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Consignes 

1. Chaque séance de TD, on vérifie la présence. 
2. Absence(s) non justifiée(s) seront pénalisées.

3. Évaluation de cours : un seul examen
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1.2.1 Familles génératrices 

Définition (famille génératrice) 
On dit que la famille (finie)  est génératrice si 

 et  

<latexit sha1_base64="sSLx6uEymGdmSnonkpwsp7UiXQQ=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCCylJKepGKLpxWdFeoAlhMpm2QyeTMDMplpDXcOOruHGhiEtd+TZO24ja+sPAx3/O4cz5/ZhRqSzr01hYXFpeWS2sFdc3Nre2zZ3dpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8weW43hoSIWnEb9UoJm6Iepx2KUZKW55p3cBz6KTOkOD0LvPsY/iNFY0siJT8sWLoZJ5ZssrWRHAe7BxKIFfdM9+dIMJJSLjCDEnZsa1YuSkSimJGsqKTSBIjPEA90tHIUUikm04uy+ChdgLYjYR+XMGJ+3siRaGUo9DXnSFSfTlbG5v/1TqJ6p65KeVxogjH00XdhEEVwXFMMKCCYMVGGhAWVP8V4j4SCCsdZlGHYM+ePA/NStk+KVevq6XaRR5HAeyDA3AEbHAKauAK1EEDYHAPHsEzeDEejCfj1Xibti4Y+cwe+CPj4wvmTJ+o</latexit>

S = {~x1, ~x2, . . . , ~xp}
<latexit sha1_base64="XiX4+fBvG1g593O8pDE+n1ekkTg=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXpcxIUZdFEVxWsA/oDCWTSdvQTGZI7hTL0A9w46+4caGIWz/AnX9j2g6irQcCh3PO5eYePxZcg21/WUvLK6tr67mN/ObW9s5uYW+/oaNEUVankYhUyyeaCS5ZHTgI1ooVI6EvWNMfXE385pApzSN5B6OYeSHpSd7llICROoUidoeMpvfjjlPCrggi0KUfKcYul/japOyyPQVeJE5GiihDrVP4dIOIJiGTQAXRuu3YMXgpUcCpYOO8m2gWEzogPdY2VJKQaS+dHjPGx0YJcDdS5knAU/X3REpCrUehb5Ihgb6e9ybif147ge6Fl3IZJ8AknS3qJgJDhCfN4IArRkGMDCFUcfNXTPtEEQqmv7wpwZk/eZE0TsvOWblyWylWL7M6cugQHaET5KBzVEU3qIbqiKIH9IRe0Kv1aD1bb9b7LLpkZTMH6A+sj282qJp3</latexit>

~x1, . . . , ~xp 2 E
<latexit sha1_base64="7rF9bXUi/iXustbAjZOWNYUfIr4="></latexit>

8~x 2 E, 9↵1, . . . ,↵p 2 K, ~x =
pX

j=1

↵j~xj .

Définition (espace vectoriel de type fini) 
On dit qu’un espace vectoriel  est de type fini s’il existe une famille génératrice 
de   contenant un nombre fini de vecteurs. 

<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E

Propositions 1.2.5 
Si  est une famille génératrice et si  est un vecteur 
quelconque alors la famille  est génératrice.

<latexit sha1_base64="WLpZv+OLsJtCwfTFy7WX7c4wKZo="></latexit>

E = {~e1, . . . ,~ep} <latexit sha1_base64="tEJFsxB5x5Xg+JtXRKBso+P9EME=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48RjAPSJYwO+lNhsw+mJkNhiUf4cWDIl79Hm/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443uc78zhSEZFF4p2YxuAEZhcxnlCgtdfpToOn9fFAsWeZlvepcONgyLavmlKsZcWoVp4xtrWQooRWag+J7fxjRJIBQUU6k7NlWrNyUCMUoh3mhn0iICZ2QEfQ0DUkA0k0X587xmVaG2I+ErlDhhfp9IiWBlLPA050BUWP528vEv7xeovy6m7IwThSEdLnITzhWEc5+x0MmgCo+04RQwfStmI6JIFTphAo6hK9P8f+k7Zh21azcVkqNq1UceXSCTtE5slENNdANaqIWomiCHtATejZi49F4MV6XrTljNXOMfsB4+wQXyZAX</latexit>

~x
<latexit sha1_base64="vFKI3vP88P4Fq+LcacoYs1CMoQQ=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBVUjT2tZdUQSXFewDmlAm00k7dPJgZlIsIRs3/oobF4q49R/c+TdO2goqeuDC4Zx7ufceN2JUSNP80HJLyyura/n1wsbm1vaOvrvXFmHMMWnhkIW86yJBGA1IS1LJSDfiBPkuIx13fJH5nQnhgobBjZxGxPHRMKAexUgqqa8f2j6SI4xYcplCG8cRtBN7QnBym9ppXy+axlm9ap1a0DRMs2aVqxmxahWrDEtKyVAECzT7+rs9CHHsk0BihoTolcxIOgnikmJG0oIdCxIhPEZD0lM0QD4RTjL7IoXHShlAL+SqAgln6veJBPlCTH1XdWY3i99eJv7l9WLp1Z2EBlEsSYDni7yYQRnCLBI4oJxgyaaKIMypuhXiEeIISxVcQYXw9Sn8n7Qto1Q1KteVYuN8EUceHIAjcAJKoAYa4Ao0QQtgcAcewBN41u61R+1Fe5235rTFzD74Ae3tE09RmSE=</latexit>

E [ {~x}

Démonstration (Proposition 1.2.4) : (À faire en exercice). 
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1.2.3 Sous-espaces vectoriels engendrés 

Définition (sous-espace vectoriel engendré) 
Soit  un espace vectoriel sur  et soit  une famille de 
vecteurs de . On appelle sous-espace vectoriel engendré par la famille 

 et on note   l’espace vectoriel 
défini par 

 

<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K
<latexit sha1_base64="sxeRr5y0HMvs/Q8ETi5ej/BsYi0=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXJSSlKIui25cVrAXaEqYTCbt0EkmzEyKJeQl3Pgqblwo4lZw59s4bSNq6w8DH/85hzPn92JGpbKsT6Owsrq2vlHcLG1t7+zumfsHbckTgUkLc8ZF10OSMBqRlqKKkW4sCAo9Rjre6Gpa74yJkJRHt2oSk36IBhENKEZKW65ZcVJnTHB6l7l2BX5jTSPzuZI/VgydzDXLVtWaCS6DnUMZ5Gq65ofjc5yEJFKYISl7thWrfoqEopiRrOQkksQIj9CA9DRGKCSyn86uyuCJdnwYcKFfpODM/T2RolDKSejpzhCpoVysTc3/ar1EBRf9lEZxokiE54uChEHF4TQi6FNBsGITDQgLqv8K8RAJhJUOsqRDsBdPXoZ2rWqfVes39XLjMo+jCI7AMTgFNjgHDXANmqAFMLgHj+AZvBgPxpPxarzNWwtGPnMI/sh4/wLwSJ6w</latexit>

{~x1, ~x2, . . . , ~xp}
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="Ic6uJ7iFWvUsPdrVfle8Zc6ceF8=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXJSSlKIui25cVrAXaEqYTCbt0MkkzEyKJeQl3Pgqblwo4lZw59s4bSNq6w8DH/85hzPn92JGpbKsT6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl4o6tpvTMmQtKI36pJTPohGnAaUIyUtlyz4qTOmOD0LnPtCvzGmkbmR0r+WBw6mWuWrao1E1wGO4cyyNV0zQ/Hj3ASEq4wQ1L2bCtW/RQJRTEjWclJJIkRHqEB6WnkKCSyn86uyuCJdnwYREI/ruDM/T2RolDKSejpzhCpoVysTc3/ar1EBRf9lPI4UYTj+aIgYVBFcBoR9KkgWLGJBoQF1X+FeIgEwkoHWdIh2IsnL0O7VrXPqvWberlxmcdRBEfgGJwCG5yDBrgGTdACGNyDR/AMXowH48l4Nd7mrQUjnzkEf2S8fwHtOp6u</latexit>

{~x1, ~x2, . . . , ~xn}
<latexit sha1_base64="a982wtwnyZ3gXroO0R2mFlEa16M=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAILqTMlKIuRIpuXFawF2iHIZOmbWgmMyRnSsvQF3Hjq7hxoYgLN+LbmF5EbT0Q8vH/55Cc348E12Dbn1ZqaXlldS29ntnY3Nreye7uVXUYK8oqNBShqvtEM8ElqwAHweqRYiTwBav5veuxX+szpXko72AYMTcgHcnbnBIwkpctNoENIOkzCqOLprmSwchzTvA3FgyKVgj6R5KXXjZn5+1J4UVwZpBDsyp72fdmK6RxwCRQQbRuOHYEbkIUcCrYKNOMNYsI7ZEOaxiUJGDaTSbbjfCRUVq4HSpzJOCJ+nsiIYHWw8A3nQGBrp73xuJ/XiOG9rmbcBnFwCSdPtSOBYYQj6PCLa5MLGJogFDFzV8x7RJFKJhAMyYEZ37lRagW8s5pvnhbzJWuZnGk0QE6RMfIQWeohG5QGVUQRffoET2jF+vBerJerbdpa8qazeyjP2V9fAH6NKJz</latexit>

vect < ~x1, ~x2, . . . , ~xn >
<latexit sha1_base64="Df81I6tu+1eHiiMg1jOGXUFTtKw="></latexit>

~x 2 vect < ~x1, ~x2, . . . , ~xn >() 9↵1, . . . ,↵n 2 K, ~x =
nX

i=1

↵i~xi.

Remarques 
1. Si  alors  s’appelle une droite 
vectorielle. 

2. Si  et  alors  s’appelle un 
plan vectoriel.

<latexit sha1_base64="AG73ZGXpaAQXv9eszvsUHv6GhqA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFNy4r2Ac0pUymt+3QySTOTAo1BH/FjQtF3Pof7vwbp2kW2nrgwplz7mXuPX7EmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKnCWFJo0JCHsu0TBZwJaGimObQjCSTwObT88c3Mb01AKhaKez2NoBuQoWADRok2Us8+8iZAE0ixJ+ABZw8n7dllp+JkwMvEzUkZ5aj37C+vH9I4AKEpJ0p1XCfS3YRIzSiHtOTFCiJCx2QIHUMFCUB1k2z7FJ8apY8HoTQlNM7U3xMJCZSaBr7pDIgeqUVvJv7ndWI9uOomTESxBkHnHw1ijnWIZ1HgPpNANZ8aQqhkZldMR0QSqk1gJROCu3jyMmmeV9yLSvWuWq5d53EU0TE6QWfIRZeohm5RHTUQRY/oGb2iN+vJerHerY95a8HKZw7RH1ifPzfFlRU=</latexit>

~e 6= ~0
<latexit sha1_base64="oMFC4S1dfEg/AHrEBrktO2yjTiQ=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsxIURcqRV24rGAf0JaSSW/b0MyD5E6xDANu/BU3LhRx60+4829MHwttPRByOOdeknPcUAqNtv1tpRYWl5ZX0quZtfWNza3s9k5FB5HiUOaBDFTNZRqk8KGMAiXUQgXMcyVU3f71yK8OQGkR+Pc4DKHpsa4vOoIzNFIru3dDL2gD4QHjAXBM6HnD3DEkl7SVzdl5eww6T5wpyZEpSq3sV6Md8MgDH7lkWtcdO8RmzBQKLiHJNCINIeN91oW6oT7zQDfjcYaEHhqlTTuBMsdHOlZ/b8TM03rouWbSY9jTs95I/M+rR9g5a8bCDyMEn08e6kSSYkBHhdC2UCa4HBrCuBLmr5T3mGIcTW0ZU4IzG3meVI7zzkm+cFfIFa+mdaTJPjkgR8Qhp6RIbkmJlAknj+SZvJI368l6sd6tj8loypru7JI/sD5/ALqZlvU=</latexit>

D = vect < ~e >

<latexit sha1_base64="AG73ZGXpaAQXv9eszvsUHv6GhqA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFNy4r2Ac0pUymt+3QySTOTAo1BH/FjQtF3Pof7vwbp2kW2nrgwplz7mXuPX7EmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKnCWFJo0JCHsu0TBZwJaGimObQjCSTwObT88c3Mb01AKhaKez2NoBuQoWADRok2Us8+8iZAE0ixJ+ABZw8n7dllp+JkwMvEzUkZ5aj37C+vH9I4AKEpJ0p1XCfS3YRIzSiHtOTFCiJCx2QIHUMFCUB1k2z7FJ8apY8HoTQlNM7U3xMJCZSaBr7pDIgeqUVvJv7ndWI9uOomTESxBkHnHw1ijnWIZ1HgPpNANZ8aQqhkZldMR0QSqk1gJROCu3jyMmmeV9yLSvWuWq5d53EU0TE6QWfIRZeohm5RHTUQRY/oGb2iN+vJerHerY95a8HKZw7RH1ifPzfFlRU=</latexit>

~e 6= ~0
<latexit sha1_base64="/33dJvgUqbe1XzyS9sN0eBda5DU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFNy4r2Ae0oUymN+3QySTOTAo1BH/FjQtF3Pof7vwbp2kX2nrgwplz7mXuPX7MmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT80c3Ub41BKhaJez2JwQvJQLCAUaKN1LOPumOgaZDhroAHnD+crGeXnYqTAy8Td07KaI56z/7q9iOahCA05USpjuvE2kuJ1IxyyErdREFM6IgMoGOoICEoL823z/CpUfo4iKQpoXGu/p5ISajUJPRNZ0j0UC16U/E/r5Po4MpLmYgTDYLOPgoSjnWEp1HgPpNANZ8YQqhkZldMh0QSqk1gJROCu3jyMmmeV9yLSvWuWq5dz+MoomN0gs6Qiy5RDd2iOmogih7RM3pFb9aT9WK9Wx+z1oI1nzlEf2B9/gA5V5UW</latexit>

~f 6= ~0
<latexit sha1_base64="7o0JsN9axosHq2ZE8lTIUXPMR90=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmakqAuVohuXFewD2lIy6Z02NPMguVMsw3yAG3/FjQtF3PoB7vwb08dCWw+EHM45l+QeN5JCo21/WwuLS8srq5m17PrG5tZ2bme3qsNYcajwUIaq7jINUgRQQYES6pEC5rsSam7/ZuTXBqC0CIN7HEbQ8lk3EJ7gDI3UzuXL9JI2ER4wGQDHlF40zZ1AekzHxEuvqEnZBXsMOk+cKcmTKcrt3FezE/LYhwC5ZFo3HDvCVsIUCi4hzTZjDRHjfdaFhqEB80G3kvEyKT00Sod6oTInQDpWf08kzNd66Lsm6TPs6VlvJP7nNWL0zluJCKIYIeCTh7xYUgzpqBnaEco0IIeGMK6E+SvlPaYYR9Nf1pTgzK48T6onBee0ULwr5kvX0zoyZJ8ckCPikDNSIrekTCqEk0fyTF7Jm/VkvVjv1sckumBNZ/bIH1ifP3Itmp8=</latexit>

P = vect < ~e, ~f >
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1.2.4 Bases 

Définition (base) 
Une famille qui est libre et génératrice de  est appelée base de .

