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1.1.3  Sous-espaces vectoriels 

Proposition 1.1.4  
  est uns sous-espace vectoriel de  si et seulement si   
-  et, 
-  

<latexit sha1_base64="p/ZMQ4wlXcsLWkct3FukwDZI6m4=">AAACFHicdVBLSwMxGMzWV62vVY9egkUQlLK7rW29FQXxWME+oF1KNk3b0Gx2SbJCWfZHePGvePGgiFcP3vw3ZvsAFR0IDDPzJV/GCxmVyrI+jczS8srqWnY9t7G5tb1j7u41ZRAJTBo4YIFoe0gSRjlpKKoYaYeCIN9jpOWNL1O/dUeEpAG/VZOQuD4acjqgGCkt9cyTuDu9pCOGnhtbhfNq2TlzTq2CZVWcYjklTqXkFJMrmPTM/CIAFwG4CEBbKynyYI56z/zo9gMc+YQrzJCUHdsKlRsjoShmJMl1I0lChMdoSDqacuQT6cbTfRJ4pJU+HARCH67gVP0+ESNfyonv6aSP1Ej+9lLxL68TqUHVjSkPI0U4nj00iBhUAUwbgn0qCFZsognCgupdIR4hgbDSPeZ0CYufwv9J0ynY5ULpppSvXczryIIDcAiOgQ0qoAauQR00AAb34BE8gxfjwXgyXo23WTRjzGf2wQ8Y7181wpqA</latexit>

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

E
<latexit sha1_base64="WpKryHbstCSBafEGqsxZpGXSKJQ=">AAAB+3icdVBNS8NAEN3Ur1q/aj16WSyCp5Ckta23oiAeK9hWaELZbDft0s0m7m6KJfSvePGgiFf/iDf/jZu2goo+GHi8N8PMPD9mVCrL+jByK6tr6xv5zcLW9s7uXnG/1JFRIjBp44hF4tZHkjDKSVtRxchtLAgKfUa6/vgi87sTIiSN+I2axsQL0ZDTgGKktNQvli6hy8kddCdI8EiNKB/2i2XLPGvUnFMHWqZl1Z1KLSNOvepUoK2VDGWwRKtffHcHEU5CwhVmSMqebcXKS5FQFDMyK7iJJDHCYzQkPU05Con00vntM3islQEMIqGLKzhXv0+kKJRyGvq6M0RqJH97mfiX10tU0PBSyuNEEY4Xi4KEQRXBLAg4oIJgxaaaICyovhXiERIIKx1XQYfw9Sn8n3Qc066Z1etquXm+jCMPDsEROAE2qIMmuAIt0AYY3IMH8ASejZnxaLwYr4vWnLGcOQA/YLx9AvYHlG4=</latexit>

F 6= ?
<latexit sha1_base64="RrUq1E+g4mrYSGdXAlJy1W42SG4="></latexit>

8~x, ~y 2 F, 8�, µ 2 K =) � · ~x+ µ · ~y 2 F.
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Proposition 1.1.5 

-   et  sont des sous-espaces vectoriels de . 
- Le vecteur nul  appartient à tous les espaces vectoriels. 

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

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

{~0} <latexit sha1_base64="MDXM0JaUt51NU9mTiiPoebRPShE=">AAACFHicdVBLSwMxGMzWV62vVY9egkUQlLK7rW29FUXwWME+oF1KNk3b0Gx2SbJCWfZHePGvePGgiFcP3vw3ZvsAFR0IDDPzJV/GCxmVyrI+jczS8srqWnY9t7G5tb1j7u41ZRAJTBo4YIFoe0gSRjlpKKoYaYeCIN9jpOWNL1O/dUeEpAG/VZOQuD4acjqgGCkt9cyTuDu9pCOGnhtbhfNq2TlzTq2CZVWcYjklTqXkFJMrmPTM/CIAFwG4CEBbKynyYI56z/zo9gMc+YQrzJCUHdsKlRsjoShmJMl1I0lChMdoSDqacuQT6cbTfRJ4pJU+HARCH67gVP0+ESNfyonv6aSP1Ej+9lLxL68TqUHVjSkPI0U4nj00iBhUAUwbgn0qCFZsognCgupdIR4hgbDSPeZ0CYufwv9J0ynY5ULpppSvXczryIIDcAiOgQ0qoAauQR00AAb34BE8gxfjwXgyXo23WTRjzGf2wQ8Y7180PJp/</latexit>

E
<latexit sha1_base64="jnAvOLdz5rc+jNbU8zVOj1MObe8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LZNNTOIt6MVjBPOAZAmzk9lkyOyDmdlAWPIRXjwo4tXv8ebfOJtEUNGChqKqm+4uLxZcaYw/rLX1jc2t7dxOfndv/+CwcHTcVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcpP5nSmTikfhvZ7FzA3IKOQ+p0QbqdOfMpri+aBQxPZVvepcOgjbGNeccjUjTq3ilFHJKBmKsEJzUHjvDyOaBCzUVBCleiUcazclUnMq2DzfTxSLCZ2QEesZGpKAKTddnDtH50YZIj+SpkKNFur3iZQESs0Cz3QGRI/Vby8T//J6ifbrbsrDONEspMtFfiKQjlD2OxpyyagWM0MIldzciuiYSEK1SShvQvj6FP1P2o5dqtqVu0qxcb2KIwencAYXUIIaNOAWmtACChN4gCd4tmLr0XqxXpeta9Zq5gR+wHr7BKpSj88=</latexit>

~0

Démonstration (Proposition 1.1.5) : à faire dans l’exercice A.1.5. 

Dans la suite, nous considérons  un espace vectoriel sur un corps . 
<latexit sha1_base64="TP9e3f5ihEGK0X9OvPqqKDN2vYw=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJULCWRoh6LInisYD+gDWWz2bRLN9m4OymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbmebHgGmz721pZXVvf2Mxt5bd3dvf2CweHTS0TRVmDSiFV2yOaCR6xBnAQrB0rRkJPsJY3vJ36rRFTmsvoEcYxc0PSj3jAKQEjuaW7Mj4v4y71JZz1CkW7Ys+Al4mTkSLKUO8Vvrq+pEnIIqCCaN1x7BjclCjgVLBJvptoFhM6JH3WMTQiIdNuOjt6gk+N4uNAKlMR4Jn6eyIlodbj0DOdIYGBXvSm4n9eJ4Hg2k15FCfAIjpfFCQCg8TTBLDPFaMgxoYQqri5FdMBUYSCySlvQnAWX14mzYuKc1mpPlSLtZssjhw6RieohBx0hWroHtVRA1H0hJ7RK3qzRtaL9W59zFtXrGzmCP2B9fkDG7GQZA==</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

Proposition 1.1.6  
Soient  et  sont deux sous-espaces vectoriels alors : 
1.  est un sous-espace vectoriel. 
2.  n’est toujours pas un sous-espace vectoriel. 

<latexit sha1_base64="p/ZMQ4wlXcsLWkct3FukwDZI6m4=">AAACFHicdVBLSwMxGMzWV62vVY9egkUQlLK7rW29FQXxWME+oF1KNk3b0Gx2SbJCWfZHePGvePGgiFcP3vw3ZvsAFR0IDDPzJV/GCxmVyrI+jczS8srqWnY9t7G5tb1j7u41ZRAJTBo4YIFoe0gSRjlpKKoYaYeCIN9jpOWNL1O/dUeEpAG/VZOQuD4acjqgGCkt9cyTuDu9pCOGnhtbhfNq2TlzTq2CZVWcYjklTqXkFJMrmPTM/CIAFwG4CEBbKynyYI56z/zo9gMc+YQrzJCUHdsKlRsjoShmJMl1I0lChMdoSDqacuQT6cbTfRJ4pJU+HARCH67gVP0+ESNfyonv6aSP1Ej+9lLxL68TqUHVjSkPI0U4nj00iBhUAUwbgn0qCFZsognCgupdIR4hgbDSPeZ0CYufwv9J0ynY5ULpppSvXczryIIDcAiOgQ0qoAauQR00AAb34BE8gxfjwXgyXo23WTRjzGf2wQ8Y7181wpqA</latexit>

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

G
<latexit sha1_base64="2X9ZlZ5lzQPiecr+6n3yj63ERgQ=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2tZbUVCPFWwttKFstpt26ebD3Y1QQv+EFw+KePXvePPfuGkrqOiDgcd7M8zM82LOpLKsDyO3tLyyupZfL2xsbm3vFHf32jJKBKEtEvFIdDwsKWchbSmmOO3EguLA4/TWG59n/u09FZJF4Y2axNQN8DBkPiNYaalzgXoEx+iyXyxZ5mm96pw4yDItq+aUqxlxahWnjGytZCjBAs1+8b03iEgS0FARjqXs2las3BQLxQin00IvkTTGZIyHtKtpiAMq3XR27xQdaWWA/EjoChWaqd8nUhxIOQk83RlgNZK/vUz8y+smyq+7KQvjRNGQzBf5CUcqQtnzaMAEJYpPNMFEMH0rIiMsMFE6ooIO4etT9D9pO6ZdNSvXlVLjbBFHHg7gEI7Bhho04Aqa0AICHB7gCZ6NO+PReDFe5605YzGzDz9gvH0CNfqPdA==</latexit>

F \G
<latexit sha1_base64="qlmLhxgJRxxAt7GD+JA//QqEQCc=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2tZbUVCPFWwttKFstpt26ebD3Y1QQv+EFw+KePXvePPfuGkrqOiDgcd7M8zM82LOpLKsDyO3tLyyupZfL2xsbm3vFHf32jJKBKEtEvFIdDwsKWchbSmmOO3EguLA4/TWG59n/u09FZJF4Y2axNQN8DBkPiNYaalzgXokidFlv1iyzNN61TlxkGVaVs0pVzPi1CpOGdlayVCCBZr94ntvEJEkoKEiHEvZta1YuSkWihFOp4VeImmMyRgPaVfTEAdUuuns3ik60soA+ZHQFSo0U79PpDiQchJ4ujPAaiR/e5n4l9dNlF93UxbGiaIhmS/yE45UhLLn0YAJShSfaIKJYPpWREZYYKJ0RAUdwten6H/Sdky7alauK6XG2SKOPBzAIRyDDTVowBU0oQUEODzAEzwbd8aj8WK8zltzxmJmH37AePsEVIaPiA==</latexit>

F [G
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Démonstration (Proposition 1.1.6) : 
1.  
    - On a  et  donc   . 
    - soient  et  alors :  et  
                                                                             et  
      De même (similarly) on montre que  et .  On arrive à  

          ,        
    Alors  . Donc    est un sous-espace vectoriel. 

<latexit sha1_base64="uGkJSJC5wbOZGoHnv3FOkD6DP00=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegIB4jmAdkY5iddJIhs7PLzGwkLPkPLx4U8eq/ePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM46xHdK+5D3OqLHSoz9ClroT4nNJbkmnWHLL7gxkmXgZKUGGaqf45XcjloQoDRNU65bnxqadUmU4Ezgp+InGmLIh7WPLUklD1O10dvWEnFilS3qRsiUNmam/J1Iaaj0OA9sZUjPQi95U/M9rJaZ31U65jBODks0X9RJBTESmEZAuV8iMGFtCmeL2VsIGVFFmbFAFG4K3+PIyqZ+VvYvy+f15qXKdxZGHIziGU/DgEipwB1WoAQMFz/AKb86T8+K8Ox/z1pyTzRzCHzifPzCRkao=</latexit>

~0 2 F
<latexit sha1_base64="CLgbLEePzBt/WcdMd2HGxmHMh24=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3qMYB6QLGF20kmGzM6uM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGtzO/OUaleSQfzSRGP6QDyfucUWMlvzNGlrpT0uGS3HWLJbfszkFWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgdNCJ9EYUzaiA2xbKmmI2k/nR0/JmVV6pB8pW9KQufp7IqWh1pMwsJ0hNUO97M3E/7x2YvrXfsplnBiUbLGonwhiIjJLgPS4QmbExBLKFLe3EjakijJjcyrYELzll1dJ46LsXZYrD5VS9SaLIw8ncArn4MEVVOEealAHBk/wDK/w5oydF+fd+Vi05pxs5hj+wPn8AdgPkYE=</latexit>

~0 2 G
<latexit sha1_base64="T1UGuOwmBDCtNyuqP5FBh1/TGcA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6rIoqMsK9gFNKJPpTTt0Mgkzk0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0g4U9pxvq2l5ZXVtfXCRnFza3tn197bb6g4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcD3xm0OQisXiQY8S8CPSEyxklGgjdexDbwg0c8bYYwLfYI+SBN927JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9PoxPjFKF4exNCU0nqq/JzISKTWKAtMZEd1X895E/M9rpzq89DMmklSDoLNFYcqxjvEkCtxlEqjmI0MIlczcimmfSEK1CaxoQnDnX14kjbOye16u3FdK1as8jgI6QsfoFLnoAlXRHaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPoqiUDg==</latexit>

