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YCIIEXU MATEMATUYECKHUX HAYK
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JIEKIIUN O 3EPKAJIBHOW CUMMETPUU,
[MPOMN3BOIHBIX KATEI'OPUAX I D-BPAHAX

A.H. Kanyctus, . 0. Ori0B

JlanHAS CTATDS, PACCUNTAHHAS, B IEPBYIO OYEPEb, HA MATEMATUIECKYIO ayIUTOPUIO,
[IPEACTABIIsIET U3 Ce0sl BBENEHNE B TOMOJIOIMUECKY 0 3€PKANLHY 0 CUMMETDHIO,, IPOU3BOJI-
Hble KaTeropuu u Tonosnorudeckue D-Opannt. B crartne 00bsacHseTcs 3epkanbHas CuM-
MeTpus ¢ PU3UUIECKOI TOUKY 3PEHIIs, €€ CBA3b C IPOU3BOIHLIMY KATETOPUSAMY U IIPUYLL-
Ha, 10 KOTOpoit kKareropus Pykas nomkHA OLITL PACIIIPEHA € TOMOIILIO KOU30TPOIHBIX
A-6pan, 06CcyK1aeTCs, Kak PACIPOCTPAHUTE ONpenesIenre roMostoruii $ioepa na Taxue
00'LEKTLI U HAETCA ONUCAHUE 3ePKAJILHON CUMMeTpuy j1s IIocKux TopoB. CtaTns cocto-
UT U3 YeTHIPEX JIEKIMi, KOTOpLIe Oy npounTasnl B VIHCTHTYTe YnCTOl M MPUK 1A AHOR
maremaruxu (Jloc-Anmxkernec) B mapre 2003 r. B pamkax nporpavmot “CuMmieKTraec-
Kasl TeOMeTpUs U (PU3nKa” .
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1. 3epkaJjibHAaA CUMMeTPHUA C PUINIECKOU TOUKY 3PEHUS

Iens manHO# D€k — 00 LACHATL (PEHOMEH 3€PKAJILHOM CUMMETPIY C PU3MIEeCKOI TOU-
KU 3PEHUSI, & TAK¥KE €r0 MATEMATUYECKYIO UHTEPIPETAINIO, BLimBuHy Tyi0 M. Komesu-
ueM B 1994 1. B noknane va Mex nynapomom Matemaruueckom Konrpecce [25]. Ipyroii
MOIXOM K 36PKAJILHON cuMMeTprn Onut npensoxer B pabore A. Ctpomunrepa, 1. T. Ay u
9. 3acaoy [41]; 3mecn oH 06Cy K HATLCS HE OyHerT.

C (pu3rueckoil TOUKY 3pEHus, 3ePKAILHAS CUMMETPIS — 9TO HEKOTOPOE COOTBETCTBUE HA
MHOXKECTBE 2d-KOH(OPMHLIX Teopwii moJisi ¢ N = 2 cynepcummerpueil. A 2d-xorpopMmHas

Ilepsuiit asTop monnepxan pornom DOE (rpantr DE-FG03-92-ER40701). Bropoii asTop nomnep-
xan P®PU (rpant 02-01-00468), rpantom [Ipesunenta PP mia nomnepku MOIOMLIX POCCUACKIAX
yuennix MI1-2731.2004.1, Amepuranckum (ornom rpaxnanckux uccaenosanuii CRDF RM1-2405-
MO-02, ®ornoM COReACTBIS OTEUECTBEHHON HAYKE.

@ A.H. KAanycTtuH, I.O. OrPsiOB 2004
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TeOpWsl TIOJISI SBJISIETCS TOBOJILHO CJIOIKHON CTPYKTYPOI aaredpandecKoil mprpoIsl; HEKO-
TOpOe TOHATHE 00 BTOH CTPYKType OyaeT maHo Hyke. Taxum 06pazoM, 3epKajbHAST CUM-
METPUs — TOXKE TIOHATUE ajJrebpandeckoe. ['eoOMeTpusi BO3HUKHET, KOTIa MLl PACCMOTPUAM
CIEIMAJILHBIN KJIACC CYIePKOH(YOPMHBIX TEOPUIL I0JIs1, CBA3AHHBIN ¢ MHOrOOOpasuamu Ka-
snabu—fly.

Haunewm ¢ 2d-xkoudopmuoii teoprm moss (KTIT). Yto6n 3amats KTII, HyKHLI c1emyto-
M€ TAHHLIE: GECKOHEUHOMEPHOE BEKTOPHOE ITPOCTPAHCTBO V' (IIPOCTPAHCTBO COCTOSHUHN ),
TPU BLIIEJICHHLIX 3J1eMenTa B V (BaKyyMHLIH BEKTOp |vac) u eme msa aiementa L, L) u
JmHeliHOe oToOpaxkenre Y u3 V B “OpOCTPaHCTBO (JOPMAJLHLIX APOOHBIX CTEEHHBIX Psi-
OB 110 2, Z ¢ koaddummentamu 8 End(V)”. Mul Gyzem nasnvmBaTth orobpazkenue Y ome-
PaTOPHO-BEKTOPHBLIM COOTBETCTBUEM. TOUYHOE OpenesieHre “mpoCcTPAHCTBA (POPMATBHBIX
IPOOHLIX CTENEHHBIX PAROB” 66110 naHo B [19]. Jli1s1 mpOCTOTLI MOKHO CUATATE, UTO Y Ipu-
HUMAaeT 3HAUEHVS B IPOCTPAHCTBe Psnos JlopaHa 1o z, Z ¢ koa¢¢rmmentavu 8 End (1), xo-
TSI TAKOE ONpeniesieHyie Y HeIOCTATOUHO 00IIee B KOHTEKCTE 3ePKAJILHON CUMMETPUI. IDTU
JIAQHHLIE JOJIKHDI YIOBIETBOPATEL AKCHOMAaM, aKKYPATHY IO POPMYIMPOBKY KOTOPLIX MOKHO
Hatity B [19]. Ha maTynTMBHOM yPOBHE aKCHOMDI BLITVISIAT CJIELY FOLIM 06Pa30M.

(i) Y(|jvac)) = idy-.

(ii) Y(L) = ¥, e Ln/2"2, Y(L) = 3, cp Ln/z""? nna mexotopuix Ly, Ly, €
End(V).

(iii) Kax Ly, Tak 1 Ly, yIOBJIETBOPAIOT KOMMY TAIIMOHHBIM COOTHOIICHUAM areGpo: Bu-
pacopo; Bce Ly, KOMMYTHUDPYIOT CO BCEMH Ly, .

(iv) Umeror mecto cootsomemms [L_1,Y (v,2,Z)] = 0Y (v, 2,Z), [Lo,Y (v,2,Z)] =
20Y (v,2,Z) + Y (Lov, 2,Z), mus smo6oro v € V 1 aHAJIOrMYHbIE COOTHOIIEHU,
oy Jaronmmecs 3aMesoit L, — Ly, 8 — 0.

(v) Y (v)|vac) = e*L-1+7L-1y naa moborov € V.

(vi) Y(v,2,2)Y (v', 2/, Z') umeer He Gomee ueM CTENEHHLIE CUHTYILSIPHOCTY HA IATOHA-

mxz=2'uz=7.

(vii) Y(v,2,2)Y (v, 2", 2") =Y (v', 2/,Z')Y (v, 2, Z) ABAsieTCA OPMATLHEBIM PACTIDENETE-

HUEM C HOCUTEJIEM HA AT OHAJIA.

Hanomuanm, uto anre6pa Bupacopo — 210 6eckoreunoMepHas anrebpa JIu ¢ remeparo-

pamut Ly, m € 7, 1 ey oMMy KOMMY TAIMOHHBIMY COOTHOIIEHVLSIMU:
3

m= —m
[Lma Ln] = (m - n)Lm+n + cTém,—n-

Ona ABJIAETCA IEHTPAJLHLIM pacImpenreM aireopnt Burta (anre6pot JIu BeKTOPHLIX T10-
neit va okpyxuoctu). KoncranTa ¢ HasnBaeTca neHTpaaLHLIM 3apAnoM. AsnreGpa Bupa-
copo, HaTaHyTag Ha L, (nmu L., ), HazesaeTcsa npaBoOeryImeii (COOTBETCTBEHHO JTeBOOEry-
meit).

CymecTByeT HECKOJILKO BapuaHTOB BoirenpuseneHHoro onpenesnenusa KTII. s na-
X IeJieil HeOOXOMMMO CIeJIaTh BEKTOPHBIE IPOCTPAHCTBA U OTOOPAKEHNA MEK Y HUMU
(Z/2)-rpanynpoBanubivu. C ¢rsuueckoii Touky 3perus 910 o3Havaet, uyto B KTII ectn
KaK 0O30HHLIE, TAK U (JepMUOHHLIE 0JIA. JIpyroe BazKHO€e CBOMCTBO, BLIIOJHEHHOE B 0001
npuemiteMoit KTII, — 310 cymecTBOBaHME HEBLIPOK ACHHON OnmHeiiHON popMLI HA V', co-
JIacOBaHHOM ¢ ocTaybHbIME cTPYKTypamu K TII. Hakonerr, 6oanmmeacteo KTII, pacemat-
PUBAEMBIX B (JU3UUYECKON uTepaType, 00IaIaeT JIeBO-IPABOii CUMMEeTpUel. 9To 03HaUA-
er, 4To 3aMeHa 2 Ha Z u Ly, Ha L, maer msomopduyio KTII. Mz Gyzem paccMaTpuBaTnh
TOJILKO JIEBO-TIPABO cuvMeTpuynnie KTII.
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Bonee reomerprunoe onpenenerne KTII 6buto nano I'. B. Curanom B patore [40]. Cu-
raJji pacCMaTpPUBaJ KATErOPUIO, 06 bEKTaMI KOTOPOM SIBIIAIOTCS KOHEYHBIE HAOOPBL OKPY K-
HOCTel, a MOP(M3MaMU — PUMAHOBEI IOBEPXHOCTH C OPUEHTUPOBAHHBIMI AHAIATIYECKU-11a~
paMeTpu30oBaHHBIMU IpaHuamy. Kommosuiwist MOP(r3MOB OIpeneieHa IOCPEACTBOM CKJIe-
VBAHUS PUMAHOBLIX IIOBEPXHOCTEN B0 I'PAHNYHLIX OKPYYKHOCTEHR € COTJIaCOBAHHON OpU-
errammeir. KTII onpenenseTcs kak NpOEKTUBHBI (YHKTOP U3 9TOM KATErOpUA B KATETO-
PUIO TUILOEPTOBLIX IPOCTPAHCTB, YIOBJIETBOPSIIOII HAOOPY aKCHOM, OIIMCAHHLIX B pabOo-
tax [40], [10]. (IIpoekTuBHLIA (yHKTOD U3 KATEropuu 6 B KATETOPUIO I'MIILOEPTOBLIX IPO-
CTPAHCTB — 5TO (YHKTOP U3 6 B KATErOPUIO, 00HLEKTAMU KOTOPOI ABJLAIOTCA TUILOEPTO-
BBI IPOCTPAHCTBA, & MOPPU3MAMY — KJIACCHL SKBUBAJIEHTHOCTY MOP(PI3MOB I'1b0EPTOBLIX
NIPOCTPAHCTB MO OTHONIECHUIO K ONEPAITAA Y MHOKEHIA HA HEHYJIEBBIE CKAJLAPLL. ) MOXKHO 1o~
ka3ath, uto ar00as KTII B cmuicie Curana naet K'TII B cMbicse Hamero aarebpandeckoro
onpenenenys (cuM. [10]). Hanmpumep, BEKTOPHOE IPOCTPAHCTBO V' B HAIIIEM ONIPENEIEHNN —
®TO MUILOEPTOBO MIPOCTPAHCTBO, COOTBETCTBYIOLIEE OMHOM OKpykHOCTH. (TOOparKkeHue
Y monywaercs m3 paccMoTpenus MOP(PU3MA MMILOEPTOBLIX MPOCTPAHCTB, COOTBETCTBY-
IOIIEro PUMAHOBOR cdepe ¢ Tpemsa mpipkamu. lloxoxe, uto, u obpaTuo, no moboit KTTI
B HAIIIEM CMLICJIE, 00JIAIAOIEH JIEBO-TIPABOI CUMMETPUEHN U COrIaCOBAHHLIM CKAJIAPHLIM
IIpou3BeneHreM Ha, V', MOXKHO OJHO3HAUHO BOCCTAHOBUTL curaJjioBckyio KTII B pone Hyn
(T.e. OrpaHMUMBAACH PUMAHOBLIMU TIOBEPXHOCTAMY POIA HYJD ).

N = 1 cynepasaredtpa Bupacopo — 910 Hekas GeckoneunomepHas cynepajrebpa Jlu,
comepIkamas B KauecTse nonasrebper anredpy Bupacopo. Kpome ueTHbIx remepaTopoB
Bupacopo Ly, n € 7Z, oHA CONEPKUT TaKKe HEYETHDLIE TeHePATOPLI Qy, N € Z. Hosoie
KOMMY TAIIIOHHBIE COOTHOIIEHIS BLITVISA AT TAK:

m C

1
[Lma Qn] = (5 - ’TL) Qm—}—na [Qma Qn] = ELm—{—n + Em26m,—n-

TIo onpenesenuo N = 1 cyneproudopmuas reopus noust (CKTII) — oo Takas KTII, roe
Ha V 3amano npencrasienve mByx kommii N = 1 cynepasrebpsr Bupacopo, n oTo npen-
CTaBJIEHVE COIJIACOBAHO ¢ apyrumu cTpykTypamu KTII B oueBmmom cvoicie. !

N = 2 cynepanrebpa Bupacopo — nanbueiiee o6obmernue aareopsr Bupacopo. 91o
OeckoneunomepHas cynepaJsredpa Jlu, comepxkamas B kadectse monaareopet N = 1 cy-
nepasaredbpy Bupacopo. Ee uernnie remepatopnt 0603uauarorcs Ly, Jy,, n € Z. HeueTHnre
resepaTopnl 06o3HauaTCA Q) , Q. , n € Z. KoMMyTalIMOHHLIE COOTHOIIEHUS UMEIOT CJie-

TYIOMIYIO CTPYKTYPY:

[L,L] ~ L, [J,J]~ central, [L,J]~J, [QF,Q%]=0, (1)
[L, Q%] ~ Q*, [J,Q%] ~+QF, [QF,QT] ~ J+ L + central. (2)

TouHLIA B KOMMYTAIMOHHLIX COOTHOIIEHVIA MOXKHO HaliTv, HampmMep, B pabote [19].
Bouneynomsiuytas N = 1 momanrebpa Bupacopo maranyrta Ha »mementot L, u @, =
Qt +Q,, n €Z. Ortnomenus mexxny N = 1 u N = 2 cynepanre6pavu Bupacopo
AHAJIOTMYHLI OTHOIIEHUAM Mexay midepenmmanavu ne Pama n osnn6o Ha gopmax Ha
KOMILJIEKCHOM MHOTOO0OPa3uy: TeHEPATOPLL (), aHajoruusnl midepermmadry ne Pama d,
B TO Bpemsa Kak @ u (), amasorwasn: mddeperrmanam Jom6o & u J.

1 Ctporo rosops, 3To onpeznesnenue oTHOCUTCA K cekropy Pamona—Pamona CKTII.
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N =2 CKTI -210 N = 1 CKTII ¢ 3anamuniv neficteuem Ha V' mByx kormit N = 2 cy-
nepaare6pst Bupacopo. 9To neficTBre D0IKHO OLITL COTVIACOBAHO € OCTAJILHBIMU CTPYK-
typamu CKTII. Takum 06pa3zom, MLl TOJLy YaeM Uepapxuio aIrebpanveckux CTpyKTyp:

MuOKecTBO KTTI D MuHOKecTBO N = 1 CKTII D MuO)KkeCcTBO N = 2 CKTII.

Cymectyer erme 60ee o01ee moHATHE: 2d-TEOPUs OIS, 0€3 TPUIATATEILHOTO “KOHGOPM-
Hasa”. ML ero o0cy K maTh He OymeM.

Mozxuo matn 6osee reomerpuunoe onpeneserne N = 1u N = 2 CKTII B ctuse Cu-
rasa. [ 9Toro Hy HO 3aMEHUTEL PUMAHOBLI IOBEPXHOCTH [BYMEPHLIMU CYIEPMHOT000D-
asusvu ¢ N = 1 unu N = 2 cynepkoH(QOPMHOI CTPYKTY POLL.

Nzomopduam KT nm CKTII — 570 n30MOpdu3M BeKTOPHEIX IIpocTpascTs V. — V7,
KOTOPLIM COIJIACOBAH CO BCEMU OCTAJLHLIMU CTPYKTYPAMHU B OUEBMIHOM cMbIcie. IBe
N = 2 CKTII moryt 0bith n3oMop¢unt kak N = 1 CKTII, He O6ymyun u30MOpP(HLI KAk
N = 2CKTII. (3ameTny, 4To B pU3MIECKOM TUTEPATY PE IPY 0OCY K TEHI M30MOPPH3MOB
CKTII vacTo He ykazano sBHO, uMetoTcsaBBuay N = lumu N = 2 n30MOpGU3MDLI: OOLIUHO
®TO SICHO 13 KOHTEKCTA.. )

N = 2 cynepaurebpa Bupacopo nmveer naTepecHsIil aBTOMOP(QUI3M, HA3BBAEMBIHN 3€P-
KAJILHBIM ABTOMOP()U3MOM:

M: Ly > Ly T —Jn, QF — QF.

IIyctn y Hacumeercanapa N = 2 CKTII, koroprie m3omopgunikak N = 1 CKTII, nmycTn
f:V = V'’ — mexoTopuiii m3oMop¢usm Mezx oy Humu. Mol GynemM roBOPUTD, UTO f — IpaBbiit
zepraybHbii Moppuam Mexkay Hammvu N = 2 CKTII, econ f meficTByer Kak eqMHUYHLIN
aBToMOpQu3M Ha seBoberyuryio N = 2 cynepanredpy Bupacopo u kak 3epkasibHbIil aB-
ToMOp(m3M Ha npaBoberymyio N = 2 cynepairedopy Bupacopo. 910 onpenesieHue nveet
CMBICJI, TOCKOJLKY, KAK 32AMEUEHO BLIIIE, 3¢ PKAJILHLIA aBTOMOP()I3M TPUBUAILHO NeHCTBY-
erHa N = 1 nomanreopy Bupacopo. IlepectaBiissa neBoe 1 mpaBoe, IOIydaeM Ompenesie-
HUE JIEBOTO 3epKaaLHOrO Mopduama Mexk iy N = 2 CKTII. Hakonen, ecsu f nefictByer Ha
06e N = 2 cynepanreopst Bupacopo kak 3epKajbHbI aBTOMOP(U3M, MBI Oy.1eM FOBOPUTD,
UTO f —9TO KOMILIEKCHOE COIPSIKEHNE TPOCTPAHCTBA 3HAYCHIUIA.

Hazosem mBe N = 2 CKTII zeprainHbIMU APYT APYTY, €CJU CYMIECTBYET JIEBLIA UK
MIPABLIA 3€PKAJLHLIN MOpu3M Mex ay mumu. OueBumamo, uto ecau me N = 2 CKTII zep-
kansHel TpeTheit CKTTI (cneBa), 1o amn mBe CKTTI cavm m3omop¢unt (kak N = 2 CKTII).
Takum 06pa30M, OTHOIIEHNE 3ePKATLHOCTH (CKAIKEM, CJIEBA) — 9TO MHBOJIIOTUBHOE OTHO-
meHve Ha MHOXKeCTBe KiaaccoB r3omopguzmos N = 2 CKTII. IToxuepkuem, uTo 3epKaJin-
wpie N = 2 CKTII uzomopdunt kak N = 1 CKTII, #O 06n1usO0 HeM3oMOpdHLI Kak N = 2
CKTII. B ¢usuueckoii mureparype moCTPOEHO MHOTO SABHBLIX IPUMEPOB 3e¢PKAJLHLIX AP
N = 2 CKTII; u3 Hux MOKHO CTPOUTDL 0O0JIee CI0KHLIE TPUMEPHI TOCPEACTBOM ONEepaIii
TEH30PHOI'0 IPOM3BENCHNA, OPOU(OIA U T. 1.

Paccmorpum teneps cBsizb mexay N = 2 CKTII u maoroo6pasuavu Kanaou—y. Pu-
3uyeckoe MHOroobpasue Kanadu—y — 510 KOMIak THOE KOMIIEKCHOE MHOTOOOPa3ue ¢ Tpu-
BUAJILHBIM KAHOHIUECKM KJIACCOM, CHAOKEHHOE K3JIePOBLIM KJ1acCcoM U B-mosieM (21emen-
tom rpymnt H2(X,R)/H?(X,7Z)). TunoteTrdecku, KaxaoMy GU3NUECKOMY MHOTOOGpa-
auto Kanabu—fly moxuo ecrectBennniM o6pazom conoctasuth N = 2 CKTII, 3aBucsiyo
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OT DTUX F€OMETPUYECKUX TAHHLIX. ECJIM HE THATLCA 33, CTPOrOCTHIO, TO IPOLEY PY IOCTPO-
emmnss N = 2 CKTII moxHO omucats Tak. Bo-mepBLIx, Kaxk oMy (GU3IdIecKOMy MHOTOO0pa-
3uto Kamnabu—fly nerko conocraButh KJ1aCcCUUECKyIO TEOPUIO MOJIsA, Ha3bBaeMyo N = 2
curma-mozesinio. Ee narpamxkuas maeTcs sSBHOM, XOTSA U JOBOJILHO CJIOXKHOM, ()OPMYJION
(cM., Hampumep, [36]). DTOT JarpaHKMAH MHBAPUAHTEH OTHOCUTEILHO OOJILIION cymep-
anreOpbl MHPUHUTE3NMAJIBHBIX IPe0OPa30BaHMil, KOTOPAs M30MOP(PHA CyMMe ABYX KO
N = 2 cynepanre6put Bupacopo (¢ HyIeBLIM IEHTPAILHLIM 3apAnoM). Bo-BTOPLIX, HAIO
IPOKBAHTOBATL N = 2 CUIMa-MOZEIL TaKUM 00pa3oM, 4Tobnl N = 2 CyIepKOH()OPMHAA
CUMMETPUSA COXPAHAIACH U HA KBAHTOBOM YPOBHE (IIPU 9TOM HEM3OEKHO TOSABIIACTCA HEHY -
JIEBOY HEHTPAJILHLINA 3apsin). PesyinraTr kBanToBanus u ects uckomas N = 2 CKTII.

