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¼½¾¿À ÁÀÂ ÃÄÅÆÇÀÂÈÉÊËÌÍ ÎÏÎ Ð ÑÍÒÌÓÔÍÕÖ×ÖÉØÕ ÔÙÚÓÛ×ÖÉÜËÍ ÝÞËÕ ßÍËÉààÍÖ ÓàÓÛÍÕÖ×ÉÌÍ ÝÞ×ÌÊÉàÍ ÝÍ ÖáÒÍ â×ãÎ ÐÎ ÍÖ âäã å ÐÎ åÎÈÉÊËÌÍ ÎÏå Ð æÙÚÓÛ×ÖÉÔ×ÖÉØÕ ÝÍ à× ÔÖÌËÙÖËÌÍ ÝÍ ÝÉßßÓÌÍÕÖÔ ÛÉÕÓÌ×Ëç ×ÌÊÉàÍËç Ð â×ãè×ØàÉÕÉÖÍé âäã êØÕÖÛØÌÉààØÕÉÖÍé âÙã ëààÉÖÍ åìÈÉÊËÌÍ ÎÏì Ð ÒÌØÒÌÉÓÖÓÔ ×ÙÉÝØíä×ÔÉÜËÍÔ ÝÍÔ ÔËÌß×ÙÍÔ à×ÖÓÌ×àÍÔ åîÈÉÊËÌÍ ÎÏï Ð ðÔÒ×ÙÍÔ ÒØÌÍËç Ý×ÕÔ àÍÔ Û×ÖÓÌÉ×Ëç ×ÌÊÉàÍËç ñòØËÌÍÖé Îóóôõ åöÈÉÊËÌÍ ÎÏî Ð ÖáÒÍ ÝÞ×ÔÔØÙÉ×ÖÉØÕ ÝÍÔ ßÍËÉààÍÖÔ ÝÞ×ÌÊÉàÍ ÝÞ×ÒÌ÷Ô ñø×Õ ùàÒÚÍÕé Îóúïõ ÐÝÉÔÒÍÌÔÉØÕ â×ãé ×ÊÌÓÊ×ÖÉØÕ ß×ÙÍíß×ÙÍ âäãé ×ÔÔØÙÉ×ÖÉØÕ äØÌÝíß×ÙÍ âÙãé äØÌÝíäØÌÝ âÝã åûÈÉÊËÌÍ ÎÏú Ð üÝÔØÌÒÖÉØÕ ÔËÌ àÍÔ ÔËÌß×ÙÍÔ à×ÖÓÌ×àÍÔ â×ã ýÚØÔÒÚ×ÖÍ âäã ùÌÊ×ÕØæÉà×ÕÍ ìÎÈÉÊËÌÍ ÎÏö Ð ÑÍÒÌÓÔÍÕÖ×ÖÉØÕ ÝÍ àÞÓÙÚ×ÕÊÍ Ù×ÖÉØÕÉÜËÍ Ð ×ÝÔØÌÒÖÉØÕ ÝÍ Õí×àþáà×ÛÛØÕÉËÛììÈÉÊËÌÍ ÎÏû Ð ÌÍÒÌÓÔÍÕÖ×ÖÉØÕ ÝÍ àÞ×ÝÔØÌÒÖÉØÕ ÝÍ ÛØàÓÙËàÍ ÒØà×ÉÌÍ Ð ×ÝÔØÌÒÖÉØÕ ÝÞ×àÙØØà ìïÈÉÊËÌÍ ÎÏó Ð ÛÍÔËÌÍ ÝÞØËÿÌ×äÉàÉÖÓ â×ã ×Ë Ù�ÕÍ ÝÞüäÌ×ÛÔ ØË æàËÛÒ ÖÍÔÖ âäã ×ËÛ×ÕÉ×äÉàÉÖÛ÷ÖÌÍ ïÎÈÉÊËÌÍ ÎÏÎô Ð ÉÕÖÍÌÒÌÓÖ×ÖÉØÕ ÒÚáÔÉÜËÍ ÝÍ à× ÙØÕÖÌ×ÉÕÖÍ ÔÍËÉà ÍÖ ÝÍ à× ÿÉÔÙØÔÉÖÓ Òà×ÔÖÉÜËÍâÛØÝ÷àÍ ÝÍ �ÉÕÊÚ×Ûã ïåÈÉÊËÌÍ ÎÏÎÎ Ð â×ã ýØÌØÔÉÖÓ ÝÞËÕ ÛÓà×ÕÊÍ äÉÕ×ÉÌÍ ÍÕ ßØÕÙÖÉØÕ ÝÍ à× ßÌ×ÙÖÉØÕ ÿØàËÛÉÜËÍ ÍÕÊÌØÔÔÍÔ Ò×ÌÖÉÙËàÍÔ ÒØËÌ ÝÉßßÓÌÍÕÖÔ Ì×ÖÉØ ÝÍ Ö×ÉààÍ âäã ðÿØàËÖÉØÕ ÝÍ àÞÍÛÒÉàÍÛÍÕÖ ÍÕßØÕÙÖÉØÕ ÝÍ à× ßÌ×ÙÖÉØÕ ÿØàËÛÉÜËÍ ÍÕ ÊÌØÔÔÍÔ Ò×ÌÖÉÙËàÍÔ ïïÈÉÊËÌÍ ÎÏÎå Ð ðçÍÛÒàÍ ÝÍ Òà×ÔÖÉßÉ×ÕÖÔ ÍÖ ÔËÒÍÌÒà×ÔÖÉßÉ×ÕÖÔ ËÖÉàÉÔÓÔ Ý×ÕÔ àÍÔ äÓÖØÕÔ ïîÈÉÊËÌÍ ÎÏÎì Ð ø×ÌÉ×ÖÉØÕ ÝÍ à× ø×àÍËÌ ÝÍ �àÍË âø�ã ÝÞËÕ Ô×äàÍ ÒØààËÓ ÍÕ ×ÌÊÉàÍ ÔËÉÿ×ÕÖ à×Õ×ÖËÌÍ ÝÍ àÞ×ÌÊÉàÍ âÝØÕÕÓÍÔ �×ß×ÌÊÍ ��Ñã ïûÈÉÊËÌÍ ÎÏÎï Ð ðÿØàËÖÉØÕ ÝÍ àÞÓÖ×àÍÛÍÕÖ ÝÞËÕ äÓÖØÕ üÊÉàÉ×� â×ã ÍÖ �åî� âäã ÍÕ ÒÌÓÔÍÕÙÍÝÞ×ÌÊÉàÍ âÝØÕÕÓÍÔ �×ß×ÌÊÍ ��Ñã ïóÈÉÊËÌÍ ÎÏÎî Ð æÖÌËÙÖËÌÍ ÝË ýØàáÙ×ÖÉØÕ Èåî îôÈÉÊËÌÍ åÏÎ Ð ÒÌØÖØÙØàÍ ÝÍ ÒËÌÉßÉÙ×ÖÉØÕ ÝÍÔ ×ÌÊÉàÍÔ úöÈÉÊËÌÍ åÏå Ð æÒÍÙÖÌÍÔ �ÑëÈò ÝÍÔ ×ÌÊÉàÍÔ â×ã ÛØÕÖÛØÌÉààØÕÉÖÍé âäã ÉààÉÖÍ ÍÖ âÙã þ×ØàÉÕÉÖÍé ÕØÕÒËÌÉßÉÓÍÔé ÓÙÚ×ÕÊÓÍÔ �×� ÍÖ �×�� öôÈÉÊËÌÍ åÏì Ð�ÉßßÌ×ÙÖØÊÌ×ÛÛÍÔ 	 ÝÍÔ ÝÉßßÓÌÍÕÖÔ Û×ÖÓÌÉ×Ëç ÕØÕ ÒËÌÉßÉÓÍÔé ÓÙÚ×ÕÊÓÍÔ �×�ÍÖ �×�� Ð â×ã ÛØÕÖÛØÌÉààØÕÉÖÍé âäã ÉààÉÖÍé âÙã þ×ØàÉÕÉÖÍ ÍÖ âÝã ÖÌ×ÉÖÍÛÍÕÖ 
 àÞÓÖÚáà÷ÕÍÊàáÙØà öìÈÉÊËÌÍ åÏï Ð â×ã êÉÙÌØÊÌ×ÒÚÉÍ ÍÖ âäã �É×ÊÌ×ÛÛÍ ÝÍ ÌÓÒ×ÌÖÉÖÉØÕ ÍÕ Ö×ÉààÍ ÝÍÔ Ò×ÌÖÉÙËàÍÔ ÝÍ�×íêØÕÖÛØÌÉààØÕÉÖÍ öúÈÉÊËÌÍ åÏî Ð â×ã êÉÙÌØÊÌ×ÒÚÉÍ ÍÖ âäã �É×ÊÌ×ÛÛÍ ÝÍ ÌÓÒ×ÌÖÉÖÉØÕ ÍÕ Ö×ÉààÍ ÝÍÔ Ò×ÌÖÉÙËàÍÔ ÝÍöúÈÉÊËÌÍ åÏú Ð â×ã êÉÙÌØÊÌ×ÒÚÉÍ ÍÖ âäã �É×ÊÌ×ÛÛÍ ÝÍ ÌÓÒ×ÌÖÉÖÉØÕ ÍÕ Ö×ÉààÍ ÝÍÔ Ò×ÌÖÉÙËàÍÔ ÝÍ�×íè×ØàÉÕÉÖÍ öúÈÉÊËÌÍ åÏö ÐêÉÙÌØÊÌ×ÒÚÉÍ ÝÍÔ Ò×ÌÖÉÙËàÍÔ ÝÞ×ÌÊÉàÍ ÿËÍÔ ÔÍàØÕ à× ÖÌ×ÕÙÚÍ â×ã �×íêØÕÖÛØÌÉààØÕÉÖÍé âäã �×íëààÉÖÍé âÙã �×íè×ØàÉÕÉÖÍ ööÈÉÊËÌÍ åÏû Ð ðÿØàËÖÉØÕ ÝË ÒØÖÍÕÖÉÍà � ÍÕ ßØÕÙÖÉØÕ ÝË Ò� â×ã êØÕÖÛØÌÉààØÕÉÖÍé âäã ëààÉÖÍ ÍÖâÙã è×ØàÉÕÉÖÍ ûôÈÉÊËÌÍ åÏó Ð æáÕÖÚ÷ÔÍ ÝË ÒØàáÙ×ÖÉØÕ Èåî ûöÈÉÊËÌÍ åÏÎô Ð ýÌÉÕÙÉÒÍ ÊÓÕÓÌ×à ÝÍ ßØÕÙÖÉØÕÕÍÛÍÕÖ ÝÍ àÞ×Õ×àáÔÍËÌ �ÏùÏòÏ ûóÈÉÊËÌÍ åÏÎÎ Ð ÔÒÍÙÖÌÍÔ ÈòëÑíüòÑ ÝÍÔ ÒØàáÛ÷ÌÍ Èåî ÍÖ üòúÎ ûóÈÉÊËÌÍ åÏÎå Ð ðÿØàËÖÉØÕ ÝÍ à× ÙØÕÝËÙÖÉÿÉÖÓ ÝÞËÕÍ ÔØàËÖÉØÕ ÝÍ Èåî àØÌÔ ÝÍ àÞ×
ØËÖ ÝÍÝÉßßÓÌÍÕÖÍÔ ÔØàËÖÉØÕÔ Ô×àÉÕÍÔ óåÈÉÊËÌÍ åÏÎì Ð ðÿØàËÖÉØÕ ÝÍ à× ÙØÕÝËÙÖÉÿÉÖÓ ÝÞËÕÍ ÔØàËÖÉØÕ ÝÍ Èåî àØÌÔ ÝÍ àÞ×
ØËÖ ÝÍÔØàËÖÉØÕÔ ÝÍ æØÝÉËÛ �ØÝÓÙáàÔËàß×ÖÍ ØË ÝÍ ÕÉÖÌ×ÖÍ ÝÞ×ÌÊÍÕÖ óì
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Chapitre 1 : 
 