~0 2 F \G <latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="+tPdgqi+2hgTkI9ahS6qnyATX/c=">AAACBHicbVDLSsNAFJ3UV42vqMtuBovgqiRS1GVRUJcV7AOaUCbTaTt0MhNnJoUSunDjr7hxoYhbP8Kdf+OkzUJbD1w4nHMv994Txowq7brfVmFldW19o7hpb23v7O45+wdNJRKJSQMLJmQ7RIowyklDU81IO5YERSEjrXB0lfmtMZGKCn6vJzEJIjTgtE8x0kbqOqVr6GMUwxvoc/IA/TGSXOgh5QPb7jplt+LOAJeJl5MyyFHvOl9+T+AkIlxjhpTqeG6sgxRJTTEjU9tPFIkRHqEB6RjKUURUkM6emMJjo/RgX0hTXMOZ+nsiRZFSkyg0nRHSQ7XoZeJ/XifR/YsgpTxONOF4vqifMKgFzBKBPSoJ1mxiCMKSmlshHiKJsDa5ZSF4iy8vk+ZpxTurVO+q5dplHkcRlMAROAEeOAc1cAvqoAEweATP4BW8WU/Wi/VufcxbC1Y+cwj+wPr8AWiSlq8=</latexit>

F \G 6= ?
<latexit sha1_base64="mMLALsXSONlKjWJQTmmpDS8XJEA=">AAACB3icbZDLSsNAFIYnXmu8RV0KMlgEF1ISKeqyKKjLCvYCTSiT6aQdOpmEmUkxhOzc+CpuXCji1ldw59uYpFlo6w8DH/85hzPnd0NGpTLNb21hcWl5ZbWypq9vbG5tGzu7bRlEApMWDlggui6ShFFOWooqRrqhIMh3Gem446u83pkQIWnA71UcEsdHQ049ipHKrL5xYE8ITh7SE1hAnEKbcnhtYxTCG13vG1WzZhaC82CVUAWlmn3jyx4EOPIJV5ghKXuWGSonQUJRzEiq25EkIcJjNCS9DDnyiXSS4o4UHmXOAHqByB5XsHB/TyTIlzL23azTR2okZ2u5+V+tFynvwkkoDyNFOJ4u8iIGVQDzUOCACoIVizNAWNDsrxCPkEBYZdHlIVizJ89D+7RmndXqd/Vq47KMowL2wSE4BhY4Bw1wC5qgBTB4BM/gFbxpT9qL9q59TFsXtHJmD/yR9vkD4rqYBQ==</latexit>

~x, ~y 2 F \G
<latexit sha1_base64="KRwbkV3zzpQnmv+Fg3kp4UJxfrE=">AAAB/XicbVDLSgMxFM3UVx1f42PnJlgEF1JmpKjLohvBTQX7gM5QMpm0DU0yQ5IR6lD8FTcuFHHrf7jzb8y0s9DWA4HDOedyb06YMKq0635bpaXlldW18rq9sbm1vePs7rVUnEpMmjhmseyESBFGBWlqqhnpJJIgHjLSDkfXud9+IFLRWNzrcUICjgaC9ilG2kg958BnJhyhU+jzFPpUwFvb7jkVt+pOAReJV5AKKNDoOV9+FOOUE6ExQ0p1PTfRQYakppiRie2niiQIj9CAdA0ViBMVZNPrJ/DYKBHsx9I8oeFU/T2RIa7UmIcmyZEeqnkvF//zuqnuXwYZFUmqicCzRf2UQR3DvAoYUUmwZmNDEJbU3ArxEEmEtSksL8Gb//IiaZ1VvfNq7a5WqV8VdZTBITgCJ8ADF6AObkADNAEGj+AZvII368l6sd6tj1m0ZBUz++APrM8f6pOTlQ==</latexit>

�, µ 2 K
<latexit sha1_base64="y6JzS3Z+PT3jatpMsZahmvoFDoI=">AAAB+nicbVBNS8NAEJ3Urxq/Uj16WSyCp5KIqMeiIB4r2A9oQtlsN+3SzSbsbqol9qd48aCIV3+JN/+NSZuDtj4YeLw3w8w8P+ZMadv+Nkorq2vrG+VNc2t7Z3fPquy3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2PrnO/PaZSsUjc60lMvRAPBAsYwTqTelbFHVOSPk6RywS6QaZp9qyqXbNnQMvEKUgVCjR61pfbj0gSUqEJx0p1HTvWXoqlZoTTqekmisaYjPCAdjMqcEiVl85On6LjTOmjIJJZCY1m6u+JFIdKTUI/6wyxHqpFLxf/87qJDi69lIk40VSQ+aIg4UhHKM8B9ZmkRPNJRjCRLLsVkSGWmOgsrTwEZ/HlZdI6rTnntbO7s2r9qoijDIdwBCfgwAXU4RYa0AQCD/AMr/BmPBkvxrvxMW8tGcXMAfyB8fkDwzKSXw==</latexit>

~x 2 F
<latexit sha1_base64="B7ErA1TEOftOfRhsOMbfezimUGY=">AAAB+XicbVBNS8NAEJ3Urxq/oh69LBbBU0mkqMeiBz1WsB/QhLLZbtulm03Y3RRL6D/x4kERr/4Tb/4bN20O2vpg4PHeDDPzwoQzpV332yqtrW9sbpW37Z3dvf0D5/CopeJUEtokMY9lJ8SKciZoUzPNaSeRFEchp+1wfJv77QmVisXiUU8TGkR4KNiAEayN1HMcf0JJ9jRDPhPozrbtnlNxq+4caJV4BalAgUbP+fL7MUkjKjThWKmu5yY6yLDUjHA6s/1U0QSTMR7SrqECR1QF2fzyGTozSh8NYmlKaDRXf09kOFJqGoWmM8J6pJa9XPzP66Z6cB1kTCSppoIsFg1SjnSM8hhQn0lKNJ8agolk5lZERlhiok1YeQje8surpHVR9S6rtYdapX5TxFGGEziFc/DgCupwDw1oAoEJPMMrvFmZ9WK9Wx+L1pJVzBzDH1ifP2n1kjY=</latexit>

~x 2 G
<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="EwIBbBJ+ol30Q4I4TO0cLvAMwzs=">AAACB3icbVDLSgMxFM34rONr1KUgwSK4KjNS1GVREJcV7AM6pWQymTY0kwxJpliG7tz4K25cKOLWX3Dn35hpZ6GtBwKHc87l5p4gYVRp1/22lpZXVtfWSxv25tb2zq6zt99UIpWYNLBgQrYDpAijnDQ01Yy0E0lQHDDSCobXud8aEamo4Pd6nJBujPqcRhQjbaSec+QzEw4R9HEoNPRHBGcPE+hTDm9s2+45ZbfiTgEXiVeQMihQ7zlffihwGhOuMUNKdTw30d0MSU0xIxPbTxVJEB6iPukYylFMVDeb3jGBJ0YJYSSkeVzDqfp7IkOxUuM4MMkY6YGa93LxP6+T6uiym1GepJpwPFsUpQxqAfNSYEglwZqNDUFYUvNXiAdIIqxNdXkJ3vzJi6R5VvHOK9W7arl2VdRRAofgGJwCD1yAGrgFddAAGDyCZ/AK3qwn68V6tz5m0SWrmDkAf2B9/gB8PJfE</latexit>

� · ~x 2 F
<latexit sha1_base64="YySiwOcC4YbHDSjKwRP1DB5lsDo=">AAACB3icbVDLSgMxFM34rONr1KUgwSK4KjNS1GXRhS4r2Ad0SslkMm1oJhmSTLEM3bnxV9y4UMStv+DOvzHTzkJbDwQO55zLzT1BwqjSrvttLS2vrK6tlzbsza3tnV1nb7+pRCoxaWDBhGwHSBFGOWloqhlpJ5KgOGCkFQyvc781IlJRwe/1OCHdGPU5jShG2kg958hnJhwi6ONQaOiPCM4eJtCnHN7Ytt1zym7FnQIuEq8gZVCg3nO+/FDgNCZcY4aU6nhuorsZkppiRia2nyqSIDxEfdIxlKOYqG42vWMCT4wSwkhI87iGU/X3RIZipcZxYJIx0gM17+Xif14n1dFlN6M8STXheLYoShnUAualwJBKgjUbG4KwpOavEA+QRFib6vISvPmTF0nzrOKdV6p31XLtqqijBA7BMTgFHrgANXAL6qABMHgEz+AVvFlP1ov1bn3MoktWMXMA/sD6/AF9w5fF</latexit>

� · ~x 2 G
<latexit sha1_base64="3Y7+bxhPHkemjT+c4g9MeJFyg3I=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEVyWRoi6LgrisYB/QhDKZTNqhk5kwMymEUNz4K25cKOLWr3Dn35i0WWjrgQuHc+7l3nv8mFGlbfvbqKysrq1vVDfNre2d3T1r/6CjRCIxaWPBhOz5SBFGOWlrqhnpxZKgyGek649vCr87IVJRwR90GhMvQkNOQ4qRzqWBdeRGiYsDoaE7IThLp9ClHN6apjmwanbdngEuE6ckNVCiNbC+3EDgJCJcY4aU6jt2rL0MSU0xI1PTTRSJER6jIennlKOIKC+bvTCFp7kSwFDIvLiGM/X3RIYipdLIzzsjpEdq0SvE/7x+osMrL6M8TjTheL4oTBjUAhZ5wIBKgjVLc4KwpPmtEI+QRFjnqRUhOIsvL5POed25qDfuG7XmdRlHFRyDE3AGHHAJmuAOtEAbYPAInsEreDOejBfj3fiYt1aMcuYQ/IHx+QMhFZX0</latexit>

µ · ~y 2 F
<latexit sha1_base64="p6c7uyakSHeDwwpcb3hiNtwDLFU=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEVyWRoi6LLnRZwT6gCWUymbRDJzNhZlIIobjxV9y4UMStX+HOvzFps9DWAxcO59zLvff4MaNK2/a3UVlZXVvfqG6aW9s7u3vW/kFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I1x/fFH53QqSigj/oNCZehIachhQjnUsD68iNEhcHQkN3QnCWTqFLObw1TXNg1ey6PQNcJk5JaqBEa2B9uYHASUS4xgwp1XfsWHsZkppiRqammygSIzxGQ9LPKUcRUV42e2EKT3MlgKGQeXENZ+rviQxFSqWRn3dGSI/UoleI/3n9RIdXXkZ5nGjC8XxRmDCoBSzygAGVBGuW5gRhSfNbIR4hibDOUytCcBZfXiad87pzUW/cN2rN6zKOKjgGJ+AMOOASNMEdaIE2wOARPINX8GY8GS/Gu/Exb60Y5cwh+APj8wcinJX1</latexit>

µ · ~y 2 G
<latexit sha1_base64="pCZUA+hSTE4a2+Pg8L5mUpkqUgQ="></latexit>(
� · ~x 2 F

µ · ~y 2 F
=) � · ~x+ µ · ~y 2 F

<latexit sha1_base64="W52zLECnr3CP4hRZzd/YbQjhatU="></latexit>(
� · ~x 2 G

µ · ~y 2 G
=) � · ~x+ µ · ~y 2 G

<latexit sha1_base64="f6voBs+zDd9DE0q1sPwU1E8xZgA=">AAACInicbVDLSgMxFM3UVx1fVZdugkUQhDIjxceuKKjLCvYBnVIymUwbmkmGJFMsQ7/Fjb/ixoWirgQ/xrSdRW09EDiccy439/gxo0o7zreVW1peWV3Lr9sbm1vbO4XdvboSicSkhgUTsukjRRjlpKapZqQZS4Iin5GG378e+40BkYoK/qCHMWlHqMtpSDHSRuoULm2PmXSAoIcDoaE3IDh9HMET6EXJrDYcQY9yeGM0FMNbG3YKRafkTAAXiZuRIshQ7RQ+vUDgJCJcY4aUarlOrNspkppiRka2lygSI9xHXdIylKOIqHY6OXEEj4wSwFBI87iGE3V2IkWRUsPIN8kI6Z6a98bif14r0eFFO6U8TjTheLooTBjUAo77ggGVBGs2NARhSc1fIe4hibA2rdqmBHf+5EVSPy25Z6XyfblYucrqyIMDcAiOgQvOQQXcgSqoAQyewAt4A+/Ws/VqfVhf02jOymb2wR9YP7/WpqH5</latexit>

� · ~x+ µ · ~y 2 F \G
<latexit sha1_base64="L9effuwl7huV2Lj+eRHbFlSKpzQ=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBbBU0lE1GNRUI8V7AekoWy2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOd9O6WV1bX1jfKmu7W9s7tX2T9oGZVpyppUCaU7ETFMcMmawEGwTqoZSSLB2tHoZuq3n5g2XMlHGKcsTMhA8phTAlYK3FvcpSTFdy7uVapezZsBLxO/IFVUoNGrfHX7imYJk0AFMSbwvRTCnGjgVLCJ280MSwkdkQELLJUkYSbMZydP8IlV+jhW2pYEPFN/T+QkMWacRLYzITA0i95U/M8LMoivwpzLNAMm6XxRnAkMCk//x32uGQUxtoRQze2tmA6JJhRsSq4NwV98eZm0zmr+Re384bxavy7iKKMjdIxOkY8uUR3dowZqIooUekav6M0B58V5dz7mrSWnmDlEf+B8/gCV5Y+C</latexit>

F \G

2. Contre exemple : il existe  et  deux sous-espaces vectoriels de  tels que  
 n’est pas un sous-espace vectoriel. 

<latexit sha1_base64="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

G
<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="6fnMNhFoHGW0CtRIds7dP9qdx4U=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBbBU0lE1GNRUI8V7AekoWy2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOd9O6WV1bX1jfKmu7W9s7tX2T9oGZVpyppUCaU7ETFMcMmawEGwTqoZSSLB2tHoZuq3n5g2XMlHGKcsTMhA8phTAlYK3FvcpVmK71zcq1S9mjcDXiZ+QaqoQKNX+er2Fc0SJoEKYkzgeymEOdHAqWATt5sZlhI6IgMWWCpJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J8XZBBfhTmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlFwbgr/48jJpndX8i9r5w3m1fl3EUUZH6BidIh9dojq6Rw3URBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AG0mY+W</latexit>

F [G

Soient  et  muni des lois habituelles  et  On définit :  

 et .  
-  et  sont des sous-espaces vectoriels (facile à démontrer). 

