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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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n@FR�@�JLKM@CBEDHQqJLQSGIB,NmQqJLKLZ=kEDLZ]WhiZ=��Z=BEW®WbZ{R¤~�iZ=t�¦EZpRqRSZ�WEZ�JLZpY{�EDAQSB_JMZ=KHNCZpBX@CB_J�WX@CBED�R¤~�Z¶´b�hiZpKLQqZpBEt=Z f ZjJ�ZpB
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DLZ=RSGIB�|mkbZvR�~�@CRSRqkEKLZ;WbZ¥R�@�NmQSDLt=GIDLQwJ�iZ�ZpDHJ KLZ=DL��Zpt=JLQqNCZpY{ZpB_J�WEk�Jy�m��Z g KHKL¦EZ=BEQSkEDhGIk3DHkE��Z=Krµ g KLKH¦EZpBbQSkED=x
?vZ��ERqkED f RS@3WEQq�UiZpKHZpBEt=Z>Z=B[JLKLZ]tpZ=D�WbZpk�´&Jy�m��ZpD}WEZ]RSQS|[kEQqWEZpD¥��Z=kbJ8)Z=JMKHZ{@CkEDLDHQ6KLZpY>@CKH|mkhiZpZ]WX@CBED�RS@
t�¦[kbJMZ}WEZ�R�@�t�¦X@PRSZpkbK;DL�hiZ=tpQq�E|mkbZ�|[kEQ1ZpDrJU¡�Zp@CkEtpGCkE�¢�bRSkED�Y>@CKL|[khiZ=Z}��GIkEK;RqZpD;RqQS|[kEQSWbZpDsTVKM@PuIQSRqZpDpxb§�Z
tpGCY>��GIKHJLZpY{ZpB_J g KHKL¦EZ=BEQSkEDhWEZpDhRSQq|mkbQSWEZ=D·DHkEKHTVGCBEWEkED TVGCKHJMD·ZpDrJ ¡bQSZpB>Zj´��ERqQS|[khiZ¥Z=B>JLZpKLY{ZpDhWo~�iZpBEZ=KLuIQqZ
Wo~�@Ct=JLQqNP@PJLQSGIB�WEZ��EKLGmtpZ=DLDHkED»iZpRjiZpY{ZpB_J�@PQSKLZ=D¢\ cIc � ` <·�X@CK]t=GIB_JMKLZ f t=GIBEt=ZpKLBE@CB_J3RSZ=D]RSQS|[kEQqWEZpD]DHkEKHTVGIBmµWEkED3TVKL@CuIQqRSZpD f RSZ,t=GIY>��GIKrJMZpY{ZpB_J�DLkE��ZpK�µ g KHKL¦EZ=BEQSkbD f tp@CKM@CtjJ�iZ=KLQSDmiZ,�X@CK�kEBEZ�iZpBbZpKLuCQSZ,Wo~�@CtjJMQqNP@PJLQSGIB
|[kEQ tpKLG	)*qJ¥@.NCZpt�RS@]JLZpY{�hiZpKL@PJMkbKLZ f Bo~�@��X@CD�ZpBEt=GIKLZ�KLZm�tpk,kEBbZ�Zj´��ERqQStO@aJMQSGCB�JL¦ iZpGIKHQS|[kEZ}DM@PJLQSDrT�@CQSDL@CB_JMZCx
?A@CBEDR�@¥DHkEQqJLZ;BEGIkED%BEGCkED%QSB_J�iZ=KLZ=DLDLZ=KLGIBbDAn@vt=Z;WEZpKHBEQSZ=KJy�m��Z�WEZ DH�mDHJOnZpY{ZpD f WEGCB[J�RSZpD�NCZpKHKLZpD6WEZ;DH�EQSBbD
