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Chapitre 1

Une intr oduction à l’ électr onique
mol éculaire
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1.1 Concepts et naissance de l’electr onique mol éculaire
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1.1.1 La diode mol éculaire
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1.1.2 Les fils mol éculaires
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1.2 Les premi ères expériences...
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1.2.1 Les expériences en milieux aqueux
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1.3 Le second souffle de l’ électr onique mol éculaire
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1.3.1 Imager des mol écules à l’aide du STM
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1.3.2 Déplacer , fabriquer avec l’aide du STM
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1.3.3 Spectr oscopie I-V de mol écules
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1.4 Nanoélectr odes pour étudier les mol écules
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1.4.1 Les électr odes co-planaires
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ÍÕÈÊÁ Û Â"¼YÂ"ÈÊÁ Û ¾�½ÆË¾'»�¿Y¿�Â"½ óºë½ÆË¾ Û »�Â"½Y¾éÀ"¾éã�½�»�Â6¼=�>.�
�#�ÝÒÞhÁ"*äÁôÂ°Àº Ë¾\¼qË¾ ¿Y»�÷K÷ Ë¾\½ÆË¾<Öq»�¾ Û ¾'¿ñ½ÆË¾'¿%¾'ºK»�î Û ¾
Á�ºKÁ�ÈK¼Y»�ã-¾'¿�Ï-ÈÊ»�½Y½�ºKÂ6¾'Áb¼kõ¾\¼%½Y¾Ô»�¼YÂ°À6Â6¿�Ë¾'¿�Ï-ÈÊ»�½�½�Ë¾'ºKÀ6Â6¿%¾\½g»�ÁÜÍ\Â"½�Í\»�Â"¼ÌË¾'À"¾'ÍÕ¼%½YÈÊÁäÂ6Öq»�¾Kàb»�Á�¾�Ñ<Ë¾'ÑÓÈÊÂ"½�¾@?+AÐÇ
B �>.C�D#�ÝEAÍÕ¼Y»�¾'À6À"¾'ÑÓ¾'Áq¼ÒÀ6ºÜÍÕÈÊÁ Û »�ÍÕ¼YÂ6Ã�Â"¼�Ë¾ Û ¾�À�¹�A¸3Fè¾'¿%¼�¾Õî�Ï}À"ÈK½�Ë¾\¾ØÀ©¹�ºKÂ Û ¾ Û ¾�ÍÕ¾'¿ÔÑñõ¾'ÑÓ¾'¿ Û Â°¿%Ï-ÈÊ¿YÂ"¼YÂ"â4¿
ÍÕÈÊÑÓÏ-ÈÊ¿qË¾'¿ Û ¹,Ë¾'À"¾'ÍÕ¼%½�È Û ¾'¿ÍÕÈ�Ù�ÏäÀ6ºKÁ�ºKÂ6½Y¾'¿-�>.,�$#�Ý

ù9¾'¿�ÑÓÈÊÁq¼Yº�÷K¾'¿ñóº�ã}ºK¿%¾ Û ¹,Ë¾'À"¾'ÍÕ¼%½YÈ Û ¾'¿ÌÍÕÈKÏäÀ6ºKÁ�ºKÂ"½�¾'¿ÐÏª¾'»�ÃK¾'Áb¼ØÁ�ÈÊÁ ¿%¾'»�À"¾'ÑT¾'Áb¼Óõ¾\¼%½Y¾M»�¼YÂ6À6Â6¿�Ë¾'¿úÆûdüHG!I5JûdýKÿLKNMûdýÊûdü
G$I�O�üQP�RS��ûdü ÏªÈÊ»�½o½�Ë¾'ºKÀ6Â6¿%¾\½ Û ¾'¿oÍ\Â"½�Í\»�Â"¼Y¿ÌË¾'À"¾'ÍÕ¼%½�ÈÊÁ�Â6Ö�»�¾'¿�º'ÃK¾'Í Û ¾'¿�Á�ºKÁ�ÈK¼Y»�ã-¾'¿oÑTºKÂ6¿oºK»�¿Y¿�ÂÆÏª¾\½0ÑÓ¾\¼%¼%¾'Áb¼ Û ¹dË¾\¼Y» Û Â"¾\½

Û ¾'¿h¾Õß-¾\¼Y¿kÏäÎqð�¿YÂ°Öq»�¾'¿hÂ6Áb¼�Ë¾\½Y¾'¿�¿YºKÁb¼Y¿'ÝÆÞgÁò¾Õß-¾\¼\àUT5V5WYX�¾\¼kºKÀäÈÊÁb¼k½�Ë¾'»�¿Y¿YÂoóºØÂ°Á�¿qË¾\½Y¾\½Z»�Á��[Z]\Ò¾'Áb¼%½Y¾ Û ¾'¿
ì)ÈÊÁ�ÍÕ¼YÂ6ÈÊÁ�¿ ã�½�Â6¿�Ë¾\¾'¿Òóºv¼%½\ó¾'¿oãäºK¿Y¿Y¾g¼%¾'ÑÓÏZË¾\½0º�¼Y»�½Y¾-�^��Ý_��`��[�>.,�$#�ÝÊùRº Û Â6¿%¼YºKÁ�ÍÕ¾k¾'Áb¼%½�¾ZÀ6¾'¿ Û ¾'»ÆîéË¾'À"¾'ÍÕ¼%½YÈ Û ¾'¿
¾'¿%¼Ø»�Á Ï-¾'» ¿�»�ÏkË¾\½�Â"¾'»�½�¾ óºíÀ6ºñ¼YºKÂ6À6À"¾ Û »/�[Z]\�Ý9avÁ�¾Ó¼%¾'Á�¿YÂ"ÈÊÁ Û ¾òÍÕÈÊÑTÑTºKÁ Û ¾Ó¾'¿%¼Ìº�ÏäÏäÀ6Â6Ö�»gË¾\¾Ó¿Y»�½ØÀ"¾
¿Y»�ãä¿%¼%½0º�¼\à�â	ÈK½0ÑTºKÁb¼vÀ"¾�ÏäÀ°»�¿�Ï-¾\¼YÂ"¼�¼%½�ºKÁ�¿�Â6¿%¼%ÈK½oìYºKÑTºKÂ6¿Ô½�Ë¾'ºKÀ6Â6¿�Ë¾KÝHaÁí¾Õßª¾\¼vÁ�ÈÊ»�ÃK¾'ºK»æ¾'¿%¼ÔÈKã}¿%¾\½YÃ�Ë¾cb}À"¾
¼%½�ºKÁ�¿%Ï-ÈK½Y¼òË¾'À"¾'ÍÕ¼%½YÈÊÁ�Â°Öq»�¾ Û ºKÁ�¿�À"¾-� Z]\ ¾'¿%¼ÒÍÕÈÊ»�ÏäÀ?Ë¾�º1ÃK¾'Í�»�Á Û Ë¾\ÏäÀ°ºKÍÕ¾'ÑÓ¾'Áb¼ Û »�ÍÕ¾'Áb¼%½Y¾ Û ¾.ÑTºK¿Y¿%¾ Û »
�[Z]\Ò¾'Áq¼%½Y¾ÐÀ"¾'¿ Û ¾'»�î<Ë¾'À6¾'ÍÕ¼%½YÈ Û ¾'¿\Ýd�k¾\¼%¼%¾¾Õî�Í\Â"¼Yº�¼YÂ"ÈÊÁ Û ¾e��ÑÓ¾\Ú�Ï-¾'»�¼Ôõ¾\¼%½Y¾Ð¾ÕîÆÏäÀ6Â6Ö�»kË¾\¾ÔÏ}º�½g»�ÁM¿YÂ6ÑÓÏ}À"¾
ÑÓÈ Û ó¾'À6¾æË¾'À6¾'ÍÕ¼%½YÈÊ¿%¼Yº�¼YÂ6Ö�»�¾�È�ó»�À6ºÜÑÓÈÊÀ?Ë¾'Í\»äÀ"¾ Û ¾-�[Z]\v¾'¿%¼Zâ�ºKÂ"ã}À"¾'ÑÓ¾'Áq¼kÏ}ÎbðÆ¿YÂ6¿%ÈK½�ãkË¾\¾ÐºK»�îïË¾'À"¾'ÍÕ¼%½YÈ Û ¾'¿�¾\¼
fSgh�i�j$kLlnm5oSo^p^qrq5s;p^ltkLurv
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ÈÊ¿YÍ\Â6À6À"¾KÝ ¸²¹�ºK»�¼%½Y¾'¿�ÏäÎ�ÈÊÁ�ÈÊÁ�¿.¿Y¾\½�ºKÂ"¾'Áq¼�ÑTÂ6¿v¾'ÁMì%¾'» Á�ÈK¼YºKÑTÑÓ¾'Áq¼ØÍÕ¾'À6»�ÂÒóº»�,��ÑT¾\Ú Ö�»�ÂoÍÕÈK½Y½Y¾'¿%Ï-ÈÊÁ Û
ºK» Ï�½Y¾'ÑòÂ"¾\½ÒÑÓÈ Û ¾ Û ¾.ÏäÎ�ÈÊÁ�ÈÊÁ�¿ÒÂ6Áq¼%¾\½�Á�¾ Û »¼� Z]\ Ý�×)À�Á ¹¨ðñºÓÏäºK¿ÔÖ�»�¾�À©¹�Â°ÁU½ä»�¾'Á�ÍÕ¾ Û ¾'¿ÒÏäÎ�ÈÊÁ�ÈÊÁ�¿ÔÖq»�Â
Ïª¾'»�¼²õ¾\¼%½Y¾<Ë¾\¼Y» Û Â0Ë¾\¾TÑTºKÂ6¿ÐºK»�¿Y¿YÂ À6ºñ¿Y»�Ïä½�ºKÍÕÈÊÁ Û »�ÍÕ¼YÂ6Ã�Â"¼�Ë¾ Û ¾Ó¿%ð�¿Y¼Õó¾'ÑT¾'¿öóº Û Â6ÑÓ¾'Á�¿�Â"ÈÊÁ�Á�ºKÀ6Â6¼qË¾Ø½�Ë¾ Û »�Â"¼%¾KÝ
ÞhÁ ¾Õß-¾\¼\à Û ¾'¿ÒÏäÎkË¾'Á�ÈÊÑ�ó¾'Á�¾'¿ Û ¾Ø¿Y»�Ï�½0ºKÍÕÈÊÁ Û »�ÍÕ¼YÂ"ÃÆÂ"¼�Ë¾ Û ºKÁ�¿ Û ¾'¿ÔÁäºKÁ�ÈK¼Y»�ã-¾'¿-�>.�&�#R¾\¼vÀ©¹�Av¸;F¾�>.,��à^.,)$#
ÈÊÁb¼�Ë¾\¼�Ë¾²½�Ë¾'ÍÕ¾'ÑTÑÓ¾'Áq¼ÔÈKãä¿Y¾\½YÃ�Ë¾'¿\Ý

1.4.2 La technique des nanopores

ù9ºv¼%¾'Í�Î�ÁäÂ6Öq»�¾ Û ¾'¿�Á�ºKÁ�ÈKÏªÈK½�¾'¿ ÍÕÈÊÁä¿YÂ6¿%¼%¾�óºvâ�º�ã�½0Â6Öq»�¾\½ Û ¾'¿ ¼%½YÈÊ»ä¿ Û ¾gÏ-¾\¼YÂ"¼%¾'¿ Û Â°ÑÓ¾'Á�¿YÂ"ÈÊÁä¿ Û ºKÁ�¿¿gûHG�û±��P´�	ûdü
K�ÿ�ýKÿ]À�ÿL�$ÀÁI�ûdü »�Á�¾ÌÑT¾'ÑØã�½0ºKÁ�¾ Û ¾²Á�Â"¼%½�»�½�¾ Û ¾Ì¿YÂ°À6Â6Í\Â6»�Ñ Ö�»�Â ¾'¿Y¼v¿YÂ6¼Y»gË¾\¾ÌºK»ÆÙ Û ¾'¿�¿Y»�¿ Û ¹�»�Á�¾ Ë¾'À"¾'ÍÕ¼%½�È Û ¾ÜÑ<Ë¾\¼YºKÀ6À6Â°Öq»�¾KÝ

ù�¾'¿ñÏ-ÈK½Y¾'¿�¿%ÈÊÁq¼ñ¾'Á�¿Y»�Â"¼%¾é½Y¾'ÑTÏäÀ6Â6¿ Û ¾'¿�ÑÓÈÊÀ?Ë¾'Í\»�À"¾'¿íÖq»�¾éÀ©¹¨ÈÊÁ�Í0Î�¾\½�Í�Î�¾ôóº Ë¾\¼Y» Û Â"¾\½'ÝtavÁ�¾ ¿%¾'ÍÕÈÊÁ Û ¾
Ë¾'À"¾'ÍÕ¼%½YÈ Û ¾vÑ<Ë¾\¼YºKÀ°À6Â6Ö�»�¾Ô¾'¿%¼k¾'Á�¿Y»äÂ"¼%¾MË¾\Ã�º�Ï-ÈK½ÆË¾\¾.Ï-ÈÊ»�½g½�Ë¾'ºKÀ6Â6¿%¾\½ZÀ"¾ÍÕÈÊÁq¼YºKÍÕ¼öË¾'À"¾'ÍÕ¼%½�Â6Ö�»�¾KÝ�ù�¾ÐÁ�ÈÊÑØãä½Y¾ Û ¾
ÑÓÈÊÀ0Ë¾'Í\»�À"¾'¿kº Û ½Y¾'¿Y¿�Ë¾\¾'¿Z¾'¿Y¼hã-¾'ºK»�ÍÕÈÊ»�ÏöÏäÀ6»�¿oÏ-¾\¼YÂ"¼\à Û ¾À�¹¨ÈK½ Û ½Y¾ Û ¹�»�ÁTÑTÂ6À°À6Â"¾\½'àKÍÕ¾ÐÖq»�Â�Ïª¾\½0ÑÓ¾\¼ Û ¹,Ë¾\ÃÆÂ"¼%¾\½
À"¾'¿ñÏ�½YÈKãäÀ©ó¾'ÑT¾'¿ Û ¾ Û Ë¾\â�ºK»�¼Y¿ ÈKã�¼%¾'Áq»ä¿ Û ºKÁ�¿ñÀ"¾'¿�ÍÕÈÊ»�Í0Î�¾'¿ ÑÓÈÊÀ?Ë¾'Í\»äÀ6ºKÂ"½Y¾'¿ Û ¾é÷K½�ºKÁ Û ¾'¿ñ¾Õî�¼%¾'Áä¿YÂ"ÈÊÁ�¿
À6º�¼qË¾\½�ºKÀ"¾'¿\ÝÆù�¹�º1Ã�ºKÁq¼Yº�÷K¾Ð¾'¿%¼gºK»�¿�¿YÂ Û ¹�º1ÃKÈÊÂ"½k»äÁÓ¼YºK»ÆîTã-¾'ºK»�ÍÕÈÊ»�ÏTÏ}À6»�¿oâ4ºKÂ"ãäÀ"¾ Û ¾�ì)ÈÊÁäÍÕ¼YÂ"ÈÊÁ�¿�Ï-ÈÊ¿Y¿�Ë¾ Û ºKÁb¼
Û ¾'¿ÒÍÕÈÊ»�½Y¼Y¿%Ù Í\Â"½�Í\»�Â"¼Y¿��>.��!#�Ý

¸¾'¿gÑÓ¾'¿Y»�½�¾'¿oÈÊÁb¼ÓË¾\¼qË¾Ð½ÆË¾'ºKÀ6Â°¿qË¾\¾'¿g¿Y»�½ Û ¾'¿�ÑÓÈÊÀ?Ë¾'Í\»äÀ"¾'¿ Û ¾Â�?ÙQ&ØÏäÎkË¾'Áqð�À©ó¾'Á�¾ Û Â6Â°¿%È�ÍÕðÊºKÁäÂ Û ¾Â�>.,.$#}¾\¼ú�þ[Ã�JûdüÁPOüÁ�°þ�ý,À û
Ä P Å-Jû±Ã�ûdý$��P°ûSÆ´Æsû
Ç Jû)þ0ý$�	û

��¹�ºKÑòÂ6Á�È�ÙQ&�Ù�Ë¾\¼YÎbðÆÁqð�À"Ï}ÎgË¾'ÁbðÆÀGÙQ&�¹ Ù�Ë¾\¼YÎbðÆÁqð�À"Ï}ÎgË¾'ÁbðÆÀGÙ±��¹ Ù Á�Â"¼%½�È�Ù��?Ù�ãª¾'Á"È�ó¾'Á�¾ Û Â"¼YÎ�Â"ÈÊÀ�>.,0$#�ÝÊ¸ÐºKÁ�¿�À"¾kÍ\ºK¿ Û ¾kÀ6º
Ï�½Y¾'ÑTÂ©ó¾\½Y¾�ÑTÈÊÀ0Ë¾'Í\»�À"¾Kà�»�Á�¾.Í\º�½�ºKÍÕ¼�Ë¾\½�Â°¿%¼YÂ6Ö�»�¾Ø¿%ðÆÑëË¾\¼%½�Â6Ö�»�¾.¾'¿%¼�ÈKã�¼%¾'Á�»�¾KÝd��º�½ÔÍÕÈÊÁq¼%½Y¾Kà Û ºKÁ�¿�À"¾.Í\ºK¿ Û ¾
À6º�¿%¾'ÍÕÈÊÁ Û ¾ÑÓÈÊÀ?Ë¾'Í\»�À6¾KàbÀ6º�Í\º�½�ºKÍÕ¼�Ë¾\½�Â°¿%¼YÂ6Ö�»�¾Ô¾'¿%¼kºK¿%ðÆÑëË¾\¼%½�Â6Ö�»�¾Ô¾\¼h»äÁ�¾Òâ�ÈK½Y¼%¾Ò½ÆË¾'¿YÂ6¿Y¼YºKÁ�ÍÕ¾ Û ÂGßÔË¾\½Y¾'Áq¼YÂ"¾'À6À6¾
¾'¿%¼ÔÈKãä¿Y¾\½YÃ�Ë¾\¾ óºc)�
,` óºò»�Á�¾.ÏªÈÊÀ°º�½�Â6¿Yº�¼YÂ"ÈÊÁ Û ¾ØÏäÀ6»ä¿ Û ¾ Û ¾'»Æî�ÃKÈÊÀ"¼Y¿'Ý}ù�¹¨ÈK½0Â"÷ÊÂ6Á�¾ Û ¾ÌÍÕ¾\¼%¼%¾²½ÆË¾'¿�Â6¿%¼YºKÁ�ÍÕ¾
Û ÂGßÔË¾\½�¾'Áb¼YÂ"¾'À°À"¾ÓÏ-ÈÊ»�½Y½�ºKÂ"¼ÐÃK¾'Á�Â6½ Û ¾TÀ6ºí¿%¼%½�»�ÍÕ¼Y»�½�¾<Ë¾'À"¾'ÍÕ¼%½YÈÊÁ�Â6Ö�»�¾ Û ¾òÀ6º�ÑÓÈÊÀ?Ë¾'Í\»�À6¾=�>0�
ÆàL0C�D#�Ý�¸²¹�ºK»�¼%½Y¾'¿
Ë¾\¼Y» Û ¾'¿�¾ÕîÆÏkË¾\½�Â6ÑÓ¾'Áq¼YºKÀ"¾'¿æ¿%ÈÊÁb¼ ÑT¾'ÁgË¾\¾'¿æº�*äÁ Û ¹¨¾'¿Y¿Yº'ðK¾\½ Û ¾ ÍÕÈÊÁU*�½0ÑÓ¾\½ ÍÕ¾'¿ ¾Õß-¾\¼Y¿ Û ¾ ½ÆË¾'¿�Â6¿%¼YºKÁ�ÍÕ¾
Û ÂGßÔË¾\½�¾'Áb¼YÂ"¾'À°À"¾ÜÏäº�½ Û ¹�ºK»�¼%½Y¾'¿.Ñ<Ë¾\¼YÎ�È Û ¾'¿.¾ÕîÆÏZË¾\½�Â6ÑT¾'Áb¼YºKÀ"¾'¿ØÍÕÈÊÑTÑÓ¾TÀ"¾òÄÆÅÔÇÉ�>0,��à]0,�$#�Ý ¸ÐºKÁ�¿�ÍÕ¾TÍ\ºK¿\à
ÍÕ¾\¼%¼%¾²ÑÓÈÊÀ?Ë¾'Í\»äÀ"¾.Ï-ÈÊ»�½Y½�ºKÂ"¼�¿%¾\½�Ã�Â"½ Û ¾.ãäºK¿%¾MóºÓÀ6ºÜ½ÆË¾'ºKÀ°Â6¿Yº�¼YÂ"ÈÊÁ Û ¹¨ÈÊ¿YÍ\Â6À6À°º�¼%¾'»�½Z¾\¼ Û ¹�ºK»�¼%½Y¾'¿Í\Â"½�Í\»�Â6¼Y¿\Ý
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1.4.3 La méthode des jonctions bris ées

ù9ºÌ¼%½YÈÊÂ6¿YÂ©ó¾'ÑÓ¾.ºKÀ"¼%¾\½0Á�º�¼YÂ"ÃK¾Ð¾'¿%¼ZãäºK¿�Ë¾\¾�¿Y»�½ZÀ6º²ÑëË¾\¼YÎ�È Û ¾.½�Ë¾'ÍÕ¾'Áb¼%¾ Û Â"¼%¾ Û ¾'¿Rì)ÈÊÁ�ÍÕ¼YÂ6ÈÊÁ�¿hãä½�Â6¿�Ë¾\¾'¿\ÝúÆû Ä PGü�G1ÿ0üQP´��P ×
aÁ(*}ÀØ��÷RË¾'ÁkË¾\½0ºKÀ"¾'ÑÓ¾'Áq¼ Û ¾�À�¹¨ÈK½D�g¾'¿%¼ÒÀ6Â"¼YÎ�ÈK÷K½�º�ÏäÎ�Â?Ë¾.¿Y»�½Ò»äÁ�¿Y»�ãä¿%¼%½0º�¼t½�¾ÕîÆÂ6ãäÀ"¾KÝC�h»�Â6¿'à�óºÓÀ�¹�ºKÂ Û ¾ Û ¹�»�Á�¾
Ïª¾\½�¼Y»�ãäº�¼YÂ"ÈÊÁ<ÑëË¾'Í\ºKÁ�Â6Ö�»�¾Kà�ÈÊÁ<Ã�Â"¾'Áq¼ÜÍ\ºK¿Y¿%¾\½ÓÀ"¾�*äÀ©Ý5Av»åÁ�Â"ÃK¾'ºK» Û ¾ñÀ6ºæÍ\ºK¿�¿Y»�½Y¾Kà�Öq»äÂh¾'¿%¼ Û ¾M¼YºKÂ6À6À6¾
Á�ºKÁ�ÈÊÑ<Ë¾\¼%½�Â6Ö�»�¾KàÒÈÊÁ Û Â6¿%Ï-ÈÊ¿%¾ Û ¹�»�Á�¾'¿YÏäºKÍÕ¾ Û ºKÁä¿�À"¾'Öq»�¾'À.ÈÊÁ�Ï-¾'»�¼ Û Ë¾\Ï-ÈÊ¿%¾\½ Û ¾'¿íÑÓÈÊÀ0Ë¾'Í\»�À"¾'¿æÖq»�Â
Ï�½YÈ1ÃÆÂ"¾'Á�Á�¾'Áb¼ Û ¹�»�Á�¾v¿%ÈÊÀ6»�¼YÂ"ÈÊÁ�ÝqÞhÁä¿Y»�Â"¼%¾KàÊ÷K½�õºKÍÕ¾Tóº Û ¾'¿kºKÍÕ¼YÂ"ÈÊÁ�Á�¾'»�½�¿hÏ}Â0Ë¾�È\ÈRË¾'À6¾'ÍÕ¼%½�Â6Ö�»�¾'¿ZÈÊÁMÏª¾'»�¼h½�º�Ï�Ù
Ï�½YÈÆÍ�Î�¾\½ÒÀ"¾'¿ Û ¾'»Æî Ë¾'À"¾'ÍÕ¼%½�È Û ¾'¿ÔÑëË¾\¼YºKÀ6À6Â6Ö�»�¾'¿ZÏ-ÈÊ»�½ÒÖ�» ¹¨¾'À6À"¾'¿k½Y¾'Áq¼%½Y¾'Áq¼�¾'Á ÍÕÈÊÁb¼YºKÍÕ¼vº'ÃK¾'ÍÌÀ6ºÜÑÓÈÊÀ0Ë¾'Í\»�À"¾
ÍÕÈÊÑTÑÓ¾ÓÀ"¾ÜÑÓÈÊÁb¼%½�¾²À6ºc*�÷Ê»�½�¾��^��Ý������0Ý9ùRºòÏ�½ÆË¾'Í\Â°¿YÂ"ÈÊÁæÈKã�¼%¾'Áq»�¾Ü¿�»�½vÀ6¾ Û Ë¾\ÏäÀ6ºKÍÕ¾'ÑT¾'Áb¼.¾\¼ÐÀ6ºM¿%¼Yº�ãäÂ6À6Â6¼qË¾
¾'¿%¼.ãäÂ"¾'ÁéÑÓ¾'Â6À°À"¾'»�½Y¾²Öq»�¾ÓÍÕ¾'À6À6¾ Û » ÄÆÅÇ Ý ù�¾Ó¿%¾'»äÀ Â°Á�ÍÕÈÊÁbÃ�Ë¾'Á�Â"¾'Áq¼.¾'¿%¼�Ö�»�¾ÓÀ©¹¨ÈÊÁéÁ�¾ÓÍÕÈÊÁ�Á�º1õ Ù"¼ÐÏäºK¿.À"¾
Á�ÈÊÑØãä½Y¾ Û ¾ØÑÓÈÊÀ?Ë¾'Í\»äÀ"¾'¿�¾'Áq¼%½Y¾ØÀ"¾'¿ Û ¾'»Æî Ë¾'À"¾'ÍÕ¼%½�È Û ¾'¿'Ý

Ú�Û"Û"Üå¾\¼ÌºKÀoÈÊÁb¼Ø½�Ë¾'»�¿Y¿YÂóº�ÑT¾'¿Y»�½Y¾\½ØÀ°º�ÍÕÈÊÁ Û »�ÍÕ¼YºKÁ�ÍÕ¾ Û »éã-¾'ÁUÈ�ó¾'Á�¾ÕÙ���à>&�Ù Û Â"¼YÎ�Â6ÈÊÀo÷K½Y¾ÕßÔË¾ñ¿Y»�½úÆûdü Ä P Å-Jû±Ã©ûdý��	ûdü
ûrÝ±G�Jû±ÃÁP°ûdý,À ûdü À"¾'¿ïË¾'À"¾'ÍÕ¼%½�È Û ¾'¿ Û ¹¨ÈK½Þ�>0�&�#�Ý[aÁ�¾æ½�Ë¾'¿YÂ6¿%¼YºKÁäÍÕ¾æ½Y¾'À°º�¼YÂ"ÃK¾'ÑÓ¾'Áq¼öâ4ºKÂ"ãäÀ"¾ Û ¾=�,�ëÇ¼ß º Ë¾\¼�Ë¾ ÑÓ¾'¿Y»�½�Ë¾\¾æ¾\¼

Û ¾'¿ÓÏäºKÀ6Â6¾\½�¿ Û ºKÁ�¿ÓÀ6º Í\º�½0ºKÍÕ¼qË¾\½0Â6¿%¼YÂ6Ö�»�¾ ×dÙ�Ú ÈÊÁq¼ïË¾\¼�Ë¾�ÈKãä¿%¾\½YÃ�Ë¾'¿\Ý�avÁ�¾aË¾\¼Y» Û ¾�¼YÎkË¾\ÈK½�Â°Öq»�¾æºé¾'Á�¿Y»�Â"¼%¾
ÑÓÈÊÁb¼%½ÆË¾Öq»�¾ZÀ"¾'¿�ÏäºKÀ°Â"¾\½�¿RÈKãä¿%¾\½YÃ�Ë¾'¿ÌË¾\¼YºKÂ"¾'Áb¼h½Y¾'À6Â?Ë¾'¿ÔóºÐÀ6ºÐ¿%¼%½�»�ÍÕ¼Y»�½Y¾TË¾'À"¾'ÍÕ¼%½�ÈÊÁ�Â6Ö�»�¾ Û ¾�À6ºÐÑÓÈÊÀ0Ë¾'Í\»�À"¾Â�>0,�$#�Ý
�k¾\¼%¼%¾ö¾ÕîÆÏZË¾\½�Â"¾'ÁäÍÕ¾Mº�Ë¾\¼qË¾ñ½Y¾\Ïä½�Â6¿%¾TÏ}º�½Ì»�Á�¾öºK»�¼%½Y¾ Ë¾'Ö�»�Â"Ï-¾T¾\¼Üº�Ï�ÏäÀ°Â6Öq»kË¾\¾ö¿Y»�½ Û ¹�ºK»�¼%½Y¾'¿ØÑTÈÊÀ0Ë¾'Í\»�À"¾'¿
ÍÕÈÊÑTÑÓ¾.À"¾ Û È Û Ë¾'Í\ºKÁ�¾\¼YÎ�Â"ÈÊÀ}¾\¼Z»äÁöÍÕÈÊÑÓÏ-ÈÊ¿�Ë¾òóº²ãäºK¿%¾ Û ¾v¼YÎ�Â"ÈKÏäÎ ó¾'Á�¾KàÆÀ"¾ Û Â"¼YÎ�Â"ÈÊºKÍ}Ë¾\¼Yº�¼%¾.¼%¾\½Y¼YÎäÂ"ÈKÏäÎ ó¾'Á�¾
�rà�à>á�à�Å+�����>0,)�àS0��!#�Ý ù9¾ Û È Û Ë¾'Í\ºKÁ�¾\¼YÎ�Â"ÈÊÀRÍÕÈÊÑÓÏ-ÈÊ¿qË¾Ø¾'Á ÷K½0ºKÁ Û ¾.Ïäº�½Y¼YÂ6¾ Û ¹�»�Á�¾�Í0Î�º1õ Ù6Á�¾ÌºKÀ6Â"ÏäÎ�º�¼YÂ°Öq»�¾Ð¿%¾
ÑÓÈÊÁb¼%½�¾öãäÂ6¾'ÁëÂ6¿YÈÊÀ6ºKÁb¼�óºíâ4ºKÂ"ãäÀ6¾T¼%¾'Á�¿YÂ"ÈÊÁ�Ý5��º�½ÓÍÕÈÊÁb¼%½Y¾ Û ºKÁä¿ÌÀ"¾MÍ\ºK¿ Û » ÍÕÈÊÑTÏªÈÊ¿�Ë¾�Å+��à�Ö�»�Â�¾'¿%¼Ó»�Á
Í\ºKÁ Û Â Û º�¼ Û ¾Ø*äÀqÑÓÈÊÀ0Ë¾'Í\»�À6ºKÂ"½�¾Kà Û ¾'¿9Í\º�½0ºKÍÕ¼qË¾\½0Â6¿%¼YÂ6Ö�»�¾'¿�¿%ðÆÑëË¾\¼%½�Â6Ö�»�¾'¿�ÈÊ»ÌºK¿%ð�Ñ<Ë¾\¼%½0Â6Öq»�¾'¿Rº1ÃK¾'ÍgÏ}À6»�¿YÂ"¾'»�½�¿
¼%½�ºKÁ�¿YÂ"¼YÂ6ÈÊÁ�¿ZÈÊÁb¼�Ë¾\¼qË¾²ÈKãä¿%¾\½�Ã�Ë¾\¾'¿\Ý
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1.5 Le premier composant mol éculaire ?

ùRºÓ½�Ë¾'ºKÀ6Â6¿Yº�¼YÂ6ÈÊÁ Û ¹�»äÁ Í\Â"½�Í\»�Â6¼ÌóºTãäºK¿%¾ Û ¾ÌÑTÈÊÀ0Ë¾'Í\»�À"¾'¿Ò¾'¿Y¼À©¹�»�Á Û ¾'¿ÒÈKã�ì)¾'ÍÕ¼YÂ"â4¿ÒÏä½�Â6Á�Í\Â"Ï}ºK»Æî Û ¾ìbý.ýKÿL��í0ûSÆ´Æsû
þLÃ�ÀÁI�P´�	ûrÀS����Ã�û À©¹dË¾'À"¾'ÍÕ¼%½YÈÊÁ�Â6Ö�»�¾.ÑÓÈÊÀ?Ë¾'Í\»�À°ºKÂ"½Y¾KÝUaÁ�Í\Â6½�Í\»�Â"¼kÑÓÈÊÀ0Ë¾'Í\»�À6ºKÂ"½�¾ÐºëË¾\¼�Ë¾�â4º�ã�½�Â6Ö�»kË¾ÐÏäº�½;13256ª6�î¨Û"Wæ¾\¼�ºKÀØ�>0,.$#�Ý�×,À

¾'¿%¼Rã}ºK¿qË¾Z¿�»�½RÀ©¹�º�½0Í�Î�Â"¼%¾'ÍÕ¼Y»�½Y¾kÅR¾\½�ºKÑTºKÍ Û Ë¾\ÃK¾'À"ÈKÏ�ÏZË¾\¾�Ï}º�½ »�ÁÌÂ6Á Û »ä¿%¼%½�Â"¾'À"�>0,0$#�Ýª�k¾\¼%¼%¾�º�½�Í0Î�Â"¼%¾'ÍÕ¼Y»�½Y¾k¾'¿%¼
Á�ÈÊ»�ÃK¾'À6À"¾ Û ºKÁ�¿ÔÀ6¾Ø¿%¾'Á�¿ÔÈ ó»í¾'À6À6¾.¼%ÈÊÀ4ó¾\½Y¾ Û ¾'¿ÍÕÈÊÑÓÏ-ÈÊ¿YºKÁq¼Y¿ Û Ë¾\â	¾'ÍÕ¼Y»�¾'»�îÜì%»�¿�Öq» ¹	óºT¾'ÁbÃÆÂ"½YÈÊÁí¼%½YÈÊÂ6¿ÒÏ-ÈÊ»�½
ÍÕ¾'Áb¼\ÝÆÞhÀ6À6¾�¾'¿%¼hãäºK¿�Ë¾\¾Ð¿Y»�½ Û ¾'¿�Ïä½YÈK÷K½�ºKÑTÑÓ¾'¿gÂ6Á�â�ÈK½�ÑTº�¼YÂ6Ö�»�¾'¿�Ö�»�Â�Ï-¾\½�ÑT¾\¼%¼%¾'Áb¼ Û ¹�Â Û ¾'Áq¼YÂ�*�¾\½hÀ6¾'¿hÍÕÈÊÑÜÙ
ÏªÈÊ¿�ºKÁb¼Y¿ Û Ë¾\â�¾'ÍÕ¼Y»�¾'»Æîñ¾\¼ Û ¾�Í0Î�º�½Y÷K¾\½Ò¾'Á�Ñ<Ë¾'ÑÓÈÊÂ6½Y¾�»�Á�¾.º�½�Í0Î�Â"¼%¾'ÍÕ¼Y»�½Y¾�À6ÈK÷ÊÂ6Öq»�¾KÝ"�Z¾\¼%¼%¾Øº�½�Í�ÎäÂ"¼%¾'ÍÕ¼Y»�½Y¾
Ïª¾\½0ÑÓ¾\¼\àb¾'Á�¿�»�Â"¼%¾Kà Û ¾ÔÍÕÈÊÁ�Á�¾'ÍÕ¼%¾\½�À"¾'¿g½Y¾'¿Y¿%ÈÊ»�½�ÍÕ¾'¿gÂ°Áb¼YºKÍÕ¼%¾'¿\Ý"�k¾¼ ð�Ïª¾ Û ¹�º�½�Í0Î�Â"¼%¾'ÍÕ¼Y»�½Y¾v¾'¿%¼kÂ Û Ë¾'ºKÀäÏ-ÈÊ»�½
À©¹dË¾'À"¾'ÍÕ¼%½YÈÊÁ�Â6Ö�»�¾.ÑÓÈÊÀ?Ë¾'Í\»�À°ºKÂ"½Y¾ Û ºKÁ�¿ZÀ"¾v¿Y¾'Á�¿kÈ ó»MÂ°À}Á ¹¨¾'¿Y¼gÏäºK¿k¾'ÁqÃ�Â°¿Yº�÷K¾'º�ãäÀ"¾ Û ¾v½�Ë¾'ºKÀ6Â6¿%¾\½�»�Áö¾'Á�¿%¾'ÑÌãäÀ"¾
Û ¾ØÍÕÈÊÑÓÏ-ÈÊ¿YºKÁq¼Y¿�Ïäº�½Yâ4ºKÂ"¼Y¿ÌóºòÍÕ¾'Áb¼ÒÏ-ÈÊ»�½ÒÍÕ¾'Áq¼ÜóºÜã}ºK¿%¾ Û ¾.¼%¾'Í0Î�Á�Â6Ö�»�¾'¿ Û ¹�ºK»�¼%È�Ù ºK¿Y¿%¾'ÑÌãäÀ6º�÷K¾KÝ"Ý"Ý

� ÈÊ»�½é½ÆË¾'ºKÀ6Â°¿%¾\½ ÍÕ¾åÍ\Â6½�Í\»�Â"¼\àv»�Á�¾ëÑTÈÊÁ�È�ÍÕÈÊ»äÍ�Î�¾ Û ¾åÑÓÈÊÀ?Ë¾'Í\»�À"¾'¿ Û ¾ë½YÈK¼Yº�î�ºKÁ�¾ïº Ë¾\¼qË¾ â�º�ÙúÆû�ÀSP´ÃrÀS��P´�
ã�½�Â6Ö�»gË¾\¾KÝ,��Î�ºKÖq»�¾gÑÓÈÊÁ�ÈÆÍÕÈÊ»�Í0Î�¾g¾'¿Y¼ ÍÕÈÊÁ�Á�¾'ÍÕ¼qË¾\¾�Ï}º�½ Û ¾'»�îéË¾'À"¾'ÍÕ¼%½YÈ Û ¾'¿ ¾'ÁÌºKÀ6»äÑTÂ6Á�Â6»äÑ�Ý\ù9ºÏ�½Y¾'ÑTÂ©ó¾\½Y¾
Ë¾'À"¾'ÍÕ¼%½YÈ Û ¾Ì¾'¿Y¼È1î�ð Û Ë¾\¾Ü¾\¼vÂ6À9ð ºò»�Á�¾ØÏ-¾\¼YÂ"¼%¾Øã}º�½Y½�Â©ó¾\½Y¾Ì¼Y»�Á�Á�¾'À9â	ÈK½�Ñ<Ë¾\¾²Ïäº�½ÐÀ©¹¨È'îÆð Û ¾ Û ¹�ºKÀ°»�ÑTÂ6Á�Â°»�Ñ�Ý
A» ÁäÂ"ÃK¾'ºK» Û ¾ØÀ�¹�Â6Áb¼%¾\½�â�ºKÍÕ¾.¾'Áq¼%½Y¾ØÀ6ºÓ¿Y¾'ÍÕÈÊÁ Û ¾ Ë¾'À"¾'ÍÕ¼%½�È Û ¾Ø¾\¼ÔÀ6ºÓÑÓÈÊÁ�ÈÆÍÕÈÊ»�Í0Î�¾�¾'¿%¼ Û Ë¾\Ï-ÈÊ¿�Ë¾\¾²»�Á�¾e*äÁ�¾
ãäº�½Y½�Â©ó¾\½Y¾Z¾'ÁÜ¼YÂ"¼YºKÁ�¾KÝ�avÁÜÍÕÈÊ»�½�ºKÁq¼o¼Y»�Á�Á�¾'Àq½ÆË¾'¿%ÈÊÁ�ºKÁq¼o¾'¿%¼�ÑÓ¾'¿�»�½�Ë¾�¿YÂÆ»�Á�¾kÏª¾\¼YÂ6¼%¾ Û ÂGßÔË¾\½Y¾'ÁäÍÕ¾ Û ¾kÏ-ÈK¼%¾'ÁÆÙ
¼YÂ"¾'À ¾'¿%¼Ôº�ÏäÏäÀ6Â6Ö�»gË¾\¾KÝ�ù�¾'¿ÒÁ�Â6ÃK¾'ºK»ÆîMÃÆÂ Û ¾'¿ Û ¾�À6ºÓÑÓÈÊÀ?Ë¾'Í\»�À"¾ Û ¾.½YÈK¼Yº�î�ºKÁ�¾Ø¿%ÈÊÁq¼Ò¾'Á�¾Õß-¾\¼Ò¼%½'ó¾'¿Ï�½YÈÆÍ�Î�¾'¿
Û »æÁäÂ"ÃK¾'ºK» Û ¾���¾\½�ÑòÂ Û ¾ÜÀ©¹�ºKÀ6»äÑTÂ6Á�Â6»äÑ�Ý���º�½.ÍÕÈÊÁq¼%½Y¾Kà À"ÈK½�¿YÖ�» ¹�»�Á�Ï-ÈK¼%¾'Áq¼YÂ"¾'ÀRÏªÈÊ¿�Â"¼YÂ"â�Â6ÑÓÏ-ÈK½Y¼YºKÁq¼Ô¾'¿%¼
º�Ï�ÏäÀ6Â6Ö�»kË¾Kà�À6ºTÑTÈÊÀ0Ë¾'Í\»�À"¾ Û ¾�½YÈK¼Yº�î�ºKÁ�¾Ø¾'¿%¼ÔÈ'îÆð Û Ë¾\¾ Û ¾ØÑòºKÁ�Â4ó¾\½Y¾ØÂ"½�½�Ë¾\ÃK¾\½�¿YÂ"ãäÀ6¾KÝ"�hÀ6»�¿�ºK»äÍ\»�ÁíÍÕÈÊ»�½0ºKÁb¼
¼Y»�Á�Á�¾'À Á ¹¨¾'¿Y¼�ÈKãä¿%¾\½YÃ�Ë¾MóºÜâ�ºKÂ6ãäÀ"¾ÐÏ-ÈÊÀ6º�½�Â6¿Yº�¼YÂ6ÈÊÁ ÝU�Z¾\¼�¾Õßª¾\¼ÒÏ-¾'»�¼.õ¾\¼%½Y¾Ì»�¼YÂ6À6Â6¿�Ë¾ÐÏ-ÈÊ»�½�ÍÕÈÊÁU*�÷Ê»�½Y¾\½ÔÀ©¹,Ë¾\¼Yº�¼
Û ¾.À6ºØÏ-ÈK½Y¼%¾ÐÀ"ÈK÷ÊÂ6Ö�»�¾ÐÑÓÈÊÀ?Ë¾'Í\»�À6ºKÂ6½Y¾�bÆÏäºK¿�¿YºKÁb¼ZÈÊ»MãäÀ"ÈÆÖ�»gË¾KÝ�øÐ½�õºKÍÕ¾òóº²ÍÕ¾'¿ Û ¾'»Æî Ë¾\¼Yº�¼Y¿�Ï-ÈÊ¿Y¿YÂ6ãäÀ"¾'¿�Ï-ÈÊ»�½
ÍÕ¾'¿.Ï-ÈK½Y¼%¾'¿ÐÀ"ÈK÷ÊÂ6Ö�»�¾'¿\à Û ¾'¿Ðâ	ÈÊÁäÍÕ¼YÂ"ÈÊÁ�¿3A}Fv¸ ¾\¼�ï3? ÈÊÁb¼�Ë¾\¼�Ë¾ò½ÆË¾'ºKÀ°Â6¿qË¾\¾'¿\Ý�ù9º Û Â"ßÔË¾\½Y¾'Á�ÍÕ¾ Û ¾ÓÍÕÈÊ»�½0ºKÁb¼
Öq»�Â�ÍÕÈK½�½Y¾'¿%Ï-ÈÊÁ Û ºK»ÆîëË¾\¼Yº�¼Y¿hÏ}ºK¿Y¿YºKÁq¼�¾\¼�ãäÀ"ÈÆÖ�»gË¾�¾'¿%¼ Û ¾ÒÀ©¹¨ÈK½ Û ½Y¾ Û ¹�»�ÁÜâ4ºKÍÕ¼%¾'»�½+����ÝU�k¾ÒÍ\Â"½�Í\»äÂ"¼�½�Ë¾'ºKÀ6Â6¿%¾
Û ÈÊÁ�Í�»�ÁåÍ\Â"½�Í\»äÂ"¼ÌÏä½YÈK÷K½�ºKÑTÑTº�ã}À"¾ Ë¾'Ö�»�Â"Ã�ºKÀ"¾'Áq¼TºK»n��?@ï.Çñð�Ýo×,ÀZ¾'¿%¼ Û Ë¾,ì�óº Â6ÑÓÏ}À0Ë¾'ÑÓ¾'Áb¼�Ë¾ ¾'Áå¼%¾'Í0ÎÆÙ
Á�ÈÊÀ"ÈK÷ÊÂ"¾N��Çòï�Ä¼óÌÑòºKÂ6¿Ð¿%¾\½�ºKÂ"¼ÐÂ6Í\Â ½�Ë¾'ºKÀ6Â6¿Yº�ã}À"¾Ì¾'ÁèË¾'À"¾'ÍÕ¼%½�ÈÊÁ�Â6Ö�»�¾ÓÑÓÈÊÀ0Ë¾'Í\»�À6ºKÂ"½�¾ÌÏäº�½ Û ¾'¿¼%¾'Í0Î�Á�Â6Ö�»�¾'¿
ãª¾'ºK»äÍÕÈÊ»�ÏíÑÓÈÊÂ6Áä¿ZÈÊÁgË¾\½Y¾'»�¿%¾'¿\Ý

ô]õ uQkLöLuÁhLltl@h�÷�ø�pg9p]hDj3ùi�ø>v}s;p^ltkLurv
ú®û kDltü�ø�p^ltpSi�ýÁh®urv}s;pSýÁhLø>þ¨ù5ÿ�v$j$pSþ��!pSl��_oSkDi�j���oSýQk�urv��´ýQp^o	��i$kDø�kDö�v�
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1.6 Conc lusions de ce chapitre

aÁ�¾ÐÁ�ÈÊ»�ÃK¾'À6À"¾vÈK½�Â"¾'Áq¼Yº�¼YÂ"ÈÊÁñ¾'¿%¼Z¾'ÁM¼%½�ºKÂ6Á Û ¾ÐÏ�½Y¾'Á Û ½Y¾Ôâ�ÈK½�ÑÓ¾Ð¾'ÁôË¾'À"¾'ÍÕ¼%½YÈÊÁäÂ6Öq»�¾ÐÑTÈÊÀ0Ë¾'Í\»�À6ºKÂ"½Y¾KÝìbýÊû�ý�ÿL��í0ûSÆ´Æsû
ÿLÃÁP°ûdý��°þ���P6ÿ0ý�� ÞhÁM¾Õßª¾\¼\à�À"¾ÐÍ\Â"½�Í\»äÂ"¼gÑÓÈÊÀ?Ë¾'Í\»äÀ6ºKÂ"½Y¾½�Ë¾'ºKÀ6Â6¿�Ë¾.Ïäº�½ZÀ©¹dË¾'Öq»äÂ"Ï-¾ Û ¾�aÂ°À6À6Â6ºKÑT¿;�>0,.$# Ïª¾\½0ÑÓ¾\¼%¼%½�ºKÂ"¼ Û ¾v½�Ë¾'ºKÀ6Â6¿%¾\½

Û ¾'¿ÔÏ-ÈK½Y¼%¾'¿À"ÈK÷ÊÂ6Ö�»�¾'¿Ôº1ÃK¾'Í *äÁ�ºKÀ"¾'ÑÓ¾'Áq¼ Û ¾'¿Ò¼%¾'Í�ÎäÁ�Â6Ö�»�¾'¿ÒÏ-¾'»íÍ0Î-ó¾\½Y¾'¿\Ý9ïÐÁí¾'ÁbÃÆÂ6¿Yº�÷K¾ Û ÈÊÁ�Í Û ¾Ø½Y¾'ÑÜÙ
ÏäÀ6ºKÍÕ¾\½oÍÕ¾\½Y¼YºKÂ6Á�¿ Ï�½�È�Í}Ë¾ Û Ë¾'¿ Û ¾kâ�º�ãä½�Â6Í\º�¼YÂ"ÈÊÁ%��¼%¾'Í�Î�ÁäÂ6Öq»�¾'¿ »äÀ"¼%½�º�Ù�ÃÆÂ Û ¾$�-Ï}º�½ Û ¾'¿R¼%¾'Í0Î�Á�Â6Ö�»�¾'¿RÏ�½YÈKÏ�½�¾'¿Zóº
À©¹dË¾'À"¾'ÍÕ¼%½YÈÊÁ�Â6Ö�»�¾.ÑÓÈÊÀ?Ë¾'Í\»�À°ºKÂ"½Y¾ÐÏ-ÈÊ»�½ Û Â6ÑTÂ6Á�»�¾\½kÀ"¾.ÍÕÈ õ»�¼ Û ¾Ðâ�º�ã�½0Â6Í\º�¼YÂ"ÈÊÁ Û ¾'¿�Í\Â"½�Í\»äÂ"¼Y¿ZÂ6Áb¼�Ë¾\÷K½ÆË¾'¿\Ý}ù�¹¨ÈKÏ�Ù
¼YÂ6Öq»�¾ÔÁ ¹¨¾'¿%¼gÏäÀ6»�¿�Â°Í\Â Û ¾Ô½ÆË¾'ºKÀ°Â6¿%¾\½g»äÁTÍÕÈÊÑÓÏ-ÈÊ¿YºKÁq¼kÁ�ºKÁ�ÈÊÑëË¾\¼%½�Â6Ö�»�¾ÒÏ-ÈÊ»�½�Ï-ÈÊ»�½�¿�»�Â"Ã�½Y¾�À6º.Ï�½Y¾'ÑòÂ4ó¾\½Y¾À"ÈÊÂ
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Chapitre 2

Théorie du transpor t à travers une
mol écule
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2.1 Le formalisme de Bardeen

ù�¹�º�Ï�Ïä½YÈ�Í0Î�¾ Û ¾�Í;V9WYÜ5Û"Û$ô�Ë¾\¼YºKÂ6¼.óº²À©¹¨ÈK½�Â"÷ÊÂ°Á�¾ Û ¾'¿%¼YÂ6ÁkË¾\¾Tóº�¾ÕîÆÏäÀ6Â°Öq»�¾\½ Û ¾ÑTºKÁäÂ4ó¾\½Y¾v¿�Â6ÑÓÏäÀ"¾ÒÀ�¹¨¾Õßª¾\¼
¼Y»�Á�Á�¾'À.Ë¾'À6ºK¿%¼YÂ6Ö�»�¾²ÈKãä¿%¾\½YÃ�Ë¾²¾'Áq¼%½Y¾ Û ¾'»Æî�Ë¾'À"¾'ÍÕ¼%½�È Û ¾'¿ÐÑ<Ë¾\¼YºKÀ6À°Â6Öq»�¾'¿¿�Ë¾\Ïäº�½ÆË¾\¾'¿�Ïäº�½.»�Á È1î�ð Û ¾»�´�D#�ÝYA»
*äÀ Û ¾'¿ÐºKÁ�ÁkË¾\¾'¿'à-ÍÕ¾²â�ÈK½�ÑTºKÀ6Â6¿�ÑÓ¾ØºïË¾\¼�Ë¾Tº�Ï�Ï}À6Â6Ö�»gË¾ØÏ-ÈÊ»�½Ô¾ÕîÆÏäÀ"ÈK½�¾\½ Û ¾ÜÁ�ÈÊ»�ÃK¾'ºK»Æî Û ÈÊÑTºKÂ6Á�¾'¿vÍÕÈÊÑTÑÓ¾
À6ºíÑTÂ°ÍÕ½YÈÊ¿YÍÕÈKÏäÂ"¾ò¼Y»�Á�Á�¾'Àh¾\¼²À"¾ò¼%½�ºKÁ�¿%Ï-ÈK½Y¼ Û ºKÁ�¿ Û ¾'¿ÌÑÓÈÊÀ?Ë¾'Í\»äÀ"¾'¿\ÝR¸ÐºKÁ�¿Ü»�Á Ï�½Y¾'ÑTÂ6¾\½�¼%¾'ÑÓÏä¿\à Á�ÈÊ»�¿
ºKÀ6À"ÈÊÁ�¿ Û ÈÊÁ�Í Ï�½ÆË¾'¿Y¾'Áb¼%¾\½ñÀ"¾'¿ Û ÂGßÔË¾\½Y¾'Áq¼%¾'¿öâ	ÈK½�Ñ²»�À6º�¼YÂ6ÈÊÁ�¿ Û » ÍÕÈÊ»�½�ºKÁb¼öÈKã�¼%¾'Á�»�¾'¿ö¿�ºKÁ�¿ Û Ë¾\¼YºKÂ6À°À"¾\½öÀ6º
â	ÈK½�ÑT¾ Û ¾'¿�ÑTº�¼%½�Â°ÍÕ¾'¿ Û ¾ÔÍÕÈÊ»�Ï}À6º�÷K¾KÝ��h»�Â°¿\à Û ºKÁ�¿�»�Á�¾Z¿Y¾'ÍÕÈÊÁ Û ¾ÒÏäº�½�¼YÂ"¾KàÊÁ�ÈÊ»�¿�¾ÕîÆÏ-ÈÊ¿%ÈÊÁ�¿�ÍÕ¾'¿gÑTº�¼%½�Â6ÍÕ¾'¿
Û ¾ØÍÕÈÊ»�ÏäÀ°º�÷K¾ Û ºKÁ�¿ÒÀ"¾�Í\ºK¿ Û ¹�»�Á�¾Ðãäº�½�½�Â4ó¾\½Y¾�Â6¿%ÈÊÀ°ºKÁb¼%¾KÝ
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2.1.1 Form ule du courant

Í;V9WYÜ9ÛdÛ$ô Í0Î�¾\½�Í0Î�¾ óºæÍ\ºKÀ6Í\»äÀ"¾\½²À6¾MÍÕÈÊ»�½0ºKÁb¼ óºí¼%½0º'ÃK¾\½�¿Ó»�Á<Â6¿%ÈÊÀ°ºKÁb¼\Ý ×,ÀkÍÕÈÊÁ�¿YÂ Û ó¾\½Y¾ Û ¾'»Æî Ë¾\¼Yº�¼Y¿
Ë¾'À"¾'ÍÕ¼%½YÈÊÁ�Â6Ö�»�¾'¿3÷ øiùè¾\¼3÷ úûùèº�Ï�Ï}º�½Y¼%¾'Á�ºKÁq¼ÓóºMÍ�Î�ºKÍ\»äÁ�¾ Û ¾'¿ Û ¾'»�î�Ë¾'À"¾'ÍÕ¼%½YÈ Û ¾'¿\Ý-ù9ºöÏ�½YÈKãäº�ãäÂ°À6Â"¼qË¾�Ïäº�½
»�Á�Â"¼�Ë¾ Û ¾æ¼%¾'ÑTÏä¿ Û ¾í¼%½�ºKÁä¿%â	¾\½�¼ Û ¹�»äÁ Ë¾'À"¾'ÍÕ¼%½YÈÊÁ�¾'Áq¼%½Y¾éÀ"¾'¿ Ë¾\¼Yº�¼Y¿ ÍÕÈÊÁ�¿YÂ Û Ë¾\½ÆË¾'¿ Û ¾�Í0Î�ºKÖq»�¾�ÍbõÈK¼�Ë¾Kà²óº
¼%½�º'ÃK¾\½�¿.À°ºTãäº�½Y½0Â4ó¾\½Y¾²Â°¿%ÈÊÀ6ºKÁq¼%¾Ø¾'¿%¼ Û ÈÊÁ�ÁkË¾\¾²¾'Á�Ïª¾\½�¼Y»�½Yãäº�¼YÂ"ÈÊÁíºK»æÏä½Y¾'ÑTÂ"¾\½ÈK½ Û ½Y¾ÌÏäº�½vÀ°ºT½ÆË¾\÷ÊÀ"¾ Û ¹¨ÈK½
Û ¾-��¾\½�ÑòÂ�����Â"÷Ê»�½Y¾-��Ý��!�eb

ü�ýËþ©ÿ ����� ÷ ��ýËþN÷ �����	�*ý�
��~þ$��tý]�^��
�`þ!� �r��Ý��!�

�k¾\¼%¼%¾�Ï�½YÈKã}º�ãäÂ6À6Â"¼�Ë¾ö¾'¿%¼ Û ÈÊÁ�ÍöÏ�½YÈKÏ-ÈK½Y¼YÂ"ÈÊÁ�Á�¾'À6À"¾�óº�À6ºæÃ�ºKÀ"¾'»�½ Û ¾MÀ©¹,Ë¾'À"¾'ÑT¾'Áb¼ Û ¾ñÀ6º�ÑTº�¼%½�Â6ÍÕ¾ Û ¾
¼%½�ºKÁ�¿%â�¾\½Y¼���ýËþc��È�ó»íÏäÀ6»�¿�ÍÕÈÊÑTÑ²»�ÁkË¾'ÑÓ¾'Áq¼Ðº�Ï�Ï-¾'À0Ë¾\¾ÌÑTº�¼%½�Â°ÍÕ¾ Û ¾ØÍÕÈÊ»�Ï}À6º�÷K¾$�0Ý}ÞgÀ6À"¾ Û Ë¾\Ï-¾'Á Û ºK»�¿�¿YÂ Û ¾'¿
Û Â6¿%¼%½�Â6ãä»�¼YÂ"ÈÊÁ�¿ Û ¾ ��¾\½0ÑTÂ���Týh¾\¼�Wþ$� Û ¾'¿ Û ¾'»Æî�Ë¾\¼Yº�¼Y¿ Û ºKÁ�¿ÐÀ"¾'¿�Ë¾'À"¾'ÍÕ¼%½�È Û ¾'¿.Ñ<Ë¾\¼YºKÀ°À6Â6Ö�»�¾'¿\Ý}ÞgÁí¾Õß-¾\¼\à
ÏªÈÊ»�½öÖ�» ¹�Â6ÀÒð ºKÂ6¼ö»�ÁaÍÕÈÊ»�½�ºKÁq¼\àkÂ°ÀÒâ4ºK»�¼öÖ�»�¾æÀ�¹dË¾\¼Yº�¼ ÷ ø ù ¿%ÈÊÂ6¼òÈÆÍ\Í\»�ÏkË¾ óº Û ½�ÈÊÂ"¼%¾ ¾\¼ñÀ©¹dË¾\¼Yº�¼ ÷ ú ù
¿%ÈÊÂ"¼TÂ6Á�ÈÆÍ\Í\»�ÏZË¾<óºé÷ÊºK»äÍ�Î�¾KÝ�ÄÆÂ�Á�ÈÊ»�¿TÑ²»�À"¼YÂ6ÏäÀ6Â"ÈÊÁ�¿ÌÍÕ¾\¼%¼%¾íÏ�½�ÈKãäº�ãäÂ6À6Â6¼qË¾ñÏäº�½öÀ6º Í�Î�º�½�÷K¾�Ë¾'À0Ë¾'ÑÓ¾'Áq¼YºKÂ"½Y¾
Û ¾TÀ©¹dË¾'À"¾'ÍÕ¼%½YÈÊÁ à9Ïä»�Â6¿Ð¿YÂoÁ�ÈÊ»ä¿.¿%ÈÊÑTÑÓÈÊÁ�¿.¿�»�½.¼%ÈÊ»�¿�À"¾'¿æË¾\¼Yº�¼Y¿[÷ ø�ù Û ¾ÓÀ©¹dË¾'À"¾'ÍÕ¼%½YÈ Û ¾ Û ¾ Û ½YÈÊÂ"¼%¾Kà Á�ÈÊ»�¿
ÈKã�¼%¾'Á�ÈÊÁ�¿À"¾�ÍÕÈÊ»�½�ºKÁq¼MË¾'À"¾'ÍÕ¼%½YÈÊÁ�Â°Öq»�¾ Û ¾�À6ºÜ÷ÊºK»�Í0Î�¾�ÃK¾\½�¿À6º Û ½YÈÊÂ"¼%¾öóºT¼%¾'ÑÓÏkË¾\½�º�¼Y»�½Y¾ÌÁq»�À°À"¾KÝ


�����çÿ ��������� ý�� þ ÷ ��ý]þc÷ � ��	�býQ���^��
���	��þ�
���� �]�����	�*ý�
���þ$� �r��Ý_���

ù�¾é¼%¾\½�ÑÓ¾����	� ý 
 � þ �T¼%½0º Û »�Â"¼MÀ6ºåÍÕÈÊÁ�¿%¾\½YÃ�º�¼YÂ"ÈÊÁ Û ¾ À©¹dË¾'Á�¾\½Y÷ÊÂ"¾é¾\¼�À6º<Á�º�¼Y»�½Y¾èË¾'À6ºK¿%¼YÂ°Öq»�¾ Û »
¼%½�ºKÁ�¿%Ï-ÈK½Y¼\ÝFÔÈÊ»ä¿Ü½Y¾\¼%½YÈÊ»�ÃKÈÊÁ�¿ÜÂ6Í\ÂkÀ6ºæâ	ÈK½0ÑÌ»�À6¾ Û ¾"!ÂÛ"W�#$2%$&$é¾\¼('�V98}VAôlôôÖ�»�Âgº Ë¾\¼qË¾íº�Ï�ÏäÀ°Â6Öq»kË¾\¾
¾'Á<ÑòÂ6ÍÕ½YÈÊ¿YÍÕÈKÏäÂ6¾ö¼Y»�ÁäÁ�¾'À;�>��à'�$#�Ýoù�¾�ÍÕÈÊ»�½�ºKÁq¼Ü¾'¿%¼ Û ÈÊÁ�Íö»äÁ�¾öâ�ÈÊÁ�ÍÕ¼YÂ"ÈÊÁåÁ�ÈÊÁ�Ù À6Â6ÁkË¾'ºKÂ"½Y¾ Û »ëÏªÈK¼%¾'Áq¼YÂ"¾'À
º�Ï�ÏäÀ6Â6Ö�»kË¾åóº<¼%½�º1ÃK¾\½�¿ À6ºëâ�ÈÊÁ�ÍÕ¼YÂ"ÈÊÁ Û ¾ Û Â6¿%¼%½�Â6ãä»�¼YÂ"ÈÊÁ Û ¾ò��¾\½�ÑòÂ¾\¼�À6º<ÑTº�¼%½�Â°ÍÕ¾ Û ¾�ÍÕÈÊ»�Ï}À6º�÷K¾)�týËþ�Ý
FÔÈÊ»�¿vÃK¾\½Y½�ÈÊÁ�¿Ð»�ÁíÏ-¾'»æÏäÀ6»�¿À"ÈÊÂ6ÁæÖq»�¾ÜÀ"¾Ì¼%¾\½�ÑÓ¾*�týËþ Û Ë¾\Ï-¾'Á Û�Û ¾²À°ºòâ�ÈK½�ÑÓ¾ Û ¾'¿ãäº�½Y½�Â©ó¾\½Y¾'¿ Û ºKÁä¿À6º
ì)ÈÊÁ�ÍÕ¼YÂ6ÈÊÁ Ýä¸ÐºKÁ�¿ÒÀ6ºÓÀ°Â6ÑTÂ"¼%¾ÐÈ�ó» À"¾.Ï-ÈK¼%¾'Áq¼YÂ"¾'À�º�Ï�Ï}À6Â6Ö�»gË¾v¾'¿Y¼Òâ�ºKÂ6ãäÀ"¾Kà�À"¾.¼%¾\½�ÑÓ¾+� ýËþ Á�¹¨¾'Á Û Ë¾\Ï-¾'Á Û ÏäÀ6»�¿'Ý
FÔÈÊ»�¿ÔÏ-ÈÊ»�ÃKÈÊÁ�¿�ºKÀ"ÈK½�¿ÔÑÓÈÊÁb¼%½�¾\½Ö�»�¾�À"¾�ÍÕÈÊ»�½�ºKÁq¼Ô¿Y»äÂ"¼�»�Á�¾�À"ÈÊÂ À6Â°ÁgË¾'ºKÂ"½Y¾ Û »�Ï-ÈK¼%¾'Áq¼YÂ"¾'À�º�Ï�ÏäÀ°Â6Öq»kË¾�b

,� � ÿ ����� ��� � � ý�� þ ÷ � ýËþ ÷ �-���	�/.�
0� ý �213���	�4.0
�� þ � �r��Ý_���

Aê»�Á�¾¼%¾'ÑÓÏZË¾\½�º�¼Y»�½�¾ÐÁ�ÈÊÁMÁ�»�À6À6¾KàbÀ"¾ÍÕÈÊ»�½�ºKÁb¼Z÷ÊÀ"ÈKã}ºKÀä¾'¿%¼öË¾\÷ÊºKÀ�óºÌÀ°º Û Â"ßÔË¾\½Y¾'Á�ÍÕ¾v¾'Áq¼%½Y¾.À"¾ÍÕÈÊ»�½0ºKÁb¼
ÃK¾\½�¿hÀ6º Û ½YÈÊÂ"¼%¾Z¾\¼hÍÕ¾'À6»�ÂÆÃK¾\½0¿�À6ºÐ÷ÊºK»�Í0Î�¾KÝqÞgÁÜ½Y¾'ÑÓÏäÀ6º65Í\ºKÁq¼hÀ"¾'¿o¿YÈÊÑTÑÓ¾'¿�¿Y»�½�À"¾'¿ÜË¾\¼Yº�¼Y¿ Û ¾'¿ÌË¾'À"¾'ÍÕ¼%½YÈ Û ¾'¿
Ïäº�½ Û ¾'¿ÓÂ6Áq¼qË¾\÷K½�ºKÀ"¾'¿ Û ¾'¿ Û ¾'Á�¿YÂ"¼�Ë¾'¿ Û ¹,Ë¾\¼Yº�¼Y¿¼�87 ý+9;:=< ý	> ���0ào¾\¼Ü¾'Áå¼%¾'Á�ºKÁb¼öÍÕÈÊÑÓÏ�¼%¾ Û »ï¿%ÏäÂ°Á àRÀ"¾
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2.2.1 Description du formalisme de diffusion

La forme général de l’hamiltonien
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2.2.2 Application aux fils mol éculaires : travaux de Mujica
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Description des self- énergies
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2.3 La théorie de Landauer
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2.3.1 La form ule de Landauer

Pour un conducteur ballistique ...
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Î�Ñ	ÓCÑhÍ ãÎ%�.Ï�Ì.ÑhÍwÔ�Ð*Ï>Ò Ü¢ãÎ�Ñ�Î�Ï,�;ÓEÎ�Î�Í>Î�Ñ	Ñ*å.Í�Ì.Ñ�Í ��¬^éB²'¥ � ¬^é�²mB¬^éB²
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µ å;ÐbÔ�å65bÍ,Î�Ñ*å;Ñ�Ô�Ì�Ö.Î�ä�Ò Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ ¬ ¹�� ëDC ² ÒCÌE0[å.ÏF��Ð�ÒCÎ � Î Å2Æ�Ç�ÈiÆiÉ�Ê�Ë �<Ð�ÓRÎ�Ô,Í�Ð*Í�ÓJÒCÓCÔ ãÎ�ÎG(iå;Ð*Ï� ãÎ�ä�Ï�ÓEÏ�Î�ÒCÎ3Í,Ï�Ì.Ñ�ÔH(iå.Ï�Í � Ì.Ñ�Ô � Î�Ñ*å'�I5�Ï�Î�ÐKJ�ÔHL�Ô,Í>7Î���Î�Ô&� ãÎ�Ô,å;Ô�ä�å6(bÓM�<Ð*Î�Ô �
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Lien entre le formalisme de Bardeen et celui de Landauer

¶ Ì � Î�Ô�ä�Ï�Ó�(�Í�ÓEå;Ñ � Ð�Í,Ï�Ì.ÑbÔH(iå.Ï�Í ãÎ�ÒCÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î$Î�Ô,Í2Ï�Î�ÒCÌWÍ�ÓCÖ.Î���Î�Ñ�Í � ÓRQ ãÎ�Ï�Î�ÑhÍ,Î1Î�ÑhÍ,Ï�Î>ÒEÎ�0[å.ÏF��Ì.ÒCÓCÔ,��Î� Î&S Æ�Ë#È�Ê�ÊbÇ Î�Í2ä�Î�ÒCÐbÓ � Î ÅRÆ�Ç/ÈiÆ#É/Ê�Ë ��T å;Ð*Ï�Í�Ì.ÑhÍ%U;ÓCÒ<Î�Ô,ÍV(?å;Ô�Ô�Ó�5bÒEÎ � Î�0XÌ.ÓCÏ�Î � Î�Ô2ä�å;Ñ�Ñ*Î�ä�Í�ÓEå;Ñ�Ô7Î�ÑhÍ,Ï�ÎÒEÎ�Ô � Î�ÐKJMÌD(W(bÏ�å<äLæ*Î�ÔX(iå;Ð*ÏX�hÐ Ü Î�ÒJÒEÎ�Ô�ÌD5?å;Ð�Í�ÓCÔ�Ô,Î�ÑhÍ)7Ì4Ð�Ñ�ÎI0Xå.ÏY�BÐ�ÒCÌWÍ�ÓEå;Ñ ãÎ��hÐbÓEÖ6Ì.ÒCÎ�Ñ�Í,Î � ÐMÍ,Ï�Ì.Ñ�ÔH(iå.Ï�Í� Ì.Ñ�Ô�ÒCÌV9,å;Ñ�ä�Í�ÓEå;Ñ � / Ñ�Î>Q?Î�Í%U.Ô�Ó<Ñ*å;Ð�Ô"(iå;Ô,å;Ñ�Ô��hÐ*Î8ÒCÌ>Í,ÏLÌ.Ñ�Ô,��ÓCÔ�Ô�ÓEå;Ñ � Ì.ÑbÔ�ÒCÌ&0[å.ÏF��Ð�ÒCÎ � Î Å2Æ�Ç/ÈiÆ#É/ÊbËÎ�Ô,Í>Ï ãÎ%�;ÓEÎI(bÌWÏjÒ Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ�Ô�ÐbÓEÖ6Ì.ÑhÍ,Î6UbÑ*å;ÐbÔ$å65�Í,Î�Ñ*å;Ñ�ÔwÌ.ÒEå.Ï�Ô1ÒCÌ�0Xå.ÏY�BÐ�ÒEÎ � ÎIZ Æ�Ë+[]\^\^_�ÇF¬ ¹�� ¾h² ���¬^éB²'¥ ¾'`
a  � $ a ¼�b $ b � ¬ ¹�� ë °z²c å;Ð�Í�ÒEÎd(bÏ�å65bÒe7Î���Î�Ì.ÐFÑ�ÓEÖ.Î�Ì.Ð � Î4ÒJÌ	Í�æ ãÎ�å.Ï�ÓCÎ � Î Å2Æ�Ç/ÈiÆ#É/ÊbË ä�å;Ñ�Ô�ÓJÔ,Í,Î � å;Ñ�äf7Ì�ä�Ì.ÒCä�Ð�ÒEÎ�Ï�ÒCÌ
Í,Ï�Ì.Ñ�Ô,��ÓJÔ�Ô�ÓEå;Ñ � Ì.Ñ�ÔwÒCÎ�ä�Ì.Ô � Ü Ð�Ñ*Îg��å;Ò ãÎ�ä�Ð�ÒEÎg�hÐ�Î�ÒCä�å;ÑW�<Ð*Î�Î�ÑhÍ,Ï�Î � Î�ÐKJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô ��h Î�ÐKJi�.Ï�å;Ðj(iÎ�Ô� Î>Ï�Î�äLæ*Î�Ï�ä�æ�Î�Ô'Ð*Í�ÓJÒCÓCÔ,Î�ÑhÍ�ÐbÑ*Î>ÌD(W(�Ï�å�ä�æ�ÎjÔ�ÓM��ÓJÒCÌ.ÓEÏ�Î��hÐbÓ*ä�å;Ñ�Ô�ÓCÔ,Í,Î�7Ì ãÎ�Ö6Ì.ÒCÐ�Î�Ï'ÒCÌ�Í,Ï�Ì.ÑbÔ,��ÓCÔ�Ô�ÓEå;Ñ�Î�Ñ�ä�Ì.ÒRk
ä�Ð�ÒCÌ.ÑhÍjÒEÎ�Ôjä�å<Î%l�ä�ÓEÎ�ÑhÍ�Ô � Î�Ô*0Xå;Ñ�ä�Í�ÓEå;Ñ�Ô � Ü å;Ñ � Î�Ô>Í,Ï�Ì.Ñ�Ô,��ÓJÔ,Î�Ô>Ì�Ö.Î�äBÒ Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ � Î)m+npo Ë&q_�È![XÇ"r�ÊbË �µ å;Ð�Ô'Ñ Ü Ì.ÒCÒEå;ÑbÔV(�Ï ãÎ�Ô,Î�ÑhÍ,Î�Ï8ÓCä�Ós�hÐ*Î>ÒJÌ-� ãÎ�Í�æ*å � Î / �ut+�uvg� ª �<Ð�Ó�Î�Ô,ÍgÒJÌ2(bÒCÐ�Ô � ãÎ�Ö.Î�ÒCå6(W( ãÎ�Î9Ì.ÐD9�å;Ð*Ï � Ü æhÐbÓ �¶ Î�Ô>Í,ÏLÌ�ÖWÌ.ÐKJ � Î�Ò Ü Ì.Ð*Í,Ï�Î�Ô ãÎ��<Ð�Ó�(iÎ�Ô,å;ÑhÍ � ãÎ�Í�Ì.ÓCÒJÒ ãÎ�Ô � Ì.Ñ�Ô1ÒCÎ�Ô1Ï ãÎ%0 ãÎ�Ï�Î�Ñbä�Î�Ô9Ô�Ð�ÓEÖWÌ.Ñ�Í,Î�Ô = ¾ Cxw ¾�Äx? �

2.3.2 La méthode E.S.Q.C

¶ ÌX� ãÎ�Í�æ*å � Î / �ut+�uvg� ª ¼ ä�Ì.ÒJä�Ð�ÒEÎ � å;Ñ�ä8ÒCÌ9Í,Ï�Ì.Ñ�Ô,��ÓJÔ�Ô�ÓEå;Ñ � Ü Ð�Ñ ãÎ�ÒCÎ�ä�Í,Ï�å;ÑE7Ì9Í,Ï�Ì�Ö.Î�ÏLÔ2Ð�Ñ*Î���å;Ò ãÎ�ä�Ð�ÒEÎ= ¹ ;x? � ¶ ÌP��å;Ò ãÎ�ä�Ð�ÒEÎ�Î�Ô,Í�Ö<Ð*Î�ä�å'�G��Î�Ð�Ñ*Î�ÓB�)(bÐ*Ï�Î�Í ãÎy�<Ð�ÓV5�Ï�ÓJÔ,Î�Ò Ü ÓCÑhÖ6ÌWÏ�ÓJÌ.Ñ�ä�Î�(bÌWÏ�Í,Ï�Ì.Ñ�Ô�ÒCÌWÍ�ÓEå;Ñ � Î�Ô� Î�ÐKJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô � ¶gÜ ÓCÑhÍ,Î�Ï�Ì.ä�Í�ÓEå;Ñ � ÓEÏ�Î�ä�Í,Î�Î�ÑhÍ,Ï�Î�ÒCÎ�Ô � Î�ÐKJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�ÔwÎ�Ô,Í>Ï�Î��)(ÕÒCÌ.ä ãÎ�Î�(bÌWÏ9Ð�Ñ�ä�å;ÐKk(bÒCÌD�.Î	ÓCÑ � ÓEÏ�Î�ä�Í�Ì�Ö.Î�äHÒCÌz��å;Ò ãÎ�ä�ÐbÒEÎ � ¶ ÎMÔHL<Ô�Í>7Î���ÎE� ãÎ�Í�Ì.Ò|{���å;Ò ãÎ�ä�ÐbÒEÎx{�� ãÎ�Í�Ì.Ò3Î�Ô,ÍG��å � ãÎ�ÒCÓJÔ ãÎ	ä�å'�y��ÎÐ�Ñ*Î�ä�æbÌ^� }CÑ*Î �����W~�~:~�~��E~�~:~I����� 7Ì�ÐbÑ*Î � ÓM��Î�ÑbÔ�ÓEå;ÑKÓCÑ*ÚbÑ�ÓCÎwå!7Ð ~ Î�Ô,Í>Ð�Ñ�Î�ä�Î�ÒCÒCÐ�ÒEÎX�<Ð�ÓiÏ�Î%(�Ï ãÎ�Ô,Î�ÑhÍ,Î(bÒCÐ�Ô�ÓCÎ�Ð*Ï�Ô8ÌWÍ,å'��Î�Ô � Î�Ò Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î-� ãÎ�Í�Ì.ÒJÒCÓM�<Ð*Î�Í�Ì.Ñ � ÓCÔ1�<Ð*Î � ä�å.Ï�Ï�Î�ÔH(iå;Ñ � 7Ì�ÒCÌ���å;Ò ãÎ�ä�Ð�ÒCÎ�ÓCÑ�Ô ãÎ�Ï ãÎ�Î �ª æ�Ì6�<Ð*Î�ä�Î�ÒCÒCÐ�ÒCÎ�ä�å'�y(?å.Ï�Í,Î�ÒEÎ�Ô3å.Ï,5bÓCÍ�Ì.ÒEÎ�Ô � Î�Ô µ ÌWÍ,å'��Î�Ô�(�Ï�ÓCÔ�Î�Ñ=ä�å'�y(�Í,Îy(iå;Ð*Ï�ÒEÎ�Ô3ÌWÍ,å'��Î�Ô � Î�Ô
ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô>Î�Í ��� (iå;Ð*Ï>ÒCÌ)��å;Ò ãÎ�ä�Ð�ÒCÎ �
L’hamiltonien

¶RÜ æ�Ì6��ÓCÒEÍ,å;Ñ�ÓEÎ�Ñ � Ð�ÔHL�Ô,Í>7Î���Î��DÎ�Ô,Í � ãÎ�ä�Ï�ÓEÍ"(ÕÌWÏ�ÒCÌ*� ãÎ�Í�æ*å � Î � Î�Z qÉ np� Ês�OãÎ�Í,Î�Ñ � Ð ¬ Ð�Ñ*Î
� ãÎ�Í�æ*å � Î(�Ï�å�ä�æ*Î � Î�Ô�ÒCÓCÌ.ÓJÔ,å;Ñ�ÔX0Xå.Ï�Í,Î�Ô ² ÌzÖ.Î�ä � Î�Ô�ÓCÑhÍ,Î�Ï�Ì.ä�Í�ÓEå;Ñ�Ô�Î�Ñ�Í,Ï�ÎKÌWÍ,å'��Î�ÔI(�Ï�Î���ÓEÎ�ÏLÔ�Ö.å;ÓCÔ�ÓCÑ�Ô � ¶ Î�Ô�ÓJÑ�Í,Î>kÏ�Ì.ä�Í�ÓEå;Ñ�Ô�Ì.ÓJÑ�Ô�Ó��hÐ�Î4ÒCÎ�Ô�Ï�Î�ä�å;Ð*Ö<Ï�Î���Î�ÑhÍ�Ôd� � $ Ô,å;ÑhÍ)(bÌWÏ�Ì6� ãÎ�Í,Ï ãÎ�Ô � ¶ Ì#0Xå;Ñ�ä�Í�ÓEå;Ñ � Ü å;Ñ � Î4Í,å.Í�Ì.ÒEÎ � Ð
ÔHL<Ô�Í>7Î���Î9Î�Ô�Í'Î>JK(�Ï�ÓM� ãÎ�Î9ä�å'�y��Î�Ð�Ñ*Î9ä�å'��5bÓJÑ�Ì.ÓCÔ,å;ÑOÒCÓCÑ ãÎ�Ì.ÓEÏ�Î � Ü å.Ï,5bÓEÍ�Ì.ÒCÎ�ÔgÌWÍ,å'��ÓM�<Ð*Î�Ô8Ñ*å;ÑOå.Ï�Í�æ*å6�.åDk
Ñ�Ì.ÒEÎ�Ô a �^� $��2�

a�� � ¥ �����6� ��� �� � � �s� � � a �^� � � . �"��� � �p��� � a � � � � .������D� � ��$ � ��� � $ a ��� $2� ¬ ¹�� ë ¹ ²
T å;Ð*ÏOÏ ãÎ�Ô�å;Ð � Ï�ÎHÒ Ü¢ãÎ��hÐ�ÌWÍ�ÓCå;Ñ � Î�m+npo Ë q_�È![[Ç�r�Ê�Ë URÐbÑ*Îi(�Ï�å�9,Î�ä�Í�ÓEå;ÑõÎ�Ô,Í�Ï ãÎ�Ì.ÒCÓJÔ ãÎ�Î#(iå;Ð*ÏG(bÌ.Ô�Ô,Î�Ï� Ü Ð�ÑKæ�Ì6��ÓCÒEÍ,å;ÑbÓEÎ�Ñ�Î>JK(�Ï�ÓM� ãÎ � Ì.Ñ�Ô8Ò Ü Î�ÔH(bÌ.ä�Î�ä�å'�)(iå.Ï�Í�Ì.ÑhÍ$ÒCÎ�Ô � Î�ÐjJ ãÎ�ÒCÎ�ä�Í,Ï�å � Î�Ô8(ÕÒCÐ�ÔgÒJÌ���å;Ò ãÎ�ä�Ð�ÒCÎ)7Ì

Ð�Ñ�æ�Ì6��ÓJÒEÍ,å;Ñ�ÓEÎ�ÑKÎ>QiÎ�ä�Í�Ó�07Î>J�(�ÏLÓM� ãÎ � Ì.Ñ�Ô1ÒEÎ�Ô�å;Ð�Ô�k�Î�ÔH(bÌ.ä�Î � Î�Ô � Î�ÐjJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�ÔwÐ�Ñ�ÓM�<Ð*Î���Î�ÑhÍ ����!� �'�  8� ¡#¢D�W£¥¤�¦¨§e©«ªF¬��^¦H,§e§«¤¨©«®¥¬�¯�®¥¬2 �°�F¬%§«°�±²¡p³�¤�±1®¥´]§e©eµ%¶x·x®�¸'°�´e®¥ªF¬¹¤�£¥¤�¦¨§e©«ªF¬�®»º%°�¤¼¤�¬�¦½³x®»±1®¥¤¼º%°�F¬%§«®»º�°x¤
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¶ Î�ÔBä�åhÎ%lOä�ÓEÎ�Ñ�Í�Ô � ÎOÒCÌi0Xå;Ñ�ä�Í�ÓEå;Ñ � Ü å;Ñ � Î�Ô�å;Ñ�Í�å65�Í,Î�ÑhÐbÔ � Îd(�Ï�å�ä�æ*Î�Î�Ñ�(�Ï�å<äLæ*Î ¬ � ÎÂ��Ì.Ñ�Óe7Î�Ï�Î
Ï ãÎ�ä�Ð*Ï�Ô�ÓEÖ.Î ² Î�ÑFÐ*Í�ÓCÒCÓCÔ�Ì.Ñ�Í � Î�Ô�(�Ï�å6(ÕÌD�;ÌWÍ,Î�Ð*Ï�Ô�ÔH(ÕÌWÍ�ÓCÌ.ÐKJ � ¶gÜ Ì�ÖWÌ.Ñ�Í�ÌD�.Î � Î�ä�Î�Í,Í,ÎP� ãÎ�Í�æ*å � Î�Î�Ô�Íy�hÐ*ÎÒ Ü å;Ñ�Ñ Ü Ì)(ÕÌ.Ô15iÎ�Ô,å;ÓCÑ � Î�ä�å;Ñ�ÑbÌ^� }EÍ,Ï�Î�ÒCÌ�0Xå;Ñ�ä�Í�ÓEå;Ñ � Ü å;Ñ � Î�ÓCÑ*ÚÕÑ�ÓEÎ6U�ä�å'�)(bÒe7Î�Í,Î � Ð�ÔHL<Ô�Í>7Î���Î �
La transmissionT å;Ð*Ï1Î>J�(bÏ�ÓM��Î�Ï1ÒCÌ�Í,Ï�Ì.Ñ�Ô,��ÓCÔ�Ô�ÓEå;Ñ!UhÒCÌ�Ñ*å.Í�ÓEå;Ñ � Î���ÌWÍ,ÏLÓCä�Î � Î � ÓRQ#Ð�Ô�ÓEå;Ñ t ¬]/8² Î�Ô,Í1Ð*Í�ÓJÒCÓCÔ ãÎ�Î � / ÒCÒCÎ(?Î�ÏF��Î�Í � Ü Î>JK(�Ï�ÓM��Î�Ï2Ò Ü Ì6�y(bÒCÓEÍ�Ð � Î � Î�Ô2å;Ñ � Î�Ô2Ô,å.Ï�Í�Ì.ÑhÍ � Î>ÒCÌ2��å;Ò ãÎ�ä�Ð�ÒEÎ1Î�Ñ)0Xå;Ñ�ä�Í�ÓEå;Ñ � Î>Ò Ü Ì6�)(bÒCÓEÍ�Ð � Î� Î�Ô1å;Ñ � Î�Ô>Ï�Î�Ñ�Í,ÏLÌ.Ñ�Í,Î�Ô ¬^× Ó��;Ð*Ï�Î ¹�� 3;²3· Ã

�ÄÆÅ ¥ � ¬^éB² ÃdÇÈÉÅ ¬ ¹�� ë Ä;²/ Ñ�Ï ãÎ�Ì.ÒJÓEÍ ãÎ�(iå;Ð*Ï*(iå;Ð*Ö.å;ÓEÏ&0XÌ.ÓEÏ�Î�ÒEÎ�ÒCÓEÎ�Ñ�ÌzÖ.Î�ä�ÒCÎ�Ô*(�Ï�å6(ÕÌD�;ÌWÍ,Î�Ð*Ï�ÔjÔ,(bÌWÍ�ÓCÌ.ÐKJ+UbÓCÒiÎ�Ô,Í9Ñ ãÎ�ä�Î�Ô�Ô�Ì.ÓEÏ�Î � Ü ÓCÑjk
Í,Ï�å � Ð�ÓEÏ�Î�ÒCÌ���ÌWÍ,Ï�ÓCä�Î � Î9Í,ÏLÌ.Ñ�ÔH0XÎ�Ï�Í  �hÐbÓeUhÎ�ÒJÒEÎ6U � ãÎ�ä�Ï�ÓEÍ>ÒCÌBÏ�Î�ÒJÌWÍ�ÓEå;Ñ4Î�Ñ�Í,Ï�Î�ÒEÎ�Ô1Ì6�)(bÒCÓCÍ�Ð � Î�Ô � Ü å;Ñ � Î�Ô� Î � Ï�å;ÓCÍ,Î9Î�ÑP0[å;Ñbä�Í�ÓEå;Ñ � Î�ä�Î�ÒCÒCÎ�Ô � Î2�;Ì.Ð�äLæ*Î ·Ã

�ÈÊÅ ¥�B¬^é�²
ÃgÇ
ÄÆÅ ¬ ¹�� ë ¾h²

¶ Î�Ô ãÎ�Ò ãÎ���Î�Ñ�Í�Ô � Î9ä�æ�Ì.ä�ÐbÑ*Î � Î�Ô � Î�ÐKJy��ÌWÍ,Ï�ÓCä�Î�Ô'Ô,å;ÑhÍ'ÒCÓ ãÎ�Ô
(bÌWÏ � Î�ÔgÏ�Î�ÒCÌWÍ�ÓEå;ÑbÔRÔ�ÓM�)(ÕÒEÎ�Ô ��Ë Ñ)(iÎ�Ð*Í��å;Ñ�Í,Ï�Î�ÏG�hÐ�ÎKÒCÌ���ÌWÍ,ÏLÓCä�Î � Î4Í,Ï�Ì.Ñ�ÔH0XÎ�Ï�Í  Î�Ô,Í�Ï�Î�ÒCÓ ãÎ�Î�Ì.ÐKJ�(�Ï�å6(bÌD�;ÌWÍ,Î�Ð�Ï�Ô�ÔH(bÌWÍ�ÓJÌ.ÐKJÃÐ*Í�ÓCÒJÓCÔ ãÎ�Ô��hÐ�Ó(?Î�ÏF��Î�Í,Í,Î�Ñ�Í � Ü å65�Í,Î�Ñ�ÓEÏ>ÒCÎ�Ô>ä�åhÎ%lOä�ÓEÎ�Ñ�Í�Ô � Î�Ô10Xå;Ñ�ä�Í�ÓEå;Ñ�Ô � Ü å;Ñ � Î�Ô,Ì �
Les résultats

¶RÜ Ð*Í�ÓJÒCÓCÔ�ÌWÍ�ÓEå;Ñ � Î3ÒCÌg� ãÎ�Í�æ*å � Î / tWv ª Ì � å;Ñ�Ñ ãÎX5iÎ�Ì.Ð�ä�å;Ðj( � Î9Ï ãÎ�Ô�Ð�ÒEÍ�ÌWÍ�Ô1ÌD(W(ÕÒCÓM�<Ð ãÎ�ÔX7Ì � Î3Ñ*å'��k5�Ï�Î�Ð�Ô,Î�Ô)��å;Ò ãÎ�ä�Ð�ÒEÎ�Ô �Í~ Ò Ü å.Ï�Ó��;ÓCÑ�Î � Î�Ô�Í�ÓCÑ ãÎ�ÎÎ7Ì ãÎ�Í�Ð � ÓEÎ�Ï�ÒCÎ�Ô � ãÎ%0XÌ.Ð*Í�Ô � Ì.Ñ�Ô�ÒEÎ�Ô�(iå;Ò�LK�7Î�Ï�Î�Ô = ¹ ;x? UgÒCÌ� ãÎ�Í�æ*å � Î�Ì ãÎ�Í ãÎKÌ6� ãÎ�ÒCÓEå.Ï ãÎ�Îy(iå;Ð*Ï3ä�Ì.ÒCä�Ð�ÒCÎ�Ï � Î�Ô3ÓM��ÌD�.Î�Ô�Í�æ ãÎ�å.Ï�ÓB�hÐ*Î�Ô�Î�Ñz��ÓCä�Ï�å;Ô�ä�å6(bÓCÎi7Ì4Î>QiÎ�Í3Í�Ð�ÑKk
Ñ*Î�Ò =¿Ä�°Ï? � ¶ Î8ÔHL�Ô,Í%7Î���Î1ä�å'�)(iå;Ô ãÎ � Ð-5iÎ�ÑjÐ67Î�Ñ*Î1Ô�Ð�Ï�Ð�Ñ*Î ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î
(bÒJÌWÍ�ÓCÑ*Î ¬�°.°.°z² Ì ãÎ�Í ãÎ ãÎ�Í�Ð � Ó ãÎ =¿Ä C ? �h Ü Ì.Ð�Í,Ï�Î�Ô ãÎ�Í�Ð � Î�Ô�å;Ñ�Í2(iÎ�ÏY��ÓCÔ � Îy��ÓEÎ�ÐKJHÓCÑ�Í,Î�ÏY(�Ï ãÎ�Í,Î�Ï�ä�Î�Ï�Í�Ì.ÓJÑ�Ô3Ì.ÔH(iÎ�ä�Í�Ô3Î>JK( ãÎ�Ï�ÓM��Î�ÑhÍ�Ì.ÐKJ=ä�å'�y��Î(bÌWÏ�Î>J�Î��)(bÒCÎOÒEÎKä�Ì.Ô � Ð ª�Ñ � =¿Ä ¹ ? � / Ñ*ÚbÑ�U�ÒCÌP� ãÎ�Í�æ*å � Î�Ìi(iÎ�ÏY��ÓCÔ � Ü�ãÎ�Í�Ð � ÓEÎ�ÏBÒCÎ�Í,Ï�Ì.Ñ�Ô,(?å.Ï�Í � Ì.Ñ�Ô� Î�Ô�ä�Ì.Ñ � Ó � ÌWÍ�Ô � ÎBÚbÒCÔ���å;Ò ãÎ�ä�Ð�ÒCÌ.ÓCÏ�Î�Ô =¿Ä6¾ w Ä.Ø U Ä63 U Ä6;x? �VT å;Ð�Ï9Ò Ü ÓJÑ�Ô,Í�Ì.ÑhÍ%U?ÒCÌd(�Ï�ÓJÑ�ä�Ó�(bÌ.ÒEÎ�ÒJÓM��ÓEÍ,Î � ÎBÒCÌ� ãÎ�Í�æ*å � Î�Î�Ô,Í-�hÐ Ü Î�ÒCÒEÎ�Ñ Ü Î�Ô,ÍX(bÌ.Ô3Ì.Ð*Í,å�ä�å;æ ãÎ�Ï�Î�ÑhÍ,Î�ä�ÌWÏ�Î�ÒCÒEÎ�Ñ*Î�(�Ï�Î�Ñ � (bÌ.Ô�Î�Ñ�ä�å'�y(�Í,Î � Î)��Ì.Ñ�Óe7Î�Ï�Î
Î>J�Ì.ä�Í,Î�ÒCÌ�Ï ãÎ%(iå;Ñ�Ô,Î � Î�ÒCÌI��å;Ò ãÎ�ä�Ð�ÒEÎ9Î�Ñd0Xå;Ñ�ä�Í�ÓEå;Ñ � Ðd(iå.Í,Î�Ñ�Í�ÓCÎ�ÒÕÌD(W(ÕÒCÓM�<Ð ãÎ � / ÒJÒEÎwÑ Ü Î�Ô�Í � å;Ñ�ä>ÖWÌ.ÒCÌD5bÒEÎÌ�k«(�Ï�ÓEå.Ï�Ó��<Ð*Î2(iå;Ð*Ï � Î20^Ì.Ó�5bÒCÎ�Ô$Ö6Ì.ÒEÎ�Ð�Ï�Ô � Î-(iå.Í,Î�ÑhÍ�ÓEÎ�Ò#ÌD(W(bÒCÓB�hÐ ãÎ�Ì.Ð�ÑbÓEÖ.Î�Ì.Ð � Î�ÒCÌ:9,å;Ñ�ä�Í�ÓEå;Ñ �
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2.4 Un cadre plus général ?