<latexit sha1_base64="8UikNLa3tgF17vpTrmxgLj5Va7c=">AAAB/XicbVDLSsNAFL2prxpf8bFzM1gEVyUpRd0IRRFcVrGt0MYymU7aoZMHMxOhhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75ngxZ1LZ9rdRWFhcWl4prppr6xubW9b2TlNGiSC0QSIeiTsPS8pZSBuKKU7vYkFx4HHa8oYXmd96oEKyKLxVo5i6Ae6HzGcEKy11rT3zEp2hToDVwPPSm/F9BZmoa5Xssj0BmidOTkqQo961vjq9iCQBDRXhWMq2Y8fKTbFQjHA6NjuJpDEmQ9ynbU1DHFDpppP0Y3SolR7yI6FfqNBE/b2R4kDKUeDpySymnPUy8T+vnSj/1E1ZGCeKhmR6yE84UhHKqkA9JihRfKQJJoLprIgMsMBE6cJMXYIz++V50qyUneNy9bpaqp3ndRRhHw7gCBw4gRpcQR0aQOARnuEV3own48V4Nz6mowUj39mFPzA+fwBOmpM2</latexit>

E = R2 <latexit sha1_base64="gRDfDeDh6kvZGGuSozknVKrtIsk=">AAAB+nicbVDLSsNAFL2prxpfqS7dDBbBVUlE1I1QdCO4qWIf0IYymU7boZNJmJkoJfZT3LhQxK1f4s6/cdJmoa0HBg7n3Ms9c4KYM6Vd99sqLC2vrK4V1+2Nza3tHae021BRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLrK/OYDlYpF4l6PY+qHeCBYnxGsjdR1SvYNukCdEOthEKR3Ext1nbJbcadAi8TLSRly1LrOV6cXkSSkQhOOlWp7bqz9FEvNCKcTu5MoGmMywgPaNlTgkCo/nUafoEOj9FA/kuYJjabq740Uh0qNw8BMZhnVvJeJ/3ntRPfP/ZSJONFUkNmhfsKRjlDWA+oxSYnmY0MwkcxkRWSIJSbatGWbErz5Ly+SxnHFO62c3J6Uq5d5HUXYhwM4Ag/OoArXUIM6EHiEZ3iFN+vJerHerY/ZaMHKd/bgD6zPH8zRkm4=</latexit>

K = R <latexit sha1_base64="GIZhj7+WFNR1jZyxgcupy/W0L04=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBZBEEoiRT0WvXisYNpCG8pmu2mXbnbD7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXednd29/YPKodHLS0zRWhAJJeqE2FNORM0MMxw2kkVxUnEaTsa38389hNVmknxaCYpDRM8FCxmBBsrBe4FclG/UvVq3hxolfgFqUKBZr/y1RtIkiVUGMKx1l3fS02YY2UY4XTq9jJNU0zGeEi7lgqcUB3m82On6MwqAxRLZUsYNFd/T+Q40XqSRLYzwWakl72Z+J/XzUx8E+ZMpJmhgiwWxRlHRqLZ52jAFCWGTyzBRDF7KyIjrDAxNh/XhuAvv7xKWpc1/6pWf6hXG7dFHGU4gVM4Bx+uoQH30IQACDB4hld4c4Tz4rw7H4vWklPMHMMfOJ8/iGGNNA==</latexit>

+ <latexit sha1_base64="7uJUBTIADYTEiJcEupBoXgNP+U8=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOVMG8/7dkpr6xubW+Vtd2d3b/+gcnjU1jJThLaI5FJ1Q6wpZ4K2DDOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZKXbdPImlcNKhUvZo3B1olfkGqUKA5qHz1I0myhApDONa653upCXKsDCOcTt1+pmmKyRgPac9SgROqg3x+7xSdWSVCsVS2hEFz9fdEjhOtJ0loOxNsRnrZm4n/eb3MxNdBzkSaGSrIYlGccWQkmj2PIqYoMXxiCSaK2VsRGWGFibERuTYEf/nlVdK+qPmXtfp9vdq4KeIowwmcwjn4cAUNuIMmtIAAh2d4hTfn0Xlx3p2PRWvJKWaO4Q+czx+d/Y8N</latexit>·
<latexit sha1_base64="dPa3kPQ3V6LueQdX8Yplm5mN4XM=">AAACEHicbZDLSsNAFIYn9VbjrerSzWARK5SSSFE3QlEQl1XsBZoQJtNJO3QyCTMTsYQ+ghtfxY0LRdy6dOfbOGm70NYfBj7+cw5zzu/HjEplWd9GbmFxaXklv2qurW9sbhW2d5oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8geXWb11T4SkEb9Tw5i4IepxGlCMlLa8wqF5Bc+hk5YePLsMraMy1AAdyqETItX3/fR25IxM6BWKVsUaC86DPYUimKruFb6cboSTkHCFGZKyY1uxclMkFMWMjEwnkSRGeIB6pKORo5BINx0fNIIH2unCIBL6cQXH7u+JFIVSDkNfd2ZbytlaZv5X6yQqOHNTyuNEEY4nHwUJgyqCWTqwSwXBig01ICyo3hXiPhIIK52hqUOwZ0+eh+ZxxT6pVG+qxdrFNI482AP7oARscApq4BrUQQNg8AiewSt4M56MF+Pd+Ji05ozpzC74I+PzByEAmZE=</latexit>

F = {(x1, 0), x1 2 R}
<latexit sha1_base64="/znjdlAcq33bUzskC3PQa5qi5rY=">AAACEHicbVDLSsNAFJ3UV42vqEs3g0WsICUpRd0IRRe6rGIf0JQwmU7aoZNJmJmIJeQT3Pgrblwo4talO//G6WOhrQdmOJxzL/fe48eMSmXb30ZuYXFpeSW/aq6tb2xuWds7DRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6g8uR37wnQtKI36lhTDoh6nEaUIyUljzr0LyC59BNi/YxfPDKR+MfupRDN0Sq7/vpbeZmJvSsgl2yx4DzxJmSApii5llfbjfCSUi4wgxJ2XbsWHVSJBTFjGSmm0gSIzxAPdLWlKOQyE46PiiDB1rpwiAS+nEFx+rvjhSFUg5DX1eOtpSz3kj8z2snKjjrpJTHiSIcTwYFCYMqgqN0YJcKghUbaoKwoHpXiPtIIKx0hqYOwZk9eZ40yiXnpFS5qRSqF9M48mAP7IMicMApqIJrUAN1gMEjeAav4M14Ml6Md+NjUpozpj274A+Mzx8kTZmU</latexit>

G = {(0, x2), x2 2 R}
<latexit sha1_base64="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

G
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- Si on choisit  et  on :  
 et . Mais, le vecteur 

. Ainsi  n’est pas un sous espace 
vectoriel.  

<latexit sha1_base64="TWc9jJsd1EgzW/0xSNlIdMwwZR8=">AAAB/XicbVDLSsNAFL2prxpf8bFzM1iEClISKepGKLpxWcE+oA1lMp20QycPZiaFGIq/4saFIm79D3f+jdM2C60euHA4517uvceLOZPKtr+MwtLyyupacd3c2Nza3rF295oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Y1upn5rTIVkUXiv0pi6AR6EzGcEKy31rAOzO6YkSyfoCpWdU2SfIBP1rJJdsWdAf4mTkxLkqPesz24/IklAQ0U4lrLj2LFyMywUI5xOzG4iaYzJCA9oR9MQB1S62ez6CTrWSh/5kdAVKjRTf05kOJAyDTzdGWA1lIveVPzP6yTKv3QzFsaJoiGZL/ITjlSEplGgPhOUKJ5qgolg+lZEhlhgonRgpg7BWXz5L2meVZzzSvWuWqpd53EU4RCOoAwOXEANbqEODSDwAE/wAq/Go/FsvBnv89aCkc/swy8YH9/9YZJW</latexit>

~y = (1, 0)
<latexit sha1_base64="Ib/W8qsfQRNj1KILGRQ64+N6ZFQ=">AAAB/XicbVDJSgNBEK2JWxy3cbl5aQxCBAkzEtSLEPTiMYJZIBlCT6cnadKz0N0TSIbgr3jxoIhX/8Obf2MnmYMmPih4vFdFVT0v5kwq2/42ciura+sb+U1za3tnd8/aP6jLKBGE1kjEI9H0sKSchbSmmOK0GQuKA4/Thje4m/qNIRWSReGjGsXUDXAvZD4jWGmpYx2Z7SEl6XiCblDRPkfOGTJRxyrYJXsGtEycjBQgQ7VjfbW7EUkCGirCsZQtx46Vm2KhGOF0YrYTSWNMBrhHW5qGOKDSTWfXT9CpVrrIj4SuUKGZ+nsixYGUo8DTnQFWfbnoTcX/vFai/Gs3ZWGcKBqS+SI/4UhFaBoF6jJBieIjTTARTN+KSB8LTJQOzNQhOIsvL5P6Rcm5LJUfyoXKbRZHHo7hBIrgwBVU4B6qUAMCY3iGV3gznowX4934mLfmjGzmEP7A+PwB/u+SVw==</latexit>

~z = (0, 1)
<latexit sha1_base64="bycU4LK7GDBImHZom+QMkVtgH/Q=">AAACHnicbVDLSgMxFM3UVx1fVZdugkVwVWakPpZFQV24qGAf0BlKJk3b0EwyJJnKMPRL3PgrblwoIrjSvzGdVtDWAxcO59zLvfcEEaNKO86XlVtYXFpeya/aa+sbm1uF7Z26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4GPuNIZGKCn6nk4j4Iepx2qUYaSO1C8e2NyQ4TUYQepTDS+jdCN6TtNfXSEpxD3/szPVwHMErG7YLRafkZIDzxJ2SIpii2i58eB2B45BwjRlSquU6kfZTJDXFjIxsL1YkQniAeqRlKEchUX6avTeCB0bpwK6QpriGmfp7IkWhUkkYmM4Q6b6a9cbif14r1t0zP6U8ijXheLKoGzOoBRxnBTtUEqxZYgjCkppbIe4jibA2idomBHf25XlSPyq5J6XybblYOZ/GkQd7YB8cAhecggq4BlVQAxg8gCfwAl6tR+vZerPeJ605azqzC/7A+vwG9XehIg==</latexit>

~y 2 F =) ~y 2 F [G
<latexit sha1_base64="43NHJ73ffKWvGTotxy9ntTA88u0=">AAACHnicbVDLSgMxFM3UVx1fVZdugkVwVWakPpZFwbpwUcE+oDOUTJq2oZlkSDKVOvRL3PgrblwoIrjSvzFtR9DWAxcO59zLvfcEEaNKO86XlVlYXFpeya7aa+sbm1u57Z2aErHEpIoFE7IRIEUY5aSqqWakEUmCwoCRetC/GPv1AZGKCn6rhxHxQ9TltEMx0kZq5Y5tb0Bwcj+C0KMclqF3LXhX0m5PIynFHfyxx+6lh+MIlm3YyuWdgjMBnCduSvIgRaWV+/DaAsch4RozpFTTdSLtJ0hqihkZ2V6sSIRwH3VJ01COQqL8ZPLeCB4YpQ07QpriGk7U3xMJCpUahoHpDJHuqVlvLP7nNWPdOfMTyqNYE46nizoxg1rAcVawTSXBmg0NQVhScyvEPSQR1iZR24Tgzr48T2pHBfekULwp5kvnaRxZsAf2wSFwwSkogStQAVWAwQN4Ai/g1Xq0nq03633amrHSmV3wB9bnN/pmoSU=</latexit>

