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§ I • BBE,ILEIIBE 

Pan He~Hlll pa6oT neyx aBTOpOB 8TOtt CTaTLH 6un nocBHmeH HC

MenoBa.HHD RB8.HTOBOtt RH~Hott TeOpHH C narpa.HJKHa.HOM, HHBapHa.HT

HUM OTHci~RTeHLHO rpynnu S U(2) x S V(t/lJ. 0Raaa.ii~cL, tJTo Trutan 

TeOpHR B o~aoneTReBOM npHdRHX8BHH Il03BORR8T OilHCaTL MHOrne 3(fxpeKTl:l . z 
HH3K03HeprenNeCKOll ITHOBHOll qinsmrn (q 2<(4trF'li) ' rne ~=-92.mcv-KOH-

cTaHTa pacn~a ITHOHa)B xopomeM cornacHH C H3B8CTHb!MH 3KCITepID!eHTaRL-

HUMH ~aHHUMH. EUHH BUtJHCH9HU qla3U H ~HFIU pacceHHM <j:f ff' 
CHCTeMH, aneRTpOMaI'HHTH!rlt q>OpMgrutTOp IlHOHa, pa.neyc H IlOMpH3yeMOCTL 

IlHOHa H CTPYRTypHlle ROHCTaHTU Bcex OCHOBHl:lX Mon pacnana aapg'll.eHHUX 

IlltOHOB. 

B HacTomnee BpeMR: ecTecTBeHHo B03HHR~eT npo6neMa o6o6meHM 

IlOJJY'I8HHUX peayHLTaTOB H HCilOHL30B8.HM nono6Horo nonxona ~ OilH-. 
camm RaoHHo:li qiH3HRK. 0.ztHa nonuTRa TB.Roro pona yxe 6u,na HaMH npen-

np11!HHTa npn OilHCa.HHH pa3HOCTH Mace He:liT~LHUX RaOHOB 121, rne TaR

ze 6uno noJJYtJeHo xopomee cor,nacne c onuTHl:lMH naHHUMH. 

HaK6onee eCT9CTB8HHUM cnoco6oM BKJIIJtJ8HM B paCCMaTpHBaeMYD 

CXeMY RaOHOB, BMeCTe C rHnepoHaMH, HBM9TCH paCCMOTpeHHe narpaHD

aHa, HHBapHaHTHoro OTHocn•i~Jii.Ho rpynnu S V(3) )( S 1/(3) • 0.ztHB.RO 

~ Bl:ltJRCH8HHJI RaOHHOrO q>OpMgru(TOpa B IDITepecynu~M Hae onHOil9TH8--BOM npH6JllUteHHH HaM noHan06HTCH HHmL HH3mHe tJReHU.~3HO'Jl.8HM non

Horo S U{3) XS U{3) HHBapHaHTHoro narpa.HDaHa no ~;eneHHM RaOHHUX 

nonea (no tJeTBepTOA CTeneHH BKJIJJtJHTeRLHO). no IlHOHHUM IlOHHM Mil ue

RHROM CO:xpaHHeM HenOJIHHOMHaJlbHYJ) ~6PMY ,narpaHl!Cll:aHa, tJT061:l HM9TL 

B03MOlmOCTL HCilOHL30BaTL B ~HeHme• cynepnponaraTOpHl:lH M8TOn ~ 

peryMpHaamm pacXO,nHIIIHXCH M830HHl:lX neTneBl:lX nHarpaMM /3/. qTO lite 

RacaeTCH pacXOnHMOCTeH B 6apHOHHllX neTMX, TO anecL RaK H B CJijTtJae 
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ImOHHHX KOHllOB (cM./I/) npoHCXO.I(IlT KOMileHcaurur paCXO.I(IlMOCTeii B 

noJIHOM Ha6ope .I(IlaI'paMM, COOTBeTCTBYDI!IIX paccMaTptmaeMOMY noPJU(KY 

Teopmi: BO3MYl!leHIIH. ITO8TOMY B COOTBeTCTByDl1HX qacTruc RarpaHlll'.llaHa 

B3aIIMO,IJ;eHCTBM MO.l!tHO 6y,IJ;eT or~ToC!I Jmllio HH3lliHMR CTeneHJiMH 

paSROXeHIDI no Me3OHlil,IM H 6apHOHHl,JM noMM. 
i, 

ITOCKORoKy BRR~ B ~pMqrutTOp KaOHa OT ,IJ;HarpaMMl,J C RaOHIIOtt 

neTRett MaR (CM. pnc.4), a COOTBeTCTBYllll!He pacqem BeCoMa rpoMO3,IJ;

