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1. KflACCH4ECKA~ TEOPH~ B3AHMO~E~CTBH~ 
~Hr-MHnnCOBCKHX nonE~ C KBAPKAMH 

narpaH*HaH B3aHMOAeHCTBHR a6enee~X noneH C ~epMHOHaMH Ill 
/3neKTPOAHHaMHKa/ HMeeT BHA: 

- ~ -a ~b f = e 11' Y. 11' A = e 11' y ll'b A , 
B3 ~ ~ a 

a,b = l, /1/ 

a B3aHMOAeHCTBHe ~epMHOHOB 4epe3 a6eneBO none H3o6Pa*aeTCR AHar
paMMOH BTOporo nopRAKa 

B KnaccH4eCKOM npeAene narpaH*HaH eaaHMOAeHCTBHR Me*AY 3neKT
poH-noaHTpoHaMH HMeeT BHA: 

f 83 =- (± e) ( ± e) f(r), /2/ 

rAe +' e - aapRA~ 3neKTpOHa H no3HTpOHa f(r) BKnl04aeT 3aBHCH
MOCTb f 83 OT r, Hac, B OCHOBHOM, 6yAeT HHTepecoeaTb 3HaK aapR-
Aa B3aHMOAe~~IHY~H~ ~~~MHvMua, ~vlv~~;. 

ypaBHeHHR ~HpaKa AnR 1p (X) H W (x) 

(a - ieA - m) 1p (x) = 0 (a+ ieA - m)ll' (x) = 0 I 

.. -..... - ----.- ................... ... 
Mvtnrlv """''...,'-H'-"' ••• • ... • ,....,. 
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Y4HT~BaR /3/, H3 B~Pa*eHHR /2/ nony4aeM, 4TO aapRA~ OAHHaKoeoro 
3HaKa OTTanKHBaiOTCR, a npOTHBOnono*HOrO 3HaKa - npHTRrHBaiOTCR. 
narpaH*HaH B3aHMOAeHCTBHR RHr-MHnncoBCKHX noneH C KBapKaMH HMe
eT BHA 121 : 

a,b=l+n, 

fB3 SUD - HHBapHaHTeH. no aHanorHH C 3neKTPOAHHaMHKOH /HCXOAR 
H3 ypaBHeHHR ~HpaKa/, KBapKaM MO*HO npHnHCaTb 3aPRA~ onpeAeneH-

-a 
H~X 3HaKOB 1p -+ + g; 11'& -+-g,TorAa narpaH*HaH B3aHMOAeHCTBHR KBap-
KOB 4epea RHr-MHnncoecKHe nonR e KnaccH4ecKoM npeAene 6yAeT 
HMeTb BHA: 

f 83 .. -(±g)(± g)f(r), 
-~~~~.-~ .. 
~ .. , 

fVi• 

/4/ 
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T.e., KaK H B eny4ae 3neKTPOAH~aMHKH, B3aHMOAeHeTBHe KBapKOB 
MOmeT 6~Tb npHTRrHBa~HM HnH OTTanKHBa~HM. 

B oTnH4He oT 3neKTPOAHHaMHKH (U(1)), TeopHH B3aHMOAe~eTBHR 
e SUn -eHMMeTpHeH HMeiOT HeKOTOp~e oeo6eHHOeTH: 

- -b qt a -> *'abqt H n03TOMY npHTRrHBaiOTeR eoeTORHHR 

Bee KBapKH B APYrHX eoeTORHHRX OTTanKHBaiOTeR. 

/5/ 

SU3 CoeTORHHe W a'P a- yeTOH4HBO, T. K. 3TH KBapKH npHTRrH-

BaiOTeR. 

