JEKIIU O 3EPKAJIBHON CUMMETPUU, ITPON3BOIHBLIX
KATEIrormnax M D-BPAHAX

AHTOH KATIYCTUH U IMUTPUI OPJIOB

AHHOTANUS. J[aHHas CTaThs, PACCUYATAHHAS B IMEPBYI0 OUYEpPEdh HA MATEMATUYIECKYIO
AyIUTOPUIO, IIPEICTABIISAET U3 ceds BBEJeHNe B TOMOJIOTUIECKYIO 3€PKAJIbHYIO CUMMETPHIO,
[IPOM3BOIHBIE KATErOpur U Torosiorundeckue D-0panbl. B crarbe 00bsicHsAETCS 3epKaIbHA
cumMerpust ¢ GU3NIECKOH TOYKHU 3PEHUs, €€ CBA3b C IPOU3BOAHBIMUA KATErOPUIMU U [IPU-
4uHa, 110 KOTOPOil Kareropus Pykas J10/2KHA ObITH PACIIUPEHA C HOMOILBIO KOU30TPOIIHbIX
A-Gpan, obcyx)maeTcss Kak pPacIpOCTPAHUTH OIpejeseHne romosoruii doepa Ha Takue
00BEKTHI U JAETCsT OTIMCAHME 3€PKAJIHHON CUMMETPHUH /ISt TIOCKUX TOpoB. CTaThs COCTOUT
73 YeThIPEX JIEKITN, KOTOpbIe Obln mpounTtansl B ucturyre Yucroit u [Tpuknaanoit Ma-
remaruku (Jloc Amxenec) B mapre 2003 roga B pamkax nporpammbl Cumiuekraaeckast

reomerpust u Gpu3nka'.

1. BEPKAJILHAS CUMMETPUS C GUBUYECKON TOYKH 3PEHUS

esb mepBoii JIeKIUN — 00bACHUTE (DEHOMEH 3ePKATBHON CUMMETPUN ¢ (PUBUIECKON TOUKH
3PEHWsI, & TaKyKe ero MAaTeMaTHIecKylo WHTEpIpeTannio, BeasuayTyio M. Konmnesndaem B
1994 rony B mokmtaze Ha Mexpynapogaom Maremaruaeckom Korrpecce [25]. Apyroii moaxosn
K 3epKaJbHOM cumMmeTpun ObL peioxked B pabore A. Crpomuarepa, IILLT. fy u 9. Bacaoy
[41]; 31ech oH 06CyKaTHCs He Oyler.

C dusnyeckoit TOUKN 3peHUs, 3epKATbHAST CUMMETPHS — 3TO HEKOTOPOE COOTBETCTBHE HA
MHOXKecTBe 2d KOH(GOPMHEBIX Teopuii mosig ¢ N = 2 cymepcuMmmerpueit. A 2d KondopMHast
Teopud MOJI AB/IIETCA JTOBOJBHO CA0KHON CTPYKTYPO# anredpandecKoil mpupoabl; HEKOTO-
poe nousTre 06 310 cTpykType Oyaer nano auxke. Takum 06pa3om, 3epKajibHasd CUMMETPUS
— TOXKe TMOoHATHe aarebpandeckoe. I'eoMeTprss BOSHUKHET, KOTIA MBI PACCMOTPUM CITETTHATb-
HBIH KJIACC CymepKOH(MOPMHBIX TEOPHii TIOJIsI, CBI3AHHBIN ¢ MHOTOObpasusmu Kamabu-y.

Haurem ¢ 2d xoudopwmuoit Teopun noaa (KTIT). Yrobs 3anare KTTI, wyxubI Ciemyto-
e JlaHAble: OECKOHETHOMEPHOE BEKTOPHOE NPOCTPAHCTBO V' (IPOCTPAHCTBO COCTOSHMIA),
TpH BHIICJCHHLIX 371eMenTa BV  (BaKyyMHBII BeKTOp |vac) u eme 1Ba siementa L, L )
n auHeitnoe orobpazkernne Y m3 V B "mpocrpancTBo GpopMaIbHBIX APOOHBIX CTEIEHHBIX
pagos o z,z ¢ koddpdurmentamu B End(V) ". M1 6ygem masbBarh orobpakenme Y
OTIEPATOPHO-BEKTOPHBIM COOTBeTCTBHEM. ToUuHOE onpeenenne "pocTpaHcTBa (POPMATBLHBIX
TPOOHBIX CTENEeHHBIX psioB"0b110 mato B [19]. s mpocToThl MOXKHO CIUTATH, YTO Y MpH-
HEMAEeT 3HAaYeHUsd B OPOCTPaHCTBe psagoB Jlopana mo 2,z ¢ koaddunuenramu 8 End(V),

XOTs TaKOe ompejieierre Y HeA0CTaTOYHO 00IIee B KOHTEKCTE 3€PKAJBHON CHMMETPUH. DTH

Tlepsoriit aBrop nmomzaepxkan dhougom DOE rpanr DE-FG03-92-ER40701. Bropoit aBrop momnepxkan P®-
@I (rpamt 02-01-00468), rpantom Ilpesmpenta PO nnsa momnepxkkm MoOnomplx poccmiickux ydgenbrx MJI-
2731.2004.1, Amepukanckum dougom rpaxganckux ucciaegosanuiit CRDF RM1-2405-MO-02, @ougom co-

IOelCTBUAA OTE€YeCTBEHHOU HAyKe.



JTAHHDBIE JTOJIKHBI YIOBIETBOPIATD aKCHOMAaM, aKKYPATHYIO (POPMYTHPOBKY KOTOPBIX MOXKHO
HalTH B [19] Ha UHTYUTUBHOM YPOBHE, aKCUOMBI BBITJIAAAT CJICAYIOIITUM O6paBOM:
(i) Y(|vac)) =idy.
(i) Y(L) = Yner 202, Y(L)=X,c7 22 ans nexoropsix Ly, Ly € End(V).
(iii) Kak L, Tak u L, yIOBJIETBOPSIIOT KOMMYTAIHOHHBIM COOTHOIIEHUSIM AJTe6PBI
Bupacopo; Bce L, KOMMYTHUDYIOT CO BCeMH Lyy,.
(iv) [L-1,Y(v,2,2)] = 0Y (v,2,2), [Lo,Y(v,%,2)] = 20Y (v, 2,2) + Y(Lov, 2, 2), nuga

moboro v € V, a Takme ke COOTHOIIEHU, IOJydaommecd 3amenoit L, — Ly, d —

0.

(iv) Y (v)|vac) = e*L-1+2-1y g moboro v € V.

= / ! !
(v) Y(v,2,2)Y (v, 2, Z') umeer ne Gosee yem creneHHble CHHIYTIAPHOCTH HA TMATOHAJISAX

z=2 n z=72.

(vi) Y(v,2,2)Y (v, 2,Z2") =Y (V,2,Z)Y (v,2,2) aBasercs dopmasbHbiM pacnpeesieHn-
eM ¢ HOCHTEJIeM Ha JUArOHAJIH.

Hamowmauwm, uto anrebpa Bupacopo — 310 6eckoneunomepHas aarebpa JIu ¢ rereparopavu

Ly, m € 7Z n crenyomuMi KOMMYTAITHOHHBIMA COOTHOIIEHUSIMH:

m3—m

[Lin, Lp) = (m —n) Lyt + cTém_n.

Omna siBjgeTcst IeHTPaIbHBIM pacmupenueM anrebpel Burra (anrebpsr Jlu BEKTOPHBIX TOJ1€(
Ha OKpy:KHOCTH). KOoHCTaHTa ¢ Ha3bIBaeTCs TEHTpaJbHBIM 3apsiioM. AsrebGpa Bupacopo
HaTamyTad Ha L, (mmm L, ) HassBaerca mpaBoberymeii (cooTs., meBoberymeir).

Cy1ecTByeT HECKOJBKO BapUaHTOB Bhimtenpusenenuoro onpeaeserus KTTI. Jlxa marmmx
nesieit, HeoBXoAMMO CeIaTh BEKTOPHBIE TPOCTPAHCTBA U 0TOOpaKeHusd Mexkay Humu Z/2 -
rpaayupoBanabiMu. C dpusndeckoit TOUKu 3penusi, 310 o3Havaet, ato B K'TII ects Kak 6030H-
HbIE, TaK U (pepMuoHHBIE 110Jis1. JIpyroe BasKHOe CBOMCTBO, BBIIOJIHEHHOE B JIFOOOIT TTpHeMIIe-
moit KTTI, — 3710 cyrmecTBOBanme HEBBIPOXK ICHHOM OmnHeiHoi dopMbl HA V, coryiacoBaH-
uOit ¢ ocranmbabiMu cTpykTypamu KTII. Hakoner, 6ompmmuacrso KTII, paccmarpuBaemMbix B
dbusnveckoii auTEpaType 00Ja1aeT JIEBO-IPaBoil cuMMeTpreil. ITO 03HAYUAET, UTO 3aMEHA 2
Ha Z u L, na L, naer nzomopduyio KTIL. Mbl 6y1em paccMaTrpuBaTh TOIBKO JIE€BO-IIPABO
cuvmmerpuanbie KTTIL

Bosee reomerpuunoe onpenesnenne KTII 6bio gano I'. Curasom B pabore [40]. Cu-
rajl paccMaTpUBAeT KaTErOpU0, 0OBEKTAMEU KOTOPOW SBJSIOTCS KOHETHBIE HAOOPHI OKPY K-
HOCTel, a MOpdU3MaAMU — PUMAHOBBI IIOBEPXHOCTH C OPUEHTUPOBAHHBIMU AHAJTUTHYECKU-
MapaMeTpU30BaHHBIMU IpaHunaMu. KoMmosuims MOpdu3MOB OmpeseseHa MOCPEICTBOM
CKJIEMBAHUS PUMAHOBBIX MTOBEPXHOCTEN BIIOJb TPAHWYHBIX OKPYYKHOCTENH ¢ COIIACOBAHHOM
opuentarueii. KTII ompenensercs kKak NpoeKTUBHBIN (DYHKTOP U3 3TON KATETOPUHU B KATETO-
PUIO TUIBOEPTOBBIX TPOCTPAHCTB, YIOBIETBOPSIONIII HABOPY aKCHOM, ONUCAHHBIX B paboTax
[40, 10]. (IIpoexkTusHblit dpyHKTOp N3 Kareropun C B KATETOPUIO THIBOEPTOBBIX IIPOCTPAHCTB
— 910 GyHKTOp u3 C B KATETOPUIO, 00BEKTAME KOTOPOI ABJISIOTCS THIBOEPTOBHI TPOCTPAH-
crBa, a Mopdu3MaMy — KJ1aCChl YKBUBAJIEHTHOCTA MOPMOU3MOB IMIbOEPTOBBIX ITPOCTPAHCTB
[0 OTHOINCHUIO K ONEpAIliy YMHOXKEHHUS Ha HEeHYJIEeBble CKaJsIpbl.) MoXKHO MoKa3aTh, 9TO
gobas KTII B cmbicsie Curana mgaer KTII B cmbiciie Hatero aaredbpandeckoro onpe/iesieHus

(cm. manpumep [10]). Hanpumep, BekTopHOe mpocTpancTBo V' B HalleM OIpeeseHuH — 9T0



ruib0EPTOBO MIPOCTPAHCTBO, COOTBETCTBYIOIIEE OJHON OKpykHOCTH. OTOOpaxkenne Y mosy-
qaeTcd u3 paccMoTpenund Mopdu3Ma rmIE0epPTOBLIX MPOCTPAHCTB, COOTBETCTBYIONIEr0 PUMa-
HOBOIT chepe ¢ Tpemst ppipkamu. [Toxoxe, uro u 06parHo 110 r060#t KTII B Hamem cmbicie,
obJaalonieil JIeBo-IpaBoil CUMMETpHEN U COIVIACOBAHHBIM CKAJISIPHBIM ITPOU3BEIEHUEM Ha
V, MoxkHO ofHO3HAYHO BOccTaHOBUTH curaioBckyio KTIL B pome Hysnb (T.e. orpaHnYmBasich
PUMAHOBBIMHA MTOBEPXHOCTIMHA POJA, HYJIb).

N =1 cynepajnrebpa Bupacopo — 910 Hekas OeckoHedHOMepHast cyrepaiaredbpa Jlu, co-
JepKaliasi B KadecTBe nojairebpel anrebpy Bupacopo. Kpome uernbix reneparopos Bupa-
copo Lyp,n € Z, oHa COJEP:KUT TaKxXKe HeUeTHbIE reHepaTopbl (pn,n € Z. Hoble KoMMYy-
TallMOHHLIC COOTHOIIICHUA BLITJIAAAT TaK:

[Lin, Qn] = (% - n) Qm+n,  [Qm,Qn] = %Lern + sz25mﬁn-
ITo ompenenenmio, N = 1 cynepkoudopmuas teopust noia (CKTII) — sro rakas KTII,
roe ma V 3amamo mpeacrasienume aByx kommit N = 1 cymepasrebpsr Bupacopo, u 310
IIpeICTaB/IeHIe coryacoBano ¢ apyrumu crpykrypamu KTII B ouesmamom cmbicie.!

N = 2 cynepanrebpa Bupacopo — mampmeiimee obobmenne aarebpsl Bupacopo. DTo
beckoneuHomepHasi cynepajrebpa Jlu, cogepxkamas B kayectBe moganaredoper N = 1 cy-
nepaarebpy Bupacopo. Ee gerunie remeparopsr obo3zuauatorcs Ly, J,, n € Z. Heuernsnie

rerepaTophl oboszHagaoTea @), Q. ,n € Z. KoMMyTanumoHHbIe COOTHONICHIS NMEIOT CIIe/Ty-
IOILY IO CTPYKTYPY:

(1) [L,L]~ L, [J, J] ~ central, [L,J]~ J, [Q:IQO:t] —0,
2) [L,Q%]~ Q7 [J,QF] ~ £Q%, [QF,QF] ~ J + L + central.

TouHbIii BUJ KOMMYTAIMOHHBIX COOTHOIIEHWH MOYKHO HaiiTh, Hampumep, B pabore [19].
Brimieynomstnyrass N = 1 moganredbpa Bupacopo marsitiyTa Ha saementsl L, n @, =
QF +Q,,,n € Z. Ornomenus mexxsy N =1 u N = 2 cynepanrebpamu Bupacopo
AHAJOTHYIHBI OTHOIMEHUSIM MeXay mudgepentmaniamu qe Pama u oanbo wHa dopmax Ha
KOMILIEKCHOM MHOT00Opasnn: reHepaTopbl (), anagormdsbl anddepennuany ge Pama d,
B TO BpeMd Kak Q; u @, amamormunsl muddepenruanam Jons6o 0 u 0.

N =2 CKTI —-sr0 N =1 CKTII ¢ 3agansabiM gefictBuem wa V' aByx kot N = 2
cynepaJsredpsl Bupacopo. 910 jeficTBre JOKHO ObITh COIJIACOBAHO ¢ OCTAJbHBIMU CTPYK-

rypamu CKTIL. Takum obpazom, Mbl IOJIyYaeM HEPAPXUIO AJAredpaniecKux CTPYKTYp:
Mmuoxkectso KTII D Muoxkecrso N=1 CKTII D Muaoxecrso N=2 CKTTI

CymmecByer erie 6o/ee obiee mouarue: 2d Teopus moJid, 6e3 IpuIarareJbHOro "KoHpOpM-
Has." Ml ero obcyxaaTh He OymeM.

Moo gathb 60see reomerpuanoe onpegeneane N =1 u N =2 CKTII 8 ctune Curaia.
st 5TOr0 HYKHO 3aMEHUTh PUMAHOBBI TIOBEPXHOCTH JBYMEDHBIMU CYIEPMHOTO0ODA3UAMEI
¢ N=1 wm N =2 cynepkoudopMHOi CTPYyKTYpOii.

Mzomopduzm KTIT wmun CKTII — 910 m3omopdusm BeKTOpHBIX mpocTpancts V. — V',
KOTOPBII COTIACOBAH CO BCEMU OCTAJbHBIMU CTPYKTYPaMu, B 04eBUTHOM CMbIcie. JIse N = 2

CKTII moryr 6biTh m3omopcdunt kKak N = 1 CKTII, ne 6ygyun mzomopdusr kKak N = 2

1CTporo rOBOPs, 3TO OmpejieseHre oTHOCUTCA K cekropy Pamona-Pamona CKTII.



CKTII. (3amernm, uro B dhusudeckoii ureparype npu obcyxaeanu n3omopduzmos CKTII
9acTO HE YKA3aHO aBHO, uMeoTcd ju B Buny N =1 wm N = 2 m3omopdusmbl: 00BITHO
9TO $ICHO U3 KOHTEKCTa).

N = 2 cynepanrebpa Bupacopo mMmeeT MHTEpeCHbBIH aBTOMODP(MU3M, HA3BIBAEMBIH 3€p-

KaJIbHBIM aBTOMOp(bI/ISMOMZ
m : Ln ? Ln7 Jn 4 Jna n n-

Ilycts y mac umeercs mapa N = 2 CKTII, koropeie uzomopdunt kak N = 1 CKTIIL, u
nycte f @V 5 V! — mexoroperi nzomopdusm Mexay HuMmu. Mbl OymzeM TOBOPHTH, 9TO
f — mpaBwiit 3epragbubIit Mopduam Mexay Hamumu N = 2 CKTII, ecnmu f neticTBy-
€T KaK eJIMHWYHBIN aBTOMOpdu3M Ha Jepoberyimyw N = 2 cynepaarebpy Bupacopo, u
KaK 3epKaJbHBIA aBToMOpdu3M Ha npasoberymyio N = 2 cymnepasrebpy Bupacopo. 9to
OTIPE/IeJIEHNE UMEET CMBICJ, TTOCKOJBKY, KaK 3aMEUEHO BBIMIE, 3€PKAJbHBIN aBTOMODPQU3IM
TpuBHaabHO medicrByer Ha N = 1 momanarebpy Bupacopo. Ilepecrasisga meBoe u mpasoe,
mOJIydaeM OmpeieseHne JIEBOro 3epKaabaoro Mopdusma mexay N = 2 CKTII. Hakomern,
ectu f getictByer Ha 06e N = 2 cynepasrebpsl Bupacopo Kak 3epKaJbHBIH aBTOMOPGU3M,
MBI OyJieM TOBOPUTH, 9TO [ — 3TO KOMILIEKCHOE COUPSKEHNE MPOCTPAHCTBA 3HAUCHUIA.

Mzgr 6ynem rosoputh, uto qBe N = 2 CKTII 3epkasbHbl APYT APYTY, €CIU CYIMIECTBYeT
JIEBBII WJIM NPAaBBIN 3epKaJbHbIN MOpdu3M Mexay aumu. QueBujno, uTo ecyn jpe N = 2
CKTTI zeprasbubl Tperneit CKTII (caesa), To 91 npe CKTII camn nzomopdubr (kak N = 2
CKTII). Takum 06pa3om, OTHOIIEHNE 3€PKATBHOCTH (CKaXKeM, CJEBA) — 9TO MWHBOJIOTUBHOE
OTHOITIEHNE Ha MHOXKecTBe KjaccoB m3oMmopdusmos N = 2 CKTII. Iloguepkuaem, aTo 3ep-
kaabaple N = 2 CKTII mzomopdus kak N = 1 CKTII, Ho 06b19HO HEH30MOPQHDBI KaK
N = 2 CKTII. B cdusuueckoii smmreparype HOCTPOEHO MHOTO ABHBIX IPUMEPOB 3€PKAJIb-
veix map N = 2 CKTII; u3 Hux MOXKHO CTPOUTH (OJIEe CJOXKHBIE TPUMEPHI TOCPEICTBOM
OTIePAILi TEH30PHOTO IPOU3BEaeHNs, 0pOudoIIa, 1 T. 1.

Paccymorpum temeps cBsasp mexxkay N = 2 CKTII u muoroobpazusvu Karabu-y. ®u-
suyeckoe Kajabu-fly — 370 KOMIIaKTHOE KOMILJIEKCHOE MHOrooOpas3ue ¢ TPUBUAJILHBIM Ka-
HOHMYECKUM KJIACCOM, CHAOKEHHOE K3/JIEPOBBIM KJACCOM U B -mojieM (37€eMeHTOM rpymib:
H?(X,R)/H?*(X,Z) ). Tunoreruyecku, kaxjomy dusndeckomy Kanabu-gy moxno ecre-
crBeHHBIM 0OpasoMm conoctaBuTh N = 2 CKTII, 3aBUCAIIYIO OT 3THX MeOMETPUIECKUX JAH-
HBIX. Ecan He rHaTbcd 3a CTpOrocThbio, TO mporenypy mocrpoenus N = 2 CKTII moxknO
OTHMCATh TaK. Bo-mepBhix, Kaxkaomy dbusngeckomy Kamabu-fy jerko comocraBuTh KJaccu-
YECKYH) TEOPUIO T0JisA, HaszbiBaeMylo N = 2 curma-mMozenibio. Ee jarpankuaH Jaercs SBHOI,
XOTsl ¥ JIOBOJIbHO CJIOKHOI, hopMystoit (cM., Hamrpumep, [36]). DTor Jarpankuad HHBaApUAH-
TeH OTHOCUTENBHO OOJIBINOH cyrepairedpsl nHGUHUTEZUMAJIBHBIX Ipeo0pa3oBanmil, KOTopas
u3zomopdua cymme apyx kormit N = 2 cymnepanre6ps Bupacopo (¢ HyJIeBbIM IEHTPATBLHBIM
3apsiom). Bo-Bropeix, Hano npokBanToBarth N = 2 curmMa-MOJ€Ib TAKUM 00pa3oM, 4To0bI
N = 2 cyneprondOpMHAsT CHMMETPHsT COXPAHSIACh W HA KBAHTOBOM YDOBHE (IIPH 3TOM
Hen306€KHO TOSABJISETCS HEHYJIEBO TEHTPAJbHBIN 3apst). Pe3yaprar KBaHTOBAHWUS U €CTh
nckomasg N =2 CKTIL.

