
MT23 - Algèbre linéaire 

Chapitre 3  
 Déterminants 

Mokhtar Z. Alaya 

http://mzalaya.github.io/files/teaching/UTSEUS/MT23/chap3-part1.pdf	

Université de Shanghai, UTSEUS, 25 novembre 2025



2

Motivations 

• Critère numérique qui nous indique quand 
une matrice carrée est inversible (régulière).

• Utile pour la résolution des systèmes linéaires.
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Notations (1)
• Nous travaillons dans ce chapitre que avec des matrices carrées, c’est à dire : 

<latexit sha1_base64="TjRsbDLgN3bDGKuapn8/VGFv4tw="></latexit>

A =





a11 a12 · · · a1n
a21 a22 · · · a2n
...

...
. . .

...
an1 an2 · · · ann





<latexit sha1_base64="PsFtBrdam+miE56U3UCwYNr2bhc=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKpSSFKluhFY3LivYC7QhTCbTduhkEmYmhRL6Em58FTcuFHEruPNtnLYRtfWHgY//nMOZ83sRo1JZ1qeRWVldW9/Ibua2tnd298z9g6YMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOH1tN4aESFpyO/UOCJOgPqc9ihGSluuWazBy0J3RHBSm7h2EX5jWSPzQyV/LH7qmnmrZM0El8FOIQ9S1V3zo+uHOA4IV5ghKTu2FSknQUJRzMgk140liRAeoj7paOQoINJJZldN4Il2fNgLhX5cwZn7eyJBgZTjwNOdAVIDuVibmv/VOrHqXTgJ5VGsCMfzRb2YQRXCaUTQp4JgxcYaEBZU/xXiARIIKx1kTodgL568DM1yya6UKrdn+epVGkcWHIFjUAA2OAdVcAPqoAEwuAeP4Bm8GA/Gk/FqvM1bM0Y6cwj+yHj/AnCbnSo=</latexit>

A = ( ωA1, ωA2, . . . , ωAn)

• Représentation par des vecteurs colonnes : 

<latexit sha1_base64="2Dx7HlHuK06RnlAb5B24AWtNk34="></latexit>

A = (aij)1→i,j→n → Mn,n(K) ↑ Mn(K)
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Notations (2)

•  Pour tout , on définit la matrice  , la matrice 
obtenue à partir de  en supprimant la ligne  et la colonne  

<latexit sha1_base64="769r33a8D87ya08EJdB+jgyvhIM=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8FBKIlI9Fr14rGA/oAlls9m2q5tN2N0IJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxvq7C0vLK6VlwvbWxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQf3VxO//UClYrG41aOE+hEeCNZnBGsj9ewDVrlDHhPIy9wK8ngYa1VBwhv37LJTdaZAi8TNSRlyNHr2lxfGJI2o0IRjpbquk2g/w1Izwum45KWKJpjc4wHtGipwRJWfTT8Yo2OjhKgfS1NCo6n6eyLDkVKjKDCdEdZDNe9NxP+8bqr7F37GRJJqKshsUT/lSMdoEgcKmaRE85EhmEhmbkVkiCUm2oRWMiG48y8vktZp1a1Vazdn5fplHkcRDuEITsCFc6jDNTSgCQQe4Rle4c16sl6sd+tj1lqw8pl9+APr8wc+zZWB</latexit>

i, j → {1, . . . , n}
<latexit sha1_base64="oMFSPw1pRh/6z7BNcTykVqVtCIg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx6sVjBfsh7VKyabaNTbJLkhXKtr/CiwdFvPpzvPlvTNs9aPXBwOO9GWbmBTFn2rjul5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4fXUbz5SpVkk78wopr7AfclCRrCx0v1lNx2zk4fxpFssuWV3BvSXeBkpQYZat/jZ6UUkEVQawrHWbc+NjZ9iZRjhdFLoJJrGmAxxn7YtlVhQ7aezgyfoyCo9FEbKljRopv6cSLHQeiQC2ymwGehFbyr+57UTE174KZNxYqgk80VhwpGJ0PR71GOKEsNHlmCimL0VkQFWmBibUcGG4C2+/Jc0TstepVy5PStVr7I48nAAh3AMHpxDFW6gBnUgIOAJXuDVUc6z8+a8z1tzTjazD7/gfHwDzcCQbg==</latexit>

A|i,j|
<latexit sha1_base64="HAVGlyXM2L9wMRbVBy5T75duyms=">AAAB/nicbVDLSsNAFL3xWeurKq7cDBbBjSURqS6LbtwIFewDmhAm02k7dDIJMxOhhIC/4saFIm79Dnf+jZM2C209MHA4517umRPEnClt29/W0vLK6tp6aaO8ubW9s1vZ22+rKJGEtkjEI9kNsKKcCdrSTHPajSXFYcBpJxjf5H7nkUrFIvGgJzH1QjwUbMAI1kbyK4cuE8gNsR4RzNO7zE/FmZP5lapds6dAi8QpSBUKNP3Kl9uPSBJSoQnHSvUcO9ZeiqVmhNOs7CaKxpiM8ZD2DBU4pMpLp/EzdGKUPhpE0jyh0VT9vZHiUKlJGJjJPKia93LxP6+X6MGVlzIRJ5oKMjs0SDjSEcq7QH0mKdF8YggmkpmsiIywxESbxsqmBGf+y4ukfV5z6rX6/UW1cV3UUYIjOIZTcOASGnALTWgBgRSe4RXerCfrxXq3PmajS1axcwB/YH3+AOkrlXk=</latexit>

→ Mn→1
<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A <latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i
<latexit sha1_base64="MeVe00/0c6YGbDnbinzAefhh3JI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldlr1Ku1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANSTjPk=</latexit>

j
<latexit sha1_base64="ZbPKWuhq07ziMn6RRwcSj5fuY30="></latexit>

A|i,j| =





a11 · · · a1j · · · a1n
...

...
...

ai1 · · · aij · · · ain
...

...
...

an1 · · · anj · · · ann





<latexit sha1_base64="07yTwTXdmavfJjWPyHG9xRgXh4Q="></latexit>

=





a11 · · · a1,j→1 a1,j+1 · · · a1n
...

...
...

...
ai→1,1 · · · ai→1,j→1 ai→1,j+1 · · · ai→1,n

ai+1,1 · · · ai+1,j→1 ai+1,j+1 · · · ai+1,n
...

...
...

...
an1 · · · an,j→1 an,j+1 · · · ann




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3.1.1 Définition
Définition (par récurrence) 
On définit l’application déterminant 

<latexit sha1_base64="zd7yvYaDaojMQ3otVP4cmsnC6t8="></latexit>

det : Mn →↑ K
A ↓→↑ det(A)

par récurrence : 
• Si , la matrice , et . 
• Si , on pose

<latexit sha1_base64="EedkAPFNbtia24J5BB3Eqqs9DWg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfEluiNcrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmhdVr1atPVxW6rd5HEU4gVM4Bw+uoA730AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/eMeN0w==</latexit>

n = 1
<latexit sha1_base64="UgkFEF8nrkL75SynLsvYgLw1LX8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBDiJeyKRC9C1IvHCOYBSQi9k9lkyOzsMjMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5ceCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOgoUZTVaSQi1fJRM8ElqxtuBGvFimHoC9b0R3dTv/nElOaRfDTjmHVDHEgecIrGSp0bck1K2Es9b3LWKxTdsjsDWSZeRoqQodYrfHX6EU1CJg0VqHXbc2PTTVEZTgWb5DuJZjHSEQ5Y21KJIdPddHbzhJxapU+CSNmShszU3xMphlqPQ992hmiGetGbiv957cQEV92UyzgxTNL5oiARxERkGgDpc8WoEWNLkCpubyV0iAqpsTHlbQje4svLpHFe9irlysNFsXqbxZGDYziBEnhwCVW4hxrUgUIMz/AKb07ivDjvzse8dcXJZo7gD5zPH6RqkCY=</latexit>

