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AHHOTATINSL.

B crarbe paccmarpuBaioTcsd npeganydku adeseBbix rpyiui ¢ Witt-tpancdepamu.
Taxue Tpancdepbl ABAAIOTCS HEKOTOPHIM BaApUAHTOM OPUEHTUPOBAHHBLIX TpaHCcde-
pPOB, a MPEJNydYKUd C ITHUMHU TpaHchepaMu Onpegeasiorcs Kak (DYHKTOPHI U3 Ka-
teropun Wor, KoTtopas dBAsgeTcs HEKOTOPBIM DACIIIpeHneM KaTeropuy I[JIaIKUX
appuHHbIX cxeM. B jannoil crarbe g0Ka3aH H30MOPQU3M BBIPE3aHUd 10 3apHC-
ckoMy Ha addUHHONU NpaMO# AT TOMOTONMUYECKH WHBAPDUAHTHBIX MPEINYIKOB C
Witt-rpancdepamu. 113 sroro mzoMmopdusMa BbIBEIEHO, 9TO IIYYOK B TOIOJIOTUU 3a-
PHUCCKOTO aCCOMMMUPOBAHHBII ¢ TOMOTOMMYECKN HHBAPUAHTHBIM TIpeanyukom ¢ Witt-
TpancdepamMu roMOTONNYECKN MHBapuaHTeH. /loka3are/ibcTBo n30Mopdu3Ma Bbipe-
3aHUS OCYIIECTBJIACTCH TOCPEICTBOM TOCTPOCHHS CIEIUAIBHBIX MOP(MHU3MOB B Ka-
teropun Wor, 1eiicTByIOIKUX B CTOPOHY TTPOTUBOIIOIOZKHYIO 33/ [aHHBIM MOpdU3MaM
CXEM.

Karouesvie caosa. npeanydok ¢ TpancdepaMu, TOMOTONUYECKAS HTHBAPHAHTHOCTD,
u30MOpU3M BbIpE3aHHSI.

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

B pasputne pesyabraTroB B.A. BoeBomckoro, mo moCTpOEHIIO KATETOPUH MOTHBOB
DM~ (1], N.A. TTanunpiM 6bl1a HOCTaB/ICHA 33/a9a Hocrpoenus: kareropun Witt-
MOTUBOB. HeoOXouMbIM 3TAIOM pEIeHusT ITOH 3a/1a9n SIBJISIETCS T0KA3aTe/TbCTBO
rOMOTOIIMYECKOMN HMHBAPUaAHTHOCTHU IIYYKa, aCCOOUUPOBAHHOIO C rOMOTOIIMYE€CKHN WH-
BapuaHTHBIM mnpeanydkom ¢ Witt-tpancdepamu. B pannoit crarbe 3TO J0Ka3aHO
JUUTST Ty9Ka aCCOIMUPOBAHHOTO B TOMOJIOTHN 3aPUCCKOTO.

B naparpade 2 maércsa onpenenenue npeainyakos ¢ Witt-rpancdepamu Ha Kare-
ropuy TJIAJAKUX adpMUHHBIX MHOIOOOpa3uii HaJi HEKOTOPLIM II0JIeM KakK (hYHKTOPOB
u3 HekoTopoit Kareropuu Wor, B KOTOPYIO BKJIAJIBIBACTCA KATErOPHUs TJIAJKHX ad-
GUHHBIX MHOT000pa3uit, (popMyTHPYIOTCST OCHOBHBIE CBoicTBa KaTeropuu Wor u
upeanyudkos ¢ Witt-rpancepamu, a Takzke HPUBOJAUTCS OLUCAHUE COBICTBA NOMO-
TOIIUYECKON HUHBapPpHAHTHOCTH JJId TaKHUX IPEAIY4YKOB.

B maparpade 3 gokasbiBaercd m3oMopdu3M Bbipe3anusd Ha adduunoit npamoii
JIJIsT TOMOTONMYECKH WHBAPUAHTHOTO nipeanydka ¢ Witt-rpancdepamu, T.e. 130MOp-
duzma

FV —-2) « FU-2)
FW) T FO)
rie U < V — napa BJIOXKeHHBIX OKpecTHocTeil 1o 3apuccomy Touku z € Al Jo-
Ka3aTeJILCTBO OCYIIECTBISIETCS MYTEM MOCTPOEHUs CIeNMHaJIbHOTO MOpdu3Ma B Ka-
reropun Wor, sBiasionierocst oopatubiM K Bjoxkenuto U — V.
B naparpade 4 n3 nuzomopdu3MoB BbIpe3aHusi BIBOANTCSA CIOPbEKTBHOCTH

or or
/‘Al_»JZzzr

Al

KaQHOHUYECKOT'O OTOOpaZKeHUs U3 CeYEHUN NPE/INYydKa B CEYEeHUs aCCOIMUPOBAHHOTO
IyYKa B TOHOJIOIHH 3apPHUCCKOro npu orpanmdennu na Al. U3 9ero caeayer ocHOBHOM
pPe3yJIbTaT O COXPAHEHUH IOMOTOMUYCKOW MHBAPUAHTHOCTH, T.€. H30MOP(MUIMBI

ﬁZar(X) ~ ﬁzar(Al X X)

gt Beex X.

2. ITrpEAIYYKU C Witt-TPAHCOEPAMU.

[Tycts Smy — kareropust adPUHHBIX TIaAKUX MHOTOOOpa3uit #Haa motem k. Oupe-
JIeJINM aJITATUBHYIO Kareropuioo Wory.