Ba NCKJIIOYEHUEM HECKOJIbKUX 09€Hb ClIeIUAJIbHBIX CJIYyYa€B, TOYHO ITPOKBAHTOBATH CUT'Ma-
MOJIETh HE YAAETCS, W TPUXOANTCS TPUOETaTh K TEOPUH BO3MYINEHUH. A MMEHHO, MEeTpHUKAa

YMHOZKaeTCsl Ha IIOJIOKUTeIbHOe 9ucao ¢t > 1, g, — t2gw,, paccMaTpuBaeTcd npejena t —



00 (Tak Ha3BIBAEMBIH Ipejes GOIBIIOr0 06beMa), I KBAHTOBAHUE MPOBOJUTCS HMCIOIb3Ys
pazsoxenne 1o crenensM 1/t. Twunorermaecku, momydanmmecs CreneHHbe psiapl no 1/t
UMEIOT HEHYJIEBOI Pajinyc ¢XoauMocTu u Tem cambim onpegenstor N = 2 CKTIL
EcrecTBenHo mMOCTABUTH BOIPOC, MOXKHO JIH BOCCTAHOBUTH (PUBUUECKOE MHOro0bpasue
Kamabu-fly X mo N = 2 CKTII. Msl BCcKOpe yBHIUM, YTO OJHO3HATHO ITOIO CIAETIATD
HeJIb3s1. 'Tem He MeHee, JOBOJIBHO MPOCTO OMPEIEIUTh HEKOTOPhIE YNCIEHHBIE XapaKTePUCTH-
ku X. Hanpuwmep, kommiekchast pasmepuocts X pasHa ¢/3, 1je ¢ — 9T0 HEHTPAJIbHBII
sapan N = 2 cynepaareOopsl Bupacopo. Uncna Xomka hP9(X) MOXKHO BBIYUCIATH CJIE-
ayomuM obpasoM. M3 KoMMyTanmmoHHBIX coorHOmennit N = 2 cymepaarebpor Bupacopo
caemyet, 9To omeparop Dp = Q(T + Qar, AeMCTBYIONUI Ha MPOCTPAHCTBE V, YIOBIETBO-
pser D% = 0. Oneparop Dp masbiaercs BPCT oneparopom (tuna B, cM. HuxKe), a ero
koromosiorun HazbiBaeTcst BPCT koromosoruamu. s sroboit pazymuoit N = 2 CKTII
koromoJiorun Dp KOHEYHOMEDHBI U OUTPa/IynpOBaHBl COOCTBEHHBIMY 3HAYEHUSIMU OLIEPATO-
pos Jy u Jp. (DT omepaTophI HA3BIBAIOTCA JeBOOerymuM u npasoberymum R -3apsanamu,

coorsercrBenno.) Yucno Xomxka hP9(X) pasro pasmeproctu komnoueratTsl BPCT koromo-
n
2
N = 2 CKTII umeer naTepnperannio B TepMuHax MHOrooOpasmuit Kanabu-fy: meobxomgn-

normu ¢ R -3apgmamMu p— 45 T G — rme n = dimc X. Orcroma sicHO, 9TO He JroHas
MBIM YyCJIOBUEM CYIITECTBOBAHUA TaKOM MHTEPIPEeTANN ABJIACTCA MEJIOYUCICHHOCTh T = C/3
¥ I1€JI0YUC/IEHHOCTD CHEKTPa oneparopos Jo+5 u Jo +4 na BPCT koromosoruu. I'unore-
THYECKU, HEOOXOIUMBIM U JOCTATOYHBIM YCJIOBUEM CYNIECTBOBAHUS] T€OMETPUYIECKON WHTEP-
nperaun N = 2 CKTII asagercsa NeJl09uCcIeHHOCTh N = ¢/3 1 NeJOYUCIEHHOCTE CIEKTPa
omepaTopos Jo+5 W jo—l-% wa V. Ilpu 3ToM HEOOXOAMMO HECKOJIBKO PACIITUPHUTH TTOHATHE
muOoro0bpazna Kanabu- Ay, Bkarouns, Hanpumep, HEKOTOPhIe 0pObudoIIb.

MozkHO moKa3aTh, 9To ecyiu JBa huzndecknx Kagabu-fy cBs3aHBl KOMILIEKCHBIM COTIPSI-
sxerneM, 1o coorBercTByomue N = 2 CKTII cBga3aHbl KOMILIEKCHBIM CONPAXKEHNEM IIPO-
CTPaHCTBA 3HAYEHWH (CM. BBIIE). DTUM U O0ObACHSIETC BLIOOP Tepmunogorum. ObparHoe
HEBEPHO: cyiiecTBoBaHme Mopdusma Mexay aeyma N = 2 CKTII, xoropsiit aBisercs
N =1 wuzomopdHU3MOM U UHAYIIUPYET 3€PKAIbHBIN aBToMOpdU3M Ha obenx komusx N = 2
cynepairebpsl Bupacopo, He Bjeder HUKAKOH HTPOCTON CBSI3U MEXKJY COOTBETCTBYIONIMMU
muorooOpasnamu Kanabu-Ay. HampamuBaerca cieayromumit BOIpoc:

Bompoc 1. [Ipu kakux ycmosusx jasa Kamabu-9y nator uzomopdusie N =2 CKTII?

YT06B! OTBETUTH HA 3TOT BOIPOC, HY?KHO JATH N€OMETPUIECKYI) WHTEPIPETAIHi0 "KBaH-
toBbIM cummMeTpusaMm" N = 2 CKTIIL. Bor emme oaun BOIpoc TAKOTO Ke THIIA:

Bompoc 2. TIpu kakwux yciaosusx jgea Kanabu-dy gator N = 2 CKTII ceazannbie 3ep-
KaJIbHBIM MOPGU3MOM?

Mgl Oyzem roBoputh, 4uro aBa dusmdeckux Kasabu-fy 3epraibHbl JApyr Apyry, eciu
CYIIECTBYeT 3€pKaJbHBIN Mopdu3M Mexkay coorBercrBytommumMu N = 2 CKTIIL.

[lepBbie HeTpuUBHAJIBHBIE pUMEPHI 3epKaabHbIX Kasabu-fy ObLiu moctpoensl B pabore
B. I'puna u P. Ilueccepa [14]. B kommekcuoit pasmeproctu Tpu (Hanbosiee MHTEPECHOM ¢
dusnueckoit TOUKN 3penHust) HPOCTEANMI HETPUBUAJIBHBIN IPUMED UMEET CJIey Ol BuI.
IlepBoe MuOTOOGpasme Kanabu-dy — 1o xeuntnka ®epma 8 CP*, 3amanmas ypasHenmem
2o +y° 4+ 25 +v° +wd = 0. Yro6B! HOCTPOUTH 3epKaIbHOe eif MEOroobpasue Kanabu-Sly, myzx-

HO B34Th TY YK€ CAMYIO KBUHTUKY, TPOMAKTOPHU30BATE €€ M0 HEKOTOPOMY [EHCTBUIO TPYIIIIhI



(Z/5)3 u pa3ayTh HemoABIKHEIE TOUKH. MbI He GyIeM 3/1eCh 00bACHATD, HOUEMY 9T HaPa
MHOT000pa3wii 3epkabia apyr apyry. (B crarse ['puna u [Lieccepa 310 6b110 BHIBEIEHO U3
runorernydeckoit sksupasiearaoctu N = 2 CKTII, coorsercrytomnieit kpunruke Pepma, u
mekoTopoit Touno permaemoit N = 2 CKTII, nocrpoennoit . I'emmepom. B mocaencrsun
9Ta SKBUBAJEHTHOCTH ObLTa m3ydeHa . Burrenom [44], Tak 9TO B HACTOsAIIEE BPeMs OHA
paccmaTpuBaercs (bU3MKAME KaK TEOpeMa. )

OTBeT Ha HepBbIﬁ BOIIPOC OKA3bIBACTCA BECbMA HETPUBUAJIbBHBIM. STO BUJIHO y2K€ Ha IIpu-
Mepe, B KOTOpoM X — 3T0 KOMILIEKCHBIH TOD € IJI0CKO# MeTpuKoii (eM. jekimio 2). Hampu-
Mep, TOp M €ro JIyaJibHbIi TOp cOoOoTBeTCTBYIOT ofHOM u Toit ke N = 2 CKTII, xora oun
06BIYHO HEe M30MOPQHBI KaK KOMILIEKCHbIe MHOT00Opa3ua. Yto kacaerca Bompoca 2 — xa-
PaKTepU3alil 3€PKAJIBHOT'O COOTBETCTBUYA B TCOMETPHUYICCKUX TCPMHMHAX — TO OTBET Ha HETO
U €CTh KOHEYHasI TeJIb BCEX UCCAE0BAHNIN 110 3epKaIbHON CHMMETPHUH.

Ha caMoM OpEMHTHBHOM YPOBHE, 3epKaibHad cuMMerpud Mexkay X m X' Bjeder cBa3b
mexk ity aucramu Xomka hP9(X) u hP7(X'). Yrobbl NOHATH, KAK 3TO TPOUCXOJUT, 3aMe-
THM, 9TO HAPSY ¢ KOTOMOJioTmel omeparopa Dp = QS’ + Qf MOXKHO TaKIKe PACCMOT-
peTb KOIOMOJIOTHIO omeparopa Dy = @, + Qar Mo2KHO TI0Ka3aTh, YTO €CJAW BHIOJHEHBI
VCJIOBHS IeJIOUUCICHHOCTH Ha CIeKTp Jo,Jo, YIOMSHYTBHIE BBIIIE, TO STH J[BE KOTOMOJIO-
run 130MOpgHBI Kak GurpajynpoBaHHble BeKTOPHBIE TipocTpancTsa  [29]. Jasee, ecim X
u X' sepkanbnbl, To Koromosorus Da(X) 6ucrenenn («, ) mzomopdma KOromMoaorun
Dp(X') 6ucrenenn (—a,3). Ucnonssys cesasb xkoromostorun Dp(X) ¢ ancravm Xomxka

MHOTO00Opaszust X, JIerko BHUJETH, YTO
(3) RPA(X) = KX,

Ecsu Boinucars uyncsia Xojpka Ha IJIOCKOCTH ¢ KoopiuHatamu p —¢q and p+q—n, T0
noryunrcs tabauna B popme pomba (pomb Xomxka). s mr060ro K316poBOro MHOT00Opasus
9TOT poMb mepexoauT B cebs mpu moBopore Ha 180°. Ypasuenwe (3) o3Hauaer, 9TO POMOBI
XoKa 3epKaJIbHBIX MHOT000pa3uii cBsI3aHbl TOBOpoTOoM Ha 90°.

Koneuno, 3epkaJibHasi CiMMeTpHUs HE CBOAUTCH K unciam Xopzka. Haunbosee nepcriek rus-
HBIT TOIX0/] K Tpob/ieMe XapaKTepu3allni 3¢PKAJbHON CHMMETPUN ¢ TeOMETPUIECKON TOUKY
3penud ObL1 npepnoxken M. Konnesudem B 1994 rony. B ocrasieiicss yactu 910 JeKIUU MbI
obpucyem B obrux ueprax runorely Konresnua, a Takxke ee hpU3MIECKYIO HHTEPITPETAIIATO.

Quznyeckoe Kasnabu-fy obajiaer Kak KOMIUIEKCHOMN, TaK U CUMILUIEKTHYECKOH CTPYKTY-
poii (k3epoBoit hbopmoii). UToObI IPOSICHUTE MEOMETPUYECKUI CMBICT 3€PKATBLHON CHMMeT-
pun, OUeHb 10JIe3HO "pactenuTs " 3T JIBa THUITA TEOMETPUIYECKUX CTPYKTYP 1 C(DOKYCHPOBATH-
cq Ha onHoil m3 Hux. Tounee ToBOPs, K31epoBy dhopMmy Hamo o0bemurnTh ¢ (1,1) Kommo-
venToit B -mosng B "KoMmintekcuduUMpoBaHHY0 K3/1epoBy dopmy,''KoTopas mapaMeTrpu3yer
"pacIMpeHHoe TPOCTPAHCTBO MOMYJIeH CHMIIEKTHYECKUX CTPYKTYP."AHATIOrMYHO, HYKHO
CUUTATH, YTO KOMILIEKCHast cTpykrypa Bmecre ¢ (0,2) wacteio B -nojag mapamerpusyror
"pacIimperHoe TPOCTPAHCTBO MOY/Iel KOMILIEKCHBIX CTPYKTYD."MbI XoTean 6bl BBIIEINTH
re acuekTel N = 2 CKTII, koTopble 3aBHUCAT TOJBKO OT PACIINPEHHBIX KOMILICKCHBIX, HJIK
TOJIBKO OT PACHIMPEHHBIX CUMILIEKTHIECKUX, MOIYJIEH. DTOr0 MOXKHO JOCTUTHYTH, BOCITIOIh-
30BaBIINUCH IPUEMOM, n3o0pereHHbIM . Burrenom [45, 46| n HasbiBaembiM "TOmOMIOIMYE-

CKUM CKpydYmuBaHUEM'.



Cytp koHCTpyKImH Burrena saksrodaerca B ToM, 9ro BO MuormXx N = 2 CKTII ectsb
KOHEUHOMEPHBIE CEKTOPA, KOTOPbIE ABJISIIOTCS TOTOJTOTHIECKUMI TEOPUSIMU TIOJIs, T.€. OHU He
3aBUCAT OT JABYMEPHOI Merpuku (Merpuku Ha "MupoBoM jmcre", roBOpst Ha S3bIKE TEOPUN
crpys). Ha camom mene, Bo muorux N = 2 CKTII, srirouass CKTII, cest3antbie ¢ MHOT006-
pazusmu Kamabu-fly, ecTb 1Ba TaKuxX CeKTOpa, KOTOpble HasbiBatoTcss A - u B -Momensamu.

HanomuuMm OCHOBHBIE CBeJEHWSI NPO JBYMEPHBIE TONOJIOTHYEeCKne Teopun 1oast ( 2d
TTII). Dru Teopun OUPEE/IIOTCA AKCHOMAME, TTOXOKMMU HA CUIAJOBCKME AKCUOMbBI KOH-
dopmMHOI Teopun TM0JIsI, HO 3HAUUTESBHO Oosee mpocThiMu [2]. Pacemorpum karTeropuio,
o0beKTaMU KOTOPOH sIBJIIOTCH KOHedHble HAOOPhI OPUEHTUPOBAHHBIX MapaMeTpPU30BAHHBIX
OKPYKHOCTEN, & MOPGMU3MAMA — OPUEHTUPOBAHHBIE TBYMEPHBIE MHOT00OpA3Us C TpaHUIe
(ne cHabxkeHHBIE KOMILIEKCHON CTpyKTypoii). 2d TTII — 910 byHKTOP M3 9T0# Kareropun
B KaTEropui0 KOHEYHOMEPHBIX I'DAJIYUPOBAHHBIX ITPOCTPAHCTB, YIOBJIETBOPSIONIHUI HADODY
CBOMCTB, aHAJOTHYHBIX curajoBckuM. Kak u aya npymepubix K'TII, sTo onpenesenne MoxKeT
OBITH epePOPMYJIUPOBAHO B UUCTO anrebpandeckux TepMuaax. OKa3blBaeTCs, YTO MOHATHE
TTII moHOCTHIO YKBUBAJEHTHO MOHATHUIO CYIEPKOMMYTATUBHON (bpobenmycoBoit aaredpoi,
T.€. CYIEPKOMMYTATHBHON aJreGpbl ¢ MHBAPUAHTHONW MeTPUKOil (cM., HampumMep, [6]).

[Togpobuoe omucanue OpoIEAYpPHl TOMOJOTHIECKOT0 CKPYYUBAHUS YBEJIO Obl HAC CJIUII-
kKoM Jasieko. ['pybo roeops, Ha 10 "ypezars"mpocTtparncTtBo V10 KOTOMOJIOTHY HEKOTOPOTO
oneparopa, geficrytomero Ha V' (3Tor oneparop o6eraro HaseiBaoT BPCT oneparopom).
OnepaTopHO-BEKTOPHOE COOTBETCTBUE Ha V JaeT CTPYKTYPY CYNepKOMMYTATUBHON ajreod-
pel Ha BPCT koromosiorusx, B ToO BpeMst KaK HEBBIPOXK/IEHHOE CKAJISIPHOE IPOU3BEJIEHNE HA
V wHnymumpyer HeBBIPOKIeHHOE cKaisproe npousseaerne va BPCT koromomornsx.

Ecte nBa cymecrsenno pasueix BPCT oneparopa: D4 wmu Dp. (Moxuo Takxke pac-
emorpers BPCT omepatopet Dy = Qf +Qp u Dz = Qp + Qp, Ho 9T0 He JaeT HUHero
HOBOI'O, [IOCKOJIbKY 3aMeHa X Ha ero KOMIUIEKCHO colpsixenHoe nepesopur D’y B Dy, a

's 8 Dp. ) Takum 06pa3zom, KOHCTPyKIust BuTTeHa conocrasisier Kax oMy bu3naeckomy
Kanabu-Ay ase TTTI, koropsre HaszpBaroTca A -MOAenbio U B -MOJEIbI0, COOTBETCTBEHHO.

MoxkHO moKa3aTh, 4T0 A -MOJeNb He 3aBUCAT OT "PACIIMPEHHON KOMIIEKCHOH CTPYKTY-
poi"Ha X, a B -Mozenb He 3aBHUCHT OT "pPaCIIUPEHHOH CHUMILIEKTHIECKONH CTPYKTYpbl'"Ha
X. Mnage roopst, A -MOJeNh — 3TO CUMTIEKTHYECKWH naBapranT Kanabw-9ly, a B -momens
— KOMILJIEKCHBIN. Ha, caMoM jiefie, IpocTPaHCTBO COCTOsAHMH A -MOj1e/m ecTeCTBeHHBIM 00pa-
30M u30MOopdHO Koromotoruam ne Pama H**(X), B TO BpeMst KaK MPOCTPAHCTBO COCTOSTHUI

B -monenu ecrectBentbiM 06pazoM u3oMopdHO Koromosoruam Jlosb6o

H* (A*Tl,OX)7
rme T10X — a0 romomopdroe Kacarenbroe paccioenne X. I10CKOIBKY KAHOHITIECKOE JH-
meiinoe pacciaoenne X Tpmeuaabuo, mpocrpamcrso HI(APTYOX) uzomopdro mpocTpam-
crBy H" 7 P9(X); sror uzomopdusm 3aBUCAT OT BBIOOPA TPUBHAIM3AINMKA KAHOHUYIECKO-
0 PacCjoeHns. 3aMeTHM TaK:Ke, 9To 00a TPOCTPAHCTBA COCTOAHUN UMEIT eCTeCTBEHHYIO
burpajayupoBky. C dusnueckoil TOUKM 3peHUsi, OHA BO3HMKaeT Ojarojaps Haam4uioo R -

sapamoB Jy u Jo.



Kax y:Ke roBopmsioch BhIIIe, ITpocTpaHcTBo cocTogauit TTII mMmeer cTpyKTypy cymep-
KOMMYTATHBHOR anrebper. B ciyuae B -mojenm, 370 o4eBugHaA CTPYKTYpa; B caydae A -
MOJIesn, 3T0 AedopMalist OUEBUHON CTPYKTYPbI, 3aBUCSIIASA OT ,PACIIAPEHHON CHUMILIEK-
THYEeCKOU cTpyKTYypbi'"Ha X @ Tak Ha3blBaeMble KBAaHTOBbIe Koromojoruu X.

3epkanbHag cumMmerpud geficrByer Ha A m B -mMopenn o9eHb mpocThiM oOpasom. Jler-
KO BUI€TH, 9TO 3€PKAIbHBIN aBTOMOPQu3M cymnepanredpor Bupacopo mepecrasaser Dy and
Dp. Takum 06pa3oM, ecjin y HaC eCTh 3epKaIbHas apa pusndeckux MEOroodpasuit Kaaadbu-
dy X and X', to A-mozxens nasg X uzomopdua B -mogenn q1a X', u naoboport. Ecim
A -monens ana X uszomopdua B -mozesu s X 1 Ha060poT, MBI 6y1eM TOBOPUTE, 4TO X
u X' cnabo-zepkanbhbl Apyr Apyry. C noHsgTuem ciaboit 3epKaabHOM CUMMETpU ropaszio
Jjterde paborars, 9yem ¢ "HacTosiei" 3epKaabHON CHMMETPHUEH, TTOCKOJIbKY €€ MOXKHO IIPOBe-
PUTH, HE 3HAST HUYEr0 PO CUIMa-MOJIeJin U uX KBanTopauue. C Jpyroit CTOPOHBI, B IIPOIIECCE
TOMOJIOTHYECKOTO CKPYUMBAHUS TEPAETCsI MHOTO MH(MOPMAIINN, U BO3HUKAET YKejlaHue HalTh
"oboramenwniit"BapuanT A w B -mopeseit, KoTopbiit 6611 061 Osrke 10 HHGDOPMATTHOHHOMY
conepxkanuio k. N =2 CKTIL

M. Kommnesnd mpemIoKua paccMOTpeTh B KadecTBe Takoro "oboramenus" B -momenn
OTPAaHUYEHHYIO IPOU3BOJIHYIO KATETOPUIO KOI'ePEHTHBIX IyYKOB Ha, X, KOTOpasi 0003HAYAET-
cst DY(X) ; ananormaso, gus A -MOZETH OH IPeIOKIT PACCMOTPET IPOM3BOIHYIO BEPCIIO
Tak HasbiBaeMol kareropum Pykas, KOTOPyI Mbl Oyzaem oboznagars DFo(X). dpyrumu
cioBam, Tunoresa KoHnmeBnmya 3akmodaercss B TOM, uTo ecjim X ®u X' 3epKaJbHBI, TO
kareropuss D?(X) sksusasentna xareropmn DFy(X') u Hao6opoT. IT0 TaK Ha3bIBAEMA
runoresa 20Mono2uveckoli sepkasvnot cummempuu (I'3C). Ecom obparnoe yTBepxKmeHme
TOXKE BEPHO, TO ITO JaBAJIO OBI TOJHBIN OTBET Ha Bompocsr 1 n 2.