A = (a11)
<latexit sha1_base64="5vFfYuAmeqG9kZ3xv4HpZ1q8D2g=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhiEeAm7ItGLEPXiMYJ5QLKE2UknGTL7YKZXDGsO/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cXSaHRtr+thcWl5ZXVzFp2fWNzazu3s1vTYaw4VHkoQ9XwmAYpAqiiQAmNSAHzPQl1b3A99uv3oLQIgzscRuD6rBeIruAMjdTO7bcQHjDpAI4Kl8f0grJ24jijdi5vF+0J6DxxUpInKSrt3FerE/LYhwC5ZFo3HTtCN2EKBZcwyrZiDRHjA9aDpqEB80G7yeT+ET0ySod2Q2UqQDpRf08kzNd66Hum02fY17PeWPzPa8bYPXcTEUQxQsCni7qxpBjScRi0IxRwlENDGFfC3Ep5nynG0USWNSE4sy/Pk9pJ0SkVS7en+fJVGkeGHJBDUiAOOSNlckMqpEo4eSTP5JW8WU/Wi/VufUxbF6x0Zo/8gfX5A2fClRE=</latexit>

det(A) = a11
<latexit sha1_base64="MX/ANPqetn/JC6rsL1Fku/D5UsI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mnGKQUwHkkecUWMlX5Ib4vXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVq1VrD5eV+m0eRxFO4BTOwYMrqMM9NMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPek2N1A==</latexit>

n > 1

<latexit sha1_base64="cv2+dg2SQEgdErUjJJ0vJNYzYIs="></latexit>

det(A) =
n∑

j=1

(→1)1+ja1j det(A|1,j|)

<latexit sha1_base64="F2zetkIMEs3Gckj0Cals1A7dg4o="></latexit>

det(A) = a11 det(A|1,1|)→ a12 det(A|1,2|) + · · ·+ (→1)1+j det(A|1,j|) + · · ·+ (→1)1+na1n det(A|1,n|)
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Remarques 
• (i). Soit  alors  est un scalaire. 
• (ii). On note 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn

<latexit sha1_base64="ajr3yfBRCe/NwYW/qL+uF1epDtU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6rXjxWsB/QhrLZTNqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5fsKZ0o7zbRXW1jc2t4rbpZ3dvf2D8uFRW8WppNiiMY9l1ycKORPY0kxz7CYSSeRz7Pjju5nfeUKpWCwe9SRBLyJDwUJGiTZSpx+grt6cD8oVp+bMYa8SNycVyNEclL/6QUzTCIWmnCjVc51EexmRmlGO01I/VZgQOiZD7BkqSITKy+bnTu0zowR2GEtTQttz9fdERiKlJpFvOiOiR2rZm4n/eb1Uh9dexkSSahR0sShMua1je/a7HTCJVPOJIYRKZm616YhIQrVJqGRCcJdfXiXti5pbr9UfLiuN2zyOIpzAKVTBhStowD00oQUUxvAMr/BmJdaL9W59LFoLVj5zDH9gff4AYmaO9g==</latexit>

det(A)

<latexit sha1_base64="Gz0cVHieaYWiyj65ebLOp1s3MwU=">AAACFXicbZDLSgMxFIYz3q23UZdugkWoIGVGpLoRvGxcKlgtdErJZE7bYCYzJGeEMvQl3Pgqblwo4lZw59uY1llo64GQj/8/h+T8YSqFQc/7cqamZ2bn5hcWS0vLK6tr7vrGjUkyzaHOE5noRsgMSKGgjgIlNFINLA4l3IZ350P/9h60EYm6xn4KrZh1legIztBKbXcviAArp7v0mI4ouAeenw7a/h4NZJSgsXchqd22W/aq3qjoJPgFlElRl233M4gSnsWgkEtmTNP3UmzlTKPgEgalIDOQMn7HutC0qFgMppWPthrQHatEtJNoexTSkfp7ImexMf04tJ0xw54Z94bif14zw85RKxcqzRAU/3mok0mKCR1GRCOhgaPsW2BcC/tXyntMM442yJINwR9feRJu9qt+rVq7OiifnBVxLJAtsk0qxCeH5IRckEtSJ5w8kCfyQl6dR+fZeXPef1qnnGJmk/wp5+MbXBGdHQ==</latexit>

det(A) = det( ωA1, . . . , ωAn)
<latexit sha1_base64="+fjlspLGHU8NGPCatYvLo69xX8I="></latexit>

=

∣∣∣∣∣∣∣∣∣

a11 a12 · · · a1n
a21 a22 · · · a2n
...

...
. . .

...
an1 an2 · · · ann

∣∣∣∣∣∣∣∣∣
• (iii). Si  alors

<latexit sha1_base64="JwfVw03yZEYfpliXCK6DfcSVEIU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKVJdVN26ECvYBTSmT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLZZaOuBgcM593LPHD/mTGnH+bYKa+sbm1vF7dLO7t7+gX141FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7mZ+Z1HKhWLxINOY9oP8UiwgBGsjTSwy1fIYwJ5IdZjgnl2Nx3UBnbFqTpzoFXi5qQCOZoD+8sbRiQJqdCEY6V6rhPrfoalZoTTaclLFI0xmeAR7RkqcEhVP5uHn6JTowxREEnzhEZz9fdGhkOl0tA3k7OQatmbif95vUQHl/2MiTjRVJDFoSDhSEdo1gQaMkmJ5qkhmEhmsiIyxhITbfoqmRLc5S+vknat6tar9fvzSuM6r6MIx3ACZ+DCBTTgFprQAgIpPMMrvFlP1ov1bn0sRgtWvlOGP7A+fwC6tpQ0</latexit>

A → M2
<latexit sha1_base64="HtjG3ENH0CBiPnfiVOaP+vq2mLM="></latexit>

det(A) = a11 det(A|1,1|) + (→1)1+2a12 det(A|1,2|)
<latexit sha1_base64="wM73cnBcAcHzcZFqZpwncDz5LcI=">AAACB3icbVBNS8MwGE79nPWr6lGQ4BC8ONoi04sw9OJxgvuArZQ0S7ewNC1JKozSmxf/ihcPinj1L3jz35h1PejmAwnP+zzvS/I+QcKoVLb9bSwtr6yurVc2zM2t7Z1da2+/LeNUYNLCMYtFN0CSMMpJS1HFSDcRBEUBI51gfDP1Ow9ESBrzezVJiBehIachxUhpybeOzCuI/Mxxcn27bg7PitItSif3rapdswvAReKUpApKNH3rqz+IcRoRrjBDUvYcO1FehoSimJHc7KeSJAiP0ZD0NOUoItLLij1yeKKVAQxjoQ9XsFB/T2QoknISBbozQmok572p+J/XS1V46WWUJ6kiHM8eClMGVQynocABFQQrNtEEYUH1XyEeIYGw0tGZOgRnfuVF0nZrTr1WvzuvNq7LOCrgEByDU+CAC9AAt6AJWgCDR/AMXsGb8WS8GO/Gx6x1yShnDsAfGJ8/Y0eXIg==</latexit>= a11a22 → a12a21

ainsi <latexit sha1_base64="qTSCxVE7DSyu1iB+w04f+uLYuj8="></latexit>∣∣∣∣
a c
b d

∣∣∣∣ = ad→ bc
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• (iv). Si  alors
<latexit sha1_base64="57CZThentoEZWWRJWDovb5VpJu0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlUqsuqGzdCBfuAJpTJdNoOnUzCzEQoof6KGxeKuPVD3Pk3TtostPXAwOGce7lnThBzprTjfFuFldW19Y3iZmlre2d3z94/aKkokYQ2ScQj2QmwopwJ2tRMc9qJJcVhwGk7GN9kfvuRSsUi8aAnMfVDPBRswAjWRurZ5SvkMYG8EOsRwTy9m/bOenbFqTozoGXi5qQCORo9+8vrRyQJqdCEY6W6rhNrP8VSM8LptOQlisaYjPGQdg0VOKTKT2fhp+jYKH00iKR5QqOZ+nsjxaFSkzAwk1lItehl4n9eN9GDSz9lIk40FWR+aJBwpCOUNYH6TFKi+cQQTCQzWREZYYmJNn2VTAnu4peXSeu06taqtfvzSv06r6MIh3AEJ+DCBdThFhrQBAITeIZXeLOerBfr3fqYjxasfKcMf2B9/gC8OpQ1</latexit>