Onpenenenne 1 (Wory).

e ObWor, = ObSm;
e Worp(X,Y) — rpynna Burra kareropun myukoB (X X Y)-momymeit, Ko-
HEYHO HOPOXKJIEHHBIX HPOCKTUBHBIX Haja O(X), ¢ aBoiicTBeHHOCTHIO P

% = Homg(x)(P, 0(X)) (B coorBercTBun ¢ onpeesnenueM 27 u3 [2]);

o xommosutust MopuzmoB ¢ € Wori(X,Y) u ¥ € Wor(Y, Z) oupenensercs
KaK TEeH30DHOe Tpou3Beenne Haj (YY) cOOTBETCTBYIONMNX KBAIPATHIHBIX
upocrpancrs (eM. 3amedanue 1.1);

® TOXK/IECTBEHHBIE ~ MOpPGU3M  OIpeje/sdercsd  JUMaroHajbilo, T.e. Iy4d-
KoM g(x)0(X)gy) u KaHoHumueckum usomopdusmom O(X)
~ Homgx)(0(X),0(X)) (rakoe KBaIpaTH4HOe IIPOCTPAHCTBO OyIeM
0603Ha4aTh Fg(x));
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3ameuanne 1.
1. /lyist oupejieieHnst KOMIIO3UIIMU UCIIOJIb3YIOTCH KAHOHUYECKUE TOMOMOP(U3MBbI:

~

HOM(Py, ﬁ(Y)) Rey) HOmﬁ(X)<PX7 ﬁ(X))—>
;HOm(fj(y)(Py, HOm(Px, @)(X))) ; HOTTL@)(}Q(PY &® ﬁ(Y)PX, ﬁ(X)),

HEePBLIl U3 KOTOPHIX ABISETCI N30MOPQMI3IMOM, KOraa Py — KOHEYHO MOPOK IEHHBIIHA
nupoexruubiii Hajg O(Y).

2. Moxno omnpeneauth HYHKTOP Biokenus Smy — Wory, nepeBojgmuil peryisip-
Hoe orobpazkenue f: X — Y B mopdusMm, onpeaeaseMblil Iy IKOM ﬁ(X)ﬁ(X)ﬁ(Y) u
Kanonnueckum usomopdusmom 0 (X)oy) =2 Home(x)(O(X) 5y, O(X)).

3. KBagparmanoe mpocTpancTBo, onpejensionee kommosunuio ¢ € Worg(X,Y) ¢
pPeryasgpHbIM oToOpaxKenueM f: Y — 7, aBigercd “OHpsaMbIM oOpa3oM’ KBaJIpaTHU-
HOTO IPOCTPAHCTBa ompepessonero  suoab idx X f.

3’. Kpajipatuanoe TpocTpaHCTBO, onpejensioniee komnosurmio & € Wor, (Y, Z) ¢
peryasgpHbiM oTobpaxkenueMm f: X — Y, saBigercsd ob6paTHBIM 00pa30M KBaJIpaTHY-
HOTO IPOCTPAHCTBA omrpeaesiomniero ® suoab f X idy.

4. Wory, MOXKHO paciimpuTh Ha CYIIECTBEHHO TJIAJKNWe CXeMbl, TPUCOSJINHUB UX KaK
dbopmasbHble mpeebl (IpyruME CJIOBAMHI, PACCMOTDETH IIOIKATETOPHIO KATErOPUH
po-00beKTOB Wory, cocTodIyIo U3 IHarpaMM, B KOTOPBIX BCe MOP(MU3MBI SIBJISIOT-
Csl OTKPBITHIME BJIOKEHUSIMH ).

5. Hns K = k(X) — nosist 9acTHBEIX IPOU3BOJIBHOIO TIAIKOr0 ab@UHHOr0 MHOr006-
pasusi X, kareropus Wory BKIaJbIBaeTCAd B PACHIUPEHHYIO KaTeropuio Wory.

6. Kareroputo Wory, moxuo pacummpurh Ha uapbl (Xp, Xs), riae Xo — orkpbiToe
MOAMHOYKECTBO X1, orrpejie/inB MOPMU3Mbl MEXK/Yy HapaMu ix : Xo — X, 1y : Yo <
Y

Wory((X1, Xz), (Y1,Y2)) =

= coker(Worg(X1, Ya) 2= Wor= (X, — X1, Vs — V1)),

rie Wor7 — xareropus crpenok. T.e. mopbuzm Worg((X7, X2), (Y1,Y2)) ompe-
nensiercst mapoit ®; € Worg(X;,Y;), i = 1,2, cornacoBanHoll ¢ BJIOXKeHUsAME (T.€.
Q) 0ix =iy 0 Py), u napnt Buga (iy 0 =, Zo0iy), miua = € Worg(Xy,Ys) cauratorcs
paBabIMHE (.

X, X, X, X
\L@g i@l EOiX\L / \LiYOE

Oupegennm Takzke Kareropuio Wory, B KOTOPOil FOMOTOIIHBIE MOPQU3MBI OTOXK-
JIECTBJISIOTCS.
Onpenenenne 2 (Wory).
e ObWor, = ObWory.
e Wory(X,Y) = coker(Wor,(A! x X,Y) (o) (zon), Wory(X,Y)),
rae ig,41: X — A x X — mynesoe n egmamuHOe cedennsa Al x X.