<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E

Exemple 
1.  : base canonique

<latexit sha1_base64="Ib6N42s/HdQ4suyxzApRbKUjk5s=">AAACF3icbVDLSgNBEJyNr7i+oh69DAbBU9iVoF6EoAiClygmCkkMs5NOMmR2dpnpFcOSv/Dir3jxoIhXvfk3Th4HoxY0FFXddHcFsRQGPe/LyczMzs0vZBfdpeWV1bXc+kbVRInmUOGRjPRNwAxIoaCCAiXcxBpYGEi4DnonQ//6DrQRkbrCfgyNkHWUaAvO0ErNXME9pUe0HjLsBkF6ObhVtI5wjykFpAN6PmW6tJnLewVvBPqX+BOSJxOUm7nPeiviSQgKuWTG1HwvxkbKNAouYeDWEwMx4z3WgZqlioVgGunorwHdsUqLtiNtSyEdqT8nUhYa0w8D2zm80fz2huJ/Xi3B9mEjFSpOEBQfL2onkmJEhyHRltDAUfYtYVwLeyvlXaYZRxula0Pwf7/8l1T3Cv5+oXhRzJeOJ3FkyRbZJrvEJwekRM5ImVQIJw/kibyQV+fReXbenPdxa8aZzGySKTgf33iqnaQ=</latexit>

E = Rn et K = R
Proposition 1.2.6 
Si  est une base de  si et seulement si pour tout un 
vecteur quelconque de  il existe des scalaires uniques  tels 
que 

 . 

<latexit sha1_base64="Whkbxdyq1HJz9w8tg+VkTbh1QaI="></latexit>

E = {~e1, . . . ,~en} <latexit sha1_base64="MDXM0JaUt51NU9mTiiPoebRPShE=">AAACFHicdVBLSwMxGMzWV62vVY9egkUQlLK7rW29FUXwWME+oF1KNk3b0Gx2SbJCWfZHePGvePGgiFcP3vw3ZvsAFR0IDDPzJV/GCxmVyrI+jczS8srqWnY9t7G5tb1j7u41ZRAJTBo4YIFoe0gSRjlpKKoYaYeCIN9jpOWNL1O/dUeEpAG/VZOQuD4acjqgGCkt9cyTuDu9pCOGnhtbhfNq2TlzTq2CZVWcYjklTqXkFJMrmPTM/CIAFwG4CEBbKynyYI56z/zo9gMc+YQrzJCUHdsKlRsjoShmJMl1I0lChMdoSDqacuQT6cbTfRJ4pJU+HARCH67gVP0+ESNfyonv6aSP1Ej+9lLxL68TqUHVjSkPI0U4nj00iBhUAUwbgn0qCFZsognCgupdIR4hgbDSPeZ0CYufwv9J0ynY5ULpppSvXczryIIDcAiOgQ0qoAauQR00AAb34BE8gxfjwXgyXo23WTRjzGf2wQ8Y7180PJp/</latexit>

E
<latexit sha1_base64="tEJFsxB5x5Xg+JtXRKBso+P9EME=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48RjAPSJYwO+lNhsw+mJkNhiUf4cWDIl79Hm/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443uc78zhSEZFF4p2YxuAEZhcxnlCgtdfpToOn9fFAsWeZlvepcONgyLavmlKsZcWoVp4xtrWQooRWag+J7fxjRJIBQUU6k7NlWrNyUCMUoh3mhn0iICZ2QEfQ0DUkA0k0X587xmVaG2I+ErlDhhfp9IiWBlLPA050BUWP528vEv7xeovy6m7IwThSEdLnITzhWEc5+x0MmgCo+04RQwfStmI6JIFTphAo6hK9P8f+k7Zh21azcVkqNq1UceXSCTtE5slENNdANaqIWomiCHtATejZi49F4MV6XrTljNXOMfsB4+wQXyZAX</latexit>

~x
<latexit sha1_base64="MDXM0JaUt51NU9mTiiPoebRPShE=">AAACFHicdVBLSwMxGMzWV62vVY9egkUQlLK7rW29FUXwWME+oF1KNk3b0Gx2SbJCWfZHePGvePGgiFcP3vw3ZvsAFR0IDDPzJV/GCxmVyrI+jczS8srqWnY9t7G5tb1j7u41ZRAJTBo4YIFoe0gSRjlpKKoYaYeCIN9jpOWNL1O/dUeEpAG/VZOQuD4acjqgGCkt9cyTuDu9pCOGnhtbhfNq2TlzTq2CZVWcYjklTqXkFJMrmPTM/CIAFwG4CEBbKynyYI56z/zo9gMc+YQrzJCUHdsKlRsjoShmJMl1I0lChMdoSDqacuQT6cbTfRJ4pJU+HARCH67gVP0+ESNfyonv6aSP1Ej+9lLxL68TqUHVjSkPI0U4nj00iBhUAUwbgn0qCFZsognCgupdIR4hgbDSPeZ0CYufwv9J0ynY5ULpppSvXczryIIDcAiOgQ0qoAauQR00AAb34BE8gxfjwXgyXo23WTRjzGf2wQ8Y7180PJp/</latexit>

E
<latexit sha1_base64="pqvj5wSFyFyjV2rwlMgsyL6Lv3w=">AAACEXicdVDLSgMxFM3UV62vUZdugkXoQsrMtLZ1V3TjsoJ9QDuUTCZtQzOZIckIZegvuPFX3LhQxK07d/6NmT7wgR4IHM45l5t7vIhRqSzrw8isrK6tb2Q3c1vbO7t75v5BS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+DL127dESBryGzWJiBugIacDipHSUt8s9JgO+6hvn8IldVLqh0p+SRz2zbxVPK9VnDMHWkXLqjqlSkqcatkpQVsrKfJggUbffO/5IY4DwhVmSMqubUXKTZBQFDMyzfViSSKEx2hIuppyFBDpJrOLpvBEKz4chEI/ruBM/T6RoEDKSeDpZIDUSP72UvEvrxurQc1NKI9iRTieLxrEDKoQpvVAnwqCFZtogrCg+q8Qj5BAWOkSc7qE5aXwf9JyinalWL4u5+sXizqy4AgcgwKwQRXUwRVogCbA4A48gCfwbNwbj8aL8TqPZozFzCH4AePtE3npnDM=</latexit>

�1,�2, . . . ,�n

<latexit sha1_base64="bicQdzEIp7EN9YHtG/NrhuUcPQ4="></latexit>

~x =
nX

i=1

�i~ei

Remarque 
 sont les composantes ou coordonnées de  sur la base .

<latexit sha1_base64="iNHUEoiMelkbBGU+NLzvAxk1LcE=">AAACEHicbZDLSsNAFIZP6q3WW9Wlm8EiupCSlKIui25cVrAXaEOZTCbt0EkmzEyEUvoIbnwVNy4UcevSnW/jpI2orQcGPv7zH86c34s5U9q2P63c0vLK6lp+vbCxubW9U9zdayqRSEIbRHAh2x5WlLOINjTTnLZjSXHocdryhldpv3VHpWIiutWjmLoh7kcsYARrI/WKx11uzD7uOafoGysp+kKrH8k4S3bZnhZaBCeDEmRV7xU/ur4gSUgjTThWquPYsXbHWGpGOJ0UuomiMSZD3KcdgxEOqXLH04Mm6MgoPgqENC/SaKr+nhjjUKlR6BlniPVAzfdS8b9eJ9HBhTtmUZxoGpHZoiDhSAuUpoN8JinRfGQAE8nMXxEZYImJNhkWTAjO/MmL0KyUnbNy9aZaql1mceThAA7hBBw4hxpcQx0aQOAeHuEZXqwH68l6td5m1pyVzezDn7LevwCzl5vF</latexit>

�1,�2, . . . ,�n
<latexit sha1_base64="tEJFsxB5x5Xg+JtXRKBso+P9EME=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48RjAPSJYwO+lNhsw+mJkNhiUf4cWDIl79Hm/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443uc78zhSEZFF4p2YxuAEZhcxnlCgtdfpToOn9fFAsWeZlvepcONgyLavmlKsZcWoVp4xtrWQooRWag+J7fxjRJIBQUU6k7NlWrNyUCMUoh3mhn0iICZ2QEfQ0DUkA0k0X587xmVaG2I+ErlDhhfp9IiWBlLPA050BUWP528vEv7xeovy6m7IwThSEdLnITzhWEc5+x0MmgCo+04RQwfStmI6JIFTphAo6hK9P8f+k7Zh21azcVkqNq1UceXSCTtE5slENNdANaqIWomiCHtATejZi49F4MV6XrTljNXOMfsB4+wQXyZAX</latexit>

~x
<latexit sha1_base64="Gq8nIeT3nPflIe9CUp0MGFk5NR4=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeiiJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3DmRqA==</latexit>

E
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1.2.4 Bases 
Démonstration (Proposition 1.2.6) : 

“ ” On montre l’implication directe 

Si  est une base. 
   est génératrice de . 

   , il existe ( )  (scalaires), tels que . 
Or  est libre  la décomposition précédente est unique (voir Proposition 1.2.4). 

<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="eZCywb+1cuCW/LpVCIlYXU7Tb3I=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzpWg3QlEElxXsBTqlZNLTNjSTGZJMoQzzKm58FTcuFOlOfBnTi6itPwQ+/nMOJ+f3I86UdpwPa2V1bX1jM7OV3d7Z3du3Dw5rKowlhSoNeSgbPlHAmYCqZppDI5JAAp9D3R/cTOr1IUjFQvGgRxG0AtITrMso0cZq2yUvILpPCU9uU3zlJd4QaAJp2z3H31gwyDuhVj+W8NK2nXPyzlR4Gdw55NBclbY99johjQMQmnKiVNN1It1KiNSMckizXqwgInRAetA0KEgAqpVML0zxqXE6uBtK84TGU/f3REICpUaBbzon96jF2sT8r9aMdbfUSpiIYg2CzhZ1Y451iCdx4Q6TQDUfGSBUMvNXTPtEEqpNqFkTgrt48jLUCnn3Il+8L+bK1/M4MugYnaAz5KJLVEZ3qIKqiKJH9Ixe0Zv1ZL1Y79Z41rpizWeO0B9Zn19MjKOd</latexit>

E = {~e1,~e2, . . . ,~en}
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="bWD2JGyhBJFZ4+he1/mEF+qp61U=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feVCRZA==</latexit>

E <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E

<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="nZ6YtEFjQKqPPnO0lbUZ7TAs5js=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6YWxokKU+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/N7p+TMKgNiV9uShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkY0C8FbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYCDgGV7hzXl0Xpx352PRWnDymWP4A+fzB6XSj7k=</latexit>

8
<latexit sha1_base64="lUS36Pc1B3bs+JElVtSfqYuFgng=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiCB4r2A9oYtlsJ+3SzSbsbqol9H948aCIV/+LN/+NmzYHbX0w8Hhvhpl5fsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPuj68xvj0EqFol7PYnBC8lAsIBRoo304I6Bpk9T7DKBb0q9csWu2jPgZeLkpIJyNHrlL7cf0SQEoSknSnUdO9ZeSqRmlMO05CYKYkJHZABdQwUJQXnp7OopPjFKHweRNCU0nqm/J1ISKjUJfdMZEj1Ui14m/ud1Ex1ceikTcaJB0PmiIOFYRziLAPeZBKr5xBBCJTO3YjokklBtgspCcBZfXiats6pzXq3d1Sr1qzyOIjpCx+gUOegC1dEtaqAmokiiZ/SK3qxH68V6tz7mrQUrnzlEf2B9/gB9FJHb</latexit>

~x 2 E
<latexit sha1_base64="N40b0ERawcgQs0M/EFLfYfXrfFk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB5+Oj8U=</latexit>