!61 

b -a-b-c 
H n03TOMY npHTRrHBaiOTeR € a c 'I' a 'Pb 'I' c -+'I' c{ab)qt c H € abc qt qt qt , 
T.e. npHTRrHBaiOTeR KBapKH H aHTHKBapKH H TpH KBapKa /aHTHKBap
Ka/, HaXOAR~HeeR B aHTHeHMMeTpH30BaHHOM eoeTORHHH. Bee APYrHe 
KBapKH OTTanKHBaiOTeR. 83aHMOAeHeTBHe KBapKOB H aHTHKBapKOB 
B eny4ae SUn e n > 3 MomHo npoaHanH3HPOBaTb aHanorH4H~M enoeo-

6oM. 
OTMeTHM OAHY oeo6eHHoeTb paeeMoTpeHHoro noAXOAa. CoeTORHHR 

/5/ H /6/ RBnRIOTeR 6e33aPRAH~MH eoeTORHHRMH /KaK H eBR3aHHOe 
eoeTORHHe 3neKTpOHa H n03HTPOHa/, T.e. OHH He MOryT npHHHMaTb 
Y4aeTHR BO B3aHMOlleHeTBHRX e o6MeHOM rnK>OHaMH SUn - suft . B K."'-

4eeTBe npHMepa o6ee~Be4HBaHHR paeeMOTPHM MOAenb/S/ KBap~OB 
H nenTOHOB. 8 3TOH MOAenH KBapKH H nenTOH~ eoeTaBnRIOTeR H3 pH
TOHOB ABYX THnoB {T, V) e Q = 1./3, 0. EenH npeAnonomHTb, 4TO ena-

• - su·W 6oe B3aHMOAe~1eTBHe eeTb ~BeTHOe B3aHMOAeHeTBHe Sc • TO pH-
TOH~ (T,V) KPOMe o6~4HOro SU3c ~BeTa 6YAYT HMeTb e~e ena6~H 
~BeTHOH 3aPRA: 

Ta V aa 1 2 3 SU' 
a' a = ' ' 3c a = 1, 2, 3 su3c 171 

+ TaT{JT y abc 
e -> *' a{Jy a b c E 

- ·vaavfJbvyc 
v ... laf3y € abc 

u ... *' D TaTfJvrb 
a a,_.y a b ' 

d-a Ta V /3bv ya 
... laf3y b ' 

TaKHM o6pa30M, M~ paeeMaTpHBaeM eBR3aHH~e eoCTORHHR, o6eene-
4HBaeM~e SUac -~eeTH~M B3aHMOAeHeTBHeM, npH 3TOM COCTORHHR e;v 
oKaaanHeb 6ee~BeTHWMH e ·oTHoweHHH o6w4HOro SUsc -~seTa H He 
npHHHMaiOT y4aeTHR BO B3aHMOAeHeTBHRX C OOMeHOM rniOOHaMH. 

8 npeAWAY~HX paeeymAeHHRX KBapKaM npHnHeWBanHeb TOnbKO HH
AeKe~, eBR3aHHWe e RHr-MHnneoeeKHMH BeKTOpHWMH nonRMH. BBeAe-

a -a 
HHe HHAeKeOB, xapaKTepH3YIO~HX apoMaT qt a , qt a• a= 1,2,,., B npeA-
nonomeHHH He3aBHeHMOeTH B3aHMOAeHeTBHR BeKTOPHWX /RHr-MHnneoe
eKHX/ noneH C KBapKaMH OT 3THX HHAeKeOB /apOMaTa/, npHBOAHT 
TOnbKO K yeenH4eHHIO 4Hena eocToRHHH N /e eny4ae SUn N = n 2 -1). 

2 

2. nonH~E CE4EHHR AAPOH-AAPOHHOrO B3AHMO~E~CTBHR 
H nO~C nOMEPAH4YKA 

B~pameHHe AnR aMnnHTYA ynpyroro paeeeRHHR "~ Ha p B nepe
KpeeTHOM KaHane {I = 0,1) MOli<HO npeAeTaBHTb B BHAe / 6/: 

B(rr+p .... rr+p) ""B 0 + /fs0 + -t Bi, B{rr-p .... rr-p) = Bo+ Jt"so-! B{, 

B{rr-p ... rr 0 n) = 0 + 0 + 4sl, B{rr 0 p .... rr0 p) = B0 + 4Bo+ 0, /8/ 

B{rr 0 p -+ rr+n) = 0 + 0 +~8~. 