3amMmeuanue 2.

1. Kareropusi Wory, nomywaerca uz Wory, mokamnsamyeil o mpoexmuam Al x X —
— X 114 Bcex X.



2. Kareropuo Wor, MOXKHO pacuimpuThb Ha CYNIECTBEHHO IVIaJIKHE CXEMbl, JT00aBUB
X Kak (popMajbHbIe MIPEJIeJIbI.

3. Amanormano Wory, kateropust Wory pacmmpsiercs Ha mapast (X, Xo) :
Wore((X1, Xa), (Y1, YQ)) =
— coker(Wor, (A x X1, Ax Xa), (Y1, Ya)) 2070,y o (X1, X), (Y, Ya))).

Onpepenenne 3 (IIpeanyuaok ¢ Witt-tpancdepamvn). IIpeamnyarom abesieBbIx rpyIi
¢ Witt-rpancdepamu massiBaercs pyuakrop F: Wor, — Ab.

3ameuanue 3.
1. /Ing rmaakoit cxeMbl X ¢ €€ TOYKH T ONPEJIC MM POCTOK IIPOU30JBHOIO MPEJIITy IKa
F' cranpapTabiM 06pa30M, TOJIOKUB
ﬁ( lim U) = lig F(0).
zeUCX zeUCX

A Tak ke 3amaIUM 3HAYEHUS TPOM3BOJLHOIO MPEINYYKa Ha CYIIECTBEHHO TJIaJIKOM
cxeMe KaK WHJYKTUBHBIA Mpees 3HaUeHu 3TOro NpeiydKka Ha IJaIKOH cxeMax.

2. Jlst mpon3BOIBHOIO MpeinyYKka abeIeBbIX IPYIIT % MOYKHO ONPeIeTUTh IPeIIry-
4ok .#' na napax (X1, Xs) (Xo — orkpoiroe B X1 ):
F(X5)

! _ .

7 ((Xl? XQ)) - <%5()(1)7
ITpu sTom, ecim % — npeanyuok ¢ Witt-rpancdepamu, TO ONPEIETEHHBI TAKUM
obpazom F#' sBasgercsa GpyHKTOPOM Ha PACIIHPEHHON B CMBIC/Te 3aMedanus 1.6 Kare-
ropun Wory.
3. Tlyuxkom ¢ Witt-TpancdepaMn Ha3bIBaeTCs MPEIYUOK, KOTOPBIH SBISETCS ITY9YKOM
u umeer Witt-tpancdepsbl.

4. TomoTonueckn MHBaApUAHTHBIM mpeianydkoMm c¢ Witt-rpancdepamu HazbiBaeTcs
HPE/IIYY0K, KOTOPbIH romoronndecku uupapuanren u umeer Witt-rpanccdepnr. Ta-
KOl 1pejiirydok npoiyckaercs depe3s Wory — Wory.

3. BLIPE3AHUE HA Al

Teopema 1. IIycmv ¥ — z2omomonuuecku uneapuarmuul npednyyor ¢ Witt-
mpanchepamu, moz2da das 08yx eaoxcennvix okpecmuocmet no Sapucckomy U C V
mouxu z 6 Al (dnsa K = k(X) — noae wacmuoix mnozoobpasus X ) oepanunenue

FV -z FU-z2)
7y 20

asagemces uzomoppusmom (i obosnaaem saoocerue U 6 V).

ko

3ameuanmne 4.

1. Ilpeany4oKk % MOKHO OUPAHHYHTL Ha CXeMBI HaJ K, ¥ B TepMUHAX 3aMeYaHUS
3.2 reopema 1 osnauaer, uro t*: F'(V,V — z) = F'(U,U — z) — uzomopdusm.

2. IlockoJIbKy TOMOTONNYECKHA MHBApUAHTHBIH npeaiydok ¢ Witt-tpancdepamu kak
dyukTop u3z Wory, nponyckaercs depe3 Woryg, To TeopeMa 1 ciaemxyer u3 ciaeayiomieit
JIEMMBI.

Jdemma 3.1. [i]: (U, U —2) = (V,V — z) 6 Wory, asasemesa usomopdusmom.

3ameuanmue 5.
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a) Tlpassiii obpaTHblil K [i] onpenessiercs snementom ® € Worg (V,V — 2), (U, U —
— z)) TakuM, urto [i o ®] = [id] € Worg((V,V — 2),(V,V — 2)). Hro o3nauaer
cymecrsosanue © € Worg ((V x Al (V —2) x AY), (V,V — 2)) Takoro, 4ro

(31) @OjOZZ.OQ,@Ojl:Z.CL

TIe jo,J1 — BJAOMKEHUA HYJIeBOro u eauumanoro cevennit 8 (V,V — z) x Al

b) Jlewsrit obpatubiii K [i] onpenensercs siaementom W € Worg((V,V — 2), (U, U —
— z)) TakuM, uro [V o] = [id] € Worg((U,U — z),(U,U — z)). Yo o3nauaer
cymectBoBanue = € Worg (U x A, (U — z) x AY), (U, U — z)) Taxoro, 9To

(3.2) Zojo=VYoi, Zoj =id,
e jo, j1 — BJOMKeHHs HyJIeBoro u epunnanoro cevenuit 8 (U, U — 2) x Al
05J1 y 2 ) .

