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A BDC)E F A GHE
IKJMLONQPMRTSQUWVXNYJ[Z]\ SQNQV^J_SQ`aV*RbSHRWVXV^LWcdJfeXehgWNiJ_SjV'SQgk`aPMgWN:SiJ[NQlfVmSQnoRWlqpsrtUknueYU nucdLOnwvyxz emgW{wS|v}PfN~{ogWRWl e*J[R�ehV*N~LOgWV'SQP �WNQV^J_SQUWnoRWl `aP[SQnoPfR�cX� � V ZkNjPMZ�Pbc�VdSQP �TgqJ�RbSQnwv}\{ogkRWl L�Vhv}PfNQ`'J_SQnoPMR�c�J[R�L LOnuc�ZW{uJMehVX`aV*RbSYc��]\ J c�n�`�gW{uJ_SQnoPMR SQV^eiUWRWnu�bgWVa��JMc�V^L PMRSQUWVDlfVXPf`aVmSQNQnue*J[{�J[R�L `aV^eiU�J[RWnue*J[{�ZWNQPMZ�V*N�SQnoV^c�P[v�PMNQlbJ�Rqc*�H��UWV*NQV*�]\Mp�r�Va`aPOL�V*{{ogkRWlK��V*U�J��]noPfgkN��]\8J��f� LO\�RqJ�`an�e�L�Vhv}PfNQ`'J[�W{oV�`�POLOV*{]LOV*NQno�MV^L�v}NQPf` emPfRbSQnoR�gWPMg�c`�V^eYUqJ�RWn�e*cXpqemPf`�ZWgOSQV^L rtnwSQU z RWnwSQV4V*{oVX`aV*RbSic�`aVmSQUWPOL �����,  ¡¢�

£ ¤m¥#¦¨§M©'ª'«�¬¦;®¯©�¥
°±²° ³µ´[¶;´[· ¸�¹�´]º»· ¼ ½j´
¾�J[NQnoPMg�c�J[ZWZWNQPbJMeYUWV¿cµU�J��MV���V*V*R VhÀ�ZW{oPMNQV^L SQPalM{oPf��J[{o{o\'`�POLOVX{�{ogWRklTc�noR �M� Á

Â Ã PfNiLWJ[R ÄmÅsÆÈÇ�ÉËÊÍÌÈÎ LOV*�MV*{oPMZ�V^L~JK`aPOL�V*{OP[vWSQUWPMNiJÏÀ|�WNQV^J_SQUWnoRWlKv}PMN�J[RWno`'J_SQnoPMRZWgWNQZ�Pbc�VM�Ð;gWRWla`�P�SQnoPMR�cËJ�NQV4LONQno�MV*R ��\ c�ZWNQnoRWl[x¯`~g�cQeh{oV�VX{oV*`aVXRTSic �
Â Ñ J�\fV ÄmÅaÆÈÇ�É ÊÒ��Î cÓSQg�LOn�V^L SQUWV Ô�noRWVX`'J_SQnue*c'P[v�{ogWRWl rËnwSQU J `'JMcQcÓxÕc�ZWNQnoRWlc�\OcÓSQV*` p�JMcQc�gW`anoRWl�JagWRWnwv}PMNQ` VmÀ�SQV*NQR�J[{	ZWNQV^cQc�gWNQVM�
Â Ö `aNiJ[RWn�ÊØ×_Î UqJfc~LOV*�MV*{oPMZ�V^L J `�POLOVX{µ��JMc�V^L PMR J Z�J[N�SQnueh{oV c�\OcÓSQV*` SQU�J_SgWR�L�V*NQlfP]V^cËLOVhv}PMNj`DJÏSQnoPMR�c�LOgWV�SQP'noROÙ�J_SQnoPMR J[R�L PM��cÓSiJfem{oV^cX�
Â Ú NQno`'J[{ÛÄmÅÜÆÈÇ�ÉËÊÍÝÈÎ g�c�V^LaJ z RWnwSQVËV*{oVX`aV*RbS�`aPOLOVX{ SQP4cÓSQg�LO\:SQUWPMNiJMehnue�no`aZ�JMeÞSnoR_ßÓgWNQnoV¿c*��àµNQV^J_SQUWnoRkla`aP[SQnoPfR r�JMc�RWP[StnoRqeh{og�LOV¿L	�

