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Recent studies (1) have shown that the Schrodinger nonrelativistic wave
equation for a system of interacting particles is not a rigorously nonrelativistic
one since it is based on the implicit assumption that the interaction propagation
velocity is a finite value, which implies commutativity of the operators of coor-
dinates and momenta of different particles. The refusal from this assumption
implies their noncommutativity, which allows one to construct a truly non-
relativistic nonlinear self-consistent wave equation for a system of interacting
particles.
In the frame of the advanced wave equation, we investigate the spectrum
of bound states for the two-body problem with the Yukawa potential
V(r) = —Voaexp(—r/a)/r as a function of parameters of the potential. A
peculiar feature of the spectrum is the presence of a critical value of Vo (with
the fixed parameter a), above which the given bound state cannot exist. In the
ground state with / = 0 at a critical value of Vo, the mean distance between
particles takes the least value equal to the Compton wavelength of the particle
with reduced mass.
We estimate the parameter of noncommutativity £ for the operators of the
coordinate of one particle and of the momentum of other one ([x\, p2x] = ih'jjt)
for the bound state of a deuteron, for which we consider the lowest state with
/ = 0 as its ground state. The parameter a of the Yukawa potential is taken to
be equal to the Compton wavelength of a pion, 1.41 fm. In order to obtain the
binding energy of a deuteron £ = —2.22452 MeV, the parameter Vo has to equal
51.23 MeV. In this case, the parameter of noncommutativity e for the operators of
the coordinate of one particle and of the momentum of other one £ = 0.0011, i.e.,
the commutator is nonzero even for such a weakly bound system as a deuteron
where particles are located outside the region of action of nuclear forces for a
significant fraction of time. Moreover, the introduction of noncommutativity
of the operators leads to a decrease in the ground state energy of a deuteron
by 1.5% as compared with the Schrodinger solution. For more dense nuclear
systems, we expect to find a more substantial difference between solutions of the
Schrodinger wave equation and one under study.
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