhyf]W�hk\c[np�UkWVpgRN[HReh=|njkW�f�TZWZpNa�hXTV[Hr�a}h�inhyWVp7UkdNa�az{]in_brNTVa�hXdN[tx=p7WZp�²9WV|HRNjXa>3¨¯ª~��Ld�R�hz©
UXdea¢f]W�hX\zjXazUXWZ�qitUkWV[Hpl[nmLUXdNa�a}´�ReitUkWV[Hpeh5rNjk[g\zaza}fNh3YNTZ[]\?^�Ygs�YNTZ[]\?^§©°ac{Nin\cUXTZsliHh5WVp�UkdNa¢hXWVpN|HTVaYNTZ[]\?^b\qinhXan~H�Â_ureTVW�\cWVU�UkWV_ba5f]W�hX\zjXazUXWZ�qitUkWV[Hp�«�Y�in\?^gx@injkfb�&RNTVaqj?¯�m�[nj�UXdNa�UXj?iEp�h;WZazp�U�Ukazjk_ s�WZazT�fNh?"@BA � «&�<!§¯��# , « �DCE!)C�8:��FC !-FC ¯GH# IDJ C «·ÿ]~ K�¯
x=dNaqjXa h;Rer�aqjkhk\cjkWVrNUML f]azpe[EUXa}h��¨inTVReaqh m�jX[H_ UXdNa rNjkaz�gWZ[nReh�UXWZ_ba h�Ukazr°~S�LdNa |naqpNazj?iET
\c[HpehXazjk�¨iEUXWZ[np�aq´�ReiEUXWZ[np£m�[njN!�©�a}´HR�itUXWZ[np «Pÿ]~43}¯c©&W�h�WZpHUkaz|HjkiEUXaqf£[t�Hazj¢i�UkdNjkazac�Âf]WZ_bazpehXWV[HpeiET



÷L÷PORQ�S7T±ò·ö@÷VUVWHðXT&ò¿õ�ô9Q�ô�U@ò·÷YQ�ôZS\[2W îEï^]
\c[Hp�UXjk[nT��n[nTZRN_ba IDJ C WZp�rNdgs]h;W�\zinT�hXreiH\calhXRe\?d�UXdeiEU7iEmoUXazj7aq_ureTV[tsgWZpN|£ú5inRehXh�f]WZ�naqjX|Hazpe\zaUXdeaz[njkaz_ [npNa5|nazUkh

«&� C ! C 8:� FC ! FC ¯GH# IDJ C $`_ aDa 6cb�dfe aDa , 1 C «·ÿ]~hgn¯
x=dNaqjXaHiji`f]azpN[nUXa}h�UkdNa�\zazTZT�m¬iH\ca�WVpefNac{�©-k±WZh�UXdea�\zazTZT��Â\caqpHUkazj�WVpefNac{�©Xd iEjkaqi*�naq\cUX[Hj�iEp�f1 C W�h�UXdNauUk[EUkinT�h;[HRNjk\za�WZp*UkdNa�\c[Hp�UXjk[nT9�n[nTZRN_ban~�ø@aq\qiERehXa�UXdNab|njkW�f*W�h�pe[np]�¿[njXUXdN[H|n[HpeiET�UXdNa
f]aqjXWZ�titUXWZ�na}h�UXdeiEU�[g\q\cRNj�WZp±UXdNaS�gW�hX\z[nReh�inpef�rejXa}hXhXRNjka¢Ukazjk_bhb_�Reh;U�Y�a7az�tinTVReiEUXa}f�WZp£UXdNa
UXj?iEp�h�m�[HjX_baqf1\zRNjk��WZTZWVpNa}iEj�\c[g[nj?f]WZpeitUkalhXsgh;UXaq_ «&l�mDnol�pEnol�q}¯ª~L�¿m�x@a�RehXa*UkdNa�\?deiEWZp`jkRNTVa�m�[nj
f]WV¦�aqjXaqp�UXW�itUXWZ[np�©]x�a3|HacU � !��+ (H, _)r � l r��+ ( � !� l r , _�rts r � !� l r «·ÿ]~ uH¯
