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I. BeeoeHue 

MMeIOTCR rny6oxue 4>u3uqecxue ocHoBaHHR .nnn Te ope -

Tuqecxoro o6bRCHeHHR Bcero MHoroo6pa3HR CBO~CTB ce

MeHCTBa a,npOHOB B3aHMO,neHCTBHeM TOJihKO Tpex 4>yH,na

MeHTaJihHbIX noneu. KoHKpeTHOe BOilJIOILleHHe 3Ta KOHI.{enI.{HR 

Haxo,nHT B pa3JIHqHblX COCTaBHblX MO,neJIRX Me30HOB H 6a

PHOHOB. IlepBOHaqaJibHO paCCMaTpHBaJIHCh MO,nenu, B KOTO· 

pblX o,nHH a,npOHbl npe,ncTaBJIRJIHCh CBR3aHHblMH COCTORHHRMH 

,npyrux cymecTBYIOILlHX B npupo,ne qacTHQ. CMenaa runoTe3a 

<l>epMH H JIHra /I/ /BblCKa3aHHaR HMH 3a CeMh. JieT .no Ha· 

6nw,neHHR aHTHnpoTOHOB/ 0 npe,ncTaBJieHHH nuoHOB CBR3aH • 

HhlMH COCTORHHRMH H3 HYKJIOH·aHTHHYKJIOHHblX nap C co

OTBeTCTBYIOILlHM 60JihWHM .ne<t>eKTOM Mace nOJIO)KHJia Haqano 

BCeMy uanpaaneHHIO COCTaBHhlX MO,neneu a,npOHOB. ,l(anh· 

Heiiwee 06061LleHue ~Ta u,nea nonyquna B pa6oTe M.A.Map
KOBa /Z/ , npe,nJIO)KHBmero CTPOHTb ceMeHCTBa Me30HOB Ha 

OCHOBe HYKJIOHOB u rurrepOHOB. Bceo6mee BHHMaHHe npH· 

BJieKna 3aTeM BeCbMa paUHOHaJILHaR CHCTeMa C MHHHMaJih· 

HblM qffCJIOM 4>yH,naMeHTaJihHblX noneii, npe,nJIO)KeHHaR Ca

KaTOH /3/ . B 3TOH Mo,neJIH 3a OCHOBY nocTpoeHHR Me30HOB 

u 6apHOHOB 6paJIHCb TpH cymecTBYIOILlHX qacTHU.hl P, N , 
AH BX aHTHqacTHl{bl. IlpH 3TOM Me30Hbl npe,ncTaBJIRJIHCb 

CBR3aHHhlMH COCTORHHRMH P.a3JIHqHblX nap qacTHU·aHTH· 

qacTHU 4>yH,naMeHTaJihHOro TpHrrneTa, a 6apHOHhl COCTaB· 

JIRJIHCb H3 paJJIHqHblX nap <i>YH.naMeHTaJibHblX qacTHU H 

O,nHoro aHTHnpOTOHa HJIH aHTHHeiiTpoHa. 

Ba)KHbIM .nanLueumuM waroM B pa3BHTHH H,neu o cy

mecTBOBaHHH HCTHHHO 3JieMeHTapHhIX noJieu 6bIJIO npe,nrro

JIO)KeHHe O TOM, qTO HCXO,nHhie 4>epMHOHHhie IlOJIR B COCTaB· 

HOH MO,neJIH CaKaTa MOryT OTJIHqaThCR no Macce OT cy-
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mecTBYIOI.QHX B CB060,AHOM BH,Ae np0T0H0B, HeihpOHOB H A • 
'-laCTHU / 4/ • B pa6oTe /s/ 6hmo npe,AJio:>KeHo, He HapymaH 

paBHonpaBHJI . cymecTBYIO~HX a,Ap0H0B, Bee HX C'-IHTaTh 

C0CTaBJieHHblMH H3 ueua6JIJO,AaeMbIX HCX0,AHblX <liepMHOHOB 

corJiaCH0 npHHUHnHaJibHOH cxeMe, npHHJITOH B M0,AeJIH Ca· 

KaTa. TaKOH no,AX0.A HMeeT cepbe3H0e <liH3}l'-leCKOe 060· 

CH0BaHHe, TaK KaK cpe,AH H3BeCTHbIX 6apHOHOB B ,AeHCTBH· 

TeJibH0CTH HeT JIBH0 BbI,AeJieHHbIX CB0HMH CBOHCTBaMH 

'-laCTHU, K0T0pbie M0:>KHO 6bIJIO 6bI C'-IHTa Tb HCTHHH0 3Jle. 

MeHTapHbIMH. Il03TOMY n0HCKH nocTp0eHHJI C0CTaBHOH MO· 

,AeJIH, coxpaHHJOI.Qeii paBH0npaBHe BCex H3BeCTHbIX a,Ap0H0B, 

npe,ACTaBJIJIIOT BeCbMa Ba:>KH0e uanpaBJieHHH B TeopHH 3Jie • 

MeHTapHbIX '-laCTHU. 

Oco6eHHO ueHHOH 6bIJia 6bl B03M0:>KH0CTb 0T0:>K,AeCTBJie. 

HHJI HCX0,AHbIX HeHa6JIIO,AaeMbIX <liepMHOHOB c '-IHCT0 ,AHpa· 

K0BCKHMH n0JIJIMH. B 3T0M CJiy11ae Bee cymecTBYIOI.QHe 

a,Ap0Hbl ofrbHCHJIJIHCb 6bl Ha e,AHHOH 0CH0Be CBepxcHJibH0ro 

npnTH:>KeHHJI Me:>K,Ay '-laCTH,l{aMH H aHTH'-laCTHUaM HCX0,AHbIX 

TPHIIJJeT0B C xapaKTepHblM 60JibllIHM .Ae<!ieKTOM Mace B CBH: 

3aHHbIX CHCTeMax, a o6bl'IHOe J:1,AepHoe B3aHMO,AeHCTBHe 

Me:>K,AY a,Ap0HaMH no· npe:>KHeMy. CB0,AHJI0Cb K o6MeHy Me· 

30HHbIMH C0CT0JIHHJIMH. 

KcTaTH, caM0 n0HJITHe 'IHCT0 .AHP8.KOBCKOH.1faCTHUbl npn· 

_MeHHTeJibH0 I< np0T0HY JIBHJI0Cb' . no:>Kany:ii, nepBblM npn • 

MepoM BBe,AeHHH KBa3HlfaCTHUbl .B TeopeTH'-leCK0e onHCaHue 

c;rpyKTYPhI peanbuo:ii 11acTHUhI. CTporoe • TeopeTH11ecKoe 

onHcauHe ua ocHoBe ypaBHeHHH ,il;HpaKa npHMeHHeTcH JIHllih 

K '-laCTH. peaJihHOH CHCTeMbI, He cymecTBYJOI.Qe:ii 0T,AeJibH0. 

TaK Ha3hrnaeMbIH ronbl:ii npoToH HeB03M0:>KH0 H30JIHpoeaTh 

OT <l>H3H'-leCKOro BaKyyMa, B K0T0p0M HM uenpep~IBH0 no· 

p0:>K,AalOTCJI HYKJI0H·anTHHYKJI0HHble' napbI B CBJl3aHH0M co· 

CT0HHHH. 

C yBeJIH'-leHHeM 'IHCJia 0TKPLITbIX 6apHOHHbIX pe30HaHC0B 

BbIJICHHJiaCb HenpHr0,AH0CTb M0,AeJIH CaKaTa H ,Apyrax 6m13-

KHX cxeM Il0CTpoeHHH 6apHOHOB H3 ,D;BYX <liepMHOHOB H 0,D;Horo 

aHTH<l>epMHOHa. CTaJio TaK:>Ke 0lfeBH,AH0, '-ITO ,D;0 BbUICHeHHJI 

CTPYKTYPhl C0CTaDHbIX MO,AeJieii a,IJ;p0H0B Heo6XO,D;HMO npo· 

BeCTH 6onee llIHP0KYIO KJiaccu<!i11KaUHIO OTI<PbITbIX Me:30HOB 

u 6apH0HOB B C00TBeTCTBHH c npH6JIH:>KeHHbIMH CHMMeTpirn • 

MH CHJibH0ro B3aHMO,D;e:iicTBHJI. 3Ta pa6oTa, KaK H3BeCTH0, 
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0CJI0:>KHJIJiaCb HeO,AH03Ha'-IHOCTbIOpacnpe,AeJieHHJI qacTHU no 

YHHTapHbIM MYJibTHnJieTaM H3 • 3a 3Ha'-IHTenhH0ro H3Me

HeHHJI Mace qacTHU, CBJl3aHH0ro C 60JibWHMH HapymeHHJIMH 

YHHTapHOH CHMMeTpHH. KoJIJieKTHBHbie YCHJIHJI MH0rHX 3KC

nepHMeHTa TOP OB no YT0'-IHeHHIO KBaHTOBbIX '-IHCeJI pa3JIH11HbIX 

pe3oHaHCHbIX COCTOJIHHH _IlOM0rJIH renJI• MaHHY H He:iiMaHy 

pellIHTb 3a,Aa11y 0 pacnpe,AeJieHHH qaCTHU no MYJibTHnJieTaM, 

C00TBeTCTBYIOI.QHM HenpHB0,AHMblM npe,ACTaBJieHHJIM YHHTap· 

HOH rpynnhI CHMMeTpHH su(3 / 6 • 7/. 3To no3B0JIHJI0 Ha Honoii: 

0CH0Be nepHyThCJI K npo6JieMe C0CTaBHblX MO,Aeneii a,ApOH0B. 

