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1. B nacToSimee apeMSI uaaecTHO 6ollbwoe KonuqecTao ljleHoMeHonor-uqe­

cKHX MO,nenefi, CUOCOOHb!X OUI!C8Tb KOnneKTIIBHbie B03DYlK.!leHHbie COCTOSIHIISI 

aTOMHb!X g,nep/1-7/. TeM He MeHee UMeeT CMbiCn HCK8Tb ,npyi'I!e no,nXO.!lbi 

K OD'bSICHeHI!IO ~TIIX COCTOS!HIIfio TaK, Hanpi!Mep, B pa6oTe/8/' 11enanacb UOUbiT­

KB OD'bSICHHTb poTaUI!OHHbie KonneKTHBHbie aoa6yJK11eHI!SI u aepoSITHOCTH nepe-

XOilOB MelKilY HHMH Upl! UOMOWH npellUOnOlKeHUSI0 'ITO pOTaUUOHHbie COCTOSIHHSI 

B Sl/lpax SIBnSIIOTCSI pacmenneHHbiM MynbTI!nneTOM r-pynnbi SL(3, R) • no/106-

Hb!e U0/1XOI1b!0 aepOS!TH00 SIBnSIIOTCSI TOnbKO I'pyOb!M npn6nUlKeHI!eM K ,nefiCTBH-

TenbHOCTH, HO TeM He MeHee OH1! 0 Ha HaW B3I'nSII1 0 HHTepeCHbl TeM, 'ITO no-

3BOnSIIOT I'nyo~e UOHS!Tb npnpo,ny KOnneKTI!BHbiX B036yJK,neHHb!X COCTOSIHHfi. 

CxeMa SL ( 3, R) , OllHaKo, Ha Haw aar-nSIIl, HMeeT HeKOTOpbie Hello-

cTaTKH. TaK, Hanpi!Mep, 1!3/8/ SICHO, 'ITO COCTOSIHHe 0+ BCTpe'laeTCSI TOnb­

KO Olli!H paa a MynbTnnneTax SL(3,R) , 'ITO HaXOilHTCSI a npoTnaope'IHH c 

aKcnepnMeHTOM (a cneKTpax' Ha6niOilaeTcSI HeCKOnbKO o+ -cocTOSIHI!fi). HaM 

KBlKeTCSI 6onee Upl!eMneMOfi KnaCCHijli!KaUHSI, B KOTOpoll poTaUI!OHHbie B03DYlK­

,neJIHbie COCTOSIHIISI lleljlOpMI!pOBSHIIb!X 'I~THO-'I~THbiX g,nep OO'be.!lHHSIIOTCSI B He­

CKOIIbKO pacmenneH!IbiX MYIIbTI!nneToa SU ( 3) • B nacToSiwefi pa6oTe Mbi pac­

CMOTpi!M BOUpOC 0 B03MOlKHOfi npi!'II!He B03HHKIIOBeHI!li MYIIbTHnneTOB SU ( 3) 

B SlllElpHbiX cneKTpaX II ODCY11HM0 B KaKOfi QTene!IH cymeCTBOBaHHe TaKUX MYnb­

THnneTOB cor-nacyeTCSI c aKcnepnMenToM. 

2. Xopowo naaecTno, 'ITO npnae11eHHaSI aepoSITIIOCTb E2 -nepexo11a npo-
? 

nopuuonanbHa ne.nuar-onanbHOMy MaTpH'IHOMY aneMeHTy onepaTopa aneKTpH'Ie-

CKOI'O KBallpynonbHOI'O MOMeHTa MelKilY Ha'lanbHbiM H KOHe'IHbiM COCTOSIHHSIMI!: 
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( KOHCTaHTa q 3aBHCHT OT onpe.neneHHSI Q .z ) • JlHai'OHanbHh16 MaTpH'iHbie 
0 