3a UCKJIIOUEHNEM HECKOJILKUX OUEHD CIIEIMAJBLHBIX CJIyYaeB, TOYHO TPOKBAHTOBATL CUT-
Ma-MOZEJIb He YAAETCA, Y IPUXOAUTCA TPUOeraTs K TeOpUM BO3MYIIEHUA. A MMEHHO, MeT-
PHKa YMHOYKAETCSA HA TIOJOKUTENLHOE uncao t 3> 1, gy — 124, , PACCMATDPUBAETCA TIPe-
neJt t — 0o (TaK HA3LIBAEMDIN Ipees GOJILIIOrO 00HLEMA) Y KBAHTOBAHUE IPOBOIUTCS, KIC-
HOJIB3Ys1 PA3JIOMKEHNe 110 cTerneHsaM 1/¢. ['rmoTeTruecku, IOy Yaonmecs CTeNeHHbe PALBL
10 1/t nMeroT HeHyJIeBOH pamIyC CXOMIMOCTI 1 TeM caMmbiM ompernessor N = 2 CKTII.

EcrecTBento noctaButh BOOPOC, MOXKHO JI BOCCTAHOBUTH (PM3MUECKOE MHOroobpasue
Kanabu—fIy X mo N = 2 CKTII. MuI Bckope yBumiM, 4TO OMHO3HAYHO STOTO CIEJIATL
Hesb3sa. Tem He MeHee, TOBOJILHO IPOCTO OIPENEINTL HEKOTOPEIE YLIC/IEHHBIE XaPAK TEPUC-
tuku X . Hanpumep, xoMmmiekcuas pasmeprocts X pasHa ¢/3, rie ¢ — 9TO HEeHTPAJILHDINA
zapan N = 2 cynepaare6pnt Bupacopo. Yucaa Xomka h?>9(X) MOKHO BLIUUCIUTL CJIe-
ayrommM 0b6pazoM. VI3 xoMMyTarmoHHLIX cooTHomenuit N = 2 cynepasreopnt Bupacopo
ciemyet, uTo onepatop Dp = Qa" + @g, IeACTBY oMM HA MPOCTPAHCTBE V , yIOBIETBO-
pser D% = 0. Onepatop D g maswmaercsa BPCT-onepatopoum (tuma B, cm. Huke), a ero
koromosiornu Hazemaercss BPCT-koromonorusavm. s aroboit pasymuoit N = 2 CKTII
xoromouiornut D p KOHEYHOMEPHBI ¥ OUI'pa fynpOBAHLI COOCTBEHHBIMY 3HAYEHIISIMU OIlepa-
TopoB Jo 1 Jg. (DTi omepaTopLl HA3LBAIOTCA JTeBOGEryImAM U mpaBoberymmM R-3aps-
nmamu cootBeTcTBerHHo.) Yucao Xomka hP-9(X) paBro pazmeprocTy komnoreHTsr BPCT
koromosioruu ¢ R-zapsamamu p — n/2u q — n/2, rne n = dime X. Orcrona scHo, uTo He
aobas N = 2 CKTII mmeer natepnperanuio B TepMuHax MEOrooOpasuit Kanabu—y: ne-
00XOAVMBIM YCJIOBUEM CYIIECTBOBAHUS TAKON NHTEPIIPETALIAN ABJIAETCS IEJIOUYNCIEHHOCTD
N = ¢/3 1 NeJOUNCIIeHHOCT CIeKTpa onepaTopos Jo + n/2u Jo + n/2 ma BPCT-koro-
Mosorvu. ['unoreTnuecku, HEOOXOMMMBIM U TOCTATOUHBIM YCIOBUEM CYIIIECTBOBAHIS I€0-
Metpudeckoit naTepnperamvm N = 2 CKTII sBiseTcs HeI0uncIeHHoCTs 1 = ¢/3 u ne-
JIOUMCITEHHOCTE CTIEKTPa OnepaTopoB Jo + n/2u Jo + n/2 ma V. Tlpu aToM HEOGXOMMO
HECKOJILKO PACIIMPUTE TOHATHE MHOro00pasusa Kanabr—y, Bkarouns, HampuMep, HEKOTO-
puie opOugoap.

MozkHO moKa3aTh, YTO ecau aBa (u3mdeckux MHOrooopaswsxw Kanabu—fy cesa3anst
KOMILJIEKCHBIM comnpsizkerreM, 10 coorsercTBytomme N = 2 CKTII cBsi3aHbl KOMILIEKCHLIM
CONPSYKEHNEM NPOCTPAHCTBA 3HAYCHUI (CM. BLIIE). DTUM U 00 LACHAETCA BLIOOD TEPMU-
HoJstorvm. OGpaTHOE HEBEPHO: CyIecTBOBaHKE MOp¢uama Mexay myma N = 2 CKTII,
KOTOpLI ABysieTca N = 1 M30MOPOM3MOM U MHAYIMPYET 3€PKAJLHLIT aBTOMOP(U3M HA
obeux komsax N = 2 cynepasreopnl Bupacopo, He ByieueT HUKaKOH IPOCTO CBA3U MEK Iy
cooTBeTcTByOUWMY MEOrooOpasusavu Kanadbu—y. Hanpanmwsaercs cnemxyrouwii Bompoc.

Bomnpoc 1. Ilpu xakux ycaoeusx msa maoroodpasus Kamabu-fy naror mzomopdube
N =2 CKTI?

Urob6bl OTBETUTL HA DTOT BOMPOC, HYXKHO HATH F€OMETPUYECKYIO MHTEPIPETALIO
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“kBanToBLIM cumMeTpusiv” N = 2 CKTII. Bot emme omus BOIpoc TaKOro e TUIA.

Bomnpoc 2. llpu kaxkux ycnoBusax asa muoroodpasus Kanabu—y naror N = 2 CKTII,
CBSI3AHHBIE 3€ PKAJILHBIM MOP(OU3MOM?

Mz 6ynem roBopuTh, UTo ABa (rsmyeckrx MHOroobpasus Kanadu-y sepkanbust apyr
IPYTY, €CJIN CYIECTBYET 36 PKAJLHBIA MOP pu3M Mexk 1y coorBeTcTByonmvu N = 2 CKTII.

IlepBLie HETPUBUAJILHLIE TPUMEDDI 38PKAJLHBIX MEHOr00Opasuii Kanabu—y Onumm mo-
ctpoens B pabote . I'pura u P. Ilneccepa [14]. B koMmiutexcHO#R pazMepHOCTY TpU (HanGo-
Jiee MHTE€PECHOM ¢ YU3UUIECKOM TOUKY 3pEHMA ) TPOCTENIINIA HEeTPUBMAJILHBIA IPUMED UMEET
caemyiomuii Bua. Ilepsoe muorooGpasue Kanabu-sly — sto ksuntuka $epma B CP4, 3a-
nmamHAs ypaBHeHueM x° + y° 4+ 2° 4+ v° + w® = 0. UT06BI MOCTPOUTDL 3epKaaLHOE eif
vuoroobpasue Kanadu-ly, HyKHO B3ATL Ty Ke CaMyIO KBUHTUKY, IPO(YAKTOPU30BATE €€
10 HeKOTOpOMYy meiicTButo rpymst (Z/5)2 u pasnyTn HemomsrokaLie Toukw. Mot me Gymem
31eCh 00LACHATL, TOYEMY 9Ta Iapa MHOrooOpasuii sepkasinaa npyr apyry. (B cratne I'pu-
ua u [lneccepa 310 OLLIO BLIBENEHO M3 runoTeTnyeckoit sksuBagentaoctu N = 2 CKTII,
cooTBeTCTBYIOmEN kBuHTHKEe Pepma, u mekoropoit Touno pemaemoint N = 2 CKTII, no-
crpoennoii [I. Temmepom. B mocaencTsum 5Ta 9KBUBAJIEHTHOCTE Oblia n3ydeHa 9. Burre-
HOM [44], Tak YTO B HACTOsAIIEE BPEMs OHA PACCMATPUBAETCS (PU3UKAMU KaK TeopeMa. )

OTBeT Ha MEPBLI BONPOC OKA3BLIBAETCS] BECHMA HETPUBUAJLHLIM. ITO BUIHO YK€ HA,
npuMepe, B KOTOPOM X — 9T0 KOMILIEKCHLIA TOP € TIIIOCKOA MeTpuKol (cum. mextmo 2). Ha-
pUMep, TOP U €ro AyajbHLIA TOP COOTBETCTBYIOT omHol u Toit ke N = 2 CKTII, xoTsa
OHI OOBIYHO He M30MOP(HBI KAK KOMIIEKCHBIE MHOr0OOpasusa. Y10 kacaercs Bompoca 2 —
XapaKTePU3AIN 3€PKAJILHOIO COOTBETCTBUSA B TEOMETPUYECKUX TEPMUHAX, — TO OTBET HA
HEro U eCTh KOHeUHAas IeJIb BCeX UCCAeN0BAHUN IO 3€PKAJILHON CUMMETPUH.

Ha caMoM MPUMUTUBHOM yPOBHE, 3¢pKaJbHAA cuMMeTpusa Mexkay X u X' Biaeder cBA3DL
mexay uncaamu Xomka h? (X)) u h?>?(X’). YToOLI NOHATDL, KAK 3TO MPOUCXOIAT, 3aMe-
TUM, UTO HAPSALY C KOroMoJioruei oneparopa Dp = Q0+ + @OJr MOKHO TaK¥Ke PACCMOT-
peTn KoromoJoruio oneparopa D g4 = @, + §0+ MOKHO OKA3aTh, UTO €CJIN BLITOJHEHBI
YCIIOBUS IIEJIOUNCIIEHHOCTH Ha, CTIeKTD Jg, J o, YIIOMAHYTLIE BEIITIE, TO 3TH IBE KOTOMOJIOT I
M30MOP(HLI Kak GUrpaaynpOBaHHLIE BEKTOPHLIE npocTpancTsa [29]. Hanee, ecom X n X’
3eprasnpor, TO koromosorusa D 4 (X) Gucrenenu («, 3) nzomop¢ua xoromomnorvm D g (X)
6ucrenenu (—a, ). Ucnomn3ys csizn koromosnoruu D p(X) ¢ uncaamu Xomka MHOr0o0-
pazus X, JIerko BUAETH, UTO

hPY(X) = h" " P(X"). (3)

Ecmm BemmcaTs unciaa Xomka Ha IIOCKOCTH € KOOPAUHATAMY P— U P+ —1, TO TOJLY YUTCS
tabimua B popme pomba (pomb Xomka). s n:060ro k3mepoBa MEOrooGpasus 310t pom6
nepexomt B cebs npu nosopotre Ha 180°. Ypasuenue (3) o3Hauaer, uro poMbul XomKa
3ePKAJLHLIX MHOTOOOpa3uii CBA3aHLI HTOBOPOTOM Ha, 90°.

Koneuno, 3epxannHas CUMMETPUSA He CBOMUTCA K uniciaMm Xomka. Haunbosee nepcmex-
TUBHBIN TOAXOM K PO0JIeMe XapakKTEPU3AIMK 3€PKAJILHON CUMMETPUI ¢ TeOMETPUIECKOM
Touku 3penus Ob1 npemrozkern M. Konnesruem B 1994 1. B ocrasietics yacTu 910 exiwm
MbI ObpucyeM B 0b6mmx yeprax runoresy Konmepuya, a Takxke ee U3MUIECKYIO NHTEPIIPE-
TaIUIO.

Puzuyeckoe muorooopasme Kanabu—-fly ob6nanaer kak KOMIIJIEKCHOMR, TaK W CUMILIEK-
TUYECKON CTPYKTY PO (k21epoBoit popmoit). UToObl IPOACHUTL T€OMETPUUECKI CMBICIT
3ePKAJLHOM CUMMETPUM, OUYEHDL IIOJIE3HO “PACIenUThL’ STU OBA TUIA TEOMETPUYECKIX
CTPYKTYP U CHOKYyCHPOBATLCA HA ONHOM m3 Hux. TOuHee roBOps, K3JIEepOBy (opmy
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Hamo o0bemmHUTE ¢ (1, 1)-KoMmonenTOR B-11071s1 B “KOMILIEKCUUIMPOBAHHYIO K3JIEPOBY
popMy” , KOTOpas mapaMeTpusyeT “pacumpeHHOe IPOCTPAHCTBO MOMYJIe CUMILIEK TIYeC-
KUX CTPYKTYpP”. AHAJOIMUYHO, HYKHO CUATATL, UTO KOMILJIEKCHAS CTPYKTYPa BMECTE
¢ (0,2)-vactpio B-moss mapamerpusyor “pacumpeHHOe NPOCTPAHCTBO MOIYJIEH KOMII-
JIEKCHLIX CTPYKTYP”. Mol xotesnu Oot Boimenuth te acnektol N = 2 CKTII, koropoie
3aBUCAT TOJLKO OT PACIIMPEHHBLIX KOMIIJIEKCHBIX IV TOJILKO OT PACIIMPEHHBIX CUMILIEK T~
YECKUX MOIYJIEN. DTOr0 MOKHO HOCTUTHY Th, BOCIOJIbL30BABIICEH TPUEMOM, M300PETEHHBIM
9. Burrenom [45], [46] 1 HA3LBAEMLIM “TOMOIOrMUECKUM CKPYIMBAHIEM .

Cy 1o koHCTpYyKIvm ButTena 3akniouaercs B ToM, uyto Bo Muorux N = 2 CKTII ects xo-
HEYHOMEPHBIE CEKTOPBI, KOTOPBIE SBJISAIOTCS TOMOJOTMUECKIMY TEOPYSIMU [T0JIs1, T.€. OHU He
3aBUCSAT OT ABYMEPHON MeTpUKY (METPUKM HA “MUPOBOM JIACTE” ) TOBOPSI HA SI3LIKE TEOPU
crpysn). Ha camom nesne, Bo muorux N = 2 CKTII, srirouas CKTII, ces3annbie ¢ MHOTO-
obpasusamu Kanabu—§ly, ecTn mBa TakUxX CeKTOPa, KOTOPLIE HA3LIBAIOTCA A- 1 B-Monmessvu.

HamoMHMM OCHOBHLIE CBENEHUA NMPO ABYMEPHLIE TONOJOrMYEcKUe Teopur noss (2d-
TTI). 9Tu TeOpUM ONPENENAIOTCA AKCUOMAMU, MOXOXKUMU Ha, CATAJIOBCKUAE AKCAOMDI
KOH()OPMHOH TEOPUI TI0JI51, HO 3HAUMTEILHO Gouiee mpoctoivu [2]. Pacemorpum kareropuso,
00 beKTaMU KOTOPOU ABJLAIOTCA KOHEYHBIE HAOOPBI OPUEHTUPOBAHHLIX [1APAMETPH30BAHHBIX
OKPYIKHOCTEH, & MOP(YU3MaMU — OPUEHTUPOBAHHBIE IBYMEPHbBIE MHOrOOOPAa3Ws € IPAHUIIEN
(ue cuabxeHHbIE KOMILIEKCHON cTPYKTYpOit). 2d-TTII - »10 $pyHKTOp U3 9TOM KaTeroprm B
KATErOpPUI0 KOHEUHOMEPHLIX IPAAYNPOBAHHLIX TPOCTPAHCTB, YIOBJIETBOPSIONMI HAOODY
CBOICTB, aHAJOTUYHLIX curajoBckuM. Kaxk m mnsa mBymepunix KTII, sTo ompenenenue
MoxKeT OLITL ImepedOopMyIMPOBAHO B UMCTO ajrebpandeckux TepMumHax. OkxasnmBaercs,
uto nouaTre 1Tl mosHOCTHIO SKBUBAJIEHTHO MOHATUIO CYIIEPKOMMY TATUBHON (pOOeHu-
YCOBOHM asrebpLl, T.e. CyNEPKOMMYTATUBHON aarebpnl ¢ MHBAPUAHTHON METPUKOM (CM.,
HanpuMmep, [6]).

ITonpo6uoe onucanve mporesypel TOMOJIOIMTYECKOIO CKPYUMBAHNSA YBEJIO ObI HAC CJIMII-
KoM nasexo. ['py6o roeopsi, Hamo “ype3aTs”’ mpoCTPAHCTBO V' 10 KOTOMOJIOT N HEKOTOPOTO
omnepaTopa, nefictyromero #Ha V (aToT onepaTtop oonruno HaznBaroT BP CT-onepatopom).
OmnepaTopHO-BEKTOPHOE COOTBETCTBHE Ha, V 1AaeT CTPYKTYPY CYIEPKOMMY TATUBHOM aJre0-
pot Ha BPCT-koromonorusx, B T0 BpeMs KaK HEBLIPOXKIEHHOE CKAJISAPHOE MPOU3BEIECHE
Ha V MHOyIMPYeT HEBLIPOXK IeHHOEe cKasiapHoe npoussenenre Ha BP CT-koromosorusx.

Ectn mBa cymectsenno pasunix GPCT-oneparopa: D4 nau Dp. (Moxuso Takxke pac-
emotpern BPCT-onepatoprt Dy = Qf + Qp u D’y = Qg + Q , HO 5T0 He 1aeT HIgero
HOBOTO, IOCKOJILKY 3aMeHa X Ha ero KOMILIEKCHO COIpsukeHHoe nepesomt D’y B D 4, a D'y
B Dp.) Taxum 00paszoMm, KOHCTPYKIMs BUTTeHa COMOCTABIAET KAKIOMY (PU3UUECKOMY
muoroobpasuio Kanabu—fly mse TTII, koTopnie HasbBaoTca A-Momnemnio u B-monennio
COOTBETCTBEHHO.

Mo02KHO IOKa3aTh, YTO A-MOIEJL He 3aBUCUT OT “pacCIIMPEHHON KOMIIJIEKCHOM CTPYKTY-
pot” Ha X, a B-Mozmesin He 3aBUCUT OT “paCIMPEHHON CUMILIEK TUYECKON CTpYKTypol” Ha X .
Wuaue rosops, A-momenns — 910 cuMiuiekTndeckuii naBapuant Kanadbu—fly, a B-monens —
KOMIUIEKCHBIA. Ha caMoM mesie, mpoCTpaHCTBO COCTOAHMI A-Momemn ecTeCcTBeHHBIM 00pa-
30M n30MOpdhHO Koromosorwsam ae Pama H**(X), B T0 Bpemsa Kax POCTPAHCTBO COCTOSM-
HUT B-Mozmesu ecTecTBEHHLIM 06pa3oM M30MOP(HO koromostorusiM Jloan60

H*(A*Tl’OX),

rae T%X —»10 ronoMmop¢roe KacaTensroe paccaoerue X . IIoCKOILKY KAHOHIUECKOE JIK-
HeftHoe paccioerne X TpuBHasbHO, mpocTparcTso H9(APT-0X) usomopdso mpocrpasn-
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ctBy H"P9(X); 9TOT M30MOP(YU3M 3aBUCUT OT BLIOOPA TPUBUAIM3ZAIIN KAHOHIUECKO-
IO PACCJIOEHUS. 3aMETUM TAK¥Ke, UYTO 00a MPOCTPAHCTBA COCTOSHUIA NMEIOT €CTECTBEH-
Hy1o burpanyupoBky. C (pU3MUecKoil TOUKY 3peHns, OHA BO3HUKAET DJIaronaps HAJIUULIO
R-3apsnos Jy u Jo.

Kaxk yxke ropopusioch Boime, mpocTpanctso coctosuuit TTII umeer ctpykTypy cymep-
KOMMY TATUBHOM asreOput. B ciyuae B-momesn 310 OueBUIHAS CTPYKTYPA; B citydae A-mo-
ZIeJIU — 9TO Ne(pOPMAIA OUEBUIHON CTPYKTYPLL, 3ABUCAMIAA OT “DACHIMPEHHON CUMILIEK-
TUYECKOU CTPYKTYPEI” Ha X : TaK HA3LIBAEMBIE KBAHTOBLIE KOTOMOJIOTUH X .

3epraJLbHAA CUMMETpUs AeficTeyer Ha A- u B-momenu oueHn ipocThiM o6pasom. Jler-
KO BUIETh, UTO 3€PKAJILHLIN aBTOMOp(m3M cynepanredpsr Bupacopo nepecrasiser D 4
u D p. Takum 06pa3om, eciiu y HAC €CTH 3epKajbHAA Mapa puanveckux MEOrooopasui Ka-
nabu—SfIy X u X/, ro A-monenn nia X uzomopdua B-monemu nias X/, u Hao6opot. Ecim
A-mozmens mns X uzomopra B-monenu s X’ u Ha060poT, MBI Gy €M rOBOPUTH, UTO X
u X’ cnabo-zeprannunt apyr apyry. C norATAEM CI1a00# 3¢ pKaJILHON CUMMETPUN FOPA3Io
serdye paboTaTh, ueM ¢ ’HACTOAMER” 3ePKAJILHON CUMMETPUEH, TIOCKOJIBKY €€ MOIKHO TIPO-
BEPUTD, HE 3HAS HAYErO PO CUIMa-MOENN U UX KBaHToBaHue. C Qpyroil CTOpOHLL, B IPO-
LIECCE TOMOJIOTMUECKOTO CKPY UMBAHISA TEPAETCA MHONO UHYOPMAIIAN, U BOSHUKAET YKEJAHUe
Halitu “oboramenunii” Bapuant A- u B-Mozneseil, KOTopbiii 0611 On1 Gimke o uHGOpMa-
morHOMY conepxaruio K N = 2 CKTII.

M. Konmesuu npemyioxkuil pacCMOTPETh B KAUeCTBe Takoro “oboramenus” B-monenun
OTrPAHUUEHHY IO TPOU3BOIHYIO KATErOPUIO KOT€PEHTHLBIX IYUYKOB Ha, X , KOTOpas 0003HaUa~
erca D®(X); anasordso, mis A-MOIeIV OH MPEIIOKIT PACCMOTPETE POM3BOIHY 0 BEP-
CHIO Tak HasLBaeMoi kareropru Pykas, koTopyro Mol Oyznem obosuavats D Fo(X). Adpy-
UMM cJIOBaMU, rumnoTesa Konresnyaa 3axmodaeTcs B ToM, uTo ecau X 1 X' 3epKaJjLHLL, TO
xareropus D (X ) sksuBasnenTra kareropuu D% (X '), n Hao6opor. D10 Tak HAZLBAEMAA
runoTesa zomonozuveckol zeprasvioi cummempuy (I'3C). Ecau ob6paTHoe yTBEpK 116~
HII€ TOKe BEPHO, TO ®TO NABAJIO OLI TIOJIHLIA OTBET HA BOIIPOCHI 1 1 2.

