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Obmas xapakTepucTnka paboThI

AxryanbHOCTh TeMbI. llccienoBanne cynepcuMMETPUYHBIX TTOJIEBBIX TEOPHit
3aHNMAET BayKHOE MECTO B COBPEMEHHON TeOPeTUIeCKOil (DU3UKe BHICOKMX JHEP-
ruii. Bo MHOTOM 3TO 0OYCIOBIIEHO HAJIMYUEM TECHOW CBA3W KOHIIEIIIUU CyTIep-
CUMMETpUH C TTPOOIeMOit 00beanHeHus (bYyHIAMEHTAJIBHBIX B3auMoeiicTuii. B
HACTOSIIIIEe BPEMSI CIUTAETCS, UTO HANDOJIee TTOAXOASIINM KAH I IATOM Ha POJIh
€IINHOM TEeOpWM SBJISIETCS Teopus CTpyH. [IpuMmedaresbHO, 9TO CymepCuMMeT-
pHsi eCTEeCTBEHHO BO3HUKAET B TEOPUU CTPYH W HEOOXOIUMA JJIs €€ CAaMOCOTJIa-
coBannoctu. Kpome Toro, cymepcuMMerpudHbIe MOJIEBbIE TEOPUH MOSABIISAIOTCS
B HU3KOIHEPIEeTUYIECKOM IIPeIesie TEOPUHU CTPYH U MTO3TOMY UX U3ydeHHe OKA3bI-
BAETCH OYEHb BAXKHBIM [IJIsI TIPOSICHEHUST PA3IUIHBIX ACIEKTOB TEOPUHU CTPYH.

Opnoit m3 HamMbOJIEE BAYXKHBIX 3334 B OOJACTH CYMEPCHMMETPUYHBIX ITO-
JIEBBIX TEOPHil sBJIsieTCs MpobsIemMa nmocTpoenus 3 HEeKTUBHOrO neicTBusi. Ddh-
dexTuBHOE AeficTBrE ABIISIETCS EHTPAIBHBIM ITOHATHEM KBAHTOBOI T€OPUH MO~
Jisi, OTIPEIEJISAIONIAM ODIIY 0 CTPYKTYPY MOJIEBOM TEOPUHU B KBAHTOBOM 0OJIACTH.
B cynepcuvmMerpuanoit Teopun 3¢ EKTUBHOE IeiicTBHE 00IaTaeT PAJIOM 3aMe-
JaTEILHBIX CBONCTB, 00YCIOBIEHHBIX TEM, YTO CYMEPCUMMETPUS HAKJIAIBIBAET
JIOCTATOYHO JKECTKUE OrpanudeHus Ha (Gpopmy 3hdEKTUBHOrO AefCTBUs, B CHU-
JIy 9ero HeKOTOPbIE BeJIUIUHbBI, XaPAKTEPU3YIONINe KBAHTOBYIO TEOPHUIO, MOTYT
OLITH Haiiaensl Touno. II[MpoKo H3BeCTHLIM IPEMepOM ABigerca Teopua N = 2
KambpPOBOYHOrO MyJibTHILIeTa (Tak Ha3biBaemas reopus Caiibepra-Burrha), B
KOTOPO# HU3KO9HEPreTuIecKoe 3(pPEeKTUBHOE JIeHCTBUE MOYKET OBITH TOYHO BhI-
YUCIEHO C yYETOM KaK MepTypOATHBHBIX TaK W HEMepTypOATUBHBIX BKJIAIOB.
OTOT pe3yabTaT OKA3AJICS OYEHb BAYKHBIM JJIs MOHUMAHUST CBOWCTB CyTIEPCIM-
MeTpHUYHLIX Teopuii ¢ N = 2 pacHmumpeHHoil cymepcuMMeTpHreil I cTajd OCHOBOIX
JIJISE MHOXKECTBA WMCCIEJOBAHUN B 3TOM HAIMPABJIEHUU, B KOTOPHIX PACCMATPH-
BaJINChL 0000IMIEeHNA JanHOH 3amaqu 41 N = 2 Teopuii ¢ pa3IMIHLIM HaO0POM
moJjieit MaTepuu. B CBA3M € 3TUM MOCTATOYHO AKTYAJIBHOU SBJISIETCS OOIIAst 3a-
JTa9a 0 HAXOXKIEHUU TOJIOMOPMHOTO 3D HEKTUBHOTO AEHCTBUS B TEOPUU TUTIED-
MYJIBTHUIJIET BO BHEITHEM KAJMOPOBOYHOM CYIIEPITONE IS CIydas PA3IUuIHBIX
KaJIMOPOBOYHBIX PYIII.

JlpyruM BaXKHBIM HAIPaBJIEHWEM B KBAHTOBOM TEOPUU MOJI, BOSHUKIIIEM
CPABHUTEJIBHO HEJABHO, SIBJISIETCH W3y4YeHWE KBAHTOBLIX ACIIEKTOB B HEKOM-
MYTATUBHBIX TEOPHSAX. B 3THX TEOpPUSX MOAPA3YMEBAETCS, YTO KAHOHUIECKUE
OTIePATOPHI YETHIPEXMEPHBIX KOOPAWHAT MPOCTPAHCTBA MUHKOBCKOTO HE KOM-
MYTHUPYIOT MeXK Iy cO00ii, 9TO MPUBOIUT BO3HUKHOBEHUIO HEKOTOPHIX CIeIudu-
9eCKUX CBOMCTB, TAKUX KAK YACTHIHOE HU3MEHEHHUe XapaKTepa yabTpadroaero-
BBIX pPacXoauMocTeil 6e3 HapylIeHus CBONCTB MPUYUHHOCTA W yYHUTAPHOCTH.
BosmoxkHOCTD HApPYIIEHUS KOMMYTATUBHOCTH KOOPIMHAT BBITEKAET U3 TEOPUH
CTPYH, PACCMOTPEHHOM Ha (POHE MOCTOSTHHOTO B-mos spsromumcs 2-hopMoit
Hapwe-IIIBapria B Teopun D = 10 cymeprpaButamuu. B 3To#t cBA3M, HEKOM-
MYTATUBHBIE CyTEPCUMMETPUIHBIE MOJIE/IM BOSHUKAIOT €CTECTBEHHBIM 00Pa30M
B HU3KOJHEPTETUYIECKOM IPEJesie TEOPUU CTPYH W UX M3yUeHUe OKA3BIBACTCS
AKTyaJbHOI 3aa49eil KaK /1 MOHUMAHNA (PEHOMEHOTOTHIECKUX CBOMCTB ITUX
Teopuii, TaK W [IJIsi PA3BUTUS TEOPUU CTPYH.

