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a*ÍNQ�ÐeJUÌ�Ì¥ÍNO�Ð2Ñ¼JUO�ÐgëPMPX0XZM�Ó¼JUØ0X0Ë�MbMPÏ�Ó�Ì�Ë¥ëxË¥XZMPØgÌ¥MxÐÁëTJUÌ�ëPQ�Ì�ÐÁÑ�MPÐWÙMPX¹JUX0Ð@Ñ�MxÐ@Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐgMPX@Ñ�MPÐ¾ì�ÍNØ0ëPMPÐ@Ö�Q�Ë7Ì�MPQ�Ø
Ð0ÍNO	X�J¡Ó�Ó�Ì¥Ë�Ö�Q@ÙMPMxÐTÎ7J¡Ë�O�ÐZË�Ö�Q�M+Ì½J+Ø�ÙMPÐ0ÍNÌ�Q�X0Ë�ÍSO�Ñ�Q`Ð0Õ�ÐZXPÒMP[µM�Ì�Ë¥O@ÙMTJ¡Ë�Ø0M�Ó¼J¡ØbQ�O�M�[�ÙMPX0Ô�Í�Ñ�M�Ñ�Q`éSØ�J¡Ñ�Ë�MPO�XbëPÍSO�?
þ�Q�éNQeÙM�Ó¼J¡Ø@î�Ì�Í�ëPÐ@Ó¼JUØ¹JUÌ¥Ì°ÒMPÌ�MPÐLÛ�a*ÍNX0Ø0M+J¡Ì�éSÍNØ0Ë�X0Ô�[µM@Ó¼J¡Ø�J¡Ì�Ì�ÒMPÌ�M*Ñ@ÙMxëPÍSQ�ÓqM�ÌAê MPO�ÐZMP[.î�Ì�M*Ñ�MxÐ@Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐbÐ0Q�Ø@Ì�MPÐ
Ó�Ø0Í�ëPMxÐ0Ð0MxQ�Ø0ÐLÛfyË¼Ì�MPÐgÑ�ÍSO�OeÙMPMPÐ@ÐZÍSO�X2Ó�Ì�J¡ë7ÙMPMPÐ@Ñ¼JUO�ÐÁQ�O.X¹J¡î�Ì¥MLJ¡Q�ÎNëPMPÌ�J�Ø0MPK�Ë�MPO�XiÒJ;ÑeÙMPëPÍNQ�Ó¼MxØ@ëPM�X¹J¡î�Ì¥MLJ¡Q.Ó¼JUØ
î�Ì�Í�ëPÐTÛqÚgÔ¼J¡Ö�Q�MbÓ�Ø0Í�ëPMPÐZÐ0MPQ�ØiëLJ¡Ì�ëPQ�Ì�M�Ì�MPÐ@Ñ�ÍSO�OeÙMPMPÐ@ÐZMPQ�Ì�MP[�MxO	X@ÓqÍSQ�ØÁÐZMPÐ*Ó¼JUØ0XZË¥ëxQ�Ì�MPÐTÛqB`J¡Ë�ÐgÓ¼ÍNQ�ØÁëLJ¡Ì�ëPQ�Ì�MPØ
Ì�MPÐ�ì�ÍNØ0ëPMPÐ.J¡Ó�Ó�Ì�Ë¥Ö�Q@ÙMxMPÐ�J¡Q�Ï`Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐLÎ�Ì�MPÐ�O�Í�MPQ�Ñ�Ð+Ñ�M.ëTJUÌ¥ëxQ�Ì2ÍSO�X�îqMPÐZÍSË�O%Ñ�M.ëPÍNO�O¼JTû L�XZØ0M.Ì�JµÓ¼ÍNÐ0Ë�X0Ë�ÍSO5Î
