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3 �5C���qIO/

�ïÄ�þ�mVþ��5C�,Ø%g�=é�|Ä,¦��5C�3ù|Äe�Ý
L«¦þ{

ü.¢yù�8��Ø%�{´ò��m�¤ØCf�m��Ú,ù�ò�5C���3z���mþ�

1�©3�å=��3��mþ�1�.�½�5C�ϕ,ò��m�¤ϕ−ØCf�m��Ú�L§��
�Ú©),�Ú©)kü«�ª,O�©)ÚÌ�©)

3.1 O�©)

�½�Fþ��þ�mV ,±9Vþ��5C�ϕ.·�¡ϕ´O�(primary)�,XJϕ�A�õ�ªfϕ ∈
F [x]´Kþ��õ�ª��.=fϕ = pr, p ∈ F [x]Ø��.�½?¿���5C�ϕ��(ÃØϕ´ÄO

�),�ϕ�,�ØCf�mW ,Kϕ��3Wþϕ|W , ´W þ����5C�.XJϕ|W´O��(d���m

´W ),·�ÒòW¡�V�ϕ−O�f�m.5¿O�f�m�cJ´ØCf�m.e¡�·K¤á

·K1 ϕ−O�f�m�ϕØCf�mE�ϕ−O�f�m.

e¡�½nw�·�,�½V, ϕ��.V�½�±�¤eZ�O�f�m��Ú,ù�·�Ò¤õ�

òV�¤
eZ�ϕ−ØCf�m��Ú,l��
·��8I

le¡m©§��½�Fþ�5�mVÚVþ�5C�ϕ�ϕ�A�õ�ª�fϕ = pd11 · · · p
dk
k ,�Ù��

õ�ª�mϕ = pr11 · · · p
rk
k

½n1 (O�©)½n(primary decomposition theorem)) VU�¤eZ�ϕ−O�f�m��Ú.¯¢þ·

�k

V = Ker(pr11 (ϕ))⊕ · · · ⊕Ker(prkk (ϕ))

Ù¥N´y²Ker(prii (ϕ))�ϕ−ØCf�m��O�f�m.

PWi = Ker(prii )�ϕ��f�m.Ûõ3O�©)½n����kéõ�Ù¦5�,ÄkO�©)½

nk,«/��50

·K2 XJòV�¤
eZ�ϕO�f�m��Ú

V = U1 ⊕ · · · ⊕ Ul

�ϕ|Ui
þ�A�õ�ªüüp�.Kl = k,�U1, · · · , Uk´Ker(pr11 (ϕ)), · · · ,Ker(prkk (ϕ))�,�ü�.

Ød�	,�kéõ�5�,y�ÞXe

·K3 (1) éu�é�z��5C�,O�©)Ò´ò��m�¤��A�f�m��Ú.

(2) Wi = {α|∃k ∈ Z+, pki α = 0}.

(3) Ker(pi(ϕ)) ( Ker(p2i (ϕ)) ( · · · ( Ker(prii (ϕ)) = Wi = Ker(pri+1
i (ϕ)) = · · · ,epi ��g,Kþãªf

1���pi��¤éA�A�f�m.

(4) dimWi = di deg pi,AO/,eF = C�Eê�,KdimWi = di

(5) é?¿ϕ−ØCf�mU ,kU = (U ∩W1) ⊕ · · · ⊕ (U ∩Wk).ù´O�©)¤Õk�5�,éuÙ¦�

ØCf�m��Ú©),ù�5�Ø�½�(.

(6) é∀i, WiþÝK�ÝKN��ϕ�õ�ª.=�ÄN�fi : V → V, α1 + · · ·+ αk 7→ αi, αj ∈Wj�Vþ

��5C�,�3õ�ªPi ∈ F [x],¦�fi = Pi(ϕ).ù�·K�±��íÑJordan©).
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3.2 Ì�©)

½Â1 éVþ��5C�ϕ,¡ϕ´Ì�(cyclic)�,XJ�3α ∈ V ,¦�éu?¿β ∈ V ,�3õ�ªf ∈
F [x],¦�β = f(ϕ)α

Ó��,éu?¿�½��5C�ϕ,·�¡ϕ�ØCf�mW�ϕ−Ì�f�m,XJf |W´(Wþ)Ì�

��5C�.�é{`,�3α ∈ W ,¦�éu?¿β ∈ W ,�3õ�ªf ∈ F [x],¦�β = f(ϕ)α.aq/,e¡

�·K¤á

·K4 ϕ−Ì�f�m�ϕØCf�mE�ϕ−Ì�f�m.