A → M3
<latexit sha1_base64="FONEmihloXfiFOIezdbGueiBhNM="></latexit>

det(A) = a11 det(A|1,1|)→ a12 det(A|1,2|) + a13 det(A|1,3|)
<latexit sha1_base64="JAi3qALl2yIHN9tZB2r5Bo9IFjM="></latexit>

= a11

∣∣∣∣
a22 a23
a32 a33

∣∣∣∣→ a12

∣∣∣∣
a21 a23
a31 a33

∣∣∣∣+ a13

∣∣∣∣
a21 a22
a31 a32

∣∣∣∣
<latexit sha1_base64="4D4XjYv9WO/FmCKDyS7xtoOSM3Q="></latexit>

= a11(a22a33 → a32a23)→ a21(a21a33 → a31a23) + a13(a21a32 → a31a22)
<latexit sha1_base64="XvLBQiT++oqTaCaEFVejJL/w6cE="></latexit>

= a11a22a33 → a11a23a32 → a12a21a33 + a12a23a31 + a13a21a32 → a13a22a31

• (v). Règle de Sarrus pour .
<latexit sha1_base64="57CZThentoEZWWRJWDovb5VpJu0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlUqsuqGzdCBfuAJpTJdNoOnUzCzEQoof6KGxeKuPVD3Pk3TtostPXAwOGce7lnThBzprTjfFuFldW19Y3iZmlre2d3z94/aKkokYQ2ScQj2QmwopwJ2tRMc9qJJcVhwGk7GN9kfvuRSsUi8aAnMfVDPBRswAjWRurZ5SvkMYG8EOsRwTy9m/bOenbFqTozoGXi5qQCORo9+8vrRyQJqdCEY6W6rhNrP8VSM8LptOQlisaYjPGQdg0VOKTKT2fhp+jYKH00iKR5QqOZ+nsjxaFSkzAwk1lItehl4n9eN9GDSz9lIk40FWR+aJBwpCOUNYH6TFKi+cQQTCQzWREZYYmJNn2VTAnu4peXSeu06taqtfvzSv06r6MIh3AEJ+DCBdThFhrQBAITeIZXeLOerBfr3fqYjxasfKcMf2B9/gC8OpQ1</latexit>

A → M3

<latexit sha1_base64="0T2mADSnWBiBsS8Fu1+RTmq9HwM="></latexit>

=a11a22a33 + a12a23a31 + a13a21a32→a11a23a32 → a12a21a33 → a13a22a31
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• (vi). Si  alors  représente l’aire du parallélogramme 
défini par les vecteurs colonnes .

<latexit sha1_base64="JwfVw03yZEYfpliXCK6DfcSVEIU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKVJdVN26ECvYBTSmT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLZZaOuBgcM593LPHD/mTGnH+bYKa+sbm1vF7dLO7t7+gX141FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7mZ+Z1HKhWLxINOY9oP8UiwgBGsjTSwy1fIYwJ5IdZjgnl2Nx3UBnbFqTpzoFXi5qQCOZoD+8sbRiQJqdCEY6V6rhPrfoalZoTTaclLFI0xmeAR7RkqcEhVP5uHn6JTowxREEnzhEZz9fdGhkOl0tA3k7OQatmbif95vUQHl/2MiTjRVJDFoSDhSEdo1gQaMkmJ5qkhmEhmsiIyxhITbfoqmRLc5S+vknat6tar9fvzSuM6r6MIx3ACZ+DCBTTgFprQAgIpPMMrvFlP1ov1bn0sRgtWvlOGP7A+fwC6tpQ0</latexit>

A → M2

<latexit sha1_base64="Ec6YnOlVl9PNW0b1b5J62MjNJRY="></latexit>

|det(A)|
<latexit sha1_base64="84SwMSN+k1Z/eiRjfiag7tAlLAs=">AAACMXicbVDLSgMxFM34tr6qLt0Ei+BCykyR6tLHxmUF+4DOUDLpbRuaeZDcKZZhfsmNfyJuXCji1p8wfYG2Hggczjk3uTl+LIVG236zlpZXVtfWNzZzW9s7u3v5/YOajhLFocojGamGzzRIEUIVBUpoxApY4Euo+/3bkV8fgNIiCh9wGIMXsG4oOoIzNFIrf5e640uaqut7qV20xzhbIJk7AJ5eZy2HugiPmFJAmtGZWspa+cIsSxeJMyUFMkWllX9x2xFPAgiRS6Z107Fj9FKmUHAJWc5NNMSM91kXmoaGLADtpeNlM3pilDbtRMqcEOlY/T2RskDrYeCbZMCwp+e9kfif10ywc+mlIowThJBPHuokkmJER/XRtlDAUQ4NYVwJsyvlPaYYR1NyzpTgzH95kdRKRadcLN+fF65upnVskCNyTE6JQy7IFbkjFVIlnDyRV/JOPqxn6836tL4m0SVrOnNI/sD6/gH6uKXv</latexit>

ωA1 et ωA2
<latexit sha1_base64="CLr2UNqbNvaBkuVTqNmIvW4/ho0="></latexit>

1 2 3 4

1

2

3

4

ωA1

ωA2

diagonale

| det( ωA1, ωA2)|
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• (vii). Si  alors  représente le volume du volume 
du parallélépipède défini par les vecteurs colonnes .

<latexit sha1_base64="57CZThentoEZWWRJWDovb5VpJu0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlUqsuqGzdCBfuAJpTJdNoOnUzCzEQoof6KGxeKuPVD3Pk3TtostPXAwOGce7lnThBzprTjfFuFldW19Y3iZmlre2d3z94/aKkokYQ2ScQj2QmwopwJ2tRMc9qJJcVhwGk7GN9kfvuRSsUi8aAnMfVDPBRswAjWRurZ5SvkMYG8EOsRwTy9m/bOenbFqTozoGXi5qQCORo9+8vrRyQJqdCEY6W6rhNrP8VSM8LptOQlisaYjPGQdg0VOKTKT2fhp+jYKH00iKR5QqOZ+nsjxaFSkzAwk1lItehl4n9eN9GDSz9lIk40FWR+aJBwpCOUNYH6TFKi+cQQTCQzWREZYYmJNn2VTAnu4peXSeu06taqtfvzSv06r6MIh3AEJ+DCBdThFhrQBAITeIZXeLOerBfr3fqYjxasfKcMf2B9/gC8OpQ1</latexit>

A → M3

<latexit sha1_base64="Ec6YnOlVl9PNW0b1b5J62MjNJRY="></latexit>

|det(A)|
<latexit sha1_base64="5lxCvp7W9kDefiTHoXnqwTSu02Y="></latexit>

ωA1, ωA2, et ωA3

<latexit sha1_base64="+f4trBmtPyYsLAh+vIYq8JR2Tto="></latexit>

ωA1

ωA2

ωA3

| det( ωA1, ωA2, ωA3)|
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Proposition  
(i) Soit  triangulaire inférieure 

  

(iii) Soit  diagonale 

  
(iv) Matrice identité : . 
(v)  

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn
<latexit sha1_base64="ijAS2mqgoxeMqdtg7wQ0A3n5Fq0="></latexit>

A =





a11 0 0 · · · 0
a21 a22 0 · · · 0
a31 a32 a33 · · · 0
...

