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4 Eê

4.3 ü �

� n ∈ Z+. �§ zn = 13 C¥��¡� ngü �.

·K 4.5 �§ zn = 13 C¥k n�pØ�Ó��

εk = e
2kπi
n , k = 0, 1, . . . , n− 1.

y². ��O��

εnk = e2kπi = 1.

� ε0, ε1, . . . , εn−1 Ñ´ü �. � k,m ∈ {0, 1, . . . , n − 1}
� k ≤ m. XJ εk = εm, K

1 = εmε
−1
k = e

2(m−k)πi
n .

Ï�m−k ∈ {0, 1, . . . , n−1},¤±m = k. � ε0, ε1, . . . , εn−1

üüØÓ. �

�â1ÊÙ1�ù½n 3.19, �§ zn = 13 C¥�
�õk n��. u´, C¥Tk n�pØ�Ó�ü �. P

Un´ù
ü ��8Ü.
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·K 4.6 n�| (Un, ·, 1)´Ì�+. Un = 〈ε`〉��=�
gcd(`, n) = 1.

y². ky Un´+. Ï� (C∗, ·, 1)´+� Un ⊂ C∗, ¤±
��y²é?¿ a, b ∈ Un, ab−1 ∈ Un (þÆÏ1oÙ1�

ù·K 2.24). 5¿� (ab−1)n = an(bn)−1 = 1. � Un´+.

Ï� εk = εk1, k = 0, 1, . . . , n − 1, ¤± Un = 〈ε1〉. � Un´

Ì�+. AO/ ord(ε1) = n.

�âþÆÏ1oÙ1�ùíØ 2.38, ord(ε`) = n/ gcd(`, n).


 ε`´ Un�)¤���=� ord(ε`) = n,= gcd(`, n) = 1.

�

� Un = 〈ε`〉�, ε`¡� ng��ü �.

~ 4.7 �Ì�Ý


A =



a0 a1 · · · an−2 an−1

an−1 a0 · · · an−3 an−2

an−2 an−1 · · · an−4 an−3
... ... . . . ... ...

a1 a2 · · · an−1 a0


∈ Mn(C).

O� A�1�ª. �Ý
 A�_�, ¦ A−1.

). � ε0, . . . , εn−1 ´ n� ngü �. - f = a0 + a1x +

· · ·+ an−2x
n−2 + an−1x

n−1 ∈ C[x]. é k ∈ {0, 1, . . . , n− 1},
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|^ εnk = 1��

f (εk) = a0 + a1εk + · · · + an−2ε
n−2
k + an−1ε

n−1
k ,

εkf (εk) = an−1 + a0εk + · · · + an−3ε
n−2
k + an−2ε

n−1
k ,

ε2kf (εk) = an−2 + an−1εk + · · · + an−4ε
n−2
k + an−3ε

n−1
k ,

...

εn−1k f (εk) = a1 + a2εk + · · · + an−1ε
n−2
k + a0ε

n−1
k .

|^Ý
�¤

f (εk)



1

εk

ε2k
...

εn−1k


= A



1

εk

ε2k
...

εn−1k


, k = 0, 1, . . . , n− 1.

�

V =


1 1 · · · 1

ε0 ε1 · · · εn−1
... ... . . . ...

εn−10 εn−11 · · · εn−1n−1

 .

K V diag(f (ε0), . . . , f (εn−1)) = AV. �ó�,

A = V diag(f (ε0), . . . , f (εn−1))V
−1.
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ü>�1�ª�

det(A) = f (ε0) · · · f (εn−1).

?
 A�_��=� gcd(f, xn − 1) = 1. d�,

A−1 = V diag(f (ε0)
−1, . . . , f (εn−1)

−1)V −1.

5) 4.8 �þ~¥ a0 = 1, a1 = 2, . . . , an−1 = n. KÝ


A´þÆÏ1�±��¥1 5K�Ý
. ^����£�

det(A) = (−1)n+1nn−1
n + 1

2

Ú

A−1 =
1

sn



1− s 1 + s 1 1 · · · 1

1 1− s 1 + s 1 · · · 1

1 1 1− s 1 + s · · · 1
... ... ... ... . . . ...

1 + s 1 1 1 · · · 1− s


,

Ù¥ s = n(n− 1)/2.

4.4 �êÆÄ�½n

½n 4.9 (�êÆÄ�½n) � f ∈ C[x] \C. K f 3 C[x]

k�.
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þã½n�y²�^��Ñ��§����£. ùpØ�

Ñy². �§�ü�íØéeÆÏ�ÆS'�­�.

