1 6J LL >e $N E@ $N Hilb ert 35 7? $H Heisen b erg Be ?t Cf Eg 7< 5~ ET Bg 3X M} 3X 8& 5f 2J J? @. 10 G/ 2 7n 17 F| $3 $N O@ @b $G $O , Fs $D $N 0l 8+ 4X O" $N $J $$ BP >] $N 4V $K 3] $1 66 $r EO $9 . $R $H $D $O , %" %U %! %$ %s Lie 4D $N I= 8= O@ $G 4p AC E* $J Lr 3d $r 2L $? $9 L5 8B <! 85 Heisenberg Be ?t $G $" $j , $b $& 0l J} $O , Be ?t 4v 2? $K 8= $l $k 6J LL $N >e $N E@ $N Hilb ert 35 7? $G $" $k . $9 $0 $K @b L@ $9 $k $h $& $K , Heisenberg Be ?t $O %U %) %C %/ 6u 4V $H 8F $P $l $k L5 8B JQ ?t $N B? 9‘ <0 4D $K I= 8= $r ;} $D $, , B? 9‘ <0 $N <! ?t ( C" $7 , 3F JQ ?t $K $O 0c $& <! ?t $E $1 $r M? $( $k ) $K $h $j $3 $N I= 8= $O D> OB J, 2r ( %& %’ %$ %H J, 2r ) $9 $k . 0l J} , Hilb ert 35 7? $N J} $O , E@ $N ?t $K $h $C $F L5 8B 8D $N O" 7k @. J, $K J, 2r $5 $l $F $$ $k . G� ottsc he[7] $O , Hilb ert 35 7? $N Betti ?t $r 7W ;; $7 $? $, , 7k 2L $H $7 $F $O n 8D $N E@ $N Hilb ert 35 7? $N Betti ?t $O , %U %) %C %/ 6u 4V $N <! ?t n $N It J, 6u 4V $N <! 85 $K Ey $7 $+ $C $? . 8@ $$ 49 $( $l $P , E@ $N ?t $r F0 $+ $9 $3 $H $K $h $C $F Poincar � e B? 9‘ <0 $N Jl 4X ?t $r 9M $( $k $H , Heisenberg Be ?t $N I= 8= $N ;X I8 $H 0l CW $9 $k $H $$ $& $3 $H $G $" $k . $3 $N 0l CW $* $h $S J* M} 3X <T V afa-Witten $N S- AP BP @- $N M= A[ [20] $K ?( H/ $5 $l $F , I. <T $O Hilb ert 35 7? $N %[ %b %m %8 !< 72 $K Heisen b erg Be ?t $N I= 8= $r 4v 2? 3X E* $K 9= @. $9 $k $3 $H $K $h $C $F , G� ottsc he $N 8x <0 $r \ M} 2r " $9 $k $3 $H $K @. 8y $7 $? . ([15]) $3 $N $H $- Bg @Z $J $3 $H $O , I= 8= $O Hilb ert 35 7? <+ ?H $K :n $i $l $k $N $G $O $J $/ , $" $/ $^ $G $= $N %[ %b %m %8 !< 72 $N >e $G $" $k $3 $H , $= $7 $F $3 $l $O $* $= $i $/ $h $j =E MW $G $" $m $& $, , Hilb ert 35 7? $N O" 7k @. J, $r F1 ;~ $K A4 $F 9M $( $k $3 $H $G =i $a $F 9= @. $5 $l $k $3 $H $G $" $k . Nc $( $P , Borel-W eil M} O@ $N $h $& $K 6u 4V <+ ?H $K 72 $, :n MQ $7 $F I= 8= $, 9= @. $5 $l $k , $H $$ $C $? 9= @. K! $H $O $^ $C $? $/ <q $, 0[ $J $k $b $N $G $" $k . %" %U %! %$ %s Lie 4D $O , 6& 7A >l M} O@ $G =E MW $J Lr 3d $r 2L $? $9 $N $G (cf. [18]) DL >o $O <B Fs <! 85 $N BP >] $H M} 2r $5 $l $F $$ $k . 0l J} , Hilb ert 35 7? $O J# AG Fs <! 85 = <B ;M <! 85 $N BP >] $G $" $k . >e $N I. <T $N 9= @. $O , Heisenberg Be ?t $N @8 @. 85 $r 4v 2? 3X E* $K Dj 5A $7 $F Dj 5A 4X 78 <0 $r %A %’ %C %/ $9 $k $H $$ $& $b $N $@ $C $? $N $G , 9= @. $r $7 $? $" $H $b $J $< Fs <! 85 $H ;M <! 85 $N 4V $K 7R $, $j $, $" $k $N $+ , $H $$ $& 5? Ld $K $O Ez $( $k $3 $H $, $G $- $J $+ $C $? . $7 $+ $7 , $= $N 8e J* M} $K $* $$ $F BP >N @- $N 9M ;! $, ?J $‘ Cf $G , $3 $l $O 89 BP >N @- ( Nc $( $P , [19] $r ;2 >H ) $N H? 1G $G $" $k $H B* $( $i $l $k $h $& $K $J $C $F $- $? . 89 BP >N @- $, $J $< B8 :_ $9 $k $N $+ $O $^ $@ L@ $i $+ $K $J $C $F $* $i $: , $3 $l $r M} 2r $9 $k $3 $H $O Mh @$ 5* $K 8~ $1 $F M} O@ J* M} , ?t 3X N> <T $K 2] $; $i $l $? Bg $- $J 2] Bj $G $" $k $h $& $K I. <T $O ;W $C $F $$ $k . $3 $N O@ @b $O , 9V 5A O? [16] $r MW Ls $7 $F F| K\ 8l $K Lu $7 $? $b $N $G $" $k . $3 $N O@ @b $r FI $s $G 6= L# $, M/ $+ $l $? FI <T $O , [16] $K $b L\ $r DL $7 $F $$ $? $@ $1 $l $P 9, $$ $G $" $k .

2 1 Be ?t E* =‘ Hw : Heisen b erg/Cli�ord Be ?t $H $= $N I= 8= $^ $: Heisenberg Be ?t $H $= $N I= 8= $r @b L@ $9 $k . $^ $: I= 8= $N J} $+ $i =P H/ $7 $h $& . 2D ;; L5 8B 8D $N JQ ?t p 1 ; p 2 ; : : : $r MQ 0U $7 , $= $N M- M} 78 ?t B? 9‘ <0 $N A4 BN R = Q [ p 1 ; p 2 ; : : : ] $r 9M $( $k . <+ A3 ?t i $K BP $7 $F i@ =@ p i $r P [ i ] $H $* $- , R $N 85 $K p i $r 3] $1 $k :n MQ AG $r P [ � i ] $H Dj 5A $9 $k . $9 $k $H , <! $N 8r 49 4X 78 <0 � P [ i ] ; P [ j ] � = i� i + j; 0 id R $, @. N) $9 $k . $= $3 $G , P [ i ] ( i 6 = 0 ) $H K $G @8 @. $5 $l , 4X 78 <0 � P [ i ] ; P [ j ] � = i� i + j; 0 K (1.1) $G Dj 5A $5 $l $k Lie 4D $r 9M $( , ( L5 8B <! 85 $N )Heisenberg Be ?t $H 8F $V . R $O , $= $N I= 8= $K $J $j , J* M} $G $O %\ %= %s $N %U %) %C %/ 6u 4V $H 8F $P $l $k . Dj ?t B? 9‘ <0 1 2 R $O , <! $N @- <A $r K~ $? $9 : P [ i ]1 = 0 ( i > 0) R = Span f P [ � j 1 ] � � � P [ � j k ]1 j k 2 Z � 0 ; j 1 ; : : : ; j k 2 Z > 0 g $9 $J $o $A , M- 8B <! 85 Lie 4D $N M- 8B <! 85 4{ Ls I= 8= $H $N N‘ ;w $G 8@ $( $P , 1 $O :G 9b %& %’ %$ %H %Y %/ %H %k $G $" $k . $^ $? , J* M} $G $O , 1 $O ?? 6u %Y %/ %H %k , P [ i ] ( i < 0 ) $r @8 @. 1i ;; ;R , P [ i ] ( i > 0 ) $r >C LG 1i ;; ;R $H 8F $P $l $k . ?? 6u $O 2? $b L5 $$ >u BV $r I= $o $7 , @8 @. / >C LG 1i ;; ;R $K $h $C $F N3 ;R $, @8 @. / >C LG $9 $k $H $$ $& $o $1 $G $" $k . <! ?t :n MQ AG D : R ! R $r D ( p m 1 1 p m 2 2 � � � ) = X i im i ! p m 1 1 p m 2 2 � � � $G Dj 5A $9 $k . ( BP 1~ $9 $k 85 $r Heisen b erg Be ?t $K IU $1 2C $( $k $3 $H $b $" $k .) R $O , D $K $h $C $F 8G M- 6u 4V J, 2r $5 $l $k $, , 8G M- CM n $N 8G M- 6u 4V $N 4p Dl $H $7 $F , p m 1 1 p m 2 2 � � � X i im i = n ! : $r ;} $D . >e $N 4p Dl $N 85 $H n $N J, 3d � = (1 m 1 2 m 2 � � � ) 1 $, 0l BP 0l $K BP 1~ $9 $k $+ $i , 8G M- 6u 4V $N <! 85 $O , n $N J, 3d ?t $K Ey $7 $/ $J $k . ( p m 1 1 p m 2 2 � � � $O , p � $H =q $+ $l $k .) $h $C $F <! 85 $N Jl 4X ?t ( I= 8= O@ $N 8@ MU $G $O , ;X I8 ) $O , tr R q D def : = X n 2 Z q n dim f v 2 R j D v = nv g = 1 Y d =1 1 1 � q d $G M? $( $i $l $k $3 $H $, J, $+ $C $? . 1 J, 3d $N I= $o $7 J} $H $7 $F $O , <! $N Fs $D $r MQ $$ $k : � = (1 m 1 2 m 2 � � � ) $H � = ( � 1 ; � 2 ; : : : ) . A0 <T $G $O , J, 3d $N @. J, $O 1 $, m 1 8D , 2 $, m 2 8D $G $" $k $3 $H $r I= $o $7 , 8e <T $G $O , � 1 � � 2 � : : : $G , � 1 , � 2 , : : : $, @. J, $G $" $k .