B paMkax cynepcHMMETPHUYHBIX MOJIEBBIX TEOPHUil C PACIIMPEHHON Cymep-



CUMMeTpUeil BaXKHOE MECTO 3aHMMAEeT MPODJIeMa TTOCTPOEHUS SBHO CYITEPCUM-
MeTpuuHO# (Cynepronesoit) GopMyIUPOBKU KIACCUYECKUX U KBAHTOBBIX Ieii-
creuii Takux mozeneit. Ina N = 2 u N/ = 3 cynmepcHMMeTPUYHLIX TeOpHii
perrierre 31O MPOBIEMbI CBA3aHO C WCIIOIH30BAHUE METO/Ia TaPMOHUYIECKOTO
CynepupocTpaHcTsa, a ajag N = 4 Teopun aJeKBaTHOIO CyIepIIOjeBOr0 OId-
CaHWsT B TEPMWHAX HEOTPAHUYEHHBIX CYMEPIOJIeH 10 CHX MOpP HE CYIIeCTBYeT.
Onnako, Teopun ¢ N = 3 u N = 4 cynepcumMmerpueii OMUCHLIBAIOT OIWH U TOT
K€ MYJIbBTUILIET (DU3UIECKUX MOJIel M MMEIT SKBUBAJIEHTHYIO TUHAMUKY Ha
MaccoBOii HOBepXHOCTH. 1loaTOoMy H3ydeHme KBaHTOBBIX aciekToB N = 3 cy-
MIePKATHOPOBOYHON TEOPUH MOXKET OBITH MOJE3HO KaK CaMO IO cebe, TaK U st
6omee rry6okoro nonumanug N = 4 reopuu nong durra-Musica. 9To OpUBOIUT
K aKTyaJIbHOU MpOOJIeMe MOCTPOEHUST KBAHTOBOTO (M (MEKTUBHOTO IEHCTBUSA B
momemu N = 3 cynep dura-Musiica B TepMUHAX CyTepHoseii B rapMOHHYECKOM
CyTIepIIPOCTPAHCTRE.

Ilennto paboOThI sBISETCS WCCIEAOBAHNE CTPYKTYPhI HUZKOIHEPTETUIECKOTO
3¢ dHEKTUBHOrO AeCTBUSI B TEOPUU KOMMYTATUBHOIO M HEKOMMY TATUBHOTO TH-
[IEPMYJIBTUILIIETAa BO BHEITHEM KaJMOPOBOYHOM CYIIEPIIOJe, & TaKKe B TeOPUu
N = 3 KaaubpOBOYHOTO CYTIEpIOIs.

Hayuynas moBmu3Ha. B muccepramyy BrepBbie MOJIYYEHBI CIEIYIOIINE PE3YIlh-
TaTHI.

1. Boruncieno nuskosneprerudeckoe (rosomopduoe) sddexkrupHoe eii-
CTBYE TUIEPMYJIbTHUILIETa B3ANMOIEHCTBYIOIIErO C BEKTOPHBIM CYIIEPIIOIEM It
Cydasi, KOrJa TUIepMYIbTUILIET HAXOIUTCH B MIPOM3BOJIHHOM IMIPEICTABICHUN
JI00O0M MOy TPOCTOH KAJIMOPOBOYHON TPYIIIBI, 8 BEKTOPHOE CYTEPIIOJIE JIEYKUT
B momairebpe Kaprama coOTBeTCTBYyIOINEH KaauOPOBOUYHOM aarebpbl. B wact-
HOCTH, Ha#IeHbI roJIOMOPdHbIE 3 DEKTUBHBIE NeUCTBUS IJIS MO THUmep-
MYJIBTHUILIETOB B (DYHIAMEHTAIHLHOM U IIPUCOEIMHEHHOM IIPEICTABIEHUN KaTnuh-
posounbix rpynn SU(n), SO(n), Sp(2n).

2. ITocTpoenbr MOMIEIM HEKOMMYTATUBHOIO TUIEPMYJILTHUILIETa U HEKOMMY-
TaruBHOTO N/ = 2 BEKTOPHOTO CyTepIHoJisd B TAPMOHUYECKOM CYTIePIPOCTPAH-
crBe. [lomydennt mpasuia PeiitHMaHA IJIsT STUX MOJIE/IE U BHIYMCIEHBI TIPOCTET-
e OTHOTET/IEBhbIe nuarpaMMbl DelfHMaHaA. YCTAHOBJIEHO, YTO B PACCMATPUBA-
eMbIX KBAaHTOBbIX BKJIazax Habmomaercd sddexkr UV /IR-cmemuBanus, koTo-
pbliif 3aKJIIOYaeTCs B TOM, YTO YIbTPadUOIETOBbIE PACXOIUMOCTHU MEPEXOIAT
B MH(MpPAKpACHBIE OCODEHHOCTU WMITYJIbCHBIX HHTErpaJioB. V3ydueHa KOHKpET-
Has crpykTypa UV /IR-cMemmBanus B paccMaTpuBaeMbIx Mosessx. [loaydeno
Tak)kKe rojgoMopdHoe 3HHEKTHBHOE IeHCTBHE MOIEIN HEKOMMYTATUBHOTO TH-
[IEPMYJIBTUILIIETa BO BHEITHEM BEKTOPHOM CyIEpIiojie s ciaydae abereBoil u
HeabeneBoil KaTnOPOBOIHOM TPYIIIIDL.

3. Haitnen Beayuit HU3KOIHEPreTHIEeCKUM BKIAT B 3P PEeKTUBHOE ITeHiCTBHE
B N = 3 cymepcummerpuanoit mogenu dura-Mumica, 3amucanubii 8 N = 3
TapMOHUYECKOM CyTeprpocTpancrse. Jlanuoe 3 dekTuBHOE IefiCTBUE BBIUNC-
JIEHO Ha, OCHOBE aHa/IM3a TpebOBaHUil MaciTabHOM 1 R-nHBapMaHTHOCTH, KOTO-
pble SBJISAIOTCS CIEACTBUEM CynePKOH(MOPMHON WHBAPUAHTHOCTUA PACCMATPH-
BaeMoii Teopueit mossd. Ilomydena KOMIOHEHTHAs CTPYKTypa Takoro pdex-
TUBHOTO JI€CTBUS U BBIYUCIEHBI COOTBETCTBYIOINE (P DEKTUBHBIE YPABHEHU ST



npukenus. Haiinena rpymnma mpeoOpa3oBaHmii, OCTaBIsOmMAsA JaHHOe Y dex-
TUBHOE JeHCTBUE WHBAPUAHTHBIM.

Hayuynag u mpakTuyeckas 3HAaYUMOCTb paborsi. [lonydennbie B nuccep-
TAIWK PE3YJIbTATHI TIOCBSAIIEHBI DEIIEHUIO AKTYATbHBIX HAYIHBIX 3829 U BEJLyT
K Gomee TIyGOKOMY TIOHUMAHIIO CTPYKTYPHI 3 dextusHOrO Aeiicreua 8 N = 2
u N = 3 cynepcuMMeTpUYHBIX TeOpusax nojd. [IpakTudueckas 3HAUAMOCTDL Pe-
3yJIbTATOB O0YCJIOBIUBAETCS BO3MOYKHBIM X MPUMEHEHUEM [IJIsi PEIIeHUsT CJie-
JYONUX mpobjeM B 00JIaCTH CYyMepCUMMETPUIHON KBAHTOBON TEOPUU TOJIS:

e I3ydenne cTpyKTyphl MOIHOTO 3ddekTuBHOro neficteus B N = 2 cymep-
CUMMETPHUYHBIX TEOPHUAX BKJIIOUAIONIETO MOJIOMOP(MHBIE W HErOJI0MOPd-
HbIE BKJIAJIBI.

e lccaenoBanie KBAHTOBBIX ACMEKTOB B HEKOMMYTaTHBHLIX A = 2 cymep-
CUMMETPUYHBIX TEOPHUSIX C MCIOIL30BAHNEM SIBHO CyTIEpPIOJIeBoit ¢hbopmy-
JINPOBKY HA OCHOBE METOa IapMOHHYECKOI'O CYIIePIPOCTPAHCTBA.

e Boruncienne HE3KO9HepreTudeckoro sdpdexktusnoro aeiicreug B N = 3
CynepKaJuOpOBOYHOH MOJIEIN B TepMUHAX Heorpanmuenubx N = 3 cy-
nepIoJiei.