¶ Ì9Í�æ ãÎ�å.Ï�ÓEÎ � Î ÅRÆ�Ç/ÈiÆ#É/Ê�Ë Î�Ô,ÍV5bÌ.Ô ãÎ�Î>Ô�Ð*Ï2Ò Ü ÌD(W(bÏ�å�J*ÓM��ÌWÍ�ÓEå;Ñg�<Ð*Î8ÒCÎ�Ô ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÔRÑ Ü ÓCÑhÍ,Î�Ï�ÌD�;ÓCÔ�Ô,Î�Ñ�Í(bÌ.ÔwÌ.ÐHÑ�ÓEÖ.Î�Ì.Ð � ÎBÒCÌ�9,å;Ñ�ä�Í�ÓEå;Ñ � ª Î�Í,Í,Î�Í�æ ãÎ�å.ÏLÓEÎ�Î�Ô�Í�k�Î�ÒCÒEÎ�Î�Ñbä�å.Ï�Î�ÖWÌ.ÒCÌD5bÒCÎ�ÒEå.Ï�Ô,�<Ð*ÎBÒEÎ�Ôjä�å.Ï�Ï ãÎ�ÒJÌWÍ�ÓEå;Ñ�ÔãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î�Ô � Î�Ö�ÓEÎ�Ñ�Ñ*Î�ÑhÍ�ÓB�)(iå.Ï�Í�Ì.Ñ�Í,Î�ÔpÛ�Ü [[Ç�r�Ë#Ê�ÊbÇ Î�Í
Ý Êj[XÊ�Ë å;ÑhÍ7Í,Î�Ñ�Í ãÎ � Î'Ï ãÎ%(iå;Ñ � Ï�Î27Ì�ä�Î�Í,Í,Î�hÐ*Î�Ô�Í�ÓEå;Ñ �4T å;Ð*Ï$ä�Î�ÒCÌKUhÓJÒCÔ2å;ÑhÍgÏ�Î%(�ÏLÓCÔ2Ð�Ñy0Xå.ÏY��Ì.ÒJÓCÔ,��Î � ÎjÍ,Ï�Ì.Ñ�ÔH(iå.Ï�Í
�<Ð�Ó*Î�Ô�Í
5bÌ.Ô ãÎ�Ô�Ð*ÏgÒCÎ�ÔÍ0Xå;Ñ�ä�Í�ÓEå;Ñ�Ô� Î&Þ Ë#Ê�Ê�Ç æ*å.Ï�Ô�k ãÎ��<Ð�ÓCÒCÓM5�Ï�Î � Î*ß ÊW�hÈpà�\ o = ¾.¾ w ¾hÛ^? �6h Ì.Ñ�Ô�ÐbÑ�(�Ï�Î���ÓEÎ�Ï�Í,Î��y(bÔ%UWÑ*å;Ð�Ô�Ì.ÒCÒEå;Ñ�Ô�Î>J�(iå;Ô,Î�ÏÒEÎ�Ô � ÓRQ ãÎ�Ï�Î�ÑhÍ,Î�Ô�æ�L�(iå.Í�æ�7Î�Ô,Î�Ô�Î�Í�ÒCÌ0Xå.ÏY��ÐbÒEÎ�� ãÎ�Ñ ãÎ�ÏLÌ.ÒEÎ � Ð�ä�å;Ð*Ï�Ì.ÑhÍÂ7Ì4Í,Ï�Ì�Ö.Î�ÏLÔ�Ð�Ñ*Î�9,å;Ñ�ä�Í�ÓEå;Ñ �!T Ð�ÓCÔÑ*å;Ð�Ô���å;Ñ�Í,Ï�Î�Ï�å;Ñ�Ô � Ì.ÑbÔ��<Ð*Î�ÒCÒEÎ�Ô�ÒJÓM��ÓEÍ,Î�Ô�Ñ�å;Ð�Ô2(iå;Ð*Ö.å;Ñ�Ô�Ï�Î�Í,Ï�å;Ð*Ö.Î�Ï�ÒCÌ�0Xå.ÏY�BÐ�ÒEÎ � Î Å2Æ�Ç/ÈiÆ#É/ÊbË �/ Ñ*ÚbÑ!U�Ñ*å;Ð�ÔI(�Ï ãÎ�Ô,Î�ÑhÍ,Î�Ï�å;Ñ�Ô�ÒCÎ�ÔI�<Ð*Î�ÒM�<Ð*Î�Ô�Í,Ï�Ì�ÖWÌ.ÐKJÎ�<Ð�Ó'å;Ñ�Í�Î�Ô�Ô�Ì^L ãÎ � Î��Î�Í,Í,Ï�ÎKÎ�ÑDåhÎ�Ð�ÖhÏ�Î4ä�Î�Í,Í,Î
Í,Î�ä�æ�Ñ�ÓB�hÐ*Î2(iå;Ð*Ï � ãÎ�ä�ÏLÓEÏ�Î�ÒEÎ3Í,ÏLÌ.Ñ�ÔH(iå.Ï�Í1Ì.Ð	Ñ�ÓCÖ.Î�Ì.Ð � Ü Ð�Ñ*Î�9,å;Ñ�ä�Í�ÓEå;Ñi��å;Ò ãÎ�ä�Ð�ÒCÌ.ÓEÏ�Î �

2.4.1 La form ule de Wingreen et MeierÜ [[Ç�r�Ë#Ê�ÊbÇ Î�Í�Ý Êj[[ÊbË ä�å;Ñ�Ô�Ó � 7Î�Ï�Î�ÑhÍRÐ�Ñ�(�Ï�å65bÒ]7Î���Î>Ì�L;Ì.ÑhÍ'ÐbÑ*Î�� ãÎ�å'� ãÎ�Í,ÏLÓEÎ ãÎ��<Ð�ÓEÖWÌ.ÒEÎ�ÑhÍ,ÎI7Ì�ä�Î�ÒCÐ�Ó� Î Å2Æ�Ç/ÈiÆ#É/ÊbË � ¶ Î4Ô,L<Ô,Í%7Î���Î�Ñ�å;ÑKk«(iÎ�Ï�Í�Ð*Ï,5 ãÎKÎ�Ô,Í�ä�å'�)(iå;Ô ãÎ � Î � Î�ÐKJDä�å;Ñ�Í�Ì.ä�Í�Ô�Î�Í � Ü Ð�Ñ*ÎKÏ ãÎ%�;ÓEå;ÑÓCÑ�Í,Î�ÏF� ãÎ � ÓCÌ.ÓEÏ�ÎOå�7ÐÃÒCÎ�Ô ãÎ�ÒEÎ�ä�Í,Ï�å;ÑbÔBÓJÑ�Í,Î�Ï�ÌD�;ÓJÔ�Ô,Î�ÑhÍ ¬^× Ó��;Ð*Ï�Î ¹�� ;;² �¼~ ÐNÍ,Î��)(bÔBÍ ¬�á�¥ ³:â�² U7ä�æ�Ì6�<Ð*Î
Ï ãÎ%�;ÓEå;Ñ�Î�Ô,ÍwÓCÔ,å;Ò ãÎ�Î�Î�Íjä�ÌWÏLÌ.ä�Í ãÎ�ÏLÓCÔ ãÎ�Î�(bÌWÏ>Ô,å;Ñ�(iå.Í,Î�ÑhÍ�ÓEÎ�Ò/ä�æbÓM��ÓM�<Ð*ÎXã è U*Î�Í*ã  �W~ Ð�0^Ð*Ï1Î�Íg7ÌG��Î�Ô�Ð*Ï�Î�hÐ*Î0ÒCÌÃÏ ãÎ%�;ÓEå;ÑÁÓCÑhÍ,Î�ÏY� ãÎ � ÓCÌ.ÓEÏ�ÎMÔ,Î�ä�å;Ðj(bÒCÎMÌ.ÐKJ � Î�ÐKJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô%U$Ô�Ó:ã è � ã  U8ÐbÑ�ä�å;Ð*ÏLÌ.Ñ�Íiä� ÎBÒ Ü¢ãÎ�ÒCÎ�ä�Í,Ï�å � Î � ÎI�;Ì.Ð�äLæ*Î�Ö.Î�Ï�Ô3ä�Î�ÒCÒEÎ � Î � Ï�å;ÓEÍ,ÎBä�å'�y��Î�Ñ�ä�ÎP7Ì4Ô Ü�ãÎ�Í�ÌD5bÒCÓCÏ � Ü [[Ç"r�Ë#Ê�Ê�Ç Î�Í�Ý Êj[[Ê�Ë
Î>J�(�ÏLÓM��Î�ÑhÍ>ÒEÎ�ä�å;Ð*Ï�Ì.ÑhÍ*(iÎ�ÏY��Ì.Ñ*Î�ÑhÍ*�<Ð�Ó#Ô Ü¢ãÎ�Í�ÌD5bÒCÓEÍ � Ì.Ñ�Ô1ÒCÌ:9,å;Ñ�ä�Í�ÓEå;Ñ �
L’hamiltonien

¶RÜ æ�Ì6��ÓCÒEÍ,å;Ñ�ÓEÎ�Ñ � ãÎ�ä�Ï�ÓEÖWÌ.Ñ�Í$ÒCÌ�9,å;Ñ�ä�Í�ÓEå;Ñ�Î�Ô,Í8Î>J�(�ÏLÓM� ãÎ � Ì.ÑbÔgÒEÎjÒJÌ.Ñj�;ÌD�.Î � ÎwÒCÌ�Ô,Î�ä�å;Ñ � Î��hÐ�Ì.ÑhÍ�ÓEÚjk
ä�ÌWÍ�ÓEå;Ñ �så%æç>è ¬ å çÏè ² Î�Ô�ÍjÐ�Ñ�å6( ãÎ�Ï�ÌWÍ,Î�Ð�Ï � Î�ä�Ï ãÎ�ÌWÍ�ÓCå;Ñ ¬ � Î�Ô,Í,ÏLÐ�ä�Í�ÓEå;Ñ ² �<Ð�Ó#ä�Ï ãÎ�Î ¬ � ãÎ�Í,Ï�Ð�ÓEÍ ² ÐbÑ ãÎ�ÒEÎ�ä�Í,Ï�å;ÑÌ�Ö.Î�ä�Ð�ÑE��å'��Î�ÑhÍXé � Ì.Ñ�Ô9ÒEÎ�ä�Ì.Ñ�Ì.ÒVê � Ì.ÑbÔjÒ Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î � Ï�å;ÓEÍ,Î�å;Ð � ÎI�;Ì.Ð�ä�æ*Î ��ë A æ�sì Î�Í ë A4� ìÔ,å;Ñ�Í � Î�Ô9å6( ãÎ�Ï�ÌWÍ,Î�Ð�Ï�Ô � Î�ä�Ï ãÎ�ÌWÍ�ÓEå;Ñ0Î�Í � Î � Î�Ô,Í,Ï�Ð�ä�Í�ÓEå;ÑHÔ�Ð*Ï�Ð�Ñ*Îg5bÌ.Ô,Î�ä�å'�)(bÒe7Î�Í,Î � Ü å.ÏY5bÓEÍ�Ì.ÒEÎ�Ô � Ì.Ñ�Ô
ÒCÌ�Ð�å;Ñ*Î � Ü ÓJÑ�Í,Î�Ï�Ì.ä�Í�ÓCå;Ñ �

í ¥ �çxî è�ï è î  �ð ç>è å æç>è å ç>è .ñí � ��ò�¬ ë A æ� ì'ó ë A'� ì ²!. �çxî è�ï è î  ¬«ô ç>è�î � å æç>è A'�-. å�õ¥å ² ¬ ¹�� ë.ë ²
¶RÜ æ�Ì6��ÓCÒEÍ,å;Ñ�ÓEÎ�ÑBä�å.Ï�Ï�Î�Ô,(?å;Ñ � 7Ì3ÒJÌ9Ô�ÓEÍ�Ð�ÌWÍ�ÓEå;ÑBÎ>JK( ãÎ�Ï�ÓM��Î�ÑhÍ�Ì.ÒEÎ1å!7Ð�ÒEÎ�Ô � Î�ÐKJ�ä�å;Ñ�Í�Ì.ä�Í�Ô8� ãÎ�Í�Ì.ÒCÒCÓM�<Ð*Î�Ô

Ô,å;Ñ�Í�Ï�Î�ÒCÓ ãÎ�Ô�Ì.ÐFÔHL�Ô,Í%7Î���Î#� ãÎ�Ô,å;Ô�ä�å6(bÓM�<Ð*Î � ª å'�y��Î�ÒEÎ�Ô�ä�å;ÑhÍ�Ì.ä�Í�ÔOÔ�å;Ñ�ÍG� ãÎ�Í�Ì.ÒJÒCÓM�<Ð*Î�Ô%U2ÒEÎ�Ô�ÓCÑhÍ,Î�Ï�Ì.äÏkÍ�ÓEå;Ñ�Ô�Î�ÑhÍ,Ï�Î	ÒCÎ�Ô ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�Ô � Ì.Ñ�ÔOÒEÎi� ãÎ�Í�Ì.ÒwÔ�å;Ñ�Íd0[å.Ï�Í,Î���Î�Ñ�Í ãÎ�ä�ÏLÌ.Ñ�Í ãÎ�Î�Ô · ÒEÎ�Ô ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÔG(?Î�Ð�Ö.Î�Ñ�Í�Î�Í,Ï�Î�ä�å;Ñ�Ô�Ó � ãÎ�Ï ãÎ�Ô�ä�å'�y��Î � Î�Ôg(bÌWÏ�Í�ÓCä�ÐbÒEÎ�Ô�ÓCÑ � ãÎ%(iÎ�Ñ � Ì.ÑhÍ,Î�Ô � ª ÎKÑ Ü Î�Ô,Í�(bÌ.Ô�ÒEÎ4ä�Ì.Ô � Ì.Ñ�Ô�ÒCÌMÏ ãÎ%�;ÓEå;ÑÓCÑ�Í,Î�ÏF� ãÎ � ÓCÌ.ÓEÏ�Î�å!7Ð�Ò Ü¢ãÎ�ä�ÏLÌ.Ñ�Í�ÌD�.ÎBÎ�Ô,Í*��å;ÓCÑbÔ'Î%lOä�Ì.ä�Î � ¶ Ì�0Xå.ÏY��Î � Î�Ò Ü æ�Ì6��ÓCÒEÍ,å;ÑbÓEÎ�Ñ � Î�ÒCÌgÐ�å;Ñ*Î � Ü ÓCÑjkÍ,Î�Ï�Ì.ä�Í�ÓEå;Ñ í � ��ò ¬ ë A æ� ì'ó ë A � ì ² Î�Ô,Í1Ï�Î�ÒCÌWÍ�ÓEÖ.Î���Î�Ñ�Í1�<Ð*Î�ÒCä�å;ÑW�<Ð*Î6U�ä�Î�ÒCÐ�ÓRkmä�Óp(iå;Ð*ÖWÌ.Ñ�Í$ÓCÑ�ä�ÒCÐ�Ï�Î � Î�Ô1ÓJÑ�Í,Î�ÏHkÌ.ä�Í�ÓEå;Ñ�Ô � Î3Í@L�(?Î ãÎ�ÒCÎ�ä�Í,Ï�å;ÑKk ãÎ�ÒEÎ�ä�Í,Ï�å;ÑHå;Ð ãÎ�ÒEÎ�ä�Í,Ï�å;ÑKk«(bæ*å;Ñ*å;Ñ �
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2.4.2 Quelques applications du formalisme

¶RÜ ÌD(W(ÕÒCÓCä�ÌWÍ�ÓEå;Ñ � ÎOä�Îy0[å.ÏF��Ì.ÒCÓCÔ,��Î�Ì	Ô�Ð*Ï�Í,å;Ð*Í ãÎ�Í ãÎKÏ ãÎ�Ì.ÒCÓCÔ ãÎd(bÌWÏ�ÒEÎ)�.Ï�å;ÐW(?Î � Î�J ÆPOYOhÆ = ë ° w�ë Äx?(?å;Ð�Ï ãÎ�Í�Ð � ÓEÎ�Ï � Î&��Ì.ÑbÓ]7Î�Ï�ÎjÍ�æ ãÎ�å.Ï�ÓB�hÐ*Î9ÒCÌ�ä�ÌWÏ�Ì.ä�Í ãÎ�Ï�ÓJÔ,Í�ÓM�<Ð*Î 7 k[Z � Î>Í�æbÓEå;ÒCÔÍ�.Ï ãÎ>Q ãÎ�Ô1Ô�Ð*ÏgÐbÑ*Î ãÎ�ÒEÎ�ä�Í,Ï�å � Î� Ü å.Ï � ¶ Îg5bÐ*Í ãÎ�Í�Ì.Ñ�Í � Î�ä�å'�)(ÕÌWÏ�Î�Ï3ÒEÎ�Ô�ä�Ì.ÒCä�Ð�ÒCÔwÍ�æ ãÎ�å.Ï�ÓM�<Ð*Î�Ô3Ì�Ö.Î�ä � Î�Ô���Î�Ô�Ð*Ï�Î�Ô9Ï ãÎ�Ì.ÒCÓCÔ ãÎ�Î�Ô�Î�Ñ�Ô,(?Î�äÏkÍ,Ï�å;Ô�ä�å6(bÓEÎ t c �f�FM Ñ�ä�ÒCÐbÔ,Í,Î�ÏRä�å'�)(iå.Ï�Í�Ì.ÑhÍgÒCÌX��å;Ò ãÎ�ä�Ð�ÒEÎ1(ÕÒCÐ�ÔV�hÐ�Î�ÒM�hÐ�Î�Ô2ÌWÍ,å'��Î�Ô � Î�Ô ãÎ�ÒCÎ�ä�Í,Ï�å � Î�ÔRÎ�Ô,Íä�Ï ãÎ ãÎ � ¶ Ì�Ô,Í,ÏLÐ�ä�Í�Ð*Ï�Î ãÎ�ÒCÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î � Îwä�Î�Í$Ì6��Ì.ÔgÎ�Ô�Í8ä�Ì.ÒCä�ÐbÒ ãÎ�Î)7Ì�Ò Ü Ì.Ó � Î � ÎwÒCÌ-� ãÎ�Í�æ�å � Î � Î2Z qÉ n�� ÊW�ãÎ�Í,Î�Ñ � Ð � ¶ Ì�ä�å;Ñ � Ð�ä�Í�Ì.Ñ�ä�Î � Î9ÒCÌ�9,å;Ñ�ä�Í�ÓEå;ÑOÎ�Ô,Í8Î�Ñ�Ô�Ð�ÓCÍ,Îwä�Ì.ÒCä�Ð�Ò ãÎ�Î3ÌzÖ.Î�ä9Ò Ü Ì.Ó � Î � ÎwÒ Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ ¬ ¹�� Ø�°z² �M Ñ�Î>Qiå.Ï�Í-(ÕÌWÏ�Í�ÓCä�Ð�ÒCÓCÎ�ÏwÎ�Ô,Í�0XÌ.ÓEÍ2(iå;Ð*ÏX(�Ï�Î�Ñ � Ï�Î�Î�Ñ�ä�å'�)(�Í,ÎOÒ Ü Î>Q?Î�Í � Ð�(iå.Í,Î�Ñ�Í�ÓEÎ�Ò ãÎ�ÒCÎ�ä�Í,Ï�å;Ô,Í�ÌWÍ�ÓM�<Ð*Î �¶ Î�ä�Ì.ÒCä�ÐbÒ/Ñ Ü Î�Ô,Í*(ÕÌ.Ô>Ì.Ð*Í,å�ä�å;æ ãÎ�Ï�Î�Ñ�ÍX��Ì.ÓCÔjÒEÎ�Ô>Ñ�ÓEÖ.Î�Ì.ÐjJ ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î�Ô � Î�ÒJÌ)��å;Ò ãÎ�ä�Ð�ÒEÎ � ãÎ%(?Î�Ñ � Î�Ñ�Í� Ð#(?å.Í,Î�ÑhÍ�ÓEÎ�Ò�ÌD(W(bÒCÓB�hÐ ãÎg(bÌWÏ�Ò Ü ÓCÑhÍ,Î�ÏY� ãÎ � ÓCÌ.ÓEÏ�Î � Ü Ð�Ñ#(bÌWÏLÌ6� ãÎ�Í,Ï�Î6\ � ¶ ÌÂ0Xå;Ñ�ä�Í�ÓEå;Ñ � ÎdÞ Ë#Ê�ÊbÇ � ÎBÒCÌ��å;Ò ãÎ�ä�Ð�ÒEÎ � ãÎ%(?Î�Ñ � � å;Ñ�ä � Ð²(iå.Í,Î�ÑhÍ�ÓEÎ�ÒjÌD(W(ÕÒCÓM�<Ð ãÎ � ª ÎP(ÕÌWÏ�Ì6�7Î�Í,Ï�ÎHÎ�Ô,ÍOÌx9�Ð�Ô,Í ãÎ#(?å;Ð�Ï�Ï�Î%(�Ï�å � Ð�ÓCÏ�ÎÒEÎ�Ô3ä�ÌWÏ�Ì.ä�Í ãÎ�Ï�ÓCÔ,Í�ÓB�hÐ*Î�Ô�Î>J�( ãÎ�ÏLÓM��Î�ÑhÍ�Ì.ÒEÎ�Ô3å;Ð0Î�Ô,Í�Î�Ô�Í�ÓM� ãÎ)(bÌWÏ � Î�Ô3ä�å;Ñ�Ô�Ó � ãÎ�Ï�ÌWÍ�ÓEå;Ñ�Ô-� ãÎ�å'� ãÎ�Í,ÏLÓM�hÐ�Î�Ô�Ì.Ð
Ñ�ÓEÖ.Î�Ì.Ð � Î�ÒJÌ:9�å;Ñ�ä�Í�ÓCå;Ñ � ¶RÜ ÓCÑhÍ,Ï�å � Ð�ä�Í�ÓEå;Ñ � Î�ä�Î�Í>Î>Q?Î�Í9Ì)(iÎ�ÏY��ÓCÔ � Ü Î>JK(bÒCÓB�hÐ*Î�Ï1ÒEÎ�Ô$Î>QiÎ�Í�Ô � Î3Ï�Î�ä�Í�ÓEÚjkä�ÌWÍ�ÓEå;Ñ4å65bÔ,Î�Ï�Ö ãÎ�Ô>ÒEå.Ï�ÔY�hÐ Ü å;Ñ � ãÎ%(bÒCÌ.ä�Î�ÐbÑ*Î:(iå;ÓCÑhÍ,Î t c � Ì.ÐKk � Î�Ô�Ô�Ð�Ô � Î�Ô���å;Ò ãÎ�ä�Ð�ÒCÎ�Ô$Î�Í$ÒCÎ�Ô'Î>QiÎ�Í�Ô � Î
Ï ãÎ�Ô�ÓCÔ,Í�Ì.Ñ�ä�Î � ÓRQ ãÎ�Ï�Î�Ñ�Í�ÓCÎ�ÒCÒEÎ3Ñ ãÎ%�;ÌWÍ�ÓEÖ.Î = ë Äx? �h Î�Ô2ä�Ì.ÒJä�Ð�ÒCÔ7Ô�ÓM��ÓJÒCÌ.ÓEÏ�Î�Ô/Ô�Ð*Ï�ÒJÌ:���Î���Î1��å;Ò ãÎ�ä�ÐbÒEÎ$Î�Í7ÌzÖ.Î�ä1ÒEÎ���Î���Î10[å.ÏF��Ì.ÒCÓCÔ,��Îgå;ÑhÍ ãÎ�Í ãÎ>Î>QiÎ�ä�Í�Ð ãÎ�ÔRÎ�ÑÌ6� ãÎ�ÒCÓEå.Ï�Ì.ÑhÍ>ÒCÌ � Î�Ô�ä�Ï�Ó�(�Í�ÓCå;Ñ � Î�Ô$ä�å;Ðj(ÕÒCÌD�.Î�Ô = ë ¾D? Î�Í8Î�Ñ4ÓCÑbÔ�ÓCÔ,Í�Ì.ÑhÍ'Ô�Ð�Ï8Ò Ü ÓB�)(iå.Ï�Í�Ì.Ñ�ä�Î � Î�ÒJÌ-(iå;Ô�ÓEÍ�ÓEå;Ñ� Î�Ô$Ñ�ÓEÖ.Î�Ì.ÐKJ � Ü�ãÎ�Ñ*Î�ÏY�;ÓEÎX(bÌWÏ$Ï�ÌD(W(iå.Ï�ÍgÌ.Ð4Ñ�ÓEÖ.Î�Ì.Ð � Î × Î�ÏY��Ó � Î�Ô ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô = ë.ë ? �Wh Î�Ô8Í,Ï�Ì�ÖWÌ.ÐKJKå;Ñ�ÍãÎ�Í ãÎ���Î�Ñ ãÎ�Ô�ÌWÚbÑ � Ü Ð*Í�ÓCÒJÓCÔ,Î�Ï�ä�Î��Î���Îd0Xå.ÏY��Ì.ÒJÓCÔ,��Î�ÌzÖ.Î�äKÐbÑ*ÎOÔ,Í,ÏLÐ�ä�Í�Ð*Ï�Î ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*ÎOä�Ì.ÒCä�ÐbÒ ãÎ�Îz7Ì
Ò Ü Ì.Ó � Î � Î�ÒCÌ�Í�æ ãÎ�å.Ï�ÓCÎ � Î�ÒJÌ)0[å;Ñbä�Í�ÓEå;Ñ�Ñ*Î�ÒCÒCÎ � Î � Î�Ñ�Ô�ÓEÍ ãÎ � ¶ Î�Í,Ï�Ì.Ñ�ÔH(iå.Ï�Í1(iå;Ð*ÏjÐbÑ*Î���å;Ò ãÎ�ä�Ð�ÒCÎ � Î ª�Ñ �Ì ãÎ�Í ãÎ ãÎ�Í�Ð � Ó ãÎ = ë Ø U ë Û^? Ì.ÓJÑ�Ô�Óp�hÐ*Î � Î�Ô$ä�å'�)(iå;Ô ãÎ�Ô�7Ìg5bÌ.Ô,Î � Î9Í�æ�ÓEå;ÒCÔ = ë 3 w Ø ¹ ? � / Ñ�ÚbÑ�UhÒCÎ�Ô8ä�å;ÑbÑ*Î�ä�Í�ÓEå;Ñ�ÔÎ�Ñ�Í,Ï�Î�ä�Î-0[å.ÏF��Ì.ÒCÓCÔ,��Î9Î�Íwä�Î�ÒCÐ�Ó � ÎIÝ É^]F[ n Æ å;Ñ�Í ãÎ�Í ãÎ�Ô,å;Ð�ÒCÓM�;Ñ ãÎ�Î�Ô =¿Ø.Äx? �

2.5 Description du mod èle mis en oeuvre

¶RÜ å65K9,Î�ä�Í�Ó�0 � Î9ä�ÎX(bÌWÏLÌD�.Ï�ÌD(bæ*Î9Î�Ô,Í � Î�(�Ï ãÎ�Ô,Î�ÑhÍ,Î�Ï>ÒEÎ���å � 7Î�ÒEÎ�Ð*Í�ÓCÒJÓCÔ ãÎ&(iå;Ð*Ï � ãÎ�ä�Ï�ÓEÏ�Î3ÒEÎwÍ,Ï�Ì.Ñ�ÔH(iå.Ï�Í� Ì.Ñ�Ô1Ð�Ñ*Î89,å;Ñ�ä�Í�ÓEå;Ñ�� ãÎ�Í�Ì.Ò|{���å;Ò ãÎ�ä�Ð�ÒEÎx{�� ãÎ�Í�Ì.Ò � ¶RÜ Ó � ãÎ�Î3Î�Ô�Í � Ü ÓCÑ�Ô�ÓJÔ,Í,Î�Ï8Ô�Ð*Ï>ÒEÎ�Ô1Ì.ÔH(iÎ�ä�Í�Ô1Ñ*å;Ð*Ö.Î�Ì.ÐjJKÎ�ÍÒEÎ�Ô1æ4L�(iå.Í�æ+7Î�Ô,Î�Ô1Ô,å;Ð�ÔHkR9,Ì.ä�Î�ÑhÍ,Î�Ô � µ å;Ð�Ô1Ì�Ö.å;ÑbÔ>ä�æ*Î�ÏLä�æ ãÎÂ7Ì�ÓM�)(ÕÒ ãÎ���Î�Ñ�Í,Î�Ï>ÒJÌ�0Xå.ÏY�BÐ�ÒEÎ � Î Å2Æ�Ç/ÈiÆ#É/ÊbËÌ�Ö.Î�äKÐ�Ñ*Î�Î>JK(�Ï�Î�Ô�Ô�ÓCå;Ñ � Î�ÒCÌ4Í,Ï�Ì.ÑbÔ,��ÓCÔ�Ô�ÓEå;Ñ � ãÎ�ä�Ï�ÓEÍ,Îy(bÌWÏ�ÒCÌi� ãÎ�Í�æ*å � Î � ÎyÜ [[Ç"r�Ë#Ê�Ê�Ç Î�Í�Ý Êj[[Ê�Ë� Ì.Ñ�ÔKÒ Ü ÌD(W(�Ï�å^J�ÓB��ÌWÍ�ÓEå;Ñ � Î�Ô ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�Ô�ÓCÑ � ãÎ%(iÎ�Ñ � Ì.ÑhÍ�Ô � / ÑõÎ>QiÎ�Í%U1ÒEÎP(bÏ�ÓCÑ�ä�Ó�(ÕÌ.Ò>Ì�ÖWÌ.Ñ�Í�ÌD�.Î � ÎHä�Î0[å.ÏY��Ì.ÒCÓCÔ,��Î2Î�Ô�Í � ÎÍ(iå;Ð*Ö.å;ÓEÏ"(�Ï�Î�Ñ � Ï�Î�Î�Ñ�ä�å'�)(�Í,Î8ÒEÎ�Ô#Î>QiÎ�Í�Ô � Ð-(?å.Í,Î�ÑhÍ�ÓEÎ�Ò.Î>J�Í ãÎ�Ï�ÓEÎ�Ð*Ï�Î�Í � Ð-(?å.Í,Î�ÑhÍ�ÓEÎ�Ò
ÓM��ÌD�.Î � Îf��Ì.ÑbÓ]7Î�Ï�Î�Ï�Î�ÒCÌWÍ�ÓEÖ.Î���Î�Ñ�Í�Ô�ÓB�)(bÒEÎ � ¶ Ìñ(�ÏLÓCÑ�ä�Ó�(bÌ.ÒCÎMä�å;ÑhÍ,Ï�Î>k«(bÌWÏ�Í�ÓEÎ�Î�Ô�ÍP�hÐ�Î0Ò Ü Ð�Ô�ÌD�.Î � Î�Ô0[å;Ñ�ä�Í�ÓCå;Ñ�Ô � Î�_9Ï�Î�Î�Ñ�Î�ÑhÍ,Ï�Ì^� }CÑ*Î � Î�Ôjä�Ì.ÒCä�Ð�ÒCÔ1Î�Í�` � Î�Ô>Ì.Ô,Í�Ð�ä�Î�ÔwÑhÐs� ãÎ�Ï�ÓM�<Ð*Î�Ôba�(bÒCÐbÔ1ÓM�)(iå.Ï�Í�Ì.ÑhÍ,Î�Ô �

2.5.1 L’hypoth èse de mol écules physisorb ées

µ å;ÐbÔRÌ�Ö.å;Ñ�Ô ãÎ�Í�Ð � Ó ãÎjÒEÎ$Í,Ï�Ì.ÑbÔH(iå.Ï�Í � Ì.Ñ�Ô2ÒEÎ1ä�Ì.ÔRå!7Ð�ÒCÎ�Ô¼��å;Ò ãÎ�ä�Ð�ÒEÎ�Ô ãÎ�Í�Ì.ÓCÎ�Ñ�ÍÍ(Õæ4L�Ô�ÓCÔ,å.ÏY5 ãÎ�Î�Ô2Ô�Ð*Ï � Î�Ô
Ô�Ð*Ï,0^Ì.ä�Î�Ô�� ãÎ�Í�Ì.ÒJÒCÓM�<Ð*Î�Ô � ª Î�Í,Í,Î$Ô�ÓEÍ�ÐbÌWÍ�ÓEå;Ñ�ä�å.Ï�Ï�Î�Ô,(?å;Ñ � 7Ì � Î8Ñ*å'�I5�Ï�Î�Ð�Ô,Î�Ô�Ô�ÓEÍ�Ð�ÌWÍ�ÓCå;Ñ�Ô#Î>JK( ãÎ�Ï�ÓM��Î�ÑhÍ�Ì.ÒEÎ�Ôä�å'�y��Î-(bÌWÏjÎ>J<Î��)(ÕÒEÎ�Ð�Ñ*Î�ä�å;Ð�äLæ*ÎI��å;Ò ãÎ�ä�Ð�ÒCÌ.ÓEÏ�Î � ãÎ%(iå;Ô ãÎ�ÎBÔ�Ð*Ï ãÎ�ÒEÎ�ä�Í,Ï�å � Î�� ãÎ�Í�Ì.ÒJÒCÓM�<Ð*Î2(bÌWÏjÒCÌ�Í,Î�äLæKk
Ñ�ÓM�<Ð*Î � Î Å2Æ�Ç"r^c9É�[XË!d S ��_�È�r�Ê>O!O �:t Ó�ÒCÌ²��å;Ò ãÎ�ä�Ð�ÒEÎÃÎ�Ô,Íi0^Ì.Ó�5bÒEÎ���Î�Ñ�Í�ä�å;Ðj(ÕÒ ãÎ�ÎÃÌ.ÐSÑ�ÓCÖ.Î�Ì.Ð � Î�Ô
ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô%U'Ñ�å;Ð�Ôy(iå;Ð*Ö.å;Ñ�ÔOÌ.ÒEå.Ï�ÔOÑ ãÎ%�;ÒCÓ��.Î�Ï4ÒEÎ�Í,Ï�Ì.Ñ�Ô,0[Î�Ï�Í � Î	äLæ�ÌWÏ,�.Î�ÔKÎ�Ñ�Í,Ï�ÎMÒCÌÎ��å;Ò ãÎ�ä�Ð�ÒEÎMÎ�ÍOÒEÎ�Ô



ô�öfe�ö	ú�ó8ý/ì2ò>ð�ï9ñ�ð�ù$üIú4û²�Pù$ú þó
��ó ��ð�ý4ó'ü ù1ó�û � òwó ë ;
ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô � ¶ Î�Ô/Ñ�ÓEÖ.Î�Ì.ÐKJ ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓB�hÐ*Î�Ô � ÎRÒCÌ1��å;Ò ãÎ�ä�ÐbÒEÎ¼(bæ�L<Ô�ÓJÔ,å.Ï,5 ãÎ�Î�Ô�(iÎ�Ð*Ö.Î�ÑhÍ¼�Î�Í,Ï�ÎÍ� ãÎ�Ñ ãÎ�Ï�Ì.ÒEÎ���Î�Ñ�ÍÏ�Î�ÒCÓ ãÎ�Ôd7Ì4ä�Î�ÐKJ � Î�ÒCÌ��å;Ò ãÎ�ä�Ð�ÒCÎ�ÓCÔ,å;Ò ãÎ�Î�ä�å'�y��Î�Ñ�å;Ð�Ô3ÒEÎ�Ö.Î�Ï�Ï�å;Ñ�Ô3ÐbÑ�(?Î�Ð#(bÒJÐ�Ô�ÒEå;ÓCÑ � / Ñ*ÚÕÑ�U?ÌzÖ6Ì.ÑhÍ� Ü ÌD5iå.Ï � Î�Ï�Ð�Ñi(iÎ�ÐE(bÒCÐ�Ô1Î�Ñ � ãÎ�Í�Ì.ÓCÒ�ÒEÎBä�å;Ð*Ï�Ì.ÑhÍ%UiÓJÒ!0^Ì.Ð*ÍwÌzÖ.å;ÓEÏ3Î�ÑE� ãÎ���å;ÓEÏ�Î�ÒEÎ�Ôwæ�L�(?å.Í�æ�7Î�Ô�Î�Ô � Î�ÒCÌ
Í�æ ãÎ�å.Ï�ÓEÎ � Î ÅRÆ�Ç/ÈiÆ#É/Ê�ËÁ· ÒEÎ�Í,ÏLÌ.Ñ�ÔH(iå.Ï�Í�Î�Ô,Í�ä�å;æ ãÎ�Ï�Î�ÑhÍ�Î�Í ãÎ�ÒCÌ.Ô,Í�ÓB�hÐ*ÎKÌ.ÐÃÑbÓEÖ.Î�Ì.Ð � ÎOÒCÌE��å;Ò ãÎ�ä�Ð�ÒEÎ �¶ Î�Ô ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÔÂ(bÌWÏ�Í�ÓJä�Ó�(bÌ.ÑhÍOÌ.Ð�Í,Ï�Ì.Ñ�ÔH(iå.Ï�ÍKÔ,å;Ñ�Í4ä�å;Ñ�Ô�Ó � ãÎ�Ï ãÎ�Ô�ä�å'�y��Î0ÓCÑ � ãÎ%(iÎ�Ñ � Ì.ÑhÍ�Ô � ¶ Î�ÔOÎ>QiÎ�Í�ÔÓCÑ ãÎ�ÒCÌ.Ô,Í�ÓM�<Ð*Î�Ô � Ð�Ô�Ì.ÐKJDÖ<ÓM5�Ï�ÌWÍ�ÓEå;Ñ�Ô�Ô,å;ÑhÍ�Ñ ãÎ%�;ÒCÓ�� ãÎ�Ô � ¶gÜ Î>Q?Î�Í � Î�Ô�(bæ*å;Ñ*å;ÑbÔ�Ô�Ð�Ï�ÒCÌMä�ÌWÏLÌ.ä�Í ãÎ�ÏLÓCÔ,Í�ÓM�<Ð*ÎãÎ�ÒEÎ�ä�Í,Ï�ÓM�<Ð*Î�Ô,Î�Ï�Ì � ÓCÔ�ä�Ð*Í ãÎ � ÎI��Ì.Ñ�Óe7Î�Ï�Î2� ãÎ�Ñ ãÎ�Ï�Ì.ÒEÎ � Ì.Ñ�ÔjÒEÎ�Ô�ÓRJ*Ó]7Î���Î�ä�æbÌD(bÓEÍ,Ï�Î �

2.5.2 La démarche de calcul des diff érents termesT å;Ð*Ï9ä�Ì.ÒJä�Ð�ÒEÎ�ÏjÒEÎ�ä�å;Ð*Ï�Ì.ÑhÍ%U?Ñ*å;ÐbÔjÌ�Ö.å;ÑbÔwÓM�y(bÒ ãÎ���Î�ÑhÍ ãÎ�Ò Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ	Ô�Ð�ÓEÖWÌ.Ñ�Í,Î � ãÎ�ä�Ï�ÓEÖWÌ.Ñ�Í9ÒEÎ�ä�å;ÐKkÏ�Ì.Ñ�Í ãÎ�ÒJÌ.Ô,Í�ÓM�<Ð*Î � Ì.Ñ�Ô>ÒJÌ�Í�æ ãÎ�å.ÏLÓEÎ � Î ÅRÆ�Ç/ÈiÆ#É/Ê�Ë 7Ì�Í,Ï�ÌzÖ.Î�Ï�ÔjÒCÌ:9,å;Ñ�ä�Í�ÓEå;ÑP� ãÎ�Í�Ì.Ò|{���å;Ò ãÎ�ä�Ð�ÒEÎx{�� ãÎ�Í�Ì.Ò ·
ç	¥º¹.»½

< = � è ³ �  ¼?Má�
 ë ¸L� � �  ¸� � � è ì Ahé ¬ ¹�� Ø.Ä;²
µ å;ÐbÔ2(�Ï ãÎ�Ô,Î�ÑhÍ,å;Ñ�Ô�ÒCÌÂ��Ì.Ñ�Óe7Î�Ï�Î � Î�ä�Ì.ÒCä�Ð�ÒEÎ�Ï3ÒEÎ�Ô � Ó�Q ãÎ�Ï�Î�ÑhÍ�Ô�Í,Î�ÏY��Î�Ô3Î�Í�ÒCÎ�Ô���ÌWÍ,Ï�ÓCä�Î�Ô ¸ � � U �  U¸  � U � è �<Ð�Ó#ä�å'�)(iå;Ô,Î�ÑhÍjä�Î�Í,Í,Î�0Xå.ÏY�BÐ�ÒCÌWÍ�ÓEå;Ñ � Ð�ä�å;Ð*Ï�Ì.ÑhÍ �

Calcul des fonctions de distrib ution

¶ Î�ÔI0[å;Ñbä�Í�ÓEå;Ñ�Ô � è Î�Í �  Ô,å;ÑhÍ�ÒEÎ�Ô-0Xå;Ñ�ä�Í�ÓEå;Ñ�Ô � Ü å�ä�ä�Ðj(bÌWÍ�ÓEå;ÑÃÏ�Î�ÔH(iÎ�ä�Í�ÓEÖ.Î���Î�ÑhÍ � ÎOÒ Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î� Îi�;Ì.Ð�äLæ*Î�Î�Í � Î � Ï�å;ÓEÍ,Î � ª Î�ÒJÒEÎ�Ô�kmä�Ó>Ô,å;ÑhÍ � å;ÑbÑ ãÎ�Î�Ôy(bÌWÏ�ÒCÎ�Ô)0[å;Ñbä�Í�ÓEå;Ñ�Ô � Îg� Ê�Ëhc&[ Ô�Ì.ä�æbÌ.Ñ�ÍÂ�hÐ*Î
Ò Ü¢ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î-�;Ì.Ðbä�æ*Î�Î�Ô�Íg7Ì�ÒCÌ)��Ì.Ô�Ô,Î3Î�ÍwÒEÎX(iå.Í,Î�ÑhÍ�ÓEÎ�Ò#Î�Ô,ÍjÌD(s(bÒCÓM�<Ð ãÎ3Ô�Ð*ÏjÒ Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î � Ï�å;ÓEÍ,Î ·

� è ¬^é�²g¥ °
°8. » iPj@i@kl�m Î�Í �  9¬^é�²R¥ °

°
. » i�jFi@k!j@n�ol�m ¬ ¹�� Ø6¾h²
å�7ÐféMÎ�Ô,Í3ÒCÌ4ä�å;Ñ�Ô,Í�Ì.ÑhÍ,Î � Îqp'å;ÒCÍHÐ���Ì.Ñ�Ñ�U  Î�Ô,Í3ÒCÌOÍ,Î��)( ãÎ�Ï�ÌWÍ�Ð*Ï�Î6U » Î�Ô,Í3ÒCÌKÖWÌ.ÒEÎ�Ð*Ï3ÌD5bÔ,å;ÒCÐ�Î � ÎÒCÌ�ä�æ�ÌWÏY�.Î � Î�Ò Ü�ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�U ésr ä�å.Ï�Ï�Î�ÔH(iå;Ñ � Ì.Ð�Ñ�ÓCÖ.Î�Ì.Ð � Î�� Ê�Ëhc:[ �

Détermination de la fonction de Green de la mol écule~ ÚÕÑ � Îgä�Ì.ÒJä�Ð�ÒEÎ�Ï�ÒCÌ*0[å;Ñ�ä�Í�ÓCå;Ñ � Î1Þ Ë#Ê�Ê�Ç Ï�Î�Í�ÌWÏ � ãÎ�Î � Î'ÒCÌ*��å;Ò ãÎ�ä�Ð�ÒCÎgÎ�Ñ-(bÏ ãÎ�Ô,Î�Ñ�ä�Î � Î�Ô ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô¸  � U1ÓCÒjÎ�Ô�Í�Ñ ãÎ�ä�Î�Ô�Ô�Ì.ÓEÏ�Î � Î0ä�Ì.ÒJä�Ð�ÒEÎ�Ï�ÒCÌDÔ,Í,Ï�Ð�ä�Í�Ð*Ï�Î ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î � Î�ÒCÌñ��å;Ò ãÎ�ä�Ð�ÒEÎ�ÓCÔ,å;Ò ãÎ�Î � µ å;Ð�Ô� ãÎ�ä�Ï�ÓEÖ.å;Ñ�Ô�Ò Ü Î�Ñ�Ô,Î��I5bÒEÎ � Î�Ò Ü æ�Ì6��ÓJÒEÍ,å;Ñ�ÓEÎ�Ñ í � Î�ÑSÒCÓCÌ.ÓCÔ�å;Ñ�ÔG0Xå.Ï�Í,Î�Ô � Ì.Ñ�Ô�Ð�Ñ*Î�5bÌ.Ô,Î � Ü å.Ï,5bÓEÍ�Ì.ÒEÎ�Ô
ÌWÍ,å'��ÓM�<Ð*Î�Ô � ª Î�Í�æ�Ì6��ÓJÒEÍ,å;Ñ�ÓEÎ�ÑNÎ�Ô,Í�Î�Ñ�Ô�Ð�ÓCÍ,Î � ÓJÌD�.å;Ñ�Ì.ÒCÓCÔ ãÎÂ(iå;Ð*Ï�å65�Í,Î�Ñ�ÓEÏ�ÒEÎ�ÔBÖWÌ.ÒEÎ�Ð*Ï�Ôg(�Ï�å6(bÏ�Î�Ô é*�Î�Í�ÒEÎ�Ô�Ö.Î�ä�Í,Î�Ð*Ï�Ôg(�Ï�å6(�Ï�Î�Ô a���� � � Î�ÒCÌP��å;Ò ãÎ�ä�Ð�ÒEÎ � µ å;Ð�ÔBÑ*Î � ãÎ�Í�Ì.ÓJÒCÒEÎ�Ï�å;Ñ�Ô�(bÌ.Ô-(ÕÒCÐ�Ô3ÓCä�ÓRÒCÎ�ä�Ì.ÒCä�Ð�Ò� Î�ÒCÌ�Ô,Í,ÏLÐ�ä�Í�Ð*Ï�Î ãÎ�ÒEÎ�ä�Í,Ï�å;ÑbÓM�hÐ�Î � Î�ÒCÌ)��å;Ò ãÎ�ä�ÐbÒEÎ6Ubä�Î�ÒCÒEÎ>kmä�Ó!0XÌ.ÓCÔ�Ì.Ñ�ÍjÒ Ü å65K9�Î�Í � Ð�ä�æ�ÌD(ÕÓEÍ,Ï�Î�Ô�Ð�ÓCÖ6Ì.ÑhÍ � ¶ Ì0[å;Ñ�ä�Í�ÓCå;Ñ � Î2Þ Ë#Ê�Ê�Ç Ï�Î�Í�ÌWÏ � ãÎ�Î�ä�å.Ï�Ï�Î�ÔH(iå;Ñ � Ì.ÑhÍ:7Ì�ÒJÌ-��å;Ò ãÎ�ä�Ð�ÒEÎwÓCÔ,å;Ò ãÎ�Î ¸ � î � Î�Ô,Í ãÎ�ä�Ï�ÓEÍ,Î � Ì.Ñ�Ô'ÒCÌX5bÌ.Ô,Î� Î�Ô1å.Ï,5bÓCÍ�Ì.ÒEÎ�Ô>ÌWÍ,å'��ÓM�<Ð*Î�Ô =�3x?'·tvuxwXy�z"{�uxw�|B}~Y� }I}�wK|B}����� ux�b�}Sy��+��}�{���u��#�}#} � û a ¸ � î � ¬^éB²%a � � ¥ ÒCÓM��1� � � � �

� û a��X� � � �X�+a � �éI³=é&�2. û \ ¬ ¹�� Ø ë ²



Ø C ì7í9îwïgð�ñ2òjóõô�öÃñ2íø÷ó�ù$ò>ð�óõú4ûSñ7òjî9ü3ý�ï9ù$ò>ñÿþî ñ7òjî � ógò9ýFû�ü9ó��Pù���÷ó�ì�û���ó
å�7Ð a û � Î�Í a � � Ô,å;ÑhÍ � Î�ÐKJKå.Ï,5bÓEÍ�Ì.ÒEÎ�ÔjÌWÍ,å'��ÓM�<Ð*Î�Ô �M Ñ�Î:��Ì.Ñ�Óe7Î�Ï�ÎwÔ�ÓM�y(bÒEÎ$Î�Í
� ãÎ�Ñ ãÎ�Ï�Ì.ÒEÎX(iå;Ð*ÏÍ(bÏ�Î�Ñ � Ï�Î1Î�ÑOä�å'�)(�Í,Î�Ò Ü Î>QiÎ�Í � Î�Ô ãÎ�ÒCÎ�ä�Í,Ï�å � Î�ÔgÎ�Ô,Í � Ü Ð*Í�ÓRkÒCÓCÔ,Î�Ï2Ò Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ � Î�J à�\^_�Ç�¬ ¹�� ° ë ² �<Ð*Î>Ñ*å;ÐbÔ2Ì�Ö.å;Ñ�Ô � ãÎ¨9^7Ì3Ö�Ð*Î � Ì.Ñ�Ô2ÒCÎ>ä�Ì � Ï�Î � Î>ÒCÌ � Ó�QiÐ�Ô�ÓEå;Ñ�(iå;Ð*Ïä�Ì.ÒCä�Ð�ÒEÎ�Ï7ÒCÌ*0Xå;Ñ�ä�Í�ÓEå;Ñ � Î&Þ Ë#Ê�Ê�Ç � Ð�ÔHL<Ô�Í>7Î���Î$ä�å;ÐW(bÒ ãÎ �D� Ì.ÓCÔ�(iå;Ð*Ï�ÌD(W(ÕÒCÓM�<Ð*Î�Ï�ä�Î�Í,Í,Î ãÎ��hÐ�ÌWÍ�ÓCå;Ñ�U6ÓJÒ;Î�Ô,ÍÑ ãÎ�ä�Î�Ô�Ô�Ì.ÓEÏ�Î9Ì.Ðy(�Ï ãÎ�Ì.ÒJÌD5bÒEÎ � Îwä�å;Ñ�Ñ�Ì^� }EÍ,Ï�ÎwÒCÌX0[å;Ñbä�Í�ÓEå;Ñ � Î-Þ Ë#Ê�Ê�Ç � Î�Ô � Î�ÐjJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô8� ãÎ�Í�Ì.ÒCÒCÓM�<Ð*Î�Ô

ÓCÔ,å;Ò ãÎ�Î�Ô � T å;Ð*ÏBä�Ì.ÒJä�Ð�ÒEÎ�Ï�ÒCÌi0Xå;Ñ�ä�Í�ÓEå;Ñ � ÎiÞ Ë#Ê�Ê�Ç � ÎOÔ�Ð*Ï,0^Ì.ä�Î � Ü ÐbÑ*Î � Î�Ô ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô�� ãÎ�Í�Ì.ÒCÒCÓM�<Ð*Î�Ô%UtvuxwXy�z"{�uxw�|B}~Y� }I}�wK|B}���}���}�y�z � u#|B}��� �}�z��x����� {�����}�� Ñ*å;Ð�ÔÂ(�Ï�å�ä ãÎ � å;Ñ�Ô � Î�ÒCÌ���Ì.Ñ�Óe7Î�Ï�Î�Ô�ÐbÓEÖ6Ì.ÑhÍ,Î � ¶ ÌPÔ,Í,Ï�Ð�ä�Í�Ð�Ï�Î ãÎ�ÒCÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î0Î�Ô,Í�ä�Ì.ÒCä�Ð�Ò ãÎ�Î 7ÌPÒ Ü Ì.Ó � Î� Ü Ð�ÑPæ�Ì6��ÓCÒCÍ,å;Ñ�ÓEÎ�ÑÃÎ�Ñ�ÒCÓCÌ.ÓCÔ�å;Ñ�Ô�0Xå.Ï�Í,Î�Ô � ¶ Î�Ô�(bÌWÏ�Ì6� ãÎ�Í,Ï�Î�Ô � Î�ÒCÓCÌ.ÓCÔ�å;Ñ�Ôg0[å.Ï�Í,Î�Ô�Ô�å;Ñ�Í�Ìx9�Ð�Ô,Í ãÎ�Ôy(iå;Ð*ÏÏ�Î%(�Ï�å � Ð�ÓEÏ�Î�ÒCÎI��ÓEÎ�ÐjJÂ(iå;Ô�Ô�ÓM5bÒEÎ�ÒCÌ�Ô�Í,Ï�Ð�ä�Í�Ð*Ï�Î � Î�5bÌ.Ñ � Î�Ô>Î�Ñ ¶ h*~ Ñ � Ði� ãÎ�Í�Ì.Ò � / Ñ*ÚbÑMÒCÌ)0Xå;Ñ�ä�Í�ÓEå;Ñ� Î&Þ Ë#Ê�Ê�Ç � Î8Ô�Ð*Ï,0^Ì.ä�Îgå;Ð � Î'Ö.å;ÒJÐW��ÎgÎ�Ô�Í�å65�Í,Î�Ñ<Ð*Î�(bÌWÏ7ÒCÌ>Í,Î�äLæ�Ñ�ÓM�<Ð*Î � Î � ãÎ�ä�ÓM��ÌWÍ�ÓCå;Ñ ¬ Ö.å;ÓCÏ�Ì.Ñ�Ñ�Î>J<Îp ² � µ å;Ð�Ô1ÌzÖ.å;Ñ�Ô>ä�Ì.ÒCä�Ð�Ò ãÎG7Ì�ÒCÌI0Xå;ÓCÔ$ÒCÌg0[å;Ñ�ä�Í�ÓCå;Ñ � ÎIÞ Ë#Ê�Ê�Ç � Î3Ô�Ð*ÏY0XÌ.ä�Î � Î�Ò Ü¢ãÎ�ÒEÎ�ä�Í,Ï�å � Î-� ãÎ�Í�Ì.ÒCÒCÓB�hÐ*Î� Î � Ï�å;ÓCÍ,Îs�  Î�Í � Î2�;Ì.Ðbä�æ*Î�� è �~ ÚbÑ � Î2(iå;Ð*Ö.å;ÓCÏjÌD(W(bÒCÓB�hÐ*Î�Ï1Ò Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ � ÎKJ à�\x_�Ç U�Ñ*å;Ð�Ô>ä�Ï ãÎ�å;Ñ�ÔwÎ�Ñ�Ô�ÐbÓEÍ,Î3ÒCÌ)0Xå;Ñ�ä�Í�ÓEå;Ñ � Î�������3z"{�uxw�|B}���3��uxw Þ Ë#Ê�Ê�Ç � Ð�ÔHL<Ô�Í>7Î���Î ãÎ�ÒEÎ�ä�Í,Ï�å � Î>k@��å;Ò ãÎ�ä�Ð�ÒEÎ>k ãÎ�ÒEÎ�ä�Í,Ï�å � Î � ãÎ�ä�å;Ðj(bÒ ãÎ�7Ì:(ÕÌWÏ�Í�ÓEÏ � Î�ÔV0Xå;Ñ�ä�Í�ÓEå;Ñ�Ô � Î:Þ Ë#Ê�Ê�Ç� Î�Ô � Î�ÐjJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô^�  Î�Í�� è Î�Í � ÎgÒCÌ*��å;Ò ãÎ�ä�ÐbÒEÎgÓCÔ,å;Ò ãÎ�Î ¸ � î � � ª Î�ÒCÒCÎ>kmä�Ó;Ì � å6(�Í,Î8ÒCÌ10Xå.ÏY��ÎgÔ�ÐbÓEÖ6Ì.ÑhÍ,Î ·
¸ � î  ¥ ��� � è C CC ¸ � î � CC C �  ���� ¬ ¹�� Ø.Ø;²

µ å;ÐbÔ1å65�Í,Î�Ñ*å;Ñ�Ô1�<Ð*Î3Ò Ü å6( ãÎ�Ï�ÌWÍ,Î�Ð�Ï � Î�Þ Ë#ÊbÊ�Ç Ô Ü Î>J�(bÏ�ÓM��Î�Ô,å;Ð�Ô1ÒCÌg0Xå.ÏY��Î � Ü ÐbÑ*Î���ÌWÍ,Ï�ÓCä�Î�ä�å'��k(?å.Ï�Í�Ì.Ñ�Í3Í,Ï�å;ÓJÔ25bÒEå�ä�Ô � ÓRQ ãÎ�Ï�Î�Ñ�Í�Ô � Ì.Ñ�Ô3ÒCÌÂ5bÌ.Ô,Î � Ü å.Ï,5bÓEÍ�Ì.ÒEÎ�Ô3ä�å'�y(?å;Ô ãÎ�Î�Ô � Î�Ô3å.Ï,5ÕÓEÍ�Ì.ÒEÎ�Ô3ÌWÍ,å'��ÓM�<Ð*Î�Ô� Î�Ò Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î2�;Ì.Ð�ä�æ*Î6U � Î�ÒCÌ)��å;Ò ãÎ�ä�ÐbÒEÎ�Î�Í � Î�Ò Ü¢ãÎ�ÒCÎ�ä�Í,Ï�å � Î � Î � Ï�å;ÓCÍ,Î �
µ å;ÐbÔ � ãÎ�ÚbÑ�ÓCÔ�Ô�å;Ñ�ÔOÌ.ÐbÔ�Ô�Ó9ÒEÎ�Ô��ÌWÍ,Ï�ÓCä�Î�Ô � Î0ä�å;Ðj(bÒJÌD�.Î�Ô%U$Ï�Î�ÔH(iÎ�ä�Í�ÓEÖ.Î���Î�ÑhÍ ô è ¬«ôs 1² �<Ð�ÓwÔ�å;Ñ�Í

ä�å'�)(iå;Ô ãÎ�Î�Ô � Î�Ô�(iå.Í,Î�Ñ�Í�ÓCÎ�ÒCÔ � Î1ä�å;Ðj(bÒCÌD�.Î$Î�ÑhÍ,Ï�Î1ÒEÎ�Ô�å.Ï,5bÓEÍ�Ì.ÒEÎ�Ô7ÌWÍ,å'��ÓB�hÐ*Î�Ô � Î8Ò Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î8�;Ì.Ð�äLæ*Î
Î�Í$ÒCÎ�Ô'å.ÏY5bÓEÍ�Ì.ÒEÎ�Ô � Î�ÒCÌI��å;Ò ãÎ�ä�Ð�ÒEÎ ¬ Î�Ñ�Í,Ï�Î�ÒCÎ�Ô'å.ÏY5bÓEÍ�Ì.ÒEÎ�Ô � Î�ÒCÌI��å;Ò ãÎ�ä�Ð�ÒEÎ�Î�Í1ÒEÎ�Ôgå.ÏY5bÓEÍ�Ì.ÒEÎ�Ô$ÌWÍ,å'��ÓM�<Ð*Î�Ô� Î�Ò Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î � Ï�å;ÓEÍ,Î ²S  �sh Ì.Ñ�ÔwÒCÌ)��Î���Î�5ÕÌ.Ô,Î � Ü å.Ï,5bÓCÍ�Ì.ÒEÎ�Ô � ãÎ�ä�Ï�ÓEÖWÌ.ÑhÍjÒCÌ�0Xå;Ñ�ä�Í�ÓEå;Ñ � Î�Þ Ë#Ê�Ê�Ç� Ð�ÔHL�Ô,Í>7Î���Î�ä�å'�y(bÒEÎ�Í%U�ÒCÌ)��ÌWÍ,ÏLÓCä�Î � Î�ä�å;Ðj(ÕÒCÌD�.Î ô Ô Ü Î>J�(bÏ�ÓM��Î�ä�å'�y��Î

ô ¥
��� C ô è C
¬«ô è ² ò C ô  C ¬«ô  ² ò C ���� ¬ ¹�� Ø;Û.²

/ Ñd(�Ï�ÌWÍ�ÓM�<Ð*Î6U<ÌWÚbÑ � Î9ÒCÓB��ÓEÍ,Î�ÏgÒCÌ�Í�Ì.ÓCÒCÒCÎ � Î�Ô���ÌWÍ,Ï�ÓCä�Î�Ô8Ð*Í�ÓCÒJÓCÔ ãÎ�Î�Ô%UhÑ�å;Ð�Ô'Ð�Í�ÓCÒCÓCÔ,å;ÑbÔRÒEÎ&0^Ì.ÓEÍ��hÐ�ÎwÒEÎ�Ô(?å.Í,Î�ÑhÍ�ÓEÎ�ÒCÔ � Î9ä�å;Ðj(ÕÒCÌD�.Î ô è Î�Í ôs � ãÎ�ä�Ï�å;ÓCÔ�Ô,Î�Ñ�Í10Xå.Ï�Í,Î���Î�ÑhÍ1Î�Ñ0Xå;Ñ�ä�Í�ÓEå;Ñ � Î�ÒCÌ � ÓCÔ,Í�Ì.Ñbä�Î �K~ ÓCÑ�Ô�ÓÕÒCÌ��å;Ò ãÎ�ä�Ð�ÒEÎ�Ñ Ü Î�Ô,Í>Ï ãÎ�Î�ÒCÒEÎ���Î�Ñ�Íjä�å;ÐW(bÒ ãÎ�Î��<Ð Ü Ì�Ö.Î�äI�hÐ*Î�ÒB�hÐ*Î�ÔjÌWÍ,å'��Î�Ô � Î�ÔjÔ�Ð*Ï,0^Ì.ä�Î�Ô*� ãÎ�Í�Ì.ÒCÒCÓB�hÐ*Î�Ô �
µ å;ÐbÔwÌzÖ.å;Ñ�Ô � ãÎ�Í�Ì.ÓCÒCÒ ãÎ�ÒJÌ)0[å.ÏF��Î � Î�ÒCÌ)0Xå;Ñ�ä�Í�ÓEå;Ñ � ÎyÞ Ë#ÊbÊ�Ç Ï�Î�Í�ÌWÏ � ãÎ�Î � Ð	ÔHL<Ô�Í>7Î���Î�Í,å.Í�Ì.Ò�ÓCÔ,å;Ò ãÎ

¸�¡� î  Î�Í�ä�Î�ÒCÒEÎ � Î�ÒCÌd��ÌWÍ,Ï�ÓCä�Î � Î�ä�å;Ðj(ÕÒCÌD�.Î ô � µ å;Ð�Ô:(iå;Ð*Ö.å;Ñ�ÔjÍ,Î�Ñ�ÓEÏ�ä�å'�)(�Í,Î � ÎI��Ì.ÑbÓ]7Î�Ï�Î�Î>J*Ì.ä�Í,Î¢#£ ª%¦HY£v¤V¤�¬x´e®�§�µ¦¥&�+�x©«ª#§^®¥±*Y§«®¥ªÏ¬¨ £ 8ÕOªF©«±1¤V¤�§xY¦¨§«¤Í·x¤�´!¦�ª%¤�©1¦�®¥¤�¬%§«´"·x¤¼¦�ªF°���£»Y¯Ï¤Í¤�´]§�·x®¥´e¦�°^§^¹¤�¤¼F°�¦½³�x� / �



ô�öfe�ö	ú�ó8ý/ì2ò>ð�ï9ñ�ð�ù$üIú4û²�Pù$ú þó
��ó ��ð�ý4ó'ü ù1ó�û � òwó Ø�°� Î�ÒCÌ�(iÎ�Ï�Í�Ðj5ÕÌWÍ�ÓEå;Ñ ô Ô�Ð*Ï>ÒCÌ�0Xå;Ñ�ä�Í�ÓEå;Ñ � Î�Þ Ë#Ê�Ê�Ç 7Ì�Ò Ü Ì.Ó � Î � Î�Ò Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ � Î�J à�\x_�ÇF·
¸  ¥ ¸ � î  . ¸ � î  ô ¸  å�7Ði(bÒJÐ*Íx�å.Í ¸  ¥ ¬�ª�³ ¸ � î  ô�² ��� ¸ � î  ¬ ¹�� Ø63;²

µ å;ÐbÔOå65bÍ,Î�Ñ*å;Ñ�Ô4ÒCÌf0Xå;Ñ�ä�Í�ÓEå;Ñ � ÎÎÞ Ë#Ê�ÊbÇ � ÎHÒCÌ���å;Ò ãÎ�ä�Ð�ÒEÎ0ä�å;Ðj(bÒ ãÎ�ÎHÎ�ÑÁÓ � Î�ÑhÍ�ÓEÚbÌ.ÑhÍ�ÒEÎP5ÕÒEå<ä
ä�å.Ï�Ï�Î�ÔH(iå;Ñ � Ì.ÑhÍg7Ì�ÒJÌy��å;Ò ãÎ�ä�Ð�ÒEÎ � Ì.Ñ�Ô>ÒCÌG��ÌWÍ,Ï�ÓCä�Î ¸  � / Ñ*ÚbÑ�U�ÒJÌ�0[å;Ñ�ä�Í�ÓCå;Ñ � Î)Þ Ë#Ê�Ê�Ç ÌzÖ6Ì.Ñbä ãÎ�Î � ÎÒCÌ)��å;Ò ãÎ�ä�Ð�ÒEÎ6_ � � Î�Ô,Í � ãÎ�Í,Î�ÏY��ÓCÑ ãÎ�Î�Î�Ñ�(bÏ�Î�Ñ�Ì.ÑhÍ>ÒEÎ�ä�å'�)(bÒEÎ>J�Î�ä�å;Ñ�9�Ðj�;Ð ãÎ � Î�ÒCÌ)��ÌWÍ,Ï�ÓCä�Î ¸  � �
Détermination des matrices de coupla ge

¶ Ì:0[å.ÏF��Î � Î8ÒCÌ&��ÌWÍ,Ï�ÓCä�Î � Î'ä�å;Ðj(ÕÒCÌD�.Î'Î�ÑhÍ,Ï�Î$ÒCÌ&��å;Ò ãÎ�ä�Ð�ÒEÎgÎ�Í7Ò Ü�ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î��;Ì.Ð�ä�æ*Î8Î�Ô,Í � å;Ñ�Ñ ãÎ�Î(bÌWÏjÒ Ü�ãÎ��<Ð�ÌWÍ�ÓEå;Ñ	Ô�Ð�ÓEÖWÌ.Ñ�Í,Î ·
� è� î 5 ¥ ¹ ` �è�ï è b è ¬^é�²Hô èè�î � ¬^éB²Hô è �è�î 5 ¬^é�² ¬ ¹�� Ø6;;²

å�7Ð�ê0Î�Ô,Í1Ð�ÑKÓCÑ � Î>J � ãÎ�Ô�Ó��;ÑbÌ.Ñ�Í$ÒEÎ�Ô8å.Ï,5bÓEÍ�Ì.ÒCÎ�Ô'ÌWÍ,å'��ÓB�hÐ*Î�Ô8Ì.Ð4Ñ�ÓEÖ.Î�Ì.Ð � Î�Ò Ü¢ãÎ�ÒEÎ�ä�Í,Ï�å � Î � Î&�;Ì.Ð�äLæ*Î
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2.6 Caract éristique électrique pour un syst ème à un niveau
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6 A

V en voltsÐ-Ñ�Ò&ÓÕÔ�Ö"×HØ+Ù�Ú;�¢�|�#����z���A�O�X�¢�����,�w�&���,�J�����z���;���A���������b� �.�M�h�E�������4�,�E�X�8��P �<Û�ÜvÖ��]�9Ý  ��¤����(���h�[�J�����h�.���������
�m� ���J�|�9�|�1�m����]�������X�J����Þ�ÔXÖ��^�[ßHÖPàÕ�,�1���L�âáH���J�����[�1�|�j�����]¤��A���6�>���������h���¢���X¤;�����[�E�����3�����>ãNägåæã>äÅåæçHèB���9Ý!Öàb�w�����SéBê<�|�hëNìHí@î¢�1�SéBî#î��,�X¤9éBêvï� ð � ð�ñ�ð î ðHñ3ò �ó î#ô&� ò ôJ�bí ó �ó � óSñ3ò î#ôJ�3í ó�ð ���3é ñ ôW�ó�ó  ð�ñSó3òâò�ó	ò î ð ê;�,��ô&���Sô�é·ê ñSð � ñ í.���ó�ó  ð�Iõ ð ô�ï ó ï ó �Iõ��ó �bí ð·ò ô�é·ê�Þ�Ô�ÖR¾�ØSßHÖ

ª Î�Í,Í,Î ãÎ��<Ð�ÌWÍ�ÓEå;Ñ²(�Ï ãÎ � ÓEÍ�ÒEÎ�ä�å;Ð*Ï�Ì.ÑhÍ � Î�Ô�ÌWÍ�Ð*Ï�ÌWÍ�ÓCå;ÑPå65bÔ,Î�Ï�Ö ãÎ � Î ° ¹�� °zÛ ã ~ Ì.Ð�Ñ�ÓEÖ.Î�Ì.Ð � Î�ÒCÌ
ÚW�;Ð*Ï�Î ¬ ¹�� ° C ² � Ì.Ñ�Ô1ÒEÎ�ä�Ì.Ôjå�7Ð � è ¥ö�  ¥ ëDC ��ÎBZ �

µ å;ÐbÔOÌzÖ.å;Ñ�Ô � ãÎ�ä�Ï�ÓEÍOÒJÌ=ä�ÌWÏ�Ì.ä�Í ãÎ�Ï�ÓCÔ,Í�ÓB�hÐ*Î � Ì.Ñ�ÔOÒEÎ	ä�Ì.Ô � Ü Ð�ÑõÔ,L<Ô,Í%7Î���Î0Ô�ÓM�y(bÒEÎ4å�7Ð�ÐbÑ�Ñ�ÓEÖ.Î�Ì.Ð��å;Ò ãÎ�ä�Ð�ÒCÌ.ÓEÏ�Î9Î�Ô�Í$ä�å;ÐW(bÒ ãÎG7Ì � Î�ÐKJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô*� ãÎ�Í�Ì.ÒJÒCÓM�<Ð*Î�Ô � å;Ñ�Í1ÒCÌ � Î�Ñ�Ô�ÓEÍ ãÎ � Ü¢ãÎ�Í�ÌWÍ�ÔjÎ�Ô,Í>ä�å;Ñ�Ô,Í�Ì.ÑhÍ,Î �_9Ï��Ì.ä�Î�7Ì�ä�Î�Í�Î>J�Î��)(bÒCÎ6URÑ*å;Ð�Ô�Ì�Ö.å;ÑbÔ � ãÎ%�;ÌD� ãÎ � Î�ÐKJDä�å;Ñ�ä�ÒJÐ�Ô�ÓEå;Ñ�Ô�ÓM�y(?å.Ï�Í�Ì.Ñ�Í,Î�Ôy�<Ð�Ó8Ö.å;ÑhÍy�;Ð�Ó � Î�Ï
Ñ*å.Í,Ï�Î � ãÎ���ÌWÏLä�æ*Î � Ì.Ñ�Ô1ÒEÎ�Ô>äLæ�ÌD(bÓEÍ,Ï�Î�Ô>Ô�Ð�ÓEÖWÌ.ÑhÍ�Ô �
¶ Ì1(�Ï�Î���Ó]7Î�Ï�ÎRÏ�Î���ÌWÏY�hÐ�ÎRÎ�Ô,Í"�<Ð*Î6U � Ì.ÑbÔ�ÒEÎRä�Ì.Ô�å�7Ð�Ô,å;ÐbÔ/Ò Ü Î>QiÎ�Í � Ð2(iå.Í,Î�ÑhÍ�ÓEÎ�ÒeU�Ð�Ñ�Ñ�ÓEÖ.Î�Ì.Ð���å;Ò ãÎ�ä�Ð�ÒCÌ.ÓEÏ�Î
Î�Ñ�Í,Ï�Î � Ì.Ñ�Ô>ÒCÌ�Ð�å;Ñ�Î � Ü�ãÎ�Ñ*Î�Ï,�;ÓCÎ�Î�Ñ�Í,Ï�Î�ÒEÎ�Ô � Î�ÐjJ4Ñ�ÓCÖ.Î�Ì.ÐKJ � Î�� Ê�Ëhc&[ � Î�Ô � Î�ÐjJ ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô�UbÐ�Ñ(bÓCä� Î�ä�å;Ð*Ï�Ì.ÑhÍBÎ�Ô,Í�å65bÔ,Î�Ï�Ö ãÎ�hÐ�Ógä�å.Ï�Ï�Î�ÔH(iå;Ñ � 7ÌMÐ�Ñ�Î>QiÎ�Í�Í�Ð�ÑbÑ*Î�Ò2Ï ãÎ�Ô,å;Ñ�Ì.ÑhÍi7Ì�Í,Ï�ÌzÖ.Î�Ï�Ô�ä�ÎKÑ�ÓEÖ.Î�Ì.Ð �&7 ÒÎ�Ô,Í � å;Ñ�ä�÷ A�=â:<øXA,àX=�;Xù (iå;Ð*Ï � ãÎ�ä�ÏLÓEÏ�Î�ä�Î�Ô�Ï ãÎ�Ô,å;Ñ�Ì.Ñ�ä�Î�Ô � Î�ä�å;ÑbÑ�Ì^� }EÍ,Ï�Îi7Ì4ÒCÌG0Xå;ÓCÔ�ÒEÎ�Ô�(iå;Ô�ÓEÍ�ÓEå;ÑbÔjÎ�Í3ÒEÎ�Ô
Ö6ÌWÏ�ÓJÌWÍ�ÓEå;Ñ�Ô1Î�Ñ�0Xå;Ñ�ä�Í�ÓEå;Ñ � Ð(iå.Í,Î�Ñ�Í�ÓEÎ�Ò � Î�ä�Î�ÔjÑ�ÓCÖ.Î�Ì.ÐKJ��å;Ò ãÎ�ä�Ð�ÒCÌ.ÓEÏ�Î�Ô � Ì.Ñ�Ô>ÒCÌ:9,å;Ñ�ä�Í�ÓEå;Ñ �

¶ Ì�Ô,Î�ä�å;Ñ � Î9ä�å;Ñ�ä�ÒCÐ�Ô�ÓCå;Ñ�Î�Ô,Í8�<Ð Ü ÓCÒ�Î�Ô,Í'ÓM�y(?å.Ï�Í�Ì.Ñ�Í � Î*5bÓEÎ�Ñ � ãÎ�ä�ÏLÓEÏ�ÎwÒCÎ�ÔÍ(iå.Í,Î�Ñ�Í�ÓCÎ�ÒCÔ � Îwä�å;Ðj(bÒCÌD�.Î
Î�Ñ�Í,Ï�Î�ÒCÎ�Ô�å.Ï,5bÓEÍ�Ì.ÒEÎ�Ô � Î�ÒCÌ��å;Ò ãÎ�ä�ÐbÒEÎ�Î�Í�ä�Î�ÒCÒEÎ�Ô � Î�Ô ãÎ�ÒEÎ�ä�Í,Ï�å � Î�Ô�ä�ÌWÏ�Ñ*å;Ð�Ô�Ì�Ö.å;Ñ�Ô�Ö<Ð��<Ð*Î6U � Ì.Ñ�Ô3ä�Î
ÔHL<Ô�Í>7Î���Î7Ì�Ð�Ñ4Ñ�ÓEÖ.Î�Ì.Ð!U�ÒCÌBÖ6Ì.ÒEÎ�Ð�Ï � Ð4ä�å;Ð*Ï�Ì.ÑhÍ � ãÎ%(iÎ�Ñ � Ì.ÓEÍ$Í,Ï�7Î�Ô*0Xå.Ï�Í,Î���Î�ÑhÍ � Î�ä�Î�Ô>ä�å;ÐW(bÒCÌD�.Î�Ô �WT ÌWÏä�å;Ñ�Í,Ï�ÎBÒCÌ�0Xå.ÏY��Î2� ãÎ�Ñ ãÎ�Ï�Ì.ÒEÎ � Î�ÒCÌ�ä�ÌWÏ�Ì.ä�Í ãÎ�Ï�ÓJÔ,Í�ÓM�<Ð*Î�Ñ*Î � ãÎ%(iÎ�Ñ � (bÌ.Ô10Xå.Ï�Í,Î���Î�ÑhÍ � Î�ä�Î�Ôjä�å;ÐW(bÒCÌD�.Î�Ô �
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2.7 Conc lusions

µ å;ÐbÔ8ÌzÖ.å;Ñ�Ô�(�Ï ãÎ�Ô,Î�ÑhÍ ãÎ�ÒEÎ�Ô � ÓRQ ãÎ�Ï�Î�ÑhÍ�Ô�0[å.ÏF��Ì.ÒCÓCÔ,��Î�Ô � ÎwÍ,Ï�Ì.Ñ�ÔH(iå.Ï�Í � ÓCÔH(iå;Ñ�Ó�5ÕÒEÎ�Ô�(?å;Ð�Ï � ãÎ�ä�Ï�ÓEÏ�Î9ÒEÎ
Í,Ï�Ì.Ñ�ÔH(iå.Ï�Í ãÎ�ÒEÎ�ä�Í,Ï�å;ÑbÓM�hÐ�Î � Ì.Ñ�Ô2Ð�Ñ*Î�9,å;Ñ�ä�Í�ÓEå;Ñ)� ãÎ�Í�Ì.Ò�{���å;Ò ãÎ�ä�Ð�ÒEÎx{�� ãÎ�Í�Ì.Ò � µ å;Ð�ÔRÌzÖ.å;Ñ�Ô
��å;ÑhÍ,Ï ãÎ:�<Ð Ü Ì.Ð� Î�Ò½7Ì � Î�Ô � Ó�Q ãÎ�Ï�Î�Ñ�ä�Î�Ô � Ì.ÑbÔ�ÒEÎ�Ô�æ4L�(iå.Í�æ+7Î�Ô,Î�Ôg(iå;Ô,Í�Ð�Ò ãÎ�Î�ÔBÎ�Í � ÎOÒCÌ � Î�Ô�ä�Ï�Ó�(bÍ�ÓEå;Ñ � Ð�� ãÎ�ä�Ì.Ñ�ÓCÔ,��Î6U�ÓCÒ
ãÎ�Í�Ì.ÓEÍ*(iå;Ô�Ô�Ó�5ÕÒEÎ � Î�0^Ì.ÓEÏ�Î � Î�Ô>ä�å;Ñ�Ñ*Î�ä�Í�ÓEå;ÑbÔ1Î�Ñ�Í,Ï�Î�ä�Î�Ô � ÓRQ ãÎ�Ï�Î�ÑhÍ�Ô10[å.ÏF��Ì.ÒCÓCÔ,��Î�Ô$Î�Í*�hÐ*Î�Ò Ü å;Ñ�(iå;Ð*Ö6Ì.ÓCÍ
ÌD5?å;Ð�Í�ÓEÏ � Ì.Ñ�Ô7Ð�Ñ*Î$ä�Î�Ï�Í�Ì.ÓCÑ*Î1��Î�Ô�Ð�Ï�Î27Ì9Ð�Ñ*Î�0Xå.ÏY��ÐbÒCÌWÍ�ÓEå;Ñ � ÐBÍ,Ï�Ì.Ñ�ÔH(iå.Ï�Í�Ï�Î�ÒCÌWÍ�ÓEÖ.Î���Î�ÑhÍ ãÎ��hÐbÓEÖ6Ì.ÒCÎ�Ñ�Í,Î �¶ Î���å � 7Î�ÒEÎ � Î�Í,Ï�Ì.Ñ�ÔH(iå.Ï�Í1�<Ð*Î�Ñ*å;Ð�Ô>ÌzÖ.å;Ñ�Ô9Ì � å6(�Í ãÎ�Ì�Ì.Ð�Ô�Ô�Ó ãÎ�Í ãÎ�Î>JK(iå;Ô ãÎ �

µ å;ÐbÔ�ÌzÖ.å;Ñ�Ô���å;Ñ�Í,Ï ãÎ�<Ð Ü Ð�Ñ*ÎG��Ìx9�Î�Ð*Ï�ÎG(bÌWÏ�Í�ÓCÎ � Ð=Í,ÏLÌ�ÖWÌ.ÓCÒ'ä�å;ÑbÔ�ÓCÔ,Í,Î#7ÌHä�Ì.ÒCä�Ð�ÒCÎ�Ï�ÒCÌ�Ô�Í,Ï�Ð�ä�Í�Ð*Ï�Î
ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î � Î�Ô � ÓRQ ãÎ�Ï�Î�Ñ�Í,Î�Ôg(bÌWÏ�Í�ÓCÎ�Ô � ÎKÒCÌy9�å;Ñ�ä�Í�ÓCå;ÑÎ��å;Ò ãÎ�ä�ÐbÒCÌ.ÓEÏ�Î � ¶RÜ å65K9,Î�Í � Ðf(�Ï�å<äLæ�Ì.ÓCÑNäLæ�Ì�k(bÓEÍ,Ï�Î�Î�Ô,Í � Î�0XÌ.ÓCÏ�Î�Ð�Ñ²5bÓJÒCÌ.Ñ � Î�Ô � Ó�Q ãÎ�Ï�Î�ÑhÍ,Î�ÔG� ãÎ�Í�æ*å � Î�Ô � Î	ä�Ì.ÒCä�Ð�Ò � Î�Ô,Í,Ï�Ð�ä�Í�Ð�Ï�Î ãÎ�ÒEÎ�ä�Í,Ï�å;Ñ�ÓB�hÐ*Î
Î�Í � Ü Î>JK(iå;Ô,Î�ÏwÒJÌy� ãÎ�Í�æ*å � Îg�<Ð*ÎBÑ*å;Ð�ÔjÌzÖ.å;Ñ�Ô�Ð*Í�ÓCÒCÓJÔ ãÎ�Î � µ å;ÐbÔ:��å;ÑhÍ,Ï�Î�Ï�å;ÑbÔ&�<Ð Ü ÓCÒ#Î�Ô,Í�ÓM�)(iå.Ï�Í�Ì.ÑhÍ � ÎÏ ãÎ�Ì.ÒCÓCÔ,Î�Ï9Ð�Ñ�ä�Ì.ÒCä�Ð�Ò�Ì.Ð*Í,å<ä�å;æ ãÎ�Ï�Î�Ñ�Í � Î�ÒCÌ�Ô�Í,Ï�Ð�ä�Í�Ð*Ï�Î ãÎ�ÒCÎ�ä�Í,Ï�å;Ñ�ÓM�<Ð*Î � Î�ÒJÌ)��å;Ò ãÎ�ä�Ð�ÒEÎ�Î�Ñ�0[å;Ñbä�Í�ÓEå;Ñ � Ð(?å.Í,Î�ÑhÍ�ÓEÎ�Ò/ÌD(s(bÒCÓM�<Ð ãÎ�Î�Í � Ü Ì.Ð*Í,Ï�Î�Ô&(iÎ�Ï�Í�Ðj5bÌWÍ�ÓEå;ÑbÔ �
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Chapitre 3

Calcul autocoh érent de la structure
électr onique de mol écules

á �Bð ê ò ï ó k9éBí � éBô"î ñSð } ñ í�} ó î í@ê ósñSð î ð+ñbò	Ðó î#ô�� ò ôäãbí óèÐó } óSñbò î#ôäã3í ó ï>õ í@ê ó 	3éBê ñ3ò ô�éBê cèÐó3ò�ð } Û c é�} Ðóxñ í�} ó Û cèÐóbò�ð }Äé-ôL} ó � ò ê Ðó�ñSó �³� ð ô"î ó ï óñSð } ñ í�} ó îP} ð � ò î#í ñbò í@î ó�Ðó } óSñbò î�é·ê9ôäã3í ó ï ó } ðYc é?} Ðó�ñ í�} ó�ó3ò-ñSóSñ ô�ï ó } ðYcLð ê9ô�Éó î ó } ð k�}�í*�Yë^ê ó k9é��³�#ô Þ } ó Ö;a õ ó � ò kUî Ðóxñ ô�� Ðó-c�ó ê ò }Iõ é Þ 	 óSñbò ô Áï ó6ñSóqñ � ð kUô ò î ó Öbê ð ê��Ìí@êÀkvî ó�c ô ó î ò�ó�c k��vé	êvé·í*��kvî Ðó � ó ê ò éBê	�Y} ó �KïBô À Ðó î ó ê ò�ó � c�Ðó3ò �9éxï ó �Kï·ô��ÁkFé·ê9ô Þ } ó �<ï óqñSð } ñ í�}�ï ó � ò î#í ñbò í@î ó
Ðó } óSñbò î�éBê ôäãbí ó�óbò k�}�í*�H�Ák Ðó�ñ ô ð } ó�cLó ê ò } ð<ò � Ðó é·î#ô ó ï ó } ð ÁbéBê ñbò ô�éBê ê ó }L} ó ï ó ï ó ê��#ô ò	Ðó�óbò } ó ÁbéBî c�ð }�ô�� c�ó ï ó ��}�ô ð ô��3éBê��
Ábé·î ò�ó �3Ö[Ê¦é·í*�óvß k8}�ôäã3í9éBê��T} ó ��kvî#ô"ê ñ ô k ð í ß�ð?�1ð ê ò�ð ì ó � ïPõ í ò ôL}�ô�� ó î�} ð�ò � Ðó éBî#ô ó ï ó } ð ÁbéBê ñbò ô�éBê ê ó }L} ó ï ó ï ó ê��#ô ò	Ðó kFé·í@î/}Iõ é³k ò ô c ô�� ðBò ô�éBê�ï ó�c é�} Ðó�ñ í�} ó �ó3ò } ó�ñSð } ñ í�}^ï ó � ò î#í ñbò í@î ó�Ðó } óSñbò î�éBê ôäãbí ó ÖÊ¦é·í*�LïBô�� ñ í ò é·ê��H} ó ��î ð ô��3éBê��Ìï ó êvé ò î ó�ñ �9éBô ß ïPõ í ò ôL}�ô�� ó î�kUî#ô"ê ñ ô k ð } ó-c�ó ê ò } ó �H}�ô ð ô��bé·ê��ÁbéBî ò�ó ��k9éBí@îB} óLò î ð ê	�ºk9éBî ò Ö>á ô"ê	�#ô�é�êUéBí*�;kUî Ðó � ó ê ò éBê	��} ó � ò�ó î c�ó �¬�#í(k5k�} Ðó-c�ó ê ò�ð ô"î ó �Hã3í�õ ôL} ó � ò ê Ðó�ñSó �³� ð ô"î ó ï ó�ñ é·ê��#ô�ï Ðó î ó î ð ë�êCï óî ó êvï·î ó } ðÀcèÐó3ò �Fé�ï ó ï ó �H}�ô ð ô��3éBê	�
ÁbéBî ò�ó � ð í ò é ñ é � Ðó î ó ê ò�ó k9éBí@î ò î ð ô ò�ó îB} óÌò î ð ê	�ÁkFé·î ò Ö�¡-ê�ë�ê	é�êUéBí*� óOß k9é��3éBê	��} ð ï Ðóbò�ó î c ô"ê ð·ò ô�é·êó3ò } ó � �Bð } ó í@î³�Ìé Þ3ò�ó ê9í ó �Ìï ó �/k ð î ð?c Éó3ò î ó �Yã3í ó êvé·í*� ð?� é·ê��Lí ò ôL}�ô�� Ðó ��kFé·í@î ñ�ð } ñ í�} ó îH} ð � ò î#í ñ3ò í@î óèÐó } óSñ3ò î�éBê9ôäã3í ó ï ó êUé c�Þ î ó í*� ó �
c é�} Ðó�ñ í�} ó ��é·îâì ð ê9ôäã3í ó �3Ö1÷ í@îÀãbí ó }�ã3í ó � óvßXó-c k�} ó � Þ ô ó êjkvî Ðó�ñ ô��vé�êvé·í*� c éBê ò î�éBê��¯} ó �×ã3í ð }�ô ò	Ðó � ó3ò } ó ��ï Ðó Á ð í ò ��ï ó } ðëc�Ðó3ò �9éxï óô c k�} Ðó�cLó ê ò%Ðó�ó Ö
3.1 Présentation des diff érentes méthodes

3.1.1 Comment résoudre l’ équation de Schr öding er ?
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3.1.2 La théorie de la fonctionnelle de la densit é
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3.2 Intr oduction de l’autocoh érence dans les liaisons for tes

3.2.1 Pour quoi l’autocoh érence ?
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3.2.2 Ecranta ge et autocoh érence
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3.3 Détermination des param ètres de liaisons for tes
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3.3.1 Les jeux de param ètres existants
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Calcul des ∆E

Fichier solution pour initialisation

Charges Niveaux électroniques Fonctions d’ondes

Obtention de la structure électronique autocohérente

ij

Obtention de la structure électronique non-autocohérente

non

oui 

χ

Lecture de la géométrie

Création de E0,Q0, H0

 Résolution de H0

Création de H autocohérent

Calcul des 

Spectre Optique Transport électronique Imagerie STM

APPLICATIONS 

Création des coefficients  γij

∆E < 1 µ eV ?
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3.3.2 La démarche de calcul
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3.3.3 L’ensemb le des param ètres

% õÄî?ú�ï-î��2��ôEîæò�î?ï4��÷*ó�÷��D�î�ødó-î?ï�ñ�ø-ùEôEùäï íî?ïâ÷�ñÈ��ð�ñ�ó�ïëò�îæôä÷�ø�+P�î?ï-î?�ð�ñ�ó&��÷�ô���ñ�ôLî�óëôä÷Îï-ødó�ñ���ø-ñ�ó-î
íî?ôLî���ødó-ð�ú�ùEö�ñ�îYò�î��Àð�ô íî���ñ�ôLî?ï½ï-ð�ú	ø¬ó�î�
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3.3.4 Test de l’ajustement sur quelques exemples
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÷�ôEôLð�ú�ï"��ó-î?ú�ò�ó-î¨ñ�ú î�1�î����>ôLîV��÷*ó,�ÀùSôLî?ïHú�ð/����ó-î?ñ�ï-î?ï��¯ð�ô íî���ñ�ôLî?ï�ò�î¯ôE÷BX�
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�÷��¯ðH�ñ¯ôE÷Bò�ù:6 íî�ó-î?ú���î�î?ïdø�ò�î w $nï�ñBî � $ % ÷Hú�÷*ø-ñ�ó�î�ò�î?ï íî�ø-÷*ø-ïTò�ð�ú�ú íî�î5��÷*ó;ôLî?ï
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�÷��H0%ôLî?ï íî�ø-÷*ø-ï�ïdð�ú	ø�ò�î?ï íî�ø-÷*ø-ïÈ¦&��ð�ó-ó-î?ï���ð�ú�ò�÷�ú	ø
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3.4 Réponse d’une mol écule à un champ électrique
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3.4.1 Présentation de la configuration
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3.4.2 Résultats et discussions : le dip ôle
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B¾�tµJ����©-�J¤-¡¾���>�w¤ ����¤-�>¤ �¾¬9��¡%§������w���p�9�J¤-¡���¤Äª»�J¤-���p�9�J¤Ä©;£´�¦�>����¤ �p�9��¬¥���-�;¬��w¢ £���¨£-¤��¦��£¹�;¬w£-¡���¤©/��t�p�>�w¬�¯DCx£x�<¬w�«Ê-µJ£x�p� Ó�Ù ¯�E

× ¡��J¤ �<�p�t�;�����¡���¤4����t��¡c¬9��¡<§h���Ý�w���p�9�J¤-¡/©x�L¬w�����J�����J¡��>¤4���¨¡���¬9�J¤´¬�¼��hÞ�� ñ ©-£©-�9�S�J¬9�à©x��¡%�¶�J¬Ý����t£-¬9��¡%©¥¼�� ñ £-¬����¤-�>³#©-�à����t�����>�����¤x���t�c©x� ú Ç Ù Æ%ø ú ¯x����¡��>£x���p��¡%���J�¶�¦�J¡p�>¤ ����¡c¡���¬9�J¤Þ^�t�L÷��¦�J£x�à����¡á�¶�J¬D����t£-¬9��¡á¡��J¤ �à¤���tµJ¬w�wµ>����¸;¬9��¡¾�º���L�����-�¦�>�p�+��:����¬w¬9��¡p£-�9§��>¤4� ñ ¯ºøà�J£-¡L�>¸º¡��t�p§>�J¤-¡©x��¡V§������w���p�9�J¤-¡¨¬w��¤/����>�9�p��¡V©-£Ã©-�9� �J¬9����¤`ª��J¤-���p�w�J¤Å©-£Ã�¦�>����¤4�p�9��¬F���;�;¬w�w¢�£/��>¯ ë £Å�-�������9�t�¨�>��©x�p�¶¬9�©-�9�S�J¬9� ËÌ ¡�¼Á��Þ��-�Ý�w�¶�V��¤Äª»�J¤-���p�9�J¤^©;£Ä��·-�>�¶� ���¬9���������w¢�£x� ËF �;���
ËÌ ÍHG ËF Ó�Ù ¯�Ú>Ú

×
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�¥�£OG±��¡��¾¬w�@�¦�J¬w�����w¡p��¸º�w¬w�9����L©x��¬��@���J¬Ý����t£-¬9�>¯ºß¨¬9�>¸º�>¬9���¶��¤ �t³#¬w��¡%§h���������p�9�J¤-¡c©-£�©-�9� �J¬9�á¡p�J¤4�c��¤���t���¡<¸¦�J¤¶�>�t���>��©¹��§>���à����¬w¬9��¡	�t�>¬w�t£;¬Ý��t��¡<��¤��oí ë ¯#Æ��¾¢�£-�#§>��£x�<©;�9�p�¾¢�£x�¾¬9��¡F�����>¤;¡�ª��t���p¡	©x�¾��·;���pµ>��¡�w¤-©-£-�w�p¡/�º���L¬9�V�¦�>����¤4�p�w��¬¥���-�;¬w�w¢�£����¡��J¤ �L�w�t�¦¸;�w��¤Ä©/��������9�p¡c��¤Â¬w�w�>�w¡��J¤;¡/ª»�>�p����¡t¯
âS�J£x�@¬��ä�¶�J¬D����t£-¬w� õ¨ö ë â<÷4ÇÆ�ÇÉíáø ï ³S¬��^���J¤xª»�>�������p�9�J¤®©x�´¬��^�¶�J¬D����t£-¬9�¹¤¥¼Á��¡��@�;�>¡«©;£`���J£x��;¬w�>¤x�>³�¬9�¶©-�w�S�J¬9�¶���;¬w£-¡��9��£x��¡á���J�¶�¦�J¡p�>¤ ����¡t¯Køà�J£-¡���§>�J¤;¡��p�t�-�#���¡p��¤4�����¬w�¹§h���������p�9�J¤Å©x��¡����J�¶�¦��Ç¡p�>¤4����¡à©-£^©-�w�S�J¬9�¨¡p£-�9§��>¤4�¾¬)¼��hÞ��¨Þ��t�L¬�¼��hÞ#� ñ Ó � �9µJ£x�p� Ù ¯ ê

× ¯���t����¤-���>�p�>³;¬9��¡¾§h���������p�9�J¤-¡c¡��J¤ �¾¸;�9��¤©x�J¤-¤���t��¡¨��¤Ã¬w�w�>�w¡p�J¤-¡¾ª»�>�p����¡¨¸;�9��¤Â¢ £-�@¬w�¹�¶�J¬D����t£-¬w�+¡p�J�9�à�������¡V���J���;¬w�w¢�£/��t�@�t���V��¬�¬9�����J�¶�¦�>�p���¶©x�¤x�J�«¸;�p��£#Þ@�����J����¡ Ó Æá³ ö ³Jø«³ õ
× �>�w¤;¡p�#¢ £x�c©x�c¤x�J��¸-�p��£;¡���¡F¬w�w�>�w¡p�J¤-¡o©;�È²L��t�p��¤ ����¡t¯4�K��¡F©-�È²L��t�p��¤-����¡��¤4���p�¶¬w�¹�Kí ë �t�V¬9��¡á¬w�w�>�w¡��J¤;¡¾ª»�>�p����¡á�-�p�5§#�9��¤-¤-��¤4�¨¡p£x�p���J£-�á©x�@¬w�¹¬Ý��tµ#��t���:¡p£x�p��¡p�p�w�����p�9�J¤ä���J£-�á¬9�©-�9�S�J¬9���¦�t�����>¤x��¤ �¾��V��·-�>�¶��¤�£-¬�¯�øà�J£-¡ �p��������¢�£x�J¤-¡ ¢�£x�c¬9��¡S§h���Ý�w���p�9�J¤-¡ ©x�c¬w�¨���J�¶�¦�J¡p�>¤ ���¾¡���¬9�J¤Þ:¡��J¤4���;¬w£;¡	ª¿�>�9¸;¬9��¡	¢�£x�¨����¬w¬9��¡/¡p£-�9§��>¤4� ñ ³����¨¢�£-�-�����>©;£-�9�<¢�£x�à¬����¦�J¬w�����w¡���¸;�w¬w�9����c�����>¤;¡�§>�t��¡�� Ó G��6�

×
©x�«¬w�¶�¶�J¬D����t£;¬9�«��¡��à�w¤xª���t�Ý�9��£x�p�:��:����¬�¬9��¡p£-�9§��>¤ �¾¡��J¤ä�hÞ#���-����¤-�t�9�;�>¬�G ��� ¯;�K�����J�����J¡��>¤4���@¡p£-�9§��>¤4�÷�¢�£-�¥¤¥¼Á��¡p�c�;�>¡c�p�t�-�#���¡p��¤4����t�+§h���Ý�9���>£-¡p¡p�¦¸¦���>£-���J£-�^�¶�J�w¤-¡cª»�>�p�����¶��¤ �t¯

âS�J£x�����J¤;�t¬w£x�p�L���à�;������µ>�����º·x�>³ ¤x�J£;¡	��§>�J¤-¡%�¶�J¤ ���#��¨¢ £x�à¬�¼��w¤ ���p��©;£-���p�9�J¤¶©x�á¬�¼��>£x���#���J·/��t�p��¤-������t�Ý�¶�t���p�>�9�<©x�L¸;�9��¤¶©���������9���L¬9��¡F�����>¤;¡�ª��t���p¡<©x�L�Ý·-���pµ>��¡��>£�¤-�9§>���>£´©x�¾¬w�����J¬Ý����t£-¬9�>¯4�K��¡<�¶�J�¶��¤ �p¡©-�9�¦�J¬w�>�9�p��¡à�¦�t�����>¤x��¤ �p¡¨¡��J¤ �V¸;�9��¤Ã©/��������9�p¡¨��¤`¬��w�>�w¡��J¤-¡àª»�>�p����¡V¢ £-�J�w¢ £-�+£;¤Â�¦��£Ã¡p£x����¡��p�w�®���¡¨�;��������-�¦�>�p����¹£;¤Â�t�>¬w�t£;¬S�oí ë ¯ ë £Å¤-�9§>���>£Ã©x��¡á§������w���p�9�J¤;¡L��¤Ãª»�J¤-���p�9�J¤Ã©-£Â�¦�>����¤4�p�9��¬ ���-�º¬w�w¢�£/��>³�¬w����J¤-���>��©-�>¤-������¤ ���p�/¬9��¡S¬w�w�>��¡��J¤-¡¦ª»�>�p����¡K�t�S¬w�L�oí ë ��¡��S�������¡K¸¦�J¤-¤-�<¡p£x�S¬�¼½�����·-�>¤ �p�w¬w¬9�J¤�©x��¡K���J¬Ý����t£-¬9��¡��t�p£-©-�D��t��¡t¯
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3.4.3 Résultats et discussions : les niveaux électr oniques

í@¼�£-¤x���:�>¤-�¿��t�p�«µS���¤���t���>¬w�>³�¤x�J£-¡¾�>¸;����¤x�J¤-¡á¢ £x�@¬w�¶§������w���p�9�J¤Â©x��¡á¤-�9§>���>£#Þ ���¬9�������p�J¤-��¢ £x��¡à��¡��¢ £-�>¡��ÈÇÉ¬w�w¤�����>�9���á��¤�ª»�J¤-���p�9�J¤ä©-£¹���>����¤ �p�9��¬����;�;¬w�w¢�£/�� Ó ¬w��¡c��²��t�p¡à¤x�J¤#ÇÉ¬w��¤/����>�9�p��¡%¡��J¤ �¾���t���¡¾ª¿�>�9¸;¬9��¡
×
¥

¦ Ö Ó §
× Í ¦ Ö Õ ¨:© § Ó�Ù ¯�Ú Ù

×
Æ��t�����¶���¢�£-���p�9�J¤����J¤-¡��p�9�p£x�	£;¤x�F¸¦�J¤-¤x�F���-�-�p�5Þ#�������p�9�J¤V©x�	¬w�%§������w���p�w�J¤�©-£V¤-�9§>���>£À���¬w�������p�J¤-�w¢�£x�

¦ Ö Ó §
× ��¤Äª»�J¤-���p�9�J¤^©-£��¦�>����¤ �p�9��¬�¯
���V�t�>¡c©-£´� ��t�����>�h���¤x�«��¡��%�p�t�;�����¡���¤4�����¡p£-��¬w��Ê-µJ£x��� Ó�Ù ¯�ó

× ¯-�K��¡/§��>¬9��£x�Ý¡�©;£:µJ���Oª)«d¬�«¥Ç�7®�¬�«�>�w¤-¡p�/¢ £x�¹¡���¡�§h���������p�9�J¤-¡���¤±ª»�J¤-���p�9�J¤®©-£`�¦�>����¤ �p�9��¬�¡��J¤4�+���J¤xª»�J¤-©-£x��¡«��¤ �oí ë �t�@��¤®¬w�w�>�w¡��J¤;¡ª��>�p����¡�¯L����¡Ä¤-�w§>���>£#Þ §������9��¤ �Ä©x�`���>¤-����t���`¬w�w¤�����>�9�p�Å�5§>���`£-¤x�Å�¦��¤ ��� ¨ Í Ò¯ ��¤ ª»�J¤-���p�9�J¤ ©-£���>����¤ �p�9��¬�¯FÆ��t�����¹§h���������p�9�J¤ ��t�p�>�9�+��������¤-©-£x��©-£±ª»�>�9��©x�´¬w�ä¡�÷��®��t���Ý�9�¹©-�:¬w�ä���J¬Ý����t£-¬9�>¯oâS�J£x�+¬9��¡¤-�9§>���>£#Þä¡p£-����t���9��£x��¡à�>£�7®�¬�« �t�á¬w��¡à¤-�w§>���>£#Þä�w¤xª���t���9��£x��¡à�>£�ª�«l¬�«F³�¬9��¡L§������w���p�w�J¤-¡à¡p�J¤4�¨�>£-¡p¡p�¸;�9��¤À©x�J¤-¤���t��¡t³/��¹�;���p�¨¬9��¡¨¡���t�;�������p�w�J¤-¡¨��¤ ���¤x�t�pµJ�9�¶¢�£-� ¡��J¤4�V£-¤Â�¦��£Ã¡��J£-¡AÇ)��¡��p��� ��t��¡¨��¤Å¬w�w�>�w¡��J¤;¡ª��>�p����¡�¯¥ìÂ�>�w¡àµJ¬9�>¸;�>¬9������¤4�V¬�¼��>�t���>��©Ã�oí ë �t�V¬9��¡á¬w�w�>�w¡��J¤;¡¾ª»�>�p����¡¨¡p£x�¨¬9�«����t�����>�����¤x�´��¡��à�������¡¨¸¦�J¤¥¯
�¬¦ª¿�>£x�¾¡��J£-¬��9µJ¤x�t�c¢ £�¼���§>���«£;¤x�V� ��t�p·x��©-��? ô4Ú�³)ô Ù @F¡p�w�¶�;¬��9Ê���t�à¸º�>¡ ��t�«¡p£x�¾£-¤Ä·;�>���w¬9���J¤-�w��¤¹©-�á�½÷ �¦�ª°®Kæºæ�±d²�³´? ô>ô-@¾¬9��¡«§������w���p�w�J¤-¡�©-�J¤-¤/��t��¡+��¤"¬w�w�>�w¡��J¤;¡Vª��>������¡±��t�p�>�w��¤4��¤x�t����������¤4�¶�¶�J�w¤;¡«¸¦�J¤-¤x��¡�t�á¬9�@µJ����ª�«l¬�«¦Ç�k®�¬$«®©;£ä����t�����>�����¤x�:¡p���#���©-£;�w¡p�>�9�¾��¤Àª»�J¤-���p�9�J¤À©-£^�¦�>����¤ �p�9��¬S���-�;¬w�w¢�£���>¯ºøà�J£-¡¤¥¼Á�>¸;¡��t�p§>�J¤;¡¨�;�>¡V©-£À���J£x�����¶�;·����¤x�J�Ä���¤-���¦�J£x�á©-��¡¨����¤-¡p�9�J¤-¡¨���-�º¬w�w¢�£/��t��¡¨���>�w¡��J¤-¤;��¸;¬9��¡á¢ £x�¶���¡��J�9�¾��¤^¬��w�>�w¡��J¤-¡�ª»�>�p����¡¾�J£^��¤^�Kí ë ¯
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í¨�>¤-¡L¬9�V�t�>¡t³º©x� ú Ç Ù Æ%ø ú Ó � �9µJ£x�p� Ù ¯wÛtð
× ¬9��¡c§������w���p�9�J¤;¡c¡��J¤4����tµJ�>¬w���¶��¤4�à¸;�9��¤�©x�J¤-¤���t��¡�¯;°<¤©/��t�;�9�/©-�L¬w��ª»�>�p���á�>¡�÷��®��t���Ý�9�á©-�L¬w���¶�J¬D����t£;¬9�>³�©-��¡	�#���¡p£-¬w�p���p¡/¡p�����w¬w�>�9����¡F�>£´�t�>¡�©-£¶����t�����>�����¤x�«¡p�J¤4��>¸-����¤ £;¡t¯ °/¤¶��²��t�t³ ¨ ��¡�����tµJ�>¬F��«ð#¯Áô ê �¦�J£x�<¬9�$ª)«l¬$«^�t�¨���ð#¯�é�ð«�¦�J£x�/¬9��7®�¬�«ä��¤:¬w���>�w¡��J¤-¡ ª»�>�p����¡Ó �p��¡��¦�����p�9§>���¶��¤ �cð#¯Áô>ô@�t�cð#¯Áô4é���¤¹�Kí ë

× ¯-����¡/�¦��¤4����¡��>¸-����¤�£x��¡%¡��J¤ ��©x�J¤;�L�-�����Ý·x��¡/©-�áð#¯�é�¯;Æ����t���¡��c©F£��>£#ÞO��t�p���p¡�ª)«l¬$«À�t�pk®�¬$«Å©x�á¬����¶�J¬D����t£;¬9�V¢ £-��¡��J¤ �c���J�¶�;¬D��t�����¶��¤ �L©����¬9�#�t�>¬w�w¡����¡c¬9�¨¬9�J¤xµ©x��¬w���¶�J¬D����t£-¬9�¶�t��©-�J¤-�+¬9�+���>����¤ �p�9��¬F�¶�2÷>��¤`§#£Ã�;������·;�>¢ £x�®��t�p������¡��O¹�º+»�¼¯ ¯��o��©/���¬9���t�>¬��w¡p���p�9�J¤�>¸;¡��t�p§	��t�à©x��¡@��t�p���p¡W½Ä�>£x���J£x�/©-£+µJ���:¡p£x�/¬9��¡F©x��£#Þ+µ>�p�J£x�¦���¶��¤ �p¡	�>�t���t�-����£x�/�t�<©x�J¤-¤-��£x� ��¡��<©-£x��>£«ª¿�>�9�o¢�£x��¬9��¡o©-��£#ÞVµ>�p�J£x�¦���¶��¤ �p¡o¡��J¤ �S�p��¬w�D���¡o�;���S£;¤x�<¬w�w�>��¡��J¤-¡�½ ¯ ï �9��¤«¡J£-��³2¬�¼�ª)«l¬$«:��¡�� £-¤«����£�;¬w£-¡¾¬w���t�>¬w��¡ ��«¡p£x�L¬w��©x�J¤-¤x��£x�L�p�>¤-©-�w¡¾¢�£x�«¬w��7®�¬�«±¬�¼Á��¡��L�º¬w£-¡c¡p£x�à¬�¼��>�t���t�-����£x��³�����¢�£-�¥��¤ �����5 Aw¤x�©x�+���t�p�w����¡á©���t§#�w���p�9�J¤;¡à�º���V�����-�¦�>�p�+���¬w�´�¦��¤4���¶ð#¯�é�¯oß¨¬w�>¸;�>¬9���¶��¤ �t³¥��¼Á��¡���¬w�¹©/���¬9���t�>¬��w¡p���p�9�J¤Ã©x��¡��t�p���p¡�¢�£-�F§��Ã�t���p�´¬w���;�����>�Ä��t���p�¹©/��t���t�����w¤;�>¤4���¦�J£x��¬��Ä§h���Ý�w���p�9�J¤Å©x��¡�¤-�9§>���>£#ÞÅ©-�>¤-¡�¬w���t�>¡�©x����t�����@�¶�J¬D����t£;¬9�>¯
°<¤xÊº¤¥³#���J£-� õ¨ö ë â	÷ ÇÆ/ÇÉí¨ø ï ³�¬9��¡%�#���¡p£-¬w�p���p¡L¡��J¤ �L���J�¶�;¬���t��������¤4�á©-�È²L��t����¤4�p¡ Ó � �9µJ£-�p� Ù ¯wÛ�Ú

× ¯°<¤À��²��t�t³¥¬w�´�-�#���¡���¤;���+©;£ä�¦�J¤ �$¾®��¤ ���p�@¬w��¡àµ>���J£x�¦���¶��¤4�p¡¨©x�J¤;¤x��£x�á�t�á�>�t���t�-����£-��§h�´��¤ �����5 Aw¤x�t�©x��¡�§h���������p�9�J¤-¡	�º���p�p�w�t£-¬w����t����¡/©x��¡�¤-�9§>���>£xÞ®���¬w�������p�J¤-�w¢�£x��¡t¯#°<¤´��²��t�t³x¬9�Yª)«d¬�«Â��¡��%¬9���t�>¬��w¡ ��à¡p£-��¬9�¡p�9���à�>�t���t�;����£x�c©x�à¬w�«�¶�J¬Ý����t£-¬9�á�>¬9�>��¡�¢ £x�à¬9��k®�¬$«	³4�>£¹���J¤4���Ý�>�9�p�>³#¡��L���p�J£-§>�à¡p£x��¬9�Lµ>���J£x�¦���¶��¤4�©x�J¤-¤x��£x� Ó � �9µJ£x�p� Ù ¯wÛ�Ú
× ¯SÆ��J������¬9��¡^��t�p���p¡�¡��J¤ �V¬9���t�>¬��w¡ ���¡à©;�>¤-¡à©-��¡à�#��tµJ�w�J¤-¡V©-�È²L��t�p��¤4����¡�³��w¬�¡à¤x�§>�J¤4�%�;�>¡%¡p£x¸º�9�<¬9�¨�����¶�¨�¦�>����¤4�p�9��¬)¯ ë �w¤-¡p��³ ���J���¶�V¬9�Lµ>���J£x�¦���¶��¤4�%©x�J¤-¤-��£x�<��¡����������¡%�-�p�#��·-�á©x�¬�¼½���¬9�������p�#©x�à¢�£-�x��¡��V��V�¦�>����¤4�p�w��¬-¤ £;¬�³J¬w��©���t�¦��¤-©-�>¤;���L�>£:¤-�w§>���>£:©-£¶�¦�>����¤ �p�9��¬-©-£�ª�«l¬�«^��¡p�	�;¬w£-¡ª»�>�9¸º¬9�¶¢ £x������¬�¬9��©-£¿7®d¬$«	¯¥°	��µJ¬9�>¸º�>¬9���¶��¤ �t³¥���J£-¡�¬9��¡À��t�p���p¡�½ ¬9�#�t�>¬w�w¡����¡�¡p£-��¬9��©x�J¤-¤x��£-�á§>�J¤ �§h�����w�t�«¸¦���>£-���J£x�®�¶�J�w¤-¡V§#�9���¹¢ £x�´����£#Þ±¬9�#�t�>¬w�w¡����¡«¡�£x��¬9�:µ>�p�J£x�¦���¶��¤ �«�>�t���t�-����£x��¯ øà�J£-¡«�5§>�J¤-¡©x�J¤-�¾Êº¤-�>¬9���¶��¤ �/©x��£xÞÁÀA¸º¬9���t¡(Â«©x�á¤-�9§>���>£#Þ:¢�£-�-§������9��¤ �/©-�à���>¤-����t���á�w¤;©/��t����¤;©-�>¤4���L��¤:ª»�J¤-���p�9�J¤©-£"�¦�>����¤4�p�9��¬)¯ î �J£-¡:¬9��¡+��²��t�p¡:�>¸-����¤�£-¡¶��¤ �Kí ë ¡p�J¤4��¸º�9��¤"©/��������9�p¡¶��¤O¬��w�>�w¡��J¤-¡@ª»�>�p����¡t¯ ë �w¤-¡��¬w�������©-£-���p�9�J¤Å©;£ÃµJ���/ª)«d¬�«¦Ç�k®�¬�«®��¡��Ã���¢�£-�9§��>¬9��¤4���Â��Ä����¬�¬9�+�>¸-����¤ £-�¶��¤`�Kí ë ³�¸;�w��¤À¢�£x�¶¬�¼Á�J¤¡��J£-¡AÇ)��¡��p���¶�V£-¤:�¦��£¹¬w��§h�>¬9��£-����¤�¬w���>�w¡��J¤-¡<ª��>�p����¡c©;£:µJ��� ����¦�>����¤4�p�9��¬¦¤�£-¬�¯��K�@§h���Ý�w���p�9�J¤¹£-¤¹����£�;���p�p�w�t£-¬��¿��t�p�á©;£¹¤;�9§>���>£O7®�¬�«�ÃVÚ���¡p�c��¤�ª»�>�9�%¬9�¨�#���¡p£-¬w�p���%©;£¹�����J�w¡����¶��¤ �¾©¥¼�£-¤O��t�p���L¬9�#�t�>¬w�w¡���V¡p£x�¬9��©x�J¤-¤x��£-�¾��§>���@£-¤Ä�>£x���p��¡p£-�L¬�¼��>�t���t�-����£x�á¢ £;�¦§h�����w�V�;¬w£-¡�§#�9���V��¤^ª»�J¤-���p�9�J¤^©;£����>����¤ �p�9��¬�¯
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ß¨¬9�>¸;�>¬w���¶��¤4�t³J¤-�J£-¡ ��§>�J¤-¡	���J¤4���#��¾¢�£x�c¬�¼Á�J¤+¤x�%�¦��£x�o�º�>¡S¤���tµJ¬��9µ>�t�<¬�¼Á��²¦�t�F©-£@���>����¤ �p�9��¬#¡p£x�F¬w�§h���������p�9�J¤ä©x��¡L¤-�9§>���>£#Þ ���¬9�������p�J¤-��¢ £x��¡à©x�«¬w�:�¶�J¬Ý����t£-¬9�«���J¤ �����>�9�����¶��¤4�¶��:¬�¼�· ÷����>�p·¥���¡p��ª»�>�w���«©-�>¤-¡���t�p�p�>�w¤-¡«������§��>£#ÞØ? ô4é�@)¯Síá��¡«���>����¤ �p�9��¬w¡«�w�¶�¦�>�p�p�>¤ �p¡ Ó �;¬w£-¡��9��£x��¡á§>�J¬9�p¡
× �¦��£x§>��¤4���t�����´���-�;¬��w¢ £����¡�>£#Þ�¸¦�>��¤x��¡S©¥¼�£-¤-�/�¶�J¬D����t£-¬w�>¯�øÄ����>¤-�¶�J�w¤;¡t³>¬9��¡ ¤-�9§>���>£#Þ`���¬w�������p�J¤-�w¢�£x��¡S§h���Ý�9��¤4� ©x�c���>¤-����t����¢�£-�>¡p�ÈÇ¬w�w¤�����>�9�p� Ó �¦�J£x�c©x��¡c�¦�>����¤ �p�9��¬w¡����>�w¡p�J¤-¤-��¸;¬9��¡

× ��¤Äª»�J¤-���p�9�J¤Ä©;£´�¦�>����¤ �p�9��¬¥���-�;¬��w¢ £���>¯xâ<�p��¤-©x�p�¨£-¤x�����¤ ���±��tµJ�>¬9�ä�� Ò¯ ³¦���J���¶�¶©-�>¤-¡á©x�+¤x�J��¸-�p��£#Þ^�����5§h�>£xÞ/? ô4ù�@)³¥��¡��¨£-¤x�����;�-�p��Þx�w�����p�w�J¤Â¢�£-���¦��£x��t���p�¶���t���¡�¸¦�J¤-¤x�@�;���¨��Þ#���¶�;¬9�¶©-�>¤-¡V¬w�@�t�>¡�©�¼�£-¤x��ÙA�J¤;���p�9�J¤À�¥�£Å¬w���¶�J¬Ý����t£-¬9�¶��¡���¡p÷��®��t������¢ £x�+�t�©¥¼½��t�p���p¡�½±§>�J��¡p�w¤-¡à©-£^µJ���Å©����¬9�#�t�>¬w�w¡����¡t¯¥øÄ����>¤-�¶�J�w¤-¡�³�©-�>¤;¡à¬9�@�t�>¡á�¥�£À¬��:�¶�J¬D����t£-¬w�@¡��+���J�¶�;¬��w¢ £-�¬Ý��tµo��t�����¶��¤4� Ó �;�>¡�©-�´¡�÷#� ��t�����9���>£ ¤;�9§>���>£ ©-�´¬w�Â���J¤xª��>�Ý�����p�9�J¤¥³ ¤-�9§>���>£#Þ`§>�J��¡p�w¤-¡�©-£`µJ���®�;¬w£-¡¬9���t�>¬��w¡ ���¡á�J£ä��¤xÊº¤Â�¶�J¬D����t£;¬9���¦�J¡p¡t���©;�>¤4�¨£-¤x���;���p�p�9�@�w¡��J¬w�>¤ ��� × £;¤Â�t�>¬w�t£;¬o�>£x���#���J·���t�p��¤ ��©x�t§#�9��¤4��>¸;¬w�9µJ�����J�9���>¯

3.5 Conc lusions

°<¤ ���J¤-�t¬w£-¡��9�J¤¥³<¤x�J£;¡´�5§>�J¤-¡¹�-�����¡���¤ � ��`¬w��¡´©x��£xÞ �®��t�p·-��©x��¡�¢�£x�Â¤-�J£-¡´�5§>�J¤-¡�£x�p�w¬w��¡ ��t��¡´�>£���J£x��¡:©-�ä¬w�Ã�p·¥���¡��O��`¡p�5§>�J�9�´¬w�±�Kí ë �t�´¬w��¡�¬w�w�>�w¡p�J¤-¡+ª��>������¡t¯<øà�J£-¡:�5§>�J¤-¡´�>£;¡p¡p�¾�¶�J¤ ���#��Â¢�£¥¼��w¬��t�p�>�9�%���J¡�¡p�9¸;¬9�¾©-�L�p��¤-©-�p�Lª¿�>�t�w¬9���¶��¤ �/�>£-�������J·���t�p��¤ ����¬w�@� ��t�p·x�#©x�á©-��¡/¬w���>�w¡��J¤-¡<ª��>�p����¡/�t�c¢ £�¼���§>���©x��¡@�;�����>�Ä��t���p��¡���Ùp£-¡������¡t³F�w¬¶��t�p�>�9�+�¦�J¡p¡p�9¸;¬w�:©¥¼����-�-�����Ý·x�t�@¬w��¡��#���¡�£-¬9�p���p¡@�>¸-����¤�£-¡¶��§>���Ä¬w�Â�Kí ë ¯°<¤xÊ;¤�³;¤x�J£-¡á��§>�J¤-¡V��¬w¬w£-¡����#���¡p£x�à¢�£x��¬w¢�£x��¡L��Þ����¶�º¬9��¡à¢�£¥¼��w¬V��t�p�>�9�¨¡��J£x§>��¤ �¨¤��������¡�¡p�>�9�p�+©x�@������>¬w�w¡��t�£-¤ä�t�>¬w�t£;¬K�>£x���#���J·/��t�p��¤ �á�¦�J£x�à©/��t���t�����w¤x�t�¨¬w��¡p����£-���p£x�p�Å���¬9�������p�J¤-�w¢�£x�«©�¼�£-¤x�«�¶�J¬D����t£;¬9��¡��J£;¡à£-¤��·-�>�¶�º¡¹���¬9���������w¢�£x�>¯
î �J£;¡:¬9��¡¶�J£-�p�w¬w¡�¤��������¡p¡��>�9�p��¡ ��t�p�>¤ ��©-�w¡��¦�J¤-�9¸º¬9��¡t³o¬w��¡�©x��£#Þ ��·-���º�9���p��¡:¡�£-�9§��>¤4�p¡¶§>�J¤ �´��¸¦�>��Ç©x�t�Å¬w� ¢�£x��¡��p�w�J¤f¢�£-�@¤x�J£-¡À�w¤4����t�p��¡�¡��>³´�� ¡p��§>�J�9�5³á¬9��¡À�p��¬����p�9�J¤-¡À¢ £-����Þx�w¡�����¤ �À��¤ ���p� ¬w� ¡�����£-�DÇ�p£x�p� ���¬9�������p�J¤-�w¢�£x�Â�t��¬w�Â�����>¤;¡��¦�>�p� ���¬9�������p�J¤;�w¢ £-�À�>£ ¡����w¤ ©¥¼�£-¤-��Ù��J¤-���p�9�J¤ ������>¬w�w¡���t�Ã�;���Ä���t������¶�J¬Ý����t£-¬9�>¯ ë �w¤-¡���³S©;�>¤-¡¶¬9�Ä��·-���º�9���p�^¡p£-�w§h�>¤ �t³F¤x�J£-¡¶�>¬w¬9�J¤;¡±��t�p£;©-�9�t��£-¤x�Äª¿�>���w¬�¬9�´©x�^���J¬Ý����t£-¬9��¡t³¬9��¡:�p·;�Ý���¤4÷#¬¿���¤x�t§#�w¤4÷#¬����¤x��¡t³%©x��¡��p��¤/��t��¡Ã�� �t���p�À©-��¡:Ê;¬�¡:�¶�J¬D����t£-¬��>�9�p��¡t¯�â<£-�w¡:¤x�J£-¡´��Þ��¦�J¡��t�p�J¤;¡:¬9��¡�����¡p£-¬9�p���p¡¹�>¸-����¤�£-¡¹¡p£x��£-¤x�ä�¶�J¬D����t£;¬9�Â���J£-�Å��±ª»�>�9�¹©-�È²L��t�p��¤4���Ã¢�£-�¾��¡���£-¤ �t�>¤-©-�w©-���¹©x�Â©;�9��©-��¶�J¬Ý����t£-¬w�>�9��� ¥ ¬w�¶�¶�J¬D����t£-¬w�@Æ ÒÛÚ ö�Ü�Ü Ç ú Ç Ù Æ%ø ú ¯
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Chapitre 4

Les thi ényl ènevin yl ènes, une famille de fils
mol éculaires ?
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4.1 Synth èse et caract érisation d’oligothioph ènevin yl ènes

4.1.1 L’appr oche oligom ère
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4.1.2 La synth èse de longues mol écules...