<I>yn,D;aMeHTaJibHbie '-laCTHUbl, BbI6paHHbie B KalfeCTBe 

HCX0,D;HbIX ,AJIJI nocTpoeHHJI Bcero ceMeHCTBa a,Ap0HOB, ,D;0Jl)K· 

Hbl 6bITb, K0He'-IH0, H0CHTeJIJIMH CBOHCiB CHMMeTpHH CHJIL

uoro B3aHMO,AeHCTBHJI. If, B nepByIO 011epe,AL, orpaHH'leHH0e 

'IHCJIO CHMMeTpuii, np0HBJIJIIOI.QHXCJI B CHJILH0M B3aHMO,D;e:ii· 

CTBHH, ,D;aeT <liH3H'-leCKOe 0CH0BaHHe ,AJIJI nocTpoeHHH BCero 

CeMeHCTBa a,ApOH0B H3 HeCKOJibKHX <liYH.AaMeHTaJILHbIX noneii. 

KpoMe Toro, BbI6op KOHKpeTHOH CTPYKTYPLI Il0CTpoeHHJI Me· 

30HOB H 6apHOHOB ,A0JI:>KeH 0TBelfaTL Haii,AeHHOMY pacnpe,D;e • 

JieHHIO '-laCTHU no MYJILTHnJieTaM. TaKaJI H0BaJI MO,D;eJIL no· 

CTp0eHHJI a,D;pOH0B 6Lma npe,AJI0:>KeHa O,AHOBpeMeHH0 ·renn· 

MaHHOM /8/ H U.neiiroM /9 / B 1964 r. ));JIJI nocTpoeHHJI BC ex 

H3BeCTHbIX a,D;p0H0B HMH 6bIJIH BBe,D;eHLI TPH H0Bbie rHno· 

TeTH'leCKHe qacTHUbI, C00TBeTCTBYIOI.QHe <liYH.AaMeHTaJibHOMY 

TpHnJieTy -SU ca> • rpynnhI. Y11HThIBaJ1 conepmeHHO Heo6LI'-I"' 

Hble CBOHCTBa HCXO,D;HLIX q,epMHOHOB /,D;p06HOCTL HX 3JieKT· 

pH'-lecKoro 3apJ1,D;a +2/3 H · • 1/3, 6apHOHHOe 'IHCJI0 1/3/, 
renJI· MaHH ,AaJI HM He06bI'IHOe Ha3BaHHe • KBapKH *. lJHCJIO 

HCX0,AHbIX qacTHU B KBapKOBOH M0,D;eJIH TO :>Ke, 'IT0 H B MO,D;enil 

CaKaTLI. lionee Toro, HMeeTCJI npHM0e CO0TBeTCTBHe Me:>K,Ay 

KBapKaMH u' d's H nepB0Ha'-laJILH0 paccMaTpHBaeMbIM TpH· 

IIJieT0M <l>yH,D;aMeJITaJILHLIX none:ii P, n, ,\. CoxpaHHJiaCL 

noJIH0CTLIO H CTPYKTypa Il0CTpoeHHJI Me30HOB H3 nap HCXO,IJ;· 

HbIX qacTHU H aHTH'-laCTHU. CymecTBeHHOe H3MeHeHHe BHe • 

ceH0 JIHllIL B CTPYKTYPY nocTp0eHHJI 6apHOHHbIX CHCTeM. 

*3To Ha3BaHHe He HMeeT TO'-IHoro nepeno,Aa Ha pyccKHH 
Jl3LIK. Ero MO:>KHO 0T0:>K,AeCTBHTL, no-BH,D;HMOMY' C "6ecaMH", 
cornacHo /10/, HJIH c "KowMapaMa cHOBH,D;eHHii", corna· 

CHO ·/11/ . 
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B uoeoii Mo.u,en:U · rrpHHJITO rrocTpoeHHe 6apHOHOB HJ mo61>1x 

Tp~x KBapKOB, He BKnroqaJI aHTHKBapKH. 3To HJMeHeHHe 

rrepeouaqan1>Hoii cxeMbI rrocTpoeHHJI 6apHOHOB H o6ecrreqHea

no rronuoe cornac:He c Ha6nro.u.aewHMHCJI 6apHOHHbIMH co

CTOJIHHHMH HX Knaccml>HKal(neii Ha OCHOBe SU(3) -cHMMeT

puu. 

C caMoro Haqana B nHTepaType HeO.D,HOKpaTHO BblCKa

JbIBanacb MbICnb O TOM, qTo ~Be.D,eHHble .u.nn IIOCTpoeHHJI 

ecero CeMeHCTBa a.u.poHOB qlYH.U.aMeHTanbHbie qacTHl(bl -

KBapKH He 0611Ja;TenbHO .u.omKHbl cymecTBOBaTb B CB060.u.110M 

BH.D,e BHe COCTaBHOH CHCTeMbl, HJOnHpoeamrn .u.pyr OT .u.pyra. 

O.u.naKo 6onbWHHCTBO aBTOpOB, o6cy)K.u,aromHx :ny rrpo-

6neMy, cquTano, qTo TOnbKO o6Hapy)KeHHe KBapKOB B CB0-

60.u.uoM eu.u.e MO>KeT .u,aTb OKOHqaTen1>Hoe . .u.0KaJaTenbCTBO 

crrpaee.u.nHBOCTH KBapKOBOH MO.D,enH IIOCTpoeHHJI a.u.poHOB. 

B IIPOTHBHOM cnyqae KBapKOBaJI Mo.u,enb .u.on>KHa OCTaTbCJI 

nHWb B KaqecTBe BOJMO)KHOH HHTenpeTal(HH BblIIOnHeHHJI 

B CeMeiiCTBe a.u.poHOB CHMMeTpHii CHnhHOro BJaHMO.u,eii

CTBHJI. Cornacuo KpaiiHeii TOqKu JpeHHJI, KBapKOBaJI MO.D,enb 

B 3TOM cnyqae eoo6me He HMeeT IIpJIMoro OTHOWeHHJI K qiu

JHqecKoMy CTpoeHHIO COCTaBHblX a.u.poHHblX CHCTeM, OHa 
I - . -
nHWb OTpamaeT CBOHCTBO KOMIIOJHl(HOHHOCTH .u.n11 ceMeHCTBa 

a.u.ponoe, KOTopoe B rpynne YHHTapHOH CHMMeTpHH Bblpa-

pamaeTCJI B BOJMO>KHOCTH rrpe.u.cTaBHTb nro6oii cynepMynbTH

rrneT rpyIIIIbl JIH COOTBeTCTBYIOutHM rrepeMHO>KeHHeM caMHX 

Ha ce611 <i>YH.U.aMtrnTanLHblX MynhTHnneToB paJMepHOCTH 

.u.auuoii rpynnbl CHMMeTpHii. qHcno TaKHX qJyH.u,aMeHTanbHblX 

/HCXO.D,HbIX/ MynhTHnneTOB onpe.u.en11eTCJI paHrOM rpynnbl, 

paBHblM qHcny BJaHMHO KOMMYTHPYIDmHx reHepa TOP OB .u.au
HOU rpynm.1 /12/, 

O.u,HaKo B .u.eiiCTBHTenbHOCTH HeT OCHODaHHH nonHOCTblO 

cornawaTLCJl c :noA Kpai1Hefi: ToqKoii JpeHBff. O6Hapy)keHHLie 

B OIIblTax a.u.poHHble COCTOJIHH1l JanonHHnH TOnbKO onpe.u.e

neHHble MynLTHnneTbl YHHTapHoii rpynnbl SU(3) -CHMMeT-
~ . 