aneMeHThi aToro onepaTopa onpe.nenHIOT CTaTH'IeCKHe Kaa.npynonbHbie Mo-

MeHTbl Si.tlpa B COOTBeTCTBYIOII1HX COCTOSIHHS!Xo 

Bhi'IHcneaae npaae.neHHhiX MaTpH'IHhiX aneMeHTOB <l a II Q ellll
1 

a
1 
> Tpe-

11 

6yeT aaaHHSI .neTanbHOll CTPYKTYPhi aonHOBhiX ljlyHKUHll Sl.[lpa. Ecna, o.nHaKo, 

ll, m, a> o6paayroT 6aaac npe.nc.TaaneHHSI HeKoTopoll rpynnbi G , anre6p1>1 

na KOTOpoll CO.[leplKaT Q el , TO npHBe.[leHHI>Ie MaTpH'IHbie aneMeHTbl 9TOI'O 

nocne.naero onepaTopa MOI'YT 6biTb Bbi'IHCneHI>I 'IHCTO anre6paH'IeCKHM ( T.e. 

TeopeTHKo-rpynnoBb!M) nyTeM. rpynna G .nonlKHa, O'I6BH.[lHO, co.neplKaTb B Ka­

'16CTBe no.nrpynn1>1 rpynny HHBapaaHTHOCTell raMHnbTOHHaHa O( 3) , 'lbH re­

aepaTOPI>I COBfia.[laiOT C onepaTOpaMH yrnOBOI'O MOM6HTa. 009TOMy none3HO 

paCCMOTp6Tb 0 KaKHe anre6pbl nH MOlKHO fiOCTpOHTb npH fiOMOI11H onepaTOpOB 

QelHL. 
(4) 

PaccMoTpHM CHCTeMY H3 N aapHlKeHHI>IX 'laCTHU c Koop.nHHaTaMH x 
ll 

(4) 
H HMnynbcaMH p • H3 onepaTOpOB KOOp.[lHHaT H HMnynbCOB MOlKHO no-

ll 
CTpOHTb onepaTOpbl yrnOBOI'O MOMeHTa H T6H30p aneKTpH'IeCKOI'O KBa.npy-

',, nonbHOI'O MOM6HTa. 
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OnepaTopbl L jl.V reaepHpyroT rpynny 0( 3) , a onepaTOpbl 
Q .z 

jl.V 

oopaayg CHMM9TpH'19CKHi!: T9H30p BTOpOrO paHra OTHOCHTenbHO rpyiiiibl apa­

W9HHR, KOMMYTHPYIOT MelKAY coooi!:, TaKHM oopa30M, anreopa nH onepaTopoa 

(1) noKanbHO H30Mopljlaa anreope nH rpyiiiibl 0 (3) x T 5 191, rne T 5 

aoeneaa rpyiiii8 IIRTHM9pHblX 'TpaHCnRIIHi!:"' t IIOpOlKA89M8ll. Q el IJ.V 

BaeneM Teiiepb o030HHbJe onepaTopbl a cljlepH'IeCKOM o&3Hce: 
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m n 

0. 

(2) 

Bblp8lK8R KOMIIOHeHTy Q.z = sQ" Teaaopa sneKTPH'IeCKoro KBaApynonbHoro 
0 fLY 

b (l)+ b (l) 

m D 
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AaanorHqao ang onepaTopa yrnoaoro MOMeHTa nonyqaeM 

