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AHHOTATINSL.

B crarbe paccmarpuBaioTcsd npeganydku adeseBbix rpyui ¢ Witt-tpancdepamu.
Taxue Tpancdepbl ABAAIOTCS HEKOTOPHIM BaApUAHTOM OPUEHTUPOBAHHBLIX TpaHCcde-
POB, a MPEJINYYKN C STUMU TpaHchepamMu onpepessaioTcsd Kak (QyHKTOPbI U3 KaTe-
ropun Wor, KoTopad gBjseTcsd HEKOTOPBIM PACIIHPEeHueM KaTeropuy IIaJakuX ad-
dunHEBIX cxeM. B 1anHO# cTaThe JOKa3aH M30MODPMU3M ITAJBHOTO BBIDE3AHWUS B Pa3-
MePHOCTH 1 JIJIT TOMOTONHYeCKN HHBAPUAHTHBIX MpeanydkoB ¢ Witt-rpancdepamvu.
W3 sroro nzomopdusma BMecTe ¢ B30MOPGU3IMOM BBIPE3aHHS 110 3aPUCCKOMY Ha ad-
dbunHO TPsIMOil BBIBEIEHO, UTO MIYUOK B TOMOI0rHN HucHeBnyIa acconuupoBannblii ¢
rOMOTOINMYECKN MHBAPUAHTHLIM HpeaiydkoMm ¢ Witt-rpancdepaMu roMoTonn4ecKu
nnBapuantet. /lokazareabcTBO n30MOppU3Ma BhIpe3aHUs OCYIIECTBIACTCS TTOCPE/I-
CTBOM TIOCTPOEHUS CHENMUATbHBIX MOpGU3MOB B Kareropuu Wor, neficTByionmx B
CTOPOHY MPOTHBOTOJIOXKHYIO 33/ IAHHBIM MOP(MU3IMAM CXEM.

Karouesvie caosa. mpeanydox ¢ TpancdepaMu, FoOMOTOIIHYECKAsE HHBAPHAHTHOCTD,
U30MOPMU3M BBIPE3aHUA. PEe3AHUSI.

IHO,ZL,ZLep}KaH rpantom PODU 14-01-31095.
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1. BBEJEHUE.

B passurme pesyabraToB B.A. BoeBomcKoro mo mocTpoeHuo KaTeropud MOTHBOB
DM~ [1] N.A. Tlanuubiv Oblia nocTaBieHa 3a1ada nocrpoennst Kareropuun Witt-
MOTUBOB. HeoOXouMbIM 3TAIOM pEIeHusT ITOH 3a/1a9n SIBJISIETCS T0KA3aTe/TbCTBO
TOMOTOTTHYECKO MHBAPHAHTHOCTH IMIYYKa, aCCOIMMUPOBAHHOTO B TOHOOrnn Huche-
BUYA C TOMOTONUYECKH MHBAPUAHTHBIM IIPeAnydKkoM, obaagaromnmm Witt-tpancde-
pamm.

B nmaprpade 2 npusejsieno onpejesienue npeanydkon ¢ Witt-rpancdepamu na ka-
Teropuu riaaIkuxX achGUHHBIX MHOI0OOpa3uii Hal HEKOTOPBIM MOJIEM KaK (DyHKTOPOB
u3 HekoTopoit Kareropuu Wor, B KOTOPYIO BKJIAJIBIBACTCA KATErOPHUs TJIAJKHX ad-
GUHHBIX MHOT00OPA3HIA.

B naprpade 3 joka3zbiBaercd n3oMopdu3M ITAJBHOIO BbIpe3aHUs B Pa3MepHO-
cru 1 1 TOMOTONUYECKN WHBAPUAHTHOTO npeanydka ¢ Witt-tpancdepamu, T.e.
nzomopduszma
FU—=-2) ~ FU -7

FO) T Ewy
rae w: U — U’ — sranbublii MOPMU3M IJIQJKUX JOKAJIBHBIX OJHOMEPHBIX CXEM,
331101 n30MOPQMU3M HA 3aMKHYTBIX T: 2’ ~ z. JloKa3arejbCTBO OCYLIECTBIIACTCS
OyTéM MTOCTPOEHUsI CHEMUAJBHBIX MOPGU3MOB B Kareropuu Wor, sSBISOMUXCS B
HEKOTOPOM CMBIC/I€ OOPATHBIMY K 7.

B naprpade 4 u3 nzomopdu3MoB BbIpe3aHUs BHIBOINTCS CIOPHEKTBHOCTD Z 74, | AL
—» 9NZ-S| 41 KQHOHWYECKOTO OTOOparKeHMs W3 CeveHmil acCOIMMPOBAHHOIO TyYKa B
TOIOJIOTHH 3aPUCCKOTO B CEYEHUs aCCOMMUPOBAHHOIO My4Ka B Tomo jjoruu Hucunesu-
4a IIpH OrpaHudeHnd Ha Al 9To B coueTannm ¢ CIOPHEKTUBHOCTLIO Z [p1 — F 74,
KOHOHHUYECKOTO O0ParKEeHHs J1aeT CIOPBHEKTHBHOCTH

|y = Fwis| -

N3 yero caepyer oCHOBHO pe3y/ibTaT O COXPAHEHUU IOMOTOIUYCKON MHBAPUAHTHO-
CTH, T.€. M30MOPMUIMbI

* .

—»

Al

JOZNZ'S(X) ~ ENI-S(AI X X)
a1 Beex X.

2. [TrpEAIYYKU C Witt-TPAHCOEPAMU.
[Tycts Smy — xareropust adppUHHBIX TVIAIKAX MHOr00Opa3nii HaJL mojieM k.

Onpepenenne 1 (Proj(p)). Husa mopdusma riuagakux abduaabX cxem p: S — U
ompejieiuM Kareroputo Proj(p) — Kak mogkareroputoo B kateropuu k[S]-momyseit,
COCTOAIIYIO M3 MOJYJIH, SABISIONHUXCS KOHEYHO TOPOXK IEHHBIMA MPOCKTUBHBIMHA HAJI
kU], u cuabaum Proj(p) dbyuxkropom asoiicrsennoctu D,: Proj(p) — Proj(p)

D, (M) = Homy) (M, k[U]).

Sameuanne 1. lig aByx mopdusmon S’ NN 5§ ompeseEéH COTJIACOBAaHHBIN C
JIBOMCTBEHHOCTHIO (DYHKTOD OTpaHUIeHus] CKATAPOB (Hau npsaMoro obpasa) f.: Proj(fo
op) = Proj(p).

Hnsg nByx mopdusmos p: S — U u u: U — U oupenenéH coraacoBaHHBIA ¢
JBONCTBEHHOCTBIO (DYHKTOD 3aMeHbl 6asbl (mim obparHoro obpasa) u*: Proj(p) —
Proj(p'), tue p': S xy U' — U’ — kononuueckuii Mmopdusm.

ITpueném onpenesnenns agauTupHoit Kareropun Wor, m npenpyukos ¢ Witt-
TpaHcdepaMmu.
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Onpenenenne 2 (Wory).

o ObWor, = ObSm

e Wori(X,Y) =W (Proj(pr)), vae pr — npoerust Y X X na X, a W — rpynmna
BurTta TouHOil Kareropuu ¢ IBOficTBEHHOCTHIO (ompeaenaenue 27 u3 [2]).

e komnosutust Mopduzmos & € Wor(X,Y) u U € Wor,(Y, Z) onpenessiercs
KaK TeH30pHOe TpousBejeHue Haj k[Y] cOOTBETCTBYIOIUX KBaIpaTHIHBIX
IPOCTPAHCTB;

® TOXKJECTBEHHDLH MOPQU3M ONpeIe/IAeTcs AUArOHABIO, T.e. MOAYAeM kx]k[X ], )
1 KaHoHHYIecKnM m3omopdusmom k[ X| ~ Homyx)(k[X], k[X]).

