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.@ 06'b«mHHeHH~IH OHCTHTYT anepasrx HécJleAOB~IDi ny6Ha, 1986 
\ .." 

BBE.llEHHE 

-'> Uenb HaCTOR~erO AOKnaAa - paCCKa3aTb, no B03MomHOCT~ B nOHRT
HO~ $OpMe, o Tex 3aXBaTbIBa~~~X ~AeRX B $~3~Ke B~COK~X 3Hepr~~, 

KoTop~e nORB~n~Cb B nocneAH~e rOA~ H c KOTOPWM~ CBR3~Ba~TCR 

60nbw~e HaAemAbl;B nOCTpoeH~~ eA~HO~ Teop~~ Bcex $YHAaMeHTanbH~X 

B3a~MOAe~CTBH~.VH3nomeH~eH~KO~M 06pa30M He npeTeHAyeT Ha OPH
rHHanbHoCTb H He HOC~T ~C4epnblBalOl1lerO xapaxrepa /1,2/. 06naCTb 
HaYK~, Q KOTOPO~ nOHAeT pe4b, C~H4ac 04eHb ~HTeHC~BHO pa3BH
BaeTCR, e~ Ha4HHa~T 3aHHMaTbCR Bce 60nbwe H 60nbwe $H3HKOB 
H MaTeMaT~KOB ~ <l>YHAaMeHTanbHbIM 06beKTOM 3TOH HOBOH reopaa RB
nReTCR npOTRmeHH~H 06beKT - CTpYHa, AeHCTBHe AnR KOTOpOH 06na
AaeT CBOHCTBOM cynepcHMMeTpHH.trn03TOMY Teop~R HOCHT Ha3BaH~e 

Teop~H cynepCTPYH~~OHa OCHOB~BaeTCR Ha HeCTaHAapTHWX ripeAcTaB
neH~RX H Tpe6yeT npHBne4eH~R cnomHoro H HOBoro AnR $~3HKOB Ma
TeMaTH4eCKoro annapaTa ~3 Tononor~~, AH$$epeH~HanbHOH reOMeTpH~ 

H T.A'~ He CTaBn~ nepeA C060H ~enb B HaCTOR~eM AOKnaAe AaTb 06
.30P MaTeMaTH4eCKHX ~~T~AoB, Hcnç>!1b3yeMblx B TeOPHH cynepcr pyau , paa
HO KaK He 6YAY KaçaTbCR nO-B03MomHOCTH TeXH~4eCKOH CTOpOHW 06
cymAaeMwx np06neM. Bce 3TO MomHO HaHTH B 06WHPHOH yme nHTepa
Type no cynepCTpYHe, a TaKme B nORBHBWHXCR Tenepb 0630pax ~~ 

MOR uens - AaTb npencraaneaae 06 OCHOBHblX nOHRTHRX H 06beKTax 
TeopHH cynepCTpYHW, a TaKme o Tex 3aMaH4HBWX nepcneKTHBax, KO
ropue B03H~Ka~T nepen HaMH. ~HeCMOTPR Ha cnoxaocrs H a6CTpaKT
HOCTb MaTeMaT~4eCKoro on~caHHR, 3AeCb OTKp~BaeTCR WHp04aHW~H 

npOCTOp Bo06pameHH~ ~ $aHTa3HH, CTaBRTCR Bonpoc~, KOTop~e no
Ka3anHCb 6~ no MeHbweH Mepe npe~AeBpeMeHHWMH COBceM HeAaBHO.~ 

n03TOMY, Aame ecnu KOHKpeTHble coapeaeuaue MOAenH oxaxyrc» OT
BeprHYTbIM~ anocnencr aaa , yme caaa WHpOTa na.f:.TaHOBKH aonpoca 
H HecTaHAapTHOCTb B3rnRAOB HaMHoro 060ra~a~ Haw ~AeHHWH H Tex
HH4eCKHH apceHan ~ .3acIlymHBa~T H3Y4eHHR. 

-r 1. nAHOPAMA <I>~3~K~ BbICOK~X 3HEPr~~ 

nOA3aronOBOK HaCTORl1lerO AOKnaAa - "3a npencnaxa CTaHAapTHblX 
npeAcTaBneHHH"tÍ4TO me nOApa3YMeBaeTcR nOA CTaHAapTHbIM~ npen
cTaBneH~RMH H n04eMY B03H~KaeT "He06xOAHMOCTb B~XoAa aa HX paM
~OA CTaHAapTHOH MOAenb~ ceH4ác noH~MaloT onacauve CHnbHbIX,
 
cna6~x H 3neKTpOMarHHTHWX B3aHMOAeHCTB~H Ha KBapK-nenTOHHOM
 
YPOBHe B paMKaX IlOKanbHO~ KaIlH6pOB04HOH Teop~~, oCHOBaHHOH
 
Ha rpynne
 

IntlAilit~'1 1J!t1IIJ1' 1 
u~~_~ttm:.o_~~ 

1 
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GClRH~ SUO(3) x S~(2) x tyl). ~ 

~ C~nbH~e B3a~MOAe~CTB~~ On~C~Ba~TC~ KBaHTOBO~ XpOMOA~HaM~KOA 

c ~BeTOBO~ Kan~6pOB04HO~ rpynno~ SUd3). 3neKTpOCna6~e B3a~MO

Ae~CTB~~ - MOAenb~ rn3WOY - Ba~HQepra - CanaMa c rpynno~ 

SUL( 2 ) x Uy(1). Bce CYl.l\eCTBYIOI1.l~e 3KCnep~MeHTa:nbH~e AaHHble Ha
XOA~TC~ B XOpOWeM cornac~~ co CTaHAapTHO~ MOAenb~.~-, 

HHOrAa CTaHAapTHaR CXeMa AOnOnH~eTC~ Tpe6oBaH~eM cynepc~M

MeTp~~. OAHaKO, HeCMOTp~ Ha np~BneKaTenbHOCTb cynepc~MMeTp~4

H~X MOAene~, 3KCnep~MeHTanbHOrO nOATBepmAeH~R OH~ nOKa He nony
4~n~ H OTHOCRTCR K pa3Aeny r~nOTe3. 

~CneAY~I.l\~~ war Ha nYT~ eA~HCTBa CMn np~poA~ - TeOp~~ Ben~KOrO 

06beA~HeHHR. OH~ TaKme OCHOBaH~ Ha ~Aee nOKanbHO~ Kan~6pOB04

HO~ ~HBap~aHTHOCT~. 3AeCb o6cYll(ABIOTCR rpynnu C~MMeTp~M SD (5) , 
!p 
I 

S0(10) , E 6 ~ T .A.t.3Kcnep~MeHTanbHorO nOATBepmAeHH~ ~Ae~ Be I 

n~Koro 06beA~HeH~R nOKa He nonY4eHo, HO HeT ~ npoTHBOpe4al.l\HX 
eH <t>aKToB. 
-~ Hecworpa Ha AocTHrHyTble ycnexa , cTa'HAapTH8R MOAeIlb H r eopaa 'I:
 
Ben~KOrO 06beA~HeH~ff OCTaBnRIOT MHorO HepeweHHblX npoõne» H õone 
WOH npO~3BOn B auõope napaae'rpoe . J{ OCHOBH~M BOnpOCaM MO>KHO 
OTHeCT~CneAY~I1.l~e/2{ 

- n04eMY $epMHOH~ K~panbH~e7
 

- CKonbKo CYl1.leCTByeT nOKOneH~H KBapKOB H nenTOHOa?
 
I l ! 

- 4eM onpeAenReTCR X~rrCOBCK~H CeKTOP? 
'oi" 

- n04eMY SU(3) x SD(2) x D(1) ?	 :, 
:IHenOH~THO TaKme: 

- KaK BKn~4~Tb B 061.l\Y~ CXeMY rpaB~Ta~~~? n 
- AOnmHa n~ TeOp~R 6~Tb KOHe4HO~? 11 
- n04eMY KOCMOnor~4eCKa~ nOCTORHHaR A"" O? ~ 
nO~CK oTBeTOB Ha nOCTaBneHH~e Bonpoc~ no6Y*AaeT 06pal.l\aTbCR 

K OCHOBaM KBaHToBoH Teop~~ nonR. np~ Kp~TH4eCKOM B3rnRAe 3AeCb 
B03H~KaIOT ropa3AO 60nee $YHAaMeHTanbH~e Bonpoc~, Ha KOTop~e 

Hac HaTanK~BaeT HOBe~wee pa3BHTHe Teop~~ ~ npe>KAe Bcero Teo
p~R cynepCTpYH~: 

-t - He~36emH~ n~ 6ecKoHe4HocTH? 
- BcerAa n~ BepHa nOKanbHaR KaaHTOBaR TeopHR nonR? 
- n04eMY' 4eTblpe H3Me'peH~R? #' 
OTBeTbI Ha nocr aaneuaue eonooca nexar aa npenenaaa CTaHAapT

H~X npeAcTaBneH~H~To me M~ ~MeeM Ha ceroAHRwHHH AeHb? 
3KcnepHMeHT:	 - HeT npH3HaKOB pacnaAa npoToHa; 

- HeT npH3HaKOB MOHonone~; 

- HeT npH3HaKOB aKcHoHoB; 
- HeT npH3HaKOB cynepcHMMeTpHH, 

B~BOA: HeT HaAemHblX npoRBneHHH 4ero-nH60, He 06bRcHReMoro 
cTaHAapTHoH MOAenblO. 

