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@BA2CEDGFIHBJKJLDNMPORQ6SNTVUVWBSYX
Z HY[]\V^KW`_aQ6MbFKcedPORWGfVDVgeDhJ2fGij^kQlMbF2mYJKJLnlQlHYfVH`oNfGp`_LH�\V^KW`_aQ6MbFkcjdrq
Zts [?ijou_aQ6MbFKced?O8WVfGDVgjDNJ2fVie^KQ6MbF2mbJkJkn6QlHYfVH`ohfGpu_LH�ijou_aQlMYFKcjdvA

wGA�xySYHBn�z{QBT|UVWYSBXP\V^KW`_aQ6MbFkcjdPORWGfGDVgjDNJ2UVWBORWYO8WY^L}9MB~l\vQ�\V^KWu_aQlMbFkcjdrTGieou_aQlMbFkcjdB~�ieou_aQlMbFkcjdG�
�VA2�,QlSBXBQlo

{Mi : i ∈ Λ}
ORWGfVDVgeDhJLWYMPQ6SBX]�lJkHBgj�Yf�_LHVA����YJkJkDVM s QYTVUVWBSYX

Z HY[]ORijoNfGQ6o
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ieou_aQlMbFkcjdrA
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MBWYORO�DGFKH`FkcjdPSYXb�N^k�
�7W|Q�FKUVQ6^
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α : A → B

ieou_aQlMbFkcjd?ORWGfGDVgjDNJLz�UVWYO8WYORWB^k�Nn6O�DNJlA�CEDVFKHBJKJkDVM]ORQ6SNTNUVWBSYX
Im(α)

\vWBoYFKWYJKH`o�HBMbMBWY^
fGij^kQlMbF�mbJkJkn6QlHYfVH`ohfGpu_LH

B
z{oVQ6MrTYUNH�d`H`oRWBgjXYH`o

β : B → A
ORWGfGDVgjDNJLz�UNWBORWBORWB^k�Nn6O�DhJ6TBH`ORQlgeX|^KQ

βα = idA

A
� WBSYHBgeO�HBn6n6DVM�ORQ6S�~lJ s ienlWBobX|ceFKJkDVM s Q�H`n��Bgegjc�FI�BJ2fGDN�Bgei�JK�uFlA
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I E R
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β : I → Q R
z{UVWYO8WYORWB^k�Nn6O�DNJk^KH�duHBo?WYgeXYHBo

γ : R → Q R
z{UVWYO8WYORWB^k�Nn6O�DNJlTGH`ORQ6gjX

β
M|i�FKQ6^¡_aQlJkn�FK~lJkQBA

¢ SYX¤£ s Q6gez{�6JkWB\vWY^LF¦¥y§u�k¨6©�ªu����«h¥{��¬/T2UNH�H­o|DVgegjQ6gjQ6O<M|iedB~6FkQ6gj~6dBQlg7O8ijoNfGQlo®Q6gjQ6OR~6oVQlM¯^KQ6oNfu_yQ dB~6SBFkQ6gjQ6o°~lJ ¥{§`�k¨�©�ª
± ¬�§I²V§u��¥¡TNUNHRO8ijoNfGQlo�Q6gjQ6OR~6oVQlM]^kQ6ohf�_aQ�dB~lSBQ�J6A

¢ SYX
³�´I����� ± ¬6§K²N§u�/¥2§u¬k¨�¥tµV�`¥{ª`TNUNH8ORieoNfVQ6o a ∈ A
~�J

n ∈ N+
QlJkQ�FK~6o
d`H`o
WBgjXYH`o

b ∈ A
TVUVWYSBX

nb = a
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A Z
z{ORWGfGDVgjDNJ�\vWYoYFkWbJkHBo­H`M|MBWB^�ieo`_yQlMbFkcjdrT$UNH

AWYJkn�FKUNHuFKpR£ s Qlg�zy�6JkWB\vWY^LF�A
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~�J7ijou_aQ6MbFkcjdrThFKQ6UN�`F

QWBgjXYH`o?FkWY^knliepYO8QloYFKQlJ
Z
z�ORWGfGDNgeDNJlTVHBO8QlgeX]oVQ6OÀ\V^kW`_aQlMYFKcedrA

ÁVA�Â�Ã{Äb�/¬6�6«
ÄY�6«v�6�kÅu�Æ¥�³�´K�6�Æ� ± ¬6§K²V§`�/¥{§�Ç
�u�e�I²v¥yÃ�¥y�6�e�� ienlWBo|XbceFIJLDVM s QBTYUNH
A
dB~6SBQ�JLQlo�SYQ6oVQl^K�Bg�F�£ s Qlg�zy�6JkWB\vWY^LF�T`HBMbMBWY^$duHBgjHBO8QlgeX

k, r ∈ N
QlSB~lJkn6QlM|^kQ'~lJ
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È FKO�DGFKH`FK�YJ6�
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A
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UhH`gjORHBnlH Z
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T (A)
^K~lJknl�6JkWB\vWB^LFÊ~lJ

A/T (A)
FKWB^Kn6ijpBORQ6obFkQlJlA$Ë�ijUNHBJkn6oN�Bged`HVTBUVWYSBXRORieoNfGQlo]dB~lSBQ�JLQlo�SYQ6oVQl^K�Bg�FÌFKWB^Kn6ijpBORQ6oGz

FkQ�J'£ s Qlg�zy�6JkWB\vWY^LF'JLn�H s HBf Z g�fPQlge¾Yn6¾�}tQ6g�HBfVH`FKJkWB^/[/TbieSbH`n6WYg _aDVMrTbUVWBSYXRH`gjMuHBgeO�HBJ
k
z{^IH

A ∼= Zk ⊕T (A)
A$Í7~6SYÎVg

H`gjMuHBgeO�HBn6n6DNMPH�dY~6SBQ�J�£ s Q6gez{�6JkWB\vWY^LFKWBMPH`g�H`\GFK~�FkQlge~6FlA


