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§ 1, l::S a e .u e H H e 

CoapeMeHHblll qlH3HK, uccne.uyR staneHHe B Mlipe aneMeHTapHblX '<SCTHU, C'IHTSeT CBOIO 

paooTy aasepweHHOII, ecnH OH MO)KeT ccpopMynnpoaaTb 38KOHOMepHOCTH 3KCnepHMeHTSnbHOl'O 

MSTepuana B Kp8TKOII cpopMe 38KOHOB coxpaHeHlill, 

Mo)KeT DblTb oounue aaKoHoB coxpaHeHHll ca,raaHo c TeM, '<TO Mbl eme He 3HaeM 

oonee rnyooKoro MexaHHaMa, KOTOpbIII perynupyeT MHorooopaaue npoueccos, npoHcxo.1:111wHx 

C qacTHUSMH, l::S oy.uymeM, sepo>1THO, OKS)KeTc11, '<TO MHOl'He 38KOHbl coxpaHeHHSI CBSl38Hbl 

oomell npH'<HHOII H RBn>110TCl1 cne.QcTBHeM HeKOTOpoll oowell CliMMeTpHH npOCTpaHC')'Ba li ape

MeHH, 0.uHaKo cel!qac OHH BblCTynaIOT KSK He38BHCHMbie H_ HX nayqeHHe stan,reTCll OCHOBHblM 

HanpasneHHeM cospeMeHHbIX HccneaosaHHII, 

3aKOHbl coxpaHeHHll B qlH3HKe aneMeHTSpHb!X qacTHU li CB!l38HH8ll C Hell CIIMMeTpHll 

xapaKTepHbl TeM, '<TO OHH BO MHOl'HX cnyqa,rx OK83b!B8IOTCl1 He TO'<Hb!MII, a -nl!Wh npnonH

)!{eHHblMH, l::S CBll3li C 3THM B ,PH3HKe IlOllBHnacb Hosa,r B03MO)KHOCTh H3yqeHHl1 l!BneHHlt, Call-

38HH8ll C TeM, '<TO HapyweHHe CHMMeTpHH OK.83bIB8eTCll BO MHOf'liX cnyqa,rx OTHOCHTenb-

HO M8nbIM li .UOCT8TO'<HO npoCTblM no CBOHM CBOltCTBSM, 

TTpHMepoM T8KOll CliMMeTplili l!BnlleTCll H30TOnH'<eCK8ll CHMMeTpHll; Hapyma10wne ee 

aneKTpOMSl'HHTHbie li cnaob!e B38HMOLJ.c!ltCTBlill xopomo 113yqeHbl, He oy.ueT oonhLUHM npeyae

nHqeHHeM CK838Th, '<TO HSHoonee IIHTepeCHbie peaynhT8Tbl Obinli .UOCTHl'HYTbi B qlH3HKe HMeH

HO TO!'.Ua, KOl'.US BblllCHHnHCh 38KOHbl HapyweHHll CHMMeTp,rn. 3Ty nHHIIIO MO)!{HO npocne.QHTh 

J:lS)Ke B acTpOHOMH'leCKIIX HaonIO.UeHIISIX, ,annnelt C'<liTan, '<TO nnaHeTbl coaepwaIOT csolt 

nyTh no • ecTeCTBeHHbIM' KpyroBb!M OpDIIT8M, H apyweHHe 8KCHllnbHOII CIIMMeTpllll nyTelt 

nnaHeT, OTKpbiTOe t\ennepoM, npHaeno K C03.U8HHIO KnacCH'{eCKOlt MexaHHKH, Tp11yMqJOM 

oomell TeopHII OTHOCHTenbHOCTII oblno OTKpblTHe .UBl!)!{e}lllll nep11renli!I MepKypHll, 3H8MeHy10-

wee cooolt HapyweHne CIIMMeTpliH - 38MKHYT0CTH opoHT KnaccHqecKOll MexaHHKII, 

l::S KBllHTOBOlt qlH3HKe aonpoc O HOBUX 38KOH8X coxpaHemrn B03HIIJ{aeT Tor.ua, KOl'.Ull 

Ilb!TSIOTCR IlOHSITh CTpOeHl!e CBl138HHblX COCTOSIHHlt CIICTeMbl, 0TKpb!THe ypoaHelt STOMa so.uo

po.ua · npHaeno K Mo.uenH Eopa. CHcTeMSTHKa ypoBHel! OK83anacb CBl138HHOil C HOBb!MH CBoil

CTBSMH CHMMeTpHH, XOTOpbie TOnbKO MHOl'O neT cnycTlI ObtnH ccpopMyn11poBaHbl <POKOM, B 

cpopMe CHMMeTpHII spauteHHlI B qeTblpexMepHOM MHpex), ti03MO)!{HOCTh '<HCTO rpynnoBOl'O 

OilHCSHHSI aToMa so.uopo.ua npe.UCTaBnSieT coooil oqeHh Bll)KHOe RBneHHe B llTOMHOl! qlH3HKe, 

KOTOpoe Heaacny)KeHHO OOXO.UHTCR B oonhWHHCTBe Kypcoa KB8HTOBOil MexaHHKH. 

x) ToT qll'KT, '<TO ypoBHH llTOMa ao.uopo.ua 0Tp8)!{8IOT CHMMeTpHIO He B cp11311qecKOM 

TpeXMepHOM npocTpaHCTBe, oqeHb noyqHTeneH, T8K KSK .uenaeT MeHee HeO)!(IIJ:lSHHblM nosts

nemie B .UMbHeilmeM npocTpaHCTB 1130Ton11qeCKOl'O H YHIITapHOl'O, 
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CHMMeTpHH OTHOCHTenbHO nepecTaHOBOK H CBSl38HHblll C HHM npHHUHil naynH naIOT 

B03MO:lKHOCTb IlOHSITb CTpyKTypy ypoaHell 8TOMOB co MHOI"HMH aneKTpOH8MH. 

B sinepHoll cpH3HKe H3y'leHHe ypoaHell 8TOMHblX sinep npHBeno K OTKpblTHIO 38pSlll0BOll 

HHB8pH8HTHOCTH H CBSl38HHOI"O C HHM H30TOilH'leCKOI"O upocTp8HCTBa. l130TOUH'leCKHl! CUHH· 

'{8CTHU H sinep HBnHeTCSI ceJlqaq He MeHee UpHBbl'IH0l! xapaKTepHCTHKOi! 11npa, qeM o6blq

Hblll CilHH HnH 3apsin sinpa. 

OTKp~!Tblll tlHrHepOM B 1937 rony 38KOH coxpaHeHHSI H30TOUHqeCKOI"O CilHHa o6Hapy

)Klln CBOIO uonHyIO c11ny B cpll311Ke aneMeHT8pHblX '18CTIIU, 

Jlo Tex uop UOK8 6bmH 113BeCTHbl TOnbKO nae TH:lKenbie '18CTIIUbl - upoTOH II Hel!

TpOH, BO_npoc O HOBblX KB8HTOBblX q11cnax He B03HHKan; Korna )Ke 6blnH OTKpb!Tbl I"HUepo

Hbl, TO B03HIIK aonpoc O TOM, B. 'leM COCTOIIT npH'IIIH8 IIX 6onbWOl! CTa611nbHOCTII, T8K K8K 

'apeMH HX :lKll3HH ( 10-lO CeK) UO HnepHb!M M8CI.1.1Ta6aM aenHKOo nepBblM W8I"OM UOCTpoe

HHH TeopHH, K8K H B HCTOpHH STOMa. HBHllOCb BB8,ll0HH0 •rnaaaoro KBBHTOBOro qHcna• AllH 

CIICTeMbl ypoaHel! 6ap110HOB ( T8K MO:lKHO H83B8Tb ceMellcTBO HyKnOHOB II r11uepOHOB) • T 8KIIM 

rnaaHbIM KB8HTOBblM 'IIICnOM OK83an8Cb. OTKpblT8SI renn-MaHHOM II HIIWllll:lKIIMOl! "cTpaH-

HOC Tb' S (lin11 rHnepaapsin Y , paaHblH cyMMe S H 6apHOHHOI"O 'IHCna s' ). 

CeJlqac Mb! He IIMeeM HH Manellwero npencTaaneHHSI O TOM, C K8KHMH CBOl!CTB8MH 

CllnbHO B3811Monel!CTBYIOWIIX '18CTIIU CBSl38HO 3TO KB8HTOBOl! 'IHCno. Mo:lKeT 6b!Tb, CTpaH

HOCTb ecTb upocTo KOMnaKTnoe on11ce.H11e B38HMonellcTBHH qacT11u H Toro He o'teHb noHsi

Toro cpoHa, KOTOpblll UpHHSITO 1183 blB8Tb 'cpH3H'{eCKIIM BaKyyMOM'. Ho K8K 6bi TO HH 6blno, 

o;xpb!THe CTpaHHOCTII HBnHeTCSI 0.llHHM 113 C8Mb1X cymecTBeHHblX 3T8Il0B pd3BHTIISI (})H311KH 

aneMeHT8pHblX '18CTHU. 

Jlnsi TOI"O, 'IT06bl_ BKnlO'IIITb "cTpaHHOCTb' B anuapaT TeOpHH, Heo6XOllHMO 6blno 

pacmHpHTb cxeMy H30TOUH'leCKOI"O CUHHa. nepaasi UOilbiTKa T8KOI"O po.cta 6blna cnenaHa 

CaxaTOll ( A 1, A2). paCCMOTpeBlllHM cxeMy u (3) yHHT8pHOI"O a ex To pa ( npOTOH-Hel!TpoH

A -r11uepoH). a T8K)Ke MapKOBblM H OKyHeM, O.ctH8KO Bbl.cteneHHe 113 acex r11uepOHOB D 

OCHOBHOll BeKTOp TOn~KO Tpex OK838nOCb He.ctoCT8TO'IHO pa,llHK8nbHblM, H peanbHblll ycnex 

TeopHH npHHecna cxeMa SU (3) , npe.ctno:lKeHHasi renn-MaHHOM H Hel!MaHoM. 3Ta cxe-

Ma, KOTopaH 6bma npHHSIT8 CH8'1ana O'leHb C,llep:lK8HHO, OK83M8Cb 11an6onee acpcpeKTHBHoll, 

TpHyMcpOM ee 6bmO OTKpbITHe npe.ctcKa3aHHoro 3!0 D - -Me3oHa /Bl/ 

CxeMa renn-MaHHa H Hel!MaHa [Cl,2,3) 0bin8 H83B8H8 uepBblM 8BTOpOM "BOCbMH-

pH'IHblM nyTeM -"eight-fold way .. 
,x) 

11HTepeCHO OTMeTHTb, 'ITO rpyuua SU (3) oupe-

.ctensieT CHMMeTpHIO ypOBHell Tpe_xMepHOI"O rapMOHH'leCKOI"O ocunnnHTOpa. 

x) 
HasaaHHe CXeMbl CBSl38HO C nereH.ctOll O By.ctne H BOCbMH ,llOporax K yHH'ITo-

:lKeHIIIO CTpa.ctaH1111: upaaHnbHbie B3I"nH.llbl, upaaHnbHbie H8MepeHHH, npaDHnbHbie cnoaa, 

npaaHnbHbie .ctel!CTBHH, upaaHnbllaH )KH3Hb, upaaHnbHbie ycHnHH, npaaHnbHOe MbIWneHHe 

H npaBHnbH8H KOHUeHTpaunsi. 
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HecMOTPll Hf\ To, 'ITO pa3HOCTH Mace rHnepoHa, paa_Hble Hymo B s u (3) , aenHKH, 

BbllICHHIJOCb, ·qTo aeCbMa 11pOCTbl0 11pe.nnono>1<eHHll O CHMMeTpHH B3aHMO,llel!cTBHll, Hapywaro

mero CHMMeTpHIO s u (3) , IIO3BOIJ!IIOT OIIHCaTb cpaKTHqecKoe ,p_acmenneHHe Mace, Eonee 

Toro, pacmenneHHe H30TOIIH'leCKHX MyllbTHlll)eTOB TaK>Ke yno>KHIJOCb B llpOCTYIO cxeMy, 

,Ycnex TeOpHH ace apeM!I HapaCT8eT,nony'leHHb10 '.naHHbl0 11O38O/J!IIOT O>KH.llaTb 3Ha'IHTenb

Horo nepe.naH>KeHH!I B TeopHH cna6blx B38HMO,llel!CTBHJ! H B H3yqeHHH peaK11Hl! Me>K.ny 

aneMe-HT8pHb!MH '18CTH[18~H, 

Y>Ke ceJ!qac 60llbIUOe KOIIH'{eCTBO '18CTH[l-pe3OH8HCOB, eure naa rona. Ha38.ll Kaoaa

IUKXC,ll 6eccHCTeMHbIMH, yno>KHIJOCb B CTpOJ!Hyro cxeMy 3 OKTeTOB -H O.llHOro .neKanneTa 

(He C'IHTa!I aHTH6apllOHOB, 06pa3y10IUHX eme O.llHH OKTeT H O.llHH .neKanne-r), TaK 'ITO ·nacb

stHC· H3 aneMe.aTapHhIX q8cTHU KMeeT ceA:qac ace ocaoeaHHH "'BhIATH'. 

KaK 6bl 'TO HH 6blllO, TeOpHll yHHTapHOll CHMMeTpHH CTa}!OBHTC!I cel!,'lac Heo6xO.llHMblM 

annapa~oM, KOTOpb!I! .non>KeH 6b!Tb IUHpOKO H3aecTeH, C TO'IKH 3peHHll yHHTapHoll MO.nenH, 

I 
O.llHaKo, OCTaeTCll HenoH!ITHb!M, IIO'IeMy B llpHpo.ne HeT qaCTHII, OTBe'IaIOIUHX npe.ncTaane-

HHIO MHHHManbHOI! pa3MepHOCTH - TpexKoMnoHeHTHoMy cnHHopy, KOTopi,1J! a TeopHH CaKaTa 

6hln cpyH.naMeHTallbHblM, nono>KeHHe 3.lleCb TaKOe >Ke, KaKoe 6bIIJO 6bl a· KaaHTOBOl! Mexa

HHKe, ecnH 6b! He cymecTBOBMH qacTH!lhl_ co CIIHHOM 1/i, nollb!TKa aae.neHHll TaKHX qacTHll 
[Fl] 

6bma c.nenaHa r'enn-MaHHOM(KaapKH.:.. quarks ) , O.llHaKo, TaKHe qacTH!lhl He 6blllH 06-

Hapy>KeHhl a Ollb!Te[F 21 • 

TeopHll, BKIJIO'laroma11 HeHa6_nro.naeMhl0 'npaqacTHllhl", pa3BHBanacb WBHHrepoM [ E 21 • 

noKa, O.llHaKo, eme paHo roaopHTb O CKOIJbKO-HH6y.nb ymoaneTBOpHTenbHOM peIUeHHH 

3Toro cpyH.naMeHTallbHoro .llllll TeOpHH aonpoca, 

HaCTOlllU8ll cTaTpll npe.nCT8BIJ!leT co6ol! 31JeMeHT8pHoe aae.neHHe B TeOpHIO yHHTap

HOJ! CHMMeTpHH, 13 Hell H31JO>KeHa TeH3OpHa11 anre6pa, CB!l3aHHa!I C rpynnol! s u (3). 

l--f3110>1<eHHe Be,lleTCll TaK, 'IT06hl 11O,U'IepKHYTb irnMOr'HIO C O6b!'IHOJ! TeH3OpHOJ! anre6-

poJ!, CBH38HHOJI· C rpynnol! apaIUeHirn HIJH , 'ITO TO >Ke CaMoe, YHHTapHOJ! rpynnol! Ha nnoc-· 

KOCTH - rpynnol! SU(2) • noaTOMy H311O>KeHHe H8'1HHaeTC!I KP'.)TKHM o63opoM CBOl!CTB SU(2). 

l:S §§ 3, 4 paccKa3b!B8eTC!I O TeH3Opax SU(3), 

TeOpHlt yHHTapHOI! CIIMMeTpHH aneMeHTapHblX qacTH!l Ha'IHHaeTCll C § 5, r.ne OIIHCaHbl 

CBOl!CTBa MyllbTHIIIJeToB, 8 3TOM naparpacpe onncaHbl naa K11acca MYllbTHillleToa: (I) cpep

MHOHHbl0 MyllbTHnneTbl, OIIHCb!BaeMbl0 KOMnneKCHblMH MaTpHuaMH - HX H3BeCTHO 4 (oKTeT, 

.neKynneT H HX aHTHMYllbTHilneTbil H (2) 6o30HHb10 MyllbTHIIIJeTbl, OIIHCbIBaeMb!E! 3pMHTO

BhIMH MaTpH!laMHj HX H3BeCTHO 2; K HHM Ha.no .no6aaHTb eme H YHHTapHblr CKan11p - w-Me-

30H. 

<+>opMynh1 .nn11 pacmenneHHll Mace Bh1ae.neHbl a §§ 6 H 7. npaanna HHTepaanoa y.nnan•· 

T811bHO H811OMHH8IOT cpOpMyllbl aneMeHTapHoro acpcpeKTa 3eeMaHa, AHanorn11 C aTOMHOI! 
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cneKTpOCKoneel! H8CTOnbKO oqeaenHa, 'ITO aoaHBKSeT menamrn onHCSTb pacmenneHBe 

C nOMOlllbIO aaeneHBB HeKOTOporo Ka83BMarHBTHOro nonB, KOTOpoe aq,q>eKTHaHo·onHchlaaeT 
. x) 

aaaBMO,lleJlCTBHe MynbTHnneTa C aaKyyMOM • TaKoe none MOJKeT 6b1Tb TpSKTOaaHo K8K none 
[Fl, F4], [ F2], 

Me30HOa HnB yHHTSpHb!X cnHHopoa KaapKOB· • 

Ecne npHHHTb TSKOll cnoco6 onecaHHH, TO acg TeopHH CT8HOaHTCH coaceM npocTol!. 

<PSKTH'legKH ace CK838HHoe O q>opMynax pacmenneHHH . MSCC CKOHueHTpBpoaaHo a ablaO.[le 

q>opMynhl (7.16) a KOHUe § 7, KOTOpag B conepmHT a ce6e np8KTH'IeCKH ace ·peaynbT8Thl. 

MomHo noaTOMY orpaHH'IHTbCH 'ITeHHeM KOHUS o6aopa (H8'1HH8H C !popMynbl (7.16) ). 

lPOpMynbl HHTepaanoa, KOTOpble cnyJKaT npHMepoM npeMeHeHHH TeopHH, He HBnHIOTCH 

e.[lHHCTBeHHhlM ee peaynhT8TOM, t\.pOMe npaaHn HHTepaanoa CyllleCTayroT E:llle MHOro ,npyrHX 

peaynbTSToa, cas.aaHHhlX C M8rHHTHhlMH MOM8HT8MH H q>OpM-q>SKTOpaMH.' Oco6eHHO HHTepec

Ha paaaeaaIOll.lSHCH reopHH cna61,1x aaaHMo.nel!CTBHl!. 3TH aonpoc1,1 6y.nyT H3nOJK8Hbl B en~ 

ny1011.1el! CT8Tbe, 

nocnenHee aaMe'IBHBe oTHOCHTCH K naTepaType. TaK KSK KonH'lecTno crarel!, nocaH

meHHhlX YHHTBpHOll, CHMMeTpHH oqeHb aenHKO, TO 6blnO OT06paHO CpSBHHTenbHO HeMHOro 

CT8Tel!, a KOTOphlX conepJKH TCH 6onbW8H '18CT)> H,nell H peaynhTSTOa, ony6nHKOa8HHblX 

K 1 HIOHH 1964 r. B 9THX CTSTbHX 'IHT8Tenb H8l!.[leT H .nanbHel!wBe nHTepaTypHble yK838HBH. 