Onpenenenne 3 (ITpeanyuaok ¢ Witt-tpancdepanvn). TIpeamnyakom abesieBbix rpyn
¢ Witt-rpancdepamu nazwsiaercss pyukrop F: Wor, — Ab.

B nambueiiniem OyayT MCHOIB30BATHCH CJEAYONIHE (PAKTHl U JOTOJTHUTETLHBIE
OTIpeJIeIICHASI.

3amMmeuanue 2.

1. Onpenenén byHKTOp BIOKeHUST Smy, — Wory,, mepeBoIsIuil peryasipaoe oroopa-
xenne f: X — Y B Mopdusm, onpeessseMblii iy 9K0M k[X]k:[X]k[Y] 1 KAHOHUYECKUM

usomopdusmonm k[X |y = Hompx) (k[ Xy, (K[X]).
2. B kareroputo Wory moxkuo 106aBUTH CyIECTBEHHO IJIaJIKHE CXeMbl KaK (popMaJib-
HbI€ IIpEaeJIbl.

3. dng K = k(X) — moJsist 9acTHBIX MTPOM3BOJBHOTO TIATKOr0 adbdUHHOTO MHOTO06-
pasug X, onpeeneno Biaoxkeane Woryg — Wory, .

4. Kareropusa Wory, moxer 6biTb onpeesena Ha napsl (X1, Xs), e Xy — oTKpbITOE
HOJIMHOXKECTBO X1, OIIPEJIeJTUB MOP(PUIMBI MEXKTY HapaMu iy : Xo <> X1, ty: Yo —
Y, :

Work((Xla X2)7 (Yiv Yé)) =
— coker(Wory(X1, Ya) S5 pyor= (X, 5 X1, Vs — Y1),

rae Wor,” — Kareropus crpesok. ObbrdHag Kateropus Wory BKIaIpiBaeTcsd B Ka-
TEropuIo map Tak 4to MEHOroodpasuto X conocrasisercs napa (X, ().
5. Jlokammzosas Wory, o mpoexmmsm Al x X — X, ang Bcex X, MOXKHO oIpe-
nemurs Wory. Torma aus asyx cxem X u Y Worg(X,Y) = coker(Wor,(A! x
—oig)—(—o1 L.

x X,Y) (o) (zen), Wory(X,Y)), tae ig,i1: X — Al x X — nysneBoe n equnudanoe
cegenna Al x X.

3ameuanwue 3.

1. IlpoussoabHblil npeanydoxk ¢ Witt-tpancdepaMu % MOXKHO ONPEJIEINTH Ha Cy-
MECTBEHHO IUIAJIKHX CXeMaX, KaK MHAYKTUBHBIN mpees. B qacTHocTH, /14 T1a Ko
cxeMbl X W €€ TOUKH T
ﬁ( lim U)= lm F(U).
zeUCX zeUCX
2. Jlas npou3BoJbHOrO npeanyuka ¢ Witt-rpancdepaMu % MOXKHO OIpeIeJnTh hyHK-

TOp %’ Ha pacCHIMpPEeHHOM, B CMBICJIE 3aMedanus 2.4, Kareropuu Wory, Tak, 4ro Ha
nape (X1, X3) (Xs — orkpeiroe B X1):

F(Xa)

F (X1, X,) =
( 1, 2) y(Xl)a




IIPH 9TOM, TTOCKOJIbKY MHIYKTHBHBIE TPEIEIbI KOMMYTHPYIOT C KOSIIPAMH, 9TO OIpe-
JleJIeHre COMIACOBAHHO € ONPJETCHHEM H3 TPEIBIAYIIEro MyHKTa, T.e. JJIs Hapbl
(U1, Uy), aBasiomnieiicss TpoeKTUBHBIM IpenesnoM lim (X7, X3),

i

F'(Uy, Us) = lim F'(X1, X;3).

3. Ilyuakom ¢ Witt-rpancdepamn Ha3bIBAETCS MPEIYYO0K, KOTOPBIN ABISAETCS IIYy9IKOM
u umeet Witt-tpancdepsl.

4. Tomoronundecku mHBapuaHTHLIM 1peiydkom ¢ Witt-rpancdepamu HazbiBaeTcs
HPE/INYY0K, KOTOPbI romoTonnyeckn uupapuanten u umeer Witt-rpanccepnr. Ta-
KOl npeirydok npormyckaerca yepe3s Wory — Wory.

3. 9TAJIBHOE BBIPE3AHUE B PABMEPHOCTH 1

Teopema 1. [lycmv F — z2omomonuvecky unsapuarmuoil npednyyox ¢ Witt-
mpancpepamu, u 7: X' — X — smarvhoili Mopdusm 2aadkux Kpusvir Had nosem
K, ABAANOUUMCA NOAEM YACTNHOLL HEKOMOPO20 2/4060K020 aPPUHH020 MHO2000pa3uA,
maxot, wmo nmpoobpad Hexomopot 3amrHymot mouku z € X nod deticmeuem
usomopger z. Toeda ™ undyyupyem usomoppusm

FU—-2) ~ FU —2)

F(U) FU)
ede U — nokanvran oxpecmuocms z 6 X, a U — aokaavras oxpecmuocms 2 =
=pi~'(z) 6 X'

*

™o

Sameuanne 4. B repmunax 3amedanus 3.2 reopema 1 o3nagaer, uro i*: F'(U, U—
—z) = F'(U, U — z) — uzomopbusm.

Jlemma 3.1. IHycmo 7w: X — X'— amarvnuvitli Mmopdusm 2Aa0KUT KPUGHLT ¢ MPUGU-
ANDHUMU KAHOHUYECKUMU Kaaccamu, z u 2 — mouku X u X' makue, wmo w(2') = z

u noaa sviuemos z u 2 uzomopprw, U = lim V, U'= lim V', moeda:
zeVCX 2'eV'cX’

a) cywecmeyem ® € Worg (U, U — z), (X', X' — 2)) maxod, wmo [m o ®] = [i] &
WOTK((Ua U— Z)v (XvX - Z))a

b) cywecmeyem W € Worg(U,U — z), (X', X' — 2')) maxotd, wmo [V orx] =[] 6
Worg (U, U — 2, (X', X" — 2')).
Sameuanne 5. Yreepxkienue Jlemmor 3.1 oznagaer, aro B Worg (U, U—2z), (X, X —
- 7))
[To®] =[i] +[Q], e e Worg(U,X —2) mu
(Wor]=1[]+[Q], tne Y € Worp(U', X' —2).

DTO MOKET ObITH 00ECIIEUeHO CJIEAY FOIMMIA KOMMY TATHBHBIMUI quarpaMmmamMu B Worg.




(U — ) x Alc—>[] x Al

Ny

(

%

X/_Z X/ 9

T7e jo ¥ j1 — HYJIEBOE W €TUHUIHOE CEICHUS.

Buwieod meopemv, 1 us semmo.

[TokaxkeMm, 910 u3 jJeMMbl 3.1a) ciaegyer uwbekrusaocTh m*. Ilycrs a € F'(U —

—2,U) u *(a) = 0. Iockosbky F'(U — z,U) = limy F'(V — 2, V), ymenbius
2'eV'CX’

X u X’ MoxHO 1006uTHCsT, 9TOOB @ = j*(ax), ax € F'(X — 2z, X), tne j: U — X,

a TakKe, 4TOObl KaHoHWYecKHe Kaacckl X m X' Oblinm TpuBuaabHBIMU. Torma 1o

aemme 3.1a), npumenénnoii k HoBbiM X u X', j*(ax) = ®*(7*(ax)) = 0. Suauwnr,

aapo 7 pasHo 0.