Ì�J`K�Ë�X0MPÐZÐ0MDMPX.ÌAêÂJ¡ëPë7ÙMPÌTÙMPØ¹JUX0Ë�ÍSO%Ñ�MDXZÍSQ�XZMPÐ.Ì�MPÐ.Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐ+KSÍNË�Ð0Ë�O�MPÐLÛ<C ëPMxX0X0M ÿ¼O O�ÍNQ�Ð.JLKSÍSO�Ð�ëPÍNO�Ð0XZØ0Q�Ë�X
Q�O�M�[DJ¡XZØ0Ë�ëPM@ì°ÍSQ�ØZO�Ë�Ð0Ð¹JUO�XÁXZÍSQ�XZMPÐ*ëPMxÐ*Ë�O�ì�ÍNØ0[WJUX0Ë�ÍSO�ÐTÎ¡MPXbÓ¼MxØ0[�MxX0X¹JUO�X@Ñ�ê MrMxëPX0Q�MxØ*Ì�MPÐ*ëLJ¡Ì�ëPQ�Ì�Ð@Ó¼JUØ@î�Ì�Í	ëxÐ
Ë�O�Ñ@ÙMPÓqMPO�Ñ¼JUO�X0ÐTÛ
a*ÍNQ�Ð�KSMPØZØ0ÍSO�ÐiÑqJ¡O�Ð�Q�O`Ó�Ø0MP[µË¥MxØ*X0Mx[�Ó�ÐbÖ	Q�MPÌ�Ì¥MxÐiÐZX0ØZQ�ëPX0Q�Ø0MPÐ+Ñ�M+Ñ�ÍSO�O@ÙMPMPÐ�O�ÍSQ�Ð;JLKNÍSO�Ð�J¡Ñ�ÍNÓ�X�ÙMxMPÐTÎ7Ó�Q�Ë�Ð
ëPÍS[µ[�MPO�XµÐ0ÍSO�X`ëLJ¡Ì�ëPQ�ÌLÙMPÐ`Ì�MPÐ�ÙMPX¹JUX0Ð&Ñ�MPÐ&Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐ�JUË�O�Ð0Ë�Ö�Q�M%Ì�MPÐ ì�ÍSØZëPMPÐTÎ�Ó�Q�Ë�Ð`O�ÍSQ�Ð`KSMPØZØ0ÍNO�Ð`Q�O�M
Ñ�MPÐ�ÍNÓ@ÙMPØ�J¡X0Ë�ÍNO�Ð�ÙMPÌTÙMP[�MPO�X�J¡Ë�Ø0MPÐ�Ñ�M.ÌAêÂJ¡Ì�éNÍSØ0Ë�XZÔ�[.M�Ñ�Q�éNØ¹JUÑ�Ë�MPO�XiëxÍSOTþ�Q�éSQ@ÙM.Ñ@ÙMxëPÍSQ�Ì�JUO	X�Ñ�MxÐ�Ð0XZØ0Q�ëPXZQ�Ø0MxÐ�Ñ�M
Ñ�ÍSO�OeÙMPMPÐ+ò�Ó�ØZÍ	Ñ�Q�Ë�X@[WJ¡XZØ0Ë�ëPM#MUKSMPëxX0MPQ�Ø�÷PÛ
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a*ÍNQ�Ð*JLKSÍNO�ÐÁÍNÓ�X�ÙM�ÓqÍSQ�ØgQ�O�M�[�ÙMPX0Ô�Í�Ñ�MbÑ�M�Ó¼J¡Ø�J¡Ì�ÌTÙMPÌ�Ë�Ð¹J¡XZË�ÍSO.Ð0M�î¼JUÐ¹JUO	XgÐ0Q�Ø@Q�ODÑeÙMPëPÍNQ�Ó¼J¡éNM�Ñ�MPÐ@Ñ�ÍNO�O@ÙMPMPÐLÎ
ëSê MPÐ0X¬?¶ÒJ ?ÜÑ�Ë¥ØZM2Ö�Q�M2O�ÍNQ�Ð7Mr7MPëPXZQ�ÍSO�Ð<MPO�Ó¼J¡Ø�J¡Ì�Ì�ÒMPÌ�M�Ñ�MPÐ�ëTJUÌ�ëPQ�Ì�Ð7Ë�Ñ�MPO�X0Ë�Ö�Q�MPÐ5[WJ¡Ë�Ð�ÐZQ�Ø�Ñ�MPÐ�Ñ�ÍNO�O@ÙMPMxÐ�Ñ�Ëdr�ÙMPØZMPO�X0MPÐLÛ