HOJ’[O)KEHI/IS[, BbIHOCUMbIE€ Ha 3alllATYy:

1. IMony4ueno Hu3KodHEpreTrdeckoe 3 PEeKTUBHOE AEHCTBHE TUIIEPMY/IbTH-
IJIeTa B3aWMOIEHCTBYIOIMIEr0 C BHENTHUM BEKTOPHBIM CYMEPIOJEeM s
CJIydasi, KOT/Ia TUMEPMYJIbTUIIIET HAXOAUTCS B MPOU3BOJIHLHOM MPEICTAB-
JIeHuU JTII000H MOIYyTIPOCTON KAJIMOPOBOYHON IPYIIIIHI.

2. Haiinennr rosomopdubie 3 deKTrBHbIE IeHCTBUS I MOIEJeld TUep-
MYJIBTHIIIETOB B (DYHIAMEHTAJIHHOM W TIPUCOETNHEHHOM TPECTABICHIH
kasmbposounsix rpymn SU(n), SO(n), Sp(2n).

3. CdopmymupoBaHbI MOIEIN HEKOMMY TATUBHOTO THIIEPMYJIBTUTLIETA, U HEKOM-
MyTaTusHOro A\ = 2 BEKTOPHOT'O CyHIepIIo/id B FapMOHUYIECKOM CYHepIIPO-
CTPaHCTBe.

4. Kanrosble yabTpadprOJIeTOBbIE PACXOJAUMOCTH OJHOIET/IEBLIX AUarpam-
MaX B HEKOMMYTATHBHBIX MOjenax rumepmynbrumiera u N = 2 Bek-
TOPHOr'O CYIEPIOJs YaCTUYHO M3MEHSIIOT CBOI CTPYKTYPY U BBILJISIAT
KaK yJIbTPaApUOJIETOBBIE OCOOEHHOCTH COOTBETCTBYIOMUX hyHKImit ['pu-
Ha (Tak HasbBaeMmbril apdekT UV /IR-cmemmBanms).

5. Tomomopduoe 3ddexkTnBHOE MeiicTBIE MOIEIN HEKOMMYTATHUBHOTO TH-
MEPMYJIBTUIIIIETa BO BHEITHEM BEKTOPHOM CYIMepIiojie s ciaydae abe-
JIeBOit u HeabeseBoll KaJIMOPOBOYHON TPYIIBbI B HU3KOIHEPTETHIECKOM
npubIMKeHnn Pa3dbUBAETCs B CyMMY BYX CJIAraeMbIX, OJTHO U3 KOTOPBIX
orsevaer 3a 3¢ddekr UV /IR-cMmernuBanus, a Bropoe COBIAJIAET C IOJIO-
MOPGHBIM 3P PEKTUBHBIM A€HCTBAEM COOTBETCTBYIONMIEH KOMMY TATHBHOI
TEOPUH.



6. Huskosneprerndeckoe sddekTrBHOe neficteue neiicrsue B N = 3 cy-
MEePKAJIMOPOBOYHOM TeOpUn UMeeT BUI (DYHKIMOHAJA OT CYMepIoiei Ha-
IPSKeHHOCTH, 3amucagnoro s noiaom N = 3 cymepmpocrpancTse. dTOT
GYHKITHOHAJ IOy IAeTCA B pe3yabTrare MacIITabHO HHBAPUAHTHOIO 0000-
IIEHUS CyTEePIIOJIEeBOr0 AeHCTBUsI, OTBEYAIONIEr0 CAAraeMOMY JY€TBEPTOTO
mopsinka B geficrBun Bopua-Mudenba.

7. Huskosmepreruueckoe s dekTunnoe neiicteue 8 N = 3 cymepkaaudpo-
BOYHO TEOpPUU B KYJIOHOBOI (ha3e siBIIETCS MHBAPUAHTHBIM OTHOCUTETh-
Ho moarpynmel N = 3 cynepkoHbOpMHO# TPYNIBI, COCTOAIIECH U3 Tuia-
Tanuii, ys-npeobpaszosanuii, SU(3) asromMmopdusmos, a takxke N = 3 cy-
neprpynimbt [Tyankape. CuMMeTPUU OTHOCUTETHBHO KOH(MOPMHBIX OYyCTOB
U JIOTIOJTHUTENBHBIX CyHepKOH(MOPMHBIX CYTEPCUMMETPH OKA3BIBAIOTCS
HAPYIIEHHBIMHA.

Anpobarusa paborbi. Pe3ynbTarsi, MOJIOKEHHBIE B OCHOBY JUCCEPTAIINH, 10~
KJIQIBIBAJINCH HA MEXKIyHAPOAHBIX KOHMepenmusx: “XXIII mexayHapomHbIil
KOJJIOKBUYM IT0 METOIaM Teopuu rpymnmn B ¢pusuke”’, r. Jlyona, OUAN, 31 utons
— 5 asrycra 2000 r.; “IX mexayHaponnas KOH(MEPEHIHs M0 CyIepCHMMETPUN
" obbenuHeHnI0 QYyHIAMEHTATbHBIX B3auMmoseiicreuit”’ r. dy6ua, OUAN, 11-
17 wmions 2001 r.; “11-a mexayHApOmHAS KOH(MEPEHIUS 10 TEOPETUIECKUM U
SKCIIEPUMEHTAJIBHBIM TTPODIeMaM O0IIeil Teopur OTHOCUTEILHOCTH W TPDABUTA-
mun’, T. Tomck, 1-7 urons 2002 r; “CynepcuMMeTpun 1 KBAHTOBBIE CHMMETPUN,
r. [Iybona, 24-29 wutost 2003 r.

IMIy6uukanuu. OcHOBHBIE PE3YIHTATHI IUCCEPTAIMN Oy OIUKOBAHBL B 7 edaT-
HBIX pabOTax, MePEeYnCIeHHBIX B 3aKJIIOYATEIHHON YacTu aBTopedepara.
CrpykTypa u 06beM paboTbl. [luccepralius COCTOUT U3 BBEICHUS, IeThIPEX
TJIaB, 3aK/II0YEHVsT, IPUJIOXKEHHUST U CIIUCKA JINTEPATyphl. luccepramnus n3jioxe-
Ha Ha 115 cTpaHWIaX W COAEPYKUT CIHUCOK JUTepaTyphbl u3 105 HanMeHOBaHNH.

Cogep2kanne paboThbl

Bo BBegennu 060cHOBaHA AKTYATHHOCTH TEMBI JUCCEPTAIMH U C(POPMYIIH-
POBaHBI EeTH PabOTHI, CAETaH KPATKHUi 0030p MO MpobIeMATHKE BBIOPAHHOTO
HAIMPABJIEHUsI, IPUBEIEHBI CTPYKTYPA U COJAEPIKAHUE JTUCCEPTAIUH.

B nepsBoii riaase cobGpaHbl 0630pHBIE CBEEHN, Kacalomuecsa meroqa N =
2 rapMOHUYECKOrO CyTEPIPOCTPAHCTBA U (DOPMYTUPOBKY MOJIETel Cynepnoreit
MATEPUU ¥ KATUOPOBOYHBIX MOJIEH B paMKaX 3TOI0 METOJA. JTH CBEJIEHUS WC-
TTOIB3YIOTCS B MOCJIEAYIOIIUX TIABAX [IJIsT TPOBEIEHVST KBAHTOBBIX BBIUUCICHUN
B Teopusx, chOPMyJTUPOBAHHBIX B TAPMOHUYECKOM CYITEPIPOCTPAHCTRE.