Teop~R: paAHKanbH~e H3MeHeH~R ~ HOB~e HAe~. 

no BblpameHHIO M.na<t><t>a, BblXOA 3a npeAenbl cTaHAapTHo~.MoAenH 

O~Ha4aeT ceH4ac BblXOA: 

- 3a npeAen~ 4eT~pex H3MepeHH~,
 

- 3a npeAenbl nnaHKoaCKoro MacwTa6a,
 
- 3a npeAenbl Boo6pameHHR.
 

~.,._». B03HHKaeT napaAoKcanbH~H aonpoc : B npOCTpaHCTBe KaKO~ pa3
MepHOCTH MbI >KHBeM?! 04eBHAH~R OTBet: D = 4. B TeopHH cynep
CTPYHbI OTBeT MeHee 04eBHAeH, HO 60nee norH4eCKH 060CHoBaH 
MHHHManbHoe D = la! B 6030HHOM BapHaHTe TeopH~ D = 26! CTaB 
)I(e Ha T04KY 3peHHR KanY~b1 - KnRHHa, KaK 3TO 6YAeT RCHO B Aanb
He~weM, nonY4aeM D = 506! nO-BHAHMOMY, 3TO - TPH 3KBHBaneHT
H~X BapHaHTa MaTeMaTH4eCKoro onHcaHHR eAHHoH $H3H4eCKo~ peanb
HOCTH. npHMHpeHHe 3KcnepHMeHTanbHOH H TeopeTH4eCKoR T04eK 3pe
HHR COCTOHT B TOM, 4TO MHorOMepHaR TeopHR cynepCTPYHbI cnpaBeA
nHBa B nonHc~ Mépe 8 c6naCTH 3HeprH~, HeAOCTynHOH HenocpeACT
eeHHOMY Ha6n~AeHHIO.~ 

COBpeMeHHaR naHopaMa $H3HKH B~COKHX 3HeprHH cxeMaTH4eCKH
 
npeACTaBneHa Ha pHc.l.
 

KaQ u(ll 
:'.QPOHHAR 4l\lt3\1tKAW~l KX.Q SU(J) (<t>EHOMEHOJlOn1R I 

K3.Q uu) K\ltPAnbHbIE TEOP\lt\lt. 
llr1cn.COOTHOWEH\ltR 

1Õ
16 L 102 •AnrE6PA TOKOB. MEWKH .... ) 

CTAH.QAPTHAR 
MO.QEnb" 

SU(J). SU(2)· U(1) 

CV~EPC\ltMMETP\ltR(1) 

29l 1015	 BEJll-1KOE 06b~\ltHEH\ltE (?)1õ B3A\ltMQUE\ltC~	 . 
Su(S), SO(10),E(6), 

KOMnAKT\lt41\ltKAU\ltR(?)
3J l ll19 

lõ (CvnEP) rPABIHAUHR (?) 

IcvnEPCTPvHA 0=10	 (26)1 

ReM IQlr3B 

PRe.I 

......". 2. 4TO TAKOE CynEPCTPYHbl 

KaK yme ynoMHHanOCb, $YHAaMeHTanbHblM 06beKTOM B TeopH~ cynep
CTpYH~ RBnReTCR HenOKanbH~H npOTR>KeHHbI~ 06beKT C xapaKTepH~M 

pa3MepOM noprfKa nnaHKOBCKO~ AnHHbl, T.e. Ha paCCTORHHRX, MeHb
WHX, 4eM 10 CM, Mbl OTKa3b1BaeM'f OT noKanbHO~' TeopHH nonR, 
3aMeHRR ee HenOKanbHoi1 TeopHe~~10CHOBY 3TO~ TeopHH cOCTaBnRIOT 
KnaCCH4ecKHe penRTHBHCTCK~e npOTRmeHHble 06beKTbI - CTPYHb~~
HaMHKa CTPYH o6cymAaeTcR B cneAY~l1.leM pa3Aene. 
~ TeopHR CTPYH HMeeT yme ABaA4aT~neTHIOIO HCTOpH~. CTPYHbI BO

3HHKnH B aAPOHHO~ $H3HKe KaK AHHaMH4eCKaR OCHoBa MOAenH BeHe

3 2 
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~~aHO ~ AyanbHo-pe30HaHCH~X MOAene~~/. B KBaHTOBO~ XPOMOA~Ha
M~Ke CTPYH~ CBR3~Ba~T MemAY co6o~ KBapK~, 06pa3YR aAPOHW. C ca
MOrO Ha4ana Teop~R CTPYH cTonKHynacb c cepbe3HblM~ npo6neMaM~: 

nocneAOBaTenbHoe KBaHTOBaH~e OKa3anoCb B03MomH~M TonbKO B Kp~
T~4eCKO~ pa3MepHOCT~ npOCTpaHCTBa-BpeMeH~. AnR 6030HHO~ CTPYH~ 

11'~ D~p. = 26, a AnR $epM~OHHO~ DKP. = 10. np~ 3TOM B cneKTpe 4ac
r~~ np~CYTCTBy~T TaX~OHW ~ 6e3MaccoBwe 4aCT~~W cn~Ha 1 ~ 2. 
3T~ COCTORH~R OTCYTCTBy~T B aAPoHHo~ $~3~Ke ~ OT H~X Heo6xOA~

MO ~36aBnRTbCR. ~ 

HeAoCTaTK~ CTPYHHO~ Teop~~ o6epHyn~cb ee AOCTO~HCTBaM~, Kor
Aa Ha CTPYHY B3rnRHyn~ COBceM c APyro~ T04K~ 3peH~R~ B KOH~e 

ceM~AeCRTbIX rOAOB llJepl<OM ~ lílaapuea 6blJ10 OC03HaHO /51, 4TO r eopua 
CTpYHbl MO>KeT cnym~Tb 06beA~HeJ-l~~ scex $YHAaMeHTanbHbIX B3af1MO
Ae~cTB~~, BKn~4aR rpaB~Ta~~~. 8~cwaR pa3MepHOCTb npOCTpaHCTBa
BpeMeH~ np~ 3TOM Bocnp~H~MaeTCR He KaK Kypbe3, a np~o6peTaeT 

6YKBanbHbll~ CMblcn. Mbl Ha6n~AaeM 3AeCb B03pO)KAeH~e Ha HOBO~ OC
HOBe ~Ae~ Kanyuu ~ KnR~Ha 50-neTHeC1 AaBHOCT~. In~WH~e" 6e3Mac

, II 

I 
coaue COCTORH~R Tenepb oTomAeCTBnRIOTCR c nOJ1RM~ flHra - M~nnca 

~ rpaB~Ta~~~, a TaX~OHW B HOBOC1 Teop~M OTCYTCTBY~T 3a C4eT 
cynepc~MMeTp~~. ~_ 

np~ KBaHToBaH~~ OAHa CTPYHa npenc'raanaer coõoa 6eC.<OHe4HY~ 

nocnenoaar ens aocr s HopManbHblX MOA - nocnenoeetens aoc'r s MaCC~B
H~X COCTORH~~ ~ KBaHTOBO~ Teop~~ nonR. np~ 3TOM pac~enneH~e 

Macc ~m 2 nponopuaoaans ao HaTR>KeH~~ CTPYHbl T. B Teop~~ cynep 
CTPYHbl T- /lo 19 r 3 B/ 2 , B OTn~4~e OT aAPOHHO~ $~3~K~, rAe 

,1 

T - /1 r3B/2. 
CTPYHbl 6blBalOT OTKPbl-rbIM~ ~ 3aMKHYTbIM~. OTKPblTble CTPYHbl B Ka

4eCTBe H~3W~X 6e3MaccoBwx COCTORH~~ cOAep>KaT 4acT~~w cn~Ha 1 
nonR flHra - M~nnca, a 3aMKHYT~e - 4acT~~w cn~Ha 2 - rpaB~TOH~. 

Ha 3TOM nYT~ B r eopa« CTPYHbl B03H~KaeT KBa~hoBaR r eopaa , oõ'se
A~HR~~aR rpaB~Ta~~~ ~ nonR flHra - M~nJ1ca - nepeHOC4~K~ Bcex 
B3a~MoAeC1cTB~~. 

I 
~ Ha ~/accToRH~RX, MHoro õonsurax , 4eM nnaHKOBCKaR An~Ha 

/10- 3 3cM/, ~n~ np~ 3Hepr~Rx, MHoro MeHbw~x, 4eM Macca nnaHKa 
/1019 r38/, MaCC~BHble COCTORH~R "0T~ennRIOTCRII, ~ B03H~KaeT 3$

I 

/ 
$eKT~BHaR, T04e4HaR r eoona nona /cyneprpaB~Ta~~R ~ RHr-M~nJlCOB

CKaR cynepc~MMeTp~4HaR Teop~R/ c $~Kc~pOBaHHbIM~ napaaerpaa« 
~ COCTaBOM 4aCT~~. np~ 3TOM Ha6nlOAaeMble 4aCT~~bl /KBapK~, rterr
TOHbl, Kan~6pOB04Hble 6030Hbl, ... / AonmHbl 6b1Tb cpena 6e3MaCCOBblX 
B036~>KAeH~~ / m «10 19 r3B/. Ha paccroaaanx , MeHbW~X 10 -33c M /~n~ 
3Hepr~Rx, 60J1bW~X 10 19r3B/, MaCC~BHble COcTORH~R np~CYTCTBYIOT 
~ ocy~ecTBnR~T MOA~$~Ka~~1O o6~e~ Teop~~ OTHOC~TenbHOCT~ HB 

~ 3T~X MacwTa6ax. KaK BblRcHReTcR, Ae~cTB~e OTO DpeACTaBnReT co6o~ I 
" 

,#. n~~b nepBblC1 4neH pa3nO>KeH~R 3$$eKT~BHo~ cynepCTpYHHOH Teop~~.~ 

4 

... 

