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Bregenue.

Necats mer mazan Apuo Bosmwrs omy6mukosar o63op [Bel!, rae
Bcero Ha 16 cTpaHWIax Haj MOMHOE W M3AINIHOE BBEAEHUE B DTOT CIIe-
nududecknnn pasgen aarebpamdeckon reomerpun. Ceromua HAM TIO-
TpebyeTca ropa3no 6oablre OyMaru, maxe eciu TpeanoaaraTh, 9TO
quTaTens 3HaKOM ¢ [Be] (rge yxe HabmogeHa CBA3b 060OGMIEHHBIX -
PYHKIINN C KIACCUIECKUMEI U KBAHTOBBIMUA KOH(POPMHBIMY TEOPUAMUI
o).

B »Tou xuure mui, crenysa crparerun A. Boewmiaa, me npueogum
HU MOTHUBUPOBOK, HU A0KA3aTeIbCTB. OMHAKO 6ce HEOGXOAUMBIE 2€0-
MEMPUUECKUE KOHCMPYKYUY OyIyT MPENCTABIEHbI, & UCXOAA U3 HUX,
YUTATENb YXKE JErKO CyMeeT OTHICKATH (WIM yrajaTh) AOKA3aTelb-
crBa cam. Takum 06pa3oM, HACTOAIIMY TEKCT HE ABIAECTCI MaTEMaTH-
TeCKOM MOHOTpadrer, HO JUIIL KOHCIIEKTOM OOIIMPHENIIEr0 HAIIpa-
BICHUSA WCCIEJOBAHMIZ.

B aGenreBom caytae’ (pUKCAINA JOMOTHATETLHBIX KOMOMHATOPHBIX
JAHHBIX — TaK HA3BIBAEMBIX U-CTPYKTYP YPOBHA k — MOCTABIAET
CIenuaIbHbIe GA3UCH B MPOCTPAHCTBAX CEUYCHUU TEH3OPHBIX CTEIe-
HEell KAHOHWYECKOU MOJAPU3ALUN AKOOMAHA, 9TO MO3BOIAET IPEACTa-
BIATDH CEYEHUA TOJOMOP(PHBLIMEA (PYHKIMAMEA HA «AOETEBOM MPOCTPAH-
crse Mlortkm (C*)? u nucaTs 3aMevdaTerbHBIE ABHBIE AHATUTUIECKAE
(GOPMYJIBI, MIUPOKO UCHOILIYIOMMUECA B YI}IH, TEOPUYN WHTETrPUpPYye-
MBIX CHCTeM ¥ KIaccudeckon MexaHuke (cM. cesuiku B [DKN]).

Hamen measo 6yeT peaqusainus MoL00HOU MPOrpaMMEL B Heabe-
JIEBOM CJay'vae, ITO ABAACTCA IPAKTUICCKUM OTBETOM Ha I/ITOFOBI)II;‘I
Boripoc A. Bosunsa (codpmynuposanusim B [Be] mog momepom 9).

To, 9T0 yX)e caMa kowcmpykyus Y-QYHKIAA ¢ XaPAKTEPUCTAKA-
MU BHYTPEHHUM 00pPa30M CBA3aHA, C MPOUEAYPOU KBAHTOBAHMA (KBAH-
TOBOU TEOPUEN TOMA B PA3MEPHOCTH 1), 0OTMEYAIOCh HEOJAHOKPATHO.

! «Vector Bundles on Curves and Generalized Theta Functions: Recent Results and
Open Problems»

ZMbI HAaZeeMca B GyAyIIeM DPa3sBepHYTH ero B MOHOIEHHYIO MOHOrpadmio «Bek-
TODHBIE PACCIOEHUA HAJ aIre6pamdeCKUMU KPUBBIMI» WM, HA IPUHATOM HBIHYE
B MaTeMaTmieckux kpyrax cienre, «VBAC»

Smanoxennom B 3amevarersuex kuurax [B), [C], [Wi], [F1] u Muorux apyrux



Beedenue 7

Oxa3anock, 0 THAKO, ITO METO Bl KOH(POPMHOU TEOPUH TOA (T. €. Te-
opuu B pazmeproctu 2 = 1+ 1) u crangapTabie Gusndeckue coobpa-
XKEHUA: CUMMETPUUN, 10, YPABHECHUA, CITUBKA JOKAJBbHBIX Jar'DAHXW-
AHOB U T. II. OTKPBLIBAIOT HOBHIE MEPECIEKTUBLI U JAIOT B PYKU CTOJb
5dHEeKTUBHBIE BHIYUCIUTENbHBIE CPEICTBA, O KAKAX «aJaredpandecKkne
reoMeTpsl u He MedTanm (A. Bosuis).



[nasa 1.
MPOLLECC KBAHTOBAHU4

8§ 1 Koncrpykuusa.

[IepBbIz BOIPOC: ITO MBI XOTUM KBAHTOBATH! B reomeTputdeckom
KBAHTOBAHUM' — BTO CHMILIEKTHIeckoe MHOT0ooOpasue (M, w) (da-
30BO€ IMPOCTPAHCTBO KIACCHIECKOU MEXAHUIECKON CUCTEMBI ¢ KOHE-
HBIM 9HCIOM CTemeHen cBoGoxabl) wim Guanrebpa C°°(M) raankux
byuakuny Ha M ¢ onepanuaMu OOBITHOTO (IIOTOYETHOr0) YMHOXEHWA

f1- fo m ecxobrot Ilyaccona:

{flva} = w(HflaHfz) s

rae Hy = w™'(df) — »To raMIIbTOHOBO BEKTOPHOE TOJIE, TTOPOXK ICH-
noe dyukmuen f € C°(M). Ormerum, aTo ycaosue dw = 0 BregeT
BRITIOTHEHUE TOX AecTBa Axkobu ara ckobku Ilyaccona. Ecaiu M kowm-
nakTHO, TO abeaeBa ymHOXeHus Ha C'°° (M) mOCTATOIHO NIA BOCCTA-
HoBreHusa M, a w3 cTpykTypsl anre6pst Jlu ma C°°(M) Boccrama-
BIMBaeTCA w. Takum 06pa3zoM B KOMIAKTHOM craydae mapa (M,w) m
6uanrebpa (Habmogaembrx) C°°(M) cyThb 5KBUBATEHTHBIE OOBEKTHI.

BRST-npenkBanToBaHre — DTO MOMBITKA MOCTPOUTH COOTBET-
cTBuE (), COMOCTABIAIONEE KIACCHIECKAM 00BEKTAM KBAHTOBBIE TaK,
9ITOOBI

e Q(M) = H 6BLO TEILOEPTOBBIM TPOCTPAHCTBOM (BOTHOBBIX
bynkumit);

Lem., mampmvep, [GS1]
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e Q(f) nna f € C°°(M) 6bum GBI CAMOCOTIPAKEHHBIME OTIEPATO-
pamuz Ha H;

® BBIMOJHAICT OBI NpuHyun coomgemcemeous [upaka:
[Q(f1), Q(f2)] = ih Q{ /1, f2}) ; (1.1)

¢ BO3HMKAIOIIEE TAKUM 0OPA30M MPEJCTABICHUE IYyaCCOHOBOU AJl-
re6pur C°°(M) camocOmpAXeHHbBIME OorepaTopaMu Ha H ObLIO
OBI HETTPUBOIUMO.

Ho, cornacao Teopeme Ban XoBa, Takad uAeaTbHad KOHCTPYKIIAI He-
BO3MOXHA B TIPUHITATIE.

JIBa OCHOBHBIX METOIA I'eOMETPUIECKOTO0 KBAHTOBAHMUS OILY CKAIOT
HEKOTOpLIE TPEGOBAHUA U3 MPUBEIEHHOT'O BHINIE CIIUCKA: KBAHTOBA-
uue Cypwe - KocTanTa He gaeT HEMPpUBOAMMOTO TPEACTABIEHUA, & B
KBAHTOBAHUYU BepesmHa HAPYIIAETCA TPUHITUN COOTBETCTBUA, KOTO-
pbiit 6y Ie€T BBIOJHEH JUIIL ACUMITOTUIECKH.

O6e 5TH KOHCTPYKIMK BBOAAT B UCXOMHYIO KIACCHIECKYIO MEXa-
HUYIECKYIO0 CHCTEMY ONUHAKOBBIE TOTOTHUTEIbHBIE JanHbie NPedKean-
mosanus — mapy (L,V), COCTOANUIYI0 U3 KOMIUIEKCHOT'O SPMHUTOBA
auHENHOTO paccaoenus L (¢ dukcupoBaaHOUM 5pMETOBOU (hOpMOn h)
U YHUTAPHOU CBa3HOCTH V HA L ¢ GPOPMOU KPUBU3HBI

Fy =2miw. (1.2)

ITocrennee TpeGoBaHWE HAKIANLIBAET CUIbHOE OrpaHWYEHWE HA HC-
XOJHYIO CUMILICKTHIECKYIO CTPYKTYPY — OHO O3HAQIaeT, ITO KJIACC
KOT'OMOJIOTMH CUMILIEKTUYIECKOU (POPMBI ABIAETCA MENOTUCICHHBIM:

(w] € H*(M,Z). (1.3)

YerBepky (M, w, L, V) MOXHO KBAHTOBATE, O€psA B KA9ECTBE IPO-
bl bl bl )
CTPAHCTBA BOMHOBHIX (DYHKIIUU MPOCTPAHCTBO TJI0OATHLHBIX CEIeHUN

H=T"(L),
CHAOXEHHOE DPMUTOBBIM CKAJIAPHBIM MPOU3BEIEHUEM

<s, s'> = % /M h(s,s') - w"",
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rae n = dim M/2 (o6bram0 MpocTpancTBo H momommseTca mo L2-
HopMme). Kaxgon dyukumn f € C®(M) (xkraccmaeckon HaOIOae-
MOM) MOXHO COIIOCTABUTH OIEPATOP

Q(f) =V, +2mi-f, (1.4)

JEUCTBYIOIINU HA, CEUEHUA TI0 TPABUILY

Q(f)(s) =V, (s) +2mi fs.

Hecnox#o npoBepuTh, ITO NPUHITA COOTBETCTBUA [upaka npu 5ToM
BBITIOJIHAETCA, HO TIOMY9aloIIeeca npeacrasienne arreopot Jlu C° (M)
HUKOTa HE SBIAETCA HEMPUBOAUMBIM (a)ke B CAMOM MPOCTEUIIEM
cryaae M = R? = T*R).

I[IpocTpamcTBo H MOXHO Cy3WTh OPU HOMOIIA NOAAPU3GUUL. 110
ompegeneHnio, moaspusanua Ha M — »ro mogpaccaoerue I C TCM
panra rkIl = n = dim M /2 B koMmiekcupuuupoBaHHOM KaCaTeILHOM
paccaoenuu. Ecau noaspusanus GUKCUPOBaHA, TO HA MPOCTPAHCTBO
BOJIHOBBIX (DYHKITUU HAKIAIBIBAETCA €CTECTBEHHOE YCIOBUE:

QM) =HT = {seT>®(L)| Vys =0V vell}.

[Monspusamuu pasamvaioTcs CBOMM PACIOJOXKEHUEM IO OTHOIIE-
Huo K uMeromeica Ha TCM KAHOHMYECKOH BElIECTBEHHOM CTPYKTY-
pe. OGBIYHO UCTTOMB3YIOT ABA «IUCTHIX» KPAMHUX CIYYIad: 68U eCNEEH-
Hy1o noaspudayuio, Korga I = IT, 1 KoMNAEKCHYI0 NOAAPUSAYUIO, KO-
raa 11 u IT TpaHCBepCATHHEL (9TO PABHOCUIBLHO BBIGOPY MOYTH KOM-
IIEKCHOU CTPYKTYPHIL I ¢ TIO =1 )

Boobie roBopst, 04HOTO TOIBKO BEIOOPA MOJAPUIALUA €IIE HE T0-
CTATOYHO [ BKIOYEHUS TPOUEAYPhl KBAHTOBAHUA B KAKYIO-T6O
XOPOIIO M3BECTHYI0 MATEMATUIECKYIO TeOPUio. TeM He MeHee, TaKoe
BKJIIOYEHNE BCE XK€ MPOUCXOAUT B ABYX CIEIUAIBLHBIX CIYIAAXK:

® KOT'Ja BeIeCTBeHHAdA HoJApu3anus I/ BIOIHe MHTErpupyema,
T. €. ABIAETCA PACIpeIeNeHneM KACATEIbHBIX LIOCKOCTEN HEKO-
TOPOTO JTarPAHXKEBA CAOCHUI

M =+ B, (1.5)

o6mmuit coit Koroporo T™ = 77! (bgen) ABIAETCA TATPAHKEBBIM
TOPOM Pa3MEPHOCTH 1
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e KOTJla MOYTHM KOMILIEKCHAsA CTPYKTYypa I, 3aJaiomas KOMILICKC-
HYIO TOJAPU3ANAIO, HTETPUPYEMa, U COTIACOBAHA C W, TAK ITO
mapa (w, I) 3agaer Ha M KelepoBy MeTPUKY XOAXKeBa THa’.

B BemecTBeHHOM CIydae yCJAOBUE WHTETPUPYEMOCTH 3aKTI0IAeTCA

B TOM, ITO JIO0BIE ABA BEKTOPHBIX MOIA 01,0y € [ KOMMyTHUDPYIOT 110
Monymio I1:

[81,82] ellIcTM, (1.6)

T. €. BEKTOPHBIE TIOJIA CO 3HAMeHuAMY B I] cocTaBaaioT mogairebpy B
anrebpe JIu Bcex BEKTOPHEIX MOIEHS.
B koMIiekcHOM ciydae yCIOBHE WHTErPUPYEMOCTHU TOUTH KOM-

IIEKCHOW CTPYKTYPHI | 3a1aeTCA AHANOTMYHBIM yPABHEHUEM:
[181, 182] = [81, 82] + I[I&l, 82] + 1[81, 182], (17)

rjae Mul paccmatpuBaeM I kak cedenue End(T' M), yaosireTsopsiomiee
yeaosuam: 12 = —1, w(0y, [0z) = —w(I01,0) u w(01,10:) > 0.

MeTOrZ[I:I UCCACONOBAHUA 3TUX NBYX CIAYYIACB IIPUHAOICKAT PA3IAT-
HBIM 0OJACTAM TeOMETPUN: BEIIECTBEHHBIE MOAAPU3AIAN OTHOCATC K
reoMmeTpun CI/IMHJIQKTI/I‘{QCKOI?I, TOr'Ia KaK KOMILIECKCHBIC TTOJAPU3 AN
YBOIAT HAC B PAMKHU TeoMeTpun aarebpamdeckoun. Kpanrosanue Ha-
3BIBAETCS NMOAMbLM, €CIU UCXOTHAA MEXaHUIECKad CUCTEMA OJHOBpe-
MEHHO [OIYCKAEeT WHTErPUPYEMbIe oaapu3anuu 060ux Tunos. Takum
o6pa3oM, TOTHOE KBAHTOBAHME OTHOCUTCA K IepecevueHunto airebpan-
YECKOU U CUMILIEKTUIECKOU TeOMETPUN.

1. e. ynosreTBOpanONIyo yerosmio (1.2)

3B obmieM CIydae «KOMMYTAHT» BCEX TAKUX MOJEH ONPeAeIieT KBAJPATHIHYIO
dopmy ma IT ¢ kosdpdunnentamm B HOpMaTbHOM paccaoermn T'M/IT abcomor-
HO TaK ¥Xe, KaKk B KIACCUIECKOU AUB(PEpEeHINATLHON TeOMETPUU OMPENeIAeTCs
BTOpasA KBaApATHIHAL (GOPMa HOBEPXHOCTH, BIOKeHHON B R>
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§ 2 BemecTBeHHAA MOJAPU3ALNA
(cuMmIIekTHYUeCKas reoMeTpus).

Hamomuum, aro nuka T C M Ha3BIBAETCA 4G2DAHHCESHIM, €CIN
dimT = n = dimM/2 n w|p = 0. Takum o6pa3oM, HaHHBIE IPEA-
kBanToBanua (L,V) orpammumBatorca Ha T B TPUBMATBHOE JUHEN-
HOE paccioenue L|p ¢ IWIOCKO CBA3HOCTHIO V|7, MOCKOMBLKY KPUBU3HA
Fy|r = 2miw|r = 0. Knaccsl karmnubpoBOYHON 5KBUBATEHTHOCTH ILIOC-
KUX DPMATOBBIX CBA3HOCTEN COOTBETCTBYIOT, KAK M3BECTHO, VHUTAD-

HBIM XapaKTepaM (yH aMeHTATLHON TPYIIIbI|

m(T) =~ U(1). (1.8)

OnPEAENEHUE 1. Ecim x = 1, T. e. orpannuenue L|7 o6ragaer koBa-
PUAHTHO MOCTOAHHBIM YHUTAPHBIM CEIYEHUEM, TO JarpaH)es uka T’
Ha3BIBAETCA O0p-30MmmepPesbdosbim.

Yro6wI «yOUTEY XapakTep PpyHIaMEHTAILHON IPYIIILI, He0OX0 [1-
Mo Hanoxutb rkHq(T,7) ycaoBuil, 1 MBI MOXEM OXWUAATH, ITO KO-
Pa3MEpHOCTH TOACEMENCTBA GOP-30MMePHENbIOBLIX IUKJIOB B OOIIEM
CEMENCTBE MarPaHXEeBhIX OUKJIOB OyaeT MMEHHO Takou. Kpome Toro,
HETPYAHO BHIETb, ITO €CIM TIAIKAU Gop-3oMMepdensbaos muka 1
[ETUKOM CONEPKUTCA B HEKOTOPOU okpecTHoCcTH [lapby— Benncrenna,
IPYToro riaagkoro 6op-soMMepdersqoBsa MukIa T, TO >TH ABa IUKIA,
00643aTEIHFHO UMEIOT HETPUBUAILHOE IIEPECEICHUE.

JlarpamxeBbl cou BemecTBeHHOU noaspusanuu (1.5) npexcrasms-
0T COOOM CEMENCTBO JarPaHKEBhIX INKJIOB, MapaMeTPU30BAHHOE T1-
MepHOH 6asoit B. Iockonbky obmmi cion T = 17! (bgen) ABIACTCA
n-mepabiM Topom, tkH1 (T") = n = dim B. Takum 06pa3zoM, MHOXe-
CTBO 6Op-30MMepdEIbIOBLIX CIOEB B DTOM CEMEUCTBE AUCKPETHO, U
ecau B KOMIIAKTHO, TO B HEM BO3HUKAET KOHETHOE MHOXECTBO GOp-
-3oMMepdensnoBuix Todek BS = {by, be, ..., bj} C B, orBevaomux
TakuMm caoam (cM. puc. 1). B aToMm ciaydae MBI ompemenuM npocmpan-
CMBO BOAMOBHIT HYHKYUT NEPB020 YPOBHA KAK MPAMYIO CYMMY KOM-

'ep. ¢ mpegr. 1 u3 § 5 ruaber 2
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JIEKCHBIX TIPAMBIX:

QM) =H.E P C-s,
beEBS

rJe $p — KOBAPMAHTHO TOCTOAHHOE yHUTapHOe cetenne Ll —1(;) (oHO
OTIpPEeeTACTCA OJHOZHATHO ¢ TOYHOCTBIO N0 (hA30BOTO MHOXKUTEN 3

0000

Bop-30MMepdensIoBEL TOPEI

Bop-30MMepdens10Bb! TOUKU

Puc. 1. Bop-3omMepdensa0BL caou

PaccmoTpum Teneps k-Tyio TEH30PHYIO CTENEHb Lk|T pacciaoeHus
npenkBaHTOBaHUA L m o6o3HaduM 4depe3 Vi BPMUTOBY CBA3HOCTD,
KAHOHUYIECKN MHIYIXPOBAHHYIO HA HEM CBA3HOCTBIO IPEIKBAHTOBA-
wus V ua L. Ycrmosus Bopa— 3omMmepdensna I0MyCcKaioT Caeqyoiee
pacinpeHue.

OnPEAEMEHUE 2. Ecmu LF|7 o61agaeT KOBAPHAHTHO MOCTOSHHBIM OT-
HOCHTETbHO V), yHETAPHBIM cedenmeM (T. e. X© = 1), To marpamkesn
nuka T HaswIBaeTCA O0p-30MMmepPeabdodbim YposHa k miu, KOpode,
BS;-yux.aom.

Paccyxpgas, kax BbIe, MbI YBUAUM, 9TO TOAMHOXecTBO BS, C B
KOHEYHO, W OIpeleInM COOTBETCTBYIOIIEE MPOCTPAHCTBO B0AHOBHIT
Pymnryutd yposus k Kak TPAMYIO CYMMY KOMILIEKCHBIX MPAMBIX:

QM) =HE P C- s,

beBS,
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rae Sp ABAAIOTCA KOBAPDUMAHTHO NOCTOAHHBIMU YHUTAPHBIMU CCYICHUA-
mu orparnmaennit ((LF, Vk)|z-1(5))- Boree Toro, BPU-KOHCTpYKIIA 13
§2 rmaBbl 8 KAHOHMYECKUM CHAOXKAET DTU MPOCTPAHCTBA SPMUTOBOU
CTPYKTYpOMU, ompeneneHHon no Mmoxayao neuctsusa U(l) Ha cevenus
sp (em. cTp. 155).

VMes meno ¢ KOHKPETHON KIACCHISCKON TUHAMUIICCKON CHCTEMOR
(M, w), xoTenock OB OXUAATH, 9TO PE3YALTAT KBAHTOBAHWUA HE 3a-
BHUCHUT OT BLIOOpA KAKHX OLI TO HU OLLIO JOMOJHATEILHLIX CTPYKTYD
Bpoge L, V, m win I. [Ipegsiaymmas KOHCTPYKIUA TPOCTPAHCTB BOJ-
HOBBIX (DYHKIIUU H,; C TOUHOCTHIO A0 CABUrA XapPAKTEPOB HE 3aBU-
CHT OT CBA3HOCTHUZ, & TOIBKO OT ee (pOPMBI KPUBU3HBI, KOTOPAA €CTh
2TMiw, HO @ Priori 3aBUCUT OT BBHIOOPA BEIIECTBEHHOU MOJAPU3AINU
. Tem Gomee 3aMeIATEALHLIM ABIACTCA TOT (PAKT, ITO NPOEKMUBU-
30YUs TTPOCTPAHCTRA, BOMHOBLIX (PYHKIIMUA OT BHIOOPA, BEIIECTBEHHOU
MOMAPU3ANNAN HE 3aBUCHT!

Kax mokazar B. KocranT®, g1a mo60ro pyroro IarpaHiKeBo-
!
™
ro paccioeaua M —— B’ umeeTca kanoHUIECKOE (C TOTHOCTBIO [0

CKAJIAPHOTO MHOXWUTENA) DPMUTOBO CHapuBaHme MeXny Hp u Hgr,
IO3BOJAIOIIEE OTOXACCTBUTH UX MPOCKTUBU3AIIUN:

ITO MaeT HAM MPABO MOHUMATH MPOCTPAHCTBA BOJTHOBLIX (DYHKIIUN
H, WMEHHO KaK Pe3yIbTaT KBaHTOBaHMA mapsl (M, w).

ZxapaKTep X ONpeeIaeTca KIACCOM KaTMOPOBOTHOM HKBABATCHTHOCTH CBA3HOCTI
V u =Ha omHocBa3HOM M omHO3HAYHO ompenerseTca OpMON KPUBU3HEL, B HEO.-
HOCBA3HOM CIydae Heo6XOguMo emre 3abukcupoBarh saemenT u3 H' (M, R) (cm.
HIXKE)

3cm., mampumep, [JW2]
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§ 3 KesrepoBo KBaHTOBaHUE
(anrre6panmyeckas reomerpus).

B »TOM cIydae maHHBIC TPEIKBAHTOBAHMUA OGPA3yIOT HUETBEPKY
(M,w,V,I), B xoropou napa (w,l) onpenerser Ha M CTPyKTypy
KOMILIEKCHOTO MHOT0O6GPa3ua 1 KeIePOBY METPUKY € KeIepoBOu (hop-
MOH, MPOMOPIUOHATLHON w. B 9MaCcTHOCTH, w, a 3HAYAT, U KPUBU3HA
ceasaoctn V Ha L, mmetor xonxes Tun (1,1), mosTomy CBA3HOCTH
OPeIKBAHTOBAHUA ONpEAeIAeT Ha L CTPYKTYPY 2040Mop@ro2o pac-
croerusa' . TTo Teopeme Kogaupser (1958), HeI0MHCICHHOCTE KIACCA KO-
romosormii Kemeposoit dpopmsr [w] € H2(M,7) o3HATAET XOAKEBOCTD
KenepoBou meTpuku. Takum obpaszom, M ABIAETCA TPOEKTUBHBIM
anrebpamdeckuM Muoroob6pasmeMm, a L = Ojpr(1) sagaer kmacc ero
CUMEPIIOCKUX CEYEHUU, T. €. KOMILIEKCHASA TOJAPU3ANUA TPUABOIUT
HAC K aIre0panveckon reoMeTpun!

[TpocTpaHCTBO BOMHOBBLIX (PYHKIIUU B DTOM CJIy9ae MPEBPALIACTCA
B MIPOCTPAHCTBO 2040MOPPHbIE cedenunt paccaoenus L:

Qr(M)=H; = H°(M;, L).

DpmuToBa hopma Ha L maaynupyer spMuToBy dopmy Ha H (M, L),
T. €. OTOX J€CTBJICHUE

H;=H(M;,L) ~ HO(M;,L) . (1.9)

[IpoexkTuBmzanusa P (H O(Myj, L)) ABIAETCA KIACCUIECKUM TPUMEPOM
noanoti auretinoti cucmembt Ha, M7, m crangapTHas aaredpo-reoMer-
pUteckas KOHCTPYKIMS 33a1aeT roIoMopdHOe 0TOOpa)eHue

My —2 P (HO(M;, L))

KoTOpoe B KoMOmHaruu ¢ (1.9) u cMEHOM KOMILIEKCHOU CTPYKTYPBI
Ha, CONPAXEHHYIO mepeBoauT M| B MPOEKTUBU3ANNIO TPOCTPAHCTBA,
BOJHOBBIX (DYHKITUN:

M, - IP’(HO(MI,L)> . (1.10)

ear., mampmvep, [GH]
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O6passl Todek M; 10 AEUCTBUIO >TOr0 OTOOPAXKEHWA HA3BIBAIOTCA
KO2EPEHMHbIMYU COCMOARUAMY .

Anamoruvyno, 6epsa roJoMop@HBIE CEUYeHUA TEH30PHBIX CTEMeHen
LF paccroenna L, MBI IIOIy<YaeM OpOCTPAHCTBA BOTHOBBIX (byHKIIHIA
ypoBHA k:

HE = HO(M;, LF) (1.11)

st kax goro meqoro k > 0. Takum 06pas3om, J1060€e CUMILIEK TUIECKOe
mHOrOOGpasme (M, w), moarexamee MOIAPU3IOBAHHOMY aiarebpamde-
ckomy muOroob6pasuio (M, Or(1)), nopoxgaeT HAGOP IPOCTPAHCTB
somHOBBIX yrxumia H(M;, O(k)), sasucamuit a priori orT BeIGOpa
KOMILIEKCHOU CTPYKTYPHI.

