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Bonpoc cyll.leCTB0BBilll!I Bb!CWIIX CIIMMeTpllll B Teop1111 :meMel!TBpHblX '!BCTIIU !!Bfl!le-r

C!I 0.OIIHM 113 11a116onee IIHTepecHbIX II o6ell.\BI0ll.\HX II Tpe6yeT .oanbHellwero 11ccne.00BBHII!I 

II p83b!ICHe111111. Cpe.011 MH0r0'l!ICneHHblX ll0llbIT0K K0IICTpy11poBaI11I!I nocne.ooBBTeJlbilbIX Mo

.oenell 11a116onee ecTeCTBel!H0ll H ycnew116a !IBJl!leTC!I 0KTeTHB!I M0.Qenb yHHTBpHoll CIIMMeT

p!Ill, BnepBwe npe.ono>Ke1111a11 renn-MaHHOM ( Gell•Uann , 1961 r.) 11 H10MaHoM ( Ne'eman 

1961 r.). KaK ll3BecTH0, B 3T0ll Mo.oen11 npe.ononaraeTC!I, 'ITO KpoMe Cllflbllb!X B38IIM0-

.oellcTBllll, IIIIBHp!IBIITHblX OTHOCHTem:.110 rpynnbl YIIIITBpllblX yHHM0.Oyn11pllbIX npeo6p830BB-

Hill! SU(,3) B .np0CTpBHCTBe 06061l.leHHOro ll30T0llll'!eCK0ro Clll!HB 0'!eHb BB>KIIYIO ponb Mr-

paIOT B381IM0,OellcTBll!I, 11apywaIOll.llle 3TY IIIIBHpllBHTH0CTb, K TBKIIM B381IM0,OellcTBH!!M 

npe>K.oe Bcero 118.00 0TI!eCTII '!BCTb Cllflbllb!X B3811M0.OellcTB1Ill, 0TBeTCTBeHHbIX 38 pacll.len

ne1111e MBCC Me>K.oy pa3flll'!Ilb1Mll II30T0Ull'!eCKIIMII MYJlbTIIUneTaMII, a TBK>Ke aneKTpoMarHIIT" 

Hbie B3BIIM0.oellcTBll!I, Oco6eHHO BB>KHbIM 11Bn11eTc11 y'!eT 3TIIX 11apywa·IOll.\llX B3BIIMo.oell

cTBIIll np11 Bb!B0,Oe 113 Teop1111 onpe.oeneHHbIX cne.oCTBHll .Ofl!I npoBepKII Ha 0llb!Te. noaTOMY 

0'!ellb BB>KII0, IICX0.O!I II3 o6ll.lllX npe.onono>KeH!Ill .OBIIH0ll M0.Oen!I II He npHIIIIMB!I no nyTD 

HIIKBKHX .oo6aB0'!IlblX ynp0ll.\BIOll.\llX np!IeMoB, nony'll!Tb o6ll.llle CO0TII0Well!I!I Me>K.oy 3KCne

p!IMel!T8JlbllblMII Beflll'!IIIIBMII, B cnyqae HeBb!UOJII!ellll!I K0T0pblX M0>KII0 6y.oeT T0'!II0 onpe-

.oenl!Tb npH'IIIHY aToro 11Bne111111, v!TaK, M11or1IMII aBTopaMII ( Coleman, Glashow 1961 r., 
Okubo 1963 r; Oakes , 1963 r.), paccMaTpllBBIOll.\llMII aneKTpoMarHIITilble CB0l!CTBa '5ap1Io-

HOB 118 0CII0Be M0.Oen!I y1111Tap11oll CIIMMeTplIII, 6bm nonyqe11 p11.o C00TII0WeH!Ill Me>K.oy 

MHTpH'lllblMII sneMeHTBMII onepaTopa aneKTp0MarHIITH0rp 'j'OKB, Ho .00 CIIX nop He Bbl!ICI!eft• 

IlblM 0CTBeTC!I Bonpoc 0 TOM, B KBK0ll CTene1111 3TH C00TII0WeHII!I !!Bfl!IIOTC!I cne.OCTBII!IMII 