L 
0 

:£ (b (1)+b (1)- b (1)+ b (1) ) , 
1 l l -l -l 

L 
12 

1 . (1)+ (1) (1)+ (1) 
(5) L + = -= (L + 'L ) = :£ (b b - b b ) , 

y2 23 3l 1 0 -1 1 0 

L = ( L ) + = :£ ( b 11 J+ b 11J - b 11
J+ b 11J ) • 

+ 1 -1 0 0 l 

KaK obmo ynoMBHyTo Bbiwe, onepaTopbi L 1 , k = 0 .± 1 BbiaenmoT rpyn-

ny apaweHHB 0(3) • flerKo npoaepHTb, qTo L 1 BMecTe c Q 
0 

H c onepaTo­

paMH 

Q = [L , Q ], 
1 + 0 

Q = [L , Q ] , 
2 + l 

Q = Q+ 
-m m 

T8K:1Ke Oopa3yiOT 38MKHYTyiO anreopy, 1lOK81lbHO H30MOpljJHyiO anreope flH 

rpynnbi SU ( 3) • C apyroli CTOpOHbl1 onepaTOpbl L 1 BM9CT9 C 

Q(N) = Q(+) + Q (-) 
0 0 0 

H c onepaTopaMH 

Q(N)=[L , Q (N) ], Q(N)=[L ,Q(N)], Q(N) = Q (N)+ 
1 + 0 2 + l -m m 

reaepHpyroT HeKoMnaKTHYIO rpynny SL (3, R) • HaKoaeu, ecnH paccMaTpH-

B8Tb Q m 
Q (+) .. (-) 

H Q m KBK H938BHCHMbl9 reHepaTOpbi1 TO nerKO yoe-

aHTbCB, qTo OHH BMSCTe C L 1 H CO CK81lBpHblMH onepaTOpSMH 

H t-J (1) 2 (1) (1) 
:S(b +2b b ), 

0 l -l (6) 

(+) (-)+ 

H = H 

2 2 
H (0)= :£ (b (AJ+ b (1) ) = :£ (pi1J + x(A)) 

m m 
1,m 1 
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reaepapyroT HeKoMnaKTHYIO CHMnneKTH'leCKyro rpynny Sp ( 3, 3) 1 KOT0p85I1 

TSKHM o6pa3oM, COAeplKHT Bee BbiWenepe'lHCneHHbie rpynnbi ( SU (3) , SL (3, R) 

H 0 (3}>< T S) B Ka'leCTBe nOAI'pynn. l1HTepeCHO OTMGTHTb1 'ITO CpeAH reHepaTo-

pOB Sp(3,3) aaxoAHM onepaTop H (OJ , coBnaAarowall: c raMHnbTOHHaHoM N 

HGB38HMOAeliCTBY!OWHX 'ISCTHU, HSXOASIWHXCSI B OCUHnnstTOpHOM noTeHUHSne. 

Ponb rpynnhi Sp ( 3, 3) KaK nona oil: AHHaMH'leCKOli rpynnhi rapMOHH'le-

CKoro ocuannSITopa 6hma BbiSICHeHa ASBH0/10/. B pa6oTe /11 I 6binH BbiCKa3aHbi 

HeKOTOpb!G coo6palKGHHSI, 'ITO AnSI SIAGpHb!X CHCTGM Sp ( 3, 3) 5IBnsteTC5I HSH6o­

nee nOAXOASIWeli OHHSMH'lGCKOli rpynnoll:, n03BOn5IIOWeli onHCSTb KSK pOTSUHOH­

Hbie, TSK H BH6paUHOHHb!6 ABHlK6HH5I B Mpax. nocKOnbKY H3 ee reaepaTopOB 

MOlKHO nocTpOHTb T'aKJKe aneKTpH'IGCKHli KBaApynonbHbili onepaTop, SICHO, 'ITO 

OHa B COCTOSIHHH TSKJKe ASTb HHijJOpMSUHIO D Bep05ITHOCTSIX £2 -nepeXOAOB 

MGlKAY ypOBHSIMH CHCTGMblo 

EcnH _Sp(3,3) t AeliCTBHTenbHO, SIBnsteTCSI AHHSMH'lGCKOli rpynnoll: (HnH 

ewe rpynnoll:,nopOlKAS!OWeli cneKTp) AnSI ASHHOI'O Mpa, TO BCe COCT05IHHSI 

9TOI'O S!Apa AOnlKHbl 06'beAHHS!TbC5I B OAHOM MynbTimneTe Sp(3,3) • 838HMo­

AGliCTBH6 MelKAY HyKnoHaMH npHBOllHT K aapyweHHIO Sp (3, 3) -cHMMeTpHH, 

H COCTOSIHHSI MynbTHnneTa pacwennst!OTC5I no 9H6pi'HSIMo LfT06bl OTBGTIITb Ha 

BOnpoc, KSKHM o6pa30M npOIICXOAHT 9TO pacwenneHHe, HSnOMHHM, 'ITO B CneKT­

pax AeljlopMHpoBaHHbiX Mep aa6nroAa!OTC5I poTaUHOHHbie nonocbio C Apyroll: 

