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^9f l ^ iul qKt l ^vmxr�rktg�}f ,i rk_erKr l f}dwmna9� o rs� � ¬¦ � � i9l ^�Ç � 8��p��ü a ovoyl _ga rkt oyl�� f}q;r$hisjr l .kr o fÃr rkt oyl�� f}q;rk_erkqKaudwmna i9l q l � � 6 þ + l ��^ya�Eyr + r lpo _bauq �_bau^vmnrT^y� i au^v^ jr l _ba��s�lpo qH�g�}rk^�_ga�¹��erk_ o rsmy� o r �a�rkt oyl�� f}q;rk_erkqKaudwmna .  H + a9dg¹��erkdwm l ¹¨�ba�ka o rs�}qKaudwmna3r o au� o rJ_ l ^Hm o rkt»�a_^uf l ^ iul qKt l ^vmxr�myauq7a � r i mnrkqKaudwmna lpo _gauq ; ) G#^nrkdb_ l ro au� o r3_ga D f}qKtg^ l d iul qKt l ^vmxr i9l dwmnf}d��ersq l ^°rQmya oClpo _gauq .  H )(] o r ^ jr l �a�¹��gaKr lpo _bauq
� �a l Í myf}_erÿrkt±audgrk^;tgr o r � Q&R 3 @ / � . B ) � l d l ^y^ l a � a9q;tb� l mnauq l ^ � Q R @ / � . B + q;rk^� �Q,R ¬ @ / � . B � l � l=l mna lpo a9q�r

; ) { d jr l t l _ga+^ya o rktg�²f i rk_ l ter o r � � . ) ü Í ^va o .krsq l ^¹��ga·¹��erkdg_ l r;�«�gd�hisjr l f²d�myau� o rkdg_er �a i9l dwm0�& d¨�gr�aHrktb�}f i rkq l ^�rk^��s�lpo qH�b�Ãrk^�_ga·¹¨�grk_ o rªmn� o rf²dwmna o t l �Ãrk_ lko rk^�t l _ga9q l ^�t±a o _ba o t o a i f}^ jr l ³ tgr o rKf}^y^ l Í rk^�mxr�¹��gaHr;_ga o f .srk_gr;_ga(rs�}�p�gq;rlko _ga9q ^v�gt$a o f lpo d jr l a � f²^vmxr )�]µf²d�myau� o r$hikjr l t ovl _g��m l Ç .pa o @ ; . B tgt )
; C ; , ; C C 8 �a �gq�rm��a i dgf i r;rk_bau¹��erk_er�a iul dE.kaudgf²audwmna·ter o r(t ovl Í �²auq;rk^`_er(� lpo q;r

� �� � Ç � 8"! Ç � 8��p��� Ç ; ) . ; 8
#�����������������%$"���
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	3:JFTSU(VIKAR>ËGJA � IK69EDARMM�F U I;Z < [: U 69ARI M�AR8K:=6uFHM

G¿q;r .pa_^=¹¨�ba t l � i rk^3au¹��er±hikjl a9^�_ba ' l �²mya oyo r + aud iul dwm o rk_erk^+der t o �rsmyf i r + t l ,_bauqÈ^ya o·o au^ l � .¨f}_ers^·a � tb�}f i f²mnrkq;a9dwmna + �a�� o a9¹¨�baudwmna9q;a9d�myaQdga i au^v^e�r o f lJo a i9lpoyo a o r�m��a i dgf i rk^d��gqý�a o f i rk^>)Ê � f²^vmya + iul q l Eg�rC� l fe_gfém l d l¸i rkt��& mn�g� l rkdwmna o f lpo + �gq�r°�}f²�wr$hisjr l audwm o aRrk^au¹��er±hikjl a9^f²dwmnau� o rkf²^�_ga ' l �²mya oyo rRa l ^ t oyl Í �}auq;rk^�_ga .srk� lpo f}dbf i f}rk�¨auq au¹��er±hikjl a9^»_gfé�«a o aud i fÃrkf²^>) � jr l �a +t lpo mxrkdwm l + _ba·a9^vm o rkd Æ r o ¹��gaWrk�}�p�bdg^�_ l ^#q �a"m l _ l ^�d��gq �a o f iul ^#�bmnf²�}f�^�rk_ l ^`ter o r;au¹��er±hikjl a9^_ba ' l �²mya ovo r ^va0Eyrkq7�paudba o rs�}f`^ur$hikjl au^W_baQq �a"m l _ l ^·�bmnf²�}f`^urk_ l ^°ter o r�a9¹¨�gr$hikjl a9^�_gf²�«a o aud i fÃrsf}^lko _gf²d��r o f}rk^>)
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: l dg^vf}_ga o auq l ^�rýau¹��er$hisjr l Ç . ) . 8 ^v� Evaufémxr Ârk^ iul db_gfvhisjl au^+_ l mna lpo a9q�r . ) . + _gr^va i hikjr l . ) F*)`¾Rau^vmnr�� lko q;rK�wr o rkdwmnf²q l ^�rKa � f²^vm =aud i fÃr;a¸�gdgf i f²_erk_ga°_ga¸�gq;rK^ l �}��hisjr l�i9l dbm��& ,d��er ) ü ^ q �a9m l _ l ^d��gqý�a o f i9l ^»¹��ga¿r°^yau�k�gf o _ga9^ iuo a/.kauq l ^`ter o r·r o a9^ l �²��hikjr l _ga9^vmya¿mnf²t l _gaa9¹��er$hikjl au^ Í rs^yauf}rkq ,�^ya#dga9^vmxrs^ iul dg_gfvhisjl au^ + a¿rk^ i9l d i �}�g^ jl au^»^ jr l .`�rs�}f}_grk^ _gau^v_gaR¹��ga�a9^vmnrk^`^ya.ka o f²ce¹��ga9q )

� ��� �"! � %5 9@' 3.'#1 3.5&6S+7/23.(8/:9 +7(8/�� �0(85�� 9 /
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Ì o a9myaudg_ba?,�^va o au^ l � .ka o d��gqKa o f i rkq;a9dwmna + �gq;r�au¹��er$hisjr l f}dwmyau� o rk��_ba ' l �²mya ovo r�_ga^vau�p�bdg_erQau^vt»�a i f}aW� o r i rsq;a9dbmna·^yf}db�p�g�Ãr o + �bmnf²�}f`^urkdg_ l q �a9m l _ l ^#_gaHf}d�mnau� o r$hisjr l t ovl _g�bm l �¶r-,^9audg_ l(iul � lpi r$hisjr l d l ^`au^vter$hiul ^ j0 � ¬� Ç 47698 iul q � � / � . �
; a 0 � ¬¦ Ç 47698 Ç .ka o ^va i hisjr l

; ) ; ) ; 8 )ü l Í Eva i mnf . l �a iul qKter o r o�l ^3q �a"m l _ l ^���mnf}�²f`^urkdg_ l _ l f}^�a � auqKtg� l ^�m0�& tgf i9l ^�_ga�«�bd�hikjl a9^ � _ l ^yau�k�gdg_ l q;a9q Í oyl ) ] .pa o f}�k�er o rsm��a+¹��ga�t l d�m l �aú��bmyf}�`rs�gq;a9dwmxr o�l � o rk�_grk^�^ytg�²f}dga9^Kt l �²f}d l qKfÃrsf}^°_ga�rkt ovl0� f²q�r$hisjr l )ýÌ�r o r=f²^y^ l .srkq l ^Hmna o auq iul d�mnrÿr lpo _gauq +t o a i f}^ jr l + o a9�p�g�}r o f²_erk_gaRa � f}�pf²_erHter o rKrs^ i9l dg_gf�hikjl a9^�f}dgf i fÃrsf}^�aCmyauqKt l ^�_ba i9l qKtg�bmxr±hikjr l )
� rý^ya i hisjr l F*) . ^ya o �r rkt o a9^ya9d�mnrk_ l l t oyl Í �²auq;rýr o au^ l � .ka o ) � au^�mxr f}d i �}�gf ,�^ya +rs�"�auq _g�bq�rHt±a o ^yt±a i myf .sr Æ f²^vmô�lko f i r + �gq�r¸� lpo qH�b�Ãr$hisjr l _ l t oyl Í �²auq;r*) �Ê rkf²dg_er l Í mnf}_ l �gqo au^v�g�²mnrk_ l _ga°a � f²^vm =a9d i f}rHaC�gdgf i f}_grk_gaR_gaC^ l �}��hikjr l ) � rk^�^ya i hisjl au^#^ya9�p�gf}dwmyau^�^ jr l a9^vmy�g_erk_ l ^^vauter o rk_ersq;a9d�mya�_gf .pa o ^ l ^Qq �a"m l _ l ^K_ga i9l � l¨i r±hikjr l ) : l d i �²�gf ,~^ya iul q �gq;r iul qKter o r$hikjr la9dwm o a·rk�²�p�gdg^�_ga9^vmyau^#q �a"m l _ l ^>)

;
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� 9¦ � �¦ � Ç �p��� 8����±���#��� 9¦ � 9	 � Ç �p��� 8v���0�
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�;� � 9¦ % Ç ����� 8 � Ç � 8�� �p Ç F*) .p. 8ü Í ^va o .kr ,�^ya�¹¨�ba + �gq;r .ka
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ü ter o��rsq;a"m oyl � a9^vme�r o a9�Ãr i f l ders_ l;i9l qBr o a9�p�g�}r o f²_erk_ga¸_er�^ l �}��hisjr l a � i9l qµr^vf}dg�k�g�Ãr o f}_ers_ga�_ l d��� i �}a l 4 ]÷a � f}^�m �a9d i f}r·_ga¿^ l �²��hikjr l _gaut±audb_gaR_ga9^vmna9^`_ l f²^ ter o��rsq;a"m oyl ^»_gar iulpo _ l�iul q l mna lpo a9q�r % 4 &,4
 l q l�l Í Eva i myf�� l _ba l Í mya o ^ l �²��hikjl a9^�rkt ovl�� f²q�rs_erk^'ter o r�r¿au¹��er±hikjr l Ç % 465 + f o auq l ^��mnf}�²f`^ur o q �a"m l _ l ^`_ga iul � l�i r$hikjr l d l ^`a9^yter$hi9l ^ *��� Ç�� 6 + a j*��� Ç�� 6 + 4 Ì�r o rWmnrk� i9l qKa�hi r o auq l ^t lpo a"�«a i mn�er oCi9l � lki r$hisjl au^Ra9q * � ¬¦ Ç�� 6 + a j* � ¬¦ Ç�� 6 + 	�^vau�p�gf²_erkqKaudbmya(auq j* � ¬¬ Ç�� 6 + i9l q ll Í Eva i mnf�� l _ba l Í mna o qKau� Æglpo au^ lpo _gaudg^K_ga iul d��ka o � �aud i fÃr
	�a�t lpo ceq auq j* � ¬þ Ç�� 6 + ter o r�bq�r lpo _gauqº_ba i9l d��pa o � �a9d i f}r�rkf²dg_erHqKau� Æblpo 4]�^v^yf}q mya o a9q l ^ � d��gq;r t o f}qKauf o rQ�¶rk^va�	��srkq l ^ l Í mya o ^ l �²��hikjl au^Wd��gqý�a o f i rk^·t lpoqý�a9m l _ l ^�_ga iul � l�i r$hikjr l _ga¸m o��a9^ lko _ga9dg^�_ga iul d��pa o � �a9d i f}r �

2 × " ×ÅÔpÖ ÓÔgÕÖg× Ï � * � ¬¦ Ç�� 6 + Ï j* � ¬¦ Ç�� 6 + $ ter o r l ¹¨�grk��au^yt±a o r o a9q l ^ lpo _gaudg^;_ga i9l d
�ka o��� �aud i fÃrÿ_erk_ers^;t±au� l ^Kmya lpo auq;rk^ % 4 % 	 % 4 { a % 4�� a l dg_ga�au^�mn�g_gr o a9q l ^ l ^ i rk^ l ^;_grmxr Í au�}r+Ç % 4 / + 4
� Ê �g�²a o � Ç � +� Â]ú_bf o a9f²mnr � Ç � +� Ì l dwm l q �a9_gf l � Ç � +

.�r Í au�Ãr % 4 / �  l � l�i r$hikjr l a9q * � ¬¦ Ç�� 6 + a j* � ¬¦ Ç�� 6 + 4
2 × " ×ÅÔpÖ ÓÔgÕÖg× Ï � j* � ¬¬ Ç�� 6 + $ ter o r l ¹��erk��au^yt±a o r o a9q l ^ lpo _baudg^(_ga iul d��pa o � �a9d i f}r=_erk_erk^t$a9� l ^`mya lpo auq;rk^ % 4 �(a &,4 / �
	ga l dg_ga¸au^vmy�g_er o auq l ^ l ^ i rk^ l ^�_erHmxr Í au�}r�Ç % 4 & + 4
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� � l Í rsmvm l Ç . o rkt»�au^yf l ^ + � Ç � þ + § ¦ � � § ¬ � /� ( rs_erk� N N � Ç � � + § ¦ � / � & § ¬ � /� � rs�g^y^ � Ç � þ + § ¦ � / � % § ¬ � /.�r Í au�Ãr %,46& �  l � l¨i r$hisjr l auq j* � ¬¬ Ç�� 6 + 4

2 × " ×ÅÔpÖ ÓÔgÕÖg× Ï � j* � ¬þ Ç�� 6 + $ ter o r l ¹��erk��au^yt±a o r o a9q l ^ lpo _baudg^(_ga iul d��pa o � �a9d i f}r=_erk_erk^t$a9� l mna lpo a9q�r &,4 / �
	ga l dg_ga¸au^vmy�g_er o auq l ^ l ^ i rk^ l ^�_erHmxr Í au�}r�Ç % 4 % + 4
� � l Í rsmvm l Ç D f}qKtg^ l d + � Ç�� � + § ¦ � � § ¬ � / � & § þ � /� ( rk_erk� N N � Ç���� + § ¦ � Ç % À � % + � � § ¬ � Ç % Ä � % + � � § þ � /� � rk�g^y^ � Ç�� � + § ¦ � Ç¶{ À � � + � / � § ¬ � Ç«{ Ä � � + � / � § þ � /.�r Í au�Ãr %,4 % �  l � l¨i r$hisjr l auq j* � ¬þ Ç�� 6 + 4