HamoMH®M, 9T0 TIpK JOCTATOYHO 60mbmmx? k oTobpaxkenns (1.10)
ABIAIOTCA BIoKeHmamu, u dim HO(M7, Lk) ompeaenseTcsa mo popMmye
Pumana— Poxa 4epes «mcTo Tomosormvueckme maBapuanThl M u L.
CTpemieHne K reOMeTpUIeCKOU TapMOHUHT TPpefyeT OT HAC OTBETA HA,
KJIIOYEBOU BOMPOC: 3ABUCUT JU MPOEKTUBU3AIMUA DTUX MPOCTPAHCTB
OT BBIOOPA KOMILIEKCHOU CTPYKTYpbl? NHBIME CIOBAMY, ABIACTCA JU
HAIlle KBAHTOBAHUE KIACCUIECKOU MeXaHm4IecKou cuctemsl (M, w) yc-
TEIIHBIM, B TOM CMBICJE, ITO

o (PH(My, L))

« oI =0»7?

PasBepHyTas MaTeMaTHIECKA KOPPEKTHAA (DOPMYIUPOBKA DTOTO
Bompoca Takosa. O6ozuauM wepe3 M MEOrOOGpasme MoLyaeH (B al-
re6po-reOMeTPUIECKOM CMBICIE) MOMAPU3OBAHHBIX AICeOPAMIeCKUX
muoroo6pasuin (My, Or(1)). Tlo Teopeme Komanpsr mag M mmeerca
BEKTOPHOE PACCAOCHUE

Vi — M, (1.12)

croem kotoporo: p (My, Or(1)) = H°(M;,O;(1)) asasiorcsa romo-
MOpP(HBIE CEICHUA PACCAOCHEA MOMAPU3ANAA. [[PEILIAYIAN BOIPOC

’m.e. 6 weazuxaaccuueckom npedeae, Korma 1/k — 0; oTMeTHM Taxxke, UTO B
kBaHTOBaHWZ Bepesmna, rae Bmecto omeparopos (1.4) dymkummam f € C°(M)
comocTaBImIOTCa menauyesbi oneparoper Ty wa HO (M7, L*) (cu., manpumep, [R]),
coorsercrrue [upakxa (1.1), HapymerHOe TIpU MH060M KOHEYHOM K, BHITIOJHACTCA
ACUMITOTHUYECKH Ipu k — 00
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CBOJUTCA K CYHIIECTBOBAHUIO MpU k > () MPOEKTUBHO IIOCKOU TO-
aomopdHON cBa3HOCTH HA V. Takas MOCTAHOBKA 3aJa9M SABIAETCA
COBEPIIEHHO HOBOM B PaMKaxX aareOpamvdecKon IeOMEeTPAN, U IIPeX Ie,
TeM pacCMaTPUBATEL €€ BO BCEX METAIIX B WHTEPECYIOIeM HAC TacT-
mOoM caydae dim M = 2, mpuBegeM HECKOIBKO 3aMEYaHUun 0OIIero
XapaxTepa.

1)

Ecau paccaoenme V' monmyckaeT roaoMopgHYIO IPEKTUBHYIO IO~
CKYIO CBA3HOCTB, TO €r0 MOJIWHOM 1epHa mMeeT BU[

cv(t) =1 —c- ) rne ce HX(M,Z) , (1.13)

u B qacTHOCTH, ¢1 (V) = rkV - ¢, uTO HaKIATBIBAET OYUECHD XKECT-
KVe OrpaHuYICHUA Ha TOHOJIOFI/I‘IQCKI/II;‘I THUII 3TOTr'0 PpaCCIOCHUA.

Bce u3BecTHBIE KTACCHIECKUE KOHCTPYKIUA IOJIOMOP(MHBIX TIPO-
eKTUBHBLIX IUIOCKUX CB3SHOCTEU MPUBOIAT K DPMUTOBLIM CBA3-
HOCTAM, HO B HeabemeBOM caydae (Hambonee MHTEPECHOM I
HAC) TOT (HAKT B 0OLIEM BUE IO CUX [OP HE YCTAHOBIEH.

Ecan uckomas cBssHocTh Ha paccaoenuax (1.12) cymecTsyer,
TO OHA MHAYIHUPYET Ha Vj, HEKOTOpOe mone Xurrca.

Xorsa pacciaoenue Vi u roIoMOP@HO, MBI BIIOJIHE MOTIH GBI TIPe-
MOMOXUTh, ITO UCKOMAA MPOEKTUBHO IIOCKASA CBA3HOCTDL HA Vi
MOXeT ObITh u He ronoMopdguou. OIHAKO, B KOHTEKCTE KOH-
(GOPMHOU TEOPUU TOAA OHA HEOOLOOUMO ABAAEMCA 2040MOPP-
HOT, XOTA 33 HETOCTATKOM BPEMEHU MbI BHIHY X IEHBI OCTABUThH
06CyX IeHUe 3>TOT'0 BOMPOCA 33 PAMKAME 3TOTO KPATKOT'O KOH-
CIIEKTA.

HekoToprie dusmyaeckue 3aJa9m ¢ CAMOTO HAMATA MPUBOAAT K
IPOEKTUBU3AIAAM TPOCTPAHCTE BOTHOBBHIX (DYHKIMEU, W TOTIA
BMECTO BEeKTOpHOrO paccaoenus (1.11) BosmmkaeT npoexmus-
Hoe paccaoenue, KOTopoe (faxe B 66CKOHETHOMEPHOM CIydae,
rjie TUILOEPTOBLI BEKTOPHBIE PACCIOCHUA BCET[a TOTOIOT Y-
CKVW TPUBHAMBHBI) HE ABAACMNCA, BOOOIE TOBOPA, MPOEKTUBU-
3aIMell HIKAKOTO BEKTOPHOTO. [[pemATCTBHAA JeXAT B TpYyIIe
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Bpayepa H?(M,7Z), KoTopas JOCTaBIZeT HETPUBAATHLHBINA AHA-
aor K-dyukropa Aronm.

8§ 4 Pacmiupennas Teopus Kogaunpei—Cuoencepa.

Teopusa gedpopManuil KOMILIEKCHBIX CTPYKTYpP Oblia paszsuTa Ko-
maupou n CreHcepoM MHOTO JeT Ha3ald. TeopeTUdecK, Iid aHATA3A
YCIEIIHOCTHY KeJePOBOT0 KBAHTOBAHWA HAM HAJIO PACHIAPUTD DTy Te-
opuio 10 Teopun nedopmaruu Tpoek (I, Ly, s), rae I — unTerpupye-
Mas KOMILIEKCHAA CTPYKTYpa, Lj — roioMopdHOe JTUHENHOE PACCI0e-
uue, a s € H°(L;) — ero romomopduoe cevenne. Takaa pacmupesHas
Teopus HauboIee MOMHO IpejcTaBieHa B [W].

s magana paccMoTpuM MHOPUHUTEIUMAIHLHYIO MedOPMAIAIO I
KOMILIEKCHOM cTpyKTypsl 1. [Tuddepernupya [2 = —1, BugmM, 910
IT+1I=0,r. e

e (M;,TH0), (1.14)
7, Kak 1 oOuraabin auddepennuan berbTpamu, TpeacTasigeT cobow
IPOEKIMIO COGCTBEHHOTO (—1)-MOATPOCTPAHCTBA onepaTopa I Ha ero

co6cTBeHHOe (+1)-IOAIPOCTPAHCTBO. JIMHeapu3anus yCcIOBUS WHTe-
rpupyemoctu (1.7) nokaseiBaer, 9To

@12 =0. (1.15)
[IpeamomoxuM Temnepnb, YTO BHITOJHEHBI CICIVIONINE YCIOBUI:

1) x1acc mOMAPU3ANNM TEINT AHTUKAHOHWYIECKUN K1ace K MHOro-
obpasus My, r.e. —[K|=n[ci(L)];

2) ceasuocts Jlen— Yusura keneposon merpuku wl va M; wamry-
nupyeT Ha K CBA3HOCTD, MPOMOPIUOHAILHYIO YHUTAPHOU CBIA3-
HOCTHU TIpeIKBAHTOBaHUA V Ha L;
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3) k>0, rak aro H (M7, O(K/2 +k-ci(L))) =0mpui >0, u
(k+n/2)w (1.16)
ABIAETCA CHAMILIEKTHIECKON KeIepOBOr (POPMOR

(mampumep, 510 Tak, ectu M aBagerca muOroobpasmem DaHO WH-
nexkca n u L = O(k)). B sTux npegmonoxeHunax gedopMamus KOM-
IIEKCHOU CTPYKTYPHI | MPEACTABIAETCA B BUJE CBEPTKHA

(k+n/2)wsWy =1

keaepoBoit popMer (1.16) ¢ HEKOTOPHIM IVIAJIKAM CedeHmeM '

Wy € I®(S*THOMy) € (S*TMp)*° (1.17)

BTOPOU CUMMETPUIECCKON CTEIEHN T'OJIOMOP(HOTr0 KaCATEILHOI'O Pac-
croerua. B camom gere, I(T%') C T™O, a cummiexTuyaeckas popma
(1.16) mmeer Tun (1,1) n, Kak JMHENHBIN OIEPATOD

(k+n/2)w

Tl,O D TO,l Ql,O D QO,I

mocermaer TH0 8 Q01 a 701 8 Q10 rax uTo xommozmmums

def 1

7
0 kE+n/2

Tow!: Qb0 — 710 (1.18)
7 ABIAETCA CUMMETPUIECKUM TE€H30pOM TpeOyeMoro THIa.
Temneps JOMYCTUM, 9TO —-yMHOXEHUE HA, KIACC KETEPOBOU (POPMBI

(1.16):
s [(k+n/2)w]: H (M, TY) — HY(M;,0) (1.19)

aBaAeTCa uzomopPusmonm (Rampumep, 3o Tak, korga HO (M, TH0) =
H'(M;,0) = 0, mm xorga M ABIAETCA TOIAPI3OBAHHLIM A0eIeBEIM
MHOrOOGpasueM). B »ToMm mpeamnosoxenun roroMopdHas CTPYKTYpa
Ha JUHEMHOM paccaoenun L He qo6aBiseT cOGCTBEHHBIX TAPAMETPOB

1yror BaXKHBIM TEH30p GBLT BBEJEH YeaTepcoM B [W], 4T0 MBI 1 mOg4YepKUBaEM
0603HaYEeHHEeM



20 Inaea 1. MNpouecc keaHTOBaHMS

npedopmanuy npu gedopmanun KoMmrekcaon I va M, m Ham ocTaeTca
TOJILKO MCCICAOBATEL AedOopMAINy FOIOMOPGHLIX cedennn L.

Hamomuwm, aTo rosomopdHuas cTpykTypa Ha Lj 3amaeTcsa CBA3-
HOCTBIO IPEIKBAHTOBAHUA V, KOTOPYIO MOXHO Pa3JOXUTEH IO TUTAM
kak V = V04 VOl ¢

1l

1441
vio —
2

vlo
2

v, V.

Cuenys H. XuTumny, paccMOTpuM UHPUHATE3UMAIBHYIO AedopMa-
mmo a romomopdroro ceuernus s € H(Mj, L) B mexoe cevenne,
roJoMOp¢HOE OTHOCUTEILHO NHGUHATE3UMAILHO e OPMIPOBAHHON

crpykTypst (I + I). luddepernupys ycaosue roroMoppHOCTH:
(1+il)Vs =0,
HOTy9aeM ypaBHEHTE
i IV =vola, (1.20)

B KoTOpoM a € [°°(L) mumeiino sasucut ot s u I 1 IpescTasiser co-
601 «KOBAPMAHTHYIO TMPOU3BOMHYIO» S OTHOCUTEIHHO MCKOMOUW HAMMU
cBasHOCTH Ha paccaoenuu Vi u3 (1.11). [taBHBIM HaGmIOeHEEM pac-
mmpennon Teopun Koganper - Criencepa ABAIeTCA KOTOMOJOT AT CKAS
uaTepnperanusa ypasuerus (1.20). [as ee momyveHus HALO IPOWH-
TeprpeTupoBaTh o6e JacTu (1.20) B Tepmmmax myuka D'(L) poct-
KOB AU PEepeHInaIbHbIX OMEPATOPOB MEPBOr0 MOPAIKA, AEUCTBYIO-
MIUX Ha ceveHmax L.

Mo Teopeme Atnu (cm. [A2]), paccroenne nepseix mxeros J! (L)
JUHEUHOT'O PACCIOCHUA L 3aMaeTCA pAITUPEHUEM BUIA

0— oL — JY(L) — L —0, (1.21)

oTeeatomm Komukay [c1 (L)] = [w] € HY (M, Q"0). Takum o6pazom,
ny4sok D!(L) = Hom(J!(L), L) Bkm09aeTcsa B TOTHYIO TPOUKY

0— O — D' (L) — T"" — 0,
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3a/1aBaeMyI0 KOUUKJIOM —|w]. [J1mHHAA KOroMOoJIOrmYecKas MOCAe0-
BATEIBHOCTD DTOM TPOUKM PACHANAETCA HA ABE UACTH, PA3IeTCHHBIC
uzomopdusmom (1.19):

0 — H(M;,0) — H°(M;,D'(L)) — 0

1.22
0 — H'(M;,D"(L)) — H' (M, T"") — - (1.22)

[TepBas m3 HUX TTOKA3BIBAET, UTO KAXKABIA TMOGATILHO OIIPEETCHHBIN
roroMopdHBI qud@epeHnuaIbLHbIN onepaTop Ha L ABIAETCA YMHO-
HCEHUEM M KOHCTMAHMY, & BTOPAA BICUET UHBHEKMUBHOCTL 0MOoOpa-
HCEHUA CUMBOA:

HY(M;, DY(L)) — HY(M;, T™?) . (1.23)
Ceuenne s € H°(Mj, L1) ompegenseT roMOMOPMU3M BHIMACICHIA 3HA-

qeHua nuddepeHnnaIbHOro OnepaTopa:

ds . Dl(L) D—Ds

Jlunenabie napuAUTE3MMATBEBIE Reopmanun Tpouku (I, Ly, s) B3a-
MMHO OJHO3HATHO COOTBETCBYIOT KIACCAM THIIEpKOroMoaorun H ﬁ(ds)
IBYSIEHHOT'O KOMILIEKCA,

d
0— D' (L) = L—0. (1.24)
Kax agpm kaacc runepkoromoaoru B H i(ds) peanusyerca 1-KOmuKI-
OM TOTAJBHOTO KOMILIEKCA, ACCOIUUPOBAHHOTO C IBOMHBIM KOMILIEK-

COM
+ds

C*(U,DY(L)) c*u,r),

rae U — HEKOTOpOoe MOKPBITHE Uexa, W MpPeACTABIAETCA TAPOU
({3}, {ai;}) e C°(U, L) ® C* (U, D' (L)) . (1.25)

Cl'[eKTpa.JII)Haj{ ToCae10BaTCIBbHOCTD 3TOTO ,Z[BOEIHOI"O KOMILIEKCA IIPO-
U3BOOUT NATUWICHHYIO TOYHYIO IIOCJIEOTOBATEIbHOCTD

H°(M;,DY(L)) = C — H°(L;) — H}(dy) —
—— HY(DY(L)) — HY(L;) — ---. (1.26)
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C mpyrou cropomnsr, (1.24) onpenenser TOUHYIO I€TBEPKY
0 — ker(ds) — DY(L) — L — coker(ds) — 0, (1.27)

1 BTOpaA COEKTpaJJdbHaA IMOCACTOBATEIbHOCTDb OTaeT

0 — H'(ker(ds)) — Hj(ds) —
—— H%coker(d,)) — H?(ker(d)) .

Herpyauo sugers (Beren 3a Yearepcom [W]), aro HOCHTENH

Supp (coker(ds)) = Sing ((s)o)

COCPENOTOYEH B OCOOBIX TOYKAX TUBH30DA HYJIEU CEUCHUA S U MOXKET
ObITH OYEHb MAJEHBKMM. B 9aCTHOCTH, €U IuBU30D (8)o MIagKui
(T.e. B obmemM caydae), TouHas derBepka (1.27) Ha mene aBiasercs
TOYHOU TPOUKOU.

Bepuemcsa Teneps x ypasaenuio (1.20). U3 (1.14) u (1.15) zerko
YCMOTPETB, ITO

(5(ifV1’0)>0’2 =0. (1.28)

Taxwum o6pasom, ypasrerme (1.20) Bcerga paspemmMo OTHOCHTETb-
HO a 1o aemme [Torb60. UTOGH M3BACTL U3 HETO CBA3ZHOCTD, MBI WH-
repupernpyem —a u i I V10 € Q01 (M, DY(L)) xax (0,1)-popmer co
smaqenmavu B D! (L) u pacemorpum kommaexc? C* :

c™ = Q%™ (M;, DY(L)) @ Q™1 (M, L;)
(1.29)

(D,a)—(dD,da+i™~ ' Ds) cm+

ds : C™

Torga B cury (1.28) u (1.20) mama mapa (i I VY0, —a) € C! apna-
erca l-komukaom: d(i IV, —a) =0, 1. e. mo6oe pemenue (1.20)
OTpefieIAeT HEKOTOPLIH rumepKoromMosornieckuit krace B Hj (ds).

Tenepb, 414 TOro ITOOBI MOCTPOUTH TPOCKTUBHYIO CBA3HOCTH HA,
BEKTOPHOM paccroernn roaoMopduerx cevenmin (1.11), mam mocra-
TOYHO TOCTPOUTEL OTOOPAKEHUE

QOL(M7, T) @ H(M;, L) —v HL(d,) , (1.30)

2paBencTBo d2 = () BEITEKAET M3 yCIOBHA roaoMopduocTr 0s = 0
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KOMIIO3UIINUA KOTOPOro ¢ eCTECTBECHHBIM OTO6pa,)KeHI/IeM CUMBOJIa,
1 o 1 1,0
H(dy) —Z H' (M, T0) (1.31)

MepeBoIuT JTIO0YI0 mapy (I,s) € QL (M;, %) @ HO(M;, L;) B koro-
monormaeckmit krace [I] € HY(My, TH0).
JleiicTBUTEMbHO, IPEAcTaBUM Kiace w3 H) (d,) mapoi (1.25):

(D, s') € QY (M;, DY(L)) ® Q°°(M;, Ly) .

Torga (BBUAY MHBEKTUBHOCTY CEMBOILHOTO oToGpaxenus (1.23)) u3
KOrOMOIOrmIHOCTH cuMBOI0B —i o(D) m i I V0 Brimexaer xoromo-
JOTMYIHOCTH camux »>Tux omeparopos B Q0 (M, D'(L)), . e. cyme-
crBoBanme TI06ambHOrO omepatopa D € QY(M;, D'(L)), Taxoro uro

OD=D—ilV'0.
U3 yenoua korukauanoctu dg(D, s') = 0 (em. (1.29)) BoiTexkaer, 9To
Ds+8s' =iIV"s + 9(Ds + 5",

T.e. —a = Ds + s’ apngerca pemenuem ypasuenus (1.20).

Tak Kax [/ T00LIX IBYX PEIIEHUN a1, ao ypasHenus (1.20) rumep-
komukast (i I VY0, —a;) m (1 1V, —ay) koromomormmer, ux pas-
HocTh mMmeet Bug (0, a1 —ag) = dsD'. I3 onpenenenus dg (cm. (1.29))
BeITeKaeT, aro 0D’ = 0, u cTamo GuITh a; — as = S, ITOCKOTBKY
KAaX IbIA TOJOMOP(MHBII OMEPATOP MEPBOrO MOPATKA ABIACTCA YMHO-
XKEHMEM Ha HEKOTOPYIO KOHCTAHTY. | €OMETPUYIECKN 3TO O3HAYALT Ha-
JITIME TOMOMOP(MHON CBAZHOCTH HA TMPOEKTUBU3AIMN BEKTOPHOTO PAC-
croerus (1.11).

Wrax, HAM OCTAETCA JUIIL TOCTPOUTL oTOOpaxenue A 3 (1.30).
OHO KAHOHWYECKW WHAYIUPYETCA TOJOMOPGMHBIM CUMMETPUYECKUM
remsopom Wy ms (1.18). Pacemorpum mywox D?(L) romoMopdHBIX
nuddepeHInaIbHbIX OIePATOPOB BTOPOro mopagka Ha L, 3amaBae-
MBI CTAHIAPTHBIM PACIIAPEHUEM

0 — D'(L) — D?*(L) — S*(T"%) — 0, (1.32)



24 Mnaea 1. MNpouecc keaHTOBaHUSA

u aHagoru9Hb (1.24) IBYy<IEHHBIN KOMILIEKC
2 d;
0 — DXL) % — 0,

muddepeHnran KOTOporo BHIYUCIAET 3HAYEHHUE OMEPATOPa Ha Cede-
o s € HO(My, Ly). Tounas TpouKa ABYWICHHBIX KOMILIEKCOB-CTO-
JOIIOB:

0 — DY(L) — D*(L) — S*(T™") — 0

i,

MOPOX AAET TOYHYIO MOCIEAOBATENLHOCTh TUIEPKOTOMOJIOTAN:

=

0 —— HY(dy) — HY(d) —
—— HO(My, S2(T™0)) —+ H}M(dy) — HM(d) —

)

(1.33)

COTIACHO KOTOPOW BCAKAsA TOJIOMOPdHAsS KBaApaTuIHAA GopMa Ha Ka-
CaTeTLHOM PACCIOEHUN ONPENeNseT HEKOTOPBIU (BO3MOXHO, U TPUBH-
ANBHBIN) OJHOMEDHBIN KJIACC THOEPKOTOMOIOTUE (>Ta KOHCTPYKIIWA,
pasyMeeTcs, 3aBUCAT OT BBIOOPA CEYEHU S, TIO3TOMY MbI U 0003HA-
YWIM MHTEpecyollee HaC 0ToOpax)enue depes ¢g). Kommosunusa ¢ ¢
orobpaxenuem cuMBoaa o (cm. (1.31)) maer romomopdusm

HO(My, S2(T)) 2o 1 (M;, T,
KOTOPHIN YK€ He 3aBUCHT OT S, HOCKOIBKY"
ML(W()) = —WU * [Cl(L)] + HO - (134)

Tak kak kaacc pacumpenus (1.21), 3agaromero mydok KXeTOB, pa-
BeH TIONOBWHE KaHOHmIeckoro kmacca: [Kyr,]/2 € Qb xommrexcro-
ro MHOrO06pas3ua M (OH 3aBUCAT TOJBLKO OT W W HE MEHAETCA IIPU

3popmyiry (1.34) ecrecTBeHHO GBLIO GBI HA3BATH (KOTOMOOIIICCKIM Y PABHEHIEM
TeIJIONPOBO JHOCTMY: HA MOJAPU30OBAHHOM abereBoM MHOrooOpa3uu oToOpakeHue
[0 TPUBUAILHO, KaK U Bce pacumperus D" (), mosTOMy BCe KOrpaHWIHBIE TO-
MOMOD(MU3MEL B 3TOM CIy4ae TPUBHUAIbHBI
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BapUALMN COTMMIACOBAHHON C W KOMILUIEKCHOM CTPYKTyphI), u3 (1.18)
BeITeKaeT, IT0 uo(Wo) = —Wo x [Kar, /2] =

pr(Wo) = =Wo x ([er(L)] + [Kar,]/2)

(pasymeercs, 5Ty GOPMYJILy OpU XEJAHUA MOXKHO IIEPENucaTh Goree
«IBHO», IIPpEOACTaBUB BCE€ KOT'OMOJOTI'MYIECKUE KJaaCChI le)OpMa,MI/I n ncC-
IONB30BAB ABHOE BHIpAaXeHWe M cBA3HOCTHU JleBu— YuBuTa Ha TeH-
30PHBIX paccaoenusx, cm. [H1]).

Uraxk, pacmmpennas Teopus Konauper— Crercepa onpegenseT Ka-
HOHUYECKYIO TOJOMOPQHYIO MPOEKTUBHYIO CBA3HOCTH HA BEKTOPHOM
paccnoenun (1.11), KpuBU3HA KOTOPOU MOXET GBITH BEITUCIEHA B TEP-
MHIHAX KOTOMOJOTHYeckux KiaaccoB loan6o mam Yexa.

B saxuaiodenue oTMeTuM, 9TO CYIIECTBOBAHUE TEH30Pa, YeaTepca
(1.17) mHaknagLIBAET 3HAUATEILHOE FEOMETPUICCKOE OFDAHNICHNe Ha
M7y: manpumep, ero kaHoHmYeckuu kracc Ky, He MoxeT OBITH IO-
JOXUTENIbHBIM, TaK 9TO M He MOXeT OBITH MHOTOOOpa3ueM oOIIero
THUIIA.

§ 5 CTporue MOAyJasIPHBIE COOTBETCTBHUSA.

[Ipegmonoxum, 9To Hamre MHOrOOOpasme My, paccMaTpuBaeMoe
Kak Touka [ MHOrOO6pasus Mogyaen M Bcex ero nedOpMAaIidn, ompe-
JeIseT HEKOTOPOE HOBOE TMOAAPW3OBAHHOE ANTeOpamvIecKOoe MHOTO-
obpasue M7, oTBedatomee To4uke I’ KAKOro-TO IPYroro MHOr0oGpa-
sua Mogyrern M’ TakuM 06pa3zoM, ITO MBI MOXKEM MOTHOCTBIO BOCCTA-
HOBUTH ucxoguoe My B Tepmunax M),. DeoMeTpudeckn 5T0O 03HATACT
HAJIXYIe TOJOMOP(HOrO BIOKEHA MHOTOOOPA3NNA MOIYIEH

M—Le M JI)=T1. (1.35)

Ecan mpu sToM a060n MOPGU3M MOAAPU3OBAHHLIX MHOIOO0OPA3UN 13
M mopox gaeT Mophu3M COOTBETCTBYIOMUX MHOT00Opasuit B M', To
orobpaxenue (1.35) masbBaeTCA CMPo2uUM MOOYAAPHYIM COOMBEM-
CMBUEM.
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B sToMm cry4dae ucxomgubie MEHOT000Opasua u ux 06pas3bl 2e0Mmempu-
YECKU IKBUBAAEHMHbL, XOTA U MOTYT UMETh MIPU YTOM PA3HbLIE BHEII-
HEE aTprOyTHI — CKaXeM, Pa3MEPHOCTHU W T. I.. [Ipodeccnonammsm
AIre6panIecKoro reoMeTpa MPOABIAETCA B YMEHUM PACIO3HATEL Ta-
K€ DKBUBAJCHTHBIE T€OMETPUIECKUE OOBEKTHI B MX PA3IWIHBIX KOH-
KPETHBIX PeAT3AINAX.

