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Abstract

Let X be a」ven C10Sed subscheme n71th the arithmetic D2 conation h a complex proJective spacc

i調兄1愕糀臨よ塩溜ねよ刷 響量T占盤さ霞1lЖ糀蹴
calc」乱e ttpLdty the g syη″dass map br de『∝m partメ“

→:「(二ζりP(m》→″1(X,Ω3⑧
lχ/P(m))h a 10Ci expression fOrm with ushg iocd iames and local∞ordlnates Ths map i‐
dtlces an isomorphlsm onto the space of hnm“∝i"J obstrucions ρO,つ:Γ(3ζりP(m))/ΣL。乙
r(鳥
型 PO-1)～

T″ f(Rx,S/SI)ぃ )→ 昴 し F司 ⊆ 11(χ ,ΩおΘ弓 /P(m》
h Oth"・ ords,

wo gl"g00d Oech representatiws for the hage of the C‐unear homomDrphism ρ
(g,7)

Keywords:sy7gy class map,syttgy Ogus derlvatio“

As we presented several indamental prOblems in卜31,our main interest is in the“geomaric structurd'
of a prOjective embeddhg of a ttven variety χ That means to study intermediate al■bient schemes
s a t i sけing cer t a i n  g o o d  c o m d i t i o n s  f r O m  t h e宙ew poln t  o f s y可摯es for t h e  m b e d d e d  v a " e w  X  S u c h a n
intermediate ambient scheme is called“pregeometric shel"(abbr PG―shell c̈i[121)
NOw let X be a c10sed subschelne which satis6es the arithmetic D2∞ ndition in a comPlex prOjective

space P=PN(C)=Pr″ (S)(S:=CiZo,¨  ,avD nom oШ  vtt point,it L impOrtant tO cOnsider

( b C Jけ JOng χ )the p r O p∝ ti“ of the  s h e」ofttth  s y z y g y m o d u l e  4 ' P ( 9≧ 1)。f the h O m o g e n e O u s

c o o r d i n a t e  r i n gみ。f χ asan S m o d u l e ( C i  e g卜51)In p a t r t i c u l a r ,両h″e to de t e r m i n e  t h e  m i n i m u m
order Of lninltesimal nelghborhoods of X h P where the lnformation of miゴmal generators Of the S―
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篤
t∬
機ふ鷺鶯ξせご轟庶麒″

0)h a bc」∝,いまon brm宙ぬ面ng bcJ
iuces an isomorphism onto the sPace ofinl洒 teshal

obstructions ρ僣,m):「(スイリ Pい ))/Σ縫。る
.F(3ζ
り Pい
-1))笙 r"」 (Rx,S/SI)(7)→ L`LF‖ ⊆

∬1(X,Ω=晶鑑/『
(思D・:[潔'14)abdm sheMs mりhdu∝the same dOb』mり,to use m oし

structiOn map of ininitesinal■ fting for the calculation of ρ
(9,m),all of our calculation shOuld be carried
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out in a local expression fOrm Also there is anOther tty point of ouぼvみDrk here That is to get a good

Cecll represent・athe wihOut amblguⅢ cauSed by the htther hhiesima1 0bttructions(cf Remark 2 2)
Those wil be d』 缶ent points from the usual syys theory ly the method of comlnutatl■ te rmgs

lt Hgllt be∞ nsidered that this local calculation strdghtly induce a construdion of a homomorphism

of abehan sheaゃ os whose global expresslon,after cOmposing nith the hhtesimal obstruction map,

coinddes with the ttsyzygy class map for degree m part ρ
(9'π)Hon ever,thL is not so ea_qぁneeds much

more job hcluding a constructbn of nm sheaves for example,and M7111 be carried out in the forthcommg
paper

§l Preliminaries.

At the beginning,let us summartte for cottmien∝what宙 u be used throughout this paper

Notation and Conventions l.l И4θ ttθ ιんθ ιθmtπο:"νげ〃 υ」就οιιれθπaοれ,η sο,αttανs αれカ
流e cοπυeπ

“
οπs,απごυSe ttθ ποιαι

`ο
π be10υ力rsをη,あC'″

(111)Eυ ett οりθat tπder cοηs,ごθれ,οπ」sdびπed oυer ttθメθJごげCοηノθZ ηυmbθ"C 74θ
りJ:`υο戒
`πιλe cat"οηげα●abratC SCλemes αnd oりθbratcal″λο

`ο
れοηλ」οれοηttsmβ

"r mt'ο

πα;れψりοr
,■統e cat″ο

"esげ
cολereπι sλeaυθs α,ご流etr“9-あneCリカοmοmoηλおms οtterυ,se meπt'οπθご

Far α θλe″y α2α απ ηθπ θθ
`y,α
 ιocαι θectiοつTcrに M)を,sometれes deποιθ」by,cM

υを流αbbttυ,αιをοπ tr ιλθ
"t`れ
ο need ιο″ectt tλe οpen setび

(112)ιθ
`υ
θ ιαλe α ωηριοa pttθοιJυθ θOλθれοχ●J ttme“

`ο
π π απd οπθ●r`お0れbedttηθ′:X→

P=ノ V(C)コ 耽eSんθげ げ
`dθ

αお」φπれ,′lXル π P απJ ttθ ωποrmαlsλeげ α
“
deπoιθJ bν lx

αれ」♪啜 /P=Jx/4,“ ψοο

"υ

οり TaたθαC―♭as,s{Zo,… ,av}げ ∬
。(20P(1))鶴 eπりい ″

S :=

S+ :=

(#‐1)

Rx :=

L ttθ θegυeみυe αれοθι αbα
"α
ss%れe ttαι ttθ cわsed scλθmθ′(χ)sαt'」eS arjιλれθιic D2

cο2滋ι
`ο
喝,αme″ Rx=R災 ,οtteγυおθ meaι

`ο
,こご

(113)For a′raded S‐mοれたy,υθごθπο
`θ
 ttθ」
"“
θ m pα就げM bν ttkm),παπθりν=① 4_)

mcZ九pα協のに流ey鼻“ゎr卿“r″」R鷺 !縞″協ι「∬鵬ふ湾霧(溺雅αιοrsれ 」
"¨
θればれcヶ腕

`ν
響′υげ几

s,"ψあc,ιy 4昴πe sんθびοα
“
οπ ιe aCam。れ,∽ιりcοns"しcted Oシec(5)‐れοdしたrrOm a s_れοれιe

ノげαπ S―れο」υιι χ たdeποιed M～απd′″グecttυe ttωF∽ιづοπ βa α∽ποπjOαιりωπ6かしcted
OPr″ls)―れο」υιθルれα,ra&dS‐れοαttcノげα θrllttd S‐mοれたM,s deποιθJ y(～