B pazzese 1.1 BBoauTCS MOHATHE TAPMOHUYECKOTO CYIEPIPOCTPAHCTBA, KAK
N = 2 cynepmpocrpaHCTBa, JOHOJIHEHHOIO IapMOHHYECKHME IIePeMEHHBIMH,
KOTODbIE BJIMIOTCA KoopauHaramu Ha daxrop-upocrpancrse SU(2)/U(1) ~
S2. BeozmaTca rapMOHIYECKHe KOBAPHAHTHLIE IIPOH3BOIHEIE B 3TOM CyHepIpO-
CTPAHCTBE ¥ MPABUJIA WHTEIPUPOBAHUS IO TAPMOHUYECKUM TTepEMEHHbIM. Pac-
CMATPUBAETCS TAKKE MOHATHE CYMEPIOJisi 33JaHHOIO HA TAPMOHUYECKOM CY-
MTEPIPOCTPAHCTRE.



B paszene 1.2 npusogsarcst rapMoHnueckue d-DyHKIUH U TApMOHUYECKUE
pachpeesieHns, KOTOpble OyayT HeOOXOAWMBI B HajbHeineM npu (hOpMyJIn-
POBKe KJIACCUYECKUX JIEHCTBUNA M MPONAraTopoB.

Hamnee, B paszgene 1.3 BBOAWTCH MOHATHE AHAJATHIECKOTO IOMPOCTPAH-
CTBa, KOTOPOE WrPaeT KIIYEBYI0 POJb B METOIEe FapMOHUYECKOTO CyHeprIpo-
CTPAHCTBA. DTO MOAMPOCTPAHCTBO MapaMeTpu3yeTcs (MOMUMO GO30HHBIX MEpe-
MEHHBIX) YeThIPbMs (PEPMUOHHLIMA KOOPJUHATAMHU B, TO BPEMS KaK IMOJHOE
CYTIEPIIPOCTPAHCTBO COAEPKUT & (HEPMUOHHBIX TEPEMEHHBIX. TaKoe aHaIUTHU-
9eCKOE TIOIIPOCTPAHCTBO SABJISIETCH WHBAPUAHTHBIM OTHOCHATEIHHO Peodpa3o-
BaHU CyIEPCUMMETPUH, U [MOITOMY CYIIEPIIOJIs, 33/JaHHbIE HA HEM Pean3yioT
HenpuBojuMbie Tipejictasienus AW = 2 cyneprpynist Ilyankape.

B pasgene 1.4 mpuBeneHbl KIACCHYECKHE CBOOOTHBIE NEHCTBUS MOJIEIN TH-
nepmynbrumiera @aite-Connyca (g-rumepMysbTUNIETa) U TUIEPMYJILTHUILIETS,
Xay-Cremne-Tayucenna (w-runepMyIbTUILIETa) B FAPMOHUYECKOM CYTIEPIPO-
crparcrBe. OHU UMEIOT BUJ,

S, = / ac ) duit D+ gt 1)

Sw:i/ddfﬁdup++wp++w, (2)

rae d¢(-Y du Mepa Ha aHATUTHYIECKOM CYLEPIPOCTPANCBE, ¢, w — aHAIATHYe-
ckue cymepnong, DTt — kopapuanTHas rapMommdecKas IPOM3BOAHALA. 37eCh
JK€ TPUBOJIUTCS BBIYHMCIIEHNE CBOOOAHBIX (byHKIM ['puHa 18 3TUX MOIEeit,
KOTODBIE 3aTMCHIBAIOTCS CIAEAYIOMNUM 00pa30M:

40%(21 — 2)

(ufug)®

Gi" (1) = - 5-(DD)H(DY) ®

G(()O’O)(1|2) _ _Dil(Df)zl(D;)él (M(SIQ(Zl _ 22)> ) (4)

Bnech 1/(ufug)? — rapmormaeckoe pacnpeenenne, BBeieHHOE B ITPeIBILYTEM
pazmerne.

B pasznene 1.5 npusogurca dbopmynmuposka momenn N = 2 cynep dnra-
Musiica B rapMOHHYECKOM cyTieprpocTpancTse. Knaccuaeckoe neficteue N = 2
BEKTOPHOI'O MYJIbTHILIIETA UMEET BUJL

= (=) VHt(z,up) ... Vit(z,uy)
sy =t [a2 3 /d o du, : Il (5
vmufany S [ st tos, @

rae V1t — kammbposounoe N = 2 cymepmome. OTMmeTnM, 9TO JaHHOE eii-
CTBUe 3amichBaeTcsa B moaroM N = 2 rapMOHWYECKOM CyTepripoCTpaHCTRe, B



oruuun OT AeiicTBuil runepmyabTunaeros (1,2), Koropbe aBasg0OTCa GyHKIM-
OHaJIAMHU HA AHAJIUTHUYIECKOM IMO/IMPOCTPAHCTBE. 37eCh JKe MOKAa3aHo, YTO B3au-
MO/IeiCTBHEe BEKTOPHOI'O CyEePIOJis C ¢-TUIIePMYIbTUILIETOM OIUChIBAETCH JIeii-
CTBHUEM.

Sy = / d¢ Y du gt (DT 4 iV g (6)

Ob6cyxkmaercst TakzKe BOIPOC O BBEIEHUH MACCHI B TEOPUHU MHIEPMYILTHILIETA.
Bo BTOpoii riaBe npoBoaUTCS BRITUCICHNAE HI3KOIHEPTETHIECKOr0 3P (hek-
TUBHOTO JIEHCTBUS JIJI MOJEJIel TUIIEPMYJIbTUILIETOB BO BHEIITHEM KaJIuOPOBOY-
HOM CYTIEPIIOJIe, COOTBETCTBYIOIIEM PA3IUYHBIM KAJTUOPOBOYHBIM I'PYIIIAM.
B pazzene 2.1 npuBoauTcsa BhIpaXKeHHE IJIsT TOTOMOPGPHOTO 3h(PEeKTUBHOIO
JEfCTBUS B MOJIETIAX ¢ U W-TUIEPMYIHTUILIETOB BO BHENTHEM aDeJeBOM Kaaub-
POBOYHOM CyTIEpIIOJIe:

L,V = [ d*zd*6F, (W) + cc.,

kg W [ { 1 for ¢ hypermultiplet (7)
w =

_ 2
FrwW) = _647T2W In A2 2 for w hypermultiplet.

Bnecr W — cynepnone N = 2 HaIpsi2KeHHOCTH, KOTOPOE BbIPAXKAETCs depe3
BekTOpHOE cyneprione VT mo mpasnny W (z) = —§ [ duD, D™V (z,u).