��UWV�cÓSiJÏSQV�P[v	SQUWV�J[N�S�c�UWP_rácSQU�J_S,SQUWV�VhÀ�nucÓSjn�RWl�`�POLOV*{�c LOP~RWP[S�g�c�V�J[R�\�Z�V*Nic�PfROxJ[{onuc�V^L Z�J[NiJ�`�VhSQV*N�PfNáJ[NjV�RkP�S�JfeXehgWNiJ_SQV�V*RWPMgWlMU SQP'ZkNjPMZ�V*NQ{o\aSQNiJMeYÔ'SQgW`�PfgkNYcX�
°±ãâ ä å�½ æç¸�è)´[·	é�´

Â � V4`aP�LOV*{;{ogWRWl'noR SQUWV�v}NiJ�`�V*r�PfNQÔ'P[vêehPMRbSjn�R�gWgW` `aV¿eYUqJ�RWnueXcX�
Â ë PM`aZkgOSiJÏSQnoPMR nuctc�PM{o�fV¿L rtnwSQU ���,  �
Â ��Uknuct`aVmSQUWPOL no`aZW{onoV¿ctRWPMROxì{onoRWV^J[NQnwSÓ\ c�g�eiU {on�ÔfV�Á

í î SQnwï�RWV¿cjc V*�MPf{og�Sjn�PfR JMe*ehPMNiLOnoRWl~SQP LOnuc�ZW{uJMehV*`�V*RTS �
í àµPMgWR�LkJ�NQ\ emPfR�L�nwSQnoPfR �

ð ��UWnuct`�VhSQUWPOL RWVXV^LWcñJ[ZWZWNQPMZWNQnoVhSQV^L emPfR]�fVXNQlfVXR�ehVKZ�J[NiJ[`aVhSQV*NicX�
°±ãò ó åÛ·�ô[´Mõu¸�èÛô

Â IñP_r SQP'`aP�LOV*{;ZWU�\�c�noPf{�PflMnue*J[{�J[R�L J�R�J_SQPM`anue*J[{	{ogWRWla��VXU�J���noPMgWN¢ö
Â IñP_r SQP'noRbSQV*lMNYJ_SQV���UkV8ZqJÏSQnoVXRTS¿÷øctemg�cÓSQPf`�nuc�V^L LkJÏSiJbö
Â IñP_r SQP ehPM`aZkgOSQVùSQUkVùRkPfROxì{onoRWV¿J�NË��V*U�J���n�PfgWNiciö
Â IñP_r SQP z À Z�J[NiJ[`aVhSQV*Nic,SQP'U�J��MV�JfeXehgWNiJ_SQV�NjV¿c�gW{wSiciö

ú û «�§ ü4ý~ý�§f©|ü�¬ñþ ®ÿ¥ ����� ýa©�®ÿ¥#¦��
â�±²° �så�è	� ¼ èÛ¶�´[¸�
 � ¶êè� �~º���ôbõu¸��o¸����
Ð;gWRWlbc�J[NQVêrtNiJ[ZWZ�V^L�noR|J z �WNQPMg�c	`aV*`~�WNiJ�RkVMÁ�SQUWV ZW{oV*gkNYJ p^SjUkV��fVXNj\�{oP_r ZWNQV^cQc�gWNQVnoR SQUWV|e*J��]nwSÓ\'`'J[Ô�noRklHSQnucQc�gWV�NjVX`'J[noR�c�noR ehPMRTSiJMeÞS¿�ð �KnuJ[ZWUkNYJ[lM`'J_SQnue�J[R�L�Njno��xÕe*J[lMVhxì`�g�cQeh{oVsJfe¢SQnoPfR�c	e*J[g�c�VêZWNQV^cQc�gWNQV�eiU�J[RWlfV¿c�noRqc�n�LOVZW{�V*gWNiJk�ð � SKcÓSQV^JMLOno{o\ noR�LOgqehV^c�{ogWRWlbc�noROÙ�JÏSQnoRWlDPfNáLOVhÙ�J_SQnoRWlq�
Ö eXehPMNiLOnoRWlHSQPaSQUWVXnoNñ{oP�e*J_SQnoPfR�p Ð)J[RWlMV*R VhS�J�{ ��Ê��ÈÎ c�UWP_r SQU�J_Sñ{ogWRWl�SQgW`aPMgWNicñe*J[RgWRqLOV*NQlMPH{uJ[NQlfV�LOn�c�Zk{uJfemV*`aVXRTSicX�
â�±ãâ �så�è	� � è���¶;´Mõu¸�è � ¸�ê·����uõ�è��

Â � V|c�no`�gk{uJÏSQV|JMcµZWNQV¿ehnuc�V*{o\ JMc�Z�PbcQc�n��W{oV�SQUWV4ZW{oV*gWNiJH��VXU�J���noPMgWN¿Á
í ��UWV4rËUWPf{�V8c�\�cÓSjVX` nuc z À�V^L SQPaSQUWV�SQNYJMeiUWV^J �
í Ö gkRWnwv}PfNQ` RWVXlTJ_SQno�MV ZWNQV^cQc�gWNQV nucaJ[ZWZW{onoV^L J[NQPfgkR�L SQUWV {�gWRWl J_SanwSicnoRWnwSQnuJ[{ c�gWN�v�JMehVM�
í � V�eYUWV¿eYÔ�rËUWV*R|SQUWV VmÀ�SQV*NQR�J[{�c�gWN�v�JMehV,`'J_SieYUkV^c�SQUWV�VhÀ�SQVXNQR�J�{]c�gWN�v�JfemVP[vÛSQUWV4{ogWRWl'J_SËnwSict��PMgWR�LWJ[NQ\ `aP[Sjn�PfR �
í î {onuLOn�RWl'rtnwSQUWPMgOSËv}Njnue¢SQnoPfR ��JMc�ZW{oVXgWNiJaLOP]V^ci¡µnucËJ�{o{�PÏr�V^L��

ð î gWN�v�JMehV�SQP c�gWN�v�JfemV�`'J_SieYUWnoRkla��VhSÓr�V*VXR SÓr�P'cÓSiJ_SQV^cX�
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 ·»è)´ /�·;ôM¸��}å¨´Mõu¸�è
��UkV:�»��  Á

Â nuctJHR]gW`aVXNjn�e*J�{	`aVmSQUWPOL�0
Â SQNYJ[R�cÓv}PMNj`Dc�SQUWV|c�PM{ogOSQnoPMR noRbSQP'J `'J_SQNQnwÀ NQV*ZWNQV^c�VXRTSiJ_SQnoPfR 0
Â nuc���JMc�V^L PMR c�Z�JMehV4LOnucQehNQVmSQnucjJ_SQnoPMR noRTSQP'c�`DJ�{o{;V*{oVX`aV*RbSic8� `aV^c�UWn�RWl ¡10
Â ehPMR�c�nucÓSicñUWV*NQV�n�R c�V^J[NieYUWnoRkl LOnuc�ZW{uJMehV*`�V*RTSic32 SQP NQV^LOgqehVHJMcñZ�PbcQc�n��W{oV:SQUWVNjV¿c�nuLOgWV34 L�V z RWV¿L �]\ �65È¡¢�

4a�728¡�8 9 : ; �724¡1<=2 �65�¡
rtUkV*NQV>; nuc�SQUWV cÿSQnwï�RkV^cQct`'J_SQNQnwÀ J�R�L 9 n�c�SQUWV {oPTJML �fV¿eÞSQPMN �ê�WPMNñ{uJ[NQlfV�cÓSQNiJ[noR�cSQUWV*NQV4nucËcÿSQNQPMRWlH`�POLOn z eXJÏSQn�PfR�cËnoR c�U�J[Z�V|J[R�L 9�<?; �728¡�nuctRWP�{onoRWV^J[N¿�
@ A3BDC BDC EFA+G H>IJCKE CML�N+IPOQG LSR T3LUTWVYXDBDT#G.Z[IPB\E^]

