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1. Beesemre, <l>opMYnHpOBKB M0Tona H3Y'l0HHlt 

HapyIII0HHOi! CHMM0TpHH SL(6) 

B03MOJKHOCTH penltTHBHCTCKHX OOOOIII0HHil CHMMeTpHH s u (6) rypcest, PannKBTH, 

nallca u CaKHTb/l-
4 / oocy)Knanucb B pstne pa60T/

5-t 3 /. B npenhlnyIIIell paooTe aeTopa
1131, 

IlOCBltIIl0HHOl! H3Y'l0HHIO cnenCTBHl! CHMM0TpHH SL(6) ' ObinH paCCMOTp0Hbl TpaHccjiopMaUHOH-

Hbl0 CBOl!CTBa CITHHOPOB rpynnbl SL(6) , BOnHOBb!X ypaBH0HHl!, B0KTOpHb!X H BKCHanbHblX 

TOKOB H narpaH)KH8H8 B38HMonel!CTBHlt, B 'IBCTHOCTH, ObinO IlOK838HO, 'ITO cymeCTBY0T nar

paH)KH8H B38HMonellcTBHlt, HHBapHBHTHb!ll OTHOCHTenbHO npeo6p830B8HHli rpynnbl SL(6) • On

HBKO BonHOBbl0 ypaBH0HHlt nnsapnaHTHbl TOllbKO OTHOCHTenbHO nonrpynnbl. SU(3) X L ' rne 

L - rpynna nopeHita, H HapyIIIBIOT CHMM0TpHIO SL(6) )l8)1{0 nnst CBOOOUHblX 'IBCTHll, H 

Il03TOMY, HanpnMep, 

3necb Mb! o6cy*naeM 

s -MaTpnna H0 6yaeT 1rn11apH8HTHOli OTHOCHTenbHO rpynnbl SL (6) . 

onnn B03MO)l{Hbll! M0TOU H3Y'l0HHlt cne)lCTBHli CHMMeTpHH 

SL(6) ' ll03BonstIOIUHli yqeCTb BnHstHHSl 3TOro HapyIIIeHnsr. 

nns:r 3TOro paCCMOTpHM CHB'lana BOnHOBbl0 ypBBH0HHlt )ln!l 'IBCTHll, OilHCblB88MblX 

,1.<aa) (a:..) 
cnHHopaMH nepsoro paHra 'I' H X 

rae 

, 
(i pt 

l, 

s , ' a a 

µ =-1,2,3,4, i =· 1,2,3 

(1) 

(2) 

a - YHHTapHb!ll HHneKC, a = 1, 2, 3, a a - CITHHOBb!li HHneKC, a •l, 2 (nonpo6no CM. 

paooTy 8BTOpa
1131

). 3To ypaBH0HH0 H0HHB8pHBHTHO OTHOCHTenbHO rpynnbl SL(6) .• npen

CTBBHM ceoe, 'ITO 00bl'IHbI0 onepaTOpbl HMnynbCbl B ( 1) H (2) !!BnlUOTCSI nHillb KOMilOHeH-

TBMH (B H8KOTopol! CHCT8M8 'KoopUHHBT" rpynnbl SL(6) H0KOTOpb!X T8H30pHblX one-
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paTopoB, npeol5pa3yIOWHXCSI KaK CIIHHOpbl BTOporo paHra rpyllllbl 

".ta'a'> 
H (P J • Torna MOJKHO HanncaTb HHBapHaHTHble ypaaHeHHSI 

ca.:.> . 
(.; fa';.'> Jaa) cci'•'l 

I I 'I' +mx =0, 
ca•> 

ca' a') 

(i p ). 
ca;> 

(aa) ca'.~ 
X + m cf, 0. 

SL(6) 
,, ca';"~ 

, a HMeHHo (P ) 
... caa) 

(3) 

8 3TOM cny'lae BHBapuaHTHOCTb narpaHJKHaHa B38BMOJ:l0HCTBBSI ane'leT 38 col5oli HHBapHaHT

HOCTb, HanpBMep, s -MaTpBllbl. 3To 38KilIO'leHBe IlpHBOJ:lHT K cnenyromeMy MeTony B3y'leHHSI 

c:11.encTBBii CBMM8TpHB s L (6) 

auna (1). 

