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Repaso

𝑑𝒙

𝑑𝑡
= 𝐷𝐹𝒙 + 𝐹𝑟 𝒙 + 𝑂 𝑥 𝑟+1

𝒙 = 𝒚 + ℎ𝑟 𝒚

𝑑𝒚

𝑑𝑡
= 𝐷𝐹𝒚 + 𝐹𝑟 𝒚 − 𝐿𝐷𝐹ℎ𝑟 +𝑂 𝑦 𝑟+1



Repaso

𝑑𝒙

𝑑𝑡
= 𝐷𝐹𝒙 + 𝐹𝑟 𝒙 + 𝑂 𝑥 𝑟+1

𝒙 = 𝒚 + ℎ𝑟 𝒙

𝑑𝒚

𝑑𝑡
= 𝐷𝐹𝒚 + 𝐹𝑟 𝒚 − 𝐿𝐷𝐹ℎ𝑟 +𝑂 𝑦 𝑟+1

𝑆𝑖 ∃ ℎ𝑟 𝑡𝑎𝑙 𝑞𝑢𝑒 𝐿𝐷𝐹ℎ𝑟 = 𝐹𝑟 → 𝑝𝑜𝑑𝑒𝑚𝑜𝑠 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟 𝐹𝑟 ℎ𝑎𝑐𝑖𝑒𝑛𝑑𝑜

𝑆𝑖 𝐹𝑟 ∈ 𝐼𝑚𝑎𝑔𝑒𝑛(𝐿𝐷𝐹) → 𝑝𝑜𝑑𝑒𝑚𝑜𝑠 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟 𝐹𝑟



𝑆𝑖 𝐹𝑟 ∈ 𝐼𝑚𝑎𝑔𝑒𝑛(𝐿𝐷𝐹) → 𝑝𝑜𝑑𝑒𝑚𝑜𝑠 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟 𝐹𝑟

𝐿𝐷𝐹ℎ𝑟 = − −𝐷ℎ𝑟𝐷𝐹𝒚 + 𝐷𝐹ℎ𝑟 ℎ𝑟 ∈ 𝐻𝑟 = 𝑡𝑜𝑑𝑜 𝑙𝑜𝑠 𝑡é𝑟𝑚𝑖𝑛𝑜𝑠 𝑝𝑜𝑠𝑖𝑏𝑙𝑒𝑠 𝑑𝑒 𝑜𝑟𝑑𝑒𝑛 𝑟



𝑆𝑖 𝐹𝑟 ∈ 𝐼𝑚𝑎𝑔𝑒𝑛(𝐿𝐷𝐹) → 𝑝𝑜𝑑𝑒𝑚𝑜𝑠 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟 𝐹𝑟

𝐿𝐷𝐹ℎ𝑟 = − −𝐷ℎ𝑟𝐷𝐹𝒚 + 𝐷𝐹ℎ𝑟 ℎ𝑟 ∈ 𝐻𝑟 = 𝑡𝑜𝑑𝑜 𝑙𝑜𝑠 𝑡é𝑟𝑚𝑖𝑛𝑜𝑠 𝑝𝑜𝑠𝑖𝑏𝑙𝑒𝑠 𝑑𝑒 𝑜𝑟𝑑𝑒𝑛 𝑟

ℎ2 ∈ 𝐻2 =
0
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0
𝑥2
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0
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𝐿𝐷𝐹 = 𝑜𝑝. 𝑙𝑖𝑛𝑒𝑎𝑙 → 𝐼𝑚𝑎𝑔𝑒𝑛 𝑔𝑒𝑛𝑒𝑟𝑎𝑑𝑎 𝑝𝑜𝑟 𝑙𝑎 𝑡𝑟𝑎𝑛𝑠𝑓. 𝑑𝑒 𝑢𝑛𝑎 𝑏𝑎𝑠𝑒

ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗

𝒗𝟏 𝒗𝟐 𝒗𝟑 𝒗𝟒 𝒗𝟓 𝒗𝟔
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𝑆𝑖 𝐹𝑟 ∈ 𝐼𝑚𝑎𝑔𝑒𝑛(𝐿𝐷𝐹) → 𝑝𝑜𝑑𝑒𝑚𝑜𝑠 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟 𝐹𝑟

