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I. 0TKpbiTHe 0 
-I'HUOpOHB CO CTpB!fHOCTbiO S ~ -• 3 , H30TOUH'I9CKHM CntfHOM 

CHMMeTpnn cnn&awx saanMoaettcTani!, B·cooTBeTCTBHH c 

n Maccoa, 6nnaxoa x 1680 Maa, >rBnnoc& 6necTIIlllHM noaTBepJKlleaneM SU(3) _ 

SU (3) -cHMMeTpnefi CUHH {l-

3KCUOpHMO!fTH!IbHOe OUpeaeneane 3THX KBBHTOBblX 'IHCen 

I'HUOpO!fa aOrrlKeH 6b!Tb paBeH 3/2, B '19THOCTb aomKHB 6b!Tb UOrrOlKIITerr&Hofi. 0Aif8KO UpSIMOe 

0 -'IBCTHUbl 1 HOCOMHOHHO, HM99T 
60rrbWOe 3HB'IOHIIO. qOTHOCTb 0 

-rnnepolla !fe MOlKOT 6biTb onpenene!fa npn nay'!e!fnn 

ero pacnanoa, o6ycnoane!f!{b!X cna6b!MH B3BHMoaeAcTBHS!MH. Onpeaene!fne lKe 'fOT!fOCTH o-· 
B peaKUHSIX 38Tpyaaeao TOM, 'ITO p&BKUHH POlKltOflHSI 0-

SIBrrSIJOTCSI, KaK npaanno, npouec-
CBMH C TpeMSI HrrH 6orree 'fBCTHUBMH B KOHO'ff!OM COCTOSI!fHH. BoaMOlKHOfi peaxunei! POlKltefl~J! 

o- -rnnepoua C o6pa30BBHH9M AByX 'IBCTHU SIBrrHOTCSI pOBKUHH 

K + p .. 0 + M
1 (I) 

rae Ill M1 -ueaaaao OTKpbrTaSI 'IBCTnna 
CO CTpBHflOCTbiO S = 2 , MBCCOi! 1280 MaB H H30-

/I/ eaH!fHne. JIHHHbiO, norryqeam,re B pa6oTe , •CBHaOTOrrbCTBYIOT 
TOliii'fOCKHM CUHHOM, paB!fbiM 

B UOrr&ay Toro, 'ITO CUHH 
M 1 -'IBCTHilbl paaea aynro. B pR6oTe121 6birro noxaaauo (a 

npeanorroJKeann, 'ITO cnna M1 -Meaoaa paa.e!f nynro), 'ITO 'IOTHOCTb 0 MO>KeT 6biTb 

onpeneneaa npn cpaaaeann aCIIMMeTpnn B peaKilHH ( I) aa nonSipnaoaaH:noi! Mnwean c nonSI-

pnaannoHHbi:>fn xapaKTepncTHKBMH 0 
(cpeanHMH 3HB'IOHHS!MH CliHH-TOH30pOB) B TO!i lKO 

peaxunn c aenonnpnaoaaaaoi! Mnwea&ro. 3nec& Mbi noKalKeM, 'ITO CUHJi n '!eTnocTb 0-

rnnepoaa Mo>Kno onnoana'!no onpeaennTb 1 aaannanpyn yrnoaoe pacnpeaenenne np
0

ayKTOB ne

nenTonuhrX pacnaaoa ( nnn anannanpyn yrnoaoe pacnpeaeneane npoaon&Hoi! nonspnaannn rn

neponoa pacnaaa ) 0 -'lacTnu, o6paayromnxcn B \iOBKilHH ( I) c nonSipnaoaaH!roi! MHmen&ro. 