Temepb nokazkem, 910 u3 jgemmbl 3.10) craenyer ciopbwektusrocTh 7. Ilycrs a €
€ F'(U — z,U’). AnanorndHo ckazaHHOMY BbITiie, yMeHbITHB X 1 X', MOXKHO J10-
ourhes, arobsl a = i (dly), a’y € F'(X' — 2z, X’). Torga mo aemme 3.1b), npumvenén-
woit kK X u X', i"(dly) = 7*(®*(d'y)) . Buauur 7* cropbexTHBHO. O

Zoxazameavemeo aemmuo, 3.1.

IIycrs X, X — npoexkTusHbie 3aMbpikanug X u X', Ilpogomxum 7 10 mopdusma
7T X — X. O6osnauum D = X\X, D' =X \X', D' =7 D) Cc X, uAC XxU
— rpacduk Bioxkenud i: U — X.

JLast mocTpoenust HCKOMBIX MOpdu3nMoB @, © u () 10CTATOYHO TOCTPOUTH:

. P — xBajparuunoe npoctpanctBo B Proj(pry), tue pry: X' x U — U — KaHOHHU-
deckas npoeknus. T.e. P € K[X' x U] — mod — koneuno mopoxaénusiii nag K[U]
u K[X' x Ul-nmuneiinstit uzomopbusm qp: P ~ Hom(P, K[U)),
. H — xBajipaTuyHOe OPOCTPAHCTBO B Proj(praixy), Tie praixy: X' x Al x U —
Al X U — xanonmueckas npoekmuga. T.e. H € K[X x A' x U] — mod — xome4no
nopoxaéunbiit nag K[A! x U]l n K[X x A x Ul-nmmmeiustii uzomopdusm qg: H ~
Hom(H, K[A' x U]),
TaKue, 4To:
. KAHOHHYECKHE 0TOOPaKEHMUS:
P &g KU — 2] = K[X' = 2] @kxq P @k K[U - 2],

SABJILIOTCS U30MOPDUIMAMH,
. M CYIIECTBYIOT U30MOPMU3MbI KBAPATHYHBIX HPOCTPAHCTB:
jo"(qu) = mv.(qp)
1 (an) ~ a8 © qc,
rie gn — eJuHuYHasg KBajaparudHas dbopma Ha K[A] (T.e. bopma, moayuaemas u3
equHAIHON pu momoru uzomopdusma K[A] ~ K[U]), un K[X x Ul-vmoayns G, Ha
KOTOPOM OTIpeJieJieHa KBajpaTuunas (hopMa g, obaamgaer cpoiictBom G ~ K[X —
— 2 @k G

Bymem cTponTh 3T MOAYIN C TIOMOIIHIO CIIENMAJIHLHO BHIOPAHHBIX IT0OAJIBHBIX Ce-

_/ —

dennii mydkos s’ € L (nD)) na X, s € L(InDywpr) Ha Xyyar 1 So, 81 € Z(InDy)

(3.1)



Ha Xy (HHKHUMH WHIEKCAMH 37eCh 0003HAYEHBI 3aMeHbl 6a3bl), KOTOpble Oymem
HAXOJUTH C MOMOIIIO CJAEAYIOMEH TMOIeMMBbI, SIBJISIIOIIENCS CJIeICTBHEM TEOPEeMbI
Ceppa (Teopema 5.2, r1. 3 u3 [3]):

IMogmemma 3.1.1. ITyemo X — npoexmushas crema nad cnekmpom HEKOmopo2o
NEMEPOB0O20 KOALUA, Z — 3aAMENYMAA nodcxema, F — Kozepenmuvill ny4ok, u L
— ouenv obuavroe aunetinoe paccaoenue wa X. Jlaa ecex n, 6oALWUL HEKOMOPO2O
k, oeparnuvenue I'(F @ L%") - T'((F ® a?@”){z) — CHPBEKMUBHO.

Beeném ponosHuTenbHble 0003HAYEHHA: Z — IWATOHANDL B 2z X z, Z — rpaduk
7: 2 — 2z, KOTOpbIi PaKTHUECKN TOXKE ABJSETCs JUArOHAJIBIO, IIOCKOJIbKY T 3a/1a6T
uzoMmopdusm z u 2z, W — nokanbHas okpecrnocrb z B z X U, W' — jiokabHas
okpecTHOCTh Z B 2' X U, § — nokanbubiii napaverp 8 K[W'], N' = SpecK[W']/§"
— 3aMKHyTasd nojcxema B W,

CHagayla HOCTPOMM HMCKOMOe cedeHHWe Ha X ,, /IS 3TOrO JOKazKeM Cieyrolee
YTBEDKJIeHUE:

IMognemma 3.1.2. lycms m: X' — X — xoneurwili Mopdusm npoexmueHbie Kpu-
6oL Had OECKOHeuHbIM nosem, 2 — s3amkuymas movwka X', Y — zamrxrymasn nod-
crema X' we codeporcawan z, u L — oueHv 00UAOHBIT AOKAALHO C80BOOHVIT NYUOK
parea 1 na X'. Toeda das écex n 60ALWUL HEKOMOPO20 Mo CYWECTNEYEM 200004~
noe cevenue s nyura L7, obpawaroweeca 6 0 6 z, ne obpawaroweecs 6 0 na 'Y, u
maxoe, 4mo o2panuderue T Ha div S ABAAEMCA 3AMKEHYMBM BAOHCEHUEM (MOYHEE,
umeemes 66udy oepanuvenue T Ha nodcxemy 6 X' onpedessemyio nyukom udeanos
6 O(X') cocmosawum uz dynkyud f: divf > divs).

okxazameavemeo nodaemmos 3.1.2.

To, uro 7: divs — X — 3aMKHyTOe BJIOXKeHHE, O3HA4YaeT, 4T0 &,: O(X)) —
7.(O(divs)), uapynupoBantoe m, cropbekTuBHO. OGo3HauMM depes ' addunnoe
IPOCTPAHCTBO INIOOAIBHBIX cedeHHi £®", cocrodiiee U3 CedeHmi 00PaImalONIIXCs
B 0 B 2. Ilo mommemme 3.1.1 mast 6onbimux n [T #memycro. [lokaxkem, 9T0 HECIOPD-
eKTUBHOCTh £, — 3aMKHyToe ycjoBue B ['. Jljist aToro paccmorpum orodbparkeHue
p = ar: X' xI' = X x I' u yuusepcanbuoe ceuenne sp € ['(pri, (£%")), rae
pr: X' xI' - X’ — npoeknus Buoab I'. Oupenenum Z; C X' x I' — "ocurenb xo-
aapa €,: O(X X I') = p, (O(divsy)), n Z, C I' — obbenunenne HOAIPOCTPAHCTB
ceuenuii obpamaromuxcsa B 0 B kakoi-imbo u3 Touek Y. Torma mckomoe cedenne s
— paruonaabHas Touka I, sexkamas sue prr(Z;) (rae prr — npoeknus Bioab X'),
u BHe Z,. Hamuume pammonansueix Touek I Bue prp(Z;) U Z,,, paBHOCHIBHO TOMY,
aro [ # prr(Z;) U Z,,, KaK cxeMbl HaJT 6A30BBIM MOJIEM.

[Tockonbky Y He comep:KuT z, 1o momaemme 3.1.1, A TOCTATOYHO OOJBIIHX N
cymiecTByer cedenune obparmaromnieecsi B 0 B 2, u He obparaorieecs B 0 va Y, mosromy
I’ # Z,, u mockobKy [ HEIPUBOIMMO JOCTATOYHO JOKa3aTh, 9T0 1" # prr(Z;).

