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             GENERALISES

    ETATS METASTABLES
                                                                  STRUCTURES INHERENTES                                                 

        ANALYSE DES
      PROPRIETES DE LES VERRES STRUCTURAUX

 ET LES VERRES DE SPINS

 
PROPRIETES SPECTRALES
     D’UN OPERATEUR
        D’EVOLUTION

MINIMA DE L’ENERGIE
LIBRE ET DYNAMIQUE

SYSTEMES A
CONNECTIVITE
FINIE

DEFAUTS GEOMETRIQUES
ET LOCALISATION

ECHELLES DE TEMPS 
LONGUES ET PAYSAGE 
D’ENERGIE LIBRE

APPROCHE TAP
DYNAMIQUE

TEMPERATURE NULLE

PROBLEMES D’OPTIMISATION           LIEN ENTRE ETATS PURS ET 

      LIEN ENTRE
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¸%B¢�E@CKHJLQStpkbRSQSZ=K f WX@CBED�t=Z=JLJLZ}@CBX@CRqGIuIQSZ f R¤~�iZjJ�@PJ��E@CKM@CY>@CuIBhiZ=JMQq|[kEZvtpGCKLKLZ=DL��GIBEW¢@Ck8RSQq|mkbQSWEZ f Z=JURqZ¥T�@CQqJ
|[kEZ¥R¤~�iZjJ�@PJ·�X@PKM@CY>@CuIBhiZjJMQq|mkbZ;ZpDHJhTVKM@CtjJMkEKmiZ�Z=B�kEB>BEGIY�¡bKLZUZj´���GCBEZpB_JMQqZpR�Wo~�iZ=J�@aJMD·tpGIKHKLZpDH��GCBEW®n@�R�~�QSB�µ
JMZ=KL�EKmiZ=JM@PJMQqGIB±WEZ}R�@]Wb�mBX@CY{QS|[kEZ}Wo~�iZp|[kEQqRSQS¡bKLZ�WEk,RqQS|[kEQSWbZ}DHkEKHTVGCBEWEk±Z=B±JMZ=KLY{ZpD�WEZ�Y{GIkbNCZpY{ZpB_JMD]n@
R�~�QSB_J�iZpKLQqZpkEK}WEZ=D�¡X@CDHDLQSBbD�Z=J�WbZ3DM@Ck�JMD�Z=B[JLKLZF¡X@PDLDLQqBEDpx­?vZ��ERqkED�RS@�JMKL@CBEDHQqJMQqGIB®JL¦EZpKHY>GmWb�mBX@CY{QS|[kEZ
WEZ=DvNIZpKHKLZ=DAWEZ�DL�bQSBEDvWbQSDLt=GIB_JMQqBmkbDvZj´�¦EQq¡�Z�RqZpDvtp@CKM@Pt=J�iZ=KLQqDHJMQq|[kEZpD /[iZ=JMKL@CBEuIZ=D 1F|[kEZ�WEZjNmKM@CQwJA@ONIGIQqK¥RS@
JMKL@CBEDHQqJMQqGIB�NmQqJLKLZ=kEDLZ]ºbZ=RSRqZvZpDrJ�WEk8WEZpk�´�Q�nZpY{Z}GCKLWEKHZvWo~�kEB¢��GIQqB[JsWEZvNmkEZAJM¦EZ=KLY{G�Wb�mBX@PY>Qq|mkbZ[J¤@ONIZ=t
kEBEZ{t�¦[kbJMZ{WEZ{R�@3t�¦X@PRSZpkbK�DH� iZpt=Qq�X|[kEZ�n@ )�� f DM@CBED}t�¦X@CRqZpkEK�RS@PJMZ=B[JLZ�K f Y�@CQqDvZpRqRSZ�Z=DHJ£@Ctpt=GIY>�E@CuIBhiZ=Z
