
�0� ��

�G�, �N���q�$F�g*+
&~dzd� �N��


$%%�p?F�=: E�$%E�/<"��g�
*+, =�tu

E.
Kr�� pp��A
�g; ;�Wf�|y�|g�, =��

{��p�,G�

~�, FG?��g*+
$(����g�, ��$%��A
,

��op�,|g� T@!{�	�"@I�N
�/b<�8, EN

	 (8bENhi) 0%�?�N��o��I, !bON "O�

rs �{�yj�8�N, 14&�����fp*+ Z��[�

e
[\� @k r, %���1<�U�N
?F/s`"
��-

l, E������, ;�W�N�

�����q89'D, 89$%
4567
����389�

�, Hf�,|g, �op$%� Z A� �
��t3g�A
456
7, 1<�8?��#Y*, /�1<�8@p�g8, ~X@$g8c

{��� "����#Y*
$g8, %��"�8@ Z�tg p[
8,

T�qhU3g
m�� �G�
������q1<$%� Z A, '

^�Cj/I"g�� qEYD, X'�,|g? 14pf�]-N

��, �f�]-N�EF0&
2�, �"��� @r��

W�N�I�W�, z p�KU0p1
2�, ��!"�EFq

r
]k, [ Zf�]W[
)�� rscFjtu5p�g*+Z=


W, ?!� ZW�[
�e, �rsptu`f 0 
�, z�+W�N1

�"�
, 2<&��W��?��; ~�`f p > 0 
�A, EFW�

N EL�"�
, 0%14&pEF�~p C}
}��, T?�2

d Zf�]W[� #�, �S1<�' "�
CN�ptuW�$? r

sTX�, ��? 4$% Z�|e[ (T1<�8?Wp�	
�W


�|��*+�), Rr Z/pZ 
W�Z=
�|?�f�]W� ���
%, �|e�gO��& d`"
f�eE, =���f�]W� s

&
�

���D,�
��g"'�W�N, h"'����, =��N


A
��-l1W�IU��

1



W�N
��%�1<'(� 19 q)�f
45|gm Em 45

67m �NO
� E*�P
��, @	+�p�?��
u|, ��@

|+�p�?��
,�� ?@�����d, %�p7eW�m 	


��m C�W�Nm f�]Wm W�N
HIdt}m M��m Pe�

�m z{�Nm 	�~u��m ��V�m qV=W�Nm �h���

�m K-�
, ��@p��,�
+�8b�gm g�m tW�t�

gm �g*+m 3*+m �1�@0%gO.��

:;j$, W�N�p�g*+Z=
W, =�����+"�/@

WZ=�*+Z=, <���e�
,�� �W��, t}�& 
��

YZd2�, ��,�W�@�I
& 01, �t}�HI�
�
�

�W�N���, HIVX�& 
��YZd2�, ��,�W�N�

@�I
& 01; ~p2 V
�, t}�HIE. 
�, =?qV

=W	
p/o
W�NZ= (�2R IX.1.2), =� C
!��W�

N�@HI, � �W�N�@t}, ��p_t}��p-l
�

 Cw�0
u|�@45S,c
r�:

& 
�H�}?�g*+&~, O* Hartshorne [H]
 I-III�& 

��, (O* [EGA] or^�� �" [H] ��2A ��y
u|, ��

I ����EF��@
$�H?./, 8b"^Q (C�em ()em

��
zdm p�xy
),f#� (]of�m \g�f�7�m wf�

�T�g3N
), yP�N
���`��O (E.��F1��
�

��`��Om QglOm Bvhe�g�L�
), >��4Kh (>

�C�@edm 7e�m �>�m 4Kh
& ed
)�

� II �?W�Nm V7m $m HIm VL�
& �e, YZ& A

�;