(U—2) x Al——= [ x Al

Joxazameavemeo aemmuo, 3.1

[Tepeitném Kk paccMmorpenuio cxem HaJi K, m OyJ1eM CTPOUTH UCKOMBIE MOP(MU3MBI
B KaTeropuu Worg, KoTopasd sBigeTcd nojgkareropueit 8 Wory,.

a) Jlna moerpoenns mpasoro obpatioro K i € Wor((U,U — z), (V,V — 2)) myxHo
HafTH KBaJpaTudnbie mpoctpancTtBa P u H, coorBercrBylomue vaeMenTaM © u O,
a UMEHHO:

1. P € K[U x V] —mod — kone4no nopoxa¢Hnbiif, mpoextusnsiit nan K[V] n K[U x
X V]-nmuueitabiit usomopdusm P ~ Hom(P, K[V]),

2. H € K[V xV x A —mod — koneuno nopoxaéunbiii, npoektupubiii najg K[V x Al
u K[V x V x All-nuueituniit uzomopdpusm H ~ Hom(H, K[V x A']),

TaKue, 4To:
3. KaHOHHYeCKHe OTOOpaKeHUsd
P gy KV — 2] = K[U — 2] @k P @rv) K[V — 2],
H @y K[V — 2] = K[V = 2] @) H @xpv) K[V — 2]
ABJIsTIOTCsT w3oMopduamamu (37ech oaaa u3 crpykryp K[V ]-monynst na H mogpasy-

MeBaeTCsl IPABOil, a Jipyrasi — JieBoit ), 9ro o3Havaet, uro P u H 3a1ar0T MOpGU3MBL
nap,

4. m B rpynme Burra wareropum K[V X V]-momymeii, KOHEYHO HOPOKIEHHBIX,
IPOEKTUBHBIX Haj BTOpoil KommonentToit K[V], ¢ dbyHKTOpOM ABOCTBEHHOCTH



Homgp)(—, K[V]), Bepubl paBeHcTBa
[H @xpvxan K[V x 0] = [ k) K[U] ® o) P
[H @kvxan K[V x 1]] = [Bx],

9TO O3HAYAET BHIMOJIHEHHe TOXKIAecTs (3.1).

O6ozuaunm D = Al \V u D' = Ay \ U. Bygem pacemarpusars V XV u U x V
KaK MOJMHOKeCTBa B A% 1 0603HAYMM KOODJMHATHI COOTBeTCTBeHHO X 1 Y.

st 1ocTaTouHO OOJIBIIIOTO HEYETHOTO N, 10 WHTEPIIOIAIIMOHHOM TeopeMe Hail1éM
muorowten fy € K[X,Y], no X umeromuii crenens n u crapumii koaddunuent 1,
TaKOI, 9TO

(3.3)

fo’(zuD)xV =X =Y)", fo’(V\U)xV =L
U onpenenum f = fo- (1 —t)+ (X —Y)" - t, rorna

f}(ZUD)XVXAl - (X - Y)n’ f’AleXO - an f‘Alexl = <X - Y)n

Iosoxxum Moy P u H pasusivu K[U x V]/(fo) m K[V x A' x V]/(f) coorser-
CTBEHHO.

[Ipexkie yem oupeie/isdTb CTPYKTYPbl KBQJIPATUYHbBIX IIPOCTPAHCTB, IPOBEPUM Bbl-
nosHenue ycaous 3. [Tockoabky fo‘zxv = (X —Y)" — obparum wa z X (V — z2),
TO

P® K[V — 2] = K[U x (V_Z)}/(fo)
= K[(U—Z) X (V—Z)]/(fo) :K[U—Z] ®K[U}P®K[V]K[V—Z].

AHATOTHYIHO, TIOCKOIBKY f|z = (X —Y)" — obparum Ha 2 X (V — 2) x Al

XV x Al

H® K[V — 2= K[V x (V —2) x A']/(f) =

= K[(V—Z) X (V—Z) X Al]/(f) :K[V—Z] ®K[V]H®K[V]K[V—Z].

Tenepnb ybepumes, uro P u H — cBoGoaubie mojyin nay K[V] u K[A! x V]
coorBercTBenHO. [lockosibky craprime ko3 dunuentsr fy u f mo Y pasusr 1, TO
K[A* x V]/(fo) m K[A' x V x A']/(f) — cBoGommbe Momymn panra n wan K[V] n
K[A' x V] coorsercrBenno. A mockoanky fo obparny na D' x V, to K[Ax V]/(fo)
sasiercst K [U x V]-moaymnem u uzomopden P, u aHAJIOTHYHO, TIOCKOJIBKY f ‘
pager (X —Y)" u o6parnm, To K[A' x V x A']/(f) ~ H.

Y100BI ONPEEUTDh CTPYKTYPHI KBaJIPATHIHBIX MPOCTPaHCTB Ha P u H, cHadasa
onpeneaum Hekoropbie K [S]-muneituniit u K [So|-mumeitupiit nu30Mopdhu3MbI

qs: K[S] ~ Hom(K[S], K[V x A'),
qs,: K[So] = Hom(K|[So], K[V]),

DxV xAl

rae S = divgf — 3amknyTag noacxema V x V x Al u Sy = divy fo — 3aMKHyTas H0/I-
cxema U x V. llocsie dero orpanudeHUsIMH CKaJIsipOB BJIOJIb BJIOXKEHHUU ig: S —
V xV x Al u ig,: Sy — U X V noayunm HCKOMbIe HU30MOPIU3MBL qg: H ~
~ Hom(H,K[V x A']) u qp: P ~ Hom(P, K[V]).