x=dNaqjXa s r injXa�UkdNa�\c[Hp�UXj?i¨�¨injXW�iEp�UuYeinhXWZhb�Haq\cUX[nj?hu[Em�UXdNa*\zRNjk��WZTZWVpNa}iEj�\z[�[HjkfNWVpeiEUXa}hz~�®�acUkinWVT�h[Em&UXdNa�f]aqjXWZ�titUXWZ[npl\ziEplY�aum�[HRNpef*WZp�ü QSaqTZþvL]©�øw=yx�z*�¿~��Âp�[Hjkf]aqj�Uk[�inTVTZaz�gW�itUka�\?dNa}\?^nazjkY�[HiEj?f
[Hhk\cWZTZTZiEUXWZ[npeh�WVp±rNjXa}hXhXRNjkal«·f]RNa�UX[lUXdNa�RehXa¢[Em�i�\c[n�PTZ[]\ziEUXaqf¡|njkWZf¡injXj?iEpe|naz_baqpHUª¯5x@a¢RehXa�i
rNjkaqhkh;RejXa�x�aqWV|Hd�UXaqf�WZp�UXazjkr�[nT�itUXWZ[np�[Em9UXdNa�\zazTZT��Pm¬in\za3�naqTV[]\cWVUXWZaqhLWZp�UXdNa�fNWZhk\cjkacUkWZhXaqf�\c[HpHUkWVpgRNWVU�s
aq´�ReiEUXWZ[np°~N�Ldea3WZf]a}iu|n[gaqhLYeiH\?^bUX[�{=deWVa�inpef7ù�de[tx ü {=ù7xH­|�¿~�LdNa�\c[HRNrNTZaqfu_b[n_bazp�UkRN_ inpefb\c[HpHUkWVpgRNWVU�s�a}´�ReitUkWV[Hpeh�iEjka=h;[HTV�Haqf�WVp�i3hXaq´�RNaqp�UXW�iETN_�iEpepNazj
RehXWVpe|�UXdNab�g��Q*������_bacUkdN[]fS[Em���itU?iEpN^tinj�iEpef*�]reiET�f]WZpN|�ü ����znÿ��P~��y[nUXW�\ca�UkdeitU�UXdNauiEjkWZhXWVpe|
TZWVpNa}iEj*hXs]h�Ukaz_)m�[HjSaqiH\?d�\z[n_br�[HpNazp�U*[nm�UXdea��nazTZ[]\cWVU�s`W�hSpN[np�h;sg_b_bacUXjkW�\E~y�LdNa��g��Q��&���hX[nTZR]UXWZ[np _uazUXdN[]f Y�aqTV[HpN|HhlUk[ UkdNa�x�aqTVTV�¿^�pe[tx=p.\cT�inhkhw[Em¢rNjkaqhkhXRNjXa£\c[HjXjkaq\cUXWZ[np _bacUkdN[]fNh
r�[nrNRNT�iEj�WVp�UXdNa�rNjXWZ_bW�UkWV�Ha&�tiEjkW�iEYNTZa�\c[H_ureR]UkiEUXWZ[np�[nm]\z[n_brNTZac{5WVp�\c[n_brNjkaqhkhXWVYNTZa�ve[txyh�ü ®�aq\qþHÿ��¿~�LdNa�_bazUXdN[]fNh�Reh;a�ibrNjXa}f]W�\ªUX[Hj;�Â\c[HjXjkaq\cUX[Hj@inrNrNjk[Hin\?d�UX[�UXdNa�hX[nTZR]UkWV[Hp�[nm³UXdNa}��i¨�gWVaqj;����UX[H^na}h
aq´�ReiEUXWZ[npehq~��LdNa��g��Q��&����_bacUkdN[]f WZh�x=W�f]aqTVs Reh;a}f WVp |naqpNazj?iETbrNRejXr�[HhXa�ù@²9® \c[]f]a}hz~
�¿U¡W�h¡i�jX[HYNReh;U�_bazUXdN[]f][HTV[H|ns.inrNrNTZWZ\qiEYNTZa£m�[nj¡\c[H_brNTVaz{�©5UXRNjkYNRNTZazp�U¡jkaq\cWZj?\cRNT�itUkWVpN| ve[txyhiEp�f¡WVUuW�hur�[nUXazp�UkWZinTVTZs�iErNrNTZW�\ziEYeTVa�UX[wiETZT@jkaz|HWV_ba}h3m�jk[n_�WZpe\c[H_urejXa}hXhXWVYeTVa�TZin_uWZpeinj�ve[txyh�UX[
hXRNr�aqjkhX[npeWZ\�ve[txyhq~��LdNa�YeinhXW�\b�]��Q*�&����hX[nTZR]UkWV[Hpwh;UXj?itUkaz|ns*\z[npehXW�h�U?h5[Em�WVUXaqjkiEUXWZ�naqTVs�hX[nTZ�gWVpe|