Etat de l’art et Orientation de l’étude
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@AB CDEFGH IH JKFLEMHNOPQRSTUVSWUPT VWQXYWXQSZ[ \[V SQRUZ[V TPXV S]^T[ _ \UVWUTRX[Q \[X` RQST\V Wab[V \[VXQcSY[ d Z[V cSY[V eSVSZ[V ]SfPQUWSUQ[ gbZST hhij [W Z[V VXQcSY[V ZSWkQSZ[V YPQQ[VbPT\STW SX`ePQ\XQ[V \[V c[XUZZ[WVl NS YmSQR[ \[ VXQcSY[ a [VW SZPQV \[ TSWXQ[ \UcckQ[TW[n ZS cSY[ eSVSZ[\ko[ZPbbSTW XT[ YmSQR[ TkRSWUo[ b[Q]ST[TW[ \X[ SX` VXeVWUWXWUPTV UVP]PQbmUpX[V \STV ZS]SUZZ[ YQUVWSZZUT[ [W Z[V cSY[V ZSWkQSZ[V \[V YmSQR[V bq \kb[T\STW[V [T QSUVPT \[ ZS bQkV[TY[ \[RQPXb[][TWV VUZSTPZ [W SZX]UTPZlrstsu vuwxy zuyu{xyNS YmSQR[ TkRSWUo[ b[Q]ST[TW[ \[ VXQcSY[ \[V SQRUZ[V [VW \X[ _ \[V VXeVWUWXWUPTVUVP]PQbmUpX[V \STV Z[ QkV[SX YQUVWSZZUTl |O[VW bZXV bSQWUYXZU^Q[][TW Z[ YSV \[V V][YWUW[V [W \[VUZZUW[Vn Z[V }SPZUTUW[V T[ bQkV[TWSTW bSV PX b[X \[ VXeVWUWXWUPTVl N[V YSWUPTV PYYXbSTW Z[VYSoUWkV PYWSk\QUpX[V g~Z��j [W WkWQSk\QUpX[V g�U��j b[Xo[TW �WQ[ Q[]bZSYkV bSQ \[V YSWUPTV \[TSWXQ[ \UcckQ[TW[ ]SUV \[ WSUZZ[ oPUVUT[l �T bPVUWUPT WkWQSk\QUpX[n �U�� b[XW SUTVU �WQ[ Q[]bZSYkbSQ ~Z�� [W [T bPVUWUPT PYWSk\QUpX[ ~Z�� bSQ �[��n �[�� n �R�� PX [TYPQ[ �U��l �STV SbbPQW[Q \[]P\UcUYSWUPTV VWQXYWXQSZ[V U]bPQWSTW[Vn Y[V VXeVWUWXWUPTV YPTWQUeX[TW _ YQk[Q XT \kcUYUW \[YmSQR[ \STV Z[V c[XUZZ[WV SQRUZ[X` bQkV[TWSTW \[ W[ZZ[V VXeVWUWXWUPTVl �T bSQZ[ SZPQV \[ YmSQR[\UccXV[l�[V YSWUPTV YP]b[TVSW[XQV VPTW bSQ YPTVkpX[TW bQkV[TWV \STV ZO[VbSY[ UTW[QcPZUSUQ[n _bQP`U]UWk \[V YSoUWkV m[`SRPTSZ[V cPQ]k[V bSQ Z[ QkV[SX WkWQSk\QUpX[l |[V YSWUPTV b[Xo[TW �WQ[UTPQRSTUpX[V g�S�n |S��n ��n �R�� PX [TYPQ[ NU� PX ~Z��j PX PQRSTUpX[ g�q��jl NOSbWUWX\[ \[\kbZSY[][TW \[ Y[V YSWUPTV b[Q][W SZPQV \[ \kW[Q]UT[Q ZS YmSQR[ \OXT[ SQRUZ[ _ WQSo[QV VS|SbSYUWk \O�YmSTR[ |SWUPTUpX[ g|�|j pXU V[QS \kcUTU[ bZXV bQkYUVk][TW \STV ZS VXUW[ \[ Y[QSbbPQWl �STV Z[ YSV \[V V][YWUW[Vn ZS TSWXQ[ \X YSWUPT UTW[QcPZUSUQ[ \kW[Q]UT[ [T PXWQ[ Z[VYSbSYUWkV \Oma\QSWSWUPT �qURmWn i��>�l NS \UVWSTY[ UTW[QcPZUSUQ[ oSQU[ bSQ YPTVkpX[TW [TcPTYWUPT \[ ZS pXSTWUWk \O[SX SeVPQek[ [W \X YSWUPT YP]b[TVSW[XQlrstsz vuwxy {u���u{xyN[V ePQ\V \[V c[XUZZ[WV \OSQRUZ[ VPTW YSQSYWkQUVkV bSQ \[V cSY[V ZSWkQSZ[V YPQQ[VbPT\STW SX`ZUSUVPTV QP]bX[V \[V bZSTV \[ VUZUY[ [W \OSZX]UT[l N[V VUW[V \[ ePQ\XQ[ VPTW \PTY YPTVWUWXkV \[
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RQPXb[][TWV VUZSTPZV g�U��qj [W SZX]UTPZV g~Z��qj bPXoSTW VOUPTUV[Q V[ZPT Z[ bq \[ ZSVPZXWUPT ��P]eSY�n >hh� � �PXQRn >hh��l NS YmSQR[ ZSWkQSZ[ \[V SQRUZ[V [VW SUTVU YPTVU\kQk[YP]][ bq�\kb[T\STW YPTWQSUQ[][TW SX` cSY[V eSVSZ[V pXU PTW XT[ YmSQR[ b[Q]ST[TW[l N[YSQSYW^Q[ SYU\P�eSVUpX[ \[V RQPXb[][TWV VUZSTPZ PX SZX]UTPZ g���qj b[XW SUTVU �WQ[QSbbQPYmk \[ Y[ZXU \[V P`a\[V ]UTkQSX` gcURXQ[ il�jl N[ bq \[ YmSQR[ TXZZ[ gbYTj [VW SZPQV\O[ToUQPT � bPXQ Z[V ]PWUcV VUZSTPZV [W �l� bPXQ Z[V SZX]UTPZVl N[V cSY[V ZSWkQSZ[V VPTW \PTYYmSQRk[V bPVUWUo[][TW SX` bq UTckQU[XQV _ � [W TkRSWUo[][TW SX` bq eSVUpX[Vl �TWQ[ Y[V \[X`bqn Z[V SQRUZ[V bQkV[TW[TW XT[ YmSQR[ ZSWkQSZ[ ]U`W[n Z[V YPXYm[V VUZUY[XV[V kWSTW YmSQRk[VTkRSWUo[][TW [W Z[V cSY[V SZX]UT[XV[V bPVUWUo[][TWl �X cSUW \[ Y[V YmSQR[Vn ZOS\VPQbWUPT\OSTUPTV [W \[ YSWUPTV [VW kRSZ[][TW bPVVUeZ[ VXQ Z[V cSY[V ZSWkQSZ[Vl �ZZ[V bSQWUYUb[TW \PTY _ ZS|�| ]SUV \kYQUo[TW SXVVU XT |SbSYUWk \O�YmSTR[ ~TUPTUpX[l �SZRQk WPXWn ZS cSUeZ[ bQPbPQWUPT\[ VXQcSY[ ZSWkQSZ[ T[ b[Q][W bSV \[ ]P\UcU[Q ZS YmSQR[ RZPeSZ[ \[ ZOSQRUZ[ pXU [VW WPXfPXQVTkRSWUo[l N[V ePQ\XQ[V \[ c[XUZZ[W Q[bQkV[TW[TW SUTVU ]PUTV \[ >� \[ ZS VXQcSY[ WPWSZ[ \OXT[]PTW]PQUZZPTUW[ [W [ToUQPT >h� \[ Y[ZZ[ \OXT[ }SPZUTUW[ eU[T YQUVWSZZUVk[ �|SQWan i��� ��P]eSY�n >hh� � �ST [W �P}XTSRSn >hh>�l�� ¡¢£ �� ¡ �� ¤¥¦§ ¥¦¨©¡ ª«¬­®¯ °±²²¯ ³ ´ µ ©¶¦§· ©¶¦¨ ¸�� ¡¢£ �� ¡ �� ¤¥¦§ ¥¦¨©¡ ª«¬­®¯ °±²²¯ ³ ´ µ ©¶¦§· ©¶¦¨ ¸¹º»¼½¾ ¿ÀÁ Â Ã½ÄÃ½ºÅÆÅÇ ÈÉºÊÄËÌÈÇºÍ¼¾Ç Ê¾Ç Ç¼½ÎÈÉ¾Ç ÏÈÆÅ½ÈÏ¾ÇÐÑ ÒÓÔÕÖ×ÔØÑÙ ÚØ ÖÛÜÒÝÚÝÙ× ÒÖÜÞÞÝßàØ ÞØÖÓÑ áâãÑÞÙØÚ ÒÜâÜÒÙ×âÝÞÜÑÙ ÖÜ ÞàÞÒØÕÙÝäÝÖÝÙ× ÚÛàÑØÞàäÞÙÜÑÒØ å ÚÓÑÑØâ àÑ ÕâÓÙÓÑæ ÒØÞ ÞàâçÜÒØÞ ÕØàèØÑÙ ×éÜÖØÔØÑÙ êÙâØ ÒÓÑÞÝÚ×â×ØÞ ÒÓÔÔØ ÚØÞÜÒÝÚØ ÚØ ëØìÝÞí îÜÑÞ ÒØ ÒÜÞæ ÖØ ÒÜâÜÒÙïâØ ÜÒÒØÕÙØàâðÚÓÑÑØàâ ÚÛ×ÖØÒÙâÓÑ âØÑÙâØ ØÑ ÒÓÔÕÙØí ëØÔÓÙÝç ñ òóÖ Óà ôÝõ Úà éâÓàÕØÔØÑÙ ñðö÷ ÜéÝÙ ÜÖÓâÞ ÒÓÔÔØ àÑ ÜÒÝÚØ ÜÒÒØÕÙØàâ ÚÛ×ÖØÒÙâÓÑÞ ØÙÕØàÙ ÜÝÑÞÝ ÖÝØâ ÚØÞ äÜÞØÞ òÚÓÑÑØàâ ÚÛ×ÖØÒÙâÓÑõ ÒÓÔÔØ ö÷ø Óà ÚÛÜàÙâØ ÖÝéÜÑÚíùúûúü ýþÿ ��ÿ �þ�������ÿ�	 
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DDE FGHIJKKLM NOPOQRSTUOVWXYZ[\] []\^\_` a bXcdZe `fge^^eh ^e i`]Yd e_] ^e jc]`X\c[ Ze fYd_]X[f]\Yd kcX elfe^^edfem nckXYZ[f]\Yd e_] c[oY[XZpg[\ e_]\j`e a q j\^^\cXZ_ Ze ]Ydde_ kcX cdh rc\_cd] Ze ^[\ ^e kXYZ[\] ^ek^[_ fYd_Yjj` c[ jYdZe ckXs_ ^pec[mte i`]Yd e_] [d jc]`X\c[ g`]`XYbsde kX\df\kc^ejed] fYjkY_` Zp[d j`^cdbe Ze bXcd[^c]_ubXcv\eX_ e] _ci^e_wh Ze ^\cd] uf\jed]w e] Zpec[m xd\]\c^ejed] ^\y[\Ze Y[ kz]e[lh \^ ke[] {]Xejcd\k[^` e] j\_ ed k^cfe c\_`jed] Zcd_ [d kXej\eX ]ejk_h k[\_ fgcdbe kXYbXe__\vejed] Zp`]c]kY[X Zeved\X _Y^\Ze e] X`_\_]cd]m |e Z[Xf\__ejed]h c[__\ ckke^` kX\_eh _perref][e c[ ]XcveX_ Ze ^cX`cf]\Yd ed]Xe ^e_ bXc\d_ Ze f\jed] e] ^pec[ ciY[]\__cd] a ^c rYXjc]\Yd Zpg}ZXc]e_m te_bXcd[^c]_ _eXved] c^YX_ Ze jc]X\femte_ rYXj[^c]\Yd_ i`]Yd_ rYd] `bc^ejed] \d]eXved\X Ze dYjiXe[l c[]Xe_ fYd_]\][cd]_ ]e^_y[e ^e_ cZo[vcd]_ Y[ ^e_ coY[]_ j\d`Xc[lm te[X []\^\_c]\Yd keXje] ZpYi]ed\X Ze_ i`]Yd_ c[lkXYkX\`]`_ i\ed Z`r\d\e_ ed jYZ\r\cd] ^pY[vXci\^\]`h ^c kX\_e Y[ ^c X`_\_]cdfe Z[ i`]Ydm x^ckkcXc~] Zs_ ^YX_ y[e ^e fYjkYX]ejed] Z[ i`]Yd Ze ^p`]c] rXc\_ uXg`Y^Yb\ew o[_y[pa ^p`]c] _Y^\ZeuX`_\_]cdfew e_] Z`kedZcd] Ze ^c dc][Xe Ze_ fYd_]\][cd]_ []\^\_`_mKKL� ��PVUTU�RPUV ��V �OU�PV������ ������te f\jed] e_] ^c kcX]\e X`cf]\ve Z[ i`]Ydm �{je _\ \^ el\_]e Z\rr`Xed]_ ]}ke_ Ze f\jed]_h ^eWYX]^cdZ e_] ^e k^[_ fY[Xcjjed] []\^\_`m te f^\d�eXh _Yd fYjkY_cd] jcoYX\]c\Xe u���� Zp[df\jed] WYX]^cdZwh X`_[^]e Ze ^c fc^f\dc]\Yd a �����| Zp[d j`^cdbe Ze XYfge fc^fc\Xe e] ZpcXb\^eZcd_ [d XckkYX] �� e] ��� Xe_kef]\vejed]m te_ y[c]Xe kgc_e_ jcoYX\]c\Xe_ fYd_]\][cd] ^ef^\d�eX _Yd] ^e _\^\fc]e ]X\fc^f\y[e Y[ c^\]e u|�nwh ^e _\^\fc]e Z\fc^f\y[e Y[ i`^\]e u|�nwh^pc^[j\dc]e Ze fc^f\[j u|��w e] ^pc^[j\dYreXX\]e ]e]Xcfc^f\y[e u|���wm
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�d kX`_edfe Zpec[ ^e f^\d�eX X`cb\] kcX Ze_ kg`dYjsde_ Ze Z\__Y^[]\Yd   kX`f\k\]c]\YdfYjk^ele_ kY[X rYXjeX Ze_ g}ZXc]e_ fYjje ^e_ _\^\fc]e_ Ze fc^f\[j g}ZXc]`_ u|n¡w ¢£^e\dh����¤m |e_ g}ZXc]e_ _e XebXY[ked] c^YX_ _Y[_ rYXje Zpcjc_ y[\ ed _pc__Yf\cd] kcX [dj`fcd\_je Ze keXfY^c]\Yd vYd] rYXjeX kXYbXe__\vejed] [d X`_ec[ ^\cd] ^e_ bXc\d_ Ze _ci^e_ed]Xe e[l e] ZYddeX _c X`_\_]cdfe c[ i`]Ydm tc kX\_e Z[ f\jed] X`_[^]cd] Ze fe_ X`cf]\Yd_Zpg}ZXc]c]\Yd _e kY[X_[\] c^YX_ o[_y[pa `k[\_ejed] Ze_ X`cf]\r_m�����¥ ¦§��¨©��ª�Y\d_ fY«]e[l y[e ^e f\jed]h ^e_ bXcd[^c]_ _Yd] Ze_ rXcbjed]_ Ze XYfge Ze ]c\^^e fYjkX\_eed]Xe � e] ��jj _eXvcd] Ze jc]X\fe c[ i`]Ydm x^_ ed XekX`_ed]ed] c^YX_ ¬� a q�� Z[ vY^[je]Y]c^m ­pYX\b\de c^^[v\Yddc\Xeh \__[_ Ze jc]`X\c[l Xef}f^`_ Y[ el]Xc\]_ Ze fcXX\sXe Ze XYfge_jc__\ve_h ^e_ bXcd[^c]_ ke[ved] kX`_ed]eX Ze_ fcXcf]`X\_]\y[e_ Ze ]c\^^eh Ze jYXkgY^Yb\e Y[ Zedc][Xe fg\j\y[e ]Xs_ Z\rr`Xed]e_m tc fcXcf]`X\_c]\Yd Ze_ bXcd[^c]_ e_] c\d_\ d`fe__c\Xe cr\dZpckkX`gedZeX c[ j\e[l ^e_ kXYkX\`]`_ Xg`Y^Yb\y[e_ e] j`fcd\y[e_ Z[ i`]Yd u`fY[^ejed]hX`_\_]cdfe a ^c fYjkXe__\Ydwm tc kX`_edfe Zp\jk[Xe]`_ e_] `bc^ejed] [d kcXcjs]Xe \jkYX]cd] ajc~]X\_eX cr\d Ze _pc__[XeX y[pe^^e_ de X`cb\__ed] kc_ cvef ^e ^\cd] Y[ dp\d]eXrsXed] kc_ Zey[e^y[e jcd\sXe y[e _e _Y\] _[X ^e_ kXYkX\`]`_ Z[ jc]`X\c[m­cd_ ^e_ rYXj[^c]\Yd_ i`]Ydh ^e_ bXcd[^c]_ _Yd] []\^\_`_ kcX j`^cdbe Ze Z\rr`Xed]e_ ]c\^^e_Ze _ci^e_ e] bXcv\eX_m tpYi]ed]\Yd Zp[d _kef]Xe bXcd[^Yj`]X\y[e `]edZ[ e] fYd]X®^` cj`^\YXec\d_\ ^c fYjkcf\]` Z[ jc]`X\c[ e] kcX fYd_`y[ed] _c X`_\_]cdfe ¢­e tcXXcXZ e] neZXcdh ����¤m¯ekY_cd] _[X ^e_ jYZs^e_ Zpejk\^ejed] bXcd[^c\Xe Z`ve^Ykk`_ Zs_ ^pcd]\y[\]` kcX �kkY^Yd\Y_Ze WeXbch fe] c__eji^cbe keXje] Ze j\d\j\_eX ^e_ v\Ze_ Zcd_ ^e jc]`X\c[ e] kcX fYd_`y[ed] ZeX`Z[\Xe ^c y[cd]\]` Zpec[ e] Ze f\jed] d`fe__c\Xe ]Y[] ed bcXcd]\__cd] Ze_ keXrYXjcdfe_j`fcd\y[e_ Yk]\j[j_m tc kcdYk^\e Ze_ bXcd[^c]_ e_] c[oY[XZpg[\ fYjk^`]`e kcX Ze_ cZZ\]\Yd_Ze j\d`Xc[l ]Xs_ r\d_ ]e^_ y[e ^e_ r\^^eX_ e] ^e_ fedZXe_ vY^cd]e_ Ze_]\d`e_ a c[bjed]eX ^cfYjkcf\]` kY[X Yi]ed\X Ze_ i`]Yd_ gc[]e_ keXrYXjcdfe_m�����° ±�¨tpec[ e_] [d `^`jed] e__ed]\e^ Ze_ rYXj[^c]\Yd_ i`]Yd_h oY[cd] a ^c rY\_ ^e X®^e Zpcf]\vc]e[XZe kX\_e e] Ze r^[\Z\r\cd]m ­cd_ fe fcZXeh ^c y[cd]\]` Zpec[ \d\]\c^e Z[ _}_]sje e_] [de ZYdd`e
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kX\jYXZ\c^e Ze ^c rYXj[^c]\Ydh \dr^[ed²cd] ^e_ kXYkX\`]`_ Z[ i`]Yd a ^p`]c] rXc\_ e] a ^p`]c]_Y^\Zem­cd_ [d kXej\eX ]ejk_h ^pec[ keXje] ^pe_kcfejed] Ze_ bXcd[^c]_ ed Z\j\d[cd] ^c rXcf]\YdvY^[j\y[e _Y^\Zeh rcf\^\]cd] c\d_\ ^p`fY[^ejed] Z[ i`]Yd a ^p`]c] rXc\_m tc y[cd]\]` Zpec[\d]XYZ[\]e e_] kcX fYd_`y[ed] fgY\_\e cr\d Ze bcXcd]\X c[ jc]`X\c[ ^e_ fcXcf]`X\_]\y[e_Xg`Y^Yb\y[e_ Z`_\X`e_ ³ ^pY[vXci\^\]`m x^ e_] c\d_\ rX`y[ed] Zp\d]XYZ[\Xe [de y[cd]\]` Zpec[_[k`X\e[Xe a fe^^e d`fe__c\Xe c[l X`cf]\Yd_ Zpg}ZXc]c]\Ydmtpec[ cb\] ed_[\]e fYjje [d cbed] g}ZXc]cd] fYdZ[\_cd] a ^c kX\_e Z[ f\jed] fYjje dY[_^pcvYd_ Z`fX\] kX`f`Zejjed]m tc rYXjc]\Yd Zpg}ZXc]e_ ed]Xe ^e_ bXcd[^c]_ fYdZ[\] c^YX_ a ^cfX`c]\Yd Zp[d X`_ec[ fYdr`Xcd] c[ i`]Yd _e_ kXYkX\`]`_ j`fcd\y[e_m te_ X`cf]\Yd_Zpg}ZXc]c]\Yd _e kY[X_[\ved] c^YX_ o[_y[pa `k[\_ejed] fYjk^e] Ze_ X`cf]\r_m�\dc^ejed]h ^pec[ ed elfs_ _p`vckYXe ed fX`cd] [de kYXY_\]` Zcd_ ^e jc]`X\c[m ­e fe rc\]hZe_ coY[]_ ed ec[ ]XYk \jkYX]cd]_ Z\j\d[ed] ^e_ kXYkX\`]`_ j`fcd\y[e_ e] ^c Z[Xci\^\]` Z[i`]Ydm tpY[vXci\^\]` de ke[] kcX fYd_`y[ed] {]Xe ]̀ci^\e kcX Ze_ coY[]_ Zpec[ \dfYd_\Z`X`_m tc]ede[X ed ec[ ed rYdf]\Yd Ze ^c y[cd]\]` Ze f\jed] e_] c\d_\ X`b^ejed]`e kY[X fgcy[e ]}ke Zei`]Yd kcX ^c dYXje ´� �´ ��¬ �m�����µ ¶µ· ¨¸���ªtp`vY^[]\Yd X`fed]e Ze_ rYXj[^c]\Yd_ i`]Yd_ veX_ Ze_ kXYZ[\]_ ]efgd\y[e_ X`kYdZcd]_ a Ze_fcg\eX_ Ze_ fgcXbe_ cji\]\e[l dpc k[ _e rc\Xe y[pa ]XcveX_ ^p[]\^\_c]\Yd Ze_ cZo[vcd]_ ¢W^cdf�h���¬ e] ���q¤m �ZZ\]\r_ ^e k^[_ _Y[ved] YXbcd\y[e_ coY[]`_ c[ j`^cdbe ^YX_ Z[ jc^clcbeh ^e[X[]\^\_c]\Yd c c\d_\ keXj\_ ^pcj`^\YXc]\Yd Ze_ fYdZ\]\Yd_ Zp[]\^\_c]\Yd e] Ze_ kXYkX\`]`_ Zp[_cbeZe_ i`]Yd_m WY[X fe^ch \^_ cb\__ed] ed jYZ\r\cd] _e_ fcXcf]`X\_]\y[e_ a ^p`]c] rc\_ fYjje a ^p`]c]_Y^\Zem WY[vcd] cb\X fYjje Xe]cXZc]e[X Y[ cf]\vc]e[X Ze kX\_eh k^c_]\r\cd] Y[ edfYXe cbed]g}ZXYr[beh \^_ keXje]]ed] c^YX_ ZpYk]\j\_eX ^e_ rYXj[^c]\Yd_ i`]Yd_ c[l \jk`Xc]\r_ ]efgd\y[e_Ze fgcy[e fgcd]\eXm¹º» ¼ ½¾»¿ÀÁ À¾Â¿» º¿ »Ã¼ ºÄ¼ ½¾»¿ÀÁ À¾Â¿» ÅÆÇÈ ÇÆÈÉÊÊËÇÈ Ì ÍÎÆÏÐÑÐÇË ÒÎÉÓÉÇÔÕÅ ÔÆÇÅÐÒÕÏÉÖÍËÅÒÉÇÅ ÍËÅ ÒÆÊÉÐÇËÅ ÒË ÍÉ ÔÆÇÅÈÏ×ÔÈÐÆÇ É× ÔÆ×ÏÅ ÒËÅ ÓÐÇÑÈ ÒËÏÇÐØÏËÅ ÉÇÇÕËÅÙ ÚÆÍÕÔ×ÍËÅÆÏÑÉÇÐÛ×ËÅ É×Ü ÝÏÆÝÏÐÕÈÕÅ ÒÕÞÍÆÔ×ÍÉÇÈËÅß ÔËÅ ÉÒà×ÓÉÇÈÅ ÝËÏÊËÈÈËÇÈ ÍÎÆÖÈËÇÈÐÆÇ ÒË ÖÕÈÆÇÅ É×Ü
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ÝËÏÞÆÏÊÉÇÔËÅ ÊÕÔÉÇÐÛ×ËÅ ÕÍËÓÕËÅ ËÇ É×ÑÊËÇÈÉÇÈ ÍÉ ÔÆÊÝÉÔÐÈÕ Ò× ÊÉÈÕÏÐÉ× ËÈ ËÇ ÍÐÊÐÈÉÇÈ ÉÐÇÅÐÍÉ ÈËÇË×Ï ËÇ ËÉ×Ù ãÍÅ ÉÝÝÆÏÈËÇÈ ÕÑÉÍËÊËÇÈ ×Ç ÑÉÐÇ ÒÎÆ×ÓÏÉÖÐÍÐÈÕ ÈÏØÅ ÐÊÝÆÏÈÉÇÈ ËÈ ÏËÇÞÆÏÔËÇÈ ÍÉÒ×ÏÉÖÐÍÐÈÕ ÒËÅ ÖÕÈÆÇÅÙ ãÅÅ×Å ÒË ÔËÅ ÈËÔäÇÐÛ×ËÅß ÍËÅ ÖÕÈÆÇÅ äÉ×ÈËÅ ÝËÏÞÆÏÊÉÇÔËÅ ËÈ É×ÈÆÝÍÉåÉÇÈÅÅÆÇÈ É×àÆ×ÏÒÎä×Ð ÒËÅ Æ×ÈÐÍÅ ÒË ÔäÆÐÜ ÒÉÇÅ ÍÉ ÔÆÇÅÈÏ×ÔÈÐÆÇ ÒË ÇÆÊÖÏË×Ü Æ×ÓÏÉÑËÅÙæÎÉ×ÈÏËÅ ÉÒà×ÓÉÇÈÅß Äº¿¾Äç¾¿ºÃÄ» º¿ ¾èèé½éÄ¾¿ºÃÄ» çº¼ ÄÀ»ºê ÅÆÇÈ ÕÑÉÍËÊËÇÈ ÉÒÒÐÈÐÆÇÇÕÅ É×ÜÖÕÈÆÇÅ ÉÞÐÇ ÒË ÊÉëÈÏÐÅËÏ ÍËÅ ÔÐÇÕÈÐÛ×ËÅ ÒË ÝÏÐÅË Ò× ÔÐÊËÇÈÙ ìË×Ï ÏíÍË ËÅÈ ÉÍÆÏÅ ÒË ÑÉÏÉÇÈÐÏ ×ÇÔÆÇÈÏíÍË ÒÉÇÅ ÍË ÈËÊÝÅ ÒË ÍÉ ÈËÇ×Ë Ò× ÖÕÈÆÇß ÕÓÐÈÉÇÈ ÝÉÏ ËÜËÊÝÍË ÍÉ ÝÏÐÅË É× ÔÆ×ÏÅ ÒË ÍÉÍÐÓÏÉÐÅÆÇ îÏËÈÉÏÒÉÈË×Ïï Æ× ËÇ ÉÔÈÐÓÉÇÈ ÍËÅ ÏÕÉÔÈÐÆÇÅ ÒÎäðÒÏÉÈÉÈÐÆÇ ÝÆ×Ï ÏÕÒ×ÐÏË ÍÉ Ò×ÏÕË ÒÎ×ÇÔÆÞÞÏÉÑË îÉÔÔÕÍÕÏÉÈË×ÏïÙ ñÇÞÐÇß ÒËÅ ÉÒà×ÓÉÇÈÅ ËÜÐÅÈËÇÈ ÒÆÇÇÉÇÈ É×Ü ÖÕÈÆÇÅ ÒËÅ ÔÉÏÉÔÈÕÏÐÅÈÐÛ×ËÅÒË Ò×ÏÉÖÐÍÐÈÕß ÒË ÅÆÍÐÒÐÈÕ Æ× ÒÎËÅÈäÕÈÐÅÊË ÅÝÕÔÐÞÐÛ×ËÅÙòòóô õö÷øöùúûúü ýþÿü��� ý�ü �úû÷�ü�Æ×Ï ÏÕÝÆÇÒÏË É× ÊÐË×Ü É×Ü ÐÊÝÕÏÉÈÐÞÅ ÈËÔäÇÐÛ×ËÅ ÒËÅ ÔäÉÇÈÐËÏÅß ÍËÅ ÖÕÈÆÇÅ ÒÆÐÓËÇÈÝÏÕÅËÇÈËÏ ÒËÅ ÅÝÕÔÐÞÐÔÐÈÕÅ ÒË ÊÐÅË ËÇ �×ÓÏËß ÒË ÏÕÅÐÅÈÉÇÔË ËÈ ÒË Ò×ÏÉÖÐÍÐÈÕÙ æË ÔË ÞÉÐÈß ÍËÞÆ×ÏÇÐÅÅË×Ï ÒÆÐÈ ÝÏÆÒ×ÐÏË ×Ç ÖÕÈÆÇ ÒË Û×ÉÍÐÈÕ ÔÆÏÏËÅÝÆÇÒÉÇÈ É×Ü ÉÈÈËÇÈËÅ ÒËÅ ÔÍÐËÇÈÅÙ ãÍ ÒÆÐÈÇÆÈÉÊÊËÇÈ ÈÏÆ×ÓËÏ ×Ç ÔÆÊÝÏÆÊÐÅ Æ×ÓÏÉÖÐÍÐÈÕ � ÏÕÅÐÅÈÉÇÔË ÆÝÈÐÊÉÍË ËÇ Éà×ÅÈÉÇÈ ÞÐÇËÊËÇÈ ÅÉÞÆÏÊ×ÍÉÈÐÆÇÙ��	
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���������ìË ÝÍ×Å ÅÆ×ÓËÇÈß ÍÉ ÞÆÏÊ×ÍÉÈÐÆÇ ÒÎ×Ç ÖÕÈÆÇ ÅË ÔÆÇåÆÐÈ ËÇ ÝÏËÇÉÇÈ ËÇ ÔÆÊÝÈË ÅËÅ ÔÆÇÒÐÈÐÆÇÅÒË ÈÏÉÇÅÝÆÏÈß ÒË ÊÐÅË ËÇ �×ÓÏË ËÈ ÒË ÅËÏÏÉÑËÙ �×ÐÓÉÇÈ ÍËÅ ÔÉÅß ÍËÅ ÖÕÈÆÇÅ ÝÆ×ÏÏÆÇÈ ÉÐÇÅÐ �ÈÏËÝÆÊÝÕÅß ÔÆ×ÍÕÅß ÝÏÆà ËÈÕÅß ÓÐÖÏÕÅß ÝÐÛ×ÕÅ Æ× ËÇÔÆÏË É×ÈÆÇÐÓËÍÉÇÈÅÙ ãÍÅ ÇÕÔËÅÅÐÈËÏÆÇÈ ÝÉÏÔÆÇÅÕÛ×ËÇÈ ÒËÅ ÝÏÆÝÏÐÕÈÕÅ ÏäÕÆÍÆÑÐÛ×ËÅ ÒÐÞÞÕÏËÇÈËÅ ÒÎ×Ç ÔäÉÇÈÐËÏ ËÈ ÒÎ×ÇË ÉÝÝÍÐÔÉÈÐÆÇ ÌÍÎÉ×ÈÏËÙ ìÎÆ×ÓÏÉÖÐÍÐÈÕ ÔÉÏÉÔÈÕÏÐÅË ÉÍÆÏÅ ÍÉ ÔÆÇÅÐÅÈÉÇÔË ËÈ�Æ× ÍÉ ÞÍ×ÐÒÐÈÕ Ò× ÖÕÈÆÇ Ì ÍÎÕÈÉÈ ÞÏÉÐÅÙñÍÍË ÒÕÞÐÇÐÈ ÝÍ×Å ÑÕÇÕÏÉÍËÊËÇÈ ÍÎËÇÅËÊÖÍË ÒËÅ Û×ÉÍÐÈÕÅ ÝÏÉÈÐÛ×ËÅ Û×Ë ÒÆÐÈ ÝÆÅÅÕÒËÏ ×Ç ÖÕÈÆÇÝÆ×Ï �ÈÏË ÈÏÉÇÅÝÆÏÈÕ ËÈ ÊÐÅ ËÇ ÝÍÉÔË ÞÉÔÐÍËÊËÇÈ ËÈ ÅÉÇÅ ÊÉÍÞÉåÆÇÅÙ�ÕÝÆÇÒÉÇÈ Ì ÝÍ×ÅÐË×ÏÅ ÔÏÐÈØÏËÅß ÍÎÆ×ÓÏÉÖÐÍÐÈÕ ÝË×È �ÈÏË ÉÐÇÅÐ ÒÕÈËÏÊÐÇÕË ÒË Ê×ÍÈÐÝÍËÅÞÉåÆÇÅÙ ìÎÉÞÞÉÐÅÅËÊËÇÈ É× ÔíÇË ÒÎ�ÖÏÉÊÅ Æ× � �Í×ÊÝ �ËÅÈ � ËÅÈ ÈÆ×ÈËÞÆÐÅ ÍÎËÅÅÉÐ ÍË ÝÍ×ÅÞÏÕÛ×ËÊÊËÇÈ ×ÈÐÍÐÅÕ ÝÆ×Ï ÊËÅ×ÏËÏ ÔË ÝÉÏÉÊØÈÏËÙ ãÍ ÔÆÇÅÐÅÈË ËÇ ×ÇË ÊËÅ×ÏË ÒË ÍÉ äÉ×ÈË×ÏÒÎÉÞÞÉÐÅÅËÊËÇÈ ÒÎ×Ç ÖÕÈÆÇ ÐÇÈÏÆÒ×ÐÈ ÒÉÇÅ ×ÇË ÑÕÆÊÕÈÏÐË ÈÏÆÇÔÆÇÐÛ×Ë ÍÆÏÅ ÒË ÅÆÇ ÒÕÊÆ×ÍÉÑË
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îÞÐÑÙ �Ù�ÉïÙ �ËÈÈË äÉ×ÈË×Ï ÅËÏÉ ÉÍÆÏÅ ÏËÝÏÕÅËÇÈÉÈÐÓË ÒË ÍÉ ÔÆÇÅÐÅÈÉÇÔË Ò× ÖÕÈÆÇÙ �Æ×ÏÍÎÆ×ÓÏÉÖÐÍÐÈÕ ÒË ÖÕÈÆÇÅ ÈÏØÅ ÞÍ×ÐÒËÅ ÔÆÊÊË ÍËÅ ÖÕÈÆÇÅ É×ÈÆÝÍÉåÉÇÈÅ î���ïß ÍÉ ÊËÅ×ÏË ÅÎËÞÞËÔÈ×ËËÇ ÝÏËÇÉÇÈ ËÇ ÔÆÊÝÈË ÍË ÒÐÉÊØÈÏË ÒË ÍÉ ÑÉÍËÈÈË ÆÖÈËÇ×ËÙ  Ç ÆÖÈÐËÇÈ ÉÍÆÏÅ ×ÇË ÊËÅ×ÏËÒÎÕÈÉÍËÊËÇÈÙ æÎÉ×ÈÏËÅ ÈËÅÈÅ ÔÆÊÊË ÍË ÊÉÇÐÉÖÐÍÐÊØÈÏË ËÜÐÅÈËÇÈ ÊËÈÈÉÇÈ ËÇ à Ë× ÒËÅ ÈÉÖÍËÅ ÒËÓÐÖÏÉÈÐÆÇÅ ËÈ ÝËÏÊËÈÈÉÇÈ ÒË ÏËÇÒÏË ÔÆÊÝÈË Ò× ÅËÏÏÉÑË Å×Ï ÔäÉÇÈÐËÏ îÞÐÑ �Ù�ÖïÙ æÉÇÅ ÔË ÔÉÅß ÆÇÊËÅ×ÏË ÍË ÈËÊÝÅ ÇÕÔËÅÅÉÐÏË É× ÖÕÈÆÇ ÝÆ×Ï ÅÎÕÈÉÍËÏ ÒÉÇÅ ×Ç ÔÆÞÞÏÉÑËÙ
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DEFGHI JKL M NOPQRO STUQVRWXYZY[\ ]W^ WQ _`aO STbXRWNP UQ cZQNd [OP[ ]X^ WQNWaYWXYZY[Ne[ROfghijklimn op ikjqrpst hsupsrm mksvlwipiu vp xhlu ysp vzks{rhqlvlug ip |psu pt|rljpr uksu} xhlu vpm |rk|rlgugm ozg~ksvpjpiu ozsi qguki ��p �hrrhron ���� � �kjkipn ���� � �hixlvvn������ �p qguki pmu hliml ~kimlogrg ~kjjp si jhugrlhs liuprjgolhlrp piurp si xvslop pu sim�mu�jp wrhisvhlrp �sjlop� �v pmu |hr ~kimgyspiu hmmljlvhqvp } si xvslop op u�|p �liw�hj~hrh~ugrlmg |hr opst |hrhj�urpm liog|piohium � vh ~kiurhliup mpslv vlgp hs myspvpuup wrhisvhlrp�xrl~ulki piurp wrhlim� pu vh {lm~kmlug |vhmulysp ugjklwihiu opm |rk|rlgugm ozg~ksvpjpiu op vh|hrulp vlyslop �phs � |hrul~svp xlip� �xlw ������ �limln lv h gug ~kimuhug ysp opm jpmsrpmozhxxhlmmpjpiu hs ~�ip oz�qrhjm ks opm pmmhlm ozg~ksvpjpiu hs jhilhqlvlj�urp |ps{piu|hrxklm okiipr opm rgmsvuhum ~kiurhol~uklrpm ��hrkin ���� � �pn ������ �h jpmsrp ozks{rhqlvlughs ~�ip oz�qrhjm pmu hvkrm |rli~l|hvpjpiu rp|rgmpiuhul{p op vh ~kiurhliup mpslvn ~pvvp hs
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jhilhqlvlj�urp op vh {lm~kmlug |vhmulysp� �pm xkrjsvhulkim qgukim liu�wrpiu ~pm opst xh~upsrmpi k|uljlmhiu } ~�hysp h||vl~hulki vh ~kj|h~lug os jgvhiwp wrhisvhlrp pu vh {lm~kmlug op vh|�hmp msm|piohiup�
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´YµQRO ¶·¶¸ M Ya[ORdR\[W[YUa d¹ºPY»QO SO ZW _Ua[RWYa[O POQYZ O[ SO ZW VYP_UPY[\ dZWP[Y»QO]NUSeZO SO ¼Yaµ¹WN^
½½¾¿¾À ÁÂÃÄÃÅÆÇÈÉ ÊÂÈÆÇÄËÌÉÍÎÏÐÑÏÒÓÔÕ ÒÎÖÒÎÏ×Ø× ÙÕÚ Û×ØÖÐÚÜ ÔÓ Î×ÚÏÚØÓÐÑÕ Ý×ÑÓÐÏÞßÕ ÕÚØ ÏÐÏØÏÓÔÕÝÕÐØ ÙßÕ Óßà Î×ÓÑØÏÖÐÚÙáâãÙÎÓØÓØÏÖÐ ÙÕÚ ÑÖÝÒÖÚÓÐØÚ Ùß ÑÏÝÕÐØ ÓäÕÑ ÔáÕÓßå æÕ Î×ÚÕÓß çÖÎÝ× ÒÓÎ ÔÕÚ âãÙÎÓØÕÚ ÕÚØÎÕÚÒÖÐÚÓÛÔÕ Ùß ÙßÎÑÏÚÚÕÝÕÐØ ÙÕ ÔÓ ÒèØÕ ÙÕ ÑÏÝÕÐØ ÕØ ÙÕ ÔÓ Î×ÚÏÚØÓÐÑÕ çÏÐÓÔÕ Ùß ÝÓØ×ÎÏÓßå æÓÒèØÕ ÙÕ ÑÏÝÕÐØ ÙßÎÑÏÕ ÕÐÎÖÛÕ ÓÔÖÎÚ ÔÕÚ éÎÓÐßÔÓØÚ ÞßÏ ÚÕÎäÕÐØ ÙÕ ÝÓØÎÏÑÕ ÙÓÐÚ ÔÕ Û×ØÖÐå æÓÔÏÓÏÚÖÐÚ ÒèØÕ ÙÕ ÑÏÝÕÐØ ê éÎÓÐßÔÓØÚ ÕÚØ ßÐÕ ëÖÐÕ ÒÓÎØÏÑßÔÏìÎÕ Öí ÔÕÚ âãÙÎÓØÕÚ çÖÎÝ×Ú ÚÖÐØÙÏçç×ÎÕÐØÚ Ùß ÑîßÎ ÙÕ ÔÓ ÒèØÕÜ ÑÎ×ÓÐØ ßÐÕ ÏÐØÕÎçÓÑÕ ÒÔßÚ ÒÖÎÕßÚÕ é×Ð×ÎÓÐØ ÙÕÚ ëÖÐÕÚ ÙÕçÓÏÛÔÕÚÚÕ ï ÔÓ Î×ÚÏÚØÓÐÑÕåæÓ Î×ÚÏÚØÓÐÑÕ ÙáßÐ Û×ØÖÐ ÚÕ ÝÕÚßÎÕ ÑÔÓÚÚÏÞßÕÝÕÐØ ÒÓÎ ßÐ ØÕÚØ ÙÕ Î×ÚÏÚØÓÐÑÕ ï ÔÓÑÖÝÒÎÕÚÚÏÖÐ ï ðñ òÖßÎÚå óÕØ ÕÚÚÓÏ ÐÖÎÝÓÔÏÚ× ÕÚØ Î×ÓÔÏÚ× ÚßÎ ÑãÔÏÐÙÎÕ ÕØ ÚßÎ ÑßÛÕ ÙÕ Û×ØÖÐ ï ÔÓçÖÏÚÜ Ù×çÏÐÏÚÚÓÐØ ÙÕÚ ÑÔÓÚÚÕÚ ÙÕ Û×ØÖÐÚ ÎÕÒÎ×ÚÕÐØÓØÏäÕÚ ÙÕÚ ÒÕÎçÖÎÝÓÐÑÕÚ Ý×ÑÓÐÏÞßÕÚ ÙßÝÓØ×ÎÏÓßå æÓ Î×ÚÏÚØÓÐÑÕ ï ÔÓ ØÎÓÑØÏÖÐ ÕÚØ ÕÐ ÎÕäÓÐÑâÕ ÛÕÓßÑÖßÒ ÒÔßÚ çÓÏÛÔÕå
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öö÷ø ùúûüýüþÿûü�� ��þ ���ý��ÿûü�� �	û��þæá×ÔÓÛÖÎÓØÏÖÐ ÙÕ Û×ØÖÐÚ Óßà ÒÎÖÒÎÏ×Ø×Ú ØÕÑâÐÏÞßÕÚ ×ÔÕä×ÕÚ Ð×ÑÕÚÚÏØÕ ßÐÕ ÓÒÒÎÖÑâÕéÎÓÐßÔÖÝ×ØÎÏÞßÕ ÙÕ ÑÕ ÝÓØ×ÎÏÓßå 
çÏÐ ÙÕ ÝÏÕßà ÑÕÎÐÕÎ ÑÕØØÕ ÒÎÖÛÔ×ÝÓØÏÞßÕÜ ÑÕ ÒÓÎÓéÎÓÒâÕÙ×ÑÎÏØ ÒÔßÚ ÒÎ×ÑÏÚ×ÝÕÐØ ÔÓ ÐÖØÏÖÐ ÙÕ ÑÖÝÒÓÑÏØ× éÎÓÐßÔÓÏÎÕ ÕØ ÚÕÚ ÏÝÒÔÏÑÓØÏÖÐÚ ÚßÎ ÔÕÚ ÒÎÖÒÎÏ×Ø×ÚÙáßÚÓéÕ Ùß Û×ØÖÐå �ÖßÚ äÕÎÎÖÐÚ ÕÐÚßÏØÕ ÑÖÝÝÕÐØ ÔÕÚ ÙÕÎÐÏìÎÕÚ ÓäÓÐÑ×ÕÚ ØÕÑâÐÏÞßÕÚ ÑÖÝÝÕÔáßØÏÔÏÚÓØÏÖÐ ÙáÓÙòßäÓÐØÚ ÚÒ×ÑÏçÏÞßÕÚ ÑÖÐØÎÏÛßÕÐØ ï ÔáÓÝ×ÔÏÖÎÓØÏÖÐ ÙÕ ÑÕØ ÕÝÒÏÔÕÝÕÐØå½½¾�¾Æ
�ÅÄ�Ç �É È�Ê�ÆÈÄÅÂ ��ÆÇÌ�ÆÄ�É�ßÚÒÕÐÚÏÖÐ ÝÓòÖÎÏØÓÏÎÕÝÕÐØ éÎÓÐßÔÓÏÎÕÜ ÔÕ Û×ØÖÐ ÒÕßØ �ØÎÕ ÓÒÒÎ×âÕÐÙ× ÑÖÝÝÕ ßÐ ÝÓØ×ÎÏÓßÑÖÐÚØÏØß× ÙáßÐ ÚÞßÕÔÕØØÕ ÙÕ éÎÓÏÐÚ ÙÖÐØ ÔáÕÝÒÏÔÕÝÕÐØ Ù×ØÕÎÝÏÐÕ ÔÕÚ ÒÎÖÒÎÏ×Ø×Ú ÒâãÚÏÞßÕÚå æÕÑÖÐØÎ�ÔÕ Ùß ÚÒÕÑØÎÕ éÎÓÐßÔÖÝ×ØÎÏÞßÕ ÙÕÚ ÝÓØ×ÎÏÓßà ßØÏÔÏÚ×Ú ÎÕä�Ø ÒÓÎ ÑÖÐÚ×ÞßÕÐØ ßÐÕÏÝÒÖÎØÓÐÑÕ ØÖßØÕ ÒÓÎØÏÑßÔÏìÎÕ ÙÓÐÚ ÚÓ çÖÎÝßÔÓØÏÖÐå æáÓÚÚÕÝÛÔÓéÕ ÝÓ�ØÎÏÚ× ÙÕ éÎÓÏÐÚ ÙÕÙÏçç×ÎÕÐØÕÚ ØÓÏÔÔÕÚ ÒÕÎÝÕØ ÕÐ ÕççÕØ ÔáÖÛØÕÐØÏÖÐ ÙÕ ÚãÚØìÝÕÚ ÑÖÝÒÓÑØÚ Öí ÔÕÚ äÏÙÕÚ ÚÖÐØ ÔÏÝÏØ×Ú��Ïé �å���å æÕ ÒÖßÎÑÕÐØÓéÕ ÙÕ ÑâÓÞßÕ ÚÓÛÔÕ ÙÕ ÑÔÓÚÚÕ éÎÓÐßÔÖÝ×ØÎÏÞßÕ ÙÏçç×ÎÕÐØÕ ÙÖÏØ ÓÏÐÚÏ �ØÎÕÖÒØÏÝÏÚ× ÒÖßÎ ÝÓàÏÝÏÚÕÎ ÔÓ ÑÖÝÒÓÑÏØ× Ùß ÚãÚØìÝÕ ÕØ ÒÖßÎ ÑÕÔÓÜ ÔÕ çÖÎÝßÔÓØÕßÎ ÙÏÚÒÖÚÕ ÙÕÑÖßÎÛÕÚ éÎÓÐßÔÖÝ×ØÎÏÞßÕÚ ÖÒØÏÝÓÔÕÚ ÒÖßÎ ÚÕÚ Ý×ÔÓÐéÕÚå æÓ ÞßÓÐØÏØ× ÙáÕÓß Ð×ÑÕÚÚÓÏÎÕ ÒÖßÎÑÖÝÛÔÕÎ ÔÓ ÒÖÎÖÚÏØ× ÏÐØÕÎéÎÓÐßÔÓÏÎÕ ÕÚØ ÒÓÎ ÑÖÐÚ×ÞßÕÐØ Î×ÙßÏØÕ ÕØ ï ÞßÓÐØÏØ× ÙáÕÓß ×éÓÔÕÜ ÒÔßÚÙáÕÓß ÕÚØ ÙÏÚÒÖÐÏÛÔÕ ÒÖßÎ Ôá×ÑÓÎØÕÝÕÐØ ÙÕÚ éÎÓÏÐÚå æÕ ÚãÚØìÝÕ éÓéÐÕ ÓÔÖÎÚ ÕÐ çÔßÏÙÏØ× ÝÓÔéÎ×ÔáÓßéÝÕÐØÓØÏÖÐ ÙÕ ÔÓ çÎÓÑØÏÖÐ äÖÔßÝÏÞßÕ ÚÖÔÏÙÕåæáßØÏÔÏÚÓØÏÖÐ ÙÕ ÚãÚØìÝÕÚ ØÎìÚ ÑÖÝÒÓÑØÚ ÒÕÎÝÕØ ×éÓÔÕÝÕÐØ ÔáÓÝ×ÔÏÖÎÓØÏÖÐ ÙÕÚ Î×ÚÏÚØÓÐÑÕÚÝ×ÑÓÐÏÞßÕÚå�Õ ÔÓ Ý�ÝÕ ÝÓÐÏìÎÕ ÞßÕ ÒÎ×Ñ×ÙÕÝÝÕÐØÜ ÔÓ Î×ÙßÑØÏÖÐ ÙÕ ÔÓ ÞßÓÐØÏØ× ÙáÕÓß ÒÕÎÝÕØÙÕ ÝÏÐÏÝÏÚÕÎ ÔÓ ÒÖÎÖÚÏØ× ÙÕ ÔÓ ÒèØÕ ÙÕ ÑÏÝÕÐØ ÙßÎÑÏÕ ÕÐ ÑÖÐÑÕÐØÎÓÐØ ÔÕÚ âãÙÎÓØÕÚ çÖÎÝ×Úå óÕÚãÚØìÝÕ Óß äÖÔßÝÕ ÒÖÎÕßà Î×ÙßÏØ ÒÕÎÝÕØ ÙáÓßéÝÕÐØÕÎ ÔÓ Î×ÚÏÚØÓÐÑÕ ï ÔÓ ÑÖÝÒÎÕÚÚÏÖÐ éÔÖÛÓÔÕÙß ÝÓØ×ÎÏÓßå �ÐÕ ÞßÓÐØÏØ× ÝÏÐÏÝÓÔÕ ÙáÕÓß ÕÚØ ØÖßØÕçÖÏÚ Ð×ÑÕÚÚÓÏÎÕ ï ÔáâãÙÎÓØÓØÏÖÐ ÑÖÝÒÔìØÕÙÕÚ ÒâÓÚÕÚ Î×ÓÑØÏäÕÚ Ùß ÑÔÏÐ�ÕÎå �ÓàÏÝÏÚÕÎ ÔÓ ÑÖÝÒÓÑÏØ× ÒÕÎÝÕØ ÓÏÐÚÏ ÙáÓßéÝÕÐØÕÎ ï ÔÓ çÖÏÚÔáÖßäÎÓÛÏÔÏØ× ÕØ ÔÓ Î×ÚÏÚØÓÐÑÕ ÙáßÐ Û×ØÖÐ ï ØÕÐÕßÎ ÕÐ ÕÓß ÏÙÕÐØÏÞßÕå �ÓÐÚ ÑÕØØÕ ÖÒØÏÞßÕÔáßØÏÔÏÚÓØÏÖÐ ÙÕ çÎÓÑØÏÖÐÚ éÎÓÐßÔÓÏÎÕÚ çÏÐÕÚ �çÏÔÔÕÎÚ� ÕØ ßÔØÎÓçÏÐÕÚ �ÑÕÐÙÎÕÚ äÖÔÓÐØÕÚÜ çßÝ×Õ ÙÕÚÏÔÏÑÕ � Ó ÒÕÎÝÏÚ Ôá×ÔÓÛÖÎÓØÏÖÐ ÙÕ ÐÖßäÕÓßà Û×ØÖÐÚ Óßà ÒÎÖÒÎÏ×Ø×Ú ÙáÖßäÎÓÛÏÔÏØ× ÕØ ÙÕÎ×ÚÏÚØÓÐÑÕ ØÎìÚ ×ÔÕä×ÕÚ Óß ÑÖßÎÚ ÙÕÚ äÏÐéØ ÙÕÎÐÏìÎÕÚ ÓÐÐ×ÕÚ �!×ØÖÐÚ "ÓßØÕÚ ÕØ #ÎìÚ "ÓßØÕÚÍÕÎçÖÎÝÓÐÑÕÚ�å æÕÚ ÒÓÎØÏÑßÔÕÚ çÏÐÕÚ òÖßÕÐØ ÓÔÖÎÚ ÔÕ Î�ÔÕ ÙÕ ÔßÛÎÏçÏÓÐØ Ùß ÚãÚØìÝÕ ÕÐ ×ÑÓÎØÓÐØ ÔÕÚéÎÖÚÚÕÚ ÒÓÎØÏÑßÔÕÚÜ ÕÐ ÑÖÝÛÔÓÐØ ÔÓ ÒÖÎÖÚÏØ× ÏÐØÕÎéÎÓÐßÔÓÏÎÕ ÕØ ÕÐ Î×ÙßÏÚÓÐØ ÔÓ ÞßÓÐØÏØ× ÙáÕÓß