𝐿𝐷𝐹ℎ𝑟 = − −𝐷ℎ𝑟𝐷𝐹𝒚 + 𝐷𝐹ℎ𝑟 ℎ𝑟 ∈ 𝐻𝑟 = 𝑡𝑜𝑑𝑜 𝑙𝑜𝑠 𝑡é𝑟𝑚𝑖𝑛𝑜𝑠 𝑝𝑜𝑠𝑖𝑏𝑙𝑒𝑠 𝑑𝑒 𝑜𝑟𝑑𝑒𝑛 𝑟

ℎ2 ∈ 𝐻2 =
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𝐿𝐷𝐹 = 𝑜𝑝. 𝑙𝑖𝑛𝑒𝑎𝑙 → 𝐼𝑚𝑎𝑔𝑒𝑛 𝑔𝑒𝑛𝑒𝑟𝑎𝑑𝑎 𝑝𝑜𝑟 𝑙𝑎 𝑡𝑟𝑎𝑛𝑠𝑓. 𝑑𝑒 𝑢𝑛𝑎 𝑏𝑎𝑠𝑒

𝑇é𝑟𝑚𝑖𝑛𝑜 𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑡𝑒 𝑠𝑖 𝑛𝑜 𝑒𝑠𝑡á 𝑒𝑛 𝑙𝑎 𝑖𝑚𝑎𝑔𝑒𝑛 𝑑𝑒 𝐿𝐷𝐹

ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
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𝐿𝐷𝐹ℎ𝑟 = − −𝐷ℎ𝑟𝐷𝐹𝒚 + 𝐷𝐹ℎ𝑟

𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
𝜆 1
0 𝜆

𝑥1
𝑥2

+
𝜆 1
0 𝜆

ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗



𝐿𝐷𝐹ℎ𝑟 = − −𝐷ℎ𝑟𝐷𝐹𝒚 + 𝐷𝐹ℎ𝑟

𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
𝜆 1
0 𝜆
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ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
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𝐿𝐷𝐹ℎ𝑟 = − −𝐷ℎ𝑟𝐷𝐹𝒚 + 𝐷𝐹ℎ𝑟

𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
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Los monomios NO son autoestados si DF 
no es diagonal

𝐿𝐷𝐹ℎ𝑟 ≠ ( ഥ𝑚 ҧ𝜆 − 𝜆𝑖)
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𝐿𝐷𝐹
0
𝑥1
2 = − −

0 0
2𝑥1 0

𝜆 1
0 𝜆

𝑥1
𝑥2

+
𝜆 1
0 𝜆

0
𝑥1
2

𝐿𝐷𝐹
0
𝑥1
2 =

0 0
2𝑥1𝜆 2𝑥1

𝑥1
𝑥2

−
𝑥1
2

𝜆𝑥1
2 =

0
2𝜆𝑥1

2 + 2𝑥1𝑥2
−

𝑥1
2

𝜆𝑥1
2 =

−𝑥1
2

𝜆𝑥1
2 + 2𝑥1𝑥2

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0

Los monomios NO son autoestados si DF 
no es diagonal

𝐿𝐷𝐹ℎ𝑟 ≠ ( ഥ𝑚 ҧ𝜆 − 𝜆𝑖)
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𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
𝜆 1
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𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
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𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
𝜆 1
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𝐿𝐷𝐹 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗 = − −𝐷 ҧ𝑥 ഥ𝑚 ҧ𝑒𝑗
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2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0
𝐿𝐷𝐹𝑣3 = −𝑣6 + 𝜆𝑣3



𝐿𝐷𝐹
𝑥1
2

0
= − −

2𝑥1 0
0 0

𝜆 1
0 𝜆

𝑥1
𝑥2

+
𝜆 1
0 𝜆

𝑥1
2

0

𝐿𝐷𝐹
𝑥1
2

0
=

2𝜆𝑥1 2𝑥1
0 0

𝑥1
𝑥2

− 𝜆𝑥1
2

0
= 2𝜆𝑥1

2 + 2𝑥1𝑥2
0

− 𝜆𝑥1
2

0
= 𝜆𝑥1

2 + 2𝑥1𝑥2
0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0
𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5



