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Introduction.

The modern classical statistical physics, thermodynamics, quantum
mechanics and gravity theory are developed and well-known theo-
ries. The described theories are developed and well studied for a
long time. Nevertheless, it contains a number of paradoxes. It forces
many scientists to doubt internal consistency of these theories.
However, the given paradoxes can be resolved within the frame-
work of the existing physics, without introduction of new laws. Fur-
ther, in the paper we discuss the paradoxes underlying classical sta-
tistical physics, thermodynamics, quantum mechanics, and non-
quantum and quantum gravities. We suggest the approaches to solu-
tion of these paradoxes on basis universal arrow of time. The first
one relies on the influence of the external observer (environment),
which disrupts the correlations in the system and results in time ar-
rows alignment. The basis of the second one is the limits of self-
knowledge of the system in case of the observed system; the exter-
nal observer and the environment are included in the considered
system. We introduce the concepts of observable dynamics, ideal
dynamics, and unpredictable dynamics. We contemplate the phe-
nomenon of complex (living) systems from the point of view of



these dynamics. Perspectives of practical use of Unpredictable sys-
tems for artificial intellect are considered.

Chapter 1. The Universal Arrow of Time: Classical mechanics.

0. Abstract: Solution of paradox for the entropy increase in
reversible systems.

Statistical physics cannot explain why the thermodynamic time ar-
row does exist unless very special and so it postulates unnatural ini-
tial conditions. However, we are ready to state that statistical phys-
ics is able to explain why the thermodynamic time arrow is univer-
sal, i.e., why the time arrow is directed in the same direction any-
where. Namely, if some two subsystems initially possess opposite
directions of the time arrow, the interaction between them makes
the configuration statistically instable and causes transition to a sys-
tem with the universal direction of the time arrow. We can give
general qualitative arguments in favour of such approach and illus-
trate them by the detailed analysis of a “toy” model based on the
“baker’s map”.

1. Introduction

The origin of the time arrow is one of the largest unsolved rid-
dles in physics [1-5]. It is well-established fact that we may reduce
the most of time arrows to a thermodynamic arrow, but the origin of
the thermodynamic time arrow remains enigmatic. Namely, exis-
tence of the thermodynamic time arrow means that the system is not
in a state of the maximum possible entropy. However, it means that
the system is not in the most probable state, which we can explain
statistically in no way. The fact of the entropy increase with time
means that the system was even in a less probable state in the past,



which makes the task even more complicated. Certainly, we may
describe the entropy increase with time, if we suppose that at the
beginning the Universe was in a state with very low entropy. How-
ever, in such a case it is not possible to explain why the Universe
began its existence from such a very special and unnatural initial
condition.

Maccone [6] stated in his recent article that we might solve the
enigma of the origin of the time arrow by means of quantum me-
chanics. He showed that in quantum mechanics all phenomena,
which leave traces in an observer’s memory (and thus may be stud-
ied by physics) are just those whereat the entropy is increased. (It is
worth to note that earlier works of other authors [7-9] used for solv-
ing the paradox of the entropy increase and the quantum paradox of
the wave package reduction the argument of deletion of the ob-
server’s memory at the decreasing entropy and the appropriate men-
tal experiments examined in [6]). On basis thereof, Maccone con-
cludes that in such a way we can reduce the second law of thermo-
dynamics to mere tautology while automatically solving the prob-
lem of the time arrow in physics. However, noted in papers [10-12]
are some weak points of the arguments used by Maccone in [6].
While giving a response to one of these objections in his later paper
[13], Maccone managed to realize that his approach does not give a
complete solution of the problem of the origin of the time arrow, as
the quantum mechanism also requires extremely improbable initial
conditions which cannot be explained just on basis of his argu-
ments.

Yet we reckon (as Maccone did in [13]) that some ideas given in
[6] and [13] allow better understanding of the problem of the time
arrow. The purpose of this paper is further development, improve-
ment and widening of some of ideas which were presented in [6, 11,
13] and in a somehow different context, in [8, 9, 14, 15, 16, 30]. In
particular, opposite to Maccone’s statements in [6, 13], we state that
quantum mechanics is not an essential factor for solving this prob-
lem. Consequently, in this paper we will regard only classical statis-
tical physics.



The idea of solving this paradox is this. Even though statistical
physics cannot explain why the thermodynamic time arrow exists, it
becomes possible to explain at least why the thermodynamic time
arrow is universal. That is, we can explain why the arrow points out
in the same direction anywhere. Namely, if some two subsystems
initially possess opposite directions of the time arrow, the interac-
tion between them makes the configuration statistically instable and
causes transition to a system with the universal direction of the time
arrow. Of course, it will not allow solving the problem of the origin
in the time arrow completely; but, in any way, it will make its solv-
ing easier.

We structure his paper as following: in the next section, we shall
present our basic ideas in intuitive non-technical form. Section 3
afterwards will be devoted to studying of statistical properties of
“Baker’s map” (some basic properties whereof are given in Appen-
dix) which serve as a “toy” model for studying peculiarities of re-
versible chaotic Hamiltonian systems. As a by-result, in this section
we will also clarify the difference between various definitions of the
phenomenon of “entropy”. Afterwards, in Section 4, we will exam-
ine effects of weak interactions between subsystems, which show
evolutionary development, without interaction, in accordance with
“Baker’s map”. In particular, we shall explain how weak interac-
tions destroy opposite time arrows of subsystems making them
much less probable than in the case without interaction. Finally, in
Section 5 we will give the qualitative discussion of our results, in-
cluding their compatibility with availability of strongly interacting
systems wherein the subsystem entropy may decrease with time.

2. Basic ideas

A priori, probability of presence of the
thermodynamic time arrow is very low. Yet the idea we engage will
consist in thinking within terms of conditional probabilities. If we



suppose that the thermodynamic time arrow exists, what can we
derive from it by using statistical arguments?

To answer this question, it is better to begin with laws of
the microscopic theory. We suppose that dynamics of microscopic
degrees of freedom is described by a set of differential equations of
the second order (with derivatives with time) which are invariant at
the time reversion t — —t. Thus, the both directions of time possess
a priori equal roles. In order to determine the only solution of
equations of motion dynamics it is also necessary to select some
“initial" time t, on basis whereof the initial conditions shall be
determined. (""Initial" time need not to be obligatorily the earliest
time wherein he Universe began to exist. For any t, wherein initial
conditions are determined, equations of motion dynamics shall
determine the state of the Universe in the solely way both for t >
toand fort < t,). It is just a usual specific moment of time which
may be taken even in ““the future". Indeed, in this paper we accept
the picture of “modular Universe" (e.g., see [4, 17, 18, 19] and
references therein) according to which the time is not ~“flowing".
Instead of it, the Universe is just a " static" object in four spatio-
temporal dimensions.

Of course, a priori probability of small entropy at moment
to is very low. But provided that the entropy available at moment ¢,
is small, then what is the probability that the thermodynamic time
arrow does exist? Certainly, it is very high.

And now let us ask the major question of this section.
Taking into account that at the moment of time t, the entropy is
small, why at this moment t, the entropy increases in one and the
same direction (taken as positive) anywhere? It would seem more
probable that the direction of the entropy increase be changed from
the point at the momentt,. If so, then why don't we observe it? In
other words, why is the time arrow universal having one and the
same direction anywhere for the given momentt,? We will refer to
this problem as to the problem of universality of the time arrow.

In this paper we state that this problem may be solved by
means of statistical physics. To say it short, we have got the
following solution. If we ignore interactions between various



subsystems then, provided that the entropy is low at t ,, the most
probable choice will be, indeed, that the direction of the time arrow
will be changed from one point to another. On the other hand, if
various subsystems interact between each other, then it is not the
most probable choice anymore. Instead, even if the direction of the
time arrow is changed from one point to another at momentt,, then
the interaction will ensure the natural mechanism which will align
all time arrows in one and the same direction.

To illustrate the paradox of the time arrow, mental
experiments of Loschmidt (paradox of time inversion) and Poincarii
(theorem of returns) are frequently used. The appropriate paradoxes
in classical mechanics are solved in the following way. Classical
mechanics allows, at least in principle, excluding any effect of the
observer's influence in relation to the system to be observed. Yet,
the most of real systems are chaotic. Thus, even a weak
perturbation may lead to exponential discrepancy of trajectories.
Besides, there is insignificant interaction between the observer and
the system to be observed. We may examine, as a simple example,
some gas widening from a small volume of space into a large
volume. In this process which proceeds with the entropy increase
the alteration of macroscopic parameters with time is stable in
relation to small external perturbations. On the other hand, should
all speeds be inversed the gas will be compacted into the initial
small volume, but at absence of any perturbations only. This
process with the entropy decrease is obviously unstable, and the
small external perturbation inversed it into a process with the
entropy increases. Thus, processes with the entropy increase are
stable, and those with the entropy decrease are not. The natural
consequence of it is that the direction of the time arrow (which is
determined by the entropy increase) of both the observer and the
system to be observed shall be aligned into one and the same
direction due to inevitable insignificant interaction between them.
They may return to the initial state both in Loschmidt's paradox and
Poincare's paradox only together (as a system in whole). Thus, the
observer's memory occurs to be deleted at the end, as it will return
to the initial state too. In process of this return of the time arrow



both of the observer and of the system to be observed shall be
indicated in the direction opposite to the initial one. Hence we may
derive two consequences. Firstly, the entropy increase is observed
both in the whole system and in its two parts in relation to the
observer's own time arrow, despite the fact that the entropy is
decreased in coordinate time. Secondly, the observer's memory is
deleted not only at the very end but also already at approximation to
the end point because the observer does not remember its " past"
(determined in relation to the coordinate time) but remembers its
“future”.

Indeed, it may seem very probable that interaction will
align all time arrows in one and the same direction. But here the
question arises: in which direction from the two possible ones? How
can one any one direction be preferable when the both directions are
equally probable a priori? Is the common direction selected at
random, or may it be effectively predicted? If there are two
subsystems with opposite directions of time in t,, then the joint
system will choose the direction of the " stronger" subsystem as
their common direction. But which subsystem will be " “stronger":
either that which possesses the larger amount of degrees of
freedom, or it will be selected by another principle?

Actually, the ““stronger" time arrow is the one which is co-
directed with the coordinate direction of time. This situation is not
symmetrical, indeed. For t < t, (when time arrows are oppositely
directed) interaction is missing, while for t > t, it appears. This
asymmetry of interaction will determine the observed asymmetry of
time.

Now we can understand why the time arrow is universal.
Suppose we have a subsystem which possesses a time arrow
directed oppositely to our common time arrow and this subsystem is
either observed or not observed by us. If we do not observe it this
will not contradict to the fact that our time arrow seems universal to
us. If we observe it then it will interact with us, and this interaction
leads to the situation when these time arrows cannot be opposite for
a long period of time. In any case, the things we observe shall have
the same direction of time as ours (possibly, except for a short time
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interval). This is similar to considerations in [6], with an important
difference, though, that our consideration is not based on quantum
mechanics.

We will confirm these intuitive ideas by the more
qualitative analysis in the remaining sections of our paper.

3. Statistical physics of Baker’s map

Baker's map (for a more detailed analysis see Appendix A) is
mapping any point of a single quadrate onto another point of the
same quadrate. We study the set of N > 1 such points (referred to
as ~particles") which is moving under influence of Baker's map. It
is a "~ toy" model for ““gas" which possesses all typical properties of
classical Hamiltonian reversible determined chaotic systems.
Indeed, Baker's map is widely used in such purposes due to its
simplicity [20, 23, 24, 25].

3.1 Macroscopic entropy and ensemble entropy

In order to define a convenient set of macroparameters we
will divide a single quadrate into 4 equal sub-quadrates. Suppose
that 4 parameters N;, N,, N3, N,mean a number of " particles” in
appropriate sub-quadrates, and they definitely are macroparameters
for our system. (Of course, there are many other methods for
defining macroparameters but general statistical regularities should
not depend on this choice). Macroscopic entropy S,,, of this macro
state shall be determined by a number of various micro states
corresponding to this macro state and be described with the
following formula:

Sm = —N Xi_s ~£log (%) = —t_, Nilog (%)
1)
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This entropy is maximum when distribution of particles is
uniform, when S,,, is equal to S;72* = Nlog4. At the same time, the
entropy is minimum when all particles are located in one sub-
quadrate, i.e. when S,,, = 0.

Suppose that (x,y) are coordinates of the point on a single
quadrate. In physical language it corresponds to the position of the
particle in 2D phase space. For N particles we will examine a

statistical ensemble with probability density
p(x1,y1; .-+ %y, Yn; t) On 2N-dimensional phase space. Here t is a
temporal parameter which has discrete values t = 0,1,2...  for

Baker's map. In this case, ensemble entropy shall be defined as

Se = — [ p(x1,y1; -3 xn, Yn; logp(xy, 15 ... Xy, Yy; )dX
(2)

where

dX = dxldyl. . dedyN
3)

Generally, p and S, are changed in process of evolution
determined by Baker's map and depend on the initialp. However, if
the initial function of probability density has the following form

/é)()xl,yl; s XN YN) = (X, Y1) p(XN, YN)
4

which corresponds to the non-correlated function of density
when the function of probability density remains non-correlated in
process of the further evolution.

For example, let's examine the function p(x;, y;) which is
uniform within some sub-domain X (with area A < 1) of a single
quadrate and in converted into zero outside . In other words,
suppose that

12



_(1/A  for (x;,y,) inside X
plx,yut) = {O for (x;,y;) outside

®)

In this case,

S, =— G)N (log G)N) AN = NlogA
(6)

As A is not changed in process of evolution defined by Baker's
map, then S, is also constant in process of evolution defined by
Baker's map. This example shows that S, is actually constant for a
random initial function. To prove it, let's divide a single 2N-
dimensional box into a larger amount of small domainsX,, the
probability for each of them will be equal top,. In process of
evolution, each domain X,will change its form but its 2N-
dimensionsal ““area" A, shall remain unchanged. Besides,
probability p, on the new domain X,shall also stay unchanged.
Consequently, the ensemble entropy S, = —Y, AYp,logp, shall
also remain unchanged. This is the major idea of the discrete
version of the proof, although the indiscrete version may be
performed in the same way.

3.2  Appropriate and inappropriate macroscopic vari-
ables

Macroparameters determined in the previous subdivision
possess the following properties:

1. For the most of initial micro states characterized by
Sy < Spmax s will increase due to the effect of Baker's map.

2. For the most of initial micro states characterized by
Sm = S, S, will stay constant due to the effect of Baker's map.

3. The two above mentioned properties will stay in force
when Baker's map is supplemented by small noise.
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Let's refer to the macroparameters possessing these
properties as to appropriate macroparameters.

It is not the thing that any rational choice of
macroparameters is appropriate, though. We may illustrate it with
the following example. We will divide a single quadrate into 2™
equal vertical strips (M > 1). We define a new aggregate of
macroparameters as numbers of particles in each of these strips.
Similar to formula (1), the appropriate macroscopic entropy shall be

M N
Sm = _Zi=1 Nylog (Fk) )
()

where N, is a number of particles in strip k. The following
initial condition will be chosen: the gas is uniformly distributed in
odd vertical strips, whereas even strips are empty. Then, for this
initial condition S,,, < S;72* is observed. In such a case, for a long
time of evolution of the system performed in accordance with
Baker's map, S, is not increasing for any initial micro state
corresponding to this initial macro state. During this evolution, a
number of filled strips will decrease and their width will increase
until only one wide filled vertical strip remains. It is only after it
occurs when S,,, will begin to increase. Please note that evolution in
direction to the only strip may be easily destructed by any small
perturbation.

Thus, we see that vertical strips lead to inappropriate
macroparameters. On the contrary, horizontal strips lead to
appropriate macroparameters. (However, macroparameters used in
(1) are in any case more appropriate, as they lead to much rapid
growth of S,,,.) This asymmetry between vertical and horizontal
strips is a consequence of characteristic asymmetry of Baker's map
itself in relation to vertical and horizontal coordinates. This
asymmetry is similar to that between canonic coordinates and
pulses in Hamiltonian classical mechanics for many actual systems.

14



Namely, if we take actual systems, for them Hamiltonian functions
will contain only local interaction between particles where locality
implies closeness in terms of coordinates but not of pulse.

Finally, please note that evolution of macroparameters
Ny (t), k= 1,2,3,4 may be found by averaging by ensemble in
the following way:

N (t) =J N (X1, Y15 -5 X0, Y )y, yas o5 Xy, Yy ) dX.
(8)

3.3  Coarsening

As it was already mentioned, ensemble entropy (contrary to
macroscopic entropy) is always a constant, during the evolution
determined by Baker's map. Although, it is wishful to have a
modified definition of ensemble entropy wherein the entropy would
increase similar to the macroscopic entropy. Such modification is
ensured by coarsening which may be possible due to introduction of
the coarsened phase function of probability density

POV (g, Y15 s X, YD) = [ Aoty — X', 31 — Y 5 Xy — X YN — Y )
X p(x'l,y'l; ...;x’N,y'N) aXx’,
9

where A differs from zero in some neighborhood of X' =
0,0;...;0,0 Thus, the coarsened ensemble entropy is

coar —
Se =

_f PN (X1, Y15+ 5 XN, Y108 (X1, Y15 .5 X, V) dAX
(10)
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Certainly, the function may be chosen by many ways. Let's
give some examples here.

The first example: Boltzmann's coarsening defined in the
following way:

éf";”(xl,yl: v X YN) = (X, Y1) p(n YN
11

where

p(x,y1) = f p(xy, y1; . X, YN)AXody,. . dxydyy
(12)

We may define similarly the other p(x;, y;) . The second example:
an isotropic coarsening having the following form:

A(351 — X', 01— J”li---ixN —X'ny YN — Y’N) =

A(xy — x'1)A(}’1 - }"1)- A AQey — x’N)A(yN - YIN) .
(13)

One more example: Prigogine's coarsening [20]

A(xl — XLV =Y XN X N YN Y'N) = A()ﬁ - Y'l)---A(J’N - )"N),
(14)
which is an anisotropic coarsening along the shrinking direction y.

Finally, let me remind about coarsening based on division

of he system into two lesser interacting subsystems. Coarsened
ensemble entropy for the complete system is defined as arithmetic

16



sum of uncoarsened ensemble entropies of these systems. Such
coarsened entropy will ignore correlations between subsystems.

All these types possess the following property: be the initial
micro state is such that macroscopic entropy increases then the
coarsened ensemble entropy for this initial state will increase too. In
this case, Prigogine's coarsening will have the following advantages
in comparison with Boltzmann's coarsening and isotropic
coarsening:

Firstly, if we take distribution of initial micro states which
is such that its macroscopic entropy decreases then the entropy of
the appropriate ensemble coarsened by Prigogine's will not
decrease. At the same time, the entropy of ensemble coarsened by
Boltzmann's or by isotropic coarsening will decrease.

Secondly, let's suppose that we have some given
distribution of initial micro states whereat its macroscopic entropy
increases. Now let's examine some " final" state (which will be
further referred to as "initial ensemble") with large macroscopic
entropy which is close to maximum. Upon achieving this final state
by the system, let's examine the new inverse state which is derived
from it and possesses the evolution inverse in time. (It is achieved
by simple symmetric conversion in relation to the diagonal of a
single quadrate with swapping x and y coordinates between each
other). Then the ensemble entropy obtained after such ““conversion"
and coarsened by Prigogine's, will decrease leap-wise (in relation to
the coarsened entropy of the ““unconverted" initial ensemble from
which it was obtained by such ““conversion"). At the same time, the
ensemble entropy coarsened by Boltzmann's or by isotropic
coarsening will remain almost unchanged.

Thus, Prigogine's coarsening ensures the most adequate
description of the law of increase of ensemble entropy without any
additional suppositions. For instance, in order to obtain the same
result with Boltzmann's coarsening, we would need to use some
additional supposition named hypothesis of molecular chaos"
which  consists of substitution of p(xy,y4;x2,v,) by
p(x1,y1)p(x5,y,) in the motion equation for  p(x,y,t).

17



4. The effects of weak interactions
4.1  Small external perturbations

We may achieve growth of the ensemble entropy even without
coarsening, by introducing some small external perturbation into
Baker’s map. The perturbation should be rather small in order not to
destroy growth of macroscopic entropy, but at the same time, it
should be sufficiently strong in order to prevent inverse processes
and Poincare’s returns. For the most of such perturbations, qualita-
tive peculiarities of the evolution will not significantly depend on
the detailed form of the perturbation.

We may introduce external perturbation by two methods. One
method consists of introducing small external casual noise. Macro-
scopic processes with increase of macroscopic entropy are stable in
relation to such noise. However, the area of the domain of determi-
nation of phase density function is not an invariant in relation to the
disturbed Baker’s map anymore. Due to this method, the ensemble
entropy may be increased.

Another method consists in introducing some weak interaction
with the environment (“the observer” may also serve as such).
Again, macroscopic processes with increase of macroscopic entropy
are stable but the area of the domain of determination of phase den-
sity function is not an invariant in relation to the disturbed Baker’s
map anymore. Consequently, the ensemble entropy may be in-
creased. However, this system is not isolated anymore. Now it is a
part of the larger system divided into two subsystems. Conse-
quently, as we already explained it in Section 3.3, we may define
the coarsened ensemble entropy for the complete system as the sum
of uncoarsened entropies of its subsystems aggregate. In the next
subsection, we will pay a more thorough attention to weak interac-
tions with the environment.

18



4.2  Weak interaction and destroying state with subsys-
tems’ opposite time arrows

To move forward, we need to select a certain interaction
between two "“gases". In absence of interaction, each of them will
evolve in accordance with Baker's map. We place two single
quadrates one above the other and define interaction with the
maximum distance o in such a way that all closest pairs of particles
(with the distance between particles less thang) will swap their
places between two consequential steps of Baker's map. (In more
detail, first we find a pair of the closest particles (with the distance
between particles less thang) and swap their places. Afterwards we
find the second pair of the closest particles (with the distance
between particles less thana, and these particles shall be other than
those found earlier) and also swap their places. We repeat this
procedure, until got run out of all such particles). These interactions
are defined only between particles lying in different subsystems.
Such interaction does not touch motion of particles but causes
mixing between the two subsystems. Let's pay our attention to the
fact that such mixing will not cause Gibbs's paradox, as we regard
these two single quadrates as two different subsystems.
Macroscopic entropy is defined as the sum of macroscopic
entropies of these two subsystems.

Now let's examine the case wherein time arrows of these
two subsystems are characterized with the same direction. Processes
wherein macroscopic entropies of these two systems increase are
stable against interaction. Thus, the most of low-entropy initial
states lead to growth of macroscopic entropy of the both
subsystems, and of the complete system as well.

Similarly, if we convert the above mentioned process with
increase of macroscopic entropy we will obtain the system wherein
macroscopic entropy of the both subsystems, as well as that of the
complete system, will decrease. In this sense, interaction shall not
destroy symmetry between the two directions of time.
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Now let's examine the most interest case wherein entropy
increases in the first subsystem and decreases in the second one.
The initial state of the first subsystem is characterized with low
entropy (e.g., all particles are located in a certain small quadrate
near point (0,0) of the single quadrate). Similarly, the second
subsystem is characterized with low entropy too (e.g., all particles
are located in a certain small quadrate near point (1, 1)of the single
quadrate) in the final state.

In case of absence of interaction the final state of the first
subsystem would be a high entropy state corresponding to almost
uniform distribution of particles. Similarly, the initial state of the
second subsystem would be a high entropy state of the same form.

However, the abovementioned solutions with two opposite
time arrows cannot be solutions anymore as soon as interaction is
present. In the most cases the interaction will mix particles between
subsystems. A number of solutions with the interaction which are
characterized with the same initial-final conditions (described
above) is rather small, being in fact much lesser than the number of
such solutions in absence of interaction.

Let me make the latest affirmation more quantitative. After
an odd number of swapping between subsystems the particle will be
within the other subsystem. Similarly, after an even number of such
swapping it will remain in the same subsystem, without changing it.
Probabilities of these two events are equal to p = %and don't depend
on other particles (at least approximately). Moreover, we may state
that mixing between these two subsystems is insignificant in initial
and final states, as entropies of these two subsystems are entirely
different. We want to compute probability of small mixing for the
final state, provided that the mixing is small in the initial state. To
do it determinable, we will take that the mixing is small if a number
of particles N;transferring from one subsystem into the other is

either N, < %or N, > ZN. Thus, the probability is given here by the
aggregate binomial distribution F (Nt; N, %) which is described by
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F(k;n,p) = 215, (:l) p'(1—p)"
(15)

where [k] is the largest integer being less than or equal to k. The
functionF (k; n, p) will satisfy to inequality

F(k;n,p) < exp (—2 @)
(16)

The state with opposite time arrows of the subsystems is not
destroyed when N; < % or N, > EN. The probability thereof is
equal to

2F(N/4;N,1/2) < 2exp(—N/8)
17

It is clear that the probability will decrease exponentially as
N increases. It means that such probability is negligible for a large
N. Consequently, one may state almost for sure that processes with
opposite time arrows will be destroyed.

In the model described above we need in an almost equal
number of particles in these two subsystems, in order to destroy
states with opposite time arrows. It is related to the fact that one
particle can influence the motion of one close particle only. For
more realistic interactions, one particle can influence the motion of
a large amount of adjacent particles which means that even a very
small number of particles in one system can destroy processes with
decrease of entropy for the other system.

4.3 Decorrelation in a system with interaction
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Hamiltonian systems are described not only with macro
states but also with complicated non-linear correlations between
micro states. These correlations are responsible for reversibility.
Interaction between the two subsystems destroys these correlations
in subsystems but the whole system remains reversible, i.e.,
correlations appear in the whole system. Thus, decorrelation in
subsystems spreads correlations on the whole system. (This process
is a classic analogue of decoherence in quantum mechanics).

Let us set forth these qualitative ideas in a more quantitative
form. Linear correlation (Pearson's correlation) has the behaviour
which resembles very much that of non-linear correlations
described above. The only difference is that these linear correlations
decrease with time. Interaction which we proposed may be
approximated by random noise with the amplitude conforming to
the distance oof interaction between particles.

So we expect that interaction not only causes alignment of
time arrows but also leads to correlations decay which takes place
even in a more significant manner than without interaction (Section
A.5). During this process the evolution of subsystems becomes
irreversible but the whole system remains reversible.

We may quantitatively find the value of this correlations
decay by computing Pearson's correlation for our subsystems
described in

_ c(m)
T = e’
(18)

where (C™(0)) is the expected dispersion of a random value X
computed after m iterations of mapping. Dispersion C™(0) may be
computed as

Cm(0) = X35t [T @ —j — (x) + 5)2dx
(19)
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where S is a random number defined as S = Y1 2k¢,.
Here (. is an independent and uniformly distributed random
number with the zero average and dispersion o2 which models the
influence of interaction on evolution of the system. Upon short
computation, we come to

(C™(0)) = C(0) +(S?) = C(0) + Xl 2"YCk i) -
(20)

Using the following property of independent and uniformly
distributed random values ({4 () = 8yx0? We come to

22m_q

(C™(0)) = €(0) + =07

(21)

It is clear that interaction will increase decay of linear
correlations at least, as

Z—m

r(m) - J1+4(22Mm—1)g2
(22)

However, Pearson's correlation r(m) = 27™for the whole
system will remain the same. As (S2)/2 shall be much less than the
size of the system (a single quadrate), we may conclude that our
suppositions leading to (22) are correct only for (S%)=
[(22™ —1)/3]0o% << 1and ¢2/272™ << 1.

4.4 Numerical simulation
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Until now, we used only general abstract arguments. In this subsec-
tion, we will try to support them by certain numerical modelling.
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Fig. 1. Initial configuration of particles at moment t = 1.
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Fig. 2. Evolution of entropy without interaction.
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We have two subsystems (marked as 1 and 2), each with
N; = N, = 300 particles. These two subsystems occupy two single
quadrates. To define the coarsened entropy, we divide each single
quadrate into 16 x 16 = 256 small quadrates. Thus, entropy of
each of these subsystems shall be presented as

S; = —N; X35 frilogfi
(23)

where i=1,2, fi; =ng;/N;and n,; are numbers of
particles in appropriate small quadrates. Similarly, the complete
entropy shall be defined as

S =—(N; + N,) X5 filogfy
(24)

Where fk = (nk’l + nk’z)/(Nl + Nz)
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Fig. 3. Evolution of entropy with interaction.
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For subsystem 1 we choose the initial state with the zero
entropy in t = 1 (see Fig. 1). Absolutely similarly as for system 2
we choose the "“final" state the zero entropy in t = 6. Such initial
states ensure that in absence of interactions S; will increase with
time, whereas S , will decrease with time for ¢t < 6.

In order to avoid numerical problems being results of the
finite accuracy of computer presentation of rational numbers, (27) is
substituted by x' =ax —[ax],y = (y + [ax])/2, with a=
1.999999. The results of numerical modeling are given in Fig. 1
and Fig. 2.

To include interaction effects, we define interaction in such
a way. (For the sake of computation convenience, it is defined in a
slightly different way, as compared to Section 4.2). We take a small
range of interaction r,, = 0.01 in y direction which, essentially, is a
parameter describing weakness of interaction. (Let me remind that y
and x are analogues of the canonic coordinate and canonic pulse
respectively in Hamiltonian phase space). Interaction leads to
swapping between the closest pairs, as well as in Section 4.2, but
now the closest” shall be referred to the distance in y direction,
and there isn't any swapping if the shortest distance is longer than
r,. Moreover, now the interaction is defined in such a way that only
x-coordinates of particles are swapped. By choosing the same initial
conditions in t = 1as in the case of absence of interdependency
(Fig. 1), the results of numerical modeling with interaction can be
presented in Fig. 3. We can see that in case of interaction (Fig. 3)
S, begins to increase in a more early time than without interaction

(Fig. 2).

5 Conclusions

In this paper, we used a “toy” model based on Baker’s map in
order to demonstrate peculiarities, which are fair for common sys-

tems described by the reversible Hamiltonian mechanics. It is clear
that for such systems, one can freely choose either final or initial
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conditions, but it is not possible to choose freely mixed initial-final
conditions. Initial-final conditions are conditions whereat we define
canonic parameters for one portion of particles at the initial moment
of time and at the final moment of time — for the other portion.
There is not any appropriate solution for many mixed initial-final
conditions (for Hamiltonian motion equations). Absolutely equally
as for our “toy model”, for most of weak interaction Hamiltonians
the number of solutions with given coarse-grained initial-final con-
ditions will be much lesser than the number of solutions with
coarse-grained initial conditions only or with coarse-grained final
conditions only. It explains the fact why we cannot observe in prac-
tice subsystems with opposite time arrows, that is, why a time arrow
is universal.

In a sense, destroying of states with opposite time arrows is simi-
lar to ergodicity. The both properties shall be true in all practical
situations but they are not precise laws. They are true for most of
real systems but one can always find these or those counter-
examples [21, 22]. Besides, the both properties are intuitively obvi-
ous but still are very hard for us to prove them strictly. For ergodic-
ity, the appropriate strict result is KAM (Kolmogorov-Arnold-
Mozer) theorem, whereas for destroying states with opposite time
arrows there is not any strict theorem of such a kind.

Our results allow also resolving of “contradictions” between
Prigogin’s “New dynamics” [20] (discussed in Section 3.3 from this
paper) and Bricmont’s comment [26]. We may divide dynamics of
interacting subsystems into two types of dynamics:

1. Reversible ideal dynamics examined in relation to the coordinate
time when entropy may decrease or increase.

2. Irreversible observable dynamics examined in relation to the own
observer’s time arrow in relation whereto the entropy may only in-
crease, as it was shown above.

Within this terminology, Prigogin’s “New dynamics” [20] is one
of forms of observable dynamics, whereas in Bricmont’s paper [26]
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ideal dynamics is examined. In particular, the observable dynamics
does not include Poincare’s returns and reversibility, which is really
an unobservable real observer. This makes it simpler than the ideal
dynamics. However, the both types of dynamics are correct in prin-
ciple.

It is also worth to note that our results are not in conflict with ex-
istence of dissipative systems [27] (such as, for instance, certain
self-organizing biological systems) wherein the entropy of the sub-
system may decrease in course of time, despite increasing of the
environment entropy. Entropy of the complete system (including
both the dissipative system entropy and the environment entropy)
increases which is in accord with the law of increasing entropy. It is
typical for such systems that interaction with the environment is
strong, whereas we address the results of our paper to weak interac-
tions between subsystems. E.g., intense flow of solar energy is nec-
essary for existing of living organisms on Earth. The weak flow of
energy from stars is not sufficient for life but it will be sufficient for
de-correlation and for alignment of time arrows. We can cite here
from paper [6]: “However, the observer is macroscopic by defini-
tion, and all remotely interacting systems become correlated very
quickly (e.g., Borel managed to remarkably compute that shift of
one gram of material over Sirius star for the distance of one meter
can influence trajectories of gas particles on Earth in time scale of
microseconds order [28]).”

Appendix A. Basic properties of the baker's map

In this appendix, we will present some basic properties of Baker’s
Map. You can find more detailed description, e.g., in [29].
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(@) (b) (© (d)

Fig. 4. Geometric interpretation of Baker’s Map. (a) Initial configu-
ration (b) Uniform shrinking in vertical direction and stretching in
horizontal direction by the value of factor 2 (c) Resulting configura-
tion after cutting the right half and its displacement onto the left one
(d) Resulting configuration after two iterations.

A.1 Definition of Baker’s Map
Let's examine the binary symbolic consequence.

‘. 'S—Z' S—I’SO; 51,52,53. .
(25)

being infinite from the both sides. Such consequence shall
define two real numbers

X = 0.515253..., y = 0.505_15_2....
(26)

The consequence may be shifted in reversed way in relation
to the semi-colon in both directions. Upon the left shit we will
obtain new real numbers

¥ =2x—[2x], ¥ =30 +[2a]),
(27)
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where [x]is the largest integer which is less than x, or is
equal to it. This mapping of a single quadrate onto itself shall be
referred to as Baker's Map.

Baker's Map has a simple geometric interpretation given in
Fig. 4 where (a) is the initial configuration and (c) is the final
configuration upon one iteration of Baker's map, with the
intermediary step presented in (b). Portion (d) is the representation
of the final configuration upon two iterations.

A.2 Unstable periodic orbits

Periodic symbolic consequences (0) and (1) correspond to
fixed points (x,y) =(0,0) and (x,y)=(1,1) respectively.
Periodic consequence (10) corresponds to the two-period

orblt{(ég)(gg)} From  the periodic ~ consequence

...001;001 ...we obtain{(%,g),(2 Z)G%)} Similarly, from

7’7 7
. 3 6 6 3 55
..011;011 ...we Obtaln{(;,;) , (;,;) , (;,;)}
Any x and y can be approximated randomly well as
0.X, ...X,, and0.Y; ... Y,,, respectively, provided that n and m. are
sufficiently large. So, the periodic consequence(Yy, ... YoX; ... X)
can be approximated to any point of a single quadrate randomly
closely. Thus, the aggregate of all periodic orbits gives a dense
aggregate on a single quadrate.

A.3 Ergodicity, mixing and conserving area

Due to horizontal stretching all close points diverge
exponentially under influence of iterations of Baker's Map. In these
iterations, any casual symbolic consequence will approximate
randomly closely to any point of a single quadrate. In general, such
ergodic property may be used in order to substitute the average in
““time" (A)by the average in ““ensemble™:
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(A) =X A(xy, yp) = f Alx, y)du(x,y) =
J ACx, y)p(x,y)dxdy ,
(28)

where du(x,y) is an invariant measure, and p(x,y) is
invariant density for Baker's Map. For Baker's Map p(x,y) = 1.

Under influence of iterations of Baker's Map, any domain
can be mapped into a series of narrow horizontal stripes. In the long
run, they uniformly fill the entire quadrate which will correspond to
mixing. Absolutely the same inverse iterations shall map the
domain into narrow vertical bands which also correspond to mixing.

During these iterations, the domain area will not change.
This property is interpreted as the law of conserving the area for
Baker's Map.

A.4 Exponents of Lyapunov’s power; shrinking and stretching
directions

If xoand x,have equal first k binary digits, then forn < k,

x1(12) _ x1(11) — zn(x(gz) _ xél)) — (X(EZ) _ x(()l))enlogz ’

(29)

where A = log?2 is the first positive exponent of Lyapunov's
power for Baker's map. Consequently, the distance between two
close orbits will increase over the exponent with increasing of n,
and after k iterations becomes of order 1. This property is referred
to as sensitivity to initial conditions. Due to this property, all
periodic orbits are unstable.

As the domain area maintains, stretching in horizontal
direction discussed above shall imply that a certain direction of
shrinking must also exist. Indeed, the evolution in vertical direction

y is inverse to the evolution in horizontal direction x. If (xgl),yél))

and (x((,z), yo(z)) are two points withx (" = x{?, then
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y7(12) _ 7(11) — Z—n( 0(2) _ yo(l)) — (yéz) _ yél))en(—logz) _
(30)

Consequently, A = —log2 is the second negative exponent
of Lyapunov's power for Baker's map.

A.5 Correlations decay

As x is unstable direction the evolution in this direction shall
lead to correlations decay. The average correlation function
C (m)for consequence x, is usually defined as

C(m) = lim =¥y (v = ) @i = (),
(31)

where (x) = lim )}, x;/n. Correlations may be computed even
n—-00
easier if the invariant measure u(x) is known; in this case

Cim) = [ (x = NF™(x) — {x)) du(x),
(32)

where f™(x) = x,,-- a function which is mapping x invariable into
its image upon m iterations of Baker's Map. Thus, for Baker's
Mapdu(x) = dx, we can put down:

C(m) = 32050 [0 (e — (e @mx— j — () dx,
(33)
which leads to

C(m) = 25" [2m T @™ + )+ )2 — ("—22 -
xXx/2—my+12—m

(34)
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For Baker's Map(x) = % , and thus, the sum put down above

may be apparently computed as

C(m) =*—

(35)

It shows that correlations decay occurs by exponent as m

increases. Pearson's correlation for the system can be found as
follows:

r(m)=C(m)/C(0) =2"™

(36)
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Chapter 2. The Universal Arrow of Time: Quantum Mechanics

1. Abstract: Solution of Schrodinger’s cat paradox,
Wigner's friend paradox, paradox of a kettle which will
never begin to boil

This paper is a natural continuation of our previous paper [1] and
Chapter 1 of this essay. We illustrated earlier that in classical Ham-
ilton mechanics, for overwhelming majority of real chaotic macro-
scopic systems, alignment of their thermodynamic time arrows oc-
curs because of their low interaction. This fact and impossibility to
observe entropy decrease at introspection explain the second law of
thermodynamics. The situation in quantum mechanics is even a lit-
tle bit easier: all closed systems of finite volume are periodic or
nearly periodic. The proof in quantum mechanics is in many re-
spects similar to the proof in classical Hamilton mechanics — it also
uses small interaction between subsystems and impossibility to ob-
serve entropy decrease at introspection. However, there are special
cases, which we can find in the classical mechanics. In these cases,
one microstate corresponds to a set of possible macrostates (more
precisely, their quantum superposition). Consideration of this prop-
erty with use of decoherence theory and taking into account ther-
modynamic time arrows will introduce new outcomes in quantum
mechanics. It allows to resolve basic paradoxes of quantum me-
chanics:

(a) to explain the paradox of wave packet reduction at measure-
ments when an observer is included in the system (introspec-
tion) (paradox of the Schrodinger cat);

(b) to explain unobservability of superposition of macroscopic
states by an external observer in real experiments (paradox of
Wigner's friend);
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(c) to prove full equivalence of multi-world and Copenhagen inter-
pretations of quantum mechanics;

(d) to explain deviations from the exponential law at decay of parti-
cles and pass from one energy level to another (paradox of a
kettle which will never begin to boil).

1. Introduction

First, it is necessary to note that in our paper, unless we stipulate
other, a full system is located in a closed finite volume, contains a
finite number of particles and is isolated from environment. These
are principal requirements of the entropy increasing law, which we
consider. We may describe the full system in terms of quantum me-
chanics laws.

In our previous paper [1], we considered alignment of thermody-
namic time arrows in classical Hamilton mechanics leading to proof
of the entropy increasing law. Here we intend to consider a quantum
case. The reason of alignment of thermodynamic time arrows in
guantum mechanics is the same as in the classical mechanics. It is
“entangling” and “decoherence” [2-3, 17, 24-27], that is, low in-
teraction between real chaotic macroscopic systems or a real chaotic
macroscopic system in unstable state and a quantum microsystem
(process of measurement in quantum mechanics).

Use of phenomenon of alignment of thermodynamic time arrows
on quantum mechanics for analysis of widely known paradoxes of
guantum mechanics allows their full and consistent resolution. All
these paradoxes are caused by experimental unobservability for real
macroscopic bodies of such purely quantum phenomena predicted
by a quantum mechanics as

(a) superposition of macrostates for the Copenhagen interpreta-
tion, or

(b) presence of multiple worlds in case of multi-world interpre-
tation.

Indeed, quantum mechanics has the principal difference from
classical one: if in classical mechanics one microstate corresponds
to just one macrostate, and then in quantum mechanics one micro-
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state (a pure state characterized by a wave function) can correspond
to a set of macrostates. (In other words, this microsate is superposi-
tion of microstates corresponding to various macrostates). Such
situation is not possible in classical mechanics! Moreover, such
state can not be considered as a simple mixed state, i.e. a classical
ensemble of these several macrostates (to be more exact, of macro-
states corresponding to them which are included into the superposi-
tion) with corresponding probabilities. Evolution of these superposi-
tions and mixed states is different. Presence of interference terms
for superposition explains this difference (or quantum correlations
of the worlds for multi-world interpretation). Although this differ-
ence is very small for macroscopic bodies, yet it exists. What would
prevent to observe this difference experimentally? The same rea-
sons that prevents to observe entropy decreasing — it is alignment of
thermodynamic time arrows!

Indeed, the more the detailed analysis below shows that experi-
mental manifestations of interference (quantum correlations) are
demonstrated in considerable scale only at entropy decrease. This
process is not observable in principle if the observer is included into
the observable system (introspection). Thus, entropy decrease is
very difficultly observable if the observer is not included in the ob-
served macrosystem, because of alignment of thermodynamic time
arrows of the observable system and the observer/environment dur-
ing decoherence. Almost full isolation of the macrosystem from en-
vironment / the observer is necessary between observations.

In addition, we cannot observe small manifestations of the inter-
ference (quantum correlations) at entropy increase at introspection
in principle (at introspection, the full observation will be impossible
— we can measure only macroparameters exactly, the full measuring
is impossible). They are very difficultly observable for the external
observer case because of decoherence with the ob-
server/environment.

2. Qualitative consideration of the problem.
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The reason of alignment of thermodynamic time arrows in quan-
tum mechanics, as well as in classical mechanics, is low interaction
between real chaotic macroscopic systems. It is a well-studied phe-
nomenon named “decoherence” [2-3, 17, 24-27]. It results is not
only in widely known “entangling” states of systems but also in
alignment of thermodynamic time arrows. (The direction of the en-
tropy increase defines the direction of a thermodynamic time ar-
row). The reason of alignment of thermodynamic time arrows is
absolutely the same as in classical Hamilton mechanics: instability
of processes with opposite time arrows with respect to small pertur-
bations. These perturbations exist between the ob-
server/environment and the observed system (decoherence).

Maccone’s paper [4] gave similar arguments in the case of quan-
tum mechanics. However, therein he formulated that the similar
logic is applicable only in quantum mechanics. Our previous paper
shows incorrectness of this conclusion [1, 5]. Paper [6] formulates
the other objection to his judgments. Therein small systems with
strong fluctuations are considered. Alignment of thermodynamic
time arrows does not exist for such small systems. It must be men-
tioned that both Maccone’s replay to this objection and the subse-
quent paper of the authors of the objection [7] do not explain the
true reason of the disagreement described. The real solution is very
simple. More specifically, the entropy increase law, the concept of
thermodynamic time arrows and their alignment are applicable only
to non-equilibrium macroscopic objects. Violation of these laws for
microscopic systems with strong fluctuations is a widely known
fact. Nevertheless, although the objection [6] is trivial physically,
yet it is interesting from purely mathematical point of view. It gives
good mathematical criterion for macroscopicity of chaotic quantum
systems.

The situation in quantum mechanics is even simpler than in clas-
sical one: chaotic quantum systems are nearly periodic systems.
However, the random law may describe distribution of energies (ei-
genvalues of a Hamiltonian determining “frequencies” of energy
modes) [8]. This fact defines chaotic character of the quantum sys-
tems.
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One can often see a statement that behaviour of quantum chaotic
systems differs very strongly from that of classical ones. It is, how-
ever, a bad mistake related to deep misunderstanding of physics of
these systems. Really, quantum chaotic systems are nearly periodic,
whereas the random law for Poincare’s returns times characterizes
classical chaotic systems. Thermodynamic time arrows of the ob-
server and the observable system have the same direction. There-
fore, the observer is capable to carry out observation (or introspec-
tion) only on finite time intervals when its time arrow exists (i.e. its
state is far from thermodynamic equilibrium), and it does not
change its direction. On such finite times (that the observer is capa-
ble to carry out observation during this time) the behaviour of cha-
otic quantum systems has the same character as that for classical
quantum systems.

Decoherence results in transition of observed systems from a
pure state to mixed one, i.e. results in entropy increase. (Actually,
one macrostate transforms to the set of microstates). On the other
hand, Poincare’s returns yield the inverse result (i.e. “recoherence”)
and are related to the entropy decrease. Thus, decoherence and the
correspondent alignment of thermodynamic time arrows of the ob-
server and observable systems shall lead to the syncs of moments
when the systems pass from pure states to mixed states. Conse-
quently, it makes impossible to observe experimentally the inverse
process (i.e. “recoherence”).

Summing up the above mentioned, consideration of alignment of
thermodynamic time arrows in quantum mechanics is in many as-
pects similar to consideration in classical mechanics. However, con-
sideration of this property for analysis of widely known paradoxes
of quantum mechanics gives their full and consistent resolution.
These are the following paradoxes:

(a) explaining the paradox of wave packet reduction at meas-
urements when an observer is included in system (introspec-
tion) (paradox of the Schrodinger cat);

(b) explaining unobservability of superposition of macroscopic
states by an external observer in real experiments (paradox
of Wigner's friend);
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(c) proving the full equivalence of multi-world and Copenhagen
interpretations of quantum mechanics;

(d) explaining deviations from the exponential law at decay of
particles and pass from one energy level on another (para-
dox of a kettle which will never begin to boil).

As we described above, in quantum mechanics the solution of the
problem of alignment of thermodynamic time arrows is similar to
that in classical mechanics. However, there is one important excep-
tion. In classical mechanics, one microstate (a point in a phase
space) corresponds to just one macrostate. In quantum mechanics,
one microstate (wave function) can correspond to the set of possible
macrostates (quantum superposition of the wave functions corre-
sponding to this macrostates). This situation appears in the well-
known paradox of "Schrodinger cat".

Multi-world interpretation of quantum mechanics is very popular
today. It states that these different macrostates correspond to differ-
ent worlds. These parallel worlds exist simultaneously and interfere
(summing to each other). We suggest it as a solution of “Schrod-
inger cat” paradox.

Then the following question appears,”Why do we need to sup-
pose simultaneous existence of these worlds?” Instead, we can say,
“The system collapses in one of these macrostates with the prob-
ability defined by Bohr’s rules. Why do we need these mysterious
parallel worlds?”” Copenhagen Interpretation is a name for this point
of view.

The following objections are usually given:

1. We do not have any mechanisms describing the collapse in
Copenhagen Interpretation.

2. We accept that wave functions are something, which really
exists.

3. These wave functions and their superposition satisfy to
Schrodinger equations.

4. Multi-world interpretation follows automatically from 1 and
2.
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5. Decoherence, which is also a consequence of Schrodinger
equations, explains why we can see as a result only one of
the worlds (with corresponding Bohr’s probabilities).

However, here it 1s possible to object to it: “Yes, we don’t have
any collapse mechanism. Nevertheless, we need not know it. We
just postulate such collapse. Moreover, we do not want at all to
know this mechanism. Really, we are capable to describe and calcu-
late any physical situation without this knowledge”.

However, such approach encounters the following difficulties:

1. We cannot specify or calculate the exact instant when this
collapse takes place. For macrobodies, it is possible to spec-
ify just a very narrow, but still a finite interval of time in
which this collapse happens.

2. For macrobodies there is a quite clear separation between
the worlds (because of decoherence) but it will never be full.
There is always some small "overlapping” between the
worlds (the interference terms, quantum correlations of the
worlds) even for macrobodies. Decoherence which is de-
scribed above resolves the problem only partially. It “sepa-
rates” macroworlds not completely but leaving this small
"overlapping".

3. There are specific models of collapse (so-called GRW the-
ory [16]). We can verify experimentally them. However, un-
til now, such experiments did not give any proof of exis-
tence of such collapse. They give only boundaries on pa-
rameters for such models (in the case when they are true)
defined by accuracy of the experiment.

However, it is possible to object again:
1. Yes, there is a problem to define exact collapse times. However,
exactly the same problem does exist in multi-world interpreta-

tion as well: in what instant does the observer see, in what of the
possible worlds he has occurred?
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2. The problem of "overlapping" of the worlds also exists in the
multi-world interpretation. Indeed, the observer sees only one
world in some instant. He can tell nothing about existence or
non-existence of other parallel worlds. Therefore, he can con-
clude all predictions of the future (based on Bohr’s rules) only
on knowing of “his” world. However, due to "overlapping" of
the worlds (even just a small one) he cannot predict some possi-
ble effects. It means that quantum mechanics cannot give even
an exact probabilistic prediction.

3. Itis possible to add one more uncertainty that exists in both in-
terpretations. Suppose, for example that a superposition of two
macrostates exists: “an alive cat” and “a dead cat”. Why does
the world split (or collapse) into these two states? What is
wrong with the pair: (“an alive cat” — “a dead cat”), (“an alive
cat” + “a dead cat”)? The three problems described above lead
to uncertainty of predictions done by means of quantum me-
chanics. We cannot insert it even within probabilistic frame-
works based on Bohr’s rules. This uncertainty is very small for
macrobodies but it exists. It exists for all interpretations, yet
masking and changing its form. The aim of majority of inter-
pretations is to overcome these problems. Actually, different in-
terpretations only “mask” the uncertainty problem yet not solv-
ing it.

4. All that we told above about GRW theories is true. There is no
necessity to use it instead of quantum mechanics. However, it is
not correct for Copenhagen Interpretation. The Copenhagen In-
terpretation resembles GRW very much but one important fea-
ture is very much different from GRW. The Copenhagen Inter-
pretation postulates the collapse only for one final observer. It
does not demand the collapse from the remaining macroobjects
and observers. A point of view of a final observer describes all
physical experiments. The final "observer" is not some person
possessing mysterious "consciousness”. It is some standard
macroscopic object. It is far from its state of thermodynamic
equilibrium. The final observer is the last in the chain of observ-
ers and macrobodies. We choose the direction of his thermody-
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namic time arrows as a "positive" direction. It is similarly to our
previous paper [1]. This constrain on collapse leads to serious
consequence, which does not appear in GRW. Namely, we can
verify experimentally the existence of the collapse in GRW, but
existence of the collapse in Copenhagen Interpretation we can-
not prove or disprove even in principle. Let us demonstrate it.
We will consider mental experiments, which allow verifying ex-
istence of the collapse predicted in GRW. Further, we will dem-
onstrate that we cannot use these experiments for verification of
the collapse in the Copenhagen Interpretation.

a. Quantum mechanics, as well as classical, predicts Poincare's
returns. Moreover, unlike classical chaotic systems, the re-
turns happen periodically or almost periodically. However,
because of the collapse in GRW such returns are impossible
and we cannot observe them experimentally, i.e. this fact
can be used for experimental verification.

b. Quantum mechanics is reversible. At a reversion of evolu-
tion, the system must return to the initial state. However, the
collapse results in irreversibility. We can verify this fact also
experimentally.

c. We can observe experimentally the small effects related to
the small quantum correlations that exist even after decoher-
ence. In GRW this small effects disappear.

Suppose that we want to verify the collapse of the final observer
in the Copenhagen Interpretation. Hence, we must include the ob-
server into the observable system, i.e. there is introspection here.
We will demonstrate that it is impossible to verify (or contravene)
existence of the collapse in Copenhagen Interpretation by the meth-
ods described above:

a. Suppose that the observer waits for the return predicted by
guantum mechanics. However, the observer is included into
the system; i.e., at Poincare's return, he will return to his ini-
tial state together with the entire system. Hence, his memory
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about his past will be erased. Therefore, the observer will
not be possible to compare the initial and finite state. It
makes the verification of the existence (or non-existence) of
the observer’s collapse experimentally impossible.

b. The same reasons as those in item (a.) make impossible the
experimental verification of the returns caused by the rever-
sion of system evolution.

c. For observation of the small effects (quantum correlation
macrostates), the measuring split-hair accuracy is necessary.
However, as the observer is included into the observed sys-
tem (introspection), it is not possible to make full measure-
ment of such system. (Figuratively speaking, the observer
uses some "ink™ to describe the full system state. However,
the "ink" is also a part of the full system during intersection.
So the "ink" must describe also itself!) We can describe such
system by macroparameters only. It makes impossible ex-
perimental observation and calculation of the small effects
of the quantum correlations.

