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TeopHH cnoeTpHH aneMeHrapHux qacraq eaxo~arca 
ceRqac ea TOR :e CTSJtH, qro R nepHo,JUiqecxan 
cacTew aneueuroB leHJteneeBa, xorAa BenHcb ee 
llORCKB. cerOAUDHHe BCCJie,llOBaHHa OTHD~b He pe
maDT ~YHAa.MeBT8JtbBOR npoOxeim llOBHUaBHB 3aROHOB 
nnennu, nporexaDDUIX B ynbrpaKWiux ~cmraoax a 
npH 3KCTpeJmJibHO BHCOKH~ 3Beprnax. 

I.BB e g e H He 

IlORRTHe CHIOleTpHB B ~K3KXe 3JleKeRTapHHX qacrnq npeTepneno 

B noc~eABHe rO,llH CYl8CTB8BB08 H3K8BeHHe. CHIOleTpBa, C KOTOpYJOI 

npHXOA]ITCS HKeTL ,lle~o, oxasuBamrca CHJILBO Hapy■eBBHJOI, HO, X8.K 

3TO HH nap6,JtOKC8JtbHO, Talt08 &apy■eu1e pa3yKBO Dpe.lJlOJiaraTL 

BKeD~D npocrue rpaucl)opxaJt)IOBHHe CBORCTBa. Ilpoepu - YHHTapRM 

cnJmeTpH! c oneTHHK eapy■eBxeK, xapanuaa SU (!l) XS' U. (-2) 
CHIOl8TPHS C Bapy■eH■eK rzna 4-R KOKUOR8Rnl KRP8JtbBOrO Bexropa, 

n, H8ltOHert, KHP8.JtbHa1 SU. (.yx SU{J) cKDerpu,. CBR3aRHM 

C B81TOPHHHII H aRCR8JtLHHKH TOKaKH H3 c.na.Ooro B38JIKO,llelcTBHR, B 

xoTopoR no rnnoreae renJI-laBHa-Qaxca-PeHRepa /I/ napymeuae HMeer 

TpaBcq>OpKaJt)IOHH~e CBOltCTBa (.'.3,.'.3~)+(.'.3~3) npe,llcTaBJieBIS. Rax noxa-

38Jt BalHOepr 121 ua npxuepe KHP8JtbHOR SU C2) )(SU(.£)_ czwer

PIH, TaKYD CBTYaIUID UOlltHO ~8HOK8HOJIOI'HqecxH llOHSTb CJie~mut• 

oOpaaou. 

IlYCTb reopmn HHBapHaHTBa OTHOCHT6JlbHO BeXOTOpOH rpynnu G,. 
xoropaa peMR3yerca HeJIHHeRHWOI npeoOpa30BBHHRD nonen a ronoxo 

ee "xopomaa" noirpynoa·H npeJtCTaBJiaerc1 naueflHHKB npeoOpa30Ba

HBa1m. Tor,lla 8.JtreOprutqecxHe CJie,llCTB'HSI - KJiaCCH~HitaIUrn qacTHit no 



yYJII,THIIJl8T8.JI H, B00611te, COOTH0118HHS :U8QY npoueccaJOJ C q>IIIKCHpo

BaHHHII 11ac:to:u -qacTHit ~ 6yJI.YT cus11Hu ~0Ji1,10 c "xopomen• noirpyn

nolt H • B ueJiou :e c111111eTpHS G 6yJteT lBH6JOlqecxoa, oua 6y,1teT 

,l8.BaTI, orpaBHll8HHS Ha BH,lt B3all':UO,lteHOTBBi H TeopeJm KaJlHX 3Hepraa, 

BO He IIPHB8,lt8T K aJire6pa11qecKHK C~8,ltCTB~S111, B qacTHOCTH, It KJiac

CHq>HKaUBH DO yYJILTHII~eTa.JI rpymw (; • 01U018TPHSI Olt8.J:8TCII cnoH

TaBHO HapymeHHOlt,B TeopHH ,ltOJIZBH 6HTI, rOJIJlCTOHOBCKHe IIOJIR (BHze

roJI,JtOBU) c KBaJITOBHIDI 11HcJiaw reHepaTopoB rpynne G , nopoZ)ta- · 

l>JltHX H8JIHH8HHUe npeo6pa30BaHHa.·nna ,lBH8JOl118CKHX CHIWeTpHt! xapa.it-
- / 

TepHo, llTO DPOH3BO,ltHHe nonea BX0,1lRT B JiarpaHDaH qepes Ta.It uase-

Baeime "JtOBapBaBTBH811 IIPOH3BOJUIU8. IlpH 3TOU aJmJIHTY.1lH paCCOIIHHS 

Bnepe,1t ron.1toHoB, ·onHceBaeime rpa.qi111taim THna iepeB:r,eB.(T.e. 6es 

sauxuyTux neTen1,)JpacryT CJIHm1to:u 6ucTpo npu ~on1,ux sueprmax. 

Ba.ltu6epr BUJtBHHYJIIIOCTYJiaT, 'IITO COBOKYllHOCTI, Bcex ,1tepeB1>8B iomma 

,l8.BaTl> aJmJIBTY.1lH C pasyimu:u aCHHIITOTH'lleCKBU llOBe,ltOBHO:U, He IIOP

TSillUU.f, aanpuuep, npexcxasamtH teopHD noJii:icoB Pe,ID£e. sro tpe6oB'a

HHe llPlfBO,lHT K BOCCTaHOBJIOHHI> anre6pallll8CKHX CBOICTB B HYmIOH 

uanp8JIJI8HHH. BoccraHaBJIHBaerca KJlaCCHq>RKaUHa' no yYJil>THnJieTau JVIR 

qacruu C sa,ltaHHOt! CIIHPaJI1>HOCTI,I)~ HO WCCOBHH onepaTop He HHBapu

aHr, a o6Jia.itaeT npocrew Tpaacq,opKaitHOHBHo·cBoicTBrum. B ·xxpan1,

noK SU (fl)xS'U ()) ,1tHHru.mxe onepaTop KBa.,Ttpata 11accs rrr2 uo·xeT 

coxepzaTi. npH11ec1, ~lt 1towoHeHTH npan1>Horo Benopa1~ B yHHTaP

HoK CHIO(etpHH BOCCTaltaBJIHBaerca xnaccHq>BKaW{a no YHHTapHHU 

cynepuynuanJ11ra.M, HO oneparop KBa.itpaTa wees 11oxer coxepzan 

npH:UeCl> OKTeTa (H TOJII,KO OKTera/.'.3/. 3TH npHlleCH B03HHKal>r B re-

OpHH C roqHolt·,lHHrumqecxolt CHWerpHeK, He Hapyma1>r ee, H. II03TOJIY 

:uoryT 6ur1, 60JII,mHIDI, OHH eCTI, CJie,ltCTBHe ,ltHHalfflqecxoro orpaHHqeHHS 

Ha B03:UOZHUK pocT a.MIIJIHTY.l Bnepe,1t, -OilHCUBaeMUX rpa.qiHKaMH",ltepeBLRIOJ. 

4 



CH101eTpH1> SZ/(3),.S'tt (3) c JIBHeapH3alO'lei aa · ymn:apnoR 

rpynn~ S't({3) pacc11atpxuan B stoli. _n.11aHe CaJtdep/41. o~a_x~ yHH

tapHM CHIOleTpHJI ca11a CHJILHO napymaeTCJI~ Ilpe,1tcTaBnJ1eTCSl donee 

lIOC.118,lr;OBatenMWII B3YtJRTL ,lr;HHa11HtJ8CXll) CHIOleTpHll $' U (3)x St{{3) 

c JUIHeapHSaitHelt Ha 38J3e.ir;oMO. xopomett no.ir;rpynne H3.otonettecx~ro 

cnzHa H rxnepsaps.ir;a SU(i)xy • 3ToK 38,Jtatte nocumena nac

TOBDtaJI padota. 