Mo.oenH YHIITapHoll CIIMMeTplIII, a B KBK0il 0HII CB!l38Hbl C npennono>KeH!IeM onpe.oeneHH0ro 

BIi.OB onepaTopa sneKTpoMarHIITH0ro T0KB, B HBCT0>UUell pa6oTe Mb! 11ccne.00Bam1 3T0T 

Bonpoc, npe.ononara11 Ha116onee o6ll.lllll BII.O onepaTopa sneKTpoMarHIITHoro TOKB, .oonycT11-

Moll M0.OenbIO 0KTeTH0ll YHIITBpHoll CIIMMeTp!III, OKB38flOCb, 'ITO B 3T0M cnyqae HIIKBKIIX 

06ll.\lIX C0OTIIOWeIIIIH Me>K,oy MBTp!I'!HhlMII 3fleMeHT8Mll onepaTopa 3fleKTpOMHrHIITIIOrO T0KB 

nony'!IITb_ 11enb311, · 0.OIIBK0, np!I 11aweM no.oxo.oe MO>K,110 YK838Tb HeK0T0pbie cp1I3ll'!ecKII 11c

Ilble apryMel!TbI, ll03B0fl!IIOll.\He c.oenaTb ST0T !Iflll .opyroil BII.O ynp0WBIOll.\lIX npe.onono>Ke

Hllll, 

Ka>K.ooll (plI31I'!eCKOll Ben1I'l!II1e, 06na.oa10ll.leil: onpe.oeneHHbIMII CBOilCTBBMII npeo6pa-

30BBHII!I 0TH0C1ITeJ1bH0 rpynnbI SU(,3) , MO>KHO COilOCTBBHTb 11eK11i1 11enp1IB0.Ol!Mblll Te113op-

lµl 
11wl1 onepaTop, K0T0pblll o6o3Ha'!IIM qepes T 
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npe.ncTaanemre, no KTOpOMY npeo6paayeTCH 3TOT onepaTop (HH>KHHe HH,lleKCb[ HyMepyroT 

ero KOMilOHeHTbl ). KaK o6bl•rno, I o't5o3Ha'1aeT KB8HTOBoe 'IHcno H30TOilH'leCKOl'O CilHHa,, z .

KB8HTOBOe 'IRCnO TpeT&eil ero KOMilOHeHTbl, a Y - KBSHTOBOe 'IHCno ranepaapH.na. BenR'IHHY, 

TpaHCq:JOpM8UHOHHble CBOi!CTBa KOTOpoi! aapaaee He onpe.neneHb[, acer.na Mo>KeM npe,llCT8BHTb 

B BH,lle naaeilHOil KOM6HH8QRH KOMilOHeHT HeKOTOporo 'IHCna. aenpHBO,llHMbIX TeHaopHblX 

onepaTopoa: 

1 = l: 
1,,1 

a (Iµ I 

1.1. , 1"' 

. 1,,1 ; r,,. , Y, 1 
1,1., Y ( I) 

nocKOnbKY B aneKTpOM8l'HHTHblX B38HMO,nel!cTBHHX coxpaHHIOTCH KB8HTOBble 'IHCna TpeTbei! 

KOMilOHeHTbl H30TOilH'lecKoro CilHH8 H ranepaap<1,na: B Bblpa>KeHHH .nnH. ompaTopa aneKTpO

M8l'HHTHOl'O TOK8 MoryT yqacTBOB8Tb TOnbKO Te KOMilOHeHTbl HenpHBO,llHMblX TeHaOpHbIX 

onepaTopoa, .nnH KOTOpblx 1 z = Y = 0 • 0Tcro,na aaa6onee o6mee Bbtpa>Keaee .nnH onepaTo

pa 3neKTpOM8I'HHTHOl'O TOK8 38IlHWeM B BH.lle: 

J 
1,,1 

I 
l:I I ( I 1t-l; I J T 

µ ., , ••• o (2) 

nonb3yHCb 3THM o6mHM Bblpa>KeHHeM onepaTopa aneKTpOM8l'HHTHoro TOKa, MO>KeM BbI'IH

cnHTb ero M8TpH'IHble aneMeHTbl Me>K,ny pa3HbIMH COCTOHHHHMH. npa .IlOMOlllH TeopeMbI 

