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���!!!(10©©©) y²µ

(1) 24 �+�ü"

(2) p3q �+�ü§Ù¥p, q ��ê"

Proof. (1)eü+G÷v|G| = 24§�âSylow½n§G�Sylow 2-f+�ê�3�§P�{P1, P2, P3}§
�ÄG 3T8Üþ��Ý�^§p�Ñ�²�+Ó�f : G → S3§ÏdKer f ´G �ý�5f

+§gñ"

(2) eü+G ÷v|G| = p3q.

• ep > q§�âSylow½n§G �Sylow p-f+�ê�1 �§gñ"

• ep = q§KG �¥%�²�§�G �ü+"

• ep < q§�âSylow½n§G�Sylow p-f+�ê�q �§G�Sylow q-f+�ê�p2 ½p3

�"

1. eG �Sylow q-f+�ê�p3 �§Kq ��kp3(q − 1) �§�e�p3 ���|¤��

��5Sylow p-f+"gñ"

2. eG �Sylow q-f+�ê�p2 �§Kq|p2 − 1, p|q − 1§@oq|p + 1, p|q − 1§Ïdp =

2, q = 3§z�1�¯"

���!!!(15©©©)(1)¦+

Gn1,··· ,nr =< x1, x2, · · · , xr|∀1 6 i, j 6 r, xi + xj = xj + xi, n1x1 = n2x2 = · · · = nrxr >

��§ØCÏf±9Ð�Ïf§Ù¥ni ���ê"

(2) -H = G36,36,36§¦AutHt§Ù¥Ht �H �Lf+"

(3) ¦AutH"

Proof. (1) ò)¤'XU��

n1

−n2 n2

−n3
. . .

. . . nr−1

−nr




x1

x2
...

xr−1

xr

 = O.
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,�z�Smith IO/¦ØCÏf=�§ùp^1�ªÏf¬��B"Ý
��r − 1§¤k+�

��1.

(2) Ht
∼= Z2

36
∼= Z2

4 × Z2
9. ÏdAut(Ht) ∼= GL2(Z36) ∼= GL2(Z4)×GL2(Z9).

(3) H ∼= Z×Z2
36§Aut(H) ∼=

(
Aut(Z)

HomZ(Z,Ht) Aut(Ht)

)
∼=

(
Z2

Z2
4 × Z2

9 GL2(Z4)×GL2(Z9)

)

nnn!!!(15©©©) �V ´�F þ�n ���þ�m"-

X = {(V0, V1, · · · , Vn)|V0 ⊆ V1 ⊆ · · · ⊆ Vn = V,dimVi = i},

½ÂGLn(F ) 3X þ��^�A · (V0, V1, · · · , Vn) = (AV0, AV1, · · · , AVn)"

(1) ¦(W0,W1, · · · ,Wn) �­½f+§Ù¥Wi = span{e1, · · · , ei}§ei �3i ?�1§Ù{�0 �

��þ"

(2) y²GLn(F )3X þ�^�["

(3) ¦ÑTn(F ) 3X þ�^�;���L�X§Ù¥Tn(F ) �é�����1 �þn�Ý
�

N"

Proof. �±^V ��|Ä(7L�¦Ä��´�S8)5L«X ¥���§�L«�ªØ��"ù

p^A = (v1, v2, · · · , vn) L«X ¥��(V0, V1, · · · , Vn) ¦�Vi = span{v1, v2, · · · , vi}.
(1) �_þn�Ý
"

(2) Ñ

(3) �Y´�N��Ý
L«�X ¥��"§�3+Tn(F ) �^e�ØÓ;��y²Ñ�"e¡

�Ñ�«X 3=�;�¥����{:

éÑA �1�������"�§Ø��ù��"��1§�§31i1 1§K|^�C�rA �

1i(i > 1)��1i1 ���C�0§P�A1 (ùo�L����E�(V0, V1, · · · , Vn))§éÑA1 �

1��������"�§Ø��ù��"��1§�§31i2(i2 6= i1) 1§K|^�C�rA �

1i(i > 2)�i2 ���C�0§P�A2§�g�e�§��(å"K(V0, V1, · · · , Vn)�(ei1 , ei2 , · · · )
3Ó�;�"

ooo!!!(10©©©) -I1, I2, · · · , Ir ��R �n�"½ÂN�

ϕ : Mn(R/(I1 ∩ I2 ∩ · · · ∩ Ir))→Mn(R/I1)× · · · ×Mn(R/Ir),

(aij + I1 ∩ I2 ∩ · · · ∩ Ir)n×n 7→ ((aij + I1)n×n, · · · , (aij + Ir)n×n).

