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�k�� Λ J artin 	Q�
 Λ J�GhV artin T R ��	Q� Λ Fh R- �J	s
D��� mod Λ �I
	sD�E Λ- �D������k�u��z�	sD���

B X J mod Λ ����� C ∈ mod Λ Q X ∈ X , XA f : X → C �h C ��G�
X - �r��L��� X ′ ∈ X Q�GXA f ′ : X ′ → C, B�� t : X ′ → X, G� f ′ = ft. B
f : X → C J C ��G� X - �r��LXA t : X → X 	C f = ft �j� t J�GaI�
�� f : X → C h C ��x� X - �r��
��	 (�x) E X - �r��� (dkr [1]).
������ Λ- � C, C ��x� (E) X - �r�aI���oJg���

�G	Q Λ �h Gorenstein 	Q��L l.idΛ(Λ) = r.idΛ(Λ) < ∞, �� l.idΛ(Λ) (r.idΛ(Λ))
�I Λ �E (�) ��AiQ�n� I∞(Λ) (P∞(Λ)) �I
�AiQ (bAiQ) 	s�E
Λ- �D�����
kr [1] ��� Λ J Gorenstein 	QE� I∞(Λ) = P∞(Λ). nU�
CM(Λ) �I
��� i ≥ 1 	C Ext i

Λ(M,Λ) = 0 �E Λ- � M D����� CM(Λ) ��
��h Cohen-Macaulay ��c� CM ��

Auslander M. Q Reiten I. �kr [1] ������ Gorenstein 	Q Λ, o��P���

LF��� 1998-12-29; �A��� 1999-11-15; kO��� 2000-10-13

�ov��K�A������o (10001017); i����YK�������o �t!��"���o !v�
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(1) ��g��#R$�

ηC : 0 −→ C
fC

−→Y C −→ XC −→ 0,

G� fC : C → Y C J C ��xE I∞(Λ)- �r� XC ∈ CM(Λ).
(2) ��g��#R$�

ηC : 0 −→ YC −→ XC
fC−→C −→ 0,

G� fC : XC → C J C ��x� CM(Λ)- �r� YC ∈ I∞(Λ).
��G#R$�GnB$%K���hw		s�AiQ��% CM ���GXA�

PZ�P��&����v	�om��B M,N ∈ mod Λ. (1) �u Y M Q XM  �& M �
F!"'#' (2) �F!$eo� Y M ∼= Y N (N� M ∼= N?

h��u%�m��N Auslander M. Q Bridger M. �kr [2] ���r�%�&(��k
Mp)q� (�x) �r)*�B'���� Gorenstein 	Q����*	g���x�r)
*��S(��))**�u�+�m���%��y	,�mL�

1 wG+e
�lgH&�y)%�+)q (�x) �r)*�B'�
B M ∈ mod Λ. � M∗ �I Hom Λ(M,Λ), � σM : M → M∗∗ (��� x ∈ M , ϕ ∈ M∗,

σM (x)(ϕ) = ϕ(x)) �I,-,aX��L σM J�GaI��� M h�.��
BM ∈ mod Λ, P

f→M∗ J Λop-�M∗ �bA/C�- hJR�aX�M
σM−→M∗∗ f∗

−→P ∗

(
 h = f∗σM ). B P1 ∈ P(Λ) (

bAE Λ- �D����), g : M → P1 J Λ- �aX�0
.oc�

M
h−→ P ∗

g

�
P1

σP1−→ P ∗∗
1

d 1.1

q��,aX σP1 J�GaI�-h P ∗
1 J�GbA Λop- ��V%��aX s : P ∗

1 → P , G
� g∗ = fs, 12 g∗∗ = s∗f∗. -h	$Vc�

M
g−→ P1�σM

�σP1

M∗∗ g∗∗
−→ P ∗∗

1


 g = σ−1
P1

g∗∗σM , V% σ−1
P1

s∗h = σ−1
P1

s∗f∗σM = σ−1
P1

g∗∗σM = g, 
��aX σ−1
P1

s∗ : P ∗ → P1,

G�c 1.1 hhVc�J M
h→P ∗ J M �E P(Λ)- �r�

t. 1 �+�%�aX M
h→P ∗ J M ��xE P(Λ)- �r�

/a BaX t : P ∗ → P ∗ 	C h = th. n0� t J�GaI�

kr [3, /� 23.5], σ∗

MσM∗ = 1M∗ . -h σM∗f = f∗∗σP , V% f = σ∗
Mf∗∗σP =(

f∗σM

)∗
σP = h∗σP = (th)∗σP =

(
tf∗σM

)∗
σP =

(
σ∗

Mf∗∗)t∗σP = f
(
σ−1

P t∗σP

)
. -h P

f→M∗
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J M∗ �bA/C�V% σ−1
P t∗σP J P ��G�aI�-6 t∗ Q t 78J P ∗∗ Q P ∗ ��a

