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1. Kax B3BecTao, ywepeaao-cRIIhROMY B38RMonellcTBRJO, aapymaJOmeMY SU (3)-caM-

M8TpBIO, .ttpRDRCYB810TCII Tp8RCcjlopM81lRORRblQ CBOliCTB8 33-KOMDORQRTY OKT8T80 T,e, COCTo-

IIRBSI C R C •>_ 6 x). Ha •wnypRORROM' 113&Ixe aTo 03Ra'laeT, 'ITO pacmenne-
2 

aae SU (3) -MyllhTRnneTOB sa H30TODR'IecKae MYIIhTRDneTbi ocymeCTBnHeT 'I' -mnypaoa, 

RBJlSIIODlRllcs aaanoroM 'I -Me30R8 
111

• EcTecTBeRRo, "'To B coOTBeTCTByJOmell cjJopMYne 

. 121 
A1!SI M8CCOBOI'O OD9p8T0p8 ljlarypgpyJOT nBWb Te KB8RTOBble 'IRCna, KOTOpbl& paBHY RynJO 

y 'I '-mnypaoaa: 

(l) 

.-. npa nepexone K rpynne SU(6) ODRC8RHblll MQX8RR3M yRRBepc8nbROI'O mnypBOBBOI'O pac-

mettneBBSI CT8B08RTCSI 3H8'1BTenbBO MQBQQ aljlcjleKTBBBYM, 'I' -mttypBOB, DO.Ilo6HO 'I -Me-

aoay, Tenepb npaaannelKBT 35-nneTy rpynnhl SU(6) 

6onee neTam.ao, 'leM npelKl(e: 

B ero COCTOSIBBe ODBCYB8eTCB ylKe 

N B 

HOM j 

(4) 

C 
2 

= N 
(I) 

c = 6 
2 (2) 

S -onepaTOpbl 'ROpM81IhBOI'O' B 'cTp8RBOI'O' CDBH8, CBII38BBble C DonBbiM COB...... 
COOTBOWeBHeM ~ = N + S ) • fpynila R30TODB'IeCKOI'O CDBH8 SU(2) I B O.llROD8p8-

MeTpB'Iecxag rpynna xana6pOBO'IBbiX npeo6paaoaaaall U(l) 
y 

, OTBQ'I810Dl8H I'RDep38pSilly Y1 

MOryT paccMaTpaBaTI>CB xax nonrpynn~o~, B03BBKaJOmae npa 'ljm3R'Iecxoll' penyKilRR SU(6) 

SU(6) ::> SU(2}j X SU(3) ::> SU(2) ~ X SU(2) I X U(1) y 

xx) 
ana xax nonrpynnbl •aeljmaa'lecxoll' penyxnaa : 

SU(6) ::> U(l) y x SU(2) 
8 

x SU(4) 
1 

::> U (1) y x SU(2) 
8 

x St1{2) 
1 

.x SU(2) N 

(3) 

(4) 

.SJCHO, 'ITO B03MYDlQBRe, o6A8ll810Ulee Tp8HCcjJopM8l(ROBBbiMR CBOliCTB8MR COCTOSIBRII ( 2), Be 

HBASieTCH SU(3) -BBB8pB8RTRblM B DOSTOMY Be MOJII:eT DpBBeCTB K pe.nyKllBB (3), Cneno-

aaTem.ao, B paMitax SU(6) -cxeMbl nnB onacaRRH pacmenneaa11 Mace 'lacTan, Bb13&IBaeMoro 

- KsanpaTB'IBblll onepaTop KaaaMapa rpynnbl SU(a) • 

xx) Mb! ., 131 
DpRMeBSIQM 3ll&Cb TepNRBonOI'HIO pauOTbl 

3 



HX B38HMOA9ftCTBH9M C 'I' -wnypHOHOM, npHHilHnHBIU.HO 89Jlb3SI nony'IBTb ljlopMyny ( 1), 

BMeCTO ( 1 ) Tenepb AOJllKHO B03HBK8Tb Bb!p8lKeHB80 COAepJKamee KB8HT0Bble 'IBCJl8 Y , S 
<•> 