C y'leTOM napymeHBSI, Bbl3bIBaeMoro BOilHOBb!MH ypaBH0HHRMH 

Ilpn H3Y'l8HllH BOilHOBb!X ypaanenHli HilH MaTpH'IHb!X sneMeHTOB nponeccoa paCC8!IHBSI 
1"&' ,, a' 

HnH pacnana Mb! CHa'lana paCCMOTpBM o6bl'!Hble HMnynbCbl '!8CTHII (p ) B (p ). KaK KOMilO-
" • '•') " , ') a a 

HeHTbl TeH30pOB (P sa a H ( p· 5~: • Mb! IlOTpel5yeM, 'ITO!>b! BOilHOBble ypaBH0HHSI H M8Tpll'l-
(a a) (aa) "ctl'a'> " ca'a") 

Hb!e sneMeHTbl, conepJKamHe BOilHOBble q,yHKIIHH '18CTHU H T0H30pbl ( p ) B ( p- ) , 6bmB 
(aa) (al.) 

HHBapHaHTHblMB OTHOCHTenhHO rpyllllbl s L(6). a 3aTeM B nony'!eHHb!X HHBapnaHTHb!X ypaaue-

HHSIX HilB MaTpH'IHblX sneM8HTaX cnenaeM 3aMeHyx) 

" clz'~# ➔ 
( p ) 

(aa) 

. , 
(; t ,, ca'a') " a' 

Ba~a •, (P )., ➔ (p )• Ba'a 
ca a) 

(4) 

BonnOBbl8 ypaBH0HHSI BnB MaTpH'IHble sneMeHTbI, nony'leHHble nocne 3aMeHbl ( 4). He 6ynyT 

HHBapBaHTHblMB OTHOCHT0IlbHO rpyllllbl s L (6) Hna'le roBOPSI, CHMM8TpBS1 s L (6) Hapyma-

0TCSI npH 3TOii 3aMeHe. OnnaKo STO HapymeHHe He SIBilS!eTCSI npOB3BOilbHblM, H B 'ISCTHOCTH, 

HHB8pHaHTHOCTb OTHOCHTenbHO rpyllllbl SU(3)x L coxpaHSl8TCSI. 

,Ung npHMeueuusi npennoJKennoro MeTona K HayqenHro nponeccoa paccestHH!t H pacnana 

neo6xonHHO npell{J:le acero onpenenHTb SIBHb!ll BBi! BOilHOBMX q,yHKIIBii '18CTBII B pa3nB'!HbIX 

MYilbTBnneTax rpynnbl SL (6) H H3y'IBTb BOilHOBbl0 ypaBH0HBSI nnsi STHX 'ISCTHU. 3To 6yneT 

cnenauo nng cnunopoa BToporo H TpeTbero panra a cnenyromnx naparpaq,ax HacTomueii 

pal50TbI. M1,1 I!OKaaann, B '18CTHOCTH, '!TO CIIHHOpbl Tp0Tbero paura cf,~()'"o) · H 

x1flbl<Y.;)(a ~, • rne 'lepTa o6o3Ha'!aeT CHMM0Tpll'IHOCTb OTHOCHT0IlbHO COOTB0TCTBYIOillBX 

nap BHJ:l0KCOB, ODBCb!BSIOT COCTOSIHHSI 56-nneTa, n BOilHOBbl8 ypaBH0HBSI J:lilSI cnnnopoB SKBH-

/14/ 
aaneHTHbl ypaBH8HHIO PapBTbt-lllannrepa nng COCTOSIHHii co CI!BHOM 3/2 H ypaBH0HHIO 

JlupaKa J:ln<I COCTOSIHHii CO CllBHOM l /2. Ilony'l8HHbl0 Bb!p8JK8HBS1 BOilHOBblX qJYHKIIHii 6ynyT 

HCI!Oilb30B8Hbl npn H3Y'l8HHB qJB3H'10CKBX cneaCTBHii CHMM8TpHH SL(6). 

d . 
3ToT M8TOJ:l H83blB80M mnypBOHHblM q,opManH3MOM TeOpHB napymennoll CHMM0TPHH 

SL(6) DO auanornB C BB8J:l8HH8M mnypHOHOB npu H3y'l8HHB cnencTBBii npaBHn OT6opa B 

cna6blX B3aHMoneiicTBHSIX • AuanorB'IHSSI nponenypa TaKJKe 6blna npennoJKeua B pa60Te17 I. 
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'.J 

l 
r 

·1: 

B 38Kill0'18HBe 3Toro naparpaq,a OTMeTHM, '!TO CHCTeMa ypaBH0HHH (3) DpHBOJ:lHT K 
ca a) (ti ~j 

cneny10mHM ypaBHeHHSIM BToporo nopaa.Ka nns1 Kall{J:loro cnHaopa cf, n x 

" caa) " cf3;, > iyc> 2 caa> 
(P)/3•.(F) <p+.mc(, 

( b) (yo) • 
0. 