[TockOIbKY TIOCTIe pACIHIHPEHHs] CKAJIAPOB PABEHCTBO ObI HE HAPYIIHIOCH, T0CTA-
TOYHO JIOKA3bIBATh YTBEPIXKICHUE HAJl ajredpandecKu 3aMKHYTHIM mojeM F. Ec-
ma 7w divs — X He gBIsgercd BJOXKeHHeM, TO divs > p; + ps s HEKOTOPBIX
p1,p2 € X', w(p1) = 7(p2) (p1 u pe MoryT coBnanarh). s TOro, 4ToObl ONEHUTH
pPasMEPHOCTL Z;, ONpeIe M KOPa3MepHOCh IoanpocrpaHcTsa. OO03HAYUM uepes
S(D) zamkuyTyI0 ogcxemy B X', ompeesisieMyo mydkoM uaeanos B O(X ), cocTos-
mmx u3 pyuakuuit f: divf > D ans pususopa D B X'. Bamernm, 4o st 60ab1IIMX
n Jis J000i napbl To4YeK pr, po € X' orobpazkeHue orpaHuydeHus

Tp1pam F<$®n) - F($®n)|5(p1+p2+z)) =



CIOD'bEKTUBHO, HOCKOJIBKY IPHU (DUKCHPOBAHHOM 1 CIODBEKTHUBHOCTD T, py 5 SABJISET-
Csl OTKPBITBIM YCJIOBHEM Ha Tapy (pi,Pa), & Ul KaXKIO#H Taphl P, Pe MO MOIIEMME
3.1.1 nasg GONBIIUX N Tp, p, n CIOPBEKTHBHO. CilenoBaTe/bHO, KOPa3MEpHOCTh HOJI-
npocrpancTsa B [y, cocrosinero u3 cevennii div s > pj+pe COBIAAAET € KOPA3ZMEPHO-
crbio nonpocrpancra Gyuknuii {f € F[S(p1+pa+2)] 0 divf > p1+pe,divf > z}
B IIpOCTpaHCTBe (hyHKIMA, oOparmatonuxcs B 0 B z, T.e. paBHA 2, KOIJIA P1,Po 7 2 U
paBHa 1, Korga xors OBl OJHA U3 TOYEK COBIAIAELT C 2.

st mpou3BoIbHOM TOUKH p € X CyIIeCTBYeT KOHEYHOE MHOXKECTBO Tap pi, P2 €
X : w(p1) = w(p2) = p. HockonbKy 1yisi p # w(z) s KaxK a0 Takoii mapbl ycJIoBUe
divs > p; + py onpenensier moaMuokecTBo B [ Kopasmepuoctu 2, to  dim(Z N
(pxT)) <dimID' — 2. Jna p = 7(z) 910 yca0BUS UMEIOT KOPA3MEPHOCTH XOTs OblI
1, smaqnt, dim(Z N (7(z) x I')) < dimI" — 1. Takum obpazom, dim Z < dim['— 1, n
saaunt, I' # prr(Z;). O

[To nojemme 3.1.2, npuMeHEHHON K T, X 5 Xu uyuky Z (D" X z), g n
GOIBIIIX HEKOTOPOro k cymecTsyer cedenme 5 € L(nD" x z) ma 7;, Takoe, 4To
OrpaHMYeHue T, HA diUS SBJISETCs 3aMKHYTHIM BJIOKEHUEM, S 00paIiaercs B HOJIb B
z' u ue obpamaercs B HOJIb Ha T () X 2 — 2z u na D” x U. Tlo nogyemme 3.1.1,
npumenérnoil K MHOoroobpasuam X' x U, X x U, nyukam O(X' x U),0(X x U) u
muueitneiM paceaoenusm £ (D" x U) u L (D" x U) pyst Becex n, GONBIINX HEKOTOPOTO
k, oTobpazKeHusl OrpaHIYIEHUS

NX'x U, Z(nD" x U)) = T(ZLnD" X U)|.. supvus «s)
(X x U, Z(InD x U)) = T(Z(InD x U)|

z><UUD><UUA)

CIOpBEKTUBHBI. Brpibepem n > k, k. V1 BoiGepeM S, yIOBIETBOPSIONIEE OIMUCAHHBIM
BBHIIIE YCJIOBHSIM.
Beibepem s' — ruiobasibhoe ceuenue £ (nD” x U) rakoe, 4ro s"X,XZ =3, 8 —ne

obpamaercsa B Hob Ha D' x U, s’ } v = 0, (371€CH MCTOTB3yeTCSA HEKOTOPAs TPUBHA-
/

msanus £ (nD" x U)|,). Torxa

(3.2) ST ) xU)=2, divs.(D' xU)=0.

[TepBoe PABEHCTEO CJIEYET U3 TOTO, uTo s’ He obpamaercsa B HOMb Ha (T 1(2') x U) —

— 7/, HOCKOJIbKY 5 He obpamaercda B HOIb HA 7T (2) X z — z/, u Toro, uTo s’|N/ =4,

a Bropoe — nepedopy/impoBKa HEOOpalIeHus B HOJIb.

[Tycrb sy — Hekoropoe ceuenne £ (InDy), Takoe, uro div s = Ty, (div s'). Torma
u3 3.2 caemyer:

(3.3) div so.(2' x U) =z, divse.(D x U) = 0.

Temeps BeIOEpeM cevenne s; nyuka £ (InD x U):

Sl‘A =0, Sl‘(zuD)xU = sol(zUD)xU

(coracoBaHHOCTD YCJIOBHIT Ha Iepecedenusx obecrmeduBaeTcs TeM, 410 A N (2 X
x U) =z u sy obpamaercs B HoJb B z). W Ilyers s = 5o+ (1 —t) + 81 - t — ceuenne
Z(InD x U x A'). Torga u3 3.3 moxyuum:

(3.4) divs.(z x U x A') =z x A", divs.(Dx U x A') =0,

ITOCKOJIBKY Sl(zUD)xeAl = SO{(zUD)xU'

IMycts S' = divs', S = divs, Sg = divsg, S1 = divs;. Orpanuyenune Ty Ha
nojcxeMy S’ SBASETCS 3aMKHYTHIM BJIOYKEHHEM, TIOCKOJIBKY HaJ[ 3aMKHYTO TOUKO
U (r.e. z) OHO COBIIaJaeT ¢ OrpAHUYEHHEM T, Ha divs, M SBISETCH 3aMKHYTBIM
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Bro:kerneM. CilegoBaTeabHO Ty 3a0a6T m3omopdusMm S = Sy. Bamernm, uro S’ C
CX'xUmnS C X xUxA! o Bropeim pasencrsaM u3 3.2 u 3.4, 1 ¢ y4éTOM TOTO,

9T0 S|Yxeo = S0, S’Yxel = §1 MOJIy9MM KOMMYTATHBHYIO JUATDAMMY
S ¢ S 05y <~——
&51 1) jis (3) &SO (5) fis/
XUCEJIXNindXXj0 Xy < X,
lpm 2) P (4) lpm ipru
U—2 U x Al 2—U ——T,

B KOTOPO# KBaaparhl (1-4) nexkapToBbI.
1 reneph onpemesum MOLyIH

P = K[S/]K[X’XU]a H = K[S]K[XxeAl]-

JIng npoBepKHM yCaoBus 3, KOTOPOE He 3aBUCHT OT BBIOOPA m30MOPMHU3IMOB ¢p U
1, BOCIO/Ib3YeMCsl TeM, 4TO § — He obpamaercs B HOJIb Ha 2z X (U — z) x Al u s ne
obpamtaercst B Hoab Ha 2’ X (U — 2), n ciegoBaTeabHO

SNzxUxAYCzxzxAlcSN(X xzx A
SN xU)Czxzc8NX xz).
SHaUNT,
KX — 2] @gx) K[S] @) KU — 2] ~ K[S] @k KU — 2]
K[X'— 2| @kx) K[S| @ky KU — 2] ~ K[S'] @k KU — 2].