§ 2. vlaOTOnH'leCKHJI CUBH 

KaK Mb! yJKe roaopKnH, aapH,noaag HHaapHaHTHOCTb H.nepHb!X CHn npHao,nHT K TOMY, 

'ITO COCTOHHHe-CHCTP.M HYKnOHOa H npyrax q>yH.[l8MeHT8flbHblX 'ISCTHU y.no6Ho Kn8CCH(pHUH-i 

poaSTh c noMOll.lhIO aaoToneqecKoro .cnaHa; EcnK npeHe6pe'lb aneKTpoMarHHTHhlM noneM H 

cna6b1M aaaHMo.nel!cTaHeM, TO caollcTBa CHCTeMhl _onpe.nenmoTCH TOflbKO aenH'll!HOA H30TO-

llH'l8CKOr0 CilHH8 TH He 38aHCHT OT ero npoeKUHH 
, I 

T3• 

3neKTpOMBrHHTHOe none H cna6oe aaaHMo.nellcTaHe npaaO.[lHT K 'pacmenneHHIO •. 

ypoaHeA, TSK 'ITO caol!cTaa CHCTeMbl aaaHCHT HOT npoeKUHH H30TonaqecKoro cnHHa. 

tlOnHoaag q,yHKUHH npoTOHB H. Hel!TpoHa onHCb!aSeTC>I nayxKOMllOH8BTBOA cpynKBHel!

CllHHopoMxx) 

'l' .. ( 

I 

'l',½ ) 
11'½ (2.1) 

x) . 
KapTHH8 aanouuaaeT TSKJKe OllHC8HH0,KB83H'l8CTHU B T00pBB TBep.noro Tena H 

BX B38BMO.nellcTBHe C qlOHOHaMH peweTKH. 

xxf ·-
. t\.8)1(,ll8H H3 KOMllOi10HT, B CBOIO oqepe.r:lb, :JaBHCHT eme H OT KOOp.llBHST H CDHBOB, 

KOTOpb~e Mhl anecb ne 6y.neM sso.nHTb ·=no. 
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npoeKUHH H30TOilH'IeCKOrO CilKHa 'Ja a,t,½ COOTBeTCTByeT sap11:>KeHHOe COCTOIIHHe 

p (npOTOH), a npoeKUHH Ta.=-·½ - Hell~pan&Hoe COCTOSIHHe D (aellTpOH): 

Conp11:>KeHHYJO Cj:JyaxuirJO Mbl. 6yJJ.8M 38IlHCb1B8Tb B BHJJ,e: 

(2.3) 

HUH 

( n • p ) 
(2.4) 

q,yHKUHIO (2.1) MO:>KHO IlOJJ,BeprHyTb nHHellHOMf npeo6pa30B8HHIO C IlOMOlllblO M8TpHIV>l u 

'I'' = U 'I' = ( a 
y 

/3 ) ( 
li 

(2.5) 

EcnH cymecTByeT H30TOillf'IeCK81t lfHBaplf8HTHOCTb, TO KOMilOH8HTbl Hoaoa cpyHKI{lfH 'I''· MO)!(• 

HO C T8KHM )Ke __ ycneXOM C'IlfT8Tb cpyHKilHIIMlf, OilHCb1B810lllHMlf JJ,Ba 38p!IJJ.OBblX COCTOIIHHII, 

K8K H KOMilOH8HTbl HCXOJJ,HOJI cpyHKUlfH 'l' , OJJ,HaKo JJ,Ull STOro HOBble Cj:J:;,-HKUlflf JJ,OU}l(Hbl 

6b1Tb opToroHanbHbl H HOpMHpoaaHbl, 3To Tpe6oaaHKe 6yJJ,eT abmonHeHo, ecnK MaTpKua U 

yHK'f_apHa, T,e, ecna o6paTH8!I MaTpKua paaHa spM:?Toao-conpR}l(eHHoll: 

•I + + 
. U =·U ; U U = 1. (2.6) 

Ecnlf COOTHOWeHlfll (2,6) cnpaaeJJ,UlfBbl, TO M8TPlfU8 u HMeeT BHJJ,: 

f3 
a* ) • (2.7) 

npK'IeM 

2 2 
lal+IJJl:=1. 

(2.8) 

Ycnosae (2.8) OJJ,HOBp8M8HHO 03H8'I88T, 'ITO JJ,8TepMlfH8HT M8TPlfUbl paB8H I. jj JJ.ByxMepHOM 

npOCTp8HCTB8. paB8HCTB
0

0 JJ,8T8pMlfH8H'ra eJJ,lfHlfue ecTb cneJJ.CTBlfe YHIIT8pHOCTII. ti npOCTpaH

CTBe 6onblll8ro 'IIICU8 lf3MepeHlfll YHlfT8pHOCTb He BU8'I8T 38 co6oa paaeHCTBa JJ,8T8PMKH8H

Ta e.o.HHHue. 

+ 
Ecnlf 'II • npeo6pasyeTCH MaTpKuell U , TO 'l' npeo6pasyeTC!I M8TpKueJ! U 

npH'IeM YMHO}l(eHlf8 Ha M8TpKuy .npOHCXOJJ,lfT cneaa: 

j'' - ~ •p +~ 
'I''·=·'I' u . 
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. , 

Ecn1< Bbllll<Cb:BSTb l<H.UeKCbl geHO, TO ,nng cn1<Hopoe, npeo5paayroIUHXCg no 38KOHY (2.9), 

l<H):leKC CTSBgT BBepxy I< cnl<HOpbl "H83bIB8IOT KOHTpBap1<8HTHblMI<! 

'i''a= Up '1'{3 
(2.11) 

(cyMM1<poaaTb no o.n1<HaKOl'lbIM aHa'IKaM!) 

CnHHOpbI, npeo5paay!OIUl<ecg no 38KOHY (2\9), OTMeqaIOT l<H,UeKCSMI< CHl<3Y " H83blB8IOT 

KOBap11aHTHbIMI<! 

ljl~ = ( u + a 'P 
)fJ a (2.I.!) 

nocKOflbKY l!H,UeKCb! Bb!IlHCSHbl gaHO, ~o nopg,UOK MHO)Kl<Tenel! B npaaol! 'ISCTI< cpopMynbI 

HecymecTaeHeH, 

via HanHCSHHblX cpopMyn cne.nyeT, 'ITO npeo5paaoBaHHe (2.9), (2.10) He H3MeHgeT 

CKMgpHoro npoH3Be.neH1<g 

, - + 
( 1P', 11,J' ) = ( 'P U , U 11,J = 'P 'l' 

4'opMyna (2,11) cny)KHT onpe.neneHHeM yHnTapHoro npeo5paaoaaHHg, 

Hae.neM aHTl<CHMMeTpH<iHyro MaTpHuy: 

H o5paTHYIO el! 

'a f3 

af3 
• 

= ( 
0 

1 

-1 

0 

I) 1. ) 
( • 1 0 

(2.13) 

(2.14) 

(2.15) 

Tor.na KS)K,UOMY KOHTpBll ''l8HTHOMY cnHHOpy MO)KHO conocTaBHTb KOB8p1!!1.HTHbll!, onyCTl<B 

HH,UeKC 
f3 

q, =• q, a af] (2.16) 

vi Hao5opoT, MO)KHO, no,nHgB l<H,UeKC, npeapaTl!Tb KOBapHSHTHb!l! cmrnop B KOHTpBap1<,aHT"" 

Hbll! 

a af3 
'l,J=• 'lip 

(2.17) 

0TCIO.U8 cne.nyeT, 'ITO paanH'IH0 M0)K.UY KOHTpBap1<aHT,HblMH H KOB8pHaHTHb!MH KOMilOHeH

TSMH 'll<CTO cpopManbHOe H 'ITO 
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af3 

'l' =· 'l' I 
2 

He MeHHeTcH_llpR yHRTapHb!X npeo6p830B8HRHX 

• I • - u f u 

(2.18) 

(2.19) 

(2.2:0) 

·,3To paBeHCTBO nerKO nposepRTb; OHO eCTb npOCTO cneaCTBRe paseHCTBS 0.llBHHUe onpe

aenHTem1 U • 

TaKHM o6paaoM, ecnR 

a n 
'l' =· p ) ' (2.21) 

TO 

'l' =· ( 
•p 

) a n 
(2.22) 

3aMeTRM, KpOMe Toro, 'ITO 

a 
'l' 'l' =· 0 a 

(2.23) 

af3 
RrpaeT ponb M0TpR'leCKoro T8H3opa. 

TaK :>Ke KSK H B o6b!'IHOJ1 TeHsopHoJl anre6pe BBO.llHTCH 
0

TeHsOpbl, 38BRCHlllHe OT 

HeCKOnbKRX RH)leKcos. CMewaHHb!Jl TeHsop BTOporo paHra 

a 
A 

b 
=( 

I 
A1 
A2 

I 
(2.24) 

npeoopasyeTCH KSK npo~sseaeHHe .llByx BeKTOpos, O.llHoro KOHTpBapHSHTHoro H O)lHoro 

KOB8pR8HTHoro0 Cne)l SToro TeHsopa 

I 2 
Sp A = A +:A , 

I 2 (2.25) 

O'leBR)lHO, He MeHHeTCH npa npeo6p830B8HHHX H HBnH0TCH CKanspoM. 

TeHsop 

(2.26) 

y:>Ke HenpHBO)lHM. 3TOT TeHsop 8KBHBaneHTeH BeKTopy B TpexMepHOM npocTpSHCTBe. CBH3b 

Me:>K)ly KOMllOHeHTSMH 3-seKTOpa H TeHsopa ( ... ~a) ycTaHaBnHBSeTCH C llOMOlllblO MSTPHII 
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TiaynH. YMHO)K8SI CKMS!pllo 3-aeKTOp A !18 B0KTOp TiaynH ;;. ( Uj , u2 , a3) 

Aa 
/ = ( A +.iA2 b I 

A1-iA2 

• A a 
) . 

Mbl !10 15y,neM .U01'83b!B8Tb, '!TO y!IHT8pHhl0 npeo15pa30B8HHSI T0H30pa 

apameHHIO aeKTopa A B TpexMepHOM npocTpaHcTae. 

A 
b 

, nony'!HM 

(2.27) 

3KBHB8J10HTHbl 

,llanbH0l!lllH0 CB0,U0HHSI O T0H3opax 15onee BhlCOKOro paHra H8M 3.U0Cb He HY)KHbl, 

Y'IT0M Tenepb 3J10KTpOM8rHSITHoe none. J:S 3TOM cny'!ae B H30TOnH'l0CKOM npOCTp8HCTB8 

OCb 3 OK83b!B80TCSI Bbl.U0J10HH00, T8K K8K np00KUHSI Ha 3Ty OCb onpe.nensieT 3apsi.n COCTOH

mrn • .ti 3TOM cny'!ae B38HMO.U0llCTBH0 y)Ke He 15y.neT Sl30TOnH'!0CKH-HHB8pH8HTHbIM. v!HB8pH"1 

8HTHOCTb coxpaHHTCH JlHllib .UJlH npeol5.p830B8HHl! 

MOryT Ob!Tb 3anHC8llbl B BH.ne: 

e· L'j 
0 

u =· 
0 e !4'- ) 

,nHaro11anbHb!MH M8TPHU8MH, KOTOpble 

( 2.28) 

OHH onHCblB8IOT Bp8IU0HHe B nnocKOCTH BOKpyr OCH 3 • TipoHCXO.UHT nepexo.n K O,nHo

napaMeTpH'l0CKOl! no.nrpynne .nayxMepHbIX Bp&IUetrnll R(2) • Mo)KeT Ob!Tb HMeeT CMbtcn 

HanoMHHTb, 'ITO ace CK838HHOe O CBOl!CTB8X M8TPHU M(),}1{110 onHC8Tb Ha MO.U0J1H 'l8CTHU 

co cnHHOM, Kor.na ccpepH'l0CK8SI CHMM0TPHH HapywaeTCH MarHHTHblM noneM, HanpaaneHHblM 

no OCR z • 

J:S8)KHHM cnyqaeM CnHH-T8H30pil. SIBJ1SI81'CSI H30TOnH'l0CKHl! _cnHH T • ti cornaCHH C 

(2,27) H8nHW0M 

T = ( 
T8 T _ 

T+ ·T8 
) . 

(2:29) 

3neMeHT8MH 3TOll MaTp!!Ubl HBJlSIIOTCH KOMnOH8HTbl H30TOllH'10CKOro cnHHa, K0TOpbl0 C8MH 

no cel5e HBl!SIIOTCH M8TPIIU8MH, l:lH/l 3THX M8TpHUbl ( 'IHCJlO CTpOK H CTon6uoa) 38BHCHT OT 

npe.a;CT8BJ10HHH rpynnbt, T.e. OT B0JlH'IHHbI cmrna '18CTl'lllbI, Ha BOJlHOBYIO q,yHKUHIO KOTOpoll 

.nellcTBYIOT 9TH M8TpHUbI. 

J:ln11 11yxn0Ha T=½ 

T = ( 1 0 
3 0 - ' ) 

KOMilOHeHTbI 

0 1 
T+= ( 0 0 ) 

T cyTb M8TplIUbI IlaynH 

0 
T_ = ( 1 

0 
0 

) . 
(2.30) 

C noMOlllblO 3THX M8Tpl!n MO)KHO, HanpHMep, 3an11C8Tb TOK, BXO.UHUrnll B cnaooe 

Il38HMO.U0l!CTBHe (eeKTOpHblll H nceB,UOB0KTOpHb!l1). 
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TaK, aeK·ropHblll ·ToJC, OTBe'l810lllKII 

KOMilOHeHTY H30TOilR'lQCKOrO TOKa: 

/3 -pacnaay H&IITporta, npea~TaB11ReT co6oll 

(2.31) 

3aecb. 38IlHC8l!O, . 'ITO MaTpR'IHLIII aneMeHT 6ep_eTCR MQ}K,IIY H8'UIJIWlblM COCTOHHHQM n 

KOH8'1Hb1M p OT onepATC.pa c11a6oro B3AHMO.llellcTl!IIU Ya ( 1+:,\yG.) • ( ,\ .. - 1,25, Ya, 

MATpHUbl .Ll11paxa) t aellcTnyro!llero 11a o6W'IHU8 CilllHOBbl8 HH.llGKCbl H OT H30TOilH'lQCKOro 

onepaTopa T _ , ·npeapa!llaIO!llero Hel!Tpoa B npoTOH. 

H 

y -
G 

K.OMilOHQHT8 TOKA J +. , CBR38HH8R C onepaTopoM T + , OilHCbJBBeT Il03HTpOHHblJ! 

pacnaa, a HellTpMhH8R KOMilOHeHTa J!CBR38.HB; cornacao TeOpHH YHHBepcanbHOro B3BHMO

.nellcTBB•, C 8Jl8JCTpo,1IBHBMR'IGCJCRM TOJCOM., TAICBM o6paaoM,HanpHMep, BeKTOpHhlll TOIC MO}KHO 

aanHC8Tb B MaTpH'lHOll cpopMe 

V = ( (2.32) 

TTpH 3TOM y acex aneMeHTOB noapaayMeaaeTCSI H8Bb!IlHCBHHblll HH.lleKC KOMTIOHeHTbl B 06bl'l-

HOM 4-npocTpB.HCTBe MHHKOBCKoro. BoaspalllBS!Cb K cpopMyne (2.29). aaMeTHM, 'ITO 

Sp T = 0 1 a onpeaenHTenb 3TOll MaTpHUbl 

T 2 
(2.33) 

(npH Bbl'IHCneHHH onpeaenHTeJlSI OH 6bln CHMMeTpH30B8H no aneMeHTaM T H T-1< 1 TBK KBK 

3TH MBTpHUbl He KOMMYTHpyroT). <;PopMyna (2.33) IlOKB3bIBBeT, 'ITO onpeaenHTenb .naeT 

MBTpHUY HHB8pH8HTa npeo6paaoaBHHR - KaaapaTa H30TOilH'{eCKOrO CilHHa. MCHO, 'ITO 3TB 
\ . 

cjlopMyna He aaBHCHT oT npeacTaBneHHSi, T.e. aepHa ann nro6oll aenH'lHHbl cnHHa • 

.Llns nonHOTbI onuweM KpBTKO ewe H pacwapeHae rpynn1,1. EcnH OTKaaaThCH oT ycno-

BHH yHHTapHOCTH, coxpaHHB TOnbKO ycnosae yHHMO.llynnpHoCTH Det U • l 
x) 

onnc1,1sa10T npeo6paaoaa1rne nopeHua L (4) • Tax KaK s 3TOM cny,rne 

, TO MBTpHUhl 
+ •I 

U'!"U,To 

BMecTo 2 THnoa cnnHopoa a Tenaopnoll anreope rpynnbl nopeHua cywecTsyeT 4 THna cnHHo-
., +. + I 

pos, npeoopaayIOWHXCSI M8_TPHUBMH U , U , U H U .LlnSI onHCBHHSi 3THX THilOB 

BBO.llllTCSI ewe 3HB'IOK C TO'IKOJ!, TBK 'ITO npeoopaaoaaHHSi 38IlHCblBBIOTCSI TaK: 

a 'l'f3, 
u /3 

xl 
TTpeo6paaoaaHne 4-MepHoro npocTpaHCTaa, aaaacnmee OT 6 napaMeTpoa. 
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~ 

a +· ~ ~ 
'l''=(U )•'l' 

'Pj· = ( u +- I 

{:3 

) 
-~ qi •• 

a /3 

(:1,34) 

O.naaKo s TeHaopHo8 anre6pe L (4) cymecTsyeT onepamrn nonH11Mamrn II onycKaH\11! 3Ha'\

Kos, TBK :>Ke KaK H B anre6pe SU(2) • TTosToMy B nopeHuoaoa rpynne npe.a.cTaaneHHe 

xapaKTepHayeTCSI .llBYMSI 'IIICJ18MII, 'IIICJIOM nyHKTllpHblX H 'IIICJIOM ,ienyHKTHpHbIX 3H8'IKOB, 

TeH30p B 3T08 anre6pe 38Ul!CbIB8eTCSI C IlOMOlllblO qeTbipex M8Tp11U TTayn11 

u- ' 
3 

r.ne u0 - e.a.11HH'IH8st MaTp11ua. TeHaop 

t - z, a 
A/3 =( x+:iy 

X - iy 

t+:z 

r,· 
0 , a·1 , a2' 

(2.35) 

"'OTBe'!aeT 4-BeKTOpy H ero npeo6p830B8HIISI 3KBIIB8J1eHTHbl npeo6p830B8HIISIM nopeH11a. TaK 

K8K CYMM11p0B8Tb no nyHKTllpHOMy II HenyHKTl!pHOMY 3H8'IK8M H0J1b3SI (T.e •. np11 T8KOM cyM-. 

