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©ª�

1 £�lZ�Q��E

2 �R���"PR× = R\{0}"�Ä8ÜR × R×þ�'X

(a, x) ' (b, y) ��=�ay = bx

3 �A��daP�§¡�©ªµ

a

x
= {(b, y) ∈ R × R× | (b, y) ' (a, x)}

4 ©ª��NFrac(R) = R × R×/'
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1 Frac(R)þg,½Â\{Ú¦{

a

x
+

b

y
=

ay + bx

xy
,

a

x
· b
y

=
ab

xy

2 ½ÂÜn5�

3 Frac(R)´�§¡�R�©ª�
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�Ä;�Ó�canR : R ↪→ Frac(R), r 7→ r
1R
§ü�¶

canR ´Ó���=�R´�"

½n

�R���§K��"�Ä��üÓ�φ : R → K"K�3�

���i\φ̃ : Frac(R)→ K¦�eã��

R �
� canR //

φ

��

Frac(R)

φ̃ww
K

?�Ú§φ̃´Ó� ⇔ ?¿w ∈ Kþ�L��w = φ(a)φ(x)−1§

,
a, x ∈ R"
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~f

1 Z ⊆ Qp�Frac(Z) ' Q

2 Z[
√
−1] ⊆ Q(

√
−1) p�Frac(Z[

√
−1]) ' Q(

√
−1)

3 �F��"Kchar(F ) = 0 ⇔ Q ⊆ F¶�, Fg,¤�Q-�

5�m

4 char(F ) = p ⇔ Fp ⊆ F¶�§Fg,¤�Fp-�5�m

g�µ��5`§éJ(½�d'X'����L�X§
�§8ÜFrac(R)J±T�....
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½Â

�R��"ýn�p C R¡��n�§eab ∈ p%¹Xa ∈ p

½b ∈ p"

1 �p ≥ 1"n�pZ C Z��=�p��ê

2 p C R��n���=�R/p���

3 "n�{0R}��n���=�R���

4 �R��ÌSpec(R)
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4�n��û�

½Â

�R��"ýn�m C R¡�4�n�§em ⊆ I C R %

¹m = I½I = R"

û�Xeµ

·K

ýn�m C R´4�n���=�R/m��"AO/§4�

n�´�n�"

1 ∅ 6= Max(R) ⊆ Spec(R)

2 Max(Z) = {pZ | p ��ê}
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�R���"a 6= 0R§�Ø�PÒa|b ⇔ b ∈ (a)

½Â

1 �"�a ∈ R¡���§e(a)��n�§�d/§a|xy%
¹a|x½a|y

2 �"�a ∈ R¡�Ø���§ea�ü §�a = bc%¹

Xb½c´ü "

1 ��oØ��"

2 3Z¥§��=Ø���=±p§p��ê

3 3Z[
√
−3]¥§4 = 2 · 2 = (1 +

√
−3) · (1−

√
−3)§2Ø��§

���
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1 �k��"�Ä��õ�ª�k[x ]"

2 k[x ]¥���=Ø���§¡�Ø��õ�ª

3 Ø��õ�ªf (x))¤�Ìn�(f (x)) C k[x ]´4��

4 g,�Ó�k → k[x ]/(f (x)) = K§�*Ü

5 f (x)3k¥Ã�§�f (x) ∈ K [x ]3K%k�§=x̄"V��

E§ë�L. Kronecker 1887

6 �Ek��E. Galois 1830
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Ü©öS

1 �f : K → L���m�Ó�"Kf´üÓ�"

2 y²µFrac(Z[
√
−1]) ' Q(

√
−1)"

3 ��K�A��""K�3����i\Q→ K"g�§

Û��3Ó�K → Q?

4 ��K�A��p"K�3����i\Fp → K"g�µ

Û��3Ó�K → Fpºk����´Ä�½´�ê�º
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