(1) y²ϕ ���üÓ�§¿�ϕ ��Ó���=�Ii + Ij = R, ∀ 1 6 i 6= j 6 r"

(2) eI1 ∩ I2 = 0, I1 + I2 = R§KGLn(R) ∼= GLn(R/I1)×GLn(R/I2)"

Proof. (1) Ñ

(2) �ü>�_�£=1�ª�áuR×¤2`²÷�=�"

ÊÊÊ!!!(20©©©) �R ´¹kü �1 ��§G �+"-

R[G] = {Σg∈Gλgg|λg ∈ R,=kk��λg 6= 0}.
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3R[G] þ½Â$�Xe

Σg∈Gλgg + Σg∈Gµgg = Σg∈G(λg + µg)g,

Σg∈Gλgg · Σg∈Gµgg = Σg∈Gvgg Ù¥ vg = Σg=g′g′′λg′µg′′ .

(1) y²3þã$�e(R[G],+, ·) ¤���¹N�"
(2) y²R[G] ������=�R �����G �Abel +"

(3) ¦C[S3] �¥%Z(C[S3])"

(4) Á�ãé���k�+G§Z(C[G]) �G ��Ýa�m�'X"

Proof. (1)(2)Ñ

(3)(4)
∑

g∈G λgg ∈ Z(C[G])⇔ é?¿�h ∈ G, h
∑

g∈G λggh
−1 =

∑
g∈G λgg.

�>=
∑

g∈G λg(hgh−1) =
∑

g∈G λh−1ghg§¤±λh−1gh = λg.

=λg1 = λg2 ⇔ g1 �g2 3Ó���Ýa"

888!!!£££20¤¤¤©©© -f(x) = x3 + 2x+ 4. �E �f(x) 3Q þ�©��"
(1) y²f(x) ∈ Q[x] Ø��"

(2) �α1, α2, α3 �f �n��§¦D(f) = (α1 − α2)
2(α2 − α3)

2(α3 − α1)
2§¿¦Gal(f)"

(3) ¦E/Q �¥m�"
(4) y²�3Ã¡õ�pØÓ��ngGalois *ÜK/Q"

Proof. (1) f Ø����=�3Z þÃ�§
§����U�±1,±2,±4.

(2) éuf(x) = x3 + px+ q 5`§D(f) = −4p3 − 27q2 = −464.

D(f) < 0⇔ Gal(f) ∼= S3 ⇔ f k�k��¢�.

(3) Q(αi) Q(
√

(D(f))) = Q(
√

(− 29))

(4) Ø¬§Ø��õ�ªØÓ�§�*ÜØ�½ØÓ�"

ÔÔÔ!!!£££10¤¤¤©©© òx8 − 1, x20 − 1 ∈ F3[x] ©)�Ø��õ�ª�¦È"

Proof. duF32 �¤k��þ÷vx(x8 − 1) = x3
2 − x = 0§¤±x3

2 − x ©)�F3 þ¤k�g!

�gØ��õ�ª�¦È"

x8 − 1 = (x+ 1)(x− 1)(x2 + 1)(x2 + x− 1)(x2 − x− 1).

dux20 − 1|x80 − 1|x34 − 1§¤±x20 − 1 ©)��
F3 þ�
�g!�g!ogØ��õ�ª

�¦È"
(x20 − 1, x8 − 1) = x4 − 1 = (x+ 1)(x− 1)(x2 + 1)§¤±x20 − 1 �Ù¦Ïfþ�4 g

Ø��õ�ª"

x20− 1 = (x10− 1)(x10 + 1) = (x5− 1)(x5 + 1)(x2 + 1)(x8− x6 + x4− x2 + 1) = (x− 1)(x4 + x3 +

x2 + x+ 1)(x+ 1)(x4 − x3 + x2 − x+ 1)(x2 + 1)(x4 + x3 − x+ 1)(x4 − x3 + x+ 1).

x8 − x6 + x4 − x2 + 1 = (x4 + x3 − x − 1)(x4 − x3 + x − 1) �©)�Uk
E,§I�:O

�þ"
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