OGpucyem Tenepnb B OOIIMX U€pPTAX ONMpENeeHrs TUX IBYX kareropwmii. Ilycts X —
1A KOe KOMILTeKCHOe MEOrooGpasue. O6next DP(X) — 10 orpanmeHHbIi KOMILIEKE TO-
JIOMOP(PHLIX BEKTOPHBLIX PACCIOEHU HA X , T.€. KOHEUHAS IOCIEI0BATEILHOCTL TOJIOMOP (-
HDLIX BEKTOPHLIX PACCJIOSHII M OTOOPAKEHII MEXK Iy HIIMI

0—.---—E,_1—FE,—>FEp;t1—---—0

TaKas, YTO KOMIIO3UITA JIFOOLIX IBYX HOCJIEIOBATENLHLIX 0TOOparkeHnit paBHa Hy1io. Ha-
TIOMHUM, UTO KOT'OMOJIOT S TAKOT'O KOMILIEKCA — TO MOCIEIOBATENLHOCTE KOT€PEHTHEIX Ty Y-
xoB Ha X. YUTOOLI ompenesnTh MOP(UIMLI B Db(X ), PACCMOTPUM CHAUAJIA KATETOPUIO
orpanmrgennbx kommiexcos CP (X)), rae o6mexTs — Taxue xe, kax 8 D?(X), a MOP(PU3MEI —
LenHLIe 0TOOpazKeHNA KoMILIeKcoB. Mopduam B kareropuu C° (X)) masniBaercst KBa3um3o-
MOP(PU3MOM, €CJI OH UHAYIMPYET U30MOP(U3M Ha KoroMosoruax. CMBICT ompeneseHus
[IPOU3BOMHOMN KATErOPUX B TOM, UTODBI OTOXK IECTBUTH KBA3UM30MOP(HbBIE KOMILIEKCHL. 10
€CTL Db(X ) moJTyJaeTcs u3 Cb(X ) (POPMAIILHBIM IPUCOEIVHEHNEM 0OPATHBIX MOP(PU3MOB
KO BCeM KBa3mmM3oMop¢uamMaMm. B »ToM onpeneseHn MOXKHO 3aMEHATL KOMILJIEKCHI TOJIO-
MOP(HBIX PACCIOEHNI KOMILTEKCAMI IPOM3BOJILHLIX KOTE€PEHTHLIX IyYKOB: IPOU3BOIHAAL
KATErOpHs OT STOr0 He MeHaeTcA. B sexrmm 3 Mot o6cymmnt D (X)) Gosee monpo6wo.

B T0 Bpems Kak KOrepeHTHBIE [IyYKN U UX KOMILIEKCHI JABHO CTAJIM OIHVM M3 OCHOBHBIX
MIOHATHIH aJredpandyeckoil reoMeTpun, MPon3BoaHas KaTeropus Pykas — vemaBuee n3oope-
terre. OHA MOJNYYAETCS U3 HEKOM NeOMETPUUECKON KATErOprK, HA3LIBAEMON KaTeropueit
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dykasn F(X), HOCPENCTBOM HOBOJLHO CJIOKHON ajrebpardeckoll KoncTpykimu. [lammas
kareropus 6nwia BBenena K. dykas s [8]. Ha camom mese, 910 He coBceM KaTeropus: HA
HIPOCTPAHCTBAX MOPYU3MOB €CTL AONOJHUTEILHBIE CTPYKTYPLI (7-apHbIE KOMIO3VIIAN U
() pePEHIIAIIBI ), ¥ KOMIIO3VIN OOBIMHBIX MOP(U3MOB aCCOLMATUBHLI TOJLKO € TOYHOC-
TBIO IO IENHOM romoTommu. Takas cTpykTypa HasbBaeTcs Ao-kateropueit. Kareropus
$yKkas 3aBUCUT TOJIHLKO OT PACIIMPEHHON CUMITIEKTUUECKOR CTPYKTYPEl HA X . OO BLEKTHI
kareroprm Pykas — s10, rpy6o rosops, Tpoiiku (Y, E, V), rne Y — narpanxeBo moaMHO-
roobpasue X, F — koMnsekcHoe pacciaoerue Ha Y ¢ ®pPMUTOBOM METPUKOM, a V — III0CKast
YHATAPHAS CBA3HOCTDL Ha F. DTO ompeneseHre BEPHO TOJNLKO “B MEPBOM MPUOJIMKEHN
10 HECKOJILKVIM IPUUMHAM. BO-IIEPBLIX, HE KAXKI0€ JIArPAHIKEBO MOAMHOrooopasue Y mo-
IMyCTUMO: TaK Ha3bBaeMblli knacc Macnosa Y momxken Onith pased mymwo. (Kmaacc Ma-
coBa npuEMMaert 3uaderua B H' (Y, Z).) Bo-BTOpLIX, Y MOMKHO BLITH “rpaayrpoBaHo”.
(TlonaTrE TpaLyUPOBAHHOIO JIAr PAHKEBA TOAMHOTO00PA3UA B CUMILIEKTUIECKOM BEKTOD-
oM nipocTpascTse 6110 BBeneHo 2K. Jlepe B 1968 1. u 0600meno M. KonrieBuueMm na ciry-
yail JarpaHKeBLIX HOAMHOroo6pasuii 8 Muoroobpasusx Kanabu—fly.) B-tpernux, Bo3-
MOKHO, TPpeDOBAHME YHUTAPHOCTU CBA3HOCTU V HAZO OCIAOUTL U MOTPeBOBATL TOJLKO,
4TOOLI COOCTBEHHBIE 3HAYEHIIA IPEICTABIEHNS MOHOAPOMIM OLLIN IO MOIYJIIO PaBHLI 1.
B-ueTtBepTLIX, €cau B-mosie He paBHO HYIO, TO CBSI3HOCTL V IOJIKHA OLITL TOJBLKO IPO-
eKTUBHO TLIOCKOH [19].

Mopduzmer B kateroprm Pykas onpenessioTcs yepe3 Tak Ha3bBaeMbii koMmseke Pio-
epa. 9T1o nousaTre OyneT 00CY K IATLCA B JIEKIMN 2.

Ceszn mex ay runoresoit ['3C, ¢ omuoti ctoponnt, u A- u B-mMonensamu, ¢ Ipyroi, MOKeT
6oL 06 BsICHEHA caemyommM o6paszom [25]. Ecau y nac mveercs TpuanrynupoBansas (Ha
caMoM [zeJie, “OCHAIIEHHAs TPUAHTyIUPOBaHHas” [3]) KaTeropusi, To MOXKHO PACCMOTPETL
ee nepopmarmu. MuadGopmaims o neopMarmisix KATeropun COIEPKUTCA B €€ KOTOMOJIOTUAX
Xoxmmanoa. B cayuae Db(X ) Koromosioruy XOXIMMIILAA, TI0 BCEH BUIMMOCTH, U30MOD Q-
HBI KOTOMOJIOTHAM BHEIIHe anreGpLl TOIOMOPPHOTO KacaTeILHOIO PACCIoe s Ha X | T.e.
npocTpascTBy coctosauuit B-vonemm.? (Cu. Taxske [42].) M. Komresnd Brickasas THUmo-
Te3y, YTO KOTOMOJIOTMY XOXIIJILAA TIPOMU3BOAHOM KaTeropuu Pykas n30MOp(HLI KBAHTO-
BLIM KoromoJstorusiM X, T.e. IpocTpancTBy coctosauidi A-monenu [25]. Ecau »1o Tak, To
sxsuBasenTHOCTL DP(X) 1 DFo(X') Brever msomopdusm vesxny B-monemnio mis X u
A-monennio mia X', T.e. TOMOJIOTMYECKasA 3epKAJLHAA CUMMETPUA BJICUET CJIa0YIO 3€p-
KAJBLHYIO CUMMETPUIO.

T'vmoteza I'3C umeet unrepecHoiii pusnyeckuii cmoica. C TOUKY 3peHns YUK, OCHOB-
HAsAUIEs COCTOUT B TOM, YTOOLI 0000rmmTn nousaTre mymeproii T'TTI, pazpemus mupoBomy
JIICTY UMETL Fpanvinl (CM., Hanpumep, pabory [47]). 91o 0606meHre nMeeT CMBIC U 7151
CKTII u mpuBomuT K moHATUIO D-OpaHbl, KOTOPOE UTPAET OUEHD BAXKHYIO POJIb B TEOPUU
crpyH [37]. D-Bpana— 310 “xoporee” rpaHIYHOE YCIOBYE IUIs IBYMEPHOU CyTIepPKOH(POPM-
HOI Teopuu 1oJisl. B KBAHTOBOM CJiyyae He COBCEM SICHO, KaK1€ TDAHNYHLIE YCJIOBIS CIIEIY-
€T CUMTATL “XOPOMIMME” , IOTOMY MBI 00CYIVIM 9TO IOHATHE B PAMKAX KJIACCUIECKOH (u-
suku. Kiaccrueckas mByMepHas Te0pus OIS 330a€TCA CBOUM (YHKIIMOHAJIOM IEACTBUS,
KOTOPLIA SIBJIETCA UHTEMPAJIOM JIOKAJILHOTO JIATPAHKUAAHA TI0 MUPOBOMY JiucTy. Jlo cux
TIOP MBI CUATAIIN, YTO MUPOBO# JIUCT UMEET TOMOJIOTUIO IMIMHAPA, 00Pa3yIOIe KOTOPOTo
TIapaMeTPU30BAHLI BPEMEHHON KOOPAMHATON. TakuM 06pa3oM, OMHOMEPHOE IPOCTPAHCTBO
VIMEJIO TOMOJIOTUIO OKPYKHOCTU. [lyCTh Temepn mpoCTPAaHCTBO UMEET TOMOJIOTUIO OTPE3-

2Mu roBopuM “no BCell BUIMMOCTH” , HOCKOJIBKY [0 CUX IO HET IIOJIHOTO NOKA3ATEILCTBA.
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ka I, T.e. MUPOBOR JUCT BHITJIAAMT Kak R X 1. YTOOBI KIaCCUUECKaAs TEOPUS OIS UMEJIa,
CMBICJI, He0OXommMO, uTo0b! 3anava Komm nuis ypasHenuit 9iinepa—Jlarpanxa mvesa on-
HO3HAYHOE PeIeHre, IO KpaliHeli Mepe JIOKAJILHO. SICHO, 9TO [i1s 9TOro Ha IO JIs 1 UX TPOM3-
BOZHBIE HAIO HAJIOXKUTE IOAXOSINIE YCIOBUSA HA TPAHMIIAX MHTepBaJa. Hampumep, Moxk-
HO n0TpeboBATL 3aHyJeHys Ha rpanuie (“ycaosus Jupuxie” ) Kakux-Hubyan CKaIAPHLIX
TIoJIeH, BXOIANIX B JIarpamkuan.® D-OpaHa B KIACCUUECKOH TEOPUM MOJIS — 9TO IPOCTO
BBIOOD TAKOT'O TPAHUYHOTO YCJIOBUS.

Ecmu Teopust nosisa nMeeT Kakue-HUOYIL CUMMETPUN, TO MOXKHO TTOTPeOOBATL, YTOOLI
TPAHUYHOE YCJIOBUE COXPAHAIO 9TU cuMMeTpr. Hampumep, anreOpa cuMMeTpuiii 110001t
N = 1 curma-Momesiu COnep:KUT MPAMYIo cymMmy mByX kommiit N = 1 cymepasredpnr Bupa-
copo. He cymecTByeT rpaHudHbIX yCI0BUi, KOTOPBIE COXPAHAIM OBl BCIO 9Ty CUMMETPUIO,
HO €CTh MHOI'O I'DAHUYHBIX yCJIOBUI, KOTOPLIE COXPAHAIOT AMArOHAJBHY 0 nonaareopy. Ta-
KIie TPAHUYHBIE YCIOBUS COOTBETCTBYIOT OOLIVHBEIM D-GpaHaM B Teopun cynepcTpyH [37].
B cayuae N = 2 Mot umeem mBe ko N = 2 cynepanreopst Bupacopo 1 Mo:kHO IoTpe6o-
BaTh, YTOOLI IPAHNYHBIE YCJIOBUs COXPAHSIN MMAroHaJbHy0 N = 2 nomasrebpy. Takue
IPAHUYHLIE YCJIOBUA HA3LIBAIOTCsA D-Opanamu tvna B min mpocto B-OpaHamu, moTOMY
UTO OHM CBs3aHLL ¢ B-Monennio (cuM. Hrke). C Opyroil CTOPOHLI, MOXKHO KUCIOJIL30BATD
3epKaJbHLI apToMopduam M cynepanredpst Bupacopo u morpeboBaTh, YTOOBI IrpaHIY-
HOE YCJIOBUE COXpaHaiao apyryio N = 2 noganareOpy, HATAHY TYIO HA SJIEMEHTHI

J— p— _ __+_ —_——

CooteercTByronme D-Gpannt HazniBaroTCsa D-Opanavu tuna A unu mpocto A-Gpanamm.

Ecau y mac ectn knaccuyeckas D-6pana (tuma A wimu B), MOXKHO IOCTABUTL 3a1a-
Uy KBAHTOBAHWSA KJIACCUYECKON Teopuy noJig Ha R X [ ¢ TPAHUYHLIMU yCJIOBUAMU, COOT-
BeTcTByoumMu 1o D-6pane. IIpu sToM Mol TpeGyem, 4TOOLI KBAHTOBAHME COXPAHAIIO
N = 2 cynepaarebpy Bupacopo. Ecim 510 ymaercs cmenath, Mbl OyneM TOBOPUTL, UTO
kJaccudeckas D-OpaHa MoKeT OLITL TPOKBAHTOBAHA, a Kjaccuueckas D-6pana BMecTe ¢
METOIOM KBaHTOBAHMS OyIeT Ha3LIBATLCA KBaHTOBOM D-Opanoii. [lonHocThI0 yIoBieTBO-
PUTEILHOTO KBAHTOBOTO OmpernesieHus D-OpaH o CUX MOp He CYIIECTBYET; HANTU Takoe
OTpenesieHre — MHTEePEeCHAS 3a,0a4a Ha Oy myiee.

O6cymm Tenepn cBs3n Mexkay A- u B-Gpanavu u A- u B-monensvu. A- u B-monenu
noayyatorca uz N = 2 CKTII tononornueckum ckpyuusarueM. ['py6o roBopsi, TOnoJso-
TMYecKoe CKPYUMBAHME 3aKJII0UaeTcs B “ycedenry” Teoprm 10 Koromosorvu BPCT-one-
paropa D 4 unu D . 3amerum Tenepn, uto omepatop D 4 (coorserctBerno D p) — aie-
MeHT N = 2 momanreOpnl Bupacopo, KoTopas COXpaHsaeTCs TPAHNYHLIMU YCIIOBUAAMU TU-
na A (coorBerctBenHo Tuna B). Takum 00pazom, rparuusbie ycaosua Tvna A (coorset-
cTBeHHO B) corsacosannt co ckpyunBanueM tuna A (coorsercrsenno B). Uuaue rosops,
smobas A-Opana maet “xopomiee” IpaHMYHOE yCJIOBYE Wi A-monenu, a arobas B-Opana —
s B-monemm.?

MO3KHO MOKa3aTL, UTO MHOXKECTBO A-OpaH (vim B-0paH) nMeeT CTPYKTY Py KAT€rOpUK.
IIpocTpancTBo MOpduU3MOB Mexk Iy mByMsa Opanamu A u A’ onpenenserca Kak IpocTpaH-
ctBO coctosmmuii 2d-TTII va R X I ¢ rpaHMYHLIMK YCIOBUAMY HA KOHIIAX MHTEPBAJIA, CO-
orsercTBytommvu A m A’. Vraue roBops, HamO pacCMOTPETDL IPOCTPAHCTBO COCTOSHUM

3ByKBa D B ciose “D-6pana” npoucxomut n3 ciaosa “Dirichlet”.
4 Axcmomm meymeproit TTII ¢ rparvmavu onucann B paborax I'. Mypau I'. Curana (seomy6imko-
BaHO; cM. Takke [31]) u K. Jlasapouy [27].
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N = 2 CKTII na uaTepBaJsie u BLIUUCIUTL €ro KOromosioruu o otaomenuto K BP CT-ome-
patopy D 4. Kommoswmmsa MOp(U3MOB OIpeneseTcsa Yyepes3 onepaTOpHO-BEKTOPHOE COOT-
BerctBre Y (Tounee ropops, uepes ero anasor st CKTII ¢ rpasviavm).

Urax, mr06omy ¢rzuyeckomy mHOroobpasuio Kamadbu—fIy moxuO conoctaButh mse Ka-
Teropum: Kareropuro A-Opan u kateropuro B-Opan. MoKHO IOKa3aTh, UTO KATErOPUA
A-Bpasn (coorBercTBeHHO B-GpaH) HE 3aBUCUT OT “DACHIMPEHHLIX KOMIIJIEKCHBIX MOIYJIeH”
(COOTBETCTBEHHO “pACHIMPEHHBIX CUMILIEKTUUECKUX Momymei”) [47]. YmnoGHo mymaTs mpo
9TU KaTeropu Kak “oborarmennnie” A- u B-momenu: B TO BpeMs Kak oOLIuHas A-moments —
910 2d-TTTI Ha MupoBOM JiHcTe 6€3 TPAHUIILI, KATErOpusa A-OpaH OMmCHIBAET Ty ¥Ke CAMYyIO
TTTI #a MUPOBOM JICTE CO BCEBO3MOKHBIMU I'DAHUYHLIMI YCIOBUAMU. SICHO, UTO ecsu nBa
muoroobpasus Kanabu—fy zepxkanuuer apyr apyry, 1o kateropusa A-Opas 1uisi nepBOro
MHOroobpasus Oyzer SKBUBaJIEHTHA KaTeroprw B-Opan mis BTOporo, u Hao6opot. SIcHo
takke, uro eciu N = 2 CKTII, coorBerctBytomme mym Muoroobpasusam Kanadu—fly,
M30MOP(HLI, TO COOTBETCTBYIommMe Kareropuu A-Opan (nim B-OpaH) 9KBUBAJIEHTHLL.

Taxum 06pasom, uTobbI HoKazaTh runotesy ['3C, moCTaToOuHO NOKA3ATh, UTO KATErO-
pust A-Gpan sxsuBasentaa D.Fo(X), a kareropus B-6pan sksupamnentna D (X). K co-
JKAJIEHUIO, CIETIATL STONO MBI HE MOYXKEM [AKE B IPUHIIATIE, MOCKOJILKY OTCYTCTBYET “UecT-
Hoe” onpenesenvie nousTuss D-6pannt. MoKHO IOKa3aTh, OMHAKO, YTO TOJIOMOD (PHEIE BEK-
TOPHLIE PACCIOSHUA MAIOT MpuMepnl B-OpaH, a o0LekTol kKareropu Pykas — mpuMeponl
A-6pan [47]. BurTeH TakyKe MOKA3aJ1, YTO B DTUX CIIyUasX MOPPU3MLI B KaTeropusx A-Gpan
cormacyiorcs ¢ Mopuamanu B kareropusx DP(X) u D%, (X) cootsercTBerHO. ITO Ha-
6nronervie Butrena u nmociyxuimo motrsrposkoii runoresnt ['3C. [lo3nree Onuto okasa-
HO, 4TO DOJIEE ODIIME KOTEPEHTHLIE Ty UKY, & TAKIKE UX KOMILIEKCHI TOXKE SIBJISTIOTCS IIPUME-
pamu B-6pan. C apyroii cropoust, B patore [20] 6b110 moKa3aHo, 4To, BOOOIE TOBOPSI, IPO-
u3BomHAsA Kateropus Pykas — 9T0 TOJIBLKO nmomkaTeropusa Kareropuu A-Opaw, T.e. s He-
koTopnix X ecTn npuMepnl A-GpaH, KOTOpLie He M30MOP(HLL HukakoMy 00nekty D JFp(X).
910 03HAYAET, UTO “crMILTEKTHIYecKass’ cTopoHa rumoresn! ['3C momkHa OLITL MOmA(T-
1mpoBa#a. Mur 06cy M 310 H0s1ee ToApOOHO B JieKImu 4.

C MaTemaTIdecKol ToukM 3perus, runoresa ['3C He ABIAETCA YETKO CHOPMYIUPOBAH-
HBIM yTBEPKIEHIEM, TOCKOJILKY MTPOKBAHTOBATEL CUT'MAa-MOIEIE IS TPOU3BOILHOIO MHO-
roobpasusa Kanabu—fly ue ynaercsa. OmHako cymecTByeT omvH Kiaacc MEHOroobpasuii Ka-
nabu—fly, mis KOTOPLIX KBAHTOBAHUE CUTMa-MOJEJM MOXKET OLITL MPOBENEHO IO KOHIA U
coorBerctBytomasa N = 2 CKTII moxer OLITh MONHOCTLIO OMUCAHA: KOMILIEKCHDLIE TO-
PBI C TUIOCKOM K3JIEPOBOII METPUKON 11 TPOU3BOJILHBIM B-niostem. B ciyuae TOpoB MOXKHO
[aTL TOYHDLINA KPUTEPUIi 3¢PKAJILHOCTU B TEPMUHAX JIMHEHHOM aareOpol; 9TO OLIIO caesa-
HO B pabore [19] u GyzneT ormicaHo B netassax B jgekimu 2. Taxkum 06pa3oM, B ciIydae To-
pos rrmote3sa I'3C xopomio onpenenena (3a NCKIIOUEHIEM BOIIPOCOB, CBA3AHHDLIX ¢ TOYHBIM
onpeneservieM kareroprm ®ykas). A. Hommuyxk u 9. 3acaoy nokazanurvmoresy I'3C mis
TOPOB BelecTBeHHo pasmeprocTu mBa [39]. Uro kacaercs: Topos Gosbiell pazMepHOCTH,
TO 1ox0Ke, uTo 11si Hux [ 3C MoxKeT OLITL BEPHA TOJILKO IIPU YCIIOBUY CYIIECTBEHHON MOIU-
¢uxarvm onpenenenvs kareropry Pyxas. A mvenno, B kareropuio ®ykas Hano no6aBUTL
MHOTO HOBBIX OOLEKTOB. DTO OyIeT 00CY K IATLCA B JEKIH 4.