PHH. HHaqe roeopJ1, MaTeMaTuqecKaJI TeopHJI rpynn HMeeT 

cnHWKOM o6mee co.u.ep>Kauue. H TOnbKO BLI6op KOHKpeTHOH 

CTPYKTYPbl MeJOHOB H 6apHOHOB MO>KeT BHeCTH He06XO.U.HMOe 

orpaHHqeHHe Ha COCTOJIHHB COCTaBHblX CHCTeM, ocymecT

BnJ1romuxc11 B rrpupo.u.e. HMeHHo TaKoe orpaHuqeuile, non~ 

HOCTblO COOTBeTCTByromee 3KcnepHMeHTanbHblM .D,aHHblM; 
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BHOCHT KBapKOBa11 MO.u,enb. KpoMe Toro, HeJaBHCHMO OT 

peweHHJI BonpocoB O cymecTBOBaHHH KBapKOB B CB06o.u.HoM 

BH.D,e, qJHJHqecKHe npe.u,cTaBneHHJI O CTPYKType COCTaBHblX 

a.u.poHHblX CHCTeM .U.OIDKHbl 6b1Tb HCIIOnbJOBaHbl .U.Jl11 IlOCTpo

eHHJI .U.HHaMHqecKoii TeopHH BJaHMO.D,eHCTBHH a.u.poHOB. B 
qaCTHOCTH, eme ,l{O nocTpoeHHJI CTporoii .U.HHaMHqecKOH 

TeOpHH B3 TpaKTOBKH KBapKOB KaK peaJibHblX, HO CBJIJaH

HblX qaCTHU. BbITeKaIOT onpe.u.eneHHbie npe,u.cKaJaHHJI .D,JIJI 

CO0THOWeHHJI paJJIH'IHLIX cetfeHHH BJaHMO.u,eiicTBHJI a.u.poHOB 

npu aCHMIITOTH'leCKH 6eCKOHe'IHblX 3HeprHJIX, 

KpoMe Toro, HMeHHO TpaKTOBKa KBapKOB KaK peaJibHbIX 

CBJl3aHHblX COCTOJIHHH B a.u.poHHOH - CTPYKType npHBeJia K 

.u.anbHeHweMy paJBHTHIO MO.D,eJIH B CBJIJH C Heo6xo,u.HMOCTblO 

. BblIIOJIHeHHJI npHHl(Hna Ilaynu a KBapKOBOH MO.u,enu 6apHOHOB. 

3THX OCJIO:llCHeHHH B006ll{e He BOJHHKaeT' ecJIH TpaKTOBaTb 

KBapKH JIHWb B KatfeCTBe MaTeMaTH'leCKHX qJyHKl(HH .u.n11 ua

rJIJI.U.HOH HJIJIIOCTpaQHH CJie.D,CTBHH TeopHH rpynn YHHTapuoii 

CHMMeTpHH. 

11. Pa3.IIU'IUe C80UC1/f8 11acmu11 6 C8.R3QHHOM 

u ceo6ooHOM cocmo.RHUJJX 

HMeeTCJI •onpe.u.enenHaJI 3BpHCTH'leCKaJI QeHHOCTb .B ,. 
IlOilblTKaX COBMeCTHTb KBapKOBYIO MO,!J.eJib a.u.poHOB C anb-

TepnaTHBOH OTCYTCTBHJI B ceo60.u,HOM BH.D,e qacTHl( C .u.po6-

HblMH JapJI.D,aMH. OTpHQaTeJibHble peJyJihTaTbl IIOHCKa TaKHX 

qacTHQ /1 3/ .na10T ,AononHHTen1>uoe OCHOBaHHe ,AJIJI 6onee 

,u.eTaJibHOro paccMOTpeHHH HHTepnpeTal(HH KBapKOB KaK 

IIO,ACHCTeM CBJIJaHHblX a.u.poHHblX COCTOJIHHH, peJKO MeHJIID

mux CBOH CBOHCTBa BHe COCTRBHOH CHCTeMbl HJIH aoo6me 

He cymecTBYIOll{HX a cao6o,u.HOM BH,Ae. 

Ilpe:>K,Ae acero, ca.11:iaHHoe H cao60.nHoe cocTOJIHHJI qa

CTHllhl .U.OmKHbl paJJIH'laTbCJI 34><l>eKTHBHOH Maccoii IIOKOJI. 

'AnJI 06'bJICHeHHJI OTpHl(aTeJILHblX pe3yJibTaTOB IlOHCKa KBap

KOB B ny'IKax qacTHU., reHepupyeMblX Ha KpynHeiiwux ycKo

puTen.11x, ,D;OCTaTO'IHO npe.u.noJIO:llCHTb, 'ITO Macca CB060,D;HblX 

KBapKOB cymecTBeHHO npeBLIWaeT 5 I'3B/c 2 • 3aMeTHM 

TaK:>Ke' qTO Bbl6op 6eCKOHe'IHOH MaCCbI 31CBHBaneHTeH O,!J.HOH 

HJ qiopM JanpeTa cymeCTBOBaHHJI cao60,D;HblX KBapKOB. 
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YMeHLWeHHe MaCCbl qacTHUhl B CB.ll3aHHOM COCTOHHHH 

npHBOJJ,HT ic yaeJrnqeHHIO ee MarHHTHOro _MOMeHTa •. )];JI.JI 

KBapKOB, BXOJJ..llIUHX B 6apHOHHOe COCTO.llHHe, 3TOT 34><l>eKT 

6i.m paccMoTpeH a pa6oTe /14/. 
B CHJibHOCB.ll3aHHOM COCTO.llHHH MeH.lllOTC.ll 11 ,n;pyrHe 

xapaKTepHCTHKU qacTHU /apeM.ll )KH3HH, 3ap.llJJ,OBOe COCTO.ll -

HHe/. YTBep)K,lleHHe O TOM, qTo ,n;eiiTpOH COCTOHT H3 npo-

TOHa H HeiiTpoHa CTporo TOJibKO B TOM OTHOWeHHH,. qTo 

,n;eiiTpOH 06pa3yeTC.ll npH coe.n;HHeHHH 3THX qacT.HU. B caMOM 

TeopeTHqecKOM OilHCaHHH 3TOH CB.ll3aHHOH, CHCTeMLI HeT 

IlOJJ,CHCTeMLI, IlOCTO.llHHO OCTaJ01.QeHC.ll B 3ap.llJJ,OBOM COCTO.ll

HHH npOTOHa. 3ap.llJJ,OB006MeHHble CHJihl npHBOJJ,.llT K. TOMY' 

qTo Ka)K)J,a.ll no,n;cHcTeMa npe6brnaeT nonepeMeHHO a npo

TOHHOM H HeiiTpOHHOM COCTO.llHHH C 34><l>eKTHBHhlM 3ap.ll.IJ.OM 

MeHLWe eJJ,HHHUhl. 

MO)KHO MhlCJieHHO .npeJJ,CTaBHTL ce6e CHTYaUHIO, Kor,n;a 

B npupoJJ,e pacnpocTpaHeH B OCHOBHOM ,n;eiiTepHii II yqeHLIM 

eme He H3BeCTHO O cymecTBOBaHHH npOTOHa H HeHTPOHa H 

0 B03MO)KHOCTH HX CHHTe3a B .ll,D;pa ,n;eiiTepH.ll. Tor,n;a IlO.llB_

JieHHe TeopeTHqecKoro OilHCaHH.ll ,n;eiiTpOHa Ha OCHOBe rHno

TeTHqeCKHX qacTHU C ,n;po6HblMH 3ap.llJJ,aMH MOrJio 6blTL pac

ueHeHO KaK-yKa3aHHe Ha cymecTBOBaHHe TaKHX qacTHU B 

CB060JJ,HOM BHJJ,e. .H TOJILKO IlOHHMaHHe npoHCXO)KJJ,eHHH 

3apHJJ.OB MeHLWe eJJ,HHHULI , KaK 3!pqJeKTHBHblX 3HaqeHHH JJ.JIH 

CBH3aHHblX IlOJJ.CHCTeM MOrJio npeJJ,OCTepeqb OT HanpaCHblX 

IlOHCKOB qacTHU C ,n;po6HblMH 3apHJJ,aMH H JJ,aTb npaBHJibHOe 

npeJJ,CKa3aHHe cymecTBOBaHHH HYKJIOHOB C 3apHJJ.OM +l H o. 
II pH paCCMOTpeHHH npo6neMbl COCTaBHblX MOJJ,eneii 3Jie -