Teneps yoenumcest uto P u H — KoHEUHO TOPOXKAEHHBIE TpoekTuBHble K |[U| 1
KU x A'] coorercrsenno MojyJiu, U 333/ JuM Ha HUX CTPYKTYDbl KBaJIPATUUHbIX
npocTpancTs. st 3roro mokaxkem, 4ro MOpdu3Mbl cxem pgr = pry oig: S’ —= U n
ps = pryoig: S — U SBASIOTCS KOHEYHBIMU U ILJIOCKUME. U onipesesimvM HeKOTOphIe
K|[S']-nuneiinniit u K [S]-muHeitasrii u3oMopdusmbl

qs: K[S'] ~ Hom(K|S'], K[U)),
qs: K[S] ~ Hom(K[S], K[U x A'),

KOTODBIE OIPEJIETAI0T KBaipaTuaHble TpocTpancTsa B Proj(ps) u Proj(ps), u orpa-
HUYEHUAMHU CKAJISPOB BJIOJIb BJIOXKEHHH iy U Ig IMOJIYUAM HCKOMBIE H30MOPQU3MBI
gp M qg-
[Tycrs d € £ (InD x U x A') — cedenne, xoropoe 3a1aér ausuzop (nD x U x Al
__ s Y 1
Torja f = 5 — panuonanbHag pynknua Ha X X U X A*, KoTopad perysispHa Ha
X x U x A'. PaccmoTpuM oTobpazkenue

F=(fpryxa): X xUx A" - A" x U x A,

u oboznaunm B € K[A' x U x A'] — mod — koo K[X x U x A'] pacemorpennoe
kak K[A! x U x All-monyns nocpeacrsom F.

[Tokazkem, 4T0 B — KOHEUHO MOpox I8HHBIH npoekTuBHbil K [A! X U x Al]-momyin.
J1714 9TOro 3aMeTHM, 9T0 F mojIydaeTcsa OpH IIOMOITH 3aMeHbl 6a3el Al x U x Al —
P! x U x A! u3 npoextusHOr0o Mopdusma

F=([s:d],idyys): X x U x A' = P' x U x A',
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F— MOPGU3M OTHOCUTEIHLHON MPOEKTUBHON KPUBOit X xUxA's OTHOCHUTECJILHYIO
npoexTuBHyI0 mpamyio P! x U x Al 3amanmbri aByMa HEIPONOPIHOHAILHBIME CE-
YEHUsIMH, TOCKOJIBKY S He o0paimaercs B HOJb Ha Dyya1. o mpuBenénuoi nuzxe
nojtemme F— KOHEYHBIH, CIOPBHEKTUBHBIN, TJIOCKWil, 3HAYUT F' — KOHEYHOE, CIOPb-
eKTUBHOE, IIJIOCKOE, U, IIOCKOJIbKY KOHEYHO IMOPOXKJICHHBIN IJIOCKUI MOJYJIb — IPO-
eKTUBHBIN, TO B — KOHeUHO HOPOKIEHHbIN npoekTuBHbli K [Al x U x Al]-Momyib.

IMoamemma 3.1.3. ITyemo F: Xp — Py — mopdusm 2aadkoti omuocumenrvnotd
npoexmuenot kpusoti Xp 6 omuocumenvnyio npoexmusnyio npamiyto Plr nad nexo-
mopoti cyuecmeerto aaadkoti cremoti T, 3adannvili 08YMA HENPONOPUUOHANDHBLMU
cevenuamu s, d Hexkomopozo sunelinozo paccroenus e Xr. Toeda F' — xonewnwid,
COPBERMUSHDBLT, NA0CKUL.

Jokasamenavcmeo. Tipoobpasz F~1(t) C X7 upoussonbnoii rouku ¢ € Py uzomop-
den div(s -t —d-ty) C Xy, rae t1, o HempomopmuonaIbaLle cedenus ¢(1) na Ply.
[TockoIbKY $§ HEPONOPUUOHAJIBHO d, TO § -t —d -ty Z 0, u 3nauurt, div(s-t; —d-ts)
— He 1ycToe cOOCTBEHHOE 3aMKHYTOe HOIHOKeCTBO B Xy, u 3uaunt, dim F~1(t) = 0,
quis 1000t Touku t. Takum obpazom, F' — CIODBEKTHBHBIN U KBA3WKOHEUYHBINH. A
MOCKOJIbKY Ka3WKOHEUYHBIH TPOEKTUBHBLINT MOpGU3M — KOHe4YHbIH, TO F' — KoHed-
norit. Temeph 3aMeTnM, 9TO TOCKOILKY X u Plp — cylmecTBenHO riajkwe m nux
Pa3MepHOCTH COBIAAAT, T0 F' — miockuii (eM. ciencrue V.3.9. u teopema 11.4.7
[5]). O

ITockonbKy Kanonmdeckue kjaacchl X X U x Al u Al x U x A! rpusuaabsl, mo
yreepxkaenuio 2.1 u3 [4] cymectsyer K[X x U x Al]-nmumeiinbrii nzomMopdpusm

q: B~ Hom(B, K[A' x U x A']).

[Mockonbky S = divgs = divy f, nMeeT MeCTO KOMMYTATHBHASA JUATPAMMA, B KOTOPOi
KBaJApaThbl JEKapTOBbI:

X x U x Al °S 0Sy ~— 57

Fl pTUxAl\L PTUl /
0xid ;

AlexAllUX—A\l)UxAl“JO—)U

Teneps onpeaenm nzomopdusmbt gs = (0 X idya1) (q), gs, = jo™(¢s), 1 g5 — Kak
H30MOpdU3M MOTYUeHHBIH U3 ¢g, ¢ TOMOMIbIO u3oMopduama 77, : K[Sy] ~ K[S'].

ITepsoiii m3oMopdusm u3 3.1 ycTaHABIABACTCS CJIEIYIONIEHT TTOCIET0BATEILHOCTHIO
u30MOpP(U3MOB:

1 2
Tu.(qp) = (Tu 0 isr) (as7) = is.(ds,) = isy.do" (ds) =
2 . -
~ Jo'isx(qs) > Jo"(qm),
B KOTOPO# u3omMopdusMm 1 ciegyer u3 KOMMYTATHBHOCTH KBajparta (5) auarpam-
MBI 3 M TOrO, YTO KOMIO3MIUS OIPAHUYCHUI CKAJISPOB COBIAJACT ¢ OrPAHUICHUEM
CKAJISIPOB BJOJIb KOMIIO3UIUH, H30MOPMU3M 2 — U3 JIeKApTOBOCTH KBaIpaToB (3-4)
JMArpaMMbl 3 U TOTO, 9TO OIPAHUYEHNE CKAJIAPOB KOMMYTHPYET ¢ 3aMeHOil 6a3bl, a
OCTAJIbHBIE — U3 ONPENENeHUN (p, 5., U GH-
Ocraérest 106UTHCsT BBITIOJHEHUST BTOPOro n3oMopdusma u3 3.1. AHaI0rMIHO (g,
onpejgenum qs, = j1*(qs). Ilockoaky kBajgparsl (1-2) muaropammbl 3 1eKapTOBbI

g1 (qm) = ji"is.(qs) ~ is, . J1"(qs) = is,,.(gs,)-



Tak kak 31|A =0, To divs; = A+ R.
RN(zxU)=divs;.(zxU)—=A(z2xU) =divsy.(z xU) —z =0,