...
...

. . .
...

an1 an2 an3 · · · ann





<latexit sha1_base64="/Glm+9nZRPvZS3FRvumGLwtxFXA="></latexit>

D → Mn
<latexit sha1_base64="RpIq0Yxid/knaMmG6eJp1zfVDp8="></latexit>

D =





d1 0 0 · · · 0
0 d2 0 · · · 0
0 0 d3 · · · 0
...

...
...

. . .
...

0 0 0 · · · dn





<latexit sha1_base64="4PNEzIhJaT4meU0D6ExffTV2NuM="></latexit>

det(In) = 1
<latexit sha1_base64="vg0bKOEQkA9xuyXy5Q7Y2gQNlE4="></latexit>

det(Ā) = det(A).

<latexit sha1_base64="DLv2gd93L/pYtJMQA8NAVavm5rw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEi1E1JRKqbQtWNywr2Ak0Mk8mkHTqZhJmJUEJ2bnwVNy4UcesruPNtnF4W2vrDwMd/zuHM+f2EUaks69soLC2vrK4V10sbm1vbO+buXlvGqcCkhWMWi66PJGGUk5aiipFuIgiKfEY6/vB6XO88ECFpzO/UKCFuhPqchhQjpS3PPHQCoiqXJ7AOnUTEgZfRup3fc4g00dwzy1bVmggugj2DMpip6ZlfThDjNCJcYYak7NlWotwMCUUxI3nJSSVJEB6iPulp5Cgi0s0md+TwWDsBDGOhH1dw4v6eyFAk5SjydWeE1EDO18bmf7VeqsILN6M8SRXheLooTBlUMRyHAgMqCFZspAFhQfVfIR4ggbDS0ZV0CPb8yYvQPq3atWrt9qzcuJrFUQQH4AhUgA3OQQPcgCZoAQwewTN4BW/Gk/FivBsf09aCMZvZB39kfP4AIXeYPw==</latexit>

det(A) =
n∏

i=1

aiialors

alors
<latexit sha1_base64="xtObtdciPaJR7jv43H3Hy0btSi4="></latexit>

det(D) =
n∏

i=1

di
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3.1.2 Déterminant d’une famille de vecteurs

Définition. Soit  un  ev de  et  une 
base de . Soient . On note par , 
les composantes des vecteurs   dans la base . Alors,

<latexit sha1_base64="/bFpUppLdU61z/NK36hYLCD/SCc="></latexit>

E
<latexit sha1_base64="h9tFRYmk9bZS/I+w6pkT4Tzpv+c="></latexit>K

<latexit sha1_base64="3JPF4QV8tlKwl2lDL3/ZwL6U+dA=">AAAB+nicbVBNS8NAEN34WetXq0cvi0Wol5KIVC9CUQSPFewHtKFsNpt26W4Sdidqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmnhcLrsG2v62l5ZXVtfXcRn5za3tnt1Dca+ooUZQ1aCQi1faIZoKHrAEcBGvHihHpCdbyhlcTv3XPlOZReAejmLmS9EMecErASL1CsQvsEVKfy3H5+hhfYKOV7Io9BV4kTkZKKEO9V/jq+hFNJAuBCqJ1x7FjcFOigFPBxvluollM6JD0WcfQkEim3XR6+hgfGcXHQaRMhYCn6u+JlEitR9IznZLAQM97E/E/r5NAcO6mPIwTYCGdLQoSgSHCkxywzxWjIEaGEKq4uRXTAVGEgkkrb0Jw5l9eJM2TilOtVG9PS7XLLI4cOkCHqIwcdIZq6AbVUQNR9ICe0St6s56sF+vd+pi1LlnZzD76A+vzBwZIkzQ=</latexit>

dim(E) = n
<latexit sha1_base64="azQzij1HymVx21Nabft7NfNkeSE=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwIXVGpLoRiiK4rGAf0Cklk962oZnMkGQKZZjPcOOvuHGhiNvu/BvTdhbaeiDkcM69JOf4EWdKO863lVtZXVvfyG8WtrZ3dvfs/YO6CmNJoUZDHsqmTxRwJqCmmebQjCSQwOfQ8Id3U78xAqlYKJ70OIJ2QPqC9Rgl2kgd+xx7AdEDSnhyn+Ib7CXeCGgCacc9wx7vhlqZO5OEl3bsolNyZsDLxM1IEWWoduyJ1w1pHIDQlBOlWq4T6XZCpGaUQ1rwYgURoUPSh5ahggSg2sksWIpPjNLFvVCaIzSeqb83EhIoNQ58MzlNoRa9qfif14p177qdMBHFGgSdP9SLOdYhnraEu0wC1XxsCKGSmb9iOiCSUG26LJgS3MXIy6R+UXLLpfLjZbFym9WRR0foGJ0iF12hCnpAVVRDFD2jV/SOPqwX6836tL7mozkr2zlEf2BNfgDXSJ+x</latexit>

E = {ωe1, . . . ,ωen}
<latexit sha1_base64="/bFpUppLdU61z/NK36hYLCD/SCc="></latexit>

E
<latexit sha1_base64="I7TDVkfIgSGr4HfSZM9tRWTvMUk=">AAACC3icbVDLSgMxFM3UV62vUZduQovgQsqMSHVZFMFlBfuAzjBkMmkbmkmGJFMsQ/du/BU3LhRx6w+4829M21lo64HLPZxzL8k9YcKo0o7zbRVWVtfWN4qbpa3tnd09e/+gpUQqMWliwYTshEgRRjlpaqoZ6SSSoDhkpB0Or6d+e0SkooLf63FC/Bj1Oe1RjLSRArvsjQjOHiaBewo9FgmtTM8lDj3K4U1gV5yqMwNcJm5OKiBHI7C/vEjgNCZcY4aU6rpOov0MSU0xI5OSlyqSIDxEfdI1lKOYKD+b3TKBx0aJYE9IU1zDmfp7I0OxUuM4NJMx0gO16E3F/7xuqnuXfkZ5kmrC8fyhXsqgFnAaDIyoJFizsSEIS2r+CvEASYS1ia9kQnAXT14mrbOqW6vW7s4r9as8jiI4AmVwAlxwAergFjRAE2DwCJ7BK3iznqwX6936mI8WrHznEPyB9fkD2iSaTQ==</latexit>

ωx1, . . . , ωxn → E
<latexit sha1_base64="s6ReFzPaebDuUoTKrzKgXqzIthQ=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwUUoiUl0W3bgRKtgHNCFMJtN26GQSZiaFEvIdbvwVNy4UcSdu/BsnbQRtPXDhcM693HuPHzMqlWV9GaWV1bX1jfJmZWt7Z3fP3D/oyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcfX+d+d0KEpBG/V9OYuCEacjqgGCkteabtTAhOe5ln16DDgkhJ+KNw6FBdIVIjjFh6m3kpr9mZZ1atujUDXCZ2QaqgQMszP5wgwklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15SjkEg3nb2WwROtBHAQCV1cwZn6eyJFoZTT0Ned+aFy0cvF/7x+ogaXbkp5nCjC8XzRIGFQRTDPCQZUEKzYVBOEBdW3QjxCAmGl06zoEOzFl5dJ56xuN+qNu/Nq86qIowyOwDE4BTa4AE1wA1qgDTB4AE/gBbwaj8az8Wa8z1tLRjFzCP7A+PwG5mSgzw==</latexit>