9
<latexit sha1_base64="iNHUEoiMelkbBGU+NLzvAxk1LcE=">AAACEHicbZDLSsNAFIZP6q3WW9Wlm8EiupCSlKIui25cVrAXaEOZTCbt0EkmzEyEUvoIbnwVNy4UcevSnW/jpI2orQcGPv7zH86c34s5U9q2P63c0vLK6lp+vbCxubW9U9zdayqRSEIbRHAh2x5WlLOINjTTnLZjSXHocdryhldpv3VHpWIiutWjmLoh7kcsYARrI/WKx11uzD7uOafoGysp+kKrH8k4S3bZnhZaBCeDEmRV7xU/ur4gSUgjTThWquPYsXbHWGpGOJ0UuomiMSZD3KcdgxEOqXLH04Mm6MgoPgqENC/SaKr+nhjjUKlR6BlniPVAzfdS8b9eJ9HBhTtmUZxoGpHZoiDhSAuUpoN8JinRfGQAE8nMXxEZYImJNhkWTAjO/MmL0KyUnbNy9aZaql1mceThAA7hBBw4hxpcQx0aQOAeHuEZXqwH68l6td5m1pyVzezDn7LevwCzl5vF</latexit>

�1,�2, . . . ,�n

<latexit sha1_base64="6xsXiEzoEYYmJR1ZHE80BWnlQoc=">AAACE3icbVDLSgMxFM34rPVVdekmWARxUWakqJtC0Y3LCvYBnTpk0ts2NJMZkkyxDPMPbvwVNy4UcevGnX9jOu1CWw8EDuecm+QeP+JMadv+tpaWV1bX1nMb+c2t7Z3dwt5+Q4WxpFCnIQ9lyycKOBNQ10xzaEUSSOBzaPrD64nfHIFULBR3ehxBJyB9wXqMEm0kr3DqjoAmDymuYFfFgZewipPeC+xyc0eXeAxnAUg95hWKdsnOgBeJMyNFNEPNK3y53ZDGAQhNOVGq7diR7iREakY5pHk3VhAROiR9aBsqSACqk2Q7pfjYKF3cC6U5QuNM/T2RkECpceCbZED0QM17E/E/rx3r3mUnYSKKNQg6fagXc6xDPCkId5kEqvnYEEIlM3/FdEAkodrUmDclOPMrL5LGWck5L5Vvy8Xq1ayOHDpER+gEOegCVdENqqE6ougRPaNX9GY9WS/Wu/UxjS5Zs5kD9AfW5w+tSZ4O</latexit>

~x =
nX

i=1

�i~ei
<latexit sha1_base64="bWD2JGyhBJFZ4+he1/mEF+qp61U=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feVCRZA==</latexit>

E <latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)

“ ” On montre le sens réciproque  

Si pour tout  il existe des scalaires uniques  tels que  
 la famille  est génératrice de . 

Il nous reste à montrer que  est libre. On doit donc montrer ; 

. 

<latexit sha1_base64="M68uJNj1aDT/sLkAa6eqYfd8IFc=">AAAB+HicbVA9SwNBEJ2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j909JYb8EhsLRWz9KXb+G/eSKzTxwcDjvRlm5oUJZ9p43rdTWFldW98obpa2tnd2y+7eflPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHF1nfuuBKs2kuDfjhAYxHggWMYKNlXpuuXsrxYDTyGCl5GOp51a8qjcDWiZ+TiqQo95zv7p9SdKYCkM41rrje4kJJlgZRjidlrqppgkmIzygHUsFjqkOJrPDp+jYKn0USWVLGDRTf09McKz1OA5tZ4zNUC96mfif10lNdBlMmEhSQwWZL4pSjoxEWQqozxQlho8twUQxeysiQ6wwMTarLAR/8eVl0jyt+ufVs7uzSu0qj6MIh3AEJ+DDBdTgBurQAAIpPMMrvDlPzovz7nzMWwtOPnMAf+B8/gCjpZMW</latexit>(=

<latexit sha1_base64="lUS36Pc1B3bs+JElVtSfqYuFgng=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiCB4r2A9oYtlsJ+3SzSbsbqol9H948aCIV/+LN/+NmzYHbX0w8Hhvhpl5fsyZ0rb9bRVWVtfWN4qbpa3tnd298v5BS0WJpNCkEY9kxycKOBPQ1Exz6MQSSOhzaPuj68xvj0EqFol7PYnBC8lAsIBRoo304I6Bpk9T7DKBb0q9csWu2jPgZeLkpIJyNHrlL7cf0SQEoSknSnUdO9ZeSqRmlMO05CYKYkJHZABdQwUJQXnp7OopPjFKHweRNCU0nqm/J1ISKjUJfdMZEj1Ui14m/ud1Ex1ceikTcaJB0PmiIOFYRziLAPeZBKr5xBBCJTO3YjokklBtgspCcBZfXiats6pzXq3d1Sr1qzyOIjpCx+gUOegC1dEtaqAmokiiZ/SK3qxH68V6tz7mrQUrnzlEf2B9/gB9FJHb</latexit>

~x 2 E
<latexit sha1_base64="iNHUEoiMelkbBGU+NLzvAxk1LcE=">AAACEHicbZDLSsNAFIZP6q3WW9Wlm8EiupCSlKIui25cVrAXaEOZTCbt0EkmzEyEUvoIbnwVNy4UcevSnW/jpI2orQcGPv7zH86c34s5U9q2P63c0vLK6lp+vbCxubW9U9zdayqRSEIbRHAh2x5WlLOINjTTnLZjSXHocdryhldpv3VHpWIiutWjmLoh7kcsYARrI/WKx11uzD7uOafoGysp+kKrH8k4S3bZnhZaBCeDEmRV7xU/ur4gSUgjTThWquPYsXbHWGpGOJ0UuomiMSZD3KcdgxEOqXLH04Mm6MgoPgqENC/SaKr+nhjjUKlR6BlniPVAzfdS8b9eJ9HBhTtmUZxoGpHZoiDhSAuUpoN8JinRfGQAE8nMXxEZYImJNhkWTAjO/MmL0KyUnbNy9aZaql1mceThAA7hBBw4hxpcQx0aQOAeHuEZXqwH68l6td5m1pyVzezDn7LevwCzl5vF</latexit>

�1,�2, . . . ,�n

<latexit sha1_base64="6xsXiEzoEYYmJR1ZHE80BWnlQoc=">AAACE3icbVDLSgMxFM34rPVVdekmWARxUWakqJtC0Y3LCvYBnTpk0ts2NJMZkkyxDPMPbvwVNy4UcevGnX9jOu1CWw8EDuecm+QeP+JMadv+tpaWV1bX1nMb+c2t7Z3dwt5+Q4WxpFCnIQ9lyycKOBNQ10xzaEUSSOBzaPrD64nfHIFULBR3ehxBJyB9wXqMEm0kr3DqjoAmDymuYFfFgZewipPeC+xyc0eXeAxnAUg95hWKdsnOgBeJMyNFNEPNK3y53ZDGAQhNOVGq7diR7iREakY5pHk3VhAROiR9aBsqSACqk2Q7pfjYKF3cC6U5QuNM/T2RkECpceCbZED0QM17E/E/rx3r3mUnYSKKNQg6fagXc6xDPCkId5kEqvnYEEIlM3/FdEAkodrUmDclOPMrL5LGWck5L5Vvy8Xq1ayOHDpER+gEOegCVdENqqE6ougRPaNX9GY9WS/Wu/UxjS5Zs5kD9AfW5w+tSZ4O</latexit>

~x =
nX

i=1

�i~ei

<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="bWD2JGyhBJFZ4+he1/mEF+qp61U=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feVCRZA==</latexit>

E <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="bWD2JGyhBJFZ4+he1/mEF+qp61U=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feVCRZA==</latexit>

E
<latexit sha1_base64="0Mzwzh+QZ/aCdpHh+sGh445nFKI="></latexit>

�1~e1 + �2~e2 + · · ·+ �n~en = ~0 =) �1 = �2 = . . . = �n = 0
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Rappelons 

- d’une part le vecteur nul  vérifie (voir début du chapitre 1) 

  
- d’autre part  

    ,  

Mais par unicité de la décomposition (voir Proposition 1.2.4) on  

<latexit sha1_base64="tb+JgZly85E1bK1wEwzXJY8+jGg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZe6sX664VXcBsk68nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclXqpxoSyMR1i11JJI9R+tjh3Ri6sMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJb/2MyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2RC81ZfXSeuq6l1Xa4+1Sv0uj6MIZ3AOl+DBDdThARrQBAZjeIZXeHMS58V5dz6WrQUnnzmFP3A+fwBHaY+L</latexit>

~0
<latexit sha1_base64="UaM84qhZkQ9iX3uGesrenNc86mg=">AAACInicbVDLSgMxFM34rPVVdekmWARBKDOl+FgIRTcuK9gHdIaSydy2oZnMkGQKZei3uPFX3LhQ1JXgx5i2s6itBwLnnnMvN/f4MWdK2/a3tbK6tr6xmdvKb+/s7u0XDg4bKkokhTqNeCRbPlHAmYC6ZppDK5ZAQp9D0x/cTfzmEKRikXjUoxi8kPQE6zJKtJE6hWt3CDS1x/gG23jKYdxx8PlcVTaVS4NIqzlR4E6haJfsKfAycTJSRBlqncKnG0Q0CUFoyolSbceOtZcSqRnlMM67iYKY0AHpQdtQQUJQXjo9cYxPjRLgbiTNExpP1fmJlIRKjULfdIZE99WiNxH/89qJ7l55KRNxokHQ2aJuwrGO8CQvHDAJVPORIYRKZv6KaZ9IQrVJNW9CcBZPXiaNcsm5KFUeKsXqbRZHDh2jE3SGHHSJquge1VAdUfSEXtAbereerVfrw/qata5Y2cwR+gPr5xf0I6F/</latexit>

~0 = 0~e1 + 0~e2 + · · · 0~en
<latexit sha1_base64="R4SCmS5ylPbCynu76QB4+W4LLHk="></latexit>

~0 = �1~e1 + �2~e2 + · · ·+ �n~en
<latexit sha1_base64="f1aNRXTRG0ernyqBSRE28bh944U=">AAACHXicbVDLSsNAFJ34rPUVdelmsAguJCSlqBuh6MZlBfuANoTJZNIOnUzCzEQooT/ixl9x40IRF27Ev3HSpqitBwbOPede7tzjJ4xKZdtfxtLyyuraemmjvLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Pr3O/fU+EpDG/U6OEuBHqcxpSjJSWPLPWY7o5QJ4DL6F9CmdldVYGsZI/Ms9lyzMrtmVPABeJU5AKKNDwzI9eEOM0IlxhhqTsOnai3AwJRTEj43IvlSRBeIj6pKspRxGRbja5bgyPtRLAMBb6cQUn6u+JDEVSjiJfd0ZIDeS8l4v/ed1UhRduRnmSKsLxdFGYMqhimEcFAyoIVmykCcKC6r9CPEACYaUDLesQnPmTF0mrajlnVu22VqlfFXGUwCE4AifAAeegDm5AAzQBBg/gCbyAV+PReDbejPdp65JRzByAPzA+vwGMmZ58</latexit>

�1 = 0,�2 = 0, . . . ,�n = 0.

1.2.5 Existence de bases 
Théorème 1.2.1 :  est un espace vectoriel. Si  

-  famille génératrice de  
-  famille libre telle que , 

alors il existe une base  de  telle que .

<latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="9GqwrfPLb3AQKdTOew2sWdOgVg8="></latexit>

G = {~g1,~g2, . . . ,~gn} <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="Gq8nIeT3nPflIe9CUp0MGFk5NR4=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeiiJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3DmRqA==</latexit>

E
<latexit sha1_base64="h0nQAts9qwrj2kr1AB080rn+Az4=">AAACDHicdVDLSsNAFJ3UV62vqks3g0VwFZK0tnVXFNFlBdsKbSiT6aQdOpmEmYlQQj7Ajb/ixoUibv0Ad/6Nk7biAz0wcOace7n3Hi9iVCrLejdyC4tLyyv51cLa+sbmVnF7py3DWGDSwiELxbWHJGGUk5aiipHrSBAUeIx0vPFp5nduiJA05FdqEhE3QENOfYqR0lK/WIIQ9gKkRhix5CzVHxl7kqgv8TzVVZZ5XK86Rw60TMuqOeVqRpxaxSlDWysZSmCOZr/41huEOA4IV5ghKbu2FSk3QUJRzEha6MWSRAiP0ZB0NeUoINJNpsek8EArA+iHQj+u4FT93pGgQMpJ4OnKbEX528vEv7xurPy6m1AexYpwPBvkxwyqEGbJwAEVBCs20QRhQfWuEI+QQFjp/Ao6hM9L4f+k7Zh21axcVkqNk3kcebAH9sEhsEENNMAFaIIWwOAW3INH8GTcGQ/Gs/EyK80Z855d8APG6wfd9Zrw</latexit>

E ⇢ G
<latexit sha1_base64="D9GXdBw5Se7IgAMvqeASrcPnAkU=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8y0tnVX6sZlBfuA6VAyaaYNzSRDkhHK0M9w40IRt36NO//GTFtBRQ8EDufcS849YcKo0o7zYa2tb2xubRd2irt7+weHpaPjrhKpxKSDBROyHyJFGOWko6lmpJ9IguKQkV44vc793j2Rigp+p2cJCWI05jSiGGkj+YMY6QlGLGvNh6WyY181at6lBx3bcepepZYTr171KtA1So4yWKE9LL0PRgKnMeEaM6SU7zqJDjIkNcWMzIuDVJEE4SkaE99QjmKigmwReQ7PjTKCkZDmcQ0X6veNDMVKzeLQTOYR1W8vF//y/FRHjSCjPEk14Xj5UZQyqAXM74cjKgnWbGYIwpKarBBPkERYm5aKpoSvS+H/pOvZbs2u3lbLzdaqjgI4BWfgArigDprgBrRBB2AgwAN4As+Wth6tF+t1ObpmrXZOwA9Yb5/XqpGl</latexit>

B <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="KjtP51J5LG9zVzVFxrROsJC+uMI=">AAACHnicdZBLS8NAEMc39VXrK+rRy2IRPIUkfXorFdFjBfuANpTNdtsu3TzY3Qgl5JN48at48aCI4Em/jZu24ntg4b+/mWFm/m7IqJCm+aZllpZXVtey67mNza3tHX13ryWCiGPSxAELeMdFgjDqk6akkpFOyAnyXEba7uQ0zbevCRc08K/kNCSOh0Y+HVKMpEJ9vQRhz0NyjBGLzxL1EZEriPyE9eQXOk/6et40Tqplu2RD0zDNil0op8KuFO0CtBRJIw8W0ejrL71BgCOP+BIzJETXMkPpxIhLihlJcr1IkBDhCRqRrpI+8ohw4tl5CTxSZACHAVfPl3BGv3bEyBNi6rmqMl1R/Myl8K9cN5LDqhNTP4wk8fF80DBiUAYw9QoOKCdYsqkSCHOqdoV4jDjCUjmaUyZ8XAr/Fy3bsMpG8bKYr9UXdmTBATgEx8ACFVADF6ABmgCDG3AHHsCjdqvda0/a87w0oy169sG30F7fAdthowY=</latexit>

E ⇢ B ⇢ G

Théorème 1.2.2 : Tout un espace vectoriel de type fini, différent de  , possède 
une base. 