Actually, the first two items (a., b.) are related to a following fact
which took place also in classical mechanics [1]. Decoherence (de-
composition on macrostates) leads to the entropy increase (one
macrostate is replaced by a full set of possible macrostates). On the
other hand, observation of the return (i.e. recoherence) is related to
the entropy decrease. The observer is capable to carry out introspec-
tion experimentally only on finite time intervals when it has a time
arrow (i.e. a state far from the thermodynamic equilibrium), and it
does not change its direction. Thus, inability to distinguish experi-
mentally the Copenhagen and Multi-world Interpretations is closely
related to the entropy increase law and the thermodynamic arrow of
time.

Everything from the abovementioned makes impossible to verify
experimentally the difference between the Copenhagen and Multi-
world Interpretation, so we can regard them as equivalent. Such
statements about indistinguishability of these interpretations meet in
the literature. However, in cases when this fact is not just stated but
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someone tries to prove it, it is usually referred to impossibility to
make such verification only practically for macrobodies (FAPP - for
all practical purposes). The understanding of its principal impossi-
bility is lacking. This incorrect understanding is a basis for errone-
ous deduction about «exclusiveness» of Multi-world Interpretation.
We will demonstrate the clearest example [9]:

"MW!I proponents might argue that, in fact, the burden of ex-
perimental proving lies on MWI opponents, because it is they
who claim that there is the new physics beyond the well tested
Schrodinger equation.™

"Despite the definition "interpretation”, the MWI is a variant of
quantum theory that is different from others. Experimentally, the
difference is relative to collapse theories. It seems that there is no
experiment distinguishing the MWI from other no-collapse theories
such as Bohmian mechanics or other variants of MWI. The collapse
leads to effects that are, in principle, observable; these effects do
not exist if MWI is the correct theory. To observe the collapse, we
would need a superb technology, which would allow "undoing" a
quantum experiment, including a reversal of the detection process
by macroscopic devices. See Lockwood 1989 (p. 223), Vaidman
1998 (p. 257), and other proposals in Deutsch 1986. These propos-
als are all for mental experiments that cannot be performed with
current or any foreseen future technology. Indeed, interference of
different worlds has to be observed in these experiments. Worlds
are different when at least one macroscopic object is in macroscopi-
cally distinguishable states. Thus, what is needed is an interference
experiment with a macroscopic body. Today there are interference
experiments with larger and larger objects (e.g., fullerene molecules
C60), but these objects are still not large enough to be considered
"macroscopic”. Such experiments can only refine the constraints on
the boundary where the collapse might take place. A decisive ex-
periment should involve the interference of states which differ in a
macroscopic number of degrees of freedom: an impossible task for
today's technology".
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The given proof of principal experimental unverifiability of col-
lapse in Copenhagen Interpretation, as far as we know, can be found
only in this and the previous papers [10-13]. It is possible to term it
as the "Godel" theorem of impossibility for quantum mechanics.
Both its statement and its method of its proof really remind “the
Godel theorem of incompleteness™.

We concentrate on this problem so much here for the following
reasons. Firstly, the impossibility to distinguish experimentally the
Copenhagen and Multi-world Interpretations is closely related to the
entropy increase law and the thermodynamic arrow of time. Sec-
ondly, it is too many people sincerely but erroneously believe that
Multi-world Interpretation (or other less fashionable Interpretations)
completely solves all problems of quantum mechanics. Uncertainty,
which we described already above, is one of such problems of quan-
tum mechanics. It means that quantum mechanics using Bohr’s
rules is characterized with small uncertainty connected to small
quantum correlation of the observer. How can we find them actu-
ally? We can conclude these results from the fact that the specified
uncertainty exist in ideal dynamics over an abstract coordinate time.
This uncertainty is absent in observable dynamics over the ob-
server's time arrow and is not observed experimentally in principle.

1) Introspection: The same reasons already described above
which do not allow verifying the collapse experimentally will
not allow experimental discovery of the uncertainty specified
in item 1 (the exact instant of the collapse) and item 2 (quan-
tum correlations). Therefore, it is senseless to discuss it.

2) External observation:

a. If this observation does not perturb the observable system
then the collapse of the system and, hence, uncertainties
[specified in item 1 (the exact instant of the collapse) and
item 2 (quantum correlations)] do not arise. Therefore, we
can verify can quantum mechanics experimentally in precise
way. Such unpertrubative observation is possible for mac-
robodies only theoretically. The necessary condition is a
known initial state (pure or mixed) (Appendix A).
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b. The observed system is open. It means that there is a low in-
teraction between the observable system and the ob-
server/environment. This low interaction masks uncertainty
(specified in points 1 and 2) and makes impossible its ex-
perimental observation.

Here it is necessary to return to the uncertainty described in item 3
above. The majority of real observations correspond to two cases:
the introspection cases (when the full description is impossible in
principle) or the open system (perturbed with uncontrollable small
external noise from the observer/environment). How is it possible to
describe such open or incomplete systems? We can make it by input
of macroparameters of the system. The real observable dynamics of
such parameters is possible for a wide class of systems. It does not
include “the parallel worlds” unobservable in realities, entropy re-
duction, quantum superposition of macrostates and other exotic,
possible only in ideal dynamics. Observable dynamics is considered
with respect to the thermodynamic time arrow of the real macro-
scopic non-equilibrium observer, weakly interacting with observ-
able system and an environment (decoherence). We consider ideal
dynamics with respect to abstract coordinate time. The other papers
[14-15, 17-18] successfully solved the problem of the pass from
ideal to real dynamics. Selection of macrovariables is ambiguous,
but also is not arbitrary. We should be chose macrovariables so that
at entropy increase random small external noise did not influence
considerably their dynamics. Such macrovariables exist and pointer
states [3, 17] are a name for them. Presence of the selected states is
a result of interaction locality in the real world. It means that close
particles interact stronger than far particles. If we defined the force
of interaction, for example, by closeness of momentums the princi-
pal states would be absolutely different. Therefore, the property of a
locality is untrue over distances comparable with wavelength.
Therefore, radio waves have field pointer states, strongly differing
from particles pointer states. The situation described here is com-
pletely equivalent to paper [1]. This paper considers "appropriate”
macrostates for classical mechanics were.
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What can be an example of observable dynamics for quantum sys-
tems? These are the described above GRW theories. To understand
it, we will return to the Copenhagen Interpretation. We can choose
different non-equilibrium macrobodies as "the final observer" in the
Copenhagen Interpretation. Theoretically, such different observers
will see the collapse differently. “Paradox of Wigner’s friend” is a
name for this appearance. We will call this appearance of ambiguity
of the collapse in the Copenhagen Interpretation as “Quantum solip-
sism”. We chose this name by analogy to the similar philosophical
doctrine. This problem can be resolved similarly to the paper [1].
The entropies of all weakly interacting macrobodies increase or de-
crease synchronously, because of alignment of thermodynamic time
arrows. The collapse corresponds to entropy increase (one macro-
state replaces on a set of possible macrostates). Hence, low interac-
tion (decoherence) between macrobodies yields not only alignment
of thermodynamic time arrows but also synchronize of all moments
of “collapse” for different observers. It makes “Quantum solipsism”
for macrobodies although theoretically possible but it would be ex-
tremely difficult to realize it in practice. Thus, this resolution of
“Quantum solipsism” by the collapses differs from Copenhagen In-
terpretation. There we cannot prevent the observer's collapse even
theoretically. Thus, the GRW theories described above are the de-
scription of the real observable dynamics of macrobodies (FAPP
dynamics) for quantum mechanics. It throws out effects not ob-
served in reality. Non-synchronism in the macrobodies collapses
moments and the entropy decrease that ideal dynamics predicts can
be examples.

“The paradox of a kettle which will never begin to boil” can
serve as a good illustration of the abovementioned connection of
observed and ideal types of dynamics. In quantum mechanics, it is
related to a deviation from the exponential law of particles decay
(or a pass from one energy level on another). The exponential char-
acter of such law is very important — the relative rate of decay does
not depend on an instant. It means that the decaying particle has no
"age". In quantum mechanics, however, in small lengths of time the
law of ideal dynamics of decay strongly differs from the exponen-
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tial law. Therefore, when the number of measurements of a decay-
ing particle state for finite time interval increases the particle in
limit of infinite number of measurements does not decays at all!

Let us observe a macrosystem consisting of large amount of de-
caying particles. Here it is necessary to note that decay of a particle
happens under laws of ideal dynamics only between measurements.
Measurements strongly influence dynamics of the system, as we
described above. To transfer to the observable dynamics featured
above, we should decrease perturbing influence of observation
strongly. We can reach it by increasing the interval between obser-
vations. It must be comparable with a mean lifetime of unperturbed
particles. For such large intervals of time, we get real observable
dynamics of decay. We can feature it by an exponential curve, and
the mean lifetime does not depend on a concrete interval between
measurements. Thus, the exponential decay is a law of observable
but not of ideal dynamics of particles. (The same reason explains
absence of Poincare's returns for this system).

3. The quantitative consideration of the problem
3.1. Definition of the basic concepts

1) In classical mechanics a microstate is a point in a phase
space. In quantum mechanics it corresponds to a wave
function i (a pure state), and trajectories are evolution of a
wave function in time. In classical mechanics a macrostate
corresponds to a function of density distribution in a phase
space. In guantum mechanics it corresponds to a density
matrix p. The density matrix form depends on the chosen
basis of orthonormal wave functions. If pp # p then it is in
mixed state.

2) The equation of motion for the density matrix p will have the
following form:

0py

— = Lpy,
lat PN

where L is the linear operator:
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Lp =Hp —pH = [H,p]
and H is the energy operator of the system, N is a number of
particles
3) If A is the operator of a certain observable, then the average
value of the observable can be found as follows:
(A) = trAp
4) If the observation is introspection the full observation is
impossible. In case of external observation because of low
interaction with the observer and instabilities of an
observable chaotic system the full exposition also is
senseless. Therefore, introducing some finite set M of
macrovariables is necessary:
Aset = {AlJAZI ""AM}J
where M & N
These macrovariables are known with finite small errors:
AM; K 4] 1<is<M
This set of macrovariables corresponds to a macrostate with a
density matrix p ;.
All microstates answering to requirements
{[{A1) — A1l < DAy, [{Az) — Azl < AAy, .., [(Ay) — Ayl
< AAy}
are assumed to have equal probabilities.

Corresponding to thermodynamic equilibrium is a
macrostatepy. It corresponds to a set of microstates satisfying to the
following requirement:

(E) — E| < AE (AE < |E)),
where E is the full system energy.

All these microstates are assumed to have equal
probabilities.

5) In quantum mechanics ensemble entropy is defined via
density matrix [15]: S = —k tr(plnp),
where tr stands for matrix trace.

Entropy defined in such a way does not change in the course

of reversible evolution:
aS

— =0
ot
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6) Macroscopic entropy is defined as follows:
a) For current p we find all corresponding sets of
macrovariables

set —

A ={aD, 40 AP} 24P << AP, 1<isM

set

b) We find a matrix pg,; for which all microstates
corresponding to the specified set of macroparameters
have equal probabilities

¢) Macroscopic entropy S = —k tr(pseslnpser)

Unlike  ensemble  entropy, macroscopic  entropy
(macroentropy) is not constant and can both increase and decrease
in time. For given energy E + AE it reaches its maximum for
thermodynamic equilibrium. The direction of the macroentropy
increase defines the direction of a thermodynamic arrow of time for
the system.

7) Similarly to the classical case, the interaction locality results
in the fact that not all macrostates are appropriate. They
should be chosen so that small noise would not influence
essentially evolution of the system for the entropy increase
process. Such states are well investigated in quantum
mechanics and named pointer states [3, 17]. Quantum
superposition of such states is unstable with respect to small
noise. So such superposition is not, accordingly, a pointer
state. For macrosystems close to the equilibrium pointer
states are usually corresponding to  Hamiltonian
eigenfunctions.

8) Coarsened value of p (p.oqr) Should be used to obtain
changing entropy similarly to changing macroscopic entropy.
We will enumerate ways to achieve it:

a) We define a set of pointer states and we project a density
matrix p on this set. l.e. (a) we note a density matrix p in
representation of these pointer states (b) we throw out non-
diagonal terms of p and obtainp,,4,-- SO entropy:

A ={aP 4P aPlaP << aP,  1<isM
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S = —k tr(pcoarNpcoar)
b) We divide the system into some interacting subsystems (for

example: the observer, the observable system and the
environment). Then we define the full entropy as the sum of
the entropies of these subsystems:

S=3S8op + Sob_sys + Senv

3.2. Effect of a weak coupling
3.2.1. Small external perturbation

We can put our macrosystem of finite volume inside of an infinite
volume system (“environment”, "reservoir") with some temperature.
(This reservoir can be also a vacuum with zero temperature.) We
will suppose that this reservoir is in thermodynamic equilibrium,
has the same temperature as a temperature of the finite system in
equilibrium and weakly interacts with our finite system. Then it is
possible to use the quantum version of "new dynamics"” developed
by Prigogine [14] for such infinite systems. Dynamics of our finite
system with a reservoir will be the same as its observable dynamics
without a reservoir with respect to its thermodynamic time arrow.
Such description has sense only during finite time. It is time when
its thermodynamic time arrow exists (i.e. the system is not in equi-
librium) and does not change its direction.

3.2.2. Alignment of thermodynamic time arrows at in-
teraction of macrosystems (the observer and the ob-
servable system)

It ought to be noted that here our job is much easier than in the
case of classical mechanics. This is because the quantitative theory
of small interaction between quantum systems (decoherence, entan-
gling) is a well-developed field [2-3, 17, 24-27]. We will not repeat
these conclusions here but just give short results only:

(a) Suppose that we have two macrosystems for some instant. One
or both of them are in their quantum superposition of pointer states.
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The theory of decoherence [2-3, 17, 24-27] states that small interac-
tion between macrosystems (decoherence time is much less than
relaxation time to equilibrium) transforms such system into the
mixed state very fast in which the quantum superposition disap-
pears. Such process of vanishing quantum superposition of pointer
states corresponds to the entropy increase. It follows from Poin-
care’s theorem that the system (in coordinate time) should return to
its initial state. There should be an inverse process of recoherence.
However, it will happen in both systems synchronously. It means
that any system can see only decoherence and entropy increase with
respect to its thermodynamic time arrow. It means that both proc-
esses decoherence and time arrows will be synchronous in interact-
ing subsystems. It is especially worthy of note that we consider here
a case of macroscopic systems. For small systems where large fluc-
tuations of parameters are possible, we cannot observe similar
alignment of thermodynamic time arrows and the instances of “col-
lapses” for subsystems [6-7].

(b) Now, suppose that all macroscopic subsystems are in their
pointer states. In the decoherence theory it is shown that in presence
of small noise between its macroscopic subsystems the behaviour of
a quantum system is completely equivalent and is indistinguishable
from behaviour of the correspondent classical system [2-3, 17 , 24-
27]. Thus, the analysis of alignment of thermodynamic time arrows
is completely equivalent to the analysis made in paper [1].

(c) It is worth to specify what the meaning of “classical system”
is in this case.

It means that in the theory there do not exist specific mathematical
features of quantum theory. They are, for example, such features as
not commuting observables, quantum superposition of pointer
states. At that, these "classical theories" can be very exotic, include
Planck’s constant and we cannot reduce them to laws of the known
mechanics of macrobodies or waves.

Superconductivity, superfluidity, radiation of absolute black
body, and superposition of currents in Friedman’s experiment [19]
are often named "quantum effects". They are really quantum in the
sense that their equations of motion include Planck’s constant.
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However, they are perfectly featured over macroscale by a mathe-
matical apparatus of usual classical theories: either the theory of
classical field (as pointer states), or the theory of classical particles
(as pointer states). From this point of view, they are not quantum
but classical. In quantum theory, featured objects both are particles
and probability waves at the same time.

It is worth to note that in the classical limit, at room tempera-
tures, quantum mechanics of heavy-weighed particles gives the the-
ory of classical particles as pointer states (electron beams, for ex-
ample). On the other hand, light-weighted particles give the classi-
cal field as pointer states (radio waves). In addition, these theories
do not include Planck’s constant.

However, at high temperatures when radiation achieves high fre-
quencies, we can feature light quanta by the theory of classical par-
ticles as pointer states. They give, for example, a spectrum of abso-
lute black body on high frequencies. Though this spectrum includes
Planck’s constant its dynamics of pointer states (particles) will be
classical. For deriving this spectrum, the quantum mechanics for-
malism is not necessary (Planck derived this spectrum knowing
nothing about the mathematical apparatus of quantum physics).

Vice versa, at low temperatures for particles classical fields are
pointer states (superfluidity or superconductivity phenomena). For
example, classical wave of “order parameter” features superconduc-
tivity. Though the equations, which feature this field, include
Planck’s constant, yet the equations correspond to mathematical
apparatus of the classical field theory. These waves can be summed
(superposed) with each other similarly to quantum waves. However,
the square of their amplitude does not define probability density. It
defines density of Cooper pair. Such wave cannot collapse at meas-
urement, as probability quantum waves can [20].

For quantum-mechanical states of bosons at low temperatures,
pointer states are classical fields, and at high temperatures, they are
classical particles. We need to understand the word “classical™ as a
mathematical apparatus of the observable dynamics featuring their
behaviour, but not presence or absence of Planck’s constant in their
equations of motion.
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What happens in the intermediate states between classical
fields and classical particles? It is, for example, light in an optical
wave guide (L>> 4 >> A yieraviotet)s L ope - the characteristic size of
the macrosystem (the optical wave guide) (Appendix B), 1 - light-
wave length, A ,iravioter- Ultra-violet boundary of light). When
using macroscales and macrovariables, and taking into account
small noise from the observer, both descriptions (" classical waves"
and "“classical beam of particles") are identical. They are equivalent
and can be used as pointer states. The equivalent situation arises for
a case of superconductor where the roles of particles or waves play
elemental "excitations” in gas of Cooper pairs.

Let's carry out a simple calculation to illustrate the said
above.

Let E be energy of particle; k -Boltzmann constant, T-
temperature, p - momentum, Ap - momentum uncertainty, A -
particle wave length, w-frequency, Ax - a coordinate uncertainty; h-
Planck constant. We will consider the "gas" of such particles which
is in a cavity, filled with some material with distance between
atoms a.a < L, L — the characteristic size of the cavity. In vacuum

1/3
a~ (%) / , N-number of particles in the cavity. c- velocity of light
(let suppose for simplicity that refraction index in the cavity is close
to 1).

1) Firstly, let us consider light in weight particles which at
room temperature have the speed close to speed of
light c:.

E~pc; E~kT; p~Ap; A~Ax; ApAx~h; w = E/h
Hence,
kTA

h ~ApAx~pA~ —

From this equalities we get
A~hc/kT
Condition of classical field approach with frequency w~ c/A is
following:
L <AorL~A.
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Hence L < hc/kT or L~hc/kT
Condition of approach of classical relativistic particles with
E~hc/Aand p = E/c is following:
L>» A
Hence, L > hc/kT .

2) Secondly, let us consider heavy particles bosons which at
room temperature have the speed v < c:
p~(Em) Y% ; E~kT; p~Ap; A~Ax; ApAx~h; w = E/h
Hence,
h~ApAx~pA~(kTm) Y22 = A~h/(kTm)"/ ?
Condition of classical field approach with frequency w = p?/(mh)
is following:
L<AorL~A
Hence L < h/(kTm)Y/?or L~h/ (kTm) /2
Condition of approach of classical particles with energy E =
p?/(2m) and momentum p = mv is following:

L>» A
Hence, L » h/(kTm)/?
3) Let us consider now heavy particles fermions which at

room temperature have the speed v < c:
p~(Em) Y% ; E~kT; p~Ap; ApAx~h
Ax <A and A <a is a requirement of Pauli's principle for
fermions. They cannot appear in the same state, so they are
distributed in "boxes" with size a.
Hence, A~ApAx < pA~(kTm) /%2
From this nequality we get
a>A>h/(kTm)?
T >Tr=h ?/(a® km) - Fermi's temperature when fermion gas
transfers in the basic state and expression E~kT becomes untrue.
At T < Tr we have the folowing:
E~Ep = kTp; A~h /(Er m) Y?~a
Requirement of classical field approach:
L < Aor L~A.But itisimpossible because L > a = 4
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At T > T approach of classical particles in quality pointer states
with energy E = p?/2m and momentum p = mv is correct.

AtT < Ty approach of classical particles in quality pointer
states, prisoners in «boxes» with size a, with energy E~Erand
momentum p~(Ezm)*/? is correct.

At T~Trwe observe dynamics of “excitations” in the
degenerated Fermi gas which is featured by particles or waves as
pointer states for these “excitations”.

To create the paradox of “Schrodinger cat” in experiment,
the quantum superposition of the pointer states is necessary, instead
of superposition of classical waves. Therefore, superposition of
classical waves of “order parameter” or light waves is not related in
any way to this paradox and does not illustrate it.

So, for example, experiments of Friedman [19] state a
superposition of opposite currents. But the superposition is itself a
pointer state for this case. This pointer state is classical, not
qguantum superposition of pointer states, as it is usually erroneously
declared. Really, the state of bosons system (Cooper pairs) is
featured at such low temperature by a classical wave as it was
demonstrated above. These waves of "order parameter" are pointer
states. They differ from pointer states of a high-temperature current
of classical particles having a well-defined direction of motion. The
superposition observed in Friedman's experiment is not capable to
collapse to quantum-mechanical sense: its square features not
probability but density of Cooper pairs [20]. It is not more
surprising and not more "quantum™ than usual superposition of
electromagnetic modes in the closed resonator where spectrum of
modes is discrete too. The only difference is that "order parameter"
wave equations for pointer states include h. It is the only reason to
use concept of "quantum™ for this case.

3.3. Resolution of Loshmidt and Poincare paradoxes in
framework of quantum mechanics

The state of a quantum chaotic system in a closed cavity
with finite volume is featured by a set of energy modes
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uy (ry, ..., ry)with spectrum Ej, distributed under the random law

[8].
Let's write the expression for wave functions of a non-
interacting pair of such systems:
gD

YOy, t) = Xk up (g, ..., ry)e” 1 °
ie?
—L

YO (ry,...,1,t) = E v(1y,...,1)e  h

l
The united equation is following:

I[)(l)(’l’l, s T, T, t) = l/)(l)(rl, oy t)l/)(z)(rl, a1, t) =
_i(Eg)wgz))t
2k 21 Ug(ry, -, i) V(1, - T ) h

At presence of small interactions between the systems

1/)(1)(7'1,. ..,TN,T'l,. ..,TL, t) =
Eg,

Yk Tt fa(ree o, ooy m)e b

where Ey; = E,El) + El(z) + Qp, Qg -generally a set of random
variables, fi, uy, v; are eigenfunctions of corresponding
Hamiltonians.

The obtained solutions are almost-periodic functions. The ob-
tained period of return defines Poincare's period. The period of
Poincare’s return of full system is generally larger than periods of
the both subsystems.

For resolution of Poincare and Loshmidt paradoxes (returns in
these paradoxes contradict to entropy increase law), we will con-
sider three cases now.

1) Introspection: At introspection, the time the arrow is always
directed over entropy growth, so the observer is capable to
see only entropy growth with respect to this time arrow. Be-
sides, return to the initial state erases the memory about the
past. It does not allow the observer to detect entropy reduc-
tion. Thus, reduction of entropy and returns happen only with
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2)

3)

respect to coordinate time. However, any experiment is pos-
sible with only with respect to time arrow of the observer.
With respect to coordinate time, we cannot experimentally
observe the entropy reduction and returns [1, 10-13].
External observation with small interaction between macro-
systems: Small interaction results in alignment of the ther-
modynamic time arrows of the observer and observed sys-
tems. Accordingly, all arguments that are relevant for intro-
spection again become relevant for this case.

For a very hardly realizable experiment with unperturbative
observation (Appendix A), macroentropy reduction can
really be observed. However, it is worth to note that in the
real world "entropy costs™ on the experimental organization
of such unperturbative observations will exceed considerably
this entropy decrease. Indeed, the observable system needs to
be isolated very strongly from environment noise.

In classical systems, the period of Poincare’s return is a random
variable strongly depending on an initial state. In quantum chaotic
systems, the period is well defined and does not depend considera-
bly on the initial state. However, this real difference in behaviour of
quantum and classical systems is not observed experimentally even
in absence of any explicit constraint on experiment time. Indeed,
any real physical experiment has a duration that is much smaller
than Poincare’s period of macrobodies. Physical experiments are
possible only during the time while the thermodynamic time arrow
exists (i.e. the system is not in a state of thermodynamic equilib-
rium) and does not change the direction.

3.4. Decoherence for process of measurement

3.4.1. Reduction of system at measurement.

This part is based on [22, 23]
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Let's consider a situation when a measuring device was at
the beginning in state |a,), and the object was in superposition of
states|y) = Y, c;ly;), where |y;) are experiment eigenstates. The
initial statistical operator is given by expression
po = [P ag)ao (Y]

(37)
The partial track of this operator which is equal to statistical
operator of the system, including only the object, looks like

t14(Po) = Xn (@nlpol®n)
where |¢,,) - any complete set of device eigenstates. Thus,

g%gpo) = Yn [WX@nlaoiaol o)W = WX,

Where the relation ), |@,){@,| = 1 and normalization condition
for | @ o> are used. We have statistical operator correspondent to
object state | y». After measuring there is a correlation between
device and object states, so the state of full system including device
and object is featured by a state vector

) = X cie/%i)la;)

(39)

And the statistical operator is given by expression

p = 1)l = ¥ cici e/ OOy a) ey (1.

(40)

The partial track of this operator is equal to

tra(p) = Zn (@nlplon) =

X)) Cicj*e](gi_ej)llpi>{2n (ulaifailon) ;| =

Yaij) €ici il (w;]

(41)

(Since various states |a;) of device are orthogonal each other);
thus,

tra(p) = X le;* [Pl

(42)

We have obtained statistical operator including only the object,
featuring probabilities |c;|? for object states|iy;). So, we come to
formulation of the following theorem.
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Theorem 1 (about measuring). If two systems S and A
interact in such a manner that to each state |y;) systems S there
corresponds a certain state |a;) of systems A the statistical operator
try(p) over full systems (S and A) reproduces wave packet
reduction for measuring, yielded over system S, which before
measuring was in a state |[y) = Y; ¢;|y;).

Suppose that some subsystem is in mixed state but the full
system including this subsystem is in pure state. Such mixed state is
named as improper mixed state.

3.4.2 The theorem about decoherence at interaction
with the macroscopic device.

This part is based on [21, 22]

Let's consider now that the device is a macroscopic system.
It means that each distinguishable configuration of the device (for
example, position of its arrow) is not a pure quantum state. It states
nothing about a state of each separate arrow molecule. Thus, in the
above-stated reasoning the initial state of the device |a,) should be
described by some statistical distribution on microscopic quantum
states |a015); the initial statistical operator is not given by expression
(37), and is equal
Po = Xs ps|¢>|ao,s><ao,g|<1/}|
(43)
Each state of the device |ags) will interact with each object
eigenstate |y;). So, it will be transformed to some other state |ai_s).
It is one of the quantum states of set with macroscopic description
correspondent to arrow in position i; more precisely we have the
formula

T (1)) = /%51y o))
(44)
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Let's pay attention at appearance of phase factor depending
on index s. Differences of energies for quantum states |a, ;) should
have such values that phases 6; ;(mod 2m) after time t would be
randomly distributed between 0 and 2.

From formulas (43) and (44) follows that at |y) =
Y. c;lw;) the statistical operator after measuring will be given by
following expression:

p = Xsij) Pscic el OO )| ey Wy s | (]

(45)

As from (45) the same result (42) can be concluding. So we see
that the statistical operator (45) reproduces an operation of
reduction applied to given object. It also practically reproduces an
operation of reduction applied to device only (“practically” in the
sense that it is a question about "macroscopic” observable variable).
Such observable variable does not distinguish the different quantum
states of the device corresponding to the same macroscopic
description, i.e. matrix elements of this observable variable
correspondent to states |1;)|a; ) and [1;)|a; ) do not depend on r
and s. Average value of such macroscopic observable variable A is
equal to

tr(pA) = X(sij) PsCiC;ej(gi'S_ej'S)(ij,s|<1/’j|A|¢i)|05i,s) =

(85-6
2i,j) Ci€j i j Xs Pse]( is=0)s)

(46)

As phases 0, ; are distributed randomly, the sum over s are zero at
i # j; hence,

tr(pA) = 3; lci|*a;; = tr(p'A)

(47)

Where

p' =3 leil?pslpi)|ai s Wa s| (W]

(48)

We obtain statistical operator which reproduces operation of
reduction on the device. If the device arrow is observed in position
i, the device state for some s will be |ai,s). The probability to find
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state |ai_s) is equal to probability of that before measuring its state

was |al-,s). Thus, we come to the following theorem.

Theorem 2. About decoherence of the macroscopic
device. Suppose that the quantum system interacts with the
macroscopic device in such a manner that there is a chaotic
distribution of states phases of the device. Suppose that p is a
statistical operator of the device after the measuring, calculated with
the help of Schrodinger equations, and p' is the statistical operator
obtained as a result of reduction application to operator p. Then it is
impossible to yield such experiment with the macroscopic device
which would register difference between pand p’.

It is the so-called Daneri-Loinger-Prosperi theorem [21].

For a wide class of devices it is proved that the chaotic
character in distribution of phases formulated in the theorem 2
really takes place if the device is macroscopic and chaotic with
unstable initial state. Indeed, randomness of phase appears from
randomness of energies (eigenvalues of Hamiltonian) in quantum
chaotic systems [8].

It is worth to note that though Eq. (48) is relevant with a
split-hair accuracy it is only assumption with respect to (45). There
from it is often concluded that the given above proof is FAPP. It
means that it is only difficult to measure quantum correlations
practically. Actually they continue to exist. Hence, in principle they
can be measured. It is, however, absolutely untruly. Really, from
Poincare's theorem about returns follows that the system will not
remain in the mixed state (48), and should return to the initial state
(43). It is the result of the very small corrections (quantum
correlation) which are not included to (48). Nevertheless, the
system featured here |“i,s) corresponds to the introspection case,
and consequently, it is not capable to observe experimentally these
returns in principle (as it was shown above in resolution of Poincare
and Loshmidt paradoxes). Hence, effects of these small corrections
exist only on paper in the coordinate time of ideal dynamics, but it
cannot be observed experimentally with respect to thermodynamic
time arrow of observable dynamics of the macroscopic device. So,
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we can conclude that Daneri-Loinger-Prosperi theorem actually
results in a complete resolution (not only FAPP!) of the reduction
paradox in principle. It proves impossibility to distinguish
experimentally the complete and incomplete reduction.

The logic produced here strongly reminds Maccone's paper
[4]. It is not surprising. Indeed, the pass from (43) to (48)
corresponds to increasing of microstates number and entropy
growth. And the pass from (48) in (43) corresponds to the entropy
decrease. Accordingly, our statement about experimental
unobservability to remainder quantum correlation is equivalent to
the statement about unobservability of the entropy decrease. And it
is proved by the similar methods, as in [4]. The objection [6] was
made against this paper. Unfortunately, Maccone could not give the
reasonable replay [28] to this objection. Here we will try to do it
ourselves.

Let's define here necessary conditions.

Suppose A is our device, and C is the measured quantum
system.

The first value, the mutual entropy S(A4: C) is the coarsened
entropy of ensemble (received by separation on two subsystems)
excluding the ensemble entropy. As the second excluding term is
constant, so S(A: C) describes well the behavior of macroentropy in
time:

S(A:C) = S(pa) + S(pc) — S(pac)
where S = —tr(plnp).

The second value I(A:C) is the classical mutual
information. It defines which maximum information about
measured system (F;) we can receive from indication of

instrument(E;). The more correlation exists between systems, the
more information about measured system we can receive:

I1(A:C) = maxgep, H(E:F;),  where  H(E:F)=
ij PijlogP;; — X; pilogp; — i qilogq;,  Pi; = Tr[E; ® Fipac),
Pi = Zi PU and q] = Zi PU - given POVMS (POSI'[IVE Opel‘ator
Valued Measure) E;and F; for A and C, respectively.

Maccone [4] proves an inequality
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S(A:C) =2 1(A:C)

(49)

He concludes from it that entropy decrease results in reduction of
the information (memory) about the system A + C and C.

But (49) contains an inequality. Correspondingly in [6] an
example of the quantum system of three qubits is supplied. For this
system the mutual entropy decrease is accompanied by mutual
information increases. It does not contradict to (49) because mutual
entropy is only up boundary for mutual information there.

Let's look what happens in our case of the macroscopic
device and the measured quantum system

Before measurement (43)

S(A:0) = —z pslogps + 0 + Z pslogps = 0

N

S
E;-corresponds to the set |y s), Fj- 1)
I1(A:C) = —Z pslogps + 0 + Z pslogps = 0 = S(A: C)

N S
In the end of measurement from (48)

S(4:0) = Z lei2logle;l? - Z lciI2pslog leil?ps

+Z al?pylog le2ps = = lailogla
S

E;-corresponds to the set |ai,s), Fj- |l/Jj>

I(A: C) = = X5 |cilPlogle;|* = Xsi lcil*pslog |ci|?ps + Xsi lcil?pslog |c;[*ps

— X5 lcil?logle;|? = S(A: )
Thus, our case corresponds to
S(4:C) = I1(A: C)
(50)

in (49). No problems exist for our case. It is not surprising -- the
equality case in (49) corresponds to macroscopic chaotic system.
The system supplied by the objection [6] is not macroscopic. It
demonstrates the widely known fact that such thermodynamic
concepts as the thermodynamic time arrows, the entropy increase
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and the measurement device concern to macroscopic chaotic
systems. Both the paper [6] and the subsequent paper [7] describe
not thermodynamic time arrows but, mainly, strongly fluctuating
small systems. No thermodynamics is possible for such small
systems as three cubits. The useful outcome of these papers is
equality (50). It can be used as a measure for macroscopicity of
chaotic quantum systems. On the other hand, the difference between
mutual information and mutual entropy can be a criterion of
fluctuations value.

The paper of David Jennings, Terry Rudolph "Entanglement and
the Thermodynamic Arrow of Time" is very interesting. However,
the Thermodynamic Arrow of Time is not applicable for microsys-
tems. It is a nice paper about quantum fluctuation, but not a paper
about Thermodynamic Arrow of Time. In the Abstract of the paper,
“Entanglement and the Thermodynamic Arrow of Time” the au-
thors write, “We examine in detail the case of three qubits, and also
propose some simple experimental demonstrations possible with
small numbers of qubits.” However, no thermodynamics is possible
for such a microsystem. D. Jennings and T. Rudolph (like Maccone)
do not understand that category "thermodynamic arrow of time" is
correct only for large macrosystems. Using these categories for
small fluctuating systems has no physical sense. They also (like
Maccone) use incorrect definition of macroscopic thermodynamic
entropy. We also give (instead of Maccone) the correct reply to
“Comment on "Quantum Solution to the Arrow-of-Time Di-
lemma"”. The correct reply is that no contradictions (found in this
Comment) appear for macroscopic systems. Only for a microscopic
system, such contradictions exist. However, the concepts “the
Thermodynamic Arrow of Time” and “the entropy growth law” is
not relevant for such systems. We illustrate this fact by considera-
tion of a quantum chaotic macrosystem and demonstrate that no
contradiction (found by David Jennings, Terry Rudolph for a micro-
scopic system) exists for this correct thermodynamical case. It must
be mentioned that big size of a system (quantum or classic) is also
not an enough condition for a system to be macroscopic. The mac-
roscopic system (considered in Thermodynamics) must also be cha-
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otic (quantum or classic) and has small chaotic interaction with its
environment/observer resulting in decoherence (for quantum me-
chanics) or decorrelation (for classical mechanics). It should be
also mentioned that thermodynamic-like terminology is widely and
effectively used in quantum mechanics, quantum computers field,
and information theory. The big number of the examples we can
find in the references of Jennings and Rudolph’s paper. The other
nice example is Shannon’s entropy in information theory. However,
usually an author (using such a thermodynamic-like terminology)
does not consider such a paper as analysis of classical Thermody-
namics. Contrarily Jennings and Rudolph “disprove” the second law
of Thermodynamics on the basis of the irrelevant microscopic sys-
tem (in their Comment) and give (also in this Comment) the an-
nouncement of their next paper «Entanglement and the Thermody-
namic Arrow of Time" as a correct consideration and a disproof of
the second law.

4. Conclusion

In this paper, we present the analysis of thermodynamic time ar-
row in quantum mechanics. It is in many aspects similar to the clas-
sical case. The important difference of quantum systems from clas-
sical ones is that one microstate in quantum mechanics can corre-
spond not to one macrostate but to a set of macrostates. It is referred
to as quantum superposition of macrostates. For this case, consider-
ing thermodynamic time arrow by means of the decohernce theory
gives resolution of the quantum paradoxes. These paradoxes relate
to a wave packet reduction (collapse).

Appendix A. Unpertrubative observation in quantum and clas-
sical mechanics

It is often possible to meet a statement that in classical mechan-
ics, in principle, it is always possible to organize unpertrubative ob-
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servation. On the other hand, in quantum mechanics interaction of
the observer with the observable system at measurement is inevita-
ble. We will show that both these statements are generally untrue.

Let us first define the nonperturbative observation [10-11, 30-
31] in QM. Suppose we have some QM system in a known initial
state. This initial state can be either a result of some preparation (for
example, an atom comes to the ground electronic state in vacuum
after long time) or a result of a measurement experiment (QM sys-
tem after measurement can have a well-defined state corresponding
to the eigenfunction of the measured variable). We can predict fur-
ther evolution of the initial wave function. Therefore, in principle
we can make further measurements choosing measured variables in
such a way that one of the eigenfunctions of the current measured
variable is a current wave function of the observed system. Such
measuring process can allow us the continuous observation without
any perturbation of the observed quantum system. This nonpertur-
bative observation can be easily generalized for the case of a known
mixed initial state. Really, in this case the measured variable at each
instant should correspond to such set of eigenfunctions that the den-
sity matrix in representation of this set at the same instant would be
diagonal.

For example, let us consider some quantum computer. It has
some well-defined initial state. An observer that known this initial
state can in principle make the nonperturbative observation of any
intermediate state of the quantum computer.

It is especially worth to note that such unpertrubative observation
is possible only under condition of a known initial state. However,
an observer that does not know the initial state cannot make such
observation because he cannot predict the intermediate state of the
quantum computer.

Let us consider now classical mechanics. Suppose that a grain of
sand lies on a cone vertex. The grain of sand has infinitesimally
small radius. The system is in the Earth field of gravity. Then at-
tempt to observe system even with infinitesimal perturbation will
lead to misbalance with the indefinite future through a terminating
interval of time. Certainly, the reduced example is exotic — it corre-
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sponds to a singular potential and an infinitesimal object. Neverthe-
less, similar strongly labile systems are good classical analogues of
guantum systems. Among them, it is possible to search for analo-
gies of quantum systems and quantum paradoxes. Let us introduce a
requirement that classical measuring renders very small but not zero
perturbation on measured system. Therefore, it is possible to lower
requirements to a singularity of these systems.

Very often examples of "purely quantum paradoxes" can be met
which do not ostensibly have analogy in classical mechanics. One
of them is Elitzur-Vaidman paradox [29] with a bomb, which can be
found without its explosion:

Suppose that the wave function of one light quantum branches
on two channels. In the end, these channels of the waves again
unite, and there is an interference of the two waves of probability. A
bomb inserted into the one from the two channels will destroy the
process of interference. Then it allows us to discover the bomb even
for a case when the light quantum would not detonate it, having
transited on other channel. (The light quantum is considered capa-
ble to detonate the bomb)

Classical analogy of this situation is the following experiment of
classical mechanics:

In one of the channels where there is no bomb we throw in a
macroscopic beam of many particles. In other channel where,
maybe, there is the bomb, we will throw in simultaneously only one
infinitesimally light particle. Such particle is not capable to deto-
nate the bomb but it may be thrown back out of it. If the bomb is not
present the particle will transit the channel. On the exit of this
channel for the bomb, we will arrange the cone featured above with
the grain of sand with infinitesimal radius on the cone vortex. If
our infinitesimally light particle would throw down the grain of
sand from the vertex, it means that the bomb is not present. If the
grain of sand would remains on the vertex after exit of particles
beam from the second channel it means that the bomb is present.

In the given example, infinitesimally light particle is an ana-
logue of an "imponderable” wave function of the light quantum.
However, the light quantum is sensitive to behaviour of this "im-
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ponderable™ wave function. Equally, the grain of sand with infini-
tesimal radius on the cone vertex is sensitive with respect to infini-
tesimally light particle.

Summing up, it is possible to say that the difference between
quantum and classical systems is not as fundamental as it is usually
considered.

Application B. Expansion on modes at arbitrary boundary
conditions

Encountered quite often is a problem of description of
radiation in a closed cavity filled by some substance. Usually it
appears by decomposition of radiation on modes. These modes are a
set of eigenfunctions of the wave equation for some cavity and for
some boundary conditions. For example, it is a square cavity with
periodical boundary conditions. Then the received radiation
decomposition is substituted to the wave equation for radiation.
There the modes of the series are differentiated termwise. Thus,

such radiation feature as w(E) Is received. Here w is frequency of a

mode: k is a mode wave vector; |k| = 2m/A; A is a mode wave
length.

But here there is a purely mathematical problem. Suppose
that the modes have been discovered for some shape of the cavity
and for some boundary conditions. For termwise differentiability
uniform convergence in all points of space is required. It is
automatically true for any radiation with the same shape of a
concavity and boundary conditions as modes. But for any other case
it is not true. Modes are the full orthogonal set and any radiation
may be presented as superposition of such modes. But generally the
series converges nonuniformly (the series converges badly near
cavity boundaries) and cannot be termwise differentiable. The
problem of possible necessity using different modes for different
boundary conditions is discussed in Peierls's book [32]. However, a
case is considered there when some complete orthonormal set of
modes exists for given boundary conditions. But the situation is
possible that for such boundary condition no set of such modes is
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possible. Or the boundary conditions are not known, and only
energy requirements on boundary are known. How can the problem
be solved for such cases?

The point is that all perturbations in radiation are expanding
with a velocity which is not exceeding the speed of light in cavity
v=c. It means that any perturbation of initial conditions of radiation
expands from a point x to a point x ; only over finite time (x — x,)/
c. It means that perturbations from walls will reach the centre of the
cavity in time t = L/c where L is a characteristic size of the cavity.
Non-uniform convergence appears only near the cavity walls. So
inside the cavity far from walls the exact radiation field is almost
precisely equal to the modes series during time L/c . Therefore, this
field has uniform convergence and can be termwie differentiable
during time L/c .

To estimate correctly frequency of a mode w(k) it is
necessary that its amplitude does not change essentially from walls
perturbation over time t » T. T = 2m/w(k) is time period of the

mode. There from we receive the requirement of cavity
macroscopicity:

on <L

— c

— <L/
or

L > 2n(c/w)
w - correspondent to maximum of frequencies w (k).

Let suppose that this condition is fulfilled.

It means that termwise differentiation of modes far from
concavity walls can be made over timescales t < 2n/w = L/c

On timescales t > L/c the outcome cannot be correct.
Here the energy conservation law and the entropy increase law are
usually used. By means of these laws slow evolution of amplitudes
A(t,7) and phases ¢(t,7) of modes can be received:
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E(t,7) = Z 4t Psin (w(k)e + K + 9(t,7))

For vacuum:
w(k) = c|k]
L>»A2
Bibliography
1. Oleg Kupervasser, Hrvoje Nikolic, Vinko Zlatic “The Univer-

sal Arrow of Time”,

Foundations of Physics 42, 1165-1185 (2012)
http://www.springerlink.com/content/v4h2535hh14uh084/
arxiv:1011.4173

M. Schlosshauer, “Decoherence and the Quantum-to-Classical
Transition” (Springer, 2007)

Zurek W.H., “Decoherence, einselection, and the quantum ori-
gins of the classical” , REVIEWS OF MODERN PHYSICS,
VOLUME 75, Issue 3, 2003

Maccone L., “Quantum solution to the arrow-0f-time dilemma”,
Phys.Rev.Lett., 103:080401,2009

Oleg Kupervasser, Dimitri Laikov, Comment on "Quantum So-
lution to the Arrow-of-Time Dilemma" of L. Maccone,
arXiv:0911.2610

D. Jennings, T. Rudolph, Comment on "Quantum Solution to
the Arrow-of-Time Dilemma™ of L. Maccone, Phys. Rev. Lett.
104, 148901 (2010).

D. Jennings, T. Rudolph, “Entanglement and the Thermody-
namic Arrow of Time”, Phys. Rev. E, 81:061130,2010
Stockmann “Quantum Chaos”, Cambridge University Press
(2000)

Stanford encyclopedia of Philosophy: Many-Worlds Interpreta-
tion of Quantum Mechanics,
http://plato.stanford.edu/entries/gm-manyworlds/

10. O. Kupervasser, arXiv:0911.2076.
11. O. Kupervasser, D. Laikov,

72


http://www.springerlink.com/content/v4h2535hh14uh084/
http://plato.stanford.edu/entries/qm-manyworlds/

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.
24.
25.

26.
27.

17th World Multi-Conference on Systemics, Cybernetics and
Informatics: WMSCI 2013;

arXiv:0911.2610

0. Kupervasser, nlin/0508025

O. Kupervasser, nlin/0407033

Ilya Prigogine, «From being to becoming: time and complexity
in the physical  sciences», W.H. Freeman, San Francisco,
1980.

Karl Blum, “Density Matrix Theory and Applications”, Ple-
num Press, New York, 1981

Ghirardi, G.C., Rimini, A., and Weber, T. (1985). "A Model for
a Unified Quantum Description of Macroscopic and Micro-
scopic Systems. Quantum Probability and Applications”, L. Ac-
cardi et al. (eds), Springer, Berlin.

Wheeler, J.A.; Zurek, W.H “Quantum Theory and Measure-
ment”, Princeton University Press, Princeton, N.J, 1983
Klimontovich, L. “Statistical Physics” , Harwood, New York,
1986

Jonathon Friedman et al., "Quantum superposition of distinct
macroscopic states”, Nature, 406, 43-46 (Jul. 6, 2000)

Alexey Nikulov, Comment on “Probing Noise in Flux Qubits
via Macroscopic Resonant Tunneling”, arXiv:0903.3575v1
Daneri A., Loinger A., Prosperi G. M., Quantum theory of
measurement and ergodicity conditions, Nuclear Phys., 1962, v
33, p.297-319

Anthony Sudbery,” Quantum Mechanics and the Particles of
Nature: An Outline for Mathematicians”,Cambridge University
Press, New York, 1986

J. von Neumann “Mathematische Grundlagen der Quante-
mechanik”, Springer, Berlin, 1932

H.D. Zeh, “The Physical Basis of the Direction of Time”
(Springer, Heidelberg, 2007).

H.D. Zeh, Entropy 7, 199 (2005).

H.D. Zeh, Entropy 8, 44 (2006).

Erich Joos , H. Dieter Zeh, Claus Kiefer, Domenico J. W.
Giulini, Joachim Kupsch , lon-Olimpiu Stamatescu, “Decoher-

73



ence and the Appearance of a Classical World in Quantum The-
ory”, p. 500, Springer, 2003

28. Maccone L., “A quantum solution to the arrow-of-time di-
lemma: reply” , arXiv:0912.5394

29. Avshalom Elitzur , Vaidman L. , “Quantum mechanical interac-
tion — free measurement”, Found Phys., 29, 987-997

30. Albert, D. Z, “Quantum Mechanics and Experience”, Harvard
University Press, Cambridge, 1992

31. John Byron Manchak, “Self-Measurement and the Uncertainty
Relations, Department of Logic and Philosophy of Science”,
University of California, http://philpapers.org/rec/MANSAT

32. Rudolf Peierls, “Surprises in theoretical physics”, Princeton,
N.J.: Princeton University Press, 1979

Chapter 3.The Universal Arrow of Time: Nonquantum gravita-
tion theory

0. Abstract: Solution of “informational paradox” for black
holes and “paradox with the grandfather” for time travel
“wormbholes”

The paper is dealing with the analysis of general relativity theory
(theory of gravitation) from the point of view of thermodynamic
time arrow. Within this framework, “informational paradox” for
black holes and “paradox with the grandfather” for time travel
“wormholes” are resolved.

1. Introduction.

In this paper we consider a thermodynamic time arrow [1-2]
(defined by a direction of the entropy increase) within the limits of
the non-quantum relativistic gravitation theory. In the classical
Hamilton mechanics, any initial and final states are possible. Be-
sides, there is one-to-one correspondence between them. The situa-
tion is different with relativistic theory of gravitation. There are
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topological singularities of space, which make possible a situation
when for finite time different initial states give an identical final
state. It is a collapse of black holes. On the other hand, having con-
sidered inverse process in time - white holes, we receive a situation
when a single initial state can give a set of different final states for a
finite time. There are also situations of other sort when non-
arbitrary initial states are possible. It is a case of "wormholes"
through which it is possible to travel to the past. Thus, there is ne-
cessity of self-consistency between the past and the future making
impossible some initial states. Black Holes lead to informational
paradox, and "wormholes" lead to “paradox with the grandfather”.
Analysis of these situations from a point of view of thermodynami-
cal time arrow and resolution of the defined above paradoxes are a
topic of this paper.

2. Black Hole

In modern cosmological models, there are some phenomena
additional to those featured in classical mechanics. In Einstein’s
relativity theory, as well as in classical mechanics, motion is re-
versible. However, there is also an important difference from classi-
cal mechanics. It is ambiguity of a solution of an initial value prob-
lem: deriving a final state of a system from the complete set of ini-
tial and boundary conditions can give multiple solutions or no solu-
tion. In general relativity theory, unlike classical mechanics, two
various states for finite time can give infinitesimally close states. It
happens at formation of a black hole because of a collapse. Hence,
formation of the black hole goes with its entropy increase.

Let us consider an inverse process featuring a white hole. In
this process, infinitesimally close initial states for finite time can
give different terminating states. Time reversion leads to appearing
of a white hole and results in entropy decrease. The white hole can-
not exist in a reality because of the same reasons on which proc-
esses with entropy decrease are impossible in classical mechanics.

However, its instability is much stronger than instability in
classical mechanics. It has finite value in respect to infinitesimally
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small perturbations. Consequently, there are alignment of thermo-
dynamic time arrows between the white hole and the ob-
server/environment. The white hole transforms to a black hole for
the observer. It means that the observer/environment even infini-
tesimally weakly interacting with the white hole can affect consid-
erably its evolution for finite time. Thus, the gravitational interac-
tion of the observer/environment with the white hole is always dif-
ferent from zero.

There is a well-known informational paradox here [3]: the col-
lapse leads to losses of the information in the Black Hole. It, in turn,
results in incompleteness of our knowledge of a state of system and,
hence, to unpredictability of dynamics of system, including Black
Hole. The information, which in classical mechanics always con-
serves in a black hole, disappears forever. Is it really so? Alterna-
tively, probably, it is stored in some form inside of a black hole?
Usually only two answers to this problem are considered: either the
information really vanishes completely; or the information is stored
inside and can be extracted by some way. However, most likely, the
third answer is true. Because of inevitable influence of the ob-
server/environment, it is impossible to distinguish these two situa-
tions experimentally in principle! In addition, if it is impossible to
verify something experimentally, it cannot be a topic for the sci-
ence.

Actually, suppose that the information is stored in a black hole. Is
it possible to resolve informational paradox and to extract this in-
formation from it? Perhaps, we can reverse a collapsed black hole,
to convert it into a white hole and to extract the disappeared infor-
mation? It would seem impossible. Recently an interesting paper
appeared which seems allowing to make it, although indirectly [4].
It is proved that a black hole is completely equivalent to an entry to
a channel coupling two Universes, and an entry of this channel is
similar to the black hole, while an exit is similar to the white hole.
This white hole can be considered, in some sense, as a reversed
black hole. However, to verify that the information does not disap-
pear we should come into the second Universe. To do it, we need to
suppose that there is some “wormhole” which connects these two

76



Universes. Let assume that the observer can pass it and observe the
white hole. However, even if it happens, we know that the white
hole is extremely unstable with respect to any observation. Attempts
to observe it will result in its transformation into a black hole. It will
close any possibility to verify that the information is stored. Hence,
both solutions of informational paradox are really equivalent and
observationally are not distinguishable.