� l ^·� o �rªc iul ^·_gau^�mnaKm o r Í rk� Æbl rk^·�}f²d Æ rk^ iul d�m��� d��erk^·^ya o �pa9qYrkt±audgrk^Wter o r �¨f²^y� �rs�}f`^ur$hikjr l 	Dt l f}^�rkt±audgrk^ l ^(t l dwm l ^�f}db_gf i rk_ l ^ o a��ea"mna9q o a9^y�g�émxrk_ l ^ l Í mnf²_ l ^ 4 Ì�r o r i rk_gr�bq _gau^�mnau^¿q �a"m l _ l ^�^ya oujr l au^�mn�g_grk_erk^�rk^¿^ l �}��hikjl a9^¿a � r i mxrs^ � Ç � + � � � a � Ç � + � � � � l �ôÇ � + 	^vaudg_ l _ga9^yf}�kderk_erk^Kt lpo a � auqKtg� l ter o r l qý�a9m l _ l _ga Ê �g�²a o t lko������	�	
 a �����	��
���������o au^vt$a i mnf �srkq;a9dwmna 4]��bmnf²�}f`^ur$hikjr l _ l ^ �`�r o f l ^ i rk^ l ^»f o �rCt$a o qKf²myf o f²_gaudwmyf²c i r o r¸t o a i f}^ jr l _ers^»^ l �}��hisjl au^�¶r i a�r l ^vau� i �g^vm l¸i9l qKtg�bmxr i f l derk� ³ f o auq l ^ i9l q;tgr o r o'l ^ ���r o f l ^ i rk^ l ^ l Í ^va o �krsdg_ l a�rkders� �f²^nrkdb_ l r#t o a i f}^ jr l _ers^�^ l �}��hisjl au^'�¶r i a�r l myauqKt l _ga i9l qKtg�bmxr±hikjr l 4 .�rsq Í �auq t ovl�i � o r o auq l ^f²_gaudwmyf²c i r o 	gtgr o r l ^ ���r o f l ^ i rs^ l ^ 	±^vf²my�er$hikjl au^�_ga°^y�gt±a oviul d��ka o � �aud i fÃr 4ü i �rk� i �g� l a � t±a o f}qKaudwmxrs��	'_erk^ lko _ga9dg^W_ga iul d��pa o � �a9d i f}r�_ l ^·q �a"m l _ l ^ 	��srkf^ya o�«a9f²m lKi9l q Í rs^ya°d l ^ya9�p�gf}dwmya �D �gt l d Æ rsq l ^�¹¨�ba¸a9^vmnrkq l ^�r(rkt oyl�� f}q;r o rH^ l �²��hikjr l _gr�d l ^y^yr�a9¹��er$hikjr l dgr o au_ga� ¦ �v� ¬ ����9�y� 6 4 D a l q �a"m l _ l mnauq lko _ga9q % Ç �ka o _ga9cedbfvhikjr l &,4�7 + 	'audwm jr l _ga9^yt o a
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Á �¡ * § � ' � � õ � � Ç % 4 / % +

l dg_ga Á �¡ o aut o au^vaudwmxr l q �l _g�g� l _ l a oyovl r Í ^ l �}��m lJi9l q;a"mnf²_ l 	�d l t l dwm l � ¡ 	�¹��ersdg_ l ^ya��mnf}�²f`^urW�gqºters^y^ l � 4#D a�	ea9q �pa_^·_ga°�bmyf}�²f`^�r o q l ^ l terk^v^ l � 	e�bmnf²�}f`^ur o q l ^ � � & a9dwm jr l
Á � 6 þ¡ * § 
 � & � ' � � õ �  Ç % 4 /�{ +
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O S_sjX2TNQ 	21 � 8 � T0TkM O2M I pJVK0M OHM!O2J � XH^UJ]T(f=Q4T0Q!OHS 5 J]T0ekMje 5 Q:^_MjTkJ]e OHJ � 1
JVdHsj^UM � Q4OHM[d=Q4e&\]MjdHO2Ska\4cM4J]e�O2JY\]M4d 5 J]Tks=<J]dH\VS Q OHM I pJLKNMPOHM I Q4e(KNJ I SUd�K0J]TkJ]e0ekJ!Q 5 JVT0S_s4X=Q4T�M
\VM I fbMjT�KWQ I J]d+K0M!OHMje I pJLKNMPOHMje h Q4\VJ Q 5 Q4^UMjT0JVe OHJ � d cQ4M�\]M � J]T�KNMje(foJ]^UM�K0J]MjTkJ I Q 1

. � e0JVT 5 Q ; ekJ � XHJ49 �Q I J]OHSUO=Q � XHJ ��e0J(Q4fHTkM`u2S I Q&OHM�JLuPKNTkJ I M�OHS_TkJ]SwKNM)OHM�SUd+KNJ]T 5 Q4^_M� � � C * 9�M�J]T0TkM � v�� � 5 Q4S�O2S I S_d�XHS_d2OHM v 5 J]T 5=sjXHT0Q 	21 ��� 1 � ekKNQ fHTkMjfHTkS_J]OHQ4OHJ�OHJ Q4X2K0M \VMjT ;
TkJ]\Pa\4cQ4M hiMjS�M � ekJ]T 5 Q:O=Q dHMjX2K0T0MjeRJLu J I fH^_M4e fbJV^_M � XHJ pJ OHJ ekXHe0foJ]SwKWQ4T � XHJ J]^ Q e0J I0Q Q:^_sjM
SUdHJ]TkJ]d+KNJ Q4M I pJVKNMPOHM�Jrd cQ4M OHJ]foJ]d2OHJ]d+KNJ OHM fHT0M � ^_J I Q!Q�T0J]ekMj^ 5 J]T 1 t ^ pJ I OHS_eke0M fbMPOHJ I Mje
M � e0JVT 5 Q4T � XHJ�OHJ�h Q4\VK0M�QgM4T0OHJ I pJ � Q4S uHQ 9 Z v � � v 5 JVT 5HsjXHTNQ 	21 8 J�KWQ � J]^_Q 	21 3 � 1 t fbJVeNQ4T
O2J[KNX2OHMH9�J I e0SwKNX=Qba\:cMjJ]e J I � XHJ[d cQ4M e0J I0Q�dHJ]\VJ]eke pQ4TkS_M Q4^wKWQ fHTkJ]\]SUe]cQ4M29�J]e�KWQ Q4fHT0M u2S I Qoa\4cQ4M
foMPOHJRekJ]T�fHTkJVhiJVT p� 5 J]^ Q X I Q I Q4S_e fHTkJ]\]SUeNQ29�M � KNSUO=Q Q�f=Q4T�KNS_T OHJ X I I pJVK0M O2M I Q4S_er\]M I�;

f=Q4e0ekM J]TkT0M Q � ekMj^_X2K0M MjTkOHJ I O2J \VMjd 5 JVT0sH<JVdH\]S_Q
� -��� � 5 v � C * � � ��v � C * � , � #�� "!# v -��� E - ��� #� �

* C 6 6 C N � 	 �4* 6 3 	 * 	 3��
* C *+8 * C N ��8�� 	 �����  N 	 8 6 C * 	 N � 	 6 3j3
* C * �j8 * C �+3j3 6 8��43 N 3� 6 � 6 C * �4* 6 ��X� �
* C * 6 �j8 * C � 	 6 � � 6j6 3 	 6 � N 6 C * 6 * 6 8  6 	
* C *4*j3 �j8 * C 6j6 8 	 6 ���X� N � � 	 6 C *j*+84* N 3 4*
* C *4* 	 6 �j8 * C *+8�j848�� 	 * ���843 6 C *j* �j8j8 � N 
M Q � J]^_Q 	 1 3 8 . TkOHJ I O2J \VMjd 5 JVT0sH<JVdH\]S_Q v I pJVK0M O2M!OHJ � X2^_J]T � 1
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O SUsjXHTNQ 	 1 8 8 . TkOHJ I O2J \VMjd 5 JVT0sH<JVdH\]S_Q[OHM I pJVKNMPOHM�OHJ � XH^_JVT(f=Q4TNQ!OHS 5 JVT0e0M4e 5 Q4^UMjT0JVe OHJ � 1
f2^_S_\]Q4OHM 1 . � ekJ]T 5 J ; e0J � X2J fHQ4TNQ ekJ \VMjdHekJ]sjXHSUT T0JVe0XH^wKWQ4OHM4e X I foMjXH\VM I Q4SUe fHTkJ]\]SUe0Mje pJ
d2J]\]JVe0e pQ4T0SUM X KNS_^US� ]Q4T f=Q4e0ekMje JLuPK0T0J I Q I J]d+KNJ�fbJ � X2J]dHMjeV9=M � XHJ�S_d 5 M4^ 5 J&KNTNQ � Q4^ ,2MY\]M I fHX KWQ ;
\VS_MjdHQ4^=OHJ I Q4ekS Q4O=Q I JVd�K0J(sjTNQ4d2OHJ�v KWQ � J]^_Q 	 1 ���� Q:M f=Q:e0eNQ:T I Mje O2J&X I fHQ4e0ekM � ��* C 6 f=Q4TNQ
� ��* C *j* 	 6 	 s+Q4ekKNQ I Mje � 	 �j* 5 JD VJ]e I Q:S_e K0J I fbM!J�M!TkJ]ekXH^UKNQ4OHM pJ 	 * 5 J� ]JVe I Q4S_e fHT0JV\]SUe0MH9
M4X ekJ I0Q29HK0J I Mje X I Q�O2J]sjT0Q4O=Qba\:cQ4M�O=Q f2T0J]\VS_eVcQ4M�fbMjT X2dHS_O=Q:OHJrOHJ�KNJ I foM O2J � !� 5 JD VJ]e 1

t s4TNQ4dHO2J 5 Q4d+KWQ4s4J I OHJ]e�KNJ I pJLKNMPOHM�TkJ]e0SUOHJd=Q�e0XHQ&e0S I f2^_S_\VS_O=Q:OHJ49 foM OHJVdHOHM�Q&e0XHQ� Q4Swu2Q f2T0J]ekS_eVcQ4M�e0JVT XH^wKNT0Q4f=Q4ekeNQ4O=Q X2KNSU^_S� ]Q4dHOHM�K pJ]\]d2S_\`Q:e OHJ&JLuPKNT0Q4fbM4^ Qba\:cQ4M v 5 J]T \`Q4f p� KNXH^UM � � 1. e�T0JVe0XH^wKWQ4OHM4e�d�X I pJ]TkS_\VMje&fHQ4T0JV\]J I SUdHOHSU\`Q4T � XHJ M I pJVK0M O2M pJrfoMjXH\]M[e0JVdHe p� 5 J]^��Q 5 Q:T0S Qoa\4cQ4M
O2Mje�f=Q4T <Q I JLKNT0M4e 6 J� 1 t fbJVeNQ4T O2J K0XHOHM�f=Q4T0Q��[fbJVTkKNM�OHJ 6 9 6 1 8 9 pJ�MjdHOHJ ekJM � K pJ I X I JVT0TkM

KNJ I foM vie � , J]TkT0M T0J]^_Q:KNS 5 M
* C N 43j*�� 6 * 0 	 * C 6 * C �43 ��� 6 *���� 6 * 032
* C � N �!��� 6 * 0 # * C *+8 * C 6 	 3 � N �+8�� 6 * 032
* C 6 	 3j3�� 6 * 032 * C * �j8 * C 3 N ������� 6 � 6 * 0 #
* C 8 ��4*�� 6 * 032 * C * 6 �j8 * C 	 �X��� �:3j3�� 6 * 0 #
* C �4* �+*�� 6 * 4 * C *4*j3 �j8 * C 6 j84* N 8 N � 6 * 0 #
* C � 6 �+*�� 6 * 4 * C *4* 	 6 	 * C � � 6 N 6 	 � 6 * 0 	

M Q � J]^_Q 	21  8�� J]^_Qba\4cQ4M J]d+KNTkJ)Mje K0J I fbM4e OHJ&\]M I fHX2KNQba\4cQ4MYJ�J]TkT0Mje f=Q4TNQ Mje OHS 5 JVT0e0M4e 5 Q4^_MjTkJ]e
O2J � v I pJVKNMPOHM!OHJ � XH^UJ]T(\]M I � � � C 8 J 6 � 6 C 8�� 1
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euler medio direita

euler(log) medio(log) direita(log)

S 0  ( erro )
h=0.1  alfa=4.5  miu=1.5

O S_sjXHT0Q 	21 3 8 � T0T0M T0JV^ Q:K0S 5 M!f=Q4TNQ!Mje I pJVK0M OHM4e OHJr\]Mj^UM \]Qba\4cQ4M�J I cl 0324 v m � � J l 0324 v m � � 1
TkJ]^_Q:KNS 5 M I JVdHMjT � dHM4KNJ ; ekJ � XHJ J]ekKNQ JVe0\VMj^ ,=Q \]MjTkT0JVe0foMjdHOHJ Q \VMjdHekS_OHJVTNQ4T 5 = � 2 9o\VMjdHOHS�a\4cQ4M
ekX"5=\VS_J]d+K0J[OHJ \]M4d 5 J]Tks=<J]dH\VS Q 1 . � e0JVT 5 Q ; ekJ KNQ I � pJ I T0M � XHekK0JD J I TkJ]^_Qba\4cQ4M �Q 5 Q4T0S_Qba\4cQ4M OHQ
\VMjdHOHS�a\4cQ4M S_dHSU\]S_Q4^ "!# v�� � 9 6 J � � � XHQ4dHOHM�ekJ I XHOHQ OHJ 5 v�� �
� � " f=Q4T0Q 5 v�� ��� � " # A � 92Mje e0J]X2e
JVT0TkMje�T0JV^ Q:K0S 5 MjeYeVcQ4M S_O <J]d+KNSU\]Mje v�5=sjX2TNQ4e 	 1  9 	21 ��� 1 � ekKNQ T0M � XHekK0JD J I TkJ]^ Qoa\4cQ4M Q � 9 6 J" # v�� � 9 I pQ�d cQ4M�ekJ 5 J]TkS 5=\]Q d2M \]Q4e0M�OHM I pJVK0M OHM!O2M foMjd+KNM I pJ]OHSUM 1 � JVdHOHM Q4eke0S I 9HM I pJVK0M OHM
O2J � XH^_JVTYf=Q4TkJ]\VJ e0JVT I Q4SUe 5 Q:d�KNQ IkMjekM � X2J M I pJVKNMPOHM O2M fbM4d�K0M I pJ]OHSUM J I � MjT0Q Q I � Mje
ekJ I0Q I Z v � � 1 Y M4KNJ ; e0J � XHJ)J]e�KWQ�\VMjdH\]^UXHe]cQ:M pJ � Q:e0J`Q:O=Q�Q4foJ]d=Q:e dHMYJVekK0XHOHM!OHJ)O2X=Q4e \V^ Q4eke0JVe
O2JrhiX2d�a\4cMjJVe 1 � MPOHJ Q4\]M4d�K0J]\VJ]T � X2J O2J X I Q�hiMjT I Q�sjJVTNQ4^ SUekK0M d cQ4M Q4\]Mjd+K0J a\`Q 1� Q4T0Q foMjd+KNMje f2T pM:u S I M OHQ e0SUdHsjXH^_Q4T0SUO=Q4OHJ:9 Mje 5 Q4^UMjT0JVe Q4f2T0M`u S I Q4OHMjeV9 d=Q 5 S� VS ;
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M4X I J]dHM4T0J]e � XHJ 6 9�\VMjdHe0MjQ4d+KNJ M I pJVK0M OHM pJ�M OHM�foMjd+KNM I pJVOHS_MgMjX M OHJ � XH^_JVT 1 � M I M
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euler medio direita

euler(log) medio(log) direita(log)
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� Q4T0Q!\]Mjd+KNTkXHS_T I pJVK0M O2Mje OHJ�MjTkOHJ]dHe(ekXHfbJVT0SUMjT0JVe]9 pJ�dHJV\]J]eke pQ4TkS_M X2KNSU^_SO `Q4T T0J]s4TNQ4e OHJ