Mi!pOB8HHII IIHB8p118HT He B03HIIKSeT ), TO cne.n T0Haopa (2.35) Henb3_SI c.a.enaTb pBBHbIM 

Hynro BO acex CIICTeMaX KOOp.lli!HBT. 

.llnsi nepexo.na OT rpynnb1 nopeHua L (4) K rpynne TpexMepHblX Bp8IU0Hlll! R(3) 

(HnH 'ITO TO :>Ke - rpynne SU(2) ) .O.OCT8TO'IHO nepeCT8Tb p83J1ll'l8Tb 3H8'IKH C TO'IKOJI II 6ea 

TO'IKII, Tor.na 113 TeH3opa Bblll0J1SleTCSI CK8JIS!p - era cnea., 0CT8BJ1SISI Jllllllb .n11arOH8J1bHb!e 

M8Tp11Ubl npeo6p830B8HIISI Mbl nepeXO.llllM K rpynne R(2) 

rpynnb1 

L (4) '.) ~(3) ::i R(2) 

TBKIIM 

conpOBO:>K.llBeTCSI COOTBeTCTB0HHblM ynpoweH11eM T0H30pHOl! anre6µ,1. 

o6pa30M pe.a.yKUIISI 

(2.,l6) 

8 38KJ1IO'leHl!e UOKB:>KeM, K8K COUOCT8BJISIIOTCSI KOMiloHeHTbI TeH30pa 3H8'leHIISIM npoeK-

!JIIH H30TOUll'leCKOro CUHHa. 

TeHaopx/ c p aepXHIIMII 3H8'IK8Mll OTBeqaeT 1130TOilll'IeCKOMy CUIIHY p =T 
2 , TaK 

K8K TeHsop IIMeeT p + 1 KOMUOHeHTy, Ecmr ace IIH.O.eKCbl paBHbl I, TO ycnoBIIMCSI np11n11cbl-

B8Tb T8KOll KOMilOHeHTe TeH30pb! 'fa =•T = p 
2 • Tor.a.a, ecn11 y TeHsopa p (1) 1rn-

.ll0KCOB paBHbl 1, a p (2) = p. p (1) IIH.ll0K.COB paBHbl 2, TO .O.JlSI T8KOJI KOMUOHeHTbl nonO:>KIIM 

T
8
= - T +·p (2) = - p(l) + p ( 2) + p (2) = 

2 • 

· AHanor11itHo nonyqaeM .a.mi Te Hao pa c q (1) 

HHMII 3H8'IK8MH pBBHbIMII 2 

x/ Ht>Upi!B0.llHMbt8, 

T 
- _q(2) - q(l) 

3-

p(2) -p(l) 
(2.37) 

Hll:>KHIIMII 3H8'IK8Mll p8BHbIMII 1 II q(2) - Hll:>K-

(2.38) 
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,[{ng CMewaHHoro TeH3opa C P - BepxHHMH H q - HH)KHHMH HH)leKCSMH H co cne)lOM 

paaHhIM ttymo nony,rneM 

m
2 

= p(2) - q(2) 

m
1
=· p(l) - q{l) 

(2.39) 

(2.40) 

Mo)KHa cKa3STb, 'ITO 'lH_cno ½ ( P + q )=T xapaKTep113yeT npe)lcTaaneHHe, a '!Hcno 

m 1 - m 2 xapaKTepH3yeT no.Zlrpynny BpaweHHl! BOKpyr ocH 3, 

8TY OCb. 

§ 3. YHHTSpHSSI rpynna 

3HS'leHHe npoeKuHH T 
8 

Ha 

Anre6pa YHHTSpHol! rpynnbI KOMnneKCHhlX MSTpHu TpeTbero nopSI/lH;S CTpOHTCSI 

TeM )Ke nyTeM, 'ITO H s u (2) • Sy .ZleM 0003H8'l8Tb MSTpm.tbI TpeTbero nop>I.ZlKa TSK)Ke 
a 

'lepe3 U HnH Ub ( a, b = 1,2,3) 1 eCJlH HS)lO YK838Tb SIBHO KOMilOHeHThl, MaTpHUbl U 

Bh!0HpS!OTCSI TSK, 'ITO 

,. + 
U U = 1 , Del U = 1 • 

(3.1) 

CnHHOp B STOM npocTpSHCTBe HMeeT TpH KOMnneKCHbJe KOMnoHeHThl 

(3,3) 

3TOT KOHTpBapHSHTH_bil! cmrnop - cnHH0p C BepxHHM HH)leKCOM -npeo6pa3yeTCSI C IlOMO[ll b!O 

MSTpHUbl u . CywecTayeT ewe H irnaapHSHTHbll! CilHH0p - .cnHHOp C HH)KHHMH HH~eKCSMH 

CnHttop 
+ 

npeo6pa3yeTCSI C noM0UlblO MSTpHUbl u 
TO~o-conpg)KeHHblll cnHHopy ( 3.3), npeo6pa3yeTCSI KSK <I> 

(3.4) 

O'!eBH)lHO, 'ITO CilHHop, SpMH-

CKanSipHoe npo113ae.oeH11e, caxpaHSI!OWeecg np11 YHHTapHhlX npeo6pa3oBaHHSix, onpe)lenger

CSI TSK! 

(3.5) 
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·B . SU(3) onepauii11 onycKamrn 11~aeKca llb1rn11a11T 11Ha'le, qeM a SU(2) • tlaeaeM aea 

. aHTIICIIMMeTpll'IHblX TeH3opa, KOTOpbie l!MeIOT B TpexMepHOM npocTpaHCTB_e Tpll IIHL\8KCa. 

abo -, =• · abo 

=1 ( '18THbl8 nepeCT8HOBKH a;b,c 

"=-'1 ( ue-ieTHble 

= 0 (aea auaeKca paanhd 

(3,6) 

·TaK KaK· Det U = 1 , TO B8Jlll'111Ha KOMfiOH8HT 3Toro T8H30pa OCT88TCSI H8H3M8HHOll .npH 

npeo6pa3oaauasix rpynnh1 • 

.[lellcTBHe TeH3opa ••b• 

ro paura a SU(3) 

MO>KHO npoaeMOHCTpHpOB8Tb Ha npHMepe TeH30pa BTOpo-

TeHaOpbl BTOporo paura MOryT ObITb paaHbIX THfiOB, 

a 

( I ) _ 'l! b - Tena op C OL\HIIM BepxHHM H OL\HHM HH>KHHM 3H8'1KOM. Cnea T8KOI'O T8H-

30pa namieTCSI c1can11poM rpynnbt, a fiOTOMY HenpHBOL\HMbllt TeH30p (ananorH'IHbilt TeH3opy 

KBaapynonbHOro MOM8HTa B an'eKTPOCT8THKe) L\On>KeH HMeTb cnea paBHblll Hymo 

a 
Sp 'l! = 'l' 

a 
= 0. 

ab 
(3.7) 

(:.!) 'l1 
- TeH30p C L\BYMSI aepxHHMH 3H8'1KaMH. Pa300beM 3TOT TeH30p Ha aaa 

._·TeH30pa: CHMMeTpll'lllbilt (no a H . b ) H aHTHCHMMeTpH'lllblll 

ab 

'I' 
[ab] l·aiJ 

'P +·'l! 

labl ab ba 
'l' ='½('l' +'l' ), 

[~ 0 b\, ab ba 

'l' =½ ( 'I' 'l! } 

(3.8) 

(3.9) 

(3.10) 

TaKoe pa36He1111e T81130pa KOBapH8HTllO OTllOCl!Tenbl!O yHHTBpliblX npeo6pa3oaa11nl!. Tenepb 

Mb! MO>KeM liCl10Jlb30B8Tb TeH30p 'abo •. .YMHO>KHB ero Ha TeH30p (3.10) Mb! nony'IHM 

cnuuop C Oll.HllM HH>KHIIM 3H8'1KOM 

[be} 
'l'a =< abo 'l' (3.11) 

TaKl!M o6pn3oM, 8HTHClfMMeTpll'IHbill TeH30p BToporo panra 3KBl!BaneHTeH B 3TOll anre6pe 

cn1111opy. HanpOTIIB, CIIMM8Tp11'1Hblll T8II30p (3.9) H8Jlb3Sl ynpoCTHTb, rlp0!13B8L\8HH8 ero 

ua £ aaeT HOJlb, r!03TOMY Mb! MO:>KeM ot5oaHa'lllTb CHMMeTpll'lllblll T8H30p npocTO qepe3 
ab 

'l' B.HTKClf.MMeTplt'lffh[Mll ·TeH30paMH MbJ noace rronb30B8TbC'H ne 6y,a.HM. 
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,, -,-·.·,1;;;'' ,tffv11 ;, Lf:.•.:_ .. :::1 ·,11·~.1;:Jl.:'1;11.r;. \'.,·t, 1:·,,,,-:~,·. ,1: i:,.<r-::-;::->;~1 ·.i:·!':·fl_,'·~< 

· ,<, ', ( 3)' ,AaanorH'lHbie ·paccym,oeHHll MOmHo noaTopHTh _. an11 Teaaopoa · c. ,oayM11 HHmHIIMH · 
'·••;.:,.,7\--::- ,_CJ~ • .;i~".J\ t~;:),,...!,'~'f-J· ,Cl. t·,;~•; ''.:\J'.,,j. abo'~''i:_;::-,;~ F\'•'•·1·>:'<.r!;';-,-1•;',;'.'.,-,:.",,;,(··~- Tr-,.:,. 

3HB'IK8MH ljf ab , i!c'no/lh3Yll, ,onll 3TOro TeH30p. r · ;• tl peaynbTBTe H · STOT TeHaop MU 
.' 1.:~1·( ... "''.' ·_; 1,; ·/ ~i,u-,;)C~ l,~<L:E"·'\ l. ~l,'.,,··;q; "· .-·,- ;; ,.,, !a~··,., ·1.;:,,_;1:': 

'MomeM lc'lHTBTb cHMMeTpH'lHbIM; 
. , ~ ); ,t~ •:_\1•/;,1,1,·•·!••.,:~ 'I:·~. ,," .(,"":;,,; 

<. ,. tlce CK838HH·o'e • ~~)KHO 110B TOpHTb, ,llllll niof5o!I 118pb1 BepxHHX HllH 118pbl HH)KHHX 3_HS'l-
:1 ;d-:.:.·· • 1-i'f,f •:(! '. , . ,;",,,,;;•,;:> ••:,~ j·•I '.. :.,. J ,.:~:---:~; / ··:"''.: ( (::;,.\ •j< 
"KOB, nosTOMY ,.oonml! '_cnyqaJ! aenpHBO,llHMOro TeH30pa 'xapaKTepHayeTCll ,oByMll' 'lHCJ18MII, , . ,' 

I •~•t••i1.;;,•,:,(,,',!', '. : ·, •. ;.". 0 
,,:_.'. ,•,;(<; :_,'', ·,,~,:.~·- _:_ .·,•,.•' ,·:;,.;,•; ·1 ,•: 'e ,;,,,,;<;,, .. ,,;,,.-,•~_.. <',>;· 

. qJcnoM HH)KHHX H,BE!J)XHIIX 3H8'1KOB, npn STOM ace cne,obl (cyMMbl• no mof5olt nape 3~aq-e' •· 
_i .•:;,"•;,i'," ., -~~_'/ ,.,.)(:; •:•••)•:r, ,~,• ', ,'',I'.,: -0 I,' j,'_ '.'''(.' •~•_'.; ,•- ,.-~_,,,•:. / "i;"i','.j'~•.::'•>, 

· KOB: o,oa'oro· HHmaero, H oi:taoro ii.epxaero) • ao nmH&I, ·oopa1I1aTbC11, a Honi,, HenpHBOJ:IIIMble ·, · 
," . .-,, .. ,, ... 1 ,,. ·,--~ .• .\·, ;,/.: ·••/'~· ·~ ,; _;::,; .'1.r~. , · .. _,. : r~·· ,:, -,,.: ,(: ;~'·e~1-r: ·, .- 1-:✓~· 

,, "TeH30pb1 H COOTBeTCTBYIOII\He' HM -npe,OCTSBJteHHll o603H8'18IOT CIIMBOnoM . D(p,q ) •· rae 

--....::.. 

p ':". q11cno BepxHHX HH,OeKCOB, a ~ -· 'lHCJlO HH)K~~x IIH,lleKCOB. T~~~;J· o6p83~M; ~bl ~~H-

io~HM ic'cii~:O,Yx;mel! 'j(Jtac:'cH<P!f~ari~H ·TeH30p6~_ 13 s u (3):_ ' ' 
,;-,, 

D,(0,0), 

D (,1,0) 
''. 

.~(0,1) 

D(1, 1) 

. o < 2.0> 

,~·icana'P; ( 1 >~o~noHeH~~-)~:··:-; ,_,,.. 

·~ , Ko~Tp~ap11a~;H~1J! 'cnHH'?~ (' 3. KOMnoaeHTbt); 

: :_ ~oaapn'aaTHbll! . cnHa'.op ( 3 KOMilOHeHT~!), \ 

cMewaHHhll!. TeHaop 111: ( 8· Koimo'iieaT}, 

K.OB8pH8HTHbll! TeH30p ,p•b .· (6 KO!,,fllOHe~T). It, 'T!J:I • 
I 

/ 

., ,'i;1pnse,o~M ,oae cpopMynw ·anll noac'leTa '!Hcna icoMnoH~HT.'CHMMeTplt'IHbtli TeHaop. 

C k -HH,OeKC8MH '(TOllbKO BepxHHMH" ltllH TOJtb~~ IIH~HHMH)'·aMeeT 'lllCJlO KOMnoHeHT,,pae~f~ 

N ( k,O) 

' ' '\ 

'TeH30J? ,c O,llHH8KOBb1MH 'lHCllOM ,HH)KHHX, H. aepXHHX HH,OeKCOif HMeeT ''lHCJlO KOMn~HeHT, 

panaoe, 

- "1/ 
nepaall. q:,opMyna ecTb npOCTO _·'lHCJlO cnoco6oa, KOTOphlMH :. MO)KHO ·,cocTSBHTb · .k·, 

ite.ir~1x ,'IH~en ( 11~cno ~a~aau, ,oeoeK H Tp~e~ ~ HH;eKcax): tlTopag ~~nyq~~Tc~ 113 

-~OJI ~Op~)'llhl ,ll~ll ~YM~bl ;KYOOB 'lHCen H8T;pam,HOI'O pg,oa, ' •· .;. : , , ., , 

1 , 

I • / • .,• - ! • ' 

: ·., 2 k+I 

¼(k+:l) (k+:2 ,)2 -=. I' 
•=I 

3 .• \ 

s '• 

TeHaopa;, Y, KOTOporo, -'lHCllO eepxHHX H. HH>KHIIX' 1111,0eKCOB. 'o,oHH8KOBO , a: cne,o'bl C>Tllll'lli'bt' · f 
, OT Hynll.: noaTO~y ,-~ M~)KHO HHTepnpeT~pOB8Tb ~o~nedmo~' q,o.pMy.iry'; ~ai ~OpMyriy, p~ano-

' , ' ' • ~- ' "4 • • \ 

_, meHHll.:TaKoro' TeHaopa aa, aeJpHBO.OHMbie c_ MeHbWHM ·. 'lHCnoM ,-naaeKc.~M .(tioKaa~T~llbCTBo 
I : . ,,, ,· -

' 'nerKo npoaecTH. no HH,oyK~HH), 

A~ll · cny,qa11 T.e~aopa c 
' ' 

P' BOpXHIIMH H 'q 

·' 
HH)KHHMH 3H8'1Ko!IM,H., ,'lHCllO KOMri'oaeaT' \, 

,paa110:, 
N (p,q) = ½ (p+:1 )( cr+i) ( p+q+2)'·· 

. : . ~ - . 
(3.14) 

15 



' ' 

/; 

'/ 

,-
,, 

. . f ' ~ ' . . J ,. ·, ' --

'-1-0pM:(Jta. IIOJIY,ta~TCSI: cpaay, ecm~. aaMeTHTb, , 'lTO ,AO o6palUeHHSI, CJieAa ·a, HyJlb 
:- ,,. , , . ·, }., , , , , - .•' '. ,. . i , , . • 1 - .-- ,,,, . , J_ 

. H0HT onpeAeJISIOTCSI no cpopMyne (3.12) H paeHO IHii+',1 )( q~ 1) ( p+2)(q+2),.YcnoBH0 o6pa"". 

·.1~-eHirn cneAa
0 

a H)'.Jlb, 3KBH~ane~THci' paaeHcTsy Hynro'TJHaop~ ·:D (.p ..' 1, q -i'j. ·c• 'lHCJIOM · .. 
• ,,, - ' ', ' • -., . • I• ' 

. ' ~OMfiOH0HT \(pq(p+l)(q+l) >~ . f'a;H'c,CTb 3Tl{X .llB)'X 
0

'lH_CeJI H 'a~eT cp~pMyi'ty; ,(3.t4); 
'-, - ' f ,,_ • • • : , ' ' ·:' ' ~- ':- • ,. "•. : ; • _\ , ' • , 'J_. ~' - ·,1.' -. ' . . . , _;· -. ' 

. .. , ·.., Tenepb_ Mbl', MO>KeM ccpopM)'JIHpoeaTI\' npaB!fJlO _CJIO>K0'!,H!i' B0KTOP?B· · ~ rpynne .epameHH!t 
- • . ' . \ • • # .,, ~ • 

s_To ?paeHno _ CBO.llHJIOCb K :ToMy, 'lTO Ha '.rie1_x ·TeHaopoe c · 2j
1
+ 1' H,, 2j

2 
+ 1 .'.,·xoM'noHeµ-raMH •. 

/ '•• \ •• • ;._; • • C - • • ' • :•, • ' j '. , 

'B03HHK8IOT T8H30pbt C <iHCJIOM KOMIIOHeHT 21+- 1. ' rAe J npoqer~eT ace uenbte'aHa_qe-

~-- ~HSI (HJIH 'nonyuenbie r OT' I ii -\ 1· AO .~.i I +· i2'· B SU(3)' ',npaB,l!!'O BblrJIHAHT CJIO>KHee,. 

. H: npome 'ecero AelicTa?eaTb npHMblM ny,TeM. 

• ,. I • & 

·-TaK H3 AB)'X.CIIHHOpOB ·~--··.H ·,'I'~ .. MO>KHO COCT8BHTb CK8JIS1p 'V ·H Teitaop -'I\ 
, • ·. • • , ' • • , . - .• C (' 

C 8 ,KOMIIOH8HTBMli. C11_MBOJIH'l8CKII Mbl 6y A0M 3TO' aaIIHCblB;lTb' CJieA)'IOlUll_t;t o6paaoM;: ' 

' 
D(l:O)·x·D(0,1) =D(l;O)+_D(l,l). 

' -
, '.HJIH npo~To' no '{HCJI)' KOMIIOH8HT: ; 

3·x 3 =.1 +·s 
C a• 

PaccMoTpHM npoH:3BE:AeHHe AByx· TeHaopoe -. '.l'i,, H . ({l d ; Jlii11 Toro, -'lT06b! Hali TH ... ' ' ' ... , 
; not:1nMb1e ~acTR B03bM0M ABOliH)'IO CyMMy, :IIOJIY.'lllB ,CKOJI!tp '· _ 

l a b 
X·= 'I' - <ll b _a 

. ~ ,, 
(oAHll ~oM~toHeHTa);i 

/ 

(3.15). 

b:ie>' 

(3.17) 

npoC)'MMllpOB~B TOJlbKO OA!IH paa, nony'lllM ·AB8 ·TeH;opa AB)'MSI ~110C068MH (o6paT~B, Elllle 
... • ' • ' • ' , ! 