PesyxuaTH lIOJIYtJRllTCSl odna.w;enBall!IIHIIK. BOCCTaHaB.BJfBallTCSl 

anredpaHttecxae cBolcTBa , S'U (J) x~t( (3) Tax1111. odpasoii; ttro . 

onepatop KBSJtpata imccu uoseT co.ir;epzan npHu:ec1, npexcT8J3JleHH,SI 

(3,3*) + (3, *3) R 
0

TOJIUO. Taxym npH11ec1, B COOTB8TCTBHH .. C nony

JlSij)HOi,t celqac rHlIOTesotr'II, H B03HHXallT ,lr;OlIOJIHBTeJl;HH8 ~tpan~.:. , . 

tf8HHJI. Bazuoe OTJIHqBe paccu:atpHBae110K ,lr;HHaJIHqecKOI CHWe±pHH OT 

113yqeHHHX panee /a-4/ B TOK, tJTO KOBapHwtTHH8 lIJ)OH3~0,llHHe roJI

,llOHOB ( TT- , k- , 7- H ~ -U830HOB) CO,JtepzaT OllJIHH8ilHHe no 

lIOJIJIU qJ18HH. rrepcneKTHBH H TPYXHOCTH lIO,JtXOJta, B qacTHOCTH, npod

Jieu:a wees TT- , j(. , t H '2e. -uesoHOB, odcyQamrca B s,ax11mqe .. 

mrn. 

2. _A11naw1qecxaa cm.meTpiur S1J(3)xSzt(3) c JIHneapHsayzett 

ua noJtrpYnne HsocnHHa H nnepsaps,llja 'U1 -= SU(t) x r 

OdosuaqHI,( renepaT~pu $U(3)xS'U(3) qepe3 r-<-, t"$(d. ..r, ... a~ 
renepaTopauu ee xopomea no,1trpynnu HsocnHna H rHnepsapa,1ta 'U.(2) 

dy)I.yT f' ( i = I,2,3) 11 F 8 
• cornacno odDteB TeopHH 15 ,6(. 

. F. -
BBe.ir;eu neodXO,JtHUHe B 3TOM cnyqae roJIJtOHH: Tr - M830Hl:l TT;, =-.t 0 i. 
·? -·ueson ?={lea., k - uesouu Ka.=-¥ ea. HCKaJJSIP

nue l,f30CilBHOPHUe ~ - Jl830HH ~O.: ~ ea. ( £t.= 4,5,6,7), 
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I, 

r.1te T - uatpnm,17 npe,1cT8.BJ1SIIDtHe xsotonnqecxne BpanteHHa nona 11' , 
8 . 

o.. ~ T -= Y - ero rmnepsapa.Jt. Hs (2.4) cne.JtYeT 

· -F;1 
('1>1<-'or) rri =- F; 1F;1 

fia.8 ~a. i ke + 0 (0 9, 

;,-
1 

( '1Jr - ~r) 'l = Fit F~-
1 f Ba.f ~4. ~ ke + 0 ( 0 ~, 

.r,:-1 (0,- ~t')Ke.. =f; 1(-r:r· 1
fo.e;, ~ i rr"·+fi·'-/4;a 'Jf.o; 7) + O(e1~ 

K (2.6) 

f-1 (2'14-of)a:>q=~-<(+;,-feti kc i Tli +~-¼eake ~ 7) + 0 (0 ~; 
~ 

rie·srano BHDBCaHY TOJILXO ■HTepecy1111P1e nae 6HJIHH8HHD8 no DOJID qne-

HY, 0 ( 93
) .. q~m,..rpenel crenen1, fol_p1 - crpynypnue xoncraR-

ru SU (J} , A 'o ,µ13 -=A ~ft 13- 'Jµ A B • 1Io,Jtqepxne11, qro B cny-

iraax upa.tLHoR rpynnu S 1) (2) XS U (1} n ynarapnoR cawerpBR 

ltOB8.PB8HTHHe npoK3BOJtHHe ne coiepza.JlB dBJIHHelHYX no DOJlRJI qJieBOB. 

3,1tecL ze, B SU (3) X SU (3 ), OH■ noeJU11>Tc11 H 6y,Jtyr arpan Baz

uy11 ponL. BHJt ar1x irnenoB 38.Blclr or BHdopa •npeicraBarens• rpynnu 

SU (3) x SU(3)/uu1.) • }lJIR ,1pyrnx BYdopoB, Hanpxuep 
e i9,t f"''. e• 9itF' BJIB e" G;, ,=-•s,._c',&at•s-e i. 9~,Ftts--+i, 84 -,:tt. ' odcyJ[Jta-

ewx B / 6/ , 6HJIBHeHHYe l1Jl8HY Hll811T ,1tpyroR BH,Jt. PasuqHHe BY6OpH 
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npe,llCTBBHTenen COOTB8TCTByDT pasnuqHHY BHdopau nepeueBHHX nona 

,llXB onHCaHHB DHOHOB, Ka0HOB H xannaoHOB. Ham BHdop HaHdonee CHU

HCTpMlleH H ynpo~aeT ,llMLHeill!He BUtlHcneHHB. 

Bee nona, BX ROBapHaHTHU8 npoH3BO,llBH8 H KOBapH8HTHHe npOH3-

BO,lBU8 roJIJll).BOB npeodpasyDTCff no n1ueBHBM npe,1tCTaBX8HHBM rpynnu 

H3ocnHaa II r:r,mepsapa,1ta U(.i) :r;ipH nmdux npeodpasonamsax $U(3)xS'U(~ 

(TOnLKO napauetpe 3aBHCBT OT rOMOHOB). Il03TOuy nmdon xarpaunau 

<5y,1teT SU(3)xSU(3) HHBapHaBTBHu:, ec.n11 ou noctpoea ms pa.sJ1Dquux 

HSOHYXLTlnnetoB,aX KOBapHaHTHllX npoHSBO,llBUX H KOBapmaHTHUX npOH3-

BO,lBUX Tr; q- J k- H ~ -u:esouoa tax, uo<5u codnD,1taJrac1i H3otonuqe .. 

cxan HHBap~autaocTL H coxpauancn runepsapH,Jt. IlPH atou ae uy:rmu 

HHKaxHe CBff3H U:8%,ltY SHaqeHHmm: Mace qacTH~ C pa3Hlnl H30CfiHHOU, 

ranep3apB,llOU, qeTHOCTliD H T.,ll.)H HeT HHKaKHX orpauuqeaen Ha KOH

CTaHTU CBB3H. Bee anre<5pa.Hqecxme CXC,llCTBHB ,llllB8.JDlqecxon CHHHeTpHH 

SU (3) ~SU (3) cBo,1tatca x saxonaH coxpauenu 11socnmua H rmnep

sapB,1ta, cansaunw c GH no,1trpynnon 'U (.i) ,_na xotopon oua nHneapu

syetcn. CHuileTpliia ~u (3) 1- SU (3)B TaROJ.I DO,llXOJt8 CllOBTaHBO napymena 

H aaet tonLxo ,1tmnauuqecxue orpaumqeuna mna teopeu lt8JIHX snepren 

,ltJIR 'IT- , 1- , I(. H 3e, - U830HOB • 

JiarpaHJ:HaH CYll\8CTB8HHO uemrneen lit C H80<5XO,ltlUlOCTLD CO,ItepimT 

B3aHUOJt8DCTBHB C npOH3BO,lBUJ,IK. H3 BH,lla KODapHaHTBHX npoH3DO,lBHX 

( 1.6) cxe,izyet, qTo odasatenLBO HH88TCB UHHHlt8JILHOe KOHTBXTH08 

B3aHUO,llettcTBHe, ODHCUB8l)lltee paccesmae tr-, ~ - , I( it ';;ie -Ke30H0B 

BH,lla , 

-;trni•r:= \'f/ (x) [F;
1
E,ik 1If·t TT)(+ ( fK-

1
Ko. 1;. ke +~-i~ct ~ '£:e) £tte] f 

(2.7) 

+ ~
8 

(x) ( FK- 2
ko. ~ kc-t f;c-1ae,/tr a?B)fsiie -t O (BJ. 
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RpoMe Toro, uoiryr OHTh H8MHHHMMLHH8 B3aHMO,Jt8ffCTBHR C OJtHOR Ko~ 

BapHaHrHOR npOH3BO~HOH 
I -1 ~- _r:--1 a.. /;_-1 a. t> 

'i : Frr V,.5 7)/< TTi,-+ TK ~s~ka-+ ;ie Vr £)/< ~"' 

-1 8 (2.8) 
-t- 1 v,..~ Dr 7 · 

ii B38J!JlO.lt8ffCTBHH C OOJILmHM llHCJIOll KOBapHaHTHWC npoH3BO,JtHWC TT- , k-, 

ct H ? - 1(830HOB. B (2.7) H (2.8) ~l (J<) - coxpaH.IIIIDtZRca 

1rnorpnH1J8CKHtt TOK, ~ ~ 8 ( x) - COXpaHS:llllllfHCa rznepsap.lI,llHHit TOK, 

VJ<; (X) ( ~ = I,2,.3), ~~ (X) ( Cl= 4,5,6,7) H ~: {x) lp8HOM8HO-

JIOrHt18CKK8 8.KCHaJJLHUe TOKH, ~a.(x) ( a., .. 4,5,6;7) - cpeHOJl8HOJIO

rH118CKHH Jl8HSl11DtHI CTPaHHOCTL B8KTOPHHff TO~. 0TJl8THU, llTO (2.8) 