>�J¡O�Ð+Ì�M�ëTJUÑ�Ø0MDÑ�MDÌ�JDÐ0Ë�[.Q�Ì�JUX0Ë�ÍSO�ÎqëPMxëPË*ëPÍNO�Ð0Ë�ÐZX0M%ÒJ`ëLJ¡Ì�ëPQ�Ì�MPØ+MPO�Ó¼J¡Ø�J¡Ì�Ì�ÒMPÌ�M.Ì�MPÐ�ÓqÍSÐZË�X0Ë�ÍSO�ÐLÎ<K�Ë¥XZMPÐ0ÐZMPÐ.MPX
J¡ëPë7ÙMPÌTÙMPØ¹JUX0Ë�ÍSO�ÐbÑ�MPÐbÓ¼J¡ØZX0Ë�ëPQ�Ì�MPÐLÛ
×5ÍSQ�ØµÓ¼ÍNQ�KSÍNË¥Ø.M rMPëxX0Q�MPØ&Ë�O�Ñ@ÙMPÓqMPO�Ñ�MP[�[µMPO�X.Ì¥MxÐ�ëTJUÌ¥ëxQ�Ì�Ð�Ñ�MPÐ�ÙMPX¹JUX0ÐDÑ�MPÐDÓ¼JUØ0XZË¥ëxQ�Ì�MPÐTÎgO�ÍNQ�Ð�Ì�MPÐDJLKSÍSO�Ð
Ñ@ÙMPëPÍN[�ÓqÍSÐ�ÙMPMPÐ*MxOWî�Ì¥Í�ëPÐLÛ¼ù MPÐ@ëPÍ�ÍSØZÑ�ÍSO�O@ÙMPMPÐ*MxO�\�Ñ�Ë¥[µMPO�ÐZË¥ÍNO�ÐgÑ�MPÐ@ÓqÍSÐ0Ë�XZË¥ÍNO�ÐTÎ�K�Ë�X0MxÐ0Ð0MxÐiMxX*J¡ëPë7ÙMxÌTÙMxØ¹J¡XZË�ÍSO�Ð
Ñ�MPÐDÓ¼JUØ0X0Ë�ëPQ�Ì¥MxÐ ÒJ&Q�O�Ë�O�Ð0X�J¡O�X�XµÐ0ÍSO�XµÐ0X0Í�ë¤ÁÙMPMPÐ`ÑqJ¡O�ÐD\%X¹JUî�Ì�MTJ¡Q�Ï�Ñ�Ëdr�ÙMPØZMPO�X0ÐTÎ�Ö	Q�Ë*Ð0ÍNO�X�MPQ�ÏN?A[�ûMP[µMPÐ
Ñ@ÙMPëPÍNQ�Ó@ÙMPÐ�MPODî�Ì�Í�ëPÐ�ò½ÿ¼éSQ�ØZM�IT÷xÛ
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ù7MPÐgÓqÍSÐ0Ë�XZË¥ÍNO�Ð<Ñ�MPÐgÓ¼J¡ØZX0Ë�ëPQ�Ì�MPÐ¾Ð0ÍSO�X2ÐZX0Í�ë¤ÁÙMPMPÐgÑ¼J¡O�Ð¾Ì¥M@X�J¡î�Ì�MTJUQF|�×5ÍSÐ0Ë�XZË¥ÍNO�}¼Û¡×5ÍSÐZË�X0Ë�ÍSO � Ë�O�Ñ�Ë�ëPM �yØZMPÓ�Ø�ÙMPÐ0MPO�XZM
Q�O`î�Ì�Í�ë�ëPÍN[�Ó�ØZMPO¼JUO	X@Ì�J+ÓqÍSÐZË¥XZË�ÍSODÑ�M�a�Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐLÎJLKNMPë�a�Ì½J+X�J¡Ë�Ì�Ì�MiÑ5ê Q�OWî�Ì¥Í�ëSÛ7ÚgM�î�Ì¥Í�ë�MxÐ0X*Q�O`ÍSî�?
