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�§�©, k�Æ)J
e¡A�¯K:
1. ��o (−1)(−1) = 1?
2. � n ���ê, K ≤ n �� n p����ê�¦È� n Ó{uõ
�?

3. �±½Â¢êé (��|) �\{Ú¦{, ¦Ù÷v·�Ù���

$�{K, X\{��ÆÚ(ÜÆ!¦{��ÆÚ(ÜÆ±9¦{
é\{�©�Æ, ¿�z�¢ê a �±w¤¢êé (a, 0). é¢ên
�|´Ä��±Xdö�?

4. ¦�§ x2 + 2 = y3 �¤k�ê).
5. UÄ�^�ºÚ�5r 60◦ �n�©º
6. UÄ�ª¦) 5 g�§ x5 − 6x + 3 = 0?
w�Æ)�§�ÆS�o, ��o·�'5�´$�5�? Ä�k
�o¿Â? �Ñ=IÍ¶óÆ[ Alfred North Whitehead
(1861)1947) ¤`: /�p�Ä�´��·�éäN¯Ô�g��
ý�Éì. (the utmost abstractions are the true weapons with which
to control our thought of concrete fact.)0
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'Xrf+��8��f+3+þ��¦ (m¦) �^�;�. AO
/d+3g�þ��¦�^Ò�Ñ Cayley ½n. '5AaAO�+
�^3�§¥��/ , Xf+3+þ��¦ (m¦) �^, +3
g�þ��Ý�^ (�Ñ p-+�(J), +3Ùf88Üþ��¦�
^, +3Ùf+8Üþ��Ý�^, +3Ù�û8 (��88Ü) þ
��¦�^�. ÏLn� Sylow ½n�y²NyÙA^�2�5.

rNÓ�Ä�½n��/ , Äk��Ó�½nÚéA½n, ��
ÑÙ§A^, X N/C ½n�. (�±`��<´ÄÆÐ
�ê�§Ò
wÙéÓ�Ä�½n�A^§Ý)

rN~f��5, z��VgÑéA�
;.�~f.

ÏLé�
AÏ�k�+(��(½54Æ)Ùö/A^¤Æ��

Ä��£. ~X: � p ��ê, K p �+�½Ì�, p2 �+½öÌ
�½ö�ü� p �Ì�+��È, 2p �+½öÌ�½ö��¡N
+; � p < q �ü��ê, ©a pq �+; ©a 8 �+�. ù���
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¾J� (�®�Æ) Ä��ê�§�Æ�g��¢� 2023 c 3 � 25 F 10 / 20



A:�{

+ØÜ©AOrN+�^�g�, �§ùÇ¥'�@/Ú\+�^.
'Xrf+��8��f+3+þ��¦ (m¦) �^�;�. AO
/d+3g�þ��¦�^Ò�Ñ Cayley ½n. '5AaAO�+
�^3�§¥��/ , Xf+3+þ��¦ (m¦) �^, +3
g�þ��Ý�^ (�Ñ p-+�(J), +3Ùf88Üþ��¦�
^, +3Ùf+8Üþ��Ý�^, +3Ù�û8 (��88Ü) þ
��¦�^�. ÏLn� Sylow ½n�y²NyÙA^�2�5.

rNÓ�Ä�½n��/ , Äk��Ó�½nÚéA½n, ��
ÑÙ§A^, X N/C ½n�. (�±`��<´ÄÆÐ
�ê�§Ò
wÙéÓ�Ä�½n�A^§Ý)

rN~f��5, z��VgÑéA�
;.�~f.

ÏLé�
AÏ�k�+(��(½54Æ)Ùö/A^¤Æ��

Ä��£. ~X: � p ��ê, K p �+�½Ì�, p2 �+½öÌ
�½ö�ü� p �Ì�+��È, 2p �+½öÌ�½ö��¡N
+; � p < q �ü��ê, ©a pq �+; ©a 8 �+�. ù���

Æ)éõ+�äN~f.

¾J� (�®�Æ) Ä��ê�§�Æ�g��¢� 2023 c 3 � 25 F 10 / 20



A:�{

+ØÜ©AOrN+�^�g�, �§ùÇ¥'�@/Ú\+�^.
'Xrf+��8��f+3+þ��¦ (m¦) �^�;�. AO
/d+3g�þ��¦�^Ò�Ñ Cayley ½n. '5AaAO�+
�^3�§¥��/ , Xf+3+þ��¦ (m¦) �^, +3
g�þ��Ý�^ (�Ñ p-+�(J), +3Ùf88Üþ��¦�
^, +3Ùf+8Üþ��Ý�^, +3Ù�û8 (��88Ü) þ
��¦�^�. ÏLn� Sylow ½n�y²NyÙA^�2�5.

rNÓ�Ä�½n��/ , Äk��Ó�½nÚéA½n, ��
ÑÙ§A^, X N/C ½n�. (�±`��<´ÄÆÐ
�ê�§Ò
wÙéÓ�Ä�½n�A^§Ý)

rN~f��5, z��VgÑéA�
;.�~f.