íØ 4.10 � f ∈ C[x] \ C. K�3pØ�Ó�Eê
α1, · · · , αk Ú�"��êm1, . . . ,mk ¦�

f = lc(f )(x− α1)
m1 · · · (x− αk)mk.

y². � n = deg(f ), ` = lc(f ). ·�é n8B.

� n = 1�(Øw,¤á. � n > 1�(Øé n − 1

gEXêõ�ªÑ¤á. d�êÆÄ�½n, �3 α∈C¦
� f (α)=0. �â{ª½n,

f (x) = (x− α)g(x),

Ù¥ g ∈ C[x], deg(g) = n − 1� lc(g) = λ. d8Bb�

�3pØ�Ó�Eê α1, · · · , αkÚ�"��êm1, . . . ,mk

¦�

g = λ(x− α1)
m1 · · · (x− αk)mk.

XJ α ∈ {α1, . . . , αk}, KØ�� α = α1. dd�Ñ

f (x) = λ(x− α1)
m1+1 · · · (x− αk)mk.

ÄK

f (x) = λ(x− α)(x− α1)
m1 · · · (x− αk)mk. �
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TíØ`² C[x]¥�Ø���´"g½ö�g�õ

�ª, z�EXêõ�ª3 C¥����ê(O�­ê)�

Ùgê�Ó.

íØ 4.11 3 R[x]¥�Ø����gê�õ´�g.

y². b� f (x) = fnx
n + fn−1x

n−1 + · · · + f0 ∈ R[x]´Ø

���� n > 2Ú fn 6= 0. Ï� f �´EXêõ�ª, ¤

±�êÆÄ�½n%¹ f dE� α. 5¿� α /∈ R. ÄK

d{ª½n f ¬k�g¢XêÏf x − α, � f �Ø��

5gñ. AO/, ᾱ 6= ᾱ.

Ï�¢ê��Ý´§g�, ¤±

0 = f (α) = f (α) =

n∑
i=0

f̄iᾱ
i =

n∑
i=0

fiᾱ
i = f (ᾱ).

� f dü�pØ�Ó�E� αÚ ᾱ. d{ª½n, ¢�g

õ�ª g(x) = (x− α)(x− ᾱ)�Ø R[x]. gñ. �

TíØ`² R[x] \ R¥�õ�ª, Ñ´ R[x]¥eZ�

g½�gØ��õ�ª�¦È.

4.5 A�'uEê�~f

����y

Z[
√
−5] = {x + y

√
−5 |x, y ∈ Z}
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´ C�f�. §w,´��. ����yT�¥��_�

´±1. 5¿�

9 = 3 · 3 = (2 +
√
−5)(2−

√
−5).

e¡·�y² 3Ú 2±
√
−5Ñ´ Z[

√
−5]¥�Ø���.

� 3 = (m + n
√
−5)(k + `

√
−5), Ù¥ m,n, k, ` ∈ Z.

ü>��Ý� 3 = (m− n
√
−5)(k − `

√
−5). u´

9 = (m2 + 5n2)(k2 + 5`2).

�m2+5n2 = 3Ã�ê). �m2+5n2 = 1½m2+5n2 = 9.

cö¿�Xm = ±1, n = 0,=m+n
√
−5 = ±1´�_�.


�ö¿�X k + `
√
−5´�_�. � 3Ø��.

aq/, � 2 +
√
−5 = (m + n

√
−5)(k + `

√
−5), Ù¥

m,n, k, ` ∈ Z. ü>��Ý�

2−
√
−5 = (m− n

√
−5)(k − `

√
−5).

u´, 9 = (m2 + 5n2)(k2 + 5`2). Ó��ín�� 2 +
√
−5

Ø��. Ón 2 −
√
−5�Ø��. ù�~f`² Z[

√
−5]

Ø´��Ïf©)��.

5¿�3T�¥, 9Ú 6+3
√
−5kúÏf 3Ú 2+

√
−5.

� d´ 9Ú 6 + 3
√
−5���úÏf. K d = 3(x+ y

√
−5),

Ù¥ x, y ∈ Z. Ï� d|9, ¤± (x + y
√
−5) | 3. qÏ� 3Ø

��. Ø�� x = 3, y = 0. � d = 9. u´,

9 | (6 + 3
√
−5) =⇒ 3 | (2 +

√
−5).
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Ï� 2 +
√
−5Ø��, ¤± ±3 = 2 +

√
−5. gñ. dd�

Ñ, 9Ú 6 + 3
√
−53 Z[

√
−5]¥vk��úÏf.