B ~yn~-CJ10Abl)~ ·l( •= '1p a_,i;'b . 
d b d ' 

I • 

x•~ 'l'a ({l 0 '.'(no 8 KOMHOHeHT), 
b - b a · 

'~ (3.18). ·. 

Ecn11 c11MMe-rp11aoeaTb no aepxHHM ,311a'lKi:u1.i u anT11CHMMeTp11a6eaTb no H11>1<H11M, a aaTeM ' . . 
. C fiOM?lUblO;J01130pa £ IlOAHSITb'.~na<ioK,' TO.Mbi'np~AeM K T0H3opy ·3-ro' paHra C ae'pxm-1-

• f - • 

MH , auaqKaMf:1- ' . 

"abe ade' 
'X . , =• 

/ 
. ,{b 

,Ip [d 
·•I 

•I> .J 

,,, 

A~anor11q110 11ocTpo11M,Tenaop TP~Tbero· - pa~':'a c Tp~MH•3Ha'lKBMH BH11ay 
;, 

l• . -.J ' 
Xabc = .- • 'f ' ·~ c;}.; 

' \ 
9:de, ~> {b (3.:iol' 

·. 0cTaeTCSI ci.ue TE!H30p 4-~o. p,uira C .ABYM!l 3Hll'lK3MH BHll3)'. 1i'· CO c'i-ienBMK, paBHhtMII'-
-, 1 , , . 3 ·, ', . .,1·, . ' ' ; I 

Hynro. 3TOT. Tenaop ·11MeeT' ( 2+ 1) ·.-= ,27 ' KOMil()H8HT' 

Ca_ 
at> , 'l' 

· Xe.I = · (c 
_: bl. 
<I> a} 

\ ... ' ' 
<PopMan __ ~aSI 3a~~ltCb 3T0~0 PE:3~RbTa.~a, T_~K~B,a:, ..._ 

D(1,1) x D(1,1) = D(0,0) + D(1,1) + D(l,1) + 

+ D(3,0) .+ D(0,3) :i-'D(2,2) 

,, 
18 
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· ca'.21i 

(3.~2)· 

~ 

:, 
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HnH 

(3.23) 

Jj 000'3HS'ieHHllX. OTl,!_!3'ieH JOT_ .<tJ8KT1 'iTO 008 OKTeTa ( TeH30pbl BTOpOro paara) 3KBHBMeH-r-
, - ' . t . , ' ' .• , ,, ; ' ' . '; . ' ' . ;_ . - .~, "; 

Hbl~ T,e, J:/P80\5p83YJ?,TG'! p,i:tHHM H Te_M ~e OOl'.!8.~0M 1 a ,i:teKann7T&I (T8H30pbl TpeTbe;°,. _paHfa) •. 

npHBe.lleM erue <tJOpMyny .llnll npOH3Be.lleHHll llBYX .lleKanneTOB: no tpopMyne (3.14) 1,10-

lKeM cpa3y H8llHC8Tb ( k a-2) : 

10 X JO.• J ~ 8 + ~7 + 64 
HnH 

0(3,0) x 0(0,3) = 0 (0,0) +:O (1,1) + 0 (2,2,) +·o ( 3,3), 

npHB8.ll8M 083 BblBO.ll8 8Ul8 HE!<?KOnbKO cpopMyJI . 

. 3x3=1+8, 

O( 1,0)_ x 0(0,1) = 0(,0,0) + 0 (1,1), 

3x3=3+:6, 

0(1,0) x 0(1,0) = 0(0,1) +:0(2,0), 

3x3 =3+:6, 

-0 (0,1) x 0(0,1) = 0 (1,0) +·o (0,2), 

6x3=8+10, 

0(2,0) xo(0,1) = i:>(1,1) +:0(3,0), 

6,x 3=· 3 +:15, 

· D (0,2) x 0(1,0) = D (0,1) + 0 (1,2) 

6 X 3 = 3 + 15 , 

D(2,0) x D(0,1) = D(l,O) + D (2;1), 

6x6=1+8+z:l 

D(0,2) x D (2,0) •· 0(0,0) + D (1,1) + D (2,2) 

6 X 6 =·6 +:15 +:15 
D(2,0) ~ D(2,0) = D(0,2) + D (2,1) + D ( 4,0) 

6 X 6 = 6 + 15 + 15 . 

D(0,2) x 0(0,2) = D(2,0) :+ D0,2) + 0(0,4) 

17 

(3.24) 



§ 4, .>'HHT8pHblll cnHH 

noao6Ho TOMY, K8K B SU(2) npeacTanneHHe xapaKTepH30Banocb senH'IIIHOll H30Ton11-

qecK;ro cri~'ua, T8K
0 

'11 B ~nre6pe s u (3) MO>KHO BBeCTH 8HMOrH'IHYIO. xapaKTepHCTHKY -

yHHT8pHblll CIIHH, 'icOTOpblll Mbl 6yaeM 0603H8'18Tb qepe3 U , KoMnolleHTbl H30TOnH'!eCKOro 

cnuua, KOT0pb18 38nHCblBMHCb B BHLle M8Tp11Ubl 2 X 2 

T = ( Ta 

.T+ 

T 
-T - ) ' 

3 
(4,1) 

npeacTBBllSIIOT co6olt reHep8TOpbl rpynnbl Bp8LU8HHII. 3TO 3H8'1HT, '!TO MaTpHua nosopOT8 

Ha yro11 '[) cf, ' BOKpyr OCH 3 HMeeT BHn: 

M = 1 + Iii q, T
3 

(4,:,i) 

Ann nosopoTa BOKpyr oceA I H 2 cnpaseanHna auanorH'!Hast cpopMyna, B KOTopylO 6ynyT 

BXOLlHTb COOTB8TCTB8HHO M8TpHUbl 

Tl =l',( T++ T_). 

YHHT8pHblll CUHH BBOLlHTCSI M8TpHuell 3 X 3: 

u 
(

~+ 

L+ 

T 

Y-Q 

K+ 

1· 
T 2 = 2i ( T+ - T_ ) , . (4,3) 

L_) 
K 

.y 
(4.4) 

4eTblpe aneMeHTa, CTOSILUHe B neaoM aepxueM yrny1 06pa3y10T MaTpHuy .Tuna MBTpl!Ubl (,1,1), 

B KOTOpoll, OLlH8Ko, cnea He pas ea aynlO ( T,e, 9T8 M8Tpuua npHBOLlHM8 B s u (2) ) • 3Ty 

M8TpHuy MO)KHO 38IlHC8Tb B BHLle cyMMbl MaTpHU, 0LlH8 H3 KOTOpblX HMeeT cnea paBHblll 

HynlO: 

Q 

T+: 

T 

Y-Q ·C -½Y 

T+ 

CpaBHHB8SI C (4,i )
1 

Mb! BHLlHM, '!TO 

Q-½Y =T
3 

HnH 

Q =Ta+·½ y • 

½Y: Q) +½ (:: ) (4,5) 

(4,6) 

(4,7) 

EcnH non co6CTBeHHblM 3H8'10HH0M Q IlOHHM8Tb 38pSILl, TO y 0CTb M8TpHua,· OTB8'181Q-

LU8SI rHnep3apstLly S+ B ( s -cTp8HHOCTb, B - 6apHOHH08 'IHCno}, 0cTanbHb18_ 9neM8HTLI 

(aneMeHTbl CTOSILUHe B 3. CTOn6ue}, np8LlCT8BJtSIIOT co6oll M8TpHUbl, HMelOmHe TY ,Ke cj:lOpMy, 

'!TO H M8TpHUbl H30TOilH'l8CKOro CilHH8 Tl , T 2 H T3, TOnbKO onpe,1J.ensteM1,1e B IlOJJ.Ilpo-

CTp8HCTB8X (2; 3) ii (!; 3). TaK K8K rpynna SU(3) COCTOHT 113 npeo6pasoaaHHll, coxpa-
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2 2 · 2 
H>t1011111x KBanpaTll'lHyIO cpopMy Ix I · + I Y I +:I z I , TO a Ka>KnoM 113 i:tayxMepaux noi:t-

npocTpaHcTa cyiuecTayeT nonrpynna, co.ttep>Kaiuag cyMMy .ttayx KBa.ttpaTOB MOi:tyneJ!, T.e. 

nonrpynna, 3KBl1B8ll0HTH8lI s u (2) 113 CTpyKTypbl M8Tpl!Ubl (4.4) Bll.t(H0 1 'ITO MO>KHO 

p83Hb!M 00p830M Bb!Ollp8Tb Cl!CT0Mbl KOMMYTllpyIOIUllX M8Tpl!U, tlblol!p8S1 B K8'10CTB0 llO.ttrpyu•• 
2 

llbl MaTpl!UbI (q.5), Mbl uony'll!M cacTeMy MaTpuu Y , T H T 
3

• Ecnu a Ka'leCTBe no.tt-

rpynn Bb!Op8Tb MBTPllUY 2x2, CTOlIIUYIO B Hlr:>KHeM npaBOM yrny (4,4), TO nonyqaeM MaTpllllY 

(
Y-Q K-)=· ( Y-½Q, 

K + Y K+; 
(4.8) 

2 
J:j 3TOM cnyqae KOMMyTHpyIOIUl!Mll M8TpHU8MH 6y.ttyT M8TpHUbl Q • J( H K3 I ri:te 

npu T8KOM Bb!Oope KOMMyTHpyIOIUllX onepaTopoa onHHM H3 KB8HT0Bb[X 'lHCen 6yi:teT .onpe-

.ttenlITbC>I 38p>I.tt 'l8CTl!Ubl, TaKoe npe.ttcTaaneHlle y.ttOOHO npll paccMOTpeHHH 3ileKTpOM8rHHr 

HOro B38l!MO.tteJ!cTBH>I, 

l:lepHeMclI K Bb!OOPY CllCTeMb[ KOMMYTHpylOIUHX, M8TpllU y 1 
T 

3 

PacCMOTpHM npoH3B0llbHblJ! TeH30p C P aepxHHMH ll q HH>KHHMH HHneKC8MH D(p,q) 

Ka>KnblJ! H3 p+q HH.tteKcoa MO)KeT np11HHM8Tb 3Haqeaue l, 2; 3, tlae.tteM c;ie.ttyroiuue 

0003H8'10HHSI 

p(l) 'lHCno ,aepXHllX HHJ:t0KCOB paBHbIX I, 

p(2) ~. 
p(3) 3, 

q(l) 'lUCllO HU>KHl!X HH,aeKCOB 1 p8BHb!X I, (4.10) 

q(2) 2, 

q(3) 3, 

Cn>t3b COOCTB~HHbIX 3H8'l0'1HJ! y T
2 

II Ta C KOMUOH0HT8MH TeH3opa D(p,q) ycT8H8BllH-

naeTCSI, ecnu Mb[ 38.t\8.ttUM < y .ttn>I KOMUOHeHT K8Koro-au6y.ttb ci.ttnoro T0H30pa, 11MOHHO 

B 3TOM nyHKTe H IIpOHCXO.t(HT BhloOp npe.ttCT8Bll0HH>I .ttll!1 onucaHHSI peanbHblX •iacTHU, tl 

Mo.ttenn rem1-MaHH8 H HeJ!Ma11a B OCHOBY npHHHMBeTCSI OKTeT D(1,1) • npllllHlll8M, 3naqe-

HHSI y cne.ttyIOIUHM o6pa30M, 

KoMnoneuTa . 
'Pb ( a,b =1,2, ) y = 0. 

Y=l 
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w; ( ac 1,2) 

8 

'l'a 

a· 

y =-•1, (4.11) 

.Y=·O, 

Hanot.:rnHM, 'ITO -KOMilOHeHTbl 'l'b SIBJ!lllOTCll CMeCblO HSOTOilH'teCKOf'O BeKTopa H H30TO-

IlH'teCK0f'O CKan11pa (s.o.ecb Sp 'l' a '1';·! 4-·:4'; 
a a 

tpb -~ Sb Sp 'l' (a,b=l,2) T - BeKTOP, 

Sp 'l' T - cKan11p (4.12) 

a 'I' 8 T_ - cmmophr, 'l's , b 

'l''s 
3 

T - CKMllp, 

By-.o.eM cocT_aanllTb ns · oKTeTOB TeHsophI Bb1cwnx nopll.O.KOB, Dpn nepeMHo>«eHHH OKTeTOB 

Mb! 6y-.o.eM nony-'18Tb' Boo6iue f'OBOpS!, . HeCHMMeTpH'lHbie TeHsOpbl, )' KOTOpb!X 'lHCno Bepx

HHX H HH>KHHX HH.O.eKCOB o.o.n·aaKOBo, a cne.O.bl He paBHhI ay-nro. 06osH8'lHM T8KOl! TeHSOp 

qepes D' { k,k ) , OTMe'tall lllTpHXOM TOT cpaKT, 'ITO TeHSOp n·pHB0.0.HM, raneps8pl1Ll, 

_OTBe'tBIOU.IHl! 'KOMnOH0HT0 TeHs.opa,_ pnpe.o.em1eTCSI 'lHCnOM HH.O.eKCOB paBHblX 3, T,e, 'lHCna

MH p (J) H q(3) • TaK KBK, cornacHO (4.11 ), K8>K.O.bll! BepxHHl! HH.O.eKc BHOCHT BKna.o. 

B y , paBHbll! I, a Ka>K.O.hil! HH>KHHl! HH.O.eKC BHOCHT BKnan, paBHbll! - I, To . .o.m1 KOMno--· 

H0HT. TeHsopa D' { k,k) rnnepsapsi.o. paBeH p(3)-q(3) . , 0TCIOL!8 BH.O.HO, 'ITO :y lfOMno-

H0HT 3TOf'O TeHsopa Y . HSMeH!leTCSI B npe.o.enax -k~Y'S_k 

Tenepb BhI.O.enHM 113 TeHsopa HenpHB0.0.HMbie COCT<BBnSIIO,lllHe, .Unsi 3T0f'O CHMMeTpH-

sy-eM TeHsop no P BepXHHM H OTnenbHO no q HH>KHlfM 3H8'1K8 M H o6paTHM B H)'Ilb 

cne.o.hI, nony-'IHM HenpHBOLlHMbll! TeHSOp D ( k, k ) , .o.nsi KOTOporo 

ma npe.o.enax - k '>.. Y <._k , 

Y MeH!leTCSI B T0X 

EcnH P _::· 2 , TO c· n.OMOlllblO TeHsopa • abc MO>KHO ony-cTHTb .naa HH,ll0KC8, 

npeapaTHB ·.aaa aepxHHX HH.O.eKC8 B 0,llHH HH>KHHII, To'IHO TBK >Ke ecn11 q ::_ 2 , TO 
abc 

C jlOMOlllblO TeHSOpa < MO>KHO IlO,llHS!Tb .naa HH>KHHX HH.lleKca, npeapaTHB. HX B 

O,llHH BepxHHII, noaTOM)' MO>KHO npeapaTHTb TeHsop o' { k, k) B T0H30p o'(k-2, k+:1) 

11nn B T0Hsop D' { k+: 1, k -2) • · nocne aToro Ha.no CHMMeTpHsoBaTb nony-'teHHbie TeHsopb11 

o6p8THTb B HOilb cne,nbI H nony-'lHTb T0H30pbl D (k -2, k+l) HnH D(k+1, k-2), 

CTBBHHO• 

COOTB8T-

TeHsopbI , 8HTHCHMM0TPH'IHbI, n03TOM)' ecnH )' KOMnoHeHTbl TeHsopa D' {p,q) 

ace p HH,neKCOB paBHbl 3, TO )'MHO>KeHHe ero Ha £ abc ,naeT Honb, To'IJ!O _Tax >Ke, 

acnH )' KOMnOH0HTbl TeHsOpll o' {p,q) ace HH>KHH8 HH,ll.8KChI paBHbl 3, TO ero )'MHO>K8HH8 
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HB < 
.na0T HOnb, 0TCIO,U8 MO)KHO aaKnIO'lHTb, 'ITO T8Haop D ( k-2 • k + 1) 

HM90T 

Ha O.UHO aHB'l8HH8 Y M8Hbll18, 'l8M ucxo.UHbllt T8Haop D' {k,k ) : 
OH He HM99T KOMno-

H8HT c Y =·k • TaKnM oopaaoM T0Haop D (k•2, k+t) IIM88T KOMIIOH8HTbl C Y B 

npe,u0nax -k < Y < k-1 , TaK11M )1{8 11yT0M J\fO)KHO 11pH,nT11 K aaKnIO'l8HIIIO, 'ITO T0aaop 

D(k+l, k-2) HMeeT KOMilOH9HTbI C y 
a 11p0.u0nax • k + 1 < Y < k • Ecnu MbI ony-

CTIIM 2 S ' B8pXHIIX IIH.U8Kca, 11p0Bp8TIIB HX B S Hll)KHIIX, TO paccy)K,UB!I TBK )1{8 HBli.U8M, 

'ITO y HOBOI'O T8Haopa D ( k - 2 s, k+s ) 
r11110paapg,h HaM8H!18TC!I B np0.n0nax : k-s_ Y ",._k • s , 

AHanor11'lHO .nm, TeHaopa D(k+·s, k-2s ), -k+s-s_Y",._k, 

0TcIO,na .nn!I npo11aaonbHoro T8Haopa D ( p,q) Haxo~HM, nonarag 
p + 2q 

11 k=--r- , 'ITO r11n0paap!l,n HaM8H!18TCH B np0,n0nax 

P+:2q 2p+c; 
--3-- < y < -3-

s-- p-q 
-3-

(4.13) 

r11n0pa8p!1.U KOMIIOH8HTbl T8H30pa 

nono>KHM Y = P (3) - q (3) +:a, 
D(p,q) onp0.n0n!l8TCH 'lHCnOM IIH.U8KCOB paBHbIX 3, 

r.00 a~ IIOCTO!IHHB!I, <:lTy IIOCTO!IHHyIO HBll.U8M, 

38MCTIID, 'ITO np11 p (3) = p ll q (3), pBBHOM 0, y .PBB8H CB08MY MBKCIIMBnbHOMy ariaq0-

HIIIO ½(2p+q) • 0TCIO,Ua a=-l/3(p-q): 

Y = p (3) - q (3) - -1'..::'.!... 
3 

(4.14) 

<hy cpopMyny MO)KHO COIIOCTBBHTb C q:,opMynol! ,nng H,f0TOIIll'l8CKOI'O CIIIIHB {2.3:.i), KOTopyIO 
x) 

MO)KHO HBIIIICBTb a· B11.08 

Hnll 

p (1,2) - q (1,2) 
- T3 = p (1) - q (1) - ------

2 

p(l,2) - q(l,2) 
T3 = p (2) - q (2) - ---

2
_--

r.00 no.n p(l,2) II q(l,2) IIOHHMB8TC!I 'lllCno IIH.08KCOB pBBHblX 1 11n11 2, 

(4.15) 

via q:,opMyJlbl (4.13) MO)KHO nony'lHTb Bb!p8)K8HH8 ,nn,r ·umpHHbr• yHIITBpHOro MynbTll-