B�����������¶��¤ �<©x�%¤x�J��¸-�p��£#Þ��J¬��9µ>�J����t�p��¡L��á¸;�>¡��%©x���p·-�9�>�;·¥���¤x�>³��;·����¤ ÷#¬¿���¤x�t§���¤4÷#¬¿���¤x�>³��;·����¤ ÷�¬ÈÇº �?¤»��� ¶��
�H�w��� ��J���D¼H�V¶V�`�v¡H����v½¾�J�c´¿� ��� �t�p·4÷#¬¿���¤x�t§#�w¤4÷#¬����¤x���J¤4�Ä��t����¶¡�÷#¤4�p·���t�p��¡ ���¡t¯ î �t���¡L§#�9���>³-��¤ ��t�p£-©-�w�>¤ �L����¡á���J�¶�¦�J¡ ���¡t³º�w¬¥�"��t� ��@�>¸;¡��t��§	��¢ £x�Ã¬9�ÂµJ��� ©-�Â����¡Ä�¶�J¬D����t£-¬w��¡´©-�����w¤�£-�>�9��¬9�>��¡�¢ £x�À¬9�Â¤-�J�«¸-���Â©x�Ã�¶�J¤x�J�Ä��t�p��¡Ä�>£-µJ�¶��¤4��� Ó ���¢ £-����t�p�>�9��¬)¼Á�>¸DÙA�����p�wª<�p���Ý·x�t����·��� × ³o�t��¢ £-�����t�����:©/������p�J�w¡p¡��>¤-����©-£ÀµJ��� ��t�p�>�9�����-�;�p��Þx�w�����p�9§>������¤4�¬w�w¤�����>�9�p�á��¤¹ª��J¤;���p�9�J¤�©x�V¬�¼��w¤ §>�t��¡��¨©-£´¤-�J�«¸-���á©x�V�¶�J¤-�J����t�p��¡t¯;ìÂ�>�w¡%���-�t���¡c£-¤�¤x�J��¸-�p�¨���J�¶�-���w¡��¤4���p�À�t�w¤-¢®�t�´©;�ÈÞ"���J¤x�J����t�p��¡t³�¬w�`©-�w�:�w¤ £-�p�9�J¤"���J���¶��¤-��� ��±¡p���p£x���t�:�������¡¹�����;�w©-���¶��¤4�¶�¦�J£x���¸��J£-�p�9�:��Ä£-¤ÃµJ���±���J¤-¡��p�>¤ �t¯K�o�¹¬w�J¤xµJ£x��£x�V���>�p�p��¡p���J¤;©-�>¤4���¶��¡p�����-�¦��¬Ý��t��¬w��¬9�J¤xµJ£x��£x�¨��²¦�����p�9§>�©x�@���J¤-Ù�£xµJ�>��¡��J¤¥¯�Æ���¬w¬9��ÇÉ�t�K��¡��V©-�È²L��t����¤4���+�¦�J£x�à�Ý·-�>¢�£x�+�J¬w�9µ>�J�Ä��t�p�>¯¥°<¬�¬9�«�w¤-©;�w¢ £-�«¬w���p�>��¬w¬9���:�hÞ#�ÈÇ���>¬9�¶���£±¬)¼Á�J¤Å�p�9�p�+��¤-���>�p�´�;���p�p�F©x��¬)¼���µ>���>¤-©-�w¡�¡����¶��¤ ��©x��¬w�Ä��·;�5 Aw¤x���>£±¤;�9§>���>£`©x��¡V�;�p�>�-���D��t�����¡���¬9�������p�J¤-�w¢�£x��¡t¯	Æ��t�����Ä¬9�J¤xµJ£-��£x����²¦�����p�9§>�Ä©x�����J¤wÙp£xµJ�>�w¡��J¤®��¡��@��Þ��º¬w�w¢�£/��t�´�;���+£-¤®���J¤xÊ;¤x������¤4�©x��¡¶��t�p���p¡W½ä��¤4���p�#©-£-�w�S�º���/©-£�©����¡p�>��©x�p�¾���>�p���p�9�J¤-¤x��¬;�J£:�;����£-¤����J£x�º¬w��µ>�à©x�L�;¬w£-¡ ��¤´�;¬w£-¡ ª¿�>�9¸;¬w�©x��¡�¤-�9§>���>£xÞ"���p�J�:���p�w¢ £-��¡t¯�Æ��t�����ä¡����p£x�����p�9�J¤ ¬w�w���9����¬�¼�£x�p��¬w�w¡p���p�9�J¤®©x�ä����¡:�J¬w�9µ>�J�Ä��t�p��¡´���J���¶�Ê;¬w¡¾�¶�J¬D����t£;¬w�>�9�p��¡L�t�à©x��¡L�p����·x�t�Ý��·x��¡à�J¤4�á©x�J¤-��¬��9��£Ä�¦�J£x�¾���p�J£-§>�t�á©x��¡L�J¬w�9µ>�J�Ä��t�p��¡à�¦�J¡p¡����©-�>¤ �à¬w�¬9�J¤xµJ£x��£x�¾©-�«���J¤wÙp£xµJ�>�w¡��J¤���²¦�����p�9§>��¬��+�;¬w£-¡%µ>���>¤;©x�V�¦�J¡p¡p�9¸;¬w�>¯
Æá¼Á��¡��Å¬w� �-���w¤;�t�9�;�>¬9�`�Ý�>�w¡��J¤ ¢ £-�@� �¦�J£-¡p¡��� £-¤x� ���¢ £-�w���®©-£ ¬w��¸¦�>�������J�9�p�®©¥¼��A¤xµo���¤-�9�t���9�º �H¡£��À£Á/Â ì^�J¬D����t£-¬��>�9�p�Ä�t��ìä������t�����>£#Þ õ �pµJ�>¤-�w¢�£x��¡ Ó �AìÀì õ

× ��Ã¡�÷�¤ �p·���t�p�w¡��t�:�;£-�w¡Ä��Ã�t�����>��� ��t���w¡��t�¹£-¤x�¹ª»�hÇ���w¬w¬9�¶©¥¼Á�J¬��9µ>�J����t�p��¡ ¥ ¬w��¡V�p·-�D���¤ ÷�¬����¤x�t§#�w¤ ÷�¬����¤-��¡ Ó ¤ î §¨¡ × ¯SÆ%��£#Þ ÇÉ�t�	�J¤4����¤`��²��t�Å��t����¹�¦��£f��t�p£-©-�D���¡�t�+¬w�:�¦�J¬9÷#����t�p�´�#����>¬��w¡ ��±��ä�;�����p�9�@©-�´����¡¶�¶�>�p�9ª¿¡t³S¬9�:�¦�J¬9÷��p·-�����¤ ÷�¬����¤x�t§#�w¤ ÷�¬����¤-� Ó â î § × ³S�-�#���¡���¤ ���£-¤x�+¬w���pµ>��£x�V©x�+¸;�>¤-©-�@�w¤ ���t��©-�w���@©x�+¬�¼Á�>��©-�p�@©-�¹Û�¯ ê ðÄ� § �w¤xª���t���9��£x�p�@©x�¶ð#¯ÁôJð�� §u�;���V�Ý���-�¦�>�p�+������¬w¬9�L©-£:�¦�J¬9÷	��t�p· ÷�¬����¤-�à¡p�w���;¬9� Ó � �9µJ£x�p�Lôx¯wÛ
× ¯ õ ¤:�¦��£x�<©x�J¤-�L¡t¼���������¤-©x�p�¶��«���á¢ £x�á����¡<�J¬��9µ>�J����t�p��¡���J¡�¡ ���©x��¤4�V£-¤ÂµJ���Ã�;¬w£-¡Lª»�>�w¸;¬9��¢�£x�+¬9��¡à�J¬w�9µ>�J�Ä��t�p��¡¨�-�#����º���©x��¤ �p¡t¯Kíá�@�;¬w£-¡�³º¬w�:�-�����¡���¤-���¶©x��¡¨¬w�w�>�9Ç¡��J¤-¡n½À��¤ ���p�«¬9��¡c©x��£xÞ¹��÷#�t¬9��¡¾©x�V�p·-�w�>�;·¦���¤x�V©-£Äâ î §�³-���J¤-©;£-�9�����£-¤x�V�¶���w¬�¬9��£x�p�á©/���¬9���t�>¬��w¡p���p�9�J¤���¬9�������p�J¤-�w¢�£x�V�t�¾�¦�t�����t�¾©x��¬w�w���w���t�%¬w��©/���¡��>��©x�p�«�p�>�p���p�9�J¤-¤x��¬)¯
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�	¼Á�>¸:ÙA�����p�9ª	���t�K¤¥¼Á��¡��à�;�>¡á©x�«�-�#���¡p��¤4���t�¨���J£x���+¬w�:¡p÷�¤ �p·¦���¡��@��¤Â©���t�p�>�w¬S���>�w¡à©x�����J¤4���p�t�¨¬9��¡º �\¡J²���´ É�³�H¡c� �-�p�>¸;¬�����¶��¡à�t�à¬w��¡L¡��J¬w£-�p�9�J¤-¡¾���-�¦�>�p����t��¡á�¦�J£x�L�#���£;¡p¡p�9�@��´¡�÷#¤4�p·���t�p�w¡p�t�¨©�¼��>£-¡p¡p��¬w�J¤xµJ£x��¡L���J¬Ý����t£-¬9��¡t¯�K�±©-��¡p�����9�-�p�w�J¤O©x�^���J£x����¡�¬9��¡"��t�p������¡�©x�Â¬w�±¡�÷#¤ �p·¦���¡��À¡p�ä���p�J£x§>�À©-�>¤-¡´¬w�Å�#��tª���t����¤-���¸?�E�@)¯�íá��¡������§��>£#ÞÅ�J¤4��©/���Ù5��Ä��£Å¬��9��£Å©-�>¤-¡V¬9��¡V�>¤;¤/��t��¡:Û�ó5Ehð^�¦�J£x�V¡�÷#¤ �p·/��t�p�w¡��t��©-��¡V�J¬w�9µ>�J�Ä��t�p��¡¹��Ä¸;�>¡���©x��p·-�Ý���¤4÷#¬����¤x�t§#�w¤ ÷�¬����¤x��¡$? ê ³»ó�@)¯ î �J£;¡F�J¤4�+��t����¨���J¤xª»�p�J¤4�����¡��>£¶ª¿�>�9�<¢�£x�¾¬w�V¡��J¬w£-¸;�w¬w�9����%©x��¡	�¶�J¬D����t£;¬9��¡<©-�9Ç���w¤�£-�>�9�S��¤¶ª��J¤;���p�9�J¤¶©x�¾¬w�¨¬9�J¤xµJ£-��£x�F©x�¾¬w�¨��·-�5 A�¤x�>¯ Æ��c���>¤-¢�£x�c©x�¾¡��J¬w£-¸;�w¬w�9����%�¨���¶������·���á¬�¼½��t�p£-©x�©x��¡V�-�p�>�;���Ý��t� ���¡V�>�-�p�w¢�£x��¡¨�t�Ã���¬9�������p�#��·;�w���w¢�£x��¡¨�¦�J£x��©x��¡V�Ý·-�5 Aw¤x��¡V¡p£-����t���9��£x�p��¡:��OE¹��÷#�t¬9��¡t¯¾Êà¤x��-�p��������t�p�L����¤4�p���p�9§>�¨�¦�J£x�F¸-�Ý�w¡��t�<���t�����¨¬w�w���w���%���J¤;¡p�w¡����¶����w¤-¡���t�p�t��£-¤x�L�Ý·-�5 Aw¤x�à¤#ÇÉ·/���Þ�÷#¬;¡�£x�<¬9��¡<����Ç¡p�9�p�9�J¤-¡�G Õ Ë ©x��¡ µ>���J£x�¦���¶��¤4�p¡ �p·;�9�>�;·¥���¤x�%���t������¤-�>£#Þ¦¯JÆ%��¡F¡�÷�¤ �p·¥���¡���¡F¸º�>¡ ��t��¡<¡p£x�F©x��¡ �#����>���p�w�J¤-¡©x�àª»�>����÷�¬����p�9�J¤�©x�7ÌÍ}=Î�Î"}=Ï:�¥Ç�ª)«d²�Ï�å�²Ä�t����¤xÊ;¤¹©x�á���J£-�;¬w��µ>�V©x�«ÐÒÑ"Ða®d²�²4çÂ�J¤4�%�¦�t������¡<¬�¼Á�>¸xÇ����¤4�p�9�J¤ä©¥¼Á�����p�>�Ä��t����¡¾�t�¾�Ä���¶�«©-�¨©�����t�>�Ä��t����¡�?ÈÛtð#³�Û>Û�@)¯��K�+¡��J¬w£-¸;�w¬w�9����¨���-�¦�>�p� ��t�V�;���¾����¡¾�Ý·-�5 Aw¤x��¡©¥¼��>¬w�t�>¤x��¡¨���¦�t���:�w¡c�¦�J£x�à¬����-�p���:�¿��t�p�«ª»�J�w¡á©¥¼��>¤-�>¬9÷#¡��t�¨¬9�«���J�¶�¦�>�p�����¶��¤ �ä���¬9�������p�#��·-�w�:�w¢ £-��©x��¡¤ î §¨¡t¯xÆ%��¡/�#���¡�£-¬9�p���p¡%��¤-���J£x�Ý��µ>���>¤4�p¡c�J¤ �%�>�¶��¤/���©x�¨¤x�J£x§>���>£#Þ:��²¦�>�p�p¡%�¦�J£x�%�>£xµJ�¶��¤ ���t�c��¤-���>�p�¬w�:¡��J¬�£x¸;�w¬w�w� ���©-�«����¡¨�¶�J¬Ý����t£-¬9��¡t¯�íá��¡á�Ý·-�5 Aw¤x��¡à©¥¼��>¬w�t�>¤x��¡à�J¤ �á©x�J¤;�À��t� ��+��¤4���p�#©-£-�w����¡¾©-�9�p������������¤4��>£Â¤-�w§>���>£Â©-£Â�¶�>�p�9ª³º��¼Á��¡��AÇD��hÇÉ©;�9�p�+�>£Â¤-�w§>���>£ä©x��¡á�t���p¸¦�J¤x��¡ Ù �t�áô¹©-£ä�p·-�9�>�;·¥���¤-�>¯º���@�¶�>�p�9ª	©x�¸;�>¡���©x��¡�¤ î §á¡Â��t�p£-©;�Ý���¡«�w�t�S��¡��«©-�J¤-�+¬9� Ù ³Áô�ÇÉ©-�w·x��Þ#÷#¬9�p·-�9�>�;·¥���¤-�+¢�£-� ���>�p�p��¡p���J¤;© ��Ä¬w���¶�J¬Ý����t£-¬9�Ú î § ¡p£-�@¬w�ÂÊ-µJ£x��� Ó ôx¯�Ú

× ¯�Êá¤x��¡�����������tµJ�9�Ä�>���wµJ�w¤-�>¬9�¹©x�Ä¡�÷�¤ �p·¥���¡��Ä©x��¡+¤ î §¨¡+� ��t����ä©���t§>��¬w�>�-����t�¸;�>¡ ��t�«¡p£x�%¬w�@©x�J£x¸;¬w�à�J¬D��tÊ;¤;���p�9�J¤�©x�-ÌÓ}=Î�Î"}=Ï:�¥Ç�ª)«d²�ÏKå�²^©¥¼�£;¤¹©;�w�t���p¸¦��Þx�>¬w©����· ÷�©x����+¬�¼��>�w©x�¨©¥¼�£-¤�;·x�J¡��;·-�J¤-�����á��¡p¡p£:©;£´�¶�J¤-�J�>¬w©/���·4÷#©x�¨©-£¹©-�w�Ä��t�p�>¯-Æ��t�����V���-�-�p�#��·-�L�¦�t���¶�t���>�w¤-¡p�º©¥¼��>�t���p�2 A9���p�V¬w�¬9�J¤xµJ£x��£x�/©x�¾¢ £;�����p�L£-¤-�w� ���¡ î §u�����·;�>¢ £x�à�9� ��t�����p�9�J¤ ?�E ³Û�Ú�@)¯:C#£x�<¬w�¨Ê;µJ£x�p� Ó ôx¯�Ú
× ¡��J¤4�<�p�t�-�#���¡���¤ � ���¡¬9��¡/©;�È²L��t�p��¤ �p¡��J¬w�9µ>�J�Ä��t�p��¡%¡�÷#¤ �p·/��t�p�w¡ ���¡t¯D�¬º�Å��t����V�¦�J¡p¡p�9¸º¬9�¾©¥¼����������w¤-©-�p�à¬�¼�·-��Þ#�>©�����t�>�Ä��t�p��¢�£-�º�«£-¤x��p�>�w¬w¬9�V��¡��p��� ��t�«©x��ó>ù ·ë ³x§��>¬9��£x�¾�-�����Ý·x��©x��¬�¼Á�>¸DÙ������p�9ªS�p����·-�t����·��� Ó Ûtð>ð ·ë × ¯

4.1.3 Caract érisation optique et électr ochimique des nTVs en solution

Spectre optique����¡S¡��¦�������p��¡K©�¼���¸;¡��>�p�-�p�w�J¤V�>�-�p�w¢�£x�<©x��¡o�¶�J¬D����t£-¬9��¡S¤ î §¨¡��º¬9�J¤xµo��t��¡o©;�>¤-¡K£-¤«¡��J¬9§��>¤4�FÆ ö ¯ Æ%¬ ¯�J¤4�V��t����%�¶��¡p£x�#���¡K��Ê;¤�©x�	���w��£#Þá���J¤-¤;�5 A9���p�	¬9��£x��¡p����£-���p£x�p�+���¬w�������p�J¤-�w¢�£x�>¯��K�¾Ê-µJ£x�p� Ó ôx¯ Ù
× ���t�-�����¡���¤ ���¬9��¡<¡��¦�������p��¡/©¥¼���¸;¡��>���-�p�9�J¤�©x��¡<�J¬w�9µ>�J�Ä��t�p��¡/ôx³ ê �t�àÛ�ù î §�¯�Êà¤´¬w���pµ>�¾�º�w�c���>�p�p��¡��¦�J¤-©;�>¤4�á��«�-���9�>�Ý��>£#Þ^�����>¤-¡p�w�p�9�J¤-¡c��¤ ���p��¬w��¡Ä��t�p���p¡á�-�p�#��·x��¡à©-£^µJ���À��¡��à�>¸;¡��t�p§	����¦�J£x�¾���J£;¡à¬9��¡L�J¬w�9µ>�J�Ä��t�p��¡�¯ºí¨�>¤-¡��·-�>¢�£x�:�t�>¡t³K�J¤`�^£-¤x�¶¡����Ý£-���p£x�p�¶§#�9¸-�p�J¤;�w¢ £-�«Ê;¤x���>£±¤-�9§>���>£Å©x�����:¡p�������������w¤-©-�w¢�£-�>¤ �á¢�£x��¬w�¡�����£-���p£x����©x��¡¾�¶�J¬D����t£-¬w��¡¾©x�J�9�%�p��¡����t�L�p��¬w���p�9§>���¶��¤ �¾�;¬��>¤x�¨�t�¾���9µJ�w©-�á�Ä���¶�«���J£-�¾¬9��¡c��·-�5 A�¤x��¡¾¬9��¡�;¬w£-¡�¬9�J¤xµJ£x��¡t¯o�K�À¡ ��t�;�������p�9�J¤®��¤ ���p�¹¬w��¡«©x��£#Þ±�:�hÞ#�w�:�^�¦�J£x�«�Ý·-�>¢ £-�¹�¶�J¬D����t£;¬9�´��¡p��©x��¬�¼Á�>��©x���©x�Vð#¯wÛ�é2ÇÉð#¯wÛ�E¶� §ÕÔ-����¢ £;�;��¡��¾���J·���t����¤4�L�5§>����¬9�V���J£x�;¬���µ>�á��¤ ���p��¬w�+¡����Ý£-���p£x�p�ä���¬9�������p�J¤-��¢ £x�¨�t�¾£-¤�¶��©-�@©x�@�;·x�J¤-�J¤Â���>�p����¡��¦�J¤-©Â�>£xÞä§��w¸-�����p�9�J¤-¡à©x��¡¨¬w�w�>�w¡p�J¤-¡7Ö ÍÍÖ+¯¦øÄ����>¤-�¶�J��¤-¡t³¦¬w�´¡p����£-���p£x�p�§��9¸;�p�J¤-�w¢�£x�c��¡��%�¶�J�w¤-¡<�����¡��J¬w£x�á�;���/�����-�¦�>�p�¨������t�p�p�>�w¤-¡��>¤-�>¬9�>µJ£-��¡�©-��¡/¤ î §á¡/¤x�>�p�>���¶��¤ �c¬9� Ù ³Áô©-�9¸;£x�½÷�¬w�p·-�9�>�;·¥���¤x��?ÈÛ>Û�@)¯
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4.1.4 Caract érisation des nTVs par micr oscopie tunnel

����¡V�J¬��9µ>�J����t�p��¡«¤ î §á¡¨�t��¡p£x�p���J£x��¬w�@ô î § �J¤ �Å��t� ��O��t�p£-©;�Ý���¡´��^¬�¼��A¤-¡��p�9�p£-�á©¥¼�°/¬9�������p�J¤-��¢ £x�+�t�©x��ìä�w�����o���¬w�������p�J¤-�w¢�£x�¨©-£�øL�>��© Ó �A°/ìÂø
× ��+¬�¼��>�w©-�à©x�V¬w�@���w���p�J¡����>�;�9�+��@��²¦�t�c�p£-¤-¤x��¬�?ÈÛ Ù @)¯ºÆ��t�����������·-¤-��¢ £x�/�¾�¦�t�����w¡¥©-�<�t�����>��� ��t���w¡��t�F£-¤«�¦��£V�;¬w£-¡¦��¤�©/��t�p�>�w¬�¬9��¡��-���>�-���D��t� ���¡ Ó ¬w�J¤xµJ£x��£x��³tµS��t�J�®��t�����w�>³¡�����£-���p£x���¹���¬9�������p�J¤-�w¢�£x� × ©x�¾����¡/�¶�J¬D����t£-¬9��¡�³J�t�<¬9��£x�	�>©;¡��>�p�-�p�9�J¤¶¡�£x�	£-¤x�¾¡p£-�pª»�>���c�t�/¬w�¨�¦�J¡p¡p�9¸;��¬w�9� ��©x�«¬9��¡c£x�p��¬w�w¡��t�c���J���¶�«Ê;¬w¡c�¶�J¬D����t£-¬��>�9�p��¡t¯
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Êà¤^¡�£x¸;¡��������c©x�V¡p��¬w�w�t�w£-� Ó Ûtð>ð

× � ��t� ��@�Ý·x�J�w¡p�¦�¦�J£x�%�>¸;¡p�t�p§>�t�L¬�¼��>©-¡p�>�p�-�p�9�J¤�©x�V����¡¾�¶�J¬D����t£;¬9��¡t¯�Æ��¡p£x¸;¡����Ý���S��¡p� �Ý·-�>£#²L��L��Ê;¤+©¥¼È�t���p�c���t������¤/����º���	£-¤x�%¡p£x�pª¿�>���c©x��Cx� Ó Ûtð>ð
× �p�����J¤-¡����Ý£-�9��� Ó Ú��4Û

× ¯�Æ��t�����¡p£x�pª¿�>���c��¡��Fª¿�>�9���¾©x�c���>¤xµS��t��¡/©x�¾©-�w�Ä��t�p��¡�¯5Cx£x�	����¡F���>¤xµS��t��¡/©x�¾©-�w�Ä��t�p��¡�³J�w¬���¡��F�¦�J¡p¡p�9¸;¬w��©x�%µ>�p��²¦�t�©x�¶���>¤-����t�p�����2§h�>¬9��¤ ���:¬9��¡¨ô î §�¯¥�	¼Á�J¬��9µ>�J����t�p�¶ô î § ��¤Ã�¦�J£-©x�p�@� ��t� �� ��t§h���¦�>�#�����¤Å¬9�+��·;�>£#²¦�>¤ ���:£-¤x�«�����¶����t�����p£x�p�@���J�¶�-����¡�����¤ ���p�´Û�é�ðhÇ�Û ê ð��4¯;�����-�p�#����¡p¡p£-¡L©¥¼½��t§h���¦�>�����p�9�J¤Â��¡��á¡p£�¹:¡p�>�:�¶��¤4����J£x�p� Ó ¢�£x��¬w¢�£x��¡c¡������J¤-©-��¡
× �¦�J£x�c¤¥¼Á�>¸-����¤;�9�L¢�£¥¼�£-¤x�V���J£x§>�t�p�p£-�p���;���p�p�w��¬w¬9�V©x��¬w�¶¡p£-�pª»�>���>¯

Image STM des nTVs�	¼��w�:��µ>� Ó ôx¯Áô
× �¶�J¤ ���p�c¬�¼��>©-¡p�>�p�-�p�9�J¤�©x�/¢�£x��¬w¢�£x��¡S�¶�J¬Ý����t£-¬9��¡Sô î § ¡�£x�S¬��L¡p£x��ª»�>���%©x�%¡p�w¬w�w�t��£-�Ä¯íà�V¬9�J¤-µJ£x��¡����>¤xµo��t��¡c��§>����£;¤x�à���>�p�Ý£xµJ���p�9�J¤¹ª»�>�w¸;¬9�L�¦��£x§>��¤ �à�t�����V�>¸;¡��t�p§	��t��¡c¬9�á¬w�J¤xµ@©-�à¬w�@©-�w��µ>��Ç¤-�>¬9�L©x�¾¬)¼��w����µ>�>¯�Æ���¡	���>¤xµo��t��¡%���>�p�p��¡��¦�J¤-©x��¤ �	�>£#Þ¶���>¤xµS��t��¡�©x�¾©-�w�Ä��t����¡<©x��¡	�����J����¡/©x�à¡p�w¬w�w�t��£-�Ä¯

C#£x�%����¡c©-�w�Ä��t�p��¡t³#¬9��¡/�J¬w�9µ>�J�Ä��t�p��¡c���;�;�����>�w¡p¡p��¤4�����J���¶�V©x�¨¬9�J¤xµJ£x��¡/�2�>��·x��¡L�>¬w¬9�J¤xµS��t��¡t¯�C#£x�%���t�����Ê-µJ£x�p�>³#��¬w¬9��¡�¡�����¸;¬9��¤ �%�;·4÷#¡p�w¡p�>�p¸���t��¡%©x�V���>¤-����t�p�¨¢ £-��¬w���J¤-¢�£x�á¡��>¤-¡c©-�9�p�����p�w�J¤:�-�#��tª»�t�p��¤ �p�9��¬w¬9�á�;��������-�¦�>�p�+�>£#Þ ���>¤-µo��t��¡´©x�Ä©-�w�Ä��t�p��¡�¯ ï �9��¤ ¢�£x���;¬w£;¡p�9��£x��¡����J¤xÊ-µJ£x�Ý���p�9�J¤-¡+¡��J�9��¤ �+�>¸;¡��t�p§	��t��¡t³<¬9��¡�2�>��·x��¡V�J¤ �:��¹����£À�-�����¡¨¬w�¹�Ä���¶��¬9�J¤-µJ£x��£x��³�¡��J�9��Ú>é�� Ù ·ë �-�p�#��·x�+©x�+¬w�:§��>¬9��£x�¨�p·���t�>����¢ £x�¶©x�Ú>Ú ·ë ��¤ ���p��¬9��¡%©x��£#Þ´�t����¸��J¤-��¡«��@�Ý·-�>¢�£x�V��Þ����#����:�9� ��>¯º����¡%�2�>�Ý·x��¡c�>¸;¡p�t�p§	��t��¡¾���>���p��¡��¦�J¤-©x��¤ �c�>£#Þ�����J�¶��¡�©x�+�t���p¸¦�J¤x����� ¯ �t�V©x�¶¡��J£xª»�p�@��¤xµJ��µo���¡«©-�>¤-¡á¬9��¡¨¬w�w�>��¡��J¤-¡$½ �>£Å����¤ ���p�¶©x�¶¬w�¹�¶�J¬Ý����t£-¬9�>¯°<¤���²¦�t�t³-¬9��¡%��·-�5 Aw¤-��¡c·/���Þ�÷#¬¥¡��J¤ �c¸����>£;���J£x�����p�>�^���J£x�p����¡¾ó ·ë �t�t³#©-�á�º¬w£-¡t³���¬w¬9��¡%¡��J¤ �%���t���¡|À��w¡���Ç¬w�>¤4����¡(Â Ó ¬)¼½��t�p��� ö¨õ ì õ ©x�¨¬w�@��·-�5 Aw¤-�¨·����Þ#÷#¬º��¡p����¤ §#�9�p�J¤¹ô>� § ��¤Ä©x��¡�¡��J£-¡�©-£�¡��J���¶�t�c©x�á¸;�>¤-©x�©x�à§��>¬9��¤-���V©-£¹¡p�w¬��w�t�w£-� ?ÈÛ�ôx³pÛ�é�@ × ¯º°<¬w¬9��¡�¤x�á�;���p�p�w�t�w����¤ �/©-�J¤-�L�º�>¡��>£Ä���J£-���>¤4�%�p£-¤;¤x��¬�¯ ë �w¤-¡���³4¬9��¡��·-�5 Aw¤-��¡�·����Þ#÷#¬�©-��¡�¤ î §á¡�¤x�á�¦��£x§>��¤4�à�t���p���w����µS��t��¡c�>£#Þ´���>����¤ �p�9��¬w¡/µo���¤/��t���>¬9���¶��¤ �L���-�º¬w�w¢�£/���¡<�t�¡���£-¬¥¬9�V����¤ ���p��©x��¡c�¶�J¬D����t£-¬w��¡c��¡��c�>¸;¡��t��§	��>¯;âS�J£x�p�p�>¤ �c¸;�9��¤�¢�£x������¡¾�Ý·-�5 Aw¤x��¡c¤¥¼����;�;�����>�w¡p¡p��¤4�%�;�>¡©-�9�p���������¶��¤ �t³#��¬w¬9��¡�¡�����¸;¬9��¤ ��Ù��J£x�t�c£-¤´�h�J¬9�á���t���¡c�w�¶�¦�>�p�p�>¤ �/¡p£x�%¬�¼��>©-¡p�>�p�-�p�9�J¤´©x�á����¡c���J¬Ý����t£-¬9��¡t¯
C#�-�J¤´��¤-¬���t§>�¨����¡��Ý·-�5 Aw¤x��¡�©¥¼��>¬w�t�>¤-��¡t³ ¬9��¡/�J¬w�9µ>�J�Ä��t����¡/�#�����µJ��¡p¡���¤ ���>¬9�>�Ý¡<ª»�>�p�����¶��¤ ���5§>���¨¬w�«¡p£-�pª»�>����t�L¡��«©-��¡p¡��#�t�9��¤4��?ÈÛ Ù @)¯
Influence du potentiel sur les imagesë Êº¤:©x�á���9��£#Þ¶�¶�J¤ ���p�t��¬)¼��w¤��;£x��¤;���%©-��¡<��·;�5 Aw¤x��¡�©¥¼��>¬w�t�>¤x��¡/¡p£x�/¬)¼��>©-¡��>�p�-�p�w�J¤�©x��¡<���J¬Ý����t£-¬9��¡t³©x��¡F�w����µ>��¡F�>¸;����¤ £x��¡L��V©;�È²L��t�p��¤ ����¡F�¦�J¬w������¡p���p�9�J¤-¡S¤/��tµJ���p�9§>��¡<¡p�J¤4�F�p�t�;�����¡���¤4����t��¡¨��V¬w�áÊ-µJ£x�p� Ó ôx¯�é

× ¯����¡á�w����µ>��¡¾ôx¯�é Ó �
× �t� Ó ¸

× �J¤ �^��t����+��¤x�p�tµJ�w¡p������t��¡à©x�����>¤-����t�p�@¡p�w�@£-¬9�p�>¤���t�«�5§>���@©-��£#Þ¹�¦�>����¤ �p�9��¬w¡©-�È²L��t����¤4�p¡t¯ ����¡+�w�:��µ>��¡�¡��J¤ �@���t���¡¶©-�È²L��t����¤4����¡@�t�+�¶�J¤4������¤4�+¢ £�¼Á��¬w¬9��¡@©/��t����¤;©x��¤4��ª��>�������¶��¤4�¶©-£���>����¤ �p�9��¬c���-�º¬w�w¢�£/��>¯ °/¤®��²��t�t³	�¦�J£x�¶£-¤"�¦�>����¤ �p�9��¬%¡p£�¹:¡��>���¶��¤ ��¤/��tµJ���p�9ª½³	¬w��¡¶�¶�J¬Ý����t£-¬9��¡�¡p�J¤4�§��w¡��9¸;¬9��¡/�p�>¤-©-�w¡%¢�£¥¼���§>���«£-¤¹���>����¤ �p�9��¬�ª¿�>�9¸;¬9�>³#¬w�@�;¬w£x�º���p�/©x��¡c���J¬Ý����t£-¬9��¡c©-�w¡p�;�����>�w¡p¡p��¤4���t�c¡���£-¬9��¡



Ûtð�ô cji g S o m N R KMJ bdR�XÁm�i o�PRkV©¨jb�eRkV$R«ª o V©¨�bÁeRkV$R�X"¬�Z$RWX{ o bjX]_aUWb PR�c�^lb g o4N RWX¯®

¢ £x��¬�¢ £x��¡�ÇÉ£-¤x��¡c�p��¡p����¤4�á§���¡p�9¸;¬9��¡�¯-Æ%�t�L��²¦�t�à��¡��á�w¤ ���t�p�-�#��t� ��+�;���à¬9�«ª»�>�9�á¢ £-�«¬9��©-�t��¤-�9�t����t�p���¨�;¬9����¤©x�à¬w�«�¶�J¬Ý����t£-¬9�á©x�J�9�/¡p�L���p�J£x§>�t����¤ ���p�àð#¯�ù«� § �t�áÛ�¯Áô@� § ��¤¹©x��¡p¡��J£-¡/©-£�¡��J�:�¶�t��©-�L¬w��¸º�>¤-©x�L©x�§h�>¬9��¤;���L©-£¶¡p�w¬��w�t�w£-� Ó � �9µJ£x�p�côx¯�ù
×
?ÈÛ Ù ³Û�ù�@S¯ âo�J£-�<£-¤+�¦�>����¤4�p�w��¬x¡p£�¹:¡p�>�:�¶��¤4�	¤���tµJ���p�wª½³�¬�¼½���¬9�������p�J¤����£-�c�;�>¡p¡��t�c�;���L��²��t�¾�p£;¤-¤x��¬������¡��J¤-�>¤ �à©x��¬���¸º�>¤-©x��©x�V§��>¬9��¤-����©-£Ä¡��w¬w�w�t�w£;� §>�t��¡à¬9�V¤-�9§>���>£^©x�

�x�t�����S©x��¬����¦�J�w¤ ����§����:¬9��ª�«l¬�«±©;£^ô î §@¯�â ���¨���J¤4�����>³F��´ª»�>�w¸;¬9���¦�J¬w������¡p���p�9�J¤¥³-¡���£;¬w¡L¬9��¡Ä��t�p���p¡�-�p�#��·x��¡�©-£`¤-�9§>���>£±©x���%å�²�¬�}/©;£`¡������w���J¤;©-£-������£x�«���J¤ �����9¸º£x���>£±���J£x�Ý�>¤4���p£-¤-¤x��¬�¯KÆ���¡Å��t�p���p¡���J¡��9�p�9�J¤-¤����¡+©-�>¤-¡+¬9�¹µJ��� ©-£®¡����������J¤-©-£-������£x�¶���>�p����¡��¦�J¤-©x��¤ �@�>£#Þ ��t�p���p¡:©x�Ä¡p£x��ª»�>���Ä�>¡p¡��#�t�D���¡�>£#Þ:©-�w�Ä��t�p��¡/©x�L¡p��¬w�w�t�w£-�^¯+Êá¤x�L�w�:��µ>�L��¤x�p�tµJ��¡�������t�¶������>����¤ �p�9��¬º¤/��tµJ���p�9ª�ª¿�>�9¸;¬9�¾¤x�à�¶�J¤4�����à¢�£x�L¬9��¡©-�w�Ä��t�p��¡/©x�L¬w�V¡p£-�pª»�>���>¯ °<¤¶��²¦�t�t³4�>¸;¡p�t�p§>�J¤-¡<¬w��¡F���p�J�w¡/©-�w�Ä��t�p��¡	©-�L¡p�w¬w���t�w£-� �>£:����¤ ���p�à©x��¡	Ê-µJ£x�p��¡ôx¯�é Ó �
× �t� Ó ¸

× ¯�Êá¤x�¹����¬w¬9��©-�w¡��¦�J¡p�9�p�w�J¤Å©x�¹¢�£x��¬w¢�£x��¡@©-�w�Ä��t�p��¡+©x�¹¡p�w¬w���t�w£-�Z�>���w��¤4����t�Ä©x�����>¤-����t�p����t������¤;©-�w�t£-¬w�>�w�p�	�>£#Þ��Ý�>¤xµo��t��¡<©x�c©-�w�Ä��t����¡F�V©/���Ù5��À��t����¾�>¸;¡p�t�p§	��t�°?ÈÛ�E ³½Û ê @)¯xÆ���¡F©;�w����t�p��¡F¡��J¤ �F¡p�9�p£����¡©-�>¤-¡á¬9�@�Ä�����@�º¬w�>¤ä¢�£x�+¬9��¡à���J¬Ý����t£-¬9��¡¨�t���V�w¬w¡L¡p�J¤4�á���t���¡¨¸-���w¬�¬w�>¤4�p¡¾�t�t³��J¤Ã���J¤ �p�w¤�£x�@©�¼Á�>¸;¡��t�p§>�t����t�����@¸;���w¬w¬w�>¤;���������¶�@¬w�>��¡p¢�£x�«¬�¼Á�J¤Â���-�;¬w�w¢�£x��£-¤-������¤-¡p�9�J¤ä�;¬w£-¡¾ª»�>�9¸º¬9�«���J¤ �����>�9�p���¶��¤ ����:���+¢ £-���¡��¾�>¸;¡��t��§	��«�¦�J£x�¾¬w��¡c�¶�J¬Ý����t£-¬9��¡t¯
La physisorption...

C#£x�¨¬�¼��w����µ>� Ó ôx¯Áô
× ³�¤x�J£;¡á�5§>�J¤-¡V§#£Â¢�£x�¶¬9��¡¨�¶�J¬D����t£-¬w��¡ä��t�p�>�w��¤4�V�>���w��¤4����t��¡�©x�+���>¤-����t���+¢�£x��¬ÈÇ���J¤-¢ £-�¶�;���¨�����-�¦�>�p�¨�>£#ÞÂ���>¤-µo��t��¡�©x�¶©-�w�Ä��t�p��¡�¯�Æ%�t�p�p�>�w¤x��¡¨�w¤-©;�w�t���p�9�J¤-¡à�¦�t���¶�t������¤ �¨©�¼����-�;£x÷>�t�¬�¼�·4÷��¦�>�p·¦���¡��¶¢ £-�@����¡¨�¶�J¬D����t£-¬w��¡V¡��t���>�9��¤ �à�º·4÷#¡p�w¡��>��¸���t��¡t¯�Cx£x�á¬)¼��w����µ>�«ôx¯�é Ó �

× ³o�w¬���¡��¨�¦�J¡p¡p�w¸;¬9�«©x�§>�J�9���;¬w£;¡p�9��£x��¡L�2�>��·x��¡ �-�J£x��¡ Ó ��¤-©-�w¢�£/��t��¡á�;���«©x��¡!������Ý·x��¡
× ���>���p��¡��¦�J¤-©-�>¤ �V�>£`©/��t�;¬w�>�����¶��¤ �«©x��¶�J¬Ý����t£-¬9��¡���§>���¨¬w�«���J��¤4���$C î ì`¯#Æ���¡/©���t�º¬w�>�����¶��¤ �p¡/��¤ �����5 Aw¤����¡��w¤-©;�w¢ £-�t���>�9��¤ � ¢�£x�á¬9��¡	ô î § ¡p�J¤4�ª»�>�9¸º¬9���¶��¤ ���>©-¡p�>�p¸���t��¡c¡p£x�c¬w�@¡p£x�pª¿�>���¨©x�V¡p�w¬w�w�t��£-�Ä¯J����¡%�Ý·-�5 Aw¤x��¡c©¥¼��>¬��t�>¤x��¡%��÷J�>¤ �¾���J£x����¡c¬9��¡%¬w�w�>�9Ç¡��J¤-¡F¡p���p£x�#��t��¡/¤x�%�������µJ�w¡p¡���¤ �	�;�>¡F�5§>���¾¬w�¨¡p£x��ª»�>���%�t�	¡��J¤ �F�p�t�¦�J£-¡p¡���t��¡t¯>°/¬w¬9��¡S���¶������·-�t���>�9��¤ �<�>�w¤-¡p����J£x���V������>���p�9�J¤ä�5§>����¬9��¡c�>£x������¡c�����J�¶��¡L©x�V�t���p¸¦�J¤x�V©-£�����¤ ���p��©x�V¬w�+�¶�J¬D����t£-¬w�¨�5§>���«¬w�@¡p£x��ª»�>���>¯°<¤xÊ;¤�³S¸º�9��¤"¢ £x�^¬��Â�º¬w£x�;���p�+©x��¡¶�¶�J¬D����t£;¬9��¡¶�;�����>��¡p¡���¤ �¶�;·4÷#¡p�w¡p�>�p¸���t��¡t³F¢ £-��¬w¢ £-��¡AÇÉ£-¤x��¡+�p��¡p����¤4�¸-���w¬w¬��>¤4����¡F��¤´ª»�J¤-���p�9�J¤:©;£��¦�>����¤4�p�w��¬�¯ í¨�>¤-¡����á�t�>¡�³ ����¡%¢ £-��¬w¢ £-��¡<�¶�J¬D����t£-¬w��¡/©x�J�w§>��¤4����§>�J�9���������µJ��;¬w£-¡/ª��>�������¶��¤4�c�5§>���V¬w��¡�£x�pª¿�>���>³��5§>���V©x��¡%¬w�w�>�w¡��J¤;¡	��¤ ���p�V¬9��¡��;���p�p�9��¡����J¤wÙp£xµJ£/��t��¡%�t�c¬9��¡%©-�w�Ä��t�p��¡©x�«¬w�¶¡p£-�pª»�>����©-��¡p�w¬w�w�t��£-�Ä¯

Quelques conc lusions�K�V�������p�J¡p���>�;�9�nC î ì �¨�¦�t�����w¡S¬�¼½��t�p£-©x�¾©x�c¬�¼��>©;¡��>�p�-�p�9�J¤+©¥¼Á�J¬��9µ>�J����t�p��¡ ô î § ¡p£x�F£-¤x�c¡p£-�pª»�>���
C#� Ó Ûtð>ð

×
Ó Ú��4Û

× ¯x�K�¨�-�#���¡p��¤-���à©x��¡<��·-�5 Aw¤-��¡	·/���Þ�÷#¬-�>£�¤;�9§>���>£�©x�¾����¡/�¶�J¬Ý����t£-¬9��¡<��¡��	�������¡<���¶�¦�>�p�p�>¤4����t���<��¬w¬9�%�¦�t���¶�t�F¬w�¨�º·4÷#¡p�w¡��>��¸;¡p�9�J¤@©x�¾����¡<���J¬Ý����t£-¬9��¡	¬w�>��¡p¡p�>¤ � ¬w��£x�	¡�����£-���p£-�p�¾©x�%Ê;¬w¡F�¶�J¬D����t£;¬w�>�9�p��¡�w¤4�p�>�����>¯ íà�c�º¬w£-¡t³�¬w�¨���w���p�J¡����>�;�9�%�w¤-©-�w¢�£x��¢ £x�c¬9��¡@��t�p���p¡+���¬9�������p�J¤-�w¢�£x��¡ Ó ª)«l¬$«
× ¢ £;� �¦�t�����t������¤4�¬�¼��w����µ>�t���w�´©x��¬w�À�¶�J¬Ý����t£-¬9�Ä¡��J¤ �@©����¬w���t�>¬w��¡ ���¡¶¬9�¹¬w�J¤xµÂ©-£®����¤ ���p�Ä©x�¹¬��Â�¶�J¬D����t£;¬9�Ä�>¬9�>��¡@¢ £x��¬9��¡��·-�5 Aw¤-��¡Ä©¥¼��>¬w�t�>¤x��¡^¡p�J¤4�Ä�w¡��J¬��>¤4����¡��t�^¤x�Ã�;�����p�w�t�9�¦��¤4�¹�;�>¡±�� ¬�¼Á��²¦�t�Ä�p£-¤-¤-��¬�¯�í@¼��>£x������¡ ��t�p£-©x��¡¡��J¤4�á��¤À���J£x��¡á��Ê;¤ä©x�@���9��£#Þ^���J¤-¤;�5 A9���p��¬w��¡L�-���>�-���D��t� ���¡¨¡��¦�������p�J¡p���>�;�w¢�£x��¡à©x������¡¨�¶�J¬D����t£-¬w��¡L�t�©¥¼½��t�p£-©-�9�t�L¬w�V�����>¤-¡��¦�>�p�¾�>£^¤;�9§>���>£Ä��Þ#����t���w�¶��¤ �p�>¬�¯
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4.1.5 Conc lusions sur les propri étés de ces mol écules

í-,�.0/�132�45/�687,:9;,�.<7=<>?= .;,à©�,	@;AB2�,�¤ ÷�1C7,�¤�,t§#2w¤ ÷�1C7,�¤B,5D = @�@�,�2�4J¤ = ¤�@FEG/�HB9I1�,�.JE&1KHB.L459 = ¤;©B.IH-¤B,M@ = 2K1K1K,= EBEB9;/#NOA = ¤�@P1�,�.ÅÛtð>ð ·ë D�/J¤Q@SR,:@�R,T.�÷�¤�@;AUR,:@;2K.�R,�.:V	WJX�R,:@;H-©�,±©B,Y1K,�H�9O.�EB9;/5EB9�2�R,:@�R,�.SR,�1�,�NZ@�9;/J¤B2K[�H�,�. =6\/J¤Q@�9#R,][�H�,<1 = . = @;H�9 = @;2�/J¤Ä©BH84 = ESR,:@ = 2K@^9;,:E_/�HB.;.�R,:, = §5,�N NZ,<@½÷�E_,V©�,<6\/�1`R,�N:HB1K,�. > , = HBNZ/�H�E8E?1KHB.1�/�2w¤�Ù;HB.;[�H+Xa7= H-¤´¤B/�6 > 9O,á©�,-N�÷�N:1K,�.0,�.;@;2K6bR,c7= Û�ù�d½Ú�ð#VBWe,�.�¤ î §-.�©UR,:E = .;.;,�¤Q@lÙ;HB.;[�H+Xa7= EB9#R,�.;,�¤Q@U@�/�HB.1�,�. = H�@�9;,�.J.p÷�.�@:7,�6\,�. = §5,�N	1�,FE?1KHB.gf = 2 > 1�,U4 = E�/5EB@;2K[�H�,^6\,�.OH�9�R,�E_/�H�9LH-¤h/�1K2�45/�6�7,:9;, Ó ÛV�ó Ù , §iE_/�H�91�,ÄÛ�ù î § × VjWe,�H�9k459 = ¤-©B,l@ = 231K1�,5D_1�,�H�9k.�@ => 2K132�@�R,l,:@<1K,�H�9O.	EB9;/5EB9O2`R,:@�R,�.YR,�1K,�NZ@�9;/J¤B2K[�H�,�.k2w¤�@�R,:9;,�.;. = ¤�@�,�.fa/J¤�@L©�,<NZ,�.	6\/�1�R,�N:HB1�,�.à©�,k@�9:7,�.	.�R,:9�2�,�H#Þ�N = ¤-©B2w© = @;.L©�,km?1K.�6\/�1`R,�N:H?1 = 2�9;,�.:V

4.2 Structure électr onique des thi ényl ènevin yl ènes.

4.2.1 Rappel des méthodes et hypoth èses pr éalables.

n /J¤�@�9 = 2�9;,�6\,�¤�@ = H#Þ ¤�/�6 > 9;,�H#Þo/�1K2K45/�687,:9;,�.PNZ/�6�6\,p1K,�.q/�132�45/5@;AB2�/5E?A+7,�¤B,�.�?ÈÛ�ó�@rDM1�,�.�/�1K2�45/dE?A�,�¤ ÷�1�,�¤B,t§�2w¤ ÷#1�,�¤�,�. ?ÁÚ�ðw@</�Hs1�,�.8/�1K2�45/ = ¤B231K2w¤�,�.	?ÁÚ#Û�@rDM1�,�.�EB9;/5EB9�2�R,:@�R,�.SR,�1�,�NZ@�9;/J¤B2K[�H�,�.Ä©�,�.�¤ î §-.¤+Xt/J¤Q@�Ù = 6 = 2K.bR,:@�R,uR,:@;H-©?2�R,:,�.c@;AUR,:/59O23[�H�,�6�,�¤Q@:V�øM/�HB.cEB9#R,�.�,�¤�@�/J¤B.�2KN:2^H-¤�, = ¤ = 19÷�.;,�@;A0R,:/59O2K[�H�,Â©�,1 = ©UR,:E_,�¤-© = ¤?NZ,À©�,�.qEB9;/5E?9O2�R,:@�R,�.oR,�1K,�NZ@�9;/J¤B2K[�H�,�.¹©�,�.´¤ î §-.c,�¤ofv/J¤BNZ@;2�/J¤ ©�,w1 = 1K/J¤�4�H�,�H�9¹©�,x1 =NOA =zy Aw¤B,5Vºø	/�HB. = §5/J¤B.Mf = 2�@L©B,�.^N = 1KN:HB1K.^,�¤{WKí ë ,�¤{H�@;2K132K. = ¤�@F1 =\>?= .�,«©B/�H > 1�,�¤�HB6TR,:9O2K[�H�, Ó í¨øáâ
×

©�,�íVì õ WIV î /�HB.M1�,�.U9�R,�.;HB1�@ = @;.^Woí ë ©�,kNZ,<NOA = E&2�@�9;,k.�/J¤�@ >?= .�R,�.^.;H�9^1 = fv/J¤BNZ@;2�/J¤;¤�,�1K1�,¨©�,�§L/�.�|5/,:@ = 1�?ÁÚ>Ú�@rV�WIX}H�@;2K1K2K. = @;2�/J¤¶©+X}H-¤�, = H�@�9;,Mfv/J¤BNZ@;2�/J¤;¤�,�1K1�,�?ÁÚ Ù @¥¤�,L©�/J¤;¤�,M[�H�,à©�,�./©B2�~MR,:9;,�¤BNZ,�.U6�2w¤B2K6�,�.Ó Ú!6\, §iE_/�H�9�1�,F4 = E�©BHl@;AB2�/5E&A_7,�¤�, × V ë N = HB.;,¾©�,�1 = @ = 2K1K1�,%©�,FNZ,�.L/�1K2�45/�6�7,:9;,�.�DJ¤�/�HB. = §5/J¤?.L9�R,�©BHB2�@
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1�,�.MN�A =zy Aw¤�,�.	A0R,�Þ�÷#1j,�¤Â©�, .;2K6�E?1�,�.F459;/�H�E_,�.^6TR,:@;A ÷#1 Ó ��2�4�H�9O,�ô�V�E

× Vºø	/�HB. = §5/J¤B.á§JR,:9O2KmUR,][�H�, NZ,:@�@�,= EBEB9;/5Þ#2K6 = @;2�/J¤�¤�,MN�A = ¤�45, = 2�@%¤B2B1 = ¤ = @;H�9;,5D�¤B2�1�,�.\R,�¤B,:9;4�2�,�.<©B,�.<©B2�~MR,:9;,�¤�@;.\R,:@ = @;. = H�@�/�H�9�©BH\4 = EjVß-9 y= NZ,�7= NZ,:@�@�, = EBEB9;/5Þ#2K6 = @;2�/J¤+DJ¤�/�HB. = §5/J¤B.0E?H�R,:@;H;©B2�,:9I1CXt/#NZ@ = 6�7,:9;, Ó�ê N�÷#N:1�,�.
× ,�¤cWKí ë V#âg/�H�901�,@;AB2�/5E?A+7,�¤�,5D�1�,àÚ î §s,:@U1�, Ù�î §lD�H;¤�,^/5EB@;2K6c2K. = @;2�/J¤�©B,M1 = 4gR,:/�6TR,:@�9O2�,k,�.;@I,Z~_,�NZ@;H0R,:,-,�¤q6�2w¤B236�2K. = ¤�@1CX�R,�¤�,:9;4�2�,�@�/5@ = 1K,c,�¤�Woí ë ,�¤pfv/J¤BNZ@;2�/J¤`©B,�.<NZ/�/59Ý©�/J¤-¤UR,:,�. = @�/�6�2K[�H�,�.:VKø	/�HB. = §5/J¤B. / > @�,�¤�Hb[�H�,1�,�.^NZ/J¤�fv/59O6 = @;2�/J¤?.^.�/J¤�@^EB9 = @;2K[�H�,�6\,�¤�@�E?1 = ¤B,�. Ó NZ,<E_/�2w¤Q@�,�.;@¾©B2K.;N:H�@�R, H;¤8EG,�H8E&1KHB.�1�/�2w¤

× ,:@	[�H�,1 = 4�R,:/�6bR,:@�9O2�,¶©�,�.à©B2�~MR,:9O,�¤Q@;.	459;/�H�E_,�6\,�¤�@;.^,�.�@-2w©�,�¤�@;2K[�H�,5VBW = 4gR,:/�6TR,:@�9O2K,+©B,�.^/�1K2�45/�6�7,:9O,�.à¤ î §-.EG/�HB9 Ó �p� Ù
× = R,:@�R,MNZ/J¤B.�@�9�HB2�@�,U,�¤]9#R,:E&1K2K[�H = ¤Q@�1 = 4�R,:/�6bR,:@�9O2�,^E?1 = ¤�,�©?H]6\/5@;2Kf?2w¤B2�@;2 = 1CVz�<¤Bm;¤+D = § = ¤�@©+X => /59�©�,:9F1�,�.UEB9O2w¤BN:2KE = H#Þh9�R,�.;HB1�@ = @;.:D�2K1&f = H�@U.;,-.�/�H-§5,�¤B2�9�[�HB,-1�,�.cR,�¤�,:9;4�2K,�.�©B, >?= ¤;©�,-2�¤Q@�,:9�©?2�@�,h7=H-¤oR,�1�,�NZ@�9;/J¤PN = 1KN:H?1�R,:,�.�,�¤�WKí ë Ó ©�/J¤BND�7= N = HB.;,�©�,V¤�/5@�9;, = Ù�H?.�@�,�6\,�¤�@¾©�,�.FE = 9 = 6�7,:@�9;,�. = HB.;.;2G,�¤1K2 = 2K.�/J¤?.Jfv/59;@�,�. × .�/J¤�@04gR,�¤UR,:9 = 1K,�6\,�¤Q@-.�/�HB.�dr,�.;@;2K6bR,:,�.FE = 9F9 = EBE_/59;@ = H84 = E�/5E?@;2K[�HB,	,�Þ#EUR,:9O2K6\,�¤�@ = 1CV

��1Q,�.�@o¤UR,�NZ,�.;. = 2�9;,%©+X}H�@;2K1K23.�,:9�©�,�.j@�,�N�A-¤B2K[�H�,�.eE?1KHB.!R,t§5/�13H0R,:,�.gNZ/�6c6\, ö = 9;@�9;,:,ZdÛ�B/�NO|:Ã$�A¤�@�,:9 = NZ@;2�/J¤�©�,n /J¤�mB4�H�9 = @;2�/J¤+D î í¨í$� î Ó¿î 2K6\,¶í-,:EG,�¤;© = ¤Q@Ví�� î
× Doß-� ÃPR,�[�H = @;2�/J¤`©�, ï ,:@;A�,Zd�C = 1KEG,:@�,:9kE_/�H�9/ > @�,�¤B2�9lH-¤�, > /J¤-¤B,�,�.�@;2K6 = @;2K/J¤ ©BH�4 = Eb/5E?@;2K[�HB,5Voâg/�H�9h.:X = ~G9 = ¤BNOAB2K9@©�,�NZ,�.lEB9;/ > 1C7,�6\,�.�©+X}H-¤�,6 = ¤B2C7,:9;,�.;2K6\E?1K,l,�¤bWKí ë D�H;¤±©UR,�N = 1 = 45,8NZ/J¤B.�@ = ¤�@],�.;@<4�R,�¤0R,:9 = 1�,�6\,�¤�@ = EBE?1K23[�HUR,\,�¤�@�9;,q1K,�.wR,:@ = @;./�N:N:H�EFR,�.	,:@M1�,�.�R,:@ = @;.à§#2w©�,�.:V

4.2.2 Structure électr onique des nTVs

Le gap électr onique des nTVs

Wj,^4 = E�N = 1KN:HB1`R,^E_/�H�9J1K,�.<©B2�~MR,:9;,�¤�@;.L/�1K2�45/�6�7,:9;,�.0,�¤�Woí ë ,:@J,�¤c132 = 2K.�/J¤B.gfv/59;@�,�.J,�.;@J9;,:EB9#R,�.�,�¤�@�R,7= 1 = mB4�HB9;, Ó ô�V ê
× V&Wj,�.%©�,�H#Þq6TR,:@;AB/�©�,�.c©B/J¤-¤�,�¤�@%©B,�./§ = 1�,�H�9�.I@�9�7,�.�E?9;/�N�A�,�.:Vxì = 2�¤Q@�,�¤ = ¤�@^.;2�¤�/�HB.NZ/�6\E = 9;/J¤B.k1K,�.	4 = E&.kN = 1KN:HB1`R,�. = §5,�Nc1�,�.á§ = 1�,�HB9O.-,�Þ�EFR,:9O236\,�¤Q@ = 1K,�.:D¥¤�/�HB.-9;,:@�9;/�Hx§5/J¤?. > 2�,�¤w[�H�,\1�,4 = EP/5EB@;2K[�H�,-,�.�@^.�/�HB.�dr,�.;@;2K6bR,kE = 9^1�,�.c©�,�HxÞq6bR,:@;A�/#©�,�.:VB�<¤ = E?E?1K2K[�H = ¤�@0H-¤�©UR,�N = 1 = 45,«©B,�ÛV�Úl, §]D¤�/�HB.k/ > @�,�¤B/J¤B. H-¤ = N:NZ/59Ý©bNZ/59;9O,�NZ@<,�¤Q@�9O,q1 = @;AUR,:/59O2K,�,:@]1CXt,�Þ#EFR,:9O2�,�¤?NZ, Ó ©�,c1CXt/59�©B9;,�©�, ð#V�Ú8, § × V

Êà¤�,-NZ/59;9;,�NZ@;2�/J¤´©�,�ÛV�Ú<, §s,�.�@0H;¤�,¾§ = 1�,�H�9J9 = 23.�/J¤-¤ => 1K,�,:@0NZ/�6\E = 9 => 1�,l7= ©+X = H�@�9;,�.I@�9 = § = H#Þ ?ÁÚhô-@rVë H#dÉ©B,�1�7= ©�,�@�/�HB@�,�NZ/59;9O,�NZ@;2�/J¤+D�1K,�.�§ = 9O2 = @;2�/J¤B.<,�¤pfv/J¤BNZ@;2�/J¤±©B,c1 = 1�/J¤B4�H�,�H�9«©�,q1 = NOA =zy Aw¤�,5D�.;/J¤Q@> 2�,�¤�©UR,�NZ9O2K@�,�.0E = 901�,�./©�,�H#Þ�6bR,:@;A�/#©�,�.:V�We,M4 = E8N = 1KN:HB1`R,	,�¤c1K2 = 23.�/J¤B.Lfv/59;@�,�.0,�.�@ > 2K,�¤�©�/J¤-¤UR,	E = 901 =fa/59O6lHB1�, Ó ô�VwÛ
× 2w¤BN:1KH = ¤Q@-1 = NZ/59;9O,�NZ@;2�/J¤Å©�,´ÛV�Ú�, §lVjW = 1K2K6c2�@�,«©BHx4 = E`©�/J¤-¤UR,:,lE = 9kNZ,:@�@�,hfa/59O6lHB1�,,�.�@�EB9;/#NOA�,V©�,k1 = § = 1�,�H�9�,�Þ#EUR,:9O2K6\,�¤�@ = 1�,!/ > @�,�¤�H�,kE_/�H�9�1�,@Û�ù î § ¥ ÛV�ó Ù , §]VGWJXt,�Þ#E_/�. = ¤Q@F/ > @�,�¤�H

Ó ÛVwÛ�Ú
× N = 9 = NZ@�R,:9O2K.;,M1 = ©0R,�1�/#N = 1K2K. = @;2�/J¤hNZ9;/�23.;. = ¤�@�,^.;HB29§ = ¤Q@L1 = 1�/J¤�4�HB,�H�9F©�,�1 = NOA =zy Aw¤B,5V
Êá¤h,�Þ#EG/�. = ¤Q@NZ/�6\EB9O2K.F,�¤�@�9;,¹Û!,:@àÚh,�.�@ = H?.;.;2_/ > @�,�¤�Hä© = ¤?.�1�,�.¾¤ = ¤�/�.;@�9OHBNZ@;H�9;,�.L©�,<.;2K1K23N:2KHB6 ?ÁÚ>é�@rV
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Les états électr oniques

Wj,�.à©�,�H#ÞP6bR,:@;A�/#©�,�.^@;AUR,:/59O23[�H�,�.-NZ/J¤�mB9�6\,�¤Q@	1�,kf = 2K@M[�HjXt,�Þ�EFR,:9O236\,�¤Q@ = 1K,�6\,�¤Q@-1�,k4 = EÃ©�,�.�/�1K2�d45/�687,:9;,�.+©0R,�NZ9;/ y A�@<9 = E&2w©�,�6\,�¤�@k1�/59O.;[�H�,�1�,�¤�/�6 > 9;,�©B,�N�÷�N:1�,�. = H�4�6\,�¤�@�,5V n ,:@k,Z~_,:@ ,�.;@«© yHo7= 1 =©0R,�1�/�N = 132K. = @;2�/J¤\E?9;/5459;,�.;.;2w§5,¾©�,�.hR,:@ = @;.\R,�1K,�NZ@�9;/J¤B2K[�H�,�. = HB@�/�H�9<©BHh4 = EjV�Wj,�.hR,:@ = @;.�ª)«d¬�«�,:@W7®�¬�«©BH ê�î §¢.�/J¤�@�9;,:EB9#R,�.;,�¤Q@�R,�.�.;H�9�1 = mB4�H�9;, Ó ô�V�ó
× V%ø	/�HB.\9;,�6 = 9�[�H�/J¤?.�[�HB,{NZ,x.�/J¤�@:©�,�.�R,:@ = @;.�½©0R,�1�/�N = 132K.�R,�.!1�, 1�/J¤�4´©�,�.MN = 9 > /J¤�,�.!�;� ¯ fa/59�6 = ¤Q@-1 = 6\/�1`R,�N:H?1�,5V ë HPf£H�9^,:@�7= 6�,�.;H�9;, [�H�, 1 = @ = 2K1K1K,= H�4�6\,�¤�@�,5DQ1�,�.�N�÷�N:1K,�.L.�,^NZ/�H�E?1�,�¤�@:D = H�4�6\,�¤�@ = ¤Q@J1 = ©UR,�1K/�N = 1K23. = @;2�/J¤l,:@L9�R,�©BHB2K. = ¤Q@L1�,U4 = EjV ë H > /�H�@©+X}H-¤wNZ,:9;@ = 2w¤Ã¤�/�6 > 9;,]1 = ©B236�2w¤�H�@;2�/J¤Ä©BHx4 = E = §5,�N\1 = ©0R,�1�/#N = 1K2K. = @;2�/J¤À©�,t§#2�,�¤�@á¤UR,:4�1K2K45, => 1�,5V+Wj,�.R,�¤�,:9;4�2�,�.V©�,�.{R,:@ = @;.<N = 1KN:H?1�R,�.!,�¤wWoí ë EB9;/#NOA�,�.¨©BHx4 = Ep.�/J¤�@-9O,:EB9�R,�.�,�¤�@�R,:,�.].;H�9!1 = mB4�H�9;, Ó ô�VwÛtð

× Ví	,�.q9#R,�.;HB1K@ = @;.q.;236�2K1 = 2�9O,�.l.;/J¤Q@q/ > @�,�¤�H?.�,�¤o132 = 2K.�/J¤B.hfv/59;@�,�.:VUWJX�R,t§5/�1KH�@;2K/J¤ ©�,�.�R,:@ = @;.]ª)«l¬$«u,:@
7®�¬�«{,�.�@0.�÷#6TR,:@�9O2K[�H�,5D�NZ,	[�HB2B2K6\E&1K2K[�H�,UH;¤�,L©UR,�1�/#N = 1K2K. = @;2K/J¤TR,�[�H?29§ = 1K,�¤Q@�,	EG/�HB9JNOA = [�H�,PR,:@ = @:V n ,9�R,�.;HB1�@ = @k6\/J¤�@�9;,\[�HjXt,�¤xE?9O2w¤BN:2�E_,<NZ,�.k6\/�1`R,�N:H?1�,�.!E_,:9O6\,:@�@�9 = 2�,�¤�@¨©�,lNZ/J¤;©BHB2�9;,@©�,�.!@�9;/�HB.-/�HÃ©�,�.R,�1�,�NZ@�9;/J¤B.P7= NZ/J¤-©B2�@;2�/J¤ = H�E = 9 = § = ¤Q@¶©+Xt,Z~_,�NZ@;H�,:9\H-¤®©�/5E = 45,Ä¤�/�HTEjV ì = 23.l231Jf = H-©�9 = 2�@¤R,:@;H-©B2�,:91CXt,Z~G,:@à©BH^©�/5E = 45,].;H�9^1 = NZ/J¤�fv/59O6 = @;2K/J¤^©�,<1 = 6\/�1`R,�N:H?1�,5V
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4.2.3 Structure de bandes du pol ymère

Intr oduction de fonctions de Bloc h

��1e,�.�@M2w¤�@�R,:9;,�.;. = ¤�@¨©�, NZ/J¤-¤ =zy AK@�9;, 1 = .;@�9OHBNZ@;H�9;,¤R,�1�,�NZ@�9;/J¤B2K[�H�,<,�¤x1K2 = 2K.;/J¤B.Ffa/59O@�,�.à©BHPEG/�1w÷�6�7,:9;,9�R, = 1K2K.�R, = §5,�Nx1�,86\/5@;2�fà©B, >&= .�,Ä©�,�.¶¤ î §!.:V�Wj,8f = 2K@+©B,�9O,�¤-©�9;,81 = NOA =zy Aw¤B,�EFR,:9�2�/�©?2K[�HB,q,�¤�@�9 =zy Aw¤�,1CX}H�@;2K1K23. = @;2�/J¤�©�,kfv/J¤BNZ@;2�/J¤B.¾©jXt/J¤-©�,�.c©�, ï 1�/#NOAw¥!¦]NZ/�6c6\, >?= .�, ¥
¥!¦ � Û§ � ¨©

ª5«�¬ ©:
¦ ª®�¯&°j± � Õ � ª × ± ô�V�Ú ×

/+7Hq²cNZ/59;9;,�.�E_/J¤-©Y7= 1 = 1�/J¤�4�H�,�H�9�©�,	1 = NZ,�1K1KHB1K,�R,�1�R,�6\,�¤Q@ = 2K9;,k.�/�2�@àÛ>ÛV Ù>ê ·ë ,:@F³�,�.;@0H-¤:§5,�NZ@�,�H�9
= EBE = 9;@�,�¤ = ¤�@ = H89#R,�.�, = H{9�R,�N:2�EB9;/#[�H�,|? Õ\´®_µ ´ ® @rV;¤�2w¤;©B2K[�H�,	1�,V¤�HB6TR,:9;/�©�,<6 = 2K1K1�,-,:@pGb,�.�@^H-¤�,V©�,�./59 > 2�@ = 1�,�.L©�,<1CX = @�/�6\, = E?E = 9;@�,�¤ = ¤�@l7= 6 = 231K1�,5V
Interpr étation de la la structure de bandes

W = .�@�9OHBNZ@;H�9O,/©�, >&= ¤-©�,�.K©B,01 = N�A =zy Aw¤�,0E_/�19÷�6�7,:9O,J,�.�@g9;,:EB9#R,�.�,�¤�@�R,:,Um?4�H�9;, ± ô�VwÛ>Û × VJâ = 9O6�2Q@�/�H�@�,�.1�,�. >?= ¤-©�,�.:D1�,�.�E?13HB.e2w¤�@�R,:9;,�.;. = ¤�@�,�.-7= R,:@;H-©B2K,:9�NZ/59O9;,�.�E_/J¤-©�,�¤�@�7= 1 = ©�,:9Ý¤B2£7,:9;, >?= ¤-©�,UE?1�,�2w¤B, ± ï = ¤-©�,©�,j§ = 1�,�¤?NZ, × ,:@-1 = EB9O,�6�2£7,:9;,�§#2w©�, ± ï = ¤-©B,@©�, n /J¤-©BHBNZ@;2K/J¤
× V n ,l.�/J¤Q@-NZ,�.à©B,�H#Þ >?= ¤-©�,�.L©+X�R,:@ = @;.[�HB2;§5/J¤Q@�NZ/J¤-©?2�@;2�/J¤-¤�,:90,�¤q6 = Ù�,�H�9O,ME = 9;@;2K,	1�,�.0EB9;/5EB9�2�R,:@�R,�.%©�,	@�9 = ¤B.�E_/59;@�©BH�E_/�19÷#6�7,:9;,5V õ ¤�E_,�H�@§JR,:9O2�m?,:9�D#,�¤8,�Þ = 6�2�¤ = ¤Q@�1�,�.cR,:@ = @;.^E?9;/5EB9;,�. = .;.�/#N:2`R,�. 7= NZ,�.c©�,�H#Þ >?= ¤-©�,�.:D#[�H+Xt,�1K1�,�.FNZ/59;9;,�.;EG/J¤;©�,�¤Q@7= ©B,�.�R,:@ = @;.n½x,:@F/J¤Q@FE = 9�NZ/J¤B.�R,�[�H�,�¤�@:DBH-¤�,-1 = 9;45,¨©B2K.�E_,:9O.;2K/J¤\,�¤oR,�¤�,:9;4�2�,5V n ,�1K1�,Zd�N:2&,�.�@�NZ/�AUR,:9;,�¤�@�,= §5,�NlH-¤�,k459 = ¤-©B,�©0R,�1�/�N = 132K. = @;2�/J¤Ä©�,�.8R,:@ = @;. = .;.;/�N:2`R,�.:V

Êà¤B,�6 = ¤B2C7,:9;,�.;236\E?1�,@©+X}2w¤�@�,:9;EB9#R,:@�,:9 1 = .�@�9�HBNZ@;H�9;,¶©�, >?= ¤;©�,�.¨©BHYE_/�19÷�6�7,:9O, = HB@�/�H�9«©BHw4 = EEG,�HB@<.�,\f = 2K9;,�© = ¤B.k1CX = E?EB9;/�Þ�2K6 = @;2K/J¤Å©�,�1 = 6 = .;.;,\,Z~G,�NZ@;29§5,5VSøM/�H?.<.;H�EBE_/�.�/J¤?.-H;¤�,�©B2K.�E_,:9O.O2�/J¤
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E = 9 => /�1K2K[�H�,	©�,�. >?= ¤-©�,�.e,�¤ fv/J¤BNZ@;2�/J¤�©BH�§5,�NZ@�,�H�9 ©+Xt/J¤-©B,5V n ,:@�@�, = EBEB9;/zº#236 = @;2�/J¤k,�.�@�@�9:7,�.�H�@;2K1K2K.�R,:,EG/�HB9]2w¤�@�,:9;EB9#R,:@�,:9+©�,c6 = ¤?2£7,:9;,q[�H = 1K2�@ = @;2w§5,q1 = .;@�9OHBNZ@;H�9;,¹©�, >?= ¤;©�,�.«©�,¹¤�/�6 > 9;,�H#ºp6 = @�R,:9O2 = H�ºGV
��N:2CD�,�131�,kE_,�H�@ y,:@�9;, = HB.O.;2+H�@;2K1K23.�R,:,¨© = ¤B.^1�,<N = .à©+X}H-¤8E_/�1�»#687,:9;, ¥

¼½¾ ½¿ F ¡ ± ³BÀ � F]Á¡ Ã ÂzÃ¯�ÄFÅº ³ ¯
F^Æ ± ³BÀ � F ÁÆ<Ç ÂzÃ¯�Ä Å¼ ³ ¯

±vÈ VÊÉ�À

/+7H]F Á¡ ,:@�F ÁÆ .�/J¤�@^1�,�.F.�/�6�6\,:@;.c©�, >?= ¤;©�,á©B,-NZ/J¤-©?HBNZ@;2�/J¤�,:@¾©�,á§ = 1�,�¤?NZ,5V�Ë{Ì� ,:@FË{Ìä NZ/59;9;,�.�dEG/J¤;©�,�¤Q@0,�H#º_D�9;,�.;EG,�NZ@;2w§5,�6\,�¤Q@<7= 1 = 6 = .O.�,M,Z~_,�NZ@;29§5, = .;.�/#N:2�R,:,q7= 1CX�R,�1�,�NZ@�9O/J¤8,:@ = Hq@�9;/�H+V#WJX = Ù;HB.�@�,Zd6\,�¤Q@V©�,hNZ,�.![�H = @�9;,�.-E = 9 = 6�7,:@�9;,�.!E_,:9O6\,:@¨©�,l9;,:EB9;/#©BHB2K9;,<1�,hNZ/�6\E_/59;@�,�6\,�¤�@á©�,�.¨©�,�H�º >?= ¤-©�,�.± �g2K4�H�9;, È VKÍ�Î�À�VeWj,�.V©B,�H#ºx6 = .;.;,�.!,Z~G,�NZ@;29§5,�.].�/J¤�@-/ > @�,�¤�H�,�.c7= 1rX = 2w©�,�©B,h1 = NZ/�HB9 > H�9;,+©�, >?= ¤-©�,EG/�HB9�|qEB9O/�N�A�,«©�,kÏGR,:9;/¤7= 1CX = 2w©�,V©�,<1rX�R,�[�H = @;2�/J¤x.;HB29§ = ¤�@�, ¥
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Ë Ì � äå ¯� ¯:æhç � ¯ ³ ±vÈ V È À
èM/�H?. => /�H�@;2K.O.�/J¤B.q7= H-¤�,c6 = .;.�,c,Z~_,�NZ@;29§5,�©+X�R,�1�,�NZ@�9;/J¤�[�HB2	§ = H�@ Ë{Ì� �êé#ë Í�Î5É�Ëì,:@lE_/�H�9 1�,@�9;/�HÅ©�,lË{Ìä �íé#ë Í�Î é Ë¤V n ,�.¨§ = 1�,�H�9�.à©�,\6 = .O.�,h,Z~G,�NZ@;29§5,�.;/J¤Q@kNZ/�6\E = 9 => 1�,�.c7= NZ,�1K1�,�.-/ > @�,�¤�H�,�..;H�9�©+X = H�@�9O,�.!m?1K.!6\/�1`R,�N:HB1 = 2K9;,�.�îtÎ5ï�ðrVeWJX = Ù;HB.�@�,�6�,�¤Q@k9#R, = 1K23.�R,:¤+Xt,�.�@<NZ,:E_,�¤-© = ¤�@¨§ = 1 => 1�,\[�HB,lE_/�H�9©�,�.c§ = 1�,�H�9O.¾©B,k|qf = 2 > 1�,�.�V
Êà¤B, = H�@�9;,	f =GñNZ/J¤´©+X}2w¤�@�,:9;EB9#R,:@�,:90NZ,:@�@�,!.�@�9OH?NZ@;H�9;,�E_,�H�@F§5,�¤B2�9/©+X}H-¤�.;236\E?1�,�6\/#©_7,�1�,^,�¤q1K2 = 2K.�/J¤?.fa/59;@�,�.�VJ�<¤T,Z~G,:@:DJ231I,�.�@hE_/�.;.;2 > 1�,:©+X = Ù;HB.�@�,:9\1�,�.+©�,�H�º >?= ¤-©�,�.+©�,�§ = 1�,�¤BNZ,�,:@�©�,8NZ/J¤-©BHBNZ@;2�/J¤ò7=1CX = 2w©�,�©�,�©B,�H#º�fv/J¤BNZ@;2�/J¤?.]7=h>?= .�,«©B,<NZ/�.;2w¤�HB. ± ��2�4�H�9;, È VKÍ5ÍzÀ ¥

¼¾ ¿ æ ¡ ± ³BÀ � Ç Î ë È Î-� é#ëÊó5ô NZ/�. ±
¦ ®¯ Àæ Æ ± ³BÀ � Ç È ëÊô È � é#ëÊô5ó NZ/�. ± ¦ ®¯ À =

§5,�Nl³�õpî Ç ½ ² µ Ã ½ ² ð ±vÈ VÊö�À

WJX = Ù;HB.�@�,�6\,�¤�@e9#R, = 132K.�R,0,�.;@e6\,�2K1K1K,�H�9j[�HjXt,�¤<6 = .;.�,0,Z~G,�NZ@;2w§5,5V�÷-,IE&1KHB.:D:2K1,�.�@�E_/�.;.;2 > 1K, ©B,<©�/J¤-¤�,:9H-¤�,<.;2�4J¤?2�m?N = @;2�/J¤8E?A�»#.;2K[�H�,c7= NZ,�.L©B,�H#ºoR,�[�H = @;2�/J¤B.�V&�<¤P,Z~G,:@:D = §5,�NlH-¤�, > /J¤-¤�, = EBEB9O/�º�2K6 = @;2�/J¤+DNOA = [�H�,PR,:@ = @FEB9O/5EB9;,¾©+X}H-¤c@;AB2�/5E?A+7,�¤B,L¤+X}2w¤�@�,:9 = 4�2�@I[�H+X = §5,�N-1rX�R,:@ = @FNZ/59;9;,�.;EG/J¤;© = ¤Q@�©�,�.J@;A?2�/5E?A+7,�¤�,�.§5/�2K.;2w¤B.�V n ,I[�H?2>©�/J¤-¤�,L,�¤<132 = 2K.�/J¤B.Gfv/59;@�,�.:DzH;¤�,	©B2K.�E_,:9O.O2�/J¤M,�¤wR,�¤B,:9;4�2�,\R,�[�HB29§ = 1�,�¤�@�,	7= NZ,�1K1�,L/ > @�,�¤�H�,EG/�HB9g1 =M>?= ¤-©�,��%©+X}H-¤l6\/#©_7,�1�,%©�,UN�A =zy ø ¤�,F1K2w¤UR, = 2K9;,5V�We,0E = 9 = 687,:@�9;,¾©�,F6 = 2K1K1�,/©�,U1 = N�A =zy ø ¤�,U1K2w¤UR, = 2�9;,= H-¤�, @ = 2K1K1�,YR,:4 = 1�,�7= 1 = 6\/�2�@;2`R,�©B, 1 = @ = 2K131�,«©�, 1 = NZ,�1K1KHB1K,xR,�1K,�6\,�¤Q@ = 2K9;, ,:@ = 687,�¤�,lH;¤P9;,:E?132�,�6\,�¤�@©�, >?= ¤;©�,�.:VeWe,cf = 2�@][�H�,c1CXt/J¤�E?HB2K.O.�, = Ù�H?.�@�,:9lNZ,�.h[�H = @�9;,�. >?= ¤-©�,�. = §5,�N8H-¤�6�/�©+7,�1�,¹©�,qN�A =zy ø ¤�,1K2w¤UR, = 2�9;,!2w¤�mº¤B2�,�,�.�@F@�9�7,�.�2K6\E_/59;@ = ¤�@0N = 9�/J¤¹§ = E_/�Hx§5/�2K90,�¤�,Z~_,:@U,�¤�©UR,�©BH?2�9;,!H-¤�,M,�.;@;2K6 = @;2�/J¤�©�,�.¤B29§5, = H#º´©B,�.F/�1K2�45/�6�7,:9;,�. 7= E = 9;@;2K9%©B,�.�©B,�H#º >?= ¤-©B,�.�©?HqE_/�1�»#6�7,:9;,5V#�<¤�,Z~_,:@:DB.;2G/J¤�.;H�EBE_/�.�,-[�H�,1 =->?= ¤-©�,c©�,FNZ/J¤-©BHBNZ@;2K/J¤h,:@	©�,%§ = 1�,�¤?NZ,F.;/J¤Q@J2w¤;©0R,:EG,�¤;© = ¤Q@�,�.�Dh¤�/�H?.�EG/�H-§5/J¤B.�H�@;2K1K2K.;,:9�1�,�.F¤B2w§5, = H#º©+X�R,�¤�,:9;4�2�,�[�H = ¤�@;2�mFR,�. ,:@ 1�,�.kfv/J¤BNZ@;2�/J¤ ©+Xt/J¤-©�,�.�¤B/59O6 = 1K2K.�R,:,�.]NZ/59;9;,�.�E_/J¤-© = ¤Q@q7= H;¤�,�NOA =zy ø ¤�,�m;¤B2K,©�, �ù.;2�@�,�.:V n ,�H�º�d�N:2j.;/J¤Q@L©B/J¤-¤0R,�.�E = 9]îtÎ�ú�D�Î ó ð
æIû � æ ® ä ÃüÎ�ý NZ/�. ± �õ½� ÃþÍ À Í<ÿY�xÿ�� ±vÈ VÊï�À
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¥ û �
- Î�/.SÍ ¨©ª5«�¬ .;2w¤ ± �1032�4.SÍ À�5 ��� ±vÈ VÛú5À

/+7HPýp,�.;@M1�,kE = 9 = 6�7,:@�9O,�©+X}2w¤�@�,:9 = NZ@;2�/J¤P,�¤Q@�9;,�©�,�H#º�.;2�@�,�.c§5/�2K.O2w¤B.c©�,<1 = N�A =zy ø ¤�,<132w¤0R, = 2�9;,5V
n ,�.<.�/�13H�@;2�/J¤B.	E_,�Hx§5,�¤Q@ y,:@�9;, = E?E?1K2K[�H0R,:,�.c7= ¤�/5@�9;,�N = .kEB9#R,�N:23.!EG/�HB9á©UR,:@�,:9O6c2w¤�,:9<1�,�.V¤B2w§5, = H#º©�,T1rXt/�1K2�45/�6�7,:9;,s7= E = 9O@;2�9Â©�,�.xE = 9 = 6TR,:@�9O,�. =76 HB.;@�R,�.Å©?HòE_/�1�»#687,:9;,5V-è	/�HB.x/ > @�,�¤�/J¤B.w1�,�.òR,:@ = @;.©+X�R,�1�,�NZ@�9;/J¤B. æ ±98 û ÀU,:@L©�,k@�9;/�H?. æ ±;: û À=<�/?>@>UR,�.ME = 9�A

¼BB¾ BB¿ æ ±98 û À � Ç Î ë È Î Ç é#ëÊó5ô NZ/�. ±
û ´¨%C ¬ À

æ ±;: û À � Ç È ëÊô È . é#ëÊô5ó NZ/�. ± û ´¨%C ¬ À ±vÈ V ó À

n ,:9;@ = 2D>?.�<�,JNZ,�.�>B2FE5, = H#ºk.�/?>�@j9;,:EB9#R,�.�,G>�@�R,�.�.OH�9e1 = mB4�HB9;, ±vÈ VKÍ5Í = À ± E � ÍDÊÎ�DÊÉ�À_E_/�H�9j1rXt/�1K2�45/�6�7,:9;,ïIH�J N = 1KN:H?1�R, = E5,�Nk1�,�.�R,�[�H = @;2K/?>B. ±vÈ V ó À�VLK�13.0.�/?>�@F,G> = N:NZ/59M< = E5,�NkNZ,�H#º82K.;.;H?.�<BH8N = 1KN:HB1N<B2�9O,�NZ@0,G>1K2 = 2K.�/?>?.	fv/59;@�,�. ± mB4�H�9;, È VKÍ5Í > À�VjWJX = N:NZ/59M<�,�.�@<@�9�7,�. > /?>¤6 y,�6�,q.;2(<�,'>B/�6 > 9O,�H#ºx,Z~_,:@;. /?>�@YR,:@�R,>0R,:4�1K2�4�R,�. < = >B.]NZ,�6\/1<+7,�1�,5DgNZ/�6�6\,81�,cNZ/�H�E?1 = 45,q,G>�@�9;,q1K,�. >?= >O<�,�.:V�K�1K.<E?9;/PE#2�,G>@>�,G>�@<,G>b9�R, = 1K2�@�R,<+X}H@>�,{.;,�HB1�, >?= >O<�,PE_/�H�9c1�,�.c@�9;/�2K.�R,:@ = @;. 03Q V n ,{6\/1<+7,�1�,w.;2K6\E?1K,R>B/�HB.�E_,:9O6\,:@�@�9 = <�,x6c2�,�H#º= EBEB9#R,�A�,G>@<B,:9M1�,�.�EB9O/5EB9O2`R,:@�R,�.^/5EB@;23[�H�,�.�<�,<NZ,�.M6\/�1`R,�N:H?1�,�.:V
4.2.4 Spectre optique théorique de ces mol écules

Expression du coefficient d’absorption optiqueS�TVUXWXYMZ@[\W]ZLYM^`_^GaF^G[\WXY]b?>@cDd�ZL^e_^�W]Tf>gWh_^�W]TIi3aDcF^'jOTIYk<L^GZ#ºmln_^�W]oLb�<@^GUk<@cFp�_^�Y]^G>gWX^GU�q!>@b?Z@Urjsb?ZLEfb?>@U[\b?l'l ^G>@[\^�Ytavuw_^�W]ZO<L^x<L^GU�j@Y]bfjOYMcy_^�Wg_^GU'bfj@W]cDd�ZL^GU�<L^z[\^GU'l b?a{_^G[�ZOaF^GU ^�W'>LbfW]Tfl'l'^G>|W'a9u}TIi3UXbfY]j@W]cFb?>bfj@W]cDd�ZL^f~��!b?Z@Y�[\^GaDT1q�>Lb?Z@U�TfaDaFb?>@U�<�u}TIisbfYM<�^Zº1j@YMcDl'^�Y�a9u�^Zº1j@Y]^GUMU]cFb?>�<@Z�[\bg^��t[�cD^G>|W�<�u}TIi3UXbfY]j@W]cFb?>bfj@W]cDd�ZL^�<@Tf>@U(aF^�[�TfU��!_^G>%_^�YMTfa9~#è�b?Z@U�[\b?>@U]cD<=_^�Y]b?>OU�Z@>�YMTz»fb?>@>L^Gl ^G>gW _^GaF^G[\WXY]b?ltTI�?>%_^�W]cDdgZ@^�<L^���TfcFiOaD^Tfl jOaDcFW]ZO<L^r<L^rjOZ@aDUMTIW]cFb?>���^�W�<L^�Ef^G[\WX^GZLY�<�u�b?>@<L^��� <=_^��O>OcF^rjOTIY�aF^rjsbfWX^G>gW]cF^Ga�Ef^G[\WX^GZLYkA
���� �� Á 8��;���g������P��X� �vÈ ~���À

� ^�YMTG�fb?>@>@^Gl ^G>|WxTI�?cDW�U]Z@Y�aF^GU _^GaF^G[\WXY]b?>OUz<L^�a¡Tnl b?a{_^G[�ZOaF^f~=S�^GU�WXYMTf>@U]cFW]cDb?>@U¢TfUMU]cDUXW�_^�^GURjOTIYjOoLb?>Lb?>@U�>L^zUXb?>gW jOTfU [\b?>@UMcD<%_^�Y�_^�^GUtcD[�cv~
S!T�j@Y]bfiOTIiOc¡aDcFWg_^¢jsb?ZLY d�ZL^za9uw_^GaF^G[\WXY]b?>�j3TfU]UX^z<�u}Z@>£_^�W]TIWcD>@cFW]cDTfa�¤ ��¥T'Z@>¦_^�W]TIW��O>@Tfa�¤r§¨^GU]W�<Lb?>@>=_^�^�j3TIY�aDT�Y1_^��?aF^¨<�u�bfY�<L^k©�ª@«�¬�0î�®5ö�ð=A
¯ �;° § � ® 2ä±�²²²²g³

¤r§O5 ä± 8®µ´v¶x· ���¸ 8 �,��P��\¹ 5�¤ �
º ²²²² »G¼
� ä± �#½¾5 æ §r½ æ � 5�¿ �;À ~DÁ é ¿

