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limite au−delà de laquelle on ne peut plus
définir de loi de comportement pour le squelette
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du squelette n’est plus valable (puissance plastique négative)

limite au−delà de laquelle la loi de comportement
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ESSAI DE COMPRESSION TRIAXIAL (CGES−2002)
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ESSAI DE COMPRESSION TRIAXIAL (CGES−2002)

confinement = 10 MPa
EST104 (−511 m)
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ESSAI (G3S−95 1006−5)

pression de confinement = 10 MPa

points expérimentaux
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ESSAI (G3S−97 2303−1)

pression de confinement = 10 MPa

points expérimentaux
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pression de confinement = 10 MPa
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ESSAI (G3S−01 5697−5)

pression de confinement = 12 MPa

points expérimentaux
ajustement
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latérale volumique axiale

0

5

10

15

25

30

35

40

45

−1 −0.5 0 0.5 1 1.5 2

de
vi

at
eu

r 
(M

Pa
)

deformation (%)

ESSAI DE COMPRESSION TRIAXIAL (CGES−2002)

confinement = 10 MPa
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ã ç âzâ ç �3�là êÈâ"���ç Ü ç úÅÝäÞ ç Ü¦â~éUæç ã ç ÜzÜ�ßÅÝjë ç è�ö ç�.[ç ã¤â�ó ç ëyè ç é;êSó2ý ç ßÅó2÷ ç ÜzÜzßÈÝjÜûúç éYà;ëlæç Þ ç ýÅßÈéQâ}è ç ÜWæç ã��òßÈéQâzÝjÞjÞäêSé;Üoà;ßÈë�ßÈÞäÞ
�ç Þ ç õ ç éQâ[�ßÖÞjß�Ü�â�ëzßÅâ�Ý£�òãþß/â�ÝjêÈé�í
� Þ ç Ü ãåêÈé;è;ÝäâzÝjêSéôÜ à��3�lÜzÝäãåê²� ã��;ÝjõÖÝjø�ó ç Ü è ç Ü�æç ã��òßÈéQâ�ÝäÞjÞäêSé;Ü ßÅó õ êÈõ ç é�â è ç Þ�ö ç Ü)�Ü�ßÅÝ à ç óôý ç éQâ©�ç âzë ç èôÝ . æç ë ç éQâ ç Ü¨è ç ã ç ÞjÞ ç Ü¨èôóÿõHßÅÜzÜzÝ£�GíA´�éÿà;ßÈë�âzÝjãåóôÞjÝ ç ëåúáÞ ç Üæç ã��;ßÈéQâ�ÝjÞäÞjêSéôÜ êSéQâ ýlë�ßÈÝäÜ ç õ��;Þµß²�;Þ ç õ ç é�â Ülæç ã��5æç àòßÈëxë�ßÅà;à[êÈë�âxßÅó2÷±ãûêSé;è;Ý�â�ÝjêÈé;Üè;ó õHßÅÜzÜzÝ£�e��ë�ßÅà;à ç ÞjêSéôÜc�LéôêSó;Ü#ã ç ø�ó ç é;êSóôÜ�ßþýÈêSé;Üªè;Ýäâ©ßÅó ã��;ßÈà;Ýäâzë ç à;ëlæç ã æç è ç é�âãåêÈé;ã ç ëzéòßÈéQâªÞ ç Ü ç ÜzÜzßÈÝjÜ��f�q� î í�� ç Ü ç ó;ÝjÞ
â�ë,�ç Ü6�;ßÈÜ�è�ö Ýjé;Ý�â�ÝjßÅâ�ÝäêSéWè ç ÞµßÖãåêSõÖàòßÈãº�â�ÝäêSéüé�ö ç Ü¦â�è;êSé;ãvàôëzê+�òß²�;Þ ç õ ç é�â�àòßÈÜ�ë ç àUæç Ü ç éQâ�ßÅâ�Ý£��è ç Ü�ßÈëzñÈÝjÞjÝ�â ç Ü�è ç Þ9ö°´�Ü¦â ç éà;ÞjßÈã ç í
¹NêSó;ë ëlæç ÜzêSó;èôë ç Þjß#ãåêSéQâ�ëzßÈè;Ýäãûâ�ÝäêSé�ú ç â5à êSó;ëÒà êSóôýSêÈÝjë ç�.[ç ã¤â�ó ç ë5è ç Ü5õÖê2èUæç ÞjÝäÜ�ßÅâzÝjêSé;Üè;êSéQâ Þ9öGæç â'ßÅâÖÝäé;ÝäâzÝµßÈÞ ç Ü�âHÜ�â�ß��;Þ ç ú�êSé¨Ýäõ à êSÜ ç ë�ß ó;é ç ëlæç ÜzÝäÜ�â'ßÅé;ã ç â ç ÞäÞ ç ø�ó ç Þ ç ãåëzÝ�â��ç ë çÜzêSÝ�â���ó;Ü�â ç ßÅâ�â ç ÝjéQâÒà[êÈó;ëÒÞ�öGæç â'ß/âUè ç ãûêSéQâ�ëzßÈÝjéQâ ç ÝjéôÝäâ�ÝjßÈÞ�íQ»}Ýjé;Ü�Ý�úSè ç Ü5èUæç �$êSëzõ ßÅâzÝjêSé;Ü~à;ÞµßÈÜ)�â�Ýäøló ç Ü¼�$ãåêSé;Ü�ÝjèUæç ëlæçûç Üvé�ó;ÞjÞ ç Ü Ýjé;Ý�â�ÝµßÅÞ ç õ ç éQâ î Ü ç ëzêSéQâWãåëlæç æçûç Üvè��ç Ü ø�ó ç Þ ç ã��òßÈë�ñ ç õ ç éQâãåêSõÖõ ç é;ã ç ë�ßq�ß(�ç âzë ç ßÈà;à;ÞäÝjø�óUæç í
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�e���J��À �����6 �Á
Â6ÃV�c���
� ç Ü ç ÜzÜ�ßÅÝjÜÒâ�ëzÝjß/÷2ÝµßÈól÷�ßþý ç ã�è ç Ü5ã��lãûÞ ç Ü èUæç ã��òßÈëzñ ç �Lë ç ã��òßÅëzñ ç õÖêSéQâ�ë ç éQâ ø�ó�ö�ÝäÞ ç ÷2ÝjÜ¦â çó;éxà��Uæç é;êSõ��ç é ç â�ë,�ç Ü�õ ßÈëzø�óUæç è ç ãåêÈõ àòßÅãûâ�ÝäêSé�í�Ä}êSóôÜ#ßþýSêSé;Ü�ã��;êSÝjÜ�Ý~è ç Þ ç ÜzÝjõ ó;Þ ç ë&�ßÞ�ö�ßÈÝjè ç è�ö ó;é ç ÞjêÈÝ2è ç àôÞµßÈÜ¦â�ÝjãûÝäâ2æç âzë,�ç Ü�Ü�ÝjõÖà;Þ ç ��ãûëzÝäâ��ç ë çoç âÒà êÈâ ç éQâ�Ý ç Þôè ç ·�ëÅÂó;ã�Å ç ëc�)¹�ëzßÈñ ç ëûúæç ãåë�êSó;ÝäÜzÜ�ßÅñ ç ÞjÝäé5æç ßÈÝäë ç î úôõ ßÈÝäÜoø�ó;Ý¿èUæç ãûëzÝ�â<âzë,�ç Ü]�ôÝ ç éWÞ ç Ü ê+�;Ü ç ë�ýÅßÅâzÝjêSéôÜåí
�sßÈÝjÜvÞjß ÞäêSÝ�è ç ãåêÈõ à êSë�â ç õ ç éQâWà;ë�êSà[êÈÜlæçåç é�ö ç Ü¦âsýÅßÈÞjß��;Þ ç øló ç à êSó;ëWÞµß	àòßÅë�â�Ý çÞjÝäé5æç ßÈÝäë ç è ç Þ9ö ç é�ý ç ÞäêSà;à ç è ç ÜYãåêSó;ë
� ç ÜsèUæç ýlÝµßÅâ ç ó;ë)�LèUæç �$êSëzõ ßÅâzÝjêSé�úUãÈö ç Ü¦â
�,�ßQ�Lè;Ýäë ç à[êÈó;ëÞ ç Ü�à ç â�Ý�â�Ü ç â�õÖê1� ç éôÜ#è5æç ýlÝµß/â ç óôëzÜåíÆ¹yêSóôë�Þ ç Ü�ñSëzßÈé;è;Ü�èUæç ýlÝµßÅâ ç ó;ë�Üåú[ó;é ßÈóôâzë ç â¶�là ç è çèUæç �$êÈëzõ ßÅâ�ÝäêSévÝjë�ëlæç ý ç ë�ÜzÝv�ôÞ ç ßÈà;à;ßÈë�ßÈÝ�â�sòè ç Ü<èUæç �$êSë�õHßÅâzÝjêSéôÜ¯è ç à;ëlæç �Lëzóôàôâ�ó;ë ç í

�uÇ�È {ÊÉ�Ë�É�ÌiÍÏÎÐ Ë¨Ñ,Ò ÉÓÍFÑ,Ô&Õ Ö Ð | É ×ÏË¼ÎÐ¦Ø Ë§ÙÏ×qÍ�ÙÏË Ð
�e�
Úi�
Û Ü �6Ý§Á¶Þ]ÃVß���Âáà�â�ãßf�6�|äæåßf�6ß

Ä<êSó;Ü�ßþýSêSé;Ü ë ç õHßÅëzø�óUæç èòßÈé;Ü Þµß Ü ç ãûâ�ÝäêSéÊì;í / í�� ø�ó ç Þ ç Ü ãåêSóôë-� ç Ü è5æç ýlÝµß/â ç óôëc�èUæç �$êÈëzõ ßÅâ�ÝäêSéªß/÷2ÝµßÈÞ ç�ç âNèUæç ý2ÝjßÅâ ç ó;ëc� èUæç �$êÈëzõ ßÅâ�ÝäêSé#ë�ßÈèôÝµßÈÞ ç Üåö�ßÈà;à;ÞjßÅâ�ÝäÜzÜ ç éQâNà[êSóôëNÞ ç Ü¿à;Þäó;ÜñSë�ßÅé;è;ÜvèUæç ý2ÝjßÅâ ç ó;ëzÜX�C�òñ ì;íU� î íJ� ç à��Uæç éôêSõ��ç é ç ç Ü¦âWà;Þjó;Ü¨æç ýlÝjè ç é�â ç é;ãåêÈë ç �cçéèéê,èoÞ ç ÜãåêSóôë-� ç ÜHÜûö�ßÅà;à;Þµß/â�ÝjÜ�Ü ç é�â ç éôãåêSë ç à;Þäó;Ü î ÞjêSë�Üzø�ó ç Þ ç Ü õ ç Ü�ó;ë ç Ü è ç èUæç �$êÈëzõ ßÅâ�ÝäêSé ÜzêSéQâñSÞjê��òßÈÞ ç Ü���àòßÈë è ç Ü ãþßÈà2â ç óôëzÜë��ì6·6í î í���ö ç Ü�âvÞ ç ãåßÈÜHè ç â�êÈó;ÜHÞ ç Ü ç ÜzÜzßÈÝjÜ¡³[�+µ[úÒàòßÈëç ÷ ç õÖà;Þ ç í
Ä<êSó;Ü à ç é;ÜzêÈé;Ü�ø�ó�ö ó;é�ßÈó2â�ë ç à��Uæç é;êSõ��ç é ç Ýjë�ëlæç ý ç ë�ÜzÝ��;Þ ç ßÈà;à;ßÈë�ßÈÝ�â�ßÈÞjêSë�Ü~sªè ç ÜèUæç �$êÈëzõ ßÅâ�ÝäêSé;Ü¯è ç à;ëlæç �Lë�ó;àôâ�óôë ç í?î�é ç�.[ç âþú7ÝäÞ ç Ü¦â�à;ë�ê+�òß��ôÞ ç ø�ó ç Þµßáëzó;à2â�ó;ë ç è ç Ü�ßÅëzñSÝ«�ÞjÝ�â ç Ü}ÜzêSÝ�â�à;ëlæç ã æç èUæçûç àòßÅë�Þ�ö�ßÈà;à;ßÈëzÝ�â�ÝjêÈé è�ö ó;é ç õÖÝjãûëzê²�
�òÜzÜ�ó;ë�ßÅâzÝjêSé�ú ë ç Ü�à[êSéôÜ�ß��;Þ ç è�ö ó;é çèUæç �$êÈëzõ ßÅâ�ÝäêSé�õ ßÈãûëzêSÜ�ãåêSà;Ýäø�ó ç Ýäëzëlæç ý ç ëzÜ�Ýv�;Þ ç �$øló ç ã ç ë�â�ßÈÝjé;ÜyßÈóôâ ç ó;ë�Ü�ßÈà;à ç ÞäÞ ç é�â ç é;è;êSõ��õHßÅñ ç õ ç éQâwïôýÈêSÝjë¯Ü ç ã¤â�ÝjêÈé / í 2Sî í� ç âzâ ç èUæç �$êSëzõ ßÅâ�ÝäêSé Ýjë�ëlæç ý ç ë�ÜzÝv�ôÞ ç ç Ü�â è;êSé;ã è�ö ó;é ç éòßÅâ�óôë ç èôÝ . æç ë ç éQâ ç è ç ã ç ÞjÞ çø�ó;Ý ãåêÈëzë ç à;ÜzêÈé;èð�ß ÞµßùãûêSõ à;ßÈãûâzÝjêSé�íxî�é àòßÈë�âzÝjãûó;ÞjÝ ç ëåú ç ÞjÞ ç è ç ýlëzßÈÝäâ Ýäé;è;ó;Ýäë ç è ç Üõ êlè;Ý£�òãþßÅâzÝjêSéôÜ�è ç à ç ëzõ æç ß��;ÝäÞjÝ�â2æç ø�ó;ÝÒé�ö êSéQâ�ëzÝ ç éñ�ßWýÈêSÝjë©ßþý ç ãHã ç ÞjÞ ç Ü#ãþßÅó;Ülæçûç Ü à;ßÈëªÞµßãåêSõÖàòßÈã¤â�ÝäêSé�íf��ö ç Ü�â à[êÈó;ë�ã ç â�â ç ëzßÈÝjÜ�êSé øló ç é;êSóôÜ ßþýSêÈé;Ü â ç é�óò�ßsÜlæç àòßÅë ç ë�ã ç Ü è ç ó2÷à��Uæç é;êSõ��ç é ç Üåí
�LÞ²�ªß ç ó�àôÞjó;Ü�Ý ç óôëzÜ¿â ç é�â�ßÅâ�Ý�ý ç ÜNà êSó;ë ç ÜzÜ�ß�� ç ë~è ç ãåßÈë�ßÅãûâ2æç ëzÝäÜ ç ë ç ÷ôàUæç ëzÝäõ ç éQâ'ßÈÞ ç õ ç éQâÞ ç Ü�à��Uæç é;êSõ(�ç é ç Ü ø�ó;ÝUß .[ç ã¤â ç éQâ ÞµßWõ Ýäãåëzê��LÜ�âzëzó;ã¤â�ó;ë ç ÞjêSë�Üzø�ó ç Þ�ö�ßÈëzñSÝäÞjÝ�â ç ç Ü�â ÜzêSó;õÖÝjÜ ç�ß¼è ç Ü�æç â'ßÅâzÜ è ç ãûêSéQâ�ëzßÈÝjéQâ ç à;ëzêlã�� ç Üxè ç Þµß ëzó;àôâzó;ë ç í¦ì�Ýjé;ã�Å�æç	ç âxßÈÞ�íÓ�é�)ó ¹yú / ¯+¯ ­ô ­�2�õ-î ß ç Ü�Ü�ß��Òæç è ç ýlÝjÜ�óòßÈÞäÝjÜ ç ë�è ç Ü�õÖÝjãåë�ê²���;ÜzÜzóôë ç Ü}Üzó;ë�è ç Ü�ÞjßÈõ ç Ü�õÖÝjéôã ç Ü}à;ëzêÃý ç éòßÈéQâè�öGæç ã��òßÈéQâzÝjÞjÞäêSé;Ü�ö ç é;èôêSõ õ ßÈñyæç Ü-÷;í|³ªßÈÜzãº�)øoßÈë
�;Ý ç ëÏ� 2�0+032 ú ô 2+2�õµî ß�ëlæç ßÈÞjÝäÜlæç è ç Ü ç ÜzÜ�ßÅÝjÜè ç à[êSë�êSÜzÝäõ æç â�ë�Ý ç ßÅó õ ç ë�ãåó;ë ç Ü�ó;ëÖè ç Ü æç ã��òßÅé�âzÝjÞäÞjêSé;Ü�ß��SßÈéQâHÜ�ó��;Ý¯è;Ý . æç ë ç éQâ ç ÜÖÜzêSÞäÞjÝ£�ãåÝ�â'ßÅâzÝjêSé;Üûí��sßÈÝjÜ]�$êSëzã ç�ç Ü¦â#è ç ãûêSé;Ü�â�ßÅâ ç ë�ø�ó ç Þ�ö êSé ãûêSé;éòßÅÝäâ�âzêSó���êSóôëzÜ�õ ßÈÞNÞµßÖõ Ýäãåëzê��Ü�âzëzó;ã¤â�ó;ë ç è ç Ü ßÈëzñSÝäÞjÝ�â ç Üûú ç â ç é�àòßÈë¦â�Ýäãåó;ÞäÝ ç ëyÜ ç ÜUõÖê2èôÝ��òãåßÅâ�ÝäêSé;Ü~Ü�êSó;ÜÒÞ�ö ç�.[ç âÒè�ö�ó;é�ã��òßÅëc�ñ ç õ ç éQâ<õ æç ãþßÅé;Ýjø�ó ç í
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�LÞ9�xß ç ó�ßÈó;Ü�ÜzÝ�è ç Üªâ ç éQâ'ß/â�Ýäý ç Üªà êSó;ë#õ ç Üzóôë ç ëªÞ ç Ü æç ýÈêSÞjó2â�ÝjêÈé;Ü�è ç à ç ëzõ	æç ß²�;ÝjÞäÝäâ2æçè;ó ç Ü�ßÈósã��òßÈëzñ ç õ ç éQâ�õ	æç ãåßÈé;Ýäøló ç �û³[�3µ ú / ¯+¯+¯ ô ±+¯ õ ï?»eÄ¦í�î�» ú / ¯+¯+¯ ô ± 0�õµî í�� ßÈÝäÜ Þc�ßç é;ãûêSë ç ú¿Þ ç Ü ç Ü�à[êSÝäëzÜ#êSéQâ æç â2æç èUæç;üãåó;Üûí�îÒé ç�.�ç âþú�ÝäÞ ç Ü¦âªèUæç �Q�ß âzë,�ç Ü#èôÝ�ýÖãåÝäÞ ç è ç õ ç Üzó;ë ç ëÞµß à ç ëzõ æç ß��;ÝäÞjÝ�â2æç è ç õHßÅâ2æç ë�ÝµßÈó2÷ ßÈó;ÜzÜ�Ý�à ç ó¼à ç ë�õ æç ß��;Þ ç ÜHø�ó ç Þ ç Ü ßÈë�ñSÝjÞäÝäâ ç Ü(�ûî�Üzãûê��þ�
� ç ëûú 2�0+0+2 ô 2²0�õµî íw��óòßÅé�âx�ß õ ç Üzó;ë ç ë#è ç Ü æç ýSêÈÞjóôâzÝjêSé;Ü}è ç ã ç âzâ ç à ç ëzõ æç ß��ôÝjÞjÝ�â2æç ßþý ç ãÖÞ çã��òßÈë�ñ ç õ ç éQâUõ æç ãþßÈé;Ýäø�ó ç úQêSéÖãåêÈõ à;ë ç é;èôë�ß©ßÈÝjÜlæç õ ç éQâ øló ç ãÅö ç Ü�â ç é;ãûêSë ç à;ÞjóôÜ èôÝ�ýÖãåÝäÞ ç í
�e�
Úi�¶� ÿ�� ��à¢�¨Ã������)�|�á���éÂ��6ß©Ác���&��ß©à�Á)Ý�Ã����c �����ãß

·#ßÅé;Ü ã ç âzâ ç Ü ç ã¤â�ÝjêÈéÊéôêSó;Ü ãåêSéôÜzÝjèUæç ëzêÈé;Ü øló ç Þjß¨àòßÈë¦â�Ý ç ÞjÝjéUæç ßÈÝäë ç è ç Ü ãåêÈó;ë-� ç ÜèUæç ýlÝjßÅâ ç ó;ëc� è5æç �$êSë�õHß/â�ÝjêÈé ß/÷2ÝµßÅÞ ç�ç â¯èUæç ý2ÝjßÅâ ç ó;ëc� èUæç �$êÈëzõ ßÅâ�ÝäêSéHëzßÈè;ÝµßÅÞ ç ãûêSëzë ç Ü�à[êSéôè~�ß�Þµßà��òßÈÜ ç æç ÞµßÈÜ¦â�Ýjø�ó ç �$ã ç ø�ó;Ý é�ö ç Ü�â àòßÈÜáýlë�ßÈÝ à;óôÝjÜzø�ó ç ã ç Ü èUæç �$êSë�õHßÅâzÝjêSéôÜáé ç ÜzêSéQâ àòßÈÜëlæç ý ç ë�ÜzÝ��;Þ ç Ü î ír� ç Ü àòßÅë�ßÈõ��ç âzë ç Ü æç ÞµßÈÜ¦â�Ýjø�ó ç Ü¯ÜzêSéQâ}è;êSé;ãªÞ ç Ü¯àòßÈëzßÈõ��ç â�ë ç Ü¯â'ßÅé;ñ ç éQâzÜåí¹�Þäó;ÜzÝ ç ó;ë�ÜHæç ø�ó;Ýäà ç Ü¯è ç ë ç ã�� ç ë�ã�� ç êÈé�â àôëzêSà êSÜlæç è ç Ü¯ÞjêÈÝjÜ5è ç ãåêSõÖà[êÈë�â ç õ ç éQâ¯à[êÈó;ëÞ ç ÜáßÈëzñÈÝjÞjÝ�â ç Ü©è ç Þ�öUîÒÜ¦â ç é ßÅè;êSàôâ�ßÈéQâáã ç âzâ ç �3�là êÈâ"���ç Ü ç í��LÞ5Þ�ö êSéQâ¢��ßÅÝäâ�Ü�êSÝäâ ç ÷2à;ÞäÝjãåÝ�â ç �õ ç éQâ��é�9��� î ú2Ü�êSÝäâ Ýäõ à;ÞäÝjãûÝäâ ç õ ç éQâ ç é é ç Üåö ÝjéQâ2æç ë ç ÜzÜzßÈéQâ¯ø�ó�ö �ß©è ç Ü ç ÜzÜzßÈÝjÜ õÖêSé;êÈâzêSé ç Üûí! ë#é;êSó;Ü�ý ç ëzë�êSé;Ü©ßÈó ã��òßÈàôÝäâ�ë ç � øló ç Þ ç â�ëzßQ� ç âªè ç ã��òßÈëzñ ç õ ç éQâªãåêSë�ë ç Üzà êSé;èòßÈéQâ�ßÈóãåë ç ó;Ü ç õ ç éQâ<è�ö�óôévà;ó;ÝäâzÜ ç Ü¦âoâ ç Þ�ø�ó ç ã ç âzâ ç �3�2à êÈâ-�w�ç Ü ç ã��òßÈé;ñ ç è ç ��ß üãåêÈévÝjõÖà[êSë¦â'ßÈéQâ çÞ ç Ü<ëlæç Ü�ó;Þäâ�ßÅâ�Ü[�)çéèéê,è7Þ ç Ü ãåêSéQâzë�ßÈÝäé�â ç Ü ç â<Þ ç Ü¯èUæç �$êSëzõ ßÅâ�ÝäêSé;Üoè;ßÈé;Ü Þ ç õ ßÈÜzÜ�Ý�� î í·#ßÅé;Ü Þµß Ü ç ãûâzÝjêSé Ü�ó;ÝäýÅßÈéQâ ç é;êÈó;Ü à;ëzêSà êSÜ ç ëzêÈé;Ü ó;é ç ÞjêSÝsè ç ãåêSõÖà êSë�â ç õ ç éQâó;é;Ý£�oæçåç ú<ø�ó;Ý�âzÝ ç é�âYãûêSõ à2â ç è ç â�êSóôÜYÞ ç ÜWà��Uæç é;êSõ��ç é ç Üsø�ó ç é;êSóôÜsßþýÈêSé;ÜYê+�;Ü ç ë�ý�æç Ü�Ãæç ÞµßÈÜ¦â�ÝjãûÝäâ2æç ãåêSë�ë ç Ü�à[êÈé;èòßÈéQâ5ßÈó2÷ÖèUæç �$êSëzõ ßÅâ�ÝäêSé;Ü�ëlæçåç ÞäÞ ç õ ç é�âÒëlæç ý ç ëzÜ�Ýv�;Þ ç ÜûúlãûêSõÖàòßÈãûâzÝjêSé�úà;ëlæç �Lë�ó;àôâ�óôë ç ú ç â à[êSÜ¦â
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�,�ßQ�Lè;Ýäë ç �
�!m �n��	 �8�&� î í
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vwu(x^yhz ó{r q�q vÈñ u  �J	 2 ® 0+0 �q¹
v| z s u(} s~r u(� ���J	 / % /
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ÙÏÕÏÑ(� ÎÐeÐ
Ä z ó q ý u^y�yhz8}�q vÈó x �{v | rts yhufq ó{r�ýYv } s ø�ó u0x ��v x ó }��{u(q | � wu^}{z õ(�u^}�u^q ø�ó u0}�z ó qvþý z8}{q�y�u | y wu^q�u^} s wu(q�q wu | v y wu õ u(} s � v }{q�� v q�u^x shr z8} | y wu(x wu^��u^} s u�u ÷ u(yhx^u ó }{u r } �òó u(}{x^urjõ | zYy s�v } s u�q ó yi�_u(qBx ��vÈõ | qB��u<x^z8} s y vYr } s u<u s �{u<� wu � z8y õ+vas~r z8}"� v }{qi�_u õ�v qhq r£�Iv | y �u^q�_u�x(yhu ó qhu õ u^} s � ö ó } | ó�rts q �Ä z ó q v �_�_zY}{q õ�vYr } s u^} v } s u^} ñ �_z � u^y�x^u(qH� r . wu^y�u^} s q | � wu^}{z õ��u(}{u^qH� v }{q ó }{u�qhu ó �_uu s<õ��u õ u��_z r �{uQx^z õ | zYy s u õ u(} sþú | z ó y | z óôý z r y wu ýYv � ó u(yH�_u ó yhq r } �;ó u^}{x(u^q*�_z8y�q ø�ó�ö�r �tqz8} s � r u ó q räõ�ó � s~v } wu õ u(} s^�
�*v |{| u^�tz8}{qH� ö�v�� z8yh� ø�ó u(�_q�qhz8} s x^u(q | � wu^}{z õ��u(}{u^q s
� � ö wu^� v q shr x rts wu ï x^u^�t�_u ø�ó{r x^z8y�yhu^q | zY}{� vÈó2÷ � wu � z8y õ+vas~r z8}{q ø�ó{r qhz8} s }�z8}�q�u ó �tu �õ u^} s � r } wu vYr yhu(q | v yoy v |{| z8y s�vÈó2÷ x^z8} s y vYr } s u^q ú¯õ�vYr q vÈó qhq r u s q ó y s z ó�sWø�ó{rqhzY} s y wu ý u(yhq rv� �tu^q �
� � v x^z õ | v x s~r z8} � | � v q s~r x rXs wu�x^z8} s y v x s�v } s u s y �u(q | y wu^x^z�x^u �v wu^x(yhz ó�r qhq vÈñ u | z8q rtshr��~�
� � v | y wu � y ó | szó yhu � | � v q s~r x rts wu ��vYr�� �_u õ u(} s � r � vas�v } s u �v wu^x^y�z ó{r qhq vÅñ u | z8q rtshr��~�
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���v�� � r yhu ó }{ud�_z rM�v s y�z r q¡x(y rXs��u^y�u^qou sos yhz r q | z s u(} s~r u(�_q �� u � z8y õ�v � r q õ udu(q s q�z óôý u(} s ó�s~r � r q wu | z ó y�� wu(x^y r yhu��_u¢x^z õ | zYy s u õ u(} s �{u�yhz�x � u^qs y �u^q | z8y�u ó q�u^q x(z õÖõ u£� v x(y vYr u úªø�ó{r | y wu(qhu^} s u^} s �{u ó2÷¤s¶� | u^q��{u�� wu � z8y õ�vashr z8}�qr y�y wu ý u^y�q rv� �_u^q s�ó }bu�.�z8}{��yhu õ u^} s �{u | zYyhu^q�qhz ó q�� ö u�.�u s � ö ó }{u | yhu(qhq r z8} õ z � u(}{}{uwu^�_u ý wu^u ú u s<ó }{uQ� wu � zYy õ+vas~r z8}o� r � vas�v } s u¥qhz ó q�� ö u�.�u s �{uj� wu ý�r_vas u ó yhq rjõ | z8y s~v } s q �
��v �_z r �{u¥x(z õ | z8y s u õ u(} s5ó } r£� wu^u,u^q s �{z8}{x �{v q wu(u¥q ó y�� ö �3� | z s-�w�u^q�u��{u | v y s~rXs~r z8}�{u^q*� wu � z8y õ+vas~r z8}{q s & �§¦
� 	 & ¨ª© { & ��« { & � ' { & �M¬ �­�{�U®E�

z �ó & �)® u^q s � v � wu � z8y õ+vas~r z8} | � v q shrjø�ó u¯y�u^� vas~r�ý u �v � v�° ¨.±
¨ �_z r �{u | � v q shr x rXs wu �­°i	 / sx^z õ | v x s~r z8} ï{°9	 2 s | y wu � y ó | szó yhu ï²°9	 �#s | z8q sc� y ó | s�ó yhu �M�
��v x(z � wu(yhu^}�x^uQ� ö ó }{u s u(�_�tu��_z r ý�r q �,�v���ý�r q-��u¥� v>s-� u^y õ z�� � } vÈõ�rjø�ó u,u^q s*v qhq ó y wu(ujq rx ��vÈø�ó uj�_z r �{u | � v q s~r x rts wu¥q v[s~r q ��vYrts � v yhu(� vashr z8} s


 s #& �M®
³ 0 ´ 
 µi��¶¶�­
 %h�^¶���	 0
��v �_z r �3· wu^x(z8¸{�_u(¹+u(} s | � v q s~r_º ¸{u�u(q s � wu � } r uQ�{uQ� v¢��v üx^z8}/qh¸ rX»av } s u s¼ #& �)®
½d¾E¿ ��¶ q r¨�.��¶Æ	 0 u s #��¶Æ	 0 �#& �)® 	 0 q r¨�.��¶�À 0 z8¸ #��¶�Á 0 � Â �{�U¯E�

�e� �¦�¶� Ã Ý§à�à¢ßfÁx��ß�Ã Ú Ác���)Ãñ��ß�à�ÁcÝ�Ã����) �����ãß
Ä"Å­Æ�Ç(ÈRÉ.ÊEÉ�È4ËÌ1Í Î Å�ÏIÉ-Ð Ì Ê8ÏIÑ Ò�Æ�ÊYÈNÉ­ÏIÓ

� y rts�Ôu^yhu s �n� Â 
 %h�[���nÕ×Ö { }�Ø�y Â�Ù � {� �MÚÛ�a���ìgv y rÜvaÝ �_u,�3· wu(x^y�z8¸ r q�q vYÞ u s #�a�iÕàß #& ��« ß
¹ z s u^} shr u^� s �n� Â 
 �nÕ×Ö {bá Ú Ø

��v �_z r x^zY¹ | z8y s u��{z8}{x � | v y v ¹ Ôu s y�u^q Â } % Ù �º%  ��% á �)�
/+/10 465�798;:=<9:?>A@ �CB :?>&<9:=DFE9G � > HJI�KMLONQP*N
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Ä"Å­Æ�Ç(ÈRÉ.ÊEÉ�È4ËÌ/â!Î Å�ÏIÉ-Ð Ì Ò�ãBËÌEä ã[å�Ò�ÈNå�ã Ì

æ y rXs�Ôu^y�u s �
� Â 
 %h�^�M�nÕ�����
�� y 
�� y Â 	�� {! �^Ú��^�M�
ìgv y rÜvYÝ �tu¥�3· wu^x(yhz8¸ r qhq vYÞ u s #���-Õ $ #& � '� $ { $ #& � '� $ { $ #& � '� $��� { /

¹ z s u(} s~r u(� s �
� Â 
 �nÕ�����
�� y 
��
��v �_z r x^zY¹ | z8y s u��{z8}{x � | v y v ¹ Ôu s y�u^q Â ����%�	-�3%  �,%~���M�)�

Ä"Å­Æ�Ç(ÈRÉ.ÊEÉ�È4ËÌ/ç!Î Å�ÏIÉ�ÒiÏIÇ(È ä ã[å�Ò�ÈNå�ã Ì

æ y rXs�Ôu^y�u s �
� Â 
 %h�^�M�nÕ��+��
�� y 
�� y 	�� Â �^�M�
î x^y�z8¸ r qhq vaÞ u s 	�� Â �^�M�nÕ�	e$ y Â 	e$ y 	,è�� �^�� ±
élê� q r�s{�^�,Á�� ±4élê�	�� Â �^�M�nÕ�	,è q r�s{����ë�� ±4élê�

ìgv y r_vYÝ �tu��3· wu^x(yhz8¸ r qhq vYÞ u s #���-Õ $ #& �M¬� $ { $ #& �M¬� $ { $ #& �M¬� $��� { /
¹ z s u(} shr u(� s �
� Â 
 �nÕ�����
�� y 
��

��v �_z r x^zY¹ | z8y s u��{z8}{x � | v y v ¹ Ôu s y�u^q Â ����%�	e$�%~	,è�%h� ±4élê� %~�����)�

�e� �¦��Ú �zãß5�Vß � än�c�6Ý4���c��� ��ß�Ã�à6Ý � Ý§äæåß3� � ßfÃ
� u(q ��Þ ¸{y�u^q �{�U® u s6�{�U¯ | y wu^qhu(} s u^} s ¸{}{uoq r ¹¯¸{� vas~r z8} �{uo��u^¸Oì@u^qhq vYr q s y rÜv ì r_v ¸Oì| zY¸{y@�{u(¸Oìàx^zY} � }{u(¹+u(} s q£� r . wu^y�u^} s q v�» u(xTx^u�¹�zO� Ôu(�_u!yhí wu(z8�_z ÞYr_º ¸{u�¸{} r�� wu ��� u^qx^z8¸�y Ý u^q¡� wu »�rÜvas u^¸{ylîK� wu � z8yh¹ vas~r z8}£qhz8} s � r } wu vYr yhu^q | v y�¹�z8yhx(u v ¸Oì�ïgx^u º ¸ r � wu � } rXsë±

HJI�KMLONQP*N 465�798;:=<9:?>A@ �CB :?>&<9:=DFE9G � > /+/+/



WFù¦Yep§a,\9Z ` R;S(p¨Z6g�p]g�bda,\fa�gih©j�ú ª h `�l gJaJj ` Wig�oqp]g�Z�\ ` o ` h�\

ε latérale ε vol ε axiale

conf = 0 MPa

 0

 5

 10

 15

 20

 25

 30

 35

 40

−1 −0.5  0  0.5  1  1.5  2  2.5

dé
vi

at
eu

r 
(M

Pa
)

déformation (%)

MODELE UNIFIE

9���:<;²���°®Q=oS?ç�U6LOVXWYCéç
¬[Z0F�\ L�ZÏê�]�]^W�çBF;êjP�¬[U�GIA"ê�]�]�ç
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9���:<;I�{�U¯Q=�S?ç�U6L�VXWYCéç
¬[Z0F�\ L�ZXê�]�]^W�ç4F;ê"P�¬[U�GIA"ê�]�]�ç
¬[Z¡]1¬[L�]Qñ�ò"ó/ô<W�F;ê"P�¬[Z�ðnZÆê)UAê)Z�CWYe�ê�PQVXW�Vv¬�çgF;ê¯P�¬[U�G�¬[AMC¶ê)UAê)Z�CgL�Z�ç ð0õê1ê,è
ö8öN÷ ø¥ù3ú
û�ü ý
ü²þ�ÿ�����ü²þ�ý
ü����	�
��þ �
�����������



������������� �!�!"�#%$&#'�)(+*�ú ª (-,�./�
#0*�,21 �)34�!� �!$	,534,�(�$76	(!#lk8#:9,�,
| u(} s u^q Â 7);=<=>8�?;@<=A��B<��i�B<=A6�C<����M� �{z8} s �_u(qHu)ì | yhu(qhq r z8}{q*qhzY} sED7);FD ¹�zO��¸{�_u¥��·HGgz8¸�} Þ>8�?;BÕ 7!;ö)Ib÷ p�; ï,�?;JD ¹�z��{¸{�_u��3· r }{x^zY¹ | y�u^q�q r_Ý�r � rXs wuöA¡� Õ ö7);0K Â ö)I á � LM ö)ION

 �CP �� K > Â á � �RQSö�n� Õ ö>Y�T; I > á LM ö ION
 �CP �� K > Â á � �UQSöA�� Õ öA�� K ö �ö�
� Õ ö�i� K ö)I ��� �

� wu(qh¸{¹�z8}{q�x(z8¹+¹�u^} s �.·�z8}�� wu s u(yh¹ r }{u�x�í vaº ¸�u | v y v ¹ Ôu s yhu DV �!W · wu(� v q s~r x rts wu Di7); u s+pX; qhz8} s � wu s u^y�¹ r } wu^q Ôv | v y s~r y¯�{u(q | u^} s u(q��{u^q�x^zY¸{y Ý u^q� wu »Or_vas u(¸{y�î�� wuZY­zYyh¹ vas~r z8} | u(}{� v } s �_u(qHxZ[�x^�tu^q*� wu^x�í v y Þ uMîKy�u^x�í v y Þ u �ö �!W�v x^zY¹ | v x s~r z8} D �_u(q | u^} s u(q A�� u s¯�n� | u^y�¹+u shs u(} s �{u�� wu s u(yh¹ r }{u(y"�tu^q | v îy v ¹ Ôu s yhu(q á u s �]\�^_ « ���*v |{| u^�_zY}{q º ¸{u A��¥Õ 7 ` Â ¹�z��{¸{�_u"�3·HGgzY¸{} Þfs~v } Þ u(} sM�u s¥º ¸�u �n�*Õa>8�?` Â ¹+z��{¸{�tu>�3· r }�x^z8¹ | yhu(qhq r_Ý{r � rts wu s�v } Þ u^} sM�M�
W u | v y v ¹ Ôu s y�u N�{¸�x(y rts�Ôu^y�u�u^q s x�í{z r q r wu ÞEv � Ôv á ïgx^u º ¸ r | u(yh¹�u s �{u0x v �_x(¸{�_u(y+�tu | v y v ¹ Ôu s y�u�3· wu^x(yhz8¸ r qhq vYÞ u  �M�cb }ed�}3ïO�_u | v y v ¹ Ôu s yhu*�{u¥y wu^q r q s~v }{x^u Ù � u^q s x�í{z r q r �{uJY v üx^z8}Ôv x^u º ¸�u�� v y wu^q r q s~v }{x(u Ôv � v x(z8¹ | yhu(qhq r z8}oq r ¹ | �_u »Or q�î Ôv î »�r q��{u¥� v x^z8¹ | v x s~r z8}qhz rts wu Þ8v �_u Ôv?f�gq¹4vJï x(u^x r�r ¹ | z8qhu Ù �nÕ h�ji�^ Õk>e<Bf�gq¹
v��÷ �!W�v | y wu)î�yh¸ | s ¸{yhu D �_u | v y v ¹ Ôu s yhu/�3· wu^x(yhz8¸ r qhq vYÞ u  ��vYr }{q r�º ¸�u��_u | v y v ¹ Ôu s y�u�{¸ | z s u^} s~r u^� ��� q�z8} s � wu s u(yh¹ r } wu(q Þ yXlv x(u v ¸�ì | u(} s u^q A6� u s"�
�����*v |{| u^�_zY}{qº ¸{u¯�tu^q | v y v ¹ Ôu s yhu(q��{¸fx^y rts�Ôu(yhu �+� u s¥	-� zY} s wu s wuEd�ì wu^q v y Ý{rXs y vYr y�u^¹�u^} s ï{x v y�ª· r } rts~r_vas~r z8}��{uQx^u s�s u | � v q s~r x rXs wu�}�·�u(q s | v q�}{u s�s u �>��!W�v y�¸ | s ¸�yhu D �tu^q | v y v ¹ Ôu s yhu(q ��� ï 	-; u s0	,è �{¸ x(y rts�Ôu^y�u �{u¢yh¸ | s ¸{y�u z8} swu s wu�� wu s u(yh¹ r } wu(qfu(} v } v �m[�q v } s �_u(qfx(z8} s y vYr } s u(q Ôv � v yh¸ | s ¸{y�u�u s u(} | í v qhuy wu(q r �{¸{u^�t�_u ��n ¸ v } s�v ¸ | v y v ¹ Ôu s y�u��3· wu^x(yhz8¸ r qhq vYÞ u � ±4élê� u s�v ¸ | v y v ¹ Ôu s y�u��{¸| z s u(} shr u(� ��� ï r �tq<qhz8} s � wu s u^y�¹ r } wu^q�x(z8¹+¹�u r }{� r_º ¸ wuQq�¸{y�� v d Þ ¸�yhu �
» ¸ s z s~v �ªï(� v �_z r �{unx^zY¹ | z8y s u^¹�u^} s x^zY} shr u(} s ö f | v y v ¹ Ôu s yhu(q r }{� wu | u(}{� v } s q^ïN�{z8} s�_u(q »av �_u(¸{yhq>qhz8} s �{zY}{} wu^u(q6� v }{q"�_u s�vYÝ �tu v ¸ �{����� Ä z s z8}�q º ¸{u¡qhu(¸{�_q � | v y v ¹ Ôu s y�u^qz8} s ��u^q »Yv �_u^¸�yhq�� rmo wu^y�u^} s u(q+�{u/x^u(�_�tu^q º ¸ r zY} s wu s wuf��z8}{} wu(u^q�� v }{q��_u^q > qhu^x s~r z8}{q�
����������� ø¥ù3ú
û�ü ý
ü²þ�ÿ�����ü²þ�ý
ü����	�
��þ ö8ö >
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#
*�,q1 �)34�!�)�)$	,/3s,5(t$
| y wu(x wu(�{u^} s u(q Â �_z r qn�{u¥x(z8¹ | z8y s u^¹�u^} sQÔv ¸{}¡q�u^¸{��¹ wu(x v } r qh¹�u*�{u | � v q shr x rts wu �)D���� ï  � ï��� u sH� ±
é�ê� � æ u^x r q^·�u)ì | � rtº ¸{u | v yH�_uJY vYrts-º ¸�uj� v | � v q s~r x rXs wu�}�· wu s�vYrXs | v q�� wu'd�} r u���u�� v¹slu(¹+u:Y v üx^z8} Â r x r �.· wu(� v q s~r x rts wu¥x^zYyhyhu(q | z8}{� v ¸Oì�x'[�x^�_u(q,� wu^x�í v y Þ u)î�yhu(x�í v y Þ u �)�| v y v ¹ Ôu s yhu^q 7!;BÕvuY� VUV g�¹4vwu^� v q shr_º ¸{u(q pX;iÕ V < ö�w| v y v ¹ Ôu s y�u^q N Õ I-V <=>x^zY¹ | v x s~r z8} �{¸/x^y rts�Ôu(yhu Ù �nÕv>e<Bf�gq¹4vÂ | � v q s~r x rXs wu ö � wu^x(yhz8¸ r qhq vYÞ u  �iÕ öN÷RVxVxV gq¹
v| z s u(} shr u(� á Õ IJV <=>| v y v ¹ Ôu s y�u^q �+�-Õ ö <Bf| y wu)îKy�¸ | s ¸{yhu �{¸/x^y rts�Ôu(yhu 	-��Õ öN÷ <Bf�gq¹
vÂ | � v q s~r x rXs wu ÷ � wu^x(yhz8¸ r qhq vYÞ u  �-Õ ÷ u VxV gq¹4v| z s u(} shr u(� ���<Õ ö < V f| v y v ¹ Ôu s y�u^q �+�-Õ ÷ < Vy�¸ | s ¸�yhu �{¸/x^y rts�Ôu(yhu 	-;iÕ ÷ f�gq¹4vÂ | � v q s~r x rXs wu >E� 	,è-Õ öyV gq¹4vwu^x(yhz8¸ r qhq vYÞ u � ±
é�ê� Õ V <Bftz| z s u(} shr u(� ���<Õ ö <~�

� ��� ;��{���6=���WYVvê)L�A�]"F;ê�]-G�WYAhWYU!Dê)C�A"ê�]jF;êjVXW+V|{�çgF;ê¯P={[U�G}{[AMC¶ê)UAê)Z�CnLOZ�ç ð�õê1ê
~-��~J��~ � ÃVà¢ß�����Ã�à � Ý4�}���]Â6ßfÃ

� u^¹ v y º ¸�z8}{q º ¸3· v ¸6x(z8¸{yhq4�3·�¸�} s y vy� u s �{u�x�í v y Þ u^¹�u^} s x(u^y s~vYr }�qB¹ wu(x v } r qh¹�u^q
�{u| � v q s~r x rXs wu | u(¸ » u(} s x^z8¹�¹�u^}{x(u^y Ôv lu s yhujqhz8�t� r x rts wu^q(ï v �_zYyhq º ¸{u"�3· v ¸ s yhu(q v ¸fx^z8} s y vYr y�u| u(¸ » u(} s x^u^q�qhu(y<�{u��.·mlu s y�u � æ ·�u(q s | z8¸{y º ¸{z r ï��tz8yhqg�3·�¸{}{u�¹�z�� wu^� r q v[s~r zY} vR» u^x¥¸�}{u s u^�_�tu�_z r �{u6x(z8¹ | z8y s u^¹�u^} s ï r �4u^q s } wu^x(u^q�q vYr yhu6�3· v |{| � r_º ¸{u(y¥�_u>x�í v y Þ u^¹�u^} s | v y | v q s y Ôu^q| u s~rXs q | z8¸{y�}{u | v q�¹ v } º ¸{u^y�x(u^q�x�í v } Þ u^¹�u^} s q*�{u ö y wu Þ8r ¹�u¥�{u | � v q shr x rXs wu ÷{�b } y�u »av }{x�í{uaï¯q r z8} q varts�Ôv �ª· vR»av }�x^u º ¸{u��tu�y wu Þ8r ¹+u!�{u | � v q shr x rXs wubyhu(q s u(y v�_uT¹slu^¹�u | z8¸{y s zY¸ s �tu s y vy� u s �{u�x�í v y Þ u(¹+u(} s ï v �_z8y�q£z8} | u^¸ s�v |{| � r_º ¸{u(y£x^ux�í v y Þ u^¹�u^} s | v y | v q | �t¸{q Þ y v }{�{q �W u(q�x�í{u^¹ r }{q���u x^z8} s y vYr } s u^q�x^zYyhyhu(q | z8}{� v } s v ¸%x(yhu^¸�qhu^¹�u^} s �3·�¸{} | ¸ rXs qqhu s y v ��¸ r q�u^} s | v y�¸{}{u v ¸ Þ ¹�u^} s�vashr z8} �{u^q � wu »�rÜv[s u^¸�yhq@u s ¸{}{u�� r ¹ r }�¸ shr z8}¤u^}»av �_u(¸{y vYÝ qhz8�t¸{u@�{u@� v x^zY} s y vYr } s u@¹�zy[8u^}�}{u Â | v y0y v |�| z8y s!Ôv �.· wu s�vas } vas ¸�yhu^� �)�!� �u^q s�v �tz8yhq r ¹ | z8qhq r_Ý �tu��3· v�» z r ybq r ¹¯¸�� s�v } wu^¹�u^} s �{u^qb� wu'Y­z8yh¹ vas~r z8}{q | z8q s îKy�¸ | s ¸�yhuu s | y wuMîKyh¸ | s ¸{y�uYïg�{u�¹�lu^¹�u º ¸{u��{u(q¡� wu'Y­z8yh¹ vas~r z8}{q | z8q s îKy�¸ | s ¸�yhu�u s x(z8¹ | v x shr z8} �b }¤y�u »av }{x�í�uYï r ��[ v ¸{y v ¸{}{uO�^zY}{u@� v }�qd� vYº ¸{u(�_�_u¢z8} v ¸�y v q r ¹¯¸{� s�v } wu(¹+u(} s �tu^q
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| í wu(}{z8¹ Ôu^}{u(q,�{u | y wu)î�yh¸ | s ¸{yhuQu s ��ujx(z8¹ | v x shr z8} �b }ed{}3ï�}{z8¸{qf}3· v�» z8}{q r ¹ | z8q wu v ¸{x^¸{}�x^z8¸ | � vYÞ u¢u(} s yhu�x^u(q > ¹ wu(x v } r qh¹�u^q/�{u| � v q s~r x rXs wu Â xY·�u^q s î Ôv îK� r yhu v ¸{x^¸�}{uH� wu | u^}�� v }{x(uH�{u^q | v y v ¹ Ôu s yhu^q4�{u<� v �_z r �{u | � v q s~r x rts wu° | v yHy v |{| zYy s¯Ôv x^u^¸�ì/�{uQ� v �_z r}���)�
�uÇB� �ÊÔ&ÕÏÌ � ÙÏÒ Ñ,Ô&Õ

Ä z8¸{q vR» z8}{q r �{u(} shr d wugqh¸�y4�_u(q4u(qhq var q4��u-x^zY¹ | y�u^q�q r zY} s y rÜv ì r_v �_u s yhz r q
¹ wu^x v } r q�¹+u(q�{u�� wuZY­zYyh¹ vas~r z8} r y�y wu » u^y�q r_Ý �_u D � v y�¸ | s ¸�yhuYïE� v x^z8¹ | v x s~r z8}3ï8u s � v | y wuMîKy�¸ | s ¸�yhu �;Ä z8¸{q�_u(q v�» z8}{qH� wu^x^y rts q | v y s yhz r q-�_z r qg�{u | � v q s~r x rXs wu s y Ôu(qHq r ¹ | �tu^q Â Ý�v q wu^u(qHqh¸{yH�tu^q<x(y rts�Ôu^y�u^qu s | z s u(} shr u(�_q6�{u g z8í�y�î æ zY¸{�_z8¹ Ý u s �{u��¥yU�¸{x Å u(y�î ¹ y vYÞ u(y^ï v�» u(xf�{u(q wu(x^y�z8¸ r q�q vYÞ u^q� r } wu vYr yhu(q �)�xb }cd�}3ïE}{z8¸�q v�» zY}{q | yhz | z8q wu�¸{}�u,�tz r �{u�x^zY¹ | z8y s u^¹�u^} s ¸{} r d wu^u º ¸ r�s~r u^} sx^z8¹ | s uj��ujx(u^q s y�z r qH¹ wu^x v } r qh¹�u^qH�{u | � v q shr x rXs wu¥q r ¹¯¸�� s�v } wu^¹�u^} s��» ¸ s z s�v �Ix^u(� v Y vYrXs ö f | v y v ¹ Ôu s y�u^q Ôv � wu s u(yh¹ r }{u(y^ï�x^u º ¸ r }3·�u(q s | v q<} wu Þ � rtÞ u vYÝ �_u �g�vYr q r }{q r q s z8}{qdqh¸�y¢��u^¸Oì | z r } s q D ö � z8}¤� wu s u^yh¹ r }�u�Y v x r �_u^¹�u^} s0s z8¸{q1x^u(q | v îy v ¹ Ôu s yhu(qfq�¸{y��{u^qfu^qhq vYr q�x(� v q�q r_º ¸{u(qf��u�x(z8¹ | yhu^q�q r z8} s y r_v ì rÜv �tu0x^z8¹ | z8y s~v } s �{u^qxZ[�x^�tu^q*� wu^x�í v y Þ uMîKy�u^x�í v y Þ u ï u s ÷ � x�í v x^¸{}/�{u(q s yhz r q<¹ wu(x v } r qh¹�u^qH��u | � v q s~r x rts wu¥x^z8ylîyhu(q | z8}{� Ôv ¸{} | í wu^}{zY¹ Ôu(}{u º ¸ r ï�}{z8}oq�u^¸{�tu^¹�u^} s u^q s<»�r q r_Ý �tu,�{uJY v üx^z8} r }{x(z8} s u^q s�vYÝ �_uqh¸{y��tu^qHu^q�q vYr qHy wu v � r q wu^q(ï{¹ vYr q<u(} | �_¸{qHuMìOu^yhx(u>¸�}{u r }e��¸�u^}{x(uj}�z8}�} wu Þ � r_Þ u vYÝ �tu�qh¸�yH� v�^z8}�u<u^}{��z8¹+¹ vYÞ wu(u | y wu^� rts u | v y
� v ¹�z�� wu^� r q v[s~r zY} Â » z r y
�tu | yhz�x�í vYr }"x�í v | rXs yhu �)� æ ·�u(q s| zY¸{y º ¸{z r x^u s�s u��_z r �{u�x(z8¹ | z8y s u^¹�u^} s ï�¹ v � Þ y wu"�tu Þ y v }{�d}{z8¹ Ý yhu6�{u | v y v ¹ Ôu s yhu^q(ï}{z8¸{q | v y vYrXs | u(y s~r }{u^} s u �b }ed{}3ï | y wu^x r qhzY}{q º ¸{u<� v �_z r ��u<x^z8¹ | z8y s u^¹�u^} s ¸�} r d wu(u<}3· v | v q4u^}{x(z8yhu wu s wu r } s yhz[î�{¸ rXs u�� v }�qH�_u¥x(zO�{u���u�x v �tx^¸{� ì:�)¹�W�b¨ó�� æ u^� v }�u�}{z8¸{qHu(q s | v q v |{| v y�¸/} wu^x^u(qhq vYr y�uYïx v yj}{z8¸�q v�» z8}{q | ¸ u o u^x s ¸{u(y>¸�} x v �_x^¸�� ö � v } v �m[ s~rtº ¸{u º ¸ ris~r u(} s x(z8¹ | s u�q r ¹¯¸{�§îs�v } wu^¹�u^} s �{u^q*� wuZY­zYyh¹ vas~r z8}{q<�{u | y wu)î�yh¸ | s ¸{yhuQu s ��ujx(z8¹ | v x shr z8} �
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W ·�z Ý�� u s �{ufx^u�x�í v | rts yhufu^q s �3· wu »av �_¸�u^y��.· r }e��¸{u(}{x^uf�{u^q+� rmo wu^y�u^} s u(q | y�z | y r wu s wu^q| íÁ[�q r_º ¸{u(q r } s y r }{q Ôu º ¸{u(q v ¸Oì v y ÞYr � rXs u(qg��u��ª· b q s-º ¸ v } s"Ôv �_u(¸{ygx v | v x rts wu Ôv | yhz » z º ¸{u^y¸{}{u��(z8}{u¯u(}{�{z8¹�¹ vYÞ wu^u>qh¸ rXs u v ¸0x^y�u^¸{q�u^¹�u^} s �{¸ | ¸ rts q,�{u ø ¸�yhu � æ u^q | yhz | y r wu s wu^q(ïº ¸{u>}�z8¸{q vR» z8}{q vYÝ zYyh� wu(u^q v ¸fx�í v | rts yhu ö ï�u s | z8¸{y��_u(q º ¸{u(�_�_u(q�}{z8¸{q v�» z8}�q | y�z | zYq wu�{u^q*�_z r q<�{uQx(z8¹ | z8y s u^¹�u^} s*v ¸�ì�x�í v | rXs y�u^q > u s*� ï{q�z8} sÂDö � � v yhí wu(z8�_z ÞYr u ï }{z8¸�q vR» z8}{q�u(}du o u s ¹ r q*u^} wu »�r ��u^}{x(u | �_¸{q r u(¸{yhq | í wu^}{zY¹ Ôu(}{u^q� rÃo wu(yhu^} s q D= � v yh¸ | s ¸{y�u= � v x^z8¹ | v x s~r z8}= � v | y wuMîKy�¸ | s ¸�yhu= � v"»�r qhx(zaî | � v q s~r x rts wu÷ � �_u�x(z8¸ | � vYÞ u¥íÁ[��{y�zaîK¹ wu^x v } r_º ¸{uQu(}/x(z8}{� rXs~r z8}{q<q vas ¸{y wu^u(q Â º ¸ r u^q s q s~r ¹"¸{� wu | v y� v � rÃo ¸�q r zY}o�{u^q | yhu(qhq r z8}{q r } s u^y�q s~rXs~r u^�_�tu^q �
Ä z8¸{qiq r ¹¯¸{�tu^y�z8}{qB�{zY}{xHx�í v x(¸{}��{uHx(u^q | í wu(}{z8¹ Ôu^}{u(qnq wu | v y wu(¹+u(} s q�¸{yn¸{}{uHx^zY}ed�îÞ ¸{y vas~r z8}Tq r ¹ | �tu0�{u1x^y�u^¸{q�u^¹�u^} s ��u | ¸ rts q Â ¸{} | ¸ rts qoxZ[�� r }{�{y r_º ¸{u ö � � ï v d�}��{ux^z8¹ | y�u^}{�{y�uQ�_u^¸�yhq r }e�{¸{u^}{x(u^q*u s �{uQ�_u(qHí r wu(y v y�x�í r q�u^y �

�ëÇyÄ Å�Õ4ÆXÙ Ð ÕÏÌ Ð Ö Ð � É Ë�Ç ÎÐ Ô � Ô�È&Ñ Ð
æ zY}{q r � wu^y�z8}{q*¸{} | ¸ rXs q*xZ[�� r }{�{y r_º ¸{uQ�{u"y v [8z8} á ÕÉ> ¹ x(yhu(¸{q wu>� v }{q,¸{}�¹ v qhq r Yr }ed{} rEr } rXs~r_v �_u(¹+u(} s qhzY¸{¹ r q Ôv ¸�}{u�x(z8} s y vYr } s u r qhz s yhz | u 
}Ê<Õ I>öN÷ g4Ë
v���W�v | í v qhug�{ux^y�u^¸{q�u^¹�u^} s qhu(y v q r ¹¯¸{� wu^u | v yg¸{}{u¥� r ¹ r }�¸ s~r z8}��{u�� v | y�u^q�q r zY} s z s~v �_u Ôv � v | v yhz r �{¸| ¸ rXs q^ïY�{u $ 
}Ê $ � ¸{q º ¸�· Ôv V Â | ¸ rXs qi}{zY}�q�z8¸ s u^}�¸ �)��W u | y�z Ý � Ôu(¹+uHu(q s �{z8}�x*¸�} | yhz Ý � Ôu^¹�uö � Â v ì r qÌ[�¹ wu s y r u�u s � wu'Y­z8yh¹ vas~r z8} | � v }{u �)�ö8öyÍ