éuïÄÌ���5C�,kü�¯KµNo�ä���5C�´ÄÌ�±9Ì���5C�kN�

�5�.

'u1��¯K,kXe�{�(Ø

·K5 ϕ´VþÌ���5C���=�ϕ�A�õ�ªfϕ�uÙ��õ�ªmϕ

T(Ø�y²�I^�e¡�Ún

Ún1 �3α ∈ V ,¦�α���õ�ªmα = mϕ

éu1��¯K,�k���{�(Ø

·K6 eϕÌ�,K�3�|Ä¦�ϕ�Ý
L«�kn.Ý
,=Frobenius¬.¯¢þ,T·K�_·K�

¤á.

k
±þü�·K,(Üe¡�Ì�©)½n,B�íÑ�5C��knIO..

½n2 (Ì�©)½n(cyclic decomposition theorem)) V�½�±©¤ϕ�eZ�Ì�f�m��Ú

V =W1 ⊕ · · · ⊕Wr

¿��ϕ|Wi
���õ�ª�mi,�±¦�mr|mr−1| · · · |m1.

Ì�©)½n3,«¿Âe�k��5

·K7 m1, · · · ,mr�ϕ¤��û½,¡�ϕ�ØCÏf|.�é{`,XJ^,�«�ªòV�¤
eZ�Ì

�f�m��Ú

V = U1 ⊕ · · · ⊕ Ul

¿�ϕ|Ui
���õ�ªqi÷vql|ql−1| · · · |q1,Kl = r,�mi = qi.

5¿d?¿vk`²Wi´���,�z�ϕ|Wi
���õ�ª3÷v�Ø'X��¹e��.ddB�í

ÑÝ
�knIO.9Ù��5.

��±��eã·K

·K8 ϕÌ���=�e¡�·K¤á:eψ÷vψϕ = ϕψ,K�½�3õ�ªf ,¦�ψ = f(ϕ)

3.3 O�Ì�©)

�Ä�Fþ�þ�mVþ��5C�ϕ,eϕQ´O��q´Ì��,K¡ϕO�Ì�,aq/�±½

Âϕ−O�Ì�f�m.

e¡�·Kw�·�,��O�Ì���,�Ú©)BØUUYe�
.

·K9 VØU©)¤ü��²�ϕØCf�m��Ú��=�ϕO�Ì�.

éu���½��5C�ϕ,·��±kòϕ?1O�©),2òz���m?1Ì�©),ù�Ò��


���Ú©),�z�Ü©þ�O�Ì�f�m.ù�B��

·K10 VU
©¤eZ�ϕO�Ì�f�m��Ú
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O�Ì�©)�k,«��5.

½n3 �V =W1 ⊕ · · · ⊕Ws´V�O�Ì�©),Kϕ|Wi
þ���õ�ªmi3ØOgS�¿Âe�ϕ��

û½,¡§��ϕ�Ð�Ïf|.

AO/,�ÄEê�þ�O�Ì�©)B��
�5C��JordanIO..

3.4 other topics

3.4.1 �Ó�é�z��Ó�n�z

e¡�ü�½n�ã
�Ó�é�z��Ó�n�z�¯K

½n4 �x�5C��¤�8ÜT�Ó�é�z,��=�üü��z�z��5C�þ�é�z.

½n5 e�3�|Ä¦�Vþ�5C�ϕ�Ý
L«�þn�Ý
,K¡ϕ�n�z.ϕ�n�z��=

�ϕ�A�õ�ªU
©)¤�gÏª�¦È.

½n6 e�|�5C�üü����z�þ�n�z,K§��Ó�n�z.

3.4.2 �ü�5C�

½Â2 �Fþ��5�mVþ��5C�¡�´�ü(semi-simple)�§XJéuz�ϕ−ØCf�
mW ,ϕ−ØCf�mU ,¦�V =W ⊕ U

le¡�·K�±wÑ�ü´�é�z�í2

·K11 ϕ�ü��=�ϕ���õ�ª3F¥�IO©)vkÏª.

dd�±wÑ,éuEê���¹,�5C�´�ü��=��é�z.


