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Ecnn npennonoJKHTh• 'ITO p0
- , w - n ¢ - Me30Hhi na10T 

noMHHMpyJOIUHii BKnan B nepaoe npaanno cyMM Baiiu6e pra I 1 I 

a{3 ( 2 ) 
Pt m. af3( 2)) So S'~ ~ + p m = ~Q + u ao u a 0 m2 o ...,.., ,.., 

(1) 

nnSI cneKTpanhHhiX !f>yHKUHii p af3 (m 2 } , BXOJlSIIUHX a npencTaaneHne t.Jenne-
t,o 

Ha:...neMaHa JlnSI KOppenSIUHOHHOii !flyHKUHM /). a{3. ( q 2.) 
llv 

B9KTOpHb!X TOKOB 

a = 0 1 11 21 • • • 8 - yHHTapHbte MH)leKCb!) 

< 0 I T ( va ( X ) v. {3 (0)) I 0 > .. JL . v 
4 I q X 

=ifdxe 
( 2) 

TO MOlKHO nony'IHTb cne)ly!OU!He COOTHOIII9HHSI JlnSI KOHCT8HTbl nepeXO)l8 lf>oTOH­

BeKTOPHbiii M930H/2,3/: 

3 m
2
..1. m~ 

( 
2 2 8 2 • 2 8 ) 3( 'f' ) ......,...4-g_,.~- m¢cos. y+mwsm v =· g¢ + g~ , 

M yrnOB W -¢ CM9IUHB8HHSI/31 • 

m~tgev =mJ tg9 8 

3 

( 3) 

(4) 



nocTOSIHHbie CBSI31I g V li yrnbi CMellinBaHliSI E) y li E) B . onpenenSIIOTCSI 

qepea MaTpli'IHbie sneMeHTbi naocnnHoBoro (I) , rnnepaapSIIloBoro ( Y) 

n 6apliOHHOI'O (B) TOKOB: 

< o 1 v~ > (O) 1 Po > = < o 0 2 -1 
V a (0) l p > = m g E ' 

fL p p fL 

(Y) 
<Ol Vp. (O)l¢ > 

2 8 . 2 -1 
- < 0 l V (0) l ¢ > = m ..1. g cos 8 £ , , 
~ p. ~ y y r 

, (Y) 2 
< o· 1 v P. (O) 1 w > = v 

3 
< o V 

8 
(0) lw 

p. 
> =-m 2 g- 1 sinS c, 

(rJ y y fL 

(B) 2 0 -1 
< 0 I V (0) l ¢ = v - < 0 l V (0) I ¢ > = m ~ g 8 sin 8 8 £ 

fL 3 ·p. ~ fL 

(B) 

<0 l v (0) l (rJ > 
fL 

2 0 2 -1 
y-<01 V (O)l w> =mw g B cos8 8 £ 

3 fL fL 

rne £ p. - BeKTop nonSipnaaunn MeaoHa. 

(5) 

( ) 
' /4/ 

CooTHomeHne 4 HecoBMecTnMo c Monenhro cMemnBaHnSI Mace 
0 ) . 

Korna yron cMelllnBaHHSI 8 1 ( 8 1 = 8 y = 8 8 = 40 onpenenSieTCSI 

qepea <jJopMyny fenn-MaHHa-0Ky6o llnSI KBanpaTOB MaCC HOHeTa B8KTOpHbiX 

Me30HOB 

4m 2 -m 2 =3(m 2 cos 2 8 +m 2sin 2 8 ). 
K* p ¢ 1 w 1 

( 8) 

B pa6oTe/5/ 6bmo noKaaaHo, 'ITO B Monenn anre6pbi Kanu6poBO'IHbiX no­

neu/8/ TOnbKO MOilenb "cMelliliBaHHSI TOKOB"/3, 7/ CO .3Ha'leHliSIMll yrnOB 

m m.1. 
tg8 = _w_ tg8 = ~tg8 , 

m¢ Y mw B 

4 
m2 

K* 

1 
---;;2 = 3( 

p 

cos
2
0 

m.~ 

sin
2

8 
+---) 

m2 
w 

(7) 

COBM8CTHMa C o6bi'IHbiMII SU (3) - KOMMYT8UIIOHHbiMII COOTHOil18HIISIMII TOKOBo 

noaTOMy 60nbll1YIO B8:lKHOCTb npno6peTaeT BOIIpOC 0 CI!paBenmiBOCTl~ rrpamma 

4 

,,. 
·.j 

I 
I 

I 

CyMM ( 1) II ero COBMeCTliMOCTli C M 

T8nbHblll OTB8T H8 IIOCT8Bn8HHblll BOI!pi 

nenn anre6pbi nonefi. npencTaBnSieT n 

MO:lKHOCTbo 

npammo CYMM BailH6epra ( 1) S' 
. . 

B ce6e 11cn!IIl1KOM . MHOI'O CIIMM8Tp!I:II0 

K8X p- 0 W - 0 ¢ - llOMJIHaHTHOCTli. 