<latexit sha1_base64="xqBJrPPNQRKSv+QDqYBvf18ZzWk=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuwiStbd0V3bisYB+QhDKZTtqhkwczk0IJ+Qw3LhRx69e482+ctBVU9MCFwzn3cu89fsKZVAh9GGvrG5tb26Wd8u7e/sFh5ei4J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9Kbw+zMqJIujezVPqBficcQCRrDSkuNm7oySDOVuPqxUkXnVatiXNkQmQk271iiI3azbNWhppUAVrNAZVt7dUUzSkEaKcCylY6FEeRkWihFO87KbSppgMsVj6mga4ZBKL1ucnMNzrYxgEAtdkYIL9ftEhkMp56GvO0OsJvK3V4h/eU6qgpaXsShJFY3IclGQcqhiWPwPR0xQovhcE0wE07dCMsECE6VTKusQvj6F/5OebVoNs35Xr7avV3GUwCk4AxfAAk3QBregA7qAgBg8gCfwbCjj0XgxXpeta8Zq5gT8gPH2CdrWkac=</latexit>

{~0}

Théorème 1.2.3 (Théorème de la base incomplète) : Si  
est une famille libre de  alors il existe une base  de   qui vérifie .

<latexit sha1_base64="DvwJKdbSj851CDRIxXEjHzhwfqY="></latexit>

E = {~e1, . . . ,~eq}
<latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="D9GXdBw5Se7IgAMvqeASrcPnAkU=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8y0tnVX6sZlBfuA6VAyaaYNzSRDkhHK0M9w40IRt36NO//GTFtBRQ8EDufcS849YcKo0o7zYa2tb2xubRd2irt7+weHpaPjrhKpxKSDBROyHyJFGOWko6lmpJ9IguKQkV44vc793j2Rigp+p2cJCWI05jSiGGkj+YMY6QlGLGvNh6WyY181at6lBx3bcepepZYTr171KtA1So4yWKE9LL0PRgKnMeEaM6SU7zqJDjIkNcWMzIuDVJEE4SkaE99QjmKigmwReQ7PjTKCkZDmcQ0X6veNDMVKzeLQTOYR1W8vF//y/FRHjSCjPEk14Xj5UZQyqAXM74cjKgnWbGYIwpKarBBPkERYm5aKpoSvS+H/pOvZbs2u3lbLzdaqjgI4BWfgArigDprgBrRBB2AgwAN4As+Wth6tF+t1ObpmrXZOwA9Yb5/XqpGl</latexit>

B <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="JlPQKKl9uoy6WQS8laJU4NRSqK4=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFcBXStLZ1VyqCywr2Ak0ok+mkHTq5MDMRSsjSja/ixoUibn0Ed76Nk7aKiv4w8POdc5hzfjdiVEjTfNdyS8srq2v59cLG5tb2jr671xFhzDFp45CFvOciQRgNSFtSyUgv4gT5LiNdd3Ke1bs3hAsaBtdyGhHHR6OAehQjqdBAP7R9JMcYseQihbaIXUEk/GLNdKAXTeOsXrVOLWgaplmzytXMWLWKVYYlRTIVwUKtgf5mD0Mc+ySQmCEh+iUzkk6CuKSYkbRgx4JECE/QiPSVDZBPhJPMDknhsSJD6IVcvUDCGf0+kSBfiKnvqs5sRfG7lsG/av1YenUnoUEUSxLg+UdezKAMYZYKHFJOsGRTZRDmVO0K8RhxhKXKrqBC+LwU/m86llGqGpWrSrHRXMSRBwfgCJyAEqiBBrgELdAGGNyCe/AInrQ77UF71l7mrTltMbMPfkh7/QBr8ppD</latexit>

E ⇢ B
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1.2.5 Dimension d’un espace vectoriel 
Définition (dimension) 

Si  est un espace vectoriel de type fini, différent de , on appelle dimension 
de , et on note , le nombre d’éléments d’une base quelconque de  

<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="rnQqIHTO6khANEadGbKczabNkBI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7AckoWy2m3bpZjfsbgol9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTca38/97oQqzaR4MtOUhgkeChYzgo2V/CAPJpTk7iyY9as1t+4ugNaJV5AaFGj1q1/BQJIsocIQjrX2PTc1YY6VYYTTWSXINE0xGeMh9S0VOKE6zBcnz9CFVQYolsqWMGih/p7IcaL1NIlsZ4LNSK96c/E/z89MfBvmTKSZoYIsF8UZR0ai+f9owBQlhk8twUQxeysiI6wwMTalig3BW315nXSu6t51vfHYqDXvijjKcAbncAke3EATHqAFbSAg4Rle4c0xzovz7nwsW0tOMXMKf+B8/gB37ZFj</latexit>

{~0}
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="RSZzOqxive9PTcyFJuAA4BjmV0A=">AAACHnicbVDLSgMxFM34rPU16tJNsAgupMxMn+6KIrhUsCrMDCWTpjU08yC5I5ZhvsSNv+LGhSKCK/0bM7ULXwcCh3POTW5OkAiuwLI+jJnZufmFxdJSeXlldW3d3Ni8UHEqKevSWMTyKiCKCR6xLnAQ7CqRjISBYJfB6KjwL2+YVDyOzmGcMD8kw4gPOCWgpZ7ZyLzJJa4cBn5mVQ/aTafh7FtVy2o5tWZBnFbdqeUesFvI+jzM8XHeMytFogD+S+wpqaApTnvmm9ePaRqyCKggSrm2lYCfEQmcCpaXvVSxhNARGTJX04iETPnZZLMc72qljwex1CcCPFG/T2QkVGocBjoZErhWv71C/M9zUxi0/YxHSQosol8PDVKBIcZFV7jPJaMgxpoQKrneFdNrIgkF3WhZl2D//vJfcuFU7Wa1flavdA6ndZTQNtpBe8hGLdRBJ+gUdRFFd+gBPaFn4954NF6M16/ojDGd2UI/YLx/AmLbnvI=</latexit>

dimE
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E

Remarques 
1. Toutes les bases d’un espace vectoriel de dimension finie ont le même 
nombre d’éléments. 

2.  
3.  est le seul sous-espace vectoriel de dimension nulle.

<latexit sha1_base64="a4UwVl14rzCwxvDPYEGiY9KT3Oo=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJqI0QtLGMYD4gF8LeZpIs2ftgdy4Yjits/Cs2ForY+iPs/Ddukis08cHA470ZZuZ5kRQabfvbyq2srq1v5DcLW9s7u3vF/YOGDmPFoc5DGaqWxzRIEUAdBUpoRQqY70loeqObqd8cg9IiDO5xEkHHZ4NA9AVnaKRuseQiPGDSE35K3cQdA0/s1E3pFbUr3WLZrtgz0GXiZKRMMtS6xS+3F/LYhwC5ZFq3HTvCTsIUCi4hLbixhojxERtA29CA+aA7yeyJlB4bpUf7oTIVIJ2pvycS5ms98T3T6TMc6kVvKv7ntWPsX3YSEUQxQsDni/qxpBjSaSK0JxRwlBNDGFfC3Er5kCnG0eRWMCE4iy8vk8ZpxTmvnN2dlavXWRx5UiJH5IQ45IJUyS2pkTrh5JE8k1fyZj1ZL9a79TFvzVnZzCH5A+vzB8LRl4I=</latexit>

dim{~0} = 0.
<latexit sha1_base64="rnQqIHTO6khANEadGbKczabNkBI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7AckoWy2m3bpZjfsbgol9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5UcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTca38/97oQqzaR4MtOUhgkeChYzgo2V/CAPJpTk7iyY9as1t+4ugNaJV5AaFGj1q1/BQJIsocIQjrX2PTc1YY6VYYTTWSXINE0xGeMh9S0VOKE6zBcnz9CFVQYolsqWMGih/p7IcaL1NIlsZ4LNSK96c/E/z89MfBvmTKSZoYIsF8UZR0ai+f9owBQlhk8twUQxeysiI6wwMTalig3BW315nXSu6t51vfHYqDXvijjKcAbncAke3EATHqAFbSAg4Rle4c0xzovz7nwsW0tOMXMKf+B8/gB37ZFj</latexit>

{~0}

Proposition 1.2.7 :  est un espace vectoriel de dimension  , 

 famille quelconque de  vecteurs de . 
1. Si  est libre et  alors  est une base de . 
2. Si  est génératrice et  alors  est une base de . 
3. Si  alors  est liée. 
4. Si  alors  n’est pas génératrice de . 

<latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="PKgz7bmikvTDxoWGKXFOji5ruwQ=">AAACGnicbZDLSgMxFIYzXmu9VV26CRahggwz09rWjRTduKxgL9AOJZOmbWgmMyQZoQzzHG58FTcuFHEnbnwbM20X2nog8PH/5yQnvxcyKpVlfRsrq2vrG5uZrez2zu7efu7gsCmDSGDSwAELRNtDkjDKSUNRxUg7FAT5HiMtb3yT+q0HIiQN+L2ahMT10ZDTAcVIaamXs+Pu9JKOGHpubJmX1bJz4ZxbpmVVnGI5BadScooJhwUOr6yzpJfLp25acBnsOeTBvOq93Ge3H+DIJ1xhhqTs2Fao3BgJRTEjSbYbSRIiPEZD0tHIkU+kG0+3SuCpVvpwEAh9uIJT9fdEjHwpJ76nO32kRnLRS8X/vE6kBlU3pjyMFOF49tAgYlAFMM0J9qkgWLGJBoQF1btCPEICYaXTzOoQ7MUvL0PTMe2yWbor5WvX8zgy4BicgAKwQQXUwC2ogwbA4BE8g1fwZjwZL8a78TFrXTHmM0fgTxlfPzLJm+0=</latexit>

n(n > 0)
<latexit sha1_base64="++qs7tapys3EcLw/p4UoDFlX2S4="></latexit>

F = {~f1, ~f2, . . . , ~fp} <latexit sha1_base64="jj7tZr3TjhDfO2vRC8LaW/wTtRA=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaasXDYskyL+tV58LBlmlZNadczYhTqzhlbGslQwmt0BwW3wejiCYBhIpyImXftmLlpkQoRjnMC4NEQkzolIyhr2lIApBuujh0js+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7l9RPl192UhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0CF8fYr/Jx3HtKtmpVUpNa5WceTRCTpF58hGNdRAN6iJ2ogiQA/oCT0bd8aj8WK8LltzxmrmGP2A8fYJP/+NQQ==</latexit>p <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="cVFqmwOneA0WQf6ynPo/ROEYuHI=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeioJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3b6RqQ==</latexit>F <latexit sha1_base64="WzaeXOEs8wapTuAfq2PnsH6MlJA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2taDUPTisaL9gDaUzXbbLt1swu5GKKU/wYsHRbz6i7z5b9y0FVT0wcDjvRlm5gUxZ0o7zoeVWVldW9/Ibua2tnd29/L7B00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBeOr1G/dU6lYJO70JKZ+iIeCDRjB2ki38YXo5QuOfV4te2cecmzHqXjFckq8SskrItcoKQqwRL2Xf+/2I5KEVGjCsVId14m1P8VSM8LpLNdNFI0xGeMh7RgqcEiVP52fOkMnRumjQSRNCY3m6veJKQ6VmoSB6QyxHqnfXir+5XUSPaj6UybiRFNBFosGCUc6QunfqM8kJZpPDMFEMnMrIiMsMdEmnZwJ4etT9D9perZbtks3pULtchlHFo7gGE7BhQrU4Brq0AACQ3iAJ3i2uPVovVivi9aMtZw5hB+w3j4BjiGOAA==</latexit>p = n <latexit sha1_base64="cVFqmwOneA0WQf6ynPo/ROEYuHI=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeioJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3b6RqQ==</latexit>F <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="cVFqmwOneA0WQf6ynPo/ROEYuHI=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeioJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3b6RqQ==</latexit>F <latexit sha1_base64="WzaeXOEs8wapTuAfq2PnsH6MlJA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2taDUPTisaL9gDaUzXbbLt1swu5GKKU/wYsHRbz6i7z5b9y0FVT0wcDjvRlm5gUxZ0o7zoeVWVldW9/Ibua2tnd29/L7B00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBeOr1G/dU6lYJO70JKZ+iIeCDRjB2ki38YXo5QuOfV4te2cecmzHqXjFckq8SskrItcoKQqwRL2Xf+/2I5KEVGjCsVId14m1P8VSM8LpLNdNFI0xGeMh7RgqcEiVP52fOkMnRumjQSRNCY3m6veJKQ6VmoSB6QyxHqnfXir+5XUSPaj6UybiRFNBFosGCUc6QunfqM8kJZpPDMFEMnMrIiMsMdEmnZwJ4etT9D9perZbtks3pULtchlHFo7gGE7BhQrU4Brq0AACQ3iAJ3i2uPVovVivi9aMtZw5hB+w3j4BjiGOAA==</latexit>p = n <latexit sha1_base64="cVFqmwOneA0WQf6ynPo/ROEYuHI=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeioJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3b6RqQ==</latexit>F <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="MUhXLpNV90CIRDQO5whsPxtvLXo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2taLFL14rGg/oA1ls922SzebsLsRSulP8OJBEa/+Im/+GzdtBRV9MPB4b4aZeUHMmdKO82FlVlbX1jeym7mt7Z3dvfz+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwfgq9Vv3VCoWiTs9iakf4qFgA0awNtJtfCF6+YJjn1fL3pmHHNtxKl6xnBKvUvKKyDVKigIsUe/l37v9iCQhFZpwrFTHdWLtT7HUjHA6y3UTRWNMxnhIO4YKHFLlT+enztCJUfpoEElTQqO5+n1iikOlJmFgOkOsR+q3l4p/eZ1ED6r+lIk40VSQxaJBwpGOUPo36jNJieYTQzCRzNyKyAhLTLRJJ2dC+PoU/U+anu2W7dJNqVC7XMaRhSM4hlNwoQI1uIY6NIDAEB7gCZ4tbj1aL9brojVjLWcO4Qest0+Ppo4B</latexit>