O6pucyem Terepsb B 0OMINX Y€PTAX ONPEAeeHUs ITUX AByX Kareropuii. [Iycrs X — roraz-
KOe KOMILIEKCHOe MHOroobpasme. O6wext DP(X) — 9T0 orpaHmdYeHHBIH KOMILIEKC TOJIO-
MOP(MHBIX BEKTOPHBIX paccjaoennii Ha X, T. €. KOHEYHAS TOCIEI0BATETBHOCTEH TOJOMOPQ-

HBIX BEKTOPHBIX PACCIOCHWH W OTODPAYKEHUN MEXK, Ty HUMHI
0—---—FE,1—FE,—>FEy41—--—0,

TaKasl, 9T0 KOMIIO3UIIHS JIOOBIX JABYX TTOCIEIOBATEIbHBIX 0TOOpaXKeHuit pasHa nyso. Hamom-
HUM, 9TO KOTOMOJIOIUS TAKOI'O0 KOMILIEKCA — 9TO MOCJIEI0BATETBHOCTD KONEPEHTHBIX MYYIKOB
ma X. Yro6sr onpegenuts Mopdusmsl B DP(X), paccMorpuM cHabasa KaTEropmio orpa-
mraennbx kommuekcos CP(X), rme ofmextnr — Takme wxe, kak B DY(X), a mopdusmbl
— nenuble oTobparkenus: kKomiiekcos. Mopdusm B kareropun Cb(X ) HA3BIBAETCH KBA3UU-
30MOPGMU3IMOM, €CJIU OH MHAYIHUPYET U30MOpGU3M Ha KOroMoJorusax. CMBICT ONpe/IeeHus
[IPOM3BO/IHOM KATErOPpUU B TOM, YTOOBI OTOXKJECTBUTH KBa3UU30MOpQHbIE KOMILIEKCH. T.e.
D(X) momywaercs w3 CY(X) dopMambHbIM TPHCOEIAHEATEM OBPATHHIX MOPMOU3MOB KO
BceM KBazumzomopduamam. B sToMm onpemenennn MOXKHO 3aMEHUTH KOMILIEKCHI TOIOMOPdh-
HBIX PACCJOEHUN KOMILIEKCAMHU TPOU3BOJIbHBIX KOIE€PEHTHBIX MYYKOB: MPOU3BOIHAS KATETO-
pHsL OT 9TOr0 He MeHseTcs. B mekrmu 3 Mp1 obcyaum DP(X) 6osee moapo6o.

B 10 Bpems Kak KOTE€PEHTHBIE MyYIKN W WX KOMILIEKCHI JTaBHO CTATN OJHUM M3 OCHOBHBIX
MOHATHH arebpantecKoil TeOMETPUH, TPOU3BOAHAS KaTeropusa Pykasa — Hejjapuee m3odpere-
uHre. OHa MOy9aeTcs U3 HEKOM TeOMETPUYIeCKOl KaTeropun, Ha3eiBaeMoil kareropueit Oykas

F(X), mocpeacTBoM JOBOIBHO COZKHON anrebpandeckoil KoHCcTpyKuuu. Jannag kareropus



obuia BBesiena K. Oykasa B [8]. Ha camom geste, 910 He cOBCeM KaTEropwusi: Ha IPOCTPAHCTBAX
MOP(hU3MOB €CTh JOMOJHUTEIBHBIE CTPYKTYPHBI ( 7 -apHbIE KOMIO3UIMK 1 AuddepeHtnaib ),
1 KOMIIO3UO KN O6bILIHbIX MOp(bI/ISMOB aCCoOIuaTUBHBLI TOJILKO C TOYHOCTBLIO A0 HeHHOﬁ I'OMO-
ronmn. Takast cTpykTypa HasbiBaercss Ao, -Kareropueii. Kareropus @ykas 3aBUCHT TOJTHKO
OT PaCIIUPEHHON CUMILIEKTHYECKON CTpyKTYpbl Ha X. O6bekrol kareropuun Pykas — aTo,
rpy6o rosops, tpoiikun (Y, E,V), tae Y - narpamxkeso nogmuorootpasme X, E - kom-
[JIEKCHOE PACCIOEHNEe Ha Y € 9PMUTOBOM METPUKO, 8 V — IJIOCKAs YHUTAPHAsST CBA3HOCTH
Ha FE. D70 onpejenenue BEPHO TOJBKO "B repBoM NpubinKeHUn," 110 HECKOJBKUM TTPUYIHU-
HaMm. Bo-miepBbIxX, He KaXj0e JlarpaHKeBo MmojMHOroobpasue Y JI0IyCTHMO: TaK HA3bIBae-
mbit knace Macnosa Y gomken O6biTh pasen myso. (Knace Macmosa mpuanMaer 3HadeHust
8 HY(Y,Z).) Bo-sropoix, Y gpomxuo Gerrs "rpajgyuposano”. (Ilonsitue rpajiyuposamHo-
ro JIArPaHKEeBOTO TOJIMHOT000pa3usi B CUMILIEKTUYIECKOM BEKTOPHOM IIPOCTPAHCTBE OBLIO
BBemeno 2K. Jlepe B 1968 u o60b6imero M. KonmesndeMm Ha ciaydail JlarpaHKeBbIX IIOIMHO-
roobpasuii B Mmaoroobpasuax Kamabu-4y.) B-rperpux, BoO3MOKHO TpebOBaHUE YHUTAPHOCTH
CBA3HOCTH V HAZ0 0CJAa0UTh U 10TPedOBATH TOJIBKO, 4TOObI COOCTBEHHbBIE 3HAYEHUS 1IPE-
CTaBJIEHUS MOHOJIPOMUM OBLIN 110 MOJIYJIE0 paBHbl 1. B-uerBepThix, eciu B -rojie HE paBHO
HYJTIO, TO CBSI3HOCTB V JOJIZKHA OBITH TOJIBKO MPOEKTUBHO MI0CKOH [19].

Mopdwusmbr B kareropun Pykast OMpesesIdioTcs depe3 Tak Ha3biBaeMblil Komiieke Diroe-
pa. 1o nousTre Oymer 0OCYRKAATHCA B JIEKIUU 2.

Cs3p Mexxay runoresoit I'3C ¢ omgmoii cropousl 1 A u B -MoIeIsIMHU ¢ APYTOil MOKET
ObITh 06bsicHeHa caenyronmM obpazom [25|. Eciu y wac umeercss TpuaHrynupoBaHHas (Ha
camoMm jiesie, "oCHAIEHHAST TPUAHTYIMPOBaHHAsI-[3]) Kareropus, T0 MOXKHO PacCMOTPETH ee
nedpopmarnn. Uuadopmarnsg o gedopMaliimsax KaTerOpUu COAEPKHUTCS B €€ KOTOMOJIOTHUSIX
Xoxnmabaa. B caygae DP(X) xoromomormn XoxXmmibia, o Beeil BHANMOCTH, H30MOPGh-
HBI KOT'OMOJIOIUSIM BHEITHEH aare6pbl roJioMopdHOr0 KacaTeabHOTO paccioenus Ha X, T.e.
OPOCTPAHCTBY cocToanuit B —Mo;LeJH/I.2 M. KomnreBud BeICKa3aJI TUIIOTEIY, YTO KOTOMOJIOTUN
Xoxmuabra mpon3poaaoit kareropun Pykasg n30MOp@HA KBAHTOBBIM KOTOMOJIOTHAM X, T.
e. mpocTpancTBy coctogumit A -monenn [25]. Eciu sto Tak, To sxBuBasentHocts DY(X) u
DFy(X’) Brneuer mzomopdusM mexay B -momenvio qma X um A -mogensro g X', Te.
POMOJIOTHYECKAST 3ePKAJTbHAST CUMMETPUS BJIEUET CJIa0yI0 3€PKAJbHYI0 CHMMETPHIO.

lNunoreza I'3C umeer unrepecublit dpusudeckuii cmbica. C Toukn 3penns PU3UKU, OCHOB-
Hasd Ues COCTOUT B TOM, YTOOBI 06001uTh monaTue asymeproit TTTI, pazpemus Mupoomy
JIUCTY WMETh TPAHUILI (CM. HampuMmep, pabdory [47]). Dro 06061eHnEe UMEET CMBICT W I
CKTII n npuoguT K moHATHIO D) -OpaHbl, KOTOPOE UTPAET OUYEHb BAXKHYIO POJIb B TEOPUN
crpyn [37]. D -6pana — 310 "xopouiee" rpanndHoe yciaoBue Jiis ABYMEPHON CynepKoH(OopM-
HO¥ Teopuu 1ojs. B KBAaHTOBOM Ciiyuae, He COBCEM SICHO, KAKUE MPAHUYHBIE YCJOBUS CJIEYeT
cuuTaTh "XopomuMu", M03TOMY MbI 0OCYIUM 9TO MOHATHE B PAMKAX KJIACCUIECKOH (DUBUKH.
Knaccudeckas jgByMepHasg Teopus mHoJis 33JaerTcs cBouM (DYHKIIMOHAJIOM JefiCTBUs, KOTO-
PBIii IBJISETCI WHTErPAJIOM JIOKAJIHHOTO JAarPaHKUAHa 10 MUPOBOMY JUCTY. J{0 cux mop MbI
CUNTANM, UTO MUPOBOH JIUCT MMEET TOMOJOIMI0 MUJIMHIpPA, 00pasymlme KOTOPOro mapa-
MEeTPHU30BaHbl BpEMEHHOH KoopauHaToil. Takum obpazoM, 0JHOMEPHOE MPOCTPAHCTBO UMEJIO

TOIOJIOTHIO OKPY2KHOCTU. IlycTh Terepb mpoCTpaHCTBO UMEET TOMOJIOTUIO OTpe3Ka [, T.e.

2Mur rosopuM "o Bceit BuaumocTu, " I0CKO/IbKY JI0 CUX LIOD HET LIOJIHOIO [J0KA3aTe/IbCTBA.



10

MUPOBO# JjuCcT BbitigauT Kak R X I. Yrobbl Kjaccuueckas TEOpUs IOJId UMeJa CMBICI,
HEOOX0 MO, uT0o0OBI 3amada Komm g ypasHenuit ditnepa-Jlarpanka nmMesa 0JHO3HATHOE
perenue, o Kpaitneilt Mepe J0KaJAbHO. FICHO, 9TO /i1t 3TOr0 HA 10J/Is U UX ITPOU3BOIHBIE HAJIO
HAJIOXKUTD MTOAXO/ISAIINE YCJIOBAS Ha IpaHuiiax mHTepBaia. Hanpumep, MoxkHO noTpeboBaTh
sanyiaenns Ha rpaxure ("ycnosua lupuxie) Kakux-HEOYIb CKAIAPHBIX MOJEi, BXOISIIIX
B marpanxuan.’ [ -6paHa B KJACCHYECKOH TEOPHH MO — 9TO MPOCTO BBIGOP TAKOTO T'Pa-
HUYHOI'O yCJIOBUA.

Ecyiu Teopust nmonsg nMeer Kakue-HUOYIb CUMMETPUU, TO MOYKHO OTPe6OBATH, 4TOOBI TPa-
HUYHOE YCJIOBHE COXPaHsijio 3Tu cumMerpuu. Hanpumep, anrebpa cummerpuit siroboir N = 1
CHATMa-MOJIEJTN CONEPXKUT IpAMyIo cymMmMy mByx Komuit N = 1 cymepasrebpor Bupacopo. He
CYIIECTBYET IPAHUYHBIX YCJAOBUI, KOTOPHIE COXPAHSIN ObI BCIO 9Ty CUMMETPHIO, HO €CTh MHO-
r0 PPAHMIHBIX YCJIOBUIH, KOTOPBIE COXPAHSIOT ANArOHAIBHYO 10aarebpy. Takue rpannyHbIe
YCJIOBHSI COOTBETCTBYIOT 00BITHBIM [ -Opatam B Teopuu cynepcrpys [37]. B N = 2 cayqae
MBI uMeeM gBe ko N = 2 cymepasnredpsr Bupacopo, n MOxkHO moTpeboBATH, YTOOBI Ipa-
HUYIHBIE YCJOBUS COXPaHIIN nuaronanbuayio N = 2 moganarebpy. Takue rpanutmbe yCaoBus
HazpiBatoTcss D -Opanamu tuna B, wiu npocto B -6paHamu, TOTOMY YTO OHH CBSI3aHBI C
B -mogensio (cMm. Huxke). C apyroif CTOpOHBI, MOXKHO HCIOJIB30BATh 3€PKATBHBII aBTOMOD-
dusm M cymepanrebper Bupacopo u morpeboBarh, 4ToOBI TPAHUYIHOE YCJIOBUE COXPAHSLIO

apyryio N = 2 nojanrebpy, HATHHYTYIO Ha DJIEMEHThI:
Ln+Ln, —Jn+Jn, Qu+Qi, Qi+Q,, nel

Coorsercraytomue D -6pambl HazbBatoTest D -6panamu tuna A, win npocto A -6pamamm.

Ecsn y mac ecrs kimaccudeckass D -6pana (tuma A win B ), MOXKHO ITOCTaBUTH 3329y
KBaHTOBAHUA KJIACCUIECKOM Teopuu moig Ha R X [ ¢ IpaHUIHBIME YCJIOBUSAMH, COOTBET-
crBytomumu 3108 D -6pane. Ilpu aTroMm Mbl Tpebyem, ©T00bI KBaHTOBaHME coxpansanio N = 2
cynepaarebpy Bupacopo. Ecau 910 yraerca cienars, Mbl OyAeM TOBOPUTH, 9TO KJIACCHUIE-
ckast D -6pana MoxkeT OBITH TPOKBAHTOBAHA, a Kjaccuuyeckas D -6paHa BMecTe ¢ METOIOM
KBaHTOBaHUA OyIeT Ha3bIBATHCA KBaHTOBON D -Opamnoii. [losHOCTBIO yIOBIETBOPUTEIHHOTO
KBAHTOBOTO omnpejenennsa [ -Opan 10 CUX OP HE CYIECTBYET; HAUTH TaKoe OMpEeIeIeHne —
WHTEPECHAd 3aja4a Ha Oyiayiiee.

O6cynum Tenepnb ¢Bsa3b Mexkay A u B Opamamuu A mw B mogenamu. A u B monmenn
nostydatorcd uz N = 2 CKTII ronosioruyeckum ckpyuunsanuem. I'py6o roBopst, Tomosoru-
9eCKOe CKpy4YnBaHUE 3akjrdaercs B "yceuerun' reopun g0 koromosoruu BPCT omepatopa
Dy wm Dp. Bamerum renepb, uro oneparop Dy (coorsercrBenno, Dp ) - 3jement
N = 2 nonmanrebpsl Bupacopo, KOTopasi COXpaHseTcsl TPAHUIHBIME yCJIOBHAMY THIA A
(coorBercTBenno, Tuma B ). TakuM obpazom, rpanndneie yciaosus tuna A (coors. B ) co-
r1acoBaHbl o CkpyamBanuem tuna A (coors. B ). Umaue rosopsa, mobas A -6pama maer
"xopouee" rpannanoe yciaosue s A -mogenu, a niobast B -Gpana — jis B -mopenn.t

MozkHO mokazaTh, 9T0 MHO)KECTBO A -Opan (wim B -6paH) uMmeeT CTpYKTYPY KaTeropuu.
ITpocTpancTBO MOPPU3MOB MeK Iy nByMd Gpanamu A m A’ ompemensercs Kak IpoCTpaH-

creo cocrograuit 2d TTII wa R X I, ¢ rpaHuYHBIME YCIOBHSIMHU Ha KOHIAX WHTEDPBAJA,

3ByKBa D B cmose " D -6pana"npoucxomur n3 caosa "Dirichlet."
4 Axcnompt msymepuoit TTII ¢ rpanunavu ommcanst B paborax I Mypa u I'. Curana [31] u K. Jlazapo-
ny [27].
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coorpercreytomumu A m A’. Hmade ropops, HaJ0 pacCMOTPETh IIPOCTPAHCTBO COCTOS-
auit N =2 CKTII na naTepBaJie U BHIYUCAUTH €10 KOTOMOJ0THn 110 oTHOMeHni0 Kk BPCT
omeparopy Dj. Kommosunmst MOPPU3MOB OIpeIeseTcs 9epe3 OnepaTopHO-BEKTOPHOE CO-
oreercTBre Y (TouHee ToBODs, Yepes ero anasor mis CKTII ¢ rpannmavn.)

Nrak, mobomy duznueckomy Kamabu-y MO2KHO COIIOCTABUTD [/IBE KATEIOPUHU: KATEIOPUIO
A -6pan u kareroputo B -6pan. Moxno nokaszarb, uto Kareropus A -6pan (coors. B -
Opan) He 3aBucUT OT "DACIIMPEHHBIX KOMILIEKCHBIX MOgysieit" (cooTB. "pacimpeHHbix cum-
mwiekTHaeckux Momayseit") [47]. YnobHo mymMars mpo 9TH KaTeropun Kak "oboramenubie A
u B -Momemi: B To BpeMs, Kak obprubas A -mozmenb — 1o 2d TTII ma mumposowm Jjmcre
6e3 rpamuubl, kareropug A -6pam onmckBaer Ty ke camyio TTII ma muposom Jsmcre co
BCEBO3MOXKHbBIMU I'DAHUYHBIMU yCa0oBUuAMU. fcHO, 4To ecsin jiBa mHoroobpasus Kasadu-Ay
BEPKAJBHBI JPYT JAPYTY, TO KaTeropust A -Opam I TepBOTO MHOT000Opasusa OyaeT 3KBH-
BaJieHTHA Kareropun B -Opan mig Broporo, n Haobopor. fcHo Takzke, uro ecam N = 2
CKTTII, coorBercrytomue npym Kamabu-y, nzomMmopdHbl, TO COOTBETCTBYONINE KATETOPUN
A -6pan (win B -GpaH) 9KBUBaJICHTHBI.

Takum obpazom, uTodbl moKazark runorely ['3C, g0cTaTovHO 10KA3aTh, UTO KATETOPHUI
A -6pan sksusasentaa DFo(X), a xareropms B -6panm sksusasentaa DP(X). K coxa-
JICHWIO, CIEe/IaTh I9TOTO MblI HE MO2KEM HdazKe B IPUHIUIIC, TTOCKOJIBKY OTCYTCTBYET ”LIGCT—
uoe" onpeenenne nouarust D -Oparbl. MOXHO TTOKA3aTh, OJHAKO, 9TO TOJOMOP(HBIE BEK-
TOPHBIE PACCTOEHUS 0T TpuMepbl B -GpaH, a 06bekThl Kareropnn Oykas — npuMepbl A -
Opan [47|. Burren Takke mokasaJ, 9To B 9THUX CJaydasix MOpdu3Mbl B Kareropusix A -Gpax
cormacyiorcs ¢ Mopdmamamu B kKareropusx DY(X) uw DFy(X), coorsercrrenmo. 1o ma-
osronene Burrena n mocsykuiio morusupoekoit tuoresst I'3C. Tloznnee 6b110 mokasaHo,
9T0 Hostee obTIMe KOTEPEeHTHBIE MYYKHU, 8 TAKKE UX KOMILJIEKCHI, TOXKE ABJSIOTCS TPUMEPAME
B -6pan. C apyroii ctoponsl, B pabote [20] 6p110 OKa3aHO, 9TO0, BOOOIIE TOBOPST, TPOU3BOJI-
Has kareropus Pykast — 3TO TOJBKO MOAKATEroprs kareropun A -OpaH, T.e. A9 HEKOTOPHIX
X ectb mpumepnr A -6pan, kKoTopble He n3oMopdHBI HuKakomy o0bekTy DFo(X). D10
o3na4gaet, uTo "cummekTuueckas'cropona rumote3sl ['3C mgosmkHa OBITE MOIUPUITHPOBA-
Ha. MBI 06cyaum o100 6osee moapobHO B Jeknnn 4.

C maremarnueckoit Touku 3perust, runore3a ['3C He sBasteTCst 9eTKO ChOPMYIUPOBAHHBIM
YTBEp:KIEHUEM, TTOCKOJIBKY MTPOKBAHTOBATE CUTMAa-MOJE/b JJId MTPOU3BOJIBHOTO MHOTO0ODA-
susg Kamabu-fly me yrmaercsa. OmHako CyIecTByeT OJuH Kjacc MHOroobpasmit Kamgabu-ly,
JJIs KOTOPBIX KBAHTOBAHWE CUIMa-MOJETH MOYKET OBITh NPOBEJIEHO JIO KOHIA, U COOTBET-
creyfomasts N = 2 CKTII moxkeT 6BITH MOJHOCTHIO OTUCAHA: KOMILJIEKCHBIE TOPBI € TJIOCKOM
K3JIEPOBOiT METPUKO# W TmPOm3BOIbHBIM B -mojiem. B ciiygae TOPOB MOXKHO AaTh TOYHBIMA
KPUTEPHi 3ePKaJIbHOCTU B TEPMUHAX JIMHEHHOM ajrebpbl; 910 6bL10 ciesano B pabore [19] u
Oyzer omucaHo B JeTasisix B jgekimun 2. Takum obpaszom, B ciydae Topos runoresa ['3C xopo-
III0 OIIPeieieHa (32 MCKIIOYeHHEM BOIIPOCOB, CBSI3AHHBIX C TOUHBIM OLIPE/IEIEHIEM KaTerOpUn
Dyxas). A. Tlomumyk u 9. Bacioy mokasanu runoresy '3C myis TOPOB BemecTBEHHON pas-
meproctu jpa [39]. Uro kacaercs TopoB 6oJiblIeli PA3MEPHOCTH, TO IIOXOXKE, YTO JIJIs HUX
I'3C moxker 6bITH BepHA TOJIBKO MPU YCJOBHU CYIIECTBEHHOH MOMM(DUKAIINY ONPEIeTEHUS
kareropun Pykas. A nmenno, B kareropuio Oykas Hago T06aBUTH MHOTO HOBBIX OOHLEKTOB.