u!iZ=B iZpKL@CRSQqDmiZpDGIk]WEQSDHtpGIB_JMQqB[kED%DLZ=Y�¡ERSZ=B_J%WEGIBEBbZpK%kEBEZ;QqY�@PuIZ WEZ;t�¦E@CY>�]Y{G.�IZpBzx_?vZs�ERqkED f BEGIkED%BEGCkED
tpGCBEtpZ=B[JLKLZ=KLGIBED DLkbK RqZpD @CDH��Z=t=JMD1|[kEQ_�ERqkED�Y{GIB_JMKLZ=B_J!kbBEZ·@CBX@CRqGIuIQSZ@ONIZpt·RSZ=DoNIZ=KLKLZ=D!WbZpD DL�EQqBED�WEQSDHtpGIBmµ
JMQqB[kEDpxr(!@CK�tpGIBEDmiZp|[kEZ=B[J f QqRoZpDrJ¥QqY>��GIKHJM@CB_J;WEZ�DLGCkERSQquIBEZpK;|[kEZ}WEQw�UiZ=KLZpB_JLD¥@CDH��Z=t=JLD�Z¶´b�hiZpKLQqY>Z=B_J�@CRqZpD f
�E¦hiZ=BEGIY¢nZpBEGCRSGIuIQq|[kEZpD�Z=JvJL¦ iZpGIKHQS|[kEZ=DvBEZ�DHZpKLGCB[Jv�X@CDvY{ZpB_JMQqGIBEBhiZ=D¥WX@PBEDvtpZjJLJLZ�¡EKpnZjNIZ�QqB[JLKLGmWEkEtjJMQSGCB
n@�R�@��E¦X@PDLZANmQqJMKHZpkEDHZCx
§1@¥JMKM@PBEDLQwJMQSGCB£NmQqJMKHZpkEDHZ;ZpDrJ6DM@CBED6WEGCkbJMZskbB{�b¦ iZpBEGCY¢nZ=BEZ;Wb�mBX@CY{QS|[kEZ6JVR�@�JLZpY{� iZpKL@PJMkEKHZ ) + WhiZ=��Z=BEW
WEZAR¤~�iZ=t�¦EZpRqRSZvWEZAJLZpY{�ED;QSB_JMZ=KHNCZpBX@CB_JUWX@CBbD;R�~�Zj´��hiZpKHQSZ=BEtpZ�Z=J�Wbk8JM@Ck�´3WEZ�KLZ=TVKHGIQSWbQSDLDHZpY{ZpB_J�K¶xX¯ Z=��Z=B�µ
WX@CB_J f t=ZpKrJ�@CQqBED¥@PDL��Zpt=JLD¥WEk¢tpGIY{��GIKHJLZpY{ZpB_J�JM¦EZ=KLY{G�Wb�mBX@PY>Qq|mkbZ}WbZpD¥RqQS|[kEQqWEZpD�DLkbKHTVGIBEWbkED�TVKL@CuIQSRqZpD
��ZpkbNCZpB_J?)ZjJMKLZFQqB_JMZpKH�EKmiZjJ�iZ=D{t=GIY{Y>ZFWEZ=D]DLQSuCBEZpD�WEZ8R¤~�Z¶´bQqDHJLZpBEt=Z�Wz~�kEBbZ8NmKL@CQSZ3JLKM@CBEDHQqJLQSGIB�JL¦EZpKHY>GPµ
Wb�mBX@CY{QS|[kEZ�|mkz~�GIB(��GIkEKHKM@CQwJ�@PJHJMZ=QSBEWEKHZ�DHQsR�~�GIB�iZjJ�@CQwJ�tO@P�X@C¡ERqZ�Wo~�@CRSRqZpK8n@±WEZpD	iZ=t�¦EZpRqRSZ=D�WEZ3JMZ=Y>�bD
¡�ZO@CkEt=GIkE�,�bRSkED�uIKM@CBbWEZpD=xz¸%B,�X@PKHJMQqtpkERqQSZ=K;RSZpD¥@CKLuCkEY>Z=B_JMD¥k�JMQSRqQSDmiZpD�ZpB±T�@ONCZpkEK�Wo~�kbBEZ£NmKM@CQqZ}JLKM@CBbDLQwµ