IlnsaBcex ocTanbHbIX MEOT00Opasuii Kanabu—fy moxkuo paccmarpusats runotesy ['3C
KaK MOMBITKY MAMEMAMUYECKO20 0NPeIeneHUus OTHOMIECHNS 3€PKAILHOCTA. '10r1a OCHOB-
Has 1pobJeMa COCTOUT B TOM, YTOOLI JATL CTPOroe onpernesienne kareropuu Pykas u no-
Ka3aTh, YTO MHOTOUKCJIEHHDLIE TPUMEPDI 36PKAJLHBIX MHOTOOOpAa3uii, IPeIIOKEHHBIE (-
3UKAMU U MATEMATUKAMU, IEACTBATEILHO 3epKANLHLL B cMbicse ['3C.
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Ipyroii noaxoxn x 3epKanLHON cruvMMeTpuy ObLI npenstoxked B pabore [41] u HocuT Ha-
sBanue SY Z-runore3nt. CorsacHo 210l runoTese, Muorooopasus Kanabu—y, sBxonsime
B 36PKAJILHDIE TIAPDI, 00J1a1AI0T (UOPAIAME, CJIOU KOTOPBIX — CIIEIMAJILHDIE JIATDAHIKEBLI
TOPLI, AyAJLHLIE APYT APYTY B HEKOTOPOM cMbIcie. CBsasnb mex ay runoresavu '3C u SYZ
Gula ncciaenoBana B pabore [26].

2. 3epKaJII:.HaH CHMMeETPUs OJIsA IIJIOCKUX KOMIIJIEKCHBIX TOPOB

B oroit sekmvm Mut ommem N = 2 cyneprordopmunie Teopun nodisi (CKTII), npo-
UCXOSIIINE U3 KOMIIJIEKCHBLIX TOPOB 1’ C IIJIOCKOM K3JI€POBO MeTPUKOl (G 1 TIOCTOSHHOM
2-popmoii B (B-mosem). Mol Takzke maauv kpurepuu Toro, Koraa msa sabopa (T, G, B) n
(T',G', B") mpomssomsat mzomoppunie N = 2 CKTIH nkorna ux N = 2 CKTII zepkannuo
CUMMETPUYHLI.

B sexmmu 1 6bw10 okasano, uto s onpenesnenuss N = 2 CynepKOH(OPMHOR Teopru
T10J151 HEOOXOAMMO 3a1aTh DECKOHEUHOMEPHOE Zo-TPaIyNPOBAHOE BEKTOPHOE IIPOCTPAHCT-
BO COCTOSIHUEA V', BAKYYMHBIA BEKTOD |vac), ONepaTopHO-BEKTOPHOE COOTBETCTBUE Y 13
V' B mpocTpancTBO “(POPMANBHBIX APOOHLIX CTENEHHBIX PANOB OT 2, Z C KO3 UImeHTaMu
8 End(V)” u, Hakorern, saemenTr cynepaare6ps: Bupacopo L, L, QF, 0%, 7,7, xotopuie
BXOIAT B OMPENEJIEHNE CYTIEPKOHGOPMHON CTPYKTY LI (CM. JteKImio 1).

Baenem mekoropoie o603nauermsa. Ilycers ' & 729 — pemerka B BeleCTBEHHOM BEKTOD-
HoM npoctparcTse U pasmeproctr 2d u I'* C U™ — mBoiicTBennasn pemerka. Paccmorprm
BemecTsennsle Topet T = U/T, T* = U* /T*. Ilycts G — MeTpuka Ha U, T.€. IOTOKUTEND-
HO ONpEeNeJIeHHAsl CUMMeTpUYecKas ousmaeinas gopma va U, a B — BEIECTBEHHAS KOCO-
cummMerpuuHasa popma Ha U. O6oznaumm uepes [ ectecTBennoe cnapusanue [' x I'* — Z.
(EcrectBennoe cnapusanve U X U* — R takxke Gymem o6o3nauats yepes [.) Bribepem

basuc eq,...,eaq € I'. Kommonentor simementa w € I' B nanmHoM 6asuce Oymem 0003Ha-
yaTh yepe3 w', i = 1,...,2d. Kovmonentrr saementa m € I'* B mBolicTBemHOM Oasuce
obo3naumM uepe3s m;, i = 1,...,2d. Yepes G;;, B;; oboznaumm komnonents G u B B

TOM Ke camoM Gazuce. Jlasee OyneT BUIHO, YTO CYyEPKOHPOPMHAS T€OPUSI TTOJIST, KOTOPYIO
MBI IIOCTPOUM, He OyZeT 3aBUCEeTL OT BLIOOpa Oasmca B I'. B ¢usuueckoit mutepatype I'
HAa3LIBAETCS PEIIETKON HAMOTOK, a ['* — pereTkoi MOMEHTOB.

Pacemorpum tpotiky (T, G, B). Kaxnoli Takoii tpotike Mot conoctasum N = 2 cy-
neproudopmuyo Teopuro noss SCFT(T, I, G, B), KOTOPYIO MOXKHO PACCMATPUBATL KAK
KBAHTOBAHE CYIEPCUMMETPUYHON CUTMA-MOIEJIN.

TIpocrpanctso cocrosuuit CKTII ¥ — 910 TeH30pHOE pOoU3BeneHne

V = 4, @c #f @c C[L & T,

B KOTOpOM 3 u At — 6030HHOE U (hepMUOHHOE IPOCTPaHCcTBa PoKa, onpeseseMble HIDKe,
B 10 Bpems Kak C[I' @ I'*] — npocrpancTso rpymosoii anre6pot pemerku I' @ I'* man C.
Jlna onpeneseHus IpOCTPAHCTBa J, paccMoTpuM anarebpy Han C ¢ obpasyrommmu o,

al,i=1,...,2d,s € Z\ 0, u COOTHOMCHAAMY
[ai,a;] = s(Gil)Ués,,p, [62,6;] = s(Gil)Ués,,p, [ai,azj] =0. 4)

L1 MOJIOKUTENLHOTO LEJIOrO S 3JIEMEHTEL @, M &', Ha3LIBAIOTCA COOTBETCTBEHHO JIe-
BBLIMU U IIPABBIMU OO30HHBLIMY ONEPATOPAMY POXK IEHIA, B IPOTUBOIOJIOKHOM CJIy4ae OHI
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HA3LIBAIOTCA JIEBLIMU U TPABLIMUA GO30HHLIMU ONEPATOPAMU YHIUTOXKEHUA (QHHUTUAIIATO-
pamu). OnepaTopnl pOK IEHUA U YHUUTOKEHA BMECTE HA3LIBAIOTCA OCIUILIATOPAMY.
IIpocTpancTBO H OMpeneseTcs Kak MPOCTPAHCTBO MOJUHOMOB OT YETHLIX IEPEMEH-
HDIX ai_s, Ei_s, i=1,...,2d,s = 1,2,.... bo3onnas ocimisTopHas aarebpa meicTsyer
Ha J{} TO IPAaBUILY
i, Gi,s', @Z;S — ais.’
0

=J
oa’l_,

. @ s(@ Y)Y

TS BCEX TIOJIOKUTEILHBIX §. DTO MPEACTABIIEHNE OO30HHON OCIMIIIIATOPHON aJIreOphl Ha-
3nBaeTCsA npencrasienueMm Poxa—bBaprmamna. Bextop 1 € S, 3amynsercs Bcemu 6030H-
HLIMY aHHUTUIIATOPaMU 1 OyzneT 0003HAYATLCS |vacy ).

IIpocTpancTBO H# paccMaTpuBaeTcs Kak Zo-IPaLyPOBAHHOE BEKTOPHOE IPOCTPAHCT-
BO C TPUBUAJLHOM (umcTO YeTHOM) rpanyupoBkoil. OueBumHo, UyTO H} PACKIIAILIBAETCS
B mpousBenerve @ Ny, Tae H; (cooTBeTcTBeHHO §H)3) — 6030HHOE TPOCTPaHCTBO PoKa,
TOPOK ICHHOE JIVIID JIEBLIMU (COOTBETCTBEHHO IPABLIMY ) GO30HHLIMU OCIUILIATOPAM.

Ins onpenenenusn ¢ paccmoTpuM aarebpy Hax C ¢ mopox mazommwnm P, Jé, i =
1,...,2d,s € Z + %, ¥ COOTHOIIEHUAMU

(Wi iy = (G )66, —p, {00t} = (G N80, (4L, =0.  (5)

i i
Korna s monoxkuTeanHo, ¢ 1) _ , HA3LIBAIOTCA JEBLIMU U MIPABLIMU ()é PMIOHHLIMI OTIe-
paTopamu pOKIeHUs, B IPOTUBHOM CJIydae OHU Ha3BIBAIOTCS JIEBLIMU U IIPABLIMU (JePMU-
OHHLIMU AQHHUTWIATOpaMU. BMecTe OHM HAa3LIBAIOTCSA ()EPMUOHHLIMY OCHIIATOPAMU.

i
IIycTs ¢ 6yneT mpocTPaHCTBOM KOCKHIX HOJIMHOMOB OT HEUETHLIX HepeMeHHbIx 6° 6
i=1,...,2d,s =1/2,3/2,.... ®epuuonHas ocimIIATOPHAA anreOpa neiicTByer Ha Sy

TI0 IIPaBUILY

907 ' 1/’; = (Gil)m agj

s -
IUIST BCEX TOJIOKUTENLHLIX § € 7, + % 910 ecTh npencrasierue Poxa—bBaprmanna mis
(epMUOHHOM OCIMILIATOPHON anrebpnl. BekTop 1 € Jf 3amysseTcs BCeMu (pepMUIOHHLI-
MU aHHUIMIATOpaMy 1 obo3HauaeTcs [vacy). Pepmmonnoe mpocrpancTso Poka nveer ec-
TEeCTBEHHYIO Zo-IPaIyUpPOBKY, B KOTOPO# BeKTOp |vacy) sBisercs deTHoiM. CymecTByer
pazyoxerue )y @ Hy, rne 5y (cooTBeTCTBEHHO §) f) CTPOATCA C UCTIOJIL30BAHUEM TOJLKO
JIEBLIX (COOTBETCTBEHHO IIPABLIX ) (JEPMUOHHBIX OCLIILILITOPOB.

Hasw € T, m € T'* obosnaumm Bexktop w dm € C[I' ®T'*] uepes (w, m). Bynem takxke
MCTIOJIb30BATEL 00O3HAUEHVIE |vac, w, m) BMECTO

lvacy) ® [vacy) @ (w,m).
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Ompenenenvie ¥ TpebyeT ykasaTh BaKyyMHBIA BEKTOP, aeMmeHTol 1', T' 1 onepaTop-
HO-BEKTOPHOE cOOTBeTCTBUE Y. JlJisT 3TOr0 BBEIEM BCIIOMOraTeJbHBIE 00LEeKThl. Ompe-
nesmM onepatopul W:V — V@ TuM:V — V ® I' no mpasuiy

Wab® f @ (w,m) —w (b fe(w,m)), Mib® f® @w,m)—mib f® (w,m)).

Taxke ToI0KUM
1 > ol
i(z) = =(G—1)7* %
aX (Z)_Z(G ) Pk—'—z Z‘9+1’ %
S=—00 S=—00
TR SR S e
Z)= /2 Z)= Sr+1/2

rEZ+3 re€l+y

IIe ITPUX HAJI CYMMOM 03HAYaEeT, YTO CyMMa DepeTes 0 BCeM S 3a UCKIoveHneM s = 0, a
Py, n Py, 3anarorcsa popMyiaMu

P, = i(Mk + (=Brj — Grj)W7), Py = L(Mk + (=Byj + G )WY).
V2 V2
M He ompenesiaeM camu X7 (2,7%), a TOMLKO UX MPOM3BOMHEIE. IIpIMHEA COCTOUT B TOM,
uto moniss X7 (2, %) comepskaT usieHBI, TPONOPIMOHALHLIE 10og 2 1 10g Z, U, TakuM 006pasoM,
HE ABJIAIOTCA “IPOOHBIMU CTENEHHLIMU PSAAMU” .
BakyyMHLI BEKTOP B ¥ ONpenesisieTcs no mpaBuiLy

|vac) = |vac, 0,0).

O6mas popMys1a I OIEePATOPHO-BEKTOPHOTO COOTBETCTBUA Y NOCTATOUHO CJIOKHA U
MoxkeT OpiTh Hatizena B [19]. Mol npuBeneM TONLKO (POPMYJILI [JIs1 HEKOTOPLIX YaCTHLIX
caygaes. Bextopr o’ _|vac,0,0) nua”_ |vae, 0,0) non neficteuem Y nepexonar s

1 1

masxi(z), m55)(1(2).

BexTopnt 1/)13 |vac,0,0) n EJ_S |vac, 0, 0) oToGpazkaroTcs B
1 _ ; 1 =s—1/2—5
71'85 1/21/)3(2)’ 71'35 / 1/}3(2)
Hns 3anarua N = 2 cynepkOHQOPMHON CTPYKTYPLI Ha ¥ MOCTATOYHO BLIOPATL KOMII-
JekcHy0 cTpyKTypy I Ha U, OTHOCUTEILHO KOTOPOil MeTpuKka (G SIBJIAETCS K3JIEPOBOIA.

O6oznaunm vepes w = G cooTBeTCTBYIOMYIO K3JepoBy (opmy. Torma meBoGerymme
BEKTOPLI OIPENEIAIOTCA IO CIETYIOMIM (POPMYJIaM:

1 1
L= EG(G—laa—l) - §G(0—1/250—3/2)a
L
42
)

J = *5“(9—1/%971/2)-

Qi = (G:Fiw)(afl/%a*l):
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IIpaBoGerymme BeKTOpLI L, @i 1 J ONpenesIIOTCS IO TeM ¥Ke IPABUIAM C 3aMEHON a Ha G
ufmal.

Hsomopgusm N = 2 CKTII ~ 210 n30MOP(P13M IOAIIEIK AKX BEKTOPHLIX IIPOCTPAHCTB
f:V = V/, coxpansronmii onepaTopHO-BeKTOPHOE COOTBETCTBIC

Y'(f(a))f(b) = f(Y(a)D)

U OeHCTBYIOMII TOX IECTBEHHO Ha 00pa3yonmx KaK MpaBoii, Tak u jeBoit N = 2 cynep-
anre6pst Bupacopo.

3epranrviunt mopPusm Mexxkay myma N = 2 CKTII - 310 mzoMoppmaM Mex Iy ozIe-
kammvu N = 1 CKTII, xoTopbiii mEAyIMpPYeT 0TOOpaYKEHNe CJIEMYIOMEro BUAA Ha 00pa-
3YIOIIUX JIEBOM /ipaBoii cynepanre6p Bupacopo:

!/ /

f(L) :L/a f(Q+) = Qi ) f(Qi) :Q+ ) f(J) = _J/a

_T ot At fAm A - _ 7
fL)="L, fQ)=Q , f(@Q )=Q , f(J)=J.
Kommosummisa 1By x 3epKaJLHLIX MOP(U3MOB ABJIsgeTcsa n3oMoppusmom N = 2 CKTIL.

Temepn MbI TOTOBLI HaTh ommcaHue Toro, korma mse uyersepku (I, 1,G,B) n
(T, I',G’, B') ompenensiior nzomopgunie N = 2 CKTII u xorna oHM 3epKaILHO CUMMET-
PUYHLL

EcrectBernoe cnapysamme [: I' @ IT'* — Z vnnymmpyer Z-3HaUHyI0 CUMMETPUAYHY IO O1-
JmHelHyo gopmy ¢ Ha I' @ I'*, 3amaBaeMyio Gpopmynoit

Q((wlaml)v (w27m2)) = l(wlamQ) + l(w2am1)7 wi,2 € Fa mi2 € r. (6)

Nwmesi G, I, B, MOXHO OIPENENUTE JBE KOMILIEKCHBIE CTPYKTYpeI HA T X T*:

j(I’B):<BI+{ItB Oft) (@)

_1G7'B 1G™!
SG1B) = (GIBIGlB BIG1>' ®)

3Iech UCHOJIL3YIOTCA ciemylonme obo3Havenus. Mol paccMarpuBaeM f u _§ Kak SHIO-
vopm3mer U & U™ n 3armceiBaeM nx MaTpulinl B 6a3uce, B KOTOPOM nepBuie 2d BEKTOPA
nopox naioT U, a ocraBmmecs nopoxaator U*. Kpome Toro, G u B paccMaTpuUBaroOTCA
kak saements Hom(U, U*), a It — 510 srnomopdusm U™, conpsmreHnnii x 1.

Cpasy Bummo, uto ¢ 3aBucut ot G, I Tomko B KoMOumamm w = G1, T.e. 3aBucHUT
TOJILKO OT CUMIIIEKTUUECKOH cTpyKTypol Ha 1" u B-mona. CymecTsyer Taxwxe u TpeThs
€CTeCTBEHHAS KOMILIEKCHAA CTPYKTypa # Ha T X T™*, KoTopas eCTh MPOCTO KOMILJIEKCHAS
cTpykTypa mponssenerus 1 X T* nByX KOMIIEKCHLIX MHOTOOOPa3uii:

7= I 0
—\o -1t)"
DTa KOMIUIEKCHASA CTPYKTypa He OyIeT UrpaTh 3HAUNTEILHON POJIU B JAJILHENIeM. 3ame-

TIM TOJIBKO, uTO ¥ coBmanaer ¢ .%, ecyu 1 Tosbk0 ecau B(%2) = (,

TEOPEMA 2.1 [19]. SCFT(T,I,G,B) usomopgna SCEFT(I',I' ) G’,B’) mozda wu
moavko mozda, Koeda cywecmeyem uzomopdusm pewemox I @ T wu F’@F,*,
xomopul nepesodum q eq', S 6 I u § e §'.

Bropas Teopema naet kpurepuii seprannuoli cmvverpuun (T, I, G, B)u (T',I',G', B').
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TEOPEMA 2.2 [19]. SCFT(T, I, G, B) sepxaavho cummempuuna SCFT(IV, I'. G', B)
mozda u Moavko mozda, kozda cyuecmeyem uzomopdusm pewemor I ST u F’@F,*,
xomopul nepesodum q 6 q', S e ' u § e 9.

JlasHas TeopeMa Mo3BOJIAET CTPOUTL OOJBIIOE KOJIUMUECTBO TIPUMEDPOB 36PKAJLHO CUM-
MeTpUUHLIX TOPoB. IIpemmosnoxum, uto 3anad kommiekcHoid Top (7', I) ¢ mocTosHHON K-
JIEPOBOIT HOPMOIT w, u npemioaokuM, uto T = A X B, rme A u B — narpaHxkeBnl OTHOCHU-
TeJLHO w noAaTopul. B uactHOCTH, pemeTka I mpencrasasiercs B Bune I' 4 & I'p. lyctn A
— TOp, mBOiCTBeHHLI K A, m nycth T = A x B. PemeTxa, cooTBeTcTBytomas 1", — 210
I =T% T p. CymecrByer oueBnmnblii n3omopdusm Mexxay [ & T* ul’ & ', koTopi
nepesomut ¢ B ¢'. O6osnauus uepes ¥’ u ¢’ o6paswl f u .¥ COOTBETCTBEHHO 1 0OpPATUB
coorHomerusaMexay ¢/, ¢'ul’,w’, B', MOXKHO IOy INTH KOMILTIEKCHY }O CTPYKTY DY, CHM-
IEKTIYecKy o hopmy 1 B-niosne Ha T”. HeTpymHO IpOBEPUTE, UTO JAaHHASA IPOLEYPA TAET
KOMIIJIEKCHLII TOP C TIOCKOM K3JIEPOBOI MeTpUKO# 1 B-nosteM, KOTOPLIT 3epKaILHO CUIM-
MeTpHYeH M3HAYaILHOMY TOpYy. JlaHHDLLT Iporenypa sBJSETCS YACTHLIM CIydaeM TaKoro
(U3IIeCcKOro NOoHATHA, Kak T-nBolicTBenHocTs [36].

Bcerope Mb TOKazkeM, KaK JAHHLIE PE3YIILTATEI MOTY'T OBLITh UCTIOJIL30BAHDI IIPY TECTUPO-
BAHIM TAIIOTE3LI O TOMOJIOTMUYECKON 36 PKAJILHON CUMMETPHY UL INIOCKUX TOPOB. Brauase
HATIOMHUM ()OPMYJIMPOBKY JAHHOMN TMIIOTE3D.

Pusnueckoe muoroobpasue Kanabu—fly (X, G, B) — 9T0 OZHOBPEMEHHO KOMILIEKCHOE U
CUMIITIEK TUYECKOE MHOrOO0pasue (CUMIIIEK TUYECKOUW ()OPMOU ABJIACTCA K2JI€pOBa (hopMa
w = GI). Kax oMy TakoMy MHOrOOOPA3UIO MOYKHO COMIOCTABATD TAPY TPUAHTYIUPOBAH-
HLIX KQTErOpuiA: OrPAHMYEHHYIO TPOM3BOIHYIO KATErOPUIO KOrepeHTHLIX myukoB D (X)
v npousBomnyto kareropuo Pykas DF(X). Ilepsas 3aBucuT TONLKO OT KOMILJIEKCHOR
CTPYKTYpLI Ha X, B TO BpeMs KaK BTOPas 3aBUCUT TOJLKO OT CUMILIEKTUYECKON (OPMDL.
T'vmote3a o romosormyeckoii 3eprasmuoii cummerpuu (I'3C) yrBepxkmaer, urto eciu
mBa asnrebparyeckux Muoroobpasmit Kanabu—fy (X,G,B) u (X', G’, B’) 3epxaanuo
crvverpirarns, 7o DP(X) skeuBasnentra DFo(X’), u maoGopot, D?(X') sxsusatenTHa
D%y(X).