ÏLé�
AÏ�k�+(��(½54Æ)Ùö/A^¤Æ��

Ä��£. ~X: � p ��ê, K p �+�½Ì�, p2 �+½öÌ
�½ö�ü� p �Ì�+��È, 2p �+½öÌ�½ö��¡N
+; � p < q �ü��ê, ©a pq �+; ©a 8 �+�. ù���

Æ)éõ+�äN~f.

¾J� (�®�Æ) Ä��ê�§�Æ�g��¢� 2023 c 3 � 25 F 10 / 20



A:�{

+ØÜ©AOrN+�^�g�, �§ùÇ¥'�@/Ú\+�^.
'Xrf+��8��f+3+þ��¦ (m¦) �^�;�. AO
/d+3g�þ��¦�^Ò�Ñ Cayley ½n. '5AaAO�+
�^3�§¥��/ , Xf+3+þ��¦ (m¦) �^, +3
g�þ��Ý�^ (�Ñ p-+�(J), +3Ùf88Üþ��¦�
^, +3Ùf+8Üþ��Ý�^, +3Ù�û8 (��88Ü) þ
��¦�^�. ÏLn� Sylow ½n�y²NyÙA^�2�5.

rNÓ�Ä�½n��/ , Äk��Ó�½nÚéA½n, ��
ÑÙ§A^, X N/C ½n�. (�±`��<´ÄÆÐ
�ê�§Ò
wÙéÓ�Ä�½n�A^§Ý)

rN~f��5, z��VgÑéA�
;.�~f.

ÏLé�
AÏ�k�+(��(½54Æ)Ùö/A^¤Æ��

Ä��£. ~X: � p ��ê, K p �+�½Ì�, p2 �+½öÌ
�½ö�ü� p �Ì�+��È, 2p �+½öÌ�½ö��¡N
+; � p < q �ü��ê, ©a pq �+; ©a 8 �+�. ù���

Æ)éõ+�äN~f.

¾J� (�®�Æ) Ä��ê�§�Æ�g��¢� 2023 c 3 � 25 F 10 / 20



255 �+

255 �+�½´Ì�+.

� G � 255 �+. du 255 = 3 · 5 · 17, N´�� G � Sylow 17-f
+��, � H � G � Sylow 17-f+, � H � 17 �Ì�+� H �G .

é H |^ N/C ½n, du H �G , ¤± NG (H) = G , l
G/CG (H) Ó�u Aut(H) ���f+, �k |G/CG (H)| | 255 Ú
|G/CG (H)| | 16, (Ï� |Aut(H)| = 16) dd�� |G/CG (H)| = 1,
� CG (H) = G , ùB�� H ≤ Z (G ). l
|G/Z (G )| | |G/H | = 15, = |G/Z (G )| = 1, 3, 5 ½ö 15. �
G/Z (G ) �Ì�+, d G/Z ½n�� G ��.

¤±, G � Sylow 3-f+Ú Sylow 5-f+Ñ´�5f+, l��.
� K � G � Sylow 3-f+, L � G � Sylow 5-f+, N´�y��
G = KLH � K ∩ LH = L∩KH = H ∩KL = {e}, ¤±
G ∼= K × L×H. 5¿� K , L, H ��ê*dp��Ì�+, l G
�Ì�+.

��k����ü+Ó�u��+ A5.
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��½Â

� R ´���8Ü, Ùþkü«�ê$�, ©O¡�\{Ú¦{, P
� “ + ” Ú “ · ”, �÷v

1 R é\{�¤��+, = (R,+) ���+.
2 R é¦{�¤N�+, = (R, ·) �N�+.
3 ¦{é\{�©�Æ¤á, =é?¿ a, b, c ∈ R, k

a(b+ c) = ab+ ac , (b+ c)a = ba+ ca.

5½�¥k¦{ü �. (Serge Lang � Algebra, Revised Third
Edition, GTM 211 ¥`Ï��¥kü �¤±´ ring, vkü �
Ò´ rng 
) ¢Sþk�A^d���Ñkü �, X��!�Ý

��.
f���)���ü �, ¤±�ê��f��kg�, �ê� n
��{a��´ù�. ~X {0, 3} Ø´ Z6 �f�, �,§3 Z6 �
$�e�¤�. ýn�Ø´f�. (3�Ø¥å��^�´n�)
��Ó�Ø�±$�	��rü �N¤ü �, ¤±"N�Ø´
�Ó� (Ø�NL���´"�). ù�±éÐ/`²l�Ñu�Ó
��½´üÓ�.
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5½�¥k¦{ü �. (Serge Lang � Algebra, Revised Third
Edition, GTM 211 ¥`Ï��¥kü �¤±´ ring, vkü �
Ò´ rng 
) ¢Sþk�A^d���Ñkü �, X��!�Ý

��.
f���)���ü �, ¤±�ê��f��kg�, �ê� n
��{a��´ù�. ~X {0, 3} Ø´ Z6 �f�, �,§3 Z6 �
$�e�¤�. ýn�Ø´f�. (3�Ø¥å��^�´n�)
��Ó�Ø�±$�	��rü �N¤ü �, ¤±"N�Ø´
�Ó� (Ø�NL���´"�). ù�±éÐ/`²l�Ñu�Ó
��½´üÓ�.
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õ�ª�´�a���, �±�·�JøéõÄ��~f, �Æ¥
�AO'5.