Wo~�kEBEZ]WEQqDLtpGCB[JLQSB[kEQwJ�iZ�WEk³�X@CKL@CY¢nZjJMKHZ�Wo~ ¸%W�� @CKHWED£ZjJ g BEWEZ=KLDHGIB f tpGIY{Y{Z�RSZpDvJLKM@CBbDLQqJLQSGIBbDvWEk³�EKLZ¶µ
Y{QSZpK GIKLWEKHZCx
§�ZpD�@CBE@CRSGIuCQSZpD�tpGIB_JLQSB[kEZpB_J3n@I)Z=JLKLZ��bKmiZpDHZpB_JMZ=D f Z=J���Zpk�J])Z=JMKHZ�DLGCB[J�Z=BEtpGCKLZ]�ERSkbD¥TVKM@C�b�X@CB_JMZ=D f Z=B³t=Z
|[kEQ�t=GIBEtpZ=KLBEZ]RqZ�tpGIY{��GIKHJLZpY{ZpB_JAWb�mBX@CY{QS|[kEZF\ cIc `�f |mkbQ%ZpDHJ,iZjJMkEWbQjiZ�Z=B®@PBX@CRq�mDL@CB_J�R�@�Wb�mBX@PY>Qq|mkbZ
WEZ{KLZ=R�@a´b@PJLQSGIB&WEZ�§ @PBEuIZ=NmQqB®DHkEK£WEZ=D³iZ=t�¦EZpRqRSZpD}WEZ]JMZ=Y>�ED�� 8#8 P³x (%kEQqDL|[kEZ>RSZ]DH�mDHJOnZpY{Z�Z=DHJ�WEZ
t�¦X@CY{�FY{Gª�CZpB f GIBF��ZpkbJ�iZ=tpKHQSKLZ�WEZpkm´¨iZp|[kX@aJMQSGCBED TVZpKHY�iZ=ZpDsDHkEKsRS@�TVGIBEtjJMQSGCB3WEZvt=GIKLKmiZpR�@aJMQSGCB � J�� p � � KZ=JUWEZ�KmiZp��GIBEDLZ��[J�� p � � K¥º
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G�nk # � %UQqBEWEQq|mkbZ£R�@]Y{Gª�CZpBEBbZ�DLkEK�RSZ£¡bKLkEQwJ�JL¦EZpKHY>Qq|mkbZ£Z=J � > J��/K�RSZ�t�¦X@CY{�,Y�@PuIBhiZ=JLQS|[kEZ}tpGIkb�ERjiZ£@CkDL�bQSBMyHxb§%~�@CBX@CRw�mDLZUWEZpD>iZ=|[kX@PJMQqGIBED·ZpB � J�� p � � K·ZjJ��[J�� p � � K6@�Y{GIB_JMKmiZ�\�cIc ` |[ko~�QSR Zj´�QSDrJMZ�WEZpk�´�KmiZ=uIQSY{ZpDWEQw�UiZ=KLZpB_JLDpx g ¦X@PkbJMZ,JLZpY{� iZpKL@PJMkEKHZ�J2) > ) � K>RSZ±DH�mDHJOnZpY{Z³Z=DHJ8tp@CKM@CtjJ�iZ=KLQSDmiZ f QqBEWhiZ=��Z=BEWX@CY{Y>Z=B_J
WEZ=D�tpGIBbWEQqJLQSGIBED�QqBEQqJLQ�@CRqZpDA�X@CK�kEBEZ>Wb�mBX@CY{QS|[kEZ�Wz~�iZ=|mkbQSRSQq¡EKLZ�ºsn@±uIKL@CBEWED}JMZpY{�ED�RSZpD�TVGIBEtjJMQqGIBED}WEZ
tpGCKLKmiZ=R�@PJLQSGIBFZjJUWEZ�KmiZp��GIBEDHZ�WbZ=NmQSZ=BEBEZpB_J�QSB_NP@CKLQS@CB_J;�X@CK�KL@C�E��GIKHJU@Ckm´FJMKL@CBEDLRS@PJMQqGIBEDsWE@CBEDURSZvJMZ=Y>�bD
Z=JsRSZ�JL¦hiZpGCKpnZpY{ZvWEZ �XkEt=JLkX@PJLQSGIB�µ WEQSDHDLQq�X@PJMQqGIB J�	�? 