, ~�pEN��y
Zs (r|� 1.3, |� 1.4, |� 1.6 
)�

� III ��@jOW�N
f#�dW�NHI
f#�, T�& 


d0p1
2�� � 1 0?W�N
f#�, 8b -f�m t�g

� -f�7��
, /�[1!�EN��y
Zs; � 2 0?W�

NHI
f#�, 8bW�NHI[\
	mf��V7m t�gV7m

f�7��V7m T�g3N
; � 3 0?}Q�[\HI, Ll���

Nm ��N.KU\l}QH?��N
& ed, r�KUW�N


HI�}QA[\
7eHI; � 40?S"KrW�N
��y,��

2

群概形及其作用论



W�N������
$%p`"
HI, ��{�����pW

�NZ=; qEYD,�������W�N
`"d0p12�� =�,

��IE� (� IV �) �@jO�����
&~� @�� 1 0O��

�
& �ed�H, .�R$sr+�I; � 2 0O���`�N; �

3 0O-N
�em -N����
,�, .�R$s-N��
0&�

�Dw�1A�A�jI����
YZd�H�

M
)�ed=>��g*+�`"�ab
a�, �W�N�@

HI� ?`"; [U�M
[\� � V �h+,�TE��� � 1 0

OM�[U
& �e, .KUEF& 
veGz; � 2 0KUyP

CNM�[U)�
EF/�
�, .,��p�M; � 3 0,�AyC

N, `e�p�CNM�[U)�

�, .KUEEwx4�yf��

� VI �WM�[UH?2��I"W�N� � 1 0OW�NHI


M, KUM�f#�
,�, �yPCNm p�AyHICNdBSL

CNKUM)�
/�
�, .;J,��Pe�N, WTN�I"�A


CNKU�A
W�N�@HI
EN& ed; � 2 0Oz{�N,

KUz{�N
)�ed& ed, .,�W�N
HI�z{�NA


[\HI�

� VII �?	
���	
��N, TYD
u|{��� � 1 0?

Ae�@�I, .KU	
���V7
EN& ed; � 2 0?�|�

�, $%"z{�N��eA, KU	
��N
�|
)�e�& e

d, .IEJ�y,���
, KU89-EFL�
��L�, .�`f

p > 0 CNLl�E.
6K7y; � 3 0I l-It}�y,�qV7�

���
; � 4 0?	�~u��
& ��, 8b	
��
�]em

67
z4{�m 	�~u��
)�e�EN& ed; H?�D, �

5 0KU3	
��
89���"77t�

�`f p > 0 
CN, ��V����KrW�N
EF& 2�,

TYD
��4o3&, �0?3Y� � VIII �h+,�TE��� � 1

0OKrNOWm p-1>W����|; � 20O^`�m ^`�N�&

 ed; � 3 0$* Z��VG[$%��V�
& ��, .LlE.

&A
��V��N; � 4 0O�|�O��, @��|�=>ejKU


; � 5 0,���V�
Z=d�h, KU���
Z=, .;J,�

3

第0章　引言



���V��O����V�
V=�h�

�"E.
yP�N, qV=W�N�EF`"
4S�9, �qs

�EFp1
2�� � IX �h+,�TE��� � 1 0KUqV=W

�N
EN& eddR�, .�*F`qCNKUqV=W�N
Z

=; � 20?qV=W�N
f#�, KUqV=W�N
-N
& L

�dqV=W�N
f#�
& L�, .KU�	
��dPe�N


EN�I; � 3 0,�&':N*+Z=
qV=W�N, /�1<W

qV=W�N
:NYZ�I"/yPCN, `e�7eCN; � 4 0�

IqV=W�Nns	
��
-N
& L� (TFL�fp
ns

./r�, ~�IqV=W�N1@ns&?c�)�

� X�!"�KU�A
p�:W�N
Z=� TYD
Zs& 

A1�q	
 (aO" 20 q) 50 P�), ~"M?II�
zdns, p

_4 |}� /"p�=*�
GH, 1<���f
ns�

� XI �?	
��
������ H?��
�H, Y#c
�3

89YZ�ENZs; r�I�g*+YZ$%�	
��
:;db

c���<�67
���, .;JKU���
ENed�

C�w�0pENZ�, �TNZ�p-"�#3
�8, �@�E

NZs�pI
�

4

群概形及其作用论



� I � �������	


� 1 � ���

1. ��������

�	
��
���������� ���, ���	���� 

!" f : X → S #$ S %���&'(,)*+,���	�� F ,-.

