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COCTOIDL\YJO'B3 .'IeTblpeX 119UTOHOB - aJieKTpoHa (e) 1 MJOo-

H • M~Hel!.TpBHO ( V )' •, l{aCTBilaM e 1 1' V V 

" -' " MO:lKeT- 6b!Tb npunHcaao nenTOHHoe 'IHC110 + } 1 TOI"Aa y COOTBeTCTBYJOlllHX aRTH'IBCTHil et 1 

~, V e 1leUTOilROe 'IBC110 6yneT paBRO -1. noMBMO nenTORROI"O 'IBC118 CBCTeMa 
,. 

nenTOHOB XapaKT.~pH3yeTCSl eme ABYMll a)1.ABTBBRbiMH KBBHTOBblMB 'IBC118MH .-, :JapSIAOM B 

. Ill .( ) 
MIOORRbiM ~apiiAOM ... C'IHTaeTCSl1 'IT.O Mro-nenToRbl T.e. I' B vI' o6nanaJOT _ MJOOHBhl~ 

3apliAOM1 a 91lb•119UT0Rhl (T.e.· e H v ) ael!.Tpa1lbHbl. 3aa~ MIOORHOI"O 3aplllta y· 'IaCTHil 

H aHTB'IBCTBil npOTHBonono:mHhl. Me:mny UORSITHSIMH 91leXTpH'I.eCKOI"O H MIOORHOI"O 38pSIAOB 

cymeCTByeT onpeneneaaoe paBRonpaBHe. Ha~pH~~PI ~ecoxpaR~HHe aneKTPH'IeCKOI"O sapSIAa 

( 
. . ) )21 

npu coxpaaeHHH nenToaaoro 'IRena H Mrooaaoro saplllta npBBeno 6hi K nponeccaM TBna : 

-B1IH e ... 2v +.v 
~-· . 

a aecoxpaaeaue MJOOHRoro aapSIAa npBBeno 6bi K pacnanau 

B1IH 

paspeweHRbiM coxpaaeaneM nenToaaoro qncna·n aneKTpH'IeCKoro sapSIAa: 

Coxpaaeaue aTHX Tpex .K!'IaHTOBbiX 'IHcen c BhiCOKol!. CTeneHbJO TO'IHOCT~ cornacyeT

cSI CO BC9t.IH cymeCTBYIOlllllMH ABHRbiMH 0 cna6b!X H 91l9KTpOMai"RHTHbiX nponeccax C Y'IBC-

THeM 119UTOHOB. 

2. Qco6eHHO SICRO CBMMeTpHSI . MO:lKAY . aapllltOM B MIOOHH~IM 38pSIAOM npoSIB1ISI9TCSI 

npH rpynnoBOM UOAX0)1.9 K H3y'!9HRJO CHCT9Mbl 1l9J1TOHOB. lis 'IBTb\pex nenT_ORRhiX 'i!onel!. 

MO:lKHO o6pa30BaTb ABa cmiaopa B 3apSIAOBOM npOCTpaHCTBe: 

x,.=<"> v,. H 

nnH naa cnuaopa a· npocTpaHCTBe MIOOHH·oro aap®a: 

H 
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'KoMnonenTbi X cnnnopa OT/III'!aroTCSI :anexTpH'IeCKHM aapSJ.AoM, a KOMnol!eHTbi 1/J 

cnnnopa - MIOOl!BbiM aapSJ.AoM, EyAeM C'IHTaTh p. ( x), e ( z), •v ( z), v ('z) noneBbiMH -
p. e 

onepaTopaMn, yJ:<oaneT_aopSiromnldn OObi'IHbiM oAnoapeMennbiM al!THKOMMYTannoHlibiM cooTl!o-

mennSI:M, BaeAeM nnoTnocTH TOKOB, CBSI3al!Hbte co cnnnopaMn ( 1) 
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rAe r. ~ ( r 
1

, r 
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, r 
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) MaTpHilbl Tiaynx, AelicTayromne B aapSJ.AOBOM npocTpancTse cnnl!o-

pOB TUna X - • B npeAene miLe -m • = 0 TOKH coxpanSIIOTCli, a npocTpanCTBelll!bie. HHTe-
/3/ 

rpanbl OT '!eTaepTbiX KOMnonenT ne_ aasncSIT OT apeMenn n rel!epnpyroT anreopy SU(2) • 

