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RESUMO / RESUMEN 

Uma solução heurística para o último teorema de Fermat 

Una solución heurística al último teorema de Fermat 

Introduction   

𝑥𝑛 + 𝑦𝑛 = 𝑧𝑛 𝑛 > 2 𝑥 𝑦 𝑧
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𝑥𝑛 + 𝑦𝑛 =

𝑧𝑛 𝑥, 𝑦, 𝑧, 𝑎𝑛𝑑 𝑛 𝑛 > 2

𝑛 >

2

(𝑥, 𝑦, 𝑧) 𝑛 = 2, 𝑥2 + 𝑦2 = 𝑧2

𝑛 =

4 𝑛 = 5



4/10   |    Cruz, S. R.; Solva, C. M.; Nascimento Júnior / A heuristic solution to...  

 

Methodology 

𝑥𝑛 + 𝑦𝑛 = 𝑧𝑛,

𝑥3 + 𝑦3 = 𝑧3

𝑥𝑛 + 𝑦𝑛 = 𝑧𝑛 ℕ 𝑛 ≥ 3

𝑥, 𝑦 𝑎𝑛𝑑 𝑧 ∈ ℤ or x, y and  z ∈ ℚ, because, ℤ ⊂  ℚ. ℚ

𝑥 =
𝑎1 

𝑏1
 ∈ ℚ 𝑤𝑖𝑡ℎ 𝑎1, 𝑏1  ∈  ℚ

𝑦 =
𝑎2 

𝑏2
 ∈ ℚ 𝑤𝑖𝑡ℎ 𝑎2, 𝑏2  ∈  ℚ

𝑧 =
𝑎3 

𝑏3
 ∈ ℚ  𝑤𝑖𝑡ℎ 𝑎3, 𝑏3  ∈  ℚ

𝑥1
𝑛 + 𝑦1

𝑛 = 𝑧1
𝑛 →  𝑤𝑖𝑡ℎ 𝑛 ≥ 3 and n ∈

 ℕ 𝑥1, 𝑦1 and 𝑧1 ∈ ℚ

ℕ → The natural numbers set.

ℤ→  The integers numbers set

              ℚ → The rational numbers set.

ℤ ⊂ ℚ → Every integer is rational

ℚ ⊄ ℤ

              (𝑧1
𝑛)2 = (𝑧1

2)𝑛 →  One property of power operations.

 𝑥1
𝑛 𝑦1

𝑛 𝑧1
𝑛

𝑥 𝑥1
𝑛 𝑥 𝑦1

𝑛

𝑥1, 𝑦1, and 𝑧1 ∈ ℚ   ∈  ℕ

Results and discussion 
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𝑥𝑛 + 𝑦𝑛 = 𝑧𝑛

(
𝑎1 

𝑏1
)

𝑛
+ (

𝑎2 

𝑏2
)

𝑛
=  (

𝑎3 

𝑏3
)

𝑛
 has no solution for n ≥  3, (

𝑎1 

𝑏1
)

𝑛
+ (

𝑎2 

𝑏2
)

𝑛
=

(𝑎3)𝑛

(𝑏3)𝑛

→
(𝑎1𝑏2𝑏3)𝑛+(𝑎2𝑏1𝑏3)𝑛

(𝑏1𝑏2𝑏3)𝑛 =
(𝑎3𝑏1𝑏2)𝑛

(𝑏1𝑏2𝑏3)𝑛 ∴ (𝑎1𝑏2𝑏3)𝑛 + (𝑎2𝑏1𝑏3)𝑛 = (𝑎3𝑏1𝑏2)𝑛

(𝑎1𝑏2𝑏3); (𝑎2𝑏1𝑏3) 𝑎𝑛𝑑 (𝑎3𝑏1𝑏2) ∈ ℚ. ∈ ℝ ≥

∈ ℝ ≥ 0 ≤
(𝑣1

𝑛−𝑣2
𝑛)2

(𝑣1
𝑛+𝑣2

𝑛)2 ≤ 1 𝑤𝑖𝑡ℎ 𝑛 ∈ ℕ ;

 𝑛 ≥ 3  𝑎𝑛𝑑 (𝑣1
𝑛 − 𝑣2

𝑛)2 ≤ (𝑣1
𝑛 + 𝑣2

𝑛)2 . 