/2/ Mbi 6yaeM cneaoaaT& MeTony, npearrolKeanoMy newxnabiM anSI onpeaeneann cnnaa n 'leT-
HOCTH 'IBCTHUhl CO CllHHOM s , poJKllaroweilcn B peaxnnn 

0 + 0 0 + s 
(2) 

H pacnaaaromelicSI 38TOM HB aBe 'lHCTHilbl CO CUHHOM HYnb (nnn HB 'IBCTHIIY CO CliHHOM aynb 

n y -· KBBHT). ByaeM C'IHTBTb npn aToM, 'ITo cnna M 
1 

-Meaoaa paaea uynro. 0TMe

THM, ·'ITO liOrry'!OHHblO l!HlKO COOTHOWOHHH rrOI'KO 0606mHTb H Ha cnyqafi, Koraa CUHH 'lBCTil-

I(LI, polKaBIOlllOf!CH BMOCTO C 0 

CMOTpOHIIOM POBKilHil 
OTUH'IOH OT HynSI. 3aeCb lKO Mbl OI'p8HH'IHMCH pac -

3 



0+¥..-+5+0 (3) 

C nocnenyJOmHM pacnaAOM '!aCTHUbl CO CnHHOM 5 Ha 'I~CTHUY CO CnHHOM 1/2 H Me30H C 

aynenbiM CnHIIOMo 

2, CoCTOHHHe nonHpH3aUHH 0 -ranepoaa 6yneM xapaKTepaaonaTb cpeAHHMH 3Ha-

qaHHHMH nonHOii CHCTeMbl ( 2 5 + 1 ) 2 nenpHnOAHMblX TeH30pHbiX onepaTopon 

T JM ( 0 .$. j $. 2 5 , - J .$.,M ~ j ) • HOpMHponaHHbiX ycnonaeM: 

25 +1 
8 8 SpTHITJ'M'·= ~ JJ' MM' 

(4) 

npa TaKOi! IIOpMHpOnKe MaTpli'IHblli aneMeHT TJM n npencTanneann, rne naaroaanea one-

paTOp TIO 
, panen xoa<W>nnaeaTy Kne6ma-fopnaaa: 

<5m'·ITJM I 5m > = (5jmMISJSm'), (5) 

PaccMoTpHM cpennee aaa'lenne onepaTopa T 
280 

c MaKCHManbHO no3MOlKHbiM ana-

qeaaeM J = 25 n nynenol! npoexnael! n cnyqae peaxunn ( 1) c nonnpaaonaanol! MnmeHbJO: 

<T 2so >;, 
.... ..,. + .... .... 

5PT2SOM(pl ,pi )po M (pi ,pi). (6) 
ap 

3necb M (p , p ) -MaTpnua peaxuan n c.u.M., p 11 p -oTaocnTenhHbie HM-
' l I ..,...,. f 

nynbCbi na'lanbnoro n xoneqaoro cocT~mmii; ·p 0 = Y.. ( 1 + (a P ) ) -cnaaonan MaTpaua 

flnOTHOCTH naqanbnoro COCTOHHIIH 1 
p -nonHpH38UHH MHIIIeHH, a a-+ 

p - na<!><l>epenunanb-

noe ceqenae peaKunn aa nonnpnaonaaaoii Mnmean. ByneM C'IIIT8Tb, 'ITO nonapnaauna MHIIIe-

IIH p aanpaanena no aopMann K nnocKOCTH peaxunn: 

.. 
p Pn n = 

[ "P,. P1 1 

1[;, • "P1 ll· 

(7) 

Bbt6epeM a xaqecTne ocn xaaaTonaana (oc.n z ) HopManb n • !13 ( 6), (7) H (5), 

nocnonb3onanmncb cnollcTBaMH cuMMeTpnn xo,..P¢nnneaTon aexTopaoro cnoJKeHna, nonyqaeM: 

s -lh 
+ISP (-1) 

.<T 280 >pap =<T280>0 ao + . 

(~)12 I (-tf'-m (55m -mi55250)iMml-' 1
2 

· 45 + 1 mjL 

4 

(8) 

I 
'~ J!l 
r:~ 

ll 
.~ 

l 
! .,,; 
r 

t & 
~ 
) 

I 1: 
~ 
~ 

~~, .. 
! 