),た″ec―
tわe″

(114)乃 ごesοれbe ttο λοれοmοψλおmsげ ル℃ο′れごθ」S―れοれιes cたα‖ν by ts`ηれαt商
“
S,υこ●Jteπ

αθ
`crbe 
αル θ′知ded S‐mο」%Jθ bν F=① 21Setり ,流 %s,η  α Jreθ bαS'S{eを dθク(et)=π :}狸1

れsteαごげ by F=① 鷹 lS(―π:)υ

'流

tS,電 」″
““

力゙ Ⅲ L流 づS“
`θ
,流 θ

`sο

mοrpん,sれοπ θαcカ

冽
笏
』
附

一一
　
〓

一み
　
レ
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d, c̈t stれれαπd'3メυea by S(―m)⊇ S(―m)(た)=S(ん_m)∋9‐ 9・ec(Sθ )(ん)⊆Se,υ λe"

d"(C)=m

(1.1.5)乃 rac・力θ
“
就 説●●JE οπαp可

“

tわe sttscλeme y⊆ P,υ e pt,「。(E):=OF(ス E(m)),
aCZ

「≫oC)=唸
。
に Eい )'F拿o)=F.c)バ 丼 ・F“o,marc)=2・

9に Eい 》

E"cept αル リ ιαSesり んθ～
りe λαυθ

`ο

 αυοJd cοげ缶

`ο

れ,Oο 」ο ποt"e astⅢ 磁 sλed J●就 S Cam_

p“ λe■|力eり 」Or tλe′ raded S― mοごυ:es and説 ∽ υe``υ cλ αθ M andル
イ,“ ψ

“

ιjυθ″ JJり 唸 π

“

ご

ιο ttt″響おλ cttαrly●sλear yゎれ巌 S―modtιe r。(M),υe“θ tte blattb●aだbο:d力71t rOr

S―mοれたsucλ αs M=L(M).■お。,rOr“αmpた,υe de■οた』4 Jarcοψ tt Or`λ∽υes α翻軋

rar ωη,た・げS―れοd●たo,たspect,∝″.

(116)θ π απ Ope,set y⊆ 硫 :=D+(a)・ Ftte A‐
_流 pttθCtわe space PN(C),りθ

“

θルしSe ttera‖οttη

αbb"悦cttοπ rar summatiOπ

(#‐2)

a)

,コ鮨

9:ュ=Ssィ)→
σ
8)S eF―D=・_1

,=1             ‐ 1

＜
Σ
ふ

Σ …やん̈
静
Ｆん］静

0≦力≦N

'2≠
`

l117)■et{襲}Ll be α getげabe“̈g"ψ3●rげαbeあan ttecυθちo■」{■:ヱ→4■1}冒いo`げ
流θケん0れOmοηん,コれ3. 劉te■υe denο

`e tte'r∞
叩 0,J"οπ α

`

(#-3) Π■‐九-10…。九:4→場→…→蜂
t-1

For the proieCtiVe substtme X:=′ (χ )⊆ P=PN(c)wm satLies arthmett D2 colldltiOn:

R`=Rx,take a minim・ l graded S‐睦 resolution of the homogm∞us∞ OrdLm“ ring Rx as a S‐

module:

(+4) F.:(Rx´ 生 )FO=Sど 生 Flみ 。…ど
生 ■
-0,

wttre the homomorph mヽ9denotes a graded homomorphkm without grade tt■ing:

(+5)

(#6) 弓り:=d“(θP)

9=●P)=Σ Z〕Cr~D
た‐1

1):=m∫)―m∬
~リ

(+7)
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Here m mtt a remttk thtt the mmhJlty ofF.imphes th試
`音
)=Ofδ:〕≦0

For an tteger λ≧ 1,確 ∞t a gradedまmOdde 4)to be fm(9た )and C」1■ ιλθ λ―流 sy響′νれοごした

of χ.ALo v7e sd a∞herett sherイ)to be(4))∈)and cal i ttθ sんθ″げλtt SyZ"ν mοごυたof
χ.Ob■nousIぁwe see that the sheaf ofide2als lx which deh′(X)in P∞incides wth the sheaf of l―st
syηtt modub of χ L ttner」,両h¨ahtts 4)=「*(4))Sh∝dりλキ(Rx)≧l FOr mOre
infOrm乱おn on the g∞mettt propertiesOfthe sheaves ζF),∞e口■

Let us t」∝ the de Rham complα  Ω)of P=PN(C):

0-― ―→ OP― =生→ Ω)_壼
L→ Ω)一

壼生→ … ―
=生→ Ωダ ーーー→ 0

and the ideal order iLration r.1メ,ァノfりΩト

0- イ9 ム 撃9~lΩl一年 …

ら 撃
lΩ
「
1=与  Ωl =ち ―==Ω ∬_→ o

Nw"散 ν and see Crトン(Ω))=切/切+1:

0-→ 撃9/撃9・
1=%ダ 9~1/撃。●Ω)=ち  …

一二→瑕#/瑕・
2.Ω
野
1_生→Ω卜x(の一―→0,

WheЮ 教 の
=Gχ l,OP/挙 ・

1)COntrary to the fact thtt the exte三
or deri、就詭 d is not OP―linea■the

map arぉ OP_linear and∞ mpatible宙 th tensOring by OP(れ )In cぉ eν =0,"have also an OP― hnear

composltiOn homomorphsm:

(#-8)   妨=万 。r: Ixぃ )ΘΩ「
1-二 → 々/堆い)ΘΩ「

1-生 → ΩЪ xぃ),

where the homclmOrphttm r is the canonical one

N歯
"cOnsider tlle follo■

ing exact cOmutattt diagram includhg the global h■ ing sequence(ZFT)

and the l_st hi面 teshall挽 hg sequence(ZFT):

