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nponaraTop .nna '18CTHllbl co CDHHOM 2 Obin aall.nea B pa5oTax
111

• B H8CTOHW9M DHCb-

Me M b l DOK8l!<9M, 'ITO MO>KHO DOfly'IHTb 3TOT nponaraTOp H B T90pHH CHMM9TpHH, DOflb3YHCb 

/2,3/ 
<jlo p ManH3MOM, aanol!<e HHbi M B pa5oTax • KpoMe Toro, Mbl noKal!<eM, 'ITO nponaraTopbi 

M930HOB, 00fl8.ll810WHX p83HblMH CDHHBMH 2, 1,0, HO DpHH8.llfl9)1(8WHX K O.llHOMy H TOM)" l!<9 npe.n

CTBBneH HIO, MOl!<HO 00~9.llHHHTb B O.llHOM 'of5meM nponaraTope', 3TO HOBOe ODCTOHTen&CTBO 

DOHBflH9 TCH TOflbKO B T90pHH CHMM9TpHH, 

-KaK a anecTa o, a a 3 WHMH n p e.nc TanneHHHMH rpynnbi U ( 12) , co.nepl!<BWHMH Me30Hbi co 

CDHHOM 2, HBflSi lO'l'C!I 42 12+ H 5940+/
4

•
51

, JlnH ODpe.neneHHOCTH Mbl p8CCM8TpHB89M Dp9.llCT8B

fl9HH9 5940+ ( .nnH n pe.llCT8Bfl9dHSI 421 2+ M O>KHO npHM9HHTb DOK838HHYIO HHl!<9 npone.nypy C 

H9KOTOpb1MH a ecymeCTB9H HbiMH H3M9 H9HHSIMH npH CH M MeTpH38.llHH), EbinO DOK838BO B paf5o-

~/ 5940+ . 
Te , 'ITO npe .nc T asneaae HMeeT c ne.ny 10mee paanol!<eaae OTBOCHTen&ao no.nrpynnbl 

SU(3)x U(4): 

(CD) -I •)'8 (od) 

¢ - J- [ 1-..L~)ypC ] [cy0 (1+L~)] J F ).,+ 
(AD) . o m m a/} ( ab) ·I"' ( 1) 

r.ne Of503H8 '189T OD)"W9HHbl9 'lfl9Bb11 ODHCblB810WH9 TOflbKO M930BLI CO CDHH8MH 1,0. 

Hana caBB biA Bb!We q n e a BBTepecea TaM, 'ITO OB COil9pl!<HT M930Hbl CO B C9MB CDHB8MH 2, 1,0, 

B (1) A e (a, e), B,. (,B,b), C • ( ·y ,c), D., (ll, d); a,IJ, ·y,ll,a,b,c,d 

CDHBOBbl9 H yBHT8pSbi 9 HBil9KCbi; p a ·)' /l pI' 

MY ypanaeaa10
14

•
51

: 

/5/ 
H BMeeT c ne.nyiOWBll HB Hbl ll BH.ll 

• Teaaop :F pO yllonneTnopHeT cne.nyJ?me-

(2) 

+ ~)¢ 
m 

(3) 

r .ne CIIMMeTp H'IBbll! T9830p S(la') (co mnypoM, p8BBblM HyniO) ODHC blB89T M930B CO CDH-

RO M 2, 8HTHCHMM9TpH'IBblll T9830p 

CO C!IBB OM 0, 

~"'I - Meaos c o c nHHOM I a cKanHp ¢ 
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/2/ 
CneayR pat5oTe , aanam&M "nponaraTop• ana aonaoaoA ~YBXQBB ~aCTBQ~, cocTo•-

meA R3 D xaapxoa, B cneayJOmeM aaae: 

rae 

<#>~ • · P+(p) + p_ (p) + Po (p) 
p- m -p-m -:;;;--

~ ~ . 
p ± ( p ) • ~ (1 ± - )1 X ~ ( 1 + ~ )

2 
X •• • X ~ ( 1 + !...£_ ) 

p - p - p • 

P0 (p) • 1- P + (p) -P_ (p); 2 K 
p - (p ) 

B aaweM cnyqae n • .4 • TioacTaaaa (S) a (4), nony~BM: 

< ¢¢ >+ 

+ 

(m + lp' )1 ( m + if)2 (m -i~\ (m -i;)• 
8m 3 (p -m . 