T.e. RN(2xU) = (), u TOCKOJIbKY Z — eJIMHCTBEeHHASE 3aMKHYTasg Touka A, To RNA =
= (). CnenoBaTesibHO S| pacualaeTcd B IM3LIOHKTHOEe oObeauHende A n R. 3Ha4uT,
K|[S;] packnagpiBaercsa B npomssegenne kosen K[A] n K[R], n K[S;|-n1uneiinas
KBajpaTnaHas popMa ¢g, pack/ajbiBaercs B npsamyio cymmy dopm Ha K[A] n na
G = K[R]. U, nockonexy RN (2 x U) = 0, G ~ K[X — 2] Qk[x] G. Ocraérca
YAOBJIETBOPUTD yCIOBHE, YT00BI KBaparndnas dopma wa K[A]| aBiasnach equHmd-
HOfl. B jeficTBUTEIbHOCTH OHA MOXKET OKa3aThCsd 3a/IaHHOI HEKOTOPOi obparumoit
B K[U] dyuknueii [. Torna qoMHoxKuM KBaapaTudnble dopmbl Ha H, P u G na [~}
DA 9TOM HX COIVIACOBAHHOCTH HE HAPYIIUTCH, a HOBOe orpanndenne Ha K [A] 6yger
3aJaHO €IUHUIHON (HOPMOIL.

b) Iljist HOCTPOEHHUST HCKOMBIX MOP(MHU3MOB JOCTATOYHO TIOCTPOUTD:
. P — xBazparuanoe npocrpancrso B Proj(pry), roe pry: X' x U — U — KaHOHHU-
geckas npoeknus. T.e. P € K[X' x U] — mod — koneuno mopoxénusiii nax K[U]
u K[X' x Ul-nmuneiinsiit usomopbusm P ~ Hom(P, K[U]),
. H — xBajparuunoe npocrpanctso B Proj(praicy), tue pry: X' x Al x U —
Al x U" — kanonnueckas npoeknusa. T.e. H € K[X' x A x U'] — mod — «xo-
Heuno nopoxasunbiii Hag K[A' x U'] uw K[X' x A! x U']-nuneiinbiit nsomopdusm
H ~ Hom(H, K[A! x U']),
Takue, 4TO:

. KAHOHHYECKUe 0TOOpaZKeHus :
P Qg KU — 2] = K[X' = 2] ®@kix] P Q) KU — 2],
H @k KU — 2] = K[X' = 2| @kx H @k KU — 2]
SIBJISIFOTCSI ©30MOPU3MaMHu,

.} CYIIECTBYIOT U30MOP(MU3MBI KBaJIPATHIHBIX POCTPAHCTB:
Jo"(am) ~ (id(X) x m)"(qp)

(3.5) -
1" (qn) ~ qa @ g,

rie qn — eAuHWdYHas KBaaparudaas dpopma Ha K[A'], A’ — rpaduk Broxenus
U’ — X' (1.e. umeers: BBy hbopma, TosydaeMasi U3 e JMHUYHON TPH TIOMOIIH H30-
mopduszma K[A'] ~ K[U']), n K[X' x U']-moaynbs G, Ha KOTOPOM OIIpeIeIeHa KBa/I-
paruunas dopMma qg, obaasaer ceoiicrsom G ~ K[X' — '] @k x1 G.

Bymem c¢TpouTh 3TH MOIY/IM ¢ TOMOIIBIO CHEIMAJBHO BHIOPAHHBIX TJIO0ATHLHBIX
cedenuii myukoB .Z (nDy;) ma YIU, LDy, 1) HA YIU,XN u £ (nDy,) ua YIU, SISt
JOCTATOYHO GOMBIIOTO . (YCIOBUS HA ITU CeYeHUs TPUBEIEHBI HUKE).

Ob6o3unaunm: z”" — puaronans B 2’ X 2/, W’ — jjokanbnast okpectnocts z” B 2" x U'.

ITo nomiemme 3.1.1 s s1060ro n, H60ABIIEr0 HEKOTOPOTO k, CYIIECTBYeT ceue-
nne s’ nyuka £ (nDy;), rakoe, aro s’ me obpamaercs B Hoab Ha D' X U n B Toukax
2/ x U ornuunbix or z', u & | v = 0 (37mech memob3yeTcs HEeKOTOpas TPUBHATH-
sauus 2 (nDy;) wa N'). Ilycrs reneps sy = (idw x m)*(s') — ceuenne £ (nDy; ),
ABJIATONIeecs 0OPaTHBIM 00pa3oM s’ BIOJb idy X 7. Toraa sp He obpamaercsa B HOJIb
Ha D' x U’ u B Toukax 2z’ x U’ ormunbix or z”’, n SO‘N,, =", rae §" — obparHbIi
obpasz ¢ BIOMb ids X T.

-/
Teneps BoIGepem cedenne s; myuka £ (nD’ x U') wa X x U’ Takoe, 910

S1 = O,

('UD") XU’ — 80}(z’UD’)><U” 81|A’
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YCJIOBHSI COIVIACOBAHHBI MTOCKOJIBKY So obparmaercs B Houb Ha A' N ((2/UD") x U) =
=2 Hycrs s = so- (1 — ) 4 51 - t — cevenne L(nD' x U' x A') na X x U’ x Al
Toryia s He obpamaerca B Hosib Ha D' X U’ x Al m na (2/ x U' — z') x A, s’W,XAl

= ¢’ (3/1eCch HOIpA3yMEBACTCS TPUBHAIM3AIHSI g(lnDU/XAI)‘W,XAl = O0(W' x Al)),

S S1.

X'xU'x0 . 905 S‘Y/XU’XI - ) ) ) )
Paccmorpum 3amkuyrbie nogcxembr S’ = divs’', S = divs, S1 = divsy, Sy = divsg
B X' xU X' xU xAlu X' xU'.

51 S 250 ——=— ¢
£ id x X j id /><j() i\ J
/ CZ X XJ1~xry X D) / /
XU’ Al xU’ XU’ U

idX/ X

|

U.

R

U/C_jl> U x Al Jo >

™

S" C X' x U, nockonbKy s nHe obpamaerca B Hoiab Ha D' x U, 1 S C X' x U’ x Al,
MIOCKOJIbKY § He obpariaercsa B HOIb Ha D' x U'.

ITonoxkum P = K[S/]K[X/XU]> H= K[S]K[X’XU’}~

I[Tposepum ycaosre 3. [TockoIbKy s He obpamaercsa B HOIb Ha 2’ X (U — 2') x Al
u s’ He obpamaercsa B Hoab Ha 2’ X (U — z), TO

SNE xU xAY)Y 2 xZ xA'c SN (X' x 2 x Al)
S'N(Z'xU)C2xzcSN(X xz)

K|[S] QKU K[U’ — Z’] ~ K[X/ — Z’] QS K[x] K[S] QKU K[U’ — Z/]
K[S/} ®K[U] K[U — Z] ~ K[X/ — Z/] ®K[X’] K[Sl] ®K[U] K[U — Z].

Temeps HYZKHO 337aTh CTPYKTYPBI KB IpaTuIHbIX TpocTpancts vHa P u H. Cue-
JIaeM 3TO € TMOMOIIBIO 0TOOpaXKeHu it

= (§Z>PTU/xA1)Z X' xU x Al - A x U’ x A"

Fy = (%),pm,): X' xU — A x U,
/
F/:(%,prU):X'><U—>A1 x U,

rne d € £ (nD') — ceuenne, 3anaromee gupm3op nD’ Ha X' (TodHee moIpa3yMeBa-
orcd ero obparusie o6pasbl B Z(nD' x U' x A'), L (nD’' x U') u ZL(nD' x U)).
Buoraronapst cornacopanuoctu s, So u s Ha X' X U’ KoMMyTaTuBHA JHarpaMmma

/S /SU( /S/
X' x U x Al P X! x U X' xU
F L o F'
x Al idygyr %0 1% ™ u
XidU’XAl %ﬂ UXidU
Al x U’ x A? AL x U Al x U :

idAl XidU/XO 'idAl X
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13 coobpazkeHuil, aHATOTUIHBIX MPUBEJIEHHBIM B JIOKA3ATEIbCTBE MYHKTA @), MOD-
dbusmbl F, Fy u F' SBASIOTCS KOHEYHBIME CIODHEKTHBHBIMEI U IIOCKUMHE, a K[X' X
U'x Al], KIX! x U] u K[X’ x U] — KOHEYHO NOPOXKIEHHBIME MTPOCKTUBHBIME MO-
ayasamvu vag K[AY x U x Al], K[A' x U'| u K[A! x U], coorBercrBenHo.

