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In this paper, a mathematical model of reduction of the wave function is proposed. The model is based on
ideas developed by Klimontovich and apply the method of stochastic quantization in the formulation of
Haken. The equation takes into account the stochastic nature of the interaction of a quantum system and the
measuring device during the measurement. From this equation, an equation of the Fokker-Planck was
received. The solution of which show a reduction of wave function.
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INTRODUCTION

In connection with the development of quantum information [1-7], the problem of the
qguantum theory of measurement, set as one of the three great problems of theoretical
physics of the 21st century still Ginzburg, became relevant again. In the field of applied
research — quantum information technology, working principles underlying the theory of
guantum measurements. Applied nature of quantum information and the promising
prospects of building devices based on it have led to the fact that in recent times the
guantum theory of measurement and interpretation of quantum mechanics again actively
developing.

Since the days of the famous paper by Einstein, Podolsky, and Rosen is becoming
increasingly clear that to give an interpretation of quantum mechanics — the means to
explain how to understand the reality of quantum mechanics. Explain quantum reality in
some way means using a particular interpretation. This can be done in different ways.
Simple ways (which include the Copenhagen interpretation) is pretty easy to understand
and convenient for practical use, but they do not accurately convey the meaning of
guantum reality. More sophisticated techniques (including Everett [8]) pass this sense
precisely, are difficult to understand, but in practical work (for common quantum-
mechanical problems) hinder rather than help. This explains why Everett’s interpretation
has not been used. In recent decades, it has become popular, particularly with the advent
of quantum computing.

One of the first to criticize the Copenhagen interpretation of quantum mechanics
based on the analysis of the process of quantum measurement, made H. Everett [8]. He
noted that the time variation of the state of a quantum system, consisting of a system of
elementary particles and the measuring device, is described by the Schrodinger equation.
Since the system consists only of a large number of elementary particles. The solution of
this equation is a single-valued function of time and, therefore, the measurement must also
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be unique. This is contrary to the Copenhagen interpretation of quantum mechanics [9].
According to which the wave function reduction in the measurement process is random.
Over time were developed, the extended Everett concept [10].

Experimental data support the stochastic nature of reduction of quantum state in the
measurement process. In this connection there is the problem of constructing a
mathematical model of quantum measurement in which this contradiction would be
eliminated. Everett proposed a mathematical model based on the search for such
averaging algorithm solutions of the Schrodinger equation, which would lead to a
reduction of the state vector. He acted in the same way as did the Poincare, trying average
trajectory of classical dynamical systems in order to obtain an increase in entropy. Since
the process of increasing entropy is an objective reality, it can not depend on the measure
in the phase space of a dynamical system with the help of which is the average.

Therefore, attempts to enter into the mechanics of the Poincare entropy failed. There
is much more successful approach, based on the stochastic quantization of dynamical
systems, proposed by Langevin, Einstein, Planck and Fokker [11, 12]. Note also the
approach developed by Prigozhin and Klimontovich [13, 14].

1. BASIC EQUATIONS

During the measurement between the measuring device and quantum system an
interaction is exist. Which in our model is reduced to correlation between fluctuations of
ket vector quantum state o | t, a> and 6H (a). Here 6H(a) describes influence of the random
force from measuring device on the quantum system in the measurement process. As a
result of this interaction, the Schrodinger equation

dt>
in =H][t>, .
. | 1)
takes the form:
ihd(|t>+5|t,a>):(H+5.|(a))(|t>+5|t,a>). )

dt
This equation is the original equation of our work. It describes how we see this, the
process of quantum measurement. The fluctuations 6H(a) and 6 | t, a>, which are included
in the expression (2) impose conditions

<H (@) >=<o|t,a>>=0. (3)
Here, averaging vector or operator of the random function f (a) is understood as
< f(a)>=[P(da) f (), (4)
Q

where Q ={a} is a set of random events which are observing the dynamics of (2) by the
same measuring device for equally prepared (as accurately as possible) initial states. P (...)
— the probability measure on the set. After spending an average of (2) in the sense of (4),
we obtain
. >
|h—d K

” =H|t>+<H(@)d|t,a>> ®)
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To use equation (5) for the description of quantum measurement, we expand vectors
t> and <doH(a)o|t,a> in the sum of the eigenvectors vectors observed, which

measures the instrument.

t>=Y )i
<6H(a)5|t,a>>:Z<Di(t)|i>.