/0�1 s ∈ S 2��345 U ⊂ S 6��78 φ : f−1(U) '−→ F ×U ,

9: f |f−1(U) = pr2 ◦ φ� ;< F #$=�
���&'� F × S >?�

��
��, #$@AB
��� �C�
��D?�� (E,:FG�

3H U ⊂ S %) IJK F × S �L, MNOIJPQRS7� T)U S

$VW, F $XY, Z2[�\]�
��, ��^_, `��abcd

_ (e 1)� =[�
���f?S7�, g$hi�jk�lmi�n

k��

�26;
>����FG246

89:<==??
@BBCDEFTHJVN$X%Z\'(c+ilolhd`'&Z%$%WMKIHFEDCBA@??==;:986

J2H�F�D�?�9�4
��

njeb('&%ZYNLJHGFDCCAA@>>=<;:L86J2�H�FD��=�74�
�

�B�EG0J4K89:;<=??@ABCCEFHHKMW$YZ\'a
0�
p

0�
p

��26;
>����FG246

89:<==??
@BBCDEFTHJVN$X%Z\'(c+il

njeb('&%ZYNLJHGFDCCAA@>>=<;:L86J2�H�FD��=�74�
�

?���,�H357
9:;<=>?rBCCEEGIJLW$X%Z\'(c

omjifeb(_]V%YQOLKJHGFDDBA@?=<:96K��N<:9865
41/

G�*CA�>;:7
631

0�
p

0�
p

�26;
>����FG246

89:<==??
@BBCDEFTHJVN$X%Z\'(c+ilolhd`'&Z%$%WMKIHFEDCBA@??==;:986

J2H�F�D�?�9�4
��

↘ ↙

o 1

,pqrs�tuvwxy�z{, |}�~���z{�

� 1. U k �pq�5, S = P1
k, ����$ (X0 : X1), T = A2

k, ��$

x0, x1, Z T ×k S ∼= A2
S $ S %������, �2����

L = {(x0, x1, X0 : X1)|x0X0 + x1X1 = 0} ⊂ T ×k S (1)

5



=� S %���	��
X��

, k = C �z{, $�
�
�� L, �������1H (E��

$�q�1H)� �� S ��1H$ P 1
R, �78�V;l L��1H��

P 1
R %����
X�, ��abcd_�L, �nk�� �;/�, ��

���
X� R × P 1
R Z$V��, �jk��

� 2. U X $pq�5 k %��" pqH, F $ X %�! n ��

"#$� % X �3&' {Ui|i ∈ I} -. F|Ui
∼= On

X |Ui
(∀i ∈ I), /0

[� i, j ∈ I, ��27J φi : F|Ui
→ On

X |Ui
K φj : F|Uj

→ On
X |Uj

, l

On
X |Ui∩Uj

, Ui∩Uj %�"7J φj ◦φ−1
i #��(q, OX(Ui∩Uj)��

Q) n×n*+ Aij ,- (∀i, j ∈ I),./0� i, j, l ∈ I,, OX(Ui∩Uj∩Ul)

%2

AijAjl = Ail (2)

l F ,7J�/#02*+ Aij 1�23� 4 Ti = An
k × Ui (∀i ∈ I)�

/0� j 6= i ∈ I, 56 Ti|Ui∩Uj
= Ti ×Ui

(Ui ∩Uj) (E Ui ∩ Uj , Ti ��

78), Z Aij 39��� (X:) 7J

fij : Tj |Ui∩Uj
→ Ti|Ui∩Uj

(3)

./0� i, j, l ∈ I, , Tl|Ui∩Uj∩Ul
%2

fij ◦ fjl = fil (4)

#;Q]02 Ti ; (3) <=>���pqH T , �� X %���
��,

?�1 x ∈ X %�
�$ n �~���, 0@AB (!$ n �) CD(�

%�EF�~�����"#$GH�

|}
,I F $Q)$ (E n = 1),Z T #$JK(� T)/X = Pn
k ,

?� OX(d) ,-��
X�� T 1 ��
X� L L�# OS(1) ,-��

M�C
, U S $N|O{, M $ S %�PQ$� 6 Sym(M) $

M , OS %�/#R, A(M) = AS(M) = Spec(Sym(M)), > M $

�S (E��"#) $<#$ S %�CD(, ;<�, S %�S� |}


, > M �! n = 1 (E M $Q)$) <, # A(M) $JK(� TU

M 7→ A(M∨) ,- S %! n ��"#$�7Jx� S %! n ~���
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7Jx�����/V (W)# Sectp ,-, W� p : A(M∨) → S $X