JMQqGIB£JL¦EZpKHY>GmWb�mBX@CY{QS|[kEZhDLGIB_J;ºPR�@¥WEQwNIZ=KLuIZ=BEtpZ;tp@Ct�¦hiZpZ�WX@PBED�R�@�RSGIQ 0�	 
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WEk3RqQS|[kEQqWEZ�Z=DHJ;BbZ=JLJLZpY{ZpB_J;�ERqkED uCKM@CBEWbZ¥|[kEZvt=ZpRSRqZ¥WEk�tpKLQqDHJM@CR�xm¸%B3T�@CQqJ f ZpBFZ¶´�JLKM@C��GIRS@CB_JsR�@�tpGCkEKL¡�Z
WEZ�R�~�ZpB_JLKLGI�EQqZvWEk�RSQq|mkbQSWEZ f Z=JUZ=B¢DHkE�E��GIDM@CB_JU|[kEZ�R�~�Zj´mJMKL@C��GIR�@PJLQSGIB�tpGIKHKLZpDH��GCBEW�n@�RS@�tpGIkEKH¡�Z�|[ko~�GIB
��GIkEKLKL@CQqJGI¡bJLZpBEQqK�DLQER¤~�GCB�iZ=J�@PQqJ%tp@C�X@C¡ERqZsWo~�iZp|[kEQqRSQS¡bKLZpK!RSZsRqQS|[kEQqWEZs@Ck]WEZ=DLDHGIkED6WEZ ),+ f GIB�JMKHGIkbNIZ;|[ko~ n@
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NmQSGIRS@CB_JRqZ·JLKLGIQqDLQ�nZpY{Zh�EKHQSBEt=QS��ZhWbZsR�@�JM¦EZ=KLY{G�Wb�mBX@PY>Qq|mkbZ�Kjx �UBEZ T�@��t=GIB�WEZsKmiZpDHGIkEWEKHZstpZ /r�X@CKM@PWEGO´bZ21
tpGCBEDLQqDHJMZ,n@F��ZpBEDHZpK}|mkz~�kEBbZ]JLKM@CBbDLQqJLQSGIB,JL¦EZpKHY>GmWb�mBX@CY{QS|[kEZ�NCZpKHD}kbB�iZjJ�@PJANmQqJLKLZ=k�´&QSWhiZO@CR�DHkEKHNmQqZpB_J
n@¢kbBEZ{JLZpY{�hiZpKL@PJMkbKLZ .�)
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JMKL@CBEDHQqJMQqGIB]JM¦EZ=KLY{G�Wb�mBX@PY>Qq|mkbZ f |mkbQ f �X@CKs@PQSRSRqZpkEKHD f DHZpKM@PQqJsQqBE¦X@C¡bQqJMkbZpRSRqZFiZ=J�@PB[J WEk3WEZ=k�´�Q�nZ=Y>ZvGCKLWEKHZ
Wo~�kEB���GIQqB_J]WEZFN�kbZ8JL¦EZpKHY>GmWb�mBX@CY{QS|[kEZ J�@ONIZpt�kEBEZ8WEQqDLt=GIB_JMQSB[kEQwJ�iZFWEZ8RS@&t�¦E@CRSZ=kEK]DL�hiZ=tpQq�E|mkbZ¢ZjJ
�X@CD;WbZ}t�¦E@CRSZ=kEK;R�@PJLZpB_JMZhK f Y�@CQqDstO@PKM@CtjJ�iZpKHQSDmiZpZA�X@CK;kbB�DL@CkbJ�WEQqDLt=GIB_JMQSB[k8WEk��X@CKL@CY¢nZjJMKHZvWo~�GIKLWEKHZ]J�RS@