÷�Tf>@U�a9u}TIj@jOY]bGÂLcDl'TIW]cFb?>�<@cDjNb?a¡TfcFY]^fq 8 �,��G�� ^GUXWrY]^Gl j3aDTf[O_^ jOTIY'Á [�TIY+a9u�b?>@<@^h_^GaF^G[\WXYMb?l'TI�?>%_^�W]cDd�ZL^^GUXWtU]ZLjOjNb?U�_^�^VTGEfb?cFY�Z@>L^z�fYMTf>@<@^xaFb?>L�?ZL^GZLY¢<�u�b?>@<L^zjOTIYtYMTIj@jsbfY]W ¥T#a9u�^\Â1WX^G>@U]cFb?> <L^GU �;b?>@[\W]cFb?>@U<�u�b?>@<L^f~3Ã�>xjN^GZ@W=^G>Ä<%_^G<@Z@cFY]^�aD^�[\b�^��t[�cF^G>gW�<�u}TIi3UXbfY]j@W]cFb?>RbfjOW]cDdgZ@^+Åhd�Z@cs^GUXW�jOY]bfjsbfY]W]cFb?>@>L^GasTfZYMTIj@jsbfY]W+^G>gWXY]^�a9uw_^G>L^�Y]�?cF^ æ TIiOUXbfY]i�_^�^�jOTIY¨Efb?aDZ@l ^�Z@>@cFW]TfcDY]^'<@Tf>@U¨a9u}Z@>@cDWg_^�<L^tWX^Gl'jOU+^�W�aF^¢ÆOZ1ÂcD>@[�cD<L^G>gW�ÇnA
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b ¥ZxÑ ¸ ^GU]W�a¡Tkl'TIWXYycD[\^r<L^�[\b?Z@jOaDTI�f^�bfj@W]cDd�ZL^�^�W=EITfZLW�A ���¸(Ô �0 ~�S�^r[�TfaD[�Z@as<L^GU=WX^�YMl ^GU�<L^r[\^�WXWX^l'TIWXYMcD[\^xÑ ¸ ^GUXW�Y�_^GTfaDcDU�_^z^G>eTIj@j@YMbGÂLcDl'Tf>gW�aD^GUkbfYMiOcFW]TfaF^GU¨TIWXb?l'cDd�ZL^GU�jOTIY <L^GU¨�?TfZ@U]UMcF^G>@>L^GU�~ � ^�WTfUXjs^G[\W�^GUXW�<=_^�W]TfcDa¡ay_^+<@Tf>@U�aD^GU�Y�_^��G_^�Y]^G>O[\^GU¨Õ�®fÖ�q,®f�7×v~
Interpr étation des spectres d’absorption optiqueS�^�[\b�^��t[�cF^G>gW!<�u}TIiOUXbfY]j@W]cDb?>V_^�W]TIiOaDc9qP>@b?Z@U�jsb?ZLEfb?>@U�>@b?Z@U�cD>gWg_^�Y]^GU]UX^�Y�TfZ1ÂrEµTfaF^GZ@YMUsj@YMcDU]^GU�jOTIY�[\^[\bg^��t[�cD^G>|W=jsb?ZLY�aF^GU%>@H�J�U�~|S�T+�@�?ZLY]^ �;À ~DÁGØ?¿%l b?>gWXY]^�dgZL^�aF^GU�WXYyTf>@U]cFW]cFb?>OU�[�TfaD[�Z@a{_^�^GU=UXb?>gW�^G>¢iNb?>Tf[�[\bfYM<VTPEf^G[kaD^GU�UXjs^G[\WXY]^GU�^\Â1j�_^�YMcDl'^G>|W]TfZ1Âs~OÙ%>zjOTIY]W]cD[�ZOaDcF^�Y�>Lb?Z@U�TIY]YMcFEfb?>@U ¥Tt^\Â�j3aDcDd�ZL^�Y�a9u�bfYMcF�?cD>@^<L^GU+<L^GZLÂ�iOTf>O<L^GU�aDTIY]�f^GU+bfiOUX^�Y]E�_^�^GU�~ � ^�jN^G>O<@Tf>|W�q�jNb?Z@Y�aF^GUrjOaDZOU��fYMTf>@<@Urb?a¡cF�fb?l ¥^�Y]^GU�q�a9uw_^G>L^�Y]�?cF^<L^+aDT�iOTf>O<L^�U]ZLj�_^�YMcD^GZLY]^r^GUXW�ZO>zjs^GZzUXb?Z@U,Úv^GUXW]c¡ln_^�^+jOTIY�aD^GU�aDcDTfcDU]b?>@U��ÛbfYMWX^GU�~@K,a��;TfZ@W�>LbfWX^�Y�d�ZL^+aDT[\bfY]Y]^G[\W]cFb?>z<L^�ÁI~�®k^�JÜTfZ�jOTIYMTI�fYMTIj3oL^�jOY�_^G[O_^G<@^G>|W�^GU]W=cD>O[\bfY]jsbfY�_^�^f~ � oOTfdgZL^�iOTf>@<@^�^GUXW�[\b?l jsb?U�_^�^<L^�jOaDZOU]cF^GZLYMU�WXYMTf>OU]cFW]cFb?>@U(d�Z@c@TfZ@�?l ^G>|WX^G>gW%aDbfYMU]d�ZL^�aF^�>Lb?lki@Y]^�<L^�[\��[�aD^GU%<@Tf>OU�a9u�b?aDcF�fb?l ¥^�YM^�[\Y]b7Ý ÞFW�~S�^GU�WXYMTf>@U]cFW]cDb?>@U�aF^GU�jOaDZ@U�c¡>|WX^G>@U]^GU�<@Tf>OU�aF^+[�TfU�<L^ka9u�b?aDcF�fb?l ¥^�Y]^ ßIH�JàcD<@^G>|W]cF��_^�^GU�jOTIY�<L^GU�aDTIis^GaDUGqjN^GZ@Ef^G>|W%Ý^�WXY]^%��Tf[�cDaF^Gl'^G>|W�cD>|WX^�YMj@Y�_^�Wg_^�^GU
jOTIY�aD^�l b1< ¥^GaF^=<@^%[MoOTPÝ ÞD>L^��3>@cF^ ¥T�Z@>L^�<@c¡l ^G>@U]cFb?>�~GÙ�>�^\ps^�W�qb?>¢YM^Gl'TIYMd�ZL^�d�ZL^�aDTkj@Y]^Gl'c ¥^�Y]^�iOTf>@<@^�>�u�^GUXW�[\b?l jsb?U�_^�^�d�ZL^�<@^GU%WXYyTf>@U]cFW]cFb?>OU�<L^ Ó¢�;:�á ¿(â Ó��98]á ¿y~S�^GU�WXYyTf>@U]cFW]cFb?>OU Ó¢�;:�á ¿râ Ó¢�98Gã ¿�b ¥Z 0åä� ¶æ>L^'U]b?>|WkjOTfU�E1cDU]cFi3aF^GU�U]ZLY+aDTx�@�?ZLY]^ �;À ~DÁGØ?¿�jOTIYM[\^dgZ�u�^Ga¡aF^GU�UXb?>|WrjOYMTIW]cDd�ZL^Gl ^G>gW�cD>gWX^�YM<@cDWX^GU�~NÙ%>�^\pN^�W�q�aD^GU��;b?>@[\W]cFb?>OUr<�u�b?>@<L^GU�[\bfY]Y]^GU]jNb?>O<@Tf>|W ¥TR[\^GU_^�W]TIW]U�j@YMbfj@Y]^GU�UXb?>gW�<Lb?>@>=_^�^GU�jOTIY�A
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b ¥Z¨´N[\bfY]YM^GUXjsb?>@< ¥T�a9u}cD>@<OcD[\^�<@Z��fYMb?ZLjs^�W]o@c{_^G>g��a ¥^G>@^�E�cD>g�1a ¥^G>L^fqL5�Ç �� º ^�W�5�Ç3ï� º U]b?>|W
aF^GU�bfYMiOcFW]TfaF^GUl b?ay_^G[�Z@aDTfcFYM^GU�<@Z�U]cFWX^�´�[\bfYMY]^GUXjsb?>@<@Tf>gW
Y]^GUXjs^G[\W]cFEf^Gl ^G>gW ¥T�aDT�iOTf>@<@^�<@^�EµTfaF^G>O[\^ � Wy¿!^�W ¥TraDT�iOTf>@<L^<L^%[\b?>@<OZ@[\W]cFb?> � ^7¿y~IK,a?^GUXW�cDl jsbfY]W]Tf>gW�<L^=UXb?Z@aDcF�?>@^�Y�dgZ@^%aF^GU![\bg^��t[�cD^G>|W]U � î á � b?Z î ã� ¿�>L^=<%_^�jN^G>O<L^G>|WjOTfU�<L^�a¡T�iOTf>@<@^ � ^7¿�b?Z � Wy¿�j3TIYM[\^�d�ZL^�<@Tf>@U=aF^�[�TfU�<�u}Z@>L^�[yo@TPÝ ÞD>L^�aDcD>=_^GTfcDY]^ ¥T¨[\b?ZLjOaDTI�f^�[\b?>@UXW]Tf>gW�qaF^GU�Ef^G[\WX^GZLYyU!jOY]bfj@Y]^GU�>@^�<%_^�js^G>@<L^G>gW�jOTfU!<L^�a9u}Tfl j3aDcFW]Z@<L^(<@Z+[\b?ZLjOaDTI�f^ �;À ~ñðf¿y~µ��b?ZLY
[�TIYMTf[\Wg_^�YMcDUX^�Y(aDTWXYMTf>@U]cFW]cDb?> Ó��;:;á ¿(â Ó¢�98Gã ¿yq?>Lb?Z@U
<L^�Efb?>OU+_^G[\YycFY]^�a9uw_^Gay_^Gl ^G>gW�<L^�aDT�l'TIWXYMcD[\^�<L^�[\b?ZLjOa¡TI�f^=bfjOW]cDdgZ@^�A

³
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Ç �ò 5 Ñ ¸ 5�Ç ïò º �;À ~DÁGØ?¿
S�T�j@YycD>@[�cFjOTfaD^�[\b?>gWXYMcFiOZLW]cDb?>�<@^�avuw_^Gd�Z@TIW]cFb?> �;À ~DÁGØ?¿�E1cF^G>|W�<L^GU�_^Ga{_^Gl'^G>|W]U�<L^rl'TIWXYMcD[\^r^G>gWXY]^�aF^GUbfY]iOcFW]TfaF^GU�5�ÇO�ò º ^�W�5�Ç ïò º aFb1[�TfaDcDU�_^GU=U]ZLY�aF^�lRÝ^Gl ^�U]cFWX^�[Iu�^GUXW ¥T+<OcFY]^�´ ��ô ~1Ù�>tZ@W]cDaDcDU]Tf>gW�aF^���TfcFW=dgZL^���
³
Ç@�� 5 Ñ ¸ 5�Ç ïò º ^GUXW�c¡>@<%_^�js^G>@<@Tf>gW�<OZxU]cFWX^rjOTIY�UX��l`_^�WXYycF^+<L^rWXYMTf>OU]aDTIW]cFb?>�q1b?>Äbfi@W]cF^G>gW�dgZL^ A

³
ç �á 5 Ñ ¸ 5 ç ïã º�õ � Ð�Dë!ìX° í î á ó� î ã� �ö� ¼

á ° ã �;À ~DÁ À ¿
b ¥Z ¼

á ° ã � Á¢U]c 0 � ¶mq!UMcD>Lb?>#÷1~�S�TÄ<@^�YM>@c ¥^�Y]^�_^��?Tfa¡cFWg_^ �;À ~DÁ À ¿kd�Z@c(Y1_^GU]ZOaFWX^¢<@Zh�;TfcDWkd�ZL^taF^GU
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Ef^G[\WX^GZLYMU�j@Y]bfjOY]^GUkU]b?>|W¨bfY]W]oLb?>LbfYyln_^GU�^G>|WXY]^R^GZ1Â#^\Â1jOaDc¡dgZL^�aDTxY1_^��?aD^R<@^�U�_^GaF^G[\W]cDb?> 0 � ¶m~�j�>L^[\b?>@[�aDZ@U]cDb?>�_^Gd�Z@cFEITfaF^G>|WX^¨js^GZLW+Ý^�WXY]^�bfi@WX^G>�ZL^ <@Tf>@U�a9u}TIj@jOY]bGÂLcDl'TIW]cFb?>V<L^ka¡T¢l'TfUMUX^k^\ps^G[\W]cFEf^xÕ�ØI÷µ×v~k�^GU+Tf>@TfaFbf�?cF^GUr^\ÂLcDUXWX^G>gW�<Lb?>@[¨jsb?ZLYr[\^'UX�1UXW ¥^Gl ^tTPEf^G[taF^GU�Y ¥^��?aF^GU+<L^ WXYMTf>@U]cDW]cFb?>@U�bfj@W]cDd�ZL^GU�<@Tf>@U<L^GU�o=_^�Wg_^�Y]b 6 b?>@[\W]cFb?>@U ¥T iOTfU]^�<L^+UX^Gl'c¡[\b?>@<@Z@[\WX^GZLYyU�Õ�ØI÷µ×v~l�b?ZOU�TPEfb?>@U 6 ZOU]dgZ�u ¥T'j@Y1_^GUX^G>gWr<%_^G[\YMcFW�aDT'jOY]^Gl'c ¥^�Y]^kiOTf>@<L^¨<L^+WXYMTf>OU]cFW]cFb?>�~NS�T¢UX^G[\b?>@<L^¨iOTf>@<L^^GUXWrTfU]UXb1[�cy_^�^ ¥T�<L^GU�WXYMTf>@U]cDW]cFb?>@U ¥T�jOTIYMW]cFY�<�uÊ_^�W]TIW]U �;:�á ¿�Ef^�YMU�aF^GUz_^�W]TIW]U 8;mt��n cF�?ZLYM^GU À ~DÁGØ¢^�W À ~DÁfÁP¿y~� ^GUR_^�W]TIW]U 83m UXb?>gW�[\b?l'jNb?U�_^GU�<�u�bfY]iOcDW]TfaF^GUHom^�W 2 U]ZLY�[yo@TfdgZ@^��fY]b?ZLjs^�<L^�W]oOcFbfjOo ¥^G>L^f~ � ^GUR_^�W]TIW]U�qZ@>zjs^GZzjOaDZOU�o@TfZLW�^G>ö_^G>L^�YM�?cF^fqOb?>gW�Z@>L^�_^G>@^�Y]�?cF^+[\b?>@U]W]Tf>|WX^�[\^+d�Z@c�U]cF�?>OcF�@^rdgZ�u}cDaDU�UXb?>gW�WXY ¥^GU�jN^GZ[\b?ZLjOa{_^GU�^G>gWXY]^¨[\�1[�aF^GU�Efb?cDUMcD>@U�~Xp�Z�>@cFEf^GTfZ�<@ZVjsb?aF��l ¥^�YM^fqNcDa¡U�<Lb?>@>@^G>|W�aDcF^GZ ¥T�ZO>L^+iOTf>O<L^kd�Z@TfU]c ÚjOaDTIWX^f~�l�b?Z@U�UXb?l'l ^GU�TIY]YMcDE�_^GU�TfZ1ÂxaDcDl'cFWX^GU�<L^kaDTt[\b?l jOTIYMTfcDU]b?>x^G>gWXY]^¨a¡T W]o%_^�bfYMcF^¨^�W�aF^GU�UXjs^G[\WXY]^GU^\Â�j�_^�YMc¡l ^G>|W]TfZLÂej3TIYM[\^xdgZ@^xaF^GU�WXYMTf>@U]cDW]cFb?>@U�>L^zjs^GZLEf^G>gW jOTfURÝ^�WXY]^ÄcD<@^G>|W]cF��_^�^GUt<@Tf>@U aF^xUXjs^G[\WXY]^^\Â�j�_^�YMc¡l ^G>|W]Tfav~NS�uw_^Ga¡TIY]�?cDU]UX^Gl'^G>|Wr<L^GU�jOcD[�U�bfiOUX^�Y]E�_^GU�js^GZLWkÝ^�WXY]^�<(ÝZ ¥T�Z@>�[\b?ZLjOaDTI�f^¨<L^GUx_^GaD^G[\WXY]b?>@UTGEf^G[�aF^GU�l b1<L^GU=<L^�jOoLb?>Lb?>OU%<L^�aDT¨l b?a{_^G[�Z@aF^f~qk¨u}TfZLWXY]^GU�U]b?ZLYM[\^GU�<�uw_^GaDTIY]�?cDUMUX^Gl ^G>gW=js^GZLEf^G>gW�TfZ@U]U]cj@Y]bPEf^G>OcFY�<L^�a9u}c¡>|WX^�YMTf[\W]cDb?>x<L^�aDT l b?a{_^G[�ZOaF^+TGEf^G[kaF^�UXb?aFEITf>gW�b?Zx<@Zz<=_^GUXbfYy<LY]^�Y]bfW]TIW]cDb?>@>L^Ga9~

4.2.5 Discussion de l’influence du désor dre rotationnelKÊa%Y]^GUXWX^ ¥T�_^�W]Z@<OcF^�Y¨avu}cD>LÆOZL^G>O[\^'<@Zh<=_^GUXbfYy<LY]^tYMbfW]TIW]cFb?>@>L^Ga=U]ZLY¨aF^GU�j@YMbfj@YMc{_^�Wg_^GU#_^GaD^G[\WXY]b?>@cDd�ZL^GU�~l�b?Z@U�TPEfb?>@U�[�TfaD[�Z@a{_^raDT¨UXWXYMZO[\W]ZLY]^x_^GaD^G[\WXY]b?>@cDd�ZL^r<@ZR®IH�JåaFbfYyU]dgZ@^�a9u�b?>�WXb?ZLYM>OTfcFW%a9u}ZO>¢<L^GU=�fY]b?Z@jN^W]o@cFbfjOo ¥^G>L^k<L^�aDT'l b?a{_^G[�ZOaF^�jOTIY�YyTIj@jsbfY]W ¥T'a9u}TfZLWXYM^f~OS�u}Tf>L�?aD^+<L^rWXbfYMU]cDb?> ^GUXW�<=_^��3>@c�U]ZLY�aDT��@�?ZLY]^�;À ~ñðf¿yqsavu}Tf>L�?aF^UrN_^�Y]bR[\bfY]Y]^GU]jNb?>O<@Tf>|W ¥TtaDT¢[\b?>L�;bfYMl'TIW]cFb?>VjOaDTf>L^f~3S�u�bfj@W]cDltcDU]TIW]cFb?>x<@^kaDTt�!_^�b?l`_^�WXYycF^<@Zh®IH�J ^G>hS�kHp Tx<Lb?>@>=_^tZO>L^ [\b?>L�ÛbfYyl'TIW]cFb?>hd�Z@TfU]cFÚvjOaDTf>L^f~�S�TREITIYMcDTIW]cDb?>#<L^'a9uÊ_^G>L^�Y]�?cD^'WXbfW]TfaF^^G>��Ûb?>O[\W]cFb?>�<L^xa9u}Tf>@�?aF^tsm^GUXWtU]^GZ@aF^Gl ^G>gW'<L^xd�ZL^GaDd�ZL^GU l ^�J jNb?Z@Y'aF^GU'Tf>L�?aF^GU'�;TfcFi3aF^GU [\b?l'l ^aF^'l b?>gWXY]^taDTz�O�?ZLY]^ �;À ~DÁ À ¿y~(S�u}Tf[\Y]b?cDUMUX^Gl ^G>gW+<L^'a9uÊ_^G>L^�Y]�?cD^'WXbfW]TfaF^t^GU]W+<L^tØfØI÷Äl'^�J ¥TV�I÷�u l'TfcDUUX^GZ@aF^Gl ^G>gW�<L^ À ß�l ^�J ¥TkØI÷ u ~$j�>@^�<%_^�WX^�YMl'cD>OTIW]cFb?>'j@Y1_^G[�c¡UX^�<L^�avu}Tf>L�?aF^�<L^�WXbfYMU]cFb?> ^GU]W%[�aDTfcFYM^Gl ^G>|WTfZ1Â�a¡cDl'cFWX^GU�<L^ aDTRln_^�W]oLb1<L^f~�vVTfaF�fY�_^t[\^�WXWX^tcD>O[\^�Y]W]cFW]Z@<L^�>Lb?Ur[�TfaD[�ZOaDU�l b?>|WXYM^G>|W+d�Z�u}Z@>@^¨[\b?>L�;bfYXÚl'TIW]cFb?>mjOa¡Tf>L^k^GU]W��;TPEfbfYMTIiOaF^ j3Z@cDU]d�Z�u�^GaDaF^¨TfZLWXbfYMcDU]^�ZO>L^ <%_^GaFb�[�Tfa¡cDU]TIW]cFb?>ml'TµÂLcDl'TfaD^�<@^GUV_^�W]TIW]Uk<L^[\b?>@<@Z@[\W]cFb?>x^�W�<L^rEITfaF^G>@[\^f~
KÊa�^GU]W�cD>gWg_^�Y]^GU]U]Tf>gW�<@^+[\b?l jOTIY]^�Y�aF^GU�>OH�J�U�TGEf^G[¨aF^GU�Y1_^GU]ZOaDTIW]U�bfi@WX^G>�Z@U�U]ZLY�<�u}TfZ@WXY]^GU�b?aDcD�fb?l ¥^�Y]^GU�~k�Tf>OUzaF^m[�TfUz<@Z¦iOcFW]o@cFbfj3o ¥^G>L^fq%Z@>öTf>L�?aD^�<@^mØI÷ u ^GUXWzbfiOWX^G>gZöjOTIYz<L^GUR[�TfaD[�ZOaDURTIiLÚ cD>@cFW]cDb¦Õ�Ø1Á{×^�Wh®fß u TGEf^G[ ZO>L^`l`_^�W]o@b�<L^�U]^Gl'c Úv^Gl jOcDYMcDd�ZL^ � pivhÁP¿�Õ ÁG�7×v~Uk�^GUmTf>L�?aF^GU#cDl'jNbfYMW]Tf>|W]U�<L^eWXbfYXÚU]cFb?>�b?>gW�_^�W�_^�j@Y1_^G<@cFW]U'jNb?Z@Y'WXY]b?cDUtiOTfUX^GUt<@^ÄaDTmjsb?aF�?Tf>@c¡aDcD>L^�A�a{_^�b1[\b?l ^�YMTfaD<@c¡>L^fq¨_^Gln_^�YMTfaD<@c¡>L^fq�^�WaDT�js^�YM>@cF�fYMTf>OcDaDcD>L^�Õ�®1Á{×v~Fj�>L^Ä[\b?>L�;bfYMl'TIW]cFb?>�jOaDTf>L^zT _^�W�_^�j@YMcDUX^Rjsb?ZLY <L^GU¢[�TfaD[�Z@aDU U]Z@Y'<L^GU b?aDc Ú�fbfjOo%_^G>|�1a ¥^G>L^�E1cD>g��a ¥^G>L^GU�^G>`Tf[�[\bfYM<eTGEf^G[z<@^GU+^\Â1j=_^�YMcF^G>@[\^GU�<L^¢ÆOZLbfY]^GUM[\^G>@[\^�UMZLYkaF^�UXW]cDaFi ¥^G>@^�Õ�Øf®7×l'TfcDU'^G>¦<=_^GU]Tf[�[\bfYM<öTPEf^G[�<@^ÄaDT#<@cFpNYMTf[\W]cDb?> <�uÊ_^GaF^G[\WXY]b?>OU¢d�Z@c�<Lb?>O>L^G>|W�Z@>�Tf>L�?aD^V<L^VØI÷�u`Õ�ØfØ7×v~p aDT#WX^Gl'j=_^�YMTIW]ZLY]^mTflkiOcDTf>gWX^fq�aD^GUtÆOZO[\W]Z@TIW]cFb?>@U¢W]oL^�YMl'c¡dgZL^GUtEfb?>|WzcD>O<@Z@cFY]^x<@^GUtEITIYMcDTIW]cFb?>OU¢<L^a9u}Tf>L�?aF^¨<L^+aDT¢[\b?>L�ÛbfYyl'TIW]cFb?>Ä<@^ka9u�bfYM<@Y]^+<L^�®I÷ u ~�k�^+j3aDZ@U�q@aDTt�!_^�b?ln_^�WXYMcF^ <L^ka¡Ttl b?a{_^G[�Z@aD^+EITzÝ^�WXY]^j@Y]bf�;b?>@<%_^Gl ^G>gW�c¡>LÆOZL^G>@[3_^�^kjOTIY�aD^GU�cD>gWX^�YMTf[\W]cFb?>OU�<L^�aDT¢l b?ay_^G[�Z@aF^�TGEf^G[ UXb?>V^G>gE�cFYMb?>@>L^Gl ^G>gW�~3�
TIY^\Â�^Gl j3aF^fq?Z@>L^�[\b?>L�;bfYMl'TIW]cDb?> jOaDZ@U�jOa¡Tf>L^�^GUXW(�!_^G>%_^�YMTfaF^Gl ^G>gW%��TGEfbfYycDUg_^�^ ¥Travuw_^�W]TIW=UXb?aDcD<@^ ¥Tr[�TfZOUX^�<L^GU^\pN^�W]U�<�u�^G>O[\b?l+i@YM^Gl ^G>|W�UXW�_^�YMc¡dgZL^ Õ�Ø À ×v~@S�^GU=EITIYMcDTIW]cFb?>OU%<@Z¢�?TIjz[�TfaD[�Z@a{_^�^GU�^G>RSwk/pê^�W�^G>RaDcDTfcDUXb?>OU�ÛbfY]WX^GU�UXb?>gW!YM^�j@Y�_^GUX^G>gWg_^�^GU(UMZLY�aDT��@�?ZLY]^ �;À ~DÁ À ¿y~Qj�>L^%TfZ@�?l ^G>|W]TIW]cDb?>k<@Z+�?TIjk^G>+�Ûb?>O[\W]cFb?>k<@^�a9u}Tf>L�?aF^<L^+WXbfYMUMcFb?>x^GUXW�bfi@WX^G>�ZL^+jsb?ZLY�aF^GU�<L^GZLÂÄln_^�W]oLb�<@^GU�TPEf^G[¨[\^�js^G>@<OTf>|W�<L^GU�EITIYMcDTIW]cFb?>OU�j@Y1_^G<@cDWX^GU�^G>aDcDTfcDUXb?>OU(�ÛbfYMWX^GU%j3aDZ@U(��TfcFiOaF^GU�dgZ�u�^G>�Swk/p+~ � ^�W�^\ps^�Wt_^�W]TfcFW=TIWXWX^G>O<@Ztj3Z@cDU]d�ZL^�aF^�[\b?ZLjOaDTI�f^�^G>|WXY]^�aF^GU
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�fY]b?ZLjs^Gl ^G>gW]U�W]oOcFbfjOo ¥^G>L^�<@cDl'c¡>gZL^f~�j�>L^n_^�Efb?aDZLW]cDb?>�UMcDl'cDaDTfcDY]^+T�_^�Wg_^tbfi@WX^G>gZ@^kjsb?ZLY�aF^¨iOcFjOo=_^G>g��avqaF^�iOcFj���Y]Y]b?aF^fq�^�W�aF^ri3cFW]o@cFbfjOo ¥^G>@^ Õ�ØfÖ7×v~ n cD>@TfaF^Gl ^G>gW�>Lb?ZOU�jsb?ZLEfb?>@U�[\b?>@[�a¡ZLY]^�d�ZL^rjsb?ZLY�aF^GU�>@H�J�Ua9u}cD>LÆOZ@^G>@[\^�<L^�avu}Tf>L�?aF^�<L^�WXbfYMU]cFb?>OU]ZLY�aF^GU�j@Y]bfj@Yycy_^�Wg_^GU=bfj@W]c¡dgZL^GU�^�W�^GUXW=��TfcFiOaF^�^�W�dgZ�u}Z@>L^�WXbfYMU]cDb?>¢<L^ØI÷�u�>�u�^G>gWXYMTPÝ ÞD>L^�d�Z�u}Z@>@^���TfcFiOaD^�TfZ@�?l ^G>|W]TIW]cDb?>Ä<@Zz�?TIjV<L^+a9u�bfYM<@Y]^r<L^�÷1~�® ^�J¨~

4.2.6 Interpr étation des mesures électr ochimiques

�?Z@UMdgZ�u ¥Ttj@Y1_^GUX^G>gW�qN>@b?Z@U�>�u}TPEfb?>@U�jOTfUz_^�W]ZO<@cy_^kaF^GU�^\ps^�W]Ux_^GaF^G[\WXYMb?UXW]TIW]cDd�ZL^GU�cD>@<@Z@cDW]U�jOTIY�avu}T 6 b?ZLW<�u}Z@>L^r[MoOTIY]�f^+U]ZLjOjOay_^Gl ^G>gW]TfcFY]^rU]ZLY�aF^GU�>@H�J�U�~LS�^GU�jsbfWX^G>|W]cF^Ga¡U�<�u}cFb?>@cDUMTIW]cFb?>��t^�W�a9u}TI�t>@cDWg_^ � <L^GU<@c p�_^�YM^G>|WX^GUkl b?ay_^G[�Z@aF^GUrb?>gW+<Lb?>O[h_^�W�_^�[�TfaD[�Z@a{_^GUr^G>#S�kHp ^G>#[�TfaD[�Z@a¡Tf>|Wra9uÊ_^G>L^�Y]�?cD^'WXbfW]TfaF^'jsb?ZLYraF^GU_^�W]TIW]U�<@^�[Mo@TIY]�f^'.�ÁIqO÷1qOÚMÁ�<L^+a¡T'l b?a{_^G[�Z@aF^kaDcFi@Y]^f~ � ^GZLÂgÚ [�c!UXb?>|W�<%_^��O>@cDU ¥T¢a9u}TfcD<L^�<@^GU�<@c p�_^�Y]^G>@[\^GU<�uw_^G>L^�Y]�?cF^�WXbfW]TfaD^k<L^�aDT l'b?ay_^G[�Z@aF^+[yo@TIY]�!_^�^¢A
�BB� BB� � � Ó Õ ÷µ×3½ Ó Õ}.�Á{×�ö� Ó Õ ½�Á{×N½ Ó Õ ÷µ× �;À ~DÁGÖ?¿

b ¥Z Ó ^GUXW�a9uw_^G>L^�Y]�?cF^nWXbfW]TfaF^e<L^naDT l b?ay_^G[�Z@aF^n^G>Ü�;b?>@[\W]cFb?>å<L^hUXb?> _^�W]TIW�<@^h[Mo@TIYM�f^f~il�b?Z@U<%_^��O>@cDU]U]b?>@U¢aD^Ä�?TIj�<L^�dgZ@TfUMc ÚvjOTIY]W]cD[�ZOaF^GU Ó � á [\b?l'l ^maDTn<@c p�_^�YM^G>@[\^V^G>gWXY]^ma9u}TI�t>OcFWg_^V^�WRa9u}cFb?>@cFÚU]TIW]cFb?>mA
Ó � á � 5 � ½��s5 �;À ~DÁGß?¿

� ^��?TIj#<L^ dgZOTfU]c ÚvjOTIY]W]c¡[�Z@aF^GU�jN^GZ@WkÝ^�WXY]^ Y]^Ga¡cy_^�TfZ��?TIj ¥TRZ@>L^¨jOTIY]W]c¡[�Z@aF^ Ó'� dgZL^�>Lb?Z@U�TPEfb?>@U[�TfaD[�Z@a{_^ 6 Z@U]d�Z�u ¥T�j@Y1_^GUX^G>gW ¥T'avu}TfcD<L^�<L^�a9uÊ_^Gd�Z@TIW]cFb?>mA
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b ¥Z\± ¸ ^GUXWkavuw_^G>@^�Y]�?cF^t<L^t²i³w´wµ�³!¬'¶�~ � ^�WXWX^�_^G>@^�Y]�?cF^tjOY]bPE1cF^G>gW�^G>#�fYMTf>O<L^'jOTIY]W]cD^t<L^taDTRjs^�YXÚW]ZLY]iOTIW]cFb?>¢^G>L�f^G>@<@Y�_^�^�UMZLY=aD^�>�Z@TI�f^Ä_^GaF^G[\WXY]b?>@cDd�ZL^�jOTIY�Z@>L^�[Mo@TIY]�f^rU]Z@j@jOa{_^Gl ^G>gW]TfcFY]^f~�l�b?Z@U�TPEfb?>@UY]^�jsbfY]Wg_^Äa9u}TI�t>@cDWg_^z^�W¢a9u}cFb?>@cDUMTIW]cFb?>e<L^GU'>@H�J�U U]ZLY'a¡T��@�?ZLY]^ �;À ~DÁGÖ?¿y~=Ù�>�Y]^�WXYyTf>@[Mo@Tf>gWtaDT�EITfaF^GZLY<@ZÄ�?TIj ¥T�Z@>L^�j3TIY]W]cD[�Z@aF^¨dgZ@^k>Lb?Z@U�TGEfb?>OU�[�Tfa¡[�Z@ay_^kjOY�_^G[O_^G<@^Gl'l ^G>gW�q�cDa�^GU]W�jsb?U]U]cDiOaF^�<�u�bfi@WX^G>OcFY�aDTEµTfaF^GZ@Yk<L^5± ¸ ^G>n�Ûb?>O[\W]cFb?>h<L^�aDTxW]Tfc¡aDaF^'<L^�aDTÄl b?a{_^G[�ZOaF^f~!S�uw_^G>@^�Y]�?cF^R[\b?Z@aFb?lkiOcF^G>@>L^t± ¸ ^GUXWkWXY ¥^GUcDl jsbfY]W]Tf>gWX^�U]ZLY�<L^rjs^�W]cFWX^GU�l b?a{_^G[�Z@aD^GU �;À ~�ß�^�J jNb?Z@Y�aD^rW]o@cFbfjOo ¥^G>L^7¿yq@<OcDl'cD>�ZL^ � ®�~DÁGØ'^�Jåjsb?ZLY�aF^ßIH�Jr¿%^�W�[\b?ltl ^G>@[\^ ¥T <L^�Ef^G>OcFY�>%_^��?aDcF�f^GTIiOaF^�UMZLY�aF^GU�l b?a{_^G[�Z@aF^GU�TGEfb?cDU]c¡>@Tf>|W�aD^GUrÁ�÷ >@l/[\b?l'l ^�aF^ÁGßIH�Jk~���b?ZLYraF^GU�l b?a{_^G[�Z@aD^GU�jOaDZ@U��fYMTf>@<L^fqsaDT�<@c p�_^�YM^G>@[\^�^G>|WXY]^�a9u}TI�t>OcFWg_^¨^�Wra9u}cDb?>@cDU]TIW]cFb?>V<L^�E1cF^G>|WWXY ¥^GU�j@YMb�[yoL^�<L^�aDT aDTIYM�f^GZLY�<@ZR�?TIj ¥T'Z@> _^GaF^G[\WXY]b?>�~S�u}cFb?>OcDU]TIW]cFb?>z^�W�a9u}TI�t>@cFW�_^�W]o=_^�bfYycDdgZ@^GU�UXb?>gW�TIj@j@YMbGÂLcDl'TIW]cFEf^Gl ^G>gW�<L^GU��Ûb?>O[\W]cFb?>@U�cD>gEf^�YMUX^Gl'^G>|Wj@Y]bfjsbfY]W]cFb?>@>@^GaDaF^GU�<@Z`>Lb?lki@Y]^h·W¸¨<L^R[�TIY]isb?>L^h¹ 0
»
<OTf>@Uka¡TVl b?a{_^G[�ZOaF^ ��n cF�?Z@Y]^ À ~DÁGÖ?¿y~Lk�Tf>@U�aF^[�TfU'<@Z`W]o@cFbfjOo ¥^G>@^fq�a9u}Tf[�[\bfYM<e^G>gWXY]^xaDT�EµTfaD^GZLY�W]o%_^�bfYMcDd�ZL^z<L^xa9u}cFb?>@c¡U]TIW]cFb?>#bfiOWX^G>gZL^ � ��~ À ^�Jr¿k^�WaDTeEµTfaD^GZLYR^\Â�j�_^�YMc¡l ^G>|W]TfaD^#^G>öjOo@TfUX^��?T�r�^GZ@U]^ � ��~��fÖ?¿�^GUXWÄiNb?> Õ�Øfß7×v~���b?ZLYVaF^GUz>@H�J�Uz>Lb?Z@Uz>L^<@cDUXjsb?UXb?>@U¨jOTfUt<L^z[\^GU'EITfaF^GZLYMU l'Tfc¡U <L^GU�EµTfaD^GZLYMU <L^zjsbfWX^G>gW]cF^Ga�<�u�bGÂ1�1<@TIW]cFb?>�^�Wt<@^zY�_^G<@Z@[\W]cFb?>^G>mjOo@TfUX^ aDc¡dgZ@c¡<L^f~Xl�b?Z@U�aF^GUrTPEfb?>@U�[\b?l jOTIY1_^�^GUkTGEf^G[¢aF^GU�EµTfaD^GZLYMU�<L^�jsbfWX^G>|W]cF^Ga(<@^ Y�_^G<@Z@[\W]cFb?>�^�W<�u�bGÂ1��<OTIW]cFb?>R<%_^G[\YMcFW]U�TfZ¢<=_^�i3ZLW=<OZt[MoOTIjOcFWXY]^f~ � b?l'l ^�[\^GU=EµTfaF^GZ@YMU�UXb?>gW�<Lb?>@>=_^�^GU=^G>��Ûb?>@[\W]cDb?>¢<@ZjNbfWX^G>gW]cF^Ga
<L^�Y1_^��G_^�YM^G>@[\^t<L^�a9uw_^GaF^G[\WXY]b1<L^zp���º�p�� � avqs>@b?Z@U�TGEfb?>@U�UMZ@cFE1c�Z@>L^�<=_^Gl'TIYM[yoL^'aDTIY]�f^Gl'^G>|WTf<Lbfj@Wg_^�^h<@Tf>@U�aDT`aDcFWXW�_^�YMTIW]ZLYM^�Õ�ØfÖ�qµØ?ðP× ¥T`UMTGEfb?cFYzd�ZL^maDThEITfaF^GZLYhr3_^�Y]bLq�jOTIY�YMTIj@jsbfY]WRTfZö[\b?ZLjOaF^p���º�p�� � a9qf[\bfY]Y]^GU]jNb?>O< ¥T À ~ñð7^�J¾jOTIY�YMTIj@jsbfY]W�TfZ+E1cD<L^f~Q»1c�>Lb?Z@Ur_^�W]ZO<@cFb?>@U�aDT�EITIYMcDTIW]cDb?>k<L^GU�EITfaF^GZLYMU



���}ø �{���
	��������	�� ���������
	�������� �!��"��+�#�
$�����%�'&(�#)�%���+*!�,�'&(�#)�%���+� ÁfÁG�

Affinité

Ionisation

Homo

Lumo

Gap à un électron

~U0/2

~U0/2

Mesures électrochimiques (solvant)Gap de quasi-particules (vide)

EG
E qp

ú�ûDü!ý=þgÿ���c��H¼ ,-NA!��7i�~���½!�������=3�4�h�*��� �"!�#�����$
Y����
`�P�#�����%����
�4�����h���$
.�*�����%���$��a��-��936®?�@9Q�¾!�����-,%
.�*���¬��
i���#��$��a�����936Z&3�`M%9$���-��¿P�$���#
.�4,�9Q���#�Mÿ
^\Â�j�_^�YMc¡l ^G>|W]TfaD^GU+^G>m�;b?>@[\W]cFb?>n<L^xÁ3ÀR·:¸�q�[\^GZ1Â�Ú [�c�b?>gW+Z@>L^¢<%_^�jN^G>O<@Tf>@[\^ jOaDZOU��;TfcFi3aF^ ^�W+aDTREITfaF^GZLY<@Z��?TIj¦_^GaF^G[\WXY]b1[Mo@cDltcDdgZ@^�^GUXW�is^GTfZ@[\b?Z@j�j3aDZ@U%jN^�W]cDWX^�d�ZL^raDTkEµTfaF^GZ@Y=W]o=_^�bfYycDdgZ@^f~1l�b?Z@U�TIWXWXYycFiOZLb?>@U[\^GU�<@c p�_^�Y]^G>@[\^GU�TfZ1Â�^\ps^�W]U�<L^�UXb?aFEITIW]TIW]cFb?>xcD>O<@Z@cFW]U=jOTIY�aD^�UXb?aFEITf>|W �+Á

»
� a
»
~

��b?ZLY¨aD^'E�_^�YMcD�@^�Y¨>@b?Z@U+TPEfb?>@U¨�;TfcFWk<L^GUk[�Tfa¡[�Z@aDU�^G>nSwkHp4^G>hcD>@[�a¡Z@Tf>|WkZ@>L^tl b1<=_^GaDcDUMTIW]cFb?>h<L^a9uw_^G[\YMTf>|W]TI�f^�Y1_^GTfaDc¡Ug_^+jOTIY�aD^�UXb?aFEITf>|W�TPEf^G[ � Ã}»qv�Ã � � b?>gW]cD>gZOZ@l½»�b?aFEITIW]TIW]cFb?>@vÄb1<L^GaÛ¿y~ � ÃU»qv�Ã^GUXW Z@>nl'b�< ¥^GaF^z<L^RUXb?aFEITIW]TIW]cFb?>e<@Tf>@U¨aF^Gd�ZL^Ga=aDTVl'b?ay_^G[�Z@aF^R�ÛbfYyl ^�ZO>L^¢[�TPE�cFW�_^x^G>gWXb?ZLY1_^�^zjOTIY Z@><@cy_^GaF^G[\WXYMcDd�ZL^R[\b?>|W]c¡>gZe<L^�js^�YMl'cFWXW]cFE1cFW�_^�Â�dgZ@c%Y]^�j@Y1_^GU]^G>|WX^xaF^RUXb?aFEITf>gWzÕ�ØQ�3Ã À ÷µ×v~�S�TV�@�?ZLY]^ �;À ~DÁGÖ?¿l b?>|WXYM^%d�ZL^%aDT�W]o%_^�bfYMcF^�^�W�a9u�^\Â1j=_^�YMcF^G>@[\^=UXb?>|W!^G>+WXY1_^GU!isb?>+Tf[�[\bfYM<¨aFbfYMUMdgZL^�aD^GU�^\ps^�W]U�<@^�UXb?aFEITIW]TIW]cFb?>UXb?>|WkcD>@[�aDZ@U�^�W+d�ZL^tavuw_^G>@^�Y]�?cF^'[\b?Z@aFb?lkiOcF^G>O>L^ ^GUXW�^G>m�fYyTf>@<L^ jOTIY]W]cD^n_^G[\YyTf>|W�_^�^ � Y�_^G<@Z@cFWX^7¿�jOTIY+aF^GUcD>|WX^�YyTf[\W]cFb?>@U�TPEf^G[kaF^�U]b?aFEµTf>gW�~
S�T��@�?ZLY]^ �;À ~DÁGß?¿!Y1_^GU]Z@l'^=aF^GU�<@c p�_^�Y]^G>@[\^GU
d�Z@c?js^GZLEf^G>gW!^\ÂLcDUXWX^�Y
^G>gWXY]^�aF^GU�EITfaF^GZLYyU!<L^�aDTIY]�f^GZ@Y�<L^iOTf>@<L^�cD>|WX^�Yy<@cFWX^�^G>¢�;b?>@[\W]cFb?>�<L^GU�^\Â1j�_^�YMcF^G>O[\^GU%^�W�<@Z¢l'cDaDcD^GZ'<@Tf>@U=aF^Gd�ZL^GaOUX^�WXY]b?ZLEf^�aDTkl b?ay_^G[�Z@aF^f~
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4.3 Transpor t électr onique au sein de ces fils mol éculaires.Ä�cF^G>�d�ZL^xaF^GU'l ^GUMZLY]^GU <L^x[�TIYMTf[\W�_^�YMc¡UXW]cDd�ZL^GU�_^GaF^G[\WXYycDdgZ@^GU'>�u�^\ÂLcDUXWX^G>gW jOTfU jsb?ZLY'a9u}cD>OUXW]Tf>|W�q(cDa^GUXWtcD>gWg_^�Y]^GU]U]Tf>gW¢<L^ÄjNb?Z@YMU]Z@cFE�Y]^Ra9uw_^�W]Z@<L^ÄUMZLY'[\^GU¢l'b?ay_^G[�Z@aF^GU ^G>¾[�TfaD[�Z@aDTf>gW'aF^GU'[�TIYMTf[\W�_^�YMc¡UXW]cDd�ZL^GUK ÚvJ <L^�[yo@TfdgZ@^�b?aDcF�fb?l ¥^�Y]^¨>@H�J�U�cDUXb?a{_^�^G>gWXY]^+<@^GU¢_^GaF^G[\WXY]b1<L^GU�l`_^�W]TfaDa¡cDdgZ@^GU�~@S�^+[�Tfa¡[�Z@a�js^�YMl ^�WXWXYMT<L^xEITfaDcD<L^�Y'j3TIY]W]cF^GaDaF^Gl'^G>|W'aF^Vl b�< ¥^GaD^V<L^xWXYyTf>@UXjsbfY]W'Tf<Lbfj@W�_^�U]ZLYt<@^GUtUX�1UXW ¥^Gl ^GURU]cDl j3aF^GU�^�W¢<L^[\b?l jOTIY]^�Y�aF^GU�Y1_^GU]Z@aDW]TIW]U�bfi@WX^G>�Z@U ¥T'<�u}TfZLWXY]^GU�WXYMTPEµTfZLÂRjsbfY]W]Tf>gW�U]Z@Y�<L^GU��OaDU�l'b?ay_^G[�Z@aDTfcFY]^GUG~
4.3.1 Description de la jonctionl�b?ZOUkTPEfb?>@U�[MoLb?cDUMc�<L^GU#_^GaF^G[\WXY]b1<L^GUk^G>nTfaDZOl'cD>@cDZOl l`_^�W]Tfa¡aDcDd�ZL^GU�jOTIYM�;TfcFWX^Gl'^G>|WkjOaDTf>L^GU�~�S�^GUl b?ay_^G[�Z@aF^GU!>@H�J�U�TGEf^G[=Z@>L^([\b?>L�;bfYMl'TIW]cFb?>rj3aDTf>L^�UXb?>gW�jOaDTf[3_^�^GU!<L^�l'Tf>@c ¥^�Y]^�jOTIY]��TfcFWX^Gl ^G>gW�UX��l`_^�WXYyc ÚdgZL^rj3TIY�YMTIj@jsbfY]W�TfZ1Â�<@^GZ1Â _^GaF^G[\WXYMb�<L^GU ��n cD�?ZLY]^ À ~DÁPðf¿y~3S!T <@cDUXW]Tf>O[\^�^G>gWXY]^�aF^GU�_^GaD^G[\WXY]b�<@^GU�<�u}TfaDZ1Úl'cD>@cDZOl ^�W�aF^kj@Y]^Gl'cD^�Y�TIWXb?l ^ <L^k[�TIYMiNb?>@^k<L^¨[Mo@Tfd�ZL^¨b?aDcF�fb?l ¥^�Y]^¨^GUXW�<@^¨Ø�~�®¦Åp+qs<@cDUXW]Tf>O[\^k[\b?l�ÚjOTIW]cFiOaF^�TPEf^G[�>LbfWXY]^�og��jNbfW]o ¥^GU]^�<L^�<%_^�jOTIY]W�q ¥TkU]TGEfb?cDY=d�ZL^�aF^GU%l b?a{_^G[�Z@aF^GU _^�W]TfcF^G>gW=j3o|�1U]cDUXbfYMi=_^�^GU�U]ZLYaF^GUR_^GaF^G[\WXY]b1<L^GU�~�l�b?Z@U�TGEfb?>@U�U]ZLjOjNb?U�_^�d�ZL^�aDT l'b?ay_^G[�Z@aF^+>�u�^GU]W�[\b?ZLjOa{_^�^¨dgZ�u}TPEf^G[+aF^GU�<L^GZ1ÂzTIWXb?l ^GUaF^GU�jOa¡Z@U(j@Y]b1[Mo@^GU�TI�O>'<@^�aDcDltcFWX^�Y�aDTrW]TfcDa¡aF^�<L^�aDT��Ûb?>@[\W]cDb?>t<L^UÆ�«�ª@ª1ÇxZLW]cDaDcDU�_^�^�TfcD>@U]c@d�ZL^�aD^�WX^Gl jOU<L^t[�TfaD[�Z@av~ � ^�WXWX^¢og�gjsbfW]o ¥^GUX^¢^GUXW 6 Z@UXW]cF��_^�^tjOTIY+aF^ ��TfcFW+d�ZL^taF^GU�WX^�YMl ^GU+<@^'[\b?ZLjOaDTI�f^�<@cDl'cD>�ZL^G>gWYMTIjOcD<L^Gl'^G>|W�~NS�^GU��Ûb?>O[\W]cFb?>@U�<@^�Æ «�ª@ª1Ç#<@^kU]ZLYM�;Tf[\^ ¥T¢<@Y]b?cFWX^�^�W ¥T'�?TfZO[MoL^�b?>gWx_^�Wg_^'[�TfaD[�Z@a{_^�^GU�^G>aDcDTfcDUXb?>OU!�;bfY]WX^GU�TPEf^G[�aDT�WX^G[yo@>@cDd�ZL^�<L^�<=_^G[�cDl'TIW]cDb?>�~?S�Tr<L^G>OU]cFWg_^�<�uw_^�W]TIW%<L^�U]Z@Y]�;Tf[\^�<L^�avu}TfaDZ@l'cD>OcDZ@l^GUXWrY]^�j@Y1_^GUX^G>gWg_^�^ ¥TzaDT��@�?Z@Y]^ �;À ~DÁ��?¿yq!^GaDaF^ >�u�^GUXWr[\b?>@U]W]cFW]Z%_^�^td�ZL^ <�uw_^�W]TIW]UW¹ ^�W 0 TfZ�Efb?c¡U]cD>@TI�f^'<@Z>@cFEf^GTfZ�<L^ n ^�Yyl'c3d�Z@c3aDZ@cL^GUXW�U]cFW]Z=_^ ¥TrÚ À ~�®µ^�J¨~@S�Tk<L^G>@U]cDWg_^�<�uÊ_^�W]TIWH¹x_^�W]Tf>|W�WXY ¥^GU=��TfcFiOaF^�j3TIY%YMTIjOjNbfYMW¥TtaDT'<@^G>@U]cFW�_^k<�uw_^�W]TIW 0 qNaF^GU�[\b?ZLj3aDTI�f^GU�^G>gWXY]^ka¡T'l b?a{_^G[�Z@aF^k^�W�aDTtU]ZLY]��Tf[\^+Efb?>gW�UX^k�;TfcDY]^�jOTIY�aF^GU�cD>LÚWX^�YMln_^G<@cDTfcFYM^GU�<L^GU�_^�W]TIW]U 0 <L^�aDT�U]ZLY]��Tf[\^�<�u}TfaDZOl'cD>@cDZOlz~�Ã�>RY]^�WXYMb?ZLEf^�Z@>L^�<L^G>OU]cFWg_^�<�uw_^�W]TIW]U�d�Z@TfU]cjOTIYMTIisb?aDcDd�ZL^rTGEf^G[kZ@>Risb?>xTf[�[\bfYM<ÄTPEf^G[+aDT S�kHp � [\�ep�>@>@^\Â�^UÄ�¿y~
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4.3.2 Quelques rappels sur le courant...l�b?ZOU�[MoL^�Yy[MoLb?>@U ¥T [�TfaD[�Z@aF^�Y�aF^�[\b?Z@YMTf>|WR_^Ga¡TfUXW]cDd�ZL^r<@Tf>@U�Z@>L^ 6 b?>@[\W]cFb?>tp�aºµ>@H�J�UOº�p�a ¥T a9u}TfcD<L^<L^+aDT��;bfYMl¨Z@aF^r<L^WÚeÛ�ÇgÜCÛ[´�ª@« �;À ~DÁ��?¿rA

Ý � ® 8±ßÞáà Â=Õãâ � ½�âQä(× :�å�æ�çiè3é ä ç � é �Eê �;À ~DÁ��?¿
l�b?ZOU¢TfaDaDb?>@U'l'TfcD>gWX^G>@Tf>gW¢<=_^�W]TfcDa¡aF^�Y¢<L^GZLÂ�TfU]jN^G[\W]U�d�ZL^V>Lb?ZOUt>�u}TPE�cFb?>OU'jOTfUtjOZ�WXYMTfcDWX^�Y�TfZUX^G[\b?>@<�[Mo@TIjOcDWXY]^ ¥T+UMTGEfb?cFY�aDT�<L^GUM[\YMcFj@W]cFb?> <@^GU�[\b�^\pN�O[�cD^G>|W]U=<L^�[\b?ZLj3aDTI�f^ é ä ^�W é � ^�W%aDTrjOYMcDUX^�^G>[\b?l j@WX^k<@^�aDT�js^�Y]W]ZLiOTIW]cFb?>R^G>@�f^G>@<LY1_^�^�jOTIY�aDT [Mo@TIYM�f^+WXYMTf>@UMl'cDUX^�U]Z@Y�aDT UXWXYMZ@[\W]Z@Y]^�_^GaF^G[\WXY]b?>@c¡dgZL^<L^+aDT l b?a{_^G[�ZOaF^f~

4.3.3 Les termes de coupla geS�T��;bfYMl ^k<@^GU�ltTIWXYMcD[\^�<L^¨[\b?Z@jOaDTI�f^¨^G>|WXY]^ aDT¢l b?a{_^G[�Z@aF^¨^�Wra9uw_^GaF^G[\WXY]b1<L^ <L^+�?TfZO[MoL^ ��é � ¿�^GUXW<Lb?>@>=_^�^�jOTIY�a9uw_^GdgZ@TIW]cDb?>#A é �íg° ã � ® 2 Ðë�ì �Wí ë ��Ó ¿#î �ë�° í ��Ó ¿#î � më�° ã ��Ó ¿ �;À ~DÁG�?¿
l�b?Z@U�[yoL^�YM[Mo@b?>@U�l'TfcD>gWX^G>@Tf>|W ¥T¨[�TfaD[�Z@aF^�Y=a9uw_^Gay_^Gl ^G>|W�<@^�[\b?ZLjOa¡TI�f^ � ³

´\5ãî � 5 ô º ¿�dgZ@cO^\Â1c¡UXWX^�^G>gWXY]^Z@>L^�bfY]i3cFW]TfaF^�TIWXb?l'cDd�ZL^z5 ô º TIj@jOTIYMWX^G>@Tf>|W ¥TtaDT'l'b?ay_^G[�Z@aF^+^�W�Z@>L^rbfY]i3cFW]TfaF^+<L^GUR_^GaF^G[\WXY]b1<L^GU�5 ´ º ~S�^GU'WX^�Yyl ^GU¢<@^x[\b?ZLjOaDTI�f^�UXb?>|W¢[�TfaD[�Z@a{_^GU¢^G> ZLW]cDa¡cDU]Tf>gW�<@^GUtaFb?cDU�^Gl'jOcFYMcDd�ZL^GU�~
K,[�c9q�[\b?l'l'^Ä>Lb?Z@U_^�W]Z@<@cFb?>@U�aF^�[�TfU�<L^kl b?ay_^G[�Z@aF^GU�j3o|�1U]cDUXbfYMi=_^�^GU�qOa9u}cD>gWX^�YMTf[\W]cFb?>x^G>|WXY]^kaF^GU�TIWXb?l ^GU�<L^+aDT l'b?ay_^G[�Z@aF^�^�W[\^GZ1Â#<L^ aDTzU]ZLY]��Tf[\^ ^GUXWr��TfcFiOaF^f~�S�^GUrjOTIYMTfl ¥^�WXY]^GU¨<L^ aDcDTfc¡UXb?>@U��ÛbfYMWX^GU+<Lb?cFEf^G>gW�Ý^�WXY]^¢Tf<OTIj@Wg_^GU¢Õ À Á{×v~S�Tz<=_^Gl'TIYM[yoL^tTf<LbfjOWg_^�^¢^GUXW�Tf>@TfaFbf�?Z@^ ¥Tz[\^Ga¡aF^'<L^h²`ï�ª1Ç�Õ À ®�q À Ø7× � l'cD[\Y]b?U][\bfj3cF^�»1H/v�¿y~�²`ï�ª1ÇeTl b?>|WXY1_^VdgZ�u}c¡a _^�W]TfcFW jsb?U]U]cDiOaF^t<L^z<=_^�WX^�YMltcD>L^�Y'aF^GU¨WX^�YMl ^GU <@^Ra¡TVl'TIWXYycD[\^z<L^z[\b?ZLjOaDTI�f^ ¥T�jOTIY]W]cFY<�u}Z@>L^rY1_^��?aF^k<L^�<%_^�YMcFEITIW]cFb?>x<L^GU��Ûb?>O[\W]cFb?>@U�<�u�b?>@<@^�<@Tf>@U�aDT�Y1_^��?cDb?>ÄcD>gWX^�YMl`_^G<@cDTfcDY]^f~
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4.3.4 Perturbation de la structure électr onique due à la charge transmise

l�b?ZOU¨TPEfb?>@U l b?>gWXY�_^xTfZeUX^G[\b?>@<e[Mo@TIj3cFWXY]^¢avu}cDl jsbfY]W]Tf>@[\^�<L^¢i3cF^G>#jsb?U]cFW]cDb?>@>L^�YkaD^GUk>@cDEf^GTfZ1Âl b?ay_^G[�Z@aDTfcFYM^GU!j3TIY�YyTIj@jsbfY]W!TfZ�>@cFEf^GTfZ¨<L^�©�ª@«�¬�L<L^GU�_^GaD^G[\WXY]b�<@^GU(<@Tf>@U�Z@>L^ 6 b?>@[\W]cDb?>¨l'b?ay_^G[�Z@aDTfcFY]^f~Ù�>�^\pN^�W�q@a¡T+jsb?U]cFW]cDb?>t<@Z¢jOcD[�<L^�Y�_^GUXb?>@Tf>@[\^�TfZR>@cFEf^GTfZR<L^�aDT¨[�TIYMTf[\Wg_^�YMcDUXW]c¡dgZL^�_^GaF^G[\WXYycDdgZ@^�<=_^�js^G>@<<@cFY]^G[\WX^Gl ^G>gW(<L^�aDT�jsb?U]cDW]cFb?>k<OZk>@cDEf^GTfZ¨l'b?ay_^G[�Z@aDTfcFY]^f~�p�cD>@U]cg>Lb?Z@U
TGEfb?>@U
jOYMcDU!^G>¨[\b?l'j@WX^�a9uw_^G>L^�Y]�?cF^[\b?Z@aFb?lkiOcF^G>@>L^ cD>gWXY]b1<@Z@cFWX^�jOTIYkaDTz[Mo@TIYM�f^tU]ZLj@j3ay_^Gl ^G>|W]TfcDY]^ � [\bfY]Y]^GUXjsb?>@<OTf>|W ¥Txa¡Tz[Mo@TIY]�f^¢WXYMTf>@U,Úl'cDUX^7¿%^�W�avuw_^G[\YyTf>|W]TI�f^�Y1_^GTfaDcDU�_^k<L^�[\^�WXWX^#_^G>L^�YM�?cF^�jOTIY�aD^GU¢_^GaF^G[\WXY]b1<L^GU�l`_^�W]TfaDa¡cDdgZ@^GU�~
Gap de pseudo-par ticules

l�b?ZOU�>@b?Z@U�WXYMb?ZLEfb?>@U�<@Tf>@U�aF^%[�TfU�b ¥Z�aF^GU�jsbfWX^G>gW]cF^GaDU�<L^�[\b?ZLjOaDTI�f^=UXb?>|W��;bfY]WX^Gl ^G>gW
c¡>L�G_^�YMcD^GZLY!TfZjNbfWX^G>gW]cF^Ga3[\b?Z@aFb?lkiOcF^G>�~ � b?l'l ^�>@b?Z@U�TPEfb?>@U%l'b?>|WXY1_^rd�ZL^�a9u}T 6 b?ZLW%<�u}Z@>L^�[MoOTIY]�f^�UMZLj@jOa{_^Gl ^G>gW]TfcFY]^jN^�YMW]ZLY]is^��ÛbfY]WX^Gl'^G>|W�a¡T�UXWXYMZ@[\W]Z@Y]^¢_^GaF^G[\WXY]b?>@cDd�ZL^�<@^�aDT�l b?a{_^G[�Z@aD^�^�W�j@Y]b7Efb�d�ZL^�ZO>L^�TfZL�?l ^G>gW]TIW]cFb?><@ZR�?TIj�~Xl�b?Z@U�<L^�Efb?>OU�<Lb?>@[r[\b?>@UMcD<%_^�Y]^�Y�aF^r�?TIjV<L^�dgZOTfU]c ÚvjOTIY]W]c¡[�Z@aF^GU�aFbfYMU]d�ZL^ra9u�b?>x[�Tfa¡[�Z@aF^�aDT�[�TµÚYMTf[\Wg_^�YMcDUXW]cDd�ZL^'_^GaF^G[\WXYMcDd�ZL^%<@^%aDT�l b?ay_^G[�Z@aF^%^�W�>Lb?>kjOTfU!aF^��?TIj ¥T�ZO>m_^GaF^G[\WXY]b?>�~µS!T�<=_^Gl'TIYM[yoL^�Tf<Lbfj@W�_^�^jNb?Z@Y�jOY]^G>@<LY]^k^G>m[\b?l j@WX^'<L^ l'Tf>Oc ¥^�Y]^'U]cDl j3aF^k[\^�jOo=_^G>Lb?l ¥^G>@^'^GUXWraDTRU]Z@cFEITf>gWX^�A�aF^GUr>OcFEf^GTfZ1Â ¥TZ@>¾_^GaF^G[\WXY]b?>Äbfi@WX^G>gZOU�^G>xaDcDTfc¡UXb?>@U=�ÛbfYMWX^GU ¥T jsbfWX^G>|W]cD^Ga�>gZ@a�U]b?>|W�<=_^G[�Tfa{_^GU�<L^rWX^GaDaD^�l'Tf>@c ¥^�Y]^�d�ZL^�aF^GUjNb?UMcFW]cFb?>@U�<@ZXWZ³!¬`³h^�W�<@Z~ÚE´�¬i³h[\bfYMY]^GUXjsb?>@<L^G>gW�Y]^GU]jN^G[\W]cDEf^Gl ^G>|W ¥T�a9uw_^G>L^�Y]�?cF^�<�u}cFb?>@c¡U]TIW]cFb?>z^�W¥T'a9u}TI�t>@cDWg_^k[�TfaD[�Z@a{_^�^�^G>xS�kHpk~
Ecranta ge par l’interm édiaire du potentiel image

S�Tm[yo@TIY]�f^�_^GaF^G[\WXYMb?>@cDd�ZL^xU]ZLj@j3ay_^Gl ^G>|W]TfcDY]^Rj@Y�_^GUX^G>gWX^VU]ZLY aDTml'b?ay_^G[�Z@aF^zEITm^G>|WXYyTPÝ ÞD>L^�Y'Z@>L^Y[Z]\�^`_�Z]\!aRb?c�dedf\�^ aa=Zbg^h\id�jlkC\!mfk:nJ\�^npoqc�r�\ Y�_^�jNb?>OUX^�<@^GUm_^GaF^G[\WXY]b?>OU¨<OTf>@UkaD^¢l`_^�W]Tfa9~
S�T�<L^GU][\YMcDj@W]cFb?>#<L^�[\^¢j3o%_^G>Lb?l ¥^G>L^zUX^��;TfcFW ¥TÄa9u}Tfc¡<L^¢<L^aDTmln_^�W]oLb1<L^x<L^GU'[yo@TIY]�f^GU'cDltTI�f^GU�~Lk�Tf>@U'aF^x[�TfU'<�u}Z@>L^z[Mo@TIYM�f^x^G>|WXYM^x<L^GZ1Ânj3aDTf>@U�ln_^�W]TfaDaDcDd�ZL^GUjOTIYMTfaDa{_^GaF^GUGq@a9uw_^G>L^�Y]�?cF^�jsbfWX^G>gW]cF^GaDaF^r^G>ÄZ@>Rjsb?cD>|Wts¢U�uw_^G[\YMcFW¨Õ ÀfÀ q À Ö7×%A
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b ¥Zza9u�bfYMcF�?c¡>L^�^GUXW�j@YycDUX^�TfZR>@cDEf^GTfZ�<@^�aDTkj@Y]^Gltc ¥^�Y]^Ä_^GaD^G[\WXY]b�<@^�l`_^�W]Tfa¡aDcDd�ZL^�^�W � ^GUXW�aDTkjsb?U]cFW]cFb?><L^'aDTzUX^G[\b?>@<@^`_^GaF^G[\WXY]b1<L^f~wl�b?Z@U�TGEfb?>OU�Y]^�j@Y1_^GU]^G>|W�_^RTfZ#>@cFEf^GTfZm<L^'a¡TR�@�?ZLY]^ �;À ~�®I÷|¿raD^ jNbfWX^G>gW]cF^GacDl'TI�f^�^G>gWXY]^+<L^GZLÂ _^GaF^G[\WXY]b1<L^GU�ln_^�W]TfaDaDcDd�ZL^GU�U�_^�jOTIY1_^�^GU�<L^+ØI÷ Åp+~
� ^'jsbfWX^G>|W]cD^Ga�cDl'TI�f^¢EµTxTPEfb?cFY�Z@>L^'cD>LÆ3ZL^G>@[\^'cDl jsbfY]W]Tf>gWX^tU]Z@Y+aF^GU�_^G>L^�YM�?cF^GU+<�u}TI�¢>@cFWg_^t^�W� m��5Z]\!mF�!\�a=Z�bc���m]npk�\�\!k^?� n�jDm]npa!clk:n�jDm <�u}cFb?>@cDUMTIW]cFb?>�[\b?>@U]cD<=_^�Y1_^�^GU%jsb?ZLY(aF^�WXYMTf>@UXjsbfY]W�~Qp�Z�j@Y]^Gl'cD^�Y(bfYM<LY]^�^G> js^�Y]W]ZLi3TIW]cFb?>�qIaDTrUX^GaF�ÛÚµ_^G>L^�Y]�?cF^[\bfY]Y]^GUXjsb?>@<@Tf>gW ¥T'[\^�W�^\ps^�W�EITfZLW�jsb?ZLY�a9uÊ_^GaF^G[\WXYMb?>�� ï ^�W�aF^rWXY]b?Z�� � U]ZLj@jOa{_^Gl'^G>|W]TfcFYM^ A

� ï � ³ ¤��$� ãN� 5>± � ã èDzMï � sg¿�5�¤��A� ãN� º®
� � � ³ ¤�� �ÊãN� 5>± � ã è�zMï � sg¿�5�¤�� �ÊãN� º®

^�W�a9u}TI�t>@cDWg_^��� ^�W�a9u}cFb?>@c¡U]TIW]cFb?>���z^G>mj@Y1_^GUX^G>O[\^'<@Z�jNbfWX^G>gW]cF^Ga(cDltTI�f^�<@^�E�cF^G>O>L^G>|W�^G>�j@YM^G>@Tf>|Wpå^�W�K%jsb?U]cFW]cD�;U�A
��ê�ö� .�� ï �;À ~�®fÖ?¿
�� � �¨½�� � �;À ~�®fß?¿

�
TIY+^\Â1^Gl jOaF^fq�<@Tf>OUraF^ [�TfU+<L^'aDTRl b?a{_^G[�ZOaF^¢ßIH�J ^G>|WXYM^taF^GUr<L^GZ1ÂÜ_^GaF^G[\WXY]b1<L^GU�<�u}Tfa¡Z@l'cD>@c¡Z@lzq>Lb?Z@U'bfiOWX^G>Lb?>@Ut<@^GUtEITfaF^GZLYMUt<L^ÄUX^GaF�ÛÚµ_^G>L^�Y]�?cF^Vjsb?ZLYta9uÊ_^GaF^G[\WXY]b?>�� ï � ÷���ÖI÷ 8 î ^�Wtjsb?ZLY¢aF^xWXY]b?Z� � � ÷���Öf® 8 î¢~���aDbfiOTfaF^Gl ^G>gW�q�aF^k�?TIjm<L^�jOU]^GZ@<LbIÚvjOTIY]W]c¡[�Z@aF^GU�jsb?ZLY�aF^ ßIH�J£<OcDl'cD>�ZL^�jOTfUMU]Tf>|Wr<L^Ø�~DÁGß�^�J ¥TkZ@>L^�EITfaF^GZLY%<@^�®�~DÁ À ^�J�^G>tWX^G>@Tf>gW%[\b?l j@WX^�<L^GU _^GaD^G[\WXY]b�<@^GU%l`_^�W]TfaDa¡cDdgZ@^GU�~$l�b?Z@U�Efb7�fb?>@UdgZL^�[\^GU%<L^�YM>@c ¥^�YM^GU(b?>|W%Z@>L^��fYMTf>@<@^�cDl jsbfY]W]Tf>@[\^�<@cDltcD>gZOTf>|W
�;bfY]WX^Gl ^G>gW�a9uw_^G>L^�Y]�?cF^R_^GaD^G[\WXY]b?UXW]TIW]cDd�ZL^
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¡ ZL^RTfZ�[\bT¢L�	¢L^Gl ^¢gW�~(S�^GU`_^GaF^G[\WXYMb ¡ ^GU l`_^�W]Tfa¡aDcDd�ZL^GU¤£,b?Z@^¢|W��	¢@TfaD^Gl ^¢|W�ZP¢`YµÝb?aF^¾_^Gd�Z@c:¥ITfaF^¢|W TfZUXb?a:¥ITE¢|W�^¢ê_^GaD^G[\WXY]b�[yo@cDl'cD^k^¢ê_^G[\YMTE¢gW]TE¢|W�ZP¢@^+jOTIY]W]cD^ ¡ ^¨a9u}c�¢gWX^�YMTf[\W]cFbT¢�[\b?Z@aFb?lkiOcF^¢P¢@^f~OS�T¢�@�?ZLY]^�;À ~�®1ÁP¿�Y1_^GU]ZOl ^+a9u}c�¢@ÆOZL^¢@[\^ ¡ ZRjsbfWX^¢gW]cF^Ga�cDl'TI�f^kU]ZLY�aF^GU¦¢Oc:¥f^GTfZ1Â ¡ u}cFbT¢@cDUMTIW]cFbT¢�~�§Êa��;TfZLW�U]b?Z@aDcF�T¢L^�YdgZL^�[\^�WXWX^�c�¢LÆ3ZL^¢@[\^�^GUXW��fYMTE¢ ¡ ^�U]ZLY ¡ ^�WXY ¥^GU�js^�W]cFWX^GU�l b?a{_^G[�ZOaF^GU�[\b?l'l'^�aF^�W]o@cFbfj3o ¥^¢L^�b?Z'aF^�®F¨¦©k~��TIY [\bT¢gWXY]^fq�^GaDaF^ ¡ c¡l'c�¢�ZL^ �ÛbfYMWX^Gl ^¢|W¨jsb?ZLYkTIisb?ZLW]cDY ¥TVZ	¢L^t[\bfY]Y]^G[\W]cDbT¢n��TfcFiOaD^ jNb?Z@YkaF^GU+�fYMTE¢ ¡ Ub?aDcF�fb?l ¥^�Y]^GU�[\b?ltl ^�aF^ ÁG®F¨t©Ü^�W�aD^�ÁGßF¨¦©k~@S�^�jsb?U]cDW]cFbT¢P¢L^Gl ^¢gW��ª¢@Tfa ¡ ^GUt¢@c:¥f^GTfZ1Â�_^GaF^G[\WXY]bT¢@cDd�ZL^GUW:³!¬i³m^�W`ÚE´�¬i³ ¡ ZxßF¨¦© ^GU]W�Y]^�j@Y1_^GUX^¢gWg_^¨UMZLY�aDT��@�?ZLYM^ �;À ~�®f®?¿y~

4.3.5 Variation des niveaux sous champ électrique

p��ª¢ ¡ ^�jsb?ZV¥fb?cDY�[�TfaD[�Z@aF^�Y=aDT�[�TIYMTf[\W�_^�YMcDU]W]cDdgZ@^«§wÚ=© ¡ ^GU ¡ c p�_^�Y]^¢gW]U�b?aDcF�fb?l ¥^�YM^GU�q�c¡a1�;TfZLW%[�TfaD[�Z@aF^�YaF^GZLY�UXWXYMZ@[\W]ZLYM^#_^GaF^G[\WXY]bT¢OcDdgZ@^+^¢�aDcDTfcDU]bT¢@U��;bfY]WX^GU�jsb?ZLY�[yo@TfdgZ@^kjsb?c�¢gW ¡ ^�aDT¢[�TIYMTf[\Wg_^�YMcDUXW]cDd�ZL^1§wÚ=©k~l�b?Z@U�T�¥fbT¢@U���TfcFW�[\^�[�TfaD[�Z@aNjsb?ZLY�aF^�ßF¨t©å^�W�aF^�Y�_^GU]Z@aFW]TIW�^GUXW�YM^�j@Y�_^GUX^¢gWg_^ ¥T�aDT¨�@�?ZLY]^ �;À ~�®f®?¿y~�l�b?Z@UT¥fbT¢@U+Y]^�j@Y]^GUX^¢gWg_^ ¡ TE¢@Ur[yo@Tfd�ZL^'[�TfU+aF^GU�¥ITIYMcDTIW]cDbT¢@U ¡ ^GU ¡ ^GZ1Â�j@Y]^Gl'cD^�YMU�¢@c:¥f^GTfZ1ÂX¥�c ¡ ^GU � ÚL´�¬i³^�WtÚE´�¬i³R¬�?¿ ^�WRaF^GU ¡ ^GZ1Â ¡ ^�Yl¢@cF^�YMUtjOaF^Gc�¢@U � W:³!¬i³ ^�W�WZ³!¬`³�®?¿y~�l�b?Z@U�bfiOU]^�Y�¥fbT¢@U�dgZL^�aF^GU¥µTIYMc¡TIW]cFbT¢@U ¡ ^GU�¢@c:¥f^GTfZ1Â UXbT¢gW��?aFbfiOTfaD^Gl ^¢|W�a¡c�¢%_^GTfcFY]^GU�T�¥f^G[�Z	¢L^�js^¢|WX^ �/¯ ¿¨_^��?TfaF^ ¥T ¯ � ì
»
jsb?ZLY�aF^GUÀ _^�W]TIW]U�~ � ^�WXWX^�js^¢gWX^�^GUXW�Z	¢L^�[\bT¢@U�_^Gd�ZL^¢@[\^ ¡ ^�aDT ¡ _^GaDb�[�TfaDc¡U]TIW]cFbT¢ ¡ ^�[\^GU _^�W]TIW]U�U]ZLY%a9u�^¢@UX^GlkiOaF^ ¡ ^aDT l b?a{_^G[�Z@aF^�TfZ°¢@c:¥f^GTfZ ¡ ^GU�[\��[�aF^GU�W]o@cFbfjOo ¥^¢L^r^�W ¡ ^�aDT�UX�1ln_^�WXYMcF^ ¡ ^�avu�^¢@UX^GlkiOaF^ ¡ ^�aDT¤£XbT¢@[\W]cFbT¢�~� ^�WXWX^+js^¢gWX^+T'TfZ@U]UMc�_^�Wg_^¨bfi@WX^¢�ZL^+j3TIY�ZP¢z[�TfaD[�Z@a�TfZLWXb�[\b?o=_^�YM^¢|W�jsb?ZLY�aF^GU ¡ c p�_^�Y]^¢gW]U«¢	¨t©�U�T�¥f^G[

~²± ß�~[Ä=cD^¢�U?ÝZLYGqsU]c�¢@b?Z@U ¡ cDUX�1ln_^�WXYMcDUXbT¢OU�aDT³£XbT¢@[\W]cFbT¢�^¢mc�¢@U�_^�YMTE¢gW ¡ ZX¥�c ¡ ^ ¡ u}ZP¢�[|ÝbfW�_^'b?Z ¡ u}ZP¢TfZLWXY]^ ¡ ^GU¢_^GaF^G[\WXY]b ¡ ^GU�qV¢Lb?ZOU�bfi@WX^¢LbT¢@U�TfaFbfYyU=Z	¢L^�js^¢gWX^ ¯ ä� ì
»
~ � ^�Y1_^GUMZ@aFW]TIW�UX^GlkiOaF^�^¢�WXb?ZLW�[�TfUÝ^�WXY]^k��_^¢=_^�YMTfa
jsb?ZLY�aF^GU��OaDU�l'b?ay_^G[�Z@aDTfcFY]^GU�jOZ@cDUMdgZL^�¢Lb?Z@U�T�¥�cDbT¢@U ¡ _^�£ ¥T�bfi@WX^¢�ZV[\^�WXWX^ lzÝ^Gl ^¨js^¢|WX^jNb?Z@Y�aD^kW�_^�WXYMTf[ ¥^¢L^f~el�b?Z@UrT¥fbT¢@U ¡ u}TfcDaDaF^GZ@YMU�ZLW]c¡aDcDU�_^�[\^ Y�_^GU]Z@aFW]TIW�jsb?ZLYraF^GU��fYMTE¢ ¡ U�b?a¡cF�fb?l ¥^�Y]^GUrb ¥ZZP¢e[�TfaD[�Z@a=TfZLWXb�[\b?o=_^�YM^¢|W'jsb?ZLY�[MoOTfdgZL^RjsbfWX^¢gW]cF^Ga ¡ ^Gl'TE¢ ¡ ^�is^GTfZ@[\b?ZLj ¡ ^�WX^Gl jOU�~ep�c�¢@U]cN¢Lb?Z@UT¥fbT¢@U�U]ZLj@jsb?U�_^ ¡ TE¢@U�aF^�[�TfU ¡ Z#ÁG®F¨t©¨q3d�ZL^�aF^GU¤¢@c:¥f^GTfZ1Â _^GaF^G[\WXY]bT¢@cDd�ZL^GU`Â � _^�W]TfcF^¢|W�TfZ@U]UMc ¡ bT¢P¢=_^GUjOTIY�a9uÊ_^Gd�Z@TIW]cFbT¢ÄUMZ@c:¥ITE¢|WX^�´
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� ^�WXWX^�¥µTIYMc¡TIW]cFbT¢mjOTIY]W]c¡[�Z@aDc ¥^�Y]^ js^GZLW'Ý^�WXY]^�ZP¢mjs^GZ#l'cD^GZ1Â�[\b?l'j@YMcDUX^t^¢#Y]^��?TIY ¡ TE¢|W�^¢ ¡ _^�W]TfcDaaF^+jsbfWX^¢gW]cF^Ga!TfZ@WXb�[\b?o=_^�Y]^¢gW ¡ TE¢@U�aDT�£XbT¢@[\W]cFbT¢�~NÙ�¢V^\pN^�W�q[¢Lb?Z@U�T¥fbT¢@Ur[�Tfa¡[�Z@ay_^kaF^kjsbfWX^¢|W]cF^Ga�TfZLWXbIÚ[\b?o%_^�Y]^¢|W ¡ TE¢@U�aDT�£,bT¢O[\W]cFbT¢@p�aºIßF¨t©}º�p�a!jsb?ZLY�WXY]b?cDU�jsb?aDTIYMcDU]TIW]cDbT¢@U ¡ c p�_^�Y]^¢gWX^GU�´3Úw®]©¨qN÷F©¨qiÆ�®]©��n cD�?ZLY]^ À ~�®fØ?¿y~"»�^GZ@aNaF^�jsbfWX^¢|W]cF^Ga ¡ ^GU�TIWXb?l ^GU ¡ ^�[�TIYMiNbT¢@^�Th_^�Wg_^�Y]^�j@Y1_^GU]^¢|W�_^f~3S�^�jNbfWX^¢gW]cF^GasTfZLWXbIÚ[\b?o%_^�Y]^¢|W ¥Tk÷+©ê[\bfYMY]^GUXjsbT¢ ¡ TfZ�jsbfWX^¢gW]cF^GaOc�¢gWX^�YD¢L^�[\Y�_^3_^rjOTIY=aD^GU ¡ cFp�_^�Y]^¢gW]U�WXYyTE¢@UX�;^�Y]W]U ¡ ^�[MoOTIY]�f^GU^¢|WXY]^¢aF^GUrTIWXb?l ^GU ¡ ^ [�TIY]isbT¢L^fq ¡ ^'UXb?ZL�;Y]^ ^�W ¡ u}o|� ¡ Y]bf� ¥^¢L^f~�S�bfYMU]d�Z�u}ZP¢�jsbfWX^¢|W]cD^Ga(^\Â�W�_^�YMcD^GZLY�^GUXWTIj@jOaDcDd�Z=_^+U]Z@Y�aDT¢l b?ay_^G[�Z@aF^fq ¡ ^GU�WXYyTE¢@UX�;^�Y]W]U ¡ ^+[Mo@TIYM�f^Ç¥fbT¢gW�TIj@jOTIYMTPÝ ÞFWXYM^+TI�	¢ ¡ u�^GU]U]TP�f^�Y ¡ ^ ¡ cDltc Ú¢gZL^�Y%a9u�^\pN^�W ¡ Z [Mo@Tfl'jtTIj@jOaDc¡dgZ=_^f~Qp�c�¢@U]c9qIaF^�jsbfWX^¢gW]cF^Ga@TfZLWXb1[\b?o%_^�Y]^¢gW�jsb?ZLY�aF^GU ¡ ^GZLÂ¨WX^¢@UMcFbT¢@U�¢LbT¢¢gZ@a¡aF^GU�^GUXW�j@Y]bf�;bT¢ ¡ _^Gl ^¢gW�js^�Y]W]ZLY]i�_^f~"vÄTfcDU�aF^�jsbfWX^¢gW]cF^Ga�TfZLWXb1[\b?o%_^�Y]^¢gW�YM^GUXWX^+�	¢OTfaF^Gl ^¢gW�j@Y]b1[MoL^¡ ^ a9u}c ¡ _^GTfaDcDUMTIW]cFbT¢VUMZ@c:¥ITE¢|WX^ U]ZL�f��_^�Y1_^�^¢jOTIY+È8ÛPÉ[É$Û�Õ À ß7×�^¢m[\bT¢@UMc ¡ _^�YMTE¢gW�a¡T�l'b?ay_^G[�Z@aF^ [\b?l'l ^'ZP¢¡ cy_^GaF^G[\WXYMcDd�ZL^ ¡ ^�[\bT¢@UXW]TE¢gWX^�Â º Á ��n cF�?ZLYM^ À ~�® À ¿y~�§,a!^GUXW ¡ bT¢@[kiOcF^¢ê_^�¥�c ¡ ^¢|WrTfZX¥�Z ¡ ^�aDT¢�@�?ZLY]^�;À ~�® À ¿(d�ZL^�aF^%jsbfWX^¢gW]cF^GaLl b7�f^¢ Y�_^�^GaDaF^Gl ^¢gW�TIj@jOa¡cDdgZ=_^�U]ZLY(aDT�l b?a{_^G[�ZOaF^¦¢�u�^GUXW(d�ZL^�Ê
»
¡ u�b ¥Z aDT�js^¢|WX^TfU]UXb1[�cy_^�^f~ n c�¢OTfaF^Gl ^¢gW�qf¢Lb?Z@U!bfi@WX^¢LbT¢OU!cD[�c ¡ ^GU��;bfYMl ^GU ¡ ^%jNbfWX^¢gW]cF^Ga�TfZLWXb1[\b?o%_^�Y]^¢|W¨_^Gd�Z@c:¥ITfaF^¢gWX^GU ¥T[\^GaDaF^GU ¡ ^�aDT�Y�_^��G_^�Y]^¢O[\^kÕ À ðP×v~ � ^�js^¢ ¡ TE¢gWË¢@b?Z@U�¢�u}T¥fbT¢OU
jOTfU
^GZ¨iN^GU]b?c�¢ ¡ u}c�¢gWXY]b ¡ Z@cFY]^�Z	¢L^N¥ITfaF^GZLY ¡ ^[\bT¢@UXW]TE¢gWX^ ¡ cy_^GaF^G[\WXYMcDd�ZL^�jsb?ZLY=a¡Tkl b?a{_^G[�ZOaF^�[�TIY�^Ga¡aF^�^GU]W�[�Tfa¡[�Z@ay_^�^�jOTIY�aDTkl`_^�W]o@b ¡ ^rTfZLWXb1[\b?o=_^�Y]^¢gWX^¡ ^GU�aDcDTfc¡UXbT¢@U��;bfY]WX^GU�~

Ù�W]Z ¡ cFbT¢@UraF^GUkUX^GZ@cDaDU ¡ ^¢[\Y]b?cDUX^Gl ^¢gW�^¢gWXY]^taF^GU ¡ c p�_^�Y]^¢|W]U�_^�W]TIW]U ¡ ^'aDTxl b?a{_^G[�Z@aD^¢ßF¨t© ^�W+aF^GU¢@c:¥f^GTfZ1Â ¡ ^ n ^�YMltc ¡ ^GU ¡ ^GZLÂ _^GaF^G[\WXY]b ¡ ^GU ��n cD�?ZLY]^ À ~�®f®?¿y~Cl�b?Z@U�bfiOUX^�Y�¥fbT¢@U�dgZ�u}cDa[¢L^rjs^GZLW���T�¥fb?cFYY�_^GUXbT¢@TE¢@[\^RdgZ�u}T¥f^G[�aF^�WZ³�¬i³ ^�WkaF^,W:³!¬i³i®�~�S�^GUkTfZLWXYM^GUm_^�W]TIW]U�q�^�W�¢LbfW]Tfltl ^¢|W¨aF^GU�jOY]^Gl'cF^�YMU_^�W]TIW]U�¥1c ¡ ^GUg¢@^¦¥fbT¢|W ¡ bT¢@[�jOTfU�jOTIY]W]cD[�cFjs^�Y�TfZ'[\b?Z@YMTE¢|W ¡ TE¢@U�[\^�WXWX^��?Tfl'l ^ ¡ ^�jsbfWX^¢|W]cF^Gav~ � b?l'l ^aDT�js^¢gWX^¤¥ITfZLW ì
»
aF^GUL¢LbT¢¢a¡c�¢%_^GTIYMcFW�_^GU=UXbT¢|W=WXY ¥^GU���TfcFiOaF^GUy¿yqgaF^GU%U]^GZ@cDaDU ¡ ^GU�Y1_^GUXbT¢OTE¢@[\^GU�bT¢|W�aF^GU%lRÝ^Gl ^GU¥µTfaF^GZ@YMU¨jNb?Z@Y ¡ ^GU¨jsbfWX^¢gW]cF^GaDUkjNb?UMcFW]cF��U�b?ZÌ¢=_^��?TIW]cF��U�~(��b?ZLY aF^�WZ³!¬`³�q
aDTÄY1_^GU]bT¢@TE¢@[\^xUX^RjOTfU]U]^ ¥TZP¢RjsbfWX^¢|W]cF^Ga ¡ ^�Í�ÁF��®�î W]TE¢ ¡ cDU�d�ZL^rjsb?ZLY�aF^+W:³!¬i³i®�aF^�jsbfWX^¢|W]cD^Gas^GUXW�ZP¢�js^GZRjOaDZ@Uq¢=_^��?TIW]cF� ¡ ^a9u�bfY ¡ Y]^ ¡ ^�Í�ÁF��ß�ît~
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4.3.6 Quelques caract éristiques théoriques I-V des nTVs

La transmissionp«¥ITE¢gW ¡ u}TIisbfY ¡ ^�Y%aDT ¡ ^GU][\YMcFjOW]cFbT¢ ¡ ^GU ¡ c p�_^�Y]^¢|WX^GU�[�TIYMTf[\W�_^�YMc¡UXW]cDd�ZL^GUL§ Ú=©êbfiOWX^¢gZL^GUGqA¢Lb?Z@U=TE¢@TµÚaF��U]bT¢@U�aDT�WXYMTE¢@U]l'c¡U]U]cFbT¢�Ñ ��Ó ¿ ¡ TE¢@U aDT�W]o%_^�bfYMcF^ ¡ ^5ÚLÛwÇgÜCÛ[´�ª@«�~ � ^GaDaF^\Ú [�c=^GUXW ¡ bT¢P¢%_^�^ ¡ TE¢@U aF^�ÛbfYMltTfaDcDU]l ^ ¡ ^³Ò Ç�Ó!«�ª@ª1Ç�^�W�ÔeªLÛª@«�d�ZL^³¢Lb?ZOU�ZLW]cDaDcDU]bT¢@U=jOTIY³´
Ñ ��Ó ¿ �'Õ å�æ�çiè3é ä ç � é �Eê �;À ~�®Q�?¿

S�ThWXYMTE¢@U]l'c¡U]U]cFbT¢ ¥ThjNbfWX^¢gW]cF^Ga¤¢gZ@a�jNb?Z@YtaDT#l b?a{_^G[�ZOaF^�ßF¨t© ^GUXW¢Y]^�j@Y1_^GUX^¢gWg_^�^#U]ZLYta¡Tm�@�?ZLY]^�;À ~�®fÖ?¿y~�p�ZLWXb?ZLY ¡ Z�¢@c:¥f^GTfZ ¡ ^t©�ª@«�¬� ¡ ^GUV_^GaF^G[\WXYMb ¡ ^GUGq�¢Lb?Z@U�bfiOUX^�YD¥fbT¢@UrZP¢�l'c�¢@c¡lkZ@l ¡ TE¢@UraDTWXYMTE¢@U]l'c¡U]U]cFbT¢`dgZOc%^GU]W ¡ ÝZ ¥Tmavu}TIiOUX^¢@[\^ ¡ ^�¢@c:¥f^GTfZLÂ _^GaF^G[\WXY]bT¢@c¡dgZL^GU ¡ ^Ra¡TVl b?a{_^G[�ZOaF^x[�TIjOTIiOaF^ ¡ ^¡ c p�Z@UX^�Y�a9uw_^GaF^G[\WXY]bT¢�~�S�T�WXYMTE¢OU]l'cDU]UMcFbT¢x^GUXW�¢LbT¢�¢�Z@aDaF^¨TfZ�¢@c:¥f^GTfZ ¡ ZV�?TIjmjOTIYraDTtjOY�_^GUX^¢@[\^ ¡ u}ZP¢L^¡ ^¢@U]cFW�_^ ¡ uw_^�W]TIW]U�WXY ¥^GU��;TfcDiOaF^f~LÙ�¢z^\ps^�W�q3avuw_^Ga¡TIY]�?cDU]UX^Gl'^¢|W ¡ ^GU¦¢@c:¥f^GTfZ1Â¦_^GaF^G[\WXY]bT¢OcDdgZ@^GU � ÷1~DÁ{Ú ÷1~�®¢^�©r¿^¢L�f^¢ ¡ Y1_^�jOTIY�aF^�[\b?ZLjOaDTI�f^ ¡ ^GUq¢@c:¥f^GTfZLÂe_^GaF^G[\WXY]bT¢@cDd�ZL^GU�T¥f^G[+[\^GZ1Â ¡ ^GU¢_^GaF^G[\WXY]b ¡ ^GU�[\Y1_^3_^+ZP¢L^ ¡ ^¢1ÚU]cFWg_^«¢LbT¢�¢�Z@aDaD^=TfZ�¢Oc:¥f^GTfZ ¡ Z��?TIj�~g��TIY%[\bT¢|WXY]^fqg^¢ ��Tf[\^ ¡ u}ZP¢�¢@c�¥f^GTfZ ¡ ^�aDTrl b?a{_^G[�Z@aD^fq$¢Lb?Z@U(T�¥fbT¢@UZP¢Rl'TµÂ1c¡lkZ@l ¡ ^�WXYyTE¢@U]l'cDUMU]cFbT¢t[\bfYMY]^GUXjsbT¢ ¡ TE¢gW ¥T ZP¢L^�Y�_^GUXbT¢@TE¢@[\^�^¢gWXY]^�aF^GU¢_^�W]TIW]Uz_^GaF^G[\WXY]bT¢@cDd�ZL^GU¡ ^GUh_^GaF^G[\WXY]b ¡ ^GU�^�W aF^�¢Oc:¥f^GTfZ ¡ ^�a¡TVl b?a{_^G[�ZOaF^f~Lk�TE¢@U�aF^�[�TfU ¡ u}ZP¢L^�Y�_^GUXbT¢@TE¢@[\^xaDTVWXYMTE¢@UMl'cDU]U]cDbT¢^GUXW�c�¢L�G_^�YycF^GZLY]^ ¥TRÁI~ � b?l'l ^�¢Lb?Z@U=T¥fbT¢OU��;TfcFW�a9u}og�gjsbfW]o ¥^GUX^ ¡ ^�l b?a{_^G[�Z@aF^GU=jOog�1U]cDUXbfY]i�_^�^GUGqgZP¢L^�jOTIY]WcDl jsbfY]W]TE¢gWX^ ¡ ^�aDT�Y1_^GU]cDU]W]TE¢@[\^kcDl'jNbfYMW]TE¢|WX^rj@YMb�¥1cF^¢|W ¡ ^GU�[\bT¢|W]Tf[\W]UG~l�b?Z@U�UXb?ZOaDcF�T¢LbT¢@U�TfZ@U]UMc!d�ZL^�aDTtWXYyTE¢@U]l'cDUMU]cFbT¢Ö¢�u�^GU]W�j3TfU�U]��l`_^�WXYMc¡dgZL^�[\bT¢gWXYMTfcFY]^Gl ^¢gW ¥T ¡ u}TfZLWXY]^GUWXYMT¥ITfZ1Â Õ�®fß7×r[�TIYzaDTmWXYMTE¢@UMl'cDU]U]cDbT¢ ¡ ^GU�_^�W]TIW]U,¥1c ¡ ^GUt^GUXWRU]ZLj�_^�YMcF^GZ@Y]^ ¥Th[\^Ga¡aF^ ¡ ^GU�_^�W]TIW]URjOaF^Gc�¢OU�~� ^�WXWX^¨TfU]��l`_^�WXYMcD^kY1_^GU]ZOaFWX^ ¡ ^¨aDT �;bfYMl ^ ¡ ^GU�jsbfWX^¢|W]cD^GaDU ¡ ^k[\b?ZLjOaDTI�f^¨ZLW]cDaDcDU�_^GU�jNb?Z@Y�aF^GU�l'b?ay_^G[�Z@aF^GUjOo|�1U]cDU]bfY]i=_^�^GURdgZ@c×¢L^�UXbT¢gW�j3TfU�[\bT¢OUXW]TE¢|W]UR^¢ _^¢L^�YM�?cF^�ltTfcDURUXbT¢|W�j@Y]bfjsbfY]W]cDbT¢P¢L^GaDU ¥T Å � �ÁØ b ¥Z" � 0
»
ã �32(�	2ª4@�6è � TIj@j@YMbGÂLcDl'TIW]cFbT¢+%'&}Ä�¿y~f§ÊaDU�jsb?U]Ug_^ ¡ ^¢gW ¡ bT¢@[%ZP¢L^�aDb?c ¡ ^�¥ITIYMcDTIW]cDbT¢�_^GdgZOc:¥µTfaD^¢|WX^¥TtZP¢L^+iOTIY]YMc ¥^�Y]^¨[�TIY]Y1_^�^¨jOTIY�YMTIjOjNbfYMW�TfZ°¥1c ¡ ^f~3��aDZ@U�aF^+¢@c:¥f^GTfZÄ^GUXW�jOY]bf�ÛbT¢ ¡ q@jOaDZOU�aF^+[\b?ZLj3aDTI�f^+^�WaDTrWXYMTE¢@UMl'cDU]U]cDbT¢ UXbT¢|W%�;TfcDiOaF^GU�~�lz_^GTE¢@l b?c�¢@UGqg[\^�WXWX^ ¡ _^�jN^¢ ¡ TE¢@[\^¤¢�u�^Gl j�Ý^G[MoL^�YyT+jOTfU%dgZ@^�aF^�[\b?ZLYyTE¢|WUXb?cFW ¡ ÝZ�c¡[�c ¥T#ZP¢L^ ¡ c psZOU]cFbT¢eZP¢@cDd�ZL^Gl ^¢gW�jOTIYtaF^GU`_^�W]TIW]UÖWZ³!¬`³ê^�W�WZ³�¬i³�®�#[�TIY¢cDa���TfZLW'ZP¢L^WX^¢@U]cFbT¢zis^GTfZ@[\b?Z@jxjOaDZ@U�cDl'jNbfYMW]TE¢|WX^rjsb?ZLY�T�¥fb?cFY�ZP¢R^\ps^�W�W]Z	¢P¢L^GaNY�_^GUXbT¢@TE¢gW�T�¥f^G[kaF^WÚE´�¬i³(~

Les caract éristiques I-V��b?ZLY�bfi@WX^¢@cFY=aF^�[\b?ZLYyTE¢|W�q1cDa@U]Z@�'W ¡ u}cJ¢|W�_^��fY]^�Y�aF^GUN¥µTIYycDTIW]cFbT¢@U ¡ ^�[\^�WXWX^�WXYMTE¢@UMl'cDU]U]cDbT¢ ^¢t�;bT¢@[{ÚW]cFbT¢ ¡ Z+jsbfWX^¢gW]cF^Ga|WXb?Z@W!^¢kj@Y]^¢@TE¢gW�^¢k[\b?l jOWX^=aF^GU ¡ c p�_^�Y]^¢gWX^GU ¡ cDUXWXYMcDiOZLW]cFbT¢@U ¡ ^�©�ª@«�¬� ¡ ^GU ¡ ^GZ1Â_^GaF^G[\WXY]b ¡ ^GU�~�S�TR[�TIYMTf[\W�_^�YMc¡UXW]cDd�ZL^�§ Ú=©£W]o%_^�bfYMcDd�ZL^�jsb?ZLYraF^�ßF¨¦©£^GUXW ¡ bT¢	¢%_^�^ jOTIYraDT��@�?ZLY]^ �;À ~�®fß?¿y~l�b?Z@U�bfi@WX^¢LbT¢@U�ZP¢L^�[�TIYMTf[\W�_^�YMcDU]W]cDdgZ@^�UX�1ln_^�WXYMcDd�ZL^�Y]^Ga¡cy_^�^ ¥T�aDTrUX�1ln_^�WXYMcF^ ¡ ^GU�[\b?ZLjOa¡TI�f^GU�^�W ¥T�a¡T�¥µTµÚYMcDTIW]cFbT¢ ¡ ^GU�¢@c:¥f^GTfZLÂn_^GaF^G[\WXYMbT¢@cDd�ZL^GU�~gÙ%aDaF^�jsb?U]U ¥^ ¡ ^ ¡ ^GZ1Â WXYMTE¢@U]cDW]cFbT¢@U(TIi@YMZ@j@WX^GU�TfZLWXb?ZLY ¡ ^�Í ÁF��®�î^�WNÍ�ÁF��ß�ît~ � ^GU
Y�_^GUXbT¢@TE¢@[\^GU�[\bfY]Y]^GUXjsbT¢ ¡ ^¢gW(TfZ1Â ¡ c p�_^�Y]^¢gW]U�UX^GZOcDaDU�dgZL^�a9u�bT¢ T�¥µTfcDW ¡ _^�WX^G[\Wg_^ ��n cF�?ZLY]^À ~�®f®?¿y~@S�T�jOY]^Gl'c ¥^�Y]^�WXYMTE¢@U]cDW]cFbT¢t[\bfY]YM^GUXjsbT¢ ¡·¡ bT¢O[ ¥T¨ZP¢'^\ps^�W�W]ZP¢P¢L^GaOY�_^GUXbT¢@TE¢gW=T�¥f^G[raF^�WZ³!¬`³ ¡ ^aDTkl'b?ay_^G[�Z@aF^fqLaDT¨UX^G[\bT¢ ¡ ^�T¥f^G[raF^³WZ³�¬i³�®��~ p�j@Y ¥^GU�[Mo@Tfd�ZL^�Y1_^GUXbT¢@TE¢O[\^fqP¢Lb?Z@U=T¥fbT¢@U�ZP¢¢jOTfaDcD^�Y%b ¥ZaF^k[\b?ZLYyTE¢|WrTfZL�?l ^¢gWX^�ay_^��!_^�YM^Gl ^¢|W�~ � ^�WXWX^ TfZL�?l ^¢gW]TIW]cFbT¢�ay_^�� ¥^�YM^ ^GUXW�[�TfZOUg_^�^ jOTIY�a¡T ¡ cDltc�¢gZ@W]cFbT¢¡ ^�a9u}ZP¢L^ ¡ ^GU�iOTIYMYMc ¥^�Y]^GU�~LS�T U]^G[\bT¢ ¡ ^r[�TIYMTf[\Wg_^�YMcDUXW]c¡dgZL^k[\bT¢@[\^�YD¢L^�a9u�b?a¡cF�fb?l ¥^�Y]^'ÁG®F¨t©¨~1k�TE¢@U�[\^�[�TfU¢Lb?Z@U�bfi@WX^¢LbT¢@UrZ	¢L^¨[�TIYyTf[\Wg_^�YycDUXW]cDd�ZL^�§wÚ=©£T¥f^G[�j3aDZ@U ¡ ^�WXYMTE¢@U]cFW]cDbT¢@U�[�TIY�T�¥f^G[ a9u}TfaDaFbT¢@�f^Gl ^¢|W ¡ ^aDT l b?a{_^G[�Z@aF^+jOaDZ@U ¡ ^+¢Oc:¥f^GTfZ1Â _^GaD^G[\WXY]bT¢@cDd�ZL^GU�js^GZV¥f^¢gW�jOTIY]W]c¡[�cFjs^�Y�TfZxWXYMTE¢@UXjsbfY]W�~
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Ù�¢�[\bT¢@[�a¡Z@U]cFbT¢�q�¢Lb?ZOU T¥fbT¢@Utj@Y�_^GUX^¢gWg_^ ¡ ^GZ1Â`^\Â�^Gl j3aF^GU ¡ ^z[�TIYMTf[\Wg_^�YMcDUXW]c¡dgZL^GU·§ Ú=© bfi@WX^¢�ZL^GUjNb?Z@Y ¡ ^GZ1ÂRb?aDcF�fb?l ¥^�Y]^GU¤¢P¨t©�U�~ � ^GU�[�TIYMTf[\Wg_^�YMcDUXW]cDd�ZL^GU�UXbT¢gW�UX�1ln_^�WXYMcDd�ZL^GU�^�W�jOY�_^GUX^¢|WX^¢gW ¡ ^+¢Lb?l�Úi@Y]^GZ@UX^GU
WXYyTE¢@U]cFW]cFbT¢OU([\bfY]Y]^GUXjsbT¢ ¡ TE¢gW ¥TrZP¢�^\ps^�W�W]ZP¢P¢@^Ga1Y�_^GUXbT¢@TE¢gW ¥TrWXYMT�¥f^�YMU�[\^GUN¢@c:¥f^GTfZ1Âs~ � b?l'l ^¢Lb?Z@U×¢L^ ¡ c¡UXjsb?UXbT¢@U�jOTfU ¡ ^GU�[�TIYMTf[\Wg_^�YMcDUXW]c¡dgZL^GU�§wÚ=© ^\Â1j=_^�YMcDl ^¢gW]TfaF^GU ¡ ^k[\^GU�l b?a{_^G[�ZOaF^GU�^¢|WXY]^ ¡ ^GU¢@TE¢LbIÚµ_^GaF^G[\WXY]b ¡ ^GU�q5¢Lb?Z@U¦¢L^rjsb?ZV¥fbT¢OU�jOTfU�jsb?Z@U]U]^�Y�jOaDZ@U�aFb?c�¢zavu}TE¢@TfaF�1UX^f~

4.3.7 Deux régimes de transpor t diff érentsÙ�¢�Y1_^GUMZ@l'TE¢gWxaF^GUzj@Y]bfjOYMcy_^�Wg_^GU ¡ ^GUx[�TIYMTf[\W�_^�YMc¡UXW]cDd�ZL^GUÖ§wÚ=© bfiOWX^¢gZL^GUÄU]ZLYxaF^GU ¡ cFp�_^�Y]^¢gW]Uzb?aDc Ú�fb?l ¥^�Y]^GU�q[¢Lb?Z@U�jsb?ZV¥fbT¢@U�c ¡ ^¢|W]cD�@^�Y ¡ ^GZ1Â�Y�_^��?cDl ^GU ¡ c p�_^�Y]^¢gW]U ¡ ^rWXYMTE¢@UXjsbfY]W�~S�^�j@Y]^Gl'cD^�Y+^GUXW�a9u�^\ps^�WkW]ZP¢	¢L^Gag¢LbT¢nY�_^GUXbT¢@TE¢gW ¥TÄWXYMT�¥f^�YMU�aDTÄl'b?ay_^G[�Z@aF^Vì\~�l�b?Z@UkT�¥fbT¢@U¨WXYMTf[O_^aF^Ä[\b?ZLYMTE¢gW'jsb?ZLYtaD^GU ¡ c p�_^�Y]^¢|W]Utb?aDcF�fb?l ¥^�Y]^GU¢jsb?ZLYtZP¢ejsbfWX^¢gW]cF^Ga¦¥fb?c¡U]c�¢ ¡ ^Ä÷F© ��n cF�?Z@Y]^ À ~�®Q�?¿y~l�b?Z@U¢bfiOUX^�YD¥fbT¢@U¢d�ZL^VjNb?Z@YtaF^GU¢b?aDcF�fb?l ¥^�Y]^GU�aF^GU¢jOaDZ@U �fYyTE¢ ¡ U � aDbfYMU]d�ZL^ÄaF^GU·¥µTIYMc¡TIW]cFbT¢@U ¡ Z��?TIj¡ ^�¥�cD^¢P¢L^¢gW«¢%_^��?aDcF�f^GTIiOaD^GUy¿yqOaF^+[\b?Z@YMTE¢|W ¡ _^G[\Y]b?cFW�^\Â�jsbT¢L^¢gW]cF^GaDaF^Gl'^¢|W�^¢Ä�ÛbT¢@[\W]cDbT¢ ¡ ^+aDTtaFbT¢L�?ZL^GZLYà ¡ ^�avu�b?aDcF�fb?l ¥^�Y]^+UMZ@c:¥ITE¢|W�aDT aDb?cR´
� � ÁF�ñðRÁ�÷ ��ì�Þ Å �Vß Ø T¥f^G[ à � ÷��DÁ À ÷ Å� ��ì �;À ~�®f�?¿