~z 2 G =) ~z 2 F [G
<latexit sha1_base64="JnOGpmr7/XyiDYPg+zdfHvf22+w=">AAACFnicbZDLSgMxFIYz9VbHW9Wlm4NFqKhlRoq6EYqCuqxgL9ApJZOmNjSTGZJMoQ59Cje+ihsXirgVd76N6WWhrT8EPv5zDifn9yPOlHacbys1N7+wuJRetldW19Y3MptbFRXGktAyCXkoaz5WlDNBy5ppTmuRpDjwOa363cthvdqjUrFQ3Ol+RBsBvheszQjWxmpmjmyvR0nSH8ABjOhhAOeQcw/B3QfwRKiZgCuPxBFc29DMZJ28MxLMgjuBLJqo1Mx8ea2QxAEVmnCsVN11It1IsNSMcDqwvVjRCJMuvqd1gwIHVDWS0VkD2DNOC9qhNE9oGLm/JxIcKNUPfNMZYN1R07Wh+V+tHuv2WSNhIoo1FWS8qB1z0CEMM4IWk5Ro3jeAiWTmr0A6WGKiTZK2CcGdPnkWKsd59yRfuC1kixeTONJoB+2iHHLRKSqiG1RCZUTQI3pGr+jNerJerHfrY9yasiYz2+iPrM8flKCb3Q==</latexit>

~y + ~z = (1, 1) /2 F [G <latexit sha1_base64="6fnMNhFoHGW0CtRIds7dP9qdx4U=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBbBU0lE1GNRUI8V7AekoWy2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOd9O6WV1bX1jfKmu7W9s7tX2T9oGZVpyppUCaU7ETFMcMmawEGwTqoZSSLB2tHoZuq3n5g2XMlHGKcsTMhA8phTAlYK3FvcpVmK71zcq1S9mjcDXiZ+QaqoQKNX+er2Fc0SJoEKYkzgeymEOdHAqWATt5sZlhI6IgMWWCpJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J8XZBBfhTmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlFwbgr/48jJpndX8i9r5w3m1fl3EUUZH6BidIh9dojq6Rw3URBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AG0mY+W</latexit>

F [G

Remarque  
 est un sous-espace vectoriel  . 

    (À faire dans l’exercice A.2.5) 

<latexit sha1_base64="6fnMNhFoHGW0CtRIds7dP9qdx4U=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBbBU0lE1GNRUI8V7AekoWy2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOd9O6WV1bX1jfKmu7W9s7tX2T9oGZVpyppUCaU7ETFMcMmawEGwTqoZSSLB2tHoZuq3n5g2XMlHGKcsTMhA8phTAlYK3FvcpVmK71zcq1S9mjcDXiZ+QaqoQKNX+er2Fc0SJoEKYkzgeymEOdHAqWATt5sZlhI6IgMWWCpJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J8XZBBfhTmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlFwbgr/48jJpndX8i9r5w3m1fl3EUUZH6BidIh9dojq6Rw3URBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AG0mY+W</latexit>

F [G <latexit sha1_base64="CZlU2DHiTQ3cJddLLB22gUzpB4I=">AAAB/nicbVA9SwNBEN3zM55fp2JlsxgEq3AnQS2DNhYWEcwHJCHsbfaSJXu7x+6cEo6Af8XGQhFbf4ed/8ZNcoUmPhh4vDfDzLwwEdyA7387S8srq2vrhQ13c2t7Z9fb268blWrKalQJpZshMUxwyWrAQbBmohmJQ8Ea4fB64jcemDZcyXsYJawTk77kEacErNT1Dtu3SvYFi0Dz/gCI1urRxV2v6Jf8KfAiCXJSRDmqXe+r3VM0jZkEKogxrcBPoJMRDZwKNnbbqWEJoUPSZy1LJYmZ6WTT88f4xCo9HCltSwKeqr8nMhIbM4pD2xkTGJh5byL+57VSiC47GZdJCkzS2aIoFRgUnmSBe1wzCmJkCaGa21sxHRBNKNjEXBtCMP/yIqmflYLzUvmuXKxc5XEU0BE6RqcoQBeogm5QFdUQRRl6Rq/ozXlyXpx352PWuuTkMwfoD5zPHxOKlZA=</latexit>()
<latexit sha1_base64="JGmuyXuqdVTSL2gUneEDaiBSyg0=">AAACDnicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB6DQvQYwTwgCWF20kmGzD6Y6RXDki/w4q948aCIV8/e/Btnkz1oYkFDTVU3011uKIVG2/62Miura+sb2c3c1vbO7l5+/6Chg0hxqPNABqrlMg1S+FBHgRJaoQLmuRKa7vgq8Zv3oLQI/DuchND12NAXA8EZGqmXL1ZpR0euBqTXtIPwgDENIjpNXqlezdFevmCX7BnoMnFSUiApar38V6cf8MgDH7lkWrcdO8RuzBQKLmGa60QaQsbHbAhtQ33mge7Gs3OmtGiUPh0EypSPdKb+noiZp/XEc02nx3CkF71E/M9rRzi46MbCDyMEn88/GkSSYkCTbGhfKOAoJ4YwroTZlfIRU4yjSTBnQnAWT14mjdOSc1Yq35YLlcs0jiw5IsfkhDjknFTIDamROuHkkTyTV/JmPVkv1rv1MW/NWOnMIfkD6/MHMGWaSw==</latexit>

F ⇢ G ou G ⇢ F

1.1.4  Sous-espaces supplémentaires 
Définition : 
Soient  et  deux sous-espaces vectoriels de . On appelle somme 
de  et  l’ensemble noté  défini par :  

<latexit sha1_base64="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

G
<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="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

G
<latexit sha1_base64="twYA5XeNUjYOzBtOUOKt74OaYFg=">AAAB73icbVBNSwMxEJ31s65fVY9egkUQhLIrRT0WBfVYwX5Au5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YcKZNp737Swtr6yurRc23M2t7Z3d4t5+Q8epIrROYh6rVog15UzSumGG01aiKBYhp81weD3xm09UaRbLBzNKaCBwX7KIEWys1LpBp+gWuahbLHllbwq0SPyclCBHrVv86vRikgoqDeFY67bvJSbIsDKMcDp2O6mmCSZD3KdtSyUWVAfZ9N4xOrZKD0WxsiUNmqq/JzIstB6J0HYKbAZ63puI/3nt1ESXQcZkkhoqyWxRlHJkYjR5HvWYosTwkSWYKGZvRWSAFSbGRuTaEPz5lxdJ46zsn5cr95VS9SqPowCHcAQn4MMFVOEOalAHAhye4RXenEfnxXl3PmatS04+cwB/4Hz+ACMCjhU=</latexit>

F +G
<latexit sha1_base64="IWb6EirBp31cZUwd+wuRdZ972fM="></latexit>

~x 2 F +G () 9~y 2 F, 9~z 2 G tel que ~x = ~y + ~z.
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1.1.4  Sous-espaces supplémentaires 
Proposition 1.1.7  
  est un sous-espace vectoriel. 

<latexit sha1_base64="Uw8fhrt3b3z/lt03tTqil4hn7Ks="></latexit>

F +G

Démonstration (Proposition 1.1.7) : à faire dans l’exercice A.2.6. 

Définition : 
Soient  et  deux sous-espaces vectoriels de . On dit que 

 et  sont en somme direct  si . On note 
. 

<latexit sha1_base64="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

G
<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="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

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

F \G = {~0}
<latexit sha1_base64="B3xm+CogHCMdRQpj7G5GRigrZ2U=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRUI8V7AekoWy2m3bpJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9oGpVpxhtMSaXbITVcioQ3UKDk7VRzGoeSt8LhzdRvPXFthEoecZTyIKb9RESCUbSSf0s6KpWZIXekW664VXcGsky8nFQgR71b/ur0FMtiniCT1Bjfc1MMxlSjYJJPSp3M8JSyIe1z39KExtwE49nJE3JilR6JlLaVIJmpvyfGNDZmFIe2M6Y4MIveVPzP8zOMroKxSNIMecLmi6JMElRk+j/pCc0ZypEllGlhbyVsQDVlaFMq2RC8xZeXSfOs6l1Uzx/OK7XrPI4iHMExnIIHl1CDe6hDAxgoeIZXeHPQeXHenY95a8HJZw7hD5zPH/8IkG0=</latexit>

F �G

On a donc : 

 
<latexit sha1_base64="os7xdu5VbmEMUVCNjfx+jcr8RGA="></latexit>

H = F �G () H = F +G et F \G = {~0}.

On dit que  et  sont supplémentaires dans  si  . 
<latexit sha1_base64="qGxkMq8iZ+uNpjzVuhuxZ3yJ3Tw=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiIB4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZTW1jc2t8rb7s7u3v5B5fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc39zhNVmsXy0UwTGgg8kixiBJtccu9cNKhUvZo3B1olfkGqUKA5qHz1hzFJBZWGcKx1z/cSE2RYGUY4nbn9VNMEkwke0Z6lEguqg2x+6wydWWWIoljZkgbN1d8TGRZaT0VoOwU2Y73s5eJ/Xi810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4XBuCv/zyKmlf1PzLWv2hXm3cFHGU4QRO4Rx8uIIG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wdbpI0l</latexit>

F
<latexit sha1_base64="A4uAPd4UBeVu9sqSZsqNnlkz+Fo=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0mkqMeiBz1WsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW33Z3dvf2DyuFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nSeqNIvlo5kmNBB4JFnECDa55N65aFCpejVvDrRK/IJUoUBzUPnqD2OSCioN4Vjrnu8lJsiwMoxwOnP7qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qousgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxuDYEf/nlVdK+qPmXtfpDvdq4KeIowwmcwjn4cAUNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9dKo0m</latexit>

G
<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="nyD9LQmMyQ7RcNBUAiPE7u1ZgX4=">AAAB+HicbVDJSgNBEK2JW4xLRj16aQyCpzAjol6EoLgcI5gFkiH0dDpJk57poRchDvkSLx4U8eqnePNv7CRz0MQHBY/3qqiqFyacKe15305uaXlldS2/XtjY3Nouuju7dSWMJLRGBBeyGWJFOYtpTTPNaTORFEchp41weDXxG49UKibiBz1KaBDhfsx6jGBtpY5bvEYX6Aa1RcKNQreo45a8sjcFWiR+RkqQodpxv9pdQUxEY004Vqrle4kOUiw1I5yOC22jaILJEPdpy9IYR1QF6fTwMTq0Shf1hLQVazRVf0+kOFJqFIW2M8J6oOa9ifif1zK6dx6kLE6MpjGZLeoZjrRAkxRQl0lKNB9Zgolk9lZEBlhiom1WBRuCP//yIqkfl/3T8sn9SalymcWRh304gCPw4QwqcAdVqAEBA8/wCm/Ok/PivDsfs9ack83swR84nz86gJGI</latexit>

E = F �G
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1.1.4  Sous-espaces supplémentaires 
Remarque  

Il n’ y a pas unicité du supplémentaire d’un sous-espace vectoriel donné.  
Exemple :  

Proposition 1.1.8  
.

<latexit sha1_base64="W7XHpWNQ0XVydTFHeNn6lDocEHM="></latexit>

H = F �G () 8~x 2 H, 9!(~y, ~z) 2 F ⇥G tels que ~x = ~y + ~z

Corollaire : 
Si  alors quelque soit  il existe un unique   et un 
unique  tels que . 