��UkV v}gW{o{�c�\OcÓSQVX` nucaSQUWVXR c�Pf{o�MV^L rtnwSQU SQUkV _ñVXr�SQPMROxa`ñJ[ZWUqc�PMR J[{olMPfNQnwSQUk` p�J�RnwSQV*NiJ_SQno�MVù`�VhSQUWP�L lMno��n�RWl�Á
bdc)eUfhg bdc)e�i�jFklfPm cneoiqp eoi�jFkDfsr b

r e
cneoi�jFkDf cutvf

�72xwW¡µn�cñLOV z RkV^L ��\ Á
; �72 wzyQ{ ¡1<}|~2 w : 4a�72 wzyQ{ ¡�8 �
|~2xw�8 2xw(: 2�wzyh{ ���b¡

ò�±}â � ·;ô�ºsõ�è��
ë PMR]�fVXNjlMV*RqehVKNiJÏSQV4LOn�NjV¿eÞSQ{o\ LOV*Z�VXR�LWctPMR `aV^c�U JfeXehgWNiJMeh\M�ð   V^c�Uanuc,LOno�]nuLOV^Lan�RTSQP�SQUWNQV*VñVXRTSQnwSQnoV^cXÁ SQNQnuJ�Rklf{oV¿c*p_SQVhSQNiJ�UWV¿LONiJ�J�RqLaUWVhÀkJ�UWV¿LONiJ Á

Bulk
elements

Peripherical
elements

Surface
elements

co
m

po
sit

io
n

El
em

en
t

(hexahedra)

(tetrahedra)

(triangles)

ZOOM

ò�±}ò �)¶ ½l��·"�[³�´�½i¶Ûõ�è �~½i¸��x��·.

Ð�gkRWl'�MPf{ogk`aV�noR�ehNQV^JMc�V^c���\ J�v�JMeÞSQPMNtP[v)S rµP'L�gWNQnoRWl'JaNQV^c�ZWn�NYJ_SQnoPMR eh\Oem{oVM�ð Ð)J[NQlMV�cÿSQNiJ[noR�c�U�J��fVKSQUWVXR SQP'��V|ehPMR�c�nuLOVXNQV^L	�ð r�V�V*`aZW{oP_\'SQUWV|J[{olMPfNQnwSQUW` ZWNQV^c�VXRTSQV^L ��\ �q� ë � î no`�P'VhS�J�{ �tÊ��^Î �
��Uknucù`�VhSQUWP�L g�c�V^cKSQUWV ë J�gqeYU]\Tx Ú NQV*VXR cÓSQNiJ�noR SQV*R�c�PMN ���n�'ehPM`aZWgOSQV¿L rtnwSQU SQUWVSQNiJ�Rqcÿv}PMNQ`'J_SQnoPfR lMNiJMLOnoV*RbS � P[v)SQUWV4lMV*PM`aVhSQNQnueXJ�{	LOVmv PMNQ`'J_SQnoPMR;Á

� �)� 8 5��[ÌW�����3: ����<����»¡ yQ{ ¡ �}×]¡
��UkV�cÿSQNQV¿cjc�SQV*R�c�PMN�gqc�V¿L'nuc�SQUWV Ñ noNieiUWP�ï SQV*Rqc�PMN ����� �]¡¢pkemPf`�ZWgOSQV^L {onoÔMV�J'�McQe*J[{wxnoRWl^�HP[vÛSQUWV�SQV*Rqc�PMN��Ü���~� ¡¢Á

����� �]¡�8 �^���h���|¡1<��ê���~�¯¡ � ÝM¡
rtUkV*NQV3�Ü���~�ì¡µnuc�SQUWV|cÿSiJ_SQV�P[vêcÓSQNjV¿cQc�J_StSQUWV4Z�Pbc�n SQnoPfR �~�ÿ�
; �72xwzyQ{m¡&nuc�V*�ÈJ�{og�J_SQV^L rtnwSQU �}×]¡&J[R�L � ÝM¡¢p�SQUWV*R SQUWV'NQV¿c�n�LOgWV~4a�� "wzyQ{h¡Knuc4V^cÓSQnwx`'J_SQV^L JMe*ehPMNiLOnoRWl�SQP �65È¡¢pWrtUWnueiU lfno�MV^c¡2 w v}NQPM` ���T¡¢�
ò�±�¢ £�¸�è)´[¶Ûæ�´ �~½i¸����o·.