ôô

Ð×ÑÕÚÚÓÏÎÕ ï ÔÓ çÔßÏÙÏØ× Ùß Û×ØÖÐ ï Ôá×ØÓØ çÎÓÏÚå 
ÒÎìÚ ÔÓ ÒÎÏÚÕÜ ÔÕÚ çÏÐÕÚ ÑÖÐØÎÏÛßÕÐØ ïÔáÓßéÝÕÐØÓØÏÖÐ ÙÕ ÔÓ ÑÖÝÒÓÑÏØ× Ùß ÚãÚØìÝÕ ÕØ ÒÕÎÝÕØØÕÐØ ÔáÖÛØÕÐØÏÖÐ ÙÕ Û×ØÖÐÚ Óßà Î×ÚÏÚØÓÐÑÕÚï ÔÓ ÑÖÝÒÎÕÚÚÏÖÐ ØÎìÚ ÏÝÒÖÎØÓÐØÕÚå
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_`abcd efee g hij klclm`no pqbr sotirad u`ri`cd dr vlrwn`lr pd ti vciwn`lr xltbs`ybd draclmmdm zicn`wbtdm zlbc p`vvocdrnm cin`l pd ni`ttd huj {xltbn`lr pd tqdsz`tdsdrn drvlrwn`lr pd ti vciwn`lr xltbs`ybd dr aclmmdm zicn`wbtdm||}~}� ���� ���� ������ ����� �� ��� ��� ������ ������������� ���������� ������� ���� �� ������ �¡ ��� ¢����������� ���� ¢���£�¢������� ��������£������ �� £����� �� �� ��� ¤¥������ ¦§���£¨¡ ©ªª« �� ©ªª¬­® ¯� ¢�� �� ¢��¢������� �� ��������¡ �� £���¨�� ¢������ ���� �� £����� ���£��� ������°�� ��� ��������� ���� �� ������ ����������� ��� ��� ¤¥������ ¢����±������ ������® ²°�  ���������� �� £�� ¢����£���� ��¢������� ���°��� ��� �°��� ����� ¢��� ���¢���³�� ¢��� �£����� �� ³����® ²� �����£������� �� £�����¢����£�¢� ´ �� ����������� �� £���� ��� �� �¥��±�� �� �������� ��� ¢��¢������ �¤���� ����� ´�������� �°��� £��������® µ�� ����£���� ��� � ������� �� ����� ���¢������ ��¢������ ��� ��������� ¢����£���� ����� �� ³���� £���� ��� ������� £��£����� �� ����£���® ²°��¢��� ��¢����������� �� �� ��¢��¢����������� ¢����� ���£ �°�³����� ��� ³����� ��±� ������� ���� ������°���® §�� �� �¶��¡ £�� ³����� ¢��������� �� ���� ��� £��¢�£��� ��±� ���·�� �� ������ �� ��



¸¹
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ê�ìüñÿðïðñì óêï�íñüñëð ��éòêðþñì ô�ñòñëé÷ øùù
ûö �ë �ñåð ðäåðñóäïì ëäðñò 	åñÿñððñ éñòëï�òñ �êíñåò ñìð óêï�íñ ÿäëìïéþòêëð íñì éäëëþñì �ï�íïäçòê��ï	åñì ÿäåòêüüñëðòñëÿäëðòþñì �ø�ö��èö �ííñ �ñåð ÿñ�ñëéêëð �ðòñ ñ��íï	åñò �êò íñ ðêå� éî�åüïéïðþ ðò�ì óêï�íñ íñ�äåò ä� ÿñ éïóóòêÿðäçòêüüñ ê þðþ òþêíïìþö �ë ÿäü�íþüñëð÷ íñ ðòêïðñüñëð éñì þÿ�êëðïííäëì ýíîþð��í�ëñ çí�ÿäí÷ ÿäëéåïð ý åë ñì�êÿñüñëð éñì óñåïííñðì ý åë ���� éñ ø� � ÿäëóïòüêëð íê ëêðåòñ



ú�

çäëóíêëðñ éñ ÿñððñ êòçïíñ ��ïçö �ö�éèö �ê üäëðüäòïííäëïðñ �òþìñëðñ þçêíñüñëð åë ìïçëêí éñéïóóòêÿðïäë ý �ö�� � êððòï�åê�íñ ý íê òþóíñ�ïäë ��������ö õñííñ ÿï ñìð êåììï ä�ìñò�þñ éêëì íñ ÿêì éñíîïííïðñ 	åï �òþìñëðñ íê ü�üñ ìðòåÿðåòñ éñ óñåïííñð  � ��ïçö�ö��èö �ñì �íêëì éñ òþóíñ�ïäëì ���!ñð ���" ìäëð éïìÿñòëê�íñì ý �öù� � ñð �ö�� � éêëì íñì éïóóòêÿðäçòêüüñì éñ ÿñì éñå� êòçïíñìö�îïííïðñ ñìð ÿêòêÿðþòïìþñ �êò åë �ïÿ ���� ý ø�öø� � ïëìñëìï�íñ êå ðòêïðñüñëð ý íîþð��í�ëñ çí�ÿäíö�äë éïóóòêÿðäçòêüüñ òþ��íñ þçêíñüñëð÷ ÿäüüñ íñì êëêí�ìñì #$ íîäëð éþ�ý üäëðòþñì÷ íê�òþìñëÿñ éñ %êäíïëïðñ ñë óêï�íñ 	åêëðïðþ éêëì ëäðòñ þÿ�êëðïííäë éîïííïðñ ��ïÿ ���� ý úö�� �èö�îêëêí�ìñ éñ íê %êäíïëïðñ &'� ëñ òþ��íñ 	åñ �ñå éîïü�åòñðþì üïëþòêíñìö (êòüï ÿñííñì ÿï÷ äë�ñåð ëäðñò íê �òþìñëÿñ éîåë �ñå éîïííïðñ éêëì íîþÿ�êëðïííäë ����� ) ø�ö�ù �è ñð éñ 	åêòð*ö õñéñòëïñò ñìð þíïüïëþ íäòì éñ íê �åòïóïÿêðïäëö �ñ éïóóòêÿðäçòêüüñ éñ íê %êäíïëïðñ ìñ ÿäü�äìñ÷ ñë�íåì éñ íê òþóíñ�ïäë ���� ý úö�� �÷ éñì ìïçëêå� ���! ý �ö�ù � ñð ��!��������� �üêììïó éñ �ïÿìè êå�ñë�ïòäë éñ �ö
 � ô+ïëÿ%íñ�÷ øù��û ��ïçö �ö�ÿèö
,-.-/ 01/234/35 16 786/923:1;<6 = >2?:4@14413:AB CDEFGB HI JIKC LIMEMI MDEJJI NEBOPCEIKCI DK QERCGQSMCIT IM HI JIKC DBEFGMCGLEI PJIUPIV JDWCDBKJGQPMCEI HIF LDCMERKJIF HXDCWEJI BI LIKM YMCI HPMICQEBPI LDC JIF MIRZBE[KIF HXDBDJ\FIFRJDFFE[KIF] ^K DK_ JEQEMIF HI CPFGJKMEGB HI JD QERCGFRGLEI GLME[KI NDLLCG_EQDMEUIQIBM HIJXGCHCI HI JD JGBWKIKC HXGBHIV FGEM `aaBQ DK QEIK_TV HIF QPMZGHIF HI QERCGFRGLEIPJIRMCGBE[KI GBM PMP HPUIJGLLPIF LICQIMMDBM JD UEFKDJEFDMEGB b JXPRZIJJI HI JXcBWFMCGQ]dILGFDBM FKC JD HKDJEMP GBHI e RGCLKFRKJI HIF PJIRMCGBFV RIF MIRZBE[KIF KMEJEFIBM KB ODEFRIDKHXPJIRMCGBF RGQQI CD\GBBIQIBM] fIJKE REV DRRPJPCP FGKF HIF PBICWEIF UDCEDgJIF N`a b `aahIiTV IFM DFFGREP b HEOOPCIBMIF JGBWKIKCF HXGBHI [KE HPMICQEBICGBM JD CPFGJKMEGB OEBDJI HI JDMIRZBE[KI] ^DBF RI RDHCIV JD jERCGFRGLEI AJIRMCGBE[KI IB kCDBFQEFFEGB Nj]A]k]TV KMEJEFPI IBEQDWICEI HECIRMIV LICQIM HI HEFRICBIC HIF HPMDEJF EBOPCEIKCF DK BQ] lIF GgFICUDMEGBF j]A]k]GBM PMP CPDJEFPIF DK mICUERI fGQQKB HI jERCGFRGLEI AJIRMCGBE[KI HI JD nDRKJMP HIF mREIBRIFHI JXoBEUICFEMP p] qGEBRDCP HI rDBR\ DUIR JXDEHI HI s] tZDQgDu D] lIF PRZDBMEJJGBF GBM PMPLCPLDCPF LDC HPLvM HI FKFLIBFEGBF HXDCWEJI HEJKPIF NwaaQWxJT FKC KBI WCEJJI HI RKEUCI CZGHEP IMDBDJ\FPF DLCSF FPRZDWI LDC KB QERCGFRGLI qZEJELF fj`a] rGKF GgMIBGBF LDC RIMMI MIRZBE[KIHIF EQDWIF HI LDCMERKJIF EFGJPIF HGBM EJ BGKF IFM LGFFEgJI HI HPMICQEBIC JD MDEJJI FGEM HDBF JDJGBWKIKC NUKIF FIJGB JIKC LJDB gDFDJT FGEM HDBF JXPLDEFFIKC NUKI FIJGB JIF ODRIF JDMPCDJIFT] yJBGKF IFM DJGCF LGFFEgJI HXPMDgJEC KB HEDWCDQQI HI CPLDCMEMEGB IB MDEJJI HIF LDCMERKJIF HI
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JXPRZDBMEJJGB NnEW]̀ ]| b `]}T] qJKFEIKCF QERCGWCDLZEIF FGBM DBDJ\FPIF DOEB HI QG\IBBIC BGFCPFKJMDMF]lXPRZDBMEJJGB HI fD~jGBMQGCEJJGBEMIV UK FIJGB JI LJDB gDFDJV LCPFIBMI HIF LDCMERKJIF HIMCSF LIMEMIF MDEJJIF DK_ RGBMGKCF QDJ HPOEBEF MPQGEWBDBM HXKBI DCWEJI QDJ RCEFMDJJEFPI NnEW]`]|DT] lD LJKLDCM HIF LDCMERKJIF LIKUIBM MGKMIOGEF YMCI RGBFEHPCPIF RGQQI RECRKJDECIFLICQIMMDBM JD QIFKCI HXKB HEDQSMCI QG\IB] lI HEDWCDQQI HI CPLDCMEMEGB IB MDEJJI CPUSJI KBILGLKJDMEGB EQLGCMDBMI HGBM JI HEDQSMCI DUGEFEBI JIF |aBQ NnEW] `]|gT] qJKF LCPREFPQIBMV JDUDJIKC HN{aT RGCCIFLGBHDBM b JD MDEJJI QPHEDBI HIF LDCMERKJIF PRZDBMEJJGBBPIF IFM PWDJI b {aBQ]�B LIKM MGKMIOGEF GgFICUIC JD LCPFIBRI HI LDCMERKJIF HI LJKF WCDBHI MDEJJI NLJKFEIKCF RIBMDEBIFHI BQT] qDC DEJJIKCFV HIF QERCGWCDLZEIF CPDJEFPIF IB j]A]k] ZDKMI CPFGJKMEGB N`aa�IiTLICQIMMIBM HXDLLCPREIC LDC RGQLMDWI HK BGQgCI HI OIKEJJIMF GK QIFKCI JXPLDEFFIKC HIFLDCMERKJIF HXDCWEJIF HPLGFPIF FKC JD MCDBRZI NnEW] `]zDT] �B LIKM HEFMEBWKIC FKC RIF RJERZPF [KIJIF LDCMERKJIF HI fD~jGBMQGCEJJGBEMI FGBM LJKF PLDEFFIF IB JIKC RIBMCI [KI FKC JIF gGCHF]lXPLDEFFIKCV QIFKCPI DK RIBMCI HI JD LDCMERKJIV UDCEI HI � b `a OIKEJJIMF DWIBRPF DUIR KBIQG\IBBI FKC �{ QIFKCIF HI w� OIKEJJIMF]lIF QERCGWCDLZEIF CPDJEFPIF FKC JXPRZDBMEJJGB HXEJJEMI LCPFIBMIBM HIF LDCMERKJIF MCSF gEIBHPOEBEIF DK RGBMGKC LGJ\WGBDJIF NnEW] `]{DT] lI HEDWCDQQI HI CPLDCMEMEGB IB MDEJJI HI RIMMIDCWEJI CPUSJI KB LER HI LGLKJDMEGB IBMCI �a IM |a BQ DEBFE [KXKBI UDJIKC HI HN{aT HI |a BQNnEW] `]{gT] ^IF LDCMERKJIF HI MDEJJI FKLPCEIKCI NLJKFEIKCF RIBMDEBIF HI BDBGQSMCIFT FGBMGgFICUDgJIF] lIKC DBDJ\FI LDC A]̂ ]m] NmLIRMCGQSMCI IB ^EFLICFEGB HXABICWEIT ODEM PMDM HI JDLCPFIBRI HI QKFRGUEMI HDBF JXPRZDBMEJJGBV QEBPCDJ HI FMCKRMKCI LCGRZI HI JXEJJEMI] iKIF FIJGBJIF ODRIF JDMPCDJIFV JIF LDCMERKJIF CIWCGKLIBM LJKF HXKBI UEBWMDEBI HI OIKEJJIMF NnEW] `]zgT]lIF LDCMERKJIF HI hDGJEBEMI FI RDCDRMPCEFIBM LDC HIF ODRIF MCSF gEIB RCEFMDJJEFPIF IM LCPFIBMIBMJI LJKF FGKUIBM HIF OGCQIF ZI_DWGBDJIF NnEW] `]}DT] fGBMCDECIQIBM DK_ HIK_ DCWEJIFLCPRPHIBMIF LCPFIBMDBM KB LER HI LGLKJDMEGB OEBV JXPRZDBMEJJGB HI hDGJEBEMI IFM MCSF LGJ\HEFLICFINnEW] `]}gT] lD MDEJJI QG\IBBI HIF LDCMERKJIF HN{aT IFM HI w{a BQ QDEF KB WCDBH BGQgCI HILDCMERKJI HI MDEJJI MCSF HEOOPCIBMIF FGBM GgFICUPIF] iK HI RvMPV JIF LDCMERKJIF HI hDGJEBEMICIWCGKLIBM IBMCI }a IM za OIKEJJIMF NnEW] `]zRT]
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ψψψψ h ψψψψ i jkl mn κκκκ k o pMSTKJENR ]`[qNr

ψ s IDJ HI PNJIRJEIH t HK DTOVKGIZ κuv HK UEDJKRGI UI wIWxI OIPOMDIRJKRJ HK HNReTITO DTOHKSTIHHI HID ENRD VNRJ MGOKR KT GXKLP MHIGJOESTI eMRMOM PKO HK DTOVKGI pUMPIRUKRJ UI HK VNOGIENRESTIq IJ c HK UEDJKRGI t HK DTOVKGI` yH IR OMDTHJI STI HK POMDIRGI UI GXKOeI t HK DTOVKGI UIDPKOJEGTHID IReIRUOI TRI UEDJOEWTJENR ENRESTI UKRD HdERJIOVKGI DNHEUIz HESTEUIZ HID ENRDGNLPIRDKJITOD DI GNRGIRJOKRJ t PONcELEJM UI HK DTOVKGI` QJIORZ ERJONUTEDKRJ HK RNJENR UIUNTWHI GNTGXIZ LNUMHEDI HdERJIOVKGI DNHEUI z HESTEUI IR GNRDEUMOKRJ UITc GNTGXID UEDJERGJID UIHESTEUI` {K POILEFOIZ PONGXI UI HK DTOVKGIZ GNLPNOJI UID ENRD HEMD t HK PKOJEGTHI` |IJJI GNTGXIUI DNHTJENR ELLNWEHEDMI KTc DTOVKGID IDJ KPPIHMI GNTGXI UI QJIOR` {K DIGNRUIZ PHTD LNWEHIZPOMDIRJI TRI UEDJOEWTJENR ENRESTI HNODSTdNR DdMHNEeRI UI HK DTOVKGI` }PPIHMI GNTGXI UEVVTDIZIHHI DTWEJ IR PHTD UID VNOGID MHIGJOESTID UI DTOVKGI HID VHTc UI HK DNHTJENR pLNTfILIRJDWON~REIRDZ KeEJKJENRq` {K HELEJI IRJOI GID UITc GNTGXID PITJ KHNOD �JOI GNRDEUMOMIZKPPONcELKJEfILIRJZ GNLLI HI PHKR UI GEDKEHHILIRJ NT UI eHEDDILIRJ UI HK PKOJEGTHI`{dILPHKGILIRJ IcKGJ UI GI PHKR IDJ JNTJIVNED IRGNOI UEDGTJM UKRD HEJJMOKJTOI` {K GNTGXI UIQJIOR IDJ KERDE GNRDEUMOMI GNLLI DJKWHI HNODSTI HK PKOJEGTHI WNTeI DNTD HdIVVIJ UT LNTfILIRJWON~REIR NT UdTR VHTc` {K GXKOeI IVVIGJEfI UI HK PKOJEGTHI IR DNHTJENR IDJ UNRG GIHHI UI HKfKHITO UT PNJIRJEIH KT REfIKT UT PHKR UI GEDKEHHILIRJ g HI PNJIRJEIH ζ
`acPMOELIRJKHILIRJZ PNTO LIDTOIO HK GXKOeI UI HK PKOJEGTHI KT REfIKT UT PHKR UIeHEDDILIRJZ RNTD UEDPNDNRD UI HK LNWEHEJM MHIGJONPXNOMJESTI p�q` |IJJI fKHITO IDJ LIDTOMI PKOHI UMPHKGILIRJ UI PKOJEGTHID IR DTDPIRDENR DNTD HdIVVIJ UdTR GXKLP MHIGJOESTI GOMM PKO UITcMHIGJONUID` {ID PKOJEGTHID GXKOeMID fNRJ KHNOD DI UMPHKGIO fIOD HdMHIGJONUI UI DEeRI NPPNDM` {IPOERGEPI UI HK LIDTOI GNRDEDJI KHNOD t NWDIOfIO KT LEGONDGNPI UID PKOJEGTHID DI UMPHK�KRJ UKRD
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TRI GIHHTHI UI eMNLMJOEI GNRRTI IJ UI UMJIOLERIO HITO fEJIDDI` {K LNWEHEJM MHIGJONPXNOMJESTIIDJ IcPOELMI IR [��� L�`�uv`Duv` yH IDJ IRDTEJI PNDDEWHI UI UMUTEOI HI PNJIRJEIH ζ
IR L� STEGNOOIDPNRU t HK GXKOeI IVVIGJEfI UdTRI PKOJEGTHI UdKPOFD HK OIHKJENR UI QLNHTGXN~D�E pfKHKWHIPNTO UID PKOJEGTHID DPXMOESTIDqg� h ��i�ζζζζ � ηηηη pMSTKJENR ]`]q�r � IDJ HK fEDGNDEJM UI HK DNHTJENR IJ ��s HK GNRDJKRJI UEMHIGJOESTI UI HK DNHTJENR` |IJJI OIHKJENRKPPHESTMI t TRI DNHTJENR KSTITDI t ]��| PITJ DI DELPHEVEIO DNTD HK VNOLI DTEfKRJI g