910 OyaeT 06CyKIATHCS B Jiekiun 4.
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g Bcex ocranbubix Kamabu-fy, moxuo paccmarpusars runorely 1'3C kak HOMBITKY
MAMEMOMUBECKO20 OnpedeseHnus OTHOITEHN 3epKaabnocTr. Torma ocHoBHAg mpobreMa co-
CTOUT B TOM, 4TO0BI 1aTh CTPOroe onpejesienne kareropuu Oykasi, U J10KA3aTh, 9TO MHOTO-
YUCJIEHHBIE TPUMEDHI 3ePKAJIbHBIX MHOT00Opa3uil, npe/jioxKeHHble (PU3UKAMA U MaTEMATH-
KaMu, JIERCTBUTEBHO 3epKaJibHbl B cMbiciie 1'3C.

Jpyroii moaxo/ K 3epKajbHOM cuMMerpun ObLT 1pejyioxken B pabore [41] m HOCHT Ha-
sBarue SYZ runoresbl. CorracHo 3T0i runorese, MEOroobpasust Kanabu- 4y, Bxojsiiue B
3epKaJbHBIE Naphl, 0b1ana0T GubdpalusiMu, CJIOU KOTOPBIX — CIEIHAJbHbIE JIATDAHZKEBBI TO-
PBI, JyaJibHbIE JIPYT JIPpYTY, B HeKoTOopoM cMmbicie. CBa3b Mmexry runorezamu 1'3C u SYZ
Obl1a mccaenosana B pabore [26].

2. 3EPKAJIbHAS CUMMETPUS HJIA IIJIOCKNX KOMIIVIEKCHBIX TOPOB

B sroit sekrum met ommmem N = 2 cyneprondopmubie Teopun mogs (CKTIL), npo-
HCXOJISATINE U3 KOMILIEKCHBIX TOPOB 1 ¢ TIIOCKOI K3/1epoBO#t MeTprkoit (G U MOCTOSTHHOM
2-dopmoit B (B-nosem). Mbr Takzke gagum kpurepuii roro, korma asa nabopa (1,G, B) u
(T",G', B") mpomspogsar uzomopduesie N =2 CKTIIL n kormanx N = 2 CKTII sepragbao
CUMMETPUYHBI.

B nexrum 1 6b110 mOKAa3am0, 4TO Ajid ompemenenna N = 2 cymepKOH(OPMHON Teopuu
OJTST HEOOXOMMO 33,0aTh OECKOHETHOMEPHOE Zg -TPAIyuPOBAHOE BEKTOPHOE TTPOCTPAHCTBO
cocrosumit  V, BakyyMHBI BeKTOp |vac), a state-operator correspondence Y uz V B
npocTpancTBo "hopMaTbHBIX APOOHBIX CTENEHHBIX PAJOB OT 2,Z € KO3(MbHUIIEeHTaMHI B
End(V) "u, nakomrerr, smementsi cynepaarebpst Bupacopo L, L, Q*,QF, J, J, koropsie Bxo-
JAT B OTIpeeeHure CynepkoHpOPMHOI CTPYKTYPbI (CM. JIeKIuto 1).

Bsenem mekotopsie o6o3naderus. Ilycre I' 22 Z2¢ — perreTka B BEIIECTBEHHOM BEKTOPHOM
opocrpancree U pasmepuocru 2d, u I'* C U* — npoiicreennas perrerka. PaccMorpum Be-
mecrennnsie Topet 1= U/T, T* = U*/T*. Tlycts G — merpuka na U, T.e. IOJIOKUTETHHO
oTIpesiesieHHasT CUMMeTpuYdecKast bunmueiinas dopma va U, a B — BerecTBeHHas KOCOCHM-
Merpuanast ¢gopma Ha U. Obo3maunm uepe3 | ecrecrBenuoe cmapupanne [' X I'* — Z.

(EcrectBennoe cmapusanme U x U* — R rtakxke Gyaem oboznadars qdepes [. ) Beibepem

bazuc ey,...,e9q € I'. Kommomenrwr smementa w € I' B gammom 6asmce Oymem oOo3HaA-
yarh yepes w', i = 1,...,2d. Kowmmnonenrsl 3aemenra m € I'* B asoiicrBennoM 6aszuce
obo3HaumM uepes m;, ¢ = 1,...,2d. Yepes G;j, Bj; obosmaunmm komnoneHntsl G u B B

TOM ke camoMm bOazuce. [lasee 6ymer BUIHO, YTO CyHnepKOH(MOPMHAs TEOPHUS T0JIsi, KOTOPYIO
MBI TTOCTpOuM, He Oymer 3aBucerh oT BbiOOpa 6azuca B I'. B dwusuueckoit aureparype I’
HA3BIBAETCS PEIIETKOW HAMOTOK, a 1 — permmerkoii MOMEHTOB.

Pacemorpum tpoiiky (T, G, B). Kaxmoit Taxkoii rpoiike mbl conocrasum N = 2 cynep-
KOH(OPMHYIO TEOPHIO MOJs V, KOTOPYIO MOXKHO PAacCMaTpPUBATH KaK KBAaHTOBAHWE CYIIED-
CUMMETPUYHON CUI'Ma-MO/IEIH.

[Mpocrparcrso cocrosuuit CKTII V' — 370 TeH30pHOE MTPOU3BEICHNE
V =Hp,®&c H;®cC oI,

B xoropom Hp m Hjy — 6o30nHOE 1 dpepmuonnoe npocTpancTsa Poka, onpepeadeMble HIxKe,

B 1o Bpems kak C [[' ®T¥| — npocrpancrso rpymmnosoit anre6per pemmerku I' @ T wax C.



13

Jlna ompenenenns mpocTpaHcTBa Hp pacemorpuM anrebpy mag C ¢ obpasyrommvu

al,al, i=1,...,2d, s € Z\0 u cooTHOMmeHIIME
4) [ai,ai] = S(G_l)ljé&_p, [642,07%] = S(G_l)wés,_p, [ai,o‘zi] = 0.

JIj1st TIOJI0KUTE/IHOTO IEJI0T0 S DAeMEHTH ' . 1 &' , HA3BIBAIOTCH JIEBBIME U IIPABBIME
COOTBETCTBEHHO OO30HHBIMHE OIIEPATOPAMH POXKIACHHUS, B IPOTHBOIOJJOKHOM CIyYae OHH Ha-
3BIBAIOTCSI JIEBBIMU U TIPABBIMU GO30HHBIME OIIEPATOPAMU YHUUTOXKEHUs (AHHUTHISATOPAMHA).
OmepaTopbl POXKIEHUS W YHUUTOXKEHNST BMECTE HA3BIBAIOTCS OCIUJLIATOPAMH.

[IpocrparcrBo Hp ompeieisiercs Kak IPOCTPAHCTBO HOJIMHOMOB OT YETHBIX IePEMEHHBIX
agat,i=1,...,2d,s = 1,2,.... Bosonmas ocrmmuiaTopHas anrebpa feficteyer Ha Hp
IO IIPABIIY

i
s

, di, — S(G_l)ij

— a

Y

oa’_,
JIJIsT BCEX TIOJTOKUTENBHBIX S. DTO IpeacTaBIeHre D030HHON OCIINIISITOPHON aaredphl Ha3bl-
Baercya npenacrtasaenunem Poka-bapruvanna. Bekrop 1 € ‘Hy 3amynsgerca Bcemu OO030HHBIMA
aHHUTHJIsTTOpaMu 1 Oyjer obo3HauaThes |vacy).

[IpocrparcTBo Hp paccMaTpUBAETCS KaK Zo -TPASyUPOBAHHOE BEKTOPHOE ITPOCTPAHCTBO
€ TPUBHAJBHOMN (THCTO YETHOMH) IpalynpoBKoii. O4ueBuIHO, 9T0 Hj pPACKIIAIBIBACTCS B IPO-
n3segenne 9, @ Ny, rae H (coors. 9 ) — GozomHoe mpocTpancTBo DoKa, TOPOKIEHHOE
JIWIITE JIEBBIMU (COOTB. MPAaBBIMHU) GO30HHBIME OCIUJLISTOPAM.

Mzt onpepenenus ‘Hy pacemorpum anrebpy naj C ¢ nopoxjaronmmu Pl i =

1,...,2d,s € Z + % U COOTHOIITEHUAMHI
(5) (Ve = (G7)  0sp, {5} = (G71) 05—, {¥5, 99} =0.
Korga s mnonoxurenpno, ', u ', HA3BIBAIOTCH JIEBHIMU U IIPABBIME (DEPMUOHHBIME

OTIepaTOPAMM POKACHUA, B IPDOTUBHOM CJIyY9d€ OHU HA3BIBAIOTCA JIEBBIMU U ITPABBIMU (bep—

MHUOHHBIMU aHHUTAJIATOPAMU. Bwmecre onu naswiBaroTcd (bepMI/IOHHbIMI/I OCIMUIATOPAMMA.

Ilycte ‘Hy GyzneT mpoCTPaHCTBOM KOCBIX TIOJMHOMOB OT HEUETHBIX IepeMeHHBIX 0' , 0'

i=1,...,2d,s =1/2,3/2,.... ®epMuoHHas OCHWILIATOpHas anrebpa JeiicrByer Ha Hy
wi—s = ei—s'? &Z—s = 51’—53

N R Gk

B,
o0’

)

JI7IST BCEX TIOJOKUTENBHBIX § € Z + % D10 ecth mpeacrasaenne Poka-Baprmanna mia
depmuonnoit ocruAaTopHOil anredpel. Bektop 1 € Hy 3amyngerca BceMnu (DepMHOHHBIMI
aHHUTHISTOpaMn U obo3nadaercs |vacy). Pepmuonnoe mpocrpanctso Poka mveer ecre-
CTBeHHYIO Zo TIPajlyHPOBKY, B KOTOPOH BeKTOD |vacy) siBisiercss derHbiM. CyimecTByer
pasioxenne 9 @ Ny, rae Ny (cooTs. Hy ) CTPOATCA ¢ UCHOTB3OBAHUE TOIHKO JIEBBIX
(cooTB. mpaBbIX) HEPMUOHHBIX OCIIUIISATOPOB.

Hng w e T, m € I'" obosuaunm Bekrop w & m € C [I' & I'*] uepes (w,m). Byzgem

TAK2KE MCIO/Ib30BaTh 0003HAYEHHE |vac, w, M) BMECTO

lvacy) @ Jvacy) @ (w,m).



14

Onpenenenne V TpebyeT ykKa3aTbh BaKyyMHBIN BEKTOp, jeMeHTsl 1,71, u omepaTopHO-
BeKTOpHOE coorsBercrBue Y. g 3Toro BBEneM BCroMoOrareabHble 00bekThl. Oupegeanm
ommeparopet W :V -V QI u M:V -V &I'™* no npasuiy:

Tak:ke IOJIOKUM

8X]( ) ( Pk+ Z s+1’ 5X](§) ( ]kpk+ Z —9+1’
$§=—00 §=—00
-y -y
rEZ+2 T€Z+2

rie MITPUX HaJ CyMMOI O3HAYAET, 9TO CyMMa Oepercs o BCceM S 3a HCKadenmeM S = 0,
a P, u P, zamaiorcs dopMmymaMu

1 - _ 1
— (M, + (=By; — Gpi) WY P=——
\/i( ( J ]) )7 \/§

Mu1 we onpegenstem camu X7(z,Z), a TONIBKO WX MpOM3BOAHbIE. [Ipranna COCTOUT B TOM,

P, = (Mj, + (= Bij + Giry) W7).

aro mosist X7(z,Z) comepykar WieHbI MPONOPIUOHAIbHBIE l0g2 n logZ, m, Takum 06pazom,
HE ABJSIOTCS " APOOHBIMU CTEMEHHBIMU psgaMu.”

BakyyMmHBI#l BEKTOD B V) OHpeIeIseTcs M0 IPaBUILY
lvac) = |vac, 0,0).

Obmaga dpopMmyaa s OIEpaTOPHO-BEKTOPHOI'O0 COOTBETCTBUA Y JIOCTATOYHO CJIOXKHA H
MOXKeT OBbITh HaﬁgeHa B [19]. Mu MPUBEIEM  TOJTHKO hOPMYIIBI IId HEKOTOPBIX YACTHBIX
ciayuaes. Bekropa o (|vac,0,0) u a’ Jvac,0,0) nox meficreuem Y nepexouasat B

1 1
—_0°X
Gon? X o

Bekropa 97 |vac,0,0) u ¢’ |vac,0,0) orobpamaiorcs B

QSXJ( Z).

@85 I/Qw](z)’ (8_7%)'85 1/2¢J(z)‘

g zananug N = 2 cynepKOHMOPMHOI CTPYKTYPhI HA )V JOCTATOYHO BHIOPATH KOM-
mwiekcHyto ctpykTypy I Ha U, oTHOCHTETHLHO KOTOPOit MeTpuKa G SIBJISIETCSA KIJIEPOBOIL.
O6oznaunm vepe3 w = GI COOTBETCTBYIONLYIO K3J1epoBy dopmy. Torma sieBoberyimme Bek-
TOPA OTIPEEISTIOTCS IO CACAYIONTIM (DOPMYJTAM:

1 1
L= *G(a—lva—l> - §G (971/2;973/2) ’

Qi (G Fiw) (‘971/27 (1—1) )

4\f

J = —%w (9—1/2,9—1/2) .

IIpasoberymme Bektopa L, Q% u J ompemeisioTcs mo TeM JKe MpaBHIaM C 3aMEHOH a
Ha a u 0 ma 0.
Hszomoppusm N =2 CKTII — 310 uzomopdusm moajeRaiimx BEKTOPHBIX MTPOCTPAHCTB

f:V 5 V' coxpansiomuii oneparopuo-sekroproe coorsercreue Y’ (f(a))f(b) = f(Y (a)b)
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U JeiCTBYIONIMIT TOXK/IECTBEHHO Ha 00pa3yIoIuX Kak IpaBoil Tak u Jjiepoit N = 2 cymepaJ-
rebper Bupacopo.
3eprasvrvitt moppusm vexiy asymsas N = 2 CKTII — 310 uzomopdusm Mexy noie-
xamumu N = 1 CKTII, xoTophlii mEAYIEpPyeT 0TOOpaskeHne CIEIYIOMero Buga Ha obpa-
3YIOIIIX JIEBOit/ipaBoit cymepasrebpax Bupacopo:
f(L) :LI7 f<Q+) :Qia f(Qi) :QJra f(J) = _J/7
fIL)y =L f(QT)=Q", f(Q)=Q, f(J)=J"
Komnosunust nByx 3epkaiabHbix MOpdu3MoB saBiasercd m3omoppusmom N = 2 CKTII.
Temeps MBI TOTOBBI JaTh onmcanue Toro, koraa ase wersepkn (I, I, G, B) u (I',I',G', B’)
oupegensitor uzomopdubie N =2 CKTII, u korjga oHu 3epKajibHO CUMMETPUYHBI.

EcrecrBennoe cnapupanue [ : ' @ ' — Z wummayuupyer 7Z -3HAYHYIO CHMMETPUIHYIO

owmreiinyo ¢dopmy ¢ ma '@ I, 3amaBaemyro gpopMyJIoil
(6) q((w1,m1), (w2, m2)) = l(w1,m2) +l(wa,m1), w12 €L, mygel™

Umesa G, I, B, MOXHO ONpPEIenTh JBE KOMIJIEKCHBIE CTPYKTYphl Ha, 1" X T :

(7) I, B) = (Bli I'B —Oﬁ> ’

(8) J(G,I,B):< —IG™'B IG_l),

GI — BIG™'B BIG™!

3meck ncnmons3yoTea caeaytomme obozaadenus. Mer pacemarpusaem Z m J Kak 9HA0MOD-
dusmbl U & U*, u 3anucbiBaeM ux marpuubl B 0asuce, B KOTOpoM liepsble 2d BEKTOPa,
mopoxkgarT U, a ocrapmmecs mopoxkiaor U*. Kpome Toro, G u B paccMaTpUBaIoTCs
kak smementsl Hom(U,U*), a I' - sro smmomopdusm U*, compsukennniii K 1.

Cpazy Bumso, auto J 3aBucur ot G,I Toabko B kKoMOmHanmu w = GI, T.e. 3aBucuT
TOJBKO OT CHUMILIEKTHIECKON cTpykTypbl Ha 1T u B-monga. CymecTByer Takxke u TPeThs
eCTECTBEHHAS KOMILIEKCHAs ¢cTpyKTypa Z ma T x T*, KOTopas eCTh IPOCTO KOMILIEKCHAST

CTpyKTypa mnpoussedeHnss 1 X T IByX KOMILIEKCHBIX MHOIOOOpa3mii:

(T O},
0o It

DTa KOMILIEKCHasI CTPYKTYpa He 6yIeT urparh 3HAYUTEIbHOM POJIn B JadbHeleM. 3aMeTum

TONBKO, uT0 Z coBmagaer ¢ Z, ecaw u tonbko ecim B2 = (.

Teopema 2.1. [19] SCFT(T,I,G, B) wusomoppna SCFT(I',I',G', B') moeda u moavro
moada, koz0a cywecmeyem usomoppusm pewemor [T u @™, xomopwti nepesodum
qgeq, T e, uJ s J.

Bropas teopema maer kpurepnit 3epkanbnoit cnmverpun (1,1,G,B) u (T',I',G', B).

Teopema 2.2. [19] SCFT(I',1,G, B) sepraavro cummempuyna SCFT(IV, I',G', B") mo-
20a u moavko mozda, xo2da cywecmeyem usomopPusm pewemox I GT* u TV @ T'*, xo-
mopuiti nepesodum q 6 ¢, T ¢ J', u J 6 T'.



16

Jlannas TeopeMa 03BOJIZET I03BOJISET CTPOUTE DOJIBIIIOE KOJTMIECTBO IPUMEPOB 3€PKaJIb-
HO CUMMETPUYIHBIX TOPOB. [Ipeamomoxum, uTo 3a1au KoMmiiekcubiit rop (7', 1) ¢ mocrosaHOI
K3J1€poBOil (bopMOit w, m npeamoaoxkuMm, uro 1 = A X B, rne A u B — j1arpamKesbl
OTHOCHTENBHO W TOATOPBI. B wactHOCTH, pemerka ' mpesgcrasasgercs B suge 'y @ ['p.
Ilycts A — Top, mpoiicreennsiii k A, u nyers 1" = A x B. Pemmerka, COOTBETCTBYOIIASL
T', —s10 I" =T*% @Tp. Cymecrryer ouesmmnbiit mzomopbusm mexay I &T* u [V,
KoTophlit tepesoaur q B ¢. O6oznauus yepes Z' u J' obpassl J u Z, COOTBETCTBEH-
HO, U obpaTus cooTHomenus Mexay 2,7 u I',w', B’, M0OXHO HOJIYYUTH KOMILIEKCHYIO
CTPYKTYPY, CHMILIEKTHIeCKY10 hopmy u B-noste ma T’. He TpyaHO IIPOBEPHUTD, YTO JaHHAS
OPOIeypPa MaeT KOMILIEKCHBIN TOP C IIOCKON KIJIEPOBON METPWKON W B-mojiem, KOTOPBIit
3€PKaJIbHO CUMMETPUYECH U3HAYAJIBHOMY TODY. ﬂaHHbH;’I nponeaypa dBjadeTcd ClienuaJIbHbIM
cJIydaeM Takoro (hbU3MIecKoro moHATus Kak T-1BoifcrBenHocTs [36].

Bekope MBI TOKazkeM Kak JaHHBIE Pe3yAbTATHl MOTYT OBITH HCIOJIH30BAHBI TIPU TECTHPO-
BaHUM THUIOTE3bI O TOMOJIOTUYECKOH 3epKaﬂbHOﬁ CUMMETPUN JJId TIJIOCKUX TOPOB. B Ha4vaJie,
HanOMHUM (DOPMYJIMPOBKY JaHHOW TUIIOTE3bI.

Ousnueckoe Kamabu-Ady (X, G, B) — 5T0 0JHOBPEMEHHO KOMILIEKCHOE W CHUMILIEKTH-
geckoe MHOTOOOpasme (cuMIuteKTHIeckoit (hopmoii siBisiercss KasaepoBa dopma w = GI ).
Kaxmgomy takoMy MHOrooOpas’wio MOYXKHO COMOCTABUTHL MAPY TPUAHTYIUPOBAHHBIX KATEro-
puii: OrpaHNYEHHYIO ITPOM3BOJHYIO KATETOPUIO KOTEPEHTHBIX ITYYKOB Db(X ) u MpOM3BOJI-
ayio kareropuio @yrag DFy(X). Ilepsast 3aBUCHT TOJBKO OT KOMILIEKCHOM CTPYKTYDbI Ha
X, B TO BpeMsi KaK BTOpPAasi 3aBUCHT TOJBKO OT CUMILIEKTHYECKO (hopmbl. I'umnoresa o ro-
MOJIOTH4ecKoi 3epranbuoit cummerpun (['3C) yTBepxkmaer, 9ro ecim aBa anrebpandecKknx
Kamabu-Iy (X,G,B) u (X',G',B') zepxampuo cummerpmuassl, Torga DP(X) sksusa-
nentaa, DFo(X'), u mao6opor DP(X') sksupamentaa DFo(X).