 K6ZpDHJ N6iZ=KLQw�siZCxb?vZv�ERSkbD f R�~�iZp|[kX@PJLQSGIB�N%iZ=KLQq� iZpZv�X@PKR�@�TVGIBEtjJMQSGCB�WEZvt=GIKLKmiZpRS@PJMQqGIB f WX@CBEDhtpZvKmiZpuIQqY>Z�@CDr��Y{�bJLGCJMQq|mkbZ f t=G�� *SBbtpQSWbZ¥@ONIZ=tAR�@�NIZpKHDLQqGIBFDLQqY>�ERqZ�WEZ
R�~yiZp|[kX@aJMQSGCB}WbZ·RS@sJM¦hiZ=GIKLQqZ%WEZ6tpGIkE�bR�@CuIZ6WEZ=D1Y>GmWEZpDh\ eI²bf c ^C²P` x	(­@CK1tpGCBEDmiZ=|mkbZpB_J�RqZ%tpGIY{��GCKHJMZ=Y>Z=B_J1WEZ
R�@£TVGCBEt=JLQSGIBFWEZAt=GIKLKmiZpRS@PJMQqGIB3ZpDrJ�RSZAYa)ZpY{Zv|[kEZ�tpZ=RSkEQ�W iZpt=KLQqJ�WE@CBED�RSZv�E@CKM@CuCKM@C�E¦bZv�EKmiZ=t�iZ=WEZpB_Jª\�c ^ � ` º
kEBEZ±KLZpRS@a´b@PJMQqGIB¨KL@C�EQqWEZ¢NCZpKLDFkbBEZ±NP@CRSZ=kEK{WEZ,R�@³tpGIKHKmiZ=R�@PJLQSGIB»BEGIB B[kERSRqZ JVZ=��Z=JFWbZ,tO@CuCZ�K{DHkEQqNmQqZ
Wo~�kEBEZvWhiZptpGCKLKmiZ=R�@PJLQSGIB>tpGIY{�ER�nZ=JMZ J�DHGIKHJLQSZ¥WbZ¥R�@�tO@CuIZhK·DHkEKskEB3JLZpY{�ED �ERqkED uCKM@CBEWzxE¸%B3WEQqY>QqBmkE@CB_J RS@
JMZ=Y>�hiZpKM@aJMkEKHZ f R�~�iZpt�¦EZ=RSRqZUWbZUJLZpY{�EDhRS@}�bRSkED6uIKL@CBEWEZUtpKHG!)*qJ·Z=JhWEQwNIZpKHuIZ�n@ ) �.x ( GIkEKhWEZpD6JMZ=Y>�hiZ=KM@PJLkEKLZ=D
�ERqkEDv��Z=JMQwJMZ=DA|mkbZ )�� f RqZ�DH�mDrJOnZpY{Z]Bo~�@CKLKHQqNIZ£�ERSkED{n@ iZ=|[kEQSRqQS¡EKHZpKpx ��Q!R�~�GIB,T�@CQqJ¥kEBEZ�JLKLZpY{��Z¢n@3�X@CKrJMQSK
Wo~�kEBEZ�JMZ=Y>�hiZpKM@aJMkEKHZ iZpRSZjN6iZpZ�NIZ=KLD8kEBEZ�JMZ=Y>�hiZpKM@aJMkEKHZ ) 8 ) ��Z=J�R�~�GIBl@CBX@PRq�mDLZ�RS@®TVGIBEtjJMQSGCB WEZtpGCKLKmiZ=R�@PJLQSGIB8ZjJ¥WEZ�KmiZ=��GIBbDLZ}��GIkbK � ^ ���&Z=J,� � ^ ���8S � tpGIY{Y{Z�TVGCBEt=JLQSGIB�WEZ � ��GIkEKUWEQq��iZpKHZpB_JMZ=D
NP@CRSZ=kEKLDUWEZ���� J���� >#>�c	K f GCB±JMKHGIkbNIZ�WEZpkm´±KmiZpuIQqY>Z=D�\ ^Id.` x � kX@CBEW � 8#8 ��� f RSZ�DH�mDHJOnZpY{Z�DLZ=Y�¡ERqZ)Z=JLKLZ�iZp|[kEQSRqQS¡EKmiZ,n@¢R�~�QSB_J�iZpKLQqZpkEK�Wo~�kEB iZjJ�@PJ>º1R�@FTVGIBEt=JLQSGIB®WEZ�t=GIKLKmiZpRS@PJMQqGIB&KLZpRS@a´�Z>NCZpKLD£RSZ]�X@CKL@CY¢nZjJMKHZ
Wo~�¸%W��s@PKLWEDhZ=J g BEWbZpKLDHGIB�WbZpD{iZjJ�@PJLD·@.�I@CB_JMD·R�@A�ERqkED6uIKM@CBbWEZFiZpBEZ=KLuIQqZURqQS¡EKHZ f @P�E��Z=RjiZ=D�iZjJ�@PJLD6WEZ�DHZpkEQqR f