B o , B 0, B 1 - aMnnHTYA~ ynpyroro paeeeRHHR e HaoenHHaMH I= 0, 1 . 
B /8/ npeAnonaraeTcR, 4TO B0 - BKnaA oT rnK>oHHoro B3aHMo

Ae~eTBHR; TaK KaK OHO He 3aBHeHT OT apoMaTa, Tb Bo 6yAeT OAH
HaKOBWM AnR Beex 4aeTH~ /aAPOHOB/, npHHaAnema~HX OAHOMY eynep-
MynbTHnneTy. + 

~R nonHero ee4eHHR rr 0 p HMeeM 

u tot (rr+p) = ~[Im 8 0(&, t = 0) + Im B'(rr+p, s, t = 0)], 
2pv's 

utot (rr-p) = ~ [ImB 0{s, t = 0) + ImB'(rr-p, s, t = 0)], 
2pv's 

u tot (rr0P) = 
1 ~ [ ImBo {s, t = 0) + 1mB '(rr 0 p, s, t = 0 )]. 

?!''.'" 

/9/ 

noeKOnbKY ~BeT AOnmeH eoxpaHRTbeR, AHarpaMMW e 06MeHOM OAHHM 
rniOOHOM He AOnmHW AaBaTb BKnaAa B lmB0 (s, t =0)/AHarpaMM~ e o6-
MeHOM OAHHM rniOOHOM C noeneAY~HM OOMeHOM KBapKOB BKnl04eH~ 

e ImB'(rrp,s,t=OV. B ImB 0(rrp,s,t=0) AaK>T BKnaAbl AHarpaMM~ e o6-
MeHoM ABYMR H 6onee rniOOHaMH. B aAAHTHBHOM npH6nHmeHHH BKnaA 
AHarpaMM c o6MeHOM ABYMR rnK>oHaMH 

p Pz 

/rniOoHaMH 06MeHHBaiOTeR TOnbKO ABa KBapKa/ npHBOAHT K OTHOWeHHIO 
utot· (ITp)/ Utot (pp) :: 812, · H 4eTHOeTb ;: C KOTOPOH npOH.CXOAHT o6MeH 
rnK>oHaMH, eeTb P = (-1 ) 1 • (-1 ) 1 = +1. AHanHa aMnnHTYA APYrHX aApoH
aAPOHHWX npo~eeeOB MOmHO npOH3BeCT.~ aHanOrH4H~M 06pa30M / 6/. 

B npH6nHmeHHH PeAme 781 B~pameHHe AnR MHHMOH 4aeTH aMnnHTYA~ 
ynpyroro paeeeRHHR BnepeA yKaaaHHOH ewwe AHarpaMMw, HMeeT BHA: 

/10/ 
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T. K. (p1p2 ) = S npH fiOilbWHX 3Ha4eHJ1ftX S : 1m 8 O (fl, t"" 0) = C S 2a (0)-1 

Y4HTbleaH, 4To cnHH rn10oHoe s 1 ""1 H sg= a(O), nony4aeM 
lm B o(s, t = 0) : C·s . 

TorAa 191 npHo6peTaeT BHA: 

utot("+p,s) = C + .~ ImB'(IT-p ~"+p, s,t =0), 

C +..!.. ImB'(tr-p ~ "-p, s, t = 0 ), 
s 

I 11 I 

TaKHM o6pa3oM, o6MeH peAme3oeaHHbiMH rniOoHaMH 3~eKTHBHO npHeo
AHT K 06MeHy peAmeOHOM, HMeiO!qHM a(O) = 1, nOilOmHTeilbHYIO 4eTHOCTb. 
npH 3TOM S aCHMnTOTHKe B03HHKaeT nOCTOftHHOe Ce4eHHe, T.e. nony-
4aeM aHailOrHIO C OfiMeHOM nOiliOCa noMepaH4yKa. 