- MeHTapHblX qaCTHU - aJJ,pOHOB Mbl HMeeM TY :>Ke CHTyauuro, 

HO B OTHOWeHHH cymecTee1rno 6onee CHJibHOCBH3aHHblX CH

CTeM C orpOMHhlM ,n;eqieKTOM Mace, KOrJJ,a CJieJJ,yeT O:>KHJJ,aTb 

6oJibWHX H3MeHeHHH acex HHJJ,HBHJJ,yaJILHhlX xapaKTepHCTHK 

OT,IJ,eJibHblX COCTaBHblX qacTeii CHCTeMbl. IlOHBJieHHe MOJJ.eJIH 

IlOCTpoeHHH acex a,IJ,pOHOB H3 Tpex qacTHU C He06b1qHblMH 

KBaHTOBblMH qHCJiaMH 3apH,IJ,a H 6apHOHHOro qHCJia npe)K,IJ,e 

acero CJie,IJ,OBaJIO 6hl TpaKTOBaTL KaK B03MO)KHOCTb' no

CTpOeHHH a,IJ,pOHOB H3 CHJibHOCB.ll3aHHLIX qacTHU C Tpe6ye

MhlMH 34><l>eKTHBHblMH 3HaqeHH.llMH 3apHJJ,a, 6apHOHHOro qHCJia 

H CilHHa. Cne,IJ,yJOIUHM, Ka3aJIOCL 6L1,06H3aTeJILHblM waroM 

,Il,OJI)KHO 6b1Tb OThlCKaHHe KOHKpeTHOH cxeMbl nonyqeHHH 
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3THX 3«1idJeKTHBHhlX 3HaqeHHH 3a cqeT 'CaMocornacoBaHHhlX 

H3MeHeHHH COCTO.llHHH BO aceii CBH3aHHOH :cHCTeMe. IlpH 

3TOM AOJI:>KHbI yqHTblBa TLC.JI COCTOHHH.ll C KBaHTOBblMH qHc -

JiaMH, coana,n;aromue C H3BeCTHhlMB COOCTBeHHLIMH 3Haqe

HHRMH onepaTOpOB COOTBeTCTBYJOIUHX aenuqHH. 

Ill. ,4po6m,,e K6aHmOBble '-IUCAa K6UPKOB 

KaK 3¢/)eKmUBHble 3Ha'-lellllJI 

qHCJieHHhle 3HaqeHHH acex xapaxTepHCTHK KBapKOB 

.onpe,IJ,eJieHl,I qlaKTHqecKH TOJILKO ,Il,JIH HX CBH3aHHhlX COCT-011-

HHH B Me30Hax H 6apHOHax. Il03TOMY Bonpoc O COOTBeTcT

BYIOI.QHX xapaKTepHCTHKaX CB060JJ.HLIX KB8,PKOB OCTae'J'C:.ff 

OTKPhlTblM JJ.O _pacwul}ipoBKH cynepno3HUHH co'cTO.flHHH., 06ec

neqHaa10mHX Heo6xonHMhle 34><iieKTHBHhle 3HaqeHH11 B CB}l-

3aHHOM cocToqHHH. KBaPKOB. 3ap11,I1, npoTOHHoro KBapxa 

+2/3 ecTeCTBeHHO TpaKTOBaTb I<aK 3qJqJeKTBBHhlH 3ap.flJJ. 

paccMarpaaaeMoii CBH3auuoii no,n;cucTeMhl, n_pe6h!aaromeii 

B COCTOHHHH u l 11 u 2 C 3ap.llJJ,OM + 1 H B COCTO.flHHH u3 C 

3apJ1AOM 0. 3(l>41eKTlfBHLJe 3apHJJ.hl -1/3 HeiiTpouuoro H 

CTpaHHOro KBapKOB MoryT 6LITb pe3yJILTaTO.M npe6L1BaHH.fl 

IlOJJ,CHCTeM B COCTOJIHH.flX di, d2 H _ 81, 8 2 C HyJieBLIM 3ap.ll

,Il,OM H B COCTOHHHHX d 
3 

H 8 3 C 3ap.flJJ.OM -1. 
Tpy.JJ,HOCTeii C coxpaHeHHeM 3apx,n;a JJ.JIH eceii aJJ,pOHHO-

. ,, 
CHCTeMLI He B03HHKaeT, TaK KaK )lOilYCKalOTCH, ecTeCTBeu-

HO, JIHWL cornacoaaHHble H3MeHeHHH 3apHJJ,OBblX COCTOHHHH 

JiCBapKOB 3a cqeT nepeXO)lOB, KOTOpLIM HH)KC 6yJJ,eT ,ll;aHa 

BilOJIHe onpe,n;eJieHHaH qlH3HqecKaH HHTepnpeTaUHH. 

Tax, HanpHMep, _B CHCTeMe Tpex CTpaHHb.lX KBapKOB, 

npe.Il,CTaBJI.lllOIUHX n -rHnepoH, OJJ.HOBpeMe~HO ne ,l(OJI)KHbl 

OCYJACCTBJIHTLCH . COCTO.llHHH 8 3 B pa3nHqHhlX I<Bapxax • 

,IJ.anee HeTPYJJ.HO 6y,n;eT y6eJJ.HTbCj{, qTo. Tpe6oaaHHe co

xpaHeHHj{ Jl.Iljl TpexxaapKOBOH CHCTeMhl COOTBeTCTBYJOIUero 

3apg,I1,a 11 6apHOHHoro 'IHCJia paBHLIM .+l HJIH -1 BLmonug

ercg TOilLKO B TOM cnyqae, ecnH B CHCTeMe. Ka)KJJ.blH 

pa3 ocymecTBJIHIOTC.ll :ece TPH pa3JIH'l{HblX COCTOj{ffHj{, 0603-

HaqeHH_ble· HaMH uHqipoBhlMH HH,n;excaMH 1, 2 H 3. 

.HMelOTCH eme 6oJILWHe 'ocuoaaHHj{ JJ.Ilj{ TpaKTOBKH 6apH

OHHoro qHcna KBapKOB, paauoro 1/3, KaK 3(i>4JeKTHBHOH BeJIH-
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'iHHhl, B03HHKaiOmeii u3- 3a npe6b1BaHHH KBapKOBblX n·OACHC

TeM B coc~OHHHHX. u l' dl' s 1 c B =+i 11 c B =OB ocTaJILHhlX 

cocTOHHH.HX u 2 ,u 3, d 2 ,d 3 ·u s2 ?....s 3 : CooTBeTCTBemio AJIH·. 

aHTHKBapKoe· AJI~ co~TO:ffHHH u 1 ! d1u s1 c·JI~AyeT nl)HH.IITL __ 

B =-1. ,lJ;eiiCTBHTeJihHO, 6apHOHHOe 'IHCJIO 6b1JIO BBe,!\eHO . 

4'opMaJibHO AJIH o6o3Ha'leHHH npHHaAJie)KHOCTH a,D,pOHOB K ce -

MeiicTBY 6apHOHOB /B =+1/ HJIH aHTH6apHOHOB /B =-1/. 

HyJieBoe 3Ha'leHHe :n .. oro 'iHCJia 03Ha':laeT··np:uHaAJie)KHOCTb 

a.t(poHa K ceMeiiCTBY Me30HOB •. IIOJIBJieHHe AP06Horo 3Ha

qe_HHJI 6apHOHHOro 'IHCJia MO)l(eT . 6b1Tb H,HTep~peTHJ)OB~HO 

TOJibKO KaK 34i<lieKTHBHOe 3Ha'leHHe AJIH nOACHCTeMbl, ocy

mec:TBJIJIJOJUe:ii nepexo.dbl H3 6apHOHHoro B Me3oirnoe COCTOJI-
HHe H o6pa THO~ .• . 