Teneps MbI J0JKHBI HAIIOMHUTB ONpEJEEHUs TUX JIBYX Kareropuil. Mbl HadHeM C Ka-
reropun Pykas F(X). Obbekramm mannoit kareropuu sasasitorcsa tpoiiku (Y, E,Vg), B
KOTOPBIX Y — 3TO rpaJynpoOBAHHOE JIArPAHKEBO momMmuoroobpaszue X, E — xoMmIuiekcHoe
BEKTODHOE paccjoeHne Ha Y ¢ 95pMUTOBOI MeTpuko#t, Vp — IJIOCKasg yHUTApHAS CBSI3-
vocth Ha FE. llomsrne, Koropoe TpebyeT MOsCHEHN — 3TO "TpalyrpoBaHHOE JIATPAHKEBO
noamuoroobpasue'. Ono 66110 BBegeHo Jleps B 1968 g jgarpaH>keBbIX MOAMHOI000Pa3Nii
cuMILIEKTIYecKoro adhduauoro npocrpancTsa u 6o110 06001eno M. Konnesudem ua caydait
Kanatu-9y [25]. Buauase HarmoMHUM onpe/esierne Kaacca Maciosa /i TarpaHKeBoro mojl-
Muoroobpasus. Boibepem rosomopdHoe cedenne () KaHOHMYECKOIO JHHEHHOr0 pacC/IOeHus
(koTopoe Tpusnaabuo naa Kanabu-5ly). Orpanmausag ero wa Y, noayunm n -dopmy, Hu-
re He obparmaroniytocst B Hob. C Apyroit croponbl, Ha Y wumeercd ¢dopma obbema vol,
WHIyIIUPOBAHHAS KJIEPOBOH MeTpUKO# Ha X. DTO TaKKe HUTJE He 0DPAIAONIALC B HOJIb
n -dopma va Y, u, suauur, Qly = h-vol, rme h — Hurae He 0OPAIIAIOIIASCA B HOJIb KOM-
nexcras dynkiug ga Y. OyHKImio h MOXKHO paccMaTpuBarh Kak saement HO(Y, ™),
rae Cy?* —mydok rnagrux C* -3naunbix dynknnit Ha Y. CrangaprHas SKCIOHEHIMAIbHAL
TOUHAS MOC/IE0BATETBHOCTL 3agaer romomopdusm uz HO(Y,C*) 8 HY(Y,Z), u xnacc
Macnosa y Y onpenesnsiercs kKak o06pa3 h OTHOCHTENBHO 3TOTO romMomopdusma. ($SIBHO
konukJl Yexa, mpejcraBisgioniuii Kiaacc MacsioBa, CTPOUTCS TaK: BbIOUpPAETCs XOPOIIee II0-

kpbiTe Y, Gepercsa jorapudM h I8 KaXKIOTO 3J€MEHTA MOKPBITHS, JEIUTCS Ha 27i, W
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pe3y/IbTaThbl CPABHUBAIOTCA Ha HepecedeHusx). HecMorpsa Ha TO, 9TO OmpeseseHue Kaacca
MaC.HOBa Ha HepBbIﬁ B3TJId 4 3aBUCUT U OT KOMILJIEKCHOM 1 OT CUMILJIEKTUYIEeCKOM CTPYKTYD
Ha X, B JefCTBUTEIbHOCTH, OH HE JIOJKEH 3aBUCETh OT BHIOOpA KOMILIEKCHON CTPYKTYDHI.
OrmeruM, uTo ecau kjace MacjaoBa 3any/sercs, To jgorapudm h onpenesien Kak GbyHKIINS
¥ €IUHCTBEHEH C TOYHOCTBIO JO0 27mim,m € Z. I'paaynpoBaHHOE JarpaHKeBO IIOMHOIO-
obpaszme Y — 910 sarpamzkeBo moaMuOrooOpasme B X ¢ HymeBbIM Kjaccom Macmosa m
BbIOOpOM BeTBU log h.

Mopdusmbl onpenenstorca TakuM obpaszoum. Ilycrs 3amansl aga oowexta (Y1, F1, Vi) u
(Ys, B2, Va). Bynmem mpemmosarath, 9ro Y] u Yy IepecekaoTCs TPAHCBEPCATLHO B KO-
HEYHOM YHCJIE€ TOYEK; €CJIU ITO HE TaK, TO NpomaedOpMuUpyeM OauH u3 00bEKTOB BIOIb Ta-
MUJIBTOHOBA, BEKTOPHOI'O TI0JIS MOKA HE /100heMCcs TpaHcBepcasibaocTu. 1lycrs {ei,i € I} -
MHOZKECTBO TOYEK Iepecedenust Y) u Ys. Paccmorpum Komimieke ®uioepa. Kak BekTopmHoe

[IPOCTPAHCTBO 3TO IpPAMasi CyMMa
Vi = HOII](El (6,‘), Eg(ei)), 1€ 1.

I'pagyuposka ompeessieTcs o caenayomeMy mpasuiy. B kaxgoit touke p € Y mpocTpan-
cro 1,Y 3amaer Touky ¢ B rpaccMaHe jarpaHzxesbix nojupocrpascrts B T, X. Obozna-
IUM depes I//Zz/gp YHMBEPCATBHBIC HAKPBITHS JATDANKEBLIX TPACCMANHANOB TPOCTPANCTE
T,X. Ha Kanabu-fy X sty HakpbiTug CKenBaiorcs B cioenue, oboznadaemoe Lag [25].
I'pagynposka Y 3a7aeT KaHOHWYECKWH MOTHEM ¢ B lTa/gp JIIST BCEX P 5 9TH TOIHEMBI
CKJIEMBAIOTCS B CE€YEHUE [IJIS OTPaHUYeHUS Evag Ha Y [25]. Takum obpaszom, mist Kaxkoii
TOYKY TIEPECeUeHns e; TOIYyIaeTcs mapa To9eK 1, g € ITa?JeZ,. I'pagynpoBKa KOMITOHEHTHI
komrtekca Puioepa, coorBercTByoOmel e;, — 1o nHaeKe Maciaosa napsl g1, g2 (cm. [4] nas
onpenenenus ungexca Maciosa). B zakmouennn onpenennm auddepennuan. [ycrs e; u
ej — Iapa TO4eK, I'PaJlynpPOBKU KOTOPBIX OTInYatoTcd Ha exunuiy. Komnorenra auddepen-
nuasa Paoepa, Kotopad JefictByer u3 V; B V), omnpezaendercd IOJCIETOM IOJOMOPGMHBIX
JUCKOB B X C ABYyMA OTMEYEHHBIMU TOYKAMU Ha T'PAHUIE, COBIIAJAI0IIUMN C €; " ej (I/IH-
nekc Macnosa e; Gosbine Ha enunuity ungekca MacioBa e; ), I TaKUME, Y KOTOPBIX JBE
YACTH TPAHUIGI MOMAJAOT OJHA Ha Y], a Japyras Ha Ys. OTMETHM, 4TO JJIsT BHIUYNUCTIEHUS
nuddepennuana nyxkua (o9t )KOMIUIeKCHas crpykrypa J wa X, s koropoir w(-,J-)
SIBJISTETCST 9PMUTOBOH (bopMoii Ha KacareJbHOM pacciaoerun K X. st Tounoro onpesese-
aust uddepentpana Paoepa cmorpu [9]. Ipocrpancrso mopdusmos B kareropuu Oykast —
910 KoMmiuiere Pyroepa. s onpeenenusi KOMIIO3UIUU UCIOIB3YOTCS T0I0MOP(MHBIE JTUCKY
€ TpeMsI OTMEYEHHBIMY TOYKAMI W TPAHUIiel, JesKaleil Ha Tpex JarpaHKeBhIX TOIMHOT000-
pasmsx.

Omnpeenenne, HAOPOCAHHOE BHIIIE, ABAIETCA NPUOIN3UTEIbHBIM. BO-TIEPBBIX, JJIsT OTpe-
nenenud auddepenruaia Dioepa HyKHO 3aPUKCHPOBATH OTHOCUTEIBHYIO CIIUMH-CTPYKTY DY
Ha Y [9]. Bo-Brophmix, kBagpar muddepenimaa He Beeraa pasao 0, T.e. "kommaeke" @rioepa
He Beerga KoMrieke. Jpyras mpbiaemMa cOCTOMT B TOM, 9TO KOMIIO3HUITHA MOPMUIMOB acco-
OMAaTUBHAQ JHUIIIL C TOYHOCTBIO JO T'OMOTOIINUA, SaBI/ICHH_Leﬁ OT TEPHAPHOTO IIPOU3BEACHUA. B
IeACTBUTE/IbHOCTH, CYIIECTBYET ODECKOHEYHAS CEPHUs BBICIINX NPOU3BeieHnii B kareropuu Py-
Kasi, KOTOPBIE TIPEJITOI0KATENBHO (DOpMUPYIOT Ao —Kareropuio (M. [24] B KagecTse 0630pa

n0 A —Kareropusim). CyIecTByer yBepeHHOCTb B TOM, YTO U3MEHEHUE MOYTH KOMILIEKCHO



18

cTpyKTypbl J He mensger Aso—KaTeropuro, To ecTh Kareropusg Pykas gBAIETCS CHMILIEK-
THYeCKUM nHBapuanToM. st moapobHoi muckyccun cM. [9].

s werpuBnaibHoro B-niojist kareropust @ykas 0Kk HA ObITH MOIUMUITMPOBAHA CAETYHO-
muM obpaszoM. O6bekTol — 310 Tpoiiku (Y, E,Vg), rae Y — rpajyupoBanHoe JIarpaHKeBO
nonmuoroobpasue, E — BekTOpHOE paccjoeHue Ha Y € SPMUTOBOI MeTpukoil, a Vg —

SPMUTOBA CBA3HOCTHL Ha [F ¢ KpwBU3HOMI
2 _ .
Vi =2miBly.

Takum 06pa3oM CBA3HOCTD [1017KHA OBITH IIPOEKTUBHO IJIOCKOH, a He MI0CKO.

Mopduzmbl MoanUIUPYIOTCS TaK: CUMILIEKTHYECKas (opMa w B OIPEIETeHUN KOM-
mwiekca ®roepa U BBHICIINX IPOM3BEICHNN BO BCEX MECTaX 3aMeHdeTcd Ha w +tB. Momudu-
nupoBannast kareropug Oykasg cumiiekTugeckoro Muoroobpazus X ¢ B-momem B Oyzer
obosunauarca F(X, B).

Kareropug @ykaa F(X,B) ue gsiagercs Kareropueil B OOBITHOM CMBICTE, & eCTh Ao —
Kareropus ¢ GyHKTOpOM ¢asura. Mopdu3Mel MeKIy IByMst 00beKTaMn B Ao —Kareropun
— 3710 nddEePEHINaNIbHO TPAIYUPOBAHHBIE BEKTOPHBIE npocTpancTBa. C Kammoin Aq,—
KaTeropueil CBA3BIBACTCH OOBITHAS KATErOPHU C TEMU 2Ke caMbiMu 0bbekTamu u 0—oit Tpy1-
noit Koromosioruit B Kadectse Mopdusmos. [Ipumenss sty koucrpyknmio Kk F (X, B), nosy-
gmm kareropuio JFo(X, B), KoTopas TakzKe HasbBaercsa kareropueit ®ykas. Paccmarpubas
ckpydennble Kommiekcol Hag F(X, B), M.Konneenu [25] rakyke onpemesns HEKOTOPYIO
rpuanrynnposannayto kareroputo DFo(X, B). Byngem HaspiBarh ee mpOM3BOAHON KaTeropu-
et @ykas. Kareropug DFy(X, B) comepxur Fo(X, B) B KauecTBe MOTHON MOAKATETOPUH.

B crienytorieit jiekiun Mbl 0OCYIMM TPOU3BOJIHBIE KATEIOPUN KOT€PEHTHBIX MYYKOB U, HC-

[I0JIb3YSl UX CBOICTBA, IIPOTECTUPYEM IHIIOTE3y O I'OMOJIOI'MYECKON 3epKaJIbHONR CUMMETPUMN.

3. TIPOMBBOJIHBIE KATEI'OPUU KOTEPEHTHBIX IIYYKOB U TECTUPOBAHUE I'MITOTE3BI
O TOMOJIOTUYECKON 3EPKAJILHONU CUMMETPUHA

[Iycte X - anrebpamdeckoe muoroobpasme nag C (wmm KommiekcHoe MHOrooGpasue).
O6osraumm wepes Ox NydoK peryasapHbix GyHKIMi (Mau my9oK ro10MOpMOHBIX QDyHKIWMIT).
Hanomuum, 4T0 KOrepeHTHBIM [My4KOM Ha3biBaercs mydok O x —Mojyseil, KOTopbIil JIOKaJIb-
HO MOXKeT OBITH PEICTaBICH KakK KOsiIpo Mopdu3aMa anrebpandeckux (rooMopdHbIX) BEK-
TOPHBIX PACC/0eHnit KoHeuHoro panra. KoreperTHble ny4uku obpa3yoT abesieBy KaTeropuro,
koropas Oymer oboznauarcsa coh(X).

Jasee MBI HATTOMHUM OTIPEEJIEHNE TPOU3BOIHON KATETOPUU U OINIIEM HEKOTOPhIE CBOM-
CTBa TPOU3BOJHBIX KATErOpHUil KONEPEHTHBIX MYyJYKOB HA I[JIAJKUX MPOEKTUBHBIX MHOT000-
pazugx. CylnecTByeT MHOMXKECTBO TEKCTOB, I'Jle MOXKET ObITh HailJleHO BBEJIEHNE B TEOPUIO
[POM3BO/IHBIX M TPUAHTYIMPOBAHHBIX KaTeropuil; Mbl pekomenyem [43, 15, 12, 21, 23|.

Oycrs A — abenesa xareropusi. O6osmaunm wepes CP(A) KaTeropuio orpaHHYICHHbIX

nndepeHImaibHbIX KOMILIEKCOB

M=0— - — ML P .. —50), MPeA peZ, d=0.
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Mopdusmbr f: M — N Mexjy KOMILIEKCaM# — 3T0 Habopsl Mopdusmos  fP 1 MP —
NP B xareropum A, KOTOpBIE KOMMYTHPYIOT ¢ qudpepernmanamu, T.e.

dnfP — P dy =0 JUISL BCEX P

Mopdusm kommrexcos f : M — N rtomoronen mymio, eciu [P = dyh? + hPTldy,
171 BceX p € Z W LI HEKOTOPOro ceMeiicTsa Mopduamos AP : MPTY — NP, Onpenemm
romoTommaeckyo kareropuio H(A) Kak KaTeropuro, KOTOpasi IMEeT Te JKe CaMble 00beKThI
aro m CP(A), B 10 Bpemsi kax mopdmamsr 8 HP(A) — 910 KTacchr SKBHBAIEHTHOCTENT
MOPGHU3MOB MeXKTy KOMIUIEKCAMH [ IO MOJY/IIO TOMOTOIHBIX HYJIO.

Hng mo6oro kommtekca N° u gyt kaxkaoro p € Z onpenennm Koromosoruo HP(N') €
A xak dakrop KerdP/ImdP~!. Takum 06pazoM, Jid KazKJoro p IosydaeM (ByHKTOD
H? : C(A) — A, koropslii conocrapisier kKommiekcy N° ero koromosoruio HP(N') € A.
Onpemenum xkBasnn30Mopdu3M KaK TaKoH MOpdHu3M KOMILIEKCOB S : N° — M', maa xo-
Toporo uuaynupyembie Mopdusmsr HPs : HP(N') — HP(M") asasiorcs nzomopduzMamu
Juist Beex p € Z. Obo3naunum depe3 Y KJACC BCEX KBA3UU30MOPPU3MOB. DTOT KJAACC MOP-
$u3MOB 00J1a1aeT XOPOIIUMH CBOMCTBAME, aHAJOTHIHBIME ycaoBusM Ope B Teopuu JioKa-
JIN3AIAN KOJIETT,

Orpannaennas mpoussogHas Kareropus DP(A) ompenensercsa xak moxanmsanus HP(A)
OTHOCHTEJIHHO KJIAcCa BCEX KBa3HU30MOP(MHU3MOB Y. DTO 03HAYAET, YTO MPOU3BOIHAS KaTe-
TOPUS UMEET Te XK€ CaMble 00bEeKThI KAK M TOMOTOTINYECKAA KATETOPHUST Hb(A), a MOPU3MBI
Buefinz N B M® 3a1ai0Tcs KaK JIeBble 9acTHble S 10 f, T.e. K/IACCAME 9KBHBAJICHTHOCTEH
JmarpamMmm

N LMt sex
Mapor (f,s) u (g,t) cYUTAIOTCSA SKBUBAJIEHTHBIMHE, €CJIU U TOJBLKO €CJIH CYIIECTBYET KOM-

MyTaruBHas guarpamva B HP(A)

B KoTOpOit 1 € Y. Kommosummsa mopbusmor (f,s) u (g,t) — a10 Mopdusm (¢'f, s't),

KOTOPBI# olpejesideTcs ¢ UCIOIb30BaHUe ClIeAyIollell TuarpaMMbl:

NN

Takast pmarpamma BCErja CyIECTBYET, U MOXKHO IIPOBEPUTH aCCOIMATUBHOCTD JIAHHOTO 3a-

KOHa KOMITO3SUIIWH.
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Uneerca xanonmueckuii dynaxrop HP(A) — DY(A), mepesomammii f : N° — M* B
napy (f,idys). Jammseiii dyskTop obpamaer Bce KBa3nn3oMOPMU3MbI U ABISETCS yHUBED-
casibHbIM cpesn (hyHKTOPOB, 00/1a/1af01uX 3TuM cBoiicrBoM. AGesiesa kKareropus A BKiabl-
Baerca Kak nosHag nojkareropus B DP(A), orommectsiss obbekt A € A ¢ KOMILIEKCOM

+—>0—>A—->0— -, nvetommuMm A B cremenu 0. JI1g OpOM3BOIBHOIO KOMILIEKCA
N* obozmaumm uepes N°[1] kommmekc ¢ kommonenramun N°[1]P = NPT u audbdepennma-
oM dyp = —dn. Haunoe coorsercrsue onpejiesiser GyHKTOP Ha IPOM3BO/HOM KaTeropuu
D®(A), KOTODBIil SBIAETCS ABTOSKBUBAJICHTHOCTBIO H HA3BIBACTCA (DYHKTOPOM CIIBUIA.

Kazxmas npoussoguas kareropus DP(A) mMmeer crpyKTypy TpHAHTY/IMPOBAHHOM KaTero-
pun [43]. Dro o3HAUAET, UTO 33AHBI CJEAYIOIINe JAHHbIE:

a) dynxrop casura [1] : DP(A) — DP(A), asnaromumiics a/yIATHBHOI ABTOSKBUBA-
JIEHTHOCTBIO,

b) KJIACC BBIJAEJEHHBIX (MJIM TOUYHBIX) TPEYIOJbHUKOB
u v w
X—Y — 27— X|[1],

U 9TH JaHHBIE YIOBJIETBOPSIOT OOpeeeHHoOMy Habopy akcnom ( oM. [43, 12, 21, 23]).
JIjist 33,1aHUs TPUAHTY/IMPOBAHHOI CTPYKTYPhI Ha Ipou3BogHOH Kareropuu DP(A) Bso-
JAUTCA TIOHATHE CTAHAAPTHOTO TPEYTOJIbHUKA KaK MTOCJAeJ0BATEIbHOCTN

Qi

N %o @k % N,

rme @ : CY(A) — DY(A) — xamonmdeckuit byHKTOD,
0—N-SM-ZLK-—0

— KOpOTKas TOYHAS IOCJAEI0BATENLHOCTh KOMIUIEKCOB, M O — HEKOTODBI MOpQH3M B

. 13M — 9TO0 YaCTH T 0j, BKOTOPOM j — 9TO BJIOXKEHHE ITOTKOMILIEK
D%(A). Mo 3M O — 9TO yacTHOE S 107, 0TOpO 3TO BJIOZKCHUE ITOTKOMILIEKCA
K B xommrekc C(p) c xommomentamu K™ @ MM u ¢ mudbdepentmamom

dg p

d =
C(p) 0 _dM

)

a kBasumzomopdusm s : N[1] — C(p) — sro mopduzm (0,7).
Buwideaennwiii mpeyzoavnur 8 DP(A) — s1o mocrenosaremsaocts 8 DP(A) Buma

XLy %z 2 X[,

KOTOPas n3oMOPQHA, CTAHIAPTHOMY TPEYTOIBLHUKY.

Mycts A mw B — ase abenesb kareropum, u F : A — B — ayymrusasii GyHKTOD
TouHBIH cieBa (cooTs. cupasa). Pyrarrop F wHAyIHMpYeT (DYHKTOD MEXKIY KATETOPUSIMU
koMmitekcoB u ¢ynkrop F : HP(A) — HY(B), koTopble mOJIyHaioTcs MOKOMIOHEHTHBIM
npumenenvem F. FEcou F He aBseTCd TOYHBIM, TO OH HE MEPEBOIUT KBA3UN3OMOP(OU3MBI
B KBaszmu3oMopdusmbl. Tem He MeHee, B OOJIBITHHCTBE CAYy9aeB, MOXKHO OIPEICIUTH Pa-
BBIii (COOTB. JieBbIit) TipousBoHbll hyHkTOp RE (coorB. LF') MexKIy COOTBETCTBYIOITMMHI
npou3BOIHEIMI Kareropuamu. lpoussomusiit dbyarrop RF, (coors. LF') 6ymer mounvim
bYHKTOPOM MEXKIy TPUAHTYJINPOBAHHBIMKE KATETOPUAME B CJIEAYIOMIEM CMBICIE: OH KOMMY-

TUpyer C beHKTOp&MI/I CABUI'd 1 IEPEBOJUT BBIACJICHHBIC TPECYT'OJILHUKU B BbBIJIC/JICHHDBIC. M1
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me Oy/eM TIPUBOIUTE 3/I€Ch OTIPeeIeHIe TPOU3BOIHBIX (DYHKTOPOB, UAesT COCTOUT B MTOKOM-
MOHEHTHOM TpuMeHeHnn PyHKTOpa I K mpaBmibHO BHIOPAHHBIM TPEACTABATEISIM KJIACCOB
KBa3uu30MopdHbIX KoMILIekcoB (eM. [43, 15, 12, 21, 23]).

