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.llymeHKO B.ct>. P2-4987 

HyKnon-Me30HHaH MOA8/lb 6apHOHOB c Maccoil M8Hbille 2-x rsa 

06Cy)I{A810TCSI HeKOTOpble !3MIIHpH'I8CKHe 38KOHOMepHOCTH B CII8KTpe 6a

pHOHOB C He60ilbillHMH M8CC8MH, 06Hapy)I{HB810IllH8CH, 8C/lH T8KHe 6apHOHbl 

paccMaTpHB8Tb KaK cocTaBHhre HyK/lOH-Me30HHhre CHCTeMhr. XapaKTep aaKo

HOMepaocTeil CBHA8T8/lbCTByeT 0 B03M0)1{110CTH MOA8/lH TH!Ia 060ilO'I8'IIIOH, 

PaccMOTpellhr CHCTeMhi c MeaoaaMH" , K , 11 , ycToil'IHBhiMH rro 

OTHOlli8HHIO K CH/lbllb!M paCII8A8M, 

Coo6~eHK8 06~8AHH8HHOro KHCTKTYTB 8A8PBWX KCC~8AOBBHBI 

~1970 

Dushenko V.F. 
P2-4987 

Nucleon-Meson Model of Baryons with the Mass Smaller 
than 2 GeV 

Some empirical regularities are discussed in the spectrum of 
baryons of small masses, which are revealed when such baryons 
are considered to be the compounds of a nucleon-meson system. 
The character of these regularities proves the possibility of 
existence of a model of the shell type. The systems with mesons 

" , K , 11 stable with respect to the strong decays are 

considered. 

Com.m.unieation• of the Joint Inatitute for Nuelear Reeeareh. 

DaiHaa, 1970 
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B cnexTpe 6apHOHOB c MaccaMH MeHbllle 2 fsB o6aapy)I{HBaiOTCSI ae-

xoTopbie 38KOHOMepHOCTH, eCnH TSKHe 6apHOHbl paCCMaTpHBSTb KBK COCTaB

Hbie ayxnoa-MeaoHHhie CHCTeMbi c MeaoaaMH " (136), K(496 ) H ., (:i50), 
X/ ~ 

YCTOi!:'IHBbiMH no OTHOllleHHIO K CHnbHbiM pacnat:~aM • 3aeprHSI HyKnOH-Me-

30HHOi!: cHcTeMhi nonaranacb Manoi!: B Taxoi!: CTeneaH, 'IT06hi coxpaaeHHe 

B CHnhHhiX B38HMOt:leltcTBHSIX 6apHOHHoro aapSit:~a B H cTpaHHOCTH S MQ)I{-

HO 6bin0 CBH38Tb C COXpaHeHHeM B CHCTeMe •mcna HyKnOHOB H, COOTBeTCTBeH

H00 'IHcna K -Meaoaoa. Tpe6oaaHHe coxpaHeHHSI 'IHCna qacTHU " H Tt 
' HBnHeTCH B 3Ha'IHTenhHOi!: CTerreHH )l{eCTKHM BBHJ:IY OTCyTCTBHH COXpaHHIOlliHXCSI 

B CHnbHbiX B3SHMO}:Ieil:cTBHSIX KB8HTOBbiX 'IHCen, KOTOpbie MQ)I{HO 6binO 6bi 

COIIOCT8BHTb 9THM Me30H8M. TeM He MeHee HHTepec npe}:ICTaBnSieT pacCMOT

peHHe BCeX TpeX THIIOB IICeB}:IOCKanSipHbiX Me30HOB0 IIOCKOnbKY o6Hapy)I{HBaiO

lliHeCSI IipH 9TOM 38KOHOMepHOCTH HOCSIT YHHBepcanhHbiH XapaKTep. 

1 ~ HyKnoH-OAHOMeaoHHbie CHCTeMbi 

B MO}:IenH CHCTeMbl HyKnoH-IICeBt:IOCKanSipHbiH Me30H MO)I{HO IIpHHSITb 

Cnet:~yiOmHH BHt:l cneKTpa Mace nepBOH pat:~HanbHOH cepHH COCTOSIHHH: xx/ 

... 
M =M +M +A 

0
+B(f ;;) + C(r",r-+N), 

J;f;I N I L 
( l) 

X/HyKnoH-MeaoaHaSI Monenb Y 0 (1405) - peaoaaaca 6hma rrpenno)l{eHa .lla
nuueM H TyaHOM /1 I. 

xx/ 
(~ , t ) = f ( c ( c + 0- a ( a + 1 ) - b ( b + 1)); 
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rne MN 
.... 