. Tpe6oBaHHe\npe,D,CTB.BJieHHJI ,D,p06HblX 3Ha\1eJiHH 3apJl,!\a· 

H 6apHOHHoro 'iHCJI8. KBapKOB qepe 3 l{tlJIO'iHCJieHHble 3Ha'le -

HHJI 3°THX :eenutiHH OAIIOJHa'iHO npHBO,nHT K Heo6xo,nHMOCTH' 
•·· ,. ., · ... , '· .· ·.... ·_ ·- - ·.e· 

OCYll\eCTBJI~HHJI . B TpeXKBapKOBOH Cff,CTeMe O~HOBpeMe~HO 

TOJihKO OTJIH'ialOll\HXCJI no HHAeKcy COCTOJIHHH pa3JIH'IHhlX 

KeapKoB. 3ToT pe3y.nLTaT B KBaj>Koaoii MOAemi nonyqaJIH npli 

AOnOJIHHTeJibHOM ~pe6oBaHHH 6e~uBeTHOCTH 6~pHOHHOii CH

CTeMbl. Hoeoe KBaHTOBOe 'iHCJIO - ll,BeT ;. noTpe6osaJIOCb AJIJI 

Toro, 'iT06bl'nocTyJIHpoBaTh AJIH OAHHaKOBi.IX lrnapKOBHeKo

Topoe pa3JIH'iHe HeH3BeCTHOH DPHPOAbl H TeM caMblM CAe -

Jia Tb AODYCTHMblM no npHHl{Hny IlayJIH HaXO)K,!\eHHe HeCKOJib

KHX TaKHX KBapKOB B HaHHHJllleM 3HepreTH'leCKOM COCTOJIHHH. 

o.rp.irn6epr B pa6oTe /IS/ c nOMOUlhlO HOBoro KBaHTOBoro 

'iHCJia npOH3BOAHT MapKHl)OBKY Tpex paJJIH'iHblX COCTOJIHHH 

Ka)KAoro ·KBapKa, coxpaHJIJI npu 3T.OM Bee npe)KHHe xapaKTe -

pHCTHKH KBapKoB H B TOM 'IHCJie AP06,Hble 311a'leHHJ1 3JieKT

puqecKoro' 3ap1iA,. B pa6oTax H.H.1ioron106oaa H Ap.·/H/, 

HaM6y H XaHa· 16 61,1n npeAJIO)KeH Apyroa nyTh np~OAOJieHiUl. 

3anpeTa Ilaynu 3a c'leT BBe~eHH.11 Tpex TpHnneTHblX iceap-

KOB C uenLIMH 3apJ1,!\aMH. . 

06cy)K,D,aeMblH 3,1\eCb nyTb nony'leHH.11 Tpex COCTOJIHHH 

,D,JIR Ka)l{Aoro KBapKa H3 YCJIOBHJI npe,!\CTRBJieHHJl 34icl>eKTHB

HblX AP06Hi.tx 3Ha'leHHii 3ap.11Aa H 6apHoHHoro 'IHcna pe3ynL

TaToM cynepno:iuuuli c ueno'IHCJieHHIJIMH 3Ha'leHH.llMH 3TH'i'. 

BeJIH'iHH BblXOAHT 3a paMKH npeOAOJieHH.11 TPYAH0°CTeH,CBJ1-

3aHHLIX C npHH~HnOM IlayJIH. Ha 3TOM nyTH BblJICH.lleTCJI 

TaK)Ke H KOHKpeTHoe $H3H'leCKOe CO,!\ep)KaHHe HOBblX COCTO-
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.IIHHH KBapKOB, . )\JI.II KOTOpblX MO)KHO coxpaHHTb npHH.llTOe 

Ha3BaHHe .UB\!TOBhtx cocTO.llHH:i:i. 3TH cocTOHHH.11 KBapKOB 

OTJIH'ialO!CH APYr OT .,!\pyra He TOJibKO co6CTBeHHblMH 3Ha

qeHH.HMH 3apHAa H 6apHOHHoro. 'IHCJia, HO H cnHHOM, KOTO~ 

pblH MO)KeT npHHHMaTb 3Ha'ieHHH 1/2, 0 HJIH 1. 
· Ka·K· y)Ke_ OTMe<ianocL. 'a~1rne, H3 caMoro ycnoBHH no-,· 

nyqe1rnJ1 He06XOAHMblX AP-06Uh1X 3iia'1eHHH
0 

3apJ1A~ H 6apHOH

HOr.o. ~HCJia BblTeKaeT 6eciI,eeTHOCTb TpexKBapKOBblX CH

CTe~. npe,D,cTii.B]!JIIOll\HX 6apHOHbl. Te~ caMblM HCKJIIO'iaeTC.11~ 

Taic>ice H B03MO)KH9CTb ~o.11Bneuu.11 ABYX .coc~o.11HHii -~o cnu

HOM 1/2. ~1o~yqaeMble ,!\JI.II KBapKOB COCT0.11:ffH.ll C ueno-, 

'IHCJieHHblMH 3ap.11,!\aMH COBna,!\alOT C 3ap.llAOBblMH cocTo.11-

HHJIMH 'AeB.llTHKBapKOBOH MOAeJIH 1ioron1060Ba-HaM6y. IlpHH-
. . . . ~ . ' . 

l{HnHaJI_biloe OTJIH'iH,e ,QCTaeTC.11 JIHlllJ. B TOM, 'ITO B npe)KHeii 

MO)\eJIH AJIJI . Ka)K,!\Oro . H3 AeBJITH _KBRPKOB coxpaH.llJIOCb 

6apucrniioe' 'iHCJIO 1/3. B paccMaTpHBaeMblX ;-HaMH Tpex 

COCTOJIHH.IIX AJIJI Ka)K,!\OrO KBapKa U, d B 8 l{eJIO'iHCJieHHblMH 

J1BJIJ110TCJ1 11e .. TOJihKO 3ap.11Ahl,· HO- H 6apuoHHble ':JHCJia •. 

B. 111a6.11u11e npuBeAeHbl 3Ha'ieHH.ll MeH.lllOll\HXCJI KBaHTo

BblX 'iHCt!_JI J3 l{BeTOBblX COCTO.IIHH.IIX K.BapKOB *. 

. u d H 8 . 

uee_T .1 2 

' 
3 1 2 3 

Q +l +l 0 0 0 -1 

B +l 0 0 +l 0 0 

J 1/2 0 0 1/2., 0 ,0 
BJIH HJIH .. · HJIH HJIH 

1 1 1 1 

*ECJill B npBpOAe cyll\eCTByeT 'leTBepTLlii rnapMoBaHHLIH 
KBapK C' TO AJIJI Hero CJie,!\yeT npHHJITb KBaHTOBLle 'IHCJia 
Q. B B J npOTOHHOrO KBapKa u • 
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Ilpe.nnaraeMbIH no.nxo.n npe,ncTaBmieT co6oe: He npocTo 

eine O.!(HH .nonoJIHHTeJILHbIH BapHaHT KBapKOBOH MO,AenH. 3a 

C'leT BBe,IteHH.11 COCTOJIHHH. C ,nenO'IHCileHHbIMH 3Ha'leHHJIMH 

6apHOHHoro ''IHCJia B ,ItaHHOM IlOAXO;J;e o6'LJl):\HHJUOTCJI OCHOB • 

HLie oco6eHHOCTH paccMOTpeHHLIX _pauee KBapKOBLIX MO· 

Aenee: • .D;eucTBHTem.Ho, .naHHoe npep;cTaBneHae .naeT .np-06-

-uoe 3Ha'leHHe 3ap.11.na H 6apHoHHoro 'IHCJia KBapKOBOH MO· 

,IteJIH renn- MauHa H l(Beiira KaK 34>4>e1<THBHL1e BCJIH'IHHLI 

Jill.II -cyne_pn03HnHH naeTOBbIX COCTOJIHHH. C _,!J;pyroii CTO • 

POHLI~ rrpe,nnaraeMoe OilHCaHHe ~BapKOBOH CHCTeMLIBKJIIO• 

qaeT COCTOJIHH.11 C -neJIO'IHCJieHHLIMH 3ap..11p;aMH MOAeJIH Eo

roruo6oaa-HaM6y. HO OTHOCHT HX He K .neBJITH O'T,IteJILHLIM 

KBapKaM, a K TpeM -nBeTOBLIM COCTOJIHHJIM I<a)K)toro H3 

Tpex KBapxoB Mo.nenH r enn- MaHHa - UBeara- rpHH6epra. T eM 

caMLIM AaeTca pacwHCl>poBKa itaeToBLIX -cocTOHHHH-, BBe

AeHHLIX rpHH6eprOM. 