11n0Ta: 

(4.16) 

no auanorrrn C HaOTOIIH'l8CKHM CIIHHOM IIOnODHHy IIOJlHOI'O 'lHCna HH.08KCOB MO)KHO ffaaBBTb 

B8nll'lHHOl! YHHTBpHoro CIIIIHa u 

x) . 
JlnS!' :siap!l,na ,MO'l'(HO HBIIHCBTb: . p-q 

Q. = - p ( 1) + q (1) + -:--r 7 

q,opMyny , nonyqBJOll.lyIOcg e:a (4.14) aaM0Holl 1 ➔ 3 11 HaM0a0H110M aHaKa, CpaaH'mfag 00 

c (4.15) 11 (4.16)Jnony'lllM CTapyIO·C!JopMyny _T3 Q-½ Y. 
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u 
p+ q 
z-. (4.17) 

TaK qTo q11cno paaHMX 3HaqeHll0 · y 

nneTa, nonyqaeM 

paBHO 2 u + 1 • .Umt ·ueHTpa T!DK0CTII' MyllbTII-

ymax' + ymin 
. p -q 

=-r· (4.18) 

3TII cj:lopMy/lbl AaIOT Ami y 

KOTOpbIX paaHOCTb I p - q I ;,, 3· n 

U0/lbl0 ?Haqemrn TO/lbKO A/Ill TaKIIX TeHaopoa, A/Ill 

, rAe n - uenoe nono>KIITenbHoe q11cno, tl np11HllT00 

HaM11 cxeMe nocTpoeHllll TeHaopoa, H3 TeHaopa D(k,k) B03HHKaIOT TeHaophI D(k+s,k-2s) 

11 D ( k - 2 s, k + ·s ) , KOTOpb1e y AOB/l0TBOpllIOT aToMy ycnoBHIO, TeHaopbI c I p - q I =I 3 n 

He MoryT Ob!Tb nonyqeHbi TaKHM nyTeM, 3TO HanoMIIHaeT nono>KeHlle B rpynne apaIUeHH0, 

rAe C llOMOIUbIO B0KT0p0B MO>KHO nocTpOHTb T0H30Phl /IHlllb C U0/lb!MII 3HaqeHllllMH 1130T0-

n11qecxoro cnnHa, CllllHOpbl C nonyue/lb!M H30Ton11qeCKIIM CllllHOM AO/l>KHbl Oh!Tb BB0A0Hbi 

H038BIICIIMO, B rpynne S U (3) B03HIIKaIOT CllHHOpbI C 11euenbIMH 3Haqe_Hlll1Mll r11nepaapl1Aa 

KpBTHhIMII 1/3 , CoxpaHllll npaa11na Allll TeHaopoB c I P - q I =I 3 n I Mbl nonyqHM, aa-

1 A/Ill KOToporo np11Mep, qTo A/Ill CllllHOpa C OAHHM aepxHIIM aaaqKOM D ( 1,0) 

+(p.,-q >=+ conocTaB~eH11e V C KOMllOH8HTaM11 BblrllllAIIT Tax: 

•v' p (3)= 0 Y=-+ 

2 
'i' p(3) = 0 y =-, 1 -:r (4.19) 

·~ 3 p (3) = 1 y - 2 - ----.,-

AHanor11qHo TeHaop '¥ a IIM0\!T KOMllOH0HThl C y = ...!.. • _l_ • -2 . TaKIIM o6pa30M B 
3 3 3 · 

. s u (3) llOllB/ISl!OTCll Ap00Hb!0 3H8qeHHll rIInepaapllAB, r10llb!TKI! o6Hapy>KHT-b qacTHUht; OTBe

qa10mne TaKIIM npeAcTaB/l0HllllM ( KBapKII, 110 TepM!IHO/IOrIIII renn-MaHHa) 1 ll0T0p110/lll IIOKa 

HeyAaqy, 

Tenepb Mb! MO>KeM llpOAO/l>KIITb K/l~CCllcj:lHKau1110 KOMllOH0JIT T0H3opa II nepe0Tll K 

3H8qellllllM H30TOilll'IeCIWro CIIIIH8 II ero upoeKUH0, Ecnu B T0H30pe D ( P, q) Mbl uono

}l(l!M HeKOTOpoe ',HC/10 HHA0KCOB paBHbIMH 3, TO ocTa/lbHbl0 IIHA0KCbI, upHHl!Mall 3HaqeHllll 

l, 2, o_6pa:c!yIOT T0H30p B 1130TOUl!qecKOM upOCTpaHCTBe C p (1) +:p (2) = p (1,2) 

- BepXHIIMII HHA0KCaMII II 

TaKor_o .Te11a9pa SU (2) 

q (1) + q (2) = q (1,2) - HH}KHHMII• HH,neKcaM1t.,Pa3JIO>KeHHe 

Ila HeUpIIBOAHMbie T0H30pbt upollCXOAHT no OObtqHol! cxeMe cyM-

MHp0B8HIHI no OAHOMy Hl!>KHeMy II OAHOMy aepxHeMy IIHAeKcy_ uo 3HaqeHHllM I, 2, Tax 

K3K T0H30p C p (1,2) llHA0KC8MH, r:p1tHHMaIOIUIIMR 3Ha'l0Hllll 1, 2, IIM0GT p(l,2) + 1 

uo11eHTy, ,TQ.,}i30Tom1qecK11it CIIIIH TaKoro TeHaopa paaeH 
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(4.20) 

AuancirH'IHO ·.on!I T8H30pa C q (1,2) HH>KHIIMII IIH.08KCaMH 

Teu3op c p (1, 2) B8pXHIIMII II Q (1,2) 

(4.21) 

Hll:>KHHMH _ IIH.08KCaMH pa3nara8TC!I Ha Henp11Boii11-

Mbl8 T8H30pbl, cnHHbl KOTOpblX paBHbl 

T· + T , 
p q 

(4.22) 

.HaKOH8U, B8llH'IHHy' 3- KOMnOH8HTbl 1130TOnH'l8CKOro CllllHa onpe.oen!leM no cpopMyne (2.32) 

(4.23) 

11n11 no 3KBHBaneHTHbIM ell cpopMynaM (4.15). 

TaKHM oopaaoM, Mb! npHXO.OHM K cne.oy,omell Knacc11cp11KaUHH KOMnoH8HT YHIITapHblX 

T8H30pOB, KOMllOH8HTbl He_npllBO.OHMOrO. yHIITapHoro T8H3opa xapaKT8pH3y!OTC!I 5 KBaHTo

BbIMH <tUicnaMH: 

(1) 'IHCllOM B8pXHHX 3Ha'IKOB p• , 

(:,!) 'IHCllOM Hll>KHIIX 3Ha'IKOB 1 q , 

(3) 1130TOnH'l8CKIIM CllllHOM T , 

·(4) r11nepaapS1.00M Y ; cpopMyna (4,14)
1 

(5) npoeKUH8l! H30TOnH'l8CKOro CllHHa Ts 

tlM8CTO p H , q MO>KHO HCnonb30BaTb: 

( 11 ) yHHTapHbill CllllH U = ½ ( p+:q); cpopMyna (4.17); 

(2
2

) 'ueHTp T!l>K8CTII' MynbTHnneTa C=-½(p-q), cpopMyna (4,18), 

tlMeCTO C , Y H T 
8 

MO>KHO BBO.OHTb' KBaHTOBbl8 'IHcna 

Tor.oa 

Ta= ( m 2 - mt) /:.! 

1 Y=_
3
_(2m

8
-m

1
-m

2
). 

s.; 1,2,3. (4.24) 

(4.25) 

'-!Kena m
1 

, m~ , m 
8 

BMecTe c U 11 T npe.OCTaBn!IIOT·coool! .opyrott Haoop 5 KBaHTo-

Bb!X 'IHCen, onllCbJBa!OlllHX yHHTapHblll MynbTHnneT: 

OTM8THM eme noneaHy!O cpopMyny ,!lll!I T8H30pOB, y KO,Topux 8CTb 3Ha'IKH TOnbKO 

O.OHOrO COpTa: T8H30p0B Tlma D ( p, 0) H D (0, Q ) , rHnepaapH.0 KOMllOH8HTbl T81130~a 
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o <P, o) paBeH, cornacHo (4.14), Y=p(3)--i- • vfaoTOilH'ieCKHl! CnHlt K0Mil0HeHT C 38.[(BH-

HbIM Y , paaeH, ,o«eBHL(Ho,½[ p - p{3)] T8K K8K p - p(3) eCTb 'iHCJJO HHL(9KCOB, 

p8BHbIX 

HOll19HHe 

linH 2. OTCIOL(a Mbl BHLIHM, «TO LlnH TeHsopoa THil8 D (p, 0) 

2 o ( p, o ) : Y + 2 T = T P 

H aHanorH«Ho L1nH TeHsopoa D ( O,q) : 

2 D ( O,q): - y + 2 T = -r q 

TaKHM o6p830'.(, y T8KHX T9H30p0B T . onpeL1en!l~TC!I 38.[(aHHeM Y 

PaccMOTpHM HeCKOnbKO MYJlbTHilJJeTOB, 

Ta 6l!.!!.!!.a 

MynbTHilJJ9Tbl SU (3) 

1, OKT9T D(l,1), U= 1 

KoMnoneHTbI '1\a pacnaL(aJOTC!I na TpH' THna 

'I': ( a,b = 1,2) 

'J!(b=1,2) 
b 

'l';(a"1,2) 

q,3 =-'I'' 
S I 

- 'I' 2 
2 

y 

0 

-1 

H He BKnro«en Il03TOMy B Ta6JJHUY, 

cymecTByeT COOT"" 

T 

H 0 

1/2 

1/2 

(4.26) 

(4.27) 

II • JleKanneT KOBapHaHTHbll! D(0,3), U =·+· 
y T 

'I'abo ( a,b,c =-1,2, ) 1 3/2 

'I' aha ( a,b = 1,2, ) 0 1 

• 'l'aaa ( a= 1,2, ) -1 1/2 

'1'333 
-2 0 
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III • .[!eKanneT KOHTpBapH8HTHblil 0(3,0), U = -i-
y 

abo. 
'l' ( a, b, c = -1, 2, -1 

aba 
'l' ( a, b =· 1, 2, 0 

a33 
'I' (a=l,2, 

l[J 383 

33 

IJlod 

q,Sb 
od 

q, ab 
od 

q,ab 
3d 

,pab 

38 

( c,d = 1, 2, 

( b, c, d = 1, 2, 

( a, b, c, d ""·1, 2, 

( a, b, d =· 1, 2, 

(a,b=l,2, 

2 

IV. :.!7-nneT D ( 2,2), U =·2 

y 

2 

0 

-1 

-2 

T 

3/2 

1/2 

0 

T 

'3/2 H 1/2 

3/2 H 1/2 

8 H3OTOnH'l9CKOil rpynne B0KTOp MO»<eT 6b!Tb 3a~HCaH, K8K y»<e roaopenocb BbIWe, 

.JlByMR cnoco6aMH: ne6o K8K KDMnOH0HTHblll B0KTOp B 3-MepHDM B0W9CTB0HHOM npo-

CTp8HCTB9> nH60 _KaK,T0H3Op BTOporo paara B_ KOMnneKCHOil nnoCKOCTH. B YHHTapaoll rpynne 

OKT0T TaK»<e MO»<HO 3anecaTb B BHJle 8-KoMnoaeHTHoro aeKTOpa 

CT8BneHH0 MO»<HO. BB0CTH B '18CTHOCTH ,!lnH 8-aeKTOpa yHHTapaoro cneHa F; ( i = 1, ••• 8 ) • 

CBB3b F1 c KOMnoaeHTSMH U Jl80TCB Ta6neuell 

(4.28) 

F +:i F 
6 7 

CBR3b F e U Mo»<Ho 3anecaTb Kopoqe 

(4.29) 
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H 

u I Fa "-a, (4.30) 

r.z:xe• A a BOCeMb 9pMHTOBbIX MBTPHU, co cne.z:tOM paBHbIM nymo, 11rpa10umx pollb anano-

rH'lllYIO ponH. MBTpllU r1aynH B anre6pe S U (2) , 

>. 1 = 1 0 0 . ; >. 2= i 0 0 ; >. 3 = 0 ·1 0 ·(010) (O·iO! (100) 
000 000 000 (4.31) 

( 
0 0 1) ( 0 0 •i) ( 0 0 0 ) >. 

4 
= 0 0 0 ; >. 

5 
= 0 0 0 ; >.

6 
= 0 0 1 

100 i00 010 

(
009) (100) 

>.
7 

= 0 0 -i ; >.8 = TJ" 0 1 0 
0 i 0 0 0 -2 

§ 5. Me30llbl H OB£HOHbI 

ConoCT~BIIM Tenepb YHHTBpHblM TenaopaM peanbllble 'lBCTIIIlblo OKTeT 6apHOIIOB 

cocTOHT 113 HyKnona II r11nepo11os A , I 11' :::. • l:l cornaCHH C npaBHIIBMII npe.llbl.lly-

mero naparpacpa, ero MO>l(IIO 3BITIICBTb B BIi.ile MBTPIIUbl (aepxHH.l! 1111.llOKC-CTpOKa, 11[!>1(

Hlll! - .cTon6eu): 

_1_ Io + _!__ A i- s-
.;2 v6 

1+ __ l_lo+J.A Eo 
'1\ =· \ V:2 ,/6 

,,._~_ 

-v.2.A I (5.1) 
-P n 

3 

311ax MHHyc y p ITO>IBIIHeTCSI KBK y KOBBpHBIITHOJ! KOMITOHOHTbI, cornacno <pOpMyne (2.22). 

Kosq:,cpHUHeHTbl B MBTpHue BblopBllbl TBK, 'lTOObI B BblpB)KeHHII 

- - - -+ + -~ 
Sp 'I' 'I' = p p + n n + I I + l I 0 + 

+:I- ~ +E0 S0 + s-~ 

Bee xoscpq,11u11eHTbI ObIIIH Obi paBHbI 1 _H 'lTOObI Sp '1' =· 0 • M,upnua 6ap110HHoro OKTeTa 

11espMHToaa. 3ro coorneTcTByeT TOMy', 'ITO 6apHonnhll!. aapllJ:\ •iacTIIU B ne pane11 nynro. 

OnepauHll spMHTOBoro conpsrnceHH!l OTBO'lBOT H3MOH9HHIO 3118KB 38pH.aa ( R COilp!l)KOHIIO} • 

. MeaoHbI (11 p030HBIICbI) o6paayIOT .llBB H3BeCTHbIX OKTeTa. OKTOT nceB.llOCKanHpHblX 
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M830HOB COCTOHT H3 rt, 11 H K -Me30HOB, Ma~paua 3THX Me30HOB OCT8Bn,1eTCSI anano-

l'H'IHO (5,1) H HM88T BHA: 

_.!__ rro +..!._'lo 11 K 
.,/2 ,/6 

a 
) = 11+ v½-"o+ 1 'I Ko 

(P 2 JG 0 
b (5.2) 

I( 
+· Ko -J-} 110 • 

OKT8T BeKT0pllblX M830H0B p • K* (peaoHanc K 11 ) H ef, o6paayeT M8TpH11Y 

1 po+· 1 
Ji v6 

</, p- K* -

Q (5.3) 
a p+ _ _!,_ p O +· -2. </, K*o ( V ) = 

b ,/2 . ,/6 

K*+ K* 
0 

-,/..2.ef, 3 • 

Me30llllbl8 OKT9Tbl oTnH'lalOTCSI OT 6apHOHIIOl'O OKT8T3 TeM'; 'ITO 'laCTHUbl B HHX BXOlUIT 

0.llH0BpeM811HO co CBOIIMII llll<rll'l8CTIIU8MH, OH11 Olll!Cb1B8IOTCII 3pMIIT0BblMII M8Tp11U8MH 

+ + 
P = P , V =· V • (5.4) 

Onepa11rt11 3pMIIT0Boro conp!l)K8 HHS! MO)KII0 C0IIOCT8B11Tb cp113H'l9CKy10 onepa11H10 conp>!)KeHHII 

3llp11.ll0B01'0, 3neM8HTbl MaTpHII (5,2) H (5,3) He o6nll.ll810T onpeneneHHOlt sap11AOB0A qer

HOCTblO(KpOMe .llll8l'OllanbHblX). OAH8KO ecnH IIX aan11caTb B cpopMe (4.28) (T,e, HllllHCaTb, 

HanpHMep·, P; =·P
1 

-iP
2 

H -r,n.), TO aneMeHTbl Pa H Va cooTBeTCTBeHHO (a=l,. •• l!) 

6y.llyT HM8Tb y.me onpenene1111y10 3ap11noey10 'l8TII0CTb, HO paa11y10 y pll3llb1X K0MII0118HT. 

tlneneM .llllCJlp8THylO 011epa11HIO R - TpllHCII0pTHp0BllHHe MllTpHUbl. QqeBHAHO, 3T0 R2= 1. 

3Ta onepa11H11 M0.>KeT nH6o connanaTb C aapstAODblM conp11.me11HeM C • nH6o OTnH'lllTbCSI 

OT sapHA0B0l'O C011pll)K8HHII 3ll8K0M, 

Onepa11H11· 

(5.5) 

npu .ll8ilCTBHH Ha apMllT0BCKYIO MaTp11uy yMHO.lK88T ee H8 ±.1, TaKIIM o6paaoM apMHTOl!

CKHe M8TpHUbl MO.lKH0 xapaKT8pH30B8Tb e11.1e 0.llllHM KBaHTOBblM 'IHCn0M - co6cTB8HHblM 

3H8'18HH8M onepaUltH (: • 

Ecnu e = 1 3TO 3H8'IHT, 'ITO AHaronanbllbl8 aneMeHTbl (aneMOHTbl 3,8) 

27 



H 3JICMeHTbl 1, 4, 6 no cxe~fe ,/4.28) ~llPiJ,llO~O ~eTHbl, .a 3Il8M8HTbl 2, 5, 7. "".'3ap11llOBO '. 

HC'leTHbI, 

EcnH b = -1 ' TO aapil.oono '18THb!MH llBJilllOTCll 3JI0M0HTbl 2, 5, 7, a aapll.llOBO 

ll0'10TllblMH - 3!10M011TbI 1, 3, 4, 6,. 8, 

TBKHM o6paaoM co6cTBeHHOe 3Ha'lel!H0 

Jllf.'.l.f'OH8llbllhlX 3JieMOHTOB. 

e o~pe.oenllCTCH aap11.llOBOA '10THOCTblO 

TaK KIIK 11° -MC3011 3BPll.llCBO 'ICTCH, TQ ncen.llOCKllJIRPHblA OKTCT HMCCT b ... 1. 