Jlarpan>KHaH, JlHBapnaHT!tblll OTHOCIITenhl!O paccMaTpHBBeMOli I'pynnbi SU (2) 

1' = _§_ 
y2 

.... 
f f 

a a 

1 IIMeeT BHII.: 

(4) 

/4/ 
3TOT narpanJ~U~an ohm nony'len TaKJKe a paoOTBX Hl!rpaxaMa 11 Menalll!a 11 

· · ' /5/ x) ' 
Apoyaosa • TiepellneM Tenepb K pacCMOTpeiiHIO rpynnbi SU (2) , caSiaal!noii co cnn-

nopaMu Tlllla (2), BBeAeM nnoTHOCTII TOKOB 

I 
.. 
f' 
a 

... , - ... 
) 

r . ) , .Per (1 +r. - .P.= +="' r (l+y _r_ .P: -a 12 < v a 52 v (5) 

311.eCb MaTpHilbl TiaynB 
.. , 
r nellcTayiOT B npocTpal!CTBe Mroonnoro aapSJ.Aa, Tpeoo-

BaRBe Hl!BapBal!TBOCTB nBI'pSHlKHSHS OTHOCHTenbHO 9TOli I'pynnbl llpiiBOllHT K B38HMOAeli

CTBHJDd, ne 38BHCS!WHM OT MIOOHHOI'O aapSJ.Aa: 

f' G-
"'-y2 

f, "i' 
a a (6) -

HcnonbaySI TOlKAeCTBa <l>npna nna H;BBHTOBaHHbiX nonei!, MOlKl!o noxaaaTh, 'ITO narpaH-

>KHanw ( 4) u. (6) ~oananaiOT .t' ~ .t • 3To cosnanel!ne liBnSieTCli npliBnnerneli V -A 

aapnanTa~ B oomeM cny'lae nponaaonhnoro aapnal!Ta nnKBKHMH npeoopaaoaal!BliMH <l>npna 

neaoa~oJKno II.OOHThCSI coananennli narpanlKual!OB .1' u 1'' • 3Ta Bbiii.enennaSI ponb V-A 

Bapllal!Ta, no-BHJliiMOMY, ne cny'lailna. TaKHM oopa30M, TpeooaaHHe IIHBapuaHTHOCTII 

B3811MOII.eliCTBI!SI OTHOCIITenbHO OII.HOli H3 SU (2) 

K IIHBapllaHTIIOCTH OTBOCIITellbHO BTOpOli SU (2)' 

npHBOII.IIT BCneii.CTBIIe TOJKAeCTB <l>llpna 

Tio:aTOMY MOlKHO C'!IITaTb, 'ITO narpan-

>KHaHbl (4) llnH (6) ·lll!Bapl!aHTHbi OTHOCIITenhiiO rpynnbi SU(2)x SU(2) - npstMoro npo-

H3Bell.el!l!SI rpynn :aneKTpll'leCKOI'O II MIOOHHOI'O 3apSJ.AOB, 

3, Tionpoonoe cpaal!enlle cnencTBIIli 11a narpalllKHana (4)X+) 

x) /5/ 
HnTepecno OTMeTIITb, 'ITO B paoOTe STOT narpanlKHall IIHTepnpeTHpyeTCli KaK 

.cneACTsne l!CKpBBnenl!li npocTpanCTBa-apeMel!ll B peaynbTaTe cna6wx aaal!MOAelicTani!, 
xx) ' /6/ 
, 3TOT narpanJKl!an coanaAaeT c narpanJKHaiiOM cxeMhi EnynMena , ecna C'IH-

.TSTh V e V 
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(7) 

C narpaHlKHSHOM TeOpHII, IICilOnh3YIOWeli TOnhKO aapSilKei!Hbie TOKH, MOlKHO l!aliTH B 
141, 

3AeCb Mbi TOnhKO llOA'IepXBeM, 'ITO BeCbMa lKenaTenbHbl llOHCKH BeliTpSnbllbiX TOKOB B :aK

cnepiiMeHTaX C neliTpBHO BbiCOKIIX Sllepi'IIli, H, B 'ISCTHOCTB, llOIICK nponecca: 

v + Z _,z +v +e++e-, 
IL 1L 

(8} 

aanpemelrnoro (s nepBOM nop51AKe no G CXeMoil, IICilOnb3YJOIIleli TOnbKO 3apS!lKaHHbla 

TOKH. 