'r 
l 
I 

., 

I 

r·. 

·! 
·,; 
I 

\ 

rne .< T
280 

>
0 

a a
0 

- cpenaee anaqenue onepaTopa 

cnyqae peaKunn aa nenonHpuaona.H!!Oll Mnmenn, m 

pona n npoTona na aapManb K nnocxocTH peaxunn, a 

ll jL - npoeKUHH CnliHOB ll-

Mml-' = <SmiM (p 1 ,p1 >I Y..IL > 

• MaTpH'IHblll aneMenT M 
mjL 

OTflH'IeH OT HyflH flHIIIb npH TaKHX 3Ha'I9HHHX m II jL 

/4/ 
KOTOpble yno·nneTnopHJOT npannny Eopa : 

jL-m 
(-1) I., = I 

t;"" 
(9) 

nbtTeKaJOmeMy H3 Tpe6onaHHH HHnapllaHTHOCTH 5 -MaTpHUbl OTHOCIITeflbHO OTpalKeHHH B 

nnocxocTH peaxnnl!. 3necb 11 ( I 1 ) 
-nponanenenne nnyTpennnx qeTHocTei! aaqanbHbiX 

(xoHe'!HbtX) qacTnn. CnenoBaTenbHO, MHOlKHTenb ( -1) jL-m MOJKeT 6biTb Dblll9C911 H3 -

non aaaxa cyMMbt B nhipaJKeHlfH (8). Y'IIITbiBaH aTo, nepennmeM (8) n cnenyJOmeM nnne: 

< T · > a =· < T > a + 2SOPP 28000 

8-Jh 25+ 1 )lh I 
+ Y,PI(-1) (Ts"+T mjL 

2 
( 5Sm -m I 55250) I MmjL I· 

CyMMHponaane B sToil tjlopMyne nponanonnTcn, ecTecTnenao, TOnbKO no aaa'!eHHHM 

IL , ynonneTaopatomHM ycnonnto (9), 11na'!e ronopa, npn xaxmoM na 25 + 1 

m B cyMMe no IL ocTaeTCH nlllllb onnn na nnyx no3MOlKHhtX 'lneaon. 

(10) 

m 11 

311a'lennil 

06oana'IHM qepea < T 280 > -P n a;_P cpennee ana 'IeHne onepaTopa T 280 n ceqe-

ane peaxunn B cnyqae, Korna nonspn~auna Mnlllenn panna (- P); • PaccMoTpHM cnenyJO

mee oTnomeane na6ntonaeMhtX aenti'IHHx/ 

<T280>Pa·P- <T2SO >_p a_p 
=6 

28 
(ap + a_p) P 

11cnonb3yn ( 10), HaXOAHM, 'ITO: 

828 

I(-1)8 -!h ( 25 + 1 li m:(
55

m -ml 552SO)I M 1
2 

-----) r mjL 

45 + 1 I IM 1
2 

mjL mJl 

x/ 0TM9THM, 'l'rO CTOnlllaB D 3H8MeHaTene ( 11) cyMMa 
C9'19HHIO peaKUHH Ha aenonnpH30DannoJ! MH1119Hllo 

5 

u + u· 
p -P 

( 11) 

(12) 

panna ynnoeaaoMy 



Bxonmnne B :aTo BhipaJKeane Ko:a<!><!>nuneaThi Kne6rna-fopnaaa pasab/51: 

[(2S)!] 2 

(SSm-m ISS2SO) = -~---li (S-m)!(S+m)! 
[(4S)I] 

(13) 

Bnaronapg nonoJKnTen&noll onpeneneaaocTn :aTnx Ko:a<!><!>nuneaToB, oTaorneane cyMM, cToli

mee a npasofi qacTH (12), ae MOJKeT o6pamaTbCli B ~yn& an npu KaKofi nuaaMnKe npouec~ 

ca. TaKHM o6pa30M1 1!3 Tpe60B8HHll HHB8pH8HTHOCTH OTHOCI!TellbHO BparneHHl! H OTpaJKeaul! 