0KTCT IlCCB.llOB0KTOpHblX M030HOB HMCeT e = -1 

nocne . 311.llllllHll co6CTDCHHOro a11a•1e11Hll e 3JieMCHTbl MaTpHU onpe,ll8JISIIOTCll 

.llOBO qeTeH, a PT 

3Jl8M0HT P
2 

u.p -1-:iP I r.oe p 
. . . ' . 3 8 , T , iS 

3ap11.llOBO He'leTeH, no3TOMy PT Ha.oo conocTaeHTb 

llO/IIIOCTblO, TaK .llJIH nceB,llOCKllJIRpHoro M030Ha 

K~ • 

H3.ll0 COIIOCTBBU:"rb K0 
• 3To 3Hll'IHT, 'ITO p= u•i K0 

2 .• 

aap11-

a p& 

~ 3TOM o6aope B0Jlll'IHHbl cpa30BblX 

6y.oeM 3,llecb HX BBO,llHTb,, 

MIIO>KHTeneA IIBM ue n0Ha.006l1TC:!1. H Mbl ue 

KpoMe oKTeTa (5.1) HaaecTen eme 6apuoHHUA .oeKanneT, noarnaem1eMblA aHBMe1m-

TblM (l -runepoHOM, ,3TOT .oeKanneT ormc1,1aaeTc11 TCH3opoM c 3 HH>KHl!MH 3Hll'IKllMH 

-'l' &be , HMCIOIUHMII 10 p83lll,IX KOMllOHCHT, KOTOpb!C Co6paHbl B T86JIHUY II , nocne HOMO"." 

pa K0Mnoite11.Tb1 (uj!:>KHHe HH.lleKcbi!) Mbl oTMe'laeM e CKo6Kax 'IHcno o.llHHBKoa1,1:x; .1toM11011eHt 

TCH30pB 'i' 
abc , nony'le1111ux nepecrauonr.oA HH_J:lCKcoa, 3To 'IHcno onpe.oemteT HOpMHpoe-

•Ky n nocnenneM cTot161te. 

Ta6nHuall 

KoMllOHOHTbI 6apHOHIIOro .oeKanneTa 

KOMIIOHGHTll y T T3 p030HllHC 

333 (J) -2 0 0 n-
331 (3) -1 l/2 -1/2 ts ~·-- r::. 

332 (3) 1/2 1/,/3 s* 0 

·,. 

311 (3) 0 1 -1 11-./.3 :S ~-

312 (6) 0 1/✓6 I.*
0 

322 (3) 1 ~NJ! H 

j 11 ( l) I l ,3/2 ,-3/2 6 

l 12 (3) -1/2 1/,/3 '6° 

122 (3) 1/2 1/,./3 6 -1-
i--1-' 

222 (1) 3/2 6 
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_ ljopMllp~BKH Bb16pa!11,1_: 1:'aK'. ?IT06~1. "· KB~tlpa~~•uio'M Bp!pa >KEll!Hll. Sp ip, 'I' 

'o.a:HHOKOBbIM K09cpcplluHeHT?ll:f• p~~llbl~ e.a:111111ue. 

- •- - • • '.. •-J - ✓ 
MyJibTHUJieTbl' _'laCTIIU: U0JIII0CTblO, Bblp'o,K.a:euw: ace IIX K0MUOII0IITbl HMeJIII 6hI CTporo 

o~HHaKoah1e Maccbr~ eCJIH ·601 1OHH ·tt~ ~ .. Ke~ 1H~. ~:3:aH~O~eAcTaoaan11:• HanHq~e .cH~hH;r~ '-- · 

aaa"~o.a:<;Ac~B~ll .. c B"pTyanbHbIM", qacw~a~H' ( 6y .a:~M roa~pH~b .a:n~ , KpaT~OCT~ c B-,;KYYM;;M), 
. ·. '' ' ' - "· " ' ' • \ '.,' ' • ' ,· . . . ' : :-: ' . ' • " ,: i . 

. npHB0.IlHT K pacmenne1rn10 MyJibTHUJieT0B, 3TO pacwem19HHe M0>KH0 0UHC8Tb cnoco6oM, 
: / ~ • • • •• • • ' - I f ', • \ • ., ' ' • c i • :.·.. • < ' • ' ) • , .~ ' 

BE!CbMa 6si"3KHi:i K. T0MY. KOTOpbIM B. KB8HT0B0ll M9X8Hl!Ke '0UHCb!B0IOT aeeMali0BCK0e pac-, 

,' wenneHae ElTOMll~I~ \~po~~ell,' . ' '-,. '-' 

" 
,' .· 5)'..IleM C~HT8Tb; '!TO. B~8HMOt:tellcTBHe ·~yJibT"UJieTa _ C a,aKyyM0~ 0UHCbIBaeTcst 'neKo-

;T0PbIM scpcpeKTIIBllbl~ UOCTOllll~.b!M irnneM, .KOTOpoe rro\ CBOHM' ·caollcTBllM ecTb 3pM11T0B 
,.,. , a . 

T,'rnaop D ( 1,1) • O603118'1HM erf qepea H" Hb :Sp H = 0 ,,' •' \,/lJill .6onee TO'IH0_:0 '01111.:..; 
f • • • • • , , - ·,, ·ab abo -~ 

· -~aHHll pacwenneH11>1 cne.a:yeT .aaecTH 'non>1~ H. 6onee a1,rc0Koro paHra · · H.;~- H . · H :T,.a:;; 
~ .' (- -,.- : ., _ · · '. _,. _ \· , . ., , , _,. , _def . 

O.a:naKo .Cfl8BHe1111e c' 0UblT0M ll0KB3bIB8eT, '!TO coo.TBeTCTBYIOWlle 'IJiellbl B3811M0.IlellcTBirn 

.. 0K~a1,iaa10Tc>1 ~a~1,1~H. ;~ ·~ao6o.a:Hb;ll (11eaoaM;me_H~b1ll) .narpi~>KHan c11cT.eM1,1 axo.a:ii-r 

Macca' '18CTHUhl B KOM6~Ja~1rn 

m Sp : ' .IlJlll 6apHOIIOB ; 

m2 Sp .ann M03OHOB _ • 
i 

'r . (_'., . •: I ', , 

'tl03MYW0IIH0. (aa0llMO.IlellcTBl!e C ·.noneM") 6y.a:eT .a:66a.BI)l!Tb cnaraeMoe K
1 

Macce .IlJlll 6apHo--
. . ·. . .. · x)·. .. . , . 

HOB II K Kaa.a:paTy Macc1,1 -_ .a:.n" MeaoHoa , 4T,061,1 BbI'IHCJIHTb' STY .a:o6aaKy u·all.a:E>M aHa-

nor, MYJibTHU0Jiell '2~CT9Mbl, l-13 cpyHKU~H• 'I' II' ee :conpll>KeHHOll if: M0>KII0 COCTil!'.', 
xx) ·• 

BHTb .· 

, 0 /.. U0Jib . ; Sp .'P 'l' 

{ q," 
- 0 

· Ocia_n bHbie', KOMnoueHTbI' 06pa;y10T '.1.7 ' - non b, 

\: 

,Cpei:rnee a11aqe1111e. ·o :- non>1 ·01q~e.a:e11>1eT 11eaoaMywe1111y10 M·accy,· 8 . nonb npHae.a:eT 

;,1· 'K :oaMyme111110 1 , nponopu<1011anbH0MY 
: II a' .. 

H ~ 
b 

27 .- nonb .K aoaMywe111110, nponopu11011anbH0MY .. 
. ''t > ,,·, " ,, ·:. ' 

od 

EcnH 
:·,1. 

•p ' 3pMIIT0B0, TO oi.,_a 8'"'.UO .. ~ll p8Bllbt, T8K K8K ;lJlll 3pMllT0BblX M8Tp11U 

-~09TOMY ·lla' K;Mll".IIOHT 6;,,~!IOIIHOro,·,;KTeTa MO>K110\ocTa
1
BHTb .a:n,a ~-11011>1,_1 ,, : ' 

. a 113 KOMIIO~OHT .M930IIIIOro OKT;;Ta - 'TOJlb~O O.IlHH 8-n0Jib, ., ' J '-

•, . x) TaK KaK pacmeuireHHO ·y 6apHOH0B cpaBHll;esibHO M'ario, To--1:IO)KH() C'IHTllTb, '!TO 
- II ~ .• [i1u1-·HHX noJljqaJOTc~ cooTHoiiiennsr_··.an.g 'KsaiipaTO,stMacc.·~ / _'.- -_ ', -

·. , xx): ,ll11>1 'KpBTKocfH MYJlbTHII0Jib ·c· ,k• KOMno11e11TaMH MbI 11aa1,maeM' k -noneM, 
• f . ' <· - I I ' ~ \ . •' ' . - , . • . ' . 



,,,. 

\.,.•·:,1 1:, -~,:.-,!". 1:~ ~1'.' ~:;1,>Y::r,1 ',i:·~·;;,' ·,.1, -f',U;"{:r::, ♦_1.,:_;1- .;_..,:ci:),;:--~i·; 
AHaJiorH'IHO H3 K0Mil0H,eHT ··n~KanJieTa MO)KIW' COCTaBHTb .', 

1•:; i / '.1:·"7-L•i" ~: ".'1] ~~ \
0

"'!iL, .. :1,• 1:· 

o, -' 'IlOJib':, (.IJ.I q, ')·' 
:. '~ \ _. 

-abo 

/ a' nonb 1 ; :\,~:.;r: 
· -·abo 

:a:-: n~n!>:,,: ~.Ill, 

.,,,~,. 

64 -·noJib 

,·: I '''i' C 

,( ~c:Ef. cnen,~\ 06p~ll;leH1,\ _B 

· npH 111,rnone q:,opMy~ 

neJ!CTBHe C 8~nOJieM; 

Mhl, cornaCH0 c:KaaaHHOMy '. Bh!We 1 6y neM Y:"IHThlB8Th . TOJI,bKO, 
' . ' -

, > ;,\j •. I·', 

. \ -_ ' ~ . . ,- '. . . -' . . .. ·. ' -
' • ., HaqHeM, c. 6apHOHHoro · 0KT~;a~ ··J::laaHMoJ:leJ!cTBHe.\C ;noneM H 'onHCbJBaaTCH nByMn', 

'IJieHaMn. BHna I• 

-
'~ ··.Sp H Ill Ill n ,Sp H'l' 'l' (6~4) ' 

'r. 

81,16epeM · Tenepb' BHn , H EcT~CTBeHHo a. ~epa·o~ _np116JIH)KE!HHH, rip·e~e6peqb paa~ocThlO ·,, 
I • 

1 
/ _. • , , f ' ~' 

Mace, ~HyTpH ll30T0ilH'I~CK0ro MYJibTHnJieTa, C"IHT8.H,' ";0 T npon0JI)KaeT, 0CTa~a'.l'bC.H 

xop0WHM ~'IHCJIOM; J::1, K0Hue Mb! paCCM0TpHM T8K)Ke H, pacwenneHne H30TOllll"l8CKoro 'MYJibTH..,; .,.. - \ 

rux~:ra. ,· . / /, 

, J::11,16epe~' H' ,TaK,, ·..,T~6bl· OTJIH'IHOJ! OT Hynn 61,1na 
' ' 

6bl KOMilOH0HT8 
8, I , 

H • Terna 
8 ,,, 

B38HM0neJ!CTBne C noneM ( 6,4) · nepemic1,1aa1;Tc.H i, aHne: 

, . .. -·a, b. · • _, · 'a 
·,:,!~ lit' ca 'Ph . 'fa _+ b '¥/ '¥~ (6.5)' 

nocTo.HHHbJe a H b onpenennlOT CHJIY B3aHMoneJ!CTB~H 'nonn C 'aool!MH' 8-nonn~H; 
\ . -- · / J '·. ' '· , .' .: ' - ' .' ·_. j ~ I . : ," J • ~ • 

1
"' 

1 
• , ' • 1 

., Ecnn ,Tenepi, 'o6paTHTbCH, K '(5,1 ), To, yannnM, 'ITO 'nn'n :Mace 6apnoHoa ·nony'lalOTC.H 'cne- · • 

n;10m11a aHa"l~HH.H (;ne, '~.'o Mace a ae~~MY~~HHoro OK;eTa); . 
,. ___ , - I , '. 

·m(S).'= m +·--~-
o ·,, 

m ·c N ) .;;,, 'm· + b 
' 0 ' 

m ( l:), 
, ' 

==•,m 
' " 

, i ~(A,,);;;, m>:2./:+ b ')~ 
"\ '' ·,,,3,.' 

OTCIOna cna.z:iye'T cjl~pMyna renn:-Ma~Ha-0Ky6o: 

. ½ [ :m,CE) -~~ (~ )L'= ¼J :(l:) +:3·m (A) l ,; 

... ~ .. ,• . t ,,30 

j '../ 

,, 
(6',6) 

I,· 

0 :,(8.7) 

,: 

,~. I 

'~ 
') 

/' 
:~. I'. 



x) 
Ecm1 npHHlITb Macey I 3a naqano oTC'leTa To H3 H3B0CTHblX Mace 6apHOHOB MO>KHO 

cocTaaHTb cnenyromyro Ta6nm1y Cnnll E H N 6epeM nonycyMMY Mace o6eux ItoMno-

HeHT) 

Ta6nuua III 

vlHTepaanbI a 6apHOHHOM OKT0T0 

Maces -m(I) B Maa 

E 122 

N -254 

10 0 

A -79 

E+N -66 
~ 

%A -59 

P83HornacHe no IIOplI.llKy aenH'IHHbl cpaaHRMO C p83HOCTblO MSCC BHyTpH H30TOIIH'10CKOro 

MynbTHnneT.a. <PopMynaM (6.6) MO:>!<HO 11pH.ll8Tb Apyroll BH.ll. yj3 q,opMynbI (4.5) MO>KHO 

nony'IRTb, '!TO nocne IIOHH>K0HHlI CHMM0TpHH .llO s u (2) I HHaapHSHTSMH rpynnbI OCTa-

· roTClI cnen MSTpHUbI 2x2 H ee onpenenHTenb. 

011penen11Tenb yaaen 

Ho H3 q,opMynu (4,6) cnenyeT, 'ITO 

Q2-QY=T2-¼ 
3 

2 
y • 

(6.8) 

0TKyna nonyqaeM, 'ITO KBSIITOBbIMH 'IHCnaMH, xap8KTepH3yIOlllHMH pacmenneHHblll MynbTH-

nneT 6ynyT 

y H 
2 

T(T+l )-1'. Y 

0TCIO.ll8 Macca 6apuo11a C TO'IHOCTblO .llO qneHOB nepaoro noplI.llKS pSBHll 

2 
M = M

0 
+·M

1 
Y + ~\ [ T ( T + 1) - ¼ Y ] 1 

(6.9) 

(6.10) 

1.12 HOBbie IlOCTOlIHllble. 8 TSKOM BH,lle q,opMyny MO>KIIO npHM0HHTb 

K nro6oMy 6apuo11110My MynbTHnneTy. CBlI3b Me>K.llY a , b H 

JlHB89TCst nerKo. 

ti H 
I 

x) Benn o6oana•rnTb 
TO q,opMyna (6.7) npHMeT 

CHMBOnOM 6apnoua pa31IOCTb MSCCbl 6apnoHa H MSCCbl 
BH.ll: E0 +·N=i_A • 

2 
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Bo3HHKA8T eCT8CTB8HHhlll nonpoc O 3AKOHHOCTH Hcnonb30BAHH!I cj:lopMyn TeopHH aos

MyIUeHHll nepBOI'O nop!!.!lKII, npe:m.oe BC9I'O OTM8THM, 'lTO M9pOl! MllnOCTH B03MYll.19HH!i 

s.oecb' He MO:>KBT cny:mHTI, OTHOW8HHe pac1UenneHH!I M3CC K Macce H9B03Myll.19HHOI'O MynbTH-

nneTa. 

Mo:lKHO npe.OCTIIBHTb ceoe, 'lTO B oapHOHHO!v, MynbTHnneTe HST B0BC9 npHMeCH oonee 

Bb!COKOl! MynbTHnonbHOCTH, no.oot5Ho TOMY, KIIK y .oel!TpOHa HST 3neKTpH'l9CKHX MOM9HTOB 

BbIWe xaa.opynonbHoro. · 3To osHaqaeT, 'lTO ue cymecTayeT .opyroro oapHOHHoro MynbTHnneTa 

C OnH3KOl! MACCOii, KOTOpbll! Obi MOI' BH9CTH B03Mytr:(eHH9 oonee HH3KOl! CHMM9TpHH, !:lo BC!I

KOM cny'lae p93K09 BblJ:lSneHHe B3AHMOJ:l9llCTilH!I HH3Well MynbTHnonbHOCTH 11an11eTC!I B8:>KHb!M 

cj:laKTOpOM, ooycnaanHBAIOIUHM ycnex acell CX9Mbl HapyweHH!I YHHTApHoll CHMMeTplrn, 

EcnH ace :me y'leCTb a Maccoaoll cj:lopMyne none 

K (6,5) .oooaBHTCSI cnaraeMoex) 

- a s 
C '1\ q,8 t 

H 
ab 

od 
( KOMnOH9HTA 

38 
II 

8 8 
), TO 

KOTOpoe CJ:lBHH9T Macey A a cpopMynax (6,6) Ha aenuq1rny c • Hcao, qTo 8Ta ITOCTOHH-

HAS! oy J:l9T Ollpe.oen!!Tb OTKn0H9HH9 OT q:>OpMynbI ( 6, 7) 1 TAK 'lTO 

c=-}[ 2m(E) + 2m(N) m (I),.., 3 m (A I J .. 

OTC10.oa cne.oyeT, 'lTO C u 9 M3B, 'lTO H onpe.oen11eT aenH'lHHY CB!13H 27-non11 C 

(6.11) 
33 

H 
38 

nepel!.oeM Tenepi, K .oexanneTy, B 3TOM cnyqae 11011paaKa K Macce 011pe.oen11Tc11 

cne.oy101UHM oopasoM: 

( ,', M ) = d ip•b:!q, • 
3 ab3 

C IIOMOlllblO TIIOJiHUbl II nony'lHM cne.oy10m11e sHa'leHH!I Mace 

m (0) = m
1 

+ d 

m ( !:* ) +· 2 d ml T 

+ 1 d m (I*) = ml T 

m ( "1) =m 1 

x) 27-nonb HM99T KOMIIOH9HTbI: 

q,"b = q, a 
od o 

b 
'I' 

.d 

E b a l -a £ b E K a b 
- ...1- w. w, ad - _ w, 'I'd a. + ..1- 'I' Kw, ad a. 