��, ·�5wo�ê�. �

H =


 u v

−v̄ ū

 | u, v ∈ C

 .

K (H,+, O, ·, E) ´ M2(C) ¥����f�, � H ¥�

z��"�3 H ¥k�_�. ù´êÆ¤þ1���

�(skew-field).

�yXe:

(i)�W =

 u v

−v̄ ū

ÚZ =

 x y

−ȳ x̄

,Ù¥u, v, x, y∈C.

·�k

W − Z =

 u− x v − y
−v̄ + ȳ ū− x̄

 =

 u− x v − y
−v − y u− x

 ∈ H.
� (H,+, O)´ (M2(C),+, O)�f+.

O�

WZ =

 ux− vȳ uy + vx̄

−v̄x− ūȳ −v̄y + ūx̄

 =

 ux− vȳ uy + vx̄

−(uy + vx̄) ux− vȳ

 ∈ H.
5¿�

E2 =

 1 0

−0̄ 1̄

 ∈ H.
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�H ´M2(C)�f�.

(ii) � A =

i 0

0 −i

Ú B =

0 i

i 0

 . K A,B ∈ H .

��O��

AB =

0 −1

1 0

 , BA =

 0 1

−1 0

 .

Ï� AB 6= BA, ¤±H Ø´���.

(iii) �W 6= O. K det(W ) = |u|2 + |v2| 6= 0. �W ´

�_Ý
. 3Mn(C)¥,

W−1 =
1

uū + vv̄

ū −v
v̄ u

 ∈ H.
�W 3H ¥�_.

5 õ�õ�ª

£Á: � R´(¹N)���. K Rþ���õ�ª�

R[x]´���. AO/, � R´���, R[x]�´��.

r R[x]w�Xê�, R[x][y]´ R[x]þ�'u y��

�õ�ª�.
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~ 5.1 �

f = (x2 + 1)y3 − (x + 1)y2 − x5 + 2x ∈ Z[x][y]

= x2y3 + y3 − xy2 − y2 − x5 + 2x (©�Æ)

= −x5 + y3x2 + (2− y2)x + y3 − y2 ∈ Z[y][x].

dd��, Z[x][y] = Z[y][x] =: Z[x, y]¿¡�� Zþ��
�õ�ª�.

5.1 õ�õ�ª�

½Â 5.2 � R´���. ��� R[x1][x2] · · · [xn]¡� R

þ� n�õ�ª�, P� R[x1, . . . , xn].

½n 5.3 � R´���, R[x1, . . . , xn]´��. � R´�

�Ïf©)���, R[x1, . . . , xn]´��Ïf©)��.

y². � R´��. � n = 1� R[x1]´��(þÆÏ1�

8ù½n 1.8). é n8B����Ñ R[x1, . . . , xn]�´�

�.�R´��Ïf©)��.� n = 1�R[x1]´��(þ

�ù½n½n 3.33). é n8B����Ñ R[x1, . . . , xn]�

´��. �

½Â 5.4 � R[x1, . . . , xn]´��� Rþ�õ�ª�. -

Xn =
{
xd11 · · ·xdnn | d1, . . . , dn ∈ N

}
,
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Ù¥��M = xd11 · · · xdnn ¡�ü�ª, d1 + · · · + dn¡�

M �(o)gê, P� deg(M). 
 di ¡� M 'u xi �g

ê, P� degxi(M), i = 1, . . . , n.

5) 5.5 �M,N ∈ Xn, KMN ∈ Xn�

deg(MN) = deg(M) + deg(N).

e¡·�ïÄXÛ^ü�ªL«õ�ª. d~ 5.1��,

ÏLR[x1, . . . , xn]¥�$�, R[x1, . . . , xn]¥�?Û�� f

�±�¤

f = α1M1 + · · · + αkMk, (1)

Ù¥ k ∈ Z+, α1, . . . , αk ∈ R, M1, . . . ,Mk ∈ Xn. ÏLÜ¿

Óa�, ·��?�Úb�þª¥M1, . . . ,MküüØÓ.

Ún 5.6 � (1) ¥ M1, . . . ,Mk üüØÓ� f = 0. K

α1 = · · · = αk = 0.

y². é n8B. � n = 1�, (Ø¤á(�½n 2.1 (i)). �

n > 1�(Ø3 n− 1�¤á. �

d = max(degxn(M1), . . . , degxn(Mk)).