�)P�U�J�RqLO{oV|ehPMRTSiJMeÞSáehPMR�LOnwSQnoPMR�cXÁ
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Â ë PMgWZW{oV¿c�P[vÛZ�PMnoRTSic ¤ J�RqL ¥ Z�P[SQV*RbSQnuJ�{o{�\ noR emPfRbSiJfe¢SñJ[NQV4c�V¿J�NieiUWV^L	�
Â �KnucÓSiJ�R�emV+¤¦¥ `�g�cÓS���V�Z�PTc�nwSQno�MVKSQPacQJ_SQnucÓv}\aSQUWV�ehPMR�LOnwSQnoPMR�c�P�v RWPMR Z�V*RWVhxSQNYJ_SQnoPMR;p�§ ÉãÄ¿ÉoÁ

¤¦¥ wKyh{ <�¨ © �72�ª : 2x«�¡1<�¨ ¬ � ���b¡
Â ��UWV�V^�bgWno{ono�WNQnogk` V¿�Tg�J_SQnoPMR `~g�cÓSñ��V|ehPM`aZW{�VhSQV^L ��\ J~v PMNiehV�SQP'JMLWL ehPM`Hx
ZWNQV^cQc�noPfR J[R�L J��fPMnuL Jac�V*ZqJ�NiJ_SQnoPfR��
@ A3BlC BDC EFA+G CG�O�L�T3® CMLUN+IPOhG L�R T3L�TdVYXDBDT+G�Z�IPB\E�]

Â Ö R V^�bg�JÏSQnoPMR'`~g�cÓS��çV�JMLWL�V^LHSQP�VmÀOZWNQV^cQcêSQU�J_S,SQUWnuc�v PMNiehVñPMRW{o\dSiJ�ÔMV^c�Z�J[N�SrtUWVXR'ehPMRTSiJMeÞS�nucêNQV^JMeiUWV^LHJ[R�LaPMRW{o\dehPMNQNQV^c�Z�PfR�Lkc)SQP:J4emPf`�ZWNjV¿cQc�n�PfR~v PMNiehV��
� v¨SjUkV8no`�Z�PTc�V^L RWVXlTJ_SQno�MV�ZWNQV^cQc�gWNjV�� rËnwSQU NjV¿c�Z�V¿eÞStSQPDJÏSQ`�PTc�ZWUWVXNjV ¡�nucËRWP[SKc�g°¯axehnoVXRTSQ{o\'no`�Z�PfN�SiJ[RTS¿p�NQV^c�nuLOgWV+4 P[v)V^�bg�J_SQnoPfR �65�¡,rtno{o{���V�NQV^JMeYUWV¿L'��Vhv}PMNjV�emPfRbSiJfe¢SehPMR�LOnwSQnoPMR;�ð ��UkV8ZWNQV¿cjc�gWNQV��_J[{ogWV�`~g�cÓStSQUWV*R ��V4{uJ[NjlMV�V*RkPfgWlMU;�ð ë PMR��MV*NQlMV*R�emV�nucñV*R�c�gWNQV¿L �]\ c�gW��x¯nwSQV*NiJ_SQnoPMR�c�SiJ[Ô�noRWlDnoRTSQP JMe*ehPMgWRbSñlMV*PM`aVhSQNQ\NQV^JMeÞSQg�J[{onucQJ_SQnoPfRqc*�

± � «(* ��§T®¯¬�ü3! �³²�ý´�&§T®µ* ��¥K¦��
¢t±ì° -,é.¶·»½Þõ�
 ·»è)´�ô �ñ¶ ½Y¶·
 ·�´[·»½Yô