(5) 

(Cl~) " ( {3b) 
(P) (P)., 

({3bl (yo) 

cy~l (a~) 

X + m X 0 •. 

nocne 3aMeHbl ( 4) 3TH ypaBH0HHSI npeapama10TCSI B ypaBHenne KnefiHa-fopnoHa, B OHR SIBilSI

IOTCSI ol5o6meHHeM nocnennero ypaBHeHHSI. 3To 3aMe'!8HHe OTHOCHTCSI TaKJKe K ypaBHeHHSIM 

nng CilBHOpOB BbICWHX paHrOB. 

2. EapBOHHb!H 56-nneT 

PacCMOTpHM 6apHOHHblii MYnbTHtmeT, xapaKTepH3yeMb!H CI!HHOpaMH cf,(aa)({3bX-).,) 

H x</3b)()';)(~;.i • KalKJ:lblii H3 STHX CI!HHOPOB o6nanaeT 126 KOMIIOHeHTaMH. OnHaKo 

B curry BOilHOBb!X ypaBHeHHii He ace K'JMI!OHeHTbl SIBilSIIOTCSI He3aBHCHMb!MH. Cnenyg: npenno
,, ctz'a~, 

Mb! CHa'!ana paCCMOTpHM llMIIYilbCbl KaK KOMIIOHeHTbl TeH30pa (P) ll JKeHHOMy MeTony, 
"(a'a'> 

(P ) •• , • Torna 
(a a) • . ~. 

,raair flMr'y" (aa) 
HHBapnaHTHble ypaaHeHHSI, CBSl3b!B8IOWHe CIIHHOpbl qr---' c) H 

X ({3b)(yo)(aa) , HMelOT an.a.: 

. ")cci';,'> ~.ll....ful<Y•> c/3b><r•><a'a~- 0 (1P ~ +:mx =- , 
caa) 

,. 
(i p sa'a'> C/3bXy~Jca;~ ~Y•l 

X m cf, - =0. 
ca;;> 

OcymecTBn!t!I 3aMeHy ( 4), Mb! nony'IBM cucTeMY ypaaueuull 

,. ••( , __ .,{). . ., .·, 
(ip tcf,~•> c/3h><r•><iia'} 

+:m X =-0. 

(i;{ c/3hl<Yo>caa> 
X 

, fj •• 
+·iu cp(aa X b)(yo) =-O , 

(6) 

(7) 

KOTOpag HHBapBaHTHa OTHOCHT0IlbHO nonrpynnbl SU(3) X L. HO HapymaeT CHMMElTpHIO SL(6). 
· (a a)(/3b)()'o) /3 • • • • 

3H8'10HH!I CIIBHOpOB q;-- ll -1 b)(Yc)(aa)_ B CHCTElMEl I!OKOSI '18CTHU 0603H8'1HM 

(Ua)(/3b)(y;) (/3b)(')'o)(a:a) 
qepe3 ~ n x ----n paccMoTpnM nx KSK npencTaaneHn!t non-

o 0 

rpyllllbl SU (6) • Torna He cymecTayeT pa3Hllllbl M0lKllY nyHKTHpHb!MH H HenyHKTllpHblMH 

HHneKCBMH. TaK KaK B cncTeMe llOKOB 

(i;-f'·=(i;-
, 

)a ;,. __ ,m 8, 
• a a 
a 

TO ypaaHeHHSI (7) n CHMMeTpll'IHOCTb pacCMBTPBBaeMblX 

11apaM HHneKCOB npHBOUSIT K paBeHCTBY 
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(aa)({Jb)(Yo) 
¢_-- . 

0 

Cpb~ ({lb)~ 
=· xo =·xo 

'i'~ca .. , 
0 

~ii.;) 
TaKIIM o6pa3oM, CllHHOpbl 90 . H 

(8) 

x_flb~)-
0 

, pacCMBTpHB80Mbie KSK 

npencTaeneH11>1 nonrpynnhl SU (6) , IlOJIHOCTblO CHMMeTpH'rIHbl no aceM rrapaM HHA8KCOB, 

T.e. >!Bn>IIOTC>i Henpi!BOUHMblMII npencTaBneHll>!MH. KBJK)lblii 113 3TIIX Clll!HOpOB IIM8eT 56 He-

38BIICl!Mb!X KOMilOHeHT, H OHi! Olll!Cb!BBIOT COCTOSIHH>I 6apHOHHOI'O 56-nneTa. 