SUd+KNJ]s4TNQba\:cQ4M I Q4SUe�f2T0J]\VS_e0Q4e 1 � JVdHOHMRQ4e0ekS I Mje I pJLKNMPOHMje(OHJ \]Mj^UM \]Qba\4cQ4M Q4f2T0J]ekJ]d+KWQ:OHMje)dHJVekKNQ
ekJ]\Pa\4cQ4M��HQ4e0JVS Q I!; ekJ J I Q4fHTkM u S I Q4TV9 Q ekMj^_X�a\4cQ4M[JLu2Q4\VKNQ29 fbM4T&X I Q!hiXHd�a\4cQ:MRe0JV\]\VS_Mjd=Q:^ I J]d+KNJ
foMj^US_dHM I S Q:^ OHJ!sjTNQ:X 6 1�� X=Q4dHO2M Q hiXHd�a\4cQ4M�Q4fHTkM`u2S I Q:OHMjTNQ pJ!\]Mjd+K p� d�X=Q KNJ I Mje�M I pJVK0M OHM
O2Mje KNTNQ:f pJD VS_Mje fHTkM O2X2KNM 1
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O2J s4TNQ4X 6 9
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� � 8 * � � 4LK � 2 K CDCDC K � � � � � 3 M 6 �
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euler medio direita

euler(log) medio(log) direita(log)
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� Q4T0Q X I Q J]ek\]Mj^ ,=Q f=Q4T�KNS_\VXH^ Q:T�OHMje�f=Q4T <Q I JVKNTkMje!OHJg\]M4^_MP\`Qba\:cQ4MH9 	 2 � * 9 	 # �
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f2T0J]\VS_e0Q I JVd+KNJ49 Q!hiXHd�a\:cQ4M Q4fHTkM u S I Q4O2MjTNQ�foJ]T�KNJ]d2\]J Q4M�J]e0fHQba\]M ^_SUdHJ`Q4T OHJ���J]T I SwKNJ
l 42 v m � � 8 � : � 8 ��v�� ��� # 2�� �=v�� � ��v���� � $ # # � �2v�� � ��v���� ? 2 � ����v���� � ����v���� ? 2 � =(> 4 ��� = � ��������� ? 2 � �

A � * � 6 � CDCDC � 3 � 6 ����v�� � � ��v�� � � F �
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C v 	21 �����
t JVekK0J�\`Q:e0M�f=Q:TkKNSU\]XH^_Q4T�\-,=Q I Q ; e0J I pJLKNMPOHM O2Mje K0TNQ4f pJ� ]SUMje f2T0MPOHX2KNM J I Q4dHQ4^_Mjs4S Q

\VM I M I pJVKNMPOHM�OHMje K0TNQ4f pJ� ]SUMje d=Q4e h pMjT I XH^ Q:e OHJ � X=Q4OHT0Q:KNXHT0Q d�X I pJ]TkS_\]Q 1
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�
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��v���� � � "!# v���� � $ & (+*

4 , # v���� � . � ��v . � 02. � A � 6 � CDCDC � 3 � v 	21 ��8��
��v�� 4 � 8 � 5 v * � � 66�� 6 "!# v * � � v 	21 �+3 �
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euler medio direita

euler(log) medio(log) direita(log)
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O S_sjXHT0Q 	21 N 8 . T0O2J]dHe�O2JR\]M4d 5 J]Tks=<J]dH\VS Q f=Q4T0Q Mje I pJLKNMPOHMje OHJ \]M4^_MP\`Qba\:cQ4M J I cl 0324 v m � � J
l 0324 v m � � 1

ttttttt .   .   .
3 N-2 N-1 N0 21

O SUsjXHTNQ 	 1 6 * 8 t fHTkM`u2S I Qoa\4cQ4M�e0JV\]\VS_Mjd=Q:^ I J]d+KNJ�^US_dHJ]Q4T 1
M4dHOHJ�� = l 42 v m � � v 5 J]T 5=sjXHT0Q 	21 6 * � J���v�� 4 � pJgOHJE5=d2S_OHM \]M I M dHM I pJVK0M OHM OHJ���XH^_JVT 1t fHT0M 5 J]SUKNQ4dHOHM[Q�OHJE5=d2Ska\4cQ:M[OHJ l 42 v m � � 9=X2K0S_^US� `Q:dHOHM!Q I XHO=Q:d�a\`Q�OHJ 5 Q4T0S pQ 5 JV^ . � � 9 $�� � 9*
¥
�
¥
6 J Q!fHTkMjfHT0SUJ]O=Q:OHJ Q4OHSUK0S 5 QYOHM4e�SUd+KNJ]s4TNQ4SUe]9HM � KNJ I Mje

��v���� � � "!# v���� � $ � � 032> 9�? 4 & 24 , # v���� ��� 9 $�� � � vkv 6 � � � ��v�� 9 � $�� ��v�� 9 ? 2 � � 0�� �A � 6 � CDC�C � 3 �
M4X ekJ I0Q29

��v���� ��� "!# v���� � $ � 032>9+? 4 v 
 2�� 9 ��v�� 9 � $ 
 # � 9 ��v�� 9 ? 2 � � � A � 6 � C�CDC � 3 � v 	21 � ��
M4dHOHJrMje(fbJVe0Mje 
 2�� 9 J 
 # � 9 e]cQ4M�O=Q:OHMje(T0JVe0foJ]\VK0S 5 Q I J]d+KNJ foMjT
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 # � 9 8 � � & 24 , # v���� ��� 9 $�� � � ��0�� CC I Q 5 J� � XHJ , # v�� � . � � v .FE � � GXE!. MjerfbJVe0Mje 
 2�� 9 J 
 # � 9 foM O2J I e0JVT \]Q4^_\VXH^ Q:OHMje�JLu2Q4\LKWQ ;
I J]d+K0J J 5 J I 9


 # � 9 8 � 6A G � v I $ 6 � G ? 2 � I G ? 2
6 $ 6 � I v I $ 6 � G � I G6 � �


 2�� 9 8 � v I $ 6 � G � I G
6 A G � 
 # � 9 �

fHQ4TNQ I �G* � 6 � CDCDC � A � 6 1
. �He0JVT 5 Q ; ekJ � XHJ Q�J � XHQba\4cQ4M�v 	21 � �� foM O2J ekJ]T�TkJ]ekMj^ 5 S_OHQ�OHSUT0JV\VKWQ I JVd�K0J f=Q4TNQ���v���� � 1% e�KNM OHJ 5 J ; ekJ Q4M h Q4\VK0M OHQ J � X=Qoa\4cQ4M S_d+KNJVsjTNQ4^ v 	21 �� e0J]T[^_SUdHJ`Q4T 1 � J]ekMj^ 5 J]dHO2M Q J � X=Qba\4cQ:M

J I MjT0OHJ I Q���v���� � fbMPOHJ I Mjer\VMjdH\]^UXHS_T � XHJ M I pJVK0M OHM�OHMjerKNT0Q4f pJ� ]S_M4e fHTkM O2X2KNMH9 � X=Q4dHO2M
Q:fH^_SU\`Q4OHM�Q:M d2Mje0ekM[fHTkM �H^UJ I Q292ekXHT0sjJ \]M I Q�hiMjT I Q�OHM�e0JVsjXHS_d+K0JYQ4^UsjMjTkSUK I M 8

��v�� 4 � � 66 � 6 "!# v�� 4 � �
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� � � G � ��v�� 4 � $ � 032>9+? 2 � 9 � G ��v�� 9 � $ 6 v 6 $ 6 � A G " # v���� � � � A � 6 � C�CDC � 3 C
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SUd+KNJ]T 5 Q4^_M � * ��� 2�� � � 1
?�� ?�� ? �	� ��� ���	��
� � ��F$C

. T0JVe0XH^wKWQ4OHM � XHJ�ekJ�e0JVsjXHJ&OHS� ; dHMje � XHJ�M I pJLKNMPOHM OHMje KNTNQ:f pJD VS_MjefHT0MPOHX2K0MH9 Q4fH^_S ;
\]Q4OHM Q4M dHMje0ekMYfHTkM �H^UJ I Q29jKNJ I MjT0O2J I OHJ�\]Mjd 5 J]T0sH<J]dH\VS Q s4^_M �=Q:^	Z v � # � 1 % e�KNM e0S_s4dHS 5=\]Q � X2J
Q MjTkOHJ I OHJ \]M4d 5 J]Tks=<J]dH\VS Q pJ fHT0JVe0J]T 5 Q4O=Q � XHQ4dHOHM e0Jgf=Q:e0eNQ O=Q � X=Q4O2TNQ:K0XHTNQ S_d+K0J]sjT0Qba\4cQ4M
f2T0MPOHX2KNM�f=Q:TNQ�M I pJVK0M O2M!OHMje KNT0Q4f pJD VS_Mje(fHTkM O2X2KNMH9HQ4fH^_SU\`Q4O2M�Q4M�dHMje0ekM[f2T0M �H^UJ I Q 1
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� R2]��������� � ����� � � M4dHe0SUOHJ]TkJ ; ekJ � �Hv�� � 8 � 5 v�� � � ���Hv�� � 9�Q hiXHd�a\:cQ4M J]TkT0M dHM SUd+KNJ]T 5 Q4^_M� ��� ����� ? 2 � 1 C I Q 5 J� � XHJ 5 v�� � 5 J]TkS 5=\]Q Q J � XHQba\4cQ4M v 	21  � J I K0M O2M M SUd+KNJ]T 5 Q4^_M � * ��� � J��v���� � e0Q:KNSUekh Q! v 	21 �+8�� 9�v 	21 �+3 � foM OHJ I M4e J]e0\VT0J 5 J]T

� �Hv���� � � & (+*
4 , # v���� � . � 5 v . � 02. � & (+*

4 , # v���� � . � ��v . � 0�. C
% d+K0J]sjT0Q4dHOHM J I \]Q4O=Q�e0X �2S_d+KNJVT 5 Q4^_M�JrOHJVfbMjSUe e0M I Q4dHO2M 5 J I 9

� �=v���� ��� � 032> 9�? 4 & (+@ ��A(+@ , # v����	� . � v 5 v . � � # 2�� 9 v . � ��v�� 9 � � # # � 9 ��v�� 9 ? 2 � � 02. C
� Q4e]9 � 9 v . ��� 5 v . � � # 2�� 9 v . � ��v�� 9 � � # # � 9 v . � ��v�� 9 ? 2 � � . = � � 9 � � 9 ? 2 � �
^UMjsjM!foM O2J I Mje J]ek\]T0J 5 JVT]9

� �Hv���� � � � 032>9+? 4 & (+@ �XA(+@ , # v���� � . � � 9 v . � 02. � A � 6 � CDCDC � 3 C v 	21 84* �

C I Q 5 JD � X2J " = � # v � � J 6�� 6 9HT0JVe0XH^wKWQ � XHJ 5 = � # v � � 9=^UMjsjM!f=Q:TNQ . = � � � � 9 ? 2 � 9� 9 v . ��� # 2�� 9 v . � 5 v�� 9 � $ # # � 9 v . � 5 v�� 9 ? 2 � $ ZRv � # � � # 2�� 9 v . � ��v�� 9 � � # # � 9 v . � ��v�� 9 ? 2 �� # 2�� 9 v . � � 9 v�� 9 � $ # # � 9 v . � � 9 ? 2 v�� 9 ? 2 � $ ZRv � # � C
� M4dHe0SUOHJ]T0Q4dHOHM

- 8 � I Q u2 / 9 / � � � 9 v�� 9 � � �
M �He0JVT 5 Q4dHOHM ; e0J � X2J # 2�� 9 v . � M * J # # � 9 v . � M * J&X2KNSU^_S� ]Q4dHOHM[v 	21 � 	 � J�v 	21 ����� 9�M �2K pJ I�; e0J&f=Q4TNQ. = � � 9 ��� 9 ? 2 � 9 � � 9 v . � � ¥ v # 2�� 9 v . � $ # # � 9 v . � � - $ ZRv � # ��� - $ Z v � # � C v 	21 8 6 �
t fH^_SU\`Q4d2OHM!J]e�KNJ T0J]ekXH^UKNQ4OHM�d=Q�J � X=Qba\:cQ4M v 	21 84* � ekXHT0sjJ Q!e0JVsjXHSUd�K0J I Q IkMjT0Qba\4cQ:M 8
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-
¥
6
6 -
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� Q4e 6�� 6 ^_MjsjM - � Z v � # � J foMjT(\]M4dHe0JVsjXHS_d+K0J49 X2KNSU^_SO `Q4dHO2M�Q JVdHJ � X=Qba\:cQ4M v 	21 8 6 � 9=foMPOHJ ;I Mje \VMjdH\]^UXHS_T � XHJ £ � £x¤ � Z v � # � 9HSUekK0M pJ:9=M I pJLKNMPOHM!KNJ I MjT0OHJ I � 1U>Y M \`Q4ekM sjJVTNQ4^ J I � XHJRQghiX2d�a\4cQ4M Q4fHTkM u S I Q4O2MjTNQ � pJ OHJ]ek\]Mjd+K p� d�X=Q29�M4X e0J�I0Q29�M
I pJVK0M O2M O2JE5=dHSUOHM�fbJV^ Q4e J � X=Qba\4cM4J]eYv 	21 �X� � J[v 	 1 � N � 9Hd cQ:M�hiM4S fbM4e0e p� 5 JV^ M �2KNJVT(X I Q!OHJ I M4dHe ;
K0TNQba\:cQ4M!KNJ pMjT0SU\`Q!OHJr\]Mjd 5 J]T0sH<J]dH\VS Q 1
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O S_sjXHT0Q 	 1 6j6 8 . T0OHJ I OHJ�\VMjd 5 JVT0sH<JVdH\]S_QYOHM I pJVK0M O2MYOHMje KNT0Q4f pJ� ]S_M4e f=Q:TNQ 5 pQ4TkS_Mje 5 Q4^UMjT0JVe OHJ
� 1
?�� ?���� 	 � �C��kF�
 ��� �� ��
���� 
HC�� � 
 ��� �� ����

t eke0S I \VM I M[d=Q[ekJ]\Pa\4cQ4M 	 1 � 1 � 9 KWQ I � pJ I Q � XHS�MRJVekK0XHOHM pJ hiJVSUK0M[J I TkJ]^_Qba\4cQ4M[Q4Mje
J u J I fH^_Mje K p� fHSU\]Mje 5 v�� ��� � " J 5 v�� ��� � " # A � 1� Q4T0Q � � � C 8 J 6 � 6 C 8 J]e�KWQ I Mje(d=Q4e�\]Mjd2OHSka\:cMjJ]e(OHM�KNJVMjT0J I Q 	21 3 JrM �2e0J]T 5 Q ; ekJ� XHJ OHJ�h Q4\LKNM�M I pJLKNMPOHM�OHMje KNT0Q4f pJD VS_Mje K0J I M4T0OHJ I � v 5=sjXHT0Q 	21 646 J�KNQ �bJV^ Q 	21 � � 1

� I 6 N �j*	� T0XHdHd2J]T�J]e�KNXHOHM4X�Q e0X2fbJVT0\]M4d 5 J]Tks=<J]dH\VS Q ^_MP\`Q4^n9 J I l 032� 9 � X=Q4d2OHM M
d pX2\]^_JVM O=Q J � X=Qba\:cQ4M OHJ�
 Mj^UK0J]TkTNQ OHJ e0JVsjXHdHOHQ JVe0f pJV\]S_J pJ TkJ]sjXH^_Q4T v 5 J]TgKNJVMjT0J I Q � 1 6 *�� 1

f=Q4e0ekM J]TkT0M Q �HekMj^_X2K0M MjTkOHJ I O2J \VMjd 5 JVT0sH<JVdH\]S_Q
� -��� � 5 v � C * � � ��v � C * � , � #�� "!# v -��� E - ��� #� �
* C 6 * C * ��� �� 6 �j8 N j8
* C *+8 * C *j*j3 6 �j3 �� N ��4* 6 C N�N�N 3 N 8j8 N
* C * �j8 * C *j* 6 8��+3 43��!� N 	 6 C N�N�N�N � 	 N 6
* C * 6 �j8 * C *j*j* 	 �j3j3 N  	 ��� 6 C N�N�N�N �4* N �
* C *4*j3 �j8 * C *j*j*j* N 3j3 ��j3 � N 6 C N�N�N�N�N 8����
* C *4* 	 6 �j8 * C *j*j*j*���� 6 3��43�� � 6 C N�N�N�N�N ��� 6