-;r 3. A~HAM~KA CynEPCTPYHbl 

nOAo6HO TOMY, Ka.K T04Ka onacuaaer B npOCTpaHCTBe-BpeMeH~ M~

POBYIO n~H~IO, cTPyHa np~ cBoeM AB~meH~~ 3aMeTaeT M~POBY~ nOBepx
HOCTb. 3Ta ABYMepHaR nOBepXHOCTb MO>KeT 6blTb BnO>KeHa B npOCTP.aH
CTBO n~6o~ pa3MepHOCT~. OAHaKO, ~MeR B B~AY AanbHe~wee KBaHTO
BaH~e, 'paCCMOTp~M AeCRT~MepHoe npOCTpaHCTBO. nOM~MO 3Toro, TaK 
KaK CTpYHa RBnReTCR cynepc~MMeTp~4HO~, npOCTpaHCTBO AononHReTCR 
rpaCCMaHOB~M~ 06pa3YIO~~M~, T.e. ~MeeTCR cynepnpoCTpaHCTBO, rAe 
4~cno rpaCCMaHOBblX 06pa3Y~~~X 3aB~C~T OT T~na cynepc~MMeTp~~. 

M~pOBaR nOBepXHOCTb /p~c.2/ napaMeTp~3yeTcR ABYMR napaMeTpaM~ 

/a ~ T /, ~MelO~~M~ CMblcn An~HbI BAonb CTPYHbI ~ co6CTBeHHoro Bpe
MeH~. T04Ka Ha nOBepXHOCT~ ~MeeT KoopA~HaTbl cynepnpoCTpaHCTBa 
xll (a , T) ~ ®a(a, T) • 

XP (6.T) 

{ eO (õ,'r) 

J1 ~ 0,1, .... 9 

a = 1,2G' 

PHc.2 

Ae~CTBHe AnR CTpYH~ RBnReTCR o606~eH~eM Ae~cTB~R AnR T04e4
HO~ 4aCT~~b1. TaM S = An~He M~POBO~ n~H~~ = fds. AnR CTpYHbl 
S = nno~aA~ M~POBO~ nOBepXHOCT~ = fdI.napaMeTp~4ecK~ ~HBap~aHT

Hoe AeC1cTB~e AnR 6030HHO~ CTPYHW ~MeeT B~A 

T ~af3 _Jl v 
S =: - ---:JdadT17 V-g g a x ab X, /1/

2 IlV a p 

rAe T - HaTRmeH~e CTpYHbl - MeTp~Ka B AeCRT~MepHOM npOCT7lllv 
paHCTBe /M~HKoBcKoro/, ga~ - MeTp~Ka B a, T npOCTpaHcTBe. KaK 
nerKO 3aMeT~Tb, 3TO eCTb o606~eH~e XopOWO 3HaKOMoro Ae~cTB~R 

AnR T04e4.HoC1 4aCT~~b1 B KBaHToBO~ MexaH~Ke S - J -~~d t. 
B cnyuae cynepcr pyaa axll 3aMeHReTCR Ha nll =: a XIl- i<~ rJla 8 ,a a a a 

TaK 4TO Ae~cTB~e CTaHOB~TCR ~HBap~aHTH~M OTHOC~TenbHO npeo6pa
30BaH~C1 cynepc~MMeTp~~, a TaK>Ke Ao6aBnR~TcR 4neHbI, Ky6~4H~e 

~ 4eTBepTM4H~e no KoopA~HaTaM: 

T r--- a{3,
S =: - -;-- fdadT71 y-g g.·.[J1l nV
 

2 Illl' a f3
 , /1' / 

-.iTJdadT71 '~a~a XJ.L0yaf38 _.i(~yv:a 8 eyaf38 I
IlV a a . 

5 



PaCCMaTp~BaR XP ~ e a KaK nonR, ~aAaHH~e Ha ABYMepHOH noaepx

HOCT~, Teop~~ c Ae~cTB~eM 11 'I MO~HO TpaKTOBaTb KaK ABYMepHY~
 
OTO c nonRM~ MaTep~~ X~ ~ ea . OTc~Aa B~AHa TeCHaR aHanor~R Mem

AY CTPYHHO~ Teop~e~ ~ ABYMepH~M~ Hen~He~~~M~ a-MoAehRM~, TaK
 
~HTeHc~BHO ~3Y4aeM~M~ B nocneAHee BpeMR.
 

KOH~~rypaU~R CTPYH~ MomeT 6~Tb 04eHb cnomHo~ ICM. p~c.31
 

~ onpeAenReTCR peweH~RM~ ypaBHeH~~ AB~meH~R c COOTBeTCTBY~~~M~
 

KpaeB~M~ ycnoB~RM~. ~ 

~ ;-::::> 

~ ~ ;11 

~. 
PHc.3 

~ 4. THnbl TEOPHtl 

Pa3nH4a~T cneAY~~He THn~ TeopH~ cynepcTPYHbl/6~ 
THn I. K HeMY OTHOCRTCR pa30MKHYT~e HeopHeHTHpOBaHH~e CTPYH~ 

c N--;-;--cynepcHMMeTpHe~, Ha «ouuax KOTOPblX HaxoARTCR KaJlH6po
B04H~e 3apRA~. npH MaTeMaTH4eCKOM onHcaHHH c KOHUaMH CTPYH~ 

acçOIlHHPY~TCR MaTPHllbl ~YHAaMeHTanbHoro npeACTaBneHHR KanH6po
B04HO~ rpynn~. CTPYH~ QPH 3TOM peanH3y~T KaK CHHr~eTH~e, TaK 
H HeCHHrneTHble npeACTaBneHHR, npH4eM cornaCOBaH~aR KBaHTOBaR 
r eopus HeopHeHTHpOBaHHblX CTPYH AonYCKaeT r onsxo K.naCCH4eCKHe 
r pynnu SO(n) H US p(n ) ~Ta cxeaa BKn~4eHHR r pyrmu BHYTpeHHe~ 
CHMMeTpHH, Ha3~BaeM~R cxeMO~ 4aHa - naTOHa, B03HHKna B aAPOH
HO~ ~H3HKe npH onHcaHHH Me30HOB KaK OTKp~T~X CTPYH C KBapKaMH 
Ha KOHllax. KaK OKa3~BaeTCR B AanbHe~weM, Tpe60BaHHe COKpa~eHHR 

aHOManH~ H paCXOAHMOCTe~ oCTaBnReT TonbKO rpynny SO(32).B3aHMO
Ae~CTBYR, o ncpsrrue c r pyuu 06pa3Y~T 3a~KHYTble KOH$HrYP?IlHH 
CHHrneT~ nO rpynne BHYTpeHHe~ cHMMeTpHH. 
~ npH KBaHTOBaHHl-1 or icourue CTpYHbl nopoxnaor nona HHra - MHnnca, 
a 3aMKHYT~e - nonR rpaBHTaIlHH. B npeAene Man~x 3HeprH~, T.e. 
xorna p« vT~cynepCTPYHbl r una I npHBoART K O = 10 cynepcHMMeT

PH4HO~ TeopHH AHra - MHnnca H N = 1 cyneprpaBHTallHH, npH4eM
 
KOHcTàHTa KanH6poB04Horo B3aHMoAe~cTBHR g H KoHCTaHTa rpaBHTa

ll'1oHHoro B3aHMoAe(:,cTBHR K = y'ã,rAe G - nOcTORHHaR HbIOTOHa, CBR

3aH~ COOT~oweHHeM 

K = g2T. -e-- 121 
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~ KanH6pOB04Hble H rpaBHTallHoHH~e B3aHMOAe~CTBHR OKa3blBalOTCR 
Hepa3p~BHo CBR3aHH~MH Me>KAY c060~ no cBoeMY npOHCXO>KAeHH~. Ta- ~ 

KHM 06pa30M, B cynepCTPYHe Mbl Ha6nlOAaeM B03pO>KAeHHe HAeH 3~H
wTe~Ha - HAeH c03AaHHR eAHHo~ TeopHH, 06beAHHRIO~e~ 3neKTpoMar
HHTHble IKanH6poB04Hblel H rpaBHTallHOHHble B3aHMOAe~CTBHR. ~ 

~ THI'l 11. K 3TOMY runy OTHOCRTCR 3aMKHYT~e opaeurwpoaaaaue 
CTPYH~ c N = 2 cynepcHMMeTpHe~. 3Aecb HeT rpynn~ BHYTpeHHe~ 

CHMMeTPHH. B npenene ManblX 3HeprH~, p «-}TJ nonyvae r ca O = 10, 
N = 2 TeOPHR cyneprpaBHTallHH. 