-B ocHoBe paccMaTpHBaeMor-0 rro.nxo.na neiKHT rrpe.n.; 

cTaBJieHHe KalK.noro KBapKa B 'BH.zte cyrreprro3BllHH ero 

Tpex naeTOBLix· COCTOJIHHH. K H,Itee cyiieprr03HnBH Tpex 

naeTOBLIX KBapKOB ITPHWJIOCL npH6erHyTb H B MO,IteJIH Eo

romo6oBa-HaM6y, 'IT06LI 06ecne1IHTL, TaK cKa3aTL, 6ec

nBeTHOCTL Me30HHOH CHCTeMbI B3 KBapKa-aHTHKBapKa. Oco-

6eHHOCTL paccMaTpHBaeMoro OITHCaHHJI COCTOHT He TOJILKO 

B TOM, qTo B cynepn03HnHIO BKJIIO'IeHLI -COCTOJIHHR C -pa3-

JIH'IHLIMH 6apHOHHLIMH 'IHCJiaMH /1 u 0/ H, CJie,!\OBaTeJILHO, 

OTilH'lalOutHecJI CilHHOM /1/2 H O HJIH 1/. IlpHMeHeHHe 

cyneprr03HnHH TaKHX COCTOJIHHH ,D;JIJI CHCTeM H3 Tpex CBH • 

3aHHLIX KBapKOB, OilHCLIBaroinux -6apHOHLI, Tpe6yeT CaMo

cornacoBaJIHLIX H3MCHeHHH nBeTOBLIX COCTOJIHBH .I{JIH Bceii 

CHCTCMLI. • B TaK-OH CHCTeMe Ka)K)tLIH pa3 MLI 3aCTaeM 

-- IlOJIHblH Ha6op nBeTOBLIX COCTOHHHH. HanpHMep, ,D;JIH onu

caHHH CHCTeMbl H3 Tpex pa3JIH'IHLIX KBapKOB U, d H s 

.I{OJI)l(Hbl paccMaTpHBaTLCH cynepno3unuu TOJILKO H3 IIIeCTH 

COCTOJIHHH, CO,Itep)Kainux IlOJIHLie nBeTOBLie Ha6opLI uld 2S 3, 

u 1 d3 s 2, , u 2 d 1 s3 _,u2d 3s 1, u3 d2s 1 H u
3 

d
1

s 
2 

.HHa'le roBopH, 

OTJIH'IHLI OT HYJIJI JIHWL npOH3Be.zteHHH aMilJIHTy,n C pa3-
JIH'IHLIMH HH,IteKCaMH. 

B03MO)KHOCTb CaMocornacoBaHHLIX H3MeiieHHH B CBH· 

3aHHOH CHCTeMe KBa3H'laCTHn 6Lma HCXO,ItHOH IlOCLIJIKOH 

,ItJIH OilHCaHHH TaKHX 'laCTHn HC06LI'IHOH .cynepil03Hnueii 

COCTOJIHH:ii, OTJIB'laIOJnHXCH BCJIH'IHHO:ii 3apH,Ita H CIIHHa. 

12 

QqeBH.ItHO, 'ITO caMO IlOHHTHe 3qlqlCKTHBHLIX 3Ha'ICHHH ,D;JIJI 

H3MeHJUOl.l\HXCH BeJIH'IHH 3apa,Ita, 6apHOHHOro 'IHCJia. H CilHHa 

npHMeHHMO TOJILKO ,ItJIJI CBH3aHHLIX KBa3H'laCTHn. 3TH no

HJITHH .ItJIH qaCTHn B CB060.ItHOM BH,Ite B TOH )Ke Mepe 

JIHWeHLI cpH3H'leCKoro CMLICJia, KaK H IlOHJITHe cpoHOHa BHe 

TBep,Itoro Tena. Il03TOMY, C TO'IKH 3peHHJI paCCMOTpeH

HOH HHTepnpeTanau KBapKOBOH MO,D;eJIH, 6eCCMLICJieHHLIMH 

C_TaHOBJITCJI IlOBC~B CBo6o,nHLIX qacTHn B BaKyyMe c KBaH

TOBLIMB 'IHCJiaMH, COBna,naIOinBMH C 3cpcpeKTBBHLIMH 3Ha· 

'leHHHMH. ,IJ,n.11 CB06o,nHLIX qaCTHn ,nonyCTHMLI, KOHe'IHO, 

KBaHTOBLie 'IHCJia Q ' B H J nBeTOBLIX COCTOHHHH .!(JI.II CBJI· 

3aHHLIX KBa3H'laCTHn, _TaK KaK OHH COBna,naIOT C KBaHTO· 

BLIMH 'IHCJiaMH o6LI'IHLIX 6apHOHOB H Me30HOB. Ho Jie· 

)Kainue B OCHOBe IlOHHTHJI naeTa nepeXO)tLI B COCTOJIHHH C pa3-

JIH'IHLIMH 3Ha'leHHJIMH Q, B H J HeB03MO)KHLl B.He CBJl3aHHLIX 

CHCTeM KBapKOB. 

B o6cy)K,naeMOH HHTepnpeTallHH KBapKOBOH MO,neJIH He 

TOJILKO ycTpaHJleTCH npo6neMa IlOHCKa CB060JJ.HLIX KBapKOB 

B 3cpcpeKTHBHOM HJIB co6CTBeHHLIX llBeTHLIX _COCTOJIHHHX, HO 

H C.HHMaeTCJI KaK TaKOBaJI npo6neMa BX y.nep)KaHHJI B CB.113aH

HOM cocTOJIHHH CHJIOBLIMH nonHMH qiaHTaCTH'leCKHX cBoiicTB. 

He CHJIOBLIMH H 3HepreTH'leCKHMH npH'IHHaMH, a 'IHCTO Ka

'leCTBeHHLIMH coo6pa)KeHHHMH, CBJl3aHHLIMH C onpe.neneHHeM 

IlOHHTHH KBapKOBLIX COCTOJIHHH, ,nenaeTCH B03MO)KHLIM uc

IlOJIL30BaHHe ~OHHTHH KBapKOB JJ,JIH onuca~HH TOJILKO CBH· 

3aHHLIX KBa3H'laci'un. 

/V.cI>U3U'leC1<aJI cmpyKmypa ij8eT!I08blX COCT!IOJIHUU 

KeapK08 HQ OCH08e 83QUMOOeiiCT!l8UJI 

¢yuoaMeuma11&H&1x no11eii 

06cy)K,naBWHeCH BLIWe caMOCOrnacoBaHHLie H3MeHeHHH 

KBaHTOBLIX 'IHCeJI Q, B H J MoryT noKa3aTLCH XHTPOYMHLJ· 

M cnneTeHHeM pa3JIH'IHLIX YCJIOBHH, eCJIH orpaHH'IHTLCH 

npoCTOH KOHCTaTanueii caMHX YCJIOBHH H3MeHeHHJI COCTOH· 

HHH, He BCKPLIB npocTeiiwuii cpH3H'leCKHH MexaHH3M o6MeH

Horo nponecca BHYTPH COCTaBHOH MOJJ,eJIH. 

B Kanu6pOBO'IH_OM BapHaHTe TeopHH B3aHMOJJ,eHCTBHJI 

KBapKOB npBWJIOCL JJ.OilOJIHHTeJILHO BBeCTH BOCeML runoTe-
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TH'leCKHX BeKTOpHLIX 6030HOB - rmOOHOB. O6MeHOM 3THX 

qaCTHU, HBilHIOII\HXCH HOCHTenHMH CHilbHLIX B3aHMO,ZJ;eHCTBHH, 

06-&HCHJieTCH o6'be,ZJ;HHeHHe KBapKOB B 6apHOHHOH CHCTeMe. 

lfcnycKaH HnH nornoll\aH rmooH, KBapK Mem1eT ceoii neeT. 

O6MeHoM rnrooHOB H 06ecne1IHBaeTc.11 caMocornacoeaHHOCTL 

H3MeHeHBH neeTOBLIX COCTOHHHH B ·cocTaBHOH CHCTeMe 

KBapKOB. Ho e o6LI'IHOH KBapKOBOH Mo.IienH He pacwu4>po

Bb1BaeTCH K0HKpeTH0e 4>H3H'leCKOe CO,D;ep)ICaHHe neeT0BbIX 

COCTOHHHH, H o6MeHHLIH MexaHH3M BHYTPH COCTaBHOH CH· 

cTeMbl KBapKOB HeceT IlHWb 'lfiopManbHbie li>YHKUHH ocy

ll\eCTBneHHH CHilbHOro B3aHMO,ZJ;eikTBHH 3a C'leT H3MeHeHH.ll 

HeH3BeCTHOH npHpO,ZJ;LI· H0Boro KBaHTOB0ro 'IHcna - UBeTa. 