Baraepa-3KKapTa a cnyqae 6apaoaoa nonyqaeM cne.nyromee Bblpa>Keaae: 
\ 

<plJfi>>=r-:im..; + ¥.i +..J.Q(9l +i4iJ+ Y1Li _'1.1.§. u +i 1+-&;, 
l D 2 3 90 4 9 6 s 15 • 1 15 8 

<n(J(n>=-i
1

-.:J..§.J2+½i.-.J.15(9j+,4jJ-ll,J.j+~(i+i)+.Y.§..;, 
10 ~ 90 . 4 9 6 s 15 • 7 15 8 

<E 0 (J(E°>= i- il.J-½i - V15(9/ +4j) +v!:!_; _,Jl5 (J + i J+ v 5 i, 
l JI) 2 3 90 . 4 9 6 S 15 6 1 15 8 

<E-llfi~->=i-..;s 1 _½i +v15r 9; + 4 iJ-v3; +v15U+iJ+..;s;, 
l 10 2 3 90 4 9 . 6 5 15 6 1 15 8 

<~+IJ l'I+>=i + v5 ; +.:fl; +v.lE...u +; J-y.§_; +2; , 
l 5 2 iJ 5 15 6 1 45 8 9 IO 

<l:o I l I l:o > = j ·+ ..; 5 j - {15 j - ..!._ j 
· I 5 2 145 8 9 10 

<~-11,~->=i + ..JS; -~i _yl§_(i +j )-V.E._j +2.;, 

<A I JI A > 

I 5 2 ,3 S 15 6 7 45 8 9 lO 

j I 
,J5 . ,J5 . 
-1 - - 1 
5 2 5 ' B 
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KpoMe Toro nonyqaeM .llB8 OTnH'IHblX OT Hym1 H0.llHaroaanbHblX 3n0M0HTa: 

< k ~ I J I A > = ,JS i - ,JS ( i - i ) - 2,JS i , 
5. 5 6 7 """Jr9 

<Al]lk">=,/5; + 
5 • 

(4) 

B <pOpMynax (3) H {4) B uem1x 3KOHOMHH MeCTa Mb! BBenH cne.llyIOIUHe 0003H8'10HHSI .lln!I 

npHB0.ll0HHblX M8TpH'IHblX 3neMeHTOB 

Typoll 

; = t (IIl;O)(8II T 11 I ll8J, 
l 

;2 ~ £(18, l;o )( 8 II Tis,! II 8,). 

i
3 

l(IS
2

1;O)(811 Tls}II 8), 

i, =l(l8~, I; 1)(8 II T 1•, 1118), 

j 5 = f ( I 8 2 I; 1 )( 8 II Tl 
8
2 

111 8 ) I 

j 
6 

= f ( I 10 I; 1 )( 8 II Tl 10\ I 8 } , 

i =l(l1O•1; 1)(8\I Tlzo•lll8J, 
7 

i, = f(l 271; 0 )( 8 II 11211 II 8) I 

(5) 

O<teBH.llHO, 'ITO TOKH i, oGna)laIOT cne.llyromell npocTpaHCTB0HHQ-apeMeHHOll CTpyx-

( i = 1 ••• ,; 10 ) , 
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r.ne q pasuo paauocTff ffMnynbcos Kouequoro ff uaqanbttoro C0CT0SIHffll. 

HeCMOTPSI Ha TO, qTO B cpopMyne (3) yqacTBYIOT .nec11Tb ueaaBffCffMblX TOKOB ; 
I 

( i= 1, •• .,,10), Mb! no cymecTBY ffMeeM a.necb T0nbKO BOCeMb HeffaBeCTHblX senffqffH, TSK KSK 

j
4 

ff j
9

, a TSK:>Ke j
6 

ff j
7 

Beane BX0ltSIT B KOM0ffHSUff!IX (9j
4 

+,4j
9

) ff (j
6

+ j
7

J. 