<latexit sha1_base64="EORuxvI0ebA1CQsq2fp1EVKyUHs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBchKD6OEcwDkjXMTmaTIbMzy8ysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13VxBzpo3rfju5hcWl5ZX8amFtfWNzq7i9U9cyUYTWiORSNQOsKWeC1gwznDZjRXEUcNoIBpdjv/FIlWZS3JthTP0I9wQLGcHGSg9X6Bxdt2XME41uUKdYcsvuBGieeBkpQYZqp/jV7kqSRFQYwrHWLc+NjZ9iZRjhdFRoJ5rGmAxwj7YsFTii2k8nV4/QgVW6KJTKljBoov6eSHGk9TAKbGeETV/PemPxP6+VmPDMT5mIE0MFmS4KE46MROMIUJcpSgwfWoKJYvZWRPpYYWJsUAUbgjf78jypH5W9k/Lx3XGpcpHFkYc92IdD8OAUKnALVagBAQXP8ApvzpPz4rw7H9PWnJPN7MIfOJ8/axaRLQ==</latexit>

E = F �G
<latexit sha1_base64="P7VWVI7kbSxI0LV01zRJ26di6sk=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5iddJIhs7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM47RD2lf8h5n1FjJb4+QpU8T0uaS3HaKJbfszkCWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgZNCO9EYUzakfWxZKmmI2k9nR0/IiVW6pBcpW9KQmfp7IqWh1uMwsJ0hNQO96E3F/7xWYnpXfsplnBiUbL6olwhiIjJNgHS5QmbE2BLKFLe3EjagijJjcyrYELzFl5dJ/azsXZTP789LlessjjwcwTGcggeXUIE7qEINGDzCM7zCmzNyXpx352PemnOymUP4A+fzB0Qukcc=</latexit>

~x 2 E
<latexit sha1_base64="AVoSrhwLoW/Svrol7tel0P2EGns=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTxGMA9IljA76SRDZmfXmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dQSy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj25nfHKPSPJKPZhKjH9KB5H3OqLGS3xkjSydT0uGS3HWLJbfszkFWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgdNCJ9EYUzaiA2xbKmmI2k/nR0/JmVV6pB8pW9KQufp7IqWh1pMwsJ0hNUO97M3E/7x2YvrXfsplnBiUbLGonwhiIjJLgPS4QmbExBLKFLe3EjakijJjcyrYELzll1dJ46LsXZYrD5VS9SaLIw8ncArn4MEVVOEealAHBk/wDK/w5oydF+fd+Vi05pxs5hj+wPn8AUc9kck=</latexit>

~y 2 F
<latexit sha1_base64="rOzLqQ0WXADMcKxaz6UOZAo+P8U=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9IljA76SRDZmfXmdlAXPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATDm6nfGKHSPJIPZhyjH9K+5D3OqLGS3x4hS58mpM0lue0US27ZnYEsEy8jJchQ7RS/2t2IJSFKwwTVuuW5sfFTqgxnAieFdqIxpmxI+9iyVNIQtZ/Ojp6QE6t0SS9StqQhM/X3REpDrcdhYDtDagZ60ZuK/3mtxPSu/JTLODEo2XxRLxHERGSaAOlyhcyIsSWUKW5vJWxAFWXG5lSwIXiLLy+T+lnZuyif35+XKtdZHHk4gmM4BQ8uoQJ3UIUaMHiEZ3iFN2fkvDjvzse8NedkM4fwB87nD0pMkcs=</latexit>

~z 2 G
<latexit sha1_base64="QApqwAWZhfzjtxMjOlJ3lpGau6A=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIglASKepGKLpxWcFeoA1lMp22QycXZibFGLJw46u4caGIWx/CnW/jNM1CW38Y+PjPOZw5vxtyJpVlfRtLyyura+uFjeLm1vbOrrm335RBJAhtkIAHou1iSTnzaUMxxWk7FBR7Lqctd3w9rbcmVEgW+HcqDqnj4aHPBoxgpa2eWepOKEnuU3SJMopTdDKjh7Rnlq2KlQktgp1DGXLVe+ZXtx+QyKO+IhxL2bGtUDkJFooRTtNiN5I0xGSMh7Sj0ccelU6SHZGiI+300SAQ+vkKZe7viQR7Usaeqzs9rEZyvjY1/6t1IjW4cBLmh5GiPpktGkQcqQBNE0F9JihRPNaAiWD6r4iMsMBE6dyKOgR7/uRFaJ5W7LNK9bZarl3lcRSgBIdwDDacQw1uoA4NIPAIz/AKb8aT8WK8Gx+z1iUjnzmAPzI+fwAmMJfL</latexit>

~x = ~y + ~z

Démonstration (Proposition 1.1.8) : 
‣ ‘’ ’’  

Soit   
  
  

<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="5elAdvku5JzBbJk3iDJufO5B9B8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CUdAeK9gPaNeSTbNtaDZZkqxSlv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v53c0vLK6lp+vbCxubW9U9zda2iZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw+uJ33ykSjMp7s0opn6E+4KFjGBjpYcqukQ3qCNjnmh02y2W3LI7BVokXkZKkKHWLX51epIkERWGcKx123Nj46dYGUY4HRc6iaYxJkPcp21LBY6o9tPp1WN0ZJUeCqWyJQyaqr8nUhxpPYoC2xlhM9Dz3kT8z2snJrzwUybixFBBZovChCMj0SQC1GOKEsNHlmCimL0VkQFWmBgbVMGG4M2/vEgaJ2XvrHx6d1qqXGVx5OEADuEYPDiHClShBnUgoOAZXuHNeXJenHfnY9aac7KZffgD5/MHbdORMA==</latexit>

H = F �G

<latexit sha1_base64="uvMRTbSm0h2j5wdSsnC/uBaUiRU="></latexit>

() H = F +G et F \G = {~0}.
<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="puuZHPrbtbnZT/ynpxQ93ZhBRKM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEIipXoRioL2WMF+YBvKZrtpl242YXcjlNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd294r7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObqd96olKxSDzocUy9EA8ECxjB2kiPNXSFbtEZurN7xZJjOzOgZeJmpAQZ6r3iV7cfkSSkQhOOleq4Tqy9FEvNCKeTQjdRNMZkhAe0Y6jAIVVeOrt4gk6M0kdBJE0JjWbq74kUh0qNQ990hlgP1aI3Ff/zOokOLr2UiTjRVJD5oiDhSEdo+j7qM0mJ5mNDMJHM3IrIEEtMtAmpYEJwF19eJs1z263Y5ftyqXqdxZGHIziGU3DhAqpQgzo0gICAZ3iFN0tZL9a79TFvzVnZzCH8gfX5A3DUjtI=</latexit>

H = F +G.
<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="Fp2tWNChw2euNxQexB/X9rOK0k8="></latexit>

8~x 2 H, 9~y 2 F, 9~z 2 G, ~x = ~y + ~z.
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1.1.4  Sous-espaces supplémentaires 
Maintenant, on montre l’unicité de  On suppose qu’il existe une autre 

décomposition  Alors, 

            

 .  

Or  et    et . 

Mais , ce qui implique  et 
 

<latexit sha1_base64="MJ7pNwnNZpTafF8lCU5xGTL1mUM=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq2VXgloGbSwjmAskIcxOTpIhsxdmzgbXJY2Nr2JjoYit72Dn2zhJttDEHwY+/nMOZ87vRVJodJxva2l5ZXVtPbeR39za3tkt7O3XdBgrDlUeylA1PKZBigCqKFBCI1LAfE9C3RteT+r1ESgtwuAOkwjaPusHoic4Q2N1CketEfA0GdMWwj2mFJAanngPY7tTKDq2MxVdBDeDIslU6RS+Wt2Qxz4EyCXTuuk6EbZTplBwCeN8K9YQMT5kfWgaDJgPup1OrxjTE+N0aS9U5gVIp+7viZT5Wie+Zzp9hgM9X5uY/9WaMfYu26kIohgh4LNFvVhSDOkkEtoVCjjKxADjSpi/Uj5ginE0weVNCO78yYtQO7Pdc7t0WyqWr7I4cuSQHJNT4pILUiY3pEKqhJNH8kxeyZv1ZL1Y79bHrHXJymYOyB9Znz9lXJiD</latexit>

~y et ~z.
<latexit sha1_base64="Y0w/COcuR2RF5TqqMk/YQePxen8=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiFYSSSFE3QtGNywr2Am0ok+mkHTqZhJlJMYbs3Pgqblwo4tZXcOfbOE2z0OoPAx//OYcz53dDRqWyrC+jsLC4tLxSXC2trW9sbpnbOy0ZRAKTJg5YIDoukoRRTpqKKkY6oSDIdxlpu+Orab09IULSgN+qOCSOj4acehQjpa2+ud+bEJzcpfACZhRX0uMZ3VfSKuybZatqZYJ/wc6hDHI1+uZnbxDgyCdcYYak7NpWqJwECUUxI2mpF0kSIjxGQ9LVyJFPpJNkd6TwUDsD6AVCP65g5v6cSJAvZey7utNHaiTna1Pzv1o3Ut65k1AeRopwPFvkRQyqAE5DgQMqCFYs1oCwoPqvEI+QQFjp6Eo6BHv+5L/QOqnap9XaTa1cv8zjKII9cACOgA3OQB1cgwZoAgwewBN4Aa/Go/FsvBnvs9aCkc/sgl8yPr4BcBmYZQ==</latexit>

~x = ~y0 + ~z0.
<latexit sha1_base64="+4Cb8CHhT/epmIFe8y7SQ7zrCbQ=">AAACMnicbZDLSgMxFIYz9VbrrerSTbCIdWGZkaJuCkU3uqtgL9AOJZNm2tDMhSRTnA7zTG58EsGFLhRx60OYToeirQcCX/7/HJLzWz6jQur6q5ZZWl5ZXcuu5zY2t7Z38rt7DeEFHJM69pjHWxYShFGX1CWVjLR8TpBjMdK0htcTvzkiXFDPvZehT0wH9V1qU4ykkrr5286I4OghhqcwpcoU9BhWYDHBcOaGx/GJ4uL0Np7pY6V38wW9pCcFF8FIoQDSqnXzz52ehwOHuBIzJETb0H1pRohLihmJc51AEB/hIeqTtkIXOUSYUbJyDI+U0oO2x9VxJUzU3xMRcoQIHUt1OkgOxLw3Ef/z2oG0L82Iun4giYunD9kBg9KDk/xgj3KCJQsVIMyp+ivEA8QRlirlnArBmF95ERpnJeO8VL4rF6pXaRxZcAAOQREY4AJUwQ2ogTrA4BG8gHfwoT1pb9qn9jVtzWjpzD74U9r3DwsPqDA=</latexit>

~x� ~x = ~0 = (~y � ~y0)� (~z � ~z0)
<latexit sha1_base64="CZlU2DHiTQ3cJddLLB22gUzpB4I=">AAAB/nicbVA9SwNBEN3zM55fp2JlsxgEq3AnQS2DNhYWEcwHJCHsbfaSJXu7x+6cEo6Af8XGQhFbf4ed/8ZNcoUmPhh4vDfDzLwwEdyA7387S8srq2vrhQ13c2t7Z9fb268blWrKalQJpZshMUxwyWrAQbBmohmJQ8Ea4fB64jcemDZcyXsYJawTk77kEacErNT1Dtu3SvYFi0Dz/gCI1urRxV2v6Jf8KfAiCXJSRDmqXe+r3VM0jZkEKogxrcBPoJMRDZwKNnbbqWEJoUPSZy1LJYmZ6WTT88f4xCo9HCltSwKeqr8nMhIbM4pD2xkTGJh5byL+57VSiC47GZdJCkzS2aIoFRgUnmSBe1wzCmJkCaGa21sxHRBNKNjEXBtCMP/yIqmflYLzUvmuXKxc5XEU0BE6RqcoQBeogm5QFdUQRRl6Rq/ozXlyXpx352PWuuTkMwfoD5zPHxOKlZA=</latexit>()

<latexit sha1_base64="9qcDIGpHgTf4pB7f1BFZlL0j5AU=">AAACEXicbZDLSsNAFIYn9VbrLerSzWCRdmNJpKgboejGZQV7gTaUyXTaDp1MwsykkIa8ghtfxY0LRdy6c+fbOG2CaOsPAx//OYcz53cDRqWyrC8jt7K6tr6R3yxsbe/s7pn7B03phwKTBvaZL9oukoRRThqKKkbagSDIcxlpueObWb01IUJSn9+rKCCOh4acDihGSls9s9ydEBxHCTyFKZWSKwhTnpZ+7GnSM4tWxZoLLoOdQRFkqvfMz27fx6FHuMIMSdmxrUA5MRKKYkaSQjeUJEB4jIako5Ejj0gnnl+UwBPt9OHAF/pxBefu74kYeVJGnqs7PaRGcrE2M/+rdUI1uHRiyoNQEY7TRYOQQeXDWTywTwXBikUaEBZU/xXiERIIKx1iQYdgL568DM2zin1eqd5Vi7XrLI48OALHoAxscAFq4BbUQQNg8ACewAt4NR6NZ+PNeE9bc0Y2cwj+yPj4BoffnDc=</latexit>

~y � ~y0 = ~z0 � ~z
<latexit sha1_base64="sLDtnxYb7FfIKjQbcAMNrF2Mdj0=">AAACAXicbZDLSsNAFIZP6q3WW9WN4GawiG4siRR1WRTEZQV7gSaUyXTSDp1MwsykEELd+CpuXCji1rdw59s4vSy09YeBj/+cw5nz+zFnStv2t5VbWl5ZXcuvFzY2t7Z3irt7DRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36g5txvTmkUrFIPOg0pl6Ie4IFjGBtrE7xwB1SkqUjdIamdDJCLhPotlMs2WV7IrQIzgxKMFOtU/xyuxFJQio04ViptmPH2suw1IxwOiq4iaIxJgPco22DAodUednkghE6Nk4XBZE0T2g0cX9PZDhUKg190xli3VfztbH5X62d6ODKy5iIE00FmS4KEo50hMZxoC6TlGieGsBEMvNXRPpYYqJNaAUTgjN/8iI0zsvORblyXylVr2dx5OEQjuAUHLiEKtxBDepA4BGe4RXerCfrxXq3PqatOWs2sw9/ZH3+ABselgc=</latexit>