OilHCHBaer He TOJJLKO BepmHHH, HOH KOHT8.KTH08 B3aHMOJt8HCTBH8 3a 

cqer OHJJHHeffHHX no DOJISW: IJJI8HOB B KOBapHaHTHHX npoH3BO,llHHX (2.6). 
~R OT~8JILHHR rpacpHK tettHMaHa ,llaeT H8~0nyCTHUO Ouctpo 

pacry1I1Htt c 3Hepreett BKJia,tt B rumJIHTYJlY, no xpaffHeff uepe B HHsmeu 

nopa,1.Ute, ROr,lla HCDOJIL3YIITC.II rp&pHKH-~epeBLs:, r.e. ~arpawm ~effH

uaua Oes 38.lntHYTHX nereJIL. CJie,Jzya BaffnOepry 121, w notpedyeu, 

IJTOOU COBOKYDHOCTL BC8X B03L~mIHX 88POBL8B ,nns: Eaccemma Bnepe8 

npHBOJtHJia R rumJIIITY.llau, 1coropue He. nopraT npe,ncxasamrn reopum no

JIIICOB Pe,!J:e. UH TpeOyeu, qTOOH H9JtOnycTHIW8 BKJia.JtH rp&pHKOB-Jtepe

BL8B KOMII8HCHPOBaJIHCLB36lfUIIO, OT.lt81lLHO OT BKJla,llOB rpacpHKOD C neT

Jimm. 3TO TpeOOBaHHe IlOCTYJiaTlfBHO, oOoCHOBaTL ero TPY.ltHO. OHO oxa-

3aJIOCL IlJIO,JtOTBOPllllll B RHpMLHOtt $U (2)-y.ff U(l) CHIOl8TPH✓21 H 

yHHTapaon cu1D1etplnt SU {3) 131, u .ltMO pasywue pesynuaTu. 3.JteCL 

:uu npoBe,Jteu sty nporpauuy JtJIH KHPMLHolt cmweTp1m S'l( (3) x t ti {J) • 

,3. ACHUilTOTHKa auIIJIHTY,Jt, 0IlHCHBa8J4HX rpaq>HKalffl-88P8BLJWH 

Pacc11otpHu, cJie,llYa BaltaOepry 12{ KOJIJIHHeapme npoueccu M-+J ~ 
➔ M1 

-t J , r,Jte d. H J - JI110ue 11acTHitH HJIH pesoHaHcu, 
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I 

a M , M - Tr-,~- , k- 11 "c)e-Ke3om, xotopue B 3TOM 

noixoie nnanT~a ron)toaams1m w 6y)teu npeae6peraTb HX uaccon. 

YA06Ha XOHHHHeapaaa CHCTeMa, B XOTopon 

_ I I 4 •t ..,., ➔ I ,-t 

~,.-n~w,i/"-=YLfiWJ p=-np 1 p;:-np, /n/::n 0 -=1; ('.3.I) 

I I 

r)te ft,14, q,,-, J pt' , pf' 4-HWIYHbCH 'llaCTHil /1 , MI , d_ H 

j3 , COOTB8TCTB8HHO. coxpaaeHHe 3HeprHH H HHIIYBbCa )taeT 
1 'l 

p+fp1t;J =P1+Yp12tmJ; E) W 1= Ul-t- tn~~m..a . ('.3.2) 

H BHBapmaHTHHe nepeueaHHe 3anHcu»anTca 

i i. a 'E S' = In~+ .2. u,, E J t-= 0 , 1(-= h1e<.. - .z. UJ • ('.3.'.3) 

CmtpMbHOCTb coxpaaaeTca, At '::: Ay = ~ 

B Taxon xnaewTsxe yio6ao napaKeTpH30BaTb qieaoueaonorJNe

cxae TOXH, BXO)tBlltHe B 3qxp8XTHBHHH narp8.HZHaH (2.8) B BH)te 

<r~~jl nr~~',:'
8(a)/p,A,J>= ~E1t~).' [Ta,c'.,s;r(")] 

(!lrr) hpopJ J3J. 1 ('.3.4) 

JI Cl cf <r"JI n V (o)/ p .,\ rl.'> =- '( E A.\' [T ct (r\)] r f . J ) 1/ (in) l '-Ip b~ J d ) 

T QS · t.5' 3S' •, Q 
r)te ( ,\) , T (.\) , T (,\_) H T ( ..\) - 3pIDITOBH imT-

PHilH, 3aBBCRll!ll8 OT cnHpMbHOCTH • 

MU 6y)teM H3yqaTb acHwtTOTHKY HHBapHaHTHHX amtnHTYi no 

:meprHH 4J npH qJHKClpOBaHHliX HIIIIYBhCaX qacTHu c( H .J • 
rpacI>HKB-)t8P8Bbff )tanT aHIIHHTYAY BH)ta 

MJH',d.k (w>~)-=- Pjk'JdH ( w,,X) + 

..t.. Lu OJ I "5"" _o~k1,clk (((),~) Ji.ll t 1 (-C.U 1 
,\) 

I I L -1- JH,(X./.f , 

"lf S - ~~ IO U - mj:-

('.3.5) 



- H8KOTOphlll n011HHOM, OilHChlBaDDtHR KOH

TaRTHhl8 B3aHMOA8llCTBHlI Pl 06MeHhl BPlpTya11LHhlMH qacTH~aMH B 

t-KaHa11e,rpaqimrn p~rn.I(m.1.cTp.24).0cTa11LHal'! qaCTL aUI11IHTYAhl COOT

B8TCTBY8T rpaqiHxau pHC. 2 C o6ueHOM pa31!HqHHMH qacTHrtaMH (/' B 

S - Ka.JJMe; li_,H:J.k lw1A) - Il011JiIHOM no Lu , B03HHKaDDtHtl Pl3 

qnc11HTe11en nponara:ropoB ¥ - qacTHit, H UHO:a:HTe11L w i.U' .itam 

npoH3B0,1tHh18 ro11,1tOHOB B 3qxfJeKTHBHOM 11arpaH:a:HaHe (2.a). 
Y.it06HO BB8CTH ruoI11HTY,JtH 

M-R/i'Jdk (w,,\) s:: (w~w·r 1( M'jH~d.H (<.v,A)-M_pk,dk' (-w~,l)), 
.F (J.6) 

Myu'Jdk (w)A)-= J {M_,H~<i.k(w,,,,l)+Myk,JM 1 f-w;;J), 
KOTopue qeTHhl OTHOCHTeHLHO 38.Jleira 1..<; 8 - w I M ~ (-r .. ))= M-:;: { w) 

B CH11Y CBOllCTBa KPOCCHHr-CHWeTpHH • .Alln11HTY,ltll Ar(M+) C HH,JteKcai.m 

O,JtHOro TJiina aHTHCliIW8TpHqHu (CHWeTpHqnH) OTHOCHT811LHO 3all8Hl,I 

HH.itexcoB ~ 'E-1 j .ltJIH peaKrtHn lT ~ 4 TT j , a.~ C .Jt11H peaKitHll kq ➔ kt , 
~Q. ➔ ~€ • l{11SI H,1t8HTHq>HKartJU1 ItBaHTOBhlX qHce11 B i - KaHMe 

n01183HO onpe,1te1IHTL CHWeTpHqnue H aHTHCPIW8TpHqHhle 8.l(JI1!PITY~ Pl 

.itJIH peaRitHtl k' ~ ~ : 

l{11H H3yqeHHlI acHWITOTPIKH pa31!0XHU 8.MI111HTY~ Mi B PH.It 

JiopaHa no w 

(J.7) 

(J.8) 

K03q>q>HitH8HTH npH noJIODT8JILHhlX CTeneHSIX H 3aBHCSIT OT He

WlHHMMbHhlX B3aHMO.itetlcTBHll C .ltBYMlI KOBapHaHTHhlMH npoH3BO,ItHhlW 

r011,1tOHO~ H He onpe,1te1ISIDTCH 0,1tH03HaqHo. O,JQiaKO K03!pPHitH8HThl npH 

II 



ByJieBOI H OTpHuaTeJILHOR CTeneHSIX H onpe:a;enorcs noJIHOCTLIJ OJtB0-

3HaqHO H Bupaxa11TCSI npocrHM H 3JieraHTHHM odpa30M qepe3 BB888HHH8 
i, a. 'B'S I, . . 