I�
t. 2 B X J mod Λ ����XA f : C → X J Λ- � C ��xE X - �r�2	

hVc�

C
f−→ X�α

�β

C
f−→ X

3� α JaI�� β 4JaI�
/a 0.oc�

C X�
f

C X

C X

�

�
f

f

�
α−1 β′

� �
α β

�

-h f : C → X JE X - �r�V%�� β′ : X → X, G� β′f = fα−1. 5J f = f(α−1α) =
(β′f)α = (β′β)f . 
5 f 6J�x��-6 β′β JaI�12 β Q β′ 4JaI�

B Λ J�G artin R- 	Q�����L M ∈ modΛ, � M ∈ mod R. -6��� M,N ∈
mod Λ, T = Hom Λ(M,N) J�G	sD� R- ��
kr [4, e4 15.21] �� T 	�G R- �
R���n� cR(T ) �I T �R���9:�

t. 3 B θ : 0 → A → B → C → 0 J�G Λ- �#R$���L θ ;75��
cR(End Λ(B)) < cR(End Λ(A ⊕ C)).

/a �kr [5, < 60 7)% 1] �����n���R���9:	6�Fh8�w7
=b�iQ�
�m4���


)% 3, �
	�o	,�m4�
bg 1 B θ : 0 → A → B → C → 0 J�G Λ- �#R$��� θ J75���p�

B ∼= A ⊕ C.
B C ∈ mod Λ. �L C 8	>9�bA9Qu��� C hl�� [2]. �G8	>9�b

A9Qu� CM ��hl� CM ��
B	 Λ- �#R$� 0 → M → P → N → 0, 3� P → N → 0 J N �bA/C�n?

M = Ω1(N).
%o�B Λ J�G Gorenstein 	Q�
t. 4 2 N ∈ CM(Λ), � Ω1(N) Jl���

/a n	#R$� 0 → Ω1(N)
ϕ→P

φ→N → 0, 3� φ : P → N J N �bA/C�B
Ω1(N) = X1 ⊕ P1, 3� X1 hl��� P1 hbA��:�% N ∈ CM(Λ), 5J	#R$�
0 → N∗ φ∗

−→P ∗ ϕ∗
−→X∗

1 ⊕ P ∗
1 → 0, 3� P ∗ ϕ∗

−→X∗
1 ⊕ P ∗

1 J X∗
1 ⊕ P ∗

1 �bA/C�V%��b
A� P2, G�

P ∗ ∼= P2 ⊕ P ∗
1 � ϕ∗ ∼=

(
δ 0
0 1

)
,
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3� δ : P2 → X∗
1 → 0 J X∗

1 �bA/C� Kerδ ∼= N∗. 
kr [1, /� 3.1] �� Ω1(N) Q
[Ω1(N)]∗ *J CM ��-6 X∗

1 4J CM ��5J
#R$� 0 → N∗ → P2
δ→X∗

1 → 0 $�

#R$� 0 → X∗∗
1

δ∗
−→P ∗

2 → N∗∗ → 0, 3� P ∗
2 → N∗∗ J N∗∗ �bA/C�2
kr [6, �%

3.1, 4.1 Q 4.2] �� N J�.��
 N ∼= N∗∗, V% P ∗
2
∼= P ∼= P ∗∗ ∼= P ∗

2 ⊕ P ∗∗
1

∼= P ∗
2 ⊕ P1, J

P1 = 0, 
 Ω1(N) J�Gl���
t. 5 ��� C ∈ modΛ, XC (d);) Q Ω1(XC) zJl���
/a -h XC ∈ CM(Λ), V%
)% 4 
� Ω1(XC) Jl���o� XC 4hl���
;@B XC = X ⊕ Q, 3� X Jl��� Q hbA��0.�o�:Xc�

ηC : 0

0 C Y
f

X 0

C Y C

i

fC

XC 0

Q Q

0 0

0 0

� �
� � � �

� �
� � � �

� �

� �
0 0

d 1.2

-h Q hbA��V%c 1.2 ��b�75�12 Y C ∼= Y ⊕ Q ��� π : Y C → Y , G�
πi = 1Y . -h Y ∈ I∞(Λ) � X ∈ CM(Λ), V%c 1.2 �� f : C → Y J C ��GE I∞(Λ)-
�r��;;��WJ�x��5J
 C ��xE I∞(Λ)-�r�g�"��Y ∼= Y C ∼= Y ⊕Q,
J Q = 0, 
 XC J�Gl���

t. 6 B 0 → C
f→Y → X → 0 J�G Λ- �#R$���L Y ∈ I∞(Λ), X J�Gl�

CM ��� Y ∼= Y C Q X ∼= XC (Dd);��#R$� ηC).

/a :�%� Λ J Gorenstein 	QE� I∞(Λ) = P∞(Λ), V%�� C
f→Y J�GE

I∞(Λ)- �r�6 C
fC

−→Y C 4J�GE I∞(Λ)- �r�V%��aX g1 Q h1, G�oc$V�

0 C Y C XC 0

0 C Y X 0

0 C Y C XC 0� � � �

� � � �

� � � �

�

�

�

�

fC

f

fC

g1

h1

g2

h2

3� g2 Q h2 hE&aX�-h fC J�x��V% h1g1 JaI�12 h2g2 4JaI�5J
� g1 Q g2 J75MaX�
 Snake )%�� Coker g1 = Coker g2. 
5 Coker g1 ∈ I∞(Λ),
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Coker g2 ∈ CM(Λ), V%
kr [1] /� 3.1(e) �� Coker g2 JbA��2 X ∼= XC ⊕Coker g2

� X Jl���V% Coker g2 = 0. J X ∼= XC , Y ∼= Y C .
o+ng)q (�x) �r)*�B'���TtJN Auslander M. Q Bridger M. ��

r�% [2] �&(�
Rs (1) B C ∈ mod Λ. C ��G�r)*J��G#R$�

η : 0 −→ X −→ C ⊕ P −→ Y −→ 0,

3� X ∈ CM(Λ), Y ∈ I∞(Λ) � P J�GbA Λ- ��
(2) �L�+��r)* η 	Co+��G$e��� η h C ��x�r)*�
(AE1) X Jl���
(AE2)B η′ : 0 → X ′ → C ⊕P ′ → Y ′ → 0J C ����r)*����aX α : X → X ′,

β1 : C ⊕ P → C ⊕ P ′ Q γ : Y → Y ′, G� β1
∼= (

1 0
0 β

)
(3� β : P → P ′) �Goc$V�

η′ : 0

η : 0 X

X ′ C ⊕ P ′

C ⊕ P

� �

α β1
∼=

(
1 0
0 β

)

� �

� � Y 0

Y ′ 0

�

�

�

�
�

γ

t. 7 B C ∈ mod Λ. �L 0 → X → C ⊕ P → Y → 0 J C ��G�r)*���� C

��r)* 0 → X ′ → C ⊕ P → Y ′ → 0, G� X ′ J X ��Gl���
/a B X = X ′ ⊕ Q, 3� X ′ hl� CM �� Q hbA��0.o+�#RhVc�

0

Q

X

X ′

0

0

0 C ⊕ P

C ⊕ P Y ′

Y

0

0

0

�

�

�

�

�

�

�

�

�

� �

�

�

d 1.3


 Snake )%�n	#R$� 0 → Q → Y ′ → Y → 0, V% Y ′ ∈ I∞(Λ), 12c 1.3 ���
<
hV<��r)*�

2 WnHY=>PNxpVirp
�lgf������x�r)*���"Qg�"�%o� Λ =� Gorenstein 	Q�
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R. 1 ��� C ∈ modΛ, �� C ��x�r)*�
/a B C ∈ modΛ, 0 → C

fC

−→Y C → XC → 0 J);��#R$� ηC , �� C
fC

−→Y C

J C ��xE I∞(Λ)- �r� XC ∈ CM(Λ). 0.o+�:Xc�

ηC : 0

0

C

C C ⊕ P

πC

P

φ

0

Y C
fC

XC 0

0 0

Ω1(XC) Ω1(XC)