��� R þ���õ�ª� R [x ]. 5¿§��þ�õ�ª��ØÓ
�?.

deg(f (x) + g(x)) ≤ max(degf (x), degg(x)),
deg(f (x)g(x)) ≤ degf (x) + degg(x). e R ���, K
deg(f (x)g(x)) = degf (x) + degg(x), l R [x ] �´��.

� f (x) = ∑n
i=0 aix

i ∈ R [x ], K f (x) �_��=� a0 3 R ¥�_
¿� a1, a2, · · · , an Ñ´ R ¥��"�. (��� R �¤k�n��
�Td R �¤k�"�|¤)

Ï~ R [x ] ¥vk�{Ø{, 'X3�Xêõ�ª�¥ØU^ 2x + 1
�Ø x3 + 2, �´§�±í2�: � R ����, g(x) ∈ R [x ] �
g(x) �Ä�Xê� R ¥��_�, Ké?¿ f (x) ∈ R [x ], �3��
�õ�ª q(x), r(x) ∈ R [x ] ¦�

f (x) = q(x)g(x) + r(x), � r(x) = 0½ degr(x) < degg(x).
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�Ó�½n���A^

¦û� Z[x ]/(x2 + 1, x − 2).

½ÂN� ϕ : Z[x ]→ Z � ϕ(f (x)) = f (2), ù´��÷Ó��
Kerϕ = (x − 2). 5¿�n� (x2 + 1, x − 2) �¹ Kerϕ, d1nÓ
�½nk Z[x ]/(x2 + 1, x − 2) ∼= Z/ϕ((x2 + 1, x − 2)). ?�Ú/,

ϕ((x2 + 1, x − 2)) = (ϕ(x2 + 1), ϕ(x − 2)) = (22 + 1, 2− 2) = (5),

¤± Z[x ]/(x2 + 1, x − 2) ∼= Z/(5) = Z5 ´ 5 ��.

�	O�N� ψ : Z[x ]→ Z[i ] � ϕ(f (x)) = f (i), ù�´��÷Ó
�� Kerψ = (x2 + 1). ¯¢þ, d i2 + 1 = 0 k x2 + 1 ∈ Kerψ. �
�, ?� f (x) ∈ Kerψ, Ï� x2 + 1 Ä�Xê� 1, �±��{Ø{
�� f (x) = q(x)(x2 + 1) + r(x), Ù¥ q(x), r(x) ∈ Z[x ] � r(x) �
gê < 2. � r(x) = ax + b, a, b ∈ Z. d f (i) = 0 �� r(i) = 0, l
 a = b = 0, = r(x) = 0. ¤± f (x) = q(x)(x2 + 1) ∈ (x2 + 1).
d1nÓ�½nk Z[x ]/(x2 + 1, x − 2) ∼= Z[i ]/ψ((x2 + 1, x − 2)).
O��� ψ((x2 + 1, x − 2)) = (i2 + 1, i − 2) = (−2 + i). ¤±
Z[x ]/(x2 + 1, x − 2) ∼= Z[i ]/(−2 + i).
dd�� Z[i ]/(−2 + i) ∼= Z5.
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��©)��¥�õ�ª�

e R � UFD, K R [x ] �´ UFD.

Hilbert Ä½n: e R ´ Noether �, K R [x ] �´ Noether �. (Àù)

R [x ] ´ PID ��=� R ´�.

� F ´�, R ´ F þ¤k x �Xê� 0 �õ�ª�¤�8Ü, K R
� F [x ] �f�, l´��. ?�Ú/N´y² R ¥��� x2, x3

´ R �Ø����Ø´��, ¤± UFD �f�Ø�½´ UFD.

·���î¼� R ¥�{Ø{�ûÚ{�Ø�½��, � F þ��
�õ�ª� F [x ] ´î¼�. �´eî¼� R ¥�{Ø{�ûÚ{
�´���, K R = F [x ].

�þ���õ�ª�^u�E*�. � F ´�, f (x) ∈ F [x ] 3 F þ
Ø��, K F [x ]/(f (x)) ´ F �*�. ?�Ú/, e deg f (x) ≥ 2, K
f (x) 3 F ¥Ã�, �3 F [x ]/(f (x)) ¥k� x + (f (x)). ù�´õ
�ª©���3�Ä:.

F [x ]/(f (x)) ´ F �ü�ê*Ü, �� F �z�ü�ê�½�,�
F [x ]/(f (x)).
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