Z=J�RSZFJM¦hiZpGIKpnZpY{Z±WEZ �XkEt=JLkX@PJLQSGIB�µ WEQSDHDLQq�X@PJMQqGIB(ZpDrJ�N%iZpKHQq� iZPx (!@CK�t=GIB_JMKHZ f ��GIkbK>WEZ=D3QSB_JLZpKHNP@CRqRSZ=D�WEZ
JMZ=Y>�bD � . ��� � R�@{tpGIKHKmiZpRS@PJMQqGIB#iZjNIGIRqkEZ£ZjJvKHZpR�@ª´bZ}NIZ=KLDA¹�iZ=KLG3|[kX@PBEW � >#> ��� f NCGIQSK��XuEx d x ^ \ cCc ` x(­@PK tpGCBEDmiZ=|mkbZpB_J�RSZUDH�mDHJOnZpY{Z¢iZ=NCGIRSkbZ��ERqkED·RSZpB_JLZpY{ZpB_Js�ERqkED·RSZ�JMZpY{�ED @CkEuIY{ZpB_JMZPx��vB>WEQqJ @CRSGCKLD6|[kEZ
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������� d x ^ b g RSRSkbKLZFJy�m�EQS|[kEZ,WbZ±R�@&TVGIBEtjJMQSGCB»WEZ¢tpGIKHKmiZ=R�@PJLQSGIB f n@®¡X@CDLDHZ±JMZ=Y>�hiZpKM@aJMkEKHZ f ��GIkbK>WEZ=DNIZ=KLKHZpD�WEZ>DL�EQqBED�WEQqDLtpGCB[JLQSB[kED f t=GIY>Y{Z]TVGIBEt=JLQSGIB®WEZ � J�ZpB iZ=t�¦EZpRqRSZ>RSGIu_@PKLQqJL¦EY{QS|[kEZ�K�JLKM@Ct�iZpZ>��GIkbK
WEQw�UiZ=KLZpB_JLZpD¥NP@CRqZpkEKHD�WEZ����­x � kX@CBbW � . �MJrc	K;QSRo�¢@>kbBEZ��EKHZpY{QSZpKHD�KHZpRS@a´b@PJMQqGIB�NCZpKHDvkEB,�ERS@PJMZp@Ck f
|[kEQ tpGIKHKLZpDH��GCBEW�@Ck±NP@CRqZpkEKUWEk¢�X@CKM@PY¢nZjJMKLZ}Wo~�¸%W��s@PKLWEDAZjJ g BEWEZpKHDLGIB�WbZpD¢iZjJ�@PJLD�WEZ�DLZ=kEQSR¤x � kX@PBEW
� .=< � J�G�nk>< � ZpDHJ{kEBbZ3TVGIBEt=JLQSGIB(t=KLGIQqDLDL@CB_JMZ8WEZ
��� f |[kEQ;WhiZp��ZpBbWEZpB_J>WEk�Y>GmWonZpRqZ�K�QqRh��@,kbBEZ
WEZ=k�´�Q�nZpY{Z�KLZ=R�@a´b@PJLQSGIB3NCZpKLDU¹�iZ=KLGEx ?A@PBED;tpZ}KmiZ=uIQSY{ZvGIB8WEQwJ�|mkbZ�RqZADH�mDHJOnZpY{Z}NmQSZ=QSRqRSQqJpx

RSZ�DH�mDHJOnZpY{Z¥NmQSZ=QSRSRqQqJpx_?A@CBEDhtpZvKmiZpuIQqY>Z f R¤~�QqB_NC@PKLQ�@PBEtpZ��X@CKhKM@C�b��GIKrJ;@Ckm´�JLKM@CBEDHR�@PJLQSGIBbD·WE@CBEDsRqZ�JMZ=Y>�bD
Z=JvRSZ£JL¦ iZpGIKpnZpY{Z �XkEtjJMkX@aJMQSGCB�µyWEQqDLDHQS�X@PJLQSGIB¢DLGIB_J�/�N�QqGIRjiZ=D 1Exz¯¥~�ZpDHJ}�ERqkbJ )GPJvkEBEZ�u!iZpBhiZ=KM@CRqQSDM@aJMQSGCB±WEZ�t=Z
JM¦hiZpGIKpnZpY{Z}|[kEQ�Z=DHJ�N6iZpKHQq� iZ=Z��X@PK;R�@�Wb�mBX@CY{QS|[kEZ>\ ^Ida` º

w) t4?�@ � J�� p � � K ^ �[J�� p � � K � > � � J d x ��K
G�nk w Z=DHJ·RSZ;�X@PKM@CY¢nZ=JLKLZ�WEZ;NmQSGIRS@PJMQqGIB�WEZ
	�? 