ζζζζ h ����� � pMSTKJENR ]`�q{ID LIDTOID UI LNWEHEJM MHIGJONPXNOMJESTI NRJ MJM OMKHEDMID DTO TR �MJKPXNONLFJOI y� UI HKDNGEMJM |}w ERDJOTLIRJ MSTEPM UdTR LEGONDGNPI IJ UdTRI GKLIOK ||w` {dKRKHxDI UdELKeI IDJKTJNLKJEDMI IJ HK fEJIDDI UID PKOJEGTHID UMJIOLERMI IR LNxIRRKRJ TR LERELTL UdTRI GIRJKERIUI JOK�IGJNEOID` |ID LIDTOID DNRJ IVVIGJTMID DTO UID UEDPIODENRD JOFD UEHTMID UdKOeEHIp�[��Lez{q UKRD TRI eKLLI UI P� KHHKRJ UI � t [[` {I P� UI HK DNHTJENR IDJ K�TDJM fIOD HIDP� WKDESTID IJ KGEUID PKO K�NTJ UdTRI DNHTJENR UEHTMI OIDPIGJEfILIRJ UI DNTUI NT UdKGEUIGXHNOXxUOESTI` {ID LIDTOID DNRJ OMKHEDMID t UITc VNOGID ENRESTID UKRD UID DNHTJENRD UI �K|H t[�u� IJ [�u� �NH`{uv` {K GXKOeI UI DTOVKGI UMUTEJI UI HK fKHITO UI LNWEHEJM MHIGJONPXNOMJESTIIDJ GKHGTHMI PKO HK OIHKJENR UI QLNHTGXN~D�E DTPPNDKRJ HID PKOJEGTHID DPXMOESTID` |NLLI HIDGHEGXMD �`a` ` HI JMLNEeRIRJZ HID KOeEHID DNRJ UID GNLPNDMD UdKREDNJONPEI VNOJI IJ GI LNUFHIRdIDJ PKO GNRDMSTIRJ PKD PKOVKEJ` �MKRLNERDZ HK GNRVONRJKJENR UI GID OMDTHJKJD KfIG GITcNWJIRTD PKO HdERJIOLMUEKEOI UI HK OIHKJENR Ud�IROx RI LNRJOIRJ STI PIT UI UEVVMOIRGID`{ID JONED KOeEHID UI RNJOI MJTUI LNRJOIRJ TRI GXKOeI UI DTOVKGI RMeKJEfI DTO HdIRDILWHI UIHK eKLLI UI P� MJTUEMI` {I PNJIRJEIH �IJK UI HK �NRJLNOEHHNREJI fKOEI PIT IRJOI P� � IJ P�[[Z HK GXKOeI UI DTOVKGI MJKRJ POERGEPKHILIRJ HI VKEJ UID GXKOeID PIOLKRIRJID KTc DTOVKGIDWKDKHID p¡Ee` ]`¢Kq` �MKRLNERDZ TRI HMeFOI UELERTJENR UI HK GXKOeI KTc P� ERVMOEITOD t ^ERUESTI HK POMDIRGI UI eONTPILIRJ DEHKRNH P� UMPIRUKRJ` {dEHHEJIZ KOeEHI UI JxPI  � MeKHILIRJZ POMDIRJI HID L�LID GKOKGJMOEDJESTID STI HK LNRJLNOEHHNREJI p¡Ee` ]`¢Wq` �RIGXKOeI GNRDJKRJI PITJ �JOI KERDE NWDIOfMI KTc P� VKEWHILIRJ KGEUID IJ WKDESTID JKRUED STI HKGXKOeI UI DTOVKGI UMGONbJ PNTO HID P� ERVMOEITOD t ^` aR OKEDNR UdTRI PONPNOJENR UI DTOVKGI
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HKJMOKHI PHTD ELPNOJKRJI UKRD HI GKD UI HdEHHEJIZ HK UELERTJENR UI GXKOeI KTc P� KGEUID IDJ PHTDLKOSTMI STI PNTO HK LNRJLNOEHHNREJI` £NTO HK �KNHEREJIZ HK GXKOeI IDJ PHTD UMPIRUKRJI UT P�p¡Ee` ]`¢Gq` {I PNJIRJEIH �IJK KTeLIRJI PONeOIDDEfILIRJ �TDSTdt P� ¢ PNTO x KJJIERUOI TRIGXKOeI GNRDJKRJI` {K PONPNOJENR UI VKGID HKJMOKHID PHTD ELPNOJKRJI UKRD GI JxPI UI LERMOKTcKERDE STI HK POMDIRGI UdTRI VKGI WKDKHI UI RKJTOI KHTLERITDI PNDDMUKRJ UID eONTPILIRJDXxUONcxHID IcJIORID IcPHESTIRJ HK PHTD VNOJI UMPIRUKRGI KTc P� UI HK GXKOeI UI GIJJI KOeEHIGNLPKOKJEfILIRJ KTc PXxHNDEHEGKJID UI JxPI ] g[` £KO KEHHITODZ HK RKJTOI UT GKJENRGNLPIRDKJITO ERVHTI HMeFOILIRJ DTO HK LNWEHEJM MHIGJONPXNOMJESTI UID PKOJEGTHID UdKOeEHI` aRPOMDIRGI UI GKJENRD UEfKHIRJD p|K¤¥qZ HI PNJIRJEIH UI DTOVKGI LIDTOM IDJ PHTD VKEWHI STI PNTO HIDKOeEHID DNUESTID`¦ §
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ÊËÌËÍ ÎÏÐÏÑÒÓÔ ÕÖÔÑ×ÏØÙÍ ÑÏÓÒÚØÒÛÜÍÝÞ ßàßá ßÞâÞãäåæ çèàãéÞêëì ßÞåäíêäîïìá ðìñïòì óÞ îïÞêåäåæ çì ãÞåäíêñ æãéÞêëìÞôóìñ õóÞ ñïòöÞãì çèïê ðÞåæòäÞï ìå äêçäîïì çíêã óÞ ãéÞòëì çì ãì çìòêäìò÷ àóóì ñèìøâòäðì ìêðäóóäæîïäùÞóìêå âÞò ëòÞððì íï âóïñ ãíïòÞððìêå âÞò úûûë üðìîýë íï ðìîýúûûëþ÷ ÿìêíðôòìïñìñ ðæåéíçìñ ñíêå ïåäóäñæìñ âíïò ðìñïòìò óÞ ßàß÷ �íïåìñ íêå ìê ãíððïê óì âòäêãäâìçì çæâóÞãìðìêå çìñ ãÞåäíêñ âÞò çì âìåäåìñ ðíóæãïóìñ ãÞåäíêäîïìñ âíññæçÞêå ïêì öíòåì Þööäêäåæâíïò óìñ ñïòöÞãìñ ìå ïê âíïùíäò çì çæâóÞãìðìêå çìñ ãÞåäíêñ æóìùæ÷ÿÞêñ êíåòì ãÞñá óÞ ðìñïòì çì óÞ ßàß ìñå ìööìãåïæì âÞò óì çæâóÞãìðìêå çìñ ãÞåäíêñæãéÞêëìÞôóìñ âÞò óèäíê ãíôÞóåäéìøÞðäêì ü �ßíü���þ���� þ çíêå óÞ ãíóíòÞåäíê íòÞêëì ìê ñíóïåäíêâìòðìå óì çíñÞëì âÞò ñâìãåòíñãíâäì �	 
 ùäñäôóì üôÞêçì çèÞôñíòâåäíê õ ��
êðþ ��ìð� ��òñäêäá ú����÷ Ýìñ ñíóïåäíêñ çì ãíôÞóåäéìøÞðäêì ñì ãíêñìòùìêå ðÞó õ óÞ óïðä�òì ìå õ óÞ ãéÞóìïò÷àóóìñ çíäùìêå âÞò ãíêñæîïìêå �åòì âòæâÞòæìñ óÞ ùìäóóì çì óèïåäóäñÞåäíê ìå ëÞòçæìñ õ óèÞôòä çì óÞóïðä�òì÷ ÿÞêñ óÞ âòÞåäîïìá ïêì âòäñì çèìññÞä ìê Þòëäóì üðÞññì ðþ ìñå ðæóÞêëæì õ óÞ ñíóïåäíê çìãíôÞóåäéìøÞðäêì üùíóïðì 	þ çÞêñ ïê åïôì õ ãìêåòäöïëìò÷ �âò�ñ �éìïòìñ çèÞëäåÞåäíêá óÞñïñâìêñäíê ìñå ãìêåòäöïëæì õ ú�ûûûòâð âìêçÞêå ïêì éìïòì÷ Ýì ñïòêÞëìÞêå ìñå Þóíòñ òæãïâæòæ ìåçíñæ âÞò ãíóíòäðæåòäì÷ ÝÞ îïÞêåäåæ çì ãíôÞóåäéìøÞðäêì Þçñíòôæì ìñå Þóíòñ æëÞóì õ óÞ ßàß÷ àêâÞòÞóó�óìá óì çíñÞëì çìñ ãÞåäíêñ æãéÞêëæñ üßÞ��á �ë��á �Þ�á �� á Ýä�þ âÞò ñâìãåòíâéíåíðæåòäìçèÞôñíòâåäíê âìòðìå çèæåÞôóäò ïêì ñìãíêçì ùÞóìïò çì ßàß ùÞóäçÞêåá ñÞïö âòíôó�ðìá óÞâòìðä�òì÷ �ê âÞòóì Þóíòñ çì óÞ ßàß��� ãíòòìñâíêçÞêå Þï çíñÞëì çìñ ðíóæãïóìñ çìãíôÞóåäéìøÞðäêì âÞò ãíóíòäðæåòäì ìå óÞ ßàß�� ! ãíòòìñâíêçÞêå Þï çíñÞëì çìñ ãÞåäíêñ æãéÞêëæñ÷Ýíòñ çì ãìååì æåïçìá óì çíñÞëì âÞò ãíóíòäðæåòäì Þ æåæ ìööìãåïæ ñïò ïê ñâìãåòíâéíåíð�åòì"éäðÞç#ï �	
�$ûú%ß çÞêñ óÞ ëÞððì 
$û
�ûûêð÷ ÝÞ ãíêãìêåòÞåäíê ìê ãíôÞóåäéìøÞðäêì ìñåçæåìòðäêæì õ âÞòåäò çì óèÞäòì çì óÞ ôÞêçì çèÞôñíòâåäíê õ ��
êð÷ Ýì çíñÞëì çìñ ãÞåäíêñæãéÞêëæñ Þ æåæ òæÞóäñæ ñïò ïê ñâìãåòíð�åòì çèÞôñíòâåäíê Þåíðäîïì %ìò&äê àóðìò �'ûû âÞò �÷(Þóðäãéì ìå ß÷ )íó� çï Ýà�÷Ýìñ ßàßá çæåìòðäêæìñ õ âÞòåäò çï çíñÞëì çìñ ãÞåäíêñ æãéÞêëæñ âÞò Þôñíòâåäíê Þåíðäîïìüßàß�� !þ ìå âÞò çæåìòðäêÞåäíê çì óÞ îïÞêåäåæ çì ðíóæãïóìñ Þçñíòôæìñ âÞò ñâìãåòíñãíâäì �	 
	äñäôóì üßàß���þ çíêêìêå ëóíôÞóìðìêå çìñ òæñïóåÞåñ ñäðäóÞäòìñ ãíêöäòðÞêå óÞ ùÞóäçäåæ çì ãìååìðìñïòì üåÞôóìÞï �÷úþ÷ �ê âìïå êíåìò îïèìê âòæñìêãì çì ãÞåäíêñ çäùÞóìêåñ óìñ ùÞóìïòñ çì ßàßñíêå óæë�òìðìêå ñïâæòäìïòìñ õ ãìóóìñ ðìñïòæìñ âíïò óìñ Þòëäóìñ ñíçäîïìñ÷ ßì òæñïóåÞåá çæ* õíôñìòùæ çÞêñ çèÞïåòìñ æåïçìñ �+Þòçíåá ú��'�á åòíïùì ïêì ìøâóäãÞåäíê çÞêñ óÞ çäööäãïóåæ çì
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óìññäùÞëì çìñ ãÞåäíêñ ðíêíùÞóìêåñ ãíðâìêñÞêå óÞ ãéÞòëì çì ñïòöÞãì õ âòíøäðäåæ çìñ ãÞùäåæñéìøÞëíêÞóìñ÷ Ýèé�çòíø�óì äêåìòêì çì óÞ ãíïãéì íãåÞæçòäîïì Þååäòì Þóíòñ ãìñ ãÞåäíêñ çì âóïñâìåäåì åÞäóóì ìå òìêç óìïò æãéÞêëì âóïñ çäööäãäóì÷ÿèïêì Þòëäóì õ óèÞïåòìá óìñ ùÞóìïòñ çì ßàß ñíêå åò�ñ çäööæòìêåìñ ü�ÞôóìÞï �÷úþ÷ ÝÞ&Þíóäêäåìá ðäêæòÞó âìï íï âÞñ ãéÞòëæá âíññ�çì óÞ ßàß óÞ âóïñ öÞäôóì ü� ðìîýúûûëþ÷ Ýèäóóäåìáçíêå óÞ ãéÞòëì ìñå ìê ëòÞêçì âÞòåäì ãíðâìêñæì âÞò çìñ ãÞåäíêñ �� êíê æãéÞêëìÞôóìñ Þååìäêå çìñùÞóìïòñ çì ßàß âóïñ æóìùæìñ ü�û ðìîýúûûëþ÷ ßìååì ùÞóìïò ìñå åíïåìöíäñ öÞäôóì ãíðâÞòæì Þïøßàß éÞôäåïìóóìðìêå òìêãíêåòæìñ âíïò óèäóóäåì çï %ï�á ñíäå 
$
�û ðìîýúûûë �+Þòçíåá ú��'�÷ ÝÞðíêåðíòäóóíêäåì ìñå óèÞòëäóì âíññæçÞêå óìñ ùÞóìïòñ çì ßàß óìñ âóïñ öíòåìñ üúûû ðìîýúûûëþ÷
Na-Kaolinite Ca-Kaolinite Na-Illite Ca-Illite Na-Montmo Ca-Montmo

CECchim 5.96 7.44 19.31 20.52 96.8 101.32

CECads 5.99 7.36 19.3 21.41 99.8 105.3,-./0-1 232 4 565 07 89//9:;19<-/07= >?1@ ABBC DE-@C9/0 FG:HI:0 J ABKL5M
NOPOQ RSTUVWXY YZTV[ZVT\WXY]^_ `ab c_de^fgb bd`feabh `ab iji`kbab lmfnfo^ab eab p`pnajgb niq a^_bh bdfg ]frsh t`sruhvasruh wjrh xisrh yirh zsrh {frs ag |sr} ifjbf o^a `i ca_ga i^ ~a^ �p�i`^pa ajg_a �� ag���� �y� djg pgp a~~alg^pb ci_ �y|�t�] ��je^lgf�a`k yd^c`ae |`ibni � tgdnfl �nfbbfdj]calg_dnag_k� ci_ `ab po^fcab e^ ]t�w�y�|� ea xijlk� �ab o^ijgfgpb nab^_pabh a�c_fnpabaj cd^_lajgi�a e�d�kea ci_ _iccd_g i^ cdfeb ea `�plmijgf``djh ca_naggajg `i epga_nfjigfdj ea`i ldncdbfgfdj lmfnfo^a e^ nfjp_i`��ab _pb^`gigb eab iji`kbab lmfnfo^ab aj _dlma gdgi`a ci_ �y|�t�] bdjg _acd_gpb eijb `a{i�`ai^ ���� �a gdgi` eab d�keab edbpb i�dfbfjijg `ab ��� �h `�ajban�`a eab p`pnajgbldncdbijg `a ~a^f``ag abg ldjbfep_p ldnna iji`kbp� �ab d�keab ea cmdbcmd_a ag ea nij�ij�baaj g_�b ~if�`a o^ijgfgp c_pbajgb aj g_�b ~if�`a o^ijgfgp �� ��� bdjg igg_f�^pb � eab fnc^_agpb agj�djg edjl cib pgp c_fb aj ldncga cd^_ `a li`l^` eab ~d_n^`ab bg_^lg^_i`ab� �a c`^bh `abiji`kbab �� ag ��� fjefo^ijg `i c_pbajla ea �id`fjfga eijb jdg_a plmijgf``dj e�f``fga ag e�f``fgaeijb la`^f ea �id`fjfgah jd^b i�djb p`fnfjp i_�fg_if_anajg ^j la_gifj cd^_lajgi�a e�d�kea
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ld__abcdjeijg � `�i�djeijla ea �� ea lab nfjp_i^� c_pbajgijg `ab bg_^lg^_ab ]fst`sr}�r���ag ]f�t`srs��r��� cd^_ `i �id`fjfga ag `�f``fga _abcalgf�anajg� �ab d�keab ea gfgija bdjgldjbfep_p ldnna `fp � `i c_pbajla ea {f bg_^lg^_i^� li_ `i ��� ja _p��`a cib ea cflbe�ijigiba d^ ea _^gf`a�
oxyde Ca-Montmo Na-Montmo Ca-illite Na-illite Kaolinite

SiO2 53.05 53.22 49.26 49.52 44.91

Al2O3 16.73 16.38 19.86 20.35 35.96

Fe2O3 7.52 7.35 7.37 7.33 1.08

MnO 0.02 0.04 0.057 0.023 0

MgO 2.74 3.02 3.32 3.61 0.1

CaO 2.41 0.16 0.95 0.03 0.19

Na2O 0.18 2.61 0.04 1.19 0

K2O 0.23 0.52 5.97 5.84 0.45

TiO2 0.4 0.23 0.76 0.87 1.34

P2O5 0.052 0.086 0.23 0.26 0.046

perte au feu 15.995 16.265 12.283 10.65 15.214

total 99.327 99.881 100.1 99.673 99.29� ¡¢£ ¤ ¥¦§ ¨ �£©£¤ª« ¬­©®¯ª ¢£« £© ¬­¤ª°£©± ²£ ®³­´µ®£ ®¯±£ª¶·©¯£« ¬ ª  © ¢µ«£«°¸·¶·¹¤£« £© ª­°¸£ ±­± ¢£ º»¼½¾¿ÀÁÂÃÄ ÅÆÇÈÉÊË ÊË ÌÄÍÌÎÍ ÎÇÏÍÏÐÆË ÑÉÎÒ ÆÇÄÓÍÏÒ ÍÄ ÔÉÒÅÎÍË ÐÇÒÎÌÇÎÒÄÍË ÌÉÕÐÏÐÇË Ö ÒËÌÉÕÐÇÏÇÎËÒ ÖÑÄÒÇÏÒ ÊËÐ ÑÉÎÒÌËÕÇÄ×ËÐ ÊË ÌÈÄØÎË ÌÄÇÏÉÕ ÍÄ ÔÉÒÅÎÍË ÇÈÆÉÒÏØÎË ÊËÐ ÇÒÉÏÐ ÄÒ×ÏÍËÐ ÆÇÎÊÏÆËÐÙ ÐÉÏÇÚÛÏÜÝÞßÍÞà ÚßÍáÝâÝãäËâå×ãà æçè Úæéàá ÚêÄë ìÄí îï ðñà ÑÉÎÒ ÍÄ ÅÉÕÇÅÉÒÏÍÍÉÕÏÇË ËÇ ÍòÏÍÍÏÇË ËÇ ÛÏçÚßÍçÝâÝãäËâå×ãà æó Úæéàá ÑÉÎÒ ÍÄ ôÄÉÍÏÕÏÇËõ öÄÕÐ ÌË ÌÄÍÌÎÍÙ ÍÄ ØÎÄÕÇÏÇÆ ÊË ÌÄÇÏÉÕ ËÐÇÊÆÇËÒÅÏÕÆË ÌÉÕÐÏÊÆÒÄÕÇ ÎÕË ÅÄÏÍÍË ÊË ÷ø Éùú×ûÕËÐ ÑÉÎÒ ÍËÐ ÅÏÕÆÒÄÎù üæüÙ ÐÉÏÇ øø ÌÈÄÒ×ËÐÕÆ×ÄÇÏýËÐ Ú÷þ æçÝ ËÇ ø æéÝà ÌÉÅÑËÕÐÆËÐ ÑÄÒ ÍËÐ ÌÈÄÒ×ËÐ ÌÄÇÏÉÕÏØÎËÐ ËÇ ÿ Éùú×ûÕËÐ ÑÉÎÒ ÍËÐÐÇÒÎÌÇÎÒËÐ üæ ÐÉÏÇ �ø ÌÈÄÒ×ËÐ ÕÆ×ÄÇÏýËÐ Ú� æçÝ ËÇ ø æéÝàõ êÆÄÕÅÉÏÕÐÙ ÊÎ ÔÄÏÇ ÊË ÍÄ ÑÒÆÐËÕÌËÊòÈúÊÒÉùúÍËÐ ÐÎÒ ÍËÐ ÔÄÌËÐ ÍÄÇÆÒÄÍËÐ ËÕ ØÎÄÕÇÏÇÆ ÕÉÕ ÕÆ×ÍÏ×ËÄÓÍËÙ ÍÄ ÑËÒÇË ÄÎ ÔËÎ ÕË ÑËÎÇ �ÇÒËÑÒÏÐË ËÕ ÌÉÅÑÇË ÑÉÎÒ ÆÇÄÓÍÏÒ ÍË ÑÉÎÒÌËÕÇÄ×Ë ÊòÈúÊÒÉùúÍËÐ ÐÇÒÎÌÇÎÒÄÎùõ �Í ËÐÇ Æ×ÄÍËÅËÕÇÏÅÑÉÐÐÏÓÍË ÐÄÕÐ ÄÕÄÍúÐËÐ ÌÉÅÑÍÆÅËÕÇÄÏÒËÐ ÊÎ ÇúÑË å�ÐÐÓÄÎËÒ ÊË ÊÆÇËÒÅÏÕËÒ ÍòÆÇÄÇÊòÉùúÊÄÇÏÉÕ ÊÎ ÔËÒ ÐÇÒÎÌÇÎÒÄÍ ØÎÏ ÑËÎÇ �ÇÒË ÐÉÏÇ äË�� ÐÉÏÇ äË���õ ÃËÐ ÌÄÍÌÎÍÐ ÐÉÕÇ ÄÏÕÐÏ ÒÆÄÍÏÐÆÐÌÉÕÐÏÊÆÒÄÕÇ ÍË ÔËÒ Ö ÍòÆÇÄÇ ÊòÉùúÊÄÇÏÉÕ ÍË ÑÍÎÐ ÆÍËýÆ ÑËÒÅËÇÇÄÕÇ ÊË ÊÆÇËÒÅÏÕËÒ ÍËÐ ÔÉÒÅÎÍËÐÐÇÒÎÌÇÎÒÄÍËÐ ÊËÐ ÇÒÉÏÐ ÄÒ×ÏÍËÐ ÆÇÎÊÏÆËÐ ÚüÄÓÍËÄÎ ÷õ�àõ öÄÕÐ ÍË ÌÄÐ ÊË ÍÄ ÅÉÕÇÅÉÒÏÍÍÉÕÏÇËÙ ÊËÐ
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ÐÎÓÐÇÏÇÎÇÏÉÕÐ ÏÐÉÅÉÒÑÈÏØÎËÐ ÐÉÕÇ ÉÓÐËÒýÄÓÍËÐ ÊÄÕÐ ÍËÐ ÑÍÄÕÐ ÊË ÐÏÍÏÌË ÌÉÅÅË ÌËÎù ÊòÄÍÎÅÏÕËÌÒÆÄÕÇ ÎÕ ÊÆÔÏÌÏÇ ÊË ÌÈÄÒ×Ë ÇÆÇÒÄÆÊÒÏØÎË ÊòËÕýÏÒÉÕ þÙ� ËÇ ÉÌÇÄÆÊÒÏØÎË ÊË þÙ�õ �Í ÄÑÑÄÒÄ	ÇÇÉÎÇËÔÉÏÐ ØÎË ÍÄ ÑÒÉÑÉÒÇÏÉÕ ÊË å× ÊÄÕÐ ÍòÉÌÇÄûÊÒË ÊÏÔÔûÒË ÊË ÍÄ ÅÉÕÇÅÉÒÏÍÍÉÕÏÇË êÄ Ö ÍÄ ìÄÙÍÄÏÐÐÄÕÇ ÐÎÑÑÉÐËÒ ÎÕË ÊÏÐÐÉÍÎÇÏÉÕ ÊòÎÕË ÑÄÒÇÏË ÊËÐ ÅÄ×ÕÆÐÏÎÅÐ ÊÎÒÄÕÇ ÍòÆÌÈÄÕ×Ëõ ÃòÏÍÍÏÇËÑÒÆÐËÕÇË ÎÕ ÊÆÔÏÌÏÇ ÊË ÌÈÄÒ×Ë ÑÍÎÐ ÏÅÑÉÒÇÄÕÇ ØÎË ÍòÄÒ×ÏÍË ÑÒÆÌÆÊËÕÇË Úþõ�� ÊÄÕÐ ÍòÉÌÇÄûÊÒË ËÇþõÿ ÊÄÕÐ ÍË ÇÆÇÒÄûÊÒËàõ ÃËÐ ÌÄÇÏÉÕÐ ÌÉÅÑËÕÐÄÇËÎÒÐ ÐÉÕÇ ÅÄ
ÉÒÏÇÄÏÒËÅËÕÇ ÊËÐ ÑÉÇÄÐÐÏÎÅÐ ÕÉÕÆÌÈÄÕ×ËÄÓÍË ÊÄÕÐ ÌËÇÇË ÐÇÒÎÌÇÎÒËõ ÃÄ ôÄÉÍÏÕÏÇË ÕË ÑÒÆÐËÕÇË ËÕ ÒËýÄÕÌÈË ØÎË ÑËÎ ÊËÐÎÓÐÇÏÇÎÇÏÉÕÐõÃÄ ýÄÍÏÊÏÇÆ ÊË ÌËÐ ÔÉÒÅÎÍËÐ ÐÇÒÎÌÇÎÒÄÍËÐ ÑËÎÇ �ÇÒË ýÆÒÏÔÏÆË ËÕ ÌÉÅÑÄÒÄÕÇ ÍÄ ýÄÍËÎÒ ÊË ÍÄì�ì ÌÄÍÌÎÍÆË Ö ÑÄÒÇÏÒ ÊË ÍÄ ÐÇÒÎÌÇÎÒË ÊË ÍÄ ÅÄÏÍÍË Úì�ì �
� � ÌÈÄÒ×Ë ÅÄÏÍÍË � ÅÄÐÐË ÅÄÏÍÍËà ËÇÌËÍÍË ËùÑÆÒÏÅËÕÇÄÍË ÊÆÇËÒÅÏÕÆË ÑÄÒ ÄÊÐÉÒÑÇÏÉÕ ÊË ÌÉÓÄÍÇÏÈËùÄÅÏÕËõ �Í ÄÑÑÄÒÄ	Ç ØÎË ÍËÐ ýÄÍËÎÒÐÊË ì�ì ÇÈÆÉÒÏØÎËÐ ÐÉÕÇ ÐËÕÐÏÓÍËÅËÕÇ ÐÎÑÆÒÏËÎÒËÐ ÄÎù ýÄÍËÎÒÐ ËùÑÆÒÏÅËÕÇÄÍËÐ ÊÄÕÐ ÍË ÌÄÐ ÊË ÍÄÅÉÕÇÅÉÒÏÍÍÉÕÏÇË ËÇ ÊË ÍÄ ôÄÉÍÏÕÏÇË ÚËÕýÏÒÉÕ ���àõ öÄÕÐ ÍË ÌÄÐ ÊË ÍòÏÍÍÏÇË ËÕ ÒËýÄÕÌÈËÙ ÍËÐÒÆÐÎÍÇÄÇÐ ÐÉÕÇ ÇÒûÐ ÊÏÔÔÆÒËÕÇÐÙ ýÄÒÏÄÕÇ ÊÎ ÐÏÅÑÍË ÄÎ ÊÉÎÓÍËÙ ÍÄÏÐÐÄÕÇ ÐÎÑÑÉÐËÒ ØÎË ÍËÐ ÈúÑÉÇÈûÐËÐÊË ÌÄÍÌÎÍÐ ÑÒÏÐËÕÇ ËÕ ÌÉÅÑÇË ÑÉÎÒ ÆÇÄÓÍÏÒ ÍÄ ÔÉÒÅÎÍË ÐÇÒÎÌÇÎÒÄÍË ÕË ÐÉÕÇ ÑÄÐ ÑËÒÇÏÕËÕÇËÐõ �ÍÎÐÑÄÒÇÏÌÎÍÏûÒËÅËÕÇÙ ÍÄ ÑÒÆÐËÕÌË ÊË ôÄÉÍÏÕÏÇË Ö ÈÄÎÇËÎÒ ÊË ØÎËÍØÎËÐ ÑÉÎÒÌËÕÇÐ ÄÏÕÐÏ ØÎË ÍÄÑÒÆÐËÕÌË ÊòÏÅÑÎÒËÇÆÐ ÐÉÕÇ ÊËÐ ÔÄÌÇËÎÒÐ ÑÉÎýÄÕÇÙ ËùÑÆÒÏÅËÕÇÄÍËÅËÕÇÙ ÊÏÅÏÕÎËÒ ÍÄ ýÄÍËÎÒ ÊËì�ìõ
Formule structurale de la maille CECcal  (meq/100g)