3 3 9 

(8.12) 

(8.13) 

Cnpaaa npe.ononaraeTc11, 'lTO npousae.oeHa cHMMeTp11sau1111 acex qneHoa no a II b , a 

TAK:>Ke no C H d • YMHO)K9HH9 27-11on11 Ha 11:: ' no3TOMY npuae.oeT eme K CM8ll.18HHIO 

OcTanbHblX Mace, 0.oHIIKO 3TO CM91U9HH9 11p11ae.oeT TOnbKO K nepeoop3H8'l9HHIO noCTO!IHHbIX, 

TAK 'lTO MO:lKHO Sl,BHO paccMaTpHBATb IIHWb nepBblll '1119H B HAIIHCIIHHOl! cj:lopMyne. 
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-:y 

TaKHM o6pa30M B ;'.leKanneTe ypoBHH pacnono>KeHbl 3KBlilllICTBHTH0, C paccT0SIHHeM _l_ d. 
3 

l-13 011bITa 3T0 paCCT0SIHHe paBH0 147 Maa, TBK '!TO 

d = 441 Maa. (6.14) 

3KBlilllICT8HTHOCTb M0>KH0 nony'IHTb H3 C1JOPMY11bl (6.10), ecnH Y.'leCTb, '!TO lll1SI ;'.leKanneTa 

110 cpopMyne (4.20): 

(6.15) 

0TKylla 

..'!... M ) y • 
2 2 

(6.16) 

rlle, BOO0llle roaopSI, 110CT0SIHHbie He paBHbl 110CT0SIHHbIM 0KTeTa • 

.[lnSI Me30HHblX 0KTST0B cpopMyna nonyqaeTCSl H3 cpopMyn lll1lI 0KTeTa oapHOHHoro, 

ecnu nono>KHTh B Hell a= b = e (HnH B cpopMyne (6.10) M, = 0 ) H npHM8HHTb 3TlI cpop-

MY11bl He lll1lI caMHX Mace, a lll1lI HX KBallpBT0B, .Lln11 0KTeTa nceB;'.l0CKanlipHblX Me30H0B 

nony'IHM, no aHanorHH c ( 6,6): 

H 

A m
2

• = e Sp ( H p p) 

m2 ( K 2 + µ 
0 

2 (,,. ) 2 m = µo 

m2 ( 7)) = µ2 + 
0 

µ 
2 

B 3T0J! cpopMyne - H0BalI ll0CT0lIHHalI, 
0 

e 

..±-e 
3 

OTCIOlla nonyqaeM C00TH011Ie1me, l10;'.lO0HOe (6.7) 

Ta 6 n" u a IV 

KBBllpaTbl Mace nceBll0CKanlipHbIX Me30II0B (HHTepaanbl) 

1) 

K 

rr 

(Macca) 
2
- m 

2 
( :r ) a (6sa) 

2 
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0,28 

0,22 

0 

(6.17) 

(6.18) · 

(6.19) 



CboTHoweHHe (pa3HOCTell KBS!lpaTos Mace): 

K = % .1] (6.20) 

Bh[ITOnH>1eTCl1 llOCTSTO'IHO xopowo. 

Jlng OKTeTa BeKTOpHbIX Me30HOB cornacne OK83hIB8eTCl1 3Ha'IHTenbHO xy)Ke. cho, 

110-sHllHMOMy, MO)KHO OObHCHHTb TeM, 'ITO sHyTpH OKTeTa ne)KHT ewe OllHH BeKTOpHhIJI 

Me30H w ( Y =·r = Q ), 3TOT Me30H eCTeCTBe,HHO llOn)KeH B03MyWaTb OKTeT (CM, Taonnuy Y ), 

Taonnua V 

KsalJ;pSThI Mace BeKTOpH~X Me30HOB (HHTepaanhI) 

(Macca) 
2 

m2 (p) B (63s)
2 

ef, 

K• 

"' 
p 

OnHCSHHe B03MyweHHl1, KOTopoe BHOCHT 

0,48 

0,22 

0,06 

0 

W -Me30H B seKTOpHblll OKTeT, BhIXOllHT, sooome 

I"OBOpl1, KaK 38 paMKH rpy1111h1 s u (3) ' TSK H 38 cxeMy HapyweHHSI CHMMeTplilI, Ol1HC8HHyIO 

BbIWe. To, 'ITO B npapolle OOHapy)KeHhI lJ;Ba Me3oHa ( W -Me30H II q, -Me3oH) C onlI3KlI

MlI M8CC8MlI H C OlllIH8KOBh!MlI KB8HTOBbIMlI 'IHCnaMH, YK83bIBaeT, 110-sHlllIMOMY Ha cywe

CTBOB8HHe oonee BhI.COKOlt CHMMeTplilI, napyweHHe KOTopoll lJ;eMOHCTpnpyeTCl1 pacwenneH!IeM 

"' H ef, Me.3oHa, 110llOOHO TOMy KaK HapyweHHe CHMMeTplIH s u (3) 11plIBOllHT K pac-

menneHHIO Mace q, H p0 
-Me30HOB, .0.aHaKO npocToe pacwape,me rpy1111hl, H811pHMep, 

llO s u (4) 11pHBOllHT K ysen!I'leHHIO qncna KOMl10HeHT MynbTHl1neTa, T8K 'ITO pewenne 

x) 
3TOJI 38I"SllKH lJ;On)KllO OhITb oonee XHTpbIM. , CnelJ;yeT OTMeTHTb H BTopyro 3ara_llKY, KOTO-

pyro npe110llll0Cl1T HaM Me30HHble OKTeThl, 113 11pHBelJ;eHHbIX llSHHbIX BllllHO, 'ITO B llBYX 

OKTeTax paBHhl nepable HHTepsanhI 

m
2
(k)-m 2 (zr) ~ m2 ( K*) - m2 (p ), 

.}icHo, 'ITO TllK00 COOTHOWEHIHe He MO)K0T cnelJ;OBaTb H3 CHMMeTplIH 

(6.21) 

S U (3) , 3ll0Cb 

x) 
Kax npHMep noxo)Kelt CR Ty a URH MO)KHO yKa3aTb na pacwnpeHHe rpynnbl apame-

HHll: llO .rpy1111hl nopeHUil, KaK H3BeCTHO, 11pH T8KOM pacwnpeHHH 11pOHCXO.llllT nepeMewuaa

HHe COCTOSIHHll: C 3allSHHhIM CilHHOM C COCTOl1HHl1MH C MeHblUHMH CilHHaMll• 

34 



pe'lb H.ll8T O TOM, 'ITO CBSl3b paaHblX M830HHbIX OKT8TOB C noneM ff 0.llHHaKoBa (ym1-· 

2 
aepca.TibHOe aaaHMO.llellcTBHe). Mo>KHO eme yKaaaTb, 'ITO ec.TIH aaMeHHTb (MaCcbi) cf, H 

Cil HX nonycyMMOJI, TO nony'leHHaSI cxeMa npaKTH'10CKH coana.llaeT co CX8MOJI ITC8B.llOCKa-

nHpHOI"O OKTSTa. 

Oc:TaB.TISISI; O,!lHaKo, cneKy.TISITHBHble paccy>K.ll0HHSI, oopaTHMCSI K B03MO>KHOCTH OITHca

x) 
HHll pacmenneHH_si, yKaaaHHOll illBHHrepoM • 

npe.llITO.TIO>KHM, .ll8JICTBHT8.TlbHO, 'ITO .ll8BllTbIJI M830H 
0

BXO.llHT B OKT8T, KOTOpbIJI B 

3TOM cny'lae HMeeT C.TI8.ll He paBHblll Hymo. TaKoll OKTeT OITHCl,lBAeTCSI M<!l?pnuell: 

p- K* -

p+ 1 0 1 cf, . 1 Ko (6.22) 
V --P +J6 +,Tfw 

'J.2 6 3 

K+ Ko -,J2¢,+lw 
3,13" 

tl KB'l0CTB8 B:SBHMO.llellcTBHSI, Hapywaromero CHMM8Tp11IO)B03bM8M .llBa cnaraeMbIX: 0.llHO 

oobI'IHoro Tnna Sp II V V , a .llpyroe' npocTeJ!mee, KOTopoe pacmennsieT Macey o; u ,f, 

<:ho aTopoe cnaraeMoe Mbl aannmeM npocTo a BH.lle h ;;; w • 8 OTnH1fH8 OT BhPUICne-

HHJI, npHB8.ll8HHbIX BblllJe, B3aHMO.llelicTBH8, KOTOpoe Mbl paccMaTpnaaeM, Tenepb oy.lleT 

nepeMeWHBBTb rp H Cil M830Hbl, TBK KaK OHO CO.ll8P>KHT KBa,!lpaT 9Jl6!M0HTa, CTOSllllero 

B I/H>KH8M npaBOM yrny (6.17). YITaK, pacCMOTpHM B3BHMO.llellcTBHe: 

BaaHMO.ll8llCTBHe (6.23) IlpHBO.llllT K C.Tl8.llY!OlllHM MaccaM M830HOB: ( 

SIHHasi, He CBll3aHHAll C IlOCTOllHHOJI B (6.18)) 

m 2c w cf, ) = '2,./ 2 g 
• 3 

x) . 
CMeWHBaHHe Cil H cf, paccMHTpHBa.TIOCb B paoOTe CaKypaH 

35 

2 
µ 1. -HOBBS! ITOCTO-

(6,:.!4) 



"ffl (w, cf,) :oo<>aHa'laeT MaTpll'IHbIJI. sne1'i,iHT,inepenyTbIBa10m11A IICXOJ;\Hble 'i) II W , KaK II II 

-reop1111 3eeMe.u-scjlcjJeKTa peanq11hte ypoaua-Maccbl pee.m,RblX cf, a w on11cb1Ba10TCll KopHllMII 

ypaaHeHIIH COOCTB0HHbIX 3Ha't0HHJI 

( µ2 +:.;_ g)m2 (cf,)+-~ gm2(w),=·,\ m2{cf,) 
o ~ 3 

~ g m2 ( cf, ) + ( i, 2 + . ..;.. g +: b ) m 2 ("' ) ,. ,\ m 2 ("' ) 
3 o ~ 

Onpe,o:en11Tenb SToro ypaBH0Hllll IIM08T BH,o:: 

2 4 µ +:_ g 
o 3 

'!dd g 
3 

'!dJ. g 
3 

µ2+· .L g+:h. 
0 3 

CyMMa KOpHel! ypaBH0HHll COOCTB0HHb!X 3Haqeuaa paaua cne,o:y (6.20) 

m2 (cf,)+:m 2 (w)=2+2g +:h. 

Cpaau11aaa c (6.,M), nony'IHM 

h =·m 2(cf,) ~ m2(w) '-•2 m 2( K* ) • 

(6,:.!5) 

(6.26) 

npoH3B0,0:0Hll8 KOpHeJI ypaBH0HIIH (6.~5) paaHo B0nll'IHH8 onpe.o:enllT8nll (6,:.!0). HM0CTO 

cpopMynbl .o:nll Mace 6y,o:eM nony'!aTb cpopMyny .o:mr HHTepaanoa, Bbloupag 3a uaqano OTC'!e-

Ta Macey p • 3To 3Ha'IH.T, '!TO Mb! nonO>KIIM IIOCTOllHH)'IO 
2 

µo B cpopMyne ( 6.24), paa-

HOJI Hynro, 0603Ha'!all T0Il8pb KBa.o:paTbl Mace B TaKol! wxane CHMBOnaMH caMHX '16CTHU, 

uaJl,o:eM, '!TO onpe,llen11Tenb (4.26) paaeu{ hg • Tax KaK g STO Macctt K*, a h onpe

,lleneuo Bb!We, TO 

eucp=·-} K* ( eu+¢-•2K*) (6.27) 

11na a K~a.o:paTax Mace 

[ m2 ( eu ) -• m 2 ( p I J[ m 2 ( cf, ) - m2(p ) J = -j- [ m 2 ( K* ) - m 2 ( p) ] ,x 

(6,28)-

x [ m 2 (cf,)+ m 2 c.:i ) - 2 m 
2
(K*) ] ,. 

B npe.llenax OWHOOK SKCil0pHM0HTa STO COOTHOW0Hll0 y.llOBn8TBOpH0TCll SKC1IepHM8HT6nbHbl

MH 3H6'10HHllMII Mace. On11caHH6l1 nponeflypa OCHOBaHa Ha H0 BIIOnHe IIOffllTHblX npe.llnono

-~8HHllX,· <PopMruibHo Mb! .llon~Hbl oi,ma paccMoTpeTb a3a11Mo.o:eJlcTa11e oomero .T11na 

-h 'fw cp + · ef,w ) 1 BBO,llH ,llB8 HOBblX IIOCTOllHHblX h H h, , CpaBH0HHe C OllblTOM B STOM 

cnyqae np11aeno Obi K H8KOTOpOM)' COOTHOW0HHIO M0~J:\Y h_ H h' l O,O:HaKo HHKaKoro 

COOTHOW0HHH M8~.llY MaccaMH, 0'10B11.llHO, He B03HHKn·o. Peweuae Waaiirepa OTB8'160T 
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Bb!OOpy h' - 2f2 d , 1-1MeeT nH TaKott BblOOp KaKott-nHoO rnyoOKHl! CMbICn, IlOKa}KeT 

.uanbHel!wee pasBHTl!e TeopHH, 

§ 7. PacmenneHl!e 1130TOilHqecKHX MynhTHnneTOB 

CxeMa OllHCaHHII pacmenneHl!ll yHHTapHblX MynhTHnneTOB MO}KeT Ob!Tb pacwnpeHa TaK, 

qTOObl BKmOqHTb B ceog H Oill!CaHl!e pacmenneHHl! 38p1I.ll0BbIX 

ycnoamo sa.uaqH OCTaaanHCb BblpO}K,lleHHbIMH B nonlIX !I a II 
a 

MynhTHnneTOB, KOTOpbie no 

Haa. 
88 

Hanoonee npocToll nyTh o6o6meH!lll cxeMbI ncnonb3yeT CHMMeTpH!O yHHTapHoro MynhTH

nneTa OTHOCHTenbHO saMeHbl sap1I,lla Ha rHnepsapll.ll, l::lb!IlHWeM' eme pas MaTpHuy oapHon

HOI"O OKT0T8 

1 Io+ 1 A i- E.-
V1 JI, (7.1) - - -

i+ -...!. I 0 + _!_ A 
,j2 ,j6 

5.0 

p n -,.J. 2 A 
3 

PaccMoTpHM no.urpynny, 0Tseqa10my10 MaTpHue oqepqenHott a npaaoM HH}l(HeM yrny, Ee 

CTPYKTypa, oqeaH.llHO, aHanorHqHa CTpyKType MaTpHUbl H30TOilHqeCKOro CilHHa; ee KBaHTO-

aoe qncno Hasb1aa10T K -cnnnoM, KoMnonenTbl K -MynhTHllneTa onpe.uen1IIOTCII TeM }Ke 

nyTeM, qTo n .unll T -MynhTHnneTa (nsoTennqecKoro MynhTHnneTa), Cne.u MaTpHUbl nocne 

yMHO}KeHHII Ha in .uaeT COCTOIIHH8 C K = 0 (cpaBHH, KaK nonyqaeTC.ll A ll3 MaTpllUbl 

T MynhTHnneTa) . 

4>0 = + ( ,j 3 Io+A° ) • (7,2) 

BbJqHTall H3 .unaroHanbHbIX aneMeHTOB oqepqeHHOtt ,MaTpllUbl 2x~ nonoBHHY ee cne.ua, no

nyqnM cj:,yHKUHIO C K=l : 

__ 1_ Io+,.J. 3 A , 
2,j2 8 

n • _1_ Io -,,j 3 A 
'A/2 8 

· (7,3) 

( 3-g K -KOMilOH8HTa 4>I • paBHa ½ ( - I 0 + ,j3 A0 
) ] • 

HaKoH_eu, .use q:,yHKUHH HMeJOT K CilHH, paBHbll! l /2 

(7.4) 
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-...::.....> 

KOMllOHeHTbl K8)K.!J.0ll H3 q:>yHKUHl! HMelOT 0.0.HHBKOBbill 38pll.0. 1 ll0.0.0t5HO TOMY KBK KOMllOHeH• 

Tbl H30TOllH'leCKHX MynbTHnneTOB HMeroT 0.0.HHBKOBblll I"HnepaapSI.O., 

· I It 
l::l03MYllleHHe, coxpBHSIIOlUee aapll.O., BBO.O.HTCSI KOMllOHeHTBMH nonll H I H H j I , 

3.o.ecb y HBC HeT OCHOB8HHll npeHe6pe'lb noneM ·n 11 
I TBK KBK 0.0.HH H3 npoueccoa, . . 11 

npHBO.O._SllllHX K pacmenneHHIO H30TOllH'!eCKHX MYllbTHnneToa, ecTb Hany'l8HH8 H llOI"ll0lU8HHe 

q:>OTolfa, MBTpH'IHblll aneMeHT TBKOI"O npouecca upeo6paayeTCSI KBK Kaa.o.paT H
I 

HnH, 
IJ I 

'!TO TO )K8 caMoe, KBK H 
11 

_· 

KoMllOHeHTbI B03MYlUBIOlU8I"OCSI nonll HMelOT Te )K8 KB8HTOBbl8 'IHCna; '!TO H COOTBeT-

CTB)'.IOlUHe KOMllOHeHTbl 6apHOHHOI"O HllH Me30HHOI"O My_nbTHllneTa, 

O'leBH.O.H0 1 He CBSl38H8. C _ ~OHKpeTHblM Bbl60pOM 'IBCTHU, none 

COOTBeTCTBYIOlUBSI KOMllOHeHTa 27-nneTa, 3aMeTHM, '!TO B TeopHH 

TBK KBK Kn8CCHcjJHK8UHSI, 

H 
11 

npeo6paayeTCSI KBK 
II 

cna6bIX B38HMO.O.ellcTBHll 

6y.o.yT HI"p8Tb ponb KOMllOHeHTbl 

o6paayIOTCSI KBK K 0 
H jfo ). 

H2 H 11 3 
, HMe10lUH8 38pll.O. 11 · CTp8HHOCTb ( OHR npe-

3 2 

( !t,. M ) = a 'PI 'I' a + 13 'I' a 'I' I -- 2y 'I' I 'I' I 
I a I I a I I (7,5) 

l::!MecTe co cTBpbIM pacmenneHHeM nonyqaeM: 

m ( EC) = n;, + a+ a , 

m ( 5o)~mo+·a, 

m ( ~-) =-m
0 

+:a, 

m (I0
) = m0 +½ ( a+:{3)-,y • 

+ . 
m (I ) . = m0 + ·13 • (7,6) 

m( A),.m0 +2(a+b) +...;.(a+·t3),-.l_y, 
3 0 3 

m(n)=m
0

+b, 

m ( p ) =-m
0 

+' b + /3 , 

m(AI)= _l_(a+p)· _!_y 
,/3,2 ,/3 
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Kmicp<pHUHeHT y oueHHaaeTCSI H3 

• + -
Y';' m("i.0 ),-•½ [ m("i. )- m( "£·)],. . (7,1) 

J.13 sKcnepuMeHTanbHbIX aHaqeHHA Mace cne.llyeT,· qTo y =·1,2 !;0,8, MbI nono:lKHM y =·0 , 

!Jocne 'ilTOro H3 (7.6) B03HHK8eT ewe 0.llHO COOTHOIU8HH8, CB)l3bIB8IOIUee TpH paaHOCTH 

Mace 

(7,8) 

KOT0poe .ll0CT8TO'IHO xopomo cornacyeTCH C OllbITOM: 

aam(,E )- m(E." )= 6,1 t_l,6, 
(7,9) 

f3 =m(p)-m(n) =-1,3 t;0,7, 

- . + 
a - f3 =· m ("i. ) - m ("i. ) ,=- 6,5 ;t-0,-5, 

AHanorH'IHo 15apuoHHOMY 0KTeTy MO)l{Ho paccMo-rpeT& 15apuoHHbIA .lleKanner, Ecnu u 

3.llec& orpaHH'IHTbCH HH31UHM Myn&rnnonhHbIM _aaaHMo.lleAcTBHeM, TO u·o aHanoruu c pac

wenneHHeM YHHT8pHbIM, MbI nonyquM, 'ITO ypoBHH pacmenmIIOTCSI 9KBH.llllCT8HTH0, T8K 

'ITO; 

- ♦-: 
- m ( !,, ) =·m ("i.* ) -m('"i.*")=m("i.*0

) - (7.10) 

_OTK1IOHeHH_e OT nHHeAHoJI 38BHCHMOCTH 15y.lleT YK83bIB8Tb HS III)HM8Cb B38HM0.lleJICTBHSI 0 

15onee BbIC0KOA MY1IbTHll01IbH0CTbIO, 

B cnyqae MeaoHilbIX 0KT8T0B C00THOIUeHHe (7,8) ol5pawaeTCSI B TO:lK.ll8CTB0, Boa-

HHKIIBT Bonpoc 0 npupo.lle p113H0CTH MIICC 11° H ".:!:.' ( p0 p! ) ·• KOTOpIIH .ll0n>KH8 

15bITb paaHa Hyn10 B 8-nonbHOM I1pHl5nH)K8HHH, Ee cne.llyeT 0THeCTH 311 C'IGT aneKTpoMa:r
u 

HHTHoro B38HM0.ll8ACTBHSI THUii H11 

Bbil5op B3IIHM0.llei:.CTBHSI B cpopMe (6.4) He anonue OTaeqaeT npHHSITOJI HIIMH T0'!Ke 
a t 8 

apeHHSI, Ecnu y ll\)JISI Hb OT1IH'IHbI OT HynB 11Hlllb.KOMll0H8HTbI u, H H8, TO TIIK0e 
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none He oona.!laeT cHMMeTpHeA yHHTBpHoro OKTeTa TBK KBK Sp H ;. 0 

a 
EcnH C'IHTBTb, 'ITO Hb .!lOn>KeH 0bITb OKTeTOM, TO HB.!lO H3MeHHTb ero BH.!l. 