S�u�^\Â1jsb?U]TE¢|W�à bfi@WX^¢�Z � ÷1~DÁ À ÷ Åp+��ì{¿¨[\bfY]Y]^GUXjsbT¢ ¡ ¥TmZP¢@^�i3TIY]YMc ¥^�Y]^z��TfcFiOaF^�jOTIY'[\b?l j3TIYMTfcDUXbT¢T¥f^G[�aF^�¥�c ¡ ^ � a9u�^\Â1jNb?UMTE¢|W+[�TIYyTf[\Wg_^�YycDU]TE¢gW�a¡T ¡ _^G[\Y]b?cDU]U]TE¢O[\^ ¡ Zm[\b?ZLYyTE¢|WkW]ZP¢P¢L^Ga ¡ TE¢OU�aF^�¥1c ¡ ^ ^GUXW®�~�ØfØ\Åp ��ì ¿y~IS�T×¥ITfaF^GZLY�bfi@WX^¢gZ@^=^GU]W ¡ Z¨lzÝ^Gl ^�bfY ¡ Y]^ ¡ ^%�fYMTE¢ ¡ ^GZLY
dgZL^�[\^GaDaF^=bfi@WX^¢�ZL^ � ÷1~�®f®f®ËÅp ��ì ¿jNb?Z@Y�aF^�lzÝ^Gl ^�W ��js^ ¡ u�b?aDcD�fb?l ¥^�Y]^�T�¥f^G[�Z	¢L^�l`_^�W]oLb ¡ ^ ¡ c p�_^�Y]^¢gWX^fqga¡T�ln_^�W]oLb ¡ ^�Ù�~�»N~�á¨~ � Õ�®fß7×v~ � ^�W_^G[�TIY]Wrjs^GZLW�j@YMb�¥f^¢@cFY ¡ ^GU ¡ c p�_^�Y]^¢@[\^GU ¡ ^�UXWXYMZO[\W]ZLY]^#_^GaD^G[\WXY]bT¢@cDd�ZL^h_^�¥f^¢|W]ZL^Ga¡aF^GU�^�W ¡ ZÄ��TfcFW�dgZ@^¨aF^¢@c:¥f^GTfZ ¡ ^k©�ªO«�¬� ¡ ^�a9uw_^GaF^G[\WXY]b ¡ ^+l`_^�W]TfaDaDc¡dgZL^�¢�u�^GU]W�jOTfU�cD[�c�TfZxltcDaDcF^GZ ¡ ZR�?TIj ¡ ^�a¡T l b?ay_^G[�Z@aF^ ¥TjNbfWX^¢gW]cF^Ga5¢gZOa9~$lz_^GTE¢Ol b?c�¢@U�q1aDTk[\bT¢@[�aDZ@U]cDbT¢tcDl jsbfY]W]TE¢gWX^�^GU]W=d�Z�u}cDaP¢�u�^GUXW%j3TfU�^¢A¥�c¡U]TI�f^GTIiOaF^ ¡ u}ZLW]cDa¡c ÚUX^�Y�[\^rY�_^��?cDl ^ ¡ ^�WXYMTE¢OUXjsbfY]W�jNb?Z@Y ¡ ^raFbT¢@�?U�b?aDcF�fb?l ¥^�Y]^GU�j3Z@cDU]d�ZL^�jsb?ZLY�aF^ ÁGßF¨t© TIWXWX^GcF�T¢@TE¢gW�ZP¢L^aFbT¢L�?ZL^GZLY ¡ ^rÁ�÷f÷ Åpkq?aF^�[\b?ZLYMTE¢gW(^GUXW]cDl`_^�^GU]W ¡ ^�a9u�bfY ¡ Y]^ ¡ ^�Á�÷ �
»
ì p¾jsb?ZLY�÷1~DÁe©¨q|d�Z@c�^GUXWg¢L^�WXWX^Gl ^¢gWWXY]bfjz�;TfcDiOaF^�jsb?ZLY�Ý^�WXY]^ ¡ _^�WX^G[\W�_^+^�W�Z@W]cDaDcDU�_^�jNb?Z@Y ¡ ^GU��;bT¢@[\W]cFbT¢OU'_^GaF^G[\WXYMbT¢@cDd�ZL^GU�~LS�u�^\ps^�W�W]ZP¢P¢L^Ga5¢LbT¢Y�_^GUXbT¢@TE¢gW×¢�u�^GU]W ¡ bT¢@[+jOTfU�aD^�Y�_^��?cDl ^ ¡ ^�WXYMTE¢OUXjsbfY]W�T ¡ TIj@W�_^¨jsb?ZLY�ZLW]cDa¡cDUX^�Y�[\^GU�l b?ay_^G[�Z@aF^GU�[\b?l'l ^�OaDU�l b?a{_^G[�Z@a¡TfcFY]^GU�~

S�^tU]^G[\bT¢ ¡ Y1_^��?cDl'^'^GUXW+a9u�^\ps^�W�W]ZP¢	¢L^Ga
Y�_^GUXbT¢@TE¢gW ¥TzWXYyT¥f^�YMUkaF^GU³¢@c:¥f^GTfZLÂÜ_^GaF^G[\WXY]bT¢OcDdgZ@^GU ¡ ^'aDTl b?ay_^G[�Z@aF^
»
~T§,a1^GUXW�[�Tfa¡[�Z@ay_^�^¢'TIj@j3aDcDd�Z@TE¢|W
ZP¢�jsbfWX^¢gW]cF^GaLjOaDZOU�c¡l jsbfY]W]TE¢|W � U]Z@j=_^�YMcF^GZLY ¥T Áe©�¿y~�l�b?Z@UT¥fbT¢@U=WXYMTf[3_^rU]ZLY=aDT�lzÝ^Gl ^��@�?ZLY]^ �;À ~�®Q�?¿�aD^�[\b?ZLYMTE¢gW=[\bfYMY]^GUXjsbT¢ ¡ TE¢gW ¥T+[\^�W=^\ps^�W%W]ZP¢	¢L^GaLY1_^GUXbT¢@TE¢gW�qjNb?Z@Y�aF^GUrb?aDcF�fb?l ¥^�YM^GU�b ¥Z#cDa
^GU]WrjNb?UMU]cFiOaF^ ¡ ^'a9u�bfi3UX^�Y�¥f^�Y+[Iu�^GUXW ¥T ¡ cFY]^�jsb?ZLY�aF^GU�¢	¨t©�U�b ¥Z ~'â À ~S�^k[\b?Z@YMTE¢|W�Y]^�jsbfY]Wg_^kU]ZLY�aDT �@�?ZLYM^ �;À ~�®Q�?¿�[\bfYMY]^GUXjsbT¢ ¡ TfZÄj@Y]^Gl'cF^�Y�j3TfaDcF^�Y�bfiOU]^�Y�¥�_^kjNb?Z@Y�[Mo@Tfd�ZL^[�TIYMTf[\Wg_^�YMcDUXW]cDd�ZL^fq|[Iu�^GU]W ¥T ¡ cFY]^=jNb?Z@Y
avu�^\pN^�W
W]ZP¢P¢@^Ga ¥T�WXYMT�¥f^�YMU�aF^«WZ³!¬`³ ¡ ^�[yo@Tfd�ZL^�l b?a{_^G[�Z@aF^f~�l�b?Z@UbfiOUX^�Y�¥fbT¢@U¨d�ZL^t[\^GaDZ@cFÚ [�cg¢L^tU]ZOcFW�jOTfUkZP¢L^taFb?c�^\Â�jsbT¢L^¢gW]cF^GaDaF^Gl'^¢|W ¡ _^G[\Y]b?c¡U]U]TE¢gWX^¢^¢n�ÛbT¢O[\W]cFbT¢ ¡ ^aDT ¡ cDUXW]TE¢@[\^ [\bT¢gWXYMTfcFY]^Gl'^¢|W+TfZ�jOY]^Gl'cF^�Y�Y1_^��?cDl ^ ¥TR��TfcFiOaD^kjsb?aDTIYMc¡U]TIW]cFbT¢�~NS�^ ��TfcFWrdgZL^ aF^ [\b?ZLYyTE¢|WW]ZP¢P¢L^Ga<¢L^ ¡ _^�js^¢ ¡ ^=jOaDZ@U ¡ ^�aDT ¡ cDUXW]TE¢@[\^�l bT¢gWXY]^�dgZL^�a9u�bT¢�T�TIWXWX^Gc�¢gW
aD^=Y1_^��?c¡l ^�iOTfaDaDcDU]W]cDdgZ@^fqG^�W(dgZL^aDT�Y1_^GU]c¡UXW]TE¢@[\^=bfiOUX^�Y�¥�_^�^=jOY]b�¥1cF^¢gW!l'Tf£XbfYMcFW]TfcFYM^Gl ^¢|W ¡ ^GU�[\bT¢|W]Tf[\W]U�T�¥f^G[�aF^GUr_^GaF^G[\WXYMb ¡ ^GUG~µS�^=[\b?ZLYyTE¢|W��ã5äåGæfçÁètè äå�åGæ�élæfêÁëhélì`í�îGçÁï�ð�élæ�ñ«òCñ=ó�ð=çÁï]êló×í?ô]élîGågîGï�ð?ð=åGæ�ñ=õ� ã5äåGæfçÁètè äå�åGæ�élæfêÁëhélì`íGö5òCñ=ófð=çlï]êló�÷EçÁæ ã íiîGï�ð?ð=åGæ�ñ=õ
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Chapitre 5

C16H33Q-3CNQ, une diode mol éculaire ?
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µ[¶ ¸(·fgHª8��·�ËX�J´��QµÌ¨RËÙ�8¨�hi ·��F¨)µ÷¸ ñ8��¨)©�¸dY�ª8��´��QµÌ¨ï�9Ê�µ)¹��Ë�ª
µÌ�A³2ª
«�µÌ��³9ñ���¹��·�Ê)��²��·��2³Q´��A«Ù�ÙË�©�¸ MHËX¨)©�¸:Ê)·lÊ[]�³���«2 o¹�2³Q��©'·�Ê)ª"³A´�¸d³�Ë�ª
©�Ê)·�³
µ[¶ ¸(·fgHª8��·�ËX�'´���³.´)¸ `P¹��«¬��·8©Ü³Hñ�«¬Ê[]�µ�²���9��³�©��ÙËX�"·�Ê)µÌÊÙÁ�¸dY�ª8��³XjWÊ1Z�Ã�´��k;@´)¸ `wª"³X¸:Ê�·J´�ª�� ¹��©õ¨�µ l9³2ª
«�µ��2³.ËX¨)«¬¨�Ë�©,¹��«2¸d³X©�¸dY�ª8�2³-Êm]2³���«2 o¹���2³��

5.1 La problématique

5.1.1 Comment vérifier le principe d’Aviram et Ratner ?

nEo'p"qsrF^ut"v]^&wyxF^zva{F|"o,t4x~}<vM^'�4p����"qao[�'��p"q�^���t���q�_^�rD^Gt"v1x�p"{zx�tN^E�#����� �������Ü^z}E�X�"���/$"�����f�U�e�"x
qk���'�6�^zv]^c���#���"p@^�wy��ry_^&{z�"rF^y�"�)}^�ets^yn?�P���P��t����"vkv1o'x~}Eo&�'��x~v��"pL^�v1_^zt���p"qX^e_^&rF^&{�}<vFx��e�@^¡ ��'vk}X^&w'^&p�}
o'q<��w`_^z}<vFx��e�@^'¢/£�^z}<}X^y�L^zv1p"x8�^zv]^�{���p"q<}kx�}k�L^zv1o'x~}E�"pL^��"x~�6�L^¤�o¤r8�Ê_^&{1|@^&r�rF^¡w¡��r{_^&{z�"r�o'x�v]^'¢�¥�ocq1x�w¡t4r�xd{zx~}g_^
�L^-{\^s{���p"{\^zt"}¦}k|=_^z�'v1xd�e�L^a{���pe}<v1o'q<}X^?o&�f^&{aqkoG�4x~§¨{zx�rF^©wyx�qX^=^&p���^&���evM^�^���t�_^zv1xdw ^&p�}ko'rD^'¢eª�$"�#«�K $4�^z}�o'r¦��pe}uq<�6p�}k|=_^z}kxdqg_^&qz���4��v1o'pe}Erdo¬t=_^zv1x~�6�L^I�&'®6�f�1�&'6�,�¦�L^¨p���w�¯"v]^&�4qX^&qXw¡��r{_^&{z�"rD^&qXn?�P���P�u¢U¥�^&q
{����"{1|L^&qRv�_^&o'r�x�q�_^�^&q?�oEr8��o'x��@^A�L^°{\^&q¦w¡��r{_^&{z�"rF^&qUt+o,vUrdos}X^&{F|"p"x����L^°�L^s±¦� � K���²#���+�3�E��� ³�K $"���¡p/�´��p�}
w¡��p�}<v1_^co'�"{z�"pL^�v]^&{�}kx~µ4{zo,}kx���p¶{zr�o'x~v]^I�´·[¸ J �W¢/¹ApV^�ºs^z}z�/rF^&qG�"x�§¨{z�"r~}�_^&q�t�����v?v1_^&o'rdx�qX^zvX�L^&qG{����"{F|L^&q
w¡��ry_^&{z�"r�o'x~vM^&quqko'p"qu�%_^z �o'��}�q<��pe}up���w�¯"v]^&�"qX^&q&¢/¥�^&qu{����4{1|L^&qz��t�����vk}ko'pe}u�L^¡¯���p"pL^y���"o'r�x~}�_^'� qk��p�}
q<�����f^&pe}�x�pL^��6t4r~��x�}ko,¯4rF^&qy�o:{zo'�"q]^¨�L^¨wyo'�"��o'x�qu{���p�}ko'{�}kq#_^&rF^&{�}<v1x����L^&qu���»�L^¨{����"vk}kq
�P{zx~v1{z�4x~}kqGr~�'v1q
�L^�r�o¨wn_^z}ko'r�r�x�qko,}kx���p:�L^urdo¨qX^&{���p"�@^�_^&rF^&{�}<vk�6�L^'¢�¼����"vk}ko'p�}z�3^&p½�&',¾6��¿�$4³ ³ $+Àr^z}�o'r/��pe}s�'¯4qX^zv1��_^
�e�#���4pL^yw¡��p��6{����"{1|@^c�L^¨nEnXÁE¼R�3£A�PÂ°Ã?Ä?£-ÅEÆ�ÇcÈÊÉUx~���"v]^cË�¢��[Ì�^&pe}<v]^Í�"pL^e_^&rF^&{�}<vk�6�L^¨�@^yt4r�o,}kx�p@^^z}A�"pL^?o'��}<v]^?�@^swyo,��p=_^&qkx��4wÎo&�,o'x~}©�L^&qRt"v1�'t"v1x{_^z}g_^&q�vM^&{�}kx~µ4{zo,}<v1x�{\^&qE�´Ëm�W¢6£�^ztN^&p4�"o'p�}Ar8��^�ºN^z}Av]^&{�}kx~µ��
{zo,}X^&��vs�'¯4q]^zvk��_^�_^z}ko'x~}s�ev1o'xdqX^&wu¯+r�o,¯s^&w ^&p�}-�RÏ�»�o¡�4pR^�ºN^z}GÐ#Ñ+!�� ����Ò/Ó�^&pe}<v]^XrF^Xwyo,��p=_^&q1x��"w ^z}srF^
ÔWÕUÕRÖU×�ØÊÙ+Ø�Ú�Û�Ü/Ù�Ý¦Þ½ß�àmá&à[â
ã3ä[å�ákæ&ä[ç�èmâ
ézä[å�ã
ê1ëWì,ê1íaê1îWâ�àmïGð<ØdìmëWáfí-á1Ø�ñ?òdð&ó èzämà[ëWá<æ&äzâ3îWè�á<æ&ä�ô"îWâ3î8ëPê1ã3ä&ê1é�á&õzï�ö�é�á1Ø

à[ö�í-â3îWè,ê1é�â
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�'vk����ts^&w ^&pe}R}X^z}<v1o'{���o'p��6�e�4x�p��6�"x�w ^z}k|"o'p@^GÈÊÄ�£°ÅEÆuÌF¢�¥ oG ��'v1wyo,}kx���py�#���"p¡qX^&r$#I�&%('*)6ÈÊÄ?£-ÅEÆXÌ,+-%^&q<}¡o��Wt"v1x~�'v1x�v]^&q<t���p"qko,¯+rF^¨�L^¤{\^z}k^�ºs^z}ÍÐ�Ñ�! ������Ò Ó � ÷ �W¢¦¹�p �&',¾6�R�L^&qk^�ºN^z}kq¡�@^cv]^&{�}kx�µ4{zo,}kx~��p"q
qkx�wyx�rdo'x~v]^&q¡q<��pe}¨�'¯4q]^zvk��_^&qÍt�����v¨�"p@^ q<}<v1�4{�}k��v]^:�?�.)/#I�.)½�"p@^I��� t+r��"qkxF^&�"v1q�w¡��p��6{����"{1|L^&q¤�L^
£ Ç10 Ã�232f�3Æ�� % £°ÅEÆ4)�¼�})ÈÊÉUx~����vM^)Ë�¢��[Ì5%��76&¸6m�W¢s£=^zts^&p"�"o'pe}z��t4o,vÍv1o,t"t��'vk}Ío'�6� ^��6t=_^zv1xF^&p"{\^&q¬�L^
¿�$"³�³ $4À'���L^&q¨o'w`_^&rdx~�'v1o,}kx~��p"q¨��p�}�_^z}g_^)o,t4t��'v1}g_^�^&qÍ���"xa����p"p@^&p�}¨�4pL^I�'v1o'p"�@^:x�w¡t��'vk}ko'p"{\^ o'�6�
v�_^&qk�"r~}ko,}kqU�'¯4q]^zvk��_^&qz¢'¹Ap+^�ºs^z}z�'r~�'v1qk���#���"pL^Aw¡��p��6{����"{1|L^°x�q<��rdo'p�}X^°�#��o'{zx��L^©{zo,vk¯��&�6��rdx��e�@^�^&q<}Ux�p"{��'v<�
t��'v1_^�^r^&pe}<v]^Gr8�Ê_^&rF^&{�}<vk�6�L^G�L^Ewyo,��p=_^&qkx��4w ^z}°rD^?�'vk���"tN^&w'^&p�}GÈÊÄ?£°ÅGÆXÌF��rF^&q=^�ºN^z}kq-�@^�vM^&{�}kx~µ4{zo,}kx~��p
tN^zvFqkx�q<}X^&pe}z¢�¥�o�{����"{1|L^Xxdq<��r�o'pe}X^�^&wyt=_^&{1|"o'pe}a}<����}X^E ��'v1wyo,}kx~��p¤�"�¤qX^&r8#:� %(' )6ÈÊÄ?£°ÅGÆXÌ +-% ��rF^&q=^z d�
 Û^z}kqA�L^-v]^&{�}kx~µ4{zo,}kx���py�'¯4qX^zv1��_^&q�qk��p�}Rt4vk�'¯4o,¯4rF^&w'^&p�}R�#�´�'vFx~��x�pL^-w¡��r{_^&{z�"rdo'x~v]^'¢�# o'x�qRr8����}kxdr�x�qko,}kx~��p��L^
�L^&�6�h_^&rD^&{�}<vk���@^&qRo'�6��}<v1o&�,o'�6�¡�L^aq<�'vk}kxF^a�4x�º�_^zv]^&pe}kq¦ts^&��}
^&pe}<v1o[Ï 9�pL^zvR�"p@^°{zo,vFo'{�}g_^zvFx�q<}kx����L^;:^�=< o'qk���
wn_^z}<v1x����L^'¢?>�pX{�����v1o'pe}�q1��t=_^zv1xF^&��v�^&qk} }<���A@<����v1q#�'¯+qX^zvk��_^©�"o'p"q/�4pL^B@
��p4{�}kx~��puw`_^z}ko'rC)�xdq<��r�o'pe}D)�wn_^z}ko'r
�e�"o'p4�¶�"p)t��'}X^&p�}kxF^&rUt���qkx�}kx~ �^&q<}Xo,t"t+r�x����%_^�q1��vXr8�w_^&rF^&{�}<vk�6�L^y���"x¦o¬rF^¡t4r��4q? Êo'x~¯4rD^�}<v1o[��o'xdrR�L^¡q<�'v<�
}kxF^'¢�£=^yw¬Ï^&w ^t^�ºN^z}uo:�#��o'x�r�rF^&�"v1qx_^z}�_^Í��}kx�r�x�q�_^�t4o,v�r8�w_^&�e�"x�tN^¡�L^c��$"$"³ t����"v��'¯4}X^&p"x~vX�"p�^�ºs^z}��L^
v]^&{�}kx~µ4{zo,}kx~��p o[�f^&{I�L^&q�{����"{F|L^&q:�o ¯4o'qX^¬�L^¤}k|"x~��r�q¤���z¾��W¢RÅz_^&o'p4w¡��x�p"q¡{\^¤v1_^&qk�"r�}ko,}�}<v&�^&qyt"vk��w ^z}
�
}X^&��v¬o»t"v1�' ���p"�=_^&w'^&p�}¬x�pFE+�L^&p"{O_^ rF^)����wyo'xdpL^Ä^z}I£ Ç10 ÃG232f�3Æ?� % £°ÅGÆ ^&qk}Í�L^z�f^&p�� �"p {zo'p"�"x��"o,}
qg_^zv1xF^&�6� �@^��"x~�6�L^uwy��ry_^&{z�"r�o'x~v]^'¢�¥�^�t4o,v1o,�'v1o,t+|L^�qk�4x~��o'pe}?�=_^&{�vFx~}�rD^&q?�"x~º�_^zv]^&pe}X^&q�^���t�_^zv1xD^&p"{\^&qE�e�"x
��p�}r_^z}�_^-w ^&p=_^�^&q�o,µ4pX�#�Ê_^z}k�"�4xF^zv rF^&q t"vk�'t"v1x{_^z}�_^&q v]^&{�}kx~µ4{zo,}<v1xd{\^&q �L^�{\^z}<}X^©w¡��r{_^&{z�"rF^'¢?:3r� �o'��}/qk���"r�x~��pL^zv
�e�#��^&p t4o,v1o'r�r8�^&rF^ �o:{\^&qup������f^&rdrF^&qG{zo,v1o'{�}g_^zv1x�qko,}kx���p"qz���4p o'��}<v]^y{zo'p"�4x��"o,}X�L^y�"x����L^�^&q<}�o,t"t4o,v1��H
r�oyw¡��r{_^&{z�"rD^�ÁEÃ��?¼����3£©�Pn�Å�Â ÈÊÉUx~���"v]^�Ë�¢��[Ì 2 �#��:rF^�qX^&p"q?�L^Xv]^&{�}kx~µ+{zo,}kx~��px^&q<}�x�pe�f^zv1qg_^�t+o,vsv1o,t��
t��'v1}Eo'�)t4v1x�p"{zx~ts^u�/���R� ����� � ^z}��u�"���/$"� ���'�f��I#Åz_^&o'p"w¡��xdp"qz�/x�r�^&q<}E}<v&�^&qu�4x~§¨{zx�rF^��#��x�pe}X^zvkt"v1_^z}X^zv
{\^&qsw ^&qk�"v]^&q-{zo,vat4r��4qkxF^&��v1qAwn_^z}ko'�6�I�"x�º�_^zv]^&p�}kqsq<��p�}a�"}kx�r�x�q�_^&q©t�����v-t�����v-rF^&q-{���pe}ko'{�}kq�ÈÊo,vk�f^&pe}�^z}
wyo,��p%_^&qkx��"w t�����v°rF^E{���p�}ko'{�}?o&�f^&{r^&p"q1�"x~}X^E�"p�^&��}X^&{�}kx����L^	JEo�)?:3p¤t+�"x�q©�"p¨µ+r��/�´�'vfÌ�^z}©t+r��"qkxF^&�"v1q^�ºN^z}kquÐ�Ñ�! ������Ò Ó)tN^&�"�f^&p�}XÏ^z}<v]^ut"v�_^&qX^&pe}kqz¢

5.1.2 Un seul candidat émerge : la mol écule C Ç10 H 232 -Q-3CNQ

n�^»}<����}X^&q rF^&qI}X^&pe}ko,}kx~�f^&q t�����v¬�'¯"}X^&p"x�v:�"pL^»�4x~���@^ w¡��ry_^&{z�"r�o'x~vM^ o'� qX^&p"q �#����� ����� � ^z}
�X�"���/$"���?r�o w¡��r{_^&{z�"rD^�£ Ç10 Ã 232 �3Æ?� % £°ÅGÆ q]^»v1_^z�+�^&rD^ Ï^z}<v]^�rF^ w ^&x�r�rF^&�"vI{zo'p"�"x��"o,}z¢G>?p@^ _^z}k�"�L^
�%_^z}ko'x�r�r{_^�^ �L^&q¤t"v1�'t"v1x{_^z}g_^&qI�L^¶r�o w¡��r{_^&{z�"rF^m^z}¬�L^&q¤t4vk�'t"v1x{_^z}�_^&q¦_^&rF^&{�}<v1xd�e�L^&q¬�@^)rdo wy��p���{����4{1|L^
qz��x�w¡t���qX^'¢�Å?���"q�o'rdr~��p"qR����p4{a�%_^&{�v1x~v]^?r�oXwyx�q]^�^&py��^&���evM^s�L^sr�ou{zo,v1o'{�}g_^zv1x�qko,}kx~��p _^&rF^&{�}<v1xd�e�L^?�L^s{\^&q
w¡��ry_^&{z�"rF^&q����&·��F� % �W¢
La mol écule

¥ o¤w¡��r{_^&{z�"rD^y£ Ç10 Ã 232 �3Æ?� % £°ÅGÆ£^&q<}�v]^zt"v1_^&qX^&pe}g_^�^cqk�"v�r�ocµ"����vM^¤È8Ë�¢�·�ÌF¢/¥�^��'v1����ts^&w ^&p�}XÆE�"x~�
p���r�x�p"xd�"w ÈWÆuÌy�oI��vk��x�}X^y{��'vkv]^&q<t���p"� o'� �'vk����ts^&w ^&pe}u����p"pL^&�"vG}ko'p"�"x�qG���L^¨{\^&r��4xs�o¬��o'�"{1|@^t^&q<}
rF^��'vk����ts^&w ^&pe}Eo'{z{\^zt4}X^&��v&� rF^�}<v1x�{���o'p"�����"x�p��6�"x�w`_^z}k|4o'p"x��L^¤ÈÊÄ?£°ÅGÆXÌF¢#Ä?£°ÅGÆà^&qk}X�"p�^��6{\^&r�rD^&p�}
o'{z{\^zt"}X^&��v����"xUo¤�"pL^¡o,§¨p"x�}g_^yxdw¡t��'vk}ko'p�}X^¡�L^ % ¢ % ^K< ^&p¶t4|"o'q]^���o/L�^&�4qX^:��� J �W¢ ¥�^¡�'v1����ts^&w ^&p�}
�e�"xdp���r�x�p"xd�"w ^&q<}y�4p ����p"pL^&�"v�wy��x�p"q� ��'vk}y�e�@^IrF^¬}g_^z}<v1o,}k|"x~�' Ê�"r~�,o'rÊ�^&pL^ ÈÊÄsÄaÉRÌ�wyo'x�q¡x�r°ts^zv1w ^z}
�"pL^�qk��pe}k|��^&qX^�¯4xF^&pIt+r��"qaqkxdw¡t4rF^X�L^�r�o¨wy��ry_^&{z�"rF^Í��� J �W¢#���6�P�L^&r^�o¨�L^&qs�'v1����ts^&w ^&p�}kq�o'{z{\^zt"}X^&��v�^z}
����p"pL^&��v[�3^&r�rD^�t"v1_^&q]^&p�}X^yt+r��"qkxF^&�"v1qs�"x~º�_^zv]^&p"{\^&qEt+o,vGv1o,t"t��'vk}y�oÍ{\^&rdrF^¡x�p"x~}kx�o'rD^&w ^&p�}?t"vk�'t���q�_^�^¡t4o,v
�R� ����� � ^z}u�u�"��� $"��¢+¹ApÄ^�ºs^z}z�/rF^�t���pe}E�½o[�f^&{�}<vk��x�qE{zo,vk¯���pL^&qE�"o'p"q�r�oÍw¡��ry_^&{z�"rF^��'v1x~��x�p4o'rF^�o_^z}g_^�v]^&wyt4r�o'{O_^�t+o,v?�"p¬t���pe}�M �oy¯4o'qX^��#�w_^z}k|��6r8�^&pL^��"o'p"qEÆ?� % £°ÅGÆ�¢-:
r qz��o,��x�}?�#���"p@^uw¡�6�"x~µ4{zo,}kx~��p
N<Ù ÔPO Û�QRQ3Ø�Þ�ØCS�Ù�Ý¦Þ ß�ã
á1ë8ëWâUT8ç'áfé�àWVêYX,ØPò~é[Ø�èmâ3æmêfà[â
ã3ä[å ô�õzï�ö�é�áFå�ö�émö�ïmí�î8ëWö�ã3ä&êFémá&õzï�ö�é�á&à[ö�í-â^îWè,êFémö�àmâQ Ö�Û�Z�×�ä&Ø�Ù+Ø�Õ�ÝUÚ¬ß/S�[ ñ°à[ö�é�ö´î8ëWáfì'â
é?\3ä[å.]kØPò_^3Ødá<æ[áfè�â^æ[ä[å�êFí-ö�émázô�Ødçzä[ëWâ3émØ�ðkØ�ä[å�ã<ê1ëWì�êFíaê1îWâ



���`���a� ú ûAþb�c����ÿY� úsý�ü�
W��ÿ � % 6

S
d

S
d

S
d

S
d

C
eN

f

C
e

N
f C

e
N
f

N
f

C16H33
e

N
fN

f

N
f

N
f

TCNQ
g

TTF
h

N
f

N
f

N
f

N
f

Br
i

O
jN

f

C
e

12H25
O
j
C
e

DDOP-C-BHTCNQ
k

C16H33Q-3CNQ
l

O
j

2ON

2ON
O
j

O
j
N
fH

N
f H

O
j C5H11

e

H

OHAPy-C-DNB
m

n�oqp r;s?t`u[_*vxwzy�{�|~}W��������|��K�.�;��}(���(��|3��{���}(���~��w`��wdY,{�}3���?}3���Kw `��},|�},���C�W�U�K���KwP�?�K�C���?}���wP�D�?}��b�K�K�}��,{����Kw`|�}
�U{��U�U}(�~�3w �~���Kw`���3w�Y({�}������(�K|3�G{���}��?}3�Yy�|���{�ñ&},��},���C�	����v�},���x���GT*t
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}<vz�^&qcx�wyt��'v1}ko'p�}X^Iwyo'xdqy{���wyw ^:xdr�^��6x�qk}X^:�"p o'p���rF^ �L^¬}<�'v1qkx~��p�^&p�}<v]^ rF^&qy�L^&��� �'vk���"tN^&w'^&p�}kqz�
r�o¬{���pA@k����o'x�q<��pm^&pe}<v]^¨rD^&qX�L^&�6�)�'vk����ts^&w ^&pe}kqr^&q<}Xqk�"t"t���qg_^�^yv�_^&�"�"x~}X^'¢ >�pL^¨o'�"}<v]^yw¡�6�"x~µ4{zo,}kx~��p
o,t"t��'vk}g_^�^Ít+o,v�vFo,t"t��'vk}¤�o r�o t"vk�'t���qkx~}kx~��p �'v1x~��x�p"o'rD^t^&q<}�r�o t"v�_^&qX^&p"{\^¬�L^Ír�o {F|"o[Ï 9�pL^¤o'r�x~t+|"o,}kx����L^
£ Ç10 Ã 232 r�x{_^�^?o'�c�'vk����ts^&w ^&pe}A�"��p"pL^&��v&¢e£�^z}<}X^E{F|"o[Ï 9�pL^�^&q<}Ap=_^&{\^&q1qko'x~v]^�t�����vAr�ou ��'vFwyo,}kx~��p¨�4�yµ4r�w
�L^¡±R� � K��?²/���+�3�E�e��³�K�$"���){zo,v�^&r�rF^�{��'vkv]^&q<t���p"���oc�"p@^ut4o,vk}kxD^�|e����v1�'t4|��'¯s^'�4r8��o'��}<vM^�t4o,v1}kxF^��L^
r�oIw¡��r{_^&{z�"rD^e_^z}ko'p�}¡|e���"vk�'t4|"x�rD^'¢�¹Ar�rF^¡�,oIts^zv1w ^z}<}<v]^cr�o¬ ��'v1wyo,}kx~��p½�#���"p¶µ4rdw o'��}<�,�W�'vk��o'p"x�q�_^¬o'�
{���p�}ko'{�}Eo&�f^&{�r8��^&o'�#¢
Description de la fabrication de la structure

¥�^&q�{����"{1|@^&q�wy��ry_^&{z�"r�o'x~v]^&q��L^¬£ Ç10 Ã 232 �3Æ?� % £-ÅEÆ q<��pe}�v1_^&o'r�xdqg_^�^&q¡qk��vu�L^&qh_^&rF^&{�}<vk�6�L^&q��#��o'r��6�
wyx�p"x��4w t4o,v°r�o�}X^&{1|"p"xd�e�L^E�L^u±¦��� K ��²#���+�3�E�e��³�K�$"��� ¢�>?p@^�qk�"vk �o'{\^G�#��o'rd�"wyx�p"xd�"w ^&q<}°t4r~��p���_^�^
�"o'p"q¦r8��^&o'�yo[��o'pe}��#�´��w ^z}<}<v]^srD^&q¦w¡��ry_^&{z�"rF^&qz¢e£�^&r�rF^��P{zx1^&q<}R|e���"vk�'t4|"x�rD^�t4o,vRr�oEt4v�_^&qX^&p"{\^ax�p=_^z�6x~}ko,¯4rF^
�#���"pL^°{����"{1|@^°�/�´�&�6���L^-wyxdp"{\^'¢�¥�^&q¦w¡��r{_^&{z�"rF^&q�£ Ç10 Ã 232 �3Æ?� % £°ÅGÆ �"o'p"q��"pL^°q<��r��"}kx~��p��@^-£°Ã % £°¥ %
q<��p�}cwyx�qX^&q¨^&p {���pe}ko'{�}co[�f^&{I�L^Ir8��^&o'��t4�4x�q�}<v1o'p"q< G_^zv�_^�^&qcqk�"v�rW�w_^&rD^&{�}<vk���@^ �o¶�"pL^¤�6x~}X^&qkqX^¬�L^ �z¾
wyw¯®�wyx�p8+#ÇGo[�f^&{c�4pL^yt"v]^&q1qkx~��p¶�L^c·'Ë:wyÅ®�w�+#Ç&¢ ¼�rd�"qG�L^¨�=_^z}ko'x�rdq�qk�"vur�o¤v1_^&o'r�x�q1o,}kx~��p»�L^&quµ4r�wyq
q<��p�}¨t"v�_^&{zx�q�_^&q �o¶r�o)v1_^z G_^zv]^&p"{\^����&·m�W¢�¥R��^���x�q<}X^&p"{\^I�/���"p��&�6���@^I�#��o'r��"wyxdp"x��"w qk��v¡r8�w_^&rF^&{�}<vk�6�L^:�L^
¯4o'qX^�tN^zvFw ^z}?�#��o[�'��x~vG�"p v]^&p"�L^&w ^&pe}E�L^u}<v1o'p4q< Û^zv1}�^���{\^&r�rF^&pe}z�+t4vk��{F|L^��L^c�z¾'¾�°Í¢#¥�^&q?µ+r�wyqsqk��p�}
����p"{E�"�Í}P��ts^¥±²H�rF^E�'vk���"tN^&w'^&p�}-o'{z{\^zt"}X^&��v�^&q<}-t"vk�6{1|L^G�L^Er8�Ê_^&rF^&{�}<vk�6�L^X�L^E¯4o'q]^�^&p¬o'rd�"wyx�p"xd�"w^z}sr�o¡{1|4o[Ï 9�pL^X�#��o'r�{zo'p@^r^&q<}a�'v1xF^&pe}g_^�^u�f^zv1qsr�o¡qk��vk Êo'{\^Xr�x~¯4v]^�o[�f^&{u�"p¬o'p"��rF^u�#��^&pe��x�vk��p J Ë�³yÈÊÉUx~����v]^
Ë�¢ % ÌF¢R¥ o)|"o'��}X^&��v¡�L^¤r�o {����"{1|@^¤w'^&qk��v1_^�^R^&pe^&r�r�x~t+q<��wn_^z}<v1xF^¢^&q<}¡�L^¤·'·µ´�·¶ ·´��¢¸>?p@^Í{���pe}<v]^��_^&rF^&{�}<vk�6�L^r^&pIo'r��"w¨x�p"x��"w ^&q<}�^&p"qk�4x~}X^V_^z��o,t��'v1_^�^�o'�¬�@^&qkqk�"q-�L^Gr�o¡{����4{1|L^�^&p¤t4vk�'}g_^z�f^&o'p�}E{\^&r�rF^��P{zx
t4o,v-�"p¤wyo'qk���L^�q1x~}k�%_^¨�o����L^&r����L^&q°{\^&p�}ko'xdpL^&q°�L^�¹/w¬¢�¥���^&p"qX^&w�¯4rF^�^&q<}°t��'vk}g_^y�o�6�6Aº Èk�o��"pL^�r�o,vk�f^
�"x�q<}ko'p"{\^I�@^¤rdo¶q<����v1{\^I�#��o'rd�"wyx�p"xd�"wcÌ�^z} �o¶�"p@^¾_^z�,o,t��'v1o,}kx~��p }<v&�^&qcrF^&pe}X^»È=»�� ´�¼®z½&+#ÇfÌ�o,µ4p �L^
wyx�p"x�w¨x�qX^zvRrF^&q©�%_^z �o'�"}kq-x�p�}<v1���"�4x~}kq¦t4o,v°{\^z}<}X^Ä_^z�,o,t��'v1o,}kx~��p#¢�:
r" Êo'��}°q<���"r�x~��p@^zv��e�@^�{���pe}<v1o'x~v]^&w'^&p�}
o'�6�n^��6t=_^zv1xF^&p"{\^&q�t4v�_^&{O_^&�@^&p�}X^&qz�ArF^&q��L^&�6� _^&rF^&{�}<vk�6�L^&q¡q<��pe}�v�_^&o'r�x�q�_^�^&qyo[�f^&{IrF^¤w¤Ï^&w ^Iw`_^z}ko'r-o,µ4p
�#�w_^z��x~}X^zv��"pL^Xo'��}<vM^uq<����v1{\^X�/��o'q<��w`_^z}<vFxF^'¢
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Bilan des mesures I-V

¥�^�t"v1xdp"{zx~ts^X�L^�v�_^&o'r�x�qko,}kx���p �@^&q�|=_^z}�_^zvk��qk}<v1�"{�}k��v]^&qu�?rC)'£ Ç10 Ã 232 �3Æ?� % £-ÅEÆµ)���r
^���t���q�_^'�#p����"q
�%_^z}ko'x�r�r~��p"q�rF^&q�{zo,v1o'{�}g_^zv1x�qko,}kx���p"qÄ_^&rF^&{�}<v1x����L^&q��L^�{\^&qE�"xdq<t���qkx~}kx~ Êqz¢6¥/�'v1qE�#���"p@^uw ^&qk��vM^�_^&rF^&{�}<v1x����L^'�
r8�w_^&rF^&{�}<vk�6�L^��L^G¯+o'qX^X�e�4xs^&q<}at"vk�6{1|@^u�L^Xr8��o'{z{\^zt"}X^&�"v�^&q<}��o¨r�o¡wyo'qkqX^u}ko'p"�"x�q-���L^XrF^Gt��'}X^&pe}kxF^&r�^&q<}
o,t"t4r�x����=_^¤qk��vyr8�Ê_^&rF^&{�}<vk�6�L^I�L^¬��v1��x~}X^ È�t"vk�6{1|L^¬�L^¬r�o){1|4o[Ï 9�pL^I�#��o'r�{zo'p@^mÌF¢R�sµ4p��L^¬wyxdp"x�wyx�q]^zv�rF^&q
t4|%_^&p���w¬�^&pL^&q��#��|��6q<}�_^zv1_^&qkx�q&� rF^&qXw ^&q1��v]^&qEt4o,vk}X^&pe}X�"� t��'}X^&p�}kxD^&r¦pe�"r
^z}X�4p¶{���{zrF^ ^&pe}kxF^zvX�L^&qXt��,�
}X^&p�}kxF^&rdq¦t���qkx~}kx~ Êq��f^zv1qRrF^&qRp=_^z��o,}kx� �q�^&q<}(^�ºN^&{�}k�=_^'¢�Ç6��vRrD^&q�6,·V_^&{1|"o'pe}kx�r�r���p"q¦w ^&qk��v1_^&q&� % 6x_^z}ko'xF^&pe}A�L^&q
{�����vk}kq
�P{zx~vF{z�"x~}kq�o&�,o'p�}¦r�o?w¡��x�p"��vM^R{zo,v1o'{�}g_^zv1x�qko,}kx~��p/¢e£=^&q�{����"vk}kq
�P{zx~v1{z�4x~}kq/�'¯4q]^zvk��_^&q¦q<��pe}�^��6t4r�xd�e�=_^&q
t4o,v?�"p:�%_^&q<�'v1��v]^�w¡��r{_^&{z�"r�o'x�v]^uo'�:p4x~�f^&o'�:�L^&qs�'vk����ts^&w ^&pe}kqsw`_^z}k|e��r }X^zv1wyx�p4o'�6��¢�£=^&{zx�^&pe}<v1o[Ï 9�pL^
�e�L^arW�w_^&rD^&{�}<vk���@^sqk��t�_^zv1xD^&��v]^�^&q<}��=_^zt���q�_^�^�qk��vR�"pL^aq1��vk Êo'{\^ap���p¡t4r�o'p@^'¢,n�^at+r��"qz�'x�r�����x�}��¡o[�'��x~vA�"p
tN^&���#��^&qkt4o'{\^�^&p�}<vM^°{F|"o'���L^-{1|"o[Ï 9�p@^°�/��o'r�{zo'pL^XÈÊr�o�t4o,vk}kxF^°|e����v1�'t4|"x�rF^©�L^°r�oEw¡��ry_^&{z�"rF^-oE�"p¨^&p"{���w��
¯"v]^&w ^&pe}�q<}�_^zv1x����L^-t4rd�"q¦x�w¡t��'vk}ko'pe}�»GË,¾ ´��%�ÌF¢�¥R�´�[���6�L^s�#��o'rd�"wyx�p"xd�"w ts^&��}Ro'r~�'vFqR{�vk�mÏ 9~}<v]^a�4o'p"qR{\^&q
x�p�}X^zvFq<}kx�{\^&qz��^&pe}<v1o'x�p4o'p�}uo'xdp"qkx¦�L^¨p"��wu¯"vM^&�6�){����"vk}kq
�P{zx~v1{z�4x~}kqz¢/n�^cp���w�¯"v]^&���Ü_^&{1|4o'p�}kx�rdr~��p"quqk��p�}
�L^z�f^&pe�4qu�L^&q�{�����vk}kq
�P{zx~vF{z�"x~}kqc�oIrdoIqk�"x~}X^y�@^&quw ^&qk�"v]^&qb:^�=<�¢�Ç1^&�"r�qy��6¾_^&{F|"o'pe}kx�r�r~��p"qX��p�}�t4��Ï^z}<v]^
v�_^�^&r�rF^&w ^&pe}(^���t+r~��x~}g_^&q
^z}¦��p�}Ut4��qk�"¯4x~vU�L^-p���wu¯4v]^&�6��{��6{zrF^&q$@k�"qk���#���o�¶¡�,¢�®A<�¢e£=^&q-��6x_^&{F|"o'p�}kxdr�r~��p"q
t"v�_^&qX^&pe}X^&p�}X�L^&q?v1_^&qkx�qk}ko'p"{\^&qÄ_^&rF^z��_^�^&qXo'� w¡��x�p4q?qk�"t=_^zv1xF^&��v]^¬�o ��#ÉÈE¢�nEx�º�_^zv]^&pe}kqG{���w¡t��'vk}X^&w ^&pe}kq
��p�}z_^z}�_^�x��L^&pe}kx~µ�_^&qaqX^GvM^z�'vk����t4o'pe}�^&p¬}<vk��xdqa{zo,}g_^z�'�'v1xF^&qE�"x�º�_^zv]^&p�}X^&q	H

¥�o¤µ"����v]^IÈ8Ë�¢ J ÌEwy��p�}<v]^y�4pL^¡{zo,v1o'{�}g_^zv1x�q<}kx����L^�:^�=< }^�et+x��e�@^�o[�f^&{y�"p)r�o,vk�f^y{����"v1o'p�}Gt�����vÊ�ËDÌ/Í~Î`ÏqËDÌÀÐÑ;Ò~Ó�Ô Ï`ÕÖ Ó¸×=Ó Í~Î`Ï ØBÍ Ñ Î`Ï`ËDÌ
Ù Ë Ò ÏÚÎ`Ï Û �L^&qGt��'}X^&p�}kxD^&r�qGt���qkx~}kx~ Êq�^z}u�"p¶{�����v1o'pe}X}<v&�^&qu �o'x~¯+rF^�t����"vX�"pL^�t���r�o,v1x�qko,}kx���p p=_^z��o,}kx��f^'¢�>�p)v1o,}kx~�

{zo,v1o'{�}g_^zv1x�qko'pe}�{\^z}<}X^�v]^&{�}kx~µ4{zo,}kx���px^&q<}s�=_^zµ+p"xRÈÊ¼�Ü�Ü�Ì©t4o,v	H
Ý¥ÞbÞàßâá È=ã ' Ì

á È=ã + Ì
�#�� á È=ã¬'¦Ì�^&qk}�rF^�{�����v1o'pe}?t�����vE�"p:t��'}X^&pe}kxF^&r�t���qkx~}kx~ ¦����p"p=_^¨^z} á È=ã�+�Ì�^&q<}�rD^�{�����v1o'pe}Et�����v?rF^w¤Ï^&w ^Et��'}X^&pe}kxF^&r+�'t"t���qg_^'¢�n�o'p4q©rD^?{zo'q-�L^�{\^z}<}X^X{zo,v1o'{�}g_^zv1x�q<}kx����L^'���"p¨v1o,}kx~��x�w¡t��'vk}ko'pe}�È=»��&®�Ì�^&q<}
�'¯"}X^&pe��t�����v��"put��'}X^&pe}kxF^&r��L^��,¢�ËA<�¢'n�^&q©��6z_^&{1|4o'p�}kx�rdr~��p"qz�,qX^&�"r�q�Ë?��p�}Uw¡��pe}<v�_^°{\^-{���w¡t��'vk}X^&w'^&p�}
o&�f^&{¶�"p v1o,}kx~��{���w¡t"v1x�qt^&p�}<vM^ % ^z} �&®»t�����vc�@^&q¨t��'}X^&pe}kxF^&r�q�_^&rD^z��_^&qz¢-¥�^)qX^&�"xdra�/�� rF^ {�����vFo'p�}
o'����w ^&pe}X^u ��'vk}X^&w ^&pe}�^&q<}s{���w¡t4v1x�q°t�����va{\^&qz_^&{F|"o'pe}kx�r�r~��p"q�^&p�}<v]^�¾6¢�®m�1�,¢ % <�¢

>?p@^¨o'p"o'r~�6qX^yt4rd�"qEµ4pL^yw¡��pe}<v]^¨���L^¨rdo¬@
��p4{�}kx~��p qk�"x�}X�"p¶v1_^z��x�w ^¨��|"wyx����L^ ^&pe}<v]^¡�P¾6¢ % <4^z}
ä ¾6¢ % <�¢�¹�p¤v1_^z��x�w'^ux�pe�f^zv1qX^'�4rF^G{�����vFo'p�}sq1�"x~}-�"pL^Xr~��xs^��6t���pL^&pe}kxF^&r�rF^¨�o¡t4o,v1}kx~v-�L^G�P¾6¢�ËA<�¢+nEo'p"qarF^
v�_^z��x�w ^a�"x~vM^&{�}z��{,��^&q<}?�oE�"x�v]^�t�����vU�L^&q�t��'}X^&p�}kxF^&rdq�t���qkx�}kx~ �q&�mp����"q��'¯4q]^zvk�'��p"qU{\^z}<}X^sw¬Ï^&w ^°�,o,v1x�o,}kx~��p
�"o'p"qu�@^&�6� x�p�}X^zv1��o'r�rD^&qX�"x�q<}kxdp"{�}kqz¢ ¥�oIqX^&�"rF^c�"x�º�_^zvM^&p"{\^t^&q<}����L^¨r�o¬ts^&pe}X^t^&q<}�t4r��"q�_^&rD^z��_^�^¬�"o'p"q
rF^c{zo'q��"�»q]^&{���p"�½xdp�}X^zvk�,o'r�rF^'¢ >?pL^�_^z}k�"�L^�^&p  ���p"{�}kx~��p �"� }X^&w¡t+quo:wy��p�}<v1_^¬���L^¨�L^&qk^�ºN^z}kq��L^
v]^&r�o���o,}kx~��pn_^z}ko'xF^&pe}�t"v1_^&qX^&pe}kqz¢��?t"v&�^&qA�"p�}X^&w¡t4q¦o'qkq]^KLsr~��p��XrF^-{�����vFo'p�}�w'^&qk��v1_^a�=_^&{�vk�mÏ 9~}�^z}�rF^°v1o,}kx~�
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 V en voltsn�oqp r«s?t çe_è� �K|~���,���},|3wÚ�3�CwdY,{�}3�àékSzBê�CëÙñ�wdY({�}(�ì��¤ {���}í|�}U�(��w M �U���CwP��� ª�î�,}({�w`�Jñ��ï�3w`��w �ì��}í���ñð,�����,�CwP���
ò §�ó ò § 7�ô Q óB� NPOK¦RQ3Q S<TUSWV&���XT�ó ò § 7&ô Q ó ò § tY§-�	ð,�K���(��wP�K�õ�ö{���}��U��|3{��,�C{�|�} ò §Uj=},��}U�(��|�����}¯�?}Í]U�K�(}WlUó
ò S`÷#SdLsSD��ó ò §¦jR�U������|�}kS��},��}U�,�C|�����}Wl�t�§$}Hñ��K�R}(�.�CwP},�-}(�U���Ùñ�ñ��7wdY,{��}�3{�|����b�U�K����|�}1S��}(�¢}~�,��|��D�?}<;8�1¤~�},��}U�,�C|�����}���}?]~�K�,}
�}(�R�K�.� |�},�7wA�}D}Éª�����b���K�~�,}�t�§-��ñ�|�},��wKª},|�} M$y�{�|�}��b�K����|�};���¥�U�K|��?�(�.�},|3wÚ�U��wdY,{�}������&�{���}É�}D�U�&},�`��}��7w`�;�}��Kw`|�}��R�K��S
�KwÚ��Y,{�}�����(}U�U�K����}°MBy�{�|�}	�b�K����|�}{���}«�}��~��}(�`��}W�(},�Gw~SR����yA�K|3w`�q�/w`�GwdY,{�}Dt¸§$}	��|��?�8�}W�����&�	��¤��}D�U�&},�`��}'ñ�},|3��},�
��¤ wP��},����w M },|���|���wÚ�oñ����,yA}3����}?ñ&���_},����wP}(�7�;��ª{���}G�~��{�|��K�.� �3{�w`�x{���}����w"��þ-øPù/úxû²ü;ú,t

Ý¥ÞbÞ }X^&p"�Í�f^zv1q������ % �W¢+£=^z}�^�ºs^z}°tN^&�"}�_^z�f^&p�}k�@^&r�rF^&w ^&pe}EÏ^z}<v]^�^���t4rdx��e�=_^st4o,v©�@^&qAv1_^&o,v1v1o'p��f^&w ^&pe}kq
�L^�wy��ry_^&{z�"rF^&q°�"o'p"q©r�o�{����"{1|L^E���Ít4o,v°rF^�t4xÊ�^z�f^&o,�f^X�L^st��'vk}X^&�"v1qAo'�¤p"x��f^&o'�c�L^&q©�[���6�L^&qz¢�¹�p"µ4p#��x�r
 �o'��}Rp"�'}X^zv��e�@^°{\^&qAËE{zo,v1o'{�}g_^zv1x�q<}kx����L^&q¸:^�=< q<��p�}RoEt4v1x~�'v1xg^&p¡o'{z{��'v1�¨o[�f^&{arF^°t"v1xdp"{zx~ts^A�#����� ����� �-�
�X�"���/$"� o[�f^&{u�"pI{����"v1o'p�}st"v�_^z G_^zv]^&pe}kxF^&r��"o'p"qarF^Xq]^&p"qa�"�¬����p4pL^&��v-�f^zv1qarW��o'{z{\^zt"}X^&��v&¢

Ç6�"v�rD^&qÍ��6�@<��p"{�}kx~��p4qz� J ��pe}yw¡��pe}<v�_^:�"p�{���w¡t��'vk}X^&w ^&pe}y{���w¡t4r8�^z}X^&w'^&p�}y�"x~º�_^zv]^&pe}z¢R¹�pÊ�ËDÌ/Í~Î`ÏqËDÌÀÐÑ;Ò~Ó�Ô Ï`ÕÖ Ó¸×=Ó Í~Î`Ï ØBÍ Ñ Î`Ï`ËDÌÌ�ýÓRþïÑ Î`Ï Û ^�ºN^z}z�/rF^�{�����v1o'pe}�^&q<}E¯s^&o'�"{�����t)t4r��"q?x�w¡t��'vk}ko'pe}?t�����vE�"p t��'}X^&p�}kxF^&rUp=_^z��o,}kx~ 3¢/Å?���"qEo&�'��p"qc�o¤r�o
µ"����v]^¡È8Ë�¢�Ë�ÌF���"pL^Eqkx~}k�"o,}kx~��pc{���w¡t4r{_^z}X^&w ^&pe}ax�pe�f^zv1q�_^�^Et4o,v°v1o,t"t��'vk}G�o�r�out"v1_^&{O_^&�L^&pe}X^'¢->?pÍv1o,}kx����L^
v]^&{�}kx~µ4{zo,}kx~��p p%_^z��o,}kx~�f^uts^&��}GÏ^z}<v]^��%_^zµ4p"x#�L^�wyo'p"x8�^zv]^�_^&���"x~�,o'rF^&pe}X^�H

ÿÉÞbÞàßâá È=ã + Ì
á È=ã ' Ì

¥�^&q/vFo,}kx~��q#�'¯"}X^&p��"q/q<��pe}/t4rd�"q�tN^z}kx�}kq/�e�@^R{\^&�6��t4v�_^&{O_^&�@^&wyw ^&pe}kqYH��,¢�Ëm� J ¢�n�^Rt4r��"q&��rdo-{zo,v1o'{�}g_^zv1x�q<}kx����L^
:P�=<�qk�"x~}��"pL^�r~��x�rdp/È���Ì�� ã���� �ut�����vE{1|4o'�e�L^�t���r�o,v1x�}g_^'¢�� t���r�o,vFx�qko,}kx~��p: �o'x~¯+rF^'�+x�r�p#�´�:oct4r��4q?�L^
v�_^z��x�w ^���|"wyx����L^'¢�n�o'p4qG{\^�{zo'q
�P{zxW��rD^�qX^&p4q��@^uv]^&{�}kx~µ+{zo,}kx~��p �'¯4qX^zvk��_^ ^&q<}�{���pe}<v1o'x~vM^�o'� t"vFx�p"{zx~ts^
�#���R������� �a�3�X�"���/$4� o[�f^&{��4p¬{�����v1o'pe}s�L^Xr8��o'{z{\^zt"}X^&�"vs�f^zv1q?rF^G�'vk����ts^&w ^&pe}a����p"pL^&�"v&¢

É�xdp"o'rF^&w ^&pe}z��rdo wyo?@X^&��v]^Ít4o,vk}kxD^Í�L^&q¡{zo,vFo'{�}g_^zvFx�q<}kx����L^&q��'¯4qX^zv1��_^�^&qz�Rq<��x�}�® o'� }<�'}ko'raqk��vÊ�ËDÌ/Í~Î`ÏqËDÌ
Ò
	�� ýÓ Î × Ï� Ô/Ó ��6e�Ro,t"t4o,vk}kxF^&pe}:�o)r�o {zo,}�_^z�'�'v1xD^ �L^&q�@<��p"{�}kx~��p"q¡q<�6w`_^z}<v1x����L^&qz¢¦¹Ar�rF^&q���p�}¡�"pL^¤{zo,v1o'{�}�_^zv1x�qk}kx��e�@^¯:P�

< qk��w`_^z}<v1xd�e�L^:t����"v¨r�o)��o'wyw ^ �L^It��'}X^&pe}kxF^&r-�'¯4qX^zv1��_^�^ ��� o'r~�'v1q¨�L^&qyv1o,}kx���q¨�L^IvM^&{�}kx~µ4{zo,}kx~��p
v]^&r�o,}kx~�f^&w ^&pe}G Êo'x~¯4rF^&q�ÈÊ¼�Ü�Ü ���)Å�Ü�Ü�Ì��s·�¢/n�^&qE�,o'rF^&��v1qEo'�"qkq1x  Êo'x~¯4rF^&q�pL^¡q<��pe}Et4o'qG�"pL^�t"v]^&���f^
{zr�o'x~v]^)�#���"p t4|%_^&p���w¬�^&pL^ �L^ v]^&{�}kx~µ+{zo,}kx~��p#¢°¥�^&q¤{zo,v1o'{�}g_^zv1x�q<}kxd�e�L^&q�:^�=< t"v1_^&q]^&p�}X^&pe}I�L^)wyo'p"x8�^zv]^
qkx�wyx�rdo'x~v]^Eo'�It"v]^&w¨xF^zva{zo'qs�"pIv�_^z��x�w ^u��|4wyx����L^Et����"vsrF^&q- Êo'x~¯4rF^&q°}X^&p4qkx~��p"q�^z}?�"pL^ur~��x#rdp/È���Ì��àã
t����"varF^&q-}X^&p"qkx���p"q-�/���� ã���� ¾�� %�� ¾���Ë&ãy¢

¥ o:µ"����v]^ È8Ë�¢ ÷ ÌXv1_^&qk�"w'^crF^&q�w ^&qk��v]^&q��L^yv1_^&qkxdq<}ko'p"{\^t^&p» ���p4{�}kx~��p½�@^&qX}<vk��x�qX}P��tN^&q��L^�@<��p"{f�
}kx~��p"qz¢U¥ o �"x�q<ts^zv1q1x~��p¶�L^&q�w ^&qk��vM^&q+^&q<}�x�w¡t��'vk}ko'pe}X^'¢Un�^&���½{zo,}g_^z�'�'v1xF^&q¡��pe}¡�L^&quv1_^&q1x�q<}ko'p"{\^&q�µ��
p"o'rF^&w ^&pe}uo'qkqX^KLct"vk�6{1|L^&q&¢/¥�^&q�@<��p"{�}kx~��p4qXo'q<�6wn_^z}<v1x����L^&q�^&p½x�p��f^zvFqX^¡t"v1_^&qX^&pe}X^&p�}��"pL^¡v1_^&q1x�q<}ko'p"{\^
x�p� G_^zvFxF^&��v]^y�#���4pL^y�%_^&{zo'�L^¨t+o,vuv1o,t"t��'vk}Xo'����@<��p"{�}kx~��p"q��e�4xU��p�}��"p {���w¡t��'vk}X^&w ^&pe}�qk��w`_^z}<v1xd�e�L^
È=Ç"Ì©���Io'q<�6w`_^z}<v1x����L^�^&p:�"x~v]^&{�}uÈ_Ü ä Ì�¢
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 V en voltsn�oqp r�s�t`sm_ � ��|����,���},|3wÚ�3�CwdY,{�}(�èé<SzB ��ë���wdY,{�}3� �-¤ {���} |�}U�,�Cw M��U�K��wP�K� ª�ì�(},{�w`�É�;�}~y?���Cw � ��} ��� ð,�����,�CwP���
ò §�ó ò § 7�ô Q óB� NPOK¦RQ3Q S<TUSWV&���XT�ó ò § 7�ô Q ó ò §xt�§$� ð,�K���(��wP�K�5�G{���}��U��|3{��,�C{�|�} ò §Uj=}(�¢}~�,��|��D�?};��}s]~�K�,}8lUó ò S÷#SdLaSD�&ó ò §Uj=�U�K�.�C|�}1S��},��}U�(��|�����}Wl�t8§$}����K�R}(�.�CwP},�x}(�U���������7wdY,{��}D}¥�3{�|������~������|�}1S��}(��}U�,�C|~�D�?}<;¸�1¤~�},��}U�(��|�����}¬��}�]~�K�,}
�}(�R�K�.� |�},�7wA�}D}Éª�����b���K�~�,}�t�§-����|�},��wKª},|�} M$y�{�|�}��b�K����|�};���¥�U�K|��?�(�.�},|3wÚ�U��wdY,{�}������&�{���}É�}D�U�&},�`��}��7w`�;�}��Kw`|�}��R�K��S
�KwÚ��Y,{�}�����(}U�U�K����}°MBy�{�|�}	�b�K����|�}{���}«�}��~��}(�`��}W�(},�Gw~SR����yA�K|3w`�q�/w`�GwdY,{�}Dt¸§$}	��|��?�8�}W�����&�	��¤��}D�U�&},�`��}���},|3��},�
��¤ wP��},����w M },|XY({�}G�¢}b�~��{�|��K�.���3{�w`��{���}G���Kw���þ-øPù/ú*û«ü ��úb��ª{"!$#&%(' ):j=}(��|£�}��K�7w`���}�!$*+%,' -�./�&��{�|¨B1032W},�
!�*4%(' 56-����K{�|¡B1032<l�t

1e+10 1e+11 1e+12 1e+13

 Résistivité en ohms.cm

R+

R−

symétrique

n�oqp rès�t87[_�� �K�����K|���wÚ�(��� }(�.�C|~}í��}(�ì|£�}(�3wÚ�U�R�K���U}3�í�b}3�3{�|£�}�}3�µ}(�.�C|�}ì��}(�ì��|��KwÚ� �,���ï�U�,}(�î�Kw `��},|�},���R}3�
��¤~�}��~���K����w`�`�����&�,t:9<;½j89�=4l�U�K|3|~}3�>���K���;|�}(�?��}U�(��w�@K}(�b}(�.�£��{[Z ð,�����,�CwP���&�A��|£�}(�,}(�.�_�����${��b�,}({�w`�.�?}*|~}~�,��wP�~���CwP���
�&�K�Uw`��w �Xj_�;�}�yA�K��w �Fl�t$§-}(�|B�}3�3wÚ�3�_�����U}(���K���5�},���}G�U���,�7{��K�}�}3�öª�B�&��|3�Cw`|G��}�������}(|3w�@ �}�}���|�},��wKª},|�}���}����¬�U�K{�|1]U}�é<SzB
�K{��R�K{�|Y��{��&���_},����wP}(�;�}�yA�K�ª�/C*u?t`s�B����K{�|*��}(��ð,�K���(��wP�K���Y�Kw`�R}3�D9<;À}(�$�3ëK�À�},��|3wdY({�}�},��S1u?t`s�BE�&��{�|*��}(�Y�K{���|�}(�
ð,�K���,��wP�K�&����{��Cë���}�9�= t
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n�oqp rLK�t>M�_ON�|~�[],�3ª}(�b};��{B��|3w`���(w ��};�-¤ PRQ$o�S�ÂUT },�WVÂ�ÆYXWZ,S©�&¤ w`�F}3Z?wÚ�3�_}Y{���(},�&�L��|B�}P�B�},|�},����wP}(���?}��1¤ ���U�U}[���R}({�|
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5.1.3 Le problème en question

£=^I¯4xdr�o'p �L^&qy{zo,v1o'{�}�_^zv1xdq<}kx����L^&q�:^�=< �'¯"}X^&p��L^&q¨p����4qyx�pe}X^zvkts^&r�rF^R^z}yts^zv1w ^z}¨�@^Ip����"q¡t���qX^zv
t4r��"qkxD^&��v1q©�e�L^&qk}kx~��p"qz¢�¥ o�t4v]^&wyx8�^zv]^r^&q<}-t4vk�'¯4o,¯4rF^&w'^&p�}-r�o�t4r��4q©xdw¡t��'vk}ko'p�}X^WH"rF^&qso'q<��w`_^z}<vFxF^&q-�'¯��
qX^zvk��_^�^&q¦qk��p�}
�v^&r�rD^&q��"�@^&q o'��t"v1x�p"{zx�tN^¦�#�����a`>bLc �-�3�Ec"���RdWb�e©¹�p+^�ºN^z}z�,���L^&r����L^&q {zo,v1o'{�}�_^zv1xdq<}kx����L^&qz�
�"o'p"q¬rF^¶qX^&p"qÍt"v1_^z�6� t4o,vI{\^¶t"vFx�p"{zx~ts^I��pe}¾_^z}g_^½�'¯"}X^&p��L^&qz¢;>�pL^¶wyo?@,^&�"v]^)t4o,vk}kxF^¶�L^&q¤}<v1o[��o'���
��p�}¬����p"{ �"p"x����L^&w ^&pe}¨x�pe}X^zvkt"v1_^z}�_^¶{\^&q¬{zo,v1o'{�}�_^zv1x�qk}kx��e�@^&q¶�o r8��o'x��@^ �"� wn_^&{zo'p"x�qkw ^¶�#�����a`>bLc �-�
�/c"���RdWb �76e�k®���� F �W¢�Åz_^&o'p"wy��x�p"qz�#{���wyw ^&pe}r^��6t4r�x����L^zvEo'r~�'v1qErF^&q�v]^&{�}kx~µ4{zo,}kx���p"qG�"o'p"qErF^�qX^&p"qGx�p��
�f^zv1qX^fe¨n�^yt4r��"q&��xdr!^&qk}ux�p"���"x{_^z}ko'pe}X�e�L^¡µ+p"o'rF^&w ^&pe}XrF^&qG{���p"�"x�}kx~��p"q�^��6t=_^zv1x�w ^&pe}ko'rF^&q¨ÈP_^zt4o'x�q1qX^&��v
�#�´�&�6���@^'���=_^&q<�'vF��v]^mÌux�pFE4�L^&p4{\^&p�}�^z}�{1|4o'p��f^&p�}�o'�"qkq1xR Êo'{zx�rF^&w ^&pe}�rD^¨qX^&p"q��L^¨vM^&{�}kx~µ4{zo,}kx~��p o'r~�'v1q
�e�L^Xrdo�¯4o,vkv1x8�^zv]^Et�����vao[�'��x~v?�"p¬{����"v1o'p�}axdp��f^zv1q]^XqX^&r~��pI���a`?bLc �a�3�Ec"���adWbV^&q<}a}<v&�^&qsxdw¡t��'vk}ko'p�}X^'¢
¹�p�µ4p/�"�"o'p"qarF^&q�^���t�_^zvFxF^&p"{\^&qs�@^��¡ÀhgLijd1k(k ^z}?o'rA�´®m�W�+�@^&q�^�ºs^z}kq?�L^uv]^&{�}kx~µ4{zo,}kx~��p q<��pe}s�'¯4qX^zv1��_^&q
qk��vy�L^&q¡�"xdq<t���qkx~}kx~ Êqu{���w¡t���q�_^&qc�L^¬t4r��"q1xF^&��v1q�w¡��p��6{����"{1|L^&q¨�L^ £ Ç10 Ã 232 Æ��ml�£°ÅEÆ�¢AÁ�v&�¦�"o'p"q¡rF^
{zo'qu�L^�t4r��4qkxF^&��v1q?w¡��p��6{����"{1|@^&qz� x�r�� o¤ ��'v1{3_^&w ^&pe}��"p }<v1o'p4q< Û^zv1}X�#���"pê_^&rF^&{�}<vk��p»�@^�rW��o'{z{\^zt"}X^&��v
�f^zv1q�rD^¨����p"pL^&�"v�^&p�}<vM^Í{F|"o'�e�@^cw¡��p��6{����"{F|L^)ÈÊÉUx~���"v]^cË�¢�6'Ìu�e�"x�^&q<}�o:t"v1x~�'vFxU}<v�_^&q��=_^z Êo&�'�'vFo,¯4rF^'¢
Ä ����}X^&q¡{\^&q�v]^&w¨o,v1�e�@^&q�p"���"qu��pe}¡x�p"{zx~}�_^ �o�_^z}k�"�4xF^zv¡rF^&qut4vk�'t"v1x{_^z}�_^&qh_^&rF^&{�}<vk��p"xd�e�L^&q¨^z}¡�L^Í}<v1o'p"q
�
t��'v1}A�L^X£ Ç10 Ã�232f�3Æ��ml�£°ÅEÆ o,µ4pÍ�L^?��_^zv1x~µO^zv°q1x4rF^?t"v1x�p"{zx�tN^a�/���R�a`>bLc �a�3�/c"���RdWb¬tN^&�"}�v1_^�^&r�rF^&w'^&p�}
qz��o,t"t4r�xd�e�L^zvu�oy{\^z}<}X^�w¡��r{_^&{z�"rF^'¢
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5.2 Structure électr onique de C r�s H -�- -Q-3CNQ

¥R�´�'¯�@X^&{�}kx~ ��L^ {\^z}<}X^ q]^&{�}kx~��p¦^&q<}¬�L^ t4v�_^&qX^&p�}X^zvIrD^&qÍ{zo'rd{z�"r�qÍ�L^ qk}<v1�"{�}k��v]^å_^&rF^&{�}<vk��p4x��e�@^ �L^
£ Ç10 Ã�232[Æ��ml�£°ÅEÆ�¢ :
r�^&qk}�t"vFx�w¡�'v1�"xdo'r8��^&ph^�ºs^z}z�R�L^c��_^zv1x~µO^zv�q1xAr�o q<}<v1�"{�}k�"v]^�_^&rF^&{�}<v1��p"x����L^Í�@^Ír�o
w¡��ry_^&{z�"rF^){��'vkv]^&q<t���p"� o'� q1{1|=_^&wyo�t"v1�'t���q�_^ t4o,v¬�R�a`>bLc �a�3�/c"���RdWb o&�,o'p�}¬�#�Ê_^z}k�"�"xD^zvÍrF^&qct"vk�,�
t"v1x{_^z}g_^&q?�@^G}<v1o'p"q<t��'vk}z¢
Les méthodes emplo yées

Ås���4qAo[�'��p"qA�"}kx�r�x�q�_^��o�r�oG ���x�qRr�ou¥ na��^z}©r�oJ¥JG� t����"vRv�_^&o'r�x�qX^zv©r8�´�'t"}kx�w¨x�qko,}kx~��py�@^sr�oX{���p� ��'v<�
wyo,}kx~��py�L^ardo�wy��ry_^&{z�"rF^�^z}R{zo'r�{z�4rF^zv�^&p"qk�4x~}X^-qkoGq<}<v1�"{�}k�"v]^¢_^&rF^&{�}<vk��p"x����L^'¢�¥�^&qR{zo'r�{z�"r�qU��pe}�_^z}g_^? Êo'x~}kq
o&�f^&{�r�oyw¬Ï^&w ^�¯4o'qX^¤ÈÊn�Å�¼©ÌF�+�'v1x�r�rD^¨ÈR#ö_^&�"x��4wcÌ°���L^�rF^&qR_^z}k�"�L^&q?t"v�_^&{O_^&�L^&p�}X^&q&¢�Å?���"q?o&�'��p"qEw ^&p=_^
rF^y{zo'r�{z�"r
^&p¶¥�na� �o¬r8��o'x��L^¡�L^¡r�o¤ ���p"{�}kx~��p"p@^&r�rF^¬< t Å ���&Ëm�%^z}�^&pÀJ¥JE� o&�f^&{cr�oÍ ���p4{�}kx~��p"pL^&r�rD^
¼A6�¨��� ÷ �W¢4¥�o¡v1o'x�qk��pct4v1x�p"{zx~t+o'rF^?���"x#p����"q-o�t����"q1qg_^c�o¡ �o'x�v]^¨�o¡r�o� ���xdq-p���qa{zo'r�{z�"rdq�^&p¬¥ na� ^z}�^&p
J¥JE�£^&q<}G�e�L^¡r�oÍ{���p� ��'v1wyo,}kx~��p)�'¯4}X^&pe�L^¡o¤�"pL^�x�w¡t��'vk}ko'p4{\^�qk�"vErD^�w¡�6�#�^&rF^¡�L^�}<v1o'p"q<t��'vk}¡ÈW£=^
t���xdp�}aqX^zvFo¡�"x�qk{z��}�_^u�4p¤tN^&�¤t+r��"q-r~��x�p�ÌF¢6Å?���"qao[�'��p"q�����p"{E��_^zvFx~µ=_^����L^XrF^&q-v1_^&q1�"r~}ko,}kqs�"��p"p%_^&q-t4o,v
rF^&qa�L^&�6�¤wn_^z}k|��6�L^&qsq<��pe}-t"vk�6{1|@^&q�^z}so,¯�����}kx�qkq]^&p�}-o'�6�¬w¤Ï^&w ^&qs{���p4{zr��"qkx~��p4qz¢-Ç�^&�"r�q°rF^&q-v1_^&q1�"r~}ko,}kq
J¥JE� qX^zv1��p�}�t"v1_^&qX^&pe}g_^&qz¢RÅs���4q�o[�'��p"q¡o'�"qkqkxA{���w¡t4o,v1_^¬rF^&quv�_^&qk�"r~}ko,}kq�J¥JE� �o {\^&�6� �'¯4}X^&pe�"q¨^&p
r�x�o'x�q<��p4qA ��'vk}X^&q?o'��}<��{���|=_^zvM^&p�}X^&qz¢
La conf ormation

¥ osw¡��ry_^&{z�"rF^A£ Ç10 Ã 232 �3Æ?�ml�£°ÅGÆ`^&q<} }<vk�'tX�'v1o'p"�@^¦t����"v#t����"�'��x~vUÏ^z}<v]^��'t"}kxdwyx�q�_^�^(^&pe}kxÊ�^zv]^&w ^&pe}u�Ì ÓÑ�ÙïÙA× Ë^vDÏ ��Ñ Î`ÏqËDÌ ^&p�J¥JG� ����^&pc¥�na�u¢"£©��wyw'^?p����"q©p����"qAx�pe}g_^zvM^&qkq<��p"q°x�{zx+�"p"x����L^&w ^&pe}�o'�6�yt"v1�'t"v1x{_^z}g_^&qt_^&rF^&{�}<vk�,�
p"x����L^&qz�'p����"qRo[�'��p"q©��}kx�r�x�q�_^-r8��o,t4t"vk�&��x�wyo,}kx���p¡{�����v1o'pe}X^�����6&¸��&m���e�"x�{���p4qkx�q<}X^��oGv1_^&�4�"x~v]^ar�oG{F|"o[Ï 9�pL^
£ Ç10 Ã 232 ^&p �"p@^¤{F|"o[Ï 9�pL^¬t+r��"q�{�����vk}X^'���o¶qko[�'��x~vÍ£ 2 Ã�w�¢A£=^z}<}X^:o,t"t"v1�&��x�wyo,}kx~��p`^&q<}¡v1o'xdq<��p"p"o,¯4rD^
qkxaqX^&�"rdq¡rF^&qn_^z}ko,}kq�_^&rD^&{�}<vk��p"x����L^&qyo'��}<���"v¨�"����o,t qk��p�}e_^z}k�"�4xy_^&qz¢*:
raqX^zv1o _^z�6x��L^&pe}y�"p�ts^&��t4r��"q
r~��x�pI���L^�{\^z}<}X^�o,t"t"v1�&��x�wyo,}kx~��pIp/��^&q<}st4rd�"q-�,o'r�o,¯4rF^Gt�����vsrD^X}<v1o'p"q<t��'vk}z¢+n�o'p4q?{\^�{zo'qz��o,µ+p:�#�´�'¯��
}X^&p"x~vyr�o w¡��r{_^&{z�"rF^ £ Ç10 Ã 232 �3Æ?�ml�£°ÅGÆ ^&pe}kxÊ�^zv]^'��p����4q�o,}<}ko'{F|L^zvk��p"q)�o»£ 2 Ã w&Æ?�ml�£-ÅEÆ��Rrdo {F|"o[Ï 9�pL^
�#��o'r�{zo'pL^&qaw¨o'p"�e�4o'p�}X^X�'t4}kx�wyx�q�_^�^X�L^Xw¨o'p"xÊ�^zv]^Xq�_^zt4o,v1_^�^'¢�¥R�Ê_^z}ko,}s ���p"�"o'w'^&p�}ko'r/�@^�£ 2 Ã w[Æ?�ml�£-ÅEÆ
o&�f^&{�rF^&q��"x�º�_^zvM^&p�}kq?t4o,v1o'w¬�^z}<v]^&q���_^z��w`_^z}<v1x����L^&qr^&qk}sv]^zt"v1_^&q]^&p�}�_^ �o¨rdoyµ"����vM^cÈ8Ë�¢�®�ÌF¢#¥�^ut+o,v1o'w¤�^z}<v]^
�!_^z��w`_^z}<vFx��e�@^ x�w¡t��'vk}ko'pe}¡�"o'p"q�{\^z}<}X^:{���p�µ4����v1o,}kx~��pe^&q<}yrW��o'p���rF^¤�L^¬}<�'v1qkx~��p`^&pe}<v]^IrF^&q��'vk���"tN^��
w ^&p�}kq¨o'{z{\^zt"}X^&��v'^z}y����p4pL^&��v&¢R£=^z}yo'p���rF^yxqz&q<}¡v{zzt4v�_z&q^z&p�}�_z qk��v¡r�o µ"����v{z È8Ë�¢ F ÌF¢�Å?���"q¡o[�'��p"q
�'¯"}^z&pe�Í�"pYz-�,o'r�z&��v�t����"v�r�zs{zo'r�{z�4rYz&p J¥JG� �Yz F6| ¢ | ³'�e�e�"x4{��'vkv{z&q<t���p"� �o��"pyo'p���r8zav{z&r�o,}kx~�}z&w~z&p�}
 �o'x~¯+r�zEt4o,v-v1o,t"t��'vk}u�oy�#��o'�"}<v{z&q¢_zz}k�"�Yz&qs�#��I�"p¬o'p���r�zGt+r��"q°x�w¡t��'vk}ko'pe}¢_zz}ko'x~}a�'¯"}^z&p��»È8Ë6�,¢ ÷ ³ Ì©o[�}z&{
r�o¡wn_zz}k|��6�Yz�q^z&w¨x��
z&w¡t4x~vFx��e�Wz?��#»�¨���&m�W¢

La structure électr onique

¥az&qGp"x~�}z&o'�6�ê_z&r�z&{�}<vk��p"x����Yz&qG�Yzc£ 2 Ã�w&Æ?�ml�£°ÅGÆ {zo'r�{z�"r{_z&q�z&p"J¥JE��zz}�z&p¶r�x�o'x�q<��p4qs ��'vk}^z&q� Ó�Ò Ì?Ï�� ÓRÑDÔ výÓ Õ Ó Í~Î × ËDÌ?Ï8 ÔAÓ�Ò������ q<��p�}°v{zzt4v{z&q^z&pe}g_z&q-q1��v©rdoXµ"����v�z�È8Ë�¢��ÌF¢"¥Rz&q°�Yz&���e_zz}ko,}kq3�"������zz}a±�²/��� q<��p�}° ��'vk}^z&w�z&pe}-qg_zzt4o,v�_z&q
�Yz&qao'��}<v{z&qsp"x~�}z&o'�6��¢�¥Rz&q-��o,t4q��oy�"p _z&r�z&{�}<vk��p:�'¯"}^z&pe�4q�z&pöJ¥JE��zz}Bz&pIr�xdo'x�q<��p"q© ��'vk}^z&qaq<��pe}-}<vz�z&q
t"vk�6{1|Yz&q�zz}¦�,o'r�z&pe}¦v{z&q<tLz&{�}kx~�}z&w�z&pe}R¾6¢�®'®�zK<�zz}R¾6¢�6�¾�zK<�¢�n z&q���o'r8z&��v1qU�Yz-��o,t �oG�"pn_z&r�z&{�}<vk��pco'�"qkqkx
 �o'x~¯+r�z&qEq<��p�}Xo'� t"v{z&wyx�zzvGo,¯��'v1�)qk��t4v{z&p"o'pe}^z&qG{zo,vu{1|"o'���Yz¡�'vk���"tAz&w~z&p�}Gq�_zzt4o,v1_zÍ�Yz¡r�o¤w¡��ry_z&{z�"r�z
t���q1q��z&�Yz-�"pu��o,t¡x�wyt��'v1}ko'p�}z¢,¥Rz© �o'x�}����Yz°r�z&qUp"x~�}z&o'�6�"��������zz}R±R² ���¤qk��x�z&p�}� ��'vk}^z&w�z&pe}Rqg_zzt4o,v�_z&q
�Yz&qao'��}<v{z&q?p����"q-x�p4�"x����Yz����#��x�rdq°�'��p�}�@<���Yzzvs�4p¬v�Ï��r�zGt"vFx�w¡�'v1�"xdo'r4o'�:p4x~�}z&o'�I�"�¤}<v1o'p4q<t��'vk}z¢
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1.1781.415

1.373

1.429

1.418

1.415

1.429
1.387

1.175

1.432

1.178

1.428

1.434

1.429

1.401
1.411

1.372

1.412
1.407

1.389
1.430

1.4241.410

1.368
1.399

1.365
1.479

1.524

1.531

n�oqp rAK�t����x� �K���(�K|3�b�K��wP�K���U�K|3|�}(�>�&�����?�K���	ª���1¤~�},�R�K�&�(�K��������},���R�K�F��}G�1��� ¦��m���^�f�
� ��� � ����|�ª}3���]����w`���,���CwP���
}(����� ò t
JEr~�'¯4o'r�z&w~z&p�} xdrm�Go-�"pE¯���pXo'{z{��'vF�/z&pe}<v{z�r�z&q#�Yz&����}^z&{F|"p"x����Yz&q/o'�Xp4x~�}z&o'�X�Yz&q�_zz}ko,}kq�_z&r�z&{�}<vk��p"xd�e�Yz&q
o'��}<����vs�"�I��o,t/¢

� Ñ Ì Ñ Î Ô�×RÓ Ö Ó�ÒýÓ Î Ñ Î Ò�ÑDÒ=Ò Ë3Í~ÏKýÓ�Ò ÐÑÍ Ó�Ò ÌAÏ�� Ó=Ñ,Ô v � ¥Rz&qe_zz}ko,}kqy��� ����zz}Í±R²/��� pWz:q<��pe}¡t4o'qy�"� }<���"}yr~��{zo'rdx�qg_z&qyqk��vy{F|"o'{z�"p �Yz&qy�Yz&�6� �'vk���6�
tAz&w~z&p�}kqz¢a£©��wyw~z r�z w¡��pe}<v{z rdo»µ"���"v{z È8Ë�¢��z¾�ÌF�ar�o½�Yz&p"qkx�}g_zå_z&r�z&{�}<vk��p4x��e�Wz�z&q<}¤�=_z&r~�6{zo'r�x�q�_z�z¶qk��v
r8��z&p"q^z&w�¯4r�z)�Yz&q¤r�x�o'x�qk��p"q�M �Yz)r�o½wy��ry_z&{z�"r�z¶w¤Ïz&w�z¶o'� p"x~�}z&o'� �Yz&q¤o,}<��w�z&qI�#��o/Lz�'}^z � ¢a£�zz}<}^z
�%_z&r~��{zo'rdx�qko,}kx~��p¶tLzzv1w~zz}u�#��z��6t4r�x����Yzzv�z&p¶t4o,vk}kx8z¨r�o¤ Êo'x~¯4r�z��,o'r�z&��vu�"� ��o,t �oI�"p _z&r8z&{�}<vk��p �'¯"}^z&p��
{zo,v�{���wyw~z�r�z&q?p"x~�}z&o'�6�ö_z&r�z&{�}<vk��p4x��e�Wz&q�M �Yz�{1|"o'���Yz��'vk����tLz&w�z&pe}sq<��pe}s ��'vk}^z&w�z&pe}�{�����t+ry_z&qz�4��p
o,¯����"}kx~}¤�o �"pYzcv�_z&�"�"{�}kx~��p �"�½��o,t�xdw¡t��'vk}ko'p�}^zct4o,v�v1o,t"t��'vk}Í�o {�z&�6�½�Yz&q��'vk����tLz&w�z&pe}kq�x�q<��r{_z&qz¢
#:o'x�q�r�o¨ �o'x~¯+r�zXr�o,vk�}z&��v��Yzu¯+o'p"�Yzux�pe}^zzv1�"x�}^z/z&q<}Eo'�"qkqkx��"�Yzuo'� {zo,v1o'{�}��zzv{zy����p"pWz&��v�zz}Eo'{z{�zzt"}^z&��v
�Yz&qa�Yz&�6�¤�'vk����tLz&w�z&pe}kqa{�����t+ry_z&qz¢

Â°x�z&pIq�Ï��v[�6{���w¨w�zup����"qsr�zG�}zzvkvk��p"qs�"p¤tLz&�¤t4r��"q°r~��x�p/�6rdo¡�%_z&r~��{zo'rdx�qko,}kx~��p¬p#��z&qk}at4o'q-t4o,v1 �o'x~}^z'�
z&p {�z�q^z&p"q����Yz�r�o¨ ���p4{�}kx~��p �/�´��p"�Yz��Wz�{1|4o'�e�Yz�p"x~�}z&o'��z&q<}E�"pItLz&� t4r��"qsr~��{zo'rdx�qg_z�z�q1��v?r8���4p:�Yz&q
�'vk����tLz&w�z&pe}kqz¢�Åz_z&o'p"wy��x�p"qz��r�oE�=_z&r~�6{zo'r�x�q1o,}kx~��p��'¯"}^z&p��YzBz&q<}Rx�w¡t��'vk}ko'pe}^zBzz}�z&pe}<v1o[Ï 9�pYz-���Yzap����"q¦pYz
t����"�'��p"qst+o'qs�=_z&{�����t4r8zzv�r�z&q?�'vk����tLz&w�z&pe}kq�o'{z{�zzt"}^z&��v�zz}?����p4pYz&��v&¢4��x�p"q1x8�"x�r p/��z&q<}st4o'q?t���qkqkx~¯+r�z
�Yzuv1_z&o'r�xdq^zzvG�"p:qk{F|%_z&wyo�_z&�e�"x���o'r�z&pe}y�o¨{�z&r��"x��#�����a`?bLc ��zz}X�Ec"���adWb�¢4¥Rz�t"v1xdp"{zx~tLzG�#���R�D`?bLc ��zz}
�/c"���RdWb p#��z&q<}E����p"{Xt+o'q"�� ( U¡£¢[¤��:¥�¡8¦��Lz&p }<����}?{zo'q�t�����v?rdo¨{���p� ��'v1wyo,}kx~��p �'¯"}^z&p��Yz¬�ocr�o¨ ���xdq3z&p
J¥JE��zz}3z&pI¥�na��È�< t ÅEÌ w ¢

§ å�ó ö�éAT8â^ë8îWö�áFé�à�ó ï�éXê1îWáFí-â�à�ó êD\
á1îWâ©ç'â
ï[îUà[áfémé�â3ë�å�ö�â
ï�Vê-ï�éy¨â^îPê1îf©�áFë8îWâ
í-â3é&î�å�ázã<êFå�ö7Th¨â°ã
áFí-í-â�à�êFé?T�å�â�ã<êDT�àmâ�å ê
çzä&ëWö�àmö�é�â�á&VïGå~ó?¨â3îPê1îDª<«(¬a«�â
é��Õ�Z»ò�®D¯¬ÝUô+âUTÊî ï�é�¨â3îPê1î�àmâ�ç,êFö´ëWâ¦å�ö�ìmëWâ�°
± é�áfï?T ê{²fáféATR²1¨â3ëWö�³L¨â�õzï�â�í�´â
í-âUç'áfï[ë�å�ê°ã
áFé�³6µfïmëPêkîWö�áféGáfì[îWâ
é&ï�â¦â
é�Z_¶�·Rç,êkëD¸�¹�«(º�â3î ã
áFØ�ê1ïmîWâ
ï[ë=T¼»�·^½{¾q['å�âUT

¨â^îPê1î=Taª<«:¬R«�â3îa¿WÀ,¬R«T8áFé&î�àU¨â
å�ázã<êFå�ö7Th¨âUTUê1å�áFë=T�õ&ïmâUå~ó êFé6µFå�â¼ÁAâUTÊî ì'â<êFïmã
áfïmç�ç�å�ï?T ö�í-ç'á1ë8îPêFézîRòdñh·�° Â�Ã�ôm°
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��É,�_},��{�}(�f�&��|{��5�U�K���,{��$},�$��� ò },��},���7wP��wÚ�(���&�x�(��|3�_}(�,t

�?�6Ê}Ëe}¦�Yz�Ì����WÍ�Îk�WÏ~�OÍ{z}ÐhÏ8Ñ(zhÎ^Ò�Ï8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò��Yz�Õ�Ô,Ó�ÌWÍ�zhË"�YÍ{z�Ñ8��Ô}Í�Ï~�,Ï8ËWz��Yz�Õ�z�Ò^Ò^za�%_zhÑ�ÔOÕ�Ê}ÑÇÏ8Î{ÊÖÒ{Ï�Ô,Ë#¢× ÔAÓ ÕÚÕ Ó�Ó�Ò ÎÕ[Ø Ë × Ï þ ÏÚÌ Ó Ö Ó Í Ó Î`Î ÓÖ ýÓ Õ7Ë3Í Ñ Õ Ï Ò�Ñ Î`Ï`ËDÌ�Ù ¹�Ë"z�ºAz�Ò�Ð}Ê}Ú�Ñ8Ï�zhÚ��#�oÚYÒ{Ï8ÑÇÏ8Î^z�ÍaÚWË�ÌLÔ,Ë(ÒU��Õ�Ô,Ó~Ó�z-�R�a`>bLc �Ûz�Ò��Ec"���adWb�Ñ�z�Î{Ú��'��_z�Í�Ê}Ï�zhË:Ò�Ð,Ñ8Ê Ó�Ô,Ñy_zhÕ�ÚWÑ�z
£ Ç10 Ã 232 �3Æ��ml�£°ÅEÆÜÊ/Î^zhÎ¦�}Í{Ô,ÚWÌAzhÓ~zhË(Ò{ÎA�YÔ,ËWËYzhÚYÍ_z�Ò�Ê}Õ�Õ�z�ÌWÒ^zhÚYÍ�Í�zhÑ8Ïy_zhÎ�Ì1ÊÖÍ�Ú1Ë�Î{Ï8Ó�Ì1Ñ8z©�}Í�Ô,ÚYÌLzhÓ�zhË(Ò_z�Ò{Ý���Ñ8¢�:]Ñ:zhË�Í1_zhÎ�ÚWÑ�Ò^z�ÚWËYz�Õ�Ô,ËA@{Ú��,Ê}Ï8Î^Ô,Ë�ÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò^z�zhË:Ò^Í{z�Ñ�zhÎ¦�YzhÚYÞu�}Í{Ô,ÚYÌLzhÓ�zhË:Ò{Î¦�:Ú1Ï:zhÎ{Ò<Ñ8��Ô}Í�Ï~�,Ï8ËWz
ß zjÕ�z�Ò^Ò^z ß _zhÑ�Ô�Õ�Ê}Ñ8Ï8Î{ÊÖÒ{Ï8Ô,Ë#¢�£�z�Ò^Ò^z ß _zhÑ�Ô�Õ�Ê}Ñ8Ï8Î{ÊÖÒ{Ï�Ô,ËàzhÎ^Ò ßâá Ê}ÚYÒ{Ê}Ë:ÒEÌ1Ñ8Ú1Î/Ï8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò^zc�OÚYzãÑ á Ê}Ë"�,Ñ�z ß z
Ò^Ô}Í�Î{Ï�Ô,ËqzhË:Ò^Í{z"Ñ8zhÎ ß zhÚ�ÞI�}Í{Ô,ÚYÌLzhÓ�zhË:Ò{Î�ÐAÌAÔ,ÚWÍ�Ñ8ÊjÕ�Ô,Ë� >Ô}Í�Ó~ÊÖÒ{Ï�Ô,ËäÕ�Ê}Ñ8Õ�ÚWÑ{_z�z}ÐâzhÎ{Ò? �Ê}Ï~¯1Ñ�z'¢$:�ÑDzhÎ^Ò ß Ô,ËWÕ
Ë%_zhÕ�zhÎ{Î{Ê}Ï�Í{z ß z�å�_z�Í�Ï~µWz�ÍEÎ{Ï�Ñ8z�Í�_zhÎ{ÚWÑ�Ò{ÊÖÒu�OÚYz~ËYÔ,Ú1Î�Êhå}Ô,ËWÎ�Ô'¯WÒ^zhËOÚ4zhÎ^ÒX��_zhË=_z�Í�Ê}Ñ¼z�ÒEÎ{Ï_z�ºLzhÕ�Ò{Ï�å}zhÓ�zhË:Ò
ÚWËæÊ}Ë��,Ñ�z�ÌUÑ8ÚWÎ�Ï8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò�Ë á zhË:Ò^Í�Ê[Ï 98ËYz�Ì1Ê}Î ß zhÎR_z�Ò{ÊÖÒ{Î Ì1Ñ8ÚWÎ�Ñ�Ô�Õ�Ê}Ñ8Ï8Î�_zhÎz¢
Influence de la conf ormation

Å3Ô,Ú1ÎfÊ�å}Ô,ËWÎ�Õ�Ê}Ñ8Õ�ÚWÑ{_z�zhË�Ñ8Ï8Ê}Ï8Î{Ô,ËWÎ# >Ô}Í{Ò^zhÎ_Ñ8Ê3Í1_z�ÌUÊÖÍ{Ò{Ï�Ò{Ï�Ô,Ë ß z�Ñ8Ê ß zhË1Î{Ï�Òg_z'_zhÑ�zhÕ�Ò^Í�Ô,ËWÏ��OÚYz���çã� %�Î{ÚYÍ_Ñ�zhÎ
ß Ï�º�_z�Í�zhË(Ò^zhÎBÌUÊÖÍ{Ò{Ï�zhÎ ß z�Ñ8Ê"Ó�Ô,Ñy_zhÕ�ÚWÑ�z�zhË¤ >Ô,ËWÕ�Ò{Ï�Ô,Ë ß z�Ñ á Ê}Ë��,Ñ�z�x"zhË(Ò^Í�z/Ñ�zhÎ©�}Í{Ô,ÚYÌLzhÓ�zhË:Ò{ÎBÊ}Õ�Õ�z�ÌWÒ^zhÚYÍ
z�Ò ß Ô,ËWËYzhÚWÍ&¢

¥DÊXµ"�,ÚYÍ�z�È8Ë�¢��'�[Ì¼Ó�Ô,Ë:Ò^Í{z Ñ8ÊEÍ�_z�Ì1ÊÖÍ{Ò{Ï�Ò{Ï8Ô,Ë ß Úè�"�����$Î�ÚYÍ¼Ñ á zhË1Î^zhÓu¯UÑ�z ß z3ÑÇÊEÓ�Ô,Ñ{_zhÕ�ÚWÑ8z'¢�:]ÑWzhÎ^Ò� Ó ª�«(¬R«
 ?Ô}Í{Ò^zhÓ~zhË(Ò�Ñ�ÔOÕ�Ê}ÑÇÏ8Îg_z/ÌLÔ,ÚYÍ�ÚWËæÊ}Ë"�,Ñ�zÎ �Ê}Ï~¯1Ñ�z/Î�ÚYÍ3Ñ�zG�}Í{Ô,ÚWÌAzhÓ~zhË(Ò3Ê}Õ�Õ�z�Ì1Ò^zhÚYÍhÐUÕ�Ô,ÓãÓ�z�Ñ�z/Î�Ú��'�!_z�Í�Ê}Ï�Ò
Ñ8Ê�Í{z�ÌWÍ1_zhÎ^zhË:Ò{ÊÖÒ{Ï�Ô,Ë ß Úà�������ÛzhËÀJ¥JE��¢/Åz_zhÊ}ËWÓ�Ô,ÏÇËWÎ�ÐRÏ8ÑfÍ{zhÎ^Ò^z~Ú1ËYz�ÌUÊÖÍ{Ò{Ï�z�ËYÔ,ËäË%_zz�,Ñ8Ï~�}zhÊ,¯1Ñ8zy�:ÚWÏ
Î^z�Ò^Í�Ô,ÚYå}z�Î{ÚYÍ�Ñ�z�ÌLÔ,Ë:Ò�M�z�Ò�Î{ÚYÍ�Ñ�z ß Ô,Ë1ËYzhÚYÍ&¢�¥RÔ}Í�Îk�OÚYz�Ñ á Ê}Ë��,Ñ�z"Ê}Ú��,Ó�zhË:Ò^z}ÐâÚWËYz� >Ê}Ï~¯UÑ�z/åÖÊÖÍ�Ï8ÊÖÒ{Ï�Ô,Ë
ß z/Ñ8Ê�Í1_z�Ì1ÊÖÍ{Ò{Ï8Ò{Ï�Ô,ËyzhÎ^ÒBÔ'¯WÒ^zhËOÚYzu�OÚWÏAÒ^zhË ß �ÊãÑ�ÔOÕ�Ê}ÑÇÏ8Î^z�ÍBÚWËèÌLzhÚèÌ1Ñ8ÚWÎ�Ñ�z��������éÎ{ÚYÍ�Ñ�zG�}Í�Ô,ÚYÌLzhÓ�zhË(Ò
Ê}Õ�Õ�z�ÌWÒ^zhÚYÍEÄ?£°ÅGÆ�¢

��Ú4ËWÏ�å}zhÊ}Ú ß Ú ±R²/��� ÈÊÉ_Ï~�,ÚWÍ{zyË�¢�� F Ì�ÐRÌLÔ,ÚYÍ ß zhÎ�Ê}Ë��,Ñ�zhÎE �Ê}Ï~¯1Ñ�zhÎ�ÐLÕ�zhÑ8ÚWÏ~��Õ�ÏDzhÎ{ÒE�OÚWÊ}Î{ÏÇÓ�zhË(Ò� Ó ¿1À,¬R«
Í�_z�Ì1ÊÖÍ{Ò{Ï ß z$Ó~Ê}ËWÏ8�z�Í{z�_zz�,Ê}Ñ�z$zhË:Ò^Í{z�Ñ8zhÎ ß zhÚ�Þ��}Í{Ô,ÚYÌLzhÓ�zhË:Ò{ÎãÊ}Õ�Õ�z�ÌWÒ^zhÚWÍjz�Ò ß Ô,ËWËYzhÚYÍ&¢*>�ËYzæåÖÊÖÍ�Ï8Ê��
Ò{Ï�Ô,Ë ß z�Ñ á Ê}Ë��,Ñ8z~x�ÏÇË ß ÚWÏ�Ò�ÚWËYz�Ì1ÑÇÚWÎ��}Í�Ê}Ë ß z�åÖÊÖÍ�Ï8ÊÖÒ{Ï�Ô,Ë ß z~ÑÇÊjÍ1_z�ÌUÊÖÍ{Ò{Ï�Ò{Ï�Ô,Ë _zhÑ�zhÕ�Ò^Í�Ô,ËWÏ��OÚYz�z�ÒEÑ á _z�Ò{ÊÖÒ
±R²/���êÎ^z4Ñ�Ô�Õ�Ê}Ñ8Ï8Î{z$Ì1Ñ8Ú1ÎjÎ{ÚWÍèÑ8z ß Ô,Ë1ËYzhÚYÍ&¢#$Ê}ÏÇÎ�Ñ á Ï8ËFE1ÚYzhË1Õ�z�Ë á zhÎ^ÒèÌ1Ê}ÎyÊ}Î�Î^zKL) ?Ô}Í{Ò^z4ÌLÔ,ÚYÍÍ¯1Ñ�Ô,�
�:ÚYz�Í/Õ�Ô,Ó~Ì1Ñy_z�Ò^zhÓ�zhË:ÒEÑ8Ê ß _zhÑ�ÔOÕ�Ê}ÑÇÏ8Î{ÊÖÒ{Ï�Ô,Ë#¢ £�zhÑÇÑ�z���Õ�ÏfzhÎ^Ò�Î{Ú�§ãÎ{Ê}ÓãÓ�zhË(Ò�Ï8Ó~ÌAÔ}Í�Ò{Ê}Ë(Ò^z�ÌLÔ,ÚYÍ�Õ�Ô,ËWÕ�Ñ8ÚYÍ{z
µ1ËWÊ}Ñ�zhÓ�zhË:Ò��:ÚYzèÑ�z�ÌWÍ�Ï8Ë1Õ�Ï�ÌLz ßâá ���a`?bLc �ëz�Òy�Ec"���RdWbìËYzjÌLzhÚYÒ�Ì1Ê}Î�Î á ÊÖÌWÌ1ÑÇÏ��:ÚWz�Í¤�ÊäÑ8ÊqÓ�Ô,Ñy_zhÕ�ÚWÑ�z
£�2�Ã w Æ?�ml�£-ÅEÆ�¢
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Le moment dipolaire