3 0J >e $N Heisenberg Be ?t $N Dj 5A $K $O , P [0] $r 4^ $a $J $+ $C $? $, , Dj 5A <0 (1.1) $r 8+ $l $P , P [0] $r Cf ?4 $K 4^ $a $F $* $$ $F $b Ld Bj $O $J $$ . 0J 2< P [0] $r 4^ $a $k $H $- $O , R $X $O 0 $G :n MQ $9 $k $H Ls B+ $9 $k . <! $K , Hs B‘ 2= $J BP >N AP 0l <! 7A <0 ( ; ) $r ;} $D Q >e $N M- 8B <! 85 %Y %/ %H %k 6u 4V V $K BP $7 $F , $= $l $K IU ?o $9 $k Heisenberg Be ?t $r Dj 5A $9 $k . W = ( V t Q [ t ]) � � V t � 1 Q [ t � 1 ] � >e $K OD BP >N AP 0l <! 7A <0 $r ( v t i ; w t j ) = i� i + j; 0 ( v ; w ) $K $h $C $F Dj 5A $9 $k . W $N %F %s %= %k Be ?t T ( W ) $r [ v ; w ] � ( v ; w )1 ( v ; w 2 W ) $G @8 @. $5 $l $k N> B& %$ %G %" %k I $G 3d $C $? >& Be ?t T ( W ) =I $r 9M $( , ( V $K IU ?o $7 $? )Heisen b erg Be ?t $H 8F $V . V = Q $H $7 $? $b $N $, >e $G =R $Y $? Heisen b erg Be ?t $K B> $J $i $J $$ . V $N D> 8r 4p Dl f v 1 ; v 2 ; : : : ; v p g $r <h $l $P , V $K IU ?o $7 $? Heisenberg Be ?t $O >e $G =R $Y $? Heisenberg Be ?t $N p 8D $N %F %s %= %k @Q $K F1 7? $H $J $k . $3 $N 9= @. $r ‘ %9 !< %Q !< 2= ’ $9 $l $P , sup er-Heisenberg Be ?t $H $G $b 8F $Y $k BP >] $, <! $N $h $& $K <+ A3 $K Dj 5A $5 $l $k . :G =i $K M? $( $i $l $k %G !< %? $O , D> OB J, 2r $r ;} $C $? %Y %/ %H %k 6u 4V V = V even � V o dd $G $" $j , Hs B‘ 2= $J AP 0l <! 7A <0 $O ( v ; w ) = ( � 1) j v jj w j ( w ; v ) $r K~ $? $9 $b $N $H $9 $k . $3 $3 $G , v ; w $O , V even $+ V o dd $N 85 $G $" $j , j v j = 8 < : 1 if v 2 V even 0 if v 2 V o dd $G Dj 5A $5 $l $k . $3 $N >e $G W $H $= $N >e $N Fb @Q , $= $7 $F T ( W ) =I $O >e $H A4 $/ F1 MM $K Dj 5A $9 $l $P $h $$ . C" $7 , Lie 3g 8L [ ; ] $O %9 !< %Q !< Lie 3g 8L $K CV $- 49 $( $k . $9 $J $o $A , v ; w 2 V o dd $N $H $- $K $O [ v t i ; w t j ] = ( v t i )( w t j ) + ( w t j )( v t i ) $G Dj 5A $9 $k . $^ $? , >e $N L5 8B JQ ?t B? 9‘ <0 $N 6u 4V $X $N I= 8= $N <+ A3 $J 3H D% $K $h $j , @5 <! ?t $N It J, V t Q [ t ] $N %9 !< %Q !< $N 0U L# $N BP >N Be ?t R = S � ( V t Q [ t ]) $K sup er-Heisenberg Be ?t $N I= 8= $, <+ A3 $K Dj $^ $k . <! ?t :n MQ AG D $b >e $H F1 MM $K Dj $a $k $H , <! $N ;X I8 8x <0 $, F3 $+ $l $k : tr R q D = 1 Y d =1 (1 + q d ) dim V o dd (1 � q d ) dim V even (1.2) C" $7 , $3 $3 $G :8 JU $O DL >o $N 0U L# $N <! 85 $r 9M $( $? $, , 4q ?t <! $N It J, $O � $G 4* Dj $9 $k $3 $H $K $9 $k (sup ertrace $H 8F $P $l , str $G I= $o $9 ) $H , str R q D = 1 Y d =1 � 1 1 � q d � dim V even � dim V o dd $H $$ $& 7A $K $J $k . V $H $7 $F 4q ?t <! $N It J, $, 1 <! 85 $G , 6v ?t <! It J, $, $J $$ $b $N $r <h $C $? $H $- $K $G $- $k sup er-Heisenberg Be ?t $O , ( L5 8B <! 85 $N )Cli�ord Be ?t $H 8F $P $l $k . $^ $? J* M} $G $O , $= $N $H $- $N >e $N I= 8= 6u 4V $O %U %’ %k %_ %* %s $N %U %) %C %/ 6u 4V $H 8F $P $l $k . 6v ?t <! $N It J, $N I= 8= $O , 2D ;; L5 8B 8D $N JQ ?t $N B? 9‘ <0 $N A4 BN $G $" $C $? $, , 4q ?t <! $N It J, $O , 2D ;; L5 8B 8D $N 4p Dl $r ;} $C $? %Y %/ %H %k 6u 4V $N 30 @Q Be ?t R = V � ( Q dp 1 � Q dp 2 � � � � ) $N >e $K <B 8= $5 $l $k . $9 $J $o $A , AP 0l <! 7A <0 $K 4X $9 $k It J, $r L5 ;k $7 $F >] D’ E* $K 8@ $( $P , i > 0 $N $H $- , t � i $O dp i $r 30 @Q $9 $k $3 $H , t i $O i@ =@ p i $r Fb It @Q $9 $k $3 $H $H Dj 5A $9 $l $P $h $$ $o $1 $G $" $k . >e $N ;X I8 8x <0 $G , o dd $J It J, $N 4s M? $,

4 1 = (1 � q d ) = 1 + q d + q 2 d + � � � $G $J $/ 1 + q d $H $J $C $? $N $O , dp i ^ dp i = 0 $+ $i Mh $k 5" 7k $G $" $k . J* M} $G $O , %\ %= %s $O F1 $8 >l =j $K $$ $/ $i $G $b F~ $l $k $, , %U %’ %k %_ %* %s $O Fs 8D 0J >e $O F~ $l $J $$ $H @b L@ $5 $l $k . Heisenberg Be ?t $O , NL ;R NO 3X $K $* $$ $F @5 =‘ 6& Lr 4X 78 ( C" $7 :# $N >l 9g $O , L5 8B 8D $N @. J, ( p 1 ; p 2 ; : : : ; q 1 ; q 2 ; : : : ) $r ;} $D ) $r NL ;R 2= $7 $F 8= $l $k $, , ?t 3X $G $b $$ $m $$ $m $J 6I LL $K $* $$ $F <+ A3 $K 8= $l $k . $" $H $G Hilb ert 35 7? $N %[ %b %m %8 !< 72 $K 8= $l $k $N $r 8+ $k $, , $= $N A0 $K E/ 3X E* $K $h $/ ;w $? >u 67 , BP >N 72 $N I= 8= 4D $K 8= $l $k $3 $H $r 8+ $h $& . S n $r n <! BP >N 72 $H $7 , R ( S n ) $r $= $N I= 8= 4D $H $9 $k . ( 0J 2< , I= 8= 4D $O , M- M} ?t Q $r %F %s %= %k $7 $? $b $N $r 9M $( $k .) $= $N D> OB L n R ( S n ) $K @Q $r <! $K $h $j Dj 5A $9 $k . � : R ( S m ) R ( S n ) ! R ( S m + n ) � � � 0 def : = Ind S m + n S m � S n � � � 0 C" $7 , Ind $O S m � S n $+ $i S m + n $X $N M6 F3 I= 8= $G $" $k . F1 MM $K M> @Q $, � : R p ! M m + n = p R ( S m ) R ( S n ) � � def : = M Res S m � S n S m + n ( � ) $G Dj 5A $5 $l $k . C" $7 , Res $O @) 8B I= 8= $G $" $k . $^ $? R ( S n ) >e $K Fb @Q $r ( �; � 0 ) = dim Hom S n ( �; � 0 ) $G Dj $a , L n R ( S n ) >e $K $O , R ( S n ) C# $, 8_ $$ $K D> 8r $9 $k $h $& $K Dj 5A $9 $k . L n R ( S n ) L n R ( S n ) $K <+ A3 $K Fb @Q $r F~ $l $F $* $1 $P , F robenius $N Aj 8_ N’ $K $h $C $F ( � � � 0 ; � 00 ) = ( � � 0 ; � � 00 ) $, @. $j N) $D . $5 $i $K , n $N J, 3d � = (1 m 1 2 m 2 : : : ) $r S n $N 6& Lr N‘ $H F1 0l ;k $9 $k $H $- , S n $N virtual $J I= 8= $H $7 $F , $= $N ;X I8 $, � $N >e $G z � = Q i m i m i ! $G $" $k $b $N $r <h $k . $3 $N z � $O , � $K B0 $9 $k 85 $N ?t $, n ! =z � $K $J $k $h $& $K Dj $a $i $l $F $$ $k . Dj 5A $+ $i ( p � ; p � ) = � � z � $, @. $j N) $D . FC $K , � = ( n ) $K BP 1~ $9 $k 85 $r p n $G I= $o $9 $3 $H $K $9 $k $H , L n R ( S n ) $O , Q [ p 1 ; p 2 ; : : : ] $H F1 7? $H $J $k $3 $H $, J, $+ $k . $= $3 $G , i > 0 $K BP $7 $F , p i $r 3] $1 $k :n MQ AG $r P [ � i ] $H Dj 5A $7 , >e $N Fb @Q $K 4X $9 $k ?o H< :n MQ AG $r , P [ i ] $H Dj 5A $9 $k . >e $N Fb @Q $N @- <A $r MQ $$ $F P [ i ] p � $r 7W ;; $9 $k $3 $H $K $h $C $F , F1 7? L n R ( S n ) � = Q [ p 1 ; p 2 ; : : : ] $r DL $8 $F , $3 $l $i $N :n MQ $, Heisenberg Be ?t $N 4X 78 <0 $r K~ $? $9 $3 $H $, %A %’ %C %/ $G $- $k . $^ $H $a $k $H , <! $N $h $& $K 8@ $( $k : L n R ( S n ) $O %\ %= %s $N %U %) %C %/ 6u 4V $H F1 7? $G $" $k . 2 4v 2? $+ $i $N =‘ Hw : Hilb ert 35 7? $K $D $$ $F CN $i $l $F $$ $? $3 $H X $r J# AG ?t BN C >e $N =‘ <M 1F E* $J Hs FC 0[ Be ?t 6J LL $H $7 , X [ n ] $r $= $N >e $N D9 $5 $, n $N 0 <! 85 It J, 35 7? $N A4 BN $r %Q %i %a %H %i %$ %: $9 $k Hilb ert 35 7? $H $9 $k . Hilb ert 35 7? $H $$ $& 8@ MU $r J9 $$ $? $3 $H $, $J $$ FI <T $b B? $$ $H ;W $& $N $G , >/ $7 @b L@ $7 $h $& . X $N >e $N Aj 0[ $J $k n 8D $N E@ x 1 ; : : : ; x n ( =g HV $N 0c $$ $O 9M $( $J