B pasgesie 2.2 nposogurcs o6obiienue aeiicrBus (7) Ha ciydail, Korga cy-
MEPIOJS TUITEPMYIBTUILIIETOB HAXOIATCS B IPOU3BOIBHOM TIPEICTABICHIH JTIO-
001 TTOTYIIPOCTOM KAaJTUOPOBOYUHOI MPYIIILI M B3AUMOAEHCTBYIOT C KaJIHOPOBOU-
HBIM CyTIEpIIOJIeM, pUHAIIeX)aIeM nogaaredbpe Kaprana kaganOpoBOYHOMN aJi-
rebpul. Kitaccnueckne AefCTBUS 3TUX MOJEIel NMEIOT BT

SQ*.Q7 v+ = [ a0t v ! ®)

S[Q, 0, V] = / dCD(DHA — IOV (D vt ()

3xech
Qt =q'e, Q=we, VIT=V1T,

re e; — Da3uCHBIE BEKTOPHI B MPOCTPAHCTBE MpejcTaBieHus, 1; — reHeparo-
pbl npeacrasienus (coorsercrayioiiue nonainredbpe Kaprana). OcuoBuas unes
JMATBHEHIITNX BBIYUCIEHW COCTONT B BHIOOPE GA3WCHBIX BEKTOPOB € TaK, UTO-
OBl OHM JIEXKAJIM B BECOBBIX MOITPOCTPAHCTBAX MPOCTPAHCTBA, MPEJICTABICHNUS.
B sTOM ciiyuae OKa3bIBaeTCs, U4TO Kjaccuueckue feiicrBus (8,9) mpencrabiis-
IOTCSI B BHJIE CYyMM TI0 BECAM KAJUOPOBOYHOM airedpbl OT OJHOMEPHBIX HE3aBH-
CHMBIX KJIACCHYeCKHuX aeiicTBuii. B pe3ymbrare, romomopdmbe 3 deKTHBHbIE
JEACTBUS JIJTsl ITUX MOJEJeH 3alTUChIBAIOTCS CJIE Ty TOIIUM 0DPa30M:

L,V = / d*zd*0F, ., (W) + c.c.,

k‘],w - W2l Wi2 (10)
64m2 4 1 e VA

1=

Fow (W) =



re HampsKeHHOCTH W; MOCTPOEHBI MO BeCaM KAJIMOPOBOUHOM aJreOphl.

Janee, B pazmenax 2.3, 2.4, 2.5 Beipakenne 17 3pOEKTUBHOTO IeHCTBUST
(10) upumensiercs jis YaCTHBIX CJIydaeB, KOTa PACCMaTPUBAIOTCH KAauOPO-
Bounble rpyuibt SU(n), SO(n), Sp(n) kak B GyHIaMEHTAILHOM Tak U B IPUCO-
€JIMHEeHHOM IIpe/ICTaB/IeHud. Bee moryyeHHbIe pe3yibTaTbl MOXKHO IIPeICTaBUTh
B BHUJE CIEIYIOMEH TabIuIhI

rpyima gﬁi’deBne_ rosiomopdusbIil norennman Fy
byrmamen- kg N 127, WP
SU(n) TAJILHOE 64r2 l; Wiln 3
IIPUCOEeITUHEeH- kg.w ud Wi2‘
SU(n) ng —Tar 2 Wi In 7
1<J
u . 2
S0(2n) dyma. e 21 W7 n %
—ha SN (W, — )2
SO(2n) npucoe. b4 A;
+(Wi + W;)? In SEVa))
n 2
SO(2n+1) | bynn. —;;—7‘:; 21 WZ1In VX;
i=
kgw | & W; —W;)2
b | 07—y S
SO(2n + 1) | npucoen. 1<
n . R 2 n 2
+ > (W +W]-)Zln% + 3 Wiin ‘j(é
i<j =1
kgw < w?
Sp(n) by, — gl 2W5 In %5
i=
kq,w =z 21 (W;—W;)?
~t | SO - W Sy
Sp(n) IIPHCOEe. <
n . A2
+ 3 Wit W;)? in Lt
i<j

Ormerum, uro kasubposodnbie rpynnst SO(2n) u SO(2n + 1) paccmarpu-
BAIOTCS OTMIEILHO, MOCKOJBKY OHM MPUHAJJIEKAT PA3HBIM KJIACCAM COTJIACHO
KJTaCCU(DUKAIUU MTOJYIPOCTHIX TPYyNN o MeTomy cxeM IbiakuHa. Lomomopd-
HBIE TOTEHIINAJIBI JIJIS PA3JUYHBIX TPYIT OTJIMYAIOTCT KaK 3HAYEHWEM KOd(]-
durmenTa, cTOAIEro Nepes CyMMON, TaK ¥ CTPYKTYPOU UIEHOB TOJ, 3HAKOM
CYMMBI, 9TO OODbSCHSETCS pa3andneM B CTpOeHmH momaareOpor Kaprama pac-
CMaTpPUBAEMBbIX aJIredp.

Pesynbrarsr mamHOi TaBbl ony6iankoBaHsl B paborax [1-3].

B Tperbeii rimaBe paccMaTpuUBaIOTCS KBAHTOBBIE ACTEKTHI HEKOMMY TATHB-
ueix N = 2 cynepcuMMeTpuyHBIX TEOpHil B TapMOHHYIECKOM CYTIePIPOCTPAH-
CTBE.

B paznene 3.1 naercsa kparkuiit 0630p 0 BBEJEHUH HEKOMMY TATUBHOMN Teopun
mosist. Iloka3biBaercs, 9To, KaK MPaBUIO, HEKOMMYTATHBHBIE TIOJIEBBIE MOJIEIN



TTOJIy9aI0OTCA U3 OOBIYHBIX MOJIEJIEH C TIOMOIIBIO 3AMEHBI OOBITHOTO Y MHOKEHUST
ToJieil Ha TaK HA3bIBAEMOE *-YMHOKEHNEe, KOTOPOe OIMpeNessieTcst Caeayiomei
dopmyoii:

(@0 5 82)(0) = [e400 P o+ e 4], (11)

:17:[)

3aecy O, — mapameTphl HeEKOMMyTaTnBHOCTH. IIpUBOIATCA TaKkKe CBOWCTBA
TAKOTO YMHOXKEHWS, KOTOpPOe SBJISAeTCd aCCOIMATUBHBIM, HO HEKOMMYTATHUB-
HBIM.

B paznmene 3.2 BBOmATCSA KIaccuueckue MEHCTBUS T MOIETel HEKOMMY-
TATUBHOTO TMTIEPMYJIBTUTIIIETA ¥ BEKTOPHOTO CYIEPTOJs B TAPMOHUYIECKOM Cy-
MEPIPOCTPAHCTBE. DTU AEHCTBUS TOTYIAIOTCS 3aMEHOM OOBITHOTO YMHOKEHUST
cymnepriosieil Ha *-yMHOYKEHWE B COOTBETCTBYIOIINX CYTIEPITOJIEBBIX JIEHCTBUAX
KOMMYTATHBHBIX Teopuii. B 9acTHOCTH, KIacCHIecKoe AefiCTBUE ¢-TUMIEPMYITb-
TUTITIETA CO B3aMMOIENCTBUEM UE€TBEPTON CTEMeHn MMeeT BU/I

S[d,q] = / dCTY(GDT g+ agt « G x gt gt + BGT gt x G xqT), (12)

e o, — KOHCTAHTHI CBsi3U. BajyKHO OTMETHTH, UTO y TEOPUU HEKOMMYTa-
TUBHOTO ¢-TUnepMyabTunaera (12) uMeroTcs 1Be KOHCTAHTHI CBSA3U B OTJINYM
OT TEOPHUHU OOBITHOTO THIEPMYIBTHILIETA DIArogapst PA3IUIHOMY CIIOCODY yIIO-
PsAOYeHrs TOJIefl OTHOCUTEBHO OMEPAIUH *-YMHOKeHUsl. B KOMMYTATHBHOM
npenere (0, — 0) IBe KOHCTAHTBHI CBSA3U «, 3 CBOAATCS K OJHOI, KaK JOJIKHO
OBITH B TEOPWUH ¢-TUTIEPMYJIBTHUILIETA.