This property of irreversible information losses results in the
fact that the entropy increase law turns to be an exact law of the na-
ture within framework of the gravitational theory. Really, here ap-
pears such a new fundamental value as entropy of a black hole. It
distinguishes gravitational theory from classical mechanics where
the entropy increase law has only approximate character (FAPP, for
all practical purposes).

The accelerated expansion of the Universe results in the same
effect of irreversible information losses: there are unobservable
fields, whence we are not reached even by light. Hence, these fields
are unobservable, and the information stored in them is lost. Once
again, it results in unpredictability of relativistic dynamics.

3. Time wormhole

Let us consider from the point of view of the entropy such a
paradoxical object of general relativity theory as time “wormhole”
[5]. At first, we will consider the most popular variant offered by
Morris and Thorne [6]. Suppose we have a space wormhole with the
extremities lying nearby. By a very simple procedure (we will place
one of the extremities on a spaceship and move it with a speed close
to the speed of light, and then we will return this extremity on the
former place) this space wormhole can be conversed into a time
wormhole (wormhole traversing space into one traversing time). It
can be used as a time machine. Such wormhole demands the special
exotic matter necessary for conserving its equilibrium. However,
there were models of a time machine, which allow dispensing abso-
lutely without the exotic substance [7, 9]. Alternatively, using an
electromagnetic field, allow dispensing by its small amount [8]. Use
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of such a time machine can lead to the well-known “paradox of the
grandfather” when the grandson, being returned in the past, kills his
grandfather. How can this paradox be resolved?

From the physical point of view, the paradox of the grandfather
means that not all initial states, which exist before time machine
formation, are realizable. Introducing the additional feedback be-
tween the future and the past, a time wormhole makes them impos-
sible. Hence, we either should explain non-reliability of such initial
states, or suppose that time “wormhole” is unstable, like a white
hole, and easily changes.

Curiously enough, but the both explanations are true. However,
for macroscopic wormholes the first explanation has priority.
Really, it would be desirable very much to have a macroscopic to-
pology of the space to be stable. Constrains on initial states appears
from entropy increase law and the corresponding alignment of
thermodynamic time arrows related to instability of states with op-
posite directions of these time arrows [1-2]. However, macroscopic
laws of thermodynamics are probabilistic. For a very small number
of cases they are not correct (large-scale fluctuations). Both for
these situations and for microscopic wormholes where the concept
of a thermodynamic time arrows and thermodynamics laws are not
applicable, the second explanation will have priority. It is related to
extreme instability of the topology, which is defined by the time
machine [9]. We discussed above such type of extreme instability
for white holes. For macroscopic wormholes, the solution can be
discovered by means of the entropy increase law. It is ensured by
instability of processes with the entropy decrease with respect to the
Universe. This instability results in alignment of thermodynamic
time arrows.

Indeed, a space wormhole does not lead to a paradox. The objects
immersed by its one extremity will go out of the other extremity
during later time. Thus, the objects from a more normalized low-
entropy past occur in a less normalized high-entropy future. During
the motion through the wormhole, the entropy of the travelling ob-
jects also increases: they transfer from a more normalized state into
a less normalized one. Thus, the time arrows of the object travelling
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inside of the wormhole, and the time arrow of the world around the
wormhole would have the same directions. It is also true for travel-
ling through the time wormhole from the past to the future.

However, for travelling from the future to the past of the time
arrow directions of the traveller into the wormhole and the world
around the wormhole will already be opposite [10, 11-13]. Really,
the object travels from the less normalized future to the more nor-
malized past but its entropy increases, instead of decreasing! Hence,
thermodynamic time arrows of the Universe and of the traveller will
have opposite directions. Such process at which entropies of the
traveller decreases concerning the Universe are unstable [1-2].
Hence, “memory about the past” of the traveller will be destroyed
(and, may be, he will be destroyed completely), what will not allow
him “to kill the grandfather”.

Which mechanism at travelling in the wormhole ensures
alignment of thermodynamic time arrows of the traveller and the
Universe? Both extremities of a “wormhole” are large bodies hav-
ing some finite temperature. Both extremities under the second
thermodynamics laws inevitably should radiate light, which par-
tially penetrates into the wormhole. Already at the moment of for-
mation of a “time machine” (transformation of the space wormhole
into the time one), a closed light ray appears between its extremi-
ties. Every time when the ray spins a circle, it gets more and more
biased to a violet part of the spectrum. Passing a circle after circle,
rays are lost their focal point; therefore, energy does not get ampli-
fied and does not become infinite. The violet bias means that the
history of a particle of light is finite and defined by its coordinate
time, despite the infinite number of circles [14]. This and other rays
of light in the wormhole fluctuate. They also have a direction of its
thermodynamic time arrow coinciding with a thermodynamic time
arrow of the Universe. Thanks to the inevitable interaction with this
radiation, a very unstable state of the traveller is destroyed. The
state of the traveller is unstable because his thermodynamic time
arrow is opposite to the Universe thermodynamic time arrows. The
resulting destruction is enough to prevent the paradox of the grand-
father.
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“Free will” would allow us to initiate freely only irreversible
processes with the entropy increase, but not with its decrease. Thus,
we cannot send an object from the future to the past. Process of
alignment of thermodynamic time arrows and the correspondent
entropy increase law forbids the initial conditions necessary for
travelling of the macroscopic object to the past and resulting in the
“paradox of the grandfather”.

In paper [10], it is strictly mathematically proved that the thermo-
dynamic time arrow cannot have identical orientation with the co-
ordinate time arrow during all travel over a closed timelike curve.
Process of alignment of thermodynamic time arrows (related to in-
stability of processes with entropy decrease) is this very physical
mechanism, which actually ensures performance of the entropy in-
crease law.

Macroscopic laws of thermodynamics are probabilistic. For a
very small number of cases they do not work (large-scale fluctua-
tions). Both for these situations and for microscopic systems where
thermodynamics laws are not applicable, the other explanation of
the grandfather paradox will have priority. In this case, the time
wormhole, like a white hole, appears unstable even with respect to
infinitesimally weak perturbations from gravitation of travelling
object. It can result in its fracture and prevention of the paradoxes,
as is proved strictly in [9]. What are outcomes of reorganization of
the space-time topology after fracture of the time wormhole? The
author of [9] writes:

“As we argue ... non-uniqueness does not let the time travel
paradoxes into general relativity — whatever happens in a causal
region, a space-time always can evolve so that to avoid any para-
doxes (at the sacrifice of the time machine at a pinch). The resulting
space-times sometimes ... curiously remind one of the many-world
pictures”.

Let us formulate the conclusion: for macroscopic processes, in-
stability of processes with the entropy decrease and correspondent
alignment of thermodynamic time arrows makes existence of initial
conditions that allow travel to the past to be almost impossible.
Thereby it prevents both wormholes fracture and travelling of mac-
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roscopic bodies in the past leading to the “paradox of the grandfa-
ther”.

For very improbable situations of macroscopic wormholes and
for microscopic wormholes the wormhole fracture must occur. This
fracture is a result of a remarkable property of general relativity
theory — extreme instability: infinitesimal external action (for ex-
ample, gravitation from traveller) can produce wormhole fracture
for finite time!

4. Conclusions

Let us summarize the said above. A process of observation
should be inevitably taken into account when examining any physi-
cal process. We must transform from ideal dynamics over coordi-
nate time arrow to observable dynamics with respect to thermody-
namic time arrow of observer. It allows us to exclude all unobserv-
able in the reality phenomena leading to paradoxes. Thus, it is nec-
essary to consider the following things. The observer inevitably is a
non-equilibrium macroscopic chaotic body with the thermodynamic
time arrow defined by his entropy increase direction. He yields all
measurements with respect to this thermodynamic time arrow. Dy-
namics of bodies with respect to this thermodynamic time arrow is
referred to as observable dynamics. It differs from ideal dynamics,
with respect to the coordinate time arrow. All bodies are featured in
observable dynamics in macroparameters, unlike in the ideal dy-
namics where microparameters are used. The coordinate does not
exist at thermodynamic equilibrium. It can change the direction and
does not coincide with the coordinate time arrow of the ideal dy-
namics. There is always a small interaction between the observer
and observable system. It leads to alignment of thermodynamic time
arrows of the observer and the observable systems.

We can see a mysterious situation. The same reasons, which have
allowed us to resolve paradoxes of wave packet reduction in quan-
tum mechanics, paradoxes of Loshmidt and Poincare in classical
mechanics allow to resolve the informational paradox of black holes
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and the paradox of the grandfather for time wormholes. It is re-
markable universality!
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Chapter 4. The Universal Arrow of Time: Quantum gravitation
theory

0. Abstract: Solution of “informational paradox” for black
holes, “paradox with the grandfather” for time travel
“wormbholes”, black stars paradox, Penrose’s project of
new quantum gravitation theory paradoxes, anthropic
principle paradox.

The paper is dealing with the analysis of quantum gravitation theory
from the point of view of thermodynamic time arrow. Within this
framework “informational paradox” for black holes and “paradox
with the grandfather” for time travel “wormholes”, black stars, Pen-
rose’s project of new quantum gravitation theory, anthropic princi-
ple are considered.

1. Introduction

The paper includes the analysis of quantum gravitation theory
from the point of view of the thermodynamic time arrow [1-3].
Within this framework, “informational paradox” for black holes and
“paradox of the grandfather” for time “wormholes”, black stars [4]
and anthropic principle [5] are considered. It is shown that wishes
of Penrose [6-7] for the future theory of quantum gravitation need
not creation of a new theory but can be realized within framework
of already existing theories by means of the thermodynamic ap-
proach.

83



2. Black holes

In general relativity theory, unlike in classical mechanics, two
different states for finite time can give infinitesimally close states. It
happens during formation of a black hole because of its collapse. It
results in the well-known informational paradox [8]: the collapse
leads to losses of the information in the black hole. It results in in-
completeness of our knowledge of the system state. Hence, it can
leads to unpredictability of the system dynamics. The information,
which in classical and quantum mechanics is always conserved, dis-
appears in a black hole. Is it really so? Usually only two answers to
this problem are considered: either the information really vanishes
completely, or the information is conserved inside the black hole
and can be extracted. We will see that in quantum gravitation, we
have the same answer, as in general relativity theory — both answers
are possible and true because the difference is not observed experi-
mentally.

For the semi-classical theory of gravitation where gravitation is
featured by relativistic relativity theory and fields are featured by
quantum field theory, resolution of the paradox is made with the
help of Hawking radiation.

In quantum field theory, the physical vacuum is filled by perma-
nently appearing and disappearing “virtual particles”. Close to the
event horizon (but nevertheless outside it) of a black hole, pairs of
particle-antiparticle can be born directly from vacuum. A situation
is possible when an antiparticle total energy appears to be subzero,
and a particle total energy appears to be positive. Falling to the
black hole, the antiparticle reduces its total energy and mass while
the particle is capable to fly away to infinity. For a remote observer
it looks like Hawking radiation of the black hole.

Since this radiation is incoherent, all information accumulated
inside of it disappears after evaporation of the black hole. It is an
answer of the semi-classical theory. It would seem that this result
contradicts to reversibility and unitarily of quantum mechanics
where the information cannot be lost. We would expect the same
result from guantum gravitation theory. However, is it really so?
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We do not have now a finished theory of quantum gravitation.
However, for a special case of the 5-dimentional anti-de-Sitter
space this paradox is considered by many scientists to be resolved.
The information is supposed to be conserved, because a hypothesis
about AdS/CFT dualities, i.e. hypotheses that quantum gravitation
in the 5-dimensional anti-de-Sitter space (that is with the negative
cosmological term) is equivalent mathematically to a conformal
field theory on a 4-surface of this world [9]. It was checked in some
special cases but not proved yet in a general case.

Suppose that if this hypothesis is really true, it automatically
solves the problem of information. The matter is that the conformal
field theory is structurally unitary. If it is really dual to quantum
gravitation then the corresponding quantum gravitation theory is
unitary too. Therefore, the information in this case is not lost.

Let us note that it not so. Taking into account the influence of the
observer makes information losses inevitable. The process of black
hole formation and its subsequent evaporation happens overall sur-
face of the anti-de-Sitter world (described by the conformal quan-
tum theory) which includes the observer as well. The observer in-
evitably gravitationally interacts with the black hole and its radia-
tion. Unlike to the conventional quantum mechanics, all-pervading
gravitational interaction exists in quantum gravitation. So, influence
of the observer already cannot be made negligibly small under any
requirements. Interaction with the observer makes the system not
unitary, similarly to the semi-classical case.

It would seem that we could solve the problem by including the
observer in the description of the system. However, the observer
cannot precisely know the initial state and analyze the system when
he is its part! Therefore, he cannot experimentally verify the differ-
ence between unitary and not unitary evolution. It is necessary to
have complete knowledge of the system state for such verification.
However, it is impossible at introspection.

In the anti-de-Sitter world Universe, expansion is inevitably re-
placed by a collapse. However, the same effect information losses
are available also for the accelerated expansion of the Universe -
there appear unobservable parts of Universe, whence we are not
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reached even by light. Hence, these parts are unobservable, and the
information containing in them is lost. It again results in unpredict-
ability.

Thus, the experimental verification of the informational paradox
becomes impossible in principle again! In case of quantum gravita-
tion information, conservation happens only on paper in the ideal
dynamics. In the real observable dynamics the difference is not ob-
served experimentally in principle. It is possible to consider both
answers to the problem to be correct. The two cases of conservation
or non-conservation of information are not distinguishable experi-
mentally.

Principal difference between the conventional quantum theory and
quantum gravitation theory occurs because of inevitable gravita-
tional interaction. In usual quantum theory interaction between an
observer and an observed system can be made zero in principle at
known initial conditions of the observed system. In quantum gravi-
tational systems, the small gravitational interaction with the ob-
server is irremovable in principle: it creates principally inherent de-
coherence and converts evolution of any observable system into
non-unitary. Only the non-observable ideal evolution on paper can
be made formally unitary. However, it is also possible not to make
it unitary — here we have freedom to choose. If we wish to feature
real observable dynamics, we can put the dynamics to be non-
unitary. For macrobodies, such observable dynamics is quasi-
classical theory. It is experimentally indistinguishable for the real
macroscopic observer from unitary quantum gravitation dynamics
of large black holes.

3. Time wormhole

Let us consider from the point of view of the entropy such a
paradoxical object of general relativity theory as time “wormhole”
[10]. At first, we will consider the most popular variant offered by
Morris and Thorne [11]. Suppose we have a space wormhole with
the extremities lying nearby. By a very simple procedure (we will
place one of the extremities on a spaceship and move it with a speed
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close to the speed of light, and then we will return this extremity on
the former place) this space wormhole can be conversed into a time
wormhole (wormhole traversing space into one traversing time). It
can be used as a time machine. Such wormhole demands the special
exotic matter necessary for conserving its equilibrium. However,
there were models of a time machine, which allow dispensing abso-
lutely without the exotic substance [12, 17]. Or, using an electro-
magnetic field, allow dispensing by its small amount [13]. Use of
such a time machine can lead to the well-known “paradox of the
grandfather” when the grandson, being returned in the past, kills his
grandfather. How can this paradox be resolved?

Let us consider that the answer to this problem is given by the
semi-classical theory of gravitation. Suppose that the macroscopic
topology of the space related to the time machine is unchanged. At
the moment of the time machine formation (transformation of the
space wormhole into time one) between its extremities, there is a
closed light ray. Its energy does not reach infinity, despite the infi-
nite number of passes, because of a defocusing of the light [16].
Another situation, however, arises in the semi-classical theory with
a radiation field of “vacuum fluctuations” [14]. Passing the infinite
number of times through the wormhole and being summed with
each other, these fluctuations reach the infinite energy, which will
destroy any traveller.

However, the situation in quantum gravitation is different. Quan-
tum fluctuations contain large energies when they arise on short dis-
tances. Therefore, it is possible to find so small distance on which
energy of fluctuation will be large enough for formation of a tiny
black hole, and the horizon of this tiny black hole will have the
same size as this small distance. The space - time is not capable to
remain homogeneous on such short distances. This mechanism en-
sures natural “blocking” of singular fluctuations formation, restrict-
ing them in their sizes: “maximum energy in minimal sizes” [16].

Detailed calculations of quantum gravitation show [15] that this
“blocking” to formation of singular fluctuations provides a very
small but not a zero probability of unobstructed transiting through a
time “wormhole” for macroscopic object. How can the “paradox of
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the grandfather” be prevented in this situation? Here it is convenient
for us to use the language of the multi-world interpretation of quan-
tum mechanics. To prevent this paradox, the traveller should pene-
trate into the parallel world where it can easily “kill the grandfa-
ther” without breaking a causality principle. Such a parallel world
will interfere quantum-mechanically with the worlds of the “not
killed grandfather” where the observer was unsuccessful to transit
the time wormhole. However, the probability amplitude of such the
world will be extremely small. Can the observer in the world where
“the grandfather is not killed” discover the alternative world at least
in principle, using quantum correlations between the worlds? Simi-
larly to “paradox of the Schrodinger cat, he cannot do it because of
the same reasons as in the conventional quantum mechanics [2].
Observation of large effects of quantum correlations is impossible
because of “observer’s memory erasing” [1-2]. Penetration to the
parallel world of quantum mechanics is experimentally indistin-
guishable from the time wormhole fracture and penetration to the
parallel world of general relativity theory [3, 17]. It means that from
the point of view of the external real macroscopic observer a situa-
tion when the traveller has perished in the wormhole or has pene-
trated in “another world” is observationally indistinguishable. It is
equivalent to a situation when the traveller falls into a black hole.
We do not know whether he is crushed in the singularity or pene-
trated into “the other world” through the white hole [18]. (Although
this difference is observed and essential for the traveller. However,
he will carry away all these observations with himself into “the
other world”.) We see that as well as in a case of “informational
paradox”, the difference between quantum and semi-classical theo-
ries for macroscopic objects experimentally is not observed for the
macroscopic observer, which is not travelling in the time wormhole.

4. Black stars
Recently an interesting theory of “black stars” appeared [4].

Usually a collapse of a black hole is considered as a fast process.
However, we do not know well states of the matter under high pres-
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sures. We know that intermediate stages such as white dwarfs or
neutron stars are possible before a black hole collapse. These inter-
mediate stages make a collapse not avalanche-like but gradual.
Probably, additional intermediate stages will appear on the way to a
collapse, for example, quark stars. These intermediate stages make
this process to be gradual without a fast collapse at all. For classical
gravitation, it is incidental. The star becomes a black hole for grad-
ual process too. However, for semi-classical gravitation it is impor-
tant. It can be shown that for such case at slow squeezing quantum
fluctuations at a surface will prevent a star material to collapse to a
singularity and to become a black hole. Outside, this object would
be similar to a black hole but inside it would be different, conserv-
ing all information without singularity. It will allow a traveller to
penetrate through its surface and to come back. It is worth to note
that there is a considerable objection against such picture.

How stable is such construction of a star with respect to the
external perturbation imported by the traveller? Also how stable is
the traveller during such travel? The traveller is a macroscopic
body. After penetration to a black star, he will increase its mass
stepwise at finite value. It can results in its collapse to a black hole.
Suppose that the process again goes “gradually” without collapse.
Then the traveller “would be dissolved” into the star and cannot
come back as well. Thus, it seems that the difference between a
black star and a black hole cannot be observed experimentally.
Therefore, it means that the difference between these objects exists
only on paper, i.e. in ideal dynamics.

5. Penrose’s project of new quantum gravity theory

In his remarkable books [6-7] Penrose gives a remarkable pre-
diction of the future theory of quantum gravitation. In this theory:

1) Unlike to usual quantum mechanics, wave packet reduction is a
fundamental property of the theory.

2) This reduction is inseparably linked with the phenomenon of
gravitation.
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3) The reduction leads not only to probabilistic laws but can lead to
some more complex uncertain behaviour that can not be predicted
even by a probability law.

4) Unlike to remarkable coherent quantum systems, classical cha-
otic non-equilibrium systems are exposed to criticism. They are
supposed to be not relevant for modelling of real complex systems.
The unpredictable systems described above must be only pure quan-
tum system.

It is worth to note that we need not a new theory for receiving all
these properties. Let us take into account an inevitable gravitational
interaction of the macroscopic real observer and his thermodynamic
time arrow. It results in all described above outcomes within
framework of already existing theories of quantum gravitation. Be-
sides, classical chaotic non-equilibrium systems possess all proper-
ties of quantum ones. For any “purely quantum effect” it is always
possible to discover such classical analogue (Appendix A [2]).
Namely:

1) We saw above that an inevitable gravitational interaction of a
macroscopic real observer with an unstable observable system in-
evitably makes evolution of the observable system non-unitary. The
difference between the unitary and non-unitary theory exists only
on paper and is not observed experimentally in quantum gravitation
theory.

2) Because of the reasons stated above the gravitation interaction
results in the inevitable reduction and correspondent non-unitarity
in framework of the current quantum gravitation theory. Moreover,
for macroscopic objects the semiclassical theory is already possess-
ing desirable fundamental property of non-unitary. It is experimen-
tally equivalent to the quantum gravitation theory.

3) Behaviour of many macroscopic bodies, in spite of non-unitarity,
can be described completely by a set of macroparameters and laws
of their evolution. There are, however, unpredictable systems
whose behaviour cannot be described completely even by probabil-
ity laws.
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For example, let us consider quantum computers. Suppose that
some person started such a quantum computer and knows its initial
state. Its behaviour is completely predicted by such person. How-
ever, for the second person who is not present at start, its behaviour
is uncertain and unpredictable. Moreover, an attempt of the second
person to observe some intermediate state of the quantum computer
would result in destroying its normal operation.

In case of quantum gravitation, even the person who started quan-
tum computer cannot predict its behaviour. Indeed, the inevitable
gravitational interaction between the person and the quantum com-
puter will make such prediction impossible. Thus, “the unpredict-
ability which is distinct from a probability law” becomes a funda-
mental property of any quantum gravitation theory.

4) Unstable classical systems in many aspects remind on the prop-
erties of the quantum system (Appendix A [2]). Moreover, mathe-
matical models of classical analogues of quantum computers exist
[19]. Some paradoxical properties of the life objects reminding
quantum computers can be modelled by classical unstable systems
[20].

Summing up, we can see that all wishes of Penrose are realizable
within the framework of the existing paradigm and there is no need
in any new fundamental theory. Moreover, all properties of
macroobjects are usually described by macroparameters to exclude
influence of the macroscopic observer. That inevitably results in
unobservability of too small intervals of time and space. Therefore,
it is possible to construct their observable dynamics on basis of
“discrete model of space-time”. However, such dynamics would not
be a new theory. For any macroscopic observer the dynamics would
be experimentally indistinguishable from the current quantum the-
ory of gravitation.

6. Anthropic principle in quantum gravity theory
The number of possible vacuum states in quantum gravitation

theory is equal to a very large value. For a selection of suitable vac-
uums, anthropic principle is usually used [5]. It means that evolu-
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tion of the system should result in appearing an observer, which is
capable to observe the Universe. However, such formulation is of
too philosophical nature. It is difficult to use it in practice. We can
formulate here more accurate physical principles, which are equiva-
lent to the anthropic principle:

The initial state of the Universe should result in formation of its
substance in the form of a set of many macroscopic non-equilibrium
objects weakly interacting with each other. These objects should
have entropy and temperature. They should have thermodynamic
time arrows. Small local interaction between objects should result in
alignment of thermodynamic time arrows. Though these objects
consist of many particles and are described by a huge set of mi-
croparameters, evolution of these objects can be described by a set
of macroparameters, except for rare instable state.

However, these unstable states play an important role, forming a
basis for origin of an observer in the Universe. There should be un-
stable global correlations between parts of the Universe and non-
equilibrium macrosystems with local interior correlations, which are
the origin of the observer.

We can conclude here: to get the situation described above, the
initial state of the Universe should be highly ordered and posses the
low entropy.

I.e., in short, evolution should result in the world that can be de-
scribed in the thermodynamic form [1-3, 21-23]. Only such the
world can be the origin of an observer who is capable to study this
world.

7. Conclusions

We see that the informational paradox and the paradox of the
grandfather are resolved in the quantum gravitational theory very
similarly to those in the non-quantum general relativity theory. It is
realized by consideration of weak interaction of systems with the
real non-equilibrium macroscopic observer. Moreover, this ap-
proach (similarly to usual quantum theory) allows resolving the
wave packet reduction problem. However, this reduction in quan-
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tum gravitation becomes a fundamental property of the theory,
unlike in the case of conventional quantum mechanics. Such ap-
proach allows considering other complicated questions of quantum
gravitation — anthropic principle, black stars.
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lution of the paradox about the existence of the systems
with entropy decrease.

We see that exact equations of quantum and classical mechanics
describe ideal dynamics, which is reversible and leads to Poincare’s
returns. Real equations of physics describing observable dynamics,
for example, master equations of statistical mechanics, hydrody-
namic equations of viscous fluid, Boltzmann equation in thermody-
namics, and the entropy increase law in the isolated systems are ir-
reversible and exclude Poincare’s returns to the initial state. Be-
sides, these equations describe systems in terms of macroparameters
or phase distribution functions of microparameters. There are two
reasons of such differences between ideal and observable dynamics.
Firstly, there is uncontrollable noise from the external observer.
Secondly, when the observer is included into described system (in-
trospection) the complete self-description of a state of such full sys-
tem is impossible. Besides, introspection is possible during finite
time when the thermodynamic time arrow of the observer exists and
does not change the direction. Not in all cases ideal dynamics bro-
ken by external noise (or being incomplete at introspection) can be
changed to predictable observable dynamics. For many systems in-
troduction of macroparameters that allow exhaustive describing of
dynamics of the system is impossible. Their dynamics becomes un-
predictable in principle, sometimes even unpredictable by the prob-
abilistic way. We will refer to dynamics describing such system as
unpredictable dynamics. As follows from the definition of such sys-
tems, it is impossible to introduce a complete set of macroparame-
ters for unpredictable dynamics. (Such set of macroparameters for
observable dynamics allowed predicting their behaviour by a com-
plete way.) Dynamics of unpredictable systems is not described and
not predicted by scientific methods. Thus, the science itself puts
boundaries for its applicability. However, such systems can intui-
tively “understand itself” and “predict” the behaviour “of its own”
or even “communicate with each other” at intuitive level.

1. Introduction
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Let us give definitions of observed and ideal dynamics [1-4], and
explain necessity of introduction of observable dynamics. We will
refer to exact laws of quantum or classical mechanics as to ideal
dynamics. Why have we named them ideal? Because for the most of
real systems the entropy increase law or wave packet reduction in
the quantum case are observed. These properties contradict with
laws of ideal dynamics. Ideal dynamics is reversible and includes
Poincare’s returns. It is not observed in irreversible observable dy-
namics. Where does this inconsistency between these kinds of dy-
namics come from?

The real observer is always a macroscopic system far from ther-
modynamic equilibrium. It possesses a thermodynamic time arrow
of its own, which exists for a finite time (until the equilibrium is
reached) and can change its direction. Besides, there is a small in-
teraction of the observer with the observable system, which results
in alignment of thermodynamic time arrows and, in case of quan-
tum mechanics, in wave packet reduction.

The observer describes the observable system in terms of
macroparameters and corresponding thermodynamic time arrow. It
also results in the difference of observable dynamics and ideal dy-
namics. The ideal dynamics is formulated with respect to the ab-
stract coordinate time in terms of microparameters.

Violations of ideal dynamics are related to either openness of
measured systems (i.e. it can be explained by influence of environ-
ment/observer) or impossibility of self-measuring at introspection
(for the full closed physical systems including both the environment
and the observer). What is it possible to do for such cases? The real
system is either open or incomplete, i.e. we cannot use physics for
prediction of the system evolution? Not at all!

Many of such systems can be described by equations of exact or
probabilistic dynamics, despite openness or incompleteness of de-
scription. We name it observable dynamics. The most of equations
in physics — master equations of statistical mechanics, hydrody-
namic equation of viscous fluid, Boltzmann equation in thermody-
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namics, and the entropy increase law — are equations of observable
dynamics.

To possess the property specified above observable dynamics
should meet certain requirements. It cannot operate with the full set
of microvariables. In observable dynamics, we use much smaller
number of macrovariables, which are some functions of microvari-
ables. It makes the dynamics much more stable with respect to er-
rors of initial conditions and external noise. Really, a microstate
change does not result inevitably in a macrostate change, as one
macrostate is correspondent to a huge set of microstates. For exam-
ple, in case of gas such macrovariables are density, pressure, tem-
perature and entropy. Microvariables are velocities and coordinates
of all its molecules.

How can we get observable dynamics from ideal dynamics? It
can be got by either insertion to equations of the ideal equations of
small external noise, or insertion of errors to an initial state. Er-
rors/noise should be large enough to break effects unobservable in
reality. It is reversibility of motion or Poincare’s returns. On the
other hand, they should be small enough not to influence observable
processes with entropy increase.

For the complete physical system including the observer, observ-
able system and a surrounding medium, Observable Dynamics is
not falsifiable in Popper’s sense [36] (under condition of fidelity of
Ideal Dynamics). l.e. the difference between Ideal and Observable
Dynamics in this case cannot be observed in experiment.

However, there are cases when it is not possible to find any ob-
servable dynamics. The system are unpredictable, because of either
openness or description incompleteness. It is a case of unpredict-
able dynamics [21, 29-33] considered here.

2. Unpredictable dynamics
Let us introduce the concept of synergetic models [10]. We will
name so simple physical or mathematical systems. Such systems

illustrate in a simple form some real or supposed properties of un-
predictable and complex (living) systems.
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Unpredictable systems, because of its unpredictability, are ex-
tremely unstable with respect to external observation or thermal
noise. To prevent their chaotization, they should have some protec-
tion from external influence.

Therefore, we are mainly interested in synergetic models of
systems that are capable to protect itself from external noise (from
decoherence in quantum mechanics). They conserve internal corre-
lations (quantum or classical), resulting in reversibility or Poin-
care’s returns. They also can conserve correlations with the sur-
rounding world.

There are three methods for such protection:

1) The passive method - creation of some "walls" or shells impene-
trable for noise. It is also possible to keep such systems at very
low temperatures. Many models of quantum computers may
serve as an example.

2) The active method, inverse to passive - complex dissipative or
living systems, they conserve disequilibrium by the help of ac-
tive interaction and interchanging of energy and substance with
environment (metabolism). It is thought that the future models
of quantum computers should correspond to this field.

3) When correlations cover the whole Universe. The external
source of noise is absent here. Origin of correlations over Uni-
verse is that Universe was in low entropy initial states. Universe
appeared from Big Bang. We will name these correlations as
global correlations. Sometimes it is figuratively named “holo-
graphic model of Universe”.

The following facts ought to be noted:

1) Many complex systems during evolution pass dynamic bifurca-
tion points when there are several alternative ways of future
evolution. The selection of one of them depends on the slightest
fluctuations of the system state in the bifurcation point [5-6]. In
these points, even weak correlations can have huge influence on
future. These correlations define one from alternative ways of
future evolution specified above. Presence of such correlations
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2)

3)

4)

restricts predictive force of the Science, but it does not restrict at
all our personal intuition. Since we are an integral part of our
Universe, we are capable at some subjective level to “feel” these
correlations inaccessible for scientific observation. No contra-
diction with current physics exists here.

In the described unobservable systems the entropy decrease is
often observed or they are supported at a very low-entropy state.
It does not contradict to the second thermodynamics law of the
entropy decrease. Really, for creation of both passive and the
active protection huge negoentropy from environment is neces-
sary. Therefore, the total entropy of system and an environment
only increase. The entropy increase law remains correct for a
full system (observable system + an environment + the ob-
server) though it is untrue for the observable system. Entropy
decrease in the full system can happen, for example Poincare’s
returns. However, they are unobservable [1-4]. Therefore, we
can skip them.

Existence of many unpredictable systems is accompanied by the
entropy decrease (It does not contradict to the entropy increase
according to the second law of thermodynamics as it is ex-
plained above in the third item). Thus, existence of such systems
corresponds to the generalized principle of Le-Shatelie - Brown:
the system hinders with any modification of the state caused by
both external action, and internal processes, or, otherwise, any
modification of a state of the system caused both by external
and internal reasons, generates in the system the processes
guided on reducing this modification. In this case, the entropy
growth generates appearance of systems cause the entropy de-
crease.

Often maximum entropy production principle (MaxEPP) dem-
onstrates correct results [38]. According to this principle, the
non-equilibrium system to aspire to a state at which entropy
growth in system would be maximal. Despite the apparent in-
consistency, MaxEPP does not contradict to Prigogine's mini-
mum entropy production principle (MinEPP) for linear non-
equilibrium systems [38]. These are absolutely different varia-
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5)

6)

7)

tion principles. However, for both cases, the extreme of the
same function (the entropy production) is looked for, but vari-
ous restrictions and various parameters of a variation are thus
used. It is not necessary to oppose these principles, as they are
applicable to various stages of evolution of non-equilibrium sys-
tem. MaxEPP means that dissipative unpredictable systems (in-
cluding living systems), being in the closed system with finite
volume, accelerate appearance of thermodynamic equilibrium
for this system. It means that they also reduce Poincare’s return
time, i.e. promote faster return to the low-entropy state. It again
corresponds to the generalized principle of Le-Shatelie - Brown:
the entropy growth generates appearance of systems cause the
entropy decrease. From all the above-stated it is possible to give
a very interesting conclusion: global "purpose” of dissipative
systems (including living systems) is (a) minimization of their
own entropy (b) stimulation of the global full system to faster
Poincare’s return to the initial low-entropy state.

Global correlations generally “spread” over a closed system
with the finite volume and result only in Poincare’s unobserv-
able return [1-4]. However, in the presence of objects conserv-
ing local correlations, global correlations can become apparent
in correlation between such objects with each other and around
the world. Thus, presence of conserved local correlations allows
making global correlations to be observable, preventing their
full “spreading” over the system.

The correct definition of thermodynamic macroscopic entropy is
a very difficult problem for complex physical systems without
local equilibrium [39].

Very important facts ought to be noted. Unstable correlations
exist not only in quantum but also in classical mechanics.
Hence, such models should not have only quantum character.
They can be also classical! Very often, it is wrongly stated that
only the quantum mechanics have such properties [11-12].
However, it is not so [7-9]. Introduction of small, but finite in-
teraction by “hands” during classical measurement and small er-
rors of an initial state erases the difference between properties of
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quantum and classical mechanics (in the presence of unstable
correlations of microstates).

3. Synergetic models of local correlations

Let us consider examples of synergetic models of unpredictable sys-
tems using the passive or active methods for protection from noise.

1)

2)

3)

There are exceptional cases for which there is no alignment of
thermodynamic time arrows [13].

Phase transition or bifurcation points. In such points (some in-
stance for evolution or some value for external parameter), a
macroscopic system described by observable dynamics can be
transformed not to single but to several macroscopic states. That
is, observable dynamics loses the unambiguity in these points.
There are huge macroscopic fluctuations in these points, and
used macroparameters does not result in predictability of the
system. Evolution becomes unpredictable, i.e. there is unpre-
dictable dynamics.

Let’s take a quantum microscopic or mesoscopic system de-
scribed by ideal dynamics and isolated from decohernece. Its
dynamics depends on uncontrollable microscopic quantum cor-
relations. These correlations are very unstable and can disap-
pear because of decoherence (entangling with environ-
ment/observer). For example, let us consider a quantum system.
Suppose that some person knows its initial and final states only.
Its behaviour is completely predicted by such person. In the
time interval between the start and finish, the system is isolated
from the environment/observer. In that case, these microscopic
correlations do not disappear and influence dynamics. However,
for the second person who is not present at start, its behaviour is
uncertain and unpredictable. Moreover, an attempt of the sec-
ond person to observe some intermediate state of the quantum
computer would result in destroying its normal operation. I.e.
from the point of view of such observer, this is unpredictable
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4)

dynamics. Well-known examples of such systems are quantum
computers and quantum cryptographic transmitting systems [14-
15]. Quantum computers are unpredictable for any observer
who does not know its state in the beginning of calculations.
Any attempt of such observer to measure the intermediate state
of a quantum computer during calculation destroys calculation
process in unpredictable way. Its other important property is
high parallelism of calculation. It is a consequence of QM laws
of linearity. Initial state can be chosen as the sum of many pos-
sible initial states of “quantum bits of the information”. Because
of QM laws of linearity, all components of this sum can evolve
in independent way. This parallelism allows solving very
quickly many important problems, which usual computers can-
not solve in real time. It gives rise to large hopefulness about fu-
ture practical use of quantum computers. Quantum crypto-
graphic transmitting systems use property of the unpredictability
and unobservability of “messages” that cannot be read during
transmitting by any external observer. Really, these “messages”
are usual quantum systems featured by quantum laws and quan-
tum correlations. An external observer, which has no informa-
tion about its initial states and tries, make measuring (reading)
of a “message” in course of transmission inevitably destroy this
transmission. Thus, message interception appears principally
impossible under laws of physics.

It should be emphasized that, contrary to the widespread opin-
ion, both quantum computers and quantum cryptography [14-
15] have classical analogues. Really, in classical systems, unlike
in quantum systems, measuring can be made precisely in princi-
ple without any distortion of the measured state. However, in
classical chaotic systems too there are uncontrollable and unsta-
ble microscopic additional correlations resulting in reversibility
and Poincare’s returns. Introducing some small finite perturba-
tion or initial state errors “by hands” destroys these correlations
and erases this principal difference between classical and quan-
tum system behaviour. Such small external noise from environ-
ment always exists in any real system. By isolation of chaotic
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5)

classical systems from this external noise, we obtain classical
analogues of isolated quantum devices with quantum correla-
tions.There exist synergetic models of the classical computers,
which ensure, like quantum computers, huge parallelism of cal-
culations [7]. Analogues of quantum computers are molecular
computers [9]. The huge number of molecules ensures parallel-
ism of evaluations. The unstable microscopic additional correla-
tions (resulting in reversibility and returns) ensure dynamics of
intermediate states to be unpredictable for the external observer,
which is not informed about the computer initial state. He would
destroy computer calculation during attempt to measure some
intermediate state. Similar arguments can be used for classical
cryptographic transmitting systems using these classical unsta-
ble microscopic additional correlations for information transi-
tion. “Message” is some classical system that is chaotic in in-
termediate states. Therefore, any attempt to intercept it inevita-
bly destroys it similarly to QM case.

Conservation of unstable microscopic correlations can be en-
sured not only by passive isolation from an environment and the
observer but also by active dynamic mechanism of perturbations
cancelling. It happens in so-called physical stationary systems
in which steady state is supported by continuous stream of en-
ergy or substance through system. An example is a microma-
ser [16] - a small and well conducting cavity with electromag-
netic radiation inside. The size of a cavity is so small that radia-
tion is necessary to consider with the help of QM. Radiation
damps because of interaction with conducting cavity walls. This
system is well featured by density matrix in base energy eigen-
function. Such a set is the best choose for observable dynamics.
Microscopic correlations correspond to non-diagonal elements
of the density matrix. Non-diagonal elements converge to zero
much faster than diagonal ones during radiation damping. In
other words, decoherence time is much less than relaxation
time. However, a beam of excited particles, passing through a
micromaser, leads to the strong damping deceleration of density
matrix non-diagonal elements (microcorrelations). It also leads
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to non-zero radiation in steady state.In addition, in the theory of
guantum computers methods of the active protection are devel-
oped. These methods protect quantum correlations from deco-
herence. They are capable to conserve correlations as long as
desired, by iterating cycles of active quantum error correction.
Repetition code in quantum information is not possible due to
the no-cloning theorem. Peter Shor was first to discover the
method of formulating a quantum error correcting code by stor-
ing the information of one qubit onto a highly-entangled state of
nine qubits [17].

6) In physics, a macrostate is usually considered as some passive
function of a microstate. However, it is possible to consider a
case when the system observes (measures) both its macrostate
and an environment macrostate. The result of the observation
(measurement) is recorded into the microscopic “memory”. By
such a way, the feedback appears between macrostates and
microstates. An example of very complex stationary systems is
living systems. Their states are very far from thermodynamic
equilibrium and extremely complex. These systems are highly
ordered but their order is strongly different from order of a life-
less periodical crystal. Low entropy disequilibrium of live be-
ings is supported by entropy growth in environment’. It is me-
tabolism - the continuous stream of substance and energy
through a live organism. On the other hand, not only metabo-
lism supports disequilibrium, this disequilibrium is itself a cata-
lytic agent of metabolic process, i.e. creates and supports it at a
necessary level. As the state of live systems is strongly non-
equilibrium, it can support existing unstable microcorrelations,
preventing to decoherence. These correlations can be both be-
tween parts of a live system and between different live systems
(or live systems with lifeless systems). If it happens dynamics of
the live system can be referred to as unpredictable dynamics.
Huge successes of the molecular biology allow describing very

! Entropy of the Sun grows in such a way, for example. It is an energy source for
life on the Earth.
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well dynamics of live systems. However, there is no proof that
we are capable to feature completely all very complex processes
in the live system.lt is difficult enough to analyze real living
systems within framework of concepts of ideal, observed and
unpredictable dynamics because of their huge complexity.
However, it is possible to construct simple mathematical mod-
els. It is, for example, non-equilibrium stationary systems with
metabolism. It would allow us to understand a possible role of
all of three types of dynamics for such systems. These models
can be both quantum [11-12, 18-20, 35] and classical [7-9].

7) The cases described above do not characterize all multiplicity of
unpredictable types of dynamics. Exact conditions at which
ideal dynamics transfers in observable and unpredictable dy-
namics present a problem, which is not solved completely for
mathematics and physics yet. The role of these three types of
dynamics for complex stationary systems is an unsolved prob-
lem too (being related to the previous problem). The solution of
these problems will allow understanding physical principles of
life more deeply.

4. Synergetic models of global correlations expanded over
the whole Universe

With the help of synergetic “toy” models, it is possible to under-
stand synchronicity” (simultaneity) of processes causally not con-

% The study was conducted by Russian specialists under guidance of Valeri
Isakov, a mathematician who specializes in paranormal phenomena. They were
not able to obtain data from domestic flights, so the researchers used Western
statistics. As it turned out over the past 20 years, flights which ended in disaster
were refused by passengers by 18% more in humber than in case of normally
ended flights. "We are just mathematics who revealed a clear statistical anomaly.
But mystically-minded people may well associate it with the existence of some
higher power"- quoted Isakov, "Komsomolskaya Pravda".
http://mysouth.su/2011/06/scientists-have-proved-the-existence-of-guardian-

angels/;
http://kp.ru/daily/25707/908213/
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nected [37], and also to illustrate a phenomenon of global correla-
tions.

Global correlations of the Universe and the definition of life as the
totality of systems maintaining correlation in contrast to the external
noise is a reasonable explanation of the mysterious silence of Cos-
mos, i.e. the absence of signals from other intelligent worlds. All
parts of the universe having the unique center of origin (Big Bang)
are correlated, and life maintains these correlations, which are at the
base of its existence. Therefore, the emergence of life in different
parts of the Universe is correlated, so that all the civilizations have
roughly the same level of development, and there are not just any
supercivilizations capable of somehow reaching the Earth.

4.1 Blow up systems

Examples are non-stationary systems with “"blow up” [6, 22-
25] considered by Kurdumov's school. In these processes a function
on plane is defined. Its dynamics is described by the non-linear
equation, similar to the equation of burning:
0
% o(H )
LA + e a—
where p - density, N = [ pdr, r- space coordinate, t - time
coordinate, f(p), H(p)- non-linear connections:
flp) > pP,  H(p) - p°.
These equations have a set of dynamic solutions named solutions
with "blow up". It was proved localization of processes in the form

“That was Staunton’s theory, and the computer bore him out. In cases where
planes or trains crash, the vehicles are running at 61 percent capacity, as regards
passenger loads. In cases where they don’t, the vehicles are running at 76 per cent
capacity. That’s a difference of 15 percent over a large computer run, and that
sort of across-the-board deviation is significant. Staunton points out that, statisti-
cally speaking, a 3 percent deviation would be food for thought, and he’s right.
It’s an anomaly the size of Texas. Staunton’s deduction was that people know
which planes and trains are going to crash... that they are unconsciously predict-
ing the future."

Stephen King, "The Stand" (1990)
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of structures (at f > o + 1) with discrete spectrum. The structures
can be simple (with individual maximums of different intensity).
They also can be complex (united simple structures) with different
space forms and several maximums of different intensity. It is
shown that the non-linear dissipative medium potentially contains a
spectrum of such various structures-attractors. Let (r, ¢) be polar
coordinates.

p(r o, t) = g0, @), &= ﬁ 1<i<N

1 p-o-1

t\ B-1 t\ B-1_
90 =(1-7) " vo=(1-3)
Number of eigenfunctions:
p—1
p—0—1
For these solutions a value of function can converge to infinity for
finite timet. It is interesting that the function reaches infinity in all
maximums in the same instant, i.e. is synchronous. In process of
converging to time t the solution "shrinks", the maximums "blow
up” and moves to a common centre. Approximately at the moment
of 0.9tthe system becomes unstable, and fluctuations of the initial
condition can destroy the solution. For high correlated initial
condition it is possible to reduce these fluctuations to as small
values as desired.

N =
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Fig. 1. From [34]. It is one of structures-attractors of the equation of
burning (I) in the form of the solution with “blow up”.

By means of such models we can illustrate the population
growth (or level of engineering development of civilizations) in
megacities of our planet [25]. Points of maximum of function p are
megacities, and population density is a value of the functionp.

It is possible to spread this model to the whole Universe.
Then the points of maximum are civilizations, and population
density of civilizations (or level of engineering development of
civilizations) is a value of the functionp. For this purpose we will
make the model more complicated. Suppose that at the moment
when process starts to go out on a growing asymptotic solution
there is very fast expansion (“inflation™) of the plane in which
process with "blow up™ runs. Nevertheless, processes of converging
to infinity remain synchronous and are featured by the equation of
the same type (only with the changed scale), in spite of the fact that
maximums are distant at large intervals.

This complicated model is capable to explain the qualitative
synchronism of processes in very far parts of our Universe as a
result of “inflation" after Big Bang. The high degree of global
correlations reduces the fluctuations leading to destruction of the
solution structure. These global correlations are modeling coherence
of parts of our Universe.
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Processes with “"blow up" appear with necessary
completeness and complexity only for some narrow set of
coefficients of the equation (I). (N >» 1, >0+ 1,0+ 1isa
necessary condition for appearance of a structure with large number
of maximums and their slow coming to the common center). It
allows drawing an analogy with "““anthropic principle" [26]. The
anthropic principle states that the fundamental constants of the
Universe have such values that a result of Universe's evolution is
our Universe with anthropic "beings" capable to observe the
Universe.

One more fact is worth mentioning: if we want that the
ordered state in the model would not be destroyed at t = 0.97, and
would continue to exist as long as possible then exact adjustment is
required not only for model parameters, but also for an initial state.
It is necessary that fluctuations arising from the initial state would
not destroy orderliness as long as possible. And the presence of this
rare exclusive state can be also explained by the anthropic principle.

4.2 “Cellular” model of Universe

It is also interesting to illustrate the complex processes by
means of "cellular" model. Discrete Hopfield's model [27-28] can
be used as a good basis. This model can be interpreted as a neural
network with a feedback or as a spin lattice (a spin glass) with
unequal interactions between spins. Such systems are used for
recognition of a pattern.

This system can be featured as a square two-dimensional
lattice of meshes NxN which can be either black or white (S; =
+I). Coefficients of linear interaction between meshes Jjare
unequal for different pairs of meshes. They can be chosen so that in
the process of discrete evolution the overwhelming majority of
initial states would transfer in one of possible final states. This set
of final states (attractors) can be chosen and defined ""by hands".
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N
j=1
Jij=lin  Je=0 1<ijk<N
Attractors correspond to energy E minimum:

1 N N
SEOWWEL
i=1 j=1
Let choose lattice attractors to be letters A or B.

There are such two initial unstable states, which differ by one
mesh only (a critical element). Thus, one of them has a state as A
attractor, and another as B attractor. Such unstable initial states
clearly illustrate a property of the global instability of a complex
system. This instability is inherent in a system as a whole, not in its
some part. Only some external observer can change the value of the
critical element and vary the system evolution. Internal dynamics of
the system cannot do it. Global correlation between meshes of an
unstable initial state defines completely a final attractor (A or B) of
the lattice.

It is possible to complicate the model. Let suppose that each
mesh in the lattice featured above is such a sub-lattice. We will de-
fine evolution of such composite lattice going to two stages.

At the first stage, large meshes do not interact. Interaction exists
only in sub-lattices. This interaction is the same as for the one-stage
model featured above. Coefficients of the linear interaction between
meshes are chosen so that attractors, as well as its was observed be-
fore, are letters A or B. Initial states of all sub-lattices can be chosen
as unstable and containing the critical element. We will perceive the
final state A of sub-lattices as a black mesh for a large lattice, and
the state B of sub-lattices — as a white mesh.

The second stage of evolution is defined as evolution of this large
lattice over the same way as in the one-stage model featured above.
The initial state of the large lattice is defined by the first stage. This
initial state, appearing at the first stage, is also unstable and contains
the critical element. For final state of the large lattice to each black
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mesh, we will appropriate state A of the sub-lattices, and for each
white mesh we will appropriate state B of the sub-lattices.

The initial state of the composite lattice can be chosen always so
that an attractor of the two-stage process will be A. For every mesh
included to A, the sub-lattice state also corresponds to A. Let us
name this state of the composite lattice as “A-A”. Then this final
attractor can be explained by:

a) global correlations of the unstable initial state
b) specific selection of all coefficients of interaction between
meshes.

Let us make the model even more complicated. Similarly to the
aforesaid, we will make this lattice not two-level but three-level,
and the process will be three-stage instead of two-stage. A final
state will be “A-A-A”.

Let us suppose that prior beginning of the aforementioned three-
stage process our composite lattice was occupying a very small field
of physical space. However, because of expansion (“inflation") it
was dilated to a huge size. Then the aforementioned three-stage
process was begun. Thus, it is possible to explain presence of the
unstable correlation of the initial state of the composite lattice lead-
ing to a total state “A-A-A”. Indeed, before “inflation” all meshes
were closed by each other. Therefore, the unstable initial correlation
can be easily formed under such conditions.

This three-level composite lattice can be compared to our Uni-
verse. Its smallest sub-lattices “A” can be compared to “intelligent
organisms”. Lack of their interaction with the environment at the
first stage (before formation of the final state “A”) is equivalent to
the active or passive protection of internal correlations from exter-
nal noise. Lattices of the second level in state “A-A” correspond to
“civilizations” organized by “intelligent organisms™ (“A”) at the
second stage. At the third stage, “supercivilization” (“A-A-A”) is
formed by “civilizations” (“A-A”).

Then global correlations of the unstable initial state of the com-
posite lattice can serve as analogues of the possible global correla-
tions of the unstable initial state of our Universe existed before its
inflation. Coefficients of interaction of the meshes correspond to the
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fundamental constants of our Universe. The initial process of the
lattice expansion (before its three-stage evolutions) corresponds to
Big Bang. The specific selection of interaction coefficients between
the meshes leading to the asymptotic state “A-A-A”, and the initial
correlations can be explained by “anthropic principle”. Here we re-
mind that the anthropic principle states that the fundamental con-
stants of the Universe have such values that the result of Universe’s
evolution is our Universe with anthropic “beings” capable to ob-
serve the Universe.

5. Conclusions

The phenomenon existence of unpredictable complex (including
living) systems is considered in the paper.

It is shown, that though existence of such systems, apparently,
contradicts to the entropy increasing law, and actually does not lead
to the real contradiction with it. Indeed, for existence of such sys-
tems in the real world the very specific boundary conditions are
necessary. The entropy increase for making of such requirements in
real external world much more exceeds the entropy decrease ob-
served inside such systems.

The possibility of the proof of the Godel-like theorem for such
systems is shown. It means that reductionism (reducibility of the
complex system's behaviour to fundamental physics laws) does not
contradict to existence of the principal emergency. The principal
emergency is the existence of principal unpredictability of complex
system's behavior based on fundamental physics laws. This emer-
gency is not result of a system complexity only.

It is shown, that this unpredictability is closely connected to exis-
tence of the complex correlations both inside these composite sys-
tems, and with around world. Simple mathematical models, illus-
trating the principal possibility of such correlations are constructed.
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Chapter 6. The Universal Arrow of Time: Future of artificial
intelligence — Art, not Science or Practical Application of Un-
predictable Systems

0. Abstract: Solution of Unpredictability paradox — Unpredictable
does not mean Uncontrolled

Perspective of the future of artificial intellect (Al) is considered. It
is shown that Al development in the future will be closer rather to
art than to science. Complex dissipative systems whose behavior
cannot be understood completely in principle will be the basis of
Al. Nevertheless, it will not be a barrier for their practical use.