II C 
2 

, nOC!tonbtty 0'19BRABO, 'ITO p8CCM8TPHB89M09 B03MymeBRe npHBOABT It nepaoA ljlaae 

penyttllHB ( 4) , 3T8 BOBS !I lj)OpMyll8 &MeeT BH.Il/S,
4
/: 

M =a +bY '+c [2S(S+1)-C'l+l4Y 2
] 

2 
(5) 

JlnB CHliTBSI BblpOlK.IleiiHlil no CnBHy H H30TOnH'I9CKOMy CnBHy B onepaTop M aeo6-

XOABMO A068BBTb 'IJleBbl, OTB9'1810U1He llPYI'HM CIIMOCOnplillK91111biM npeACTBBJleiiHSIM SU(6) , 

B pa60Te/S/ B ltS'IeCTBe TBKHX AOnGniiHTenbHb!X CJl8I'88NbiX npe~:tnaraeTCSI HCnOllb30B8Tb 

CJlBilY!OU1H9 T9H30pRb!9 KOMnOReHTbl ( HHlKHSill llHijlpa YK83b1B89T p83MepHOCTb SU (6) 

THnneTa, sepxl!RB - MynbTBnOnbROCTb no rpynne SU(3) ) : 

T<ll 
( 18&J. 

(!) 
T • 
(to I) 

T<a> 
(401) 

npa STOM BKn81l OT nepBbiX ABYX KOMnOHeiiT B3 (6) HM89T BHA! 

(I) 

a' ~ ( ~ + 1) + b' c 
2 

, 

-My fib-

(6) 

(7) 

T,e, coneplKHT pacmenneaae no 3 -cnaay, a ttOMnOReHTa T<a> BHOCHT pacmenneBRe no 
<•O&) 

-cnHHy, Mbt XOTBM llOA'IepKB)'Tb 3AeCb, 'ITO Bbt6op B03M:yU18HHll, CHHM810Ul8I'O BblpalKe-

HHe no H30TOilB'I8CitOM)' CnHHy, B ljlopMe T(S) He SIBJlli9TCll 06li38TellbHbiM, B CBMOM 
(40&) 

nene, HHOTKYAB He Bb1TeK89T, 'ITO COCTOSIRHe C I= 0 B 405-nneTe AOlKHO 6biTb 33-KOM-

nose aToll SU(3) -OKT9T8 H, TBKHM o6pa30M, DOSIBJlSITbCSI JlHWb npH penyKilHB ( 3), C p8BHblM 

npaBOM MOlKHO npennanOlKHTb1 'ITO &TO COCTORBRe B03HHit89T B peaynbT8Te pellyKilHB ( 4) 'a 

COBnanaeT, aanpHMep, C COCTOSIBHeM 1 = Y aN= S = 0 84-nneTa rpynnbl SU(4) 
1 

, npa-

M9BS1ll CT8HA8pTHy10 nponenypy, H9TPYABO DOK838Tb 1 'ITO B ABHHOM cny'lae MBCCOBblil one

p8TOp npao6peTaeT cneny10mee cnaraeMoe : 

(4) 

coast[I(1+1) +N(N+l)-..i.C ] 
5 2 ' 

(8) 

CyMMHpyR (5), (7) H (8), npBXOAHM K o6meil MSCCOBOA ljlopM:yne: 

' • • (8) 
M = M 

0 
+ M 

1 
Y + M 2 > ( • + 1 ) + M a C 2 + M 4 [ 2 S ( S+ 1 ) - (9) 

(4) 2 <•> 
-C

2 
+l'Y ]+ M

1
[1(1+1) +N(Ii1+1)-4/5C

2 
] 

llnst 35-nneTa Meaoaos ljlopMyna (9) naeT: 

4K
2 

-11'
2 -31J 2=4/5[(K* 2 -p 2)-(K

2 
-11 2)] (10) 

(w 2-p2)(cp 2-p~= ~( K* 2-p2)(ru 2+·¢ 2-2K* ~+ .l_ [ ( K* 
2
-p 1)-(K 2 _,2)] 

3 5 
( 11) 

·,, 
1;11 

.·}: 

~.,, ~ ... --
',1 

:1 ' 

•I'' J 
'•,:1'.'".· 
, : 
I'' 

I ·} 

·~I 
'~.'~';'·(' 
'''hi 
~~.~w.~-
·:r\f l,t~,j; .. ; .. 
/ t:· 
',•.(.~ 
,:,/·1' 

'\1', 
':', 
., I 
,, .I 

I 

• n: 

I ~ 
• [w 2+<,6lL2K* 2+4/3(K* 

2
-p 2)]- _!.. [(K• 2-p 2)-(K 2 - 17 ~] 2 

50 
3TH COOTHOW9HBR HBXOnBTCSI B XopOW9M COI'Jl8CBH C ODbiTOM. 