")� |}
, S %���
X�GH���Q)$�

I f : T → S $N|O{�Y", TU AS(M) ×S T ∼= AT (f∗M)�

M/�Cz{, ��	
��L�
��39,pqrs�ZS[

\], ��^_��`aT��

� 3. , S = C−{0, 1} %���" ��� P2
C ×S �, #bc X2

2X0 =

X1(X1 − X0)(X1 − λX0) (λ $ S ���d�) 39�pq�H X ,-

���� f : X → S, �,�	�9/�^�� (E��
���ef

g�L�^�), M,pqrs�hrs��S������, f ,[�

1 λ, λ′ ∈ S %�
� (�ijpq) 7J>.k> λ′ G� λ, 1/λ, 1− λ,

1/(1− λ), λ/(λ− 1) j 1− 1/λ� 0@/0s3�H U ⊂ S, f−1(U) lS

7J� U �mnoX�R, p�� X → S B$pqoX�jB$qr

o��S�������

2. stu

$�]Vvb� ()wx
x d{�yx qyG) �Vz, ,pqr

s�{|}~
���O�� ���<����, ����]	�SY

"�
��,pqrs���
[��}~, l.{|�W39,�C

O{%�

T)4 S = C (bT 3 �� S v��1), , P2
C × S �#bc

X2
2X0 = X1(X1 −X0)(X1 −λX0) 39�oX
 Xλ , S %��S�, M

�, 0 ∈ S %�
����� ($���), E-,�	�9/tS�


���

� 4. U f1, ..., fr ∈ Z[x1, ..., xn]� ����ebc f1 = ... = fr = 0, �

,pqrs%/V�O{ X = SpecR, W� R = Z[x1, ..., xn]/(f1, ..., fr)�

I R � Z-�S� (E Z-���), ZQ� X _B SpecZ %�
���

U P �O{ S ���1, S�U P ∈ SpecR ⊂ S, E$ R ����

���� 4 κ(P ) = RP /PRP , Z Specκ(P ) Q@_B#��1 P ���
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S ��O{, 6B {P}�
U f : X → S � g : Y → S $O{�Y", ZQ@39���&'�

(�#$ f K g � <��> (pull-back)) X ×S Y (U [H, Theorem II.3.3]), �

���O{.2[�Y" ( <X"> ) pr1 : X×SY → X, pr2 : X×SY → Y ,

9:

i) f ◦ pr1 = g ◦ pr2;

ii) /0�O{ Z 60�Y" p : Z → X, q : Z → Y , I f ◦ p = g ◦ q,

Z21�Y" φ : Z → X ×S Y -. p = pr1 ◦ φ, q = pr2 ◦ φ�

T)> S = SpecR, X = SpecA, Y = SpecB <, X ×S Y ∼= SpecA ⊗R B�

,�Cz{ X ×S Y �#{) SpecA ⊗R B �3H=���

|}
, I X = Y = Z, f = g . p = q = idX , Z. </�Y">

∆ : X → X ×S X -. p ◦ ∆ = q ◦ ∆ = idX� ���C�3 ∆ $��

 � I�	���Rl_2R�	, Z/�!"$�� LGH�!d

	"w#:$� (T2 $�)� M/�%&d'�	, X × Y ��	�CS

� X � Y ��	�R� (�%, %&d'�	� T1 $�tS9:� M

)��3 ∆ $�� , Q@* T2 $�d+
,wO{�, 0@��*�

#Bw#:$��

��2-aw#Y" f : X → Y #$.B (proper), )*�� </�

!"> , E/0�Y" Y ′ → Y , X" pr2 : X ×Y Y ′ → Y ′ � (%&d'�

	�) �!"� =�39��	
��01O�2 pqrs��

34 1. ��Y" f : X → Y $�� >.k>��0�./�Y"

∆ : X → X ×Y X �7J�

5 . 6|:�f?�, @/7F8w:�

9�� Y = Spec(k), k $5�|:z{, ;<# ∆ �7JQU

dim(X) = dim(X ×k X) = 2 dim(X), ;l dim(X) = 0, <# f �0�Q

U f �2-�� 4 d = deg(f), Z deg(X ×k X/k) = d2, <# ∆ �7J

QU d = d2, ;l d = 1, E f �7J�

=,���Cz{� #%>|:z{QU f �H\�9/���

!", ?# f �0�QU f �2-�� =L@{7F/0� x ∈ X,

f∗ : OY,f(x) → OX,x �9"� 56 A = OY,f(x), B = OX,x, p ⊂ A $AB
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��, k = A/p� �� B B$ A-C�2-f��, 6 M = B/f∗(A), t�

2-f�� A-C� /�D\E A → B → M → 0, ⊗AB .D\E

B
1⊗AidB−−−−−→ B ⊗A B → M ⊗A B → 0 (1)

#� ∆∗ : B⊗A B → B �7J,l ∆∗◦(1⊗A idB) = idB ,QU 1⊗A idB �

7J, ;l M ⊗A B = 0� /; ⊗Ak, Z��#%>|:z{2 B/pB ∼=
k, .