5 $$ ) $N A4 BN $N $J $9 G[ 0U 6u 4V $r 9M $( $k . E@ $, $V $D $+ $k $H $- $^ $G 4^ $a $F 2? $i $+ $N 4v 2? 3X E* BP >] $r 9M $( $k $3 $H $K $h $C $F , $3 $N G[ 0L 6u 4V $r ‘ 40 Hw 2= ’ $9 $k $3 $H $r 9M $( $h $& . 0l HV 0B D> $J 40 Hw 2= $O , E@ $, $V $D $+ $C $F $b C1 $K =8 9g $H $7 $F $N 9= B$ $@ $1 $7 $+ 9M $( $J $$ $3 $H $K $7 $? $b $N $G , 7k 2L $O X $N n <! $N BP >N @Q S n X = X n =S n $H $J $k . ( S n $O , X n $K @. J, $N F~ $l BX $( $H $7 $F :n MQ $9 $k .) 0l J} , Hilb ert 35 7? $O , C1 $K =8 9g $H 9M $( $k $N $G $J $/ $= $N >e $N 4X ?t $N 6u 4V $N 9= B$ $^ $G 9M $( $F 40 Hw 2= $7 $? $b $N $G $" $k . @5 3N $K 8@ $( $P , 9= B$ AX O X $N %$ %G %" %k AX J � O X $G $" $C $F , $= $N Hilb ert B? 9‘ <0 $, , Dj ?t 4X ?t n $H $J $k $b $N $N A4 BN $, X [ n ] $G $" $k . Nc $( $P , n = 2 $N $H $- $r 9M $( $h $& . x 1 ; x 2 $, X >e $N Aj 0[ $J $k E@ $G $" $k $H $9 $k $H , Z = f x 1 ; x 2 g >e $N @5 B’ 4X ?t $N $J $9 AX $O , X $N 9= B$ AX O X $r , Z >e $G >C $( $k @5 B’ 4X ?t , $9 $J $o $A x 1 $H x 2 $G >C $( $k @5 B’ 4X ?t $N AX $G 3d $C $? AX $K B> $J $i $J $$ . x 2 $, x 1 $K 6a $E $$ $F $$ $C $? $H $- , x 1 $H x 2 $G >C $( $k @5 B’ 4X ?t $N A4 BN $O , $I $& $J $k $@ $m $& $+ !) MF 0W $K J, $+ $k $h $& $K , Ez $( $O , x 1 $G >C $( $F , $5 $i $K x 2 $, x 1 $K 6a $E $$ $? J} 8~ v 2 T x X $G Hy J, $7 $? $b $N $, >C $( $k @5 B’ 4X ?t $N A4 BN f f 2 O X j f ( x 1 ) = 0 ; d f x 1 ( v ) = 0 g (2.1) $K $J $k . => $C $F , X [2] $K $O , f x 1 ; x 2 g ( x 1 6 = x 2 ) $H $$ $& 7A $N $b $N $H , x 2 X $H @\ 6u 4V T x X $N 0l <! 85 It J, 6u 4V L $N AH $_ $N Fs <o N‘ $, 8= $l $F $/ $k . >e $N Nc $G $O , v $, D% $k It J, 6u 4V $, L $G $" $k . $3 $N L $^ $G 9M $( $? $H $3 $m $, , BP >N @Q $H Hilb ert 35 7? $N 0c $$ $G $" $k . Hilb ert 35 7? $+ $i BP >N @Q $X Hilb ert-Chow <L A| $H 8F $P $l $k @5 B’ <L A| � : X [ n ] ! S n X $, <! $N $h $& $K $7 $F Dj 5A $G $- $k . J 2 X [ n ] $N $H $- , >& AX O X = J $r 9M $( $k $H , $3 $l $O 9b !9 M- 8B 8D $N E@ $N >e $K $N $_ Bf $r ;} $D AX $G $" $k . Bf $N E@ x $K $* $$ $F O X = J $N D9 $5 $r length( O X = J ) x $H $* $/ $H , Hilb ert-Chow <L A| $O , � ( J ) = X x 2 Supp( O X = J ) length( O X = J ) x [ x ] $G M? $( $i $l $k . 1& JU $G $O , BP >N @Q $N E@ $r OB $N 5- 9f P m i [ x i ] $G I= $o $7 $F $$ $k . $3 $N 5- K! $O :# 8e $b ;H $o $l $k . Nc $( $P , >e $G =R $Y $? n = 2 $N $H $- $O , Z = f x 1 ; x 2 g $N $H $- $O � ( Z ) = [ x 1 ] + [ x 2 ] $G $" $j , Z $, (2.1) $N $H $- $K $O , � ( Z ) = 2[ x 1 ] $G $" $k . $A $J $_ $K , $3 $3 $^ $G $N 9= @. $O X $N <! 85 $, 2? <! 85 $G $" $C $F $b 4X 78 $J $/ $G $- $k . FC $K , X $, Riemann LL , $9 $J $o $A dim X = 1 $N $H $- $K $O S n X $H X [ n ] $O , Hilb ert-Chow <L A| $K $h $C $F F1 7? $G $" $k $3 $H $, MF 0W $K J, $+ $k . <! 85 $r $b $& 0l <! 85 >e $2 $k $H <! $, @. $j N) $D $3 $H $, CN $i $l $F $$ $k . ;v <B 2.2 (F ogart y [5]) X $, =‘ <M 1F E* $J Hs FC 0[ Be ?t 6J LL $N $H $- , Hilb ert-Chow <L A| � : X [ n ] ! S n X $O , BP >N @Q S n X $N FC 0[ E@ 2r >C $G $" $k . FC $K , X [ n ] $O , <! 85 $, 2 n $N Hs FC 0[ $J Be ?t B? MM BN $G $" $k . $^ $? , X $N <! 85 $, 3 0J >e $N $H $- $O 0l HL $K $O , Hilb ert 35 7? $O Hs FC 0[ $H $O 8B $i $: , 4{ Ls $G $9 $i $J $$ . $3 $N 0U L# $G , Hilb ert 35 7? $O <! 85 $, 2 $N $H $- $, Hs >o $K FC <l $G $" $k .

6 BP >N @Q S n X $O , E@ $N =E J# EY $K $h $C $F J, 3d $9 $k $3 $H $, =P Mh $k . $3 $N $H $- n $N J, 3d � = ( � 1 ; � 2 ; : : : ) $K BP $7 $F , S n � X = ( X i � i [ x i ] � � � � � x i C# $O , 8_ $$ $K Aj 0[ $J $k X $N E@ ) $H Dj 5A $9 $k $H , S n X = [ � $O n $N J, 3d S n � X $H $J $k . $3 $N $H $- , <! $N ;v <B $b CN $i $l $F $$ $k . ;v <B 2.3 (Brianc �on) (1) Hilb ert-Chow <L A| � : X [ n ] ! S n X $O , >e $N strati�cation $K 4X $7 $F , semi-small $G $" $k . $9 $J $o $A , 3F stratum S n � X >e $G � $O , �b er bundle $G $" $j , C 2 S n � X $N $H $- 2 dim � � 1 ( C ) � co dim S n � X $, @. $j N) $D . $h $j 6/ $/ , >e $N � $O = $, @. $j N) $D . (2) 3F C 2 S n � X $K BP $7 $F , � � 1 ( C ) $O 4{ Ls $G $" $k . FC $K , Aj 0[ $J $k n E@ C# $N $J $9 stratum S n (1 n ) X $O op en stratum $G $" $j , $= $N >e $G $O � $O F1 7? $G $" $k . S n (1 n ) X $O S n X $N Hs FC 0[ E@ $N =8 9g $G $" $k $+ $i , $3 $N <g D% $O � $, FC 0[ E@ 2r >C $G $" $k $3 $H $K 4^ $^ $l $F $$ $k . 5U $K 0l HV >. $5 $$ stratum $O , n [ x ] 2 S n ( n ) X $H 0l E@ $K =8 Cf $7 $F $$ $k $b $N $G $" $j , $= $l $O X <+ ?H $K F1 7? $G J# AG 2 <! 85 $G $" $k . M> <! 85 $O 2( n � 1) $G $" $k $+ $i , >e $N <g D% $K $h $j , $= $N �b er � � 1 ( C ) $O n � 1 <! 85 $H $$ $& $3 $H $K $J $k . $= $7 $F >e $N (2) $h $j 4{ Ls $G $" $k . $h $j 0l HL $N stratum $N >e $N �b er $O , $3 $N S n ( n ) X $N >e $N �b er $N @Q ( C" $7 , n $O 0[ $J $k ) $N 7A $K =q $1 $k $N $G , S n ( n ) X $N >l 9g $K >Z L@ $7 $F $* $1 $P 0l HL $N >l 9g $b >e $N ;v <B $, @. $j N) $D $3 $H $, => $& . W eyl 72 $N Springer I= 8= $K >\ $7 $$ J} $O , Springer FC 0[ E@ 2r >C P : 4z B? MM BN $N M> @\ B+ ! 6R Nm B? MM BN $, semi-small $G $" $j , $= $N @- <A $r MQ $$ $F Borho-MacPherson[2] $, P $N �b er $N %[ %b %m %8 !< 72 $H 6R Nm 50 F; $N 8r :5 %[ %b %m %8 !< 72 $N 4V $N 4X 78 $r =q $$ $? $3 $H $O $h $/ $4 B8 $8 $N $3 $H $@ $H ;W $& . Borho-MacPherson $N 5D O@ $r MQ $$ $k $3 $H $K $h $C $F G� ottsc he-So ergel[8] $O , Hilb ert-Cho w <L A| $, semi-small $G $" $k $3 $H $H , �b er $, 4{ Ls $G $" $k $3 $H , $= $7 $F S n � X $N JD Jq $N 8r :5 %[ %b %m %8 !< 72 $, DL >o $N %[ %b %m %8 !< 72 $H F1 7? $G $" $k $3 $H , $= $7 $F BP >N @Q $N %[ %b %m %8 !< 72 $N Poincar � e B? 9‘ <0 $N Macdonald $K $h $k 8x <0 $r AH $_ 9g $o $; $k $3 $H $K $h $C $F , <! $N Poincar � e B? 9‘ <0 $K 4X $9 $k 8x <0 $r F3 $$ $? . ( :G =i $K G� ottsc he[7] $, W eil M= A[ $r MQ $$ $F >Z L@ $7 $? .) ;v <B 2.4 ([7, 8]) X [ n ] $N Poincar � e B? 9‘ <0 P t ( X [ n ] ) $N Jl 4X ?t $O <! $N <0 $G M? $( $i $l $k . 1 X n =0 q n P t ( X [ n ] ) = 1 Y m =1 (1 + t 2 m � 1 q m ) b 1 ( X ) (1 + t 2 m +1 q m ) b 3 ( X ) (1 � t 2 m � 2 q m ) b 0 ( X ) (1 � t 2 m q m ) b 2 ( X ) (1 � t 2 m +2 q m ) b 4 ( X ) : C" $7 , b i ( X ) $O X $N Bh i <! Betti ?t $G $" $k .