4 

/'~'" 

Ecna npa noCTpoeHBB Maccoaoro onepaTopa C'IBTBTb xos4lljlauae&Tbl, CT' 
(I) (I) 

T H T , p8BHbiMB 1 TO M •0 B BblpSlKeHBe (9) CTBHOBHTCR Ill 
<1St> < 40&> a 

BC9M '18CTHil8M 1 BKJl!0'18ll W B cp , npH 9TOM B03HB!t810T COOTHOW9HBll l.d 

Meaoaos, TaKJKe xopomo cornacy!Omaecst c attcnep&MeHToM: 

4 K 
2 

- , 
2

- 3'1 
2 

• 4/5 ( w 
2

- p 2
) 

2 2 2 2 
ru+cp-2K* a7/10(ru -p 2 ) 

K* 2 -ru 2 • K
2

- ,
2

• 

B npenCT8BJJ9BHH 56 B CHny TOlKA9CTB8 

(4) y 2 

N(N+l) +1(1+1)-..1. C a2[1(1+1)-- ]-4Y -6 
3 2 4 

/3/ 
H TOlKA9CTB1 npHB9A9HHbiX B , ljlopMyJJa (9) ynpOUl89TCSI H npBRHM88T CJlE 

2 
I=M

0
+M

1
Y +1

2
t 0+1)+M

8
(1(1+1)-l4Y 

(4) 

-1/15 c 2 ). 

C y'leToM eme onaoro TolK.IleCTBa 

(4) 2 
C ~ = l4 Y + GY + 9 

HM99M OKOB'I8T9llbBO! 

M=lo+IIY 
2 

+M 2 ~(~+1)+M 8 l1(1+1)-..J..Y] 10 

, Ha-aa aana'IHB nononaaTenbaoro cnaraeMoro B nocnenaeM qnese (14) ljlop~ 

0tty6o cnertta BBAOH3M9HSI9TCSI, npH'19M B ny'lmyiO CTOpOHy ~C TO'IKB 3peHBSI 

TOM) 

~ ( 3A + l: ) - ( N + E ) = .1.( l:- A ) 
20 

AaanorH'IHbte H3MeaeHRSI npeTepneaaiOT npyrae Maccosble ljlopM:ynbt 56-nneTe 

• 
2, 06WBR M8CCOB8ll ljlopMyna AJlSI OnHC8HHll 9Jl8KTpOM8I'HBTHOI'O pacmen 

CXeMe nony'laeTCSI 83 (9) 38M9BOA 

I (I+ 1) 

y .. _ Q 

U(U+1) 

S ( S + 1) .. P(P + 1 ) 

N(N+1) .. R(R+1) 

2 
H Ao68BJI9HH9M 'IJJ9H81 nponOpll!fOH8llbHOI'O Q ; 

5 



-wnypHOHOM, npHHilHUHBJlbHO Hen&3R IIOny'IHTb ljlopMyny ( 1 ) • 

B03HHK8Tb Bb1p8lK9HHe, COilepJKBIIlee ltB8HTOBble 'IHCfl8 Y , s 
HO, 'ITO p8CCM8TpRB89M09 B03MyllleHRe npRBOilRT It nepaoA cjlaae 

/3,4/ 
pMynB HM99T BHil : 

+ c [2S(S+1)- C4
> + l4 Y a] 

2 
(5) 

H H30TOnR'I9CitOMy CUH&y B onepaTop M ae~ 

npyrHM CHMOCOnpmKeBHbiM npellCT8BfleHHHM SU(6). 