~y � ~y0 2 F
<latexit sha1_base64="1/QekvOdkM4xjgqg1VnGIny77AI=">AAACAXicbZDLSsNAFIYn9VbrrepGcDNYRDeWRIq6LLrQZQV7gSaUyfSkHTqZhJlJoYa68VXcuFDErW/hzrdx2mah1R8GPv5zDmfO78ecKW3bX1ZuYXFpeSW/Wlhb39jcKm7vNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/uJrUm0OQikXiTo9i8ELSEyxglGhjdYp77hBoen80xid4hmPsMoGvO8WSXbanwn/ByaCEMtU6xU+3G9EkBKEpJ0q1HTvWXkqkZpTDuOAmCmJCB6QHbYOChKC8dHrBGB8ap4uDSJonNJ66PydSEio1Cn3TGRLdV/O1iflfrZ3o4MJLmYgTDYLOFgUJxzrCkzhwl0mgmo8MECqZ+SumfSIJ1Sa0ggnBmT/5LzROy85ZuXJbKVUvszjyaB8doGPkoHNURTeohuqIogf0hF7Qq/VoPVtv1vusNWdlM7vol6yPbx3Rlgo=</latexit>

~z0 � ~z 2 G <latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="704Dxefn7x0EYag+e4dr/uN4k1k=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFdGNJpKjLoqAuK9gLNKFMpqft0MkkzEwKIXTpxldx40IRtz6CO9/G6WWh1R8GPv5zDmfOH8ScKe04X1ZuYXFpeSW/Wlhb39jcsrd36ipKJIUajXgkmwFRwJmAmmaaQzOWQMKAQyMYXI3rjSFIxSJxr9MY/JD0BOsySrSx2va+NwSapSN8gqd0NMIeE/gae5TE+KZtF52SMxH+C+4Mimimatv+9DoRTUIQmnKiVMt1Yu1nRGpGOYwKXqIgJnRAetAyKEgIys8mh4zwoXE6uBtJ84TGE/fnREZCpdIwMJ0h0X01Xxub/9Vaie5e+BkTcaJB0OmibsKxjvA4FdxhEqjmqQFCJTN/xbRPJKHaZFcwIbjzJ/+F+mnJPSuV78rFyuUsjjzaQwfoGLnoHFXQLaqiGqLoAT2hF/RqPVrP1pv1Pm3NWbOZXfRL1sc3i6eYZA==</latexit>

~y � ~y0 2 F \G
<latexit sha1_base64="zODe3UleYGKqsw0AiL1plUB33I0=">AAACCHicbZDLSgMxFIYz9VbrrerShcEiurHMSFGXRUFdVrAX6Awlk562oZnMkGQKdejSja/ixoUibn0Ed76NaTsLbf0h8PGfczg5vx9xprRtf1uZhcWl5ZXsam5tfWNzK7+9U1NhLClUachD2fCJAs4EVDXTHBqRBBL4HOp+/2pcrw9AKhaKez2MwAtIV7AOo0Qbq5XfdwdAk4cRPsFTOhphlwl8jV1KInzTyhfsoj0RngcnhQJKVWnlv9x2SOMAhKacKNV07Eh7CZGaUQ6jnBsriAjtky40DQoSgPKSySEjfGicNu6E0jyh8cT9PZGQQKlh4JvOgOiemq2Nzf9qzVh3LryEiSjWIOh0USfmWId4nApuMwlU86EBQiUzf8W0RySh2mSXMyE4syfPQ+206JwVS3elQvkyjSOL9tABOkYOOkdldIsqqIooekTP6BW9WU/Wi/VufUxbM1Y6s4v+yPr8AY7XmGY=</latexit>

~z � ~z0 2 F \G
<latexit sha1_base64="wXSlEEXggFRoPQIkaadZKoglDtU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEiroRioK6rGAf0IQymd60QycPZiaFErPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xYs6ksqxvo7C0vLK6VlwvbWxube+Yu3tNGSWCQoNGPBJtj0jgLISGYopDOxZAAo9DyxteT/zWCIRkUfigxjG4AemHzGeUKC11zYMb7FAS41t8iZ3UGQFNrczJumbZqlhT4EVi56SMctS75pfTi2gSQKgoJ1J2bCtWbkqEYpRDVnISCTGhQ9KHjqYhCUC66fT+DB9rpYf9SOgKFZ6qvydSEkg5DjzdGRA1kPPeRPzP6yTKv3BTFsaJgpDOFvkJxyrCkzBwjwmgio81IVQwfSumAyIIVTqykg7Bnn95kTRPK/ZZpXpfLdeu8jiK6BAdoRNko3NUQ3eojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHwl5lNw=</latexit>

F \G = {~0}
<latexit sha1_base64="/Jpa9Yf/xJHcyH/I5Ill0pEZ20o=">AAACKHicbZDLSgMxFIYzXmu9jbp0EyyiG8uMFHVTLLpx4aKCvUCnlEyatqGZZEgylTLM47jxVdyIKNKtT2LaqaKtBwIf//kPJ+f3Q0aVdpyRtbC4tLyymlnLrm9sbm3bO7tVJSKJSQULJmTdR4owyklFU81IPZQEBT4jNb9/Pe7XBkQqKvi9HoakGaAupx2KkTZSy770BgTHwwSewJSOElhM0Umgdyt4V9JuTyMpxQP8Nhd/zC075+SdScF5cKeQA9Mqt+xXry1wFBCuMUNKNVwn1M0YSU0xI0nWixQJEe6jLmkY5CggqhlPDk3goVHasCOkeVzDifp7IkaBUsPAN84A6Z6a7Y3F/3qNSHcumjHlYaQJx+miTsSgFnCcGmxTSbBmQwMIS2r+CnEPSYS1yTZrQnBnT56H6mnePcsX7gq50tU0jgzYBwfgGLjgHJTADSiDCsDgETyDN/BuPVkv1oc1Sq0L1nRmD/wp6/MLdQymQg==</latexit>

~y � ~y0 = ~0 =) ~y = ~y0
<latexit sha1_base64="HcIzZh7Z/D7vcWm/kkcLk7rc5oI=">AAACKXicbZDLSgMxFIYz9VbrrerSTbCIbiwzUtSNUHTjwkUFe4HOUDJppg3NJEOSqdRhXseNr+JGQVG3vohpOwtt/SHw8Z9zODm/HzGqtG1/WrmFxaXllfxqYW19Y3OruL3TUCKWmNSxYEK2fKQIo5zUNdWMtCJJUOgz0vQHV+N6c0ikooLf6VFEvBD1OA0oRtpYnWLVHRKcPBym8BhOMYUXU7JT6N4I3pO019dISnE/22HGyp1iyS7bE8F5cDIogUy1TvHV7Qoch4RrzJBSbceOtJcgqSlmJC24sSIRwgPUI22DHIVEecnk0hQeGKcLAyHN4xpO3N8TCQqVGoW+6QyR7qvZ2tj8r9aOdXDuJZRHsSYcTxcFMYNawHFssEslwZqNDCAsqfkrxH0kEdYm3IIJwZk9eR4aJ2XntFy5rZSql1kcebAH9sERcMAZqIJrUAN1gMEjeAZv4N16sl6sD+tr2pqzspld8EfW9w/78qZ+</latexit>

~z0 � ~z = ~0 =) ~z = ~z0.

‣‘’ ’’  (Réciproque). On suppose   
         , 

 , 
 . 

Il reste à montrer que .  
Soit  alors on écrit : 

     

<latexit sha1_base64="pDicP0j1OIkeNi42mTBfBRNlo8I=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E1DJoY2ERwXxAcoa9zV6yZG/32J0zhJD/YWOhiK3/xc5/4ya5QhMfDDzem2FmXpgIbtDzvp3cyura+kZ+s7C1vbO7V9w/qBuVaspqVAmlmyExTHDJashRsGaiGYlDwRrh4GbqN56YNlzJBxwlLIhJT/KIU4JWemzfKdkTLEKitRp2iiWv7M3gLhM/IyXIUO0Uv9pdRdOYSaSCGNPyvQSDMdHIqWCTQjs1LCF0QHqsZakkMTPBeHb1xD2xSteNlLYl0Z2pvyfGJDZmFIe2MybYN4veVPzPa6UYXQVjLpMUmaTzRVEqXFTuNAK3yzWjKEaWEKq5vdWlfaIJRRtUwYbgL768TOpnZf+ifH5/XqpcZ3Hk4QiO4RR8uIQK3EIVakBBwzO8wpszdF6cd+dj3ppzsplD+APn8wfx+ZLR</latexit>(=
<latexit sha1_base64="pqPXoLBg/6qIQxWlIQN1ZzsLThc="></latexit>

8~x 2 H, 9!(~y, ~z) 2 F ⇥G tels que ~x = ~y + ~z
<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="OY6HPOnEv0BcCg04dxneIWhiTCE="></latexit>

8~x 2 H, 9~y 2 F, 9~z 2 G, ~x = ~y + ~z
<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="2r3DhibBG06FhDFLtdXqAzDvzLw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIIQtmVol6EoqA9VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLyZ+M0nqjSL5IMZxdQXuC9ZyAg2Vnqsoit0i07RXbdQdEvuFGiReBkpQoZat/DV6UUkEVQawrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtlVhQ7afTg8fo2Co9FEbKljRoqv6eSLHQeiQC2ymwGeh5byL+57UTE176KZNxYqgks0VhwpGJ0OR71GOKEsNHlmCimL0VkQFWmBibUd6G4M2/vEgaZyXvvFS+Lxcr11kcOTiEIzgBDy6gAlWoQR0ICHiGV3hzlPPivDsfs9YlJ5s5gD9wPn8ABGuOmg==</latexit>

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

F \G = {~0}
<latexit sha1_base64="S3sFHPUtQbr7vb13GPPkaOIqjq4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFQV1WsA9oQplMb9uhk0mYmRRrKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPUHMmdKO823llpZXVtfy64WNza3tHXt3r66iRFKo0YhHshkQBZwJqGmmOTRjCSQMODSCwdXEbwxBKhaJez2KwQ9JT7Auo0QbqW0feEOg6cMYe0zga+xREuObtl10Ss4UeJG4GSmiDNW2/eV1IpqEIDTlRKmW68TaT4nUjHIYF7xEQUzogPSgZaggISg/nV4/xsdG6eBuJE0Jjafq74mUhEqNwsB0hkT31bw3Ef/zWonuXvgpE3GiQdDZom7CsY7wJArcYRKo5iNDCJXM3Ippn0hCtQmsYEJw519eJPXTkntWKt+Vi5XLLI48OkRH6AS56BxV0C2qohqi6BE9o1f0Zj1ZL9a79TFrzVnZzD76A+vzBxPHlFY=</latexit>

~x 2 F \G
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1.1.4  Sous-espaces supplémentaires 
Soit  alors on écrit : 

                
                        et  , c’est à dire  

                              
Or par unicité de la décomposition (existence et unicité), on obtient . 
                                                                                                                                     

<latexit sha1_base64="S3sFHPUtQbr7vb13GPPkaOIqjq4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFQV1WsA9oQplMb9uhk0mYmRRrKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPUHMmdKO823llpZXVtfy64WNza3tHXt3r66iRFKo0YhHshkQBZwJqGmmOTRjCSQMODSCwdXEbwxBKhaJez2KwQ9JT7Auo0QbqW0feEOg6cMYe0zga+xREuObtl10Ss4UeJG4GSmiDNW2/eV1IpqEIDTlRKmW68TaT4nUjHIYF7xEQUzogPSgZaggISg/nV4/xsdG6eBuJE0Jjafq74mUhEqNwsB0hkT31bw3Ef/zWonuXvgpE3GiQdDZom7CsY7wJArcYRKo5iNDCJXM3Ippn0hCtQmsYEJw519eJPXTkntWKt+Vi5XLLI48OkRH6AS56BxV0C2qohqi6BE9o1f0Zj1ZL9a79TFrzVnZzD76A+vzBxPHlFY=</latexit>

~x 2 F \G
<latexit sha1_base64="fV0l+215QXjAVF58y9TitrXk54E=">AAACOnicbZDLSgMxFIYz3q23qks3wSIIQpmRom4EUVCXFmwVOqVk0lMNZjJDcqZYhnkuNz6FOxduXCji1gcwbafi7UDgy/+fQ3L+IJbCoOs+OmPjE5NT0zOzhbn5hcWl4vJK3USJ5lDjkYz0ZcAMSKGghgIlXMYaWBhIuAhujvr+RRe0EZE6x14MzZBdKdERnKGVWsWq3wWe3mZ0n45oa0huRn2EW0wps1eaffm+UPR45AGOHHfonLSKJbfsDor+BS+HEsnrrFV88NsRT0JQyCUzpuG5MTZTplFwCVnBTwzEjN+wK2hYVCwE00wHq2d0wypt2om0PQrpQP0+kbLQmF4Y2M6Q4bX57fXF/7xGgp29ZipUnCAoPnyok0iKEe3nSNtCA0fZs8C4FvavlF8zzTjatAs2BO/3yn+hvl32dsqVaqV0cJjHMUPWyDrZJB7ZJQfklJyRGuHkjjyRF/Lq3DvPzpvzPmwdc/KZVfKjnI9PUVishQ==</latexit>