Hanpumep, rragkoe mepecederne X = Q1 N Qy C P® mapsr kpa-
IPUK B MATUMEPHOM MPOEKTUBHOM MPOCTPAHCTBE TEOMETPUIECKY DK-
BUBAJEHTHO aare0panvdecKor KpuBon L7 poga 2. [I1a BoccTaHOBICHUA
5TOM KpuBOM MO X AOCTATOYHO 3aMETUTH, 9TO X OAHOCBA3HO (IO
reopeme Jledpmena), kanoamaeckuin kracc Ky = Ox(—2) (. e. Ba0-
xerue X B PP aprdeTca KaHOHMUeCKMM), MuHeHHAa cucTema |2H — X |
BCex KBaJpuK B P°, mpoxogamux wepes X, ABIAETCA My9KoM (T. e. ma-
paMETPU3yeTCA MPOEKTUBHON MPAMON ), MOAMHOXECTBO OCOOBIX KBa-
IPUK B DTOM IIYYKE COCTOUT U3 MECTU PABIUIHBIX TOYEK, U UCKOMAA
KpuUBasg Y7 pofa 2 NpeicTaBaseT OO0 PA3BETBIEHHOE B DTUX IIECTH
TOYKaX ABOMHOE HakpeiTHe Hag P! = |2H — X| (ormeTuM, 910 5TO
JBOMHOE HAKPBITUE 33AETCA KAHOHWUIECKOU JUHEUHOU CUCTEMOU Ha,
¥1). IIpoBepka Toro, ITo mMyHuoK KBaApuK B PO ¢ 3aJaHHEIM HAGOPOM
0COOBIX KBAJAPWK, COOTBETCTBYIOMMX TOYKAM BETBICHUA BOWHOTO
HAKPBITHA, €IUHCTBEHEH C TOYHOCTHIO A0 JUHEMHOTO MpeobpasoBa-
HUA, ABIACTCA HECAOKHBIM YIPAXKHEHUEM B JUHEWHOU aarebpe.

Ecmu M; — M}, aBaseTca cTpOrIM MOAYIAPHEIM COOTBETCTBH-
€M MEX Iy PA3HBIMU PEATU3ANUAMYA SKBUBATCHTHBIX T€OMETPIIECKIX
00BEKTOB, TO €CTECTBEHHO CUYMTATH yCIEITHOe KBaHTOBaHWE Ha M’
KBaHTOBaHUEM ua M, moaaras

QM) ¥ QM) . (1.36)

(ecim BekTOpHBIE pacciaoenna (1.11) ma M’ gomyckanm cymecTsoa-
HIE MPOEKTUBHO IIOCKUX MOJOMOPQHBIX CBA3ZHOCTEN, TO UX MOAHEM
Ha M Takxe OygeT o6IAJATH STUM CBOUCTBOM).
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§ 6 ITonrHoe kBaHTOBaHUE.

[Ipeanonoxum, uro aarebpaumdeckoe Mmuoroobpasue (My, O(1)) ¢
XOMXeBOo (GOPMON W, KAK BEHIECTBEHHOE 2N-MEPHOE CUMILICKTHYe-
CKO€ MHOT0006pasme, MOIMyCKAeT KPOMe HHTErPUPYEMOU KOMILTEKCHON
MNOMTAPU3ANAY €[Ie W WHTETPUPYEMYIO BEIIECTBEHHYIO TMOAAPU3AINAIO

(1.5), T. e. mpoexumio M — " + B, 06muM cI0EM KOTOPOH ABIAETCA
n-MepHbIA Jarpanxes Top T". Bygem caurars (cM. § 2 raaset 1), aTo
MHOXECTBO 60p-30MMepdenbIoBeX cioeB BSy C B KOHEYHO, U COOT-
BETCTBYIOIIEE MPOCTPAHCTBO BOJHOBHIX (DYHKIMY YPOBHA k 3aMaeTCA

KaK OpAMasg CyMMa
He= (P C-s,
beBSE

rze sp CyTh KoBapuanTHO nocroaunbie cevernd ((LF, Vi) —14). Jo-
IlyCTUM TAKXKe, ITO UMEETCA €CTECTBeHHBIN N30MOPhU3M

PQk(M) = PHY (Mg, O()) . (1.37)

CkaxeM, 9TO0 B 5TOM crydae cucrema (M, w) TOMyCKALT noaHOe KEaH-
mosarue.

Hanudue moaHOr0 KBAHTOBAHUA BJIEYET MHOXKECTBO 3aMEYATETh-
HBIX ¥ TIOJE3HBIX CIeqCTBUM. [Ipex e Bcero, 06a KBAHTOBAHUA yCIIEI-
HBI, OCKOIBKY JeBast 9acTh (1.37) He 3aBucuT OT BHIGOPA KOMILIEKC-
HOU IMOJAPU3AINM, & IpaBad — OT BBIOOpPA BeIleCTBEHHOU. Bo-BTo-
PBIX, KAHOHUYIECKOE DPA3IOKEHUE JEBOW YACTU B MPAMYIO CyMMY O/I-
HOMEDHBIX TIPOCTPAHCTB JOCTABIACT' CICHMUAILHLIN OA3MC B IIOJHOM
JWHEWHOU cucTeme, croamen B mpason gactu (1.37) (6asuc Taxoro
BU/Ia €CTECTBEHHO HA3BATH O0P-30MMePPeabIosbim).

[lepBBIn TpUMep MOMHOTO KBAHTOBAHUA JOCTABIAET KIACCUIECKA
Teopusa J-pyuknun. OmAHAKO, DTOT MPUMEP HE ABIAETCA TPOCTEU-
UM — TOpa3g0 60jJee MPOCTON MPUMEp MOAYIAeTCA U3 ABYMEPHOU
ceprr S?, peammsoBanHON Kak KoMmiuiekcHas cdepa Pumama CP; ¢
neitcreuem U(1) = S' ppamenuaMu BOKpyT ocu, mpoxoaamei gepes 0

'BO3MOXKHO, TIOCTE (HPUKCAIMM TOTOTHUTEILHON (KECTKOCTH» BPOIe ¥-CTPYKTYDPHI
Ha abereBoM MHOroo6pasmm, cM. [Mum)]
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u 0o. IIpesparim S? B ha3oBOe IPOCTPAHCTBO KIACCHIECKON MEXAHN-
JecKOu cucTeMbl ¢ nomombio U(l)-MHBAPDMAHTHON CHMILIEKTHYECKON
$hopMEBL W egUHNIHOrO 06beMa, a B Ka4eCTBEe JaHHBIX IPEJKBAHTOBA-
Hua Bo3bMeM auHernHOe paccaoenne O(1) crenenu 1 ma CP; co cram-
paprron U(1)-wHBapmaHTHOM yHUTAPHOU CBA3HOCTHIO V. [laa xom-
IIEKCHOT'O KBAHTOBAHUA MBI JOMXKHBI BEIOPATH KOMILUIEKCHYIO CTPYK-
Typy — oHa Ha CP; eIMHCTBEHHA, ¥ IPUBOJAUT K MPOCTPAHCTBY BOJ-
HOBBIX (DYHKIIAT

HE = HO(O(R)) . (1.38)

IIpoeKnua Ha OCh BpamieHma S2 — » [—1, 1] 3agaeT BemecTBEHHYIO
MOAPUBAIAIO, GOP-30MMePGETbIOBEL CIOM KOTOPOU B YIVIOBHIX KO-
OpAMHATAX B3AMMHO-OJHO3HATHO COOTBETCTBYIOT MOHOMaM Dypbe,
cocrassomuM crenuaibubi U(1)-uHBApHAHTHBIN GA3UC IPOCTPAH-
CTBa OJHOPOAHBLIX MHOrOUIeHOB (1.38).

Takum 06pa3oM, HECMOTPSA HA TO, 9TO B DTOM CJIydae HAPYIIEHbI
BCE (TEOPETUYUECKUEe» MPEANOCHUIKY, MePpEeIucieHHbie B §4 raassr 1,
MBI [TOIY9Ia€M, TEM HE MEHee, YCIEIIHOe MOMHOe KBAHTOBAHMUE.

MoxHO 0TKa3aThCA OT TPeOOBAHUA «ECTECTBEHHOCTHY W30MOP-
dusma (1.37) u OrpaHUIUTHCA JUUL TPEGOBAHMEM COBIAJEHUA PA3-
MEPHOCTEN MPOCTPAHCTE BOMHOBLIX (hyHKIMNA. [IpU BHIMOIHEHNY DTO-
r'0 OCJIAGIEHHOTO CBOMCTBA MBI Oy1€M HA3BLIBATDL KBAHTOBAHUE YU CACH-
1O Nnoanbim. Taxuwe COBIANEHUA PA3MEPHOCTEN U3BECTHHI 1A MOBEPX-
HOCTen Tuna K3 u MHOrUX APYyruUX, HO UCTOPUIECKU MEPBBIM MPUME-
poMm G cucteMmbl [enbdanga—Ilentauna (cm. [GS2]). T'eomerpus,
NOMEXAIMAA TONOOHOMY COBIAJEHWIO FUCET, OOCYXAAETCA HUKE B
dopmynax (2.8) — (2.9) (cm. Takxe [T3]).



[ nara 2.
ANFTEBPANYHECKUE KPUBDbIE =
= PUMAHOBbI MOBEPXHOCTMHU

§ 1 IIpamon mOAXOA.

[Mycts ¥ — xomMmakTHAsS TIagKas OPUEHTUPOBAHHAA PUMAHOBA
MOBEPXHOCTL pofa g > 1, m I — KOMIUIEKCHASA CTPYKTypa Ha Hew,
mpeBpamaomadg Y B aaredpanvieckyo KpuByio Y. Takas KpuBas 1o-
MyCKAeT KAHOHUYECKYIO MOJAPU3AINIO, 3a0aBAEMYI0 KOKACATEAbHBIM
pacciaoeHueM

T*S; = O(K) ,

rae K — xanonmdeckuit k1ace' 7. KpoMe Toro, KOMILIEKCHAA CTPYK-
Typa I onpenenseT Ha Y KOH(MOPMHBIN KIACC PUMAHOBBIX METPUK, U
ecan (pUKCUPOBATHL HEKOTOPYIO METPHUKY M3 DTOrO KIACCA W PACCMO-
TPeTh UHIYIIUPOBAHHYIO CBA3HOCTE Jlesu - Yusura wa T, MbI moTy-
uuM gaHHble TpenkBanToBanud (1%, Vi), KOTOpbIE HECYT B TOYTHO-
crtm Ty ®e mHpOopManuio, 9To u roromopdube garube (X, O(K)).

[lns xkaxooro ypoBHA k MPOCTPAHCTBA TOJOMOP(MHBIX CEUICHUU
H° (27,0(kK)) 06pasyioT BEeKTOPHOE PacCIOCHUe

Hag (39 — 3)-MepHBIM MHOTOOGpasmeM M, MOJyJIell KPUBBIX PO
g. Hampumep, mpu k = 2 MBI mosydaeM pPacCaOeHUe KBa,IPATHTHBIX

ear., mampmvep, [DSS]

29
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muddepernmanos Vo = T* M, m3oMopdHOE KOKACATETEHOMY PACCIO-
€HMI0 MHOr0O0Opasua MOAYJIEeH, U B IACTHOCTH, KAHOHUIECKAN KIACC
mHEOr006pasusa moayein Ky, = c1(V2) coBmagaeT ¢ mepsbiM Kr1accom
YepHa BEKTOPHOTO paccaoeHus V.

Cormnacuo [I. MaMdopay, KAHOHUIECKAN KIACC MHOTOOOPa3ua MO-
OyJIed IPeACTaBIACTCA B BUIE

Knm

, = 13 © + muBmsopsr, mexamuue va rpaHuIe,

rae © — MUBU30p HYJEBBIX U-KOHCTAHT, U ecau Obl Vo obiamano ro-
JOMOP(HON TPOEKTUBHOU TLIOCKOU CBA3HOCTBIO, 13 menmnock ObI Ha,
3g—3. [TockoIBKY HTO He TaK, HUKAKOU TLIOCKON TTPOEKTUBHOU CBA3HO-
cTu Ha, V3 HET, U 3HAYNAT, KIACCUIECKAA JUHAMUIECKAA CUCTEMA,, OTBE-
JAIOIIAA OFPAHMICHNIO Ha Y1 cTaggapTHon ¢popMul @younu— [Ty au,
HE MOXeT OLITH YCIIENTHO TPOKBAHTOBAHA KAaK MOJAPU3OBAHHOE AJIre-
O6pamdeckoe MHOT00OOpa3ue.

OnHako, UCTOPUA HA DTOM HE 3aKAHUIMBACTCA — BEIH MBI MOXEM
MOUCKATH MOAXOAAIIEE MOAYIAPHOE COOTBETCTBHE!

8§ 2 AxoGuaHbI.

CTporoe MOAyIAPHOE COOTBETCTBUE, KOTOPOE TIEPBBIM ITPUXO AT
B TOJOBY, COMOCTABIAET AIreOPAMTIeCKOU KPUBOU €€ TOIAPU3OBAH-
uem akobuan (J(27),0). I3 MHOXeCTBA DKBUBATEHTHBLIX OIpeIeNe-
HUU AKOOMAHA [ HAIIAX HYX[ 6OXee BCEro MOAXOMUT PeATn3AIs
J(X7) xak MHOTOO6Pa3UA MOLYJEN TOTOJOTHIECKA TPUBAATHHBIX T'O-
JOMOP(HLIX JIUHEUHLIX PACCIOCHUN Ha X.j.

PaccmaTpuBas TOYKE KPUBOM KaK AUBU3OPHI cTenenu 1, pukcupy-
eM Jo6y TOUKY po € 2. ComocTaBIaa NIpOou3BOILHOU TOUKE p € X
(Tomomornvecku TpuBmaabHOE) MmHENHOE paccaoerue O(p — pg), mo-
JydaeM oToOpaxeHue

S 20 J(Sp),
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KOTOpOe, mo Teopeme Pumana, sBagerca mpu ¢ > () BIOXeHWEM u
AHIYIADPYET U30MOPPU3M

H\(S,Z) —~ Hy(J(%)),Z) . (2.1)

Mmuoroobpasue MOLyJeU JMHEUHBIX PACCIOCHUU ABIAETCA TPYIIION
OTHOCUTEIBLHO OMEPAIANA TEH30PHOT'O TPOUW3BEICHUA PACCIOCHUN, U
MBI MOXEM PaccMOTpeTh oTobpaxenne [lorTparuna

1

[g—1] %o
ZI J(Ef)a
nepeBojdAiee HAGOP TOUEK (1, P2, ...,Pg—1) B INHEHHOE PACCIOCHIE

Opr1+ -+ +pg-1—(9—1)po) € J(X1) -

O6pas »Toro oTobpaxenus apagerca musmzopom' © C J(Xj), u co-
OTBETCTBYIOIIEE My JUHENHOE paccaoenue Ha J (X)) obmamaer equn-
CTBEHHBIM (C TOYHOCTBIO [0 YMHOXEHWS HA HEHYJEBYI KOHCTAHTY )
HETPUBUAJIBHBIM FJIO6a,JI])HBIM FOJIOMOpC];)HBIM Ce‘leHI/IeM2.

YT06bI BOCCTAHOBUTL KpuBYyI0 Y7 1o mape (0, J(Xr)), mHago pac-
cMoTpeThb oTobpaxenue [Maycca:

o Y. prcy),

COTIOCTABIAIONIEE HEOCOOOU TOUKe t € O MPOEKTUBUAIUIO AHHYJII-
Topa ee kacaremrbHOU runepmiockoctn T30 C TJ(X;). Tockonbky
KOKacaTeIbHOe PACCAOCHNE Ha I'PYIIIe TPUBUAILHO:

PT*J () =P L x J(2p),
KOMIIOBHUIIAA [ayCCoBa OTOOPaXEHNA C IPOEKINen
PT*J(2;) —2 P9~!

maeT parmumonathHOE HakpeTHe G op @ © —— P91 = |K|, qusmsop
BETBICHUA KOTOPOIO ABOMCTBEH 06pa3y KAHOHHYUECKOT'O BIOXKEHMA

Lrax masemsaembiv ©-dusuzopom
2 o
OUBM30D HyJIeW KOTOPOrO U eCThb O
Secam xpuBas ¥ MEIEpsILIMITHYHA, HALO MCIOIL30BATE APYTHE APIYMEHTEL
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Y — |K|*, nocne 1ero kiaaccuaeckas TEOPUsA MPOEKTUBHON JBOY-
CTBEHHOCTHU BOCCTAHOBUT CAMY KPHUBYIO IO JBOMCTBEHHOMY €U TWBU-
sopy. Taxum o6pazom, comocrasrerme Y5 — (J(X7),0) meuctsum-
TEeIBHO ABIACTCA CTPOTUM MOIYJIAPHBIM COOTBETCTBUEM, U MBI MO-
XKeM CHaJala MPOKBAHTOBATH INIABHO MOMAPU30BAHHOE abeneBO MHO-
roo6pasue (J(X1),0), a 3arem Bocmonb3oBaThea perertoM (1.36).

[MpocTpascTBaMU BOTHOBBIX (DYHKITUN TAKOTO KBAHTOBAHUA ABJISA-
IOTCA MIPOCTPAHCTBA TOJIOMOP(HBIX CEICHUN:

Wi = H° (J(Z1),0(kO)) ,

(0OBIIHO Ha3BIBaEMBIE Npocmpancmeamy I-Pynkyutd yposus k Ha pu-
MAHOBOU MOBEPXHOCTHU Y1), ¥ MPOEKTUBHO ILUIOCKAA CBA3BHOCTDH HA CO-
OTBETCTBYIOIINX BEKTOPHBIX paccaoerusax (1.12) mam mMEOroo6pasm-
€M MOIyJe! TIABHO MOMAPU30BAHBIX abeleBBIX MHOrOOOpa3mu, Kak
M3BECTHO?, WMeeTCA.

OpgHako cuTyanus, ¢ KOTOPOU MBI TYT CTAJIKUBAEMCA, OKA3BIBACT-
ca Kyzga 6olee 3aMevaTeNbHOU, YeM IPOCTO YCIEIIHOe KBAaHTOBaHwE!

§ 3 Aare6po-reomerpuyeckaa Teopusa U-pyHKIIUHA.

Besakoe g-mepHOe TiraBHO mOAApU30BAHHOE abeaeB0 MHOT00Opas3me
(A, ©) comepxuTr KoHeUHYO moATpynmny K, cABUrM HA KOTOPYIO IIe-
peBogaT auuenHoe pacciaoenune O(kO) B cebsa, u HETPYTHO BUIETD,
9aTo

K=A,CA (2.2)

COBMAAET C MOATPYIION TOUEK k-TOTO MOPAIKA B A0EJeBOU T'PYIIIE
A. Ha K umeerca KaHOHMYECKAA CUMILIEKTHYECKad (popMa, 3a0aBa-
eMas TOMOMOTMIECKUAM TIEPECeTIeHneM KIacca © ¢ OpUEeHTUPOBAHHBIM
2-UMKIOM, HATAHYTHIM Ha mapy saemenToB w3 K. MaaynumpoBamuoe
sron popmon pazmoxernne K = K, x K B mOpaMyio CyMMy IBYX
M30TPOIHBIX MOATPYIIT HAZHIBAETCA ¥-cmpykmypot ypoeus k.

‘e, [W)
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3aMeuaTenbHBIH KIACCHIeCKIH Pe3yIbTaT  COCTOMT B TOM, €ITO

HNOMHAS JUHEUHAA cucTeMa |kO| cOmepXUT eIUHCTBEHHBLIN TUBU3OD
D, , "HBAPWAHTHBIA OTHOCUTEIHHO CABUTOB HA DJIEMEHTHI TIOTDY B
K, Tak 4TO m060My daeMeHTy a € K_ MOXHO KAaHOHWIECKU COIO-
cTaBuTh AuBU30p Dy + a v panmoHanbHyO QyHKINO ¥, € MOT0COM
Ha nquBm3ope D, um HyaeMm Ha nquBusope D, + a, 9TO HaCT pasioxeHue
MPOCTPAHCTBA TOJOMOP(HBIX CEYCHUN JUHEMHOTO paccioenus kO B
IPAMYIO CYMMY OJHOMEPHBIX HOAIPOCTPAHCTB:

H°(A,0(k0)) = HY(A,0(D4)) = €P C- V.. (2.3)
aEK_

Dyuxunmsa 9, vHaswBaeTca J-Pynryuet ¢ rapaxkmepucmurot a € K_,
a pasmoxenue (2.3) — pazaoscenuem no V-GynKyuaMm ¢ Tapaxmepu-
cmukamy. OTMETHM, 9TO OPAIKY HAINMAX KOHEIHBIX A0ETEeBBIX TPYIII

PaBHEI
K| =k, |Ki|=k.

[Ipumenum Teneps k mape (A, O(k©O)) pacumpenmyio Teopuio Ko-
nawpsl - Cnencepa u3 § 4 rmasor 1. ITockorbky oTobpaxenune (1.19):

HY(A,TA) — H?(A,0,)

Ha JI0O00M abeJeBOM MHOT000pa3W! ABIAETCS W30MOP(U3IMOM, KOT'O-
MOJOTUIECKAA MOCAeI0BATETbHOCTE (1.22) maeT

HY(A,0) = H(A, DY(O(kO))) .

W3 gruHHON KOMOMOJOTMYECKON HOCAeA0BATEIbHOCTH Tpouku (1.32)
H(A, $(T)) = H'(A, D' (k0)) ,

a (1.26) mpespamaeTca B TOIHYIO TPOUKY

H°(A,0(kO))
C-s

Tem cambiv, tpm gedopmanmu naper (A, O(kO)) xaxmoe cedenue

s € HY(A,kO) umeer eduncmeennyio gedpopMammio B rotoMopdHOe

0

H}(dy) — H'(A,D'(O(k®))) — 0.

'Bocpomssegennsi 1. Mamdopaom B [Mum]
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cedeHme. JTa, MeOPMAINA ABIAETCA PEIICHUEM YPASHEHUS MENA0-
nposodnocmu, u Huxke B (2.19) MBI gaaUM 1A HEe CTAHJAPTHYIO AB-

HYI0 GOpPMYyJIy.

§ 4 KoMOUHATOPHO-CUMILIEKTHUYECKAa Teopua J-pyHKIUH.

[Mockonbky abemeBo MHOrOO6pasme A ABIACTCA 2g-MEPHBIM BEIIle-
CTBEHHBIM TOPOM, €r0 IVMIABHAA MOMIPU3ANUA ONPENENIeT s KIACCOM

we H*(A,Z) = N*H' (A, 7Z) (2.4)

KOTOPBIM MOXHO WHTEPIPETHPOBATE KAK YHUMOIYJIAPHYIO KOCOCHM-
merpuieckyio dopmy wa Hi(A,7Z) (B ciywae, korga A = J(X) asna-
eTca AKOOUAHOM KPUBOU, 5Ta (HOpMa MHAYIUAPYETCA (POPMOU Tmepe-
ceveHusa |-IMKIOB HA MONIEXKAIIEN PUMAHOBOU MOBEpxXHOCTH X). U3
obmen Teopuu Takux ¢Gpopm BeiTekaeT, uTo Hi(A,7Z) packiaasiBaer-
CA B IPAMYIO CYMMY ABYX U30TPOIHBIX METOIUCIEHHBIX TOAPEIEeTOK,
MBOUCTBEHHLIX OTHOCATENLHO W. JTO PA3JIOKEHNE BEIET K Pa3IoxKe-
HUIO 2¢-MEPHOTO Topa A B PAMYIO CyMMy ABYX ¢-MEPHBIX JarpaH-
®KEBBIX MMOATOPOB:

A=T*=T) xT?, (2.5)

¥ TPOEKINA Ha BTOPOU U3 HUX

R (2.6)
3ataeT Ha A MHTErpHpyeMyio BemIeCTBEHHYIO HOIAPU3AIMION, U He-
MTOCPEACTBEHHO U3 OMPEAEJeHUN MBI MOJYYaeM, YTO MHOXECTBO O0p-
-3oMMepdensIoBerx croes yposua k: BS, = (T?), € T? B Tou-
HOCTH COBHAJAET C MOATPYHIION TOYeK k-TOro mopagka Ha Tope 17
(cM. puc. 2 Ha cTp. 35).

1. e. BIIOIHE MHTErPUPYEMYIO THHAMEYIECKYIO CHCTEMY
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Urak, 60p-3oMmmepdens 08B0 KBAHTOBAHUE IPUBOAUT K IIPOCTPAH-
CTBAM BOJHOBBIX (DYHKITUN:

QiT¥,w)= P C- s, (2.7)

aE(Tf)k

(r‘,z(e Sq CYTh KOBAPUAHTHO MOCTOAHHBIC YHUTAPHBIEC CEICHUA OT'DAHU-
YeHUU PACCIOEHUA IPEKBAHTOBAHMA HA G0P-30MMepdEIbI0BbI CION ),
KOTOPBIEC UMEIOT TE€ X€ PadMEePHOCTH, 9TO 1 TPOCTPaHCTBA BOTHOBBIX
(bYHKIUN KerepoBa KBAHTOBAHUA, TAK UTO HAllle KBAHTOBAHUE ABJLA-
eTCS IUCICHHO IMOTHBIM (CM. KOHeI § 5 riaBsl 1).

10101020

Touku k-npenenus

T_g

Puc. 2. Bop-3omMMepdenbI0BEI TOYKT TOPA,

Mer1 oy gaem 31ech mepBoe MOUCTUHE yAUBUTEILHOE COBIIAICHUE,
7 XOTEJIOCh ObI CKa3aTh HECKOABKO CIOB O TOU M€OMETPUUN, KOTOPad
3a HUM CTOWT.

Bosspamaacs K JgarpamxeBy paccaoenuio (2.6), 3ameHuM B HeM
Kax bt caoit T ma asotictennsnt Top? (T7)*. Ilory<uM Tak Ha3bl-
BaeMoe J801UcmeerHoe PAccaoeHue

A= (T2 " 79, (2.8)

2Ipome BCero mpeacTaBIATH cebe (T)" xak IPOCTPAHCTBO KIACCOB KAIMOPOBOY-
HO DKBUBAIEHTHBIX WIOCKUX U(1)- CBA3HOCTEN HA TPUBUATHHOM JTUHETHOM PACCIO-
enmm Han T
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mpeacTaBisgionee cob00 ¢ Priori IPyrou 2g-MepPHBIA TOP, MOMAPU30-
BAHHBLII HOBOM CUMILIEKTHICCKON (hopMOi w' Tak Xe, KaK ¥ BLIIIE.

Ecmu 3agaTh Ha MCXOAHOM KOMILIEKCHOM TOpe A JIuHEenmHOe pac-
croenne npenkBanToBanua L ¢ U(1)-CBA3BHOCTBIO, KPUBU3HA KOTO-
pPOU TPOIMOPIMOHATBHA W, TO €ro OrPAHWYEHWE Ha, JATDAHKEB CJIOU
T! = 7~ (a) HAJ TPOM3BOMLHOK TOUKON a € TY Gyper TpuBHAIL-
HBIM paccioerHneM ¢ miockoir U(1)-ceasrocTsio Hag T, T. e. TOUKOM
apoicTrenHOro Topa sr,(a) € (T9)*. Napvm crosavm, paccrocame L
ONIPEIETACT CEICHUE

TY (T2 = A

o6pa3 KOTOporo sL(Ti) C A’ aBrgeTca JArpaHXKeBLIM MOIMHOTO-
o0pasueM CPeIuHHOU PA3MEPHOCTH.