UXdea@_b[H_uaqp�UXRN_ iEpef�UXdNaLrNjkaqhkhXRNjXaL\c[HjXjkaq\cUXWZ[np�a}´�ReitUkWV[Hpehz~t�LdNa=hX[nTZR]UXWZ[npu[Em§hX\qiET�iEj9aq´�ReiEUXWZ[npehhXRe\?d*inh�aq´�ReitUkWV[Hpeh=m�[HjyUkdNa�UkRNjXYeRNTVaqpe\ca�rNjk[gfNRe\ªUkWV[HpSjkiEUXa�inpef�UXRNjkYNRNTZazp�\ca�fNWZhkh;WZreiEUXWZ[npSj?itUXa
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î|»�¼ ð�ñ�ò¿óLô�õ&ö@÷=`dNazpw[npNTZs7UXdeabh;UXa}inf]s��Âh�U?itUka�hX[nTZR]UXWZ[nplWZh5[nm&WVp�Ukazjkaqh;Uq©�UXdNauUkWV_ba�h�Ukazr°© GH# ©�W�h5Reh;a}f�iHh�i
reinjkin_uazUXaqj3UXdNjk[nRe|nd�x=dNW�\?d�UXdNa�\c[Hp��Hazjk|naqpe\ca�j?itUka�_bi¨swY�a¢[nrNUXWZ_uWZ�za}f�~³�LdNa¢�gW�hX\z[nReh5v�R]{
«¬hXaza*«Pÿ]~hgn¯X¯�W�h�hXrNTZW�U�WZp�i�rejXWZ_�iEjks7veR]{�UkdeitU�\z[np�UkinWVp�h�UXdNa�[Hj;UkdN[n|H[npeinT�Ukazjk_bh¢«�jkazT�itUXWZpN|�UX[
|njkW�fe¯�x=deWZ\?d£iEjka�UXjkaqiEUXa}f¡WZ_ureTVW�\cWVUXTZsn©�x=dNWZTZa�UkdNa7[EUkdNazj�UXaqjX_�hbiEjka¢UkjXa}itUkaqf¡az{]rNTVW�\cWVUXTZs`«�WP~ an~
TZRN_br�a}fSWVp�Uk[bUXdNauh;[HRNjk\za�UXazjk_�hk¯c~��LdgRehyUXdNa�injXW�hXWVpN|�hXs]h�Ukaz_ [Em�TVWZpNa}iEjya}´HR�itUXWZ[np�hLUkin^naqh=UXdNa
m�[njk_ ½ C ! C , _ aE¾

½ aE¾ ! av¾ $c1 C «·ÿ]~¿zE¯
x=dNaqjXa=a}in\?dbr�[HWVp�UÀk¢WZh�\c[nRerNTVa}f�UX[�WVUkh�h;WV{upeazWZ|ndgY�[HRNj?h=«&iÀÁc¯�inpef 1 C3f]azpN[nUXa}h�UXdea�f]W�hX\zjXazUXW�h;a}f
hX[nRNj?\ca�UXazjk_7~��LdeauhX[nRNj?\ca�UXaqjX_�W�h�hXrNTZW�U3hXRe\?d*UkdeitU�UXdNaujkaqhXRNT�UkWVpe|¢_�itUkjXWV{�inhkh;[]\zWZiEUXaqf7x=WVUXd
UXdea�TVWZpNa}iEjyhXsgh;UXaq_ «Pÿ]~¿zE¯@W�hyiEpSQ7�¿_�itUXjkWV{¢x=W�Ukd*\c[Hpeh�U?iEp�U=YeiEp�f]x=WZf]UXd°~��Âp7UXdNa�inrNrNjk[¨{gWZ_�itUkaWZp��Hazj?h;WZ[np�[EmgUkdNa�hXRNY§f][n_�iEWZp5_�itUXjkW�\caqh�[np5aqiH\?d5YNTV[]\?^5iEp5�Âpe\z[n_brNTZacUXa�²ein\cUX[HjXWZ�qiEUXWZ[np5_bacUXde[gf
W�hSY�aqWVpe|£R�h;a}f deazjkan~y�LdNa¡Q7�¿_�itUkjXWV{�rNjk[nr�azjXU�s1WZh*WV_br�[njXUkiEp�U7m�[nj7UkdNa�ac{]W�h�Ukazpe\za�[Em�UXdNa