0 0

ζ
··

C

� �

� �
� � � �

� � � �
��

� �

d 2.1

3� φ : P → XC J XC �bA/C�-h XC ∈ CM(Λ), V% Ω1(XC) ∈ CM(Λ). -6c 2.1

��b� ζC : 0 → Ω1(XC) → C ⊕ P
πC

−→Y C → 0 J C ��G�r)*�nO;� ζC J C

��G�x�r)*�

)% 5 �� ζC 	C$e (AE1). -6n?<� ζC 	C$e (AE2).
B ζ ′ : 0 → X ′ → C ⊕ P ′ → Y ′ → 0 J C ����G�r)*�
)% 7, n$%aB

X ′ Jl���- Λ J Gorenstein 	Q���� i ≥ 1, Ext i
Λ(X ′,Λ) = 0, 5J
kr [6, �%

3.1, 4.1 Q 4.2] � X ′ J�.��-6��bA� P ′′ Q#R$� 0 → X ′ εX′−→P ′′ → X ′′ → 0.
0.o+�e&c�

ρ : 0

ζ ′ : 0

0 0

X ′′ X ′′

P ′′ E Y ′ 0

X ′ C ⊕ P ′ Y ′ 0

0 0

� �
� � � �

� � � �
� �

� �

� �

εX′

f

d 2.2
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$� ρ �#R"� E ∈ I∞(Λ). q�n$%@L P ′′ G� X ′′ hl���
kr [1, /
� 3.1(b)] � X ′′ ∈ CM(Λ), 
 X ′′ J�Gl� CM ��5J
)% 6 �c 2.2 ��b���
C ⊕ P ′ → E J C ⊕ P ′ ��xE I∞(Λ)- �r�V% E ∼= Y C ⊕ P ′, X ′′ ∼= XC , X ′ ∼= Ω1(XC)
��� P ′′ ∼= P .

0.o+�:Xc�

ζ ′ : 0

θ : 0 X ′

X ′

E′

C ⊕ P ′ Y ′

E

P ′′ P ′′

0 0

σ
··

ρ
··

�

�

�

�

�

�

�

�
0 0

0

0

� � � �

� � � �

g
f

d 2.3

q� Ext 1
Λ(f, P ′′)(ρ) = σ. >f�
#R$� ζ ′ QO Hom Λ(−, P ′′) $%E&9#R$��

0 → Hom Λ(Y ′, P ′′) → Hom Λ(C ⊕ P ′, P ′′)

→ Hom Λ(X ′, P ′′) δ−→Ext 1
Λ(Y ′, P ′′)

Ext 1
Λ(f,P ′′)

−−−−−−→Ext 1
Λ(C ⊕ P ′, P ′′),

3� δ J?jaX�
c 2.2 � δ(εX′)=ρ,V% σ=Ext 1
Λ(f, P ′′)(ρ) =

[
Ext 1

Λ(f, P ′′)δ
]
(εX′)=0,


c 2.3 ��b� σ 75�12

E′ ∼= C ⊕ P ′ ⊕ P ′′, g ∼=
(

1 0 0
0 1 0

)
.

5J	o+�hVc�

0 X ′′ C ⊕ P ′ Y ′ 0

0 X ′′ C ⊕ P ′ ⊕ P ′′ E 0

0 X ′ C ⊕ P ′′ Y ′′ 0�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

ε

g

d 2.4
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3� ε J��@C[A�-h
X ′ ∼= Ω1(XC), P ′′ ∼= P, Y ′′ ∼= (C ⊕ P ′′)/X ′ ∼= (C ⊕ P )/Ω1(XC) ∼= Y C ,


o+�)% 8�c 2.4 �<�<\H+� ζC �]�6
����r)* ζC 	C$e (AE2).
�%�\�

t. 8 B Y ∈ I∞(Λ), X J�Gl� CM �� ξ ∈ Ext 1
Λ(Y,X) �I�o)*�

ξ : 0 → X → C ⊕ P ′ π′
−→Y → 0,

3� P ′ JbA���L ξ 	C%o$e�
(1) Y ∼= Y C ;
(2) X ∼= Ω1(XC);
(3) P ′ aI5 XC �bA/C�

� ξ \�% 1 ����� ζC �]�
��aI α, β Q γ, G�oc$V�

ζC : 0

ξ : 0

Ω1(XC)

X

C ⊕ P

C ⊕ P ′ Y

Y C

0

0

�

�

� π′

πC�

�

�

�

�
� � �
α β γ

d 2.5

/a -h fC : 0 → C → Y C J C ��xE I∞(Λ)- �r�V%��aX π, G�och
#RhVc�

0

XC

K

Ω1(XC)

