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Resently some models have been proposed in which the forces 

between quarks are increasing with the relative distance that 

results in the confinement of quarks inside a particle and their 

unobaervability in the free state. 

We shall consider the problem of quark confinement in the 

framework of the quasipotential approach/11, namely by using the 

Kadyshevsky equation/21. In quasipotential equations, in contrast 

to the Bethe-Salpeter equation, the momenta of all the particles 

belong to the mass shell. Therefore it is convenient to pass 

here to the relativistic conl'igurational representation (RCR), 

introduced earlier/3/ in the framework of the Kadyshevsky appro

ach. The difference of the RCR from the nonrelativiatic coordinate 

representation consists in application here of the Shapiro 

traneformation/4/ instead of the conventional Fourier transfor-

nation. The Shapiro transformation has the meaning of the expansior1 

over the principal aeries (PS) of the unitary irreducible repre

sentations of the Lormtz group SO(J.1) -the group of _motions 

of the mass shell hyperboloid f.! - p.2. = M2
• 

With notations/)/ this expansion for the wave function of 

relative motion reads 

"f (p) = );s (f;r)0t ({")Jt' j ~ (f,~) = (Po~ f~~yl-irH 
~:rtr" j vr 2 =.i. 

(...... ~ --) is the quark momentum in the Como B o rJ.:- p .. = f> . 
.2 • 

The parameter r defines eigenvalue! ~ of the Casimir opera-

tor of the soo.1). C = ~ M.r-o Mr c f>~~- are the genera-

(1) 

-Here p 

tore of the S0(3.1)) 
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c > (p;r) ':: xz J (p ;r) j x-2
:;;. /~2 T ~~.2 (c).cr~ ,.,o) (2) 

nnd, as was shown in/3/, it has the meaning of a relativistic 

generalization at the relative coordinate. In the quasipotential 

equation written in the RCR the tre~nsl'on1s ol' the Feynman pro-

pagators in the new r -space play the role of potentials. Thus, 
1_ 

to the propagator ( )" p- K. 
, describing the massless gluon ex-

change there corresponds the attractive relativistic Coulomb 

potential/3/ 

(3) 
v- (r) ~ - 4,;;,_. 

1 tAh lir 1~ 

Due to the proven in/5/ equality 2 _oFf+) ={'cFftJj 
( Y'o > : 6 (D l ~ ":. 0 Yt = 0 

the invariant mean square radius of a particle has the meaning 

of the average of the eigenvalue or the S0(3.1) Casimir operator c = X'2 
over the transrorms F( 2) of the form factor F ( t) in the 

RCR. In the cnse when these distributiOllB I=' {I") in the new Y' 

space are the I·unctions of constant sign, the relativistic coor

dinate ~ describes the distances larger than the Compton wave 

length. 

The transition to the distances, smaller than the Compton 

wave length, may be achieved, following/51, by including into 

the wave function expansion the supplementary series (SS), cha

r~cterized by the subsequent values of the Casimir operator 

C X~ i 2 1 -- = ;;;12- - .~ , where 0 f: y ~ 'j12... • The coordinate f 
is reckoned beginning from the boundary of the sphere to its 

d. x-2. c· center, and the value S = M corresponds to the origin = ' • 
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For the SS the analogs o.f the plane waves of PS t;" (P, r) · --)-i-yM · r 

are the i'unctions '5 rr )f)= ( P"; p \'L . ( 0 L J ~ It) 
which formally can be round from 5 {f; r) by the change Y'-- i~ 
The expansion oi· I'!J: {p) with account of SS i'or the states with l=c' 

has the form: 1;1'1 

1 {F) =h c;ittrHJ r1.J(r)rJJr ~-~~iJ~hJMf 1/:(p)'f.z''jl C4l 
t=o J rN$hJ c f1'1S'hj J 

Consider now the analog of' the relativistic Coulomb paten-

tial for distances smaller than YH • Passing in (3} to the SS 

through the change I" ~ tf we arrive at the potential (see Fig.1) 

V / fJ} ~ i. ct q, 'II() 1'-1 j o L. .f !:: i ( 5) 
J lt.'iiJ 0 J M 

2 -J. J. 
confining quarks inside the sphere with R. =-X =- J'1;;. • 'l'he 

operator of' the free Hamiltonian H o ±'or the plane waves ol' the 

SS Ho 5 (f1 f) = 2Ef'? (f,f) j E F:: H c~hJ:: VM2
t pJ 

A L j (J 
f-1~ = 2 Mon- Fi (il y 

as in the case or 

-r 1 sh !-.. 0 _ 
f Hft'j 

-1 f,l 

L1 (,l !1' h "' f' ·-' e _) f:;. 

(6) 

131 is the finite-difference operator. ·rhe 

solution or the quasipotential equation wHh the potential (5) 

( ~ + V(j)) ·1; (J--) =J!] ~ lj) c1> 
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X :L 1 _/ .,.. 11 
in the domain 0 _f: ~~:ll where eJ; 'tj L. c and the 

N,·""''d: .2Ej. = .2 N ef~.x , :t'or the states with t' = 0 

has the form 

·~~t;c (f) = (e-'~'tiz:x} e-'"!j · &x- {:x, c:j,/fNj-
~ 1.>/nJ< 

·F (1 +yH, 1 
- c:l;7ieli , 2 , 2 r' t-'~/nx} 
t 

1 .z"J;/n.x 1 1 (8) 

'l'he function c-~ijH in (5), constant with respect to the opera

tion of the finite-difference diff'erentiation (cf .fJ/), plays a 

role of the effective interaction constant in equation (6), ·fhe 

requirement of the regularity of the solution at X.Z= 0 (j= 7/..-t} 
leads to the condition .St'n.ZX =.X , which determines two energy 

levels, One with 1'1, _-.;,=:;LEg_.=. i.J& H , another with /~, ... ,;:=Jtj=JN 
fJCI.&It' • r. 1 .f 

In the region (.J.-',.,Y- {: )(.L '- ).z. , where c1 W'f!V > 0 

and il=j = .2H ch _x 4 J lvf , the wave function can be obtained 

from (8) by the change x' ~- ij , The requirement of the regularity 

at X 2 = ~ .. (f = o) leads to another condition :lshy i.J.-=- )C 

that defermines the third level with f"1 io•<~··~=2~-:: .1, 9!; H 

Therefore in the quark-antiquark system, moving in the field of 

potential (5) in the state with I =0 there are possible three 

energy levels, or three excited states of one particle (l"or 
I r( 

example J JJ and j ), 
r•t"l The functions of SS 5 tPdjdo not belong to the class oi' 

square- integrable functions/7/. This leads to necessity to inclu

de into the definiti~n of the scalar product of the wave functions 

(8) in the momentum space the regularing kernel lc[fp-kfJ) ,·_e, 7 
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'l'he questions o;· the normalization of the wave functions {8) and 

the tlescription o:t' the meson spectrum and i -particles in our 

model with the quark confining potentj al ( 5) will be the subject 

o!' the next publications. 

The author expresses his sincerely gratitude to V. G.Kady-

shevsky for useiull discussions. 
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