""'"' "'"""' "'""""' · """'"' P1P2Pa + Pt P2P• -P 1P1 P.-P 2P3P4 
8p2m2 

,, ,, "' " 
P1P2PaP• 

8p 2m a 

7 

Sm 

+ 

(4) 

(5) 

(6) 

. B ( 6) aaaexcbr 1,2 oTifOC!ITC!I x xaapxau a aaaexcbl 3,4 - x aBTIIXBapxaM. Tpa noc

neuaax ~eaa a ( 6) llHK>T Tax aaabtBaeMbre KOBTaJ:THble ~neabl a nponaraTope. 3TH xoa

T4XTHbte 'lneabt MOJKBO acxnJO'IIITb nyTeM aoonpeueneaaa xpoaonora~ecJ:oro . npoaaaeaealla 

161 (T -npoaaaeueaaa) B TO'!Xe x = y B xoa~arypanaoaaoM npocTpaacTae • TaxaM o6pa-

aoM, Tonhxo nepabtA 'lnea B (6) npeucTaanaeT ~aaaqecxaa RHTepec. Ha (6) RM&eM: 

2 2 (CD) -caR) a R R a C D D 0 

(p -m ) .< </J(AB) </J(BF/+ JP2 .,;2 ~ ~[A+AA+B + :A+AA+8 J[A.aA.p:+~BA-~ ~(7) 

rae I "' A±- ~(1 .±. mp). 

$opMyna (7) aaeT ~•cn&Tenh 'ot5mero nponaraTopa' ana acero npeacTaaneaaa 5940+. qT0-

6bl DOny'IRTb HCTRBHblA DponaraTop Ana M930H4 C ODpeAeneBB~M CIIRBOM
1 

Mbl aon~bl Dp0-

8KTBpOBaTb (7) aa ayJKBoe cocToaHBe. Caaqana acxnJO'IIIM onymeBBble ~neabt, aaot5paJKaeM~e 

To'IXaMR B (I). 3To MOJKao caenaTb c noMo!DbJO onepaTopa: 

B.A., o', •' 

(PDC,a"b' 
1 1 " -t fJa. 1 "' a b o' d' >, 1- T[(l +-P )y , c 1 [cy, o--p)]~_a ,a ,a s . (8 ) 

p.v m V p. 11 vrabod 

Tionb3yHch (8), nony'IRM 

(e'4') 
[F,,1,, 

(a b ) I' V 

BA,o't~' 

• · ( p OD.a'•')p.'v' 
(CD) 

</J (AB) ~ 

qTOt5~ Dp09XTBpOB4Tb (3) B4 COCTOaBRe C onpeAen&BB~M CltKBOM0 M~ BB'aAaM TpB ODep&TO-

4 

pa p 2 , P1 , P0 ( BHlKBHA RHUex 

c noMO!llbJO cneAyJOmax ycnoeaA: 

Y'JaTbrBBa ( 2) a ( 3), RMeeM: 

( p 2 >,....,. 'v' 
1 

-- -ra,.v 

( P 1 >,.v,.'v' 

(Po ) , , • 
,.Vp.V 

Tenepb Mbi yJKe MOlKeM aa ( 1) 

CO CHRHOM 2. nerxo npoaepRTb1 

(o'4') 
[ s 1 

(a
1
b

1
) (p.V) 

. 
flpoeKTHpya (7) Ha COCTO!II 

Mbt nony'IRM nocne anRHBbiX, ao 

rae 

(p 2-m2) 

1 
· · [-To,..,~+ 

8 • 
af3 

<a't. 1
)(o'd') 

A (a'b'}(o 111
) • (l 

flepBbiA MHOJKBT9nb ~pMym; 

'lllCTHDbl CO CIIRHOM 2. flepeAUeM 

RM99M 

OTCJOAS 

A[p8] 

A . u · 



(4) 