C .npyroll: CT0pOHbl, Mb! ffMeeM TSK>Ke soceMb HeaasffCffMbIX MaTpffqHbIX aneMeHT0B <BIJ[ll>, 

OTCro.na 11cHo, qTo s uaffoonee oomeM cnyqae He cymecTsyeT HffKSKffX cooTttoweHffll Me>K.ny 

oapffOHHb!Mff MSTpffqHb!Mff aneMeHTSMff onepaTopa aneKTP0MarHffTHoro T0KS, O.nHaKo cqffTSSI 

j l a.n,.nffTffBHOll KOHCTSHTOll, M0>KH0 ffa (3) nonyqffTb o.nHo CO0THOWettffe .nn11 paaHOCTff 

<B111B>=<BIJ I B>-i 
l 

• 
I <JJ lilB >=0, 

I I 
I= l 

~o - - ... + ... o ... - A r.ae D
1 

=P, n, ::. , ;:::. , ~ , k1 ~ 
1 

via cpopMYHbl (4) BffltH0, qTo 

<I 0 IJIA>l<AIJII 0 >. 

(6) 

(7) 

TTpe.nnonara11 HHBBpHSHTH0CTb TeopffH OTHOCffTenbH0 oopameHHSI BpeMeHH, cso.n11myroc11 

B uameM cnyqae K TpeoOBSHHIO, qTOObl 

< Io I JI A > = < A I J I :so > • 
nonyqaeM 

j.=;7. (8) 

O.nHaKo 3T0 ycn0Bffe He npHB0.[tffT K .nooasoqHblM C00THOWeHffSIM .nnn MSTpHqHblX aneMeH

T0B B (3). TSK KSK .3TH T0KH scer.na BX_OltSIT B Bff.ne CYMMbl. O.nHOBpeMeHHO aaMeTHM, 

qTo nocK0HbKY T0KH j4 H j 9 B cpOpMyne (4) BX0ltSIT B .npyroll KOM0HHSUHH, qeM B (3), 

s oomeM cnyqae HeT coe>THomeHHSI Me>K.ny <A I J II0 > H .npyrHMH MaTpHqHbIMH aneMeHTSMH. 

Mo>KeT 0KaaaTbCSI, qTO Ha 3KCnepHMeHTSHbHblX .naHHblX HnH Ha KSKHx-uHoy.nb Teope

TKqeCKHX cooopa>KeHHll cne.nyeT, qTo HeK0T0pb1e Ha T0KOB i, .naroT aHaqHTeHbH0 MeHb

lUHe BKHSltbl no cpasHeHHIO C .npyrKMH (HUH BOO0IUe paBHble Hynro). Tor.na C TOqH0CTblO, 

onpe.neneHH0ll: 0TH0CHTenbHblMH BenHqHHSMH 3THX 'MSHblX' T0K0B, M0>KHO oy.neT yCTlrno

BHTb HeK0T0pbie npHonH>KeHHb1e cooTHoweHHSI Me*.nY MSTpKqHblMH aneMeHTBMK < B I JI B >. 

TaKHe COOTH0IUeHHSI 0b!HH nonyqeHbl B npe.nb1.ny1UKX, MeHee O0IUHX pacCM0TpeHHSIX onepa

Topa aneKTpoMarHHTHoro T0KS B Mo.nenH YHHTapuoll: CHMMeTpHH, KOr.na SBT0pbl npe.nnonara

HH cneu11anbHy10 cpopMy T0Ka, KMeromyro_ TpaHccpopMSUHOHHbie CBOll:CTBa aneKTpHqecKoro aa

p11.na B 8-MepHOM npe.ncTasneHHH. 3TH coo_THOilleHHSI HMelOT c;ne.nyromHll BH.[t ( Colmian, 

Glashow , 1961 ff Odres , 1963 r.): 

+ + - -
<PIJIP >+<l:n11 E"">=<I IJII >+<I IJII > = 
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H 