Bume cpop114i8.1cropu T ' > ' {,\), T (A) (3.4) H reHepaTo'pH H3ocn1-

Ha H rHnep3aps:a;a Tl, T 8 
• JJJ.eRCTBIITenLHO, non~rno11 E. JIHHeKHO 

co,nepuT a) onepaTopH. H3ocnHHa II r:anep3apl)ta Tc. H T' 3a 

cqeT HHHHM8JlLHOro ROHT8.XTHOro B3aJIIIO,IteKcrBISI (2.7), B XOTopoe 

BXO,JUIT COOTB8TCTBYDDUl8 coxpaHSIJlltH8CSI TOXH v/ (x)) V,:8 (X) , 
T c IJ.,g•rr.) ~( ) II o) rpopuqia.xropH l 

1 ~ H T ~ 3a cqeT HeMHmnm.JILHliX 

ROHTaRTHHX B3aHKo,neKCTBHR B (2.8), B03HHXaDDtHX H3-3a HaJIHqHSI dH

JIKH8IHHX no nOJISIK qJieHOB B KOBapHaHTHHX npOH3BO,nHHX (2.6). 
qneHH HYJI8BOI H OTPKU8.T8JILHOI creneHH W B qacrz aKnJIH

TY.llH, onHCHBae110K rpaq>IIK8JDI puc. 2, onpe,neJISIIITCSI qepe3 
~~ (tni l?l'l ) ..n.~~ _Q_ , J ,~. i- L, A , r.e. 3HaqeHHSIKH noJIJIHOKOB B 

• ,,., ,"' 1'1 .f. E. 
noJiil'ce 3H8ll8HaTeJISI, Ha llaCCOBOI odoJioqxe qacmrt ~ • 3TO Bl.It-

HO H3 aH8JIHTKqecxol CTPYETYPH 8.JIIIJIHTY,llH B npxdJIKX8HIH .nepeBL8B. 
~21' 

O.nuaxo Ha llaCCOBOR OdOJIOtlE8 qacmu }r DOJIHHOIIH _fl OBJIKH8IHO 

BHpaxaDTCSI qepe3 ~Opllq>a.KTOPH 

I 

?;"lf ( m:-11\i ~):: ,, E1r;i r,/ f M (A)J [ TM(>.)] (3.9) 
-A :PH~J,'i 1. E > '.J~ 'KJ ' 

Hanp1111ep, .JtJISI npouecca k a. -tel ➔ rr" -+J 
i '2. • - tlS: ,1 "'o 1. /ti l6E -1.s- U 

J2 JlTi,cl 1<:. (""1-;-,A) = f",,- Fie [I (,1)1;, LT (.\/ lr.t, (3-~) 

RoHCTaHTHH8 qJieHH aKnJIIITY.It Ji 3aDKCHBalJTCSI (3iecL H BIX8 

B ctarLe no,npa3y11eBaerc1, 'IITO KatplrtY T .. ecTL tYHErtHH cn1paJ1L

HOCTK )I H SIBHO 3Ta 3aBHCHKOCTL He BHDHCHBaercs .ltJISI xparxocTH). 
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(J.IO) 

j{OHCTaHTHHe ttneHU B rumnHTy.nax f,(+ HMCllT BH.n 

(nunacauu TonLxo HHtepecy1>~He uac B ,nanLHeffmew awnHTy.nu): 

MJ-t Tr d.TT• O (>i) =--Jr;;2
f[r';[Ti~ rn:Jl -t [ri;rr~~ r>itJJ' (a) a' ~, li ' !l 'J_j,ot. > 

Mt , (>.)=-if:·!/ [T 42[TGs-m1Jl-+ [r1~[TO.S >ntJJ} ( I} 
j ki >',l k~, 0 K { I J J U J J • •• '.!cl. J 

1JL- o. - i 1.1J [- e - Cl :f' Mj~n.,d..~e)c (1'.)~-tr;11 TJ LT>mJ. -t r, Lr, n, ~~!yd.., (l) (J.n) 

MJks,d.'£~jC(A) =-.2~-,f~'{[T~[r'>>-i1J]-t{T:,[r~ 1ni]]}J"- (-i) 

N; rr,_,cl ko.jC {A)=- JF/ F/{[T 0
~ [~'~ m1

]]-t [Ti:· [ra: m
2

]Jp..t ( 'd) 



M+ ( 1 -1fi[ q[- i.S i11 [- ,;~ <t l1Jll 
jTTi.,d.-ftt.jO ~):-.2f_;frr-z 1 T1 T>rnJJ-+ T 1 [T,m 'f_Jd.,(e) 

r~e BBe~eHa ,JtHar0HaJlbHaJI uaccoBaa uaTpuija 

z 1. I\. 
h1 "2fd. -::: tl'l..t O ~el.. (J.I2) 

ltB0RHHe K0lWYTaT0PH B (J.II) ec'Ib aamscb BHpWll:eHHR 

{ 
i 1. ~)(T,,.Te' -9'-9) · ~ J n, If - l'nel -mj j lJ t!d. -t ~ cf /'If cL , a 0MHHapHH8 

h- e lf' 0
1 

- e) 
K0liyYTaT0pH B (J.IO) 03Hatla.DT ~\._j)' T;r,1. - !;¥ /'¥.l • 

qneHH paanozemrn (J.8) nopSI,11;xa w- 1 oC!pfllllaDTCJI B HYJlb. BHnH .. 
2 . 

meu K03qxpH~eHm npH w- B (J.8) ~JISI H8CKOJibKHX PIHTepecylJlltHX 

Hae aMnJIPITY~ li': 

M; Ke,Jk._;-L (A)= l.E" 
1 r,;f r~' lh '), [r

1
~ 1n J}_j .l, 

Hj ~e> J.~)-2 0) =lE-1 ~-2 [[1~ tnJ) [rf m1Pl , 

M;k d.'¥! ·-2 {A)=2 E-1~-,~-1[[r~m2.]J[Te~ mJ]Bd.J 
.J C1 4, 0 

M'J- rr· elk ·-2{))=lE-1
fk-

1
Ftr-'[tr~s-ll1J [T~,s-n,i_}1 1 

t.J a., J !Jycx. ) 

{\;fJ- TT· J,-,o ·-.2(A)=.2 E-
1f;'Frr-'[[r~rn2J, [rL•mtJl'J 1 

t.} Cl'-0,) ) 'J "') 

..... - -

(J.IJ) 

AHMorPitlH0 :iroryr C!HTb onpe~eJieHH xoaqxfJH~eHm paanoxeHHH 

allllJIHTY~ npH L(;·-
1 , w-'1 H T.~. OHH Hae He C!y~yT 

HHTepeco:BaTb B ~MbHeRmeK. Kax yxe r0B0pHJI0Cb BHme,K03qxpH~eHm 
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pa3JIOZ8BHR a)IJJJIHTY.Jt npH llOJIOZHT8JlbHHX cTeneHHX W He BHpaxaDTCR 
~rrm'l."'t) qepe3 ...Q. ~£•)). 0.JtB8XO Bcerxa KOZHO o6paTHTb HX B HYJib ny-

TeM ,Jt06aBJieHHR COOTB8TCTBYDDUU,1 o6pa30K noxo6paHHHX H8JIHHHMMLHHX 

B38Jll(O,JteRCTBH'1 C .ltBYUR H 6onee XOBapH8HTHHlffl npoH3BOX8Hl(H OT TT , 

7 , k , ~ , xoTopue He BnHRDT aa xo3<Ixl>BilHeHTH npa uyneBoR 

II OTPBI{aTeJILHOll CTenenax w . 

4. Bosm1xu0Be&He anre6JE SU(3)xSU (3) 

nepeH,JteK TenepL X B3BJieqeHHD CJie,JtCTBBR H3 OCHOBHOro Tpe6o-. 

