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𝑛

Ϝ

𝑚 × 𝑛

𝑛

Ϝ

Ϝ𝑛

Ϝ𝑛 𝑚 × 𝑛

𝑀𝑚,𝑛(Ϝ)

Ϝ𝑛 Ϝ𝑛

𝑀𝑚,𝑛(Ϝ)

𝑓: Ϝ𝑚 → Ϝ𝑛

𝑓 ∈ ℒ(Ϝ𝑚, Ϝ𝑛)

𝑓

𝑓(𝑒1), … , 𝑓(𝑒𝑚)

𝑀𝑚,𝑛(Ϝ) → ℒ(Ϝ𝑚, Ϝ𝑛)

𝑚 × 𝑛



 

𝐴 ∈ 𝑀𝑚,𝑛(Ϝ)

Ϝ𝑚 Ϝ𝑛

𝑀𝑛(Ϝ)



 

𝑛

𝑛

𝑛

𝑛 𝑛

𝑛



 

𝑎|𝑏 & 𝑏|𝑎 ⟺ 𝑎 = ±𝑏

𝑎1𝑥1 + 𝑎2𝑥2 + ⋯ + 𝑎𝑛𝑥𝑛 = 𝑏

ℤ

⟺

⇏

𝑀 = {4𝑛 + 1: 𝑛 ∈ ℕ0}

5,9,13,17,21,29,33, … ,77, …

25, … ,693 = 9 ∙ 77 = 21 ∙ 33

→ ⇎



 

±
𝑀

ℤ, ℤ𝑛, ℝ[𝑥]

𝑛 ℤ𝑛 

𝑛

ℤ𝑛 

ℤ ℤ𝑛  ℝ[𝑥]

⇒

ℤ[√−5]



 

(𝑎) + (𝑏) (𝑎) ∩ (𝑏)

ℤ

𝑎1𝑥1 + 𝑎2𝑥2 + ⋯ + 𝑎𝑛𝑥𝑛 = 𝑏

(𝑑1, 𝑑2, … , 𝑑𝑘)

(𝑎) = (𝑏)

ℤ



 

(𝑑1) ⊊ (𝑑2) ⊊ ⋯

→

⇔

→

⇉

ℤ, ℝ[𝑥], ℤ[𝑖] 

→

𝑅[𝑥]

𝑅



 

Ϝ[𝑥] Ϝ

deg(𝑓𝑔) = deg(𝑓) + deg (𝑔)

𝐷[𝑥] 𝐷

𝐷[𝑥]

Ϝ[𝑥]

Ϝ

Ϝ[𝑥]

→

→

ℚ[𝑥]

ℤ[𝑥] 𝑓 ∈ ℤ[𝑥] ⊊ ℚ[𝑥]

𝑥𝑝−1 + 𝑥𝑝−2 + ⋯ + 𝑥 + 1 𝑝

𝑅[𝑥]

𝑅[𝑥]



 

ℤ

(𝑚𝑖, 𝑚𝑗) = 1 , (∀𝑖, 𝑗 = 1, … , 𝑘, 𝑖 ≠

𝑗) ⇔ (
∏ 𝑚𝑖

𝑚1
, … ,

∏ 𝑚𝑖

𝑚𝑘
) = 1

 ℤ

𝜑(𝑚)

ℤ𝑛 → ℤ𝑚1
× ℤ𝑚2

× ⋯ × ℤ𝑚𝑘

𝑛 = 𝑚1𝑚2 ⋯ 𝑚𝑘



 

ℤ𝑛 → ℤ𝑚1
× ℤ𝑚2

× ⋯ × ℤ𝑚𝑘

𝑛 = 𝑚1𝑚2 ⋯ 𝑚𝑘

𝑈(ℤ𝑛) ≅ 𝑈(ℤ𝑚1
) × ⋯ × 𝑈(ℤ𝑚𝑘

)

𝜑(𝑚) = 𝜑(𝑚1) ∙ ⋯ ∙ 𝜑(𝑚𝑘)



 

(
𝑛
0

) + (
𝑛 + 1

1
) + ⋯ + (

𝑛 + 𝑟
𝑟

) =

(
𝑛 + 𝑟 + 1

𝑟
)

(
𝑛
𝑟

) (
𝑟
𝑘

) = (
𝑛
𝑘

) (
𝑛 − 𝑘
𝑟 − 𝑘

) =

(
𝑛

𝑟 − 𝑘
) (

𝑛 − 𝑟 + 𝑘
𝑘

)

(
𝑛
0

) + (
𝑛
1

) + ⋯ + (
𝑛
𝑛

) = 2𝑛

(
𝑛
0

) − (
𝑛
1

) + ⋯ + (−1)𝑛 (
𝑛
𝑛

) = 0



 

(℘({1,2, … , 𝑛}), ⊆)

 

⟨
𝑛

𝑟
⟩ = (

𝑛 + 𝑟 − 1

𝑟
)

𝑥1 + 𝑥2 + ⋯ + 𝑥𝑛 = 𝑟

ℕ𝑛 ℕ0
𝑛

𝑟

𝑟



 

 𝑟

𝑀

ℳ𝑟(𝑀)

⟨𝑛
𝑟

⟩ ≝ |ℳ𝑟(𝑀)|

𝑀 = {∞ ∙ 𝑎1, ∞ ∙ 𝑎2, … , ∞ ∙ 𝑎𝑛}

⟨
𝑛

𝑟
⟩ = (

𝑛 + 𝑟 − 1

𝑟
)

𝑥1 + 𝑥2 + ⋯ + 𝑥𝑛 = 𝑟

ℕ𝑛 ℕ0
𝑛

⟨𝑛
𝑟

⟩ = (𝑛+𝑟−1
𝑟

)



 

𝑝(𝑛) ≝

[𝑛] = {1,2, … , 𝑛}

𝑙(𝑛) ≝

𝑛



 

𝑛

Ϝ2

Ϝ2



 

𝛿(𝐺), Δ(𝐺), 𝑑(𝐺)



 



 

𝐾𝑛;

≤ 5

𝐾𝑛



 



 

 

 



 