0=(M⊗AB)⊗Ak ∼= (M⊗Ak)⊗k(B⊗Ak) ∼= (M/pM)⊗k(B/pB) ∼= M/pM

(2)

#�FD2�. M = 0� 7G�

/H
Q@39 <}-> (push-out)� U p : T → X, q : T → Y $Y

"� I+,O{ S 6Y" f : X → S, g : Y → S 9:

i) f ◦ p = g ◦ q;

ii)/0�O{ Z 60�Y" f ′ : X → Z, g′ : Y → Z,I f ′◦p = g′◦q,
Z21�Y" ψ : S → Z -. f ′ = ψ ◦ f , g′ = ψ ◦ g,

Z# S $ p K q �IJ� M,O{KL�}-�CS+,� ��,m�

�_wrx}-+,�|:z{ (UM V N)�


�RQ@_B (��g��) @A
��, T),T 3 �, P2 × S

� S %�����
��, l X �����	����� ,pqrs�

�
���Cl��������

U f : X → S$O{Y", P ∈ S,ZX×S{P}Q@_� f−1(P )�O

{IJ,#B X , P 1%�&'� �� f �OP (section)����Y"

g : S → X -. f ◦g = idS� I T → S $Y",Z f ×S idT : X×S T → T

#B f , T %�QRS (base change)�

Z	02Y"lQ@_B
��, ��^_[�T��

� 5. U S $ x-y ��, X $T�����U�o� xz = y, f : X → S

$X"� /��1 P = (x, y) ∈ S, I x 6= 0, Z f−1(P ) $�1; MI

x = y = 0, Z f−1(P ) $�n
X� =
zV#$ <WX> (blow up), E

m�
���q|}B, B� f �+/�q (E dim(X)−dim(S))� f?

SV*=L�Y"_B
���
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� 6. YU S $ x-y ��, X $T������� z = 1 Z,�1

(0, 0, 2), f : X → S $X"� /��1 P = (x, y) ∈ S, I x 6= 0 j y 6= 0,

Z f−1(P ) $�1, MI x = y = 0, Z f−1(P ) $[1� =
zV#$

<�> (torsion), Em�
���q (degree) |}B� =L�Y"tSV

_B
���

%�[�T�l�`a�S�SY"� I S = SpecR, X = SpecA,

l f : X → S #��7Y R → A [\, Z A Q@_B�� R-pq,

;<��E f @]��^� A $�S R-pq, E/0� R-Cn7Y

g : M → N , g ⊗R idA : M ⊗R A → N ⊗R A $n"� ,�Cz{��E

f �S��^��,_"3�O{%�-`l�S� I f ��S�, Z

f �av:b ()+/�qx �q@6/��_w�av�q) ,'dp

/cd, |}
,
�%cd�

#�%>7g, ��/
�����'e|fL��S:� l,[

vz{/, k2�S:LF�� g;, ,pqrs�ghi}~��
�

��

�S:���S[
��O�: ��^ R %�C M #$@]j, )

*/0� R-C�n7Y φ : N ′ ↪→ N , [\7Y φ ⊗R idM : N ′ ⊗R M →
N ⊗R M �n7Y� U F $��O{ S %� OS-C$, I0�1 s ∈ S

%�k Fs � OS,s %��SC,Z# F , S %�@]B� I F ��PQ
$,=GH�/0�_"3�O{ U = Spec(R) ⊂ S, F(U)$�S R-C�

g;��O{�Y" f : X → S $�S�>.k>/0� x ∈ X, OX,x

��S OS,f(x)-C (;<�# X , S %�S)�

l��SC�avmnQ@op�rs�q�, ��rE�s/�

�|zw� (t_ [Ma, Chapters 2, 8] j [L1, VII & XIII.5])�

34 2. U S $N|O{, X,Y $2-a S-O{, F $ X %��PQ

$�

i) I 0 → F ′ → F → F ′′ → 0 $ X %�PQ$�D\E, W� F ′′

, X %�S, Z F ′ , X %�S>.k> F , X %�S� X %��

SC$, OX %�u�R��S��

ii) An
S K Pn

S , S %�S� S %�~��, S %�S� 3� ��
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