Tenepn MbI TOJIIKHLI HATOMHNUTD OIPEIEIEHNs 9TUX ABYX KaTeropuii. Mul HauHeM C Ka-
reropru Pykasn F(X). Obvekramu nansoii kareropuu smistorcs tpoviku (Y, E, VEg), B
KOTOPLIX Y — ®TO IpaayrupoOBAHHOE JArPAHKEBO momMHOroodbpasue X, F — KOMIIIEKCHOe
BEKTOPHOE PACCIOEHUE HA Y € 9PMUTOBON METPUKOM, V E — INIOCKAS YHUTAPHAS CBA3HOCTD
va E. Tlouarue, koTopoe TpeOyeT MOsSCHEHNH, — 3TO “I'PALyNPOBAHHOE JIATPAHKEBO MO
MuOroobpasue” . Ouo 6n110 BBeneno Jlepe B 1968 r. nis rarpam:keBLIX TOAMHOT000pasuit
CUMILIEK THYIECKOTO a((MHHOTO IPOCTPAHCTBA U OL110 0600meno M. Konresruem Ha city-
vait Maoroo6pasus Kanadbu—fy [25]. Brauasne HamomemM onpenesenue kiaacca Maciosa
IUIA JIarpaHkeBa noaMHoroobpasusa. Bnibepem rosomopduoe ceuerre () KAHOHMUECKOrO
JIMHERHOTO paccyoenus (KOTOpOe TPUBHAILHO miisi MHoroobpasuit Kanabu—fly). Orpanu-
uMBas ero Ha Y, MOJLyunM N-(OpMY, HUN e He 00 PaIaIony 0CA B Hyih. C Apyroi CTOpOHDI,
Ha Y mMeeTca gopMa 06beMa vol, MHIyIMPOBAHHAA K3JI€POBO MeTpukoii Ha X . 9TO Tak-
Ke HUT e He 00PAIIaromascs B HyJIb n-popmaHa Y, u, sHaumT, |y = h - vol, roe h —aurme
He 00paIIAomAsACA B HyJIh KOMIUIEKCHAA QYHKIMA HA Y. PYyHKIMIO h MOXKHO pacCMaTpu-
BaTL Kak saement HO(Y, 6y°*), roe 69°* — my4ok ruankux C*-3HaunbIx QyHKIMM HA Y.
CranmapTHAS SKCIOHEHIIMAILHAS TOYHAS MOCIEN0BATENLHOCTD 3a,0aeT TOMOMOP(U3M 13
HO(Y,65°*) 8 HY(Y, Z), n xnacc Macnosa y Y onpenessercs Kak 06pa3 h OTHOCUTEILHO
s1oro romoMopuama. (fIBHo rormkn Yexa, npencrasisionmii kiaace Macsaosa, crpout-
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€1 TaK: BLIOMPAETCSA XOpoIllee MOKPLITHe Y, GepeTcs jorapudM h [iIa KasKIoro 2JIeMEHTa
TOKPLITUSA, NEJUTCA Ha 271, U PE3yILTATHI CDABHUBAIOTCA Ha miepecedennnax.) HecMmoTps
HA TO, UTO OIpeneseHre Kiaacca MacaoBa Ha nepBLIi B3rJIAL 3aBUCUT U OT KOMILJIEKCHOM,
¥ OT CUMILIEKTUYECKOR CTPYKTYp Ha X, B IeICTBUTEILHOCTY, OH HE [OJIXKEH 3aBUCETH OT
BLIOOPA KOMILJIEKCHOM CTPYKTYpLl. OTMmeTuM, uTto ecsm Kiaacc MacaoBa 3aHynseTcs, TO
sorapu¢M h onpenesneH Kak GYHKIWI 1 €QUHCTBEHEH C TOUYHOCTLIO 10 2mim, m € Z. I'pa-
AYVUPOBAHHOE JIATPAHIKEBO TOAMHOT000pa3ue Y — 9T0 JarpaHKeBo TOAMHOT000pasue B X
C HyJIeBLIM KJ1accoM MacsioBa 11 BLIGOpoM BeTBH log h.

Mopduamer onpenensorcs TakuM obpasom. IIycrs 3amanst ma oowexta (Y7, F1, V1)
u (Ya, E2,V3). Bynem npemnonarats, uro Y7 u Yo mepecekaroTcs TpaHCBEPCAILHO B KO-
HEYHOM YKCJIE TOUEK; €CJIM STO HE TaK, TO IPOomepOopMUpPyeM OavH 13 00LEKTOB BIOJIL Fa-
MIJILTOHOBA BEKTOPHOI'O TIOJLsA, [IOKA He no0beMcs Tpancsepcaiabaoctu. Ilyers {e;, i € I}
— MHOXKECTBO TOUEK nepeceuenus Y1 u Ys. Pacemorpum komrieke $aioepa. Kax BekToproe
MIPOCTPAHCTBO STO MPAMAS CYMMA

Vi = Hom(FE1(e;), Ea(e;)), i€l.

I'pamympoBka omnpenenseTcss IO CaemyoomeMy TpaBuiy. B kaxmoii Ttouke p € YV
npocTtpaHcTBo T,Y 3amaeT TOUKYy ¢ B IpacCMaHMaHe JIATDAHIKEBLIX TIOIPOCTPAHCTB

B TpX. Obo3znaumm yepes Lag,, yHUBEpCATbHbIE HAKPLITASA JIAT PAHKEBLIX TPACCMAHUAHOB
npocrpancts TpX. Ha mmoroo6pasnax Kanabu—§Iy X oTm HakpbITMA CKIEMBAIOTCA

B cioeHve, obozHauaemoe Lag [25]. T'pamyupoBka Y 3amaeT KaHOHUUECKMI TOXLEM ¢

—_~—

B Lag, nnsa BCeX p; T MOTLEMDLI CKJIEMBAIOTCA B CEYEHME MU OrpaHwdenns Lag ma
Y [25]. Taxum o6paszoM, s KaxKaoll TOUKU IePECeveHrs €; MOJLyJdaeTcs napa TOUeK

q1:92 € Lag.,. I'pamymposka KOMIOHEHTHI KoMILIEKCa ®ioepa, coorsercrBylomwedl €;,
— or10 vHmekc MacaoBa mapot q1, go (cm. [4] mns ompemenenus mmmexca Macsosa).
B zaxmouerne onpenemmv mipdepermman. Ilycts e; u e; — mapa Todex, rpaIyupoBKA
KOTOPLIX OTJIMYAIOTCA Ha emammiry. Kowmmonenta mmddepermmaina Pioepa, KoTopas
neficteyer u3 V; B V), ompenesseTcs HOACYETOM TOJOMOP(YHLEIX IMCKOB B X € IByMsA
OTMeYEHHLIMY TOYKAMU Ha TDAHMIIE, COBNAIAIONIMMY C €; U € (vHnekc Macsosa e 6obime
Ha equHUIy vHAeKkca MacioBa e;) U TakuMmu, y KOTOPBIX [BE YACTY IPAHUID IIOHAIAI0T
omHa Ha Y7, a mpyras #a Ys. OTMmeTuM, UTO mUis BHIUMCIIEHUA IU((EPEHIMATIA HyKHA
(mourn) xommekcHas crpykrypa J Ha X, mis kotopoit w( -, J-) ABISETCS SPMUTOBOM
popmoii Ha KacaTeTLHOM paccaoernu K X . Touroe onpeneserne mdgepermmana $aoepa
cM. B [9]. TIpoctpancTtBo Mop(uaMoB B kKaTeropuu Pykas — »10 kommiekce Puoepa. s
OIpeneeHrs KOMIO3UIIMY UCHOJL3YIOTCSA TOJOMOP(HLIE IUCKU C TPEMS OTMEUEHHLIMU
TOUKAMU U TDAHUIIEH, JIEKAIIEN HA TPEX JArPAHIKEBBIX IIOAMHOTOO0DA3USIX.
Omnpenesnenve, HAOPOCAHHOE BLIIIE, SIBJIACTCSA IPUOIM3UTENLHLIM. BO-TIEPBLIX, 17151 OIIpe-
nmeserust muddeperimaiia $aoepa HyKHO 3a)MKCHPOBATL OTHOCUTEILHYIO CIIMH-CTPYKTY-
py Ha Y [9]. Bo-Bropnx, kBampar mipdepenimana He Bcerna paser 0, T.e. “kommiexc”
®oepa He Beerma KoMmIekc. JIpyras npobaemMa COCTOUT B TOM, YTO KOMIO3IINA MOP(H3-
MOB aCCOIMATUBHA JIMIIL ¢ TOYHOCTLIO 10 TOMOTONNY, 3ABUCAIIEH OT TEPHAPHOTO IPOM3-
Benmenus. B meficTBuTennbHOCTH, CyIIECTBYeT GECKOHEUHAs CEPUS BLICIIMX [IPOM3BENEHNH B
kareroprm Pykas, KOTOpLIE IPEANOIOKUTENLHO POPMUPYIOT Aso-KaTeropuio (cum. [24] B
kadgecTBe 0030pa 0 Aso-kareropusaM). CymecTByeT yBEPEHHOCTh B TOM, YTO M3MEHEHVE
MOUTH KOMILIEKCHOU CTPYKTYpPLL J He MeHsieT A o-kaTeropuio, 1.e. kateropus Pykas ss-
JSIETCA CUMILIEK TUUECKM MHBAPUAHTOM. 11onpobHy 0 mMCKyCccuo MOKHO MaiiTu B [9].
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Ilna merpuBuaanLuoro B-moma xateropus ®ykas nomkHA OLITL MOMI(GUIIMPOBAHA CIIe-
nyrommm o6pazoM. O6bexTol — 910 Tpoiiku (Y, E, V), rae Y — rpaxyupoBasHoe Jarpas-
JKeBO [IOIMHOr000pa3ue, F — BeKTOpHOe pacciioenue Ha Y ¢ 9PMUTOBOMR MeTpukoit, a Vg —
SPMUTOBA CBA3HOCTL HA F ¢ kpmBm3HOIT

V% = 27iBly.

Takum 06pa3oM, CBSI3HOCTL JOJIKHA OLITL IPOEKTUBHO IJIOCKOH, a HE IJIOCKOM.

Mopdpuambr MOIIOUIIPYIOTCSA TAK: CAMILUIEKTUYECKAS POPMA W B OMPEIeIEHNN KOMII-
sexca Proepa 1 BLICIMX ITPOM3BEIEHUIT BO BCEX MECTAX 3aMeHAeTCA HA w + 1 B. Mompu-
1mpoBaHHAsSA KaTeropus Pykas cummekTrdeckoro Maorooopasusi X ¢ B-monem B Gynmer
obosnauarca F (X, B).

Kareropus Pykan F (X, B) ne ABJsieTCA KATErOpreil B OOLIMHOM CMLICIIE, 8 €CTh A oo-Ka-
Teropus ¢ PyHKTOpoM capura. MopduaMo Mex ay mByMsa 00bekTaMu B A o -KaTeropum —
5710 mu) pepEeHImMAILHO IPa Iy UPOBAHHLIE BEKTOPHLIE mpocTpancTBa. C Kaxknoi A -kare-
ropuell CBSI3LIBAETCS OOBLIVHAS KATErOPHUs C TEMU K€ CaMbIMU O0bexTamu 1 (-1 rpymoit
KOTOMOJIOTHH B KauecTse MOp(u3MOB. [lpumenss a1y koucTpykimio K & (X, B), noayunm
kareroputo Fo(X, B), KoTOpas Tak:ke HasLBaeTca kateropuelt Pykas. Paccmarpusas
ckpyueHHble Kommiekcsl Han F (X, B), M. Konmesuy [25] Takike onpeneana HEKOTOPYIO
TpuaHryaupoBaHHy o kareropuio D.F (X, B). Bynem Ha3LIBATL €€ IPOM3BOIHON KATEro-
pueit Pykasn. Kareropus DF (X, B) conepxur Fo(X, B) B KauecTBe HONHON IOIKATErO-
pum.

B cnenyromeit nexkimm Mel 00CYIMM MPOU3BOMHBIE KATETOPUM KOT€PEHTHLIX IIYyYKOB U,
UCIOJIB3YS1 UX CBOMCTBA, MPOTECTUPYEM FUMOTE3Y O TOMOJIOTMYECKON 3ePKAILHON CUMMET-
pum.

3. HpOI/I3BO,EHBIe KaTeropmm KOTr€peHTHBIX IYYKOB I TECTUPDOBaHUEe
TNIIOTE3hI O I‘OMOJIOI‘PI‘-IeCKOﬁ 3epKaJleoﬁ CHIMMeTpHNn

IIyctn X — anreOpanueckoe Muorootpasue Han C (Mimm KOMIIEKCHOE MHOrOOGpasue).
O60o3Haunm uepes 0 x MyUOK PEryIAPHBIX (ZYHKIMH (MM Iy UOK TOJTOMOP(HLIX ()YHKIWHA).
Hamomuu, Um0 KOrepeHTHLIM Iy UKOM HA3LIBACTCA MYyUOK O x -MOLYJIeld, KOTOPLIA JIOKAJII-
HO MOXKET OLITL IPEACTABJIEH KAK KOSLAPO MOP(Pr3Ma aJrebpanieckrx (roJoMOPQHLIX ) BEK-
TOPHLIX PACCIOSHUI KOHEYHOro paura. KorepeHTHole myuku ob6pa3yioT abeseBy KaTero-
puo, koTopas Oyner obosuauarcs coh(X).

Jlaiee MBI HAITOMHIIM OIIPEAesIeHIe IPOM3BOIHON KATEIOPUIN 1 OIIVIIIEM HEKOTOPLIE CBOM-
CTBA MPOU3BOMHLIX KATETOPUI KOTEPEHTHLIX TYUYKOB HA MIAIKUX TIPOCK TUBHLIX MHOTOO0D-
asusix. CymiecTByeT MHOMKECTBO TEKCTOB, /i€ MOXKET OLITL HAlIEeHO BBENEHUE B TEOPUIO
[POU3BOIHLIX Y TPUAHTyJIMPOBAHHLIX KaTeropuit; Mol pexkomernnyem [43], [15], [12], [21],[23].

Iycrs o — aGesesa kaTeropus. O6osmawm epes CP (/) KaTeropuio orpaHIIeHHLIX
) pepEeHIATLHLIX KOMILIEKCOB

M=0— - —MP L ppH . 0), MPed, peZ, d®=0.

Mop¢uamer f: M* — N’ Mexay KOMILIEKCAMU — STO HADOpLl Mop¢uamos fP: MP —
NP B kateropun &, KOTOPBIE KOMMYTUPYIOT ¢ U (hepeHmatamu, T.e.

dnfP — fP™dy =0 s Beex p.
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Mop¢musm xommtexcos f: M* — N* romoTomnen uymo, eciu fP = dyh? + hPTldy mna
BCeX p € 7 W IUIA HEKOTOPOTO cemeiicTBa Mopduamos hP: MPTL — NP, Onpenemm
romoTomdeckyio kareropmio H? (&) kak KaTeropio, KOTOpas UMeeT Te e caMble 00-
extor uto 1 CP (), B 10 Bpema kax Mopduamsr B H? (9f) — 5T0 KJ1acCHI SKBUBAICHTHOCTH
MOP(M3MOB MEZK Iy KOMILIEKCAMH [, IO MOZLY/IIO TOMOTOIHEIX HYJIIO.

s mo60oro kommiekca N 1 il KaskIOro p € Z onpenesmm Koromonoruio HP(N') €
o xax daxtop Ker d?/ImdP~1. Taxm 06pa3oM, oA KaxKIOTO P TMOTydIaeM (GYHKTOD
H?: C(«f) — &, koTOpHiii conocTaBaeT kommiekcy N ero koromosoruio HP(N') € .
OmnpenennM KBasMI30MOP(YI3M KaK TAKOH MOP(U3M KOMILIIEKCOB s: N° — M, 11 KOTOPO-
ro vHaymmpyemoie Mopdusmer HPs: HP(N') — HP (M) sBastoTcs n30MOpQr3MaMuy 115l
Beex p € Z. O6o3naumm uepes ¥ KIIacC BCEX KBA3UU30MOP(PU3MOB. DTOT KJIACC MOP(YU3MOB
06J1aaeT XOPOImMMY CBOMCTBAMY, AHAJOTMYHLIME ycstoBusaM Ope B TEOpUM JIOKAIU3AIN
KOJI€IL.

Orpamvaensas nponsBomHas kateropus D (o) onpenensercsa kax noxasmrarm HP (o)
OTHOCUTEJILHO KJIACCA BCEX KBAZUM30MOP(U3MOB X. DTO 03HAYAET, UTO IIPOM3BOMHAS Ka-
TErOpPUA MMEET Te Ke CaMble 0LEKTHI, 4To 1 roMoTomdeckas kateropus HP (), a mop-
$u3MeI B Helt u3 N° B M 3amaoTcs Kak JIeBLIe YaCTHLIE S 1 o f, T.e. KJIaccaMy SKBUBa-
JIEHTHOCTU JAATPAMM

. . S .
N Lomr v, sew
Tapuwi (f, s) u (g, t) canTaroTCs SKBUBAJIEHTHBIMY, €CJIU U TOJLKO €CJIU CYIIECTBYET KOMMY-
TaTuBHAs muarpavma B HO (o)

M

I
N _h>M///- (T_M-’

LA

M//-

BxoTOpotir € . Kovmosmmsa mopdusmos (f, s) u (g, t) —o1o Mopdusm (¢’ f, s't), koTopnrii
OTpPEeNeNAETCS € UCTIONL30BAHUEM CJICYIOIIeH MMarpaMMLI:

NN

Takas marpamMma BCEr 1 CyIeCTBYET, ¥ MOXKHO TPOBEPUTH ACCONMATUBHOCTD JAHHOTO 33~
KOHA KOMITO3UIIAI.

Nneerca xanomraecknii pyuxTop H? (%) — DP(4/), nepesomammii f: N° — M' B
napy (f,idas). Jausoiii pyrkTOp 06pamaeT Bce KBA3MM30MOP(U3MDL U SBJISIETCS] YHUBED-
CAJILHBIM Cpelr ()yHKTOPOB, 001, IA0MNX STUM CBOACTBOM. AbesieBa KaTeropus & BKJa-
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IBIBAETCS Kak nosHas momkateropus 8 DY (o), oTox nectrsia 06mexT A € of ¢ KoMTex-

com---—0—A—0— - vmeronmM A B crenenu 0. [[715 TPOU3BOILHOTO KOMILIEKCA
N oboznaunmvuepes N [1] kommexc ¢ kommosertavu N [1]P = NP+ u muddepermanom
dnpy) = —dn. lamHOE COOTBETCTBUE ONpenesseT fYHKTOP Ha MPOM3BOMHON KaTeropum

D® (&), KOTOPLIA IBAETCS ABTOSKBUBAJIEHTHOCTLIO M HA3LIBAETCS (JYHKTOPOM CIBUTA.
Kazk nas mponsBomHas kateropus D (9f) uMeeT CTPYKTYpY TPUAHTYIMPOBAHHON KaTe-
ropu [43]. DTO 03HAUAET, UTO 3aIAHLI CIEAYIOME TAHHLIE:!

a) dysxTop cmsura (cm. [1]) D (o) — DP(of), sBasonmiics a1 IMTUBHO aBTOIK-
BUBAJICHTHOCTDBIO,
b) Kiacc BbLOEIEHHDIX (MJIM TOYHLIX ) TPEYTOJILHUKOB

X Ly -5z %X,

¥ 5TU JAHHLIE yIOBJIETBOPSIOT ONpenesieHHoMy Habopy akcuom (cm. [43], [12], [21], [23]).
L7171 33 IaHVIA TPUAHT YIIPOBAHHON CTPYKTY LI HA IPOM3BOMHOM KaTeropuu D? (/) BBo-

IATCSA TIOHATUE CTAHAAPTHOTO TPEYTOJLHAKA KAK MOCIENOBATENLHOCTI

Q1

—

N 2 m PRk % N,

rme Q: C¥(of) — DP(of) — xanoHwaecKit GyHKTOP,
0—N-SMIZK—0

— KOPOTKAA TOUHASA OCJIEIOBATEILHOCTD KOMILIEKCOB 1 O —HeKOTOPLIiA Mop¢uam B D? (o).

Mop¢usm Je — 10 yacTHOE S 1 0 j, B KOTOPOM j — 5TO BIIOKEHME IOAKOMILIEKCA [ B KOMIT-
b)

sexc C'(p) ¢ kommonentavu K" & M "+ y ¢ mppeperrmarnom

d _(dr p
C(p) — 0 —dy )’

a xkBasumsomopduaM s: N[1] — C(p) — o710 Mopduam (0, 7).
Budeaennuiii mpeyzoavnux 8 DP(of) — o10 mocnenosatemuocts 8 DY (o) Buma

XY Uz X,

KOTOpAas M30MOP(HA CTAHIAPTHOMY TPEYTONLHUKY.

TycTs & u 9B — nBe abeneBbi kaTteropunu F': &f — 98— a i MITUBHLIA () YHKTOD, TOUHBIA
cieBa (coOTBETCTBEHHO cupaBa). PyukTop F vuaymmpyer GyHKTOP MEXK Iy KATErOPUAMU
komiuekcoB u ¢yrkTop F: H (o) — HO(%), KoTophie moTydaioTes IOKOMIOHEHTHBIM
npumenenvieMm F. Ecnu F' we sBseTCs TOYHBIM, TO OH He [IEPEBOIUT KBA3ZUU30MOD(PU3MEL
B KBa3UM30MOPQu3MLL. TeMm He MeHee, B OOJBLIIMHCTBE CJIYUYAEB, MOXKHO ONPEIESUTDL P~
BBIA (COOTBETCTBEHHO JIEBEBI) Npon3BomHL pyHKTOp RE (cooTBeTcTBeHHO LF') Mexmy
COOTBETCTBYIOIIMMY POU3BOMHLIMU KaTeropuamu. [IpousBomniii Gpyuxtop RE (cooTseT-
crBenHo LF') Gyner mowhsiM (yHKTOPOM MEXK Iy TPUAHTYJIMPOBAHHLIMY KATETOPUAMU B
CJIEMYIOMEM CMBICJIE: OH KOMMYTUPYET ¢ ()YHKTOPAMU CABUCA Y NEPEBOIUT BLIIEJICHHDLIE
TPEYTrOJLHUKY B BLlAEJeHHbIE. Mol He OyzeM npuBOMMTL 34€Ch ONPENEJIEHUE MPOU3BOI-
HBIX ()YHKTOPOB, UIES COCTOUT B TIOKOMIIOHEHTHOM ITPUMEHEHNU (YHKTOpa F' K IPaBUILHO
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BLIOPAHHLIM IIPEICTABUTEIIIM KJIACCOB KBA3NM30MOP(HLIX KoMILIeKCoB (cu. [43], [15], [12],
[21], [23]).

