6JLL$NHs2D49JQ7A$N $$ $/$D $+$N Nc $K$D $$ $F EZ4pA1J8 Abstract . $3$N >. J8 $G$O 2D 49%9%-!<%‘ !" $H $/ $K 6JLL$N Hs2D49J} 8~ $X$N JQ7A$NOCBj $r Cf?4 $K $7 $F !" Hs2D49 Be?t4v2?3X $N$$$/$D $+$N OCBj $K $D$$$F354Q$9$k!#$^ $:Hs2D496u4V$*$h $S Hs2D49 %9 %-!<%‘$NDj5A $r Rosenberg [8] $K =>$C $F=R$Y$k!# (2,3 @a !# ) <! $K 2D49%9 %-!<%‘$NHs2D 49 %9 %-!<%‘ $H $7 $F $NL58B>.JQ7A$r%3%[%b%m %8 !<$N8@MU$rMQ$$$FI=8= $7 !" $= $l$, ;0<oN‘ $K J, $+$l $k$3$H$r<($9!# (5 @a ) $=$N $&$A $N $R$H $D $O NI $/CN $i$l$? 2D49 %9 %-!< %‘$H $7 $F $N JQ7A $G$" $j (6 @a ) !" 0l$D $O8r 494X 78$NJQ99 $K $h$j F@ $i$l $kJQ7A$G$" $k (7 @a ) !#:G8e$N0l$D $O %V %i %&%" !<72$K4X78 $7 $? JQ7A$G$"$k (9 @a ) !# Contents 1. =x@b 1 2. Hs2D496u4V$NDj5A 4 3. Hs2D49 %9 %-!<%‘$NDj5A 7 4. Hs2D49 %9 %-!<%‘$r$D $/$m$& !# 9 5. 2D49 %9 %-!<%‘$NHs2D49 %9 %-!<%‘$H $7 $F$N L58B>.JQ7A 10 6. 2D49J}8~$X$NJQ7A 11 7. 8r494X78$NJQ99 12 8. %^!<%K %s$N NL;R2=$5 $l$?%F !<%?4X?t [6] $H $N 4X78 14 9. 4v2?3XE* %V %i%&%"!<72$NJ}8~$X$NJQ7A 16 References 17 1. =x@b J*M} NL$r ( Hy J, ) :n MQAG$N %9%Z %/ %H %k $H 8+ $k$H ( 86;R$N 51 @~ !V %9%Z %/ %H %k !W $NLdBj $J $I $G ) <B83 $K NI$/ $"$&7k 2L $, =P$;$k $3 $H $, G’<1 $5 $l$F $+ $i$[ $I $J $/!" :nMQAG $NHs2D49@- $, LdBj $K$J $C$FMh$? !# $3$l$O ?t 3X$N8@MU$G$$ $& $H !" <!$N$h $& $J LdBj$r9M$($F$$ $k$3$H$K$" $? $k !# 2D49M} O@ $G$O Sp ec A $N C - CM E@ $r 9M$( $k$H$$ $& $3$H$O !" A $N @~ 7?I= 8= $K $*$1 $kF1 ;~8GM-CM$J$$ $7 8G M- %9 %Z %/ %H %k $r 5a$a$k$3$H$K BP 1~ $7 $F $*$j !" A $N @-<A $O $7$P $7$P Sp ec A ( C ) $r D4$Y$k $3$H $K$h$j 40A4 $K$o $+ 1

2 EZ4pA1J8 $k!# C � 4D$NM}O@ $K$*$$ $F$b $3$N8=>] $O 82Cx $G$"$j!" Gel’fand $K $h$kI= 8=Dj M} $K $h $l $P !" 2D49 C � Be?t $O $=$N F1;~ %9%Z%/ %H %k $N 9=B$ $+$i $b$H $N 4D$N 9=B$ $, I|85 $G $- $k$3$H $, $o$+ $k !# $3 $l$i $N ;v <B $O$$$:$l $b !V 8_ $$$K 2D 49$J9T Ns$NB2$O !" $=$N$*$N $*$N $, BP3Q 2=2DG=$J$i $P !" F1;~ $K BP 3Q2=2DG= $G$" $k !W $H$$ $&NI$/CN $i $l $? ;v<B $, 85 $K$J $C $F$$ $k !# 0lHL$N \ 2D49$J " ( $D$^$j!" DL>o $N ) %9 %-!<%‘ $K $D$$$F$O C $N$h $& $J $R $H $D$N K|M- BN $G$N @~ 7?I=8=$G OC $, :Q$‘Lu$G$O$J$$$, !" >e $N$h $& $J@: ?@ $O <u $1 7Q $,$l$F $$ $k $H$$ $C $F$h$$ !# 0lJ} !" Hs2D49 $J 4D$r 07 $&:] $K$O A4$/;v >p $, 0[$J$k !#8_ $$ $K 2D49 $G$J $$ 9TNs $r F1;~ $K BP3Q2=$9$k$N $O 0lHL $K$O IT2DG= $G$"$j !" @5=‘8r494X78 px � xp = 1 $r K~ $?$9$h $& $J9TNs x; p $O $I $N$h $& $J>l9g $K $*$$$F$bF1;~8GM-CM $r$b $AF@$J$$ !# $3$N$3$H$O !" $3 $l$i Fs$D$N J* M}NL$r F1;~ $K 4QB,$9$k$3$H$O 0lHL $K$O IT2DG= $G$" $k $3$H$r <(:6 $7 $F $$ $k !# $3 $N$h $& $J ;vBV$r 2r7h$9$k $K$O !" Nc $( $P <!$N$h $& $J <jN)$F $, 9M $($i $l $k !# 1. 6a;w$r $H $k !# NL;RNO3X $K 8= $l $kHs2D49@- ( 2D49$JM}O@ $+$i$N$: $l ) $O $o$:$+$G$"$k$N$G !" $= $l$r L5;k $7 $F 2D49M}O@ $GOC$r?J$a$k !# 5p ;kE*M}O@ $G$O BgDq $N>l9g $3 $l$G ==J, $G$" $k $, !" Hy:Y $J @$3& $r8&5f $9$k$?$a $K$O$= $& $b8@$C$F$$ $i$l$J$$ !# 2. 8_$$ $K 2D49 $JJQ?t $N $_ $r4QB, $9$k!# $$ $/ $D $+$NJQ?t $O 8_ $$ $K 2D49 $G $" $k $+$i !" $= $l$i $N$_$r4QB, $7 $F K~B-$9$k !# $G$b$= $l$@$1$G$O :Q$^$J$$ $@ $m $& !# 3. amplitude $r9M $($k!# 4D $N8@ MU $G8@ $& $H !" 4D A $+$i C $X$N4D =‘ F1 7? $O >/$J$$$N $G !" @~7?<LA| ("amplitude") ’ $r Aj<j $K $9$k !# A $, 2D49$J;~$K$O ’ $O =‘F17?$N@~7?$J=E$M$"$o$;$K$J $C $F$$ $k$N $G !" ’ $r !V Sp ec A $N 3FE@ $K J#AG?t$N =E$_$r$D$1$? $b$N !W $H 2r<a$G$- $k !# $"$k$$ $OJ*M}E* $J8@MU $r;H $( $P ’ $O 8EE5E* $J>uBV $N=E $M$" $o $;$G$"$k !# A $, 2D49 $G$J$$;~ $K$b $*$*$‘ $M$=$N$h $& $J 5$;}$A $G <h $j07 $& $H$"$kDxEY2r<a $G$- $k !# !V 3NN(2r <a !W $N %- !<%o!< %I $G 8l$i $l $k;0 HVL\$N%" %W %m !<%A$O :G=i $O 4q0[$J 0u>]$r M? $( $k$b$N$N !" @.8y $r $*$5$a$F NL ;RNO3X$N 9|3J$N 0lIt$r $J $7 $F Mh$? !#