7 $3 $N Dj M} $N ‘ =i Ey E* ’ $J >Z L@ $O CN $i $l $F $$ $J $$ . ‘ =i Ey E* ’ $H $$ $& 0U L# $O , @5 I8 ?t $N 4v 2? $d :X F# @9 I’ $N Ho dge 2C 72 $N M} O@ $r MQ $$ $J $$ $H $$ $& 0U L# $K 9M $( $F $b $$ $$ $, , $3 $3 $G $O , Be ?t E* $H $O 8B $i $J $$ 0l HL $N J# AG 6J LL X $K BP $7 $F $b E, MQ $G $- $k >Z L@ , $H 8@ $C $F $b $$ $$ $@ $m $& . $A $J $_ $K , Bh 3 @a $N 5D O@ $r MQ $$ $l $P , :8 JU $, 1& JU $h $j $b Bg $- $$ $+ Ey $7 $$ $3 $H $O 8e <T $N 0U L# $G ‘ =i Ey E* ’ $K >Z L@ $G $- $k . Springer FC 0[ E@ 2r >C $H Hilb ert-Chow <L A| $N N‘ ;w $K $D $$ $F =R $Y $? $, , 4z B? MM BN $N M> @\ B+ $O , M> @\ B+ $H $7 $F %7 %s %W %l %/ %F %# %C %/ 7A <0 2 $r ;} $D . $= $N N‘ ;w $H $7 $F Hilb ert 35 7? >e $K %7 %s %W %l %/ %F %# %C %/ 7A <0 $, B8 :_ $9 $k $3 $H $, CN $i $l $F $$ $k . ;v <B 2.5 (F ujiki [6] ( n = 2 ) , Beauville [1] ( n 0l HL ) ) X $, %7 %s %W %l %/ %F %# %C %/ 7A <0 $r ;} $D $H $- , X [ n ] $b %7 %s %W %l %/ %F %# %C %/ 7A <0 $r ;} $D . >Z L@ $O , <! $N $h $& $K $9 $l $P $h $$ : BP >N @Q S n X $N Hs FC 0[ $J It J, S n (1 n ) X $O , X $N %7 %s %W %l %/ %F %# %C %/ 7A <0 $+ $i M6 F3 $5 $l $k <+ A3 $J %7 %s %W %l %/ %F %# %C %/ 7A <0 $r ;} $D $, , $3 $l $r Hilb ert-Cho w <L A| � $G 0z $- La $7 $? $b $N $r 9M $( $k . $b $7 $b , $3 $l $, � � 1 ( S n (1 n � 2 2) ) $r B- $7 $? =8 9g $^ $G ?- $S $k $3 $H $, >Z L@ $G $- $l $P , $= $N Jd =8 9g $N M> <! 85 $, 2 0J >e $J $N $G , X [ n ] A4 BN $K ?- $S $k $3 $H $, J, $+ $k . $5 $i $K , � � 1 ( S n (1 n � 2 2) ) $N MM ;R $O , :G =i $K X [2] $r @b L@ $7 $? $3 $H $+ $i A[ A| $, $D $/ $h $& $K , 6q BN E* $K J, $+ $k . => $C $F , $3 $3 $^ $G ?- $S $F $$ $k $3 $H $r 6q BN E* $K %A %’ %C %/ $9 $l $P $h $$ . $3 $N ;v <B $O $" $H $G I, MW $K $J $k $H $$ $& $b $N $G $O $J $$ $N $@ $, , X [ n ] $O Bg @Z $J 6u 4V $G $" $k $H $$ $& ?4 $N ;Y $( $r M? $( $k . $^ $? , %7 %s %W %l %/ %F %# %C %/ B? MM BN $N Cf $N %i %0 %i %s %8 %" %s It J, B? MM BN $O Bg @Z $G $" $k $, , Bh 4 @a $K $* $$ $F %i %0 %i %s %8 %" %s It J, B? MM BN $N Nc $, M? $( $i $l $k . $^ $? Riemann 4v 2? $N 4Q E@ $+ $i $O , %[ %m %N %_ !< 72 $N J, N‘ $K 8= $l $k hyper-K� ahler B? MM BN $N Nc $r <! $N $h $& $K M? $( $k $H $$ $& 0U L# $G Bg @Z $G $" $k : X $O <M 1F E* $G ( $h $j 0l HL $K %3 %s %Q %/ %H K� ahler $G == J, $G $" $k ) %7 %s %W %l %/ %F %# %/ 7A <0 $r ;} $D $H $9 $k $H ( J# AG 6J LL $N J, N‘ O@ $K $h $j X $O J# AG %H !< %i %9 $+ K 3 6J LL $G $" $k ), X [ n ] $O h yp er-K� ahler 9= B$ $r ;} $D . $3 $3 $G , B? MM BN M >e $N hyper-K� ahler 9= B$ $H $O , Riemann 7W NL g $H ;0 $D $N 35 J# AG 9= B$ I , J , K $N AH $_ $G <! $r K~ $? $9 $b $N $N $3 $H $G $" $k . g ( I v ; I w ) = g ( J v ; J w ) = g ( K v ; K w ) = g ( v ; w ) I 2 = J 2 = K 2 = I J K = � Id r I = r J = r K = 0 C" $7 , r $O , g $N Levi-Civita @\ B3 $G $" $k . ?? $s Cf $N <0 $O , M $N @\ 6u 4V $, ;M 85 ?t BN >e $N %Y %/ %H %k 6u 4V $N 9= B$ $r ;} $D $3 $H $r <g D% $7 $F $$ $k $3 $H $K Cm 0U $9 $k $H , M >e $K hyper-K� ahler 9= B$ $r M? $( $k $3 $H $H , M $N frame bundle $H Levi-Civita @\ B3 $N AH $_ $r Sp( n= 4) -bundle $H $= $N >e $N @\ B3 $X $N reduction $r M? $( $k $3 $H $O F1 CM $G $" $k . ( $3 $3 $G , n $O M $N <! 85 $G $" $k .) $3 $N $h $& $K Dj 5A $O MF 0W $G $" $k $, , Hs <+ L@ $J Nc , FC $K %3 %s %Q %/ %H $J Nc $r :n $k $3 $H $O D9 $i $/ L$ 2r 7h $G $" $C $? . :G =i $N Nc $O K3 6J LL $N >e $N Ricci- at K� ahler 7W NL $G $" $j , Y au $K $h $k Calabi M= A[ $N 2r 7h [21] $K $h $j B8 :_ $, J] >Z $5 $l $? . Hilb ert 35 7? >e $K 2 $3 $3 $G 8@ $& %7 %s %W %l %/ %F %# %C %/ 7A <0 $O , <B B? MM BN >e $N $= $l $G $O $J $/ , J# AG B? MM BN >e $N $b $N $G $" $k . $9 $J $o $A , @5 B’ 2 7A <0 $G JD $G $" $j , Hs B‘ 2= $7 $F $$ $k $b $N $N $3 $H $G $" $k . 6h JL $9 $k $H $- $K $O , @5 B’ %7 %s %W %l %/ %F %# %C %/ 7A <0 $H 8F $P $l $k $3 $H $b $" $k $, , $3 $3 $G $O C1 $K %7 %s %W %l %/ %F %# %C %/ 7A <0 $H 8F $V $3 $H $K $9 $k .