1. Introduction

Nowadays technologies relating to design of systems of artificial
intellect (Al) are actively developed in the world. In this paper, we
would like to consider not tactical but strategic problems of this
process. Interesting papers on this topic are few now, but they exist
[1]. It is because most of serious experts are occupied with solving
tactical problems and often does not think about farther prospects.
However, the situation at the beginning of cybernetics origin was
not like that. In those days, these problems were actively consid-
ered. Therefore, we will construct our paper as a review of prob-
lems of cybernetics as they were seen to participants of the sympo-
sium in 1961 [2]. We will try to give the review of these prospects
from the point of view of the up-to-date physical and cybernetic
science and its latest achievements.

2. Analysis of problems

The principal strategic direction in 1961 has been set by lecture
of Stafford Beer “On the way to a cybernetic factory”. He sees a
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control system as some black box with a large quantity of internal
states. Depending on internal states of the black box, different func-
tions are carried out linking its input and output. Among all these
functions, some optimal function exists. This function realizes its
operation by optimal way according to some measure of optimality.
The feedback will be organized between an output of the factory
and internal state of the black box ensuring optimality of search of
the internal state.

Environment

Input Output
> factory >
A
output
Control < feedback
system

Figure 1. Diagram of control of a factory.
Here the following three difficulties arise:

1) Itis clear that the number of internal states of such black box
should be huge to ensure realization of all possible functions.
For this purpose, the author suggests to use some block of the
substance, possessing huge number of internal states at atomic
level. It is something, for example, like the colloid system of
Gordon Pask. This system realizes reversion of matrixes of the
astronomical order.

2) Space of search of such box is huge and the search over all
possible internal states is not real for reasonable time. There-
fore, the strategy, which would allow discovering not the most
optimum solutions but at least just “good”, is necessary. At
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present such strategy is named as “genetic algorithm” [3] sup-
plied with the random generator. In addition, the method of
heuristics is widely used. [4] It is a set of empirical recipes for
the search of optimum between the internal states. They are ei-
ther found from the previous experience or defined by the ex-
ternal expert.

3) Criteria of optimality cannot be formulated accurately for all
cases. Therefore, we may take for the “purpose” of such box
its physical “survival”. Then it will search for such criteria it-
self, or some external expert would estimate its operations.

In the specified solutions of problems there is one very
basic difficulty. Let our black box has n binary inputs and one
binary output. Then number of all possible internal states of box

is22". How large is this number? The answer is given by D.G.
Willis in " Set of realized functions for the complex systems". The
physical calculation made here shows that all molecules of the Earth
is enough only for creation of the black box with maximumn =
155. It does not make sense to reproduce his calculation here. The
modern physics gives an exact method of calculation for the upper
bound of memory through entropy of a black hole of corresponding
mass [25]. (But it is problematic to extract this information because
of informational paradox.) The estimation for memory, however,
will not be more optimistic. It is clear that such number of the
inputs is not sufficient for controlling over the complex systems.
Consequently, the number of possible functions realized by box
should be regarded as some subset of all possible functions. How
can we choose this subset?

Now the methods based on neural networks [26] or fuzzy
logic [27] are actively developed. They allow easy realizing many
“intuitive" algorithms which are used by people. Besides, there are
well developed methods of training or self-training for them.
However, it is shown for both methods that any possible function is
realized by these methods. On the one hand it is good, as proves
their universality. On the other hand it is bad, as this redundancy do
not allow us to lower space of search of the black box when using
these methods.
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In his lecture Willis offers a solution which is actual even
now. He suggests using a subset of all functions of n variables. This
subset can be realized by a combination of p functions with k
variables where

p K 2™
(51)

k<n
(52)

This class is small enough, so it can be realized.

X1
X1 > f X, > ¢
X3 P1 @3 . f
—p X3 _|
X3 3 > s —»
.>
X4 X4 P2l | Pa
X5 %) X5 >
X > X6 f @3
x7 ”
Xg >
a b

Figure 2. Exact expansion of switching functions on functions with
a smaller number of variables.
ayn=6p=3, k=3 byn=8 p=5 k=3
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This solution is acceptable for a wide class of problems. For ex-
ample, the neural network was used for recognition of the handwrit-
ten digit highlighted on the screen [28]. The screen was divided into
meshes (pixels). The mesh could be black or white. Thus, meshes
were divided into groups of neighbouring meshes (k cells). Each
group arrived on input of the network with one output. These out-
puts were grouped also in k the nearest groups which moved on in-
puts of the network etc. As a result, there were only 10 exits, which
yielded outcome of classification. The specified network uses re-
strictions relating to “locality” of our world.

However, it is possible to introduce other similar criterions re-
stricting space of search by less hard way. For example, we can use
only the requirement (1) and not use the requirement (2). Instead of
(2) we restrict type of used functions, i.e. we create some “library”
of the useful functions.

For example, for existing field of the pattern recognition such set
of functions already exists. It is software packages of functions for
images processing. Example of such package is Matlab [29]. By
combining these functions, it is possible to create a large number of
the useful features for recognition. To select useful superposition of
functions, it is possible to use a random search of the genetic algo-
rithm. However, it can be made also by using human intuition: a
person can combine these functions so that they would reproduce
some intuitively felt feature of an object. The person himself cannot
mathematically specify this feature without such search. These are
human-machine systems of search.

It is worth to note that both creation of such “libraries” and hu-
man-machine search are not algorithmizable processes. They are
based on human intuition. For this reason, we think that the artifi-
cial intellect is closer to Art than to Science.

Let us consider problems, which arise when this approach is used:

1) Those restrictions (“libraries””) which we set on internal states

of the black box are human formed. It makes this process la-
bour-consuming and restricted by human intuition.

2) Human-machine search is more effective than the genetic al-

gorithm but suffers from the two above-mentioned problems.
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Let us consider the following lecture, which is, apparently, the
most prophetical and gives a trajectory to a solution of these prob-
lems: George W. Zopf “Relation and context”.

His main thought is that for construction of an effective model
for artificial intellect we should not use some mathematical scien-
tific abstraction like a black box. To construct such model we need
to use properties of similar systems in the surrounding world.

These are living adaptive systems. What their properties allow them
to overcome restrictions and problems specified above?

Their most important property is that such systems are not, like a
black box, some external objects in relation to the surrounding
world. They are inseparably linked within it. (For example, Zopf
pays attention to the fact that the features used for recognition of the
object, or even the “code” of neurons of a brain (consciousness) are
context-dependent. It means that they depend not only on internal
state of the object or the brain, but also on their external environ-
ment.) It explains efficiency of restrictions on realized internal
states of adaptive systems. They do not need to invent some “li-
brary” of search functions - it is already given to them in many as-
pects from their birth. These systems have happened from the sur-
rounding world and are relating to it already at their birth by a set of
hidden connections. Therefore, their “library” of search functions is
quite effective and optimal. The same is true for algorithms of adap-
tation — unlike “genetic algorithms”; they are already optimally ar-
ranged with respect to the surrounding world. It allows preventing
search and verification of large number of unsuccessful variants.
Moreover, somebody from the outside does not set “purposes” of
adaptive systems. In many aspects, they are already arranged with
respect to their search algorithms and surrounding world restric-
tions.

We often perceive events in the world surrounding us as a set of
independent, casual appearances. Actually, this world reminds a
very complicated mechanism penetrated by a set of very complex
connections. (“Accidents don’t happen accidentally”.) We cannot
observe all completeness of these connections.
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At first, as we are only a small part of this world, our internal
states are not sufficient for mapping all its complexity. Secondly,
we inevitably interact with the surrounding world and we influence
it during observation. The modern physics states that this interaction
cannot be made to naught in principle [5-12]. Therefore, to model
and to consider this influence exactly, we need to observe not only
the external world but we need to observe ourselves too! Such in-
trospection cannot be made completely in principle at any our de-
gree of internal complexity. Introduction of physical macrovariables
only reduces acuteness of the problems but does not resolve it.

Nevertheless, as it was already mentioned above, we are a part of
the surrounding world and are related to it by the set of connections.
Therefore, we are capable on such effective behavior. It creates illu-
sion that we are capable effectively to foresee and to calculate eve-
rything. This property of adaptive living systems may possibly be
referred to as superintuition® [13]. It considerably exceeds adaptive
properties of any black box developed by purely scientific methods.

% The study was conducted by Russian specialists under guidance of Valeri
Isakov, a mathematician who specializes in paranormal phenomena. They were
not able to obtain data from domestic flights, so the researchers used Western
statistics. As it turned out over the past 20 years, flights which ended in disaster
were refused by passengers by 18% more in humber than in case of normally
ended flights. "We are just mathematics who revealed a clear statistical anomaly.
But mystically-minded people may well associate it with the existence of some
higher power"- quoted Isakov, "Komsomolskaya Pravda".
http://mysouth.su/2011/06/scientists-have-proved-the-existence-of-guardian-
angels/;

http://kp.ru/daily/25707/908213/

“That was Staunton’s theory, and the computer bore him out. In cases where
planes or trains crash, the vehicles are running at 61 percent capacity, as regards
passenger loads. In cases where they don’t, the vehicles are running at 76 per cent
capacity. That’s a difference of 15 percent over a large computer run, and that
sort of across-the-board deviation is significant. Staunton points out that, statisti-
cally speaking, a 3 percent deviation would be food for thought, and he’s right.
It’s an anomaly the size of Texas. Staunton’s deduction was that people know
which planes and trains are going to crash... that they are unconsciously predict-
ing the future."

Stephen King, "The Stand" (1990)
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Hence, we should build our future systems of Al also based on
some similar “physical” adaptive systems possessing superintuition.
We will give here the list of properties of such systems [9-10, 17-

18].
1)

2)

3)

4)

5)

6)

The random generator of such systems (making selection of
internal state) should not generate just random numbers.
Such numbers should be in the strong connection (correla-
tion) both with the surrounding world and with internal state
of Al system, ensuring superintuition.

The internal state of the system should be complex. It should
be not equilibrium but stationary; i.e. it should correspond to
the dynamic balance. It is like a water wall in a waterfall. The
internal state should be either for classical mechanics systems
correlated, unstable (or even chaotic) or for quantum me-
chanics systems quantum coherent. Such systems are capable
to conserve the complex correlations either inside of them-
selves or between themselves and the surround world.

The internal state of the system should be closed from exter-
nal observation. It is achieved, at first, by high internal com-
plexity of the system. Secondly, the system should change
strongly the internal state and behavior at an attempt of ex-
ternal observation. This property is intrinsic for both unstable
classical systems (close to chaos), and quantum coherent sys-
tems.

The system should be strongly protected from an external
thermal noise (decoherence).

The system should support the classical unstable or quantum
coherent state and be protected from the external thermal
noise not so much passively as actively. l.e. it should not be
some hard armour or low temperatures. Rather it should be
some active metabolic process. The system should be in a
stationary dynamic balance, instead of thermodynamic equi-
librium. So the vertical wall of water in a waterfall is sup-
ported by its constant inflow from the outside.

The main purpose of such system should be its “survival”. To
use similar systems, we need not to know in details their in-
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ternal states and algorithms of operation which they will es-
tablish at interaction with the surrounding world. Moreover,
trying to make it we will strongly risk breaking their normal
operation. The only thing we should be concerned in is that
the purposes, which they pursue for “survival”, are coincid-
ing with the solution of problems, which are necessary for us.
We see that physics becomes necessary for creation of such cy-
bernetic Al systems. Are there prototypes of such systems nowa-
days? Many features of the abovementioned systems are inherent to
quantum computers [19-20, 24] or to their classical analogues,
namely classical unstable computers [14] and molecular computers
[16]. Besides, there is a lot of literature where synergetic systems
modelling specified above property of living systems are con-
structed “on paper”. In quantum field it is [21-23, 30-32], and for
classical unstable systems [15].
Here two problems arise:

1) Which of the above-mentioned objects will be appropriate in
the best way for creation of Al systems?

2) What purposes necessary for “survival” of these systems do
we need to put? Indeed, these purposes must be coinciding
with solution of our problems.

The solution of these two problems is not an algorithmizable crea-
tive process. It makes again artificial intellect to be closer to Art
than to Science. Really, usually we cannot even know how such
systems are arranged inside. We can define their restrictions only. It
IS necessary to direct these systems to solve problems useful for us.
We often are not capable even to understand and to formulate accu-
rately our own purposes and problems. Without all this knowledge,
the Science is powerless. So creation of such systems more likely
will be related to writing music or drawing pictures. The Science
will give only “brushes” and “canvas” to us.

Are Al systems capable to solve the two abovementioned prob-
lems instead of us? For the first problem, such chances exist, but the
second one cannot be solved without us in principle. Indeed, no-
body can know better than us that we want. However, both these
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problems are interconnected. Therefore, people always will have to
do intellectual job. It is true also for the case that our “intelligent
assistants” will be very powerful.

Conclusion

Perspective of the future of artificial intellect (Al) is considered
here. It is shown that Al development in the future will be closer
rather to art than to science. Complex dissipative systems whose
behavior cannot be understood completely in principle will be a ba-
sis of Al. Nevertheless, it will not be a barrier for their practical use.
However, a human person inevitably will conserve his important
role. It is impossible to completely to exclude him from the process.
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CoBpemeHHast Kilaccu4ecKasi CTaTUCTUYecKasi pU3uKa, TEpMOJAMHAMUKA, KBAHTOBas
MeXaHUKa 1 TEOpHsI IPaBUTALMHU -IIUPOKO W3BECTHBIE Hay4Hble Teopuu. OHU pa3paboTaHbl U
XOpOLLIO U3YUYEHBI B TEUEHUE YK€ AOITOro BpeMeHu. OIHaKo, OHU COJIEP’KaT MHOKECTBO
1apagoKCOB. DTO 3aCTaBJISIET MHOTO YUYEHBIX COMHEBATHCSI OTHOCUTEIBHO BHYTPEHHEN
3aMKHYTOCTH 3TUX Teopuil. TeM He MeHee TaHHbIEe TapaJOKChl MOTYT OBITh PEILIEHbI B paMKax
yKe cyllecTByomel Gpu3nkm, 6e3 BBeIeHUsI HOBBIX 3aKOHOB. OOCYk/1€HbI ITapa0KCHI, JIeXKAI1e
B OCHOBE KJIACCUYECKON CTATUCTUIECKON (PU3HKHU, TEPMOJUHAMUKH, KBAHTOBOW MEXaHUKH,
HEKBAaHTOBOM Y KBaHTOBOM IpBUTALMU. [I0AX0AbI K PELICHUIO 3TUX NTapaJOKCOB MPEII0KEHbI Ha
OCHOBAaHUU CYIIIECTBOBAHMS YHUBEPCAIBHON CTPEIIbl BpeMeHU BO Beenennoil. [lepBoiii moaxon
OCHOBBIBAETCSI HA BIIMSHUM BHEIIHET0 HaOIroAaTess (MM OKpYy XKaroleil cpelibl), KOTOpPBIH
paspyliaeT KOppessiliui B CUICTEME U IPUBOJUT K BhIPAaBHUBAHUIO (CUHXPOHU3ALIUN) CTPE
BpPEMEHH KakK ero, Tak 1 HabItoaaeMoii cucreMsl. Bropoii moaxon 6a3upyercs Ha OrpaHUYeHHBIX
npeJenax caMo-Io3HaHUs CUCTEMbI B TOM cllyyae, KOI/la BHEUIHHM HaOnonarenb,
HaOJro1aeMasi CUCTEMa U OKpY Karollasi Cpeia CaMH BKJIFOUSHBI B pACCMAaTPUBAEMYIO CUCTEMY.
BBoasTcs nousaTus Habm0aeMoi JUHAMUKY, UI€aIbHON IMHAMUKH, U HENpPeICKa3yeMon
JUHAMUKU. PaccMOTpeH (heHOMEH CyIecTBOBAHUS CIIOKHBIX (’KMBBIX) CUCTEM C TOYKH 3pEHHS
ATUX JTMHAMHK. PacCCMOTpEHBI EPCIIEKTUBBI TPAKTUYECKOIO UCIIOIb30BAHNS HENPEICKA3yEMBbIX
CUCTEM JUIsl HCKYCCTBEHHOI'O MHTEJUICKTA.

Yacts 1. YHHBepcagbHan cTpesa Bpemenu: Ciaydai
KJIACCHYECKONM MEXAaHUKMU.

0. Annoraunusi: Pa3penienue napajgokca 3aKoHa pocTa SJHTPONUU
B 00paTHUMBIX CHCTEMAX.

Cratuctudeckast pu3uka HE MOKET OOBSICHUTD, TOUYEMY TEPMOJIUHAMHUYECKAS CTpelia BPeMEHH
CYNIECTBYET, €CJIM HE TIOCTYIUPYIOTCS OYEHB CIEIMaIbHbIE U HEECTECTBEHHBIC HaYaIbHBIC
ycioBus. OMHAKO, MBI YyTBEPXKIaeM, YTO CTAaTUCTHYECKas (PU3NKA MOKET OOBSCHUTH, TOYEMY
TEPMOJIMHAMHUYECKAs CTPEJIa BpEMEHH YHUBEPCaIbHa, TO €CTh, TOYEMY CTpeia BpeMEHH!
HalpaBJi€Ha B OJIMHAKOBOM HalpPaBJICHUH MOBCIOAY. A UMEHHO, €CJIH Y ABYX MOACUCTEM €CTh
IMPOTHUBOIIOJIOKHBIC HAIIPABJICHUA CTPCJIbl BDEMCHU IIEPBOHAYAIBHO, BSaHMO}IeﬁCTBHe MCXKIAY
HUMHU JIeJIaeT KOH(UTYPAIUIO CTATUCTUYECKU HEYCTOMUMBOM U BBI3BIBAET MEPEXO K CHCTEME C
YHUBCPCAJIbHBIM HAITPABJIICHUEM CTPCIIbI BDEMCHMU. Mkl JaeM 06u11/1e Kau€CTBCHHBIC apryMECHTEI
B [10JIb3Y TaKOT'O B3TJIs1a U WILTIOCTPUPYEM HX JETANIbHBIM aHAJIM30M "UTrpyIIeuHON" MOJIenH,
ocHoBaHHOM Ha "[IpeobOpazoBanunm [Texaps".

1. BBeaenue

[TpoucxoxaeHne CTpeabl BPEMEHH - OJIHA M3 CaMbIX OOJIBIITUX HEPEIIEHHBIX 3arajlok B (Pu3nke
[1-5]. Xopoiio ycTaHOBIIEHO, YTO OOJIBITUHCTBO CTPES BPEMEHH MOXKET OBITh TIPUBEICHO K
TEPMOJMHAMHUYECKOM CTpesie, HO MPOUCXOXKICHHE TEPMOAMHAMUIECKON CTPEITbl BpeMEHH!
OCTaeTcs TailHOM. A HIMEHHO, CYIlI€CTBOBAHHE TEPMOAMHAMUYECKON CTPEIIbl BpeMEHU O3HAYAET,
YTO CUCTEMa HE HAXOJUTCS B COCTOSHUU C MaKCUMAJIbHO BO3MOKHOU dHTponueit. Ho 3to
03HAYyaeT, YTO CUCTEMA HE HAXOJUTCSl B CAMOM BEPOSITHOM COCTOSIHUU, YTO HE UMEET HUKAKOTO
CTAaTUCTUYECKOTO 00BbsICHEHUS. DaKT yBEIMYCHHS SHTPOIIUU CO BpEMEHEM O3HAYaeT, YTO
cucTtema Oblia B IayKe€ MEHEE BEPOSITHOM COCTOSIHUH B MPOIIIOM, YTO JIeaeT 3aady emie Ooee
ciokHoi. KoHeYHO, pOCT SHTPOIUH CO BPEMEHEM MOXKET OBITh ONUCAH, TIPHU MPEMOI0KEHNH,
4yro Beenennas Obuia B COCTOSHUM ¢ OYeHb HU3KOH sHTponuel BHavane. OTHaKO MPU ATOM
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HUKaK HEJb3d 00BACHUTH, NoueMy BceeneHHast Hayanach ¢ TAKOTO0 OYE€Hb CHEUAIBHOTO U
HEECTECTBEHHOI'0 HaYaJIbHOT'O YCIOBUSI.

B nenaBneit ctatbe Maccone [6] yTBepskaal, 4To 3a1a4a MPOUCXO0KICHUS CTPEIbl BpEMEHU
MOJKET OBITh pellieHa KBaHTOBOM MexaHukoi. OH MMoKasal, 4To B KBAHTOBOM MEXaHUKE BCe
ABJICHUS, KOTOPbIE OCTABJISIOT CJIe]] B MaMsTH HaOmtoaarens (1, ClieJoBaTeIbHO, MOTYT OBITh
U3y4eHbI PU3UKON) SIBISAIOTCSI IYMEHHO TeMHU, IPU KOTOPBIX SHTponus yBennunBaercs. (Cremnyer
OTMETHUTh, YTO APIYMEHT O CTUPAHUU NaMsITH HaOIroAaTes s py yObIBAHUH SHTPOIIUU U
COOTBETCTBYIOIINE MBICIEHHBIE IKCIIEPUMEHTBI, PACCMOTPEHHBIE B [6], HCIIOIB30BaIach U B
Oosee paHHUX padoTax APYTUX aBTOPOB Ul pa3pellieHus napagokca pocTa SHTPOIHH U
KBaHTOBOTO MapaJiokca pelyKIHH BOJIHOBOro nakera [7-9]). 13 aroro Maccone 3akito4aeT, 4To
TakUM 00pa3oM BTOPOW 3aKOH TEPMOJAMHAMHUKYU CBOJUTCS K IPOCTON TaBTOJIOTHUH,
aBTOMATHUECKH pelas npolieMy cTpeiibl BpeMeHH B pusuke. OHAKO, HEKOTOpbIE C1a00CTH
apryMeHToB, UCNOJIb3yeMbIXx Maccone B [6], yka3ansl B cTaTbsx [10-12]. Kak oTBeT Ha oaHO U3
ATHUX BO3pa)KeHUi, B 6osiee mo3aHel myonukanuu [13] cam Maccone moHsi1, 4TO €ro MoaAXo[
MOJIHOCTBIO HE pelllaeT NpodeMy MPOUCXOKACHHSI CTPEIIbl BpEMEHH, IIOTOMY YTO KBaHTOBBIN
MEXaHM3M TaKke TpeOyeT KpaiiHe HEBEPOSTHBIX HAYATbHBIX YCIOBUN, KOTOPBIE HE MOTYT OBITh
00BSICHEHBI, UCXO/SI U3 €T0 apPI'yMEHTOB.

Bce ke, kak 1 Maccone B [13], MbI mojiaraem, 4To HEKOTOPbIE UJIEU, TPEACTABICHHBIE B [6] U
[13], neHCTBUTENBHO IOMOTAIOT JIy4Yllle OHSThH MPo0JIeMy CTpenbl BpeMeHH. Llensb 3Toii ctaThbu
COCTOHUT B TOM, YTOOBI Jlasiee pa3paboTaTh, yIyUlIUTh, pa3bsCHUTh, U PACLIIMPUTH HEKOTOPHIE U3
ujeH, KoTopble ObUTH mpeacTaBieHsl B [6,11,13], 1 Takke B HECKOJIBKO OTIIMYHOM KOHTEKCTE B
(8,9, 14, 15, 16, 30]. B uactHocTH, B 0T/IIuKe OT Maccone B [6, 13], MbI yTBepKaaem, 4To
KBAHTOBas MEXaHMKA HE SIBJISIETCS CYLIECTBEHHBIM (PaKTOPOM JJIsl pa3peLIeHHs 3TOi MpoOIeMBbl.
[TosTOMY B 3TO# CTaThe MBI paCCMaTPUBAEM TOJIBKO KIACCUYECKYIO CTATUCTUYECKYIO (PU3UKY.

Wnes paspernienus 3Toro napajokca cienyromas. Jlaxke npu ToM, 9YTO CTaTUCTUYECKast
¢du3uKa He MOKET OOBSACHUTD, IOYEMY TEPMOJANHAMHYECKAs CTpeia BpEMEHH CYLIECTBYET, IO
KpaiiHeil Mepe, CTaHOBUTCSI BO3MOYKHBIM OOBSCHUTH, IOYEMY TEPMOAMHAMHUYECKAs CTpea
BpeMeHH yHUBEpcalibHa. T0 ecTh, MBI MOKEM OOBSCHUTH, IOYEMY CTpeJia YKa3bIBaeT B
OJINHAKOBOM HAIIpaBJIEHUH MOBCIOY. A UMEHHO, €CJIU Y JIBYX IOJICUCTEM €CTh
IIPOTHUBOIIOJIOKHBIE HAIIPABJIEHUS CTPEJIbl BpEMEHHU NIEPBOHAYATIBHO, B3aUMOJIECHCTBUE MEKTY
HUMH JIeJIaeT KOH(PHUTYpAIHIO CTATUCTUYECKHA HEYCTOWYHMBOM U BBI3BIBAET MEPEXO]] K CUCTEME C
YHUBEPCAJIbHBIM HAPABIEHUEM CTPEJIbl BPEMEHH. DTO, KOHEYHO, MOJTHOCTHIO HE pElIaeT
po0JIeMy POUCXOXKICHUS CTpeNbl BpeMenu. Ho, o kpaiineit mepe, oberdaer e€ pericHue.

CraTpst opranu3oBaHa cieayonmmM oopazom. B crienyromieM paszaene Mbl IPeICTaBISIEM CBOU
TJIaBHBIC UJIEW B MHTYUTUBHOU HeTexHn4yeckor ¢opme. [Tocie saToro, B pazaene 3 Mbl u3ydaem
cratuctudeckue cBoricta "[IpeodpazoBanus [lexaps" (HEKOTOpPbIE OCHOBHBIE CBOMCTBA
KOTOpOTo IpejacTaBiieHbl B [IpuioskeHnn), KOTopoe CIyKUT "UrpyILIEUHON" MOJIeNbIO 171 TOTO,
YTOOBI U3YYHUTh XapaKTepHbIE 0COOEHHOCTH 0OPATUMBIX Xa0THYECKUX [ 'aMUITbTOHOBBIX CUCTEM.
Kax no6GouHBlii pe3ysibTaT, B 3TOM pa3/iesie Mbl TAK)KE POSICHAEM Pa3HUILY MEX]y pa3IudHbIMU
OTIpeIeTICHUSIMHU MTOHATHSA "dHTpornuu". 3aTeM, B pasneie 4 Mbl uzydaeMm 3P GeKTsl caadbIx
B3aMMOJIEHCTBUIM MEX Ay NOJICUCTEMaMU, KOTOpbIE, 0€3 B3aUMOAECUCTBHS, IBOIOLIMOHUPYIOT
cornacHo "[Ipeo6pazoBanuto Ilekaps". B yacTHOCTH MBI 0OBSICHSIEM, KaK CJIa0bIe
B3aMMOJIEICTBHS pa3pylIalOT IPOTUBOMOIOKHBIE CTPEIIbl BpEMEHH MOACUCTEM, Jeias UX
HAMHOTO MEHEee BEpOATHBIMHU, YeM B ciyuae 0e3 B3aumojieiicTBus. Hakonel, B pazzaene 5 Mbl
JTa€M KaueCTBEHHOE 00CYXEHHUE HAIIUX PE3yJIbTaTOB, BKIIOYAs UX COBMECTUMOCTh C HAJIMUHUEM
CHUJIbHOB3aMMO/JICHCTBYIOIIUX CUCTEM, B KOTOPBIX SHTPONHS MOJICUCTEMBI MOKET YMEHBIIUTHCSA
CO BpEMEHEM.

2. 'naBHbBIC HIEMH.

Anpuopro, BEpOSITHOCTh HATUYUS TEPMOIMHAMUYECKOMN CTpEJIbl BPEMEHH OYEHb HU3KA.
OpHako uaest COCTOUT B TOM, YTOOBI yMaTh B TEPMUHAX VCI08HbIX BEPOSITHOCTEH. YUUTHIBAS,
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YTO TEPMOAMHAMHUYECKAsl CTPEJIKA CYIIECTBYET, YTO MOXKET Mbl, HCIIOJIb3Ys CTATUCTHUECKHE
apryMeHThl, BBIBECTH U3 3TOr0?

YUToOBI OTBETUTH HA 3TOT BOIPOC, O3BOJBTE HAM HAa4YaTh C 3aKOHOB MUKPOCKOITNYECKOM
TeopuH. MBI peanonaraeM, 4To AMHAMUKa MUKPOCKOITMYECKUX CTENEeHeH CBOOO/IbI OITMCcCaHa
HabopoM mudQepeHraIbHBIX YpaBHEHHH BTOPOTO TOPSIIKa (C TPOU3BOIHBIMHU IO BPEMEHH ),
KOTOpBbIE SBJISIOTCS HHBAPUAHTHBIMU NPH 0OpaleHnu BpeMeHu t — —t. Takum oOpasom, y
000X HaIpaBJIEHUN BPEMEHU €CTh allpUOPHO paBHBIE poJiu. UTOOBI ONpeAeuTh €IMHCTBEHHOE
peleHre ypaBHEeHUI IUHAMUKY JIBUKEHUS, TAK)KE HY)KHO BBIOpaTh HEKOTOpoe "HayaibHOe"
BpeMms tp, HA KOTOPOM JOJKHBI ObITh ONpeiesieHbl HavanbHble yeiaoBus. ("HavyanbHoe" Bpems He
00513aTeJIbHO JJOJKHO OBITh CAaMBIM PAHHUM BpeMEeHeM, B KoTopoe Bceenennas Bouuia B
cyuectBoBaHue. g 11060ro tg, B KOTOPOM OIpeIeieHbl HaYaJbHbIE YCIIOBUS, YPaBHEHUS
JUHAMUKU JABWKEHHSI €IMHCTBEHHBIM 00pa3oM ONpeAesstoT cocTosiHue Beenennoit kak s t>
to, Tak U ISt t <tp). DTO - MPOCTO OOBIUHBIN CHIEITU(DPUUESCKUI MOMEHT BPEMEHH, KOTOPBIM MOXKET
ObITH B3AT Jaxke B "OyaymieM". JlelicTBUTENBHO, B 3TON CTaThe Mbl IPUHUMAEM KapTUHY
"6ounoit Becenennoit" (cmotpu, Hanpumep, [4, 17, 18, 19] u ccbuiku Tam), COrIacCHO KOTOPOH
Bpems He "Teuet". Bmecto sToro Beenennas - 3To npocto "cratuueckuil" o0beKT B 4-€x
IPOCTPAHCTBEHHO-BPEMEHHBIX U3MEPEHUSIX.

Koneuno, anpuopnas BepoATHOCTb HEOOIBIIONW SHTPOIIUM B MOMEHT to OueHb Hu3ka. Ho nmpu
YCIIOBUH, YTO SHTPONUS, OaHHas 8 MomeHnm 1, ABIISE€TCS HEOONbILOM, KaKOBa BEPOSITHOCTD, UTO
CYILIECTBYET TEPMOJMHAMMUECKAs cTpesika BpeMeHU? OHa, KOHEUHO, O4E€Hb BbIcOKa. OHaKO,
oJiarasi, YTo SHTPONHUs B tg HU3KA, CAMBbIil BEPOSTHBII BBIOOP COCTOUT B TOM, YTO SHTPOIHS
YBEJIMYUBAETCS B 000UX HANIPABJIEHUSX C MUHUMYMOM B tg. C IpyToil CTOPOHBI, Ha MPAKTHUKE,
KOTI'J1a Mbl BpEMS OT BPEMEHH JIe1aeM U3MEPEHUs, SHTPOIUS JEHCTBUTEIBHO HU3KA, HO MPU 3TOM
HE yBEJIMYMBAETCS B 000MX HampaBieHUsX. BMeCTo 3T0ro oHa yBenuunBaeTcst TOJIbKO B OJTHOM
HanpaBJIeHUU. DTO OOBSACHSET, IOYEMY JJIsi TAITMYHOTO MOMEHTA BPEMEHU tg HE TOJIbKO
"HauanbHasA" SHTPOMHUS OIPEJIeNIeHa, HO U crenn(ruIecKoe HallpaBIeHHE YBEIUUYEHUS SHTPOIIUU
TaKke ornpeaeneHo. Ha MUKpOCKOMYECKOM ypOBHE 3TO CBSI3aHO € TeM (PaKTOM, YTO B MOMEHT tg
JUIs IOJTHOTO OMMCAHUS HayaJIbHBIX YCIOBUI HEOOXOAMMO HE TOJIBKO ONPEIeIUTh HayallbHbIE
MIOJIO’KEHUS YaCTHULL, HO TAKXKE U UX HayaJIbHbIE CKOPOCTH.

A Tenepb LEHTPaIbHBINA BOIPOC 3TOTO paszeia. Y YUThIBas, YTO B MOMEHT BPEMEHH tg
SHTPONHUS HU3KA, IOYEMY SHTPOMHUS B YBEIMUHUBAETCSA B ’TOT MOMEHT tg B OZJHOM U TOM K€
HarpaBJIeHuH (IPUHUMAEMOM 3a MOJIoKUTeNbHOe) noBctoay? Kaszanocs 651, 60j1€€ BEpOsATHO,
YTO HAIPaBJIEHUE YBEIMYEHUS SHTPONMH U3MEHSETCA OT TOUKH B MOMEHT to. Eciiu Tak, Torna
noyemy Mbl He Ha0OmroaeM 310? JIpyrumu cioBaMu, oYeMy CTpelia BpEMEHH YHUBepcalbha,
uMesl OJTHO U TOM € HalpaBJeHHE MTOBCIOLY JUIsl JaHHOTO MOMeHTa to? Mbl Ha30BEM 3Ty
npobaeMy NpoOsIeMoi yHugepcaibHoCmu cmpensl 6pemMeHuU.

B aT10i1 cTaThe MBI yTBEpXKIaEM, UTO 9ma 3a7a4a MOXKET ObITh PEelIeHa CTATUCTUYECKOM
¢usukoil. Kopoue rosops, Haie perienue cienyromue. Eciin Mbl ITHOpUpPYEM B3aUMOJIEHCTBHS
MEX/ly pa3IMYHbIMU MOJCUCTEMAMH, TO, IPU YCIOBUH, YTO B to SHTPONHUS HU3KA, TO CAMbII
BEPOSITHBII BHIOOD, AEHCTBUTEIBHO, YTO HAMPABJIEHUE CTPEIIbl BPEMEHH U3MEHSETCS OT TOUKHU K
touke. C Ipyroil CTOPOHBI, €CIM Pa3INYHbIE MOACUCTEMBI B3aUMOIEUCTBYIOT JIpYT C IpYrOM, TO
9TO OoJIblIIE HE CaMblii BEpOsATHBIN BBIOOP. BMecTo 3TOTr0, Aake eciau HanpaBiIeHNUE CTPENKU
BPEMEHHU M3MEHSETCS OT TOUYKH K TOYKE B MOMEHT t0, TO B3aUMOICHCTBHE 00eCTIeunBaeT
€CTECTBEHHBIN MEXAaHU3M, KOTOPBIN BEIPABHUBAET BCE CTPEJIBI BDEMEHHU B OJJHOM M TOM XK€
HaIpaBJICHUU.

YToObl MPOMIIITIOCTPUPOBATH NApaZ0Kca CTPEIbl BpEMEHH, YAaCTO MCIIOJIb3YOTCSI MBICIICHHbIE
skcriepuMenThl Jlommuara (rmapagokc odpamieHus Bpemenn) u [lyankape (teopema o
BO3Bparax). COOTBETCTBYIONIUE MAPAJOKChI B KIIACCHUECKOW MEXaHUKE PEIIECHBI CIIETYOLUIM
oOpa3om. Kitaccuueckast MexaHuKa O3BOJISIET, 110 KpailHel Mepe B MPUHIUIIE, UCKITIOUYUTh
10601 3¢ ekt BnusHUSA Habmo1aTens Ha HabmogaeMyto cucteMmy. OHaKo, OOJBIIMHCTBO
peaNbHBIX CUCTEM SIBISIFOTCS Xaomuueckumuy. Takum o0pazoM, axe cadoe BO3MYILIEHUE MOKET
IIPUBECTH K SKCIIOHEHIIMAILHOMY PACcX0KIEHUIO TpaeKTopuid. KpoMe Toro, cymecTByeT



HE3HAYUTEIILHOE B3aUMOJICHCTBUE MEXKTy HaOIro1aTeeM 1 HabrotaeMoit cuctemoit. Kak
MPOCTOI MPUMEP, PACCMOTPUM T'a3, PACIIUPSIONINICS U3 HEOOIbIIONW 00JaCTH MPOCTPAHCTBA B
OombIIoli 00heM. B 3TOM mporiecce, HayIeM ¢ YBeITMICHHEM dHTPOITNH, U3MCHCHHE BO BPEMEHU
MaKpPOCKOMUYECKUX MMapaMeTPOB YCTOMUMBO 1O OTHOIICHUIO K HEOOIBIIINM BHEITHUM
Bo3MyIeHusM. C Ipyroi CTOPOHBI, €CIIU BCE CKOPOCTH OyAyT 0OpaIieHbl, TO ra3 COXMETCS B
HAYaJbHBIM HEOOBIIONH 00BEM, HO TOJIBKO B OTCYTCTBHUE JIFOOBIX BO3MYILIEHUH. DTOT MpoIiecc ¢
YMEHBIIICHUEM YHTPOITHH OYCBHIHO HEYCTOWYIHMB, M HEOOJBIIIOE BHEIIHEE BO3MYIIICHUE
peoOpa3oBao ero B MpoIEcc ¢ pOCTOM SHTpomnuu. Takum 06pa3oM, IpoIecChl C YBETHYCHUEM
SHTPOIIHH, YCTOHYHBHI, & C yMCHBIIICHUEM - HET. ECTECTBEHHOE CIIeICTBHE 3TOTO - TO, YTO
HaIpPaBIIEHUE CTPENBI BPEMEHHU (KOTOPOE OMPEAENIEHO POCTOM SHTPOIUH) KaK HabIIogaTeNs, TaK
¥ HaOJII0JaeMOI CUCTEMBI BRIPABHUBACTCS K OJTHOMY M TOMY K€ HAIPaBIICHUIO, M3-32
HEN30€)KHOTO HE3HAYUTEIFHOTO B3aUMOJICHCTBUS MEX Ty HUMU. OHU MOTYT BO3BPaTUThCS Ha3a]l
K Ha4aJIbLHOMY COCTOSTHUIO KaK B mapajokce Jlommuara, Tak u B mapagokce Ilyankape Toibko
BMecTe (Kak cuctema B 1eioM). Takum oO6pazoM, maMsTh HaOIIOAaTeNs OKa3bIBA€TCS CTEPTOH B
KOHIIE, IOCKOJIbKY TOKE€ BEPHETCS B HCXOJHOE COCcTOsIHUE. B mpoliecce 3Toro Bo3Bpara cTpelsl
BpPEMEHH KaK HaOIroaTens, TaKk 1 HaOII0AaeMOl CHCTEMbI YKa3bIBAIOT B HAIIPABICHUU
oOpaTHOM niepBoHaYaIbHOMY. OTCIOIa MOKHO BBIBECTH J[BA CJICJICTBHUS. BO-TIepBBIX, pOCT
SHTPOMNHH HAOIIOIAeTCs KaK B LIEJION CUCTEME, TaK U B €€ JIBYX YacCTsIX OTHOCHUTEIHHO
cobcmeeHHol CTPeNbl BpeMEHH Ha0JIt01aTelsl, HeCMOTpPS Ha TO, YTO SHTPOIUS YMEHbIIAETCS B
KOOpOuHamuom BpeMeHH. Bo-BTOpBIX, MaMsITh HAOIIOAATENs CTepTa HEe TOJIBLKO B CAMOM KOHIIE,
HO TaKXKe y)Ke M OJIM3K0 K KOHESYHOH TOYKE, [TOTOMY YTO HAOIFOAaTeIh HE IOMHHUT CBOETO
"mpouuioro"” (ompeaeneHHOro OTHOCUTENBHO KOOPAMHATHOTO BPEMEHH ), HO IOMHUT CBOE
"6yz[y1uee".

JleficTBUTENEHO, MOXKET Ka3aThCsl BECbMa BEPOSITHBIM, YTO B3aUMOJICHCTBUE BBIPOBHSIET BCE
CTpeJbl BpEMEHH B OJJHOM M TOM K€ HalpaBiieHnd. Ho TyT BO3HHKAeT BOIPOC, - B KAKOM
MMEHHO HaIpaBIIEHUHU U3 ABYX BO3MOXKHBIX? Kak MokeT kakoe-HUOYb OJHO HAIpaBICHUE
OBITH TIPENIOYTUTEIILHBIM, KOT/1a 00a HAIIPABIICHUS anpuopHo OTUHAKOBO BeposTHBI? Ob1Iee
HaIpaBlIeHUE BBIOMPAETCA CIIy4YailHO WIIM OHO MOKET ObITh 3(pPexTuBHO npeackazano? Ecnu
€CTh JIBE MOJICUCTEMBI C TIPOTUBOIIOIOKHBIMU HATIPABIICHUSIMH BPEMEHH B ty, TO COBMECTHAsI
cucTeMa BhIOEpeT HampaBiieHne ""0ojiee CHIIbHOU" TTOICHCTEMBI KaK UX oOIiee Hanpasienue. Ho
Kakas nojcuctema oynet "6osee cunpHasa"? Ta nu, 4To 00J1a7a€T OOIBIINM YHUCIIOM CTETICHEN
cB0001b1? i oHa BEIOMpAETCS 110 HHOMY MPUHITUAITY ?

Ha camom nere, "Gonee cumbHas" cTpelia BpeMEHH — 3TO Ta, KOTOpasi COHAIIPABIICHA C
KOOPJMHATHBIM HalpaBJeHUEM BpeMeHU. J[efiCTBUTENbHO, CUTYyallHsl TYyT HE CHUMMETpUYHAsl.
Jlist t<tp (korza cTpessl BpeMEeHH MPOTUBOHATIPABIICHBI) B3aMMOJICHCTBHE OTCYTCTBYET, a JIJIst
t>ty oHO mosBIAETCA. ITO ACUMMETPHUS B3aUMOJICHCTBUS U ONpPEIesieT Ha0t01aeMy0
ACUMMETPHUIO BPEMEHHU.

Tenepb MbI MOXKEM TOHSTH, IOUEMY CTpeJia BpeMeHHU yYHUBepcaibHa. [IycTh ecTh nmojacucrema,
y KOTOPOH €CTh CTpeJia BpeMEHM HallpaBJIEHHAsl IPOTUBOMOJIOXKHO Hallel o01el cTpene
BpPEMEHH, U 3Ta MOJICUCTEMA WM HAbI0JaeTcsl, Uil He HaOmonaeTcss Hamu. Ecnu oHa He
HaOJI01aeTCs, TO ATO HE HApyIIaeT Toro (hakTa, YTO Hallla CTpeJia BPEMEHH KaXeTcs
yHUBepcanbHOU HaM. Ecnu oHa HabmogaeTcs, Torjaa oHa B3aUMOICUCTBYET ¢ HaMU. A 3TO
B3aMIMOJICHCTBHE MMPUBOJIUT K TOMY, UTO 3TH CTPEJIBI BPEMEHU HE MOTYT OBITh
MIPOTUBOMOJIOKHBIMU B TEUEHHE JOJTOr0 BpeMeHu. B mo6oM cirydae - mo, umo mul
Habaooaem, 00JIHCHO UMENb MO JHce camoe HanpasieHue pemMeHu, 9YTo U Hamie (KpoMe,
BO3MO>KHO, O4€Hb KOPOTKOT'O BPEMEHHOT'0 HHTEpBaJIa). ITO MOI00HO pacCy>kKIeHHIo B [6], ¢ To
BaXHOW Pa3HOCTHIO, YTO HAIlIE pacCykIeHue He 0a3upyeTcs Ha KBAaHTOBOW MEXaHHMKE.

B ocTarommxcs pazznenax Mbl IOATBEPKAA€M STH UHTYUTHBHBIC UIeU 00JIee KOTNYECTBEHHBIM
AQHAJIU30M.

3. Cratucruveckan ¢pusuka [IpeodpazoBanus Ilexaps



[TpeobpaszoBanus [lekaps (s 6osee getanbHOro aHanmsa cMoTpu [lpunoxenne A) oroOpaxkaer
1r00Yy10 TOUKY €IMHUYHOrO KBaJpaTa Ha APYTYI0 TOUKY TOTO XK€ caMoro KBajapara. Mbl u3ydaem
Habop N>> 1 Takux To4ek (Ha3blBaeMbIX "dyacTuiiaMu'"), KOTOPBIM JIBUKETCS MO BO3AEHCTBUEM
[TpeoOpaszoBanus Ilekaps. O1o sBisercs "urpyueyHon" Mozenbio 1uid "ra3a, KOTOpbIi
o0ajaeT BCeMH TUITMYHBIMU CBOMCTBAMHU KJIACCHYECKHUX | aMHIIBTOHOBBIX 00PaTUMBIX
JIeTEPMUHUPOBAHHBIX Xa0THUECKUX CUCTeM. [leficTBUTENBbHO, U3-3a €0 MPOCTOTHI,
[TpeoOpa3oBanus [lekaps mmpoxo ucnonb3yercs B Takux ueisx [20, 23, 24, 25].

3.1 Maxkpockonu4yecKkasi JHTPONMS ¥ IHTPONUS aHCAMOJIA

YtoOb! onpeenuTs yA00HbIH HAOOP MAKPOCKOIMUECKUX IEPEMEHHBIX, Mbl JICJTUM €IUHUYHBIN
KBaJpaT Ha 4-pe paBHbIX noakBaapaTa. Ilycts 4-pe nepemenHsix N, No, N3, Ny, 0003HauaroT
yuciio "qacTull" B COOTBETCTBYIOLIUX MO/KBaApaTax. OHU U SBISAIOTCS MAaKPOCKOMMYECKUMU
nepeMEeHHbIMHU 151 Hateil cucteMsl. (EcTh, KOHEYHO, MHOTO APYTUX YIO0OHBIX CIIOCOOOB
OIpeeNIUTh MaKPOCKOIIMYECKUE IIEpEMEHHBIE, HO OOLIME CTATUCTUUECKHE 3aKOHOMEPHOCTH HE
JIOJDKHBI 3aBUCETh OT 3TOTr0 BeIOOpa). Makpockonuyeckas sHmponus Sy JTaHHOTO
MaKpOCOCTOSIHUS OIIPEAENISIETCS YUCIOM PA3JIMYHBIX MUKPOCOCTOSIHAM, COOTBETCTBYIOLIUX
TOMY MaKpOCOCTOSIHUIO, M OTUCHIBAETCS cleaytomel popmynoi

4N N 4 N
S,=-N —klog(—k)=— N Iog(—k) (1)
Z N N Z “PUN

DTa PHTPONHU MAKCUMAIIbHA, KOTJIa pacipejieleHie YacTHIl PABHOMEPHO, KOTa Spy paBHa Sy
= N log4. B To BpeMst SHTpOIUSI MUHUMAaJIbHA, KOTJ]a BCE YAaCTHUIIbl HAXOASITCS B OJHOM
MoJIKBaIpaTe, T.e. koraa Sy = 0.

[Tyctb (X, y) 0003HAYAIOT KOOPIMHATHI TOUKU HA ¢IHHUYHOM KBajpate. Ha ¢pu3nueckom si3bike
9TO COOTBETCTBYET MOJIOKEHUIO YaCTHIIBI B 2-MepHOM (a30BoM npoctpancTse. s N gactuil
MBI pacCMaTpUBAaEM CTATHCTHUYCCKHUN aHCAMOJIb C IUIOTHOCTBIO BEPOSTHOCTH P (X1, Y1;..; XN, YN; 1)
Ha 2N pa3mepHoe (a30BOE MPOCTPAHCTBO. 31eCh L - BpeMeHHOW TapaMeTp, KOTOPBIA UMEeT
nuckpetHble 3HaueHus t =0, 1, 2... mis [IpeoOpazoanus [lekaps. Torna skmponus ancamois
OTIpeNIeNsIeTCs KaK

Se == P Yas % Y 30109 (K, Vo5 Xy Yy s)AX (2)
rac
dX = dx,dy,..dx,dy, @)

B o0mem cityuae, p U Se H3MEHSIOTCS B ITpoLEcce IBOIIOLMH, onpenenseMoil [IpeobpaszoBannem
[lekaps, u 3aBUCAT OT HavajabHOU p. O HAKO, €CIM HayaylbHasg (PyHKLHUS IUIOTHOCTU
BEPOATHOCTH UMeEET hopMy

p(Xliyl;"';XN’yN)zp(xl’yl)"'p(xN’yN) 4)

KOTOpasi COOTBETCTBYET HEKOPPEIUPOBAHHON (QYHKITUH IIOTHOCTH, TOTJA (PYHKIIHS ITIOTHOCTH
BEPOATHOCTH OCTAETCSA HEKOPPEIUPOBAHHOM B MPOLECCE NATBHEHIIEH IBOIOIUY.

Tak, HanpuMep, paCCMOTPUM (YHKIIUIO p(X|, Y1), KOTOpas paBHOMEpHA B Ipe/iesiax HEKOTOPOit
nogo6mactu X (¢ mromanbio A<l) emTMHMYHOTO KBajaparta, U oOpariaeTcs B HyJIb 3a MpeaenaMu
2. JIpyrumu cioBamu, IyCThb



1/ A for(x,y) inside X

k) lt = - 5
ALY 0  for(x,y,) outsideX ®)
B sTom cnyuae
1), (1Y)"
S,=—|=| log| = | A" =NlogA 6
3] oo 5) : ©)

Tak kak A He U3MEHSETCs B IIPOIECCE IBONIOINH, onpeaensemoit [IpeobpazoBanuem Ilekaps,
TO U S¢ SIBIIAETCS MOCTOSTHHOM B TIPOLIECCE IBOIONNH, onpeaensieMoit [Ipeobpa3zoBannem
[Texapsi. DTOT mpUMep WILTIOCTPUPYET, UTO Se ABISACTCS (PAKTUUESCKH MOCTOSHHOM ISt
npou3BoIbHOU HadambHON (QyHKIMU. 1 TOKa3aTebCTBA, MO3BOJIBTE HAM Pa3/IeluTh
eAMHUYHBIN 2N-MEpHBIi AUMK Ha O0JIBIIOE KOJTMYECTBO HEOOIBIINX 00JaCTeH ) 5, A KAXKIOU
13 KOTOPBIX BEPOSITHOCTh PaBHA P,a. B mporiecce aBoronum kaxkaas 00J1acThb ) 3 U3MEHSET
dbopmy, HO ee 2N-mepHas "momanp" A, ocraeTcs Hem3MeHHo. Kpome Toro, BEposITHOCTh P, Ha
HOBOM 00J1aCTH ) 3 TaKXe ocTaeTcst Hem3MeHHOW. CleoBaTeIbHO, YHTPOIHS aHCaMOJIs
Se= —EaAaNpalogpa OCTaeTCsl HEM3MEHHOU TaK)Ke. DTO - OCHOBHASI UJI€sl IUCKPETHON BEpCUU
JI0OKa3aTelIbCTBa, HO U HEMPEPBIBHAS BEPCHsI MOXKET OBITH C/ieaHa MOI00HBIM e CIIOCOOOM.

3.2 CoorBeTcTBYWOIIME H HECOOTBETCTBYIOLIHE
MAaKpPOCKONUYeCKHNe MmepeMeHHbIe

Makpockonuueckue nepeMeHHbIe, ONpeIeTICHHBIE B MPEIbIIYIIEM T0Ipa3iesie UMEIOT
CJICTYIOINE CBOWCTBA:

1. J{st 60IBIIMHCTBA HAYAJIBHBIX MUKPOCOCTOSTHUN, UMEIOIIIUX CBOHCTBO Sy < Sm™ . Sh
yBenuuuBaeTcs noj nevicrsuem Ipeodpazosanus [lekaps.

2. JInst 60IBITMHCTBA HAYAIBbHBIX MUKPOCOCTOSIHIM, UMEIOIIINX CBOWCTBO Sy = Sm™ . S
ocraercsi noctosiHHOW no AeiicteueM [Ipeobpasosanus [lekaps.

3. JIBa, onrcaHHBIX BIIIE CBOMCTBA OCTAalOTCA B cuiie, korya [IpeobpazoBanus [lekaps
JIOTIOJTHEHO HEOOJIBLINM IIIyMOM.

Ha3oBem MakponepeMeHHbIE, HIMEIOIINE 3TH CBOUCTBA, 100X00AWUMU MAKPOIIEPEMEHHBIMH.