Knaccuaeckoe meiicteue N = 2 BEKTOPHOTO MyJIBTHILIETa, OTPEIEISETCS
BBIPAYKEHIEM

1 - (=)"
S[v++] = ?tr/duan:QT/dul...dunx

VH(z,u1) * VI (z,u9) % ... x V(2 uy)

(ujuy)... (uﬁui")

(13)
X

Heiicrue (13) MHBApUAHTHO OTHOCUTEIHHO HEKOMMYTATHBHBIX KAJIUOPOBOU-
HBIX MPeoOpa30BAHUI

SVHT = =D — [V AL, (14)

e A — AHAJUTHYECKOe KAJINOPOBOYHOE CyMepIose, B KOMMYTATOPE MOAPa3y-
MeBaeTCA *-yMHOXKEHHE CyIepIoei.

[Tpu BBeMeHY B3aMMOIEHCTBYS ¢-TUIEPMYJIHTUILIETA C KAJIUOPOBOUHBIM CY-
TIepTIoieM BO3MOYKHBI /IBA CITOCODA YTIOPSIIOUYEHHUS CYTIepItoyieil i COOTBETCTBEH-
HO BO3HUKAIOT JBE KOHCTAHTHI CBA3U:

Simt = i / A adft « VI % gt + gt x V. (15)
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st BceX BBEJIEHHBIX B JJAHHOM pa3jiesie TeOpuil morydensl mpasuia Deitn-
MaHa, TO eCTh BBIYNCIEHBI BEPITUHBI B3ANMOJIEHCTBUI B UMITYTHCHOM TTPOCTPAH-
crBe (IpoOmAaraTOpbl B HEKOMMYTATUBHbBIX TEOPHUIX UMEIOT TAKOW Ke BUJ KaK
U B COOTBETCTBYIOIIUX KOMMYTATUBHBIX MOJIe/IAX, [IOCKOJIbKY BBeJ/IeHIE HEKOM-
MYTaTUBHOCTU He M3MEHSET BUJ KBAAPATUIHOIO NeHCTBYS ).

B pazgene 3.2 BuramcaeHbl TpoCTeiimme KBAHTOBBIE AuarpaMmbl efrmvana
JJIs1 PacCMaTPUBAEMBIX HEKOMMYTATHBHBIX TEOPHWIl B TaPMOHWYECKOM CyTIED-
mpocTpancTe. TUNMUIHBIM MPUMEPOM SABJISIETCS JIBYXTOUEUHAS OJTHOMETJIEBAS
JAuarpaMma MoJeIn HeKOMMYTATHBHOIO ¢-TUIIEPMYJIbTUILIETA B3auMOAEHCTBY-
IOIIEro C KAJMOPOBOYHBIM CYIIEPIIOJIEM

TL[V+] =
) sy (16)

IToka3zamno, uTo BKIad B 3(PPEKTUBHOE TEHCTBUE OT JaHHON TUATPAMMBI MOYKET
OBITH 3aMUCAH B BUIE

v+t (plvi;(_p) ([pl (p) + Jnpl ), (17)

4
FQ[V++] :/ d p d80du1du2

(2m)® (uy uy
rae Ipl B ) ) d4k N
0=+ ) [ Gy 1
npl = %2 4 COS(p@k‘)
1) =208 [ kG (19)

Nurerpan no nmmynbcaM (18) (KOTODBIH HA3BIBAIOT TIAHADHBIM) HMEET Ta-
KO Ke BHUJ], KaK U B COOTBETCTBYIOIIEHT KOMMYTATUBHON TEOpUU, & WHTETPAJI
(19) (koTOpbIil HA3BIBAIOT HEIJIAHAPHBIM) COAEPXKUT OCHUUILIUDPYOHi (hakTop
cos(pOk), koropslii uameHsier yubrpaduoseroBoe nopegenue uarerpasa. [Ipu
MAJIBIX UMITYJIHCAX CIPABEIJINBA ATTPOKCHMAIAS

I"Pl ~ 2a47% In (20)

m?pop’

CJIeIOBATEILHO HEMJIAHAPHAS YaCTh AuarpaMMbl (16) UMeer cieyomy o CTpyK-
Typy (B HU3KOIHEPreTUIECKOM TIPUOIMIKEHWN )

4 V++(p707u)v++(_p707u)

*pop (u uy )?

)

(21)

— Oragy B i % -

Toe pop = p, opy. B pesynabraTe, B HelmIaHApHOI JYacTH JAHHON IUa
TPaAMMBI yIBTPA(MUOIETOBAS PACXOINMOCTD BBINISIUT KaK WHMPAKPACHAS 0CO-
GEHHOCTH WHTErpaJia Mo UMITYJIhLCaM. JTO CBOMCTBO, XapaKTEPHOE JJIsi MHOTUX

n 2ma
FQPZ[V++] = —(271_)86 /d4pd89du1du2 In —

11



HEKOMMYTATHBHBIX TMOJIEBBIX TeOpWil, MPUHATO Ha3wbiBaTh 3dderrom UV/IR-
cvermmBanust. Hammane s dekra UV /IR-cMenmmBanust OTMEIEHO TaK¥Ke B T€O-
PUH HEKOMMYTATUBHOIO ¢-THIEPMYJIBTHILIETA CO B3AUMOJEHCTBIHEM YeTBEPTOrO
HOpAIKA U B MOAEIH HeKoMMyTaTupHOro A\ = 2 KaiubpoBOYHOTO CyIIepHIod.

B pazzaesne 3.4 ucciemoBana CTpyKTypa HU3KOIHEPTeTHIECKOTO 3bdeKkTuB-
HOTO JEHCTBUS MOJEIN HEKOMMYTATHBHOTO @-TUMEPMYJIBTHUILIETa, BO BHEITHEM
KAJIMOPOBOYHOM CYTIEPITOJIe COOTBETCTBYIOIIETO aDeIeBoil u Heabe1eBoil Kaanuo-
poBoOUHO# rpymme. B ciyuae abeneBoii KaJanOpOBOYHON IPYTIIBI OOHAPYKEHO,
410 3(phekTUBHOE JeHCTBIE COCTOMT M3 JBYX C/IaraeMbIX (B HU3KOIHEPreTH-
4YecKOM NpUOJIMKEHNH): OJHO cyaraeMoe umeer Bug (21), a apyroe coBnajaer
CO CTAHJAPTHBIM TOJOMOPGHBIM MOTEHIIUAIOM B MOJETH KOMMYTATUBHOTO (-
runepmynbrumiera (7). dnsa neabenesoit kKaaubposounoii rpynmst U (n) moka3a-
HO, UTO HU3KOHEprerudeckoe 3 MEeKTUBHOE NeiCTBIE TaKKe MPEICTABISAETCS
B BHUJIE CYMMBbI JBYX CJIAra€MbIX, TPUYEM OJHO CJIAraeMoe OTBedaeT 3a dhdeKT
UV/IR-cMeniuBanus, a Apyroe COOTBETCTBYET IOJOMOPGMHOMY MOTEHIMALY B
MOJIET KOMMYTATUBHOTO THUIEPMYJIbTHUILIETAa BO BHEITHEM CYMEPIOJe Kalud-
posounoii rpynibt SU(n), KOTOpbIil ObLI BHIYUCIIEH B OPEABIAYIIEH TIaBe.

Pesynbrarsr maHOl TaBbl ony6anKoBaHbl B paborax [4-6].

B gerBepToii riraBe uccienyeTcs CTPyKTypa HIU3KOIHEPTEeTUIECKOro (-
dbexruBHOrO Aeiictua B N = 3 cynepKaamOpOBOYHOI MOmenH, chOPMYIHPO-
BaHHOH B A = 3 rapMOHWYECKOM CyTepIpOCTPAHCTRE.