ax nononHHTen&HhiX cnaraeNbiX npennaraeTCSI acnom.aoeaT& 

H9HTbl ( HHlKHSISI IlH«!Jpa YK83biB8eT p83MepHOCTb SU (6) 

on&HOCTb no rpynne SU(3) ) : 

I) 

l89,J' 

T<ll 
( 40 6) 

T(Sl 
(406) 

llBYX KOMUOH9HT R3 (6) HMeeT BHil: 

(3) s ( ~ + 1 ) + b' c 2 • 

-MYm.-

(6) 

(7) 

no -CnHHY, 8 ltOMilOH9HT8 T<SJ BHOCHT pacmenneaae no 
(406) 

·pKHyTb 31l9Cb, 'ITO BbltlOp B03MYIIleHHB, CHHM8101Ilero Bblp8lK8-

, a «!JopMe T(S) ae SIBnaeTCSI ot5SI3aTen&&biM, B caMoM 
(406) 

, 'ITO COCTOSIHH9 C I = 0 B 405-nneTe llOlKHO tlb!Tb 33-KOM-

T8KHM ot5p830M, IlOSIBflRTbCSI flHWb npB penyltllHH ( 3), C p8BHbiM 

'ITO STO COCTOHHRe B03HHK8eT B peayn&T8Te penyKilHH ( 4) 'g 

I = Y = N = S = 0 84 -nneTa rpynnhl SU(4) 
1 

, npa-

y, H9TPYIIHO nOK838Tb, 'ITO B llBHHOM cnyqae MBCCOBblft one-

e cnaraeMoe : 

( 4) 

nst[I(1+1)+N(N+1)-...A.C 1 
5 2 

pBXOIIHM K ot5meA MSCCOBOA ljlopMYne: 

(3) 

M 2 ~ ( ~ + 1 ) + M 
3 

C 2 + M 
4 

( 2 S ( S+ 1 ) -

( 4) 
M

6
[1(1+1)+N(N+1)-4/5C

2 
1 

yna ( 9) naeT: 

- 31) a= 4/5 [ ( K* 2
- p 2 )- ( K 2 

- rr 2) 1 

2+¢2-2K*1+ .1_ [( K*2-p2)-(K2 -rr2)1 
5 

)1-~[(K*2-p2)-(K2-rr~ 12 
50 

a xopoweM cornacaa c onhiToM. 

4 

.: 

(8) 

(9) 

(10) 

(11) 

l1 

''i !J 

~,~·.,:( \'It\ 

t' 
'',, . i 
ll 

.''1::! 
i ( .. \ ,, 

I· 
!: 
•I 

'·' 

T<ll 
Ecna npa noCTpoeHHH Maccoaoro onepaTopa C'IHTBT& KosciJ«!JanaeaTbl, CTOHmHe nepen 

{I) 

H T , pBBBbiMB, TO M •0 H Bblp8lK9Bil8 (9) CTBBOBBTCll llHBrOBBJlbBbiM no 
( 189) (406) a 

BC9M 'IBCTHIXBM, BltfliO'IBH, 6.1 H cf> , npB 9TOM B03BBit810T COOTHOIIl9HHH M9JtCIIY M8CC8MH 

Me30BOB, TBKlKe XOpOIIIO COrnacyiOIIIHeCH C SKCnepBMeBTOM: 

4 K 
2 

- rr 
2

- 31) 
2 

• 4/5 ( "' 2 - p 2
) 

2 2 2 2 
CoJ+,P-2K* •7/10(.., -p2) (12) 

K*2-..,2• K2- "2. 

B npencTaaneaaa 56 a cany TOlKnecTaa 

(4) y 2 

N(N+1) +1(1+1)-.1. C 2 =2[1(1+1)--1-4Y -6 (13) 
3 4 

/3/ 
H TOlKIIeCTB, npHaeneHHbiX B , «!JopMyna (9) ynpomaeTCH H npHBRMBeT CnenyiOmBJ! BHil: 

2 
M·M 0 +M

1
Y +11 2 ~ 0+1)+M

8
(I(I+1)-I'Y 

( 4) 

-1/15 c 2 ). 