.. 
TTone II b .!lOn>KHO _HMeTb KBBHTOBhJe 'IHCna Q=.Y=O 

cpopMe ,!lHaroHanbHOA MaTpHnbl C aneMeHTaMH Ha ,!lHaroHBJIH 

B - npoH3BOnbHble aemecTaeHHhJe 'IHCna • 

ero MO>KHO aanHcaTb B 

A , - A + D, - D, r.!le A H 

~bl'ITeM Ha TaKoA MaTpHnbr e.!lHHH'IHyro MaTpHnY, yMHO>KeHiiyro Ha ½ D _• TaKa>1 oire-

panH>1 CBO.!lHTCSI npoCTO K CMemeHHIO Haqana ·OTC'leTa Mace, TBK KaK OHa He Bhl3bIBaeT 

pacmenneHH>I. Mbr yBH.!lHM, 'ITO TaKHM oopaaoM Mbl aaKpennsteM ·Macey I° KaK Haqano 

OTCtJeTa. 

OooaHa'last A - ½ B = K 

aamican, B cpopMe MaTpHDbl 

a 
H = 

b ( 
H 3/2 B =- >. ' nony'IHM, 'ITO none MO>KHO 

K 0 0 ) 0 0 "K 

0 0 >, 

(7.11) 

3neMeHT >, B CTBpbIX 0003Ha'leHHHX eCTb npOCTO 
8 

II 
8 

• PaanHqHe c npoae,!leHHbl

MH Bblllle Bbl'IHcneHHHMH COCTOHT B TOM, 'ITO Tenepb H 2 
2 

·1 
paaHo He Hynro, a • 11

1 
• C 

noMOlUblO 'MBTPHDbl (7.11) Mbl nony'IHM aaoop cpopMyn .!lJ1>1 Mace oapHOHOB, H3 KOTOpbIX 

MOryT 0bITb nony'leHbl Bee COOTHOllleHHH Me>K.!ly MaccaMH: 

I, 

m ( E-) =·m
0
+ b+a , 

m ( E0 
) =· m

0 
+ b - a , 

m < I I 

m (~o) 

+ 
m (}; ) 

m0 + a - f3 , 

mo 

m
0 

- a+ f3 , 

) 2 2 m ( A . = m
0 

+_a + _ b , 
3 3 

m (n) "'o + a - ,J 

m(p) =m
0

+a+f3. 

m (l:A),-_1_ a +_1 f3 
lv3 v:3 

·40 

(7.12) 
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§ 8. 'f'onoBSCTHKH' H '6eCbl' 

TaM HS HeBenoMblX nopmKKSX 
Cnenbl HeaHnaHHhlX aaepelt ••• · 

B Hawy aanaqy He axonHno Hano:iKeHHe acex Hnel! H peaynbTaTOB yHHTapHol! TeopHH , 

H Mbl OCTSBHnH B CTOPOHe_ TSKoe; HanpHMep, BS:lKHOe, HO eme He oq,opMHBIUeecH Hanpaane

HHe, KSK TeOpHIO cna6blX B3aHMOnel!cTBHl!; TeM He Menee, HMeeT CMblCn OTMeTHTb HeKOTo

pb18 H0Bbl8, ·noKa eme cneKynHTHBHbl8 HneH, TaK KaK OHH yKa3blBaJOT Ha TO, 'ITO cpayHa YHH

TapHoro MHpa ·MO:lKOT 6b1Tb BeCbMa, He06bl'IHa. PacmenneHHe Mace IlOKaaano, 'ITO aaaHMO-
a 

nel!CTBHe 'ISCTHll C BSKyyMOM MO:lKHO C ycnexoM OilHCblBSTb HE!KOTOpblM noneM , H b , Hel!-

TpanbHble KOMnoHeHTbl KOTOporo H: If ' H\ OTBeTCTBeHHbl aa yHHTSI;>HOe Il lf30TOnHqe

CKOe pacmenneHHe, COOTBeTCTBeHHO. Bo3HHKaeT nOHHTHOe :iKenaHHe npHnaTb 9TOMY nonro 

CMblCn peanbHoro qJH3H'{eCKoro nona, COilOCTaBHB KaanpaTSM TSKoro yHHTSpHoro nom, HOBbll! 

yHHTapHbll! Me30HHbll! MynbTHnneT. TaKol! MeaoHHbll! OKTeT 6bm pacCMOTpeH B pa6oTe 

f'newoy H KoneMaHa. 

[JpencTSBHM ce6e, 'ITO 9TO none H: ecTb none CKam,pHblX Me30HOB. EcnH HSillfCSTb 

MSTpHny 9Toro nona no aHanorHH c MaTpHnel! nceanocKanapHblX MeaoHoB, TO nHaroHaribHb1-

MH _KO_MnoHeHTaMH OKS:lKYTCH nse. Hel!TpMbHb18 'ISOTHllbl 0 KOTOpb101 'IT06bl nonqepKHYTb 

TO:lKneCTBeHHOCTb yHHTSpHblX CBOllCTB, o603HS'IHM qepea ,/0 If r/ (ocTSnbHbl8 KOMnoHeH-
,+ •1- io -,0 

Thi OKTeTa 11 - , .K -; K I{ CBH3SHbl C H3MeHeHHeM aapana lfnll lf30TOnH'leCKoro 

cnHHa H OHH He BHOCHT BKnana B pacmenneHHe, TaK :lKe KaK H nono6Hbl0 KOMilOHeHTbl nom, 

Ha ) 
b • 

TaK KaK KBaHTOBble 'IHcna •o 
11 H '1/' Te :iKe, 'ITO H y aaKyyMa, TO OHH MoryT BHHH-

rHnHpoaaTb 6eccnenno, npenpamaacb, 1rnnpHMep, n He1rn6n10naeM oe caaaannoe cocToHHHe 

npoT011-aHTHnpoT011 c nonnol! Maccoll paaHol! Hynro! 

3To aHa'IHT, 'ITC q,opManbHO cywecTayeT npouecc nanyqemrn Hel!TpanbHoro MeaoHa, 

HMeromero D BHpTyanbHOM COCTOHHHH 9HeprHJO, paBHYIO nynro; TaK KaK Ha nHarpaMMe 'ra

KOl! nponecc H3o6pa:iKaeTCH nHHHel! C 'KnHKCOl!' Ha KOHue, TO TaKOl! Me30H HaaoBeM •rono

aacTHKOM.x). 

1 TaKaH cxeMa, oqeaHnno, cpopManbHo coananaeT co cxeMol! nona H b • EcnH K cKaaaH

HOMY no6aBHTb npennono:iKeHHe O TOM, 'ITO aaa11MonellcTDHe rononacTHKa co BCeMH MynhTH

nonHMH OilHCb1Ba8TCH yHHBepcanbHOll HOCTOHHH oil, TO Mbl nonyqaeM Monenb, B KOTOpOl! npa

BHna IIHTepnanoa, CBH3b1Ba10m11e pa3Hb10 MynbTHHneTbl, nonyqaJOT ecTeCTBOHIIYIO HHTepnpe

TaHHIO 
x) L[nTaTenb, KOHe'IHO,. aaM8THn, 'ITO •ronoaaCTIIK' npHHanne:lKIIT K ceMel!CTBY ·wny

pHOHOB", BBOnHMblX pa3Hb!MII aBTOpaMH nnH onncaa,rn npoueccoa uapyweHHH CHMMeTpHH. 
)lHarpaMMa "ronoBaCTHKa'' 0'19BllnHo, MO:lKeT cymeCTBOBaTb H nna 06bl'IHblX p11° H '1/ Meao· 
HOB, HO ecnH IIX naanMonel!CTBHe yHHTapHO-HHBapHaHTHO, TO TllKHe 'ronoaacTIIKII" He 

npnaenyT K pacmenneHHJO. l-1nE:H "ronoaacTHKa• 6blna BhlCKaaaua B pa6oTax illBHHrepa 
( Annals of Phys. g, '407,1957) 11 CanaMa H tlapna (Phys.Rev. Lett; !2., 390, 1960 H Rev. Mod. 
Phys., ;!b 428 Q961 ).Me30HHbll! OKTeT 6b1Jl BBeneH CaKypaH [F4t 
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CKan,rpHbll! Me30H, 113 K0Toporo CTp0IITCll ·rOJioaaCTIIK. B CB060JlHOM C0CT0SIHIIII, 

M0>KeT l!MeTb Macey, He paeHyro Hynro. tl aT0M cny'Iae aeTopbl Moaen11 YK;a3brearoT HB 

eo3M0>KH0e 0T0>KJlBCTeneHl!e ero C pe30HBHCBMH k'➔ K 730 M:,,a), ,,, .. (( 570 Mae) 

H 71' c Maccoll = 770 Mae, 6nH3Kol! K p • ;y TaKHX Tpex K0MII0HeHT KeBJlpBTbl Mace ' 

xopolllo yaoaneTeop,reT rrpaeHny HHTepeanoe 

m
2 

( k')- m2 ( ir' ➔ = 0,22 
(8.1) 

m
2

(71'),-- m\ir' ➔ =0,28. 

OaHaKO CBM0 cyllleCTeoaaHlle peaoHaHcoe II IIX KeaHT0ebre 'IHcna nnoxo ycTaHoeneHbl II K 

TaK0MY C0II0CTaeneHHIO ilenb3ll ellJe 0TH0CHTbCll cepbe3HOx) • 

Mo>KHO Il0IIb!TaTbCR 0IIHCaTb •ronoeaCTHKH. II HHaqe, HCII0nb3y,r ll)le!O f'enn-MaHHO 

06 yH11Tapnb1x crr11Hopax, KOTOpbre rro-pyccKH, rro-e11aHM0My, Haao HB3bIBBTh '6ecaM11•. 

TTone II a M0>KH0 rrpeJlCTBel!Tb, KBK 1Ip0113ee)leHHe aeyx yHHTapHbIX CIIIIH0p0e 1jl a II <p 
b · b 

a 

lib 
-a 

'l' cf, 
b 

(8.2) 

:YHIITapHbll! Cllll!!0p IIMeeT K0MII0Hel!Tbl C 3BplIJlBMH • __ e_, •-=--H +~; yHl!TapHbll! CIIHHop </, 
3 3 3 b 

HMeeT K0MII0HeHThl C 38pRJlBMH +--;- . +~. ·4- TaKHe >Ke Jlp061!ble 3Ha'IeHl!ll IIMeeT II 

r11rrepaap,ra crrHHopoe. 

TTo,reneHHe Ilp06Horo aap,raa ce,raaHo C TeM, 'ITO B rpyrrrre s u (3) MaTpHUbl aap,raa Q 

11 r11rrepaap,raa Y anaronanhHbI H HMeIOT cnea, paBHb!l! Hynro. B rpyrrrre U(3) Mb! HMenH 

6hr TpH Jl1IBro11anbHblX orrnpaTopa C00TBeTCTBYIOU.UIX U0B0p0TBM B0Kpyr Tpex oceJl; HM oT

aeqanH 6hr Tpll •MarHHTHbIX' KBal!T0eb!X q11c1ra ma (a=l,2,3). B rpyrrrre SU(3) cyMMB Tpex 

co6cTBeHHb1X 3HB'IeHHl! aon>KHB 6b!Tb paaHa 11ynro. OTCIOJl8, cpaeHHea,r C (4.4), rrony'IIIM, 

Y m n m m · 
'ITO - =·m ---;-, -.:=m ---.,.., Y-Q=m -- (m=(m +m+m )• 'ITO H IIPIIB0JlHT K apo6Hb!M 3Ha'IeHHRM 

8 -> 2 ~ 2 3' I 2 8 

aapstaon. 

EcnH llpllllRTb ( 8.2)' TO Jlel!cTBHe nom1 II 
b 

M0MH0 0IlHC8Tb KBK 11any'IeHHe H norno-

metrne·•oeca• B OJlHOI! H T0l! )Ke T0'!Ke JlHBrpaMMbl (HnH 11anyqe1111e 11apbl 
-. 
ljl H '? C 

b 

nocneJly!Olllel! Bl!HllrllnstuHel!). Tt1KBll neTn,r npHB0)lllT K pacmennerrnro MBCC H T0>ICJleCTBeHHa 

'ronoaacTHKy' • Ecn1-1, o.a,HaKo, ,pa H rpb MoryT p0}!(,llt1TbCSI B coo6o.QHOM COCTOstHHII, TO Mhl 

npHX0JlHM K cxeMe 1em1-Ma11Ha, He II0JlTBep}KJl9HH0l!, 0JlHBK0, 0llb!T0M. 

x) f'nellloy H J<o;1e,1aH ccbinBIOTCll Ha cneayrom11e aKcnep11MeHTbI G.,\l~xander et al. 
Phys. flev. Lett., 8, 447 (1962); D.!I.Miller et al.· Phys. Lett., 5, Z79 (1963); S.G.Woicicld et al. Phys. 
Lett., 5, 233 (1963};t,D.fl.Lichtenberg, Stanford Linear Acee!. Hep. Nr •. 13 (1963) p. 531. 
c 53, . ,]', 11.Hapopian, W.Selore. Pl,ys. Hev. Lett., 10, 533 (1963); Z.Gioragossian. Pl,ys. llev. Lett., 11, 85 
(1963). 
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no11CKII '18CTIIU, OTBeTCTBeHHblX 38 Hapyw€Hlle YHHTapHOh CIIMMeTpHH, H8UOMIIH8IOT 

OXOTY 38 HellTpllHO' OCT8B11Bll111M cne.n B q:,opMe HecoxpaHeHll>I 8Hepr1111. 4eM KOH'IIITC>I Ho

B8>1 OXOT8 UOKS)KeT oy.nyIUee. 

§ 9. 3 a K n IO 'I e H II e 

<PopMynbI .nnR Mace '18CTIIU, 11n11 K8K IIX MO)KHO H83B8Tb cne.nyR cneKTpOCKOllll'leCKOll 

TepMIIHOnor1111, ·npaa11na IIHTepnanoB He IIC'lepnbIBBIOT np11MeHeH11e cxeMbl yHIIT8pHoll CIIMMe-r

p1111 11 ee HapyweH11e. 3TH cpopMynbI, O.!lH8KO, l!MeIOT ocoooe 3H8'1eH11e • 

.YHHT8pH8>1 'cxeMa nnepBbie ll03Bon11na p_accMaTp11B8Tb M8CCbl '18CTIIU C e.n11Hol1, nycTb 

eme o'leHb 11econepwe1111oll TO'IKII 3peH11>1. Ao c11x nop pa31111q11e B Maccax 'IBCTIIU paccMa

Tp11aanocb 'IBCTO KaK .noca.naoe 11apywe1111e CIIMMeTp1111. 

8 cxeMe SU(3) HeO)Kll.!l8HHO OK83anocb, 'ITO HapyweH11e CIIMMeTpllll 06na.na10T 

npoCTbIMH CBOJICTB8MII H OUHCbIB8eTCII O'leHb ecTeCTBeHHO B cxeMe yHIIT8pHblX MynbTllm1e

TOB. 803HHK8eT nonpoc, Henb311 nH no ·~apaKTepy 11apywe111111 CIIMMeTpHH ll3Y'l8Tb CBOilCTB8 

B38HMo.nellcTBHH My/1.bTHnneToB c naKyyMoM. •T aKoll nonpoc cTaHOBHTc11, ecTecTaeHHbIM, 

ecnH BCUOMHHTb, 
0

'1TO 11apywe1111e ll30TOUll'leCKOll CIIMMeTp1111 Bbl3blB8eTCII aneKTpOMar1111-r

HblM noneM (B38HMO.!lellcTBHe '18CTIIUbl C 3neKTpOM8I"HHTHbIM noneM B8K:fyMa) H ll3Y'l8>1 

OTKno11e111111 OT 1130TOllH'leCKOll CHMMeTpllH B p83Hb!X peaKUIIHX, MO)KHO OblnO Obi B np111~u11ne 

nony'IHTb .!lOBOnbHO MHOI"O cne.neHllll OD 8TOM B38HMO.nellcTBIIII (xoTH paciuenneHHe B 8TOM 

cnyqae Mano). 3Toro, KOHeqao, He Ha.no .nenaTb, TSK KBK y Hae ecTb TO)Ke conepweHHbie 

MeTO.!lbl ll3y'leHIIII aneKTpOM8I"HHTI.OrO non11. vlHa'le ODCTOIIT .neno B cnyqae B38IIMO.!lell-

CTBIIH no.n11 II 
3 

, Hapywa10iuero CHMMeTp1110 SU(3) 
8 

3To B38HMO.!lOllCTBHe, ~OTOpoe 1 K C'l8CTbIO, cpaBHHTenbHO nen11Ko, He CBO.!lHTCII K K8Ko

My-n1160 H3BeCTHOMY nonIO. noaTOMy ll3y'leHHe pacna.non H peaKUHll C TO'IKII 3peHHH rpyn-

Ubl S U (3) 

KYYMOM. 

cny)KIIT xopOWHM HCTO'IHHKOM 1111cpopMau1111 0 B3811MO,!lellcTBHII '18CTIIU C aa-

TTpoCTOT8 B03HHK8IOIUell cxeMbl ll03BomieT 0)KH.!l8Tb B 8TOM HanpanneHIIII cymecTnen

llOI"O npo.nn11')KeH1rn B llOHHM8HIIH 38KOHOB B38IIMO.!lellcTBHII aneMeHT8pHblX '18CTIIU. 

PyKOilHCb UOCTyllHna B H3.!l8TenbCKllll OT.1;ten 

i:10 HIOllSI 1964 r. 
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