B xauecTBe mprMEpOB pacCMOTPUM MPOU3BOIHBIE KATETOPUM KOT€PEHTHEIX My UKOB Ha,
[JIaIKMX IPOEKTUBHLIX (11 COOCTBEHHDBIX airebpandeckux ) MEOroobpasmsax. O6o3naunm
D®(coh(X)) wepez D?(X). Kammii mopdusm f: X — Y mmmympyer ¢pyHKTOp 06-
parnoro obpasa f*: coh(Y) — coh(X). D1or QyHKTOD ABIAETCS TOYHLIM CIPABA U
vIMeeT JeBLIA npomsBomHnii ¢yukTop Lf*: DY(Y) — DY(X). Ilna ero onpenenerms
HYYKHO 3aMEHNThH KOMIUIEKC Ha Y KBa3MM30MOP(QHBIM KOMIIJIEKCOM M3 JIOKAJILHO CBODOI-
HBIX I[yYKOB U TIPMMEHUTL TOKOMIIOHEHTHO (PYHKTOD f* K ®TOMy Komiwiekcy. IlomoGHbIM
e 0Bpa3om mis Beskoro kommiekca F € DP(X) MokHO ompenesmTs TOUHLLE GyHKTOD

61597 :DY(X) — DY(X), samensia F KBa3MM30MOPYHLIM KOMILICKCOM U3 JOKAMLHO CBO-
OOIHLIX IIyYKOB.

Mop¢uzm f: X — Y uaaymmpyer Taxxe GpyHKTOp IpsaMoro obpasa f.: coh(X) —
coh(Y"), KOTOPLIA TOUeH CJIeBa ¥ MMeeT MpaBLIA MpoM3BomHLIA GyHKTOp R f.: DY(X) —
D®(Y). Jlas ero ompemeseHns KATeropus KOr€PEHTHLIX Iy YKOB BKJIALIBACTCS B KATETO-
PUIO KBA3UKOTE€PEHTHLIX IIyUKOB, & KOMILIEKC 3aMEHAETCS HA KBA3UU30MOD HLIN eMy KOMIT-
JIEKC 13 MHLEKTUBHLIX 11y UKOB. 1locJie 3Toro )yHKTOp f, MOKHO IPUMEHATD HOKOMIIOHEHT-
HO K KOMIIEKCY 13 MHLEKTUBHLIX nyuxkoB. ®yuxTop R f, compsxen cnmpaBa k Lf*. 9o
03HAUAET, UTO CYLIECTBYIOT ()YHKTOPUAILHBIE U30MOD(I3MBL

Hom(A,Rf,B) = Hom(Lf*A, B)

s Becex A, B. JlanHoe CBORCTBO MOXKET TaKKe PACCMATPUBATLCA B KAUECTBE OMPEIeIIe-
uust pyukTopa R f,.

Wcnonn3ysa nanable pyHKTOPDLI, MOXKHO BBECTU OOJLIMIN KJIACC TOUHBIX ()YHKTOPOB.
IIycto X uY —raankue npoex tusHbIe (11 COGCTBEHHDIE arebpanyecKue) MHOroO6pasusi.
PaccvoTpuM mpoextvm

X &£ xxy L.

Kasx it o6nexr & € DP(X x Y) zamaer Tounsiit ¢yuxop & g: D*(X) — DY) mo
ciemyromeii GpopmyJe:

B (-) = Ra.(8 6 p (). (9)

OueBnHO, YTO TOT Ke caMbIii 06bekT 3amaer apyroit pyuxTop ¥ g: DY(Y) — DP(X)
II0 TAKOMH Ke hopmyJie

Ve():=Rp. (8 q°(-)).

Takum 00pa30oM, MOJIYUAETCA AOCTATOYHO DOJLIION KIACC TOYHBIX ()YHKTOPOB MEXK Iy
OrPAHNYEHHLIMI IIPOU3BOIHLIMU KATETOPUSMU KOT'€PEHTHLIX ITy YKOB HA, [JIAKUX ITPOEK TUB-
HBEIX MHOIOOOPa3MsAX, KJIaCC, COCTOAMMIA 13 (YHKTOPOB, nMeronmx Bun P ¢ 111 HekoTopo-
0 KOMILJIEKCA & Ha, MPOU3BEIEHUN MHOro00pasuii. JIaHHLIN KIaCC 3aMKHYT OTHOCATEIHLHO
xommo3vmwyt PyHKTOpoB. [efictBurensuo, mycts X, Y, Z — Tpu riankux IpOeKTUBHBIX
MHOrO00Opa3us, 1 MyCTh

®;:DY(X) — DY), &;:D°Y)— Db2)
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— msa dpyrxTopa, rae T u J —o6nexter D? (X x V) uD?(Y x Z) coorsercrrenno. O6o3ua-
UMM Yepes Ppxy, Py z, Px z mpoekimr X X Y X Z Ha COOTBETCTBYIONIME IAaPLI COMHOKUTE-
neir. Kommoswmmsa ® 7 o ® 7 msomopdua @ e, rie K € DP(X x Z) onpenensercs gopmyoit

K = Rpx z«(py z(J) @ pXy (1))

IIpemmonoxurenbHO, KIIACC TOUHBIX ()YHKTOPOB, ONUCAHHBIA BHIIIE, CONEPXKUT BCE TOU-
HBIE ()YHKTOPLI MEXK Iy IIPOM3BOIHBLIMY KATETOPUAMI KOTE€PEHTHBIX [Ty YKOB Ha 13, IKUX IIPO-
€KTUBHBIX MHOro00Opasusax. Mbl He 3HAEM, BEPHO 3TO WK HET, OJHAKO DTO OMPENETIEHHO
BEPHO 171 TOYHLIX 9KBUBAJIEHTHOCTEM.

TEOPEMA 3.1 ([33], cm. Taxxe [35]). Tyecmy X u Y - zaadxue npoexmuensie MHo-
2006pazus. Ipednoroxcum, wmo F: DY(X) =5 DY) — amo mownas sxeusarenm-
nocmy. Tozda cyuecmeyem eduncmeennvid (¢ mounocmuio 00 uzomopdusma) obsexm
& e Db(X x Y) maxot, wmo gynxmop F usomopden gynxmopy P g.

Tenepn paccMOTPUM OrPAHNYEHHDIE TIPOU3BOIHLIE KATETOPUN KOTEPEHTHDLIX Iy YKOB HA,
abesneBnix MHOrooopasusax. CymecTByIOT IpUMepLI PA3JIUUHBIX A0€/IEeBLIX MHOT0OOPA3uii,
KOTOPLIE UMEIOT SKBUBAJIEHTHLIE TPOM3BOMHLIE KATETOPUY KOME€PEHTHLIX MyUKoB. boJee
TOr0, MOYKHO TOJHOCTLIO ONKCATL KJACCH! aDeJIeBLIX MHOIOOOPA3Mii ¢ SKBUBAJIEHTHLIMU
TTPOU3BOMHLIMI KATETOPUM KOT€PEHTHLIX Iy YKOB.

ITyctn A — abeneso muorooopasue pazmeproctu n Han C. 9o o3Havaer, yto A — KoM
nexcupiii Top (U/T, I), KOTOPDIiA ABASAETCS aareGparaeckuM, T.€. IMeeT BIOKEHIE B ITPOeK-
TUBHOE IPOCTPAHCTBO. IlycTh A — mBoiicTBeHHOE a6eIeBO MHOrOOOpas3ue, T.€. NBONACTBEH-
upiit Top (U* /T, —I*). On xanonudecku nsoMopden rpyrme Iuxapa Pic’(A4). Xopomo
M3BECTHO, UTO CYIIECTBYET €IMHCTBEHHOE JIMHEHOE paccioenue P ua mpoussenerrm A X A
TaKOe, UTO LA KAYK 0N TOUKU (v € A orparnuenrve P, na A X {a} npencrasiser siaement
Pic? A, cooTBeTCTByIOMMIA (1, 1, B OTIOJHEHNUE, OTPAHITICHIE P‘ {0} x A TPUBUAJILHO. Ta-
xoe P nasniBaetcs paccioerneM Ilyamkape.

Paccioerme Ilyankape maeT mpuMep TOYHOM KBUBAJIEHTHOCTY MEXK Y TPON3BOIHLIMI
KaTeropusiMu KOr'€PEHTHBIX Iy YKOB IBYX HEM30MOP(HBIX MHOrooOpaswii. Paccmorpum mpo-
ek

AL Aax4 L 4

u ¢ysxtop ®p:DP(A) — DP(A), ompenenennnii popmymnoit (9), Te. Pp(-) =
Rq.(P @ p*(-)). Myxkan moxasan [32], uro ¢ymxmop ®p: DP(A) — DP(A) ectn
TOYHAS KBUBAJIEHTHOCTD 11 CYMIECTBYET U30MOP(PU3M ()yHKTOPOB:

Upodp = (-14)"[n],

rzne (—14) — Mop¢u3M B3sTUs O6pATHOrO B rpymme A.

Ilyctn A3 u Ay — mBa abesieBLIX MHOrOOGpa3us OMMHAKOBOR pasmeprocTu. OBo3HaumM
uepe3 'y, uT 4, pemerku nepeuix romonorwvit Hy (A1, Z) n H1(Asz, Z). Kaxnoe otobpa-
wenme f: Ay — A abesnenix MEOroo6pasuii uaaymmpyet orobpakerue f: [ 4, — T4,
HA TPYMAX MePBLIX TOMOJIOTHUIA.

Ilna moboro abeseBa MHOrooOpasus A pemerka NepBLIX TOMOJIOTMI MHOrOOOpasusa
A x A cosmamaer ¢ T A ® I u, cnenoBaTensHO, 001a12€T KAHOHIIECKON CUMMETPIIECKOM
GumnumeliHOl (Gopmoli g4, onpenenenHoit no npasuiy (6). Pacemorpum mzomopduzm
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fi A1 x A1 — Ag X Ag abeneBnix MHOTOOOpasuii. HazoBeM ero usomempuumbim, €Cau
r. * ~ *
mzomopduaM f: T4, B FAl — 4, @ I’A2 OTOXK IECTBJACT OPMLI ¢ A; W G A, -
Ceituac MBI CHOPMYIIMPYEM KPUTEPUIA TOTO, KOTIA B3 a0EJIEBBIX MHOTO00 DA UMEIOT
SKBUBAJIEHTHLIE IIPOM3BOMHLIE KATErOPUY KOT€PEHTHLIX 11y YKOB.

TEOPEMA 3.2 [34]. IIycmv A1 u As — abeaesw. mHozoobpasus. Ilpoussodnwe xa-
mezopuu D®(A1) u DY(As) sg6am10mes 9KEUBANEHMHILMY KAK MPUAHZYAUPOBAHHBLE
KamMezopuu moz0a u moavko mozda, x¥0z0a CYU,eCMEYEM U0MEMPUNHHLT U30MOPPUIM

f:Ale\l L>Ag><zzl\2,

m.e. f omoxcdecmengem gopmu g4, U qa, Ha FAl &) I‘gl U I‘A2 &) I‘g2.

Wcnonnays teopemnr 2.1 u 3.2, MOXHO TPOU3BECTU HEKOTOPYIO MPOBEPKY THIOTE3LI
O TOMOJIOTMUYECKON 3€PKAJILHON CUMMETPUM ULl TOPOB. IIpemnosoxkuM, uto msa Topa
(T, I1,G1,B1) u (Tz, Is,G2, B2) o6a 3eprambuo cummerpuunsnt Topy (17,1, G’ B).
Torna SCFT(T'1, I1,G1, B1) msomoppua SCFT (s, I, G2, B2), uno teopeme 2.1 cymect-
ByeT u3oMopduaM pemeTok I'y @ I'7 u 'y @ 'S, KOTOPLIT OTOXKIECTBIAET g1 U g2, F1 U P2
n fl n jg.

C mpyToii CTOPOHDL, €CJIU TENePh MPEMIOIOKUTL, YTO 00a KOMILIEKCHLIX Topa, (T, [1) u
(Ty, I) smasmorcsa anrebpandeckimm, Torna I'3C Brevet skpusasiernrocts DO (T, I1)) u
D®((Ts, I)). Kpurepuii my1s1 5KBUBAJCHTHOCTI AETCA B TeOpeMe 3.2: OH TpebyeT CymecT-
BoBaHWMsA n3oMopusma Mexkay I'y @ I'T u 'y @ I's, KoTOpLIil nepeBoInT ¢1 B g2 1 % B %
OueBuaHO, UTO TAK KAK B 00meM ciayuae f # g , MBI OJIy9IaeM IBa YCJIOBUSA, KOTOPHIE
nporuBopedar apyr apyry. OmHako, Tak Kak . copnamaer ¢ .¢ npu yeaosm B(02) = (0,
TOJIyYAETCSA CIIEMY IO Pe3YILTAT.

CnEncTBUE 3.3. Ecau SCFT(T'y, I1,G1, B1) usomopgna SCFT (T2, I, G2, B2), oba
mopa (T1,11) v (T2, I2) aneebpauunn u obe gopmu B1 u Bz umerwom mun (1,1), mo
D’((Ty, 1)) u Db((T, I5)) skeusarenmmo.

Iycto (T4, I1,G1, B1) — KOMILIEKCHBIHA TOD € IJIOCKOM K271€pOBOIL MeTprKoli 1 B-nosem
tuma (1, 1), nu mycts (Ts, Is) — apyro# KoMmiekcHoiid Top. I[Ipemmonoxum, uto CymecTByeT
nzoMop¢u3M pemmetok g: ['1 @ '] — TI's @ I'S, mepeBonsaumii ¢1 B go 1 }1 B }2. B sTom
cJIydae MOYKHO IOKA3aTh, YTO HA T CymecTByIOT K3sepoBa MeTpuka G2 u B-niosie B Tuna
(1,1) rakwue, uro SCFT(T'1, I1,G1,B1) u SCFT (s, Is, G2, B2) uzomop¢un: kak N = 2
CYTIEPKOH(POPMHBIE TEOPUU TIOJIA.

Kombuuupys 910 ¢ Teopemoii 2.1 u KpurepreM SKBUBAJIEHTHOCTY [JIST IPOU3BOIHLIX Ka-
teropuit DY (T4, I1)) u Db((Ty, I2)), monyuaem pe3yasTat, 0GpaTHLIA K CICACTRIIO 3.3.

CaeEnCTBUE 3.4. ITycmo (11,11, G1, B1) — anzebpauvueckud mop ¢ naockol kaaepo-
sotli mempuxol u B-nosem muna (1,1). Iycmp (To, Is) — 0pyzot aszebpauseckud mop.
Ipednononcum, wmo D (T, I1)) sxsusarenmmna DO ((Ts, I3)). Tozda na Ts natidym-
¢ xkaneposa mempuka Go u B-noae Ba muna (1,1) maxue, wmo SCFT(I'1,11,G1, B1)
u SCFT(T'g, Iz, G2, B2) usomopdnn xax N = 2 cynepxon@opmmvie meopuu noad.

Ecaudime T' = 1, To B-nosne asromatruecku nveer tun (1, 1). CaenosarensHo, B 3T70M
cayuae I'3C BornepxkuBaer npoBepky. KoHeunO, 3TO TO, UTO MLI O2KM A€M, TAK KAK U3BECT-
HO, uto ['3C msa sanvmrryeckux kpusnix BepHa [39]. C npyroli cTOPOHBI, KaXKETCsl, UTO B
cayuae dimc T' > 1 umerorcs npobeMsl.
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OmHako He BCe MOTEPSHO — U B TOM CIy4ae CyIIECTBYET MPOCTas MOMAPUKALVL
I'3C, xoTopas IPOXOMAT HAIlle TECTUPOBAHKE. DTA MOIMYUKAIAA TIOAPAZYMEBAET 3aMEHY
D®((T, I)) npoussomsoii kareropueit (B -ckpydeHnbix mydkos, rae (3(B) — 510 siemenT
H?((T,I), 6%), sapucsmmit ot B-nona B € H2(X,R).

[yctn X — anrebpanueckoe MEOroobpasue man C, umyers B € H?(X, R). Pacemorpim
romomopduam 3: H2(X,R) — H2(X, 6%;), vaaymmpopasubiii otobpakeruem R — 0%,
KOTOPOE MOJIYYaeTCs U3 CIENYoMell KOMMY TATUBHON MAArPAMMLL:

0 Z R R/Z — 0
| |
0 Z Ox ST, ge g

Kas ottt ostevent a € H? (X, 0% ) sanaet 0% -mxep6 &, na X . PaccMoTpuv KaTeropuio
cohy (%,) korepenTHoIx myykoB Beca 1 Ha mxepbe %,. Temepn Hama TPUAHTYJIMPOBAH-
HAS KATErOpPUA MOKeT OLITEL OmpelesieHa KaK mpon3somHas kareropus D (cohy (% 3(B)))
u Gyzner obosnauaTnes D (X, B). HamomHmM, U4To KOrepeHTHLIE MydKy Beca 1 Ha, mKep-
0e ¥, MOryT OLITL OMPENEJIEHLI KAK CKPYUEHHLIE KOTEPEHTHLIE TyUky HA X B CJIEHyIO-
meM cMbicae. BoibepeM oTkpeiToe mokpuitre {U;}icr MHEOrOoGpasus X, i KOTOPOTo
saevert a € H?(X, 0%) npencrasnserca 2-xommxiaoM Yexa a;jx € ['(Uijk, O%), roe
Uijik = U; NU;j N Uy. Tenepn a-ckpyveHHLIH Iy 90K MOXKHO ONPeNeInTL Kak Habop Kore-
peHTHLIX Iy4koB & ; Ha U; miusiBcex i € I BMecTe c m3omopduamamu ¢j;: F; |Uij =z F |Uij
maBcexmap i, j € I (¢i; = gzﬁj_l-l), YIOBJIETBOPSAIONIMIMY CKPYUYEHHOMY YCJIOBUIO KOIMKJIA
GijOjkPri = aqjk id.

B cyuae, korza 3(B) — 9o anement kpyuenua s H2(X, 0% ), abeseBa KaTeropus CKpy-
UEHHBIX IIyUYKOB 9KBUBAJIEHTHA a0€JIeBOI KATEropyy KOr€PEHTHBIX MyUYKOB MOMIyJIel Hax
myukoM asreOp A mymas &/, KOTOPLIA COOTBETCTBYET TAHHOMY DJIEMEHTY. ITO BIIEUET
TAKKe SKBUBAJEHTHOCTL COOTBETCTBY IOIIMX MPOU3BOMHLIX KATETOPUIA.

Hanomunm onpenesienvie u ocHOBHBIE GakThl 00 aarebpax Amsymas. Ilyctn & — o1o
0 x -anrebpa, KOTOpas KOTePEeHTHA KaK mydoK O x-momyieit. OHa HA3BIBAETCA aareOpoit
A m3ymas, ecam oHa ABJIAETCA JIOKAJILHO CBOOOMHLIM ITydKOM O x -MOMyJIel 1 IJIA KaxK OOi
Toukn & € X orpanudenvie & (z) := 4 ® ¢, C(x) nzomopduo maTprranoii anreépe M, (C).
TpuBnasmuasn anredpa A nsymas — 910 anrebpa suna End(E), rae E — BeKTOpHOE pacciio-
ervie. JIBe anreOpst A msymas & 1 &' HA3LIBAIOTCS HOMOOHBIMY (MM SKBUBAJIEHTHBIMI IO
Mopuwure), eciu matinyTca BekTopHLe paccaoenus E u E' Takue, uto

%@@X End(E) = o’ 6 éand(E/).

O6o3naunm yepes coh (/) abeseBy KaTEropuio Iy YKOB (IIPABLIX ) &/-MOLyI€l, KOTOPLIE KO-
PepeHTHLI KaK myuky O x-Momyiiei, a yepes DP(X, o) orpanndeHHy o IpOM3BOMHYIO Ka-
teropuro coh(&). Jlerxko BuneTs, uto ecau aaredpnl Amsymas &f u &' mono6HLI, TO Ka-
teroprm coh (/) n coh(’) sKBUBaJIEHTHLI U, 3HAYNT, TPOM3BOMHLIe KaTeropu D (o) u
D® (&) Takike SKBUBAICHTHLI.

Asrebpot A i3ymas o Momysio skBUBasieHTHOCTH 110 Mopure 06pa3yioT rpymy oTHO-
CUTEJILHO TEH30PHOIO YMHOXKEHVs. DTa MPYIma Ha3bmBaeTcs rpymoit Bpayspa maOroo6-
pasust X u obozuavaercs Br(X). CymecTByer ecTecTBEHHOE OTOOpaKeHUE

Br(X) — H*(X, 0%).
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D10 0TOGPaIKEHVE ABIIACTCA BJIOKEHUEM, & €10 00pa3 CONEPIKUTCA B HOAIPYILIE KDY YeHNs
H2(X, 0%) tors- Hocnemsa rpymma obozuauaetcsa Br/ (X ) 1 Ha3LBAETCA KOTOMOIOrUgec-
xoti rpymmoit Bpayspa X. Xopomo usBecTHas rumoTe3a I'poTeHarKa yTBEPKIAET, UTO
ectecTBerHoe oTobpaxerme Br(X) — Br/(X) ecTh n30MOp(U3M IS TJIaAKUX MHOTO-
o0pasuii. 9ta rumoTesa OLIIa NOKa3aHa 1711 abeJIeBLIX MHOr0OOpasuii [16].

Mpemonoxum, uto B(B) — snement kpyuemusa 8 H2((T,1), 0%), n paccMoTpum
anrebpy Amsymas /g, COOTBETCIBYIOIIYIO TOMY 2jeMeHTy. IIpousBomHas kaTeropus
DY((T, 1), /) He 3aBucur ot BLIGOpa &/, TAK KAK BCE TAKVE AJreOpLI SKBUBAICHTHLI
o Mopure. MoskHO moKasath, uto npoussomas kateropus D?((T, I), B) sxsusatenTHA
kateropuu DO (T, 1), #/B).

JlocTaTouHOe yCJIOBYE B CIydae aarebpanveckux TOPOB ISl 9KBUBAJIEHTHOCTY KATErO-
puit D (T4, I1), B1) n DP((Ts, I), B2) maetcs cremyomeit Teopemoii [38].