0-―一→ rx Θ Ω3(m) 

一

 Ω3(m) 熱 ΩЪ(m)lx―――'0
伴O     rl    l   l

O― A咲/押 :(m)一写 Ω3(m)lx。)熱 Ωl(m)x_0,

whch induces obstructbn maps(fOr the l_st hinitesimal lifting alld the global lifting):

∬°(X,Ωおい)レ)二  11(鳥Ix Θ Ωおい))

伴4o     ‖     ↓r
I°(X,ΩL(m)x)==ゴ ∬

1(X,Ⅳ
X/P●Ω)(m))

διFT

Then vre deflne a map:

-4-
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(#-11) Z~X=ι FTO万 :I。 (χ,Iχ い )● Ω声
1)→
11(X,r咲

/P(m)Θ  
Ω3),

w h i c h  i s  c a l l e d  t h e  m e tα‐ι■cλet″οperatοrwih re s p e c t  t o  t h e  p r o j e c t i v e  e m b e d d i n g′:χ→ P=PN(C)
In gener」 ,this Operator dOes not cclincide Mハth a couphng by the l― st Chern dass of a line bundle up to

∞nstants(ci 11)For more generJ dehibn and properties on metかLeおchetz operatOrs,sec口司.
Putth嘔 ソ :=〃 。(二OP(1))=① 縫。Ca,let us colusider the KoMul complex K.fOr S/S.aS an

S module:

(≠-12)

(S/SIく =■ ― )κ o=Sど
=_κ

l=S●
yギ 望 ―  … 翠 壁 L κ N+1=S● A″

+・
7← 一 ― o

ln the sequel,to use familiar operations on difFerential forms the element a in y will be denOted by

Й  symboh c a l l y  T h i s  h a s  n o  s p e c t i a l  g e O m e t r i c  m e a n i n g  o n  P = P″(C)sinc e  a  i s  o n l y  a  s e c t i o n  o f  a
hne bundle and not a Function on P
The●el卜knOwn fact iom Sp∝tral sequence th∞ry telb us that the three complexes F。●(S/SI),
Ko Θ(2x),and the totalcomplex ra(F.Θ陽)。f the double cclmplex F.ΘK.are cluasi―isOmorphic with
each others(in the derived cttegory of'modul∝)and」Ve the salne holnology T″f(な,S/S.)・By
the mmmtty ofthe∞ mplex F.and∞ nSde三ng the shOtt exact∞quen∝:F9+1→ F。→ ZP→ 0,the

撃l串rrtt」讃洲鷹Ъ鮮論とお期置駆1 柵ヽ:肌:駕侶♂盤
compOsed isomorphism:

(#-13) λ:●P/S.4))‐If9(K.Θ(転))

冨尋i吊絶鞣譜綿糎∴[霧f』響4等″k→
聟rィ(み,ys.10■輪LF月⊆

12 To get theお omOrphsm λ,we use the followig
key diagrarn which∞mpares the complex Tot(Fo ΘK。)Wih the bordered complexes F.o(wS.)and
K.Θ (Rx)

(#-14〉

則 Ⅲ
l

FoO A 97

,01

&Θ ∧
gy

ム

ム

ム

墨  …

一

・9■

ｒ
ｌて・．＞
ｒ
卜
ｒ

Ｏ

　

　

　

Ｏ
　
　
　
　
Θ

■
　
　
島
　
　
　
み

一

 …  

一

一
―,ct
F9_lΘ y一

―,9-11

~'21

FI Θ y ―ユ→

―,■
1

FO o 7 -■ →

島 ~

1,9

■ 1~

1991

1●
2

Fl

191

F0

島Θ(S/等)

10-maP
F9_lΘ(S/丼)

1
(bd CPa)

↓

κgち
Od・CPaぅ一→

-5-
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撃蒻 卜、蘊 k勲
高'摯襴冬盟鶏≧

去es theと agram:

υπ,9●e ttP ιο bουπごαれes

To∞ nstruct the homomorphiSm天,let us r"i(

撤∬乱描ぎ続批楊√'脇
肌柳7鉤

,λαυe

(ZP/鋳4))=ゝ Jg(K・ 0(RX)),

9

Σ1/″Fい)笙(∧Σ}/″3)Θ Im,
Σ%/″,(m)笙Jfπ

メ9+→o▽耀|。c+▽防らし。メ
°=m島 ,

磁境メ幣;λ空蹴 智:鶴務ι置島LCΣ%″βぃ分,流eルのAσ2 C 
Σ讐筋alml+m分

α
'ご

(#-15)

(#-16)

(#_17)

(■18)

(+19)

In parιjCυ:αら ゲιんe Jοοαι
`ecι
をοπs

tλθπ σlの C Σ1/″ ,(ml+m2)

F(スイP(m))一塾→I°(21x ΘΩ「
1(m))

…|     ↓し→く静・

▽οc(σl∧σ2)=▽ OC(σl)A 
σ2+(-1)91 σl∧▽οC(σ2)

κ(σl A σ2)=κ (σl)A σ2+(-1)91σ l Aん
(σ2)

∬乳:晟1]ヒ写:鮒ふ鳥∫
ΣL/ηβい→,α2d▽οcの=%

-6-
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Remark l.4乃 r θααηιθ,υo 3“ル m Zemmα

“

のαわουe tλα
`Σ
レ″2(m+1)笙

(Σ1/″ ,(m))Θοフ∬
Iaりουθら流θ Oθ●s αθ

"υ
α
"ο
π,s″α″yαd電能にπιをαι ο″勉ιοrげ ο″er l αtt」流eO″ ―あれθar tensοr p"れt

ar tteんοmomοηんtsms or sんcaυes▽レ〕οc απ」1″
jSれοt υell‐Jぼπoι劉しe cttctaι″,πιげ流e Ogts

cOηpιe¢お流αι ttc∂θ″υαttοπ▽Im+Jο c'SS“
`ι

 υθιルごJ2θ d eυθπれ 流お stれαι

`ο

π 口b●s,ル を■9仇 e θ9us

cοη:“oし″B,▽οC=▽呂。c)ルr ttθ夕πθ♭∽」ル∬磁ιんιttst■にc″",ゲ
υe ιαλθ αηοtterあ■e

bυπごた∬,航e●ιλeに,s ncl′●αraπ′θθ ttα
`υ
e cαπれαλe{Σレ″BΘ″

π}`π
`ο
α

“

ο―cλαjりCο叩た・υttλ
d¨

'γ
りα st"α♭Jo」θれυttjOηs,,π′οηeraι

Using this Ogus complex,at the le■ ・el of sheか′es,we call replace wth reversing the arrOws the Koszul

o p e r a t i o n s  κo Of th e  K o s z u l  c o m p l e x ( # - 1 2 ) b y  t t e五〇r de五vations  a n d  g e t  t h e  c o m p l e x :