𝑥1
𝑛+ 𝑦1

𝑛

𝑧1
𝑛

𝑥2 𝑥1
𝑛 𝑦1

𝑛 𝑥 𝑥1𝑦1

  𝑥2

𝑧1
𝑛

𝑥1
𝑛+ 𝑦1

𝑛

𝑧1
𝑛 𝑥

𝑥1𝑦1

𝑧1 

 𝒙2

𝑧1
𝑛 𝑥 

𝑥1 𝑦1

𝑧1

1

𝑧1
𝑛

𝑥1 𝑦1

𝑧1

1

𝑧1
𝑛

𝑥1 𝑦1

𝑧1

𝑥1 𝑦1

𝑧1
2

𝑧1 (𝑥1
𝑛 + 𝑦1

𝑛)
1

𝑛

𝑥1 𝑦1

𝑧1
2

𝑥1 𝑦1

(𝑥1
𝑛+𝑦1

𝑛)
2
𝑛

𝑥1 𝑦1

𝑧1
2

4(𝑥1 𝑦1)𝑛

(𝑥1
𝑛+𝑦1

𝑛)2 

𝑥1 𝑦1

𝑧1
2

(𝑥1
𝑛+𝑦1

𝑛)2−4 (𝑥1𝑦1)𝑛

(𝑥1
𝑛+𝑦1

𝑛)2  

𝑥1 𝑦1

𝑧1
2

𝑥1
2𝑛+2(𝑥1𝑦1)𝑛+𝑦1

2𝑛−4(𝑥1𝑦1)𝑛

(𝑥1
𝑛+𝑦1

𝑛)2

𝑥1 𝑦1

𝑧1
2

𝑥1
2𝑛−2 (𝑥1𝑦1)𝑛+𝑦1

2𝑛

(𝑥1
𝑛+𝑦1

𝑛)2  

𝑥1 𝑦1

𝑧1
2

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

𝑥1 𝑦1

𝑧1
2

𝑥1 𝑦1

𝑧1
2

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

𝑥1 𝑦1

𝑧1
2 𝑥1 𝑦1,   𝑥1 = 𝑦1 

≥ ≥

𝑥1 𝑦1

𝑧1
2 )
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(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2 𝑥1 𝑦1,   𝑥1 = 𝑦1 
≥ ≥

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2 ∈ ℚ

(𝑥1
𝑛 − 𝑦1

𝑛)2 ≤  (𝑥1
𝑛 + 𝑦1

𝑛)2.

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

𝑠𝑒𝑛2𝜃 + 𝑐𝑜𝑠2𝜃 = 1, ∀ 𝜃 ∈ ] 0, 2𝜋 [

𝑠𝑒𝑛2𝜃 + 𝑐𝑜𝑠2𝜃 = 1

𝑠𝑒𝑛2𝜃
𝑥1 𝑦1

𝑧1
2 ) 𝑐𝑜𝑠2𝜃

𝑥1
𝑛−𝑦1

𝑛

𝑥1
𝑛+𝑦1

𝑛)

𝑠𝑒𝑛2𝜃
𝑥1 𝑦1

𝑧1
2 𝑐𝑜𝑠2𝜃 ∈ ℚ

𝑥1 𝑦1

𝑧1
2 ) 𝑐𝑜𝑠𝜃𝑠𝑒𝑛𝜃

𝑥1 𝑦1

𝑧1
2 𝑐𝑜𝑠𝜃𝑠𝑒𝑛𝜃

𝑥1 𝑦1

𝑧1
2 ) 𝑠𝑒𝑛𝜃 ∈ ℚ 𝑐𝑜𝑠𝜃 ∈ ℚ

𝑠𝑒𝑛2𝜃
𝑥1 𝑦1

𝑧1
2 𝑐𝑜𝑠2𝜃 𝑠𝑒𝑛2𝜃 𝑐𝑜𝑠𝜃𝑠𝑒𝑛𝜃 𝑐𝑜𝑠2𝜃 (𝑠𝑒𝑛𝜃 𝑐𝑜𝑠𝜃

𝑥1 𝑦1

𝑧1
2 ) 𝑐𝑜𝑠𝜃𝑠𝑒𝑛𝜃) ∀ 𝜃 ∈ ] 0, 2𝜋 [

𝜃

𝑦1

 𝑧1

∈ ℚ

𝑠𝑒𝑛(𝛼)  
(

𝑦1
𝑧1

)

𝑝
=

𝑦1

𝑝𝑧1
⟹

𝑦1

 𝑧1
𝑝𝑠𝑒𝑛(𝛼) ⟹ 𝑦1 𝑝𝑧1𝑠𝑒𝑛(𝛼)

𝑐𝑜𝑠(𝛼)  
𝑥1

 𝑝 
⟹ 𝑥1 𝑝𝑐𝑜𝑠(𝛼)

𝑥1 𝑦1

𝑧1
2 )

𝜃 α 𝜃
π 

4
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𝜔
𝑥1 𝑦1

𝑧1
2 )

𝑦1

𝑧1
 . 𝑥1.