OTMeTHM, 4To a B0(s, t = O) 6YAYT TaKme AaBaTb BKilaAbl rniOOHHH 
(G 2, a 3) , HMeiOII\He CnHHbl Sa= 0, 1, 2. 

3. MACC~ KBAPKOB. CPEAH~~ PAA~YC AAPOHOB ~ KBAPKOB 

A.AApoHbl 

npeAnonaraR He3aBHCHMOCTb SUac -rniOOHHOro B3aHMOAeHCTBHft 
tf\nn .. A\InLI "n~ rn..I'~OT'"."' ,.,,..OD ""rU'""' "'"'"'ULIV ,.. ...... ,.. .. ., ··-· n-··· -·~ •-.- . ·---,..,--., ......... ,.... ·-··· 

Me3oHoa: 

M + = M0+ M0 +Md + .2
9 

E3M, M o=Mo +M +Md _.&_E3M, 
rr- 17 0 18 

MK±"" M 0 +M 0 +M 8 --~E'3M• MKoKo=M 0 +Md+M
8

-tE3M• 

M
71

=M 0 +_!_M +J..M +.i.M -l..E , 
gu 3d 33 S:JM 

1121 

rAe M0 - Macca, CBft3aHHaR c rnKJOHHbiM B3aHMOAeHCTBJ.1eM, M
0 

, Md, 
M 8 , M c - Maccbl u , d , s , c K8apK08, E :JM "" a< 1lr·>. 

AeTepMHHaHT 3Toro ypaeHeHHft paaeH HYI110 H no3TOMY Mbl MomeM 
nOI1Y4HTb TOilbKO 4aCTHble peweHHft: 

E 3 M= 2(M
11
±-M170 ) =9,22M38, M11 -Md= MK±-M

17
± =354,22 t13B, 

M 8 - M0 = (Mgo- M17o)- : (M ,±- M17o) .. 359,72 M38, 113/ 

Md- M = (MKo-MK+) + ..!.(M + -M.,o) -6,91M38. 
U - 3 IT- " 

CpeAHee paccTOfiHI1e <r> MemAY KBapKaMH: 

<r> 1 a 1 -13 
= -- =-- =- = 0,16·10 CM. 

< 1/r> E3M 1,26 f3B 
1141 
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I 

I 

KorAa OT rpynnbl SU3 nepeXOAHM K rpynne SU4 , T.e. BKI1104aeM wap
MHPOBaHHble KBapKH: 

. M o+ = M 0 + M d + M c + ~ E3M ' MOo = Mo + M u + M c - : E 3M, 

TO, HCnOI1b3Yft 1121 H 1151, nony4aeM 

1151 

1161 

Maccoeble ~OPMYilbl Ailft aAPOH08 H3 OKTeTa 6apHOH08 MomHo aanH
caTb B BHAe: 

M p M 
n 

1 
M Io = M 0 + M u + M d + M s - a E 3M , 

AeTepMHHaHT 1171, KorAa ebi6HpaeTcft nftTb I1106blx BblpameHHH, 
paBeH HYiliO,H no3TOMY MOmHO noi1y4HTb TOilbKO 4aCTHble peweHHft. 
0AHHM H3 TaKHX peweHHH ftBilReTCft: 

M8 - Md = M'£+- MP = 251,14 M3B, 

M - M = (M~o- Mp) + .!(M~-- M~o)- -1(M - M ) = 255,37 M3B, 8 u ., 3 "'- ., 3 ° P I 181 
Md- M0 = (M 8 - M0 )- (M 5 - Md) = 4,23 t13B, 

1 a -13 
E 3 M = (M~- M ~0 )- (M 0 -M '= 3,5U138, <r> = -.- = -·- =0,42·10cM . 