Pa3DH4alOT TeopHH THna lIA H THna IIB. B nepBOM cnY4ae $ep
M~OH~ HMe~T pa3nH4HYlO KHpanbHOCTb, BO-BTOPOM - OAHHaKOBYIO. 
TeOPHR THna IIB npHBOAHT K 3<t>$eKTHBHO~ HH3K03HepreTH4eCKO~ 

TeopHH c KHpanb HblMH $epMHOHaMH, xa K Toro rpeõyer $eHOMeHonorHR. 
B nocneAHee BpeMR nORBHnaCb e~e oAHa cynepCTpYHHaR TeopHR, 

Ha3BaHHaR reTepOHAHO~ HnH rH6pHAHO~ 171. C He~ CBR3blBalOT 60I!bwHe 
HaAe>KAbl. 

reTepOHAHaR CTpYHa. 3TO 3aMKHYTaR opHeHTHpOBaHHaR CTpYHa. 
OHa Ha3BaHa reTepOHAHO~, H60 RBnReTCR rH6pl-1AOM 26-MepHo~ 60
30HHO~ CTPYH~ H 10-MepHo~ $epMl-10HHO~ CTPYH~ THna IIB. reTepoHA
HaR CTPYHa 06naAaeT CBoHcTBaMH CTPYH THna I H THna 11: Y Hee 
Ta >Ke N ~ 1 cynepanre6pa nyaHKape, 4TO H Y CtpYH~ THna I, H Te 
>Ke r ononoravecxae CBO~CTBa, 4TO H Y CTpYHbl runa 11. Fe r epoan-
HaR cTPYHa, TaK >Ke KaK H APyrHe 3aMKHYT~e CTPYH~ THna 11, MO
>KeT. 6blTb nonyueua nYTeM KOMnaKTH$HKaIlHH D = 26 6030HHO~ CTPYHbl 
Ha 16-MepH~~ TOP T 16. B 3TO~ cxeM~ peweTKa KopHe~ rpynn~ HAeH
TH$HIlHPyeTcR c peweTKO~ AHCKpeTHblX HMnynbcoB, COnpR>KeHHbIX BHylf-
peHHHM H3MepeHHRM, KOMnaKTH$HIlHpyeMbIM ua TOP, a $epMHOHbl B03HH
Ka~T KaK conHTOH~ 6030HHO~ TeopHH. npH 3TOM, cneAYR HAeonorHH 
KanYIl~ - KnR~Ha, B03HHKa~T 16 KanH6poB04H~X 6030~OB rpynn~ 
[U(l)] 16. Ho H caMa CTPYHa MO>KeT TaK>Ke HaBHBaTbCR Ha TOP, 06pa-" 
3YR 'rononorauecka HeTpHBHanbHble KOH$HrypaIlHH - cona roua . OHH f 
06pa3YlOT AononHHTenbHO 480 KanH6poB04H~X 6030HOB. HToro 496. 
TaK B reTepOHAHOH CTpYHe B03HHKaeT KanH6poB04HaR rpynna, He
CMOTPR Ha TO, 4TO CTpYHa 3aMKHYTa. npH 3TOM, 04eBHAHO, paHr 
rpynnbl paBeH 16, a pa3MepHOCTb - 496. TaKO~ KanH6poB04HO~ rpyn
no~ RBnReTCR rpynna SO(32)H EsxEs~ rAe E s - MaKCHManbHaR HCKnlO
4HTenbHaR rpynna B KnacCH$HKaIlHH KapTaHa. 

TaKHM 06pa30M, KpHTH4eCKaR pa3MepHOCTb npOCTpaHCTBa AnR 
6030HHO~ CTPYHbl nonyvuna HHTepnpeTallHIO 26 = 10 + rankG. B no
cnenoaarensuoà HAeonorHH Kanyuu - KnR~Ha TaKo~ cHTyallHH COoT
BeTcTByeT npocTpaHcTBo pa3MepHOCTH 506 = 10 + dirnG. rpynna Ka
nH6poB04HO~ CHMMeTpHH 3AeCb B03HHKaeT B pesynbTaTe KOMnaKTH
$HKaUHH 496 H3MepeHH~/2~ 

~nR reTepoHAHo~ CTPYH~, TaK >Ke KaK H AnR CTPYH~ THna I,
 
nonR RHra-MHnnca Hepa3p~BHo CBRsaH~ c rpaBHTallHe~ B cHny CBoe

ro npOHCXO>KAeHHR. Ho, B oTnH4He OT CTPYH~ THna I, CBR3~ Me>KAY
 
KanH6poB04HO~ KOHcTaHTo~ g H rpaBHTaIlHOHHo~ - K HMeeT APyro~
 

BHA:
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--
Taõrraua 

coxpaHR~~~~CR np~ KOMnaKT~~~Kau~~,KaK 3TO B~AHO ~3 aHanH3a pa3

MepHOCTe~. I 
Pa3n~4H~e T~n~ CaMOCOrnaCOBaHH~x cynepCTPYHH~X TeOpH~ npeA~ • 

CTaBneHbI B raõnaue /21. • 

THlIbI CYlIepcTPYHHbIX r eopaã 

THII CII1mop CTPYHa Be sxaccoaste 
COCTOHHHH 

r[ SO(32)J BeHJIH-MaHOpaHbI OTKpbITaH+ N=] SO(32). TeopHH 
3aMKHYTaH 5IHra-MHJIJICa + 

N=l cYlIeprpaBHTan;HH 

lIA MaHopaHbI 3aMKHYTaH N=2 HeKHpaJlhHaH 
cYlIeprpaBHTan;HH 

IIB BeHJlH 3aMKHYTaH N=2 l<HpaJlhHaH 
cyneprpaBHTan;HH 

feTepoH,D;HaH BeHJlH-MaHOpaHbI 3aMKHyTaH N=l SO(32) TeopHH 

L' SO(32)] 5IHra - MHJlJlca + 
N=l cyneprpaBHTan;HH 

f'eTepoH,D;HaH BeHJlH-MaHOpaHbI 3aMKHYTaH N=1 ESxES TeopHH 

ESxES 
5IHra - MHJlJlCa + 
N=l cYlIeprpaBRTan;HH 

/3/K 2 = g2/ T , 

" 

~ 

5. B3AHMOAE~CTBHE CynEPCTPYH 

XOTR CTpYH~ ~ RBnR~TCA He~OKanbH~M~ 06~eKTaM~, OAHaKO B3a~MO
Ae~cTB~e ~x HOc~T nOKanbHbl~ XapaKTep. B HaCTOR~~~ MOMeHT He 
cy~ecTByeT Kan~6poB04Ho-~HBap~aHTH0ro KOBap~aHTHoro $OpMan~3Ma 

AnA onHcaH~R BTOP~4HO-KBaHTOBaHHO~ CTPYHbl~ Hcnonb3yeTcA Kan~6
pOBKa CBeTOBoro $pOHTa. B 3TOM cnY4ae CTPYHbI on~C~Ba~TcR $YHK
4~OHanaMH OT nonepe4H~X KooPA~HaT, KOTop~e, B CBO~ 04epeAb, 3a~ 

AaHbl Ha M~pOBO~ nOBepXHOCT~ CTPYHbl ~ COnpR>l<eHHbIX XlMnynbcoB p 4o. 
ürxpurue CTPYHbl 0603Ha4a~TCA uepea <l>lx(O') , E)(Cl) ,E)(O') , p+l, 
a 3aMKHyTble - uepea 'l'["i(Cl), E)(Cl) ,8(0') ,p+] rAe <l> - e crs MaT
p~ua np~coeA~HeHHoro npeACTaBneH~R, a W - C~HrneT Kan~6pOB04

HO~ ~Pynn~. 3T~ $YHKU~OHanbl ABnA~TCR 0606~eH~eM noKanbH~X no
ne~, 3aB~CA~~X OT npOCTpaHCTBeHHO-BpeMeHHO~ T04K~. 

* B pa õo r ax casror-o nocnernrer'o BpeMeHH / CM. ,Hanp. , .I161/ np e .n
JlaraIOTCH paamrsasre BapHaHTbI r axor-o Q:JopMaJ1H3Ma. 

8 

~. 

B3a~MOAe~CTB~R CTpYH on~C~Ba~TCR 

nOKanbH~M~ Ky6~4ecKHM~ 4neHaM~ T~na o
 8 2 3

-"""~-~-- \l' AnR 3aMKHYTblX CTpYH ~ aHa
8X2 (Cl )	 , 
nor a-u-o - T~na Tr <l> 3 AnR o rxpsrrax 

O ~(Tr<l»~ - AnR nepexOAa OAH~X B AP~r~e. 
np~Mep B3a~MOAe~CTB~R, np~BOAR~ero 

K cn~RH~~ ABYX 3aMKHYTblX CTPYH, np~

BeAeH Ha p~c.4. 3TH B3a~MOAe~CTB~R 

PHc.4	 nopO>l<Aa~T KOHTaKTH~e B3a~MOAe~CTB~R 

HopManbH~X MOA B036Y>l<AeH~~ CTPYH, 
T.e. nOKanbH~X KBaHTOBblx none~. np~

BeAeHH~~ np~Mep RBnReTCR 0606~eH~eM TpexrpaB~TOHHoro B3a~MO

Ae~CTB~R BOTO. AnR orxpsrrux CTpYH B03MO>l<Hbl TaK>l<e noxans aue 
B3aHMoAe~cTB~R T~na Tr<l>4. 

B3a~MOAe~cTB~R CTPYH MO>l<HO ~306pa3~Tb c nOMO~b~ CTpYHHblX 
A~arpaMM ~e~HMaHa, TonbKO BMeCTo n~H~~, ~306pa>l<a~~~x'4aCT~UbI, 

3Aecb 6YAYT nOBepxHocT~. np~Mep TaKo~ A~arpaMMbl B cnY4ae B3a~MO
Ae~CTB~R 3aMKHYTblX CTPYH np~BeAeH Ha p~c.5. 