OTKa3 OT Heo6oCHOBaHHOH TpaKTOBKH HeB3MeHHLIMH 

KBaHTOBLie 'IHCna Q H B CHilbHOCBH3aHHLIX ,ZJ;HHaMH'leCKHX 

IlO,ACHCTeM npHBO)J.HT K ycTaHOBneHHIO :UBeTOBLIX. COCTOJIHHH 

KBa3HlfaCTHU, Tpe6yH CO0TBeTCTBYIOII\eii KOHKpeTH3aUHH 4>a-

3H'leCKOH cxeMbl o6MeHHOro MeXaHH3Ma B CBH3aHHOH cu

cTeMe •. ,ll;nH · BLIHCHeHHH 3Toro .aonpoca none3Ho 6y.z:teT 

npe,D;BapHTenLHO paCCMOTpeTL cxeMy ,ZJ;HHaMH'leCKOro npo

necca e COCTaBHOH CHCTeMe 6apHOHa, COOTBeTCTBYJOLUeH 

npe)ICHHM MO.z:tenHM THna CaKaTLI • 

PaccMOTPHM, HanpHMep, CBH3aHHOe COCTO.llHHe H3 .llBYX 

4>epMHOHOB npoTOHHOro THila H 4>epMHOHa aHTHilPOTOHHoro 

THila p fS Pb • IIpHHUHilHani.HaH CXeMa B03HHKHOBeHHJi CB.II· 
a V 

3a1rnoro COCTOHHHH B TaKOH CHCTeMe Ta )ICe, 'ITO H B O,AHO· 

KpaTHO HOHH3HJ)OBaHHOH MOileKyne BO.llOPO.z:ta Ht. ff3-3a 

Il0CTynupoeaHHOro OTTanKHBaHHH B CHilbHOM B3aHMO.z:teiicT· 

BHH_ npOT0HOB 06pa3y10TCH .llBa CHilOBLIX neHTpa, CBH3aHHLie 

B e,ZJ;HHYIO CHCTeMy 3a C'leT o6MeHa aHTHilpOTOHOM, HCilLI

TLIBaIOII\HM ceepXCHilbHOe npHT .ll)ICeHHe K Ka)l(JlOMY npOTOHy. 

BonHoBa& li>YHKUHH aHTHilp0TOHa e HyneBOM npH6nH)l(eHHH 

npe,D;CTa.BnHeTCH cynepil03HUHeii C0CTOHHHH ero CHilbHOH 

cB.ll3H c pa3HLIMH npoToHaMH C (P P) + C (PbP>. CooT· 
..4.. 1 a V 2 

BeTCTBeHHO BOilHOBa.11 'i'YHKUHH BCeH CHCTeMLI paBHa 

C1 (Pa P )Pb + C
2
P a (PP b) . Cne,ZJ;oea Teni.Ho, B TaKoii CHCTeMe 

3a C'leT nepexo.z:ta aHTHilpOTOHHoro 4>epMHOHa H3 0.llHOii 

IlOTeHnaanLHOH .llMbl B .z:tpyryro 6YJJ.YT' npOHCXO.llHTL H3Me -

HeHHH 3IleKTPH'leCKoro 3ap.11,ZJ;a, 6apHOHHOro 'IHCna H CilHHa 

Ka)IC,ZJ;Oro CHilC>BOrO neHTpa. CaMOCOrnacoBaHHOCTb. 3THX 

H3MeHeHHH COCTOHHHH .ABYX .llHHaMH'leCKHX neHTpOB CHCTe· 
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Mbl HMeeT enonHe O'leBH,ZJ;HOe npoHCXO)IC,ZJ;eHHe. Cpe,ZJ;HHe 

3Ha'leHHH KBaHTOBbIX 'IHCen ,ZJ;IlH Ka)IC,ZJ;0ro ,ZJ;HHaMH'leCKOro 

neHTpa paBHbl Q =+1/2 11 B =1/2. IIOHJITHH KBapK0B c nony

ne,!ILIMH 3Ha'leHHHMH 3apH.z:ta H 6apHOHHOro 'IHCna He B03 -

HHKilO Ha OCHOBe MO,ZJ;enH CaKa Tbl TOilbKO . IlOTOMy' 'ITO 

6i.rna HCHa CTPYKTypa nepBH'IHbIX noneii, HCilOilb30BaHHblX 

B MO,Aenu 6apHOHOB. B 3TOM. OTHOWeHHH ,ZJ;IlH aHanH3a co

apeMeHIIOH KBapKOBOH MO,ZJ;enH nepBOHa'lailbHaH CHTyanHH 

oKa3anacL HeCKOilbKO 6onee CilO)ICHOH. 

PaccMOTpeHHLiii npuMep H3MeHeHHii cocToHHHii no.A· 

CHCTeM e MO,ZJ;enH 6apHOHa THna CaKaTbl IlOMoraeT O,AHO· 

3Ha'IHO ycTaHOBHTb CTpyKTYPY _nepBH'IHbIX noneii,. a.z:te • 

KBaJITYIO KBaHTOBOH MO.z:tenH 6apHOHOB. ,D;nH 3TOH nenH 

OKa3LIBaeTCH JlOCTaTO'IHLIM BHeCTH enonHe onpe,ZJ;eneHHOe 

.llOilOilHeHHe e MO.z:tenb 6apHOHOB, npHHHTYIO CaKaToii. 

IIo~npe)ICHeMy cne,AyeT HCXO,AHTb H3 Tpex <l>YH.AaMeH· 

Tailb!fblX none ii 4>epMHOHOB p 'n H ,\ H HX· aHTH'laCTHU p, 
ff H ,\' He Tpe6yH, KOHe'IHO, coena,ZJ;eHHH Mace 3THX nep

BH'IHblX 6apHOH0B - C MaccaMH H3BeCTllblX B CB060.llHOM 

BH,Ae 'laCTHU •.. CoxpaHHeTCJI TaK)ICe H IlPHHHTaH B MO,ZJ;enu 

CaKaT1>1 CTPYKTypa IlOCTpoeHHJI Me30HOB, KOTOpaH npu

BO,AHT K TeM )ICe pe3ynLTaTaM, 'ITO H MO,ZJ;enb KBapKoe/17/. 

CocTaBHaH )ICe MO,ZJ;enb 6apHOHOB CTPOHTCJI H3 mo6oii 

TPOHKH llCXO,ZJ;H~X dlepMHOHOB H .llBYX onpe.z:teneHHblX aHTH· 
- · - 18/" qacTHU p . u n • TaKaH CXeMa CTpOeHHH 6apHOHOB e ,, 

OTilH'IHe OT npe)lrneii MO,ZJ;enu CaKaTLI OTBe'laeT TeM )ICe 

caMLIM 6apHOHHLIM MYilbTHnneTaM SU{3) ·CHMMeTpHH 

/ OKTeTy H ,ZJ;eKynneTy /, KOTOpLie .llOil)KHbl 6LITb 3anonneHbl 

Ha6nro,AaeMblMH 'lllCTHUaMH, cornacuo TpexKBapKOBOH MO· 

,ZJ;enu. Tpn CHilOBLIX ne11Tpa, COOTBeTCTBYIOII\HX BLI6paHHblM 

H3 4>y11,ZJ;aMeHTani.11oro TpimneTa <bepMHoliaM p, n, ,\ , 0Ka· 

3blBaIOTCH CBH3aHHbIMH o6MeHHblM B3aHMO,AeiiCTBHeM co

CTOHHHtt CBepxCHilbHOrO npHTJl)KeHHH aHTH'laCTHU. BonHO· 

Baa cl>YHKUHJI eceii CHCTeMbl H3 Il.llTH B3aHMO,ZJ;eHCTBYIOII\HX 

cl>epMHOHOB B uyneBOM npH6IlH)KeHHH npe.z:tcTaBnHeTCJI cy

nepn03BUHeii WeCTH COCTOJIHHH, OTilH'lalOII\HXCH CBepXCHilb • 

HOH CBJ13bl0 p H ll C HMeIOII\HMHCJI CHnOBblMH neHTpaMH 

C
1 

f a(fhn )(fcp) + C/ 8(fi)(f en) + 
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+ C3 (fa~)fb(f cp)+ C if)i><fhp)fc + C5 (fap}fh (f c;) + Cif ;)(fb;)f c.' 