ωX1, . . . ωXn → Mn,1
<latexit sha1_base64="u25D4VEz1ld8kl1nWxB69siY+mM=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJkRqS6LblxWsA/oDEMmk2lDM8mQZIpl6MqNv+LGhSJu/QZ3/o1pOwttPXC5h3PuJbknTBlV2nG+raXlldW19dJGeXNre2fX3ttvKZFJTJpYMCE7IVKEUU6ammpGOqkkKAkZaYeDm4nfHhKpqOD3epQSP0E9TmOKkTZSYB95Q4Lzh3HgnkGPRUIr0wuJw8CuOFVnCrhI3IJUQIFGYH95kcBZQrjGDCnVdZ1U+zmSmmJGxmUvUyRFeIB6pGsoRwlRfj49YwxPjBLBWEhTXMOp+nsjR4lSoyQ0kwnSfTXvTcT/vG6m4ys/pzzNNOF49lCcMagFnGQCIyoJ1mxkCMKSmr9C3EcSYW2SK5sQ3PmTF0nrvOrWqrW7i0r9uoijBA7BMTgFLrgEdXALGqAJMHgEz+AVvFlP1ov1bn3MRpesYucA/IH1+QN8XpiD</latexit>

ωx1, . . . , ωxn
<latexit sha1_base64="czqcUsY0lBu3KXqoTUUpIorIoGc=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WVRBJcV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLa+sbmVnm7srO7t39QPTzqGJVqytpUCaV7ITFMcMnawEGwXqIZiUPBuuHkNve7T0wbruQjTBMWxGQkecQpASv5/ZjAmBKR3c0G1Zpbd+fAq8QrSA0VaA2qX/2homnMJFBBjPE9N4EgIxo4FWxW6aeGJYROyIj5lkoSMxNk88gzfGaVIY6Utk8Cnqu/NzISGzONQzuZRzTLXi7+5/kpRNdBxmWSApN08VGUCgwK5/fjIdeMgphaQqjmNiumY6IJBdtSxZbgLZ+8SjoXda9Rbzxc1po3RR1ldIJO0Tny0BVqonvUQm1EkULP6BW9OeC8OO/Ox2K05BQ7x+gPnM8fefSRZg==</latexit>

E

Exemple. (au tableau)

<latexit sha1_base64="N69l2jU/6lVhGSgP+gKMUi22Meg=">AAACMXicbVDLSgMxFM34rPVVdekmWAQFKTMi1Y1QdONSwdZCp5RM5laDmcyQ3CmWob/kxj8RN10o4tafMG0HfNQDIYdzziW5J0ikMOi6Q2dmdm5+YbGwVFxeWV1bL21sNkycag51HstYNwNmQAoFdRQooZloYFEg4Sa4Px/5Nz3QRsTqGvsJtCN2q0RXcIZW6pQu/BBwz+8Bzx4GHe+A+jKM0dg7l9Q+PaXfoeZ0qDkKVTqlsltxx6DTxMtJmeS47JSe/TDmaQQKuWTGtDw3wXbGNAouYVD0UwMJ4/fsFlqWKhaBaWfjjQd01yoh7cbaHoV0rP6cyFhkTD8KbDJieGf+eiPxP6+VYveknQmVpAiKTx7qppJiTEf10VBo4Cj7ljCuhf0r5XdMM4625KItwfu78jRpHFa8aqV6dVSuneV1FMg22SF7xCPHpEYuyCWpE04eyQt5JW/OkzN03p2PSXTGyWe2yC84n1/3xKjb</latexit>

det(ωx1, . . . , ωxn) = det( ωX1, . . . , ωXn).
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3.1.3 Déterminant : forme multilinéaire 
Théorème (3.1.1). Le déterminant est une fonction multilinéaire, 
c’est à dire linéaire par rapport à chaque colonne : 

, on a  
 

et  

<latexit sha1_base64="PehLz+m8tFziDJq+xDHPHfHvlrQ=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KGVGpLqS0m4EESrYB3SGcidN29BMZkgyQhn6N278FTeCiujSPzF9iNp6IHA4596be48fcaa0bX9YqaXlldW19HpmY3Nreye7u1dXYSwJrZGQh7Lpg6KcCVrTTHPajCSFwOe04Q8qY79xR6ViobjVw4h6AfQE6zIC2kjt7IXbDSVwjl1umjqAXSawG4Du+35yNcrjb7+cx5UfkwBPrkdtMyBnF+wJ8CJxZiSHZqi2s89uJyRxQIUmHJRqOXakvQSkZoTTUcaNFY2ADKBHW4YKCKjyksmdI3xklA42C5knNJ6ovzsSCJQaBr6pHC+p5r2x+J/XinX33EuYiGJNBZl+1I051iEeh4Y7TFKi+dAQIJKZXTHpgwSiTbQZE4Izf/IiqZ8UnGKheHOaK5VncaTRATpEx8hBZ6iELlEV1RBB9+gRvaBX68F6st6s92lpypr17KM/sD6/AJvhpS8=</latexit>

→ω ↑ K, →B,C ↑ Mn
<latexit sha1_base64="KCa16l7YJh+MF14R9srH/lwpGss="></latexit>

det( ωA1, . . . , ωAj→1,ε ωAj , ωAj+1, . . . , ωAn) = ε det( ωA1, . . . , ωAj→1, ωAj , ωAj+1, . . . , ωAn)

<latexit sha1_base64="n3oKrJRyyvIF3/vItd3fV0HQ1eo="></latexit>

det( ωA1, . . . , ωAj→1, ωB + ωC, ωAj+1 . . . , ωAn) = det( ωA1, . . . , ωAj→1, ωB, ωAj+1, . . . , ωAn)

+det( ωA1, . . . , ωAj→1, ωC, ωAj+1, . . . , ωAn)

Preuve. La preuve se fait par récurrence sur la dimension de la matrice. 

Proposition (3.1.2). 
(i). Soit  et  alors . 
(ii). Si une colonne de  est nulle alors .

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn
<latexit sha1_base64="WYe2tIaDUMpg2Hl+M7V50B3wSH4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURqS6LbgQ3FewDmlAm00k7dDIJMxOhxC78FTcuFHHrb7jzb5y0WWjrgYHDuedyz5wg4Uxpx/m2lpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0nc/bD1QqFot7PU6oH+GBYCEjWBupZx963Jj7GHlMIC/CehgE2e2kZ1ecqjMFWiRuQSpQoNGzv7x+TNKICk04VqrrOon2Myw1I5xOyl6qaILJCA9o11CBI6r8bJp/gk6M0kdhLM0TGk3V3xsZjpQaR4Fx5gnV/CwX/5t1Ux1e+hkTSaqpILNDYcqRjlFeBuozSYnmY0MwkcxkRWSIJSbaVFY2JbjzX14krbOqW6vW7s4r9auijhIcwTGcggsXUIcbaEATCDzCM7zCm/VkvVjv1sfMumQVOwfwB9bnD4bLlc8=</latexit>