#�Ú"$�Ê}Ï�Ò ß z�ÑÇÊ$ÌWÍ1_zhÎ{zhËWÕ�z ßâá ÚWË&%}Í{Ô,ÚYÌLzhÓ�zhË:Ò"Ê}Õ�Õ�z�ÌWÒ^zhÚWÍ�z�Ò ßRá ÚWË ß Ô,ËWËYzhÚYÍhÐfÑ8ÊqÓ�Ô,Ñy_zhÕ�ÚWÑ�z� Ó Ö Ï Ù('Ë�Õ ÓÎ*)xýÓ Ë × Ï8 ÔAÓ +�,.- w0/�1ml +2 / ÌAÔ,Î�Î.3z ß z$ÚWË ß Ï�Ì�4Ô,Ñ�zèÌLz�Í�Ó~Ê}ËYzhË:Ò6587_ÊÖÍ�Ó~Ï�Ò^Ô,ÚWÎãÑ�zhÎjÊÖÒ^Ô,Ó�zhÎ ß z$Ñ8Ê4Ó�Ô,Ñ{_zhÕ�Ú1Ñ�z}Ð¼Õ�z
Î^Ô,Ë(Ò�Ñ�zhÎ3ÊÖÒ^Ô,Ó~zhÎ ßâá Ê:9�Ô}Ò^z<;OÚWÏRÎ^Ô,Ë:Ò Ñ�z/Î�Ï=3z6%}z ß zhÎ3Ò^Í�Ê}ËWÎ>$>z�Í{Ò{Î ß zEÕ�Ý1ÊÖÍ?%}z�Ñ�zhÎ3Ì1Ñ8ÚWÎBÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò{Î�5A@RzhÎ
Õ�ÝWÊÖÍ?%}zhÎ ß zhÎ ß ÏCB�_z�Í{zhË:Ò{Î�ÊÖÒ^Ô,Ó�zhÎ ßâá Ê:9�Ô}Ò^z�Ô�DWÒ^zhËOÚYzhÎ�zhËFEGEIHÜz�Ò¼zhËèÑ8ÏÇÊ}Ï8Î^Ô,ËWÎJ$>Ô}Í{Ò^zhÎ�Î^Ô,Ë:Ò¼Í1_zhÎ�ÚWÓn_z�zhÎ
ß Ê}ËWÎ�Ñ�z�Ò{Ê:DUÑ�zhÊ}Ú&KML�5 ö0N 5 2 Ô,ÚWÎ3Í{z�Ò^Ô,ÚYå}Ô,ËWÎ3Ì1ÊÖÍ{Ò{Ï�zhÑÇÑ�zhÓ�zhË:Ò�Ñ á Ï8Ó~Ê:%}z ß ÚèÒ^Í�Ê}ËWÎ>$>z�Í{Ò ßâá ÚWË¦_zhÑ�zhÕ�Ò^Í�Ô,Ë ß Ú
%}Í{Ô,ÚYÌLzhÓ�zhË:Ò ß Ô,ËWËWzhÚYÍ<å}z�Í�Î�Ñ�zO%}Í{Ô,ÚWÌAzhÓ~zhË(Ò�Ê}Õ�Õ�z�ÌWÒ^zhÚYÍIK=PfÏQ%,ÚYÍ{zRL�5 FSN 5UT�ËV$>Ê}Ï8Ò�Ð:Ñ8Ê�Í1_zhÊ}ÑÇÏ�Òg_z zhÎ^Ò¼Ì1Ñ8ÚWÎ
Õ�Ô,Ó�Ì1Ñ�z�Þ�z}ÐAÑ8z�Ò^Í�Ê}Ë1Î>$?z�Í�Ò ß z�Õ�ÝWÊÖÍW%}zhÎ�Î^zX$�Ê}Ï�Ò ÌWÍ�Ï8ËWÕ�Ï8Ì1Ê}Ñ�zhÓ�zhË:Ò�zhË:Ò^Í{z"Ñ8zhÎ ÊÖÒ^Ô,Ó�zhÎ ß z"Õ�ÊÖÍ?DLÔ,ËYz�å}z�Í�Î
Ñ á ÊÖÒ^Ô,Ó�z ßRá Ê:9�Ô}Ò^zjzhË:åOÏ8Í{Ô,ËWËWÊ}Ë:ÒY3Ê$Ñ á z�ÞYÕ�z�ÌWÒ{Ï�Ô,Ë ß z~Õ�zhÑ8ÚWÏ ß ÚZ%}Í{Ô,ÚYÌLzhÓ�zhË:Ò	;OÚWÏ8ËYÔ,ÑÇÏ8ËWÏ8ÚWÓ[;:Ú1Ï�Í{zhÎ^Ò^z
ÌWÍ�ÊÖÒ{ÏQ;OÚYzhÓ�zhË:ÒBËYzhÚYÒ^Í{z�5 2 Ô}Ò^Í{zV_z�Ò{Ú ß z�Ê:DLÔ,ÚYÒ{Ï�Ò�\1ËWÊ}Ñ�zhÓ~zhË(ÒG3Ê�ÚWË ß Ï�Ì�4Ô,Ñ�zR;:Ú1ÏUåÖÊ}ÚYÒ�Í{zhÎ^ÌLzhÕ�Ò{Ï�å}zhÓ~zhË(Ò
F:] 5_^S`I#�z6Dba}zhÎRK F�c 5 c #�z6D�a}zhÎ N zhËYEGEIHdK>zhË~ÑÇÏ8Ê}Ï8Î^Ô,ËWÎ $>Ô}Í{Ò^zhÎ N 5Se]Ñ�Î á Ê:%,Ï�Ò ßâá Ú1ËYz¼åÖÊ}Ñ�zhÚYÍJ%,ÏQ%,Ê}Ë(Ò^zhÎ?;OÚYz�f
;:ÚWÏ�Õ�Ô}Í{Í{zhÎ{ÌAÔ,Ë ß Ê}Ú ß Ï�Ì�4Ô,Ñ�zV$>Ô}Í�Ó`_zèÌ1ÊÖÍ�ÚWË _zhÑ8zhÕ�Ò^Í{Ô,ËÛz�Ò�ÚWËàÒ^Í�Ô,Ú Î�_z�ÌUÊÖÍ�_z ß z©» ö6] ´HX5J@Rz ß Ï�Ì�4Ô,Ñ8z
zhÎ^Ò~Ô}Í�Ï�zhË:Òg_z ß Ú�%}Í{Ô,ÚWÌAzhÓ~zhË(Ò�g +�2 / å}z�Í�ÎjÑ�zh;:ÚWÏÇËYÔ,Ñ8Ï8ËWÏÇÚWÓ Ñ{_z6%U3z�Í{zhÓ�zhË:Ò ß _zhÕ�Ê}Ñ{_z�Ì1ÊÖÍ�Í�ÊÖÌWÌLÔ}Í{Òi3Ê
Ñ á Ê6ÞOzEÌWÍ�Ï8ËWÕ�Ï8Ì1Ê}Ñ ß z/Ñ8Ê�Ó�Ô,Ñ{_zhÕ�ÚWÑ�z�5Ae�ÑâzhÎ{Ò ß ÏCjãÕ�ÏÇÑ�z ß z/Õ�Ô,Ó�Ì1ÊÖÍ{z�Í3Õ�z�Í�_zhÎ{ÚWÑ�Ò{ÊÖÒ3Ô�DWÒ^zhË:Ú$Êhå}zhÕ ßâá Ê}ÚYÒ^Í{zhÎ
zhÎ^Ò{Ï8Ó~ÊÖÒ{Ï�Ô,Ë1ÎRÒ{Ý=_z�Ô}Í�ÏQ;OÚYzhÎ ß Ú ß Ï�Ì�4Ô,Ñ8z_Õ�ÊÖÍ_Ñ8Ê ß ÏÇÎ^ÌLz�Í�Î{Ï�Ô,Ë ß zhÎRåÖÊ}Ñ�zhÚYÍ�ÎâÒ{Ý%_z�Ô}Í�ÏQ;OÚYzhÎRzhÎ{ÒRÒ^Í63zhÎDÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò^z
K>k ö6] � l � L F � Fml #�z6Dba}zhÎ N k ö ^ l 5n@az ß Ï�Ì�4Ô,Ñ8z ß _z�ÌLzhË ß zhËæz.BAz�Ò�$?Ô}Í{Ò^zhÓ~zhË(Ò ß z/Ñ8Ê�Õ�Ô,Ëo$>Ô}Í�Ó~ÊÖÒ{Ï�Ô,Ëp5

#�zhÎ�z�Þ�Ì=_z�Í�Ï�zhËWÕ�zhÎ<Ô,Ë(Ò¨_z�Òg_z Ó�zhË=_z�zhÎ�Ê:\1Ë ß zBÓ�zhÎ{ÚYÍ�z�Í_Ñ8z ß Ï�Ì�4Ô,Ñ�z�z�ÞOÌ�_z�Í�Ï8Ó�zhË:Ò{Ê}Ñ ß zBÑ8Ê�Ó�Ô,Ñy_zhÕ�ÚWÑ�zq Ë � Ù�ÑD×RÑ Ï Ò Ë,ÌÑ � Ó ÍYÕ[Ø Ó v Ù ýÓ�× Ï Ó Ì�Í Ó +�r f - ,>, 1s/R1ml +�2 /tk öhFml 5J# zhÎ"Ó�zhÎ{ÚWÍ{zhÎ ß zjÑ8Ê$Õ�Ô,ËWÎ{Ò{Ê}Ë(Ò^z ß Ï{_zhÑ�zhÕ�Ò^Í�Ïu;:ÚYz ßâá ÚWËYzãÎ{Ô,Ñ8ÚYÒ{Ï�Ô,Ë ß Ï8Ñ8Ú=_z�z ß z
+�r f - ,>, 1s/R1ml +�2 / Ô,Ë:ÒR_z�Òg_zEÍ1_zhÊ}Ñ8ÏÇÎg_z�zhÎBzhËF$?Ô,Ë1Õ�Ò{Ï�Ô,Ë ß z/Ñ8Ê�Ò^zhÓ�Ì�_z�Í�ÊÖÒ{ÚYÍ�z�5A@ á Ï8Ë:Ò^z�Í{ÌWÍ1_z�Ò{ÊÖÒ{Ï8Ô,Ë ß zhÎBÓ�z.1Î{ÚYÍ{zhÎ ß Ô,Ë1ËYz�Ú1ËYz�å6Ê}Ñ�zhÚWÍ ß z | l<#�z6D�a}zhÎ3Ê�å}zhÕ/ÚWËYz�D1ÊÖÍ{Í�z ßâá z�Í�Í{zhÚYÍBÏ8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò^z ß z�Ñ á Ô}Í ß Í{z ß z	¶ ÷
# z6D�a}zhÎ65U@ á _zhÕ�ÊÖÍ{Ò�zhË:Ò^Í{z Ñ8Ê/å6Ê}Ñ�zhÚWÍ<z�ÞOÌ�_z�Í�Ï8Ó�zhË:Ò{Ê}Ñ�z3z�Ò�Ñ�zhÎ<åÖÊ}Ñ�zhÚYÍ�Î<Ò{Ý%_z�Ô}Í�ÏQ;OÚYzhÎ<zhÎ^Ò ß Ô,ËWÕ�ÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò65
+ zhÑ8ÚWÏv1�Õ�ÏBË á zhÎ^ÒãÌ1Ê}Î ß 4Úw3ÊéÑÇÊ4Ì1ÊÖÍ{Ò{Ï�z ß zæÕ�ÝWÊ04 xÇËYz ßâá Ê}ÑÇÕ�Ê}ËYz$Ó~Ê}Ëy;OÚWÊ}Ë:Ò^z�58T�Ëìz.BAz�Ò�Ð�ÓF4zhÓ�zäÎ{Ï ß zhÎ
Ò^Í�Ê}ËWÎ>$>z�Í{Ò{Î ß z Õ�ÝWÊÖÍ?%}zhÎ¼Ï8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò{Î�Ô,Ë:Ò�Ñ8Ï�zhÚ�zhË:Ò^Í{z3Ñ�zhÎ�Ý�a ß Í{Ô�%o3zhËYzhÎ¼z�Ò�Ñ�zhÎ<Õ�ÊÖÍWDAÔ,ËWzhÎ�Ð,ÊÖÌWÌ1ÊÖÍ{Ò^zhË1Ê}Ë(Ò
3Ê/Ñ8Ê�Õ�Ý1Ê04 x8ËYz�Ê}Ñ8Ï�ÌUÝWÊÖÒ{ÏQ;OÚYz}Ð6Ê}Ú1Õ�ÚWË ß Ï�Ì�4Ô,Ñ8z�Ë á zhÎ^Ò�ÌWÍ1_zhÎ^zhË:Ò ß Ú<$�Ê}Ï�Ò ß z�Î{Ê�%�_z�Ô,Ó`_z�Ò^Í�Ï8z�5UT¼Ë�Í�_zhÊ}Ñ8Ï�Ò�_z}Ð(ÌLÔ,ÚYÍ
z�ÞOÌ1ÑÇÏQ;:ÚWz�Í Õ�z�Ò^Ò^z ß ÏvB�_z�Í{zhËWÕ�z}ÐLÏ8Ñz$�Ê}ÚYÒ�Ò^zhËWÏ�Í Õ�Ô,Ó~ÌWÒ^z ß z�Ñ á ÏÇËo{1ÚYzhËWÕ�z ß Ú$Î^Ô,Ñ8å6Ê}Ë:Ò65|T¼Ë$z.BLz�Ò�ÐâÕ�Ô,Ó~Ó�z
Ñ8ÊäÓ�Ô,Ñy_zhÕ�ÚWÑ�z + r f -R,>, 1s/�1ml +�2 / Ë á zhÎ^Ò�Î^Ô,Ñ8ÚoDUÑ�zY;OÚYz ß Ê}ËWÎ�ÚWËÛÎ^Ô,Ñ�åÖÊ}Ë(Ò"ÌLÔ,Ñ8Ê}Ï�Í{z}Ð_Ñ�zhÎ�Ó�zhÎ{ÚWÍ{zhÎ"Ô,Ë(Ò
Ñ8Ï�zhÚ ß Ê}ËWÎ3Ñ�z ß Ï8Õ�ÝWÑ�Ô}Í{Ô,Ó`_z�Ò{ÝWÊ}ËWz�5n@RzhÎ�å6Ê}Ñ�zhÚWÍ�Î�Õ�Ê}Ñ8Õ�ÚWÑ{_z�zhÎ ß Ú ß Ï8Ì�4Ô,Ñ�z�Õ�Ô}Í{Í{zhÎ^ÌLÔ,Ë ß zhË(ÒX3Ê~ÑÇÊ�Ó�Ô,Ñy_zhÕ�ÚWÑ�z
Ï8Î^Ô,Ñ{_z�z ß Ê}Ë1Î�Ñ�z�å�Ï ß z�5

H�\1Ë ß z$Ó�zhÎ{ÚYÍ�z�ÍãÑ á Ï8Ëo{UÚYzhËWÕ�z ß Ú+Î^Ô,Ñ�åÖÊ}Ë:ÒãÎ{ÚYÍãÑ8z ß Ï�Ì�4Ô,Ñ�z ß z�Ñ8Ê4Ó�Ô,Ñ{_zhÕ�ÚWÑ�z}Ð¼ËYÔ,ÚWÎ~Ê�å}Ô,ËWÎ��Ø ÏÚÌ>} ÔAÓ Ì�Í Ó Ö ÔÒ Ë�Õ � Ñ Ì?Î Ó�zhË%_z ß zhÎ Õ�Ê}Ñ8Õ�ÚWÑ8Î�zhË~EGE�HêÊ�å}zhÕ�Ñ8z/Ó�Ô ß ÚWÑ�z +O� Çy� � ;OÚWÏâÓ�Ô ß _zhÑ8Ï8Î{zEÑ�z/Î^Ô,Ñ�åÖÊ}Ë:Ò�Ì1ÊÖÍ Ú1ËYz/Õ�Êhå�Ï�Òg_z
Ê}ÚYÒ^Ô,ÚYÍ ß zäÑ8Ê�Ó~Ô,Ñy_zhÕ�ÚWÑ�z�5�@RzhÎ�å6Ê}Ñ8zhÚYÍ�Î ß Ú ß Ï�Ì�4Ô,Ñ�z ß zqÑ8Ê Ó�Ô,Ñ{_zhÕ�ÚWÑ8zqÊ}Úo%,Ó~zhË(Ò^zhË:Òh$?Ô}Í�Ò^zhÓ�zhË(ÒèzhË
$?Ô,ËWÕ�Ò{Ï8Ô,Ë ß z�ÑÇÊ�Õ�Ô,ËWÎ{Ò{Ê}Ë(Ò^z ß Ï{_zhÑ8zhÕ�Ò^Í�ÏQ;OÚYz�Õ�Ô,ÓãÓ�z�Ñ�z�Î�Úo%�%U3z�Í{z/Ñ8ÊX\y%,ÚYÍ{z�KML�5 ö l N 5 + z�Ò�z.BLz�Ò�ÌLzhÚYÒ�4z�Ò^Í{z
Ï8Ë(Ò^z�Í�ÌWÍ{z�Òg_z<3Ê/Ñ á Ê}Ï ß z ß z3Ñ8Ê�Ò{Ý=_z�Ô}Í�Ï�z ß zI���(��cz�DdWb�k F:]�l 5b@az ß Ï�Ì�4Ô,Ñ�zBÎ{ÊÖÒ{ÚWÍ{z�ÌLÔ,ÚYÍ ß z%}Í�Ê}Ë ß zhÎ<åÖÊ}Ñ�zhÚYÍ�Î
ß zãÑ8ÊæÕ�Ô,Ë1Î^Ò{Ê}Ë(Ò^z ß Ï{_zhÑ�zhÕ�Ò^Í�Ïu;:ÚYzãz�ÒEÊÖÒ^Ò^zhÏ8Ë:Ò"ÚWËWz�å6Ê}Ñ�zhÚWÍ/ÌWÍ�ÊÖÒ{ÏQ;OÚYzhÓ�zhË:Ò/Õ�Ô,ËWÎ^Ò{Ê}Ë:Ò^z ß zjl�L�#�z6D�a}zhÎ65
@RÔ}Í�Î?;OÚYz�Ñ á z.BLz�Ò ß z�ÑÇÊãÌLÔ,Ñ8ÊÖÍ�ÏÇÎ{ÊÖÒ{Ï�Ô,Ë$ÏÇË ß ÚWÏ�Ò^zEÌ1ÊÖÍ�Ñ�z�Î^Ô,Ñ�åÖÊ}Ë(Ò�zhÎ^Ò�Ï8Ë:Ò^Í{Ô ß ÚWÏ�Ò�ÐUÑ á Ô}Í ß Í{z ß z<%}Í�Ê}Ë ß zhÚYÍ
ß Ú ß Ï�Ì�4Ô,Ñ�z�Ò{Ý%_z�Ô}Í�ÏQ;OÚYz~zhÎ^ÒEzhËàÓ�zhÏ8ÑÇÑ�zhÚYÍ/Ê}Õ�Õ�Ô}Í ß Êhå}zhÕ�Õ�zhÑ8ÚWÏ�z�Þ�Ì=_z�Í�Ï8Ó�zhË:Ò{Ê}Ñ�DUÏ�zhË�;OÚ á Ï8Ñ_Í{zhÎ^Ò^z�Î^Ô,ÚWÎ�1
zhÎ^Ò{Ï8Ó`_z�5 2 Ô,Ú1ÎEÌLÔ,ÚYå}Ô,ËWÎ�Ë%_zhÊ}ËWÓ�Ô,Ï8Ë1Î�Õ�Ô,ËWÕ�ÑÇÚYÍ{zV;OÚYzjÑÇÊ$Ó�Ô,Ñ{_zhÕ�ÚWÑ8z + r f -R,>, 1s/�1ml +�2 /ëÌLÔ,Î{Î63z ß z�ÚWË
ß Ï�Ì�4Ô,Ñ�z�ÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò�;:ÚWÏWå6Ê�zhËy%}zhË ß Í{z�Í ß zhÎ�Ï8Ë:Ò^z�Í�Ê}Õ�Ò{Ï�Ô,Ë1Î ß Ï�ÌLÔ,Ñ8Ê}Ï8Í{zhÎ�Ñ�Ô}Í�Î?;OÚYz�Ñ�zhÎ¼Ó�Ô,Ñ{_zhÕ�ÚWÑ�zhÎ�Î^Ô,Ë:Ò�zhË
Õ�Ô,ÚWÕ�ÝYz�5zT¼Ëo\1ËâÐLÕ�z ß Ï�Ì�4Ô,Ñ8z�Ê ß zhÎ�Õ�Ô,ËWÎ�_z�;OÚYzhËWÕ�zhÎ/ÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò^zhÎ�Î{ÚWÍ�Ñ8zhÎ�Ó`_z�Ò{ÝWÔ ß zhÎ ß z"Õ�Ê}ÑÇÕ�ÚWÑ8Î65�T�Ë
z.BAz�Ò�Ð1Ú1ËyÕ�Ê}Ñ8Õ�ÚWÑLzhËyÑ8Ï8Ê}ÏÇÎ^Ô,ËWÎ�$?Ô}Í{Ò^zhÎ3ËYÔ,ËU1�Ê}ÚYÒ^Ô�Õ�Ô,Ý%_z�Í{zhË:Ò ß Ô,ËWËWz ß zhÎ�å6Ê}Ñ�zhÚWÍ�Î ß z ß Ï�Ì�4Ô,Ñ8z�Ï�Í�Í�_zhÊ}Ñ8Ï8Î^Ò^zhÎ�Ð
Ò^Í63zhÎBÑ8ÊÖÍ?%}zhÓ�zhË:Ò�Î�ÚYÌ=_z�Í�Ï�zhÚYÍ�zhÎR3Ê"Ñ8Ê/åÖÊ}Ñ�zhÚYÍ¼z�ÞOÌ�_z�Í�ÏÇÓ�zhË(Ò{Ê}Ñ8z�Õ�ÊÖÍBÑ á _zhÕ�Í�Ê}Ë:Ò{Ê:%}z/Ê}ÚèÎ^zhÏ8Ë ß z Ñ8Ê�Ó�Ô,Ñy_zhÕ�ÚWÑ�z
Í�_z ß ÚWÏ�Ò�Ñ�zhÎ�Ò^Í�Ê}ËWÎ>$>z�Í{Ò{Î ß z/Õ�ÝWÊÖÍ?%}zhÎ ß z/Ó~Ê}ËWÏM3z�Í�zEÏ8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò^z�5
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Le spectre d’absorption optique

H³\UË ß zBåÖÊ}Ñ8Ï ß z�Í<Ñ8Ê�Î{Ò^Í�ÚWÕ�Ò{ÚYÍ{zR_zhÑ8zhÕ�Ò^Í{Ô,ËWÏQ;OÚYzBÔ�DWÒ^zhËOÚYz}Ð(ËYÔ,Ú1Î<Õ�ÝYz�Í�Õ�ÝYÔ,ËWÎ�3Ê/Õ�Ô,Ó�Ì1ÊÖÍ�z�Í¼Ñ�z�Î^ÌLzhÕ�Ò^Í{z
Ô}ÌWÒ{ÏQ;OÚYz�z�ÞOÌ�_z�Í�ÏÇÓ�zhË(Ò{Ê}ÑYÊ�å}zhÕ3Õ�zhÑ8Ú1Ï:Ô�D1Ò^zhË:Ú�zhË�Ñ8ÏÇÊ}Ï8Î^Ô,ËWÎ $?Ô}Í�Ò^zhÎ65S@RzBÎ^ÌLzhÕ�Ò^Í{z ßâá Ê:D1Î{Ô}Í{ÌWÒ{Ï�Ô,Ë�ÊÄ_z�Òg_z Õ�Ê}Ñv1
Õ�ÚWÑy_z	3Ê�Ñ á Ê}Ï ß z ß zBÑ á ÊÖÌWÌWÍ{Ô�Þ�ÏÇÓ~ÊÖÒ{Ï�Ô,Ë ß Ú�Ó~Ô,Ó�zhË(Ò ß Ï�ÌLÔ,Ñ8Ê}Ï�Í{z ß _zsÜm3Ê�ÚYÒ{Ï8Ñ8ÏÇÎg_z ß Ê}Ë1ÎfÑ8z�Õ�Ê}Î ß zhÎ_Ô,ÑÇÏC%}Ô,ÓF3z�Í{zhÎ
ËygÝ�Î65 + Ô,Ó~Ó~zEÑ�zI%,ÊÖÌqÔ}ÌWÒ{ÏQ;OÚYz�zhÎ^Ò³$>Ô}Í{Ò^zhÓ�zhË:Ò Î{Ô,ÚWÎ�1
zhÎ^Ò{Ï8Ó`_z}ÐAËYÔ,ÚWÎ�Ê�å}Ô,ËWÎ�Õ�ÝYÔ,Ï8Î�Ï ß z ß _zhÕ�Ê}Ñ�z�Í�K�Ï8Õ�Ï
ß z ö 5_L6z6Ý N Ñ�zhÎx_z�Ò{ÊÖÒ{Î�z�Þ�Õ�Ï�Ò�_zhÎ�Õ�Ô,Ó~Ó~z ß Ê}Ë1Î Ñ�z"Õ�Ê}Î ß zhÎ�ËygÝGÞ|5A@Rz�Î^ÌLzhÕ�Ò^Í{z ßâá Ê:D1Î^Ô}Í{Ì1Ò{Ï�Ô,ËæÔ�DWÒ^zhËOÚ
zhËéÑ8Ï8Ê}Ï8Î{Ô,ËWÎR$?Ô}Í{Ò^zhÎEzhÎ^Ò�Í{z�ÌWÍ1_zhÎ{zhË(Ò�_zèÎ{ÚYÍ/Ñ8ÊF\y%,ÚWÍ{z�KML�5 ö�|bN 5�@az�ÌWÍ{zhÓ~Ï�z�Í�ÌUÏ8ÕÖÐ�$?Ô}Í{Ò^zhÓ~zhË(ÒEÎ�_z�ÌUÊÖÍ�_z ß z
Ò^Ô,ÚWÎ�Ñ�zhÎ"Ê}ÚYÒ^Í{zhÎ�Ð�Õ�Ô}Í{Í{zhÎ{ÌAÔ,Ë ß 3ÊäÑ8Ê�Ò^Í�Ê}ËWÎ{Ï8Ò{Ï�Ô,Ë ��� ß���à®á�â(ß���5 e]Ñ¼zhÎ^Ò�Î{ÚYÍ{ÌWÍ�zhËWÊ}Ë(Ò"Ê}Ú ÌWÍ{zhÓ~Ï�z�Í
Ê:DAÔ}Í ß ;OÚYz�Ñ8ÊjÒ^Í�Ê}ËWÎ{Ï8Ò{Ï�Ô,Ëä��� ß���à®á8âzß��&Î^Ô,Ï�Ò�Ê}ÚYÒ^Ô}Í�Ï8Î�_z�z�5 + á zhÎ^Ò�Ñ á ÚWËYz ß zhÎ�Õ�Ô,ËWÎ�_z�;OÚYzhËWÕ�zhÎ ß z�Ñ8Ê
ß _zhÑ�ÔOÕ�Ê}ÑÇÏ8Î{ÊÖÒ{Ï�Ô,Ë ß zhÎz_z�Ò{ÊÖÒ{ÎE��� ß��àz�ÒGá�âzß���5nT�Ë�z.BLz�Ò�ÐAÎ{ÏDÑ�zhÎ ß zhÚ�Þ¦_z�Ò{ÊÖÒ{ÎÄ_z�Ò{Ê}Ï�zhË(Ò�å�_z�Í�Ï�Ò{Ê:D1Ñ�zhÓ~zhË(Ò
Ñ�ÔOÕ�Ê}ÑÇÏ8Îg_zhÎ<Î{ÚYÍ<Õ�ÝWÊ}Õ�ÚWË ß zhÎ ß zhÚ�Þã%}Í{Ô,ÚYÌLzhÓ�zhË:Ò{Î�Ð,Ï8Ñ�Ë á a�Ê}ÚYÍ�Ê}Ï�Ò_Ì1Ê}Î ß zBÍ{zhÕ�Ô,ÚYåOÍ{zhÓ�zhË:Ò ß zhÎJ$>Ô,ËWÕ�Ò{Ï�Ô,ËWÎ
ßâá Ô,Ë ß zhÎEz�Ò�Ñ á Ï8Ë:Ò^zhËWÎ{Ï8Òg_zjÎ^z�Í�Ê}Ï�ÒEËOÚWÑ8Ñ8z�5p��Ê}Ï8Î ß Ê}ËWÎEÑ8z~Õ�Ê}Î ß z + r f -�,>, 1s/�1ml +2 /"ÐfÕ�z�Ò^Ò^zjÒ^Í�Ê}ËWÎ{Ï�Ò{Ï�Ô,ËË á zhÎ^Ò�Ì1Ê}Î Ë:Ú1Ñ8Ñ�z�5oH Ú$ËWÏ�å}zhÊ}Úyz�Þ�Ì=_z�Í�Ï8Ó�zhË:Ò{Ê}Ñ[Ð1ÑÇÊ�Ó�Ô,Ñy_zhÕ�ÚWÑ�z/ÌLÔ,Î{Î63z ß zEÚWËYzI\1ËWzID1Ê}Ë ß z ßâá Ê:DUÎ^Ô}Í{ÌWÒ{Ï�Ô,Ë
Ô}ÌWÒ{ÏQ;OÚYz ß Ê}ËWÎ�Ñ�zFD1Ñ�zhÚ";:Ú1Ï�Ë á zhÎ^Ò�Ì1Ê}Î�Ô�D1Î^z�Í{å�_z�z ß Ê}ËWÎ�Ñ�zhÎ�Õ�Ô,Ó�ÌLÔ,Î�_zhÎÏ#�1§ä|1§H�å:5J@aÊqÒ{Ý=_z�Ô}Í�Ï�zyÌLz�Í>1
Ó�z�Ò ßâá _zhÕ�Ñ8Ê}Ï8Í{z�Í¼Ñ á Ô}Í�ÏC%,Ï8ËYz ß z3ÑÇÊ�ÌWÍ{zhÓ~ÏM3z�Í�zOD1Ê}Ë ß z ßRá Ê:D1Î^Ô}Í{ÌWÒ{Ï8Ô,Ë�Ô�D1Î^z�Í{å�_z�z3ÌLÔ,ÚYÍ +Rr f - ,>, 1s/�1ml +�2 /ã5T�Ëo\1ËRÐWÑ8ÊãÎ^zhÕ�Ô,Ë ß zEÍ�Ê}Ï8zYK ß zEÌUÑ8ÚWÎ�%}Í�Ê}Ë ß z�Ï8Ë:Ò^zhËWÎ{Ï�Ò�_z N Ô�DWÒ^zhË:ÚWzEzhË$ÑÇÏ8Ê}Ï8Î^Ô,ËWÎO$?Ô}Í{Ò^zhÎ zhÎ^Ò�$?Ô}Í�Ó`_z�z ß zhÎ
Ò^Í{Ô,Ï8Î�Ò^Í�Ê}ËWÎ{Ï8Ò{Ï�Ô,ËWÎãæâ��� ß��zç�èSà®á�â(ß��<Ða�"� ß�� à®á8âzß���éÏêUÐL���(ß���à®á�âzß��Jé<ë|5zE�Ñ�Ô�D1Ê}Ñ�zhÓ~zhË(Ò�Ð
ËYÔ,ÚWÎjÔ�DWÒ^zhËYÔ,ËWÎèÚWËYz~DLÔ,ËWËYz$Õ�Ô,Ë1Õ�Ô}Í ß Ê}ËWÕ�z�%!_zhË%_z�Í�Ê}Ñ�zézhË:Ò^Í{zäÑ á Ê}Ñ8Ñ8ÚWÍ{z ß zhÎ ß zhÚ�ÞìÎ{ÌAzhÕ�Ò^Í�zhÎjzhË�Ò^z.1
ËWÊ}Ë(Ò�Õ�Ô,Ó�Ì1Ò^z ß zèÑÇÊ�Õ�Ô}Í{Í�zhÕ�Ò{Ï�Ô,Ëp5�e�Ñ¼zhÎ^Ò ß ÏCjjÕ�Ï8Ñ�z ßâá Ê}ÑÇÑ�z�Í�Ì1Ñ8ÚWÎ�Ñ�Ô,Ï8Ë ß Ê}ËWÎ�Ñ8ÊqÕ�Ô,Ó�Ì1ÊÖÍ�Ê}Ï8Î{Ô,Ë�zhË:Ò^Í{z
Ñ�z�Î{ÌAzhÕ�Ò^Í�zãz�Þ�Ì=_z�Í�Ï8Ó�zhË:Ò{Ê}Ñ�z�Ò�Ñ8zjÎ^ÌLzhÕ�Ò^Í{z�Ò{Ý%_z�Ô}Í�ÏQ;OÚYz�3Ê�Õ�Ê}ÚWÎ{z ß Ú�$>Ô}Í{Òh_zhÑÇÊÖÍ?%,Ï8Î{Î^zhÓ~zhË(Ò ß zhÎ"Ê}ÚYÒ^Í{zhÎ
ì ªJ���m¡p�_�J����¡(�m�8�����ío¬0îÕïnîuª�ð�ñ ¥6¦�¨�������6�z�>�W�:�0�Ã�m�W� �m���m�����m�J�����¨�s�����_���ò¦¤���6�����Q� ���I���� ���¦�ó���I���R��ô��� ��ò�M¦¤�Jõ

�s¡=���m����²1¨�s¦¤�ò�§��«m�_�J¡=�M¦¤�m�s�¤�m¦¤�Jª îÇöSîÇ8¥0¡M��¡ ¨�s�§�W�¤¡Dª<«:¬R«ã���f¿WÀ,¬R«X¡M����� ���6�>������¡h¨��¡�¡M�0¦(��ô������m�I�m��¡RµW¦¤�¢�� ��s����6�¤¡(���
�C� ���6�¤����¡M�ò��¨�8�m���_���M¦§�W��¡M�ò�¤���¢��ª<«(¬a«b÷~¿1À,¬R«X�����������
¨�����������Ã�W��¡M�¢��¡a©v�W¦M�¤��¡ �s¡=� �A¨�]µ¢���oµ¢����«�����°
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Longueur d’onde en nmÒ�ÓQÔ ·�ùm¸C¹?ú:�ØpÉ�Ê�×�»6¾s»6ÐvÀWÉ6Á�½?ÁbÂÇ¾�½I¼Ã½�ÀÕ×�½sÄWÂÕ¾�½GÈyË »�É>ÀWÉ�¾Õ×�ÂÕÐuÉ6ÁZ½mÅ?×�¿½W¾>ÐCÊI½?ÁbÂ=»�¼QûsüAïÏÈ0½G¼Ã»<ÊIÉ6¼6¿½¢ÄWÖ�¼Ã½ÏØ1���¢Ú8ý�ý �^�_�
� ØyÛ � û8þM¹WúWÿã½?Â�¼Ã½XÀÕ×�½sÄWÂÕ¾�½<Äs»�¼ÃÄWÖ�¼.¿½<½?Á~¼�Ðu»6ÐvÀWÉ�ÁSÀ�Ñ?É�¾>Â=½?ÀVû=ÂÕ¾�»6ÐCÂ(×�¼Ã½WÐCÁhï0¸��A½?ÀGÂÕ¾�»6Á�À�ÐCÂÕÐuÉ6Á�ÀGÂCÅ�¿½�É�¾>ÐÇÆ?Ö�½?ÀGÀWÉ6ÁbÂ
ÄsÉ�Á��6É6¼�Ö�¿½¢½?À��»I¼§Ë »�ÐuÈ0½IÈyË Ö�ÁU½O¼*É6¾�½WÁ�ÂQÌWÐu½?ÁbÁ�½RÈ0½³¼Ã»6¾ÇÆ�½WÖ�¾��0¸C¹ã½,ô�¸
Ì1Ï8Õ�Î<z�Þ�Ì�_z�Í�Ï8Ó~zhË(Ò{Ê}Ú�Þ�5U@Rz Î{Ô,Ñ�å6Ê}Ë:Ò¼Ê"ÚWËYz³%}Í�Ê}Ë ß z�Ï8Ëo{1ÚYzhË1Õ�z�Î{ÚYÍ¼Ñ8zhÎ<ÌWÍ{Ô}Ì1Í�Ïy_z�Òg_zhÎ¼Ô}Ì1Ò{ÏQ;:ÚWzhÎ	�Bz�Ò�Ï8ÑYzhÎ^Ò
ß ÏCjãÕ�Ï8Ñ8z ßâá Ô�D1Ò^zhËWÏ�Í3ÚWËWz�Ó~zhÏ8Ñ8Ñ�zhÚYÍ�z Í1_zhÎ^Ô,ÑÇÚYÒ{Ï�Ô,Ëp5
Influence du champ électrique

H3åÖÊ}Ë:Ò ß z"Õ�Ô,ËWÕ�ÑÇÚYÍ{z�Õ�z�Ò^Ò^z�ÌUÊÖÍ{Ò{Ï�z}ÐLÏ8ÑRzhÎ^Ò�Ï8Ë:Òg_z�Í{zhÎ{Î{Ê}Ë:Ò ß z"Í�ÊÖÌWÌLzhÑ�z�Í ÏÇÕ�ÏaÕ�z�Í{Ò{Ê}Ï8Ë1Î Í1_zhÎ�ÚWÑ�Ò{ÊÖÒ{Î�Î{ÚYÍ
Ñ8Ê ß _z�ÌLzhË ß Ê}ËWÕ�z ß zhÎ/ÌWÍ�Ô}ÌWÍ�Ï{_z�Òg_zhÎm_zhÑ�zhÕ�Ò^Í�Ô,ËWÏQ;OÚYzhÎ ß z +Rr f - ,>, 1s/�1�
 +2 /ëzhË�$>Ô,ËWÕ�Ò{Ï�Ô,Ë ß ÚéÌAÔ}Ò^zhË:Ò{Ï�zhÑ
ÊÖÌWÌ1Ñ8ÏQ;OÚ=_z�5 2 Ô,ÚWÎ_ËYÔ,Ú1ÎfÏÇË(Ò�_z�Í{zhÎ{Î{Ô,ËWÎ_ÚWËWÏQ;OÚYzhÓ�zhË:Ò�3Ê�Ñ8Ê Ì1ÊÖÍ{Ò{Ï�z�Ê}Õ�Ò{Ï�å}z ß zBÑ8Ê Ó�Ô,Ñy_zhÕ�ÚWÑ�zBÎ^Ô,Ï�Ò�/�1�
 +�2 /ã5
@RzhÎ�åÖÊÖÍ�Ï8ÊÖÒ{Ï�Ô,ËWÎ ß Ú ß Ï�Ì�4Ô,Ñ�z3zhË $>Ô,ËWÕ�Ò{Ï�Ô,Ë ß Ú�ÌLÔ}Ò^zhË(Ò{Ï�zhÑAzhËèÑ8Ï8Ê}ÏÇÎ^Ô,ËWÎ�$>Ô}Í{Ò^zhÎ�z�Ò�zhËh@(#³H Î^Ô,Ë:Ò�Ò^Í�Ê}ÕO_z�zhÎ
Ê}Ú$ËWÏ�å}zhÊ}Ú ß zEÑ8Ê<\y%,ÚWÍ{zVKML�5 ö L N 5 + zhÎ�åÖÊÖÍ�Ï8ÊÖÒ{Ï�Ô,ËWÎ3Î^Ô,Ë(Ò Ï8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò^zhÎ�ÐWÑ�z ß Ï8Ì�4Ô,Ñ�z�ÌLzhÚYÒBå6ÊÖÍ�Ï�z�Í ßâá ÚWËYz
ß ÏC9hÊ}Ï8ËYz ß z�#�z6Dba}zhÎEÌLÔ,ÚYÍ�
�Ý ÊÖÌWÌUÑ8ÏQ;OÚ%_z�5 2 Ô,Î�Í1_zhÎ{ÚWÑ8Ò{ÊÖÒ{Î�Î^Ô,Ë(Ò�zhË4Ê}Õ�Õ�Ô}Í ß Êhå}zhÕ ßâá Ê}ÚYÒ^Í{zhÎ�Ò^Í�Ê�å6Ê}ÚYÞ
k� ö¢l ÌAÔ}Í�Ò{Ê}Ë(Ò�Î{ÚYÍ�Ñ8Ê�Ó�Ô,Ñy_zhÕ�ÚWÑ�z�#�T��ie��FK�Õ�Ô,Ó�ÌLÔ,Î�_z�ÌWÍ{Ô�Õ�ÝWz ß z + r f -R,>, 1s/�1�
 +�2 / Õ�Ô,Ó�ÌLÔ}Í{Ò{Ê}Ë(Ò�Ñ�z
%}Í{Ô,ÚYÌLzhÓ�zhË:ÒOg +�2 / N 5o#�Ê}Ë1Î�Õ�z/Ò^Í�Ê�å6Ê}Ï8Ñ
Ð�Ú1ËYz�å6ÊÖÍ�ÏÇÊÖÒ{Ï�Ô,Ëh;:Ú1Ê}Î{Ïv1�Ñ8Ï8Ë=_zhÊ}Ï8Í{z ß Ú ß Ï�Ì�4Ô,Ñ�z�Ê`_z�Òg_zEÔ�DWÒ^zhËOÚYz
zhËV$>Ô,ËWÕ�Ò{Ï�Ô,Ë ß Ú~Õ�Ý1Ê}Ó�Ì�_zhÑ�zhÕ�Ò^Í�ÏQ;:ÚWz3Êhå}zhÕ�Ñ8Ê/Ó`_z�Ò{ÝWÔ ß z�e 2 # � 5b@azhÎ�åÖÊÖÍ�Ï8ÊÖÒ{Ï8Ô,ËWÎ ß zhÎ _z�Ò{ÊÖÒ{ÎB��� ß��$z�Ò
á�âzß�� zhËZ@(#³H Î^Ô,Ë:Ò�Í{z�ÌWÍ1_zhÎ^zhË:Òg_z�zhÎ 3ÊèÑ8ÊY\y%,ÚYÍ{zhKML�5 ö L N 5(@RzhÎ�Ë1Ï�å}zhÊ}Ú�Þ$åÖÊÖÍ�Ï�zhË:Ò�Ê}Ú1Î{Î{Ï ß z�Ó~Ê}ËWÏM3z�Í{z
Ñ8Ï8Ë=_zhÊ}Ï�Í{z�5S#�z Ì1Ñ8ÚWÎ�Ð}Ñ8Ê�åÖÊÖÍ�Ï8ÊÖÒ{Ï8Ô,Ë�zhÎ^Ò�Ñ8ÊEÓF4zhÓ�z�;OÚYzhÑQ;OÚYzBÎ^Ô,Ï�Ò�ÑÇÊ�ËWÊÖÒ{ÚYÍ{z ß Ú�ËWÏ�å}zhÊ}Úp5 2 Ô,ÚWÎ�Ô�DWÒ^zhËYÔ,ËWÎ
ÚWËYz�ÌLzhË(Ò^z�_z�;OÚWÏ�åÖÊ}Ñ�zhË:Ò^z���� r� ;:ÚWÏLzhÎ{Ò3Ñ8Ê�Õ�Ô,ËWÎ�_z�;OÚYzhËWÕ�z ß z/Ñ8Ê ß _zhÑ�Ô�Õ�Ê}Ñ8Ï8Î{ÊÖÒ{Ï�Ô,Ë ß zhÎ ß zhÚ�Þ _z�Ò{ÊÖÒ{Î65�Þ�ÏÑ�zhÎ Ë1Ï�å}zhÊ}Ú�Þ$ÊhåÖÊ}Ï�zhË:ÒÄ_z�Ò�_z~Ñ�Ô�Õ�Ê}Ñ8Ï8Î�_zhÎ�Î{ÚYÍ�Õ�ÝWÊ}Õ�Ú1Ë ß zhÎ³%}Í{Ô,ÚWÌAzhÓ~zhË(Ò{Î�ÐAÕ�ÝWÊ�;OÚYz�ËWÏ�å}zhÊ}ÚqË á Ê}ÚYÍ�Ê}Ï8Ò3Ì1Ê}Î
Î{ÚoD1Ï_Ñ�z~Óh4zhÓ�zjÌLÔ}Ò^zhË(Ò{Ï�zhÑ_z�Ò�ËYÔ,ÚWÎ�Ê}ÚYÍ�Ï8Ô,ËWÎ�ÚWËYz<\y%,ÚYÍ�z�ÌWÍ{Ô�Õ�ÝYz ß z~Õ�zhÑÇÑ�z�Ô�DWÒ^zhËOÚYz~Ê}ÚéÕ�Ý1ÊÖÌ1Ï�Ò^Í{z�

ÌAÔ,ÚWÍ�Ñ8Ê�Ó�Ô,Ñ{_zhÕ�ÚWÑ8z ��- H�78a�1 + 1§# 2�� 5 + Ô,ÓãÓ�z3Ñ�zhÎ<Ë1Ï�å}zhÊ}Ú�Þã�"� ß��æz�Ò�á�âzß��$å6ÊÖÍ�Ï8zhË(Ò ß z Ó~Ê}ËWÏM3z�Í{z_z�;:ÚWÏ8å6Ê}Ñ�zhË:Ò^z}Ð1ËYÔ,Ú1ÎBËYz/ÌLÔ,ÚYå}Ô,ËWÎ�Ì1Ê}Î�z�ÞOÌ1ÑÇÏQ;:ÚWz�Í�Ñ�zhÎ�z.BAz�Ò{Î ß z�Í{zhÕ�Ò{ÏQ\1Õ�ÊÖÒ{Ï�Ô,ËyÔ�D1Î{z�Í{å�_zhÎ65
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Ò�ÓQÔ ·�ù0¸C¹mù0/1�A»�2|Æ�Ö�¾�½<»^ïVÊ�É�Á�ÂÕ¾�½X¼Ã»FÈ�¿½M×S½WÁ�Èm»6ÁUÄs½VÈ0½?À	Á�Ð3�6½�»6Ö�Å~í�î54�î ½WÂ76að54¼î Ä�»6¼ÃÄWÖ�¼6¿½?Àã½?Á8�598Í ½WÁ
Ñ?É6Á�ÄWÂÕÐuÉ6ÁVÈ6ÖO×SÉ�Â=½WÁ�ÂÕÐu½W¼U»�×0×�¼_ÐÇÆ?Ö�¿½�»6Ö�Å�É�É6¾>ÁU½>À�Èm½�:�;=<SØyÛ>:�¸?�n½?À7�.»�¾>Ðu»6ÂÕÐuÉ6Á�À8ÀWÉ6ÁbÂ|¼_ÐCÁO¿½¢»6ÐC¾�½?À�½WÂã¿½�ÆWÖ�Ð3�6»6¼Ã½WÁ�ÂM½>À
×SÉ�Ö�¾R¼*½3í�î54�î�½?Âz×SÉ�Ö�¾�¼Ã½@6aðA4�î(¸B�n»C2nÆ0Ö�¾�½/É
ïãÊIÉ6ÁbÂÇ¾s½�¼Ã»Ñ?É�¾>Â=½��.»�¾>Ðu»6ÂÕÐuÉ6Á~È�ÖFÈ�Ð ×SÉ�¼Ã½<È0½D:E;=<�ØyÛ>: ½WÁ
Ñ?É6Á�ÄWÂÕÐuÉ6ÁhÈ6ÖR×�É6ÂM½?ÁbÂÇÐu½W¼n»s×m×�¼�ÐÇÆWÖ�¿½�½?Á��A98Í ûGF�ïG½WÂ�½WÁÏ¼�Ðu»�ÐvÀ?É�ÁSÀ Ñ?É�¾>Â=½?ÀW¸
Quelques conc lusions

@ á _H Ò{Ú ß H ß H ÎâÌWÍ�Ô}ÌWÍ�Ï{_H Òg_H Î�_H Ñ H Õ�Ò^Í{Ô,Ë1ÏQ;:Ú H Î ß H + r f -R,>, 1s/�1�
 +�2 /ÛËYÔ,ÚWÎaÊBÌ H Í�Ó~Ï8Î ß H Ò{Ï�Í H Íz;:Ú H Ñu;:Ú H ÎÍ�_H Î{ÚWÑ�Ò{ÊÖÒ{Î�ÏÇÓ�ÌLÔ}Í{Ò{Ê}Ë(Ò{Î�5be]ÑLË á H Î^Ò�Ì1Ê}Î�ÌLÔ,Î{Î{ÏCDUÑ H ß H ß _H Õ�Ô,ÚYÌ1Ñ H Í�Ñ H Î�%}Í{Ô,ÚYÌ H Ó H Ë:Ò{Î�Ê}Õ�Õ H Ì1Ò H ÚYÍ H Ò ß Ô,ËU1
Ë H ÚYÍ ß H +�r f - ,>, 1s/R1�
 +�2 /�ÌUÊÖÍ�Õ H ;:Ú H Ñ H ÎV_H Ò{ÊÖÒ{Î/Ê}ÚYÒ^Ô,ÚWÍ ß Úi%,ÊÖÌéÎ{Ô,Ë(Ò ß _H Ñ�Ô�Õ�Ê}Ñ8Ï8Î�_H Î/Î�ÚYÍ�Ñ H Î ß H Ú�Þ
%}Í{Ô,ÚYÌ H Ó H Ë:Ò{Î65ne]Ñ H Î^Ò ß Ô,ËWÕ"Ï8Ó�ÌLÔ,Î{Î{ÏCDUÑ H ßâá ÊÖÌWÌ1ÑÇÏQ;:Ú H Í3Ñ H Ì1Í�Ï8ËWÕ�Ï�Ì H ßâáJI7KML'NBO ß H ÒQP OAR �TS N ÓF4H Ó H
ß Ê}ËWÎ<Ñ H Õ�Ê}Î�Ôp3Ú~Ñ8Ê�Õ�Ô,Ëo$>Ô}Í�Ó~ÊÖÒ{Ï8Ô,Ë H Î^Ò�Ê�ÌWÍ�Ï�Ô}Í�Ï ß _H $>Ê�å}Ô}Í�Ê:D1Ñ H 3Ê/Ñ8Ê ß _H Ñ�Ô�Õ�Ê}Ñ8Ï8Î�ÊÖÒ{Ï�Ô,Ëp5 + H Ò^Ò H Õ�Ô,Ë1Õ�Ñ8ÚWÎ{Ï�Ô,ËH Î^Ò<Ï8Ó�ÌLÔ}Í{Ò{Ê}Ë:Ò H Õ�ÊÖÍ<Ñ á Ô}Í�ÏC%,Ï8Ë H ß H ÎfÌ1Ý=_H ËYÔ,Óh3H Ë H Î ß H Í H Õ�Ò{ÏC\1Õ�ÊÖÒ{Ï�Ô,Ë ß H å�Ï H Ë:ÒDÌLÔ,ÚYÍ�Ñ H Ó�Ô,Ó H Ë:Ò�Ï8ËWÕ�Ô,ËU1
Ë:Ú H 5�H�ÚWÕ�ÚWË H Ì1Ï8Î^Ò H Ë H Ì H Í�Ó H Ò ß H ß Ï�Í H K>ÌAÔ,ÚWÍ�Ñ á ÏÇËWÎ^Ò{Ê}Ë:Ò N ;OÚ H + r f -R,>, 1s/�1�
 +�2 / H Î^Ò�ÚWË H ß Ï�Ô ß H
Ó�Ô,Ñy_H Õ�ÚWÑ8Ê}Ï�Í H 5 2 Ô,ÚWÎ�Ê}Ñ8Ñ8Ô,ËWÎ ß Ô,ËWÕ�Ó~Ê}Ï8Ë:Ò H ËWÊ}Ë(Ò�Õ�Ý H Í�Õ�Ý H ÍY3ÊèÔ�DWÒ H ËWÏ�Í�Ñ H Î�ÌWÍ{Ô}Ì1Í�Ïy_H Òg_H ÎV_H Ñ H Õ�Ò^Í{Ô,ËWÏQ;OÚ H Î
ßâá ÚWË H Ó�Ô,Ñ{_H Õ�Ú1Ñ H ß H + r f -R,>, 1s/�1�
 +�2 /êÊ}ÚæÎ H Ï8Ë ßâá ÚWË H Õ�Ô,Ú1Õ�Ý H Ó~Ô,Ñy_H Õ�ÚWÑ8Ê}Ï�Í H 5
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5.3 Propri étes électr oniques d’une couc he de C V W H XYX -Q-3CNQ

@MZD[D\^]y_H`_&a ] H + r f -R,>, 1s/�1�
 +�2 /cbB\^d	d�_H`efHgaAh [�\^[ H`h?i�eAj bk\^]lZ j3m	H b H&m [DZ hfH`h?inj [�bB\ m	i Z h?i ; aAjo ZR%!_H`h _H&m	H&mpeAH d jlh�i�H&m Z _�i	j \ h d eAj b�4\^] HYqreAj b�4\^] Hs_ \ h d jGe _H&m Z:D5] H dEZ a�h5j o H Z atefH d _ \ aA_vufH d efH [D\^]y_H`_&a ] H d65
e�] H d ise \ hA_Cj [�bB\ m	i Z h?isefHne _H&i�H&m [ jGhfH&m ] H d1[D\ eAj \ _ Z i	j \ h d1ZwbAbB\ m	i _H&H d�3Z�]GZxd i�mvaA_�i	aAm	H _H ] H`_�i�m \ hAj ; afHefH ]GZ�[�\^]{_H`_&a ] H b5Z m ]lZ<$y\ m [�Z i	j \ hzefH ]GZ _ \ a5_vufH 5 2 \ a d _ \ h d jGe _H&m \ h d³; a|{*j ] h|{ a}Z�b5ZUd efH ] j Z j d�\ h d_vuAj [ j ; aAH d H`h?i�m	H ] H dx[�\^]y_H`_&a ] H d efH ]GZ _ \ a5_vufH 5(��Z j d h \ a d i�m Z j3i \ h d e|{*aAhAH [DZ h5j 3H&m	H \ hfH ] H d jGh 1i�H&m Z _�i	j \ h d¾_H ] H`_�i�m \^d i Z i	j ; aAH d H`h % H`hAefm _H&H d~b5Z m ]GZ _ \ aA_�ufH 5�@MZ _ \ hAh Z j d	dvZ hA_�H�efH ]GZ m _H b�Z m	i	j3i	j \ heAa bk\ i�H`h?i	j3H ]�_H ] H`_�i�m \^d i Z i	j ; afHDe Z h dx]GZIÜ�\ hA_�i	j \ h,H d i�h _H`_�H dvd	Z j3m	H bB\ afm ZU]G] H&m b5] a d@]3\ jGh,e Z h dx] {*jGh 1i�H&m b m _H&i Z i	j \ h,efH d _ Z m Z _�i _H&mvj d i	j ; afH dz_H ] H`_�i�m�j ; aAH d65

5.3.1 Hypoth èses sur la géométrie du syst ème

@ H d jGh?i�H&m Z _�i	j \ h d H`h�i�m	H [�\^]y_H`_&a ] H dgb H`a o H`h�i [�\ e5j \ H&m ]GZh%�_H \^[`_H&i�mvjGH}eAH ]GZz[�\^]{_H`_&a ] H 5(e%] H d ieAj j _&j ] H�efHxe _H&i�H&m [ jGhfH&m b5Z mCaAh~_ ZU] _&a ]kZ:Do1 jGh5j3i	j \g] { _H&i Z i $'\ hAe ZU[ H`h�i ZU] efH ]GZ _ \ a5_vufH>m _H ZU] j dg_H&H Z o H`_
+�r f - ,>, 1s/R1�
 +�2 /<5 2 \ a dxZ o \ h d e \ hA_gjGe _H ZU] j d�_H ]GZ _ \ aA_vufHtH`h,_ \ h d jGe _H&m Z h�ixaAhzm _H d H Z a�m	H`_�i Z h % a 1]GZ j3m	H 3Z efH`af��eAj [ H`h d j \ h d`�Y\z3a ]lZ>[�\^]y_H`_&a ] H Z _ \^[�[ H�_ \ h $'\ m [DZ i	j \ h�_�H ]G] H \�D i�H`h�afHnH`h EGEIH�bB\ afm]GZg[D\^]y_H`_&a ] H@j d�\^]y_H&H 5o@ H d�[�\^]y_H`_&a ] H d�d�\ h?i \ m�j3H`h�i _H&H d eAH [DZ hAj 3H&mvH b H&m b H`hAeAjl_&a ]GZ j3m	H d�Z a���eAH`a�� d afm 1
$'Z _�H dx[`_H&i ZU]G] j ; afH d�Z o H`_ ]lZ _vu Z04 x hfH ZU] j b u Z i	j ; afH�jGh5_ ] jGh _H&HQefH�� LU�:5|@ { Z j3m	H�efH ]lZ�[DZ j ]l] HQeAa8m _H d H Z aH d i�efH L ÷ 5_L��H � b m \ _vufH�efH ]GZ�d aAm $'Z _�H [ jGhAj [�ZU] H [ H d afm _H&H,e Z h dD] H d j d�\ i	ufH&m [ H d efH b m	H d	d j \ h]3\ m d efH ]GZ¯$'\ m [DZ i	j \ h b5Z m á O �(� ßRâ LyN 1��x���M���MS RBR KML ] �H � N 5 2 \ a dtZ o \ h d _vu \ j d j7aAhfH [DZ j ]G] Hm	H`_�i Z h % a ]GZ jGm	H�efH b�Z m ZU[F3H&i�m	H Z��I^C�H H&i Dk� c 5_L��HX5 + H dxb5Z m ZU[h3H&i�m	H d>\ h?i _H&i _H�_vu \ j d j dxZ:\ h�e|{ _H&i�m	H_ \^[�b5Z i	j D5] H d�Z o H`_ ] {�H`hA_ \^[XD m	H [ H`h�i d i _H&m�j ; aAHDH�� b�_H&m�j [ H`h?i ZU] efH ]GZ _ \ aA_vuAH�H&i ]lZ _ \ h $'\ m [DZ i	j \ hi	u _H \ mvj ; afH 5�@MZ _ \ aA_vufH�jGe _H ZU] j dg_H&H�_ \ mvm	H d�bB\ hAeQe \ hA_ 3Z aAhfH�_ \ aA_vuAH�_ \^[Db5Z _�i�HCefH + r f -R,>, 1s/�1�
 +�2 /Z o H`_~efH d eAj d i Z hA_�H d _ \^[�b5Z i	j D�] H d�Z o H`_�efH d jGh?i�H&m Z _�i	j \ h d efH�i a�b HD� O ���MS N���OTO ��� H`h?i�m	H ] H d[�\^]y_H`_&a ] H d65

5.3.2 Modification de l’autocoh érence pour une couc he mol éculaire

+ \^[D[ H�aAh�_ ZU] _&a ] H`h @ #OH�d H&m Z j3i D j3H`h�i�m \Ub�]3\ aAmve 3Z�[ H&i�i�m	H�H`h \ H`a o m	H � h \ a dzZU]G]3\ h daAhAj ; afH [ H`h?iMi�m Z o Z j ]G] H&mEH`h ] j Z j d�\ h dz$y\ m	i�H d�5:@�Z@d i�mvaA_�i	afm	H _H ] H`_�i�m \ hAj ; afH�efH ]GZ�[�\^]y_H`_&a ] H�H`h ] j Z j d�\ h d
$y\ m	i�H d H d inH`h�H B H&i�H`h Dk\ h Z _&_ \ m�e Z o H`_�_�H ]G] H \�D i�H`h?afHQH`h EGE�HX5

  a d?; a|{ 3ZCb m _H d H`h�i�h \ a d�Z o \ h d�d a b5bk\^d�_H ; aAH d H`a ]ldT] H d i�H&m [ H d jGh�i�m Z�1¡Z i \^[ j ; afH d e _H b H`hAe Z j3H`h�i¢B£�¤¥�¦�¥�§r¨l©v¨3ªG«�§�¬v® £ «�¯%°�±¥�²n¥ efH ]lZ _vu Z m % HxH&i�eAa bB\ i�H`h�i	jGH ] H���i _H&mvj3H`afm 5 2 \ a d m ZwbAb H ]3\ h d jG_&j ] { _H ; a Z i	j \ h K³
�5 ö � N ; afH�h \ a d7Z o \ h dafi	j ] j d�_H&H æ
´�µ3¶�· µ3¶D��´,¸µ3¶�· µ3¶t¹ °»º¼½ ¾ r K=¿ ½ ¹ ¿>¸½ N¡À µ ½ ¹ °YÁ5Â�Ã&Ä K'Å N

\p3a ] H>i�H&m [ H À µ ½ H d i�e \ hAh _H b�Z m æ
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À µ ½ � öÇ È �µ ½ ± Â�ÉÊ �Ë

�8Z jlh�i�H`h Z h?i � h \ a d _�ufH&mv_�u \ h d	3Z�\�D i�H`hAj3m ]GZ�d i�mva5_�i	afm	H _H ] H`_�i�m \ hAj ; afH>e|{*aAhAH [�\^]{_H`_&a ] H>jGh d�_H&m _H&HZ a d H`jGh�e|{*a5hfH>_ \ aA_vufH�eAH [�\^]y_H`_&a ] H d65oe%] H d inh _H`_�H d	dvZ j3m	HQefH b m	H`hAefm	H�H`hz_ \^[�b i�H ] {*jGh?i�H&m Z _�i	j \ hzefH_vu Z�; afH Z i \^[ H�efH ]GZ�[�\^]{_H`_&a ] H Z o H`_ ] {�H`h d H [	D�] HQefH d�Z afi�m	H d�Z i \^[ H d efH d�[�\^]{_H`_&a ] H d eAa8m _H d H Z a 5
@ H�i�H&m [ H À µ ½ ; aAj b H&m [ H&ine|{�H�� b mvj [ H&m ] H bB\ i�H`h�i	j3H ] m	H d	d H`h?i	j3i b5Z m ] { Z i \^[ H Å _�m _H _H b5Z m ] { Z i \^[ H@Ìe Z h d i \ a d�] H dn[DZ j ]l] H d efH�_ \�\ mve \ hAh _H&H dãK³ÍkÎ	Ï N o Z aAi æ

À µ ½ ��Ð ¾|Ñ|Ò¼
Ð ¾�Ó�Ò�Ô

¾|Ñ|Ò¼
Ô
¾�Ó�Ò ÕÇ K È µ ¹ È ½vÖJ×vØ Ù*Ú N � ± Â�ÉÊ �Ë KML�5 Õ N

@ H�_ ZU] _&a ] efH�_�H&i�i�H d	\^[D[ HDH d igm _H ZU] j d�_H&H b5Z m ]lZ i�H`_vu5hAj ; afH�eAj3i�H�efH dQd�\^[�[ H d e|{JÛnÜ O ���Ý «v²�²n¥s¬�Þ ß�àTá�â�ã
k�U
 l k� � l 5(@ { ZUd i	aA_�HD_ \ h d j d i�H 3Z}b�ZUd	d H&m>e Z h d>] Htm _H d H Z a�m _H`_&j b m \U; aAH 5�#xZ h d>] Ht_ ZUd e|{*aAh,m _H d H Z a 3ZefH`a���eAj [ H`h d j \ h d�d j3i	a _H�e Z h dn] H b5]GZ h}ä|åxæ � _�H&i�i�H d�\^[�[ H o Z afi æ

À µ ½ � ¹ :²Bç�µ ½è ± :²è ¼é · ê>ë¾ ¸ Õì3ì�íî�ï ì3ì H�� b8ð ¹ ç µ ½�ñ ì3ì�íî�ï ì3ì ± íî�ï ñ íÈ µ ½ ò KML�5J N
\p3a è _ \ m	mvH d�bB\ hAe 3Z�]GZ�d afm $'Z _�HDefH ]lZ~[�Z j ]G] H _H ]y_H [ H`h?i Z j3m	H � íÈ µ ½ H d i ] H o H`_�i�H`afm Ü�\ j % h Z h?i ] H defH`a�� Z i \^[ H d _ \ h d jGe _H&m _H d�Z a d H`jGhzefH ]lZ�[�\^]y_H`_&a ] H 5Aç H d i�aAhAH�_ \ h d i Z h?i�H æ

ç�µ ½ ��ó Kõô ½ ¹ ô`µ N � ± °`ö÷ �¸ KML�5J
 N
H&i íî�ï H d i�aAh o H`_�i�H`afm ZwbAb5Z mvi�H`h Z h�i Z a8m _H d H Z azm _H`_&j b m \U; afH>H&i Z�a^Z h?i�_ \^[D[ H $y\ m [ H æ

íî�ïQ�ùø ñ :²ú ñ íä ±üû ñ :²ý íæ KML�5 � N
\p3a ú H&i ý d�\ h?i ] H dCb5Z m ZU[F3H&i�m	H d e5a}m _H d H Z a�e5j3m	H`_�i �
T h b m Z i	j ; afH �|]GZ�dg_H&mvj3H�_ \ h o H&m % H�m Zwb jGefH [ H`h�i � j ]1d a j i>efH b m	H`hAeAm	H�aAhfH�eAj 9`Z jGhAHteAH�i�H&m [ H d

K _ \ m	m	H d�bB\ hAe Z h?i 3Z aAhAHpeAj 9`Z jlhfH7efH [DZ j ]G] H d û H&i ø N bk\ aAm \�D i�H`hAjGmEaAhAHp_ \ h o H&m % H`hA_�HCi�m 3H d�bB\ a d	d�_H&H 5þ hfH $y\ j d�] {�H`h d H [XD5] H1efH d i�H&m [ H d efH7_�H&i�i�H [DZ i�mvjG_�H7_ \ h5h?a � j ] H d i bB\^d	d j D5] H�efH7_ ZU] _&a ] H&m ]GZnd i�mvaA_�i	afm	H_H ] H`_�i�m \ hAj ; afH�e|{*a5hfH [�\^]{_H`_&a ] H Z a d H`jGh�efH dvZ�b m \Ub mvHx_ \ a5_vufH 5
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5.3.3 Dip ôle pour une couc he de C 021 H 343 -Q-3CNQ

5MZ m _H d�\^] afi	j \ hgefH ] {*u ZU[ j ] i \ hAjGH`h o Z h \ a d|b H&m [ H&i�i�m	HpefH7_ ZU] _&a ] H&m ] H dTb m \Ub mvj _H&i _H d�_H ] H`_�i�m \ hAj76�afH defH ]lZg[�\^]{_H`_&a ] H Z a d H`jGh�eAH ]GZ _ \ aA_vuAH�8:9�H`a}efHx_vu Z h<;UH [ H`h?i dC\ h�i _H&i _H \�= i�H`h�a d�bB\ afm ] H d hAj o H Z a��_H ] H`_�i�m \ hAj76�afH d�Z afi \ afm�eAa>; Zwb}b5Z m�m ZwbAbB\ m	i'?Z�]GZg[�\^]y_H`_&a ] H>j d�\^]{_H&H�8@9 Z mn_ \ h�i�mvH � _ \^[�[ H ] H d jlh�i�H&m4AZ _�i	j \ h d eAj b�B\^] HCA¡eAj b#B\^] H d�\ h?i b mvj d H d H`h�_ \^[�b i�H �A] { _H`_�m Z h?i Z ;UH�H d injl_&j5i�m	?H d e5jED _H&m	H`h?iCefH>_�H ] aAjke|{*aAhfH[�\^]y_H`_&a ] HQj d�\^]y_H&H�8GF�H d�\ h?i b m�jGhA_&j b5ZU] H [ H`h�i ] H dCb m \Ub mvj _H&i _H dz_H ] H`_�i�m \^d i Z i	j76�afH d�] j _H&H d�Z a��}i�m Z h d4H H&m	i defHQ_vu Z mI;UH d H`h?i�m	H ] H d�Z i \^[ H d efH ]GZ�[�\^]{_H`_&a ] HKJõ_�u Z mI;UH d&� eAj b#B\^] HML"6?aAj o \ h?i BH&i�m	H [�\ e5jON _H&H d 8
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X�\ a d _ \ h d jGeY?H&m \ h d aAh}m _H d H Z a b5]GZ h Z o H`_gaAhfH [�\^]{_H`_&a ] H bB\^d	dg_H`e Z h?i�aAh�eAj b�B\^] H b H&m [�Z hfH`h�iZ �§YªE[�¥³©�©�§w© ° \�¨3ªO]�w¥4^_^E^ ` ¸ aAh5j76?aAH [ H`h�i d H ]3\ h ] { Z ��Hba'c'Jed�jO;^afmvH�f�8 Õ g LEH&i1aAhAH bB\^]GZ mvj dvZh= j ] j3i _HSij8 5 H�eAj b#B\^] HpefH ]GZ�[�\^]y_H`_&a ] He Z h ds]GZ _ \ a5_vufH ` H d i7eAjED _H&m	H`h?i7efHn_�H ] aAjfeAH ]GZ>[�\^]{_H`_&a ] H�j d�\^]{_H&H ` ¸ 8�k ] H d i7e \ hAh _H b5Z m ]lZ m	H ]GZ i	j \ h æ
` � ` ¸ ± i ñml Jnf�8ofpL\ ?a l H d i ] H�_vu ZU[�b5d i \ i ZU] _�m _H _H b�Z m>i \ afi ] Htm _H d H Z a�efH [�\^]{_H`_&a ] H d�d {�H���H&m�q_ Z h�i d afm ]GZ}[�\^]y_H`_&a ] HH`hr6�afH d i	j \ hY8ts Z h d�] { ZwbAb m \ �fj [DZ i	j \ h�eAj bB\^]GZ j3m	H � _�u Z 6�afH [D\^]y_H`_&a ] Hu?Z aAhAH�eAj d i Z h5_�H È µ _ \ h?i�mvj = afHZ a�_�u ZU[�b5d H���H&mv_ _H d afm ]GZg[�\^]{_H`_&a ] H b5Z m æ l µM� ¹wvxzy{ 8 X@\ a d�\�= i�H`h \ h d�ZU]3\ m d�]GZ mvH ]GZ i	j \ h d aAj o Z h�i�Hbk\ aAm ] H�eAj b#B\^] H æ

` � ` ¸ ¹ i ñ ` ñ ¼ µ ÕÈ 3µ Jnf�8 g L

Þ j ] { \ h bB\^d H}| µ 0xzy{ ��~�� h \ a dg\�= i�H`h \ h d 6�afH ] H}eAj b�B\^] H�efH ]GZ�[D\^]y_H`_&a ] H}e Z h d�]GZ _ \ aA_�ufHo Z afi æ
` � ` ¸

Õ ± i ñ ~ Jnf�8���L
5 H,eAj b#B\^] HzeAH ]GZ�[D\^]y_H`_&a ] H�e Z h d�]GZ»[�\ h \ _ \ aA_vufH�H d i�e \ hA_ _H`_�m Z h?i _H�J Õ ± i ñ ~�� Õ L�H`hb5Z m	i	j3H b5Z m ] H d jGh�i�H&m Z _�i	j \ h d eAj bB\^]GZ j3mvH d 8�9 ] a dg]GZ _ \ aA_�ufH d H&m Z _ \^[�b5Z _�i�H \ a b5] a dg]GZ,[�\^]y_H`_&a ] Hd H&m Z�bB\^]GZ mvj d	Zh=5] H ��[ H`j ]G] H`afm d H&m Z _�H&i _H`_�m Z h?i Z ;UH�8
� N�hDefH o _H&mvjONAH&m�_�H [�\ eY?H ] H d j [�b5] j7N _H � h \ a dsZ o \ h d i�m Z _ _H ] {*jlh�i�H`h d j3i _H@eAaDe5j b#B\^] HnefH'F 021C��343 AZ �§YªE[�¥³©�§r`² ¤¥ £ ª7]�r¥4^E^_^ � A 
 F X � _ ZU] _&a ]{_HCH`h ] j Z j d	\ h d�H'\ m	i�H d H`h H'\ hA_�i	j \ htefH ] { Z j3mvH�efH ]GZ�[DZ j ]l] H�e5aQm _H d H Z a�eAj3m	H`_�ibJed�jO;^afm	H

f�8 Õ ��L�8 5T\ m d 6?aAH ] H d>[�\^]y_H`_&a ] H d�d H�m ZwbAb m \ _vuAH`h�i �T] H�eAj b#B\^] HtefH ]GZ}[�\^]{_H`_&a ] HDe5j [ jGh�afH H'\ m	i�H [ H`h?i�8
9 Z m@H���H [Db5] H �5d j \ h d H b�]GZ _�Hr?ZD]GZ o ZU] H`afm@efH�f���8of �� � �5] H�eAj b#B\^] H�efH ]GZ�[�\^]y_H`_&a ] HQe Z h dn]GZ _ \ aA_�ufHH d i�m _H`eAaAjGixeT{*aAh H'Z _�i�H`aAm  8 g b5Z m>m Zwb5bk\ mvi Z a»eAj b#B\^] HtefH ]GZ�[�\^]{_H`_&a ] HDj d�\^]{_H&H�8�9 Z mQ_ \ h?i�m	H �TbB\ afmaAhfH [DZ j ]G] Hgj [�bB\ m	i Z h?i�H �|] H d jGh?i�H&m Z _�i	j \ h d e5j b#B\^] HCA¡eAj b#B\^] H�H`h?i�m	H [�\^]{_H`_&a ] H d>d�\ h�i�h _H�; ] jO;UH Zh=5] H d H&i] H�e5j b#B\^] HQ_ \ h o H&mI;UH o H&m dx]GZ o ZU] H`afm \�= i�H`h?afH bB\ afm ]GZ�[�\^]{_H`_&a ] H�j d�\^]y_H&H�e Z h d�] H o jGefH�J  �Ks�H =�� H dH`h ] j Z j d�\ h d"Hy\ mvi�H d L�8



���_�����j
�&��S
b�'+����� + +�j*,��ÿb��
�&����	��!,� + $ Æ !,����ÿ&�!�ÿ�����$'� ÿ 021 � 343 �I�b����ÿ���� Õ f�f

8

10

12

14

16

18

20

22

24

26

28

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

D
ip

ôl
e 

en
 D

eb
ye

s

�

S en Angströms2 Ò�ÓQÔ ·�ù0¸C¹���/�9³Ð ×SRÉ�¼Ã½IÈ0½�¼Ã»	ÊIÉ6¼6¿½¢Ä?Ö�¼*½ãû����	½?Á�Ñ?É6ÁUÄ?ÂÕÐuÉ6ÁhÈ0½R¼§Ë »�ÐC¾�½IÈ6ÖV¾|¿½>ÀW½�»6ÖVÈm½³¼*»	ÊIÉ6ÁUÉ�Ä�É�Ö�ÄsÅ�½�¸k�A½RÈ6Ð ×"RÉ6¼Ã½
ÄsÉ�Á��6½?¾ÕÆm½	¼Ã½WÁ�ÂM½?ÊI½?ÁbÂ7�6½?¾�ÀI¼Ã»D�.»�¼Ã½WÖ�¾	ÄsÉ�¾>¾�½?ÀÇ×�É6ÁUÈ0»�Á�Â»6Ö�È6Ð ×"RÉ6¼Ã½�Èm½G¼Ã»ÏÊ�É�¼6¿½¢Ä?Ö�¼Ã½	ÐvÀWÉ6¼6¿½¢½<È0»�ÁSÀ�¼Ã½��¢ÐuÈ0½¢¸M�n»
¾|¿½�È�Ö�Ä?ÂÕÐuÉ6ÁhÐCÊ8×SÉ�¾>Â=»�Á�ÂM½IÈ6ÖhÈ6Ð ×"RÉ6¼Ã½X½>À>Â8È6Ö�½��»X¼§Ës¿½¢ÄW¾�»6ÁbÂ=»�Æm½IÀ�Ö¢×m×�¼6¿½WÊI½?ÁbÂ=»�ÐC¾�½G½WÁ�ÂÕ¾�»�R� ÁO¿½8×S»�¾�¼Ã½?À³ÐCÁbÂ=½W¾�»0ÄWÂÕÐuÉ6ÁSÀÈ6Ð ×SRÉ�¼Ã½v;§È6Ð ×SRÉ�¼Ã½¢¸

5.3.4 Charges dans la jonction apr ès l’ajout des électr odes

Le problème : calcul de la charge au niveau des électr odes

� h b m _H d H`hA_�H�efH d eAH`a�� _H ] H`_�i�m \ efH d H&i�?ZnbB\ i�H`h?i	j3H ] h�a ]³� eAH d _vu Z mI;UH dE\UbAbB\^dg_H&H d o \ h?i Zwb5b5Z m ZmB � i�m	Hd afm ] H dÄ_H ] H`_�i�m \ efH d>[n_H&i ZU]G] j76�afH d�Z N5h�e|{ Z hAh�a ] H&m@H�� Z _�i�H [ H`h?i ]GZ _vu�afi�H�efH bB\ i�H`h�i	j3H ] _�m _H _H b5Z m ]GZ_ \ aA_vufHCeAj bk\^]lZ j3m	H�8�k ] H d i�h _H`_�H d	d	Z jGm	HCefHp_ ZU] _&a ] H&mE_�H d _�u Z mI;UH d efH d afm HõZ _�H�H`h H'\ hA_�i	j \ h�eAa bk\ i�H`h?i	j3H ]ZwbAb5] j76�a _H�8td \ m [ H ]G] H [ H`h�i � h \ a d efH o \ h d m _H d�\ aAefmvH ] { _H	6�a Z i	j \ h~efH�� � L��m� ��� H`h [�BH [ H@i�H [Db5d 6?afH] { _H	6?a Z i	j \ h8efH��¡ G¢ N£��� L ��¤�S N æ ´ ì¦¥ ��� l ì¦¥ � Jnf�8o�pL

§ Á � �p¨ ç Jnf�8o©pL
X�\ a d h|{ ZU]l]3\ h d1b5ZUd m _H d�\ aAeAm	H@efH [DZ hAjn?H&m	H�h?a [n_H&mvj76�afH ] { _H	6�a Z i	j \ h~efH�� � Le�m� �,��bB\ afmp_ ZU] _&a ] H&m_�H d _�u Z mI;UH d 8 X@\ a d@b m \ NAi \ h d efH ]GZ�d i�m�aA_�i	afm	H b5Z m	i	jG_&a ] je?H&m	HQefH ]GZ�Ü�\ hA_�i	j \ h bB\ afm b m _H d H`h�i�H&m>aAhfHm _H d�\^] afi	j \ h Z h ZU]O� i	j76?aAH>?Z�] { Z jGefH�e|{*a5h [�\ eY?H ] HQefH�_ Zwb5Z _&j3i _H d@b5]GZ hfH d 8

L’appr oximation des capacit és planes

X�\ a d _ \ h d jGe _H&m \ h d aAh d4��d iC?H [ H [n_H&i ZU] q [�\^]{_H`_&a ] HYq [n_H&i ZU]³��\ ?a ] H dt_H ] H`_�i�m \ eAH dnd�\ h?iCi�m Z j3i _H&H d efH[DZ hAjn?H&m	H�_ ]GZUd	d jª6?afH�8 Ý afH d efH d�_H ] H`_�i�m \ efH d&�rbk\ aAm�_�HC_ ZU] _&a ]³� h \ a d�bB\ a o \ h d h _H�; ] jO;UH&m ] { ZUd�b H`_�i bB\ hA_«Ai	afH ] efH d _�u Z mI;UH dnZ i \^[ j76?aAH d eAH ]GZ�[�\ h \ _ \ aA_vuAH�H&i ] H d m	H [�b�]GZ _�H&m b�Z m�eAH d7b5]lZ h d eAH�_�u Z mI;UH�8 5MZ_vu Z mI;UH d afm H'Z _&j76�afH ZUd	d�\ _&j _H&H�?Z _�H dMb�]GZ h d _ \ m	m	H d	bk\ h5e>?Zn]GZ _�u Z mI;UH Z i \^[ j76�afH7eAj o j d�_H&H b�Z m ]GZnd aAm H'Z _�HeAa�m _H d H Z a è 8 5�Z _ \ a5_vufH [�\^]{_H`_&a ]lZ j3m	Hx_ \ m	m	H d�bB\ hAe�e \ hA_�?Z aAh�H`h d H [�=5] H�efH b5]GZ h d _vu Z mI; _H d&� _�u Z A_&aAh bk\ mvi Z h�i�aAhfH�_vu Z mI;UHne5jED _H&m	H`h?i�H�8 X�\ a d H dvd	Z	�U\ h d H`h d aAj3i�H�e|{ Zh=B\ afi	j3m�?Z aAh d4��d iC?H [ H _H	6�aAj o ZU] H`h�i
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efHg_ Zwb5Z _&jGi _H d�b5]GZ hfH d H`h d�_H&mvjGHgH`h,jGh d�_H&m Z h?i@eAH d�b5]lZ h d N5_�i	j H'd efHg_�u Z mI;UH�8 � jlh d j � _�u Z 6�afH b�]GZ h8efH_vu Z mI;UH d H d ixm	H [�b5]GZ _ _H b5Z m>efH`af� b5]GZ h d efH�_vu Z mI;UHDjGh<N5h5j [ H`h?i b m \ _vufHti�H ]G] H¬6�afH ]GZ~d�\^[D[ H�efH d_vu Z mI;UH d m	H d i�H�jGh5_vu Z h<; _H&H�8 � h�HCDkH&i � _ \^[D[ H ] H [D\ h�i�m	H ]GZ N:;^afm	H>Jnf�8 Õ �pL � h \ a d@Z o \ h d jGh�i�m \ eAa5j3iaAh b5]GZ h8efHQ_vu Z mI;UH�N5_�i	j H� � H`h HõZ _�HgefH ] { _H ] H`_�i�m \ eAH [`_H&i ZU]G] jª6?afHgefH�; Z aA_vuAH bB\ m	i Z h?i ]GZ _�u Z mI;UH\UbAbB\^dg_H&H�8YF�H b5]GZ h�H d i@jGh<N�hAj [ H`h?i b m \ _vufHQe5a b5]GZ h8efHQ_vu Z mI;UH � Õ 8¡F�H`_&j b H&m [ H&i�e|{ \�= i�H`h5j3m�aAhfHb m	H [ jn?H&m	H�_ Zwb5Z _&j3i _H b�]GZ h�efHz_vu Z mI;UH  � 8 5MZ _�u Z mI;UH�e5a b5]GZ h�m _H&H ] 6?aAj _H&i Z jGi � Õ H d i�H`h d aAj3i�HZmÜ a d i _H Z N�hr6�afH ]3\ _ ZU] H [ H`h?i ]lZ�d	\^[D[ HxefH d _vu Z mV;UH d m	H d i�H�jGefH`h?i	j76�afH�?Zt]GZ _ \ h<N:;^aAm Z i	j \ h}jGhAj3i	j ZU] Hd�\ j3i'A �  � Õ 8,F�H&i�i�H b m \ _ _H`eAafm	H o Z®BH&i�m	H�m _H ZU] j d�_H&H b5] a d j3H`afm dHy\ j d>Z N�h�e|{ Zh=B\ afi	j3mK?Z aAh�H`h d H [�=5] HefHQ_ Zwb5Z _&j3i _H d H`h d�_H&mvj3Hg_ \^[D[ H ] H [D\ h�i�m	H ]GZ N:;^afm	HKJnf�8 Õ �pL�89 \ afmzaAh bB\ i�H`h�i	j3H ] Á ZwbAb5] j76�a _H � h \ a d~bB\ a o \ h d~[DZ jGh?i�H`h Z h�i�H�� b mvj [ H&m ]lZ _�u Z mI;UH ¿�Z ahAj o H Z azefH dR_H ] H`_�i�m \ efH dGæ
Á � º¼µ ¾ 0 ¯ Ó 0µ ñ ¿xµ Jnf�8 Õ ° L\ ?a ]GZ _ Zwb�Z _&j3i _H b5]GZ h d {�H�� b m�j [ H>H`hzaAh5j3i _H d Fb± Þ 0 ¸ b�Z m ] {�H�� b m	H d	d j \ h æ

¯ µ � è�p¨ ñ	² µ Jnf�8 ÕUÕ L\ ?a ² µ H d i ]lZ eAj d i Z h5_�HzH`h�i�mvH�_vu Z 6?afH b5]GZ h eAH8_vu Z mV;UH d _ \ h dg_H`_&afi	j H H&i è ]GZ�d aAm H'Z _�H,efH ]GZ[DZ j ]G] H _H ]{_H [ H`h?i Z j3m	H�8 X�\ a d h \ i \ h dnô0ê7µ é ]lZgbB\^d jGi	j \ h�efH ] { _H ] H`_�i�m \ efHQefH�; Z a5_vufH�H&i ô`êS³ Ã _�H ]G] H�efHefm \ j3i�H�8 � h�e _H o H ]3\Ub5b5Z h�i ]GZ�H'\ m [ a ] H�Jnf�8 Õ ° L � efH�h \^[�= mvH`a���i�H&m [ H d o \ h?i d { Z hAh?a ] H&m bB\ afm Zh=B\ afi	j3m
?Z aAhAH H'\ m [ a ] H d j [�b5] H>H`h?i�m	H ]GZ _�u Z mI;UH ¿t�B]GZ _ \^[Dbk\^dvZ h�i�H d H ]3\ h ] { Z ��H b m�jGhA_&j b5ZU] e5a�eAj b#B\^] HQefH]GZ�[�\^]{_H`_&a ] H�´ H&i�efH ]lZ _vu�afi�HQefH bB\ i�H`h?i	j3H ]TZ a�� =B\ mvhfH d efH ]lZ _ \ aA_vufH æ

Á � �p¨è¶µ ¿ ñ J ô êS³ Ã ¹ ô ê7µ é L ¹ ´'· Jnf�8 Õ  L5MZ _�u Z mI;UH d {�H�� b mvj [ H>e \ hA_>_ \^[�[ H æ
¿ � Õô`ê"³ Ã ¹ ô0ê7µ é µ Á�p¨ ¹ ´ è · Jnf�8 Õ 
 L

5MZ	Ü�\ hA_�i	j \ h,H d i _H	6?aAj o ZU] H`h?i�H�?Z a5hfH�_ Zwb�Z _&j3i _H¸?Z~]lZ eAjOD _H&m	H`hA_�H b m	?H d 6�a|{*j ] H���j d i�Hta5hfHg_�u Z mI;UHh \ hQh�a ]G] H d afm ] H dr_H ] H`_�i�m \ efH dE[n_H&i ZU]G] j76�afH d ?Z ° Ý 8pF�H&i�i�H�_vu Z mI;UH�e _H b H`hAeQeAH ] {*jGh?i�H`h d jGi _HpeAa [�\^[ H`h�ieAj bB\^]GZ j3m	H b5Z m�a5hAj3i _H�efH d afm H'Z _�H�8

¹lË4º Ë�» ¹Én¼¬½-¾�¿À¾MÁÃÂ	Ä½ÆÅ ïYÇ�È
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Molécule
Métal

Q1 Q4

Q Q-Q1 Q-Q1-Q2

-Q+Q1 -Q+Q1+Q2 -Q+Q1+Q2+Q3

Métal

Q2 Q3

-Q+Q1+Q2+Q3+Q4
=-Q

Q-Q1-Q2-Q3

a)

b)

c)

d)

Charges "réelles"

Charges "fictives"

-Q Q

Q-Q
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Autocoh érence

5��`d _�u Z mI; �`d�d afm ]��`d���`]�� _�i�m \ e �`dg[��� i ZU]G] j76�a �`d _�m ���� h?igaAh bB\ i � h?i	j �`]	� ��i �� mvj � afm Z a»hAj o �`Z a�eAabk\ jlh�i ô 6�aAj �`d i@e \ hAh ���b5Z m�

ÁAÂ�Ã&Ä J ô L�ù�p¨ � ô ¹ ô`ê7µ éô0êS³ Ã ¹ ô`ê7µ é�� � Á�p¨ ¹ ´ è � Jnf�8 Õ �tL

5 {*u ZU[ j ] i \ hAj � h �`d i � h d aAj3i � eAj Z ; \ h ZU] j d����� h~i � h Z h?i�_ \^[Db i � e �`d7bB\ i � h?i	j �`]Gd _ \ a ]3\^[�= j � h d�d afm_vu Z 6�a �8Z i \^[�� _ ZU] _&a ]���`d ?Z�] { Z jle � e �`d�d�\^[D[��`d e|{JÛCÜ�� ��� 8jF � _&jCe \ hAh ��Z _&_h?�`d~Z a�� e5jED �� m � h?i �`d_vu Z mI; �`d�Z i \^[ j76�a �`d�� i Z a��~h5j o �`Z a�� ��`]�� _�i�m \ hAj76�a �`d e �>]GZt[�\^]��� _&a ]�� e Z h d�]lZ _ \ a5_vu ��� h H'\ hA_�i	j \ heAa bB\ i � h�i	j �`] 8 5 { Z afi \ _ \ u �� m � hA_ ���`d i \�= i � h�a �Q]3\ m d 6?a �x]��`d _vu Z mV; �`d�Z i \^[ j76�a �`d�� i ]��`d _vu Z mV; �`d@Z ahAj o �`Z aDe �`d���`]�� _�i�m \ e �`d Jõ_ ZU] _&a ]�����`d7Z o � _ ]��nd4��d i�?�`[�� e � _ Zwb5Z _&j3i ��`dpb5]GZ h �`d L d	\ h�i7_ \^[Db5Z i	j =5]��`d1Z o � _]��>bB\ i � h�i	j �`] _ ZU] _&a ]��� 8
Variation du potentiel électr ostatique dans la jonction

5M\ m d 6�a �}]GZ _ \ a5_vu �z[�\^]��� _&a ]GZ j3m ���`d i � h m � ; Z mve e �`d e � a�� ��`]�� _�i�m \ e �`d`��]�� eAj b#B\^]�� e �~]GZ� ¥7¬�ª ®� « °J¥ [�\^]��� _&a ]���Z a<; [�� h?i � ?Z _ Z a d!� e �`d _vu Z mI; �`d j [�Z ; �`d 8hF � _&j?m ��`d a ] i � e �p] { Z i�i�m Z _�i	j \ h � h?i�m ��]��`d _vu Z mI; �`deAa�e5j b#B\^]��"� i�_ �`]G]��`d�Z a~hAj o �`Z a}e �`d���`]�� _�i�m \ e �`d 8 X�\ a dp\�= i � h \ h d aAh � o ZU]�� afm�e � Õ ©�s ��=��#�`d ?Z °%$ �jGh H&�� m�j � afm � ?ZD]GZ o ZU]�� afm@e ��' �te ��=��#�`dnbB\ afm ]GZ�[D\^]��� _&a ]�� j d	\^]����� 8
X�\ a d@Z o \ h d i�m Z _ ��td afm ]GZ N:;^afm � Jnf�8 ' ° L ]��>bB\ i � h?i	j �`]���`]�� _�i�m \^d i Z i	j76?a � i \ i ZU]E[�\m�#� h Z afi \ A� ¥|®0«�¨y¥�§r¨3ªl¥�°¤¥�°J¥)(�¨ £ «�¦=¨l©�¨3ªO]�w¥ _ \ u �� m � h�iCe Z h ds]GZ+*�\ hA_�i	j \ h [��� i ZU] q�F 021	��343 A � A-,pF X � q [.�� i ZU] 8 �óB�`[�� ?Z °%$ ��]��nbB\ i � h?i	j �`]5[�\ h?i�m �e � ;Um Z hAe �`d o Z m�j Z i	j \ h d 8 X@\ a d�Z o \ h d jl_&j?aAh bB\ i � h�i	j �`] i�m	?�`d e5jED �� m � h?i1e � _ �`] aAj�e|{*aAh�N ]?[D\^]��� _&a ]GZ j3m �

Jõ_vu Zwb jGi�m �>b m �� _ �� e � h?i�L�8G9 \ afmn_ \^[�b m � hAefm �>]GZ¬H'\ m [�� e � _ �>bB\ i � h?i	j �`]³� j ]GHõZ afi d!��d�\ a o � hAjGm�6�a|{*j ]BZe � a��,_ \ h?i�mvj = afi	j \ h d�b mvjlhA_&j b5ZU]��`d`��] {*aAh � _�m ��/����~b5Z m ]�� eAj b�B\^]�� e �D]GZ}[�\^]��� _&a ]���� i ] { Z aAi�m ��b5Z m ]��`d��`]�� _�i�m \ e �`d�bk\ aAm Z hAh�a ]�� m ]GZ eAjED �� m � hA_ � e �@bB\ i � h?i	j �`] jGhAeAaAjGi � JedEj7;^afm � f�8 Õ ©pL�8 5���bk\ i � h?i	j �`] i \ i ZU]³�Z a�hAj o �`Z a�e ��] { ��`]�� _�i�m \ e � e � ; Z aA_�u �U�0�`d i H'\ m	i �`[�� h?i�jlh215a � hA_ ��@b5Z m ]��`d i�m Z h dIH3� m	i d e � _vu Z mI; � e �`db m �`[ j � m dCZ i \^[��`d eT{ Z c \ i �`d e5a�;Um \ a b4�`[�� h?i Z _&_ �&b i � afm � i�eAaze � mvhAj � m Z i \^[�� e|{ Z c \ i � eAa�;Um \ a@Ab/�`[5� h�i � a5jGh \^] jGh5jGa [ 8�9 Z m�_ \ h?i�m �U�AZ a [ j ] j � a�e ��]lZgb�Z m	i	j �xZ _�i	j o � e �>]GZt[�\^]��� _&a ]��U�A]��xbk\ i � h?i	j �`]i \ i ZU]6�`d i�m �`]GZ i	j o �`[5� h�i b5]lZ i�8 5��xbk\ i � h?i	j �`] i \ i ZU]6�`d i b m �`d 6?a ��] jlh ��`Z j3m � e Z h d�]GZ _vu ZmB � h � e|{ ZU] _ Z h �`d
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Variation des niveaux électr oniques de la couc he en fonction du potentiel
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Quelques Conc lusions

)Rq*³&i!j�tYo�-�w�o�q´³�t¶³�«±m#o�n
³�t�³&i�wxfhy�}Mm%n�m#o�i!fhkYi�tYo�ng³&wxjQ³&i�m&l�³&w�q)�Ä³xu0}�¸³�npo´³&kYw4³�tYg�«±m#o�j�t�³�qrm<l%m%npo�m ·ÂMo�q�o�j�¸³�t¶³&i"n�¸³&i;gYq�j;m%j;i�f#ÂYjQ³&k=gYi�¨/¬efhg2n;j;m#k�j^k2fhgYi^y�fhk�j!n;fhkYi��=g�³�q´³&ií³x®L³�j;i�ng³&wxj;o�ÀMw�m%jQ³&g2npi^f#ÂMiQ³�npl[¸³&ik�³�i!fhk�jW}7m#i�tMgYi�m#g }Ynpo�kYw�o�}a³|t6�3æ[ç��3�LË�� ³�jvé½ËY�LÌ��Y�e¨ ¸ ³�t�³�npkYo�³�n�k6�Ä³&i;j�}7m#iWm%}Y}Mq�o�w�m%Â7q´³ ªmw�m#gYiQ³�t�³cq�m<t¥¸³&q�f0w�m#q�o�i;m%j;o�fhk�t�³&i�kYo�l�³&m#g0u��������Þ³�j8������.i;g2n�q�m5}7m%n;j;o´³cm#wxj;o�l�³W°E� ·dÎ ¸ ©���¶"t�³q�mWy�fhq'¸³&w�gYq´³#¨�©�fhgYict¥¸³&y�fhk�j!n;fhkYi��=g�³5q�mWw�zYmH� ��k�³<m#q�o�}MzYm%j;or��g�³�tYo�i;ã=y�¸³�j!nporiQ³�q´³�}4f#jQ³&k�j;o´³&qÊtYm#kYi8q�m
Í�fhkYwxj;o�fhk(³�j�n
³&kMt�q�³&i�w�m%n�m#wxj�¸³�n�o�i!j;o��=g�³&i�«{f#n;jQ³&y6³&k�j�m#i;ã=y�¸³�j!npor��g�³&i&¨L%<³�}Mq�gMi�~7k2fhi�n�¸³&i;gMq�j;m%j;i�o�q�q�gMi ·j!n
³&k�j�q�m�§#npm#kYt�³�iQ³&kYi;o�Â7o�q�o�j�¸³8tYg|iQ³&kYi�t�³�n
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5.5 Transpor t électr onique avec des électr odes d’or
ö fhgYj�n�¸³&w4³&y5y6³&k�jet¶³&i�y6³&i;g2ng³&i4n�¸³&m#q�o�i�¸³"³&iem&l�³&w+t�³&i�¸³&q´³&wxj!n;f0t�³&i�t���f#n�fhk�j�}L³�npy5o�i4t�³i���mA®4npm#kYw�zYo�n

³&k�}Mm%n;j;o�³�t�³&i"}Mn;f#ÂMq)ª³&y6³&i�n
³&kYwxfhk�j!n�¸³&i�mHl�³&wcqO��m#q�gYy5o�kMo�gYyW¨ ¸ ³�j!jQ³ci
³&wxj;o�fhk�}Yn�¸³&i
³&k�jQ³�w4³&i�n�¸³&ipgYq�j;m%j;in�¸³&w4³&k�j;i<³�j�q´³&i�ipo�ycgMq�m%j;o�fhkYi�k=gYy�¸³�npo��=g�³&i�m#i;i;f=w�o'¸³"³&i�¨
5.5.1 Protocole expérimental��g2j;o�qro�i;m%j;o�fhk�t6��gMk�y,¸³�j;m#qsk2f#Â7q´³5wxfhy5y6³�q)��f#n�}L³�npy6³�j8t��d¸³�l0o�jQ³�n�q´³&i�}Ynpf#ÂMq±ª³&y6³&i�qroI¸³&i�ªm�q�m) ð+*�ØCÓ4ëVò-,ð-.�ð¥ñ"ðò0/ ÓIØ }Yn�¸³&iQ³&kYw4³�t6��f&u0ã=t¶³#¨���g2j;orq�o�i;m%j;o�fhk�t�³^q)��f#nÊmÐ¸³�j�¸³�m#gMi;i;o2j;m%nptMo�l�³�}Mm%npw4³��=g�³��=g6��o�q0tYo�®4gYi
³+«±m#w�o�q´³&y¾³&k�j�¨

/ ¸³&k¥¸³�npm#q´³&y6³&k�j�~6m&l%m#k�j�t�³�t�¸³�}4fhiQ³�n�q)�d¸³&q´³&wxj!n;f0t�³cy�¸³�j;m#q�qro���g¶³8i;g2}�¸³�npo´³&gYn
³#~Yq´³�i!ã0i!j�ª³&y6³�wxfhy�}4fhi�¸³�t�³q�m|y5fhk2f=wxfhgMwpz�³Wi;g2n�q�m�i;g2n;«±m#w4³�y,¸³�j;m#q�q�o��=g�³÷³&i;j�}7q�m#wÀ¸³"³�ªm|gYk¶³<jQ³&y�}�¸³�n�m%j;g2n
³Wt�³v���%1�¨P)Rq+i���m%§ho�jt�³�qrmcy�¸³�j;z2f0t�³�m#t2f#}Yj�¸³"³�}4fhg2n+n�¸³&m#q�o�iQ³�n�t�³&i�z¥¸³�j�¸³�n;fhi!j!npgYwxj;gYn
³&i"m&l�³&w�q�³&i¾¸³&q´³&wxj!npf=t�³&i�t6��m#qrgYy5o�kYorgYyW¨
29m#o�i�tYm#kMi^q´³�w�m#i�t�³cqO��f#n&~/qO�Ä³xu=}4fhi;o�j;o�fhk�t�³�q�m�wxfhgYw�z�³9ªm<gMk�³�l%m%}L³&g2n�t¶³cw4³�y,¸³�j;m#q	q�m�t�¸³�j!n�gYo�i;m#o�jo�n;n�¸³&y�¸³&tYo�m%Â7q´³&y6³&k�jªÂÄ¹�2�ÅO¨6É^k¶³�k2fhgYl�³&q�q´³�y�¸³�j;z2f0t�³�m�}L³�npy�o�i"t�³�q�o�y5o�jQ³�n^q�m�tYo�®4gYipo�fhkWt�³&i�m%j!fhy6³&it6��f#n6³�j�t�³<}4fhg2l#fho�ncn�¸³&m#q�oriQ³�n5gYk�³ ¸³&q´³&wxj!n;f0t�³Wi;g2}�¸³�npo´³&gYn
³ÃÂ Î 7 ÅO¨Ê�d¸³�lAm%}4f#npm%j;o�fhkúi
³�«±m#o�j�i!fhgYi�gYk�³«{m#o�Â7q´³�}Yn
³&i;i;o�fhkWt6��m%n;§#fhk�° � Õ 743

Ý ö f#npn�¶�¨M&³#¿7g0u�tMo�n
³&wxj"t�³8q�m�i;fhg2npw4³�t6��f#n�l�³�npi�q�m�y5fhk2f=wxfhgMwpz�³
³&i!j<Â7q�f=�=g�¸³#~Êf#Â7q�o�§�³&m#k�j�q´³&i<m%j!fhy6³&iWt6��f#n�ªmv�³�j!n
³�tYo¯®6gYi�¸³&i<}Mq�gYipo´³&g2npi�«{fho�i�mHlAm#k�jWt�³9}4fhg2l#fho�n<iQ³t¥¸³�}/fhi
³�n^i;g2n"qrm�y�fhk2f0wxfhgYwpz�³#¨©^fhgYi+m#q�q�fhkYin�¸³&i;gYy6³�n�q´³&i}Mnpo�kYw�o�}7m#g0ucn�¸³&i;gMq�j;m%j;i�³xu=}�¸³�npory6³&k�j;m#g2u/¨�%�³&i+jQ³&i!j;i+}Yn�¸³&qro�y5o�kYm#o�n
³&i) ð-5PØ46ð-5E×�ò Ú¬ÙIÚ75 i;g2n�t�³&i�y�fhk2f0wxfhgYwpz�³&iWt���m#w�o�t�³�w�m%n;Â4f&u0ã=q�or��g�³ ¸ Û984!^Ý:8 ¸ ¼$¼ ! ³&k�j!n
³�t�³&i ¸³&q�³&wxj!n;f=t¶³&iWt6��f#n�fhk�jy�fhk�j!n�¸³��=g6��m#gYw�gMk ³x®L³�j�t¶³|n
³&wxj;o�ÀMw�m%j;o�fhk k6�d¸³�j;m#o�jWl=ori;o�ÂMq´³ß³�j�q´³&i�w�m%npm#wxj�¸³�npo�i;j;o���g¶³&i®) ·EÉ ¸³�j;m#o´³&k�ji!ã=y�¸³�j!n�o���g¶³&i�¨�¬Cm%ncwxfhk�j!n
³#~Cm&l�³&w�t�³&i�y5fhk2f=wxfhgMwpz�³&i�t�³ ¸ ÛdÜ4!�Ý!Ý · � ·dÎ ¸ ©#��~ Õ � ¸³&wpzYm#k�j;o�q�q�fhkMi�i;g2nÁ � i!fhk�j�n
³&wxj;o�ÀMw�m%jQ³&g2npi�tYm#kYi�q´³siQ³&kYi�tMo�n
³&wxj�~&m#q�f#npi���g¶³Êq´³&i � 7 m#g2j!n
³&iei!fhk�j�wxfhg2n;j · w�o�npw�gMo�j�¸³&i�¨ Ç gYw�gYk�³n
³&wxj;o�ÀMw�m%j;o�fhkÞ³&k�o�k�l�³�npiQ³5k��Ä³&i!j8f#ÂYjQ³&k=g�³#~�wxfhk�j!npm#o�ng³&y6³&k�j�m#g0uÆ³xu=}�¸³�n�o´³&kYw4³&i�mHl�³&w<t¶³&iÐ¸³&q´³&wxj!n;f0t�³&it6��m#q�gYy5orkYo�gYyW¨s��f#Â�ÍQ³&wxj;o�«ª³&i!j�t2fhkYw�o�w�o�t�³�l[¸³�npo�À¶³�n��=g�³�q�m.j;z�¸³�f#npo�³�t¥¸³�l�³&q�f#}Y}�¸³"³�ªmúq�m iQ³&wxj;o�fhk}Yn�¸³&wÀ¸³&t�³&k�jQ³Ü³&i!j^wxfhy�}Mm%j;o�ÂMq�³�mHl�³&wcw4³&i�n�¸³&i;gYq�j;m%j;i�n�¸³&w4³&k�j;iÜÂÄ¹�2=~ Î Õ Å�¨



Ë�ÌFË�Ì Ô Ï^]^Ö��0Î�Ð�Ï Ô ÒÓÊÕ�Ó [ Ô Ï8Ð�Ö^Ñ�×�Ø Ó ]�� Ó [ Ù Ó � ÒÓÊÕ�Ó [ Ô Ï8Ð Ù Ó � Ù�Ú Ð�Ï Õ Ä�2

0

0.5

1

1.5

2

2.5

3

−14 −12 −10 −8 −6 −4 −2 0

de
ns

ité
 d

’é
ta

ts
 /e

V

énergie en eV

s+p

d

�*���]�����§ä&E�� ; �g�²�Q�´� ��@�À¯ ��
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5.5.2 Densit é d’ états de l’or©�fhgMi"m&l#fhkYi�w�m#q�w�gYq'¸³8qrm�«3fhkYwxj;o�fhk�t�³>=��6�M�¶Ì�t�³8q�m�i;gYn;«{m#w4³8t�� Ç g�° Õ 7�7 ¶�¨/©�fhgMi"m&l#fhkYi^m#t2f#}Yj�¸³q�mcyW�³&y¾³8t¥¸³&y5m%npwpz¶³8��g�³�}4fhg2n�q´³�w�m#q�w�gYq/q´³&i+«3fhkYwxj;o�fhkYi�t�³	=��6�Y�¶Ì�t�³�q)��m#q�gMy5o�kYo�gMyW¨#©�fhgYi�mHl#fhkYig2j;o�q�o�i�¸³cq�m5jQ³&w�zYkYo��=g�³�t�³�t¥¸³&w�o�y5m%j;o�fhk�m&l�³&w�t¶³&i"}Mm%npm#yWª³�j!ng³&i�t�³�q)��zYm#y�o�q�j!fhkYo´³&kv³&k9q�o�m#ori!fhkYi�«{f#n;jQ³&if#ÂYjQ³&k�gMi	}Mm%ngYk�m�Í;gYi!jQ³&y6³&k�ji;g2n	q�m�i;j!npgYwxj;g2n
³�t�³�ÂMm#kMt�³&i	tYg�wxnpo�i;j;m#q�³&k�1% Ç °±wx« Ç kYk�³xu�³@?"¶�¨h�mt�³&kYi;o�j�¸³�t��d¸³�j;m%j;i+f#ÂYjQ³&k=g�³í³&k�q�o�m#o�i!fhkMi�«{f#n;jQ³&i¦³&i!jn
³�}Yn�¸³&i
³&k�j�¸³"³�ªm8q�m�ÀY§hgYn
³�°)Á=¨ Î ¹h¶�¨ Ç g�l#fho�ipo�kYm%§�³�tYgkYo�l�³&m#g5t�³�+��M�6���d~h��gYo�³&i;ji;o�j;g�¸³�ªm · Á=¨3¹$³ É ~�qrm�t¶³&kYi;o�j�¸³�t6�X¸³�j;m%j;i+k6�Ä³&i!jwxfhkYi;j;o�j;g¥¸³"³^�=g�³"t6�X¸³�j;m%j;iBAí³�j
C ¨:1³&i$¸³�j;m%j;i é t�³+q)� Ç g�k6��m%n;n�o�l�³&k�je��g���gYk8}L³&gc}Mq�gYi�q�fho�k6~�¹=¨½Á�³ É ³&k�t�³&i;i!fhgYietYgckYo�l�³&m#g�t�³�+��Y�6�^�O¨©�fhgYi�mHl#fhkYi�t2fhkYw�i;o�y�}7q�o�À�¸³5q´³�w�m#q�w�gYq¥³&k�k¶³�wxfhkYipo�t¥¸³�npm#k�j�}7m#icq´³&iÞ¸³�j;m%j;i é tYm#kMicq´³&ic«{fhkYwxj;o�fhkYit�³D=��6�Y�¶ÌC¨ ¸ ³&w�o�}L³�npy6³�j�t���m#q�qI¸³�§�³�n�q�³&i�w�m#q�w�gYqri�³�jv¸³�l0o�jQ³cqO��o�y�}Mq'¸³&y6³&k�j;m%j;o�fhk|t�³�q)�Ä³xu0}Yn
³&i;ipo�fhk�t�³&iwxfhg2}Mq�m%§�³&i^t�³>E�F��¶ÌÆ³&k�j!n
³cq´³&i®¸³�j;m%j;i é t�³&i»¸³&q�³&wxj!n;f=t¶³&ií³�j�q´³&i·¸³�j;m%j;i�A�~ C t�³8q�m�y5fhqI¸³&w�gYq´³#¨