-Macchi HYKnoaa u Meaoaa ( i = TT, K, 71) ; f , . £ 
' 8 

non-H M 
.... .... .... 

HhiA MOMeHT, OpOHTanbHbiH MOMeHT H en~ HyKnOHa ( j = f + 8 'leT-

HOCTb COCT05IHHSI p =-(-1) £ ) ; 1 , ; -; - nonHhiH H30TOfiH'IeCKHA 
M 

(
-t .... .... 

CnHH COCTOSIHHH, H30TOfiH'IeCKHe CnHHbl Me30Ha H HyKnOHa f = r + r N); 

A £ , B C - HeKoTopbie nocTOHHHbie ( A £ =A,. , ecnu £ =0 H T.n.). 

CneKTpbi N TT , N K , N 71 - cucTeM, cne.nyiOIIIHe ua ( 1), a TaK:lKe cneKT-

pbi oapHOHOB, C KOTOpb!MH COCTGSIHH51 CHCTeM OTO:lK!leCTBn5IIOTC511 npHBe!leHbl 

B Taonuue 1. 

nocT05IHHhie B H C .nnH BCeX TpeX CHCTeM OKaaanOCb B03MO:lKHbiM 

O!lHHaKOBbiM Oopa30M Bb!pa3HTb 'lepea MHHHManhHyiO, XapaKTepHyiO nnH CHnh
.'f 

HhiX BaauMo.ne:ii:CTBH:ii:, Macey MIT (Macey IT -MeaoHa): 

(2) 

3KcnepHMeHTanbHbiA cneKTp oapHOHOB TaKOB, 'ITO 9Hepi'H51 B d -coc-
\ 

T05IHH5IX BCeX CHCTeM BenHKa, no9TOMY HHTepec npe.ncTaBnsnoT, B nepByiO 

O'lepe.!lh, 8 - H p -COCT05IHH51 CHCTeM, 

nocTOHHHhie A,. nnH· NR - u N 71 - cucTeM MO:lKHo nono:lKHTh paBHhl-

MH HyniO: 

A =0. .. (2a) 

Benn'IHHhi A P y:lKe He Manbl H B CHnhHOA CTeneHH 3aBHCSIT OT THna Me3o-

Ha. OnHaKo, KaK u nocTOSIHHbie 8 H C , OHH KpaTHhi MIT (aHa'leHH.II npu

Be.neHhl B Taonuue 1 ) • 

B Mo.nenu N K -cucTeMhl ( B =1, S= -1) coxpaHHeTCH HHTepnpeTaUH.H 

YO (1405)-peaoHaHca KaK CB.II3aHHOI'O 8 -cocToSIHHH sTo:ii: CIICTeMhl. B p -

COCTOSIHHH, noMHMO TpeX H3BeCTHblX runepOHOB A , l: Y I (1385), 

3+ 
Monenb BKniO'IaeT coc.TOHHHe A ( 1316) 0 ( 2 ) , yKaaaHHe Ha B03MO:lKHOCTb 

CyiiieCTBOBaHHSI KOTOporo nony'leHO HenaBHO B nyoHe ( /\. y -pe30HaHC ) / 2 /, 
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N1l. 

~· 

Ta5nHU8 1. CneKTpbl COCTOSIHHi! HYKnOH-OnHOMe30HHbiX CHCTeM: 

e::a· . ' A ::0. s 

.f =I; Ap=-Mx• 

f=I; Ap=~:l•. 

f=O; A<i=O. 

~=I; Ar=M:r • 

NK • N TT • N ~ 

" ( !384)0(~-) 
L: (I452)I(~-) 

A (III2)0(~+) 
~: ( IIOO)l(~+) 
A ( I3I6 )0( ~+) 
~ ( I384)I(~+) 

,..J (939) ~c~+> 
A (I04I)~(~+) 
N ( II43)~(~+) 
.6. (I245)~(~+) 

N (I488)~(~-) 

rJ (I488)~(~+) 
N ( I692)~(~) 

x/ 
3KCIIepHMeHT 

A(I405)0(~-) 

2 (I480)I{? ) 

1\ (III5)0(~+) 
~ (II92)I(~+) 
A (I327)0(? ) 121 
L (I385)I(~+) 

rJ (939) ~c~+> 

ll (!236)~ (~+) 

r-J (I525)~(~-) 