4, .no CBX nap llpOCTpaHCTBS aapSJ.Aa II MIOOHHOI'O 38pM8 paCCMBTpl!BSRIICb OTII.anhHO, 

BoaMolKno IIX 6onee Tecnoe oo'bell.nneBHe B paMKax rpynnbi SU(4)
1 

9KBIIBaneBTHOe Bltl'-

l!epOBCKOMY oO'beii.HHeHBlO cni!HOBOli U 1130Cillll!OBOH HBBapBaBTHOCTei! B Teopllll 9nepBbiX 

cnn111• OO'beii.Hl!BM 4 nenTona B ~aaucnoM npeAcTaaneBIIII rpynnw SU(4): 

'-( J (9) 

TinOTHOCTII TOKOB, COXpSHS!lOWHXCli B npenene nyneBOli MSCCbl nenTOHOB, onpenenSIIOT

Cli cneAyiOWIIM o6pa30M: 

f 
U.l 

Tjy(l+y)Tl'/ 
a 5 1 (10) 

I'Ae 4 x 4 :apMIITOBble MaTpnnw T
1 

, i = 1,2. .. , 15 ne!cTayroT a npocTpanCTBe, SIBnS!lOmeMCli 

!JPSIMbiM nponasenenlleM npocTpancTB aapSJ.Aa n Mtooaaoro aap5!lla. MoJKno noKaaaTb, 'ITO 

B nasapnanTHOM narpanJKHane COAeplKBTCli TOnbKO 'lneabi, np11sonamne K *ynpyi'IIM' npo-

IteCCaM, T,e, K nponecCaM, B KOTOpbiX npHHIIMSIOT y'laCTIIe TOnbKO II.Be napbl OII.BHSKOBbiX 

nenTOHOB, C 9TOli TO'IKH apeHIISI p. -pacna11. (a TaKJKe COOTBeTCTBYJOI!llle eMY nponeCChi 

pacCeliBBSIJ liBnSieTCSI cymeCTBeBBO neynpyrHM B TOM CMbiCne, 'ITO OH npOTeKaeT C H3Me

BeBIIeM npnpoll.bl '!acTnn. MoJKno OlKHII.aTh, 'ITO npn O'lellh BbiCoxnx :aaepr11SIX cymecTaea-

Hbi nnWh ynpyr11e nponeccbi, paapemeaawe BOCCTanoanennoli SU(4) CHMMeTpHei!, 

Ecn11 BepBTb B CYI!leCTBOBaHHe :aToll CHMMeTpHII, TO COXpaHS!lOI!llleCSI TOKII (10) MOI'YT 

ObiTh CBS13aHhl c 15 npoMeJKyTO'IHbiMB sexTopnbiMII 6oaoaaMI!, Tip11 aTOM npoMeJKyTO'IBbilt 

0030H oyll.eT xapaKTepii30B8ThCSI Be TOnbKO :aneKTpH'IeCKHM H MlOOHllbiM 3apSJ.AaMH, HO II 

Tpe!I>BM SII.II.HTHBHbiM KBS.Q:TOBbiM 'IHCnOM ( TBK KSK rpynna SU(4) TpeThero panra), 

KOTopoe a aHameM npencTasnennn onpenenSieTCSI KaK nponaaeneHHe aap5!lla na MJOOBBbili 

5 



38pSIA. Bonee nonpo6noe paccMOTpemre rpynnu SU ( 4) H CBOflCTB 3THX rHIIOT9THq9CKHX 

qaCTH/l H8M KSlK9TC>! ceflqac IIp9lK/l9Bp9M9HHb!M, 0rM9THM, qTo H9KOTOpbl9 IIpHM9H9HHSI 

/8/ rpyrrrrbi SU ( 4) , K upo6neMe m I! o:/ m e Mo>~mo naflTH B 

AnTopbi BbrpaJKaJOT r nyf5oxyro 6naronapnocTb H.H. Boronro6oey 3a HHTepec x pat50Te. 

Mu oqeab rrpH3HaTenhHhi B.A.Apt5y3oay, B.r.Kanhr!lleacxoMy, H.A.CMoponnncxoMy n 

A.H. Taaxennrt3e 38 rrone3IIhre nncxyccnn. 
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