C y'leToM eme onaoro TOlKIIeCTaa 

HM99M Olt0H'I8T9JlbBO: 

M • 11
0

+11
1 

Y 

(4) 2 
C ~ = l4 Y + GY + 9 

+ II 2 ~ ( ~ + 1 ) + M 
8 
l I ( I + 1 ) - ...J.. Y 

2
1 

10 

(14) 

(15) 

(16) 

11a-aa aanH'IBSI t~ononaaTellbaoro cl'laraeMoro a nocnenaeM qneae (14) «!JopMYna renn-Maaaa-

0Kyt5o Cnerlta BHilOH311eHH9TCH, npH'19M B ny'IIIIYIO CTOpO&y tc TO'IKB 3p9BBH CornaCHH C Onhi

TOM) 

~ ( 3A + :E ) - ( N +E)= -l( :E- A) 
' 20 (17) 

Aaanor&'IHbie H3Me&eHHH npeTepneaaiOT Jlpyrue MaCCOBhle «!JopMYnbi 56-nneTa. 

' 
2. 06maH M8CCOB8H ljlopMYn8 IlflH OnBC8HHH 9fl9KTpOM8rBBTBOro pacmenne&BH B SU(6) -

CXeMe nonyqaeTCSI B3 (9) 38M9BOA 

I (I+ 1) 

y -+- Q 

U(U+1) 

S(S+1) -+ P(P+ 1) 

N(N+l) -+R(R+l) 

2 
B not5aaneaaeM qneaa, nponopuaoaan&aoro Q ; 

r\ 5 

(18) 



M • M' + M' Q + M' ~ <J+ 1 )+ M' c<•>+ M' (2P(P+l)-C<
4
l + I<IQ I] + 

0 . I I 8 I 4 au 

(19) 

(4) I 
+ 11'0 ( 0 ( 0 + 1) + R ( R + 1 )-4/5 C IU ] + 11'1 Q • 

(4) 

"'epea P, R H C au 
/6/x) 

3~8Cb 0603Ba~eH~ XBaHTOBhl8 ~HCna, B03HHXa~WH8 RpH penyKUHB 

,50(6) :::> 0(1) Q x 50(2)P x 50(4)u :::> 0(1) Q x 50(2) P x 50(2)u x 50(2)
8

, (20) 

nns 56-nneTa B CHIIY TOlKll8¢TB, auanorH~HhlX TOJKA8CTB8M, HCROJlb308aRB~M BhlW8, 

ljlopMYIIY (19) MOlKHO ynpOCTHT&, Tall ~TO B peayn&TaTe ORa 6yneT coana~aTb C ljlopMYIIOil, 
- n1 

RpBB8A8BBOil B npsMeqaHHH 6 pa60Thl : 

nns npRM8H8BH!I (19) K M830BHOMY 35-nneTy H806XOAHMO BOCROIIb30BaT&CR Ta6nHneil 

KBAHTO&hlX qacen, oTae~a~m•x penyxnaH (20), 

CocToHRHH 

K0
, %(-"+v'3'1). K0 

K>OO, %(-p0+v'3t.~), K>OO 

%(po + ...!.."') +v .1. <P 
y3 3 

-.j%po -..l..C., +_!_ </> 
y6 y3 

%(y3rr"+,) 

+ + K • _, 

x•+ 

,-

p 

. 
. 

+ 
-p 

-K 

-K* --

0 

0 

0 

0 

1/2 

1/2 

1/2 

1/2 

R p 

0 0 

0 

0 

0 

0 0 

1/2 1/2 

1/2 1/2 

1/2 1/2 

1/2 1/2 

8 

8 

8 

0 

0 

(4) 

C au 

15/4 

J5/4 

151,4 

15/4 

npa aTOM nony~aeTCH cne~y~wee coOTuomeaae, cnpaaennaaoe ao acex nopHAxax no 

yMepeuHo-CRIIbHOMy B3aHMO~eiiCTBH~: 

x) 
npyrHMH-+ CJIOB4J1411, 

HhlX xaapxoa, a P + ~ - § • 

.. 
p 8CTb CRHR 'npOTVBBOro• XBapxa 

.. 
R - CRHH OCTan&-

6 

-
' 

K• + _ K*o + ...1ll... ( p + _Po ) ~ K + _ Ko + 10 ( , + _ ,• ) • 
3 3 

0CT811bBbl8 COOTHOW8HHH AIIH M8CC M830HOB, BbiTeK8~WH8 83 ( 19) , M8B88 

nocxon&xy co~eplKaT "MaCChl nepexonoa• 

< ·po td > • <·p/ ¢ > <t.~¢ >. 