., ., JY <1/r> E3M 

~3 cpaBHeHHft 1131 H 1181 MOmeM CAeilaTb BbiBOA 0 TOM, 4TO 
8 Macce 4aCTH~, KPOMe 4HCTO riliOOHHbiX BKilaAOB, eCTb BKilaAbl OT 
npo~eCCOB, B KOTOPbiX npOJ.1CXOAHT 06MeH KBaHTOBbiMH 4HCI1aMH C H3o
cnHHOBOH CTpaHHOCTbiO. 

O~eHHM BKilaA 8 Macey, caftaaHHY~ c o6MeHOM co cTpaHHOCTbiO. 
11 OKTeT Me3oH08: 

2M -2M 0 ... .!..(M -M )+!(M -M )--!-E-.-~.!\ ,A •194,1 M3B, 
'1 K K+ 3 s d 3 B u o .- <1 s 8 

TOrAa 

M 8 - M 4 = 160,12 (100,12) M38, M 8 - M0 == 165,62(111,i52)H3B. /191 

8 ·cKo6Kax yKa3aHbl pa3HoCTH Mace K8apKoa, ecnH y4HTbiBaeTcft cMe
WHBaHHe. 
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2/ OKTeT 6apHoHos: 

1 
Mao - MI.+ = (M s - M u ) - 3 E ~M - l:l s ' 

fl 1 = 128,68 ~138, M8 - M d= 122,46 M3B, M8 - Mu = 126,69 M3B. 

EcnH y4eCTb /19/, To /16/ pasHo 

Me- M8 -= (M 0+- MK+)- (M d- M u) + l:l 8 = 1561,67 M3B. 

/20/ 

/21/ 

BHAHMO, paCXO*AeHHe MemAY /19/ H /20/ MOmHO yMeHbWHTb, ecnH 
y4eCTb BKnaA~ 4neHos c o6MeHOM H3ocnHHOM. /19/, /20/, /21/ Ao
cTaTo4HO xopowo cornacy~TCR c AaHH~MH, nony4eHH~MH AnR Mace 
KBapKOB B APYrHX nOAXOAaX/7/, 

6. KsapKH 

npeAnonaraR, 4TO KBapKH COCTORT H3 Tpex cy6KsapKOB/3/, CBR-
3aHH~X ~BeTH~M B3aHMOAeHCTBHeM 141 no aHanorHH C XPOMOAHHaMHKOH, 
H aaMeHRR KBapKoey~ MOAenb MOAenb~, aHanorH4HOH Is! c (T, V)Q = 

= 1/3, 0, o~eHHM cpeAHHH paAHYC KBapKOB. 
CeMeHCTBa KBapKOB Ud , SC MOryT o6pa3oBaTbCR H3 OAHHX H TeX 

me CY6KeapKOB (T, V),HO B03MOmeH H APYrOH cny4aH, KOrAa OHH pa3-
flH4aiOTCR (T 1 , V t), (T 2• V 2) • 

Maccoeble 4lo~Myn ..... n nR W'R?::'"'0~, ~~2.~~:-~~· :: ::...:~ ;~;::-~:,·,~u;.i ,' ~ '2,' 
H /17/, ecTb: 

M u = M 0 + 2M T + M V + .!.. E ;M , M d = M0 + M T + 2M V • 
1 1 9 1 1 

B /22/ (M d- M u> > 0, T. e. HMeeT Mec To CHTya~HR, o6paTHaR 
XPOMOAHHaMHKe. H3 3THX B~pameHHH MOmHO CAenaTb TOflbKO B~BOA 
0 TOM, 4TO 