XJ d = 0, K xn3M1, . . . ,Mk¥ÑØÑy. d8Bb�

α1 = · · · = αk = 0.
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y3�Ä d > 0��/. b� α1, . . . , αkÑØ�u".

2� i ∈ {1, . . . , n}¦�M1, . . . ,Mi−1'u xn�gêÑ�

u d, 
degxn(Mi) = degxn(Mi+1) = · · · = degxn(Mk) = d.

K Mi = Nix
d
n, . . . ,Mk = Nkx

d
n, Ù¥ Ni, . . . , Nk ∈ Xn−1.

u´

0 = α1M1 + · · · + αi−1Mi−1︸ ︷︷ ︸
P

+ (αiNi + · · · + αkNk)︸ ︷︷ ︸
Q

xdn.

5¿� P ��'u xn�õ�ªk degxn(P )<d. �â½n

2.1, Q=0. 2d8Bb���, αi= · · ·=αk=0, gñ. �

½n 5.7 � p ∈ R[x1, . . . , xn] � p 6= 0. K�3��

� k ∈ Z+, α1, . . . , αk ∈ R \ {0} ÚüüØÓ�ü�ª
M1, . . . ,Mk ∈ Xn¦�

p = α1M1 + · · · + αkMk. (2)

(k�¡þãL�ª� p�“©Ùª”.)

y². �35d����$�5Æ����.

e¡y²��5. �

p = β1N1 + · · · + β`N`,

Ù¥ β1, . . . , β` ∈ R \ {0} and N1, . . . , N` ∈ XnüüØÓ.

2� i ∈ {1, 2, . . . ,min(k, `)}¦�M1 = N1, . . . ,Mi = Ni,
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�é?¿� s, t ∈ {i + 1, . . . ,max(s, t)}, Ms 6= Nt. K:

p− p =(α1 − β1)M1 + · · · + (αi − βi)Mi

+ αi+1Mi+1 + · · · + αkMk + (−βi+1)Ni+1 + · · · + (−β`)N` = 0.

�âÚn 5.6, i = k = `� α1 = β1, . . . , αk = βk. �

½Â 5.8 � p ∈ R[x1, . . . , xn] \ {0}�©ÙªL«� (2).

õ�ª p�(o)gê½Â�

max(deg(M1), . . . , deg(Mk)),

P� deg(p). d	, 0�gê½Â� −∞.

5) 5.9 � p ∈ R[x1, . . . , xn]Ú i ∈ {1, . . . , n}. ·�rw
¤ p3Xê� R[x1, . . . , xi−1, xi+1, . . . , xn] þ'u xi ��

õ�ª. õ�ª p'u xi�gêP� degxi(p).

~ 5.10 �µf=2(x−y)(x+y)+3y2−5xyz−(y+z)2−2y3∈Z[x, y, z].

¦ degx(f ), degy(f ), degz(f )Ú deg(f ).

). |^���¥�O�5K��

f = 2x2 − (5yz)x− 2yz − z2 − 2y3 (w¤'u x��õ�ª)

= −2y3 − (2xz + 2z)y + 2x2 − z2 (w¤'u y��õ�ª)

= −z2 − (5xy + 2y)z + 2x2 − 2y3 (w¤'u z��õ�ª)

= −(2y3 + 5xyz) + (2x2 − 2yz − z2) (©ÙL«).

u´degx(p) = 2, degy(p) = 3, degz(p) = 2Ú deg(p) = 3.
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5.2 àg(homogeneous)õ�ª

�
ïÄõ�õ�ª�\{Ú¦{, ·�Ú\àgõ

�ª�Vg.

½Â 5.11 � h ∈ R[x1, . . . , xn]. XJ�3 β1, . . . , β` ∈ R
Ú dg�ü�ª N1, . . . , N`∈Xn ¦�

h = β1N1 + · · · + β`N`,

K¡ h´à dg�. AO/, 0@�´à?¿g�õ�ª.

XJõ�ª h�", K§´à dg���=�3§�©Ù

L�ª¥Ñy�ü�ªÑ´ dg�. ?Û���"� dg

õ�ª pÑ�±��/�¤

p = hd + hd−1 + · · · + h0,

Ù¥ hi´à ig�õ�ª� hd 6= 0. ·�¡þª� p�à

g£\{¤©).