伴-20) ffO = s型堕ヽ J■=soy型 堕`  …翌堕5 κN+1=s.∧
Ⅳ+17-―→ 0

Shce the local expressiOn Ofthe exteHor der市ation itself on PN(C)has nOn_tr市ial expressiOn as確宙11

饉 h the sequel,we need to introduce the Ogus derl■ ation

ln case of″ =P=PN(C),I=OP(1),and B=Spec(C),the s"tem of homogen∞ us coOrdmates

ろ,….,Zハ√CI° (スOP(1))=7 glVen above can separate t370 pOmts includhg i通nieshally near
pomts,which implies the■ omOrphism:

(#-21) Σら,0/〃よつ笙4/c(I)笙①OP」
1(4),

α=0

M・heЮ′:/c(I)and′
1:〃→4/c(I)dexIOte tlle lうa sheaf(the l―St prhcipal parts)of the line bundle

∬=OP(1)and the llet map,respectively To see the corresponden∞betv een tlle complex(#-20)md

距肝滉脚 露盈錐
Bい)'▽°a,両reメaCe′1(4)h伴-2つbyれ,価iと`Omy a symbd ttd

Then we have:

(#-22) ΣらP(1)ノP/C(m)C望 ①
“

OP(m-9)彪 αl A… A Zα9
α,≦N

Lemma■ 5oに o乃 ,7=P=PNo,I=OP① ,απdT蠍

り l'rЪ 貿 1);聯 ぢ
習げ 流 θ の uS dιttα

“

οれ ▽οc:Σ らP。 )/P/Cい )笙
① OP(れ -9)dZα l

00P(れ-9-1)dZb。∧…∧az♭9 απd tte κοszoJ●pemιοr rrar ttθ θ,ぃcοηクιeりκ:ΣらP(1)/P/cい)璧
①の い ― の 焼 .∧ … A49→ Σ

城 ⇒″ /cい )黎
①OPい 9+つ あ =A… ∧49 1 οπ απ″ eπSα

び⊆銑 =D+(4)α ～ク
をυθ
'ὰ ル
:』οい

(#-23)
▽οc(∫●Z『

~9

={ゆ―のメーr=れた0)赫}れ∧れlA_∧dZa9●49~1
+r=えんαみ′°αtt A醸ら.A_Aれ7●Z『

~9~1
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ｌ

ｌ

ｉ

ｌ

ｌ

ｉ

ｌ

ｉ

ｌ

ｌ

ｉ

ｌ

‥

Ｉ

Ｅ

Ｅ

Ｅ

Ｅ

Ｉ

Ｉ

Ｉ

Ｉ

Ｉ

Ｉ

■

―

―

目

１

１

巳

Ｈ

ＩＩ

Ｈ

ｌ

ｌ

ロ

１１

目

――

目

□

Ｈ

＝

―

―

国

ＥＩ

鵬

ＥＩ

盟

14‐2oぐΘη~9銑.A….A4∂=塵←1ソー7・(努)●4-9+1にlA…ι….Aに。
Corollary l.6F● 「αわcar s“施 ,c=gΘ η cOP(m)=Σ 3P(1)/P/c(m)。 ,Cn Ope“ etび ⊆ D+(a),

(#25)

▽。c(a)=▽ 。σ(′ΘZ『)

={れ,卜えた(弁)赫}4Θη4+,真た力ιΘη‐

謄 胤

k■ 7 L PcHtctた らヵr α λοm"¨
“
″り,赫 配 Fげ dtte m― ら pυ物 ノ‐ ″ (み F~9,

▽οcCれ1∧….A4』=瑳鍔ι∧れ.A….A dZa9
r=0

くF dZ、 A_.A dZ%)=E← 1ソーlZら F dZ、 A… .こ …∧dzαg

飢観 説ο
"流
ct tte O鰤&商 α

“

●■▽。cmご tたκοlれ
`●
petttOr  κ●J tteの

"co剛
oた・coれdde d流

輩戦 _1器嘗轟夕Ъ脅協:胤批:鵡 傷ノ
胸磁d″θttοrルr ttθれ面m配滋:

P“nitiOn l.8乃r",θπemりの“
Cοη麟(Σi/″,0),▽oc),υe dげnethe rened Ogus dαitt10n

▽
“
ルII●切.
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(+26)
れ≠0)

れ =0)

― 十
一

Let us return to the previous diagram(半-14)and iS COre part FセォlF.Θ K。)・Rec」l(#-6)md that

(+2つ 屁Θ4=①
■=1  0≦ ■①
¨
S CPに A¨A4

Then,under the assumptbn:れ

“

integer,7=P=PN(C),I=θ P(1),and B=Spec(C),we set:

‐
場P(m)= ΣらP(。/P/c(m―m∫

))el)

。≦.く2.≦N θP("―mp_→e9嬌=A…A dZJ′
(+2o

ザ

　

げ

Ｃ０
▽

　
　
　
ｃ

‐一π　　」つ

ｒ

ｉ

く

ｌ

ｋ

〓▽^

０
０
Ｈ
　
ｏ
Ｏ
ロ

-8-



Reporis ofGraduatc School oFMaterial Science and Graduato School oF Lifo Science,Lniversity of llyo8oヽ o 18 (2007)

み =け '=①κ:

(+29) a′=ρi′=(-1)・ψ.:

δ′=げ・=0':

場Pゆ)

'野P(筋)

El,P(m)

Ξ寿ソ(m)

Ξカウ31(7γι)

Ξ勁ソ(m),

{M蹂 }of(#-7),
h o m m o r p騰m街

(#-30)

(+31)

(+32)