þ�MPX@Ó¼JUØ0X�J¡é2ÙM�JUQWÐZMPO�ÐbÑ�M�C@X0Ô¼JUÓ¼J¡ÐZëTJ¡O�?PISÎ�MxX@Ì½J�[�ÙMxX0Ô�Í�Ñ�M~|0c�ûJUë�Ô�M Ú@J¡Ì�ëPQ�Ì ×5ÍSÐZË¥XZË�ÍSO�}+Ì�Q�Ë7MPÐ0X�J¡Ó�Ó�Ì¥Ë�Ö�Q@ÙMPMNÛ
ÚgMPX0XZMDì�ÍNO�ëPX0Ë�ÍNO%KSJ`ëTJUÌ�ëPQ�Ì�MPØ.Ì�MPÐ.ÓqÍSÐ0Ë�XZË¥ÍNO�Ð+Ñ�MPÐ.aúÓ¼J¡ØZX0Ë�ëPQ�Ì�MPÐ.ëPÍNO�X0MPO�Q�MPÐµÑ¼J¡O�Ð�ëPM�î�Ì�Í	ëNÛ�ù MW[µÍSX¬?ÜëPÌLÙM
�7Æ	ú���Ð0Ë�éSO�ËøÿqMWÌ�J&ëPÍNO�Ð0XZØ0Q�ëxX0Ë�ÍSO�Ñ�ê Q�O�M`X¡ûJ¡ë�Ô�M`C@XZÔ¼J¡ÓqJ¡Ð0ëLJ¡O�?PISÎ¾MPX`J¡Ë�O�Ð0ËbÌ�J`îqÍSQ�ëxÌ¥M�|Aì°ÍSØ }%ÓqMPØZ[�MPX.Ñ�M
Ì�J¡O�ëPMxØ�|Za*ÍN[.î�Ø0M Ñ�M î�Ì¥Í�ëPÐ�}�X¡ûJ¡ë�Ô�MPÐbMPO�ÓqJ¡Ø¹JUÌ�Ì�ÒMxÌ¥M�ÐZQ�Ø*Ñ�MxÐiÓ�Ø0Í�ëPMPÐZÐ0MPQ�ØZÐ�Ñ�Ëdr�ÙMPØZMPO�X0ÐTÎqëTJUÌ�ëPQ�Ì�J¡O�X*ë�Ô¼JUëPQ�O�M
Ì�MPÐ@Ó¼ÍNÐ0Ë�X0Ë�ÍNO�ÐÁÑ�MPÐ@Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐ@ëxÍSO�X0MPO�Q�MxÐ*Ñ¼JUO�Ð*×5ÍSÐ0Ë�XZË¥ÍNO � Ël�¬ÛUa*ÍSQ�ÐeJLKNÍSO�Ð@J¡Ë�O�ÐZË7ëTJ¡Ì�ëPQ�ÌLÙMbÌ¥MxÐ@Ó¼ÍNÐ0Ë�X0Ë�ÍSO�ÐÁÑ�M
X0ÍNQ�X0MPÐbÌ�MPÐ@Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐbÓ¼J¡Ø@î�Ì¥Í�ëPÐ@Ë�O�Ñ@ÙMPÓ¼MxO�Ñ¼J¡O�XZÐTÛ
ù7ÍNØ0Ð�Ñ�Q%ëLJ¡Ì�ëPQ�ÌgÑ�MPÐ�ì�ÍSØZëPMPÐ+Ñ�M.ë�Ô¼J¡ëxQ�O�M�Ñ�MPÐ�ÓqJ¡Ø0XZË�ëPQ�Ì�MPÐTÎ5O�ÍNQ�Ð�Ð0ÍN[�[µMPÐiJU[�MPO@ÙMxÐ)ÒJ Ñ�MPKSÍNË�ØiëxÍSO�O¼JLû L�X0Ø0M