OTKaaaTbCSI OT B03MO:lKHOCTli npoBepKii 

aCliMllTOTH'I8CKOfi CliMMeTpliH . B p8MKB 

IlbiT8TbCSI np1IIl8Tb CMbiCn noniOCHOMy 

Menee orpaHH~nTenbHbiX ycnoBnSix Ha 

2 . 
1pn q ... oo • Ha nepBoM nyTn 6bm nonyq 

o nonycTnMocTn coxpaHeHnSI Monenn ex 

nnBOCTn ( 1). Mbi o6paTnMCSI K npyro 

cnencTBnil nonrocnoro HaCbiiUeHnSI np.e 

HaKnallbiBaeMbiX Ha yHliTapHyiO c:rpyK 

su (3) - CliMMeTpHH. Halll nonxon 6yp 

nonaraSI o6bi'IHbie YHliTapHbie CBOllCT: 

neficTBliSI ( lllnypnoH .\s · ) n Bo3MI 

IUeHHll no 9TOMr B3aliMOilellCTBHIO, ; 

( Mbi He BblllHCbiBaeM nanee npocTpE 

B BUlle 

af3 
1:1. =6.1 ° af3 +6.2 °ao 0 f3o + 6.3 ( 

rne f:1. t - <jJyHKUlili 0 Y:lK8 He aaBliCSI 

Koa<P<PnuneHTbi, onpenenSiromne aHT 

MO:lKHO ;nony'lliTb COOTHOilleHne · Tlill8 ( 

K* 0 
46. - t,.P ,91 



CM9IIIJIBaHJUI (3 y li (3 B . onpeJleJJSIIOTCSI 

JI30CIIJIHOBOrO (J) 1 rnnep3apSIJlOBoro (Y) 

0 :1 -1 
V 

3 
(0) I P > = m g £ " ' J1. p p r 

8 I 2 -1 0 I v (0) ¢ > = m ..!.. g cos e ( II • 
!l ~ Y Y r 

> =-m 2 g- 1 sinS Yf, 
w y /l 

_..· (5) 8 
V /l (0) lw 

v 0 (0) I ...!.. > = m 2 g - I sin e f 
/l ·'f' rpB Bp 

I o < I z -1 <0 V 0) w> = m W g B COS E) B f 
/l /l 

li M930Ha. 

·c M0Jl9Jlbl0 CMeiiiJIBaHIISI Mace 
/4/ 

y = E) B = 40 O ) OIIp9Jl9J1SI9TCSJ 

y6o JlJJSI KBaapaTOB Mace HOHeTa B9KTOpHbiX 

2 e + m 2sin 2 e ) . . l w l 
( 6) 

'ITO B Moaemr anre6pbi Kamr6poBO'lHhiX no­

BaHHSI TOKOB" /3,7/ co 3H8'l9HIISIMU YrJJOB 

=~tge 
m B' 

w 

cos
2 8 -m:;p 

sin
2 8 

+---) 
mZ 

w 

(7) 

- KOMMyTaUUOHHbiMU COOTHOIII8HIISIMU TOKOB. 

5peTaeT sonpoc o cnpaBeannsocTI~ npaBnna 

4 

I. 
I 

'I 

! 
_,1 

i 

cyMM ( 1) n ero COBMecTJIMOCTJI c MoaenbiO "CMeiiiJIBaHJISI Mace'. llonoJKJI-

• 
TenbHblii: OTBeT Ha ITOCTaBneHHbiH BOllpOC 5bin 6b! CBHJl9TenbCTBOM rrpOTHB MO-

Jl8nii anre5pbi noneii:. llpeacTaBnsreT HHTepec paccMoTpeTb cneb.yJOIIIYIO Bo3-

MOlKHOCTb. 

llpaBuno cyMM Baii:n6epra ( 1} srBns:eTcs: cnpaBeamrBbiM, no 3aKniO'laeT 

B ce5e ,cnHIIIKOM . MHOrO CHMM9Tpllli1 'IT06bi 6biTb cnpaBennuBbiM B paM-

Kax P- , w -, ¢ - JlOMJIHaHTHOCTJI. Torn a B03HJIKaeT anbTepnaTUBa: nu6o 

OTK838TbCSI OT B03MOlKHOCTH rrpoBepKH (1) li neJKaliiUX B ero OCHOBe CBOHCTB 

8CUMIITOTll'l8CKOii: CJIMM9Tpllll 'B paMKaX .BeKTOpHOii: JlOMUHaHTHOCTll1 nu6o ITO­

IIbiT8TbCSI rrpJIJlaTb CMbiCn IIOniOCHOMy HaCbllii8HJIIO rrpaBun CyMM Tllll8 ( 1) rrpll 

. ;,{:3 2 
MeHee orpaHU'lHTenbHbiX ycnOBHSIX Ha xapaKTep CHMM9TpiiH cjlyHKUJill /). f.lV ( q ) 

2 · • I 81 
1pn q .... oo • Ha nepBOM nyTu 5brn nony'leH nnTepecnhm peGynbTaT ,roBopSimnii: 

o nonycTIIMOCTJI coxpaneHJISI Monenu cMeiiiUBanusr Mace npu ycnoBun cnpaBen­

nuBOCTJI ( 1). Mbi o6paTnMcsr K npyroii: B03MOlKHoc_Tu, II Menno; K cpaBHeHIIIO 

cnencTBJiii: rronJOcHoro nacbiiiienns: npaBun cyMM npu 6onee o6mJix ycnoBnSix, 

naKnanbiBaeMbiX na ynuTapnyiO c;rpyKTypy. cjlynKunu 6. t B napyiiiennoii: 

su (3) - CllMMeTpllll. Haiii nomcoa 5yneT 'lllCTO cjlenoMeHonorii'l9CKliM. llpen­

nonaras: o6bi'lHbi9 YHJITapHbie CBOHCTBa HapyiiiaJOmero CllMMeTpiilO B3allMO­

neii:CTBHSI ( IIIIIypHOH As · ) II B03MOlKHOCTb HCIIOnb30BaHJIH T90pllll B03My­

III9Hllii: ITO 8TOM}' B38llMOJleii:CTBJil00 38IIHIII9M YHHTapHyJO CTpyKTypy /). cf3 
( Mbl He BbiiiHCbiBaeM nanee IIpOCTpaHCTBeHHbiX llHJl9KCOB ll nepeMeHHbiX) 