ω → K
<latexit sha1_base64="E/qWh981MKQVWBtNODbIVZFem+c=">AAACDHicbVDLTgIxFO3gC/GFunTTSExgQ2aMQTcmoBuXmMgjASSdToGGTmfS3jEhEz7Ajb/ixoXGuPUD3Pk3lmEWCp6kyek596S9xw0F12Db31ZmZXVtfSO7mdva3tndy+8fNHUQKcoaNBCBartEM8ElawAHwdqhYsR3BWu54+uZ33pgSvNA3sEkZD2fDCUfcErASP18oesxKHaFSXgE10r4EqeXe4kTr1YyU3bZToCXiZOSAkpR7+e/ul5AI59JoIJo3XHsEHoxUcCpYNNcN9IsJHRMhqxjqCQ+0704WWaKT4zi4UGgzJGAE/V3Iia+1hPfNZM+gZFe9Gbif14ngsFFL+YyjIBJOn9oEAkMAZ41gz2uGAUxMYRQxc1fMR0RRSiY/nKmBGdx5WXSPC07lXLl9qxQvUrryKIjdIyKyEHnqIpuUB01EEWP6Bm9ojfryXqx3q2P+WjGSjOH6A+szx+ThJlt</latexit>

det(ωA) = ωn det(A)
<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A
<latexit sha1_base64="4tvMzXkAIbNxsXizH05jO8nVgNI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVC9C1YvHCvYDtkvJZrNtaDZZklmhlP4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wFN+C6387K6tr6xmZhq7i9s7u3Xzo4bBmVacqaVAmlOyExTHDJmsBBsE6qGUlCwdrh8G7qt5+YNlzJRxilLEhIX/KYUwJW8rsRg8rNGb7Gbq9UdqvuDHiZeDkpoxyNXumrGymaJUwCFcQY33NTCMZEA6eCTYrdzLCU0CHpM99SSRJmgvHs5Ak+tUqEY6VtScAz9ffEmCTGjJLQdiYEBmbRm4r/eX4G8VUw5jLNgEk6XxRnAoPC0/9xxDWjIEaWEKq5vRXTAdGEgk2paEPwFl9eJq3zqler1h4uyvXbPI4COkYnqII8dInq6B41UBNRpNAzekVvDjgvzrvzMW9dcfKZI/QHzucPBiqPyw==</latexit>

det(A) = 0

 Preuve. (au tableau). 
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3.1.4 Propriétés de déterminant liées au colonnes 
adjacentes
Proposition (3.1.3). Soit  

(i) Si deux colonnes adjacentes sont égales,  , le déterminant 
. 

(ii) Si on échange entre elles deux colonnes adjacentes, le déterminant change de 
signe 
 
 
 . 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn
<latexit sha1_base64="a6K18rLW6oY5FCAv29zdMECRW+A=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyCIJQZkepGqLpxWcE+oB2GTJq2sZkHSaZQhlm48VfcuFDErR/hzr8xbQfU1gMXTs65l9x7vIgzqSzry8gtLa+sruXXCxubW9s75u5eQ4axILROQh6Klocl5SygdcUUp61IUOx7nDa94fXEb46okCwM7tQ4oo6P+wHrMYKVllyz2BlRklymbnKfogv08zq2U9csWWVrCrRI7IyUIEPNNT873ZDEPg0U4VjKtm1FykmwUIxwmhY6saQRJkPcp21NA+xT6STTI1J0qJUu6oVCV6DQVP09kWBfyrHv6U4fq4Gc9ybif147Vr1zJ2FBFCsakNlHvZgjFaJJIqjLBCWKjzXBRDC9KyIDLDBROreCDsGeP3mRNE7KdqVcuT0tVa+yOPJQhAM4AhvOoAo3UIM6EHiAJ3iBV+PReDbejPdZa87IZvbhD4yPbx6nl8U=</latexit>

ωAj = ωAj+1
<latexit sha1_base64="4tvMzXkAIbNxsXizH05jO8nVgNI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVC9C1YvHCvYDtkvJZrNtaDZZklmhlP4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wFN+C6387K6tr6xmZhq7i9s7u3Xzo4bBmVacqaVAmlOyExTHDJmsBBsE6qGUlCwdrh8G7qt5+YNlzJRxilLEhIX/KYUwJW8rsRg8rNGb7Gbq9UdqvuDHiZeDkpoxyNXumrGymaJUwCFcQY33NTCMZEA6eCTYrdzLCU0CHpM99SSRJmgvHs5Ak+tUqEY6VtScAz9ffEmCTGjJLQdiYEBmbRm4r/eX4G8VUw5jLNgEk6XxRnAoPC0/9xxDWjIEaWEKq5vRXTAdGEgk2paEPwFl9eJq3zqler1h4uyvXbPI4COkYnqII8dInq6B41UBNRpNAzekVvDjgvzrvzMW9dcfKZI/QHzucPBiqPyw==</latexit>

det(A) = 0

<latexit sha1_base64="a9IcKDs6Cibf711X0/0OXQgK/VA="></latexit>

det( ωA1, . . . , ωAj , ωAj+1, . . . , ωAn) = → det( ωA1, . . . , ωAj+1, ωAj , . . . , ωAn)

Preuve. La preuve se fait par récurrence sur la dimension de la matrice. 
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Théorème (3.1.2). Soit  

(i) Si deux colonnes sont égales,  , le déterminant . 

(ii) Si on échange entre elles deux colonnes , le déterminant change de signe 
 . 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn
<latexit sha1_base64="foG9TYo3NR9fBPVlM9Wj4rAOxiM=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiUt0IVTcuK9gHtCFMppN27OTBzKRQQnDjr7hxoYhbv8Kdf+O0DaLVAxfOnHMvc+/xYs6ksqxPo7CwuLS8Ulwtra1vbG6Z2ztNGSWC0AaJeCTaHpaUs5A2FFOctmNBceBx2vKGVxO/NaJCsii8VeOYOgHuh8xnBCstueZed0RJepG56V2GztH3a5i5ZtmqWFOgv8TOSRly1F3zo9uLSBLQUBGOpezYVqycFAvFCKdZqZtIGmMyxH3a0TTEAZVOOj0hQ4da6SE/ErpChabqz4kUB1KOA093BlgN5Lw3Ef/zOonyz5yUhXGiaEhmH/kJRypCkzxQjwlKFB9rgolgeldEBlhgonRqJR2CPX/yX9I8rtjVSvXmpFy7zOMowj4cwBHYcAo1uIY6NIDAPTzCM7wYD8aT8Wq8zVoLRj6zC79gvH8BN26XVg==</latexit>

ωAj = ωAk
<latexit sha1_base64="4tvMzXkAIbNxsXizH05jO8nVgNI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVC9C1YvHCvYDtkvJZrNtaDZZklmhlP4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wFN+C6387K6tr6xmZhq7i9s7u3Xzo4bBmVacqaVAmlOyExTHDJmsBBsE6qGUlCwdrh8G7qt5+YNlzJRxilLEhIX/KYUwJW8rsRg8rNGb7Gbq9UdqvuDHiZeDkpoxyNXumrGymaJUwCFcQY33NTCMZEA6eCTYrdzLCU0CHpM99SSRJmgvHs5Ak+tUqEY6VtScAz9ffEmCTGjJLQdiYEBmbRm4r/eX4G8VUw5jLNgEk6XxRnAoPC0/9xxDWjIEaWEKq5vRXTAdGEgk2paEPwFl9eJq3zqler1h4uyvXbPI4COkYnqII8dInq6B41UBNRpNAzekVvDjgvzrvzMW9dcfKZI/QHzucPBiqPyw==</latexit>

det(A) = 0

<latexit sha1_base64="HeCiGfyDjnemzpXFD7mYe8vQo8c="></latexit>

det( ωA1, . . . , ωAj , . . . , ωAk, . . . , ωAn) = → det( ωA1, . . . , ωAk, . . . , ωAj , . . . , ωAn)

3.1.5 Propriétés de déterminant liées au colonnes

Preuve. (au tableau). 

Théorème (3.1.3). Le déterminant de  ne change pas, si à une colonne 
on ajoute une combinaison linéaires des autres colonnes.

 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn

<latexit sha1_base64="+EqpSZM7bdglLIo1JBZou3G+uhQ="></latexit>

→j, →(ωk)k →=j ↑ Kn↑1,

det
(
εA1, . . . , εAj +

∑

k →=j

ωk
εAk, . . . , εAn

)
= det( εA1, . . . , εAj , . . . , εAn) = det(A).

