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A v

+ ⇥ A ā A/ v a 2 A

A/I A I

A/I

I

A A/I

(ā1, .., ān) ⇢ A/I A

d 2 A (a1, ..., an) = (d) 2 A k 2 {1, ..., n}, ck 2 A

dck = ak
¯

dc̄k = āk u1, ..., un 2 A a1u1 + ... + anun = d

ā1ū1 + ...+ ānūn =

¯

d (ā1, .., ān) = (

¯

d) ⇢ A/I

A A/I

A ) A ) I

) A/I

) A/I

Z Z[X]/(X

2
+ 5) ' Z[

p
�5]

A A/I

dd::

dd ::

oo //

KS

! )



Q1 = Q[X1] X1 Q
Q2 = Q[X1, Y ]/(Y

2 � X1) = Q[

p
X1] = Q[X2] X2 =

p
X1 Q1 ⇢ Q2

k > 2 Qk = Q[Xk�1, Y ]/(Y

2 �Xk�1) = Q[Xk] Xk =

p
Xk�1

Q1 ⇢ Q2 ⇢ ... ⇢ Qk ⇢ ...

Q

+
Q

+

Q

+

Q

+
Qk

k Qk = Q[Xk] k = 2 Q2 = Q[X1, X2] =

Q[X

2
2 , X2] = Q[X2] k Q

k Qk = Q[Xk] I = (f1, ..., fn)

Q

+
k 2 N f1, ..., fn 2 Qk Qk

f1, ..., fn d u1, ..., un 2 Qk f1u1 + ... + fnun = d

d 2 I (d) ⇢ I Q

+
d f1, ...fn Qk d

Q

+
I ⇢ (d) Q

+

X1 Q

+

q 2 Q

+
qX1 = 1 m 2 N q 2 Qm qX1 = 1 Qm

deg(q) + 2

m�1
= deg(q) + deg(X1) = deg(qX1) = deg(1) = 0 deg(q) � 0

X1 Q

+
Q

+

p1, ..., pn 2 Q

+
Q

+
X1 = p1...pn

Q

+
m 2 N p1, ..., pn 2 Qm Qm Xm X1 = X

2m�1

m

Qm = Q[Xm] Qm p1, ..., pn

Qm Q

+
X1

n = 2

m�1

k 2 {1, ..., 2m�1} qk 2 Qm pk = qkXm pk

Q

+
Qm+1 Qm+1, Xm = X

2
m+1 Xm+1 Qm+1

pk Q

+

Q

+
[X] X Q

+

Q

+
Q

+
[X] Q

+

X1 6= 0

Q

+
[X] Q

+
Q

+
[X]



`h6>

`h 6>

oo //
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) $