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 3 $7 $+ $7 !" $3 $l$O 6I=jE* $J !" Aj6u4V $, 6a;wE* $K R 2 n $H ;W $($k;~$NOC $G $" $C $F !" Aj6u4V $, !V 6J $, $C$F !W $$$k;~ $K $I $& $J $k $+$K $D $$$F$O ==J,J, $+ $C $F$$$k $H $O8@ $($J$$ !# n JQ?tHyJ, B?9‘<0 $N$J$94D D $N !V %9 %Z%/ %H %k !W ( NL ;RO@E* $J @$3& ) $, 6a;wE* $K R 2 n $r M? $($F 8EE5NO3XE* $J J?C3 $J@$ 3& $r8+ $; $F$$$k $h$& $K !" 8E E5E* $J%j!< %^ %s B?MMBN $N@$ 3& ( =ENO $NF/ $$ $F $$ $k@$3& ) $r M?$($F$$ $k !V Hs2D49$J6u4V !W $,$" $C$F $7 $+ $k$Y$-$G$" $k !# Hs2D49 4v2?3X$O$=$N $h $& $JLd Bj $r <h$j 07$* $& $H $9$k !#L\I8 $O Hs 2D49$N @$3& $K 2D49M} O@ $H F1Ey 0J>e$N M}O@$r 8+=P$9$3$H$G$" $k !#2D49M}O@ $G 8@ $& $H$3$m$N !V 6u4V !W $O A4 $F !V Hs2D496u4V !W $K CV$-49 $($?$$ !# C" $7 $3 $l $K $O $O $8 $a $+ $i:$Fq $, 8+ $( $F$$ $k!# Nc $( $P Hs 2D 49 6u 4V $N !V %b %G %e%i %$ 6u4V !W $bHs 2D49$J$b$N$K CV$-49$($? $$$N$G$" $k $, !" A0=R$NDL $jHs2D496u4V $K$O ==J, $JE@ $,$J $$$? $a !" !V %b %G%e%i %9 !W $, ==J, $K $O$J$$ $3$H$K$J$k !# $9 $J$o$A !" !V $R$H $D$N !W Hs 2D49 6u4V $r<h$j=P$9 $N $O0lHL $K $O IT2DG= $G !" <B :] $K07 $($k$N $O$= $l$i$N !V =E $M$" $o$; !W $H $7 $F$N%b %G%e %i %$ 6u4V>e $N amplitude $@ $H 8@ $& $3$H $K$J $k !# $=$3$G$R$H 0B?4 $+ !" $H ;W $& $H$= $& $G$O$J $/$F !" :#EY $O %b %G %e %i %$ 6u 4V<+?H $K$b $3$NLdBj $, Ev $F $O $^$k!# %b %G%e%i %$ 6u 4V<+?H $, !V$R $H$D$G !W B8:_$9$k $N $O9,1? $G$"$C $F !" 0l HL $K$O$*$= $i $/$=$& $G$O$J$$ !# ( $3 $l$O L58B $K B3$/ ) $3 $N >u 67$r $&$^ $/ =h M}$9 $k J} K! $, $" $k$N$+ $I $& $+$O Dj$+$G $O $J $$ !# ( 9pGr $7 $J$1 $l $P $J$i$J$$$N $@$, !" ;d $O ?@Hk<g5A<T $G$"$k !# $$$^$^ $G$N 3L $rGK$m$& $H;W$C $F30 $K=P $F$_$k $H !" $= $3 $O ?t3X $N@$3& $G $O$J$+$C $? !" $H 8@$& $3 $H $, $7$P$7$P $" $k !# ZF C(Zermero-F raenk el $N 8xM} + O"B3BN2> @b ) $+$i =PH/$9$k MM $J !" Bg $- $JF~ $l$b$N$r$D$/ $C $F$= $NCf $GM7 $\ $&!" $H 8@ $&=L$_;W9M$N N)>l$O J|4~$5 $l !" ?@ !" 3&2& !" 3&2&?@$J $I $H I,MW$K 1~ $8 $F :n$C$F$$ $/ %H %j%d%^%"%-%i E*$J J}K! $, 8!F$$5 $l$M $P $J$i $J $$$N$+$b CN $l$J $$ !# ) $, !" $= $&8@$C $F$$$F$b ;EJ} $, $J $$$N$G !" $H$j$"$($: $I $C $+$N CJ3, $G 9,1? $J >u67 $, 5/ $3 $C $F$$ $k $H $7 $F @h $K ?J$^ $M $P $J $k$^$$ !# $O $8 $a$N %9%F%C %W $O Hs 2D49B?MM BN $r Dj5A $7 !" $=$N@- <A $r D4$Y $k$3$H $G $" $k !# $3 $N >.J8$G$O 2D49 %9 %- !<%‘ !" $H $/ $K 6JLL$N Hs2D49 J}8~$X$N JQ7A$NOC Bj$rCf ?4 $K $7 $F !" Hs2D49B?MMBN $, $I $N $h $& $J$b$N$K$J $k$+$K $D$$$F D4 $Y$k !# $^ $:Hs2D496u4V $*$h $S Hs2D49%9 %-!<%‘ $NDj5A $r Rosenberg [8] $K => $C $F=R $Y$k!# (2,3 @a!# ) <! $K2D49%9 %-!<%‘ $NHs2D49%9 %-!<%‘ $H $7 $F$N

4 EZ4pA1J8 L58B>. JQ7A$r%3%[%b %m %8 !<$N 8@MU$r MQ$$$FI= 8= $7 !" $= $l$, ;0<o N‘ $K J, $+ $l $k $3 $H $r<($9 !# (5 @a ) $=$N$& $A $N $R$H$D $ONI$/CN $i $l$?2D49%9 %-!< %‘ $H $7 $F$NJQ7A $G$"$j (6 @a ) !" 0l $D $O8r494X 78 $NJQ99 $K$h$jF@ $i $l$kJQ 7A $G$"$k (7 @a ) !# $3$3 $G $O P 1 � X $H Fs<!85 %H !<%i%9 $NFs$D $NNc $r$H$j $" $2 $F$3 $N JQ7A $K$D$$$F 9M;!$9$k !# :G8e$N0l$D$O 4v2? 3XE* %V %i %&%"!< 72 $K 4X78 $7 $? JQ7A $G$" $k !# $3$N It J, $K$D$$$F$O :#>/ $7 8&5f $, I,MW $G$" $k (9 @a ) !# $J $* !" M>CL $G$" $k $, !" !V Hs2D 49 { !W $O $7$P$7$P!V NL ;R { !W $H 8F $P$l $k !# $= $l$K$O $$ $/$D $+ M}M3 $, $" $C $F !" 1. !V Hs2D 49 { !W $H8@$&8F $S J} $OJ6 $i $o $7 $/!" :.Mp $r@8 $8 $d$9$$ !# Nc $( $P!V Hs2D4972%9 %-!<%‘ !W $H !V 72Hs2D49%9 %-!<%‘ !W $H$r 6hJL $7 $J$1 $l $P $J$i$J $/ $J$k !# 2. !V Hs !W 2D49 $H$$ $&8@MU $, H]DjE*$J %$ %a !< %8$r M?$($k !# Ey!9!# $b$C $H$b$J $H$3$m$b $"$k$N $@ $, !" !V NL;R !W ?t3X $ONL;RO@ $N;WA[ $r @9$j9~ $s$@ ?t3X $r ( I,MW$J $i ?t3X$r0l $+$i =q$-D> $7 $?$b$N$r ) ;X$9$Y$- $G $"$m $& !# ( $= $l$, :G=*E* $K !V Hs2D49 !W $NJ}8~ $J$N $+ $I $& $+$b$o$+$i$J $$ !# ) $= $& $$ $& 0UL# $G$3$N>.J8 $G$O !V NL;R !W $H8@$&8@MU $O ;H $o $: $K$b$C $Q $i !V Hs2D49 !W $H 8@ $&8@MU $r MQ$$$k $3$H$K$9 $k !# 2. Hs2D496u4V$NDj5A Hs2D494v 2?3X $r ;O$a $k>e $G $^$: LdBj $K$J $k$N $O !" Hs2D49%9 %-!< %‘$H $$ $&$b$N$r $$$+$K$7 $F Dj 5A$9 $k$+$G $" $k !# $3$3$G $O Rosenberg [8] $N 8+J} $r:NMQ$9$k;v $K$9$k !# $^ $: !" !V Hs2D496u 4V !W $rDj5A$9$k;v $+$i ;O $a $h $& !# $3$3$G$O 6u 4V$r$=$N >e$N =‘O" @\AX$N$J $9%" !<%Y%k 7w$K$h $j$H$i $( $k !#$9 $J$o $A Hs2D496u 4V $H$O$3 $N N) >l $G$O C1$K%" !<%Y%k 7w$N$3$H$G $"$k !# ( AX $N%;%/ %7%g %s$H$O !V >l !W $NJLL> $G$"$k$H2r<a $G$-$k !# $= $& 9M $( $k $H$3$3$N9M $( J} $O 6u4V $r$=$N>e $N>l $N !V <oN‘ !W $H >l $N4V $N !V 4X78 !W $K$h$jB* $($h$& $H $7 $F$$$k $H$b8@ $($F !" $J $+$J $+ LLGr $$!# ) Hs2D49 6u 4V $N 4V$N<M $O <!$N$h $& $K $7 $F Dj5A$9$k !# De�nition 2.1. [8] Let C 1 ; C 2 b e ab elian categories. A morphism f from C 1 to C 2 (in the sense of Rosenberg) is an isomorphness class of righ t exact additiv e functors from C 2 to C 1 . A represen tativ e of the class is called an in v erse image functor. And if w e made a choice of one suc h, w e denote it by f � . f is said to b e contin uous if the inv erse