KH, Ml,J onyCTHM rue B 8TOtt pa6oTe, a B npHBe,IJ;eHHOM 3,IJ;eco mrpaHlll'.ll

aHe COXpaHHM TORoKO qReHl,J, He Bl,Jllle KB~paTHqHHX no RaOHHl,JM noMM. 

Bo BTOpOM naparpaqie npnBeAeHH naHrpaHEHaHH B3aHMOAe0cT-

BIDI, llHBapHaHTHHe OTHOCHTeRoHO rpynill,J 5 U(2}xS U(2) • B Tpeu

eM naparpawe Bl,JqHCReH BRR~ B WOpMqJa!tTOp 38pa1KeHHHX KaOHOB OT nH

OHHOH neTRH HOT rHnepOHHl,JX neTeRo. BKJia,ll; rHnepOHH!,JX neTeRo ORa-

31,JBaeTCJI HeCKORoKO.MeHollraM, qeM B c.nyqae IlHOHHOrO WOPMqrutTOpa, HO 

H 3,IJ;eCb onpe,D;eJii!eT B OCHOBHOM BeRH"ffiHy 8ReKTpOMarmi:THOro pa.I(IlYCa 

38pi!XeHHoro KaOHa. B qeTBepTOM naparpawe Bl,JqHCJii!eTC!I WOpMqrutTOp 

HeiiTpaRoHoro R!3-OHa. 

§2 Jiarpa.HlKHaHH B3aHMo,n:ettcTBI!lI 

.lJ.IDI Bl,JqHcReHIDI MaTpHqH!,JX 8ReMeHTOB, COOTBeTCTBYJXJUll ,I(Ilal'pal,f-
. o;r 

MaM, H3O6paxeHHHM Ha PHC. I - 3, HaM IlOTpe6yDTCJI CRe,nylJlllHe mrpaH-

lKHaH!,J B3aHMO,IJ;eHCTBHJI: 

a)naHrpaHxnaHBsaHMo,IJ;ettcTBRli saPJIXeHHoro xaoHHoro noM K(±}c 
8ReKTpOMarHHTHl,JM noReM 11-r ,YH~ 

£JtK,:: ie fJ; rtJJf/= ie( KtJtlJ - Kt-J~ Kfl-J) t1r . <r> 

OH no.nyqaeTCH CTaH,D;apTHl,IM"CilOCO6OM IlpH r~eHTHO-HHBapHa.HTHOM 

BBe,IJ;eHHH B3aHMO,IJ;ettcTBIDI C noReM + B CEO6o.nm,rlt Rarpa.HDaH 
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_ ~oc~> :::J/i d.r ~ -m:-~ ~ , (2) 

11( (t') llf ( H c•>\ \ r.1te TK= l<f.'1/ H ri= K , K J. Ilpo1.1sso.1:HaJ1 df saMeHaeTCJI Ha 0CloCl11teH-

Hyn npoH3BOJtHYD 

c} t _..:, [ dt + ie .!r 1:[3

] ~ . _ CJ) 

Cl) AaanorHqHo nonyqael'CR H8nOJHHOKHan&HO8 B38.HllO.Jt8RCTBH8 nHOHHHX 

none I c Af H3 coorseTCTBYDlll8ro narpauznaHa n-n- ssaxuoJtellcTBHR, 

HHBapuaHTHoro oTHOCHTeJl&Ho rpynmr 5U'1,).X SU(-2) (cu/
1
/) :· 

¼A,::e£3~·Jf)o/JC,i, J1,f f(it") > (4) 