Â Ú V*PM`aVmSQNj\ nucñeYUqJ�NiJMeÞSQV*NQnuc�V^L'�]\ 5�� �¸�º¹ ZçPMnoRbSicñJ[R�L �Y�´�Y»z� V*{�V*`aV*RbSicX�
Â Ð;gWRWl~��PfgWRqLOnoRWlH��P�ÀDLOno`aVXR�c�noPfR�c�J[NQV Ì_×��3¼ ¼ ½ 5�¹Y��¼ ¼ ½ ÌÏ×]Ý+¼ ¼ �
Â   V^JMc�gWNQV^L Z�JÏSQn�V*RTSáehPM`aZW{onuJ[R�emV �}{ogkRWl'V*{ucQJMcÓSQnuehnwSÓ\k¡�nuc �M< Ý(¾¿��À°¤3Á �
Â   noRWno`~gW` NjV¿c�n�LOgWV�P�v»V^�bg�JÏSQnoPMR �Hnucñc�VmS�SQP 4 8 5�� y"Â �
Â ë Pf`�ZWgOSiJ_SQnoPfR P[v){ogkRWlH`aP[SQnoPMR U�J��fV��çVXV*R e*J[{uehgW{�JÏSQV^L rËnwSQU c�VX�fVXNYJ[{�R�gk`Hx��VXNYc�P[v�lfVXPf`�VhSQNQ\'NQV^JMeÞSQg�J[{onucQJ_SQnoPfR v}PMN�SQUWV|ehPMRTSiJMeÞSáehPMR�LOnwSQnoPMR�cX�

`tV¿Jfe¢SjgqJ�{on�cjJ_SQnoPMR ë Pf`�ZWgOSQnoRWl Ö �MV*NiJ�lMVR�gW`~��V*N SQno`aV L�nuc�Zk{uJfemV*`aVXRTS1Ã Ê `a`HÎ
5 5*×MUW×b��` ÝO���Y�� 5�Ý_Uh5�ÝÏ` ÝO� Ì[�Ý 5�Ý_U�Ì�¹�` Ý��Ä5
� 5�Ý_UW×^¹�` Ý��Ä5

� V4Pf��c�V*NQ�MV^L JaemPfNQNQV^e¢StemPfR]�fVXNQlfVXR�ehV�eXJ�R ��V4Pf��SYJ[noRWV¿L J_vySQV*N Ý nwSQV*NiJ_SQnoPfR�cX�
ÅÇÆ�È�ÉËÊÍÌ6Î1ÏºÊ+ÐÒÑÔÓÖÕ×ØÎËÙµÊµÚ>ÊÍÛ�ÜxÑÔÓ Ù\ÝÒÚSÕzÞ�Ü)ÊaÐ(ßhÑàÜÔá�ÜÔá�ÊâÐãÑÔÓÖÕ×ØÎsÙµÊÍÚ>ÊµÛ^Ü�äÖÉ�ÊaÙåÜnÝÒÌ+Û°ÝÒÌµÚ Ý7æçÊaÎsÙµá
Ú>ÊµÓaáèÉËÊÍÌµÜ)Êaéºê
¢t±}â ³�å�½j¹i¶Ûæ�· ë ·�¹i¸ê½Ò
 ¶�´Mõu¸�è /�·;ô�å��w´[ô

Â ��UWV|LOnuc�ZW{uJMehV*`�V*RTS z V*{uL nuc SQP[SiJ[{o{o\ c�`aP�P[SQU �
Â ��UWV*NQV�nuc RkP'ehPMR��MV*NQlMV*R�emVKZWNQPf�W{�V*` JfcQc�POemnuJ_SQV^L SQPa`aV^c�U J���VXNQNYJ_SQnoPMR;�
Â ��UWV z R�J[{Mc�gWN�v JMehVê`DJÏSieiUWV^c r�V*{o{MrtnwSQU4lfVXPf`�VhSQNQ\ñVhÀ]SQNiJfe¢SQV^LKv}NjPM` ë � cQeXJ�R�c�ySQNQnuJ[{)L�V z RWnwSQnoPMR�¡¢�

ì í ©a¥�¬³! «#�;®¯©�¥#�
Â Ö NQV^J[{onucÓSQnue�r�J�\aSQPD`aPOLOVX{�{ogkRWl'noROÙ�J_SQnoRWl�nucñc�VhS¿�
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