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 5 image functor f � has a right adjoin t (called a direct image functor f � of f ). Cm0U 1& adjoin t f � $NB8:_ $O f � $N=g6K8B $H$N2D49 @- $rJ]>Z $7 $F$$$k!# <B :] !" C 2 $N G$0U $N5"G<7O f M i g $r$H$C $FMh$k $H !" G$ 0U $N N 2 Ob( C 1 ) $K $D$$$F !" Hom( f � (lim � ! M i ) ; N ) � = Hom(lim � ! M i ; f � N ) � = lim � Hom( M i ; f � N ) � = lim � Hom( f � M i ; N ) � = Hom(lim � ! ( f � M i ) ; N ) : $, @. $jN) $D $+ $i !" f � (lim � ! M i ) = lim � ! ( f � M i ) $, @. $jN) $D $3 $H $,J, $+$k!# >e $N Dj5A$G 8@ $& $H$3 $m$N !V O"B3 !W $K$O $*$=$i $/$= $& $$ $&0UL# $, $3 $a$i$l $F $$ $k$N $@$m $& !# ( E, Ev$J univ erse $K 4X $9 $k ) %" !< %Y %k 7w$N A4 BN$K !" >e$N $h $&$J mor- phism $r F3F~ $7 $? J* $, !" 2f!9 $N !V Hs2D496u4V !W $N%+%F %4 %j!< $G$" $k !# $b $A$m $s !" IaDL $N 0UL#$N %9 %-!< %‘ !" 4DIU$-6u 4VEy !9 $O !" $=$N >e$N=‘ O"@\AX $r9M $($k;v $K$h$j !" $3$N%+ %F %4 %j!< $NBP>] $H$_$J$9;v $,$G$-$k !# ==J,$9 $. $k $0 $i $$ Bg$-$/8+$( $k$3$N !V 6u4V !W $NB*$( J} $K$b Jd $& $Y$- E@ $, $" $C $F !" 1. C � - Be?t $NM} O@ $N$h$& $J !" 4D $H2C72 $K0LAj $r$b $?$;$k M} O@ $G $O !" 2C 72 $NA4BN $O%"!<%Y %k 7w $K$J$jF@ $J$$ !# ( F17? $G$J$$A4C1<M $, B8:_ $7 $?$j $9 $k !# ) $3 $N$3$H$O !" Nc $( $P DL>o$N 4D$N ( %Y %/ %H %k 6u 4V$H $7 $F $N ) APBP $r 9M$($?$$ ;~$J $I $K$O $3$l$O >/ $7 LdBj $K$J $k !# (Manin [7] $K $b >/ $7 $= $N$h $& $J 0LAj$NLdBj $K$D$$$F ?( $l$F $" $k !# ) 2. Dj5A $G$- $k8B$j $O !" @5 $7 $/$J$$ ( >P ) !# (1 @a$r$_$h ) $= $& $O 8@ $& $b$N$N >e$NDj5A$O Be?tE*$K$O$5 $7 $" $? $C $F 9M$($i $l $k8B $j$$ $A $P $s Bg$-$J Iw O$I_$r 9- $2 $F $$ $k$H 8@$C$F$b NI$$$@ $m $& !# $3$3 $^ $G 6u4V$N 35G0$r 9- $2 $F $* $/$H !" E= $j9g$o$; Ey$N =t35G0$K$D$$$F $$ $A$$ $A@5Ev2=$N?4G[ $r $7 $J $/ $F :Q$‘ !#0B?446 $r M? $($F $/ $l $kDj5A $G$" $k !# $H$3$m $G !" \ =‘O"@\ AX $NA4BN $N%+ %F %4 %j !< " $O !" 85 $N6u4V $rI|85 $G$- $k $0 $i$$==J, B?$/ $N %G !<%? $r;} $C $F $$$k $N $+ !" $H8@$& 5? Ld $, @8 $8 $k !# 7k O@ $+$i 8@$( $P !" !V 9= B$<M !W $r%3 %_ $K $7 $F 9M$( $l $P Ez$($O 9NDjE*$G$" $k !# 0J2<$=$N $3$H$K$D$$$F =R$Y$k $3$H$K $7 $h $& !# $^ $: !" ( 2D49 $H $O 8B $i$J$$ ) 4D R $K $D$$ $F !" 7w ( R -mo d) $, R $r I|85 $G $- $k $+ $I $& $+$K$D$$$F$O !" <! $NJdBj $, Ez $r M? $( $k !#

6 EZ4pA1J8 Lemma 2.1. L et k b e a ring, R 1 ; R 2 b e k -algebr as. L et � i : ( R i - mo d) ! ( k - mo d) b e structur e morphisms (that is, morphism de�ne d by the structur e homomorphisms k ! R i ) ( i = 1 ; 2 ). We de�ne an e quiv- alenc e of homomorphisms fr om R 1 to R 2 by saying that two homomor- phisms �; : R 1 ! R 2 ar e e quivalent if and only if ther e exists an in- vertible element u of R 2 such that u�u � 1 = . Then ther e is a bije ction b etwe en the set Hom k ( R 1 ; R 2 ) = � of e quivalenc e classes of k-algebr a homomorphism and the set of morphisms f : ( R 2 - mo d) ! ( R 1 - mo d) which satis�es f � � 1 = � 2 . In p articular, a c ate gory isomorphism ( R 2 -mo d) � = ( R 1 -mo d) which c ommutes with � 1 ; � 2 exists if and only if the two k -algebr as R 1 and R 2 ar e isomorphic. $3 $N JdBj$N>ZL@ $K$O !" MF0W $K J, $+$k <!$N;v<B $r ;H $( $P NI$$ !# � � i ( k ) � = R i ( i = 1 ; 2) Hom R i ( R i ; R i ) � = R opp i ( i = 1 ; 2, Be?t $H $7 $F $N F17? ) Hom R i ( R i ; M i ) � = M i ( i = 1 ; 2, 2C72$H $7 $F$N F17? ) >e $N 5D O@ $rDI $& $HJ, $+$k $N $@ $, !" 9= B$ <M � i $r;X Dj $9 $k ;v $K $O !" !V 4p E@!W � � i ( k ) $r 7h $a$kLr3d $,$"$k !# <B $O4pE@ $r7h $a $J$$ $G$*$/ $H !" 7w ( R -mo d) $@$1$G$O R $r F1Dj$9$k $N $K==J, $J >pJs $rM? $($J$$ !# Fs $D$N4D R; R 0 $O ( R -mo d) $H ( R 0 -mo d) $H$, 7w $H $7 $F F1CM$N ;~?9EDF1 CM $H 8@$o $l $k !# $" $k4D $K?9EDF1CM $J4D $, $I $N$h $& $J$b $N $+ $K$D$$ $F $O <! $NJdBj $G $o $+ $k!# Lemma 2.2. (The or em 3.23 in [4] F or a given ring R let e b e an idem- p otent in a matrix ring M n ( R ) , n � 1 , such that the ide al M n ( R ) eM n ( R ) gener ate d by e is M n ( R ) . Then R 0 = eM n ( R ) e is Morita similar to R . Mor e over, any ring Morita similar to R is isomorphic to a ring of this form. J#?t$N 4D R $K BP $7 $F BP1~$9 $k%"!<%Y%k 7w ( R -mo d) $, F1CM $K$J $k$3 $H$O Ld Bj$N$h $& $K$b 8+$( $k $, !" $3$N >u 67 $O $&$^$/MxMQ$9 $l $P LL Gr$$$3 $H$,$G $- $k $H ;W $o $l $k !# 9 @a $r ;2>H$N $3$H !# $5 $F !" 2D49 4D $N $_ $r9M $($k $H $I $& $J$k $+ !" $H8@$& Ld $$ $K4X $7 $F$O !" DL >o$N0UL#$N%9 %-!< %‘ $K $^ $G 0lHL2= $7 $F <!$N$h $& $J ;v $, J, $+ $C $F$$ $k !# Lemma 2.3. [8] Every (usual) scheme X may b e r e c over e d fr om the c ate gory (Qcoh( X )) of quasic oher ent she aves on X .