Pacemorpum otobpakenue F' = (f,pryar): Al x V x A — Al x V x Al) u 060-
snauum vepes A koabino K[A' x V x Al u B — K[A' x V x Al], paccmarpusaemoe
¢ momornipio F' kak A-anreopy. [Mockonbky crapmuit kKoaddunuent f mo X pasen 1,
10 B saBysiercss ¢BoboaHbIM A-MojyieMm panra n. 3HaYUT, F — KOHEYHBIH CIOPHEK-
TUBHBIH MOPQU3M TJIAJKUX HEMPUBOJAUMBIX MHOTOOOpa3uii, U 10 yTBep:KAeHu0 2.1
u3 [3| cymecrByer B-nmuneitnpiit usomopbusm w(B/A) ~ Hom(B, A). Ilockoabky,
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kanonnvecknuii knacc Al x V x Al rpusnasien, To TpuBnasieH 1 OTHOCUTEIBLHBIH KaHO-
audeckuii Kiaace w(F) = w(B/A), n BeIOpaB HEKOTOPYIO TPUBHAIUIAIMUIO, TTOTYIUM
B-nuueitusrit msomopdusm gg: B ~ Hom(B, A). IlockoabKy, Kak yKe 0OTMEYaIoCh,
f‘DXvXM — obpaTum, TO

K[S|=K[V xV xA'/(f) ~ K[A' x V x A']/(f) = B®4 K[0 x V x A'],
HMOCKOJIBKY fO‘DxV — obpatuM 1 faixyxo = fo, TO

K[So] = K[U x V]/(fo) ~ K[A' x V]/(fo) ~ K[S] ® gy xan K[V x 0].

Takum obpazom, nMeeT MECTO KOMMYTaTUBHAS JIHAarPAMMa, COCTOSINAS U3 JeKaPTO-
BBIX KBa/IPaTOB

Al x V x Al )S )So

Teneppb moayunM u30MOpdHU3M (s U3 ¢ 3aMeHOU 6a3bl BAOAb 0 X idy w1, U TOCTIE-
Jyrolei 3aMeHoit 6a3sl BAOTID jo MOJIYIHM T30MOPMH3M g, -
JLJ1st TpOBEPKHU 11€PBOr0 PaBEHCTBA U3 3.3 PACCMOTPU KOMMYTATUBHYIO JIMarPAMMYy

S

e

UxV—VxV—VxV x Al

ZXidV idv XJo
lm’v lprval

Vv V x Al,

Jo
B KOTOpO#i KBajparsl jekarposbl. Kpajparudanas dopma ma momyne g K[U] ®
® g P monydaerca u3 qp OrpaHHYeHHEM CKAJIAPOB BIOJbL ¢ X idy, W, IOJb3YdACh
olpesieJieHUEM (p U (g,, TOJTydaeM, 9TO OHA MOJYYAETCS U3 (s HOCTIeT0BATETbHBIM
npuMeHeHneM 3aMeHbl 6a3bl ¢dy X 0 1 OrpaHUYeHHs CKAJASIPOB BJOJb BIOKEHNUS 1, .
Kpamparnunasg dbopma na H @y xa K[V x 0] momydaerca u3 gy 3aMeHoit 6a3bl
B/IOJIb tdy X 0, 1 3HAYUT, OHA MOJIYIAETCA U3 (g MOC/IE0BATEIbHBIM OIPAHTICHIEM
CKaJISIPOB BJOJIb BJIOXKEHUS ig M 3aMeHoit 6a3bl Bj1oJib tdy X 0. Takum obpasom, 1mo-
CKOJIbKY OTPAHUYIEHUE CKAJSIPOB KOMMYTHPYET C 3aMeHOi 6a3bl, 3TN KBAIPATHIHBIE
dopMbI COBITAIAIOT.

Ocranoch M0OUTHCSA BBIIOJHEHHS BTOPOTO PaBeHCTBa u3 3.3, T.e. TOrO, YTOOBI
KJ1acc KBajipaTudnoro npocrpancrtsa L = K[V X 1] ® gpyxanH coBmajan ¢ kiac-
coM npocrpancTsa Egy). L ~ K[V x V]/(f}Alexl) ~ K[V x V]/(X = Y)" lo-
CKOJIbKY ToJIydeHHast KBaaparudHas dbopma qp vHa L — K[V x V]-nuueitna, to
ona K[V x V]/(X — Y)"-nuneiina. Ilycte n — 2m + 1, u paccMOTpUM HIeaJIbI
I=(X-Y)",J=(X-Y)"" C K[V xV]/(X —Y)" kak nmogupocrpascrsa
B L. Ilo npuBenénnoi nmxe nogtemme, I = J+. 3naunTt, J — HOIIarpaHzkeBo MOI-
IIPOCTPAHCTBO L, U TO PEAYKIINN O TO/IATPAHIKEBOMY HOAMPOCTPAHCTBY (Teopema
32 |2]), knace [L] B rpyune Burra conamaer ¢ kiaaccom npocrpancrsa J/I. J/I —
cBoboaHbI Monysh panra 1 maa K[V], u kBagparuanas dbopma Ha HEM OLpees-
ercsa HeKOTOpoit obparumoii dyuknueit [ € K[V]*. Torga 1oMHOKEM KBaIpaTHIHbIE
dbopwmbl, onpenenénnbie na P u H, na [~ u knacc K[V x 0] ® K[vxa)H craner
paBen knaccy Ex(y.
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ITognemma 3.1.1. I[lyemv B — A-anzebpa, u q: B ~ Homa(B, A) — B-aunetinas
Heguposcdennas keadpamuunas gopma wa B. Toeda daa awbozo udeana I 6 B op-
mozonan k I 6 B no omuowenuro x q cosnadaem ¢ annyssmopom I ¢ B.