PHC.S 
~ 

OTMeT~M OTCYTcTB~e KOHTakTH~x B3aHMOAe~CTB~~ Bblcwero nopRA
Ka. TaK >l<e, KaK ~ B cynepc~MMeTp~4HblX nOKanbH~X Teop~RX, cynep
nOTeHU~an cOAep>l<~T TonbKO Ky6~4Hble 4neHbI. Bce KOHTaKTH~e B3a~MO

Ae~CTB~R B 3~HwTe~HoBcKO~ rpaB~Tau~~ BO.3.H.~Ka~T KaK "H~3K03Hep
reT~4eCKaR" 3$$eKT~'BHaR Teop~R npa P'«VT"aHanor~4HO TOMY, KaK 
4eTblpeX$epM~OHHoe B3a~MOAe~cTB~e B03HHKaeT B MOAen~ Ba~H6epra 
Cana-ia npu P « M w . . 

<, 

~ 6. CynEPClPYHHAfI TEOPHfI B03MYU\EHHt'1 

CneAY~~~M warOM RBnAeTCR nocTpoeH~e TeopH~ B03My~eH~~.B3a~MO

Ae~cTBYR, CTpYHbI MorYT pacce~BaTbcR,' pO>l<AaTb HOBble CTPYH~, 

a r exxe ~cnYCKaTb T04e4Hble 4aCT~UbI. B 3et><t>eKT~BHO~ noxans uoã 
Teop~~ 3TOMY COOTBeTCTBY~T BceB03MO>l<H~e B3a~MOAe~CTB~R nOKanb
HblX noneü . ~ 
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ApeBeCHwe A~arpaMM~ 

B Ka4eCTBe np~Mepa paCCMOTp~M paCCeRH~e ABYX rpaB~TOHOB
 

Ha CTPYHe. B H~3WeM np~6n~meHH~ aMnn~TYAa paCCeRH~R HMeeT B~A
 
+/CM. p~c.6/: 

r<l':'!.) nl-~) nl-~:") 
T _ 3~HWTe~HOBCKaR '.. T T r
 
4- (cyneprpaBHTa~~R) ~----s------1--------ü---'
 /4/ 

l
nl+T}fU+T ) ['(1+ 'f") 

PHc.7 

rAe s , t, U - 06bl4Hble MaHAenb
11,,· ~ CTaMoBCK~e nepeMeHHble, T - Ha

~ TR>KeHHe CTpYHbI, a r - raMMa
$YHKl\HR 3~J1epa. 

AMnnHTYAa /4/ o6naAaeT 
He06xoAHM~M CBO~CTBOM KpOCCHHr

PHc.8~ P4	 CHMMeTp~~ H B H~3K03HepreT~4e


CKOM npeAeIle/T-+oo/AaeT 3~H


WTe~HOBCKY~ cyneprpaBHTa~H~.
 
N -neTneB~e A~arpaMM~PHc.6 

N -rie'rneeae A~arpaMMbI CTpORTCR no" TeM >Ke CElMblM npaaanaa, 4TO 
~ OAHoneTneB~e. HaAe>KA~ Ha nonY4eHHe KOHe~HblX aMnn~TYA 3AeCb 
CBR3~Ba~T c cynepc~MMeTpHe~. K aaanaay 3T~X npoõnex Mbl H nepe

l-neTneB~e AHarpaMM~	 XOAIltM. 

3A~Cb M~ BnepB~e CTanKHBaeMCR c paCXOAHMOCTRMH, npH4eM CY
ll\eCTBY~T TononorH4eCKHe pa3nH4HR Me)f{AY OTKpblTblMH H 3aMKHYTblMH ~7. PACXOAHMOCTH 
CTPYHaMH. AnR OTKp~T~X CTPYH He06xOAHMO Y4HT~BaTb nepeKpell\HBa
HHR. HanPHMep, B CIlY4ae pacceRHHR ABYX OTKp~T~X CTPYH THna I PaCCMOTpHM 3aMKHYT~e CTpYH~. KOHe4HOCTb AHarpaMM, ~306pa>KeH

cYll\eCT~Y~T ABe AHarpaMMbl /p~c.7/. B nepBo~, KaK 3TO HMeeT Mec H~X Ha pHc.8, 06ycnoBn~8aeTCR TeM, 4To OHH TononorH4eCK~ 3KBH
TO H B cny4ae nOKanbH~X TeopH~, B03HHKaeT wnyp no rpynne BHyT aane-rruu AHarpaMMaM runa "ronOBaCT~K" /CM. puc . 9/. 
peHHe~ CHMMeTpHH. BTopaR AHarpaMMa wnypa He COAep>KHT. B pe3ynb
TaTe AnR rpynn 80(n) H U8p(n) BKnaA B aMnnHTYAY pacceRHHR 
nponopuaouaneu (n T 32) COOTBeTCTBeHHO. Ka>KAaR AHarpaMMa npH f3TOM pac,oAHTCR. n03TOMY ycnoBHe cOKpall\eHHR pacxoAHMocTe~ B~ \,,I

AeJlReT eAHHCTBeHHY~ B03MO)f{HYIO rpynny CHMMeTpHH - 80( 32). 3Ta I
 

)f{e caMaR rpynna CHMMeTpHH B03HHKaeT npH H3Y4eHHH pacxoAHMocTe~
 

B 3<t><t>eKTHBHo~ T04e4Ho~ TeopHH, KOTopaR nonY4aeTcR H3 cynepcTpy
18/Hbl r-ma I B npenene T-+oo . C'rporo roaopa , aaecs B03HHKa~T ABe 

-IB03MO)f{HOCTH: 80(32) H EsxE s, oAHaKo, KaK M~ Y>Ke ynoMHHanH,HcKnlO

4HTeJlbH~e rpynnw He MorYT 6~Tb peanH30BaH~ Ha cynepCTpYHe TH PHc.9
 
na I. rpynna EsxE s cooTBeTcTByeT reTepoHAHo~ cTpYHe.
 

~JlR CTPYH~ THna 11 ~ reTepoHAHo~, AHarpaMM~ pacceRHHR ABYX nonY4HBwHWCR ronOBaCTHK COOTBeTcTByeT pacnpOCTpaHeHHIO l.H. 
CTpYH npeACTaBneHW Ha pHc.8. 3T~ A~arpaMM~ TononorH4eCKH ~KBH IIAlt1naTOHa" - 6e3MaCCOBO~ CKanRpHO~ 4aCTHl\bl. B c r apux ,CTPYHHbIX, 
BaI1~HTHbl H TaK>Ke KOHeLt Hbl.	 ,.r TeOPHRX r0J10BaCTHKH paCXOAHnHCb, HO B TeopHRX cynepCTpYHbl, 6na

I', 
ronapa HaJlH4HIO cynepcHMMeTp~H, OHH paBHRIOTCR HYJ110 ( ~ O). 11
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3AeCb M~ B~A~M OTn~4~e OT T04e4H~X TeOp~~ nOnR. ne~CTB~Tenb
HO, TaM aHanOr p~c.9 ~MeeT B~A p~c.10 ~ He np~BOA~T K KOHe4HO~ 

TeOp~~. 

~ 

PHc.'10 

TaK~M 06pa30M, COKpa~eH~e paCXOA~MOCTe~ B cynepCTpYHH~X 

TeOp~RX OCHOBaHO He npOCTO Ha Han~4~~ HenOKanbHOCT~, a CBR3aHO 
c Tononor~e~ ~ cynepc~MMeTp~e~ ~~arpaMM $e~HMaHa. ~ 

B MHoroneTneBOM cnY4ae ~~TyaU~R 04eHb noxoma ICM. p~c.11/. 

3AeCb Teop~R KOHe4Ha, ecn~ ~~O. OAHaKO 06~ero AOKa3a

TenbCTBa OTCYTCTB~R paCXOA~MOCTe~ BO Bcex nopRAKax Teop~~ B03
My~eH~~ nOKa He nonY4eHO. Apyro~ nOAxoA .K 3TO~ np06neMe OCHOBaH 
Ha ~cnonb30BaH~~ ~YHK4~OHanbHoro ~HTerpana. Ho B OTn~4~e OT ~H
Terp~pOBaH~R no cnY4a~H~M nOKanbH~M nonRM, 3AeCb ~HTerp~pOBaH~e 

BeAeTCR no cnY4a~H~M nOBepXHOCTRM. 

-~ 

-~~ 
PHc.11 

~ 8. AHOMAJlHH 

C np06neMo~ pacxoA~MocTe~ OKa3~BaeTCR TeCHO CBR3aHHO~ APyraR 
I. ~3BeCTHaR np06neMa KBaHTOBO~ Teop~~ honR - np06neMa aHOMan~~. 