In fact, the last formula is the definition of the measurement process. Substituting the
results of the expansion in equation (5), we get.

Zih(':j | ] >=Z| I><Jj|H|k>c, +Z®j(t)| J >:Zihfj(c)| J>,
k.j i

]

J
that is

¢ = f.(c). (7)
In the derivation of (7) has been suggested that CDJ-(t) depend on t only through c.

Let the equation (7) has Hamiltonian form, that is{ck}:{xk}U{pk} — canonical

coordinates and momentums and (7) can be written as the Cartan equation [15]:
= an _ X , where Q=dp,~dx' —dH"dt.
odx*  odp,
Turning to the variable action angle J;, a':
Q=dJ"dea' —d(H,(J,)+H,(J,, @) dt
and Cartan equations take the form:
= 6_9 - a_Q =da' - (%
odJ,  oda!' aJ

+ Muyge =gy, + Mo gy
o, oo’

i
or.

a'i — aHO(‘]S) + aHl(‘]s’as)

0J; 0J;
s ®)
j__oHQ,a%)
' oa'
Solving the system of equations (8) by perturbation theory [13]:
3,=3"+3+.., d'=a, +a' +...
In the first order we get:
0 S S
ji =, a‘“? L -3 e, ep(itn,e ) (9)
a n
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Here o* =

k
first order perturbation theory, the variable "action™ would be:

3= Z Ch exp(i(n ") _
I n i(nka)k)
We assume that the series (10) for which the resonance condition: nia)i =0is not
equal to 0, then, as shown by numerical experiments, the motion becomes random [13].
This allows equation (7) is replaced by the equivalent Langevin equation:

dc, = —%(Cs)dt ~dw, (1)

Cy

(10)

where dW, — “random force” satisfying the conditions [12]:
<dW, >=0,<dW,dW_ >=QJ,,,dt. (12)
Equation (11), in turn, is equivalent to the Fokker-Planck equation for density of
probability p(c,,t) [12]:

0 6U C 82
pe)=3 1 P pen+2e-L; o)) 13)
cj 8 C,

Indeed: for the time derivative of the probability density p(C,,t) of finding the
system at ¢,, obtain

< Jaon(e, 0 (e) = dc% f(e,) = [ dop(e, D0 (c,) -

1 o°f
28

el j dep(c, ,t)(— dc, +
D
Z(—(——dt dw,)) +

1
— | dcp(c_,t =
[ dep(cq. 1)

1 0°f ouU ouU
———dt+dwW )(———dt +dW
Z(28c ,0C, ( oc AW, )( oc HAW,))+

p S

dcpdcs +..)=

1 o
dc— — dc
J (p ) 20t ™ e e,

Here we used the mtegratlon of the initial value of the trajectory of the system and
takes into account the fact that the system is Hamiltonian type. Now we average this

expression over all values of the random force dW., , all random trajectories of the system.
Then we obtain the following expression

pdW dW +...
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jdc%p f(c,)=

1 8%p <dW dw, > o .ouU
=|dc = P + —(— f,
J 2.6 oo, At Zp:(acp %, 7
which by the arbitrariness of the function f and the condition (12) is the Fokker-Planck
equation (13). Its stationary solution has the form:
(),

p(cn) =C exp(_
Q
If we choose U (c, ) such that withC, (U (C,) =0,andU(c,)>U(C,)for vc,)is
equal to (1,0, ...), (0,1, ...), ..., it had a min, and
- 2U(C
p(@)=Cen(- 2%y _ic )f, (15)

we obtain a simple mathematical model of reduction ket quantum state during the
measurement, since the expansion | t), will give | k) with probability (15). If the depth of

the "potential wa II" >> Q,, the process of reduction leads to a unique result.