B kagecTBe TpEMEpOB pacCMOTPHUM ITPOM3BOIHBIE KATETOPHUU KOTEPEHTHBIX MyYKOB Ha
DJIQKAX MPOEKTUBHBIX (MM COOCTBEHHBIX aiarebpamdeckux) MHOTooOpasmax. O6o3HadnM
D®(coh(X)) uepes D?(X). Kamzpiit mopbusm f: X — Y umaynupyer dbysKTOp 06par-
Horo obpaza f* : coh(Y) — coh(X). Dror dyHKTOP sIBISETCs TOYHBIM ClIpaBa U UMeer
eIt mpoussoxubil byakTop Lf* : DY(Y) — DY(X). ng ero ompemesieHus Hy:KHO 3a-
MEHUTDH KOMILTEKC Ha Y KBAa3UH30MOP(MHBIM KOMILIEKCOM U3 JIOKAJTHLHO CBODOTHBIX, U TPHUME-

HUTH TOKOMTIOHEHTHO (hyHKTOP f* K 3roMy KoMmILIeKcy. [Tomo6HBIM e 0bpa3oM, JJTs BCSKO-

ro kommrekca F € DP(X) moxmo ompesenmnTs TOUHbI (BDyHKTOD <§L§) F:DV(X) — DY(X),
daMmeHsiss JF KBa3MM30MOP(MHbIM KOMILJIEKCOM U3 JIOKAJIBLHO CBODOIHBIX.

Mopdusm f: X — Y wunaynupyer takzxke pyHKTOp IpaMoro obpasa fyx : coh(X) —
coh(Y), KOTOpbIil TOUeH ciieBa W HMeeT IIPaBbIil Ipou3BoaHbIi (hyHkTop Rfy : DY(X) —
D(Y). s ero ompemesieHus KaTeropust KOTEPEHTHEIX Ty YKOB BK/IAIBIBACTCS B KATETOPHIO
KBa3WKOIEPHTHBIX IIyYKOE, 8 KOMILJIEKC 3aMEHACTC Ha, KBA3UN30MOPQHBINA €My KOMILIEKC U3
HHBEKTUBHBIX. 1loce 3Toro GyHKTOP fi MOMXKHO TPUMEHSITH MOKOMITOHEHTHO K KOMILIEKCY
u3 uabekTuBHBIX. PyHkTOp R f) compsiken cipasa k Lf*. Dr1o o3Hauaer, 9To CyIecTByOT

GbYHKTOPHATBHBIE T30MOPQMU3IMBI
Hom(A,Rf.B) = Hom(Lf*A, B)

s Beex A, B. JlaHHOE CBOICTBO MOXKET TAKKE PACCMATPUBATHLCS B KAYECTBE OIPEIe/ICHUsT
dyurropa Rf,.

Ucnonb3ysa nanable BYHKTOPBI, MOXKHO BBECTH OOJBIMI KJIACC TOYHBIX (DYHKTODOB.
IMycte X w Y - rnagkme mpoekTuBHBIE (Man COOCTBEHHBIE anrebpamdeckue) MHOr000-

pazug. PaccMorpuMm npoekium
x &£ xxy L

Kazx et oobexr € € DY(X x Y) samaer Tounsni dyrkTop ®¢ : D°(X) — DY) mno
caeayromeit popmyIie:

L
P k
(9) D¢ () =R (€ @ p™(+))-
O4eBH/IHO, YTO TOT Ke caMblil 00beKT 3aaeT apyroi dyukrop Ve : DY(Y) — DY(X) o
Takoi ke popmMyaoii
L
. *
Pe() :=Rp. (€ ® ¢ ()

Takum obpazom, MOIyIaeTCd MOCTATOYHO OOJBINON KJIACC TOYHBIX (DYHKTOPOB MEXKIY
OT'DAHUYECHHBIMU IIPOU3BOJHBIMU KATCTOPUAMUN KOT€PEHTHBIX ITYYKOB Ha I'NIAJAKUX ITPOCKTUB-
HBIX MHOr000pa3sudax, KJAacc, COCTOANNI n3 (byHKTOPOB, uMermx B, Pc 171d HEKOTOPO-
ro KoMmiiekca & Ha MpOM3BEIeHUN MHOTO0Opasnit. JlaHHbBI! KIace 3aMKHYT OTHOCHTETHHO
kommo3utnu pyarTopos. leticrBurenbuo, mycts X, Y, Z — Tpu rIaakux MPOEKTUBHBIX MHO-

roobpasus u IIycThb

d;:DY(X) — DUY), @;:D%Y)— D2)
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— nBa ¢dynkropa, tie I uw J — obbektsr DP(X xY) u DP(Y x Z) coorBercTBeHHo.
O6Gozuaunm 1epe3 pxy,Pyz,Pxz hpoekmuu X X Y X Z Ha COOTBETCTBYIOIIHE TAPBI CO-
muozureseit. Kommosuua ® 7o ®; usomopdua g, roe K € DY(X x Z) onpenensiercs
dopmyIoit
K = Rpxz«(pyz(J) ® pxy (1))

[peanonoKuTeasHo, KIaCe TOYHBIX (PDYHKTOPOB, ONUCAHHBIN BBIIIE, CONEPXKAT BCE TOUHLIE
GDYHKTOPBI MEXKTy TTPOU3BOAHBIMA KATETOPUAMH KOTEPEHTHBIX My9YKOB HA TJAJKUX TTPOEK-
THBHBLIX MHOT000pasuax. MBI He 3HAEM BEPHO 3TO WIH HET, OZHAKO, 9TO OIPEICJICHHO BEPHO

AJ1d TOYHBIX SKBUBAJEHTHOCTEM.

Teopema 3.1. ([33], rakxe [35]) [Tyemv X u Y - 2aadkue npoexmusnvie m1o2006pasus.
Ipednonoorcum F : DY(X) = DY) — amo mounas sxeusarcrmmocmsv. Tozda cyuye-
emeyem eduncmeennviti (¢ mownocmvio do usomopdusma) obsexm £ € D(X xY) maxot,

ymo Pynkmop F  usomopdproti dynxmopy Pg.

Tenepb PaCcCMOTPpUM OTPAHUYEHHbIC TTPOU3BOAHBIC KATETOPUN KOTCPEHTHBIX IMTYYKOB Ha
abesieBbix MEOT000Opasnsix. CyIecTBYIOT IPUMEPHI PA3IHYHBIX abeIeBbIX MHOT006pa3Hit, KO-
TOpBIE UMEIOT SKBUBAJEHTHBIE TPOU3BOIHBIE KATETOPUYM KOTEPEHTHBIX MYyYIKOB. Bojee Toro,
MO2KHO TIOJTHOCTBIO OIHCATH KJIACChl abesIeBhIX MHOT000pas3nii ¢ 9KBUBAJIEHTHBIMEU [TPOU3BO/I-
HBIMU KaTEropuu KOTE€PEHTHBIX TTYyYKOB.

MMycte A — abeneso muOTOOOpasme pazmeprnocru n man C. dro osmagaer, ato A —
komrtekcublit Top (U/T', 1), KOTOpBIt gBIgeTCA aqrebpandeckKuM, T.€. UMEeT BJIOKEHUe B
[POEKTHUBHOE TpocTpancTBo. Ilycrs A - nBolicreeHHoe abesieBo MHOroobpasue, T.e. JBO-
crennpiii Top (U*/T*, —I'). On xamonmdecku m3omopden rpymme Iukapa Pic®(A4). Xo-
POIII0 M3BECTHO, YTO CYIECTBYET eIMHCTBEHHOE JUHEHHOe pacciaoenne P Ha MpOW3Be eHur
Ax A TaKoe, UTO JJIsd KaXKI0H TOUKU o € A orpaanvenune P, ma A X {a} mpencrasiser

snement Pic’A, coorBercrByrommit «, U, B JONOJHEHHH, orpaHHueHne P TPUBH-

asbuo. Takoe P masbiBaerca paccioenuem llyamkape. (oph
Paccioenne [lyankape maer npuMep TOUHO SKBUBATEHTHOCTH MEKIY TPOU3BOTHBIMUA Ka-
TEropuUsIMU KOTEPEHTHBIX I1yYKOB JBYX Hen30MOp(MHBIX MHOrooGpasmii. PaccmoTpum npoek-
U
A &£ Axa L4
u dyukrop ®p : DP(A) — DP(A), ompenenennniii dbopmyioit (9), re. Pp(-) = Rg(P ®
p*(+)). Myxau moxazan [32], uro dbyukrop ®p : DP(A) — DY(A) ecTb TouHast SKBUBa-

JIEHTHOCTD, W CYIECTBYeT u3oMopdu3M HyHKTOPOB:
Upodp=(—14)"[nl,

rae (—14) — mopdusm B3garus obparHoro B rpynme A.

[yers A1 mw Ay — ;Ba abeseBBIX MHOTOOOPA3Us OAMHAKOBOH pasMepHocTr. O603HAINM
gepe3 'y, u 'y, pemerku nepsoix romosioruit Hi(A1,Z) u Hy(A2,7Z). Kaxnoe orobpa-
xemue f: Aj — Ay abeneBbix MHOr0OOpasuil nuayrupyer orobpazkenne f: 14, — [a,

Ha T'pylax NepBBIX FOMOJIOTHUN.
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Jlna mroboro abenepa Muoroobpasus A pemerka DEpBBIX TOMOJOIHI MHOr00Opasus
Ax A copnagaer ¢ I'y @ I} u, ciaemosarenpHO, 00/13/1a€T KAHOHWYECKON CHUMMeTpHYe-
cKoit Gumueitnoit popmoit g4, oupepenennoii no npasuiy (6). Paccmorpum uzomopdusm
A x A\l = Ay x 22 abesieBbix MHOTOOOpasuii. HazoBeMm ero usomempuunvim, eciau
uzomopduam f : Tq, @ "4, Ty, @ Iy, oroxjecTsiasger GopMBbl g4, U GA,.

Ceiivac MBI cPOPMYIUPYEM KPUTEPHUI TOrO, KOTja JiBa abeleBbIX MHOr000pas3us WMET

9KBUBAJICHTHBIC IPOU3BOAHBIC KATECIOPUKU KOI'CPEHTHBIX ITYYKOB.

Teopema 3.2. ([34]) ITycmv A1 u As — abeaesvi mnozoobpasus. IIpoussodnve Kamezo-
puu DP(A1) u DP(As) aeaaomea sK6USLACHMHOLMY KK MPUGHZYAUPOSAHHBLE KAMELOPUL

mozda u MoAbKko Mozda, K020a CYWECTEYEM USOMEMPUUHBLT USOMOPPUIM
fZAlelLAQXAQ,
[ omooicdecmsaaem dopmor qa, u qa, Ha FAl @F}h U FA2 @F%.

Ucnonezys teopembr 2.1 m 3.2, MOXKHO TPOM3BECTH HEKOTOPYIO ITPOBEPKY THUIIOTE3bI
0 TOMOJIOTHYECKON 3epKATBLHON CHMMETPHH JIJIsT TOPOB. [IpeamosoxmMm, d4To JBa TOpa
(Th,1,G1,B1) u (Ts, I2,Go, By) oba 3epkanbho cuMmmerpuansl Topy (17,1, G', B"). To-
rna SCET(Ty, I, Gy, B1) wsomopdua SCFT(T'g, Is, G2, B2), wno Teopeme 2.1 cymectsyer
uzomopdusm pemterox 'y @7 u I'o @ I'5, xoropsrit oroxaecrsiusier g1 u q2, 11 u ZIo,
n 1 u Ja.

C JIpyToit CTOPOHBI, €C/JH Telephb MPENOI0KHATh, 9T0 00a KoMirekcubix Topa (11, 11) u
(T, I) sBnsiorca anrebpamdeckumu, torma I'3C Breger sxpusanensrocts DP((Ty, 1)) u
D*((Ty, I5)). Kpurepmii /15t 9KBUBAIEHTHOCTH aeTcs B Teopeme 3.2: oi Tpebyer CyIecTBo-
Banue uzomopdusma mexay 't ®I'7 u I'o @ I'5, xoropsiit nepesogur g1 B g2, u T, B
To. OueBnHO, 9TO Tak Kak B obmem ciaydae I # Z, MBI MIOJIy9IaeM IBa YCJIOBUS, KOTOPBIE
mpoTuBOpedar Apyr apyry. OmHako, Tak Kak Z COBIIQIaeT ¢ 7 upu yeaosun B2 =0,

NOTyIaeTCsT CIIeAYIOMNM pPe3yabTaT.

Caeacrsue 3.3. Ecau SCFT(T'y, I1,G1, B1) usomoppmna SCFT(T'y, Is, Go, Bs), oba mopa
(Th, 1) u (Tp,I3) ancebpauunv, u obe gopmo. By u Bz umerom mun (1,1), mozda
DY((T1, 1)) w Db((Ty, 1)) oneusarenmmbL.

[Iycts (Th,11,G1,B1) — KOMILIEKCHBIN TOP C ILIOCKOH K3J1€pOBOH MeTpHKOil u B-mosem
rua (1,1), wnycrs (1o, I3) — apyroi komiiekcHbI TOp. TIpeamoioKum, 9T0 CymecTByeT
uzomopdusm pemteroxk g : 't @ I'7 — I'o & I'5, nepesopsmuit ¢1 B g2 u 7, 8 I»,. B
9TOM CJyYae MOXKHO J0Ka3aTh, uTo Ha 15 cymecTByeT Kajmeposa Merpuka (Go u B-mose
By tuma (1,1) rakme, aro SCFT(T'y,I1,G1, B1) msomopdua SCET([g, Iy, Ga, By) kax
N = 2 cynepxou@OpPMHbBIE TEOPHUH TOJI.

Kombunupyst 310 ¢ Teopemoii 2.1 u kpurepueM >KBUBAJEHTHOCTH Jjis MPOU3BOIHBIX Ka-

reropuit DY((T1,11)) u DY((Ty, I)), mosyuaem pe3yabTaT OOpATHBIA K CIEACTBUIO 3.3.

Caencreue 3.4. ITycmo (T1,11,G1, B1) — aszebpauueckutdi mop ¢ naockoti Kareposot mem-
pukoli u B-noaem muna (1,1). Ilyemo (T2,12) - dpyeoti anzebpauseckut mop. IIpedno-
aoorcum, wmo DP((T1, 1)) sxeusarenmmua DP((Ty, I3)). Tozda na Ty natidemca waneposa
mempura Go u B-noae Bs muna (1,1) maxue, wvmo SCFT(I'1,I1,G1,B1) usomoppra
SCFT(Ig, I3, Ga, Ba) xax N =2 cynepron@opmmsie meopuu nois.
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Ecimm dimc T = 1, to B-nose apromaruuecku umeer tun (1,1). CremoBaresnbHo, B 3T0M
cayaae I'3C BeigepRuBaer nposepky. KOHEUHO, 3T0 TO, 9TO MBI 0JKHIaeM, TaK KaK W3BECTHO,
qro I'3C jyist ssmunruaeckux Kpusbix Bepha [39]. C pyroit cropoHbl, KaxKercst, 4To B Clydae
dimc T > 1 umerorcs mpoOIeMBbl.

Ommako He BCe TOTEPAHO — W B 9TOM CJAyYae CYIIECTBYeT TMPOCTas MOJUDUKAIIHST
I'38C, koropasg mpoxXoauT HaIlle TECTHPOBaHWE. IDTa MOIAUMUKAINS MOAPAZYMEBAET 3aMEHY
D°((T, I)) npoussoamoit kareropueii 3(B)-ckpydennpix myuxos, rae 3(B) — sro saement
H2((T,I),0%), zasucammuii or B-noia B € H*(X,R).

Hycrs X — anreGpamdeckoe maoroobpasue vag C, wnyers B € H?(X,R). Paccmorpum
romomopduam 31 H2(X,R) — H?(X,O%), unmyrmupoBanubrii orobpaxenmem R — O%,

KOTOPOE 1I0/1y4aeTcd U3 CACAYIOIEH KOMMYTaTUBHON AuarpaMMbl:
0O —%Z — R —— R/Z — 0

I l l

O—>Z—>(’)XGM>) oy — 0

Kazwiit snement a € H2(X,0%) samaer O% gerbe X, ma X. Paccmorpum karero-
PHIO KOTepEeHTHLIX IydkoB Beca 1 cohi(X,) ma gerbe X,. Temepp Hama TpuaHTyIupo-
BaHHAA KATETOPUS MOXKET OBITh OMPEIETIEHa KaK MPOU3BOAHAA KATETOPUS Db(COhl(XB( B)))
u Gyzer obosmagarscs DP(X, B). HamomHmM, 9r0 KOrepeHTHbIe myukn Beca 1 ma gerbe
X, MOTYyT OBITHL ONpEIeTeHB KaK CKPYUYEHHBIE KOTEPEeHTHBIE MydYKd Ha X B CAEIYIO-
meM cMbicie. Boibepem orkpoitoe nokpeitue {U;}tier Muoroobpasust X, s KOTOporo
snement a € H2(X,0%) npencrasnserca 2-xommkiaom Yexa ay, € I'(Usjk, O%), e
Uijr = UiNU;NUy. Teneps a-cKkpy4eHHBI Iy90K MOXKHO OIPEIEINTh KaK HabOp KOrepeHT-
HBIX MyukoB J; Ha U; am4a Bcex @ € I BMecTe ¢ m3oMopdusMaMu ¢j; : E\U,L.j - fj]Uij
st Beex map 4,J € 1 ( ¢y = (bj_il ), YZIOBJIETBOPSIONIAMY CKPYUIEHHOMY YCJIOBHIO KOITHKJIA
GijjkPri = aijkid.

B ciyuae, korna 3(B) — 310 anement kpyuenns B H2(X,0%), aberesa xareropus
CKPYUYEHHBIX MyYKOB SKBUBAJIEHTHA abeIeBOl KATErOPUH KOTEPEHTHBIX MMYYKOB MOJIYJICH Ha,T
nydkom aiaredbp Ansymass Ap, KOTOPBI COOTBETCTBYET TAHHOMY 3JEMEHTY. DTO BJIEUET
TAKZKE IKBUBAJIEHTHOCTHL COOTBETCTBYIOIINX TTPONU3BOJHBIX KaTeI‘OpI/Iﬁ.

Hamomuawnm onpegenenne m ocHoBrbIe dakThl 06 anrebpax Apzymaga. [ycrs A — 370
Ox —anrebpa, KoTopasi kKorepenTHa Kak mydok Ox—momynei. OHa HasbiBaeTcs anrebpoit
Am3ymas, ecu OHa SIBJISETCSA JIOKATHHO cBOGOTHBIM mydkoM O x —MOysel u st Kaxk o
toukn = € X orpannuenne A(z) := A®p, C(x) msomopduo marpuunoit anrebpe M, (C).
Tpusnanbuas anrebpa Amsymas — 910 anrebpa suga End(E), rme E — 310 BEKTOpHOE
paccioenue. e anrebpor Anzymas A n A’ naswisatorcst nog00ubiMu (1 Mopura 5KBU-

BaHeHTHbIMI/I), ecJTM HaifyTcsd BEKTODHBIE paccyioeHus F u E' TakKue, 9To
A®oy, End(E) 2 A ®0, End(E").

O6o3naunm gepes coh(A) abeseBy kareropuio mydkos (mpasbix) A-Mogyieil, KOTopble
KorepenTHb! Kak myun Oy -Moxyreit, a gepes DP(X, A) orpanmuenHyio HpOM3BOIHYIO
kareropuio coh(A). Jlerko Bumers, uro ecnm anrebpor Amgymas A uw A nomoGubl, TO
kareropun coh(A) u coh(A') SKBUBATEHTHBLI, W 3HAYAT MPOU3BOAHBIE Kareropmn DP(A)

u DP(A') Tax»ke SKBHBAJICHTHDL.
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Anrebpsr Agymad o Moaysrio Moprta sKBHBAJIEHTHOCTH 00pa3yIOT IPYIITY OTHOCHTE b=
HO TEH30PHOTO YMHOXKEHWs. DTa TPyIa HazbiBaeTca rpymmnoit bpayspa muoroobpasms X

u o6o3nauaercs Br(X). Cymecrsyer ecrecTBeHHOE 0TOOpAKEHME
Br(X) — H*(X,0%).

910 0TOOpaKEHNE SIBISETCS BJIOKEHUEM, a ero 00pa3 COJAEPKUTCS B MOATPYIITe KPYUIeHUs
H?(X, O% )tors. locmennsia rpynna obosnadaercs Br/(X) u HasplBaeTcst KOMOMOJIOTHYE-
ckoit rpymnmoit bpayspa X. Xopormo m3BectHas rtumore3a ['pOTEHAWKA YTBEPXKIAET, GTO
ecrecrBerHoe orobpaxenne Br(X) — Br/(X) ects mzomopdusm s TIagKux MHOTOO6-
pasmii. DTa runoresa ObLTa JOKa3aHa st abeIeBBIX MHOrooOpasnit [16].

Hpennonoxnm, uro B(B) — snemenr xpyuenus B H2((T,1),0%), u paccMoTpum
anarebpy Ajsymas Ap, COOTBETCTBYIOIIYIO STOMY 37eMeHTy. [Ipom3BogHast Kareropus
D((T, 1), Ap) me 3aBucut or BeIGOpa Ap, T.K. Bce Taxme anreGpsr MopnTa SKBHBAICHT-
HBI. MOKHO IOKa3aTh, uTo npoussoaHas kareropus DP((T,I), B) sKBUBaIeHTHA KATErOPHI
DY((T, 1), Ap).

HocraTounoe ycioBue B ciiydae ajarebpantieckux TOPOB JI/Ist SKBUBAJIEHTHOCTH KaTEropuit
D((Ty, 1), B1) u DY((Ty, I2), B2) maercs ciemyiomeii Teopenoir [38].

Teopema 3.5. (|38]) Hycmov (T1,11) u (Ts,12) - dea anzebpauneckur mopa. IlTycmo B €
H?(T1,R) u By € H*(Ty,R) omobpasicaromea (3 6 anemenmos kpyuenus. Ecau natidemes
usomoppusm pewemor I't @ I'7 u I'o ® TS, nepesodawut q1 6 q, a Iy 6 Zy, mo
kamezopuu DP((Ty, 1), B1) u DY((Ty,I3), Ba) 6ydym sxeusanernmaot.