 J2);© w ��ZpkbJ-)Z=JLKLZ�QSB_JLZpKL�bKmiZ=J�iZpZ�tpGCY>Y{Z;kEBEZ�JMZ=Y>�hiZ=KM@aµJMkbKLZ�Z=��ZptjJMQqNCZ�\�c ^Idª` K¶x �FiZ=tpZpY{Y{ZpB_J f WEZ=DhDHQSY�kbR�@PJLQSGIBED­WEZ�Wb�mBX@CY{QS|[kEZ�Y>GCRjiZpt=kER�@PQSKLZA\ c ^ � f c ^ � f c ^Cea`GIB_JvY{GIB_JMKmiZ�|[kEZ�R�@]Wb�mBX@CY{QS|[kEZ}Wo~�kEB,RSQq|[kEQSWEZ�DHkEKHTVGIBbWEk,tpGCBEDmiZ=tpkbJLQqNIZ±n@{kEBEZ}JMKLZ=Y>��Z�@Ck±WEZ=DLDHGIkED
WEZ ) ����� Y{GIB_JMKHZ�RSZ{Ya)ZpY{Z>t=GIY>��GIKrJMZpY{ZpB_J£Wb�mBX@CY{QS|[kEZ�º!WEk�NmQqZpQSRqRSQqDLDLZ=Y>Z=B_J�Z=J f KmiZ=DLkERwJ�@PJ£�ERSkbDDL��ZptjJ�@Ct=kER�@PQSKLZ f kEBEZ�u!iZ=BhiZpKL@CRSQqDM@PJLQSGIBFWbZ�	­? 
 WEk8Jy�m��Z�WhiZ=tpKHQqJUZpB J d x � K¶x(­@PK�@CQSRqRSZ=kEKLD f QqR�Z=DHJ&QqB[J�iZpKHZpDLDL@CB_J&WEZ�KHZpY>@CKL|[kEZ=K,|[kEZ(RSZ®tpGIY{��GCKHJMZ=Y>Z=B_J,Wb�mBX@CY{QS|[kEZ#n@ ¡X@CDLDHZ
JMZ=Y>�hiZpKM@aJMkEKHZ,ZpDrJ8W iZ=JLZpKLY{QSBhiZ±�X@CK�RSZpD»iZ=J�@aJMDFWEZ,DHZpkEQqR f |[kEQvDLGCB[J3RSZpD¨iZjJ�@PJLDF@ONIZ=t�R�~�iZpBEZ=KLuIQqZ±RSQq¡EKLZ
R�@��ERSkbD£uIKL@CBEWEZ f J�@PBEWEQSD�|[kEZFRSZ{tpGIY{��GIKHJLZpY{ZpB_J£JL¦EZpKHY>GmWb�mBX@CY{QS|[kEZ>ZpDHJ�WEGIY{QSBhiZ{�X@CK�WEZpD	iZjJ�@PJLD
@O�_@CB_J}kEBEZ�iZ=BEZpKHuIQSZ�RqQS¡EKHZ��ERqkEDA¡X@CDHDLZCx1¸%B&�X@CKrJMQqtpkERqQSZpK�R�@3WEZ=BEDLQwJ�iZ�Wo~yiZpBbZpKLuCQSZ�Wb�mBX@CY{QS|[kEZ]@PDH�mY>�mµ
JMGPJMQS|[kEZ8Z=DHJ]JMGIk	ZHGIkEKLD{�ERqkED�uIKM@PBEWEZ�|mkbZ¢t=ZpRSRqZFWo~�iZp|[kEQSRqQS¡EKHZF��GCkEK ) 8 ) �ªx·¯ Z=J>Z=��Z=J f |[kEQ�Bo~�ZpDrJ�X@CDU@PJHJMZ=BEWEk���GIkbK;kEB¢Dr�mDHJOnZ=Y>Z�KmiZpZpR f ZpDrJ��bKLGI¡X@P¡ERSZ=Y>Z=B[J�W�)k�@CkFT�@CQwJ;|[kEZ�WEZpDU¡X@CKHKLQ�nZpKLZ=D f |[kEQ�DHGIB_J
�XBEQqZpDUZpB,WbQSY{ZpBEDHQSGIB8�XBEQqZ f WEQqNCZpKHuIZpB_JA@ONCZpt`P ZpB±t�¦E@CY>�±Y>G.�IZ=Box��AB¢��Z=BEDLZ£@CRSGCKLD�|[kEZ���GIkEKUkEB
DH�mDrJOnZpY{Z¥KmiZpZ=R�t=Z=J Z=��Z=JhBEZ�DHZpKL@��X@CD·�EKmiZpDLZ=B_J�n@�tp@CkEDHZ¥WEZ�/H�EKHG�t=ZpDLDHkEDs@Pt=JMQwN6iZpD 1 f |[kEQ NIGCB[JhKLZ=DHJM@CkEKLZ=K
R�~�ZpKHuIGmWEQSt=QqJ�iZ J�t=GIY>Y{ZA��GIkEK;R�@�JL¦ iZpGIKHQSZ!�,¯ 
 K¶x¸%Bb�XB f KmiZpt=ZpY{Y>Z=B[J f kEB&NIZ=KLKLZ]WEZ�DH�EQSBbD}WbQSDLt=GIB_JMQqBmk³@¨iZ=J�iZ]@CBX@CRw�mDLZ��X@CKAWbZpD�DLQqY�kER�@aJMQSGCBED¥@a�XB&WEZ