Preuve. (au tableau). 
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Théorème (3.1.4). Soit , . 
<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn

<latexit sha1_base64="xp0NQtDeLG7DE/+wuqDRN74LH4c=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBah3ZREpLoRqm5cVrAPaGKZTKbt0MmDmRuhhIIbf8WNC0Xc+hPu/BuTNgttPXDhcM693HuPGwmuwDS/tcLS8srqWnFd39jc2t4xdvdaKowlZU0ailB2XKKY4AFrAgfBOpFkxHcFa7uj68xvPzCpeBjcwThijk8GAe9zSiCVesaBbnsMypf3iQ1hNKngCzwTKnrPKJlVcwq8SKyclFCORs/4sr2Qxj4LgAqiVNcyI3ASIoFTwSa6HSsWEToiA9ZNaUB8ppxk+sMEH6eKh/uhTCsAPFV/TyTEV2rsu2mnT2Co5r1M/M/rxtA/dxIeRDGwgM4W9WOBIcRZINjjklEQ45QQKnl6K6ZDIgmFNLYsBGv+5UXSOqlatWrt9rRUv8rjKKJDdITKyEJnqI5uUAM1EUWP6Bm9ojftSXvR3rWPWWtBy2f20R9onz+1zZWm</latexit>

det(A→) = det(A)

3.1.6 Propriétés de déterminant liées aux lignes

Théorème (3.1.5). Soit , 
(i) Le déterminant est une fonction multilinéaire de chacune des lignes. 

(ii) S’il  alors . 
(iii) Si l’on change deux lignes,  change de signe. 
(iv) Le déterminant ne change pas, si à une ligne on ajoute une combinaison 
linéaires des autres lignes. 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn

<latexit sha1_base64="UTUncQPFRNQhQx7BZ/l/JKh3awM="></latexit>

→i, l ↑ {1, . . . , n}, tq. ωLi = ωLl
<latexit sha1_base64="4tvMzXkAIbNxsXizH05jO8nVgNI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVC9C1YvHCvYDtkvJZrNtaDZZklmhlP4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wFN+C6387K6tr6xmZhq7i9s7u3Xzo4bBmVacqaVAmlOyExTHDJmsBBsE6qGUlCwdrh8G7qt5+YNlzJRxilLEhIX/KYUwJW8rsRg8rNGb7Gbq9UdqvuDHiZeDkpoxyNXumrGymaJUwCFcQY33NTCMZEA6eCTYrdzLCU0CHpM99SSRJmgvHs5Ak+tUqEY6VtScAz9ffEmCTGjJLQdiYEBmbRm4r/eX4G8VUw5jLNgEk6XxRnAoPC0/9xxDWjIEaWEKq5vRXTAdGEgk2paEPwFl9eJq3zqler1h4uyvXbPI4COkYnqII8dInq6B41UBNRpNAzekVvDjgvzrvzMW9dcfKZI/QHzucPBiqPyw==</latexit>

det(A) = 0
<latexit sha1_base64="ajr3yfBRCe/NwYW/qL+uF1epDtU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6rXjxWsB/QhrLZTNqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5fsKZ0o7zbRXW1jc2t4rbpZ3dvf2D8uFRW8WppNiiMY9l1ycKORPY0kxz7CYSSeRz7Pjju5nfeUKpWCwe9SRBLyJDwUJGiTZSpx+grt6cD8oVp+bMYa8SNycVyNEclL/6QUzTCIWmnCjVc51EexmRmlGO01I/VZgQOiZD7BkqSITKy+bnTu0zowR2GEtTQttz9fdERiKlJpFvOiOiR2rZm4n/eb1Uh9dexkSSahR0sShMua1je/a7HTCJVPOJIYRKZm616YhIQrVJqGRCcJdfXiXti5pbr9UfLiuN2zyOIpzAKVTBhStowD00oQUUxvAMr/BmJdaL9W59LFoLVj5zDH9gff4AYmaO9g==</latexit>

det(A)

Preuve. Appliquer les résultats précédents à la matrice transposée . 
<latexit sha1_base64="1utnxUo0YZ9X7eTEXwzX/BpjJno=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9RLx4jmAcka5idzCZjZneWmV4hLPkHLx4U8er/ePNvnDwOmljQUFR1090VJFIYdN1vJ7eyura+kd8sbG3v7O4V9w8aRqWa8TpTUulWQA2XIuZ1FCh5K9GcRoHkzWB4M/GbT1wboeJ7HCXcj2g/FqFgFK3UuHrooEq6xZJbdqcgy8SbkxLMUesWvzo9xdKIx8gkNabtuQn6GdUomOTjQic1PKFsSPu8bWlMI278bHrtmJxYpUdCpW3FSKbq74mMRsaMosB2RhQHZtGbiP957RTDSz8TcZIij9lsUZhKgopMXic9oTlDObKEMi3srYQNqKYMbUAFG4K3+PIyaZyVvUq5cndeql7P48jDERzDKXhwAVW4hRrUgcEjPMMrvDnKeXHenY9Za86ZzxzCHzifP3APjw8=</latexit>

A→

<latexit sha1_base64="08bPigXyzRuHUXJJ2xSJCJyXWqY="></latexit>

A =





ωL1
ωL2
...
ωLn




=





a11 a12 · · · a1n
a21 a22 · · · a2n
...

...
. . .

...
an1 an2 · · · ann




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Proposition (3.1.6). Soit , triangulaire supérieure 

           . 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn
<latexit sha1_base64="JiwMNtuqaeHQMwIMTH/2Fa3e0tw="></latexit>

A =





a11 a12 a13 · · · a1n
0 a22 a23 · · · a2n
0 0 a33 · · · a3n
...

...
...

. . .
...

0 0 0 · · · ann





<latexit sha1_base64="DLv2gd93L/pYtJMQA8NAVavm5rw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEi1E1JRKqbQtWNywr2Ak0Mk8mkHTqZhJmJUEJ2bnwVNy4UcesruPNtnF4W2vrDwMd/zuHM+f2EUaks69soLC2vrK4V10sbm1vbO+buXlvGqcCkhWMWi66PJGGUk5aiipFuIgiKfEY6/vB6XO88ECFpzO/UKCFuhPqchhQjpS3PPHQCoiqXJ7AOnUTEgZfRup3fc4g00dwzy1bVmggugj2DMpip6ZlfThDjNCJcYYak7NlWotwMCUUxI3nJSSVJEB6iPulp5Cgi0s0md+TwWDsBDGOhH1dw4v6eyFAk5SjydWeE1EDO18bmf7VeqsILN6M8SRXheLooTBlUMRyHAgMqCFZspAFhQfVfIR4ggbDS0ZV0CPb8yYvQPq3atWrt9qzcuJrFUQQH4AhUgA3OQQPcgCZoAQwewTN4BW/Gk/FivBsf09aCMZvZB39kfP4AIXeYPw==</latexit>

det(A) =
n∏

i=1

aii

Preuve. est  triangulaire inférieure. 
<latexit sha1_base64="1utnxUo0YZ9X7eTEXwzX/BpjJno=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9RLx4jmAcka5idzCZjZneWmV4hLPkHLx4U8er/ePNvnDwOmljQUFR1090VJFIYdN1vJ7eyura+kd8sbG3v7O4V9w8aRqWa8TpTUulWQA2XIuZ1FCh5K9GcRoHkzWB4M/GbT1wboeJ7HCXcj2g/FqFgFK3UuHrooEq6xZJbdqcgy8SbkxLMUesWvzo9xdKIx8gkNabtuQn6GdUomOTjQic1PKFsSPu8bWlMI278bHrtmJxYpUdCpW3FSKbq74mMRsaMosB2RhQHZtGbiP957RTDSz8TcZIij9lsUZhKgopMXic9oTlDObKEMi3srYQNqKYMbUAFG4K3+PIyaZyVvUq5cndeql7P48jDERzDKXhwAVW4hRrUgcEjPMMrvDnKeXHenY9Za86ZzxzCHzifP3APjw8=</latexit>