r,I:le fa 'fb H f C o603Ha'laIOT n106L1e qiepMHOHLI· H3 qiyH· 

,I:laMeHTanLHoro TpHnneTa p , n H ,\ • · 

KaaHTOBLie 11Hcna Q, B H J cocTOHHHii Ka)K,I:lOro H3 

Tpex CHilOBLIX ueHTPOB B npe,I:lCTaaneHHOM OilHCaHHH B3aH· 

MO,I:leHCTBHH nepBH'IHLIX noneii CTporo COOTBeTCTByIOT KBaH· 

TOBLIM 'IHCnaM paCCMOTpeHH;LIX uaeTOBLIX COCTOHHHH Tpex 

KBapKOB /cM. ma6Au11y/. EecuBeTHOCTL Bcex COCTOHHHH, 

OilHCLIBaIOI.I.lHX BCIO COCTaBHYIO CHCTeMy, npe,I:lonpe,I:leneHa 

BLI6opoM aHTHqlepMHOHOB TOilLKO a BH,I:le napLI p H n . 
Cpe,I:lHHe 3Ha'leHHH KBaHTOBLIX 'IHCen Q H B .L(IlH OT,I:lenL· 

HLIX CHilOBLIX ueHTpOB coana,I:laIOT C ,I:lp06HLIMH BenH'IHHaMH 

06L111Hoii KBapKoaoii MO,I:lenH npH C y=C~=Ca2=Cl=Cf-=Cg= 1/6. 
TaKHM o6pa30M, ofrLe,I:lHHeHHe OT,I:lenLHLIX CTOPOH pa3-

IlH'IHLix KBapKOBLIX MO,I:leneii, qiopManLHO BKilIO"lfaIOI.I.lHX npH • 

3HaK UBeTa, y,I:laeTCH npoBeCTH npH paCCMOTpeHHH B3aHMO· 

,I:leiicTBHH nepBH'IHLIX noneii, coxpaHHIOI.I.leM 3BpHCTH'leCKYIO 

UeHHOCTL npe)KHeii rHilOTe3bl O e,I:lHHOM npHHUHile no

CTpoeHHH acex Ha6nIO,I:laeMLIX a,I:lpOHOB Ha OCHOBe CBepx ~ 
CHilLHOro npHTH)KeHHH Me)K,I:ly qiyH,I:laMeHTanLHLIMH 6apHo

HaMH H aHTH6apHOHaMH. PaccMaTpHBaeMaH MO,I:lenL npe.L(· 

CTaBnHeT B03MO)KH0CTL coxpaHHTL TaK)Ke npHHUHil ,!:le· 

MOKpaTH3Ma .L(IlH acex Ha6nIO,I:laeMLIX a,I:lpOHOB. TaK, nonH 

HCXO.L(HLIX 6apHOHOB norH'IHO 6LIJIO 6LI npHHHTL 3a He -

C}'I.I.leCTBYIOI.I.lHe B CB060.L(HOM BH,I:le COCTOHHHH. 

Bee npoaepHeMLie Ha onLITe npe,I:lcKa3aHHH npe,I:lno)KeH· 

HOH MO,I:lenH ,I:lOil)KHLI COBila,I:laTL C npe,I:lCKa3aHHHMH KBap

KOBOH MO,I:lenH C y11eTOM UBeTOBoro qiopManH3Ma, IlOCKOilLKY 

OHH OCHOBaHLI IlHIIIL Ha CHMBOilH'leCKOH 3anHCH BOilHOBOH 

qlYHKUHH. MO)KHO, O.L(HaKo, Ha,I:leJITLCH, 'ITO paCCMOTpeHHaH 

npHHUHilHanLHaH cxeMa B3aHMO,I:leHCTBHH qiyH,I:laMeHTanL· 

HLIX noneii, a,I:leKBaTHaH KBapK-OBLIM MO,I:leJIHM C uaeTOM, 

oKa)KeTCH 6onee none3Hoii npH ,I:lanLHeH11IeM nocTpoeHHH 

,I:lHHaMH'leCKOH TeOpHH a,I:lpOHOB. PaCXO)K,I:leHHH pe3ynLTaTOB 

cne,I:lyeT, KOHe'IHO, O)KH,I:laTL TOilLKO ,I:(IlH AHHaMH'leCKHX 

TeopHii, HCilOilL3YIOI.I.lHX pa3IlH'IHLie npe,I:lCTaBneHHH O caoii

CTBax B3aHMO,I:leHCTBHH caMHX qacTHU, COCTaBnHIOI.I.\HX a,I:l· 
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POHLI. ,[(o C03,I:laHHH AHHaMH'leCKOH TeopHH B3aHMO,I:leHCTBHJI 

TaKHX o61>eKTOB HMeIOTCH HeKOTOpLie OCHOB8.HHH AilH no

ny11eHHH COOTHOIIIeHHH ce11eHHH B3aHMO,I:leHCTBHH a,I:lpOHOB 

IlHIIIL npH CBepXBLICOKHX 3HeprHHX. B TaKoro POAa npe,I:l· 
1CKa3aHHJIX npe,I:lilO)KeHHaH MO,I:lenL He ,I:laeT coana,I:leHHH C 

pe3ynLTaTaMH TaK Ha3LIBaeMoro KBapKOBOro C'leTa. 

B 3aKnIO'leHHe BLipa)KaIO CBOIO npH3HaTenLHOCTL H.H.Eo
ronro6oay 3a none3HLie o6Cy)K,I:leHHH BOilpOCOB, 3aTpOHYTLIX 

B AaHHoii pa6oTe. 

Jlumepamypa 

1. E.Fermi and C. Yang. Phys.Rev., 76, 1739 /1949/. 
2. M.A.Map1<oe. 0 cucmeMamuKe 3AeMem11ap11Mx <1acmu11. 

M., H3o. AH CCCP, 1955. 
3. S.Sakata. Progr. Theor. Phys., l§.,· 686 /1956/. 
4. Jl . .E.01<y11b. )K3T'1>, 34, 469 /1958/; 

Ann.Rev.Nucl.Sci., 9, 61 /1959/. 
5 . .J/ . .E.3eAb0OBU'I. )K3T<P, 40, 319 /1961/. 
6. Y.Ne"eman. Nucl.Phys., 26, 222 /1961/. 

/cM. nepeeoo e c6. "3AeM. <1acm. u 1<0Mne11cup. noAR ", 
M., Mup, J964 /"3£/KII"/. 

7. M.Gell-Mann.1 Califomia Inst. of Technology Synchro
tron Laboratory Report, CTSL-20 (Preprint), 1961. 
Phys.Rev., 125, 1067 /1962/ .. 

8. M.Gell-Mann. Phys.Lett., 8, 214 /1964/. 
9. G.Zweig. CERN report, No. 8182/TH-401, 8419/TH-412 

/1964/. 
10 . .JJ.A.CMopoou11c1<uii. YtPH, 84, 3 /1964/; cmp. 33. 
11. C6. cmameii. 0 cucneMamu1<e <1acmu11. AmoMbt, Ropa, 

3AeMemaap11bl.e <1acmut1M. M., AmoMU3oam, 1970 
/cM. cmp. 138 e cma111be K.II.Cma11101<oeu'1a, B.I'.Jia
<1u11c1<020/. 

12.K. MaK Boii. Y<PH, 91, 121 /1967/, cmp. 127,128. 
Kikr W. Mc Vay. Rev.Mod.Phys., 37, 84 /1965/. 

13. JI.I'.Jia11c6ep2. Y<PH, 109, 695 /1973/. 
14. H.H . .Eo20A106oe, E.B.CmpyMUHcKuii, A.H. TaexeAuo3e. 

OH.J/H, J(-1968, J(y611a, 1965. 
15. 0. W.Greenberg. Phys.Rev.Lett., V63, 598/1964/. 
16. M. Y.Han, Y.Nambu. Phys.Rev., 139B, 1006 /1965/. 

17 



17. H.H.Eo20.11106oe. JleKIJU.R e Mamepua11ax JJ11mu11cKoii 
UIKO/lbl OHJJH, "<PU3UKa BblCOKUX 3Hepzuii U meopu.R 
3/leMeHmapHblX tJacmu11", Kuee, HayKoea ,l{yMKa, 
1967, cmp. 46. 

18. A.A. TyaPkin. Preprint JINR, EZ-9826, Dubna, 1976. 

18 

PyKOilHCL IlOCTynuna B H3,!l;aTeJILCKHH OT,!l;eJI 

17 ;:i;eKa6p.11 1976 ro;:i;a. 