Na-Montmo (Si7.704 Al 0.296) (Al 2.483Fe0.833Mg0.678Ti0.026) O20 (OH)4 (K0.01 Ca0.026 Na0.876) 122.54

Ca-Montmo (Si7.694 Al 0.306) (Al 2.520Fe0.840Mg0.592Ti0.054) O20 (OH)4 (K0.01 Ca0.392 Na0.0.51) 113.82

Na-illite (Si7.05 Al0.95) (Al 2.392Fe0.801Mg0.782Ti0.095) O20 (OH)4 (K1.082 Ca0.005 Na0.335) 44.01

Ca-illite (Si7.105 Al 0.895) (Al 2.408Fe0.816Mg0.728Ti0.084) O20 (OH)4 (K1.120 Ca0.15 Na0.011) 39.63

Kaolinite Si4 (Al 3.77Fe0.072Mg0.042) O10 (OH)8 (Na,Ca)0.01 8.01� ¡¢£ ¤ ¥¦� ¨ �­ª¶¤¢£« «±ª¤°±¤ª ¢£« £± ¼À¼ ���
����� ����  !"# #$ %!&� &'�"# ()*)+) ", *)-).)*)/0 1234567 80 98:; <5:=0117>3 71985?27 95:= 6237=1@>7= 80 ;:=A0<7 ;92<@A@B:7 6C:>1@>2=08 <5>;@;37 D 17;:=7= 87 E58:17 67 F0G >2<7;;0@=7 D 80 A5=103@5> 6C:>7 15>5<5:<476C06;5=H03 65>3 80 ;:=A0<7 6C7><51H=717>3 7;3 <5>>:7I /C0G537 73 8C0=F5> ;5>3 87; F0G 87; 98:;
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;5:E7>3 :3@8@;2;I /C@>37=9=2303@5> 67; @;5347=17; 90= 80 1234567 LIMINI 95:= L=:>0:7=OM11733 73 N7887=O ;7; @>E7>37:=;O 97=173 085=; 67 6237=1@>7= 80 ;:=A0<7 ;92<@A@B:7 PL=:>0:7=OM11733 Q N7887=O RSTJUI V7337 37<4>@B:7 97=173 <797>60>3 67 >C0<<267= <797>60>3 B:C0:W;:=A0<7; 7W37=>7;O 8C0G537 73 8C0=F5> >7 92>23=0>3 90; 60>; 8C@>37=A7:@8873I X0>; <7337 23:67O 87;17;:=7; 5>3 232 =208@;27; 90= YI Z0G0A@3@0>01040=0E5 0: ;7=E@<7 37W3:=7 6: /M[ 90=06;5=93@5> 67 \] ^ __`abc defgchi djkhlglmei noncpi idn qknifrlski jcf pc rkntoqi ^ puvntwpxsi ypwhop zosokntwpvntif {vayazava| oe }~into�wintcsopa �inni nihtslmei hosdldni ^ cqdof�if esi rosohoehti qihinni ropkhepi def pukhtcsnlppos ��el� � zeffcw� �����a �csd hinni cscpwdi� pid defgchidlsnifsid in i�nifsid qid cf�lpid dosn fihoe�ifnida bid ridefid qi defgchid djkhlglmeid noncpid ^puvayazava osn knk fkcpldkid def pid cf�lpid sos jeflglkid jcf va�aza bc�ofcnolfi �olnlifdabid �cpiefd qi defgchid djkhlglmeid i�nifsid in noncpid qknifrlskid jcf pid rkntoqid�ava�a in ^ puvayazava dosn jfkdisnkid qcsd pi nc�pice }a�a vs jfirlif plie� hid ridefid dosnis chhofq c�ih pid qosskid �l�plo�fcjtlmeid hoefcrrisn fishosnfkid joef hid qlggkfisnidcf�lpid ��elf� � zeffcw� ���� � �o�cs� }����a bc �coplslni jfkdisni qi hi gcln pc defgchii�nifsi pc jped gcl�pi {�� r���|� pulpplni in pc rosnroflpposlni joddkqcsn esi defgchi �v�fipcnl�irisn jfohti qi puofqfi qi ��� in ��� r���abc defgchi noncpi ^ puvayazava idn sinnirisn dejkfliefi ^ pc defgchi i�nifsi �ava�a qcsdpi hcd qi pc rosnroflpposlni nkrol�scsn qi dc scnefi �osgpcsni {�}� r���|a �oef pukhtcsnlpposqulpplni� esi pk�xfi ce�risncnlos isnfi pid �cpiefd qi defgchi o�niseid jcf hid qie� rkntoqididn o�dif�ki joe�csn �nfi cnnfl�eki ^ pc jfkdishi is gcl�pi mecsnlnk qi rlskfce� �osgpcsnd oeqi horjodkd of�cslmeid �̀ ipporc�l� ���_�a �kcsrolsd os jien sonif joef pc �coplslni esi�cpief knfcs�irisn kpi�ki qi pc defgchi djkhlglmei qknifrlski ^ puvyzv joef hi nwji qirlskfce�a �inni �cpief idn k�cpirisn nfxd qlggkfisni qi hippi o�niseid jcf pc rkntoqiqucqdofjnlos qi �c� in roqkpldcnlos �ava�a bc jfkdishi qi horjodkd of�cslmeid horri pidchlqid terlmeid jien i�jplmeif hinni �cpiefa bc jfkdishi qi hi nwji qi horjodkd idn jcfclppiefd hosglfrki qcsd pi hcd qi pc �coplslni jcf esi hopofcnlos �fesi qid defsc�icsnd cjfxdnfclnirisn qi hinni cf�lpi qcsd qid dopenlosd chlqid in �cdlmeid {hosqlnlosd qui�nfchnlostc�lneippid qid chlqid terlmeid|a bucscpwdi is djihnfodhojli ��~�ldl�pi qi hinni dopenlos�fesi jifrin pc qknifrlscnlos ques jlh quc�dofjnlos ^ }_�sr hcfchnkfldnlmei qid de�dncshidterlmeida bc �cpief qi defgchi noncpi ^ puvyzv joef pc �coplslni si dir�pi jcf hosdkmeisn
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jcd hoffihni in si difc qosh jcd jfldi is horjni qefcsn pi fidni qi hi rcsedhflna bc �cpiefo�nisei jcf pc rkntoqi �v� qi �� r���a difc qosh cqrldi horri kncsn k�cpirisn hippi qi pcdefgchi djkhlglmei noncpia
Kaolinite Illite Montmorillonite

Surface Externe en m²/g

B.E.T.

Surface totale en m²/g

E.G.M.E.

30+/-2 112+/- 8 158+/- 8

194 +/- 10 150+/- 10 624+/- 8� ¡¢£ ¤ ¥¦§ ¨ ©¤ª« ¬£ ­®¯¬°«°±¤£ °²³£ª²£ £³ ³´³ ¢£µ¶· ¸´²¬¢¤­°´²­bid nfold cf�lpid dkpihnlosskid joef hinni kneqi jfkdisnisn qid hcfchnkfldnlmeidrofjtopo�lmeid in dnfehnefcpid nfxd qlggkfisnida �ped jcfnlheplxfirisn pid defgchid chhiddl�pid�cflisn hosdlqkfc�pirisn qi pc �coplslni {��r���| ^ pc rosnroflpposlni {�}�r���|a bc �v�deln es ofqfi dlrlpclfia �id �cpiefd pclddisn jfkdc�if qi sl�ice� qucqdofjnlos nfxd qlggkfisndhorri pulsqlmei jcf clppiefd pid kneqid jfkplrlsclfid ^ hinni ntxdi hoshifscsn pucqdofjnlos qipulsifncsn def hid rlskfce�a bid qlggkfisnid cscpwdid iggihnekid jfkhkqirrisn difosn enlpldkidqcsd pc delni qi hi rcsedhfln joef horjfisqfi pulsgpeishi qid cf�lpid qcsd sodjfo�pkrcnlmeida bief k�openlos is goshnlos qi pucqdofjnlos qulsifncsn difc jpeddjkhlglmeirisn cscpwdkia
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¿Ê ÆËÊÁÃÂÊ ÅÈÐÂÀÂÇÑÒÊ ÉÑ çèé À ÄÃÄ ÂÄÀÌÅÆÄ ê ëéìíî ÀÐÅÈ ÉÊ ÌÅÎÅÃÊÂ ÌÊ ÆÅÒÈÀÌ ÉÊ ÌÞÊÀÑ ×çÅÒÝèÝëëÚÝ ¿ÊÆ ËÂÅÈÁÅËÀÌÊÆ ßÀÈÉÊÆ ÉÞÀßÆÇÂËÃÅÇÈ ÆÇÈÃ ÌÇÁÀÌÅÆÄÊÆ ê ïëïìð ïìëñð èòóóð èôñëð èóëìðëñõìÙëñôì ÊÃ ëìòï ÁÎö÷Ý ¿ÊÆ ßÀÈÉÊÆ ê ïëïì ÊÃ ëìòï ÁÎö÷ ÁÇÂÂÊÆËÇÈÉÊÈÃ ê ÌÀ ÐÇÈÁÃÅÇÈ ÀÌÁÇÇÌ
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×øùöú ÊÃ øûöùð ÂÊÆËÊÁÃÅáÊÎÊÈÃÚ ÀÌÇÂÆ àÑÊ ÌÊÆ ÀÑÃÂÊÆ ËÅÁÆ ËÊÑáÊÈÃ üÃÂÊ ÀÃÃÂÅßÑÄÆ ÀÑÔ ÒÂÇÑËÊÎÊÈÃÆÎÄÃýÍÌÊÆ ÊÃ ÎÄÃýÍÌÏÈÊÆ ×øûöú þÿ������� ÆÍÎÄÃÂÅàÑÊ ÊÃ ÀÈÃÅÆÍÎÄÃÂÅàÑÊ ê ïìëñð èòóóð èôñëðèóëì ÁÎö÷ ÊÃ ÎÇÉÊÆ ÉÊ ÉÄÐÇÂÎÀÃÅÇÈ ×þ��þþ�����Ú ÉÊÆ ÒÂÇÑËÊÆ ÎÄÃýÍÌÏÈÊÆ ÊÃ ÎÄÃýÍÌÊÆ ê ëñóóðëñõòð ëñëô ÊÃ ëïôì ÁÎö÷ �	ÊÈ
ÀÃÀÂÀÎÀÈð èììë � ¿Åð èììï � �ÇÈÒËÅÈÒð èììñ
ÚÝ ¿Ê ÉÄËÌÀÁÊÎÊÈÃÉÊ ÌÀ ßÀÈÉÊ ÉÞÄÌÇÈÒÀÃÅÇÈ ÉÊÆ �� ÉÑ ÒÂÇÑËÊÎÊÈÃ ÀÌÁÇÇÌ áÊÂÆ ÉÊÆ ÈÇÎßÂÊÆ ÉÞÇÈÉÊ ËÌÑÆ ÐÀÅßÌÊÆàÑÊ ÁÊÑÔ ÂÄËÊÂÃÇÂÅÄÆ ÉÀÈÆ ÌÊÆ ÉÇÈÈÄÊÆ ßÅßÌÅÇÒÂÀËýÅàÑÊÆ ËÊÑÃ àÑÀÈÃ ê ÌÑÅ üÃÂÊ ÌÅÄ ê ÌÀÃÊÎËÄÂÀÃÑÂÊ ÉÊ ÆÄÁýÀÒÊ ÄÌÊáÄÊ ÈÄÁÊÆÆÀÅÂÊ ËÇÑÂ ÊÈÌÊáÊÂ ÌÞÊÀÑÝ¿ÞÖÕõë ÊÆÃ ÁÀÂÀÁÃÄÂÅÆÄ ËÀÂ ÃÂÇÅÆ ßÀÈÉÊÆ ÉÞÀßÆÇÂËÃÅÇÈ ÅÈÃÊÈÆÊÆ ê èòëìð èôóë ÊÃ ëìóò ÁÎö÷Ý¿ÊÆ ÉÊÑÔ ËÂÊÎÅÊÂÆ ËÅÁÆ ÁÅÃÄÆ ÆÇÈÃ ÀÃÃÂÅßÑÀßÌÊÆ ÀÑÔ øûöú þÿ������� ÆÍÎÄÃÂÅàÑÊ ÊÃ ÀÈÃÅÆÍÎÄÃÂÅàÑÊÉÊÆ î�� ÊÃ ÌÊ ÉÊÂÈÅÊÂ ÀÑ øûöù ÉÊÆ ÒÂÊÐÐÇÈÆ ���Ý �È ÂÀÅÆÇÈ ÉÊ ÌÀ ÒÂÀÈÉÊ ËÂÇËÇÂÃÅÇÈ ÉÊ ÁÊÆÒÂÇÑËÊÎÊÈÃÆ ÉÀÈÆ ÌÊ ËÇÌÍÎÏÂÊð ÁÊÆ ßÀÈÉÊÆ ÂÊÆÆÇÂÃÊÈÃ ËÂÄÐÄÂÊÈÃÅÊÌÌÊÎÊÈÃÝ �ÄÀÈÎÇÅÈÆð ÑÈÊÀÈÀÌÍÆÊ ËÌÑÆ ÐÅÈÊ ÉÑ ÆËÊÁÃÂÊ ÅÈÐÂÀÂÇÑÒÊ ÂÄáÏÌÊ ÄÒÀÌÊÎÊÈÃ ÌÀ ËÂÄÆÊÈÁÊ ÉÞÑÈÊ ÐÇÈÁÃÅÇÈ î�ì êëóìô ÁÎö÷ ÌÅÄÊ ê ÌÀ ÐÇÈÁÃÅÇÈ ÀÁÅÉÊ ÁÀÂßÇÔÍÌÅàÑÊ ÉÊ ÌÀ ÁýÀ�ÈÊ ËÇÌÍÎÄÃÀÁÂÍÌÅàÑÊÝ �ÊÑÔ ßÀÈÉÊÆ êëñéñ ÊÃ ëññô ÁÎö÷ ÀÃÃÂÅßÑÀßÌÊÆ ÀÑÔ áÅßÂÀÃÅÇÈÆ ÉÊ ÉÄÐÇÂÎÀÃÅÇÈ ÉÊÆ ÒÂÇÑËÊÆ ÎÄÃýÍÌÏÈÊÆ ÊÃÎÄÃýÍÌÊÆ ÆÇÈÃ ÄÒÀÌÊÎÊÈÃ ÇßÆÊÂáÀßÌÊÆÝ»»¼� ©£²¬£ ­³­· °¢ ¬²¯¶«®³ ²ª ¤ª ´ ¯ ¤¢ ®�¢¤¢������� ��� � !"#$�!%�&'%(�)�̂_ -9 50:5,:3/9310:C `: .,;3 91:-160:3/,/ X;, 79 50:4;531?132 ,-3 712, @ 79 50:5,:3/9310: 4,- 10:- ./2-,:3- ,: -07;310:-C D 5,313/,a 7, -;1?1 4, 79 50:4;531?132 ,-3 ;: 1:41593,;/ A1: 4,- /295310:- 4, 506.7,89310: ,:-07;310:C b;1?9:3 5,33, 2X;9310:a 7E9H0;3 4E;:, -07;310: 313/9:3, :E1:3,/A2/9:3 .9- 9?,5 79-07;310: 1:13197 ,-3 59/9532/1-2 .9/ ;:, 9;B6,:39310: 71:291/, 4, 79 50:4;531?132C c9:- 7, 59-



de

fghijkljmn ok fgpqomrkilgh smt qjgsulit mhijkvhm uhm slplhuilgh sm ok fghfmhijkilgh wogxkom mhlght mi sghf sm ok fghsufilyliz{ |h sltilhwumjk kogjt uh qglhi s}z~ulykomhfm g�n ogjt~um okigikoliz smt f�kjwmt ghi ziz hmuijkoltzmtn ok fghsufilyliz fjgvi � hguymku olhzjkljmpmhi{�mt ilijkwmt fghsufilpzijl~umt tghi jzkoltzt tuj e��po sm tgouilgh sm ��� � �{�w{o�� sghi omq� lhlilko kygltlhm �{�{ �m ilijkhi mti k�guiz � o }klsm s}uhm xujmiim wjksuzm sm �� po qkjlhfjzpmhi sm �n�po{ ��lh sm wkjsmj uhm �gpgwzhzliz mhijm omt jztuoikit sm f�k~um ilijkhin omujfghfmhijkilgh mti fkofuozm sm pkhl�jm � kyglj uh hgpxjm sm f�kjwm lsmhil~um{ �lhtl omt ilijkhitfghimhkhit smt lght slykomhit tghi � �glt qout slouzt ~um omt pghgykomhit ��{�e� mi �{����jmtqmfilympmhi�{ �mt sl��zjmhit khlght ziuslzt tghi o}lgh f�ogjujm ��o��n o}lgsujm ����n omthlijkimt ��|���n omt fkjxghkimt ��|���� mi omt tuo�kimt ��|����{ �k �lwujm �{e� jmqjztmhimo}zygouilgh sm ok fghsufilyliz sm ok tgouilgh sm ��� mh �ghfilgh sm o}k�gui sm ilijkhi{ �kht omfkt smt khlght pghgykomhit om tulyl fghsufilpzijl~um sghhm uhm sjglim lhsl~ukhi ~u}kufuhmlhimjkfilgh hm tm qjgsuli mhijm fmt lght mi om ���{ �h jmykhf�mn om ilijkwm qkj �k�|� qjztmhimuhm juqiujm sm qmhim mhijm uhm qjmpl�jm qkjilm g� o}kuwpmhikilgh sm fghsufilyliz mti �klxom miuhm tmfghsm g� ok fghsufilyliz kuwpmhim �gjimpmhi{ �gut qguyght sghf szsuljm uhmlhimjkfilgh tqzfl�l~um mhijm omt f�kjwmt smt qgo�p�jmt mi omt lght �|���{ �gut gxtmjyght omp�pm fgpqgjimpmhi qguj �|���{ �kj fghtz~umhin lo kqqkjkvi ~um omt khlght slykomhitfgpqomrmhi ok f�kjwm fkilghl~um su qgo�p�jm ���{�guim�glt fmiim lhimjkfilgh mhijm omt khlght slykomhit mi om qgo�p�jm h}mhijkvhm qkt smqjzflqlikilgh sm fmoul�fl{  hm ziusm sm iujxlslpzijlm kymf smt fghslilght �kygjltkhi uhmqjzflqlikilgh �kuwpmhikilgh smt fghfmhijkilght mh qgo�p�jm mi mh ilijkhi� tulyl skht om p�pmimpqt qkj fghsufilpzijlm h}k mh m��mi sghhz kufuh jztuoiki{ �mok qmui kogjt �ijm mrqol~uz su�kli s}lhimjkfilght h}lpqol~ukhi ~u}uhm f�kjwm sm o}khlgh slykomhi mi oklttkhi ok tmfghsm olxjmzylikhi klhtl ok qjzflqlikilgh su qgo�p�jm{�h lpkwlhkhi uhm fgpqomrkilgh fgpqo�imn f}mti � sljm uh tlim qgtlil� kttgflz � uh tuo�kimnhgut qguyght fkofuomj ok fkilghlfliz su qgo�p�jm fghhklttkhi ok pkttm sm ��� lhlilkompmhilhijgsulim tgli �{��w{ �mt jztuoikit sghhmhin mh qjmhkhi om ygoupm fgjjmtqghskhi � ok juqiujmsm qmhim fgppm qglhi z~ulykomhi �¡{�po sm �k��|� mi e�{¢po sm �k��|� � �{�����n £¡� w sm��� qguj uhm pgom sm f�kjwm hzwkilym tgli �n��pm~ skht om fkt smt tuo�kimt mi ¢�¡w qkj pgomtgli ¢{��pm~ skht om fkt sm fkjxghkimt{ �mt jztuoikit tghi ij�t pkuyklt qkj jkqqgji kursghhzmt i�zgjl~umt ��n��pm~�{  h z~ulolxjm mhijm omt khlght mi omt qgo�p�jmtn oklttkhi uhm
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xghhm qkjilm smt f�kjwmt su qgo�p�jm lhgffuqzmtn qmui kogjt �ijm mhyltkwz qguj mrqol~umj fmjztuoiki{

