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CHEIIMAJBIOE CTOXACTUYECKOE INE/ACTABJIEIIME KBAIITOBOM
MEXAIIMKHN U COJINTOIIBI

FO.II. IIei6akos’

[Ipennoxkeno crenmatbHOE CTOXACTHYECKOE TIPEACTaBIeHNe KBAHTOBON MeXaHWKH. B OCHOBY »ToOTO
MpeICTABACHNA MOJOKEHA JHHENHAS KOMOUHANNA COJUTOHHBIX DEIIEHNN HEKOTOPBIX HEANHEHHBIX
YPaBHEHUH TOJS, TPUYeM YacTHIB HAeHTH(MUINPYIOTCI ¢ COTUTOHHBIME Kouurypamumamu. OKa3bi-
BaeTCsl, 9TO BOJTHOBAA (PYHKIUSA 9aCTUIIBI — DTO BEKTOP B CAYIaANHOM IIIBEGEPTOBOM MIPOCTPAHCTBE.
MuorodacTuvHas BOJHOBasg (PYHKINSA MOCTPOEHA € MOMOIIBIO MHOTOCOMUTOHHBIX KOH(PUTYPAIWH.
[Mokazano, ¥TO B TOYeYHOM TIpejiene, KOraa COOCTBEHHBIN pa3Mep COTUTOHHON KOH(PUTYPAIIH HC e~
3aeT, BOCCTAHABINBAIOTCA OCHOBHBIE MPUHIINIEI KBAHTOBOW MEXaHUKN. B “acTHOCTH, cpenHime 3Ha-
qeHuA puanvdecknx HabA0IaeMbIX MOAYYaTCA KaK 3PMUTOBHE (POPMBI, MOPOXK ICHHBIE CaMOCONPA-
JKeHHBIMI OTIePATOPAMIH, a CBA3b CIIMHA CO CTATHCTUKON MOJYYaeTcsi KaK CAeCTBHAE TTPOTIKEHHOT O
XapaKTepa 9acTHI-COTUTOHOB. CUTaThsd PEKOMEHIOBAHA K MeYaTH MPOrPAMMHBIM KOMUTETOM MeXK-
OyHAPOTHOW HayYHOU KoH(epeHnnn “MaTeMaTndeckoe MOJEINPOBAHNE W BHITUCJAUTENbHAS (DUBTKA

2009” (MMCP2009, http://mmcp2009 jinr.ru).

KuroteBnie caoBa: cTOXacTHYECKOe TPENCTABICHIE, COJUTOHDI, CIYyIallHoe THIBGEPTOBO MTPOCTPAHCTBO.
1. Introduction. One could imagine two possible ways of constructing quantum theory of extended par-
ticles. The first one was suggested by L. de Broglie [1] and A. Einstein [2] and consists in using soliton solutions
to some nonlinear field equations for the description of the particles’ internal structure. The second way sup-
poses the introduction of minimal elementary length ¢y [3] and/or nonlocal interaction [4]. The aim of our
work is to show the consistency of the first approach with the principles of quantum mechanics (QM). To this
end, we introduce a special stochastic representation of the wave function using solitons as images of the ex-
tended particles. To realize this approach, suppose that a field ¢ describes n particles-solitons and has the form
n n
é(t,r) = qu(k)(t,'r'), and the same for the conjugate momenta (¢, ) = 3_[: = Zﬂ'(k)(t,'r'), oy = 6—¢ Let
k=1 Tt ot

us define the auxiliary functions

1 i (k)
Pt = 5 (o + 1) m

with the constants v satisfying the normalization condition & = / >z |g0(k)|2. Now we define the analog of

the wave function in the configurational space R3" 3 ® = {r{,... ,r,} as follows:

Un(t,ry,. . m) = (0N) Y23 T el ¢ ra). (2)

j=1k=1

(%)

Here N > 1 stands for the number of trials (observations) and ;" is the one-particle function (1) for the
1

2 .
" |U x|, where AV is the
(AV)nCR3"
elementary volume supposed to be much greater than the proper volume of the particle 0% = Vo < AV, plays

the role of probability density for the distribution of solitons’ centers.
It is interesting to emphasize that the solitonian scheme in question contains also the well-known spin-

(k)
J
D) of SO(3) with the weight J, then the transposition of two identical extended particles is equivalent to the
(k)
J
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J-th trial. Earlier [5, 6] it was shown that the quantity py =

statistics correlation [7]. Namely, if "’ is transformed under the rotation by the irreducible representation

relative 27-rotation of ¢’ that gives the multiplication factor (—1)2/ in Wy . To show this property, suppose
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that our particles are identical, i.e., their profiles ¢, may differ in phases only. Therefore, the transposition of
the particles with the centers at 1 and r» means the 7m-rotation of 2-particle configuration around the median
axis of the central vector line 71 — 5. Due to extended character of the particles, however, to restore the initial
configuration, one should perform additional proper m-rotations of the particles. The latter operation being
equivalent to the relative 2m-rotation of particles, it results in the aforementioned multiplication of ¥x by
(=1)2/. Under the natural supposition that the weight J is related with the spin of particles-solitons, one infers
that the many-particles wave function (2) should be symmetric under the transposition of the two identical
particles if the spin is integer but should be antisymmetric if the spin is half-integer (the Pauli principle).
Now let us consider the measuring procedure for some observable A corresponding, due to Noether’s
theorem, to the symmetry group generator Ma. For example, the momentum P is related with the generator
of space translation Mp = —i 57, the angular momentum L is related with the generator of space rotation
My = J and so on. As a result one can represent the classical observable A; for the j-th trial in the form

A; = / > ﬂjiM\Aq/)j = / > @;MA¢j. The corresponding mean value is

N N
1 1 o~ ~ \
F(A) = NE A= NE ;/ P Map; = / B Wy AV y +O<A_0v)’ (3)
i j=1

j=1

- ~ ~ = \ .
where the Hermitian operator A reads A = AM,4. Up to the terms of the order A—(\J/ <« 1, we obtain the

standard QM rule (3) for the calculation of mean values. Thus, we conclude that in the solitonian scheme the
spin-statistics correlation stems from the extended character of particles-solitons. With the particles in QM
being considered as point-like ones, however, it appears inevitable to include the transpositional symmetry of
the wave function as the first principle (cf. Hartree-Fock receipt for fermions). Various aspects of the fulfillment
of the QM correspondence principle for the Einstein—de Broglie’s soliton model were discussed in [5—11]. The
fundamental role of the gravitational field in the de Broglie-Einstein solitonian scheme was discussed in [7].
The soliton model of the hydrogen atom was developed in [8, 9]. The wave properties of solitons were described
in [10]. The dynamics of solitons in external fields was discussed in [11].

As a result, we obtain the stochastic realization (2) of the wave function ¥y which can be considered as an
element of the random Hilbert space Hyana with the scalar product (11, ¥2) = M7 ¢2) with M standing for the
expectation value. As a crude simplification, one can assume that the averaging in this product is taken over the
random characteristics of particles-solitons, such as their positions, velocities, phases, and so on. It is important
to recall once more that the correspondence with the standard QM is retained only in the point-particle limit
(AV > Vg) for N = 0.

In conclusion we emphasize that, using special stochastic representation of the wave function, we show that
the main principles of quantum theory can be restored in the limit of the point-like particles. Moreover, we
prove that the spin-statistics correspondence (the Pauli principle) can be considered as the natural consequence
of the internal structure of elementary particles.
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