Joxasamenvcmeo. Tlockombky q — B-muneiina, ¢(I - [+, B) = q(I,I1) = 0, ce-
noBarespHo I - I+ C L+, HO ¢ — He BBIpOXKIeHA, U ciaenoBaTeabHo - I+ = 0. Takum
obpaszom, I+ C Annl. C apyroii croponnt q(I, Annl) = q(I - AnnI,B) = 0, u
caenoBaTenbao Ann I C I+, O

b) Jlnst mOCTpOEHUs JIEBOTO OGPATHOTO HYKHO HAHTH KBAJAPATHYIHBIC TPOCTPAH-
crea P u H, coorBercrBytoniue vjiemenram VW u =, a KMEHHO:

1. P € K[U x V] —mod — kone4no nopoxa¢Hnbiif, mpoextusnsiit nan K[V] n K[U x
X V]-nmuueitabiit usomopdusm P ~ Hom(P, K[V]),
2. H € K[U xU x A'] —mod — koneuno nopoxaéunbiit, npoexktusubiii najg K|[U x Al
u K[U x U x Al]-maneitasiii usomopdusm H ~ Hom(H, K[U x A']),
TAKHE, UTO:
3. KAaHOHUYECKHe 0TOOParKeHUsI:
P®K[V] K[V — Z] — K[U — Z} ®K[U] P®K[V} K[V — Z],
H K[V K[U — Z} — K[U — Z] kU] H QK] K[U — Z]
ABJISIOTCs m30MOpdu3Mamu (37ech oaa u3 crpykryp K[U]-monynst na H mogpasy-

MeBaeTCsl IPaBOil, a Apyrasi — JeBoil), 9ro o3Havaet, uro P u H 3a1ai0r MOpOU3MBbL
map,

4. M CYIIECTBYIOT M30MOP(MHU3MBI KBAIPATHIHBIX IPOCTPAHCTB
H QK[UxA] K[U X 0] ~ P®K[V] K[U]

3.4
( ) H®K[U><A1} K[U X 1] ~ EK[U] D G,

riae G — K[U x U]-Mo1y/ib, KOHEYHO MOPOZKIEHHBIN TPOEKTUBHBIN HAJT BTOPOH KOM-
nonentoii K[U], u taxoit uro K[U — 2] ® k) G = G (31eck npousseienne 6epércs
HaJl IePBOHl KOMIOHEHTO#l ), 9TO 00eCIeInBaeT BBIOTHEHHE TOXKICCTB (3.2).
OGoznaunm A — rpaduk Baokenus U < Al re. Spec K[A! x U]/(X -Y).
JIjist HEKOTOPOrO JOCTATOUHO GOJIBIIIOTO N [0 MHTEPIOJSIIIUOHHO TeopeMe HaliIéM
muorousienst fo € K[A! x V], g € K[A! x U], no X uwmeromue crenenb n u n — 1
COOTBETCTBEHHO U cTapinuii KoaddunmeHt 1, Takue, 910

fO D’XV:]" fO}zXV:X_Ya

g D'xU - (X - Y>_17

dow=1  gla=1

nockobkKy D'NU =0 u X — Y obparum na D' x U.
Onpegennam f; = g- (X —Y) e K[X|[U] = K[A'xUlu f=fo-(1—t)+ f1-t €
€ K[X][U][t] = K[A! x U x A'], rorna

X_Y)7 f

Dixuxal = b f’AleXO - fU‘Ale’ f‘Alexl = fi.

Honoxum P u H pasasvu K[U x V]/(fo) n K[U x A' x U] /(f) coorsercrBento.

ITockomnbKy f0|D,XV =1, K[UxV]/(fo) =~ K[A'xV]/(fo), a nockoIbKy crapumit
koappunuenr fo no X pasen 1, ro K[A! x V]/(fo) — C¢BODOJHBINH MOJLYJIb DAHTa
n wax K[V]. 3naunt, P — cBoGoauelit Momyns pamra n nan K [V]. Amanorumdo,
MOCKOJIBbKY f‘ = 1, u crapmuii koadpdunuent f mo X pasen 1, o H —

f|z><U><A1 - (

D' xV xAL
cBOGOJIHBI MOJYIb panra n Hajg K[U x Al],



Pacemorpum Monymn P ® g K[V — 2] u H ® K[V — z). Hockonbky fo|
=X —Y — obparum na z X (V — 2),

P® gK[V — 2] = K[U x (V= 2)]/(fo) =
= X —Y — obparum Ha z X (U — 2) x Al

XV -

W aramoruvao, MOCKOJIbKY f|szXA1

H®K[U]K[U—Z] :K[u X (U—Z) XAl]/(f) =
= K[(U —2) x (U=2)xA"]/(f) = K[U — 2] @ g1 H @ xn K[U — 2].