M Q �oJ]^_Q 	 1 � 8 . TkOHJ I O2J \VMjd 5 J]TksH<J]d2\]S Q v I pJVK0M O2M O2Mje M T0Q4f pJD VS_Mje � 1
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trapezios radau II gauss

trapezios(log) radau II(log) gauss(log)

S 1  ( ordem )
alfa=4.5  miu=1.5

O S_sjX2TNQ 	21 6 � 8 . TkOHJ I OHJr\VMjd 5 J]TksH<J]d2\]S Q�OHMje I pJVK0M OHM4e OHJr\]Mj^UM \]Qba\4cQ4M�J I cl 0322 v m � � 1
t e0ekS I \]M I M M I pJVK0M OHM OHMje�KNT0Q4f pJ� ]S_M4e[d cQ:M foJ]TkOHJ Q MjT0O2J I OHJ \]Mjd 5 JVT0sH<JVdH\]S_Q � X=Q4dHO2M
ekJYf=Q:e0eNQ O2JYX I d pXH\V^_J]M T0JVsjXH^_Q4T&fHQ4TNQ MRd pXH\V^_J]M�hiTNQ:\`Q I J]d+KNJ e0SUdHsjXH^_Q4T(O=QRdHMjekeNQRJ � X=Qba\4cQ:M
v 5 JVT�KNJVMjT0J I Q 	21 3 JYf=Q:T pQ4sjT0Q:hiM[Q4d+KNJ]TkS_MjT � 9 pJ SUd+KNJ]TkJ]ekeNQ4d+KNJ�Q 5 J]TkS_sjX=Q:T]9 d�X I J]TkS_\]Q I JVd+KNJ49oe0J
Q�e0XHfoJ]Tk\]Mjd 5 J]T0sH<J]dH\VS Q KWQ I � pJ I ekJ I Q4d+K pJ I \VM I Q J]ek\]Mj^��=Q O2MjeYf=Q:T <Q I JVK0T0Mje�hiJ]SwKWQ�f=Q4TNQ
d pX2\]^_JVMjeYTkJ]sjX2^ Q4TkJ]e OHJ]ek\]T0SwKWQ d2M KNJVMjT0J I Q � 1 6 * 1 Y M4KNJ ; e0J � XHJ dHM K0J]MjTkJ I Q � 1 6 * J u S_sjJ ; e0J� XHJ " # v�� � 92M4X e0J�I0Q 5 v�� � 9Pe0J I0Q�O2J)\]^_Q4e0ekJ � 	 d2M!\`Q4ekM!OHMje foMjd+KNMje OHJ � Q4O=Q4X % % J)\]^_Q4e0ekJ ���
d2MR\`Q:e0M OHM4e�foMjd+KNMje&OHJ��rQ4XHeke 1 � J]d2OHM Q4eke0S I SUT ; ekJ ; pQ \VMjdHe0SUOHJ]T0Q4T�fbMjT�JLu J I fH^UM � � � C 8 1
� �HekJ]T 5 Q ; e0Jd=Q�5=sjXHT0Q 	 1 6 � Q(e0XHfoJ]Tk\]Mjd 5 JVT0sH<JVdH\]S_Q � X=Q4dHO2M�X2K0S_^_SO `Q I MjebMje�foMjd+KNM4e�O2J � Q4O=Q4X% %W1 p� SUd�K0J]TkJ]e0e0Q4d+KNJ d2M4KWQ4T � XHJ d2M)\`Q4ekM � ��� 	 \VMjdHe0JVsjXHJ ; e0J MjT0OHJ I�� 94ekXHfbJVT0SUMjT �Q�J]ekfbJVTNQ4O=Q � X2J
ekJ]TkS Q 	21 � I T0JV^ Qba\:cQ4M�Q4Mje(foMjd+KNMje(OHJ
�rQ4XHe0e(\VMjd+KNS_d�X=Q�Q�d cQ4M�JLu SUekKNSUT e0XHfoJ]Tk\]Mjd 5 J]T0sH<J]dH\VS Q 1

p� OHJ eNQ4^US_JVd�KNQ4T � XHJ M I pJVKNMPOHM � XHJ e0J Q4fHT0JVe0JVd�KNQ�e0JVT d�X I J]TkS_\]Q I JVd+KNJ I Q:S_e
TkM �HXHe�KNM pJ)M I pJVK0M OHM!O2J�\]Mj^UM \]Qba\4cQ4MY\]M I fbM4d�K0Mje OHJ � Q4O=Q4X % %W1 Y M4KNJ ; e0J � XHJ�d2J]ekK0Jr\`Q4ekM[Q
Q:X2KNM ; \]MjTkT0JV\ a\4cQ:M pJ I Q:S_e T pQ4fHSUO=QYOHM � XHJ�dHM4e MjX2K0T0Mje I pJVK0M OHM4e JrQYMjTkOHJ I OHJ)\VMjd 5 JVT0sH<JVdH\]S_Q
pJ Q I J]^��2MjT OHJrKNMPO=Q4e v 5=sjXHT0Q4e 	21 6 	 J 	21 6 ��� 1

I pJVK0M OHM KNJ I foM JVT0TkM[TkJ]^ Q KNS 5 M
� Q:O=Q4X % % * C 6 N 8 ��� 6 *� # * C 6j6 *j*�� !� � 6 *� #
��XH^UJ]T * C N 434*�� 6 *� 	 * C �43���� 6 *�� � 6 *���

M Q �oJ]^_Q 	 1 N 8 � M I f=Q:TNQba\:cQ4M�OHMje KNJ I foMje OHJr\]M I fHX KWQba\:cQ4M!h Q4\]J Q4M�J]TkT0M v \VM I � ��* C 6 � 1
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trapezios radau II gauss

trapezios(log) radau II(log) gauss(log)

S 1  ( erro )
alfa=4.5  miu=1.5

O S_sjX2TNQ 	21 6 	 8 ��T0TkM[TkJ]^_Q:KNS 5 M!dHMje I pJVK0M OHM4e OHJr\]Mj^UM \]Qba\4cQ4M!J I cl ���� v m � � 1
� �He0JVT 5 Q ; ekJ � XHJ49�fHQ4TNQ�M I JVe I M 5 Q4^UMjTrOHM f=Q4eke0M � 9 \VM I X I fbMjX2\]M I Q4SUe OHJ

JVekhiMjT a\]M \]M I fHX KWQ4\VS_Mjd=Q:^ 9�O2M � XHJ M I pJVK0M O2M OHJ ��XH^_JVT]9�e0J \VMjdHekJ]sjXHJgX I Q Q4fHTkM`u2S I Qoa\4cQ4M
�HQ4ekKNQ4d+KNJ I Q:S_e f2T0J]\VS_e0QgviKWQ �bJV^ Q 	21 N � 1 Y M I J`Q4OHQ I JVd+KNJ492M �2KNJ I M4e X I Q�fHT0JV\]S_eVcQ4M ��� 5 JD ]JVe
ekXHfoJ]T0SUMjTr\]M I X I Q OHX2fH^_SU\`Qba\:cQ4M OHMgKNJ I foM�\VM I fHX2KWQ:\]S_M4d=Q4^ 9 MjX ekJ I0Q29�X I Q JE5=\VS <JVdH\]S_Q 6 �
5 JD VJ]e)ekXHfbJVT0SUMjT 1 C I SUdH\]Mjd 5 J]dHSUJ]d+KNJ OHJ]e�KNJ I pJLKNMPOHM pJ Q�JLu S_sH<JVdH\]S_Q!OHJ TkJ]sjX2^ Q4TkS_O=Q4O2J�OHJ 5 1C I Q 5 Q4d+KWQ:sjJ I O2M I pJVK0M OHMgOHJ ��XH^UJ]T pJ�Q�ekX=QgfbMjX2\`QgJLu S_sH<JVdH\]S_Q OHJ�T0J]s4XH^ Q4TkS_O=Q:OHJ!J�e0J]T
J uPKNT0J I Q I JVd�K0Jre0S I fH^UJ]e]9 � XHQ4dHOHM \]M I f=Q4T0Q4OHM�\]M I M I pJLKNMPOHM!T0JLhiJ]T0SUOHM 1



����������	�
�����������	���������	���������	����  ��!��"$#!���&%('(�)
 3 6

����� �����	��
���
����� ��� ��������
�� �� � 6� ��� 3��

� e I pJVK0M O2Mje�OHJ]e�KWQre0JV\ a\4cQ:M \VMjdHe0SUekK0J I J I Q4fH^US_\`Q:T�Q�T0J]s4TNQ�OHJ(S_d+KNJVsjTNQoa\4cQ4MrfHTkMjOHX ;
K0MH9 �=Q:e0J`Q:O=Q J I S_d+KNJVT0foMj^ Qba\:cQ4M � X=Q4O2T pQ:K0S_\`Q 9 Q4M K0J]T I M SUd�K0J]sjT0Q4^�O2M fHT0M �2^_J I Q Q TkJ]e0M4^ 5 JVT 1
� X=Q:dHOHM Q hiXHd�a\:cQ4M Q4fHTkM u S I Q4O2MjTNQ29 OHQ e0Mj^UX�a\4cQ4M J u2Q4\VKNQ29 pJ \VMjd+K p� dPXHQ J]d+K`cQ4M M � KNJ I Mje M
I pJVK0M O2M O2J � S I fHe0Mjd 1� T0JVK0J]dHO2J ; ekJ J]d2\]Mjd+KNT0Q4TYX I J]^_J I JVd+KNM���� cl ���# v m � � � XHJRe0Q:KNSUekh Qba\]Q�M e0SUekKNJ I Q
O2J \VMj^_MP\`Qoa\4cQ4M

��v�� � � � ��� " # v�� � � � � $'& ( A � *
� , # v�� � � ��� . � ��v . � 02. � v 	21 8����

��v�� # � � ��� " # v�� # � � � $ & ( � � *
� , # v�� # � ��� . � ��v . � 02. � v 	21 8 	 �

��v�� 	 � � ��� " # v�� 	 � � � $ & (�� � *
� , # v�� 	 � ��� . � ��v . � 02. � v 	21 8����

\VM I�� ��* � 6 �
	
	�	�� 3 1 � J]ekf=Qba\]M cl ���# v m � � pJ�O2J�=dHSUOHM fbMjT
cl ���# v m � ��� ��� � � ��v�� ��� ��v�� � � � � # � � �2v�� � $ ��v�� # � � � # # � �=v�� � $ ��v�� 	 � � � # 	 � �=v�� � ���� � ���	�����
� � � � � �G* � 6 ��	
	
	 � 3 � � ���v � ��� ��v�� � � � ��� � # � � � ��� v�� � $ ��v�� # � � ��� � # # � � ��� v�� � $ ��v�� 	 � � ��� � # 	 � � ��� v�� � ���� � � � ��� ��� � � ����v�� � � � � ����v�� # � � � ����v�� 	 � � � ��� � � � ��* � 6 �
	
	�	�� 3 � �
M4dHOHJrMje(fbM4^_S_d pM I SUMjeOHJ ��Q:sjTNQ4d2sjJ�e]cQ4M29
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 	 � " # v�� 	 � � � $ l v�� 	 � � � �

l(v�� ��� �
� ���>9+? � � ��v�� � � 9 � & �

� , # v�� ��� 9 $�� � ��� � � 9 v � � 0��$ ��v�� # � 9 � & ���, # v�� � � 9 $�� � ��� # � 9 v � � 0��$ ��v�� 	 � 9 � & �� , # v�� � � 9 $�� � ��� 	 � 9 v � � 0�� � 	
� JVe0Mj^ 5 JVdHOHM�Q4d=Q4^USUK0S_\`Q I JVd�K0JYMje�S_d+KNJVsjTNQ4SUe�Q4d+KNJVT0SUMjT0JVe]9 M �2K pJ I!; ekJ�Mge0J]s4XHS_d+KNJ�Q:^ ;

s4MjT0SwK I MH9 fHQ4TNQ � �G* � 6 �
	
	
	 � 3 � 6 ��
��
� � � � �

� # �
� 	� # � � #:# � # 	� 	 � � 	 # � 	 	 ����	

�
��
� ��v�� � � � ���v�� # � � ���v�� 	 � � � ����	 �

�
��
� 
 �
 #
 	 ����	 �

M4dHOHJ49 �
� � � 6 � 6

v � $ 	 � � G � � v � � 	 � � ��
� # � � 6

v � $ 	 � � G � # v � � 	 � � ��
� 	 � � 6

v � $ 	 � � G � 	 v � � 	 � � �� # � � � 6
v � $ 	 # � G � � v � � 	 # � �� #:# � 6 � 6
v � $ 	 # � G � # v � � 	 # � �� # 	 � � 6

v � $ 	 # � G�� 	 v � � 	 # � �� 	 � � � 6
v � $ 	 	 � G�� � v � � 	 	 � �
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 3 
� 	 # � � 6

v � $ 	 	 � G�� # v � � 	 	 � �� 	 	 � 6 � 6
v � $ 	 	 � G � 	 v � � 	 	 � �


� � " # v�� � � � � $ l
v � $ 	 � � G �
 # � " # v�� # � � � $ l
v � $ 	 # � G �
 	 � " # v�� 	 � � � $ l
v � $ 	 	 � G �

l � � ���> 9+? � v���v�� � � 9 � � � v I � 6 � $ ��v�� # � 9 � � # v I � 6 � $ ��v�� 	 � 9 � � 	 v I � 6 � � �� � v � � 	 ��� 6
v 	 � � 	 # � v 	 � � 	 	 � v � v � � 	 � � v � � $ 	 # $ 	 	 � � v � � 	 �$ v � $ 	 # � v � $ 	 	 � � v � � 	 � � �� # v � � 	 ��� 6
v 	 # � 	 � � v 	 # � 	 	 � v � v � � 	 � � v � � $ 	 � $ 	 	 � � v � � 	 �$ v � $ 	 � � v � $ 	 	 � � v � � 	 � � �� 	 v � � 	 ��� 6
v 	 	 � 	 � � v 	 	 � 	 # � v � v � � 	 � � v � � $ 	 � $ 	 # � � v � � 	 �$ v � $ 	 � � v � $ 	 # � � v � � 	 � � �� v � � 	 ��� v � $ 	 � G � # � � G � #6 $ � �

� v � � 	 ��� v � $ 	 � G � � � � G � �6 $ 6 �
� v � � 	 ��� v � $ 	 � G � � G6 	

Y M4K0J ; e0J � XHJ:9 foMjTrJLu J I fH^_M29�f=Q4T0Q \]Q4^_\VXH^ Q4T;��v�� � � � � X2KNSU^_SO `Q I!; ekJ�MjeYfoMjd+KNM4e � # � �
J � 	 � � � XHJ J]e�K`cQ4MghiMjTNQ OHM�S_d+K0J]T 5 Q4^UM � * ��� � � � � J Q4^ pJ I OHS_eke0M�J I \`Q:O=Q�fHQ4e0ekM OHM Q4^UsjMjT0SwK I M
TkJ]ekMj^ 5 J I Mje(X I e0SUekK0J I Q�O2J J � X=Qba\4cM4J]e�^_S_d2J`Q4TkJ]e 1
?���� � ? 	 � �C��kF�
 ��� �� ��
���� 
HC�� � 
 ��� ������

�

M Q:^\VM I M d=Q:eYe0JV\ a\:cMjJ]e 	 1 � 1 � J 	21 	21 � SUT0J I Mjer\]M4dHe0SUOHJ]T0Q4T]9�MjeYJ u J I fH^_Mje�K p� fHSU\]Mje5 v�� ��� � " J 5 v�� ��� � " # � � 1
t e MjTkOHJ]d2e�O2J \VMjd 5 JVT0sH<JVdH\]S_Q OHM4e I pJLKNMPOHMje OHJr\VMj^_MP\`Qba\:cQ4M�J I l ���� J l ���� 92O=Q4O=Q4e

foJ]^UM K0J]MjTkJ I Q � 1 N 9Pf=Q4TNQ d pXH\]^UJ]MjeT0JVsjXH^_Q4T0JVe foJ]T I Q4dHJV\]J I 5 pQ4^US_O=Q4e dHMY\`Q4ekM�OHMYd pX2\]^_JVMYekS_d ;
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Simpson  ( ordem )
alfa=4.5   miu=1.5

� S_sjXHT0Q 	21 6 8 � � T0O2J I OHJr\]M4d 5 J]Tks=<J]dH\VS Q�OHM I pJLKNMPOHM!OHJ � S I fHe0M4d 1

s4XH^ Q4T�JVekK0XHO=Q4OHM�dHJVekKNJ�KNT0Q �=Q4^��HMH9 dHM4e J u J I fH^_Mje�JVekK0XHO=Q4OHM4e 1 � % ekKNM�^_J 5 Q ; dHM4erQgekXHe0foJ]SwKWQ4T� XHJ:9 � X=Q4dHOHM ekJRh Q! RQ \]Mj^UM \]Qba\4cQ:M J I JVe0f=Qba\VMje!OHJ[e0fH^US_dHJVeYfoMj^_SUdHM I S Q4SUe)OHJ MjTkOHJ]d2e I Q:S_e
JV^_J 5 Q:O=Q4e]92M I JVe I M!e0J 5 J]TkS � � XHJ 1 � I f=Q4TkK0S_\VXH^ Q4T pJ)OHJ)JVe0foJ]T0Q4T � XHJ�M I JVe I M�\]M I foMjTkKNQ ;
I J]d+K0M)e0J 5 J]TkS � � XHJ � X=Q4d2OHM�e0J fHQ4e0e0Q�Q4M I pJVK0M OHM�OHJ � S I f2e0Mjd � TkM OHX KNMH9 � XHQ4dHOHMrQ4f2^_S_\]Q4OHM
�Q�d2Mje0e0Q�J � X=Qba\:cQ4M 1 Y M�K0J]MjTkJ I Q � 1 N s+Q4T0Q4d+KNJ ; e0JrQY\VMjd 5 JVT0sH<JVdH\]S_Q�ZRv � 	 � fHQ4TNQ�d pXH\V^_JVMje TkJ]s ;
X2^ Q4TkJ]erdHMg\`Q4ekM O2M I pJVK0M OHMgOHJ � S I f2e0Mjd 9 O2J]e0O2J � XHJ 5 � � 	 1 � Mjd2e0S_O2J]T0M4X ; ekJ � � � 	 8 9
fHQ4TNQ�ekJ)s+Q4T0Q4d+KNS_T 5 � � 	 92J�M �2KNJ 5 J ; e0JrMjTkOHJ I Q4fHTkM`u2S I Q:O=Q I J]d+KNJ ��� X I QYMjTkOHJ IqI Q:S_e
JV^_J 5 Q:O=Q � XHJgQ fHTkJ 5 S_e�KWQ v �=sjXHT0Q 	21 6 8�� � � e�T0JVe0XH^wKWQ4O2Mje�d�X I pJ]T0SU\]MjeYS_dHOHSU\`Q I � XHJgQ \VMjd ;
5 J]Tks=<J]dH\VS Q pJ I Q4SUe&T pQ4fHS_OHQ[OHM � XHJ Z v � 	 � 1 � KNJVMjT0J I Q � 1 N sjQ4TNQ4d+K0J Z v � 	 � 9bf=Q4TNQ[d pXH\]^UJ]Mje
TkJ]sjX2^ Q4TkJ]e]9 I Q4e(J]ekKNQRMjTkOHJ I pJ Q4fbJVd=Q4e&X I ^_S I SwKNJ)SUd2hiJ]TkS_MjT 1 t ^ pJ I OHSUe0e0M29oekJ , # v�� � . � hiM4e0e0J\VMjdHe�KWQ4d+KNJ:92JVd�K]cQ4MYM I pJLKNMPOHM OHJ � S I fHe0Mjd � T0MPOHX2K0MYT0JVOHX� VS_T ; e0J ; p� Q Q4M I pJLKNMPOHM OHJ � S I fHe0Mjd
X2e0X=Q4^�\]X��kM[J]TkT0M ekJ�eNQ �oJYekJ]T�Z v � � � 1 Y M4KNJ ; ekJ � XHJ , # v�� � . � 5 Q4TkS Q I XHSwKNMH9 foJ]TkK0M OHM foMjd+KNM� � * 	 * 9�JRfbMjX2\]M ^_M4dHsjJRO2J]ekK0J fbM4d�K0M 1 � JVdHOHM Q4e0ekS I d cQ4M pJ[OHJ J]e�KNTNQ:d �=Q4T � XHJ M 5 Q4^UMjT
Q:fHT0M`u S I Q4OHM O=Q MjT0O2J I OHJ \VMjd 5 J]TksH<J]d2\]S Q 9&foJ]T�KNM O=Q ekS_dHs4XH^ Q4TkS_O=Q:OHJ49 ekJ��0Q ^US_sjJVS_TNQ I JVd�K0J
O2SUhiJ]TkJ]d+KNJ[OHJ � I Q:e JVekK0J 5 Q4^_MjT pJ T0JV\]XHfoJ]T0Q4OHM T0Q4fHS_OHQ I JVd+KNJ � XHQ4dHOHM dHMje�Q h Q4ekKNQ I M4e O2M
foMjd+KNM � ��* 	 * 1 p��OHJ�ekXHe0foJ]SwKWQ4T � XHJ Q!TNQ:fHS_OHJ� �O=Q�T0JV\]XHfoJ]T0Qba\4cQ:M K0J I Q 5 J]T(OHS_TkJ]\LKWQ I J]d+KNJ
\VM I Q MjT0O2J I O2M I pJLKNMPOHM � dHM4K0J ; e0J � XHJ J I I pJVK0M OHM4eYOHJ M4T0OHJ I �=Q:Swu2Q Q T0JV\]XHfoJ]T0Qba\4cQ:M
fHQ4T0JV\]J�e0JVT I Q4S_e^_JVd�KNQ�OHM � XHJ�J IqI pJVK0M OHM4e OHJ)M4T0OHJ IqI Q4S_e J]^UJ 5 Q4O=Q 1 v 5 JVT KWQ �oJ]^_Q 	21 6 * J
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 3 N
�HsjXHTNQ 	21 6 8��

� �He0JVT 5 J ; ekJ � XHJ)QYMjT0O2J I OHJ]S uHQ OHJ�hiXHdH\VS_MjdHQ4T fHQ4TNQ 5 Q4^UMjT0JVe OHJ � I XHSUK0MYfoJ � XHJ ;
d2Mje]9 Q �=Q4S u2M[OHJ * 	 *j*j3��j8 9 Mje�JVT0TkMje)OHJYQ4T0TkJ]OHMjd2O=Q I J]d+KNM \VM I J a\`Q I Q KNJ]T&X I Q[S_d��=X <J]d2\]S Q
\VMjdHekS_OHJVT pQ 5 J]^ v 5 JVT�KNQ �oJ]^ Q 	 1 6 *�� 1 t \]M4d�K0J]\VJ � XHJf=Q4TNQ ��� e I X2SUKNM(foJ � XHJVdHMje�M�J]TkT0M&Q4X I J]d+KWQ
J I 5 JD �OHJ)OHS I SUdPX2S_T]94fbJV^_M � XHJ�e0J)Q:\]MjdHekJ]^��=QYMYX2e0M�OHJVekK0J I pJLKNMPOHM f=Q4TNQ 5 Q:^_MjTkJ]eOHJ � d cQ4MI XHSUK0M foJ � XHJVdHMje vifbM4T J u J I fH^_M � �B* 	 6 9 � � * 	 *+8 MjX � � * 	 * �48�� 9dHJ]\VJ]eke0S_OHQ4OHJ OHJ
f2T0J]\VS_eVcQ4M[T0Q! ]M pQ 5 JV^ JrhiX2d�a\4cMjJVe " e0X �=\]SUJ]d+KNJ I JVd�K0JYTkJ]sjXH^_Q4T0JVe]9 � 	 1
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S 2  ( ordem )
alfa=4.5  miu=1.5

� S_sjXHT0Q 	21 6 3 � � T0O2J I OHJr\]M4d 5 J]Tks=<J]dH\VS Q�f=Q4T0Q Mje I pJVK0M O2Mje OHJr\]Mj^UM \]Qba\4cQ:M J I cl ���# v m � � 1
f=Q4e0ekM J]TkT0M Q �HekMj^_X2K0M MjTkOHJ I O2J \VMjd 5 JVT0sH<JVdH\]S_Q
� -��� � 5 v � 	 * � � ��v � 	 * � , � #�� "!# v -��� E - ��� #� �

* 	 6 * 	 *j*j*j*4* ���j3 N �j* 	
* 	 *+8 * 	 *j*j*j*4*j* 6 �j* 	 6 � 	 	 N�N � 	 3�� N 6
* 	 * �j8 * 	 *j*j*j*4*j*j* 6j6 	 *+8 	 	 N�N 8�� N ��� 6
* 	 * 6 �j8 * 	 *j*j*j*4*j*j*j*j*�4*j3 � 	 *j*j*�� � 	 8��
* 	 *4*j3 �j8 * 	 *j*j*j*4*j*j*j*j*4* ��� � 	 *j*+8������ N 3
* 	 *4* 	 6 �j8 * 	 *j*j*j*4*j*j*j*j*4* 6 8 6 	 8���� ��M�+8��
M Q �oJ]^ Q 	21 6 * � � TkOHJ I O2J \VMjd 5 JVT0sH<JVdH\]S_Q v I pJVK0M O2M!OHJ � S I fHe0M4d � 1

� I T0JV^ Qba\:cQ4M �Q e0XHfoJ]Tk\]Mjd 5 J]T0sH<J]dH\VS Q ^_MP\`Q4^n9 J I cl ���# 9�\VMjdHe0JVsjXHJ ; e0J:9!d�X I JVT0SU\`Q ;
I J]d+K0J49+Q I J]^��HMjT�MjTkOHJ I OHJ \VMjd 5 JVT0sH<JVdH\]S_Q29 8 9 � X=Q4d2OHM)e0J X2KNSU^_S� ]Q I Mje�fbM4d�K0Mje�O2J � Q:O=Q4X % %
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 4*
v �=sjXHT0Q 	21 6 3 � 1 % ekK0M 5 JVT0S �H\`Q ; e0J I J]e I M � X=Q:dHOHM�d cQ:M�e0J)J u S_sjJ�QYT0JVsjXH^ Q:T0S_OHQ4OHJ�OHMYKNJVMjT0J I Q
� 1 6 * 9 "!# � � 	 � M �HekJ]T 5 J ; e0J � X2J M4e�TkJ]ekXH^UKNQ4OHMje hiMjT0Q I M � KNS_O2Mje f=Q4T0Q � � � 	 8 1

����� ����� 
 ��� � ���� �
Y JVekKWQ ekJ]\Pa\4cQ4M fHTkJVK0J]dHOHJ ; ekJ Q4d=Q4^US_eNQ:T J I \VMjd��kXHd+K0M Mje I pJVK0M OHM4eROHJ \VMj^_MP\`Qoa\4cQ4M

X KNS_^US� ]Q4OHMje d2J]ekK0J�\]Q4f p� K0XH^_M�J 5 JVT J I � XHJ I J]O2S_O=Q�M Q4X I J]d+KNM OHM sjTNQ4X O=Q4ee0f2^_S_d2J]e fbM4^_S_d2M ;
I S Q:S_e�T0J]O2X� M�J]TkT0M�M �2K0S_OHM�f=Q4TNQ)X I�I J]e I M�f=Q:e0e0MrJ Q:X I JVd+KWQ�Q)MjTkOHJ I OHJ \]M4d 5 J]Tks=<J]dH\VS Q 1
��e�KNJYJVekK0XHOHM[K0J I \VM I M�M � �kJ]\VK0S 5 MROHJLKNJ]T I SUd=Q4T � X=Q4^�Q I JV^��HM4T fHT0JV\]S_eVcQ4MR\VM I X I K0J I fbM
O2JY\]M I fHX KWQba\:cQ4M[^US I SUKNQ4OHMH9 \`Q4ekMRe0J OHS_ekfbM4d �=Q�OHJYX I Q I pQ � XHSUd=Q�\]M I foMjXH\]Q[\`Q:f=Q4\]SUO=Q4OHJ
O2J \ pQ4^_\VXH^_M�MjX e0J OHJ]ekJ��kJYJLhiJ]\LKNX=Q4T&X I d pX I J]TkM O2J \ pQ4^_\VXH^_Mje I X2SUKNM�JV^_J 5 Q4O2M 1 � J]TkK0J]dHO2J ; ekJ
SUsjX=Q4^ I JVd+KNJ O2JVKNJVT I S_d=Q:T Q I J]^��2MjT Q4f2T0M`u S I Qba\4cQ4M�f=Q4TNQ)M �2KNJVT�X I Q&fHT0JV\]S_eVcQ4MrOHJ]ekJ��0Q4OHQr\VM I
M I p� dHS I M KNJ I foM!OHJ \VM I fHX2KWQoa\4cQ4M 1