0

ζC : 0

0

0

XC

Y C ⊕ P

C ⊕ P

0

Y C

Y C 0

0

� �
�

�

�

� � �

� �

�

�

�

�

�

�

(
fC 0
0 1

)

π

πC

d 2.6

3� K = Ker π. -h XC ∈ CM(Λ) � Ω1(XC) ∈ CM(Λ), V%
c 2.6 �<��� K ∈
CM(Λ). -h Y C ∈ I∞(Λ) � Y C ⊕P ∈ I∞(Λ), V%
c 2.6 �<]<� K ∈ I∞(Λ). 5J

kr [1, /� 3.1(e)] � K JbA���� K aI5 XC �bA/C�
 K ∼= P . 
/� 1,
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c 2.6 ��b<75�:�%
πC = π

(
fC 0
0 1

)
,

�Lgc 2.6 �<�< ζC V�^)%$e�� ξ q<%�Y4��

π′ ∼= π

(
fC 0
0 1

)
,

3� (
fC 0
0 1

)
JH��aX�2 π : Y C ⊕ P ′ → Y C J75	aX�5J�����aI α, β Q

γ, G�c 2.5 $V�
, ��% 1 ������L ζ ′ J	C$e (AE1) �>�x��r)*��#R$� ρ ;

75�Mp�nwU�^zc 2.2, $�oc�

0 0

ρ : 0

ζ ′ : 0

P ′′

X ′

X ′

0

X ′

E

C ⊕ P ′

0

Y ′

Y ′ 0

0�

�

� �

� �

� �

� �

� � �

� � �

(
a
b

)

εX′

f

d 2.2′

�L ρ J75�����aX (a′, b′) : C ⊕ P ′ → P ′′, G�

εX′ = (a′ b′)
(

a
b

)
= a′a + b′b.

5Jn	o+�#RhVc�

0

ζ ′ : 0

X ′

X ′

C ⊕ P ′′

C ⊕ P ′

Y ′′

Y ′ 0

0

�

� �

�

�

� �

�
� �

(
a
b

)
f

(
a

εX′ − a′a

) (
1 0
0 b′

)
h

d 2.7

�� h JE&aX�
)% 8, c 2.7 �<]<\�% 1 ������x�r)* ζC �]�V
% ζ ′ 4J�x�r)*��\aBJZ_��

o+��%ny��x�r)*�g�"m��
R. 2 �� Λ- � C ��x�r)*�aI���oJg���
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/a B ζ : 0 → X → C ⊕ P → Y → 0 \ ζ ′ : 0 → X ′ → C ⊕ P ′ → Y ′ → 0 *J Λ- � C

��x�r)*�;@B ζ vJ�% 1 ���� ζC , 


ζ = ζC : 0 → Ω1(XC) → C ⊕ P → Y C → 0,

�� P J XC �bA/C (12	#R$� 0 → Ω1(XC)
f2→P

φ→XC → 0).
-h ζC Q ζ ′ *J C ��x�r)*�V%
$e (AE2), ��aX α, β, γ Q α′, β′, γ′,

G�oc$V�

ζC : 0

ζ ′ : 0

ζC : 0

Ω1(XC)

X ′

Ω1(XC)

C ⊕ P

C ⊕ P ′

C ⊕ P

Y ′

Y C

Y C 0

0

0

�

�

�

�

�

� �

�

� �

�

�

�

�

�

�

�

�

(
f1

f2

)

(
f1

f2

) (
1 0
0 β′

)

(
1 0
0 β

)
γ

γ′α′

α

-h XC ∈ CM(Λ), 
��� i ≥ 1, Ext 1
Λ(XC ,Λ) = 0, V%
#R$�

0 → Ω1(XC)
f2→P

φ→XC → 0

$E&#R$�
0 → (XC)∗

φ∗
−→P ∗ f∗

2→(Ω1(XC))∗ → 0,

3� P ∗ f∗
2→(Ω1(XC))∗ J (Ω1(XC))∗ �bA/C�>f�
kr [6, �% 3.1, 4.1 Q 4.2] � XC

Q Ω1(XC) *J�.��5J
)% 1, 0 → Ω1(XC)
f2→P J Ω1(XC) ��xE P(Λ)- �r�


�% 1�����n$@L X ′ ∼= Ω1(XC)� αQ α′zJaI�-h f2(α′α) = (β′β)f2,
V%
)% 2 � β′β J P ��aI�12 β, β′ Q γ, γ′ zJaI��%�\�

, 
�% 1 Q�% 2 ���� Λ- � C �g��x�r)*	�o[H�
ζC : 0 → Ω1(XC) → C ⊕ P → Y C → 0,

3� P J XC �bA/C�

3 uv
�ln�u);�]&�m��g^M���xE I∞(Λ)- �rQ�x�r)**�u

��Z"��%��y	,�mL�o+� Λ =� Gorenstein 	Q�
bg 2 B M,N ∈ modΛ � M∗ = 0 = N∗. �L Y M ∼= Y N , � M ∼= N .
/a B

0 → M
fM

→ Y M gM

→ XM → 0 Q 0 → N
fN

→ Y N gN

→XN → 0

J#R$��3 fM : M → Y M Q fN : N → Y N 78J M Q N ��xE I∞(Λ)- �r�
XM ∈ CM(Λ), XN ∈ CM(Λ). 0.o+�hVc�
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0 M Y M

(Y M )∗∗
�

� �fM

(XM )∗∗

XM 0

�

�

�

�gM

(gM )∗∗
σY M σXM

d 3.1


kr [6, �% 3.1, 4.1 Q 4.2] �� XM J�.��
 σXM JaI�-h M∗ = 0, �
$�

0 → (XM )∗
(gM )∗−→ (Y M )∗

(fM )∗−→ M∗ → 0

�#R"� (gM )∗ J�GaI�12 (gM )∗∗ 4J�GaI�5J
c 3.1 ��
M ∼= Ker gM ∼= Ker σY M .

)U$� N ∼= Ker σY N . { Y M ∼= Y N , V% M ∼= N .
o+ng������$eo� Ext 1

Λ(Y M ,Ω1(XM )) ��{�G>9_*J Λ- � M

��x�r)*�� Λ- � M Q>|`Q n, �L��� 0 ≤ i < n, Ext i
Λ(M,Λ) = 0, �� M

�};x5 n, ?h grade M ≥ n.
bg 3 B Λ- � M 	C grade M ≥ 2. � Ext 1

Λ(Y M ,Ω1(XM )) ��{�G>9_*J M

��x�r)*�
h����P/��np���G)%�
t. 9 B Y ∈ I∞(Λ) �	C Ext 1

Λ(Y,Λ) = 0, ����l� CM � X, Ext 1
Λ(Y,X) �{

G>9_J|Gl� Λ- ���x�r)*�
/a B η : 0 → X → C ⊕ P → Y → 0 J Ext 1

Λ(Y,X) ��G>9_�q�WJl� Λ-
� C ��G�r)*�2W;J�x���
)% 8 S+� “:” ����>75�#R$�

0 → P ′ → Y C ⊕ P → Y → 0,

3� P ′ J XC �bA/C�2�\ Ext 1
Λ(Y,Λ) = 0 JZ_��J η Jl� Λ- � C ��x�

r)*�
t. 10 B Λ- � M 	C grade M ≥ 2. �L θ : 0 → Ω1(XM ) → N ⊕ P → Y M → 0 J

Ext 1
Λ(Y M ,Ω1(XM )) ��G>9_�3� N J�Gl���� M ∼= N .
/a 
 grade M ≥ 2 � M J�Gl�� (-h M∗ = 0), 5J
#R$�

ηM : 0 → M
fM

→ Y M gM

→ XM → 0

� Ext 1
Λ(Y M ,Λ) ∼= Ext 1

Λ(M,Λ) = 0. 6-h Ω1(XM ) J�Gl� CM ��
)% 9 ��k
�$e�VH�#R$� θ Jl� Λ- � N ��x�r)*�5J
�% 2 � Y M ∼= Y N �
Ω1(XM ) ∼= Ω1(XN ), 
6�� XM ∼= XN .


#R$�
ηM : 0 → M

fM

→ Y M gM

→ XM → 0,

ηN : 0 → N
fN

→ Y N gN

→XN → 0
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$E&�o#R$�
0 → (XM )∗

(gM )∗−→ (Y M )∗
(fM )∗−→ M∗ → 0, (1)

0 → (XN )∗
(gN )∗−→ (Y N )∗

(fN )∗−→ N∗ → 0. (2)

-h M∗ = 0, V% (XM )∗ ∼= (Y M )∗, 12 (XN )∗ ∼= (Y N )∗. 5J
#R$� (2) �� N∗ = 0.
J
/� 2 �� M ∼= N .


)% 10 $9je&/� 3.

mo F{D}CE�]&�	|���d�
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