[Tockombky F, Fy u F' MOphU3MBI OTHOCHTEIBHBIX KPUBLIX X[,/ ,1, X;p 1 X{; B
oTHocHTebHBIe adduanble npaMeie Al a1, Alyy n Aly, oTHOCHTEIBHDBIE KAHOHH-
geckne Kaaccol w(F), w(Fy), w(F’) cornacopanno mzomopdunl w(X')F*(w(A))™,
WX Ey* (w(AY) ™ w(X)F"™ (w(AY)) ! coorsercrenno. Kanonwueckue knaceor X'
u A! TpuBnasbibl, 3HAUMT, CyleCTBYeT colviacoBantag Tpusuainsanus w(F), w(Fy)n
w(F"). o yrBepxkaennio 2.1 u3 [4] Hom(B, A) ecrecrsenno uzomopden w(B/A) ais
romomopdusma A — B, Takoro, 9ro B — KOHEYHO TOPOKASHHBII TPOEKTUBHDII
A-Moyah. 3HaunT, TpUBHAIM3ANM KaHOHMUecKnX Kiaaccos X' m Al maér cormaco-
BaHHBIE U30MOPMU3MBI

qp: Bp ~ Hom(Bp, A), qg,: Bop, ~ Homa,(Bop,, Ao),
qp: B,B/ ~ HomA/(B/B/,A’),

e B=K[X'xU xA'], A= K[A' xU' x A'], By = K[X' x U'], Ag = K[A! x
U'l,B' = K[X' x U], A’ = K[A! x U]. I3 n30M0ophbu3MOB ¢g, qB,, (5’ 3aMeHOil Ha3bl
0 < A! nonyunm usoMopdu3MbI

qs: K[S] ~ Hom(K[S], K[U' x A'), qs,: K[So] ~ Hom(K[S,], K[U"]),
qds' K[S/] >~ Hom(K[S’],K[U])

D10 m3omopdusmbl Ha Korbiamu K [S], K[Sy) u K[S'] cooTBeTcTBEeHHO, H, OTpaHU-
unBag ckanapbl 10 K[ X' xU'x Al], K[X'xU'| un K[X'x U], nonyaum u30MopQpu3Mbl

qu: H ~ Hom(H,K[U' x A"), qo: K[So] ~ Homgxxuv(K[So), K[U']),
qp: P~ Hom(P,K|[U]),

nockosbky H ~ K[S], P ~ KI[S']. Hamuaue uzomopdusma o, MOJYUAIONMEroCs
3aMeHaMu 6a3 U3 ¢y U ¢p, O3HAYAET UX COLJIACOBAHHOCTH B CMBICJIE HEPBOIO H30-
Mopdusma u3 3.5.

JLj1st TOro 4ro0bl J10OTHCS BBIIOJIHENSE BTOPOIO U30MOPdU3Ma u3 3.5, 3aMeTuM, 410
MOCKOMIBKY 81/ ,, = 0, 31|N,, =", s1 He obpamaercst B HoJib Ha (2 X U) —2z", a §" —
JoKaabHbl mapamerp Ha W ro div s1N (2 xU') = 2" = AN(2' xU’), u aranoruaso
TOMy Kak ObLJIO HOKAa3aHO B JOKa3arTelbcTsBe myHkTa a) K[S)] packianpiBaercs B
npoussesenne Kojen K[A'| u K[R'] ansa wekoroporo R C (X' —z) x U'.

Kranparnanas dbopma, TOMYHAIOMAACT U3 ¢y B pe3ysabrare 3aMennl 0aser U’ X
X 1: U — U’ x A' u orpanuuenns na caaraemoe K[A'], MOoeT oKazaTbca He
eIMHAYHON, a 3aJaHHON HeKoTOpoil obparumoii dbyukimeit B | € K[U']*. domuo-
JKHB BCe TIOJIyUYeHHbIe KBaJIpaTUIHble (DOPMBI HA HEKOTOPYIO 06paTuMyIo (byHKIMIO
' € K[UJ*, Takyio uro I'(z) = I(2)~!, moxuO mo6utbesa Toro arobsr [(z) = 1. To-
CJIE 9ero 10 CJIEAYIONIE mojjIeMMe, COOTBETCTBY IOIEee KBAIPATHIHOE TIPOCTPAHCTBO
ompeieseT seMenT pasHbiit Broskermio i B Wor((U', U — /), (X', X' — 2)), ur0
BJICYET BTOPOI n3omopdusm u3 3.5.

Ilognmemma 3.1.4. X — zaadkaa cxema, U — aokasonas nodcrema 6 mouke z, i —
enoorcenue U — X. [Iyemv mopdusm e € Wor((U,U—z), (X, X —=z)) onpedeanemca
K[X x U]-modysem K[A] (A — epagur sroocenus i) u xeadpamuunots $opmot,
aadannoti obpamumoti pynruyuetd e € K[UJ*. Ilyems e(z) = 1, moeda [¢] = [i] 6

Wor(U,U — 2),(X, X — 2)).
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Zoxasameavemeo nodaemmor. Ilycts V- — okpecrrocTh 110 3apucckoMy z B X,
It Kotopoit ompegenén mopdusm ey € Wor((V,V — 2), (X, X — z)), Takoit, aro
varepsilony o1V, tae 1V — Broxerne U — V.

Paccmorpum makpbitue p: V' = Spec K[V][b]/(b* = e) — V. Orobpaxenne p —

9TANbHO HaJ 2z NOCKOJbKY e(z) = 1. Tlycrs 2/ — mpooGpas z, B kKoTopoMm b(2') =

= 1. ¥Ymenbrms V u V' MOXKHO 106UTHCS TOTO, 9TOOBI P OBLIO 3TATBHBIM, U ITOOBI
-1 )

p(z) =2

O6o3uaunM iy — Baoxkerue V — X u coorsercrByomuii Mopdusm 8 Wor((V, V —
— 2),(X, X — 2)). Hockomeky p~'(z) = 2/, p 3amaér mopdusm 8 Wor((V', V' —
) (VLV - 2)).

Pacemorpum Mopdusmet iy =iy opueyr =eyop B Wor((V, V! —2/), (X, X —
—z)). Mopdmuswm iy onpenensercs moayiaem K[A'] (rme A" — rpaduk orobparkenust
poiy: V' — X) n equnnuanoii byukmeii. Mopdusm € o p onpejensercs rem xe MO-
nyiaem K[A'] u pynknueit p*(e). Tockosbky B K[V'] p*(e) = b2, T.e. p*(e) aBisercs
KBaJIpaToM, TO KBaaparnuHas Ghopma, onpejaeasieMas €, n30MopdHa eIMHUIHON, 1

B Wor(V, V' —2/),(X, X —2)) cop=i,.

(V’,V’—z’\
(U,U — 2) - ' (X, X —2)
) <uv5§§%§;§ -

Tenephb 3aMeTUM, YTO MO y¥Ke JOKa3aHHOMY IYHKTY a) JIeMMbl, TpUMEHEHHOMY
k p: V' — V, cymecreyer ¥ € Wor(U,U — 2),(V', V' = 2): [Top] = [iV] B
Wor(U,U — 2),(V,V — 2)). 1 noyaum

[iVoe] = [V]o[poce] = [¥]o[poiy] = [i.

O

4. T'OMOTOTIMYECKAA MHBAPUAHTHOCTB ACCOIIMUPOBAHHOTO IMYYKA.

Teopema 2. Jlas comomonuuecku unsapuanmmoz2o npednyuka F c¢ Witt-mpan-
cihepamu, accouuuposaHtbil NYHOK 68 MONOA02UY 3aPUCCKO20 F s 20MOMONUNECKU
UHBAPUGHIMEH.