1FùJp-��#%$	�!,2���(ùJ#:9,��!p-��1FùJ#Ì"�p-$&#'�)(+*�,5"��§ùÎ9,5(Â�)3ÐÏ,�(-,5"W u(q�y wu^qh¸�� s�v[s q º ¸ r q�z8} s | y wu^qhu(} s wu^q-� v }{q�x^u s�s u,qhu^x s~r z8}�z8} s wu s wu�x v �_x^¸�� wu^q Þ y�lv x^u v ¸x^z��{uQ�{uQx v �tx^¸{� v ¸Oì wu^� wu^¹�u^} s q
d{} r q ì:��Ë�W�b§ó-�
Ñ �cÛ5�
Û �?Ò ��Ó�ß+� Ò äÊà Ò�� �VßfäÊß&Ô-��ãßfÁ)Ý�Ã����Ì�]Â6ß à Ò Ã���� � Â�à,��Â � ßbBs ¸{� r zY}{q,��· vYÝ z8y����ª· r }c��¸{u^}�x^uj�{u>� v y�¸ | s ¸{yhu �ÕË z8¸{y*x^u^� v }{zY¸{q v�» z8}{q�¸ s~r � r q wu�� v�_z r �{u�x^z8¹ | zYy s u(¹+u(} s wu^� v q shr_º ¸{u | zYq s î�yh¸ | s ¸{y�u º ¸ r-v wu s wu+� wuZd�} r u�� v }{q¯� v qhu(x shr z8}�{� ö �cg�vYr qn}{zY¸{q v�» z8}{q r ¹ | z8q wuH¸{}{u�y wu^q r q s~v }{x(u Ôv � v x^z8¹ | y�u^qhq r z8}�q r ¹ | �_u | �t¸{q5Y var_Ý �tuº ¸{u1� v�»av �tu^¸{y+¹+zy[8u(}{}{u º ¸{ud}{z8¸�q vR»�r z8}{q¡y�u s u(}�¸{u Â 	-;fÕ ö fOg4Ë4v£v ¸�� r u(¸��{u	-;QÕ ÷ f4g4Ë
vE�)�&b }@u o u s ï
¸�} x v �_x^¸�� | ¸{yhu(¹+u(} s wu^� v q shr_º ¸{u | y wu(� rts ¸{}{u�x^zY} s y vYr } s uz8y s í{z8y v � rÜv �_u 
}Ö"Ôv � v | v yhz r wu ÞEv �_u Ôv ÷ ��g4Ë4v u(} »Yv �_u^¸�y vYÝ q�z8�_¸�uYï�x(u º ¸ r }{u�� wu | v q�qhu| v q�� v y wu^q r q s~v }{x(u Ôv � v x^z8¹ | yhu(qhq r z8} 	-;�Õ ÷ f×g4Ë4v��¯� �H}�·Ø[ v ¸{y vYrXs �{z8}�x | v q��{u�^z8}�u | � v q s~r_º ¸{u �W�v d Þ ¸�yhu fO� ö | y wu^q�u^} s uf�_u(q6y wu^q�¸{� s~vas q�z ÝOs u^}�¸{q�u^} s u(yh¹�u^q��{u�x^zY} s y vYr } s u^q(ïi�{u� wuZY­zYyh¹ vas~r z8}{q s z s~v �_u(qQu s | � v q s~rtº ¸�u^q^ï��{u�� wu | � v x(u^¹�u^} sj» u^y�q"�.· v ìOu��{¸ | ¸ rts q^ï�u s �{u}{z8y�¹+u,�{u¥� v � wuZY­zYyh¹ vas~r z8} | � v q s~r_º ¸{u �eW u(q s u(}{� v }{x(u^q º ¸{u�}{zY¸{q v �t�_z8}{qn� wu(x^y r yhu�qhz8} ss y Ôu^q*x^� v qhq rtº ¸{u^q(ï�u s�Ý{r u^}/x^z8}�}�¸�q��{u(q�¹ wu^x v } r x r u^}�q*��u^q*yhz�x�í{u^q º ¸ r wu s ¸{� r u^} s � v q s~v îÝ{r � rts wu¥�{u^q�z8¸ » y vYÞ u(q*q�z8¸ s u^yhy vYr }�q Dî+¸{}{u �(z8}{u | � v q shr_º ¸{u v |{| v y vYrts | y Ôu(qi�{uH� v | v yhz r �{¸ | ¸ rts q Â qh¸�yi¸{}{u | y�zUY­z8}{�{u(¸{y�{u V ï w ¹ �rï � v }{q
x^u s�s u/�^z8}{u�qhz8} s x^y wu wu^u(qB�{u^q&Y­y v x s ¸{y�u^q
¹ v x(yhz8q�x^z | r_º ¸{u^q Â �(z8}{uY­y v x s ¸�y wu^u �)�î+�ª· r } s u^}{q rts wu��{u*� v � wu'Y­z8yh¹ vashr z8} | � v q shr_º ¸{u�u^q s ¹ v ì r ¹ v �_u Ôv � v | v yhz r ïEx^u º ¸ r u(q s}{z8y�¹ v ��x v ygxY·�u^q s � ÔvQº ¸{u��tu^qgx^z8}{� rts~r z8}{qnqhzY} s �_u(q | �t¸{qg� wuZY v�» zYy vYÝ �tu^q Â 
{è-Õ V �M��¥u¯¹slu^¹�u"�tu¯� wu | � v x(u^¹�u^} s u^q s ¹ v ì r ¹ v � Ôv � v | v yhz r ï�z Ô¸ r � vas�s u r } s � v+»av �_u(¸{y�{u öN÷ ï f ¹+¹ �î+u^}cd�}3ï²�_u�y�u^q s uQ�{¸f¹ v q�q r Y
u^q s u^} | í v q�u wu(� v q s~r_º ¸{u �Ë y wu^x r qhz8}�q º ¸{ug�_uiy wu Þ8r ¹+ui��u^q�x^z8} s y vYr } s u^q�u^q s y�u^q s wugu^}jy wu ÞYr ¹�uB�{u�Y v x^u | v y s z8¸ s u s| u(}{� v } s�s z8¸ s �tu"x�í v y Þ u(¹+u(} s Â � v x^z8} s y vYr } s u¯z8y s í{z8y v � rÜv �_u 
}Ö }3· v | v q ö y vashs y v | wu ÷� v x(z8} s y var } s u v ì r_v �_u 
}Ù | y Ôu^q��{ud� v | v y�z r��M� æ u(x r uMì | � r_º ¸{u º ¸{u1� v � wuZY­zYyh¹ vas~r z8}| � v q s~rtº ¸{u v ì rÜv �tu�& � Ù q�z rts }�¸{�t�_u �Ú z s zY}{q v ¸{q�q r�º ¸{uQ� v | í v q�uQy wu^q r �{¸�u^�_�tu�}3·�u^q s | v q vas�s u r } s u �W u(q | v y v ¹ Ôu s yhu(qg�tu^q | �t¸{qnqhu^}�q r_Ý �_u^qnq�z8} s<��� u s-	J; Â x(u,q�z8} s u^¸Oì º ¸ r²r }c��¸{u^}�x^u^} s�_u | �t¸{q Y­z8y s u^¹�u^} s � v | yhzUY­zY}{�{u^¸�y*��u>� v �(z8}{u | � v q s~rtº ¸{u vYr }{q r5º ¸{u>�.· r } s u^}�q rts wuQ�{uQ� v� wuZY­zYyh¹ vas~r z8} | � v q s~rtº ¸{u �M�b }/yhu »Yv }{x�í{uYï ��� }3· v�º ¸3·�¸{}{u s y Ôu^q | u s~rXs u r }c��¸{u^}�x^uQqh¸{y�� v �(z8}{u | � v q shr_º ¸{u �
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1FùJp-��#%$	�!,2���(ùJ#:9,��!p-��1FùJ#Ì"�p-$&#'�)(+*�,5"��§ùÎ9,5(Â�)3ÐÏ,�(-,5"b }ed{}3ïE}{z8¸{qgq v�» z8}{q º ¸�u,x(u shs uJ�(z8}{u�u^}�yh¸ | s ¸{y�u,u(q sns y Ôu^qg� wuZY v�» z8y vYÝ �_u�u^} s u(yh¹�u^q�3· wu » zY�_¸ shr z8}¡��u�� v | u(yh¹ wu vYÝ�r � rXs wuaï8¹ var qg}{z8¸{q�}{u¥q v�» z8}{q | v q<x v y v x s wu^y r qhu(y-u s<º ¸ v } s~r îd�u^y�x(u | í wu^}{zY¹ Ôu(}{u �Ñ �cÛ5�]á �?Ò ��Ó�ß+� Ò äÊà Ò�� �VßfäÊß&Ô-�tÃe�
ä�Â�ÁcÝ�Ô-�òÁ)Ý à � ãß�� � Â�à,��Â � ßÚ z8¸{q v�» z8}�q r }�� r_º ¸ wu�� v }�q+�tu | v y vaÞ y v | í{u | y wu^x wu^�{u(} s¡º ¸3·�¸{}�x v �_x(¸{� wu^� v q s~rtº ¸{u| y wu(� r q vYrts ¸{}{u"x^z8} s y vYr } s u>z8y s í{zYy v � r_v �_u Ôv � v | v yhz r wu Þ8v �_u Ôv ÷ �Üg4Ë4v u(} »av �_u(¸{y vaÝ îqhz8�t¸{u � æ u s wu s�v[s �{u>x^z8} s y vYr } s u"� wu | v qhq�u6�_ujx^y rts�Ôu(yhu>�{u¯yh¸ | s ¸{y�uYïIu s }�z8¸{q » u^}{zY}{q��{u� wu s u^y�¹ r }{u^y,�_u^q,� wuZY­zYyh¹ vas~r z8}{q | � v q s~rtº ¸{u^q º ¸{u"� v �_z r | z8q s îKyh¸ | s ¸{y�u | y wu » zy[ vYrts � v }{qx^uQx v q �W ·�z Ý�� u(x s~r Y3u(q s ¹ vYr } s u^} v } s �{u,x v �tx^¸{�tu^yn�_u(q wu s�vas q���u�x^zY} s y vYr } s u^qg� v }�q-�_u�¹ v qhq r Y�_z8y�q º ¸{u¯�tu>x(z8¹ | z8y s u(¹+u(} s }3·�u^q s | v q¥q r ¹ | �_u(¹+u(} s wu(� v q s~rtº ¸�uYïI¹ vYr q,�tz8yhq º ¸3·�zY} s~r u^} sx^z8¹ | s u��{u(q�� wu'Y­z8yh¹ vashr z8}{qo��u | y wu)îKy�¸ | s ¸{yhu º ¸{u }{zY¸{q v�» zY}{q�x v y v x s wu(y r q wu^u(q Ôv � vqhu(x s~r z8} �{�â>��&W�v �tz r �{u�x(z8¹ | z8y s u^¹�u^} s u^q s �{z8}�x�x^u(�_�tu º ¸ r�v wu s wu | y wu^q�u^} s wu(uYïB¹ vYr qv�» u^xj¸{}{ujy wu(q r q s�v }{x^u | �t¸{q Y vYr_Ý �tu Â 	-��Õ«ã�ä� Õ w <=f?gsË4v ï�u s }�z8} 	-��Õ öYö gsË4vE�M�W u(q*y wu^q�¸{� s~vas qHq�z8} s | y wu^q�u^} s wu(q�q�¸{y,� v d Þ ¸{y�u fO� ÷ �}Ú z8¸�q v�» z8}{q*¸ s~r � r q wu��tu^q�¹slu(¹+u(qwu^x�í{u(�_�_u(q º ¸{u,q�¸{yn� v d Þ ¸�yhu | y wu(x wu(�{u^} s u | zY¸{yi�_u(qgx(z8} s y vYr } s u(q^ïE�tu^qn� wuZY­zYyh¹ vas~r z8}{qBu s �tu� wu | � v x(u^¹�u^} s ï v d�}6�{u | z8¸ » z r y	Y v x r �tu^¹�u^} s x(z8¹ | v yhu(yB�_u(q | y�zUd��_q �Áå u(¸{�_u-� v }{zYyh¹�u<�{u� v � wuZY­z8y�¹ v[s~r zY} | � v q s~r_º ¸{ugu^q s,Ôv ¸�}{u wu(x�í{u^�t�_ug� rmo wu^y�u^} s u �Uæ } v �m[�qhzY}{q4x(u^q Þ y v | í r_º ¸{u^q Dî+¸{}{u �(z8}{u | � v q shr_º ¸{u v |{| v y vYrts | y Ôu(qi�{uH� v | v yhz r �{¸ | ¸ rXs q^ïYu)ì v x s u^¹�u^} s x^zY¹+¹�uv�» u(x��tui¹+z�� Ôu^�tu | z8q s îKyh¸ | s ¸{y�u � æ u shs u��(z8}{u | � v q s~rtº ¸{uiu^q s | �_¸{q | y�zUY­z8}{��u Â ÷ ¹ � ïu s qh¸�y s zY¸ s u(�_�tu�u(q s �3·�¸{}{u�} vas ¸{y�u+� rmo wu^yhu(} s u Â }{z8¸{q v�» z8}�q"� wu �NÔv � r qhx^¸ s wu��{u^q� rÃo wu(yhu^}�x^u^qHu(} s yhu��tu^q<� wuZY­z8y�¹ vashr z8}�q-�{u�y�¸ | s ¸�yhu¥u s x^u^�t�_u(q-�{u | y wu)î�yh¸ | s ¸{yhu�q�¸{y� v q s yh¸�x s ¸�yhuQ�{u^q v y Þ8r � rts u(q �M�î+z8}bz Ý q�u^y » uf��u^q�� rmo wu^y�u^}{x(u^q s y Ôu(q�}{u s�s u^q v�» u(xf�tuox v q | ¸{y�u^¹�u^} s wu^� v q s~rtº ¸{u D� v x^z8} s y vYr } s udz8y s í{z8y v � rÜv �tu Ôv � v | v y�z r¥v Y­zYy s u(¹+u(} s � r ¹ r }�¸ wu Â öy� ï ÷ g4Ë
v ïu s }{z8} | v q ÷ �çg4Ë
vE� ïBx(u º ¸ r q r_Þ } r d�u º ¸{uo� v �(z8}{uou^} y�¸ | s ¸{yhu¡q�u^y v1Ý u v ¸Oîx^zY¸ | ¹�z r }�q | yhzUY­z8}��{u º ¸{u�� v }{q/�_u1x v q | y wu^x wu^�{u(} s�ï � v x^zY} » u^y Þ u^}{x(u v � v| v y�z r u(q sgv ¸�qhq r | �_¸{q Þ y v }��{u Â ö > ï w ¹�¹ ��º ¸{uH� v }{qi�_u<x v q wu^� v q shr_º ¸{u Â Í ï f ¹+¹ �)�
ó
r } v �tu^¹�u^} s ï��tu^q¯� wu'Y­z8yh¹ vashr z8}{q r y�y wu » u^y�q r_Ý �_u^q"�{u | y wu)îKy�¸ | s ¸{yhuoz8} s ¸�}{u Þ y v }{�{ur }e�{¸{u^}{x(u »�r q�î Ôv î »�r q¡��u¢� v | y wu(� r x s~r z8}T�{¸ | í wu^}{zY¹ Ôu(}{u1�{u1yh¸ | s ¸{yhu �)b }�u o u s ïHz8}| y wu » z rXs u(}{x^z8y�u¯¸{}{uÂ�^z8}{u>u^}dy�¸ | s ¸�yhu | y Ôu^q��{u¯� v | v y�z r Â x v y��_ujx^y rts�Ôu^yhu>�{u¯y�¸ | s ¸�yhuu^q s � wu | v qhq wu � ï�¹ vYr qnu^�_�tu,q�u^y v }{u s�s u(¹+u(} s ¹+z r }{q | yhzRY­z8}{�{u Â u s �ª· r } s u(}{q rXs wu*�{u¥� v y�¸ | îs ¸{y�u¥qhu(y v wu ÞEv �_u(¹+u(} s ¹�z r }{q�Y­z8y s u �nº ¸{u�� v }{q-�_u�x v q<�3·�¸{}ox(z8¹ | z8y s u^¹�u^} s wu^� v q s~rtº ¸{u� ¸{q º ¸3· Ôv � v yh¸ | s ¸{y�u �	b }@x^z8} s yhu | v y shr uYï�� v �^zY}{u�u(}{�{z8¹�¹ vaÞ wu^u�qhu(y v | �t¸{q | yhzUY­zY}{�{u| ¸ r q º ¸3·�u^�_�tu�x^z8¹ | zYy s u(y v ¸{}{uè�(z8}{u/u^}byh¸ | s ¸{yhu Â s y Ôu(q?d�}�u � ïiu s ¸�}{uè�^z8}{u/u^} | y wu)îyh¸ | s ¸{y�u Â q�¸{ygu^} »�r yhzY} ÷ ¹ ��· wu | vYr q�qhu(¸{y �M�Vø-r u^}�u^} s u(}{�{¸3ïO�{¸ | z r } s �{u » ¸{u,qxl¸{yhu s wu*� v

öN÷8÷ ø¥ù3ú
û�ü ý
ü²þ�ÿ�����ü²þ�ý
ü����	�
��þ �
�����������



���ÃÛx�Ü#�(�k�.!6&,5(Â1�,F*�,´.
pÝ�¦ùÎ9,!�).5�ßÞ #�,
σ

z

σ
θ

σ
r ε r

ε θp

ε θ

ε rp

m
od

èl
e 

pr
é−

ru
pt

ur
e

ca
s 

él
as

tiq
ue

ca
s 

él
as

tiq
ue

−
25

−
20

−
15

−
10−

5 0

 3
 4

 5
 6

 7
 8

 9

contrainte (MPa)

ra
yo

n 
(m

)

C
O

N
T

R
A

IN
T

E
S

 0 2 4 6 8 1
0

 1
2

 1
4

 1
6

 3
 4

 5
 6

 7
 8

 9

déplacement (mm)

ra
yo

n 
(m

)

D
E

PL
A

C
E

M
E

N
T

 0

 0
.0

5

 0
.1

 0
.1

5

 0
.2

 0
.2

5

 0
.3

 0
.3

5

 0
.4

 0
.4

5

 0
.5

 3
 3

.5
 4

 4
.5

 5
 5

.5
norme de la déformation plastique (%)

ra
yo

n 
(m

)

N
O

R
M

E
 D

E
 L

A
 D

E
FO

R
M

A
T

IO
N

 P
L

A
ST

IQ
U

E

−
0.

4

−
0.

2 0

 0
.2

 0
.4

 0
.6

 0
.8

 3
 4

 5
 6

 7
 8

 9

déformation (%)

ra
yo

n 
(m

)

D
E

FO
R

M
A

T
IO

N
S 

T
O

T
A

L
E

S 
E

T
 P

L
A

ST
IQ

U
E

S

9 � :<;xfO� ÷ =>ó£{^F*õê)VOç_]^WYCûçà{[Z6FYL�P)A"ê)LE]1ê)UAê)Z�C3FYLHGILdç�C�]<WYe�ê�PgVXW�V|{�çIF;ê5GIVXW[])CûçªP�ç�C�õêB]�ç�U6L�VXWYZ�CVXWjGIABõê)JKAMLRGIC.L�A"ê,è
�
����������� ø¥ù3ú
û�ü ý
ü²þ�ÿ�����ü²þ�ý
ü����	�
��þ öN÷ >



1FùJp-��#%$	�!,2���(ùJ#:9,��!p-��1FùJ#Ì"�p-$&#'�)(+*�,5"��§ùÎ9,5(Â�)3ÐÏ,�(-,5"
| y wuMîKy�¸ | s ¸�yhu¯u(q s ¹�z r }{q,} wuZY v q s u º ¸{u"� v y�¸ | s ¸{yhuaï�¹slu^¹�u>q r � v �(z8}{u"u(} | y wuMîKy�¸ | s ¸�yhuu^q s wu | vYr q�qhu � �¥u | �_¸{q(ïE� v | y wuMîKy�¸ | s ¸�yhu r }{�{¸ rts �{u(q | í wu^}{zY¹ Ôu(}{u^q r y�y wu » u^y�q r_Ý �_u^q v ¸�qhu r }�{u^q v y Þ8r � rts u^qQ�{uéY v üx^z8} Ý u v ¸�x^z8¸ |£| �t¸{q | yhz Þ y�u^q�q rt» u º ¸{uo� v yh¸ | s ¸{yhu � æ ·�u^q s | z8¸{ylîº ¸{z r �_z8y�q º ¸{uj�ª· r } s u(}{q rXs wu��{uj� v | y wu)î�yh¸ | s ¸{yhuju^q s Y var_Ý �tu Â x(u º ¸ r u^q s �tuQx v q��_zYyhq º ¸3·�z8}q^· wu^�tz r_Þ }�u��{uQ� v | v y�z r�� ï{qhzY} r }{x r �{u^}{x(u�qh¸{y*� v | u^y�¹ wu vYÝ{r � rts wu�u(q s Y vYr_Ý �_u wu ÞEv �_u(¹+u(} s��
Ñ �cÛ5��Ú �?Ò ��Ó�ß+� Ò äÊà Ò�� �VßfäÊß&Ô-�tÃe�
ä�Â�ÁcÝ�Ô-�òÁ)Ýê� Ò änà6Ý¯����� Ò Ô

�*v |{| u^�tz8}{q5�.·�íÁ[ | z s í Ôu(qhu º ¸{ug}{z8¸�q v�» zY}{q v �{z | s wu v ¸jx�í v | rts y�u | y wu(x wu^��u^} s x^zY}{x^u(y�î} v } s �tu�x^y rXs�Ôu(yhu/�3· r } rtshrÜvashr z8} ��uf� v x(z8¹ | v x shr z8} D z8} r ¹ | z8qhu º ¸{uf�_u�x^y rts�Ôu(yhu/qhz rXs� ¸{q s u v[shs u r } s | zY¸{y��ª· wu s�v[s �{u>x(z8} s y vYr } s u r } rtshrÜv � 
}ÊR� æ u^� v x(z8}{q r q s u>�{zY}{x Ôv�r ¹ | z8qhu(yÙ �iÕ I > N Ú�
}ÊR�W ·�z Ý�� u(x s~r Y�u^q s ¹ vYr } s u(} v } s ��u�x v �_x^¸��_u^y+�_u(q�x^zY} s y vYr } s u^q+� v }{q��_u/x v q¡z Ô¸!�ª·�z8}s~r u^} s x^zY¹ | s u¯�{u(q�� wuZY­z8y�¹ v[s~r zY}{q r yhy wu » u(yhq rtÝ �_u(q s y Ôu^q | y wu^x(zOx(u^qQ�{¸{u(q v ¸ | í wu(}{z8¹ Ôu^}{u�{u�x(z8¹ | v x shr z8} �cW u,¹+z�� Ôu^�tu º ¸�u¥�ª·�z8}�¸ s~r � r q�u r x r u(q s x(u^�_¸ r�º ¸{u,}{z8¸{q vR» z8}{q | y wu^q�u^} s wu� v }{q�� v q�u^x s~r zY} �{�â>��W u(q¡y wu(qh¸{� s�vas q¡qhz8} s uMì | z8q wu^q�qh¸{y�� v d Þ ¸{yhu f��ë> ï�u^}{x(z8yhud¸�}{u4Y­z r q v ¸Oì�¹slu(¹+u(qwu^x�í{u(�_�_u(q º ¸{u>�tu^qHy wu^qh¸�� s�v[s q | y wu(x wu(�{u^} s q �ìæ } v �Ã[Oq�z8}{qlîK�_u(q Dî+x^u shs uéY­z r qQ� v | � v q shr x rXs wu vRo u^x s u s z8¸ s �_u�¹ v qhq r Ylï�x^u º ¸ r u^q s �_z Þ8r_º ¸{u | ¸ r q º ¸{u�_uox(y rXs�Ôu^y�u wu s~vYrtsJ� ¸�q s u v[shs u r } s | z8¸{y6�ª· wu s~vas6r } rtshrÜv � �&g�vYr q6x(u s�s u�� wuZY­zYyh¹ vas~r z8}r y�y wu » u^y�q rtÝ �_uaï º ¸ r q^· v x^x(z8¹ | vYÞ }{u ��·�¸{}�u � r ¹ r }�¸ shr z8} �{u � v | z8yhzYq rts wuYï/}{u� wu s wu^y r z8y�u | v q�� v | u^y�¹ wu vYÝ{r � rts wu��{¸/¹ v qhq r Y �î+�_u(qn� wu | � v x^u(¹+u(} s qnu s �_u(qn� wuZY­z8y�¹ v[s~r zY}{qBqhzY} s }{u shs u^¹�u^} s | �_¸{q | u shrts q º ¸{u | zY¸{y�_u(q"�{u(¸Oì ¹+z�� wu^� r q vas~r z8}{q | y wu(x wu(�{u^} s u(q ï x^u(x r u^q s ��l¸ Ôv � v � rÃo wu(yhu^}�x^u¡u(} s yhu¡�tu¹�zO�{¸��_u��3·íGgz8¸{} Þ�s~v } Þ u(} s Â 7)`,Õ �8� VxV gsË4vE� u s x(u^�t¸ r x^z8y�yhu^q | zY}{� v } s�v ¸�ìxZ[�x(�_u^q Â 7);BÕqua� VxV g4Ë4vE�M� æ u,x v �tx^¸{� | y wu » z rXs ¸�}{u¥x^zY} » u^y Þ u^}{x(u Ôv � v | v yhz r �{uu ï ö ¹+¹/ï v �tz8yhq º ¸3·�u^�t�_u�}{uQq�u^y varts�º ¸{uj�{u f ï V ¹�¹ � v }{q��_u�x v q wu(� v q s~r_º ¸{u �î+� v x(z8} s y var } s u£z8y s í{z8y v � r_v �_u Ôv � v | v yhz r u^q s | �t¸{qîY vYr_Ý �_u º ¸{ub� v }{q¢�_u x v qwu^� v q shr_º ¸{u(q Â ÷Oö ï �Tg4Ë4v x^z8} s yhu ÷ �ég4Ë4vE�M�W�v � wuZY­z8y�¹ v[s~r zY} r yhy wu » u(yhq rtÝ �_ugx^zY} s y v x s�v } s u º ¸ r{v |{| v y vYrts�s y Ôu^q s lz s �_z8y�q
��u^qBu(qhq var q¹ wu(x v } r_º ¸{u^q v ��z8}{x s u^}{� v }{x^u Ôvdv ¸ Þ ¹+u(} s u^y"� v q s�vYÝ{r � rXs wu��{¸ ¹ v qhq r Y »�r q�î Ôv î »�r q"�{¸x^y rts�Ôu(yhu��{u�yh¸ | s ¸{y�u � æ u s�s u s u(}{� v }�x^u/u^q s ¹�z r }{q"¹ v y º ¸ wu^u º ¸{u/x^u^�t�_u º ¸ r u(q s �{¸{uÔv � v | y wu)î�yh¸ | s ¸{yhuaïi¹ var q"x(z8¹�¹+u¡x(u^q6�{u(¸Oì | í wu^}{z8¹ Ôu^}�u^q�z8} s � r u^¸ q r ¹¯¸{� s�v } wu(¹+u(} sv ¸�x^z8¸{y�q��{u^q/u^q�q vYr q^ïHz8} | u(¸ s | u(}{qhu(y º ¸{u1�tu^¸{y�q/u o u s q » z8} s q^· v�� z8¸ s u^y/� v }�q/�tux v qj�{¸¢x^y�u^¸{q�u^¹�u^} s �{¸ | ¸ rXs q � æ ·�u(q s x^u º ¸�u+}{zY¸{q v �_�tz8}{q » wu^y r d�u(yj� v }{qQ� v qhu(x shr z8}qh¸ rX»av } s u Â qhu(x shr z8} fO� ö ����� u(}�u o u^x s ¸ v } s ¸{}�x v �_x(¸{� º ¸ r�s~r u(} s x(z8¹ | s uQ�{u(q��{u(¸Oìf�_z r q�{u | � v q s~r x rXs wu¥q r ¹¯¸{� s�v } wu^¹�u^} s��
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� v }{qi�tu^qBx v q Ôv ¸{}6q�u^¸{��¹ wu(x v } r qh¹�u-�{u | � v q s~r x rts wu DYv |{| v y rtshr z8}>�3·�¸{}{u �^zY}{u | � v q s~rtº ¸{ux^z8y�yhu(q | z8}{� v } s*v ¸ | í wu^}{zY¹ Ôu(}{u¥�{u | y wu)î�yh¸ | s ¸{yhu�qh¸{yH¸{}�u | yhzRY­z8}{�{u(¸{y<�{u ÷ ¹/ï v �_z8y�qº ¸{u<� v x^z8¹ | v x s~r z8}"x(z8}{x^u(yh}{u s z8¸ s �_u�¹ v q�q r Y ï � v x^zY} » u^y Þ u^}{x(uHu^q s qh¸ | wu^y r u^¸{y�u Ôv x(u^�_�tu�{¸1x v q wu(� v q s~rtº ¸�u ï u s � v x(z8} s y vYr } s u"z8y s í{z8y v � rÜv �tu Ôv � v | v y�z rBv � r ¹ r }�¸ wuju^} »av �_u(¸{yvYÝ q�z8�_¸{u �b }0x(u º ¸ r x(z8}{x^u(yh}{u6�tu^q,� wu | � v x^u(¹+u(} s q¥u s �_u(q�x^zY} s y vYr } s u^q(ï��tu^q�u o u s q��{u(q¥�{u(¸Oì¹ wu(x v } r qh¹�u^q���u | � v q s~r x rts wu"q�u�q�z8} s>v �{� rXs~r zY}{} wu^q � W�v x^z8} » u^y Þ u^}{x(u Ôv � v | v yhz r�»av ¸ söyV ï u ¹�¹fï v �_z8y�q º ¸3·�u^�t�_u/}3· wu s�vYrXs�º ¸{uf�{u ï � V ¹+¹ � v }{q��tufx v q���u�� v x^z8¹ | v x s~r z8}qhu(¸{�_u Â u ssf ï V ¹�¹ � v }{q��_u0x v q wu^� v q shr_º ¸{u �M� bBs � v x(z8} s y var } s u1z8y s í{z8y v � r_v �_u Ôv � v| v y�z r u^q s wu Þ8v �_u Ôv ö � ï f�g4Ë
v ï v �_zYyhq º ¸3·�u(�_�tu »av � vYrts öy� ï ÷ g4Ë
v � v }{q+�tu�x v q��{u/� v| y wuMîKy�¸ | s ¸�yhuoqhu(¸{�_uaïBu s ÷Oö ï �£g4Ë4v � v }{q6�_u¡x v q¯�{uo� v x^zY¹ | v x s~r z8}@q�u^¸{�tu � æ u(x r u(q s�3· vYr �t�_u^¸�yhqH�_ujy wu(qh¸{� s�vas �tu | �t¸{q r ¹ | z8y s�v } s ï{x v y r �5q r_Þ } r d�u º ¸{u"�tuQx^y rXs�Ôu(yhuj�{u"y�¸ | s ¸�yhu}3·�u^q s | v q/� wu | v qhq wu#� Ú z s zY}{q v ¸{qhq r>º ¸{u¢� v }{z8y�¹+u1�{u¢� v � wu'Y­z8yh¹ vas~r z8} | � v q s~rtº ¸{ux^z8y�yhu(q | z8}{� v } sbÔv � v | y wu)î�yh¸ | s ¸{yhu¢u^q s | �t¸{qÜY vYr_Ý �_u º ¸{u � v }{q/�_u1x v q | y wuMîKy�¸ | s ¸�yhuqhu(¸{�_u Â �tu^q »av �_u(¸{yhqH¹ v ì r ¹ v �tu^q-q�z8} s yhu^q | u(x shrt» u(¹+u(} s V ï � w z u s V ï > w z��)�

� }/x^z8¹ | y�u^}{�/�{z8}{xj�ª· r ¹ | z8y s~v }{x^u��{u Ý�r u^} | y�u^}{�{y�u"u(}fx(z8¹ | s uj� v }{q�� v �_z r �{ux^z8¹ | z8y s u^¹�u^} s �_u(qi� wuZY­zYyh¹ vas~r z8}{q r yhy wu » u(yhq rtÝ �_u(q º ¸ r�v |{| v y vYr qhq�u^} s�vR»av } s � v yh¸ | s ¸{y�u �
Ñ �cÛ5� Ñ $2�)Ãe� Ò ��à�ÁcÝ�Ã��}��������ãßÚ z8¸{q
}{z8¸{q r } s wu(yhu^q�qhz8}�qi¹ vYr } s u^} v } s*Ôv �ª· r }e��¸�u^}{x(u-�{u<� v�»�r qhx^zYq rts wu-q�¸{yB� v y wu | zY}{qhu¹ wu(x v } r_º ¸{u �{¸×¹ v qhq r Y �JË z8¸{ydx(u^� v }{z8¸{q v�» z8}�qdx^z8}{q r � wu(y wu£¸{} | ¸ rXs q ö � x(yhu(¸{q wur }{q s�v } s~v } wu^¹�u^} s � v }�q,¸{}/¹ v qhq r Y wu^� v q s z[î »�r q�x^z | � v q shr_º ¸{u �}W�v �tz r�»�r q�x^z | � v q s~r_º ¸{uQu(q s� v �_z r �{u W u(¹ vYrXs y�uYï v�» u(x | z8¸{y | v y v ¹ Ôu s y�u^qQ�_u(q »av �tu^¸{y�q º ¸ r z8} s wu s wu v�� ¸�q s wu(u^q¯q�¸{y�_u(q¡u^q�q vYr qo�{uî��¸ vYÞ u0�{ud� v q wu(y r u&% >Áå î Í u Â x�í v | rXs y�u >E�)�0n ¸ v } s/v ¸Oì | v y v ¹ Ôu s y�u^qwu^� v q s~rtº ¸{u^q(ïj}�z8¸{q v�» zY}{q@x�í{z r q r �_u(q »av �_u(¸{yhq öKs~v } Þ u(} s u^q ÷ Â 7 Õ �8� VUV g4Ë
v u sp+Õ V < öy� �M�W�v d Þ ¸�yhu fO�âu | y wu^q�u^} s u!�_u(q | yhzUd{�_qd�{u(q | y r }{x r | v �_u^q Þ y v }��{u^¸{y�q�¹ wu^x v } rtº ¸�u^qÂ x(z8} s y var } s u(q^ï�� wu | � v x(u^¹�u^} s y v � r_v �ªï3� wuZY­z8y�¹ vashr z8}�q s z s~v �_u(qju s � wuZY­z8y�¹ vashr z8}�q »Or qhx(zaî| � v q s~rtº ¸{u^q � | z8¸{y | �t¸{q r u^¸{y�q*� vas u(q � Ë y wu^x r q�z8}{q º ¸{uj� v y wu | z8}{qhu r }�q s�v } s~v } wu(u>u(q s | ¸Oîyhu(¹+u(} s wu^� v q shr_º ¸{u �cW u(q�x(z8}{x^�t¸{q r z8}{q º ¸{u��.·�zY} | u^¸ sgs~r yhu(yi�{u,x(u^q Þ y v | í r_º ¸{u(q�q�z8} s �tu^qqh¸ rX»av } s u^q Dî W u^q�x^z8} s y vYr } s u^qg� r ¹ r }�¸{u(} s Â u^} »av �tu^¸{y vYÝ qhz8�t¸{u �iv�» u(x��_u s u(¹ | q Â | í wu(}{z8¹ Ôu^}{u�{u�yhu(� v ì vashr z8} �M� æ u s�s u s u^}�� v }{x(u¡u^q s | �t¸{qj¹ v y º ¸ wu^u | zY¸{y>� v x^z8} s y vYr } s u+z8ylîs í�z8y v � rÜv �tu º ¸{u | z8¸{y�� v x^z8} s y vYr } s u v ì rÜv �_uYï�u s | z8¸{y-� v x(z8} s y var } s u v ì r_v �_u º ¸{u| z8¸{yg� v x^z8} s y vYr } s u,y v � rÜv �_u �Áæ,r }{q r ïE�tu^qg� wu »�rÜv[s u^¸�yhq-� r ¹ r }�¸{u^} s-v�» u^x,�_u s u(¹ | q �Ë4v y4x^zY}{q wu º ¸�u^} s ï8� v�»�r qhx^z | � v q s~r x rts wu � z8¸{u-� v }{q4�tu�q�u^}{q4�{u-� v q s�vYÝ{r � rXs wu »�r qlî Ôv î »Or q�{¸ox(y rts�Ôu^y�u¥�{u¥y�¸ | s ¸�yhu ��g�vYr q r �Iu^q s | yhz Ý�vYÝ �tu º ¸{u�� v y wu(q r q s�v }�x^u��{¸o¹ vas wu(y r_v ¸
ö > V ø¥ù3ú
û�ü ý
ü²þ�ÿ�����ü²þ�ý
ü����	�
��þ �
�����������



���ÃÛx�Ü#�(�k�.!6&,5(Â1�,F*�,´.
pÝ�¦ùÎ9,!�).5�ßÞ #�,
σ

z

σ
θ

σ
r

ε r ε θ

vp ε r

vp ε z

vp ε θ

 0 5 1
0

 1
5

 2
0

 3
 4

 5
 6

 7
 8

 9

déplacement (mm)

ra
yo

n 
(m

)

D
E

PL
A

C
E

M
E

N
T in

st
an

ta
né 1 

j
10

 j
1 

an
10

0 
an

s

−
0.

6

−
0.

4

−
0.

2 0

 0
.2

 0
.4

 0
.6

 0
.8

 3
 4

 5
 6

 7
 8

 9

déformation (%)

ra
yo

n 
(m

)

D
E

FO
R

M
A

T
IO

N
S 

T
O

T
A

L
E

S

in
st

an
ta

né 1 
j

10
 j

1 
an

10
0 

an
s

−
0.

6

−
0.

4

−
0.