TaK me, KaK ~ B nOKanbH~X Teop~RX, B Teop~~ cynepCTpYH~ ~3a~MO

A; Ae~cTB~e MemAY ~~3~4eCK~M~ ~ He~~3~4eCK~M~ InpoAonbHblM~1 MOAaM~ 

Kan~6poB04H~X none~ MomeT np~BoA~Tb K aHOMan~RM. B AeCRT~Mep
HOM npOCTpaHCTBe aHOManbHblM~ RBnRIOTCR urec'tayrons aue A~arpaMMbl 

ICM. p~c.12/. OH~ RBnRIOTCR aHanorOM TpeyronbHo~ aHOMan~~ B 4e
TblpeXMepHOM npOCTpaHCTBe. BHeWH~M~ nonRM~ 3AeCb RBnRIOTCR nonR 
RHra - M~nnca ~n~ rpaB~TOHbl, a neTne COOTBeTcTByeT nponaraTop 
.CTPYH~ ~n~ nRonaraTOp~ $epM~OHOB co cn~HOM 1/2 ~ 3/2 ~ aHT~

c~MMeTp~4H~X TeH30pH~X none~ 3$~eKT~BHo~ nOKanbHO~ Teop~~. 

B' 3aB~C~MOCT~ OT runa BHeWH~X noneã nony-raex xanaõposouaue , 
rpaB~Ta4~OHH~e ~n~ CMewaHH~e aHOMan~M. 

3aMe4aTenbH~M $aKTOM RBnReTCR COKpa~eH~e Bcex aHOMan~~ B cny
4ae.. r pyrmu BHYTpeHHe~ c~MMeTp~~ 80(32) ~ EsxEs 19<TaK~M oõpa

12 

PHc.12 

9. HH3K03HEPrETH4ECKAR 3~EKTHBHA~ TEOPHR 

PaCCMOTp~M Tenepb 3$~eKT~BHYIO nOKanbHYIO TeopHIO nonR B 10
MePHoM npocTpaHcTBe, KpTopaR B03H~KaeT ~3 cynepcTpYHbl, KorAa 
p «#' B np\llHU~ne OHa MomeT 6blTb nony-reaa nYTeM oaanoxeuaa 
B PRA no f3Hepr~~ / /To Cocraa noneü , KaK yxe yxaauaanocs , onpe
AenReTCR cneKTpOM 6e3MaccoB~x HopManbH~x MOA. 3TO eCTb MynbT~
nner cyneprpaewrauaa I g/lV, B /lv , q> , '1Ii,i , k -/, KOTOPbl~ COAepm~T 

rpaB~TOH, aHT~C~MMeTp~4H~e TeH30pH~e nonR, CKanRp, rpaB~T~HO 
nonR Pap~T~ - WB~Hrepa - c nonO*~TenbHO~ K~panbHOCTblO ~ Ma~opa

HOBCK~~ cn~HOp c OTp~4aTenbHO~ K~panbHOCTblO, a TaKme cynep
Mynb runner noneü RHra - M~nnca / A /l X+ /p KOTOPbl~ COAep)K~T BeK
TopHoe none ~ Ma~opaHoBcK~~ $epM~oH nonomHTenbHo~ K~panbHocT~. 

3Aecb nepe4~cneH~ ~~3~4ecK~e CTeneH~ cB060A~ 6e3 BcnOMoraTenb
H~IX nonea . 

Ae~cTB~e IIlMeeT B~A 

_ :fd1 ~ J:::g- { _L. R 1 (a ~ ) 2s v :&2 + i{2 -715'- + 

• o, /5/ .. 1 a /lva 3k2 
H/lvP. I 

o+ ------ F/lV F + 2g-4~2- H/lVp + •• ,

4g 2 <ll 

3aMeTHM, 4TO B ypaBHeH~~ 151 HeT CB060AH~X napaMeTpOB, KOHCTaH ~ 
Ta g nor.nouraerca B HOpM~POBKY nona <l>. 3AeCb F/l~b - nona llHra 

e, 
M~nnca, a, b = 1,2, .•. ,dirnG ,R~~ - AeCRT~MepHaR Kp~B~3Ha, 

m ,n = 1,2, ... ,10, H/lJ/p - HanpRmeHHOCTb nona B: 

1 
H = d B - gÕ- W~y + wg L • /61 

MHOrOT04~e B ypaBHeH~~ /5/ COOTBeTcTByeT ~epM~OHHbIM 4neHaM 
~ 4neHaM aucurero nopanxa / R 2 ~ AP. I. 

Qc060e BH~MaH~e cneAyeT 06paT~Tb Ha TaK Ha3~BaeM~e yepH
ca~MOHOBCK~e 4neHbl wgy ~ w~L B ypaBHeH~~ /6/: dw~y = FF , 
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30M, 3T~ ABe rpynn~ C~MMeTp~~ c He~3

6e*HOC~b~ nORBnRIOTCR B Teop~~ cynep
CTPYHbI,' npH4eM HMeeTCR TPH He3aBHC~M~X 

HCT04HKKa ~X nORBneHHR: li COKpa~eH~e 

pacxoAHMocTe~, 21 cOKpa~eHHe aHoManH~" 

31 peAYK4~R 1013 26-MepHO~ 6030HHO~ CTPy
H~ B 10-MepHYIO reTepO~AHYIO cynepcTpy~y. 



.~ 
d~3b~RR. OHH OTCYTCTBY~T B M~HHManbHOH nOKanbHO~ TeOpHH nOnR, 

OAHaKO He06xOAHMW AnR COKpa~eHKR KBaHTOBWX aHOManH~~ S· TeOpHH 
cynepCTpYHW 4epH-Ca~MOHOBCKHe 4neHW aBTOMaTH4eCKH npHCYTçTBY~T 

B Tpe6yeMoM BHAe. 

10. GnOHTAHHAR KOMnAKT~$~KAU~R 

~HTepec K	 cynepc rpyuuua TeopHRM 3Ha4HTenbHO B03pOC, «orna 
18.9/ .

rpHHOM H rnBap~eM' 6wno 06HapymeHo 3aMe4aTenbHOe COKpa~eHHe 

aHOManH~ H paCXOA~MOCTe~ B 3~~eKTHBHO~ nOKanbHO~ TeOpHH AnR 
rpynn 80(32) H EgXEg, BnepBwe 6wna npeACKa3aHa Kan~6pOB04HaR 

rpynna Ha OCHOBe BHYTpeHHHX CBO~CTB KBaHTOBO~ TeOpHH! KaK MW 
YBHAHM B AanbHe~WeM, rpynna Eg RBnReTCR npeAn04THTenbHO~ C ~e
HOMeHOnOrH4eCKO~ T04KH 3peHHR, TaK KaK 'COAepmHT H3BeCTHble rpyn
nu BenHKOrO 06beAHHeHHR E g ~ E6~SO(10) ~ SUeS) ~ SU(3) X SU(2) X U(l). 

He MeHee BamHWM ~aKTOM OKa3anaCb H He06xoAHMaR MOAH~HKa~HR
 

li! A TeH3Qpa HanpRmeHHocTH H f.Lvp, 06cymAaeMaR B npeAblAy~eM naparpaóe .
 
'J	 OHa TeCHblM 06pa30M CBR3aHa C KOMnaKTH~I:1Ka~He~ "nHwHHx" npocr 

paHcTBeHHblx ~3MepeHH~. KaK 6blno oõaapyxeuo BHTTeHOM H coaaro-i, 
paMH/10!, nonorn-urens ao B03HHKa~Il.iHe 4epH- ca~MOHOBCKHe 4neHW Rx R 
COBMeCTHO C BblCWHMH npoH3BoAHWMH B ypaBHeHHRx ABHmeHHR, npH
BOART K cnoHTaHHo~ KOMnaKTH~HKa~HH WeCTH npocTpaHcTBeHHwx H3

l' 

I1 
I 1	1 MepeHH~. OHH HawnH peureuua runa M10 = M4 X K, rAe Mn - n, -MepHoe 

npOCTpaHCTBO MHHKOBCKoro, a K - cne~H~H4eCKoe KOMnaKTHoe npOCT
paHCTBO, Ha3blBaeMoe MHoro06pa3HeM. Kana6H - 1I0. OHO He HMeeT 
HenpepblBHWX C~MMeTpH~ ~ n03TOMY npH KOMnaKTH~HKa~HH He B03HH
Ka~T AononHHTenbHble BeKTOpHbJe nona Kanyuu - KnR~Ha. 3aTO rpa
B~Ta~HOHHwe cnHHOBwe CBR3HOCTH B weCTHMepHOM npOCTpaHCTBe OKa
3WBa~~CR paBHW RHr - MHnnCOBCKHM nOTeH~HanaM, B pe3ynbTaTe 4e
ro dH /6/ paaeu Hyn~. 

KaK BblRCHReTCR, TononorH4eCKHe CBO~CTBa MHor066pa3H~ Kana6H 
Ro BO MHorOM onoenenaor $H3HKY B 3~~eKTHBHO~ 4eTblpeXMepHO~ Teo
pHH. 