Ì�MPÐ�ÙMPX¹JUX0Ð�Ñ�MxÐiÓqJ¡Ø0XZË�ëPQ�Ì�MPÐ�KNÍSË�Ð0Ë�O�MPÐLÛq=AÌ�O5ê MxÐ0X�Ñ�ÍSO�ë�Ó¼JUÐ�Ó¼ÍNÐ0Ð0Ë�î�Ì�M+Ñ¼J¡O�ÐiÌAê Ë�[�[�ÙMPÑ�Ë½JUXÁÑ5ê Q�X0Ë�Ì�Ë¥ÐZMPØ*Ì�Jç[�ûMP[µM



î¼ÍNQ�ëPÌ�M�Ñ�M�ëTJ¡Ì�ëPQ�Ì5Ö�Q�M�Ó�Ø�ÙMPë7ÙMPÑ�MP[µ[�MPO�X@ëTJUØ*ÓqÍSQ�ØbÌ¥M�ëTJUÌ�ëPQ�Ì�Ñ�MPÐ@ì�ÍNØ0ëPMxÐ*Ñ�MPÐbÓ¼J¡ØZX0Ë�ëPQ�Ì�MPÐbëPÍSO�XZMPO�Q�MPÐ�Ñ¼J¡O�Ð
Ì�M.î�Ì�Í	ë.ËAÎ5Ë�Ì<ìÜJ¡Q�X�ëPÍSO�O¼JTû L�X0ØZM.ÌAê0ÙMxX¹J¡X�Ñ�êÂJ¡Q�XZØ0MPÐ+Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐ�Ö	Q�ËÁO�MµÐ0ÍNO	X�Ó¼J¡Ð�ì°ÍSØ0ë7ÙMP[�MPO�X�ÑqJ¡O�Ð+Ì�M.[�ûMP[µM
î�Ì�Í�ëSÛ7×�ÍNQ�Ø*ØZMP[�ÙMxÑ�Ë�MPØ.ÒJ.ëPM+Ó�Ø0ÍNî�Ì�ÒMP[�M�O�ÍNQ�Ð�JLKSÍNO�Ð*ëPÍNO�Ð0XZØ0Q�Ë�X�Q�O�M+[WJUX0ØZË¥ëxMiÓqMPØZ[�MPXZX¹J¡O�X�Ñ�M�ëxÍSO�O¼JLû L�X0Ø0M
Ì�MiéNØ¹JUÓ�Ô�M�Ñ�Q�[DJ¡Ë�Ì�Ì�J¡éSMNÎTëNê MxÐ0XA?PÒJL?AÑ�Ë�Ø0M�Ñ�M�Ð�JLKSÍSË�ØgÖ�Q�MPÌ�Ì�MPÐ@Ð0ÍNO	XgÌ�MPÐ@Ó¼JUØ0X0Ë�ëPQ�Ì¥MxÐ@KSÍSË�ÐZË¥O�MPÐ@Ñ�ê Q�O�MbÓ¼J¡ØZX0Ë�ëPQ�Ì�MPÐ
Ñ�ÍSO�OeÙMPMSÛ7ÚgMPXZX0M+[WJ¡XZØ0Ë�ëPMbMPÐ0X`ÙMPé	JUÌ¥Mx[�MPO�X@Ñ@ÙMPëxÍS[�ÓqÍSÐ�ÙMPM�MPO�Ó�Ì�Q�Ð0Ë�MPQ�ØZÐ*î�Ì�Í�ëPÐ@Ó¼JUØ0X�J¡é2ÙMxÐTÎqMPX*ëxÍSO�X0Ë�MPO�X*ÓqÍSQ�Ø