B BJIJle 

a~ • . 
6. = 6. 1 8 ~ + 6. 2 8 a0 8 ~ o + 6. 3 ( 8 a o 8 ~ 8 + 8 ~ o 8 a8 ) + /). 4 d a~ 8 • ( 8} 

rne /). I - cjlyHKUllll 0 yJKe He 38BllCSIIIIll9 OT YHllTapHbiX llHJl9KCOB1 ll d -fJ. -
. '-'t'Y 

KoacjJcjlnuneHThi, onpenens:IOmne aHTllKOMMyTaTopbi ,\ - MaTpnu. l13 ( 8) 

MOlKHO ;nony'lllTb COOTHOIII9Hlle · Tllii8 cjlopMynhi ( 6): 

~ 0 ..!.. 
46. -t>..p =9(6.w+6. ~), ( 9) 
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r.oe 

~ 

K* 

~ 

Po 
~ 

1 66 \ 7i ) -( .. \ +- • - 2 

"'~ 31 

3(~w +.\ ¢)= .\ '' 

.. 

(10) 

nepeXO.llH K rrpeneny q ~ ... twn q2 
... 0 B lj:>opMyne (9), MOlliHo rrony<IaTb 

Terrepb ITp8BIIn8 CyMM .llnH pa3nii'IHh!X MOMeHTOB OT CITeKTpanbHbiX cpyHKUHfi 

paf3(m2) 
I 

a{3 2 
BKnanoM p 

0 
(m ) :>-thi, cnenyg/2,3/, 6yneM rrpeHe6peraTb, 

ITOCKOnbKY OH SIBmieTCH qneHOM BTOporo ITOpS!.llKa TeOpHH B03MylUeHHfi ITO Ha­

pyrnatolUeMy CJIMMeTpiiiO B38IIMO.lleUCTBHIO): 

4 K* 
pn 

0 

-p p '= 9( p '" + p ¢ ) . 
n n n 

a{3 J 2n a{3 ( 2 ) d ~ Pn '= m p 
1 

m m n ,0.-1,-2, ... 

( 11) 

( 12) 

nocKonbKY Harneii uenbiO HBnSieTCH ncrronbaoBaHHe rrpii6niillieHHoro HaCbtlUe­

HIISI rrpaBIIn cyMM ( 11) BKn8.llOM HOHeTa BeKTOpHb!X Me30HOB, TO ecTeCTBeHHO 

paccMoTpeTb ( 11) nnH aHa'leHHii n , -1, -2. B 3TOM cnyqae rrpaBHna cyMM 

6y.llyT MeHee qyBCTBHTenbHhlMII K BKnany 8CIIMIITOTH'IeCKH Bb!COKHX 3Heprnif, 

rne MOlliHO Ollill.ll8Tb HapyllleHUH BeKTOpHOii .llOMJ!H8HTHOCTH/8/, 

npu n =- 1 n n ,_ 2 rroniOcHoe rrpH6mnKeHHe nnH crreKTpanbHhiX rrpaBnn 

cyMM ( 1 0 naeT 

m~* 
4 --

g2 
K* 

m 2 
p 

g2 
p 

= 9( 
m

2 m~ 
__ w_+--). 

? 2 . 

g ~ g ¢ 

_4_- _1_, 9 ( _1_ + _1 ). 
2 2 2 2 

gK* g p g W g cp 

6 

(13) 

(14) 

\ 

j 

l 
. I 
I 

., 
I 

l,' 

il 
!I 

i 

l1cKniO<IaH g K* IIa ( 13) II ( 14), n 

CBH3H: 

t 
m2w -m .J* 

2 
gw 

~ 
+ --

IInii nnR rniipHH pacnanoB: 

2 2 

r(p ... rtf->+ 
m w-mK* 
---n 

9mp mw 

llnS! cpaBHeHHSI ITpHBe.lleM cne.llCTBHe ITOJ 

1 + -3 m p r( p ... f f ) - in wr< w ... 

C ncrronb3oBaHneM 3KcrrepnMeHTanbHl 

. 2 

~= 2,10 ±0,11; 
417 

2 

~=14,8± 
417 

-2 -2 
g p: g w 

-2 
g ,p= 9: 1,~ 1, 72 

nonyqaeM .onR cyMMhi qneHoB B neE 

I , ( -0,05:!:..0,12), a nnR neBofi qac 

HOllieHHSI (15) II (16) He 38BUCSIT OT 

W-cp CMelliHB~HHH OITpenenSieTCSI BII.ll 

3lj:>¢eKTHBHoro narpaH)!{lfaHa (eM., Har. 

l<l _J._ Fa Fa .1 2 a a 
.L =- 4 pv pv - 2 m o v . ll v ll 



.. 

_\ 66 + .\ 77 ) • 

(10) 

) '" :\ , .. 

.... 
nnn q 2 

... o B ljlopMyne ( 9), MO)KHO rrony'laTb 

pa3nli'IHbJX MOM6HTOB OT CIIeKTpanbHblX ljlyHKUIIH 

~thi, cneJJys:/2,3/, 6yJJeM rrpeHe6peraTh, 

eHOM BTOporo IIOpHJlK8 TeOpllll B03MYIII6Hllll IIO Ha-

( 11) 

(m 2 )dm!l. n =0.-1, -2, .•• 
( 12) 

BmieTCH ncrronh30BaHne rrpn6nn)KeHHoro HaCbJIIIe-

OM ·HOH6T8 B6KTOpHblX M630HOB 1 TO 6CT6CTB6HHO 

n = -1, -2. B sToM cny'lae rrpaBIIna cyMM 

K BKnaJJy 8CIIMIITOTH'I6CKII BbiCOKl!X 3HepriiH1 

HIIH B6KTOpHOA JlOMHHaHTHOCTII/8/. 

rromocHoe rrpn6mDK6Hlle JlnH crreKTpanhHhJX rrpaBIIn 

= 9( 
m2 m~ 

__ w_+-- ). 
<) 2 

g ~ g ¢ 

(13) 

, 1 ) + - • 
g2w g2¢ (14) 

6 

! 