[IpeacraBiisieTcst BEPOSTHBIM, 9TO JAHHOE YCJIOBUST TAKIKE SIBJISICTCS M HEOOXOTMMBIM JIJTst
Toro, urober DY((T1,11), B1) 6bira sxeusarentaa DP((Ty, I2), Bz). Kombumupys Teope-

My 3.5 ¢ Hameit Teopemoit 2.1, moaydaeM Takoil pe3yabTaT.

Caencrsue 3.6. ITpednoaooicum, wmo SCET (T, 11,G1,B1) u SCET(Te, I3, Ga, Ba) uso-
mopproi, 06a mopa (Th,11) u (Ta, I2) aneebpauunv, u kax By max u Ba omobpascaromes
B 6 anemenmor kpyuenus. Tozda xamezopuu DP((T1, 1), B1) u DP((Ty, I3), Bs) okeusa-

ACHTTIHDBL.

JlammHoe ciaeacTBre MOACKa3BIBaeT crocod Moandunrposars ['3C — 3aMmennThb Db(X ) Ha
D%(X, B). Hamomumnwm, uto Hajmunme B-mos m3Menser u ompejenenue kareropun Dykas,
KOTOpas 0bo3Hauaercs B 3roM caydae yepes DFy(X, B). Momudunuposannas I'3C yreep-
xmaer, aro e (X, G,B) u (X',G', B') 3epkambno cummerpuansi, o DP(X, B) sksu-
sanentna DFy(X', B'). Cnencreue 3.6 MOKA3BIBAET, 9TO 3T IUIOTE3A BHLIEPKHUBAET PO~
BEPKY, B TO BpeMd Kak opurunajbHasg ['3C mapymaercs.

Jlist saaunTnyeckux KpuBbix Mogudunuposaniad ['3C He CIbHO OT/IMYaeTcs 0T OPUri-
HaabHOMN. Tak KaK B 9TOM CJIydae h0? = 0, TO KOMILIEKCHASI CTOPOHA HUKAK HE M3MEHSIETCS
¢ BBeJieHUEeM B-110Jist, B TO BpeMs KaK Ha CUMILIEKTUYECKON CTOPOHE eIMHCTBEHHBIM 3(hek-
TOM SBJISIETCS KOMILUTEKCH(DUKAIINS CUMILIEKTHIeCKOi hopMbl (3aMeHsaAss w Ha w + (B ).
Jnst macrosmux MuOroo6pasmit Kamabu-Sly h%? raxike 3amyssiercs:, m KOMILIEKCHAS CTO-
pOHA CHOBA HE W3MEHSAETCs, HO HA CUMILIEKTHIECKON CTOPOHEe Haaudne B-ToJs TpuBOSUT
K PAJIUKAJBHBIM M3MeHeHusiM. K mpuMepy, MJIOCKWe CBsI3HOCTH HA, JIATPAHYKEBBIX MTOIMHO-

Foo6pa31/1$1x JOJIZKHBI ObITH 3aMeHeHDbl Ha IIPOEKTUBHO IIJIOCKHE, YTO BEAEeT K YMEHLIIICHHIO
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KomgecTBa A-6pam. A BOT /i KOMILJIEKCHBIX TOPOB pa3MepHOCTH HoJbIe YeM onnH B-moste

CUJIBHO BJIMsIET Kak Ha A-Opanbl Tak u Ha B-OpaHb.

4. KATErorusi A -BPAH U KATErorPUs OVKAS

B sroit meximm met o6cynum D -6panst Tuna A (A -6panbl) Ha MHOr00Opazuax Kamabu-
Ay. Kak y»ke roBOpusoch BhIIE, MHOXKECTBO A -6paH mMmeer CTPYyKTYPy 3/ IMTHBHON KaTe-
ropuu, u, ecsim X 3epkajabno X', 1o kareropus A -Opan Ha X 9KBUBAJICHTHA KaTerOpuUu
B -6pan na X', m Hao60poT. MOKHO CYHTATL yCTaHOBJIEGHHBIM, 4YTO KaTeropusa B -GpaH Ha
Kana6u-sly X sksmsasentna xareropun DP(X)? (7,28, 1, 5, 22]. Tunoresa I'3C nosromy
CBOJINTCA K YTBEPKAECHMIO, 9T0 Kareropusa A -Opam na X SKBUBAJEHTHA TPOU3IBOTHON Ka-
reropun Pyras ra X. Kax Mbl yBUIUM, MOCTETHEE YTBEPKIEHIE HE BEPHO J1JIsl HEKOTOPBIX
X, Tax uro rumore3a ['3C HyKIaeTca B MOAN(DUKAIIIN.

B cayqae, korma X — symntudeckas kpusasi, runoresa ['3C (¢ mebosbmmmu Mo/ udu-
Karusmm) Oblia gokasana B pabore [39]. C apyroit croponst, B pabore [20] 6b110 nokazaHo,
910, BoODIe roBOps, npousBoauas kareropud Oykas aBiigercd TOMBKO MOJHON MTOTKATEr0-
pueit kareropun A -Opam. B cayuae, korma X — Top pasMepHOCTH 00JbLIIE 2 ¢ IOCTOSHHOM
CUMILTEKTHYIECKO# CTPYKTYPOii, B pabore [20] 6b111 mocTpoeHsl npuMepbl A -6paH, KOTOpBIe
SIBJISTIOTCST KOM3OTPOIHBIMHY, & HE JIarpaHKkeBbiMu, mogmuoroobpazuavu B X. Tloka mescwo,
KaK JaTh MAaTEMaTHIeCKH CTPOroe ompegenenme kareropuum A -Opam. B 9To#l mekmmm Mo
OTHIIIEM Pe3yIbTATHl paboThl [20] u 06Cy UM HEpeIleHHbIe TTPOOJIEMBI.

Y10o0BI IPOIEMOHCTPHPOBATE, UTO KaTeropuss A -0pan ma mooroobpasuu X, BOOOIIE ro-
Bopst, "6osbme" DFy(X), Mbl nperbseuM 3epkanbhyio mapy X u X' Takyto, 4TO Tpymnma
K9D*(X)) crporo Gomsmre, wem KO(DFo(X')). Jlas mpocTOTHI, MOKHO €Ie TEH30PHO
ymuoxkute K° ma Q u mpuMennTh xapakrep UepHa, KOTODBIH NPUHIMAET 3HAUCHWS B
koromosornax X. B ciaygae DP(X) xapaxrep Uepma ch mpuHEMaer 3HaUeHHS B mepece-
wermn H*(X,Q) w &)_oHPP(X), xoroprie paccmarpmpatores Kak nogarpymmsr H* (X, C).
(Cornacuo runoresze Xogxka, obpas ch cosnagaer ¢ srum nepecedenmem.) B ciayuae ka-
teropun OyKas 3epKaabHOT0 MHOT00Opasna X', MOXKHO CKazaThb Caeayomee. Bo-mepBuIx,
3epKaJIbHag cuMMeTpusg nEaynupyer usomopdmsym H*(X,C) mw H*(X',C), Tak uto anajor
xapakTepa Yepua m1s kareropun Oykast H0IKEH TPUHUMATH 3HAYEHUS B KAKOW-HUOYIH 01
rpynne H*(X',C). EcTecTBeHHO MPeIoNoKuTh, 9TO Xapakrep depHa 00beKTa KaTeropun
®yxkas (Y, E,V) — 10 kaacc koromosornit (Han Q ), myanbueiii no Ilyankape romosoru-
YECKOMY KJiaccy Y. DTy rumoresy MoxKo 0O0CHOBATH (DUBUYECKUMHU COOOPAKEHUAME, U MbI
OyaeM CYnTaTh, ITO OHA BEPHA.

[Myctes E - smiunruueckas Kpupag, € — OpOW3BObHAag Touka Ha F, a End.(E) -
KOJIbIIO dHAOMOPPu3MOB FE, coxpasstiommx e. g OosbmmaCcTBa, FE 970 KOJIBIO M30-
MOphHO Z, HO JIsg HEKOTOPBIX cnemranbHblx F koabno Ende(F) crporo Gombime, gem
Z. Tagwe KpuBble HA3BIBAIOTCS FTITUNTHICCKUMU KPUBBIMU C KOMILIEKCHBIM YMHOKEHUEM.
He Tpyzmmo nposeputs, uro E 00/1a786T KOMILIEKCHBIM YMHOXKEHUEM TOT1d U TOJBKO TOTA,
KoOIJa ee nmapamerp TeiixMroiepa T — KOPEHb KBAJIPATHOIO YPABHEHUS € IEIbIMEU KO(Pdu-
muerTamMu. [lyets F — sunnTrdeckas KpuBas ¢ KOMILIEKCHBIM YMHOXKEHTeM. PaceMoTpuM

abeneBo mHOroobpasme X = E™, n > 2. MoXHO IT0Ka3aTh, ITO JJjId TAKOI0 MHOT000pa3us

55 sroit JIEKIIUH [JIs1 IIPOCTOTHL IIPEIIOIaraeTcsd, 9r0 B-moste paBuHo Hysio
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pasMepHocTb 0bpa3za xapakTepa Yepna
ch: K*(D}(X)) © Q — H*(X,Q)

COBITaJa€T C ITepecedcHrneM
n
H*(X,Q)() | @ H""(X)
p=0
1 UMeeT Pa3MepPHOCTh

) 2n
dimg Im(ch) = .

n
Hanee, abeneBo MHoroobpasue X 3epKajbHO HEKOTOPOMY CHMILIEKTHYECKOMY Topy X'
BEIeCTBEeHHOM pazMepHocTH 2n. JIoboil Kiace koromosoruit X', myanbueiit no Iyankape

JIArPaHKeBOMY 110MHOro00pasuio B X', IpUHALIeKUT 9Py 0To0paskeHus

(10) H"(X',R) -2 H"2(X' R).
910 oToOparxkKeHne — SMUMOPGU3M, MO3ITOMY €r0 Pa3MepHOCTb PaBHA (277) — (n2f2). Cre-
JIOBATeIbHO, 00pa3 xapakrepa Yepra kareropnn Pykas He MPEBOCXOIAT (27?) — (nQJ’:Q). C

JIPYrOii CTOPOHBI, 3€PKAJIbHAs CUMMETPUs JaeT HaM HU30MOPGU3M MKy KOTOMOJIOTUAMU
X u X' [13]. Ecim cuenaTh pe3oHHOE AOMYINEHWE, 9TO 3TOT M30MOPGU3M COrACOBAH €
SKBUBAJIEHTHOCTBLIO Kareropuit B -6pan na X un A -6pan na X', TO MOXKHO 3aKJIOYUTD,
910 Kareropua DJFo(X’) me moxer 6bITh sKBHBajeHTHa Kareropunm A -6pam ma X'. C
JIPYTOii CTOPOHBI, MbI 3HaEM 13 (PU3UIECKUX COOOpPAKEHUI, UTO MepBasi KATErOPUs ABJIsI€TCS
IOJIHOM IOAKATErOpUeil BTOPOil.

Bozuukaer Bonpoc: ecan ne Bce A -GpaHbl NPOUCXOAAT U3 JIAIPAHKEBBIX ITOJIMHOT00Opa-
3Uil, TO KAK MPaBUJILHO ONMKUCATH UX reoMerTpuio? Ha KoroMoioruaeckoM ypoBHE, 3TOT BOIIPOC
CBOJIUTCA K CJIEAYIOMIEMY: ecjii XxapakTep YepHa He 00sA3aTEIbHO JIEXKUT B SIpe 0TOOpazKe-
aust (10), To 2de on npunuMaer 3Hauvenns? OTBeT Ha IOCJEAHUI BOIPOC MOXKHO ONUCATDH
tak [13, 18]. Ilycrb na X 3ajana Kakas-HUOY b HOCTOSIHHAS K3j1epoBa (hopMa, Takast, 4To
X =AXxDB, rne A u B — narpanzxeBbl BelllecTBeHHbIe ToATOpE. Torga Top X' = Ax B
zepkajed X. Paccmorpum top Z = A X A x B. Y nmero ectp JIB€ O4YeBU/HBbIE ITPOEK-
wm 7 and 7 wa X and X'. Ha A x A y mac rakxke ectb paccioenne Ilyankape
P, xapakrep Uepna koroporo mbi 0603naqum ch(P). Mcnoap3yss 04eBUIHYIO TIPOEKIIUEO
Z wa Ax A, moxno paccmarpupaTh ch(P) Kak KJjacc Koromosoruit va Z. Ilycrs y Hac
TEIeph €CTh KaKOH-Huby b Kaace koromonornii « € H*(X, Q). Onmmewm ero o6pas npu 3ep-
kasbHOl cummerpun [13]. Hazo B3sith o6paTHbIii 06pa3 « 10 OTHOIIEHHUIO K 0TOOPAKeHUTO
7w Z — X, renszopno ymuOxkuThH Ha ch(P), a morom B3aTH npsiMoit 06pas mpu oTobpa-
xenwn 7' 1 Z — X'. Tlomyuwaerca knace o € H*(X',Q), KoTopblit gBasgercss 06pa3oM
Ipy 3epKaJibHON cuMMeTpun. MOXKHO TIOKa3aTh, UTO €CJAu (¢ IPUHAIJIENKUT [EPECEUEHUTO
H*(X,Q) n ®&,HPP(X), 10 ¢ ynoBmersopsier

/ /
lp—100 —wAa =0.

31ech L,-1 — OIEPATOp BHYTPEHHEro yMHOXKeHus Ha GuexTop w™!. Kiaccer Koromosormii,
JyaJibHBIE JIATPAHMKEBLIM TTOAMHOT000pa3UIM, YIOBIETBOPSIOT 9TOMY YPABHEHUIO, HO OHO

uMeeT M Apyrue pemenud. Haopumep, Jerko mOCTPOATH IPHMEPHI pernenuit suga o = e%,
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rie a € H?(X',7Z). Takue npuMepsl HABOIAT HA MBIC/Ib, 9TO JIIS HEKOTOPBIX CHMILTEKTH-
geckux MHOroobpasuii X CyIecTByIOT JuHENHBIE PACCIOeHUs Ha X, KOTOPBIE ABJIIIOTCH
A -6panamu. Mbl BCKOPE yBUMM, 4TO 3TO AEHCTBATENBHO TAK.

Yro06w! siyuine ToHATEL reoMerpuio A -Gpamn, obparuMced K ¢pusuke. Kax yxke 00baCcHII0Ch
B Jsiektmu 1, Kiaccudeckast A -OpaHa — 9T0 IpaHUYHOE YCJIOBUE JIjIs CATMa-MOJIeJId, KOTOPOe
coxpansier N = 2 cynepanarebpy Bupacopo. B pabore [20] mbl npoananmusuposasu 310
yCJIOBUE B IPENOJOKEHNH, 9T0 A -OpaHa OnmuchBAETCH CJIEYIOMUMU FEOMETPUIECKUMEI
JaHHBIMH: MoaMHoroobpasuem Y B X, ymHeHHbIM paccioenuneMm F Ha Y, cHabXeHHOM
SPMUTOBON METPUKON, U YHUTAPHOU CBA3HOCTBIO VE Ha F. Mbl nokazanm, 4ro Tpoiika
(Y,E,VEg) samaer A-6pany TOrja u TOJBKO TOTJA, KOTJA BBLIMOJHEHBI CJIEIYIONHE TPH

yCJIOBUA:

(a) Y - komsorpomroe momMHOT00Opasne B X. DTO O3HAYAET, YTO OTPAHUYEHNE CHM-
IJIEKTUIECKON (hOopMbl w HA Y — (PopMa MOCTOSHHOIO PAHTA, & €€ SJIPO — UHTEIPU-
pyemoe pacrpeneneane LY C TY. (YxsuBanenTHOE ONpeeneHne: Y KOX30TPOITHO,
ecnn fijist TI060H TOYKA P € Y KOCOOPTOTOHATHHOE JIOMOJHEHUE K TOAITPOCTPAHCTBY
TY, C TX, comepxurca s TY),. ) ®akrop-paccioenne TY/LY 6yner oboznadars-
ca NY. U3 onpejiesienns KOU30TPOIHOCTH cjiejlyer, uro dopma wl|y MHynupyer
Ha BeKTOpHOM pacciaoennn NY cuMIIekTrdecKyio popMmy, KOTOPYIOo MBI Gyaem 060-
3HAYATD O.

(6) 2-bopma xkpuemsHEl F = (27i)"1V%, paccmarpuBaeMas Kak 0TOGPasKeHHe U3 BeK-
TopHOrO paccioenuss 1Y B BeKTOpHOE paccioenune TY™, 3aHysisgercss Ha MOApac-
cnoenmmn LY. (®axtop (2mi)~! B ompenenemmn F BBemen mas Toro, 9robbl F
ObLTa BEIecTBeHHOH 2-(opMOil ¢ MEJOIUCTCHHBIMI EPUOIAMA.) DTO 03HATALT, ITO
2-dpopma F unaynupyer va NY KococuMMeTpuuHOe capuBaHue, KOTOPoe Mbl Oy-
JeMm obosHauaTh f.

(B) ®opmbl 0 m f, paccmarpupaeMble Kak oroOpaxkenng n3 NY B NY™, yrosaerso-
pator ypasaermo (o' f)? = —idyry. D10 3HauuT, uTo Tenzop J = 0 ' f aBasercs

KOMILIEKCHOH cTpyKTypoii Ha pacciaoennn NY.

[IpokommenTupyeMm s1u yciaosud. U3 yciaosus (a) BeITeKaer, 9To Ha Y UMEETCsl CTPYK-
Typa CJIOEHWsI, PA3MEPHOCTh KOTOPOTO paBHa KopazmepuocTr Y B X. DTO CI0€HWE HAZHI-
BAETCs XaPAKTEPUCTUIECKUM CJIO€HUEM KOM3OTPOIHOTO moaMmuoroodpasus Y. Fcawm xapax-
TEPUCTUIECKOE CJI0eHNe Y SBJISIETCS JIOKAJbHO TPUBUAJBHBIM paccjioeHueM p:Y — Z ¢
raagkoit 6asoit Z, to N'Y — 310 mpocro o6paTHbIi 00pa3 KacaTeabHoro paccaoenus 17 :
NY =p*TZ, a xococummerpudeckast popMa o — 06paTHbIA 06pa3 HEKOTOPOil CUMILIeKTH-
geckoit hopmbl HA Z. B obmiem ciiydae, Mbl mMeeM 1110 ¢ MHOTOOOpasueM Y €O CJIOCHUEM U
BeKTOpHBLIM paccaoenneM NY Ha HeM, a IIPOCTPAHCTBO CJI0EB Z 3TOTO CJIOCHHS He SBJIIeT-
¢Sl VIAJIKUM MHOT000pa3zueM, uin jazxe XaycaopddOoBbIM TOTOJOTUIECKUM ITPOCTPAHCTBOM.
Tem He MeHee, UMeeT CMBIC] PacCMaTPUBATh MyYOK IJIAJKUX cedennit pacciaoenus NY,
JIOKAJIBHO MOCTOSHHBIX BJOJEL CI0EB CIOCHUS. JTOT MYIOK UIPAET POAL 00pATHOTO 00pasza
OyYKa TJIAJKUX CEUEHUH HEeCYIeCTBYIOIIEro, BOOOIE TOBOPS, KACATEIbHOTO PACCIOEHUS K
Z. Ynobuo Takxke AymMarh npo (hOpMy O KaKk CUMILUIEKTHYECKYI0 ¢dopmy Ha Z. B Teo-

"

pun CJIOEHU ITY CUTYAIUIO BbIPAXKAIOT CJIOBAMU =~ 0 — TPaHCBEPCaJbHAA CUMIIEKTUYECKaA
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dopma Ha MHOroo6pasuu Y co ciaoenuem'. Bexropuoe pacciaoenue NY 06bIMHO Ha3blBa-
0T HOPMAJIBHBIM PACCI0eHreM MHOroobpasus Y o cjaoeHueM (ero He C/Aeayer MmyTaTh C
HOPMaJIbHBIM PACCJ0CHHEM K camomy Y ).

Yenosue (6) o3HadTaeT, IT0 JIs 0600 cedenns v paccioenust LY Mbl umeeM G, F = 0.
Ilockoabky dF =0, To npoumspoamas Jlu or F Bgosb v paBHa HYJIIO, T. €. popma F' 1mo-
CTOSTHHA BJIOJIb CJIOEB CI0eHMdA. ECam XapakTepuCTHTIecKoe CI0CHNEe — 9TO JIOKATBHO TPUBH-
AJILHOE PACCIOCHHUE C TIALKOHA 6a30ii Z, TO 9T0 o3Ha4aeT, uTo 2-popma [ — obparHbIi 00pas
3aMKHYTOH 2-chopMbl HA Z. B obmeMm ciydae, MOXKHO CKa3aTh, 9T0 f — TPaHCBEPCATLHO-
3aMKHyTasd (popMa Ha MHOToo6pasun Y CO CJAOCHHEM.

Yenosue (B), mpexie Bcero, ropoput Ham, uTo 2-popma [ HeBbIpOKeHa. Takum 06pa-
30M, [ — TpaHCBepcaJibHas CUMILIEKTHYeCKad HopMa Ha Y, B TOYHOCTH Kak U 0. Bo-
BTODBIX, 9TO YCJIOBHE I'OBOPUT HaM, uTo J = 0 'f — 9TO TpaHCBepCaJbHAS KBA3UKOM-
IJIEKCHAST CTPYKTYpa Ha MHOroobpaszun Y co cioeHneM. Ecin ciioenne aBisieTcst TOKAIHHO
TPUBHMATHHBIM PACCIOCHUEM C TJIaJAKONW 6azoit Z, 1o J — 9TO MPOCTO KBAZWKOMILICKCHAT
CTPYKTypa Ha Z.