Kpowme 5Toro ceuenus paccioeHue Ha JBOUCTBEHHBIE TOPHI (2.8)

g _So n2g o
umeer Hynesoe cederme 1] —— (T")%9, oTedaomee TPUBHATIHHOMN

ceasHocTr Ha T9 x U(1l) u sagamomee eme OQHO JAPAHXKEBO IOX-
MHOT0OGpasue cpeauaHON pasMeprocTu B A’. MHOXecTBO 60p-30M-
MepdeTbIOBLIX CIOEB YPOBHA k ABIACTCA, OYEBUIHO, MEPECETCHUEM:
BSk = sp(0)Ns k. [TockombKy 06a TarpanXeBbIX MUKIa OPUEHTUPOBA-
HBI, IUCI0 60P-30MMEPGEIbIOBBIX CIOEB MOJOXUTEILHO U COBIALACT
C WHAEKCOM TIEPECEICHUA KAACCOB TOMOJOT I

#BSk = [so] - [s4] (2.9)

KOTOPBIU JIETKO BBIMUCIAETCA 9epe3 nepsbii kaace Jepua cq (L).
BriBog m3 Bcero ckasaHHoro cienyioommi. /11 xaxmgoro abene-
Ba, MEHOr000pasua A = T2Y uMmeeTcs CHMILIEKTHIECKH JBOMCTBEHHOE
abeneBo MHOroo6pasume A’ = (T")?9, Takoe 9TO aareGpamtdecKas reo-
MEeTpUA KOT'€PEHTHBIX ITYy9IKOB HA A HaXOOUT CBOEC OTPAaXEHUE B CUM-
IUIEKTUIECKOU T€OMETPHUY JATPAHKEBBIX IUKIOB (WIM CYHNEepIUKIOB)
Ha A'. DTOT (IBOMHUKY OOBITHO HA3BIBACTCA 3EPKAALHLLM NAPTMHEPOM
HUCXOMHOTO MHOTOOOpa3ua. 3epKAIbHAS CAMMETPHUA ABIAETCA HBIHE
HACTOJBKO BBICOKO PA3BUTOU OOMACTHIO MATEMATUKU U (PUIUKU, ITO
MBI HE MOXEM OXBATUTH €€ TYT B NIBYX CJIOBaX, 1 OTCHLIAECM IUTATENA,
manpumep, K 063opy [CK]. [IpuBenennas HAMU KOHCTDYKIIUU COBIIA-
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paer ¢ mogxogom IllTpomunrepa — fly — 3acmosa, HO MBI He Oymem
Celvac BIABATHLCA B €€ BO3MOXHEIE (hOPMAIbHEIE 06006IeHn’ .

YuraTenb, BEPOATHO, yXKe MOTAMAICA, ITO COBIAIEHUE DPa3Mep-
HOCTEUN — HTO JUIIL TPOMEXYTOIHLIN PE3YILTAT, U PA3BUBAA YCIIEX,
MOXHO IMOCTPOUTE B 0O60UX MPOCTPAHCTBAX BOJHOBBIX (DYHKIUHI €CTE-
CTBEHHO COTVIACOBAHHEIE 1)-0A3UCHI, T. €. KAHOHUIECKU COMOCTABUTD
KaxI0My 6GOp-30MMepdeIbIoBy CIOK Jarpanxkena pacciaoeHus (2.6)
roroMopdHOe cedeHnme O-paccioeHus ypoBHA k. DTO memaeTcs Tmo-
CPEeICTBOM TaK HA3BIBAEMOTO NPEoOPA308aGHUL KO2EPEHMHBIL COCMO-
anuti, obobmaromero mzomoppusm Curara-Baprmana, xoropem (B
KOHTEKCTE KBAHTOBOUM TEOPUHU), OTOXAECTBIACT THILOEPTOBBI IPO-
CTPAHCTBA (PYHKIUU C UHTECPUPYEMBIM KBAIPATOM HA KOHMUTYpPa-
[IIOHHOM MPOCTPAHCTBE U TOJIOMOPGHBIX (PYHKIUU HA TPOCTPAHCTEE
¢$a30BOM.

B xoHEYHOMEPHOM Caydae KOH(MUTYPAIMOHHBIM MPOCTPAHCTBOM
saeiaserca RY — pemecTBeHHas dacTh dasosoro npocrpaucTsa CI, u
npeobpa3oBaHre KOTePeHTHBIX COCTOAHME' 3a]aeT YHUTAPHEIR M30-
moppuam L2 (RY, d9x) Shlil L2(C9,duy) NH(CY) , re B mpasoit
qacTu 4epe3 H 0003HAYEHO MPOCTPAHCTBO TOJOMOPQPHBIX (PYHKIUNT,
a dyu; obo3HAMAeT rayccoBy Mepy. B mamem ciydae RY zamenserca’
ua BemecTBernbn Top® TY = U(1)9, a C9 — Ha KOMILIEKCHEIH TOD
(C*)9. Obozmas M qepes 7 = T + i §f KOOPAMHATHI Ha YHUBEPCATLHOM
HAaKPLIBAIOIIEH

U=0C —s ((C*)g
(217227 s 7Zn) = (6271'11,21’ 627Tiz2, cee 627Tiz9)

(2.10)

Torga & = (r1,%2,...,24) € [0, 1]9 magyT mepmogmveckume Koop-
muaaTel Ha U(1)7, a dpopma dZ dy maaynupyer ma (C*)9 obwramyio

3cm., manpumep, [T3]

1. e. coherent state transform

°B. K. Xomr B [Ha] 0606mmr mpeo6pa3oBanme KOrePeHTHEIX COCTOAHUE Ha CIyIai
KOMILTEKCH(PUKAIIMI TTIPOU3BOILHEIX BEIIECTBEHHLIX MPYH JIu KOMIAKTHOrO THUIIA,
7 HIXe, B HeaGeIeBOM CIy4dae, MbI OyAeM MCIOAB30BATD €r0 KOHCTPYKIWIO /A Ta-
pet SU(2), SL(2, C); ograko, 30eCh MBI IMeEM ropa3ao GoJaee IPOCTYIO CUTYALHIo
abenesrrx rpynm U(1)? C (C*)?

b1, e. «aymeroe cewenues mpoexiuu (2.6) — OTMETHM, YTO OHO ABIACTCA CIEYU-
aAbHbLM na2Panncesbim mogropom B A, cm. [T4]
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mepy Xaapa. Bosepamaace x pasnoxermio Hy(A,Z) = H\(T{,Z) &
H{(T?,7) B cymMy M30TPOTHBIX TIOATPOCTPAHCTB (hOPMEI W, (DUKCH-
PyeM B HUX HEKOTOPBIE 0A3UCHI:

{ar,a9,... a5y CH\(T?,Z), {b1,ba,...,bs} C H\(T{,Z), (2.11)

Tak ITOOBI HOMHBIE HAGOD (ai,as,...,aq, bi,ba,...,by) GBLT cTaH-
MapTHBIM cuMILIeKTraeckum 6aszucom Hi(A,7) m paccMoTpum mHIY-
LIMPOBAHHYIO M MATPHUILY HEPUOLOB’ :

Q = [|Q4]| = Re Q + i TmQ (2.12)

u coorBercTByomuy U (l)-MHBAPHAHTHBIN JAIIACHAH

9 2
Im©y;; O
ﬁImQ _ § : L]
N 2r  Oz;0x;’ (2.13)

hj=1
a Takxke U(1)/-uHBApUAHTHBIN KOMILIEKCHBIN JTAILIACAAH

g 2 2
Im©; 0 0
ImQ _ ®J
Ac = Z 21 (&riaxj + 8yi8yj> '

ij=1

O6o3HauuM wepes ; PyHIAMEHTATLHOE PelleHne yPABHEHUA Terio-
IIPOBOIHOCTH

4 % = A(Icmﬂu

Ha (C*)9 m paccmorpum yepenrenne vy (Z) dZdij moakpyIeHHON MEPHI
Xaapa p dZdy no geucrsuio U(1)9:

vi(Z) = / (2 + @) d7 =

U(1)e

/ T
@ S (5 — ) (Im9);, ! (25 — 75)

= — . ¢ p J—
/det(ImQ) 2t 7

ABIATONIYIOCA TOYKOU BEPXHETO 3UTeIeBa MOIyIpOCTpancTsa H

7
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Kpowme Toro, paccMoTpuM HecaMOCONPAXKEHHBIA onepaTop Jlamraca:

ATEE ‘ gQ 0 2.14

[Ipeo6pasoBaHre KOrepEeHTHBIX COCTOAHUNI

osT{ 7'

L2U(1)9, di) L2((CY9, dvy) NH(([C))  (2.15)

nepesogut dyskumo f € L?(U(1)9,dZ) ¢ pasnoxenmem Dypoe

f@) =" an exp(2mi - i) (2.16)

nEZLI
B pelmeHne KOMILIEKCHOI'O YPaBHEHUA TEIIOIMIPOBOITHOCTH

TV A1)
2 5 A n

ua (C*)9 ¢ mavanrsueiv yeaosueM f Baoas U(1)7 C (C*)9, r.e. B

CST,E*iQ)f(Z) = Z ap, exp (mitf - Q-7 + 2w T - 1)
€79
B [FMN] K. ®aopenTuno, 2K. Mypao u 2K. Hynsec goxazamu
[PEATOXKEHUE 1. [IpeobpasoBanue (2.15) ABrgeTca yHUTADHBIM.

Tanee mpeo6pazosamme (2.15) mpogomxaerca ¢ L2(U(1)9,dF) ma
npoctpanrcTeo (C®(U(1)7))" 0606mennsx byHKIMN, 33 1aBAEMbIX DA-
namu (2.16), OrpAHUYIEHHBIME YCJIOBUEM:

. |an|
INeN: lim —1%
< ititosso (L + 71 - )N

=0.

Crenenn omnepaTopa Jlamiaca TeUCTBYIOT HA TAKUX PaCIepeneNeHn-

Ax% Kak HempepbLIBHBIE TUHEHHEIE OMePATOPLI, TaK ITO 1pu t > ()

¢ )
- e2 A(=i9) O o
§ :aneZﬂ'zzn o= § :anemthn+2mzn (217)

nez9I neZLI

8 nBoticTBenHO ux AetcTauio wa O (U(1)9)
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B Ton xe padore [FMN] nokasano

OPENTOKEHWE 2. Mg f € (C*°(U(1)9)) mpasas gacts (2.17) apus-
ercs roromopguon gynaknuer Ha (C*)9.

Teneps MBI MOXEM COIIOCTABUTHL KaXKIOMY OGOP-30MMepdeIsb 0By
caoto poeknuu (2.6) HekOTOpYIO aHauTIIECKyo dyrkmmio Ha (C*)7.
[lia >TOro MBI 3aMEHUM HEIpPEepPBIBHLIA mapameTp ¢t > (0 B ypaBHe-
HUM TEIUIONPOBOAHOCTU AMCKPETHHIM 3HadeHuweM 1/k u mis moboro
saementa ¢ € 79/kZ9 npumenum npeobpasosanue (2.17) k 0-pyHK-
nuu k-TOro mopagka, COCPesoTOYeHHOU B £-Tom Gop-3oMMepdenb -
OBOU TOUKe ypoBHi k npoekuun (2.6):

191}(1_) _ Z 62ﬁif-(f+kﬁ) ’ (218)
nezI

[Monyuum aHATUTHYIECKYIO (DYHKIIAIO

CST§7;Q) (0% =
=3 exp <%(£+kﬁ)-Q-(f+kﬁ)+2m’(£+kﬁ) 5’) -
AELI

=94(2,9) . (2.19)

OcTaeTcs Iuis TPOUHTEPIPETUPOBATE 3Ty TOIOMOPGMHYIO (PYHKIIUIO
Ha (C*)9 xax romomMopdHOe cedeHune TMHEMHOTO pacciaoenus © Ha A,
9TO MBI U CHETAEM B clefyiomeM maparpade. A B 3akiov9eHure mom-
YepKHEM €IIe pa3s, UTO XOTA KJIACCUIecKas Teopus J-GpyHKIUU Ha-
cunTHIBaeT yxe 6omee 150 meT, omucaHHOE HAMY BHIIIE «CPABHUTENb-
HO€ KBAHTOBAaHWE» OBLIO MPOAEIAHO JWINL COBCEM HENABHO B paboTe

[FMN].
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§ 5 ILnockue romomopdHbie a6eneBbl CBA3HOCTH.

Jlunennoe paccroenve L mpuHATO 3a1aBaTh HAOOPOM Bynkyut ne-
peroda, acCOMUUPOBAHHLIX ¢ KOHEYIHBIM MOKpbITHeM {U;} ero 6a3mbi.
Dyrkumu nepexoga fij = f]Tl CYyTh PEryJIsApHBbIE U 0OPATUMBIE KOM-
IIeKCHBIe (DYHKIME Ha JBOMHBIX mepecedenuax U; N Uj, yxoBaeTso-
psaomue Ha TPouHLIX nepcedenuax U; N U; N Uy ypaBHEHWIO KOIMKIIA
fij - fjk - fri = 1. IBa Habopa f;j, fi’j 3aJaI0T OJUHAKOBBIE PACCIIO-
€HUA, €CIN CYIIECTBYET HAOODP PEryIAPHBIX U OOPATUMBIX GHyHKITUN
{B;}, onpenenennrix Ha U;, Takou 9TO0 z’lj =05 fzgﬂj_l Ha BCEX TOmap-
HEIX nepecedennax U;NU;. EcTecTBeHHO NONBITATHCA TOABICKATD A
OAaHHOTO L caMbIll TPOCTOU HAOOP (DYHKIUN TIEPEXOIa: HATIPUMED, €C-
JII HTO BO3MOXKHO, CAEIATEH BCE fl-’j KOHCTAHTAMH.

Paccroenne ¢ mOCTOAHHBIMEU (DYHKIUAMEA TEPEXOTa HABBIBAETCA
A0KAAbHOY cucmemoti KodPPuyuenmos. Ham mno60u OMHOCBAZHON OT-
KPBITOU OOJACTHIO OHO TPUBAAIUIYETCA HEKOTOPHIM OGA3UCHBIM CeUe-
HUEM, U TPOJOIKEHIE DTOTO CEYEHUA BAOJIb MEeTENh Ha 0ase onpemre-
JAET XapaKTep XL C* ee dyHugamerTamsaOU rpynnsl. Hao6opor,
KaX B XapaKTep X OMpeIeaseT roaoMopdHOe BEKTOPHOE PacCIoe-
Hre — (HAKTOp MO JUATOHAIHLHOMY TEUCTBUIO T1:

U xCcx
Ux X =" (2.20)
T ™1
rue U — »to YHUBEPpCaJbHasA HaKPbIBAaIOIIaA 6a3bI ¢ KAHOHUYIECKUM

neucteueM 71, a CX = CE— omHOMEpHOE NpeACcTaBICHNE T C XapaK-
TEPOM .

Ecrn conocrasuTs HaGopy dyHKIUE nepexoga f;; Habop mudde-
peHnuaIbHBIX (OPM

{f;' dfij}, (2.21)

TO MBI HOTyIuM Konuka u3 Hb!' = H 1(9), KJIACC KOT'OMOJIOTHE KOTO-
poro coBmajaer ¢ mepsbiM kiaaccom Uepna ci(L) € HY!. Ecim sTor
KJIacc HyaeBou, To Ha U; cymecTByoT nuddepeHnuarbabe GOopMb
hi, Takme aTo h; — h; = i}l dfi;. OTor Habop AubdepeHTIaTEHbIX
dopmM h; Ha3BIBAETCA 2040MOPPHOT NAOCKOT CBAZHOCMBIO HA BEKTOP-
HOM paccaoenun L, accoruupoBanuon ¢ mokpeiTueMm U;.
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Ecan Takas cBI3HOCTD 3a1aHA, MBI MOXEM OMPEISIATH HA KAXK IOM
U; byukuuu (3; u3 ypaBHEHUA

Bt dpi = h

U 3aMEHUTH (PYHKIUM mepexona f;; Ha z’lj =05 fij,Bj_l, KOTOPBIE TIO-
CcTOAHHEL, 60 df]; = 0.
Mpur monydaeM KIaCCUIeCKUN Pe3yIbTAT:

ITPEANOKEHUE 1 (A. IIYAHKAPE). Tomororuvecku TPHUBHAJILHOE JIHU-
HEWHOe DACCAOCHHWE Ha KPHUBOU Y. 00J1a4aeT TOJOMOP(HOU ILIOCKOH
CAZHOCTBIO, U TAKHUE CBA3HOCTH B3AMMHO OZHO3HATHO COOTBETCTBY-

0T XapakTepaM (yHJaMeHTAJIbHON Ipynnsl m1 () X, .

Takum 06pa3oM, MPOCTPAHCTBO A TOIOMOP(MHBIX IIOCKUX CBA3-
HOCTEU HA TPUBHAILHOM PACCIOEHUHN COBMALAET C MPOCTPAHCTBOM
xapakTepoB 71 (X), T. e. ¢ 2g-MEePHBIM BEKTOPHBIM IIPOCTPAHCTBOM

A= (C).

ComocTasaas romoMop@dHON TLIOCKOU CBA3HOCTHU MOLIEXKAIIEE €U TO-
JTOMOPGHOE PACCIOCHUE, MBI OLYIAEM 3a0b16a10UECE 0MOODANCEHUE:

AL g, (2.22)

CJIOM KOTOPOT'O COCTOUT M3 BCEX T'OJOMOP(HBIX INIOCKUX CBA3HOCTEU
Ha TaHHOM TONOJOIMIECKU TPUBUAILHOM 2040MOPHHOM PACCIOCHUM.
A Tax Kax pasHOCTB JIOOBIX ABYX Takux cBasHocren {h;}, {h.} oguna-
koBo orparmuBaeTca Ha U;NU; ¢ U; u ¢ Uj, 3Ta pa3HOCTH CKIEHBACT-
cA B TIOOATBHOE TOIOMOP(MHOE CeIeHNe KOKACATEILHOTO PACCIOCHUS
kpusoit: {h;} —{h.} € H°(Ox(K)). IIpocTpaHCTBO TAKAX CEIEHMUI, TIO
meoricTernocTu Ceppa, momoppuo H(Ox(K)) = H'(Os)*, T. €.
CIOI0 KOKACATENBHOrO paccioenma sy = T*J(X) kx axoOmamy'.
Nubivu croBamu, 3a0biBatoniee oroOpaxenue (2.22) 3agaer Ha Ipo-
CTPAHCTBE XapakKTepoB A CTPYKTYDPY adunnoco paccioenus HAJ KO-
KacaTerbHBIM paccioenneM {2 jx) K AKOOGMaHy KPUBOU.

IOTMeTI/IM, YUTO KOKaCaTeIdbHOE paCCIOeHue QJ(E) ABMACTCA TPUBUAIBHBIM g-MeEp-
HBIM BEKTOPHBIM PaCCIOCHHNEeM
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OTO 03HAYAET, YTO HAJA HOCTATOYHO MAILIM OTKpwITHIM U; C J
MBI MOXeM 3a(dUKCHPOBATEL HEKOTOpOe «HymdeBoe» ceuenue A man U;
u oroxgectsuth Ay, ¢ Q|y,. Oguako man nepecedennavu U; N Uj
MEX Y STUMHU CEYSHUAMU MOXET BO3HUKATH HECTBHIKOBKA, W HAGOD
COOTBETCTBYIOIMUX PA3HOCTEN MPENCTABIIET COO0I 1-KOIUKI

eq € HY(J(X),Q) = H*(J(X),C)

mo gemme [loas60. Kmaccsl HeTPpUBUATHEHBIX ap@UHHBIX PACCIOCHUN
HaJ OJHUM U TeM Xe BEeKTOPHBIM DPACCIOCHWEM B3aMMHO OTHO3HATHO
COOTBETCTBYIOT TAKMM KOUUKIAM (B IACTHOCTH, €CTA KOIUKI TPUBU-
aseH, adgdUHHOE PACCIOEHUE COBIAJAET C MOAJEXKAIIAM BEKTODPHBIM
paccroenmwem). B mamewm cryvae mmeeT mecTo

[IPEAMOKEHUE 2 (A. IIVAHKAPE). €4 = [O] = [w].

[lnsa nokasaTemsCTBa 2TOrO0 PABEHCTBA W MOCTPOEHUA WHTEPIIPE-
Tanmum, 06EMAHHON B § 4 MIABHI 2, 3aAMETUM, ITO W3 TIPUHIATA MAKCH-
MyMa, I KOMIAKTHOTO KOMILIEKCHOTO MHOTOO0ODA3Ua BEITEKAET, ITO
0 AIPOCTPAHCTBO yHumaphuis zapaxmepos? U(1)29 C (C)% = A
ABIAeTCA TaagkuM (HO He romomMopdrbM!) rroGambHBIM? ceueHmeM
addunrHOro paccroerusa (2.22), MO3BOIAIOMMAM TIATKO (HO HE TOJO-
MopHO) 0TOX gecTBuTh axobuan J () ¢ Topom U(1)%9. dukcamus B
H\(X,Z) = H\(Js,Z) cummnekTudeckoro 6asuca (2.11) Beigenser B
A 1Ba BaXHBIX OATPOCTPAHCTBA!

e abeseso npocmpancmeo Ilommxu

Sy = (C)? = {x € (C)* | x(a;) = 1} ; (2.23)

1. e. mpuEIMalomux 3Haxenus B U(1) C C

310, wT0 OrpaHmIeHme 3a0hIBatomero oTobpaxenus (2.22) ma U(1)%9  (C*)* cio-
PBEKTHBHO 0TOGPAXKAET YHUTAPHBIE XapPAKTEPHI Ha AKOOWAH, TOKA3BIBAETCA MPU-
MEHEHHEM INPOEeKIINN

Z .
2] °

arg

CH? v . z—

MHAYe TOBOPS, HA JIOG0M TOIOMOPGHOM JIMHEMHOM DACCIOEHUU €CThb 9PMUMOBA
IJIOCKAsA CBA3HOCTH
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e abeaeso ynumaproe npocmparcmeo Ilommuru

uSy = (U1))?! = {x € U1)* | x(a;) =1} . (2.24)

Orpanmausas 3abeBatomee orobpaxenue (2.22) Ha TEpBOE W3 HUX,
MBI TIOMY9aeM (€CKOHETHOMACTHOE HAKPLITHE

fls
Sg = (C)? — J(%)
¢ rpynnon 79, Ha KOTOpoe O-paccloeHne MOJHAMACTCA TPUBUATBHO:
(fls)* 05(©) = Osg,

tak uTo roiomopdusie cedenus O;(0©) (r.e. J-byukuuu) npespa-
maoTca B romomopdusie dyaknuu za (C*)7, npeobpasyommecsa o
nerctsueM 71 (J) ¢ HAIIEKAIIAME MHOHCUMEALMU ABMOMOPPHHOCTIL.

Ecmu BepryThCa K 0o6Go3Hawenmam dopmya (2.10) — (2.12) w3 §4
raasel 2 (rge Z 6bUIM KOMIUIEKCHBIMA KOODAUHATAME HA YHUBEPCATb-
HoM HaxpeiTun Y —— (C*)Y, marpuna nmepuogos A o6osHaIatach
gepes Q u T. 1.) u 0603HAUUTH depes u; € U = CY BeKTOpHI, HA KOTO-
peie casuraercs U mox neuctsueM a; € mi(J), To geucrsue b; € wi(J)
Ha U GyfeT COCTOATH B CABUTE HA BEKTOP

9
ugri =y Qujuij
=1

a H°(J(XZ),O(k©)) ecTecTBeHHO OTOXIECTBUTCA C TPOCTPAHCTBOM
rosoMopdubix dyuknuu ) Ha (C*)9, mogbeMm koTopbix HAa U yHOBIE-
TBOPAET COOTHOIIECHVISAM:

Iz +u;) = 9(2) -
N 2mkzi—7ik Q;; ( . 5)
Pz +ugyi) =e ¥(z) .

CrenosaTensHO, TPOU3BOABLHOE CedeHme 1(2) MMeeT PasIoKEeHUe
0= Y vl (2.26)
0€7.9/kZ9

rae ¢p € C, a ¥y(z) cyTs 9-byukuuu ¢ xapakrepuctukamu u3 (2.19).
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§ 6 ITonrHoe kBaHTOBaHUE.

Nrorom Bcero mpeabigyIero CiayXuT

TEOPEMA 1. [1aBHO moIApu30BaHHBIE A0EIEeBEI MHOT000pa3us (a ¢ HU-

ME U arreOpamdIecKue KPUBBIE) JOMYCKAIOT MOMHOE KBAHTOBAHUE B
MpOCTpaHCTBaX ¥-(yHKITUH.

[TpuBemem ermie pa3 CIUCOK JEUCTBUN, IPOAEIAHHBIX HAMU ITPH TO-
CTPOEHUM HTOT'O MOJHOTO KBAHTOBAHMUA:

1)

MBI OTOXAeCTBIIN ¢-MepHbI Top U(1)Y ¢ HyneBeM cedenmem

™
paccioeruns A —— TY u paccMoTpern ero KOMILIeKCH(bIKAIITIO

(C)? > U1)%

WCIIOAB3Ys MATPHUILY TeproaoB ), acCOUUPOBAHHYIO C (DUKCH-
POBaHHBIM CUMILTEKTHIeCKUM Gazucom B Hi(A), Mbr mocTpommmu
mpeoOpas3oBaHue KOTEPEHTHBIX COCTOSHUU C AUCKPETHBIM Bpe-
MeHeM

CST(iiQ)

CR(U(1)7) ——L— 12 (€7, dvy ) NH((C'))

¥ IPUMEHITH ero K J-pyHKmmaM 9 60p-30MMepders [oBLIX To-
ek "a U (1), 3agannbix ceommu pagavu Dypoe (2.18); pesyan-
raTroMm ctax Habop {¥y(z,)} romomopdubix J-pyHKIEN C Xa-
pakTepuctukamu ua (C*)9;

ele pa3 MCIOAb3ys MATPUILy TEPUOAOB ), MBI MOCTPOWIA HA-
kportue (C*)? —— J(X¥), ma xoropoe paccioenue Oy (kO)
NOJHUMAETCA TPUBUATBLHO, M OTOX IECTBIIA TMPOCTPAHCTBO TO-
aomopduex cevernui HO (J(X), O(kO)) ¢ mpocTpaHCTBOM ToJ0-
Mopdubix Gyakumi Ha, (C*)Y, ynoBreTBOpAOIIX yCAOBAAM aB-
romopdHOcTH (2.25); IPU HTOM MOLYIWIOCH TO Ke CaMOe Mpo-
CTPaHCTBO (maxe Te xe U-pyHKIWMHU), 9TO W HA MPEIBITYIIEM
mare.