(a •l<i>bl()! c) ( /3b)(yc)(aa) 
Tenepb Bhrpa3HM 9 n X qepea aonaoabre cpyHKIIHH 

neKynneTa co CllHHOM 3/2 ll OKT0T8 co CITIIHOM 1/2. lln>1 aToro aeeneM nonHOCTblO BHTI-

~b ab 
CHMMeTpH'lHbre TeH30pbl BTOporo paHra e e•b, e H eab , ynoaneTaop>110m11e ycnoa11>1M 

e•he 
be 

ab 
e ebo =-O•o, e .. =•-=e ab ab• (9) 

C 
,.,_caa)C{3.,cyo) ( {3bX Yo)(aa) 

IlHHOpbl ~ H )( 6yneM paccMaTpllBBTb KaK npencTaenenH>1 non-

rpyllllbl SiJ (3) X L • 0rM8TIIM, 'ITO OTHOCIITenbHO rpynllbl SU (3) CllHHOpbl C nyHKTHpHbIMH 

yn11TapHb!MH nnneKCBMH a /4 II T.n. II C HenyHKTIIPHbIMH 11nneKCB.MH a f3 H T.n. 

npeo6paay10Tc>1 onnnaKoao. TioaToMy a naanoM cnyqae (Korna paccMaTpnaaeTc,i nonrpynna . ~c·, 
SU (3) x L , a He caMa rpynna SL (6) ) , cmrnopbl cf, yo </3b><r•>ciz~, 

II )( 6yneM 

abc , a{Jy be~, /3ya, 
o603H8'18Tb qepea cf, II X • COOTB8TCTeenno. 

n ~•-'=.h. boa,.ftm... 
YCTb ~ H )( - - CllHHOpbI, xapaKT0pH3yIOmHe COCTOSIHHSI neKynneTa 

a a. . 
co CllHHOM 3/2, a cf, f3 . H X ~ a - CllllHOpbl, xapaKTep11ay10mne COCTOSIHH>I OKTeTa co CITHHOM 

1 /2. 3TH CllHHOPbl >IBnSIIOTC>I aenpHBOUHMb!MH npencTaaneHHSI rpynnhl SU (3) x L • Cnnaopbl 

ab~ a/3y boa, {Jya 
cf, ' ll )( Bb!p8lK~lOTCSI qepea 3TH HenpHBOUHMbl0 CllHHOpbl cneny10mllM 

o6pa3oM 
cf, &be,apy <t?e,.!U).x_ 1 I +T,[2 

ab 
e 

a{38 ~.Y 
' X5 

+<Ji_ )be .f3r8 cpa,a + (.!l!._ f" ,ay8 cf, b,/3 I 
m a m a 

xbca • f3ya 

,. 
+:(..iL t~ 

m 

=x boa, f3ya +:-1-1 
· 3../2 

. . •"' b,; 
/3a8 o,Y +:(_!J[_) 

< Xa m 

6 

8
Cai ,ay8 'P. b,{3 

a 

,f3y8 X ;.,a I • 
a 

(10) 

,, 

' I 
l ~,, 

/f.,.• 

!if 
H 
" ui1 

i 
1,i; 

1,1 

:: 

J 

rne. (p .,.. = (p t 
b 

e.;.;. =(p )° 
b 

ba 
e 

af3y 
a £ - nonHOCTblO BHTIICIIMMeTpll'lHblii T0H30p ,;peTbero paHra. B CHCTeMe neHTpa 

/3,4/ 
BblpBlKeHll>I ( 10) npeapamaIOTCSI B 113BeCTHbl8 Bblp8lK0HH>I, naHHbie B pa60T8X • 

. (11) 

Mace 

. / 13/ • 
Kax 6brno noKaaano a npenhlnymeii pa6oTe , 11naapnaHTHa11 cKangpna11 611n11ne1rna,i 

caa)(/3b)()'c) C/3b)(}'C)(a~) 
KOM6IIH8llll'1 cn1111opoB ~ II X --- paa11a 

s 
+: 

x(aa)C{lb)(Yo) 
··, + 

(aa)(8bl(yc + cf, ,ib)(}'c)(aa) 
<p (,-, ·--

BaeneM 'l8Tb!peXKOMilOHeHTHbl0 CllllHOpbI 
ll11paxa t,a ) 

,ft 
/3 

( 

'Pf3 
2,a 

~a 

)(:!,a 
f3 

cflb><r•>ciz;, 
X --- (12) 

(13) 

xapaKTepnay10m11e COCTOSIHH>i OKTeTa, H 16-KOMilOHeHTHb!e cn1111-Te11aopbl Papi!Thl-Ille1111repa 

rne 

H rrono)K.HM 

cf, a,a/3y 
µ 

,t,a(3y= 
U• 

( 

cp:-a(3y ) 

cf,2.~ 

"· xi,.BJ:,g 
ll.' 