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3 �*���c6��R$1L)��(�����&��/0X�!�'-��@�-�'�*���@���'-!6"�!�*�R;� �5-��V6���� �'��&.&��%�� !�e��(������c �����$%�'���3�"�5-��d���%� "�6"�%�5� & �'-�& "����& -������!�0�+�'�O ���$1L)�+��( �0� I'�%�J ��+6"�E��&3�*�!�������"�'� �,����&��%-������ � �E ��%��$�&.�"(!���"�'� ,7�,-!���%�J K;�%$��'-!6"�+,���_��")�*�,;���+��-�&S6 1N� (!���.������$%�F G1N-!�/�!�'� "�&.�F��(8(:�*�������3����6�6"�%�������F�*&3�*��  G1 ;�%�3���3��,G�5-��@�'���S-��A�3���0(!� �� �,�"�F���	))���?��� $1L)�+��( �0� I*��� �#���"�Y�K;�%$��%���3���"&����0�%���=)����c )�*�!� -�� �4I,�.� ��%����&,;���%62� � �E(�&.�"���P���$��+�0(!���X �-=���%��(��R !� �,�"�$)����  ��%�0;�%�3���3��,	�5-G1��'�Q�*(�(I��6�6"�%&3� ;�<�1����� �g;�%�3�*�.�3�+"�6"�%�%,,����� "�6"�X ��'��$ %�<�3&.�-����] ��210$%-�6��8;�Z�����.�����3����6�6"� ��[�.-�&5���'���3�%&K(I�'-�& " %�����"&@-��!�]��LR;���'&.�"�] ��Z6B� �3&��*�����^�3���'� �8�^�3&.��-��.�O`�")�*�,;�%���-!&06 1 �*���*6"�'�*�"�E�-�'�%$ 6���� �'�%&�&��%�= ��7��(������� ��"�.$��'���3���5-�� � �43 6Z�.�%� "�6��Q�)���3-!&���6Z ��� K;��)����"&+-�� ;�%�1�2��g;�%�1���.�1��"�6"��,!��-!&V-����A;��$1L��%6"6��  ��Y�3���0(�� @ ,)$��'�(���X-����S ����.��&��!"!-!�3���'�= �� (�&.�'")�+"!�"6"�^�8;�6587 �:9��B���<;���5-�� � 1C;�&�'�'6�-�� (�&��%�5�5-�� ()���e��-�&R ����e���%��(��e G1��'&� !&��S@ �>=8�:621��'� ;�%�3�*���K$���()�+"�6�� �*6"�*&��� ��Y$���6"$�-!6"��&K6"�%�(�&.�'(�&��<;�%�8;���[ ���� ;�<�1����� �G;�%�3�*�.�3�+"�6����\�*�"���.�9 R;��))�!�"� >b6���-�&[���'� "!&��+,b6���-�&/;�����%&5�'���+, �/����,��*�J(I�'-�&�&��*������.(K;��&.��&+ G1��'"!��������&F-����E�3LK;�%�'&����=$���()�+"�6��E ��E K;��$%&���&��E6B�M(!L I,�.�!�5-��7 ����+�4I,�_� ��%����� �,����&��%-#( `a !�'���6"�%� �'�%&�&.���] ����V�.(��"���V !�"��$%�'���3���,-!� & �'-�&��!�"���.�����]-���� �/�#�+�*�X �� $1L)���0( ��� I'��� � � � �Y�3&��-�*���"6 � (8(:�'�,;� )�*�!�]$%�S$1L)�*(��^�3&���,��5-��b�� !�'�����S6"����-Q�*-7(�&.��(�&.�"���?3 ,)���_�T-!��(�&.�%���"�%&V()�*�Z )�*���Z$%�%�����\ !�"&��%$%���"�'�G�3 �*���76B�g��-!���3��,Z G1 ��":�'&. G,Z���'-����"���3&.�8 !-��"&.�'��� �� ��&3�-�'�%&��  !��� � (8�%��(�6"�%� ���/�0(!6"���Q6"�  K;�&))���^�3�"�*��0���3LK;���#�2�3�!�5-��+ G1 ;�%�3��� �g;�<�1�*�_�1�+"�6�� I @'@ 