Ha sToM ncTopusa MHOr006Gpas3uit MOAYIEN TOMOJOTUIECKN TPUBUATE-
HBIX BEKTOPHBIX PACCIOeHUWEn paHra 1 Ham

a.nre6panquKHMH KPUBBIMU — PUMAHOBBIMHU ITOBEPXHOCTAMU
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CerofHsA 3aKaHIMBaeTCA. Ho amreOpamdeckon KPUBOU MOXKHO COTIO-
CTABUATL W APYTUe MHOTOOOpasma Moayaeu. Hampumep, TOmosorude-
CKU TPUBUAILHBIX BEKTOPHBIX pacciaoenun panra 2. [Ipmdem 510 co-
MOCTABIEHUE TOXe OyAeT TOIYHBIM MOAYIAPHBIM COOTBETCTBUEM. VH-
Tepec K TAKOW HeabeaeBON Teopuu 0COOEHHO MOAOTPEBACTCA TEM, ITO
OHA, TOJJICKUT ABYMEPHOU KOH(MOPMHON TEOPHUH IIOJA.

Mur GymeM cTpouTh 00o0OIeHue Teopuum J-GpyHKINEM Ha Heabe-
JEB CIy4Yau, CAeAysS TOJBKO UTO BBIMTUCAHHOU MpPOrpaMMe IeUCTBUM.
[Tpu 5TOM 0COGEHHO BAXHBIM A HAC ABIAETCA CASAYIONIEE CIeICTBHAE
cOPMYIUPOBAHHON BHINIE TEOPEMBI (MO0 MMEHHO €ro JOKA3aTelb-
CTBO B HeaGeneBOM Cilydae OyJeT HAIIeW TNIABHOU IEJbIO).

CaeacTBUE 1. IIpocTtpancTBa BOMHOBBIX (yHKIuU (2.7) HE 3aBUCAT

1

0T BHIOOPA BEM[ECTBEHHOMN IOMAPU3ALUHA " (APUPMETHICCKOr0» THIIAS.

Komeuno, B paMKax KIacCU9IeCKOU TEOPUHU Y-(PYHKIUU 3TO 3aMe-
vaHme 04eBUAHO. Ho misa HeabGemeBbIX 1-pyHKIUU 3TO YTBEPK JCHUE
O3HAYMAET BAXKHENIIee A11 KOH(OPMHON KBAHTOBOM TEOPUE HOIAS 1
MAJOMEPHOU TOTOJOTUH (YCIOBUAE HE3ABUCUMOCTHY, U €70 TOKA3ATEIb-
CTBO MOTPEOYEeT OT HAC KYAa OOMBIINX YCUIUNA, 9eM B abeIeBOM CIy-
qae.

Crexyer oco60o ormeruts, aro HO(J(X),O(kO)) spaserca me-
MPUBOAUMBIM TpencTaBieHueM rpynnst [ausenbepra [y yposusa k.
Tounee, 'y, meucTByeT Ha auueuHoMm paccaoenun O(kO), m uuaynu-
POBaHHOE TPEACTABJICHNE B MPOCTPAHCTBE €ro TOJOMOP(MHBIX Cede-
HUW ABIAETCA €€ eJUHCTBEHHBIM (C TOYHOCTBIO M0 MPOEKTUBU3AIINY )
HEMPUBOAUMBIM TPEACTABIEHUEM. JTO OOCTOATEIHLCTBO COCTABIAET
CEepANEBUHY KJIACCUIECKON Teopun ¥-pyHKINN, U CYIECTBOBAHUE CIIe-
OUATLHOrO 0as3uca B MPOCTPAHCTBE Y-PHKIUN O0YCIOBIEHO MMEHHO
um: rpynna K B (2.2) apaserca dpaxkTopom [y M0 MyabTUIIRKATUBHO
BIOXeHHOU noarpymnne Z/k7Z.

CBOMCTBO GBITH MPOCTPAHCTBOM EJUHCTBEHHOTO (C TOYHOCTHIO 0
OPOEKTUBU3AINN) HEIPUBOAUMOTO MPENCTABICHUA HEKOTOPOU alre-
Opwl OygeT mpucyie u HeabemeBuIM J-pyHKIuam. TorbKo Teneps Ta-

'a pasgoxenue (2.5) u mpoexmus (2.6) aumb GUKCHPYIOT CIENUATLHEE GA3UCH B
STUX MPOCTPAHCTBAX

1. e. 3a4aBaeMOM (POPMOI W, YAOBIETBOPAIOMEH yCIoBmO (2.4)

3ma cmsmre: CQFT
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Kou anreOpou OymeT KaamOpoBOYHAA aarebpa KOH(OPMHOU KBAHTO-
Bou Teopuu noas Becca — 3ymuno — Burrena (WZW CQFT).
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HEABENEBbLI 9-YHKLUUUN

CTporoe MOIyIAsSIpHOE COOTBETCTBUE
Yr— MSS(ZI) , (31)

KOTOPOE COMOCTABIAET aAreGpamvdecKon KPUBOM MHOT'000pa3me Mo-
OyJeN MOJyCTAOMIBLHBIX TOIOMOP(HBIX TOMOJOMMIECKU TPUBAAIBLHBIX
BEKTOPHBIX PACCIOCHWU PAHTa 2 HA HEH, CTOUT TEPBLIM B PALY He-
KOMMYMaMuenbl o6o0menun akobuana. MoxHO, pasymeeTcsa, pac-
CMATPUBATEL U KyAa 60Iee CIOXHBIE KOHCTPYKIIAU, OTHAKO, YKE DTO-
MYy ABYMEPDHOMY CIYyYal0 BIIOTHE IPUCYIUIX BCE HOBbIC T€OMETPUICCKUE
YePTHI, TOABIAOIMECA B OOIIEN CATYAIUA. B 5TON TIaBe MBI, CIEIy s
penenty u3 §5 ruassl 1, IPOKBAHTYEM PUMAHOBY MOBEPXHOCTD Y MPHU
HOMOIIA CTPOTOro MOAyIApHOro coorsercBusa (3.1). [lag sToro mer
Ar 3a MArOM MOBTOPUM BCE MOCTPOEHUA U3 abereBon Teopun (T. e.
KJIACCHIECKOU Teopun J-(pyHKIUN), TPOACTAHHHBIE HAMW BHIIIE.

§ 1 Anre6panydeckana reoMeTpus
MHOr006pa3ui MOAY.JI€¥ BEKTOPHBIX PACCJIOEHUH.

Anre6po-reoMmeTpuyueckas 9acTh TEOPUM HEAOEAEBBIX ¥-(DYHKIIAN
6bL1a, XOpoIIo passuTa Tpysamu Hapacumana, Bosuis, Jlacmo, [aynm,
Oxc6epu, Pamanana, Copaxepa u MHOTHX apyrux. HoBou cocTapia-
oer HeabeleBOl TEOPUU ABIAECTCS BAXKHEUIIEE TIOHATUE NOAYCMA-
buabrocmu. IloaycTabuibHOCTE IBYMEPHOT'O TOMOJOTUYECKY TPUBU-
AJLHOT'0 BEKTOPHOI'O paccioeHna F Ha KpHUBOM O3HAMAeT, UTO I me

48
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COJIEPKUT TUHEHHBIX [0 IPACCIOCHRH TTOI0XuTenbHON cTernern . Kpo-
Me ATOro, AaA paboOThI ¢ ABYMEPHBIMU BEKTOPHBIME PACCIOCHUAMI
HYXHbBI HEKOTOPBIE CBE€ICHUA O CTPOCHUUN KOT'€PEHTHBIX ITyIKOB HA AJI-
reGpamtecKnx KPUBLIX® M KOe-KaKad TOMOJOTHUecKad anre6pa’. Bee
HEOOX0[MMOe MOXeT ObITh HAWAEHO B JI0O0M 0030pe, MOCBAIIEHHOM
sToMy mpeamery, nanpumep B [DSS].

Urax, paccmorpum MHOrooGpasume M5 (3) Mmogymren Tomosorn«e-
CKM TPUBUAJIBHBIX HOJIyCTa..6I/IJII)HI)IX FOJIOMOpCl:)HI:IX BEKTOPHBIX pPacC-
CIOGHWH paHra 2 Hajg aarebpamdeckon Kpusou Y. HamomumMm, <UTO
HeCmabuabHble TONYyCTAOUIBHBIE PACCIOCHUA TPEACTABIEHBI HA HEM
OPAMOU CYMMOW IBYX COIPXEHHBIX TOMOJOTUYIECKA TPUBUAILHBIX
JWHEVHBIX PACCIOCHWH, a KAaCaTelbHOE MpOCTpaHcTBO K M (X) B
mpomsBoasHON Touke E mmeer sux TpM* = HY(Ad(E)), rae

Ad(E) CEnd(E)=E*®FE
5TO MOApACCIOeHne H6eCCIeTHbIX DHAOMOPGU3MOB. [TockoabKy
H(21,AdE) =0

A J060r0 cTabuabHOTo paccaoenusa F, mo Teopeme Pumana— Poxa
“MeeM

dim M®* = dim Tg M = dim H' (Ad(E)) = —x(Ad(E)) =3¢ — 3 .

Onpenenenne HeabeneBbix O-TMBU30POB MAPALIENLHO KOHCTPYK-
muu u3 § 1 raaser 2. 3aduKCUpyeM Ha Y IMHEHHOE PACCAOCHUE 0 CTe-
nern (g — 1). Torga?

def

0=0,Y (FecM3(2)| H S, E(0)) # 0} (3.2)

't'ee. LCEcei(L) >0

2110601 KOTEePEHTHEIM Myd0K HaJ TVIATKON aIreGpadecKoll KPUBOM PacIajaeTCs
B OPAMYIO CyMMY JOKATBHO CBOOOIHOTO MydKa (T. €. MydIKa CEIeHUU HEKOTOPOTO
BEKTOPHOI'O paCCﬂOeHHﬂ) 1 nIyYKa KPpy4YeHUda C HOCUTeJIeM B KOHETHOM MHOXECTBe
TOYEeK

3reopema Pumana— Poxa u mepBEle KOTOMOMOTHH IIyIKOB

*mamomumy, aro mHa VBAC-crenre «aogkpyrias E +— E(F) ' £ ® F ects Ten-

30pHOE YMHOXEHHUe Ha JOKATLHO CBOGOAHBIM IMydoK F' (OGBIMHO — HA IMHEMHOE
paccroenume)
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AsasgeTca pususzopom B M. Bomee Toro, kak arre0pamdeckoe MHO-
roo6pasue, TuBU30p © GUPAITMOHAILHO SKBUBAJICHTEH ITPOEKTUBHOMY
IIPOCTPAHCTBY P39—4,

[encrBurensuo, nockoiabky ¢1(E) = 0, obmee cevenne E(o) mia
obuero F € © He umeeT HyIeU, 1 OTKPYUIUBAA €r'0 HA —0, MBI MOXEM
npencTaBuTh F B BUge pacumpeHus

0—r O(=0) — E —— O(0) — 0. (3.3)

A rax kax Tpusnasbaoe pacumpenue E = O(—o0)®O(0) ue moxycra-
6unbHO, Hame pacmupenue (3.3) ONpeaenaeTCa HEHYIEBBIM KOMUKIOM
u3

Ext!(O(0), O(—0)) = H' (31, O(—20)) = €393

(pasmMepHOCTD BBRIUUCIeHA 1O opmyrte Pumana— Poxa), npuduem uso-
MOP(}HBIM PACCIOCHUAM OTBEYAIOT IMPOMOPIUOHATbHBIE KOIUKIHL. [To-
»TOMy, ecan cedenue egumHcTBeHHO (T. e. dim HO(X, E(0)) = 1, 4T0
umeeT MecTo A obmero’ E € ©), To E 0fHO3HAMHO OMpefenseTcs
TOYKOU MPOeKTUBHOro mpocTparcTsa PH! (X7, O(—20)) = P39~4,
Mmuoroobpasue mogynen M5 u camo GIM3KO K PAMOHAIBLHOMY.
Ecmu B popmye (3.2) 6pats o me u3 Picy_1, a u3 Picg, To MBI moxy M

dim H°(21, E(0)) 22 VY E € M®, Vo €Picy(D) .

U3 cooGpaxkeHurt pa3sMEePHOCTH BBITEKAET, ITO KAHOHUIECKUU T'OMO-
mopduam Beraucaenus can @ HO(X;, E(0)) ® O —— E(0) unbek-
THUBEH MOYTH A1i BCeX F (COCTABIAIOIINX OTKPBLITOE MO 3aPUCCKOMY
noamuOXecTBO My C M) m onpenenser TOIHYIO TPOUKY

can

2
E(o) 0, —~0, (34)
i—=1

0—C?20

B KOTOPOU 2g TOYEK {p1,P2,...,P2g} COCTABIAIOT 5DHEKTUBHBIN LH-
BU3OD p1+P2+ -+ +pog € 20| = PHY (1, 0(20)) = PY, skBusatent-
HBI 20, HOTOMY 9TO NETEPMHUHAHT KAHOHWIECKOT'O0 TOMOMOP(hI3IMA;

AZcan

O A2 (E(0)) = O(20)

SomeHKa PasMEpPHOCTH MOATPOCTPAHCTBA, PACCIOCHMH, OMYCKAIOIMX HECKOTHKO
CeIeHUN WU CeIeHUE C HyIAMHI ABIACTCA MPOCTHIM yIPAKHEHAEM
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(mpeacrasastommu knace ¢ (E(0))) samyaserca poBHO Ha >TOM 3d-
(G EeKTUBHOM AUBU3OPE.

Conocrasnsas paccioenuio E € My gususop Y p; € |20|, noxy1a-
eM (09eBUIHO, ATreOpamIecKoe) 0TOOpaKEHUE

My 2% po (3.5)

CIOE KOTOPOT'O JErKO OMMCATH, OTPAHMYABAA KAHOHTICCKYIO TPOUKY
(3.4) B TOUKe p;: MTA KAXKAOW W3 HUX OJHOMEPHOE TIOAMPOCTPAHCTBO

ker <(C2 olpi EPi) c?

3ajaeT Touky y; = Pker (cany,,) Ha mpoexTuBHOU mpamou P ((CQ), u
TEM CaMbIM, CI0K 0TOOpaxenua (3.5) mpeacrasiger co60u HAOOP TO-
9eK

{717727 N 772p} C ]P)l = IPHO(EvE(O-))a

PACCMATPUBAEMBIA ¢ TOYHOCTBIO [0 IPOEKTUBHO JAHEMHOTO TIPE0Opa-
sosamma (oroxaecraamomero H (X, E(o)) ¢ C?). Takum obpasom,
orobpaxenue (3.5) ABrAeTCA ATreOpPAMYECKAM DPACCIOCHUEM HAL §-
MEPHOU PAlMOHATHLHOM 6ason ¢ (29 — 3)-MEpPHBIME PAIVOHAILHBIME
CJIOAM.

[Ipegbiaymiee paccyxgeHue paboOTaeT U IJIA BEKTOPHBIX PACCIOe-
Hun 66apuiero panra. TeMm He MeHee, CTapUHHAA MPoOaeMa GEPAIIO-
HAJILHOU T'€OMETPHUML:

PAYUOHAABHO AU MHO2000pasue Modyaeti M>®

IO CHX TIOP OCTaeTCA OTKPBLITOM, HECMOTPA HA HEOCIAOEBAIONIAE 10~
OBITKU €€ PEINIUTh.

[Ipomomxas onucanme reomerpun M5 mo o6pasiy mpeabIIyIen
TJIaBbl, UMEEeM:

OnPEAEAEHUE 1. [IpocTpaHCTBO rOJOMOP(MHBIX CEUCHUN
Hy, = HO(MS(X), O(kO))

HA3BLIBAETCA IIPOCTPAHCTBOM Heabenesbir I-dynrxyut yposus k.
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pEan0KERNE 1. H2 (M, Z) = 7.
IIPENTOXKEHUE 2. ©-auBH30p 06HUIEH.

MTPEAIOKEHNE 3 (T, danrunrce, 1992). HO(MS(X), O(kO)) apra-
€TCA HEMPUBOJUMBIM MPENCTABICHAEM KATAOPOBOIHOH aareOpsl KOH-
(pOPMHOU KBAHTOBOM TEOpHUH TOaA B Mogead Becca— 3ymuuo— Bur-
TeHa.

[lamee MBI TOKaXEM BCE DTHU IMPEIIOKEHU.

§ 2 TosromopdHBIE ILIOCKNE CBA3HOCTH.

[lo cux mop MBI PAaCCMATPUBAINA BEKTOPHBIE PACCIOCHUS KAK JIO-
KaJbHO CBOOOHBIE Ty IKU. BMecTe ¢ TeM, BEKTOPHOE PACCIOEHUE PAH-
ra 2, Kak W JIUHEMHOE, MOXHO 33JaBaTh MAMPUUAMU NEPeToda oj
MEX Iy er0 TPUBUAIUZANAAMY HA T HEKOTOPBIM KOHEIHBIM ITOKPBITHEM
j_z'l
MOMXKHEBI OBITH PEryasapHBI U OOPATUMBI HA IMOHAPHBLIX HEPECEICHUIIX
U; NUj, a ma Tpounsx nepecedenuax U; N U; N U yzoBreTBOpATH
yPaBHEHMIO l-Komukma ;- aijf - a; = 1. [IBa xomumkaa a;j, a;j 3a-
JAIOT OMHO W TO Xe PACCIOEHUE, eCAU CYIIeCTBYeT HAOOp [; MaTpwHII,
pPEryJIApHBIX U 06paTUMBIX Ha U;, Takon 9TO a;j = ,Biozij,@;l. Onnua-

6aser: ¥ = UU;. Kax u B § 5 rmaBer 2, MaTpU9HbIE QYHKIIN (;j = O

KO, (IPOCTEUIINY BTy, K KOTOPOMY OBbLIO ObI MHTEPECHO MPUBECTH
MAaTPUIEI IEPEX0aa, B HeabeIeBOM CIydae He CTOMb OJHO3HATCH.

Hanpumep, TpeyroapHbBIM MaTpuUIaM NEpexoJa OTBeYaeT MpPe-
CTaBIEHWE DPACCIOEHUA B BUAe pacmupenus (kax B (3.3)), a mocto-
AHHBIM — PUKCAIAA TOTOMOPPHON TIOCKOU CBAZHOCTH.

Ha6op maTpui mepexoga IpOM3BOAAT HAOGOP MATPHUYHBIX AU(-
depernmarbaBIX 1-popm {a;jldaij} € Z' ({U;}), xoroper ssaser-
ca l-xomukaom co suadenuamu B 2(End(F)). Kracc ero xoromouo-
ruit ¢(E) € H'(Q(End(F))) masemaerca noanvim xaaccom depua.
[lpw pencTBum rpynmer asromopdusmos Aut(FE) ma mpocTpancTBe
H'(Q(End(E))) aToT KIacc mepexoguT B cebs.

Ha xpusoir H'(Q(End(E)))* = H°(End(FE)) no geoicTeeHRHOCTH
Ceppa, 1 HETPYAHO IPOBEPUTH CIEAYIOIIEe
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MPEANOKERNE 1 (M. ATba). Ecmr (c¢(E), o) # 0, 7o 0> = o B
HO(End(E)).

OTO mPOCTOE HAOBMIOMIEHWE BACUIET MACCy CTPYKTYPHBIX PE3YJIb-
TATOB O MHOTOMEPHBIX paccioenusax. [lockoapky pacciaoenune End(E)
PACHIENIAETCA B TPAMYIO CYMMY TPUBUAIBLHOTO JUHEMHOTO PACCIOE-
HUA TOCAOUHBIX TOMOTETUM W PACCAOEHUA GECCASTHBIX HHIOMOPHU3-
MOB:

End(E) = 0 Ad(E),
BO3HHUKAET Pa3JIOXXKEHUE
Q(End(F)) =2 (Ad(E) ® Q) , (3.6)

B KOTOPOM IIPOEKIWA Ha MEPBOE CIAraeMoe COMOCTABIAET 3HIOMOD-
dusmy ero cren. B wacrroctn, ecmn 8 HY(End(E)) ects ogus ngem-
MOTEHT, TO CYWECTBYET U BTOPOU, U TOrAa F/ MOMKHO OBITH TPAMOU
CyMMOH ABYX JUHEUHBLIX PACCIOCHUM.

Paccrnoenne Ha3BIBACTCA HEPA3AONCUMbLM, €CIA OHO HE PACIALA-
eTCS B IPAMYIO CyMMY ABYX COOCTBEHHBIX IIOJPACCIOCHUMN:

E#El@EQ.

Anre6pa H°(End(FE)) mepasmoxmmoro paccroenus F He cOmepkuT
ugemmnorenTos, T. e. HY(Ad(E)) = H'(Ad(E) ® Q) = 0, Tax 4To

c(E) = tre(E) € HY(Q) .

Ecau, xax u Bbmne, npeacrasuts ¢ F) Komemsio {ai_j1 dajj}, To co-
racHo m3oMoppusmy loan6o,

tr(ozi_jldozij) € H'(%,Q) c H*(%,0),
7 GOpMATLHOE MATPUIHOE BLIMHACICHAE
tr(a;" devig) = (det ey ||) " d det [|avij]|

MOKa3bIBAET, UTO LI JI000r0 HEPa3IoXuMOro paccioenus F Ha Kpu-
BOU

¢(E) = c¢i(det E) = ¢1(E) € H*(%,Z) Cc H*(%,C) , (3.7)
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U eCIM OHO TPUBMATLHO (KaK B PACCMATPUBAEMOM HAMHU CIY9Iae TO-
HOMOTUYECKY TPUBUATBLHBIX PACCIOCHUM), TO

Oli_jl dOtij = hi - h]‘ (3.8)

VI HEKOTOPOro Habopa MATPUIHBIX auddepennuaibHex 1-popm h;
Ha UZ
OnpeAETEHUE 1. HaGop marpuunsix 1-popm (3.8), Korpanumen ko-
TOPOTrO ABAAETCA KOUUKJI (3.7), HABBIBAETCA 2040MOPPHHOT NA0CKOT
C8A3HOCMbI0 HA paccioennn F, acCOMMUPOBAHHON ¢ HAGOPOM MATPHI]
ePeXOaa (.

Nmes Takoun HAGOP, MBI MOXEM PENIATE Ha Kax oM U; ypaBHeHUe
B; L dB; = h; n mepeiiTi K SKBUBATEHTHOMY KOLWKIY a;j = B a;j ﬂj_l,
MATPUIEL KOTOPOT'O YAOBIETBOPAIOT YCIOBUIO da;-j = 0, T. e. mOCTO-
SAHHBI. Pa..CCJIoeHI/Ie C IOCTOAHHBIMHU MaTpPUIIaAMU IIEPpEX0oga Ha3bIBacT-
CA A0KAALHOY cucmemoti KosPPuyuenmos. Ham Tr06bIM 0THOCBA3ZHBIM
OTKPBITBIM MHOXECTBOM OHO TPUBUAJU3YETCA, U TEM CaMbIM, OIIpE-
IeIAeT KIACC DKBUBAJCHTHLIX (OTHOCUTEILHO MPUCOETUHEHHOTO TEH-
creusa SL(2,C)) npeacrasrennn

m —2 SL(2,C) (3.9)

dyHgaMerRTATEHON Tpynnbl 6asbl. OOpaTHO, KaX BN KIACC DKBUBA-
JeHTHLIX TpeAcTapieHmi (3.9) o6brTHEIM 06pa3oM! ompegerseT pac-
CI0OEHrE C TOJMOMOP(MHON ILIOCKON CBA3BHOCTHIO

E=UxC? (3.10)

1
(paxTop MO AMATOHATEHOMY IEUCTBUIO T| ABTOMOP(MUIMAMEA yHUBED-
caTbHOM HaKpBIBafomen U 6asel u omepaTopamu o(m) mHa C2).
Mubr gokasanu KIaCCUYIECKUU Pe3yabTarT:

[IPEAIOXKEHUE 2 (A. BEIb?). Ha TOmosormaeckn TpuBMAIEHOM JBY-
MEpHOM BEKTODHOM DACCJAOCHHH HAJ PHUMAHOBOU IIOBEPXHOCTHIO X

'ep. ¢ (2.20)

oTMeTHM, 9TO B Kao1esou pabore [We] A. Belrs BBl MOHATHE KAGCCA MAMPUL-
HVIT OUBU3OPO6, PDKBUBAICHTHOE COBPEMEHHOMY MOHATHIO «(BEKTOPHOE PACCAOCHUE),
7 HE TOJBKO MOKA3AT DTO MPENTOKEHNEe, HO U BRICKA3AT UICI0, YTO BEKTOPHBIE PAC-
CIOEHUA CTAPIIMX PAHTOB JOCTABIAIOT HeaOeleBbl AaHAJIOTU AKOOMAHOB
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MMEEeTCA TrOMOMOP(pHAA TAOCKAA CBA3HOCTD, W MPOCTPAHCTBO Ay, BCex
TAKUX CBA3HOCTEH COBHALAET C IPOCTPAHCTBOM

RE(m(X),SL(2,0C))

KJIACCOB SKBUBaJeHTHBIX npencrasieani w1 (%) B SL(2,C).

Pasymeercs, paccroenne (3.10) MoxeT 0Ka3aThCA HECTAGUIBLHBIM
NI HEPA3IOXKNMBIM HOJIyCTa6I/IJII)HBIM. M]:I UCKJIIOYINM UX 13 PacCMO-
TpeHus u 0603HATUM Hepes

OPOCTPAHCTBO KAACCOB MPENCTABICHUN (M COOTBETCTBYIONMX WM T'O-
JOMOP(MHBIX IUIOCKUX CBA3HOCTEN), AAIOIMAX CTAOUIbLHBIE WINM IIOJLY-
CTAOMIbHLIE PA3IOXUAMBIE PACCIOCHMUA.

Hockombky h;—h} u h; —h;- oamHAKOBO orarmumBaioTcd vHa U; MU,
Pa3HOCTDL ABYX COJOMOP(HLIX IIOCKUX CBA3HOCTER

{hi} — {hi} € H(Q ® End(E))

3ajgaer raobansHOe cedenue paccaoenus 2 @ End(FE). Takoe cevenne

¢
npeacTaBiaeT cobow romoMoppusm K —— E® Q u HABLIBACTCAS

noaem Xueeca. B mamem crydae (TOMOMOTMYIECKN TPUBUATLHOE He-
Pa3IOKMMOE PACCIOCHUE PAHTA 2) moxe XUrTca HeOOGX0[UMO ABIIETCI
beccacdnvim, T. €.

¢ € H'(S,Ad(E)  K) , (3.11)

u, o aeoucteerroctn Ceppa: HY(Ad(E) ® K) = H'(Ad(E))*, mpo-
CTPAHCTBO GECCASTHBIX TTONeN XUrrca Ha F KaHOHTIeCKT n30MOPGhHO
CJIOI0 KOKACATEABHOTO paccaoeHus {dpqss K MHOrOOOPA3UIo MOIyIen
M?® B Touke E. Takum o6pasom, 3a6bIBalomiee 0ToOOpaKeHre

s L m (3.12)

3B cayuae paccaoenmn man kpuson,rie Qs = Kn
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(cI0i KOTOPOTO — MPOCTPAHCTBO TOAOMOPGHBIX INIOCKAX CBAZHOCTEN
HA JAHHOM T'OJOMOP(MHOM PACCIOCHUN) ABIAETCA adOUHHBIM PACCIO-
eHmeM HaJ KOKacaTelIbHbIM paccaoenueM s (cp. ¢ (2.22)). Kak mbr
BHUEIN HA CTP. 42, Takoe pacCcIoeHme 3a0aeTCA TeXOBCKUM KOITMKIOM

Ena € HI(MSS,QMSS) = HI’I(MSS,(C)

PA3HOCTEN JOKAMLHLIX CedeHu apUHHOTO PACCAOCHUA HAT Mepece-
9eHUAMU KapT.
Kax u B abemeBoM ciytae, CipaBemIuBO

[PENTOXKEHUE 3. ey, = [O].