みψ)‐Σん(傷)CP

み′(ψ):= 一
↑

υ

ヽ

―

‐

′

ノ

仇嶋
ｏ
Σ
ロ

／

ｆ

ｉ

‐

ヽ

Ze,流 c Patr cり P(m),の FO― αS何 げ ωψ :“

“

ご焼eω ″ たo CttCり P(m))の ぼ S‐mοれた,

cοJπ●」de`υガ流 流e ιοιαJ ω叩 腸 T●t(IL ΘK。)れ 仇θんθy ttα′ram解 -1ィ,Iれ pa滝た山 ら 「*(ΞttP)笙

鳥 ● ∧
37 
παれ ral″ απ」流θ bουπあ υ●pemtο rl辱 ・ απJ辱 ∫ ・・

曖 spοπJ ιO κ3 απd(-1)Stt Or解 ‐ゴ″

Next■7e denne the m―test pne“ion whchおaprttectbniOmΞttPい)t。■S direa sunmands whose
∞rrespondtt basis satお

"ml)=d"(c∫

))≧れ,Or eq■,dently whose綺ist degrees are ncln―posti“

M 7 h e r e , f o r  a  l o c」sectbn  ψ =Σ  tte∫
)c「 (嘔等 ,Pい )), 傷

CFに ΣらPけ PノCい
~れ ∫
))),uSh g

2-1

the OP―linear homotnclrphL郎と,ar as boundary operators,and the abelian sheaf
as∞ boundtt operator are deflned as follon7s.

2‐ 1

σ(`-1)

Σ←
υ=1

σ(ι)

■ω)‐Σ。(九)e9
ι=1

Shce the Koszul operator κ and the rぃ′sed Ogus deri、ution▽keep the twist degree of the Ogus com_
p l e x  b y  t h e  h n e  b u n d l e″=OP(1), t h e  w e l l‐dehedtl e s s  o f  t h e  b o u n d a r y  o p e r a t o rみand cob o u n d a r y
operatOrみare rather Obious Now we∞瑯饉der the the n7ell‐dehedness of the boundary operator

みr Uslng the fact that 4と cP(Jl θP(聴 れ)),ψ u C P(磁 ΣらP。ソPノC(m―
m[))),and(#‐ 6),we

see that m―れ!)+δ∬!“=m_れ !)+m庁)―れg-1)=m_mg_0,and(-1)3(Σ

`些

l■4出し・ψ.)c
r(仏 ΣらP(1)/P/C(れ ―れ9~1))),。 r equ詢電出∝tly a″ (ψ)cr(Ц ■

尋
,(m))・

■om the∞ nstruction above,we obiously obtdn the foLtting statement

Lemma l.9 7e λαυeの oの =の rOのI=み 。みI+みrOa=O ιθι
"set tλ
αι∂:=み+ar aπ」

ΞりPい)‐〇弓P(m)・
3+t=2

-9-
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Deinitbn■.■0動θ pⅢθεttο,pr≧れ=priれ:

(+33)
σ(`)

pri親:ΞttP(m)=①ΣらP。)/P/c(π―れ∫))c9)
●=1

おιαJた」the m―test projection

(#-35) ヌ:=Π(け・9~12哨。
~1~つ:窃ラ
10)→
寄)。い)

t=0

Return to th fact th誠凌)い)⊆寄Flい)= (れ―れ績
~1))θ
『
~1),for a global section

ψ cF(3ジ タ
)(m))and the"t“ t prtteabn pr≧m ofΞ野 Flい ),77e hM Pr"ψ

)=O Ap口 ymg

Lemma(111)hdudlve璃we see thtt λ(F(ス4)(m))⊆F(aκar(冴
~1'b)∩∂;「・'1(F(3Ξヵ)1(0)⊆

Ｐ０い（）［

σ

→ ① ΣらP。ソP/c(m―m∫))e9)⊆ΞttP(m),
1≦2≦σ(t)
m.≧m

器Ltt」協:脇″[脇晰胤]棚:ぷ称la弓∫鴇;軋。11
の′。み(ψ)Cr(こΞ蒻)11(m))Sαtt」eS pr≧π(み′。■(ψ))=0 几

“
ber mο
“
,rみ′(ψ)=o,ιんCη

o(a′ o■(ψ))=002」 みI(針r。身(ψ))=0

Proo■ Shce the boundary operators a and the coboundary operatorみaCt On each direct summand

sepaately the ist clttmのoδI(ψ)=ψ おOЫiOus hm(#17)On the latter clAlm:pr≧_(aroδr(ψ))=

0,let us assume that pr≧m(みIoみ (ψ))≠O SinCe the boundary operator ar r五ses strictly the twist

鍛 ∫麗
f鵬

駐 選響 詰e蹴 i「潔 り]祢 撃∫憮 TttF酬 ∬ 盤 聰臨 翼 需 l

ロ

Now we come to the stage where wo can construct the homomorphLm λ which nts into the diagranl

(#-15)By the Lemma(19),the complex:

0-―→κeroン1)二型=Ξ野Fl」=ム Ξ野F2 
」=ム …

(#-34)

a v  
Ξl)P下 斗

'P=°

P可ノ °X~→ 0

i s  e x a c t  T a k i n g  t h e i r  Γ*(鳥―),We ob t a i n  a  t r u n c a t i o n  o f t h e  c o m p l e x  o f ' m o d u l e s ( # - 4 ) , w h i C h  m e a n s

that rer(∂,メ
~1)黎
ζヤ)Since the resolu■on(井4)is mmimal,we may assume l≦9≦んand m≧9,

othewLc r(ュ4)(m))=O and Mle do llot h¨to descrbe the syzygy dass map explicitly
Now“ dennc

I。(二rx Θ Ω「
1(m))

-10-
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To siOw that thおhOmomo■鵬m λ ofabdan sheaves make the diagram(+15)colnmutattve,let us
reca■Remttk← 2).SuppOSe thtt a■l dement αo c r(34)し ))i gttn.For integersに1,… ,9-1
and′=1,.…,9,we put

1 - 1

(≠-36) Q:=Π(aFl,9-l ιo畔̀~1~り(ac), 場:=辱
~1'.~'(%_1), α.:=901b9).