~x = ~x+~0 avec ~x 2 F et ~0 2 G
<latexit sha1_base64="XH/KsI7hS63iSAwP/PZ11qaa1Vg=">AAACOnicbZDLSgMxFIYz3q23qks3wSIIQpmRom6EoqAuFawVOqVk0lMNZjJDcqa0DPNcbnwKdy7cuFDErQ9gehOtHgj8+b9zSM4fxFIYdN0nZ2Jyanpmdm4+t7C4tLySX127MlGiOVR4JCN9HTADUiiooEAJ17EGFgYSqsHdcY9X26CNiNQldmOoh+xGiZbgDK3VyF/4beBpJ6OHtK/cjO7QkecjdDClzF5p9s19oejJiAGOSGdAThv5glt0+0X/Cm8oCmRY5438o9+MeBKCQi6ZMTXPjbGeMo2CS8hyfmIgZvyO3UDNSsVCMPW0v3pGt6zTpK1I26OQ9t2fEykLjemGge0MGd6acdYz/2O1BFsH9VSoOEFQfPBQK5EUI9rLkTaFBo6yawXjWti/Un7LNONo087ZELzxlf+Kq92it1csXZQK5aNhHHNkg2ySbeKRfVImZ+ScVAgn9+SZvJI358F5cd6dj0HrhDOcWSe/yvn8Akc4rIU=</latexit>

~x = ~0 + ~x avec ~0 2 F et ~x 2 G
<latexit sha1_base64="mmniWAvX9dnx5p5y6O0omZl0tFU="></latexit>

~x|{z}
2F

+ ~0|{z}
2G

= ~x = ~0|{z}
2F

+ ~x|{z}
2G

<latexit sha1_base64="z0Cz0GOOalaT7ZM+kDUmTgRN0TY=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKepGKLpxWcFeoA1lMp22QyeTMDMpLSGv4saFIm59EXe+jdM0C239YeDjP+dwzvx+xJnSjvNtFTY2t7Z3irulvf2DwyP7uNxSYSwJbZKQh7LjY0U5E7Spmea0E0mKA5/Ttj+5X9TbUyoVC8WTnkfUC/BIsCEjWBurb5d7U0qSWYpuUUZOivp2xak6mdA6uDlUIFejb3/1BiGJAyo04ViprutE2kuw1IxwmpZ6saIRJhM8ol2DAgdUeUl2e4rOjTNAw1CaJzTK3N8TCQ6Umge+6QywHqvV2sL8r9aN9fDGS5iIYk0FWS4axhzpEC2CQAMmKdF8bgATycytiIyxxESbuEomBHf1y+vQuqy6V9XaY61Sv8vjKMIpnMEFuHANdXiABjSBwAye4RXerNR6sd6tj2VrwcpnTuCPrM8fEQOT0Q==</latexit>

~x = ~0

1.2 Espaces vectoriels de dimension finie 

Définition (famille liée (dependent sequence)) 
On dit que la famille  de vecteurs de  est liée s’il 
existe des scalaires   non tous nuls (non all zero) tels 

que                       

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

E
<latexit sha1_base64="gqdzNupcRFG9XFEEzLuOLnD+N8A=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCCy1JKeqy6EZwU8FeoAlhMpm0QyeTMDMRSuhTuPFV3LhQxK24822ctBG19YeBj/+cw5nz+wmjUlnWp7GwuLS8slpaK69vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w8u83rkjQtKY36pRQtwI9TkNKUZKW5554jDdHCDPPobfWMsxiJX8sRLoUA6vPbNiVa2J4DzYBVRAoaZnfjhBjNOIcIUZkrJnW4lyMyQUxYyMy04qSYLwEPVJTyNHEZFuNjlrDA+1E8AwFvpxBSfu74kMRVKOIl93RkgN5GwtN/+r9VIVnrsZ5UmqCMfTRWHKoIphnhEMqCBYsZEGhAXVf4V4gATCSidZ1iHYsyfPQ7tWtU+r9Zt6pXFRxFEC++AAHAEbnIEGuAJN0AIY3INH8AxejAfjyXg13qatC0Yxswf+yHj/ApBgncE=</latexit>

�1,�2, . . . ,�p 2 K
<latexit sha1_base64="7AtAommiM3qVQg+yMSn+vP/JBk0="></latexit>

�1~x1 + �2~x2 + · · ·+ �p~xp = ~0.

1.2.1 Familles liées, familles libres 
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1.2.1 Familles liées-libres 

Remarques 
1. Si une famille est liée, alors toute famille obtenue en modifiant l’ordre 
des vecteurs est liée. 

2. Si , la famille  est liée   . 
3. Si , la famille  est liée   

 tels que  

<latexit sha1_base64="SyeawOYCi7/VDmZrUS2lPrYdUBE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBce71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1mzyOIhzBMZyCB5dQgzuoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AzrWNfw==</latexit>

p = 1
<latexit sha1_base64="P6iD9mSuo0SlY+YI6lwp1jlUD+I=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqBuh6MZlRfuAJoTJdNoOnTyYmVRLzKe4caGIW7/EnX/jtM1CWw9cOJxzL/fe48ecSWVZ30ZhZXVtfaO4Wdra3tndM8v7LRklgtAmiXgkOj6WlLOQNhVTnHZiQXHgc9r2R9dTvz2mQrIovFeTmLoBHoSszwhWWvLM8h26RE7qjClJHzPPdjLPrFhVawa0TOycVCBHwzO/nF5EkoCGinAsZde2YuWmWChGOM1KTiJpjMkID2hX0xAHVLrp7PQMHWulh/qR0BUqNFN/T6Q4kHIS+LozwGooF72p+J/XTVT/wk1ZGCeKhmS+qJ9wpCI0zQH1mKBE8YkmmAimb0VkiAUmSqdV0iHYiy8vk9Zp1T6r1m5rlfpVHkcRDuEITsCGc6jDDTSgCQQe4Ble4c14Ml6Md+Nj3low8pkD+APj8wdmyZN4</latexit>

S = {~x1} <latexit sha1_base64="CZlU2DHiTQ3cJddLLB22gUzpB4I=">AAAB/nicbVA9SwNBEN3zM55fp2JlsxgEq3AnQS2DNhYWEcwHJCHsbfaSJXu7x+6cEo6Af8XGQhFbf4ed/8ZNcoUmPhh4vDfDzLwwEdyA7387S8srq2vrhQ13c2t7Z9fb268blWrKalQJpZshMUxwyWrAQbBmohmJQ8Ea4fB64jcemDZcyXsYJawTk77kEacErNT1Dtu3SvYFi0Dz/gCI1urRxV2v6Jf8KfAiCXJSRDmqXe+r3VM0jZkEKogxrcBPoJMRDZwKNnbbqWEJoUPSZy1LJYmZ6WTT88f4xCo9HCltSwKeqr8nMhIbM4pD2xkTGJh5byL+57VSiC47GZdJCkzS2aIoFRgUnmSBe1wzCmJkCaGa21sxHRBNKNjEXBtCMP/yIqmflYLzUvmuXKxc5XEU0BE6RqcoQBeogm5QFdUQRRl6Rq/ozXlyXpx352PWuuTkMwfoD5zPHxOKlZA=</latexit>()
<latexit sha1_base64="XXzMVIraF3plE1sFDaoflq1TSI4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZdFNy4r2Ae0IUymt+3QySTOTIolZuGvuHGhiFt/w51/4zTtQlsPXDhzzr3MvSeIOVPacb6tpeWV1bX1wkZxc2t7Z9fe22+oKJEU6jTikWwFRAFnAuqaaQ6tWAIJAw7NYHg98ZsjkIpF4k6PY/BC0hesxyjRRvLtw84IaPqQ+S7uCLjH+dPJfLvklJ0ceJG4M1JCM9R8+6vTjWgSgtCUE6XarhNrLyVSM8ohK3YSBTGhQ9KHtqGChKC8NN8/wydG6eJeJE0JjXP190RKQqXGYWA6Q6IHat6biP957UT3Lr2UiTjRIOj0o17CsY7wJAzcZRKo5mNDCJXM7IrpgEhCtYmsaEJw509eJI2zsntertxWStWrWRwFdISO0Sly0QWqohtUQ3VE0SN6Rq/ozXqyXqx362PaumTNZg7QH1ifP4gBlcw=</latexit>

~x1 6= ~0
<latexit sha1_base64="WLVlqYRc2F+83X2FA1mG6QhzrnM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2FZoQ9lsJ+3STbLuboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8QAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1kmqGLZYIhL1EFCNgsfYMtwIfJAKaRQI7ATjm5nfeUKleRLfm4lEP6LDmIecUWOljuwN8ZHU+uWKW3XnIKvEy0kFcjT75a/eIGFphLFhgmrd9Vxp/Iwqw5nAaamXapSUjekQu5bGNELtZ/Nzp+TMKgMSJspWbMhc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWf8VimBmO2WBSmgpiEzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgDM/wCm+OdF6cd+dj0Vpw8plj+APn8werHo8k</latexit>

p � 2
<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="CZlU2DHiTQ3cJddLLB22gUzpB4I=">AAAB/nicbVA9SwNBEN3zM55fp2JlsxgEq3AnQS2DNhYWEcwHJCHsbfaSJXu7x+6cEo6Af8XGQhFbf4ed/8ZNcoUmPhh4vDfDzLwwEdyA7387S8srq2vrhQ13c2t7Z9fb268blWrKalQJpZshMUxwyWrAQbBmohmJQ8Ea4fB64jcemDZcyXsYJawTk77kEacErNT1Dtu3SvYFi0Dz/gCI1urRxV2v6Jf8KfAiCXJSRDmqXe+r3VM0jZkEKogxrcBPoJMRDZwKNnbbqWEJoUPSZy1LJYmZ6WTT88f4xCo9HCltSwKeqr8nMhIbM4pD2xkTGJh5byL+57VSiC47GZdJCkzS2aIoFRgUnmSBe1wzCmJkCaGa21sxHRBNKNjEXBtCMP/yIqmflYLzUvmuXKxc5XEU0BE6RqcoQBeogm5QFdUQRRl6Rq/ozXlyXpx352PWuuTkMwfoD5zPHxOKlZA=</latexit>()
<latexit sha1_base64="v6pQQuPrywi3SJVuTmbegDCHX2I="></latexit>

9~xj , 9↵1,↵2, . . . ,↵j�1,↵j+1, . . . ,↵p,
<latexit sha1_base64="3x3MO9EAheXHp+3yIOadubbu/rI="></latexit>

~xj = ↵1~x1 + ↵2~x2 + · · ·+ ↵j�1~xj�1 + ↵j+1~xj+1 + · · ·+ ↵p~xp.

Définition (famille libre (independent sequence)) 
On dit que la famille  de vecteurs de  est 
libre si elle n’est pas liée. On dit aussi que les vecteurs 

 sont linéairement indépendants. Dans ce cas on a : 

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

E
<latexit sha1_base64="rxkTiZKOK4MwrTmLXbrcPC/FryI=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARXUiZKUVdFt24rGAv0A5DJpO2oZlkSDLFMvQR3Pgqblwo4talO9/GtB1RW38IfPznHE7OH8SMKu04n1ZuaXlldS2/XtjY3NresXf3GkokEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB4GpSbw6JVFTwWz2KiRehHqddipE2lm8fd4YEp3dj3z2F31g2yEKh1Y8V+3bRKTlTwUVwMyiCTDXf/uiEAicR4RozpFTbdWLtpUhqihkZFzqJIjHCA9QjbYMcRUR56fSgMTwyTgi7QprHNZy6vydSFCk1igLTGSHdV/O1iflfrZ3o7oWXUh4nmnA8W9RNGNQCTtKBIZUEazYygLCk5q8Q95FEWJsMCyYEd/7kRWiUS+5ZqXJTKVYvszjy4AAcghPggnNQBdegBuoAg3vwCJ7Bi/VgPVmv1tusNWdlM/vgj6z3LyainK4=</latexit>

~x1, ~x2, . . . , ~xp
<latexit sha1_base64="uZWs0yJ0LSn9GdqIOOvMLSQftOA="></latexit>

8�1,�2, . . . ,�p 2 K,�1~x1 + �2~x2 + · · ·�p~xp = ~0 =) �1 = �2 = . . . = �p = 0.
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1.2.1 Familles liées-libres 

Remarques 
1.  est liée 

 
2.  est non liée 

  est libre.

<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="ooVSdwl2NsvEWC5lt9NdiEE++SQ="></latexit>

() 9�1,�2, . . . ,�p 2 K,
n
9i,�i 6= 0 et

pX

j=1

�j~xj = ~0
o
.

<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="6Annuo9uFpCrjFl8pqC0HGE0YmM="></latexit>

() 8�1,�2, . . . ,�p 2 K,
n
8i,�i = 0 ou

pX

j=1

�j~xj 6= ~0
o
.