Kak u B mpeguigyien riase, Mbl OyqeM TOKA3LIBATL €r0 IPH IIO-
MOII BBIOOPA CHEMUATHLHOTO HEroJoMOpP(pHOTO cevdeHus apdPUuHHOTO
paccaoenus (3.12) (cm. crp. 42-44). U3 npuHnmna Makcumyma Ha
KOMTIAKTHOU KPUBOU Y CHOBA, BHITEKAET, ITO MOAIPOCTPAHCTBO YHU-
TAPHLIX IPeNCTABICHAN

RE(m(X),SU(2)) C RE(m(X),SL(2,0C))

ABIAETCA TIATKUM (HO HE TOIOMOPGHBIM) cedeHueM addUHHOTO pac-
croenus (3.12), ogHaxo, Teneps, B HEAOETEBOM CIy9ae, TATEKO HE 096~
BHHO, ITO DTO — 2400a4bH0OE CeUeHHe, T. €. ITO 3a0BIBAIONIAA IPO-
exnusa f orobpaxaer RE(m(X),SU(2)) na ece M5: Beakoe m momy-
CTaOUIBLHOE PACCIOCHUE NOMYCKACT INIOCKYIO 3PMUMOEY CBA3HOCTD?

Yy Thb MO3%€e MBI JETAILHO MPOAHATU3UPYEM dTOT BOMPOC 1 MOKA-
XKeM, ITO OTpAHWYCHUE 3a0BIBAIOMIEIN0 OTOOPAXKEHUA HA YHUTAPHLIE
xapakTepsl gaeT uzomoppuszm Hapacumana— Mlewadpu:

NS : RE(m(2),SU(2)) — M. (3.13)
[lanee, 3apukcupyeM CTaHIAPTHYIO CACTEMY OOpasyoImux (yH-
JAMEHTAJTHLHOU TPYIITHI

g

Wl(z): <a1,a2,...,ag, bl,bQ,...,bg | H[ai, bz]:]_>
=1

U pacCMOTPUM WHAYIUPOBAHHBIE STUM BEIOOPOM
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e neabeaeso Komnaexcuoe npocmparwemso Ilommxku, umeromee
BELIECTBEHHYIO pasMepHOCTh dimg M = 6g — 6:

Sy = {e € RE(m(%),SL(2,C)) | o(a;) = 1} =
= SL(2,C)¢ /Adgiag(SL(2,0)) ;

(roe «/Adgiag» — akTOpM3aIMA MO JUATOHATLHOMY JEUCTBUIO
COTPAXKEHUAMN ).

e neabeaeso ynumaproe npocmpancmeo Ilommxu, uMeromee Be-
mEeCcTBeHHYI0 pasmepHOCTh dimp M /2 = 3¢ — 3:

Sy = {0 € R&(m (2),8U(2)) | o(a;) =1} =
= S, NRE(m (), SU(2)).

B abeneBom ciaydae orpaHudeHume OTOOpaXKeHUsA f HA KOMILIEKCHOE
npocTpaHcTBO IIIoTTKM gaBato HaM HAKpBITHE, MPEBPAIIaollee ce-
geHua O-paccroeHus Ha AKoOMaHe B roaoMopdHBIE (DYHKIUU HA, TIPO-
crpanctee [llorTku. B HeabeneBoM ciIydae CUTYyalUsA TOPa3go CIOXK-
Hee: OrpaHWYIeHNe

s, s ps(m) (3.14)

BCEro JIulib MepoMOpdHO (ero 006pa3 COAEPKUT HECTAOWILHLIE PAC-
caoenus gaxe mgra yaudopmmsanun [[loTTknm KpuBon), a ero CBOMCTBA,
IO CUX TIOp MOJTHOCTHIO He m3ydeHbl. Hemasuo K. dropenTuno goka-
3al1, 9TO ero auddepeHnual HeBRIPOXACeH BAOMb YHATAPHOTO OPO-
crpaucTBa [lloTTku, a B §6 miaBel 9 MBI MOKaXeM, 9ITO IId OOIIen
KpuBOU Y. ero o6pas mmoren B M (X)) mo 3apucckomy.

Yrobbr 060UTH 5TO O€10e MATHO, HAM MOHALOOUTCA MTOBOJIHLHO
OPOABUHYTASA CUMILIEKTUIECKAS U JATDAHKEBA T'€OMETpUs, yCUICH-
Hasjg BEChbMa, U3OIIPEHHBIM aAHAJII3OM.
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§ 3 Muoroo6pasue MoayJen CTAGWILHBIX Map
U pa3penieHue ero 0CoGeHHOCTEH.

Mmuoroo6pasus M5 6bur MOCTPOEHBI B IIECTUIECATHIX T'OAAX,
npexge Bcero B paborax . Mamdopma u B Tpymzax 60MOENCKOTO
Tara - uactTuTyTa. HoBBIE METOABI KATUOPOBOYHOU TEOMETPHUH TIO-
3BOMAIOT BKAIOYUTE DTU MHOTOO0OPA3UA B MEMOYKY MHO2000pa3uli MO-
dyaeti cmabuibHbiT Nap, CBAZAHHLBIX MOCICAOBATEILHBLIMA OUPAINO-
HAJMBHBIMU TTPE0OPAZOBAHUAME — PAUNAMU, ITO OBLIO UCTIOIB30BAHO
B paborax Tammeyma, Beprpama u Bpemmoy — Ilackamomymoca mas
BBIMUCIEHUN WX Koxel kKoromonoruu u B pabore Hlemagpu ([Se]) s
paspemnierna ocoberrocTen MSS,

Urak, HOBBIM OOBEKTOM W3YYIEHUS ABIACTCA MAPA

(E, 0 —+E) (3.15)

COCTOAIIAA M3 BEKTOPHOI'O paccaoeHnda F Ha KPpUBOM Y U €0 HeHy-
aeBoro rosomopduoro cevenusn s. C. Bpemnnoy onpemenun mis Takux
map HOBOE yCJIOBUE CTAOMIHLHOCTH U AOKA3aJ TEOPEMY, CBA3BIBAIOIIYIO
CTAGIIBHEIE TADHI C PENICHUAMI YpasHenlus 6urpa’ Ha Y. YpaBHeHue
BUXPSA 3aBUCUT OT TOJOXUTETHLHOTO BEIIECTBEHHOTO TapaMeTpa t, u
HOBOE YCJOBUE CTAOUIBLHOCTH TOXE BKIIOYAELT B cebA HTOT mapamerp.
A nmockoneky F € M He uMeroT HEHYJIEBBIX TOJOMOPMHBIX CEYEHUN,
HAM TPUAETCA MOKPYTUTH BCE HAIIU PACCIOEHUA HA HEKOTOPOE IO-
JOXUTETHLHOE JUHENHOE PACCAOCHUE TAK, 9TOOLI UMETH

det E=D ¢ degD=d>0. (3.16)

Nlna nBymepHBIX paccroenuin F, ymosaersopatommx (3.16), HoBoe
yCJIOBHE CTAOUIBLHOCTH (HPOPMYIAPYETCS CAEAYIOWMM 06pa3oM: mapa
(E,s) m3 (3.15) HasBIBaeTCA NOAYCMAOUALHOL, €CIU NIA JH0O0TO JIu-

!ypaBHenme Buxpsa Tpebyer (ukcanmy Ha Y HE TOIBKO KOH(BOPMHOU CTPYKTY-
DBI, HO KETePOBOU METPUKHT; B AIre0PO-TeOMeTPUIECKON NHTEPIPETALU, KOTOPYIO
MBI 37eCh PaCCMaTPUBaeM, KelepoBa MeTPUKa HOPMAIN3yeTca TakK, IYTOObI 00beM
Vol(2) =4n
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HEUHOTO noapaccioenus L C F BHLINOTHAECTCA HEPABEHCTBO

degL < = —t,ecm s(O) C L,

NN A

degL < - +t,ecmms(O) ¢ L.

OcHOBBHI TeOpUY CTAOWIBHBIX Tap MOTYT ObIThH HanAeHsl B [BD], [Ber],
[Th2]. Jlerko BugETH, 9TO MHOrOOOPA3WA MOAYJIEN MOLYCTAGUIBHBIX
nap M (D,t) umeroT crenyromme CBOUCTBA:

1) M(D,t) #2 << t<d/2;
2) ecam t uppammonansuo, To M (D, t) KoMIakTHO;

3) (E,s) e M(D,t) = (E(£),s(&)) € M(D(&),t) nna mo6o-

ro 3¢ PeKTUBHOTO AUBU3OPA, & ;

a CaM’ TOMyCTAGUILHBIE TAPBI O6IAAI0T CBOUCTBAMMU:

1) Beaxuu romomopdusm Ey . E5 nap (E;, s;) € M(D,t), Ta-
KOU 9ITO ((S1) = S9, ABIAETCA U3OMOPPUIMOM;

2) ecm (E,s) € M(D,t), To aukakou sugomopdusm E, Kpome
HYJEBOT'0, HE AaHHYJIUPYET §, U HUKAKOU dHAOMOPPu3M F, Kpome
TOX JECTBEHHOTO, HE COXPAHAET S.

[Tpw mppanroHATEHOM ¢ (& MBI CKOHIIEHTPUPYEM CBOE BHUMAHUE NMEH-
HO HA TAKAX MHOTOOGPA3MAX MOIyJen) Teopusa nedOpMAIWN TApHI
(E,s) € M(D,t) roxe o4ens npocra. Cevenue s ompenenser ecre-
CTBEHHYIO TOYHYIO MOCIEOBATEILHOCTD

0 — H°(Ad(E)) — H(E) — T oM (D,t) —
— H'(Ad(E)) — H'(E),
3 KoTopon rk (T(E’S)M(D,t)) =d—g—2V (E,s) € M(D,t), Tak

aro npocrparcteo M (D,t) mna mppamumonansHOTO t rmagko. Bonee
TOYHO, MHOTOOOpasusa moxayaen M (D, t;) rnagku U KOMOAKTHBI A
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BCEX max(O, (——1+ d/2)) <t < maX(O, (—i + d/2)), U OpU Opo-
XO/Ie Yepe3 TPAHNIY UHTEPBAIA MHOTOOOpa3Ne MOYIEU UCITHITHIBAET
daun? (dem MBI ele BOCIIOMb3YeMcs).

[lnsa paccroeHnnt GOMBIIErO PAHTA YCIOBUE CTAOMIEHOCTY BU JOW3-
MeHAeTCA Tak: mapa (F,s) Ha3LIBAETCA MOMYCTAOWIHHOW, €CIW [
ao6oro cobcrBerHoro moapaccaoerus Iy C F BoimomHseTcs Hepa-
BEHCTBO

p(Er)
p(Er)

rae 4(F) = deg(det E)/rk(E) ecTb Tax HA3BIBAEMBIN HAKAOH PACCAO-
eHUA. HpI/I 9TOM BC€ IIEPEIUCJACHHBIC BBIIIE YTBEPDXK IECHUA COXPAHAIOT
cuny (cm. [BD]).

MuoroMepHBIe CTAGUIbHBIE MApbl HYXHBI HAM A1 TOTO, ITOOLI
paspemuTsh 0CcO0eHHOCTH MHOT006pasus moxyaen M. Paccmorpum
vuoxectso map (End(E),s), rie E € M, s € H'(End(E)). [laa
crabuibaoro E paccroenwe End(F) umeeT poBHO OJHO HEHYJIEBOE
cevenne (ero 06pPa3zoOM ABIAETCA JUHEMHOE PACCIOEHUWE TOMOTETW),
HO I TOAYCTAOUILHOTO E BO3ZMOXHBI Ba CIydas:

w(E) —t, ecm s(O) C Ey ,

<
< u(E)+t, ecm s(O) ¢ Ey

dim H°(End(E)) = 2, 4.

Taxum 06pa3oM, MIagKOe KOMIaKTHOE MHOTOOOpasne M = M; mo-
ayren nomycrabmwibabix map (End(E),s) npu t, 6auskom x 0, BMe-
CTe ¢ eCTECTBCHHON OMPAMOHAIBHON Mpoekmuen Ha M paspewaem
0cobbIe moaycTabuIbHbe TOYKE Ha M. Huxe B TekcTe MBI Bcerma
OyIeM CCBLIATHCA Ha ATY KOHCTPYKIMIO KaK HA KAHOHUUECKYIO 0€CUM-
eyaapudayuio’ M.

cu. [Re]
preparie ona 6bima MocTpoena Ilemaapy B [Se], rae oH TO ke caMoe pa3pelreHue

M —— M?®® puxcupys Ha BEKTOPHOM PACCIOCHWM IIOAXOAAILYIO Nnapabosuye-
CRY10 CMpPYKMYpy HAL HEKOTOPOHW TOYKOW KPUBOI
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§ 4 TomomopdHaAA CUMILIEKTUYUECKAA I€OMEeTPU
noneu Xwurrca.

Bosspamaacs x momam Xurrca (3.11), MBI BugmM, 9T0O BCE maphl
(E,¢), rme E € M* a¢: E—— E® Ky — GecciefHoe XUTTCOBO
[OJIe, COCTABIAIOT KOKacaTelbHoe pacciaoerue T M. Comocrapiasa
rakon mape (F, ¢) romoMopdHbI KBaAPATHIHEN qud DepeHIma:

A¢p: O — N (E® Kx)=K§,
MBI TTOJAyYaeM ToIoMopdgHOE 0TOOpaXeHue
T*M* "+ H(Z, K2) . (3.17)

Ha BcAKOM KOKACATEIBHOM PACCIOCHUW UMEETCA KAHOHUIECKAS
Popma deticmeus. B mamHoM crygae aTo Oymer 2osomopdras 1-pop-
Ma «, u ee roaoMopdub guddepennuar 2 = da 3agaer mHa T M5
rOJOMOP(}HYIO CUMILIEKTUYECKYIO CTPYKTYpPY. IIpomonkas aHamoruio
C BEIIeCTBEHHON CUMILIEKTHYIECKON MeOMeTPHer, MBI MOXEeM PacCMO-
TPeTh rOIOMOPQHBIA AHAJIOT BIIOJHE UHTETPUPYEMOU CUCTEMBI: T'0JI0-
MOP(}HYIO TIPOEKINIO TOIOMOPGHOTO CUMILIEKTHIECKOT'O MHOT'000pa-
3UA C JAUPAHXEBLIMU CIOAMU HAJ OOIIEN TOYKOU 0a3bl, ABIAIOIUMUA-
S KOTIMJIEKCHBIME TOpaMu (a6eJIeBBIMEA MHOTOOOPA3HAMEI) CPEAUHHON
pasMepHOCTH. 3aMedaTeabHoe Habmogenne H. XuTumua cocTouT B
TOM, uTO oToOpaxenue (3.17) mpexcraBaseT cOO0M MMEHHO TaKyIO
roIoMOpgpHO UHTErpupyeMyto cucremy, npudem T M moxHO crer-
K& PACHIMPUTH [0 TOJOMOPGHOTO CAMILIEKTHICCKOTO MHOT00ODA3NA
TaK, 9YTOOLI CIOM 7 CTAMA KOMIAKTHBIMHU.

OnpEAENEHUE 1. [Tapa Xurrca (F, ¢) HazbBaeTCA cmabusbroti napot
Xueaca, eciu F He CONEPRKUT (P-MHBAPUAHTHBIX JUHEUHBIX PACCIOE-
aun L € E nonoxurensHoun cremnenu, T. e. ¢(L) ¢ L& Ky, gis 1o60ro
0#L G EcdegL > 0.

Mox#o «B 106» mokazats (cm. [H2]), aro muoroo6pasume M wmo-
IyJer CTaOUIBLHBIX Tap XUITCa COAEPKUAT KOKACATEILHOE PACCIOCHNE
T* M B kadecTBe IWIOTHOTO M0 3aPUCCKOMY MOAMHOXECTBA U OTJIN-
9aeTCSA OT HETO JUIIb B KOPA3MEPHOCTH 2, TAK YTO MBI MOXEM ITpUMe-
HATH MPUHINUI XapTorca. boaee TOro, KAHOHHYIECKAA TOIOMOpQHAL
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cummekTraeckaa dpopma Ha T* M u npoeknma (3.17) mpomomxa-
forca Ha MM 1o cummiek Tudeckon popMeL (KOTOPYIO MBI TaKkKe 060-
suaIuM (2) 1 rOIOMOPMHOrO OTOOPAKEHUA MOMEHTOB

M s HY(S,0(2Ky)) (3.18)

€ KOMIAKTHBIME CJI0AME. MBI K€ OrPAaHIIMMCA 3/16Ch JIUIIb OMUCAHY-
eM 00Iero caos 0TOOpaXeHUs 7.

O6mee Geceregroe mone Xurrca ¢ € H'(Ad(F) ® Kx) ungynupy-
eT OUPAIMOHATLHBIN SHIOMOP(U3M

P(E) —2+ P(E ® K) = P(E)

MPOEKTUBU3AIUY JBYMEPHOTO BEKTOPHOTO PACCIOeHu F, U B Kax [0u

Touke p € ¥ ero orpanndenue P(F),) e, P(Ep) Ha cron HaL >TOM
TOYKOU JUGO ABIACTCA ABTOMOPGU3IMOM Py ¢ IBYyMS Pa3IUIHBLIMUA He-
HOABMXKHBIMEA TOYKaMu vi,Y2 € P(E,), mbo crarusaer P; B oxHy
TouKy v € P(E,). Mbl monydaeM IBOMHOE HAKPHITHE

S —2e 3 (3.19)

C AWBMU30POM BETBICHUA & = (/\2¢) 0 € |2Kx,|. HakpriBatomas Kpusas

Y, Mexamad Ha auHenwdaTon nosepxuoctu P(F), HasbBaeTcA cnek-
mpaavroti kKpusoti. IloAKpyIIBAA TOTHYIO TOCIETOBATEILHOCTD MPH-
COeMUHEHUA

Ha muHerHOe paccroenne ['porenguka H = Op(g)(1), Mbr nomygaem
TOYHYIO TPOUKY

0 — Opp)(—%¢) ® H —+ H — O, (H) —= 0, (3.20)
OpAMOK 00pa3 KOTOPOU OTHOCUTENbHO mpoekuuu P(E) LRSS Yl Y

CTABIAET 1/1301\/10pq)1/131v11

0— E—~ Rﬁpr*0§¢(H) —0.

1Ha,rIOMHgM, aro R%r,(H) = E, R'pr,(H) = 0, a
Or() (=) (H) e (5,) = Op,(=2) @ Op, (1) = Or,(—1)

IpU OTDAHUYIEHUU HA CIOU
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Taxkum 06pa3zom, UCXOJHOE BEKTOPHOE paccaoenue F magynupyer Ha
CIIEK TPAJIBHOU KPUBOU §J¢ JTUHETHOE PACCIOCHUE O§¢ (H) € Pic(flqg).

Hamomuwnm, 9T0o mpoobpas HyIs OTHOCATEILHO HOPMEHHOT'O OTO-
6paxeHus

T(54) —2 J(5)

ABOMHOTO HAKpHITHUA (3.19) cBA3€H U ABIAETCA, TAKUM 0OpasoM, abe-
JeBbIM MHOTOO0OGpasueM. OHO Ha3BIBAeTCA MHO2000pasuem [Ipuma u
0003HaIaETCA

Prym,, o N(b_l(O) .

1 nockonbky, cormacso (3.20), Ny ((’)id)(H)) = AZE = O, vt umeem
BKJIIOYEHUE C’)§¢ (H) € Prym.

C mpyrom CTOPOHBI, IO O0IEMY KBaApaTUIHOMY auddepennma-
ay w € H(Z,0(2Kx)) MOXHO MOCTPOMTH HEMPUBOLUMOE TBOMHOE

HAKPBITHE
S ¢
Y — 3 ’
pa3BeTBIEHHOE B AWBU30De ero Hynen (w)y = {p1,p2,...,Pag—4}, ac

KaxabM L € Prym, ~MOXHO CBA3aTh BEKTOPHOE PACCIOCHUE
0
EL =R ¢w*(L)

ua ¥. Jlerko BugeTs, uro tkEr, = 2, A’Ep = O, u (EL, ¢,) ABIAeTCA
cTabuIbHON Mapou Xurrca. Takum o6pasom,

7 Hw) = Prym,, .
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§ 5 Kamu6poBo4YHAsa TeOpuUA HA PUMAHOBOM MOBEPXHOCTH.

HoBell mpuweM, mpuiieqmuy B T€OMETPUIO U3 TEOPUU MO, CO-
CTOUT B COMOCTaBICHNN OOBHEKTOB PAa3HOU paszMmepHocTu. Hampumep,
TPEXMEpHAA TEOPHUA HA OTPAHUIUBAEMOM PUMAHOBOU MOBEPXHOCTHIO
Tele ¢ pyIKAMU JOCTABIACT BAXHEUNIYIO WH(OPMAIWIO IJIA TBYMEP-
HOU TEOPUU HA CAMOU MOBEPXHOCTH, & APYTHUE TMOME3HbIE (PAKTHI MOXK-
HO TOJYYIATH U3 TEOPUU HA ACCOIMPOBAHHBIX C PUMAHOBOU MTOBEPXHO-
cThio rpadax (OJHOMEPHBIX KOMILIEKCAX).

Kraccuieckaa moneBas Teopusa Hag MHOTooOpasueM M BKIOUIAET
B cebs TPpU COCTABIAIOINAE:

e uabop noaeti A va M — 510 reomerputdeckue 06bEKTHI, TAKUe
KAaK CEYEHUA BEKTOPHBIX PACCIOCHUN WIN CBAZHOCTH HA HUX,
nian OTO6pa,)KeHI/Iﬂ u3 M B HEKOTOPHBIEC BCIIOMOT'aTEIBbHBIEC MHO-
roobpa3usa u T. I.;

o Jynryuonan deticmeus S : A —— C — 06bI9HO DTO MHTETPAT
oT HekoTopou GbyHKuu L (1arpaHxuana) OT IOJEH;

e HaGOp Habaodaembiz — pyukmuonansos w : A —— C ma mpo-
CTPAHCTBE TOJIEH.

Hanpuwmep, B meopuu Yepna— Catimonca HA TPEXMEPHOM MHOTO-
o6pasuu M TOJEBBIME MEPEMEHHBIMU ABIAIOTCA 1-popMBI ¢ KO3(pPu-
mmentamu B aarebpe Jlu A = QY(M) ® su(2), a dyaxumonan mei-

CTBI/IH1 nMeeT BUT

w2 2
Cs(a):§/tr(ada+§a/\a/\a) . (3.21)
M
B kadecTBe HAGMIOAAEMBIX BETUINH MOXHO PACCMOTPETD Nemat Y-

cona: Wi (a) = tr(Holg (a)) — creapi? TOTOHOMEY CBA3HOCTH a B0
yamoB K C M.

! rax maspiBaembint fynxyuonaa Tepna - Catimonca
*moxgecTro Maugerncrama: tr(A)tr(B) = tr(AB) + tr(A™' B) moxasesaer, wTo
Takue HabIIoJaeMble 06pa3yoT aairedbpy
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O6parmmca Teneps k npoctpanctBy RE(m(X), SU(2)) knaccos
VHATAPHLIX MPEeACTABICHNN (PYHIAMEHTAILHON TPYIILL PUMAHOBOK
MOBEPXHOCTH] Y. Poaa ¢. ITo6bI IPEBPATUATE €ro B (pa30BOE MPOCTPAH-
CTBO MOJEBOU TEOPHUU, MBI OyeM CIUTATE, ITO ¢ > 2, U 0603HATNM
qepes Ej, = ¥ x C? TpuBmaibHOE 9pMUMOB0 BEKTOPHOE DPACCIOe-
Hze panra 2 Ha Y. PaccmorpuM addurHOE mpocTpaHCTBOS Aj Hp-
MHTOBBIX CBA3HOCTeN Ha Fj ¢ qercTBreM KaauOpOBOYUHOU IPYIHLL G,
MIAIKUX 3PMUATOBBIX aBTOMOpdu3MoB ciaoeB. Ha Fj ummeercsa Bwige-
JEHHAA HYA€6a4 C8A3HOCMb ¥ = d, MO3BOIAIONAA OTOX NeCTBUTL Ay €
QY(End(E})), conocrasnas ceasuocTu a 1-dbopmy a — 9, m MBI qacTO
6yeM OTOX IeCTBIAATEH (POPMBI U CBAZHOCTHU TakuM obpaszom. O6o3Ha-
aum wepes AL C A}, moATIPOCTPAHCTEO MPUBOANMEIX CBAZHOCTEH, 1
myets AT = A, \ AR

Mpocrparcrso A, = Q' (End(E})) asrsercsa mpocTpaHCTBOM TIO-
aen Teopun Aura— Mwiica, TedcTBIE B KOTOPOU 3aJaeTCA Hynkuyuo-

nanom Anea— Muaaca: S(a) = [ |F,|?, rme F, — KpuBum3HA CBA3-
3

HoCcTH . COMOCTABIAA CBAZHOCTH €€ T€H30P KPUBU3HBI, MBI TIOXYIa-
eM Gj,-DKBUBAPUAHTHOE 0MOOPANCEHUE MOMENMOE B KOATTeOpy Jlum
£(Gr)* xKamuOPOBOTHON T'PYIIIEL:

a—F,

F . A(Ep) Q*(End(Ey)) = £(Gn)* | (3.22)

HYJEBLIM YPOBHEM KOTOPOT'O ABIACTCA HIPOCTPAHCTBO ILIOCKUX CBA3-
HOCTEen

Ap = F_l(O) ,

. (3.23)
ToAr = {7 € Q' (End(Ey))| Vv = 0} .

Mgu1 BEIUM, B 9ACTHOCTH, ITO TPOCTPAHCTBO Ap COCTOUT U3 KIACCH-
YeCKUX peeHuu ypasrenus Jiaepa— Jdaepanaxca: 05 (a) = 0.

Ha mpoctpanctse A; uMmeeTca kaHOHUIECKAs Gp-WHBAPUAHTHAA
CAMILIEKTUYECKAA CTPYKTYPa

Q1 72) = / i Ae) s e € Tody = Q' (End(By))  (3.24)
>

3man BexTopubM mpocrpancteom 2 (EndE})
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Ee orpannvenue ma Ap BBIpOXTaeTCA B TOIHOCTHU BAOIL OpOUT Gj,
nockoasky TGy, C T, Ap, coBnagaer ¢ o6pa3oMm

Va (£(Gr) = Vo (2°(End(Ey))) € Q' (End(Ep))

u s mobbix ¢ € QV(End(Ep)) u v € T, Ap (em. (3.23)) umeem pa-
BeHcTBO: (V,4€,7) = Q& Vay).