N3 9mux Tpex yCaoBHH JIETKO BBITEKAET, YTO PA3ZMEPHOCTH Y JOMKHA WMeTh BUI N +
2k, tome n = %dimR X, a k — HeorpumareabHOoe menoe ducao. dumciao k mMeeT CMBICIT
"rpancBepcasbHOi KoMmIiekcHol pasmeproctn Y . Ecim k= 0, To ycmosue (a) roBopwur,
410 MHOroOGpasue Y sarpasxkeso, u rtorya yciaosue (6) tpebyer F = 0. (Yciosue (B) B
9TOM Cjiydae 1ycro.) pyroit mHTEepecHbI crenuaabHblil caydail — 910 korma Y = X (970
BO3MOKHO TOJIBKO €CJIM M €9eTHO). B 9TOM ciydae cjiom C0eHHsT — TOUKH, yCIOBHS (a) ©
(6) BLIIOIHSIOTCS aBTOMATHYECKH, a ycioue (B) o3magaer, uro sugomopdusm w L F
KBa3UKOMILJIEKCHAs CTPYKTypa Ha X.

Menee 09€BHIHO, UTO TPAHCBEPCAMbHAS KBA3UKOMILJIEKCHAST CTPYKRTYpa J WHTETPUPY-
ema [20]. DTo serko caeayer m3 Teopembl lenbdanga-lopdman, Koropas urpaer BaxK-
HYIO POJib B Teopuu uHTerpupyembix cucrem [11]. Taknm obpasom, Y — rpaHcBepcasibHO-
KOMILIEKCHOE MHOT00Opasue. Jlerko Bugers, aro dpopmbr f u o wmveror tun (0,2) + (2,0)
mo oTHoIeHno K J. Bonee Toro, dopma f + i0 — TpaHCBepcaTbHAS TOJOMOPMQHAST CUM-
mIeKTAIeckast hopMa Ha TPAHCBEPCATBLHO-KOMILIEKCHOM MHOroobpasun Y.

Heckosbko 3aragoanoe ycmosne (B) MOXKHO BBIPA3UTh pasindabiMu crnocobamu. Hanpn-

Mep, OHO SKBUBAJIEHTHO CJIEAYIOIIEMY HADOPY YCIOBHIA:
N(f+io)#0, r<k, AF(f+io)=0.

Tyr k Takoe ke, Kak ¥ BBIITIE.

[TompiTkE 0606IMTL yeaoBus (a-B) Ha CIydail, Korja BeKTOPHOE paccioenune F wmMeer
PaHT BBIIIE €JIUHUIBI, He YBEHUIANUCh [OTHBIM ycmexoM. YciaoBud (a) u (6) Jerxko 0606-
MATCsA, HO ¢ ycaoBueM (B) — npobsaembl. Ousnueckne u MaTeMaTHIecKue COOOpasKeHus

YKa3bIBAIOT, YTO MPABUIBHOE 0000IIEHNnE yCI0BUsl (B) BBILISIINT TaK:

(07 f)” = —idrany-
Tyt "TpanceepcanmbHas dhopMa KpuUBU3HBI" f paccMaTpUBAETCd KAaK CEUYEHHE PACCTOCHUST
End(E)®A?(NY™*). 13 Takoro ycioBusa HUKAKO# TPAHCBEPCATBHON KOMILICKCHON CTPYKTY-
pbl Ha Y He MOJIy9aeTcst, M er0 TeOMETPUIECKU CMBICJT HETIOHATEH. DTO BEIET K TPYIHOCTSIM

¢ onpegenerneM Mopdu3MoB Mexay Takumu A -OpaHamu (CM. HUKE).



30

o cux mop Mbr obcyxganun A -OpamHbl Ha KjIaccuaecKoM yposHe. Ha KBaHTOBOM ypoBHE
N =2 cynepaarebpa Bupacopo moxer ObITH aHOMAIBHON. YCJAOBUE OTCYTCTBUS aHOMAJINN
— BaXKHOE JIONOJHATENBHOE yeaoBue Ha A -Gpanbl. Paccmorpum, nanpumep, R -cummerpnio
J, ubm KomroHenThl Qypbe o0603HaMAMMCh pasee J, u J,. Dra cuMMeTpHs, BOObIIE ro-
BODsI, UMEET AaHOMAJIUIO M3-33 CTPYHHBIX MHCTAHTOHOB, T. €. U3-33a BKJIQJOB B MHTEIpPaJj IO
TPAEKTOPUAM CTPYHBI TPOUCXOAANINX U3 AUCKOB B X C rpanuieil na Y, KOTOPbIE HE MOTYT
ObITh NPOJEHOPMHUPOBAHBI B TOUKY. B ciydaae, korga Y — JlarpaHKeBO IOAMHOr00Opasue
X, anomasmu R -cummerpun ObLin mpoanasmsupoBanbl K. Xopu [17]. OxkaseiBaercs, 9To
AHOMAJINK OTCYTCTBYIOT TOT/Ia U TOJBKO TOIJA, KOIVIa 3aHyJsieTcsd Kiaacec MacsoBa o MHO-
roobpazus Y. D10 0bbsacHseT, modeMmy B ompesenennn kKareropun Oykas Tpebyercss, 9T00BI
0OBEKTHI OBLIN JIATPAHKEBBIMU TIOIMHOI000PA3UAMU C HYJIEBBIM Kjaaccom Macsosa.

st Gostee 06X KOMBOTPOTMHBIX A -OpaH yC/IOBUE OTCYTCTBUST AaHOMAJH OBLIO TIOJTyde-
HO B pabore [30]. Ilycte F' — 2-copma KpuBU3HBI JIHHEHHOTO pacciaoenus F Ha Y, u mycTsh
pasmeprocTh Y Oymer paBHa n + 2k, kak u Beie. [lycts ) — rojomopduast TpuBnam-
3alis KAHOHUYIECKOTO JIMHEHHOTrO paccioenns: Ha X. MoxkuO okazars, ato n+ 2k -gopma
Qly A F¥ murne me 3amymnsercs, a moromy uMmeer Mecto pasenctso Qly A F¥ = h-vol, tie
vol — dopma obbema Ha Y, a h — raaakas KOMILIEKCHO3HAUHAd PYHKINS Ha Y, KOTO-
pas Hurge me obpamaercs B Hyib. Moxuo paccmarpusars h kak sgement HO(Y, Cy),
rae Cy°* — myvok rmaakux C* -3naussix dysknmit Ha Y. Ilycrs «jp — saement H\(Y,7Z),
KOTOPBIH siBJIsteTcst o6pazoM h mpu romomopdusMe Bokireiina. AHOMaIUNT OTCYTCTBYIOT
TOr/la ¥ TOJBKO TOrMa, Korja op = 0.

Ecmu X — Top c mocTosinnoi cuMmmiekTuaeckoit hopmoit, Y — ero adpduHubIl TOATOP, U
2-popma F' 1mIOCTOsIHHA, TO KBAHTOBAHNE CUTMA-MOJEIN C TPAHUIIAMU TTPOBOINTCS 0 KOHIIA,
U JIETKO TTPOBEPUTH, 4T cynepaarebpa Bupacopo "BeikuBaer"u Ha KBAHTOBOM YPOBHE. DTO
JIOKA3BIBACT, UTO KOM3OTPOTHBIE A -OpaHbl CYIIECTBYIOT HAa KBAHTOBOM YDOBHE.

Bbiriens i03keHHbIe apryMeHThI JOJIKHBI yoemuTh auraresis, uro A -6paHbl MOryT He ObITh
JIATPAHKEBBIMY TIOIMHOT000pas3uamu, u 910 Kareropus Pykag go/KHa ObITH TOHO/IHEHA 60-
Jiee obrMu Kon3oTpommHbIMI A -Opamamu. K coxaeHnio, Mbl He MOXKEM TOKa, chOPMYITH-
poBaTh MaTeMAaTHYIECKN CTPOTOe onpeenenne kareropun A -Opai, Kotopoe 0606mano 6u1
dykraeBckoe ompesesenne. B ocTaprieiica 4acTu 3TOH JIEKITUH MBI 0OCY UM OJHY IBPUCTHUE-
CKYIO U0 B 9TOM HAIPABJICHUN.

B sTux nexmuax Mbl BCTpedaauch ¢ AsyMs TunaMu A -6pan. Bo-TiepBBIX, MBI 06CY K 1AM
obbekThl Kareropun @ykag, T. e. Tpoiiku (Y, E,Vg), rme Y - narpanzkeso moaMao00pa-
sue, I — spummroBO BexTOpHOE paccioenne HA Y, a VE — IJIOCKad YHUTApPHAS CBI3HOCTH
na F. Bo-sropeix, mbl umenu geno ¢ rtpoiikamu suga (Y, E,Vg), tne E - spumuroBo
Aunetnoe paccioenne Ha Y, Vg — yHUTApHAas CBSI3HOCTH HA F, ¥ BBIIOJIHEHBI yCJIOBUS
(a-B). g o6bekToB kareropun Pykasi MbI 3HAEM, B MPUHITAIE, KAK BBIYUCISATH TPOCTPAH-
crBa Mopdu3MOB u ux Kommosunuu. Ilompodbyem yrajiarh, Kak 3T0 CIeIaTh g 00bEeKTOB
BTOPOTO THUTIA.

Mper jroskaBL TpuyMaTh 0600menune kommiekca Proepa wa komsorponnsie A -Opambr.
st 9TOTO TTOJIE3HO BCIIOMHUTD, OTKY/1a bepercs: komiueke Poepa, HA UHTYUTUBHOM YPOBHE.
Paccymorpum mpocrpancrso riagkux myreit PX Ha CHMILIEKTHYECKOM MHOroobpaszmm X.

DTO TPOCTPAHCTBO OECKOHEUHOMEPHO, HO MbI OyleM 00paIarThbCsd ¢ HUM KaK C OOBIYHBIM
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KOHEYHOMEPHBIM IVIaJIKUM MHOroobpasumem. W3 cumiiekTuyeckoit ¢popmbl w Ha X MBI
nonydaem 1-cbopmy « wa PX 1mocpencTBOM WMHTErPUPOBAHUS W BIOJbL myTh. TodHee
rogops, ecsim vy : I — X — nyrs na X, a [ — kacarenwubiii Bektop k PX B TOuke
v (re. [ — BeKTOpHOE moJIe, OIpeeaeHHOe Ha obpa3e <y ), To 3HadeHwe 1-bopMbl @ Ha

BekTOpe [ Ompemenserca Kak

/ w(¥ (1), Bt))dt.

1
BameTnm, 9TO CymeCTBYIOT JBe ecTecTBeHHbIe poekiu n3 PX wa X (Hauano u kKower

IyTH), KOTOpble MBI 0603HaUMM 71 ©u 2. Jlerko BumeTh, uro do = myw — mjw. Takum
obpa3oM, ecam MBI paccMoTpuM moamHOToobOpasme B PX, cocrosimee m3 myTeit, KOTOPBIE
HAYNHAIOTCA U 3aKaHYNUBAKOTCHA Ha KaKI/IX-HI/I6yﬂb Cbl/IKCI/IpOBaHH])IX JIATPAHZKEeBbIX TTOAMHOT'O-
obpasuax B X, TO OrpaHHWYeHWE ( HA TAKOE MOAMHOr006pasme HyaeT 3aMKHYTHIM.

[Iyctes Y1 m Yo — aBa jarpaskeBwix moamMHOroobpasust B X, u mycrs PX(Y7,Ys) —
OPOCTPAHCTBO ImyTel B X, HAUYMHAMOIINAXCA Ha Y] W KOHYaomuxcd Ha Yo. Torma omeparop
Q@ = d+ 2w ma npocrpancrse quddepentmanbabix popm va PX(Y7,Y3) ymosaersopsier
Q? = 0, m MOXHO OIPOGOBATH BBHIYUCIUTEL €ro Koromoaoruu. (B KOHedHOMEPHOM CiTydae
9TOT KOMILTEKC Ha3BbIBAETCS CKPYUeHHBIM KoMmintekcoMm jge Pawma.) ITockombky PX(Y7,Y?)
6eCKOHEUHOMEPHO, BO3HUKAIOT MPOBJIEMBI C TOUHBIM OIPEJIEEHUEM CKPYUEHHBIX KOIOMO-
Joruit e Pama, KoTopble MOXKHO IIpeojioJieBaTh pas3ubiMu criocobamu. @iioep ompenesiny ux
aepes Teoputo Mopca. Toaree roBopst, eciu popMaibHO TpuMeHnTh Teoputo Mopca-Cueiira-
Hosukosa-Burrena k Bbraucaenuio koromoioruit ¢, To kak pas noayanrcs Kommieke Duio-
epa.

o cux 1mop Mbl UTHOPUPOBAJIX BEKTOpHBIE paccioenus FE; u FEo, Ho stor nedekt jer-
KO ucHpaBuTh. PaccMorpum BekTOpHBIE pacciaoenuss w7 ET w 7m5Ey wma PX(Y1,Y2). V
000MX PACCIOEHUI €CTh €CTECTBEHHBIC YHUTAPHBIE IIOCKHAE CBI3HOCTH, TOJTYIAIONTAECT KaK
obparnbiii 00paz Vpg: u Vpg,. PaccMOTpHM TeH30pHOE NPOM3BEJEHWE STHX DPACCIOeHmit
¢ IUIOCKHMH CBS3HOCTAMH KM J00aBUM K cBs3HOCTH 1-hbopmy 27a. llockosbky da = 0,
HOJIYHAIOIIAsCH CBS3HOCTh Ha 7B ® m5Fo omsiTh ILIOCKAsi, HO y¥Ke He yHHTapHas. Fc-
JIM MBI Tenepb mpuMenuM Teopuio Mopca K BBIYUC/IEHUIO KOTOMOJIOTHI 9TOTO CKPYYEHHOTO
komiuiekca ge Pama na PX(Y1,Y3), To momyunm xommiaexe @oepa, KOTOPBIH BBIYHCISET
mMopdusmbl Mex 1y obbekramu Kareropuu Pykas (Y1, E1,Vg,) u (Yo, Es, VE,).

Bwmecro maper marpamkesbix A -OpaH, paccCMOTPUM TENEPh Mapy KOM30TPOIHBIX A -6pan.
Paccnoenus E; u Ey tenepp bymyr mmers panr 1. Paccmorpum omgrh mpoOCTPAHCTBO
PX(Y1,Ys), cocrosimee u3 myTeil B X, HAYMHAIONMXCI HA Y] M KOHYAIONIUXCA HA Y3.
IlepBasi TpyaHOCTH COCTOUT B TOM, 9T0 l-popMa « Tenepb He 3aMKHYTa, TaK YTO Mbl HE
MOXKEM MCIT0JIb30BaTh ee, 9T00bl MOIyYuTh CKpyUYeHHbIl kKoMiiekc ge Pama. Bropas tpyi-
HOCTB COCTOMT B TOM, uTo cBasHoctu 71 (Vpgy) u 75(Vp,) na paccnoenuax wiE] m w5 E»
TOXKe He Tiockue. Kak MbI ceffqac yBUIUM, 3TH JiBe TPYAHOCTH "KoMneHcupyooT" npyr apyra
6aromaps yciaosusam (6) u (B). Ilosromy Gymem menaTh TO XKe caMoe, UTO U B JATPAHKEBOM
cjlydae: BO3bMEM TEH30DHOe NPOM3BejeHne JINHeHHbIX pacciaoenuit ] BT n w5 Fo m noba-
BUM K cBsizHoCTH 1-bopmy 2ma. TlosyumBiiasicsi CBA3HOCTB He ILJIOCKad, 3aT0 OHA 0bJiajaer
CTIEAYIOIIUM UHTEPECHBIM CBOMCTBOM. 3aMETHUM, UYTO MOCKOJBKY Y] U Yoy — MHOrooOpa3sus
co caoenusavu, o Ha PX(Y7,Y2) Toxke mMeercs ecrecTBeHHasd CTPYKTypa CiaoeHusd. Kazxk-

JBIH CJIOM 9TOTO CJIOEHUST COCTOUT W3 BCeX myTelt B X, COeIMHAIONINX (PUKCUPOBAHHBIN CJI0M
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B Y1 ¢ durcHpoBaHHBIM CjI0eM B Yo. KopaszMepHOCTH 9TOro cjoeHHs KOHEIHA W PABHA
cyMMe KOpa3MepHocTeit cioenuii na Y] u Yo, Jlanee, tak kak Y] m Yo mmeror TpaHcBep-
CaJIbHYI0 KOMILIEKCHYIO CTPYKTYPY, T0 MHOrooOpasue PX(Y7,Y3) co cioenunem Toxe nmeer
€CTECTBEHHYIO TPAHCBEPCATBLHYIO KOMILUIEKCHYIO CTPYKTYPY. Hala ¢Ba3HOCTh Ha paccioeHnn
T B ® m5Fy uMeeT cilefylolie CBOUCTBA!

(A) oma mIOCKast BJIOJIb CJIOEB CJIOCHUST;

(B) B rpancBepcasbHBIX HalpaBieHusax ee kpususna 7 (Fy + iw) — w5 (Fy + iw) umeer

tunr (2,0).

Orcroma ciemyer, 910 mMeer cMbICT paccmorperh mydok Ha PX(Y7,Y3), cocrosmmit w3
ceueHnit TuHEHHOTO paccyoenuss T E] ® m5Fo, KOTOpbIE JOKAIbHO KOBAPUAHTHO IOCTOSH-
HBI BJIOJTb CJIOEB CJOEHUS W TOJOMOPGHBI B TPAHCBEPCATHHBIX HAMPABICHUAX. KCTECTBEH-
HO TIPEIMONOKUTh, ITO KOTOMOJIOTHST 3TOTO MyJIKa W AT HAM TTPOCTPAHCTBO MOP(MU3MOB
mexay A -6panavu (Y1, E1,VE, ) u (Y2, Es, Vg,). Ha dopmanbaom ypoBHE 9TO MOXKHO
IIOKa3aTh, PaCCMOTPEB KBAHTOBAHHEC TOIIOJIOTUYCCKU CprquHOfI CUT'Ma-MOJEeJIN Ha OTPe3-
K€ C TPAaHWIHBIMI yCI0BusSIMH, coorBercTBytommmu 6panam (Y1, E1,Vg,) n (Y, B2, VE,).
Yro6bI TOYIHTH CTPOTOE ONMpEIeeHNe TTPOCTPAHCTBA MOP(MUIMOB, HAT0 HAHTH OCMBICTEH-
HYI0 MHTEpIpeTanuio 3Tux (GopMaJbHBIX KOHCTpYKIuil. B ciaydae sarpamxkesbix A -OGpan
Iy40K, O6CY}K,Z[&BH_H/H‘/JICH BBINIC, CTAHOBUTCA IIYYKOM JIOKAJIBHO KOBAPUAHTHO HTOCTOAHHBIX
cevenuii mockoro pacciaoenus na PX (Y1, Y2), n ero Koromosoruu MOXKHO OUPEJIE/InTh de-
pe3 reopuro Mopca-Cueitna-Hosukopa-Butrena. B obiiem ciiydae Mbl He 3HAEM TPABUIBHOM
HHTEPIPETATIIH.

TpynmOCTH, BO3ZHUKAIOININE TPU MOMBITKAX 00600mmTh KoMieke Proepa HA KOM30TPOII-
ubie A -BpaHbl, HABOJAAT HA MBIC/IbL, YTO reomMerpudeckoe onucanue A -Opan mocpeacTBom
moaMHOT000pasuit 8 X ¢ pacCIOeHWsSMN Ha HUX B KAKOM-TO CMBICJIE HETPaBUILHO. MBI
MOSICHUM, 9TO MBI HMEEM B BHJY, MMOCPEJICTBOM CJEAVIONIEH aHAJOTHH W3 KOMILIEKCHO-
aHauTHIeckoit reomerpun. CyiecTByeT 001ee MOHITHE TOTOMOPGHOTO BEKTOPHOTO PACC/IO-
€HUY Had KOMILJICKCHOM MHOI‘OO6p['),5’:.I/H/I7 9aCTHBIM CJIyHYa€M KOTOPOI'O ABJIFAECTCH IIOHATHUE T'OJI0-
MOPGhHOTO JHHEHHOTO pacciaoeHust. BMecTo TOI0MOPGMHOTO JTHHEHHOTO PACCIOCHUA MOMKHO
paborarh ¢ €ro IUBU30POM, HO JIIsI PACCAOEHUH BBICIINX PAHTOB TAKOH TOAXOJ] HE CJIUII-
KOM TmoseseH. Bo3moxkno, 06bekThl Kareropmn Pykas m KomzoTpomHbie A -6panbr pam-
ra 1 ABJIAIOTCA CUMIIJICKTUYICCKUMHU aHAJIOTaMU JUBU30POB, a LITO6]:~I NOJIy4IUuTh ”HpaBI/IJ'[b—
moe"onpenenenne A -GpaHbl, HAJIO HAWTH CUMILTEK THYECKUTH AHAJIOT TIOHATHS TOJOMOPGHOTO
BEKTOPHOTO PACCIOeHUsT (MJIM KOPEPEHTHOTO MydKa). B moJib3y 970l aHaJ 0 TOBOPUT TOT
dakT, UTO KaK OMUCAHE TOJTOMOPMHOrO JUHEHHOTO PACCI0EHUT TIOCPEICTBOM TUBU30Pa, TaK
u ormcanue A -OpaHbI MOCPECTBOM JArPAHIKEBA UM KOM30TPOITHOTO MOAMHOT000pasns 00-
gagarT "uzbbiTouHOCTHIO": TUHEITHOE paccTIoeHne He MEHSEeTCs, eCJId K IUBU30PY T00aBUTH
auBu30p J060i MepoMmopdmoil pyurmmu, a A -OpaHa He MeHsSETCs, eCIH I0IeHCTBOBATL
Ha COOTBETCTBYIOITEE MOAMHOIN006pa3e MOTOKOM JIFOOOT0 TaMUIBTOHOBA, BEKTOPHOTO IMOJIS.
Mpur monaraem, aro "npasunsnoe’ onpeneneamne kareropun A -6pan OymeT MCKIIOYATETHHO
MOJTE3HO TSI TIOHUMAHHUST 3epKAJbHON CHUMMETPHUN, a BO3MOXKHO W JJIs CHMILTEKTHIECKOMH

reOMETPpHH B IIEJIOM.
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