L=0

Then we obttt a wtten1 0f denlents{Q}Lo and{り房=1¨h Remttk(12).By the denttbn ofえ
above,we get a9_1=λ(α。)Thus We have only to sktt that

a9_lcΓ(スIx Θ Ω,1(m))a9=(嘉)■(a9_1)CP(2Ω31x("))
Let us cOnsider precisely the prOcess of getthg o9 from●

・
_lc「 (3Eヵ )。(m)),where the space

r(二 =野 プ (m)),nalllely F(RΣ「
1い
))∞neSponds S o A●

~17 m the dagram(+14)The deme就

b9=″ (α9_1)C「 (RΞ り Pい ))お
菫 tten as b9=Oο c(a9_1)=(鳥 )▽ οc(α.1)Cr(3Σ おい )).Then,

般f瑠署:蹴籠憮&全y紺:臨轟守称T島捌 &「訛ぶr儡 ,盤
贔 、1温認HI廠鮒:ぶ静)¬'両

h呻価いcЦttΘΣ「10)Non・

▽″̈ =(C●・)。▽οc。(」。Ci):Ix Θ Σ,lo)_―→Σ「
1い
)一一→Σ)(m)一―→Σ3(m)Θ οχ

Then we can sulmn肛 厖e the agument above and see that ac=(÷
)▽ 2N(a9_1)MOreOVer,iOm the

constructbn of the deme武%_1,We see thtt α9_l c rerlar:Ξ野ずぃ)→E野智(れ】,namely there

鞣?~で露λF疑憮詣tftti:11棚!
I tt a msptt ofar.Ъ avod lleedess cOniSoL
new wmbOl▽ EN In this paper)

(+3つ

(+38)

0-― → Ix Θ ΩFlい )豊
室と翌

'取

Θ ΣFl(m)黒 Ix Θ Σ,20)

αq Eム Σl(れ)Θ οx」菫=Σ「
1(れ)O οx

単野l,電T (界 i渚⊇ミ、咄旨Lttynt躍牙
rmけ3°め̈,驚∞eぬ乱

Combining the constructiOn above ofヌwith our previous results,37e ha、c the following theorem On
the syzygy class map.

Theorem l.12(ci l131,1141)五 et χ  be α ′″ノθοttυθ ,Obscλ cmeげ P=PV(C)υ λ

'Cん

。αιれβe3 α屁統一

鵬押l鶴轡加勤;僻i織鶴落il扮憾:辮顆
ψ αCeげ tJれ JttSれ al οbs力逸cれο

"Jπ
「ιFTI Cο

j″Cjαθ υJtt θαελ οttθ
"ス

cοη ο
`θ
」 map:

ldr

O一  Ω31x(れ)

↓▼E″ 1-▼
E・

-11-
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(+39)

二 Im[亀Frl⊆″1(X,ⅣΥ/P Θ Ω3(m))

Γ(3多夕)(m))
ρ
(7,,)

∬1(4'畔/P●Ω3い))

伴4の   “J         I砺
F(ム4)ぃ)/Σ4・Ц二4)し―lll―「∬。(X,Ωlい)陵ソれllrOにΩ3(れ)】

Oπ  tte m″ λ beJη g lπ ttπ θ,c,υ c cα ,COり

'rれ

,ια
`ル
Jzου● 動 θ ″竹dθd m`π ,mα J rreθ た sοttιりοπ

おりπj“e ποι οれ″η ιο cλα,2 λοれοιの,es btt αおοψ
"cλ
αれおοれοψλおれ,磁 jcλ

“
π be dθscttbθご

募節劣i硼憮肌鰍ぷ鮮棚?脱価
を
卜
λ
ttyttζttT鰍おοれοηλぉms arzF)七Jor ιλe maps λ七

§2 The Main Result

Ltt us recal the rぃ。lution(≠_4),the cottdellts{〃13}in(+7),and Cdculate the syzygy class mapρ仏→叩bt,恥may asmme l≦9≦λ̈dれ≧G tthOwtt「,6Ч2)]ちLi貯“れた,and α●‐ith the fOur conditions:0≦ α≦Ⅳ;1≦
`≦
ん,1≦ ん≦σ(j

(+41) μ:P,43/ガ緯

ρO,π):r(二ζP(m))一二→∬。(■」x.Ω「1(m))

■2● I。(ムΩ;(m)x)

お6ιウ
“
ι
'υ
θ οttο tte ttb,“ce fれに:Frl.おたθme′cο

`π
c,des磁流仇e sυわψα

“Σ胆04「
(3多r)(m_1))

動
"流
eんοれοれοψλttmがら‐),πれ

“
s απ,θοれο■■,smメら2):Γネに4))(m)黎Tοrf(載,7等)(")→

f7DIιFTl動em″メ9,2)たca`たd the"平ys dass mapおr degree m part

慨響熙静像輸霧i鞘聯熙鍵=}慶ソ絨多鮮,解聯

Nov7●re take a」。b」sectbn ψ Of4)(m):

(+42)
σ(9-1) σ(o-1)

ψ =Σ  ttθ 『
―り cR鳥 4)(m))⊆ Fに

斗 ,Fl(m))堅 ①
Γ(30Pい 一 れ ,一

。
))ο『
~⊃

2-1
τ=1

-12-
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Then,s面 hけ tO(井6)and(#‐41),weddn。

(+43)

For

→,…

(#‐44)

othen7ise we put ct(・)'‐,'(1)=0.