� fHTkS I J]S_TkM h Q4\VK0MjT�Q(K0J]T�J I \VMjd+KWQ(d=Q&JVe0\VMj^��=Q(OHM I pJLKNMPOHM�Q�X KNS_^US� ]Q4T OHSO TkJ]ekfbJVSUKNM
�Q MjT0O2J I OHJ \]Mjd 5 JVT0sH<JVdH\]S_Q 1 � X=Q4d+KNM I Q4SUMjT hiMjT�J]e�KWQ MjT0OHJ I 9 I Q4S_M4T pJYQ T0J]O2X�a\4cQ4MROHM[JVT0TkM
\VM I Q!T0JVOHX�a\:cQ4MRQ I JVKWQ:OHJ�OHM f=Q4e0ekM[X KNS_^US� ]Q4OHM 1C I Q!fHT0S I JVS_TNQ M �He0JVT 5 Qba\:cQ4M[O2Mje(T0J]ekXH^UKNQ4OHMje(M � KNS_O2Mje ^_J 5 Q�Q!\]M4dH\]^UXHS_T � XHJ � X=Q4d ;
K0M I Q4S_MjT hiMjT&M sjT0Q4X O=Q:e)e0fH^US_dHJVe�foMj^_SUdHM I S Q4SUe X2K0S_^_SO `Q4OHQ4e I Q4SUMjT pJ!Q[M4T0OHJ I OHM I pJLKNMPOHMH9
foJ]^UM � XHJ foM O2J]T0S_Q f=Q:T0J]\VJ]T \VMjd 5 J]d2S_J]d+K0J J]e0\VMj^��2J]T e0f2^_S_d2J]eRfoMj^US_dHM I S Q:S_e�OHM I Q4SUMjT sjTNQ4X
foMjeke p� 5 J]^ 1 Y M J]d+KWQ:d�K0MH9�M Q4X I JVd�K0M OHM sjTNQ4X O=Q4eYekfH^_SUdHJ]e fbM4^_S_d2M I S_Q4S_e&M �HTkS_s+Q29�\]M I M � pQ
5 S I MjeV9�Q X I Q I Q4S_MjT�JLu S_sH<JVdH\]S_Q dHQ TkJ]sjXH^_Q4T0SUO=Q4OHJ O=Q4e hiXHd�a\4cM4J]e Q Q4f2T0M`u S I Q4T]9jM � XHJ�^_S I SUKNQ
Q Q4fH^US_\]Q �HS_^US_O=Q:OHJ OHM4e I pJVK0M O2Mje d=Q4ee0SUK0X=Qba\:cMjJ]eT0J]Q4S_e 1 � M4T MjX KNT0M ^ Q:OHMH9 � X=Q4d+KNM I Q:S_MjT�hiM4TM
s4TNQ4X O=Q4e�e0fH^US_dHJVe&foMj^_SUdHM I S Q4SUe I Q4S_M4T pJ�Q[\VM I fH^_J u2SUO=Q4OHJrOHMRQ4^_s4MjT0SwK I M!Q[X2K0S_^US� `Q:T]9HM � X2J
\VMjdHOHX� &Q I Q4SUMjT0JVe�KNJ I foMje dHQ)OHJ]OHX�a\4cQ4M OHMje I pJVK0M O2Mje J I Q4S_MjT�fHTkM �=Q �HSU^_SUO=Q4OHJOHJ \]M I JLKNJ]T
JVT0TkMje � X2J]T�d=Q!e0X=Q�OHJ]O2X�a\4cQ4M � XHJ]T�d=Q!e0XHQ S I fH^UJ I J]d+KWQoa\4cQ4M!J I \]M I fHX2KNQ4OHMjT 1

t e �=sjXHT0Q4e 	 1 6 � J 	21 6 N fbJVT I SUK0J I OHJLKNJ]T I SUd=Q4TV9PfHQ4TNQr\`Q4OHQ I pJLKNMPOHMH9 � X=Q4^ MYJVT0TkM
TkJ]^_Q:KNS 5 M f=Q:TNQ X I O=Q4O2M KNJ I foM OHJ \VM I f2X2KWQba\:cQ4M 1 � KNJ I foM OHJ \VM I fHX2KWQoa\4cQ4M pJ[hiXHd�a\4cQ:M
O2M f=Q:e0e0M29 O=Q4OHM � XHJ Q:M TkJ]OHX� VS_T I Mje�M f=Q4eke0M Q I JLKWQ4O2J�JVekKNQ I M4e]9 Q:fHT0M`u S I Q4O=Q I J]d+K0J49
QgOHXHf2^_S_\]Q4T�MgKNJ I foM�O2J \ pQ4^_\VXH^_M � foMjS_e�M4e I pJVK0M O2Mjere]cQ4M�\]Mjd2ekKNSwKNX p� OHMjerfoMjT�X I \]SU\]^UM � X2J
pJ J u2JV\]X2KNQ4OHM KWQ4d+KWQ:e 5 JD VJ]e � X=Q:d�KNQ4egM d pX I JVT0M OHJ foMjd+KNMjegO=Q T0JVOHJ 1 � M4T�JVekKNQ T0Q! 4cQ4M
JVdH\]M4d�K0TNQ I Mje�J I Q �o\]SUe0eNQ:e M�^_MjsjQ4T0SwK I M �=Q:e0J � OHM)K0J I fbM 1 � M4T�MjX2KNTkM�^ Q4O2MH9jQ4e�M4T0OHJVd=Q4O=Q4e
I J]O2J I M!J]T0TkM�T0JV^ Q:K0S 5 M�OHM I pJVK0M OHM # fbJV^_M � XHJrQ S_dH\V^_S_dHQba\4cQ4M OHMje ekJ]s I J]d+K0Mje OHJ)TkJ]\LKWQ�e]cQ:M
X I Q I J]OHSUO=Q�O=Q�MjT0OHJ I OHJr\]M4d 5 J]Tks=<J]dH\VS Q 1

t �=sjXHT0Q 	21 6 � T0JVfHT0JVe0JVd�KNQ M�OHJ]ekJ I fbJVd �HM O2Mje I pJLKNMPOHMjerOHJ�\]Mj^UM \]Qba\4cQ:M�d2MjerJ]e ;
fHQba\]Mje cl ���� v m � � 9 l ���� v m � � J cl ���� v m � � 1 ��ekK0J]e I pJLKNMPOHMje!e]cQ:M �oJ I \VM I fbMjT�KWQ4O2Mje]9 foMjS_e

��N�� ?G
����=��
D� � J(����6 �I?G�(�4�-68J(�%6 7 � �Q>�685(�(� �C?G
��%�@�+��
 � ? E:� � >��3� � �(���I>����@>�
3$
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euler trapezios S1: radau II(log)

S1: radau II simpson S2: radau II

Ordens de convergencia
alfa=4.5  miu=1.5

� S_sjXHT0Q 	21 6  � � T0OHJVdHe�OHJ \VMjd 5 J]TksH<J]d2\]S Q�f=Q:TNQ 5 pQ4T0SUMje I pJVK0M OHM4e�OHJ \VMj^_MP\`Qba\:cQ4M)J I cl ���
�

v m � � 1
M �2KNJ I MjeT0JV\VKNQ4e � X=Q:e0J�foJ]T�hiJ]SwKWQ4eV9PfoJ]^UM � XHJ pJ(^ p� \VSUK0M�e0XHfoMjT � X2J�M �2K0J]TkJ I Mje f2T0J]\VS_eVcMjJ]e\`Q4OHQ
5 JD I Q:S_e�JV^_J 5 Q4OHQ4e!e0J I fHTkJ � X2J�O2S I S_d�XHS_T I M4eYM f=Q4eke0M�vnQ:K pJgQ:KNSUdHsjS_T I M4e�Q XHdHSUO=Q4OHJ OHJ
Q:T0T0JVOHMjdHOHQ I JVd+KNM OHM!KNS_foM!OHJrO=Q4O2Mje(J I 5 p� TksjXH^_Q �=X2KNXHQ4d+KNJ X2KNSU^_S� ]Q4OHM � 1

t �HsjXHTNQ 	21 6 N TkJ]fHTkJ]ekJ]d+KWQ KNQ I � pJ I M OHJVe0J I foJ]d �HM OHMje I pJVK0M O2Mje�OHJ \VMj^_Mj\]Q ;
a\:cQ4M J I cl ���# v m � � 1 ��ekK0J]e I pJLKNMPOHMje Q4fHTkJ]e0JVd+KWQ I X I \VM I foMjT�KWQ I J]d+KNM TkJ]sjXH^_Q4T Q4foJ]d=Q4e
fHQ4TNQ 5 Q4^UMjT0JVeROHJ � T0JV^ Q:K0S 5 Q I J]d+KNJ�sjTNQ:dHOHJ]e 1 � Q4TNQ 5 Q4^UMjT0JVeROHJ � foJ � XHJ]d2MjegJ]ekK0J]e I pJ ;
K0MjOHMjeY\]M I J a\]Q I Q ekJ]T�foJ]dHQ4^_SO `Q4OHM4eYfoMjTYJVT0T0M4e!OHJ Q4TkT0J]O2MjdHO=Q I J]d+K0M J]^_J 5 Q4OHMje�O2J 5 S_OHM �Q
d2J]\]JVe0ekS_O=Q4O2J OHJ�TkJ]ekMj^ 5 J]T]92J I \]Q4O=Q!f=Q4eke0MH9HekS_e�KNJ I Q4e I Q:KNTkS_\VS Q4SUe 1 � MjT MjfoMjekSka\4cQ:MH92Mje I pJVK0M ;
O2Mje I Q4S_e ekS I fH^_JVe]9 \]M I M�M&OHJ � X2^_J]TV94foJ]T I SwKNJQ4fHTkM 5 J]SwKWQ4T�Q&\]Q4f=Q4\VS_O=Q4O2J OHJ T0JVfHT0JVe0J]d KWQba\:cQ4M
OHQ I pQ � XHS_dHQ�OHJ 5 S_O2M �Q!e0S I f2^_S_\VS_O=Q:OHJ�OHM4e�\ pQ4^_\VXH^_M4e JVhiJV\VKNXHQ4OHMje 1
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Desempenho
alfa=6.5  miu=1.5  ponto=2.0

euler medio direita

trapezios S1-radau S1-gauss
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log2 ( tempo(seg.) )
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� S_sjXHT0Q 	21 6 � � , JVe0J I foJ]d �2M OHMje I pJVK0M O2Mje OHJ \]Mj^UM \]Qba\4cQ:MGJ I cl ���� v m � � 9 l ���� v m � � J
cl ���� v m � � 1

Desempenho
alfa=6.5  miu=1.5  ponto=2.0

euler trapezios S1-radau

simpson S2-radau S2-gauss

-10 -8 -6 -4 -2 0 2 4 6
log2 ( tempo(seg.) )
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� SUsjXHT0Q 	21 6 N � , J]ekJ I fbJVd �HM OHJ 5 pQ:T0S_M4e I pJLKNMPOHMje OHJr\]M4^_MP\`Qba\:cQ4M!J I cl ���
�
v m � � 1
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t Q4d pQ4^US_ekJ d�X I pJVT0SU\`Q29 � X=Q4d2OHM X KNS_^US! ]Q4O=Q � XHJVTJ I J]d2sjJ]d �HQ4T0S_Q � XHJVT d=Q I Q:K0J I pQ ;
K0S_\]QYQ4fH^US_\]Q4O=Q29jK0TNQ �=Q:^��=QrhiT0J � XHJVd+KNJ I J]d+K0J�\]M I e0X2\]J]eke]cMjJVe J�e pJ]T0SUJ]e 1 � e�KWQ4e e]cQ4M�f2T0MPOHX" ]SUO=Q4e
foMjT I pJLKNMPOHMjeSUK0J]TNQ KNS 5 Mje]9�K pJV\]dHSU\`Q4e OHJ�foJ]T�KNXHT �=Qba\:cQ4MH92f2T0MP\]J]O2S I J]d+KNMjeOHJ�Q4fHT0M u2S I Qoa\4cQ4M OHJ ;
foJ]d2OHJ]d+KNJVe OHJ)X I f=Q4T <Q I JVKNTkMH9 kxyHo 1 � XHSUK0M hiT0J � XHJ]d+KNJ I JVd+KNJ49=dHQYfHT pQ KNS_\]Q29PJ]e0e0Q4e ekXH\]JVe0e]cM4J]e
M4X e pJVT0S_JVe�\]M4d 5 J]TksjJ I K`cQ4M ^_J]d+KNQ I JVd+KNJ � XHJRK0MjT0dHQ I M e0JVX XHe0M O2J]e0SUd+KNJ]TkJ]ekeNQ4d+KNJ 1 p� foMjT
JVekKNQ TNQ# 4cQ4M � X2J[Mje I pJVKNMPOHMje OHJ[Q4\]JV^_JVTNQba\:cQ4M O2J[\VMjd 5 J]TksH<J]d2\]S Q�K`<J I ekS_OHM�J]e�KNXHO=Q:OHMjeY\VM I
s4TNQ4dHO2J!S_d+KNJVT0J]eke0J!OHJVe0OHJ � pQ 5 pQ4TkS_Mje)Q4dHMje�J I OHS 5 J]Tke0Mje�O2M I p� dHS_M4e&OHJ�Q:fH^_SU\`Qba\:cQ4M v 5 J]T � 	 � J� � � � 1 ��e�KNJ]e I pJVK0M OHM4e��=Q4e0JVS Q I!; ekJ d=Q S_O2J]S Q OHJgJLuPKNT0Q4fbM4^ Qba\:cQ4M Jg\]Mjd2OHX" ]J I 9J I I XHSwKNMje
\]Q4e0M4e]9 �QYekMj^_X�a\4cQ4M�O2J)fHT0M �H^_J I Q4e � XHJ)e0JVT0S_Q I O2J)MjX2K0TNQ hiMjT I Q S_dHekMj^ pX 5 J]SUe 1 � e I pJVK0M O2Mje OHJ
J uPKNTNQ:fbMj^_Qba\4cQ:M \VMjdHekK0SUK0XHJ I 9�f2T0J]ekJ]d+KNJ I JVd+KNJ49�X I Q pQ4T0J]Q f=Q:TkKNSU\]XH^_Q4T�d=Q Q4d pQ4^US_e0J�d�X I pJ]TkS_\`Q
K0J]dHO2M ^_SUs+Qba\:cMjJ]er\]M I I XHSUKNQ4erMjX2K0TNQ4e pQ4T0J]Q4e S I fbMjT�KWQ4d+K0J]e]9�KWQ:S_er\]M I MghiTNQ4\Pa\4cMjJVeY\]M4d�K p� d�X=Q4e
v 5 JVT � � � � MjX I pJLKNMPOHMje(OHJ fHT0M �kJ]\ a\:cQ4M JVd�K0T0J MjX2K0T0Mje 1 ��^_J]e(KWQ I � pJ I \VMjdHe�KNSUK0XHJ I Q �=Q4ekJYOHJ
d2M 5 Mje I pJLKNMPOHMje fHQ4TNQ!Q!e0M4^_X�a\:cQ4M!OHJ�OHS 5 J]Tke0Mje(fHTkM �H^UJ I Q4e 1 � e I pJVK0M OHM4e Q4d=Q4^ p� K0S_\]M4eK`<J I!; e0J
K0MjT0dHQ4OHMR\]Q4O=Q 5 J$ I Q:S_e(S I fbM4TkKWQ:d�K0J]e(d=Q I Q:K0J I pQ:KNSU\`Q!Q4f2^_S_\]Q4O=Q�J dHQRQ4d pQ:^_S_ekJrdPX I pJVT0S_\]Q29
ekJ]dHO2M O2J J]e0foJ]T0Q4T � XHJ Mje I pJVK0M OHM4e�OHJ J u K0TNQ4foMj^_Qba\4cQ4M 5 J]d �=Q I Q�K0J]T X I XHe0MrsjJVdHJ]T0Q4^_S% `Q4O2M 1
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t foJ]e0Q4T!O=Q \]TkJ]ek\]J]d+K0J J �=\]S <J]dH\VS Q OHMje!\VM I fHX2KWQ:OHMjT0JVe�J OHMje�Q4^_sjM4T0SUK I M4e d�X I pJ ;
TkS_\VMje X KNS_^US! ]Q4OHMjeV9�Q:eYJLu SUs=<J]dH\VS Q4e OHJ[fHT0JV\]S_eVcQ4M S I foMje�KWQ4erfoMjT I XHSUKNQ4e Q4fH^_SU\`Qba\:cMjJ]e fHT pQ:KNSU\`Q4e
eVcQ4M KWQ4SUe � XHJgM OHJ]ekJ]d 5 Mj^ 5 S I J]d+KNM Q4\VK0X=Q4^ Q:S_dHO=Q d cQ4M fbJVT I SUKNJ Q4^_\]Q4d�a\`Q:T 1 , JVekKNQ hiM4T I Q29
f2T0MP\]XHTkMjX ; ekJrM �2KNJVT�Q4^_sjM4T0SUK I M4e ekS I fH^_JVe J s4J]TNQ:S_e f=Q4T0Q!XH^UK0TNQ4f=Q:e0eNQ:T J]ekK0JrfHT0M �2^_J I Q 1C I s4TNQ4dHO2J d pX I JVT0M OHJ I pJVKNMPOHMje�X KNS_^US! ]Q4OHMje)J I Q4d pQ:^_S_ekJ!d�X I pJVT0SU\`Q J�J I I Q ;
K0J I pQ:KNSU\`QgQ4fH^US_\]Q4O=Q e]cQ:M I pJVK0M OHM4e SwKNJVTNQ:K0S 5 M4e 1 % d2hiJ]^US! I JVd�K0J49�d=QgfHT pQ:K0S_\]Q29 5 JVT0S �H\`Q ; e0J � X2J
JVekK0J]e I pJLKNMPOHMje�\VMjd 5 JVT0sjJ I ^_JVd�KNQ I J]d+KNJ M � XHJ K0MjT0d=Q OHJ]e0Q4\]Mjd2e0J]^�� pQ 5 J]^(M e0JVX X2e0M 1�� MjT
JVekKNQ T0Q  4cQ4M pJ)hiT0J � XHJ]d+KNJ T0JV\]MjTkT0J]T�Q I pJVKNMPOHMje O2J Q:\]J]^UJ]T0Qba\4cQ4M�OHJr\VMjd 5 J]TksH<J]d2\]S Q 1