Q�O�M@Ó¼JUØ0XZË¥ëxQ�Ì�MÁÑ�ÍNO�O@ÙMPMgÌ�MPÐ<O�Q�[�ÙMPØZÍSÐ5MPX.ÙMPX�J¡X0Ð<Ñ�M@ÐZMPÐ2KNÍSË�Ð0Ë�O�MPÐgò�Ó¼JUØ0XZË¥ëxQ�Ì�MPÐ2Ø0MxÌ¥ËLÙMPMxÐ*ÒJ@MPÌ�Ì�MgÓ¼J¡Ø<Q�O+Ø0MPÐZÐ0ÍNØ0X¹÷xÎ
Ì�MPÐ<ëTJ¡Ø�J¡ëPX�ÙMPØ0Ë�Ð0XZË�Ö	Q�MPÐÁÑ�Q�ØZMPÐ0ÐZÍSØ0XgÖ�Q�Ë�Ì�J@Ø¹JUX0X�J¡ë�Ô�M�ÒJ@Q�O�M@Ó¼J¡ØZX0Ë�ëPQ�Ì�MgÑ�ÍSO�OeÙMPMSÎ¡Ì�MPÐ<ëPÍNO�X0Ø0Ë�î�Q�X0Ë�ÍSO�Ð<Ñ�MxÐ<ì�ÍSØZëPMPÐ
MPÏ�MPØ0ë7ÙMPMPÐ+Ó¼J¡Ø@ëPMxX0X0M+Ó¼JUØ0X0Ë�ëPQ�Ì¥M�MPO�KSMPØZÐiÐZMPÐ�KSÍNË¥ÐZË�O�MPÐTÎqJ¡Ë�O�ÐZË7Ö	Q�M�Ì�MPÐ*ëPÍ�ÍNØ0Ñ�ÍNO�O@ÙMPMPÐ�Ñ�Q�KSMPëPXZMPQ�Ø�Ñ�M�Ø�ÙMPÐ0Ë�Ñ�Q
Ñ�M�Ì�J�Ø�ÙMPÐZÍSÌ�Q�X0Ë�ÍNO�Ñ�QDÐ0Õ�ÐZXPÒMP[µM�Ì�Ë¥O@ÙMTJ¡Ë�Ø0MNÎSÑ¼JUO�Ð*Ì�MbëTJ¡Ñ�ØZM�Ñ�M�Ì�J�[�ÙMPXZÔ�Í�Ñ�M*Ë�[µÓ�Ì�Ë¥ëxË¥XZM�ò�ÿ¼éNQ�Ø0M�ôN÷PÛ

Nombre de voisins
de la particule

S�Ë�éNQ�Ø0M�ôF��fyX0Ø0Q�ëPX0Q�ØZM�Ñ�MiÑ�ÍSO�O@ÙMxMPÐ*Ñ�M�Ì½J�[WJUX0ØZË¥ëxM*Ñ�Ë�X0M�Ñ�êÂJUÑTþPJ¡ëxMPO�ëPMSÛ
C*Ë�O�ÐZË@Ó¼ÍNQ�Ø.ëTJ¡Ì�ëPQ�Ì¥MxØ.Ì¥MxÐ+ì�ÍSØZëPMPÐ�Ñ�MPÐ.Ó¼J¡ØZX0Ë�ëPQ�Ì�MPÐµëPÍSO�XZMPO�Q�MPÐ�ÑqJ¡O�Ð.Q�O�î�Ì�Í�ëSÎ<Ë�Ì@Ð0Q�ð�X.Ñ�MDØ�JPþ�ÍSQ�X0MPØ.MPO
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