¤¥¦§¨© ª«ª¬ ­ ®¯°±§²¥°³ ´© ±µ ¶°³´§¶²¥¯¥²· ´¸§³© ¹°±§²¥°³ ´© ¤ªº ±°¨¹ ´© ±¸µ»°§² ´©´¥¼¼·¨©³²©¹ ¹°±§²¥°³¹ ¹µ±¥³©¹
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khlghl~um tgli ÐnÐ�pm~ qkj omt smur pzi�gsmt sm fkofuo �i�zgjl~um Î �n��pm~�{ �o mti � hgimj~um smt pmtujmt sm fkilghlfliz lhimjhmt � ��Ñ��k�kjwmn qkj pzi�gsm ku �Ò�Ón sghhmhi omtp�pmt ykomujt{
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¾º ÊÅËÌÍÆ¼ËÎ Ï¼ÐÐ¼ Ð¼½ÑÒÌÍÆ¼ Ä¼¾¿Ë¼ ËÆÄ À¼ ¾ÄÌÒ½Ì¾¼ »¼ ÄÓË¿ÒÅÒ½¼ »¼Ë Ë¾ÌÒË Ô¼ÄË »¼Ë ÒÌÔ¼ÅÆÇ»ÕÓÒ¼ÄÖÌ¼ ¾ÀÆË ÓÀ¼ÔÓË ¼Ò ¾ÄÓË¼Ò½¼ »ÕÆÒ ½ÑÅÂ¾ ÂÅÖÒÓÐÌÍÆ¼ »¿ÒÐ ÀÅ ×ÄÓÍÆ¼Ò½¼ ¼ËÐ ½¿Â¾ÅÐÌÊÀ¼ÅÔ¼½ ÀÕÓÒ¼ÄÖÌ¼ »¼ ÐÄÅÒËÌÐÌ¿Ò »ÕÆÒ ÒÌÔ¼ÅÆ Ø ÀÕÅÆÐÄ¼Î ÙÅ Ä¼ÀÅÇÅÐÌ¿Ò »Æ Ë¾ÌÒ Ô¼ÄË À¼Ë ÒÌÔ¼ÅÆÇ»ÕÓÒ¼ÄÖÌ¼ ÌÒ×ÓÄÌ¼ÆÄ¼ ËÕÅ½½¿Â¾ÅÖÒ¼ ÅÀ¿ÄË »¼ À ÕÓÂÌËËÌ¿Ò »ÕÆÒ¼ ¿Ò»¼ ÓÀ¼½ÐÄ¿ÂÅÖÒÓÐÌÍÆ¼ÅÒÅÀÁËÅÊÀ¼Î ÙÕÅÒÅÀÁË¼ ÚÛÜ ¾¼ÄÂ¼Ð ÅÀ¿ÄË »¼ »ÓÐ¼ÄÂÌÒ¼Ä ÀÕ¼ÒÔÌÄ¿ÒÒ¼Â¼ÒÐ ÅÐ¿ÂÌÍÆ¼ »Æ ¾Ä¿Ð¿ÒÓÐÆ»ÌÓÎ Ù¼Ë Ë¾¼½ÐÄ¼Ë ÚÛÜ ¿ÒÐ ÓÐÓ ÄÓÅÀÌËÓË ¾ÅÄ À¼ Ë¼ÄÔÌ½¼ ÚÛÜ »Æ ÙÅÊ¿ÄÅÐ¿ÌÄ¼ »¼ ÏÑÌÂÌ¼ÝÑÁËÌÍÆ¼ ÛÅ½Ä¿Â¿ÀÓ½ÆÀÅÌÄ¼ ÞÙÏÝÛß »¼ ÜÅÒ½ÁÎÙÕÅÒÅÀÁË¼ »Æ Ë¾¼½ÐÄ¼ ÚÛÜ »Æ ¾Ä¿Ð¿Ò Ø ¾º É ÄÓÔÃÀ¼ ÍÆ¼ À¼ ¾¿ÀÁÂÃÄ¼ ¼ËÐ ÊÌ¼Ò ½¼ÀÆÌ ÅÐÐ¼Ò»ÆÞàÌÖÎ áÎâÉÅßÎ ÝÀÆË Ë¾Ó½Ì×ÌÍÆ¼Â¼ÒÐã ÆÒ¼ ×¿Ò½ÐÌ¿Ò ÅÀ½¿¿À ¼ËÐ »ÌË½¼ÄÒÅÊÀ¼ Ø äÎâá ¾¾ÂÎ ÙÅ ¾ÄÓË¼Ò½¼»ÕÆÒ ËÌÒÖÆÀ¼Ð ×ÌÒ ¼Ð ÌÒÐ¼ÒË¼ Ø åÎæç ¾¾Â ¼ËÐ ÅÐÐÄÌÊÆÓ ÅÆÇ ÖÄ¿Æ¾¼Â¼ÒÐË ÂÓÐÑÁÀ¼Ë ÀÌÓË Ø ÀÕÅÐ¿Â¼»ÕÅè¿Ð¼ ÄÓÔÓÀÅÒÐ É ¾Ä¿Ð¿ÒË Ì»¼ÒÐÌÍÆ¼ËÎ Ù¼Ë ÖÄ¿Æ¾¼Â¼ÒÐË Ïºé »¼ ÀÅ ½ÑÅêÒ¼ ¾¿ÀÁÂÃÄ¼ Ë¿ÒÐ ÍÆÅÒÐØ ¼ÆÇ Ì»¼ÒÐÌ×ÌÅÊÀ¼Ë ¾ÅÄ ÆÒ »¿ÆÊÀ¼Ð »Ó»¿ÆÊÀÓ Ø ¼ÒÔÌÄ¿Ò åÎçä ¾¾ÂÎ Ù¼ »¼ÄÒÌ¼Ä ¾Ä¿Ð¿Ò½¿ÄÄ¼Ë¾¿Ò»ÅÒÐ ÅÆ Ïºëº Ë¼ ¾ÄÓË¼ÒÐ¼ Ø å¾¾ÂÎì ¾º âáã À¼ Ë¾¼½ÐÄ¼ ÚÛÜ ¹º Å¾¾ÅÄÅêÐ ½ÑÅÒÖÓ ½¿Ò×ÌÄÂÅÒÐ ÀÕÌÒËÐÅÊÌÀÌÐÓ »¼ ½¼ ½¿Â¾¿ËÓ ÅÆÇ¾º ÊÅËÌÍÆ¼Ë ÞàÌÖÎ áÎâÉÊßÎ Ù¼Ë ¾Ä¿Ð¿ÒË »¼Ë ÖÄ¿Æ¾¼Â¼ÒÐ ÂÓÐÑÁÀ¼Ë Ë¿ÒÐ ÅÀ¿ÄË À¼Ë Ë¼ÆÀË »¿ÒÐ ÀÅÄÓË¿ÒÅÒ½¼ ÒÕ¼ËÐ ¾ÅË Å××¼½ÐÓ¼ ¾ÅÄ À¼ ¾ÅËËÅÖ¼ ¼Ò ÂÌÀÌ¼Æ ÊÅËÌÍÆ¼ ÐÓÂ¿ÌÖÒÅÒÐ »Æ ÂÅÌÒÐÌ¼Ò »¼ ÀÅ½ÑÅÄÖ¼ ½ÅÐÌ¿ÒÌÍÆ¼ Ø ½¼Ë ¾ºÎ Ù¼ ËÌÖÒÅÀ »¼ ÀÕÅÀ½¿¿À Ø äÎâá ¾¾Â Ò¿ÐÅÂÂ¼ÒÐ Å »ÌË¾ÅÄÆ ÅÌÒËÌ ÍÆ¼ À¼¾Ì½ Ø å ¾¾ÂÎ Ï¼Ë »¼ÆÇ ËÌÖÒÅÆÇ Ë¼ Ä¼ÐÄ¿ÆÔ¼ÒÐ Ä¼Ë¾¼½ÐÌÔ¼Â¼ÒÐ Ø æÎí ¾¾Â ¼Ð áÎå ¾¾Â Ë¿ÆË ×¿ÄÂ¼»ÕÆÒ ÐÄÌ¾À¼Ð ¾¿ÆÄ ½¼ »¼ÄÒÌ¼ÄÎ Ù¼Ë ¾Ì½Ë »¼Ë ÖÄ¿Æ¾¼Â¼ÒÐË ÂÓÐÑÁÀÃÒ¼Ë Ë¿ÒÐ ÓÖÅÀ¼Â¼ÒÐ »Ó¾ÀÅ½ÓËÔ¼ÄË »¼Ë »Ó¾ÀÅ½¼Â¼ÒÐË ½ÑÌÂÌÍÆ¼Ë ÌÒ×ÓÄÌ¼ÆÄË ÞåÎäâ ¾¾Âß Ë¿ÆË ×¿ÄÂ¼ »ÕÆÒ ¾Ì½ ÆÒÌÍÆ¼ ÞËÌÒÖÆÀ¼ÐßÎÙÕÅÐÐÄÌÊÆÐÌ¿Ò ¼ÇÅ½Ð¼ »¼Ë ¾Ì½Ë ÅÌÒËÌ ÍÆ¼ ÀÅ »ÓÐ¼ÄÂÌÒÅÐÌ¿Ò »¼ ÀÅ ËÐÄÆ½ÐÆÄ¼ ×ÌÒÅÀ¼ »Æ àáä ÅÆÇ ¾ºÊÅËÌÍÆ¼Ë ¼ËÐ »Ì××Ì½ÌÀ¼ ËÅÒË ÀÕÅ¾¾¿ÄÐ »ÕÆÒ¼ ÅÆÐÄ¼ Ð¼½ÑÒÌÍÆ¼ ½¿ÂÂ¼ ÀÕÌÒ×ÄÅÄ¿ÆÖ¼ÎÛÅÀÑ¼ÆÄ¼ÆË¼Â¼ÒÐã À¼Ë ¾ÄÌËÂ¼Ë »¼ îÒï¼ ÆÐÌÀÌËÓË ¼Ò ðÚñìòÚ ÀÌÂÌÐÅÒÐ ÀÅ ÖÅÂÂ¼ »¼ ¾º »¼ ä Ø Èã½¼Ë Ä¼ÒË¼ÌÖÒ¼Â¼ÒÐË ½¿Â¾ÀÓÂ¼ÒÐÅÌÄ¼Ë ÒÕ¿ÒÐ ¾Æ óÐÄ¼ Å¾¾¿ÄÐÓËÎ ðÀ ¼ËÐ ¾ÅÄ ½¿ÒËÓÍÆ¼ÒÐ ÌÂ¾¿ËËÌÊÀ¼»¼ »Ó×ÌÒÌÄ ¾ÀÆË ¾ÄÓ½ÌËÓÂ¼ÒÐ ÀÅ ËÐÄÆ½ÐÆÄ¼ »Æ ¾¿ÀÁÂÃÄ¼ ¼Ò ½¿Ò»ÌÐÌ¿ÒË ÊÅËÌÍÆ¼ËÎ ò¿ÆÐ¼×¿ÌËã »Æ ×ÅÌÐ»¼ ÀÅ ÄÓÔ¼ÄËÌÊÌÀÌÐÓ »Æ ÐÌÐÄÅÖ¼ Å½Ì»¿ñÊÅËÌÍÆ¼ã ÆÒ¼ »ÓÖÄÅ»ÅÐÌ¿Ò ¾Ä¿×¿Ò»¼ »Æ ¾¿ÀÁ½ÅÐÌ¿Ò ½¿ÂÂ¼ÆÒ¼ ½¿Æ¾ÆÄ¼ »ÅÒË ÀÅ ½ÑÅêÒ¼ ¾¿ÀÁÂÃÄ¼ ¾¼ÆÐ óÐÄ¼ ¼Ç½ÀÆ¼Î ÙÅ »Ó¾Ä¿Ð¿ÒÅÐÌ¿Ò »¼ ÀÅ ×¿Ò½ÐÌ¿Ò ÅÀ½¿¿ÀË¼ÂÊÀ¼ ÅÌÒËÌ óÐÄ¼ ÀÕ¼Ç¾ÀÌ½ÅÐÌ¿Ò ÀÅ ¾ÀÆË ¾ÀÅÆËÌÊÀ¼Î ÙÕ¿ÊÐ¼ÒÐÌ¿Ò »ÕÆÒ èôÌÐÐ¼ÄÌ¿Òã ½¿Â¾¿ËÓ¾¿ËËÓ»ÅÒÐ Ø ÀÅ ×¿ÌË ÆÒ¼ ½ÑÅÄÖ¼ ¾¿ËÌÐÌÔ¼ ¾ÅÄ ÀÅ ×¿Ò½ÐÌ¿Ò ÅÂÂ¿ÒÌÆÂ ÍÆÅÐ¼ÄÒÅÌÄ¼ ¼Ð ÆÒ¼ ½ÑÅÄÖ¼ÒÓÖÅÐÌÔ¼ ¾ÅÄ ÀÕÅÀ½¿¿À »Ó¾Ä¿Ð¿ÒÓ ¼Ç¾ÀÌÍÆ¼ÄÅÌÐ ÅÀ¿ÄË ÀÅ ¾¼ÄÐ¼ »¼ ½ÑÅÄÖ¼ ÖÀ¿ÊÅÀ¼ ¿ÊË¼ÄÔÓ¼ ÅÆÇ ¾ºÊÅËÌÍÆ¼ËÎ
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HIJKLMNO P Q RSTUSVWXWY Z[\ZYTSUXVT] Y^S _`Y aV]WSb^c\SdV_`^c
ef ghijkflmfm nolpfm okqrofgo pfm skhjtniqorulfm pvqpmhksorhg mlk tfm iqonkrqlwqkxrtflw yhiif ghlm tvqzhgm pn{ | ihgokn fg rgokhplyorhg} ~fm ghijkflmfm rgofkkhxqorhgmrg�nkfgofm ql okqrofifgo pvrgfkoqxf pfm qkxrtfm sqk tf sht�yqorhg ��� gnyfmmrofgo gnqgihrgm pfpnofkirgfk stlm sknyrmnifgo tfm inyqgrmifm pvqpmhksorhg pf yfoof ihtnyltf mlk yfm irgnkqlw}eqgm yf yqpkf� yf y�qsrokf q shlk jlo pf ghlm nytqrkfk mlk tf skrgyrsf pf �hgyorhggfifgo pftvrgfkoqxf fo stlm sqkoryltr�kfifgo pvqsskn�fgpfk �rgfifgo tfm pr��nkfgom s�nghi�gfmpvqpmhksorhg ulf mhgo tq �rwqorhg pf yfoof ihtnyltf fo tvrg�rjrorhg pf tvqpmhksorhg plmlsfkstqmor�rqgo}~q skfir�kf sqkorf pf yf y�qsrokf mvrgonkfmmf | tvnolpf pf tvqpmhksorhg pl sht�yqorhg ���mlk tfm qkxrtf | s� gqolkft} �foof skfir�kf noqsf q shlk jlo pvnoqjtrk tfm inyqgrmifmpvqpmhksorhg pf yfoof ihtnyltf pqgm tfm yhgprorhgm pf sknokqrofifgo pfm xkqgltqom fg yqkkr�kfm}~fm nzhtlorhgm pf pr��nkfgofm skhskrnonm pfm qkxrtfm fg mlmsfgmrhgm yhiif tq y�qkxf hl tq��� mfkhgo hjmfkznm pqgm yf jlo} ~q msfyokhmyhsrf �g�kqkhlxf mfkq ryr lgf qgqt�mf sfkorgfgofshlk nzqtlfk tfm zqkrqorhgm pf moklyolkfm pfm sht�i�kfm qsk�m qpmhksorhg} �qk tq mlroftvqpmhksorhg pf tvrgfkoqgo ��� mfkq nolprnf qlw s� jqmrulfm q�rg pf pn�rgrk tvf��fo pf tqprirglorhg pf y�qkxf pl sht�yqorhg mlk tfm skhskrnonm pvqpmhksorhg pf yf yhishmn}�rgqtfifgo� tq yhisnororhg pvqpmhksorhg fgokf tvrgfkoqgo fmo lg mlsfkstqmor�rqgo pfmjnohgm �hlkgr sqk ~q�qkxf mfkq nolprnf shlk knshgpkf | tq ulfmorhg rgrorqtf pf gflokqtrmqorhgpfm irgnkqlw qkxrtflw zrm | zrm pf tq yhgmhiiqorhg fg stqmor�rqgo}
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CDEFGH IJKL M NOFGPHQ RH RDSSFQDOT UFV EGUTRQ WXYZ[\ H] ^H]D]Q W[YZ[\ UTE_HQ RHQFQ^HTQDOT RH `U H] NUabOT]bOGD__OTD]H c deEf_ghijklmno pq jlrstm jtuvomwlroqx vlx yhstm zlyjsqu sm{yqomjo nxlmpouomr yhlyyqxo po yljtqx|o po ps{{qwstm po jorro lxnsyo} ~m t|wox�o phqmo vlxr yl vxiwomjo phqm vsj po ps{{qwstmsmromwo lq� nxlmpw lmnyow ���}� �� lrrxs|ql|yo � yhk�pxlrlrstm � rxtsw jtqjkow pholq pow{oqsyyorw} zoyl utmrxo vlx jtmwi�qomr �qhom xlswtm po yl jtmrxs|qrstm iyojrxtwrlrs�qo powjlrstmw ps�lyomrw yow {oqsyyorw wtmr sjs lwwou|yiw om vl�qorw ��snkr� �����} �hlqrxo vlxr� ylvomro po yl jtqx|o po ps{{qwstm lq� vorsrw lmnyow owr inlyo � ��}� plmw jo jlw} ghi�tyqrstmphqmo vomro om �� vtqx yl �l�utmrutxsyytmsro �oxw qmo vomro � ����� owr omjtxo qmo {tswxovxiwomrlrs{ po yhlwwou|ylno om vl�qor po {oqsyyorw po yl zl�utmrutxsyytmsro} �ilmutsmw� wsjorro vxous�xo �lyoqx po �� owr jylsxouomr utpiyswl|yo or smroxvxirl|yo pq {lsr pow {ljroqxw po{txuo pow vlxrsjqyow swtyiow� yow �lyoqxw jtuvxswow omrxo �� or �� wtmr wq� orrow � qmosmroxvxirlrstm vyqw piysjlro} gl {txulrstm po wrxqjrqxo {xljrlyo owr yo vyqw wtq�omr i�t�qiovtqx jtuvxompxo jow vomrow� yow {xljrlyow po ulwwo irlmr lwwtjsiw lq� �lyoqxw jtuvxswow omrxo�� or ��� yow {xljrlyow po wqx{ljo � joyyow omrxo �� or ��} gl vxiwomjo phqmo usjxtvtxtwsri plmwyow lnxinlrw voxuor inlyouomr pho�vys�qox jow �lyoqxw}ghi�tyqrstm po yhsmromwsri pq wsnmly ps{{qwi vtqx yow syysrow or �ltysmsrow owr xovxiwomrio wqxyl {snqxo �}�� vtqx pow wqwvomwstmw � ��n�y} �y lvvlxl r rtqr phl|txp �qo yhtm xorxtq�o vtqx jowpoq� usmixlq� mo vxiwomrlmr vlw phsmrox{oqsyyorw k�pxlrl|yow� yow poq� vsjw jlxljrixswrs�qowt|wox�iw om �¡¢� wtsr ��}�� or £}� � vtqx yhsyysro or yl �ltysmsro xowvojrs�ouomr} gl vomro po
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yl jtqx|o po ps{{qwstm lq� vorsrw lmnyow owr �qlmr � oyyo po �� vtqx yhsyysro or po ��}� vtqx yl�ltysmsro} ztuuo plmw yo jlw po yl zl�utmrutxsyytmsro� jow �lyoqxw mo wtmr vlw smroxvxiriowvtqx yo utuomr plmw yl |s|ystnxlvkso}

CDEFGH IJKI M NOFGPHQ RH RDSSFQDOT UFV EGUTRQ WXYZ[\ H] ^H]D]Q W[YZ[\ UTE_HQ RHQFQ^HTQDOT RH NUaD__D]H H] RH NUa¤UO_DTD]H c deEf_
ghi�tyqrstm po ���� om {tmjrstm po yl jtmjomrxlrstm om lxnsyo utmrxo pow jtuvtxrouomrwps{{ixomrw wqs�lmr yl mlrqxo pow jlrstmw jtuvomwlroqxw} zoyl owr vyqw vlxrsjqys�xouomr yo jlwvtqx yl ¥tmrutxsyytmsro �qs wqs�lmr �qhoyyo wtsr ijklmnio ¦tpsqu tq zlyjsqu� mo vxiwomrovlw yow u§uow vxtvxsiriw phk�pxlrlrstm} �y lvvlxl r lsmws� jtuuo mtqw yhl�tmw pi� � mtrilqvlxl�lmr� �qo yow zl�utmrutxsyytmsrow wtmr ysusriow � qm ntm{youomr jxswrlyysm � rxtswjtqjkow pholq lytxw �qo yow wuojrsrow ijklmniow l�oj pow jlrstmw utmt�lyomrw voq�omrntm{yox � yhsm{smso} ¨m vsj po ps{{qwstm � ��}� � owr vlx jtmwi�qomr t|wox�i �qoyyo �qo wtsr yljtmjomrxlrstm om lxnsyo vtqx yl zl�utmrutxsyytmsro lytxw �qo yl �l�utmrutxsyytmsro xi��yo qmvsj po jtxxiylrstm � nxlmpo pswrlmjo ptmr yl �lyoqx lqnuomro �qlmp yl {xljrstm �tyqus�qowtyspo psusmqo}¨m jtuvtxrouomr wsusylsxo owr vlx lsyyoqxw t|wox�l|yo vtqx yl �l�syysro vxiwomrlmr� om vyqwpq vsj po ps{{qwstm jlxljrixswrs�qo � ��}� �� pow vsjw po jtxxiylrstm � nxlmpow pswrlmjowriutsnmlmr pow xivqywstmw iyojrxtwrlrs�qow omrxo vlxrsjqyow} gow zl�syysrow mo xi��yomr �qlmr �oyyow lqjqmo smroxljrstm po jo r�vo} ztuvlxlrs�ouomr� yow pswrlmjow po jtxxiylrstm omrxo t|�orw
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wtmr |som vyqw suvtxrlmrow plmw yo jlw po yhsyysro �qo plmw joyqs po yl utmrutxsyytmsro} zoylvoqr §rxo o�vys�qi vlx yhlwwou|ylno om vl�qor po {oqsyyorw po yhsyysro� xo{yiri vlx yo vsj � �� ��psusmqlmr yo mtu|xo po vlxrsjqyow om wqwvomwstmw � {xljrstm �tyqus�qo inlyo vlx xlvvtxr � ylutmrutxsyytmsro} ¨mo romrlrs�o po piroxusmlrstm po yhivlswwoqx pow vlxrsjqyow iyiuomrlsxow llytxw iri xilyswio plmw yo jlw po yl �l�utmrutxsyytmsro wqs�lmr yow ytsw po ntm{youomrtwutrs�qo �¥sjktr� �����} �lmw jo jtmro�ro yo rxlji pq ytnlxsrkuo po yl pswrlmjosmroxvlxrsjqylsxo om {tmjrstm po ytnlxsrkuo po yl {xljrstm �tyqus�qo pijxsr qmo vomro om φ©ªlq� vyqw klqrow {xljrstmw �tyqus�qow jlxljrixswrs�qow phqmo yts po ntm{youomrqmspsxojrstmmoyyo �{snqxo �}���}gl xovxiwomrlrstm po yl pswrlmjo smroxvlxrsjqylsxo wqs�lmr ��φ mtqw voxuor phirl|ysx� phlvx�wyl vomro po yl pxtsro� yhivlswwoqx ut�ommo pow vlxrsjqyow ps{{qwlmrow �{snqxo �}���} �lmw yo jlwpo yl utmrutxsyytmsro� mtqw t|romtmw qmo �lyoqx po «}�£ � wtsr yin�xouomr vyqw �qo yo {oqsyyorsmps�spqoy ptmr yhivlswwoqx owr po �}�� �} gho�{tyslrstm rtrlyo pow {oqsyyorw mhirlmr � lulswlrrosmro� jo xiwqyrlr voxuor po jlyjqyox qm lwwou|ylno ut�om po �}� {oqsyyorw plmw jo jlw��lyoqx jylwws�qouomr t|romqo vtqx pow �l�wuojrsrow �¥ttxo or ¡o�mtypw� ���£ ¬ ­oxxlno����£�} ®m xo�lmjko� plmw yo jlw po yhsyysro jorro lvvxtjko ptmmo qm xiwqyrlr ylxnouomr wtqwowrsui vlx xlvvtxr � yhivlswwoqx xioy pow t|� orw ps{{qwlmr� wtsr �� � jtmrxo ��� �} ~m voqrptmj qms�qouomr �swqlyswox yow smroxljrstmw po xivqywstm piys�xlmr qm ntm{youomr swtrxtvout�om plmw yl wtyqrstm wlmw om pipqsxo po vlxlu�rxo po rlsyyo vtqx yht|� or}~m voqr inlyouomr mtrox lq� {xljrstmw �tyqus�qow vyqw {ls|yow qm o{{tmpxouomr po ylvomro po yl pxtsro ytn p� ytn φ plmw yo jlw po yl �l�utmrutxsyytmsro} zoyqs owr lrrxs|ql|yo � ylrxlmwsrstm phqm ntm{youomr phtxsnsmo yluoyylsxo � qm ntm{youomr swtrxtvo} zow vxtvxsiriwwoxtmr l|txpiow vyqw vxijswiuomr plmw yo jklvsrxo wqs�lmr po jo ulmqwjxsr rxlsrlmr po ylxkitytnso or pow rxlmwsrstmw wty�noy}gl wqsro po yhlmly�wo pow jtqx|ow po ps{{qwstm owr ptmmio vlx yhirqpo po yoqx vomro lq�vorsrw lmnyow} ~m whlvox¯tsr lytxw �qhlqjqmo utps{sjlrstm mhowr �sws|yo om {tmjrstm po ylpsyqrstm �qoy�qo wtsr yhlxnsyo} go {ljroqx po {txuo pow vlxrsjqyow om wqwvomwstm mo �lxso vlxjtmwi�qomr vlw om {tmjrstm po yl {xljrstm �tyqus�qo om lxnsyo} gow vlxlu�rxow po vomro or yovtwsrstmmouomr pow vsjw po ps{{qwstm wtmr xiwquiw plmw yo rl|yolq �}� vtqx yow ps{{ixomrwijklmrsyytmw lmly�wiw}
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CDEFGH IJKK M °±O_F]DOT RH _U RDQ]UT²H DT]HG^UG]D²F_UDGH HT SOT²]DOT RH _U SGU²]DOT±O_FbD³FH HT UGED_H ^OFG RHQ QFQ^HTQDOTQ RH `UabOT]bOGD__OTD]H H] RH `UaD__D]H

CDEFGH IJKd M DRHb SDEFGH IJ´I HT GH^GµQHT]U]DOT R¶SW f́
φφφφ
\ghsm{yqomjo po yhsmoxrlno wqx yl wrxqjrqxo pow lxnsyow lsmws �qo yl �swqlyswlrstm sm wsrq omwqwvomwstm po yhsmroxjlylrstm wtmr irqpsiw rtqr lq ytmn po yhswtrkoxuo vtqx pow wqwvomwstmw omlxnsyo po ��n�y} · rsrxo pho�ouvyo� yow jtqx|ow po ps{{qwstm t|romqow vtqx qmo jtmjomrxlrstmom vty�jlrstm ­�� po ��}�¸ �ijklmno jlrstms�qo rtrlyo� wtmr xovxiwomriow wqx yl {snqxo �}��vtqx qmo lpwtxvrstm wqx yl �l or yl zl�utmrutxsyytmsro} ~m voqr xoulx�qox rtqr phl|txp �qo�jtuuo mtqw yhl�tmw pi� � t|wox�i om �¡¢� yo ­�� whsmroxjlyo plmw yhsmrox{oqsyyor} ¨m vsj ���}� � owr lsmws rxtq�i} �tqw vtq�tmw inlyouomr xoulx�qox �qo jorro �lyoqx owr spomrs�qo �
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joyyo uowqxio vlx �¡¢ lq yl|txlrtsxo utmrxlmr �qo yhlpwtxvrstm po utyijqyo po ­�� plmwyhsmrox{oqsyyor ouv§jko yo ntm{youomr om usysoq l�qoq�}

CDEFGH IJK¹ M NOFGPHQ RH RDSSFQDOT UFV EGUTRQ WXYZ[\ H] ^H]D]Q W[YZ[\ UTE_HQ RHQFQ^HTQDOT RH NU H] RH `UabOT]bOGD__OTD]H c deEf_ ]GUD]µH U±H² ´LJdº RH ^O_»²U]DOT CLd
·{sm po pi{smsx vyqw vxijswiuomr yhlpwtxvrstm� yhi�tyqrstm pow vsjw po ps{{qwstm lq� nxlmpwlmnyow owr wqs�so vtqx ps{{ixomrw rlq� po rxlsrouomr om smoxrlmr �{snqxo �}���} go rxlji powjtqx|ow �}�¼ om {tmjrstm po � t½ � owr inly � yl �lyoqx l|wtyq po yl vomro lq� vorsrw lmnyowvoxuor lytxw po xompxo jtuvro {smouomr po jow vsjw} ztuuo mtqw yhl�tmw pi�� �q� yl �l�utmrutxsyytmsro mtm rxlsrio wo jlxljrixswo vlx yhl|womjo po vsj lq� nxlmpw lmnyow �{snqxo �}��l� lytxw �qo yl zl�utmrutxsyytmsro vxiwomro qm wsnmly � ��}� � �{snqxo �}�� |�} ghlppsrstmphsmoxrlmr ­�� wo rxlpqsr vlx yhlvvlxsrstm pq vsj � ��}� � jlxljrixswrs�qo po yhsmroxjlylrstm pojorro utyijqyo p�w yow {ls|yow xlrst vty�u�xo � lxnsyo} �lmw yo jlw po yl wuojrsro jlyjs�qo� yowjtqx|ow po ¾·¢¦ vtqx yow jtmjomrxlrstmw {ls|yow or smroxuipslsxow ��¸ or ��¸� xi��yomr yljto�swromjo po {oqsyyorw smroxjlyiw l�oj yo vty�jlrstm ���}� �� or po zl�utmrutxsyytmsrok�pxlrio � rxtsw jtqjkow pholq ���}� ��} �y lvvlxl r lytxw �qo joxrlsmw {oqsyyorw wtmr ijklmniwl�lmr yow lqrxow jo �qs voqr §rxo ysi � qmo kirixtnimisri po yl jklxno po wqx{ljo omrxo yowvlxrsjqyow� vkimtu�mow wtq�omr xomjtmrxiw plmw yow ijklmrsyytmw mlrqxoyw phlxnsyo �glnly����«� ¬ ¿syysoxlw� ���£�} · vlxrsx po ��}�¸� yhijklmno jlrstms�qo irlmr vxlrs�qouomr jtuvyor�qm woqy vsj wq|wswro � ��}� �} ·q� vyqw vorsrw �� yl vomro pow jtqx|ow ���� smsrslyouomr inlyo ��� or ��}� vtqx yl �l or zl�utmrutxsyytmsro xowvojrs�ouomr i�tyqo �oxw qmo �lyoqx po ��}£riutsnmlmr phqmo xowrxqjrqxlrstm pow wuojrsrow rxlsriow}
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CDEFGH IJKÀ M RDSSFQDOT RHQ GU»OTQ Z UFV EGUTRQ UTE_HQ HT SOT²]DOT RF GU]DO ^O_»bÁGHCLd f UGED_H ^OFG _U `U WU\ H] NUabOT]bOGD__OTD]H WP\
ghlmly�wo pow vsjw po ps{{qwstm lq� ut�omw lmnyow� ylxnoqx or smromwsri� mtqw xomwosnmo wqxyl jxswrlyysmsri pow mtw ijklmrsyytmw} Âlx yhsmroxuipslsxo po yl {txuqyo po ¦jkoxxox �i�qlrstm�}��� sy mtqw owr vtwws|yo po jlyjqyox yhivlswwoqx pow jxswrlyysrow iyiuomrlsxow or vlx jtmwi�qomryo mtu|xo po {oqsyyorw lnomjiw plmw yow vlxrsjqyow iyiuomrlsxow} ghi�qlrstm po ¦jkoxxox voqrwhijxsxo wqs�lmr Ã
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θω
λÄÅÆÇ ÇÈÉ