11. PA3ME~HAR 'pE.nYKU~lI 

PeweHHR ypaBHeHH~ CTPYHHO~ TeopHH nonR AonmHW no ~Aee onpe
AenHTb CTPYKTYPY npOCTpaHCTBa-BpeMeHH H npHBeCTH K KOMnaKTH~H

\ Ka~HH weCTH npOCTpaHCTBeHHblX H3MepeH~~. OAHaKO 3TO 04eHb cnom

11I	 HaR 3aAa4a. nOKa 4TO nonY4eHbI TonbKO OTHOC~TenbHO npOCTwe Ba
11 pHaHTW KOMnaKTH~HKa~HH. B TO me BpeMR nonblTKH peweHHR np06neMW 

B pa~Kax 3~~eKTHBHO~ HH3K03HepreT~4eCKO~ TeopHH He BcerAaI!III 
npa~OMepHbI, T.K. oT6poweHHwe 4neHW pa3nomeHHR cynepCTpYHHoro 

I 
Ae~CTBHR MorYT OKa3aTbCR BamHWMH. 

ypaBHeH~R 161 cneAyeT, 410 AnA OAH03Ha4Horo rno6anbHoro onpe
AeneH~A HanPR*eHHocT~ H, Heo6xoA~MO BwnonHeH~e ycn~B~R/ll/ 

_ 1 _ 
r (ti' R R - _.'li' F F) dv = o , 171 
M4 30 

rAe ~HTerpHpoBaH~e BeAeTcR no npo~3BonbHoMY 3aMKHYTOMY 4-MepHoMY 
MHoro06pa3~~. B~nonHeH~e orpaH~4eH~A 171 rapaHT~pyeT OTCYTCTB~e 

aHOMan~~ B KOMnaKT~~~~~poBaHHo~ Teop~~, a TaK*e CBA3~BaeT Tono
non14eCK~e CBO~CTBa npOCTpaHCTBa co 3Ha4eH~eM noneã f!Hr'a 
M~nnca B "m1WH~xlI ~3MepeH~RX. Ae~cTB~TenbHo, T.K. B KOMnaKTHOM 
npOCTpaHCTBe l?,~:~ O, TO ~3 171 cnenyer , 4TO ~ Ff.Ltb~ O AnR He
KOTOPO!:1 nonrpyrmu H ~3 80(32) ~n~ EgxEg. B peayns r are rpynna 
C~MMeTp~~ KOMnaKT~$~~~pOBaHHo~ Teop~~ HapywaeTcR AO HeKoTopo~ 

nOArpynnw G. np~ 3TOM cneKTp 6e3MaccoBwx 4acT~~ 3$$eKT~BHo~ 

4eTblpexMepHo~ Teop~H pean~3yeT npeAcTaBneH~R rpynnbl G. CxeMa
T~4eCK~ 

D	 == 10 R i= O D 4 ---"--
~ 

80(32) 
F	 ~ O G. 

, >-
Egx E g 

TaK~M 06pa30M, TononorH4eCK~e CBo~CTBa npOCTpaHCTBa onpeAenA~T 

rpynny BHYTpeHHe~ c~MMeTp~H! B cnY4ae KOMnaKTH$~Ka~~~ Kana6~ - Ro, 
T. K. rpynna ron0H.9M~H J( = 8U(3), TO ypaaaexue 171 03Ha4'aeT, 4TO 

mn mn ( )
Rf.LV == Ff.LV c. 8U 3 . 

3TO, B CBO~ 04epeAb, np~BoAHT K HapyweHH~, Hánp~Mep, rpynnbl 
Egx~ AO EaxE6' np~ 3TOM rpynna E6 paccMaTp~BaeTcR KaK rpynna 
Ic~nep/TeoPHH BenHKoro 06beAHHeHHR, a HeHapyweHHaR rpynna Eg 
OTHOC~TCR	 K T.H. TeHeBoMY M~py. 

CBo!:1cTBa TeopH~ 3aBHcRT OT B~Aa MHoro06pa3HR Kana6H - Ro. 
~x H3BeCTHO oKono 10000 H nOKa HeT npHMepa, YAOBneTBopRlo~ero 

BceM He06xOAHMblM Tpe60eaHHRM. B03MomHO, 6YAYT Ha~AeHbI KaKHe
nH60 BHYTpeHHHe orpaHH4eHHR, nOA06HO TOMY, KaK 3TO HMeno MeCTO 
AnR rpynn KanH6pOB04HO~ CHMMeTpH~. 

12. ~EHOMEHOnOr~4ECK~E CnE.nCTB~lI 

~eHOMeHonor~4eCKHe cneACTB~R çynepcTpYHHO~ TeopHH nOKa e~e AOpa3pa60TaHW Mano. B 60nbwo~ CTeneHH OHH 3aBHCRT OT KOHKpeTHoro 
I	 MeXaH~3Ma KOMnaKTH~HKa~HH. npH nepexoAe K 3$~eKTHBHO~ TeopHH

~ BCe me cy~eCTBY~T HeKOTopble TononorH4eCKHe orpaHH4eHHR, 
Ben~Koro 06beAHHeHHR c~Tya~~R Mano oTnH4aeTCR OT yme HccneAOIllf	 He 3aBHCR~He OT BapHaHTa KOMnaKTH~HKa~HH. TaK, HanpHMep, H3 

I! I BaHHWX MOAene~, 3a HcKn~4eHHeM HeKOTopblX orpaHH4eHH~. 

14	 15 



3~~eKT~BHaR TeOp~R, B03H~Ka~~aR nocne KOMnaKT~~~Ka~~~ ESxE 8 
reTepO~AHO~ CTPYHbl aa npOCTpaHCTBO Kanaõa - fio, oõnanaer cne
AYIO~~M~ CBO~CTBaM~ /1,2~ 

- OCTaeTCR HeHapyweHHo~ N = 1 cynepc~MMeTp~R; 

-.OAHa ~3 rpynn Es HapywaeTcR AO E6 KaK pe3ynbTaT rpynn~ 

ronO.HOM~~ J{ = 8U (3); 
- aropaa E8 ocrae'rca HeHapyweHHo~ ~ CBR3aHa c I ITeHeBblMI I M~

POM ~n~ IICKPblTblMII CeKTOpOM, KOTOPbl~ B3a~MOAe~cTByeT c HaW~M 

M~pOM TonbKO nOCpeACTBOM rpaB~Ta~~~ ~n~ 06MeHa 4aCT~~aM~ c Mac
CO~ nopamca M PL; 

- ~epM~OH~ np~HaAne~aT 27-nneTaM rpYnn~ E6. nOM~MO KBapKOB 
~ nenTOHOB, TYAa BXO,qRT HeKOTOp~e 3K30T~4eCK~e 4acr~~b1; 

- 4~cno nOKOneH~~ NF ~~KC~pOBaHO ~ paBHO NF~ y!XI. rAe 
X - T.H. 3~nepOBa XapaKTep~CT~Ka, TOnÓnOr~4ecK~~ ~HBap~aHT 

MHOr066pa3~R; • 
- "peenacravecxae" npOCTpaHCTBa Kana6~ - $lo, r,qe N F = 3,4 ... , 

He RBnR~TCR npOCTO CBR3HblM~, Hanp~Mep, co,qepmaT ,qblpK~. B 3TOM 
cnyxae C~MMeTp~R Ee uapyuraer cs Konb~e06pa3HbIM~ B~XPRM~, 3aKnlO
4eHH~M~ B MHoro06pa3~~ 

8U(3) x SU(2) x uu i x Q.ü.l_~JHll~ 

8U(3) x 8U(2) x uui x SU(2)------ , 

M~HYR rpynnbl SO(10) ~ SU(5). np~ 3ToM nonY4alOTCR nononuarens H~e,. 

no cpaBHeH~1O co CTaH,qapTHO~ Mo,qenblO, C~MMeTp~~, KOTopble ,qonmHbI 
npORBnRTbCR Ha onblTe; 

- OTCYTCTBY~T KoppeKT~PYIO~~e napaMeTpbl B x~rrCOBCKOM cex'rope, 
Bce IOKaBCK~e KOHCTaHTbI CBR3~ H~3K03HepreT~4etKo~ Teop~~ onpe
AenRIOTCR Tononor~e~ ~ oTn~4aIOTCR OT CTaHAapTH~X Teop~~ Ben~Koro 

o6be,q~HeH~R. 8in2 ®w Ha MaCWTa6e 06beA~HeH~R OKa3blBaeTCR CTaH
AapTHbIM; 

- npOTOH RBnReTCR /npaKT~4ecK~/ cTa6~nbHblM; 

- cynepC~MMeTp~R MomeT aapyurar s ca "rnlOOHHblM1 1 KoHAeHcaTOM 
B TeHeBOM M~pe 6e3 nORBneH~R KOCMonor~4eCKO~ nOCTORHHO~.B Knac
C~4eCKO~ Teop~~ A = O. 