8 Calabi M= A[ $N 2r 7h $K $h $C $F B8 :_ $9 $k Ricci- at K� ahler 7W NL $r M? $( $k $H , <! $N $h $& $K 9b <! 85 $N Hs <+ L@ $J hyper-K� ahler B? MM BN $N Nc $r M? $( $k . $^ $: Bo c honer-W eitzen b� oc k 8x <0 $K $h $j %7 %s %W %l %/ %F %# %C %/ 7A <0 ! $, Ricci- at K� ahler 7W NL g $N Levi-Civita @\ B3 $K 4X $7 $F J? 9T $G $" $k $3 $H $r 8@ $& . $= $3 $G %7 %s %W %l %/ %F %# %C %/ 7A <0 $r ! ( v ; w ) = g ( J v ; w ) + ig ( K v ; w ) $H J, 2r $9 $k $3 $H $K $h $C $F , J , K $r Dj $a $k $H , $3 $l $, ;M 85 ?t $N 4X 78 <0 $r K~ $? $9 $3 $H $, MF 0W $K %A %’ %C %/ $G $- $k . $5 $i $K , %7 %s %W %l %F %# %C %/ 7A <0 $, J? 9T $G $" $k $3 $H $+ $i , J , K $, J? 9T $G $" $k $3 $H $, => $& . @h $K =R $Y $? $h $& $K , %7 %s %W %l %/ %F %# %C %/ 7A <0 $O ( >/ $J $/ $H $b M> <! 85 2 $N It J, B? MM BN $N 30 $G $O ) 6q BN E* $K 9= @. $5 $l $k $N $G $" $k $, , Y au $N Ricci- at K� ahler 7W NL $O , IT F0 E@ Dj M} $G B8 :_ $, J] >Z $5 $l $k $b $N $G , 6q BN E* $K =q $- 2< $5 $l $k $b $N $G $O $J $$ . FC $K , X $N 85 !9 $N Ricci- at K� ahler 7W NL $r MQ $$ $F =q $- I= $9 $h $& $J $3 $H $O L$ 2r 7h Ld Bj $G $" $k . $3 $N @a $N :G 8e $K , X = C 2 >e $N E@ $N Hilb ert 35 7? $N 9T Ns $K $h $k 5- =R $r @b L@ $7 $h $& . >e $K =R $Y $? @- <A $N B? $/ $O , X = C 2 $N >l 9g $O , $3 $N 5- =R $r MQ $$ $k $3 $H $K $h $C $F 6q BN E* $K %A %’ %C %/ $G $- $k $N $G , 6= L# $" $k FI <T $X $N 1i =, Ld Bj $H $7 $F $* $3 $& . $^ $? @h $r 5^ $0 FI <T $O , $3 $3 $r Ht $P $7 $F $b Ld Bj $O $J $$ . C 2 $O , %" %U %! %$ %s B? MM BN $J $N $G It J, 35 7? $O , :B I8 4D $9 $J $o $A Fs JQ ?t B? 9‘ <0 4D C [ z 1 ; z 2 ] $N %$ %G %" %k $H F1 0l ;k $5 $l $k . FC $K , ( C 2 ) [ n ] $N E@ $O , %$ %G %" %k I � C [ z 1 ; z 2 ] $G C [ z 1 ; z 2 ] =I $N C >e $N %Y %/ %H %k 6u 4V $H $7 $F $N <! 85 $, n $G $" $k $b $N $N A4 BN $K 0l CW $9 $k . $= $3 $G , n <! 85 %Y %/ %H %k 6u 4V C [ z 1 ; z 2 ] =I $r V $H CV $- , z 1 , z 2 $r 3] $1 $k $3 $H $, V $K M6 F3 $9 $k @~ 7A <L A| $r B 1 , B 2 $H Dj 5A $9 $k . $5 $i $K i : C ! V $r i (1) = 1 mo d I $K $h $C $F Dj 5A $9 $k . $3 $N $H $- <! $, @. $j N) $D . L? Bj 2.6 ( C 2 ) [ n ] $H , <! $N @- <A $r K~ $? $9 ( B 1 ; B 2 ; i ) $N ;0 $D AH $_ $N A4 BN $r GL( V ) $N <+ A3 $J :n MQ $G 3d $C $? >& 6u 4V $O F1 7? $G $" $k . 1. [ B 1 ; B 2 ] = 0 2. B 1 , B 2 $G IT JQ $J V $N It J, 6u 4V S $G i (1) $r 4^ $‘ $h $& $J $b $N $O , V <+ ?H $@ $1 $G $" $k . $9 $J $o $A , i (1) $O cyclic vector $G $" $k . >e $N $h $& $K $7 $F Dj 5A $5 $l $? ( B 1 ; B 2 ; i ) $, L? Bj $N @- <A $r K~ $? $9 $3 $H $O , L@ $i $+ $G $" $k . 5U $K L? Bj $N @- <A $r K~ $? $9 ( B 1 ; B 2 ; i ) $, M? $( $i $l $? $H $- , I = f f ( z 1 ; z 2 ) 2 C [ z 1 ; z 2 ] j f ( B 1 ; B 2 ) i (1) = 0 g $K $h $C $F %$ %G %" %k I $r Dj $a $l $P , ( C 2 ) [ n ] $N E@ $, Dj $^ $j , $3 $l $G 0l BP 0l BP 1~ $, Dj 5A $5 $l $k . $5 $i $K >e $N >& 6u 4V $, 3j $i $+ $G $" $k $3 $H $r %A %’ %C %/ $7 , >e $N BP 1~ $N Hy J, $r D4 $Y $k $3 $H $K $h $C $F , $3 $l $, F1 7? $G $" $k $3 $H $, J, $+ $k . $3 $N 5- =R $r MQ $$ $F Hilb ert 35 7? $N @- <A $r >/ $7 D4 $Y $F 8+ $h $& . Aj 0[ $J $k n 8D $N E@ f ( z 1 1 ; z 1 2 ) ; : : : ; ( z n 1 ; z n 2 ) g

9 $K BP 1~ $9 $k $N $O , B 1 , B 2 $, F1 ;~ BP 3Q 2= 2D G= $J $b $N $G B 1 = 0 B B @ z 1 1 : : : 0 . . . . . . . . . 0 : : : z n 1 1 C C A ; B 2 = 0 B B @ z 1 2 : : : 0 . . . . . . . . . 0 : : : z n 2 1 C C A ; i = 0 B B @ 1 . . . 1 1 C C A $G $" $k . 0l HL $K , B 1 , B 2 $, 8_ $$ $K 8r 49 2D G= $G $" $k $H $9 $k $H , $b $7 $= $l $i $, BP 3Q 2= 2D G= $G $" $l $P , F1 ;~ $K BP 3Q 2= $G $- $k . $3 $l $, , >e $N >u 67 $K BP 1~ $7 $F $$ $k . 0l HL $K $O , F1 ;~ $K Jordan I8 =‘ 7? $K D> $9 $3 $H $O =P Mh $J $$ $, , n = 2 $N >l 9g $K $O $I $s $J $b $N $, =P $F $/ $k $+ $O MF 0W $K J, $+ $C $F , >e $N %? %$ %W $N $b $N 0J 30 $O , B 1 = z 1 � 0 z 1 ! ; B 2 = z 2 � 0 z 2 ! ; i = 0 1 ! $H =q $1 $k . $3 $N $H $- , [ � : � ] $, , ( z 1 ; z 2 ) $K $* $1 $k @\ 6u 4V $N 0l <! 85 It J, 6u 4V $r Dj $a $F $$ $k $N $G , :G =i $K @b L@ $7 $? ( C 2 ) [2] $N 5- =R $, :F 3N G’ $5 $l $k . $^ $? , F1 ;~ ;0 3Q 2= $O I, $: =P Mh $F , $= $N $H $- $N 8G M- CM $r JB $Y $k $3 $H $G , Hilb ert-Chow <L A| $, M? $( $i $l $k . $3 $N $h $& $K Hilb ert 35 7? $N J# ;( $5 $O , 8r 49 2D G= $J 9T Ns $N J# ;( $5 $H F1 $8 $b $N $G , $" $^ $j 62 $, $i $J $/ $F $b Bg >f IW $@ , $H 8@ $( $k . $^ $? , >e $N $h $& $J 9T Ns $K $h $k I= <( $O , d9 B? MM BN [14] $H Hs >o $K ;w $F $$ $k . <B :] , >e $N 5- =R $O , 0l $D $N D: E@ $H , D: E@ $H $= $l <+ ?H $r 7k $V JU $+ $i $J $k ?^ 1 $K BP 1~ $9 $k d9 B? MM BN $H 8@ $& $3 $H $, $G $- $k . $b $H $b $H $N d9 B? MM BN $N Dj 5A $G $O , Kac-Mo o dy Lie 4D $K BP 1~ $9 $k $b $N $@ $1 $r 9M $( $k $? $a $K , $3 $N $h $& $J ?^ <0 $O =| 30 $5 $l $F $$ $? $N $@ $, , 4v 2? 3X E* $J @- <A $O , DL >o $N d9 B? MM BN $H F1 MM $K D4 $Y $k $3 $H $, $G $- $k $N $G $" $j , I. <T $, Hilb ert 35 7? $K 6= L# $r ;} $C $? M} M3 $N 0l $D $O $3 $3 $K $" $k $N $G $" $k .

?^ 1: Hilb ert 35 7? $K BP 1~ $9 $k ?^ <0 6q BN E* $J 5- =R $, Lr N) $D $3 $H $N Nc $H $7 $F , ( C 2 ) [ n ] $N Poincar � e B? 9‘ <0 $r 7W ;; $7 $F $_ $h $& . $3 $N >l 9g $O , G� ottsc he $h $j 0J A0 $K Ellingsrud-Str�mme [3] $, 7W ;; $7 $? . %] %$ %s %H $O , Fs <! 85 %H !< %i %9 T 2 $N ( C 2 ) [ n ] $X $N :n MQ $r 9M $( $k $3 $H $G $" $k . $3 $N :n MQ $O , T 2 $N C 2 $X $N :n MQ $, M6 F3 $9 $k $b $N $G $" $k . $= $N 8G Dj E@ $O , C [ z 1 ; z 2 ] $N %$ %G %" %k $H $7 $F C1 9‘ <0 $G @8 @. $5 $l $k $b $N $G $" $k . $3 $l $r Y oung ?^ <0 $r ;H $C $F I= $o $9 . ( ?^ 2) $h $C $F 8G Dj E@ $O n $N J, 3d $G %Q %i %a %H %i %$ %: $5 $l $k . $5 $i $K , Y oung ?^ <0 D $K BP 1~ $9 $k 8G Dj E@ $K $* $1 $k ( C 2 ) [ n ] $N @\ 6u 4V $N %H !< %i %9 2C 72 $H $7 $F $N ;X I8 $O X s 2 D ( T l ( s )+1 1 T � a ( s ) 2 + T � l ( s ) 1 T a ( s )+1 2 )

10 $G M? $( $i $l $k . $3 $3 $G , T i ( i = 1 ; 2 ) $O , ( t 1 ; t 2 ) 7! t i $G M? $( $i $l $k ;X I8 $G $" $j , l ( s ) , a ( s ) $O leg- length, arm-length $H 8F $P $l $F $$ $k Y oung ?^ <0 >e $N 4X ?t $G , H" s $K BP $7 $F , ?^ $N � $H ~ $N H" $N 8D ?t $G $" $k .