OtHionp He 10001 pa3yMHBIH BEIOOP MaKpOIIEPEMEHHBIX SBJISETCS TOAXOSIINM. DTO MOKHO
MPOMJUIFOCTPUPOBATH MPpUMEPOM. Pa3aennm eqMHUYHbBIA KBaJpaT Ha 2M omHaKoBBIX
BEPTHKAIBHBIX Tos1oc (M>>1). MBI onpezesnsieM HOBO€ MHOKECTBO MaKPOIIEPEMEHHBIX Kak
HOMEpa YacTHIl B KaKI0H 13 3Tux nojioc. [Togodno popmyne (1), coorBeTcTBYOMmAs
MaKpOCKOIMYECKast SJHTPOIIUS

2M I Nk
Sm = _Z Nk Og W ’ (7)
k=1

rae N - guucno yactull B mosioce k. Beibepem crenyroiiee HauaabHOE YCIOBHUE: Ta3 pABHOMEPHO
pacrpeziesieH B HeUETHBIX BEPTUKAIBHBIX TI0JIOCaX, B TO BPEMs KaK YETHBIC MTOJIOCHI ITYCTHI.
Torzaa a1 5TOro HAYaILHOTO YCIOBUS BBIMOMHAETC Sy < Sy . [Ipu 5TOM, B TeY€HHE JOITOro
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BPEMEHHU 3BOJIIOIIMH CUCTEMBI, OCYLIECTBIIIEMOI B cooTBeTcTBUH ¢ IIpeobpazoBanuem Ilekaps,
Sm He yBenn4MBaeTCs HU JJI KAKOTO HAaYaJIbHOI'O MUKPOCOCTOSIHUS, COOTBETCTBYIOIIETO 3TOMY
Ha4YaJIbHOMY MaKpOCOCTOSIHUIO. B TeueHne 3Toi 3BOJIOLNN YHCIIO 3al0IHEHHBIX M0JIOC
YMEHBUIAETCS, a U UX TOJIIMHA YBEIMUUBACTCA, TIOKA TOJIBKO OJIHA TOJICTAs! 3all0JIHEHHAS
BEpTHKAJIbHAS [10JI0Ca HE OCcTaeTcs. ToabKO MOCie TOro, Kak 3TO NPOU30iaeT, Sy HaUMHAEeT
yBennuuBathbes. Creayer oOpaTuTh BHUMaHUE, YTO 3BOJIIOLUS 10 HAMIPABJICHUIO K
€MHCTBEHHOMH 10J10Ce MOKET OBITh JIETKO pa3pylieHa HEOOIbIINM BO3MYLICHHEM.

Taxum 00pa3oM, Mbl BUIUM, YTO BEPTUKAIbHBIE TOJIOCHI IPUBOASAT K HEMOAXOIAIINM
MakKpoIrepeMeHHbIM. B MPOTHBOMOI0KHOCTD TOMY, TOPU30HTAJIbHBIE MTOJOCHI IPUBOJAT K
HOJIXOAALINM MakporepeMeHHbIM. (O1HaKko, MakpoIriepeMeHHbIe, CII0Ib30BaHHbIE B (1), Bce ke
OoJsee crioaxoadIuUe, IOTOMY YTO OHU IMPUBOAST K HAMHOTO O60s1ee ObICTpOMY pocTy Sm.) OTa
ACUMMETPHUS MEXy BEPTUKAJIBHBIMU Y TOPU30HTAIbHBIMU II0JIOCAMH - CIEACTBUE XapaKTEPHOU
acummeTtpuu camoro [Ipeo6pasoBanus [lekaps OTHOCUTENBHO BEPTUKAIBLHONW U TOPU30HTATBHON
KOOPJMHATHI. DTa aCUMMETpUs OJ00Ha aCUMMETPUN MEKIY KaHOHUYECKUMU KOOpIUHATAMU U
UMIyJIbcaMU B ['aMUJIbTOHE KJIAaCCUUECKON MEXaHUKHU I MHOTUX pealbHbIX CUCTEM. A
UMEHHO, /Ul peabHbIX CUCTEM raMHJIBTOHOBBI ()YHKIIMU COJEPKAT TOJIBKO JIOKAJIbHOE
B3aMMOJICICTBHE MEXKIY YacTULIAMU, TJI€ JIOKATbHOCTh MOPa3yMeBaeT OJIN30CTh O
KOOpAMHATE, a HE [10 UMILYJIbCY.

Haxkoner, oOpaTuM BHUMaHHUE, YTO 3BOIOIHS MAaKPOCKOMHYeCKUX mepeMeHHbIX Ni(t), k =1,
2, 3, 4, HalXOUTCS YCPETHEHUEM TI0 aHCAMOIIIO CIETYIOIINM 00pa3oM

N (1) = [N O, Va5 X Vg 500G, Vi X, Vi 51) X (8)

3.3 Orpy0.enne

Kak Mbl yke ckazanu, SHTponust aHcamOJIs (B OTIIMYME OT MaKPOCKOMUYECKOW SHTPOIHH) -
BCErJja KOHCTaHTa B TEUEHHUE 3BONIOLMNUY, onpeaensemoil [IpeobpazoBanuem Ilekaps. Oqnaxo,
XOTEJIOCh OBl IMETh MOJU(PHUIIMPOBAHHOE OIPEIeNICHIE YHTPOIINU aHCAMOJIs, TPH KOTOPOM
SHTPOIUS YBEIMYUBAIACH ObI MOJOOHO K MAKPOCKONUYECKOH SHTponHHU. Takas MoguuKaIus
obecrieunBaeTCs oepyb.ieHuem, KOTOpoe MOXKET OBITh 00€CTIEUeHO BBEICHUEM OTPYOJICHHON
(ha30BOI PYHKIUH MJIOTHOCTH BEPOSTHOCTH.

P (Vi Xy oY) = [ A0 = XYy = Vi X = XY = Vi)

’ ’ 14 ’ ’ (9)
xp(Xl,yl;...; Xy ,yN) dX’,
rae A otimuHa oT Hyus B Hekotopoit oomact X = 0.0:...:0.0. Takum o6pasom,
orpyOJICHHAST SHTPOTIHSI aHCAMOJISI
Se == P (Va3 X Y )10 27 (X, Yy Xy s Vi) OX (10)

Koneuno, pyHkuust A MoxkeT ObITh BEIOpaHa MHOTUMHU criocobamu. J[anuMm Tenepbh HECKOJIBKO
IIPUMEPOB.
[Tepserit mpumMep - orpyOaenue boiabsiMana , onpeaensieMoe CleayonM o0pa3zoM

pwar(xl’yﬁ---; Xy 'yN)= p(xl'yl)"'p(XN ’yN)’ (11)

rac



P06, Y1)= 204,53 X Y A% dy, 0%, dyy (12)

W aHanoruyHo s Apyrux p(XI ,yl)
Jpyroii mpuMep — U30TPONHUECKOe OrpyoieHne umeroriee Gopmy

A(X, = XYy = Vi3t Xy = XK Yy = Vi) =

4 4 ' ' (13)
A(xl - xl)A(y1 - yl)...A(xN — Xy )A(yN - Yy )
Eme onun nmpumep — orpy6nenue [Ipuroxuna [20]
A =X Yy = Vs Xy =X Y = Vi) = A(Y = v A(yy = Vi), 14)

KOTOPOE€ ABJIACTCA aHU30TPOITHBIM Ol"p}I6J'IeHI/ICM BIOJIb C)KMMBIIOLIEIO HAIIpaBJICHU Y.

Hakownern, no3BosibTe HaM yIIOMUHATh Orpy0OJieHUuEe, OCHOBAaHHOE Ha pa3/JeIeHUH CUCTEMbI Ha
JIBE MEHBIIINE B3auMOJICHCTBYIOIIME TIoAcucTeMbl. OrpyOaeHHast SHTPOIUS aHCAMOIIS IS
MOJTHOM CHCTEMBI OMpeiesieHa Kak apudMeTHIecKast cyMMa HeOrpyOJIeHHBIX SHTPOIUN
aHcaMOJ1s1 ATUX €ro nojcucteM. Takas orpy0OiieHHas SHTPONHSI UTHOPUPYET KOPPESALIUU MEXTY
MOJICUCTEMaMH.

Bce atu Tumnsl orpy0ieHue UMErOT cieayolee CBOUCTBO: Eciu HauaabHOE MUKPOCOCTOSIHUE
TaKOBO, YTO MAaKpOCKOIHMYECKask YHTPOMHS YBEITUUHUBAETCS, TO OTpyOJICHHAs SHTPOMHS aHCaMOJIsI
Takxke OyJeT yBeTMYUBATHCS IS TOT0 HAYAJIbHOTO MUKpOcOoCTostHUS. [Ipu aTOM, orpy0ienne
[TpuroxkvHa MMeeT ciexyomye MperuMyliecTa nepea orpyonenueM bonbimana u
W30TPOIHBIM OTpyOJIeHHEM:

Bo-niepBbIx, eciu B3STh paclpeeieHe HaualbHbIX MUKPOCOCTOSIHUM TaKO€, YTO €ro
MaKpOCKOIIMYECKHUS DHTPONHUSI yMenbuiaemcs. Toraa 3HTPONUS COOTBETCTBYIOIIETO aHCaMOJIs,
orpy6ienHas no [Ipuroxuny xe ymeHnsinaercsi. B To ke BpeMsi, JHTpoOmHs aHCaMOIs,
orpy6neHHas o bospliMaHy MM COTTIACHO H30TPOITHOMY OTpyOJIeHHIO, OYAEeT YMEHBIIATHCS.

Bo BTOpPBIX, NPEIONOKUM, UTO 33/1aHO PACIPEIETICHUE HAYAJIbHBIX MUKPOCOCTOSIHUNA TAaKOE,
YTO €ro0 MaKpOCKOIIMYECKasi SHTPONHUS yBEIUYUBAETCs. Tenepb pacCMOTPUM HEKOTOPOE
"3aKITI0YNTEIRHOE" COCTOSTHHE (Ha3bIBaEMOE J1ajiee UCXOIHBIN aHCaMOJIb) C OOJIBIION
MaKpOCKOIIUYECKOM dHTpomuel, 0113Kkoi k MakcuManbHOM. [locie focTukeHus: CHCTEMOM 3TOTro
3aKIFOYUTENBHOTO COCTOSHUSA, PACCMOTPUM IOJYYEHHOE M3 HErO HOBOE MHBEPCHOE COCTOSTHUE,
MMEIOLIET0 00PaTHYIO BO BPEMEHU 3BOJIOLUIO (DTO JOCTUTAETCS TPOCTO CUMMETPUYHBIM
npedpa3oBaHHEeM OTHOCUTENBHO AMAarOHAIH €IMHUYHOTO KBaJIpaTa ¢ IEpeMeHO0i MecTaMu
KoopauHaT X u y). Toraa sHTponust aHCaMOJIsl, TIOyY€HHOTO TIOCIIE TAaKOTO «00paIieHus» 1
orpy6snenHas no [Ipuroxuty, ckaukoM yMeHbIIAETCs (110 OTHOIIEHUIO K OTpyOIeHHON
SHTPONHH «HEOOPALIEHHOT0» UCXOAHOI0 aHcaMOJIsl, U3 KOTOPOTO OHA MOJIy4Y€Ha ATUM
«obpamieHrem»). B 1o sxe Bpemsi, sHTpomnus aHcamb6Iis, orpyosienHas no bonbimMany unm
M30TPOITHOMY OrpyOJIEHUIO, OCTAETCS MOYTH HEU3MEHHOM.

Taxum o6pazom, orpy6nenue [Ipuroxxnna obecrneunBaer, caMoe aeKBaTHOE OMUCAHHUE 3aKOHA
yeenudenus SHmponuu ancamons 0e3 BCSIKUX JOTOTHUTEIbHBIX MPeAnonoxkeHui. Tak,
HampUMep, YTOOBI MOIYYUTh TOT KE CAMBIN pe3yibTat ¢ orpyosieHuemM bonbliMana, HEOOXOAUMO
OBLIIO OBl MICTIONBH30BATh TOTIOTHUTEILHOE MPEAMOIOKCHIE, HA3bIBAEMOE “THIIOTE30H
MOJIEKYJIIPHOTO Xaoca” 3aKIIF0YaroIIeiics B 3aMeHe p(Xx1, Y1; X2, Y2) Ha p(x1, Y1) p(X2, Y2) B
YpaBHEHUHU ABWXKEHUS IS p(X, ), 1).
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4. IPpdexT caadoro B3aumMoaeicTBuil

4.1 MaJjble BHeIIIHHE BO3MYIIIEHUS

Poct suTpOnumM ancamOi1si MOXKET ObITh JOCTUTHYT Jaxe 0e3 orpyOsieHus, myTeM BBEICHUs
HEOOJIBIIIOTO BHEITHOTO Bo3MyIiieHus B [IpeobpaszoBanue [lexaps. Boamyienne q10mxHO ObITh
JIOCTAaTOYHO HEOOJIBIINM, YTOObI HE YHUUTOKUTH POCT MAKPOCKOITMYECKOM SHTPONHUH, HO B TO
e camoe BpeMsl, JOJDKHO ObITh I0CTATOYHO CHJIBHBIM, YTOOBI IIPEIOTBPATUTH OOpaTHbIE
nporiecchl 1 Bo3Bpathl [lyankape. [[s 607bIIMHCTBA TAKMX BO3MYILICHNN KaueCTBECHHbIE
0COOEHHOCTH 3BOJIOLMHU HE 3aBUCST CYIIECTBEHHO OT JIETaIbHOIO BUJIA BO3MYILIEHUSI.

Cy1ecTBYIOT /1Ba METO/1a, KOTOPbIMU BHEIIIHEE BO3MYILEHHE MOKET ObITh BBeAeHO. Oa1H
METO]I COCTOUT B TOM, YTOOBI BBECTH HEOOJIBILION BHEIIHUMN CIIy4alHbIHN LIyM.
MakpocKoUYeCKHe IPOLECCHI C YBETUYEHUEM MAaKPOCKOIIMYECKOM SHTPOIIUU YCTOMUUBBI 110
OTHONICHHUIO K TakoMy 1ymy. OfHaKo, Iioma/ip o0aacTu onpeenenus GyHKIuu GpazoBoit
IUIOTHOCTH OOJIbIIE HE SBJISETCS MHBAPHUAHTOM MO OTHOILIEHHUIO K BO3MYILIEHHOMY
[IpeoOpazoBanmnio [lekaps. DTHM METOIOM PHTPOIHUS aHCAMOJIST MOXKET YBEITUINBATHCS.

Jpyroii METOZ COCTOUT B TOM, YTOOBI BBECTH CJ1a00€ B3aUMOJCHCTBUE C OKPYKAIOLIEH
cpenoi (KOTopoit MOKET CTyKUTh U "Habmoaarens'). CHOBa, MAKPOCKOITUYECKHE TTPOIIECCHI C
YBEJIIMYEHUEM MAKPOCKOIIMUECKOM SHTPOIUHU YCTOHUMBBI, HO IUIOIIA/b 00JaCTH ONIpeIeIeHUs
byskmn Ga3zoBoil TNIOTHOCTH OOJBIIIE HE SBISICTCS MHBAPHUAHTOM 1O OTHOIICHHUIO K
Bo3MylIeHHOMY [IpeoGpa3oBanuto [lekaps. CrnenoBaTenbHO, SHTPONHS aHCAMOISI MOKET
yBenmuuBathes. OIHAKO, Takasi CUCTeMa OOJIbIIIe He M30JIMpoBaHa. Terneps OHa 94acTh OOJBITICH
CUCTEMBI, pa3/IeJIeHHON Ha JIBe moJicucTeMbl. Cle10BaTeNbHO, KaK ObLIO yke 00BSICHEHO B
Paznene 3.3, orpyOiieHHAsT SHTPOTIHS aHCAMOJTSI JIJISI TIOJTHOW CHCTEMBI MOXKET OBITH OTIpe/IeIICHa
KaK cyMMa HeorpyOJIeHHBIX SHTPOIUN MHOKECTBA €ro MoJCUCcTeM. B cienyromniem noapasuene
MBI U3y4HM cJia0ble B3aUMOJIEHCTBUSI C OKpY KaroIIel cpeioit 6osee moipoOHo.

4.2 Cuaaboe B3auMoJeiicTBHE U 1e30PraHU3alus COCTOSTHUS C
NPOTUBONOJIOKHBIMH CTPEJAaMU BPEMEHH MOACHCTEM

Jliist nanbHENUIero HeoOX0AMMO BEIOPATh HEKOTOPOE ONPE/ICIICHHOE B3aUMOJICHCTBUE MEXKTY
nByMs "razamu". B OTCYTCTBUU B3aUMOICHCTBHS, KaXK/IbI U3 HUX DBOJIIOLIMOHUPYET COTIaCHO
[Ipeobpazosanuto [lekapsi. Mbl momenaem JiBa €IMHUYHBIX KBaJpaTa OAUH HaJ IPYTUM U
ompeesieM B3auMOICHCTBHE C MAKCHMAJIBHBIM PACCTOSTHUEM G TAaKUM 00pa3oM, 4TO, MEXKTY
JIByMs TocienoBarenbHbIMU aramu [IpeobpasoBanust [lekapsi, Bce cambie OM3KHE Mapbl
4acTHIl (C pacCTOSTHUEM MEXK/Ty YaCTHUIIaMH, MEHBIIIUM 4eM G) oOMeHHBaroTcs mectamu. (boree
JIeTaIbHO, MBI CHAa4YaJIa HAXO/IUM Iapy CaMbIX OJIM3KUX YACTHI] (C PACCTOSTHUEM MEXKITY
YaCTHUIIaMU, MEHBIIIUM YeM G) U 0OMeHHBaeM ux Mectamu. [locie 3Toro, Mbl HAXOUM BTOPYIO
napy cambIX OJM3KHUX YacTHI] (C PACCTOSTHUEM MEXKIY YaCTHIIAMU, MEHBIIIUM YeM G, U OTJIHYHBIC
OT paHee y>Xe HalICHHBIX YaCTUIl) U OOMEHHBAEM UX MECTaMH TakKe. MBI TOBTOPSIEM Ty
MpoLeaypy A0 T€X MOp, NOKa HE UCUEPIIBIBAIOTCS BCE TAKHE YACTHULIBIL.) DTH B3aUMOJICHCTBUS
OTIPENIETISIOTCS TOIBKO MEXY YaCTUIIAMU JISKAIIUMH B Pa3JIMUHBIX MOJCUcTEMax. Takoe
B3aUMO/ICHCTBUE HE 3aTParuBaeT ABUKEHUE YACTHUII, HO BbI3bIBAET NIEPEMEIINBAHUE MEKIY
JIBYMSI TTOJICUCTEMAaMHU.

OOpatuM Taxxke BHUMaHUE, YTO TaKOE NIepeMelInBaHle He BeJIeT K napaaokcy I ' uboca, Tak
KaK Mbl pACCMaTPHUBAEM 3T J[Ba SMHUYHBIX KBa/IpaTa KaK JABE PAa3TMYHbBIC TTOJICUCTEMBI.
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Makpockonuyeckas SJHTPONHsI OIpeieleHa Kak CyMMa MaKpOCKOIIUYECKUX SHTPOIUHM 3TUX JIBYX
MOJICUCTEM.

Tenepp M03BOJIbTE HAM pacCMaTPETh CIIydaid, B KOTOPOM CTPEJbl BPEMEHU 3TUX JIBYX
MOJICUCTEM UMEIOT OJMHAKOBOE HampaieHue. [Ipoiiecchbl, B KOTOPBIX MAaKPOCKOIIUYECKUE
SHTPOMNMHU 3TUX JBYX MOJICUCTEM YBEIUUUBAETCS, IBISIOTCS YCTONUYUBBIMU IO OTHOIIEHHIO K
B3anMoJeiicTBHI0. TakuM 06pa3oM, OONBIIMHCTBO HU3KOIHTPOIIMHHBIX HaUaJIbHBIX YCIOBUN
BEJIET K POCTY MaKPOCKOIIMYECKON IHTPONUHN 00EHX MOJICUCTEM, TAK KE KAK MOJIHOM CHUCTEMBI.

TouHo Tak xe, eciiu Mbl 00OpallaeM OMUCAHHBIN BBIIIE POLECC C YBETUUECHHUEM
MaKpPOCKOIIUYECKOM SHTPOIUH, MbI IIOJYyYaeM CUCTEMY, B KOTOPOIl MaKpOCKOIIHYECKast
SHTPOIUS 00CUX MOJACUCTEM, TAK K€ KaK MOJIHOM CUCTEMbI yMeHbuiaemcs. B 3TOM cMbICIe,
B3aMMOJICICTBHE HE Pa3pyLIa€T CUMMETPUIO MEXAY ABYMS HAIlPABJICHUSIMU BPEMEHH.

Tenepp 103BOJIBTE HAM PACCMOTPETH CAMbII MHTEPECHBIM Cllydaid, B KOTOPOM SHTPOIHS
YBEIIMYMBAETCS B IIEPBOM MTOJICUCTEME U YMEHBIICHUX BO BTOpoi. HaganbHOE cocTostHuE
HEepBOil oICUCTEMBI 001a/1aeT HU3KOI SHTponUel (HanpuMmep, BCe YaCTUIbl HAXOIATCS B
HEKOTOPOM HeOOJIbIIOM KBajpaTe okoJio ToukH (0, 0) eTMHUYHOrO KBajpara). AHaJIOTUYHO,
BTOpast oJICUCTeMa 00J1aZiaeT HU3KOM SHTpoIuel (Hanpumep, Bce YaCTULIbI HAXOATCS B
HEKOTOPOM HEOOJIbIIOM KBaJpaTe 0KoJIo TOUKH (1, 1) ennHuYHOrO KBajpara) B KOHEUHOM
COCTOSIHUM.

Ecnu 6b1 He ObUIO HUKAKOTO B3aUMOJAECHCTBUS, TO KOHEYHOE COCTOSTHUE MEPBOI MOACUCTEMBI
ObU10 OBl BEICOKO-3HTPOIUHHBIM COCTOSIHUEM, COOTBETCTBYIOIIUM ITOUYTH PABHOMEPHOMY
pacrpeesIeHHI0 YacTHIl. AHAJIOTHYHO, HAYaJIbHOE COCTOSIHUE BTOPOU CHCTEMBI OBLIIO OBl
BBICOKO-PHTPOIUHHBIM COCTOSIHUEM TOM ke caMoil (JOPMBI.

OpaHako OMMCAHHBIE BBILIE PEHICHUS C ABYMsI IPOTUBOIOJIOKHBIMU CTPEJIaMU BPEMEHU
Oosble He OyayT peleHUsMHU, KOT/1a B3auMo/JIeiicTBHE IPUCYTCTBYET. B GoJbIIMHCTBE Cilyyaes,
B3aMMO/ICIICTBHE CMEUINBAET YACTHUIIbI MEXTy MoAcucTeMaMu. YUCIIo penieHuii co
B3aMMOJEICTBUEM, KOTOPBIE HUMEIOT TE K€ HAaYaJIbHO-KOHEYHBIE YCIIOBHS, OIIMCAHHbIE BBIIIE ,
SBIISIETCSA OUYEHb HEOONBIINM, (PAKTUIECKU HAMHO20 MEHbUIUM, YeM YUCTIO MAKUX peuleHUll 6
OMCYMCmeuU 83aumMo0elcCmeus.

[To3BonbTE CAENaTh NOCIEIHEE YTBEPAKACHNE O0slee KoauuecTBeHHbIM. [lociie HeueTHoro
yuciia 0OMEHOB MEXKy MOJCUCTEMaMH YacTUIa MPOXOAUT K IPYyroi moJiIcucTeMe. AHAIOTHYHO,
II0CJI€ YETHOT'O YMCIIa TAKUX OOMEHOB, OHA OCTAaeTCs B TOM e camoi mojcucteme. BeposiTHocTi
JUTSL OTHX JIBYX COOBITHI paBHBI p = 1/2 M HE 3aBHCAT OT APYTUX YACTHII, IO KpailfHEH Mepe,
npubnu3uTenpHo. Jlanee, Mbl MOXEM yTBEP)KIaTh, YTO CMEIIMBAHUE MEXKTY STUMH JIBYMS
MOJICUCTEMaMH HE3HAUUTEIHHO B HAUaJbHBIX M KOHEYHBIX COCTOSIHUSIX, TTOCKOJIBKY SHTPOMUU
3TUX ABYX MOJCUCTEM COBEPIIEHHO pa3iNyuHbl. Mbl XOTUM BBIUHCIUTH BEPOSITHOCTh
HEOOJIBIIIOT0 CMEIIMBAHUS 11 KOHEYHOT'O COCTOSTHUS, PU YCIIOBHH, YTO CMEIIMBAHUE SBIISETCS
HEOOJIBbIIMM B HAYaJIbHOM COCTOSIHUU. {7151 ONIpeieIEHHOCTH MBI OYZIEM CUUTaTh, YTO
CMEIIMBAaHKE ABISETCS HEOOIBIINM, €CITU YUCIIO0 YacThll N, epeieInX U3 0OJHON MOJCUCTEMY
B Apyryto, sBisiercst uiau Ny <N/4, wim Ne> 3N/4. Takum 00pa3oM, BEpOSTHOCTD J1aHa
COBOKYITHBIM OMHOMHANIbHBIM pacnpeneiacHueM F (Ng; N, 1/2), onucsiBaeMbIM

[K]

F(kin,p)=Y" ? p'(l-p)" (15)

i=0

rae [K] 9BAseTcs CaOMbIM BOABLLMA LLEABIM YACAOM, MEHBLLIE YHEM UAM PABHBIM K.
PyHKUMA F (K; n, p), YAOBAETBOPIET HEPOBEHCTBY
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F(k;n,p)<exp[—2M] (16)

n

CocrosiHNE C TIPOTHUBOIIOIOKHBIMU CTPEJIAMU BPEMEHH TTOJICCTEM HE JIE30PTaHU30BaHO, KOTa
Nt <N/4 nnu N¢> 3N/4. BeposiTHOCTB 3TOTO paBHA

2F(N/4;N1/2)<2exp(-N /8) (17)

9CHO, 4TO 3TA BEPOITHOCTb YMEHbLLIAETCS MO IKCMOHEHTE C YBEAMYEHMEM N.
3OTO O3HAYAET, YTO TAKAS BEPOITHOCTb MPEHEBPEXKMMO MAAQ AAS OOAbLLIOTO N.
CAEAOBATEABHO, MOYTM BECCMNOPHO MOXHO YTBEPXACATb, 4TO MPOLLECCHI C
NPOTUBOMOAOXHBIMM CTREAOMM BPEMEHM BYAYT A€30PTOHM3OBAHbI.

B omnmcanHoi BeIIe MOACIIN, MBI HYKIA€MCs B ITIOYTH PABHOM YHMCJIC YaCTHUII B OTHX JIBYX
noacucreMax, ‘IT06BI AC30PraHu30BaTh COCTOAHUSA C IPOTUBOIIOJIOKHBIMU CTPCIIaMU BPCMCHHU.
9TO CBSI3aHHO C TEM, UTO OJJHA 4aCTHIa MOKET BJIMATH Ha IBUKCHUEC TOJIBKO O,Z[HOI>'I OJIN3KOM
yacTuisl. [yt 0osee peaqTucTUYecKuX B3aUMOJICUCTBHUM O/THA YaCTHIA MOXKET BIUSATH Ha
JOBHUXCHHUEC OO0JIBIIOTO KOJIMYECTBA COCCJHHX YaCTHIl, UYTO O3HAYACT, YTO AAKE OUYCHb HeOOJIBIIIOE
KOJIMYECTBO YACTHULl B OJHOU CHCTEME MOXKET PA3PYILUTh IIPOLIECCHI C YMEHBIICHUEM SHTPOIIUU
JUIsL IPYTOM CUCTEMBI.

4.3 Jlexoppeasiuusi B cHCTeMe C B3aMMOAeCTBHEM

I'aMMIIbTOHOBEI CHCTEMBI OIIUCHIBAIOTCS HE TOJILKO MaKpOCOCTOSAHHUAMU, HO TAKKC U
CJIOKHBIMU HEJIMHEWHBIMH KOPPESALUAMU MEXy MUKPOCOCTOSIHUSIMU. DTH KOPPEIALUU
OTBCTCTBCHHBI 3a O6paTI/IMOCTB. B3aHMOI[eﬁCTBHe MCKAY ABYMS IMOACUCTEMAMMU PA3pyIIacT 9TU
KOppCIiIuU B IOACUCTEMAX, HO ITOJIHAA CUCTEMA OCTACTCA O6paTHMOfI, TO €CTh, KOppCIIIUn
MHOSBIAIOTCS B IIOJTHOU cucTteMe. Takum 06p830M, JACKOppCAnUs B IOACUCTEMAX
pacrpocTpaHseT KOPPEJSIIIUU Ha MOJHYI0 cucTeMy. (DTOT MPoIiece - KIIACCUUECKUI aHaJIor
JACKOI¢pCHIIUU B KBaHTOBOU MeXaHI/IKe).

[MO3BOABTE HOM M3AOXMTb DT KOYECTBEHHbIE MAEN B BOAEE KOAMYECTBEHHOM
dopme. AMHEMHAS KOPpPEeAdUMa (KoppeAdums NMpPCOoHA) MMeET NOBEAEHME,
O4€Hb MOAOBHOE NOBEAEHMIO HEAMHEMHDBIX KOPPREAILLMIM, ONMMCAHHOTO BbILLIE.
EAMHCTBEHHQAS PA3HMLLA B TOM, YTO 3TU AMHEMHbBIE KOPPEAILLMM YMEHBLLIAIOTCS CO
BPEMEHEM. B3AMMOAENCTBME, KOTOPOE Mbl MPEAAOXKMAM, MOXET ObITb
AMNMNPOKCHUMUPOBAHO CAYHOMHBIM LLIYMOM C AMMAUTYAOM, COOTBETCTBYIOLLLEM
PACCTOSAHUIO B3AMMOAEMCTBUS MEXKAY HACTULIAMM.

MO3TOMY, Mbl OXKMAOEM, 4YTO B3AMMOAENCTBME HE TOABKO BbI3bIBAET
BbIDOBHMBAHME CTPEA BPEMEHU, HO TAKXKE BEAET K 3ATYXAHUIO KOPPEAILMM,
KOTOPOE MPOUCXOAUT ACKE BOAEE 3HAYUTEABHO, YHEM STO BE3 B3AMMOAENCTBUS
(Paszaen A.5). Bo BpeMs 3TOro NpoLeCCa 3BOAIOLMI MOACUCTEM CTAHOBMUTCS
HeEOBPATUMOM, HO MOAHAS CMCTEMA OCTAETCH OBPATUMOM.

M-EBI MOKEM KOJIUYECTBEHHO HAUTHU BCJIMYHHY 3TOI'O 3aTyXaHUs KOppCJ’IHLIHfI, BBIYUCIIAA
Koppessanuio [Tupcona 11 Hammx MoACUCTEM, OIACHIBAEMYO

r(m)= C(m) (18)

Je)cm(©)

rae <C™ (0)> - oxumaemas quCIIEpCHst Cy9aiHON BENMMYMHBI X, BBIYMCIIEHHOM 1ocyie m
utepanuii orobpaxenus. ducnepcust C™ (0) MOXKeT ObITh BHYMUCIIEHA KAK
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om _1(j+1)20" _ 2
c"(0)=> f(me—J—<x>+S) dx (19)

J:O j 2—m

m—1
rae S - ciydaifHOe YUCIIO, OMPEICTICHHOE KaK S = ZZk ¢y - 3aech (k- HE3aBUCHMOE U OJTHOPOIHO
k=0
pacrpeiesIieHHOE CIIy4aifHOE YKCIIO C HYJIEBBIM CPEIHUM U AUCTIEPCUEH o’ KOTOpPOE MOJICIIUPYET
BIIMSIHUE B3aUMOJICHCTBUI HA HBOJIFOLIMIO cUCTEMBI. [10ciie KOPOTKOTO BBIYHMCIIEHUS Mbl
[0JIy4yaeM

m-1

(c"(0))=c(0)+(s*)=C(0)+ 222" (Gitu)- (20)

k k'=0

Hcnone3yst ciienyromiee CBONCTBO HE3aBUCUMBIX U OJHOPOAHO PACIIPEAEIeHHBIX CIIydaifHbIX
BEJIMYHMH <4’ N k,> = 5,0 , MBI TIOJTyYaeM

<Cm(0)>=0(0)+22m3‘102 (21)

ACHO, YTO B3AMMOAENCTBME YBEAMYMT 3ATYXAHME KOK MUHUMYM AMHEMHbIX
KOPPEAILMU, MOTOMY HTO

r(m)= 2 (22)
J1+4(22" - 1)

OAHOKO AASl MOAHOM CUCTEMbI KOppeAdumMsa MpcoHa r(m)=2" octaeTtcs ToM

- 1/2
e camom. Tak Kak <Sz> AOAXEH ObITb HOMHOIO MEHbLLIMM, YHEM PAIMEP

CUCTEMbI (€AMHUYHbBIM KBOAPAT), Mbl MOXEM 3AKAKOHYUTD, HTO HALLIM
NPEANOAOXKEHUS, MPUBOAALLME K (22), MPABUAbHBI TOABKO AAS

<SZ> = [(22m —1)/ 3](72 <<l un o® 127" <<1.

4.4 YucjieHHOE MOJEJTUPOBAHHE

[Toxa, MBI MCTIOIB30BANIN JIHILB O0LIHE a0CTPAaKTHBIE apryMEHThL. B 3TOM mozpaszaene Mul
MOAJEPKUM 3TH ApIyMEHTBI KOHKPETHBIM YUCIICHHBIM MOJCIMPOBAHUEM.
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Puc. 2 DBOAIOUMSA SHTPOMMM BE3 B3IAMMOAEMNCTBMS.

Mps1 uMeeM JBe MOCUCTeMBI (MapKupoBaHHbIe Kak | u 2), kaxmas ¢ N1 = N2 = 300 yactui. O1u
JIBE TIOJICUCTEMBI 3aHUMAIOT JBa €IMHUYHBIX KBajapaTa. UToObI onpeaenuTh OrpyoieHHY 0
SHTPOIHUIO, KAKIBIN eTMHIUYHBINA KBaJpaT pa3zaeieH Ha 16x16=256 HeOobIIMX KBAAPATOB.
TakuMm o0pa3om, SHTPONUS KaXI0H U3 3TUX JIBYX MOACHCTEM AaéTCs

512

S, = _Niz fk,i log fk,i ) (23)
k=1
rae i =12, f;=n;/ N,u n ABIAIOTCA YNCIOM YACTUIl B COOTBETCTBYIOIINX MaJCHbKHX
KBaJpaTax. AHaJIOTUYHO, MTOJIHASI SHTPOMUS ONPEEIAETCS KaK
512
S=—(N,+N,)>. f, log f,, (24)
k=1
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rnre  f, = (nk’l + nl(’z)/(Nl +N,)
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Puc. 3 SBOAIOLIMSA SHTPOMMUM C B3AMMOAENCTBUMEM.

AN cnctemsbl 1 Mbl BbIDMPAEM HOYOABHOE COCTOSHME C HYAEBOM DHTPOMMEN B
t=1 (cm.Puc. 1). TO4HO TOK XKE, AA CUCTEMbI 2 Mbl BbIOMPAEM "KoHevHoe"
COCTOSHME C HYAEBOM SHTPOMMEN Bt = 6. TAOKME HAYOAbHbIE YCAOBUS
0BeCneyYmBaltoT, 4TO B OTCYTCTBMM B3AMMOAENCTBMM S1 YBEAMHYMBAETCSH CO
BPEMEHEM, B TO BPEMS KOK S2 YMEHbBLLIAETCH CO BPDEMEHEM AAS t <6.

HTOObI M3BEXATb YNCAEHHDBIX MPODBAEM, ABAFIOLLMXCS PEIYABTATOM KOHEYHOM
TOYHOCTU KOMMBIOTEPHOTO MPEACTABAEHMS PALLMOHAABHBIX YNUCEA, (27)
3ameHeHo Ha X' =ax—[ax],y’=(y+[ax])/ 2, c a= 1.999999. Pe3yAbTaTbl YUCAEHHOTO

MOAEAUPOBAHMSA MPEACTABAEHDI B P1c. 1 1 Puc. 2.

YroObl BKIIFOYUTD APPEKTH B3aUMOICHCTBHUS, MBI OIIPEIeIsieM B3aUMOACHCTBHUE CIIE Ty OIIUM
o0pa3oM. (Paau BEIUMCINTENBHOTO y100CTBA 3TO ONPEETIeHO HEMHOIO O-IPYTrOMY, YeM B
Paznene 4.2). Mb1 6epem HeOobIIOM quana3oH B3auMo eiictsust ry = 0.01 B y-HanpasieHuwy,
KOTOPBIH, IO CYTH, SIBJISETCS TapaMeTPOM, ONUCHIBAIOLIUM €1a00CTh B3aUMOJCHCTBHUS.
(BciomHMM, 9TO y 1 X SIBISIOTCS aHAIOTaMU KAHOHMYECKOW KOOPAWHATH M KAHOHHMYECKOTO
UMITyJIbCa, COOTBETCTBEHHO, B I 'aMMIIbTOHOBOM (ha30BOM IpocTpaHcTBe). B3aumoneiictaue
oOMeHMBaeT caMmble OJIM3KHE Maphl Tak ke Kak B Paznene 4.2, Ho Teneps “camoe Oam3Kkoe”
OTHOCSTCS K PaCCTOSIHUIO B y-HAIIPaBJICHUH, U HET HUKAKOro 0OMEHa, eciii caMoe OJIM3Koe
paccTosiHie Ooiblne ueM ry. KpoMe Toro, Teneps B3auMOIeHiCTBUE ONpeIeNIEeHO TaKUM 00pas3oM,
YTO TOJIBKO X-KOOPJAMHAThI YaCTULl OOMEHHBatOTCsA. BriOMpas Te jxe camble HadalbHbIE YCIOBUS
B t = 1 KaK B cilyyae OTCyTCTBUSI B3auMo3aBucUMOCTH (Puc. 1), pe3ysibTaThl YUCIEHHOTO
MOJICJINPOBAHMS ¢ B3aUMoO/IeiicTBUEM npecTaBieHsl Ha Puc. 3. Mbl BuguMm, 4rto ¢
B3auMmoieiictBueM (Puc. 3) S, HaunHaeT yBenMuuBaThHCS B O0JIee paHHEee BpeMs, yeM 0e3
B3aumoeicteus (Puc. 2).

5. BeIiBOABI
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B 57011 cTaThe MBI HCIIOIB30BAN "UTPYIIEUHYIO" MO/IEIh, OCHOBaHHYIO Ha [Ipeobpa3oBanun
[Texaps, 4T0OBI IPOAEMOHCTPUPOBATE OCOOEHHOCTH, KOTOPbIE, CIIPABEAIUBBI AJIST OOIIUX
CUCTEM, OTIMCAHHBIX 00paTUMON ["aMHITbTOHOBOW MEXaHUKOU. SICHO, JIJISl TAKUX CUCTEM MOXHO
cBOOOJTHO BBIOPATh MJIM KOHEUHbIE, WIIM HaYaJIbHbIE YCIIOBHUS, HO HEJIb351 CBOOOHO BBIOPATh
CMEIIaHHbIE HaYaIbHO-KOHEUHBIX ycoBHs. HauanbHO-KOHEUHBIX YCIOBHS — 3TO YCIOBHUS, IPU
KOTOPBIX KAHOHMUYECKHE NTapaMeTpPhl AJIs OJHOM YaCTH YacCTHL] OIIPEIEICHbI B HA4YaIbHBIN
MOMEHT BPEMEHH, a JJIs APYTOl YaCTH — B KOHEUHbII MOMEHT. /{151 MHOIMX CMeIllaHHBIX
HayaJIbHO-KOHEYHBIX YCIOBHUI HE CYIIECTBYET COOTBETCTBYIOLIETO peIeHus (115
["aMHUIIBTOHOBBIX YpaBHEHUH BHKEHUs). TOUHO TaK ke, KaK JUIsl Hallel «urpymeqHon
MOJIENINY, AJ1s1 OOJIBIIMHCTBA [ aMUIIBTOHHAHOB CO CJIa0BIMU B3aMMOAECHCTBUEM, YUCIIO PEIICHUI
C JIaHHBIMH KPYITHO3EPHUCTHIMU Ha4aJIbHO-KOHEYHBIMU YCIOBUSIMU HAMHOT'O MEHBIIIE, YEM
YHCJIO PELICHUH C TOIBKO KPYITHO3EPHUCTBIMUA HAYaJIbHBIMM YCIIOBUSIMHU, WJIN TOJIBKO
KPYIHO3EPHUCTHIMU KOHEUHBIMH YCIOBUSAMU. ITO OOBACHSET, IOYEMY, IPAKTHUECKU, MBI
HUKOT/Ia HE Ha0JII0JaeM IOJICUCTEMBI C IIPOTUBOIOIOKHBIMU CTPEIaMU BPEMEHH, TO €CTb,
II04YEMY CTpeJIa BPEMEHH YHUBEPCAJIbHA.

B HekoTOpOM cMbICIIE, A€30praHU3alMsl COCTOSSHUN C IPOTUBOIIOJIOKHBIMU CTPEIAMHU
BpeMEHH 110100Ha 3proanyHocT. O6a CBOMCTBA CIIpaBEUIUBBI BO BCEX MPAKTHUECKUX
CUTYyalMsIX, OJIHAKO OHH HE SBJIAIOTCS TOYHBIMH 3aKoHaMH. OHM BEpHBI JUIs OOJIBIINHCTBA
peaNbHBIX CUCTEM, HO KOHTP-TIpUMEpPBI MOTYT Beeraa ObITh Haiaens! [21, 22]. Kpome Toro, 06a
CBOMCTBA Ka)KyTCsl MHTYUTUBHO OUYE€BHMIHBIMM, HO JOKa3aTh UX CTPOrO OUEHb TPyAHO. [[i1st
AProJIMYHOCTH COOTBETCTBYIOIIUM CTPOTrUM pe3yiibTatoM siBisieTcst KAM (Konmoropos-
ApHonba-Mo3sep) Teopema, B TO BpeMs Kak JUisl 1€30praHu3aiuy COCTOSHUM ¢
IIPOTUBOINOJIOKHBIMU CTPEJIaMU BPEMEHHU TaKasi CTporas TeopeMa OTCyTCTBYET.

Hamm pesynbratel Takke paspematoT "porusopeune” Mexnay ‘“‘Hosoit JlnHamMukon
[Tpuroxuna [20] (o6cyxnennoit B Paznene 3.3 u3 nanHoit paboThl) 1 KOMMeHTaprueM Bricmont
[26]. lnHamMuKa B3aUMOJECHCTBYIOIUX MOJICUCTEM MOXET ObITh pa3/ieiieHa Ha J[Ba THUIIA
JUHAMUK:

1. OGpaTumyto uoeanbHyr0 OUHAMUKY, PACCMATPUBAEMYIO0 OTHOCUTEIIBHO KOOPIMHATHOTO
BPEMEHH, KOT'JIa SHTPOIHSI MOXKET WM YMEHBITUTHCS WIN YBEITHUUTHCS.

2. HeoGpatumyro nabarooaemyo ounamuxy, pacCMaTpUBaEMYy0 OTHOCHUTEIBHO XapaKTEePHBIX
CTpeJ BPEeMEHHU B3aMMOJICHCTBYIONIUX MTOJCUCTEM, OTHOCUTEIHFHO KOTOPBIX SHTPOITHSI MOXKET
TOJILKO YBEJIIMYMBATHCS, KaK YXKe IMOKa3aHO BBIIIE.

B pamkax stoii Tepmunosioruu “Hoast lunamuka” [lpuroxkuna [20] siBnseTcst oqHOM U3
dbopM Habodaemol Ounamuku, B TO BpeMsl Kak cTathst Bricmont [26] paccmaTpuBaeT
uoeanvHyro ouHamuxy. B yacTHoCTH, HaOMI01aeMas TUHAMHKa He BKJIIOYAeT BO3BpAIllCHHUs
[Tyankape u 00paTUMOCTh, KOTOPBIE SIBISIOTCS IEHCTBUTEILHO HEHAOTIOAAeMBIMU peabHbIM
HaOmogaTeeM. JTo Jenaet e€ 6oiee MPoCTor, YeM ujaeaibHas nuHaMuka. OgHako, B
MPUHIINIE, 00a TUIA JUHAMHUKYU MPaBUIHHBIL.

Hy»XHo Taxke OTMETUTD, YTO HAIIK PE3yJIbTAThl HE HAXOATCS B MPOTHBOPEUNH C
CyIlIECTBOBAaHUEM JAUCCUIATUBHBIX cUCTEM [27] (TakuX KakK, HApUMep, ONpeIeICHHbIC
CcaMOOpraHu3yIoUecs: ONOJIOTUYECKUE CUCTEMBI), B KOTOPOM SHTPOIUS OJCUCTEMBI MOKET
YMEHBIIUTHCA CO BPEMEHEM, HECMOTPSI Ha TO, UTO SHTPOIUS OKPYIKAIOIIEH CpeIbl
YBEJIMUYUBAETCS. DHTPOMHS MOJTHON CUCTEMBI (BKJIIOYAIOIIEH KaK SHTPOIHUIO JUCCUITATUBHOMN
CHUCTEMBI, TaK U OKPYKAIOIIEH Cpe/ibl) YBEJIMUMUBACTCS, UTO OTBEUAET 3aKOHY YBEIUUYCHUS
SHTPOMNUHU. /{151 TAKUX CUCTEM THUIIUYHO, UTO B3aUMOJICUCTBUE C OKPYIKAIOIIEH CPENOH CUIbHO, B
TO BpeMs KaK pe3ybTaThl HAIlleH cTaThu 00paIalTcs K ¢1aObiM B3aUMOICUCTBUSIM MEXKIY
nojacuctemamu. Hampumep, A CyecTBOBaHMs )KUBBIX OPraHU3MOB, HEOOXOIUM OOJIBIION
noTok dHepruu oT ConHia. HeGobioi moTOK SHEPTUU OT 3BE3/ HE JOCTATOUYECH JJIS )KU3HH, HO
JIOCTaTOYEH JJI IEKOPPEIIAIMH | JIJIs1 BRIpaBHUBAHUS CTpeN BpeMeHH. B padote [6] mpuBoauTcs
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nurata: “ OgHaKo, HaOMOgaTeNb SBISETCS MAKPOCKOIIMYECKNM T10 ONPEIECNICHHIO, U BCE
OTJAJICHHO B3aUMO/JICHCTBYIOIINE MAKPOCKOITMYECKHUE CUCTEMBbI CTAHOBSITCSA KOPPETUPOBAaHHBIMU
O4YeHb OBICTPO (Hampumep, Borel 3ameuaTenTbHO BBIYHCIIII, YTO, TIEPEMEIICHHE OJTHOTO TpaMMa
MaTepuaa 1o 3se3ze Cupuyc Ha OJMH METP MOJKET BIMATH HA TPAEKTOPUM YAaCTHIL B ra3e Ha
3emMJie Ha BpeMEHHBIX MacmTabax mopsiaka MUKpoceKyH I [28]).”

Ipuaoxenune A. OcHoBHble cBolicTBa IIpeoOpasoBanus Ilexkaps

B sTOM mpuiioxkeHun Mbl peICTaBIIsieM HEKOTOPbIE OCHOBHBIE cBoMcTBa [IpeoOpa3zoBanus
[Texapsi. bonbiie aetanel MOXeT ObITh HalZIEHO, HaIIpUMeEp, B [29].

() (b) (c) (d)

Puc. 4 TeomeTpuyeckas mHrepnpetaumsa Npeobpaszosanmg MNekap4. ()
HavyaAbHOs kKoHdourypaums (b) OAHOPOAHOE CXATUE B BEPTUKAABHOM
HAMNPABAEHUM U PACLLIMPEHME B TOPUIOHTOABHOM HAMPABAEHUM HA BEAUYMHY
doakTopa 2 () MTOroBas KOHAPUrypaLms NOCAE OTPE3IAHMS NPABOM NMOAOBMHbI U
€é nomeLLeHms Ha Aesyto (d) MTorosoe KOHMUIypaLms MOCAE ABYX MTEPALUM

A.1 Onpenenenue IlpeodopazoBanus Ilexkaps
PaCCMOTpI/IM 61/1HapHy10 CUMBOJIMYCCKYIO IMOCIICA0OBATCIIBHOCTD.

55.5.1,54:5,,5,,5;... (25)

6GCKOHC‘IHYIO ¢ obenx CTOPOH. Takas nociaenoBaTeIbHOCTD onpeacrsICT ABa BEIICCTBCHHBIX
qHucia

x=05,5,5,... y=05,5,S,.. (26)

IlocnenoBaTenbHOCTH MOXKET OBITh nepeMenicHa O6paTI/IMO OTHOCHUTEJIBHO TOUKH C 3aIISITOH B
oboux HaIpaBJICHUAX. ITocne nesoro CABHUI'a MbI IMOJTy4Ya€M HOBBIC JIEHCTBUTCIIBHEIC YHCIIa

x'=2x-[2x], y’=%(y+[2x]), (27)

rae [x] sBisieTcsi caMbIM OOJBIIMM IIEJIBIM YHCJIOM, MEHBIIIE YeM HIIA PaBHBIM X. DTO
oToOpakeHHe eAMHUYHOTO KBajipaTa B ce0sl Ha3bIBaIOT [Ipeobpasosarnuem [lexaps.

V IlpeoOpazoBanus [lexapst ecTh ecTh mpocTasi reoMeTpudecKast HHTepIpeTaIys,
npencrasieHHas B Puc. 4. Tawm (a) - HayanbHas KoHGUTYpanus, U (C) 3aKII0OUYNUTENbHAS
KOH(HTrypamms rnocie oaHoi nrepanuu I[IpeodpasoBanus I[lekapsi, ¢ MPOMEKYTOUHBIM IIATOM,
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npencraBieHHBIM B (b). Yacth (d) mpeacTaBiseT 3aKIFOUYUTEIBHYI0 KOHPUTYPAIHIO TTOCIIE IBYX
UTEpaLMi.

A.2 HectabnibHbIe IEPHOAMYECKHE OPOUTHI

[Tepuoanueckue cumBonyeckue nocaeaoBatenbHOCTH (0) u (1) COOTBETCTBYIOT
HENOJBUXHBIM ToukaM (X, y) = (0, 0) u (x, y) = (1, 1), coorBercTBeHHO. [lepuoanueckas
nocienosarenbHOCTh (10) cooTBeTcTBYET ABYyXIIepuoandHoit opoure {(1/3, 2/3), (2/3, 1/3)}. U3
NepUoIUIecKoit mocnemaoBareabHocTH ...001; 001... mer moyuaem {(1/7, 4/7), (217, 2I7), (417,
1/7)}. Touno Tak xe u3 ...011; 011... M1 momyuaem {(3/7, 6/7), (6/7, 3/7), (5/7, 5/7)}.

JIx000i1 X 11 Y MOTYT OBITH ANMPOKCUMHUPOBAHBI TTPon3BOIHLHO X0po1io 0.Xo...X, 1 0.Yo... Y,
COOTBETCTBEHHO, IIPU YCIIOBUH, YTO N ¥ M. ABISIOTCS AOCTATOYHO Oonbiimnmu. [Toatomy
nepuoandeckasi mocaeaoBaTeIbHOCTD (Y ... Y 0Xo...Xp), MOXKET IPUOTUZUTHCS K JTFO00M TOUKE
€AMHUYHOTO KBaJpaTa MPOU3BOJIBHO O1Iu3K0. Takum 00pa3oM, MHOXKECTBO BCEX MEPUOAUUECKUX
OopOUT Ma€T IIIOTHOE MHOXKECTBO HA CIMHUIHOM KBaJIpaTe.

A.3 JproamyHocTh, NepeMenIuBaHne, U COXPaHeHHe MJIOIAAN

W3-3a pacTskeHUs B TOPU30HTAIILHOM HAIIPaBJICHUH, BCE OJIM3KHE TOUKH PACXOASTCA I10
SKCIIOHEHTE 1o neiictBueM urepauuii I[IpeodpazoBanus [lexaps. [lpu 3Tux nrepanusx modas
CllyYaifHasi CHMBOJIMYECKas MOCIE0BATEIbHOCTh MPUOIMKAETCS IPOU3BOIBHO OJIU3KO K JH000M
TOYKE eIMHUYHOTrO KBajpara. BooO1e, Takoe 3proandeckoe CBOMCTBO MOXKET UCTIOIb30BATHCS,
yTOOBI 3aMEHHTH CpeHee 10 "BpeMeHn" <A> cpelHuM 1o "aHcamoio"

(A)= 2406 y0) = [ ACcy ) y) = [ Ak y)obxy)exdy, (28)

rae du(x,y) SBISeTCs HHBAPUAHTHOW MEpPOH M p(X, y) WHBAapUAHTHAS IJIOTHOCTD JJIS
[Ipeobpazosanus [ekaps. s [Ipeodbpazoanus [lekaps, p(x, )= 1.