••• x ~(t+!..L) 
- p • 

2 K 
) . 

(5) 

+ (6) 

3,4 - K aBTIIKBapxaM. Tpa noc-· 

esbl B nponaraTope. 3Ta xos-

oOHOnorR'I9CIIOrO. DpoR3B9Jl&BIIII 

npocTpaacTae
161• Taxxu o6pa

BHTepec. J1a (8) BMeeM: 

HG C.D DO 
. A ][A A -+A A 1 ~(7) 
+A +B ·B •F ·B -F' 

IBb!M CnRHOM1 Mbl JlOlllKHbl JtpO

lliYUI&BHb!& 'UI0Hbl 1 B306pa>KB&Mble 

1 " a b o' d' 
<t--p)l~>...8 ,8 ,8 8 • (8) 

11 vyabo4 

RBOM 1 Ubi BBeJl8M Tpll OII&p&TO-

pa P 2 ,P1 ,P0 (HHlKHBll HHJl9KC 0JlHli'IB9T 3Hli'19HH9 CJlHHa). 3TH onepaTOp bl onpenensnoTCII 

C JlOMOUlb!O cnenyiOUIBX ycnoBHll; -Ia 

P 1 P 1 • J> 11 P1 ; I P
1 

• · 1 
1•0 

Tenepb Mbi y>Ke MO>KeM sa (I) nony'IBTb TonbKO Teaaop 

CO CHHROM 2. nerKO nposepHTb1 'ITO 

(9) 

(10) 

(II) 

1 OJll!CbiBB!OUIHll M030H 

(o'ct') BA., o' d" 

[Sca'b'}]{JW> • · (P2 )1"'1'' .. ' (Pnc.a'b' >,. ... • ¢:::~· 

. 
npoeKTHpyH (7) RB COCTOIIHB9 M930RB CO CJlHHOM 2 C JlOMOUlbiO onepliTOpOB (8),(9)

3 
Mbl nony'IRM nocne JlllBRHbiX1 HO 3Jl9M0BTBpHb!X Bbl'IBCll9HRll: 

1 <•'•'> -<a\'>. 
(p 

2 
-m ) < [ S • • 1 [ S , I > I • 

(a • > (I"') (o r') (Ao) + p2 ~ .. 2 

( 12) 

1 • · [--8 fl. + 
3 "" "Jo 

rae 8 -8{3+~ af3 a m 2 

nepBb!ll MHOlKHT&llb <i>oPMYllb! ( 12) SIBllii&TCII KBIC pll3 'IHCIIHT&ll&M nponaraTopa Jlllll 

'IBCTBIIbl co CJlRHOM 2. nepellneM K nponaraTopy Jlllll 'IBCTBllbl co CJlBBOM I. Y'IHTbiBBlt ( 2). 

RM09M 

m 
OTCIOJlll 

( 13) 

5 



npoei<THPYII (7) 118 COCTOIIRH8 Me:.OR8 CO CflBHOM 1 C flOMO!IlbJO (8) ( 10) II ( 13), nony'I88M 

H3B9CrRyJO ~OpMyny 

2 (o'd.') -<•'h') <•'h')(o'cl"} 

(p ~ -m ) .<[ Aca'b'll,;. [ Aco't'l ],\ >+ .12 ; · 8 u>.. t.ca'b'X•'•'> 
p-

null CI<8UIIpHOrO M930H8 MO~O nony'IHTb TpHBH8UbHWA nponaraTop ------~ (yHHT8pH811 'IRCTb 
p~ -m 

onymeaa) c noMO!UbiO ( 7), ( 8) ~ ( 11 ) • noaH Tao, 'ITO Mo~o nony'IBTb nponaraTopbi .r:tnR Meao-

HoB CO CUB HOM 1,0 D3 onymeHHbiX 'IU9HOB B ( 1) flOliXOillll!lHMH npoei<D:HOHHblMH ODep8TOp8MB. 

B aaJ<niO'!&aHe aaTop HCJ<peaae 6naro.r:tapHT Hryea Baa Xbey aa neHHbi& aaMe'laRHH. 
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