Jlemma 4.1. Ilyemo F — 2omomonuuecku unsapuanmmuil nywox ¢ Witt-mpan-
chepamu. Tozda nyuwu Fyer u Fnis cosnadarom npu o2parnuyeruy wa Aly, das
NPOU3BONLHO20 NOoAA I, ABAAOULEL20CA NOAEM UAGCTIHLT HEKOMOPO20 2400K020 MHO-
20006pa3uA.

Joxazamenvemeo aemmui 4.1. Cedenus: Myukos Z g4, U F nis ONPEJIENIIOTCS CBO-
UMK POCTKAMU H& COOTBETCTBYIOIIMX JIOKAJbHLIX CXeMaX, U BC/ICACTBUE UHbEKTUB-
HOCTH JIJTsl TOMOTOIIMYECKH MHBAPHAHTHBIX Ipe/nydkos ¢ Witt-rpancdepamu 2, ro-
MOMOP(U3MBI ODAHUYEHUS BJIO/b BjloxKeHus obmieit Touku n — Aly Fz,.(U) —
F () n Fnis(U) = F(n) — UHBEKTUBHBL, U CJIe0BATEIbHO, KAHOHHIECKOe 0TOODa-

kenue F 74, (U) = Fpis(U) — uabekruBHO. 11 JOKA3aTEIBCTBA CIOPbEKTUBHOCTH

ZUHDBEKTHBHOCTD I LPEAIydkoB ¢ Witt-rpancdepamMu J0Ka3aHa B JUIVIOMHON pabore

K. Yenypkuna.e
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10 MTPOU3BOJIBHOMY CeUeHUI0 Syis € Fiis(U) Haiinem cedenne Sy, € Fz4,(U), co-
[JIACOBAHHOE C Sy B 00IIel ToYKe.

IIycts c: 4 — U — nokpeiTue o HucueBudy, 7715 KOTOPOTO CYIIECTBYeT Sy, Ta-
Koe uro c*(s) = e(sy), rie € — ecrecrBeHHOE HpeobpazoBanue F — Fys. Kak
nokpeiTre 1Mo HucHeBudy i cOAepKUT HEKOTOPOE OTKPBITOE MO 3aPUCCKOMY ITOJI-
muoxkecto V. C U, u ayia sio6oit touku 2z € U \ V U, Takoe, uto c,: U, — Alx —
sTanbHO, U ¢ ' (2)~z. O6oznaunm sy € F (V) u sy, € F(U,) — orpanntvenns sy Ha
VuU,, nngasecex z€ U\ V.

Bri6epem wHekoropyto Touky z € U\ V. TIocKOJIbKY, sl BCeX JIOCTATOYHO MAJIBIX
okpecrHocTeil o 3apucckomy W C Alx Touku z , BhIOAHAeTcs BKJoueHue W —

— 2z C V, oupejiesién asemer r, €  lim % — obpa3z sy. [To Teopeme 1
zEWCAl g
FW -z FW -z
i 2 )y, FW 2

zewchly F(W) zewcu. F (W)

U OCKOJIbKY cytectByer sy, € % (U,), cortacoBanuoe ¢ sy ua U, — z, To 7, = 0.
3uauur, cymecrsyer sy, € 7 (V,), 1ag HEKOTOPOH JOCTATOTHO MAJIONH OKPECTHOCTH
o 3apucckoMmy Toukn z € Al cormacosannoe ¢ sy .

[Tonyuennble cedenus Sy, npeanydka .# (ng seex z € U\V) Bmecre ¢ sy, 3a1a10T
HEKOTOpOe cedenne %, Ha U (monapHas COrIACOBAHHOCTH CEUeHUIT Sy, CIelyer u3
COTJTACOBAHHOCTH BCEX Sy, € Sy, TIOCKOJIBKY OKPECTHOCTH V, MOCTATOTHO MAJHI, T.€.
V, — 2z C V). TIoCKOIBKY CEeYeHUs Syis U Szqr COTJIACOBAHHBI ¢ Sy Ha V, TO OHU
COTJTACOBAHHEI B 00TIeil Touke Alg. O

Jlokazamesvcmeo meopemol 2.

ITo onmpemeeHHI0 TOMOTONUICCKAs WHBAPHAHTHOCTH HEKOTOPOro mpearydka N,
osnauaer uro N (pry): N (X) — N(Alx) — uzomopduswm, jis npoexmun pry : Aly —
X wasn mponsBoabHEM X . I[TocKoabKy HydeBoe cedenne ix: X — Alyx mpemocrasmis-
er orobpazxenue N (ix) — seBoe obparHoe K N (pry), To UMEIOT MECTO SKBUBJICHT-
nocru: N (ix) — unbekTusHo < N — romoronudecku unpapuantes < N (pry) —
CIOPBEKTUBHO.

[lycts 7 — j: n — X — Bioxenue obmeit Toukn B X, a €: F — Fy;s — ecre-
CTBEHHOE 11PeoOPa30BaHue MEK/Iy HPEJIYYKOM U aCCOIMUPOBAHHHBIM I1Y4KOM. Jle-
Bblil ¥ IIpaBbIil KBAAPaThl CJIeAYIOledl quarpaMMbl KOMMYTaTUBHDL:

Al, INis(dp1)
0 (1) T (A1) 2 (A1)
gzZa'r(prn)T yNis(an)T \Lﬂms(in) \Lyzws(ix)
e(n) Inis(4)

Fzar(N) ——— Fnis(n) <— Fnis(X).

e(A',) — cropbekrusro, B cuiy gemmst 4.1. F,,(pry,) — nsomopdusm, B cuy ro-
MOTOIIMYECKOIl HHBAPHAHTHOCTH . z,., KOTOpas MoKa3zana B [6]. Torma n3 koMmy-
TATHBHOCTH JIEBOTO KBaJpaTa CJeIyeT, 9To Fy;s(pr,) — CIOPBEKTUBHO, H IO IPH-
BEJEHHOMY BBIIIE 3aMEYAHUIO, F Nis(i) — MHBEKTUBHO. % ;s(ja1) — HHBEKTHBHO
BCJIEJICTBIE WHHEKTUBHOCTH IS MPeanydkoB ¢ Witt-rpancdepam, n U3 KOMMYTa-
THBHOCTH MPABOTO KBAPATA, CAEIYET, UTO F n;s(ix) — HHDBEKTHBHO. O

5. BAKJIIOYEHUE.

B pabore obocnoBana roMoTONMMYECKAs] MHBAPUAHTHOCTD MYyYKOB, ACCOIUUPOBAH-
HBIX B Tomosioruu HucHeBHYa ¢ rOMOTONMYECKH WHBAPUAHTHBIME MPEIIIYIKAMHA C
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Witt-rpancdepamu. CjieIyIOMKUM IIAroM MocTpoenus Kareropuu Witt-MoTUBOB s1B-
JgeTCsd I0KA3aTEIbCTBO TOMOTOMMYECKONR HHBAPUAHTHOCTH KOTOMOJOTHH, JIaHUPY-
eMoe B OyayIeit pabore.

B npuseénnom joKazareberse n30Mopdu3Ma TaabHOIO BhIPpEe3aHus He UCIOJIb-
3yeTcs IIpenoiokenne o (hakKTOpU3aIlUKU M0 TUIEPOOJIUYECKIM TPOCTPAHYTBAM B
ompeseaeHnn Mopdusmon Kareropuu Wor.

ABTop 6aromapen cBoemy Hay9IHOMY pykoBoguTeio 4i.-kopp. PAH MN.A. ITanu-
HY 3a IOCTAHOBKY 33JIa4M W OKA3aHHYIO IIOMOIIb B €€ pellleHnHn.
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