�Âpe\z[n_brNTZacUXa@²eiH\ªUX[HjXWZ�qiEUXWZ[np3_bacUkdN[]f3RehXaqf�iHh°rNjkaq\z[npefNW�UkWV[HpNazj�WVp�\z[npNpeaq\ªUkWV[Hp�x=WVUXd3UkdNa� 5jksgTV[t�
hXRNYehXrein\za�_bazUXdN[]fNh�ü Â�iH\zþEK|�P~
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�Âp�UkdNW�h@hXaq\cUXWZ[np�x@a�rejXa}h;aqpHU�UXdNa�_�ReT�UkWVYNTZ[]\?^bTVWZpNaqinj@hX[nTZ�naqjkh&YeinhXaqf�RNr�[Hp�iH\z\caqTVaqjkiEUXWZ[np�[nm�UXdNaYeiHh;W�\¢�]\?dgxLiEjk��iETVUXazjkpeiEUXWZpN|*_bacUkdN[]f�~�û UXde[njk[nRN|Hd¡f]WZhk\cR�hXhXWV[Hp¡iEpef�f]azjkWV�tiEUXWZ[np�[Emy�tinjXWZ[nReh
f][H_binWVp7f]a}\c[n_br�[HhXW�UkWV[Hp�inTV|H[njkW�UkdN_�hL\ziEp7Y�a5m�[nRNp�f�WZp�ü �]ø=ú5þvu��¿~�LdNalinT�UkazjkpeitUkWVpN|��N\?d�xLiEjk�S_bacUkdN[]f`\c[Hpeh;W�h;Ukh�[nm�f]WV�gW�f]WZpN|�UXdeal\c[H_brNR]UkiEUXWZ[npeinT�f][H_�iEWZp
WZpHUk[*[t�naqjXT�iErerNWVpe|�f][H_�iEWZpeh�iEp�f�Reh;WZpN|*az��\cWZazp�U�hX[nTZ�nazj?h5[npwUkdNa¢hXRNY�fN[n_�iEWZpehq~��¿U�_�Reh�U�Y�a
az_brNd�inhXWV�qaqf3UkdeitU9UXdeaLhX[nTZR]UkWV[Hp�[EmeUXdNa=hXRNYNrNjk[nYNTZaz_�h9\zinp�pNaq�nazj³hX[nTZ�na�UkdNa=\c[H_ureTVazUXa@rNjX[HYNTZaz_[np£UkdNa*\c[H_ur�[HhXWVUXaSf][n_�inWVp°©&YNR]U¢[HpNTVs�jXaqrNjXa}h;aqp�U�iwreinj;UkWZinTyh�Ukazr�[Em�UXdea�iETZ|n[HjXWVUXdN_7~��LdNa
rNjkaqhXazp�UkiEUXWZ[np£iEpef£f]azjkWZ�¨iEUXWZ[np£[Em�UXdNa*iHfNf]WVUXWZ�na*�]\?dgx@injX��_bacUXde[gf�\qiEp£Y�aS\ziHh�U�RehXWZpN|wUXdNa
TZWVpNa}iEjyinTV|HazYNj?i�m�j?iE_baqx�[HjX^§©gh;aqa3an~ |e~°ü �]ø=ú5þEu|��[Hj3ü Â�in\zþEK��¿~�°acUuUXdea7\z[njkjXa}h;r�[np�f]WVpe|*_�itUXjkW�\caqh�m�[njuUkdNa�TZ[]\zinTLhXRNYNrejX[HYNTVaq_�h�Y�aSf]azpN[nUXa}f¡Ygs�ÊÌËX~0=wa
f]az¶epNabi�«�jkaq\cUkinpN|nRNT�iEjª¯Ljkaqh;UXjkWZ\cUXWZ[np*_�iEUXjkW�{ÎÍÏË�hXRe\?d*UkdeitU�x=dNazpwiErNreTVWZaqf*UX[�i��na}\ªUk[nj + ©§W�U