[Tox neticrBuem utepanmii [Ipeodpazoanus [lekaps mobas 061acTh 0ToOOpaXaeTcst B psij
Y3KHX TOPU30HTAJIbHBIX M10JIOC. B KOHEUHOM cueTe, OHU 3alO0JHSAI0T PABHOMEPHO BECh
eMHUYHBIN KBaIpaT, YTO U COOTBETCTBYET NepeMenInBaHuio. TOYHO Tak ke 0OpaTHBIE
UTEepaIru 0TOOpakaloT 00JIACTh B y3KHE BEPTHKAIBHBIC JIGHTHI, KOTOpasi TAK)KE COOTBETCTBYET
MePEMEINBAHUIO.

Bo Bpemst 3TUX uTepanyii He H3MEHSETCS IUIOIalb 00JIaCTh. DTO CBOMCTBO - 3aKOH
coxpaHeHus riomaau obnactu 1ist [IpeoOpazosanus [lexaps.

A.4 Iloka3zarenu crenenu JIsnmyHoBa, cxxuMarommecsi 1
PaCTATrMBAKOIIHECH HANIPABJICHUS

Ecmu X" u x{*) umeror paBubie nepsbie k nBonumbie tudpsI, T0 s 1 <k,

X,SZ) _ Xr(11) _on (Xc()z) _ X(()l))= (Xéz) _ X(()l)knlogz , 29)

rae A= log 2 sBisieTCs IEPBBIM MMOJIOKUTEILHBIM TIOKa3aTeseM cTerneHu JIsmyHoBa yis
[TpeoOpazoBanus [lekaps. CienoBaTeIbHO, PACCTOSTHUE MEXKTY TBYMS OJU3KHUMH OpOUTaMU
YBEIIMYMBAETCS 110 SKCIIOHCHTE C YBEITMUECHUEM N, U TocJie k uTepaiuu cCTaHOBUTCS Topsiika 1.
9TO CBOWCTBO HA3BIBAIOT YYBCTBUTCIIbHOCTBIO K HAYaJIbHBIM YCJIOBUSM. W3-3a aToro CBOfICTBa,
BCE MEPUOAMYECKUE OPOUTHI HEYCTONYHNBHI.
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Tak kax momane 00IacTh COXPAHAETCS, PACTSHKECHHE B TOPU30HTAIHLHOM HAIIPaBIICHHUH,
00Cy>/IeHHas BbIIIE, IOAPA3yMEBAET, YTO HEKOTOPOE HANPaBJIEHUE CKATUS TAKXKE JOJKHO
CylIecTBOBaTh. JleHCTBUTENBHO, HBOJIIOLINS B BEPTUKAIHLHOM HAIPaBJIEHUU Y oOpaTHa

HBOJIIOLMU B TOPU30HTAIILHOM HalpasjieHuu X. Eciun (xgl) , ygl)) u (ng) , ygz)) SBJISIIOTCS IBYMs

TOYKaMHU C X(()l) = XSZ) , TOrga
(2) y(l) (y(()z) — y(()l))= (y(gz) — yc()l)kn(_mgz) ] (30)

CaenoBaresnbHo, A= —l0g 2 - 370 Bropoii OTpHILIATEIILHBIN TIOKA3aTeb CTEIeHU JImyHoBa IIst
[TpeobpaszoBanus Ilekaps.

A.5 3aryxaHue Koppeasiui

Tak KaKk X - HeyCTOMYMBOE HAIPaBJIEHUE, SBOJIIOIMS B 3TOM HAIlpPaBICHUU IPUBOJIUT K
3aryxaHuio koppemnsauuil. Cpeanss koppensuuonHas Gyskius C(m) i 1ociae10BaTeIbHOCTH
Xk OOBIYHO onpenens{eTcs[ Kak

c(m )_||m ( OO Xeom = (X)), (31)

n—ao n

n
rme <X> = lim E X, / n . Koppensiuuu MoryT OBITH OOJIee JIErKO BEIYHCIICHBI, €CITH H3BECTHA
n—o

WHBapHaHTHas Mepa [U(X), B 9TOM cllydae

C(m)= J (x= (X" ()= (x))de(x). (32)

rae f(X) = Xm - QyHKIHMS, KOTOpas 0TOOpaKaeT NepeMEHHYI0 X Ha ee 00pa3 Mocjie m uTepanuii
[Ipeo6pazosanus [lekaps. st [IpeobpazoBanus [lexaps du(x)=dx, Takum 00pa3oM, MbI MOKEM
HaIHCcaTh

cm)=3 fe— o) i-00)or 5

= J2—

KOTOPBIN IPUBOAUT K

2M-1 2 2

cm=3 2" om0+ ) S (0 ”

Jns [IpeoGpaszosanus [lekaps <x>='2, u, TakKUM 00pa3oM, HalKMCAaHHAs BbIIIE CyMMa MOXKET
6I>ITI> BBIYUCIJICHA ABHO

cm=2 (35)
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DTO MOKA3bIBAET, YTO 3aTyXaHUE KOPPEIISINI MPOUCXOIUT MO IKCIIOHEHTE C YBEIMYECHUEM M.
Koppemnsmus [Tupcona uis cucteMbl HAXOAUTCS CIASAYIOLUIM 00pa3oM

r(m)=c(m)/c(0)=2" (36)
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Yactb 2. YHUBepcabHaa cTpeia Bpemenu: Ciayvai
KBAHTOBOM MEXaAHUKMU.

0. Aunoranusi: Pa3pemenue napaaokca IlllpeanHrepoBckoro Kora,
napajaokca apyra Buraepa, napaaokca KoTejika, KOTOpbIH
HUKOIA He 3AKUITHT.

JlaHHast CTaThs SBJSETCS €CTECTBCHHBIM IPOJIODKCHUEM HAllleH mpeabIaye crathu [1] u
MIEPBOM YaCTH 3TOr0 3cce. Mbl paHee TPOUILTFOCTPUPOBAIIH, YTO B KJIACCUYECKON
["aMUIBTOHOBOM MeXaHUKE JJIs TOJIABIISIONIET0 OONBIINHCTBA PeaTbHBIX XAa0TUYECKUX
MaKpPOCKOITMYECKUX CUCTEM MPOUCXOJIUT CUHXPOHHU3AIHS COOCTBEHHBIX CTPENl BPEMECHH
BCJIE/ICTBHUE UX MAJIOTO B3aUMOJIEHCTBUS. DTOT (PaKT U HEBO3MOXKHOCTh HA0JI0/1aTh YObIBaHHE
SHTPOIUHU MIPU CaMOHAOJIIOICHUH OOBSCHSIOT BTOPOE HAYaJI0 TEPMOJUHAMUKH. B KBaHTOBOM
MEXaHHMKE CUTYaIHsl J1a)Ke HEMHOTO MPOIIe — BCE 3aMKHYThIE CHCTEMbI KOHEYHOT0 00beMa
SIBJISIFOTCSL IEPUOIMYECKUMU WIH MMOYTH NepUOUYeCKUMHU. [l0Ka3aTenbCTBO B KBAHTOBOM
MEXaHHMKE BO MHOTOM aHAJIOTUYHO JI0Ka3aTeJIbCTBY B KJlacCH4eckoil ['aMUIbTOHOBOI MeXaHUKe
— OHO KCIIOJB3YET YUET MAJOr0 B3aUMOJICHCTBUS MEX/Ty TIOJICUCTEMAMH U HEBO3MOKHOCTh
Ha001aTh YOBIBAaHUE SHTPOIUH MPpU camoHadoieHnu. OIHaKO UMEIOTCS 0COObIE Cllyuau,
KOTOPBIX HE ObUIO B KJIACCHUECKOW MeXaHUKe. B 3THX ciyyasx 0JIHOMY MUKPOCOTOSHUIO
COOTBETCTBYET HECKOJIbKO BO3MOKHBIX MAaKPOCOTOSIHHM (TOYHEE UX KBAHTOBAS CYMEPIO3HIINS).
Paccmotpenue 3Toro cBOMCTBa C UCTIOIB30BAHUEM TEOPUU JEKOTEPEHIIUU U yUeTa
TEPMOJUHAMHYECKON CTpebl BpEMEHH MPUBHOCUT HOBBIE PE3YyJIbTaThl B KBAHTOBYIO MEXAHUKY.
OHO MO3BOJISIET Pa3peIIuTh OCHOBHBIC MaPaIOKChl KBAHTOBON MEXaHUKH: () OOBICHUTH
napajioKC peayKIMI KBAHTOBOTO MTaKeTa MPU U3MEPEHUSIX, KOria HaboqaTellb BKIIIOUEH B
cuctemy (camonabmonenue) (mapaaokc [penquarepockoro korta); (0) OOBSICHATH
HEHAOJI0JaeMOCTh CYTEPIO3UIIMH MaKPOCKOTTMUECKUX COCTOSIHUIM BHEITHUM HaOII0AaTeNeM B
peanbpHBIX SKCIepUMeHTax (mapaaokc pyra Burnepa); (B) 10ka3aTh MOJIHYIO SKBUBAJIEHTHOCTh
MHOTOMHPOBO# 1 KomneHrareHckoi HHTepIipeTauii KBaHTOBOM MEXaHUKH; (T) OOBSICHUTH
OTKJIOHEHMSI OT 3KCIIOHEHIIMAIBbHOT'O 3aKOHA IIPU paclajie 4acTUll U Mepexoaax ¢ OJHOrO
SHEPreTUUeCKOro ypoBHS Ha Ipyroi (mapagokc KOTeIKa, KOTOPbIH HUKOTa HE 3aKUITHT).

1. BBeaenue

[Ipexne Bcero, cienyeT OTMETUTh, YTO B HAILIEH CTAThe, €CIIM HE OTOBOPEHO UHOE, MOJTHAs
CUCTEMa HaXxOJUTCS B 3aMKHYTOM OTPaHMYEHHOM 00beMeE, COJEPKUT KOHEUYHOE YUCIIO YAaCTHUI U
M30JMPOBaHa OT OCTAJIILHON YacTH BceeneHHoil. DTo ri1aBHbIE yCIOBUS 3aKOHA pOCTa
TEPMOJIMHAMHYECKON SHTPOIUH, KOTOPBII MBI Oy1eM 00cyxaaTtb. OHa Tak)Ke ONUCHIBACTCS
3aKOHaMU KBaHTOBOW MEXaHUKH.

B namreit npeapiayineit crathe [1] MBI paccMaTpuBaiu CHHXPOHU3AIUIO CTPE]T BPEMEHH B
KJIacCUYecKor ['aMuIbTOHOBOM MEXaHUKE U BBITEKAIOIIEE U3 HErO JJOKa3aTeIbCTBO 3aKOHA POCTa
SHTPOMNUHU. 31€CH MBI XOTUM PACCMOTPETh KBAHTOBBIN ciayyail. [[pyurHON CUHXPOHU3ALNUN CTPET
BPEMEHHU B KBAHTOBON MEXaHHUKE, KaK U B KJIACCUYECKON MEXaHUKE, SBIISIOTCS
«nepenymoléanue» u «oexocepenyusy [2-3, 17, 24-27] - Manoe B3aUMOACHCTBHE MEXKTY
peatbHbIMU XaO0TUYECKUMU MAKPOCKOITMYECKUMU CUCTEMAMU WJIU PEATIbHOM Xa0TUYECKOM
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MAaKpOCKOITMYECKOW CHCTEMOM B HEYCTOMYNBOM COCTOSIHUM M KBAHTOBOM MUKPOCHUCTEMOM
(mporecc u3MepeHus: B KBaHTOBOM MEXaHHUKe).

Hcnonp30BaHue SBICHUSI CHHXPOHU3ALMHU CTPEN BPEMEHU Ha KBAHTOBYIO MEXaHUKY JUIS
aHaJIM3a [UPOKO U3BECTHBIX NapaJOKCOB KBAHTOBOM MEXAaHUKH JAET UX MOJHOE U
HENPOTUBOPEUYNBOE pa3pelieHue. Bee aTu mapagokcsl CBA3aHbI C 9KCHEPUMEHMANbHOL
HEHA0II0IaeMOCTBIO JUISl PeanbHbIX MAKPOCKONUYECKUX Tl TAKMX YUCTO KBAaHTOBBIX SIBJICHUH,
IIPEJICKa3bIBAEMbIX KBAHTOBOI MEXaHUKOM, KakK (a) Cyneprno3uius COCTOSIHUN Jis
Konenrarenckoit uHTEprpeTanuy uiM (0) HalM4ue MHOI'MX MUPOB B ClIyyae MHOTOMHUPOBOI
MHTEPIIPETALNH.

JleicTBUTENBHO, KBAHTOBAsI MEXaHHUKa 00J1a/1aeT MPUHLIUIHAIBHBIM OTJINYMEM OT
KJIACCUYECKON — €CIIH JUIsl KIIaCCUYECKOM MEXaHUKU OJJHOMY MHUKPOCOCTOSIHUIO COOTBETCTBYET
TOJBKO OZHO MAaKPOCOTOSTHHE, TO ISl KBAHTOBOM MEXaHUKH OJJHOMY MHUKPOCOCTOSHHIO (yucmoe
COCTOSIHUE, OITUCHIBAEMOE BOJHOBOU (DyHKIIMEH) MOKET COOTBETCTBOBATH HECKOJIBKO
MakpocoTostHUHN. (M1, MHBIMH CII0BaMU, 3TO MUKPOCOTOSIHUE SIBIIICTCS CyNEepPIO3ULIUECH
MHUKPOCOCTOSIHHI, COOTBETCTBYIOIIUX PA3HbIM MAKPOCOCTOSHMM.) CUTyaIus He IpeicTaBuMast
B KJlaccuueckoi mexanuke! IIprueM Takoe cOCTOSHUE HE MOXKET pacCMaTpUBAThC Kak IIPOCTO
cMeulaHHoe COCTOSIHUE, T.€. KIIacCUYeCKui aHcaMOJIb HECKOJIBKUX MaKpOCOCTOSIHUM (TOuHEee
COOTBETCTBYIOIUX UM MUKPOCOCTOSTHHM, BXOASAIINX B CYHEPIO3HIINIO) C COOTBETCTBYIOIIUMHU
BEPOATHOCTSIMU. DBOJIIOLUS TAKUX CYNEPIIO3ULUN U CMEIIAHHBIX COCTOSIHUN OTIMYaeTcs. JTO
OTJIMYHUE CBA3aHO C HAIUYUEM UHmMep@epeHyUOHHbIX YICHOB [T CYNepIo3uluy (WIn
K68AHMOBbIX KOppeAyull MUPOB U1l MHOTOMUPOBOI MHTEpHpeTauu). XOoTs s
MaKpOCKOIIMYECKUX TE€JI 3TU Pa3jIndusl O4EHb MaJIbl, HO, TEM HE MEHEE, OHU CYLIECTBYIOT. UTO
K€ MEIIaeT X IKCIEPUMEHTaIbHO HabmoaaTh? Te e Npu4MHbI, YTO MPENsITCTBYIOT HA0II01aTh
YMEHBILIEHNE SHTPOIIHUH, BCIIEICTBUE CUHXPOHU3ALMU CTPE BPEMEHH!

JeiicTBurensHo, 6oee moApOoOHbII aHaIu3, IPOBOAUMBIN HUXKE, IOKA3bIBAET, UTO
HKCIIEpPUMEHTANIbHBIE MTPOSBICHUS UHTEPPEPEHIINN (KBAHTOBBIX KOPPEISLIUNA) MPOSBIISIOTCS
3HaAuUMenbHO JHUIIH B MOMEHT yObIBaHUS SHTponHH. [Iporecc 3ToT He Habmo1aeM 6 npunyune,
ecIu HaOJIro1aTelb 6xo0um B HAOIIOAAEMYIO CUCTeMY (camoHnabaodenue). IIpu 3ToM, OH OUeHb
TpyAHO HaOoaeM (TpeOyeT MOUYTH MOJTHOW U30JISIIUH MAaKPOCUCTEMBI OT JIEKOTEPEHIHH
OKpY’KEHUs1/caMoro HabtogaTens ) Uil MaKpOCHCTEM, BHEIITHUX 110 OTHOIIEHUIO K
HAOJII0IATEII0 U3-3a CHHXPOHU3ALUU CTPEJ BpEMEHU HaOII0JaeMOW CUCTEMBI U
HaOJIr01aTess/OKpyKEeHUs TIPU 1eKOT€PEHLINH.

Mauibie e MposiBIeHUsT HHTepPepeHINN (KBAHTOBBIX KOPPEISINNA) IPH POCTE SHTPOITHU
TaKXe He MOT'YyT Ha0JIt0JaThbCs IPU CaMOHAOIIOIEHUH 6 npunyune (M3-3a IPUHIMIIAAIBHOTO
OTPaHUYEHUS B UX TOUHOCTH — IIPU CAaMOHAOIIOIEHUN MOTYT U3MEPSATHCS JIUIIb
MaKponapaMeTphl, IOJIHOE U3MEpPEHNEe HEBO3MOKHO). OHU )K€ OYeHb TPYAHO HaOII0JaeMbl JUIs
CJlydasi BHEIITHETO HaOJI0aTes sl U3-3a JCKOTePEHINN ¢ Ha0ItoqaTeeM/OKpY KEHHEM.

2. KayecTBeHHOE paccMOTpeHHE BOMPOCa.

[TprurHO¥M CHHXPOHU3AIMHU CTPET BpEMEHHU B KBAHTOBOM MEXAHHKE, KaK U B KIIACCHYECKOM
MEXaHHKE, SBIIICTCS MAJIOE B3aUMOJICHCTBHE MEXTy peaTbHBIMU XaOTHICCKIUMH
MaKpPOCKOITMYECKUMHU CUCTEMaMU. JTO XOPOIIIO U3yUYEeHHOE SBIICHUE, HOCSIIee Ha3BaHHe
«oekoeepenyuuy [2-3, 17, 24-27]. Ee pe3yabTaToM SBISETCS HE TOJBKO IHPOKO U3BECTHOE
«nepenymuvlgaruey COCTOSHUN CUCTEM, HO U CHHXPOHM3AIIHS UX BPEMEHHBIX CTpPEdl.
(Hampasienue cTpeiibl BpeMeHH OIpeIesIsieTCsl HallpaBIeHHeM pocTa 3HTporunu.) [Ipuanaa
TaKOW CHHXPOHHU3AIUN a0COTIOTHO Ta K€, YTO U B KJIACCUYECKOW ['aMHIIbTOHOBOI MEXaHUKE —
HEYCTONYHUBOCTH MPOIIECCOB C YOBIBAHHEM SHTPOIHUH 110 OTHOILIEHUIO K MaJIbIM BO3MYIICHUAM
CO CTOPOHBI HAOJIIOIATEIIs/OKPYIKEHUS (ICKOTEPEHIIHS).

[ToxosHe apryMeHThI B Cllydac KBAHTOBOW MEXaHHKH ObLIH JaHbl B paboTe Maccone [4].
OpnHako TaM OH yTBEPIKAAJ, UTO MOAOOHAs JIOTUKA MPUMEHNMA TOJIEKO B KBAHTOBOUM MEXaHUKE.
Omu60YHOCTH M0100HOTO B3MIIsAa ObliIa MOKa3aHa B HAIIMX Mpeablaynmx padorax [1,5]. Kpome
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TOr0 OBLJIO BBIIBUHYTO U IPYroe BO3paKeHUE MPOTHB Hero B padote [6]. Tam paccmarpuBaroTcst
HeOOoJIbIINe, CHIIBHO (PIIIOKTYHUPYIONINE CUCTEMBI, B KOTOPBIX HApyIIaeTCs CHHXPOHHU3AIHS CTPE
BpeMeHu. CrieryeT OTMETUTh, YTO KaK OTBET Ha 3TO BO3paxkeHue camoro Maccone, tak u
nocJeayoIas pabora caMux aBTOPOB BO3pakeHHUs [ 7] HE 0OBSICHAIOT HCTUHHYIO TIPHYUHY
3aMEUEHHOro0 HecooTBETCTBUA. OHa K€ OUeHb IPOCTa U 3aKJIFOYAETCS B TOM, YTO 3aKOH
BO3paCTaHUS SHTPOIHUH, CAMO MOHSATHE TEPMOIMHAMUYECKON CTPEIIbl BpEMEHH U UX
CUHXPOHM3AIMS — IPUMEHHUMBI TOJIBKO K HEPaBHOBECHBIM MAKPOCKONUYECKU OObEKTAM.
Hapy1enue 3TX 3aKOHOB /1151 MUKPOCKOITUYECKUX, CHIIBHO (DIFOKTYHUPYIOLIMX CUCTEM —
HIMPOKO U3BECTHBIN (pakT. Tem He MeHee, XOTs caMo Bo3pakeHue [6] TpuBHanbHO HU3UUESCKH,
HO OHO MHTEPECHO C YUCTO MAaTEMATHYECKON TOUKH 3peHHsl. OHO AaeT XOpOIIUH
MaTEeMaTHUYECKUN Kpumepuii MaKkpoOCKONUYHOCMYU XaOTUYECKUX KBAHTOBBIX CUCTEM.

Curyanysi B KBAaHTOBOM MEXAaHUKE JaXke MPOLIE, YEM B KIIACCUUYECKOM — 3[1€Ch XAaOTUUECKUM
KBaHTOBBIM CHCTEMaM COOTBETCTBYIO ITOYTH NEPUOANUECKHUE CUCTEMBI. 1IX XaOTHUHOCTH
HPOSIBIISETCS B TOM, UTO SHEPTHH, XapaKTePU3YIOLUe COOCTBEHHbIE 3HAYCHHS TAMUIBbTOHHAHA U
OIPEICTISIONINE «YaCTOThDY SHEPTETHYSCKUX MOJI, PACIpEeNICHBI 10 CiTydaiiHoMy 3akoHy [8].

YacTo MOXKHO BCTPETUTDH YTBEPKACHHUE, YTO KBAHTOBBIE Xa0TUUECKUE CUCTEMBI 110 CBOEMY
MOBE/ICHUIO OYE€Hb CHUJIBHO OTIMYAIOTCS OT KJIACCUYECKUX Xa0TUYECKUX CUCTEM. DTO, OJJHAKO,
CHJIBHOE 3a0JTy’KJIeHHE, CBA3aHHOE C TTTyOOKMM HEMOHMMAaHUEM (PU3UKH 3THUX CHCTEM.
JleificTBUTENBHO, KBAHTOBBIE XAa0TUYECKUE CUCTEMBI MIOYTH MEPUOJUYECKHE, TOTAa KaK
KJIACCUYECKHE XaOTUYECKUE CUCTEMBI XapaKTEPU3YIOTCS CIIy4aliHbIM 3aKOHOM JUIsl BpDEMEH
Bo3Bpara [lyankape. Y naOmrogaTesns u HaOII0JaeMON CUCTEMBI CTPEJIbl BDEMEHH
CHUHXpOHHM3UpOBaHbl. [loaTOMy Hab0aTENh CIIOCOOEH YKCIIEPUMEHTAIBHO TPOBOIUTH
HaOroZIcHUE (MJIM CaMOHAOJTIOICHHE) JIUIITh HA OTPAHUYCHHBIX TIPOMEKYTKAaX BPEMEHH, KOTIa y
HETro CyILECTBYET CTpejia BpEMEHH (T.€. COCTOSIHUE JlaleKoe OT TEPMOAMHAMUYECKOTO
paBHOBECHS), U OHA He MeHsem CBOE HampaiieHue. Ha Takux xoneunvix U1 3KCIIEPUMEHTAIIBHO
peanbHO HaOII01aeMbIX BPEMEHAX MTOBE/ICHHE XaOTUUHBIX KBAHTOBBIX CUCTEM HOCHUT TOT XKe
XapakTep, UYTO U JJI KIIACCUUYECKUX KBAHTOBBIX CUCTEM.

JlexorepeHIusi MPUBOAUT K MEPEX0Iy HAOIIOAAEMbIX MOJICUCTEM M3 YHCTOTO COCTOSIHHE B
CMEIIaHHOE, T.€. MPUBOJIUT K pocTy sHTponuu. (Ha camom nene, BeIb 0JHO MaKpOCOCTOSIHHUE
3aMEHSETCs Ha IeJblii HA0Op BO3MOXKHBIX MaKpococTOssHUM.) C Ipyroil CTOPOHBI, BO3BPATHI
[Tyankape maroT oOpaTHBIN pe3ynbTar (T.e. «PEKOTEPEHITHIO») U CBS3aHbI C YMEHBIIICHUEM
SHTponuu. JlekorepeHuus W COMyTCTBYIOLIAS €l CHHXpOHU3aIUs CTpes BpeMeH! HaboqaTens
Y HaOJI0JaeMbIX MOACUCTEM IIPUBOJUT, TAKUM 00pa30M, TAK)KE K CHHXPOHHM3AIL[MM MOMEHTOB
Mepexo/ia U3 YHUCTOTO COCTOSIHUE B CMEIIaHHOE BCEX ATUX MOJACUCTEM U HEBO3MOXXHOCTH
HKCTIEPUMEHTANILHO HA0JI01aTh OOpATHBIN TIpoliece (T.€. «PEKOTEPEHIIUION).

[ToxBozs UTOT BBIIIECKA3aHHOTO, PACCMOTPEHHE SBIICHUSI CHHXPOHU3AIIUU CTPET BPEMEHHU B
KBaHTOBOI MEXaHUKE BO MHOI'OM aHAJIOTMYHO PACCMOTPEHUIO B KJIIACCUYECKON MEXaHHKE.
OpnHako pacCMOTpPEHHE ITOTO CBOMCTBA JIJIsl aHAIM3a IIMPOKO U3BECTHBIX MapaJOKCOB
KBAaHTOBOM MEXaHUKHU J1a€T UX MOJHOE U HEMPOTUBOPEUUBOE pa3pelieHue. DTO CIEIyIOIIHe
nmapajoKChl: (@) mapagokc peayKIUH KBAHTOBOTO MAaKeTa MU U3MEpPEHUsX (ImapaoKke
HIpenuarepoBckoro koTa); (0) HeHaOIIOAAEMOCTh CYTIEPIIO3UIIMHA MAaKPOCKOTMYECKIX
cocTosiHui (mapanokc Apyra Burnepa); (B) cmpocoe 1oka3aTenbCTBO MOTHON 9KBUBAJICHTHOCTH
MHOromMHpoBoi 1 KoneHrareHckoi HHTepnpeTanuii KBAaHTOBON MEXaHUKH; (I') OTKJIOHEHHS OT
SKCIIOHEHIIMAILHOTO 3aKOHA MPH pacraje YacTHIl U MEPEeX0/iaX ¢ OJHOTO YHEPTeTUYECKOTO
YPOBHS Ha JIpyroi (mapajgoKkc KOTeJIKa, KOTOPbId HUKOT1a HE 3aKUIIUT).

Kak y»xe yka3pIBajoch BhIIIE PellIeHre BOMPOCca O CHHXPOHHU3AIIUU CTPe BpeMEHHU B
KBaHTOBOM MEXaHUKE aHAJIOTMYHO KJlaccuueckoi Mexanuke. Ho umeercs oaHO BaxxHOE
UCKJIIOYeHHe. B kiaccuieckoil MexaHuKe OJHOMY MHUKPOCOCTOSHUIO (TOUYKe B (ha30BOM
IIPOCTPAHCTBE) COOTBETCTBYET TOJIBKO OJHO MAaKpOCOCTOSIHKE. B KBaHTOBOI! k€ MEXaHUKE
OJIHOMY MUKPOCOCTOSIHUIO (BOJTHOBasi (DYHKIIMSI) MOYKET COOTBETCTBOBATH IIEJIbIil HA0Op
BO3MO>KHBIX MAaKpOCOTOSIHUM (KBaHTOBAsi CyNEPHO3ULIMS BOJTHOBBIX (PYHKIINH,
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COOTBETCTBYIOIINX OTAEIbHBIM MAKPOCOCTOSIHUAM). DTa CUTYyalllsi BOZHUKAET B U3BECTHOM
napagokce «llIpeauHrepoBckoro KoTa.

Ceiiuac ouenb nomyisipua MHoromupoBast lHTepnperanus kBaHToBO Mexanuku. OHa
YTBEPKIACT, YTO 3TUM OTAEIbHBIM MAaKPOCOCTOSHUAM COOTBETCTBYIOT OTIEIIBHBIE U
OJTHOBPEMEHHO CYIIECTBYIOIIHNE MapalIeIbHO MUPBI, KOTOPbIEe HHTEP(HEPHUPYIOT (CKIIAABIBAIOTCS
IpyT ¢ apyrom). B atom Bugures paspemenue napajgoxca «llpeanHrepoBckoro Koray.

Ho TyT BO3HMKaeT nepBbIil, Ha EPBBIN B3I TPUBUAIBHBIM BOIIPOC: 3a4€M HaM HY>KHO
[IPEANOIaraTb OJHOBPEMEHHOE CYILIECTBOBAHUE 3TUX MUPOB. BMECTO 3TOr0 MBI MOKEM IIPOCTO
ckazarb: «CucremMa KOJIJIalCUpPYyeT B OJIHO U3 3TUX MaKpPOCOTOSHUM C BEPOSITHOCTBIO,
omnpenensaeMon npasuinamu bopa. [ uero Ham Hy »KHbI 3TH MUCTHYECKUE TapaJlIC/IbHbIC
mMupbl?». Jlannomy B3risiay orBeuaer Konenrarenckas Murtepnperanus.

Ha 370 00b14HO JatoTcs Cleayrolye BO3paKeHHs

1. V¥ Hac HeT HUKaKMX MEXaHHU3MOB, ONMCHIBAIOLIMX Kosuianc KomeHrarenckoin
WHuTtepnperanum.

MBI IpyHUMAaeM, YTO BOJHOBBIE (DYHKIIMU 3TO HEUTO PEAIbHO CYLIECTBYIOLIEE.

OTH BOJHOBBIE QYHKIMU U UX CYNEPHO3ULIUS YAOBIETBOPAIOT ypaBHeHUto LlIpenunrepa.
N3 1 1 2 aBTOMaTUYECKU CIEAYET MHOTOMHUPOBAsi MHTEPIIPETALIHSL.

JlexorepeHIus, KOTOpasi TaKXe SABJIsIeTCs cieacTBueM ypaBHeHus Llpennnrepa, o0ObsCHSET,
[IOYEMY MBI MOXKEM B UTOT'€ BUJIETh JIULIb OJUH U3 MUPOM (C COOTBETCTBYIOILIEH
BEPOATHOCTHIO bopa).

b~ wn

Ho Ha 3T0 BrioyiHEe MOKHO BO3pa3uTh: «Jla, y Hac HEeT MexaHu3Ma Kosarnca. Ho Ham u He
HYKHO €T0 3HaTh. MBI MPOCTO MOCTYJIMPYEM HAJIMYKE TaKOTO KoJutarca. boee Toro, Ml axe
HE XOTHM 3HATh 3TOT MEXaHH3M, MIOCKOJIbKY CIIOCOOHBI OMHMCATh U PACCYUTATH JTHOOYIO
(UBUYECKYIO CUTYAITHIO O€3 ATOTO 3HAHUS.

Ho Takoi nonxon BCTpeyaer Cleayoue TPy IHOCTH:

1. MpsbI He MOXeM yKa3aTh MM PACCUUTATH MOYHbIYI MOMEHT BPEMEHH, KOT/Ia IIPOUCXOHT 3TOT
KoJutanc. J{jsi MaKpoTeI MOXKHO yKa3aTh JIMIIb OYeHb Y3KUH, HO, TEM HE MEHEee, KOHCUHBIN
MHTEPBaJI BPEMEHH, Ha KOTOPOM 3TOT KOJIIAIC MPOUCXOIUT.

2. Jlyns MakpoTel CyIIecTBYeT JOCTaTOYHO YETKOE pasJieleHIe MeXy MUPaMH (3a cYeT
JIEKOT€PEHIINHN ), HO OHO HUKOT/Ia He SIBIISIeTCs MOJMHBIM. Beerna ocraercs neboavuioe
«TIEPEKPHITHE» MEXTy MUpaMU (MHTEp(PEPEHIIMOHHBIE YICHbI, KBAHTOBBIE KOPPEIALIUN
MHPOB) JTaKe [T MaKpoTell. JlekorepeHIys, onucbiBaeMasi BBIIIE, JIUIIb YaCTUYHO pelaeT
npobOyiemy. OHa He JI0 KOHIIA «Pa3beIUHICT» MAKPOMUPBI, OCTABJISISI 3TO HEOOJIBIIIOE UX
«TIEPEKPBITHE.

3. CymectByror crienduyeckue MoJiesiu Koyuianca (Tak HazsiBaemas, GRW teopus [16]). Onu
MOTYT OBITh IPOBEPEHBI HKCIIEPUMEHTANBHO. Taknue SKCIIepHUMEHTHI HE TAI0T OKa HUKAKOTO
JI0Ka3aTebCTBA CYIIECTBOBAHUS TaKOro KoJuiarica. OHU JArOT JIMIIb TPAHUIIBI HA ITAPaMETPhI
TaKMX MOJIeNeH (B TOM CiTydae, €CII OHU BCE-TaKH BEPHBI), ONpEIeIsieMble TOYHOCTHIO
IKCIIEPUMEHTA.

Ha »10 MOxHO cCHOBa BO3PAa3UTh:

1. Ma, ects mpobiieMa onpeeTuTh TOYHOE BpeMsl KoJutarica. Ho TouHo Takas se mpobiema
CYILIECTBYET U B MHOTOMHPOBOI MHTEPIIPETAIIMH — B KAKOH IMEHHO MOMEHT BPEMEHH
Ha6J'IIOI[aT€J'II) BUJUT, B KAKOM M3 BO3MOXXHBIX MUPOB OH OqYTHHCﬂ?

2. Toxe kacaercs U «IEPEKPHITUS MUPOB — 3TA MPOOIEeMa MPUCYTCTBYET U B MHOTOMHPOBOM
uHTepnperanuu. [leficTBuTensHO, HAOMI01aTeNh BUIUT B HEKOTOPHIA MOMEHT BpEMEHHU
TOJIBKO CBOM MUp. OH HUYEro HE MOXKET CKa3aTh O HAJIMYMH U OTCYTCTBUU APYTHX
napaieNbHeIX MUPOB. COOTBETCTBEHHO, BCE MPEICKa3aHust Oy aymiero (onpeaensemMbie
npaBuiaMu bopa) MOTryT fenaThCsi UM Ha OCHOBE 3HAHUS JIMIIb «cBoero» mupa. Ho uz-3a
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«TIEPEKPHITHSD MUPOB (IyCTh U MaJIOTO) MOTYT BOBHUKHYTH dPPEKTHI, HE YKIIAABIBAIOIINECS
B OTH IIpefcka3anus. To ecTb, KBAHTOBas MEXaHUKA IIPU €€ TAKOM I10CIIEN0BaTEIbHOM
UCTIONIb30BAaHUH HE CIIOCOOHA 1aBaTh AK€ TOYHBINA 8eposmHOCMHbII TIPOTHO3.

3. MosHO 1006aBHTH U €l O/IHY HEONPEIeIeHHOCTh, IPUCYILYI0 00EUM UHTEPIPETALIUAM.
ITycTp, K IpUMEpPY, UMEIOTCS IBa MAaKPOCOTOSHUS — <GKMBOU KOT» U «MEPTBBIN KOT».
[Touemy mup pazaensercs (WK KOJUTAIICUPYET) MMEHHO Ha Takue /1Ba cocTosHusA? Yem
Xy>Ke, Hanpumep, napa: (<GKuBOM KOT» - «MEPTBBII KOT»), (<GKUBOM KOT» + «MEPTBBIA KOT»)?

VYka3zaHHbI€ BbIlIE TPU IPOOIEMBI IPUBOJAT K HeonpeoenreHHocmu B IPEACKa3aHUusX, Je1aeMbIX
KBAaHTOBOM MexaHUKOI. OHa HE yKJIaJbIBa€TCs 1aKE€ B BEPOSTHOCTHBIE PAMKH, OIIPEACIIIEMbIE
npaBuiaMu bopa. DTa HeonpeeIeHHOCTh O4YEHb Majla Ul MaKpOTell, HO OHa cyluecTByeT. OHa
HPUCYTCTBYIOT B 17100b1X UHTEPIPETALUSAX, JIUIIb MACKUPYSACh U MEHSISI CBOIO (hOpMY.

HeBeposATHBIN NOTOK HHTEPIIPETALUI CBA3aH UMEHHO C IOIBITKON IIPEO0JIETh 3TU
npo6aembl. Ha camoMm Jfienie pa3Hble MHTEpIpeTalys JIUIIb 110 pa3HOMY «MAacCKHPYIOT» MpodiieMy
HEOIIPEACICHHOCTH, HE pelas ee.

4. Bce ckazannoe Bbiiie 0 GRW teopun BepHo. HeT HuKakoil He0OX0IMMOCTH 3aMEHATD €10
KBaHTOBY10 MexaHuKy. Onnako Konenrarenckas MHTepnperanus XoTh OU€Hb U HAIIOMUHAET
GRW, HO B 0JHOM Ba)KHOM IIyHKT€ OY€Hb omiuyaemcs oT Hee. OHa MOCTYJIUpPYET KoJLIarc
HE 6Ccex MaKpoTell, a JIUILb KOHeYH020 HAOI0AaTeNsl, C TOUKHU 3pEHHUS KOTOPOT'O OMUCHIBACTCS
¢buznyeckuit sxcnepuMeHT. [Ipu 3ToM 1oJ ClI0BOM «HAOJI0JaTeNb» Mbl IOHUMAaeM HE HEKYIO
JUYHOCTH, 00J1a/IAI0LIYI0 3araJOYHBIM «CO3HAHUEMY, a IPOCTO CTAHJAPTHBIN
MaKpOCKOIIUYECKUN OOBEKT, TaIeKUil OT COCTOSIHUS TEPMOJIMHAMUYECKOTO PaBHOBECHS. DTO
COBEpUICHO aHAJIOIMYHO HAIleH mpeaptymei cratbe [1]. s Hac BaxKHO JAHIIb TO, YTO 3TOT
00BEKT MOCTEHUN B IIEMTOYKE HAOIIOACHUI 1 €r0 COOCTBEHHAS! TEPMOIMHAMUYECKAs CTperia
BPEMEHH BBIOpaHa KaK «IIOJIOKUTEJIbHOY» HAIpaBlieHHas. DTO OrpaHUYECHUE Ha KOJIIarc
IIPUBOJUT K CEPHE3HBIM MOCIEACTBUAM, KOTOPBIX HE Ob171I0 B GRW. A nmenHo, eciaun
Hanuuue kosutanca B GRW TeopeTnueckn MOKHO POBEPUTH IKCIIEPUMEHTAIBHO, TO
IIPOBEPUTH Hamuue Kosuianca B Konenrarenckon MHTEepripeTanuu HEBO3MOXKHO J1aXKe 6
npunyune. OG0CHYEM 3Ty TOUKY 3peHHUs. PacCMOTpUM MBICIIEHHBIE SKCTIEPUMEHTHI,
KOTOpBIE MTO3BOJIAIOT IPOBEPUTH HAJIMYKE KoJularica, npeackasbiaemMoro B GRW. Jlanee mbl
IIPOBEPUM, MOTYT OHH 7K€ UCIIOJIb30BATHCA I TPOBEPKH HAIMUYUE KOJIJIAICA B
Konenrarenckoi MHTEepnperanum.

a. KBanToBas MexaHuKa, KaKk ¥ KJIacCU4ecKas, peckasbiBaeT Bo3Bparsl Ilyankape. IIpudem, B
OTIIMYME OT KJIACCUYECKUX XA0TUYECKUX CUCTEM, OHHU NMPOUCXOIAT NEPUOANUECKH WM ITOYTH
nepuoanuecku. Hannuue xomnanca B GRW nenaet Takue BO3BpaThl HEBO3MOKHBIMU U HE
HaOJII01aeMBIMH, T.€. 3TOT (PaKT MOXKHO ITPOBEPUTH IKCIIEPUMEHTOM

b. KBanToBas mexanuka ooparuma. [Ipu oOpalieHiH 3BOIOIUH CHCTEMA BEPHETCS B HCXOTHOE
cocrosgHue. OHAaKO IpHU KoJuTarce 00paTUMOCTh TepseTcsl. ITOT (aKT TaKKe MOXKHO POBEPHUTH
JKCIIEPUMEHTOM

¢. MBI MOeM perucTpupoBaTh IKCIEPUMEHTAIBHO Malible 3P PEKTHI, CBA3aHHBIE C MATIBIMU
KBaHTOBBIMH KOPPEJALUSIMH, KOTOPBIE OCTAIOTCSA Aaxe rnocie nekorepennun. B GRW stu
MaJjisie () PEKTH HcUe3aroT.

MsI npoBepsiem kosutanc Habmoaarens B Konenrarenckoit MaTepnperanuu, U, clieioBaTeNbHO,
HEen30€KHO JO0JKHBI BKIIOUUTD €0 B HAOMIIOaeMyIo ciucTeMy. T.e. 311eCh MPOUCXOANT
camonabarodenue. ITokaxkem, 4TO 3TO HE TO3BOJISIET IPOBEPUTH (WJIM ONIPOBEPTHYTh) HATUYHS
kosutanca B Konenrarenckoit MIHTepripeTaniny ONMCaHHBIMU BBIIIE METOJAMU.

a. [Ipeanonoxum, Mbl OyZeM KaaTh, KOT1a HACTYIIUT BO3BpAT, IPEICKa3bIBAEMbIl KBAaHTOBOM
mexaHukoil. Ho HaOmroaTens, KOanc KOTOPOro Mbl IPOBEpsieM, SBISETCS HEOThEMIIEMOM
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4acThiO cHCTeMEI. T.e. mpu Bo3Bpare [lyankape, OH BEpHETCS TaK)Ke B UCXOJHOE COCTOSTHHE.
CrnenoBarenbHO, BCS €T0 MaMsITh O MPOIJIOM cOTpeTcs. UTo cenaeT SKCepuMeHTaIbHY 0
MIPOBEPKY, CBSI3aHHYIO CO CPAaBHEHHWEM HAYaJIHLHOTO W KOHEYHOTO COCTOSTHUS HE BO3MOXHOM.

b. Te e camble IPUYKHBI, YTO U B MPEIBLAYIIEM MTYHKTE, CACTAI0T HEBO3MOKHOM MPOBEPKY
BO3BpATa MpU 00paIICHUH ABUKCHUS.

c. [Ins perucrpanmu SKCrepuMEHTATFHO MaJbix 3P PEeKTOB, HEOOX0IMMa OYEHBb BHICOKAS
TOYHOCTh M3MepeHus. Ho, mockoabKy HaOII0AaTeNh CaM BXOJHUT B CUCTEMY U3MEPEHUS
(camoHab0IeHNE) OH HE CITOCOOEH TOYHO M MOJIHO H3MEPUTDH BCE ApaMETPhl TAKOH CHUCTEMBI.
O06pa3Ho roBopsi, HAOIIOIATEh JOIIKEH «3aIUCATh» TEKYIIEEe COCTOSTHUE CUCTEMBI TEMH K€
CaMBIMH «YEpHHUIIAMW», KOTOPBIE OH, B TOM 4uCIIe (KaK 4aCTh CUCTEMBI), U IOJDKEH onucaTth! Ha
MIPAKTHKE BO3MOXKHO OMUCAHUE JIUIIh MaKpOIIapaMeTPOB CUCTEMBI, UTO JIeIaeT HEBO3MOXKHOM
HaOI0/IEeHUE U pacdeT ManbiX 3((HEeKToB.

Mo cyTu nena, mepBbie qBa MyHKTA (&, D) CBsI3aHbI CO clieayrOIM (HaKTOM, KOTOPBIA HMEI
MECTO U B Kiaccuueckor Mmexanuke [1]. JlekorepeHus (pacuieruieHne Ha MaKpOCOCTOSIHUS )
IPUBOJUT K POCTY SHTPONHUHU (OJJTHO MAKPOCOCTOSIHUE 3aMEHSIETCS Ha 1eJIblil HA00p BO3MOKHBIX
makpococTosHuil). C apyroi CTOpoHbl, HaOIOAECHUE BO3BpaTa (T.€. PEKOT€pPEHLIUs) CBA3aHO C
yMeHbllIeHneM 3HTponuu. HabmrogaTens ke crioco0eH 3KCIepuMEHTAIbHO POBOIUTh
caMOHaOJII0ICHUE JIUILIb HA OTPAaHUYEHHBIX IIPOMEXYTKaX BPEMEHHU, KOT/Ia y HEro CyIeCTBYET
CTpeJia BpeMEHH (T.€. COCTOSHUE JaJIeKO€ OT TEPMOJANHAMHUYECKOTO PABHOBECHS), U OHA He
MeHsem cBoe HarpasiieHue. Takum 00pa3oM, HEBO3MOKHOCTh 3KCIIEPUMEHTAIBHO PA3INYUTh
Konenrarenckyro n MEHoroMupoByto MHTEpnpeTanuu TECHO CBsI3aHa ¢ 3aKOHOM pOCTa
SHTPOIUH U TEPMOJIUHAMHUYECKOU CTPEION BPEMEHH.

Bce, ckazannoe BblllIE, 1€71a€T HEBO3MOXKHOM SKCIIEPUMEHTAIbHY 0 IIPOBEPKY PA3HULIBI MEXKIY
Konenrarenckoir 1 MHOroMupoBoii MHTepriperanuei, 4To AenaeT UX paBHONPAaBHBIMU. Takue
YTBEPKACHHS O HEPA3JIMYMMOCTH 3TUX UHTEPIPETALUi HE pa3 BCTPEUYAIOTCs B JIMTEPATYPE.
OpHako TaM, rae 3TOT GakT He TONBKO (GOPMYITHPYIOT, HO M MIBITAIOTCS JOKa3aTh, OOBIYHO
CCBIJIAIOTCS HA HEBO3MOXHOCTD C/IEIaTh TAKYIO POBEPKY JIMILIb NpaKmuiecku AJji1 MaKpoTel, He
MIOHUMas €€ NPUHYUNUATLHOU HEBO3MOKHOCTU. Ha 3TOM OCHOBaHMH AenaeTcs OIINOOYHBIN
BBIBOJI O «IIPUBHJIETMPOBAHHOM» MONI0XeHMH MHoromuposoit Murepnperanuu. [Ipusenem
HaunOoJee HarsHbIN ipuMep [9]:

"CropoHHUKM MHOrOMHUPOBOH MHTEPNPETAIIMU MOTJIN Obl YTBEPKIAATD, YTO, PAKTHYECKH,
Opemsi IKCIIEPUMEHTAJIBHOI0 J0KA3aTeJIbCTBA HAXOAMTCS HA IPOTUBHUKAX
MHoOroMnpoBoii HHTepIpeTaluu, IOTOMY 4YTO 3TO - OHH, Te, KTO YTBEpP:K1aeT, 4YTO eCTh
HOBas1 (puU3NKa BHe XOpo1Io nNpoBepeHHOro ypapuenus lllpeaunrepa'.

"HecmoTps Ha Ha3BaHue "uHTEeprpeTanys’, MHOroMUPOBON MHTEPIPETALIUH - 3TO MIPOCTO
BapHaHT KBAaHTOBOHN TEOPHUH, KOTOpasi OTIMYAETCS OT APYTUX. DKCIEPUMEHTAIbHO, Pa3HOCTh
CYILIECTBYET OTHOCUTENILHO TEOPUH ¢ KostancoM. KaxeTcsi, 4To HeT HUKaKOT0 3KCIIEPUMEHTA,
OTJIMYaroIero MHOroMHpOBYIO HHTEPIPETALIMIO OT APYTUX TEOpUil O6€3 Koanca, TaKuxX Kak
MexaHuka boma wim npyrue Bapuantel MHOroMupoBoi uHTEpnperanny. Kosianc npuBoaur x
s¢dexram, KOTOpbIE SIBIISAIOTCS, B IPUHLUIIE, HAOII0AaeMbIMU; 3TH 3PPEKTHI HE CYLIECTBYIOT,
eciii MHOTOMHpPOBasi MHTEPIPETAIUs - IpaBIiIbHast TeopHsi. YToObI HAOIIOAATH KOJUIATIC, MBI
HYK1aJMCh OBl B TEXHOJIOTMH BBICIIETO Ka4eCcTBa, KOTOpasi M03BoJIsAeT "o0paars" KBaHTOBBIN
HKCIIEPUMEHT, BKIIIOUYasi HHBEPCHUIO MPOLIecca AETEKTUPOBAHMS MAKPOCKOITMYECKUMHU
ycrpoiictBamu. CMm. Lockwood 1989 (p. 223), Vaidman 1998 (p. 257), u apyrue npeuioxxeHus
B Deutsch 1986. DT npenioxxeHus - Bce ISl YUCTO MBICIICHHBIX 9KCIIEPUMEHTOB, KOTOPBIC HE
MOTYT OBITh BBINOJIHEHBI Ceuac UK ¢ MOMOIIbIO KaKOH-1100 OyayIiel TeXHOIorueH,
JOCTI>KHUMOM B 0003puMoe BpeMmsi. J[eCTBUTENBHO, B 3TUX SKCIIEPUMEHTAX JIOJKHA
HaOIr01aThCs MHTEp(EepeHLIns pa3IMUHBIX MUPOB. MUpBI pa3iIMyHBbl, KOTAa, 0 KpaiHel mepe,
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OJIMH MaKpPOCKOINYECKUI 0OBEKT HAXOIUTCS B MAKPOCKOIIMYECKHU Pa3INYMMbIX COCTOSHHUSX.
Taxum 06pa3oM, HEOOX0 UM UHTEP(HEPEHIIUOHHBIN SKCIIEPUMEHT C MAKPOCKOIIMUYECKUM TEJIOM.
Ceroans ecTh HHTEP(HEPEHIIMOHHBIE YKCTIEPUMEHTHI ¢ OOJIBIIMMU M OOJIBIIUMHI 00BEKTAMH
(HammpuMmep, MoJeKyJbl GpysuiepeHa Ceo), HO 3TH 0OBEKTHI BCE €1l He SBIAIOTCS JOCTATOYHO
0O0JBIIMMHU, YTOOBI CUUTATHCS "MaKpocKonuueckUMHU'". Takue SKCIIepUMEHTHI MOTYT TOJIBKO
YJIyUIINTh OLEHKY I'paHUIly, IIe KoJjarnc Mor Obl UMETh MecTO. Pemaromuii skcnepuMeHT
JIOJIKEH BKJIFOYATh MHTEP(EPEHINIO COCTOSIHUM, KOTOphIe 00J1a1at0T MAKPOCKOITMYECKUM
YHCIIOM CTeIeHel cBOOO Ibl: HEBO3MOXKHAS 3a/jaua JIJIsl CErOAHSAIIHEeH TeXHOIoruu"

IIpuBeneHHOE 3/1€Ch 10KA3aTENBCTBO IKCIIEPUMEHTAIBHON HEMPOBEPSAEMOCTH KOJIIAICa B
Konenrarenckoit HTepnpeTanuu, HaCKOJIbKO HaM U3BECTHO, BCTPEYAETCS JIMILB B ATOU U
npeaniecTByromux eit padorax [10-13]. Ero moxxHO Ha3BaTh «I e/ieneBcKoii» TeopeMoi o
HEBO3MOXXKHOCTH JJIsl KBAHTOBOM MexaHuku. OHa Kak (POpMYJIUPOBKOM, TaK U METOI0M
JI0Ka3aTeIbCTBA ACHCTBUTEIBHO HATOMUHACT «I €eJIeBCKYI0 TEOPEMY O HETIOJIHOTE.

ME1 31€Ch CTOJIb TOAPOOHO OCTAHABIMBAEMCS Ha 3TOM BOIIPOCE, MMOCKOIBKY
Bo-niepBbix, cama HEBO3MOXKHOCTb 3KCIEPUMEHTAIBHO Pa3iniuTh KoneHrareHckyo u
MmuoromupoByto MHTepnperanuu TECHO CBS3aHa C 3aKOHOM POCTa SHTPOIHH U
TEPMOJAMHAMUYECKOMN CTpeoil BpeMeHU. Bo-BTOPBIX, CIAUIIKOM MHOTO JIFOAEH UCKPEHHE, HO
ommO0YHO BepAT, YT0O MHOTOMUpOBas MHTepnpeTalus (Win WHbIE MEHEe MOIHbBIC
HuTepripeTanyin) NOTHOCTHIO PEIIAIOT BCe MPOOIeMbl KBaHTOBOM MexaHuKu. K 3tuM mpobiemam
B [IEPBYIO O4Epeb OTHOCATCSA YK€ CHOPMYIUPOBAHHBIE BBILIE MPOOIEMBI HEOnpeoeleHHOCMU B
npe/IcKa3aHmsIX KBAaHTOBOM MEXaHUKH, HE OMUChIBaeMble npaBuiamu bopa. Kak sxe onn
pemarTcs Ha caMoM Jiene? IT0 OOBICHAETCS TeM, YTO yKa3aHHAs HEONPEIeIeHHOCTh XOTh U
CYIIECTBYIOT B U0ean1bHOU TUHAMUKE, B HAOI00aeMoll TMHAMUKE OTCYTCTBYET U
AKCIIEPUMEHTAJIBHO HE HAOII0JaeMO B npuHyune.