r.1tej(Jt)= ~ , ,7e,• - mtOHHO8 none H £.~y - aHTHCJl101:8TpH'IIUldt 

T8H3Op. 
B)qTOClH nocTpOHT& narpauzHaH B38.HUO.Jt8RCTBHJI nHOHOB C mouaun, 

uenOJIHHOHHaJ&HHI no IlHOBHHU nonau H HHBapHaHTRHR OTHOCHT8Jl&HO rpyn

IlH 5 U(J.).XSU{J), BB8Jt81l B narpau:1au (2) xosapxaHTHHe npoHSBO.JlHH/
41; 

d/l{➔JJ/V..=(J, HT.,_ 1:.,1,a,;;r••j ff Yr. . ,,, 
Tor~a ta qacT& narpaHZHaBa Il-K-B3aKMO.Jt8ACTBHJI, KOTopaa aeoelxo-.. 

.J:KMa Hau JtJIR noctpoeHHa, cynepnponaraTopa, cootBeTcTBYD-ero .1txarpo.u-

ue, nsoOpazeauoR ua pxc. 20, npxoClpetaeT BH.l - ~ t p, ll' --A 
--· .;i[, o.f{JC (fl£ • (6) :t_Jr,,_ - l. ~ dt ti. " [,I.Po 4 r; ff q ) • 

r)Bunneu, uaxouen, narpauzxau ssa1wo~eAcTBHJ1 monos c Clapxouaun. 

Hcno~&sya SU(3) KHBapxaHTffYD teopx.151 x Clepa JtlJI OTHomeaHa 

ltOBCTaHT ~J)/2 ( 3Ha'll8HH8 _g, IlOJYqaeu 

i_, t" = vr ~ (' f u-1) nI~ + 2:'"?1 
+ L 7,;_-u pf i__ _ 

-k r:;-~ l1fij'l p 7i•J !1if Jl,l•zil (7) 

ue 0 ~ !l - ! 
,d._ - _!LL :2._. q I ,...,ft/ 1 q-&& . Q - - J.f)t-/}F = 3 , Olf,r- , ; (},... f~ , (/A=i,H-. 
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Kt:> § '.3 \}opvdJSKrop1,1 - uesoHoB 

KaK 0~1,111Ho, (flopv4ia,xrop K- lle3oHa Oy,l{eM onpe;,;u11u H:3 CJ18,lij'll

Etero llB.TPH11HOro 3Jl8H8HTa : 

<~t)/S(k)IKtt))=! ie Pv j/-y{fl n(q) (B) 
~ JTP J. vtVt uti , 

r.1te p-== P1 -t- PJ. , q-= f 1 -A. , Pt(~) - nunyJ11,c (sHepn11) y.11era1>-

11ero K - ll830Ha, B_ (tl&)- HJ.lny.111,c (3Hepnll) HaJletallll(ero K -M830Ha 

/l(q) = 1 + n(,1[:zq)+n(/<tqJ_-,. n(6Zq) +L1 • (9) 
- n(-1f} ,l --rr -

8.1tec1, ~q,_ Blt.116.ll B qiop}l(flaxrop OT t/L, - U830HHOtt neTJIH (pHc. 2a), 

rf!<)(q)- BltJla)l OT K - U830HHOR 08TJIH .(pwc.4), n101{q) - BltJla,lt OT 
. ,/~ 

OapHOHHHX ,l{Harpru,M (pwc.'.3). JUI BltJla)lH COOTB8TCTBYDT e1&-npHOJ!U-

~8HHD. /J,. - cooTBSTCTByeT BKJia.llaM or aucmux npHOnHxeuHR no Y&. 
BKJia,l{aVH - n(K)(q) Jf /}. W Oy,1;01,1 B .l{aJll,HellmOM npeHeOperau npn 

MaJILIX q~ . 
Ha11H8H C BH11HCJl8HHll qiyHKQHH n<ar:1?). JlJill 3Toro, ItaK OO!lqHo,II/ ' 

' 
BM8CTO ,l{HarpaJ,WH (2a) paCCUOTPHK OecxoueqHoe qncno .llHarpaMM (20), 

ITOCTPOHM COOTB8TCTBYDEIHI cynepnponaraTop H B!l,J;OJIHM H3 Hero BltJla.ll, 

cooTB8TCTBYDlllHR ,l{Harpawe (2a). 