x2·~ 
u 

1 .µ~.w.. ".fJA. 
=--ri-<7,). c;, • x• _.J...(tp. 

y . .&. bo -1' ,J2 _be 

d d 
(uµ) = e (11 ). =·e•• (q, ) 

b; bd fl o od b 

+ a f3 + 
(,t,)/3=(,f,a)' 

( ,r,/>a/3 =· '1 c,t.13
Y) + y µ ll 

'1µ =-1 nn,i /L•=-4 

:1 nn,i u =1,2,3. 
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boa, /3ay x--.- (15) 

(16) 

(17) 

(18) 

(19) 



CKalI,ipHl,Ie 6nmrneiiHbie KOM6HH8UHH BOIIHOBbIX 'PYHKUHll "'; 

cnTem,no nozwpym1b1 SU(3) x L, paaHbI 

H 

"'~ ~ ,f,{3 =·< if, +· ); Y4 
a 

tf,~ 

.,. .,. a{3y_ ( I+ ) ' a[Jy 

.,,fliaf3y .,,,,, - 'l'u apyY4 'i'µ 

H tU a{:3y , llHBanP.:aTHbie OTHO-
'µ r 

(20) 

(21) 

PacCMOTpHM COCTOHHHH C onpe)leJieHHbIM HMnyJibCOM. Tor)la CK8JIS!pH8H 6nnnneiiHag KOM6H

H8UHH (12), HHB8pH8HTH89 OTHOCHT8JlbHO rpynnbl SL(6) , Bb!paJKaeTCH qepea 6HJIHHeiiHble 

KOM6HH8UHH (20) H (21) CJie)lyJOmHM o6pa30M 

+ Jaa)t/3b)Cj'~) +: C/3bXY~)(a~, 
X •-""· , +:,f,, ·• • , X C~lCY•l C{JbX yc)(aa) 

(22) 

,J, .!!h. 
µ,!Y}y "',, 

-a 
+ "'/3 

,f, f3 
a 

Ca alC/3blC)'c) 
Ha ypaanennii (7) )lJIH cnnuopoB </>- n BbipaJKennii 

a 
( 10) 3THX CUHHOPOB MOJKHO nony'IHTb CJie)lyromne H3B8CTHbie ypaBH8HHH )lJIH CilHHOpOB "'/3 

H cnnn-TenaopoB if,_ af3y ,,, 

C/3blC}'o)(<i;) 
H X ---

a 
(ip

11 
y

11 
+: m ) tf,{3 0 

(23) 

a{3y 
(i p

11 
)(,, + m ) tf,-;;- = 0 , 

~ !db'... 
Pµ "1µ = Yµ "1µ =· 0 , (24) 

O6paTHO, H3 ypaBH8HHii (23) n (24) cnenyeT CHCTeMa ypaBHeHllii (7). TaKHM o6paaoM, 

ypaBH8HHe (7) IlOJIHOCTb!O 3KBHBaJieHTHO ypaBH8HH!O nnpaKa )lJig OKTeTa CO CUHHOM 1/2 

n ypaBHeHH!O PapHTbI-IIJBHHrepa )lJI!I neKynneTa co CilHHOM 3/2. 

PaccMOTpHM, H8KOHeU, Tpanc<jiopMaIIHOHHbl8 CBOiiCTBa YK838HHbIX CilHHOpOB OTHOCHTem.-

- /13/ 
HO npOCTpaHCTB8HHOI'O OTpaJKeHHH p • KaK 6b!fl0 noKaaano B npeUbIUYmeH pa6oTe , B 

OTpalK8HHH p nyHKTHpHble HHU8KCbI npeapamaroTCH B nenyHKTHpHble .n o6paTH0, B '!aCTHO-

caa)C{Jb)CY~l cyo)C/3b)C<Za) -
CTH, ,f,--- n X --- nepexon= npyr a J:tpyra. MoJKHO noKaaaTh, '!TO 

ecnn OHll npeo6paayroTcn cnenyromnM o6paaoM npn oTpaJKeHlln P 

,f, caaicf3blCY;l .. 1/ XcyoicfH,ica:.:, 

(25) 

X C/3b)Cy;iciz;., -+ 1/ ¢Caa)CYcJC{Jb), 

8 

a 
TO CIIHHOphl 1/' {3 H CilHH-TeH30pbl if, af3y 

µ 

a a 
tf,{3 .. 1/ Y4 if, f3 

npeo6paayroTcn cneJ:tyJOI!lBM o6paaoM: 

if, af3y .. 1/ 1/ Y4 if, af3: 
u, µ u 

(28) 

(27) 