TEOPEMA 3.5 [38]. ITyecms (T1,11) u (T2, I2) - dsa anzebpauueckur mopa. Ilycmy
By € H?(T1,R) u By € H?(T3,R) omobpancaomes nocpedcmeom 3 e asemenmu
xpywenus. Ecau natidemes uzomopdusm pewemox I't @' u Ta & T3, nepesodsu,ui
q1 8 q2, a F1 8 F2, mo Kamezopuu Db((Tl,Il),Bl) m Db((Tg,Ig),Bg) byodym sxeusa-
AENMHDL.

IIpencTaBiAeTCs BEPOATHLIM, UTO JAHHOE YCIIOBUE TAKIKe ABIIAETCA 1 HEOOXOINMBIM ST
toro, urobnt DY ((T1, I1), By ) Guura sxsuBagentaa DO ((Ty, I3), Bs). KomGumupys Teope-
My 3.5 ¢ Hamell Teopemotii 2.1, mosryyaeM Takol pe3yILTaT.

CnenctBUE 3.6. ITyemy SCFT(I'1,11,G1,B1) v SCFT(T's, Iz, G, B2) uzomopd-
not, o6a mopa (Th,I1) u (Tz,I2) anzebpauuwwt v xax Bi, max u B omobpanca-
womes nocpedcmeom B 6 anemenmu kpywenus. Tozda wamezopuuw DP((Ty,I1), B1)
u DO ((Ta, I), B2) skeusasenmmbl.

Jarmoe ciencTBre TOACKa3LmaeT cnocod Momdumposats I'3C — 3amernts DP(X)
HA Db(X , B). Hanmomuum, uto Hasmave B-nosst usmensier u onpenenenve kareropuu Py-
Kas1, KoTopas obo3Hauaercs B aToM caydae yepes DFo (X, B). Momdmmposaunnas ['3C
yrBepxmaer, uto ecim (X, G, B) u (X', G’, B') zepramsuo cuvmverpuunst, To DY(X, B)
skBuBaJieaTHa D %o (X', B'). Cnencreue 3.6 mOKa3LIBAET, UTO 9TA TUNOTE34, BLLACPKUBA-
€T IPOBEPKY, B TO BpeMs Kak opurunajibaas ['3C mapymaercs.

st 5a5mnTryeckux KpuBbix Momuduimposaraas ['3C He CUIbHO 0TIMIaeTes oT opu-
runaLHOi. Tak Kak B aT0oM cayuae h%2 = (), To KOMIIIEKCHAS CTOPOHA HUKAK He M3MEHs-
eTCs ¢ BBeneHreM B-11os1s, B TO BpeMsa KaK Ha CUMILIEK TTUIECKOH CTOPOHE €IMHCTBEHHBIM 3 (-
(peKTOM SBJIAETCS KOMILUIEKCU(PUK ALV CUMIIJIEK TUYECKOM pOpMBI (TIpH 3aMeHe w HA w+1B).
Ilns macrosmux MEOrooOpasuit Kanabu-y h%:? taxke 3amy/seTcs, u KOMILIEKCHASA CTO-
POHA CHOBA HE M3MEHSETCA, HO HA CUMILJIEK TUYECKOM CTOPOHE Hasmure B-nosis npusomr k
pPamMKaILHLIM u3MeHenusM. K mpumepy, IoCKue CBS3HOCTU HA JIATPAHKEBLIX IIOIMHOIO-
00pasusAX DOJIZKHEL OBITL 3aMEHEHDI Ha TIPOEK TUBHO IIOCKYE, UTO BEIET K YMEHBIIEHNIO KO-
smuecTBa A-OpaH. A BOT IJIs1 KOMILIEKCHBIX TOPOB PA3MEpPHOCTU 0OJIbIIe eanHYITI B-ose
CUJILHO BIUSAET Kax Ha A-Opanni, Tak v Ha B-OpaHni.

4. Kareropusa A-6pan u kareropus ®Pykas

B »roit sekum Mot 06cymav D-6pannt Tvma A (A-Gpamnt) Ha Muorootpasusx Kasma-
ou—fy. Kak yxe roBopusioch Boime, MHOXKECTBO A-OpaH nMeeT CTPYKTYPY &ILIATUBHON
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kateropum, u ecau X 3epkaanbHO X', To kaTeropua A-Gpan Ha X 9KBUBAJICHTHA KATErO-
pvu B-6parsa X', mHA060pOoT. MOXKHO CUMTATL YCTAHOBJICHHLIM, UTO KaTeropusa B-Gpan
Ha MEOrooGpasmsx Kanabu-fIy X skeusasnentna kateroprm D?(X)® 7], [28], [1], [5], [22]-
T'vmoteza I'3C nosToMy CBOMMATCS K yTBEPIK IEHUIO, UTO KaTteropusa A-Opan Ha X skBuBa-
JIeHTHA Tipon3BomHOl KaTeropuy Pykas na X . Kak Mbl yBrmiM, mocjiemtee yTBepK IeHIE
HEBEPHO Ui HEKOTOPEIX X ; Tak uTo runore3a ['3C Hy K 1aeTcs B MOIMGUKAIIAN.

B cayuae, xorna X — sanunrudeckas kpusas, runoteza ['3C (¢ meSonbmmmm Momadu-
kamsamn) 6buta nokasana s pabore [39]. C mpyroii ctoporst, B pabote [20] 65110 nOKa3aHo,
410, BOOOIIIE FOBOPSL, IPOM3BOMHAS KaTeropus PyKas sBIsSeTCs TONLKO TOJTHOMN TOAKATEro-
pueit kateropmm A-6pan. B cayuae, korna X — top pasmeprocTy 60Jbine 2 ¢ IOCTOAHHON
CUMILIEK TUYECKO CTPYKTY PO, B pabote [20] 6u1in nocTpoens: npuMepnt A-GpaH, KOTopbie
SIBJIAIOTCST KOM30TPOIHLIMU, & He JIArPAHIKEBLIMU HOIMHOroobpasusavu B X . Iloka HesicHO,
KaK IaTh MaTEeMAaTUUECKU CTPOroe ompenesenue Kareropur A-Opan. B oTo# neximu Mot
ormmImeM pe3yabTaTsl paboTe [20] 1 06Cy MM HepelneHHbIe TPOBIEMEL.

YT0o0BI MPOMEMOHCTPUPOBATL, UTO KaTeropusa A-Gpas Ha MEHOrooOpasvm X , BOOOIIE ro-
Bops, “Oompme” D Fo(X ), M1 npenasuM 3eprainayto napy X u X/ takyio, uto rpymma
K°(D"(X)) crporo 6omme, uem K°(DFo(X’)). Jlias mpOCTOTLL, MOMKHO €Ile TeH30PHO
ymuozxnth KO na Q 1 npumennTs xapaxkTep UepHa, KOTOPLIL IPHHMMAET 3HAUECHIA B KO-
romosioruax X. B ciayuae Db(X ) xapakTep YepHa ch npunumaer 3nauenus B nepeceve-
mm H*(X, Q) u @Zzo HP?-P(X), xoTophie paccMaTpuBaroTesa Kak nomrpyrmnt H* (X, C).
(Cormacro runotese Xomka, o6pa3s ch coBmaznaer ¢ 9TuM mnepecedeneM.) B ciyuae ka-
teropum Pykas sepkaanLHOrO MEOrO0Opasua X’ MOKHO CKa3aTh caemyomee. Bo-nepsrix,
3epranbHas cuMMeTpus uaaymmpyet nzomopusm H* (X, C)u H* (X', C), Tax uto anamor
xapakTepa YepHa mis kateropuu Pykas mOIKeH IPUHAMATL 3HAUEHUS B KAKOR-HUOY D
nomrpyrmme H* (X', C). EcTecTBeHHO IPEANOIOKUTD, UTO XapakTep UepHa 06 LeKTa KaTe-
ropuu Pyxkas (Y, E, V) — 310 knnacc koromonoruii (van Q), ayasmmusiii no [lyankape romo-
JIOTITYECKOMY KJIACCY Y. DTy TMIOTE3y MOKO 0OOCHOBATL (PU3MUIECKUMU COOOPAIKEHUAMU,
¥ MBI OyI€M CUUTATE, YTO OHA BEPHA.

Mycts E — sumntudeckas KpuBas, € — Ipon3BoibHasa Touka Ha F, a Ende (E) — xonno
sHnoMop¢u3moB F, coxpaustonmx e. s 6oapimmacTBa E 9T0 KOIBIO M30MOP(HO Z, HO
IULs1 HEKOTOPLIX criermaibinx F kounuo End. (E) crporo 6osbme, uem Z. Takve Kpusnie
HA3BLIBAIOTCSA SJUIUNITUYECKUMI KPUBLIMU € KOMILJIEKCHBIM yMHOKeHreM. HeTpyaso npose-
puTh, uto F 0071a1a6T KOMIJIEKCHBIM YMHOYKEHUEM TOT A Y TOJILKO TOrA, KOTAA €€ Ta-
pamerp TefixMionnepa T — KOPEHL KBAAPATHOI'O YPABHEHNUA C LIENLIMU KO() PUIIEHTAMU.
IIycts E — sanunTideckas KpUBas ¢ KOMILIEKCHLIM YMHOXKeHHeM. PaccmorpuM abeneBo
muoroobpazue X = E™, n > 2. MOXHO NOKa3aTh, YTO IJIs TAKOTO MHOr000Opasusa obpas
xapakTepa Yepua

ch: K°Db(X)) ® Q — H*(X,Q)

COBIIaOA€T C IIEpeCeYuCeHEM

H(X,Q) n (EB ()

p=0

dimg Im(ch) = (2") .

U MMeeT Pa3MePHOCTD

n

5B aroit mexmum s IPOCTOTEI IPEIIOJIAraeTCsi, YTO B-mose paBHO HyIiO.
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Iaunee, abeneso MEOrO0Opasue X 3epKajibHO HEKOTOPOMY CUMILIEKTAYECKOMY TOpY X ' Be-
MeCTBEeHHOH pasmepHocTy 2n. JI060it Kaacce koroMmonoruit X/, myamnubii no Ilyarkape
JIarpaHKeBY OAMHOroo0pasuio B X', IpUHAIIEXKUT AAPY OTODparKeHus

H"(X',R) —2< H"+2(X' R). (10)
D10 0TOOpaKEHUE — SMUMOPPU3M, TIOSTOMY €r0 PA3MEPHOCTL PABHA (2") — ( n2_f2). Cune-
IOBaTEJILHO, 0Opa3 xapakTepa Yepua kateroprm Pykas He IpPeBOCXOMAT (2:) — (n2_f2).

C mpyrofi CTOPOHDI, 3ePKAJILHAS CUMMETPUSA AT HAM U30MOP(PU3M MEK Iy KOTOMOJIOT VI~
vu X u X’ [13]. Ecsm cienaTs pe3oHHOE DOMyImeHne, 9To STOT M30MOP(U3M COTIIACOBAH C
BKBUBAJIEHTHOCTLIO KaTeropuii B-6pan Ha X n A-Opan Ha X', TO MOXKHO 3aKJIIOUATD, YTO
kareropusa DJ(X') He MoxkeT OLITL 9KBUBaJeHTHa KaTeropun A-Gpan Ha X’. C apyroii
CTOPOHLI, MBI 3HAEM U3 (U3MUECKUX COOOPAKEHNIT, UTO IepBasi KATETOPUs SBJLSIETCS TOJI-
HOI oaKaTeropuei BIOPOIi.

Bosuukaer Bonpoc: eciu He Bce A-OGpaHbl IPOUCXOIAT U3 JAIPAHIKEBLIX MOAMHOI000-
pasmii, TO KaK OPABUJILHO OMKUCATL UX reoMeTpuio? Ha KOroMoJiornyeckoM ypoBHE STOT
BOIIPOC CBOIATCS K CJEAYIOIEMY: €CJu XapakTep YepHa He 00sA3aTENLHO JIEKUT B ALPE
orobpaskerus (10), 10 20e on npurUMaeT 3HaueHna? OTBET HA MOCIETHUI BOIPOC MOYKHO
omucats tax [13], [18]. Iycrs ma X 3anana kaxas-HUOYIL IOCTOSHHAT K9JIE€POBA (OPMA
TaKasd, 9to X = A x B, rne Au B — marpanXeBn BeIeCTBEHHbIe ToATOpEL. Torna Top
X'=AxB 3epKaJ1eH X. Pacemotpmm top Z = A X A x B. Y Hero ecTb 1Be OUCBII-
mnie npoekimu ™ 1 ' #a X u X/, Ha A x A y Hac TakzxKe ecTh paccioenue [lyaukape P,
xapaktep Yepna xoToporo Mol o6o3naunm ch(P). Vcnonnsys oueBnmHyio npoexmmio Z
Ha A x 121\, MOXKHO pacceMaTpuBath ch(P) xak kaacc koromosioruit va Z. Ilyctn y Hac Te-
nephb eCTh KaKOW-Huby s knacc koromoutoruii o € H* (X, Q). Ommmem ero o6pas mpu 3ep-
KaJLHOM cummeTpru [13]. Hamo B3t 06paTHEIL 06pa3 v 0 OTHOMIEHNIO K 0TOOPAKEHITIO
m: Z — X, TeH30pHO yMHOXKUTDL HA ch(P), a mOTOM B3ATL TPAMOL 06pa3 mpu 0TOOpake-
mwwm 7': Z — X'. Tlonyuaercs knacc o/ € H*(X’,Q), xoTopuiii ABaseTca o6pasoM o
U 3ePKAJNLHON cuMMeTprm. MOXKHO TOKA3aTh, UTO €CJM (¢ IPUHAIJIEKUT TIEPECEUCHUTO

H*(X,Q)u, HP?(X), r0 o' ynonersopser
Ly —wAa =0.

31ech t,,—1 — OLEePATOP BHY TPEHHETO YMHOXKEHI Ha OUBEKTOD W 1. K naccn Koromosoruit,
IyaJbHDIE JarpaHKeBLIM OIMHOI000PA3UsAM, YAOBIETBOPSIOT 3TOMY YPABHEHUIO, HO OHO
vMeeT u apyrue pemenusa. Hampuvep, Jerko HoCcTpouTh IPUMEPEH pelneHuii Buga o’ = e?
raea € H?(X',7). Takue npuMepnI HABOIAT HA MBIC/L, YTO 1A HEKOTOPDLIX CUMILTCKTH-
YyecKux MHOrooOpasuii X CymecTBYIOT JIMHEHHLIE PACCIOCHNS HA X , KOTOPLIE ABJIAI0OTCS
A-6panavu. Mol BCKOpE YBUINM, UTO 9TO AEHCTBUTEILHO TaK.

YToOnI syurtie TOHATL TeoMeTpuio A-Opan, obpatumMcs K gusuke. Kak yxe 00bACHsA-
JI0CL B Jiekimu 1, kaccuyeckas A-OpaHa — 9TO TPAHUUHOE YCJIOBUE ISl CUTMA-MOMIEJH,
kotopoe coxpanser N = 2 cynepaarebpy Bupacopo. B pa6ore [20] MbI npoanammsupo-
BAJIM 5TO YCJIOBUE B MPEINOJIOKEHNN, UTO A-OpaHa ONUCLIBAETCSA CIIELY FOIMMU TeOMETPU-
YEeCKVMU MAHHLIMU: nomMHOroobpasuem Y B X, juHeMHLIM paccaoenveMm F wa Y, cHab-
JKEHHOM 3PMUTOBOI METPUKOM, M YHUTAPHOH cBa3HOCTLIO V g Ha E. Mubl nokazasmnu, uro
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tpoiika (Y, E, V i) 3anaer A-Gpary TOrIa 1 TOJILKO TOTIA, KOT /A BLIMOJIHEHDI CIIEIY FOIIAE
TPU YCJIOBUS.

(a) Y — kousorponnoe nomiaoroo6pasue B X. 910 03HAYAET, UTO Or PAHIYIEHUE CHUM-
IJIEKTUYECKOR POpMBI W Ha Y — (POPMA MOCTOSHHOTO PAHTa, & €€ AP0 — UHTErPUPY-
emoe pacupenenerve £Y C TY. (OxBuBasentHoe onpenenenue: Y KOU30TPOIHO,
eciu 171s1 150060 TOUKK p € Y KOCOOPTOTOHAJILHOE NOMOJIHEHNE K MOIIPOCTPAH-
ctBy 1Y, C TX, conepxurcs B TY).) ®aktop-paccaoerue 1Y/ LY Gyner o6o-
sHauateesa AY . VI3 onpenesieHns KOM30TPOIHOCTH CIIAYET, UTO fopMa w|y MHIY-
IMPYET HA BEKTOPHOM pacciaoeHu A'Y cUMIIeKTUIecKyo (opMy, KOTOPYIO ML
Oymem 0003HAYATD .

(6) 2-dpopma xkpusmsnet F' = (2mi) ~1 V%, paccmaTpuBaeMas Kak 0TOODazKeHIe U3 BEK-
TOpHOro pacciyioenus 1Y B BeKTOpHOE paccioenue TY ™, 3amyssercs HA IOIpac-
cnoervm LY . (®axtop (27i) ! B onpenenemm F BBenen mmisa Toro, utobn F GL-
Ja BEILIECTBEHHON 2-(OPMOH C HEJIOUNCIIEHHBIMYA TIEPUOIAMIL.) DTO 03HAUAET, UTO
2-gpopma F' uamymmpyet Ha AY KOCOCHMMETPUUHOE CTIAPUBAHLE, KOTOPOE MLI Oy-
nem 0003HaYaTL f.

(8) Popmut 0 u f, paccmarpuBaeMble Kak otobpaxkenus u3 NY B AY ™ ynosaerso-
psoT ypasrermo (0! f)2 = —id_yy . D10 3mauur, uto Temsop f = o~ f spas-
€TCs KOMILJIEKCHOM CTPYKTY PO Ha paccaoenum AY .

ITporkommMenTupyeM o1y yeaosusa. VI3 ycnosus (a) BoITeKaeT, 1o HA Y MMeeTcs CTPYK-
Typa CJIOEHIs, PA3MEPHOCTL KOTOPOI'o paBHA kKopasMepHocTr Y B X . DTO CI0eHVe HA3LIBA-
€TCS XaPAKTEPUCTUYECKUM CJIOEHMEM KOM30TPOIHOTO momMuorooopasus Y. Ecnu xapax-
TEPUCTUYECKOE CJIOEeHKE Y SBJISIETCSA JIOKAJILHO TPUBUAJLHLIM paccjoenueM p: Y — Z ¢
raaakoi 6azoit Z, 1o /Y — 510 mpocto 0GpaTHLI 00pa3 KacaTeanHoro pacciaoenusn 1 Z:
NY = p*TZ, a kococummeTprueckas opma o — 0OpaTHLIA 00Pa3 HEKOTOPOH CUMILIEK-
TUYIeCKOi popMbI Ha Z. B obmeMm ciydae MLl MeeM fesio ¢ MHOrooOpasreM Y €O CII0eHEM
U BEKTOPHBIM paccyoenreM AY Ha HEM, a MIPOCTPAHCTBO CJIOEB Z STOTO CJIOEHUS HE SIB-
JIETCS TJ1a KM MHOrooOpasueM, Uim JaXke XayCIOP(POBLIM TOMNOJOTMUECKUM IIPOCTPAH-
ctBoM. Tewm He MeHee, MMeeT CMBICJ PACCMATPUBATH IIyYOK IVIAIKUX CEYEHUI PACCIOEHUs
A'Y, TOKaJILHO HOCTOAHHLIX BAOJDL CIOEB CIOSHUA. DTOT IyUYOK UT'PAET POJIL OOPATHOrO
oOpa3za mydka IVIaIKUX CeUeHUI HECYIEeCTBYIOIIEro, BOODIE roBOPs, KACaTeJLHOIO pac-
CIOeHUA K Z. YHOOHO Tak:Ke LyMaTh IPO (OPMY 0 KaK CUMILUIEKTHUECKYIOo (OpMY Ha Z.
B Teoprmt cioeHmit 5Ty CUTyaIMio BLIPDAKAIOT CIOBAMU “0 — TPAHCBEPCAILHAS CUMILIEK-
Trueckasa popma Ha MHOrOOOpaszuu Y co ciaoeruem” . BekToproe paccimoerue A'Y o0nLruno
HA3LIBAIOT HOPMAJILHLIM PACCIOEHIEM MHOr006pasus Y co cioeHueM (€ro He CIIemyeT Iy-
TATh C HOPMAJILHBIM PACCIOEHIEM K caMoMy V).

Ycnosue (6) o3HaUAET, YTO MILA JIIOOOIO ceveHus v pacciaoerns. LY MplumeeM Ly B = 0.
ITockombky dF' = 0, To npomssonuas Jlu or F' Bmosn v paBHA HymO, T. €. popma F' no-
CTOSIHHA BIOJIL CJIOEB CJIOEHMA. Ec/m XapakTepuCcTIiecKoe CI0EHNE — TO JIOKAJILHO TPU-
BHAJILHOE PACCIOEHUE C DVIAIKOM 0a30it Z, TO 9TO O3HAUAET, UTO 2-popMa f — 0OpaTHLIA
00pa3 3aMKHYTOU 2-(GopMel HA Z. B o0mmem ciyuae MOXKHO CKa3aTh, UTO f — TpaHCBEp-
CaJLHO-3aMKHYTasA (JOpMa Ha MHOr000pa3uu Y €O CJIOEHUEM.

Ycaosue (B), IpexK e BCEro, FOBOPUT HaM, uTo 2-Gopma f HeBbIpoxk neHa. Taxum oOpa-
30M, f — TpaHCBEpCAILHAS CUMILIEK TUYECKAA (OpMa HA Y, B TOUHOCTHU Kak U 0. BO-BTOPLIX,
3TO yCJIOBME TOBOPUT HaMm, uTo ¢ = o1 f - »To TpaHCBepcaILHASA KBA3MKOMILTIEKCHASA
CTPyKTypa HA MHOroobpasuu Y co cioenueM. Eciy cioeHve ABisgeTCs JI0KAILHO TPUBU-
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AJILHLIM PACCIOCHNEM C IJIAKOI 6a30it Z, To _# — TO IPOCTO KBA3UKOMILTIEKCHAA CTPYK-
TypaHa Z.