1 z 1 z 2 z 3 2 z 2 2 z 2 1 z 1 z 2

� � ~ ~ s ?^ 2: Y oung ?^ <0 0l HL $K %3 %s %Q %/ %H $J K� ahler B? MM BN M $K %H !< %i %9 T $, Ey D9 $+ $D @5 B’ E* $K :n MQ $7 $F $$ $k $H $- , BP 1~ $9 $k 1? F0 NL <L A| � : M ! Lie( T ) � $r 9M $( , generic $J Lie 4D $N 85 � 2 Lie( T ) $H coupling $7 $F , f = h �; � i $O , Bott $N 0U L# $G $N Morse 4X ?t $K $J $j , 40 A4 $G $" $k $3 $H $, CN $i $l $F $$ $k . $= $N $H $- Morse ;X ?t $O , NW 3& E@ $K $* $1 $k @\ 6u 4V $X $N %H !< %i %9 $N :n MQ $N ;X I8 $+ $i 7h Dj $5 $l $k . ( Nc $( $P , [11] $r 8+ $h .) :# $N >l 9g $K $3 $N %" %$ %G %" $r MQ $$ $F Morse 4X ?t $r 9M $( $k $H , ( C 2 ) [ n ] $O %3 %s %Q %/ %H $G $O $J $$ $N $@ $, 8G M- $G $" $k $3 $H $, J, $+ $k $N $G , %3 %s %Q %/ %H $N $H $- $H F1 $8 5D O@ $r E, MQ =P Mh $k . $h $j $$ $$ $3 $H $K , $3 $N >l 9g $O NW 3& E@ $O M- 8B 8D $N E@ $G $" $k $+ $i >u 67 $O $h $j 4J C1 $K $J $k . 7k 6I , 8x <0 (2.4) $N X = C 2 $N >l 9g $N >Z L@ $, M? $( $i $l $k . 3 Hilb ert 35 7? $N %[ %b %m %8 !< 72 $H Heisenberg Be ?t G� ottsc he $N Poincar � e B? 9‘ <0 $N Jl 4X ?t $N 8x <0 (2.4) $r 8+ D> $7 $F t = 1 $H $* $$ $F $_ $k $H , :G =i $K =R $Y $? Heisenberg Be ?t $N I= 8= $N ;X I8 8x <0 (1.2) $r V = H even ( X ) � H o dd ( X ) $K E, MQ $7 $? $b $N $K 0l CW $7 $F $$ $k $3 $H $K 5$ IU $/ . ( 0J 2< $G $O , ( %3 ) %[ %b %m %8 !< 72 $O , M- M} ?t 78 ?t $H Ls B+ $9 $k .) $3 $l $O , %" %U %! %$ %s !& Lie 4D $N I= 8= O@ $r @l Lg $H $7 $F $$ $k ?M $J $i $P $9 $0 $K 5$ IU $$ $? $H ;W $& $N $G $" $k $, , ;d $O J* M} 3X <T V afa-Witten $N O@ J8 [20] $G =i $a $F $3 $l $r CN $C $? . $I $3 $G CN $k $+ $O $H $b $+ $/ $3 $N ;v <B $K 5$ IU $1 $P , <+ A3 $K !V Heiseb erg Be ?t $r 4v 2? 3X E* $K 9= @. $9 $k $3 $H $, $G $- $k $+ !W $H $$ $& Ld Bj $K 9T $- Ce $/ . ;d $O , $3 $l $r CN $k D> A0 $K d9 B? MM BN $N %[ %b %m %8 !< 72 $K Kac-Mo o dy Lie 4D $N I= 8= $r 9= @. $7 $F $$ $? $N $G , F1 $8 $3 $H $r $d $C $F $_ $l $P Hilb ert 35 7? $N %[ %b %m %8 !< 72 $K , Heisenberg Be ?t $N I= 8= $, :n $l $k $O $: $@ $H , $9 $0 $K L\ @1 $, N) $C $? . $3 $l $r >Z L@ $7 $? $N $, [15] $G $" $k $, , 0J 2< $G $O , F1 ;~ 4| $K FH N) $K F1 MM $N 7k 2L $r F@ $? Gro jnowski [9] $K $h $k Dj <0 2= $K => $C $F @b L@ $9 $k . G� ottsc he $N 8x <0 $H BP >N 72 $N I= 8= 4D $H %\ %= %s $N %U %) %C %/ 6u 4V $N BP 1~ , $= $7 $F ;X I8 8x <0 Ey $r 8+ Hf $Y $F

11 $_ $k $H , H � ( X [ n ] ) $H R ( S n ) $, BP 1~ $7 $F $$ $k $3 $H $, J, $+ $k . 3 => $C $F , L n R ( S n ) Dj 5A $7 $? @Q $N N‘ ;w $r Hilb ert 35 7? $K 9= @. $9 $l $P 8@ $$ Lu $G $" $k . $3 $l $O , <! $N $h $& $K $9 $l $P $h $$ . 0J 2< , 4J C1 $N $? $a X $O %3 %s %Q %/ %H $H $9 $k . X [ m ] � X [ n ] $N Cf $N 3+ It J, =8 9g � X [ m ] � X [ n ] � � def : = f ( Z 1 ; Z 2 ) 2 X [ m ] � X [ n ] j Supp( Z 1 ) \ Supp( Z 2 ) = ;g $r 9M $( $k . $= $N Cf $N E@ ( Z 1 ; Z 2 ) $K BP $7 $F Z 1 [ Z 2 ( BP 1~ $9 $k %$ %G %" %k $G $O J Z 1 \ J Z 2 ) $O , X [ m + n ] $N E@ $r Dj $a $k . $= $3 $G , n ( Z 1 ; Z 2 ; Z 1 [ Z 2 ) � � � ( Z 1 ; Z 2 ) 2 � X [ m ] � X [ n ] � � o $N X [ m ] � X [ n ] � X [ m + n ] Fb $G $N JD Jq $r 9M $( , $= $l $r � m;n $G I= $o $= $& . $3 $N $H $- , I= 8= 4D $N @Q $N N‘ ;w $H $7 $F @Q $r � : H � ( X [ m ] ) H � ( X [ n ] ) ! H � ( X [ m + n ] ) c � c 0 def : = p 3 � ( p � 1 c [ p � 2 c 0 \ [� m;n ]) $K $h $j Dj 5A $9 $k . C" $7 , p i $O , X [ m ] � X [ n ] � X [ m + n ] $N Bh i @. J, $X $N <M 1F $G $" $k . $^ $? M> @Q � $N X [ m ] � X [ n ] @. J, � m;n $b � : H � ( X [ m + n ] ) ! H � ( X [ m ] ) H � ( X [ n ] ) � c def : = ( p 1 � p 2 ) � ( p � 3 c \ [� m;n ]) $K $h $C $F Dj 5A $G $- $k . R ( S i ) $K $* $1 $k p i $N N‘ ;w $H $7 $F <! $N X [ i ] $N It J, B? MM BN ( 0l HL $K $O FC 0[ E@ $r ;} $D ) $r 9M $( $k : P i = [ x 2 X � � 1 ( i [ x ]) = � � 1 ( S i ( i ) X ) C" $7 , � $O , Hilb ert-Chow <L A| $G $" $k . $9 $J $o $A , Bh 2 @a $G =P $F $- $? Bf $, 0l E@ $K =8 Cf $7 $? %$ %G %" %k $N A4 BN $N $J $9 It J, B? MM BN $G $" $k . Dj 5A $+ $i , <M 1F � : P i ! X $, $" $k . X $N %[ %b %m %8 !< 72 $r H � ( X ) $H $7 , P i ( � ) = � � (PD � ) \ [ P i ] $H $* $/ . $3 $3 $G PD $O Poincar � e AP BP <L A| H � ( X ) ! H 4 � ( X ) $G $" $k . � $N 6v 4q $K => $C $F P i ( � ) $K $b <! ?t $r F3 F~ $7 $F $* $/ . $= $3 $G , i > 0 $N $H $- , P i ( � ) $r 3] $1 $k <L A| $r P � [ � i ] $G I= $o $7 , Fb @Q $K 4X $9 $k (sup er $N 0U L# $N ) ?o H< :n MQ AG $r P � [ i ] $G I= $o $9 $3 $H $K $9 $k . $3 $N $H $- , P i $N <! 85 $N 8x <0 (2.3) $r ;H $C $F %[ %b %m %8 !< $N <! ?t $N :9 $r D4 $Y $F $_ $k $H , P � [ i ] : H 2 n + k ( X [ n ] ) ! H 2( n � i )+ k +deg � � 2 ( X [ n + i ] ) 3 Hilbert 35 7? $G $J $/ , BP >N 72 $N X n $X $N :n MQ $K 4X $9 $k F1 JQ K 72 K S n ( X n ) $r ;H $& $H N‘ ;w $, $h $j $O $C $- $j $9 $k . ([9] $N p.283 $N 5S Cm ;2 >H )