-, 

l 

I 

! 
II 
ll 

'\ 
,! 

l1cKnJO'I8H g K* ll3 ( 13) II ( 14) 1 IIony'laeM rrpaBIInO CyMM J]nH KOHCT8HT 

CBH3II: 

m 2 -mi* 
p + 

m2 -mi_* 
w + m ¢-~i* 

gJ 
= 0, 

9g2p . g;, 

Hnii JJnH miipiiH pacrraJJoB: 

2 2 
m p-mK* 

2 2 . 2 2 
m w-~* m <PIDK* ----nw ... r+r->+ r < ¢ ... r+r->=O. r(p ... r+f->+ 

9mp mw mcp 

(15) 

( 16) 

nng CpaBHeHI!H IIpl!B6Jl6M CneJJCTBI!e IIOnJOCHOrO H8Cbllll6HI!H IIpaBnna cyMM ( 1): 

1 +- +- +-
-m r(p ... f f) -inwr(w ... e f )-m-~.r(¢ ... f f )=0. 
3 p 'f' 

/9/ 
C llCIIOnb30B8HlleM 3KCIIepnMeHT8nbHblX Jl8HHblX 

, 2 

_!e_= 2,10 +0,11; 
4rr -

2 

~= 14,8±2,8; 
4rr 

-2 -2 
g p: g w 

-2 g = 9. 1"" ¢ . •""' 1, 72 

2 

__!!!_ = 11,0 t 1,8 ; 
4rr 

(17) 

( 18) 

rrony'laeM JJmi cyMMbi 'lneHoB B nesoii: 'laCTII paBeHCTBa ( 16) senH'IHHy 

I = ( -0,05:!:_0,12), a Jlnll neBoll: 'laCTH ( 17) I = ( -0,53:!:_0,56). CooT­

HomeHIIll ( 15) II ( 16) He 38BHCliT OT MO.r:tenH W- cp CM6lllHBaHllllo Mo.r:tenb 

w-¢ cMemnBaHHH orrpeJJenHeTcH Bll.r:tOM Hapymaromero SU(3) - cnMMeTpiiJO 

sljJ!jleKTIIBHoro narpaH)KIJaHa (eM., HarrpuMep,/5/) 

~=-{-FpC:, F;7v- {m 0
2v ~vail + ~ Br, ( 19) 
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f Bf = 

1 2 
- -K d va va 

2 m aaB p. p. 
( 20a) 

_ _!K 2d Fa Fa 
4 c aa s p.v p.v (206) 

_..;· 

rne 

Fa =a v a -a v a - g f ~ v {3 v y 
p.v p. v v p. o a/-' y p. v 

v p.a - onepaTop nomi BeKTopaoro Me3oHa, g 0 II K !(c) - KOHCTaHTbi 

s<jJ<jleKTHBHoro narpaH:HillaHa BaaHMogeficTBHSI BeKTOpHbiX nonefi~ Bbipameane 

(20a) COOTBeTCTByeT MO,lleJIII "cMelliiiBaHHSI Mace' H npHBO,llHT K MaCCOBOH 

¢opMyne ( 6), a ( 206) onpeaenSieT MO.llenb "cMemiiBaHIISI TOKOB" II aeneT 

K <jlopMyne ( 7) ,llJISI o6paTHbiX KBanpaTOB Mace. 

0TMeTIIM1 'ITO yCJIOBHeM COBMeCTHMOCTII npaBHJI CYMM ( 13) H ( 14) 

II MaCCOBOH lflopMyJihi fenn-MaHHa-0Ky6o ( 6) 6ynyT paBeHCTBa 

1 1 --= --= g: gi* 
1 1 --=--, g: g; (2l) 

a yCJIOBHeM. COBMeCTHMOCTH ( 13) H ( 14) H MaCCOBOH <jlopMyJihi KonbMaHa 

II IliHnTuepa/7/ (7)_ 6yneT cne.llyiDmee cooTHomeane: 

2 

~= 
2 

gp 

2 
m K* 

2 
g K* 

( 22) 

TaKI!M o6paaoM, Monenb "cMemnBaHIISI Mace.' npegcKa3biBaeT cnpaaegnnaocTb 

SU(3) - CHMMeTpHH L!nSI 6e3pa3MepHbiX KOHCTaHT CBS13H 1 Torga KaK MO,lleJib 

"cMemi!BaHHSI TOKoB" npHBO.lliiT K aapymeHHIO SU(3) .llJISI KOHcTaHT g v 

B COOTBeTCTBI!H C paBeHCTBOM (22). 113 <jlopMyn (13)· II (22) cnegyeT (3) 

H ( 17), a 113 <jlopMyn ( 13), ( 14) H (21) M.O)KHO nony'IHTb/11/ 

8 
1B 

; ,, 
'! 

} 

I 
~ 

I 
t 
t 
~ 

I 
t 
I~ 

i 
M 
~ . 