BaHHH Mre6panqecxon peMH38.I{HB, Tpe60B8HBD, qTo6u 8.)II]JIHTYJtH, 

OllBCHBaewe rpaqiHKaJIH pnc. I,2, He HapymanB npelCKa3aHBH TeopHH 

Pe~e. HaqueK c rumnHTY.Jt M- . .AMnllTYJtH ir ,1tonnu pacTH npn 

60JILIIIHX 3HeprHHX CJiaOee, qeu 

) 
(4.I) 

rxe ol.r; y ( o) - HHTepcenT Be,1tyuteR TpaenopBH B t - xa

Hane C R30CllHHOU T H rnnep3aps,JtOM Y • ( w- 1 B03HHXaeT H3-3a 

HHOJ.:HTeH ( w-tw1
) -

1 B onpe.itenemrn M- (3. t.). Tonnxo lJIH 

tpaextopnn rrouepauqyxa HHTepcenT paBeH I, .itns Bcex xpyrnx 

tpaenopmn o{_ ( O) < 1 • OJtHaxo nonDC nouepauqyxa ue .itae:r 

BKJla,Jta B aKnJIITYJtH ,. (cM.TaOJI.I) CJie,JtOBaTeJI&HO, Bee aKnJIHTY

JtH ir .JtOJIDH y6HBaTL C POCTOK w ' H ll03TOHY KOHCTaHTHHe qJleHH 

Lf''. ... · 0 0) ,JtOJIDH o6p611laTLCJI B HYJIL. 1Ip11paBH11Bas HYJID npaBHe 
I 

qacTH paBeHCTB (3.IO) , HaxO,ll,IK 

[Ttr~ T1:5"]-=~ftrt:d"rd"" (a) {tr,-c,l-•:d,£r.,1,8) 

[T~) (t,J . _f 'T'-z;-) T =- t- Ta-ti.. 1; ( I) 
( a,B; 'f,r;o, r; :, :11 .t,1) 

[T~ TC] :~fo.&i Ti+ ifaesTs CC) 
15 



Ta 6 n 1-1 Q a I. 

,.JJ[IJITOlJLlt; '!llCna D -t -;;aHBJIC I ,m;n,upyl>E\Bfl TpaeKTOPllfl 
v1 cu tt!ITepcenT 

PCUICQHH 

r,,.,r k-+k.c..-t. 
••• ) _ __:,i__: ________ -

1!'. .. '!i?--1,~ .. .x! 

G- p· 
Al,i!JJIHTY.l\bl i I (J:) i y 

I 1+(.N)* I 0 

·1 . C"+c:,Y) -r u 
.f 

l101.1epaHlJYK 

, l'JHTepcenT 
«{O) 

0,57 

I 

Ti.,. TT 

_TTtt7 

ff+)(, 1 .. k 

rr 
M+ 

u+ 
iC,i11+ 

u- ,,.,+ 

2+( ~!.-+_u-t-----------
1-( .,Y) U 

3!C30Tl-!IC8 

__ Ac. 

<. 0 

U,35 

1/2(.K) ±I K* lJ,5 

r,~1< _____ .__ r.1-,,.i+ 3/2(.K) --~!~--L~IC:Jo~~Ka _______ <-u,<~~ 
_!!ct~~tt,!_____ C ,i./ . I/21.A ~-1 .. __ p_ i K __ .:_ __________ -~~--

lTtt.-£ _______ 1.1-,i!.+ ,5~2 (.A) __ ±1_)_::~?.~l'll!CU <'~~--<-I'? 
K~k, ~➔,£ ;,;- L,- ( N) L ' w U,lf'j 

~➔ K,.t ➔ :t:~-=--·-Li~---l: l.K) i ~2--·-3IC30'l'HliU ..CU,<'-1'? 
k'..,k ~ .. ~ ---' _.,_ -·--- l ·+ ., 
K ➔ k 2➔~, . _.J.....=.___ ..... - r.:+ 

if't;¼ k. 

~rik. 

~<Eik 

·1·- r+ 
1 '\1c111.1 '·Iacm.1. r------ ---
1 Li;cm.; ,1.1:cm.1. 

. ,- r·+ 1'
1
:.JClll.! 111 UC!IU. 
~ ·.1+·· 

~~K I r.'cm.:• '·'cm.:. ----- c--i -----··. t"" ..... 
;Je~I(. j !,1;1-!M, Mcm.1. 

!,- ·1+ . 
"CllM 1 !, CHM • ?f.~)( 

' 1-( ~) u : Az 
-------+··------- -----

i \ .yJ ±2 [ 8IC:.J0TlllC8 ____ .,__ __ 
•(( A ) u TT . --- -- ----r- - --: 

) L • n "·t .. -y-1 ---
'- +\ /I 

L 1. 1l ) ±2 : ~K30Tl-!Ka 

I+( JI ) 

tr(1\) 

1 ( A ) 

Li ri '! 
o I ·---· '? 

±2 I 3!C30Tll!CD 

*CmJBOll .,v o::mu 1rneT HOpl.'.D.'ILIIYIO ceplUJ :JP= u+ ,r- ,2+ ••• ' 
Cmrno.n A - a11op1.iar.1,Hy10 ccµ1m J.f= u- ,r+ ,[ ••• 
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H3 coxpaH8HHR H30COHHa H rHnepsapnAa CJl8,Jty8T 

[T ;, TtirJ- •r. T-cs-_ [rs r's-]= iL Tes-
, . - {;J"1,(f'{; . J J 18tfl' 

(4.J) 

[Ti:, T"] =- ,_ F;,ttt'r'r, [T~ T
6l=- ~f,a-r: T.i: 

Kou:uytaI.tHOHHH8 COOTHOW8HHa (4.2) H (4.J) 03Haqaot, qTo JfflTPHitH 

T tiS" (>J, T Q. (A) 
1 

'r /, H T' o6pa3yDT anre6py ,St/(J),<S({(j. 

Htax, AORa3aHO, qto HpHO BKJIDqHTI, B Hrpy CTOnLRO qacTHq ol, (J 1 ¥° • •• 
. . J 

B TaKHU o6paaou. qto6H 3TB qacTHgu npH JID60H ~aHHOH cnHpMLHOCTH 

sanonnanz uenpHBo,ynme HD npBBOJtHIIH8 npe!CTaBJl8HHa KHpMLHOK 

rpynnu SU{J)xSU/3). 
A.Jlre6pa1qecxoe CJl8ACTBBe, B806XO~UOCTI, KJlaccH~HKaUHH qac

THU 3~aHHOH cnHpMLBOCTH no cynepuyJILTHnnetau ,.<;'U(3)~ Sf/(1) 
B03HBKJIO 83 tpe6oBaHHR, QT06H B aKnDTyxax Ji B8 6HJIO KOHCTaHTBHX 

QJl8HOB. OrpaHHQ8HB8 Ha uaccH Aa8T HCCJl8AOBaHH8 KOHCTaHTHHX qJleHOB 

B aKnJIBTYXax g+. 

5. jJ>aHCIPOPlfflIJHOHHHe cBoHcrBa waccoBoro oneparopa 

cne,JtyeT norpe6oBaTL, qro6H 8.lmXHTYXU Jr HU8JIH npH W➔OO 

noBexeuae, He Hapymao~ee pezawa 

(5.I) 

B K8,ZJtOR B3 peaxI.tHI aKOJIHTYAaM M+ OtBeqaeT H8CKOJII,RO 3Haqe

HHH B30CilHHa K ranepsap.R,Jta U830HOB B t: - xaaane (ra6n.I), H OHH 

uoryT 6HTI, pa36BTH Ha qactB C onpeA8J18HHHU H30CHHHOK B ranepsapa

xou. B HYJIL AOJIEIH o6p~aTLCR KOHCTaHTHHe qJleHH Tex qacteH aWJIH

TYA, AJIR KOTOPHX HHTepcenr d.r,y (o) OTpHqareneH. lJIR 3R30~Bqe

CRHX 06U8HOB C r =J,2 HJIH y =l, 2 HBTepcent 3aB8AOMO U8HLme 
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HYXJI. 3K30THqecKH8 o6U8HH M0XH0 BH~eXHTb npH TI0M0IJtH npoeK[!H0HHHX 
.t 

onepaTopoB: onepaTopa R , BH~exsmmero HsocnHH 2 B a1111xHTy~e 

peruno1.tt TT ➔TT 

R~- .=.J.(cf:- !.-e1-fed\)-Lf.J'i.e (i,i,k,e:1,2,3) 
'-j,Kf .z. L-K J ~ J 3 t,J r.. I (5.2) 

% 
onepaTopa R , BH~em11,mero HsocnHH j: B awxHTy~e peaK[!Hit 

rr~K ,rrA;e 

¾ !i(J: ) R i.J°i a.e = 3 ij ~(s> - f~kf Ka« 
( i,j :1,2, 3 j a,e-= 'l; ~iJ 1) 

(5.3) 

.2 
H onepaTopa KBa~paTa ri,mepsapJI~a y ~SI BH~8X8HHJI qacTeit C r =.!:,2 

B awmHTy~ax pea.KnHlt K ➔ k , ~➔ ~ H }<4-l ~ 

Y:e,cd = .2 ta.c feel - ! tacsfeda (a,~c,d='l,>;t;7-). (5.4) 