12 $H $J $k $3 $H $, J, $+ $k . $D $^ $j Cf 4V <! 85 $+ $i $N $: $l k $, k + deg � � 2 $H Be $o $k . FC $K deg � = 2 $J $i $P Cf 4V <! 85 $+ $i $N $: $l $O J] $? $l $k . $^ $? , n $K 4X $7 $F D> OB $r <h $j , M n H � ( X [ n ] ) $N @~ 7A JQ 49 $, Dj 5A $5 $l $k $, , $3 $l $b 5- 9f P � [ i ] $G I= $o $7 $F $7 $^ $& $3 $H $K $9 $k . $3 $N $H $- , 2f !9 $N <g 7k 2L $O <! $N 4X 78 <0 $, @. $j N) $D $3 $H $G $" $k . Dj M} 3.1 (Nak a jima [15], Gro jnowski [9]) P � [ i ] P � [ j ] � ( � 1) deg � deg � P � [ j ] P � [ i ] = ( � 1) i � 1 i� i + j; 0 h �; � i id $3 $3 $G , h �; � i $O � $H � $N 8r :5 ?t $G $" $k . :G =i $K $3 $N Dj M} $N >Z L@ $r M? $( $? $H $- $K $O , ( � 1) i � 1 i $N It J, $O , i $@ $1 ( FC $K X $d � , � $K $O L5 4X 78 ) $G 7h $^ $k Dj ?t $G $" $k $3 $H $@ $1 $7 $+ J, $+ $i $J $+ $C $? $, , 8e $K Ellingsrud-Str�mme [4] $, 5a $a $? . $3 $N Dj M} $N >Z L@ $O , $= $N It J, $r =| $1 $P =i Ey E* $G C1 $K 8r :5 $r 7W ;; $9 $l $P =P $k . ( � 1) i � 1 i $r 7h $a $k $H $3 $m $K $D $$ $F $O , <! $N >O $G JL >Z L@ $r M? $( $k . >e $N 7k 2L $K $h $j , ( � 1) i � 1 $r L5 ;k $9 $l $P , L n H � ( X [ n ] ) $, V = H � ( X ) $K Heisenberg Be ?t $N I= 8= 6u 4V $G $" $k $3 $H $, J, $+ $C $? . G� ottsc he $N 8x <0 (2.4) $H 9g $o $; $" $l $P , $= $l $, %U %) %C %/ 6u 4V $G $" $k $3 $H $b J, $+ $C $? . 4 4 BP >N B? 9‘ <0 $H Hilb ert 35 7? $3 $N @a $G $O , BP >N 72 $N I= 8= 4D R ( S n ) $H Hilb ert 35 7? $N %[ %b %m %8 !< H � ( X [ n ] ) $H $N N‘ ;w $r $5 $i $K ?J $a $k . $^ $: , BP >N <0 $N M} O@ $r 4J C1 $K I| =, $9 $k . ( $b $C $H >\ $7 $$ $3 $H $, CN $j $? $$ FI <T $O , [13] $r ;2 >H $9 $k $H $h $$ .) N 8D $N JQ ?t x 1 ; : : : ; x N $N M- M} 78 ?t BP >N B? 9‘ <0 $N A4 BN $r � N $H $7 , <! ?t $K $h $C $F � N = L n � n N $H J, 2r $9 $k . M � N $N $H $- , :G 8e $N M � N 8D $N JQ ?t x M +1 ; : : : ; x N $r 0 $H $* $/ $3 $H $K $h $C $F , <M 1F � n N ! � n M $, Dj 5A $5 $l $k $, , 5U 6K 8B pro j lim N !1 � n N $r � n $H $* $- , $= $N D> OB � = L n � n $r 9M $( $k . 0J 2< $G $O , � $N 85 $r C1 $K BP >N B? 9‘ <0 $H 8F $V $3 $H $K $9 $k . x n 1 + x n 2 + � � � $, Dj $a $k � n $N 85 $r p n $H =q $/ $3 $H $K $9 $k . $h $/ CN $i $l $F $$ $k $h $& $K , � $O , p n C# $N B? 9‘ <0 $N 4D Q [ p 1 ; p 2 ; : : : ] $H F1 7? $K $J $k . J, 3d � = (1 m 1 2 m 2 � � � ) $K BP $7 $F , p � = p m 1 1 p m 2 2 � � � $H $* $/ $H , p � $O � $N 4p Dl $H $J $k . 0l J} $G , n $N J, 3d � $r C1 D4 Hs A} 2C $N <+ A3 ?t Ns ( � 1 � � 2 � : : : ) $G I= $o $7 , C1 9‘ <0 x � 1 x � 2 2 : : : $G $= $N 78 ?t � i $r Bg $- $$ =g $K JB $S JQ $( $? $b $N $, , � i $G $" $k $h $& $J $b $N $N OB $, Dj $a $k � n $N 85 $r m � $G I= $o $9 $3 $H $K $9 $k . ( @5 3N $K $O , � n N $N 85 $r 9M $( , $= $l $, � n $N 85 $r Dj 5A $7 $F $$ $k $3 $H $r %A %’ %C %/ $9 $k .) J, 3d $r A4 $F F0 $+ $9 $H , m � $b $d $O $j � $N 4p Dl $H $J $k . 4 :# $N =j , G� ottsche $N 8x <0 $r MQ $$ $J $$ $G , I= 8= $N 4{ Ls @- $r >Z L@ $G $- $F $$ $J $$ .

13 $5 $F , BP 1~ $9 $k Hilb ert 35 7? $N 4v 2? $r @b L@ $7 $h $& . 6J LL X $N Cf $K 6J @~ C $, F~ $C $F $$ $k $H $7 , C $N Dj $a $k %[ %b %m %8 !< N‘ [ C ] $K BP 1~ $9 $k :n MQ AG P [ C ] [ i ] $r 9M $( $k . A0 $N @a $N 7k 2L $h $j , P [ C ] [ i ] ( i < 0 ) C# $r ?? 6u 1 2 H 0 ( X [0] ) $K 2? 2s $b :n MQ $5 $; $F $G $- $k %Y %/ %H %k C# $G D% $i $l $k It J, 6u 4V Span f P [ C ] [ � j 1 ] � � � P [ C ] [ � j k ]1 j k 2 Z � 0 ; j 1 ; : : : ; j k 2 Z > 0 g $O , BP 1~ P [ C ] [ � j 1 ] � � � P [ C ] [ � j k ]1 ! p j 1 � � � p j k $K $h $C $F , 2D ;; L5 8B 8D $N JQ ?t $N B? 9‘ <0 4D Q [ p 1 ; p 2 ; : : : ] => $C $F BP >N B? 9‘ <0 $N 4D � $H F1 7? $G $" $k . $3 $N $H $- , m � $r I= $o $9 $h $& $J %5 %$ %/ %k $r 0J 2< $N $h $& $K Dj 5A $9 $k $3 $H $, $G $- $k . L � C def : = � � 1 ( S n � C ) C" $7 , S n � C $O , S n C � S n X $r DL $8 $F , S n X $N 6I =j JD =8 9g $H 9M $( $F $* $j , � $O Hilb ert-Chow <L A| $G $" $k . Dj M} 4.1 (cf. Gro jno wski [9]) (1) L � C $O , X [ n ] Fb $N n <! 85 $N 4{ Ls $J It J, B? MM BN $G $" $k . ( 0l HL $K $O FC 0[ E@ $r ;} $D .) $= $N 4p K\ N‘ [ L � C ] 2 H 2 n ( X [ n ] ) $O , >e $N BP >N B? 9‘ <0 $H $N F1 7? $r DL $8 $F , m � $K BP 1~ $9 $k . (2) X $, %7 %s %W %l %/ %F %# %C %/ 7A <0 $r ;} $D $H $- , L � C $O , X [ n ] $N %i %0 %i %s %8 %" %s It J, B? MM BN $G $" $k . Nc $( $P , J, 3d � $, , ( n ) $N $H $- , L ( n ) C $O , It J, %9 %- !< %‘ Z $G , $= $N Bf $, C $N 0l E@ $G $" $k $b $N $N A4 BN $G $" $k . $^ $? , � $, (1 n ) $N $H $- $O , C $N BP >N @Q S n C $r C $N Hilb ert 35 7? C [ n ] $H ;W $C $F X [ n ] $N Cf $K F~ $l $? $b $N $K B> $J $i $J $$ . m � $O , p i C# $N B? 9‘ <0 $G =q $- I= $9 $3 $H $, $G $- $k $, , FC $K , m (1 n ) $O $- $l $$ $J I= <( <0 $r ;} $C $F $$ $k . $3 $l $r , >e $N Dj M} $r MQ $$ $F , Hilb ert 35 7? $N %5 %$ %/ %k $N 8@ MU $K D> $9 $H , <! $r F@ $k . 7O 4.2 C $N BP >N @Q S n C $N I= $o $9 %[ %b %m %8 !< N‘ [ S n C ] $N Jl 4X ?t $O , P [ C ] [ i ] $r MQ $$ $F <! $N <0 $G M? $( $i $l $k . 1 X n =0 z n [ S n C ] = exp 1 X i =1 z i P [ C ] [ � i ] ( � 1) i � 1 i ! � 1 C" $7 , 1 $O ?? 6u %Y %/ %H %k $G $" $k . $3 $N 5D O@ $N 1~ MQ $H $7 $F , A0 $N >O $G =R $Y $? ( � 1) i � 1 i $, <! $N $h $& $K 7h Dj $5 $l $k . X = C P 2 $H $7 , C = line $H $7 $F , P [ C ] [ i ][ S n C ] $r 9M $( $k . C $r >/ $7 F0 $+ $7 $F $b $& 0l $D JL $N line C 0 $r <h $C $F $_ $k $H $9 $0 J, $+ $k $h $& $K , $3 $l $O [ S n � i C ] $G M? $( $i $l $k . $3 $N <0 $H >e $N Jl 4X ?t $r 8+ Hf $Y $F , 7W ;; $9 $l $P Dj ?t $, ( � 1) i � 1 i $G $" $k $3 $H $, MF 0W $K J, $+ $k . $5 $F , >e $N <0 $N 1& JU $O 89 M} O@ / 6& 7A >l M} O@ $G D: E@ :n MQ AG $H 8F $P $l $k $b $N $N 0l HV 86 ;O E* $J 7A $G $" $k . D: E@ :n MQ AG $O , $3 $l $i $N M} O@ $G =E MW $J Lr 3d $r 2L $? $9 $3 $H $, CN $i $l $F $$ $k . Nc $( $P , Heisenberg Be ?t $N