Hy:kHo onpeneiuTh CTPYKTYPHI KBaIPATHIHBIX MPOCTpancTB HA P u H, coBuaaa-
romue 1octe 3aMer 6a3 U < V u V x 0 — V x Al cooTBercTBeHHO, B COOTBETCTBUH
¢ mepBbiM u3oMopduzmoM u3 (3.4). CrenaeM 3T0 ¢ MOMOIIBID OTOGpaxkeHuit Fy =
= (fo,prv): AL XV = Al xV u F = (f,proxa): A xU x A — A x U x AL,
O6ozmaunm fj = fo‘ alxy TOTAA, MOCKOIBKY fo‘ ALxU nMeeT MeCTO KOM-
MyTaTHUBHadA AUal'PaMMa

di’Uofg dl’Uofé divof

e 7 —

= f‘AleXO7

Al xV ‘ A x U l Al x V x Al
idlxo
Fy Vv J U lF U x Al
/ /idmexo /
Al xV A x U A x V x Al

[Tockonbky crapiue Koddpdumnuentsr mo X MHOTOUICHOB fy U f paBHBI 1, TO Fjy U
F — KomeuHble CIOPLEKTHbIe MOP(MU3MBI OTHOCUTEILHBIX adpduunbx mpambx Aly
u Ay a1 coorsercreenno. Tlycrs Ag = K[A' x V], A= K[A' x U x A'], By — Ay-
ayrebpa, COOTBETCTBYIOIas oTobpazkeHnio Fy, u B — A-anrebpa, cOOTBETCTBYOIIA
orobpaxkennto F. ITockoapky nzomopdusm n3 yreepxkaenns 2.1 uz |3| cormacopan
¢ 3aMeHoi 0a3bl, CYNECTBYIOT COlJIacOBaHHbIe By-TuHefHnbld u B-uHeiHbIil, cooT-
BETCTBEHHO, U30MOPMU3IMBI

WA F (w(Ap) ! ~ w(Fy) ~ Hom(By, Ao)
WAy a ) FH(w(A'ya)) ™t ~w(F) ~ Hom(B, A).

BriGpaB HEKOTOPYIO TPHBHAIM3AINI0 KAHOHIYIECKOTO Kaacca Al moayunm cormaco-
paHHbIe TpuBrammsamn Ay mw Ay, a1, ¥ B pe3yabTare cormacoBanubie By-InHeHbIIH
U B-nuHeiHbI COOTBETCTBEHHO H30MOPQMU3IMbI

4B, - BO >~ HOmAO(BQ,A())
gp: B ~ Homu(B, A).

Bamenamu 6a3 BI0Ib 0 X idy: V — A X V i 0 X idpyyar: U x Al — Al x U x Al
U TIOCIEAYIONIMEI OrpaHudeHusiMu cKaasapoB Buoab KU x V]| — K[U x V]/(fo)
n KU x U x A'] = K[U x U x A']/(f) coorsercrsenno u3 qp, 1 gp MOJLy1nM
cornacoanubie ¢p: P~ Hom(P,K[V]) u qi: H ~ Hom(H, K[U x A'].

Jljist 3aBepIeHust OKa3aTeIbCTBA, HY KHO JOOUTHCS BBIIOJHEHHE BTOPOIO DaBeH-
crBa u3 (3.4). [Tockoabky g = 1(mod(X —Y)), xonsio K[U x U]/(f1) packraasiBa-
erca B npoussenenue K[U] ~ K[UxU]/(X =Y ) u G = K[U xU]/(g), & HOCKOTBbKY
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qug — K[U x U x All-maneitnplii, To HMeET MECTO PA3/I0KEHHE B IPAMYIO CYMMY JIIs
KBa,IPATHYHOTO ITPOCTPAHCTBA,

KU x 1] ® guwanH ~ KU x U)/(f) ~ K[U] & G,

1 IOCKOJIbKY g‘sz — obparuma, 10 K[U — 2] ® k)G ~ G. Kpajparudnaa dopma,
noJtyuaomascs u3 ksajaparudnoii popmol na K[U x 1] ® gyxarH orpanudenuem
Ha ciraraemoe K[U] moxer okazarbest He equHnaHOil. Kak kBagparndanas dhopma Ha
cBoboarom K [U]-momyne panra 1, ona ompenensiercst obparnmoii dyuxkiueii . Io-
ckosibky Ha K[U x Vi]-monyne P una K[U x U x Al]-monyne H ecthb cornacosanubie
crpykTypsl K[U]-moysedi (mo koopauHare X ), MOXKHO JIOMHOXKHTH KBa(PATHIHbBIE
dopmer na e~'. U rorga ksagparuunoe npocrpanctso K[U X 1] @ gxanH Gy-

Jer cymMMoit eauangaHoro mpocrparctsa K[U] u G, 3anatomero mMopdusm u3z U B
U -z ]

4. TOMOTOTIMYECKAA MHBAPMAHTHOCTB ACCOIIMUPOBAHHOTO MYYKA.

Teopema 2. /laa zomomonunecku uneapuanmuozo npeonyuxa F c¢ Witt-mpan-
cihepamu, accouuuposaHtbli NYHOK 6 Monoso2ul 3apuccko2o F ;s 20MOMONUMECKU
UHBAPUGHINEN.

BoiBegem eé u3 cieayrolieit JeMmbl:

Jlemma 4.1. Ilyemo F — 2omomonuuecku unsapuanmmsti nywor ¢ Witt-mpan-
cpepamu. Tozda warnonuveckoe omobpascenue F(U) — F 74 (U) cropvexmusno das
2106020 omEpLimo2o no 3apucckomy nodmmosicecmea U C Al , dasa npoussosvroezo
noas K, A6AA10ULE20CA NOAEM HACTMHBIT HEKOMOPO20 2400K020 MH02000pA3UA.