p > n <latexit sha1_base64="cVFqmwOneA0WQf6ynPo/ROEYuHI=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeioJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3b6RqQ==</latexit>F
<latexit sha1_base64="bHl+U+g+6rm7BBsk9jk9b2RR3PE=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2lbwUPTisaL9gDaUzXbbLt1swu5GKKU/wYsHRbz6i7z5b9y0FVT0wcDjvRlm5gUxZ0o7zoeVWVldW9/Ibua2tnd29/L7B00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBeOr1G/dU6lYJO70JKZ+iIeCDRjB2ki38YXo5QuOfV4te2cecmzHqXjFckq8SskrItcoKQqwRL2Xf+/2I5KEVGjCsVId14m1P8VSM8LpLNdNFI0xGeMh7RgqcEiVP52fOkMnRumjQSRNCY3m6veJKQ6VmoSB6QyxHqnfXir+5XUSPaj6UybiRFNBFosGCUc6QunfqM8kJZpPDMFEMnMrIiMsMdEmnZwJ4etT9D9perZbtks3pULtchlHFo7gGE7BhQrU4Brq0AACQ3iAJ3i2uPVovVivi9aMtZw5hB+w3j4BjJyN/w==</latexit>

p < n <latexit sha1_base64="cVFqmwOneA0WQf6ynPo/ROEYuHI=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadnd1rbeioJ4rGBrYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwsrq2vlHcLG1t7+zulfcPukqkEpMOFkzIXogUYZSTjqaakV4iCYpDRu7CyWXu390Tqajgt3qakCBGI04jipE2kt+PkR5jxLKr2aBccezzZt0786BjO07Dq9Zz4jVqXhW6RslRAUu0B+X3/lDgNCZcY4aU8l0n0UGGpKaYkVmpnyqSIDxBI+IbylFMVJDNI8/giVGGMBLSPK7hXP2+kaFYqWkcmsk8ovrt5eJfnp/qqBlklCepJhwvPopSBrWA+f1wSCXBmk0NQVhSkxXiMZIIa9NSyZTwdSn8n3Q9263btZtapXWxrKMIjsAxOAUuaIAWuAZt0AEYCPAAnsCzpa1H68V6XYwWrOXOIfgB6+0T3b6RqQ==</latexit>F <latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
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Démonstration (Proposition 1.2.7) : 
1.  est libre donc d’après Théorème de la base incomplète (Théorème 1.2.3) il existe  base telle que . 

Or  donc  . 

<latexit sha1_base64="HrChqDEs9eFUHg4okGgF9jnp5sw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFQVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8fetWRZQ==</latexit>F
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B
<latexit sha1_base64="QrIXVRWHXQpELb0h5JLxa4IYrik=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIp6rJUEJcV7AOaUCbTSTt08mBmIpSQpRt/xY0LRdz6Ce78GydtEG09cOFwzr3ce48XcyaVZX0ZS8srq2vrpY3y5tb2zq65t9+WUSIIbZGIR6LrYUk5C2lLMcVpNxYUBx6nHW98lfudeyoki8I7NYmpG+BhyHxGsNJS3zxyAqxGBPP0OkOOTDxJFfrRGlnfrFhVawq0SOyCVKBAs29+OoOIJAENFeFYyp5txcpNsVCMcJqVnUTSGJMxHtKepiEOqHTT6SMZOtHKAPmR0BUqNFV/T6Q4kHISeLozP1HOe7n4n9dLlH/ppiyME0VDMlvkJxypCOWpoAETlCg+0QQTwfStiIywwETp7Mo6BHv+5UXSPqva59Xaba1SbxRxlOAQjuEUbLiAOtxAE1pA4AGe4AVejUfj2Xgz3metS0YxcwB/YHx8AwqimgA=</latexit>

F ⇢ B
<latexit sha1_base64="y2F40tYBT4aH+3BnW5SLMPlBh6U=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoOQXMKuBvUihAjiMYJ5QHYJs5NJMmT2wUyvGJb9EC/+ihcPinjxIPg3TpI9aJKChqKqm+4uNxRcgWn+GJmV1bX1jexmbmt7Z3cvv3/QVEEkKWvQQASy7RLFBPdZAzgI1g4lI54rWMsdXU/81gOTigf+PYxD5nhk4PM+pwS01M2f2cAeIaZE9pKi7REYUiLim6SEr/BSq5aUuvmCWTanwIvESkkBpah38192L6CRx3yggijVscwQnJhI4FSwJGdHioWEjsiAdTT1iceUE0+fS/CJVnq4H0hdPuCp+nciJp5SY8/VnZMb1bw3EZd5nQj6l07M/TAC5tPZon4kMAR4khTucckoiLEmhEqub8V0SCShoPPM6RCs+ZcXSfO0bJ2XK3eVQrWWxpFFR+gYFZGFLlAV3aI6aiCKntALekPvxrPxanwYn7PWjJHOHKJ/ML5/AUf2ohs=</latexit>

card(F) = card(B) <latexit sha1_base64="JU22wK1sFhxurt7a3lQKwtVkELw=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiRd0IpYK4rGAf0IYymU7aoZMHMxOhhODGX3HjQhG3foU7/8ZJG0RbDwycOede7r3HjTiTyrK+jMLS8srqWnG9tLG5tb1j7u61ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdX2V++54KycLgTk0i6vh4GDCPEay01DcPej5WI4J5cp2iS/Tzq6d9s2xVrCnQIrFzUoYcjb752RuEJPZpoAjHUnZtK1JOgoVihNO01IsljTAZ4yHtahpgn0onmZ6QomOtDJAXCv0Chabq744E+1JOfFdXZivKeS8T//O6sfIunIQFUaxoQGaDvJgjFaIsDzRgghLFJ5pgIpjeFZERFpgonVpJh2DPn7xIWqcV+6xSva2Wa/U8jiIcwhGcgA3nUIMbaEATCDzAE7zAq/FoPBtvxvustGDkPfvwB8bHN8wElw8=</latexit>

F = B

2. On a  donc il existe au moins un vecteur  de  tel que  . Donc la famille   est 
libre et . Théorème 1.2.1 implique l’existence d’une base  telle que . Or 

  donc  . 

<latexit sha1_base64="DBvrkCnko55G7BEmUgYFUhYalK8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mnGKQUwHkkecUWMlX5Ib4vbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zWHmqV+m0eRxFO4BTOwYMrqMM9NMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPeCWN0Q==</latexit>

n > 0
<latexit sha1_base64="Vj6hGX1tVmgq8iq5xgOOqxwSWNA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZeGsX664VXcBsk68nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclXqpxoSyMR1i11JJI9R+tjh3Ri6sMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJb/2MyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2RC81ZfXSeuq6l1Xa4+1Sv0uj6MIZ3AOl+DBDdThARrQBAZjeIZXeHMS58V5dz6WrQUnnzmFP3A+fwCZd4/B</latexit>

~f <latexit sha1_base64="HrChqDEs9eFUHg4okGgF9jnp5sw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFQVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8fetWRZQ==</latexit>F
<latexit sha1_base64="/33dJvgUqbe1XzyS9sN0eBda5DU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFNy4r2Ae0oUymN+3QySTOTAo1BH/FjQtF3Pof7vwbp2kX2nrgwplz7mXuPX7MmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT80c3Ub41BKhaJez2JwQvJQLCAUaKN1LOPumOgaZDhroAHnD+crGeXnYqTAy8Td07KaI56z/7q9iOahCA05USpjuvE2kuJ1IxyyErdREFM6IgMoGOoICEoL823z/CpUfo4iKQpoXGu/p5ISajUJPRNZ0j0UC16U/E/r5Po4MpLmYgTDYLOPgoSjnWEp1HgPpNANZ8YQqhkZldMh0QSqk1gJROCu3jyMmmeV9yLSvWuWq5dz+MoomN0gs6Qiy5RDd2iOmogih7RM3pFb9aT9WK9Wx+z1oI1nzlEf2B9/gA5V5UW</latexit>

~f 6= ~0
<latexit sha1_base64="iqzy8o6R5TuQ7JDB3UfaFaA8mNw=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqBuh6MaFiwr2AU0ok+mkHTp5MDMplBDc+CtuXCji1q9w5984abPQ1gMXDufcy733eDFnUlnWt7G0vLK6tl7aKG9ube/smnv7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rje53x5TIVkUPqhJTN0AD0LmM4KVlnrmoRNgNSSYp3cZukJO6owpSf3MyXpmxapaU6BFYhekAgUaPfPL6UckCWioCMdSdm0rVm6KhWKE06zsJJLGmIzwgHY1DXFApZtOX8jQiVb6yI+ErlChqfp7IsWBlJPA0535wXLey8X/vG6i/Es3ZWGcKBqS2SI/4UhFKM8D9ZmgRPGJJpgIpm9FZIgFJkqnVtYh2PMvL5LWWdU+r9bua5X6dRFHCY7gGE7Bhguowy00oAkEHuEZXuHNeDJejHfjY9a6ZBQzB/AHxucPKyuXTQ==</latexit>

L = {~f}
<latexit sha1_base64="U2eKNZsA9uDp+b15p7wY0HiKUJk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIp6rIoiAsXFewDmlAm00k7dPJgZiKUkKUbf8WNC0Xc+gnu/BsnbRBtPXDhcM693HuPF3MmlWV9GQuLS8srq6W18vrG5ta2ubPbklEiCG2SiEei42FJOQtpUzHFaScWFAcep21vdJn77XsqJIvCOzWOqRvgQch8RrDSUs88cAKshgTz9CZDjkw8SRX60a6ynlmxqtYEaJ7YBalAgUbP/HT6EUkCGirCsZRd24qVm2KhGOE0KzuJpDEmIzygXU1DHFDpppNHMnSklT7yI6ErVGii/p5IcSDlOPB0Z36inPVy8T+vmyj/3E1ZGCeKhmS6yE84UhHKU0F9JihRfKwJJoLpWxEZYoGJ0tmVdQj27MvzpHVStU+rtdtapX5RxFGCfTiEY7DhDOpwDQ1oAoEHeIIXeDUejWfjzXifti4Yxcwe/IHx8Q0aTJoK</latexit>

L ⇢ F
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B
<latexit sha1_base64="ZoJ7UoLK5gpHvdx/JBEz4RJL0b0=">AAACHHicbZDLSsNAFIZP6q3WW9Slm8EiuCqJFnVZKogLFxXsBZpQJtNJO3RyYWYilNAHceOruHGhiBsXgm/jpA2itT8M/HznHOac34s5k8qyvozC0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fY9FZJF4Z0ax9QN8CBkPiNYadQzT50AqyHBPL2ZIEcmnqQK/bD6AnY16Zllq2JNhf4bOzdlyNXomR9OPyJJQENFOJaya1uxclMsFCOcTkpOImmMyQgPaFfbEAdUuun0uAk60qSP/EjoFyo0pb8nUhxIOQ483ZmtKOdrGVxU6ybKv3BTFsaJoiGZfeQnHKkIZUmhPhOUKD7WBhPB9K6IDLHAROk8SzoEe/7k/6Z1UrHPKtXbarlWz+MowgEcwjHYcA41uIYGNIHAAzzBC7waj8az8Wa8z1oLRj6zD39kfH4DzxGidA==</latexit>

L ⇢ B ⇢ F
<latexit sha1_base64="y2F40tYBT4aH+3BnW5SLMPlBh6U=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoOQXMKuBvUihAjiMYJ5QHYJs5NJMmT2wUyvGJb9EC/+ihcPinjxIPg3TpI9aJKChqKqm+4uNxRcgWn+GJmV1bX1jexmbmt7Z3cvv3/QVEEkKWvQQASy7RLFBPdZAzgI1g4lI54rWMsdXU/81gOTigf+PYxD5nhk4PM+pwS01M2f2cAeIaZE9pKi7REYUiLim6SEr/BSq5aUuvmCWTanwIvESkkBpah38192L6CRx3yggijVscwQnJhI4FSwJGdHioWEjsiAdTT1iceUE0+fS/CJVnq4H0hdPuCp+nciJp5SY8/VnZMb1bw3EZd5nQj6l07M/TAC5tPZon4kMAR4khTucckoiLEmhEqub8V0SCShoPPM6RCs+ZcXSfO0bJ2XK3eVQrWWxpFFR+gYFZGFLlAV3aI6aiCKntALekPvxrPxanwYn7PWjJHOHKJ/ML5/AUf2ohs=</latexit>

card(F) = card(B) <latexit sha1_base64="JU22wK1sFhxurt7a3lQKwtVkELw=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiRd0IpYK4rGAf0IYymU7aoZMHMxOhhODGX3HjQhG3foU7/8ZJG0RbDwycOede7r3HjTiTyrK+jMLS8srqWnG9tLG5tb1j7u61ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdX2V++54KycLgTk0i6vh4GDCPEay01DcPej5WI4J5cp2iS/Tzq6d9s2xVrCnQIrFzUoYcjb752RuEJPZpoAjHUnZtK1JOgoVihNO01IsljTAZ4yHtahpgn0onmZ6QomOtDJAXCv0Chabq744E+1JOfFdXZivKeS8T//O6sfIunIQFUaxoQGaDvJgjFaIsDzRgghLFJ5pgIpjeFZERFpgonVpJh2DPn7xIWqcV+6xSva2Wa/U8jiIcwhGcgA3nUIMbaEATCDzAE7zAq/FoPBtvxvustGDkPfvwB8bHN8wElw8=</latexit>

F = B

3.  Raisonnement par l’absurde. Supposons que  est libre. Théorème de la base incomplète (Théorème 1.2.3) 

implique l’existence d’une base  telle que . Donc la base  contient  vecteurs 

avec  Ceci est impossible puisque . 