1
., 

' 

I lJ.I 

~! 
i~ 

11\ 

I' 
-~ 

I 
f 
f 

J 

cl-- +-
:._~ 1 r{p->ff) r(w ... e e > 

3 -
mp m . n w 

4 2 2 +- . + -1 mK,.-mP 
r(p ... U ) - mwr(w ... e e )-m 

9 m . p 

Ilpaanno cyMM ( 24) 6bmo nony'leHo paHee B 

HOllieHHSI ( 18) 1 ( 17) 1 ( 23) H ( 24) .llJISI llil!pl 

w- ¢ - Me30HOB SIBJISIIOTCSI KBagpaTU'IH 

Hnme Mbi nony'IIIM nnaefiHhie no gv COOT 

aaanorii'IHoro cxeMe BbiBo.lla MaccoBbiX <jloprv 

gnSI y'leTa aapymeanSI SU(3) - CIIMMeTpiiH · 

BKJIIO'IaeTCSI mnypHOH C yHHT8pHbiM H CBOHCTB, 

pbiM npeiiMyiUeCTBOM JIIIHeHHbiX no g v COO 

SITenbCTB0 1 'ITO l!M MOlliHO COnOCTaBl!Tb SKene 

MeHblliefi OTHOCl!TeJibHOH Olliii6KOHo 

Onpegen:aM 'Macey nepexoga .. M yv 

<0 I j 
11 

(0) I V( '})> = E ll(q)M~v 

rge j ll - onepaTop sneKTpoMarHHTHoro To 
• 0 +-

Horo pacnaga r ( V -> f f ) paBH8 

4 4 
o + aM yv me 

r(V ... fC)= +0(-4 ), 

3 a m mv v 
-I 

137. a 

ITo onpegeneHl!IO, 6e3pa3MepH&Ie KoncTaHTh 

c My v cnegyiOll:i~IM o6pa3oM: 

9 



1 2 - 2Km d aas v~ vall 

1 2d Fa F'a· 
-4Kc aas p.v p.v 

a-ava-gfRvf3vy 
v v p. o at' y p. v 

B9KTOpHOrO M930Ha, g O 

(20a) 

(205) 

_,l 

II 2 
K m(c) - KOHCTaHTbi 

B381IMOAeiicTBIISI BeKTopHbiX noneii. Bbipa)KeHrre. 

O,ll9.1Ill 'CM9llillB8HllSI Mace' II npirBO,llllT K M8CCOBOH 

TOKOB" II B9.ll9T 

paTHbiX KB8.llp8TOB Mace, 

BII9M COBM9CTIIMOCTII npaBir.II CYMM ( 13) II 

fenn-MaHHa-0Ky6o (6) 6y.llyT paBeHCTBa 

( 14) 

1 1 
g;=~· 

8 y 
(2l) 

( 13) II ( 14) n . Maccoaoii <!JopMynbi KonbMaaa 

2 
mK* 

2 
g K* 

COOTHOlli9HIIe: 

( 22) 

npe,llCKa3biB8eT cnpaBe,llrriiBOCTb 

TOr,lla K8K MO,ll9.1Ib 

OAIIT K HapymeHIIIO SU(3) Ans:r KOHcTaHT g v 

(22). Hs <!JopMyn (13)-rr (22) cneAyeT {3) 

13). ( 14) II ( 21) MO~HO IIO.IIY'IIITb/111 

8 
lb 

I 

I 
j 
II 
I 

1 
! ,, 
:r 

I 
j 

I ,y 
) 

;~ 
f 
~ ' 

.t 
{ 

1~ l· 
i~ 
~ 
l 
1 
! 
~ 

f 
f 
' 

1-- +- +-_1 r{p->ff) - r(w-> f £ ) - r<2._, £ £ > = 0, ',-
3 mp m . me/> (j) 

( 23) 

1 
4 2 2 mKrmp +- " +- +-

9 mp 
r(p_,££ )- mwr(w __,£ £ )-mcpr(cp-> £ £ )=0. (24) 

/10/ ' 
ITpammo cyMM ( 24) 6brno rronyqeao paHee B pa6oTe Cyraaapbr • CooT-

Home Him ( 16) 0 ( 17) 0 ( 23) II ( 24) ,ll.IISI lliiipiiH .119IITOHH~I~ pacna,llOB p 0 -, 

w- • cp - M930HOB SIB.IISIIOTCSI KB8,llpUTII'IHbiMII no KOHCT8HTe CBSI31I gy• 

Hrr)Ke Mbi rrony'IIIM niiHeiiHbre no gv COOTHOlli9HIISI Ha OCHOBe nO,llXO,lla 0 

aHanorii'IHOrO CXeMe BbiBO.ll8 M8CCOBbiX <!JopMyn fenn-MaHH8-0Ky6o, KOr.lla 

AnSI y'leTa HapymeHIISI SU(3) - crrMMeTpmr B MaTpnuy "Maccoaoro 'qneaa" 

BK.IIIO'I89TCSI IDIIypiiOH C yHirT8pHbiM II CBOHCTB8MII· MaTplrUbl A 8 , HeKOTO-

pbiM npeiiMyiiieCTBOM .IIIIH9llHbiX IIO g v COOTHOlli9HliH SIB.IISieTCSI TO o6CTO-: 

SIT9.1IbCTB0 0 'ITO liM MO)KHO COIIOCT8BIITb 9KCII9piiM9HT3.1IbHbi9 .ll8HHbi9 C B.llBOe 

M9Hblli9ll OTHOCIIT9.1IbHOH OIDII6KOH, 

OnpeAen::rM "Macey nepexoAa" M yv qepes MaTpii'IHbrii aneMeHT: 

( 25) 

<0 I ill (0)1 V(q)>= cfL(q)M~v• 

rAe j JL - onepaTop 9neKTpoMarHirTHoro ToKa, q 2 = m ~ • llJrrpiiHa nenToH-

• 0 +-
pacna,lla r ( V --> £ £ ) paBHa Horo 

o aM
4

v m
4 

r ( v --> e+c) = y + 0 ( _e ), 

3 a m4 
mv v 

-I 
137. a 

ITo onpeAeneHnio, 6espa3MepHbi9 KOHCT8HTbi CBSI3II gy II Y y 

c My v cneAyrorrdrM o6pasoM: 