TaKHM 06f?B30M, OKTeT co cnHHOM 1/2 H neKynJieT co CilHH0M 3/2, OIIIIChlBBeMble CUHHOpa-
caa)Cf:ib)CYo) C{>b)C}'~JCail 

MIi ¢--- a x --- , o6nanaroT 0)lHOii n Toil JKe 'IeTHOCTb!O, 

3. MeaonHhlll MYJibTHn11eT, aaaaMonel!cTBYJOmHl! c BeKTopHhl.MH 

H BKCHBJibHbIMH TOKBMII 

KaK 6bIIIO nOKB3BHO B npenbIJlymeii pa6oTe
1131

, M830HHhlii MYJibTIIllJI8T, B3BIIMOUel!-· 

CTByromnl! C 
caal 

panra '{Jb) 

B8KTO~i~,MII II BKCJIRIIbHbIMII TOKBMH, xapaKTepnayeTCH CIIIIHOpBMII BToporo 

II <l>c a J • Cnenyg nr.enJIOJK8HH0MY M8TO)ly Mhl CHB'IBIIa paCCM0TplIM HMIIyJib-
,....b A cd l'} "· ca'a'). I 

Cb! KBK K0MilOH8HTbl T8H30p0B (pt II ( p ~&, • Tor)la IIHBBplIBHTHble BOJIHOBble YPBB-'-
Cla) CU a) a ',cal) (Ila) (Ua) 

H8HII!!, CB!l3b!BBJOmlie )lBHHhle cmrnopb! ,t,, II '1> (/3b) C HOBhlMII cnnnopaMH X • • ' X, , 
· ( {Jb) C /3b) 

HMeroT ann: 

H ananorlI'IHO 

"'. cCl' a', 
( I p) 

(aa) 

(a a) 
'1>. 

(/3i,J 

"". ca'.'► (lz~) 
(iP). X~ 

(aal (pb) 

A , °) ,~~, 
(i P fa• '1>' ,a~, C{Jb) 

"" c<i'a'> x,<aa) (iP ) 
(aa) C{Jb) 

cci' ~'> 
+m~~i,J = 0, 

+:m ,i,<~'a'l-
c{Ji,) = o 

+ ,ca'a')-
m eX 

C/3b) 
=·0, 

,eel'&'). 
+ m '1> f3 =· 0 , 

C b) 

(28) 

(29) 

Ecnn C)l81IllTb 3BM8Hy ( 4)' TO STII ypaBH8HIIH npeapamaJOTCH B ypaBH8HHH, 8H81IOI'H'IHb!e 

ypaBHeHH!IM (7), HHBBPII8HTHb18 OTHOCIIT81\bHO 
cal..) 

MeTplI!O SL(6) Tax KBK cnHHOpb! X 13·· 
C b) 

OHII YllOBIIeTBOp>IIOT ycn0BII!O 

nonrpynnhl 
,(aa) 

II XC/3b) 

ca~> 

~a:, 
J.Ua) 

\.;., 0.: 

S ~ (3)x L , no napymaromne .CIIM

HBnIDOTCR aerrpHBOnHMbIMH, TO 

(30) 

,i,Caa) 
ECJIH BM8CTO KOBBplIBHTHhlX CilHHOpOB C/Jbl 

ccia, 
II '1>/3' IlOJib30BBTbCg 06b!'IHblMH 

C bl 

'I8TbipexMepH!.IMII BBKTOpBMII II IIC8BUOB8KTOpBMII B KB'I8CTBe BOJIHOBblX <pyHKUHii, TO Mb! 

IIMeeM 

g 



a b (aa) b cci :., 
(Vµ ){3 = ½ l(uu•)• ~,Bi,J + (1µ ) .. <!>(,Bbl 

a b (aa,) b caa, 
(Aµ)f3 =½I (a.) <l> lo• -<ta ). <!>'13· l 

I' a ([Jb ) a ( b ) 

Ha BOnHOBblX ypaBHeHHll cneuyeT, qTO 

_L(v )a=-• m ( caaJ 

iJ 
µ, f3 ....,.-- X • +· 

,x,. -< ({Jal . 

J.aa)) 
x({Ja) • 

i), a m (aa) __ ( A ) =· -• _ ( X • _, X,caa> ) 
ax,. u f3 2 <f3a) <f3a) ' 

ca:, 
3TH COOTHOllleHHSI BMeCTe c ycnoaHeM aenpHBOUHMOCTH CITHHOpOB u ~~b) 

BOUSIT K paaeHCTBY 
;i ( a 
~. vu,)a 

i) a 
r1x(A,.,) 

µ, a-
0. 