1) Camonabmionenue. Te e camble PUYNHBI, YK€ OMMCAHHBIC BBIIIE, KOTOPHIC HE
MO3BOJISIIOT TTPOBEPUTH KOJUTAIIC HKCIIEPUMEHTAILHO HE TIO3BOJISAT OOHAPYKHUTH
9KCTIIEPUMEHTAIBHO HEOTPEIEIEHHOCTD, YKa3aHHYIO B MyHKTaX 1 (TOYHBIH MOMEHT
BpPEMEHHU KoJjutarca) v 2 (KBaHTOBBIE KOPpeIsiliun). A 3HaYUT 00CYyXIaTh €€
OECCMBICIICHHO.

2) BaemHee HaOMOACHUE.

a. Ecnm a0 HaOmroieHne He BO3MYIIAeT HAOII0AaeMyI0 CUCTEMY, TO KOJIJIATNica CUCTEMBI a,
CJIeI0BATENIbHO, U HEOTIPECICHHOCTHU (YKa3aHHOU B MyHKTaX | ¥ 2) HE BO3HUKAET M KBAHTOBAs
MeXaHHKa MOXET ObITh IPOBEpPEHa TOUHO SKCIEpPUMEHTANIBbHO. Takoe HenmepTpyOaTuBHOE
HaOJIIOZICHUE BO3MOXKHO JIJISi MAKPOTEJT JTUIIh TEOPETUUECKU, U TOJIBKO MPHU YCIIOBUU H3BECTHOTO
HAYaJIbHOTO COCTOSIHUS, YUCTOr0 min cMerranHoro. (Ipunoxenue A)

b. TIpucyrcTByeT Maoe B3aUMOICHCTBHE MEX /Ty HA0JIF0JacMON CHCTEMOM |
HabI01aTeIeM/OKpy>KeHHEM. DTO MaJloe B3aUMO/ICHCTBHE MACKUPYET HEONPEAEIEHHOCTh
(YkazaHHYIO B IyHKTax | 1 2) 1 iesiaeT HEBO3MOXKHBIM €€ AKCIIEpUMEHTAIbHOE HAOIIOCHNE.

3/1ech HY)KHO BEPHYTBCS K HEOIIPE/IEJIEHHOCTH, OIMChIBAEMOM B MyHKTE 3. BobIIMHCTBO
peanbHbIX HAOIIOACHNH OTBEYaeT ciaydasiM CaMOHAOI0IeHUs (KOT/1a IOJTHOE OIMCAaHue
HEBO3MO>KHO B IPUHIUIIE) UM OTKPBITOM cUcTEME, BO3MYILIAEMOM HEKOHTPOJIUPYEMBIM MaJIbIM
BHEIIIHUM IIIYMOM OT HabJtoaresst/okpyxkenus. Kak ke onuceiBaTh Takue OTKPBIThIE WK
HEMOJIHbIE CUCTEMBI? DTO JienaeTcs MyTeEM BBOJA MaKponapamempos cucteMbl. PeanbHas
HabO00aemas AMHAMUKa TaKUX NapaMeTpoB BO3MOXKHA JJIs IIUPOKOTro kiacca cucteM. OHa He
BKJIIOUAET HEHAOII0JaEMbIE B PEAIbHOCTH «IapaljIeNIbHbIE MUPBI», YMEHBIIECHUE SHTPOIHH,
KBAaHTOBYIO CYNIEPIIO3ULIMIO MAKPOCOCTOSHUMI U IPYTYIO 9K30THUKY, BO3MOKHYIO TOJIBKO B
uoeanvrou nuHaMmuke. Habmonaemas quHaMKKa MPOU3BOAUTCS OTHOCUTENBHO
TEPMOJUHAMHYECKOHN CTPENbl BpEMEHH PEAIBHOTO MAKPOCKOIINYECKOTO HEPABHOBECHOT O
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Habo1aTeNsd, c1ado B3auMOJICHCTBYIOIIEM ¢ HAOII0JaeMOl CUCTEMOMN U OKpPY>KEHHUEM
(mexorepeHuys). MneanbHast AMHaAMHKa CTPOUTCS B aOCTPaKTHOM, KOOPIMHATHOM BPEMEHHU.
[IpobGnema nepexosa OT UaeaIbHOM K peabHON JMHAMHUKE YCIIEITHO PEIIeHa B APYyTUX paboTax
[14-15, 17-18]. Beibop MakpornepeMeHHbIX HEOTHO3HAYEH, HO M HE MTPOM3BOJICH.
MakponepeMeHHbIE JOIKHBI BRBIOUPATHCS TaK, 9YTOOBI TPHU POCTE SHTPOIIUHU CITYyUYaHBIH MaJIbIi
BHEUIHWH IIIyM HE BJIMSUI 3HAYUTEIIBHO HAa UX TUHAMUKY. Takue MakpolnepeMEHHbIE CYILECTBYIOT
Y Ha3bIBAIOTCS TIaBHBIC IepeMeHHbIie (pointer states) [3,17]. Hamuune n30paHHBIX COCTOSIHUI
00BSICHAETCS JIOKAJIbHOCTBIO B3aUMOJICHCTBUS B peanibHOM Mupe. CuiibHee B3aMMOACHCTBYIO
Oymm3kue yactuiibl. Eciu Ob1 criia B3aMMOICHCTBHS ONPEesuIach, HampuMep, OJU30CThIO
UMITYJIbCOB, TO IJIABHBIE COCTOSIHUSA ObLIN ObI COBCeM MHbIE. Tak, OCKOJIBKY CBOHCTBO
JIOKQJIbHOCTH HEBEPHO HA PACCTOSIHUM CPAaBHUMOM C JJIMHHOM BOJIHBI, PaJMOBOJIHBI UMEIOT
noJieBbie pointer states, cuipHO oTaMuarormecs ot pointer states wactun. Cutyanus, 31ech
OIKChIBaeMasi, TIOJIHOCThIO SKBUBaJICHTHAs [1], riie paccMaTpUBaIKCh «IOIXOISIIUC)
MaKpOCOTOSIHMSL ISl CIy4asi KJIaCCUYECKON MEXaHUKH.

UTo MOXET CIIy>KUTh IPUMEPOM Ha0JII01aeMOIl TMHAMUKH U1 KBAHTOBBIX CUCTEM? DTO
ykazanHble Bbille GRW Teopun. [[ns Toro 4rodbl moHATH 3TO BepHeMcst K KoneHrarenckoit
WuTepnperanyu. Mbl MoxkeM BbIOpaTh 3a «Habmoaarens» B Konenrarenckoit Murepnperanuu
pas3Hble HepaBHOBECHBIE MaKkpoTena. TeopeTuuecku, Mpu 3TOM KoJutarc OyAeT BUAEThC 10-
pa3HOMY JUIsl TAKUX pa3HbIX HaOJto/aTesneil. JTo sIBICHNE Ha3bIBACTCS «IIapaJoKC Apyra
Burnepa». MHaue 370 siBJI€HME HEOIHO3HAYHOCTH KoJutanca B Konenrarenckoit IHrepnperanun
MO’KHO Ha3BaTh « KBaHTOBBII CONMIICU3MY, IO aHATIOTHH € MTOXO0KHUM IO CMBICITY (PHIOCO(PCKUM
yueHueM. Pa3perraeTcs oH aHAIOTUYHO TOMY, Kak MbI 3TO Jenanu B padote [1]. [Ipu
CUHXPOHM3AIMH CTPEJl BpEMEHH SHTPOIUS BCeX €1a00 B3aUMOIEHCTBYIOIIMX TEJl PacTeT
(yObiBaet) cuHxpoHHO. Kosutarc ke COOTBETCTBYET MIMEHHO POCTY SHTPOIHUH (OTHO
MaKpOCOCTOSIHUE 3aMEHSETCS Ha 1IeJIblii HAOOp BO3MOKHBIX MakpococTossHui). CreaoBareinbHO,
MaJioe B3aMMOJICHCTBHE (IEKOT€PEHLIUS ) MEXKLy MAaKpOTEJIaMHU PUBOJUT HE TOJIBKO K
CHUHXPOHM3AIMH CTPEJl BpEMEHH, HO U K CHHXPOHHU3allM MOMEHTA «KOJUIAIICay JUIsl pa3HbIX
HaOmroareneit. 1o nenaet « KBaHTOBBIM COMUIICU3MY JIS1 MAKPOTEI, XOTSI TEOPETUYECKH
BO3MO>KHBIM, HO KpaiiHe TpyJJHO OCYIIIECTBUMBIM Ha MpakTUKe. B 3ToM 3akitodaercs ero
otianuue oT Konenrarenckoit MnTepnperaryuy, rae Kojianc HabaoaaTess Helb3s
MPEIOTBPATUTD JaXKe TEOPETUUECKU. YKa3aHHbIe Beillie GRW Teopuu ABISIIOTCS, TAKUM
00pa3oM, JUIsl KBAHTOBOM MEXaHUKH OMMCAaHUEM JeMCTBUTENbHON HaO.1100aemol TAHAMUKA
Makpoten (nquHamuka FAPP). Ona oTOpachiBaloT He HaOII0JaeMbIE B PEAIbHOCTH
paccoriacoBaHMs KoJljanca MakpoTea U yObIBaHHE SHTPOIMHU, KOTOPbIE MPECKa3bIBAIOTCS
uOeanbHou JUHAMUKOM.

Xoporiieii WLTIoCTpaIel BBIIIICOMMCAaHHON CBS3M HAOIIOaeMON U HJICATbHON TMHAMUK
SBIISIETCS «TAapaJI0KC KOTENKa, KOTOPBIM HUKOT/Aa He 3akunuT». OH CBA3aH B KBAHTOBOM
MEXaHHUKE C OTKJIIOHCHUEM OT YKCIIOHEHIIMAJIBHOTO BUJIa 3aKOHA paciia/jia yacTull (WM rnepexoia
C OJIHOTO HEPTETHYECKOTO YPOBHSI Ha APYroi). DKCIOHEHIMAIbHBINA XapaKTep TaKOTO 3aKOHA
OYEHb BaXKEH — OTHOCHUTEIIbHASI CKOPOCTh paciajia He 3aBUCUT OT MOMEHTa BpEMEHU. DTO
3HAYUT, YTO paclaaroiasics YacTulla He UMEeeT «BOo3pacTa». B KBaHTOBOI MexaHUKe, OJTHAKO,
Ha MaJIbIX BpEMEHaX 3aKOH u0edalbHOoU AMHAMUKY pacnaia CUIbHO OTINYAETCS OT
9KCIOHEHIMAILHOTO. DTO MPUBOAUT K TOMY, YTO KOTJ]a YUCIO U3MEPEHHUH COCTOSHUS YaCTUIIbI
Ha OTPaHUYCHHOM WHTEPBaJe BPEMEHHU YBEIIMIMBACTCS, YACTHIIA B TIpeJiesie BOOOIIE He
pacnanaercs! IlycTs Mbl HaOIIOJa€M MaKpPOCUCTEMY, COCTOSIIIYIO U3 OOJBIIOrO YKncia
pacraarmuxcst YacTHIl. 3JeCh CIeAYeT OTMETHTh, YTO PACIIa]l YaCTHUIIbI IPOUCXOIUT IO
3aKOHaM MJealbHOW JMHAMUKY JIMILIb MEKIY U3MepeHusiMU. CaMu U3MEPEHUS CUIIbHO BIUSIOT
Ha JIMHAMUKY CUCTEMBI, KaK BUIHO U3 (OPMYITHUPOBKH CaMOT0 mapaaokca. YToOwl mepeiT K
Habno0aemori TMHAMUKE, OTIMCAHHOU BBIIIE, MBI JOJKHBI CUJIBHO YMEHBIITUTH BO3MYIIAIOIICe
BIIUSTHUC HAOIOCHUS. JTO IOCTHTACTCS YBEITUUYCHUEM UHTEpPBajia MEKIY HAOIIOICHUSIMH,
CPaBHHMOI'O CO CPEAHUM BPEMEHEM >KU3HU OTNEIbHON YacTULbI. [IJis TaKuX O0IbIINX
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WHTEPBAJIOB BPEMEHH, MBI MTOJTy4aeM PeasIbHYI0 HaOII0IaeMyI0 TMHAMUKY pacraja, mpu
KOTOpPOM OHA OMHUCHIBAETCS SKCIIOHEHTOW, U CPETHEE BPEMSI )KU3HU HE 3aBUCUT OT KOHKPETHOI'O
WHTEpBaja MEXIy U3MepeHussMU. TakuM 00pa3oM, SKCIIOHEHIIUATBHBIN paciajl — 3aKOH
HaO0II0TaeMOi, a He UIeaNbHON JUHAMUKH YacTHIL. (DTUM ke 00BICHSIETCS OTCYTCTBHE
BO3BpartoB [lyaHkape /j1st TakKOW CUCTEMBI. )

3. KosinuecTBeHHOE paccMOTpeHHeE BOIpoca.

3.1 Omnpeaejienne 0OCHOBHBIX MOHATHIA.

1) B kiaccuveckoil MEXaHHKE MUKPOCOCTOSTHHE — TOYKa B (pa30BOM MpOCTpaHCTBe. B
KBaHTOBOM MEXaHUKE ITOMY COOTBETCTBYET BOJIHOBAsI (PyHKILIUA y (UHCTOE COCTOSIHUE), a
TPAaEeKTOPUU — 3BOJIOLMS BOJHOBOHM (PyHKLMHU BO BpeMeHH. B Kkiaccuueckoil MexaHuke
MaKpOCOCTOSIHUE COOTBETCTBYET (DyHKLUU pactipenensis B (a30BOM npocTpaHcTse. B
KBAaHTOBOM MEXaHUKE ATOMY COOTBETCTBYET MAaTpHlia INIOTHOCTH p. Bua MaTpuiibt
IUIOTHOCTHU 3aBUCUT OT BBIOpAHHOTO 0a3nca OPTOHOPMAJIbHBIX BOJHOBBIX (PyHKuMid. Eciu
PPZ£P - 9TO CMELIAHHOE COCTOSHHUS.

2) VYpaBHEHHE ABWXCHUS Ul MaTPHULIBI ITNIOTHOCTH P UMEET POpMY:

rie L sBnsieTcs IMHEeHHBIM OIPepaTopoOM:
Lp=Hp-pH=[H,p]
1 H siBrsieTcst orepaTopoM dHEPTUH TSI CHCTEMBI,
N — gnciao gacTuig
3) Ecniu A sBisiercs omepatopoM HEKOTOpPOW HAOIIOAaeMOi, TO CpeInHss BEIMYHHA
Ha0II0TaeMO MOXKET OBITh Haii/ieHa CIeTYIOIUM 00pa3oMm:
<A>=tr Ap
4) Ecnu mpou3BOAUTCS CaMOHAOIOIEHUE TOJIHBIM HAOOp HAOIOACHHN C/eaTh HEBO3MOKHO.
B cnyuae BHemHero HaOMIOJEHHS H3-3a MaJIOTO B3aUMOJAEHMCTBUSI C HaOmIoAareneM H
HEYCTOWYMBOCTH XAaOTHUYECKOW HaOJrOfaeMoll CHCTEMBI TIOJHOE ONHCAHHE TaKKe
6eccMmbicieHHo. [ToaToMy BBOAAT orpaHndeHHbI Habop M maxkponepemennbix:
Aset:{AL Ag, veey Al\/|},
rne M<<N
OTH MAaKpOIIEpEMEHHBIE U3BECTHBI ¢ KOHEYHON MaJION MTOTPENIHOCTBIO:
AA <<A;, 1<i<M
OTomMy HabOpy MaKpONepeEMEHHBIX OTBEYAET MAKPOCOCTOSIHUE C MATPULIEH TUIOTHOCTH Pset.
[Ipu 3TOM BCe MUKPOCOCTOSIHUSL OTBEYAIOLIUE YCIOBUSIM
{ |<A1 > — Allf AA, |<A2 > — AzlS AA,, ..., |<AM > — Ale AAM}
SIBJISIFOTCS. PABHOBEPOSITHBIMH.
Tepmoounamuyeckomy pasHosecuro OTBEYAeT MaKpOCOTOsIHUE pe. EMy cooTBeTCTBYEeT HAbOp
MHKPOCOCTOSIHUM, YAOBIETBOPSIOIINI YCIOBHUIO
|<E>—-E[|<4 E (4 E<<E),

rac E monnas OHEPIUs CUCTCMBIL.
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HpI/I 9TOM BCC 3TU MUKPOCOTOAHUSA PABHOBCPOATHBI.

5) B KBaHTOBOW MEXaHHMKE SHMPONUs aHcamoisi OTIPEAESICTCS Yepe3 MaTpHILy II0THOCTH [15]:

S=-ktr(p In p),
rze tr obo3HavaeT ciaea MaTpULIbl
DOHTponus, OnpeesieHHas TaKuM IyTeM, He MEHsIeTCs B Ipoliecce 0OpaTUMOil SBOTIOLIUY:
0S
-0
ot

6) Makpockonuueckas SHmponus ONPEILISAETCS CISTYIOIM 00pa3oM:

a) Jlnst JaHHOTO p HAXOAUM BCE HAOOPBI MAKPOIIEPEMEHHBIX, EMY COOTBETCTBYOLIHX

(elt) _ {Ai(l)’Aél)m,A'(\Al)}AA(l) < A(l)’ls i< M

AL = {AD, AL AL IAAD <« AV 1<i< M
b) Haxommm MaTpHiry pset IUIsi KOTOPOH BCe MUKPOCOTOSHHSI, UMEIOIINE YKa3aHHBIH Ha00Op

MaKpoIapamMeTpoOB, PaBHOBEPOSTHBI
€) Maxkpockonuueckasi SHTporHs S=-K tr(pset IN pset)

B ornmmuame ot ensemble entropy makpockonmyeckasi SHTPOIUS (MaKpOIHTPOIIHs) HE TIOCTOSIHHA

N MOXET KaK YBCIMYMUBATHCA, TaK U YMCHBIIATHCA BO BPEMCHHU. Ona JJIA ﬂaHHOﬁ OQHCPIun E +

AE AOCTHUra€T MaKCUMyMa IIpU TEPMOIJMHAMHUYECCKOM PABHOBCCHHU. HanpaBneHHe pocCTa

MAaKpOSHTPOIIUK  OMPEACIIACT HAIlPAaBJIICHUC COOCTBEHHOI mepModuHaMuquKoﬁ cmpeéeiibl

epemeHu CUCTCMBbI.

7)

8)

S=

[ToroOHO KiTaccu4yeckoMy CiTydaro JIOKaTbHOCTh B3aMMOJICHCTBHSI IPUBOAUT K TOMY, YTO HE
BCE MaKpOCOCTOSIHUS TipueMiemMbl. OHU JOMKHBI OBITH BBIOPAHBI TaK, YTOOBI MaJIbIi IIyM HE
BJIMSUT CYIIIECTBEHHO Ha HBOJIOLUIO CUCTEMBI B HAIMIPABICHUU MEPMOOUHAMUYECKOU CMpeibl
epemenu cucTeMbl. [10100HBIE COCTOSIHUSI XOpPOIIO HMCCIEIOBAaHBI M Ha3bIBAOTCSA pointer
states [3,17]. KBanToBass Cymeprmo3uIiisi TaKuX COCTOSHHH HEYCTOWYHBA OTHOCHTEIHHO
MaJIOTO MIyMa M He SBJSIETCS, COOTBETCTBEHHO pointer state. JIns makpocuctem, OJIUM3KHX K
COCTOSTHHIO TEpMOJMHAMHYECKOTO paBHOBECHs, B KadecTBe pointer states ynoOHO
UCIIONIb30BaTh COOCTBEHHBIC (DyHKIIUU TaMUIbTOHUAHA.
OrpyOneHHasi BelMYMHA O JODKHA OBITH MCIOJNB30BaHA, YTOOBI MONYYUTH H3MEHEHHE
SHTPONUMU MOAOOHOE MaKpocKomudecko sHTponuu. [IpuBegemM myTH, KOTOPHIMH 3TOTO
MOXHO JTOOUTBHCS:
a) Mpsr onpenessieM Hekuit HaOop pointer states u mpoekTupyemM MaTpHily MJIOTHOCTH P Ha
3TH COCTOSIHMA, T.€. OTOpachiBaeéM HEAMAarOHAIbHBIE WIEHBI MATPHUIBI IIOTHOCTHP,

3alKCaHHOM B NpeaACTaBJICHUN COOCTBEHHBIX (1)YHKI_II/II71 9TUX Ha6moz[aeme

-K tr(pcoar In peoar)

b) Mbl pa3buBaeM crHcTeMy Ha HECKOJIBKO B3aMMOJICHCTBYIONIMX IMOJICHCTEM (HAmpUMeEp:
HaOroaTeNNb, HAOMIOAacMasi CUCTEMA, OKPYKEHHUE) M 3aMKChIBACM IOJHYIO SHTPOIHIO

KAaK CyMMY SHTPOIMM 3THX NOJCUCTEM:

S:Sob'l'Sob_sys+Senv
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3.2 Iddekr caadboro B3aumMoaeHcTBUA
3.2.1 MaJjioe BHellIHee BO3MYIIIEHUE.

Mpbl MOXEM OKpY>KUTh Hally MaKpOCHCTEMY OIPaHMYEHHOI'O0 0O0beMa JpYyrod CUCTEMOM
OeckoHeuHOro oObeMa («OKpyXeHue», «pesepByap»). I[losokum, 4TO OHAa HAXOAWUTCS B
TEPMOJUHAMHYECKOM PAaBHOBECUH, UMEET Ty K€ CPEAHIOI0 TeMIIepaTypy, YTO U Hallla CUCTEMA,
U cnabo B3aUMOJICUCTBYET C Hallleil OrpaHUYEHHOW CHUCTEMOW. 3aTeM MOKHO HCIOJIB30BaTh
KBAaHTOBYIO BEPCHIO «HOBOH JMHaMHKH», pa3paboraHHoil [Ipuroxuneim [14] mis Takux
OeckoHeuHbIX cucteM. llonyueHnHass TakuMm 00pa3oM JMHAMUKa Halled OrpaHUYEHHOW CHUCTEMBbI
(moacucTeMa 3TOW OONBINONW CUCTEMBI) OyAET COBHAAATH C €€ Habmodaemoln OUHAMUKOU B
cucrteMe e€ coOCTBEHHOI0 TEpMOJMHAMUYECKOI0 BpeMeHH, HO 0e3 pe3epByapa. Takoe onucanue
MMEET CMBICI TOJIbKO B T€UEHHE BPEMEHH, KOT/Ia CTpesla COOCTBEHHOI'O TEPMOAMHAMHUYECKOTO
BPEMEHH CyIIECTBYeT (T.e. CHUCTEeMa HE HAaXOJUTCA B COCTOSIHUM TEPMOIMHAMHYECKOTO

paBHOB€CI/I$I) 1 HC MCHACT CBOCTO HAIIpaBJICHUA.

3.2.2 CuHXpoHH3alusi TEPMOJUHAMHYECKHUX CTPeJ BpeMeHH NP
B3aNMMOeHCTBUU MaKpocucTeM (Halaoaaresass M HadJIK01aeMoil
CHUCTEMBI).

Crnemyer OTMETHTB, YTO 3[IeCh Hama paboTa HaMHOTO TIPOIIE, YeM B CiIydae KIACCHYECKOU
MEXaHUKH. JTO CBSI3aHO C TE€M, YTO KOJMYECTBEHHAS TEOPHUS MAaJOro B3aMMOJICHCTBHS MEXIY
KBaHTOBBIMH CHUCTEMaMH (OJeKkocepenyus, 3anymviéanue) — XOPOIIO pa3BUTas o0macTtp [2-
3,17,24-27].

M51 He Oy1eM MOBTOPSITE €T0 371ECh, a TIOABEIEM JIUIIb KPAaTKUE UTOTH.

(a) IpeamonoxuM, 9TO MBI UMEEM B HEKOTOPBHI MOMEHT BPEMEHH JBE MaKpPOCHCTEMBI, MIPU
9TOM OJHA W3 HUX WIH 00€ 3TH MAaKpOCHCTEMBI HAXOJSATCS B KBAHTOBOW CYIIEPITO3UIMH WX
pointer states. Teopus nexorepentu [2-3,17,24-27] yTBepKIaeT, yTO Majoe B3auMOJICHCTBUE
MEXJIy MaKpOCHCTEMaMH OYeHb OBICTPO (BpeMs NEKOTEPEHIIMH HAaMHOTO MEHBIIE BPEMEHHU
penakcalu K TepMOJMHAMUYECKOMY PAaBHOBECHIO) MEPEBOAMT TAKYIO CHCTEMY B CMEIIAHHOE
COCTOSIHME, TpU KOTOPOM JaHHas KBaHTOBas CyNepHO3WIMs Hcye3aeT. Takoil mporecc
VICYC3HOBEHHsI KBAaHTOBOH cymeprosuimu pointer states coorBercTByeT pocty sHTpomuu. M3
teopeMsbl [lyankape ciemyer, 4to cucreMa (B KOOPAWHATHOM BpPEMEHH) JOKHA BEPHYTHCS B
UCXOJTHOE COCTOSIHME€ W JOJDKEH TPOM30MTH OOpaTHBIM mporecc pekorepeHuuu. Ho o
NpOM30UIET B 00EMX CHCTEMaxX CHHXPOHHO. DTO 03HAYaeT, YTO B CHUCTEME COOCTBEHHOTO
TEPMOJIMHAMHYECKOTO BPEMEHHU KaKJas W3 MOoJCHCTeM OyleT BUIACTh JHIIb JIEKOTEPEHLUIO U
POCT HTPONHHU. DTO 03HAYAET, YTO KAK MPOIIECCHI IEKOTEPEHIINH, TaK U CTPEIIbl BPEMEHH, OyIyT
CHUHXPOHHBI BO B3aUMOJACHUCTBYyMOIUX mojacucreMax. Creayer 0co00 OTMETUTb, YTO Mbl
paccMaTpuBaeM 37ech CIydail Makpockonuyeckux cUcTeM. JJsl MaibIX CHCTEM, I/Ie BO3MOKHBI
Oonpmre (IIOKTyaluy MapaMeTpoB, MOJOOHAs CHHXPOHU3AIMS CTPel BPEMEHH M BPEMEH
«KOJIJTAIICOBY MOJICHCTEM He HaOmromaercs [6-7].
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(b) Temephb MPEMONIOKUM, YTO BCE MAKPOCKOMMUYECKHE MOICHCTEMbI HAXOIATCSA B HX pointer
states. B Teopun neKorepeHIMU MOKa3bIBA€TCS, YTO MPU HATWYUU MAJOro IIymMa MEXIy ee
MaKpOCKOITMYECKUMHU  IOJACUCTEMAMHU  IIOBEJICHHE  KBAHTOBOM  CHCTEMBI  MOJHOCTBIO
9KBUBAJCHTHO W HEOTIIMYMMO OT MOBEACHUS KiIacCHueckol cuctembl [2-3,17,24-27]. Takum
o0pa3oM, aHaAIU3 CHHXPOHU3ALMUHU CTPET BPEMEHHU 371eCh OYIET IOJHOCTBIO KBUBAJICHTEH,
cienanHomy B pabore [1].

(c) Cnenmyer yTO4HUTD, YTO 3/1€Ch IOHUMAETCS IO CIIOBOM «KJIACCHYECKasD) CUCTEMA.

OTO O3HAyYaeT, YTO B TEOPUU OTCYTCTBYIOT CHEIU(pUYECKHE MaTeMaTUYeCKue OCOOCHHOCTHU
KBAaHTOBOM TeEOpHM, TakKhe Kak He KOMMYyTHpylomue HaOmogaemble. Ilpu stom 31H
«KJIACCUYECKHE» TEOPUU MOTYT OBbITh BEChbMa HK30THUYECKHMMH, BKJIIOYATh B COCTAB CBOUX
KOHCTAaHT MOCTOSIHHYIO [IaHKa ¥ He CBOAUTCS K 3aKOHAM OOBIYHON MEXaHUKHU MaKpOTell.

CBepXIIpOBOIMMOCTb, CBEPXTEKY4YECTh, W3IY4YCHHE aOCOIIOTHO HYEpPHOIO TEeJa, OIBITHI
®punmana ¢ cyneprno3unueii TokoB [19] yacto Ha3bIBalOT «KBaHTOBBIMU». OHU JIEHCTBUTEIHHO
KBaHTOBBIE B TOM CMBICIIE, UTO MX YPAaBHEHMS JIBMXKCHMS BKJIIOUYAOT MOCTOsIHHYHO [lmanka. Ho
OHM MPEKPACHO OMNHUCHIBAIOTCA B MakpoMaciiTabe MaTeMaTUYeCKUM ammapaToM OOBIYHBIX
KJIACCHYECKMX TEOPHiA: JINOO Teopuel kiuaccuueckozo noist (B Kadectse pointer states) , nmu6o
TeOpHel kiraccuueckux dactuil (B KauecTBe pointer states). C 3Tod TOYKHM 3peHHs, OHU HE
KBAaHTOBBIE, a KJaccHYeckre. B KBAaHTOBOH TEOpUM OIMCHIBAEMbIE OOBEKTHI SIBIISIOTCS
YaCTUI[AMU U BOJIHAMU (BEPOSTHOCTH) — OTHOBPEMEHHO.

CrieryeT OTMETUTD, YTO B KJJACCUYECKOM ITpeJielie TP KOMHATHBIX TEMIIEpaTypax KBaHTOBAs
MEXaHHUKa MACCUGHBIX YACTHIl ACT TEOPHIO KIACCUHecKuX YacTHIl B KadecTBe pointer states
(My4Ku 5JEKTPOHOB, HANPUMEp), a I Jle2KuX YacTHIl B Ipelesie MOIydaeTcs KIdccuieckoe
nosie B kadecTBe pointer states (paxuoBosHbl). [IpuyeM 3TH TEOpUU HE BKIIFOYAIOT MOCTOSHHYTO
[Imanka.

OpHako, TpU BBICOKUX TEMIIEpaTypax BEIIECTBA, KOTJa M3JIyYEHHE MOXKET HATH YK€ Ha
BBICOKMX YaCTOTaxX, CBETOBBIE KBAHThI ONMUCHIBAIOTCS TEOPHUEH KIaccuyeckux 4aCTUL B KAYECTBE
pointer states u mar0T, HampUMep, CIEKTP U3IYUYECHHUs] aOCOMIOTHO YEPHOTO Tejla Ha BBICOKUX
4acToTax. XOTsA ITOT CIEKTP BKJIKOYAeT MocTossHHyro [lmanka nuHamuka ero pointer states
(vactun) Oyzer kimaccuueckoil. J[mst modydeHuss 3Toro cmekrpa (opMaiu3M — KBaHTOBOM
MexaHUKH He HykeH (Cam [lnaHk 3TOT CHEKTp MOJy4yus, HUYEro He BeAas 0 MaTeMaTHYECKOM
amnmapare KBaHTOBOH (pU3HKH).

HaoOopoT, npu HM3KHX TeMmIepaTypax YacTUIbl HAUYWHAIOT OIMUCHIBATBHCS — KIACCUYECKUMU
NoJsIMA B KadecTBe pointer stateS (sBieHUs] CBEPXTEKYYSCTH WM CBEPXIPOBOIAUMOCTH).
Hanpumep, cBepXnpoBOINMOCTb ONMUCBIBAECTCS KIACCUYECKOL 80NIHOU «T1apameTpa nopsaka». U
XOT YpaBHEHMS, OINMCHIBAIOLIEE ATO TMOJ€, BKIOYAIOT MOCTOsAHHY [lnaHka, HO camu
YPaBHEHHS COOTBETCTBYIOT MaTeMaTHUYECKOMY amnmnapary KIaccuyeckoi TEeOpuu IMoiid. OTH
BOJIHBI MOTYT CKJIAJIbIBaThCsI MeXJIy €000, aHamormuyHo KBaHTOBbIM. Ho wux kBazpar
aMIUTUTYIbl J1al0T HE IJIOTHOCTh BEPOSATHOCTH, a MNIOTHOCTh KYNIEPOBCKUX Map. Takas BOJIHA HE
MOXET KOJUTAIICHPOBATh MPH U3MEPEHHH, TOJ00HO BEPOATHOCTHON KBaHTOBO# BosHe [20].

Jlist KBaHTOBO-MEXaHUYECKMX COCTOSHHUI 0030HOB MPH HU3KHMX TeMIieparypax pointer states
OTBEUAIOT KIdccuyeckue ToJis, a IPU BBICOKUX TEMIIEpaTypax - Kiraccuyeckue dacTuibl. Ilox

CJIOBOM «KJIACCHYECKHI» TOHMUMAETCS HMMEHHO MaTeMaTHYeCKUW ammapatr Hablto1aeMon
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JMHAMUKH, ONUCHIBAIOLIEH UX MOBEACHUE, a HE HAJIMYKE WIN OTCYTCTBUE MOCTOssHHOMU [lnanka B
YPaBHEHMSIX IBUKECHHUS.

Yro mNpoUCXOAUT B TMPOMEKYTOUHBIX COCTOSHHUSX MEXKAYy KIACCHYECKMMHU IMOJSIMH U
KJIaCCHYECKMMHU YacTHIIAMHU? DTO, HAIIPUMEP CBET B ONMTHYECKOM BOJHOBOAE (L>>A>>Ayjtraviolet),
Lopt — XapakTepHBIi pa3mMep MakpocHcTeMbl (onmTuueckoro BosHoBozaa) (IIpmmoxenue B), A-
JUIMHA BOJIHBI CBETA,Aylraviolet —YJIbTpa(HoJieTOBass TpaHuIa cBera). [Ipu HCHONB30BaHUU
MaKpoMmaciTaboB U MaKpOIIEPEMEHHBIX, a TAKXKE C yUeTOM Majoro IIyMa oT HaburojaTens oba
onucanus («KjaccHuyeckas BOJIHA», «KIACCHMYECKMM IOTOK 4YacTUID») AT OAMHAKOBBIN
pe3ynbTaT ¥ OKBHBAJICHTHBI M MOTYT OBITh KCHOJNB30BaHBI B KadecTBe pointer states.
OKBUBaJIEHTHAs CUTYyallUsl BOSHUKAET JIJISl CIIydasi CBEpXIPOBOIHUKA, I/I€ POJIb YaCTULL MU BOJH
UTPAIOT JIEMEHTAPHBIE «BO30YKIIECHHS» B ra3e KyIepoBCKUX Iap.

[IpoBenem npocToi pacuer, WILTIOCTPUPYIOLIUHI BBIIIECKAa3aHHOE.

[Tyctp E-sneprus wactuusl; K —mocrosinnast bonpumana, T —temmepatypa, P — UMIYJIbC, A —
JUIMHA BOJIHBI YaCTHUIIBl, (® —4acToTa, AX — HETOYHOCTb KOOPJMHATHI; AP —HETOYHOCTb
umnynbca, h — mnocrosHHas [lnanka. PaccMoTpuM «ra3» Takux 4YacTUll, HAXOJSILUMCS B
MOJIOCTH, 3allOJJHEHHOTO HEKUM MaTepHalloM C pacCTOSIHMEM Mexay aromamu a. a<<L, L-
XapaktepHblii pasmep nomoctd. B Bakyyme a~(L*/N)”, N —umcmo wactui B momoctd. ¢ —
CKOpOCTh cBeTa (MyCTh JJIs POCTOTHI MTOKa3aTeb MPEJIOMIICHHUS BELIECTBA B TMOJIOCTH OJIM30K K
1).

1) Bo3bMeM BHauase JISTKUE YaCTHUIIbI, KOTOPbIC P KOMHATHOM TEMIIEpaType UMEIOT

CKOpOCTh, OJIM3KYIO0 K CKOPOCTH CBETA C.

E~pc; E~KT; p~Ap; A~Ax; Ap Ax~ h; ®=E/ h

Orcrona

h ~ ApAx ~p A~ KT A /fc => A~ hc/kT

YcloBUe Kaaccuuecko2o moJIeBOTO MPUOIMKEHHS ¢ YaCTOTOU (O~C/\

L< A mmu L~ A. Orcroga L< he/KT wm L~ he/kT

YcioBue NpUONMKCHUST KIaCCUdeckux peliaTUBUCTCKUX yacTull ¢ E~hc/h u p=E/c:
L>> A. Orcroga L>> he/kT

2) BosbMeMm Ternepb TSHKEIble YaCTHIIBI 6030HbL, KOTOPBIE P KOMHATHOM TeMIepaType UMEIOT
CKOPOCTh V<<C

p (Em)”; E~KT; p~Ap; A~Ax; Ap Ax~ h; o=E/ h

Otcrona

h~ ApAx ~ p A~ (KTm)”* & => A~ h/(kKTm)”

VCIIOBHE KIACCULECKko20 TIONEBOTO MPHOIIKEHNMS ¢ 94acTOTOH m=p%/(mi):

L< A wmm L~ A. Orcroma  L< B/(KTm)” wm L~ h/(KTm)”

YcnoBue NpuOIMKEHUS KIACCUYecKUX 9acTUIl C YHEPTUCH E:p2/ (2m) 1 ummyaBCOM P=MV:
L>> A. Orciona L>> h/(kTm)”

3) Bo3bMeMm Teneph TSKENbIe YaCTHLIBI (hepMuUoHbL, KOTOPBIE IIPU KOMHATHOHM TeMIepaType
HMEIOT CKOPOCTEL V<<(C

p (Em)”; E~KT; p~Ap; Ap Ax~h
Ax <\ u
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A<a — 3T0 ycnoBue cBsi3aHo ¢ npuHuMnoM [laymu st pepmronoB. OHM HE MOTYT OKa3bIBaThCs B
OJITHOM COCTOSIHUH, KaXKbII CUANUT B CBOEH «KOPOOOUKe» a.

Orcrona

h~ ApAx< p A ~ (KTm)” A => a>\>h/(kTm)”

T>Te= h%/(a’km) — Temmeparypa ®epmu, Koraa (EpPMHOHHBIA Ta3 IEPEXOANT B OCHOBHOE
coctosiHue u Beipaxenne E~KT cranoBuTCS HEBEpHBIM.

Ipu T<Tg: E~Ee=kTe; A~ W/(Erm)” ~a

YcnoBue kaaccuuecko2o 1mojieBoro NpuOInKeHUs:

L< A umu L~ A. HeBo3moxkno! L>>a>A

VcioBHe NPHOTIKEHHS KIACCUYecKuX 9acTHI[ B KadecTBe Pointer states ¢ sueprueii E=p®/(2m)
U UMIIYJIbCOM P=MV npu T>TF.

VYcnoBue NpHONMKEHUSI KIdccuweckux YacTHI] B KadecTBe Pointer states, 3akitoueHHBIX B
GIIIAYKI» pa3MepoM a, ¢ sHeprueit E~Er u ummnynscom pN(EFm)% npu T<Tf.

ITpu T~TF ™Mbl HaOMIOAEM TUHAMUKY «BO30Y>KIEHHI» B BbIpoXkaAeHHOM Depmu-rase, KoTopas
OIMCBIBACTCS YaCTHI[AMH WIIM BOJIHAMU B KauecTBe pointer states st 9Tux «Bo30yKICHUID».

YroObl co37aTh B SKCIIEPUMEHTE CHUTyaluio napanokca «llIpennHrepoBckoro Kora», Ham
HEOOXOAMMO CyINEepIo3ulus HMEHHO pointer states, a He kiaccuueckux BOJH. [locemy
CYNEpHO3ULMs KJIACCUYECKUX BOJH «IapaMerpa IOpsiKa» WIA CBETOBBIX BOJH HHMKAaK He
CBsI3aHa C ITUM I1apaJlIOKCOM U HE WILTIOCTPUPYET €TO0.

Tak, Hanpumep, B onbitax @puamana [19] cocrosHHMs CyNeprno3HLIUE BCTPEYHBIX TOKOB
cama sIBISICTCS B JaHHOM cuTyanuu pointer state. Dto pointer state — kimaccuueckas, a He
K6anmosas Cymnepro3uiiys pointer states, kak HEBEPHO M CTEPEOTHUITHO OOBIYHO CUMTAETCS.
JlelicTBUTENFHO, COCTOSIHUE CHCTEMBI 0O30HOB (KYyNEpBOBCKHX Map) OMUCHIBAETCS MPH CTOJb
HU3KHUX TeMIlepaTypa Kilaccuyeckoli BOJIHOM, KaK Mbl BUAEIU BBIIIE. DTH BOJHBI «I1apameTpa
nopsiaKay sSBISIOTCS pointer states. Onu oTnuuaroTcs ot Pointer states BeIcOkoTeMIepaTypHBIX
JNEKTPUYECKUX TIOTOKOB KIACCUYECKUX Yacmuy, WMEIOIIUX OIPEAEICHHOE HaIlpaBJICHHE
nBwkeHus (toka).  Cynepno3unus, Habmogaemas B omnbltax @dpunmana, He crnocoOHa
CKOJUJTAIICUPOBaTh B KBAaHTOBO-MEXaHWYECKOM CMBICIIE, MOCKOJIbKY €€ KBaJpaT OIHUCHIBAET HE
BEPOSITHOCTh, @ TUIOTHOCTh KynepoBckux map [20]. Ona He Oonee yauBUTENbHAs U HE Ooliee
«KBaHTOBas», 4eM OOBIYHAs CyNEpPIIO3ULUs 3JIEKTPOMAarHUTHBIX MOJI B 3aKPBITOM PE3OHATOPE,
I/I€ UX CIIEKTP TOXKE JAUCKpeTeH. ENMHCTBEHHOE OTIMYME - BOJHOBBIE YPaBHEHHUS «IapaMeTrpa
Hopsiikay B KadecTBe pointer states pkimrouarot h. B 3ToM 1 3aKiiiodaeTcs BCsi HX «KBAaHTOBOCTBY.

3.3 Pa3zpemenue napagoxkcon Jlommuara u [lyankape B pamkax
KBAHTOBON MEXaHUKM.

CocTrosiHre KBAHTOBOM XaOTHYECKOM CUCTEMBI B 3aMKHYTOM TTOJIOCTH C KOHEYHBIM 00bEMOM
OIKCHIBACTCS HAOOPOM BHEPreTHUeCKUX Mo U(r1, ..., ') co ciekTpoM Ey, pacnpeneneHHbIM 10
cayuatnomy 3axony [8].

Hanumem ypaBHEHUE JUIsl BOJIHOBBIX (DYHKIMI HEB3aUMOICHCTBYIOIIEH Taphl TAKUX CHCTEM:

ie(1)
_|Ek
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t
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CoBMecTHOE YpPaBHCHUC CICAYIOLICC:

l//(l)( rll"'l rN ar;[!"-i rL’t) = l//(l)( r]_’---a rN 1t )'//(2)( r;l_""i r|_ lt) =
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HpI/I HaJIMYUU MaJIOM BSaHMOHeﬁCTBHH MCXKIY CUCTEMaMU
(1) _
O R 1) =

rae E, = Eﬁl) + E,(Z) + €2, , Qq-B 0011eM ciryyae HaOOp CIydaiHBIX BEMTUUHH, fi, Uk, Vi —

COOCTBEHHBIE (DYHKIIMH COOTBETCTBYIOLIUX | 'aMUIIBTOHHAHOB.
[Monyyaromuecst pemeHst SBISIOTCS MOYTH MepHOANYeCKIMH (HyHKIMIMU. [lomydatonmiics
nepuoJi Bo3Bpata u onpenenser nepuoj Ilyankape. [lepuoa BozBpara Ilyankape coBOKymHOM
CHCTEMBI SIBJISIETCS B 0OIIIEM clTydae OO0JIbIIe Mepruoia 000UX MOICUCTEM.

Jns paspemienus napagokcoB Ilyankape u Jlommuara (Bo3Bpathl B 3THX MapagoKkcax
IPOTUBOpPEYAT 3aKOHY POCTa SHTPOIIUU) PACCMOTPUM TENEPh TPH Clyyas

1) Camonabniooenue.

[Tockonbky npu caMoHa0II0AEHUH COOCTBEHHAs CTpejla BpEMEHU BCEr/la HalpaBjieHa 110 poCTy
SHTPOIUH — TO OTHOCUTEIIBHO 3TOM CTpesbl BpeMEHH HaboaTeb Clioco0eH BUIETh TOJIBKO
poct 3HTponuu. Kpome Toro, Bo3BpaT B MCXOJAHOE COCTOSIHHE CTUPAET BCIO MAaMSATh O MPOILIOM,
YTO HE MO3BOJISIET HAOMI01aTeN o 3a()UKCUPOBATh YMEHbBILICHUE SHTPOITUH. Takum oOpazoM,
YMEHBIICHUS JHTPOITUH U BO3BPATHI IPOMCXOIAT JIUIIb B KOOPIUHATHOM BpeMeHH. B
COOCTBEHHOM BpeMeHHU Halro1aTens (OTHOCUTEIBHO KOTOPOTO U BO3MOXKEH JIF000H
9KCTIIEPUMEHT) OHH HE MOTYT OBITh SKCIIEpUMEHTAIBbHO Habmoqaemsr [1,10-13].

2) BHewnee nabniooenue ¢ MAIbIM 83aUMOOeUCmEuemM MEXIy MaKpOCUCTEMaMHU.

Marnoe B3anMOAeNCTBHE MPUBOANT K CUHXPOHU3ALMHK cTped BpeMeHU. COOTBETCTBEHHO, BCE
apryMEHTHI JUIsl CAMOHAOIIIOICHNS] CHOBA CTAHOBSITCS PEJICBAaHTHBIMU.

3) Jls1st oueHb TPYTHOOCYIIECTBUMOTO 9KCHEPUMEHMA ¢ HENepmpyodamusHbviM HAOII00eHueM
(ITpunoxxenne A) yMEHbIICHUE MAKPOIHTPOIIUY JEHCTBUTEIEHO MOXKET HaOIOAaThCS.
OnHako, cieayeT OTMETHTh, YTO B pEATbHOM MUPE DHTPOITUIHBIE 3aTpaThl Ha
HKCHEPUMEHTATbHYI0 OPraHU3aIMI0 TAKOTO HENepTpyOaTUBHOIO HAOIIOIEHUS
(HaOnrogaeMyro CUCTEMY HYKHO OYEHb CUIIbHO M30JIMPOBATh OT IIyMa OKPYKEHUS)
HaMHOT'O MPEBBICAT 3TO YMEHBIICHNUE SHTPOIHH.

B kmaccudeckux cuctemax nepuoa Bo3Bpara HyaHKape - 3TO CquaﬁHaH BCJIIMYHHA, CHJIBHO
MCEHAIONIAsACA B 3aBUCHUMOCTH OT HA4YaJIbHOT'O COCTOSITHHA. B KBaHTOBBIX Xa0THUECKUX CHCTEMAaX
nepruoa TOYHO OIPEACIIACTCA U HC 3aBUCUT 3HAYHUTCIIBHO OT HAYAJIbHOT'O COCTOSIHU. OI[HE[KO
9Ta, Ka3aJIoCh 6])1, pc€ajibHad pa3Hulia B MIOBEACHUH KBAHTOBBIX U KIIACCUUCCKHUX CUCTEM HE
Ha6Jno,uaeMa SKCHCPUMCHTAJIbHO JaXC B OTCYTCTBHUU OI'paHUYCHUS HA BPEM SKCIICPUMCHTA.
I[eﬁCTBHTCHBHO, PCaIbHBIC (i)I/ISI/I‘-IeCKI/Ie OKCIICPUMCHTBI, BO3MOKHO, ITPOBOJAWTD JIMIIb HA
MMPOTANKCHUN BPEMCHU MHOI'O MCHBIIIEM IICPUOJa HyaHKape. dusznueckue OKCIICPUMCHTEIL
HUMCIOT CMBICJI TOJIBKO B TCUCHNEC BPEMCHH, ITIOKaA CTPCiia COOCTBEHHOT'O TEPMOAUHAMHUYCCKOT'O
BPEMCHU CYHICCTBYCT (T.e. CHUCTEMA HC HAXOAUTCA B COCTOSIHUU TCPMOAUHAMUYICCKOTO
paBHOBGCI/IH) 1 HC MCHCT CBOCTO HAIIPABJICHUA.
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3.4 JlexorepeHums JJ Npolecca n3MepeHusl.

3.4.1 Pemykuusi cHcTeMbl IpH U3MepeHusx [22-23].

PaccmoTrpuM cutyanuio, Korjaa npuOop BHayajle HaXOJWICS B COCTOSIHUU |0p>, @ OOBEKT — B
CYNEpPHO3ULIMOHHOM COCTOSIHUM |y = ) Ci|yi>, TA€ |Vi> COOCTBEHHBIE COCTOSHUS HKCIIEPUMEHTA.
HavaspHbIi1 cTaTUCTUYECKUI ONIEPAaTOp AAETCS BHIPAKEHUEM
Po=ly> [ap><oo| <y )

[TapuuanbHelii ciiel 3TOrO0 OIEpaTopa, COBIAJAIOMUNA €O CTAaTUCTUYECKUM OIIEPaTOpOM
CUCTEMBI, COCTaBJICHHON U3 OJJHOTO0 00bEKTA, UMEET BHUJL

trA(Po)=2n<@n|Po|pr>

IZie |@n> — Kakas-To IOJHas CUcTeMa COCTOsIHUM mpubopa. Takum oO6pazom,

tra(po)=2_ [y> «@nlao <aol@n y|=[y>y], )
rJie UCIOJIb30BAHO COOTHOIICHUE Y. |[Pn><@n|=1 ¥ TOT (hakT, 4TO COCTOSHHE |0lp>) HOPMHPOBAHO.
MBI nosTy4niIu B TOYHOCTH TOT CTATUCTHUECKUI OmepaTop, KOTOPbIH JOJKHBI ObLIM NPUIIUCATh
00BeKTy, eciu Obl OH Haxoawscs B cocTossHMM |y»>. Ilocne akrta u3MepeHHs BO3HUKAET
KOPpeNsLUs MEXIy COCTOSIHUAMU NpUOOpa M COCTOSIHUSAMU OOBEKTa, TaK 4TO COCTOSHHE
KOMOMHHMPOBAHHOW CHUCTEMBI, COCTABJICHHOW W3 MPUOOpa U OOBEKTA, ONMMCHIBAETCS BEKTOPOM
COCTOSIHUS

|‘P>=Zcieiei|\|/i>|ai>|. ©)
a CTATUCTHYECKUI OIepaTop JAeTCsl BHIPAKEHUEM
po=|P>< V=3 Cic; el(el_ej)lwp|0£i><(1j|\|lj>. 4)

HapI_II/IaJ'IBHLII\/'I CJICH 5TOr'0 OIcparopa paBCH

UA(P)=2n@nl p o> =
=Y Cici € hyi {Tn «n low><oslon } yj|=

=Y GiCiCi di [wirwi (5)
(Tak KaK pasJIM4HBIE COCTOSHUA 0> IPUOOPa OPTOrOHAILHBI IPYT APYTY); TAKUM 00pasom,
2
tra(p)=2.ICil Ty wil. (6)

Mpbl MONMy4YMIM CTAaTUCTHYECKUH omepaTtop MAJsl CUCTEMBbI, COCTOALIEH M3 OAHOTO OOBEKTa,
OTIMCHIBAOIIIT CHTYAIIHIO, KOT/Id HMEIOTCS BEPOSITHOCTH |Ci|° IPeBBIBATE 0OGBEKTY B COCTOSHHSX
[wi>. UTak mpuxoaum K GopMyJIMpOBKe CIEAYIOLIeH TEOPEMBI.

Teopema 5.5 (00 usmepenun). Eciu 1Be cucteMbl S 1 A B3aUMOJICHCTBYIOT TAKHM 00pa3oM,
YTO Ka)KJJOMY COCTOSTHHIO |Wj> CUCTEMBI S COOTBETCTBYET OIPEJIETIEHHOE COCTOSIHUE |0lj> CHUCTEMBbI
A, TO CTaTUCTUYECKUIT omepaTop tra(p) Haa MOIHOM cucTteMoit (S u 4) BOCIIPOM3BOAMT JIeHiCTBUE
PEIYKIMH, TPUMEHSIEMOT0 K aKTy U3MEpEeHUs, IPOU3BOAMMOIO HaJl CUCTEMOU S, HaXOIUBIIEHCS
JI0 I3MEPEHUS B COCTOSTHUH [\)»=) iCi|yi>. B

MeTtacocTosiHHE CUCTEMBI, HAXOISICh B KOTOPOM OHA HE UMEET OIPEJIEIEHHOI0 COCTOSHHS, HO
SIBIISIETCS YacThIO OOJBIIONW CHUCTEMBI, KOTOpas HAXOAHWTCS B YHCTOM COCTOSIHHM, Ha3bIBACTCS
HeCcoOCMBEHHbIM CMEUUAHHBIM COCMOSIHUEM.