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 7 3. Hs2D49 %9 %-!<%‘$NDj5A I88lE* $K $$$( $P !" %9 %-!< %‘$H$$ $& $N $O !V 07$$$d$9$$ !W %"!<%Y%k 7w$N ;v $G$" $k $H$$$( $k !# $I $N DxEY07$$$d $9$$$N $, NI$$$+$O >l9g $K $b$h $m $& $, !" $3$3 $G $OA0@a $KB3$$ $F Rosenberg [8] $N 8+J} $r:NMQ $7 !" $= $N%9 %-!< %‘$NDj5A $r =R$Y$k !# $^$:$O !V 6I=j2= !W $NDj5A $G$"$k !# De�nition 3.1. [8] A morphism f (in the sense of Rosen b erg) b et w een categories is said to b e at if the inv erse image functor f � is exact. f is called a at lo calization if f is at and has a fully faithful direct image functor. <! $K !" !V %" %U%! %$ %s %9 %-!< %‘ !W $NDj5A $r$9 $k !# De�nition 3.2. [8] A contin uous morphism f (in the sense of Rosen- b erg) b et w een categories is said to b e almost a�ne if the direct image functor f � is exact and faithful. f is said to b e a�ne if f � is faithful and has a righ t adjoint. $3 $N Dj5A $, $I $& $7 $F !V %"%U%! %$ %s %9%-!< %‘ !W $K Ev$?$k$b$N$r Dj5A $7 $F $$$k$3 $H $K$J $k$N $+$K$D$$$F $O >/ !9 Cm <a $, I,MW $@ $m $& !# Monad $NDj 5A $K$D$$$F ;W$$=P $7 $F $* $/ $3$H$K$9 $k !# De�nition 3.3. A monad F = ( F ; � ( F ) ; � ( F ) ) on a category C is a functor F : C ! C with a natural transformations � ( F ) : F 2 ! F (\m ultiplication") and � ( F ) : id ! F (\unity") which satis�es certain axioms (\asso ciativit y" and \\unity" b eing unity")[5]. W e denote by ( F -mo d) the category of F -mo dules ( F -algebra in the language of Mac Lane[5]). By de�nition, an F -mo dule is a pair ( M ; � ) of an ob ject M of the category C and an arro w � : F M ! M (\action") which satis�es \axioms of action". >\ $7 $/ $O [5] $r ;2>H$N $3$H !# Monad $N 8@MU$r;H $& $H>e5-%"%U %! %$ %s %9 %-!< %‘$NDj5A $O <!$N$h $& $K 8@$$BX $($i $l $k Lemma 3.1. [8] L et C 2 b e an ab elian c ate gory. F or any right-exact monad F on C 2 , we have a morphism f : ( F - mo d) ! C 2 . A c ontinuous morphism f : C 1 ! C 2 is almost a�ne if and only if C 1 is e quivalent over C 2 to ( F - mo d) for some right-exact monad F on C 2 .

8 EZ4pA1J8 Monad $N BeI=Nc $H $7 $F <!$N$b$N $, $" $k !# Example . Let A b e an algebra and B an A -algebra. Then a functor F : C = ( A -mo d) ! C given by tensor pro ducts F ( M ) = B A M is a monad. The category ( F -mo d) is isomorphic to the category ( B -mo d) of B -mo dules. The morphism f : ( F -mo d) ! C in this case is iden ti�ed with the morphism asso ciated to the structure morphism A ! B . 0J>e$N$3$H$+$i !" 4D=‘F17? A ! B $, $"$l $P ( B -mo d) $O ( A -mo d) >e$N %"%U%! %$ %s %9 %-!< %‘ $H$_$J$9$3$H $,$G $- $k $3$H $, J, $+ $k !# 0lHL$N monad $r 07 $&;~ $K$O !" F ( M ) $r ?4$NCf $G B A M $H FI$_ $+ $($F %@ %$ %" %0 %i%‘ $r=q$/ $H !" >e $NNc $HF1MM $K=hM} $G$-$k $3 $H $, B? $$!# Nc $( $P !" <! $NJdBj$N$h $& $J D4;R $G$" $k !# Lemma 3.2. L et C b e an ab elian c ate gory. L et F ; G b e monads on C . L et � : F ! G b e a morphism of monads [5] . Then ther e exists a morphism (in the sense of R osenb er g) such that its dir e ct- and inverse image functors ar e given as fol lows. f � ( y ; � ) = ( y ; � � � y ) f � ( x; � ) = ( Gx= h ( � ( G ) x � � � � x ) F x i G ; � ( G ) ) wher e the symb ol h m i G denotes a \ G -submo dule of ( Gx; � ( G ) ) gener ate d by a sub obje ct m of Gx ". That is, h m i G = Image( � ( G ) � G� : Gm ! Gx ) ( � : m ! Gx is the inclusion) $* BT$A $+$M$N %9 %-!< %‘$NDj5A $O <!$N$h $& $K$J$k !# De�nition 3.4. [8] A set of at lo calizations f f i : C i ! C g is said to b e a Zariski co v er of C if any arro w s of C suc h that f � i ( s ) is inv ertible for all i is in v ertible. A con tin uous morphism f : A ! C is said to b e a quasi-sc heme ov er C if there exists a Zariski cov er f u i : A i ! A g such that f � u i is almost a�ne for each i . >e $N%9 %-!<%‘ $NDj5A $O !" !V 6I=jE* $K%"%U %! %$ %s !W $H8@ $&=> Mh $N%9 %-!< %‘$NDj 5A $r %+%F %4 %j!<$N8@MU$r ;H$C$FHs 2D49$N >l9g $K $^$G 3HD% $7 $? J* $G !" J, $+ $j$d $9$$ $, !" $3$N Dj5A $, $I $N $/ $i$$ NI$$$+$O !" $"$H$"$H$N H= CG $r BT$? $M $P $J $k$^$$ !# Hs2D496u 4V$NNc$H $7 $F%"%U%! %$ %s %9%-!< %‘$N<! $K 8= $l $k$N$O !" $d $O $j <M1F !V %9 %-!< %‘ !W $G$"$m $& !#

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 9 De�nition 3.5. (See [2] and references cited there.) Let A b e an N - graded algebra W e de�ne the pro jectiv e sp ectrum of A as follows. Pro j( A ) = (graded A-mo dule) = (T orsion) ; where \(T orsion)" is a collection of mo dules M which satisfy the fol- lo wing prop erty . M = sup f M ( n ) g ; M ( n ) = (elemen ts of M annihilatate b y R >n ) A $N>h K! $,E, Ev $J 8r 49 4X 78 ( � Ore prop erty) $r;} $F $P !" Pro j A $O Rosen- b erg $N 0UL# $N%9 %-!<%‘ $K$J$k!# 0lHL $K$O$*$= $i $/ Pro j A $O Rosenberg $N0UL# $N%9 %-!< %‘ $K $J $i$J $$ $3 $H$b $"$k $H;W $o $l $k!# ( $, !" !V %9 %-!< %‘ $K $J$i $J $$ !W >ZL@ $O Fq $7 $= $& $G$" $k !# ) MW $O Hs2D496u 4V $, Rosenberg $N 0UL#$N %9 %- !< %‘ $K$J $C$F$$ $l $P 2D 49M}O@$H J?9T$J M}O@ $, ?J $‘9,1? $K 46 <U $7 $J $,$i @h $r?J$a !" $= $& $J$C $F$$ $J $1 $l $P B>$N0UL# $G !V 07$$ $d$9$$ !W $+ $I $& $+ 8!F$ $7 $F $_ $l $P NI$$$N $G$" $k !# 4. Hs2D49%9 %-!< %‘ $r$D $/$m $& !# %9 %- !<%‘$N Dj5A $O A0@a $K =R$Y$?$h $& $J$b$N $, $" $k$N$G !" <!$NL\I8 $O HsFC0[B?MMBN $K Ev$?$k !V NI$$ !W %9 %-!< %‘ $r Dj5A$9$k $3$H$G$" $k !# $I $N$h $& $J 0UL#$G !V NI$$ !W $+$O $$$m$$ $m 9M $($i$l $h $& $, !" $$$/$D $+ MeNs $7 $F $_ $k $H !" 1. ( %3 ) %[%b%m %8 !<O@E*$JDj5A $r 9M $($k !#%9 %‘!<%9@- $N:G=*E* $JDj5A $O%[%b %m %8!<Be ?t $N8@ MU $G=R $Y $i $l $k $N $, BEEv $G$"$k $H;W $o $l $k!# 4{ $K$$ $/$D $+ Dj5A $, Ds=P$5 $l$F $$$k$h $& $G$" $k $, !" $$$^$N $H$3$m ;d $O M>$j>\ $7 $/ $J$$$N $G$3$3$G =R$Y$k$3$H $O 95$($5$;$FD: $/ !# 2. HsFC0[@-$NK\<A $O$=$NEy<A@- $K$" $k !" $H 8+$k $3$H$b $G$- $k !# Nc $( $P !" C 1 B?MM BN $O$= $N<+ 8J Hy J, F1 Aj 72 >e $NEy <A 6u 4V $G$" $j!" %9 %‘ !< %9 $J2D49%9 %-!<%‘ $K$O <+8JF17? $O >/$J$$ $, $=$NL58B>.HG $G$"$k%Y %/ %H%k >l $, 6I=jE* $K$O ==J,B? $/ $"$k !# 3. NI$$$b$N$N>.$5$$JQ7A $O$h$$$O$:$G$"$k !# $H8@ $&2>@_ $r$?$F$k$3 $H$b$G$- $k !# $? $H$( $P !" DL>o $N0UL# $N %9%‘!<%9 $J%9 %-!<%‘ $O NI$$ $b$N$G$"$m $& $+ $i !" $= $N>.$5$$JQ7A $r 9M $( $l $P NI$$%9 %-!<%‘$NNc $r :n $l $k$N $G $O$J$$ $+ !# ( $? $@ $7 OC $r !V%W %m%Q!< $J !W %9 %-!<%‘ $K8B $k$Y$- $G$"$k !# %W %m%Q!<$G$J$$B?MMBN$NJQ7A $O$$$-$J$j 0-$/ $J$k 2DG=@- $,$" $k !# )