|nWZ�na}h�Y�in\?^7UXdea��Haq\ªUk[nj�[EmLh;_�iETZTZazj5f]WV_baqpeh;WZ[np + ËLdei¨�gWZpN|�\z[n_br�[npNaqpHU?h�UXdeiEU5jkacm�aqjkh�UX[�|njkW�fr�[nWZpHU?hLWVpShXRNY§f][n_�iEWZpÑÐVË;~e�gWZ_bWVT�iEjkTZs�UXdNa3rejX[HTV[HpN|HiEUXWZ[np�[Hr�aqjkiEUX[njLW�h=f]ac¶�pNaqf7inh@UkdNa�inft¸�[nWZpHU
[Em9UXdea�jXa}h�UkjXW�\ªUkWV[Hp�[Hr�aqjkiEUX[Hj�«�pN[nUypNaq\zaqhkhXinjXs�WZp7|naqpNazj?iET�YNRNU�RehXaqf�dNazjka3WZp�UkdNa�f]aqjXWZ�titUkWV[Hp�¯ª~�LdNawh;RNYe_biEUXjkWZ\zaqhHÊ Ë \c[njkjkaqhXr�[Hpef]WZpN|�UX[�UXdNalTV[]\zinT�hXRNYNrNjk[nYeTVaq_bh�\zinp`azWVUXdNaqj�Y�a*m�[HjX_ba}fRehXWVpe|�UXdNawhXin_ba�f]W�hX\zjXazUXWZ�qitUkWV[Hp1rNjk[g\zaqf]RejXa*iHh�m�[nj¢UXdNaw\c[H_ur�[HhXWVUXa*rNjk[nYeTVaq_ «�UXdNW�h�WZh�UXdNa
jk[nR]Uka=x�a=dei¨�Ha=\?dN[HhXazp�¯9[Hj³UXdNaqsu\qiEpbY�a�\c[H_ureR]UXa}fuinR]UX[H_�itUXW�\zinTVTZs��gW�i5i3h;[n�¿\qiETZTVa}fuú5inTVaqjX^gWZpm�[njk_�ReTZiEUXWZ[np°©9h;aqa�an~ |e~@ü =�aqhkþHÿ��¿~³�LdNa�ú5iETZazjk^gWVp`«¬[nj��¨injXW�itUkWV[HpeiETo¯�_bacUkdN[]f�[Emy\c[Hpeh;UXjkRe\ªUkWVpN|
UXdeaqhXa�h;RNYe_biEUXjkWZ\zaqh@W�h Ê Ë , Í Ë ÊÒÍÏÓË «¬­N~ xH¯
�¿m³x�a3f]az¶epNa5UXdea3[nr�azj?itUX[Hj Ô

Ë , Í ÓËÎÕ Í Ë ÊÌÍ ÓË�ÖE× m Í Ë «¬­N~ þH¯
UXdea�û�fNf]WVUXWZ�na��N\?d�xLiEjk��_uazUXdN[]f7\zinp�Y�a3x=jkW�UXUXazpSiHh
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Ô
«�Á78ÙÊ + a ¯ «·­N~43*LH¯

x=dNaqjXaÚÁ7fNazpN[nUXaqh�UXdNa�jXWZ|nd�U¢deinpef1hXWZf]aliEpeftÊ iEpef + iEjka*\c[n_br�[HhXW�Uka*|njkW�f�_biEUXjkW�{1iEp�f
hX[nTZR]UXWZ[npw�na}\ªUX[Hj5jXa}h;r�aq\cUXWZ�nazTZsn©°inpefÚi�W�h5UXdNabWVUXaqjkiEUXWZ[npwp�Re_�Y�azj}~°�LdNa�rNjkaq\c[Hpef]WVUXWZ[npNaqj

Ô
WZh

|nWZ�naqp�Ygs Ô
, _ Ë

Ô
Ë «·­N~43E3}¯

�LdNa�WVUXazj?itUkWV[Hp�rejX[]\ca}f]RNjka�\zinp�pe[tx Y�a�in\q\caqTVaqjkiEUXaqf�Ygs¢RehXWZpN|�h;[H_ba�iErNrNjk[nrejXW�itUka� 5jksgTV[t�
hXRNYehXrein\zau_bazUXdN[]f�~��Ldea�_binWVp�|H[HiET³W�h5UXdea�h;[HTVR]UkWV[Hpl[nm�UkdNa�\c[H_br�[�h;WVUXab|njkW�f�rNjk[nYeTVaq_ iEp�f
UXdea7\z[nRNreTVWZpN|�Y�azU�x�aqazp±|njkWZf±YNTZ[g\?^]hudeiHh�Uk[�Y�aSin\q\c[HRNp�UXaqf¡m�[nj}~��LdNaS\c[HRNrNTZWVpN|wW�hb��W�i�UXdNa