<latexit sha1_base64="OHEsXYAkkVPfyjdygAJRY6RHoMk="></latexit>

() 8�1,�2, . . . ,�p 2 K,
n pX

j=1

�j~xj = ~0 =) 8i,�i = 0
o
.

<latexit sha1_base64="CZlU2DHiTQ3cJddLLB22gUzpB4I=">AAAB/nicbVA9SwNBEN3zM55fp2JlsxgEq3AnQS2DNhYWEcwHJCHsbfaSJXu7x+6cEo6Af8XGQhFbf4ed/8ZNcoUmPhh4vDfDzLwwEdyA7387S8srq2vrhQ13c2t7Z9fb268blWrKalQJpZshMUxwyWrAQbBmohmJQ8Ea4fB64jcemDZcyXsYJawTk77kEacErNT1Dtu3SvYFi0Dz/gCI1urRxV2v6Jf8KfAiCXJSRDmqXe+r3VM0jZkEKogxrcBPoJMRDZwKNnbbqWEJoUPSZy1LJYmZ6WTT88f4xCo9HCltSwKeqr8nMhIbM4pD2xkTGJh5byL+57VSiC47GZdJCkzS2aIoFRgUnmSBe1wzCmJkCaGa21sxHRBNKNjEXBtCMP/yIqmflYLzUvmuXKxc5XEU0BE6RqcoQBeogm5QFdUQRRl6Rq/ozXlyXpx352PWuuTkMwfoD5zPHxOKlZA=</latexit>()
<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}
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1.2.1 Familles liées-libres 
Propositions 1.2.1 et 1.2.2  
1. Deux vecteurs sont égaux dans une famille 

 alors elle est liée. 
2. Toute famille contenant le vecteur  est liée. 
3. Si  est liée alors la famille  est liée 
pour tout vecteur quelconque  . 

4. Si  est libre alors la famille 
 est libre.

<latexit sha1_base64="NKRY00VzoOl21qaa3nupZaa/lyY="></latexit>

S = {~x1, ~x2, . . . , ~xp}
<latexit sha1_base64="jnAvOLdz5rc+jNbU8zVOj1MObe8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LZNNTOIt6MVjBPOAZAmzk9lkyOyDmdlAWPIRXjwo4tXv8ebfOJtEUNGChqKqm+4uLxZcaYw/rLX1jc2t7dxOfndv/+CwcHTcVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcpP5nSmTikfhvZ7FzA3IKOQ+p0QbqdOfMpri+aBQxPZVvepcOgjbGNeccjUjTq3ilFHJKBmKsEJzUHjvDyOaBCzUVBCleiUcazclUnMq2DzfTxSLCZ2QEesZGpKAKTddnDtH50YZIj+SpkKNFur3iZQESs0Cz3QGRI/Vby8T//J6ifbrbsrDONEspMtFfiKQjlD2OxpyyagWM0MIldzciuiYSEK1SShvQvj6FP1P2o5dqtqVu0qxcb2KIwencAYXUIIaNOAWmtACChN4gCd4tmLr0XqxXpeta9Zq5gR+wHr7BKpSj88=</latexit>

~0
<latexit sha1_base64="NKRY00VzoOl21qaa3nupZaa/lyY="></latexit>

S = {~x1, ~x2, . . . , ~xp}
<latexit sha1_base64="KAB/yI9Mym/RcM2W7dW8ufrUWc4=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwlpWtu6K7pxWdE+oAllMp20QycPZibFGvIlblwo4tZPceffOGkrqOiBC4dz7uXee9yIUSFN80PLrayurW/kNwtb2zu7RX1vvyPCmGPSxiELec9FgjAakLakkpFexAnyXUa67uQy87tTwgUNg1s5i4jjo1FAPYqRVNJAL9rJzSm0pwQnd6mdwoFeMo3zRs06s6BpmGbdqtQyYtWrVgWWlZKhBJZoDfR3exji2CeBxAwJ0S+bkXQSxCXFjKQFOxYkQniCRqSvaIB8IpxkfngKj5UyhF7IVQUSztXvEwnyhZj5rur0kRyL314m/uX1Y+k1nIQGUSxJgBeLvJhBGcIsBTiknGDJZoogzKm6FeIx4ghLlVVBhfD1KfyfdCyjXDOq19VS82IZRx4cgiNwAsqgDprgCrRAG2AQgwfwBJ61e+1Re9FeF605bTlzAH5Ae/sEhF+TBw==</latexit>

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

~x
<latexit sha1_base64="NKRY00VzoOl21qaa3nupZaa/lyY="></latexit>

S = {~x1, ~x2, . . . , ~xp}
<latexit sha1_base64="qRx2GpmNEGy5r5LqrpRWMHKE+rM="></latexit>

S0 = {~x2, . . . , ~xp}

Démonstration (Propositions 1.2.1 et 1.2.2) : Voir l’exercice A.1.11. 

Propositions 1.2.3 
Si  est une famille libre et si  est un vecteur tel 
que la famille  est liée alors   est une combinaison linéaire 
des éléments de .

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

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

E = {~e1, . . . ,~ep}
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1.2.1 Familles liées-libres 

Démonstration (Proposition 1.2.3) 
On a  est liée  

, non tous nuls tels que      

. Supposons   alors la famille 
 est liée, ce qui absurde, donc . Ainsi on peut diviser par  . 

<latexit sha1_base64="5rs7Iv/UIeXTdNz1ybApx5qTsdg=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIp6rIogssK9gFNKJPppB06eTAzKZaQjRt/xY0LRdz6D+78GydtFtp64MLhnHu59x4v5kwqy/o2lpZXVtfWSxvlza3tnV1zb78lo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oOvfbYyoki8J7NYmpG+BByHxGsNJSzzxyAqyGBPP0JkMOSWLkpM6YkvQhc7KeWbGq1hRokdgFqUCBRs/8cvoRSQIaKsKxlF3bipWbYqEY4TQrO4mkMSYjPKBdTUMcUOmm0y8ydKKVPvIjoStUaKr+nkhxIOUk8HRnfrOc93LxP6+bKP/STVkYJ4qGZLbITzhSEcojQX0mKFF8ogkmgulbERligYnSwZV1CPb8y4ukdVa1z6u1u1qlflXEUYJDOIZTsOEC6nALDWgCgUd4hld4M56MF+Pd+Ji1LhnFzAH8gfH5A+xZmN0=</latexit>

E [ {~x}
<latexit sha1_base64="E19y6ZmgpkkY5isEjKJyMp+chFs=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb98+rZ3VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9DBpN/</latexit>

=)
<latexit sha1_base64="imR/8gPoH5rMlZyFWH1PULun0/w=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyyCYCkzUtRl0Y3LCvYCnWHIZDJtaGYSkoxYhr6GG1/FjQtFXOrKtzG9KNr6Q+DjP+dwcv5QMKq043xaC4tLyyurhbXi+sbm1ra9s9tUPJOYNDBnXLZDpAijKWloqhlpC0lQEjLSCvuXo3rrlkhFeXqjB4L4CeqmNKYYaWMFtuORO7NFQQ8x0UOBW4Yei7hW5W9H/FAujt1hYJecijMWnAd3CiUwVT2w372I4ywhqcYMKdVxHaH9HElNMSPDopcpIhDuoy7pGExRQpSfjy8bwkPjRDDm0rxUw7H7eyJHiVKDJDSdCdI9NVsbmf/VOpmOz/2cpiLTJMWTRXHGoOZwFBOMqCRYs4EBhCU1f4W4hyTC2oRZNCG4syfPQ/Ok4p5WqtfVUu1iGkcB7IMDcARccAZq4ArUQQNgcA8ewTN4sR6sJ+vVepu0LljTmT3wR9bHFxtQn74=</latexit>

9↵1, . . . ,↵p,↵p+1
<latexit sha1_base64="sI3E2EESv+Zbfs0qCDEbmQ+RkLQ="></latexit>

↵1~e1 + · · ·+ ↵p~ep + ↵p+1~x = ~0
<latexit sha1_base64="J1fgn1L1JzFLF5vJJpXC2BZkhTU=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRZBEMquFPUiFL14rGA/oF2W2TRtQ7PZkGQLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz8yLJmTae9+0U1tY3NreK26Wd3b39A/fwqKmTVBHaIAlPVDsCTTkTtGGY4bQtFYU44rQVje5nfmtMlWaJeDITSYMYBoL1GQFjpdB1u8DlEMJMXvhTfIu90C17FW8OvEr8nJRRjnrofnV7CUljKgzhoHXH96QJMlCGEU6npW6qqQQyggHtWCogpjrI5pdP8ZlVerifKFvC4Ln6eyKDWOtJHNnOGMxQL3sz8T+vk5r+TZAxIVNDBVks6qccmwTPYsA9pigxfGIJEMXsrZgMQQExNqySDcFffnmVNC8r/lWl+lgt1+7yOIroBJ2ic+Sja1RDD6iOGoigMXpGr+jNyZwX5935WLQWnHzmGP2B8/kD4nuShg==</latexit>

↵p+1 = 0
<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="zSjwj6MDpx4ljyY3TJFW0utcVSM=">AAAB/HicbVBNS8NAEN34WetXtEcvi0UQhJJIUY9FLx4r2A9oQthsp+3SzSbuboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwoQzpR3n21pZXVvf2Cxtlbd3dvf27YPDtopTSaFFYx7LbkgUcCagpZnm0E0kkCjk0AnHN1O/8whSsVjc6ywBPyJDwQaMEm2kwK54hCcjEuTJmTvBnoAH7AR21ak5M+Bl4hakigo0A/vL68c0jUBoyolSPddJtJ8TqRnlMCl7qYKE0DEZQs9QQSJQfj47foJPjNLHg1iaEhrP1N8TOYmUyqLQdEZEj9SiNxX/83qpHlz5ORNJqkHQ+aJByrGO8TQJ3GcSqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ec29qNXv6tXGdRFHCR2hY3SKXHSJGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gB/J5QH</latexit>

↵p+1 6= 0 <latexit sha1_base64="/G/SugMYSGG9xFtrmEfbClSI7jQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIsgCCWRoh6LXjxWsB/QhDLZbtulm82yuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIsmZNp737RTW1jc2t4rbpZ3dvf2D8uFRSyepIrRJEp6oToSaciZo0zDDaUcqinHEaTsa38389hNVmiXi0UwkDWMcCjZgBI2VggC5HGEvkxf+tFeueFVvDneV+DmpQI5Gr/wV9BOSxlQYwlHrru9JE2aoDCOcTktBqqlEMsYh7VoqMKY6zOY3T90zq/TdQaJsCePO1d8TGcZaT+LIdsZoRnrZm4n/ed3UDG7CjAmZGirIYtEg5a5J3FkAbp8pSgyfWIJEMXurS0aokBgbU8mG4C+/vEpal1X/qlp7qFXqt3kcRTiBUzgHH66hDvfQgCYQkPAMr/DmpM6L8+58LFoLTj5zDH/gfP4AvVORgA==</latexit>↵p+1

Propositions 1.2.4 
Si  est une famille libre et si  admet une 
décomposition de la forme , 
alors les coefficients  sont uniques.

<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="FMoFm5CDhnPEnrgESfHTUL4Ip3c="></latexit>

~x = �1~e1 + �2~e2 + · · ·+ �p~ep
<latexit sha1_base64="LAL4w3CHyrU5xib6zF0oq6yac+g=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0ISFJa1t3RTcuK9gHtCFMJpN26OTBzEQopZ/gxl9x40IRty7d+TdO+sAHemDgcM653LnHSxgV0jQ/tNzS8srqWn69sLG5tb2j7+61RJxyTJo4ZjHveEgQRiPSlFQy0kk4QaHHSNsbXmZ++5ZwQePoRo4S4oSoH9GAYiSV5OrHPabCPnKtU7igdkb9WIovKXH1ommc1yr2mQ1NwzSrdqmSEbtatkvQUkqGIpij4ervPT/GaUgiiRkSomuZiXTGiEuKGZkUeqkgCcJD1CddRSMUEuGMpwdN4JFSfBjEXL1Iwqn6fWKMQiFGoaeSIZID8dvLxL+8biqDmjOmUZJKEuHZoiBlUMYwawf6lBMs2UgRhDlVf4V4gDjCUnVYUCUsLoX/k5ZtWBWjfF0u1i/mdeTBATgEJ8ACVVAHV6ABmgCDO/AAnsCzdq89ai/a6yya0+Yz++AHtLdPGZecCw==</latexit>

�1,�2, . . . ,�p

Démonstration (Proposition 1.2.4) : (faite au tableau) 
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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
Propositions 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

Démonstration (Proposition 1.2.6) : (faite au tableau) 
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1.2.4 Bases 

TD 2 (Homeworks): 
- Exercice A.2.8 
- Exercice A.2.9 (Questions 1 et 2) 
- Exercice A.2.10 (Question 1) 
- Exercice A.2.12 