CTOpOHb!1 H3BGCTHO, 'ITO COCT05IHH5I KOH6'1Hb!X poTaUHOHHblX nonoc 06'bGAHH5I-

IOTCSI B OAHOM MYnbTHnneTe SU ( 3) t KOTOpb!li pacwennsteTC5I, HanpHMep, 

113-38 Q- Q -n3aHMOAelicTBHst. TaKIIM o6pa3oM, ecnH BepHTb, 'ITO poTaUHOH­

Hbie nonOCbi, Ha6n!OA86Mble B SIAGpHb!X cneKTpax, 5IBn5IIOTCSI KOHG'lHbiMII, Ka-

lKGTCSI ecTecTneHHbiM paccMoTpeTb cneAyrowee pa3noJKeHne Sp ( 3, 3) no 

noArpynnaM: 

Sp ( 3, 3) ::> SU ( 3) ::> 0 ( 3) . (7) 

TaKoe pa3noJKeHHe npeAnonaraeT, 'ITO B38HMOAeliCTBHe MelKAY ayKnOHSMH 

npHBOAHT caaqana K pacwenneHHIO aenpHBOAHMoro npeACTanneHHSI Sp(3,3} 

HS MynbTHnneTb! SU ( 3) t KOTOpble, B CBOIO oqepeAb, pacnaAa!OTCSI Ha CO-

CTOSIHHSI C onpeAeneHHbiM yrnOBb!M MOM6HTOM. OnepaTopaMH,, Hapywa!OWHMH 

Sp (3, 3) -cHMMeTpH!O AO SU ( 3) , stnnstroTcst onepaTop H 
0 

( raMHnbTOHHaH 
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H9B38HMOAel!CTBYIOIUHX "18CTHit B OCitHnnS!TOpHOM none) H KBaApaTH"'Hblll H Ky6H"'­

Hb!l! onepaTopbi KaaHMHpa rpynn SU (3} 

C 2 = Qp.v Qp.v + Lp.v Lp.v ' 

c 
3 Qp.v (Qp.\Qv>..+ Lp.>..Lv>..). 

8 CBOIO O"iepeAb, MYnbTHnneTbi SU ( 3) pacmennl!IOTCSI Ha COCTOSIHHSI C onpe-

2 
,~:~eneHHbiM yrnOBbiM MOM9HTOM B38HMOAellCTBHeM Tnna Q ·• Qp.v Q p.V HnH . 

THna 0 l H 0 
2 

t KOTOpb!e paCCMOTpeHbl B/12/, 

HMeeTCSI, KOHe"'HO, H apyrag anbTepHaTnBa aapyweHHll Sp ( 3, 3) -CHMMeT-

pnn, onpeaenSieMal! paanolKeHneM 

Sp (3, 3) ) SL (3, R) ) 0(3). (8) 

HaM, OAHaKo, KalKeTcSI, "'TO cnoco6 aapyweHHll (7) 6onee 6nnaoK K sKcnepnMeH­

TanbHOll CHTyaitHH, KoHe"'HO, KpHTepneM cnpaBeAnHBOCTH TOll HnH Apyrol! Bepcnl! 