~ 5.12 ~ 5.10¥�õ�ª f = h3 + h2 + h1 + h0,Ù¥

h3 = −(3y3 + 5xyz), h2 = 2x2 − 2yz − z2, h1 = h0 = 0.

Ún 5.13 � hdÚ he©O´ R[x1, . . . , xn]¥à dgÚà

egõ�ª. K

(i) deg(hd + he) ≤ max(d, e), �� d 6= e��ª¤á.
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(ii) deg(hdhe) ≤ d + e, �� R´����ª¤á.

y². (i) � d > e�, hd¥Ñy�ü�ªØ�U� he¥

�ü�ª��. dÚn 5.6, deg(hd + he) = d. � d = e�,

deg(hd + he) = d½ 0. (Ø¤á.

(ii) d5º 5.9��, hdhe½ö�u"½ö´à d + e

gõ�ª. � R���, R[x1, . . . , xn]�´��.u´� hd

Ú heÑ�"�, hdhe�Ø�u". � deg(hdhe) = d + e. �

½n 5.14 � pÚ q©O´ R[x1, . . . , xn]¥ dgÚ egõ

�ª. K

(i) deg(p + q) ≤ max(d, e), �� d 6= e���ª¤á.

(ii) deg(pq) ≤ d + e, �� R´����ª¤á.

y². � p½ q�u"�, (Øw,¤á. � pÚ qÑØ�

u". -

p = gd + · · · + g1 + g0 Ú q = he + · · · + h1 + h0,

Ù¥ gi´à ig�, hj´à jg�, � hdÚ geÑ�".

(i) � d > e�, gd´Ñy3 p + q�àg\{©)¥

gê�p�àgõ�ª, u´ deg(p + q) = d. � d = e�,

dÚn 5.13 (i)��, deg(p + q) ≤ d.

(ii) dÚn 5.13 (ii)��,

pq = gdhe + r,
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Ù¥ r�àg©)¥Ñy�àgõ�ª�gê�u d + e.

u´, deg(pq) ≤ d + e. � R´���. deg(gdhe) = d + e.

ù�´ pq�gê. �

5.3 D�Ó�

·�r'u��õ�ª��D�Ó�½ní2�õ

��/.

½n 5.15 � RÚ S ´ü����, φ : R −→ S ´�Ó

�. é?¿� s1, . . . , sn ∈ S, �3����Ó� φs1,...,sn :

R[x1, . . . , xn] −→ S ¦�

φs1,...,sn(xi) = si, i = 1, . . . , n � φs1,...,sn|R = φ.

y². é n8B. � n = 1�, ½n=���õ�ª�D�

Ó�½n(�½n 2.3). � n − 1�½n¤á. =�3��

��Ó� φs1,...,sn−1 : R[x1, . . . , xn−1] −→ S÷v

φs1,...,sn−1(xi) = xi, i = 1, . . . , n− 1 � φs1,...,sn−1|R = φ.

- ψ = φs1,...,sn−1. é ψ, R[x1, . . . , xn−1][xn]Ú sn2g^½

n 2.3������Ó�: ψsn : R[x1, . . . , xn−1][xn] −→ S

÷v ψsn(xn) = sn� ψsn|R[x1,...,xn−1] = ψ. ���wÑ ψsn

Ò´¤�¦�Ó� φs1,...,sn. �
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~ 5.16 �F ´�. φ : F−→F ´ðÓN�, α1, . . . , αn∈F .
K�3���D�Ó�

φα1,...,αn : F [x1, . . . , xn] −→ F

p(x1, . . . , xn) 7→ p(α1, . . . , αn).

XJ p(α1, . . . , αn) = 0, K¡ (α1, . . . , αn)´õ�ª p3 F

þ���":.

õ�ª x21 + x22 − 13 Rþ¤k":�8Ü´ü �.

~ 5.17 � σ ∈ Sn, φ : R → R[x1, . . . , xn] ´i\(÷v

∀ r ∈ R, φ(r) = r). K φσ : R[x1, . . . , xn] → R[x1, . . . , xn]

÷v

φσ(xi) = xσ(i), i = 1, . . . , n � φσ|R = φ

´�Ó�. ¯¢þ, φσ �_N�´ φσ−1. u´ φσ ´Ó�.

XJ σ = (12), K

φσ(x1 + 2x22 − x3) = xσ(1) + 2x2σ(2) − xσ(3) = x2 + 2x21 − x3.

½Â 5.18 � p ∈ R[x1, . . . , xn]. XJéu?¿� σ ∈ Sn,
φσ(p) = p, K¡ p´'u x1, . . . , xn�é¡õ�ª.