𝐿𝐷𝐹
𝑥1𝑥2
0

= − −
𝑥2 𝑥1
0 0

𝜆 1
0 𝜆

𝑥1
𝑥2

+
𝜆 1
0 𝜆

𝑥1𝑥2
0

𝐿𝐷𝐹
𝑥1𝑥2
0

=
𝜆𝑥2 𝑥2 + 𝜆𝑥1
0 0

𝑥1
𝑥2

−
𝜆𝑥1𝑥2
0

= 2𝜆𝑥1𝑥2 + 𝑥2
2

0
−

𝜆𝑥1𝑥2
0

= 𝜆𝑥1𝑥2 + 𝑥2
2

0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0
𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6



𝐿𝐷𝐹
𝑥2
2

0
= − −

0 2𝑥2
0 0

𝜆 1
0 𝜆

𝑥1
𝑥2

+
𝜆 1
0 𝜆

𝑥2
2

0

𝐿𝐷𝐹
𝑥2
2

0
=

0 2𝜆𝑥2
0 0

𝑥1
𝑥2

− 𝜆𝑥2
2

0
= 2𝜆𝑥2

2

0
− 𝜆𝑥2

2

0
= 𝜆𝑥2

2

0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0
𝐿𝐷𝐹𝑣6 = 𝜆𝑣6



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5

𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5

𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5

𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5

𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5

𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆



𝐿𝐷𝐹𝑣6 = 𝜆𝑣6

𝐿𝐷𝐹𝑣1 = 𝜆𝑣1 + 2𝑣2 − 𝑣4

𝐿𝐷𝐹𝑣3 = 𝜆𝑣3 − 𝑣6

𝐿𝐷𝐹𝑣5 = 𝜆𝑣5 + 𝑣6

𝐿𝐷𝐹𝑣4 = 𝜆𝑣4 + 2𝑣5

𝐿𝐷𝐹𝑣2 = 𝜆𝑣2 + 𝑣3 − 𝑣5

𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

ℎ𝑟 =
2𝑥1

2 − 3𝑥1𝑥2
𝑥2
2 →

0
0
1
2
−3
0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

ℎ𝑟 =
2𝑥1

2 − 3𝑥1𝑥2
𝑥2
2 →

0
0
1
2
−3
0

→ 𝐿𝐷𝐹ℎ𝑟 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

0
0
1
2
−3
0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

ℎ𝑟 =
2𝑥1

2 − 3𝑥1𝑥2
𝑥2
2 →

0
0
1
2
−3
0

→ 𝐿𝐷𝐹ℎ𝑟 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

0
0
1
2
−3
0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0

𝐿𝐷𝐹ℎ𝑟 =

0
0
𝜆
2𝜆

4 − 3𝜆
−4



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

ℎ𝑟 =
2𝑥1

2 − 3𝑥1𝑥2
𝑥2
2 →

0
0
1
2
−3
0

→ 𝐿𝐷𝐹ℎ𝑟 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

0
0
1
2
−3
0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0

𝐿𝐷𝐹ℎ𝑟 =

0
0
𝜆
2𝜆

4 − 3𝜆
−4

→ 𝐿𝐷𝐹
2𝑥1

2 − 3𝑥1𝑥2
𝑥2
2 =

2𝜆𝑥1
2 + 4 − 3𝜆 𝑥1𝑥2 − 4𝑥2

2

𝜆𝑥2
2



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

𝐼𝑚 𝐿𝐷𝐹 = ?



𝐿𝐷𝐹 =

𝜆 0 0 0 0 0
2 𝜆 0 0 0 0
0 1 𝜆 0 0 0
−1 0 0 𝜆 0 0
0 −1 0 2 𝜆 0
0 0 −1 0 1 𝜆

𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

𝜆 2 0 −1 0 0
0 𝜆 1 0 −1 0
0 0 𝜆 0 0 −1
0 0 0 𝜆 2 0
0 0 0 0 𝜆 1
0 0 0 0 0 𝜆



𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 0 −1
0 0 0 0 2 0
0 0 0 0 0 1
0 0 0 0 0 0

Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯



𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 0 −1
0 0 0 0 2 0
0 0 0 0 0 1
0 0 0 0 0 0

Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯



𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 0 −1
0 0 0 0 2 0
0 0 0 0 0 1
0 0 0 0 0 0

Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯

𝐹3 → 𝐹3 + 𝐹5



𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 0 0
0 0 0 0 2 0
0 0 0 0 0 1
0 0 0 0 0 0

Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯

𝐹3 → 𝐹3 + 𝐹5

𝐼𝑚 𝐿𝐷𝐹 = 0, 2, 0, −1, 0, 0 , 0, 0, 1, 0, −1, 0 , 0, 0, 0, 0, 2, 0 , 0, 0, 0, 0, 0, 1



𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 0 0
0 0 0 0 2 0
0 0 0 0 0 1
0 0 0 0 0 0

Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯

𝐹3 → 𝐹3 + 𝐹5

𝐼𝑚 𝐿𝐷𝐹 = 0, 2, 0, −1, 0, 0 , 0, 0, 1, 0, −1, 0 , 0, 0, 0, 0, 2, 0 , 0, 0, 0, 0, 0, 1

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0



𝐼𝑚 𝐿𝐷𝐹 = 𝑐𝑜𝑙𝑢𝑚𝑛𝑎𝑠 𝑙. 𝑖.

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 0 0
0 0 0 0 2 0
0 0 0 0 0 1
0 0 0 0 0 0

Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯

𝐹3 → 𝐹3 + 𝐹5

𝐼𝑚 𝐿𝐷𝐹 = 0, 2, 0, −1, 0, 0 , 0, 0, 1, 0, −1, 0 , 0, 0, 0, 0, 2, 0 , 0, 0, 0, 0, 0, 1

𝐼𝑚 𝐿𝐷𝐹 =
−𝑥1

2

2𝑥1𝑥2
,
−𝑥1𝑥2
𝑥2
2 ,

2𝑥1𝑥2
0

, 𝑥2
2

0

𝐻2 =
0
𝑥1
2 ,

0
𝑥1𝑥2

,
0
𝑥2
2 , 𝑥1

2

0
,
𝑥1𝑥2
0

, 𝑥2
2

0



Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯

𝐼𝑚 𝐿𝐷𝐹 = 0, 2, 0, −1, 0, 0 , 0, 0, 1, 0, −1, 0 , 0, 0, 0, 0, 2, 0 , 0, 0, 0, 0, 0, 1

Términos resonantes = complemento de la imagen



Ejemplo: 𝜆 = 0
ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+⋯

𝐼𝑚 𝐿𝐷𝐹 = 0, 2, 0, −1, 0, 0 , 0, 0, 1, 0, −1, 0 , 0, 0, 0, 0, 2, 0 , 0, 0, 0, 0, 0, 1

Términos resonantes = complemento de la imagen Agregamos l.i. hasta completar base

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1



0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1



0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1

1 0 0 0 0 0
0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 1 0 0
0 0 0 0 2 0
0 0 0 0 0 1



0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1

1 0 0 0 0 0
0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 1 0 0
0 0 0 0 2 0
0 0 0 0 0 1

0
𝑥1
2 , 𝑥1

2

0



0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1

1 0 0 0 0 0
0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 1 0 0
0 0 0 0 2 0
0 0 0 0 0 1

0
𝑥1
2 , 𝑥1

2

0

ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+ 𝑎
0
𝑥1
2 + 𝑏 𝑥1

2

0



0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1

1 0 0 0 0 0
0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 1 0 0
0 0 0 0 2 0
0 0 0 0 0 1

0
𝑥1
2 , 𝑥1

2

0

ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+ 𝑎
0
𝑥1
2 + 𝑏 𝑥1

2

0

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1



0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
0 0 0 0 0 1

1 0 0 0 0 0
0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 1 0 0
0 0 0 0 2 0
0 0 0 0 0 1

0
𝑥1
2 , 𝑥1

2

0

ሶ𝑥1
ሶ𝑥2

=
0 1
0 0

𝑥1
𝑥2

+ 𝑎
0
𝑥1
2 + 𝑏 𝑥1

2

0

0 2 0 −1 0 0
0 0 1 0 −1 0
0 0 0 0 2 0
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