9 

( 26) -

CBSI38Hbi 

c-~ 



'----;:::> 

2 
Myv ,ft''TT a 
~= --g-

v v 

MaccoBbie ¢opMynbi nnR 

JlYlOT H3 Bb!p8)K9HH51 

2 
M yv 

y'41ra 

2yv 

B HapymeHHOii: 

( 27) 

SU(3) - CIIMMeTpiiii cne-

2 ~ 2 A A 2 A A 2 A A A 2 .AI'\ A 

Myv~M8 <yV >+ M
1
<y><V>+ ..\ <y..\ 8 V>+fl <y..\ 8 ><V>+ ( 28) 

+ v 2 <y ><A 8 V >, 

" " 
rne < A > = Sp A 

" I 
1 V - M8TpHU8 HefiTpanbHbiX BeKTOpHbiX M930HOB 1 

}' - M8TpHU81 0Tp8)K8l01U851 YHHTapHble CBOfiCTBa orrepaTopa aneKTpOMarHJIT­

HOrO TOKa.~ Mbi rrpenrronaraeM anecb, 'ITO TOK rrpeo5paayeTcR B yHHTapHoM 
A ~ A ,,. 

rrpoCTpaHCTBe K8K nHH9ii:Ha51 KOM5HH8UHR CHHrneTa Yt H OKT9Ta Ys = Q. 
,._ A ~; 

0TnH'lHb!9 OT HynR JlHaroHanbHbie aneMeHTbl MaTpHil V 1 .,\ 8 1 Q II pH-

BeJleHbl liH)K9: 

" [ 1=..( w cos 8 - cp sin8 + p 0 ), -
1
-(w cos 8- cpsin8- p 0),....;(cpcos8+ wsin 8)], 

y'2 .[2 • 
v ~ diag 

A • ( 1 ~- 2_), . "-a ~ diag y'3 , y'3 y'3 ( 29) 

" - 2 ·L .l.) / Q ~ diag ( 3 , - 3, - 3 , 

rae 8 ~ e l- e e I 0 
40 - yron w- cp cMernHBaHHR cornacHo Moaenn 

CMelllHB8HH51 MaCC ( 6) 1 0 

floCKOnbKY 'lliCnO H9li3BeCTHbiX 

- 1 6HJleanbHb!il:~ · yron CMelllliB8Hli51 ( tg 0 ~ y''J ). 

KOHCTaHT B <lJopMyne (28) CnlllllKOM BenHK0 1 

Mbl CMO)KeM paCCMOTpeTb nliiiib HeCKOnbKO 'l8CTHblX MOJleneii HapymeHIIR 

SU(3) - CliMMeTplllle 

10 

1) SU(3) - CHMMeTpHR JlliR 

ToK rrpeo5paayeTcR KaK OKTeT 

H (29) cneayeT/11/ 

( y ~ {j 

y'3 mJ y'3 2 

~ 
gp sin0 1 g w cosO 

1 

0,11(±3%), 0,12( ± 9%) 

3aech n aanee Mbi rrpnBOJlllM 'lHcneHHbie : 
2 . 

faB 1 KOTOpb!e COOTBeTCTBYlOT -mp 

H 9KCII9pHM9HTalibHbiM KOHCT8HTaM CBR 

2) SU(3) - cnMMeTpHR anR. 

ToK rrpeo5paayeTCR KaK nnHeliHaR KoM5a 

M; H M ~ na ( 26), rronyqaeM Tel 

2 -
~~y'3 ( 
gp 

m~ sin 0 I 

' + 
gw 

0,11(±3%) 

~ 
g 

0, 1: 

3) HapyrneHHaR SU(3) -CHMM 

MHH8HTHOCTb aneKTpoMariinTH 

floll OKT8THOii: LlOMHH8HTHOCTb!O TOKa II( 

a) B rrpeaene TO'lHoli SU(3) - en 

' " " 2 2 qacTH ( y ~ Q , M 1 ~ v ~ 0 ). 

5) I1HilYUllpOB8HH8R HapyllleHUeM Sl 
." 

neTUOii: 'l8CTb!O l':f8TpliUbl - V II0Jl8Bl1 

l\1 2 n ..\ ~ IIa ¢opMynhi ( 28) HaxoJJ 
8 

1 



-y41ra 
... = 

2yv ( 27) 

B Hapymenaofi SU(3) - cnMMeTpi~n cne-

"" 2 """' 2 ·"" " <V>+A <yA 8 V>+p <yA 8 ><V>+ ··' 
. ( 28) 

- M8TpliU8 HefiTpanhHblX BeKTOpHbiX Me30IIOB1 

yHHTBpHhle CBOllCTBa onepaTopa sneKTpOM8I'HliT-

3JleCb1 'ITO TOK rrpeo6paayeTC.II B YHliTBpHOM 
" ~ " n: 

KOM6lJH8UliSI CliHrn.eTa Y I H OKTeTa y 8 :: Q. 
"' A " ~nbllbie sneMeHThi MaTpnu V , A 8 , Q rrpH-

sino+ p 0 ), -
1-(w coso- ¢sino- p 0),...;(¢coso+ wsin 8)], 
J2 

) ' 

. . 
( 29) 

cMemnBaHHSI cornacHo Mo)lenn 

- 1 
"'nneanbHblllr · yron CMeJllliBBHliSI ( tg 0 = y2 ). 
KOHCTBIIT B ~OpMyne ( 28) Cnl!JliKOM Benl!KO, 

nHJllb HeCKOnhKO '18CTHbiX MO)lenefi napymeHll.II 

10 

) 

1) SU(3) - c n M MeT p n .11 Jl ii .11 K 6 H c T a a· T 
~ R 2 

ToK npeo6paayeTcSI KaK OKTeT ( Y = ~ , M 1 = 0). 
• 

C B .II 3 II . ( ,\ 2 = Jl 2 =V ~0). .. 