Y{G�WEkbR�@PJLQSGIB{WEZvRS@£WEZpBbDLQqJ�iZvY{QStpKHGIDLt=GI�EQq|mkbZ¥WEk3NCZpKLKHZABo~�@C�E�X@CKL@	)*qJ �X@CDsuCKM@CWEkbZpRSRqZpY{ZpB_J�n@��X@CKHJLQSKhWEk
�EKHGC�XR��ERS@PJ;tO@PKM@CtjJ�iZpKHQSDrJMQS|[kEZ�WEk�RSQq|[kEQSWEZhK f tpGIY{Y>Z¥RSZpD;JLKM@CBEDHQqJLQSGIBFWEk��EKHZpY{QSZpK GIKLWEKHZCx
¯ Z=JHJMZ�JLKM@CBbDLQqJLQSGIB&Z=DHJ�Z¶´b�bRSQS|[khiZ=Z�Z=B�u!iZpBhiZpKM@PRhZ=B	JMZ=KLY{Z>Wo~�kEBEZ�tpKLQqDLZ{Wo~�ZpB_JMKHGI�EQSZ,\ cCc da` º!GCB	QSY>@aµ
uIQqBEZ�R�~�ZpDH�X@Ct=Z�WEZpDAt=GIBb�XuIkbKM@PJLQSGIBEDv@Ctpt=ZpDLDHQS¡ERqZpDAt=GIY>Y{Z£kbB³Z=BEDLZ=Y�¡ERqZ�WEZ /H¡X@CDHDLQqBED 1FZjJ�GIB�WhiZpt=KLQwJ
R�@¢Wb�mBX@CY{QS|[kEZFWo~�iZp|[kEQqRSQS¡bKLZ3WEk�RqQS|[kEQSWbZ�DLkbKHTVGIBEWbk�Z=B(JMZpKHY>ZFWbZFWEZpk�´(�EKLGmtpZ=DLDLkbD{WbQq�UiZpKLZ=B_JMD8º�RSZ
Y{GIkbNIZ=Y>Z=B_J�n@£R¤~�QqB[J�iZpKHQSZpkbK·Wz~�kEB�¡X@CDLDHQSB3ZjJsRqZ�DL@CkbJ;Z=B[JLKLZ�¡X@CDLDHQSBED=xx(%RSkbD R�@AJMZ=Y>�hiZpKM@aJMkEKHZ¥ZpDrJsT�@CQq¡ERSZ
�ERqkED£RqZ>BEGCY�¡EKLZ>WEZ3¡X@PDLDLQqBED�@PtptpZ=DLDHQS¡ERqZpD�WEQqY>QqB[kEZ>ZjJ�RS@�JMKL@CBEDHQqJMQqGIB&N�QwJMKHZpkEDHZ3DLkEKrNmQSZpB_J�|[kX@PBEW(QSR
Bo~ ��@{�bRSkED�WEZ}¡X@CDHDLQSBbD¥@Ct=tpZ=DLDLQq¡ERSZ=Dpx ��Q�R�~�GIB�WEQqNmQqDLZ�R�~�ZpB_JMKHGI�EQqZ}Wbk¢RqQS|[kEQSWbZAZpB±WbZpk�´�JMZ=KLY{ZpD�º R�~�ZpB�µ
JMKHGI�EQqZ±n@8R¤~�QqB_J�iZpKHQSZ=kEKvWo~�kEB³¡X@CDLDHQSBED�ZjJ�R¤~�Z=B_JMKLGC�EQSZ�WbkEZ�@Pk³BbGIY�¡EKHZ�WEZ]¡X@CDLDHQSBED f @C�E��ZpRjiZpZ]ZpB_JMKHGI�EQqZ
tpGCBb�XuIkEKL@PJMQqGIBEBEZ=RSRqZ f R�@]JMKM@PBEDLQwJMQSGCB�JL¦EZpKHY>GmWb�mBX@CY{QS|[kEZ�tpGIKHKLZpDH��GCBEW f WE@CBEDvt=Z£DLt�iZpBX@PKLQSG f @Ck,��GIQqB[J
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