TakuM 06pa3oM, CUMILIEKTUYECKAA PEAYKIMA mpocTpancTra Ay,
IO JEMCTBUIO KAIUOPOBOIHOM I'PYIIIEL IIPY IOMOIIA OTOOPAKEHH MO-
MeHTOB (3.22) HagemraeT TpoCTPAHCTBO OPOUT

RE(m (), SU(2)) = Ar/Gr = An//Gn (3.25)

CHMILTIEKTHYIECKOR CTPYKTYpoi* ) HAJ HOAIPOCTPAHCTBOM KIACCOB
CTAOUIBHBIX HEMPUBOAUMBIX MTPEICTABICHUN

RE(m1 (), SU(2))™ € Re(m (X),SU(2))

7 CTPYKTYPOU CUMILIEK TUIECKOTO OPOUdOna HA T TOXYCTAOUILHBIMEA
PA3IOXUMBIMHI IIPEACTABICHUAMNA

RE(m1(2),SU2))™ c Re(m(B),SUQ2)) .

Dopwma (3.24) asaserca guddepermuanom 1-popmbr gencTBu:

D) = [ uan. (3.26)
2
KOTOpaA 3aJaeT YHATAPHYIO CBA3HOCTEL A( HA TPUBMATLHOM INIABHOM
U (1)-paccroennn Ly max Aj. TTapa (Lo, Ag) cmyckaeTcs Ha TPOCTPaH-
cTBO opbuT (3.25) mpu momomu O-Topcopa’® — QyHKIUT

Ap x G, °. U) : 0O(a,g192) = O(a,91)0(a?",92) ,  (3.27)

KOTOpas OmpeferaeTca caegyommm obpazom: V (a,g) € Ap X G, cy-
WECTBYET IMAgKoe TpexmepHoe muOroob6pasme Y ¢ Y = 3, SU(2)-
CBA3BHOCTH A Ha TPUBHAILHOM BEKTOPHOM pacciaoeHuu £ HAL Y u ee

10 J9epPKHEM, UTO 5TA CHMILICKTIICCKAA CTPYKTYPa OMPEeIeIATCA B HCTO TOIO-
JIOTUYeCKUX TepMUHAX; HoApobHocTH cM. B [G1]

Sem. [RSW]
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KaaubpoBouHOe npeobpasosanue G Takue, aro Aly = a, G|y = ¢;
TOr A

O(a,g9) = ei(s(A%)—os(4)) , (3.28)

rae Cs(A) — dpyukmmonan Yepua— Canmonca (3.21) Ha mpocTpancTBe
A(E},) yHUTAPHBIX CBA3HOCTEN HA TPUBMATHHOM IBYMEPHOM BEKTOD-
HOM paccroerun’. [Tuddepenmman Gyaknum © B Touke (a,g) como-
crTaBIgeT mape KacaTembHbIX BekTopos ¥ € Ty A, = QY(End(E})),
¢ € £(Gy) = Q%End(E})) wmcro

WZZ.G) / (tr(g*1 dg A g lyg) —tr(a A Vas€) + 2tr(Fy ANE))
9

7 €ro OrpaHUYveHre Ha, MO AIPOCTPAHCTBO MIOCKUX CBA3ZHOCTEN MMEET
BUI:

T _ _
dO(v,¢) ZZ@)/tr (97 *dg A g tyg) ,
3

T. €. HE BABUCAT OT BTOPOH KOOPAWHATEL

Topcop (3.27) 3amaer ma mpocrpancrse opbut Ap/G, raasHOe
U (1)-paccroernne

SY(L) = A, x U(1) (3.29)
Gn

(dakrop mo geucrsuio g : (a,z) — (a9,0(a,9)z), g € Gp). O60-
3HauMM 4epe3 L spMuToBO MmHENHOE paccaoenme Ham Ap, acconmu-
poBarHOe ¢ orparmdeHueM S'(L)| 4, ATOTO TIABHOTO PACCTIOCHUS HA
HNOATPOCTPAHCTBO mIockux ceasHocren. Caenysa [RSW], moxwuo mpo-
BepuTh, uTO dopma aeuctsua (3.26) szamaer ma L spmmrosy U(1)-
CBAZHOCTD Apg ¢ POPMON KPUBU3HEL

Fa,.=i-Q, (3.30)

rae () — cummiekTudeckas cTpykrypa Ha Ap /Gy = Ay // G, onucan-
Hasg Ha cTp. 66. UTak, weTBepka

(RE(m(X2),SU(2), 2, L, Acs) (3.31)

Smoxuo mporeputs (cm. [RSW, §2]), wro dyukuua (3.28) e 3aBucuT OT BHIGOPA
rpouku (Y, A, G)
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MPECTABIIET COO0I0 MTAHHBIE 2E0MEMPUUECKO20 NPEIKEAHMOBAHUL
u3 §1 rmaser 1.

§ 6 KoMmmuiekcHaa moJApu3anusa NpPoOCTPaAHCTBA

RE(71(X),8U(2)).

CrangapTHBIN CIIOCOO KOMILIEKCHOM MOMAPU3ALUNA IIPOCTPAHCTBA,
KJIACCOB TPEACTABICHUN — HTO (PUKCAIAA KOMILUIEKCHOU CTPYKTYPHI
I ma Y. HamomawmM, 9TO Kaxgada CBA3HOCTHL a € A onpegenaer mud-
(pepeHIUATBHBIN OTIEPATOP TMEPBOTO MOPALKA — KOBAPUAHMHYIO NPO-
uzsoonyo V, : I'(E) — I'(E ® T* X)), raBHOU 9acThIO KOTOPOIO
ABIAETCA OObIYHBIN BHemHUN quddeperiuan d. KoMmiekcaas cTpyk-
typa I Ha ¥ urgynupyer pastoxerus d =0 +0 u V, = V0 4 Vo1

rie
vl,O

vO,l
I'E) —T(EQYY)  I'(E) -—TITEQ,
TaK ITO IPOCTPAHCTBO BCEX CBA3HOCTEN PACKIALLIBACTCA B IIPAMOE
Ipou3BeeHue

A=A x A, (3.32)

rae A" — addurnoe npocrpancrro vax QVO(Ad(E)), a A" — maz
Q% (Ad(E)). Kamb6poBousas rpymnma G Beex MIaIKAX MOCIOAHBIX aB-
TOMOP®U3MOB paccioerus F coxpaHseT MPOEKIUIO

A2 A" (3.33)

Ha IPOCTPAHCTBO 0-0HepaTopoB Ha F.

Samanue Ha F KakOU-a1uOO dPMUTOBOU CTPYKTYPHI h BHIZEAAET
HOAIIPOCTPAHCTBO apmumosvir ceasaocTen Ay, C A, n orpanmaeHue
npoexkiyuu (3.33) Ha Aj, ABIAETCSA B3AUMHO OTHO3HAIHBIM COOTBET-
creueM. Kpome Toro, h onpegenser Ha KATUOPOBOIHOU rpymne G co-

OpAXeHue:

g—g=(9")",
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BEIIECTBEHHBIMY DJIEMEHTAMU KOTOPOTO ABIAIOTCA TMOCAOUHBIE DPMU-
TOBBI aBTOMOP(U3MBI:

Gn=1{9€Glg=y9g}-

[Ipu sToM neucTBue a — g(a) IPOU3BOIBLHOTO KATAGPOBOTHOTO MPe-
o6pazoBaEua ¢ € § HA KOMIIOHEHTHI CBA3HOCTH (, OTUCHIBAETCA (HOp-
MYJIaMU:
0 _ — ol0, -1 _ vl,0 0,1 —1)*
Vg’(a)_g'va g _va _((va g)g )
01 _ 0,1, —1 _ 0,1 0,1 -1
Vg’(a)_g'va g _va _(va g)g
7 CoxpaHAeT MOANPOCTPancTBO Ap C A 3pMUTOBBIX CBA3HOCTEW, &

oroxpecrsrenue pr|4, : A, — A" sxBuBapmanTHO OTHOCHTEIBLHO
ATOr0 JEUCTBUA.

2
[TockombKY KOMIO3MIUSA ( 2’1) € Q"2(Ad(E)) = 0, npocTpan-
CTBO OopOUT
A"/G =M, (3.34)

npegcrasigeT coboi 00begUHEHMEe BCEX KOMIOHEHT MPOCTPAHCTBA!

MOJYJIEU TOMOJOTUICCKA TPUBUAIBHBIX [-TOJOMOPQHBIX PACCIOSHUN
Ha Y7, ¥ OPOUTHI IIOCKUX CBA3HOCTed Ap C Aj COCTABIAIOT B HEM
KOMIIOHEHTY MaKCUMAJILHOI PasMepHOCTH M5 KIaccoB moxycTabmnib-
HBEIX paccroennin (HanomamM, aTo dime M = 3g — 3). [Ipumenenne
KJIACCHIECKOU T€OMETPUICCKOU TEOPUU MHBAPUAHTOB B cTwmwie Kemm-
da — Hecc maer mam:

ITPENIOKEHNE 1 (HAPACUMAH — IIEWAAPY). MMeeT mecTo m3oMop-
usm

NS : RE(m(2),SU(2)) — M, (3.35)
magymupytommi Ha RE(m1 (X)), SU(2)) cTpyxTypy KoMILIEKCHOTO MHO-
roobpasuga ¢ M®S,

PEAIOKEHNE 2. Popma Fu., u3 (3.30) mmeer tum (1,1), u aunen-
HOe paccroeHue L, ommcanHOE Ha CTp. 67, JOMyCKaeT eJUHCTBEHHYIO

'y13-3a IPUCYTCTBIA HECTAGMIBHEIX PACCIOEHUN STOT OOBEKT He ABIACTCA MHOTO-
o6pa3ueM, HO BCe Xe MOXeT ObLITh ONNCAH Ha A3BIKE CM3KO08
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TOIOMOPpHYIO CTPYKTYDY, COMMACOBAHHYIO C SPMUTOBOH CBA3HOCTHIO
A¢s ¥ KOMILIEKCHOU CTDYKTYPOU; IpH 5ToM m3oMopdusm (3.35) oro-
xgecrager L ¢ Opyss(0).

Bwmecte ¢ Tem, HA M uMeeTcs KAHOHUYIECKAA KEIEPOBA METPUKA,
(Tak masweBaemaa mempura Betias— ITemepcona) ¢ xereposon ¢op-
MOU wyp = 1F 4, =1 -}, garomas cBI3HOCTS JleBu - YuBuTa Ha KOM-
IIEKCHOM KacaTensHOM paccioernuu T M u coorsercTByomyio en
SPMUTOBY CBA3ZHOCTHL Ap Ha AaHTUKAHOHUYECKOM JUHEMHOM PACCIOe-
aum det T M = O(40). DTo onpenenaeT 5pMATOBY CBAZHOCTD % Arc
Ha L, cormacoBamuyio ¢ romomopduou crpykryponm Ha O(0) = L.
Haxomner, paccmarpusas M kak cemenctTso J-ornepaTopos, MBI TIO-
aydaeMm Hag M merepMMHAHTHOE JWHENHOE paccioenme KBuiumeHa
L ¢ »spMuTOBOM CBABHOCTBIO Aq, (hOpMA KPUBU3HBI KOTOPOM TaKXe
COBMAJAET C HANICH CHMILICKTIIecKon dopmon: Fa, =i - Q.

I[IPEAIOXKEHNE 3. Agg = %ALC =A,.

PaccmoTpuM Teneps KaauGpOoBOUHYIO TEOPUIO Imoaer Xurrca. [o-
aoMopdHOe mojde XUrrca ¢ ABAAETCI, KAK MBI 3HAEM, TOJOMOPQHBIM
cevenmeMm ¢ € HO(X,Ad(E) ® K) = TipM™ u ompegenseT Ksa-
apatwanbi guddepenmuanr w = w(FE, $) = tr(¢?). Cnapusas sToT
KBAIDATHIHEIN AubQepeHnnar ¢ sIeMeHToM | € QNS K7 ms
IBOUCTBEHHOT'O MPOCTPAHCTBA quddepennuanos BeasTpamu, MbI TO-

IydaeM Ha KOKACATEILHOM paccaoerus 1% M pyromo

Hy,(¢) = /tr (¢?) -1, (3.36)

by

KOTOpasA COrMacHo mpuHoumy Xaprorca (cm. ctp. 61-62) mpomomxa-

eTcA Ha BCE MHOr0OOpaswe MOAYJIeN MOMyCTAOUIBLHBIX Map XUITCA
H

M.

IIPEANOXKEHUE 4. Pyaknun H,, H,s, oTBevaromue pa3inIHbBIM KBa-

ApaTHWIHBIM gugdeperauaram w # w', KOMMyTEPYIOT OTHOCHTEIBHO

cko0ku IlyaccoHa, MEAYIIADYEMOH KaHOHHIECKOH I'OJOMOP(HON CHAM-

ILIEKTHIECKOH CTPYKTypou Ha My,.

[TOKABATENLCTBO. IIpogomrxum pyakmmu H,, 10 TOCTOAHHBLIX IO
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6ase QpyHKIWMI HA KOKACATEILHOM PACCIOCHWN
T*AII — ./4” % QU,I(Ad(E))

K mrockoMy adgdpurromy npocrpanctsy A’ omeparopos Komm - Pu-
mana Ha F (cM. pasnoxenue (3.32)). ITockonbky mepemenHble Gas3bl
U CTOA KAHOHUYIECKW COTMPAXEHBI OTHOCHTEILHO KAHOHWYECKOU CHM-
maekTuaeckon ¢popmbl Ha T* A", a mpocTpaHCTBO TOTOMOPMHBLIX TO-
mer XWrrea eCTh He 9TO WHOE, KAK HYJeBOM YPOBEHb OTOOPAKECHUA
MOMEHTA II0 AeMCTBUIO MOJHOX KOMILIEKCHON KaIMOPOBOYIHOM I'PYII-
nbt G, pysknuu Hy, u H,y KOIXHBI KOMMYTHPOBATEH OTHOCHTEIBLHO
cko6ku Ilyaccona. O

§ 7 Beruucienue paHros.

B meaGeneBoM ciyduae BHIYHCICHME PAa3MEPHOCTER
: ) ss
dim H' (Mg, O(k©))

UCIOAB3yeT abCOMIOTHO HOBYIO MAEI0 — PACCMATPUBATH MPOU3BOIA-
myo GYHKIUO, AUy OTBET CPa3y AJA BCEX MHOTOOGDA3UU MOIY-
nen MG® B 3aBUCHMOCTH OT pojia g Kpuson 3. B crytdae KoMILIEKCHOR
MOJMAPU3AIAU TAKAA MAEA HABEBAETCA MOHAILICOHOBCKOU KAIUODPO-
BOYWHOM TeOpHUell TeTHIPeXMEPHBIX MHOT00OPa3mii !, Tqe aHAIOrOM Ie-
JOYUCICHHOTO TIAPAMETPA ¢ CIyRUT (TaKKe MeJOIUCICHHBIN) BTOPOK
knacc Yepna co(F). B cayduae BEmECTBEHHON MOMAPU3ANAA COOTBET-
CTBYIONIAE TPOU3BOAAIINE (PYHKINNA €CTECTBEHHO BO3HUKAIOT B KOH-
¢opMHOU Teopum mouA. Be3ycaoBHO, GBLTO GBI OYEHB MOJE3HO OTHIC-
KaTh KOHCTPYKIIWIO, HAMPAMYIO CBA3LIBAIOIIYIO Teopuio [lonansacona
¢ KOH(POPMHOU TEOPUEN TMOJA CTOIb XKe ABHO, KAK DTO MPOUCXOINT,
HampuMep, B KoHCTPpyKnnnm Hakamxumer gaa cxem ['mas6epra Hilb? S
ANreObpanIecKon MOBEPXHOCTH S.

Yem. [T2], [T3]
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Urak, paccMoTpuM rIagkyio airebpanveckyio KpuByo X poma g
u MHOTOOOpasue M MOy MoIyCTaGUIbHBIX TOIOMODMHBIX BEK-
TOPHBIX PACCIOEHUN HA HEU PAHTA, 2 C TPUBUAIBLHBIM € TEPMUHAHTOM.
Ha npamom npomssegenun X X M® HET yHUBEPCATBHOTO PACCIOCHA
&, uo ects paccroernme Ad(E), crapmmu knace Yepra KOTOPOro cBs-
3aH C (BUPTYAIBHBIMIY KaIaccaMu € 10 GhOpMyJIe

c2(Ad(€)) = —p1(€) = c1(E)® —4e2(€) € HY(E x M),

a pasnoxenme Kionnera mMmeeT BuUI:

—p1(€) = 2[X] ® [O] + [pt] ® [2]—
g

43 (0 @ () b5 @ ) |
=1

rae [X] — dyHAaAMEHTAIBHBIN KIACC KPUBOU Y, [pt] — KIacc Toukm
Ha, KPUBOU X, a;, b; ¢ 1 = 1,...,9 — Kakou-mub0 CUMILIEKTUIECKUN
6asuc (2.11) B H'(%,7Z), [0] = 2 u([X]) € H* (M, Z) — O-pusmsop
(3.2), [2] = 4p(lpt]) € HAM,Z), par),ulb;) € H'(MS). Taxm
obpaszom, kirace —p1(€) 3agaer romoMpdusm:

HL(S) —2e HA (M) - _mlE)
do
PaccMOTpuM rpagynpOBaHHYIO AIre6py
S(Z) = Sym*(HeveIl(Za R)) ® A*(HOdd(Ea R))a (337)

rpagympoBKa B KOTOPOU 3agaeTca TeM, uto o € H;(3) umeet crenens
deg(o) = 4 — i, Tak uro deg(a) =i = p(a) € H'(MF).

. N,
OnpeAEAEHUE 1. Jlunetnas dyskmas S(¥) — Q, 3magenue KOTO-
pOfI Ng(o-l.o-l. 'UT) Ha MOHOME x = 01 -01- --* -0p CO; € an(Z)

r
cymmapsou crenenu d(a) = > (4 — n;) pasHO
i=1

p(on) ~ -~ plor) , ecma d(a) = dimg M =69 — 6, (3.38)
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a B OCTAJBHBIX CIyYasaX PAaBHO HYJIIO, HA3BIBACTCA UHBAPUAHIMOM WIN
’rl0./LU/)-L0Jl/tOJl/t2 Hviocmeda.

3AMEYAHUE 1. AHATOrUYIHAS KOHCTPYKIUA NPUMEHUMA K JIOO0OMY cemeti-
CMBY 6EKMOPHBIT PACCAOEHUT, T. €. K TI0O0MY (BUPTYaIbLHOMY) PACCIOEHIIO
& van ¥ X B ¢ mpoussoabHON 6a3on B, 1 Takke NaeT HEKOTOPHIU MOJUHOM
NP# wa H,(5,R).

[Momuaom HeiocTema wHBapmaHTEH OTHOCUTEIBHO TPYNIBL mud-
dbeomopdusmos Diff ; (), coxpaHsOmux OpUEHTAINIO, X TAK KAK A
Kax10ro i ckpyuusanue Aewa ¢; € Diff | (X) menser snak y a; u b; u
IIEPEBOJUT BCE OCTAThHBIE OOpa3yiomme B celsA, 3HAUEHUE

Ng (u(ED™ - u([0tD)" - (i) - 14 (Bjiin) = )

MOXeT OBITH OTIUYHO OT HYJA, TOIABKO €CIA bmin = Jmin. A TOCKOIb-
Ky A JI000U Maphl PyUeK CYIIECTBYET COXPAHAIONIAN OPUEHTAIIIO
nuddeomoppuam, MEPEBOAANMA OTHY U3 HUX B IPYTYIO, BHIPAXKEHUE

g
v =2 nla) - plbi) € HO (M)

=1

He 3aBUCUT OT BBIOOPA CUMILIEKTHIECKOro Gasuca {a;,b;} Hi(X), n
N, € C[[pt], [2],7], T. e. N, npuaNMaeT HeHyJIeBbIe 3HAUEHMUA TOIBKO
Ha MOHOMAaX Buaa [X]™pt™yP, npudem ¢ m + 2n + 3p = 3g — 3.

Takum 06pa3oM, BMECTO I'PayUPOBAHHON ATre6psl (3.37) MBI MO-
KeM PaCCMaTPUBATH YHUBEPCAALHYIO ai2elpy

S3=Sym, (- Z® L -Z&v-7),

(cuMmmMeTpuaecKkyo arre6py cBOGOIHOTO TPALyUPOBAHHOTO Z-MOLYIa

¢ Tpemsa obpasyoummvu crenenu dega = 1, degf = 2, degy =3) n

TPAaKTOBATH Bech HAOOP MOMMHOMOB N, KaK OJHY JIMHETHYIO (HOpMy
N

S3 —— Q, mpuHEMAOIIYIO HEHYIEBLIE 3HAYEHAA TOILKO Ha MOHOMAX,

CTeneHb KOTOPHIX d = 3n KpaTHA TPEM, W COMOCTABIAIONIYIO TAKO-
My MoHOMY 3Hadenue (3.38) momuuoma N, ;1 Ha >TOoM MoHOME. UTaK,

’IOCKOMTBKY DTa TUHEWHAA (GYHKIUA MOXKET DACCMATPUBATHCA KAK OJHODOJHBIN
noausoM crenenu 3(g — 1) mva H. (3, R)
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MBI TIOJIY9aeM HeodHopodubiti momuaoM N, O MHOPOIHBIE KOMIIOHEHTHI
KOTOPOT'0 MMEIOT CTeneHu 3g — 3.

ITH OTHOPOMHBIE KOMIIOHEHTHI (T. €. momMmHOMBI HelocTena nms
PA3JIMYHBIX POJAOB) CBA3AHBI BAXHBIM PEKYPPEHTHBIM COOTHOLICHU-
em?

Ng(v-a) =g Ng_1(a). (3.39)
YT0o06bI 5TUM BOCHOIB30BATHCA, YAOOHO TEPEUTH K HOPMUPOBAHHbIM
muozousenam Hoocmeda
N, n+1

NO
S3—>Q: Ngnzm

(3.40)

Torma Bce cooTHOmenua (3.39) sanumryTcsa OMHUM yPaBHEHUEM
NO(y-2)=N%%) VzeS; (3.41)

HA MOJHBIA HOPMAJU30BAHHBIN MHOTOWIEH, TAK YTO MBI MOXEM WC-
KIIOIATH 06pasyomyio v u paceMaTpuBars N0 kax Q-3Haumyio Ju-
HENHYIO (pOopMy Ha

So=Sym,(a-Z®SB-7).

Tax nHasbBaeMmasn 2unomesa Hviocmeda (cm. [Th2]) mpegckasbi-
Baet, aT0 N%(a™ - %) MOXeT GEITHL OTIMTHO OT HyIT TOTBKO TPE
kE < (m+ 2k)/3. Vimes 5T0 B BUAY, 3aMEeHUM 00pa3yolLyoo [ Ha

w=a-f8.

Torga N° kax mumenas dbopma Ha Sym, (« - Z @ w - Z) GyaeT yaoBie-
TBOPATH COOTHOUIEHUIO
No(a?,k ‘W) = N3(n+k)+1(04n+3k -B")

"3 KOTOPOr'o BEITEKAECT MTOTOBOE INIABHOE pa,BeHCTBO4Z

(—=4)"+k . (n 4 3K)!
(n+k+1)!

N . ") = - (2k)! - (4F —2)- By, (3.42)

Sem. [Th2, IIpeanoxenue 26]; HIXKE MBI yBEAUM, ITO IHOAOOHEIE IPABMIA CAUAHILL
UMEIOTCA U /A BEUIECTBEHHOU TOIAPU3AINYA

“em. [Th2, dopmyma (29)]
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rae B; — uucna Beprymwin.

3aMEdAHME 2. Taggeym momyumn muorowrensr Heloctega (3.42) us dop-
Myasl Bepaunge niis npousBogAer (pyHKIMY PA3MEPHOCTEN MPOCTPAHCTB
KOH(MOPMHEIX OJOKOB (CM. HU¥XKE), OCHOBLIBAACH HA MPEITONOKEHWUH, UTO
KBAHTOBAHMNE C TOMOIILIO MZS ABIACTCA YUCAEHHO Noanbim (cM. §5 ria-
Bol 1). Mo oGouumu 5Ty runoresy Tagmeyina Mpu MOMOIIMA KOHCTPYKIIUAU
Honansacona us [Do).

3AMEYAHUE 3. BHermnee yMHOXEHUE HA O THOPOIHLIN DIEMEHT & € S3 UHIY-
nupyetr auddepeHuaIbLHER ONepaTop B MPOCTPAHCTBE MOIUHOMOB, MEPe-
BOJALINY JUHENHYIO popmy S3 L, Qs
oL
E
u coorHomenusa (3.41) MOryT paccMaTpuBaThCA Kak AudHEpeHIraIbHbIe
ypaBHeHus Ha MuOrowieHsl HeocTena. Bomee Toro, u3 3Tux ypaBHeHUN Jer-
KO yraJbIBAIOTCA U PEKKYPEHTHBEIE (DOPMYJILI 1A OPOU3BOAAMNX (DyHKITIN
cnapuBanus (3.38) (cm. [Thl]). Mogxon Burrena onupasucsa Ha BBIMUCICHUA
oobemoB Vol(M) = N%(a?973), mocse wero ocTarbubie 3HATEHNA MHOTO-
wienoB HelocTena BOCCTAHABIMBAIOTCA U3 DTUX PEKKYPEHTHBLIX (DOPMY.I.
5

(2) = (degz + degz) - L(z A 2) ,

[pyrou cnoco6 Buraucaenus® cuapusanusa (3.38) u MHOrOWIEHOB
HerocTema mocTasmseT mporeaypa reoMeTPUIecKON anmpOKCUMAIAH.

Nmeerca memouka ¢pamrmos’:
MPpax & - -+ e MP; e MPy, (3.43)

rae kaxgoe MP; ecTh MHOr0OGpasume MOAyIeH {-CTa0MILHBIX Tap’,
IAIOIIee CBOE CEMEMCTBO BEKTOPHBLIX paccioenuu & Ham Y X MP; u
cBom MHOTOWIeHb N, ; (cM. 3am. 1 u3 § 7 raset 3) u N, ananormnsie
(3.38) u (3.40). Camoe mpaBoe mHOroo6pasme monyren MPj B (3.43)
ABIAETCA MPOEKTUBHBIM TPOCTPAHCTBOM Pa3MEPHOCTH 3G — 2:

MP, = P32 .
a camoe 1eBoe — Pl-paccioennem Haz M

SS
MP . —+ M,

3TuM BBrMECIEHEEM MBI 06s3ankl 3arbe u Makaowarsay (cum. B [Thl] coorser-

CTBYIOUIWE CCHLIKN)
Scum. [Re]
Tea. [Th2], [BD] win [Ber]
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Vs H = N° rape H — xmacc T'porenguxa sroro P!-
paccaoerns, a N — ¢opma Heiocrena. Mcmoabsysa aBHOe OMICAHIE
Kaxa0ro dauna u3 (3.43), MbI MOXEM mAr 3a maroM BOCCTAHOBUTH
BCe MHOTOICHEI N ;, HAIXHAA C CAMOT'O IIPABOTO P39—2,

rak aro N9

ITo Teopeme Pumana— Poxa— Xuprebpyxa

Z(—ni dim H (M, 0(k©)) =

= (ch(O(k®)) - td(MF)) (3.44)

3g—3 °’
“ T. K. [UBU30P O TOJOXUTENEH, B JEBOU UACTU, COMIACHO TEeOpeMe
Koganpsl, CTOUT ML dimHO(Mzs,(’)(k@)) = dim#H}. C apyrou
croponsr, Hefocren mokazan®, aro ci (M) = 4[0], a p(MZ) = (1+

29—2
5)2972, Tax aTo td(M) = e200] (Sh(‘l/’g%) ! . HosTomy B mpaBon

qactu (3.44) monyaaem:

k+2\9 ! :
dimH} = <%> Y sin? % k]—j:2 . (3.45)
J

§ 8 CeasznocTn XuTuuHAa.