Xê� R ¥���Ñ´é¡õ�ª. é?¿ i ∈ Z+,

xi1 + · · · + xin ´é¡õ�ª.
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5.4 Ð�é¡õ�ª{0

dé¡õ�ª�½Â��, ü�é¡õ�ª�Ú�È

E´é¡õ�ª. ?�Ú�±�y¤k R[x1, . . . , xn]¥�

é¡õ�ª�¤��f�. 3T�¥k�a­��é¡õ

�ª. �

p = (xn+1 − x1) · · · (xn+1 − xn) ∈ R[x1, . . . , xn, xn+1].

r§w¤'u xn+1���õ�ª, Ðm��:

p = xnn+1 − ε1xn−1n+1 + · · · + (−1)n−1εn−1xn+1 + (−1)nεn,

Ù¥, Ù¥ ε1, . . . , εn−1, εn ∈ R[x1, . . . , xn]. ��O���

ε1 = x1 + · · · + xn and εn = x1 · · · xn

§�Ñ´'u x1, . . . , xn�é¡õ�ª.

e¡·�5y²z� εiÑ´é¡õ�ª. � σ ∈ Sn.

·��±r σw¤ Sn+1¥÷v σ(n+1) = n+1���.�

φσ : R[x1, . . . , xn, xn+1] −→ R[x1, . . . , xn, xn+1] ´d~ 5.17

½Â�Ó�. K

φσ(p) = (xn+1 − xσ(1)) · · · (xn+1 − xσ(n)) = p.

,��¡,

φσ(p) = xnn+1−φσ(ε1)x
n−1
n+1+· · ·+(−1)n−1φσ(εn−1)xn+1+(−1)nφσ(εn).
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�â½n 2.1,

φσ(ε1) = ε1, . . . , φσ(εn−1) = εn−1 Ú φσ(εn) = εn.

u´, ε1, . . . , εn−1, εnÑ´'u x1, . . . , xn�é¡õ�ª.

2� ε0 = 1. ·�¡ ε0, ε1, . . . , εn´'u x1, . . . xn�

Ð�é¡õ�ª.

~ 5.19 ÏL��O���, � n = 2�,

ε1 = x1 + x2, ε2 = x1x2.

� n = 3�,

ε1 = x1 + x2 + x3, ε2 = x1x2 + x2x3 + x1x3, ε3 = x1x2x3.

��5ù

εk =
∑

1≤i1<i2<···<ik≤n
xi1xi2 · · · xik, k = 1, 2, . . . , n.

5¿� εk ´ kàg�.

|^Ð�é¡õ�ª, ·��±r'u�gõ�ª�

Vieta½ní2����/.

½n 5.20 � F ´�, f∈F [x], deg(f )=n>0, lc(f )=an. -

f = anx
n + an−1x

n−1 + · · · + a0 = an(x− α1) · · · (x− αn).
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Ù¥ α1, . . . , αn ∈ F , Ø7üüØÓ. K

ai
an

= (−1)n−iεn−i(α1, . . . , αn),

Ù¥ εn−i´1 n−i� n�Ð�é¡õ�ª, i = 0, 1, . . . , n.

y². d½n 5.15��, �3D�Ó�

φ : F [x1, . . . , xn, xn+1] −→ F [x]

÷v: φ|F ´ðÓN�, φ(xi) = αi, i = 1, 2, . . . , n Ú

φ(xn+1) = x. - g = (xn+1 − x1) · · · (xn+1 − xn)Ú h = ang.

K φ(h) = anφ(g) = an(x − α1) · · · (x − αn) = f. dÐ�é

¡õ�ª�½Â��:

an(xn − φ(ε1)x
n−1 + · · · + (−1)n−1φ(εn−1)x + (−1)nφ(εn))

= anx
n + an−1x

n−1 + · · · + a0.

�â½n 2.1��,

an(−1)n−iεn−i(α1, . . . , αn) = ai, i = 0, 1, . . . , n. �

~ 5.21 � f = ax2 + bx + c ∈ R[x]� a 6= 0, α, β ∈ C´
f �ü��. K

α + β = −b
a
� αβ =

c

a
.

ùÒ´�g�§� Vieta½n.
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� f = ax3 + bx2 + cx+ s ∈ R[x]� a 6= 0, α, β, γ ∈ C
´ f �n��. K

α + β + γ = −b
a
, αβ + βγ + γα =

c

a
� αβγ = −d

a
.
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