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3 �*����$��<���3�����%$%���"�'�\���'-����"���3&.�8 !-��"&.�'���b6"�9$��*��$��%(!�c G1 ;�%�3��� �g;�<�1�*�_�1�+"�6�� ��]��&3�-�'�%&��d !������(8�%��(�6"�%����/�0(!6"����, �5-��c(I��&4�0�<����&��'���  !�F R;���*�'�"6���&Y6��O6"�����A�-�'�%$+6"��� �*��$<�3��-!&��[(�&��'(!&���� $%�'&�&.���.(:�'�! )�*���3�\�*-#(���*6"�%-�&��S(�&.�'(�&.���P(!6"-��S(I�%�3�^�3�%�\ ���621��'(K;�%&3������-�&S G1 ;���*�'6"-8�3�"�*�J 	I,�)�+���!�5-���� � �'-!�P���'-!�\$%�'��$��%���3&�� "&��*���O��-!&O-����E 	I,�)���0�/�,-!�= �� � �*�#�*���,�"�G,?(:�*-�&P6"�+�5-���6�6"��621��'(K;��&����3�%-�&O G1 ;���*�'6"-8�3�"�*�H���_����� �"!$,?� �-# ���_�7621��'(K;��&����3�%-�&= ��%$)�'�5�*�%& "�*96"�*��$1� I @'&D@ , @'&)( J � #9�!��-��^�3� ���'-��E&��*(�(I��6�6"��&.�'���= !���Q&,;�%��-�6^�1������0���3LK;���#�2�3�!�5-��%� I @ @*& J $%�'��$��%&��)���5�\6"�%�A;�%�1�2�3�F�g;�%�1���.�1��"�6"�%�%�,+R�'�(�0�F�!�'-��[�-�'�'���[���*-�6"�/�'�K;�O )�����621��"����&��, �-�$%���"�'� ,U���'-����'�*-� �&����'���P�+":�*-!�3��& ���-����� K;�&))�������"�'�/ G1C;�%�3��� �G;�%�3�*�.�3�+"�6��(�5-���(�-������.�0(I��&Y"���%����&��[ G1N�*(�(�6��!�5-���& ��# ��%�X�JI8�_� ����0�%� &,;���%6"�]621��!�0�+�'� (�L I,���/�5-��F�'"!�����5-��P(��*&X6 1 �*���*6/I,���[ ��%�$�'�%&�&.��� ��Z��(!�"���� ��"�.$��'�����"�5-��%� � ��"�-!�K���%&3�*�^�9 ��Z(:�*-	�'�'��&9 ��'�����%&9-��#�.����� ��[-!���Z(�L�&3�����]$��'�(�0�V$%��6�6"��" $��G>
�.6 1N�%��()�*$%�+ ��+(�L)�*�.��$%�'���3�������[-�� ���'� "�&.�.-0/21  G1C;�%�1�2�3�=�g;�<�1�*�_�1�+"�6����Y�.-�&S621C;��$1L��%6"6��F ��F�3�%��(��?@ ,�*-#(.�5-��%6"�]6"�S�4I,�.� ��%���P���*$%$ ����]()�*&Z6 1C;�&�'�'6�-!�3���'�Q 	I,�)�+���!�5-��[�-�'��$[-����[(�&.�'")�+"���6"�^�8;�
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A � �3+R�%�.�3�E(�L!&3�*�.�Q�*���.-#�0�E�/�0(!6"�"$%�����%�������(>K�5-G1��'�g�3�*$1L�� @ �  R;��))�!�"&F6"�$��*��$��%(!�S G1C;�%�1�2�F�g;�<�1�*�_�1�+"!6"�P�<� ( � ���'���3&.��&�, �-�'�%$+ ����S�*&4�'-#�������3�X��&5�*�8 ��/�5-�����, �5-��F6B�� ��"�_�3&.�!"�-#"�3���'�  !�O(�&��+")�+"���6"���8;�S ��P�3&.�'-	�*��&Y6��P�4I,�_� ��%���F )�*�!�Y-����O$%��&_�1�*�����P$%�'�	)��'-!&3�����"�'� �� �'&3�*�! ��X�3���0(!�(I��-!� %�%��&��Q�*(!(�&��,$1LK;���Q()��&F-����Q ��"�_�3&.�!"�-!���"�'�J��-�&+6"�%�H;�%�3���3� �g;�%�1���.�1��"�6"�%�%�3+R�%$��V(I��&5���%�.�3&��*���P ���?;�%�R;��&��*6"������&R6"� ��$I;���)��&��"�+�'"8�3���5-7(:�*-�&e6"�%� �'�%&�&��%�T !�[�.(��"�!�V ��"�.$��'���3���5-��]�*-#(E�JI,�.