ρJ =ヽ島也赫 Cは0,

屁:=m―配『-1) 脂):=ZZ“ .

an integer υ=1,…  ,9-l alld mo■ ・ing indices t(1),ι(2),… ,t(0)With l≦ t(1)≦ σ(9-

,1≦ιO)≦
“

-0,fm>れ∫げ> ・̈>れ∫『)≧1,・7e Sa a pOstitt Tttbnd number:

(≠‐45)

凝 ,)

ム cr(二 οP(亀 ))by re g a d i n g t h e  bコにbundL O P (十 )aS th e  S h e a f o f O g u s  p s e t l d o  O―formsΣ 3.(1)/ P / C ( * )

On an open set y⊆D+(a),V7e havα

)=▽οcOP Oイ)

―r=ふαし)表痺暑}ЙΘイー1+r鼻≠α炭瘍暑・́Θイ
1

Th∞ ,we see that tt C Ц ス ΣbPO/Pκ 01)))and π  c「 (RΣ bPO/″ c(屁》
就 h▽ 。c‐dosdness,

nameけ▽οσd))=O and▽oc(励=0

Matn Theorem 2.1(ExPIcit fortn ofthe Syttgy class map)伽 溌r tte cttmstall“ら流θ9-84"

cLss mcP rar d“m烈 雌

(#-471

Roll Coro■ ary l.6 alld ap口y the Ogus derl17ath▽ 。cお th tttb“ z音 IcP(3 οP(唱 》
alld

=▽oc(43)=▽οcOtノΘグ路)

={4・μ:メートえaし)糾寿}4Θが
‐+Fえ.親ιΘが

4

―
―
―
―
―
―
―
ｌ
ｌ
ｉ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
‥
日
―
―
―
―
―
―
―
―
―
―
―
―
―
―
―
―
―
―
■
■
■
■
■
■
■
■
■
■
■

(+46)

7 7 t

ρ(9,“):「(二ζl)(れ))→ Irl(二Ⅳ
V(m)Θ Ω3)

seれぬ 流e,ecι

`ο

πψ c「(二2づF)い )).π6′
‐イ″ ιο tte cι

“
θι流,硫λα,力 e甲

“

θθ,ια
`続
●r ttθメ
"ι
の こん

cacνoた,■

`1({硫
},‐A‐
Vい
)Θ Ωl)Caれ,電力 れε

l({佐
},Ix(m)Θ Ω3)ag r・JJ・".

(井48) ρ(。'm)(ψ)=[{(硫∩rJ・,%,6)』, {(硫∩yb,%,ぁ)}C Cl({硫},Ixい)ΘΩ})

一に
　
一〃

▽。　
件仇ｔ

一一　
　
〓
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%・=掛J市2イ={脳…(洋lμ")」め

(価鳳)(1あおお毬)… (IP。→μ緯8_。)

蝙  絣  

…

 脇

鰊  趾

…

 絣

}(会)~ld(弁)Ad(タト)A…Ad(みをL)Θz『

弼聯島I灘∴為Im就 ∫瑠嚇(1認棚輯麟筋
m t t e 3流aをび■3tes″πα:&ⅢⅢ p"♭た,“22`Oα′"ct hb"π

tt arれ麟jヵ
"cη
 λ″んθr οbS夕

“"。
,s

F19・ll E・l＼

ProOf Of.Main Theorem.TO avoid the dittculty described h Remark 2 2,let us recall several r●ults
iclnl「4 0n the ogus complex Byュ芍,77e』ready knm that tanng the n・edges of the shOrt exact
sequence:

(半-49)    0~~→ Ωレ,い)需 Σレ″Bい)π=メ
∬π~~→ 0'

we can d∝OmpOse the Kottul‐Ogus∞mplex(Σレ″′い),κ)into the shOrt exact∞quence,

Σ野場,い) 0

|
(券 50) O     Ω

場 ,(れ )赫
Σ
し

“

B(m)聟 鋪 売 い )一 ― 一 -0,

＼ 卜…W
Σ野場,(m)

where the=配dle horLontal sequen∝h(≠_50)comddes wtth the 9-th wedge Of the short exact sequellce

(#-491 As“knclw by Lemma l.14 of l141,putthg η_Eυ=a9+⇒_,υ°▽廃)●7e See:

η―Eυ o α9-2υ=“ Id:Ω勧,(m)→Ω鋳,(れ),
(井51)

-14-
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and that the homclmorphぶ m of abd出 勧n sheaves γ9_Eυ お a dlbrential operator Of Order l Ushg this

homomorphttm■ _2υ,W℃buld up an exact∞mmutatlve diagraln by the the middle horizonttt sequellce

in(#-50)tenSOred‖th the sheaf of dd濾ng ideals lx/″of a dOSed subscheme  X in″arld the t¨
ho五zonta short exact sequences ln(+9)replacing P by″/B.

(■52)

0-・ x/″ΘΩ♭,(m)
lXmll

αtt lx7″●Σヵ/″,い)垂与 み/″ΘΩ影弗ぃ)一→ 0

-0

-0

T h e  h o l n o m c l r p h s n l s  α,N and βコN abO"a r e  t h e  r e s t r i c t b n s  o f t h e  l l o m o n l o r p h t t m s  α9 D′and島_コυ,
respect h dェTごにng the b n g  c o h o m d o t t  e x a c t  s e q t l e n c e s  o f ( + 5 2 ) ,¨get

(#-53)亀 Fr O■ =(― m),。 あ ″ :rfO(z」 x Θ ΩttL(れ ))→
∬
1(X,Iχ

/″
Θ Ω
%B(m))

L e t  u s  r e c a n  t h a t  t h e  e x t e n s i o n  c l a s s  O f  t h e  s h o r t  e x a c t  s e q u e n c e ( # - 4 9 ) w i b  p u t t i n gれ=O L th e

same cltts Of llet Sequence of I,nam■ the frSt Chem class cl(∬ )C11(ZΩ 静 )US・ ng the si壼 lar

証gument i n  iη,Once f  u 7 e  h a v e  a」obi seC t i O n  o f∬。(zlxΘΩttLい)),the■″tenSorhg  t h e  d O b』
s e c t b n ,“can∞mpare t l l e  t o p  h o rしont」exact s e q u e n c e  m ( # - 5 2 )●71th(#- 4 9 ) f o r  m = O  a n d  s e e  t h a t

the mapあ ″ colncides with the map by∞ upling the irst Chern class Uιl(Ir)

NOn7 vle return to the case:7=P=PN(C),I=OP(1),and B=Spec(C)We can calculate

Cl(OP(1))C11(スΩ〉)as the extenslon class of the short exact sequence(#49)with puttlng m=0
and see that

(#‐5→   cl(の ←))=I{lyc∩銑,(ろ/Zc)~lu4/4》}]c il⊂硫},Ω卜)