10 EZ4pA1J8 4. generic $J$b$N $ONI $$$b $N $G$"$k!# $9 $J $o$A !" Hs 2D 49%9 %-!<%‘ $NB2 $K $*$$ $F !" Bg B? ?t $r@j $a$k $b $N $NFC D’ $, NI $$ $b $N $rI= 8= $7 $F$$$k!# <!@a0J 9_ $G$O !" 3. $N 9M $( $K =>$C $F !" !V NI$$ !W Hs2D 49%9 %-!<%‘ $NNc $rF@ $k $3$H$r ;n$_$h $& !# 5. 2D49%9 %-!<%‘$N Hs2D49%9 %-!<%‘$H $7 $F $N L58B>.JQ7A ;0<oN‘ $NL58B>.JQ7A X $r C >e$N2D49%9 %-!<%‘$H$9$k !# X $N 0l<!$N L58B >. JQ7A$r 9M$( $h $& !# X $r C [ � ] = ( � 2 ) >e$N Hs 2D49 %9 %- !< %‘ $K 1d D9 $7 $h $& $H 8@ $& $o$1$G $" $k !# $3 $l$K $O MW $O X >e$N 2C72$N AX O X + O X � $K C [ � ]- AP@~7? $J >hK! m � $r m � ( f ; g ) = f g + � ( f ; g ) ( f ; g 2 O X ) $H $$ $&6q 9g$K Dj 5A $7 !" $3 $N >h K! $, 7k 9g N’$r K~$? $9 $h $& $K $9$l$P $h $$ !# ( $3$3$G$O 0EL[$N $&$A $K <!$NFs$D$N2>@_ $, $*$+ $l$F $$ $k !# 1. L58B>.JQ7A $K$*$$$F $O !" 4X?t4D $N@~7?6u4V $H $7 $F $N !V %5 %$ %: !W $O 85$NJ*$HJQ$o $i$J$$ !# 2. � $O ?7 $7 $/:n$C$?AX$N85 $H 2D49 $G$" $k !# FsHVL\$N 2>@_$K$D $$$F$O !" %b %G %e %i %$ 6u4V$N2D49$J ItJ,$N$_$r D/$a$F $$ $k $3$H$K Ev$?$k$N $G !" >-Mh $O 8+D>$5 $M $P $J$i$J $$$H ;W $o $l $k !# ) $5$F !" m � $, 7k9gN’ $rK~ $?$9 $? $a$N>r7o $r=q$-2< $7 $F$_$k$H !" � $, $" $k %3%5 %$ %/ %k>r7o $rK~ $?$9 $Y $7 !" $H8@ $& $+$?$A $KMn$ACe$/ $N $,$o$+ $k!# $3$N %3%5%$ %/ %k $rA3 $k $Y $-F1 CM N‘ $GN‘ JL $7 $?$b $N $O%[ %C %[ %7 %k %H%3%[ %b %m %8 !<$N 8@MU $G H 2 ( O X ; O X ) $H =q $+ $l $k$b$N $G$" $k !# $"$k$$ $O JL$N8@ MU $G 8@ $( $P >e$N$3$H $O O X $N O X $K $h$k3HBg$r9M $($F$$$k$3$H $K Ev$? $k$N $G !" H 2 ( O X ; O X ) $N JQ $o$j$K Ext 2 O b X ( O X ; O X ) ( O b X = O X C O X ) $H =q$$ $F$b NI$$ !#N><T $O F1 $8 $b$N$G$" $k !# $3$N Ext 2 $r$b $&>/ $7 8+47 $l$? $b$N $G I=8=$9$k $3$H$r 9M $($F$_$h $& !# F3MhH!<j$N4V$NEy<0 R Hom O b X ( O X ; O X ) = R Hom O X ( O X L O O b X O X ; O X ) $K $h$j !" %9 %Z %/ %H %k 7ONs Ext i O b X ( T or O b X j ( O X ; O X )) ! Ext i + j O b X ( O X ; O X ) (5.1)

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 11 $, F@ $i $l $k !# X $, %9%‘!<%9$J $i !" T or O b X j ( O X ; O X ) � = j X $H 8@ $&F17? $, $" $k !# ( FC $K !" $3 $l$i $N AX $O%U%i%C %H $G $" $k ) @53N $J>r7o $O 2? $@ $C$? $+ K: $l $? $, !" X $, NI$$$b$N$N>l9g $K$O >e$N%9 %Z %/ %H%k 7ONs (5.1) $O B‘2= $9$k!# $7 $? $,$C $F !" 0l <! $NL58B >.JQ 7A $r%Q%i %a %H %i %$ %:$9 $k6u4V $O Ext 2 O b X ( O X ; O X ) � = H 0 ( 2 � X ) � H 1 ( 1 � X ) � H 2 ( O X ) ( � $O AP BP2C 72$r$"$i$o $9 ) $H J,2r$9 $k !# $9$J$o $A !" %9 %-!< %‘$N ( Hs2D 49 ) L58B>. JQ7A $O Bg $-$/;0 $D $N<oN‘ $KJ, $+ $l $k !# $3$N;0 $D $K$D$$ $F !" $= $l$> $l BP1~$9$k JQ7A $, $I $&$$ $& $b$N $+ !" L58B>.JQ7A $G$O$J $/K\ Ev$NJQ 7A $G <B 8=$9$k$3$H$K Cm 0U $r J’$$$J $, $i !" 0J2< $N ?t@a $G MM;R$r8+ $k;v $K $9 $k !# 0J2<$N5D O@ $G$N 0zMQ$N$?$a$K$3$3$G Fs <!85<M1FHs 2D49 %9 %-!< %‘ $K 4X $9 $k<!$NM=A[ $r :\$; $F$* $/ !# Conjecture of M. Artin ([2]) Let k b e an algebraically closed �eld of characterstic zero, and let A b e k -algebra of dimension 3 sastisfying the \go o d" prop erties. Then one of the follo wing holds: (i) X = Pro j A is �nite ov er its center, (ii) X is q-rational, or (iii) X is q-ruled. ( %9%F !< %H %a %s%H $O 0l It >J N, $7 $F$" $k !# \goo d" $, $I $N $h $& $J 0U L# $+ !" Ey>\ $7 $/ $O 86O@J8 $r ;2>H$N $3$H !# ) MF0W $KA[A| $,$D $/ $h $& $K !" q-rational, q-ruled $J Hs2D49%9 %-!<%‘ $H $O $= $l $>$l rational, ruled $J ( DL>o $N ) 6JLL $NJQ 7A $K Ev $?$k!# >e $NM=A[ $O !" $= $l 0J30 $O 2D49%9 %-!<%‘ $KLS $r@8 $d $7 $?$h $& $J$b $N ( 2D49%9 %-!<%‘>e $N Be?t$NAX ) $7 $+$J $$$H <gD% $7 $F $$ $k !# 6. 2D49J}8~$X$NJQ7A L5 8B >. JQ 7A $N$& $A $G !" $* $= $i$/ FI <T $K $H $C $F $* Fk @w $_ $J $b $N $O H 1 ( 1 � X ) $G $"$m $& !# ( ?M $K $h$C$F $O Ext 1 ( 1 X ; O X ) $H =q$$$?J} $, $*5$ $K >$$9 $+$b CN $l$J $$ !# )