� I I XHSwKNMje)f2T0M �H^UJ I Q4e�O2J[Q:d pQ4^_SUe0J�d�X I pJ]TkS_\]Q Qgf2T0J]\VS_eVcQ4M OHJ�X I Q e0Mj^UX�a\4cQ4M d�X ;
I pJ]TkS_\]Q pJrfHTkMjfbM4T0\]SUMjd=Q4^�Q�X I Q foM4K`<J]dH\VS Q!OHMRfHQ4T <Q I JVK0T0M�O=Q T0J]O2J � 1 � e I pJLKNMPOHMje I J]dHMje
O2S_e0foJ]d2OHS_MjekMjeYeVcQ4M Q � XHJV^_JVeYJ I � XHJ Q�fHT0JV\]S_eVcQ4M pJ[fHT0MjfoMjTk\]S_M4d=Q4^ �Q fHTkS I J]SUTNQgMjX ekJ]sjXHd2O=Q
foM4K`<J]dH\VS Q4e OHJ � 1Y M!SUd p� \VS_MYO2M e pJ]\VXH^_MH9 � SU\ �=Q4T0O2e0Mjd hiMjT I XH^UMjX X IqI pJLKNMPOHM�\]M I fH^UJVKNQ I JVd+KNJ)dHM 5 M
fHQ4TNQ!Q4X I JVd�KNQ4T Q�fHTkJ]\VS_e]cQ:M!O=Q4e ekMj^_X�a\:cMjJ]e d�X I pJ]TkS_\]Q4e OHMje fHT0M �2^_J I Q4e ^US_dHJ]Q4T0JVe 1 ��^UJ)S_d+KNTkM ;
O2X" ]SUX X I I J]SUM � X2J foJ]T I SwKNJ \]M4dHekK0T0XHSUT[Q:^_sjMjTkSUK I Mje XHeNQ:dHOHM ekMj^_X�a\4cMjJVe[d�X I pJ]TkS_\`Q:e \VM I
5 pQ4TkS_Mje�f=Q4T <Q I JVKNTkMje�OHJ Q4f2T0M`u S I Qba\4cQ4M OHSUekKNSUd+KNMje 1 � M I �HSUd=Q4dHOHM OHJ \VJ]T�KWQ hiM4T I Q JVekKWQ:e
ekMj^_X�a\4cMjJVe)J]^UJY\]M4dHe0JVsjXHS_X M �2KNJVT I Q4S_MjT�fHTkJ]\]SUe]cQ4M 1 ��ekKWQ pJYQRS_O2J]S Q �=Q4ekJ�f=Q4T0Q QR\]Mjd2ekKNTkX�a\4cQ:M
O2JrQ4^_sjM4T0SUK I M4e d�X I pJ]TkS_\]M4e f=Q4TNQ�O2S 5 JVT0ekMje(fHT0M �2^_J I Q4e ^_S_sjQ4OHMje �Q4e J � X=Qba\:cMjJ]e�OHSwhiJ]T0JVdH\]S_Q4S_e J49
foMje�KNJ]TkS_MjT I JVd+KNJ492sjJ]dHJVTNQ4^US! ]Q4O=Q�Q4Mje fHTkM �H^UJ I Q4e OHJrJ � X=Qba\:cMjJ]e�S_d+K0J]sjT0Q4S_e 1

� X=Q4dHOHM�e0J OHJVe0JVd 5 Mj^ 5 J I Q4^_sjM4T0SUK I M4e e0S I fH^UJ]e�J J]\VMjd pM I S_\VMje]9:M)\]M I foMjTkKNQ I J]d+KNM
OHQ ekMj^_X�a\:cQ4M pJ OHJ sjT0Q4dHOHJrS I foMjTkK <Q4dH\]S_Q292ekJ]dHO2M Q�\]^ Q:e0e0J OHJrhiXHd�a\:cMjJ]e&Q � XHJ Q ekMj^_X�a\4cQ4M fbJVT ;
K0J]dH\VJR\VT p� K0S_\]Q�f=Q:TNQ Q Q4fHTkM u S I Qba\:cQ4M 1 Y Q I Q4S_M4T0S Q OHQ4e ekSUK0X=Qba\4cM4J]e K0TNQ �HQ4^��=Q I Mje�\VM I X I
\VMjd��kXHd+K0M O2J O=Q4OHM4e � X2J fbJVT I SUKNJ[OHJVK0J]T I SUd=Q4TYM J]e0fHQba\]M hiXHdH\VS_MjdHQ4^ O=Q ekMj^_X�a\4cQ4M 1 � XHekM
O2J]ekKNQ SUd2hiMjT I Qba\:cQ4M SUdHS_\VS Q4^ pJgJ]e0ekJ]dH\VS Q4^ fHQ4TNQ Q fHT0MP\]X2TNQ O=Q \]^ Q:e0e0J O2JghiX2d�a\4cMjJVe �Q � X=Q4^(Q
ekMj^_X�a\4cQ4M)foJ]T�KNJVdH\]J J:9j\]Mjd2e0J � XHJVd+KNJ I J]d+K0J49 �Q&J]e0\VMj^��HQ)OHM I pJVKNMPOHM)O2J Q4fHTkM u S I Qba\:cQ4M 1 � XHfoMjd ;
�HQ I M4e � X2JgQ ekMj^_X�a\4cQ4M OHJgX I Q \]JVTkKNQ J � X=Qba\4cQ:M SUd�K0J]sjT0Q4^ pJ M � KNS_OHQ XHeNQ:dHOHM X I I pJVK0M OHM
d�X I pJ]TkS_\VM OHJ fHTkS I J]S_T0Q M4T0OHJ I OHJ f2T0J]\VS_eVcQ4M J I T0JV^ Qba\:cQ4M Q4M OHS$<Q I JVKNTkM O=Q TkJ]OHJ � 1 � J
JVekK0J I pJVKNMPOHM�hiMjT XHe0Q4OHMY\VM I Mje f=Q4T <Q I JVKNTkMje � J �

E � 9PJVd+K`cQ4MH9�OHJ�X I QrhiM4T I Q Q:fHT0M`u S I Q4O=Q
foMPOHJ I Mje�Q �HT I Q4T � XHJ�Q)e0JVsjXHdHOHQ ekMj^_X�a\:cQ4M pJ OHXHQ4e 5 J  ]J]e I Q4S_e�fHT0JV\]S_e0Q � X2J&Q)f2T0S I J]SUTNQ 1 � J
M f=Q4T <Q I JVKNTkM JVe0\VMj^��HSUOHMrhN<MjT �

E
	 9PQ ekMj^_X�a\:cQ4M e0J]T pQ K0T]<J]e 5 J  ]JVe I Q:S_e�fHTkJ]\]SUeNQ � X2J�Q fHT0S I JVS_TNQ 9

J�Q4e0ekS I e0XH\VJ]eke0S 5 Q I J]d+K0J 1 ��ekKNJ�fHT0MP\]JVe0e0M!O2J�T0J �=d=Q I J]d+K0M!^_J 5 Q ; dHMje QY\]M4dH\]^UXHS_T � XHJ�Q f2T0J ;
\VS_eVcQ4M�OHM�T0J]ekXH^UKNQ4OHM pJ fHTkMjfbM4T0\]SUMjd=Q4^�Q:M�OHS$<Q I JLKNTkM&O=Q�T0JVOHJ 1 t e0ekS I 94e0J dHJ]\VJ]eke0SUKNQ I Mje�OHJ X I
TkJ]ekXH^UKNQ4OHM 6 *4* 5 J  ]JVe I Q4SUe fHT0JV\]S_ekM � XHJ�Q e0Mj^UX�a\4cQ4MYM �2KNSUO=Qr\]M I M�f=Q:T <Q I JVK0T0M � 9PJ]d+K`cQ:M�OHJ ;
5 J]TkJ I Mje X2KNSU^_S% `Q4T X I OHS�<Q I JVK0T0M 6 *j* 5 J$ ]JVe&SUd2hiJ]TkS_MjT 1 � \ pQ4^U\]XH^UMYOHJVekKNQ Q:fHT0M`u S I Qba\4cQ:MYfoM OHJ
J u S_sjSUT)X I JVekhiMjT a\]M�OHJ�\ pQ4^U\]XH^UM K`cQ4MgsjT0Q4dHOHJ � XHJ!KNMjTkdHJ�S_d 5 S pQ 5 J]^�QgQ4f2^_S_\]Qba\4cQ:M OHM I pJLKNMPOHM 1
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% e�KNM pJ J]ekfbJV\]S_Q4^ I J]d+KNJ 5 J]TkO=Q4OHJgekJ J]ekK0S 5 J]T I Mje�Q K0TNQ �=Q:^��=Q4T \]M I fHT0M �H^_J I Q4eYQ OHX=Q4e!M4X
K0T]<JVeROHS I JVdHe]cMjJVe]9 Mjd2OHJ Q OHS I J]dHeVcQ4M O2Mje 5 J]\VK0MjT0JVe e0JVT pQ SUd 5 J]TkeNQ I J]d+K0J fHT0M4fbMjTk\]SUMjd=Q4^(Q4M� X=Q:OHTNQ4O2M[J Q4M�\]X �bM OHJ � 1

� XHfoMjd �=Q I Mje � XHJ�Qre0Mj^UX�a\4cQ4MrJ uHQ:\VKWQrOHM fHT0M �H^_J I QrQ�T0JVe0Mj^ 5 J]T pJ(e0X �H\]S_JVd+KNJ I J]d+K0J
TkJ]sjX2^ Q4T 1 t O I SUKNQ I Mje � XHJRSUe0e0M�dHMje fbJVT I SUK0J!\]MjdH\V^_XHSUT � X2J Q ekMj^_X�a\4cQ4M Q4fHTkM u S I Q4OHQgK0J I
X I OHJ]ekJ]d 5 M4^ 5 S I J]d+KNM J I e pJ]T0SUJgOHJ M Q	�P^_MjTV9 J I fbM:K`<J]d2\]S Q:e O2J � 1 ��d+K`cQ4MH9 XHeNQ:dHOHM JVe0ekJ
O2J]e0JVd 5 Mj^ 5 S I JVd+KNM!J I e pJVT0S_J:92foM O2J ; ekJ�fHTkM 5 Q:T � XHJ)X I QY\]JVTkKNQ�\]M I �2S_d=Qba\:cQ4MY^US_dHJ]Q4TO=Q4e K0T]<J]e
ekMj^_X�a\4cMjJVe)Q4fHTkM`u2S I Q:O=Q4e � 9 �

E � 9oJ � E 	 f2T0M 5 MP\`Q X I Q4X I JVd�K0M \]M4dHe0SUOHJ]T pQ 5 JV^�d=Q fHT0JV\]S_eVcQ4M 1Y J]e�KNJ \]Q4e0M29 Q MjTkOHJ I O2J fHTkJ]\VS_e]cQ:M O=Q \]M I �2S_d=Qba\:cQ4M ^_SUdHJ`Q4T pJ Z v � 	 � 1 � J�M f=Q4T <Q I JLKNT0M
Q:OHS I J]dHekS_MjdHQ4^ � hiMjTV9 foMjT[J u J I fH^_MH9 �

� � 9 Q fHT0JV\]S_eVcQ4M OHQ e0M4^_X�a\:cQ4M pJ�O=Q MjT0OHJ I OHJ 6 * � 	 1Y M4KNJ ; ekJ � XHJ�e0J I e0J�T0JV\]MjTkT0J]T Q KWQ4^�f2T0MP\]J]O2S I J]d+KNMge0JVT0S_Q�dHJV\]JVe0e pQ:T0S_M T0JVe0Mj^ 5 J]TrM�e0SUekKNJ I Q
Q:fHT0M`u S I Q4OHM \]M I X I f=Q4T <Q I JVKNTkM 6 * � 	 1 Y M \`Q4ekM XHd2S_OHS I JVdHe0SUMjd=Q4^ S_ekK0M \]MjdHO2X" ; dHMje Q
X I Q�OHSwhiJ]TkJ]d�a\]Q�d2M d pX I JVT0M�OHJrd pM4e fHT0MjfoMjTk\]S_M4d=Q4^ Q 6 * 	 9HJVd � X=Q4d+KNM \]M I M�fHT0MP\]JVOHS I J]d+KNM
SUdHOHSU\`Q4OHM X KNS_^US! ]Q4TNQ I!; ekJ Q4foJ]dHQ4e KNT]<JVe�ekMj^_X�a\4cMjJVe�\VM I X I d pX I JVT0M OHJd pMje�fHTkMjfoMjT0\VS_Mjd=Q:^jQ 6 * 9
�:* J 	 * 9bTkJ]e0foJ]\LKNS 5 Q I JVd�K0J 1 Y MR\]Q4e0MROHJ�fHTkM �H^_J I Q:e �HSUOHS I J]d2e0S_M4d=Q4S_e M4X KNTkS_OHS I JVdHe0SUMjd=Q4SUe
Q \VM I fHQ4TNQba\:cQ4M pJ Q4SUdHO=Q I Q4S_e[sjT0SwKWQ4d+K0J 1 � M O2J I MjegQ4e0ekX I S_T � XHJ � X=Q4d+K0M I Q4S_M4T hiMjTgQ
TkJ]sjX2^ Q4TkS_O=Q4O2J�O=Q4e(e0Mj^UX�a\4cM4J]e�JLu2Q4\VKNQ[J Q4fHTkM`u2S I Q:O=Q I Q4SUMjT ekJ]T pQ�M sjTNQ4X�OHJ fHT0JV\]SUe]cQ4M[Q � X2J
foMPOHJ]TkJ I Mje \ �HJ]sjQ4T 1
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� J��0Q vnl � � X I Q)e0X2\]J]eke]cQ4M OHJ(d pX I J]T0M4e(v TkJ`Q4SUe MjX�\]M I fH^UJLu Mje � � XHJ(\VMjd 5 J]TksjJ�f=Q4TNQ

l 1 % T0J I M4e)KNTNQ:dHekhiMjT I Q:TrQgekXH\]JVe0eVcQ4M v l � � dHMjX KNTNQge0X2\]J]eke]cQ4M v�� � � J�OHJVdHM4KWQ:T foMjT � J]e0e0Q
K0TNQ4d2ekhiMjT I Qba\:cQ4M 1 � XHfbM4d �=Q I Mje � XHJ Q!dHM 5 Q!ekXH\]JVe0e]cQ:M v�� � � e0Q:KNSUekh Q  :9HfoJ]^_M I J]d2Mje f=Q4T0Q Q:^ ;
s4X I Q:e�\]^ Q:e0e0JVe fHQ4TkK0S_\]X2^ Q4TkJ]e�OHJ(e0X2\]J]eke]cMjJVe \]M4d 5 J]TksjJ]d+KNJVerv l � � 9 Q:eekJ]sjX2S_d+KNJVe fHTkMjfHTkS_J]OHQ4OHJ]e
v 5 JVT � 	 � fHf 1 6 ; ��� �
�� v � � � \]Mjd 5 J]T0s4J&f=Q:TNQ�M I JVe I M�^_S I SwKNJ � X2JYvnl � � 9+MjX�e0J �0Q29PQ�K0TNQ4d2ekhiMjT I Qba\:cQ4M � pJ w4k�¡!`2}~e!w

f=Q4TNQ�Q!e0X2\]J]eke]cQ4M v l � � 1
�� v � � � \VMjd 5 JVT0sjJ fHQ4TNQ�l I Q4SUe�OHJ]fHTkJ]ekeNQ � XHJ�vnl � � 94SUekKNM pJ49:^_S I ��� ¤ ��� * ��� �� � * ��� � ��* 9:MjXYekJ��0Q29+Q