O6paman Tenepb B HYXb K0HCTaHTHHe qacTH a:r.mXHTY~ y+ ••• ;3 (3.II), 

0TBeqaDDtHe 3K30THqecKHM odueHru.t, Haxo~HU 

[
Tis- [-ris- rnJ1-= .!...;. · [-TKS-L-Tk~ m2.Jl ca) ) } 1 3 ';/ } 'J, 

[T~ [T~ ttri
2J]-=; facs feot8 [r~ [,7 rn1J, Cl) 

[r~: CT': m'JJ= 1 facs fota r TlT d; 1n'J], (f) 
- I -, 

('l) r;=l'a.r'T~S1n2Jr1-::::.ir FI rTcLr-TJs-1'n1.11 
LI J L I .'J J Tacs e"s LI ' J .JJ ) 

(5.5) 

[Ti: [r~ 1n1l] ::£ijk f1<0.C [ri: [T~ 'Yn
2

]], 
("o) 

[T:s-cro.; 1111.l] = ~~Jk f1<a~ (ri~ [r~~ mi]]. {e) 
I8 



Ilpn 3TOM dHJIH yqTeHH CTPYKTYPHHe COOTHomenHfi (4-~), TOX.Ite-
.2 T' ..,..B CTBa .HRodH H KOMJ4YTaTHBHOCTL '1'n c H I • COOTHOm8HH8 (5-5a) 

coBn8,,1taeT c nonyqeHHW Ba«Hdeprou /2/ B KHpaxoHo« SU(J.)xS(J{i.) 

TeopHH, COOTHomeHHe (5.56) TaKOe Ee,KaK y aBTopa 131 B axredpM

qecxoR peaxu3aUHH YHHTapuo« rpynnu. 

B HacTofillteK no,1.txo,1.te w npeHedperaeu uaccolt Me3oHOB IT , ? , k , 
'tf • Il03TOIIY llOCJIC.ItOBaTeJILHO cqHTaTL HHTepcenT COOTB8TCTBY!llllHX 

TpaeKTOpHll YCJIOBHO PaBHHM HYJI!l, H He HaKJla,1.tHBaTL orpWIHqeHHlt Ha 

COOTB8TCTBY!llllH8 qacTH allIJJIHTY.It• yqeT HX wee, CBH38.HHHlt C BBe,1.te

HH8U npauoro HapymeHHH,npe,1tcTaBJIH8T C8.MOCTOHT8JILHY!l 3~qy. 

B.3 TadJmint I BH,llHO, qTO HBHO OTPHitaTeJILHl,lU HHTepceDTOM od

Jia,Ita!lT tpaextopHH 1 + (A) H o-( A) , ,lla!llllHe BKJIBJt B aKIIJIHTY,ltll 

~Je,tt4.j0) C4~ • IlpHpaBHHBM HYJI!l 3TOT BKJia.rt, npMXO,llHU K Ball:-

HOJIY COOTHomeHH!l 

OHO CJie).tYeT H3 (3.IIB) C yqeT0M T0Z,Jt8CTBa .HRodH H CTPYKTypHoro 

C00TH0meHHH (4.26). 

COOTHomeHHR (5.5) H (5.6) HcqepnuBa!lT CJl8).tCTBHR H3 orpaHH

qeHHR Ha 8JIIIIIH?Y.ItD I(• B.3 HHX BHteKaet, q,:o 118.CC0BM J4atpEll8. ?n 2 

J0JI:EHa dUtL npeJCtaBHJm B BH~e CYWIH HHBapHaHta H BYJl8B0lt (Ua)H 

B0CLJ40R (Ug} K0KII0H8Ht npe89taBJl8HHR (3*13) + (313*) rpynnu 
SU(3) >< SUC3) 

(5.7) 

B noJIHOK cootBetcrBHH c rHnote3oR renn-Mauna, Oaxca-Peauepa!V. 

Ilerxo npoBepBtL, q-ro KaccoBas w-rp2ua (5.7) Y.ItOBJieTBopae-r »ceu 
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Tpedye1m11 COOTHOmeHHSIU (5.5) H (5.6), IlO,ltCTaBJISISI B IUIX (5.7) H 

Y'IHTUBaSI, tlTO 

[T'~ 1n ~"~]-= D , 

[ t:s- 'Jo· T , fYI .,.~ = 1 

fi'~ U-c]-= ifa-ctfUtt .; ff'~vz:]=if,,d'-'lltt; 

[r:~ uz;] ::- i d6-c1 Vet i [r~,.v,J=iof trr:rt u~(5_8·) 

8CJIH 'U 'C, 'lit:' (t~o, I, .. ,8 )_ XOIIIJOHeHTll JlYJILTHmieTa (3,3°') + (3~3) • 
npe,1tCTaBJieHH8 (8,I) + (I,8) Y.ltOBJI8TBOPSl8T COOTHomeHHSill (5.5), HO 

HapymaeT COOTHOmeHHe (5.6) H Il03TOJlY He Il0,ltXO,IUfT. 

.Bll,IteJIOHHe Ua 14 'Us XOWOH8HT ,ltHXTyeTCB Tell,. 'ITO '1n z 8CTL 

cxanap, Hsocxanap ( :r .e. pr~ mt]=- 0 ) H He ueaaeT rHnepsapQ > 

['T'~ m1.J-=-O· 
B IlPHJIO:ateHHH npHBO,ltHTCB HCt1epnHBa.mD1ee ,ltOXa3aTeJILCTBO 8,ltHH-

CTBeHHOCTH pa3JIO:at8HHSI MaCCOBOH MaTPHitH (5.7), T.e. Toro, q:ro OHa 

He MO:ateT CO,Jtep:ataTL B CBOeM pa3JIO:ateHHH HHR8XHX ,1tpyrHX npe,JtCTaBJie

HHtt SU (3)xSU{1) , uanpHuep, (8,8), (6,~) + (6~6) H :r.;it. 

0TM8THM, q:ro xaqecTB8HHO .3TO ecTeCTB8HHo, Tax KaR cav cnocod Bll

BO;lta orpaBH'l8HHtt Ha uaccy (5.5) DO,ltCKa3HBaeT, 'ITO MaCCOBUtt onepa

TOP :u.o:re:r co,1tepzan TOJILKO Te uyJILTHnJieTu $lt(J) X SU(J) 

B xo:ropux HeT axaoTHtiecxHx coc:roaHHD c T ~ , 2 HJIH .. Y "".!. 2. 

OTCD.ita HanpamHBaercs (3,3°') + (3,3) HJIH(8,I) + (I,8).lr,7/ Ho 

(8,I) + (I,8) oKa3HBaeTCSl aanpe11teHH!lll H3-38. COOTHOmeHHSl (5.6). 

6. ~onoJIHHT8JILHUe orpaHH'l8HHB 

Mono BllCKB3aTL JtOilOJIHHTeJILHOe npe,1tnOJIO:at8HHe, 'ITO HBTepcen

Tll axao2Ht1ecxHx TpaeKTopHtt ( T>-1 HJIH l't1> 1 ) He TOJILKO orpM

na:renr,au, HO ,Jtal!te M8HLme -r. 3TO npe,1tnOJIOZ8HHe Be npOTHBOpetiHT, 

no-BH,IUfllOJIY, Hll8DlltHMCSl onHTHBM ,lt8HHHM (cu., 1w,p1.1.lfe/' , od■op 181) .. 
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ruaoTe3a o!7k1(o)<-1 apHBO,ItHT K ,ItOilOJIHHTeJILHHU orpaHHqeHHSIU 

Ha uaccoByD uaTpHey. IDleHHO, a.JmJIHTY~ M- ,ItOJIEIH BeCTH ceOSI He 

xyxe, qeu (4.I). Torxa CJieXYeT TpeOoBaTL oOpameHHSI B HYJIL M-•• ·)·-1 .. 
--!J -K03qxpH~eHTOB apH W ,ItJISI Tex qacTet-t aunJIHTY.It M , KOTopue OTBe-

qaDT 3K30THqecKHM oOueHau. IlPHKeHSISI npoeK~OHHUe onepaTopu 

(5.2; 3; 4), nonyqaeu 

Y!e,cd[[T~ m:11 [T~ m~ = o (a) 

t:,cJ [trc; mt [rfs-m@= Ya;cd [tr,cm:l, [rJ;~JJ::o (I') 
(6.I) 

R ~. frrism1l_[Te m1:11 = R~f '[r~) m2}
1 
[T~s-rnJ]::: O_ 

"J,af LL , } } 1J 'J,ae LL 

3TH COOT~omeHHSI ,ItaDT ,ItOilOJIHHTeJILHUe orpaHHqeHHSI Ha BuOop npe,ItcTaB

JieHHH SU {J)xf't/{!).ItJin omrnanua qacTHit 3a.ItaHHOlt cnupanLHOCTH H 

Ha yrnu cuemHBaHHJJ c teu, qroou uaccu qacTHit pacmennHJIHCL cornacy

DlllHUCSI C 3KcnepHueHTOU o6pa30M. IlepBoe H3 HHX (6.Ia) ~HrypupoBa

JIO B anreOpauqecxot-t pea.JIH3aitHH YHHTapHot-t CHMUeTpHH / 3/ H oxasanocL 

pasyunuu. 