<latexit sha1_base64="HrChqDEs9eFUHg4okGgF9jnp5sw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFQVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8fetWRZQ==</latexit>F
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B
<latexit sha1_base64="QrIXVRWHXQpELb0h5JLxa4IYrik=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIp6rJUEJcV7AOaUCbTSTt08mBmIpSQpRt/xY0LRdz6Ce78GydtEG09cOFwzr3ce48XcyaVZX0ZS8srq2vrpY3y5tb2zq65t9+WUSIIbZGIR6LrYUk5C2lLMcVpNxYUBx6nHW98lfudeyoki8I7NYmpG+BhyHxGsNJS3zxyAqxGBPP0OkOOTDxJFfrRGlnfrFhVawq0SOyCVKBAs29+OoOIJAENFeFYyp5txcpNsVCMcJqVnUTSGJMxHtKepiEOqHTT6SMZOtHKAPmR0BUqNFV/T6Q4kHISeLozP1HOe7n4n9dLlH/ppiyME0VDMlvkJxypCOWpoAETlCg+0QQTwfStiIywwETp7Mo6BHv+5UXSPqva59Xaba1SbxRxlOAQjuEUbLiAOtxAE1pA4AGe4AVejUfj2Xgz3metS0YxcwB/YHx8AwqimgA=</latexit>

F ⇢ B
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B
<latexit sha1_base64="3YfgVeOTQvPzrj7BGABzBU+jz1Y=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbiToDZCiI1lBPMBSQh7e3vJkt27Y3dODMc1Nv4VGwtFbP0Pdv4bN8kVmvhg4PHeDDPz3EhwDbb9bS0tr6yurec28ptb2zu7hb39pg5jRVmDhiJUbZdoJnjAGsBBsHakGJGuYC13dD3xW/dMaR4GdzCOWE+SQcB9TgkYqV84kvgKd4E9QEKJ8tJSVxIYUiKSWnraLxTtsj0FXiRORoooQ71f+Op6IY0lC4AKonXHsSPoJUQBp4Kl+W6sWUToiAxYx9CASKZ7yfSLFJ8YxcN+qEwFgKfq74mESK3H0jWdkxv1vDcR//M6MfiXvYQHUQwsoLNFfiwwhHgSCfa4YhTE2BBCFTe3YjokilAwweVNCM78y4ukeVZ2zsuV20qxWsviyKFDdIxKyEEXqIpuUB01EEWP6Bm9ojfryXqx3q2PWeuSlc0coD+wPn8A00qYKg==</latexit>

m = card(B)
<latexit sha1_base64="al/4feympgP5MGCSW7omYNI1Yt8=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgddyJqIVF0MYygvmA5Ah7m7lkye7eZXcvEI78DhsLRWz9MXb+GzfJFZr4YODx3gwz88KEM20879sprK1vbG4Vt0s7u3v7B+XDo4aOU0WhTmMeq1ZINHAmoW6Y4dBKFBARcmiGw/uZ3xyD0iyWT2aSQCBIX7KIUWKsFEh8ixPc4TDCwu2WK57rzYFXiZ+TCspR65a/Or2YpgKkoZxo3fa9xAQZUYZRDtNSJ9WQEDokfWhbKokAHWTzo6f4zCo9HMXKljR4rv6eyIjQeiJC2ymIGehlbyb+57VTE90EGZNJakDSxaIo5djEeJYA7jEF1PCJJYQqZm/FdEAUocbmVLIh+Msvr5LGhetfuZePl5XqXR5HEZ2gU3SOfHSNqugB1VAdUTRCz+gVvTlj58V5dz4WrQUnnzlGf+B8/gDQ6JDY</latexit>

n < p  m. <latexit sha1_base64="2/+dVE8U7PWOQkoKVlIOKbAeTc4=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJVgET2VXinoRiiJ4rGA/oF1KNpu2oUl2SWbFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeUEsuAHX/XZyK6tr6xv5zcLW9s5usbS33zRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRtdTv/XAtOGRuodxzHxJBor3OSVgpV6p2AX2CGnI5eQGX2KrlN2KOwNeJl5GyihDvVf66oYRTSRTQAUxpuO5Mfgp0cCpYJNCNzEsJnREBqxjqSKSGT+dHT7Bx1YJcT/SthTgmfp7IiXSmLEMbKckMDSL3lT8z+sk0L/wU67iBJii80X9RGCI8DQFHHLNKIixJYRqbm/FdEg0oWCzKtgQvMWXl0nztOKdVap31XLtKosjjw7RETpBHjpHNXSL6qiBKErQM3pFb86T8+K8Ox/z1pyTzRygP3A+fwA2EpLN</latexit>

dimE = n

4.  On a  donc il existe au moins un vecteur  de la famille génératrice   tel que  . Donc la 

famille   est libre et . Théorème 1.2.1 implique l’existence d’une base  telle que 

.  Donc la base  contient  vecteurs avec . Ceci est 
impossible puisque . 

<latexit sha1_base64="DBvrkCnko55G7BEmUgYFUhYalK8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mnGKQUwHkkecUWMlX5Ib4vbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zWHmqV+m0eRxFO4BTOwYMrqMM9NMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPeCWN0Q==</latexit>

n > 0
<latexit sha1_base64="Vj6hGX1tVmgq8iq5xgOOqxwSWNA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZeGsX664VXcBsk68nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclXqpxoSyMR1i11JJI9R+tjh3Ri6sMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJb/2MyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2RC81ZfXSeuq6l1Xa4+1Sv0uj6MIZ3AOl+DBDdThARrQBAZjeIZXeHMS58V5dz6WrQUnnzmFP3A+fwCZd4/B</latexit>

~f <latexit sha1_base64="HrChqDEs9eFUHg4okGgF9jnp5sw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFQVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8fetWRZQ==</latexit>F
<latexit sha1_base64="/33dJvgUqbe1XzyS9sN0eBda5DU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFNy4r2Ae0oUymN+3QySTOTAo1BH/FjQtF3Pof7vwbp2kX2nrgwplz7mXuPX7MmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT80c3Ub41BKhaJez2JwQvJQLCAUaKN1LOPumOgaZDhroAHnD+crGeXnYqTAy8Td07KaI56z/7q9iOahCA05USpjuvE2kuJ1IxyyErdREFM6IgMoGOoICEoL823z/CpUfo4iKQpoXGu/p5ISajUJPRNZ0j0UC16U/E/r5Po4MpLmYgTDYLOPgoSjnWEp1HgPpNANZ8YQqhkZldMh0QSqk1gJROCu3jyMmmeV9yLSvWuWq5dz+MoomN0gs6Qiy5RDd2iOmogih7RM3pFb9aT9WK9Wx+z1oI1nzlEf2B9/gA5V5UW</latexit>

~f 6= ~0
<latexit sha1_base64="iqzy8o6R5TuQ7JDB3UfaFaA8mNw=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqBuh6MaFiwr2AU0ok+mkHTp5MDMplBDc+CtuXCji1q9w5984abPQ1gMXDufcy733eDFnUlnWt7G0vLK6tl7aKG9ube/smnv7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rje53x5TIVkUPqhJTN0AD0LmM4KVlnrmoRNgNSSYp3cZukJO6owpSf3MyXpmxapaU6BFYhekAgUaPfPL6UckCWioCMdSdm0rVm6KhWKE06zsJJLGmIzwgHY1DXFApZtOX8jQiVb6yI+ErlChqfp7IsWBlJPA0535wXLey8X/vG6i/Es3ZWGcKBqS2SI/4UhFKM8D9ZmgRPGJJpgIpm9FZIgFJkqnVtYh2PMvL5LWWdU+r9bua5X6dRFHCY7gGE7Bhguowy00oAkEHuEZXuHNeDJejHfjY9a6ZBQzB/AHxucPKyuXTQ==</latexit>

L = {~f} <latexit sha1_base64="U2eKNZsA9uDp+b15p7wY0HiKUJk=">AAACCHicbVDLSsNAFL3xWesr6tKFg0VwVRIp6rIoiAsXFewDmlAm00k7dPJgZiKUkKUbf8WNC0Xc+gnu/BsnbRBtPXDhcM693HuPF3MmlWV9GQuLS8srq6W18vrG5ta2ubPbklEiCG2SiEei42FJOQtpUzHFaScWFAcep21vdJn77XsqJIvCOzWOqRvgQch8RrDSUs88cAKshgTz9CZDjkw8SRX60a6ynlmxqtYEaJ7YBalAgUbP/HT6EUkCGirCsZRd24qVm2KhGOE0KzuJpDEmIzygXU1DHFDpppNHMnSklT7yI6ErVGii/p5IcSDlOPB0Z36inPVy8T+vmyj/3E1ZGCeKhmS6yE84UhHKU0F9JihRfKwJJoLpWxEZYoGJ0tmVdQj27MvzpHVStU+rtdtapX5RxFGCfTiEY7DhDOpwDQ1oAoEHeIIXeDUejWfjzXifti4Yxcwe/IHx8Q0aTJoK</latexit>

L ⇢ F
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B
<latexit sha1_base64="ZoJ7UoLK5gpHvdx/JBEz4RJL0b0=">AAACHHicbZDLSsNAFIZP6q3WW9Slm8EiuCqJFnVZKogLFxXsBZpQJtNJO3RyYWYilNAHceOruHGhiBsXgm/jpA2itT8M/HznHOac34s5k8qyvozC0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fY9FZJF4Z0ax9QN8CBkPiNYadQzT50AqyHBPL2ZIEcmnqQK/bD6AnY16Zllq2JNhf4bOzdlyNXomR9OPyJJQENFOJaya1uxclMsFCOcTkpOImmMyQgPaFfbEAdUuun0uAk60qSP/EjoFyo0pb8nUhxIOQ483ZmtKOdrGVxU6ybKv3BTFsaJoiGZfeQnHKkIZUmhPhOUKD7WBhPB9K6IDLHAROk8SzoEe/7k/6Z1UrHPKtXbarlWz+MowgEcwjHYcA41uIYGNIHAAzzBC7waj8az8Wa8z1oLRj6zD39kfH4DzxGidA==</latexit>

L ⇢ B ⇢ F
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B
<latexit sha1_base64="3YfgVeOTQvPzrj7BGABzBU+jz1Y=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbiToDZCiI1lBPMBSQh7e3vJkt27Y3dODMc1Nv4VGwtFbP0Pdv4bN8kVmvhg4PHeDDPz3EhwDbb9bS0tr6yurec28ptb2zu7hb39pg5jRVmDhiJUbZdoJnjAGsBBsHakGJGuYC13dD3xW/dMaR4GdzCOWE+SQcB9TgkYqV84kvgKd4E9QEKJ8tJSVxIYUiKSWnraLxTtsj0FXiRORoooQ71f+Op6IY0lC4AKonXHsSPoJUQBp4Kl+W6sWUToiAxYx9CASKZ7yfSLFJ8YxcN+qEwFgKfq74mESK3H0jWdkxv1vDcR//M6MfiXvYQHUQwsoLNFfiwwhHgSCfa4YhTE2BBCFTe3YjokilAwweVNCM78y4ukeVZ2zsuV20qxWsviyKFDdIxKyEEXqIpuUB01EEWP6Bm9ojfryXqx3q2PWeuSlc0coD+wPn8A00qYKg==</latexit>

m = card(B) <latexit sha1_base64="EXgEE07wlyvj6HNRM1AMVNvy3dQ=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqAcPRS8eK9gP6C4lm862oUk2JlmhlP4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL1acGev7315hZXVtfaO4Wdra3tndK+8fNE2aaQoNmvJUt2NigDMJDcssh7bSQETMoRUPb6d+6wm0Yal8sCMFkSB9yRJGiXVSKHDI4RErfI1lt1zxq/4MeJkEOamgHPVu+SvspTQTIC3lxJhO4CsbjYm2jHKYlMLMgCJ0SPrQcVQSASYaz26e4BOn9HCSalfS4pn6e2JMhDEjEbtOQezALHpT8T+vk9nkKhozqTILks4XJRnHNsXTAHCPaaCWjxwhVDN3K6YDogm1LqaSCyFYfHmZNM+qwUX1/P68UrvJ4yiiI3SMTlGALlEN3aE6aiCKFHpGr+jNy7wX7937mLcWvHzmEP2B9/kDZUqQoA==</latexit>

m  p < n
<latexit sha1_base64="2/+dVE8U7PWOQkoKVlIOKbAeTc4=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJVgET2VXinoRiiJ4rGA/oF1KNpu2oUl2SWbFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeUEsuAHX/XZyK6tr6xv5zcLW9s5usbS33zRRoilr0EhEuh0QwwRXrAEcBGvHmhEZCNYKRtdTv/XAtOGRuodxzHxJBor3OSVgpV6p2AX2CGnI5eQGX2KrlN2KOwNeJl5GyihDvVf66oYRTSRTQAUxpuO5Mfgp0cCpYJNCNzEsJnREBqxjqSKSGT+dHT7Bx1YJcT/SthTgmfp7IiXSmLEMbKckMDSL3lT8z+sk0L/wU67iBJii80X9RGCI8DQFHHLNKIixJYRqbm/FdEg0oWCzKtgQvMWXl0nztOKdVap31XLtKosjjw7RETpBHjpHNXSL6qiBKErQM3pFb86T8+K8Ox/z1pyTzRygP3A+fwA2EpLN</latexit>

dimE = n
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Corollaire 1.2.1 Soit  un espace vectoriel de dimension finie. 
1. Si  contient une famille libre de  vecteurs alors . 
2. Si  contient une famille génératrice de  vecteurs alors alors .