Aokazamervemeo aemmos 4.1. Ilyers s € Fpe(U). llyers ¢: 4 — U — 1oKpsI-
THe 10 3apUCCCKOMY, JIJIsT KOTOPOTO CYIIECTBYET Sy, Takoe 4uTo c*(s) = &(sy), Tae €
— ecrecTBeHHOE lLipeobpaszoBanue . — F 4. O003Ha4uM V' 0QHO OTKPBITOE 10/I-
muokectBo U Bxoggmee B U, u st koxaoi Toukn z € U \ V U, — orkpbiToe
MOJIMHOZKECTBO BXOjsIIee B I U copepzKaiee 2.

Bri6epem Hexoropyio Touky z € U\ V. O6o3naunm depes V| HauMeHbIIee OTKPhI-

Toe moaMHOKecTBO Ay, comepxxamee V' u 2. Pacemorpum snement sy € F (V) —
F(V)
F (W)

F (V) : FW —2z)

orpannyenue Sy Ha V', m ero obpaz r, € . [To Teopeme 1

L~ lim
F(V1)  zewcalx F(W)

[Tockosbky cymecrByer s, € F(V,) (orpanudenue sy Ha V, ), coriacoBaHioe c

sy wa V, — z, ro r, = 0, u 3uauur, cymecrsyer sy, € ZF(V1), coBuajaoiiee c

sy upu orpanndenun ua V. ITo waaykumum, npucoemunss touku U \ V, Haifiném

ssieMenT sy € .F (U), coBnaaaontuii ¢ sy B 00IMel TouKe, U M0 HHHEKTHBHOCTH JIJIs

npeanyqkos ¢ Witt-rpancdepamn 2 on 6y1eT cOrIacoBaH ¢ § U B IPYIUX TOYKaxX. []

Jlokasamenvemeo meopemul 2.

Ilo onpeneIeHnio rOMOTONMYECKAaA WHBAPUAHTHOCTH HEKOTOPOro Ipeanydka N,
osnagaer ato N (pry): N(X) — N(Alx) — uzomopdusm, qyia npoekun pry : Al x —
X nag npoussoabHbiM X . ITockoabKy Hyldesoe cedenne iy : X — Aly npemocrapig-
er orobpaxenue N (ix) — sneoe obparnoe Kk N (pry), To UMEIOT MECTO IKBHUBJICHT-
noctu: N (ix) — uabexkrusuo < N — romoronuuecku napapuanres < N (pry) —
CIOPBEKTUBHO.

ZUHDBEKTHBHOCTD I LPEAIydkoB ¢ Witt-rpancdepamMu J0Ka3aHa B JUIVIOMHON pabore

K. Yenypxkumna.
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Ilycte n — j:n — X — Baoxenwe obmieit Touku B X, a €: F — Fgu —
ecTeCTBEHHOE IPeoOpa3oBaHue MEXKJy MPeIIyIKOM U aCCOINUUPOBAHHHBIM IIYIKOM.
JleBbIit 1 mpaBbIii KBAIPATHI CIEAYIOMEH TUATrPAMMBI KOMMYTATHBHBI:

N

e(Al,
Z(AL)5r 7, (A1)

Zar

v 1’&.ZGT(A1X)

ﬁ(ln'ﬂ) T '?Zar(p""’]) T \L'gZar(in) \LQZQT (ix)
5(77) yZa'r(j)
g(n) - ?Zar(n) -~ gZar(X)

e(Al,) — cropbekruBHO, B cuiy JeMMbl 4.1. F 4, (pr,) — usomopdusm, B CHIy TO-
MOTOIMYECKO# HHBapHaHTHOCTH .% . Torma u3 KOMMYTATUBHOCTH JIEBOTO KBaJIpaTa
claenyer, uTo F 4, (pry) — CIOPBEKTUBHO, W IO IPUBEJIEHHOMY BBIIIE 3aMevYaHUIO,
F zar(ly) — UHBEKTHBHO. F zq,(ja1) — MHBEKTUBHO BCJIE/[CTBHE HHbEKTUBHOCTH IS
npeanydkos ¢ Witt-rpancdepam, n U3 KOMMYTATUBHOCTH HPABOI'O KBaJpaTa, CJie-
jyer, 9To F 74 (ix) — UHBEKTHBHO. O

5. 3AKJIIOYEHUE.

B pabore obocnoBana roMoTONMMYECKAs HHBAPUAHTHOCTD MYYKOB, ACCOIUUPOBAH-
HBIX B TOIIOJIOTHUHN SapI/ICCKOFO C TOMOTOIMMYECKN HHBAPpHAHTHBIMHU HNPEAITY4YKaMHu C
Witt-rpancdepavu. CireayommM MaroM nocTpoenns kareropuu Witt-MoTuBOB s1B-
JISIETCSI TOKA3aTeIbCTBO TOMOTONNYIECKONH MHBAPUAHTHOCTHU IIYYKOB aCCOIUHPOBAH-
HBIX B TOmoJsioruu HucaeBmya.

ABTop G1aromapeH cBoeMy Hay9IHOMY pykopomuTeao 4wi.-kopp. PAH W.A. [Tanu-
Hy 3a IIOCTAHOBKY 33/1a4M U OKA3aHHYIO IMOMOIIDL B €€ pPeIleHNH.
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