(14)

CONCLUSION

The study showed that for the reduction we had to modify the original equation (1)
and submit it in the form (2). The mathematical model also shows that the reduction of the
wave function is specified stochastic nature of the interaction between the quantum system
and the measuring device. This interaction leads to a response d|t,a>. Account of the
correlations between, this process leads to the equation (7), which leads to a reduction.
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MaiiopoBa A. H. Mopeib KBaHTOBOro BHUMIpPIOBAHHS, fIKa NPH3BOAMTH [0 PpeAyKHii XBHJIbOBOI
¢yuxuii/ A. H. Maiioposa, 0. . Meunauryios, FO. H. Miuaii // Bueni 3amucku TaBpilicbKOro
HauioHanbHOrO yHiBepcurery imeni B. M. Bepnaxacwkoro. Cepist : disuko-matemarnuni Hayku. — 2013, —
T. 26 (65), Ne 2. — C. 89-94.

B namniit po6oTi moOynoBaHO MaTeMaTUYHy MOJENb PeAyKIii XBIIbOBOI (hyHKLIi. B ocHOBY Mozemi moknaaeHi
inei, po3BuHeH1 KiliMOHTOBIYEM 1 3aCTOCOBaHO METOJT CTOXAaCTHYHOTO KBAaHTYBaHHS y (popMysIroBaHHI XakeHa.
3anponoHOBAHO PIBHSHHS, IO BPAaXOBYE CTOXaCTHYHY B3a€MOJIIO KBAHTOBOI CHCTEMH 1 BHMIpPIOBAaJILHOTO
NPUCTPOI0. 3 IBOr0 pIBHSHHA OTpHMaHO piBHAHHA Dokkepa-IlnaHka, pimieHHs sKOro i CBim4aTh Npo
HasIBHICTb PEIyKIIii.

Knrwuogi cnosa: KBantosa inpopmatrka, piBHAHHA Lpeninrepa, XBUiboBa (GyHKIIS, PeIyKLIIis.

Maiiopoa A. H. Mojieib KBAHTOBOI0 W3MepeHMsl, NPUBOASILIAA K PeIyKIHH BOJHOBO#H (pynkuuu /
A. H. Maiiopoga, 10. /I. Menasiryos, }0. H. Munaii / Yuensie 3anucku TaBpHIECKOTO HAITMOHATIBHOTO
yuauBepcuteTa umenn B. W. Bepuaackoro. Cepus : ®usuko-maremarndeckue Hayku. — 2013. — T. 26 (65),
Ne 2. - C. 89-94.

B Hacrosie#t paboTe MOCTpOCHa MaTeMaTHuUecKas MOJENb PEAyKIUH BOJHOBOH (GyHKIMH. B OCHOBY Mozenu
MOJIOKEHBI WJIeH, pa3BuThle KIMMOHTOBMYEM U TPUMEHEH METOJ CTOXaCTHYECKOrO KBAaHTOBAHHS B
dhopmynupoBke XakeHa. [IpemioxkeHo ypaBHEHHE, YUUTHIBAIOIIEE CTOXACTHYECKUI XapaKTep B3aUMOACHCTBUA
KBaHTOBOM CHCTEMBbl M H3MEpPHTEIBHOTO MpHOOpa B Tpolecce n3MepeHusa. M3 3Toro ypaBHEHHUS MOTydYEHO
ypaBHeHne Doxkepa-Ilnanka, pemeHns KOTOPOTo ¥ CBUACTENBCTBYIOT O HATMINH Py KINH.

Knrouesvie cnoga: Kpanrosas nadpopmaruka, ypasaenue llpenunrepa, BoaHOBasK QYHKIHS, PETyKIHL.
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