KOHKpeTH~e npeACKa3aH~R nOKa BeCbMa CKYAHbI ~ 

n~4aIOTCR OT Teop~~ Ben~Koro 06beA~HeH~R. nOM~MO 

cynepCTPYHH~X Teop~~ cneAyeT: 
- Han~4~e AononH~TenbHblX Z ~ W 6030HOB OT 

U (l) ~ 8U (2) c~MMeTp~~; e 
- cyurecr eoaaaae AP06HblX anexrpavecxux "k

277 

He c~nbHo OT
3Toro, ~3 

,qononH~TenbH~X 

~,cooT.BeTcT

BeHHo, KpaTH~x MarH~TH~~ ~- k 3apRAoB /k - ~enoe/. 3TO 
e
 

cTa'6~nbHble 4acT~Ubl c MaccOI:1 nopanxa Mp L .
 

f3. KOH~4~~E CYhEPCHMMETPH4H~E TEO~HH
 

B03MomHaR KOHe4HOCTb cynepcTpYHHblX Teop~~ BcenReT HaAemAY \
 
Ha nocTpoeH~e caMocornacoBaHHo~' KBaHToBo~ Teop~w nonR, BKnIO ~ 

4alO~e~ rpaB~Ta~~IO. aanee OHa Mo*eT np~B~cT~ ~ K KOHe4Ho~ Teo~ 

p~~ Beruucoro 06be,q~HeH~R. O,qHaKo, KaK yme rroaopanocs, 0,qH03Ha4
Horo nYT~ nonY4eH~R 3~eKTIo1BHo~ H~3K03HepreT~4ecKo~ Teop~~, ~C ~ XO,qR ~3 cynepcTpYHbl, nOKa HeT. K 3TO~ np06neMe MomH0 no,qo~T~ 

~ co CTOPOHbI H~3KIo1X 3Hepr~~, nblTaRCb nocTpo~Tb KOHe4HYlO Mo,qenb 
1I 

l\ 
nOKanbHo~ KBaHToBo~ Teop~~ nonR~ 

nepBaR TaKaR MOAenb 6b1na nonY4eHa nYTeM KOMnaKT~$~Ka~~~ 

cynepcTpYHbI T~na I Ha wecT~MepHbI~ TOP T6 ~2(OHa npeAcTaBnReT 
c060~ MaKC~ManbHO pacw~peHHYIO N = 4 cynepC~MMeTp~4HYIO Teop~1O 

flHra - M~nnca, KOHe4HYlO BO Bcex nopRAKax Teop~~ B03My~eH~~ ~3~ 
Pacw~peH~e Knacca KOHe4Hb/X Teop~~ 6b1no AOCT~rHYTO B paMKax 

N = 2 cynepc~MMeTp~YHblX Mo,qene~. 3,qecb paCXOA~MOCT~ B03H~KaIOT 

TonbKo B OAHO~ neTne B c~ny T.H. TeopeM o HenepeHopM~poBKe. 

. 
a06~BaRcb COKpa~eH~R 0AHoneTneBblx pacxo,q~MocTe~ COOTBeTCTBYIO
~~M Bbl60pOM Ha60pa r~nepMynbT~nneT08, MO~HO n0nY4~Tb KbHe4~YIO 

r>
I 

reopao /14/. OAHaKo r axae reopna Manonp~eMneMbl c $eHoMeHOnOrItl4e '-( 

CKO~ T04K~ 3peH~R, ~60 conepxar aepxans aue nap'raepu 06bl4HblX 
4aCTItl~, HeHa6nlO,qaeM~e Ha onblTe. 

HeAaBHo 6bln npeAIlomeH MeTOA nOCTpoeH~R KOHe4HblX N = 1 cynep
c~MMeTp~4HbIX Teop~~ flHra - M~nnca /15/. Knacc TaK~X Te'Op~~ nocra
T04HOW~pOK Itl He ~c4epn~BaeTCR N = 4 Itln~ N = 2 cynepc~MMeTp~4
HbIM~ MOAenRMItl. Ha60p noneü MaTép~~ B 3T~X reooasx YAOBneTBopReT 
eA~HCTBeHHOMY orpaH~4eH~1O ~ T(R) = 3Ca. 3Aecb Ca - KBaAPaT~4HbI~ 
.. R 
oneparop Ka3~M~pa Kan~6pOB04HO~ rpyrmu , a T(R) oab = Sp itRb, 

TAe Ra - MaTp~~a /Bo06~e,ToBoPR/ npItlBOA~MOro npeAcTaBneH~R 
none~ MaTep~~. 

KOHe4H~e N = 1 cynepc~MMeTp~4Hble Teop~~ Ben~Koro 06beAItlHe
H~R, nocrpoeauue c nOMo~blO npennoxeaaoro MeToAa, BblAeneHbI cpeA~ 

Bcex 06beA~HeHHblx TeOpltl~. B H~X, Bo-nepBblx, ~~Kc~poBaHo 4~cno 

noneü /4ItlCnO nOKoneH~H/, a BO:-BTOpbIX, cyutecr aye'r meCTKaR CBR3b 
MemAY aMnnltlTYAaMItl pa3n~4H~X npo~eCCOB B c~ny Han~4~R eA~HCTBeH

HO~ He3aBItlCItlMO~ KoHcTaHT~ CBR3~. 

14. npOEnEMbl H nEPCnEKTHBbl 

Pa3BItlT~e CYnepCTPYH~O~ KapT~HbI nOKa3ano, 4To 3Ta TeOpltlR 
~ ~ 

RBnReTCR MHoro06e~alO~~M 0606~eH~eM T04e4HblX TeOpltl~ nOIlR. Ha 
TaKOM nYT~,B03MomHo, YAaCTCR noCTpO~Tb caMocornaCOBaHHY~ KBaH
TOBYIO TeOp1tl1O Bcex ~YHAaMeHTanbHblx B3a~MoAe~cTB~~. OAHaKo COBpe
MeHHoe nOHItlMaH~e npoõneau aecs aa npItl6n~3ItlTenbHO, npenRTCTBItlH 
BnepeA~ e~e 04eHbMHoro. Ir1MelO~~ecR nRTb cynepcTPYHHb/X TeOpltli1, 
B~A~MO, He ~c4epnblBalOT Bcex B03MomHocTeH, HO ~ 3Toro, nomany~, 
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cn~WKoM MHOrO, ecn~ ~MeTb B B~AY YH~KanbHY~ KBaHTOBY~ TeOp~~, 

BHYTpeHHe CaMOCOrnaCOBaHHY~ ~ B~AeneHHY~ no CBOHM MaTeMaT~4e
CK~M CBoHCTsaM. 

nO-npemHeMY ocTaeTCR He RCH~M, 4eM onpeAenR~TCR H~3K03Hepre

T~4eCK~e napaMeTp~ Teop~~: n04eMY Ha6n~AaeMaR pa3MepHOCTb npOCT
paHCTBa O = 41 n04eMY rpynna C~MMeTp~~ cTaHAapTHoH Teop~~ eCTb 
SU(3)xSU(2)xU(1)~ KaKOB paA~YC KOMnaKT~$~Ka~~~7 

OAH~M ~3 rnaBHblX BonpOCOB RBnReTCR aonpoc o TOM, KaKOH $~-' 

3~4eCK~H np~H~~n nem~T 8 ocHOBe cYnepCTPYHHO~ TeOPH~1 803MomHO, 
4TO cy~ecTByeT 0606~eH~e np~H~~na 3K8~BaneHTHOCT~ OTO B npOCT
paHCTBe Bcex CTpYHHblX KOH$~rypa~~H, np~BOAR~ee K reOMeTpH4eCKO
MY on~caH~~ cynepCTPYH. C 3T~M cBR3aHO ~ nOHHMaH~e Toro, KaK 
reOM€TpM4eCKHe CBO~CTBa onpeAen~~T ~~3HKY npOCTpaHCTBa-BpeMeHH. 

B 6nHma~wee BpeMR, BepORTHO, Mbl Y3HaeM OTBeTbl Ha MHorHe Ha 
nOCTaBneHHblX 3AeCb BonpOCOB, H CTaHeT RCHO, RBnReTCR cynepn~ 

CTPYHHaR TeopHR'cTonb AonromAaHHoi1 "TeopHei1 Bcero Cy~ero" ... 
/IITheory of Everyth i ng" /, Hn~ C~HRR rrraua 8HOBb Bb!çKQrn~sHyna Ha 
HaWHX PYK. 
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H3naTenbCKHH OTnen 06~enHHeHHOrO HHCTHTYT8 HnepHNX HCcnenosaHH~ 

Ka3BKOB n.n. P2-86-91 
CynepcTpyHbi HJIH 3a rrpep;e.naHH CT:1Hn;apTHbiX npep;cTaBrreHH!' 

B p;oKnap;e paccMoTpeHbi ocHoBHbie qepTbi cynepcTpyHHo:r~ 

KBpTllHbl MllKpOMHpa. 0Ha npe,ZJ;TIOJIBI'aeT cy~eCTBOBBHHe HeJIOK3JibHO
rO o6beKT3 - CTpyHhl B MHOPOMepHOM /D = 10, 26, 506/ npOCT-
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paHCTBe-apeMeHn Ha MaCrnTa6ax nnaHKOBCKOH p;JIHHbi I I 0 CM/. 
Ppu nepexop;e K 6orrhrnHM MacmTa6aM npoucxop;nT JIOKaJIH3BUHH 
ll KOMTI3KTH¢HK3UllH TeOPllH. B pegyJibTBTe B03HHK3eT g¢¢eKTllBH3H 
CyrrepCHMMeTpllt!H3H Hll3K03Hepre'l'H'!eCKBH TeopHH-, 06'be,ZJ;HHHIO~BH 

BCe ¢yHp;aMeHTaJibHbJe B33llMO,ZJ;e:i<CTBHH, BKJIIO'lBH rpaBHTBUlliO. 

Pa6oTa BblllOJIHeHa B lla6opaTOPllll TeopeTH'!eCKOH ¢H3llKll 0¥UUI. 

Coo6meuHe 06'be.nHHeHHoro HHcmryra H.UepHbiX Hccne.noBaHHH. lly6Ha 1986 

IIepesop; aBTopa 

Kazakov D. I. P2-86-91 
Superstrings or Beyond the Standard Ideas 

In the present talk we consider the main features of 
the superstring picture of microworld. It suggests the 
existence of nonlocal object - the string in higher-dimen
sional (D = 10, 26, 506) space-time on the Planck scale 
(Jcl 33 cm). While transition to larger scales the localiza
tion and compactification of the theory occur. As a result 
there appears an effective supersymmetric low-energy theory 
unifying all the fundamental interactions including gravity. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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