/22/ 

/23/ 

Mv1>MT1+tE~M' Mc=Mo+2MTe+Mv2+tE3M'Ms=Mo+MT2+2Mv2• 
. 1 

Me- M8 = (MT 2-Mv
2

)+ li'E~M. /24/ 

B~6HpaR 3Ha4eHHe Me- M
8 

H3 /21/, nony4aeM 

1 
(M T 

2
- Mv

2
) + g-E~M = 1561,67 M38. /25/ 

EcnH s 3TOM s~pameHHH npeHe6pe4b 4neHoM (M T - M v ) , To E :lM 
= 14,05 r3B H 2 2 

1 . . 
<r> = -- =_a__ ,...,1~-=--

:<1/r:> E3M - 1925 r3B /26/ 

B aaKn~4eHHe aeTop s~pamaeT rny6oKy~ 6naroAapHoCTb A.H.Tas~ 
xenHA3e, B.A.MaTseesy, n.H.6oron~osy, M.K.BonKosy, A.B.E~peMo
sy, A.H.CHcaKRHy, fl.6.CKa4KOBY aa o6cy*AeHHe H nOAAepmKy, OKa
aaHHy~ npH e~nonHeHHH pa6oT~. 
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6ewToea X.H. P2-83-735 
HeKOTOpwe CneACTBHR He3a8HCHMOCTH B3aHMOAeHCT8HR KaapKOB /cy6KBapKOB/ 
~epe3 RHf-MHnnCOBCKHe nonA OT apOMaTa 

May~a~TCA HeKOTopwe CneACTBHR Heaa&HCHMOCTH B3aHMOAeHCT8HR KBapKOB 
~epe3 AHf-MHnnCOBCKHe nonA OT apOMaTa. KaapKaM, 83aHMQAeHCTBY~HM Me*Ay 
co6oA ~epea RHr-MHnncoacKHe nonA, npHnHcwaa~TCA aapRAW onpeAeneHHWX 3HaKoa. 
MCCneAY~TCR 803HHKa~He C8R3aHHwe COCTORHHA, npH 3TOM y~eT apoMaTa KBapKOB 
npHBQAHT TOn~KO K POCTY ~Hcna CBR3aHHWX COCTORHHH, 8 paMKaX XPOMOAHHaMHKH 
H3y~aeTCA npoHCXO*AeHHe nonoca nOMepaH~yKa. 8 BWCOK03HepreTH4eCKOM npH6nH
*eHHH o5MeH ABYMR PeA*e3oaaHHWMH rn~HaMH npHBOAHT K 803HHKH08eHH~ non~
COB nOMepaH~YKa. MCXQAR H3 Mace aAPOHOB H KaapKOB H3y~a~TCR COOTHOWeHHR 
Me*AY MaCC&MH KBapKOB /cy6KaapKOB/ H onpeAenR~TCR CPeAHHe paAHYCW aAPOHOB 
H KaapKoa. CPeAHHH paAHyc KaapKoa <r > = 2 T3B. 

Pa6oTa awnonHeHa a fla6opaTOPHH TeopeTH~ecKoH ~H3HKH OH~H . 

8eshtoev Kh.H. 
Some Consequences of the Independence of Quark (Subquark) 
Interaction through the Yang-Mills Fields on the Flavour 

P2-83-735 

Some consequences of the independence of the quark Interaction 
through the Yang-Mills fields on the flavour are studied. To these quarks 
definite signs are ascribed. Arising bound states are Investigated. The 
flavour of quarks being taken into account results only in increasing the 
number of bound states. Within the chromodynamlcs the Pomeranchuk pole ori
gin Is considered. In a high-energy approximation the exchange of two re
ggyzed gluons leads to the Pomeranchuk pole. On the basis of the hadron 
and quark masses the relations between the quark (subquark) masses are 
studied, and mean radii of hadrons and quarks are determined. The mean 
quark radius<r>=2 TeV. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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