<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p

<latexit sha1_base64="NAMtZJ9tEw68YUbkkM3OfbeQPE4=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArQT0GRfAYwTwgWcLspJMMmX040yuGJf6KFw+KePVDvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rdzK6tr6Rn6zsLW9s7tn7x80dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9dTf3mAygtovAOxzF4ARuEoi84QyN17WIH4RHTnggm9Jp2BnBP465dcsrODHSZuBkpkQy1rv3V6UU8CSBELpnWbdeJ0UuZQsElTAqdREPM+IgNoG1oyALQXjo7fkKPjdKj/UiZCpHO1N8TKQu0Hge+6QwYDvWiNxX/89oJ9i+8VIRxghDy+aJ+IilGdJoE7QkFHOXYEMaVMLdSPmSKcTR5FUwI7uLLy6RxWnbPypXbSql6mcWRJ4fkiJwQl5yTKrkhNVInnIzJM3klb9aT9WK9Wx/z1pyVzRTJH1ifPyY5lHM=</latexit>

dimE � p
<latexit sha1_base64="hCPWrnS5gTl0AsJ+srx6+0wfBiM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiCB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdaHo0k</latexit>

E
<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q

<latexit sha1_base64="I04wtnOLraHjMl+lN52mS9BJx+s=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7Aroh6DIniMYB6QLGF20kmGzD4y0yuGJf6KFw+KePVDvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rdzK6tr6Rn6zsLW9s7tn7x/UdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eT/3GAygtovAexzF4AeuHoic4QyN17GIb4RHTrggm9Ia2JYzoqGOXnLIzA10mbkZKJEO1Y3+1uxFPAgiRS6Z1y3Vi9FKmUHAJk0I70RAzPmR9aBkasgC0l86On9Bjo3RpL1KmQqQz9fdEygKtx4FvOgOGA73oTcX/vFaCvUsvFWGcIIR8vqiXSIoRnSZBu0IBRzk2hHElzK2UD5hiHE1eBROCu/jyMqmflt3z8tndWalylcWRJ4fkiJwQl1yQCrklVVIjnIzJM3klb9aT9WK9Wx/z1pyVzRTJH1ifPy9llHk=</latexit>

dimE  q

Proposition 1.2.8 :  est un espace vectoriel de 
dimension  , si  et  deux sous-espaces 
vectoriels de , alors 
1. . 
2. . 
3. . 
4. . 
5. . 
6. .

<latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="PKgz7bmikvTDxoWGKXFOji5ruwQ=">AAACGnicbZDLSgMxFIYzXmu9VV26CRahggwz09rWjRTduKxgL9AOJZOmbWgmMyQZoQzzHG58FTcuFHEnbnwbM20X2nog8PH/5yQnvxcyKpVlfRsrq2vrG5uZrez2zu7efu7gsCmDSGDSwAELRNtDkjDKSUNRxUg7FAT5HiMtb3yT+q0HIiQN+L2ahMT10ZDTAcVIaamXs+Pu9JKOGHpubJmX1bJz4ZxbpmVVnGI5BadScooJhwUOr6yzpJfLp25acBnsOeTBvOq93Ge3H+DIJ1xhhqTs2Fao3BgJRTEjSbYbSRIiPEZD0tHIkU+kG0+3SuCpVvpwEAh9uIJT9fdEjHwpJ76nO32kRnLRS8X/vE6kBlU3pjyMFOF49tAgYlAFMM0J9qkgWLGJBoQF1btCPEICYaXTzOoQ7MUvL0PTMe2yWbor5WvX8zgy4BicgAKwQQXUwC2ogwbA4BE8g1fwZjwZL8a78TFrXTHmM0fgTxlfPzLJm+0=</latexit>

n(n > 0) <latexit sha1_base64="+WCWCO+f0c1FQUbZx/x6AKFAY28=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUBCPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsnAFeNFw==</latexit>

F
<latexit sha1_base64="syZ779sOTEwbX9eAKsICye952X4=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRb0IMeEzAPSJYwO+lNxsw+mJkVwpIv8OJBEa9+kjf/xtkkgooWNBRV3XR3eTFnUlnWh7Gyura+sZnbym/v7O7tFw4O2zJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443ucr8zj0IyaLwVk1jcAMyCpnPKFFaal4PCkXLvKhVnHMHW6ZlVZ1SJSNOteyUsK2VDEW0RGNQeO8PI5oEECrKiZQ924qVmxKhGOUwy/cTCTGhEzKCnqYhCUC66fzQGT7VyhD7kdAVKjxXv0+kJJByGni6MyBqLH97mfiX10uUX3NTFsaJgpAuFvkJxyrC2dd4yARQxaeaECqYvhXTMRGEKp1NXofw9Sn+n7Qd066Y5Wa5WL9cxpFDx+gEnSEbVVEd3aAGaiGKAD2gJ/Rs3BmPxovxumhdMZYzR+gHjLdPAduNGA==</latexit>

G
<latexit sha1_base64="IEr/1yAsYWLdj/Ure00XTRG/u/U=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMRbUASPCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vJgzqSzrw1hZXVvf2Mxt5bd3dvf2CweHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXGV+5x6EZFF4q6YxuAEZhcxnlCgtNa8HhaJlXtQqzrmDLdOyqk6pkhGnWnZK2NZKhiJaojEovPeHEU0CCBXlRMqebcXKTYlQjHKY5fuJhJjQCRlBT9OQBCDddH7oDJ9qZYj9SOgKFZ6r3ydSEkg5DTzdGRA1lr+9TPzL6yXKr7kpC+NEQUgXi/yEYxXh7Gs8ZAKo4lNNCBVM34rpmAhClc4mr0P4+hT/T9qOaVfMcrNcrF8u48ihY3SCzpCNqqiOblADtRBFgB7QE3o27oxH48V4XbSuGMuZI/QDxtsn/sSNFg==</latexit>

E
<latexit sha1_base64="aw5mqIE2IcNMIjfk5k2jJHVyDeM=">AAACB3icdZBNSwMxEIaz9bt+rXoUJFgET2W7rW29iaJ4rGC10JaSTacamv0wmRXL0psX/4oXD4p49S9489+YrRVU9IXAyzMzTOb1Iik0Os67lZmYnJqemZ3Lzi8sLi3bK6tnOowVhzoPZagaHtMgRQB1FCihESlgvifh3OsfpPXza1BahMEpDiJo++wiED3BGRrUsTdaCDeYdIU/pEe0JeGKfiOHHTvn5HerZXfHpU7ecSpusZwat1Jyi7RgSKocGavWsd9a3ZDHPgTIJdO6WXAibCdMoeAShtlWrCFivM8uoGlswHzQ7WR0x5BuGdKlvVCZFyAd0e8TCfO1Hvie6fQZXurftRT+VWvG2Ku2ExFEMULAPxf1YkkxpGkotCsUcJQDYxhXwvyV8kumGEcTXdaE8HUp/d+cuflCOV86KeX29sdxzJJ1skm2SYFUyB45JjVSJ5zcknvySJ6sO+vBerZePlsz1nhmjfyQ9foBDWSZcw==</latexit>

dimF  dimE
<latexit sha1_base64="/lsQqaH4K6knp+ZA5r9jb7DsbQo="></latexit>

dimF = dimE () F = E
<latexit sha1_base64="hdfCYOlc5Szv7SkSuCb1RhGd53g="></latexit>

dim(F +G) = dimF + dimG� dim(F \G)
<latexit sha1_base64="nUoIIhu43ZysrtEthpdJ5kepZ5I="></latexit>

dim(F �G) = dimF + dimG
<latexit sha1_base64="YT/Jcv4WyRFyrBwGVmkxzBK8YYY="></latexit>

E = F �G () dimF + dimG = dimE et F \G = {~0}
<latexit sha1_base64="uR3WL8x3BWvc3yW1HZ3gOB2Grb4="></latexit>

E = F �G () dimF + dimG = dimE et E = F +G
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Démonstration (Proposition 1.2.8) : 
1. Si  est une base de , alors  est une famille libre de . On peut la compléter pour obtenir une base de , 

donc . 

<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B <latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="IgduTeLJUM6AattMKdO1YsldedA=">AAACB3icbVDJSgNBEO1xjXGLehSkMQiewowE9RgUxWMEs0BmCD2dStKkZ7G7RgxDbl78FS8eFPHqL3jzb+wsh5j4oODxXhVV9fxYCo22/WMtLC4tr6xm1rLrG5tb27md3aqOEsWhwiMZqbrPNEgRQgUFSqjHCljgS6j5vcuhX3sApUUU3mE/Bi9gnVC0BWdopGbuwEV4xLQlggG9pq6EezqlXDVzebtgj0DniTMheTJBuZn7dlsRTwIIkUumdcOxY/RSplBwCYOsm2iIGe+xDjQMDVkA2ktHfwzokVFatB0pUyHSkTo9kbJA637gm86AYVfPekPxP6+RYPvcS0UYJwghHy9qJ5JiRIeh0JZQwFH2DWFcCXMr5V2mGEcTXdaE4My+PE+qJwXntFC8LeZLF5M4MmSfHJJj4pAzUiI3pEwqhJMn8kLeyLv1bL1aH9bnuHXBmszskT+wvn4BqmyZLw==</latexit>

dimF  dimE

2. Il suffit de montrer que  est inclu dans . Soit . Soit 

 une base de , cette famille est libre dans ,  de  vecteurs dans  donc c’est une 

base de  (voir Proposition 1.2.7). Ainsi tout vecteur  de   s’écrit  avec des scalaires  et 
ainsi . 

3. Voir Document C.1.5. 

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="SaIZXNRpZ+OA5HwDOVNuK/3a7BQ=">AAACCHicbVDLSgMxFM34rPU16tKFwSK4KjNS1I1QFMVlBfuAdiiZTNqGZjJDckcsQ5du/BU3LhRx6ye4829M21nY1gMXTs65l9x7/FhwDY7zYy0sLi2vrObW8usbm1vb9s5uTUeJoqxKIxGphk80E1yyKnAQrBErRkJfsLrfvxr59QemNI/kPQxi5oWkK3mHUwJGatsHEl/gFrBHSAMeDvH19POmbRecojMGniduRgooQ6Vtf7eCiCYhk0AF0brpOjF4KVHAqWDDfCvRLCa0T7qsaagkIdNeOj5kiI+MEuBOpExJwGP170RKQq0HoW86QwI9PeuNxP+8ZgKdcy/lMk6ASTr5qJMIDBEepYIDrhgFMTCEUMXNrpj2iCIUTHZ5E4I7e/I8qZ0U3dNi6a5UKF9mceTQPjpEx8hFZ6iMblEFVRFFT+gFvaF369l6tT6sz0nrgpXN7KEpWF+/FImYww==</latexit>

n = dimE = dimF
<latexit sha1_base64="u96ESUQxnFemzNmVibXp6Mvz/Go=">AAACFHicbZDLSsNAFIYnXmu9RV26GSyCoJSkFHVZdOOygr1AE8JkMmmHTiZhZlIoIQ/hxldx40IRty7c+TZO24ja+sPAx3/O4cz5/YRRqSzr01haXlldWy9tlDe3tnd2zb39toxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84fWk3hkRIWnM79Q4IW6E+pyGFCOlLc88dTJnRHAW5p59Br+xppEFsZI/Fndyz6xYVWsquAh2ARVQqOmZH04Q4zQiXGGGpOzZVqLcDAlFMSN52UklSRAeoj7paeQoItLNpkfl8Fg7AQxjoR9XcOr+nshQJOU48nVnhNRAztcm5n+1XqrCSzejPEkV4Xi2KEwZVDGcJAQDKghWbKwBYUH1XyEeIIGw0jmWdQj2/MmL0K5V7fNq/bZeaVwVcZTAITgCJ8AGF6ABbkATtAAG9+ARPIMX48F4Ml6Nt1nrklHMHIA/Mt6/ADGCnk4=</latexit>