A→

3.1.7 Calcul pratique de détérminant
Définition. Soit . On appelle cofacteur de l’élément 

 le scalaire 

<latexit sha1_base64="eb76a1QKIYbgwlB/AmauHRcSB9I=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxCBSmJSHUjVN24rGAv0IYwmU7aaSeTODMRSsjWja/ixoUibn0Dd76N0zQLbf1h4OM/53Dm/F7EqFSW9W0sLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3uh6Um89ECFpyO/UOCJOgPqc+hQjpS3XhJfwApaRm9BheuQmdpeRe0iPhzADnkLXLFkVKxOcBzuHEshVd82vbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniE+qSjkaOASCfJLknhoXZ60A+FflzBzP09kaBAynHg6c4AqYGcrU3M/2qdWPnnTkJ5FCvC8XSRHzOoQjiJBfaoIFixsQaEBdV/hXiABMJKh1fUIdizJ89D86RiVyvV29NS7SqPowD2wQEoAxucgRq4AXXQABg8gmfwCt6MJ+PFeDc+pq0LRj6zB/7I+PwBXf+YQQ==</latexit>

A = (aij)1→i,j→n
<latexit sha1_base64="r8kufWKMxursuxz/IJ+PPm26MUw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmBhIljA7mU0mmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNLtCBvKmaRNyyyn7URTLCJOH6Px7cx/fKLaMCUf7CShocADyWJGsHVSC/cyNpr2yhW/6s+BVkmQkwrkaPTKX92+Iqmg0hKOjekEfmLDDGvLCKfTUjc1NMFkjAe046jEgpowm187RWdO6aNYaVfSorn6eyLDwpiJiFynwHZolr2Z+J/XSW18HWZMJqmlkiwWxSlHVqHZ66jPNCWWTxzBRDN3KyJDrDGxLqCSCyFYfnmVtC6qQa1au7+s1G/yOIpwAqdwDgFcQR3uoAFNIDCCZ3iFN095L96797FoLXj5zDH8gff5A81pj0w=</latexit>aij

<latexit sha1_base64="4zPHxBOmVpoJ1e0UEO/3o5DBMjI="></latexit>

Cof(aij) = (→1)i+j det(A|i,j|).

alors

Théorème (3.1.6). Soit , on a les formules suivantes : 
(i) Développement suivant la  ligne :  

. 
(ii) Développement suivant la  colonne : 

 

<latexit sha1_base64="x20QzfsWreWXmAYsAPFWNOOPl6U=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUlEqsuqGzdCBfuAJpTJdNIOnUzCzEQIof6KGxeKuPVD3Pk3TtostHpg4HDOvdwzx485U9q2v6zSyura+kZ5s7K1vbO7V90/6KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn17nfu+BSsUica/TmHohHgsWMIK1kYbV2iVymUBuiPWEYJ7dzoZGrdsNew70lzgFqUOB9rD66Y4ikoRUaMKxUgPHjrWXYakZ4XRWcRNFY0ymeEwHhgocUuVl8/AzdGyUEQoiaZ7QaK7+3MhwqFQa+mYyD6mWvVz8zxskOrjwMibiRFNBFoeChCMdobwJNGKSEs1TQzCRzGRFZIIlJtr0VTElOMtf/ku6pw2n2WjendVbV0UdZTiEIzgBB86hBTfQhg4QSOEJXuDVerSerTfrfTFasoqdGvyC9fENFbWUcA==</latexit>

A → Mn
<latexit sha1_base64="v0yV5kRVfB1VKz6XS7tAf9YO954=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgxjIjUl0W3bisYB/QDiWTZtrQJDMkGbEMBTf+ihsXirj1J9z5B36GaTsLbT0h4eSce0nuCWLOtHHdLye3tLyyupZfL2xsbm3vFHf3GjpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw6uJ37yjSrNI3ppRTH2B+5KFjGBjJQnILgYdMEDh3p4pnMA3CHsbd4slt+xOgRaJl5ESZKh1i5+dXkQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3adtSiQXVfjqdYYyOrNJDYaTslgZN1d8dKRZaj0RgKwU2Az3vTcT/vHZiwgs/ZTJODJVk9lCYcGQiNAkE9ZiixPCRJZgoZv+KyAArTIyNrWBD8OZHXiSN07JXKVduzkrVyyyOPBzAIRyDB+dQhWuoQR0IPMATvMCr8+g8O2/O+6w052Q9+/AHzscP8d+TSA==</latexit>

i-ème
<latexit sha1_base64="MPw0QQv6sawu1efbLlJEBtyza1Y="></latexit>

det(A) = ai1Cof(ai1) + · · ·+ ainCof(ain)
<latexit sha1_base64="QBR2hLVpW6J5q5Z3glTDVHMIhkI=">AAAB/3icbVC7TsMwFL3hWcqrwMhiUSGxUCUIFcYKFsYi0YfURpXjOq2p7US2g6hCB36FhQGEWPkNNv6Az8BtM0DLkWwdn3Ov7vUJYs60cd0vZ2FxaXllNbeWX9/Y3Nou7OzWdZQoQmsk4pFqBlhTziStGWY4bcaKYhFw2ggGl2O/cUeVZpG8McOY+gL3JAsZwcZKHG6hDQYo3Ns7hWP4BmFfo06h6JbcCdA88TJShAzVTuGz3Y1IIqg0hGOtW54bGz/FyjDC6SjfTjSNMRngHm1ZKrGg2k8n+4/QoVW6KIyUPdKgifq7I8VC66EIbKXApq9nvbH4n9dKTHjup0zGiaGSTAeFCUcmQuMwUJcpSgwfWoKJYnZXRPpYYWJsZHkbgjf75XlSPyl55VL5+rRYucjiyME+HMAReHAGFbiCKtSAwAM8wQu8Oo/Os/PmvE9LF5ysZw/+wPn4AfsGkuM=</latexit>

j-ème
<latexit sha1_base64="g8AhmxUZGb00jTTedFMQoOLsTYM=">AAACMXicbZDLSgMxFIYz3q23qks3wSK0CGVGRN0IXjYuFawKnVIymTMazSRDckYsQ1/JjW8iblwo4taXML0s1PpD4Oc753By/iiTwqLvv3pj4xOTU9Mzs6W5+YXFpfLyyoXVueHQ4FpqcxUxC1IoaKBACVeZAZZGEi6ju+Ne/fIejBVanWMng1bKrpVIBGfoULt8EsaA1cMa3aesXQS3XRoiPGBxrJNudUBqdJOGPNZonXFIjTQ5UmuXK37d74uOmmBoKmSo03b5OYw1z1NQyCWzthn4GbYKZlBwCd1SmFvIGL9j19B0VrEUbKvoX9ylG47ENNHGPYW0T39OFCy1tpNGrjNleGP/1nrwv1ozx2SvVQiV5QiKDxYluaSoaS8+GgsDHGXHGcaNcH+l/IYZxtGFXHIhBH9PHjUXW/Vgp75ztl05OBrGMUPWyDqpkoDskgNyQk5Jg3DySF7IG3n3nrxX78P7HLSOecOZVfJL3tc3QUGohw==</latexit>

det(A) = a1jCof(a1j) + · · ·+ anjCof(anj)

Conclusion. On cherche à construire  une matrice contenant 
“beaucoup” de zéros sur une ligne ou une colonne et on développe.
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3.2 Utilisation des déterminants

3.2.1 Déterminant d’une base de vecteurs

3.2.2 Déterminant et matrice inversible

3.2.3 Déterminant d’un endomorphisme

3.2.4 Rang d’une matrice
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TD 
- Exercices A.2.1, A.2.2, A.2.3, (page 39) 
- Exercise A.2.6 (page 40) 
- Exercise A.2.8 (page 41) 
- Exercise A.2.14 (page 43) 

Exercices de TD (Homeworks) 