·Ha ~opMyn (28) n 

n (29) cneJlyeT/11/ 

2 

~ 
gp 

v3 m~ 
sin01 g w 

- 2 
y3 .!!!.!/!_ 

cosO 1 g¢ 

0,11(±3%), 0,12(±9%)' 0,20(±8%) 

(30) 

3.aech n .aanee Mbi npnBOJlHM qncneHHbie aaaqennSI Bcex Bennqnn B eJlnHnuax 

2 ' 
fsB 1 KOTOpb!e COOTBeTCTBYIOT mp = 0, 765; m W = 0, 783; m cp= 1,02 

H 9KCnepHMeHT8nhHbJM KOHCT8HT8M CB.II3H ( 18) • 

2) SlJ(3) - CHMMeTpHSI JlnSI. KOHCTBHT CBSI3H (/?=p 2 =V 2 =0). 

ToK npeo5paayeTCSI KaK nnaeliaaSI KOM5aHaUHSI CHHrneTa H OKTeTa • HcKmoqaSI 

M ~ n M ~ na ( 26), nonyqaeM Terre ph cooTHomeane 

2 -

~=v3 < 
gp 

m~ sinO 1 

+ 
gw 

0,11(±3%) 

m¢cos 0 1 

g ¢ 

0,18(±16%) 

( '31) 

3) HapymeaaaSI SU(3) 
2 . 

- C H M M e T p II .II ( A ~ 0) • 0 K T e T II a S1 Jl 0 -

MHHBHTHOCTb sneKTpOMar~HTHOI'O 
A A 2 2 2 

TOKa (y=Q,M 1 =V =Jl =0). 

TIOJl OKTeTHOfi llOMliHBHTHOCTblO TOKB IIOJlpa3yMeBaeTCSI cnenyiDJllee: 

a) B rrpeJlene TO'IHOH SU(3) - cnMMeTpHn TOK He uMeeT cnarneTHofi 
. A A 2 2 

'IBCTll ( y = Q ' M 1 = v = 0 ). 

6) HanyuHpoBaHHaSI aapyweHHeM SU ( 3 ) - CHMMeTpllll CBSI3h c Cl!Hr-
." 

neTaofi qacThiO MaTpHUhi V noJlaBneaa ( p. 2 
"" 0) • Tiocne HCKniO'IeHHSI 

M2 n A • II3 ~opMynhi ( 28) aaxonnM 
8 

11 



2 2 

1 mp mwcoso 
3--= 

go gw 

0,~37 ( +_ 3%) 

_,; 

2 
mcpsin o 

gcb 

0,038 (_i- 16%) 

(32) 

Mbt BII.lliiM, 'ITO napymeHIIe SU(3) ne npiiBO.lliiT K 3aMeTHOMY napymeHIIIO 

paBeHCTBa ( 30) .llml p O- II w - Me30HOB, HO Bbl3biBaeT CIIJibHOe II3-

MeHeHIIe Macchi nepexo.oa M yep. flpe.onono)!(eHIIe o6 OKTeTHO:ii: .llOMIIHaHT-

HOCTII TOK8 B paMKaX HapyrueHHOH SU(3) - CHMMeTplU! XOpOIDO cornacyeTCSI 

c sKcnepnMeHToM, B cBsr~n c sTnM ManoBeposrTHO aann'lne 6onbmoro BKna.oa 

OT. CHHrneTHOfr 'laCTH onepaTopa TOKa, KOTOpblll npeBOCXO.llliJl Obi no B·enH'IHHe 

BKna.ll oT napymenli:sr SU(3) - CHMMeTpHH, 

0TMeTHM, 'ITO B COOTBeTCTBHH C pe3yJibT8TOM MO,U8JIH cMelllHB8HHSI M8CC 

( 21) BeCb s<lJ<\leKT HapyllleHHSI CHMMeTpHH B <iJopMyne (30) .llJISI MaCChi nepe-

xo.oa M yep MO)!(HO npnnncaTb pacmenneHIIIO .Mace BeKTOpHbiX Me30H~B 

( m ¢ f m 2p = m ~ ) • D.e:ii:CTBHTeJibHO, COOTHOIIleHHSI .llJlSl 6e3pa3MepHb!X 

KOHCTaHT 

1 y3 
-= --
g g sin0 1 p fi) 

,.;3 -· 
g¢cos 0 1 

(33a) 

-2 -2 -2 
g p : g fi) : g ¢ = 9: 1,24 : 1,76 (336) 

/18/ 
OJIII3KH K 9KCnepnMeHT8JlbHh!M 1 npn'IeM OTKJIOHeHne · (336)• OT COOTHOIIle-

HHSI SU(6) -cnMMeTpiiH 9:1:2 o6'hSICHSieTCSI oTJIH'IUeM <\ln3H'lecKoro yrna 
- 0 

w-¢ CMeiiiiiBaHIISI (}I= 40 O OT "II.oeaJibHOI'O" 3H8'leHIISI (} = 35,3 • 

CyMMnpyeM pe3ynbTaThi nacTOSIIlle:ii: pa6oThi, 

1. Mbr ucxo.onnii H3 npe.unono)!(eHHSI, 'ITO npaBnno cyMM Ba:ii:n6epra 

( 1) HeCOBMeCTHMO C npHOJIH:ll{eHUeM p - , w-, cp - .llOMHHaHTHOCTII .llJISI 

12 

cneKTpaJibHbiX <\lyHKUUH ll 'ITO no 9TOli nJ 

Bb!BO.ll 0 IIpOTUBOp_e'IIIII Me)!(Jly MOtleJiblO "c 

cyMM · ( 1), · 113 6onee o6mero BHAa yHnTapn 

II 'riiTIOTe3bi. BeKTOpHOli .llOMHH8HTHOCTII B OOT 

6hrno rrony'leHo npaBuno cyMM ( 16), ne 3aB 

BaHUSI, 

2, Bee ocTa<IbHhte pe3ynbTaThr - <\lop 

( 33) - OhiJIH nony'leHhi B paMKax .oononHnTe; 