Let us start b37 putting α。=ψ m(+36)Then,appい ng the equttty(■53),

ル
Oo=瓦

嘉丁 o喘

"。

天④ =― rOttN Ottω
=_ト ェρ P① )U4=司

一 [Ⅲ
 UQρ P① 月,

whereらlcr(ム々●Ω野
1(m))and α(._1)_Eυ(。91)=α9_lCr(RΣ卜

1(m))=Γ(2Ξ力)。(m))
EssentialL the elements α.l and a9_l arethe sAme However,there L a d』いmce m the efOrts to get

tttr exp■ci local expressbns.Thus we use dferent symbols to distingish them

By the equal■ ies(≠■54)and(+55),once We get the local expres」 on of a9_l on the open set a.as h

LeI― a25 h thesequd,wec麿 町 get ϋ =― (α9_1眈 )A((乙 /4)~ld(Z・ /Za))Cr(硫
∩銑 ,IxΘ ΩЪい ))

0-―,Ix/″●ΩレB(m)―=ゴ
rl

O一 Iχ/″ΘΩttBい)篇

lγ
。―Eυ

Ω鋳,(m)

↓
ΩttBい)レ〈っ

|―
df

言  
ΩttFい)レ

‖
亨  
Ω鋳20)レ

as h the Mtt Theorem
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I n  t h e  r e m a i n i n g  p a r t  o f  t h i s  p a p e r , w e  c a l c u l a t e  t h e  l o c a l  a x p r e s s i o n  o fこ轟 oll the  o p e n  s d銑=
D+(る)by the  f o l l t t g  t h r∝len■mata

σ(9-1)

Lenlma 2.3乃r απ
`π
ιωer υ=1,… ,c-1“dcs“ι」οπ ψ=Σ

ズ⇒ョ
2。43⊃cr(24)い),磁流
|

pυttη αO:=ψαれd Cpp″jη tte dφれ
'aο
π仔―θの,ψe,Ct a,あba:|“蕊οπ atげΞ勁ド

ι~°(m):

(井56)

%=←⇒Ψσゝり…Ⅲだれぞo″劇弼訳→
'(1)=1  ,(・

■

佑 PDA疑 高 λ →
A― Aお

1⇒
∧雨 三高

■

ふ pa協

“
に ザ●=9-1,流 e■F●=S,流 硫 :叩

“

e,こ
あ
=lCS,れ

∫b=0,い
ピσ⑩)=1,・ ma″

ι(7)=1,流 υθ υθ λωe

(+57)

%‐=←⊃りσゝ⇒…ズ■lmメⅢ…0し緯高Θ〃3(り
'(1)‐
1

疑総_1),t._幼
∧轟8-幼 ,t(9_OA―

A轟
あ践1)A嘱 3

Proo■Appけth hdudion Ollthe integer t.She`羹h́盤 aゝtld π's are▽oodosed by the equtties
(#45)and(f46),we haVe only to care the teral M総

,く→by Lemma l.3∞
get the sectbn L+1=

け'9~・
~1(at)in the prclcess of國

Ⅲ蛇 Out tL inductbo Recalling the fact that

(井58) 謝 3・
~1(m)= ΣbP。ソP/cい―m∫:ご5。)o∫〔詳5→

to check the∞ ettcients 1/(m―れ∫t群51))ェおing from the r‐ised Ogus derlvatbn O,■ls easy to see
that

(+59)

L+1

①̈中

=驚ボll―ll宇相…裾π″←“
痢

轟田)嵐→A稿‖と。A…・A市桜DA雨)a高
め
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Lemma 2.4 0η ιんθ sαme αθJι塑
"ο

π or ιemmα ″ ″,流 。あCa:eη
"`説
οπ げ 流e element ag-lC

r(3Ξ
力 )。い ))ο

π ttθ硼続θ

"e・

Set D十(4)お ¨ e,αθ roιわり,比
",流
θれα硫 vれ θαπs“ れOυ‐

Ⅲ 流θοけ
“

ιο,流 e mα確.

(+60)

ag~1'十
(Z●)=

(-1)氏響σゝ
り・…

t(1)== ルJ:=m・♂9刊'…バ⇒・μ躍→州
Σ
一

―
―
―
―
ｌ
ｌ
ｉ
１
１
１
１
１
１
１
１
１
１
１
１
１
１
１
１
１
１
１
■
■
口
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■

等場券2-携籍瘍謡碧碁%1∧…・A嬌9_lΘη
~・+1

←⇒彎⊇
σ
ゝ
⊃.…1)プ←lν-l  Σ

°
`(1)=1  '(9-1)=l 

η=1    .″
ぁ…,し, ′̈1.

m・メ9-D―ズリ・4と り悔雄3)Ц.―υ
_。黙 .。り_⇒―にた。(会)2宅場辞

ユ
}

叫鶉デ…・↓…鯰 鰊 銑A峰=A―・↓・…A4_③η
~9+1

+(-1)`中
σ
ゝ
D.¨

t(1)=1

(_1)|-2 Σ
°

‐1       `1,′ 2, ,̈'7-2

り
…・
島 霧 募

銭 A嬌 ,A… ・A亀 _Θ ぞ
~9・1

認瑠;枇1就き翠絡P継ぷ弔
も罰πもh tt tight h飩出

“
Jtte e叩」け件51.

Letnllla 2.5昴der ttθこた●7“れ,“ら流e,I●baJ s“‖οn d「lcr(■ Ix Θ ΩFl(m))ttta sαゅ
αO―D―Eυ(αl_1)=α 91CP(RΣ Fl(m))=r(二 Ξ

野ソ
(m))んαθ tte r●::0り,“ あcCι eη

"ssiο
π οn流 o

中πe・pe"。et D+(4)

０，″向

一畿
ヽ

―

′

ノ

笙
Ｚ

／
′
―
ヽ≠

″
や
ん
叶〓

一一弔一％
′

り

ヽ

ヽ一

↓
０

１
，
，
μ一び

ｍ

ヽ
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(+61)

らし+0=赫J"2澪,11{相…Tメ‐)」⇒t(9-1)-1

(馬鳳)にあおおR)

聰

鰊

辮

∂こあl出
a(zJq_1/z。)

…019_μ批総刊)

…

 鼎

…

 鰈

}d(61)A・…Ad(年)●Z『
Proo■By the equality(#-51),we see that(1/m)γ(9_ll_,び(α。-1)=d暮■ TO getる馨■frOm c9_1,it is
enough to apply the formula of γ(.ll―Eυ h Lenmal.17 of l141              ロ
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