6yaeT cpasaeane Bbi"'ncneHHbiX c nx noMOIUbiO sepoSITHOCTel! B(E2) -nepexoaos c 

aa6n10,~:~aeMbiMH, 

3, PaCCMOTpHM Tenepb, HMeeT nn MeCTO B ,~:~eliCTBHTenbHOCTH CXeMa 

Hapyweanl! Sp ( 3, 3 }-CHMMeTpnn, Caaqana Bbil!CHHM o6nacTb B03MOlKHOll npn­

MeHHMOCTH cxeMbi, Bo-nepBbiX, nocKonbKY yHnTapHbie HenpHBOAHMbie npeA­

CTaBneHHll SU ( 3). Ha KOTOpbie pacnaaaeTcSI MYnbTnnneT Sp(3, 3), coaeplKaT 

TonbKO nenoqncneHHbie aHa'ieHHll yrnosoro MOMeHTa, Mbi aomKHbi orpaHH'iH­

saTbCSI S!Ap8MH 1 B KOTOpb!X CUHH He HrpaeT cymeCTBeHHOli pOnH, Bo-BTOpb!X1 

Mbl AOnlKHbl orpaHH"'HTbCSI TeMH liAPBMH, rae npeo6na,~:~a!OIUHMH S!Bnl!IOTCSI 

sneKTpH'ieCKHe KBa,~:~pynonhHbie nepeXOAblo 060HM 3THM ycnOBHSIM YAOBneTBQ­

pS!IOT HH3KOneJK81UH9 B036yJK,I:leHHbie COCTOSIHHSI AeljlopMHpOB8HHbiX "'~THO-"i€lT-

HbiX SIAep, 

BoaHHKaeT sonpoc: BbiAenSIIOTCl! nn Ha caMoM aene B cneKTpax aeljlop­

MHpOBaHHbiX 't{{lTHO-'i€lTHb!X SIAep COBOKynHOCTH COCTOSIHHJ!, KOTOpbie MOryT 

6b!Tb, XOTSI 6bi ljlopManbH01 06'b9AHH91lbl B OAIIOM HnH ll9CKOnbKHX MynbTHnne-

Tax SU(3) ? lJT06bi OTBeTHTb lla 3TOT BOnpoc, ll8UOMHHM cgaqana, KBKHe 

COCTOS!IlHSI COAeplK8TCSI B OAHOM MynbTI!nneTe SU ( 3) t 38A8HHOM, K npHMe­

py, snHOTOBCKHMH A H P. , 8 ABilllOM (A, p.) -MynBTHnneTe COCTOS!IlHSI onpe­

,~:~enl!IOTCSI TpeMSI KB8HTOBbiMH 'iHCnaMH: l ( vrnoBOJ! MOMeHT), m ( TpeTbl! 
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UpOeKUHll MOM9HT8) II K (aononHIITenbHOe KB8HTOBOe 'IHCno, paani!'I810IUee 

COCTOliHHll C OAHH8KOBblM l ) , LlonyCTIIMbl9 3H8'19HIIll STHX 'IHCen CneayJOIUHe: 

K ll• ll- 2 • ...• 0 11n11 

11n11 

l = . I ,\, ,\ -2 •..• 0 

K, K + 1, ... K + .\ 

QOCTOl!HIIll: 

I 0, 2. 4, ... ,\ 
l -

2,3,4, ... .\+2 

(K = 0), 

(K = 2 ). 

- 1 

(K 0), 

(K ,f O). 

- 'leTaoe) coaeplKaTcl! cneayJOIUIIe 

06p8TIIMCSI Tenepb K SKCnepHMeHTy II paCCMOTpiiM H9KOTOpb!9 Tllllii'1Hbl9 

npiiMepbl cneKTpoB ae<jJopMapoBaHHblX 'leTao-'leTHbJX HAep, Ha p11c, 1 noKaaaa 

CU9KTp 
152 

Sm /12 I, BHAHO, 'ITO COCTOl!HHe OCHOBHOii nonOCbl II COCTOS!HIIll 
62 

y -Ba6pauHoHaoii nonocbJ MoryT Ob!Tb, no Kpaiiaeii Mepe <jJopManbao, o6'bet:tH-

HeHbl B OAHOM MynbTIIIIneTe TilliS ( ,\, 2 ) ( A ,:::; 8 , 'IElTHOe), CoCTOS!HIIll lKe 

{3 -BIIOp8UIIOHHOfi '!IOnOCbl K8K OYATO OO'b9AHHSIIOTCSI B MynbTH!IneTe TilliS ( ,\,0), 