1

𝑧1
)

2.(1)𝑛

𝑧1
𝑛

𝑦1

𝑧1
. 𝑥1) cos(𝜃)𝑠𝑒𝑛(𝜃)

𝑥1 𝑦1

𝑧1
2 ) 𝜃

π 

4
cos(𝜃)𝑠𝑒𝑛(𝜃) =

1

2
. 

𝑥1 𝑦1

𝑧1
2 )

𝑦1 𝑝𝑧1𝑠𝑒𝑛(𝜃) 𝑥1 𝑝𝑐𝑜𝑠(𝜃) 𝜔

𝜔
2

𝑧1
𝑛

p 𝑧1sen(θ)

𝑧1
. 𝑝𝑐𝑜𝑠(𝜃)} cos(𝜃)𝑠𝑒𝑛(𝜃)

𝜔
2

𝑧1
𝑛 p2sen(θ). cos(θ) cos(𝜃)𝑠𝑒𝑛(𝜃)

𝜔
2{p2}

𝑛

𝑧1
𝑛 sen(θ) cos(θ) cos(𝜃)𝑠𝑒𝑛(𝜃)

{cos(𝜃)𝑠𝑒𝑛(𝜃) } cos(𝜃)𝑠𝑒𝑛(𝜃)} 𝑧1
𝑛

𝑧1
𝑛

(𝑝2)𝑛

2{sen(θ) cos(θ)}n

{sen(θ) cos(θ)}

𝑧1
𝑛

(𝑝2)𝑛 𝑠𝑒𝑛(𝜃)cos(𝜃)}

𝑠𝑒𝑛(𝜃)
𝑦1

𝑝 𝑧1
cos(𝜃)

𝑥1

𝑝

𝑧1
𝑛

(𝑝2)𝑛

𝑦1

𝑝𝑧1
 .

𝑥1

𝑝
)

𝑧1
𝑛

(𝑝2)𝑛

𝑥1𝑦1

𝑝2 𝑧1
)

∈ ℚ 𝑥1
𝑛 + 𝑦1

𝑛 = 𝑧1
𝑛

𝑥1
𝑛+𝑦1

𝑛

(𝑝2)𝑛

2(𝑣1𝑦1)

𝑝2 𝑧1
)

(𝑥1)𝑛

(𝑝2)𝑛 
(𝑦1)𝑛

(𝑝2)𝑛 
𝑣1𝑦1

𝑝2 𝑧1
)

(
𝑥1

𝑝2)
𝑛

(
𝑦1

𝑝2)
𝑛 𝑣1𝑦1

𝑝2 𝑧1
)

(
𝑥1

2𝑝2)
𝑛

(
𝑦1

2𝑝2)
𝑛 𝑣1𝑦1

𝑝2 𝑧1
) (𝑥1)𝑛 (𝑦1)𝑛 𝑝2 𝑣1𝑦1

𝑝2 𝑧1
)

𝑝2 𝑣1𝑦1

𝑝2 𝑧1
) (𝑧1)𝑛 (𝑥1)𝑛 (𝑦1)𝑛 (𝑧1)𝑛,

(𝑥1)𝑛 (𝑦1)𝑛 (𝑧1)𝑛,

𝑥1

2𝑝2

𝑦1

2𝑝2

𝑣1𝑦1

𝑝2 𝑧1

 (𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛−1, 𝑤𝑖𝑡ℎ 𝑛 ≥ 3 and 𝑞1, 𝑞2 𝑎𝑛𝑑 𝑞3 ∈ ℚ
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(𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛−1 (𝑞1)𝑛 + (𝑞2)𝑛 (𝑞1)𝑛 + (𝑞2)𝑛 =