B sToM maparpade MBI IOKaXeM, ITO COMOCTABICHNE KPUBOU Y|
poaa g > 2 muOroo6pasusa moayaen M (X ;) roromopdubIx momycTa-
OUIBHBIX TOMOJOTMYECKN TPUBUAIBLHLIX PACCIOCHUU HA HEH ABIAECT-
CA CTPOTUM MOIYJIAPHBIM COOTBETCTBUEM, & MPOCTPAHCTBA, (Heabeme-
BbIX) J-DyHKIUI

HY(M*(21),0(k0)) (3.46)

8cu. [Ne]
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IOCTABIAIOT YCIEITHOEe KBAHTOBaHME KPUBOU Y. VHade roBops, mpu
g > 2 KpuBag YXj OJHO3HAYHO BOCCTAHABIMBaeTCA mo M, a Bek-
TOpHOE paccioenue co caoeM (3.46) Ha MHOrooGpasum Momyren M,
KPUBBIX POJA g

Vi =~ M, = pi (1) = HY(M®(S)), 0(kO)) (3.47)

061aaeT MIOCKON MPOEKTUBHON CBA3HOCTHIO, TAK ITO MPOEKTUBUA3A-
s PHO (M (2), O(kO)) moxarsmo me 3asment ot 1.

[Teproe yTBepxkjeHme MOYTH OUEBUIHO B CUIYy TOT'O, ITO MHO-
XKeCcTBO 0Cco0BIX Todek Sing M® = Kum(X;) npezacrasuager co6omo
KyMMEpOBY TOBEPXHOCTEH KpUBOU Y7. PazayeMm KOHEIHOE MHOXECTBO
Sing (Kum(X;)), paccMOTpUM ABOMHOE HAKPBITUE MOLYIEHHOU IIO-
BEPXHOCTHU, Pa3BETBJICHHOEC B HNCKIIYUTECJABHOM AWBU30pPE, a 3aTeM
CTAHEM UCKIIOYATEIBHBIN TUBU30D — MOLYyIUTCA Ako6uaH J(X7) Ha-
mwer KpuBou. HeTpyaHo BHAETH, 9TO OrpaHuteHue HeabeneBa O-au-
BU30PA HA KYMMEPOBO MHOT000PAa3ue TIEPEXOANT IIPU DTOM B TUBU3OP
2 © na akobuane. Teneps kraccuaeckas Teopema Topemrn (cM. HaTa-
70 §2 TaaBel 2) JAeT HAITy KPUBYIO Y.

CymuiecTBOBaHME MTPOEKTUBHOU IIOCKOU CBA3HOCTHU HA PACCIOCHUN

I roxazar Xurawmn. YTo6E mOCTPOUTH

(3.47) B HeabeneBoM cCiy4ae
STy CBA3HOCTb, MBI OIATH BOCIOJB3YEMCS TeOpuen AedOpMAaluu u3
84 rmaBwr 1, a KaTuOPOBOYHAA TEOPUA T'OJIOMOPMPHBIX MOJer XUTTCa
(cM. Komery § 6 TiIaBBEL 3) MO3BOJUAT HAM BBHIYUCIUTH €€ KPUBU3HY.
[Ipex e Bcero mamomMuUM (CM. §6 raaBel 3), 9TO HA TPOCTPAH-
crBe RE(m1(X))r = M%(X) KaHOHMIECKN UHAYIUPYETCS BHIOOPOM
KOMILTEKCHOU CTPYKTyphl I Ha ¥ kommuekcHaa crpykrypa Z = Z(I).
Mg gonxHBI yOEIUTHCA, ITO TIPA STOM BBITIOMHAIOTCA BCE YCIOBUA CO

ctp. 18-19. Cornacuo pesyasrary Hapacumana u Pamanama®
HY(TM*) = H'(M*,0)=0.

Mg mocTpoerns rosomopduOoro Terzopa Wy € HO(S?(T M) pac-
CcMOTpUM KacaTersHoe mpocTpancTso Tp M = H (X, Ad(E)) B no-
JyCTaOWILHOM BEKTOpHOM paccaoenuun E € M. Tlo asomcTBeHHO-

Lo6eyx genme abemeBa crydas cM. Ha cTp. 33-34
cm. [NR]
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ctu Ceppa T*M®, = H°(S,Ad(E) ® Kx), rae Ky, — kanoHuIe-
CKUH KJIacc KpuBon Y. KacaTelbHBIN BEKTOP K MHOIOOOPA3MIo MOMY-
neur M KpuBBIX B TOUKe Y 3afaerca Auddepennnarom Bersrpamm
I € H' (X1, KY), n “-yMHOXeHTe Ha HETO

H(S, Ad(E) ® Ks) — 2201

H'(Z,Ad(E)) (3.48)
ABIACTCA KBaAPATUIHON popmon Ha T, M. Ee npogomkenue Ha Bce
MHOT006pasue Moayiaen M u maet mckomoe cedenne Wy.

IIPEANOKEHNE 1. OTobOpaxkenne
HI(EI,TI’O) f H’O(MSS, SZ(TI,OMSS))’

nepeBogamiee gudpgepennuan berbrpavu Is KBagPaATHUIHYIO (pOpMYy
f(0) : p— /tr(¢2) AT, (3.49)
)

ABIAECTCA U30MOPDPU3IMOM.

MoKA3ATENLCTBO. CormacHo mpwanumy Xaprorca (cm. §4 rma-
BHI 3), MBI MOXEM IIPOIOIKUTE JOOYI0 TOIOMOPMHYIO KBAAPATAIHYIO
dopmy ¢ T* M ma ero 3ameikanne Xutumaa My, mpudeM IposoI-
)eHHada (HOPMA MOMKHA OBITH MOCTOAHHA HA, CJIOAX TOJOMOPQHOrO
oTobpaxeHus MOMEHTOB (3.18), MOCKOIBLKY OHU SBIAOTCA KOMIIAKT-
HBIMU abereBbIMU MHOT0OOpasuavu. VTak, Hale mpoCTPaHCTBO TO-
JOMOP(MHBIX KBAIPATUIHBIX (DOPM ABOUCTBEHHO MPOCTPAHCTBY TOJIO-
MOP(HBIX KBAAPATAIHBIX AUMHEPEHINATOB HA Y. DTUM BCE CKa3a-
HO. O

Paccmorpum gedopmatmio M= 2+ B xommiexcroit CTPYKTYPHI
7 Han HEKOTOPOW OTKPHITON OKpeCTHOCTHIO Hyna B C C™ (rakyio
aro p~(0) = M) u roromopduoe BekToproe more t € H'(B,TB)
ma B. Cormacuo kaaccmaeckon Teopunm Komampwi— Crencepa, OHO
OIpenenaeT CEeMEUCTBO KJIACCOB WH(MUHUTESUMAILHBIX AedopMaIiun
BJOMIb BEKTOPOB {, T. €. CEICHUE

¢ € HYB,R'p,TM>) . (3.50)
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Bribpas Ham kaxgou TOYKOU b € B IOCTATOYHO MEITKOE OTKPBITOE
nokpertue croa MiS = p~!(b), paccmaTpum cemeicTso (3.50) Kax ce-
MeticTBo aremenTos npoctpanctsa H (M, D1(L)) xraccos xoromo-
goruu gudpepeHnuaIbHBIX OMePATOPOB HA PACCIOCHUN TPETKBAHTO-
Bammsa L, T. e. kax cevenme A € H°(B, R'p,(D'(L))), omacesatomee
UHQUHATE3UMATLHBIE 1edOPMAIIN PACCIOCHUA TONAPU3ALNUY BIOIb
BekTOpOB t. [locTpoennas B (3.48) romomopdHas kBaapaTudHas Gop-
ma Wy € HY(B, R%,(S?T)) nogaumaeTcs (Mpy IOMOIIM CBA3HOCTH
Jlesu- Yusura merpuxu (3.49)) mo cemencrsa oneparopos Jlamraca—
BenprpamMu, 3a1aHHBIX JOKATHHO HAJ OTKPHITHIMA MHOXECTBAMU 3a-
(bUKCHPOBAHHOTO HAMU MOKPHITHA cloes Mj°. OTu omepaTopel BTO-
poro MOpAAKa WMEIT ONWHAKOBBIE TVIABHBIE YaCTH, W CTAIO0 OBITH,
sagaior cetenue D € H° (B, R'p,(D?*(L))). Teneps onucannas B § 4
raaBbl | MamMHEPWA AaeT HAM TOJIOMOPGMHYIO MPOEKTUBHYIO CBA3-
HOCTh Ha paccroeHuax (3.47) max 6asou B ¢ IVIABHBIM CHMBOIOM,
paBHBIM

1
2% —4°

Bonee Toro, kombunamua d; + P, rae

5(W) € H(B,R'p,TM>) . (3.51)

. i
Pt—zD+2k_4A (3.52)
3a7aeT MIOGATBHO ONPEIETeHHBIN 2040MOPPHbIT onepamop menao-
nposodnocmu Ha L7, a ero MIABHLIA CUMBOJ ABIACTCA KBAIPATUIHON
dbopmon, nogaaTOU ¢ 6asbl paccaoerma Xurawmaa (3.18), m cormacHo
npeni. 4 u3 §6 rIaBbl 3, DTU CUMBOJIBI KOMMYTHPYIOT KaK (DYHKITAA
HA KOKACATETHHOM PACCJIOCHWUN.
Takum 06pas3oM, A BLIYUCICHUA KPUBU3HBLI HAIIEU CBA3HOCTH
HAJO0 BBIMUACIATE JWITH KOMMYTATOD

8Py — 0y P, — [Py, Py] (3.53)

IS IBYX TOJOMOP(MHBIX BeKTOpHBIX noaen t u t' ma B. Iocaennun
wied B (3.53) a priori uMmeer mOpAAOK 3, HO €r0 TVIABHBIM CAMBOJ
apagerca’ ckoOkon IlyaccoHa KOMMYTHPYOMIX CHMBOJOB OIIEPATO-

3cm. [GS1]
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pos (3.52), Tak 9TO
0Py — 0y P, — [Py, Py] € H'(M*, D*(L)) (3.54)

It 1I060M KOMILTIEKCHOU CTPYKTYpPHI u3 B.

YT0o6Bl T0KA3aTh, ITO MOCTPOEHHAS HAMHU CBA3HOCTH ABIAETCA
NPOEKTUBHO TLIOCKOKW, MBI JOTKHBI TPOBEPUTH, ITO omepaTop (3.54)
noctosaued. Ho mocaegssas cTpenka B JIUHHOM TOYHOM MOCTENOBA-
TEIBHOCTH

0 — H(M*,D (L)) — H°(M*,D*(L)) —
—— H'(M®,$8°T) — HY(M*,DY(L)) (3.55)

KOT'OMOJIOTHI TPOUKHN
0 — D' (L) — D?*(L) — ST — 0

SABJISIETCA BIOXKEHUEM, TIOCKOJILKY €€ KOMITO3UIIUA CO B3ATHEM CHUMBOJIA,
H'(M®,DY(L)) —— H(T) ects mzomopdusm mo mpemr. 1 w3 §8
raaser 3. [Hostomy H' (M D?(L)) = H(M®, D' (L)) = C.

B urore nmoxywaercs
TroPEMA 1. KerepoBo kBaHTOBaHHE MHOTO0OPA3UI MOJYJIEH TOIOI0-
THYIECKA TPUBUAILHBIX JBYMEPHBIX BEKTOPHBIX PACCIOCHUH ABIACTCA
YCIIEIIHBIM.

u pobaema:

ABAAEMCA AU NOCMPOEHHAA HAMU CBA3HOCIMD yHumapHOﬁ UAU HO Vk
ecmov (9py2(lﬂ YHUMAPHAA NPOEKMUBHO NAOCKAA c8A3HOCMb ?
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CUMMNEKTUYECKAS TEOMETPUA
MHOIOOBPA3UA MOAYNEMN
BEKTOPHbLIX PACCNOEHUA

§1 U(1)-aeuctsue I'onamana.

CuMmuieK TaecKas JacTh HeabelreBou Teopuu J-QyHKIUKA ObLIA
paspaborana ycuauamu Y. lonamana, [Ix. Beunmana, JI. Ixeddpu
u [Ix. Xeproiobauca. OTIpaBHON TOIKOU TYT ABIACTCA TeopeMa Ha-
pacumana — [Mlemanpu (cm. mpean. 1 w3 §6 rnaser 3) o coBnaneHun

M*®(E) = R&(m,SU(2)) .
Oro6paxenne xkpususust F :; Ay, il O2(Ad(E)) asrserca
0TOOGpAXKEHNEM MOMEHTOB A CAMILIEKTHYIECKOTO TeUCTBUA TPYIIIbL
SU(2)-kamubposok G, wa npocrpanctse SU(2)-casnocren Aj, oTHO-
CATEIbHO KAHOHUYECKOM KAMMOPOBOYHO MHBAPUAHTHOU CUMILIEKTU-
9eCKOU (POPMBI

w(y1,72) = /tr(71 Ay2) . (4.1)
s

Ero mynesoit yposens F~'(0) = Ap C Aj COCTOMT M3 IIOCKUX CBA3-
HOCTEU, U CUMILIEKTUYIECKAA PEIyKIUs

RE(m1,SU(2)) = An//Gr = Ar/Gh (4.2)

81
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€CTh CUMILIEKTUYIECKUN OPOUMOI, ABIAIONMUCA TIATKAM CAMILICK-
TUYECKUM MHOT000pa3ueM HaJ MOJyCTAOUILHBIMYU HEPA3IOKUMBIME
OpenCcTaBICHUIMMU.

Jltobas mpocras 3amkHyTas meTias C Ha Y ompeenseT HA DTOM
npoctparcTse gynkyuto Iosdmana: co : RE(m, SU(2)) — [0, 1],
COTIOCTABIAIONIYO TPEACTABICHAIO O TUCIO

ccl(o) = % arccos (tr(g[C])/2> .

B [G2] Toxgman mokasax, 9TO C¢ ABIAETCS MaMAILTOHHAHOM CHM-
miektudeckoro geuctsusa Ha RE(m, SU(2)) rpynner U(1), xkoTopoe
MOXHO OMUCATH ciepyoomuM obpasom. [lasa mo6oro g € SU(2), or-
amaroro ot +1d, cymectsyior egmrcTBeHHBE Ing € 5u(2) m t € R,
TaKue ITO

2 t1
|lng|*=2, e"9=g. (4.3)
Honmonuum knace [C] go kakoro-umGyab cTaHazapTHOrO Gazuca dyH-
MAMEHTAIBLHOM CPYIILI PUMAHOBOU MOBEPXHOCTH X.:

g
m = (a1, a2,...,a9, bi,bo, ..., by | [Jlai, b:i] =1d), (4.4)
i—=1

Tax 9106k [C] = a;. Mockomsky [g,e!"9] = 0 V ¢ € R, mpasmio
o(b1) — o(by) - e el

ompeenaseT raMuabToHOBO neuctsue U (1) Ha Kaace 1060ro mpeacTa-
BIEHUA O, TaKOro 910 o(aq) # +1d.

HeTpyaHo BUAETH, 9YTO TOJIIMAHOBCKUE TAMUILTOHUAHBI HETIEPe-
CEKAIIUXCA NeTeJab HaXOAATCA B MTHBOJNIOOUN OTHOCUTEIBbHO KaHOHU-
TECKON CUMILIEKTUIECKON CTPYKTYPHI (), MHIYIMPOBAHHON Ha IIPO-
crpauctee RE(my, SU(2)) dbopmon (4.1) mpu pexyxnmm (4.2):

CinCy=0 — {601,802}9 =0. (4.5)

Takum 06pa3zoM, ecan MbI 3apUKCAPYyeM HA Y. MAKCUMAILHBIN HAOOD
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HEIMIEePECEKAINUXCA TOMOTONMNMYICCKN HEOKBUBAJCHTHBIX 1'[6Te.JII)1

{017027"' 7039*3}7 (46)

(KOTOpBIE MBI B gaabHEHmeM OyJIeM HA3BIBATH OKPYHCHOCMAMU, CM.
puc. 3), TO MBI TIOTYyYIMM TIOMHBIN HAOOP U3 39 — 3 WHTErPAJIOB B WH-
BOJIIOIAN

ci(p) = % arccos (tr(g[Ci])/2> €[0,1] (4.7)

I KJIACCUIECKON MEXaHWYIeCKOU CUCTEMBI (9‘{6(%1, SU(2)), Q)

Puc. 3. [onubin HA0OP MPOCTHIX METETh

PumanoBa moBepXHOCTS ¢ (PUKCUPOBAHHLIM PA3MOKEHUEM HA IITA-

HBbI
39—3 29—2

> = Jo v Unr (4.8)
j=1 i=1

HA3BIBAECTCA pasmeuenoti. KoMOMHATOPHAA FeOMETPUA TAKOU PA3MET-
KU ONPENEeNsaeTCsa IBOUCTBEHHBIM MPusasenmubim epagdom ', MaOKE-
CTBO BEPUIMH KOTOPOI'O — ATO MHOXECTBO IITAHOB, a pebpa — OK-
PYXHOCTH-PA3PE3HI:

V(F) = {'1)1,’1)2, e ,'1)29,2} = {PI,PQ, e ,PQQ,Q}
E(F) = {61,62, N ,639_3} = {Cl, CQ, ey ng_g}

! Ierko BIAETH, 9TO OH COCTOUT U3 3 — 3 OXBATHIBAIONIX «PYIKI» OKPYXKHOCTEI,
paspesamomux X Ha 29 — 2 «uTaHOB» (CM. puC. puc. 3—puc. 4); Takou HAGOP pas-
PE30B UTPAET B TEOMETPUU CBA3HOCTEH Ty ¥Xe POIb, YTO HAOOP TOYEK B TEOPUU
byHKIUN: Kak QYHKOUA OrPAHUIMBACTCA HA TOYKY (T. €. BEIMHCIAETCA B HEH),

(4.9)

TaK U CBA3BHOCTH OUPAHMYMBAETCA HA METIIO; B DTOM CMBICJIE IITAHBL — DTO MU-
HAMAJILHBIA TEOMETPUIECKUN O00BEKT, NOMYCKAIOIINA HeTPUBUAILHYIO HeabeaeBy
KaTuOPOBOYHYIO TEOPUIO
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(ABe BEpPUIMHBI V; M Vj COEAMHAIOTCA PeGPOM €y, ECIM ¥ TOJBKO €CIn

Cy = 0P, N OP;)).

Puc. 4. Packpou Ha MITaHb!

§ 2 BemiecTBeHHAA MOJAPUIALNUA.

Uraxk, pasmeTka ' puMaHOBOM IOBEPXHOCTH Y 3a0a€T BEIIECTBEH-
HYIO IOJAPU3aIUI0 TAHHBIX IIPDEAKBAHTOBAHUA

(RE(m1,SU(2), Q, L, Aus) . (4.10)

A wmenno, 3g — 3 kommyTupyomux pysakoui lorgmana (4.7) 3agaor
oTobpaxeHue

RE(mr,SU(2)) — [0, 113973 c R393 (4.11)

B eIUHUIHBIA KyO, KOTOPOE ABIACTCA TAMUILTOHOBBIM /A JEHCTBUA
(3g — 3)-mepuoro Topa U(1)3973 ma ReE(m (Tr), SU(2)).

Dyuxnun lonamana (¢, ¢z, ..., c3¢—3) — K0opdunamur deticmeus
raMurbTOHOBOU cucTembl (4.10) — BCIOAY HEMPEPHIBHBI U MIAIKA HAJ
BHYTPEHHIME TOUKaMU egmamaHoro Kyb6a [0,1]3973. 13 sToro cre-
xyet!, aro ob6pas mpoekmuu (4.11) mpeacTapageT co60I0 BHITYKIBIH
MHOTOT'PAHHUK

Ar = 7 (R€(m1(Xr), SU(2))) C [0, 1]2973, (4.12)

tem. [GS1]
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cumiiekTudecku o6wem RE(my, SU(2)) pasen eBkaugoBy obbeMy

5TOTr0 MHOTOI'DAHHUKA! / Q%3 = Vol (Ar).
R
Muo)ecTBO 6G0p-30MMepdEIba0BEIX OPOUT YPOBHA k BElIeCTBEH-

HOU moapusanyu (4.11) coBnagaeT ¢ MHOXECTBOM %—HGJII:IX TOYEK B
MHOTrOrpanuuke Ar:

1

# (BSk)
k39—3
MPEACKA3LIBAIA B § 2 IVIABHI 1.

VO

F

(cM. pume. 5) m lim = / Q373 = Vol (Ar), kax MBI 7
k—o00 RE

(1/k) - uenbie TOUKH

ar

Puc. 5. loxapusanua Doagmana

YTo6B YBEAETH DTO, HHTEPIPETHPYEM BeKTOpH w € R3973 kak
nuddepennmansusie 1-popmer Ha R ™3 u pacemorpum cooreTcTBy-
fOI€ UM TaMIILTOHOBBI BEKTOPHBIE MOMA &)y, KACATEALHLIE K CIOIM

nr. dudpdeomopduzmbr
ty = €& C Diff ™ (R¢(m (Br), SU(2)))

COXPAHAIOT (POPMY KPUBU3HBI CBAZHOCTY Ay, U TIOCKOIBKY TTPOCTPAH-
ctBo RE(m1(Xr), SU(2)) ogHOCBI3HO,

tw(Acs) = Ay
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I TIOAXOJANIMX KATMOGPOBOYHBIX TpeoOpasoBanui’ oy, € G, (oHm
obpasytor U(1)3973-Topcop TouHO Tax e, Kak B §4 ruaBbl 2 mpm
ONMCAHUYN KIACCUIECKUX J-DYyHKIUN I1A abeJeBbIX MHOTOOODA3Ui).
Takum 06pa3oM, BCe MEPUOABI CBA3HOCTHA Aqg OOGHYJIAOTCA B TOTHO-
cTH HA[ %—IJ;GJIBIMI/I TOYKAMU.

TouHOE OmMCaHWe MHOTOTPAHHUKA Ar MOTy9IaeTCA U3 OMUCAHUSI
npocrparcTBa mwiockux SU(2)-cBasHocTen Ha oxHUX mTaHax Py c
0Py = C; UCy UC3. B aToM cryuae HETPYIHO IPOBEPUTES, ITO OTO-
6paxenue (4.11)

mo @ RE(m(Py),SU(2)) — Ag C R? (4.13)

B3aMMHO OMHO3HAYHO W HENPEPBIBHO, & ero o0pa3 ABIAeTCA TeTpa-
5APOM, 3aJaBAEMBIM B KOOpAMHATAX (C1,C2,C3) HA R3 HepaBeHCTBa-
MU:

1
: 414
min(q +c2,2 — 1 —CQ) ( )

npU<YeM 7T WIAAKO HA €ro BHYTPEeHHUMHU TOodYkamu. B obuem cay<ae
OIICaHMe MHOTOIPAHHUKA Ar B TePMUHAX IBOUCTBEHHOI'O TPUBAJICHT-
woro rpada I' gocrasuser

MMPEMJIOKEHNUE 1. Muororpanauk Ar 3azaerca HabopoMm uz 2g-2 He-
paBeHcTB (4.14), BBIIOIHEHHBIX A1 KaXJOH TPOUKH (Ci,Cj,Ck) KO-
opauuaT B R3973 | mpuxogamest u3 Kakmx-1u60 MITAHOB Pa3.J0XEHUA

(4.8).

% omucanye KaanGpOBOTHEIX OPOUT C HGUKCUPOBAHHOMN (POPMOT KPUBU3HEI CM. B [AB]
Sem. [JWI)
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§ 3 Bop-soMmmepdeans0BLI CIIOH.

KsanroBauue Bemecrsennou nomspusanuu (4.11) comocrasaser
Kaaccmaeckon mexaamdeckon cucreme (4.10) Gop-zommepdensoBeL
IPOCTPAHCTBA BOMHOBBLIX (DYHKITUN

Hi= @@ C-s, (4.15)
bEAFﬂiZ

e s — KOBADHAHTHO TOCTOAHHOE CETeHUE OTPAHMICHUA L —1(y).
Dyuknua w HA HAOOPE pebep TpuBareHTHOrO rpada [ co sHate-
HUAMEA B MHOXECTBE ﬁ—uemﬂx Touek orpeska [0, 11]:

1 1 1 3
ET) —2+0,11n—7Z= I | 4.1
( ) [07 ]m2k_ {07 2k_7 k_? 2k7 ) } b} ( 6)

HA3BIBAETCA JONYCMUMbIM Yeablm 6ecom YpoBHA k Ha rpade ', ecan

OHA YJOBICTBOPAET TPEM yCIOBHAM':

1) w(er) + w(es) + wles) € o Z,
2) w(er) +w(eg) +w(eg) <1,
3) |w(er) —w(e2)|] < w(ez) < min(w(er) + w(ez),2 — wler — ez)) .

MHOXecTBO Beex Takux Becos obozuataerca sepes WF(T). TIpocTsim,
HO OYeHb BaXXHBIM CBOMCTBOM BECOB ABIACTCA

MTPEANOKEHNE 1. Tucro |[WF(T)| Bcex gomycrumerx memowmcaennbrx
BECOB yPOBHA k 3aBHCHT TO.IBKO OT POJa g, a He oT camoro rpaga I,
u coBnagaer ¢ uucaom Bepaunde (3.45):

k+2\9" j
Wk = (—;r > S sin>% —kjj:2 (4.17)
j

lrperse ycmoBue (Bropoe HepasencTso u3 (4.14)) mpegcrasaeT coGOI0 HEpaBEH-
CTBO TPEYrOJbHMKA Ha chepe: ecIu HapUCOBAThH BOKPYT KaxX I0M BePIITHLI rpada
TpeyroapHuK o cropoHamu gauabl w(eq), w(e2), w(es), OPTOrOHATHHBIMU BBIXO-
OAIAM U3 Hee pe6paM, U CKJICUTb WX 0 COOTBETCTBEHHBIM CTOPOHAM, HOXYIATCA
TPUAHTYIUPOBAHHAA PUMAHOBA MOBEPXHOCTH Y, , KOHETHOIUCTHO HAKDPLIBAIONIAA
chepy S? (manpmmep, qaa mpocreimero rpada © (cu. puc. puc. 6 ma crp. 104 aTo
6yJeT HaKpHITHE CTeTeH: 1) M 3ajaiomas Ha Hell HeTOTUCICHHYIO 5w -TPUAHTY.IA-
IO
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