1'1 (!460)~(~+) 

x/ /56/ 
KaaHTOBbie 'lHCna 3KcrrepHMeHTanhHO H3BeCTHbiX 5apHOHOB B3SIThi H3 ' 
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CneKTp Mace N 11 -cHcTeMbi ( B = I, S =0 ) B p -cocTOHHHH HBJISieTcH 

l 
OC06eHHbiM B TOM CMbiCJie, 'ITO COCT8BH8SI N 11 -CHCTeMa B OCHOBHOM COC-

TOSIHHH TOJK):leCTBeHHa HYKJIOHHOH KOMIIOHeHTe. J1ao6apa f1 ( 1236) OTO)K):leCT-

3 3 + 
BJIS!eTCSI C COCTOSIHHeM ~ ( 1245) - ( - ) • B 9KCIIepHMeHTe HeT IIOKa Ka-· 

2 2 
KHX-JIH60 YK838HHH Ha B03MOJKHOCTb Cyll.leCTBOB8HHSI 6apHOHOB1 KOTOpb!e MOJK

HO 6binO 6bl COIIOCTaBHTb ABYM APYI'HM p -COCTOSIHHSIM CHCTeMbi. Te:,1 He 

MeHee paCCMOTpeHHe 1T -Me30H8 B COCTaBe HyKJIOH-ABYXM930HHbiX CHCTeM 

Hap Hay c K ·- H ., -MeaoHaMH, oKa3biBaeTCH none3HbiM. 

f1 oaXOAHlllHM KaHAHAaTOM B s -coCTOHHHe N., -CHCTeMbi ( B =I, S =0) 

HBJISieTCH peaoHaHC N ( I525) .L (.! -) , HMe.IOIDHH 6onhiiiYIO ( "" 70%) N., -MOLlY 
2 2 

pacnaaa. CBSI38HHOMY p -COCTOSIHHIO CHCTeMbl MOJKHO COIIOCT8BHTb pe30H8HC 

ilnH BCeX MO):leJieH HyKJIOH-OAHOMe30HHbiX CUCTeM H3-3a 60JibiiiOH 

BeJIH'IHHbl CIIHH-op6HT8JlbHOI'O pacmerrJieHHSI OCHOBHbiMH COCTOHHHHMH ll:BJIHIOT-

CSI p -COCTOHHHSI. 

2. HyKnoH-nByxMeaoHHbie CHCTeMbi 

CymecTBOBaHHe 6apHOHOB co cTpaHHOCThiO, 6onb111ei1: eaHHHUhx, B paM

Kax HyKJIOH-Me30HHOH MO):l8JlH IlpHBOJlHT K He06XOJllfMOCTH paCCMOTpeHHSI CHC

TeM C 'IHCJIOM M830HOB, 60JlbiiiHM e):IHHHUbLo 

BHA CIIeKTpa HyKJIOH-ABYXMe30HHbiX CHCTeM B6JIH3H OCHOBHOI'O COCTOHHHR 

MOJKHO OIIpe):leJIHTb, 8CJIH 38MeTHTb CJieAYIOll.lee o6CTOSIT8JlbCTBOo ilorryCTHMOM 

SIBJIS18TCSI HHTeprrpeTaUHSI K8CK8):1HbiX I'HIIepOHOB S(1320) H :=* (1530), cor-

nacHo (1), KaK p -cocTOHHHH A K - HJIH I K -CHCTeM. f1pn aToM 3Ha'IeHHH 

BCeX IIOCTOSIHHbiX 6yayT TaKHMH JKe, K8K H B N K -MO):leJIH 1 C COCTOSIHHSIMH 

KOTopoif oToJKaecTBJIHIOTCH A - H I -rHnepOHbi. MoJKHO npeanonoJKHTb, 

'ITO Becb cneKTp N K K -cncTeMbL B6JIH3H ocHOBHoro cocTOHHHH TaKoB, 'ITO 

):IOIIYCTHMO 06'be):IHHeHUe O):IHOI'O H3 M830HOB C HyKJIOHOM B 6apHOHHhiM KJiaC-
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Tep. npH 3TOM M8CCa BCef'O COCTOSIHIHI 1:1 race a KJ18CTepa OIIpeAeJ151IOTC 51 

corrracHo (1 ). TaKHM CBOHCTBOM o6rraAaeT crreKTp X/: 

M 
J,P;I 

M + M +A 0 + B (f 1 , ; ) + C (i'1 ,1 N ) + 
N I L I 

.... 
( .... ) (-> -> ) + M +A 0 + B f , s + C T , TN + 

2 L2 2 2 ' 
(3) 

+B(r,( )+C(r ,1 ), 
I 2 I 2 

rne p =(-l)fl+f2. 