BhiTeKaeT, 'ITO oTaorneanex/ iiaomonaeMbiX sennqna ( 11) ae MOJKeT o6pamaT&Cli B ayn&. 

Bonee Toro, IIeTpynao ycTaHOBHTb HHJKHIO!O u sepxHIO!O rpaHl!llhi OTHorneau>t ( II). Mbi nc-

non&ayeM :aTo an:»ce npn aaanuae yrnosoro pacnpeneneang nponyKTOB pacnana n- -ru-

nepOHOB, 

3. B Kaqe·cTse aaannaaTopa cocToliHHn nonllpnaauuu n -'I8CTHU ecTeCTBeHHO HC-

non&aosaT& nponecc nx pacnana. PaccMOTpuM aenenToHHhie pacnan~>I: 

~~ .. A+ K 

n- .. E +rr • 
(14) 

Yrnosoe pacnpeneneane nponyKTOB pacnana TaKoro Tnna ( S ... ~ + 0 ) HMeeT B cucTe

Me llOKOlt n -· -rnnepoaa cneny!Ornl!l! Bllll ( CM. pa6oTy Bal!epc ll <PeacTep161 ): 

wp(O,cp)=·~ 
J-tfeT , M 

aJM(P) v;M(O,cp) + 

a~ 
J-HetteT.M 

aJM (P)Y;M (0, cp). 

( 15) 

x/ !13 HHB8pli8HTHOCTH OTHOCHTellbHO Bpameaul! H OTpaJKeHHl! O'IeBHilHO, 'ITO OTHO
IIIeane (II) cosnanaeT c oTaorneaueM 

L L R R 
<T 2so >;u-p- <T280 >P uP 

L R 
ujt +uP 

L 
rne u it :;ceqeaue peaKnnn ( I) B cnyqae, Korna 
pnaannn P , a ui - ceqeane peaKnun, Korna 
Yron MeJKny p; n p~ B o6oux cnyqa>tx onna 

IOT cpenane aaaqeung < T280 > LjtR • 

6 

I p ;j, ], napannen&ao BeKTopy nong
[ I' ! rt ~ . aaTnnapannen&Ho P . 
n toT ice. Aaanorn'IHblll CMbicn HMe-

3ne"cb 
8-Ji 

aJM {P} ~·.<TJ!o1 >~up (-1} { lS +1 )li (SS~ -*1 SSJO), 
4rr 

(16) 

a 0 ll ¢ -c<!>epnqecKne yrn&I, onpenenli!OrnHe aanpasneane HMnyn&ca rnnepoaa pac-

papk B CHCTeMe KOOpllHHIIT C OCb!O Z 
, aanpasneaaoil no aopMann K nnoc-

nan a 
1761 

pasea ' : KOCTH peaKllllll (1). napaMeTp a 

2Re ab* 
a 

lal 2 +1hl 2 

b -aMnnnTyllhi pacnana c · f =· S -·~ H f = s + ~ 
rne a H 

11aTerpllpyg ( 15) no aanMyTy, nonyqaeM 

2rr 
N {0) = f w (0, ¢ )dcp 

p 0 p 

2rr ~ aJo (P)YJ
0 

(cosO) 
J -'leT 

+·2rra ~ aJ
0

{P}YJ
0 

(cosO ) • 
J- ae'IeT 

C nOMOrnbiO ( 18) H ( 16) H8XOilHM 1 'ITO 

rne 

NP(O) - N.p{O) 

JNP (O)sinO~+ fN.p(O)sinOdO 
0 0 

28-1 28 

=·~P[~ bJPJ{cosll)+a~ bJPJ(cosO)]., 
J=a.J -qeT J= t,J•He'IeT 

8-li 
bJ=·(-1) [ {2S+:1}(2J + l)]K (SS* -% I SS] 0). 