7. 3 a Kn n q e H He 

liTax, pacCMOTpeua CilOHTaHHO HapymeHHaa ,ItHHaJlHqecKM KHPML

Haa cHweTpHH SU{3)xfU(J). Ee a.JireOpaHqec1rne cBoitcTBa BoccTa- · 

HaBBHBaDTCSI, eCJIH noTpeOoBaTL, qTo6u a.JmJIHTY~ KOJil!HBeapHHX nponec

COB B npH0JIHZ8HHH rpaipHKOB-,ItepeBL8B·HKeJIH pasywoe acHMIITOTHqe-
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cRoe noBe,llesee. npH BHCOKHX asepresx. ~oxaaauo, qro: 

a) qacTHll;tl C JlaHHOK cnHpMLHOCTLD ,JtO!ZHH RnaccH~HitHPOBaTLCH 

no HenpHBO,JtHIIHJI HJllf npHBOJU(IIHJI npe,llCTaB!8HHSDI XHPMLHOK rpynnu 

SUf1>xS'lf.(3) ; 
6) llPH 3TOJI oneparop KBa,Jtpara 148.CCH,KPOJle HHBapHaHTHOR 

qacrH, uozer eOJlepsaTL npHueeL Hynenoa H BOCLUOR ROllllOHeHTH 

(3,3*) + (3~3) npeJleTanneHHa B eoornererBHH e ranoreaoa renn

MaHHa.-()axca-PeHHepa. ManoeTb 3THX KOMIIOH8HT He rpe6yercs. 

cne,llyer nonararL, qro DOJlXOJlHl!lHe Jl!H xnaceH~HKaitHH qacrHq 

npe,1teranneHHH SU(3)x$U(3) 6YAYT npHBO.JtHWMH. ~eno B ro11, 

qro (3,3*) + (3~3) xowoHeHTY imeeonoro oneparopa He npHBOJlHT R 

pac~enneHHD wee BHYTPH nm6oro HenpHBOJlHMoro eynepJIYRLTHnnera 

SU(J)'1-SU(3}. Tax, npaKoe npoH3Be,lleHxe 

(3,3*) + (3&,3) X (6,3) = (8 + IO,! + 8) + ( 3 + 15,3*+6) 

He coxepsHT eruroro npexeranneHHH (6,3). IlpocreamHe npe,1tcrann•

EIIU'le HHTepec npHBO,JtHJIYe npe,lleTaBR8HHH, B ROTOpYX imeeu dy,JtYT pae

~ennarLcs,eyTL (6,3) + (3,3*), (3,3*) + (3~3) H r.,Jt. B raxoro 

po,lla eyne}lllYRLTHDRerax BO3BHKaDr e11emHBaHHH Jle:l,Jly eoeTOHHHHIIH 

C OJlHHaROBYJI H3OCDHHOJI H rznepaapHJlOJI. ~ODORHHT8RbHY8 eoorHomeHHH 

(6.I) npHBOJlHT R orpaeeqeHHJDI Ha BO3KODH8 yrnu cuemHBaHHa. 

Hcene,llOBaHle BO3UODHX KOHRP8THHX JIO,llenea xnaeeH~HRaitl{H 

6apHOBOB H 6O3OHOB no npe,1teranneHHJDI KKpMbHOI rpynnu 

SU{3)x51U{3) m nonyqeHHe xosxpeTHux uaceonux cpopJIYR npe,lleran 

naer CaJIOCTORT8RLHYE 38.,Jtaqy H npoBO,JtHTeH B Hacroa~ee Bpe11a. Rpa

repHeK a,JtexBaTHOCTH T8XHX JIO,llenea 6yl{Jr CRJZBTL He TORLKO npadna

Z8HHO BepHYe COOTHomeHHS JlRR Mace qaeraq, HOH BepazeHHe yrnoB 

Ka6H6do qepe3 imccu qacTHq, aHMOrHqHo TOKY, xax B KHPMLHOR 
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CB&etpHIII SU (!i) x$'t((J.) BaltHOepr I .2 I BHpamJI G,./Gv B Tep-

IIHHax xacc f 3TH BUpazeuHSI ·3aBHCRT OT BHOpamron UOJJ;eJIH RJiacCHq>H

RaitHH •. · 

lu · BB.ltHK, qto nporpaoa BaRHOepra /2/ BoccTaHoBJie.HmSI Mreopa

uqecxnx CBOHCTB. )tHH8JOlqec1tHX CHIWCTpHR H3 orp8HlfqeHHR Ha ac1wro

T1qecxoe·noBe.1teHHe rpaq>1ROB•.1tepeBLeB JtJISI pacceSIHHSI Bnepex npo

XOJtHT H JJ;aeT pasyeue CJie,ttCTBHJI H B cJiyqae RHpMLHOlt s u CQ.t-
x SU().) 12/ H B cnyqae cnoBTauno uapymeHHott · yHHTapnoR CHDeTpHr'31 

H JtJIJI .ltHHa.JmqecxoJt cnoHTaHHO HapymeHHOH SU (1) X SU (1) CHMUe:rpa11 

. (HaCTOSI~JI CTaTu). :3TOBCCJISICT Bepy B.nepcneKTHBHOCTl> Taxoro qie-
··,, 

HOHeHOJIOMlq~cxoro IlO,JtXO,Jta, HeCMOTPJI Ha npHCYl!IHe euy TPY.ltHOCTII, 

3aRBJ>llaJlUeCJI B CJie,JtyD.eK: 

a) IlOJtX0,11; ROHCTPYRTHBHO npoXOJtHT TOBLRO JtJIJI ROBJIHHeapHHX 

nponeccoB npu f =-O; 

0) rroxa He pemen BOilPOC,RaR CJtenaTL COBUeCTHHD KOJtCJIJI RJiac

CHq>J,RalV(H qaCTIIt 0,1J;HOro cnaHa, BOC pa3JIHqnumt CDHPMLHOCTJIIIH B 

prumax anreOpaHqecRKX CHJDletp•R. BHXOJt, no-BH,ltll)IOMY, B TOH 12 , 91, 
qToOu IlO,lJ;XOJtJIIIUQ{ odpasou saxpenHTL 3aBHCHHOCTL HaTPHit 'r 4 

(A) , 

rf(~) H ?>,t OT CDHHa H CilHPMLHOCTH, qTO B03UOEHO npu yqete HH3"" 

mHX napUHMbHUX BOJIH H npHBCJtCT K pacmHpeHHD paccuaTpl1Bae:uoR rpyn

nu. OrKeTHM, qto uenpHBO,JtHHlie npe.itcTBBJieHHSI pacmnpenuoR rpynnu 

0YJtYT npnBo,11;11m no ucxo,!UloR, B name• cnyqae no SU (3) X SU (3}. 

B) Haxonen, raminaJI TPY.ltHOCTL- B toqnoR JtHHaJIHqecxon 

SU (3))1S'U (3) cuweTpHH r-mccu TT-, ~- , k- n ~- ue0ouoB cJieJtYeT 

IlOJiaraTL paBHHIIH HYJID (OHi! - lrOJI,11,CTOHOBCRHe MC30HH). ,l{JIR ycTpaee

HHS 3TOR TPYJtHOCTH DPHJteTCJI BB8CTH npJIKOC HapymeHHe CHIDletpHH. 