B paznene 4.1 nposomuTca KpaTkuit 0630p 6a30BLIX KOHCTpyKImit N = 3
TaPMOHUYECKOTO CYTIEPIPOCTPAHCTBA ¥ TPUBOIUTCS CYIIEPIIOIEBOE BHIPAYKEHUE
JJId KJTACCUYECKOro JIeHCTBUA JAHHOU TEOPUU.

B pasnene 4.2 mpousBoguTCa MOCTPOEHHE HHU3KOIHEPTeTHIECKOro 3 deK-
tupHOro Aeficrsusa B NN = 3 cynepKaamOpOBOYHOI TEOPHH, OTBEHYAIONIEro Tpe-
OOBAHUSIM CyMEePCUMMETPUIHON, KATUOPOBOTHON U MACIITAOHOM NHBAPUAHTHO-
CTH. DTO NEHCTBIE MOTYIaeTcs B pe3yabTaTe MacTabHO-HHBAPHAHTHOTO 0000-
IIIEHUsT CYMEePIIOJIEBOrO IeUCTBHUs, OTBEYAOIIEr0 UJIEHY YETBEPTOro MOPSIKa, B
neiicreun bopua-Undenbaa. elicrBue 4eTBepTOro MOPSIKA 3AMUCHIBACTCS B
AHAJIUTUYECKOM MOIIPOCTPAHCTBE U UMEET B/

S, = :_2 / dCadu (712 Wh3)?, (22)

rme k — HeKoTopasi KOHCTaHTa padMepHocTr —4. JIaa MacimTabHo WHBAPUAHT-
HOro 00001IeHus AeiicTBus (22) HEOOXOAUMO 3aMEHUTh KOHCTAHTY k Cymepro-
JIEBBIM BBIpAKEHUEM TaKO# ke pa3MepHOCTH. [l 3TO# 1ean MOYKHO MCITONIb-
30BaTh CJIE/LYIONLYI0 KOMOMHALMIO CYIIEPIIOell HAIPSKEHHOCTH

WI']W],] = W12W12 + W23W23 + W13W13, (23)
KOTOpas Cpe/ld HU3MIMX KOMIOHEHT CONIEP:KUT KBaJIpaT CKAISPHLIX M0oJIef
17 o
W Wrrlo=0,u=0 = &' bi- (24)
B pesymbrare, mepenuceiBast neficteue (22) B MOMHOM CyNepnpOCTPAHCTBE W

BCTABJISAs TIOJ MHTErPaJIOM Ccymeprosie (23) B MOAXOAAIIEH CTENeHu, MOy 4aeM
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JeicTBue

1 (Dy)?

_ [ (D3)2 T
(WITW,)2t 40

H(Wl2)2]- (25)

Serp = a/d4xd120du (Was)?][

Heiicrue (25) aBageTcs FBHO CyNEPCUMMETPUYHBIM, KAJUOPOBOUHO W MaC-
MTabHO MHBAPUAHTHBIMY BBIPDAYKEHUEM BHE MacCOBOIl obonouku. [TosTomy oHO
MOXKET PAaCCMATPUBATHCA KaK HU3KOIHEpreTudieckoe 3(pHeKTUBHOE NeficTBhe B
N = 3 cynepkamubposounoii Teopuu. Koncranra o apigerca mpou3BOILHON 1
He (PUKCHUPYETCS HA OCHOBE CBONCTB CHMMETPHH.

B paznene 4.3 ucciaenoBaHa KOMIOHEHTHAsT CTPYKTYpa 3 dEKTUBHOTO J1eii-
crBusi (25) W TMOKa3aHO, YTO B GO30HHOM CEKTODE OHO COZEPIKUT CIAraeMoe
BUIA,

_ % 4 F?F? _@FQFQ 2, 2 8
Serr =5 /d”’”{(dﬂqﬁi)? 2 Gigyi s TEOFOEI],(0)

rae Fo8, F“i; HAIPSKEHHOCTH JTEKTPOMATHUTHOTO OIS, ¢, ¢° — CKATSIPHDBIE

nons, ap = Jz . Beipaykenne (26) aBngeTca BeyIMM WIeHOM B HU3KOIHEpTe-
tngeckoM 3¢ dexruBHom aeiicteun N = 4 reopuu cynepnona dnra-Muica,
YTO MOATBEPYKIAET TPEIIIOJIOKEHNE O CBI3U ITUX TEOPUil HE TOJHKO HA KJIAC-
CHUYECKOM, HO M HA KBAHTOBOM YPOBHSIX.

B pazmene 4.4 BbIYUCIEHBI CyIepPIIOIEBble YDABHEHUsI IBUKEHUsI, KOTOPBIE
[OJIyYaroTCs Ipu BapbupoBanuu 3pdeKTUBHOrO AeiicrBus (25) 1Mo nosgm mpe-
MTOTEHITUAJIOB.

B pasgene 4.5 naiinennt cummerpun dddexrusaoro aeiicrus (25). IMoka-
3aHO, 9TO OHO SABJACTCA WHBAPUAHTHBIM OTHOCHTEIBLHO moarpynmsl N = 3 cy-
nepKoH(OPMHOI TPYIIILI, BKIodatomeil B cebs N = 3 cyneprpynmy Ilyamkape,
JUJIATUIMIO, Ys-Tipeobpa3oBanusd u rpynny SU(3) aBromopdusmos. IIpu arom
CUMMETPUAN OTHOCUTEIHHO CIENUATbHBIX KOH(MOPMHBIX OYCTOB U [IOMOJHATE b~
HBIX CYMePKOH(MOPMHBIX CYIIEPCUMMETPUH OKA3BIBAIOTCSA HAPYIIEHHBIMY B CHIIY
Toro, uro 3¢ dekTuBHOE AeiicTBre (25) UMEeT CMBIC TOIBKO B KyJIOHOBOI (ase
TEOPUH, KOTIA CKAJISIPHI MPHOOPETAIOT OTIUYHBIE OT HYJIST BAKYYMHBIE CDETHUE.

OcHOBHbBIE Pe3yJIbTAThl JAHHOM IJIaBbI IPEJCTaBIeHbl B pabore [7].

B 3akJroueHnm mepevynciieHbl OCHOBHBIE PE3YJIbTATHI, IOJIYIYE€HHbIE B JIHC-
CepTalliy U BHIHOCHMbIE HA, 3AIIUTY.

B mpuioxxenun npusenennl Gopmyast aag N = 3 cynepkoHpOpMHBIX
npeodpa3oBaHuUil B TADMOHIUIECKOM CyIEePIIPOCTPAHCTBE.

OcHoBHBIE pe3yabTaThl PabOThHI

1. Boiuncneno Huskosueprerudeckoe (rosomopduoe) sdbdexkTusHoe eii-
CTBUE TUTIEPMYJIBTHUILIETA, B3AUMOIEHCTBYIOIIETO C BEKTOPHBIM CYIIEPTIONIEM It
ClIydasi, KOr/ia TUIePMYJIbTHILIET HAXOIUTCSA B MTPOU3BOJBHOM IIPEICTABICHUN
J000i TTOTYIIPOCTOM KaTuOPOBOYHOM IPYIIILI, 8 BEKTOPHOE CYIIEPIIOJIe JIEXKUT
B noganredpe Kaprana coorBercTByfomeil KamnOpoBoIHOM anredpol. Ilokasa-
HO, 9TO TOJIOMOp(dHOE 3D DEKTUBHOE MEHCTBYUE 3AMUCHIBAETCS B BUIE CYMMbI
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1o KOpHaAM (BecaM) KaJubpOBOYHOMN aJreOpbl OT CIAraeMbIX, KayKI0e U3 KOTO-
PBIX SBJISIETCS rOJIOMOPGHBIM 3hHEKTUBHBIM IEHCTBHEM a0eIeBa TUTIEPMYJIb-
TUILJIETA, B3AMMOAEHCTBYIOMIEr0 ¢ BEKTOPHBIM CYTEPIIOIEM, JEXKAIIEM B OJHO-
MEPHOM KOPHEBOM (BECOBOM) MOANPOCTPAHCTBE KATUOPOBOUHOIT anrebpbl. Haii-
JieHbl TooMopdubie 3 MEKTUBHBIE JEHCTBUS JITsT MOJIETeH TUIePMYTbTUILIe-
TOB B (DYHJAMEHTAJIHHOM U MPUCOEINHEHHOM MPEICTABIEHUN KAJTUOPOBOTHBIX
rpynn SU(n), SO(n), Sp(2n).