8K1IIO'IeHHe B CIIeKTp ( 3) IIOMHMO 8AAHTHBHbiX HYKJ'IOH-Me30HHbiX BK1Ia-

(4) 

IIpHBOAHT K TOMY, 'ITO CITeKTp CTSHOBHTCSI BblpO:>KAeHHbiM OTHOCHTeJlhHO KB8H

TOBbiX 'IHCeJl Me30HHOH ITOACHCTeMbi, 

BenH'IHHbi 9 1:1 C A1IH BCeX HyK1IOH-OAHOMe30HHbiX CHCTeM OAHH8K0Bbl, 

3TO IT03BOJ151eT paCCM8TpHB8Tb HYKJ'IOH-ABYXMe30HHbie CHCTeMhl C Me30H8MH 

pa31IH'IHbiX THIIOB, H8XOASIIUHMI:ICSI B S - 0 1:1111:1 p -COCT051HHSIX OTHOCHTe1lbHO 

HyK1IOHa. 0pH 3TOM B8:>KHO IIOA'IepKHYTb 0 'ITO ITOCT051HHhie B CIIeKTpe (3) He 

SIBJll'l!OTCSI 6onee IIpOH3B01IbHbiMH, a HMeJOT 3H8'IeHHSI, OIIpeAeJ'IeHHbie B COOT

BeTCTBYJOIUHX HyK1IOH-OAHOMe30HHbiX CHCTeMaX. 

CrreKTpbi cocTOHHHH N K K 1:1 N "Tf -cHcTeM, cneAyJO-

IUI:Ie 1:13 ( 3), IIpHBeAeHhl B Ta61IHUe 2, 

x/ 
M 

J,P;I 
=lM +M + :\• 

N I q 

_, _, (_, _, 
+M

2 
+A e + B ( f

2
, s ) + C 1 , r ) + 

2 2 N 

+B(f
2

.--f
1 

)+C(;
2
,;

1 
)= 

= M + M + A. + B ( ~ , f 
0 

) + C (f.' 
2 

, 1_, 
0 

), 
Q 2 t 2 

_, 
rae M 

0 
, f 

0 , T Q - MaCca, CllHH H H30TOITH'IeCKI!fi CI!I!H K1I8CTepa Q , 

< r = r 
Q I 

_, 
+s 

N 

_, -> 
1 =T 

Q 

_, 
+ 1 N ), 
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Ta6nHUa 2. CneKTpbl COCTOSIJiHA JlyKnOii-ABYXMe30iilibiX CHCTeM: 

-- -
NKK ,NK rr, NK 71 ,Nrr.71 • 

-~ 
'~ 

3KcnepHMeliT 

I 
! 

l'iti. ~=0; f 2 =I. ~ ( 1608)~( ~-) ~ (1635) 

s (1710)~(~-) s (!700)~(? )131 
s (1812)~(~-) =: (I8I5)~C:1>~) 
S(I9I4)j(f) 

~ f,=I; ~=I. S(I336)~(~+) =: (1320)~(~+) 
~ ( 1438)~(~+) 
!: (1540)~(~+) ~ (1530)~(~+) 
8 (1642)~(~+) 
=: (1880)~(~+) S (1930)~(J> ~) 
s c 1982)~(~+) 

NKn. f =0; f_:r. j( _,, 
A(1384)0(~-) A (!405)0(~-) 

' ~ (I452)I(~-) ~ ( I480)I(!? ) 

~ ( 1588)2(~-) 
" ( 1588)0(~-) 

I 

~ 
~ (I656)I(~-) E (I660)I(~-) j 
~(1792)2(~-) 

e«:=1; f"J<=I. A (III2)0(~+) A (UI5)0(l+) 
c.. 

~ ( IISO)I(~+) 2: (II92)I(~+) 

~ ( 13!6)2(~+) 
1\ ( 1316)0{~+) A (1327)0(! )121 

~ (1384)1(~+) 2". (I385)I(~+) 

~ (1520)2(~+) 
8 
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I 

I Ta6nuua 2 (nponomKeHue) 

I. 