Aaanorii'IHal! CHTyauHll IIMeeTCl! B 
154 Gd , cxeMa ypoBaeii/13/ KOToporo 
64 

noKaaaaa aa p11c, 2, B11aao, 'ITo Bee cocTos:rHIIll aaaaoro 11aoTorra, KpoMe co-

CTOliHHfi OTpHUSTenbHOii 'leTHOCTII, KOT0pb!9 H8MH He paCCM8~!J.!!B810TCll, OO'be­

AIIHSIIOTCSI B AB8 'leTKO BbiAenl!IOIUHXCll MynbTII!IneTa TilliS ,(,\,0) II OAHH Mynb­

TI!ITneT TilliS ( ,\, 2) , CniiCOK STHX npHMepoB MOlKeT Ob!Tb 3H8'1HTenbHO pac-

WHpeH, TaK, HanpiiMep, BCe COCTOl!HIIll nonOlKIITenbHOii 'leTHOCTII 166 Er (pHc,3) 
68 

OO'b9AHHSIIOTCSI B OAHOM MynbTanneTe TilliS (,\, 2) , HlllK8liWI!e ypOBHII 188 Pt 
78 • 

19o Pt 
78 

II 
192 • 

Pt (pHc, 4) TSKlKe MoryT obJTb o6'bet:tHHeHbl B MynbTIInneTax 78 

TilliS ( ,\, 2) II T,a., flpiiB9A9HHbl9 llpiiMepbl l!Bnli!OTCSI Tllliii'IHb!MII IJ.nll BCeX 

ae<jJOpM!!pOB8HHblX 'lllTHO-'IIlTHbiX 5!A9p, 

Haao OTMeTIITb, 'ITO B 6onbWIIHCTBe cny'laeB aaonJOt:taJOTCl! MynbTIInne­

Tbl Tllna (,\,0) II (.\,2) , B H9KOTOpbiX cny'ISliX, K8K,Ha!Ip11Mep,158 Dy /14/, 
60 

160 
Dy /15/ II ap,, MOlKHO T8KlK9 Bblt:tenHTb MynbTHnneTbl THITa ( ,\, 4) , T,e, 

60 
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naonroAaiOTC!I poTaUIIOHHbie nonocbi c K 17 = o+, 2 +, 4+, 0TMeT!IM TaKlKe, 'ITO 

KBaHTOBOe 'II!Cno ,\ AOnlKHO Ob!Tb AOCTaTO'IHO aenHKO, 3TO ooycnoaneHO TeM, 

'ITO ,\ onpeAen!leT MaKCHMBnbHOe 3Ha'leHHe yrnoBOI'O MOMeHTa, BCTpa'la!OlllOI'O-

C!! B OCHOBHOfi nonoce, a 1 K8K UOKa3biBaaT 9KCUepHMeHT1 B OCHOBHOfi nonoce 

BCTpe'18!0TC!I COCTO!IHH!I C AOBOnbHO Bb!COKHM 3Ha'leHHOM MOMeHTa (annoTb 

AO l i = 22 ), 

H eKoTopyro neyAoaneTBopennocTb Bbi3biBaeT o6cTO!!TenbcTB01 'ITO 3Ha'le­

HH!I ,\ H IL He O'IOHb 'IEiTKO onpeAen!IIOTC!I 9KCUepHMeHTanbHbiMH AaHHbiMH. 

YKalKeM 1 OAHaK0 1 'ITO UpHBeAeHHbie MaTpH'IHbie aneMaHTbl KBaApynonbHOI'O 

onepaTopa SU ( 3) An!! 6onhlllHX ,\ H ManbiX f.L cna6o 3aBHC!IT OT ,\ H f.L 

noaTOMY nony'laeMbie peaynbTaTbl An!! B(E 2) -nepeXOAOB oy)lyT cna6o 'IYB-

CTBI!TenbHbl K BbiOOpy ,\ 1 f.L , 

PaayMeeTC.II, oo'beAHHenae HH3KonelKalllHX cocTO!IHHfi AeljlopMapoBaHHbiX 

'IEiTHO-'IEiTHbiX .I!Aep B MynbT!!ItneTaX SU (3) UOKa OCTaeTC!! ljlOpManbllbiM, 
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