, (aa) 

H X (/3b) 

a 

(31) 

(32) 

npH-

(33) 

a 
nnsi Toro, qTOObl qeTblpexMepHbie B8KTOpbl ( V µ ) f3 H nceauoaeKTOpbI (Au) f3 OITHCblBB-

JIH qaCTHUbl C onpeueneHHblMH CITHHSMH, 8TH qiyHKUHH uom!<Hbl yuoaneTBOpS!Tb H8KOTOpblM uo

IlOJIHHTeJibHblM yCJIOBHSIM, EcnH OHH xapaKTepH3YIOT qacTHUbl co CITHHOM 1, TO Mb! HMeeM: 

a a i) a 
_ ( V" ){3 = _ ( A ,i.lf3=· 0 
a.xi! iJ,x" (34) 

a 
n COOTHOllleHHe (33) ,rnnsreTCSI nHlllb qacTHbIM cnyqaeM SToro COOTHOllleHHSI, Ecnn lKe (Vil) 

a f3 
Oill!CbIBSIOT qaCTHUbl co CITHHOM 1, a (A,. )/3 -qacTHUbl co CITHHOM 0, TO Mb! HMeeM 

a, a __ (v,.,lf3=o, 
iJ, X 

U· 

a i) a 
(Au,){3 = ½ (¢P ){3 

µ 
a 

rue (¢P>/5-nceauocKaJIS!pHb18 aonHOBbie 1PYHKUHH, B STOM cnyqae H3 COOTHOllleHHSI (33) 

uyeT, qTo(¢p); UOJilKHbl YUOBJieTBOpS!Tb YCJIOBHIO 

(¢ )a 
P a 

0. 

T.e. xapaKTepH3YIOT COCTOSIHHSI OKT8Ta nceBUOCKSJIS!pHbIX Me30HOB, 

(35) 

cne-

(36) 

Tenepb of5paayeM BeKTOpHbl8 H 8KCH8nhHbl8 TOKH 113 KOMITOHeH'. UBHHbIX C ITHHOpOB, xa

paKTepH3YIOlllHX paCCM8TpHB88MOJI M830HHblll MYJibTHITJI8T, nnsr 3TOrO of5paayeM npelKUe BCero 
ca a) , ccia> 

<;:aMoconpsrlKeHHbie OHJIHHellHbie KOMOHHSUHH J :,. H J" • npeo6paay10mue KaK COOTBeT-
(,-,b) (,-.,b) 

CTBYIO!llHe CITHHOpbl 

> faa) 
• =· im 

<f3i.> 

+· (aa) 

( X ) 
CYol 

CYol 
<l> • 
( /3~) 

10 

+ ( <l> + )Caal 

er~> 

(}'~) 
X • 

er-Ji,, 

3uecb 

J ,ca:.., = i m I < x'+f""' <l>, eye> + < <!>'+ f"al 
<fh> C}'ol CPbl CYel 

CYel 
\fh> 

l • (37) 

nnsr yaoocTaa Mb! aaenu qncneHHbii!: Kosqiq,mll!eHT, paBHbii!: Macce qacTnu. BeKTOp-

Hble H 8KCnanbHbl8 TOKH HM9IOT ann: 

v a b caa) 
Ciµ )/3= ½ I (uu >. J • 

<f:3i.> 

(j A): = ½ I ("u )b J (<?a) 
u fJ a cPb) 

(aa) 

TTonCTBBIIM B Bb!palKeHHS! nnsr {/ii:, 

• +(7.; \ 
c<i;.> 

J(pb) l 

b ca;) 
- (<Tu ); J' 

(Pb) 

c<i;, 
II J',i BMeCTO CUIIHOpOB 

# cci:, 
x<,'3b> 

(38) 

II 

IIX BbipalKeHHS! qepea 
(}$a&) II 

c;'hi 
~~ (~ -

<l>c,tl.J , nonyqenHhle 113 aonHOBbIX ypaanen1111, x,(aa) 

(/3b) 
TaK KBK nocnenane ypaaneHHS! HHBapnaHTHbl nHlllb OTHOCHTeJibHO rronrpynnhl SU(3) x L , TO 

UBHHbl8 CITIIHOpbl TBKlKe oyneM paCCMBTplIBBTb KBK npenCTBBJleHHSI STOii rrourpynnhl ll, CJie

UOBaTenbHO, He 6yueM paanaqaTb nyHKTllpHbie H aenyHKTHpHbie YHHTapHble HH/leKCbl (aanpn-

Mep 1 
a H ,; ) • Mb! nonyqnM 

+ (aa) (yd) 
cyo) +: (aa) ~ (Ua) 

= i I(" / 
a<<l> h.i, ~ 

J/3" 
<l> /3. -( <l> ) (,..) 