W3 5Tux Tpex ycaoBMil JIETKO BLITEKAET, UTO PA3MEPHOCTDL Y MOJIKHA UMETL B N + 2k,
romen = % dimpg X, a k — HeoTpuIIaTEILHOE [1eJI0€ YCI0. duciao k mMeeT CMLIC “TpaHc-
BePCAJLHON KoMIiekcHOM pasmeproctu Y. Ecim k = 0, To ycaosue (a) roBopurt, uro
MHOrooGpasue Y sarpaskeso, u torna ycaosue (6) tpedyer F' = 0. (Ycaosue (B) B 9TOM
cayuae mycTo.) JIpyroit MHTEpeCHBI YaCTHLIA ciaydaii — 910 korma Y = X (9T0 BO3MOXKHO
TOJILKO €CJIU 1 YE€THO). B 9TOM ciryuae €10 CI0€Hus — TOUKY, yciaoBus (a) u (6) BLIoJ-
HSIIOTCS aBTOMATIYECK, & YCJIOBYe (B) O3HAUAET, UTO SHAOMOPHU3M W~ F' — KBA3UKOMII-
JIEKCHAsA CTPYKTypa Ha X .

Meree o4eBrIHO, UTO TPAHCBEPCAILHAA KBA3UKOMINVIEKCHAS CTPYKTypa _# UHTErpupy-
ema [20]. D10 serko caemyet u3 Teopemnl [ennpanna—/lopdman, KOTOpas UTPAET BAK-
HYyIO POJb B Teopun nHTErpupyeMsbix cucreM [11]. Takum o6pasoM, Y — TpancBepcasn-
HO-KOMITJIEKCHOE MHOrooGpasue. JIerko BuneTs, uto popmul f u o nmerot T (0, 2) 4 (2, 0)
no orHomenmo K _¢. Boaee Toro, popma f + i0 — TpaHCBepCAJILHAS FOIOMOP(PHAS CHM-
IUIEKTUYECKas POPMa Ha TPAHCBEP CAILHO-KOMILIEKCHOM MHOr000pasuun Y.

Hecxkounbko 3aranousoe yciosue (B) MOXKHO BLIPA3UTDL Pas3iudHbiMy criocobamu. Hampu-
Mep, OHO SKBUBAJIEHTHO CJIELYIOMEMY HAOOPY yCIOBUIL:

AT(f +io) #0, 1<k, A¥(f+io)=0.

Tyt k Takoe ke, Kax U BLIIIE.

TomsrTkn 0606uMTH yenosus (a)—(B) Ha ciyJaii, Korma BeKTOpHOE paccioerve F nuMe-
€T PaHT BLIE eIVHUILI, HE YBEHUAJUCE TIOJHLIM yCriexoM. Ycuosus (a) u (6) merko 0606-
MAOTCS, HO ¢ ycaoBueM (B) — npobuemsbl. Prsnueckue u MaTeMaTuyiecKue COOOpaKeHUst
YKa3LIBAIOT, YTO IPABUILHOE 0000IEH e yCI0BUs (B) BLINJIAANT TAK:

(O'_lf)2 = —idE®L/Vy .

Tyt “rpancBepcanbHas GopMa KpUBU3HLL [ PACCMATPUBAETCS KAK CEUYECHUE PACCIOCHUA
End(E)®A2(AY*). 13 Takoro yc10BIa HUKAKOH TPAHCBEPCATILHOM KOMILIEKCHOM CTPYK-
TypLl Ha Y He MOJIy4aeTcs, 1 €10 TeOMETPUUECKUiA CMBICJ HETIOHATEH. ITO BeIeT K TPYI-
HOCTSIM C OIPeIesIeHIeM MOP(U3MOB MexK Iy TakuMu A-Opanamu (cM. HUKe).

o cux mop Mol 00cy K naau A-OGpaHbl HA KJIacCUYecKoM ypoBHe. Ha KBaHTOBOM ypoBHE
N = 2 cynepaarebpa Bupacopo MoxkeT OLIThL AaHOMAJILHOM. YCJI0BUE OTCYTCTBUST AaHOMA-
JIU — BAYKHOE JOMOJHUTENLHOE yciaoBue Ha A-Opannt. Paccmorpum, nanpumep, R-cum-
MeTpuio J, KOMIOHEHTLI $ypLe KoTopoit o6o3Hauamcs pasee J,, 1 J,. DTa cummMerpus,
BOOOIIIE TOBOPSsI, IMEET AaHOMAJIVIO M3-33a CTPYHHBIX MHCTAHTOHOB, T.€. 113-32 BKJIAIOB B UH-
TerpaJ 10 TPAEKTOPHAM CTPYHBI, IPOUCXOMANNX 13 IUCKOB B X ¢ rpaHmIeii Ha Y, KOTOpLIE
He MOr'yT OLITL IPONe()OPMUPOBAHLI B TOUKY. B ciyuae, Korma Y — jarpaHxeBo NOIMHOTO-
obpasue X, anomasm R-cuvmerpuu 6o npoanamusuposannt K. Xopu [17]. Oxkasoma-
€TCsl, UTO AHOMAJIUM OTCYTCTBYIOT TOT' 1A U TOJLKO TOT A, KOTIA 3aHyJIsAeTcs Kiaace Macao-
Ba OmMMHOrooOpasus Y. 9T1o o0 bLACHAET, ToueMy B onpenesiennu kateropun Pykas tpe-
OyeTcsi, YTOOL! 00LEKTHI OLIIN JIArPAHKEBLIMI TIOAMHOI000DA3UAMY € HYJIEBLIM KJI1aCCOM
Macnoga.

s Gosee 00X KOM3OTPOIHLIX A-OpaH yCJI0BUE OTCYTCTBUS AaHOMAJINIA OLLIO MOJTY-
ueHo B pabote [30]. Hyctn F' — 2-popma K puBu3HLI auHeiHOrO paccioerus F ua Y, nunycrn

5 YMH, 7. 59, Buin. 5
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pasmepHOCTL Y Oymet paBHa n + 2k, kak u Boime. [lycts ) — rozomMopguas TpuBraIu3a-
1A KQHOHMYECKOTO JIMHEMHOTO paccaoenus Ha, X . MOxKHO TOKa3aTh, uto (n + 2k)-gopma
Qly A F* mrne we sanynsercs, a notomy nveer mecto pasenctso Q|y A F*¥ = h - wol,
rae vol — popma obbeMa Ha Y, a h — rnankas KOMIIEKCHO3HAUHAA ()YHKINIA HA Y, KOTO-
pas HUTZIe He o0parmaeTcs B HyIh. MoxHo paccmatpusath h xak anement HO(Y, 65°%),
roe 65°* — nyuok raanknx C*-3naunnix gyskmmii Ha Y. Ilyctn oy — saement H WY, 7z),
KOTOPLIA ABJIseTCA 00pasoM h mpu romomop¢usme Bokmreina. AHOMAIMT OTCY TCTBYIOT
TOr'Ia U TOJIBKO TOraa, Korma ap = 0.

Ecmm X — Top ¢ mocTosHHON cuMITIeKTYeCKOi popMoit, Y — ero addueHbI noaTop n
2-¢popma F' mOCTOSIHHA, TO KBAHTOBAHUE CUTMAa-MOIEJIU C TPAHULIAMU IPOBOMUTCSA 0 KOHIIA,
U JIETKO MPOBEPUTL, UTO cynepaJsrebpa Bupacopo “BoinkuBaer” m HA KBAHTOBOM YPOBHE.
DTO MOKA3LIBAET, UTO KOU3OTPOIHLIE A-OpaHDI CYIIECTBYIOT HA KBAHTOBOM YPOBHE.

BrimensznoxenHnie apryMeHTLI [OJKHLL yOemiTh uuraress, urto A-GpaHbl MoryT
He OLITL JIArPaHKEBLIMU MOAMHOr000pasmsaMu M 4To KaTteropus Pykas moskHa OBITD
nonoJiHeHa Gosiee obnmMy Kom3oTponHbiMu A-Gpanavu. K corkasnmennio, Mbl He MOXKeM
HOKA CHOPMYINPOBATL MATEMATITUECKY CTPOTOE OIIpeiesIeHre KaTeropun A-GpaH, KoTopoe
0600masto 661 PyKaeBckoe ompenesnenre. B ocTaBieiics YacTu 9TON JeKImy MBI 00CYImM
OIIHY ®BPUCTUYECKYIO U0 B 9TOM HAMIPABJICHUN.

B 9Tux seKIMAX MLI BCTPEUAIUCE ¢ aByMsA Tunamu A-Opan. Bo-mepBrix, Mu1 00cy K nasm
obextol kateropuu Pykas, 1.e. Tpoiiku (Y, E, V), rae Y — narpanxeso nonmMao0Opasue,
FE — »pyvuToBO BeKTOPHOE paccioerue HA Y, a V g — IJI0OCKAsk yHUTAPHAS CBA3HOCTL HA F.
Bo-BTopoix, Mbl umesm zedno ¢ Tpolikavu Buna (Y, E, Vg), roe E — 3pMutoBo aunednoe
paccioenve Ha Y, V g — yHATapHAs CBA3HOCTL Ha E 11 BumosHeHn! yeaosus (a)—(B). s
00bekToB KaTeropuu Pykas Mbl 3HAEM, B IPUHIINTE, KAK BLIUUCJIATEL TPOCTPAHCTBA MOD-
¢m3MOB 1 ux koMnosu. IlonpoGyeM yranaTh, Kak 9T0 COEJIATDh N1 06LEKTOB BTOPOT'O
TUIIA.

Mul DOKHEBI IpUAYMaThL 0000mmenre kKoMmtekca $aoepa Ha kouzoTponube A-OpaHni.
Jlns1 9TOr0 TOJE3HO BCIOMHUTL, OTKyZA Oepercs koMmmtekc Pioepa, HA MHTYUTUBHOM
yposue. Paccmorpum npocTpascTBO ritankux myTeii PX Ha CUMIIEK TITUECKOM MHOTO00-
pasmu X. IDTO mpoCTPAHCTBO GECKOHEUHOMEPHO, HO MLI OyneM O0paIaThesa ¢ HUM Kak
¢ OOLIYHBIM KOHEUYHOMEDHLIM TJIAJAKUM MHOrooOpasueM. V3 cuMmekTmaeckoil popMbl w
Ha X Mo moaydaeMm 1-gopmy a #Ha PX mocpencTBOM MHTErPUPOBAHUS W BHOJL IIyTH.
Tounee roBops, ecm v: I — X — oyts Ha X, a § — xacartennHoii BekTop kK PX B
Touke 7y (T.e. 3 — BEKTOPHOE TI0JIe, OIpeneIeHHoe Ha 00pase y), To 3HaveHre 1-(popMEel @ Ha
BeKTOpe [ ONpenesiseTcs: KaK

[ 60,50
I
3aMeTumM, uTo CyIECTBYIOT IBE eCTeCTBEeHHDIE mpoekimm u3 PX #a X (Hauaso u KoHel
IyTH), KOTOpPBIE MBI 0003HAUNM 711 1 2. Jlerko Bumetn, uto da = miw — miw. Takum
00pazoM, ecyi MBI PACCMOTPUM TOAMHOT000Opasue B P X, cocTosmee 13 myTeli, KOTOPLIE
HAUMHAIOTCS U 3aKAHUMBAIOTCA HA KAKUX-HUOY/Ib UKCAPOBAHHLIX JIATPAHKEBLIX TTIOIMHO-
roobpasusax B X, TO OrpaHMUIEHNE (v HA TAKOE IOAMHOr000pasue 0yIeT 3aMKHY ThLIM.

Iycto Y7 u Y5 — mBa narpanxesoix nomvaoroobpasua B X, u nycts PX (Y1, Ys) —npo-
CTpaHCTBO myTell B X, HAUMHAIONMIMXCS HA Y] W KOHUAIONmXcsa Ha Yo. Torma omepatop
@ = d + 2wa Ha npoctpancTee muddeperrmanbanx popm Ha P X (Y1, Ys) ynosnersopsier
Q? = 0, 1 MOKHO TIOMPOBGOBATE BLIMKC/UTE ero Koromosornu. (B KoHewHOMepHOM ciryuae
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®TOT KOMILIEKC HA3LIBAETCA CKPYYeHHLIM KomiutekcoM ne Pama.) Hockomnky PX (Y7, Y3)
0ECKOHEUHOMEPHO, BO3HUKAIOT TPOOJIEMEI ¢ TOUHBIM OMPEIEJIEHNEM CKPYUYEHHBIX KOIOMO-
Jgoruii ne Pama, KOTOpLIE MOXKHO IPEOAOJIEBATL PA3HLIMU criocobamu. ®ioep ompenenun
ux uepe3 Teopuio Mopca. Touree roBops, ecim (OpMaILHO IPUMEHNTEL Teopuio Mop-
ca—Cwmeitna—HoBukoBa—BuTTeHa K BLIUMCIEHNIO KOTOMOJIOTHRA (), TO KaK pa3 MOJIyUUTCsA
roMmIuekc Pioepa.

Jlo cux mop MBI UTHOPMPOBAJIN BEKTOPHLIE paccioenus K1 n Fo, HO TOT neexT JIerko
rcnpaButh. PaceMoTpuM BeKTOpHBIE paccaoerus 73 BT u w4 Eo va PX (Y1,Y2). Y obo-
UX PACCIIOEHUN €CTh eCTECTBEHHLIE YHUTAPHLIE MIIOCKUE CBA3HOCTH, TOJYYAIOMUECT KaK
obpartHbIi 06pas V Br U V g,. PaccMoTpuM TeH30pHOE IPOM3BENEHNE STUX PACCIIOEHUI €
IIJIOCKVUMU CBSI3HOCTSIMU U T0OABUM K CBA3HOCTH 1-¢opmy 27ar. Ilockonnky da = 0, mosy-
YAOMAACA CBA3HOCTL HA 7 B ® 75 Eo OIATL II0CKasA, HO y2Ke He YHUTapHad. Ecam Mo
Terepn NPUMEHNM Teopuio Mopca K BLIUMCIIEHIIO KOTOMOJIOT VI 9TOI'0 CKPYYEHHOTO KOMIT-
sekca ne Pama na PX (Y1,Y5), To nonyunm kommiekce Piroepa, KOTOPLIA BLIUACIAET MOP-
¢u3mer Mexk iy oobekTamu kateropmm Pykas (Y1, F1, Vg, ) u (Ya, E2, VE,).

BwmecTo naprt arpamkesnix A-OpaH pacCMOTPUM Teneph Mapy KOU30TPOIHLIX A-OpaH.
Paccioermuss 1 u Es Tenepn OymyT nvernh pamr 1. PaccMoTpyuM onsiTh mMpoOCTPaHCTBO
PX(Y1,Y3), cocrosmuee u3 myteit B X, HAUMHAIOIMXCS HA Y7 Y KOHYAIOMIMXCS HA Yo.
TlepBas TpymHOCTL cocTOUT B TOM, 4TO 1-)opMa ¢ Temeph HE 3aMKHYTA, TAK UTO MLI
HE MOYKEM KCIOJB30BATEL €€, YTOOLI TIOJYyUNTEL CKPYYEHHBI KoMmiteke ne Pama. Bropas
TPYIHOCTL COCTOUT B TOM, uTo cBasHocty 71 (V gy) n 75 (Vg,) Ha paccnoennsx ni Y n
75 Eo ToxKe He mnockue. Kak MLI ceffuac yBUINM, 9TU IBe TPYAHOCTU “KOMIEHCUDYIOT’
apyr apyra dmaromaps ycaosuam (6) u (B). Ilostomy Gynem menats To ke camoe, YTo U B
JIATPAHIKEBOM CJIy4ae: BO3bMEM TEH30PHOE IPOU3BeNeHNe JIMHEMHLIX pacciaoeruil 77 B u
5 Eo 1 nobasuMm x cBazuoctu 1-gopmy 2ma. [lonyumBuiascs cBA3HOCTL He IIIOCKAS, 32TO
oHa O0BJIAMAET CJIEMYIOMM UHTEPECHLIM CBOMCTBOM. 3aMETUM, UTO MOCKOJILKY Y1 1 Yo —
MHOr00Gpasus co caoeruamu, To Ha PX (Y7, Y2) Toke MMeeTCsa eCTeCTBEHHAA CTPYKTYPa
croerusi. Kaskaohi ¢j0it TOTO CIOEHUS COCTOUT U3 BCeX myTeit B X, COCMVHAIOMNX
(MKCMPOBAHHLIA CJIOHM B Y7 C PMKCUPOBAHHLIM CI0€M B Y2. KOpa3MepHOCTL 9TOTO CI0eHNsA
KOHEYHA 1 PABHA CyMMe KOpa3MepHOCTel caoennii HA Y1 u Yo, lasee, Tak xak Y7 u Ya
KMEIOT TPAHCBEPCAJLHYIO KOMIUIEKCHYIO CTPYKTypy, To Muoroobpasue PX (Y1,Ys) co
CJIOEHUEM TOXKE UMEET €CTECTBEHHY IO TPAHCBEPCAILHY 0 KOMILIEKCHYIO CTPYKTYpy. Hama
CBSI3HOCTDL Ha, paccyoeHuu 75 By @ 75 Fo “MeeT CeoyIole CBOMCTBA:

(A) oma IIIOCKas BOOJIL CJIOEB CJIOCHIUS;
(D) B TpaHCcBEepCAIBHLIX HAIPABJICHUAX ee KpuBnsHa 1 (F1 + iw) — w5 (Fy + iw) mmeet
Tum (2, 0).

OTcrona ciemyer, 4To MMeeT CMBIC paccMoTpeTs myuok Ha PX (Y1, Ys), cocTosmmii u3 ce-
UeHUIT IMHEMHOT0 paccioenus 1 B ® 75 Eo, KOTOPLIE TOKAJILHO KOBAPUAHTHO IIOCTOAHHL
BIOJIL CJIOEB CJIOEHWS Y TOJIOMOP(HLL B TPAHCBEPCAJLHBIX HAPABJIEHAX. ECTECTBEHHO
[PEMIOIOXKUATL, YTO KOFOMOJIOTMSL 3TOrO IIyUKa U AAET HAM IPOCTPAHCTBO MOP(U3MOB
mexny A-6pasavu (Y1, F1, Vg, ) u (Y2, E2, VE,). Ha dopmanssoM ypoBHE 9TO MOKHO
MOKA3aTh, PACCMOTPEB KBAHTOBAHIE TOMOJIOTMUECKY CKPYUCHHON CUTMAa-MOIEIIN HA OTPE3-
Ke C TPAHIYHLIMY YCJIOBUAMY, COOTBeTCTBY oMy OparaM (Y1, E1, Vg, ) u(Ya, B2, VEg,).
YT06bI Oy UUTE CTPOrOe ONpeNeIeHre IPOCTPAHCTBA MOP(PU3MOB, HA 10 HATY OCMBICTIEH-
HYIO MHTEPIPETAIMIO 3TUX (OPMAJLHLIX KOHCTPYKIMiA. B ciyuae narpamxkesBnix A-Gpan

5%
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My4YOK, 0OCY K TABIIUIACS BBIIE, CTAHOBUTCS MY UKOM JIOKAJILHO KOBAPUAHTHO TTOCTOSAHHBIX
ceueHnit nockoro paccaoenus Ha PX(Y7,Y2) u ero xoroMosoruu MOXKHO ONpPENenTh
uepe3 teoputo Mopca—Cwmeiina—HosukoBa—Burrena. B obmem ciyuyae ™Mbl He 3HaeM
MIPABWJILHOI MHTEPITPETAIIAL.

TpymeoCcTH, BO3HUKAIOMIVE IIPY MONLITKaX 0600mmTsL KoMmmieke Proepa Ha KOM30TPOI-
unle A-OpaHbl, HABOIAT HA MBICJL, UTO TEOMETPUUECKOe onucanue A-OpaH mocpencTBoM
OMMHOr000pasuii B X € pacCIOEHUSAMY HA HUX B KAKOM-TO CMBICJIE HENPABUILHO. MEbI mo-
SICHM, YTO MBI IMEEM B BULY, TIOCPEACTBOM CJIEAYIOMIEN AHAJIOT MY M3 KOMITJIEKCHO-AHAJI-
Trrdeckoii reomerprmt. CymiecTByeT ofInee IOHATYE TOJIOMOP(HOIO BEKTOPHOTO PACCIIOE-
HUs HA KOMIIEKCHOM MHOI0O0OPa3uK, 4aCTHBIM CIIy4aeM KOTOPOro ABJAETCH IOHATHE TOJIO-
MOP(HOr0 JMHERHOTO paccyoenns. BMecTo rosroMopHOro JIMHERHOTO PACCIOEHN MOKHO
paboTaTh € ero MBU30OPOM, HO IJIA PACCIIOEHII BLICIIMX PAHTOB TAKOI ITOAXO HE CIJIAIITKOM
nosiezed. Bo3moxHO, 00heKTh KaTeropun Pykas u kouzoTponune A-Opannt parra 1 aBs-
FOTCS CUMILIEK TUYECKUMU QHAJIOTAMU IMBU30POB, & YTOOLI Oy UNTD “IpaBUIILHOE” OIpe-
nesenvie A-OpaHnl, Ha 0 HAATY CUMILIEK TUUECK U aHAJIOT TIOHATHSA TOJIOMOP(PHOTO BEKTOP-
HOT'O PACCI0eHns1 (MM KOTEPEHTHOIO Iy YKa). B moJb3y 9Toii aHaI0rum roBOpUT TOT (axT,
YTO KaK OMVCAHVE TOJIOMOP(PHOIO JUHEHRHOIO PACCIOEHN IOCPEACTBOM IMBU30PA, TAK U
ommcanve A-OpaHbI IOCPEICTBOM JIATPAHKEBA UM KOM30TPOIHOIO OAMHOT000pasus 00-
JIANAI0T “U3OLITOYHOCTLIO” : JTUHENHOE PACCIOEHNe He MEHSIETCS, €CJIU K IUBU30PY H00a-
BUTL IUBU30D JII000H MepOMOpQHOH (yHkimy, a A-OpaHa He MEHSIETCS, eCIIM IOTEHCTBO-
BaTL Ha COOTBETCTBYIOIIEE IOAMHOT 000 pa3ue IOTOKOM JTI000r0 TaMUILTOHOBA BEKTOPHOTO
noJsig. Mol mostaraem, uto “mpaBuinHOE” ompenesenue kateropuu A-Opan OyaeT UCKITIo-
YMTEJILHO TOJIE3HO U151 IOHUMAHWS 3€PKAJILHON CUMMETPUM, & BO3MOXKHO, U IS CUMILIEK-
TUUIECKOU T€OMETPUM B TI€JIOM.
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