= 2 <I0 IJII• > =-2<AIJ IA:f= -<n IJ I n>=-<E/ Ill E•>= 

~ 
,/3 

(9) 

noncTaamrn c10na ab1pa>KeHH11 nm1 MaTpH'IHblX aneMeHT0B Ha (3), nerKo npoaepHTh, 

'IT0 B 3T0M cnyqae 

i=../i3;, 
X ,3 4 

j = ,/3 .j • 
., ,3 $ ( 106) 

B pa6oTe OKy6o ( Okubo , 1963 r.) 6blnH rronyqeHbl MeHee >Ki;cTKHe C00TH0WeHH!I, 

qeM ( 9) ' CB!l3aHHble C Bb!6opoM npyroro BH,P.a B3aHMonellcTBH!I: 

<A Ill I 0 > = _l_ [<I0 IJI I•>+ i3<AIJI A>-2 <5°IJIE°>-2<nl JI n>] , 
a/3 

'IT0 C00TBeTCTByeT B HaweM cnyqae 

(Ha) 

( 116) 

i =i =i =O. (12) 
8 9 JO 

yj3 (3) nerK0 Bb!'IHCilHTb, 'IT0 npH 3T0M cymecTayeT eme TpeTW C00TH0WeHHe BHna: 

<AIJIA>=l/,3 r < p Ill p >+<nl/ln >+<E. 0 iJIE. 0 >+<ElJIE-> -<::E0 IJl::E">] • ( 13) 

v!HTepeCHO aaMeTHTb, 'IT0 C00TH0WeHHe ( l la) anepBble 6blnO nonyqeH0 MapwaKOM H np. 

Ha' 0CH0BBHHH H30TOIIH'leCKOil' lll!BapHaHTH0CTH TeopHH ( l!arsha/c • Okubo, Sudarshan 1957 r.) 

11- 11a1111eTc11 ropaano 6onee 061UHM, TaK KaK nn11 ero nonyqeHH!I nocTaT0'IH0 nono>KHTb 

T0ilbK0 j =O • nosTOMY 3KCIIepHMeHTanbHa!I npoaepKa 3Toro C00TH0WeHHll HenocpenCTBeH-
10 

HO nacT caeneHH!I T0ilbK0 0 LenH'IHHe TaKoro T0Ka. 

npHHHMa!I ;. = 0 , nony'IHM BMeCT0 ( 116): 

<AIJI I 0> = - 1-[<plJI P >-<n ( J ( n >-<E°(/ IS:0 >+ <EIJ ( E ->] •• ( 14) 
2,/,3 

OTcJOna BHnHo, 'IT0 CTeneHb BblII0nHeHHll C00TH0WeHHll ( 116) 11 ( 14) nacT caeneHH!I 

0 BeIIH'IHHe T0K0B i_ H j , 
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HaKOHeu OCTaeTCSI aonpoc BIIJ:10113MeHeHl!SI COOTHOUJeH11ll (9) B cnrrne, KOr.[la Bbmon

HSIIOTCSI T01lbKO ycnOBIISI (toa). B 3TOM cny,rne, KpOMe (lla), (JJ6) II (13) nony'll!M eUJe 

COOTH011JeHa5I: 

-t- + '::- -
<I IJII > -<I fJII > 

=<plJIP > -<n 1Jln>+<E0 IJI S0 >-<E-IJIE->, 
( 15) 

< A IJ I A > = - < I 0 I ] I I 0 > 

CpaBHl!BBSI nonyqeHHb!e pe3y1lbT8Tbl C pe3ynbT8T8Mll BhIUJeynOM!IHYTblX pa6oT, BIIJ:IIIM, 

'ITO aapyUJeHl!e OTHOUJeHl!!I ( 9) HBCTynaeT He T01lbKO np11 y'leTe HeKOTOpb!X Cll1lbHblX B3811M0-

.[lellcTBllll, aapyUJBIOUJIIX IIHB8p118HTHOCTb OTHOCl!TeJibHO rpynnhl SU (,3) , K8K 3TO cne.[lyeT 

113 pa6oThl OKy6o, HO B paBHOll CTeneHII 38BIICIIT II OT BbI6opa KOHKpeTHOro Bll.[18 onepaTo

pa aneKTPOMarHIITHoro TOKa, 
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