I ~· f~:=1; l?=O. 1\ ( !661)0(~-) 1\ ( I670)0(~-) 
~ ( !729)1(~-) I. ( I760)I(~-) 
A (1865)0(~-) 

l (!933)!(~-) ~ (!920)!(~-) 

.f.i( =I; .f'l =I. 1\ (I66I)O(~+) 1\ ( !670)0(~+) 
~ (1729)!(~·) 
1\ (!865)0(~+) A(I870)0(~+) 
:t (I933)I(~+) 

N:i\2· fj{:.I; f
7
=0. f'l ( !488)~(~-) r-1 (!525)~(~-) 

A(I590)~(~-) t:. ( !630)~(~-) 
1'4 (I692)~(~-) .-4 (I730)~ (~-) 
a (I794)~ (~-) 

9 



p p 

HHTepnpeTHpyiDTCR K8K 

PeaoHaHc E(l815*J~ 

:s (1812)..!.(...2.- ). 
2 2 

RBflReTCR nO)lXOJliDUHM K8H)lH)l8TOM B S p -COCTORHHe 

oollbmaR Ha6niDnaeMaR Mona pacnana aToro peaoHaHca c yqacTHeM K -Me-

30Ha ( = 65%) MO)KeT 6biTh o6ycnoBneHa TeM, 'ITO K-MeaoH B s -cocToR

HHH CBR3aH c HyxnoHOM cna6ee, 'leM 5 p -cocTORHHH. 

3xcnepHMeHT81IbHbie CBe)leHHR OTHOCHTeflbHO CTpaHHh!X I'HnepOHOB (s=-2) 

C H30TOITH'IeCKHM CITHHOM J,. ~ HOCRT noxa npe)lB8pHTeflbHbiH xapaKTep/3/• 

B N K11 -cneKTpe noncHCTeMa ypoBHeii: B6nH3H OCHOBHoro oocTORHHR 

TO)K)leCTBeHHa cneKTpy N K .-cHCTeMhi. n OSTOMY paccMOTpeHHOe paHee npen

c'raBneHHe 6apHOHOB KaK HyKnOH-OJlHOMe30HHb!X CHCTeM MO)KeT HOCHTb npH6-

flH)KeHHb!H xapaxTep Jla)Ke B s - H p -cocToRHHRX. TeM He MeHee B PRJle 

cnyqaeB TaKoe npH6flH)KeHHe, no-BHJlHMOMY, nocTaTO'IHO xopowo. MHoroxa

HallbHbiil: l\la30BhiA aHanH3 N K -pacceRHHR 141 nonTBep)KJlaeT HHTepnpeTaUHID 

Y 0 (1405)-peaoHaHca KaK CBSI3aHHoro. s -cocTORHHR NK -CHCTeMhi. 

B To )Ke BpeMSI JlflSI peaoHaHca Y 
1 

( 1385) 6onee npenno'ITHTenbHhiM oKa3bi

BaeTCSI Tpex'laCTH'IHoe npencTaBneHHe II. 11= ( N K ) 11. 

EcnH nocTpOHTh cneKTp N K * (89~) .-cHcTeMbi B s -cocTOSIHHH, cor

nacHo ( 1), CO 3Ha'leHHSIMH nOCTOSIHHb!X (2) H (2a), TO OH COBnanaeT CO 

cneKTpOM • AHanOI'H'IHSSI CHTyaUHSI HMeeT 

MeCTO H nnSI CHCTeM N p (7ffi) H N 117] • l1Hb!MH CflOBaMH, CHCTeMa JlBYX 

·nceBJlOCKanSipHbiX Me30HOB BO B3aHMO)leil:CTBHRX C HyKnOHOM CTaHOBHTCR aK

BHBaneHTHOA KnacTepy THna BeKTOpHOI'O Me30Ha. 

B aaxniD'IeHHe MO)KHO oTMeTHTh, 'ITO o6mHii: xapaKTep aMnHpH'IeCKHX 

3aKOHOMepHOCTeii:, o6Hapy)KHBaiDIUHXCR B cneKTpe 6apgOHOB C He60nblllHMH 

MaCCaMH, no3BOflReT I'OBOpHTb 06 aHaflOI'HSIX C MO)leflSIMH 060flO'Ie'IHOI'O THna. 

B naHHOil: pa6oTe He paccMaTpHBanHcb HyKnoH-TpexMeaoHHbie CHCTeMhi. On

HaKo nonbiTKa KflaCCHI\!HK8UHH B paMKaX MO)leflH 6apHOHOB THna Q- -rHne

poHa C He06XOJlHMOCTbiD npHBe)leT K paCCMOTpeHHID TaKHX CHCTeM. 

ABTOp Bb!pa)KaeT npH3HaTenbHOCTb 38 BHHMaHHe y'laCTHHKaM CeMHHapa 

no KBaHTOBoii: TeOpHH nonSI H aneMeHTapHbiX qacTHU JIT<t> Ol1Hl1. 
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