2. [TocTpoenbr MOMIE/IM HEKOMMYTATUBHOTO TUIEPMYILTHUILIET, U HEKOMMY-
rarusHoro A/ = 2 BEKTOPHOrO CyIIEpHOJsa B TaPMOHHYECKOM CyIepIpPOCTPaH-
crBe. [Tomygensr npasuna PelinMana i ITUX MOJETEH U BBIYUCIEHBI MPO-
crefimue onHoneraeBbie quarpammbl Qeiinvana. Kaxkaasa u3 Takux guarpamm
COCTOUT W3 JBYX YaCTel, KOTOPhIe HA3BIBAIOT “MIaHAPHONW’ U “HerIaHapHON .
i myaHapHBIX BKJIAJIO0B 3THX AMArPAMM XapaKTEpHO, YTO OHW WMEIOT Ta-
KO YK€ BU/JI, KAK ¥ JUATCPAMMBI B COOTBETCTBYIOIIUX KOMMYTATHBHBIX TEOPUSX.
B nemanapubix gacrax npossisierca adbdexr UV /IR-cMemmuBanus, KoTopbiii
3AKJII0YAETCS B TOM, 9TO YIbTPADHUOIETOBBIE PACXOJUMOCTH TEPEXOJIAT B WH-
dpakpacHbie 0COOEHHOCTH UMITY/IHLCHBIX HHTEPAIOB.

3. UccnenoBana crpykrypa roaoMopdHoro 3¢h@eKTuBHOrO aeficTBusS MO-
JIeJIi HEKOMMYTATUBHOTO THUIIEPMYJIBTUILIETA, BO BHEITHEM BEKTOPHOM CYyTIED-
mojie i ciydae abesieBoil m HeabesgeBoi KanmOpoBouHON rpymmbl. [lokasa-
HO, 9TO s Kaaubposounoii rpynnbl U(1l) Huskosxepreruueckoe 3ddexrus-
HOEe JIefiCTBHE TUIEePMYILTUILIETa COCTOUT U3 JABYX CIATAEMbIX, OJHO U3 KO-
ropbix orsedaer 3a ddpdexkr UV/IR-cmennBanue, a Bropoe sBjisieTcsi CTaH-
JapTHBIM roJIOMOPGHBIM 3D MEKTUBHBIM IeicTBHEM a0eIeBa THIIEPMYILTHUILIE-
Ta (3TO CIPABEIJIUBO B HU3KOIHEPIETUUECKOM MTPUOIUKEHUM, KO Mbl MPE-
HeOperaeM BCEMH MPOU3BOAHBIMEU cyneprioseii). s ciaydas meabeseBoil Ka-
smubpoBouHoil rpymnbl U(n) nokasaHo, 94T0 HU3KOIHepreruueckoe 3dhdexrus-
HOe JIefiCTBUe TaKyKe COCTOUT U3 JIBYX CJlaraeMbix, coorBercryiommue U(l) u
SU(n) noprpynmnam. Yacrs sddekrunoro aeiicrsus, coorsercrayomas U (1)
noxnrpymme orsedaer 3a UV /IR-cmemusanve, a B SU(n) cnaraemom sbdex-
ta UV/IR-cmemuBanus He HaOIIOJaeTCs W BeIyIIHe BKIaAbI B 3¢ dekTrBHOE
JIefiCTBHE COOTBETCTBYIOT TOJIOMOP(MHOMY MOTEHIIHALY IS KOMMYTATUBHOTO
PUIIEPMYJIbTUILIETa BO BHEIIHEM KajaubpoBodHOoM cyrepnose rpyniubt SU(n).

4. Haitmen naunboJstee OOMIHil B HI3KOYHEPTETHIECKOr0 3 (PEKTUBHOTO [1eHi-
creua B N = 3 cynepcummerpuunoit Momemu SIara-Mumica, chopMyanpo-
BanHO#l B N = 3 rapMoHmYeckoMm cymnepnpocTpancTie. dannoe 3ddexTus-
HOe IefiCTBUE TOJIYIeHO Ha OCHOBe aHajan3a TpeboBaHwii macmrrabuoit m R-
WHBAPUAHTHOCTH, KOTOPBIE SIBJISIIOTCS CJIEICTBHEM TOTO, YTO JIAHHAS MOJIEIh
SIBJISIETCST CyIepKOHGMOPMHO# Teopueit ons. VccnenoBana KOMIIOHEHTHAS CTPYK-
Typa Takoro 3(p@EKTUBHOrO JeHCTBHUSA U MOKA3aHO, 9TO B KOMIIOHEHTHOM COCTa~
Be BCersia IpUCYTCTBYeT cnaraemoe Buja [ d*zF*/¢*, xoropoe sBisiercs Bemy-
IIIM B HU3KOIHEpreTudeckoMm npubdbsmxkennu. [Toaydensr s dexkTuBHbIE YPaAB-
HEHUs JBUXKEHUSI, T€HEPUPYEeMble HU3KOIHEPTeTHIeCKuM (MEKTUBHBIM eii-
CTBUEM.

5. ITomyueno npeacrasiaenne N = 3 cynepkoHdOpMHOii aireOpbl Ha Cymep-
noiax 8 N = 3 rapmonmdeckoM cynepupocTpancrse. PaccMorpeno mpeobpaszo-
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BaHUe TIpeIokKenHoro 3¢ dekTnBHoro Aeiicreusa N = 3 cymepKaandpoBOYHOI
Mozenn oTHOCHTeNbHO N = 3 cymepKoHMOPMHOI Ipynmbl. YCTaHOBICHO, UTO
manHoe 3D MEKTUBHOE AEfICTBAE OCTAETCH MHBAPUAHTHBIM TOJIBKO OTHOCUTEIb-
Ho moarpynnsl N = 3 cynepkondopMHOIi rpyIIbl, 00pa3oBaHHO Ipeobpaso-
BaHUSIMU JaujaTanuu, ys-cummerpuu u SU(3) noarpynmnsr aBromopdu3Mos, a
MpeoOpa30BaHuUs CIEIUATBHBIX KOH(OPMHBIX OYCTOB W JOMOJHUTEIBHBIX CY-
mepKOH(MOPMHBIX CYMEPCUMMETPUN HAPYIAIOT WHBAPUAHTHOCTH TAHHOTO (-
bEKTUBHOTO HeHCTBUsI. ITO ODYCIOBIUBALTCS TEM, 4TO NAHHOE YD DEKTUBHOE
JefiCTBUE CYIIECTBYeT TOJIbKO B KYJOHOBOU (ba3e Teopuu, KOTJa CYIMEepKOH-
dopmHas rpymma HapyIIaeTcs 33 CYeT HETPUBUAIBHBIX BAKYYMHBIX CPEIHUX
3HAYEHUN CKAJIAPHBIX ITOJIEH.
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