EcteCTBeHHO CBSI3aTL ero TOJILKO C oOoO~eHHUIIH MaCCOBHIIH qJieHaKH 

rr-, ~-, K- H 'c)e- :uesonoB. IlPH oneHRe acnwtoruqecxoro noBe.iteHHJI 
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aMIIHHTYA npelCTa.BHaeTca pa3ywu11 npeHe6peraTb uaccoa HMetammero 

H pacceaHH0ro ue30H0B co cnHH0ll o, no opaBHeHHD C HX 3Hepl'IIJeH 

W ( UJ~ ~, H ll0HH0CToD YttHTHBaTb K0HettH0CTb 11!3,C0 TT-, ~ • , /(- R 

~- ll830H0B B BHpTyaHbHHX HHHHBX HD 1mmeHH. IIPH 3T0II HHTepcenTH 

Ti- , 1- , JC- H ~ - :rpaeuopun· yze cHe,l{ye:r cttuan o:rpm:~a:reuau~ 

· 11H, H H3 cooTB.eTCTBYD~x K0HCTaHTHHX ttHeaoB aMnHHTYA 11+ noaBa:rca 

YCH0BHB Ha 11accH CKMB;PHHX H noeB,l{0BltaJUIPHHX 11830H0B. Bee peayHb-

- TaTH Hao:ronmen CTaTLH ~HB"0CTaJILHHX,tta0TPJ:~ 00TaHYTCB B CHHe. 

ABTopy npHBTH0 BHpa3HTL B 3rutHDtteHHe ceplettHYD 6HarolaPH0CTL 

B.BMyeBy, q,.l'J>pcH, B.3yMHH0, Ii~3ymrnxy H l(.3HHaDIBHHH 3a noHe3HHe 

06Cylt.1{8HHH. 

Ml 
I tf' f A1

1 
" ' I M

1 

} 

)-{ { <1 

cl 

M· 

PHC. I. Puc. 2. 
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,rr PH n O I E•H K·E 

J!OKa3aT8JlI,C~BO Su (3)xJ'U (3) CBO~CTB ::uaccoi3oR ·uatp~i@\ '. 

B tepwrnax reuepatopoB npaBoR H 11eBoR · J'U{J)_ :rpynn 

fi' I (T' €'5\ , ;,-, 6" - j_ (T~ roS') . . , : . . ·. (rr. I) TR = ! -t ~ / J IL - .! J , cf·:d,2,., .. 8 -
• • • ~ • j ·~ - '. ' ' 

C:OOTHomeHH.B: (5.5) H (5.6) sanHClilBaDTCJJ { i>j, k =I,2,3, . 

. o..,U,c
1
J. = 4,5,6,7): ' . . . . 

rr.~ r; j ill L-T,,i lm ~ . zJl 2. J.: Fr. k 17:k ' 22D · .. 
L' R,L ,~7;.i 1?nJJ + R,Lj / 1?,LJ ?'nJJ':.T ·j L 11;L{:1y >,1n J J. 

[~~,[~~L >trn~ -=1f~cifCdg [~
1
~, [~

1
~, 1n$, . . . 

[ T,},[ '(,, m 'J] =. t,jk fk,f f T'/,,_{T' £1 , 1n 1jJ 1 . . 
[rrt·, [rR'\ m$+[rrR~,[r:,m~=~.~~~1n~ -t [T/, [7;_~ }11 ?1 > 

' ··. \ 

H, B t1a9THOCTH, '['f'II~[ T:, ?11
2
]]:: [7;_:[Tl~;n,2.J) 

H3 coxpaHeHHJJ rHnepsap.11,Ila H H3ocnHHa cne,nyeT, tJTO 

OTCD,Jta 

(rr.2) 

(Il.3) 

(IT.4) 

(n.5) 

(Il.6) 

(Il.7) 

[r/, rr/, rnJ] = [rr;.\ti) m J] ~- [~8
)[~~ m2JJ= [rr;.~L~: m1]. (U.8) 

(t) ~) 
,Unn KBaJJ;paTHtJHlilX onepaTopoB Ka3MUHpa GR H GL uaxo,JtHu 

G(i\,V\?. - LT.err -r.tr m·~1 - L-T.CS" .[T.€ m :J] -== G Ci) rn '2. err. 9) R I I I - ~,l R' !.J - L) I-) ·,, 'L. ' 
3 

B CHJIY (IT.6) H (rr.8). Pacic110Tpm.i: KYC!HtJHlile onepaTOpl:l Ka3HMHpa ~ L." 
) 
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. ,, 

.,.,·.•, 

G~)m2::-.2 da-cl'lY/fp.'~ [1:t:mjJ}-:: b [TAj[T,,.~ [Jqe/T',/'irl.418 ~~mJ]}-:
=- -&/3;;[7✓.~[dt11, 1'+d41, 7;_~ ~nl1-J]), = - C-})1n-z · 
,. e. . cZ)n/ = - Gflrn1. 

(n.ro) 

B CHJIY (Il.5) H (Il.7.). 

Tax xax B Il~HK8H8HHH K npe,1tcraBJI8HHD J"tt(JJ - rpynne 

2) (P>j) co6CTB8BHoe 3HaqeHHe r;{)) ecn . 

11 +1z. Gm- r,-i){t;+r+1J(if-+t-+1J 
P PY -+ p-+ "· a · !J - 3· y > 

ro Ha (II.9), (II. IO) Berexaer, qro pa3noxeHHe 117 i no npe,1tcTB.B-

neHHJIK rpynnu SU {J)x,S'U (1) Hueet BHi 

fn 
1
= ?" {9J(p11;i,,))1J(f,,1''"». (II.II) 

B qacrHoC?H, Baro paanoxeexe He uoxer BXO.JtHrL qacro O6cyx

.1taeuoe III npe,;craB11eHHe (a,r);(r,a)= (.l>(Tr), 2J (ooh,(Z>(oo), 
", > I 

V (TI) ). Jlna .lMLHehleH KOHxperH3aIUfB HaR,1teK cnexrp i;f-J (coBna... 
; . l'l) "' 

,1taDDtHR co cnexrpo:u CL, (II.9j • .1111a aroro Hayqau 

(G:, 2m \: frR: [~~ [~~ [~: rn$jj. (II. I2) 

EcJIH nee HH,1texcu aaoronxqecxxe, ro 

[T/ [r/[r,{ [r,i, m:Jm =ifijk [~ ~ [~~frim 11fJ+~:'cr/[~;/T/m1f}= 
_ _ I , , . r7'. In ri ~• t11 { i_ -1) r,.,,;'° rr,' f'rr,i (rt, i )'n rfffT 
- t f"Jk £«-km L 1 ~, L ~ 1 in.JJ + 3 L R,L'R,C'll ,L' p, JlJ~ cn.IJ) . 

· r.1te HcnonLaoBaHo coorHomeHHe (n.2). orcm.ita 

• , I r ' ' 

[-rR:['r/,[ri,[ri, w1JJ1J= ~ [~~[~~ m2JJ. (n.D1) 
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AH8..llOrHqHo, nepecTaBXJIJI nopJI~OK onepaTOpOB H HCil0Xb3YJI 

cooTHomeHHe (Il.4) H Toz,n;ecTBa ~xa cTpyKTypmnc KOHCTaHT fa,;,:,) Ars 
H3 IlpHXOXeHHH K /J/' UOXHO CBeCTH qeTBepHOR KOyyYTaTop C .ltBYYJI 

H30TOnHqecKHUH [i) H ~BYUS CTpaHmDIH {a} HH~eKC8llH K ,ItBOllHouy 

TaKHU xe odp8.3ou, C HCilOXb30BaHHeu COOTHomeHHJI (Il.J) H ToxiecTB 

ina CTPYKTYPHUX KOHCTaHT «a 131 ' HaxoiHu 

r'T. q_[-r,,~[-rr.' rrr,€ rn1m1~ 3 rr/ [r.o.m1]- [rR~ [~~ rn:l}-t[~~L1ic:m!JJ. 
8, ) .... ) R , L A ) .UJJ LI ) R ) 

(Il.I5) 

C ipyroR CTOpouu, npeicTaBKJIR cornacHO CTPYKTYPHOyY COOTHomeHHD 

B BHie ~B = - ; ~f aBa 7k °T/ ,, nocxe KaHHnYKJIUHR HaxoiHu 

(Il.I6) 

H3 (II. 15) H (II. 16) BUTeKaeT, qTo 

[~~ ['"rR '\ [rRef~ ~ m~]J]=ff;~[~:mj]-f [7/l~:rn1J
1 

crr.11) 
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(fl.IS) 

(II.I9) 



rrepnoe H3 HHX COOTBeTCTByeT HHBapHa.HTY , BTOpoe - ¢YH~aMeHTaJib

HOMY npeACTaBneHHD J HJIH J*. Bcnoimaas (IT.II), ydez,ttae!L'CH, QTO 

rr 1 ~ (1, 1) ~ (J,3*) + (3~3), H Hame ytBepz,tteHHe (5.7) Hcqep

nuBaDme ~oxa3a.Ho. 
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