5.5.3 Les caract éristiques I-V

Caract éristique pour une chaı̂ne aliphatiqueÇ l%m#k�j^t�³8}Mn�¸³&iQ³&k�jQ³�n�q´³&i^w�m%npm#wxj�¸³�npo�i!j;o��=g�³&iß¸³&q´³&wxj!npo��=g�³&i�t¶³ ¸ ÛdÜ4!^Ý!Ý · � ·dÎ ¸ ©���~7k2fhgYi·¸³�j;gMtYo�fhkYigYk�³y�fhk2f0wxfhgYw�z�³Êt6��gYk¶³Cipo�y�}Mq´³	w�zYmH� ��k�³m#q�o�}MzYm%j;o��=g�³ ¸ Û984!HG æC}MgMo�i;�=g�³	k2fhgYi6tYo�i;}/fhi;fhkYi4t�³	n�¸³&i;gYq�j;m%j;i
³xu=}�¸³�npory6³&k�j;m#g2u�}4f#n;j;m#k�jCi;g2n ¸ Û984!^Ý:8 ¸ ¼$¼ ! ¨:äÊkc«±m#o�j�~:k2fhgMi�«±m#o�i!fhkYi�gYk�³+i;o�y�}Mqro�ÀMw�m%j;o�fhk�³&kcfhy6³�j ·j;m#k�j�q´³�§#npfhg2}L³&y6³&k�jcw�m%n;Â4f&u0ã=q�or��g�³<t�³ ¸ Û98"!�Ý:8 ¸ ¼$¼ ! ³&k�k�³�§hm%nptMm#k�j���g�³�q�m�y5m�ÍQ³&g2n
³<}Mm%n;j;o´³t�³�q�m�y�fhq'¸³&w�gYq´³#~^ªm�i;m&l#fho�n<q�m�wpzYmH� ��k¶³�m#q�o�}MzYm%j;or��g�³ ¸ Û98"!�G æ%¨C1³W§hm%}vt�³��=gYm#i;o · }7m%n;j;o�w�gYq´³&i�t�³�q�my�fhqI¸³&w�gYq´³v³&i;j�j!n�ª³&i<o�y5}/f#npj;m#k�j�~	k2fhgYi�f#ÂMjQ³&k2fhkYi5gYk¶³�m�-�kYo�j�¸³9t�³ Ç Ñ8ê Õ ¨½Ä 7 ³ É ³�j�gMk�³�o�fhkYo�ipm ·j;o�fhkvt�³()QÑ · � ¨3¹²�Æ³ É ¨�2��³&y6³(³&kvjQ³&kYm#k�j�wxfhy�}MjQ³|t�³&i<iQ³&q�« · ¸³&k¶³�n;§ho´³&i�tYg�³&i�m#gv}4f#jQ³&k�j;o´³&q^o�y5m%§�³°<5 µ Ñ 7 ��� Õ 9 ò ³�j65�:�Ñ 7 ���#� 9 ò�¶�~Cq´³&ickMo�l�³&m#g0u�t�³���gYm#ipo · }Mm%n;j;o�w�gMq´³&i�i!fhk�j�q�fho�k�tMg�kYo�l�³&m#g�t�³
+��Y�6����tYg�y,¸³�j;m#q)¨ ¸ fhy�}YjQ³�jQ³&k=g�t�³�q)�Ä³x®L³�j�tYg�}/f#jQ³&k�j;o´³&q6i;gYn�q�³&i+kMo�l�³&m#g0u ¸³&q´³&wxj!npfhkYo��=g�³&i�~2m#gYw�gYk
³x®a³�j�j;gYkYk�³&q�n�¸³&i!fhkYm#k�j�k6�Ä³&i;j�}4fhi;i;o�Â7q´³8wxfhy5y6³�q´³�y�fhk�j!n
³�q�m�ÀY§hg2ng³<°)Á=¨ Î�Î ¶�¨6�m5ÀM§hg2n
³<°)Á=¨ Î�Î ¶�³&i!jw�m%npm#wxj�¸³�npo�i!j;o��=g�³�t6��gYk÷³x®a³�j+j;gYkYk�³&qMk2fhk5n�¸³&i!fhkMm#k�j�m#g5j!n�m&l�³�npi�t�³�q�m8y�fhq'¸³&w�gYq�³#¨=1³&iÊn�¸³&i;gMq�j;m%j;isi;fhk�j
³&k9m#w�wxf#npt|m&l�³&w�qrm�w�m%npm#wxj�¸³�npo�i!j;o��=g�³�y6³&i;g2n�¸³"³ ÛdÝ ¨

BJILK*H<nEMVSíFgn°k"W�M¦hNOVh�kxW�ù h3K�HYMGo´FgW�j*i�FIJ]SíFIK�h3H"jEMXnEi�n�UMXjEMXn]KNMVJ]nxUMVJCW�KÄj°FgjEJGR�M¦K3F�JCMVOXjEhNTIH½i�n�UMVO�UMQR�MVH"jEM ~NM H#MPO²MXjQl�WYHYMO°c�FXe fNHYM¦FIKNhNiYcYFgjEh3k"WYMGJCMVW�KNMGH�ù MVH"jCn°FVe fNH�M¦iYFIJ1R�ù FgJ>ú�S6UMdjCnEh3MRQ \¬ü¥l�K3F�S>TIHYOXjEhNTIHvUMXj°FIH"j&J>ú�S¾UMXjCnEh3k"WYM ~



Õ � 7 TVU�W ÎÑ Ô Ï Ó Ë�Ì T ��� U Í#Í=×�Þ-Í T Ö�×��+ØeÖ Ó Ù Ñ&Ð Ù Ó�� Ð Õ ÒÓ T Ø Õ W Ñ�Ï Ó��

−10

−8

−6

−4

−2

0

2

4

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2

én
er

gi
e 

en
 e

V

�

V en volts

Homo

Lumo  a)

−0.25

−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2

 b)

I(
10

−
19

 A
/m

ol
éc

ul
e)

X

 V en volts�*���]�����§ä�äY�ZY �x�Q�¬�"�.� � �Ê���
�Ü���´±4�V�x£ �ê��g�0� � � � � ��� à £��Q�÷���÷� � �V� � áâ´���»�"�N� � � �"�.� à £��\[�]_^a`VbPcÐ�g�d� � � � �.� � �Ê�"£
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Caract éristique de C ]9g H hPh -Q-3CNQjilk#Â�mQ³onpmLq7k"nsr�³dt'uwvxu�yzuNv{m�¸³xyzq'|LmLq��p}¶³÷) ·EÉ r¶³~t'uw�Zk"t'¸³ovx}�t´³ ¸ ÛdÜ ! Ý!Ý · � ·dÎ ¸ ©#�Ï³o|:m	y
³ot'u�mLq7��³ ·� ðEìXÚ´Û ÕaìEÙIÚ´Û�ÓIÔ
����� �6³on�m�q'�~�,¸³or�q'u�mQ³#¨0äjn®³x®a³xmx��m:k"}�|Bt´³o|�y�¸³o|L}�t'mLu�mL|�k#Â�mQ³onp}�|Br�³�t'u�|Q³ov{mLq7k"n���y�¸³ovÀ¸³or�³onpmQ³��L³o}���³on�m^�³xm:y
³

m:yzuNn�|:��k"|�¸³o|�¨���³o}�t´³o|�t´³o|�«�k"n�v{mLq7k"n�|�r�³�=>�6�M�¶Ì�r�³Z|L}�y;«�uNv4³6³xm�t'u���k"|Lq7mLq7k"n�r�}\n�q7��³ouN}�r�³÷+����+���
|:k"n�mZv���uNn2§]¸³"³o|�¨¦%<³���t'}�|x�Rv{k"�D�6³�t´³o|>q'npmQ³xy;«�uNv4³o|>|:k"npm>��yLkN��yg³o|�vxu�yZt0ilkNyª³o|:m>�L³o}sy�¸³ouNv{mLq�«P�Vn�k"}�|
uo�Nk"n�|�v{k"n�|Lq'r�¸³xy�¸³�}�n�q��4}�³o�6³onpm�t�³>vxuN|	k6ª}�t´³o|�n�q'��³ouN}��è¸³ot´³ov{m:yzk"n�q��4}�³o|�|:k"npm�uNt'q�§"n�¸³o|�|z}�y�v4³ot'}�qVr�}
�4q'r¶³#¨���q+n�k"}�|Hy
³x��y
³on�k"n�|@t'u>��u�yzq'u�mLq7k"n�r�³o|Hn�q'��³ouN}���¸³ot�³ov{m:yLk"n�q��4}�³o|Hu���³ov�v4³xm:mQ³�«�k"q'|Ht´³�n�q7��³ouN}�r�³
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Chapitre 6

Influence du coupla ge électr on-phonon
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ê�ë<ì�í=îFï�á/éÙðé1î�é1ê�ñxò¡ë<ó Ú í=ô�ë<ó�ë<ó ï/ìýó�ù��/é1ï/ì ÷�ì ñxò,ï/ó�õ¡í`ë/ò,ñà÷�ï/ó�õÐê�é¿ò¡ñ¡ï/ùFó�õÐõ
	�õ¡ñ{äé1öåé1õÖöýðé1õ¡ë<õ¡ê�ë/í=ùFû�ì�é1õ
ÿ���7«��_Þ

� ìýó�ù��/é1ï/ì ñ¡ô$ðé¿ë/ò,ùFû�ì�é��3ùFî ó�ø é��7ùFõ¡ñxécû�ì�écû�ì�é1îFû�ì�é1õÞñxòKï��eï/ì�� û�ì�ùBë<ó@ñÖêKô�é¿ò,êKôVðé�äï ÷$ðé1ê�ò,ù�ò,écîáøÕùFó Ú
ú=ì�é1ó�ê�én÷�é1õ í�ô�ë<ó�ë<ó�õVõ¡ì�òVîFézê�ë<öPíJë/ò¡ñxé1öPé1ó@ñÃðé1î�é1ê�ñxò,ùFû�ì�éz÷�ézê�ë<öPíJë<õ¡ï/ó@ñ¡õxÞ�Ö$é1õåðé¿ñ¡ì=÷�é1õ ò,é1öPë<ó�ñxé1ó@ñ
ï/ìc÷$ðé��/é1î�ë/í=í`é1öåé1ó�ñ$÷�é1õ ô$ðé¿ñ�ðé¿ò¡ëIüxë<ó�ê�ñ¡ù�ë<ó�õ	äï	Ý=ï/õxéØ÷�éfí=ì�ù�ñ¡õ û@ì�ï/ó@ñ¡ùFû�ì�é1õxÞ������������Ûê¿ï/îFê¿ì�î�é>äïÞîáøÕï/ùF÷�é
÷pøÕì�óÖöPë�÷+äé1îFé$÷pø�ðé1î�é1ê�ñxò,ë<ó�õBîFù7Ý=ò¡é1õ�îFïzñxò,ï/ó�õ¡öÃùFõ¡õ¡ù�ë<óàé{ß`é1ê�ñ¡ù��/éf÷pøÕì�ó�é$ôVðé¿ñ@ðé¿ò,ëIü¹ë<ó�ê�ñ¡ùFë<óåé1óÖí�ò7ðé1õxé1ó�ê�é&÷�é
í=ô�ë<ó�ë<ó�õ�ÿ Ç��_Þ���î`öPë<ó@ñxò¡é�îáøÕùFöPíJë/ò¡ñ¡ï/ó�ê�én÷�é�îFïÞñxé1öPí�ðé¿òKïeñ¡ì�ò¡é���÷�énîFï	å�ò7ðé1û�ì�é1ó�ê�éÑ÷�ìcí=ô�ë<ó�ë<ócé¿ñ$÷�énîFï�Iï/î�é1ì�òØ÷�ìÛê�ë<ì�í=î�ï�á/éTðé1î�é1ê�ñxò¡ë<ó Ú í�ô�ë<ó�ë<ó¬õ¡ì�òØîáø¼ðé1îFïeòLá<ùFõ,õxé1öPé1ó@ñØ÷�éÞîFï�ñxò,ï/ó=õ¡öåùFõ¡õ,ù�ë<ó+Þ��ÖøÕï/ì�ñxò¡é1õfñxé1êKô Ú
ó�ùFû�ì�é1õpë<ó@ñÞðé¿ñ@ðéföåùFõxé1õ�é1óÞë�é1ì���ò¡é íJë<ì�ò�ê¿ï/î�ê¿ì�î�é¿ò�î�ï&ñxò,ï/ó�õ¡öÃùFõ¡õ¡ù�ë<óÞé1óÞí�ò7ðé1õxé1ó=ê�é$÷�é í=ô�ë<ó�ë<ó�õ�ê�ë<öåöPé
î�é1õ îFù�ï/ùFõxë<ó�õ å�ë/ò¡ñxé1õzÿÕª��! ��_Þ�Ö$é1õsñxé1ê,ô=ó�ùFû�ì�é1õBíJé¿ò,öPé¿ñxñxé1ó@ñV÷�éföPë<ó�ñxò,é¿òVîáøÕùFöåí`ë/ò,ñ¡ï/ó�ê�éf÷�ìPí�ò,é1öåù�é¿òsí=ùFê
÷�éÂñxò,ï/ó=õ¡öåùFõ¡õ,ù�ë<ó ùFó$ðé1îFï/õxñ¡ù�û@ì�é®äï ê�ë/ñ@ðéT÷�éÂê�é1îFì�ù&í�ì�ò¡é1öPé1ó@ñýðé1îFï/õxñ¡ùFû�ì�éNÞ � �/é1ê î�éÂ÷$ðé��/é1î�ë/í=í`é1öåé1ó�ñ
÷�éPîáø¼ðé1î�é1ê�ñxò¡ë<ó�ùFû�ì�é�öPë<îDðé1ê¿ì�îFï/ùFò¡é��pî�é1õnñxò,ï��eï/ì�� ñ¡ô$ðé¿ë/òKùFû@ì�é1õÑï/ì ó=ù��/é1ï/ì ÷�é1õ�öåïeñ@ðé¿ò,ùFï/ì�� ë/òLá<ï/ó�ùFû�ì�é1õ
õxé õxë<ó�ñÛöÖì�î�ñ¡ù�í�îFùKðé1õxÞ"�né1õÛöPë7÷�äé1î�é1õÒñ¡ô$ðé¿ë/ò,ùFû�ì�é1õÒë<ó@ñtðé¿ñ�ðé í=ò¡ë/íJë<õ@ðé1õÒí`ë<ì�òÎùFó@ñxé¿ò¡í�ò7ðé¿ñxé¿ò¬îFé1õcé{ßJé¿ñ¡õ
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ùFóVðé1îFï/õxñ¡ùFû�ì�é1õPõ¡ì�òå÷�é1õ�é���í�ðé¿òKù�é1ó�ê�é1õ�äï\Ý�ï/õ¡õxéÛñxé1öPí�ðé¿ò,ïeñ¡ì�ò¡éÂï��/é1ê î�éML�N1O ÿ�P�`©/©��_ÞVè�é1ì�òPëNÝ7üxé1ê�ñ¡ù7å
é1õxñÑ÷�éPê¿ï/îFê¿ì�î�é¿ò�îFïcò�ðé¿í=ïeò¡ñ¡ù�ñ¡ù�ë<ó õ¡í=ïeñ¡ùFï/î�é�÷�ì ê�ë<ì�ò,ï/ó@ñ�ù�óVðé1îFï/õxñ¡ùFû�ì�éÖí`ë<ì�ònì�ó�éÖöPë<îDðé1ê¿ì=î�éÖï/÷=õxë/òLÝ�ðé¿é
õ¡ì�òØì�ó�éàõ¡ì�òLå¸ï/ê�éNÞ��ÖøÕï/ì�ñxò,é1õÛðé¿ñ¡ì�÷�é1õzë<ó@ñzï/ì�õ¡õ,ù�ê,ô�é¿òKê,ô$ðé�äïå÷$ðé¿ñxé¿ò,öåù�ó�é¿òzîáøÕù�ó�ú=ì�é1ó�ê�éÑ÷�é1õ1��ù'Ý�ò,ïeñ¡ù�ë<ó�õ
õ¡ì�òåîFïTñxò,ï/ó=õ¡öåùFõ¡õ,ù�ë<ó ÷pøÕì�ó�éÐüxë<ó�ê�ñ¡ù�ë<óÙöýðé¿ñ¡ï/îRQ�ã�îØöPë<îDðé1ê¿ì�î�ï/ù�ò¡é�QIöýðé¿ñ¡ï/îÐÿÄ©���p©1«��	Þ"�né1õåò,é1ê,ô�é¿ò,êKô�é1õ
ë<ó�ñ¬ðé¿ñ@ðé�íJë<ì�õ¡õ�ðé¿é1õnï�ã=ó ÷pøÕï/îFî�é¿òØï/ì ÷�é1î-äïÃ÷�ì¬ê¿ï/îFê¿ì�î�÷�éàîFïåñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<ó+Þ�SUT é¿ñzï/î�ë<ó@ñ�÷Vðé��/é1î�ë/í�í�ðé
ì�ó�å�ë/ò,öåï/î�ùFõ¡öPéÞ÷�éÐñxò,ï/ó�õxíJë/ò¡ñn÷Vðé¿íJé1ó�÷�ï/ó@ñz÷�ì ñxé1öPí=õ�ÿÄ©1Ç��D©(ª��_ÞV��ï/ó�õnê�é¢å¤ë/ò,öÃï/îFùFõ¡öPé���ì�ó¬í=ï/û�ì�é¿ñ
÷pø ë<ó�÷�é1õØé1õxñzùFó@ñxò¡ë7÷�ì�ù�ñ&÷�ï/ó=õØîFïnüxë<ó�ê�ñ¡ù�ë<óÂé¿ñnõ¡ë<óâðé��/ë<îFì�ñ¡ù�ë<ó ÷�ï/ó�õzî�éÞñxé1öPí�õfé1õxñnê¿ï/îFê¿ì�îDðé¿éwäïåîáøÕï/ùF÷�é
÷�énîÍø¼ðé1û�ì�ïeñ¡ù�ë<óÒ÷�éXW`¨VY1Z��[V\]��¥�^_YÛ÷$ðé¿íJé1ó�÷�ï/ó@ñxén÷=ìÃñxé1öPí�õxÞ�Ö$é1õ�ï/ì�ñxé1ì�ò,õ ë<ó@ñ&öPë<ó@ñxò�ðé�û�ì�é�î�ézöåë�÷�é
÷�éÞñxò,ï/ó�õ¡í`ë/ò,ña`�íJë<îFïeò,ë<ób�Vðé1î�é1ê�ñxò¡ë<óÂî�ù7Ý�ò¡é�cV÷$ðé¿íJé1ó�÷�ï/ù�ñ�å�ë/ò¡ñxé1öPé1ó@ñØ÷�éÞî�ï>å¤ò7ðé1û�ì�é1ó�ê�éÖ÷�ìÒí=ô�ë<ó�ë<ó©Þ

�néÒó�ë<ì��/é1îFî�é1õÐö ðé¿ñ¡ô�ë�÷�é1õÐë<ó@ñ ðé¿ñ@ðé¬÷$ðé��/é1îFë/í�í$ðé¿é1õ�íJë<ì�òÐ÷$ðé1ê�ò,ùFò¡éÎîÍø é{ß`é¿ñ�÷�é1õX��ù7Ý=ò,ïeñ¡ù�ë<ó�õÞï/ì ó�ù Ú�/é1ï/ìý÷=ì ñxò,ï/ó�õ¡í`ë/ò,ñxÞ��¹î õxé¿ò,ï/ùFñÐùFó@ñ@ðé¿ò¡é1õ¡õ¡ï/ó@ñP÷pøÕì�ñ¡ùFîFù�õxé¿òÞê�é1õ�ö ðé¿ñ¡ô�ë�÷�é1õÐíJë<ì�òÖï/ó�ï/î�	7õxé¿ò�îáøÕùFó�ú=ì�é1ó�ê�é
÷�ì ê�ë<ì�í=îFï�á/éýðé1î�é1ê�ñxò,ë<ó Ú í=ô�ë<ó�ë<ó õ¡ì�òÑî�é1õ�í�ò¡ë/í=ò,ùKðé¿ñ@ðé1õ ðé1î�é1ê�ñxò,ùFû�ì�é1õÑ÷�é1õàöPë<îKðé1ê¿ì�î�é1õÑû�ì�éåó�ë<ì�õ�ï��/ë<ó�õ
í�ò�ðé1ê=ðé1÷�é1öPé1ó@ñ�ðé¿ñ¡ì�÷�ùDðé¿é1õxÞ��nï/ó=õsì�óÖí�ò¡é1öåù�é¿ò�ñxé1öPí=õ��eó�ë<ì�õ3ï/îFî�ë<ó�õ3÷$ðé1ê�ò,ù�ò,é�î�ïn÷$ðé1öÃïeò,ê,ô�é&íJé¿ò,öåé¿ñxñ¡ï/ó�ñ
÷�éåê¿ï/îFê¿ì�î�é¿òÐîFïÎñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<ó é1ó í�ò7ðé1õ¡é1ó�ê�éÃ÷�é<�7ù7Ý�ò,ïeñ¡ùFë<ó�õxÞbd ì�ù�õnó�ë<ì�õÞ÷$ðé¿ñ¡ï/ùFîFîFé¿ò¡ë<ó�õÑîFïÛöýðé¿ñ¡ô�ë7÷�é
í`ë<ì�ò ê¿ï/îFê¿ì�îFé¿ò î�éýê�ë<ì�ò,ï/ó@ñ ù�óVðé1îFï/õxñ¡ùFû�ì�é äïâîáøÕï/ùF÷�é ÷�é ê�é¿ñxñxé ñxòKï/ó�õ¡öåùFõ,õ¡ù�ë<ó+ÞBeVó�ã=ób�Øó�ë<ì�õÂíJë<ì�ò Ú
ò¡ë<ó�õÞïeí�í�îFùFû�ì�é¿ònê�é~å¤ë/ò,öÃï/îFùFõ¡öPéwäï¬îáø�ðé¿ñ¡ì�÷�éå÷�ìTñxò,ï/ó�õxíJë/ò¡ñÞù�óVðé1îFï/õxñ¡ùFû�ì�é�íJë<ì�òÑì�ó\ã=î3é¿ñàì�ó�é�÷=ù�ë�÷�é
öPë<îKðé1ê¿ì�îFï/ù�ò,éNÞ

6.2 Calcul de la transmission en pr ésence de phonons

èBøÕïeí�í=ò¡ë�êKô�é¬ì�ñ¡ùFî�ùFõ@ðé¿éÎù�ê¿ùVíJë<ì�òPê¿ï/îFê¿ì=î�é¿òPîFï ñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<ó é1õxñåì�ó�éÒöýðé¿ñ¡ô�ë7÷�éÂ÷�éÛ÷�ù�fJì�õ,ù�ë<óhgï
í=îFì�õ¡ùFé1ì�ò,õ�ê¿ï/ó�ï/ì��jilk$é¿ñxñxé&õxé1ê�ñ¡ù�ë<óÖïní`ë<ì�ò�ë�m7üxé1ê�ñ¡ù�n�÷pø�ðé¿ñ¡ï#m=îFùFò3îÍø¼ðé1û�ì�ïeñ¡ù�ë<ó�û�ì�ù<ò7ðé�o<ùFñ3î�ïfñxò,ï/ó�õ,öåùFõ¡õ¡ùFë<ó
÷�ï/ó�õåî�éÛê¿ï/õc÷pøÕì�ó�éÛöPë<îDðé1ê¿ì�îFépgï ì�ó ó�ù��/é1ï/ì ðé1îFé1ê�ñxò¡ë<ó�ùFû�ì�éÛé1ó í�ò7ðé1õ¡é1ó�ê�éÂ÷�éÒí=ô�ë<ó�ë<ó�õ�i&��ï/ó�õÃì�ó
í�ò¡é1öåù�é¿ò$ñxé1öPí=õ��7ó�ë<ì�õ�÷Vðé1ê�ò,ù�ò¡ë<ó�õ�îáøÕô=ï/öåùFî�ñxë<ó�ùFé1óå÷�éÑê�éÑõ
	�õ¡ñ�gé1öåéÞ÷�ï/ó�õ�î�é�îFï/ó�o<ì�ï#o/éÑ÷�é�îFïÖõxé1ê�ë<ó�÷�é
û@ì�ï/ó@ñ¡ù�q=ê¿ïeñ¡ùFë<óbire ó=õ¡ì�ù�ñxéÑó�ë<ì�õfí�ò�ðé1õxé1ó@ñxé¿ò¡ë<ó�õØî�ïP÷Vðé1öåïeò,ê,ô�éÐ÷�éÖ¢a����s�¦ û�ì�ùpíJé¿ò,öPé¿ñf÷�éÑò7ðé1õ¡ë<ì�÷�ò¡é
îáø¼ðé1û@ì�ïeñ¡ùFë<óà÷�éFWts`¨VY Z��[V\]��¥�^_YÖ÷�ï/ó�õpì�ó�é1õxí�ï/ê�é"�eïeò,ùFïeñ¡ù�ë<ó�ó�é1î!i¿è�ï&÷$ðé1öåïeò,êKô�é é��7íJë<õ@ðé¿é é1õxñ�õ¡ùFöåùFî�ï/ù�ò¡égïÖê�é1î�î�éÑì�ñ¡ùFîFùFõ�ðé¿é�÷�ï/ó�õ�÷�é1õ$ñxò,ï��Iï/ì��Îò7ðé1ê�é1ó@ñ¡õfí=ïeò1uv^r���fé¿ñfï/îsÿÄ©�w�p©1«���é¿ñ$í�ïeò1x1yn£�^_Ybz�{ é¿ñfï/îsÿÄ©� ��|i

6.2.1 Hamiltonien du syst ème

è�éÂõ}	�õxñ�gé1öPé ùF÷Vðé1ï/îfû�ì�éÛîáø ë<óÙõxéÛí�ò,ë/í`ë<õ¡éÒ÷�ø¼ðé¿ñ¡ì=÷�ù�é¿òåé1õxñåê�ë<öåí`ë<õ�ðé ÷�é¬÷�é1ì�� ðé1î�é1ê�ñxò¡ë7÷�é1õåöýðé�~
ñ¡ï/îFîFùFû�ì�é1õÑê�ë<ó�õxñ¡ùFñ¡ì�ï/ó�ñÞ÷�é1õÑò�ðé1õxé¿ò}�/ë<ù�òKõÞ÷pø¼ðé1î�é1ê�ñxò¡ë<ó�õàé¿ñàì�ó�éPöPë<îDðé1ê¿ì=î�éÃï/ì öåù�îFù�é1ì ê�ë<öPíJë<õ@ðé¿éc÷pøÕì�ó
õxé1ì�îJõ¡ù�ñxé<`K�3ù�o<ì�ò¡éÑÇ�iF©�c�i=èBøÕô=ï/öåùFî�ñxë<ó�ùFé1óåñxë/ñ¡ï/îp÷$ðé1ê�ò,ù��eï/ó@ñfî�énõ}	�õxñ�gé1öPéÞõ¡énê�ë<öPíJë<õxéÑ÷�éÑê¿ùFó=û�í=ïeò¡ñ¡ù�é1õ
÷�ù�fØðé¿ò,é1ó�ñxé1õE�

�������������������������b�������<� `áÇ�iF©�c
ëbgì�� � é¿ñI� � ê�ë/ò¡ò¡é1õ¡í`ë<ó=÷�é1ó�ñ�ò¡é1õ¡í`é1ê�ñ¡ù��/é1öPé1ó�ñ�gïÛîáøÕô�ï/öåùFîFñxë<ó�ù�é1ó ÷�éåîáø¼ðé1î�é1ê�ñxò¡ë7÷�éÃ÷�é�o<ï/ì�êKô�é

é¿ñz÷�éà÷�ò¡ë<ù�ñxé��_����gïÃê�é1î�ì�ùp÷�éàîFïPöåë<îKðé1ê¿ì�î�é�i����b� é¿ñ*���<�âõxë<ó@ñØî�é1õfñxé¿òKöPé1õØû�ì�ùJíJé¿ò,öPé¿ñxñxé1ó@ñz÷�é
ê�ë<ì�í=î�é¿òØî�ïPöPë<îKðé1ê¿ì�î�éÞï/ì��âðé1î�é1ê�ñxò¡ë7÷�é1õ�i
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HG

HG

HD

HGM HMD

HM

électrode de gauche molécule électrode de droite

Æ �F�¢;£1��¤ � L � � º È� � � ° �¸»1�¤½�¾ ° ¶(�z�´»,¥,¾ ° ~,��½�¾ ° �¡�3¶(� � ¶1½ Ï È�,º¼� ° � � �á�¡ºx�Ñ� � ¶5�f�¼Ë � »¿�n½��Õ�á¾ ° ½�� ° » �¹� ¾D~¡½ È� �

FC∆

X0

E

E

état chargé

X 0

état neutre

Æ �F�¢�£(�§¦ � L È� � º�� � � ° �á»¿��½�¾ ° ¶1ÀP¶ È�K~¹»1�´» ± ��¶(� Æ ��¨r©�ª�«�¬ U ��©�;���©���� »Ñ��¾1� È�K~,À/�´�n¶(» °<� À °âÈ�¡�á»¿� ° �,À/�¤º¼� � �,À/�
ã�¡��º¼�Ñ DÀ��Þ~¹¾¿�n�Ñ�ÞÀ ° ¾ � ~,½����´»¿�á�,À/º Ì»��ÓË È� Ê À/½��æ½��¡º¼� ��� ¾¿À � �¼Ë ��Ï �,�&¶(�Ñ�m»å~ � »¿º ± � � À �5� � È�,�Ñ� ° �¸»1½�º¼� ³ �m»P�Ñ¾¿� È�D~¡À/�m�
º¼�¡�m»,·e��»¿�´¾1º �  ¿�,º � À ° � »1À/�¤º�� � ¾ � ½���½�¾ ° ¶�Ë È� Ê À/½��Õ½��,º¼� �@� Ë È� ° �¡º ± ½���¶(�Vº¼�,�´»,·e»1�¤½�¾ ° »¿�á¾¿�n½ Ê À��$» � º�Ì� � �´»Ø�¤º¼» °<� ½���½�¾ °
 ��,ºx�¤½�~¹»1�´��~�¾1ºxº¼� �¤� ¾ ° ¶Ð»1ÀÃ¶ È�D~¹»¿�´» ± ��¶(� Æ ��¨r©rª�«�¬ U �r©=;���©��
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Hamiltonien de la mol écule

èBøÕô�ï/öÃùFî�ñxë<ó�ù�é1ó ðé1î�é1ê�ñxò,ë<ó�ùFû�ì�éÛ÷�ì õ
	7õxñ�gé1öPéÂé1õxñå÷$ðé1ê�òKù�ñåé1ó îFùFï/ù�õxë<ó�õvn¤ë/ò,ñxé1õ�i è�ï öåë<îKðé1ê¿ì�î�éÛé1õxñ
ê¿ïeò,ï/ê�ñ@ðé¿ò,ùFõ�ðéÖí=ïeòfì�óÛõ¡ù�ñxéÑ÷pø�ðé1ó�é¿ò®o<ù�éX¯}°nï��/é1êÐì�óÒë/í�ðé¿ò,ïeñxé1ì�òn÷�éÑê�ò�ðé1ïeñ¡ù�ë<ó ðé1îFé1ê�ñxò¡ë<ó�ùFû�ì�éÑï/õ¡õxë7ê¿ùKðéE±�²Ci³ ó õ¡ì�í�íJë<õxéPû�ì�éPî�é1õ ðé1î�é1ê�ñxò¡ë<ó=õÞ÷�éåîFïÒöPë<îDðé1ê¿ì�îFéÃùFó@ñ@ðé¿òKï#o<ùFõ¡õxé1ó@ñàï��/é1êÃì�ó öPë7÷�éå÷�éP÷Vðé¿í=îFï/ê�é1öPé1ó@ñ
ïeñxë<öåùFû�ì�énê�ë/ò,ò¡é1õxíJë<ó�÷�ï/ó@ñ*gïÖì�óÃõxíJé1ê�ñxò¡é�÷�ùFõ,ê�ò¡é¿ñ ÷�ézí=ô�ë<ó�ë<ó�õVê¿ïeò,ï/ê�ñ@ðé¿ò,ùFõ�ðéÞí�ïeòVì�ó�ézí=ì�îFõ,ïeñ¡ù�ë<ó<´�°µik�ô�ï/û�ì�é�í=ô�ë<ó�ë<óPï/ìPó�ù��/é1ï/ìP÷�ìPõ¡ù�ñxé�é1õxñ ê�ò7ðé¿éØí=ïeòBîáø ë/í�ðé¿ò,ïeñxé1ì�òC¶ ² i<è�éfê�ë<ì�í=îFï#o/écðé1î�é1ê�ñxò¡ë<ó�~Íí�ô�ë<ó�ë<ó
é1õxñBîFùFó$ðé1ï/ù�ò,é$é1óUn¤ë<ó�ê�ñ¡ùFë<óP÷�ì�÷Vðé¿í=îFï/ê�é1öPé1ó@ñ ïeñxë<öåùFû�ì�é&é¿ñBùFî�é1õxñVê¿ïeò,ï/ê�ñ@ðé¿ò,ùFõ�ðéØí�ïeò&·�°µi<èBøÕô=ï/öåùFî�ñxë<ó�ùFé1ó
÷�éàîFïPöPë<îDðé1ê¿ì=î�éÑé1óÛñxé1ó�ï/ó@ñzê�ë<öPí=ñxéà÷�é1õ&í=ô�ë<ó�ë<ó�õ&õ¿ø�ðé1ê�ò,ù�ñn÷�ë<ó�êÑê�ë<öåöåéU�

� � ��¯®°a± ² ±*�p·�°a± ² ±j`K¶H��¶ ² cV�>¸¹ ´�°a¶ ² ¶ `áÇ�iº�lc
��î�é1õxñBíJë<õ¡õ¡ù�m�î�é&÷pøÕùFó@ñxé¿ò¡í�ò7ðé¿ñxé¿ò õ¡ù�öPí=î�é1öPé1ó@ñBê�é¿ñ ô�ï/öÃùFî�ñxë<ó�ù�é1óV�eõ,ù�îáø ë<óPñxò,ï/ê�énîáø¼ðé1ó�é¿ò}o<ù�éØñxë/ñ¡ï/î�éz÷�é

îFï�öPë<îKðé1ê¿ì�î�éÑé1ó�n�ë<ó�ê�ñ¡ù�ë<óÛ÷�é�î�ïÖê�ë�ë/ò,÷�ë<ó=óVðé¿éÞò�ðé1÷�ì�ù�ñxéa»pi_��ï/ó�õfî�éÑê¿ï/õ&ëVgìÛî�éÑõ
	7õxñ�gé1öPéÐé1õxñfó�é1ì�ñxò¡é��
î�éÞöåùFó�ù�öÐì�ö ÷pø�ðé1ó�é¿ò®o<ù�éàê�ë/ò¡ò¡é1õ¡í`ë<ó=÷�gïåîFï��eï/î�é1ì�òfó�ì�îFî�é�íJë<ì�òfîFïPê�ë�ë/ò,÷�ë<ó�ó$ðé¿éàò�ðé1÷�ì�ù�ñxéI»pi

¼1½µ¾À¿�Á�Â
¾�`]»�c,�Ã¼1½µ¾À¿�Á�Â
¾�`KÄcV� ©�VÅ ´,Æ° »ÇÆ `áÇ�iºwlc
d3ïeòfê�ë<ó�ñxò¡é���îFë/ò,õ¡û�ì�énî�ïÐöPë<îDðé1ê¿ì=î�é�é1õxñ&ê,ô�ïeò}o�ðé¿é��=î�ïÐíJë<õ¡ùFñ¡ù�ë<óÃ÷pø�ðé1û�ì�ùFîFù�m�ò¡ézó�ø é1õxñ�í=îFì�õ é1ó�»È�Ã

öåï/ùFõ&é1ó�» ° � É�XÊ�ËÌ `K�3ù�o<ì�ò¡éàÇ�iº�lc�i
¼(Í|Î�Ï Â7Ð_Ñ¾ `]»Òc"��¼1Í|Î�Ï Â7Ð�Ñ¾ `KÄc&Ó�Ôa»�� ©�VÅ ´ Æ° » Æ `áÇ�i�Õ�c

L7ï/ê,ô=ï/ó�ñnû@ì�éÞî�ïPê�ë@ë/ò,÷�ë<ó�óVðé¿éàò7ðé1÷�ì=ù�ñxéÞõ¿ø é��7í�ò,ùFöPé�é1ó�n�ë<ó�ê�ñ¡ù�ë<óÂ÷�éE¶cé¿ñ1¶ ² �
»Ö��× ¸¹� Å ´�° `K¶a��¶ ² c `áÇ�iæ«lc

ó�ë<ì�õfï��/ë<ó�õX�
· ° ��Ó(Ô�× ¸¹� Å ´;° `áÇ�iæÇlc

ØØë<ì=õ�íJë<ì��/ë<ó=õ�ùFó@ñxò¡ë7÷�ì�ù�ò,éBî�é$ê�ë<ó=ê�é¿í�ñs÷�éV÷$ðé1ê¿ï/îFï#o/éf÷�éÚÙFYJ¦���s�ÛV~
ÜH���V[����åó�ë/ñ@ðéBÝ<ÞVßÂû@ì=ù<é1õxñ
ò¡é¿í�ò7ðé1õxé1ó@ñ@ðénï/ìåó=ù��/é1ï/ìP÷�éfîFï*q_o<ì�ò,éE`áÇ�iº�lc�i�k$é1îFì=ù�ê�ë/ò,ò¡é1õxíJë<ó�÷5gïÞîáø�ðé1ó�é¿ò}o<ùFéf÷�é&ò¡é1îFïµ��ïeñ¡ù�ë<óPïeñxë<öåùFû�ì�é
õ¡ì�ù�ñxé�gïåî�ï�ñxò,ï/ó�õ¡ù�ñ¡ùFë<ó��/é¿ò¡ñ¡ùFê¿ï/î�éI�/é¿òKõfîáø¼ðé¿ñ¡ïeñnêKô�ïeò}o�ðé��

Ý ÞVß � ©�bÅ ´ Æ° » Æ° � Ô Æ� Å ´ Æ° `áÇ�i´ª�c
îFï��eï/î�é1ì�òØ÷�éH·�°�íJé1ì�ñHàé¿ñxò¡éàò¡é1î�ùKðéÞï/ìMÝ<ÞVß í=ïeòI�

· ° ��á Ý ÞVß ¸¹ ´ ° `áÇ�iº lc
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ε G
ε G ε G ε G ε 0

ε D ε D ε D ε D

βG βG βG βD βD βD
GV VD

Æ �F�¢b£1� Ýµâ�ã Èä � º Èä
å®ä ° �á»¿��½�¾ ° ¶�ä}å$¶�ä,À(·Iæ � »�ãä ° ä}å"å®ä}çn½ ¬ ½ ° Ú ° ½èäÚä,�béêä,À/º7å � »1º¼»�ç Ìä,�¤ºÀä}å$»1½ ° åx½ Ê ÀÄäCéêä�åx½��!äÚæ�¾1ºxºÀä}å ¬
� ¾ ° ¶(» ° �PÌ»Iém»açÑ¾�é Èä�æ¡À�é§ä �

ØØë<ì=õ&ï/îFî�ë<ó�õ$í=ïeòfîFï�õ¡ì=ù�ñxézé��7í�ò,ù�öPé¿ò&îFïE�eï/î�é1ì�òf÷=ìÎê�ë<ì�í=îFï#o/éÂðé1î�é1ê�ñxò¡ë<ó�~Íí=ô�ë<ó�ë<ópgïÖí=ïeò¡ñ¡ù�ò&÷�éÑîFï�Iï/î�é1ì�òØ÷�ìÛ÷$ðé1ê¿ï/îFï#o/é�÷�éXÙFYJ¦���sjÛV~
ÜH���V[����
Hamiltonien des électr odes

è�é1õPðé1î�é1ê�ñxò¡ë7÷�é1õ�õxë<ó�ñ$öPë7÷Vðé1îFùFõ�ðé¿é1õ$ê�ë<öåöPéz÷�é1õ ê,ô=ï�à ëFó�é1õ$îFùFó$ðé1ï/ù�ò¡é1õ õxé1öåù�~ÓùFó_q=ó�ù�é1õsï��/é1êzì�ó�éØõxé1ì�î�é
ë/ò}m=ù�ñ¡ï/î�éÂí=ïeòcõ¡ùFñxé ÷pø�ðé1ó�é¿ò}o<ùFéÇ¯ � `!¯ � c�íJë<ì�òÃîÍø¼ðé1îFé1ê�ñxò¡ë�÷�é ÷�éMo<ï/ì�ê,ô�éì`¸÷�é ÷�ò¡ë<ù�ñxé�c�iÚk�ô�ï/û�ì�éÂõ¡ù�ñxé
é1õxñÎê�ë<ì�í=îKðé ï��/é1êTõxë<ótí=ò¡é1öåù�é¿òU�/ë<ù�õ¡ùFó�gïýîáøÕï/ùF÷�éÂ÷pøÕì�ótñxé¿ò,öPé ÷�øÕùFó�ñxé¿òKï/ê�ñ¡ù�ë<óÅû�ì�ù1�Iï/ì�ñ�í � íJë<ì�ò
îáø¼ðé1î�é1ê�ñxò¡ë7÷�éÞ÷�é*o<ï/ì�ê,ô�é�`]í � íJë<ì�ò&ê�é1îFî�é�÷�é�÷�ò¡ë<ù�ñxé�c�i ³ óÒó�é�ê�ë<ó�õ¡ù�÷tgé¿ò¡éÑî�é1õ$í=ô�ë<ó�ë<ó�õ�û�ìpøÕï/ìÒó�ù��/é1ï/ì
÷�éVîFïzöPë<îDðé1ê¿ì�î�é��Iï/ì�ê¿ì�óàí=ô�ë<ó�ë<óÐópø é1õxñ�í=ò�ðé1õxé1ó�ñ3ï/ìÖó�ù��/é1ï/ìà÷�é1õÑðé1î�é1ê�ñxò¡ë7÷�é1õ�ieè�é1õ�÷�é1ì��Þô�ï/öÃùFî�ñxë<ó�ù�é1ó=õ
÷Vðé1ê�ò,ù��eï/ó�ñnî�é1õcðé1î�é1ê�ñxò¡ë7÷�é1õØõ1ø é���í�òKùFöPé1ó@ñ�ê�ë<öÃöPé��

� � � îbïð½#ñ î�ò
¯ �pó ²½ ó ½H��í � ` ó ²½ ó ½ îbï � ó ²½ îbï ó ½�c `áÇ�iºPlc

� � � ² òð½�ñ ï
¯ �Ãó ²½ ó ½a��í � ` ó ²½ ² ï ó ½a� ó ²½ ó ½ ² ï c `áÇ�iF©�Äc

Hamiltonien de coupla ge

è�éåõ¡ùFñxé ðé1î�é1ê�ñxò,ë<ó�ùFû�ì�é�é1õxñÞê�ë<ì�í=îDðéåï/ì�� ðé1î�é1ê�ñxò¡ë7÷�é1õÑí=ïeòÞîáøÕù�ó�ñxé¿ò,öýðé1÷=ùFï/ù�ò¡é�÷�é1õ�ñxé¿ò,öPé1õa� �b� é¿ñ� �<� i&ô � é¿ñUô � õxë<ó@ñÃî�é1õåê�ë<ì�í=îFï#o/é1õåï/ì�� í�ò,é1öåù�é¿ò,õv�/ë<ùFõ¡ù�ó�õ�é1ó�ñxò,é ê,ô=ï/û@ì�éÂé���ñxò7ðé1öåùFñ@ðéT÷�é¬îFï
öPë<îKðé1ê¿ì�î�éÞé¿ñzî�é1õcðé1î�é1ê�ñxò¡ë7÷�é1õØöýðé¿ñ¡ï/î�îFùFû�ì�é1õa�

� �b� �3Ô � `K± ² ó îbï � ó ² îbï ±�c `áÇ�iF©/©�c
���<���3Ôr�H`K± ² ó ï � ó ² ï ±�c `áÇ�iF©��lc

è�éØê�ë<ì�í=îFï#o/éØ÷�ìPõ,ù�ñxéfï��/é1ênî�é1õÖðé1î�é1ê�ñxò¡ë7÷�é1õ é1õxñBí=ì�ò,é1öPé1ó�ñ�ðé1îFé1ê�ñxò¡ë<ó�ùFû�ì�é��<ï/ì�ê¿ì�óåñxé¿ò,öPéØ÷�ì�ñÀ	@íJé
ðé1î�é1ê�ñxò¡ë<ó�~Íí=ô�ë<ó�ë<óàópø é1õ¡ñ�ê�ë<ó�õ¡ùF÷$ðé¿ò7ðé$ùFê¿ù!i1è�ïf÷�é1õ¡ê�ò,ùFí�ñ¡ù�ë<óÑ÷�é îÍøÕô�ï/öåùFî�ñxë<ó=ù�é1ónò¡é¿í�ò7ðé1õxé1ó@ñ¡ï/ó�ñ�îFï�üxë<ó�ê�ñ¡ù�ë<ó
é1õxñfñxé¿ò,öåù�óVðé¿é�irØØë<ì=õfï/îFî�ë<ó�õ&öÃï/ùFó�ñxé1ó=ï/ó�ñØîFéÑò�ðé1õxë<ì�÷�ò¡éÞï#q�ó¬÷�éÑíJë<ì��/ë<ù�òf÷$ðé1ê�ò,ùFò¡éÞî�é1õ&í�ò,ë/í�ò,ùDðé¿ñ@ðé1õØ÷�é
ñxò,ï/ó�õxíJë/ò¡ñf÷�éÞî�ïzü¹ë<ó�ê�ñ¡ùFë<óbi
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ε 0

γ0

V G VD

n=0

n=1

n=2

m=0

m=1

m=2

n=3 m=3

Æ �F�¢F£1� õ â,ö�æ �$Èä®çÑ»Î¶�äH÷ ��©rª�¨ ä,�,ø � ¯ ��,¨�© ºÀä � º Èä}å®ä ° �¸» ° �FéÓË ä}å � »�æ7äÖ ¿»¿ºx½�»1�¤½�¾ °�° ä®é Ê À/½�ä
åx��À/�¤½�éæ½�å Èä ��� ä}åæ � »<ãä ° ä}å,å®ä®çz½ ¬ ½ ° Ú ° ½èä}åBºÀä � º Èä}å®ä ° �¸» ° �jéêä
å Èä®éêä7æ¡��º¼¾D¶�ä}å�ä,��éêä,åx½��Kä Èä®éêä7æ¡��º¼¾ ° ½ Ê ÀÄä$¶�äCé´»BçÑ¾�é Èä�æ,À�éêä"å,¾ ° � � º Èä}å®ä ° �èå �
� ä}åØ¶¿½ Ï Èä,ºÀä ° �RåFçÑ¾D¶�ä}åf¶�ä �<� ¾ ° ¾ ° åØ¶¿À�åx½��!ä(ä,��éêä}å1æ¹¾¿À � ém» ± ä
å(ä ° ��ºÀä1ç�¾D¶�ä}åFå¡¾ ° �3¶ Èä,�¸»1½�é�é Èä
å �

6.2.2 Résolution de l’ équation de Schr öding er

L’appr oche de Bonca et Trugman

èBøÕïeí�í=ò¡ë�êKô�éT÷�éT£t����s�¦ é¿ñ5ùIYjT�¥�yØ¦�� ê�ë<ó�õ,ùFõxñxé¡gï ñxòKï/ó�õ
n�ë/ò,öPé¿òÒê�é í=ò¡ë�m=î!gé1öPé¡gï�Ø ê�ë/ò¡í=õ`¸ì�ó ðé1î�é1ê�ñxò¡ë<ó é¿ñÑí�îFì�õ¡ù�é1ì�ò,õØí�ô�ë<ó�ë<ó�õ�cfé1ó ì�ó í�ò,ë�m=îKgé1öPé<mJé1ï/ì�ê�ë<ì�íTí=îFì=õnõ,ùFöPí=î�é�öåï/ùFõ�ï��/é1êåí=îFì�~
õ¡ù�é1ì�ò,õ ê¿ï/ó�ï/ì��Ã÷�éfñxòKï/ó�õ¡öåùFõ,õ¡ù�ë<óÂÿÄ©�P���7©��|i_k�ô�ï/û�ì�éØê¿ï/ó=ï/î�÷�éØñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<óPê�ë/ò¡ò,é1õxíJë<ó�÷ÇgïÐì�ó ðé¿ñ¡ïeñ��ù�m=ò,ïeñxë<ù�ò¡é�÷�éÑîFïÖöPë<îKðé1ê¿ì�î�é�i�k$éní�ò¡ë�m�îKgé1öPé�gïvØ ê�ë/ò¡í=õ�é1õxñ�ò¡é¿í=ò�ðé1õxé1ó�ñ�ðéà÷=ï/ó�õ�ì�óÎé1õxí=ï/ê�éa�eïeò,ùFïeñ¡ù�ë<ó�~
ó�é1î$ò¡é1îFïeñ¡ù��/é1öPé1ó@ñåîFïeò}o/éÒëVgì î�éÛó�ë<öXm�ò¡éÒ÷�éÒí=ô�ë<ó�ë<ó�õ�ú(û�Î ï/ê¿ê�é1õ¡õ¡ù�m=î�é1õ�é1õxñ<q�� ðé�iBèBø�ðé1û�ì�ïeñ¡ù�ë<óÙ÷�éWts`¨VY1Z��[�\R��¥�^_YÂé1õxñfé1ó�õ,ì�ù�ñxé�ò�ðé1õxë<îFì�éÞ÷=ï/ó�õfê�é¿ñfé1õxí�ï/ê�éÑí`ë<ì�òfì�óÛõxé1ì�îzðé1î�é1ê�ñxò¡ë<óVi=è�ï�ò7ðé1õxë<î�ì�ñ¡ù�ë<ó¬÷�é
ê�éØí�ò¡ë�m�îKgé1öPé&é1õxñBé���ï/ê�ñxé���õ,ù�îáø ë<óåï#o/ò,ï/ó=÷�ù�ñBõ¡ì�þcõ¡ï/öåöPé1ó@ñ îáø é1õxí�ï/ê�éB�IïeòKùFïeñ¡ù�ë<ó�ó�é1îV`¸õ,ù�ë<óåï/ì�o<öPé1ó@ñxé
î�éÞó�ë<öXm�ò¡éÞ÷�éÞó�ù��/é1ï/ì��Ò÷�éÞí=ô�ë<ó�ë<ó=õÚú(û�Îlc$íJë<ì�òfû�ìpøÕùFîj	Òï/ù�ñØê�ë<ó��/é¿ò}o/é1ó�ê�é�i

k$éní�ò¡ë�m=î!gé1öPézíJé1ì�ñ1àé¿ñxò¡é�ò¡é¿í�ò7ðé1õ¡é1ó�ñ�ðéÞ÷�énöåï/ó�ù!gé¿ò¡é(o/ò,ïeí=ô�ùFû�ì�éX`K�3ù�o<ì�ò¡é�Ç�i�Õ�c�i�è�ézê¿ï/ó�ï/îjü õ,ì�òVîFïq_o<ì�ò¡éØê�ë/ò,ò¡é1õxíJë<ó�÷ýgïÞì=ó ðé1î�é1ê�ñxò¡ë<óÎõxéfí�ò¡ë/í�ï#o/é1ï/ó�ñ�÷�ï/ó�õBî�ïVü¹ë<ó�ê�ñ¡ùFë<óÃï��/é1ênîFïÞöåë<îKðé1ê¿ì�î�éØ÷�ï/ó=õ îáø�ðé¿ñ¡ïeñ
÷�éÚüÒí=ô�ë<ó�ë<ó�õ�i#þnóýðé1î�é1ê�ñxò¡ë<óÃùFó�ê¿ùF÷�é1ó@ñsï/ìPó�ù��/é1ï/ìP÷�éfîÍø¼ðé1îFé1ê�ñxò¡ë�÷�éØ÷�éFo<ï/ì�ê,ô�éØ÷�ï/ó�õsî�é&ê¿ï/ó�ï/î_üÎíJé1ì�ñàé¿ñxò¡éz÷�ù�fJì�õ�ðéØí=ïeò îFïÞöåë<îKðé1ê¿ì�î�éz÷�éØöåï/ó�ù!gé¿ò¡éÛðé1îFï/õxñ¡ùFû�ì�éfë<ìcùFóVðé1îFï/õxñ¡ùFû�ì�é�i<è�é1õ ê¿ï/ó�ï/ì��Ãõ¡ë<ó�ñ ê�ë<ó=ó�é1ê�ñ@ðé1õ
÷�éÃöåï/ó�ù!gé¿ò,éÃô�ë/ò,ù�ÿ¿ë<ó@ñ¡ï/î�écí=ïeòàî�é1õÑñxé¿òKöPé1õÐ÷�øÕùFó�ñxé¿òKï/ê�ñ¡ù�ë<ó ðé1î�é1ê�ñxò¡ë<ó=ùFû@ì�éÃï/ì í�ò,é1öåù�é¿òa�/ë<ùFõ¡ù�ó é¿ñÐ÷�é
öåï/ó�ù!gé¿ò¡év�/é¿ò¡ñ¡ùFê¿ï/î�éÖí=ïeò�î�éÐê�ë<ì�í=îFï#o/é ðé1î�é1ê�ñxò¡ë<ó�~Íí=ô�ë<ó�ë<ó ï/ìTó�ù��/é1ï/ì ÷�éÖîFïÃöåë<îKðé1ê¿ì�î�é�iJè�ïÎöPë<îKðé1ê¿ì�î�é
é1õxñfé1ó�õ¡ì=ù�ñxéÞîFï/ùFõ¡õ�ðé¿éÐ÷�ï/ó�õ&ì�óâðé¿ñ¡ïeñzëbgì�� í=ô�ë<ó�ë<ó�õ&õxë<ó@ñfí�ò7ðé1õxé1ó@ñ¡õ�i
La fonction d’onde� �/é1êÐê�é¿ñxñxéÐùFöÃï#o/éà÷�ìÒí�ò¡ë�m�îKgé1öPéÑé1óÛñ�àé¿ñxé��`ó�ë<ì�õ�íJë<ì��/ë<ó�õfê�ë<ó�õ¡ñxò,ì�ù�ò¡éÑîFï�n�ë<ó�ê�ñ¡ù�ë<óÂ÷pø ë<ó�÷�éÞ÷�ì
õ
	�õ¡ñ�gé1öåé?gï�ì�ó�éní=ïeò¡ñ¡ùFê¿ì�îFézï��/é1êÞí=îFì�õ¡ùFé1ì�ò,õ ê¿ï/ó=ï/ì������<`K¼1Á�� ÁÀc	�âëbgì�¼BÁ�� Á3é1õxñ&îáø¼ðé1ó�é¿ò}o<ù�éÑ÷�ìÒõ
	7õxñ�gé1öPé
ðé1î�é1ê�ñxò¡ë<ó�~Íí=ô�ë<ó�ë<ó��

���U`K¼BÁ�� Á c	�(� ð 
�� ½� 
�� ½ � ���
ü��>� ð ½ ·�½�� ±��
ü�� `áÇ�iF©�wlc
ëbgìÂîFï�m�ï/õxéÞì�ñ¡ùFîFù�õ@ðé¿éÑí`ë<ì�òf÷Vðé1ê�ò,ù�ò¡éÞîFï�n�ë<ó�ê�ñ¡ù�ë<óÂ÷pø ë<ó�÷�éÑé1õxñE�

� ���
ü��(� ó ²
 `K¶ ² c ½� ü�� � �� `áÇ�iF©�Õ�c
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� ±��
ü��(�Ã± ² `K¶ ² c ½� ü�� � �� `áÇ�iF©1«lc

� ��Éê�ë/ò¡ò¡é1õxíJë<ó�÷�gïÖîáø¼ðé¿ñ¡ïeñÚ��ùF÷�éz÷�ìcõ
	�õ¡ñ�gé1öåé�i_e ó�q=óV��ó�ë<ì�õ�õxë<ì�î�ù�o<ó�ë<ó�õBû�ìpøÕï/ì�ê¿ì=ó�énõ�ðé¿í�ïeò,ïeñ¡ù�ë<ó
÷�ì ñ 	�íJé ¢a��Yb�j~��P§�§_^_��¨V^�\Ry*^_YÅópø é1õxñ<n¸ï/ù�ñxéÛé1ó@ñxò¡éÂî�é1õP÷�é�o/ò7ðé1õc÷�é¬îFù�mJé¿ò¡ñ�ðéÛ÷�é¬îáø�ðé1î�é1ê�ñxò,ë<óÙé¿ñÃ÷�ì
í=ô�ë<ó�ë<ó¬ï/ìÂó�ù��/é1ï/ì¬÷�éÞî�ï�n¤ë<ó�ê�ñ¡ùFë<ó¬÷pø ë<ó�÷�é�i
La conser vation de l’ énergieØØë<ì=õ ðé1ê�òKù��/ë<ó�õ�ùFê¿ù û�ì�éÒîáø¼ðé1ó�é¿ò}o<ù�éÎñxë/ñ¡ï/î�éÛ÷�ì õ
	�õ¡ñ�gé1öåéÛé1õxñÖê�ë<ó=õxé¿ò}�Bðé¿é¬îFë/ò,õà÷�ì í�ò¡ë7ê�é1õ¡õ¡ì=õÐ÷�é
÷�ù�fpì�õ¡ù�ë<ób�7êeø é1õxñ<gïå÷�ù�ò¡é��

¼ Á�� Á �Ã¼�� ð ½ ü�¸¹ ´ ° �Ã¼��Ä� ð � � ¸¹ ´ ° `áÇ�iF©1Çlc
¼ é1õ¡ñØîáø¼ðé1ó�é¿ò}o<ù�éÐ÷�éÞîáø¼ðé1î�é1ê�ñxò¡ë<ó ï��eï/ó�ñn÷�ù�fpì�õ¡ù�ë<ób�7ï/î�ë/ò,õ&û�ì�éIüTí=ô�ë<ó�ë<ó�õ&÷�éIn�ò7ðé1û�ì�é1ó�ê�éI´ ° õ¡ë<ó�ñ

í�ò�ðé1õxé1ó@ñ¡õåï/ì ó�ù��/é1ï/ì ÷�éÛîFï öPë<îDðé1ê¿ì�î�é�i,¼ � é1õxñåîÍø¼ðé1ó�é¿ò}o<ù�éÛ÷�éÛîáø¼ðé1î�é1ê�ñxò¡ë<ó ÷�ù�fJì�õ�ðé�`¸ê�é1îFì=ùVíJé1ì�ñ�àé¿ñxò¡é
ñxò,ï/ó�õ¡öåù�õPë<ìÙò7ðé¿ú�ðé1êKô�ùRccï��/é1ê ì�ó�éÂ÷=ùFõxñxò,ù�m�ì�ñ¡ù�ë<óý÷�é�� í=ô�ë<ó�ë<ó�õ�i"eVó í�ò7ðé1õxé1ó=ê�é ÷pøÕì=ó í�ò¡ë7ê�é1õ¡õ¡ì�õ !#"�$&%('*),+.-�! ��îFéÖó�ë<öXm�ò¡éPùFó=ù�ñ¡ùFï/î�÷�éÖí�ô�ë<ó�ë<ó�õné1õxñÞê�ë<ó�õ¡é¿ò}�Bðé<ü��/� é¿ñÞï/ùFó�õ¡ù;¼ ��¼ � ib��ï/ó�õÑî�éPê¿ï/õ
÷pøÕì�óÛí�ò,ë�ê�é1õ¡õ,ì�õ )10  !#"�$&%('*),+.-�! ü32�4���=îáø�ðé1ó�é¿ò®o<ù�éà÷�éàîÍø¼ðé1îFé1ê�ñxò¡ë<óÂùFó=ù�ñ¡ùFï/î�é�é1õxñØ÷=ù�fØðé¿ò¡é1ó@ñxéÐ÷�éÞîáø¼ðé1ó�é¿ò}o<ù�é
÷�éàîáø�ðé1î�é1ê�ñxò¡ë<ó õxë/ò¡ñ¡ï/ó@ñ�i
Obtention des coefficients de la fonction d’onded�ë<ì�òåê�ë<ó�ó�ï�à ë�ñxò,éÒî�ïÂñxò,ï/ó=õ¡öåùFõ¡õ,ù�ë<ó ÷�éÎîFïÃüxë<ó�ê�ñ¡ù�ë<ób�3ùFî$é1õxñPó$ðé1ê�é1õ¡õ¡ï/ùFò¡é¬÷pø ë�m�ñxé1ó�ùFòÖîFïÇn�ë<ó�ê�ñ¡ù�ë<ó
÷pø ë<ó�÷�éT÷�éTîáø¼ðé1î�é1ê�ñxò¡ë<ó ñxò,ï/ó=õ¡öåùFõÃé¿ñÎí�îFì�õcí=ïeò¡ñ¡ùFê¿ì�î�ùKgé¿ò¡é1öPé1ó@ñÎî�é1õÎê�ë�é¿þÃê¿ù�é1ó@ñ¡õ  
�� ½ ��·�½�iÚk$é1ì���~Óê¿ùõ¿ø ë�m�ñ¡ù�é1ó�ó�é1ó�ñ&é1óÂí�ò¡ëIüxé¿ñ¡ï/ó�ñØîÍø¼ðé1û�ì�ïeñ¡ù�ë<ó ÷�é�Wts`¨VY Z��[V\]��¥�^rYÂõ¡ì�òØî�é1õÎðé¿ñ¡ïeñ¡õn÷�éam=ï/õxéU�

���<`K¼BÁ�� Á c&��¼BÁ�� Á(���<`K¼1Á��ÀÁÀc5� `áÇ�iF©76�c
Projection sur les états des électr odesØØë<ì=õ�í�ò¡ëIüxé¿ñxë<ó�õ�îáø¼ðé1û@ì�ïeñ¡ùFë<ó ÷�é�Wbs�¨�Y Z��[�\R��¥�^_Y ÷�ï/ó=õnì=óÂí�ò,é1öåù�é¿ònñxé1öPí=õ�õ¡ì�ò�î�é1õÂðé¿ñ¡ïeñ¡õÞ÷�é1õ
÷�é1ì�� ðé1î�é1ê�ñxò,ë�÷�é1õ8�	9;:*<ÄÓ>=?�®�A@�ë<ìB<��C���D=E@.F_ibe ó ì�ñ¡ùFîFùFõ,ï/ó�ñnî�éXn¸ï/ù�ñ�û@ì�éÖ÷�éPó�ë<öXm�ò¡é1ì��¬ñxé¿ò,öPé1õ
õxë<ó�ñ�ó�ì�îFõBé¿ñ�îáø�ðé1û�ì�ïeñ¡ù�ë<ó�`áÇ�iF©1Çlc���ó�ë<ì�õVë�m�ñxé1ó�ë<ó�õ$ì�óÃõ}	�õxñ�gé1öPéÑ÷�én÷�é1ì�� ðé1û�ì�ïeñ¡ù�ë<ó�õ�ê�ë/ò¡ò¡é1õ¡í`ë<ó=÷�ï/ó�ñgïåê,ô�ï/ê¿ì=ó�éà÷�é1õfêKô�ï�à ëFó�é1õØîFùFó$ðé1ï/ù�ò¡é1õI�

G  
�� ½ ¯ � ��í � `  
 ² ï � ½ �  
 îbï � ½ c&�Ã¼  
�� ½ 
�� ½ ¯ � ��í � `  
 ² ï � ½ �  
 îbï � ½ c,��¼ �  
�� ½ `áÇ�iF©� lc
è�é1õ�õxë<îFì�ñ¡ù�ë<ó�õÞ÷�éÎê�éÎõ}	�õxñ�gé1öPé1õPõ¡ë<ó�ñ�÷�é1õÞë<ó=÷�é1õÐ÷�éÒ¢Hz��;s`¨ÙõxéÎí�ò¡ë/í�ï#o/é1ï/ó�ñ�÷�ï/ó�õÖî�é1õà÷�é1ì��

õxé1ó�õ�i_Øzë<ì�õ&õ¡ì�í=í`ë<õ¡ë<ó�õ�û@ì�éÑîáø�ðé1î�é1ê�ñxò,ë<ó¬é1õxñfùFó@ñxò¡ë7÷�ì�ù�ñ$ï/ì¬ó�ù��/é1ï/ìÛ÷�é�îÍø¼ðé1îFé1ê�ñxò¡ë�÷�éà÷�éHo<ï/ì�ê,ô�éàï/î�ë/ò,õ
û@ì�éÒîFï öPë<îKðé1ê¿ì�î�éÒïMüÅí=ô�ë<ó�ë<ó=õÞé¿ñÖò¡é¿í=ïeò¡ñÖé1ó î�ï/ùFõ¡õ¡ï/ó@ñD� í=ô�ë<ó�ë<ó=õàê�ë<öåöPéÒ÷�ï/ó�õÖî�éÎê¿ï/õÖ÷�éÎîFïq_o<ì�ò¡éU`áÇ�i�Õ�c�i=è�ïXn�ë/ò,öPéÑ÷�é1õ�ê�ë�é¿þÃê¿ù�é1ó@ñ¡õfê�ë/ò¡ò¡é1õ¡í`ë<ó=÷�ï/ó�ñIgïP÷�é1õ$ë<ó�÷�é1õ&÷�éÑ¢Hz���s`¨ õxé�í�ò¡ë/í=ï#o/é1ï/ó@ñ
ï/ìÂó�ù��/é1ï/ìÛ÷�é1õÎðé1î�é1ê�ñxò¡ë7÷�é1õØ÷�éÞ÷�ò¡ë<ù�ñxéÑé¿ñfé¿ñz÷�éao<ï/ì�ê,ô�éÐõ¿ø é��7í�ò,ùFöåé1ó�ñfê�ë<öåöåéU�
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G  
�� � �IH�²KJ�L.MN 
 Ï5OQP ½ � � �BR � O H î J�L.MS 
 Ï �UT3Ó1� 
�� � �4V � O H�²KJ�L.WS 
 Ï �UX>� `áÇ�iF©�Plc

ï��/é1êzê�ë<öåöPéØï/öPí�îFù�ñ¡ì�÷�é�î�é1õsê�ë�é¿þÃê¿ù�é1ó@ñ¡õB÷�é&ñxò,ï/ó=õ¡öåùFõ¡õ,ù�ë<óYV � é¿ñB÷�é&ò�ðé¿ú�é1ê�ñ¡ù�ë<ó�R � ile ó�ò¡é¿íJë/ò
~
ñ¡ï/ó�ñà÷=ï/ó�õÑî�é1õ ðé1û�ì�ïeñ¡ù�ë<ó�õÑí=ò�ðé1ê=ðé1÷�é1ó�ñxé1õ��3ó�ë<ì�õ�ë�m=ñxé1ó�ë<ó�õÑî�é1õÑò,é1îFïeñ¡ù�ë<ó�õ�÷�éå÷�ù�õxíJé¿ò,õ¡ù�ë<ó ï/ì ó�ù��/é1ï/ì
÷�é1õÒðé1î�é1ê�ñxò¡ë7÷�é1õE�

G ¼���¯ � �¡�µí � ê�ë<õ�`,Z �½ ¶�c¼ � �Ã¯®���¡�µí��Òê�ë<õ�`,Z �� ¶�c `áÇ�iº�#Äc
Projection sur les sites des électr odes coupl és à la mol éculee óÛí=ò¡ëIü¹é¿ñ¡ï/ó@ñØõ¡ì�òfî�é1õf÷�é1ì��Ûõ¡ù�ñxé1õfëbgì��V��ÓÞ©[����©Ñé¿ñØé1ó¬ì�ñ¡ùFîFù�õ¡ï/ó�ñ&î�éan¸ï/ù�ñfû�ì�éÞî�é1õfê�ë�é¿þÃê¿ù�é1ó@ñ¡õ îbï � � é¿ñ  ² ï � � ÷�ë<ù��/é1ó@ñVï��/ë<ù�ò&îFïàö�àé1öåé(n�ë/ò,öPé�û@ì�éØí�ò7ðé1ê�ðé1÷�é1öåöåé1ó�ñ�íJë<ì�òVû�ì�énî�é1õPðé1û�ì�ïeñ¡ù�ë<ó�õ�÷�é
í�ò¡ë/í=ï#o<ïeñ¡ù�ë<óTò,é1õxñxé1ó�ñH�eï/îFï#m=î�é1õ��`ó�ë<ì=õzë�m=ñxé1ó�ë<ó�õ�û@ì�éÖî�é1õ�ê�ë�é¿þÃê¿ù�é1ó@ñ¡õÑ÷�é�ñxò,ï/ó�õ¡öÃùFõ¡õ¡ù�ë<ó\V � é¿ñÑ÷�é
ò�ðé¿ú�é1ê�ñ¡ù�ë<ó�R � õ¿ø é��7í�ò,ùFöåé1ó�ñ�é1ó�n�ë<ó�ê�ñ¡ù�ë<ó ÷=ì ê�ë@é¿þÃê¿ùFé1ó�ñà÷�éåîFï?n¤ë<ó�ê�ñ¡ùFë<ó ÷pø ë<ó�÷�éå÷�é�î�ïÛöPë<îKðé1ê¿ì�î�é
ê�ë<öåöPéU�

G V � �>· � É W] WR � ��Ó P ½ � � �p· � É M] M `áÇ�iº�7©�c
Projection sur les sites des électr odes coupl és à la mol éculee ó�q�ób��îFï�÷�é¿ò,ó�ù!gé¿ò¡é�í�ò,ëIü¹é1ê�ñ¡ù�ë<óÒé1õ¡ñ&ò�ðé1ï/îFùFõ�ðé¿éÐõ,ì�ò&î�éÑõ¡ù�ñxéÞ÷�éÑîFï�öPë<îDðé1ê¿ì�îFé�i=èBø�ðé1û�ì�ïeñ¡ù�ë<óÛë�m�ñxé1ó�ì�é
é1õxñØîFïPõ¡ì=ù��Iï/ó@ñxé<�
· � `!¯}°"�B�Ò¸¹ ´Ccb� Å °l`R· � îbï � � �p· �F² ï � � �É©�cb�  îbï � � Ô � �  ² ï � � Ô � �h¼I· � `áÇ�iº���lc
^ òµàï/ê�é�ï/ì��¬ò7ðé1õ¡ì�îFñ¡ïeñ¡õØí�ò7ðé1ê�ðé1÷�é1ó@ñ¡õ��pó�ë<ì�õØíJë<ì��/ë<ó�õfé1ó=î�é��/é¿òzîFïÃ÷Vðé¿í`é1ó=÷�ï/ó�ê�éàí�ïeòØò,ïeí�íJë/ò¡ñzï/ì��

ê�ë@é¿þÃê¿ùFé1ó�ñ¡õ�÷pø ë<ó�÷�é1õV÷�é1õPðé1î�é1ê�ñxò¡ë7÷�é1õ�i ³ óåë�m=ñ¡ù�é1ó�ñ�ï/î�ë/ò,õVì�ó�éÛðé1û�ì�ïeñ¡ù�ë<óÒó�é(n�ï/ù�õ¡ï/ó�ñ$ùFó@ñxé¿ò}�/é1ó�ù�ò$û@ì�é
î�é1õfê�ë�é¿þÃê¿ù�é1ó@ñ¡õÚ· � �
· � `!¯®°��_�Ò¸¹ ´�� Ô Æ�í � H J�L.MS Ï � Ô Æ�í � H J`L WS Ï Ó1¼�c}� Å °�`R· � îbï � �ý�*· ��² ï � � �É©�c&�@�&a Ô � õ¡ùFób`,Z �½ ¶�c P ½ � �`áÇ�iº��wlc

ØØë<ì=õØë�m�ñxé1ó�ë<ó�õzîÍø¼ðé1û�ì�ïeñ¡ù�ë<ó ÷�éÖîFïåöPë<îDðé1ê¿ì�îFéÐùFõxë<îDðé¿éÖé1ó¬í=ò�ðé1õxé1ó�ê�é�÷�éÐõxé1î�nè~eðé1ó�é¿ò}o<ùFé�ijØzë<ì�õfíJë<ì�~�/ë<ó�õnò�ðé¿é1ê�ò,ù�ò¡évn¤ë/òKöPé1îFî�é1öPé1ó@ñzê�é¿ñxñxéýðé1û�ì�ïeñ¡ù�ë<ó é1ó ó�ë/ñ¡ïeñ¡ù�ë<óTöåïeñxò,ùFê¿ùFé1îFî�éàû�ì�ù�÷$ðé¿íJé1ó�÷ ÷�éÖîáø¼ðé1ó�é¿ò}o<ù�é¼ é¿ñØ÷�é1õfõxé1î�nR~Iðé1ó�é¿ò}o<ù�é1õ_b � `K¼vc$é¿ñcb � `K¼�c�iV�
: ¼3Ó�� � Ódb � `K¼vc/ÓBb � `K¼vc F � ·/`K¼�c	�(�e� f�`K¼vc5� `áÇ�iº�µÕ�c

ëbgìÂî�é1õØõxé1î�nR~Iðé1ó�é¿ò}o<ù�é1õfõxë<ó@ñØ÷�é1õØöåïeñxò,ùFê�é1õz÷�ùFï#o/ë<ó�ï/î�é1õI�
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gh i b � `K¼�c,� É ËM] M H ²KJ�L MS 
 Ïb � `K¼�c"� É ËW] W H�²KJ�L#WS 
 Ï `áÇ�iº�/«lc

f�`K¼�cnò¡é¿í�ò7ðé1õ¡é1ó�ñxéÃîFéPñxé¿ò,öPéå÷�éåõxë<ì�ò,ê�éM`¸ê�ë/ò¡ò¡é1õxíJë<ó�÷=ï/ó�ñ�gïÛîáø�ðé1î�é1ê�ñxò,ë<ó ùFóIüxé1ê�ñ@ðé�c���ùFî3ópøÕïÛû�ìpøÕì�ó�é
õxé1ì�î�éÞê�ë<öPíJë<õ¡ï/ó@ñxéU�

� f�`K¼vc5�(�Ã�&a Ô � õ¡ùFób`,Z �½ ¶�c `áÇ�iº�/Çlc
é¿ñ�� ·/`K¼vcc� é1õxñ�îFïÃöÃïeñxò,ùFê�é�÷�é1õzê�ë�é¿þÃê¿ù�é1ó@ñ¡õ(· � i`è ø¼ðé1û�ì�ïeñ¡ù�ë<óì`áÇ�iº�µÕ�c(�eïcó�ë<ì�õfíJé¿ò,öPé¿ñxñxò,éÖ÷�éê¿ï/îFê¿ì�î�é¿ò�î�é1õ ê�ë�é¿þÃê¿ù�é1ó@ñ¡õ�÷�é1õCn¤ë<ó�ê�ñ¡ùFë<ó�õV÷�ø ë<ó�÷�é1õBé1ó�n�ë<ó�ê�ñ¡ù�ë<óÎ÷�ézîáø�ðé1ó�é¿ò®o<ù�én÷�ézîáø�ðé1î�é1ê�ñxò¡ë<óÒùFó=ê¿ùF÷�é1ó@ñ

é¿ñØ÷pøÕï��/ë<ùFòzï/ê¿êµgé1õ�ï/ùFó�õ¡ù"gïPîFï�ñxòKï/ó�õ¡öåùFõ,õ¡ù�ë<óbi
6.2.3 La transmissionOÂï/ù�ó�ñxé1ó�ï/ó@ñÃû�ì�éÛó�ë<ì�õ�ê�ë<ó�ó�ï/ù�õ¡õxë<ó�õPî�é1õPê�ë�é¿þÃê¿ù�é1ó@ñ¡õå÷�éÛîFïÇn�ë<ó�ê�ñ¡ù�ë<ó ÷pø ë<ó=÷�éÛ÷�éÛîáø¼ðé1î�é1ê�ñxò¡ë<ó

÷�ù�fpì�õ@ðé��=ùFîJé1õxñØí`ë<õ,õ¡ù�m=î�é�÷�éÞöPë<ó@ñxò¡é¿ò<gïåîáøÕï/ùF÷�éÞ÷�éÞîáø¼ðé1û@ì�ïeñ¡ùFë<óÂ÷�ékj,\]��Tml�\Rz�zÄ^Ûû�ì�éàîFéÞê�ë<ì�ò,ï/ó@ñB�/é¿ò,õ
îFïP÷�ò¡ë<ù�ñxéÞï/ìÂó�ù��/é1ï/ì¬÷�éÐîáøÕïeñxë<öPéà÷�éÞî�ïPê,ô�ï�à ëFó�é��3é1õxñÎðé�o<ï/î�gï��

n �� `K¼�c,� �oHa
¸¹?p � �xÿ �\��qÄ��� ��� `,r�iº�s6�c
ëbgì�qcé1õxñØì�óÅðé¿ñ¡ïeñ�÷�éktHz��;sKu ñxò,ï/ó�õ¡öåù�õI`vq��e���e� p ����c$é¿ñØîÍøÕô�ï/öåùFî�ñxë<ó=ù�é1ó�� õxéÞò7ðé1õ,ì�öPéàï/ì

ó�ù��/é1ï/ì¬÷�éÞîÍø¼ðé1îFé1ê�ñxò¡ë�÷�éÐ÷�éÞ÷�ò,ë<ù�ñxé�gï p �w� �x� �r�Iy8�(�hí � i_Øzë<ì�õfï��/ë<ó�õE�
n �� `K¼vc,� �oHa
¸¹kz p ��� �{qm� ���3Ó p �w� q��|� ���~}�� �oHa
¸¹kz í �  
 ² ï � � ��
�� � ÓÒí �  
�� � ��
 ² ï � � } `,r�iº�� lc
ëbgì¬í=î�ì�õ�õ¡ùFöPí=îFé1öPé1ó�ñH�

n �� `K¼vc"� �oH¸¹�� ��`  �
�� � í �  
 ² ï � � c `,r�iº��Plc
é1óÂì�ñ¡ù�îFùFõ¡ï/ó@ñ$î�ï�n¤ë/ò,öåéà÷�é1õfê�ë�é¿þÃê¿ù�é1ó@ñ¡õØ÷�éÞîÍø ë<ó�÷�éÞ÷�éktHz���sKu¡gïå÷�ò,ë<ù�ñxé<�

n �� `K¼vc��@�µí � � VÀ½ � � `K¼�c.� Æ õ¡ùFób`,Z �� ¶�c `,r�iºw#Äc
é¿ñØé1ó ó�ë/ñ¡ï/ó�ñ�î�éÞê�ë<ì�òKï/ó�ñnùFó�ê¿ùF÷�é1ó@ñ n �½ `K¼�c���ó�ë<ì=õfíJë<ì��/ë<ó�õf÷$ðé�q�ó�ù�òØîFïåñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<óÒé�fJé1ê�ñ¡ù��/é

ê�ë<öåöPéU�
� ½ � ����I� `K¼vcC� n �� `K¼vcn �½ `K¼vc `,r�iºw�y�c
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ê�éÑû@ì�ù`÷�ë<ó�ó�ézé1óÒ÷$ðé¿ñ¡ï/ùFîFî�ï/ó�ñ�îáø é��7í�ò¡é1õ¡õ¡ùFë<óÃíJë<ì�ò�îFïÐñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<óc÷pøÕì�ó ðé1îFé1ê�ñxò¡ë<óÛ÷�é�îáø¼ðé¿ñ¡ïeñXgïXü

í=ô�ë<ó�ë<ó�õF�/é¿òKõØê�é1îFì�ù"gï����
� ½ � ����E� `K¼�c,�e� V ½ � � `K¼vc.� Æ í � õ,ùFó5Z �� ¶í � õ,ùFó5Z �½ ¶ `,r�iºw��lc

é¿ñz÷�éÞö�àé1öåéÞíJë<ì�òfîFï�ò7ðé¿ú�é���ù�ë<ó��
� ½ � �� `K¼�c"�e� R�½ � � `K¼�c.� Æ õ¡ùFó5Z �� ¶õ¡ù�ó�Z �½ ¶ `,r�iºw�wlc

6.2.4 Quelques résultats� q�óÎ÷�øÕùFîFîFì�õ¡ñxò¡é¿òBì�ócí`é1ìcí=îFì=õ îáø é�fJé¿ñ&÷�é1õ í�ô�ë<ó�ë<ó�õ$õ¡ì�ò�îFïÐñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<ób�@ó�ë<ì�õ$ï/îFî�ë<ó�õPðé¿ñ¡ì�÷�ù�é¿ò
ì�óÅõ}	�õxñ�gé1öPéTò¡é1î�ïeñ¡ù��/é1öPé1ó@ñcí�ò,ë�êKô�é ÷�é1õÎñ¡ô�ùDðé1ó�	7îKgé1ó�é���ù�óÄ	7îKgé1ó�é1õ�iFe óÅé�f`é¿ñ��&ó�ë<ì=õcï��/ë<ó�õ?��ìâ÷�ï/ó�õ
î�é ê¿ï/õÎ÷pøÕì�óÙõ}	�õxñ�gé1öPé � îRQIó_NÚô�õ�Q � îfû�ì�é î�é ó�ù��/é1ï/ìI�v��yH� é1õ¡ñc÷$ðé1î�ë7ê¿ï/îFùFõ�ðé õ¡ì�òcîÍø é1ó�õxé1öXm=î�éÂ÷�é
îFï öPë<îDðé1ê¿ì�î�é�i,�né¬í�îFì�õ�ê�é¬ó�ù��/é1ï/ì í�ïeò¡ñ¡ùFê¿ù�íJéÒöåï5ü¹ë/òKù�ñ¡ï/ù�ò¡é1öPé1ó@ñåï/ì ñxò,ï/ó�õ¡í`ë/ò,ñ�iCk$é¬õ
	7õxñ�gé1öPé¬é1õxñ
ï/õ¡õ¡ùFöåù�îFï#m=î�éUgïåì�óÛõ
	7õxñ�gé1öPévq=ê�ñ¡ù�nÚgïåì�ó¬õxé1ì=îpó�ù��/é1ï/ìbi_Øzë<ì�õØï��/ë<ó�õnê,ô�é¿ò,êKôVðé�gïåõ,ùFöÐì=î�é¿òfê�éàõ
	7õxñ�gé1öPé
é1ó¬í�ò7ðé1õxé1ó=ê�éà÷�éÑí=ô�ë<ó�ë<ó�õ�é¿ñfé1ó¬ï/÷�ë/í=ñ¡ï/ó�ñnîFï�í=ïeò,ï/öýðé¿ñxò,ù�õ¡ïeñ¡ù�ë<ó¬õ¡ì=ù��Iï/ó@ñxé<�

d3ïeò,ï/ö�gé¿ñxò¡é1õ ôBï/îFé1ì�ò¯����®¯�� ÓÚÕ��º�oHµÔí � �
í � Ó��C��sHµÔ¯®° ÓÚÕ���6[HµÔ´;° y��#cö�H�Ôú(û�Î �Ô � ��Ô � ÓB��º�oHµÔø ¨ ÷ ¢H£���¤ â	���w�C� ä
å7å����.����ä}å_���.����ç{�ä¡ 1� ä
å¢��ä�é¤£ ¥s��ç>��é¦ ,�.�A�èäw���s��§o��§o��å�¨�å� Q�ä®çaä¢�©�7������æ©¥s���� Iéª�E¥¡����æ¡ 1�����« é ¬A��¯®rå*¬ « é
è�ï�m=ï/ó�÷�é°fÖò¡é¿í�ò7ðé1õxé1ó@ñ¡ï/ó@ñ�îFé1õÛðé1î�é1ê�ñxò¡ë7÷�é1õné1õxñnò¡é1îFïeñ¡ù��/é1öåé1ó�ñ�îFïeò}o/é�`©y�cé�ôIcØê�é1ó�ñxò7ðé¿éåõ¡ì�òB~|Õ�iº�

é�ôX�$ðé1ó�é¿ò}o<ùFé�û�ì�ùJê�ë/ò¡ò¡é1õ¡í`ë<ó=÷�ò,ï/ù�ñ$ï/ìÛó�ù��/é1ï/ìÒ÷�éIÙF^_Yby1\�÷�énîÍøÕï/îFì�öåùFó=ùFì�ö�i<è�é�õ,ù�ñxézé1õ¡ñ�n¸ï/ù�m=îFé1öPé1ó�ñ
ê�ë<ì�í=îDðéÐï/ì��Ò÷�é1ì��Åðé1î�é1ê�ñxò,ë�÷�é1õØí=ì�ùFõ,û@ì�éÑîFïU�Iï/î�é1ì�òØ÷�ìÛê�ë<ì�í=î�ï#o/éÐópø é1õxñzû@ì�éÐ÷�éE�#�ÃöPé�ôvi�eVó�q=óÛîFï�Iï/î�é1ì�òØ÷�éàîFï�í�ì�îFõ¡ïeñ¡ù�ë<ó�´;°�é1õxñØê�ë<öPí�ïeñ¡ù�m=î�éÞï��/é1êÐì�óÂöPë�÷�éÞ÷�éI�7ù�m�ò,ïeñ¡ù�ë<ó=õ$÷�øÕì�ó�éÞ÷�ë<ì�m�î�éÞîFùFï/ùFõ¡ë<ó± � ± gï�y���Ãê¿ö îbï i� �eï/ó@ñÖ÷�écí=ï/õ¡õxé¿òÖï/ì ê¿ï/î�ê¿ì�î ÷�éÎîFï¬ñxòKï/ó�õ¡öåùFõ,õ¡ù�ë<ób�pùFî é1õxñÐó$ðé1ê�é1õ¡õ,ï/ù�ò¡éÒ÷pø¼ðé1ê¿îFï/ù�ò,ê¿ù�òÖî�écêKô�ë<ù�� ÷�é
îáø¼ðé¿ñ¡ïeñ$ùFó=ù�ñ¡ùFï/î�÷�é&í=ô�ë<ó�ë<ó=õ�ilØØë/òKöåï/î�é1öPé1ó@ñ���ó�ë<ì�õ ÷�é��@òKù�ë<ó�õ3ê�ë<ó�õ¡ùF÷$ðé¿ò,é¿ò ñxë<ì�õBîFé1õÐðé¿ñ¡ïeñ¡õ$÷�é&í=ô�ë<ó�ë<ó�õ
ï��/é1êÖîFïP÷�ùFõxñxòKù�m=ì�ñ¡ù�ë<óÎ÷�éamJë<õxë<ó�õ&ï/õ,õxë�ê¿ùDðé¿é��

ü Ê Ì � y
é��7í�` ½o²Î Ê ÌL´³�µ c/Ó3y `,r�iºwµÕ�c

k$ë<öåöPé$ó�ë<ì�õ�ê�ë<ó�õ¡ùF÷$ðé¿ò¡ë<ó=õ�÷�é1õ�í=ô�ë<ó�ë<ó�õpë/í�ñ¡ùFû�ì�é1õ�÷pø¼ðé1ó�é¿ò}o<ù�é$ò¡é1îFïeñ¡ù��/é1öåé1ó�ñ�ùFöPíJë/ò¡ñ¡ï/ó@ñxé"´ ° �y��/öPé�ôX��îFïàí�ò¡ë�m=ï#m�ùFîFù�ñ�ðéØû�ìpøÕì�óÃë<ìÃí=î�ì�õ¡ù�é1ì�òKõ3í=ô�ë<ó�ë<ó�õVõxë<ù�ñVí�ò�ðé1õxé1ó@ñ¡õ$÷=ï/ó�õVîÍø¼ðé¿ñ¡ïeñ&ùFó=ù�ñ¡ùFï/î�é1õxñVñxò�gé1õ
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·U¸�¹�¢�£���º â»®C�.�����. v���.�D��ä;é��¼ v���.�Äå7çc��å7å����.�½�s��§o�»§o�c����¾�ä©�.§1ç8��é.¿ä�æ¡§�é��.��� ä"æ©�.§(��é#¿äÀ��5��ä¡§7�Úæ�¥���ÁÂ���ä
å;ç�¿ä¡ *��é�é¦��Ã¡§Ää
åå}ä®çc� ¬ ���´ÄÅ�A�èä
å,ä¡�¯Æw�.��æ¡ v���.�k��ä/é¤£�¿ä¡��ä¡�1Ç��èä�����æ¡����ä¡�� !ä���ä&é¤£�¿ä®éêä7æ¡ 1�����Eäw o�s��§o����é¦§#å��èäw§o�7åU¾#��éêä¡§o�7å���§_�È¿ä�æ©��éª�¡Çµä½��äÉ>Ê�Ë �sÌ ��§#å��QÍ
å®ä¡��¾#���lå½Ã¡§ÄäK��é¦§#å&éêäCæ©��§(��é��´Ç�ä\¿ä®éêä7æw v���.� ¬ �s¥��.�C����ä}å� ���ç��s���� *���� 1Îo��éÏ§#å¯��ä
åK���èæ
å¯����¿ä}é���å� 1��Ã¡§Ää
å���7���.���sÁÂ�å7å®äw�A  ��Ð ä½��éÏ§#å�ÎÈ��é�ä}å© "æ®é������8Ã¡§ÄäHé��c�s���� 1�èä_§o�A��Ãw§Ää®çaäw�A ¢¿ä}é���å� 1��Ã¡§ÄäÀÑKé��<æ©�.§o�¡Í7äIä¡�Ò�C�����*Ó°����ç>���A§Äääw �Ãw§ÄäBéêä}åBæ©���� v����Íw§o v���.�Äå¼����¿ä}é���å� 1��Ã¡§Ää
å���§7Ç�çaäw�A Kä¡��  � öA§o�Fé���ÄÔÇ7§o�Àä���ÓIæ©��ç(çaäBé§ä É Ê�Ë ä}å� »��§�é¦Îtéª�� v���.�Äå ¬ç>��å7å����.�¢ *�� *��éêä*ä
å� �¿ä�Ç&��éêäÕ��aéª�� v���.�Äå
ç>��å7å����.�Ö¿ä}é���å� 1��Ã¡§Ää �
n�ï/ù�m�î�é�i,þzó�é¬ñxò�gé1õ�mJë<ó�ó�éÒïeí=í�ò¡ë���ùFöåïeñ¡ùFë<óÙê�ë<ó�õ¡ùFõ¡ñxé5q=ó�ï/î�é1öåé1ó�ñýgï í=ò¡é1ó�÷�ò¡éÛê�ë<öåöåéÉðé¿ñ¡ïeñÎù�ó�ñ¡ùFï/î|�
îáø¼ðé¿ñ¡ïeñýgïMÿ`ðé¿ò¡ëTí=ô�ë<ó�ë<óbi�è ø¼ðé1ó�é¿ò}o<ù�éÎñxë/ñ¡ï/î�éÛ÷�ì õ}	�õxñ�gé1öPé�¼1Á��ÀÁné1õxñ ðé�o<ï/î�é�gï îáø�ðé1ó�é¿ò®o<ù�éÎê¿ù�óVðé¿ñ¡ùFû@ì�éÎ÷�é
îáø¼ðé1î�é1ê�ñxò¡ë<ó�ùFó�ê¿ùF÷�é1ó�ñV¼�iµØzë<ì�õ�íJë<ì��/ë<ó=õ�ê¿ï/îFê¿ì�îFé¿ò�îFïØñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<óHo<î�ë�m�ï/î�éBé1óXn¤ë<ó�ê�ñ¡ùFë<óà÷�é$îáø¼ðé1ó�é¿ò}o<ù�é
÷�éàîáø�ðé1î�é1ê�ñxò¡ë<ó ùFó�ê¿ùF÷�é1ó�ñH�

� ���I� `K¼�c,� ð � � V � `K¼vc.� Æ í � õ¡ùFó�Z �� ¶í � õ¡ùFó�Z �° ¶ `,r�iºwo�lc
L7ì�ò�î�é1õvq_o<ì�ò¡é1õ�õ¡ì=ù��Iï/ó@ñxé1õ�`,r�iÏ�lc��Bó�ë<ì�õÖï��/ë<ó�õåò¡é¿í�ò7ðé1õxé1ó@ñ@ðéÂîFï ñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<ó é1ópn�ë<ó�ê�ñ¡ù�ë<ó ÷�é

îáø¼ðé1ó�é¿ò}o<ù�é ùFó�ê¿ù�÷�é1ó�ñxéý÷�é îÍø¼ðé1îFé1ê�ñxò¡ë<ó�¼U��íJë<ì�òÂí�îFì�õ¡ù�é1ì�ò,õ��eï/î�é1ì�ò,õ ÷�ì í=ïeò,ï/ö�gé¿ñxò¡é ÷�é¡ÙFYm×���sjÛV~ÜH����[����¡`!Ý<ÞVß&c�i
� q=ó ÷�éÛíJë<ì��/ë<ù�òPùFó@ñxé¿ò¡í�ò7ðé¿ñxé¿òÎî�é1õå÷�ù�fØðé¿ò¡é1ó@ñ¡õPí=ùFê¿õP÷�éÛñxòKï/ó�õ¡öåùFõ,õ¡ù�ë<ób�3ùFî$é1õxñÃùFó@ñ@ðé¿ò¡é1õ¡õ¡ï/ó@ñØ�Ù�Ú7Û(Ü¦Ý´Þ,Û¡ß

÷pøÕùFó@ñxò¡ë�÷=ì�ù�ò¡éfî�énê�ë<ó�ê�é¿í�ñ&÷�éníJë<îFïeò¡ë<óbiÄþnócí`ë<î�ïeò¡ë<óÃé1õ¡ñ$ì�ó ðé¿ñ¡ïeñcðé1î�é1ê�ñxò¡ë<ó�ùFû�ì�é�ê�ë<ì�í=îDðéUgïÐ÷=ù�fØðé¿ò¡é1ó@ñ¡õ
í=ô�ë<ó�ë<ó�õ�i7è ø¼ðé1î�é1ê�ñxò¡ë<ó¬é¿ñzî�é1õ�í=ô�ë<ó�ë<ó=õ$õ¡ë<ó�ñØîFë�ê¿ï/îFù�õ@ðé1õ&õ¡ì�òfî�éÑö�àé1öPéàõ,ù�ñxé�i�k$é1õÎðé¿ñ¡ïeñ¡õzñxò�gé1õØî�ë7ê¿ï/îFùFõ�ðé1õ
õxéÑí�ò¡ë7÷�ì�ùFõ¡é1ó�ñ�÷�ï/ó�õ&îFï�îFù�öåù�ñxénëbgìÛî�é1õ&ê�ë@é¿þcê¿ù�é1ó�ñz÷�éÑê�ë<ì�í=îFï#o/é�`]ôa�ýé¿ñÚôH�ÚcVñxé1ó�÷�é1ó�ñÚ�/é¿ò,õ1�i=è�é1õ
÷�ù�fØðé¿ò,é1ó�ñxé1õzó�ù��/é1ï/ì��5¯�`v�ýc�÷�éÞê�éàõ
	7õxñ�gé1öPéÐõxë<ó@ñØ÷�ë<ó=óVðé1õfí=ïeòI�
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50meV  b)

·U¸�¹�¢,£���£ â5o����æ�¿äD��äHé��À 1�����lå
çc��å å�������ä¡��Æw�.��æw v���.�\��äHé¤£�¿ä¡��ä¡�1Ç7�èäD��äaé¤£�¿ä}é§ä æ¡ v���.��å¡���� *���� ��7���lå*éêäIæ©��åc��£ §o�É>Ê�Ë ��ä ºQá çaäs® ��â �k���Àä®ç>�.�ä¡�Àä�ÄKÇ�§o� ä°�Àä,�C�m¿ä}å}ä¡�� !ä�é��Y�s���� 1�èä?¿ä}é���å� 1��Ã¡§Ää��Q�.�lå�Ã¡§Ää�é��?å®ä7æ©�.�C��ä�ÄKÇ�§o�Àä<é���s���� 1�èä>����¿ä®é���å© v��Ã¡§Ää�§o�A��Ãw§Ää®çHä¡��  �
¯�`v�ýc&��¯®°ÚÓ�Ý<ÞVß��B�Ò¸¹ ´;° `,r�iºworlc