12 EZ4pA1J8 $3 $N 6u4V$N 85 $K BP1~$9 $k L58B >.JQ 7A $O !V 2D 49J} 8~ !W $X$N JQ 7A $G $"$C $F !" $= $NM}O@ $O >.J? !& %9 %Z %s %5!<M}O@ $H $7 $F M-L> $G$"$k!# %A %’ %C%/ %3%[ %b%m%8 !< E*$J 2r<a $K $h $l $P !" $3 $l$O B? MMBNA4 BN $r$$ $/$D $+$N !V%W%l !< %H !W $K J, $1 !" %W%l !< %H 4V$N Hy>.$J JQ 0L$r5- =R$9 $k$3$H$K $h$j B? MMBN$N JQ7A$r 5-=R $7 $h $& $H$$ $& !V%W%l !< %H %F %/ %H %K %/%9 !W M}O@ $r 9M$( $k$3$H $K$J $k !# 7. 8r494X78$NJQ99 $3 $N @a$G$O !" H 0 ( 2 � X ) $N 85$N2r <a $K $D$$$F =R$Y $k !#%9 %Z %/ %H %k 7O Ns (5.1) $r DI$C $F$_ $k$H !" � 2 H 0 ( 2 � X ) $K $h $C$F !" O X [ � ] $K <!$N$h $& $J >h @QI= $, $- $^$k $3$H $, J, $+ $k !# m � ( f ; g ) = f g + � 2 � ( d f ^ dg ) $3$N>h@Q $K$* $$ $FK\ <A E* $J $N $O !" f $H g $H$N8r 49 4X 78 $NJQ 99 $G$" $k!# $9 $J$o$A!" 85 $N @Q $G $O f g � g f = 0 $G$" $C $? $b $N $, !" m � ( f ; g ) � m � ( g ; f ) = � ( d f ^ dg ) $H JQ $o$C $F$$$k !# 0J2< $G $O � ( d f ; dg ) $N$3$H $r f f ; g g $H =q $- !" f ; g $N%]%"%= %s 3g8L $H 8F$V !# 2- %U %) !<%‘ $N6u 4V $NAP BP $N85 � ( %]%" %= %s 3g8L f� ; �g ) $r M? $($k;v $K$h $j 7h$^$k $3$N$h $& $J NL;R2= $O C 1 B?MMBN$N $r Aj<j $K $7 $F$$ $k>l9g $K$O %]%"%= %s B?MMBN $NNL;R2= $H $7 $F NI$/CN $i $l $?$b$N $G$"$k !# ( $J$* !" $3$N 0l<!$N JQ7A $, 9b<!$N JQ7A $K 1d $S $k$?$a$N !" $$$o$f $k 2D@QJ,>r 7o $O !" %] %" %= %s 3g8L f� ; �g $, Jacobi $N 91Ey<0$rK~$?$9;v $G$" $k$3$H $, CN $i $l$F $$ $k !# ( $3$N <~JU$N $3$H$K$D$$$F$O Nc $( $P [3] $r ;2>H$N $3$H )) ( M>CL $G$" $k $, %j!<%^ %s B?MMBN$NL5 8B>.JQ7A $G$O !" S 2 T $H ^ 2 T $N%; %/ %7%g %s$, 8*$rJB$Y$F =P$FMh$k$3$H$K$J $k$N $G !" T T $N%; %/ %7 %g %s $, %U%k$K I,MW $K$J $k !# $3 $l$O LLGr$$;v<B$N$h $& $J 5$ $, $9 $k !# ) $b $&>/ $7 C 1 B?MMBN$NNL;R2= $NOC $r B3 $1 $k$H !" 9M $($F$$$kB?MMBN $, 6v?t<!85$N ;~ $K %9%‘!< %9 $J Hs2D49 %9 %-!< %‘ $r F@$k$N$K$O !" 5 @a$N 4. $K $h $l $P !" � $, HsB‘2=$J J}8~ $K JQ7A$9$k$N $, NI$$$H ;W$o $l $k !# $3$N$h $& $J >l 9g$N NL;R 2=$O%7%s %W %l %/%F %# %C%/NL ;R 2=$H 8@$o$l $F FC$K NI $/ D4$Y $i$l $F $$ $k !# $H$3$m $, Be ?t4v2?E*$J >u67 $K $*$$$F$O !" � $, A4$F$N E@ $G HsB‘2= $G$"$k $3 $H$rK>$‘ $N $O 0lHL $K $O IT2DG= $G$"$k!# 8e=R $9$k $h$& $K !" � $, B‘2= $7 $F $$ $k>l =j $G$O B‘2= $7 $F $$$J$$ =j$K Hf$Y$F FC0[$J8= >] $, 5/ $3 $C $F $*$j !" 5 @a$N 2. $K >H $i $7 $F $b$" $^$j 4r $7 $/$J$$ !# $3$N$3$H$O !" $R $g $C $H $7 $?$i � $, @5B’ $J4X?t $G$"$k $H8@ $& MW @A $, ( B?MMBN $N7WNL $, @5

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 13 B’4X ?t $G$"$k $H8@$& $N $, K> $_$9 $. !" $H8@$& $N $HF1MM $K ) K> $_$9 $. $G$"$k $N$G$O$J $$$+ !" $H$b ;W$o$; $k !# $7 $+ $7 $3$l$O $3 $N CJ3,$G$" $^$j M+N8 $7 $F $b ;EJ} $,$J $$$H$$ $& $b$N $@$m $& !# Hs2D49JQ 7A$N<B8=$N 4JC1$J Nc $H $7 $F !" @\9g@Q $K $h $k9=@.$r 07$C$F$_ $k$3$H$K $9 $k !# X $r C >e$N 2D 49$J %W %m%Q !< !" %9%‘!< %9 $J %9 %- !< %‘$H $7 !" X $K$O <+ 8JF1 7?$N 1 %Q%i %a !<%?!< 72 f � t g $, M?$($i$l $F $$ $k$H$9 $k !#FC $K !" X >e $K$O %Y %/ %H%k >l V ( � t $N L58B>.@8@.85 _ � 0 ) $, 0l$DM? $($i$l$F $$ $k $3$H$K$J $k !# P 1 � X >e $K � $H $7 $F � = z d dz ^ V ( z $O P 1 $N Hs@F<!:BI8 ) $r :NMQ $7 $F !" $3 $l$K BP 1~$9$k P 1 � X $N JQ 7A $, $I $& $J$k$+ !" $H$$ $& $N $, Ld$$ $G$" $k !# z $H X >e$N4X?t � $H$N 8r494X78 $O !" z � = �z + �z V ( � ) $H$J $k $, !" $3 $l$r =q$-D>$9 $H !" z � = ( � + �V ( � )) z = � � ( � ) z $H $J $k !# $3$N 8r 494X78$O MF0W$K L58B >. $G$O$J $$ !V K\Ev$N !W %Q%i %a !<%? t $K $^ $G 1dD9$5 $l $k !#$9 $J$o$A3F t 2 C $K $?$$ $7 !" z � = � t ( � ) z (7.1) $J $k 8r 49 4X 78$G M?$($i$l $k$h $& $J 4X?t 4D$r 9M$( $l$P !" P 1 � X $N JQ 7A B2 $, F@ $i $l $k $3$H$K$J$k !# >e5- $N4X78<0 $O ( N $H 4X?t4D $H$N ) @\9g@Q $H $7 $F NI$/CN$i $l $F $$ $k$b$N$G $"$j !" $3$N OC$O (Rosen b erg $N 0UL#$N ) %9 %- !< %‘$N8@MU $G A4 $F @53N $K 5-=R$9$k $3$H $,$G $- $k !# ([9]) Prop osition 7.1. [9] L et C b e an ab elian c ate gory with dir e ct sums of c ountable obje cts. L et h : C ! C b e a morphism in the sense of R osenb er g which is invertible. Consider an action of Z on C gener ate d by h . Then we may de�ne a \skew pr oje ctive line" P ( h ) asso ciate d to h as fol lows P ( h ) = ( N n C ) [ Z n C (( � N ) n C ) it is a quasi scheme on C . If C is a quasi scheme over a b ase scheme C 0 and ther e exists a h -invariant Zariski c over of C , then P ( h ) is a quasi scheme over C 0 .