KaTpxqHHR 3Jl8M8HT, COOTB8TCTBYDEtHR .llHarpawe. (20), HH88T BH.ll 

<rt>id~xl!J~~A(x)½c/Y~lf)=(f)ifd~l'!Jft({ K(Y);((1J-rM;K°tYijG(M)ltt'>= 
1 

~±iePvfvM G(q) (IO) 
. (J;rJ ~~ J 

r.l{e G(q) BHpaxaeTCll qepes cynepnponaraTop, yxe paccworpeHRHR a 

paC!oTax111• 
- _. <' ,tll - f q ifX - • J/ ( 'I iqx(i. { \ { ,..c O Ac ( Jf'(ilMl\ (Jn+ 31 

G(q)=. ne 6CXJ=zn;ixe Ldtu,r!f)~rLlr1fh.Jmj) /Jm;?{l F:l }(JhtJXJnl(II) 

C • . C 

b..mJ;> - nponaraTop CKampHoR 11acTHQH c vaccoR ~ , L\
0 

(X.) -

TO Xe C JlaCCOII t'n =:O • 
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~ 
qacu cynepnporaTopa G ( q} , cooTBeTCTBYllntall .ltHO.rpaMMe ( 2a), 

paBHa /I,'.3/: 

~1:1 /1 )~[ q~ r,. l'- rr&r)a. ] .i. 1. - l n M=¼fit-c (8m1LUJ\ll1Je}-3c~1+tnl-l+1lj+(h1~?:)J{/m;). (I2) 

. ql ) 
3,1{8CI, c.=o,sn .. - ltOHCTaHTa 3RJiepa, a <PYHltllHll J('ifiii1 paBHa 

(. ~ 1~ l 'JC 
l _{·%en ,~~f i/i-1.(0, 1=fJ. lf/11i:J ·½ 

"1l<f..) · cJC l' qi 
J{l{fn;j=. ~firr+~a~in ~)1, ,_ .l (I'.3) 

- iJ a.-u:.f·(f·il q~ _ (ijj]JJ:-L} 1 
"3" I o < --mi. < l Y -"' t]~ 

L( fi,, I • 

qJleH B KBa,l{paTHHX CltOC!KaX B (!2) ,l{aer BKJ!a,I{ B KBa,l{paTH11RHR pa,1!;HfC 

K - uesoHa. OH oxasHaaeTCll paBHHM CJl8.llfDl!leR BeJIH11HHe: 

. <zL/:~ ::: 0,03 ?" 0 (14) 

Ka,: n a c.11yqae mroHHoro qiopuqia.1tTopa111, 3TOT B1tJ1a.ll 3HaqHT8Jll>Ho 
- 00 w 
ueH1>11e aua,l{a or C!apHoHoB - /1 ( q}. qTo xe xacaeTc.11 B8JIH11HHH /l (q), 

2. 
To, lt8.K noKa31lBallT H8IlOCP8.llCTB8HRHe Oll8HltH, ero BltJla,I{ B 9 _ qJleH 

--17 ( q) CYl!l8CTB8HHO U8HU8 ,J;alte HaJIOrO B1tJ1a,1;a OT nµc)( 9), 'lTO H9Tpy.llHO 

ITOHllTI, yxe na Ka118CTB8HRHX cooOpazeeHR. lellCTBHTOJII,Ho, 0011TH BCll 
4 h . 

B8JIH!lHHa (14) onpe,1{8Jlll8TCll 6?~,!f, ~ , KOTOpllR npH fiO,llCTaHO.Blt8 KaOH
;r; 

HOI MaCC!l 0JIH30lt K ffYJID. Il03TOMy B ,l{aJ11>HeRme11 W H8 C!y,l{ell paccHaTplJ
Ui) 

BaTI> qJieH n (q), a nepel.1{81l cpasy K OQ8Hlt8 C!apHOHHHX BEJla.llOB. 