AaTOphl BNpalKa~T rny6oxy~ 6naronapaocT& A.H,Taaxenunae u H.T.1 

HBTepec X pa60Te R RIIOAOTBOP8hl8 AHCKyCCBR, 

nBTepaTypa 

1. S.Co1~, S.L.G1ashow. Phya. Rev., 134, B671 (1964), 

2. 5.0kubo. Procress ofTIIeor. Phys., 'J:J, 949 (1962). 

3. II.A.Ba&l Bee. \I,Siap. Phys. Rev., L., 13, 418 (1964) 1. 

4. T.,K,Kao, YT..Yao,. Phya. Rev., L., 13, 415 (1964). 

5. J.Schwiacer. Phya. Rev., 135, 8816 (1964). 

6. J.M.Charap, !!, ~.llattews. Phya. Lett., 13, 346 (1964). 

57. ~.K.Kao, ~.Yao, • Phya. ·Rev. Lett., 14, 79 (1965). 

• 
Pyxonuc& nocTynuna B uanaTen&cxBil 

28 anpen11 1965 r. 



'+ M' Q + M' J <J+ 1 )+ M' c< 8~ M' [2P(P+1)-C<t> + I'Q 2] + 
0 1 2 a 2 4 au 

(19) 

M'5 [ U ( U + 1 ) + R ( R + 1)-4/5 c<:~ l+ M '• Q 
2 

• 

/6/x) 
3 AeCb o603HB'IeHbl KBBHTOBble 'IHCna, B03HHK81011lH9 npB peAyKJlBH 

~(2) x SU( 4) :> U(1) Q x SU(2) x SU(2) x SU(2) , 
P U P U R (20} 

CHny TOJKA9¢TB 1 8H8nOrB'IHblX TOJKA9CTBBM, BCRom.30B8HHblM BblW9 1 

ynpoCTHTb, TBK 'ITO B peaynbTBTe OHB 6yAeT COBR8A8Tb C ~pMynoA, 

171 
'18HHH 6 pa60Tbl : 

(19) K Me30HHOMY 35-nneTy aeo6XOAHMO BOCROnh30B8TbCH T86nBneA 

9'181011lBX peAyKilHH (20), 

u 
(4) 

R p c 
au 

1 0 0 8 

1 1 0 8 

0 1 0 8 

0 0 1 0 

0 0 0 0 

1/2 1/2 1/2 15/4 

' 1/2 1/2 1/2 )5/4 

1/2 1/2 1/2 151,4 

1/2 1/2 1/2 15/4 

aeTcH cneny10mee coOTaoweaBe, cnpaseAnBBoe so scex nopHAxax no 

·38HMOQellcTBRIO: 

... 
~OB8t411, p 9CTb CRHH "npOTGHHOro• KB8pK8 

~ = ~ • 

... 
R - CRBH OCT8Ab-

6 

-

J 

l ~ 

K• + - K*o + ...lll.. ( ·p +-Po ) = K + - Ko + ~ ( "+- "• ) • 
3 3 (21) 

0CTanbHbl9 COOTHOW9HHSI AnH MBCC M930BOB1 Bb1TeK8101!lR9 B3 ( 19) 1 MeHee HHTepeCHbl, 

ROCKonbKY COA9plK8T. "MBCCbl nepeXOAOB" 

< ·po GJ > • <p/ ¢ > <GJ¢ >. 

AsTopbl Bblp8lKBJOT rny6oxy10 6naronapHOCTb A.H,TasxenHA3e R H.T.Tonoposy aa 

HHTepec K pa60Te H nnOAOTBOpHbl9 ABCKYCCHB, 

n B T e p 8 T 1 p 8 

1. S.Co1-, S.L.G1 .. bow. Pbya. Rev., 134, B671 (1964). 
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