14 EZ4pA1J8 $3 $N 9=@. $r ;H $( $P q-rational/q-ruled $J 6JLL$r:n$k$3$H $,$G $- $k !# $3 $3 $G � $NB‘ 2= $7$?E@ $G5/ $3 $k 8= >] $K$D $$ $F 4Q ;! $7$F $_ $h$& !# f 0 g� X $N 3FE@ $K $*$$$F � $O L@ $i$+$K B‘2= $7 $F $$$k ( $N$_$J $i$: !" 40A4 $K 0 $G $"$k !# ) $3 $l$i$NE@ $OJQ7A8e $b@8 $-;D $C $F$$ $F !" Hs 2D49 6u 4V $G $O DA $7 $$ $O$: $N C - CME@$r @8$_ =P $7 $F $$ $k !# $9$J$o $A z = 0 $O 8r49 4X78 7.1 $N 2r $K$J$C $F$$$k!# $3$NNc $K 8B $i $: 0lHLE* $K 8@$C $F � $, 0 $K $J $kE@ $G$O 8r494X78 $NJQ998e$b C - CME@ $, ;D$j!" B> $NItJ, $H L@Gr $J Aj0c $r8+$;$F$$ $F !" $$ $o $P !V FC0[ $J !W 0u>] $rM? $( $k !# 5U $K 8@$& $H $3 $l$i C - E@ $, ==J, $? $/$5 $s $" $k$*$+ $2 $G !" $=$3$r !V @Z $l L\ !W $K >e$N L?Bj$G 8@ $& $H$3 $m$N C $r %"%U%! %$ %s %9 %-!<%‘$N OB $K J,3d $G$- !" quasi-sc heme $?$j F@$F$$$k$N $G $"$C$F !" $= $& $$ $&@Z $l L\$N$J$$BP>] ( $b $7 $" $l $P { A0=R$N M.Artin $N M=A[ $O 6JLL $G $O$= $& $$$& $b $N $O$J$$ $3 $H $r<gD% $7 $F$$$k ) $K =P?) $o $7 $? $i $&$^$/07 $( $k $+ $I $& $+ !" 6=L#?< $$ $H$3$m$G$" $k !# 8. %^!<%K %s$N NL;R2=$5 $l$?%F !<%?4X?t [6] $H$N 4X78 A0@a $G$NOC $G $O P 1 $H$$ $& !V Bg0hE* $J !W :B I8 JQ ?t z $r$b$C $?%9 %-!<%‘ $r ;H $C $F$$$k $N $G3Z $@$C $? $, !" 0l HL $N>l 9g $O$= $& $O$$ $+$J$$!# 0l HL $N8r 494X 78$N JQ99$N MM ;R$r CN$k$?$a$K !" OC $r \analytic" ( $J$$ $7 !" formal) $J >l 9g$K $^$G 9- $2 $F !" Fs$D$N BJ 1_ 6J @~ ( $H $$ $& $+ !" 0l<!85 J# AG %H !<%i %9 ) E i = C =L i ( L i = Z + Z � i $O C $N maximal lattice)( i = 1 ; 2) $N @Q E 1 � E 2 $N JQ7A $K$D$$$F9M $($F$_$k $3$H $K $7 $h $& !# :#EY $O ( %H !<%i%9A4 BN $GDj5A $5 $l$?4X?t $H$$ $& Lu $G$O $J$$ $, ) J?C3 $J:BI8 4X ?t $rMQ$$$k $3 $H $, $G $-$k !# $^ $? !" E 1 � E 2 $N APBP 2-form $O (0 0J30 $O ) I, $: HsB‘2= $G$" $j !" $" $k0U L# $G$O :G$b !V HsFC 0[ !W $N8l$K $U$5$o $7 $$ $b$N $, 4|BT$G$-$= $& $G$" $k !# E 1 , E 2 $N J?C3 $J :BI84X?t $r$= $l $>$l z ; � $H =q$/ $3$H$K$9$k !# z $H � $H $N 8r494X78 $r <!$N$h $& $K JQ99 $7 $h $& !# z � � � z = t ( t 2 C ) z $d � $O <~ 4| 4X ?t $G $O $J$$ $N $G E 1 ; E 2 $N4X?t $H $_ $J$9 $3 $H $O $G$- $J $$!# $=$3$G Nc$( $P } ( z ) $H } ( � ) $H $N 8r 494X78 $, $I $& $J$k$+$, LdBj$K$J $k !# ( $J$*!" 0J 2< $N 7W ;; $r4V $K9g $o $;E* $K@5 Ev 2= $9 $k $K $O !" z 5Z $S � $r$= $l $> $l z � , � td=dz $H$$ $& C (( z )) = C [ z ; z � 1 ] >e $N ( 2D5U $J ) :nMQ AG $H8+ Jo $7 !" :nMQAG$N <}B+$O$=$N 4X ?t6u4V >e$NC1 =c<}B+$N 0LAj$r 9M $( $l$P NI$$ !#5U $K 8@ $( $P 0J2< $G $O } ( z ) $H 5<Hy J, :n MQ AG } ( d=dz ) $H$N8r 49 4X 78 $r7W;; $7

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 15 $F$$ $k $3 $H $K$J$k !# ) $^ $: !" >e $N<0 $+ $i 0lHL $K !" z � ( � ) = t� 0 ( � ) + � ( � ) z $, � $NB?9‘<0 $"$k $$ $O$= $N6K 8B $GM? $( $i $l$k$h$& $J � ( 0J2< $3$N $h$& $J $b$N $rC1 $K !V <0 !W $H8@$$I= $9 ) $K $D$$ $F@.$jN) $D!# $H$/ $K !" � = e 2 � p � 1 � $H $* $/ $H !" z � = � ( z + 2 � p � 1 t ) $, @.$jN) $D $3 $H $, J, $+$k !# $3 $l$O !" G$0U $N z $N !V <0 !W f ( z ) $K$?$$ $7 $F f ( z ) � = � f ( z + 2 � p � 1 t ) $, @. $j N) $D $3 $H $r<( $7$F$* $j!" $H$/ $K !" x = e 2 � p � 1 z $H$*$/ $H !" x� = a� x $H =q $1$k $3$H $K$J$k!# %^ !< %K %s [6] $O$3$N8r494X78 $+$i=PH/ $7 $F !" %F!< %?4X?t $NNL ;R HG $K$D $$ $FO@ $8 $F$$$k!# $= $N9M ;! $O ( #2<! 85 $H $O8B $i $J$$ ) 0lHL$N %H !<%i %9$NNL;R 2= $K$"$? $k$b$N$r 4X?t4D$N 0LAj$^$G 9~$a$F 5DO@ $7 $F $$ $k$3$H$K$J $C$F$$$F 6=L# ?<$$$b$N$G$" $k $, !" $=$N A4It$r$3$3$G >R2p$9$k $o$1 $K $b$$ $+$J$$ !# $=$3 $G$3$3$G$O$H $/ $K a $, FCJL$NCM $r$H $k;~ $K$D$$$F5DO@ $7 $?$$ !# ( <B<AE* $K$O [6] $K $*$$$F !V a $, 1 $N 6R:,$N ;~ !W $H $7 $F 07 $o $l$F $$$k !# ) � ! a� $O E 2 $N$" $k<+8JF17? � $G =q $1 $k $3$H$K CeL\$9$k$H !" $3 $l$O x� = � ( � ) x $H$+ $/ $3$H$b$G$- $k !# $=$3 $G !" � $N G$0U$N !V <0 !W $K BP $7 $F x� ( � ) = � ( � ( � )) x $, @.$jN) $D $3$H $K$J $k !# $$$^ !" � $N 0L?t N $, M-8B $G$"$k$H$9$k ( $3$N $h $& $J � $K BP1~$9$k t $O C $N$J $+$G cGL) $G$"$k ) $H !" E 2 $N >e $N !V 4X?t 6u4V !W ( Nc $( $P !" M-M} 4X?t BN ) $O � $K $h$C $F8GM-J,2r $r<u $1 $k!# � k $, $= $N $R$H $D$N 8GM-4X?t !" $9 $J$o $A !" � ( � k ) = ! k � k ( ! = e 2 � p � 1 = N ) $J$i$P !" >e $N 4X78 <0 $O !" x� k = ! k � k x = � k � k ( x ) $H $J $j!" x ! ! x $, E 1 $N$R $H $D $N <+ 8JF1 7? � $K BP 1~$9 $k$3$H$K Ce L\$9 $k$H !" >e $H F1MM$N 5DO@$K$h $j !" G$0U$N x $N !V <0 !W f ( x ) $K $?$$ $7 !" f ( x ) � k = � k � k ( f ( x )) $, @.$j N)$D$3$H $, J,$+ $k !# $3$N :G8e$N <0 $O !" Be?tE* $K <h$j07$$ 2DG= $G $" $C $F !" <! $N$h $& $J JdBj $K 0lHL2= $G$- $k !# Lemma 8.1. L et H b e a C -bialgebr a, A an H -mo dule C -algebr a and B b e an H -c omo dule C -algr ebr a. Then A C B has a structur e of a (unital asso ciative) C -algebr a given by ( a b ) � ( x y ) = ab ( � 1) * x b (0) y ;