On11u, cJie.llfll paOoTe/I/, noeytJaeu .1;.1111 /l l6) ( q) Bupa1:enwe · 

q ::~ + .i .!:J.L + f M~ .J.: M J. (6) I fVi [~)3- 0 )~ r _ - · n () 6(:ln-)l- ,, ·U). 3 M(nl!J is011:,p) t .J..(f(t) + 

+,li.L!:l!.- rt+ J-l~)J.] i I 9 l ~ (IS) 
.H(t'kilfl) 3'1(!1,.i=J q :::::6(J.trf~9, 

0TCD.ll6 CJl8Jlj'8T, 11TO 

• <z1 (6~ ::- C, J 1· t . 
fl.'." - ""-~ 

(I6) 
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Cxna,l{l,IBM ue11HqHHl:i (14) H (16), oxoaqaTen&ao nonyqaeM lllR paiJIYca 

K - ueaoaa uupazeHHe 

Y(r.t),_t:1:) -~ o. 61 f. (17) 

l(w 
§ 4 ~opMcbaKTOP - U83OHa 

B OTnHqHH OT Toll CHTyanHH, ~OTOpaJI Huena M8CTO npH uuqacneHHH 

n(,IC½ . 
(J>opll¢a,l'tTOpa IlHOHa, B cnyqae JtaOHOB q>yHKnHR l9}la8T H8Hy118BOI 

Bl'tllal H B ~opu¢a,KTOP HellTpanhHHX lt8.OHOB, qro nerxo BHl8Th H3 (J>opuy

nu (IO). JeRcTBHTenhHO, cooruercTBYD~Hff KarpHqauR aneueaT pauen 

(K1011Jlxl{~A(X)i~,.J;/K'°)=-L f/) GM, (18) 

ue Q>YHl'tnKR G {~) ~aaa ~OPKYlOA (II). EapHoaaue neuu ne ~llT 

uxna~ B ~op»¢a.KTOP aeRTpan&aoro Moua. llpeae6peraR onar& B1tna~H (i;t n q) H /J. , nonyqaeM ~nR 3Jlel'tTpOUarHHTHOrO pa,ll;lfyCa H81lTpa11HOrO 

xaoaa cne,1tY1>~ee aaaqenHe: 

f(2'7,;~- ~ 0.3.S f · (!9) 

§ 5 aAKJIIJIEHl!E_ 

~ 

llpoB8J.8HBH8 BHqHcneHHR noita3HBa~r, qro 31181tTpouarHHTBWI ~opu-
.. ,,, ·1,. 

¢a,KTOp aapRZBHHoro KaOHa npH KanHX 3HaqeHHRX r Mallo OTIIKqaeTCR 

OT (J>opu¢a,KTOpa aapReaaoro mtOHa. 3To H8 YlHBKT81hHO, IlOCKOlhJtY 

OCHOBHH8 Bl'tlla,l{l,I B 9~q11eau ~opu¢axropoB .-a,ET 6apKOHHH8 IJeTlH, a 

npH npeae6peZ8HHK pa3HOCThE Mace 6apHOHOB 3TH BKJa,l{l,I paBHH lPYr 
J,pyry KaK MR IlHOHHHX, tax K MR KaOHHHX l'tOHnOB. 

HoauR HHT8peCHHI pe3yllhTaT 3al'tJEqaeTCR B TOM, qro· llR B81Tpalh

HHX JtaOHOB nonyqeu B OlHOil8Tl8BOK npH611KZ8HKH OTIIKqHwl OT Kyla anex

rpollB.rHHTHHA ~opu<I>a,KTOp. C118)0'E.88 HS aero aaaqea1e lllR KBalpaTn-

8 

aoro paJ.xyca aeRrpanhHoro ttaoaa xopomo cornacyeTcR c npelcmaaaKeu, 

Cl811aHHHU Ha OCHOBB MO~811H BBKTOPHOR lOMHHaHTHOCTH (aapHaHT C MO
l811hn cuemHBaHHR TOKOB, CM./6/). 

B 38.KIIEqeaHe aBTOpH BHpaJmET npH3HaT811hHOCTh l.H.EnoXHHneuy 
' 

3a noCTORHHHI RHTepec K pa6ore. 

ti~. 

' 
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