14 %U %) %C %/ 6u 4V $+ $i %" %U %! %$ %s Lie 4D $N I= 8= ( %Y !< %7 %C %/ I= 8= $H 8F $P $l $k I= 8= ) $r 9= @. $G $- $k $, (F renk el- Kac 9= @. K! ), $= $N $H $- %" %U %! %$ %s Lie 4D $N @8 @. 85 $, D: E@ :n MQ AG $G Dj 5A $5 $l $k . $3 $N $h $& $J OC Bj $N H/ E8 $H $7 $F , Be ?t E* $J J} LL $G $O D: E@ Be ?t $d , 0l HL 2= $5 $l $? Kac-Mo o dy Be ?t $J $I , LL Gr $$ OC $, $" $k $N $@ $, , $3 $l $i $r Hilb ert 35 7? $N 4v 2? $H $7 $F M} 2r $9 $k $3 $H $O :# 8e $N 2] Bj $H 8@ $( $h $& . Fq $7 $$ $H $3 $m $O , >e $N 1& JU $N $h $& $J <0 $K 4v 2? 3X E* $J 0U L# $r $D $1 $k $3 $H $K $" $k . :# $N $H $3 $m , 8r :5 $r 7W ;; $7 $F $_ $k 0J 30 $K <j $@ $F $, $J $$ $N $@ $, , >e $N :8 JU $N $h $& $K 0U L# $, $" $k $b $N $K $I $& $7 $? $i $J $k $N $+ $r H= Dj $9 $k $$ $$ >r 7o $r 8+ $D $1 $k $3 $H $, $G $- $F $$ $J $$ . D: E@ Be ?t $d 8e $G =P $F $/ $k Virosoro Be ?t $K $D $$ $F $O , :G 6a =P HG $5 $l $? Kac $N 65 2J =q [10] $K $^ $H $a $i $l $F $$ $k . $3 $l $i $r 2# L\ $G 8+ $J $, $i BP 1~ $9 $k 4v 2? 3X E* BP >] $r C5 $9 $3 $H $O =E MW $J Ld Bj $G $" $k . $^ $? , 6& 7A >l M} O@ $G $O , >e $G F3 F~ $5 $l $? JQ ?t z $O <M 1F D> @~ $N E@ $N :B I8 $H 8+ $J $5 $l $k . $7 $+ $7 , Hilb ert 35 7? $N N) >l $+ $i $O , <M 1F D> @~ $N Lr 3d $O L@ $i $+ $G $J $$ . $3 $l $b >e $H F1 MM , :# 8e $N 2] Bj $G $" $k . $3 $N $h $& $J $3 $H $r 9M $( $F $$ $k $H , ?t Ns $+ $i Jl 4X ?t $r :n $C $? $h $& $K , 6u 4V $N Ns $r A4 It 4] $4 $H $& $^ $/ <h $j 07 $& 5; =Q $r 2f !9 $, $" $^ $j ;} $C $F $$ $J $$ $3 $H $, :$ Fq $N 0l HV $N 86 0x $G $" $k $h $& $K ;W $( $F $/ $k . $= $3 $G , $^ $: ?F $7 $_ $r ;} $H $& $H 8@ $& $3 $H $G , $3 $N $h $& $J 9M $( J} $r Jl 6u 4V $H L> A0 $r IU $1 $F $_ $? . :# $N >u 67 $@ $1 $G $J $/ MM !9 $J >l =j $G Jl 6u 4V $N 9M $( J} $N I, MW @- $, 8= $l $F $$ $k $h $& $J 5$ $, $7 $F $J $i $J $$ . (cf. [17]) $^ $? , %" %U %! %$ %s Lie 4D $N I= 8= O@ $d 6& 7A >l M} O@ $G =E MW $J Lr 3d $r $9 $k $b $N $H $7 $F , Virasoro Be ?t $, $" $k . $3 $l $O , L [ i ] ( i 2 Z ), K $G @8 @. $5 $l , 4X 78 <0 � L [ i ] ; L [ j ] � = ( i � j ) L [ i + j ] + i 3 � i 12 � i + j; 0 K $G Dj 5A $5 $l $k Lie 4D $G $" $k . S 1 >e $N %Y %/ %H %k >l $N $J $9 Lie 4D $N J# AG 2= $N Cf ?4 3H Bg $H B* $( $k $N $, DL >o $G $" $k . ( L [ i ] $O , %Y %/ %H %k >l z i +1 d=dz $K BP 1~ $9 $k .) Heisenberg Be ?t $+ $i <! $N $h $& $K $7 $F Virasoro Be ?t $, 9= @. $5 $l $k $3 $H $O , $h $/ CN $i $l $F $$ $k : L [ i ] = 1 2 X j 2 Z : P [ j ] P [ i � j ] : C" $7 , $3 $3 $G : : $O normal ordering $G , : P [ j ] P [ i ] : = 8 < : P [ i ] P [ j ] i � j $N $H $- P [ j ] P [ i ] i > j $N $H $- $H Dj 5A $5 $l $k . >e $N Dj 5A $O $_ $+ $1 >e $O L5 8B OB $G $" $k $, , %U %) %C %/ 6u 4V $N 85 $K :n MQ $9 $k $H $- $K $O , M- 8B 8D $r =| $$ $F 0 $K $J $k . Virasoro Be ?t $N Hilb ert 35 7? $N 4v 2? $G $N <B 8= $O , Lehn[12] $K $h $C $F M? $( $i $l $? . 0J 2< , $3 $l $r @b L@ $9 $k . $^ $: >e $N 9= @. $O 0l 8D $N Heisenberg Be ?t $K BP $7 $F $G $" $C $? $, , Hilb ert 35 7? $N >l 9g $O 3F %[ %b %m %8 !< N‘ � $K BP $7 $F <! $N $h $& $K $7 $F L � [ i ] $r Dj 5A $9 $k . BP 3Q @~ Kd $a 9~ $_ $K $h $k push-forward � : H � ( X ) ! H � ( X � X ) � = H � ( X ) H � ( X ) $K $h $j � � = P a � 0 a � 00 a $H $J $C $F $$ $k $H $7 , L � [ i ] = 1 2 X a X j 2 Z : P � 0 a [ j ] P � 00 a [ i � j ] :

;2 9M J8 8% 15 $H $* $/ . $3 $l $r 4v 2? 3X E* $K <B 8= $9 $k $3 $H $, L\ I8 $H $J $k . X [ n ] $N It J, B? MM BN @ X [ n ] def : = X [ n ] n � � 1 ( S n (1 n ) X ) = � � 1 ( S n (1 n � 1 2) X ) $r 9M $( $k . MF 0W $K %A %’ %C %/ $G $- $k $h $& $K , $3 $l $O X [ n ] $N 4{ Ls $J 0x ;R $G $" $k . $= $3 $G , $= $N 4p K\ N‘ $N Poincar � e AP BP [ @ X [ n ] ] 2 H 2 ( X [ n ] ; Q ) $r 9M $( , H � ( X [ n ] ) >e $N :n MQ AG d : H � ( X [ n ] ) ! H � ( X [ n ] ); d ( x ) def : = � 1 2 [ @ X [ n ] ] [ x $r 9M $( $k . $3 $N $H $- <! $, @. N) $9 $k . Dj M} 4.3 (Lehn [12]) � d ; P � [ i ] � = iL � [ i ] + i ( j i j � 1) 2 P K � [ i ] $3 $3 $G , K $O X $N I8 =‘ B+ 2 H 2 ( X ; Q ) $G $" $k . $9 $J $o $A , Virasoro Be ?t $N @8 @. 85 $O , I8 =‘ B+ $N >p Js $r 4^ $‘ %( %i !< 9‘ $r =| $1 $P , d $H , Heisenberg Be ?t $N @8 @. 85 $N 8r 49 ;R $K $h $C $F M? $( $i $l $k . ;2 9M J8 8% [1] A. Beauville, V ari � et � e k� ahlriennes dont la premi� ere classe de Chern est nulle, J. of Di�erential Geom. 18 (1983), 755{782. [2] W. Borho and R. MacPherson, Partial resolutions of nilp otent v arieties, Ast� erisque 101{102 (1983), 23{74. [3] G. Ellingsrud and S.A. Str�mme, On the homology of the Hilb ert scheme of p oints in the plane, Inv en t. Math. 87 (1987), 343{352. [4] , An intersection num ber for the punctual Hilb ert scheme of a surface, preprint, alg- geom/9603015. [5] J. F ogart y , Algebraic families on an algebraic surface, Amer. J. Math. 90 (1968), 511{521. [6] A. F ujiki, On primitiv e symplectic compact K� ahler V-manifolds of dimension four, in \Clas- si�cation of Algebraic and Analytic Manifolds", K.Ueno (ed.), Progress in Mathematics, Birkh� auser 39 (1983), 71{125. [7] L. G� ottsc he, The Betti n um bers of the Hilb ert scheme of p oints on a smo oth pro jective surface, Math. Ann. 286 (1990), 193{207.

;2 9M J8 8% 16 [8] L. G� ottsc he and W. So ergel, P erv erse sheav es and the cohomology of Hilb ert schemes of smo oth algebraic surfaces, Math. Ann. 296 (1993), 235{245. [9] I. Gro jnowski, Instantons and a�ne algebras I: the Hilb ert scheme and vertex op erators, Math. Res. Letters 3 (1996), 275{291. [10] V. Kac, V ertex algebras for b eginners, Universit y Lecture Series 10 , AMS, 1997. [11] F. Kirwan, Cohomology of quotients in symplectic and algebraic geometry, Mathematical Notes, Princeton Univ. Press, 1985. [12] M. Lehn, Chern classes of tautological sheav es on Hilb ert schemes of p oints on surfaces, preprint, 1997. [13] I.G. Macdonald, Symmetric functions and Hall p olynomials, Second edition Oxford Mathe- matical Monographs, Oxford Universit y Press, 1995. [14] H. Nak a jima, Instantons on ALE spaces, quiver v arieties, and Kac-Mo o dy algebras, Duke Math. 76 (1994), 365{416. [15] , Heisen b erg algebra and Hilb ert schemes of p oints on pro jective surfaces, Ann. of Math. 145 (1997), 379{388. [16] , Lectures on Hilb ert schemes of p oints on surfaces, (to app ear). [17] , 89 M} O@ $N <( :6 $9 $k 22 @$ 5* $N 4v 2? 3X Jl 6u 4V , J] 7? 6u 4V , ?t 3X %; %_ %J !< 1997 G/ 8 7n 9f , F| K\ I> O@ <R . [18] EZ 20 >< Gn , 6& 7A >l M} O@ $N 9= @. , ?t 3X 44 (1992), 97{124. [19] C. V afa, Lectures on Strings and Dualities, preprint, hep-th/9702201. [20] C. V afa and E. Witten, A strong coupling test of S-duality , Nucl. Phys. 431 (1994), 3{77. [21] S.T. Y au, On the Ricci curv ature of a compact K� aher manifold and the complex Monge- Amp� ere equation. I, Comm. Pure Appl. Math. 31 (1978), 339{411.