2 0

 0
.2

 0
.4

 0
.6

 0
.8

 3
 4

 5
 6

 7
 8

 9
déformation (%)

ra
yo

n 
(m

)

D
E

FO
R

M
A

T
IO

N
S 

V
IS

C
O

−
PL

A
ST

IQ
U

E
S

in
st

an
ta

né 1 
j

10
 j

1 
an

10
0 

an
s

−
25

−
20

−
15

−
10−

5 0

 3
 4

 5
 6

 7
 8

 9

contrainte (MPa)

ra
yo

n 
(m

)

C
O

N
T

R
A

IN
T

E
S in

st
an

ta
né 1 

j
10

 j
1 

an
10

0 
an

s

9 � :<;8fO�âu�=¢ó�{^F�õê)VOç_]^WYCéçà{[Z�FYL P)A"ê)LE]1ê)UAê)Z�C*FYL�GILdç�C�]+WYe�ê�P"VXWfV|{�ç-e1ç_]RP={[J_GIVXW[])Céç�c^L�ê�F;ê'�ê)U�W�ç�C.A"ê þ VXW+ABõêKG}{[Z�]1ê�ç�Z�])CªWYZ�C�WYZ>õê1ê>P={[A)A"ê�]KG}{[ZIF¡WYLdPhW[]<GIL�A"ê)UAê)Z�C0õê)VXW[])Céç�c^L?ê ÿ è
�
����������� ø¥ù3ú
û�ü ý
ü²þ�ÿ�����ü²þ�ý
ü����	�
��þ ö > ö



1FùJp-��#%$	�!,2���(ùJ#:9,��!p-��1FùJ#Ì"�p-$&#'�)(+*�,5"��§ùÎ9,5(Â�)3ÐÏ,�(-,5"
� r ¹ r }�¸�u v ¸�x^zY¸{yhqH�{¸ s u^¹ | q Â | y wu^x r qhzY}{q º ¸{u�}{z8¸{q�}{u�q v�» z8}{q | v q º ¸ v } s~r d{u^yx^u | í wu^}{z8¹ Ôu^}�u �)��W�v q s~vYÝ{r � rts wu¯� wu | u(}{�{y v �{z8}�x���u6� v x^z8¹ | wu s~rtshr z8}�u^} s y�u�x(u^q�{u(¸Oì | í wu(}{z8¹ Ôu^}{u(q �î W�v x^z8} » u^y Þ u^}{x(u+�{u6� v | v y�z rBv ¸ Þ ¹�u^} s u v�» u^x��_u s u^¹ | q �ÕË4v y�x(z8}{q wu º ¸{u^} s ï��tuqhzY¸ s�Ôu(}{u^¹�u^} s qhu^y v q�z8�_� r x rts wu,�{u�Y v üx^zY}/� rmo wu^y wu(u �� ��u^q sgr ¹ | z8y s~v } s �{u�yhu(¹ v y º ¸{u^y º ¸{u*x^u(q wu » z8�t¸ s~r z8}{qiq�z8} sgs y Ôu(qgy v | r �{u^q v ¸�� wu Ý ¸ sÂ u(} s yhu V u s ö � z8¸{y � ï�u sQs y Ôu^q>�_u^} s u^q | v yQ� v qh¸ rXs u Â | v y>uMìOu^¹ | �_u�u^} s y�u öCV � z8¸�yhqju sö v } �)��Ë4v y vYr �_�tu^¸{y�q^ï3}3·�z8¸ Ý � r zY}{q | v q º ¸�u�}{z8¸�q v�» zY}{q"x v � wu�x^u shs u��_z r �{u W u(¹ vYrXs y�uqh¸{yg�{u(q�u(qhq var qg�{u!�{¸ vYÞ u º ¸ r z8} s ��¸{y wu º ¸{u^� º ¸�u^q-� r � var }{u(qg��u � z8¸�yhq � æ ·�u^q s | z8¸{y º ¸�z r�ª·�u)ì s y v | z8� vashr z8} Ôv öCVxV v }{q | u(¸ s }{u | v qßlu s yhuQy wu v � r q s u �Ñ �cÛ5�)( *�Ò Ô:��Á
Â6Ãe� Ò Ô Ã�Â � Á)��� Ô,+[Â6ß&Ô:�wßÝÓ�ß©ÁcÝ � â~ãß Ò Á Ò.- �)ßW�v yhí wu(z8�_z ÞYr u�� v }{q>� v | í v q�u º ¸ r | y wu(x Ôu^��u¡� v yh¸ | s ¸{yhu+u^q s � wu s u^y�¹ r } v } s u | zY¸{yx v y v x s wu^y r qhu(y�� v y wu | zY}{qhu¯¹ wu^x v } rtº ¸�u>�{¸�¹ v q�q r Y v ¸0x(yhu^¸�qhu^¹�u^} s ��·�¸{} | ¸ rts q �ôæ�r }{q r ï� v | y r q�udu^}Tx^zY¹ | s u0�{u(qo� wuZY­z8y�¹ v[s~r zY}{q r yhy wu » u(yhq rtÝ �_u(q º ¸ r�v |{| v y vYr qhq�u^} s/v�»Yv } s � vyh¸ | s ¸{y�uo� r ¹ r }�¸{u s y Ôu(q�Y­z8y s u^¹�u^} s �ª·�u)ì s u^}{q r z8} �{uo� v �^z8}�uou^}£yh¸ | s ¸{y�u v ¸ s zY¸{y¯�{¸| ¸ rXs q^ï v ¸ | z r } s�º ¸�uj�.·�zY} | u(¸ s ¹slu(¹+u¥z Ý�s u(} r yH¸{} wu º ¸ r � rtÝ yhu�q v }{q º ¸{uQ�_u�x(y rXs�Ôu^y�u��{uyh¸ | s ¸{y�u>q�z rts � wu | v q�q wu �

� y(ï r �8u(q s x(� vYr y º ¸{u-� v | y wu(qhu^}�x^u-zY¸"�ª· vYÝ q�u^}{x(u���·�¸{}�u/�(z8}{ugu^}"y�¸ | s ¸{yhugqhu s y v �{¸ r y v�{u:Y v üx(z8}oy v � r x v �_u^¹�u^} s � rmo wu^y�u^} s u�u(} s u(yh¹�u^qH�{u¥¹�z�� r d�x vas~r z8}���u¥� v | u^y�¹ wu vYÝ{r � rts wu �
�0/21 Å434ÆXÙ65�3�785 Ö65 �:9 Ö�;:<�Ù�=>;@?�3 ÇBADC�E 9 Ù � ;GF0H65W ·�z Ý�� u s ��ugx(u s�s unqhu(x s~r z8}ju^q s �{unx^zY¹ | y�u^}{��yhunu s �3· wu »av �t¸{u^y��_u(q5u o u s q
�{¸jx^zY¸ | � vaÞ uíÁ[O��yhzaî�¹ wu(x v } rtº ¸{u�u(}>x(z8}{� rXs~r z8}{q5q v[s ¸{y wu^u^q
qh¸{y�� v y wu | z8}{q�u��{¸>¹ v qhq r Y v ¸>x(yhu^¸�qhu^¹�u^} s�{¸ | ¸ rts q Â v ¸�¹+z r }{q | z8¸{yn� v x(z8}ed Þ ¸�y vashr z8}�q r ¹ | �_u<u s ¸{} r � r ¹+u(}{q r z8}{}{u(�_�_u º ¸{u,}�z8¸{qv�» z8}{q | y wu(qhu(} s wu^uH� v }{q
� v q�u^x s~r zY} | y wu^x wu(�{u^} s u �)�I� }"u o u^x s ¸{u(y v ��z8}{x-��u^q4q r ¹¯¸�� vashr z8}{q� î g | z8¸{yjx�í v x^¸�}{u¡�{u(q s y�z r qQ�tz r qQ�{u�x^z8¹ | z8y s u^¹�u^} s ¹ wu^x v } rtº ¸�u Â | z8q s î�yh¸ | s ¸{yhuaï| y wuMîKy�¸ | s ¸�yhuYïgu s x^zY¹ | v x s~r z8} � ïiu^}�q�¸ |{| z8q v } s�º ¸�u��_u/x^zY¹ | z8y s u^¹�u^} s ¹ wu(x v } r_º ¸{u�{u^q v y Þ8r � rXs u^qi��u,�.· b q s }{u�� wu | u^}{� º ¸{u��{u�� v x(z8} s y var } s u*u o u^x s~rt» u 
 J�Õ�
 K�K Ú L Ø Â z Ô¸K qhu(y v qh¸ |�| z8q wu>x(z8}{q s�v } sM�M�
� Ï�Ñ�ÒiÏIãRÈ Ì Ñ Ì Ó�È�Ð�å�ÇGM3å Ì���Ì È�È Ìå�r �.·�z8} qh¸ |{| z8q�u º ¸�u¡�_u(q¯u^q�q vYr q Ôv | v y s~r y>�{u(q º ¸{u(�_q6}{z8¸�q v�» z8}{q6x v � wu+}{z8q s yhz r q�_z r q���u�x^zY¹ | z8y s u^¹�u^} s qhz8} s }{zY}¡�{y var } wu(q^ï�z8} | u^¸ s ïOu(} v �{z | s~v } s �{u(q »av �_u(¸{yhq | zY¸{y�_u(q¯x^z�u ý x r u^} s q��{u�x^z8¸ | � vYÞ u Â | v y"u)ìOu^¹ | �_u K Õ V < � u s ÙON Õ V <=uE� ï
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� ÏIÉ�Ð Ì Ò � Æ�Ç(ÈNÉ�ÊEÉ­È
ËÌ ÒiÏIÇ(È ä ã[å�Ò�ÈNå�ã ÌÚ z8¸{q v�» z8}{q4yhu | y wu^q�u^} s wu-qh¸{y
� v d Þ ¸{y�u fO� Í �tu^q | yhzRd��_q��{ug� v | yhu(qhq r z8} r } s u^y�q s~rXs~r u^�_�tuYï�{u^q>x^z8} s y vYr } s u^qju o u^x s~rt» u^q(ï4�{¸�� wu | � v x^u(¹+u(} s ï�u s �{u�� v }{z8y�¹+u��{u�� v � wuZY­zYyh¹ vas~r z8}| � v q s~rtº ¸{uYï | z8¸�y f � vas u^q6� rÃo wu(yhu^} s u^q Dô� ¸{q s u Ôv � v d�}£�{¸ x^y�u^¸{q�u^¹�u^} s Â y Õ ö g qm öN÷ � z8¸{y�q � ï Ôv � v � v[s uOy Õ ÷ g q m ÷ >J� z8¸{y�q^ï Ôv � v � vas uOy Õ öyV g q m � ¹�z r q^ï Ôv � v� vas u�y Õ öyVUV g q m2>�v }{q(ï�u s | z8¸{yH¸{} s u(¹ | q ölr }ed�} r�÷{�æ } v �Ã[Oq�z8}{q>� v Y v üx^z8}@��z8} s �_u(q Þ y v }{�{u(¸{yhq � î g wu » z8�t¸{u^} s�v�» u(x¡�_u s u(¹ | q(ï
q�z8¸{q�ª·�u o u s �{u¡� v � rmo ¸{q r z8}�í�[��{y v ¸{� r_º ¸{u �	W u^q | yhzUd��tq"�{u+� v }{z8yh¹�u���u�� v � wuZY­zYyh¹ vas~r z8}| � v q s~rtº ¸{u<¹�z8} s yhu(} snº ¸�· r �e[ v ÷ | í v qhu(q | u^}{� v } s �_u^q º ¸{u^�t�_u^q4�{u^qn� wu'Y­z8yh¹ vas~r z8}{q | � v qlîs~rtº ¸�u^q�qhz8} s x^y wu wu^u(q Dö � �_u�� wu(x�í v y Þ u^¹�u^} s ¹ wu^x v } rtº ¸�u Â �{u V Ôv ö g q �!D xY·�u^q s � v | y r }{x r | v �_uHx v ¸{qhu*�{u*� v| � v q shr d�x vas~r z8} �yb }"u o u s ïNxY·�u^q siv ¸jx^zY¸{yhq��{ugx^u s�s u | í v q�u º ¸{u�� v ¹ vy� u^¸{y�u | v y s~r u�
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�{u(qi� wuZY­z8y�¹ v[s~r zY}{q | � v q shr_º ¸{u(qiqhu
Y­z8y�¹+u Â » z r yB� v x^z8¸�y Ý uHyhz8¸ Þ u<x^z8y�yhu(q | z8}{� v } sÔv y Õ ö g q �)�Ú z s z8}{q º ¸{u1� v | yhu(qhq r z8} r } s u(yhq s~rtshr u(�_�_u Ôv � v � vas u6y Õ ö g q�u^q s } wu Þ8vas~rX» u| y Ôu^q6�{uo� v | v y�z rª� æ u shs uox�í�¸ s u��{uo� v | yhu(qhq r z8}£u^q s �{¸{u Ôv � v � r � vas�v }{x^u+�{u^q� wu'Y­z8yh¹ vas~r z8}{q | � v q s~rtº ¸�u^q Â xY·�u^q s ¸�} u o u s?g U �µD �_zYyhq º ¸{u��_u » z8�_¸�¹+u s z s�v ��{¸@¹ vas wu^y r_v ¸ v ¸ Þ ¹�u^} s uYï�� v | yhu(qhq r z8}@�{u | zYyhu�� r ¹ r }�¸{u �)� æ u | í wu^}{zY¹ Ôu(}{u vs u(}{� v }�x^u Ôv q(·�z |{| zYqhu^y Ôv � v x^y wu vashr z8}��{uQ}{zY¸ » u(�_�_u(q�� wuZY­z8y�¹ v[s~r zY}{q | � v q shr_º ¸{u^q(ïx v y4�_zYyhq º ¸{ug� v | y�u^qhq r z8}"� r ¹ r }�¸{uaïR� v x(z8} s y vYr } s ugu o u^x s~rX» u<¹�zy[8u^}�}{u v ¸ Þ ¹+u(} s uu^} »av �_u(¸{y vYÝ q�z8�_¸�u Â u o u sZ� U g�� ï{x(u º ¸ re� z8¸�u�� v }{q*�_u�q�u^}{q*�{uQ� v q s�vYÝ{r � rXs wu �÷ � � v yhu^¹�z8} s wu(u¥�{u(q | yhu(qhq r z8}{qH� v }{q<� v �^zY}{u | � v q shr_º ¸{u Â �{u ö Ôv ÷ g q �JD u^}ou o u s ï�_u(q s y Ôu^q4Y var_Ý �tu^q | yhu^q�q r z8}{q0�{u | z8y�u Â | z8¸ »av } s ¹�lu^¹�u�lu s y�u@} wu Þ8vas~rX» u^q ��º ¸ rqhzY} s x v ¸{q wu(u^q | v y�� v � r � vas~v }{x(u | � v q s~rtº ¸�ud� r q | v y var qhq�u^} s�s y Ôu^q/y v | r �{u^¹�u^} s^�æ u s�s u¯y�u^¹�z8} s wu(u"�{u(q | yhu(qhq r z8}{q��{z8}{}{u"�{z8}{x>� r u(¸ v ¸{}{u¯�{u(¸Oì rªÔu(¹+u | í v q�u¯�{u| � v q shr d�x vas~r z8} Â | v yHu o u sZ� U g0�M�Ë y wu^x r qhz8}�q s z8¸ s �{u�qh¸ rXs u º ¸{u �tu^q | yhu(qhq r z8}{q���u | zYyhu } wu ÞEvashrt» u^q º ¸ r qhz8} sz Ý q�u^y » wu(u^q � ¸{q s u v | y Ôu(q��tu/x(yhu(¸{qhu(¹+u(} s Â y Õ ö g q � }�ufq�z8} s | v q | íÁ[�q rtº ¸�u^q D u^}y wu v � rXs wuYï�¸{}{u s yhz r q rªÔu^¹�u | í v qhu v |{| v y vYrts ï ÞEv �(u^¸��(uYï�x^z8}�q s~rXs ¸ wu(u Ôv � v Y­z r q��{u »av | u(¸{y�3·�u v ¸ | y�z » u^} v } s ��u��ª· wu »av | z8y v[s~r zY} �{u��.·�u v ¸ r } s u^y�q s~rXs~r u^�_�tuYï�u s �3· vYr y v [ v } s | ¸x r yhx^¸��_u^yd�tu@�_zY} Þ �{u^q×Y­y v x s ¸{yhu(q º ¸ r zY} s wu s wu x^y wu wu(u^q ��b }¤z8¸ s y�uYï¥�tu^qd}{z s~r zY}{qd�{u| yhu(qhq r z8} r } s u(yhq shrtshr u^�t�_ufu s �{u1x^z8} s y vYr } s u¢u o u(x shrt» u�}3·�z8} s | yhz Ý�vaÝ �_u(¹+u(} s | �t¸{q��{uq rtÞ } r d{x vashr z8} � v }{q��_u �{z8¹ vYr }{u | z8q s î�yh¸ | s ¸{yhu �ÜË4v y�x^z8}{q wu º ¸{u(} s ï�� v �{u(¸Oì rªÔu^¹�u| í v q�u¥�{u | � v q s~r d{x vashr z8}�u^q s�v y shr d�x r u(�_�_uaï s�v }�� r q º ¸�u¥� v | yhu(¹ rªÔu^yhu,u^q s | yhz Ý�vYÝ �tu^¹�u^} sqhz8¸�q�îKu(q shr ¹ wu^u �æ | y Ôu(q�x^u s�s un�{u(¸Oì rªÔu^¹�u | í v q�u | � v q s~rtº ¸�uYï | �t¸{q v ¸{x(¸{}{u | � v q s~r d�x v[s~r zY}¥}3·�u^q s x^y wu wu(u �æ ¸@x(z8} s y vYr y�uYï�� v � rmo ¸{q r z8}�íÁ[��{y v ¸{� rtº ¸{u � z8¸�u v �tz8yhqj� v }{q"�_u�qhu^}�q¯�{u¡� v q s�vYÝ{r � rXs wu �Ë z8¸�y*�tu�x^z8¹ | y�u^}{�{y�uYï r � Y v ¸ s y v |{| u^�_u(y��{u^¸Oì | z r } s q Dî+� v | y�u^q�q r zY}��{u | zYyhuQ� r ¹ r }�¸{u���u�Y v\�x(z8}�¹�z8}{z s z8}{u v�» u^x"�tu s u^¹ | q*� v }{q s z8¸ s�_u�¹ v q�q r Y��î+� v x^z8} s y vYr } s u s z s~v �_u wu » z8�_¸{u v qhqhuZ� | u(¸�� v }{q<�tu s u(¹ | qd�{x^u(x r u(q s �tz Þ8r_º ¸{u | ¸ r îº ¸3·�u^�_�tu<u^q s x^zY} s yXlz8� wu^u | v yB� v �_z r �3· wu º ¸ r � r_Ý y�u-u siº ¸{uH�_u(qBx^z8}�� rtshr z8}{q v ¸Oì"� r ¹ rXs u^qqhzY} s x(z8}{q s~v } s u(qd�æ,r }{q r ï v ¸ox(z8¸{yhq-�{u¥� v � rmo ¸{q r z8}�íÁ[��{y v ¸{� rtº ¸{uYïO� v x(z8} s y var } s u,u o u^x shrt» u�¹+zy[8u(}{}{uv ¸ Þ ¹�u^} s ubu(} »av �tu^¸{y vaÝ qhz8�t¸{uYï v �_z8y�q º ¸�u!�tu^qd� wu »Or_vas u(¸{yhq¢x�í v } Þ u^} s | u(¸ � æ ·�u(q s| zY¸{y º ¸{z r � v � rmo ¸{q r z8}díÁ[��{y v ¸{� rtº ¸�u�y�u^}eY­zYyhx^u�� v q s�vaÝ{r � rts wu>�{¸¢¹ v q�q r Y Â }{z8¸{qQy�u | v ylî�_u(yhz8}{q��{u¢x^u | í wu(}{z8¹ Ôu^}{u¢� v }�qf� v | y�zOx�í vYr }{u1q�u^x shr z8}��_zYyhq º ¸{u¢}{z8¸�q wu s ¸{� r u^y�z8}{q�ª· r }��{¸{u^}{x(uQ�{uQ� v �{¸{y wu^uj�{¸/x^yhu(¸{qhu(¹+u(} s �}d Þ ¸{y�u f�� öN÷ �)�
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� u^¹ v y º ¸�u�x^z8}{x(u^y�} v } s �tu s u(¹ | qB� r }ed�} r��ÜD q r zY}0�_ujx�í{z r q rts | �t¸{q Þ y v }{� Â xY·�u^q s îÔv îK� r yhu+q r � v | u^y s ¸{y Ý�vashr z8}@íÁ[��{y v ¸{� rtº ¸{u vas�s u r } s � v � r ¹ rXs u�u)ì s wu(y r u^¸{y�u0} � ï v �tz8yhqjz8}z Ý q�u^y » u>¸�}{u�yhu | y r qhu s y Ôu^q s~v yh� rX» u��{u�� v | � v q shr d�x vas~r z8} Ôv � v | v yhz r �{¸ | ¸ rXs q Â qh¸{yH�tu^q| yhu(¹ r u^y�q�� wu^x r ¹ Ôu s y�u^q��{¸b¹ v q�q r Y �M� æ u s�s u s yhz r q rªÔu^¹�u | í v qhu/�{u | � v q s~r d{x vashr z8}3ï º ¸ rx^u | u(}{� v } s u^q s ¹ r } r ¹�uYïEu(q s ¸{} v y s wu'Y v x s Â u o u s ��u Ý z8y�� �)�eb }ou o u s ï��_u^q-x^z8} s y vYr } s u^qu o u^x s~rt» u^q v ¸�} rt» u v ¸��{u1� v � r ¹ rXs u/u)ì s u(yh}{u¢qhzY} s ¹�zO� r d wu^u(q | v yoy v |{| z8y s@Ôv �_u(¸{y»av �_u(¸{y�} vas ¸�yhu^�t�_uj  JÊ Ôv x v ¸{q�uf��u�� v | u^y s ¸{y Ý{vas~r z8}!íÁ[��{y v ¸{� rtº ¸{u D q r � v x(z8}{� rXs~r z8}qh¸{y/x^u shs u¢� r ¹ rts u�u^q s �{¸ s [ | u | yhu^q�q r z8} �{u | z8yhu1x(z8}{q s~v } s u Â xa·�u(q s x^u º ¸{u�}�z8¸{qv�» z8}{q r ¹ | zYq wu � ï v �tz8yhq r � v |{| v y vYrXs ¸{} Þ y v � r u^} s í�[��{y v ¸{� r_º ¸{u�u^}¢¡ Õ }[ïiu s ��z8}{xv ¸{q�q r ¸�} Þ y v � r u^} s �{u@x(z8} s y var } s u�u o u^x shrt» u#��u s q r u^�t�_u¢u^q s �{¸ s [ | u � wu Ý{rXs }�¸{�.ïv �_zYyhq�� v x^zY} s y vYr } s u y v � rÜv �tu�u o u(x shrt» u v ¸ Þ ¹�u^} s u@u(} »Yv �_u^¸�y vYÝ q�z8�_¸{u u^}�¡ Õ }x v yd� v x^zY} s y vYr } s u y v � rÜv �tu s z s�v �_u@u(q s1r ¹ | z8q wu(u x^zY}{q s~v } s u � � v }{qd�_u(q0�{u^¸�ì×x v q(ïx^u(� v | y�z » z º ¸{u ¸�} wu(x^y v qhu(¹+u(} s ��¸¤¹ v q�q r Y �!æ�r }{q r ï,q r �ª·�z8} » u^¸ s x v y v x s wu(y r qhu^y�� vy wu | z8}�qhu¯�{¸�¹ v q�q r Y | zY¸{y,��u^q s u^¹ | q | �t¸{q Þ y v }��{q º ¸{u£y|¤ Õ öyV ~ g q^ï v �_z8y�q r ��Y v ¸ swu^�_z r_Þ }{u(y"� v � r ¹ rts u+uMì s wu^y r u^¸�yhu�} Õ > VxV ¹ ��g�vYr q | zY¸{y6�{u^q | u^y s ¸{y Ý{vas~r z8}{q6�3·�¸{}{uv ¸{q�q r�Þ y v }{�{uj�_z8} Þ ¸{u^¸{yH��·�z8}��{uYï²� v q s yh¸�x s ¸�yhu"}�u | u^¸ s | �t¸{q�lu s yhujx^z8}{q r � wu(y wu(u>¸{} r � r î¹+u(}{q r z8}{}{u(�_�tuYï�x v y�� v qh¸�y Y v x(u�u(q s�Ôv | yhu^}��{yhugu^}>x^z8¹ | s uaïR�{un¹slu(¹+u º ¸{ug� v | u^q v } s u^¸�y �
¥
r } v �tu^¹�u^} s ï�� v � rÃo ¸�q r zY}�íÁ[��{y v ¸�� r_º ¸{u>u)ìOu^y�x^u | u^¸d�3· r }i��¸{u^}�x^u¯q�¸{y�� v y wu | zY}{qhu¹ wu(x v } r_º ¸{u0�{¸�¹ v q�q r Y D � v x^zY} » u^y Þ u^}{x(u Ôv � v | v yhz r y�u^q s u º ¸ v q r ¹�u^} s x(z8}{q s~v } s uÂ§¦ öYö Ú f ¹+¹ � �Q�_u(q x(z8} s y var } s u(q@u o u^x s~rt» u^q@� v }{q@� v �^zY}{u | � v q shr_º ¸{ubqhz8} s u(�_�_u(qv ¸{q�q r�º ¸ v q r îKx(z8}{q s~v } s u(qd��u(}ed�}f�ª· r } s u(}{q rXs wu��{uQ� v � wu'Y­z8yh¹ vashr z8} | � v q shr_º ¸{u v ¸ Þ ¹+u(} s u� wu Þ�Ôu^y�u^¹�u^} s �tz8yhq��{u�� v � r q�q r | vas~r z8}���u^q | y�u^q�q r zY}{q�} wu ÞEvashrt» u(q Â ¹ vYr q�}{z8¸{q vR» z8}{q� r q�x^¸ s wu0�_ufx v y v x s�Ôu^y�u v y shr d�x r u(�*��u0x^u shs udq�u^x(z8}{�{u | í v qhu0��u | � v q s~r d�x v[s~r zY} � ï | ¸ r qyhu(q s ujx^zY}{q s~v } s u | u(}{� v } s�s z8¸ s uQ� v � rÃo ¸�q r zY}/íÁ[��{y v ¸{� rtº ¸{u �
� }>yhu^¹ v y º ¸�u^y v�v ¸{qhq r�º ¸{u<�tu^q | yhzUd{�_q��{u s z8¸ s u(qB�_u(q Þ y v }{�{u(¸{yhq
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NORME DE LA DEFORMATION PLASTIQUE
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14 MPa

10 MPa

NORME DE LA DEFORMATION PLASTIQUE

13.6 mm

(amplifiée 50 fois)
déformée de la paroi

15.8 mm
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déformée de la paroi
(amplifiée 50 fois)

14 MPa

10 MPa

NORME DE LA DEFORMATION PLASTIQUE

16.7 mm

11.1 mm
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R  = 12.5 MPa
R  = 7.5 MPap
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Î(Ü�Û"Êcú\Ý.Ü3à$Ü3ÞYIXÊcÚ�ÜdæcÉ Û�âYÉ;ÛdÜ[I�ûÉ"âYÜ3IXË$ÞYüláJÉ;úaÊcÚÌË$à$ÉhikÛ"Ê3úaú\É Ù Ü3ÚJItâ_É�Û"Ü3If�BNýÉ Ë
Û"Êcú\ú\ÉqÝCÊcáWà�âYÜ»ÝJà�ûÉÁÈ�à$áWÝWË<áJàXÉhibüláJÉ~âßÜ»Û"Êcú\Ý.Ü3Û5Ë<Þ_ÊcÚíÜ�Ë$É"Ú Ù Ü[ÚJÛ"É�{Ü Ù ÞYú\ÞYÚláJÉ"àPâ_É
Ù ûÉ æ�ÞYÜ[Ë<É áJàU{Ü=âYÜLÝ.Ü3à$Ê3Þ(~�×d�þÖ Î.�
*cÎ ¼ Öh�É�[�SÜnÂAÜtÜ[á;â_ÞYÉ á Ù ÉdzT�SÜnÂAÜT�ÿ÷

Ï8ÐI��ÐP� ��Ó�ì�Ï Ò ¬ « ë�Ó�ì
� Ê3úaú\É Ù Ü3ÚJI âYÉÁÛdÜ3IÇ�BNUi�âßÜ ÚJÊcÚ ÝJà$Þ_I$ÉÍÉ Ú Û ÊcúaÝ}Ë<É Ù É"I Ù ûÉ K�ÊcàXútÜ[Ë$ÞYÊcÚWI

ÞYàXà�ûÉ æ3É"àXI$ÞE�WâYÉ"I=üláJÞ)Ü3ÝJÝJÜ3à<Ü3Þ_I$IXÉ"ÚÌËaÜBæ[Ü3ÚÌË\âßÜPàXáJÝWË<áWà$É;Û"ÊcÚ Ù áJÞ_Ë6{Ü�I$áJàXÉ"I�Ë<ÞYú\É"àZ`cà$Ü3Ú Ù ÉÁÈ
úaÉ ÚÌË8âßÜ ^ ÊcÚJÉgÉ"ÚpàXáJÝWË<áWà$É3÷4Ë�ÚpÉ � É5Ë��JâYÜ�ÝJà�ûÉÁÈ�à$áWÝWË<áJàXÉbÜ�É"â_âYÉ
IXÉ"áJâ_ÉgÝCÉ à$ú\É Ë Ù�� Ê<�WË$É"ÚJÞ_à
áJÚ ûÉ ü�áWÞYâYÞ:�Jà$É Ù Ü3ÚJI]â_É�útÜ3IXI$ÞMK-üláJÞ\ÚJÉ~æ�Þ_ÊcâYÉ�Ý.Ü3I�âYÉ~Û"àXÞ_Ëg{É"à$É Ù É~à$áJÝ}Ë<áJàXÉ�ú\Êî�3É"Ú
~C� ¾ �É�<íeÜfÂ`ÜT�5÷KËvÚ\ÊcáWË$à$É��3ÞYâWÉ IXËkÝJàXÊ<�.Üh�Jâ_ÉuüláJÉ8I$Þ.â � ÊcÚLÛ ÊcÚJI$Þ Ù {É"àXÉ8áJÚJÉ8âYÊcÞ}ÝJâßÜ[IXË<Þ_üláJÉ
{Ü Ù É áO�]ú�ûÉ ÛdÜ3ÚJÞ_I$ú\É"I Ù ÉtÝWâßÜ3I�Ë<ÞYÛ Þ_Ë}ûÉf~�Û"Êcú\Ý.Ü3Û5Ë<Þ_ÊcÚ�É5Ë�ÝJà�ûÉ1Èäà$áJÝWË$áJà$Ég���SâYÉ áJà$I+É � É Ë$I�É"Ú
Ë<É à$ú\É"I Ù ÉtÛ"Ê3ÚlË$à<Ü3Þ_ÚÌË<É"ImI � Ü ÙJÙ ÞMË<Þ_ÊcÚJÚJÉ ÚlËmÛ"Ê3úaú\É Ù Ü3ÚJImâYÉ\ÛdÜ3IS�BN�÷$ÂAÜ3àmÛ"ÊcÚJI�ûÉ"üláJÉ ÚlË
âßÜLIXË<Üh�JÞ_âYÞ_Ë}ûÉ Ù á;úaÜ3I$IXÞ_K(æ�ÞYI�È�{Ü°Èäæ�Þ_I Ù ÉbâßÜ�à$áWÝWË<áJàXÉmIXÉ"à$Ü3Þ_Ë8àXÉ"ÚWK�ÊcàXÛ�ûÉ[÷

N � Ü3áWË$à$É�Ý.Ü3àXË��]â � Þ_ÚWV.áJÉ ÚJÛ"É Ù É�âßÜ Ù Þ � áJI$Þ_ÊcÚ
	T� Ù à<Ü3áWâYÞYüláJÉÍI$áJàþâYÜýà�ûÉ ÝCÊ3ÚJI$É
ú�ûÉ ÛdÜ3ÚWÞYüláJÉæ~�ÝJÜ3à-â � ÞYÚÌË$É"à$úqûÉ Ù ÞßÜ3Þ_à$É Ù á�Û"ÊcáWÝJâßÜ��3É�â�ÈÒÜ I$Ü[Ë<áWà�ûÉ}�tÉ IXËpÉÁ�JÜ[Û Ë<É úaÉ ÚÌËpâßÜ
únçÉ úaÉgüláJÉ Ù Ü3ÚWI)â_ÉgÛdÜ3Ie�BN�÷JÎ(É IuË<É"Ú Ù Ü3ÚJÛ É"I)I$ÊcÚÌË�âYÉ"IuIXáJÞ_æ[Ü3ÚÌË$É"Ie¿
�c÷8Ý�ÊcáJàSáJÚJÉ Ù áJà�ûÉ É Ù ÉkÛ"àXÉ"áJIXÉ"ú\É"ÚÌË Ù ÊcÚWÚ@ûÉ"É��[â_É"I
�cà<Ü3Ú Ù É"áJàXIAú�ûÉ"Û"Ü3ÚJÞYüláJÉ I+ûÉ5æcÊcâ_áJÉ"ÚÌË

Ë<à	{É"I�Ý�É"áaÜ3áaÛ ÊcáJàXI Ù É�âYÜ Ù Þ � áJI$Þ_ÊcÚ�	T� Ù à<Ü3áJâ_ÞYüláJÉ��ÌÉ Ë�I$áWàXË<Ê3áWË@É âYâ_É"ICÔXÊcáJÉ ÚÌË Ù Ü3ÚJI
âYÉ=IXÉ"ÚJI Ù ÉtâYÜpI�ËjÜh�WÞYâYÞMË}ûÉLÝ.Ü[àmà$Ü3ÝJÝ�ÊcàXËmÜ3á�Û"àXÞ_Ëg{É à$É Ù É\à$áJÝWË$áJà$É[÷�é�ÞYÚJIXÞvË<ÊcáWË$É=âßÜ
Ù ûÉ5K�Êcà$úaÜ[Ë<Þ_ÊcÚ{ÝWâßÜ3I�Ë<ÞYüláJÉ�É"I�ËvÛ"à�ûÉ�ûÉ"É8Ü[áLÛ"ÊcáJàXI Ù á Ù ûÉ Û�	.Ü3à��cÉ"ú\É"ÚÌË�ú�ûÉ"ÛdÜ[ÚJÞYüláJÉ�~�Êcá
ÔXáJI�Ë<É\Ü3ÝJà	{É"I��eÜ3á�Û"ÊcáJàXI Ù ÉLÛ"É=üláJÉ=ÚJÊcáWIbÜBæ�Þ_ÊcÚJIbÜ3ÝJÝ�É"â5ûÉ�âßÜ-IXÉ"Û ÊcÚ Ù É=Ý�	.Ü[I$É Ù É
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déformée de la paroi
(amplifiée 50 fois)