<TJO >pUp - <.TJO >_.pu·_p 

P(ui> +:'!.p ) 

+' 

(17) 

COOTBeTCTBeHHO. 

(18) 

(19) 

(20) 

11cnonb3Yll ( 11) n ( 12), nonyqaeM oTciOna cneny10mee BblpaJKeane nnli xo:a<!><!>nnneaTa b : - 28 

7 



,, 

b28 =- 1(25+: l)(SS% -% I'SS2S0) 
}• (SSm -m I SS2SO) I Mml' 12 

~ IMmu 1
2 

ml' .-
(21) 

KaK yll<e OTMe'I81lOCb0 K03tP<!>HuHeHTbl BeKTOpHOI'O C1lO)KeHHH, BXO!!HillHe B 3TO BblpalKeHne 

(eM. ( 13)) 0 n01l0)KHTe1lbHbl. 3TO 03H8'I8eT, 'ITO KOa<l><l>nnneHT b 28 , T.e. KOatP<!>HilHeHT 

npn nonnaoMe RelKaH!lpa M8KCHM81lbHoro nopnnxa B paano)Keann (19), acerna oTnn'IeH OT 

nynn, H 'ITO ero 3H8K O!!H03HO'IHO onpenenneTCH BHyTpeHHefi 'IeTHOCTbiD • Kax nnnnc 

. na ( 21), ana'Ienne b28 npn S > % onpenenneTcn nnnaMnKofi nponecca po)K!lennsr. He-

Tpynno, onnaxo, nony'IHTb aepxnroro n HH)I(Hroro rpannuhi ana'Iennfi xoatjltjlnunenTa b 
28 

• Qqe-

nnnno, 'ITO 3TH rpannnbi onpenennroTcn nan6onbmnM n nanMeHbWHM anaqennnMn xoa<P<!>nnn

enTon.Kne6_ma-ropnana, nxonsrmnx non anaK cyMMbi B Bblpall<enan (21). C noMowbro (13) 

n (21) nonyqaeM: 

a 
(2S+-1)[(2S)I], < Ib -~ 
--------::--:-:- -· 28 

(.4S)I (S-%)1 ( S + %) I 

(2S+ 1)[(2S)!]~ (22) 

(4S)I [(S- %)1 (S + %)1]~ 

B Ta6nH!le 1 npnneneHbi rpannnbt, B KOTOpbiX MO)KeT naMeHHTbCH b 28 npn S =·1/2, 3/2 

H 5/2. 

Ta6nnna 

Bepxasrsr n HHlKHHH rpannnhl xoa<P<!>nnaenTa b 
28 

C n H H 'leTHOCTb b 
28 

1/2 - 1 bl = 1 
-1 bl = -1 

3/2 1 3/ 5 ~ b3 ~9/5 
-1 -9/S :s_b

8
::; -liS 

5/2 1 5/21 -< b 5 < 50/21 
-1 -50 '21 ~ b

8 
~-S /21 

TaxnM o6paaoM, cnna n 'IeTHOCTb 0- -'I8CTHU MoryT 6b!Tb O!!H03H8'IHO onpenene~ 

Hhl no yrnonoMy pacnpenenenaro nponyKTOB pacnana 0 - -'IBCTHn, polKnaromnxcs B 

pe8KUHH ( 1) H8 nonHpH30B8HHOIJ MHWeHHo nnH TOI'0 0 'IT06b! onpenenHTb b 28 Heo6xo-

!!HMO, KBK nnnno na ( 19), aaa;b napaMeTp pacnana a • B pa6oTax
17•61 

noxaaaao, 

'ITO napaMeTp a panea npononbnofi nonspaaauna qacTnn co cnnaoM V2 , B03HHK8JO-

8 

I. 

mel! npn pacnane aenonspnaonaHHbiX qacT~ co cnnl!OM S (pacnan S ... % +:0 ). Cneno-

naT~nbao, napaMeTp ra 

neneann cnnna H 'IeTnocTn 

MO)KeT fib!Tb H3MepeH B He38BHCHMOM 3KCHepHMeHTe. nnH onpe-. 