� ����0�%�T�%�Q ��!�����#"�����'� ))����� (:�'-!&]6����4�,-!��6"�Z6���� �5;�<�1����� � �'��� & �*&�$����0�%���Z-��7���%��(��Z ��F�,�"�F))��� �3 �*���96"�S�.-������Z���'-��9���'-!�K$%�'��$��%���3&��%&��'�!�R��-!&K6��V(:�'����� @ � � *?�*&9$��'���3&.�+,5�"6)�.�%� "!6"�Z �� 1�$%�"6"�R ��T(I�'-#"�'�*�"&?�����3�+�5-���&�6"��(:�*�"��� ( � ,���(!�*$<�3���0�%�5�c$��'�(�0�9��6����.�?�3& ����d !-�&V` �'�'��&����"� & �*���3�+"!6"�@ )�*�!�d6B���0� !.�'&��^�8;� ��[$��*� �  !�\ K;���0�*�5��&��%&$�5-��[6B�+ 	I,�)�+���!�5-�� �� �*&3�*�� Q�3���0(!�T$%�'� �'��&4�'� �*��&.�X6B� �����.-�&��[ �� � �/"#"��%�
+R�'��$%��&.�)�*���P6��+(:�'����� ( � , ��Q621�L��%-�&����*$<�3-��%6"6"�F��6c�G1 I/�7(��*�S ������9;��&���))$��2�3�"�*���S��(8(K;��&.�!�������1��6"���S�<��"6 � (8�"�.���\ !���]&,;���.-�6��3���3�]���%-�6"���0�%���X(I�'-�&Z6"�%�T�JI,�.� ����0�%�X ��[$1L)�+��( ��� I'�%� �'-7(:�*-�&T !���]�4I,�.� ��%��������  ��!�����!���"�*��))�!�"�7()�*&.���"$%-�6"� ���&����0�%���+���!��(�6����%�"#@� � ' �%�= ��*����621N�*�)�*6�I8�.�� !��� �'��&.&��%�= �� �.(��"�!� �����$��*�5���"�5-������ $1L)�+��( ��� I'��� ,���6Z� ;�<�8;�Q�3&.�'-	�9;� �5-��76B�A 	I,�)���0�/�,-!��L��*&��g;�%�5-��"6��!"�&.� �� �*&3�*�� !��3���0(!�R���_�V$��+�0(�6 ��%���%�������e ��+�0���R;���]()�*&K6"���0;�%�1�2�3�54 � *g(�6�-��R���+� "�&��%-#( ,	�5-��:�'���Z�*-��.��� 6 1C;�%����&4�'�"�6"�/"�&���6B�T(�6"-��K�'&3�*�! ��+� #9�F(��*&.���"$�-!6"�"�%&b6"���d�'"����%&4���+"�6���� ��Y-!�O�3�%��(��c(I��-.�'����� %�%��&��e�+"!�3�%�,-!�V()�*&d-!������ I*�����!�]-!��� & �'&4�0�K��-�&@6����P;�<�1�����]`
�g;�%�1� � �.�3�+"�6����@�-I����5��6 1C;�%����&4�'�"�e6��!"�&.�R6"�Y(�6"-��K�'&3�*�! ��+� #@���'-!��&��+,&,;�%$���� �������T�"6 �g;�%�8;�����'���3&,;�=�5-��\(:�*-�&Z-�� �JI8�_� ����0�[$����R;�%���!�5-��[ �� �'� H ��-�&]&,;�%������- ���� ��!�����!���"�*�))����� I @'& D!J , �5-��:���'���3&��S6����](�&��'(!&��<;�<�8;�%�] .I8���+�0�/�5-����T$��*&��*$%�8;��&����.���!�5-����] ��[6B�O�3&��*���.���3���'� �,���3&.��-��.�I @'@BA , @'@BC J ,b6"�7(�&.�8$I;�� �-!&��# K;��))�����=�*- (:�*�"��� ( � ��1 ��(�(�6"�/�5-��0�.�K6 1N�*� & �*�^�[-���� ��� I'�%�����#-!��� & �'&4�0���-!&Z���'-��Z6"�%�E;�%�1�2�3�Z�-�'�%$P-����S$%��&.�3�*�"�!�  ������.���8;�#`��5-��b$�� 
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