= ÊËÌÍÎÏÐÑÒ ÓÔÓÕ
ÑÖ × ØÙÏ ÚØ ÏÎÐÚÚØ ×Ø ÚÎ ÛÜÐÙÏÎÚÚÐÏØÝ Þ ÚÎ ÚÑÒßÍØÍÜ ×àÑÒ×Ø ×Í ÜÎáÑÒÒØâØÒÏ âÑÒÑÛãÜÑâÎÏÐÌÍØÙÑÐÏ äÔåæÒâ ×ÎÒÙ ÒÑÏÜØ ÛÎÙÝ ç ÚàÎÒßÚØ ×Ø ×ÐèèÍÙÐÑÒ ×Ø ÚÎ ÜËèÚØéÐÑÒ ×Ø êÜÎßß ÛÑÒÙÐ×ËÜËØÝ ë ÚÎÚÎÜßØÍÜ ×Í ìÐÛ í âÐîãÎÍÏØÍÜ ØÒ ËÛãØÚÚØ ïç ØÏ ð ÍÒØ ÛÑÒÙÏÎÒÏØ ÎÙÙÑÛÐËØ í ÚÎ èÑÜâØ ×Í ìÐÛÝ×ËìØÒ×ÎÒÏØ ×Ø èÎÛÏØÍÜÙ ÛÑââØ ÚÎ ßËÑâËÏÜÐØ ØÏ ÚÎ èÑÜâØ ×ØÙ ÛÜÐÙÏÎÚÚÐÏØÙÝ ×ÑÒÏ ÚÎ ñÎÚØÍÜ ØÙÏßËÒËÜÎÚØâØÒÏ Î×âÐÙØ ËßÎÚØ í äÔòóÔôÎÜ ÛØÏÏØ âËÏãÑ×ØÝ ÚÎ ×ËÏØÜâÐÒÎÏÐÑÒ ×Ø ÚÎ ÛÜÐÙÏÎÚÚÐÒÐÏË ×ØÙ ìÎÜÏÐÛÍÚØÙ ËÚËâØÒÏÎÐÜØÙ ×Ø õÎîâÑÒÏâÑÜÐÚÚÑÒÐÏØ ÎÍ ÏÜÎñØÜÙ ×Í ìÐÛ í åóÔÓ ö âÑÒÏÜØ ÌÍØ ÚàËìÎÐÙÙØÍÜ ×Ø ÚÎ ÛÜÐÙÏÎÚÚÐÏØ ØÙÏ ØÒâÑáØÒÒØÝ ÙÍÜ ÚàØÒÙØâ÷ÚØ ×ØÙ ËÛãÎÒÏÐÚÚÑÒÙ âØÙÍÜËÙÝ ×Ø åøï ö ÊÏÎ÷ÚØÎÍ ÓÔåÕÔ ôÜØÒÎÒÏ ØÒ ÛÑâìÏØÚÎ ×ÐÙÏÎÒÛØ ùúúû í åóÔÓ ö Ý ÚØ ÒÑâ÷ÜØ âÑáØÒ ×Ø èØÍÐÚÚØÏÙ ÎßØÒÛËÙ ØÙÏ ×ÑÒÛ ×Ø òÔóÔ õØÙ ÜËÙÍÚÏÎÏÙâÑÒÏÜØÒÏ ÍÒØ ÏÜüÙ ÷ÑÒÒØ ÛÑÜÜËÚÎÏÐÑÒ ÎñØÛ ÛØÍé Ñ÷ÏØÒÍÙ ØÒ ýþÿ ãÎÍÏØ ÜËÙÑÚÍÏÐÑÒ ÜËñËÚÎÒÏ ÍÒÎßØÒÛØâØÒÏ ×Ø åÓ èØÍÐÚÚØÏÙÔ �ÎÒÙ ÛØ ÛÎÙÝ ÛØÏÏØ ñÎÚØÍÜ ÎñÎÐÏ ËÏË âØÙÍÜËØ ÎÍ ÛØÒÏÜØ ×Ø ÚÎìÎÜÏÐÛÍÚØ ØÏ ÙÍÜØÙÏÐâËØ ×ÑÒÛ ÚàËìÎÐÙÙØÍÜ âÑáØÒÒØ ×ØÙ ÛÜÐÙÏÎÚÚÐÏØÙÔ �ÑÍÙ ìÑÍñÑÒÙ ×ÑÒÛ ØÒÛÑÒÛÚÍÜØ ÌÍØ ÚÎ ÏØÛãÒÐÌÍØ ØâìÚÑáËØ ÐÛÐ ìÑÍÜ ËñÎÚÍØÜ ÚØ ÙÏÎÛ�ÐÒß ×ØÙ ìÎÜÏÐÛÍÚØÙ ×àÎÜßÐÚØ ×ÑÒÒØ×ØÙ ÜËÙÍÚÏÎÏÙ ñÎÚÎ÷ÚØÙÔ�àÎ×ÙÑÜìÏÐÑÒ ×Í ìÑÚáÛÎÏÐÑÒ �ïæ ÙÍÜ ÚØÙ âÑÒÏâÑÜÐÚÚÑÒÐÏØÙ âÑ×ÐèÐØ ÚÎ ÙÏÜÍÛÏÍÜØ ×ØÙìÎÜÏÐÛÍÚØÙ ËÚËâØÒÏÎÐÜØÙ ×àÎÜßÐÚØÔ õØÛÐ Î ×àÎ÷ÑÜ× ËÏË âÐÙ ØÒ ËñÐ×ØÒÛØ ìÎÜ ÚØ ÛãÎÒßØâØÒÏ ×ØìØÒÏØ ×ØÙ ÛÑÍÜ÷ØÙ ×Ø ×ÐèèÍÙÐÑÒ ÎÍé ìØÏÐÏÙ ÎÒßÚØÙ ÎÐÒÙÐ ÌÍØ ìÎÜ ÚÎ ÜØÙÏÜÍÛÏÍÜÎÏÐÑÒ ×ØÚàÐÒÏØÜèØÍÐÚÚØÏ í å�Ô� öÔ �àÎÒÎÚáÙØ ÙÍÐñÎÒÏ �ÛãØÜÜØÜ ×Ø ÛØ ìÐÛ ÛÑÒèÐÜâØ ÛØÏÏØ ÐÒèÑÜâÎÏÐÑÒÔ �ÒÑ÷ÙØÜñØ ØÒ ØèèØÏ ÍÒØ ÎÍßâØÒÏÎÏÐÑÒ ×Í ÒÑâ÷ÜØ âÑáØÒ ×Ø èØÍÐÚÚØÏÙ ìÎÜ ìÎÜÏÐÛÍÚØ ×Ø òÔó í åïÔïÚÑÜÙ ×Ø ÚàÎ×ÙÑÜìÏÐÑÒ ×Í �ïæ ÙÍÜ ÚÎ õÎîâÑÒÏâÑÜÐÚÚÑÒÐÏØÔ�Ø â	âØÝ ×ÎÒÙ ÚØÙ ÙÍÙìØÒÙÐÑÒÙ ×Ø �ÎîâÑÒÏâÑÜÐÚÚÑÒÐÏØ ÙØ ìÜËÙØÒÏÎÒÏ ÐÒÐÏÐÎÚØâØÒÏ ÙÑÍÙ ÚÎ èÑÜâØ ×Ø èØÍÐÚÚØÏÙ ÐÙÑÚËÙÝ ÚàÎ××ÐÏÐÑÒ ×ØÚàÐÒØÜÏÎÒÏ ìÜÑñÑÌÍØ ÍÒØ ÙÏÜÍÛÏÍÜÎÏÐÑÒ ×ØÙ ìÎÜÏÐÛÍÚØÙ ×àÎÜßÐÚØ ìÎÜ ìÎÌÍØÏ ×Ø åäÔï èØÍÐÚÚØÏÙÔ�Ø ÛØèÎÐÏÝ ÐÚ ØÙÏ ñÐÙÐ÷ÚØ ÌÍØ ÚØ ìÑÚáÛÎÏÐÑÒ �ïæ ÍÏÐÚÐÙË ÛÑââØ ÐÒØÜÏÎÒÏ ìÑÙÙü×Ø ×àÍÒØ ìÎÜÏ ÍÒØ ÎèèÐÒÐÏËèÑÜÏØ ìÑÍÜ ÚØÙ ÎÜßÐÚØÙ ØÏ ×àÎÍÏÜØ ìÎÜÏ ×ØÙ ìÜÑìÜÐËÏËÙ ×Ø ÙÏÜÍÛÏÍÜÎÏÐÑÒÔ
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pics corélation épaisseur moyenne nbre moyen de
pente pic d 001 (Å) grandes distances particules (Å)  feuillets par parti cule

Ca-montmorillonite -2.5 19.3 non 172 8.9

Na-montmorillonite -2 - oui - -

F25-montmorillonite -2.7 14.6 non *Ca: 178 ; *Na: 149 *C a: 12.2 ; *Na: 10.2

Ca-illite -3 10.1 non 312 30.9

Na-illite -3 10.1 oui 298 29.5

F25-illite -3 10.1 non 286 28.3

Ca-kaolnite -3.2 7.2 non 498 69.1

Na-kaolinite -3.2 7.2 non 477 66.2

F25-kaolinite -3.2 7.2 non 502 69.7
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ôõýü�ðóöí üðîñøóñ�úí ø�ùíï�ýíù ÷íóôðóî ûõðôùøï÷îñøó ôí ûõñóíïîðóî 
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bcdef gch eigdefjfkel mfl gindofl fk jdodfc pgldqcfr ckf qcgkedes djtuiegkef mf vgipukgeffle uplfiwsf mgkl ofl svxgkedooukl yzdncif {|{{}| ~k tdv dkefklf � _��{ vj�� vgigvesidledqcf mfvfl jdksigch gttgig�er n�kgke vukldmsigpofjfke og wdlcgodlgeduk mf og pgkmf m�gpluiteduk �_��a vj�� mc tuo�vgeduk| ~k lfvukm tdv mf vgipukgef fle sngofjfke wdldpof � �`aavj��|��cedodlgeduk m�ckf pudef � ngkel tfijfeegke mf eigwgdoofi lucl gejultx�if dkfief gcigde swdes ogtislfkvf mf vfeef djtcifes fe tfijdl ckf gkgo�lf tocl zdkf mfl ltfveifl|�k gplfkvf m�g�uce mf tuo�vgedukr og tislfkvf mf lctfitogledzdgke gmluips lci o�gindof fleiswsosf lci of ltfveif mf og �g�jukejuidooukdef eigdesf � �a � mf ��� tgi ofl pgkmflm�gpluiteduk ���� mf vf vujtuls � ���_ fe ���� vj��| �cidfclfjfker og pgkmf m�gpluiteduk ogtocl dkefklf mc ��� � _a�� vj�� y����} k�fle tgl uplfiwgpof lci vf ltfveif| �k vujtosjfker dogttgig�e qcf og qcgkedes m�fgc mdjdkcf ouil mf o�gmluiteduk mf vf tuo�j�if vukzdijgke lukjsvgkdljf m�gmluiteduk tgi svxgknf mf luowgke| �dkldr of tdv m�gpluiteduk � _�`a vj��geeidpcs � o�fgc m�x�migegeduk mdjdkcf zuiefjfke ouil mf o�g�uce mf ���|��swuoceduk mfl ltfveifl dkzigiucnfl mf og jukejuidooukdef tiseigdesf tgi �a� mf ���jukeif mfl vxgknfjfkel djtuiegkel ouil mf o�gmmdeduk m�dkfiegke esjudnkgke mfl vujtsededuklm�gmluiteduk qcd l�ut�ifke gch lcizgvfl mf vf jdksigo| ~kf mdjdkceduk migledqcf mfl pgkmflm�gpluiteduk mc tuo�j�if ���_ vuiifltukmgke gch wdpigedukl ���� fle tocl tgiedvcod�ifjfkewdldpof fkeif ��aa fe {aaa vj��| �gkl of j�jf efjtlr ofl pgkmfl glluvdsfl gc tuo�vgeduk ��`gttgigdllfke mgkl vfeef ngjjf mf kujpifl m�ukmf y{a��r ����r ���_ fe ���a vj��}| �gtislfkvf m�dkfiegke gmluips fle sngofjfke uplfiwgpof tgi o�gttgideduk mf mfch stgcofjfkel �_�_� fe _{�a vj�� lci of vues xgcef zisqcfkvf mfl vgipukgefl geeidpcgpofl gch wdpigedukl mfmszuijgeduk mfl niuctfjfkel jsex�ofl fe jsex�o�kfl| � og wcf mf vfl ltfveifl kucl tucwuklvukvocif qcf ofl juosvcofl mf ��� luke msluipsfl tgi of tuo�vgeduk ��`|
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THIGUVWWVXVLIY ZG [HJI ZV W\VX]JWVXVLI HWEHIKJUV ZV^ ]HUIJ_GWV^ VL ^G^]VL^JKLY JW V ÎLKIH`WV FGV WH XK`JWJIE ZV^ ]HUIJ_GWV^ ]VGI aIUV WJXJIEV ]KGU ZV^ [UH_IJKL^ bKWGXJFGV^ ]WG^[HJ`WV^ FGV WH bHWVGU ZV ]H_cJLd ELKL_EV ]UE_EZVXXVLIN eV [HJIY ZV LKX`UVG^V^ EIGZV^ [KLIEIHI Z\GLV IUHL^JIJKL VLIUV GLV ]fH^V WJFGJZV VI GLV ]fH^V ^KWJZV ]KGU ZV^ _KL_VLIUHIJKL^bKWGXJFGV^ ZV W\KUZUV ZV gShggi jkJ_fHVW^Y Qlmn o pXJIfY QlRl o qUH]]VY nSSQ o rL_VsYnSSQtN rJL^JY ZV^ EZJ[J_V^ dEKXEIUJFGV^ XKJL^ _KX]H_I^ FGV WV UE^VHG _G`JFGV [H_V _VLIUE]VGbVLI ^HIJ^[HJUV u JXXK`JWJ^VU WV^ ]HUIJ_GWV^ D[JdGUV MNnPN
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 �÷ö øþúýö �þòó�ôòøö úóø üøü òóòôõöüö ÷óùý�þúö�ú�ý÷ ú�øý��÷ þü�üôòóø ��÷ �ÿò��÷ �þò�øýúó �þüö÷óø÷ �ó÷ �úþø÷ �úôõûýö�÷þöýøü #�ý��þ÷3
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ðò �úþù÷ û÷ö �þòýóö ÷öø ýþþü��ôý�þ÷� ÷ó ò���ó �òö ö�ÿüþý��÷ �úóøþòýþ÷ù÷óø ò�	 ÿõ�úøÿ�ö÷ö�ôòööý��÷ù÷óø òûú�øü÷ ûòóö ô÷ö ùúû�ô÷ö
 �÷ö ü�òþøö ò�	 �þüûý�øýúóö øÿüúþý��÷ö �÷��÷óø �òþ�úóöü��÷óø ûü�ú�ô÷þ û÷ �÷øø÷ ú�ö÷þ�òøýúó
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ðò �þú�úþøýúó û÷ �ÿò��÷ �úóöøýø�òóø ÷öø �òô��ôü÷ ÷ó þ÷ö�÷�øòóø �ó÷ �úþù�ôòøýúó û÷ �üøúóøõ�÷ ��ýôýò6 ú�øýùýöòóø ôò �úù�ò�ýøü û� öõöø�ù÷
 ð÷ ùüôòó�÷ ÷öø òýóöý �úóöøýø�ü û÷ '5
!47 û÷0�� 1�
!*7 û÷ 0' ÷ø �*
��7 û÷ 0*
 �÷ö �þú�úþøýúóö þ÷öø÷óø �úóöøòóø÷ö ��÷ôô÷ö ��÷ öúý÷óø ô÷ö��òóøýøüö ûñòþ�ýô÷ ò�ú�øü÷ö
 ð÷ö òþ�ýô÷ö� �þü�òþü÷ö �úùù÷ ýóûý��ü ûòóö ô÷ �ÿò�ýøþ÷ '� öúóøýóøþúû�ýø÷ö ÷ó �ú�ûþ÷ ûòóö ôò ùòøþý�÷ �þòó�ôòýþ÷
 ðò ��òóøýøü û÷ ùýóüþò�	 òþ�ýô÷�	 ÷öø ý�ý÷	�þýùü÷ ÷ó �ú�þ�÷óø û÷ ôò ùòöö÷ øúøòô÷ öúôýû÷
ðò �úù�ò�ýøü ùò	ýùòô÷ û÷ �÷ öõöø�ù÷ öòóö òþ�ýô÷� ø÷óòóø �úù�ø÷ û÷ö �þú�úþøýúóö û÷�ÿò��÷ �úóöøýø�òóø� �÷�ø �øþ÷ ÷öøýùü÷ �òþ ô÷ ùúû�ô÷ û÷ 8��ÿýõòùò ÷ø �òóò9ò � �47 8��ÿýõòùò ÷ø �òóò9ò� �!53 % �úó�� �!!5"
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^^_`_a bcdefcd fghijiklmecd cn khiohpflc aiecppcqr stuvwxyzruy{z sv| }rwrx~uwv| w�t{�{�y��v| sv| |�|}vz|y{z| �wrz��rywv| uv�| ��v �r�{zuwryzuv |v�y� �� vu �r �y|�{|yut r�� �y|ry��vxvzu| yz�yzy| �� v|u {�uvz�v vz �uy�y|rzu �zv�t{xtuwyv �rzv� �{xxv yzsy��t srz| �r �y��y{�wr}�yv� �v��v �y v|u �{x}{|tv sv � }r�v| sv��xx sv �rw�v�w �t��y�r�vzu wr�{z �rzv� vu sv �� xx sv �r�uv�w� �v u�}v sv �t{xtuwyv }v�u�uwv �{z|ystwtv �{xxv ��t��y�r�vzu s��z �{�vuuv �rw �r |�|}vz|y{z �wrz��rywv }yt�tv vzuwv �v|}r�v| �wtt �z ���yzswv �y�uy� t��y�r�vzu ��y �y|ry��v �v wv|uv sv �r xruwy�v �{x{�~zv ��z�v� vu�{�||{u� ���� � �rwr�yrz� ������ �v�r ruutz�v �v wy|��v sv ��y||vxvzu r�� }rw{y| }rw�{y|{�|vw�t r�v� sv| {�uy�| xtur��y��v|� x�xv w���v��� qr �v����v sv xv|�wv v|u �z ���yzswv sv �xx sv syrx~uwv� q�vzuwv�vw �rutwr� v|u sv ¡xx vu �v �rzv v|u }�r�t ¢ £xx s� �{zs sv �r�v����v �{w| sv �r xv|�wv� ¤z w�t{x~uwv �¥���� �{z�uy{zzrzu ¢ �{zuwryzuv yx}{|tv v|u wv�yt ¢�v x{zur�v� qv| �{�w�v| s�t�{��vxvzu� {�uvz�v| r}w~| �zv �xyz sv }wt�y|ry��vxvzu ¢ £� |¦§�
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�{x}wvzzvzu �zv x{zutv¨sv|�vzuv vz �wrsyvzu �y|ry��vxvzu �|�vrw wruv� sv ���� ¢ £� |¦§ vz }r|�{�rwyu�xy��v| ��� }{yzu| }rw st�rsv����yz sv �yxyuvw �v| v��vu| sv |tsyxvzuruy{z� �v| |�|}vz|y{z| �wrz��rywv| |{zu wtr�y|tv| vzwvx}�r©rzu ��vr� }rw �z ���ysv |�|}vzsrzu sv �y|�{|yut }��| t�v�tv� qv| �wrz��ru| |{zu ryz|ysy|}vw|t| srz| �zv |{��uy{z sv ªx«rw{�¬ ­®¡£ ¢ �£¯ �x°x� srz| ��vr�� qr |{��uy{z svªx«rw{�¬ v|u �zv |{��uy{z �{xxvw�yr�v sv }{��tu���~zv ����{� vu }{��}w{}��~zv ����{� s{zu�r xr||v x{�t���rywv v|u r}}w{�yxruy�vxvzu sv  ����� �vuuv |{��uy{z }wt|vzuv z{urxxvzu �v|r�rzur�v| s�r�{yw �zv svz|yut }w{��v sv �v��v sv ��vr� ���� £ «�°sx±�� s��uwv }rw�ryuvxvzu|{����v vz xy�yv� r��v�� vu s��uwv zv²u{zyvzzv ��v��v ��v |{yu |r �{z�vzuwruy{z� � �£¯� �r|{��uy{z sv ªx«rw{�¬ }{||~sv �zv �y|�{|yut sv ���³� ´r�| �µy��wv ¡���� ¤zv r}}w{��v |yx}�v�uy�y|rzu �r �{y sv ¶u{«v| �t��ruy{z ¡��¡� xvu vz t�ysvz�v ��v �r �yuv||v sv |tsyxvzuruy{zs��zv }rwuy���v srz| �z uv� ���ysv v|u sy�y|tv }rw ³� ��·¸¹º»¼½¾ ³� �·º¿�� �yz|y� }{�w �v| �wryz|�v| }��| �w{| �¥¾��£xx�� �r �yuv||v sv |tsyxvzuruy{z s��zv }rwuy���v y|{�tv �®À·Á� }v�u �uwvv|uyxtv ¢ � x°| srz| ��vr� vu ���¡ �x°| srz| �r |{��uy{z sv ªx«rw{�¬ �£¯� �r svz|yut sv|}rwuy���v| �ÂÃ� turzu sv ���� �«�°x±� vu �v��v sv �r |{��uy{z �ÂÄ� sv ���� �«�°x±�� q�v�uvz|y{zsv �v wry|{zzvxvzu r�� |�|u~xv| �{z�vzuwt| �{xxv �v| |�|}vz|y{z| �wrz��rywv| x{zuwv }rwry��v�w| ��v �{w|��v �r �wr�uy{z �{��xy��v r��xvzuv �r �yuv||v sv |tsyxvzuruy{z syxyz�v�
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� !" #$ %& '$"(!$ #)*+ (%$'$,-. %& "("/$,"0 , $"- - (- #)&1 !# +0"&0%%*$ 2 '0,(-$" 3 4ý"567 �$" + (!1$" #)*+ (%$'$,- " ,- $,!$80"-!*$" " (" +0"&0%%$'$,- + ,-!9%* #$ ý7û 3 4ý "56' ,-*$ /(0" #$"+$,-$ $, /&" % 8&!0-:'0;($" <ûý / 0,-" /&! #*+&#$. û4 "$+ ,#$" /&! / 0,-=7 �&- -&%0-* #$ %& '$"(!$ $"- !*&%0"*$ $, 2ý '0,(-$"7>>?@?A BCDEF GHIJKLM NOPQR SLMT UVT RUPW XPT YZ[\]OPLW OL ^UQRUWTLQLVT W_[UOU`abPL YLM MPMRLVMaUVM LVQaOaLP ]bPLPcd OLM QLMPWLM RW[^[YLVTLM [T]VT W[]OaM[LM Y]VM PV QaOaLP QUYeOL RUP\]VTaVTLW]`aW ]\L^ OLM ]W`aOLMf KLM QLMPWLM YZ[^UPOLQLVT R]W MOPQR TLMT UVT [T[ LggL^TP[LM RUPW PVW]RRUWT L]P h MUOaYL ijhNk ^UVMT]VT YL lfmn MPW PV [^_]VTaOOUV ^UVTLV]VT ol` YL `W]VPO]Tf KLMQ]T[Wa]Pc TLMT[M i`W]VPO]T ]\L^ UP M]VM ]W`aOLk MUVT Q[O]V`[M p OZL]P Y]VM PV Q]O]cLPW p R]OLMRPaM aVTWUYPaTM Y]VM PV ^qVL YL QLMPWL YL rrQQ YL Ya]QeTWLf sLOPat^a LMT LVMPaTL MUPOL\[W]RaYLQLVT RLWQLTT]VT p O] RuTL YL MZ[^UPOLW OaXWLQLVT MUPM OZLggLT YL MUV RWURWL RUaYMf KLYa]QeTWL YL O] `]OLTTL UXTLVPL LMT ]OUWM QLMPW[f KZLggLT YLM ]W`aOLM LMT LcRWaQ[ LV RLWTLYZ[T]OLQLVT LV ^UQR]W]aMUV p OZ[^_]VTaOOUV M]VM ]W`aOL Y]VM PVL ^UVYaTaUV YUVV[L iRvd wUW^LMaUVabPLd RW[MLV^L YZ]YxP\]VTkf



yoy

zzz{ |}~}���~��}���� ~���������� �� ������ �������gaV YL ^UQRWLVYWL O] RWUXO[Q]TabPL ]W`aOLPML Y]VM OL YUQ]aVL YLM X[TUVMd VUPM ]\UVMY]VM PV RWLQaLW TLQRM aYLVTaga[ LV Y[T]aOM OZaVgOPLV^L YLM ]W`aOLM MPW OL ^UQRUWTLQLVTW_[UOU`abPL YZPVL Q]TWa^L `W]VPO]aWLf K] Y[TLWQaV]TaUV RW[^aML YLM R]W]QeTWLM W_[UOU`abPLMYLM QaOaLPc `W]VPO]aWLM VZ[T]VT R]M RUMMaXOL Y]VM OLM ^UVYaTaUVM UWYaV]aWLMd ^LTTL [TPYLMZLggL^TPL Y]VM PV gOPaYL QUYeOL OaQaT]VT OLM R_[VUQeVLM YL M[YaQLVT]TaUVd PVL MUOPTaUV pmr� LV jQ�]WUc�f sUVM^aLVT YLM aVTLW]^TaUVM RUMMaXOLM LVTWL ^L QaOaLP LT OLM ]W`aOLMd ^LM]V]O�MLM VZUVT R]M RUPW \U^]TaUV YZ�TWL WLRW[MLVT]Ta\LM YL OZaQR]^T W[LO YLM QaV[W]Pc]W`aOLPcd Q]aM YZ[T]XOaW OLM Q[^]VaMQLM YL OLPW VU^a\aT[ Y]VM PV QaOaLP ^UVTWqO[f KLMR]W]`W]R_LM bPa MPa\LVT MZ]TT]^_LVT ]aVMa p Y[TLWQaVLW gaVLQLVT OZLggLT YLM ]W`aOLM MPW OL^UQRUWTLQLVT W_[UOU`abPL YL O] Q]TWa^L `W]VPO]aWL [TPYa[L Y]VM ^L gOPaYL YL W[g[WLV^Lf �]VMPV RWLQaLW TLQRM OLM R]W]QeTWLM W_[UOU`abPLM YL ^LTTL MPMRLVMaUV MLWUVT ]V]O�M[M M]VM ]W`aOLRLWQLTT]VT OZUXTLVTaUV YL ^UPWXLM YL W[g[WLV^Lf sLOOLM ^a MLWUVT ]OUWM PV UPTaO YL ^UQR]W]aMUVaVT[WLMM]VT RUPW [\]OPLW LT ^UQRWLVYWL OZaVgOPLV^L YL O] V]TPWL LT YL O] ^UV^LVTW]TaUV LV]W`aOLM MPW OLM RWURWa[T[M Q[^]VabPLM YP Q[O]V`Lf
����� ��������  ¡ ¢ ¢£¢¤¥¦ ¢ �§¨©ª�¨�§ ¢  © ¦��� ª ¦�¡¥� «««¬­¬® ¯®°®±²³°´µ®²´¶· °¸³¶¹¶º´»¼½ ¾½µ ¿³¹®·º½µ º°®·¼¹®´°½µÀÁÂÃ ÄÅÆÇÁÈÄÉ ÊË ÌÁÍÎÁÈÃËÍËÏÃ ÈÐÑÁÊÁÒÓÔÂË ÄËÕ ÕÂÕÎËÏÕÓÁÏÕ ÒÈÆÏÂÊÆÓÈËÕ ÌÁÏÌËÏÃÈÑËÕ ËÕÃÑÃÂÄÓÑ ËÏ ÖÁÏÌÃÓÁÏ ÄË ÊÆ ÖÈÆÌÃÓÁÏ ×ÁÊÂÍÓÔÂË ÄÓÕÎËÈÕÑËØ ÙÏ ÎÈËÍÓÚÈË ÁÇÕËÈ×ÆÃÓÁÏÉ ÓÊ ÆÎÎÆÈÆÛÃ ÔÂËÊÆ ÔÂÆÏÃÓÃÑ ÄË ÊÓÔÂÓÄË ÜÙÍÝÆÈÁÞß àáâã ÍÓÏÓÍÆÊË ÏÑÌËÕÕÆÓÈË ä ÊÅÁÇÃËÏÃÓÁÏ ÄÅÂÏË ÎåÃËÐÁÍÁÒÚÏË ËÕÃ ÄË æáâ ËÏ ÍÆÕÕËØ çËÊÊË ×ÆÊËÂÈ ËÕÃ ÑÒÆÊËÍËÏÃ ÆÎÎËÊÑË è ÄËÍÆÏÄË ËÏ ËÆÂ éØ êÁÂÈÄËÕ ÎÈÁÎÁÈÃÓÁÏÕ ËÏ ÊÓÔÂÓÄË ÎÊÂÕ ÖÆÓÇÊËÕÉ ÄËÕ ÖÈÆÌÃÂÈËÕ ÄÆÏÕ ÊË ÍÑÊÆÏÒË ÕÁÏÃ ÎÈÑÕËÏÃËÕ ÈËÏÄÆÏÃÊËÕ ÍËÕÂÈËÕ ÈÐÑÁÊÁÒÓÔÂËÕ ËÃ ÊËÂÈ ÓÏÃËÈÎÈÑÃÆÃÓÁÏÕ ËÏ ÃËÈÍË ÄË ÎÈÁÎÈÓÑÃÑÕ ÄÅÑÌÁÂÊËÍËÏÃÓÍÎÁÕÕÓÇÊËØ çËÃÃË ÃÈÆÏÕÓÃÓÁÏ ÄÅÂÏ ÑÃÆÃ ÈÓÒÓÄË ä ÂÏË ÕÂÕÎËÏÕÓÁÏ ÎÁÂÈ æáâ ÄË ÊÓÔÂÓÄË Üφ ≈ ëØìì ãËÕÃ ÎÆÈ ÆÓÊÊËÂÈÕ ËÏ ÆÌÌÁÈÄ Æ×ËÌ ÊËÕ ÄÁÏÏÑËÕ ÇÓÇÊÓÁÒÈÆÎÐÓÔÂËÕ ÈÑÎËÈÃÁÈÓÆÏÃ ÊËÕ íÁÏËÕ ÃËÞÃÂÈÆÊËÕÄËÕ ÍÑÊÆÏÒËÕ ËÆÂ î ÒÈÆÏÂÊÆÃÕ ïêÓËÈÕÁÏ ÆÏÄ ðÌÁÃÃÉ æñòáóØ ôÏ ÎËÂÃ ÎÆÈ ÌÁÏÕÑÔÂËÏÃ ËÏ ÌÁÏÌÊÂÈËÔÂË ÊË ÖÊÂÓÄË ÍÁÄÚÊË ÙÍÝÆÈÁÞß àáâ ÂÃÓÊÓÕÑ ÄÆÏÕ ÌËÕ ÃÈÆ×ÆÂÞ ÏÅÆ ÎÆÕ ÄÅÓÏÖÊÂËÏÌË ÕÂÈ ÊËÕÎÈÁÎÈÓÑÃÑÕ ÄÅÐõÄÈÆÃÆÃÓÁÏ ÄË ÊÆ ÍÆÃÈÓÌË ÒÈÆÏÂÊÆÓÈËØ
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��ýùø �þúýøö ÷øù ÷�ûû�øù ���ù þ��û÷þûüøù ù�ý �þ ÿ�û��ý�þüú�û ÷øù þý�ú�øù ÷þûù ÿø �ú�úø� � �þùø ÷ø