rNjkaq\z[npef]WVUXWZ[npeazj5iEpef7UkdNau[t�nazjkT�iErSY�acU�x@azazpl|njkWZf*YNTV[]\?^]hq~��Âp�UXdNab\ziHh;a�UXdeiEU�_baqhXdNWZpN|�WVp�UXdNa
hXRNYNjkaz|nWZ[np�h�W�h�W�f]aqpHUkWZ\qiET�WVp�UXdNaw[t�naqjXT�iErerNWVpe|�jXaq|nWZ[np1UkdNawhX[nTZR]UkWV[Hp`rNjk[g\zaqf]RejXa�hXWZ_ureTVWV¶eaqhq~
�Âp�UXaqjXr�[nT�itUkWV[Hpw[nmLUXdNa��tinjXW�iEYNTZaqh�WZh5UkdNazp±i¨�n[nW�f]a}flhXWVp�\ca�UkdNa�[t�naqjXT�iErerNWVpe|7\z[np�UXjk[nT��H[nTZRN_baqhiEjka*_�infNa�W�f]azp�UXW�\zinT�Uk[�UXdeaw\z[njkjXa}h;r�[npefNWVpN|�WZp�UXaqjXpeinT�\z[np�UXjk[nT��n[nTZRN_baqhq~µ=`deazjka*UXdea�|njkW�f
YNTZ[]\?^gh�iEjka3pN[EU5\c[HpNpNaq\cUXa}f�©NUkdNa�az{�Ukjki¢\c[np�UkjX[HT°�n[HTVRN_ba}hyiEjka�\c[HTVT�iEr�h;a}f�~��LdNa��¨injXW�iEYeTVa}h=x=WVTZT
UXdeazp�Y�ayTZ[g\qitUkaqfb[npbUkdNa�hXW�f]aqh&[Em§UXdNa�\c[HpHUkjX[HT]�n[HTVRN_ba}h&inh�Y�azm�[njka�iEpefbx=WZTZT�f]az¶epNayY�[nRepefNiEjks�tiETZRNaqhq~]�Âp�UXdNa�inTV|H[njkW�UkdN_ Y�azTZ[tx «ob;n*b ¯Lf]aqpN[EUkaqh@UkdNa3WVpepNazjyrejX[]f]Re\cU=Y�azU�x�aqazp�U�x�[b�Haq\ªUk[nj?hz~~9���-�-���&�����ÜÛ`�o��Ý�� �*� Þ0����ß�à2áâ�&ã^ä
åÑæÀçw~Háf� � �0è"�<��é��-� ê-è��E�+ F�ë|ì�ë<í�ëvî�ïñð<òZóDô"ôvõ�ö*F ,
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 É�I�Å¿K&FHOPI�DÄ ��F�G�I�J
�LdNa�ve[tx1¶�azT�f¢WZp�inTVT§|HjXW�f�YNTZ[]\?^]h�W�hLh;[HTV�Haqf¢Reh;WZpN|�UXdNa5_�RNT�UkWVYeTV[]\?^�TZWVpeaqiEj=hX[nTZ�naqjkh@f]aqhk\cjkWZY�a}f
WZp�UkdNa�rejXaq��WZ[nR�h9hXaq\cUXWZ[np°~E�g[H_ba�_b[]f]WV¶�\ziEUXWZ[npeh�UX[�UXdea=�]��Q*�&����iETZ|n[HjXWVUXde_�d�i¨�na�UX[�Y�a=f][HpNan~
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�LdNa�m�[nTZTV[tx=WZpN|7iETZ|n[HjXWVUXdN_�f]a}hX\zjXWZY�aqh�x=deitU3x@a�\zinTVT9UkdNa��g��Q*�&�������]\?dgx@injX��inTV|H[njkW�UkdN_7©�WP~ an~
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Turbulent flow in pipe

 5 block case
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