è�ïvq_o<ì�ò¡é<`,r�iÏ�lc$ïÄc ò¡é¿í�ò7ðé1õxé1ó@ñxéÞîFïÐñxò,ï/ó�õ¡öÃùFõ¡õ¡ù�ë<óc÷�ï/ó�õ�î�é�ê¿ï/õ�ëbgìÛî�é�÷Vðé1ê¿ï/îFï#o/éÞ÷�éEÙFYm×���sjÛV~ØCÝ	ã�Þ,Ý¡ß&äæå¼ç`äæäæç�Û´ßèÙ�Ü¦Ý´äæã�ç�é�ê&Ù ÜH����[���� é1õ¡ñ�ó�ì�î!ij��ï/ó�õÑê�éPê¿ï/õ�í�ò�ðé1ê¿ùFõ��Jî�é1õ�ó�ù��/é1ï/ì�� ÷�éÐí�ô�ë<ó�ë<ó�õnó�éPõxë<ó@ñní�ï/õnê�ë<ì�í=îKðé1õ�ï��/é1êåî�é
ó�ù��/é1ï/ì ðé1î�é1ê�ñxò¡ë<ó�ùFû�ì�é$é¿ñ3ë<óÖó�ø ë�m=õxé¿ò}�/é&û�ì�éVî�é$í=ùFêV÷�é$ñxò,ï/ó�õ¡öåù�õ¡õ¡ù�ë<óTðé1î�ï/õxñ¡ùFû�ì�é$û�ì�ù@é1õxñsê�é1ó�ñxò7ðéXgï1~|Õ�i�6
é�ôXiÅë�ù�é1ó û�ì�éPî�éPõ
	7õxñ�gé1öPéÃõxë<ù�ñ�í�ò,ë�êKô�éP÷�éPê�é1îFì�ù3÷�éPîFïàü¹ë<ó=ê�ñ¡ù�ë<ó � î]QIó_NÚô�õ�Q � î|�`ùFî;	 ïÛû@ì�é1î�û@ì�é1õ
÷�ù�fØðé¿ò,é1ó�ê�é1õPé1ó@ñxò¡éÛê�é¿ñxñxé¬ñxò,ï/ó�õ¡öÃùFõ¡õ¡ù�ë<ó é¿ñPê�é1îFî�éÒò¡é¿í�ò7ðé1õ¡é1ó�ñ�ðé¿éÂíJë<ì�ò�î�é�r#NÚô `K��ù�o<ì�ò¡é�Õ�iº�o�lc�i�k$é1õ
÷�ù�fØðé¿ò,é1ó�ê�é1õPõxë<ó@ñ�÷=ì�é1õÐï/ì�n¸ï/ù�ñ�û@ì�éÒó�ë<ì�õ�ó�éÒê�ë<ó�õ¡ù�÷Vðé¿ò¡ë<ó�õ�ùFê¿ù$û@ìpøÕì=ó õxé1ì=îVó�ù��/é1ï/ìbi;�néÒí=îFì=õ���îFï
÷�é1õ¡ê�ò,ù�í=ñ¡ù�ë<óT÷�é1õÑíJë/ñxé1ó�ñ¡ùFé1îFõÞ÷�éPê�ë<ì�í=î�ï#o/éåé¿ñàîFïÒ÷�é1ó�õ,ù�ñ@ðéÃï/ì�� ó�ù��/é1ï/ì��T÷�é1õ ðé1î�é1ê�ñxò¡ë7÷�é1õÞñxò�gé1õÐõ¡ùFö�~
í=îFù�q�ðé¿éfé1ó@ñxò,ï�à ëFó�éØì�ó�éfñxòKï/ó�õ¡öåùFõ,õ¡ù�ë<óPê¿ï/îFê¿ì�îDðé¿ézí=îFì�õ ùFöPíJë/ò¡ñ¡ï/ó@ñxé�iÄØÛðé1ï/ó�öåë<ùFó�õ���î�é1õBõ¡ùFöÃùFîFù�ñ¡ì�÷�é1õ�õ¡ë<ó�ñ
õ¡ì�þÃõ¡ï/öÃöPé1ó�ñfó�ë<öEm�ò,é1ì�õxé1õ&íJë<ì�òfû�ì�éÞîáø�ðé¿ñ¡ì�÷�éÐ÷�é1õ&é�fJé¿ñ¡õØùFó$ðé1îFï/õ¡ñ¡ùFû@ì�é1õfõxë<ù�ñ&íJé¿ò¡ñ¡ùFó�é1ó�ñxé�i
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 � � ½ � ½���I� M ¼��}¼�N�:¤y1Ó ð � | M ½ � �² � J ½µ¾ 
 N � M ¼�N/Ó ð � | M ½ � �î � J ½#¾ 
 N � M ¼N¤F M r~��Õ£W�N
Ò ¾ 
 �?� ½ � ½� M ¼��}¼�N�:�yÚÓ ð � | M ½ � �² � J ½#¾ 
 N � M ¼N/Ó ð � | M ½ � �î � J ½#¾ 
 N � M ¼�N¤F M r~�Ï�#£N
Ñ J ½#¾ 
 � Ó � � ½ � ����I� M ¼��}¼ � N : yBÓ�| M ½ � ½² � ¾ 
 N � M ¼ � N/Ó�| M ½ � ½î � ¾ 
 N � M ¼ � NÓ Ó � | M ½ � �î � J ½µ¾ 
 N � M ¼ � N;Ó Ó L�¯ñ � | M ½ � L² � J ½#¾ 
 N � M ¼ � N¤F M r~�Ï��y-N
Ò J ½µ¾ 
 � Ó � � ½ � �� M ¼��}¼ � N�:¤yÚÓ�| M ½ � ½² � ¾ 
 N � M ¼ � N/Ó�| M ½ � ½î � ¾ 
 N � M ¼ � NÓ Ó � | M ½ � �² � J ½ N � M ¼ � N/Ó Ó L�¯ñ � | M ½ � Lî � J ½ N � M ¼ � N¤F M r~�Ï� I N

w ù*����� àù��Àù$¬4�:¶ÿ���� ± M ¼�N ýmù�û�ú àù.ú�þwù�����ú�ù��Cû�ý��[þ>ü�ù�� øù�(Aû��[ú�
�������úD�sû�ú����¬v��
�úq��
���
�����
�þwù�� �ËPÔ ÅGÀ?È"Æ¡º^»DÅ	È&Â?ºgÈ&Â?¾¿ÈvÁ�Ä§¾¿Õ.Ê-Á§¾¿¼�À.È&Â-ºZÆ�Ö�ÇºgÆ¿ºg»¹Á�Ä§¼�Â?ºSÂ?º�×�ÅGÊ.»TØ.ºGÙ�Æ¿ºlÚ�Â ÇºgÈ�¾¿×GÀ.º^Ê.ÀoÇºgÆ¿ºg»PÁ�Ä§¼�À�Á�ÄTÅ	À.È�É+¾¿ÈVÂ?ºZÆ¡Åy×�ÅGÊ?»¹Ø?ºÌ�ºPÄ§ÈVÆËÅyÂ-Ä§¼�¾ÛÁ§º�ÁTÅ	À�Â?¾¿È&Ü'Ê.º�Æ¿º�Ý�»g¼	Ä�Ä§ºgÈ�Ã�¼�À.ÂÞÅyÊ.ÀoÇºgÆ¿ºg»PÁ�Ä§¼GÀ{Ã?Ä§¼�Ì�ºgÀ.ÅGÀ'ÁVÂ?ºZÆ¡Åy×�ÅGÊ?»¹Ø?ºZºPÁ"Ä-ÇºPß�ÇºP»¹Ø?¾�Í
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Résolution autocoh érenteØ �sû�����,������kþ øù�û����	
Q��Òù�#Cý�þ	
��Àù.þ{��ù���ü�
�� øù.þwù��Aú�� øù�(Cû��[ú�
�������ù�#Cý�þG
������Aú���ù���ü�
���ú�þG
���û�ú�
������Q�oûEàúD�Cÿ���� øù.þwù��Aú�ù��ký:�sû�þ1��ù�� øù���ù�ÿ#ú�þ	�Cü�ù��Dü�ù*���oû�ÿ	��ùÀù.ú�ü�ùÀü�þ	��
�ú�ù �Kö�÷ û���
�(Cû�ùký�þ��������ù��Àù°ù���ú�(Cû�ù���sû�����:�sû�ú�
����D�����z���û��¥�DCE��ú��ù��Àù{ü ÷�øù�(Cû��[ú�
������������EàT��
�� øù���
�þwù�� �Z¢ �sû�þ�þ øù����sû�ü�þwù�ÿ#ù�ý�þ��������ù��Àù�!l
��s¬4�oû�ú�Àù.ú�ú�þwù_ù����Aù�û�,Aþwù_û���ù1� øù.ú�����ü�ù{�oû�úD�Cÿ���� øù.þ¡ù���ú�ù � �l�ïù��Kù.ú'!�ü������y��ù>ÿ'���5ü�û¢ú�þ	�����wý:�oþ¡ú øù�������ú�
�(Aû�ù���sû��Yÿ���������
����������*���z¬4�oþ	�Àù�ü�ù��*¬����ÿ#ú�
������°ü�ùïü�
���ú�þ	
���û�ú�
����µ(Aû�
S�D���Aú°ü������ øù.ù��°ý��[þ��ù��Yü�
���ú�þ	
�à��û�ú�
������¢ü�ù Ùs6 3"��2 �FØ �sû��¢þ øù��D����,�������ü�ùU������
v�ù.þwùµ
�ú øù.þ	�[ú�
�,où�ÿ#ùÕý�þ��������ù���ù{ù��á
���
�ú�
�����
������Aú���ù��¬����ÿ#ú�
�������ü�ùYü�
���ú�þG
���û�ú�
����R�������,�����ù�û�þ�ü�ù��>ü�
���ú�þG
���û�ú�
������ øù�������ú�
�(Cû�ù���ù.ú>ù��������Cû������AúQ��ù���ü�
���ú�þ	
�à��û�ú�
������+
�� øù�������ú�
�(Cû�ù���â

gãããããããããããããããããããããh ãããããããããããããããããããããi

| M ½ � ½² � ¾ 
 Ngä M ¼N å Þ M:æ �&ç µ N-è NM£é W æ � � �8çµ N-è NM£é W æ � � �8ç ²"ê N�è NM æ � � �&ç| M ½ � ½î � ¾ 
 Ngä M ¼N å Þ W8æ �&ç ê N-è NW æ � � �&çµ N-è NW é�M æ � � �8ç ²"ê N�è NW æ � � �&ç| M ½ � ½² � ¾ 
 Ngë M ¼�N å Þ W8æ �&ç µ N-è NW é¯M æ � � �&çµ N-è NM£é W æ � � �8ç ²"ê N�è NW æ � � �&ç| M ½ � ½î � ¾ 
 Ngë M ¼�N å Þ M æ �8ç ê N�è NM æ � � �8çµ N-è NM£é W æ � � �8ç ²"ê N�è NM æ � � �&ç| M ½ � �ì�� J ½#¾ 
 N ä M ¼�Níå 
| M ½ � �ì�� J ½#¾ 
 N ë M ¼Nîå 

M r~�Ï�� �N

�l���¡û�
�ú�ù���ù�� ü�ù�ûE#Öÿ��Cù'°�ÿ'
�ù��Aú�� ó�M ¼N ù.ú ± M ¼N ������úÕÿ'����ÿ.û�� øù�� ÿ#ù�(Cû�
DýKù.þG�Àù.ú�ù����wû�
�ú�ùdü�ùü øù.ú�ù.þ	��
���ù.þZ��ù������sû�,où�����ù��k¬����ÿ#ú�
������Èü�ù	ü�
���ú�þ	
���û�ú�
�����ü������8��ù�� øù���ù�ÿ#ú�þ��Cü�ù���ü�ù¼ü�þ���
�ú�ù¼ù.úÈü�ùS���oû�ÿG��ùM �l(Cû��[ú�
������ r~��Õ I ! r~��Õ£  ! r~��Õ�� ! r~��Õ�r�NG� ¤ ù.ú�ú�ù øù.ú��[ýmù¢ù���ú�
�ú øù.þ øù.ù*Ïwû���(Cû ÷ ��e���\ÿ����£,où.þ��où���ÿ#ù�ü�ù�� ÷ ù��Eà��ù��$� ��ù�ü�ù��+¬4����ÿ#ú�
�������ü�ù�ü�
���ú�þG
���û�ú�
���� �
Le courantØ �sû��S�-,������s������ú�þ øù��oûo��ù�ÿ�����ü¢ÿ	���[ý�
�ú�þwù�(Cû�ùQ��ùcÿ��sû�þ	���Aú½ü�ù1�������oû�ÿ	��ù1,où.þ	�y����ü�þ���
�ú�ù M ü�����ÿý:�sû�þ>û�� øù���ù�ÿ#ú�þ����µ���������Aú>ü�ù*���¢ü�þ���
�ú�ù*,où.þ	���������oû�ÿ	��ù N ù���úcþwù���
 øùB�������¬4����ÿ#ú�
���� ü�ùkü�
���ú�þ	
���û�ú�
����ý��[þ�â

� ë å I H¹ K ² òî�ò |µÐ M ¼NÚ±Ä¼ M r~�Ï�µÕxN
�"�ûz
�ÿ'
�¬ M � N ,.�oû�ú{â

|µÐ�åL| ævï ��VgðQV�N ë M ¼�Nlå´| M ½ � ½² � ¾ 
 N ë M ¼N ï ð � | M ½ � �² � J ½µ¾ 
 N ë M ¼�N M r~�Ï�o��N
w ù*� àù��Àù � ä ,��oû�ú�â � ä å�Ó�I H¹LK ² òî�ò | ä² � Á��ÀÁ M ¼NF±Ä¼ M r~�Ï�or�N
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calcul du courant pour le potentiel V

Convergence ?

calcul des nouvelles fonctions de distribution

Calcul  c(E) et d(E)

initialisation des fonctions de distribution

Lecture des paramètres

Calcul des coefficients de transmission et de réflexion:

Non

oui

pour chaque point V 

de la caractéristique
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��,où�ÿ | ævï ��VgðQV�N ä M ¼�N^åL| M ½ � ½² � ¾ 
 N ä M ¼N ï ð � | M ½ � �² � J ½µ¾ 
 N ä M ¼�N M r~�Ï�s6�N
ö ùDÿ��sû�þ	����ú�úD�oú���� � Á�� Á ÿ��oþwþwù��wý:����ü���������D������ù�ü�ù���ü�ù�ûE#Òÿ��sû�þ	���Aú���â

� Á�� Á M ÔNZå � ë M ÔN ï � ä M ÔN M r~�Ï��=�N
ö¯÷ �oþ�������
��oþ	�����Àù°ÿ'
�à¤ü�ù��	�wû��cü øù�ÿ#þ	
�ú�� ÷ ù�����ù��*����ùDü�ù�����ý�þ���ÿ øù�ü�û�þwùYþ øù�����
�� øù.ù������ ü ÷ ����ú�ù���
�þ���ù��ü�
���ú�þ	
���û�ú�
������y�oû�úD��ÿ���� øù.þwù��Aú�ù��>ù.ú���ù�ÿ��sû�þ	���Aú�ý��sû�þ�ÿ	����(Aû�ùDý:��
���ú5ü�ù����Àÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ù$)¹à ô��

6.3.2 Les applicationsØ �sû��Q�����������	ù�������Coù.þ1����
��Aú�ù������Aú�ü ÷ �[ý�ý���
�(Aû�ù.þs��ù1¬4�oþ	������
����Àù_ý�þ øù�ÿ øù�ü�ù��Aú>ý��sû�þ øù.úwû�ü�
�ù.þQ� ÷ 
���à��û�ù���ÿ#ù�ü�ûÀÿ��sû�ý������où øù���ù�ÿ#ú�þ����Eàæý �����������wû�þ¯ü�ù�ûE#���C~��ú'�ù��Àù��½ü�
�� øù.þwù���ú�� ��w �����¯û��°ý�þwù���
�ù.þÈú�ù��Àý��'!���sû��s����������� øù.úwû�ü�
�ù.þ5û��o����ü��ù���ù_ü�ù�� � ����� øù�ÿ.û�����
�þwù1�?Ï�û��wú øù��¡û�þy��ù���ý�þ	�oý�þ	
 øù.ú øù��5ü�ù��¼ú���
 øù��xC~���ù���ù',E
�à�£CE�v�ù���ù���ýÔû�
��	ü�������û���ù{��ù�ÿ�����ü�ù�ý �[þwú�
�ù�û��B�DCE��ú'�ù��Àùký�þ���ÿ	��ù�ü�ù���������� øù�ÿ.û���ù ¤ ïT÷�ø1ùDù àPú�à   ¤ Ø ú �
Cas du fil mol éculaire� ����ü ÷ ����ú�ù���
�þ�û����DCE��ú'�ù��Àùïý�þ���ÿ	��ùÀü�ù��8ú���
 øù��£CE�v�ù���ù',E
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��Aú�ù������Aú�� ÷�øù',�����û�ú�
����\ü�ù���ý�þ��oý�þ	
 øù.ú øù�� øù���ù�ÿ#ú�þ	
�à(Aû�ù��>ü�ù$����ÏD����ÿ#ú�
����\ù��e¬4����ÿ#ú�
�����ü�ûÒý��oú�ù���ú�
�ù��§!�
��mù���úQ
��Àý��oþwú�����ú�ü�ù���#�ù.þ>û���ù�����
Åü�ù{,��[þ	
��[ú�
����ü�û���
�,où��oû øù���ù�ÿ#ú�þ�����
�(Cû�ù�ù��¥¬4����ÿ#ú�
����3ü�û|ý��oú�ù���ú�
�ù��q�[ý�ý���
�(Aû øù �&Ø �sû���û�ú�
���
��D��������ùÒþ øù��wû���ú��[úïü�û(Aû��[ú�þG
v�ù��ÀùDÿ	���[ý�
�ú�þwù�â

¯®° M Ô�Nlå�¯}°FÓµÿ�H�Ô �V�û ÿ�å y
I M r~�Ï��W�N
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�� øù�������ú�
�(Cû�ù8ù.ú���ù�û�þ�
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���ú�
�(Aû�ù øù���ù�ÿ#ú�þ	
�(Cû�ù�!E���sû��S�����������¯ÿ�������
�ü øù.þwù.þ¼ý��sû�þl� ÷ 
�����ú�����ú½û���ù���ý �oÿ#ù��V�ûû�����ù�û�����
�,où��oûÒü�ùcý����������ïù��wúq�oÿ#ù�����
�����ù M Ø�û�Î£å°y-NG�_Ø �sû��¼ù�#Cý�����ù.þ	�����$����������ü�ù8ÿ#ù.ú�ú�ù���ù�ÿ#ú�
������ù�þ øù��wû���ú��[úkü������*��ù�ÿ'���*�"�û���ù������$��þwù�ü�ù�ý �����������Dù���ú$
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Cas de la diode mol éculaire

R �sû��ïÿ	��ù.þ´ÿ	������������
��Aú�ù������AúU�� øù.úwû�ü�
�ù.þ�� ÷ 
����Ôû�ù���ÿ#ùÒü�ù���ý �������������¡û�þ���ù���ý�þ��oý�þ	
 øù.ú øù��ØCÝÚ7Ý´Þ*Ý´å èÙ�ã�Þ¤ç`ä�Ý´ã�ç�Û´ß øù���ù�ÿ#ú�þ	
�(Cû�ù���ü�ù*��������� øù�ÿ.û���ù ¤5{ ÷ ø ùDù àPú1à   ¤ R ú/ù���ú�þ¡ùDü�ù�ûE# øù���ù�ÿ#ú�þ���ü�ù���ü ÷ �oþ �|R �sû��5þwù.ý�þ¡ù��������q����CSù��Àù�ü øù����[þ¡ÿG��ù�(Cû�ùÀý��sû�þ{��ù�������������� øù�ÿ.û�����
�þwù��{�-,où�ÿ�û���ù°ý��[þG��� øù.ú�þ	
����[ú�
�����ü�
�� øù.þ¡ù���ú�ù ��R �sû��ÿ�������
�ü øù.þ������8úD�sû.ÏD�sû�þ	�_ü�ù��8ý������������_ü�ù°ý�û����	�[ú�
����~}�� å y I � �ÀùG� ù���ÿ�������
�ü øù.þG����ú�(Cû�ù �3øù.ú��[ú���D����ú*�oÿ.ÿ#ù�����
�����ù�� �&¢ �[þDÿ����Aú�þwù�� ÷ �oþG
���
���ùÀü�ù��{� ����ü�ù�� f � øù.ú�������
�(Cû�ù�� M�� ë ! � ä N ù���ú�ý ���oÿ øù.ù��oû���
�à,où��oûdü�ùCZ 6 3"�Q2¼ü�ù�� ÷ �oþ*�D��
�ú�à �~� I ùG� ù.ú*����ý:���	
�ú�
�����ü�ûR�	
�ú�ù øù���ù�ÿ#ú�þ�����
�(Aû�ùU��Òý��oú�ù���ú�
�ù��l�Cû���ù���ú��
�úwû øù���eà r~� I ùG� M ù�����ùïÿ��oþwþwù��wý:����üá������{ý�����
�ú�
����dü�û �7 � 7 ü�ùo���z����� øù�ÿ.û���ù ¤ { ÷�ø1ùDù àPú�à   ¤ R úý��£CE��
����oþ�� øù.ù NG�
� 
�����
Ôý:�sû�þS����ú�ù���
�þ5û���ù��mù.ú5þwù�ÿ#ú�
��Ôÿ'�[ú�ù�û�þ�!����sû��y��,������Q
��Àý���� øù1(Cû�ù{��ù���
�ú�ù1,.�[þG
���
�ú¼ù���¬4����ÿ�àú�
�����ü�û�ý��oú�ù��Aú�
�ù��Åÿ������Àù*��ù��q��
�,où��oû�#�ü�ù���������� øù�ÿ.û���ù ¤ { ÷�ø1ùDù àPú�à   ¤ R úJâ

� � M�� N^å � ��� ÿ�� � �"�û ÿ�ån��� I y M r~�Ïr��£NØ�Ù�ä�æÝ´Þ,Ý���ã èÙ�Þ�ç`äæã�ç�é�ê&Ù�ä ö ù��>ü�
�� øù.þ¡ù���ú�ù��>ÿ'�[þ	�oÿ#ú øù.þ	
���ú�
�(Cû�ù��>ÿ'����ÿ.û�� øù.ù��1�D����ú�þwù.ý�þ øù���ù��Aú øù.ù��1�¡û�þq������sû�þ¡ù M r~��y� �NG�ö �¢ý�þwù���
v�ù.þwùÀÿ'�[þ	�oÿ#ú øù.þ	
���ú�
�(Cû�ù�ÿ��oþwþ¡ù���ý�����ü���o������
�úwû��[ú�
����U�"�ûµ��ù°ÿ��sû�ý������où øù���ù�ÿ#ú�þ����Eàæý ���������ù���úR�Aû�� �5R �sû�������ú�ù��������Õù��Kù�ÿ#ú�
�,où���ù���ú�û���ùBÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ù øù���ù�ÿ#ú�þ	
�(Cû�ù¥(Cû�
Dù��wúµ¬�oþwú�ù���ù���ú���DC~� øù.ú�þG
�(Aû�ùe��,où�ÿ�û��Bý�
�ÿïü�ùÒÿ��sû�þG����ú,où.þ	� ï y � (Cû�
½ÿ��oþ¡þwù���ý�����üL��Õû��Bù��Kù.úÀúwû�����ù��s��,où�ÿe��ù��
�,où��oû øù���ù�ÿ#ú�þ�����
�(Cû�ù�ü�û���
�ú�ù ��R �sû��$����ú�ù��������Yû���ùïÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ù���
���
�����
�þwù���\ÿ#ù�����ù�����ú�ù��Cû�ù��,où�ÿ�����Ïg����ÿ#ú�
���� � ûW� ¤ { ÷'ø1ùDù àPú�à   ¤ R ú�� � û �Kö ��ý�þG
���ÿ'
�ý�����ù�ü�
�� øù.þ¡ù���ÿ#ùkù��wú�(Cû�ù����sû�����ùDý��sûEà,������Àý��������Cü øù���
���ù.þ�����ü øù�ÿ#þ���
����	����ÿ#ùÒù�#Cý�����ù��Aú�
�ù�����ù�ü�ûBÿ��sû�þ	����úïü����������Õÿ	���\S ����ùe����
�ý ���[ú�
�(Cû�ù��,où�ÿÕû�����ù�û��Q��
�,où��oû �AR �sû���ý��sû�þwþ�������Ï�û��wú�ù{ÿ����Àý��[þ¡ù.þ���ù���¬�oþ	��ù���ü�ù��ïÿ'�[þ	�oÿ#ú øù.þ	
���ú�
�(Cû�ù��'!s��ù�����Àý���
�úwû�ü�ù��	ü�û�ÿ��sû�þ	���AúQ� ÷�øù.ú����Aú�ý����>ü�û�úD�sû�ú�ÿ�����ý��[þ	������ù�� �ö ���ù�ÿ�����ü�ù_ÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ù{�����Aú�þwù{� ÷ 
�����û�ù���ÿ#ù�ü�ù��y,E
���þ	�[ú�
������S���oþG��(Aû�ù���ùs�F�%�Õù���ú5ü�ù  �����ÀùG� ��� ��ùy,.����ù�û�þUü�ù  ���� �ÀùG��ý��sû�þ���ù��I�%�Òÿ�������ú�
�úwû�ù¼û���ùS,�����ù�û�þUþ	��
��D������������ù¯ýÔû�
���(Cû�ù�ü������8��ùÿ'����ü�ù ¤ { ÷�ø�ùDù àPú1à   ¤ R ú!����sû��s��,������q����ú�ù��AûB(Cû�ù{� ÷�øù���ù.þ���
�ù�ü�ù_þwù����.#��[ú�
����¢úD�oú�����ù øù.ú���
�ú�ü�ùqB I y�ÀùG� ù������ � ���oþG��(Aû�ù���������� øù�ÿ.û���ù°ù���ú8ÿ	���[þ�� øù.ùïý:���	
�ú�
�,où��Àù��Aú M úD�sû��{��ù�������ü�ù��8ü�ù�,~
���þ	�[ú�
�������D����ú^�����oþ	��
���ÿ'��û�� NG�Qö¯÷ ù��mù.ú�þwù�ÿ#ú�
��Ôÿ'�[ú�ù�û�þ�ù���ú¯ÿ�������ù.þ	, øùq����
������cú�þ	������
�ú�
����*������ù.þ�, øù.ùQ�oû��
�,où��oûÀü�ù���>ÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ù øù�������ú�
�(Aû�ù¼ù���ú�¬4�oþwú�ù��Àù��Aú øù����[þ���
�ù	ý��[þZ��ù��Uü�
�� øù.þ¡ù���ú��Èý�þ	�Cÿ#ù����¡û���(Aû�
Cÿ���������
�ú�ù���ú �¤ ù�þ øù��wû���ú��[ú�ù���úe
��Aú øù.þwù��������Aú{ÿ'�[þU
��{� ÷ ����
�ú�ü ÷ û���ù�ù�#Cý ��
�ÿ'�[ú�
����?ý�������
�����ù ý:�sû�þ�
���ú�ù.þwý�þ øù.ú�ù.þ���ù��ü�
�� øù.þ¡ù���ÿ#ù��_ù���ú�þ¡ù����ïÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ùÀù�#�ý øù.þ	
��Àù��Aú�����ù°ù.ú�ÿ#ù�����ù°ÿ'����ÿ.û�� øù.ù��oûÕÿ'
���(Cû�
��ù��Àù°ÿ	���[ý�
�ú�þwù �� ûR��
�,où��oû�ù�#�ý øù.þ	
��Àù��Aú�����!&�oû�ÿ.û���ù����[úwû�þ	�[ú�
�����ü�û�ÿ��sû�þG����ú$� ÷ ù���ú�������ù.þ	, øù.ù�ý��sû�þ�û��Õý:�oú�ù��Aú�
�ù��ü�ù ï y��Ï� � �Ew �����s���oú�þwù1¬�oþ	������
����Àù���
��Àý���
�� øù�!����sû��S������ù.þ�,������½úD�sû�Ïg�sû�þG��ÿ#ù.ú�ú�ù����[úwû�þG�[ú�
�����ý��sû�þû���ý��oú�ù��Aú�
�ù���ü�ù ï y�� I �Öü������S��ù�ÿ'���¼ý�û�þ¡ù��Àù���ú øù�������ú�
�(Cû�ù �x¢ �[þ	ÿ�����ú�þwù�!E�oûo��
�,où��oû�
�� øù�������ú�
�(Cû�ù�!:��ÿ'�oû���ù>ü�ù���ý������������'!����sû���ý�þ øù�ü�
��D������û��¬�oþ¡ú øù����[þ���
��	��ù��Àù��Aú¯ù.úl�����	�[úwû�þ	�[ú�
����Àù��wú�þwù.ý��sû�� øù.ù�ý��sû�þû���ý��oú�ù��Aú�
�ù��Åü�ù ï I �Ï� � ��w ùDý���û��'!�
���ù���úcÿ'����
�þQ(Cû�ùDÿ�������ù*���sû��>ÿ�������
�ü øù.þ	�����Q
�ÿ'
&(Aû�ù*(Aû�ù���(Aû�ù����
�,où��oûE#4ý������������o��,où�ÿ����}�CSù��Àùµ¬1þ øù�(Cû�ù���ÿ#ù�!q�����	�[úwû�þ	�[ú�
����´��ù.þG��
�úïù���ÿ��oþwù�ý���û��ïþwù.ý��sû�� øù.ùR��
� ÷ ���B
��Aú�þ��Cü�û�
�����
�ú½ü ÷ �oû�ú�þwù��+����ü�ù��5ü�ù_ý������������	ÿ������Àù{��ù��s,E
���þ	�[ú�
������½ü�ù��+��
���
��D����� ¤ à ø � ¤ ù.ú�ú�ù���[úwû�þ	�[ú�
�������ùÀýmù�û�ú�ü�����ÿ°ý�����������ù.þ�, øù.ù��oûR��
�,où��oû�ù�#Cý øù.þ	
��Àù���ú����½ÿ'�[þ$����ú�ù����	
����n��B�[ý�ý���
�(Aû�ù.þ��ù.þ	��
�ú�ú�þ	�oýz
��Àý��oþwú����Aú�ùs����Àú�ù��Àý øù.þ	�[úwû�þ¡ù*���*��
����Aú�ùo���ÿ'�oû���ù�ü�ù���ý������������ �
�0� ÀyÃ�ºgÊ-Á�ÅGÆ¿Æ¿ºPÄ ÄTÅ�Ä§ºgÉ+ºgÉ+ºgÀ'Á�Å	Ê?ÝÂ?ºPÈ�È�Ê.È�Â?º�&0*�È§ÅGÀ?È�»PÆËÅGÜ'Ê.ºPÄ�Ê.À?º��v¼GÀ.»PÁ§¾¿¼�ÀsÅ�Ì�ºg»"Ê.À?º"»g¼�Ê?»¹Ø?ºV¸ ·��=�.��� Ý��8Ý���¸ �!�



I ��� XZY�[1\^]�_�`Qacb�de]gf�h�iQjkalf�X�anmojLXqp�j8\Si&[$rsa tali&a�Xq_�`�psf�uv\lY�psf�psf

-5e-07

0

5e-07

1e-06

1.5e-06

2e-06

2.5e-06

3e-06

3.5e-06

4e-06

-3 -2 -1 0 1 2 3

 I 
en

 A�

 V en Volts 

 a)

-5e-07

0

5e-07

1e-06

1.5e-06

2e-06

2.5e-06

3e-06

3.5e-06

4e-06

4.5e-06

-3 -2 -1 0 1 2 3

 I 
en

 A�

 V en Volts 

 b)

·U¸�¹8ñsò��PO � ^ÈÐ � Q�¿`¡�f`¡�� �`=ay_©�.���\_¡ �¿`¡����a� 1��Ã¡§b`=a��s��§o��cz`�d8�´���`0cz`À�p`°�.���(�\`ld8�Gc.¿`�_¡§�c��.���f` �Èâ `l_©�.§o������ 	 ,�. ,�Gc�`0a� �f`*���K¿`=a#`¡�� �¿`��s���»§o�c 1���.�� &�wc�`w���_ ,�.�C����aUÃ¡§b`�cz`!_©�.§o������ Q�C§o�f`#ds`w�A �¿`#c��'a� v��Ãw§b`A`=a� �c¦§o�����p`w�A 1� ÄÀ¿`��s���È�p`=a½Ñf�mÓ �7â �ÄÔÇ7§o�f`���Ó�`0a� � v���\_Å¿`�`½�Q�.�ra.cz`�_©�'a����§qcz` ÉcÊ�Ë `=a� Ô��§�c�Î����.§�a¯�7Í¡ �`¡�C���raÈ§o�w`A_©�����\_¡ �¿`¡����a� 1��Ã¡§b`Ò¿`0c��Ga� 1��Ã¡§b`½��¨7�.�A §o�w`ÔÆw�.�=ds`»�C����_�¥b`	�\`i_�`0cPcz`5�QÍw �`¡��§b`��s��§o���4�2�'� �	� ö=¡�ö �r� Ìs¡ �Q�.�ra c�`¢_©�'a½��£ §o�w`W£¡�.��_w v���.� « §#¬W�|�2���A�f� ö=¡�ö
�r� Ìs¡���â ��_©�.���p_w �¿`w����a� v��Ãw§b`cÍæÓ�`0a� » v���\_Å¿`�`U���.§o�5§o� É Ê�Ë ¾.�Gc����� .� áQá ds`s®�Î��.¾G`	_J_¡���CÃ,d_�(�\`0a5��� Q�¿`¡�f`w�A �a�\`¯�s¥��.�C���ra��\_�_�`0a	a���Í#cz`0a �

6.4 Quelques conc lusions

R �sû��l��,�������ü�
��¡ÿ.û�ú øù*���� ÷ ��
�ü�ù5ü�ùq���Cü"�ù���ù��S��
��Àý ��ù��Èÿ����Àý��oþwú�����ú½û�����ù�û�����
�,où��oû øù���ù�ÿ#ú�þ�����
�(Aû�ùù�� ý�þ øù���ù���ÿ#ùxü�ùdý ������������� ÷ 
�����û�ù���ÿ#ù�(Cû�ù�ý��sû�þwþG��
�úz��,���
�þ���ù��z,E
���þ	�[ú�
������z�wû�þ���ù��U�DCE��ú��ù��Àù������� øù�ÿ.û�����
�þ¡ù���þ øù.ù�����������-,���
�þ���ù���ú���
��ù��xC~���ù���ù���,~
��xCE�v�ù���ù���ù.úo����ü�
���ü�ù ¤ { ÷�ø1ùDù àPú�à   ¤ R ú �¢R �sû����,������������Aú�þ øùU(Cû�ùz����ý�þ øù���ù���ÿ#ù ü�ù���ý � øù��������ù���ù���
�� øù�������ú�
�(Aû�ù������Cü�
���ù��AúÀý�þ���¬4����ü øù��Àù��Aú���ù��ý�þ��oý�þ	
 øù.ú øù�� øù���ù�ÿ#ú�þG
�(Aû�ù��8ü�ù����{ÏD����ÿ#ú�
���� ù.ú�(Cû ÷ 
��Åù��wú�
��Àý��oþwú����Aú>ü�ù���ùYý�������ù���� øù'����
��où.þ �Åö ù��1,~
�à��þ	�[ú�
�������,����Aú��oû�����
k��,���
�þ8ú�ù���ü�����ÿ#ùz�������ü�
���ù.þQ¬4�oþwú�ù��Àù��Àù��Aú{����¬4�oþ	�Àù°ü�ù����ÿ'�[þG�oÿ#ú øù.þG
���ú�
�(Cû�ùøù���ù�ÿ#ú�þ	
�(Cû�ù � �l�Yù��mù.ú'!���ù��Uý�� øù������B�ù���ù��Z
�� øù�������ú�
�(Cû�ù��k,�����ú�þwù���ü�þwù�ý ��û��Uÿ����Àý���ù�#�ù+� ÷ 
��Aú�ù.þwý�þ øù.ú��[ú�
����ü�ù��8ÿ'�[þ	�oÿ#ú øù.þ	
���ú�
�(Aû�ù�� øù���ù�ÿ#ú�þ	
�(Cû�ù��_ù�� øù����[þ���
��������Aú{¬�oþwú�ù���ù���ú���ù��_þ øù�����������ÿ#ù���ü�û�ù��{�oûE#U��
�,où��oûE#øù���ù�ÿ#ú�þ�����
�(Cû�ù���ü�ù���������� øù�ÿ.û���ù �
�l��� �"!E�oþoS�oÿ#ù����ÿ#ùDú�þ	��,���
���ý�þ øù���
���
�����
�þwù�!x���sû��+�sû�,Cþ������q���,���
�ù����û���ù øù.úwû�ü�ùDý���û��	ÿ����Àý���ù�#Cù�wû�þkü�ù��*�DCE��ú'�ù��Àù��e��\ü�ù�ûE#R��
�,où��oûE# øù���ù�ÿ#ú�þ�����
�(Aû�ù��$����ÿ'����
�� øù��kù���ý�þ øù���ù���ÿ#ùïü�ù�,E
���þ	�[ú�
������'!V��
���
�à����
�þwù��+�oûe��C~��ú'�ù��ÀùYü�ù�ü�
���ü�ù{����� øù�ÿ.û�����
�þwù8ý�þ��oý���� øù�ý �[þ,¤ l 243 × � ù.úJ¥ ×4¦�%V6 3���� ��ü�ù{, øù.þG
���ù.þQ��
ù��Kù�ÿ#ú�
�,où���ù���ú_û���ú�þ	�����wý:�oþ¡úq
�� øù�������ú�
�(Cû�ù{
��Àý��oþwú����Aú5ù��Aú�þwù$��ù���ü�ù�ûE#o��
�,où��oûE#¢ýmù�û�úq�-,���
�þ���
�ù�û �



Bib liographie

§©¨#ªq«,¬4¯®|°²±%³²´;¬²¯®|°²±%³²µ,¬4¶q¬�·�¬|¸ ¸P¹ ³�ºA¬²«�¬|»J¼4½|¾r°4¿�ÀW¼e³²µ�¬4Áe¬4»5Â ¸�ÃÔ¸ ¿#®�Ä4ÀW¿)³²Å0Æ�Áe¬4·%¬|ÇÉÈ;Ê�Ë4¾r¼e³|Ì5ÍGÎ�Ï�Ð ` ³²Ñ�ÒwÓ4³ mpÔÕ�Ö)×p×\×oØ=¬
§ ÖGªqÙ�¬wÚ¢¬²ÛwÄ�ÜPÝb¾�³bÞT¬bµ,¬;ß�¾bà)®|¾rÜ�³rÅ#Æ áâ¬;ãqÀ¯³ @%ä�å a#æ4çA`#è'æ4éW` Î�Î�³bê4ëw³²¨�Ö\ì\í�Õ�¨�î\î\ïoØ=¬
§ í)ªq´;¬bð�¬;ã5®|ñ4¼¯³r«�¬b´;¬b¸�¾r¾òÅ#Æ áâ¬;ãJÀ%³ @%ä�å a0æ|çA`#è'æ4éW` Î�Î�³bêwó4³²¨7îb¨#ôlÕ�Ö)×p×\×oØ=¬
§ ô\ªq´;¬²õ5®²Ë4½WÜöÀW¿�À¯³r·�¬r´b¬w¸%®²Ë4ñ|ÀW¼IÅ#Æ!áâ¬wãqÀ¯³ @%ä�å a#æ4çA`#è'æ4éW` Î�Î�³bêwó4³²¨7îb¨7ï�Õ�Ö\×\×\×oØ=¬
§ m ªq÷,¬;¸�ÀW°²¾r¼²Ä²¾�³bÞD¬b¢¾r°4¿�¿�À|¼e³r·�¬b´;¬b¸%®²Ë4ñ|ÀW¼IÅ#Æ áâ¬;ãqÀ¯³ @%ä�å a#æ|çA`#èGæ�éW` Î�Î�³bê;ø|³bÖ m î\í�Õ�Ö\×\×r¨'Ø=¬
§ ì)ªqÞT¬wù;ÀW¼|¿7ÀW¼e³ @%ä�å a#æ4çA`#è'æ4ú ³wûwü|³ m îpÖ)ôòÕ2¨7î\ïpîpØ0¬
§ Ô ªq´;¬bµ�¬4Û;Ä4À Ã ¼4¾r¼Wý¯³rºA¬b«�¬;ã5®²Ë|ýW¾�³bÁe¬b¸�ÜPÝ'® Ã ¿7±|þuÅ#Æ ÿ,¬²ÛwÝbÜöÈ;±W®¯³ @�ä�å a#æ4çA`#èGæ4ú ³bÑwÑW³²¨7í m î m Õ�¨7îpîr¨'Ø=¬
§ ï)ªq÷,¬���¬�� ÜP¼|ý|°²¾b¾r¼e³b¶q¬ráâ¬wùr®4È�À���¿#¾b¼[Å#ÆA´b¬�áâ¬�� ÜPÂo±WÜP¼|¿)³ @%ä�å a0æ|çA`#è'æ4ú ³bÑ�Ò4³4¨p¨7ïpí)ôòÕ2¨7îpï\îpØ0¬
§ î)ªq÷,¬wÇDÜP¼|ý ÀxÅ#ÆA¶q¬;ÇT®|±|À ¿7ñ4Ü�³��;Ï�Ð	� æ � _�
�`�w_�` ³bÑ�û;ê|³bÖ)ìb¨JÕ2¨7î\îpîpØ0¬
§z¨7×)ªJ÷,¬wÇDÜP¼|ý ÀxÅ#ÆA¶q¬;ÇT®|±|À ¿7ñ4Ü�³ @%ä�å a0æ|çA`#è'æ4éW` Î�Î æ ³bêbÑW³rí\ìpî)ôlÕ�Ö)×p×\×oØ=¬
§z¨\¨#ªJ÷,¬;¸�ÀW°²¾r¼²Ä²¾�³bÞD¬b¢¾r°4¿�¿�À|¼e³ @�ä�å a#æ4çA`#èGæ4é|` Î�Î�³bê�ó²³bÖ\î\î Ô Õ�Ö\×\×p×pØ=¬
§z¨�ÖGª�� ¬��J¬��qË¯³��,¬b·�¬²Û ¹ Ü�Ä�ñ¯³rµ�¬²Û;®��|¾r¼²®xÅ0Æ µ,¬bð�¬��iÜö¿7ñ|À|Ý²³ @%ä�å a#æ4ç¢`0èGæ4ú ³wóbø|³bì\ôpî)ô�Õ�¨�î\î Ô Ø=¬
§z¨7í)ªJ«,¬��5¾;¿7¿�Å#ÆAµ�¬b´;¬��.Üö¿#ñ|¾r° ³ @%ä�å a0æWçA`#è'æ²éW` Î�Î�³bê;û|³rô m ÖyÕ2¨7îpî\îpØ0¬
§z¨#ô\ªJ«,¬��5¾;¿7¿�Å#ÆAµ�¬b´;¬��.Üö¿#ñ|¾r° ³������ æ �wÏ�Ð	� æ � _
�æ ³4ë�ø��4³rìr¨�í�Õ�Ö)×p×\×pØ0¬
§z¨ m ªJ«,¬��5¾;¿7¿)³bµ�¬4Ûwñ4¾ Ã ÂoÜP¼[Å0ÆAµ�¬;´b¬��.Üö¿7ñ4¾r° ³ @�ä�å a#æ4çA`#èGæ4ú ³;øwû|³²¨�Ö m ôoÖpÖ�Õ�Ö\×\×b¨�Ø=¬
§z¨7ì)ª�� ¬��J¬��qË¯³��,¬b·�¬²Û ¹ Ü�Ä�ñ¯³rµ�¬²Û;®��|¾r¼²®xÅ0Æ µ,¬bð�¬��iÜö¿7ñ|À|Ý²³�� æ @%ä�å a#æ.� �!�#"\`�ra#æ%$ ÍGÎ�Î ` Ð=³4ëwëw³ Ô Õ2¨7îpî\îpØ0¬
§z¨ Ô ª�� ¬��J¬��qË¯³��,¬b·�¬²Û ¹ Ü�Ä�ñ¯³rµ�¬²Û;®��|¾r¼²®xÅ0Æ µ,¬bð�¬��iÜö¿7ñ|À|Ý²³ @%ä�å a#æ4ç¢`0èGæ4ú ³wóbü|³4¨�ì\×\×b¨5Õ2¨7î\îpîpØ0¬
§z¨7ï)ªJºA¬��J¬rÊ ¹ �;¾r°²Â0þCÅ0Æ&�J¬�'sÜP°�È�à)¾r¼|À#(�³ @%ä�å a#æ4ç¢`0èGæ4ú ³wø4ëw³ mpÔ ôp×òÕ�Ö)×p×\×oØ=¬
§z¨7î)ªJ´;¬���À|¼WÈb®uÅ0Æ&�²¬bµ�¬�)�°wË|ý ¹ ®|¼¯³ @%ä�å a#æ4ç¢`0èGæ4éW` Î�Î�³;Ówó4³bÖ m ìpìòÕ2¨7îpî m Ø0¬
§ Ö)×)ªJ´;¬���À|¼WÈb®uÅ0Æ&�²¬bµ�¬�)�°wË|ý ¹ ®|¼ @%ä�å a#æ4çA`#è'æ4éW` Î�Î�³;Óbü|³�ôpï Ô ôlÕ�¨�î\î Ô Ø=¬
§ Ö�¨#ªJ¶q¬;ã5®²Ë4Âo¾�Å#ÆA´b¬���ÀW¼|È;®¯³ @%ä�å a#æWçA`#è'æ²ú ³�ó;ü4³²¨�í\×\ï Ô Õ2¨7î\îpîpØ0¬
§ Ö\ÖGªJµ,¬�*q¾ Ã ÀW¿)³4Î ä,+`0a0`-"\`,c/. Ï ��
Pè'` Ð a0
 Î�1`2"\`ié3
PcPc�` O ³ Õ2¨7î\î Ô Ø0¬



I � I 4 2 / ¨ 2 765 33798�:"2 6



Conc lusion

; <>=!?A@	=!BC@,DCBE=GF�B�H?AI�J�DC?AICK2BCI�< Ï F�IC=GJ�LMF�IENPO<!J�?A@ � NQF�@RO<S=!BC@	< M KGN � NPO<!J�?A@T<SK0J�BCIVUCH�F � @ �<SNQ<W#XZY\[^]��`_¹þXbacX Yd]fe�gX
DCL ° =!L	@	< �?h=!?AB�K0<TDC<T@	?-=GF�NQU�@	<Gi#LMJ�O<jD�<j@^klL	I�J0<!H?A=GJ�LMF�Inm�BCL�<Gi#LoK0J0<&<SI�J0H�<c@	?hNQF�@fO<S=!BC@M<T<!Jp@M<SK�DC<SB#iqK�B�H à¬ ?A=G<SKrNsO<!J�?A@o@	L	m�B�<SK'� ¤ <!J0J0<tL	I�J0<!H?A=GJ�LMF�Ivu\?QL	I�w�BC<SIC=G<!HT@	<-U3F�K�L	J�LMF�ICI�<SNQ<SI�J&DC<SKcICLMuA<S?AB#ixO<S@	<S=GJ0H�F�ICL à
m�B�<SK�D�<&@o?rNQF�@RO<S=!BC@M<yU�?\H9H?\U�U%FAHJ9?AB#itICLMuA<S?ABzD�< Zj{C|"�h} DC<SK�O<S@M<S=GJ0H�F#D�<SK6NPO<!J�?A@	@	L	m�B�<SKZ<!J6@	?cu\?A@M<SB�H
D�<SK�U3FAJ0<SI�J�L	<S@	K�D�<~=GF�B�U�@o? � <�� ¤ <!J0J0<�=GF�NQU�@M<Gi#L	J�O<�UCH�Fdu#LM<SI�Jt?ABCK�K�LpDC<SK2U%<!HJ�B � ?\J�LMF�ICK2<SI � <SICD�H#O<!<SK
U�?\Hc@M<-=f�C?ANQU�O<S@M<S=GJ0HLom�B�<2?\UCU�@oL	m�BTO<h<!Jc@	?z=f�C?\H � <�J0H?AI�K�N~L	K0<-K�B�Hj@	?nK0J0HBC=GJ�B�H<�O<S@M<S=GJ0H�F�I�L	m�BC<2DC<-@	?
NQF�@fO<S=!BC@M<�� � I � IqDZkl?AB�J0H<SK9U��TO<SICF�N �<SI�<SKpL	I�J0<!H�u�L	<SICI�<SI�J�K�B�H6@M<SK�UCH�FAUCHLRO<!J�O<SKzO<S@M<S=GJ0HLom�B�<SK6=GF�N~NQ<j@M<SK
u�L � H?\J�LMF�ICKjm�BCL%U�?\Hr@^klL	I�J0<!HNsO<SDCL	?AL	H�<-D�B�=GF�BCU�@	? � <�O<S@M<S=GJ0H�F�I à U���F�I�F�IZ��uAF�I�J�?\UCU3FAH�J0<!HrBCIC<-=GF�I�J0HL à� B�J�LMF�I�L	ITO<S@o?AK0J�L	m�B�<t?AB�=GF�B�H?AI�J'�

� � I~D�<rH#O<SK0F�B�D�H�<h=G<�UCH�F � @ �<SNQ<A��I�F�BCK�?duAF�ICKTD&O<S=!L	D&O<-D kbO<!J�B�DCLM<!H&D�?AICK�BCIQU�H�<SN~LM<!H�J0<SN~U�Ky@M<W#Xpac]D��þX�_�X����G]bY��dgX
J0H?AICK0U3FAH�JnO<S@	?AK0J�Lom�B�<rD�?AICKpD�<SK�K0�#K0J �<SNQ<SKTNQF�@RO<S=!BC@	?AL	H�<SK'���nklBCI � L	@o?AInKB�H�@	?2J��TO<!FAHLM<hDCB>J0H?AICK0U3FAH�J!�
I�F�BCK9?duAF�ICK6<Gi�J0Hf?ALMJ�@	?�J��&O<!FAHLM<j@	?cU�@oBCKZH�<S=GF�ICI�B�< �?�K�?duAF�LMH6=G<S@o@M<&D�<j� 79� �37Z� {�| <Gi�U�HL	NsO<!<&D�?AICK9BCI¬ FAHN�?A@	L	K�NQ<&D�< ¬ F�IC=GJ�LMF�ICK�D�<r� |Z{C{C� �.¢6F�B�H�H#O<SK�F�BCD�H�<T=G<!J0J0<�O<Sm�BC?\J�LMF�InD�<TN~?AICL �<!H�< � O<SI&O<!H?A@M<A�AI�F�BCK
?SuAF�ICK�DTO<!uA<S@	FAUCUTO<�BCI�<jNsO<!J���F#D�<rI�BCNPO<!HL	m�B�<TF �BQ@M<SK,DCL � O<!H<SI�J0<SK ¬ F�IC=GJ�LMF�I�K6DC<h� |Z{C{C� DCB>K0�#K0J �<SNQ<
K0F�I�J-=!?A@	=!BC@RO<!<SK-<SI�@oL	?AL	K0F�ICK ¬ FAH�J0<SK���;�klB�I�D�<SK-?AK0U3<S=GJ�KhL	N~U%FAHJ�?AI�J�Kr?�=GF�ICK�L	K�J�O< �?�DTO<!uA<S@	FAUCU3<!HhBCI�<
NPO<!J���F�DC<�D�<Q@	L	?AL	K�F�ICK ¬ FAH�J0<SKq?AB�J0F�=GF��TO<!H<SI�J0<�? � I�D�<~=!?A@	=!BC@	<!Ht@	?vK0J0HBC=GJ�B�H<PO<S@	<S=GJ0H�F�ICL	m�B�<QDZklBCI�<
NQF�@fO<S=!BC@M<cm�B�<S@	=GF�ICm�B�<y<SIzUCH#O<SK0<SI�=G<jD klBCIz=f�C?ANQU�O<S@M<S=GJ0HL	m�B�<T<!J6D kbO<S@	<S=GJ0H�F�IQK�B�UCU�@fO<SNQ<SI�J�?AL	H�<��oRhF�BCK
?SuAF�ICKhNQF�I�J0H#O<z@	?QI&O<S=G<SK�K�LMJ�O<nD�<2H�O<S?A@	L	K0<!H�B�I�=!?A@o=!BC@Z?AB�J0F#=GF��&O<!H�<SI�J-K�B�Hrm�B�<S@	m�B�<SKT<Gi�<SN~U�@M<SK'� � L	IC? à
@M<SNQ<SI�Jq@	?�NsO<!J���F#D�< � @	F � ?A@M<�m�B�<�I�F�B�K�UCH�FAU3F�K0F�ICK2F � H�<�B�I�<�D�<SK�=GHfLMUCJ�LMF�IEDZklBCIC< � F�I�I�<QU�?\H�J�LM<
D�<SKc< � <!J�KrU�����KL	m�BC<SKTm�BCLZL	I�J0<!H�u#LM<SICI�<SI�Jj<!J�@M<SKcJ0<S=f�CICL	m�B�<SKcB�J�Lo@	L	K�O<!<SKcK0F�I�JrH�<S@	?\J�L	uA<SNQ<SI�JhK�L	NQU�@	<SK
<!JxO<!UCH�F�BCu�O<!<SK'�j; <SK�J0<SNQU�K�DC<�=!?A@	=!BC@�U%F�BCH~F � J0<SICLMH�BCI�<�=!?\H?A=GJ�O<!HLoK0J�L	m�B�<�O<S@M<S=GJ0HfL	m�BC<�K0F�I�J�H?AL à
K0F�ICIC? � @	<SK���m�B�<S@	m�B�<SK�D�LM�S?AL	I�<SK�D�<�N~LoI�B�J0<SK�U3F�B�H�BCIC<�NQF�@RO<S=!BC@M<EK�L	N~U�@M<��G�y &@	@M<�U3<!HNQ<!J�?ABCK�K�L
DZkbO<!J�BCDCLM<!H�D�<SKvK0�#K0J �<SNQ<SKvF �B¡@	?sNQF�@fO<S=!BC@M< �?PB�I�<�J�?ALo@	@M<�LoNQU3FAH�J�?AI�J0<A�T=G<�m�BCLh<SK0JvDCL ° =!Lo@M<SNQ<SI�J
H�O<S?A@	L	K�? � @	<tDC?AICKr@M<t=!?ADCH�<tD�<q@	?>J��TO<!FAHfLM<qD�<t@	? ¬ F�IC=GJ�LMF�I�I�<S@	@M<�D�<tD�<SI�K�LMJ�O<��

� H S?A=G< �?c=G<yNQF#D �<S@M<A�dI�F�B�K ?SuAF�ICK2O<!J�BCDCLRO<&@	<pJ0H?AICK0U3FAH�JZDC?AICKZB�I�< ¬ ?AN�L	@	@M<,D�< � @oK%N~F�@fO<S=!BC@	?ALMH�<SKS�W#Xbe�¢GXb£'Ve§üfe¤��þXbacXbe @M<SK�J��CLRO<SI���@ �<SIC<!u�L	I��#@ �<SI�<SK'�,RhF�BCK�?duAF�ICK�NQF�I�J0H#O<�m�BZklL	@-<Gi�L	K0J�?ALMJ�BCI � F�I¥?A=!=GFAHD � O<SI&O<!H?A@q<SI�J0H�<
@M<SK2=!?A@	=!BC@	K-D�<>K0J0HBC=GJ�B�H<¦O<S@M<S=GJ0H�F�I�L	m�BC<z<!J�@M<SK2DCL � O<!H�<SI�J�KhH#O<SKBC@MJ�?\J�K2<Gi#UTO<!HL	NQ<SI�J�?AB#is��? � K�FAH�UCJ�LMF�I
FAUCJ�L	m�B�<A�yuAF�@MJ�?ANsO<!J0HfLM<��G�c; <SK�K�J0HBC=GJ�B�H�<SK§O<S@M<S=GJ0H�F�ICLom�B�<SK�=!?A@	=!BC@RO<!<SK�F�I�J ¬ ?A=!L	@	LMJ�O<V@^klL	I�J0<!H�UCH#O<!J�?\J�LMF�I
DZklL	N~? � <SK-H#O<S?A@	L	K�O<!<SK-<SIVN~L	=GH�F�K=GFAU�LM<qJ�B�ICI�<S@9DC<z=G<SK � @	KhNQF�@fO<S=!BC@	?ALMH<SKh?ADCK�FAH � O<SK2K�B�HhB�I�<zK�BCH ¬ ?A=G<
D�<�K�L	@	L	=!LoBCN¨�`©G�����G�^ª�«�©d�G�T &I¬O<!J�B�DCL	?AI�J>@	<�J0H?AI�K0U3FAH�J!��I�F�B�Kn?duAF�ICKQUCHFAU%F�K�O<vm�B�<�=G<SKQN~F�@fO<S=!BC@M<SK
U%F�BCu�?ALM<SI�Jq?\J0J0<SL	I�D�H�<�BCI¦H�O< � L	NQ<�J�B�ICI�<S@pH#O<SK0F�I�?AI�J �?�=GF�ICDCL	J�LMF�I¦DZkl?\UCU�@	L	m�B�<!H�BCI�U3FAJ0<SI�J�L	<S@�H?AL à
K0F�ICIC? � @	<��



ª�� B 2®9� � ¨ �9¯!}�®9�
;�k�O<!J�BCD�<vDCB�J0Hf?AICK0U3FAH�JtU3F�B�Hq@¤kl?AB�J0H�<�K0�#K0J �<SNQ< �?�K�?duAF�LMHn@	<�=!?AICDCL	D�?\JqD�<�DCL	F�D�<~N~F�@fO<S=!BC@	?ALMH�<¤ { ÷'ø�ùDù àPú1à   ¤ R ú ICF�BCK>?�H#O<!u�O<S@fO<�m�B�<S@	m�B�<SK>K�B�H�UCHfL	K0<SK'� � @MFAHK>m�BZkl?AB§ICLMuA<S?ABs<Gi#UTO<!HL	NQ<SI�J�?A@^�p@M<SK

I�F�N � H�<SBCK0<SKv?AK0�#NPO<!J0HLM<SKvF � K�<!H�u�O<!<SKvJ0<SICD�?ALM<SI�J �?°=GF�I � HN~<!H�@M<VUCHLoIC=!LMU3<�DZk ¤y±9}²|37&� <!J ¥q7 ¦�³
� {C| ��I�F�BCKc?duAF�ICK�NQF�I�J0H#O<qm�B�<t@	?>K0J0HB�=GJ�B�H�<�O<S@M<S=GJ0H�F�ICLom�B�<�D�<t@o?nN~F�@fO<S=!BC@M<tIZk�O<!J�?ALMJr<SI�?ABC=!BCI�=!?AK
=GF�NQU�?\J�L � @	<v?duA<S=�=G<�UCHLoIC=!LMU3<��9; <SKsO<!J�?\J�K§O<S@M<S=GJ0H�F�ICLom�B�<SKQ?ABCJ0F�B�H~DCB � ?\UxK0F�I�J~D&O<S@MF�=!?A@oL	K�O<SK~K�B�H
@^k´<SICK0<SN � @M<�DC<h@	?qU�?\H�J�LM<�?A=GJ�L	uA<2DC<�@	?qN~F�@fO<S=!BC@M<���R�F�BCKT?SuAF�I�KTN~F�I�J0H#O<2m�BC<h@	?z=�C? S � IC<h?A@	LMU��C?\J�L	m�B�<
D�<-@o?zNQF�@RO<S=!B�@M<2H? Ï F�BCJ�O<!< �?n@	?zU�?\H�J�LM<2?A=GJ�LMuA<2U3F�B�H ¬ FAHN~<!HTD�<SK � @oN~K&DC<�� 79� 5 �h�Z}µ| à 4 ¨ ®�� 5 { ¦e¦O<!J�?ALMJ2H�<SK0U3F�ICK�? � @	<qD�<z@¤kl?AK0��NsO<!J0HfLM<nDC<SK-=!?\Hf?A=GJ�O<!HfL	K0J�L	m�B�<SK�O<S@M<S=GJ0HL	m�B�<SK'�% yICKBCLMJ0<A��ICF�BCKh?duAF�ICK�DCL	K à
=!B�J�O<E@¤klL	NQU3FAH�J�?AIC=G<�DC<�@	?¦U3F�K�L	J�LMF�IxD�<SK�ICLMuA<S?AB#ixD�<V@	?�N~F�@fO<S=!BC@M<�U�?\H�H?\UCU3FAH�J�?AB¶ICL	uA<S?AB¶D�<
Zj{C|"��} D�<SKQO<S@M<S=GJ0H�F#D�<SKTDZkl?A@	BCN~LoICL	BCN·U3F�B�H&@	<�K0<SICKTD�<�H<S=GJ�L � =!?\J�LMF�I�F � K0<!H�u�O<��# &I � IZ��ICF�BCKy?duAF�ICK
UCH�FAU3F�K�O<-m�B�<-DC?AICKy@	<h=!?AKjDZkbO<S@M<S=GJ0H�F#D�< �? � ?AK0<2DZk´FAHS��@	?tDCL � BCKLMF�I~D�<-=G<-NsO<!J�?A@%U3F�B�H�H?AL	J�?SuAF�LMHcBCI�<� H?AICD�<qLoI�w�B�<SIC=G<2K�B�Hh@	?>u�?A@	<SB�HrD�<t=GF�B�H?AI�J�NQ<SKB�H�O<��¤ F�N~NQ<�I�F�B�KT?du�L	F�ICKcI&O< � @	L � O<t@^klL	ICw�B�<SIC=G<-D�<SKju�L � H?\J�LMF�ICKTNQF�@RO<S=!BC@o?ALMH�<SKjK�B�Hc@M<-J0H?AICK0U3FAH�J!�H/¸0¹%£�Xb¸\ºbXy¢!XbeY?û�]¸A]f¸�e I�F�BCK�?SuAF�I�KVO<!J�BCDCLRO<�@¤klL	I�w�B�<SI�=G<zDCB�=GF�B�U�@	?\»A<PO<S@M<S=GJ0H�F�I à U��CF�I�F�I¦K�B�H�@M<SK�DC<SB#iVK0�#K0J!¼<SNQ<SK�O<!J�BCDCLRO<SK
��@M<SK,J��CLM<SI���@^¼<SIC<SK0u�LoI��#@�¼<SI�<SK!�\<!J ¤5{ ÷ ø ùDù àPú�àb½�¾ R ú �9<SI~@M<SK,?AK�K�LoN~L	@	?AI�Jc¼?�DC<SKpK0��K�JG¼<SN~<SKh¼?�BCI>ICLMuA<S?ABO<S@M<S=GJ0H�F�ICL	m�B�<A¿c; <SK�DCLÁÀZBCK�LMF�ICK�L	ITO<S@	?AK0J�Lom�B�<SKvK0F�I�J�<SI¡<GÀ3<!J�BCI�U��TO<SI�F�N�¼<SI�<PD�F�I�J�L	@-Â�?AB�JvJ0<SICLMH
=GF�NQUCJ0<A¿%RhF�BCK�?SuAF�ICKzNQF�I�J0H�O<~K�B�H�m�BC<S@	m�BC<SKh<Gi#<SNQU�@	<SK�@	?�=GF�N~UTO<!J�LMJ�LMF�I¦m�BCL6U3<SB�Jh<Gi�L	K0J0<!H�<SI�J0H�<
@M<SK9U�H�F�=G<SKK�BCK�O<S@o?AK0J�L	m�B�<SK6<!J6L	ITO<S@o?AK0J�L	m�B�<SK!¿�;ykbO<S@	?\H�»�L	K�K�<SNQ<SI�J,L	I�J0H�F#DCBCLMJZU�?\H,@M<SK�U���F�I�F�I�K�?ABnICLMuA<S?AB
D�<SKqH#O<SK�F�IC?AIC=G<SKnDC?AICKq@	<SKq=!?\H?A=GJ�O<!HL	K�J�L	m�BC<SK¦O<S@M<S=GJ0HfL	m�BC<SKq<SK0JnL	NQU3FAH�J�?AI�J!¿9; <SKqH�O<SK�BC@MJ�?\J�KnFAÃCJ0<SI�BCK
NQF�I�J0H<SI�JQm�B�<�@	<�=GF�B�Hf?AI�JQL	ITO<S@	?AK�J�L	m�BC<�U3<SB�JnH�<!UCH#O<SK0<SI�J0<!H~BCI�<�U�?\H�J�LM<vL	NQU3FAH�J�?AI�J0<�D�BP=GF�B�Hf?AI�J
»�@MFAÃ�?A@^¿

;9<SK�UCH�F�@MF�IC»A<SNQ<SI�J�KtJ��&O<!FAHL	m�B�<SKqD�<~=G<SKqJ0H?Su\?AB#i¦K0F�I�JqI�F�NzÃCH�<SB#i3¿ZÄ`@pK0<!H?ALMJtL	I�J�O<!H�<SK�K�?AI�JÅ9Xb[be	Y�X^º��MÆ�UfXbe�ýû9gX`]f[/Æ	Ç�£�Xbe DZkbO<!J�BCDCLM<!Hp@M<TJ0H?AICK0U3FAH�J6DC?AICK6BCInK0��K�JG¼<SN~<z¼?hD�<SB�iqICLMuA<S?AB#iz@	F�=!?A@	LoK�O<SK�<SIzUCH#O<SK0<SI�=G<jDC<&U��TO<SICF�Nv¼<SI�<SK
L	I&O<S@	?AK0J�L	m�B�<SKt=!?\H>I�F�BCKq?SuAF�ICK>NQF�I�J0H�O<�m�B�<�@	?�NQF�@fO<S=!BC@M<�È ø �-É � à�¾Sà �qR-Ê¬=GFAH�H�<SK0U3F�ICD�?ALMJ�¼?�BCI
K�=�TO<SN~?zD�<jJ/��U3< ¤�±9}µ|379Ë <!J ¥t7 ¦ � {C| ¿ ¾ <!J0J0<vO<!J�B�D�<cU3<!HNQ<!J0J�?ALMJ�D�<rN~F�I�J0H�<!H�@o?2U%F�KK�LMÃ�L	@oLMJ�O<&DZklBCI
J0H?AICK0U3FAH�J�LoI&O<S@	?AK0J�L	m�B�<�=GF�N~NQ<VK�B�»A»6O<!H#O<EU�?\H ¤y±9}µ|379Ë <!J ¥q7 ¦ �9{C| ¿��nkl?AB�J0H�<SK�UCH�F�@MF�I�»A<SN~<SI�J�K
K0F�I�JqU%F�KK�LMÃ�@M<SKS¿% &IE<GÀ%<!J!�6@^kbO<!J�BCD�<�m�B�<~I�F�BCK�?duAF�ICKtÂ�?ALMJ0<�D�BEJ0H?AICK0U3FAH�J2U3F�B�H�H?AL	J S<!J0H�<§O<!J0<SICDCB�<
¼?�D�<SK-K0�#K0JG¼<SNQ<SK2F ¼BE@M<SK�N~F�@fO<S=!BC@M<SK2K0F�I�J-=f�CL	N~L	m�B�<SNQ<SI�J�»AH#O<GÀ�O<!<SKtK�B�H-D�<SK�O<S@M<S=GJ0H�F#D�<SK2DZk´FAHhF�BED�<
K�L	@	L	=!LoBCN�¿C�2?AICK2=G<n=!?AK2U�H�O<S=!L	K!��Lo@9Â�?ABCD�H?AL	J�NQF#DCLMÌC<!H-I�FAJ0H�<>NPO<!J���F�DC<zU3F�B�H2=!?A@	=!BC@M<!H2D�<nN~?AICL^¼<!H�<
?AB�J0F�=GF��TO<!H<SI�J0<°@	?°U3F�K�LMJ�LMF�I¥DC<SK�ICLMuA<S?AB#i¡D�<�@	?§N~F�@fO<S=!BC@M<SK�»AH#O<GÀ�O<!<sU�?\H�H?\UCU3FAH�JP¼?§=G<SB#i�D�<SK
O<S@M<S=GJ0H�F#D�<SK!¿� &I�Ì�IZ��@M<qDTO<!uA<S@MFAUCU3<SNQ<SI�JhD klBCI�F�B�J�Lo@ZU3F�B�H�K�L	NnBC@M<!Hh@^klL	N~?\»A<!HL	< �#Í�Î D�<qN~F�@fO<S=!BC@M<SK
K�B�H�D�<SK�K�B�H�Â�?A=G<SKrD�<tK�Lo@	L	=!L	BCNÏK0<!H?AL	JrBCI�<t?\UCU�@oL	=!?\J�LMF�IvJ0HS¼<SKrU�H�F�=f��<tD�<SKcJ0Hf?Su\?AB#i�UCH�O<S=�O<SD�<SI�J�KS¿

� B�I�LMuA<S?AB�<Gi#UTO<!HL	NQ<SI�J�?A@^��B�I�<·O<!J�BCD�<�K���K0J�O<SN~?\J�Lom�B�<PU3F�B�H�u�O<!HfLMÌC<!H�@^kl?AK���NsO<!J0HL	<PD�<SKÅ9Xb[be	Y�X^º��MÆ�UfXbeX�VbYpgXb[/ÆÁarXb¸��o�R_�Xbe =!?\H?A=GJ�O<!HL	K0J�L	m�B�<SKEDZklBCIC<�Ð`F�IC=GJ�L	F�I�F ¼BÑ@o?xNQF�@RO<S=!BC@M<P<SI�J0H<P@M<SK�D�<SB#iÒO<S@M<S=GJ0H�F#D�<SK�<SK�J�=GF�NQU3F�K�O<!<
DZklBCI�<~U�?\H�J�LM<�?\HF�N~?\J�L	m�B�<�<!JnDZklBCI�<�=f�C? S � I�<�?A@	LMU���?\J�L	m�BC<~K0<!H?ALMJqK�F�BC�C?ALMJ�O<!<A¿,�h<�U�@	B�K!� ?SuA<S=vBCI�<
NQF�@fO<S=!BC@M<�O<Sm�BCL	u�?A@M<SI�J0<�U3F�K�K�O<SD�?AI�Jj@	?tN S<SNQ<-U�?\H�J�L	<h?\H�F�N~?\J�Lom�B�<-N~?AL	K&=GF�NQU3FAH�J�?AI�JjD�<SB#i~=f�C? S � I�<SK
?A@	LMU��C?\J�Lom�B�<SKqD�<�N S<SNQ<v@MF�I�»�B�<SBCHzD�<�=f�C?Am�B�<�= SFAJ�O<A��@	?�=!?\Hf?A=GJ�O<!HfL	K0J�L	m�B�<vD�<!u�Hf?ALMJ S<!J0H�<v=G<!J0J0<�ÂµF�L	K
K0��NsO<!J0HfL	m�BC<A¿ Î S<SN~<�K�Lr@	<SK~FAÃ�K0J�?A=!@	<SK~U3F�B�HQU�?\H�uA<SI�LMHV¼?¦=G<!J0J0<Vu�O<!HL	Ì�=!?\J�LMF�IÓK�F�I�J�UTO<!HL	@	@M<SB�i¡��@M<SK
K0F�B�H=G<SKhDZkl?AK0�#NPO<!J0HLM<qK0F�I�J�I�F�NzÃCH�<SB�K0<SKf�f�C=G<!J0J0<q<Gi#UjO<!HLM<SI�=G<tU3<!HNQ<!J0J0H?ALMJrDC<t=GF�I�ÌCHNQ<!HhI�F�KcUCH#O< à
DCL	=GJ�LMF�ICKjJ��TO<!FAHfL	m�BC<SK!¿



Anne xe A

Calcul de la form ule de Landauer
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A.1 Partition en deux sous-syst èmes
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A.2 Courant par tiel
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A.3 Somme des deux courants
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Anne xe B

La technique de décimation
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B.1 La technique de décimationF�ä�åÈæoç1èCé2ê1ç1è�ä�ëÈæ�¼ì ç ì6í ç2å í é2ê íîì Âïä�ëÈç�ð<ñ*ä�ëgò�éE��óõôCô � ¤öòCé÷ë�ä6ð:ê<é÷æ0�.æ:ðG¼é£ø�éNùåCñ�ú@é£å�ð°�é2ð:ê<éò�ûé!ÌÈëCñ*é©ò�é©ø ì ëCñ�¼é2ê<ét»�ûé£ë�ûé2ê ì6í é	ú ì êtÝ
�;��T�`��:¤Ñß¡Þ ��Ê-¿îüd�

äZ¼å��ýé£æ:ð íÿþ ûé£ë�é2ê�»�ñ*é ò�éµë�ä6ð:ê<éµæ0�.æ:ð!¼é£ø�é � ` íÿþ è ì øµñ í ð:ä�ëCñîé£ëQé2ðqÞQé£æ:ð íîì ø ì ð:êÔñîç�éµåCëCñ*ðûéA¿�F�ä�åCæò�ûé!ÌÈëCñîæ<æ<ä�ëCæ íÿþ ñîëÈò�é����§�����o�ZùåCñCò�ûé£æ<ñ	»�ë�é�åCëCéyä6ê�ÃÈñ*ð ì6í é ì ð:ä�øµñîùå�é�ò�é�ø�ûé2ð ì6í ç�ä�ëÈæ<ñîò�ûé2ê.ûéA¿�; þ ñîëÈò�é��
	ò�ûé£æ<ñM»�ë�é í éGú íîì ëSç�ä�ëCæ<ñîòZ¼é2ê.ûéA¿�;Ãé£æ�� ì6í é£å�ê1æ�úCêÔñîæ:é£æ�ú ì ê�ç�é2ð�ñ ëCò�é���6ä�ë�ð�ò�écþ��;ç�ä6ê<ê1é£æ:ú@ä�ëCò ì åSú íîì ë�ò�éæ<å�ê�Â ì ç�é��%Ð<åCæ<ùå þ ¼ì	íÿþ ñîë�Ì¡ëCñ^¿6F�ä�åÈæ�ç�ä�ëÈæ<ñîò�ûé2ê<ä�ëCæ�åCë��6é£ç�ð:é£å�ê�¢oú ì ê ì6íîí ¼é í é~¼ì	íîì æ1å�ê�Â ì ç�éA¿F�ä�åCæ�ë�ä6ð:ä�ëCæ¤�� � ���`�ÿ¢ � �>� íîì ø ì ð:ê1ñ ç�é©ú@ä�å�ê í é£æ�ú íîì ëÈæt��	 � 	��	��ç�ä�øµúEä6ê1ð ì ë�ð í é£æyòCñÁÀ�ûé2ê<é£ë�ð:é£æ�ç�ä�ø�ú@ä�æ ì ë�ð:é£æ�ò�é£æòCñÁÀ�ûé2ê1é£ë�ð:é£æ�ä6ê�Ã¡ñ*ð ì6í é£æ ì ð:ä�øµñîùå�é£æ-Ý#; ì úÈê<ä�Ð±é£ç�ð<ñîä�ë5òCé íÿþ ûé£ùå ì ð<ñ*ä�ë���Ê-¿îüd� ì å°ëCñ��6é ì å��oò�é£æ�ú í ì ëCæ�	é2ð�þµò�ä�ëCëCé í é£æ ûé£ù�å ì ð<ñ*ä�ëCæ�æ1åCñ�� ì ë�ð:é£æ�Ý
����¤ � � e T�W ��� `�� � ���ÿ¤���� � e ß Ü�� � e ��Ê-¿�ª��

 �ë�å�ð<ñ í ñ æ ì ë�ð í éqÂ ì ñ*ð�ùå�é í é£æ�ñîë�ð:é2ê ì ç�ð<ñ*ä�ëCæ�ë þ ä�ë�ð í ñ*é£åNù�å þ é£ë�ð:ê<é	ú íîì ëÈæyúCê<ä.ç1èCé£æ��6ä�ñîæ1ñîëCæyé2ð�é£ëæ<å�úCú@ä�æ ì ë�ðyù�åCé íîì æ<å�ê�Â ì ç�é©ë�é©æ<åCÃÈñ*ð ì åCç2åCë�é=ê1é íîì � ì ð<ñîä�ë � íÿþ ûé£ù�å ì ð<ñ*ä�ëP��Ê-¿�ª���úÈê<é£ëCò íîì Â ä6ê1ø�éQÝ
á�� ã ��Ä�æïî�å"!�ñ$#�ã&%'!�î�¿'(�å$)+*-,yå$(�å$.`å"!2é�ê � ã0/21�À�èAå$.fñ�3 ô�Å�òSó+4�ô65�ô87:9&;�< ÆM¢=9?>A@+>CB,Å�òSóD4`ô ñFEdö�ñ'GDHGüRü2û�ú`ü�Ó+IGýbã»KJzã LM!�î�î�À�Àqé�êON�ã0/%èAæïå?P�å$1dñ'Q >A;+RTÆ�ST@+U'V�BW<:B�SW>�X�;DU�ÆYS�4Z>�X�[?SW>�[$X�B\;;Ç�4Z[$X Ç]@�S�B^4 ñ�ì£Ê7ËLÌwÍ�Îfé}Ë�_ Ï�é}ËLÑiÒ1Î�ñ7Ê0H�Ihû�ú0üRüSú�ý
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u A ¤ e �wk n g à tU¤ e � g àxu n ¤ e �\o n g ß¡þ l Ê-¿Jc n
ärqå íîì Â ä6ê1ø�é©òCé£æGð:é2ê1ø�é£æyt � u n é2ð u A é£æ<ð5ûéz�ñîòCé£ë�ð:éA¿
{�ë ç�ä�ëCæ<ñîò�ûé2ê ì ë�ð í é£æ	ûé£ù�å ì ð<ñ*ä�ëoæ<åÈñ�� ì ë�ð:é£æ�ùåCñ�úÈê<ä$�.ñ*é£ëCë�é£ë�ð�òCåµò�ûéz�6é í ä6úCú@é£ø�é£ë�ð�ò�é íîì æ:é£ç�ä�ëCò�éûé£ù�å ì ð<ñîä�ëQò�é l Ê-¿Jc n Ý
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¾ é£æ�ûé£ùå ì ð<ñ*ä�ëÈæ�ú@é£åM�6é£ë�ðO�é2ð:ê<éSå�ð<ñ í ñ æ�ûé2é£æyú@ä�å�ê�ûé í ñ øµñîë�é2ê�âSü � â�p � â=h�¿M¿M¿õò�é£æ°ûé£ùå ì ð<ñ*ä�ëCæ!¿ ¾ é2ð:ð:éúCê<ä.çÈûé£òÈå�ê<é ì Ã@ä�å�ð<ñ*ðqì Ý
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{�ë÷ò�ûé!Ì¡ëCñîæ<æ ì ë�ð í é£æyø ì ð:ê1ñîç�é£æyæ<åÈñ�� ì ë�ð:é£æ�Ý
t��� ß�t T u n t k n u A

t��Ü ß�tÛT u A t k n u n T u n t k n u A
u��n ßUT u n t k n u nu �A ßUT u A t k n u A l Ê-¿i� n

ë�ä�åCæ�ê<é2ð:ê<ä�å8�6ä�ëCæ í é£æ©ûé£ù�å ì ð<ñîä�ëCæ l Ê-¿Jc n ì �6é£çGç�é£æZë�ä�åM�6é í í é£æ�ñîë�ð:é2ê ì ç�ð<ñ*ä�ëCæ�ê<é£ë�ä6ê1ø ì6í ñîæûé2é£æ!¿ ¾ é2ð:ð:éúCê<ä.çÈûé£òÈå�ê<é�ú@é£å�ð5�é2ð:ê<é�ê<é£ë�ä�åM�6é í í ûé2é�é£ëgò�ä�ëCë ì ë�ð�qì ç1è ì ùå�é�ûé2ð ì ú@é���ò�é�ë�ä�åM�6é í í é£æ�ñîë�ð:é2ê ì ç�ð<ñ*ä�ëCæê<é£ë�ä6ê1ø ì6í ñîæ�ûé2é£æyé£ë�Â ä�ëCç�ð<ñ*ä�ëNò�é£æyø ì ð:êÔñîç�é£æyäAÃCð:é£ëå�é£æ�qìµíÿþ ûé2ð ì ú@éw� Tgü\¿�Ä í é£æ<ð�ç íîì ñ*êyùå�é u �nZ� é2ð u �A �
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ø�é£æ<å�ê<é íÿþ ñîë�ð:é2ê ì ç�ð<ñ*ä�ë5éGÀ@é£ç�ð<ñ��6é�é£ë�ð:ê<é í é�ú íîì ë�þOé2ð í é�ú íîì ë ` � o n��8� é2ð:ð:é=ñîë�ð:é2ê ì ç�ð<ñ*ä�ë�� ì òCñîøoñîë�åCé2ê
Âïä6ê<ð:é£øµé£ë�ð ì å ç�ä�å�ê1æ=òCé£æ�òÈñÁÀ�ûé2ê<é£ë�ð:é£æ=ñ*ðûé2ê ì ð<ñ*ä�ëÈæ�úEä�åCê ì Ã@ä�å�ð<ñ*ê ì åEÃ@ä�å�ð�ò�é�� e ûé2ð ì ú@é£æ�qì ç�éµù�å�éu �n�� e é2ð u �A � e æ:ä�ñ*é£ë�ðOë�ûéz� í ñ��6é ì Ã í é£æ � t��� � e é2ð
t��Ü � e æ<ä�ë�ð ì6í ä6ê1æ í é£æ©ø ì ð:ê1ñîç�é£æ©éGÀ@é£ç�ð<ñ��6é£æ	ò�é l {�Ù�� nê<é£æ:ú@é£ç�ð<ñ��6é£ø�é£ë�ð�ú@ä�å�ê íîì æ1å�ê�Â ì ç�é©é2ð í é��6ä í åCø�é �2� é£ç2ñÃúEé2êÔø�é2ðGé£ë�ÌÈë÷ò þwì ç2çÈûé£òCé2ê�qìoíîì Âïä�ëÈç�ð<ñ*ä�ëQò�é� óõôCô8��ò�éOæ<å�êÂ ì ç�é=ä�åNò�é��6ä í åCø�éOúEä�åCêyåCë�éNûé£ë�é2êh��ñ*é	�ºé2ð�åCëf�6é£ç�ð:é£å�ê=¢�ò�ä�ëCë�ûé � É ä�å�ê�äAÃCð:é£ëCñ*êíîì Â ä�ëCç�ð<ñ*ä�ë5ò�é � óõôCô8��ÌÈë ì6í é � ñ í æ<å8�µð�é£ëCæ1åCñ*ð:é�òCé�úCê<é£ëÈò�ê<é�åCëCé�æ:ä�øµø�é�ú@ä�ëCò�ûé2ê.ûé2é�æ<å�ê�ù�å�é í ù�å�é£æ�6é£ç�ð:é£å�ê1æ�ò�é íîì�� ä�ë�éOòCéi��ó6� ×�×���� �C� �

B.2 Les deux métaux

;Ãé£æGò�é£åM�oð��ú@é£æGò�é�ø ûé2ð ì åM�°ùå�é=ë�ä�åCæ ì �6ä�ëÈæGç�ä�ëCæ<ñîò�ûé2ê.ûé£æ ì å�ç�ä�åCê1æ�ò�é í ì ð<èrqé£æ<é=úEä�åCê�� ä6ê1ø�é2êí é£æ�ûé í é£ç�ð:ê1äò�é£æ�ø ûé2ð ì6íîí ñ ù�å�é£æ�æ:ä�ë�ð íÿþwì6í åÈøµñîëCñîåÈø�é2ð íÿþ ä6ê ��� é£æ�ò�é£åM��ç�êÔñîæ:ð ì å���ú@ä�æ<æûé£ò�é£ë�ð�åCëCé�ø ì ñ íîí éç2å�ÃÈñîùå�é�� ì ç�é ç�é£ë�ð:êûé2é°ç ì ê ì ç�ð�ûé2êÔñîæ�ûé2é°ú ì êuåCë�ú ì ê ì ø�qé2ð:ê<é5ç�ê1ñîæ:ð ì6íîí ñîë c � þ�h=�� ú@ä�å�ê íÿþwì6í åÈøµñîëCñîåÈø é2ðc � þ��=�� ú@ä�å�ê íÿþ ä6ê � � ÌÈëgò þ äAÃCð:é£ëCñ*ê í ì �ïä�ëÈç�ð<ñ*ä�ëgò�é � óõôCô8� ì æ1æ:äç2ñ�ûé2é�qì�íîì æ<å�êh� ì ç�éQø ûé2ð ì6íîí ñ ù�å�é �ë�ä�åCæ	ò�éz�6ä�ëCæ	ú ì ê ì ø ûé2ð:ê1ñ æ:é2ê�ë�ä6ð:ê<é°è ì øµñ í ð:ä�ëÈñ*é£ë�é£ë í ñ ì ñîæ<ä�ëCæ�� ä6ê<ð:é£æ � F�ä�åÈæ ì �6ä�ëCæSò�ä�ëCç5ç ì6í ç2å í ûéíîì æ:ð:êÔåCç�ð<å�ê<é5ò�é�Ã ì ëÈò�é£æOò�é5ç�é£æSò�é£å���ø�ûé2ð ì å���qìNíÿþwì ñîò�é5òCå í ä&��ñîç2ñ*é í � ��  Í { É ùåCñ�úEé2êÔø�é2ðuò�éêûé ì6í ñîæ:é2ê©åCë�ç ì6í ç2å í ;O¡ � l�¢�£ F n ì �6é£ç�åCë�é
¤ ì æ:é�ò þ ä�ëCò�é£æ�ú í ì ë�é£æ �6¥ åCñîæ�ë�ä�åCæ ì �6ä�ëCæ=ç1è�é2êÔç1è�ûé¦qìì?§ åCæ<ð:é2ê�ç�é£æ�òCé£å��5æ:ð:êÔåCç�ð<å�ê<é£æyòCé�¤ ì ëCò�é£æ ì �6é£çOåCëQè ì øµñ í ð:ä�ëÈñ*é£ë5é£ë í ñ ì ñîæ<ä�ëCæT�ïä6ê<ð:é£æ �
B.2.1 Cas de l’aluminium

;Ãé£æ�ú ì ê ì ø�qé2ð:ê<é£æ�é£ë í ñ ì ñîæ:ä�ëCæ6� ä6ê<ð:é£æ�òCé íÿþwì6í åCøoñîëCñîåCø�ù�åÈñ6ú@é2ê1ø�é2ð:ð:é�ò�éZê1é2úCê<ä.òCåCñ*ê<é íîì æ<ð:ê1åCç�ð<å�ê<éò�éw¤ ì ëCòCé£æy;�¡ � ò�é�ç�é�ç�êÔñîæ:ð ì6í æ<ä�ë�ð�ê.ûé£æ1åCø�ûé£æ�ò ì ëCæ í éyð ì ¤ í é ì å l-¨ � ü n � ; ì æ:ð:ê1åCç�ð<å�ê1é�ò�éw¤ ì ëÈò�é£æ�é2ðíîì ò�é£ëCæ<ñ*ðûéSò þ ûé2ð ì ð<æ©é£ë í ñ ì ñîæ:ä�ëCæ��ïä6ê<ð:é£æ=æ<ä�ë�ð=ê<é2úÈêûé£æ:é£ë�ðûé2é£æOê<é£æ:ú@é£ç�ð<ñ��6é£ø�é£ë�ð=æ<å�ê í é£æ�©8��å�ê<é£æ l-¨ � ü né2ð l-¨ � ` n �
¥ ì ê ì øfqé2ð:ê<é ¢ ì6í é£åCêyé£ë�é ¢ ¥ ì ê ì ø�qé2ð:ê<é ¢ ì6í é£å�êyé£ë�é ¢

{�ª T����ÿAÿ\þ
{�« Trþ.�:pAÿ�~
¢ nª¬ª¬ Trþ.�ih.ü!þ ¢ A ªFª  Trþ.�lþ p\þ
¢ nª¬«r à üÁ�lþ p\þ ¢ A ª «r à þ.�lþAþAþ
¢ n«r«r à üÁ��~Á��~ ¢ A«r«r Trþ.��ÿ6h&p
¢ n«r«6® à þ.�lþÁc�þ ¢ A«r«6® à þ.��ÿ6��c

¯�°²± (F³�´ ),+�µ·¶"¸^¶20º¹/h»�¸Ð/<3�¼,/ 4¾½ ¶ ½ 3h¿"À�3ÂÁh¿"¸K»;/<3�¶zÃ 8ÅÄ ¸Ð/<0 ½ /D¸±3�/h»E31/ - ¿"À�¼23�Æz¿ ½ 3 ½ À�3�ÇL/hÀS/ È¬É Ä ¿"Ã&¸ 4�Ê ¶ 4 Ã60 ½ À ½ Ã60 ´Ë À ½AÌ Ã�/10�/DÀ¬» 4 /:3ÎÍ/D»-¶"» 3�Ï	/h»�Ðº¿"À¬»�Í/D»¬Í/ - ¿zÀ�3 ½ ¼�Í/D¸2Í/:3 ´
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a��wv.�N���¯°���O���_�s²��zÈ����� ` ü£h
B.2.2 Cas de l’or

;Ãé£æ�ú ì ê ì ø�qé2ð:ê1é£æZò�é í ñ ì ñîæ:ä�ëCæ×�ïä6ê<ð:é£æ�ò�é íÿþ ä6ê�é£ëSç1è�é2ê1çÔè ì ë�ðwqì ê<é2úCê1äòCåÈñ*ê<é íîì æ:ð:ê1åCç�ð<å�ê1é�ò�é�¤ ì ëCò�éò�é	ç�é�ç�ê1ñ æ:ð ì6í é£ëE;O¡ � æ:ä�ë�ð�êûé£æ<åCø ûé£æ©ò ì ëÈæ í éuð ì ¤ í é ì å l-¨ � ` n � ; þwì ç2ç�ä6ê1ò ä&¤Èð:é£ë�å�é£ë�ð:ê<é í é£æ�òCé£å��æ:ð:ê1åCç�ð<å�ê1é£æ�òCé�¤ ì ëÈò�é l-¨ � p n é£æ:ð�ð:ê"qé£æ\¤@ä�ëoú@ä�å�ê í é£æT¤ ì ëCò�é£æ�æ<ñ*ð<å�ûé£æ ì å�ð:ä�åCê�òÈå ëCñY�6é ì å5òCé�à�ôCórá�� �
; ì ò�é£ëCæ1ñ*ð�ûé°ò þ ûé2ð ì ð<æoä&¤Cð:é£ëå�é�é£æ:ðµç ì ê ì ç�ðûé2ê1ñîæ<ð<ñîù�åCé÷ò þ åCëxø�ûé2ð ì6í ò�é°ð:ê ì ëCæ1ñ*ð<ñ*ä�ë ì �6é£ç í é£æ®ûé2ð ì ð<æ Þ�ïä6ê<ð:é£øµé£ë�ð í äç ì6í ñîæ�ûé£æGé£ë�ûé£ë�é2êh��ñîé©é2ð�æûé2ú ì ê.ûé£æ�ò�é£æ5ûé2ð ì ð<æ�â=é2ðÅ� �

{Tª Trþ�h�lþ�ÿ `
{�« à þ�h�lþ ` ~
{ ��ã Trþ���i�&p6h
{ �Oä T©ü!þ.�lþ��Aÿ
¢ nªFª  Trþ.�i��c ` ¢ A ªFª  T�þ.�lþ ` h
¢ nª¬«r à üÁ�Jc���~ ¢ A ª¬«r T�þ.� ` ü"p
¢ nª �  à þ.��ÿ�~�þ ¢ A ª �  à þ.�lþAþAþ
¢ n«r«r à ` ��ÿ6� ` ¢ A«r«r T�þ.�lþAþ�ÿ
¢ n«r«6® Trþ.�îü£h�~ f A«r«6® à þ.�lþAþAþ
¢ n« �  à þ.��ÿ.üSÿ ¢ A« �  à þ.�lþAþAþ
¢ n« � ® Trþ.� ` h\þ ¢ A« � ® à þ.�lþAþAþ
¢ n�Z�  Trþ.��ÿ�~ ` ¢ A �Z�  à þ.�lþAþAþ
¢ n�Z� ® à þ.�:pAÿ6h ¢ A �Z� ® à þ.�lþAþAþ
¢ n�Z��å Trþ.�lþ�~7c ¢ A �Z��å à þ.�lþAþAþ

¯O°²± (²³�´�ß +²µ·¶"¸^¶20º¹/h»�¸Ð/<3�¼,/ 4¾½ ¶ ½ 3D¿"À�3�Áh¿z¸K»ÿ/<3�/hÀ /¬È Ä ¿zÃ&¸ 4^Ê ¿z¸ ´ Û¡/:3¦Í/D»-¶"» 3�Ï$æ Ð�/D»Âçf¿zÀF»�Í/D»¬Í/ - ¿zÀ�3 ½ ¼�Í/h¸6Í/<3 ´
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Anne xe C

Structure électr onique : tableau
récapitulatif

;Ãé©ð ì ¤ í é ì å÷ò�é íîì ú ì �6éuæ<åCñY� ì ë�ð:é=êûé£æ<åCø�é í é£æyç ì ê ì ç�ð�ûé2ê1ñîæ:ð<ñ ù�å�é£æ�æ<åCñY� ì ë�ð:é£æ�ê
ë â�ú@é�ê8�6ê<ä�åCúEé©ç ì ê ì ç�ð�ûé2êÔñîæ ì ë�ð íîì ç�ä�ë8�ïä6ê1ø ì ð<ñ*ä�ë÷å�ð<ñ í ñîæ�ûé2é �
ë ¤yì ��í ê²� ì ú�;�¡ � é£ëQé ¢ òCé íîì ø�ä í ûé£ç2å í é �
ë ¤ ä2î êM� ì úQé£ë í ñ ì ñîæ:ä�ëCæT� ä6ê<ð:é£æyé2ð�é£ë�é ¢ �
ëvï ì ��í ê ì �oëCñ*ðûé©é£ë�;�¡ � é2ðyé£ë÷é ¢ �
ëvï ä2î ê ì �oëÈñ*ð�ûé©é£ë í ñ ì ñ æ:ä�ëCæT�ïä6ê1ð:é£æyé2ðyé£ë�é ¢ �
ëvð ì ��í êGûé£ë�é2êD��ñ*é©ò þ ñ*ä�ëCñ æ ì ð<ñ*ä�ë°é£ë�;O¡ � é2ðyé£ë�é ¢ �
ëvð ä2î ê�ûé£ëCé2êh��ñ*éOò þ ñîä�ëCñîæ ì ð<ñ*ä�ë5é£ë í ñ ì ñîæ:ä�ëÈæ�� ä6ê<ð:é£æ�é2ðyé£ë�é ¢ �
ëvñ ì ��í ê8¡�ñ*ú��ä í é©ò�é íîì ø�ä í ûé£ç2å í é©é£ë�;�¡ � é2ð�é£ë�¡�éz¤F�6é£æ �
ëvñ ä2î êÂ¡�ñîú��ä í é©ò�é íîì øµä í ûé£ç2å í é©é£ë í ñ ì ñîæ:ä�ëCæ�é2ðyé£ë�¡�éz¤��6é£æ �
;Ãé£æOú ì ê ì ø�qé2ð:ê<é£æuò�é í ñ ì ñîæ<ä�ëCæ��ïä6ê<ð:é£æuå�ð<ñ í ñ æ�ûé£æ=æ:ä�ë�ðuò�ûé£ç�ê1ñ*ð<æ ì å�çÔè ì úÈñ*ð:ê1é�p � ; þwì �oëÈñ*ð�ûéµé2ð íÿþ ñ*ä'òëCñîæ ì ð<ñ*ä�ë®é£ë í ñ ì ñîæ:ä�ëCæ�� ä6ê<ð:é£æuä�ë�ð�ûé2ð�ûé÷ç ì6í ç2å í ûé2é£æ�qìNíÿþwì ñ ò�éµò�é íLþ ûé2ð ì ðSð:ê ì ëÈæ<ñ*ð:ä�ñ*ê<é ò�é�·2ó¬ô8õEôÈó � ;Ãé£æêûé£æ<å í ð ì ð<æ,;�¡ � ä�ë�ðOûé2ðûéGä&¤Cð:é£ëåCæ=qì�íÿþwì ñ ò�é�òCå í ä&��ñîç2ñîé í ¡�ö¦÷�; ª �Mp � � ì �6é£ç í é£æ�ú ì ê ì ø�qé2ð:ê1é£æ�æ1åCñ�� ì ë�ð<æn ê
ë � ä�ëCç�ð<ñ*ä�ëCë�é í í é�ê ¢�£ F
ë ¨ ì æ:é�ê8¡�F ¥ � � íîí é í é£ç�ð:ê<ä�ë � ¢ c � þAþ
ë â�ê1ñ íîí é�ê²ö÷é£òÈñîåCø

øZùLÒ+ú?û.Ê&ü�ú7Ë×ýWþ]ú?ÿ�ùÿÌwÎ�ÍÁÒ1Ñ��þ]ù�Ê�Ò1Ë�»Ôü��ú=Ñ�Ò��ÁÒ+ù�þ·þWù��	�$ú
���7Ê&þ	��	
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Comm unications
Ar tic lesü �ih
j è�é2ä6ê<é2ð<ñîç ì6í ç1è ì ê ì ç�ð:é2êÔñ �£ì ð<ñ*ä�ë�ä&��ð<è�é©é í é£ç�ð:ê<ä�ëÈñîç=úCê<ä6ú@é2ê<ð<ñîé£æGä&��é��ð:é£ëCòCé£ò÷ð<èCñ*é£ëF� í é£ë�éz�.ñîë¬� í é£ë�éä í ñY�6ä�ø�é2ê1ælk
mon
p óFq6ô8á��C��rKsO�Ht mon «Sô8ó�ôCó � ôFt �un$v ó¬ó¬ô���t_w nlx ôFy � ô8õ�ty« n ·2õ2�ïôNz�ô8�rô�ó|{�t�} n à�óõôCóõôFt~ n�� ôOz���ó¬ó ô��C��t�� n�� � ��¸²ôOó � �F�N�1�O�Q�G�1���g�����N�������Q�1�����8�]�Q�����#�'�4�8� 6=6]�¬p l üK�=�=� n �

` �ih {!�@é£ç�ð°ä&� ì6í�� � í æ<åM¤¡æ<ñ*ð<å�é£ë�ð<æµä�ë�ð<è�é ì òCæ:ä6ê1úCð<ñ*ä�ë�ä&�©ð<èCñ*é£ëF� í é£ë�éz�ñ ë¬� í é£ë�é÷ä í ñ��6ä�ø�é2ê1æ ä�ë�ð<è�é  ñ l ü :=: n æ<å�êh� ì ç�é@k� n�� ó6ôO�F{×��{×�ïôÈó!t4� n } n��@� r8t¡« n ·2õ2�ïôNz�ô8�rô�ó|{�t mon|p óFq�ô8á����(rKsO�Ht mon «Sô8ó�ôCó � ôFt4} n à�óõôCóõôFt~ n�� ôOz���ó¬ó ô��C��t�� n�� � ��¸²ôOó � �� ¡�O�����8�Q�o 4�K���¢�4�Q�z�¡£|¤N¥r� ü l ` :=:=: n �
p �ih$j ñY��è�ð=¤Èñ ëCòCñîëM�	ò�é£æ<ç�ê1ñîúCð<ñ*ä�ë5ä&��ð<èCé=é í é£ç�ð:ê<ä�ëCñîç�ê1é£æ:ú@ä�ëCæ:é�ä&� ì øµä í é£ç2å íîì êyò�éz�.ñîç�é�ð:ä ì ë ì úÈú í ñ*é£ò�6ä í ð ì �6éKk

mon!p óFq6ô8á��C�(r¦s��,t mon «Sô8ó�ôCó � ôFt �§n	v óFó ô�� ���N¨$���O���©¨(���8�]��¨(ª��(�X«4¬r� 6&p ` ü l ` :=: ü n �
� �ihlj è�é2ä6êh�5ä&��ê<é£ç�ð<ñY©Èç ì ð<ñ*ä�ë÷ä&� ì ø�ä í é£ç2å íîì êyø�ä�ë�ä í ì �6é2êdk

monFp óFq6ô8á��C�(r¦s��,t m�n «Sô8ó�ôCó � ôFt �§nGv óFó ô���tõ« n w � ��ó¬ó ô � á�ôFt �in| ô8õ|q�y�ôCó �X���8�]��¨G®l��¯1¨4ª��° £×� :�± <]� : < l ` :=: ü n �
Comm unications Oralesü �ih   ç ì ëCë�é íîí ñ ëM�uð<åÈëCë�é í ñîë8�	øµñ ç�ê<ä�æ<ç�ä6ú�� ä&�Zç�ä�ë § åM� ì ð:é£ò÷ä í ñ��6ä�ø�é2ê1æGä�ë �6ä í ò²k
mon�³ ô8ó�ôÈó � ô(t m�n
p óFq�ô8á����(rKsO�Ht�w n´x ôFy � ô8õ�tw� n�� ó6ôO�F{×��{×�ïôÈó!tl� n } n´�@� r8t ³un�µ õ2� ôOz�ôO¶�rô�ó|{�t �un	v óFó ô���t�} n à�óõôÈóõôFt�� n	� � �(·Âô�ó � � �y  �_¸,¹ òH< � � ñ�� é£ë ¥ ê<ä?�6é£ëCç�é � § åCñ í í é2ð�üK�=�=� �

` �ih ;�é£æGð<èCñ*é£ëF� í qé£ë�éz�ñ ë¬� í qé£ë�é£æ � òCé£æ=© í æGø�ä í ûé£ç2å íîì ñ*ê<é£æ'ºCkmon!p óFq6ô8á��C�(r¦s��,t mon!³ ô8ó�ôCó � ôFt �§n	v óFó ô�� �   {Tö � j � ö÷ä�ë�ð]ò   ì ñîë�ð]òW÷�òCñ í é�äç�ð:ä&¤Cê1éoüK�=�=� �
p �ih {�ð<åCò�é   j ö ò�é íÿþ ñ ë�ð:é2ê ì ç�ð<ñîä�ë�ò�éQøµä í ûé£ç2å í é£æ5ò�ûé2ê1ñ���ûé2é£æ5òCå�ð<èCñ*ä6úÈèrqé£ë�é ì �6é£ç åCë�é÷æ<åCêh� ì ç�é�ò�é  ñ l ü :=: n ò `¼» ü¢k �³unCµ õ2� ôOz�ô8�rô�ó|{�t m�n�p óFq6ô8á��C�(r¦s��,t´w n#x ôFy � ô²õ	ty� n� ó6ô��({×��{��ïôCó!t#� n } n#�P� r�t �un#v ó=¶ó¬ô���t mon�³ ô8ó�ôCó � ôFt�} n à�óõôÈóõôFtl� n´� � �(·Âô�ó¬� � � ä íîí ä.ù�å�é�{ í é£ç�ð:ê<ä�ëÈñîù�åCéµé2ð ¹ ì ë�ä6ð:é£çÔèCë�ä í ä&��ñ*é£æöQä í ûé£ç2å íîì ñ*ê1é£æ � ¥ ì ê1ñîæ � `�½ ò ` ± äç�ð:ä&¤Èê<éoüK�=�=�
� �ih { í é£ç�ð:ê<ä�ëCñ ç=æ:ð:ê1åCç�ð<å�ê1é ì ëCò°ê<é£ç�ð<ñ����ñ ëM��¤@é£è ì �.ñ*ä6êGä&� � í�¾ �
¿ � �
ÀcÀ�ò,Á�ò^p �$¹ Á ¾ � í�§ åCëCç�ð<ñîä�ëCæ$k�§n_v óFó ô���t mon$p óFq6ô8á��C��rKsO�Ht ³un w � �CóFó ô � á�ôFt ��n_ ô²õ�q8y�ôCó � ö ì ð:é2ê1ñ ì6í!Â é£æ:é ì ê1ç1è   ä.ç2ñ*é2ð��

Ã ì6í í ö÷é2é2ð<ñ ëM� � ¨ ä�æ:ð:ä�ë l�Ä  �� n � ¡�é£ç�é£øi¤Cê<é üK�=�=� �
< �ih   ç ì ëCëCñîëM� j åCëCë�é í ñîëM�Søµñîç�ê<ä�æ<ç�ä6ú��5ä&��ç�ä�ë § åM� ì ð:é£òQä í ñ��6ä�ø�é2êÔæGä�ë   ñ l ü :=: n k �³unCµ õ2� ôOz�ô8�rô�ó|{�t m�n�p óFq6ô8á��C�(r¦s��,t´w n#x ôFy � ô²õ	ty� n� ó6ô��({×��{��ïôCó!t#� n } n#�P� r�t �un#v ó=¶ó¬ô���t mono³ ô8ó�ôÈó � ô(tP} n à�óõôCóõôFtC� n@� � �(·Âô�ó � � ö ì ð:é2êÔñ ì6í�Â é£æ:é ì ê1çÔè   ä.ç2ñ*é2ð��ÅÃ ì6íîí ö÷é2é2ð<ñ ëM� �¨ ä�æ:ð:ä�ë l�Ä  �� n � ¡�é£ç�é£øi¤Cê<é üK�=�=� �
6 �ih {!�@é£ç�ð°ä&� ì6í�� � í æ<åM¤¡æ<ñ*ð<å�é£ë�ð<æµä�ë�ð<è�é ì òCæ:ä6ê1úCð<ñ*ä�ë�ä&�©ð<èCñ*é£ëF� í é£ë�éz�ñ ë¬� í é£ë�é÷ä í ñ��6ä�ø�é2ê1æ ä�ë�ð<è�é  ñ l ü :=: n æ<å�êh� ì ç�é@k� nÔ� ó6ô��F{���{×� ôCó!t(� n } n(�@� r�t ³un	µ õ2�ïôOz�ô8�rô�ó|{�t m�n�p óFq�ô8á����(rKsO�Ht m�n�³ ô8ó�ôCó � ôFt�} n à�óõôCóõôFt~ n�� ôOz���ó¬ó ô��C��t�� n�� � ��·²ôOó � � � ¢   � äç�ð:ä&¤Èê<é ` :=:=:
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½ �ih�� ¿ � � ÀcÀ ò,Á�ò^p ��¹ Á � åÈë�é©òCñ*ä.ò�é=ø�ä í ûé£ç2å íîì ñîê<é�ºPkmon
³ ô8ó�ôCó � ôFt m�n´p óFq6ô²á����(rKsO�Ht �un´v óFó ô���t ³un w � �CóFó ô � á�ô � ½]Ì©Í ä�åCê1ë�ûé2é£æSò�é íîì ö ì ð<ñ�qé2ê1é� ä�ëÈò�é£ëCæûé2é � ¥ ä�ñ*ð<ñ*é2êÔæ � äFÎåCð ` :=:=:��±��ih�� ¿ � � ÀcÀ ò,Á�ò^p ��¹ Á � åÈë�é©òCñ*ä.ò�é=ø�ä í ûé£ç2å íîì ñîê<é�ºPk�§n	v óFó ô���t mon!p óFq6ô²á����(rKsO�Ht mon!³ ô8ó�ôCó � ôFt ³un w � �Có¬ó¬ô � á�ô �
Poster sü �ih�j è�ûé2ä6ê1ñîé°òÈå�ð:ê ì ëCæ:ú@ä6ê<ð�ûé í é£ç�ð:ê<ä�ëCñîùå�é�ò þ åCë�é5òCñ*ä.ò�é°ø�ä í ûé£ç2å íîì ñ*ê1é qì ¤ ì æ:é�ò�é°ùåCñîë�ä í ñ ëCñîåCø�òLð:êÔñ�òç�� ì ë�ä�ùåCñîëCä�òCñîø ûé2ð<è ì ëCñ ò�é#k
mon!p óFq6ô8á��C�(r¦s��,t mon!³ ô8ó�ôCó � ôFt �§n	v óFó ô���t ³un w � �Có¬ó¬ô � á�ô � ¥ ì ê1ñ æ

` �ih�� ¿ � � ÀcÀ ò,Á�ò^p ��¹ Á � ì ø�ä í é£ç2å íîì ê òÈñ*äòCéFº7k   �.ø�ú@ä�æ<ñîåCø ä�ë h { í é£ç�ð:ê<ä�ë j ê ì ëÈæ:ú@ä6ê<ðµä�ë�ð<è�éöQä í é£ç2å íîì ê   ç ì6í é þ � mon
p óFq6ô8á��C��rKsO�Ht mon´³ ô²ó�ôCó � ôFt �§nlv ó¬ó ôO��t ³un w � �CóFó ô � á�ô � þ ¡�ê<é£æ1ò�é �` p?ò ` � �£ûéz�ê1ñ*é2ê ` :=: ü