16 EZ4pA1J8 wher e we denote the left c omultiplic ation B ! H B by ( b ) = b ( � 1) b (0) ; and multiplic ation of an element h 2 H on x 2 A by h * x =P $FMh$k=R8lEy $K$D$$$F$O [1] $r ;2>H$N $3$H !# ( $H $/ $K !" !V H -mo dule C -algebra $H 8@ $& =R8l $K BP $7 $F$OCm0U $, I,MW $+$H;W$o $l $k !# ) $3$N JdBj $O !" A $H B $H $N 4V $K 8r494X 78$r@_ Dj $7 $F !" A B $K @Q $r F3 F~$9$k$K $O !" bialgebra $K $h $k action $H coaction $, $=$l $> $l B ; A $K $"$l $P == J, $G$"$k $3$H$r<( $7 $F$$ $k !# >/ $7 9M $($k$HJ, $+$k$N $@ $, !" A; B $, M-8B <!85 $N;~ $J $I $O$3$l$O I,MW $G$b$"$k !# ( $3 $l$i$N ;v<B $d>e$NJdBj $O 4pK\ E* $+ $D 4JC1$J$N$@$, $I $3$r 0zMQ$9$Y$-$+ J,$+$i$J$+ $C$? !#EZ4p $K $*65 $( 4j $( $k $H 9,$$ $G$" $k !# ) M-8B 72 Z = N Z $H$=$NAP BP $K$h$k %H !<%i%9 $X $N:nMQ ( J?9T0\ F0 ) $r%[ %C %W Be?t$G I=8= $7 !" >e $NJd Bj $r E, MQ$9$k$H >e$N5D O@ $H F1 Ey$N$3$H $,$G $- $k !# $7 $+ $7 !" H?>J $7 $F $_ $k$H !" >e$N5D O@ $G !" � $N 1- 8GM- 6u4V$O E 2 =� $N 4X?t 6u4V$H F10l;k$G$- !" $= $l$i $N 85$O JQ7A$5 $l $? Be ?t$NCf?4$K B0$9 $k$N $G !" MF0W $K J, $+ $k$h $& $K JQ7A$5 $l$? 4D $O ( E 1 =� ) � ( E 2 =� ) $N >e$N M-8B3,?t $NBe?t $NAX $N%;%/ %7%g %s$H 8+Jo$9 $3 $H $,$G $-$k !# $7 $? $,$C $F !" ;DG0$J $,$i 0J >e$N9M;!$N$_ $+$i$O Artin $N M=A[$NH?Nc$rF@$k$3$H$O$G $-$J $$ !# %H !<%i %9$NJQ7A B2$N $&$A<M1F E* $J$b$N$, K\Ev$K >e $K 5s $2 $?$b $N $7 $+ L5$$ $+ $I $& $+$O LLGr$$LdBj $@$H ;W $o $l $k !# $H$j$" $( $: !" $3$N>l 9g $K $OJQ7A $O \analytic" $J$$ $7 \formal" $J %+ %F %4 %j!< $G $&$^$/<B8=$5 $l $F $*$j!" $=$NCf$N \rational" $J E@ $K BP1~ $7 $F $$ $k$b$N ( $N$_!) ) $, Be?tE* $G$" $k !# 9. 4v2?3XE* %V %i%&%"!<72$NJ}8~$X$NJQ7A $5$F !" H 2 ( X ; O X ) $N J}8~$N JQ7A$K$D$$$F$O !" 4v2?3XE* %V %i%&%" !< 72$N%3%[%b%m%8 !< 72 $K $h $kI=<( Br( X ) = H 2 � et ( X ; O � X ) torsion $r A[5/ $5 $;$k!# ( J9$/ =j $K$h$k $HIaDL 1&JU $N %(%? !< %k%3%[ %b %m %8!<72 $K $O $b$H $b$H 0L ?tM-8B$N 85 $7 $+ L5$$$i $7 $$ $, 2r@O 4v2?$N >l9g$bbK $s$G $3 $&=q$/ $N $r 5v $7 $F D:$-$?$$ !# )

6JLL$NHs2D49JQ7A$N$$ $/$D $+$NNc$K$D$$$F 17 $3 $N I= <($N :n$j J}$r;W$$ =P $7 $F $_ $k$H !" 1&JU$N85$K BP $7 $F X $N Ho J$ f U i g $r$H$j !" M n ( O U i ) $r $&$^$/ $D $J $. D>$9 $3$H $K$h$j!" X >e$NBe ?t $NAX A ( El20Be?t ) $r 9=@. $9$k $H$$ $& $b$N $G$"$C $? !# @h $K=R$Y $?$h $& $K O X $H M n ( O X ) $H$O?9EDF1 CM $G$"$k $+ $i !" A 2C72 $N%+ %F %4 %j !< $r9= @.$9$k$N $OC1 $K O U i 2C72$N%+%F %4 %j!< $r$D$J $. D>$9$3$H $K$[$+$J$i$J $$ !#$9 $J$o $A !" >e$NI=<($N 2r<a$K $*$$$F$O !" %+ %F %4 %j!<O@E* $K 9M $( $k J} $,$+$( $C $F <+A3 $G$" $k $3$H $, G<F@D: $1 $k $@$m $& !# A0@a $G$b 8+ $i $l $?$3$H$@$, !" Hs2D49 %9 %-!< %‘$NB2$r 9M $( $h $& $H $9$k $H $" $k O"B3E*$J BP>]$N M-M}E@$J$$ $7%H !< %8 %g %s E@ $K BP 1~$9$kIt J,$N$_ $, B* $($i $l $k $3 $H $,$"$k$h $& $@ !# !V 2r@O4v2?3X !W $NMM $JBP>] $K$^ $G OC $r 9- $2 $F !" $H $S $H $S $K $7 $+ =P$F Mh $F$$$J$$ !V El20 Be?t A $N >e$N mo dule $N 7w !W $r Jd4V$9 $k$h $& $J 7w $, !V 2r@O4v 2?3X !W $NMM$J BP>]$K $^$G OC $r 9- $2 $F =P $F Mh$k $H LLGr$$ !# $^$? !" A0@a $G 8+$?Fs <!85 %H !<%i %9$NJQ7A$O$3$N @a$G =R$Y$? 9=@. $H ?< $/4XO" $7 $F $$$k !# $3$N 4qL/$J9g CW $, 2?$r 0UL# $7 $F$$ $k$+$O !" 6=L#?<$$ 8&5f:‘NA $K$J $k $H ;W $o $l $k !# References [1] Eiic hi Ab e, Hopf algebr as , Cambridge Univ. press, 1980. [2] M. Artin, Ge ometry of quantum planes , Contermporary Math. 124 (1992), 1{ 15. [3] Bg?91Q<y , 0lHLNO3X7O$H>l$N4v2?3X , >X2ZK< , 1991. [4] N. Jacobson, Basic algebr a ii , W. H. F reeman and compan y , 1980. [5] S. S. Mac Lane, Cate gories for the working mathematicians , Springer V erlag, 1971. [6] Y uri I. Manin, Quantize d theta-functions , Progress of theoretical physics sup- plement 102 (1990), 219{228. [7] , T opics in non c ommutative ge ometry , Princeton Universit y Press, 1991. [8] A. L. Rosenberg, Nonc ommutative schemes , MPI preprint MPI-96-109. [9] Y. Tsuchimoto, Constructions on non c ommutative schemes , Mem. Math. Ko chi Univ. (T o app ear). Ko c hi Univ ersit y Departmen t of Mathematics F acult y of Science Ko chi, 780 Japan E-mail: do cky@math.k o c hi-u.ac.jp