MbiX Moaenbro cMemnBaHuSI Mace, Hau6onee 

o npu6nu)!(eHHo:ii: crrpaBellJIHBOCTII SU(3) - < 

KOHCT8HT CBSI3U g V • B npenenax 3KCI1epn 

T8Tb! COI'JiaCyiOTCSI C ll8HHhiMH, IlOJiy'leHHh 

BCTpe'IHhiX 3JieKTpOH-I1031ITpOHHbiX TIY'IKax, t; 

KY!O npoBepKy npenCK838HHli p113Jlll'IHhiX MO.Uen 

HeOOXO)lHMO JlaJibHelilllee yBeJIH'leH!fe TQTIHQC 

ABTOp Bblp8)!(8eT CBOIO I1p1I3HaTeJibHOC 

n B,Y!,OrneBeUKOMy 3a BHHMaHne 11 !fHTepec 
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m~cos o 
gw 

2 
mq;;in o 

gcb 
(32) 

ciieKTpanhHbiX <flyHKUilll H 'ITO ITO 3TOll IIpH'IHHe npe)K}19BpeMeHHO JlenaTb 

BbiBOJl 0 IlpOTHBOpe'IHH Me)KJlY MOJl9nhiO "CM91IlJIBaHHSI Mace• H npaBIInOM 

cyMM ( 1). · Ha 6onee o6IUero BIIJla ynnTapn~il cTpyKTyphi ¢YHKUHH l'la/l ( q2
) 

H riiiiOTe3bi. BeKTOpHOH Jl0MHJI8HTHOCTH B o6naCTH yMepeHHO-BbiCOKHX 3Heprni1 

6htnO nonyqeno npaBuno cyMM ( 16), ne aaBHCSIIUee oT MOJlenll w-¢ CMeiUn-

BaHHSio 

0,038(_2- 16%) 1 \j 2. Bee ocTa::IbHbie peaynhTaTbi - ¢opMynhi (21), (23), (24), (32) u 

""' 
SU(3) ne npuBOJlHT K aaMeTHOMY napyiUeHHIO 

H w - Me30H0Bt HO Bbi3b!BaeT CHnbHOe H3-

a My¢. flpellrrono)Kenue o6 OKTeTHOif JlOMIIHaHT-

HHDif SU(3) - CIIMMeTpHH XOpO!UO cornacyeTCSI 

c 3THM ManoBepoSITHO uanii'IHe 6onbiUoro BKnaJl~ 

rrpeBOCXOJlliiT 6b! ITO BenH'IIIH9 

- CHMM9TpHHo 

OOTB9TCTBHII C peaynbT8TOM MOJl9ITII CMeiUHB81!liSl M8CC 

Sl CHMMeTp!IH B <flopMyne ( 30) JliTSl MaCChi rrepe­

IIpHIIUCaTb paciUerrneHIIIO MaCC BeKTOpHbiX M930HOB 

etiCTBI!TenhHOt COOTHOIU9HHSI JliTSI 6eapaaMepHbiX 

,.;3 -- (33a) 

g¢cos el 

=9: 1,24: 1,76 (336) 

, I!pU'IeM OTKITOH9HH9 (336)· OT COOTHOIUe-

9: 1:2 o6"hSICHSieTCSI oTnuqueM ¢uauqecKoro yrna 
- 0 

01"' 40 ° OT "'uneanhHoro" aHaqeHHSI 0 "' 35,3 · 

nhTAThl HaCTOSilUell paOOTblo 

rrpeJlrrono)KeHuSI, ''ITO rrpaBnno cyMM Bai1H6epra 

IIpu6nl!)KeHIIeM p - , w-, cp - Jl0MHH8HTHOCTH )lnSI 

12 

( 33) - 6binH rronyqeHbl B paMKaX JlOIIOnHIITenbHb!X orpaHH'IeHHH, HaKnanbiBae­

MbiX MOJlenbiO CMeiUUB8HIIS! MaC Co. Ha116onee IIHTepeCHb!M SIBnSieTCSI cneJlCTBHe 

0 rrpu6nn)KeHHOH crrpaBeJlnHBOCTH SU(3) - cooTHOIUeunii nnSI 6eapaaMepHbiX 

KOHCT8JIT CBSI3H g V • B rrpeJlenaX 3KCIIepHM9HTanhHblX OIUH60K BC9 peaynb­

T8Tbl COrnacyiOTCSI C JlaHJibiMII, IIOnyqeHHbiMll He}laBH0/9/ B peaKUilSIX Ha 

BCTp9'1HhiX 3IT9KTpOH-II0311TpOHHbiX IIy'IK8Xo t.JT06bJ I!pOB9CTli 6onee KpHTH'I9C­

KYIO npoBepKy rrpencKa3annif pa3nii'IHhiX MOJleneii HapyllleHIISI SU( 3) - cnMMeTpnn, 

neo6xo.nnMo JtaJihHeiliUee yBenuqenue TO'IHOCTH 3KcrrepuMeHTa. 

ABTop Bbipa)KaeT CBOIO rrpll3HaTenhHOCTh A.M.BanJliiHy, A.B.foBOpKoBy 

H B.H.OrueBeUKOMY aa BHHM8HHe II IIHTepec K pa6oTe H rrone3Hbl9 38M9'18HHS!, 
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