V e iJ ( b) (yo) V d iJ-xv ( b) 

J'~aa) . 
({3b) = 1 

(aa) 

Cnnaopbl <l>C{lbl 

aeKTOpHbl8 q:yHKUHII 

d 

(,-V) e 

Xv 

,H<l>'+{"a> 
illl 

iJ. Xv 

<Y•> • 
<!>' -(<!>'+ )(Ua) (a· ). 

C{Jb) ( Yo) v d 

(ydj 
i)' <!>' ( {Jb) 

a xv 

(39) 

ca;, 
<!>' (/1bla 

(Vu ),B 

B 3TIIX COOTHOllleH!iSIX Bb!palKBIOTCSI qepea aeKTOpHbl8 II nceaao
a 

11 ( Aµ ) (J cneny10m11M oopaaoM 

~al • a a 
<l> ro • = ½ ( q, ) • I ( Vµ ) ,, + :( Au ) " l , 

(_,-,b) b ,-., ,-, 

cai:, : 
<l>' ,o = ½ (o:µ· ) 

(,-.,b) b 

a a 
I (Vu )p -(Au \j l 

(40) 

Ha COOTHOIII81lllli (38). (39) II (40) Mb! nonyqHM Bb!palKeH11e, HanpHMep, nm, aeKTOpHb!X 

TOKOB 
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a +· a ... a 
( / ){3 = i ( V V ) [ '\v <a....L -~ 

➔ ~ ➔ y 
.• < a a. > a a I v ) +: 

µ y X ,\ ,\ 
+.u,\ -- - -- -8 (-- -- ) ( , {3 

U a Xv a XV ·w a Xµ iJ Xµ /\ 

a a 

+ [ ( VI-' ) y ➔ ( A., \ l . (41) 

a a 

B cnyqae, KOI'Jl8 ( v; ){3 11 (Aµ ){3 Olll!Ch!B8!0T HOH0Thl B0KTOpHh!X II llC0BJlOB0KTOpHblX 

M030HOB, B c11ny ycnOBlllt (34) Mb! HMeeM: 

f'-· ... ➔ 
y 

y a +: a- iJ. a a a. 
<i > =i(V > [8 <---> +:8--8,,.-a- J,cv,,. >

13 U• {3 V y ,\v i) X • a X UV i/,x ,\ µ X., 
(42) µ µ 

..... (.., 

.· +: a . a - _a_ ) a a. Y 
+ :8.,v __ - 8 .\ -- l , ( A .\ ) f3 , +.d!'v >y l'l.,<-a- a a,x,,. µ ax., xfl, ",,, 

a a 
a a cny'!ae, KOI'/l8 (Vµ ){3 II ( All){3 Olll!ChIB8!0T HOH0T BeKTOpHhIX M030HOB II OKTeT 

llC0B/lOCK8ngpHhIX M030HOB, COOTB0TCTB0HHO, B c11ny COOTH0lli0HIIH (35) Mb! IIMeeM 

.. ... .... 
V a +: a a a a 

(j )/3=i(V ) [8 (_ --) +:8 _ 
µ I-' y ,.., ' a X a X UV a X \ 

µ µ /\ 

... +-

➔ y 
ix _a_. I , < v,,. > f3 

a,x., 

y +: a a. 
_,_ ) ( ---

+ i ( 'f'P y a X IL 
a 

a Xu, 
) ( 'Pp ) {3" 

(43) 

3TII Bhlp8lK0Hlllt 11ng B0KTOpHbIX TOKOB T8KlKe MOlKHO nony'IIITb 113 n8rp8HlK118H8 C YHIIT8p

HOH CIIMM0Tplleli np11 113Y'l0HIIII IIHB8p118HTHOCTII 3TOI'O n8I'p8HlKH8H8 OTHOCl!TenhHO K8n116po

BO'IHblX npeo6p830B8HIIH nepaoro Tllll8. Bonpoc O CTpyKType B0KTOpHb!X H 8KCH8nbHbIX 

TOKOB 11ng 56-nneT8 6y11eT o6cylK)leH B cne11y10meli p860Te, llOCBlIIU0HHOH H3y'leHH!O aneKTpo

M8I'HHTHhlX H Cn86b!X B3811MO)leHCTBHH, 

B 38KnJO'l0Hlle 8BTop Bbip8lK8eT rny6oKyJO 6n8I'OJ18pHOCTh H.H.EoronJ06osy, M.A.M8p

Kosy, H.A.CMopoJlHHCKOMY H A.H.T8axen1111ae 38 IIHTepec K p86oTe, 8 T8KJKe P.A.Ac8HOBY 

38 o6cylK)leanit. 
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