��

�����ü����ûø ���ÿ�� øü �����ý�����ûø ���ÿ�� ÷�ú�øûü �üýø ýøÿ�øú��úøù ���ý ��÷��úùøý ���ù�úûø�øûü ÿø ���û���ûø ����ö ���� ����ö ���õ	����þýþüú�ø�øûü þ�� ý�ù��üþüù ��üøû�ù �ý�ÿ�÷ø��øûüö � �ý÷ýø ÷ø ÿþ�þÿúü� ÷ø ý�üøûüú�û÷ øþ� �üþ��ú úÿú øùü ÿ���þýþ��ø � � ú��þÿü �ú�ýþýÿ�úù� ÷øù þý�ú�øù ù�ý �ø ÿ����ýüø�øûüý������ú!�ø ÷øù ù�ù�øûùú�ûù �ýþû��þúýøù	 "û �ø�ü þúûùú ÷ø û���øþ� ýøüý���øý � �ý÷ýø�ý�ÿ�÷ø��øûü �üþ��ú ��ûü��ýú���ûúüø # ú��úüø # $þ��úûúüø	 ��úû ÷ �üþ��úý ���ù �ý�ÿúù��øûü� ú���ýüþûÿø ÷øù ���û���ûøù ÷ø ý�üøûüú�û ÷ø �ú!�ú÷ø �þý �øù þý�ú�øù ÷þûù �øù ù�ùü��øù�ýþû��þúýøùö � �����üú�û ÷� �����ø ��÷ý�÷�ûþ�ú!�ø ø��øÿüú� ÷øù �þýüúÿ��øù ÷ þý�ú�ø øùü üýþÿ�øû ��ûÿüú�û ÷ø �þ ÿ�ûüýþúûüø þ���ú!��ø	 
��ý ÿø�þö �øù ��÷��øù ý������ú!�øù �úùÿ�ùúü�%ÿ�ûüýþúûüø �üþ��úù � ÿ�þ!�ø �ýþÿüú�û �����ú!�ø ù�ûü �üú�úù�ù ���ý �üþ��úý � ÿ�ûüýþúûüø ÿ�ûùüþûüø�øù ÿ��ý�øù �úùÿ�ùúü�%�ýþÿüú�û �����ú!�ø	 &ø ýþ���ýü φ'(( ) φ*+', øùü þúûùú ÿþ�ÿ��� øû ��ûÿüú�û ÷ø�þ ÿ�ûüýþúûüø ��ú��ýø �	
�õ	 �û ÿø ÷���þ-þûü �øýù �øù û���ýøù ÷ø 
ø ���ù �þú��øùö �øù ��ýÿøù ÷øÿ���ùú�û úûüøý�þýüúÿ��þúýøùö .�ù!�ø �� û���ú�øþ��øù ÷ø�þûü � �ûøý�úø ��÷ý�÷�ûþ�ú!�øö÷ø�úøûûøûü ���ù ùú�ûú�úÿþüú�øù	 &ø ù�ùü��ø ùø ùüý�ÿü�ýø ÷�ûÿö !�ø �øù ��ýÿøù ù�úøûü þüüýþÿüú�øù�� ý����ùú�øù	 �þûù �ø �ýø�úøý ÿþù �ø �ú!�ú÷ø �ø�ü �üýø ø��ýúù�ûû� ÷þûù �þ ��ý�ùúü� ÷ø� þ�ý��þü ��ý�� øü ÷þûù �ø ùøÿ�û÷ �øù ý����ùú�ûù � ��û��øù ÷úùüþûÿøù �øý�øüüøûü þ�� �þýüúÿ��øù÷ �ÿÿ��øý �û �����ø ��÷ý�÷�ûþ�ú!�ø ���ù ú���ýüþûü ÷� �þúü ÷ø � ø�ÿ��ùú�û ÷øù �þýüúÿ��øù��úùúûøù /�þûþ$þö 011�2	
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[\]^_`abc_d ef `g hgighcb] ef j]bfdbc_d e\fga efk ecll]jfdbfk gjmc`fk fd l_dhbc_d ef `gh_dbjgcdbf gii`cna]f j]^o`f naf hfk kakifdkc_dk k_db jp]_l`aceclcgdbfkq raf``f naf k_cb `\gjmc`f]baec]fs `f jgii_jb φtuu v φwxty z{|z}|~ ��}� �~������ {} ����|� �� �}��{�{ �����}� |����}� |{z����{���� {}������� �{ ��������||����� ��� |�{���|� ��~����{�� |{ �{|�}� φtuu v φwxty |{ �|}�~|��~� �}�||� �}� ���� |{ z����{���� {��|��}~� {|��� �}� |��||��� �� � ��� ����{}� �������� |{�{�|����� ������� ��� ������~�~� �������{z���� ������~��{���� {��z |� ��|��}���{||}�� ��� ����~������ z�}���� ��}� �{� {�||�}�� ���� ���~|��~� ���~|��~� �{� |�~�}{��������� �{�� |���� �z��� �� ���~|���� |�� z�}���� ��~z�}|����� ��� �}��������� ��{�}|{���� ����~���z� ��{���|�� |{ �}{����~ �� |��}��� �����}� {}� ����~������ z����{����� ��� }�� ����~���~����~�{���� ������������ �� φtuu �� {���|� z���� ���z���� �� |{ z����{���� {��|��}~� ���{���� }� �}��| ��~z��}��
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α ³´µ¶·¸¹º» ¼½¾¿À
ÁÁÁÂÃ ÄÅÆÇÈÉÊËÌÉÅÍ ÆÎ ÈÏÉÐÑËÒÌ ÆÎÊ ËÓÔÉÈÎÊ ÆËÍÊ ÈÎÊ ÊÕÊÌÖÐÎÊ ÔÓËÍ×ÈËÉÓÎÊØÙ·¶ÚÛÜ»¸·¸¹º» ·Ý¸¹Þ¹ß¹ÜààÜ áÜ à· ÞÝ·ß¸¹º» âºà¶Û¹µ¶Ü ÜÞÞÜß¸¹âÜ ãºà¹áÜ á·»ã àÜãã¶ãäÜ»ã¹º»ã äÜ¶¸ å¸ÝÜ á´ßÝ¹¸Ü äº¶Ý àÜã ·ÝÚ¹àÜã ä·Ý àÙ´µ¶·¸¹º» ¼½¾¿ Ü» Þº»ß¸¹º» áÜ à· ßº»¸Ý·¹»¸Ü½æº»ã¹á´Ý·»¸ àÜ Û´à·»ÚÜ ÚÝ·»¶à·¹ÝÜ á·»ã ãº» Ü»ãÜÛçàÜè ¹à Üã̧ ´Ú·àÜÛÜ»¸ äºãã¹çàÜ áÙ´¸·çà¹Ý ã·ÞÝ·ß¸¹º» âºà¶Û¹µ¶Ü ÜÞÞÜß¸¹âÜ ³φ éêéëìì í îïððñ òó ôïððñ õñ òó ö÷óîøùïú ûïòüðùýüñ ñú ôóþòñÿ
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� !"#""#"!$$ %&'()*+ −+= ,-./01234 56789:0 ;341<0241= >=/2? @= ?0 >/>A=4>234 B<04/?02<= A=/1 -B0?=C=41 D1<= =EA<2C-= =4 F34;1234@= ?0 F<0;1234 G3?/C2./= >3?2@= A3/< /4 C-?04B= >04> 0<B2?= >/2G041 /4= ?32 =4 =EA3>041 H =1;34>2@-<041 /4= F<0;1234 G3?/C2./= ;<212./= @=φI J KLM NOPQRST ULV WXL YZP[\S]^R_\P][ ^T `a[]\P][ ^T OSa_\P][ b]`RcPdRT TOOT_\PbT ^a[e _T\\T affS]_gT _][^RP\ h Sii_SPST `Zib]`R\P][ ^T `a_][\SaP[\T eTRP` eRPba[\ `ZidRa\P][ ULjkL l` affaSam\ ^T faS _T O]Sca`PecT dRT `ZaRQcT[\a\P][^T `a OSa_\P][ b]`RcPdRT e]`P^T TOOT_\PbT ^a[e `T ene\ocT a f]RS TOOT\ R[T aRQcT[\a\P][ ^T `a_][\SaP[\T eTRP`L pqr sφφσ tuvuwxxy z −= NidRa\P][ ULjkX

YT faSaco\ST φ{|| }~��~ ��� ���� �}������~ �� �� ���~����~� ��� �� ������ �����~�� ������~������ ������~� ��� ������� �� �� ��~�~�� ��� ���~����~�� ������ �}~�����}�����}�����~������~ ������~ �~�� ��� ��~���}�� �� ����~��� �� φ{|| �}���~��� ����� ������~ ������~� �� ������ �����~�� ��� ���~������ �������� � ��~~� ���~����~� ������� ������ �� �}�}���~��� ����}�� ���~����� ������� ������ �� ��~ ����������� ��� �� ������ ����� ����~��� ��������������~��� �����~~� �� ���������� �� ������ ���� �������  ���~� ~��� ��� ��~~� ����~��������~��� ��~ }~����� ���� �� �¡ �~¢�� ���������� � ���~�� ��� ����}�� ��~����� ��� ����¡ �� �������������� ��������� ��� �}���~�~� �}���~���~ ��� �������� ���� ��� ��� ��~����~���� ��� ���������~ �� �£�� �� �������~ ��� ������� ���� �� ������ ¤� ���~ ~��~����� ��~�� ��� ��~~� �}����¥�����~����� ����� ���� ���� �� ��� �� �� ¦������~� �~ �� ������~� �� ������~ ~��~ �� ���� ���������~����  ��� ���~ }���~��������~ �~�� �������} ��� �� ���� �� �������~} �� �¡ �~¢�� ����}����� �� ���~����� �� ��~�~�� ~������ �� ��� ��� �¥}���¢��� �� ���������~����  �� �����¢~������~ ����� ����� ������}� ������� �� �}~��~��� ����� ��� ��� ������ ��~ �������



�§�

¨©ª«¬­ ®¯°± ² ³´µ¶«·©µ¸ ¹­ ¶º »µ¸·¬º©¸·­ ¼­«©¶ ­¸ ½µ¸»·©µ¸ ¹­ φφφφ¾¿¿ ÀÁÂÃ ÄÅ ÀÆÇÄÄÈÉÈÁÊ ÄÅËÁÊÉËÁÂÈÀÀÁÊÈÉÅ ÌÇÍÎ ÈÀÀÈÉÅ ÌÏÍ ÅÉ ÐÇÁÀÈÊÈÉÅ ÌÑÍ ÇÒ ËÓÀÇÊÔÅ ÔÂÇÊÒÀÇÈÂÅ
ÕÖ×ØØ×ÙÚ×ÛØ ÜÝÙ Þß à×Ü áÞÝÜ ÜáâàãäãåÝß Úß Þ× æçÛØæçÙãÞÞçÛãØßè ÛçÝÜ áçÝéçÛÜ çêÜßÙéßÙ åÝßÞÖßÛÜßæêÞß ÚßÜ áçãÛØÜ ßëáâÙãæßÛØ×Ýë Üß áÞ×àßÛØ ÜÝÙ Þ× àçÝÙêß æ×ìØÙßÜÜß ÚÖâéçÞÝØãçÛ Úß Þ×àçÛØÙ×ãÛØß ÜßÝãÞ áçÝÙ ÝÛ æâÞ×Ûíß Ü×ÛÜ ×ÙíãÞßî ïãÛÜãè ãÞ ×áá×Ù×ìØ åÝß Þ× Þçã Úß áÝãÜÜ×Ûàß ÝØãÞãÜâßáçÝÙ ÙßáÙçÚÝãÙß Þ ÖâéçÞÝØãçÛ ÚÝ Ù×ááçÙØ φðññ ò φóôðõ áßÙæßØ Úß ÙßÜØ×ÝÙßÙ ÞßÜ áÙçáÙãâØâÜ ÚÝ æâÞ×Ûíßö÷øö ÷ùúûüýþ ÿý�û ýö� �ù÷û ���ù �ýö �÷ù÷���ùýö ��øö�÷ø�ö 	 ����ýö üýö 
�÷ø�û��ö ýø ÷ùúûüýûø�ù���û�ýöþ �ýö �ù��ùû���ö �ý ù��ýø�û�ø �
ý÷� �ýö ÷ùúûüýö �ý��ýø� ÷ûøöû ��ùý û�ýø�û�û�ýö ����ýü÷ ù÷ûö�ø �ý üý�ù ûø�ü�ýø�ý ö�ù üýö �ù��ùû���ö ù���ü�úû
�ýö �ýö ö�ö���ýö úù÷ø�ü÷ûùýöþ��÷ø��ûøö� �÷øö üý �÷ö �ý ü
ûüüû�ý ý� �ý ü÷ �÷�üûøû�ý� üýö ��ùùý��û�øö ÷���ù��ýö �÷ù ü
ý��ùýööû�ø�ý ü÷ ��ø�ù÷ûø�ý öý�ûü ýø ��ø��û�ø �ý φ��� øý �ýù�ý��ýø� �÷ö �ý ùý�ù���ûùý ü÷ ���ù�ý �ýù���ùýø�ýþ �
��ûüûö÷�û�ø �ýö �÷ù÷���ùýö �ý ù��ýø�û�ø �
ý÷� ���ýù�ûø�ö �÷ù ü
����ý �ýöö�ö�ýøöû�øö �
÷ùúûüý ø
ýö� ��ø� �÷ö ö���ûö÷ø�ý ���ù ����ùýø�ùý ü
ýøöý��üý �ýö ���ø���øýöû��üû
��ö �÷øö �ý��ý �ù��ü��÷�û
�ýþ �ü�ö �÷ù�û��üû�ùý�ýø�� ü
ûøöýù�û�ø �ý �÷ù�û��üýö �ûøýö 	 �ø��ü÷øúý úù÷ø�ü÷ûùý ûø�ü�ýø�ý �
�øý �÷ù� ü÷ ����÷�û�� �� ö�ö���ý ý� �
÷��ùý �÷ù� üýö �ù��ùû���ö�ý ü��ùû�û�÷�û�ø �ýö úù÷ûøö �ý �ü�ö úù÷ø�ý �÷ûüüýþ ÿýö �ý�� �÷��ý�ùö ö�ø� �÷ù ÷ûüüý�ùö �ûö ýø��û�ýø�ý �÷ù ü
÷��û�û�ø �ý �÷ù�û��üýö ��üü���÷üýö ö���ùû
�ýö ÷� ��ü÷øúý ��ûú�ùý �þ�� þ �÷���ù�ý �
����üý�ýø� �ý ü÷ ö�ö�ýøöû�ø úù÷ø�ü÷ûùý ýø �ù�öýø�ý �ý ü���� !"�# �öûüû�ý��üü���÷üý ö���ùû
�ý� ��ø� �ù�öýø�ý ÷ûøöû �øý �û�ûø��û�ø �ý ü÷ ��ø�ù÷ûø�ý öý�ûü þ
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YZ[ \]^^] _][`ab[] cadZ[]e f]g \hZ[i]g ]` jha`^affk []j[kg]`^]`^ Z`] ^]`^l^am] _]nh_kfagl^ah` _] fok\hZf]n]`^ _] gZgj]`gah`g d[l`Zfla[]g ]` j[kg]`\] _ol[daf]p qhZ[ \]fle f]nh_bf] _] mag\hga^k rksZl^ah` tpuvw ]g^ lnk`ldk jhZ[ j[]`_[] ]` \hnj^] fl c[l\^ah`mhfZnasZ] ]cc]\^am] rksZl^ah` tpuxwp y]g jl[lnb^[]g z{ ]^ |} gh`^ lfh[g []njfl\kg jl[ f]gksZl^ah`g tp~ ]^ tpu~ []gj]\^am]n]`^e ^hZ^]g _]Z� _kj]`_l`^]g _] φ ������ �� ���� �� ��������������� �� ��������� ���� ���������� ���� ������ � �� ���������� �� ��� ������� ���������������������� �� ��������� ��� ���������� �������� �� � ����� ¡��������� ���� �� ��� ���������������¡��� ������ ¢� ���� ��������� ��� �� ���������� ����� �� �������� ������������£������������ ¡���������� �������� ��� ������� ����� ��� �� �������������� �� �� ���������������� �� ���������� �� ������������ �¤����¡���� ��� ����������� ¡���������� ���� ����� ������������ ����������� ��� ���������� �¤����¡����� ��� ��������� ����¡���� ¥��������£ ��������������� ��� ������� ���� ��� ��¡���� ���������� ��� �������� �� ��������� ����� ������ �� ������� �¤�������� �� ������������� �� �� ��������� ��� �� ���� ��� ���� �� ������ ���� ���������
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§¨© ª«¬«­®¯¬°±«®°²³ ¬´¯²µ²¶°·¸¹ ¹³ º°µ°¹¸ «·¸¹¸»¼��� �� ������� ��� ������������� ����������� �������� ����������� ��� ������������ ���½��¡��� ��� ��� ���������� ������������ ��� ����������� ¡����������£ ��� ���� ��� ��������������� ����������� �� ������ �����¾� ��� ���������������� ������������� �������� ��� �������������� ��¡���� ¿ÀÁÂ Ã Ä¼ÅÄÆ ��������� ��� � ���������� ��� ���������� �� �������������� �� ��� �������¾� Ç��� ����������������£ ������� �� ������������� ��� ��È ��� ���������������� ������ ���� ���¾������� �� ������������ �¤����¡���� ��� ����������� ����¡���� ������� ���������� ��� ��¡���� ��� ������������ �� ����������� ¡���������� �� ������ �����¾ ���� ������ ��� ������ ��� ����� �����
ÉÊËÌ ÍÎÏÐÑ ÒÓÔÕÖÕ×ØÙÏÑ ÐÑÚ ÚÏÚÛÑÜÚØÕÜÚ ÐÝÞÒ×ØÖÑßàáâ ãä åæç èéêåçäáëì èäâ ëáíêìîàçëêáâ ïãæâ ïìðñëâäâ âæì ãà áàçæìä èäâ ëáçäìàñçëêáâ äàæòàìóëãä äç àëáâë îëäæô ñêîïìäáèìä ãäæì ëîïàñç âæì ãä ñêîïêìçäîäáç ìõðêãêóëöæä èäââæâïäáâëêáâ óìàáæãàëìäâ÷ èäâ îäâæìäâ èéðñêæãäîäáç èäâ âæâïäáâëêáâ èéàìóëãä èàáâ ãéäàæèëâçëããðä êáç ðçð ìðàãëâðäâ øíëóæìä ùúûûüú ýäâ ïàìàîþçìäâ ìõðêãêóëöæäâ ÿ�÷ äç �� ïêæì ñõàñæáäèäâ ñêæìåäâ âêáç èðçäìîëáðâ ïàì ãä îêèþãä èä �ëâñêâëçð øíëóæìä ùúû� à äç åüú ýéð�êãæçëêá èä ñäâèäæô ïàìàîþçìäâ äá íêáñçëêá èä ãà íìàñçëêá �êãæîëöæä ìð�þãä öæä ãäâ ñêîïêìçäîäáçâìõðêãêóëöæäâ èäâ îëáðìàæô àìóëãäæô èàáâ ãéäàæ âêáç çìþâ èëííðìäáçâ èä ñäæô êåâäì�ðâ èàáâ ãàâêãæçëêá èä �î�àìêô�ú �äâ èëííðìäáñäâ ïäæ�äáç 	çìä àççìëåæðäâ àæô ëáçäìàñçëêáâ äáçìä ãäâàìóëãäâ äç ãäâ óìêæïäâ ïêã
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âçþîäâ óìàáæãàëìäâ äç ïàì ñêáâðöæäáç èäâ åðçêáâú%&�, %Ü�ÖÏÑÜ�Ñ ÐÑ ÖÝÞÜØÚÕÎÒÕÛØÑ ÚÏÒ ÖÑ ÛÒÕÛÒØÔÎÔÚ ÒÓÔÕÖÕ×ØÙÏÑÚ7íëá èä ñêîïìäáèìä ãà áàçæìä èäâ ëáçäìàñçëêáâ äàæ � àìóëãä ìäâïêáâàåãäâ èäâ ïìêïìëðçðâìõðêãêóëöæäâ÷ ãà ñàïàñëçð èä ìðçäáçëêá èéäàæ èä ñõàñæá èä ñäâ îëáðìàæô äâç ð�àãæðä ïàìà8æâçäîäáç èäâ ñêæìåäâ �ëâñêâëçð ò íìàñçëêá �êãæîëöæä àæ îêèþãä èä âïõþìäâ èæìäâ øíëóæìäùúû5üú 3á ïäæç êåâäì�äì öæä ãäâ íàñçäæìâ îæãçëïãëñàçëíâ áðñäââàëìäâ ïêæì ìäçìêæ�äì ãà ñêæìåä èäìðíðìäáñä ìäïìêèæëâäáç ãéêìèìä èäâ àìóëãäâ äôïêâð ïìðñðèäîîäáçú ýà îêáçîêìëããêáëçä ïìðâäáçäàëáâë æá ìàïïêìç φ9:: ; φ<=>? @A BCDBE FG HGIFJKJLA BCM AL FNJFFJLA OCPCQA RSTSRGKL GUV WJXRIYRGZ[JA\ I]LAKUA\ ZGR ^_` aTJYURA\ BCb c BCde AL GUV @IKKSA\fghQ aLG]FAGU iCOeE XA\ @ARKJjRA\ kGFAUR\ ZAUkAKL lLRA XIWZGRSA\ c FNGKJ\ILRIZJA @A\ I]m AL\SFSWAKLGJRA\C nA @JGWjLRA WIoAK @A\ ZGRLJXUFA\ @NGRYJFA\ G ZU GJK\J lLRA @SLARWJKS c MpE OMp ALip KW RA\ZAXLJkAWAKL ZIUR FG WIKLWIRJFFIKJLAE FG HGIFJKJLA AL FNJFFJLAC nA\ SZGJ\\AUR\WIoAKKA\ @A\ ZGRLJXUFA\ XGFXUFSA\ c ZGRLJR @A FG TIRWUFA @A QX[ARRAR \UR FA\ ZJX\ @A @JTTU\JIK\GUV YRGK@\ GKYFA\ \IKL RA\ZAXLJkAWAKL @A ObCME Mp AL BP KW ZIUR XA\ LRIJ\ WJKSRGUVCqIK\J@SRGKL FG FJ]RA RILGLJIK @A\ ZGRLJXUFA\E FA kIFUWA [o@RI@oKGWJrUA ATTAXLJT @A XAFFA\ XJZAUL lLRA GZZRIVJWS c XAFUJ @NUKA \Z[jRA ATTAXLJkA aTJYURA bCbeC nA RGZZIRL φ>ss ; φ<=>? A\L @IKXSYGFA GU RGZZIRL tuvv w txyuzE \IJL FA RGZZIRL @NUKA \Z[jRA \UR XAFUJ @NUK XoFJK@RA XIWWA KIU\FNGkIK\ @Sm c JKLRI@UJL @GK\ FA ZGRGYRGZ[A {|i @A XA X[GZJLRAC nA XGFXUF @U RGZZIRL φ>ss ; φ<=>? AKZRAKGKL FA\ @JTTSRAKL\ ZGRGWjLRA\ @A @JGWjLRA AL @NSZGJ\\AUR AVZI\S\ XJ @A\\U\ @IKKAKL OCDDZIUR FNJFFJLAE kGFAUR ZRIX[A @A XAFFA LRIUkAR AVZSRJWAKLGFAWAKL aφ>ss ; φ<=>? } OCPeC ~IUR FGHGIFJKJLA AL FG WIKLWIRJFFIKJLA ZRS\AKLGKL UKA GKJ\ILRIZJA ZFU\ TIRLAE FA RGZZIRL @A\ kIFUWA\ATTAXLJT\ AL RSAF\ GUYWAKLA c BCbO AL BCM� RA\ZAXLJkAWAKLE kGFAUR AKXIRA UKA TIJ\ ZRIX[A @A\
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