14 MPa

10 MPa

NORME DE LA DEFORMATION PLASTIQUE

4.2 mm

9.0 mm
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ÝJâYÜ3IXË$Þ_Z.Û"Ü[Ë<Þ_ÊcÚw�5÷
�}÷8Û � É"I�Ë Ù Ê3ÚJÛaâYÜ Ù áJà�ûÉ É Ù á�Û"àXÉ"áJIXÉ"ú\É"ÚÌË�üláJÞkÉ1�}É"àXÛ"ÉaáJÚJÉ\ÞYÚWV.áWÉ"ÚJÛ ÉtI$áWàmâYÜ ^ ÊcÚJÉ

ÝJâYÜ3IXË$ÞYüláJÉ�¿�ÝJâ_áJI\âYÉ;Û"à$É áJI$É úaÉ ÚÌË0É"I�Ë0âYÉ ÚlË6~�²�¾�½	¾kÝJâYáJI\âYÉ ItÝJàXÉ"IXI$ÞYÊ3ÚJI Ù ÉEÝCÊ3à$É
ÊcÚÌË�â_ÉaË$É"ú\ÝJI Ù É Ù ÞYú\ÞYÚláJÉ à{Üdæ[Ü3ÚÌË�üláJÉ-âYÜEI�Ë<à$áWÛ Ë<áWà$É0ÚJÉ-IXÊcÞ_ËmÛ"Ê3úaÝJâ�{É Ë$É"ú\É"ÚÌË
Ù ûÉ Û�	.Ü3à��`ûÉ"Épú�ûÉ ÛdÜ3ÚWÞYüláJÉ"ú\É"ÚÌËv���?É5Ë=ÝJâYáJI{âßÜ ^ ÊcÚJÉ0ÝJâYÜ3IXË$ÞYüláJÉ-IXÉ"à<ÜPÝ�É Ë$Þ_Ë<É[÷(Ü�Ü3Þ_I
Û"É5Ë$Ë$ÉmÞ_ÚWV.áJÉ ÚJÛ"ÉbÉ"I�Ë)âYÞYú\Þ_Ë}ûÉ"É[÷

Â`Ü3à=Û"ÊcÚWI�ûÉ"üláJÉ ÚÌË��kâYÉpÛ"ÊcáWÝJâßÜ��3Émâ�È�Ü Ú � É"I�ËtÝ.Ü[I\áWÚ�Ý�	�ûÉ ÚJÊcún{É"ÚJÉpÝJà�ûÉ"Ý�ÊcÚ Ù ûÉ à<Ü3ÚÌË
ÝCÊ3áJà8ÛdÜ3à$Ü3Û Ë}ûÉ"à$Þ_I$É àuâßÜ ^ ÊcÚWÉ+É Ú Ù Êcú\úaÜ��`ûÉ"É[÷
�p��� � �����F©������"���

Î(ÜuÝJàXÞYI$ÉkÉ"Ú+Û"Ê3úaÝWË$É Ù á{Ý�	JÜ3I<Ü��3É Ù É"ISÊcÝ�ûÉ"à$Ü[Ë<Þ_ÊcÚJI Ù ÉkÛ"àXÉ"áJIXÉ"ú\É"ÚÌË?Ú � ÞYÚ}V.áJÉ"ÚWÛ"ÉkÝ.Ü3I
âßÜ+à�ûÉ"Ý�ÊcÚJIXÉ7ú�ûÉ"ÛdÜ[ÚJÞYüláJÉ Ù á-úaÜ3I$IXÞ_K°÷�N7É
ÝJâ_áJI@â_É�IXÊcáWË��É"ÚJÉ úaÉ ÚlËuË$É"â�ülá � Þ_âCÉ IXËuÝWà�ûÉ"Û ÊcÚJÞ_I�ûÉ
Ý.Ü3à7â � é�Ú Ù à$ÜtÚ � Ü-Ü3áJÛ áJÚPÉ � É Ë7æ�Þ_I�È��ÜîÈäæ�ÞYI Ù áPÛ"Êcú\Ý�ÊcàXË$É"ú\É"ÚÌË7ú�ûÉ"Û"Ü3ÚJÞYüláJÉmÞYÚJI�ËjÜ3ÚÌË<Ü3Ú�ûÉ� ÚJÞuú�çÉ"ú\É-æ�ÞYIÒÈ��Ü°È¡æ}Þ_I Ù á~Û"ÊcáWÝJâßÜ��3Émâ�È�Ü I<Ü&Ë<áJà�ûÉ! 5÷�'7Ú~ÝCÉ áWË Ù ÊcÚJÛpIXÉEÝ.Ü[I$I$É à Ù ÉpâßÜ
Ù ÞYú\É"ÚWI$ÞYÊ3Ú0Ý.Ü3à<Ü[âYâ"�É âYÉ#�ÜLâ � Ü%$}É Ù á;ÝJáJÞMË<I ÷

ËvÚ;à$É5æ3Ü[ÚJÛ�	JÉ���â � Ü3ÚWÞYI$Ê[Ë<à$Ê3ÝJÞYÉ Ù É"I)Û"ÊcÚÌË$à<Ü3Þ_ÚlË$É"I8Ú.Ü[Ë$áJà$É âYâ_É"I&	JÊcàXÞ ^ ÊcÚÌËjÜ3â_É"IoÞ_ÚWV.áJÉ ÚJÛ"É
K�ÊcàXË$É"ú\É"ÚÌË�âYÜ�à�ûÉ ÝCÊ3ÚJI$ÉHúqûÉ"Û"Ü3ÚJÞ_ü�áWÉ Ù á�úaÜ3I$IXÞ_K°÷�Î(Ü ^ ÊcÚWÉHÉ"Ú Ù ÊcúaúaÜ��`ûÉ É�ÝWà�ûÉ"IXÉ"ÚÌË<É
áJÚJÉaÝCÊcâYÜ3à$Þ_I<Ü[Ë$ÞYÊcÚPÉ ÚqÜ ^ ÞYú�áWË��(ÜdæcÉ"ÛtáJÚJÉtÞ_ÚÌË<É"ÚWI$Þ_Ë}ûÉ Ù É"I Ù ûÉ K�ÊcàXútÜ[Ë$ÞYÊcÚWI+Þ_à$à�ûÉ æcÉ à$IXÞ('Jâ_É"I
útÜ)$WÞ_útÜ[âYÉ Ù Ü3ÚJI�âßÜ Ù ÞYàXÉ"Û5Ë<ÞYÊ3Ú Ù É�Î#Ð � ãE�+* Ù  ÿ÷bN7É~ÝWâYáJI,�gâYÉ"I�ú\Ê Ù ûÉ"âYÞ_I<Ü[Ë$ÞYÊcÚWI�ÊcÚÌË
Û"ÊcÚ}Z.à$ú�ûÉuâ � ÞYú\ÝCÊ3àXËjÜ[ÚJÛ"É Ù É-'JÞYÉ Ú\Û"Ü3à<Ü[Û Ë}ûÉ à$Þ_I$É"àvâ_ÉuÛ"Êcú\Ý�ÊcàXË$É"ú\É"ÚÌËvú�ûÉ"ÛdÜ[ÚJÞYüláJÉ Ù Ü3ÚWIvâßÜ
Ý�	.Ü3IXÉ{ÝJà�ûÉ1Èäà$áJÝWË$áJà$É[÷RË�Ú�É � É Ë���âYÜ=ÝWà$ÞYIXÉmÉ Ú�Û ÊcúaÝ}Ë<É Ù á�Ý�	�ûÉ"ÚJÊcú.�É"ÚWÉ Ù ÉmÝJà�ûÉÁÈ�àXáJÝWË<áWà$É
Û"ÊcÚ Ù áJÞ_Ë/�ÜPáJÚWÉ;IXÞ_Ë$á.Ü[Ë<Þ_ÊcÚHI�ËjÜ�'Jâ_É-æ�ÞYI�È,�Ü°Èäæ�Þ_I Ù ÉpâßÜ�àXáJÝWË<áWà$É���Ü[âYÊcàXI�üláJÉ Ù Ü3ÚJI=âYÉ0Û"Ü3I
Ù�� áJÚPÛ"Êcú\Ý�ÊcàXË$É"ú\É"ÚÌË;ûÉ âßÜ3I�Ë<Þ_ü�áWÉuÔXáJIXülá � �Ü-âYÜ\àXáJÝWË$áJà$É��sâßÜ ^ Ê3ÚJÉ�É"Ú�à$áJÝWË$áJà$ÉmÚ � É"IXË7Ý.Ü3I
Ú�ûÉ��3âYÞ(�3ÉdÜ�'Jâ_É �10 �*�Lú Ù ÉbÝJàXÊ3K�ÊcÚ Ù É"áJà Ù Ü3ÚWI)âYÜ Ù ÞYàXÉ"Û5Ë<ÞYÊ3Úp¼2 5÷

Â`Ü3àtÛ ÊcÚJI�ûÉ"üláJÉ"ÚÌË��uâßÜ]Û ÊcÚWZ3�cáWà<Ü[Ë$ÞYÊcÚ543N É"Ú Ù ûÉ5K�Êcà$úaÜ[Ë$ÞYÊcÚ~ÝJâßÜ[ÚJÉ�É IXË0IXáPì\I<Ü3ÚÌË<É
ÝCÊ3áJàmÛ"Ü3à<Ü[Û Ë}ûÉ à$Þ_I$É"à+âßÜ ^ Ê3ÚJÉtÉ Ú Ù Êcú\útÜ��AûÉ"É Ù áJÉtÜ3á]Û à$É áJI$É úaÉ ÚlË Ù á]ÝJáWÞ_Ë<I Ù É76@áJà$É[÷
Ü�Ü3Þ_IvÞYâWIXÉ"à$Ü+Ú�ûÉ Û"É I$I<Ü[ÞYà$É Ù�� ÞYú\ÝJâ5ûÉ"ú\É"ÚÌË<É à?âßÜ
â_ÊcÞ Ù É)Û Êcú\ÝCÊcà�Ë<É úaÉ ÚlË?áJÚJÞ_Z@ûÉ"É � Ü3á=ú\ÊcÞYÚWI
É"Ú+Û"ÉküláJÞÌÛ"ÊcÚWÛ"É"àXÚJÉkâßÜuÛ"Êcú\Ý.Ü3Û5Ë<Þ_ÊcÚgÉ ËSâßÜoÝWà�ûÉ1Èäà$áJÝ}Ë<áJàXÉ! �ÝCÊcáWà�Ê+'WË<É ÚJÞYà Ù É"ISÝJà�ûÉ Ù ÞYÛ5Ë<ÞYÊ3ÚJI
à�ûÉ"Ü3âYÞ_IXË<É I Ù Ébâ � É�$}Ý�ûÉ à$ÞYú\É"ÚÌË<Ü[Ë<Þ_ÊcÚmä
Ë(ÂS÷
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R �TS 'VU�W,X,Y[Z]\_^`WaX,W,Y�Y[W�Y[	��W,b�W ûW,Y[c�ZdYe^`Wa^�ûW��fc���W�geh(W,bjilk�	�ûW,m S ún�W�m�W,bnZ_ú#k S g1Y�c�mfY[b�o
üqp�Z"�r^ � p�m�W5k3c�g�YsX�c�g[c�X,YutW,g�Zdb�W�mfYKhdWjX S+v k S g1Y[W v W�mfY v tW,X�c�m`Z(wqp�Wj^`W�bKc�g��+Z(hdZdY�W�bx^�Wh � Ë@b�Y��&W�Yy^ � c�p`Y[g�Wxk3c�g�Y.b�W�g S mqY.b�p�b�X,W�k`Y�Z('�hdW�b.^�WxX S mfY[g)zS h(W,geh{cs| S m�WxW�m�^ S+v#v c��DtW,WZ(m�^`p�ZdY�Wjk3c�g}h(W~X�g�W�p�b�W v W�mfY�^�p�k�p�Z]Y[b}^�W�6�p�g�W��_RQWj'�p`YC��m3c�h~tW�Y�c�mfYC^�Wj\ S p�gÒÈm�Z(gj^�W�b�k�gVtW�^�ZdX,Y[Z S m�b�gVtW�c�hdZ(b�Y�W�b5k S p�g�p`m�W�\�p`Y[p�g�W�X S mu\�g S mfY�c%Y[Z S m�c!��W�X�h(W,b v WÁÈb�p�g�W�b������������ � W�$uk�tW�g�Z v W�mfY�c%Y[Z S m��
Ë(Â� �����c�k�k�W,h S m`b�g[c�k`Z(^�W v W,mqY7h(W,b�k�g�Zdm�X�Zdk3c�pu$gVtW,b�p�h]Y�c�Y�brk`gVtW�b�W�mfYutW,b_^3c�m�b2X�W v tW v�S Z(g�W���wqp�Z@k�W�g v W�Y�Y�W�mfYr^�W�X S m`X�h(p`g�W�wqp3c�mfYe�cyX,W�bi k���tW,m S+v �W�m�W,b�Z v k S g1Y�c�mfY[b�o��
�����s �¡£¢¥¤@¦3¤¨§1©u �ª¬«
ª�­�¦3«¯®1«Q©±°²§l³�´«
¦3«
ª�­`«
©�©¥´«Q¦µ§1«Q©5°�¶�«Q©`©`¤¨§l©

· S p�b&c�� S m�b S '`b�W�g1�¨tW2wVp`W�� v c�h(¸�gVtW-h{cr^�Z(b�k�W,g�b�Z S m�^�W,b&gVtW,b�p�h]Y�c�Y�b�W�$uk�tW,g�Z v W,mqY[c�pu$��X��3c�wqp�W¹bVtW�g�Z(W�^�º»W,b�b�c�Z(b�¼¨c½b[c½k�g S k`g�W�X S ��tW,g�W,m�X�W���wqp�W�X,W�b S ZdYDW�mrY[W�g v W,bD^`W�k�g S k�g�Z�tW,YutW�btW�h{c�b�Y[Zdwqp�W�b,��^�W²gVtW,b�Z(b1Y�c�m`X�We�c�h(c¾g�p�kuY[p�g�W��µW,Y½^�W²X�c�k3c�X�Z]YutW²c�pe¿3p�c�¸+W��RÀW,b7^�Z]Á½tW,g�W�m`X�W�b#W�mfY[g�W/h(W,b#bVtW�g�Z(W�b#k�W,p`�+W,mfYazW,Y[g�WnY�g�ÂW�b#Z v k S g�Y�c�mqY�W�bnÃÄh(c�g�¸�W v W�mfYb�p�k�tW�g�ZdW�p�g�W�bÅÂcÆh{c�^�Zdb�k�W�g�b�Z S mµÇ��mË@h(hdW�b�b�ºTW�Èuk�hdZ(wqp�W,mqY>m S mÉk3c�bÊk3c�gÊ^�W�bÊ��tW�YutW�g S È¸DtW�m�tW�ZdYutW�bËc�p>b�W�Z(mÌ^�p v c�YutW�g�Z(c�p�� v c�Z(bek�c�gn^`W�bË^`ZdÁ½tW�g�W,m�X�W,bË^3c�m�bËhdW�b.k�g S Y S X S h(W,bW�Èuk�tW,g�Z v W�mfY[c�puÈ���Ë¨hdh(W,b¾k�W,g v W,Y�Y[W�mfY�W�m~k3c�g1Y[ZdX�p�hdZ(W�g_^�WyX S m�X,h(p�g�Wewqp�Wnh�º»W�c�pKW�ÈuW,g�X�Wp�m�W�Z(m`¿�p�W�m�X,W�Y�g�ÂW�b
¸+g�c�m�^�W�b�p�g
h(W¨X S+v k S g1Y[W v W�mfY v tW�X�c�m�Z(wqp�W¨^�W,bÍc�g�¸+Z(hdZdY[W,b�^�W�h"ºqË@b�Y�¿
Î h(W,b�k�g S k�g�Z�tW,YutW�b v tW�X�c�m�Z(wqp�W,b�^�W,b�tW,X��3c�mfY[Zdh(h S m�b�wVp`Z S mfYjtW,YutW v Zdb#W,m�X S mfY�c�X,Yc��+W,Xn^�W.h"ºTW�c�p~b S p�b�k�g�W,b�b�Z S m±c�p~X S p�g�b�^�º»p`m�Wnk`�3c�b�W.^�Wyg�W,b[c�Y�p�g[c%Y[Z S m~b S p�bX S m`�3m�W v W,mqY�b�W²^�tW,¸+g[c�^�W�mfY½\ S g�Y�W v W�mfY
Î h{c�gVtW�b�Z(b1Y�c�m�X,W v tW,X�c�m`Z(wqp�W&c�p`¸ v W,mfY[W¹b�W�m�b�Z(Ï�hdW v W�mfY@h S g�b�wqp�W�h(W v c�YutW�g�Z(c�p_b�ÂW�X���WÎ W�mu�3m��&h"ºTW,Á�W,Yy^�º»p�m`W�k�g�W,b�b�Z S mÊ^�W�k S g�W�b�p`geh{csgVtW,k S m�b�W v tW�X�c�m�Z(wqp�W~Ãl��¾�½	¾&hdWX S m�X�W,k`Y½^�W�b-X S mqY�g[c�ZdmfY[W�b-W�Á�W,X,Y[Z]�+W,b�Ç¹m�ºTW�b�Y½k3c�b½b�Z(¸+m`Zd�3X�c�Y[Z]\uÐVX�W,h{c¾b�Z(¸+m�Z]�3W¥wqp�Wh(W_X S p�k`h{c�¸+W_Ñ�ÈlÒÓb[c�Y�p�gVtW�m�ºTW�b1Y²k3c�b¥p`mak`��tW�m S�v ÂW,m�W¾k�gVtW�k S m�^�tW,g[c�mfY2�VZ(bÒÈ�Âc°È"�uZdb^�p.X S+v k S g�Y�W v W�mfY-^�W�b½c�g�¸+Z(hdZdY�W�b¹^�W²h�º_Ë@b�Y��
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ú ºTW�b1Y
h{c&X S mu\�g S mfY�c%Y[Z S m2^�W�b
gVtW,b�p�h]Y�c�Y�bÀW�Èuk�tW�g�Z v W�mfY�c�puÈrk�g S ��W�m3c�mfYD^�W�bQ^�Z]Á½tW,g�W,mqY�W�bbVtW,g�Z(W,b@^�ºTW�b�b�c�Z(b@wqp�Z�c¥k�W,g v Z(bÍ^�W v W�Y�Y[g�W&W�mstW,�VZd^�W�m�X,W&X�W,b@Z(mfY[W,g[c�X�Y[Z S m�bÍW�mfY�g�W&h"ºTW�c�p�W,Yh(W,bÍc�g�¸+Z(hdZdY[W,bÀ^�W¹h�º_Ë@b�Y�� ú W�Y�Y�W¹X S mu\�g S mfY�c%Y[Z S m_W�b1YÍ^ S m�X¹Z(m`^�Z(b�k�W,m�b[c�Ï`h(W��)k S p�gDZ(^�W,mqY�Zd�3W,gW,Y-��c�h(Zd^�W�g�h(W�b#ilk���tW�m S+v ÂW,m�W�b�o��
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RÀW�k���tW,m S+v ÂW�m�W�hdW#k`h(p�b v c�g�wqp3c�mfY¾b�p�g_hdW�brX S p`g�Ï�W�b¾W�Á S g1Y�Èé^�tW,\ S g v c%Y[Z S maW,b�Y_h{cg�p�kuY[p�g�W�� ú ºTW�b�Y#c�p`b�b�Z&hdW�k�hdp�b�m�tW,\Äc�b�Y[We�VZ(bÒÈ�Âc°È"�VZ(b_^`W.h(c/b+zp�g�W,YutWe^`p~b1Y S X�ÿ%c�¸+W���X�c�g�ZdhW�b1Y�X,h{c�Zdg¹wqp�Wrh{c¾g�p`k`Y[p�g�W²Z(m�^�p`ZdY&^�W2Y�g�ÂW�b&\ S g1Y[W,b�c�p�¸ v W�mfY�c�Y�Z S m`b&^�W²h{c¾k�W�g v tW�c�Ï�Z(hdZdYutWÃÄwqp�Wrm S p�b-m�W²b�c!� S m�b½k3c�b-wqp3c�mfY[Z]�3W�g[Ç��
Ònc�Z(b¨h(W,b¨W�b�b�c�Z(b v�S mfY[g�W,mfY�wqp�ºTZ(h3W�È`Zdb�Y�W c�p`b�b�Z � Y��uk�W�b�^�ZdÁ-tW�g�W�mfY[b�^�W½^�tW,\ S g v c�Y[Z S mZ(g�gVtW,��W�g�b�Z(Ï`h(W2wqp�Z
c�k�k3c�g[c�Zdb�b�W,mfY c���c�mfY½h{c¾g�p�k`Y[p`g�W��
ñ �-p�m�W#X S+v k3c�X�Y[Z S m��
h{cyk�g�W v Z"ÂW�g�W#k�c�g�Y�Z(W�^�W�b X S p�g�Ï�W,b¾W,Á S g1Y�� ^�tW,\ S g v c�Y�Z S mxW,b�YX�W,g�Y�W�b²h(Zdm�tW�c�Zdg�W�� v c�Z(b�W�hdh(W¾m�ºTW�b1Y²k3c�b2gVtW,�+W,g�b�Z(Ï�hdW��
	¥mxc v Zdb W�m�tW,�VZd^�W�m�X,W�p�m�W^�tW�\ S g v c�Y[Z S mek�h(c�b�Y�Z(wqp�W2X S mqY�g[c�X�Y�c�mfY�WrY�g�ÂW�b-k�gVtW�X S X,W��� �-p�m�Wyk�gVtW��ég�p�k`Y�p�g�W���h(W�b�^`W�puÈ�X S p�g�Ï�W,b�W�Á S g�Y��é^�tW,\ S g v c�Y[Z S mKc%ÈuZ{c�h(W7W�Y�g[c�^`Z{c�hdWb�º»c�k�k`h{c�Y�Z(b�b�W�mfY�c���c�mfYÌh{cÆg�p�k`Y�p�g�W��nX,W wqp�ZagVtW�b�p�hdY�W k�g S Ï3c�Ï`h(W v W�mfYÌ^�WIh{cX�gVtW�c�Y�Z S my^�ºTp�m�W v Z(X�g S �é��b�b�p`g[c�Y�Z S m��
· S p�b�c�� S m�b¾^�tW,X�g�ZdY¾X,W�b�
nY��Vk�W�b�^�W7^�tW,\ S g v c%Y[Z S m�b Zdg�gVtW,�+W,g�b�Z(Ï�hdW�b_k�c�g�
Ëh S Z(br^�Wk�h{c�b�Y[ZdX�Z]YutW Y�g�ÂW,b2b�Z v k�hdW�b�Ã�Ï3c�bVtW,W�b²b�p`g2h(W�b X�g�Z]Y�ÂW,g�W�b2W�Y²k S Y[W�mfY�Z(W�hdb ^�W�Ò S ��g�� ú S p�h S+v ÏW,Y��¥g��p�X�ÿ�W�g����@g[c�¸+W,g�Ç�� ú W,b�
 v tW,X�c�m`Z(b v W�b.k�W�p`��W�mfYszW�Y[g�Wak�g�Z(b.W�m>X S+v k`Y[Wxb�Z v p�h��Y�c�m�tW v W�mfY��3¸+g)zc�X�W�Âc�p�m�W²h S Z�^�W²k�h(c�b�Y�Z(X�Z]YutW v p�hdY�Z�� v tW�X�c�m�Zdb v W�b��
RÀW,brk`��tW�m S�v ÂW,m�W�br^�W�X S�v k3c�X,Y[Z S mxW,Y²^�W�k�gVtW��ég�p�k`Y�p�g�W�b�W�Y�g[c�^�p`Z(b�W,mfY²k�g S Ï�c�Ï�h(W��v W,mfY¥k3c�g½^�W,b v#S ^�Z]�3X�c�Y�Z S m`b&^�W_h(c�k�W�g v tW�c�Ï�Z(hdZdYutW�ÃÄW�mËk3c�g�Y�Z(X,p�h(ZdW�g&h{c�k�gVtW�� g�p�k`Y[p`g�W!Ç��ÒËc�Zdb¥X�W¾wqp�W�m S p�b2c�� S m�b v Zdb�W,m�tW,�VZ(^�W,m�X�W���X�ºTW�b1Y2wqp�W�h(W,p�g k`g�Z(b�W¾W�m�X S+v k`Y[W¾^�c�m�bp�m�W¥h S Zµ^�W X S+v k S g1Y[W v W,mqY�X S�v k�h"ÂW,Y�W¥c k S p�g�W,Á�W,Y�^�W¥gVtW,^�p�Zdg�W X S m�b�Z(^�tW,g[c�Ï�hdW v W�mfY�h{c| S m`W#W,mCg�p`k`Y[p�g�W7^3c�m�b hdW�b v�S ^�tW,h(Zdb[c�Y�Z S m�b ^�W#X,g�W,p�b�W v W,mqY_^�pCk`p�ZdY�b�Ã�k3c�g²g[c�k`k S g1Yc�pxX�c�b2^�º»p�mxX S+v k S g1Y[W v W�mfYËtW,h{c�b1Y[ZdwVp`W½U�p�b�wqp�º�Âcyh{c7g�p�k`Y[p`g�W!Ç����@maW�Á�W�Y�� S m S Ï`Y[ZdW�mfYv zW v W2^`W�betW�wqp�Zdh(Z(Ï`g�W�b�b[c�m�b-wqp�W²h(W X�g�Z]Y�ÂW,g�W2^�W²g�p`k`Y[p�g�W2m�W²b S Z]Y-c�Y�Y[W�ZdmfY��3c�h S g�b�wVp`WrhdWv#S ^�ÂW,h(WËtW�h(c�b�Y�Z(wqp�W2k S b�Y�� g�p�k`Y[p`g�W²k�gVtW,^�ZdY-^`W�b-| S m`W�b½W�m.g�p�k`Y�p�g�W²m S mnm�tW,¸+h(Zd¸+W�c�Ï�h(W,b��
ú ºTW�b1Y&k S p�g�wqp S Z�Z(h�W�b1Y&m�tW,X�W�b�b[c�Zdg�W2^�W ^�tW�X,g�Z(g�W¥h(W�k�h(p`b��3m�W v W,mfY-k S b�b�ZdÏ�h(W½h(W�X S+v �k S g�Y[W v W,mfY v tW,X�c�m�Zdwqp�W�^�W�byc�g�¸+Zdh(ZdY�W�b�^�Wxh"º��@b�Y���W�mÊk3c�g1Y[Z(X,p�h(ZdW�g�^3c�m�byhdW/^ S+v c�Z(m`Wc���c�mqY�� g�p�k`Y[p`g�W��
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ª¥«Q©j°²§ ³�´«Q¦²´«Q©H k�g�ÂW,b�h(W ^�tW�X S m`�3m�W v W,mqYIX�c�p�bVtW�k�c�g h(W X�g�W,p�b�W v W,mfY¯^`p k`p�ZdY�b��Ëk`h(p�b�Z(W�p`g�bk���tW,m S+v ÂW�m�W,b¥^�ZdÁ-tW�gVtW�b-� S mfY v#S ^�Zd��W�g-h"ºltW�wqp�Zdh(Z(Ï`g�W v tW�X�c�m�Z(wqp�W W�ÈuZ(b1Y�c�mfY¾ÃÄwqp�Z
^�tW�k�W�m�^p�m�ZdwVp`W v W�mfY ^`p X S+v k S g1Y[W v W�mfY v tW�X�c�m�Z(wqp�W�Zdm�b�Y[c�mfY�c�m�tW!ÇI��h(W,bI^�tW,\ S g v c�Y�Z S m`b^�ZdÁ-tW�gVtW�W,b���h(c}^�Z]Á�p`b�Z S m±^�W,b�k�g�W�b�b�Z S m`b�Z(mfY[W,g�b1Y[ZdY�Z(W,h(h(W,b��@W�Y�h{ca^�tW�b�c�Y[p`g[c�Y�Z S m±k�g�ÂW,b�^�Wh{c�k3c�g S Z"�`RÀW�b v#S ^�tW,h(Z(b�c�Y[Z S m�b S mfY�k�W�g v Zdb¹^�W2Y[Zdg�W,g&h(W�b-X S m�X�hdp�b�Z S m�b&b�p�Zd��c�mfY[W,bJ�
ñ �½RQc ^�tW,b[c�Y�p�g[c�Y�Z S m¾c�¸+ZdYD^ S p`Ï�h(W v W,mqY�W�m¾\Äc��+W,p�gÍ^�W�h{c�b1Y�c�Ï`Z(h(Z]YutW ÃÄ^�Z v Zdmqp`Y[Z S m²^�W�b^�tW��uZ(c�Y[W,p�g�b ^�W�X S mfY[g�c�Z(mfY�W��QW,Y¾c�p�¸ v W�mfY�c%Y[Z S ma^`W7h{cegVtW�b�Zdb�Y[c�m�X�W v tW,X�c�m`Z(wqp�W!Ç��b[c�p`\µb�Zqh(W,bD^�tW,\ S g v c�Y�Z S m`b
^`W�g�W�Y[g�c�ZdY2tW,Y[c�Z(W,mfYDY�g�ÂW�bDZ(mfY[W,m�b�W,b&Ã�X�c�g S m¾c�p�g[c�Z]YDc�h S g�b^�W,bÍg�p�kuY[p�g�W�bÍk3c�gDY[g�c�X,Y�Z S m3Ç�� ú W�h(c ^�ZdY��)h(W�bDk���tW,m S+v ÂW�m�W,bÍh(Z�tW�b&Âc h{c½^�tW�b�c�Y[p�g�c�Y[Z S mÃÄW�YeÂc.h(c�g�W�b�c�Y[p`g[c�Y�Z S mµÇ b S mfY²Y[g�ÂW,b v c�hÍX S m�mqp�br^3c�m�b²hdW�X�c�br^�W�b²g S X���W,b_c�g�¸+Z��h(W,p�b�W,b��K�¥W,b�X�c�g[c�X�YutW�g�Z(b�c�Y[Z S m�b7W�Èuk�tW�g�Z v W�mfY�c�hdW�b�b S mfYy^ S m�X~Âc v W,m�W�g,��W,Y�^�W�bv�S ^�ÂW,h(W,b_Âc�^�tW,�+W,h S k`k�W,g��� �½RÀW�b¾^�tW,\ S g v c�Y�Z S m`br^`ZdÁ½tW�gVtW,W�b�ÃÄh(Z�tW�W,byÂcËh(cy�VZdb�X S b�ZdYutW7^�p v c�YutW�g�Z{c�pµÇ¥k S p�g�g[c�ZdW�mfYW�mfY�g[c�Zdm�W�g¥p`m�W�g�W,k�g�Zdb�W¾^�W_h"ºTW�m�^ S�v#v c�¸+W v W,mqY�b�Z�� v c�hd¸+gVtW h{c#^`Z v Z(mqp`Y[Z S m.^�W�b^�tW��uZ(c�Y[W,p�g�b&^`W¥X S mfY�g[c�ZdmqY�W2k3c�g�W,Á�W,Y-^�W¥g�W�h(c%È`c�Y[Z S m��V^�W�b&k���tW�m S+v ÂW�m`W�b&X S�v#v Wh{c#g�p�k`Y�p�g�W_^�ZdÁ½tW�gVtW�W¾b�W�k�g S ^�p�Zdb[c�ZdW�mfY���ÒËc�Zdb¥p�m/Y[W,h�k���tW�m S+v ÂW�m`W�W�b�Y2Y�g�ÂW,b v c�hX S m�mqp��µX�W²wqp�ZÀm S p�b-Zdm�X�Z]Y[W²c�h{c�k�hdp�b&¸+g[c�m�^�W²gVtW,b�W�g1�+W��
`�½RÀWCX S p�k�h(c�¸+WsÑK�1Ò b�c�Y[p`gVtWKc~k�W,p�^�º»Zdm`¿3p�W,m�X�WCb�p�gnh{c±gVtW�k S m�b�W v tW,X�c�m`Z(wqp�W^�p v c�b�b�Zd\L�#Y S p`Y[W�hdW�b�^�tW�\ S g v c�Y�Z S m�b±^�W�g�p`k`Y[p�g�W�b S mfYÊX�gVtW�tW,W�b�h S g�b5^�p^�tW,X��3c�g�¸�W v W�mfY v tW�X�c�m�Z(wqp�W�Ð@W�mjW�Á�W�Y��¨h{c/^`ZdÁ�p�b�Z S m±�M�V^�g�c�p�h(Zdwqp�WywVp`Z½^`g[c�Zdm�Wh(W v c�b�b�Zd\¥k�c�g#h(c}b�p�ZdY�WËcxY[W�m`^3c�m�X,W±ÂceU S p`W�g�^3c�m�b#h(W.b�W�m`b�^�WËh(cab1Y�c�Ï`Z(h(Z]YutWÍÐh{c.b�W,p�h(W#Z(m`¿3p`W�m�X,W7^�psX S p�k�h(c�¸+W#ÑN�lÒ W�b1Y¾^ S m`X7h(Z�tW�W�Âcnh(cn^�p�gVtW�W#^�psX�g�W�p�b�W��v W�mfY�Ã�h{c�| S m�W W�m/g�p�k`Y�p�g�W W�b�Y¥^�ºÜc�p`Y�c�mfY�k�h(p`b k�W,Y[Z]Y[Wrwqp�W_hdW X,g�W�p`b�W v W�mfY²W,b�Yh(W,mfY�Ç�� v c�Z(b²X�W�Y�Y�W�Z(m`¿�p�W�m�X,W�W�b1Y_\Äc�ZdÏ�h(W��
��c�g_c�Z(hdh(W�p`g�b��Àm S p�b_m`W7b S�v#v W�b k3c�bX S mq��c�Zdm�X�p`b&^�W2h"ºTW�ÈuZ(b1Y[W,m�X�W2^�ºTp�m�W2X S mfY[g�c�Z(mfY[W W,Á�W�X,Y�Zd��W c�peb�W�m`b½^`WPO�Z S Y&k S p�g^�W,b�g S X���W,b-X S+v�v W2hdW�b-c�g�¸+Z(hdZdY�W�b�^`Wrh�ºQ�@b1Y��
ú W�k�W�m`^3c�mfY���Z(hÀm�W²\Äc�p`Y�k3c�b�c�Ï3c�m`^ S m�m�W,g�X S+v k�h"ÂW�Y[W v W�mfY½h(WrX S p�k�h{c�¸+W²�A�V^�g S �v tW�X�c�m�Z(wqp�W��ÍX�c�g�b�Z¹p�m�b S p`Y�ÂW,m�W v W�mfY�tW,Y[c�m�X���WyW�b1Y�k S bVtWCÂc/h{c/k�c�g S Z S p�b�Z¹hdWk�p�Z]Y[b²b�W�g�W v k`h(ZdY¥^�º»W�c�p��
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RQc.k�g�W v Z"ÂW�g�W�b�p`ZdY[WxÂcn^ S m�m�W�g.ÂcnX�W#Y[g[c���c�Zdh@W�b�Y¾^�º»ZdmfY[g S ^�p�Zdg�W�^3c�m`b¾p�msX S ^�W#^�WX�c�hdX�p�h h{c~h S Z²^�WsX S+v k S g1Y[W v W,mqY~ÂcjY[g S Z(b v tW,X�c�m`Z(b v W�bnb�Z v p�hdY[c�m�tW,bË^�Wsk`h{c�b1Y[Z(X,ZdYutWwqp�WCm S p�b/c�� S m�bË^�tW��3m�ZdW���c��3m>^`WCb�Z v p�hdW�gyk�h(p`b.�3m`W v W�mfYËwqp�WCm S p�b.m�WCh�ºÜc�� S m�b\Äc�ZdYah�º»W�È`k�tW�g�Z v W,mfY�c�Y�Z S m¬i1�h�T�@o ÃÄX�g�W�p�b�W v W�mfYK^�p k�p�ZdY�b}^`W.O�p`g�WjW,mfY[g�W.iMjlk�W,Yi òl[ v ^�W±k�g S \ S m�^�W�p`g�Ç��m�@m \Äc�ZdY}Z(h�b�p\n�YK^`W5X S m`b�Z(^�tW�g�W,gsb�W,p�h(W v W,mfYKh(W,bC^�W,puÈk�g�W v ZdW�g�b v tW�X�c�m�Z(b v W,b��
X�c�g m S p�b�c�� S m�b v�S mfY[gVtW#wqp�W�h{c.g�p�kuY[p�g�W�m�W�b�W�g[cnk3c�b�c�Y��Y[W,Z(mfY[W�^3c�m�b
h(W,b v#S ^�tW�hdZ(b�c�Y[Z S m�b¨Ã�X�W�wVp`Zuk S p�g�g[c&Y S p%U S p�g�b¨zW,Y�g�W�X S mfY�g%zS h�tWVoqp_r!����s�t��urbt��1Ç��
Ònc�Z(b2h(cyk�W�g�b�k�W�X�Y[Zd��W#h(cek�h(p�b2g�Z(X���W��QW�b�YrhdW�g�W,Y S p�g²^�ºTW�Èuk�tW,g�Z(W,m�X�W#wqp�W#X S m�b1Y[ZdY�p�Wh"ºTW�Èuk�tW,g�Z v W�mfY[c�Y[Z S mÌi1�h�e�¨oaÃ � klk [ Ç��"�@hdp�b�ZdW�p�g�b Y��Vk�W,br^�º S Ï`b�W�g1��c�Y[Z S m�^�W,�Vg�c�Z(W,mqYrc�kv�k S g�Y[W,g-^�W�b-Z(mu\ S g v c�Y[Z S m�b�Y[g�ÂW,b-Z(mfYutW,g�W�b�b[c�mfY�W�bm�
Î S Ï�b�W�g1��c%Y[Z S ma^`Z(g�W,X,Y�W.Ã�Âceh"ºxw²Z(h�Ç&^�W,brk�c�g S Zdb¥^�pak�p�Z]Y[b���W�È`Zdb�Y�W��éY�� Zdh�p�m�W�\�g�c�X,Y�pv�g[c%Y[Z S m/W,Yzy S pxp�m�W¾�3b�b�p�g�c�Y[Z S mh{�b�Z S p`Z"�|�/cb�éY�� Zdh
p`m�W�k S h{c�g�Z(b[c%Y[Z S mnW,m}c�|�Z v p`YW�mCg[c�k�k S g1Y_c���W�X�h�ºÜc�m`Z(b S Y[g S k�Z(W�� S g�Z(| S mfY�c�hdW�^�W�b X S mfY[g�c�Z(mfY�W�b_m�c�Y[p�g�W�hdh(W�b_{7W,Ywqp�W�hdh(W,b¥b S mfY²hdW�b S g�Z(W�mfY[c�Y[Z S m�b ^`W�X�W�b¥��b�b�p`g�W�b#Ã��3b�b�p�g�W,b k3c�g Y[g�c�X,Y�Z S m S p�k3c�gX�Zdb[c�Zdh(hdW v W�mfY�Ç;{�R
c gVtW�k S m�b�W#Âc_X,W�b¹wqp�W,b�Y[Z S m�b¹k�W�g v W�Y�Y�g[c_k�W�p`Y���zW�Y[g�W�^�W ��c�hdZ(^�W,gh(W,b�k���tW�m S+v ÂW,m�W�b�wqp�Wym S p�b#c�� S m`b#^�tW,X�g�ZdY[b�^3c�m�b�X�W,Y�Y[WeY[��ÂW�b�W�� S p±Ï`Z(W�m�^�ºTW�mZ(^`W�mfY[Z]�3W�g&^�W²m S p`�+W�c�puÈ���X S+v�v W¥X,W�puÈ.wqp�ZQb S mfY�hdZ�tW,b Âc�h(c¾^�tW�b�c�Y[p`g[c�Y�Z S m��
Î S Ï�b�W�g1��c%Y[Z S m�b_¸DtW S k��M�Vb�ZdwVp`W�b}�
^�W�b v tW�Y[� S ^�W�b X S+v�v W#hdW#¸DtW S � g�c�^3c�grk�W�g v W,Y��Y[g S mfY�^�Wnb S m�^�W,g#hdW v c�b�b�Z]\�Âcxk3c�g1Y[Zdg�^�W v W,b�p�g�W�b�W,Á�W�X,Y�p�tW�W,b}Âc�h{c�k3c�g S Z&^�pk�p�Z]Y[b,�@RÀW�p�g�ZdmqY�W�g�k�gVtW�Y�c�Y�Z S mK^ S m�m�W�g�c�k�W,p`Y���zW,Y[g�Wep�m�WeZ v c�¸�W7^�Weh(c/| S m�WeW,mv�^ S+v�v c�¸DtW�W��
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RÀW,b2W�Èuk�tW�g�Z v W�mfY�c%Y[Z S m�b2W�ma¸+g[c�m�^�W�p`g2gVtW�W,h(hdW¾b S mfYrW�mxW�Á�W�Y Zdm�^�Zdb�k�W�m�b�c�Ï�h(W,b2k S p�g��c�h(Zd^�W�g¨h(W,b�k`��tW�m S�v ÂW,m�W�b S Ï�b�W,g��@tW�b�b�p�g�tW�X��3c�mfY�Z(h(h S m�b,�fW,Y�g�W�X�c�h(W,g�hdW�b�k3c�g�c v ÂW�Y[g�W�b�p`Y[Z��h(ZdbVtW�b&k S p�g-h(c v#S ^�tW�hdZ(b�c�Y[Z S m��
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· S p�b&c�� S m�b&k�gVtW�b�W,mfYutW²^3c�m�b�h{c_b�W�X,Y�Z S m � � � � ñ h(W,b#tW�wqp3c%Y[Z S m�b�^�W2Ï�c�b�W¥^`W2h{c k S g S �tW�h{c�b�Y[ZdX�Z]YutW���· S p�b�^�tW,Y[c�Z(hdh S m`b½ZdX�ZQX�W,g�Y[c�Z(m�b�c�b�k�W,X,Y[b wVp`Z S mfYntW,YutW_c�Ï S g�^�tW,b g�c�k�Z(^`W v W�mfY^3c�m�b¨hdW�Y[W�ÈuY�W��fm S p�b@^�tW,��W�h S k�k S m�b¨h(W,b@g[c�Zdb S m�m`W v W�mfY[b@W�Y¨h(W�b@X�c�h(X,p�h(b�wVp`Z3k�W,g v W,Y�Y�W�mfY^�ºltW,Y�c�Ï�h(Zdg�h(W,bÍg�W,h{c�Y�Z S m`b�X�h(c�b�b�Z(wqp�W,b@^�W&h{c k S g S ��tW,h{c�b1Y[Z(X,ZdYutW��)W,Y@m S p�b@^�Zdb�X�puY S m�b@h(c b�Zd¸+m�Z���3X�c%Y[Z S mËkM�Vb�Z(wqp�W ^�W_X���c�X�p�m�^`W�b X S W�n�X�Z(W,mfY[b k S g S ��tW,h{c�b1Y[Z(wqp�W,b��µRÀW�b�m S Y[c�Y[Z S m�b½b S mfYX�W,h(h(W,b-^�W²h{c¾b�W,X,Y�Z S m � � � � ñ �
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²mµ>á&µ ö ² ö�ô&ùqºP³ ó&ô&õ¥øv³T»Kâ ² ¹
ù�ô&õãºP³jö ² ¶ ² ø�ø\³åäÍö½÷
ùaºP³� �zæ ç � ���1����� Õh�1���è� �déD�D�d���1� ��� ��� � �ê�4�$� ë«Ô��ì���í �uB&��� î¥ �¦µ¡¯þ2®1¤�­�§l �ª °2«I®l¤Æ®l �§
Ò S mfY[g S m�b7X S+v#v W�mfY�h"º S m~k�W,p`Y S Ï`Y[W,m�Z(g�h{cxh S Z&^�WËX S m�b�W,g���c�Y�Z S m±^�Wnh(c v c�b�b�W¿3p�Zd^�W�� ú S m`b�Z(^�tW�g S m�b/Âcam S p`�+W�c�pjp�mK� S h(p v We^�W v c%YutW�g�Z{c�pCb S p v Z(b�c�puÈ�^�W,puÈ���cb�g�Z(c�Y[Z S m�b¥Zdm`�3m�Z]YutW�b�Z v c�h(W,b ïM];£�W�Ymïì¤À��W,YrZ(mfYutW,g�W,b�b S m�b��ém S p�beÂceh{c�wqp3c�mfY[Z]YutW�^�ºTW�c�pñð £òtW�X��3c�m`¸�tW�WCc!��W�X}h"ºTW�ÈVYutW,g�Z(W,p�g}ÃÄm S p�bËb�p�k�k S b S m`bËwqp�WCh(cK^�W�m�b�ZdYutW}^�pÌ¿3p�Z(^`W«ójg�W�b1Y[WX S m`b�Y�c�mqY�W!Ç�Ð|ïMô W,b�Y�X�� S Zdb�ZÀk S b�Z]Y[Zd\
h S g�b�wVp`Wrh�º»W�c�pyW�mfY[g�W ^�c�m�b-h(W¥� S h(p v W2X S m�b�Zd^�tW�gVtW��ú W,Y�Y[W¹b S h(hdZ(X�Z]Y�c�Y�Z S m k�W,p`Y&zW,Y�g�W��up`W¹X S+v�v W�h(c½b�p�k�W,g�k S b�Z]Y[Z S m_^�W�^�W�pVÈ¾b S h(hdZ(X�Z]Y�c�Y�Z S m`b4�h"ºTp�m�W�X S g�g�W,b�k S m�^3c�mfYyÂc.h(c���c�g�Z{c%Y[Z S m�^�W#k`g�W�b�b�Z S mC^�W�k S g�W1ïì¤ÊÂcy� S hdp v W�X S m�b1Y�c�mfYÃÛïM] §£ ¦ k+Ç�Ð�h�ºÜc�p`Y[g�W_X S g�g�W,b�k S m�^3c�mqY#Âc7p�m/Y[g�c)U�W,Y ^�W¾X��3c�g�¸+W v W,mqY¥^�g[c�Zdm�tWeÃ�k�g�W,b�b�Z S m^�W¹k S g�W�X S m`b�Y�c�mqY�W!Ç�� S Âp_h(c���c�g�Z(c�Y[Z S m²^�W¹X S mqY�g[c�ZdmfY[W�Y S Y�c�hdW v�S �+W,m�m�W&W�b1YeïM];£Dª�¬ Þ ïì¤À�RQc�wqp3c�mqY�ZdYutWr^�º»W�c�pÊtW,X��3c�m�¸DtW,W_c���W�Xrh"ºTW�ÈVYutW,g�Z(W,p�g&b�º tW�X,g�Z]Y c�h S g�b �ïAôó ¦ ï~¤õ ª ï&¥_ö¥ Ã H � ò Ç
ï&¥_ö W,b�Y-h(c ��c�g�Z(c�Y[Z S m7^�pe� S h(p v W¥^�W,b&k S g�W�b-c�peX S p�g�b&^�ºTp�m�W�tW,� S h(p`Y�Z S m7^�g[c�Zdm�tW�W��ï&¥*öxW�b1Yek S b�Z]Y[Zd\¥h S g�b�wqp�W/hdW.� S h(p v WËk S g�W�puÈ5c�p�¸ v W�mfY�W��9�@p�Zdb�wqp�W�hdWnb�wVp`W�h(W�Y�Y�W�W,Yh(W#b S hdZ(^�W#b S mfYCtW,h{c�b1Y[Z(wqp�W,b��DZ(hd�sc/p`m�W�g�W,h{c�Y�Z S m}k�g S k S g1Y[Z S m�m�W,h(h(W�W,mqY�g�W}ï&¥_öyW,Y�ï&¥��c�h{c�Ï`h(W¥k S p�g¹Y S p`Y[W²b S h(hdZ(X�Z]Y�c�Y�Z S m�^�g�c�Z(m�tW,W��

÷ ¦ ï&¥_öï&¥ Ã H � � Ç
�Dc�g-c�Zdh(h(W,p�g�b,�vøaù@ú ¦ ð�ûû �µRQc�h S Z�^`WrX S m�b�W�g���c�Y�Z S m.^�W²h{c v c�b�b�W²b�ºltW�X,g�ZdY½^ S m�X��ü¤ ¦ õ ß üô ó ¯ ÷ Þ øaù üú à Ã H � Z Ç
	¥m�k�W�puY v#S mqY�g�W,g�wqp�W ÷ ¦ ¬&W�m�\Äc�Zdb[c�mfY¹h�º»�M�Vk S Y[��ÂW,b�W¥wqp�ºTZ(h�W�ÈuZdb�Y[W p�m�W \ S m`X,Y[Z S m^�ºltW,Y�c%Y-X�c�g�c�X,YutW�g�Zdb[c�mfY&h�ºltW,m�W�g�¸+Z(W�k S Y[W�mfY�Z(W�hdh(W�^�p v c%YutW�g�Z{c�p#k S g�W�pVÈeb[c%Y[p�gVtW�� ú W�Y�Y[W2�M�M�k S Y[��ÂW,b�W�k�W,p`YQb�ºltW�m S m�X�W,g�c�p`b�b�Zf^`W�h(c�\Äc|ýX S m b�p�Zd��c�mfY[WK�!hdW�Y[g�c���c�Z(h+m�tW,X�W,b�b[c�Z(g�W¨k S p�gÀk3c�b��b�W,g�^`W½h�ºltW�Y�c�YÍZ(m�Z]Y[Z{c�h�Ã�k S p�g@h(W,wVp`W�h�hdW�bdi²¸+g[c�m�^�W�p`g�be] ��ú ��¤�W,Yeô£b S mqY�mqp�hdh(W�b[Ç-Âc2h"ºltW,Y[c�Y�3m3c�h�ÃË] �&ú �~¤À�&ô.Ç�k3c�g�p�m�W.tW,� S h(p`Y�Z S m#wVp�c�b�Z�� b�Y[c�Y[Zdwqp�W Zdb S Y���W�g v W½m�W ^�tW�k�W�m�^ek3c�b�^�pY[g�c)U�W,Y&b�p�Zd�VZ�� ú W�Y�Y�W2�A�Vk S Y[��ÂW�b�W2W,b�Y&X S ��tW,g�W�mfY�W²c!��W�X2h�º»�M�Vk S Y[��ÂW,b�W¥^�W k S g S ��tW,h{c�b1Y[ZdX�ZdYutW��k�p�Zdb�wqp�W/X,W�h(hdW��éX�Z½c�b�b�p�g�Wnh{cagVtW,��W�g�b�Z(Ï`Z(h(Z]YutWy^�W,b7Y[g�c�m�b�\ S g v c�Y[Z S m�bnÃÛO�Z S Y�� ñìZ i ñ Ç��­�Dc�gX S m`bVtW�wqp�W,mfY���h"ºTZ(m�X,gVtW v W�mfY-^�W2Y�g[c���c�Z(h�k�c�g&p�m�Z]YutW2^�W²� S hdp v W
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² õ�õV³4´P³ ²mµ ó&ôN¶�·¨ö�¸³T¶�³¨õ�¹�ø�ºP³.·½ôK»2ôK¼N¸³¨ö ² ø6¹
ù�ó�ù�¹½¸³
W�b1Y-p�m�W2^�Z]Á½tW,g�W�mfY�Z(W�hdh(W-Y S Y[c�h(W��`RÀW,b&X S m�^`ZdY[Z S m�b�^�ºQ�@p�hdW�g¹^ S Zd��W�mfY&^ S m`X�zW,Y[g�W �¨tW�g�Zd\�tW�W,bP�ßdÿ ]ÿ ¤ à�� ¦°¯ ñó ßdÿ ôÿ ú à�� Ã H � ñ�ñ Ç

	¥g&^�º»c�k�g�ÂW�b-h{c�h S Z�^�W²X S mfY[g[c�Z(mfY[W²W,Á�W�X�Y[Z]�+W7Ã!tW�wqp3c%Y[Z S m � ��iqÇV�ß ÿ ]ÿ ¤ à � ¦°¯ ¬ Þ ñ Ã H � ñ~� Ç
�ÍY-^�º»c�k�g�ÂW�b½h{c¾h S Z�^�W²X S m�b�W,g���c�Y[Z S my^�W²h{c v c�b�b�W7Ã!tW�wqp3c�Y�Z S m H � Z ÇV�

¯ ñó ßeÿ ôÿ ú à � ¦°¯ ÷ Þ ñ Ã H � ñ 
fÇ
	¥m#W�me^�tW,^�p�ZdY�^ S m`X¥wqp�W ÷ ¦ ¬!����Zdm3c�hdW v W�mfY��qh"º tW�wqp3c%Y[Z S m#^�W X S m�b�W�g1��c%Y[Z S m7^�W�h{cv c�b�b�W#Ã�g�W�h(c�Y[Z S m H � Z Ç�b,ºltW,X�g�Z]YD�

ü¤ ¦ õ ß üô ó ¯ ¬ Þ øaù üú à Ã H � ñ iqÇ
í �uB&� û �s¤@©±°�¶�þ2ª¥« ´«6g� �®1þ�­3§l �ª¬°2¦3¤¨§1ª�´«Q«� S p�g-p�m�W/tW�� S hdp`Y[Z S my^�g[c�Zdm�tW�W�Ã ü¤ ¦ kfÇ�� S mng�W,Y�g S p`��W h�ºltW,wqp3c�Y[Z S m H � � �¬ ¦ ï&¥_öïv¥ Ã H � ñ~[ Ç
H Z(m�b�Z"� S m�k�W,p`Y�^ S m`m�W�g�p�m`Wyc�p`Y[g�Web�Zd¸+m�Zd��X�c�Y�Z S mCc�p�X S W�n�X�ZdW�mfY�^�WÇO�Z S YyÃ�k3c�gg[c�k`k S g1YsÂcsX�W,h(h(WË^ S m�m�tW,Wx^3c�m�byh{csb�W�X�Y[Z S m H � ñ Ç �¹Z(h�X�c�g�c�X,YutW�g�Z(b�Wxh(c}��c�g�Z(c�Y[Z S m5^�p� S hdp v W�k S g�W�puÈxk�c�g²g[c�k�k S g1Y�ÂcyX,W�hdh(W�^�pa� S hdp v W¾Y S Y�c�h@c�paX S p�g�b²^�º»p`m�W�tW�� S hdp`Y[Z S m^�g[c�Z(m�tW,W��
�½c�k�k�W�h S m�b
wqp�º»W,m�X S m�^`ZdY[Z S m�bD^�g[c�Zdm�tW�W,b4ï&¥_ö½W,b�Y¾tW,¸fc�h(W�c�p_� S h(p v W�^�º»W�c�pCtW�X���c�m�¸DtWc��+W�X_h"ºTW�ÈVYutW,g�Z(W,p�g��¨	¥mËk�W�p`Y ^ S m�X ^�tW,Y�W�g v Zdm�W�gV¬�Âc�k3c�g1Y[Z(g-^�ºTp�m�W,b�b[c�ZD^�g�c�Z(m�tW W,m�p`Y[Z��h(Zdb[c�mfY¥h(c7g�W,h{c�Y�Z S m H � ñ@[ ��Âc�X S m�^�Z]Y[Z S mË^�º»c�� S Zdg v W�b�p`gVtW�h(W � S hdp v W ^�ºTW�c�pxZ(m)U�W�X,YutW S ptWlU�W�X�YutW²^�W²h"º tW�X���c�mfY[Z(hdh S m7W,Y½^�º»c!� S Z(g v W�b�p�gVtW²h{c¾^�tW,\ S g v c�Y�Z S m�� S h(p v ZdwVp`W���Dc�g@c�Zdh(hdW�p�g�b��)p�m�W�b�b[c�Z`^�g[c�Zdm�tW¹k�W�g v W�YÍ^�W&^�tW�Y[W,g v Z(m�W,g�h(W,bÍk3c�g�c v ÂW,Y[g�W�b tW,h{c�b1Y[ZdwVp`W�b^�p.b�wqp�W�hdW,Y�Y[W7Ã ��© ��� © W,Y	� © Ç��
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²mµ>á&µ ö ² ö�ô&ùqºP³ ó&ô&õ¥øv³T»Kâ ² ¹
ù�ô&õãºP³jö ² ¶ ² ø�ø\³åäÍö½÷
ùaºP³í �uB&�ÈB �s¤@©±°�¶�þ2ª¥« ´«6g� �®1þ�­3§l �ª ª¥ �ª °2¦3¤¨§�ªK´«Q«�@mCtW,X�g�Z]��c�mfYÍh"º tW�wqp3c%Y[Z S m_^�W¹X S m�b�W�g���c�Y�Z S m_^�W�h(c v c�b�b�W¥ÃÄg�W�h{c%Y[Z S m H � ñ iqÇÀW�m�X S m�^�Z��Y[Z S m�b&m S m.^�g�c�Z(m�tW,W�b Ã üô ¦ kfÇ�� S m S Ï`Y�Z(W�mfY-h(c�g�W�h(c�Y[Z S m�¸DtW,m�tW�g�c�h(W��¬�õ ¦ ��Ü Ý ± Ã H � ñ jfÇc½mKW�b�b[c�Z¹m S ms^�g�c�Z(m�tW7k�W,g v W,Y¾^`W�^�tW,Y�W�g v Zdm�W�g¾hdW�b k3c�g[c v ÂW�Y[g�W,b}tW�h(c�b�Y�Z(wqp�W,b¾m S m^�g[c�Z(m�tW,b½^`p v c�YutW,g�Z(c�paÃ ��Ü �
� Ü W,Y	� Ü Ç��í �uB&� R �s¤@©±°�¶�þ2ª;üÃE¥¤@¦_W�«
¡£«
ª�­Ê§l©` @­�¦3 �¢_«���
 ����2c�m�b&h(W²X�c�b½^�º»p�mnX��3c�g�¸+W v W�mfY�Z(b S Y[g S k�WP]ak S p�g&h(W,wVp`W�h_¤ ¦ã¯ ]Í�µc�h S g�b&h(c�k�g�W,b��b�Z S myW�b�Y-p`m�Zd\ S g v W ^3c�m�b-h(W b S hdZ(^�W��`W,Y�tW,¸fc�hdW#Âc�X�W�hdh(W¥^`p.¿3p`Z(^�W�Ã>¤�Ç��;��c�g-X S m�bVtW,wVp`W�mfY��h{cegVtW,k S m�b�W v tW,X�c�m`Z(wqp�W�W�b1Y_X,W�h(hdW�^�ºTp�m v c�YutW�g�Z(c�p v#S m S k��3c�b�Z(wqp�W�^`W v�S ^`p�h(W¾^�º»Zdmv�X S+v k�g�W�b�b�Z(Ï�Zdh(Z]YutW ��± �*� S m�X�� øaùbú ¦°¯ ¤��± Ã H � ñ!ò Ç�@m.^�tW�b�Z(¸+m�c�mfY-k3c�g ��� h(W v�S ^�p`h(W¥^�ºTZ(m`X S+v k�g�W,b�b�Z(Ï�Zdh(ZdYutW ^�py¿3p�Zd^�W�� S m S Ï`Y[ZdW�mfYX�üô ó ¦ ß����� ¯ ��,± à ü¤ Ã H � ñì� Ç
H Z(m�b�Z"�uh"ºltW�wqp3c�Y�Z S my^�W²X S m�b�W,g���c�Y[Z S my^�W²h{c v c�b�b�WrX S m�^�p`ZdY¾Âc�h{c�g�W,h{c�Y�Z S m��

ñõ ¦ ���� ª ¬ ¯ ��,± Ã H � ñìZ Ç
ú W�Y�Y�W¥g�W,h{c�Y�Z S m#k�W,g v W,Y¹^`W¥X S mu�3g v W�g¹h(c g�W v c�g�wqp�W¥wqp�W m S p�b-c��VZ S m`b�\Äc�Z]Y[W ^�c�m�bh{c_b�W�X�Y[Z S m � � � � ñ �*õ g�W�k�gVtW�b�W,mfY[W²h{c_X S+v k�g�W,b�b�ZdÏ�Z(hdZdYutW�^�pyb S h(Zd^�W W�Y&^�pyh(ZdwVp`Z(^�W��`· S p�b^�Z(b�X�p`Y S m�b@k�hdp�b�k`gVtW�X,Z(bVtW v W�mfY¨h{c½b�Z(¸�m�Zd�3X�c�Y[Z S m_^`WNõ ^3c�m�bÍh(c�b�W�X,Y�Z S m�b�p�Zd��c�mfY�W H ��
`� [ �
· S Y S m�b�wVp�º»W,m
W,Á�W�X�Y[p3c�mfY¯p�mÓW,b�b�c�Z~c!��W�XÆp�m Y�W�hsY[g�c)U�W,Y¯^�W£X��3c�g�¸+W v W�mfYv tW,X�c�m`Z(wqp�WKW,Y/�A�V^�g�c�p�hdZ(wqp�W�� S m�k�W,p`Y�^�tW�Y[W,g v Z(m�W,g �,± �	� h¾b�p\n�Yx^�W v W�b�p`g�W�gËh{c^�tW,\ S g v c�Y[Z S m�� S hdp v Z(wqp�W2W,Y-^�º»p`Y�Z(hdZ(b�W,g¹h{c�g�W�h{c%Y[Z S m H � ñ)ò �

í �uB&��f �s¤@©±°�¶�þ2ª¥« ´«6g� �®1þ�­3§l �ª F¤Ig� �®1þ2¡Å«¯üÀ �ª¥©V­`¤¨ª�­�@m`��m��µW�m�c�m�c�h �Vb[c�mqY�h(W²X�c�b�^�º»p�m`WatW,� S h(puY[Z S m�Âc�� S hdp v W²X S m�b�Y[c�mfY�Ã0øaùbú ¦ kfÇ S mk�W,p`Y½^�tW�^`p�Z(g�Wr^`Wrh�ºltW,wqp3c�Y[Z S m H � ñ i�h{c¾g�W�h{c%Y[Z S meb�p�Z]��c�mqY�W��
õ ¦ ó ß ÿ ¤ÿ ô à���� � Ã H � � kfÇ
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² õ�õV³4´P³ ²mµ ó&ôN¶�·¨ö�¸³T¶�³¨õ�¹�ø�ºP³.·½ôK»2ôK¼N¸³¨ö ² ø6¹
ù�ó�ù�¹½¸³
ú W�Y�Y�Wng�W�h{c%Y[Z S m±k�W�g v W�Y#^`WËk�gVtW�X�Zdb�W,g#h(cab�Z(¸+m�Z]�3X�c%Y[Z S m~^`W�õ¯� ú S m�b�Z(^�tW,g S m`b7p�m� S hdp v Wê¥�g�W v k�hdZÀ^�ºTW�c�p/^ S mfY h(c v c�b�b�Wr� S h(p v ZdwVp`WrW,b�YVó3� ¡ S ZdY��Åh{c v c�b�b�W ^�ºTW�c�pX S g�g�W,b�k S m�^3c�mfY�W�Ã�� ¦ ó&¥¾Ç�� H h S g�bDõ W,b�Y h{cek�g�W�b�b�Z S mawqp�ºTZ(hÍ\Äc�p`Y c�k`k�h(ZdwVp`W�g²k S p�g\Äc�Z(g�W#W,mfY[g�W,g¾X�W�Y�Y�W v c�b�b�W7^�º»W�c�p���^3c�m�b¾p`mC� S hdp v W}¥É^`W v c%YutW�g�Z{c�p}k S g�W�pVÈ��Dc�pX S p`g�b½^�º»p`m�W²W�Èuk�tW�g�Z(W,m�X�WeÂc�� S h(p v W2^�W v c�YutW,g�Z(c�p�X S m�b�Y[c�mfY��õ W�b�YËtW�¸fc�h&Âc,k#b�Z�hdWr¿�p�Z(^�W W�b1Y2Z(m`��m�Z v W�mfY½X S+v k�g�W�b�b�Z(Ï�hdW�� v c�Z(b-^3c�m�b X�W¾X�c�b Zdhm�º �.c�k`h(p�b&^�W²k�g�W�b�b�Z S mnZdmqY�W�g�b�Y[Z]Y[ZdW�h(hdW ^ S m�X²k�h(p�b-^�W²X S p�k�h(c�¸+W²ÑN�lÒ}�H h"ºTZ(mf�+W,g�b�W õ W�b�Y�Zdm`�3m�Z�b�Z�h(W7¿�p�Z(^�W#W,Y�hdW7b S h(Zd^�W7b S mfY�Z(m�X S+v k�g�W,b�b�ZdÏ�h(W,beÃ�k3c�gg[c�k`k S g1Y¹c�p#b�wVp`W�h(W�Y�Y�W!Ç�� ú W,Y�Y[W��A�Vk S Y[��ÂW�b�W W�b�Y�b S pu�+W�mfY&g�W,Y�W�mqp�W k S p�g�h(W,b v c�YutW�g�Z{c�puÈ¸+g[c�mVp`h{c�Zdg�W�b&X S+v�v W¥hdW2b[c�Ï`h(W��

� ���  �P���D�d���1��� �P�×�d�d� ���P� ÕN�}�VÖ Õh���P�×�4� Ú®���d�"!��P���m�$�d�$#}Ô�� �
RÀW,b¹X S W�n�X�ZdW�mfY[b&k S g S ��tW,h{c�b1Y[Z(wqp�W,b�k�W�p`��W�mfY zW,Y�g�W¥hdZ(b�YutW�b�^�W2h{c²\Äc|ýX S meb�p�Zd��c�mfY�W�Ã�Y[cb�Ï�h(W�c�p H � ñ Ç �

^�g[c�Zdm�tW�� �1© ��� © �
� ©%'&)(*&
+-,.0/ ( .2143.25 & 16/*798;:<.21 m S m.^�g[c�Zdm�tW�� ��Ü ��� Ü ��� ÜÃÄ^�tW,\ S g v c�Y�Z S m7^�W h(c¾g S X���W!Ç Z(m�^�tW,k�W,m�^3c�mfY�^�W�bX S m�^��3�M�V^�g[c�p`h(Z(wqp�W,bX�>= ¦@?�A)B ÏC Ï ¦ ?�A)BEDC DFHG;.0IJF07K.2LM/*1ON'.PFHGM: % 5 &)Q . ¬!�Ãõ¯� Ý ±ÃÄZdm`¿3p�W,m�X�W²^�py¿3p�Zd^�W!ÇR &�(S& FT/U3. ( 7916/*798;:<.21 ��± � ��� � �N<.21�FHGVL'16/*7W/*: & LM/*1
RÀW¥X S+v k S g1Y[W v W,mqY�k S g S ��tW�h{c�b�Y[Zdwqp�W Zdb S Y�g S k�W hdZ(m�tW�c�Z(g�W�W,b�Y&Y S Y�c�hdW v W�mfY�^�tW,�3m�Z�k3c�gh{c¾X S m�m3c�Zdb�b�c�m�X�Wr^�WPi�X�c�g[c�X�YutW�g�Z(b1Y[Z(wqp�W,b-Z(m�^�tW,k�W,m�^3c�mfY�W�b�� ú W,b½wqp3c�^�g�p�k`h(W,Y�b-k�W,p`�+W,mqYzW,Y[g�W2h"ºTp�m�W S pyh"º»c�p`Y�g�W2^�W,b�X S+v Ï�Zdm3c�Zdb S m�b�b�p�Z]��c�mqY�W�bD�
Î � k3c�g�c v tW�h(c�b�Y`ª � X S W�\�^`WrX S p�k�h(c�¸+W
Î � k3c�g�c v tW�h(c�b�Y-^`g[c�Zdm�tW�b`ª ñ k3c�g[c v tW,h{c�b1Y-m S m.^�g[c�Z(m�tWDª ñ X S W�\Í^�W²X S p�k�h(c�¸+W
Î � k3c�g�c v tW�h(c�b�Y-m S mn^`g[c�Zdm�tW�bhª ñ k3c�g[c v tW,h{c�b1Y-^�g[c�Z(m�tWDª ñ X S W�\Í^�W²X S p�k�h(c�¸+W
Î ñ k3c�g[c v tW�h(c�b�Y�^�g[c�Z(m�tW ª ñ k�c�g[c v tW,h{c�b1Y¹m S m7^�g[c�Zdm�tWPª�X ª ñ X S W,\
X S p�k�h{c�¸+W
RÀW,b½g�W�h(c�Y[Z S m�b H �Q
u� H ��j`� H � ñ j�W,Y H � ñ~Z b S mfY�hdW�b&g�W�h{c%Y[Z S m�b�\ S m�^�c v W,mfY�c�hdW�b¹W,mqY�g�Wh(W,b�X S W�n�X,Z(W�mfY�b&k S g S ��tW,h{c�b1Y[ZdwVp`W�b��&�@meh(W,b¹X S�v Ï�Z(m�c�mfY�� S mek�W�p`Y�W�m�Y[g S p`��W�g¹^�º»c�p`Y�g�W,b��X S+v�v W2k3c�g&W�ÈuW v k�hdW�� �1Ü ¦ ��© ª�¬ZY�õ Ã H � �Vñ Ç	¥m�k�W�p`Yac�p�b�b�Z¾W�m�^�tW,^�p�Z(g�WK^�W�bxg�W�h{c%Y[Z S m�bËW,mqY�g�WKhdW�b�k3c�g�c v ÂW,Y[g�W�bÌtW,h{c�b1Y[ZdwVp`W�b^�g[c�Z(m�tW,beW,Y.X�W,puÈ�m S m�^�g�c�Z(m�tW�baÃÄg�W�h(c�Y[Z S m�b � � ñ ksW�Y � � ñ�ñ �#tW,Y[c�Ï�hdZ(W�b7W�mÌc�m�m�W�È`W«O&Ç��
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S p5W,m�X S g�WË^�W,b�g�W,h{c�Y�Z S m`b�W�Èuk�g�Z v c�mfY#X��3c�X,p�m�^�W�b7X S W�n�X�ZdW�mfY[b#^�W/X S p�k�h{c�¸+WËc�Z(m�b�Zwqp�W �1Ü W�me\ S m`X,Y[Z S m�^�W,b¹X�c�g[c�X�YutW�g�Z(b1Y[Z(wqp�W,b&^�W�b&X S m�b1Y[ZdY�p3c�mfY[b�W,Y-^�W �1© �`X S+v�v W�k3c�gW�ÈuW v k�hdW1�

Ý ± ¦ a ?Í"Ï ¯ ?Í"Ð6b� a ?Ídc ¯ ?Í Ð b ª a ?Í"Ï ¯ ?Í Ð b Ã H � ��� Ç
H k�c�g�Y�Z(g¹^�W²X,W�b-g�W,h{c�Y�Z S m�b,� S m.k�W�p`Y-k3c�g&W�ÈuW v k�h(W/tW�Y�c�Ï�hdZ(g�h"ºTZ(m�tW,¸fc�h(Z]YutW�b�p�Z]��c�mqY�W��

��©fe½�1Ü"e½��± Ã H � � 
fÇ
� �hg ØÇ�ji1����Ó«ÕN�J�4���1� ���P� ÕN�}�VÖ Õh���P�×�d� �V� � ��V�lk��Ç������ � ��V�4�P�e� �ì���D�d���1� ��m Ú ��P�e�ì� �P�×�4�m���

RÀW,b k3c�g[c v ÂW�Y[g�W,b tW�h(c�b�Y�Z(wqp�W�bÓ^�g[c�Zdm�tW�b X S g�g�W�b�k S m`^�W�mfY c�p X S+v k S g�Y�W v W�mfYv tW,X�c�m`Z(wqp�W²^�p.b�wqp�W�hdW,Y�Y[W��|	¥myk�W,p`Y½h(W,b½^�tW,Y[W,g v Z(m�W,g&k3c�g&^�W,b�W,b�b�c�Z(b-^�g�c�Z(m�tW,b��
RÀW,b�k3c�g[c v ÂW�Y[g�W,b tW�h(c�b�Y�Z(wqp�W�b�m S m�^�g[c�Zdm�tW�b�X S g�g�W�b�k S m`^�W�mfY}c�p�X S+v k S g�Y�W v W�mfYv tW,X�c�m`Z(wqp�We^�p v c�YutW,g�Z{c�psm S m�^�g�c�Z(m�tWaÃ�b�wqp�W,h(W,Y�Y[W ª�W�c�p�Z(mfY�W�g�b1Y[Z]Y[Z(W,h(hdW!Ç��$	¥m�k�W,p`Yh(W,b½^�tW,Y[W,g v Z(m�W,g&k3c�g&^�W,b�W,b�b�c�Z(b-m S m.^�g�c�Z(m�tW,b��
· S p�b-c�� S m�b-^�tWlU)Âc�^�tW�Y�c�Zdh(h�tW�h{c_^ S p�Ï�hdW2b�Z(¸�m�Zd�3X�c�Y[Z S m�^�pyX S W�n#X,Z(W,mqY½^�WXO�Z S YrÃ�b�W,X��Y[Z S m�b H � ñ W,Y H �Q
u� � Ç��;	¥m�k�W�puY¹^�tW�Y[W�g v Zdm�W�gq¬&W�Èuk�tW�g�Z v W�mfY�c�h(W v W�mfY�^�W¥^�W,puÈ7\ÄcÃýX S m�b`�b S Z]Y¨W�m v W,b�p�g�c�mfY¨h{c2^�tW�\ S g v c�Y[Z S m¾W�Y�hdW�� S h(p v W&^�ºTW�c�p�W�Èuk�p�hdbVtW-^�ºTp�m~tW,X��3c�mfY[Zdh(h S m�c�pX S p`g�b¥^�ºTp�m�W,b�b[c�Z�^�g�c�Z(m�tW�ÃÄg�W�h{c%Y[Z S m H � ñ@[ Ç���b S Z]Y W,m v W,b�p�g�c�mfY¥h{c�^�tW,\ S g v c�Y[Z S mË^�ºTp�mtW�X��3c�mfY�Z(h(h S m�b S p v Zdb7Âce^�W�puÈxY�g[c)U�W�Y[b²^�W�X��3c�g�¸+W v W�mfY b�p�X,X�W,b�b�Z]\�b�Ð
p�m�W���c�g�Z(c�Y[Z S m�^�Wh{c�X S mfY[g�c�Z(mfY�W_Y S Y[c�h(WeÂc7k�g�W�b�b�Z S m/X S m`b�Y�c�mqY�W.Ã!tW�� S hdp`Y[Z S mË^�g�c�Z(m�tW�W!Ç���W�Y2p�m�W ��c�g�Z{c%Y[Z S m^�W¾h(c7k�g�W,b�b�Z S mjÂc7X S mfY[g�c�Z(mfY[W Y S Y[c�h(WrX S m`b�Y�c�mqY�W�� ú ºTW�b1Y²X�W�Y�Y[W�b�W�X S m�^�W v tW,Y�� S ^`W¾wqp�ZW�b1Y#hdW�k�hdp�b�b S pu�+W�mfY#p`Y[Zdh(ZdbVtW�W���X�c�g�Z(h�W�b�Y�Y�g�ÂW,b�^`Z n�X�Zdh(W7^`W v W�b�p�g�W,g�h(W,b¾Y[g�ÂW,b�k�W�Y[ZdY�b� S hdp v W�b-^�W2¿3p�Zd^�W2wqp�ZQb S g1Y[W�mfY½^�ºTp�mÊtW,X��3c�mfY[Zdh(h S m��	¥m±k�W,p`Yec�p`b�b�Z½^�tW�Y[W�g v Zdm�W�g�¬ek3c�g�X�c�hdX�p�h��@k3c�g#W�ÈuW v k�h(WKÂc}k�c�g�Y�Z(g�^�Wnh(c}g�W�h{c@�Y[Z S m H ��
`�
· S p�b¨c�� S m�b¨k�gVtW,X�Z(bVtW&h{c b�Z(¸+m`Zd�3X�c�Y[Z S m¾^�p v�S ^�p`h(W�^`WNO�Z S YÍ^3c�m�b@h(c¥b�W�X�Y[Z S m H ��
`� [ �	¥m�k�W,p`Y2h(W ^�tW,Y�W�g v Zdm�W�g�W�Èuk�tW�g�Z v W�mfY�c�h(W v W�mfY2W,m v W,b�p�g�c�mfY2h{c#k�g�W,b�b�Z S m�m�tW,X�W�b�b[c�Zdg�Wk S p�g¨Z(m%U�W,X,Y[W,g@p�m�W½X�W,g�Y�c�Z(m�W&wqp3c�mfY�ZdYutW-^�W&¿3p`Z(^�W-^3c�m`b�hdW v c%YutW�g�Z{c�p�k S g�W�puÈ/Âc2� S h(p v WX S m`b�Y�c�mqY¾ÃÄg�W�h(c�Y[Z S m H � � kfÇ��Ã	¥m.k�W�puY c�p�b�b�Z
hdW¥^�tW�Y[W�g v Zdm�W�g-¸+g)zc�X�W7Âc�h{c¾g�W�h(c�Y[Z S m H � ñ~Z798;:�<>=@?A= � �"!$#&%('$%*),+.-0/
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Âc�X S m�^�Z]Y[Z S me^�W²X S m`m3c)z ndY�g�WX¬!� � � �,± W,Y ��� �

· S p�b�c�� S m�b�^�tW��3m�Z¹hdW�k3c�g�c v ÂW�Y[g�W7^�W ¡ ÿ�W v k`Y S m Ý ± ^3c�m�b�h{c.b�W�X�Y[Z S m H � � �ÍRQcg�W,h{c�Y�Z S m H � �l� k�W�g v W�Y�^�ºÜc�m�c�h �Vb�W,g&h(W,b-��c�hdW�p�g�b&k S b�b�ZdÏ�h(W,b-^�W Ý ± �Î Z(hµ��c�p`YNk¾b�Z�h(W½¿3p�Zd^�W¥W�b1Y-Z(m`��m�Z v W�mfY¹X S+v k�g�W,b�b�ZdÏ�h(W k3c�g¹g�c�k�k S g�Y¹c�peb�wqp�W,h(W,Y�Y[WÃ ���Oo ��© Ç�� S pxb,º»Zdh�m�º �xc�k3c�b2^`W�k S g S b�Z]YutWyÃ ��© ¦ ��± Ç�Ð�X�W�X�c�b2W�b1Y p`maX�c�bh(Z v Z]Y[W2X�c�g ZdhÀm�ºx�Ëc7c�h S g�b�k�hdp�b ^`W_k�g�W�b�b�Z S mË^�W¾k S g�W���^ S m�X_k�hdp�b ^`W_X S p�k�h{c�¸+WÑN�lÒ}�
Î Z(hV��c�p`Y ñ b�Z3hdW¹b�wqp�W,h(W�Y�Y[W-W,b�Y¨Z(mu�3m�Z v W�mfY@X S+v k�g�W,b�b�ZdÏ�h(W�k3c�g@g[c�k�k S g�Y¨c�p�hdZ(wqp�Z(^`WW,Y@c�p�b S hdZ(^�W¥Ã �1©po �,± W,Y ��©qo ��� Ç�� S p�b�Z`h{c X S+v k`g�W�b�b�ZdÏ�Z(hdZdYutW¨^�p�b S h(Zd^�W�W,b�YtW�¸+c�h(W2Âc�X,W�h(hdW�^`p¾h(ZdwVp`Z(^�W�ÃÄX,W�wqp�ZVm�ºTW�b�Y�k3c�bDk S b�b�ZdÏ�h(W�W�m v tW�X�c�m�ZdwVp`W�^�W,b�g S X���W,b��X�c�g½hdW¥¿3p�Zd^�W2W�b1Y�Y S p%U S p�g�b&k�h(p`b½X S+v k�g�W,b�b�ZdÏ�h(W2wqp�W²hdW2b S hdZ(^�W�� ���srå��± Ç��Î W�mu�3m��q^3c�m�b�h(W-X�c�b�¸DtW�m�tW,g[c�hµZ(h`W�b�Y�Z(mu\!tW�g�ZdW�p�g Âc ñ X�c�g�X S+v�v W&m S p�b¨�+W,m S m�b�^�W�hdW^�Zdg�W���h(W²¿3p�Zd^�W_W,b�Y¥Y S p%U S p`g�b k`h(p�b�X S+v k�g�W,b�b�Z(Ï�hdW_wqp�W¾hdW_b S h(Z(^`W W,m v tW,X�c�m`Z(wqp�W^�W,b�g S X���W,b��u· S Y S m�b�wVp�º»Zdh�k S p�g�g[c�Z]Y½zW,Y�g�W½b�p�k�tW,g�ZdW�p�g²Âc ñ ^3c�m�b�h(W-X�c�b�X S mqY�g[c�Zdg�W��	¥m~k�W�puY�^�tW,Y�W�g v Z(m`W�g Ý ± b S Z]Y�W�Èuk�tW,g�Z v W,mqY[c�h(W v W,mfY�W�m v W�b�p`g[c�mfY�h{cË��c�g�Z{c�Y�Z S m}^�Wk�g�W,b�b�Z S myZ(mfY�W�g�b1Y[Z]Y[Z(W,h(hdW�c�p.X S p�g�b¹^�ºTp�myW�b�b�c�ZÀ^�g�c�Z(m�tW��ub S ZdY¹k3c�g¹X�c�h(X,p�h�Âc¾X S m�^�Z]Y[Z S m�^�WX S m`m3c)z ndY�g�W2^�º»c�p`Y�g�W,b�X S W�n#X,Z(W,mqY�b�k S g S ��tW,h{c�b1Y[Z(wqp�W,b��
RÀW v�S ^�p`h(W ^�ºTZ(m�X S+v k�g�W,b�b�ZdÏ�Z(hdZdYutW ^�p b S h(Zd^�W �,± k�W�p`Y zW,Y�g�W ^�tW,Y�W�g v Zdm�tWW�Èuk�tW,g�Z v W�mfY[c�h(W v W,mqY�k3c�g#p�m±W�b�b[c�Z½c��+W,XËp�m±X��3c�g�¸�W v W�mfY7Zdb S Y�g S k�WÇ] ¦ ¯ ¤�Ã�b�W,X��Y[Z S m H ��
`��ifÇ��
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�½c�k�k�W�h S m�bsh�ºltW,m S m�X�tW�^�pÅk�g S Ï�h"ÂW v W �_m S p�b�X S m�m3c�Zdb�b S m�b�h(W v�S ^�ÂW�h(WÆtW�h{c�b�Y S �k�h{c�b�Y[Zdwqp�WM^�p v c%YutW�g�Z{c�pÓW�m X S m`^�ZdY�Z S m�b m S m ^�g[c�Z(m�tW,W�b��CW,YÅm S p`b�b S p���c�ZdY S m�b^�tW,Y�W�g v Zdm�W�g&hdW v#S ^�ÂW�hdW2g���tW S h S ¸+Z(wqp�W¥^`pnb�wVp`W�h(W�Y�Y�W��· S p�bxc�� S m�b�^�tW,��W�h S k�k�tW�^3c�m`b�h{c5b�W,X,Y�Z S m � ��
5h(W,bxc�b�k�W�X�Y[b/Y���tW S g�Z(wqp�W,ba^`WKX�Wk�g S Ï�h"ÂW v W��&W,Ynm S p�bnc�� S m�b v#S mqY�gVtWxX S�v#v W�mfY.^�tW,Y�W�g v Zdm�W�gyh(WxX S+v k S g1Y[W v W�mfY.^�pb�wqp�W,h(W,Y�Y[WK^3c�m�b�h(W}X�c�b�hdWCk�hdp�b/¸DtW,m�tW�g�c�h"� · S p�b/c�h(h S m�b v c�ZdmqY�W�m3c�mqYËZ(hdh(p�b1Y[g�W,gnX,W�bgVtW,b�p�h]Y�c�Y�b¾W�m�h(W,b¾c�k`k�h(ZdwVp�c�mfYËÂcË^�W,puÈKh S Z(b ^�W�k�h(c�b�Y�Z(X�Z]YutW�X�h(c�b�b�Z(wqp�W�b�W,m v tW,X�c�m`Z(wqp�W^�W�b½g S X���W,b��
z �~� ç �1�P{��ê� �� � �4Ô�� ��� Õ`�e����|�P�d� ���~} ��k��l!d���1Ô����1� {
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ª�­�ª¥ �ª °2¦3¤¨§1ª�´«
«¡ p�k�k S b S m`b½wqp�W2hdW2X�g�ZdY�ÂW,g�W¥^`Wrk`h{c�b1Y[Z(X,ZdYutW ^�p v c�YutW,g�Z{c�p�m S my^�g�c�Z(m�tW b S Z]Y&^�peY��Vk�WÒ S ��ga� ú S p`h S+v Ï��)� hÀb�ºltW�X,g�ZdY-^ S m�X���7Ã ] ���qÇ ¦ � ] ? ¯ ]
� ¯J� ÃW�qÇ ÃËO � ñ Ç] ? W�Y ]
�jb S mqY~hdW�bKX S mqY�g[c�ZdmfY[W�bKY S Y�c�hdW�bKk�g�Z(m�X,Z(k3c�h(W�b v c)U�W,p�g�W�W�Y v Z(m`W�p�g�W�ÃÄhdW�bX S+v k�g�W�b�b�Z S m`b½b S mfY½m�tW�¸fc%Y[Zd��W�b½W,YN] ?p� ] Y � ]
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`� � �
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RQc k S b�ZdY[Z]�VZdYutW�^�W¹h(c�k�p`Z(b�b�c�m�X,W&k�h{c�b1Y[ZdwVp`W�Z v k S b�W`��� r ] ± Ã�� S Z(gÍh(c�b�W�X,Y�Z S m � �Q
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 Ã � � ª ñ Ç
� Y ¦ ¬ Ý ±
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 Ã � ª � Ç
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RQc.k�g�W,b�b�Z S m�¤
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RÀW-k S Y[W,mqY�Z(W,h3k�h{c�b1Y[ZdwVp`W&^�p7b�wVp`W�h(W�Y�Y�W�W,b�Y�^�p�Y��Vk�W ú S p�h S+v Ï�¸DtW�m�tW,g[c�hdZ(bVtW��+X S�v#v Wh(W2X,g�ZdY�ÂW�g�W1� � § ÃË] § Ç ¦º¹ ? ] §? ª ¹ Y ] §Y ª ¹ �z] §� ÃËO � Z Ç
RÀW�b²k3c�g�c v ÂW�Y[g�W�b�Ã ¹ ? � ¹ Y Çh� ¹ � S mfY W�È`c�X,Y�W v W�mfYrh(W�b v zW v W�b2W�Èuk�g�W,b�b�Z S m�brwqp�W�h(W�b2k�cb�g[c v ÂW,Y�g�W,b_ÃK� ? ��� Y �¡����Ç��DÂc�X S m�^�ZdY�Z S me^`Wrg�W v k�h{c�X�W�g � k3c�g ÷ �
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R S g�b�wqp�W�h(W�Y�g[c)U�W�YÍ^�W�X��3c�g�¸+W v W�mfYÍk�c�g�X S p�g�Y�h"º»c�g�ÂW�Y[W�^�W¹X S+v k`g�W�b�b�Z S meÃ ] ? ¦ ] Y �]
��Ç��%h(W�X�g�Z]Y�ÂW,g�W�^�º»Zdm�ZdY�Z{c�Y�Z S m2^�W�h{c-k�h{c�b1Y[ZdX�ZdYutW�^`p¾b�wqp�W,h(W,Y�Y[W¹k�W�puY¨c�h S g�b
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c��+W�X1� � § ¦ � ? ª£� Y¯ �	� ¦ � ¯ �K¶ Ð� Ã � ª � Ç
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 Ç�Ã
�½W v c�g�wqp�W�bX�
ñ � � §Ím`W7^�tW,k�W,m�^Kwqp�W�^�W�Ä W,Y¾^`psk�g S ^�p�Z]Yê¬ Ý ± �QY�c�m�^`Z(brwVp`W � §�ÁÀ6� ^�tW,k�W,m�^K^�W� �ÁÀ6� � � �*¬!� Ý ± W�Y½^�W�b½X S m`^�ZdY�Z S m�b�Z(m�Z]Y[Z{c�h(W�b�^�p v c�YutW�g�Z{c�p}] © W,Ye¤ © �� �-b�Z�¬ ¦ k`�3c�h S g�b�h(W v c�YutW,g�Z(c�pem�ºTW�b�Y½k3c�b½k S g�W�puÈ��3W,Y S m.g�W,Y�g S p`��W Ï`Z(W�m � § ¦ �W,Y � §�ÅÀj� ¦�� �ÅÀj� �
`�-b�Z
¬ Ý ± ¦ ñ �µc�h S g�b&hdW²b�wqp�W�hdW,Y�Y[W_W,b�Y�Z(m`��m�Z v W�mfY-X S�v k�g�W�b�b�Z(Ï`h(W²k3c�g-g[c�k�k S g�Y½c�pb S h(Z(^`W�W,YÍk3c�g�g�c�k�k S g�Y½Âc h"ºTW�c�p���W�Y � W�b1YÍ\ S g�X�tW v W�mfY¾tW�¸+c�hQÂc ñ �l�Dc�gÍX S m�bVtW,wVp`W�mfY��� § W�b1Y2Z(m`^�tW,Y�W�g v Z(m�tWeÃ S m tW�h(Z v Zdm�Wrh{c#b S h(puY[Z S m/m S m�k��M�Vb�Zdwqp�W � § ¦�¯ � k S p�g� Æ¦ ñ Ç��i��-b�Z � ¦ ñ Ã�X�g�ZdY�ÂW,g�Ws^`WJÇDg�W�b�X�cfÇ��²c�h S g�b � § ¦ � ¦ ñ � W�Yxh(WsX,g�Z]Y�ÂW�g�Ws^�pb�wqp�W,h(W�Y�Y[WaW�b1YËhdW v zW v W�wqp�WaX�W,h(p�Z2^`p v c�YutW,g�Z(c�p v#S m S k��3c�b�Z(wqp�W�� ú W�X,Z W,b�Yh S ¸+Z(wqp�W�k`p�Z(b�wVp`Weh(W�X,g�ZdY�ÂW�g�We^�WÈÇDg�W�b�X�cxm�W�\Äc�ZdY_Z(mfY[W,g���W�m�Zdg�wVp`W.hdW�^�tW��uZ(c�Y[W,p�g^�W,b�X S mfY[g[c�Z(mfY[W,b��[ � � §¹W,b�Y#Y S p%U S p�g�b#b�Y[g�Z(X�Y[W v W�mfY#b�p�k�tW�g�ZdW�p�gaÂc � ��b[c�p`\¥b�Z � ¦ ñ ÃÄX�g�ZdY�ÂW�g�Wn^�WÇ
g�W�b�X�cfÇ S pyb�Z�¬ Ý ± ¦ knÃ�k3c�b-^�W²k S g S b�ZdYutW!Ç��j`� � §�ÁÀ6� ¯É� �ÁÀ6� W�b1Y±^`p v zW v W�b�Zd¸+m�W�wqp�W ¤)�ÁÀ6� ¦ ¤ © ª Ý ± Ã ] © ª �ËÊ�Ì�Ê� Çswqp�ZW�b1Y.h{csk�g�W�b�b�Z S m�ZdmqY�W�g�b�Y[Z]Y[ZdW�h(hdW/c�p v�S+v W�mfYe^�W�h�º»Zdm�ZdY�Z{c�Y�Z S m~^�W�h{csk`h{c�b1Y[Z(X,ZdYutWk S p�gÀp�mrW�b�b[c�Zq^�W¨X S�v k�g�W�b�b�Z S mrb�Z v k�h(W���X S+v kuY[W@Y[W,mVpr^�W,bDX S m�^�Z]Y[Z S m�b�Z(m`ZdY[Z(c�h(W,b��
�@m`��m S mÊk�W�p`Y v�S mfY[g�W,gewqp�W}b�Z2h(WxgVtW,¸+Z v W/^�WxX S mfY[g[c�Z(mfY[W±ÃË] ? ¦ ] Y � ]
��Çm�º»cnk3c�b X��3c�m�¸DtW7^�W,k�p�Z(b h"ºTZ(m�Z]Y[Z(c�Y[Z S mË^�W#h{cyk�h{c�b�Y[ZdX�Z]YutW��Qc�h S g�brZdh@W�ÈuZ(b1Y[W#p�m�W7g�W�h(c�Y[Z S mk�g S k S g1Y[Z S m�m�W,h(h(W�W�mfY[g�Ws  § W,Yf¢ § �

  § ¦�Í Þ ¢ § c��+W,X�� ÍX¦ ñ ª�Î6ÏÑÐYÃ ñ ¯ ÷ § Ç Y ª ¬ Ý ±
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ù�ô&õãºy÷�ó&ôN¶�·½ôK»h¹$³T¶�³¨õ�¹�ºy÷ø;��÷$³¨ö�³V¹K¹$³ �² · ² »h¹
ùa»Îº�� ³�ø�ø ² ù1øyõ¾ô&õYºP» ² ùlõ ¸³�ø
R@ºltW�X,g S p�Zdb�b�c�¸+W/k�W�p`Yy^ S m�XKzW,Y�g�W/X S mfY[g)zS h�tW/k�c�g�p�m�W�b�W�p�hdW/��c�g�Z(c�Ï�h(WsÃ9 A§ S p-¢6§ðÇ��ú W,Y�Y[W���c�g�Z{c�Ï�h(W�k�W�p`Y c�p`b�b�Z½zW,Y�g�W�� § Y�W�h¨wqp�W ü� § ¦~� üú � § � �ÀX�c�g²Z(hÍW�ÈuZ(b�Y�W#p`m�W#g�W�h(c�Y[Z S mk�g S k S g1Y[Z S m�m�W,h(h(W�W�mfY[g�Ws¢6§�W,Y©��§��

� § ¦ � Þ ¢ § c��+W,X���� ¦~Ò ñ ª Î Ï ÐYÃ ÷ § ¯ ñ Ç� �����ÈB C}©u«
þ¥°2 ±Ó�©uý�þ¥«
®l«�­u­`«Ì¤6g�«Qü>¢2®l¤@©V­�§1üQ§é­2´«>«
ª üÀ �ª�­`¦3¤¨§�ª�­`«Ê­` ±Ó
­�¤¨®l«

RÀW,b½k�c�g[c v ÂW,Y�g�W,b&wVp`ZDc%Á�W,X,Y[W,mfY�^`W�b½¸+g[c�m`^�W�p�g�b-^�p.Y��Vk�W²X S mfY[g�c�Z(mfY�Wrm`Wrb S mfY½k3c�bv#S ^�Z]�¹tW�b,��Y�c�m�^�Z(b wVp`W�X�W�pVÈxwqp�Z@c�Á�W�X�Y[W�mfYr^�W,b2¸+g[c�m`^�W�p�g�b2^�p�Y��Vk�W�^�tW�\ S g v c�Y�Z S m/hdWb S mfY��\� S p�g�m S Y[g�W�h S Z3Ï3c�bVtW�W b�p�g�hdW�X,g�Z]Y�ÂW�g�W�^`W¥Ò S ��g�� ú S p�h S�v Ï � W�Y � m�W X��3c�m�¸+W�mfY^ S m�X²k3c�b�� v c�Z(b ÷ W,Y©��^ S Z]�+W�mfY_zW,Y�g�W2Y[g�c�m�b�\ S g v tW�b-W�È`c�X�Y[W v W�mfY�X S+v�v W¥k S p�g-h{c¾h S Z^�W½X S+v k S g�Y[W v W,mfY�W,m�X S mqY�g[c�ZdmfY[W�b�W,Á�W�X�Y[Z]�+W�b,�`RÀW½X�g�ZdY�ÂW,g�W��Vh(c²��c�g�Z{c�Ï`h(W¹^�º tW�X,g S p`Z(b�b�c�¸+WW,Y½h(W2k S Y�W�mfY[ZdW�h�b S mfY¥c�h S g�bV��#ÃË] ��  § Ç ¦ � ] ? ¯ ]
� ¯J� ÃK  § Ç ÃËO � ñ 
fÇü  § ¦ ü� ¦Ô� üú � § ¯ ¬ Ý ±
 øaù üú � § � ÃËO � ñ iqÇ� § Ã ] Ç ¦�¹ ? ] ? ª ¹ Y ] Y ª ¹ �Ì]
� ÃËO � ñ~[ Ç
z ��Ò ç �1�4{��m� �� � �4Ô�� ��� Õ`�e����|�P�d� ��� � �"ÕÔ�ÕqÙ��P�
� � û¹��� �� �§�°2«�üÀ �¡£¢_ �¦`­�«
¡Å«Dª�­�ª¥ �ª;°2¦3¤¨§1ªK´«Q«

RÀW2X,g�ZdY�ÂW�g�Wr^`WJ�¥g��p�X�ÿ�W,g½b,ºltW,X�g�ZdYD��7Ã ] ���fÇ ¦�Ö ª£��× ? ¯ Ý ÃK�fÇ ÃËO � ñ$Ø Ç
c��+W�X Ö ¦�Ù ñ��Ú ÃË] ? ¯ ] Y Ç Y ª>Ã ] ? ¯ ]
��Ç Y ª>ÃË] Y ¯ ]
��Ç YÜÛW,Y©× ? ¦ øaùb]

RQc¾��c�g�Z(c�Ï�hdW¥^�ºltW�X�g S p�Zdb�b[c�¸+W®��W�b�Y-Y�W�h(hdW2wqp�W�� ü� ¦�� üú � �
RÀW2k S Y[W,mfY[Z(W,hÀm S mnc�b�b S X,Z�tW2^�pyY��Vk�WD�¥g��p`X�ÿ�W�g-b,ºltW,X�g�Z]YD��#ÃË] Ç ¦�Ö ª ¹ × ? ÃËO � ñ!ò Ç
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� µÞÝ\µ ö�ô¹ùp� ² ø ¸³e³�øÍ÷
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� � û¹� û �� �§�°2«�üÀ �¡£¢_ �¦`­�«
¡Å«Dª�­5°²þ;©`ý½þ¥«
®1«�­V­�«�¾ºTp�m�W2k�c�g�Y��3h{c¾k S b�Z]Y[Zd�VZ]YutW¥^�W²h(c¾k�p�Z(b�b[c�m`X�Wrk�h{c�b1Y[ZdwVp`W2Z v k S b�W�Ã�� S Z(g&k3c�¸+WPi � ÇV�Ý � ° ¯ ¬ Þ ¤ �­��� �E�Ã ñ ¯ ¬ Ý ± Ç ÃËO � ñì� Ç
�¾º»c�p`Y�g�W²k3c�g1Y hdW²Ï S mnb�W,m�b Z v k S b�W²h(c�X S m�^�Z]Y[Z S m.b�p�Zd��c�mfY�WeÃÄX�c�g-b�Zdm S mËhdW²X�g�Z]Y�ÂW,g�W^�p.b�wqp�W�hdW,Y�Y[Wrm�º»W,b�YÍU�c v c�Z(b¹c�Y�Y�W�Z(mfY-h S g�b&^�ºTp�myY[g�c)U�W,Y½^�W²X S�v k�g�W�b�b�Z S m.b�Z v k�h(W�Ç`�

Ã ñ ¯ �2Ç ° ¬ Ý ± ÃËO � ñìZ Ç
RÀW2X,g�ZdY�ÂW�g�Wr^`pnb�wVp`W�h(W�Y�Y�W W,b�Y�c�h S g�b �� § ÃË] § �¡  § �¡¢ § Ç ¦�Ö ª£� § Þ × §? ¯ Ý § Ã9  § ��¢ § Ç ÃËO � � kfÇ

c��+W�X1�   § ¦ �¢ § ¦ øaù@ú � §� § ¦ �
ñ ¯ ¬ Ý ±Ý § ÃK  § �¡¢ § Ç ¦�Ý Ã9  § Ç ¯ 
T� Þ ¬ZY�õ Þ ¢ § ª�
T� § Þ ¬%Ã>¤ © ª Ý ± ] © Ç

	¥mek�W�p`Y7tW,Y�c�Ï�h(Zdg�p�m`W2g�W�h(c�Y[Z S m7¸DtW�m�tW,g[c�hdW¥W�mfY[g�W® &§�W,Y¨¢6§
Ã���c�h{c�Ï�hdW wqp�W,h(wqp�W2b S ZdY¹hdWgVtW,¸+Z v W2^�W²X S mfY�g[c�ZdmqY�W!ÇV� ¢ § ¦ 
 ¹ §
Ò �Y ª�
 ¹ Y

  §
R@ºltW�X,g S p�Zdb�b�c�¸+W k�W�puY ^ S m�X zW,Y[g�W X�c�g[c�X�YutW�g�Z(bVtW k3c�g p�m�W b�W�p�hdW ��c�g�Z(c�Ï�hdW^�ºltW�X�g S p�Zdb�b[c�¸+W���@m`��m��3h(W2k S Y[W,mfY[Z(W,hÀk�h{c�b�Y[Zdwqp�W2^�p.b�wqp�W�hdW,Y�Y[W²W�b1Ym�� § ÃË] § Ç ¦�Ö ª ¹ § Þ × §? ÃËO � �Vñ Ç
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� â â G�� G ã
äæå L±ç
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�½c�k�k�W�h S m�b�h"ºltW�m S m�X�tW¥^`pek�g S Ï`h"ÂW v W½k S bVtW#Âc_h(c b�W,X,Y�Z S m [ � ñ �xi��qk3c�¸+W ñ@��� �uZ(hµb�º»c�¸+Z]Y^�W.X�c�hdX�p�hdW�g�h{c�gVtW,k S m�b�W v tW,X�c�m`Z(wqp�Wnc�p±X,g�W,p�b�W v W,mqY7^�ºTp�mjk�p`ZdY[b ñ �ÓÃÄ�M�Vk S Y[��ÂW,b�W�b^�º»c%ÈuZ(b�� v tW,Y�g�Z(W-W�Y�^�W½^�tW�\ S g v c�Y[Z S m�k�h(c�m�W!Ç��f^3c�m�b�h(W-X�c�b�^�º»p�m`W�h S Z�^�W½X S+v k S g�Y�W v W�mfYÂc � v tW,X�c�m�Zdb v W�b2^�W�k`h{c�b1Y[Z(X,ZdYutW_Ï3c�bVtW�b2Y S p�b2h(W,b2^�W�puÈ�b�p�g2hdW¾X�g�ZdY�ÂW,g�W�W�Y²h(W¾k S Y[W,mfY[Z(W,h^�W>Ò S ��ga� ú S p�h S+v Ï���RQc�k�g�W v Z"ÂW�g�WÊh S Z�^�WÊk�h(c�b�Y�Z(X�Z]YutW�^�tW,X�g�ZdY±h(W�k���tW,m S+v ÂW�m�WÌ^�WX S+v k3c�X�Y[Z S m/Ã�� S Zdg¨b�W�X�Y[Z S m,i�� � Ç��qc!��W�X¥p`m�W�^`ZdÁ½tW�g�W,m�X�W�k3c�g¨g[c�k�k S g�Y2Âc h(crh S Z S g�Z(¸+Zdm3c�h(WX�ºTW�b1Y_wqp�W�h(W�X,g�ZdY�ÂW�g�W�W,Yrh(W�k S Y[W,mfY[Z(W,hÍb S mqYr^�W7Ò S �`g�� ú S p�h S+v Ï���RQceb�W,X S m�^`W7b�Z v p�hdWh(W2k���tW�m S+v ÂW�m`W ^�W²k�gVtW��ég�p�k`Y�p�g�W#Ã�� S Zdg&b�W�X�Y[Z S m i`�Q
fÇ��
	¥m/b,ºÜc%Y�Y[W,m�^5Âc7X�W�wqp�ºTZ(h���c�ZdYV
7| S m`W�b2^�W�m3c%Y[p�g�W�b¥^�Z]Á½tW,g�W,mqY�W�b���p�m�W¾| S m�W¾k�g�ÂW�b^�W�h(cnk3c�g S Z S ÂpCh(W,b � Y��Vk�W�b¾^`W�^�tW,\ S g v c�Y[Z S m�brX S �éW�ÈuZ(b1Y[W�mfY.Ã ù´ø Ú ¹ �Ì¬ Û Ç�ÐDp�m�W�| S m�WZ(mfY[W,g v tW�^�Z(c�Z(g�W S Âp±b�W,p�h(W/h(c}X S+v k�c�X,Y�Z S m±W�b�Y�b S hdh(Z(X,ZdYutW�W}ÃËùùø Ú ¬¸�Zú Û Ç�Ð�W,Y�p�m�W/| S m�WtW�h{c�b�Y[Zdwqp�W2k S p�g&h(W2g�W�b�Y�W²^�p v c�b�b�Zd\¹ÃËùûø Ú ú*��ª¬ü Û Ç��
�Dc�g�c�Z(h(hdW�p�g�b��¨m S p`b�b�p�k`k S b�W�g S m�bewqp�W�h"º tW,Y[c�Y#^�W/X S mqY�g[c�ZdmfY[W/g�W�b�Y�W�k3c�g1Y S p`Y7W�mgVtW,¸+Z v W ^�W�\Äc�X�W��`X�ºTW�b1Y��,Âcb� ^�Zdg�W¥wqp�W2h(c X S mfY[g[c�Z(mfY[W S g�Y[� S g[c�^`Z{c�hdW�m�W.ilg[c�Y�Y[g�c�k�W,o¾k3c�b�h{cX S mfY�g[c�ZdmqY�Wrc%ÈuZ{c�hdW�ÃÄX,W,Y�Y�W²�A�Vk S Y[��ÂW�b�W ^�W,�Vg�c.zW�Y[g�W2�@tW�g�Zd��tW,W_c�k S b�Y�W�g�Z S g�Z�Ç��
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ù�ô&õ ² õ ² ö'ý`¹
ù^��÷
³ÿþ º�ô�÷`�¹ö�³�·�ö ² ø�¹
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� �~� � #}Ô��J�4���1��� ��Ô Ú��d��{��2|�P� ��2c�m�b h(c.| S m�W S Âp}hdW�b � k�h{c�b�Y[ZdX�Z]YutW�b²X S � W�È`Zdb�Y�W�mfYyÃ ùwø Ú ¹ �z¬ Û Ç��DhdW�batW�wqp3c�Y�Z S m�br^�pk�g S Ï�h"ÂW v W2b S mfYJ�
]�� ¦ ùb] §� ªL] � Ã!tW�wqp3c%Y[Z S m.^�ºltW,wVp`Z(h(ZdÏ�g�W�Çú � ¦ ù@ú § � ª ú�� ÃÄX S�v k3c%Y[Z(Ï`Z(h(Z]YutW½^�W�b-^�tW�\ S g v c�Y�Z S m�b[Çú � ¦ ú �� ª ú � ?� ª ú � Y� ÃÄk3c�g1Y[Z]Y[Z S m�^�W�b-^�tW�\ S g v c�Y�Z S m�b[Çú�� ¦ ú �� ª ú � ?� ª ú � Y� ÃÄk3c�g1Y[Z]Y[Z S m�^�W�b-^�tW�\ S g v c�Y�Z S m�b[Çú�� ¦ ú �� ª ú � ?� ª ú � Y� ÃÄk3c�g1Y[Z]Y[Z S m�^�W�b-^�tW�\ S g v c�Y�Z S m�b[Çú�� ¦ k ÃÄ^�tW,\ S g v c�Y�Z S m7k�h{c�m`W!Çú � ?� ¦ ú � ?� ¦ ú � Y� ¦ ú � Y� ¦ k � ú �� ¦ k ÃÄgVtW,¸+Z v W2^�W2\Äc�X,W!Çú �� ¦ ñ� Ú ] � ¯ ��Ã ]��dªL]���Ç ¯ Ã ñ ¯ � ��Ça] © Û Ã!tW�h(c�b�Y�Z(X�Z]YutW�Çú �� ¦ ñ� Ú ]�� ¯ ��ÃË] � ª ]���Ç ¯ Ã ñ ¯ � ��Ça] © Û Ã!tW�h(c�b�Y�Z(X�Z]YutW�Ç]�� ¦ ��ÃË] � ªL]���Ç6ªÌÃ ñ ¯ � ��Ça] © Ã!tW�h(c�b�Y�Z(X�Z]YutW�Ç]�� ¦ � ? ] � ¯�� ? ª
	 ? ú � ?� ÃÄX�g�ZdY�ÂW�g�W2^`Wrk`h{c�b1Y[Z(X,ZdYutW ñ Ç]�� ¦ � Y ] � ¯�� Y ª
	 Y ú � Y� ÃÄX�g�ZdY�ÂW�g�W2^`Wrk`h{c�b1Y[Z(X,ZdYutW � Çú � ?� ¦ ¯ ÷ ? ú � ?� ÃÄh S Z�^�ºltW,X S p�hdW v W�mfY ñ Çú � Y� ¦ ¯ ÷ Y ú � Y� ÃÄh S Z�^�ºltW,X S p�hdW v W�mfY � Ç
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7 À ½ 8 � �w�C�C� Ñ �¶Ë���KÊ¾�añ Î � �*��� ½ ��� ��§*¬ àõ­*ô¨©W ,Ö¨¯�Ü;«X��× Ø©*ÙÚ­;��¤5Û°§�©W Ý©£� ×s¤¦à>¤ ©£§í¬���«X©£§+A�9���O °­;¢5§ó«ÿØ©[­+§;©WÙ�ÙWÖ¡­;�¨ô¨©£×R©£��¢ Ü¨©6¬�Ö¡­� *©�{ ­£¬M¬ à>¤ ÙÚ­;¢¥¤ ��� ­;§U«W©£¢5«/­;¤¦¢!Ü¨©EÜ¨©W W £¤ ÙÚ­;®¢¥¤ ����²�G ´�I�°åÚ� â � â ¸¨³��Ä¸;ùXú�� â � ¼�J�| ³W¸ ¼ � â ��å � ¸�µM�Xå ��� û ´�ú;º¡åÚåON���°å Â
7 À Äo8 �B� .9�y�kÅKê¦��� ÇEÎ �£�50 ���y�*Ëó�w�¾Ë¾ê¦� � �U. ï �=Î � Å����MÅ�� ± Ü¨©£��¢¥¤ ~7ÙÚ­;¢5¤ ���<�_�6¬���«X�*©£®àõ­� £¢¥¤ Ù�ÙW���¡ £¢ ­;��¢¦ ��_�EÜ¨©W©Z¬<­;«¥ô;¤¦à¦àõ­¨ÙW©W��§M [«X�*Ù[4*  ±M± x�¤¦��§;©£«X *©�­;� ­;à>¯* £¤¹ £²9ö µ�# � ¸ �ùq¸ ý �°³W´�ú�µ¶·¹³�å öÚöm� Å ÷Xø æB·1¸��G³W¸�µóüF�°ùÚ��µ¶³°�
¸�µ � ¸�ùM¸ ý �°³W´�ú;µ¡·¹³°å�% � Á¶ÁÃÂ Å ½ Ä � Å;Ä;�M� ²�b�_( � º¶ùÚ·¹ú;º ¼ � ���!ú ¼ Â � â ·ä�Ä¸;ù ² þGùÚ��µ�¸ *¶¼ � ²�, ùXú�µ¶³°� Â
7 À+� 8 �B� .9�y�kÅKê¦��� ÇEÎ � Å;���MÅ���Æ §¨« àqp ¤5Ü¨©£��¢¥¤ ~7ÙÚ­;¢5¤ ��� Ü¨©W ÿ¬¡­;«/­;×Ç>©£¢¥«X©W !Ü¨©W  à¹��¤¹ 6Ü¨©GÙW��×s®¬���«£¢Z©£×R©£��¢GÜ¨©W �«X�*ÙWÖ�©W �­;«¥ô;¤¦à¹©£§� *©W £²yG ´�I�°å/� â � â ¸ó³£�Ä¸�ùÚú�� â � ¼FJ}| ³W¸ ¼ � � ¸ ¼ � �X��³W´ �µ¶·¹¸�º¶� Â
7 À �o8 �B� �6�wêëË Ê¾�p� Î ����0 Òy� Ñ �R.ÃÒ �p� Î � Î � �*�;Ô�ÔM� 3ÐØ©*ÙÚ­;��¤5Û°§K©�Ü¨©W �×E­;¢�Ø©£«e¤5­;§+Aç *��®à>¤5Ü¨©W £² | â ·ä�Ú·1¸�µ¶å � º¶µ�¸ âÃ² Å¢©ª�«bª � â ·õ�X·1¸;µ Â
�a����� �U¡¢� �k.Ã��� ����� �Rð
ê¦� � � ��� Ìÿ� Ê ê¦� Å;�MÄ
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7 À Ô98 ð
�w�¨ê¦�y�U¯�� � Î �È0 Ò¾�w�y.9Òw��� � ò�Î �£�k0 ���*Ë �Uî Î � Å����MÅ���± Ü¨©£��¢5¤ ~7ÙÚ­;¢¥¤ ��� �_��¬���®«W�*©£àõ­� £¢5¤ Ù=ÙW���¡ £¢ ­;��¢¦ ß�_��Ü¨©W©Z¬ ­;« ô;¤¦à¦àõ­¨ÙW©W��§M R«W�*Ù[4*  ± xG©MA�¬�©£«e¤¦×R©£��¢ ­;àÿ *©£¢¥§*¬n­;� ÜÛ°§¶­;à>¤¦¢ ­;¢¥¤¥§;©G­;� ­;à>¯* £¤¹ £²óö µ<# � ¸;ùq¸ ý �°³W´�ú�µ¶·¹³�å öÚöK� Å�÷Xø æ�·1¸;��³W¸�µóüF�°ùÚ��µ¶³°� ¸;µ � ¸�ùM¸ �ý ��³W´�ú;µ¶·ä³°å % ²��b�_( � º¶ù/·ëú;º ¼ � ���!ú ¼ Â � â ·ä�q¸�ù ² þGùÚ��µ�¸ *¶¼ � ²�, ùÚú;µ¶³°� Â
7 À �98 ð
� Ê ��ê¦�É� �Ó� Î ��� � �*��Ô � �ÀÊ §¡­;��¢¥¤¦¢ ­;¢¥¤¥§;© E6¯;Ü;«W�Úô¨©W��à¹�Úô;¯�² � ³°ú â � ý ·ä³ � ù/�°å/å Â7 ½ �98 Ìÿ��� � Ë éíÂ � �*���MÄ;�ÌË ©
ÙÚ­;à¹Ù£§¨àqÜ¨©W í¢5§ó���9©£à± ß¬¡­;« àõ­ ×pØ©£¢FÖ��°Ü¨© � ����§;©£«¥ô¨©£�9ÙW©£®� ���t~Ó�9©£×R©£��¢¥²"� ù/�°å/åÚ�°å â � ¼FJ}| ³W¸ ¼ � â �°å � ¸;µ��Úå!�£� û ´�ú;º¶å/åON�°��å Â7 ½ �W8 ¦ ���!��� Ñ �w�C�y� w Î � Å;�;�¡�C��; ¢5§¶Ü¨©UÜ;§pÙW��×6¬���«e¢$©£×R©£��¢�Ö¨¯;Ü;«X��×pØ©*ÙÚ­;��¤5Û°§K©çÜ¨©W ­;« ô;¤¦à>¤¦¢Z©W �{Ó­£¬M¬ à>¤ ÙÚ­;¢5¤ ���ß­;§R £¤¦¢$©GÜ¨© 
 ��§ó«e�9©£×s¤¦«X©£²=G ´�I��åÚ� â � â ¸ó³£�Ä¸�ùÚú�� â � ¼FJ}| ³W¸ ¼ �� ¸ ¼ � �Ú�°³W´¶µ¡·¹¸�º¶� Â
7 ½ Åo8 ¦ � ï �C� � Ë � Î � �ª��Ô�ÔM�f� ��×6¬���«e¢$©£×R©£��¢�×pØ©*ÙÚ­;��¤5Û°§�©|Ü¨©W |­;« ô;¤¦à¹©W 3¬ «X�_�ª��� Ü¨©W �{3­£¬ ®¬ à>¤ ÙÚ­;¢¥¤ ���ç­;§� £¢Z�*Ù[4;­*ô¨©&Ü¨©GÜ Ø©*ÙWÖ�©£¢F !«/­MÜ;¤ �°­¨Ù£¢¥¤ �X £²OG ´�I��åÚ� â � ¼FJ}| ³B¸ ¼ � â �°å � ¸�µM�XåB���û ´�ú;º¶å/åON�°��å Â
7 ½ À 8 òÃÒ¾�¾� � Î î Î ��0 Òyêë� Ê¾� ����ê��=ÎëòÿÎ ���¤� ��Ë � êëË w Î � �*����ÔM� 3í�°Ü¨©£à¦à>¤¦�¨ô��_��ÙW��§C¬ à¹©ÚÜ©£àõ­� £¢$�W¬ àõ­� £¢5¤ Ù[ÜM­;×E­*ô¨©�¤¦�O«X�*Ù[4,×E­;¢Z©£«£¤5­;à± £² ö µM� Â��¡Â è'¸ó³[Z é �°³W´ Âyé ·¹µ Â�\ ³�· Âõ²4» ¸ ¼À Ä ² µ�¿ ½ � Ä ²óÁ ú Á �°ù µ�¿[� Ä Â7 ½;½ 8 òÃÒ¾�¾� � Î î Î ���V� �R�!��� � ò�Î � Å����MÅ��2� ��×6¬���«£¢Z©£×R©£��¢!¬ àõ­� £¢5¤5Û°§K©UÜ¨©W Ý«X�*ÙWÖ�©W ¬���«W©£§M *©W £²y� ú;µ¶åÀ# |ã¼ ú;å/�q¸ Á ¼ ú�å/�X·ä³°·õ�PN� â �°åÈåq¸ ¼ åÈ��� â �°åqùM¸ó³W´¡�°å�%p� Á¡ÁÃÂ Å�� À � Å;Å;�M� ²� ·¹³W´¡�°ù ��ÂÎÍsÂ �£� \ ´�ú+¸ �¡Â�,�Â N� â ·õ�X�°º¡ùÚå ²�� �°ù ý I��å �_( ú » ¸;·¹åÚ·ä�°ù Â
7 ½ Äo8 ò�¯ � �kÅ�Ë¾���a�=Î Ï Î � �*��Ä ½ �&
 Ö�©V¬���«X©V¬ «X©W W £§ó«X©=ÙW�*©�� Ù£¤ ©£��¢¦ �Ï ­;� ÜVÐ ² þ&�B¸ ��X�°³W´¡µ¶·¹¸�º¶� ²K» ¸ ¼¾½ ²¶Á¡ÁÃÂ � ½ À � � ½ � Â7 ½ � 8 ñ ê¥Ñe���yê ò�Îäð Î � �*���;ÔM� Ò Ø©W *��à>§ó¢5¤ ��� ��§¨×pØ©£«£¤5Û°§�© Ü¨© ¬ «X�+!°àW>©£×R©W ÜypWØ©£àõ­� £¢Z�o§*¤¹ *ÙW�W¬ àõ­� £¢5¤ Ù£¤¦¢�Ø©WrÓÏB¬M¬ à>¤ ÙÚ­;¢¥¤ ��� ­;§+A ÙÚ­+§*¤¦¢�Ø©W  Ü¨©  £¢Z�*Ù[4;­*ô¨© Ü;§ ôM­�Ô©£�<ÙW��§�ÙWÖ�©W � °­;à>¤¦�9©W  ¬ «X�_�ª��� Ü¨©W £²�G ´�I��åÚ� â � â ¸¨³��q¸�ùXú�� â � ¼�J�| ³W¸ ¼ � â �°å ý ·¹µ¶��å â �� ú;ù/·¹å Â
7 ½ �o8 ñ ê¥Ñe���yêqò�Îäð Î � �*���¡�C��Æ ­;¢5§ó«/­;¢Z©ÚÜ,¬���«X��§� �×R©ÚÜ;¤¦§¨× ¤¦��§¨� Ü;«/­;¤¦�9©ÚÜÝ £¢ ­;¢$©£²�6 ¸��X�åÚ³°·ä�°µM�X·�Õ�¸�º¶� Â
7 ½ Ô98 °Rê¦��.�¯ É� �=Î ��� ��� :ÿïy� �6� Ê¾� ÌÈÎ � ÇV� ï Ë É� .9�<ð Î ��� 	 � �¡�M�w� ��Ê¾�O� Î � �*���;ÔM�± ��§;©W £¢5¤õôM­;¢¥¤ ���
�_��¢FÖ�©V¬���«X��×R©WÙWÖ¡­;��¤ ÙÚ­;à�!£©WÖ¡­+§*¤ ��«��_�E WÖ¡­;à¹©W �¤¦�<¢FÖ�©�©£àõ­� £¢5¤ Ù�Ü¨��®×E­;¤¦��² ö µ | º¶ùM¸ó³[Z ��Ô �H\"� |�½ ö¬\ è é èh¸¨³[Z ý ��³W´�ú;µ¶·ä³°å|·äµ Á ���XùM¸ ¼ ��º ý �°µ��;·¹µ¶��� �ùÚ·¹µ"� Â
7 ½ �98 °s� ï ê¦��� �
� Î �Óñ ê¥Ñe�w�yê|ò�Îõð Î ��� ������Ê¾� �yê �KÊ î Î � �*��Ô¡�C�Ö; A�¬�©£«e¤¦×R©£��¢ ­;à�Ü¨©£®¢$©£«e×s¤¦� ­;¢5¤ ���H�_�V¢¦Ö�©q«XÖ�©W��à¹�Úô;¤ ÙÚ­;ày!£©WÖ¡­+§*¤ ��«s�_� 
 ©£«X °­;���9©V«W�*Ù[4[ °­;à>¢5²Y� ùM¸ó³ Â�, ·¹ùÚå(�û ¸�µ¡ü Â ¸;µR�X´¶� é �°³W´�ú�µ¶·¹³°ú ¼ æB��´�ú » ·1¸�ùa¸�ü \ ú ¼ � ²O� �°µ¡µ¶å � ¼ » ú;µ¡·ëú \ �Xú��X� × µ¶· » �°ù/åÚ·ä� �;Â
7 Ä��98�Ø ê � ��¯�ê ��Ù ê¥. ì �=Î 0 Î � �*�;�¡�C�Ú
 Ö�©?~Ó��¤¦¢$©Ð©£à¹©£×R©£��¢ ×R©£¢¦Ö��°Ü;² ½9ÛXÜ � â ·ä�Ú·1¸�µ ²é ³�þ&ùÚú�Ý �)� · ¼¹¼ Â
Å;� � �k.Ã��� ����� �Rð
ê¦� � � ��� Ìÿ� Ê ê¦� �a����� �U¡¢�
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Þàßmá áÀâ�ã"ä"å$æ�çuèéÞ�æ ê

7 Ä¨�W8 � 6¤� è � � Å;���¡�*� ² ³W¸ ¼ä¼ ��³��X·õü ² Ò Ø©���Ø©£«X©£��¢5¤ ©£à¨ô Ø©*��à¹�Úô;¤5Û°§�©|Ü;§R £¤¦¢$©GÜ¨©¤3O©£§M *©)D�E&­;§¨¢$©£®3U­;«e�9©£² � è � � �f\ Å;���ó� � ��� Â7 Ä;Åo8 � 6¤� è � � �*�����M� ²[ëyë�ë�² 
 ©WÙWÖ¨��¤ ÙÚ­;à� Z¬�©WÙ£¤ ~7ÙÚ­;¢5¤ ���¡ ��ª��« Ò';m� ©MA�¬�©£«e¤¦×R©£��¢o{Ã *Ù£¤ ©£��®¢¥¤ ~7Ùs�+!�¼ª©WÙ£¢5¤¥§;©W V­;� Ü=©MA�¬�©WÙ£¢Z©ÚÜ�«X©W £§óà>¢¦ £² ûpû û � þ | é ��� � � ½ � ½ æ Â7 Ä À 8 � 6¤� è � � �*������� ² ò ï Á Î ��� � ì �w�y�y�ì�=Î ²O3O�°Ü Ø©£à¹©W 7«XÖ|Ø©*��à¹�Úô;¤5Û°§�©W  Ü¨©W  ­;«¥ô;¤¦à>¤¦¢$©W Ü¨©&àqp ;  £¢9{L!°¤¦àõ­;�UÜypWØ©£¢ ­£¬�©&Ü¨©W  Ø©£¢¥§¡Ü¨©W &«XÖGØ©*��à¹�Úô;¤5Û°§K©W £² û è � � þ | é ��� � � � � ½ æ Â7 Ä ½ 8 � 6¤� è � � Å����¡�C� ² � ©W��×R©WÙWÖ¡­;��¤ ÙÚ­;à¾ÜM­;¢ ­@!W­� *©£² û �`� è K&éíÂ7 Ä;Äo8 � 6¤� è � � Å;���¡�*� ² ò ï Á Î ²bÏ6� ­;à>¯* £¤¹ ��_��¢¦Ö�©RÙÚ­£¬¡­¨Ù£¤¦¢5¯ç�_�È��§¨×R©£«e¤ ÙÚ­;à�×R�°Ü¨©£à± È¢$� £¤¦×s§óàõ­;¢Z©q©MAóÙÚ­+§�­;¢5¤ ���Ý¤¦�OÜ¨©W©Z¬í­;«¥ô;¤¦à¦àõ­¨ÙW©W��§� G«W�*Ù[4�² è è � � 6¤� �¡� � � � Â7 Ä � 8 � 6¤� è � � Å;���ó�C� ² ò ï Á Î �£� � ì �w�¾�y�Ú�=Î ² � ��×6¬���«e¢Z©£×R©£��¢3Ö¨¯;Ü;«W��× Ø©*ÙÚ­;��¤5Û°§�©Ü¨©W �­;«¥ô;¤¦à>¤¦¢$©W V�9���ß °­;¢5§¨«ÿØ©*©W £²"� è � � þ | é �¡� � � À � ½ � Â7 Ä+�o8 � 6ÖG | � � �*��� � � ² �[� êëË ì
� Î î Î ² � «W�_¼ª©£¢ ;�ÆÈ
 Ü¨©�àõ­&�Ã«/­;�9ÙW©�{ÈÙÚ­;«/­¨Ù£¢�Ø©£«£¤¹ °­;¢5¤ ���×pØ©*ÙÚ­;��¤5Û°§�© ÙW��×6¬ à;Ø©£×R©£��¢ ­;¤¦«X©BÜ¨©W  ×E­;«e�9©W  Ü;§RÙÚ­;à¦à¹�o§;��®Ú�BAq�ª��«ÚÜ;¤ ©£��² æ è � � Â � 6ÖG� � � � À � Â7 Ä�Ô98 � 6ÖG | � � �ª���=��� ² �[� êëË ì � Î î Î ² � ­;«/­¨Ù£¢�Ø©£«e¤¹ °­;¢¥¤ ���<×pØ©*ÙÚ­;��¤5Û°§K©,Ü¨©W R £¤¦à>¢5¤¦¢Z©W ßÜ;§
� ­;«ÚÜ=©£¢BÜ¨©W �­;«¥ô;¤¦à>¤¦¢Z©W ÈÜ¨©&àqp ;  £¢¥² æ è � � Â � 6ÖG �=� � �MÄó� ½ � Â7 Ä��98 � 6ÖG | � � �*����Ô�� ² �[� êëË ì<� Î î Î ² Ë ¤ ©£� ©£��¢¥«X©�à¹©W [ *��à¦à>¤ Ù£¤¦¢ ­;¢5¤ ���¡ E¢¦Ö�©£«£×s¤5Û°§�©W �©£¢×pØ©*ÙÚ­;��¤5Û°§�©W Ý©£¢�àõ­ç¬�©£«e× Ø©°­=!°¤¦à>¤¦¢�Ø©=ÜM­;�¡ =à¹©W  ­;«¥ô;¤¦à>¤¦¢Z©W ÝÜ¨©çàqp ;  £¢5²L� è � � Â � 6ÖG��Ô � ��Ä À ½ � Â7 � �98 � 6ÖG | � � �*���;�M� ² �[� êëË ì � Î î Î ² Æ ¤¦¢Z© Ü¨©é3O©£§M *©)D�E&­;§¨¢$©£®F3 ­;«e�9©[�
­;«¥ô;¤¦à>¤¦¢$©W Ü;§ ÙÚ­;à¦à¹�o§;��®Ú�BAq�ª��«/Ü;¤ ©£�"�ßÜ Ø©£¢$©£«e×s¤¦� ­;¢5¤ ����©£�Ðàõ­=!£��«/­;¢Z��¤¦«X© Ü¨©W  ÙW�*©�� Ù£¤ ©£��¢F U¬���®«W��× Ø©*ÙÚ­;��¤5Û°§�©W !©£¢ãÙÚ­;à¹Ù£§¨à± ÿ¬���«X��×pØ©*ÙÚ­;��¤5Û°§�©W Lí+î�Üyp ��§O§*«Ú­*ô¨©W B *��§ó¢Z©£«e«Ú­;¤¦�¡  Ü¨©7 £¢$��®Ù[4;­*ô¨©£² æ è � � Â � 6ÖG �;� � �=�;Å ½ � Â7 � �W8 | 6¤\ þ � Å;���ó�C� ² � ����Ò¾� 	ßÎ ² ;  W °­;¤¹ n«X©WÙW©£�¡ ãØ©W nÜM­;�¡  à¹©fÙÚ­MÜ;«X©pÜ¨© àqpXØ©£¢5§¶Ü¨©
ï  £¯���¢FÖa>©W *© Ü¨©W  ©MA�¬qØ©£«e¤¦×R©£��¢ ­;¢¥¤ ���¡  ÙW��� Ü;§¨¤¦¢Z©W  ©£� ô Ø©*��×pØ©*ÙÚ­;��¤5Û°§�©W   £§¨« Ü¨©W Ø©*ÙWÖ¡­;��¢¥¤¦à¦à¹���¡ &Ü;§� £¤¦¢Z©ÈÜ¨©Vàqp ;  £¢7Ü¨©Z¬ §¨¤¹ �ð=ñ=ñWòÌó�²�� è � � Â | 6 þ �¡� � �;�=� À ½ � Â7 � Åo8 | 6¤\ þ � �ª���=��� ² � �R�6�w� �Ðî Î ² � ­;«/­¨Ù£¢�Ø©£«e¤¹ °­;¢5¤ ��� Ü¨©�àqp ©£� Ü¨��×s×E­*ô¨©£×R©£��¢  *��§� Ü;¤ º Ø©£«X©£��¢¦ ÈÙWÖ�©£×s¤¦�¡ �Ü¨©ÈÙW����¢¥«/­;¤¦��¢Z©£² æ è � � Â | 6 þ ��� � � À � ½ � Â7 �;À 8 | 6¤\ þP� Å������M� ² � ���6�w� � î Î ² ;  W °­;¤¹ 6ô Ø©*��× Ø©*ÙÚ­;��¤5Û°§�©W "{Ó *��� ÜM­*ô¨©W  ;�ÆÈ
 í"ôdò ©£¢;�ÆÈ
 í"ô+õ;²"� è � � Â | 6 þ ��� � �¡� ½ Ä Â7 � ½ 8 þVÀ \ � �*���MÄ;� ² ñ Òy� Ê¾� � � Î ²HÏ6«¥ô;¤¦à>¤¦¢Z©W OÜ¨©CEG­;§¨¢$©W £®F3 ­;«e�9©W 2xsÙÚ­;«/­¨Ù£¢�Ø©£«£¤¹ °­;¢5¤ ���ô Ø©*��× Ø©*ÙÚ­;��¤5Û°§�©Wr ;  W °­;¤¹ VÜ¨©Vàõ­=!£��«Ú­;¢Z��¤¦«X©£² æ è � � Â þ&À \ �MÄ � ��� À ½ � Â7 � Äo8 þVÀ \ � �*�;�=��� ² Ç&� ïy�KÊ�0 Î ² � «X�W¬ «e¤¡Ø©£¢�Ø©W  ¢¦Ö�©£«£×R��®Z× Ø©*ÙÚ­;��¤5Û°§�©W !Ü¨©W G­;« ô;¤¦à>¤¦¢Z©W   £¤¦à>¢$��®ÙÚ­;«W!£��� ­;¢�Ø©*©W VÜ¨©&àqp ;  £¢5² æ è � � Â þ&À \ �=� � ���¡� ½ � Â

�a����� �U¡¢� �k.Ã��� ����� �Rð
ê¦� � � ��� Ìÿ� Ê ê¦� Å;�=�
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