(𝑞3)𝑛 𝑞1, 𝑞2 , 𝑎𝑛𝑑 𝑞3 ∈ ℚ   ∈  ℕ

(𝑞1)𝑛 + (𝑞2)𝑛 (𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛 𝑥1
𝑛 +

𝑦1
𝑛 = 𝑧1

𝑛 𝑥1, 𝑦1 , 𝑎𝑛𝑑 𝑧1  ∈  ℚ   ∈  ℕ)

𝑞1, 𝑞2, 𝑎𝑛𝑑 𝑞3 𝑞1, 𝑞2, 𝑎𝑛𝑑 𝑞3 ∈ ℚ (𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛−1

(𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛−1⟹ 𝑥1
𝑛 𝑦1

𝑛 𝑧1
𝑛, with n ≥  3 and n ∈ ℕ

⟹ (𝑞1)3 + (𝑞2)3 = (𝑞3)2  ⟹  (𝑥1)3 + (𝑦1)3 ≠  (𝑧1)3

⟹ (𝑞1)4 + (𝑞2)4 = (𝑞3)3  ⟹  (𝑥1)4 + (𝑦1)4 ≠  (𝑧1)4

⟹ (𝑞1)5 + (𝑞2)5 = (𝑞3)4  ⟹  (𝑥1)5 + (𝑦1)5 ≠  (𝑧1)5

⟹ (𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛−1  ⟹  (𝑥1)𝑛 + (𝑦1)𝑛 ≠  (𝑧1)𝑛

(𝑥1)𝑛 + (𝑦1)𝑛 =

 (𝑧1)𝑛, that is, it can take any other form except the form (𝑥1)𝑛 + (𝑦1)𝑛 =  (𝑧1)𝑛

(
1

25
)

3
(

2

25
)

3
(

15

625
)

2

(
1

52)
3

(
2

52)
3

(
3.5

54 )
2

1

56

8

56

9

56

13

56

23

56

32

56 ⟹

⟹ 52 (
3.5

54 )
2

→ (
𝑥1

2𝑝2)
𝑛

(
𝑦1

2𝑝2)
𝑛 𝑣1𝑦1

𝑝2 𝑧1
)

∈ ℚ ∈ ℚ ⟹ ∈ ℚ

∈ ℚ ∈ ℚ ⟹ ∈ ℚ

𝑐1𝑝2𝑧1

𝑦1
 𝑦1, 𝑧1 ∈ ℚ ∈ ℚ ⟹ ∈ ℚ
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(
2𝑝2𝑎1

2𝑝2 )
𝑛

(
2𝑝2𝑏1

2𝑝2 )
𝑛 𝑐1

𝑦1
 .𝑝2𝑧1.𝑦1

𝑝2𝑧1

∈ ℚ

  ∈  ℕ

13

56

23

56

32

56 ⟹

 (I) 𝑥1
2 𝑦1

2 𝑧1
2

𝑥 𝑥1
2  𝑥 𝑦1

2 ⟹ 𝑥 𝑥1
2 𝑦1

2 𝑥 ⟹ 𝑥 𝑧1
2 𝑥

𝑥 ℚ

𝑥 𝑥

𝑥1 𝑦1

𝑧1
2

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2,

3.4

52

(32−42)
2

(32+42)2

𝑥 𝑥 

 𝑥1 𝑦1 𝑧1

 𝑥 𝑥1 𝑥 𝑦1

𝑥1 𝑦1

𝑧1
2

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

2.7

9

(2−7)2

(2+7)2

ℚ

 (𝑥1)𝑛 (𝑦1)𝑛 𝑝2 𝑣1𝑦1

𝑝2 𝑧1
)

 𝑥 𝑥1
𝑛 𝑥 𝑦1

𝑛
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𝑥 𝑥 

𝑥1 𝑦1

𝑧1
2

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2 ≥ 3,

𝜃
𝑥1 𝑦1

𝑧1
2 𝜃   

(𝑥1
𝑛−𝑦1

𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

𝜃 𝜃   
(𝑥1

𝑛−𝑦1
𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

𝑥1 𝑦1

𝑧1
2

𝜃 𝜃  
(𝑥1

𝑛−𝑦1
𝑛)2

(𝑥1
𝑛+𝑦1

𝑛)2

(𝑥1 𝑦1)𝑛 

(𝑧1
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Final considerations 
  

(𝑞1)𝑛 + (𝑞2)𝑛 = (𝑞3)𝑛−1
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