KNTNQ:dHekhiMjT I Qoa\4cQ4M � e2o4kx}�kxwBe<e o4b�c��!kxw�¡��kxczox��e OHQ ekXH\]JVe0e]cQ:Mgv l � � 9�foMjT MjX2KNT0Q4ef=Q4^ Q 5 TNQ:e]9
Q�ekXH\]JVe0eVcQ4M v�� � � o4b�c��!kxw�¡2k;f�e!��h¦wBexa����Xe!fgkxc	yHk � XHJRv l � � 1
� I sjJ]T0Q4^�J]ekKNQ4e�f2T0MjfHTkS_JVO=Q4OHJVe&d cQ:M[ekJ 5 JVT0S �=\`Q I fHQ4TNQ�KNMPO=Q4e�Q4e�e0XH\VJ]e0eVcMjJ]e�\VMjd ;

5 J]TksjJ]d+KNJVe vnl � � 1 � Q4S_e!f2T0J]\VS_e0Q I JVd+KNJ49hiMjS fHTkM 5 Q:OHMH9fbMjT , JV^ Q �=Q	�4J J ��J]T I Q:S_d ; � MjdHdHJ:9� XHJ d cQ4M�J u2SUekK0J X I Q�KNT0Q4dHe�hiMjT I Qba\4cQ:M!XHdHS 5 J]TkeNQ4^ �G\`Q4f=Q# O2J Q:\]J]^UJ]T0Q4T KNMPO=Q4e�Q4e ekXH\]JVe0e]cM4J]e
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\VMjd 5 JVT0sjJVd�K0J]e 1 � J]e I M � X=Q4dHO2M d2Mje�T0JVekK0T0S_d2sjS_T I MjeYQ \]JVTkKWQ:e!\]^ Q:e0e0JVe]9\]M I M foMjT�J u2J I�;
f2^_M Q \V^ Q4eke0J OHQ4e e0X2\]J]eke]cMjJVe I Mjd pM:KNMjd=Q:e]9 J]e�KNJ TkJ]e0X2^UKWQ:OHM \]M4d�K0S_d�X=Q Q ekJ]T 5 pQ4^US_OHM 1 � MjT
\VMjdHekJ]sjXHSUd+KNJ49 pJ ekJ I fHT0J S_d+KNJVT0J]ekeNQ4d+K0J J]dH\VMjd+KNT0Q4T J JVekK0XHO=Q4T d2M 5 Q4e�KNT0Q4dHekhiM4T I Qba\4cMjJVe OHJ
ekXH\]JVe0eVcMjJ]e X I Q 5 J$ � X2J492O2J&h Q4\LKNMH9P\`Q4OHQ X I Q OHJV^ Q4eJ]e�K pQ�Q:f2KWQ QYQ4\VJ]^UJ]TNQ:T Q \]Mjd 5 JVT0sH<JVdH\]S_Q
O2J \VJ]T�KWQ4e�\]^_Q4e0ekJ]e(OHJre0XH\VJ]eke]cMjJVe 1

p� O2J eNQ4^US_JVd�KNQ4T � X2J KNTNQ:dHekhiMjT I Qoa\4cMjJVe�d cQ4M�^_S_d2J`Q4TkJ]e�O2J e0XH\VJ]eke]cMjJVe K`<J I XHe0XHQ4^ I J]d+KNJ
I J]^��HMjTkJ]e)fHTkMjfHTkS_J]OHQ4OHJ]e�O2J�Q4\]JV^_J]T0Qba\4cQ:M � X2J[Q:e�^_S_d2J`Q4TkJ]e�viJ]^ Q:e�Q4\]JV^_JVTNQ I \]^_Q4e0ekJ]e I Q:S_MjTkJ]e
O2J ekXH\]JVe0eVcMjJ]e ��I Q4e]9&fbMjT M4X2KNTkM ^_Q4OHMH9&J]^_Q4e dHJ I e0J I fHTkJ K0TNQ4d2ekhiMjT I Q I X I Q ekXH\]JVe0eVcQ4M
\VMjd 5 JVT0sjJVd�K0J dHM4X2KNT0Q ekXH\]JVe0e]cQ:M \]M4d 5 J]TksjJ]d+KNJ J49dHM \]Q4e0M OHJge0JVT[\VMjd 5 JVT0sjJVd�K0J Mje�^US I SUKNJVe
foMPOHJ I ekJ]TYO2S_ekK0S_d+KNM4e 1
� M4TYJLu J I fH^UMH9�dHM fHTkM \VJ]eke0M OHJ t SwK��4JVd v � 1 6 � 9�ekJ v � � � \VMjd 5 J]TksjJ49
JVd+K`cQ4M�M e0JVX ^_S I SwKNJ pJ&M I J]e I M � X2J�MY^US I SUK0J O=Q ekXH\]JVe0e]cQ:M�v l � � 9 I Q4efoM OHJ&Q4\VMjd+KNJ]\VJ]T � X2J
Q:fbJVeNQ4T(OHJ[v l � � \]M4d 5 J]TksjS_T v�� � � foMjekeNQ!KNJ]T O2MjS_e(foMjd+KNMje OHJ Q4\VX I XH^_Qba\4cQ:M O2S_ekK0S_d+KNM4e 1
��� R2]����
	 �  ��� w�b�o4k4h4h�b �2k;h�b�f�e quy�wBe!c�h��ªb�wxf�e�no�pe2b }���czkKe!wuv

� � � l �� l ��� �
� � � ��* � 6 �
	�	
	

� k4hxy:k�oKe�h�b b��Dy:kxfgb�h�`�f ��e!}�b�w f�e!��h<k��Se2oxy:bg�2k l e�a�e!w/y���w �2k l � k l �
� � s�� `�e!��h;h�kxw\pe2be�h;hx`	o4k4h4h�pbXk4h ox`���e o4b�c��!kxw�¡��kxczox��e k4hxy:k a�w�b�o4k4h4h�b e2o4kx}�kxwBe���� h�oxw4k �!kxc��2b
� � � l
l � � l � 6

�
� 6  l ��� � � ll � � l �

b��xh�kxw���e!fgb�h¦iD`\k
^US I��� ¤ � � � l

l � � l �G* �
h�k<k�h��b<h�k

^US I� � ¤ l ��� � � ll � � l � � 6 ��2b�c��2k o4b�czox}�` �� fgb�h iD`\k l e<ox}~e�h4h�k��2k hx`	o4k4h4h�pbXk4h�iD`	k k4hxy�e�y�wBe!c�h��ªb�w/f�e�no�pe2b e2o4kx}�kxwBe l �k f<`���y:bw�k4hxy�w/��yueXs
��� R2]����
	 �  ��� w�b�o4k4h4h�b������2k ����y! Xkxc quy�wBe!c�h��ªb�w/f�e�no�pe2b<c pe2b�}���czkKe!wuv

� � � l � � l ��� � � l ���� �l ��� � � � l �
� � �l � � � �G* � 6 ��	
	
	 v � 1 6 �

� ox}~e�h4h�k �2k hx`\o4k4h4h�pbXk4h iD`	k k4hxy:k�a�w4b�o4k4h4h�b e2o4kx}�kxwBe_�k�b�o4b�c"�/`2c	yHb �Xe�h¦hx`\o4k4h4h�pbXk4h�y�e!��h)iD`	kk�����hxy:k$# � � � 6 �  6 � yue!}�iD`	k ^_S I� � ¤ l ��� � � ll � � l � � # 	
% �xh�kxw���e!¢�h�k�iD`	k k4hxy�e�ox}~e�h4h�k o4b�c	y	�kxf e �2b k���kxf�a�}�b e!c	y:kxw/��b�wDs
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C I Q � XHJVekK`cQ:M Q ekJ]T foMjekKNQ pJ \]M I M \VMjdHekK0T0XHSUT K0TNQ4d2ekhiMjT I Qba\:cMjJ]e OHJ e0XH\VJ]e0eVcMjJ]e 1C I Q!hiMjT I Q pJ O2J]e0\VM �HTkS_T�X I Q!KNT0Q4dHe�hiMjT I Qba\4cQ:M[Q f=Q4T�KNS_T(OHM e0JVX d pXH\V^_J]M29=MjX ekJ��0Q29oOHMR\VMjd ;

�kX2d�K0M OHJ�ekXH\]JVe0e]cM4J]erf=Q4T0Q Q4e � X=Q4SUe��=l KWQ4^ � XHJ  ����� ��� � � l 1 � S_d+KNJVT0J]eke0J!J I h Q4^_Q4T
O2MR\]M4dH\]JVSUKNM[OHJ d pXH\]^UJ]M 5 J I OHM�h Q4\VK0MROHJ � XHJYekJYX I Q�e0XH\VJ]e0eVcQ4M foJ]TkK0J]dH\VJ]T�Q4MRd pXH\V^_JVM[OHJ
X I Q!KNT0Q4dHekhiM4T I Qba\4cQ4M J]d+K]cQ4MRJVe0eNQ KNTNQ:dHekhiMjT I Qoa\4cQ4M \]Mjd2e0J]s4XHJ�Q4\VJ]^UJ]T pQ ; ^ Q 1 � �He0JVT 5 Q I Mje � X2J
ekJ)Qre0XH\VJ]eke]cQ4M�Qre0JVT Q4\VJ]^_JVTNQ4OHQ foJ]T�KNJ]d2\]J]T Q4MYd pX2\]^_JVMrO=Q K0TNQ4dHe�hiMjT I Qba\:cQ4M X2eNQ4O=Q J]d+K`cQ:MH9 foMjT
\VMjdHe�KNT0X�a\4cQ4MH9=SUT0J I Mje K0J]T  ����� ��� � � l 1

���	��
 ���
	 � � ������������������������������� ��������!"�"#$���&%��(')���*�,+-!*��./���0����%1�,.32�+-��4526�7� % 826�,./���
8�7�9����% � 2:%6#$�9�;�����,26��������<�;���=�;�?>@���&!"�

l � � l  � v � 6 � � � v � 1 ���
��%���� � 8�A2�!B�������(.C�(�5D � �(�E�9�F���������������0���HG*+-#  �,%I�=% 826�,./���J8�K� ����% � 2�%6#L�7�;���M�,26��������<�;���
�;�?>@���&!"�

l � � l  � # � � v � 1 	 �
��%���� � � # ��<�����������(.C�(�����7����! � ��G* � # �� 6 D � ���7����%N���)O(2:+-%6#$��PH�"% 826�,./���9�������������������
���MG*+-#  �,%�����%6#68�,!B�0% 826�,./��� ���A��������������������!"�;D % � ���,� � �(!9����4526������% 826�,./�����K���$�6�,%����,!
��� � 8�(�&+)���H�N�(� ��(!9�,#Q������P l � � %1�����&+-!9�,+-������������P l P � � # v �� 6 � %1�7���)O(2�%����(D

��u2SUekK0J X I MjX KNT0M�fHT0M �2^_J I Q � XHJ OHJ 5 J(e0JVT I JVdH\]SUMjd=Q4O2M)dHJ]e�KNJ I M I JVd+KNM 1 � X=Q4d ;
O2M�XHeNQ I MjeMYf2T0MP\]J]eke0M!OHJ t SwK��4JVd 92M \ pQ4^U\]XH^UM O2J	� �YXHe0Q!l � 9Hl �
� � J�l �
� � 1�� Q:TNQ�Q4^UsjX I Q4e
ekXH\]JVe0eVcMjJ]e pJ�foMje0e p� 5 JV^ � X2JR^_S I � �FR �TS ���� S ��� � * J � XHJR^US I ���AR �TS ���� S

�VU ���
MjX ^_S I ���FR �5S ���� S

�
� ���ekJ��0Q I OHSUhiJVT0JVd�K0J]e!OHJ  ]J]TkM 1 � I f=Q:TkKNSU\]XH^_Q4T e0J ^_S I � �FR � S

�;U ���� S ��� � * JVd+K`cQ4M v�� � � M �2K0S_O=Q
foJ]^UM!fHT0MP\]JVe0ekM t SUK �4J]dg\VMjd 5 J]TksjJ I Q4SUe OHJVfHT0JVe0e0Q OHM � XHJ[vnl � � J vnl ��� � �I Q4e dHJ I ekJ I fHT0J
I Q4SUe OHJVfHT0JVe0eNQ � XHJ[v l ��� � � 1 � M4T \]MjdHekJ]sjX2S_d+KNJ:9=dHM!J]e�KNXHOHM OHJ�X I Q�e0X2\]J]eke]cQ4M[OHJ)KNT0Q4dHe�hiMjT ;I Qba\:cMjJ]eV9=e0J]T pQ I J]^��HMjT M �HekJ]T 5 Q:T&Q!KWQ uHQ �5S ���� S

�
� ��� MjdHOHJ l �
�XW pJrM�KNJVT I M[\VM I I Q4S_MjT p� dHOHSU\]J

X2eNQ4OHM dHM \ pQ4^U\]XH^UM!OHJ � � 1 � Mjd+KNX2OHM[K0J I OHJrekJ]T(eNQ4^US_JVd�KNQ4OHM � XHJ
� � � ll �
�XW � l � � � � l

l � � l � l � � ll �
� � � l � 	
	
	 � l ���XW ��� � ll ���XW � l �
M � XHJ I MjekK0TNQ � X2JRe0J �5S ���� S ��� KNJ]d2OHJ f=Q4T0Q  VJ]T0M JRekJ � S

�;U ���� S ��� pJ[e0J I fHTkJ[O2SUhiJ]TkJ]d+KNJ[OHJ  VJ]TkM
J d cQ4M KNJ]d2OHJgf=Q4TNQ JV^_J:9JVd+K`cQ4M Q KWQ u2Q �TS ���� S

�
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Extrapolacao ( Richardson )
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Euler Trapezios S1-Radau

Simpson S2-Radau Richadson

Desempenho
alfa=6.5  miu=1.5  ponto=2.0
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Precisao (Richardson)
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Comparacao Alg-E/Richardson
alfa=1 miu=1.5 ponto=2.0
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