{~f1, ~f2, . . . , ~fn} <latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E <latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E

<latexit sha1_base64="fvRYj2/iou06o8UYhr47hfswr/s=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYkUdVMounFZwT6giWEynbRDJ5MwMymWkG9w46+4caGIW1fu/BunaRbaeuDC4Zx7ufceP2ZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/LaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/dD31O2MiJI34nZrExA3RgNOAYqS05Jmnzpjg9CGDdejIJPRSWrezew4dxOIh8ijM/SDzqGdWrKqVAy4SuyAVUKDpmV9OP8JJSLjCDEnZs61YuSkSimJGsrKTSBIjPEID0tOUo5BIN81fyuCxVvowiIQurmCu/p5IUSjlJPR1Z4jUUM57U/E/r5eo4NJNKY8TRTieLQoSBlUEp/nAPhUEKzbRBGFB9a0QD5FAWOkUyzoEe/7lRdI+q9rn1dptrdK4KuIogUNwBE6ADS5AA9yAJmgBDB7BM3gFb8aT8WK8Gx+z1iWjmDkAf2B8/gDwkZ2q</latexit>

~x =
nX

i=1

↵i
~fi

<latexit sha1_base64="brx+LhC8nWe5pAAp7FM12ed5JvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VHnsokhH2OemXK27VnYOsEi8nFcjR6Je/eoOYppJFhgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1NELJtJ/ND56SM6sMSBgrW5Ehc/X3RIZS64kMbKdEM9LL3kz8z+umJrz2Mx4lqWERXSwKU0FMTGbfkwFXjBoxsQSp4vZWQkeokBqbUcmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCZQkPAMr/DmKOfFeXc+Fq0FJ585hj9wPn8AZUqQJw==</latexit>↵i
<latexit sha1_base64="/afZMRli7YCg3pLo81qJQSqm5JM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegIB4jmAckS5iddJIhs7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM47RD2lf8h5n1FjJb4+QpU8T0uaS3HaKJbfszkCWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgZNCO9EYUzakfWxZKmmI2k9nR0/IiVW6pBcpW9KQmfp7IqWh1uMwsJ0hNQO96E3F/7xWYnpXfsplnBiUbL6olwhiIjJNgHS5QmbE2BLKFLe3EjagijJjcyrYELzFl5dJ/azsXZTP789LlessjjwcwTGcggeXUIE7qEINGDzCM7zCmzNyXpx352PemnOymUP4A+fzB0Wykcg=</latexit>

~x 2 F

4.  Si  et  sont en somme directe, alors  et donc , on obtient 
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="PuEQf2gIh7Dny7yK8ReAIZCJskw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A57jjNQ=</latexit>

G
<latexit sha1_base64="wXSlEEXggFRoPQIkaadZKoglDtU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEiroRioK6rGAf0IQymd60QycPZiaFErPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7C0vLK6VlwvbWxube+Yu3tNGSWCQoNGPBJtj0jgLISGYopDOxZAAo9DyxteT/zWCIRkUfigxjG4AemHzGeUKC11zYMb7FAS41t8iZ3UGQFNrczJumbZqlhT4EVi56SMctS75pfTi2gSQKgoJ1J2bCtWbkqEYpRDVnISCTGhQ9KHjqYhCUC66fT+DB9rpYf9SOgKFZ6qvydSEkg5DjzdGRA1kPPeRPzP6yTKv3BTFsaJgpDOFvkJxyrCkzBwjwmgio81IVQwfSumAyIIVTqykg7Bnn95kTRPK/ZZpXpfLdeu8jiK6BAdoRNko3NUQ3eojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHwl5lNw=</latexit>

F \G = {~0} <latexit sha1_base64="WgW+g4tEjguUNKlSIwOFiRvayTo=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEiroRioK6rGAf0IQymUzaoZMHMzdiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfd4ieAKLOvbKCwsLi2vFFdLa+sbm1vm9k5TxamkrEFjEcu2RxQTPGIN4CBYO5GMhJ5gLW9wOfZb90wqHkd3MEyYG5JexANOCWipa+45wB4g83k4usIOJQm+xufY6pplq2JNgOeJnZMyylHvml+OH9M0ZBFQQZTq2FYCbkYkcCrYqOSkiiWEDkiPdTSNSMiUm03uH+FDrfg4iKWuCPBE/T2RkVCpYejpzpBAX816Y/E/r5NCcOZmPEpSYBGdLgpSgSHG4zCwzyWjIIaaECq5vhXTPpGEgo6spEOwZ1+eJ83jin1Sqd5Wy7WLPI4i2kcH6AjZ6BTV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76A+PzBzeDlO0=</latexit>

dimF \G = 0

5. D’après le résultat 4, 

 

Réciproquement, si  et  et  sont en somme directe alors . Or d’après le 

résultat 4,  et donc d’après le résultat 2, on a . 
  

<latexit sha1_base64="ODaACfo7Gn4W9FLo7X1dn6pjHsQ="></latexit>

E = F �G =) dimE = dim(F �G) = dimF + dimG et F \G = {~0}.
<latexit sha1_base64="wXSlEEXggFRoPQIkaadZKoglDtU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEiroRioK6rGAf0IQymd60QycPZiaFErPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7C0vLK6VlwvbWxube+Yu3tNGSWCQoNGPBJtj0jgLISGYopDOxZAAo9DyxteT/zWCIRkUfigxjG4AemHzGeUKC11zYMb7FAS41t8iZ3UGQFNrczJumbZqlhT4EVi56SMctS75pfTi2gSQKgoJ1J2bCtWbkqEYpRDVnISCTGhQ9KHjqYhCUC66fT+DB9rpYf9SOgKFZ6qvydSEkg5DjzdGRA1kPPeRPzP6yTKv3BTFsaJgpDOFvkJxyrCkzBwjwmgio81IVQwfSumAyIIVTqykg7Bnn95kTRPK/ZZpXpfLdeu8jiK6BAdoRNko3NUQ3eojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHwl5lNw=</latexit>

F \G = {~0} <latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="PuEQf2gIh7Dny7yK8ReAIZCJskw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A57jjNQ=</latexit>

G
<latexit sha1_base64="i+wv0AARXfdNf9nwXT7F4GsXYis=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS1GNQXI4RzAKZIfR0epImPd1DL0Icgr/ixYMiXv0Pb/6NnWQOmvig4PFeFVX1opRRpT3v21lYXFpeWS2sFdc3Nre23Z3dhhJGYlLHggnZipAijHJS11Qz0kolQUnESDMaXI795gORigp+r4cpCRPU4zSmGGkrddz9axiIlBkFb2CgTKSIhlcdt+SVvQngPPFzUgI5ah33K+gKbBLCNWZIqbbvpTrMkNQUMzIqBkaRFOEB6pG2pRwlRIXZ5PoRPLJKF8ZC2uIaTtTfExlKlBomke1MkO6rWW8s/ue1jY7Pw4zy1GjC8XRRbBjUAo6jgF0qCdZsaAnCktpbIe4jibC2gRVtCP7sy/OkcVL2T8uVu0qpepHHUQAH4BAcAx+cgSq4BTVQBxg8gmfwCt6cJ+fFeXc+pq0LTj6zB/7A+fwBAriUTw==</latexit>

F �G ⇢ E
<latexit sha1_base64="qCLmrG27G9fHOroPEQaVeg9pRXk=">AAACKnicbVDJSgNBEO1xjXGLevTSGISIEGYkqBchKiYeI5gFkhB6enqSJj0L3TViGPI9XvwVLzkowasfYmcBs/ig4PV7VXTVs0PBFZjm0FhZXVvf2ExsJbd3dvf2UweHFRVEkrIyDUQgazZRTHCflYGDYLVQMuLZglXt7v3Ir74wqXjgP0MvZE2PtH3uckpAS63UbQPYK8QO9/qZAm4EoYgULp7hG/xnFPD5zKs45z3gViptZs0x8DKxpiSNpii1UoOGE9DIYz5QQZSqW2YIzZhI4FSwfrIRKRYS2iVtVtfUJx5TzXh8ah+fasXBbiB1+YDH6uxETDylep6tOz0CHbXojcT/vHoE7nUz5n4YAfPp5CM3EhgCPMoNO1wyCqKnCaGS610x7RBJKOh0kzoEa/HkZVK5yFqX2dxTLp2/m8aRQMfoBGWQha5QHj2iEiojit7QB/pEX8a7MTCGxvekdcWYzhyhORg/vz9mpo4=</latexit>

dim(F �G) = dimF + dimG = dimE
<latexit sha1_base64="yL1FuuTvDsex0yY+TCoeJyYs5lc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchKD6OEcwDkjXMTmaTIbMzy8ysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13VxBzpo3rfju5hcWl5ZX8amFtfWNzq7i9U9cyUYTWiORSNQOsKWeC1gwznDZjRXEUcNoIBpdjv/FIlWZS3JthTP0I9wQLGcHGSg9X6Bxdo7aMeaLRTadYcsvuBGieeBkpQYZqp/jV7kqSRFQYwrHWLc+NjZ9iZRjhdFRoJ5rGmAxwj7YsFTii2k8nV4/QgVW6KJTKljBoov6eSHGk9TAKbGeETV/PemPxP6+VmPDMT5mIE0MFmS4KE46MROMIUJcpSgwfWoKJYvZWRPpYYWJsUAUbgjf78jypH5W9k/Lx3XGpcpHFkYc92IdD8OAUKnALVagBAQXP8ApvzpPz4rw7H9PWnJPN7MIfOJ8/aSCRLQ==</latexit>

E = F �G
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1.2.5 Dimension d’un espace vectoriel 
6. On a 

 

Réciproquement,  

  

 . Puis on utilise la réciproque du résultat 5. 

<latexit sha1_base64="HPi3X8tps69J+9W+1EZsRbJOtQg="></latexit>

E = F �G =) dimE = dim(F �G) = dimF + dimG et E = F +G.
<latexit sha1_base64="YYYLbsunlQNk9xE8ACw1o8PcTHg="></latexit>

dimE = dim(F �G) = dimF + dimG et E = F +G
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="axWRVsCw46n3q9hgDdaIqhZS4co=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkUtSNUBTUZQX7gCaUyWTSDp08mLkRS8jGX3HjQhG3foY7/8bpY6GtBy4czrmXe+/xEsEVWNa3sbC4tLyyWlgrrm9sbm2bO7tNFaeSsgaNRSzbHlFM8Ig1gINg7UQyEnqCtbzB1chvPTCpeBzdwzBhbkh6EQ84JaClrrnvAHuEzOdhXr52KEnwzTG+wFbXLFkVaww8T+wpKaEp6l3zy/FjmoYsAiqIUh3bSsDNiAROBcuLTqpYQuiA9FhH04iETLnZ+IEcH2nFx0EsdUWAx+rviYyESg1DT3eGBPpq1huJ/3mdFIJzN+NRkgKL6GRRkAoMMR6lgX0uGQUx1IRQyfWtmPaJJBR0ZkUdgj378jxpnlTs00r1rlqqXU7jKKADdIjKyEZnqIZuUR01EEU5ekav6M14Ml6Md+Nj0rpgTGf20B8Ynz+ugpUo</latexit>

dim(F \G) = 0
<latexit sha1_base64="H3BOM8mAdf1zsyyHWziZ5b+PgJA=">AAAB/XicbVDLSgNBEJyNrxhf6+PmZTAInsKuBPUY9OLBQwTzgCSE2clsMmR2ZpnpVeIS/BUvHhTx6n9482+cJHvQxIKGoqqb7q4gFtyA5307uaXlldW1/HphY3Nre8fd3asblWjKalQJpZsBMUxwyWrAQbBmrBmJAsEawfBq4jfumTZcyTsYxawTkb7kIacErNR1D9o3SvYFC0Hz/gCI1uoBd92iV/KmwIvEz0gRZah23a92T9EkYhKoIMa0fC+GTko0cCrYuNBODIsJHZI+a1kqScRMJ51eP8bHVunhUGlbEvBU/T2RksiYURTYzojAwMx7E/E/r5VAeNFJuYwTYJLOFoWJwKDwJArc45pRECNLCNXc3orpgGhCwQZWsCH48y8vkvppyT8rlW/LxcplFkceHaIjdIJ8dI4q6BpVUQ1R9Iie0St6c56cF+fd+Zi15pxsZh/9gfP5A9dAlXw=</latexit>()

<latexit sha1_base64="ljXMBNNMBFLb2WslNp6fbgXk6p8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEiroRioK6rGAf0IQymd60QycPZiaFErPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7C0vLK6VlwvbWxube+Yu3tNGSWCQoNGPBJtj0jgLISGYopDOxZAAo9DyxteT/zWCIRkUfigxjG4AemHzGeUKC11zYMbh5IY3+JL7KTYGQFNrczJumbZqlhT4EVi56SMctS75pfTi2gSQKgoJ1J2bCtWbkqEYpRDVnISCTGhQ9KHjqYhCUC66fT+DB9rpYf9SOgKFZ6qvydSEkg5DjzdGRA1kPPeRPzP6yTKv3BTFsaJgpDOFvkJxyrCkzBwjwmgio81IVQwfSumAyIIVTqykg7Bnn95kTRPK/ZZpXpfLdeu8jiK6BAdoRNko3NUQ3eojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHwtklNw=</latexit>

F \G = {~0}

TD 3 (Homeworks): 
- Exercice A.2.12 (page 32) 
- Exercise A.2.16 (page 33) 
- Exercice A.2.19 (page 34) 