0 -'IacTnubi cnenyeT, ecTecTneaao, Hay'IaTb yrnonoe_·pacnpe1 

neneaae pacnana c MBKCHManbHhlM _a • Ecnn ll<e napaMeTp a OKalKeTCl'I MBnbiM Jl1llil 

BCex .. HenenTOHHbiX CXeM pacnana () -'I8CTH!lb10 TO CnHH H 'IeTHOCTb i:}- -'I8CTHUbi MO-t -

ryT 6biTb onpeneneHbi no yrno:SoMy pacnpeneneanro upononbaol! nonspaaannn rnnepoaon pac-..... 
nana. 06oana'IHM qepea .< ( u- k) > P npononbayro nonnpnaaunro rnneponon pacnana. Yrnonoe-

pacnpenenenne npononbaol! nonlilpnaaunn rnneponon 

0 -· nMeeT ann/
61 

<&it> P wP B CHCTOMe nOKOlil 

277 .. 28-1 28 

f<-;k > w d¢ = 2mz ~ a (P)Y (cosO)+:~ a (P)Y (cosO). 
- P P JO JO JO JO 

o J={),J--'I~T • J'll::l,J-aeqeT (23) 

0Tcrona . oqeannno, 'ITO 

21T ...... 271,..-+ 
f<uk >p wpd</J-J<uk> w d¢ 

0 .• p .p 
28-1 2S 

= %P[a ~ bJ P.r (cosO)+·~ bJ Pj (cosO"), (24) 
J=O,J-. 'reT J = ·t,.r-aeqeT I w p dO + f !p d 0 

rne xoa<P<!>nnnenThl b J naroTclil, xax n panbme, Bbipa)KenneM ( 20). Koa<P<!>nnnenT b 
28 

a 

pacnpenenennn (24) ne YMHOlK8eTClil na a • 3To 03Ua'IaeT, 'ITO cnna n 'IeTHO'CTb o-·-
'I8CTH!lbl MoryT 6b!Tb onpenenenbt na pacnpeAenennn (24) Jipn nro6oM aaaqenna napaMeTpa 

pacnana. 

B aaxnroqenne cnenaeM nna aaMe'Iaaan. Bo-nepBbiX,Mbi npennonarann no cnx nop, 

· 'ITO yron, IIO!l KOTOpblM BbineTlliDT 0 -- -'IBCTHUhl ( yron Me)K!ly p H p ) , tPHK-
1 ' 

cnpoaan. Koa<!><!>nunenThi b B ( 19) n (24) aanncHT oT .aToro yrna.Qqeannno, 'ITO Mo)I(Ho 
J -

npml.anecTn nHTerpnpoaaane no yrny BbineTa 0 -'IaCTHilbi. (MnTerpnpyro'tClil oTnenbno 

'IncnnTenb I! anaMeaaTenb B pacnpeneneHnHx (1 9) n ( 24)). .HeRo TaKlKe, 'ITO rpalurnhl 

nnH · xoa<!><!>nunenTa npn nonnaoMe Rell<annpa MaKCHManbnoro nopHnKa B pacnpeneneaHH no .(J 

npn 3TOM ne HaMeHHroTclil. Bo-BTOpbiX nee, nanoll<ennoe Bhlme, oTnocnTcsi _TBKlKe :11 :z: peax

llHHM 

K+p .. () +K+K 

(25) 
npn ycnonnn, 'ITO oT6nparoTCH Taxne co6hlTHH, xorna nMnynbcbl ncex 'IBCTHil nelKaT a on

noli nnocxocTn. 

AnTOpbi 6naronapHbi .H.A. CMoponnncxoMy aa noneanhle o6cy)KllenuH. 
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