3.4.2 JlekorepeHI s NPH B3aUMO/IeiiCTBIH C MAKPOCKONMUYECKHM NMPUOOPOM
[21-23].

YuTteMm Tenepsh, 4To Mpudop SABISIETCS MAKPOCKOMTUYECKON CUCTEMOM. DTO 0O3HAYAET, YTO
KaKasi pa3nuaumMasi KoHurypamus npudopa (Harpumep, IOJI0KEHUE €T0 CTPEIIKH) HE SIBISICTCS
YUCTHIM KBAHTOBBIM COCTOSTHEM, HUIKOUM 00pa30oM HUYETO HE YTBEP)KIast O COCTOSTHUH
JBUKCHUS KQXKIOM OTAETFHON MOJICKYIIBI CTpENKU. Takum 00pa3oM, B BHIICTIPUBEACHHOM
paccyXJICHUH HadaJbHOE COCTOsTHUE TTprbopa |00y ciaeayeT 3aMeHUTh HEKOTOPBIM
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CTaTUCTUYECKUM PACIIPENETICHUEM 110 MUKPOCKOIUYECKIUM KBAaHTOBBIM COCTOSTHHUSM |0lg,s>; Ha-
YaJgbHBIN CTATUCTUYECKUN onepaTop He JaeTcs BelpakeHueM (1), a paBeH

Po=2sPs| Wl 0o, 9 <00, |< W |. )

Kaxxnmoe cocrosiHue mpubopa |ops> OyaeT pearupoBaTh Ha KaXJ0€ COOCTBEHHOE COCTOSTHHE [i>
00BEKTa TeM, UYTO MPEBPATUTCS B HEKOTOPOE APYTO€ COCTOSHUE |0l s>, KOTOPOE SIBISETCS OJHUM
U3 KBAaHTOBBIX COCTOSTHHM, MaKpOCKOITMYECKOE OMHCAHME KOTOPOTO COCTOUT B YKa3aHHH, YTO
cTpelka 3aHUMACT MOIOKEHHE 1; TouHee umeeM (hopMyITy

e

(ol ao,9) =" ol oo, (8)

OOpatuM BHMMaHHE Ha TOSBICHHE ()a30BOr0 MHOMKHTENS, KOTOPBHIA 3aBUCHT OT HMHAEKCA S.
PazHocTu Hepruili KBaHTOBBIX COCTOSIHUH |0los> C YUETOM BPEMEHHU T JOJDKHBI OBITh TaKUMH,
9T00BI (assl Ois(mod 21) ObUIH city4aiiHO pactipenesneHsl Mexay 0 u 2.

N3 dopmyn (7) u (8) cnemyer, 4ro mpH |y>=)Ci|yi> CTaTUCTHYECKHI oIepaTrop mocie
u3MepeHus OyIeT 1aBaThCs CIETYIOIUM BbIPAXKEHUEM:
p=Y i PsCici €I [y ai o oy 5[y (9)

Tak kak u3 (9) moaydaeM TOT ke pe3ynbraT (6), TO BUIUM, YTO CTaTHCTHYECKHii oreparop (9)
BOCTIPOM3BOAMUT JCUCTBUE pPEAYKIUH, NPUMEHEHHOH K JaHHOMYy o00bekTy. OH Takxe
MPAKTUYECKH BOCHPOU3BOIAUT JEHCTBUE pEAYKIHH, NPUMEHEHHOH K OJHOMY HpuOOpY
(«IIpaKTUYECKW» B TOM CMBICIIE, YTO PeUYb UJET O «MAaKPOCKOIHMUYECKOW» HabmogaeMoit). Takas
HaOmo/laeMasi He pas3fiuyaeT pa3Hble KBAHTOBBIE COCTOSIHMSI MPUOOpa, COOTBETCTBYIOIIHE
OTHOMY W TOMY J>X€ MaKpPOCKOIMHMYECKOMY OIHMCAHUIO, T. €. MAaTPUYHBIC DJIEMEHTHI 3TOM
HaOJII0JaeMON MEXKIy COCTOSHUSIMU |y |ais» U |Wjp|ojsHE 3aBUCAT OT ' U S. CpenHee 3HaUCHHE
TaKOW MaKpOCKOMMMYECKON HaOm01aeMoii 4 paBHO

tr (pA) =3, ,i.j Pscicy € @D oy s [y A Ty ] g0 =

=3 . CiC @ xs pee’ T (10)
Tak kak ¢a3sl 0is pactpeeNeHbl CllydaliHbIM 00pa3oM, CYMMEI TI0 S OOpaIiarTCsl B HYJIb MPU
1#]; CIIeI0OBATENHHO,

tr (pA) =Y [cilfai=tr (p' A). (11)
Tae
p =Y e’ ps| wid] o, <ays|< il (12)

[TorydyaeM cTaTUCTUYECKUI OmepaTop, KOTOPHIH BOCIIPOU3BOIUT JIEHCTBUE PEAYKIMH MpHOOpa.
Ecnu crpenka npubopa HaOdr0maeTCsl B MOJIOKEHUH 1, COCTOSIHME NMPUOOpa MPH HEKOTOPOM S
OyIeT |ais>, MpUYEM BEPOSITHOCTh TOTO, YTO OHO OyJeT MMEHHO COCTOSHHUEM |0js>, paBHA
BEPOSTHOCTH TOTO, YTO /IO aKTa U3MEPEHUs OBUIO COCTOSHUE |0l s>. TaKuM 00pa3oM, MPUXOIUM K
(OpMyIMPOBKE CIETYIONIEH TEOPEMBI.

Teopema O nexorepeHUUM MaKpocKonmu4yeckoro mnpubdopa. Ilyctes kBaHTOBas cuctema
B3aUMOJICHICTBYET € MAaKpPOCKOMMYECKUM MpHOOpOM TakuM o00pa3oM, 4YTO BO3HHKAeT
XaoTudeckoe pacnpenenenue ¢a3 coctosHuil mpudopa. Ilycte p — cratuctudeckuil oneparop
npubopa rnocie u3MepeHHsl, pacCCYMTaHHBIN C HCToNIb30BaHNeM ypaBHeHus Llpenunrepa, a p' —
CTaTUCTUUYECKUI OomepaTop, NOJTYUYECHHBIH B pe3ysibTaTe MPUMEHEHUs PELyKIMHU K ONEepaTopy p.
Torna HEBO3MOXKHO MPOU3BECTH TAKOW 3KCIIEPHUMEHT ¢ MAKPOCKOIUYECKUM NPHOOPOM, KOTO-
PBIH 3apPETUCTPUPOBAIT OBI pa3IUINE MEXTY P U p'.

710 Tak Ha3biBaeMas Teopema Janepu — Jlounocepa — IIpocnepu [22].

Jlns mmmpoxkoro kinacca npruOopoB A0Ka3aHO, YTO XaOTUYHOCTD B pacnpeziesieHnu ¢a3, 0 KOTOpoi
UJIET pedb B TeopeMe 5.6, AeHCTBUTEILHO UMEET MECTO, €CIIU YCTPOICTBO SIBIISAETCS
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MAaKpPOCKOIHYECKUM, Xa0TUYECKUM U €€ HAYAIIbHOE COCTOSIHUE HEPABHOBECHOE. XAaOTHYHOCTh
¢da3 B TOM ciIyyae UMeeT CBOMM HCTOUYHHUKOM CIIYYalHOCTh CIIEKTpa IHEPrHil (COOCTBEHHBIX
3HaYeHHUH ["aMUIIbTOHHAHA) U1 KBAHTOBBIX XaOTHYECKHUX cucTeM [8].

OtMmetum, uTo (12), XOTh 1 BBITIOJHAETCS C BBICOKOW TOYHOCTBIO, SIBISICTCS] IPUOITHUKEHHBIM
1o oTHoWEeHHIO K (9). OTcro]a yacTo AeNaroT BBIBOJ, UTO IIPUBEJCHHOE JOKA3aTEIbCTBO
apnsiercs FAPP. T.e. kBaHTOBbIE KOPPEISLUH JIUIIb TPYIHO U3MEPUTh PAKTHUUYECKH,
(aKTHUECKU OHU MPOJIOKAIOT CYIIECTBOBATH, U, CIIE0OBATENBHO, 8 NpUHYUNe OHU U3MEPUMBI.
3T0, 0AHAKO, COBEPLIEHHO HEBEPHO. [leficTBUTENBbHO, U3 TeopeMbl [lyankape ciegyer, 4To
cucrteMa He OyJIeT ocTaBaTbCs B CMEIIAaHHOM cOCTOSIHUM (12), a 1o7KHA BEpHYTHCS B UCXOHOE
coctostHUE (7). DTO SABISIETCS Pe3yJIbTaTOM ITHX CaMbIX MAJIBIX IMOMPABOK, KOTOPHIC HE YUTCHHI B
(12). Tem He MeHee, onUCHIBaeMast 3/1eCh CUCTEMA | Oljs> COOTBETCTBYET CIydaro
camonabao0enus, i IOATOMY He CIIOCOOHa HAaOII0AaTh SKCIIEPUMEHTAILHO 3TH BO3BPATHI &
npunyune (Kak MbI IOKA3aJIM BbILIE B pa3zelie 0 pa3peiieHny napaaokcos [lyankape u
Jlommvuara). CnegoBatennbHO, 3G(HEKTHI 3TUX MaJIBIX TOMPABOK CYIIECTBYIOT JIMIIIh HA Oymare B
KOOPJIMHATHOM BPEMEHHU UACaTbHON TUHAMUKH, HO IKCHEepUMEHMalbHO He HaOII01aeMbl B
COOCTBEHHOM TE€PMOJIMHAMHYECKOM BpeMEHH Ha0ItojaeMoil tuHaMukn. [IpuBeenHas 31ech
JIOTHKa MoKa3biBaeT, uTo Daneri-Loinger-Prosperi theorem na camom jiesne BeieT K pa3peuicHUI0
napagokca peAayKInH, TOKa3bIBas HEBO3MOKHOCTH YKCTIEPUMEHTAIBHO PA3IMIUTh MOJTHYIO U
HETOJIHYI0 peAyKLuIo, a He sBisieTcst FAPP pemennem

[TpuBoAMMAs 37€Ch JIOTHKA TAK)KE OYCHD HAIIOMUHAET cTathio Maccone [4]. Dto He
yAUBUTEINBHO, Be/b epexon oT (7) k (12) cooTBETCTBYET yBEJIMYECHUIO YUCIIAa MUKPOCOCTOSIHUIM
u pocTy 3HTponuu. A niepexo u3 (12) B (7) COOTBETCTBYET YMEHBIIECHUIO SHTPOIIHH.
CoOTBETCTBEHHO Hallle YTBEPKACHUE 00 IKCIIEPUMEHTAIbHON HEHAOII0AaeMOCTH OCTATOYHOM
KBAaHTOBOI KOPPEJISINN SKBUBAJIICHTHO YTBEPKICHUIO O HEHAOII0JaeMOCTH YMEHBIICHHUS
SHTPOIUH U JIOKa3bIBACTCS TEMH K€ METO/IaMH, 4To U B [4]. Ha 3Ty cTarhio ObUIO BHIABUHYTO
Bo3paxkeHwue [6 ], Ha koTopoe Maccone He cMor nath pa3ymHsbii otBet [28]. [TorpoOyem naTh
€ro caMu.
Ornpenenum 37€ch HEOOXOIUMbIE BETUYMHBI U MTPOOIEMY.

ITycte A — Ham mpubop, a C — u3mepseMasi KBaHTOBasi CHUCTEMA.
[MepBas BenuunHa, B3aumHas HTponus S(A : C) — 310 orpyOiieHHas SHTPOIUS aHCaMOJIs,
HOJy4YeHHas pa3/ielIeHUeM Ha JIB€ IIOJICUCTEMBI, MUHYC cama SHTponus aHcaMOiis. [Tockonbky
BTOpasi BEJIMYMHA ITOCTOSTHHA BO BPEMEHH 3Ta BEJIMYMHA XOPOILIO OTMHMCHIBAET TOBEICHUE
MaKpOIHTPOIUH:

S(A : C) = S(pa) + S(pc) — S(pac),

rae S=-tr(p In p),

Bropas Bennunna (A : C) - kitaccuueckas B3auMHast HHGOpMaIIHs OTpeIeisieT KaKyro
MaKCHMaJIbHYI0 HH(OpManuio o u3mepseMoit cucteMe (Fj ) Mbl MokeM MOTy4HUTh HAOIIOAAS
nokazanus npudopa (E;). Uem 6osibliie KOppesius MEKIy CHCTEMaMH, TEM BBIIIIE 3Ta
uHbopmaIus:

I(A: C) = maxeiorH(Ei:F;), roe

H(Ei : Fj) = 2Py log Pyj ~2ipi log pi—2jq; log g

u Pij= Tr[Ei ® Fipacl, pi= 2j Pij u qj = i Pjj

nannsle POVMs (onepatopel HabmogaeMeix) Ej u Fj nast A u C cooTBeTCTBEHHO

Maccone [4] moka3biBaeT HEPABECHCTBO

S(A:C)>1I(A:C) (13)
U1 u3 Hero enaeTr BbIBOJ, UTO YObIBAaHME SHTPOITUH BIICUET 32 cO00H yMeHblIeHne HHPOpMaLuu
(mamsatr) o cucreme. Ho (13) sBasiercs HepaBeHCTBOM. COOTBETCTBEHHO B [6] mpuBOIUTCS
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IpUMEP KBAHTOBOM CHCTEMBI U3 3 KyOUTOB, IIPU KOTOPOI YOBIBAHHE SHTPOIMH COMPOBOKIAETCS
pocToM HH(pOpPMALUH, XOTS HepaBeHCTBO (13) MpoI0IKAET BEITOIHATHCS.

ITocMOTpUM, YTO IPOUCXOIUT B HAIIIEM CIIydae

Jo usmepenwusi (7)

S(A : C)=-sps log ps +0 +3sps log ps=0

Ej —cootBercTBYyeT HabOpy | 0o,s> , Fj-[y>

I(A:C) =-24pslog ps +0 +>sps log ps=0= S(A : C)

B xon1e nuzmepenus u3 (12)

S(A : C)=-Yi[cil* log [ci]* -Ysilcil®ps log cil’ps +¥silcil’ps log |cilps =-Yilcil log |cil?

Ei —cootBercTBYyeT Habopy | 0i s> , Fj- |yj>
I(A: C) =-Yilcil log |cil” -Ysilcilps log [cil’ps +Xsilcil?ps log |cilps =-Yilcil® log |ci|*= S(A : C)
Taxum oOpa3oM, Halll ciaydail COOTBETCTBYET
I(A:C)=S(A:C) (14)
B (13). Huxakux npoGiem HeT. UTO U He yTUBUTEIBHO — Cilydail paBeHcTBa B (13)
COOTBETCTBYET MMEHHO MaKpOCKOIIMUECKOM XaoTHYecKoi cucreme. [IpuBoanmMast B BO3pakKeHUN
[6] cucrema He siBnsieTCss MUKPOCKOIIMYECKOW. DTO OTpaXkaeT TOT IIUPOKO M3BECTHBIH (DaKT, 4TO
TaKue MOHATHA KaK TepMOJUHAMHYECKas CTpea BpeMEHHU, BO3pacTaHUE SHTPOIIHU U
U3MEPUTENIbHBIA IPUOOP OTHOCATCSA K MAaKPOCKOIMMYECKUM Xa0THUECKUM cuctemaM. Kak cama
cTathbs [6], Tak ¥ mocieayoIIas 3a Hel CTaThs [ /] ONMMCHIBAIOT HE TEPMOJTHHAMUYIECKYIO CTPEITY
BPEMEHH, a CUJIBHO (IIyKTYyHPYIOIe HEOOIbIINE CUCTEMBI, JJIs1 KOTOPBIX HUKAKast
TEpPMOJIMHAMHKA HEBO3MOXKHA. [1071e3HBIM pe3ysibTaToM 3TOi paboThl MOYKHO CUHUTATh
paBeHCTBO (14), KOTOpOe MOXKET CIYKHUTh XOPOIIUM MaTeMaTHYECKUM KpPUTEPUEM Kpumepuil
MAKpPOCKONUYHOCMY XA0TUIECKOIN CUCTEMBI, a pa3HUIA MEXK/ITy BETMINHAMH B HEM — MEPHIIOM
ee pamyKTyaruii.

Crates David Jennings, Terry Rudolph "Entanglement and the Thermodynamic Arrow of
Time" ouens uaTepecHa. Ho monstue Tepmoournamuueckou Ctpens Bpemenu He IpUMEHHUMO
JUTSE MUKPOCHCTEM. DTO - XOpOIIasi CTaThsi O KBAHTOBBIX (UIYKTyalusX, HO HE CTaThs O
Tepmoounamuueckou Ctpene Bpemenu. B Anonce crareu"Entanglement and the
Thermodynamic Arrow of Time" aBTopsl mumryT: "MBbI HccneayeM MOapPOOHO CITyqaid Tpex
KyOHUTOB, M TaK)Ke MpeJijiaraéM HEKOTOPbIE MPOCThIE IKCIIEPUMEHTHI, BO3MOYKHBIE C HEOOIBIINM
yrciaoM KyouToB." Ho HuKakas TepMoIMHAMMKa HE BO3MOXKHA JIJIsl TaKoi MuKpocucTeMbl. David
Jennings, Terry Rudolph (kxak 1 Maccone) He TOHUMAIOT, UTO KaTeropus "mepmoouHamuieckas
CTpeJia BpeMeHH" TPUMEHUMA TOJIBKO JIJIsl OONBIIUX MakpocucTeM. Mcnonp30BaHue 3TOro
MOHSTUS JIsI HEOONMBIION (IYKTYUPYIOIIEH CHCTEMbI HE UMEET HUKAKOTO (PU3NYECKOTO CMBICIA.
Onu Taxke (kak 1 Maccone) HCTIONb3YIOT HEMTPaBUIIBHOE OIPEIETICHIE MaKPOCKOITMUECKON
mepmoouHamuyeckoll SHTporur. Mbl 1aem (BMecTo Maccone) mpaBHIIbHBINA OTKJIMK Ha
“Comment on "Quantum Solution to the Arrow-of-Time Dilemma"”. IIpasunvhbiii OTKINK
COCTOHT B TOM, YTO HUKAaKHe MPOTUBOpeuns (HaiineHHbIi B 5ToM KomMmMmeHTapun) He
TPOSIBIISIOTCS 1T MAKPOCKOITUYECKUX CUCTEM. TOJIBKO /7151 MUKPOCKOITMYECKOW CUCTEMBI TaKne
npoTuBopeyns cyuectByroT. Ho nmonsarus “Tepmogunamudeckas Ctpena Bpemenn™ u ““3akoH
BO3PACTaHMS SHTPOIN ™ HE MPUMEHHUMBI JUISI TAKUX CUCTEM. MBI HIUTIOCTPUPYEM 3TOT (akKT
paccMOTpeHHEM KBaHTOBOM XaOTHYECKON MaKpOCUCTEMBI U IEMOHCTPUPYEM, UTO MPOTUBOPEUUE
(naiinennsiii David Jennings, Terry Rudolph s Mukpockonudeckoii CHCTEMBI) HE CYIIECTBYET
JUTSL 5TOTO MPABUIIHLHOTO TEPMOAMHAMUYECKOTO citydas. CreayeT ynoMsSHyTh, 4TO OOJIBIION
pa3mep cUcTeMbI (KBaHTOBOM MIIH KJIACCHYECKON) SBISIETCS HE JOCTATOYHBIM yCIIOBHEM IS
CUCTEMBI, YTOOBI OBITh MAKPOCKOMMYECKOH. Makpockomuueckasi cuctemMa (paccmMarpruBaeMas B
TepMoauHAMUKE) TOJKHA TAKXKE OBITh XaOTHIECKOH (KBAHTOBOM HMJIM KIIACCHUECKOW) i UMETh
HEOO0JIBIIIOE XA0TUYECKOE B3aUMOJICHCTBUE C OKPYIKAIOIIEH cpeoii/HabmoaTeneM,
NPUBOJAIICE K JCKOTEPEHINHU (17151 KBAHTOBOW MEXaHHUKH ) WIIN JAEKOPPEISAUH (1151
KJIacCCMYeCKON MexaHukH). Hy>KHO Takke YIOMSHYTh, YTO TEPMUHOJIOTHS, HATIOMUHAIOIIAs
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TEPMOJINHAMHYECKYIO TEPMUHOJIOTHIO, IIUPOKO ¥ 3(P(HEKTUBHO UCTIONB3YETCSI B KBAHTOBOM
MeXaHUKe, KBAHTOBBIX KOMIIbIOTEpaX U T€OpUH UH(OpMaLK. bosbIoe YucIo MpuMepoB MOXKET
OBITh HaliIeHO B cchUIKax cTaThy Jennings u Rudolph. [pyroii xopommii mpumep - SHTPOITUS
[IlennoHa B Teopuu nHGopmanuu. Ho 06bIYHO aBTOPHI, UCTIONB3YIOLINHA TaKy1O
TEPMOIMHAMHYECKU-TIOTOOHYIO TEPMUHOJIOTHIO, HE pACCMATPHBAIOT CBOIO CTATHIO KaK aHAJH3
kinaccudyeckoit Tepmoannamuku. HaoGopot Jennings u Rudolph "onposeprator” BTopoii 3akoH
TepMoaMHAMUKHN Ha OCHOBE HEPEJIEBAaHTHOW MUKPOCKONHUYECKOH cucteMsl (B ux Comment).
Onu nenatot (B 3ToM k¢ Comment) 3asBieHue o0 ux ciaeaytomeit cratee "Entanglement and the
Thermodynamic Arrow of Time" kak 0 MpaBUILHOM PaCCMOTPEHHUH, OTIPOBEPTAIOIIIEM BTOPOI
3aKOH TEPMOJMHAMUKHU.

4 3akjaodYeHue.

B crarbe npoBOAUTCS aHANN3 TEPMOJIUHAMUYECKON CTPENIbl BDEMEHH /ISl KBAHTOBBIX CUCTEM.
OH BO MHOTOM aHAaJIOTUYEH KJIACCUYECKOMY ClIydar0. BaKHBIM OTIMYHMEM KBAaHTOBBIX CUCTEM OT
KJIACCUYECKUX SBJISIETCS] HAIMYME MUKPOCOCTOSIHUI, KOTOPBIE COOTBETCTBYIOT HE OJTHOMY
MaKpOCOCTOSIHHIO, a IIEJIOMY X Ha00py (KBaHTOBAsI CYTIEPIIO3UIIAS MAKPOCOTOSTHUH ).
PaccmoTtpenune TepMoIMHaMUUECKOM CTpebl BPEMEHH JIJIsl 3TOTO CIyyas € IOMOILbIO TEOPUU
JEKOTE€PEHIIMH JAeT pa3pellieHre NapaJoKCOB, CBA3aHHbBIX C pelyKLreH (KOJU1ancoM) BOJIHOBOTO
nakera.

Hpunoxenne A. HeneprpyOaruBHOE HA0/II01eHHE B KBAHTOBOM U
KJIACCUYECKOH MEXaHUKe.

YacTo MOXKHO CTOJIKHYTBCS C YTBEPKIECHUEM, YTO B KJIACCUUYECKON MEXAHUKE B IIPUHIIUIIE
BCET/]a MO’KHO OpraHU30BaTh HenepTpyOaTuBHOe HaOmoaeHue. C Apyroi CTOPOHBI B
KBaHTOBOM MeXaHUKEe B3aUMOJEHCTBHE HAOII01aTeNsl ¢ HAOII01aeMOM CUCTEMOM MTPH
u3MepeHun Hen3zoexHo. [Tokaxkem, 94To 00a ITHX YTBEPKACHHUS B OOIIEM CIIydae HEBEPHBI.

ITo3BoabTE HAM CHavaya ONpeaeaTh Hepo3myistomniee Habmoaenne [10-11,30-31] B
KBaHTOBOI MexaHuke. [IpeanosnoxuM, 4To y Hac €cTh HEKOTOpasi KBaHTOBasi CUCTEMa B
M3BECTHOM HAayaJIbHOM COCTOSHHH. DTO HauyaJbHOE COCTOSTHUE MOXKET OBITH JTH000N pe3ybTaToM
HEKOTOPOW MOATOTOBKU (HampuUMep, aTOM MEPEXOAUT B OCHOBAHUE AJIEKTPOHHOE COCTOSIHHE B
BaKyyMe B T€UEHHE JIOJITOT0 BPEMEHH ) UM PE3YJIHTaTOM SKCIIEPUMEHTA 110 U3MEPEHUIO
(cucrema QM nocne n3MepeHust MOKET ObITh XOPOILIO OIPEIETIEHHOE COCTOSTHUE,
COOTBETCTBYIOIIIee COOCTBEHHOM (PyHKIIMY N3MEPEHHON IEpeMEHHOi1). MBI MOkeM MpeicKa3aTh
JATEHEHIITY IO SBOJTIOIUIO HAYAJIbHOW BOJTHOBOM (QYHKUWU. B npuHyune Mbl MOKEM JIe1aTh
JanbHENINe U3MEPEHUs, BEIOUpasi u3MepseMble IepeMeHHbIE TAKUM 00pa3oM, YTOOBI
COOTBETCTBYIOIIME UM HAOOPHI COOCTBEHHBIX ()YHKIIMM B MOMEHT U3MEPEHUSI BKIIIOYAIIN B ce0s
TEKYIIYIO BOJHOBYIO QYHKIHIO HabI01aeMoii cuctembl. Takol n3MepUTeNbHBIH mpoliiecce
MOYKET MO3BOJIUTH HAM HETIpepBhIBHOE HaOI0AeHNE 0e3 1F000r0 BO3MYIIEH S HAOII0AaeMOi
KBAHTOBOM cHCTEMBI. DTO HEBO3MYIIIEHHOE HAOII0OIEHIE MOXKET OBITh JIETKO 0000IIEHO AJIs
cilydasi U3BECTHOT'O CMeulaHH020 Ha4allbHOTO COCTOSIHUS. JleCTBUTENBHO, B ATOM Cllydae
u3MepsieMasi iepeMeHHasi B Ka)JIblii MOMEHT BPEMEHHU JIOJKHA COOTBETCTBOBATH TAKOMY Habopy
CcOOCTBEHHBIX (YHKIMI, B IPEICTABICHNH KOTOPHIX MAaTPUILIA IIIOTHOCTH B ATOT )K€ MOMEHT
BpeMeHH Oy/IeT AMaroOHaIbHOM.

Hanprmep, no3BonbsTe HaM paccMaTpyUBaTh HEKOTOPBIM KBAHTOBBIN KOMITBIOTED. Y HErO €CTh
HEKOTOPOE YeTKOe HavyallbHOE cocTosiHue. HabmoaaTens, KOTOpOMy M3BECTHO ATO HA4albHOE
COCTOSIHUE MOXET 6 npuHyune, IpOBECTU HEBO3MYIIIEHHOE HAOII0ACHHUE JTH000T0
MIPOMEKYTOUYHOTO COCTOSIHHSI KBAHTOBOT'O KOMIIBIOTEPA.

Crnemnyet 0c0060 OTMETHUTB, UTO MOI00HOE HETEPTPYOaTUBHOE HAOIIOACHIE BO3MOKHO TOJIHKO
IIPU YCIIOBUHU U3BECTHOTO HaYaIbHOTO cocTosiHus. Ho, HaOmroaarens, KOTOPhIi HEe 3HAET

41



HavaJIbHOE COCTOSIHHE, HE CMOXET CAETaTh TaKoe HaOIroIeH!e, TOTOMY YTO OH HE MOXKET
npejcKa3aTh MPOMEXKYTOYHOE COCTOSTHHE KBAHTOBOTO KOMITBIOTEPA.

PaccmoTpum Tenepp kiaccuyeckyro MexaHuKy. IlycTs Ha BepIInmHe KOHyca JISKUT TIECYHHKA,
beckoneyro manoro paguyca. Cucrema HaXOAUTCS B TIOJIE TSDKECTH 3eMid. Toraa monsiTka
NPOHAOTIOIATh CUCTEMY JIaXKe C OECKOHEYHO MALbIM BO3MYUjeHUeM TIPUBEIET K HapyIICHUIO
PaBHOBECHSI C HEOTIPEICIICHHBIM Oy IyIIIUM Yepe3 KOHeuHblll MHTepBaI BpeMeHu. KoHneuHo,
NPUBEICHHBIA TPUMEP SK30THUEH — OH COOTBETCTBYET CHHTYJISIPHOMY ITOTCHITHATY U
OeckoHeuHO ManoMy Teny. Tem He MeHee, 10/I00HbIE CUIIBHO HEYCTOWYMBbIE CUCTEMBI SIBIISIOTCS
XOPOIIMMH KJITACCHYECKUMH aHAJIOraMy KBaHTOBBIX cucTeM. Cpei HMX MOXHO HCKaTh
AQHAJIOTMH C KBAaHTOBBIMH CUCTEMaMH M KBAaHTOBBIMU Mapajokcamu. Bens ycinoBue, 4to
KJIACCHYECKOE M3MEPEHHE OKa3bIBAET OYCHb MaJIoe, HO HEe HYJIEBOE BO3MYIIICHHE HA
U3MEPSIEMYIO CUCTEMY, MOXKHO CHU3UTh TPEOOBAHUS K CUHTYJIIPHOCTU 3TUX CUCTEM.

OdeHb YacTO MPHUBOIAT MPUMEPHI «YUCTO KBAHTOBBIX MAPaIOKCOBY, TKOOBI HE HMEIOIIINX
AQHAJIOTMH B KJIACCUYECKOU CTAaTHCTUYECKOM MexaHuKe. OTHUM U3 HUX SIBISETCS MapaIoKC
Dnutitypa-Baiinmana [29] ¢ 60M00ii, KOTOPYIO MOKHO OOHAPYKHUTh O€3 B3phIBa:

Ilycmb 6onno6as ynkyus 00H020 K6AHMA C8ema pa3gemsisiencs no 08ymM Kanaiam. B konye
MU KAHAIbL CHOBA 00bEOUHAIOMCSL, U NPOUCX0OUM UHmMeEPheperyust 08YX BOJIH BEPOSMHOCTU.
Brecenue 6 00un uz kananoe 6omowvl Hapywum npoyecc unmepghepeHyuy u no360aUMm Maxkum
00pazom ooHapyicums 6omoy, oaddce eciu K8AHM ceema He NOOopaem ee, NPoos no 0pyeomy
kauany. ( Keanm ceema cuumaemcs cnocobnwvim 3opsame 6omoy)

Kitaccnueckoi aHajnoruen 3To CUTyaluy SBIISIETCS CIIETYIOIUN SKCIIEPUMEHT
KIIACCUYECKON MEXaHUKH:
B 00un u3 kananos, 20e Hem 60MObL, 3aNYCMUM MAKPOCKONUYECKUL NOMOK MHO2UX yacmuy. B
Opyeoll Kanau, 2oe, Modicem Ovlms, ecmv OOMOA, HANPABUM 0OHOBPEMEHHO MOJbKO OOHY
oeckoneuno nezkyro wacmuyy. Taxkas yvacmuya He cnocobHa 630psamsv OHOMOY, HO OHA MOJCem
Ovimb omroHena ero Hazao. Ecau 6ombvl nem, mo uacmuya npotioem xanan. Ha 6vixooe 3mozo
KAHAa ¢ OoMOOU pacnoioNcUM ONUCAHHDIL 8blULe KOHYC C NeCYUHKOU (DeCKOHeUHO Manoco
paouyca) Ha ez2o eepuune. Ecau nawa 6eckoneuno neekas yacmu cobbem necuuHKy ¢ 6epuiltbl,
mo 3mo o3Hauaem, ymo 60mowl Hem. Eciu necuunka ocmanemces Ha eepuiune nocie 8bix00d
HOMOKA Yacmuy U3 6mopo20 Kamaia, mo 2mo osHadaem, ymo bomoa ecmeo.

B nanHOM mprMepe OECKOHEYHO JIeTKasi YaCTHIIA SBJISETCS aHAJIOTOM «HEBECOMOI» BOJTHOBOM
(YHKIIMK KBAaHTOBOM YacTUIbl. HO KBaHT cBeTa YyBCTBUTEIICH K IMOBEICHUIO 3TOH «HEBECOMOM»
BOJIHOBOH (pyHKInH. Tarke u nmecyrHka (0ECKOHEYHO MAJIOTO pajnyca) Ha BEpIIMHE KOHyca
YyBCTBUTEIIbHA 110 OTHOIICHUIO K OECKOHEYHO JIETKOW YaCTHIIE.

[TomBoIst UTOT, MOXKHO CKa3aTh, YTO pa3HUIA MEX/Ty KBAHTOBBIMH U KJIACCUYECKUMU
CHUCTeMaMH He CTOJIb IPUHIUITHATbHA, KaK YaCTO CUATACTCS.

Hpunoxenune B. Paziio:xkeHue Ha MOABI NPU NPOU3BOJIbHBIX
TPAaHUYHBIX YCIOBHSIX.

YacTo BO3HHKAET 3a]aua OMUCAHNE M3TyYE€HUS B 3aMKHYTOM TOJOCTH, 3aIIOJTHEHHOM KaKHM-
1160 BeriecTBoM. Kak mpaBuiio, 3T0 JAeaeTcs MyTeM PasioXKeHUs U3TYUCHUS Ha MOJIbL. DTH
MO/IBI ABJISIFOTCS HA0OpOM (DYHKITHIA, Ha KOTOPBIE PACKIIaIbIBACTCS JTF000€ N3IyUYCHHE B
HEKOTOPO# MOJIOCTH M MIPU HEKOTOPBIX TPAHUYHBIX YCI0BUAX. Hampumep, 310 kBaapaTHas
MOJIOCTh CIIEPHOANIECKIUMU TPAHHYHBIMH YCIIOBHSMH. 3aTEM MOJyUYECHHOE Pa3ioKeHNE
MIOJICTABIISICTCS B YPABHCHHE JBMKSHHUS [T U3JTYUYCHUS, TJI€ WICHBI Psijia MOUWICHHO
nuddeperimpyorcsa. Takum 00pa3oMm, MOIydYarTCss TAKUE XapaKTEPUCTUKU H3JTyUIEeHUS, KaK
o(K), rme ® — yactora Mojibl, a K — BosiHOBOI BekTop MOjbl, |K|=27t/A, A —mi1rHA BOJTHBI MOJIBI.

Ho Tyt Bo3HMKaeT urcTO MaTeMaTHuecKas mpoobsema. J{ist mownenHom auddepeHmupyeMoctu
psiia TpedyeTcs paBHOMEpHAs CXOJMMOCTb Psijia BO BCEX TOYKAX MPOCTPAHCTBA. ITO
ABTOMATHYECKH BEPHO IS JIF0OOOTO U3IYYEHHUS C TaKOH ke POPMOii MOIOCTH M TPaHUUHBIMU
YCIIOBHSIMHU, TIPH KOTOPBIX OBLIM HaliieHbl MOJIbI. HO /17151 TI000TO APYroro ciiydasi 3TO HE TakK.
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Monbl 00pa3yroT MOJIHBIM OPTOrOHAIBHBIN HA0O0p U J1I000€ U3JTyYEHHE MOKHO MPEACTaBUTh KaK
CYMepHo3uIMio Takux Moj. Ho B 00111eM cirydae psii CXOUTCsl HEpaBHOMEPHO (IIJIOXO CXOTUTCS
OKOJIO TPAHHUII TTOJIOCTH) U HE MOKET OBITh IoWwIeHHO TipoauddepenimpoBan. O mpobdieme
HECOOTBETCTBHS MOJI Pa3JIOKECHHUS U TPaHUYHBIX yciaoBuit mumet Peierls [32]. Oxnako on
paccMaTpHBaeT ciyvaid, KorJa MpH JaHHBIX TPAHWYHBIX YCIOBHAX CYIIECTBYET HEKH MOTHBIN
OPTOHOPMAJILHBIN HA0OP MO/, TAKMM YCJIOBUSAM yAOBIETBOPAT. HO BO3MOXKHBI CUTYyaIlMH, KOT1a
JUTSL JAHHBIX TPAHUYHBIX YCIOBUH TaKoTo Habopa Mo pocTo HeT. Vn Ham He N3BECTHBI
I'paHUYHBIE YCIIOBHUS, a 3aJJaHbl JIMIIIb YHEPTeTUUECKUE YCIOBUS Ha TpaHuLe. Kak ke perraercs
npobiieMa B 3TOM citydae?

Jleno B TOM, UTO BC€ BO3MYILEHUS B U3IyUYEHUH PACIIPOCTPAHSIIOTCS CO CKOPOCTBIO, HE
NPEBBIMIAIONIEH CKOPOCTh CBETA B BEIIECTBE MOJIOCTH V=C. DTO 3HAYHUT, YTO JIF0OOE BO3MYIICHNE
B HAYAJIbHBIX YCIOBHSX HA MOJIE U3JIyYCHUS, BO3HUKIIEE B TOUKE X, IPOSBATCS B TOUKE X1
TOJILKO Yepe3 KOHeUHOe BpeMs (X-X1)/C. DTO 3HAYUT, YTO BO3SMYIIECHHUS OT CTEHOK JJOCTUTHYT
LIEHTpa MOJIOCTH 3a BpeMs t=L/c, rxue L - xapakrepHslii pa3mep nonoctr. HepaBHOBecHast
CXOIMMOCTB TIPOSIBIIICTCS Y PsAZia Pa3JIOKEHUS M3ITydeHHsI HA MOZBI TOJIBKO BOJU3U CTEHOK
nojocTy. BHyTpH nosioctu TouHas GyHKIMS HOYTH TOYHO COBIAAAET C PSIIOM MOJI B TEUCHHE
BpeMenu L/C. [ToaToMy B 3T0M 00JaCTH U B TE€YEHUE ITOTO BPEMEHH MOWICHHOE
TuQQepeHIMPOBaHNE TACT TOYTH TOUHBIA PE3yIbTaT U UMEET CMBICIL.

YToObI BEPHO OIICHUT 9acTOTy MOJIbI ®(K) HY»KHO, 4TOOBI MX aMILUIUTY/Ia HE MCHSJIACH M3-32
BO3MYIIEHHUS OT CTEHOK CYIIECTBEHHO B T€UCHHUE BPEMEHH MHOI'0 OOJIBLIETO MepUo/a ee
kosiebanuii 211/ o(K) . OTcroa ycaoBrue MaKpOCKOITUYHOCTH TTOJIOCTH:

2n/o<< L/c

501041

L>>2x (c/o)

® — OTBeYaeT MakcUMyMy 4acToT ®(K) .

[lycTh ycnoBre MakpOCKOIIUYHOCTHU TOJIOCTH BBIMOIHIETCS.

DTO0 3HAYHUT, UYTO NMowieHHOe U dhepeHIIMpOBaHIE MO/ BAAJIH OT CTEHOK MOJIOCTH JAeT
BEPHBIN pe3yJIbTaT HAa BPEMEHHBIX MacIiTadax mnopsaka 27/o.

Ha BpemenHbIx Maciitabax L/C pe3ynbTar He MOXKET OBbITh BEpPEH. 3/1€Ch OOBIYHO UCTIONB3YIOT
cOo00paXkeHMs, OCHOBAHHBIE HA 3aKOHAX COXPAaHEHUs PHEPIUU U pocTa 3HTponuu. C IOMOIIbIO
HUX M TIOJTydaeTcsi MeIeHHas 3Bostorus amriutyn A(t, 1) u das o(t, r) mox:

E(t, )= Ai(t, r)sin(o(k)t+ Kir+ei(t, r))
Jns Bakyyma:

o(k)=clk|
L>>A
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Yactb 3. YHUBepcaJIbHAS CTPeJ/Ia BPpEMEHM:
HexBaHTOBasi TPABUTALIMOHHASA TEOPHUS.

0. Annoraumusi: Pazpemenue nuopMannoHHOT0 NapajaoKca aJjs
YEePHBIX ABIP U NapaJoKca AeAYIIKH AJI BpeMEeHHbIX
KPOTOBBIX HOP.

CraTbst OCBsIILIEHa aHAIN3Y O0IEel TEOPUN OTHOCUTEIBHOCTH (TPAaBUTALIUH) C TOUKH 3PCHUS
TEPMOJMHAMHYECKOMN CTpesbl BpeMEeHU. B pamMkax 3TOro paccMoTpeHUs pa3perieHbl
«UH(OPMAIIMOHHBIHN MapaloKC» IS YEPHBIX JIbIP U «IApaJoKC ¢ AETyLIKOM» JIIsl BDEMEHHBIX
«4YEPBOTOUUHY.

1. BBeaenue

B crartbe MBI pacCMOTPHM TEPMOJMHAMUYECKYIO CTpey BpeMeHH [1-2] (ompeaensemyro
HAIpaBJIEHUEM POCTa SHTPOINUH) B paMKax HEKBAaHTOBOM PEJSTUBUCTKOM Teopuu rpaButanuu. B
KJIACCHUYECKOM raMIJIBTOHOBON MeXaHHKE JI00ble HayalbHbIe U KOHEUHbIE COCTOSHUS
BO3MOXHBI. Kpome Toro, Mex1y HUMH CyIIECTBYET B3aUMHO-0/IHO3HAYHOE COOTBETCTBHE. B
PENATUBUCTCKOM TEOpUH IpaBUTALlMK CUTYyalus uHas. MimMeroTcs Tononorudyeckue ocoOOEHHOCTH
IPOCTPAHCTBA, KOTOPBIE AETIAI0T BO3ZMOKHBIM CUTYALINIO, KOTA 32 KOHeUHOe BPEMsl pa3HbIe
HayaJbHbIE COCTOSIHUA AAI0T OJJMHAKOBOE KOHEYHOE COCTOSIHME. DTO KOJUIAIC YepHbIX Ablp. C
Jpyroil CTOPOHBI, pACCMOTPEB OOPATHBIM BO BPEMEHHU MTPOLIECC — OEIIbIE IBIPHI, MBI IOy YUM
CHUTYaIMIO, KOTJ]a OIHOMY Ha4aJIbLHOMY COCTOSTHHIO 34 KOHeuHOoe BPEMsl COOTBETCTBYIOT Pa3HbIe
KOHEYHbIE COCTOSIHUA. VIMEI0TCS M CUTyalluu Ipyroro copra — KOrja He JIF0Oble HaualbHbIE
COCTOSIHUSI BO3MOXHBI. DTO CIy4ai «4epBOTOYMH», YepE3 KOTOPbIE BO3MOKHO My TEIIECTBU B
npouwioe. [Ipy 3ToM cTaHOBUTCS HEOOXOIUMBIM JIOMOJIHUTEILHOE CAMO-COTTIACOBAaHHE
IPOIIOro U OyIylLIero, AeIaroliee HEBO3MOKHBIM HEKOTOPBIE HauaJIbHbIE COCTOSAHUS. UepHble
JBIpbI IPUBOJAT K HH(GOPMAIIMOHHOMY MapagoKCy, a «<4€PBOTOUMHBD) - K «I1APAJIOKCY €
JIeAyUIKoi». PaccMoTpeHnIo 3TuX 0COObIX CUTyallull peSITUBUCTKONW TEOPUU TPaBUTALIMH C
TOYKH 3PEHUSI TEPMOANHAMHUUYECKOM CTPEIIBI BPEMEHHU U Pa3pEIICHNIO CBSI3aHHBIX C HUMHU
napaZoKCOB MOCBSILIEHA JaHHAs CTaThs.

2. YepHble AbIPHI
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B coBpeMeHHBIX KOCMOJIOTUYECKUX MOJICIISIX €CTh JOTIOJTHUTEIBHBIC SIBJICHUS, KPOME
SBJICHUH, YK€ OMMMCAaHHBIX B KJJacCHYeCKOi MexaHMKe. B o01iel Teopun OTHOCUTETLHOCTH
DWHINTEWHA TBUKEHNE TaK K€, KaK U B KJIACCUYECKON MexaHuke oopatumo. Ho nmeercs u
BaXHOE OTJIMYHE OT KIACCUYECKON MEXaHUKU. DTO HeoOHO3HauHocmb pelieHus 3anaun Kommu:
MOJTYYEeHUSI KOHEYHOTO COCTOSIHUSI CUCTEMBI M3 ITOJIHOTO HA0Opa HavyaIbHBIX M TPaHUYHBIX
ycnoBuid. B o01ieit Teopu OTHOCUTENBHOCTH, B OTJIMYKE OT KIACCUYECKOM MEXaHUKHU, [Ba
Pa3IUYHBIX COCTOSHUS 32 KOHeYHOe BPeMsl MOTyT JaTh OECKOHEYHO OJIM3KHE COCTOSHUA. JTO
OPOMCXOTUT IpU 00pa30BaHUM YEPHOU ABIPHI B pe3yiibTare Kojuianca. CienoBaTebHo,
o0pa3oBaHHE YEPHOM ABIPHI UJIET C YBEITUUEHUEM IHTPOIHH.

PaccmoTpuM oOpatHEIil mpoiiece, onmuChIBaIONINi Oenyto aeipy. B aToM mponecce
0eCcKOHEYHO OJIM3KKE HavyaJbHbIE COCTOSHUS 3a KOHeuUHOoe BPEMSI MOTYT JaTh pa3Hble KOHEUHbIE
cocrosHus. OOpalieHre BpeMeHH MPUBOAMT K HOSBICHUIO OO ABIPbI U BEAET K YMEHBIICHUIO
SHTpONUH. benas ApIpa He MOXKET CyIIECTBOBATh B PEAILHOCTH IO TEM K€ TPUIUHAM, YTO
HEBO3MOKHBI ITPOLIECCHI C YMEHBIICHUEM SHTPOIHHU B Kilaccuueckoi mexanuke. OHaKo, ee
HEYCTONYMBOCTh HAMHOTI'O OoJiee CHiIbHasl, YeM B Kilaccuueckoil MexaHuke. OHa BOSHUKAET yxkKe
10 OTHOILLIEHMIO K 6ecKoHeuHo MallbIM BO3MyIIIeHUAM. Kak ciieacTBue BO3HUKAET
CUHXPOHM3AIMKU COOCTBEHHBIX CTPEJ BpeMEHU 0ell0il IbIpbl U Habto1aTenst/okpy-keHus. benas
JIbIpa MpeBpalnaeTcs i HaOaroAaTels B YEPHYIO AbIPY.

DTO 03HAYAET, UTO HAOJIOIATEIb/OKPYKEHHUE, TaKe OECKOHEYHO C1a00 B3aUMOCHCTBYIOIIUHN C
0esoi ABIPOIl MOXKET 3HAYUTEIBHO MOBJIMATH Ha €€ 3BOJIOLMIO 32 KOHeuHoe BpeMs. [Ipu atom
TPaBUTAIMOHHOE B3aMMOJICHCTBUE HAOIIOATENSI/OKPYKEHUSI ¢ O€I0M IBIpOi BCeraa OTIMYHO OT
HYJISL.

31ech BOSHUKACT 3HAMEHUTHIN nH(popMaimonHsiil mapajokc [3]: Komianc npuBoaur k motepe
uHpopmanuu B UepHoit J{pipe. D10, B CBOIO Ouepe/ib, BEAET K HEMOIHOTE HAIIErO 3HAHUS O
COCTOSIHUM CHCTEMBI U, CIIE/I0OBATENIbHO, K HETIPEACKa3yeMOCTH INHAMUKH CHCTEMBI, €€
BKItouaroeil. MTapopmanus, koropas B KJIIACCHUECKOW MEXaHUKE BCET/1a COXpaHsIeTCs, B
YepHOH JibIpe ucuesaet HaBceraa. Tak im 310? Mnu, BO3MOXXKHO, BHYTPH YEPHOH JIBIPHI OHA
XpaHUTbCA B Kakoi-1100 popme? OOBIYHO paccMaTPUBAIOT TOJIBKO JIBA OTBETA HAa 3TOT BOIPOC.
JIn6Go nHpopManus AEHCTBUTEIHHO MpOMagaeT OecciaeHo; MO0 HHPOPMALIUs COXpaHIeTCs
BHYTPH HE€ U MOXKET OBITh KAKUM-TO IyTeM u3BieueHa. Ho, ckopee Bcero, BEpHbIM SBIISIETCS
Tpetuit oTBeT. 13-3a HEN30€)KHOTO BIUSHUS HaOIIOIaTeNs/OKPY>KEHHUS SKCIIEPUMEHTAEHO
Pa3IMYMUTh 3TU JABE CUTYAL[H IIPOCTO HEBO3MOXKHO! A YTO HeNb3s NPOBEPUTH
HKCTIEPUMEHTAIBHO, HE JIOJKHO SIBIISIETCS IPEIMETOM HAyKH M 00CYKICHUS.

Ha camom gene, npeanonaokum, 4To nHGOpMaLMs COXPaHAETCs BHYTPU YEPHOU JBIPHI.
Mo>HO 1 pa3pemnTh HHOOPMAITMOHHBIN MapaoKC U U3BJIeUb 3Ty HH()OPMAIIHIO U3 Hee?
MoxeT ObITh, MBI MOKEM 0OpaTUTh KaKUM JINOO 00pa30M CKOJIAIICUPOBABLIYIO YEPHYIO ABIPY,
IPEBPATUTH €€ B OEIYI0 JBIPY, U U3BJIeUb HCUe3HYBIIYI0 nHpopMmanmio? Kaszanock Obl, 3TO
HEBO3MOXXHO. Ho He1aBHO mosiBMIIack MHTEpecHas paboTa, KOTOpas, XOTh U HE HalpsAMY0, HO
NIO3BOJISIET c/ienath 310 [4]. B Heil joka3piBaeTcsl, 4TO YepHas JbIpa MOJHOCTHIO IKBUBAJICHTHA
BXOJy B KaHaJl, coenuHstomui 18e Beenennsie. [Ipinuem BXxon 3Toro kanasna 1nojso0eH 4epHoi
JIBIpe, a BbIX0J] Oeroil. DTta Oenas qpIpa U MOXKET pacCMaTPUBATHCS, B HEKOTOPOM CMBICIIE KaK
oOpaieHHas yepHas apipa. Ho 1t Toro, 4ro0bl yoequrbes, 4To nHGOpMalys He HCUYE3aeT, Mbl
JIOJKHBI IPOHUKHYTH BO BTOpy1o Beenennyto. [Ipennonoxxum, 4To cyniecTByer HeKas
«4EpBOTOUYMHAY, KOTOpas coequHseT e Beenennsle. [lycts HabmoaaTenb MOKET IPOHUKHYTh
yepes3 Hee U MPOHa0IoaaTh 3a 6enoi abIpoit. Ho maxe eciam 3TO CiryduTcs, Mbl 3HaeM, 4To Oenast
JIbIpa HEYCTOWYMBA MO0 OTHOILEHHIO K HaOmoaeHH0. [lonbITka ee HaOI0eHHsI TPUBEJET K €€
IIPEBPALIECHHUIO B UEPHYIO JBIPY. DTO 3aKPOET BCAKYIO BOZMOKHOCTh IOATBEPAUTH, UTO
uHpopmanus coxpanserca. CrenoBaTenbHo, 00a pemeHus HH(HOPMaIMOHHOTO apaioKca
JEHCTBUTENILHO PABHOIPABHBI U KCIIEPUMEHTAILHO HE Pa3IMYMMBI.

3T0 CBOWCTBO HEOOPAaTUMON NOTEpU HH(OPMAIMM IPUBOAUT K TOMY, YTO 3aKOH
BO3PACTaHMS YHTPOIIUH MPEBPAIIACTCS B TOUHBINA 3aKOH MPUPOJIBI B PAMKaX TPaBUTAIIHOHHON
TeopuH. JleficTBUTENBHO, MOABISAETCS TaKas HOBas (PyHIaMEHTalbHas BEIMUMHA, KAK SHTPOMHUS

46



YEPHOH JbIpbl. DTO OTIMYAET TPAaBUTALIMOHHYIO TEOPHIO OT KJIACCUUECKON MEXaHUKH, TJIe 3aKOH
BO3pACTaHUsI SHTPOITMK HOCUT JIMIIb NpubImkeHHblil xapaktep (FAPP, mi1st Bcex mpakTH4ecKux
nenen).

Tot xe 3¢pdext HeoOpaTUMOI MoTepu NHGHOPMALIMHM UMEET U YCKOPEHHOE pacIiupeHue
Bcenennoii — nosBisiroTcss HeHaOMI0Ja€MbIE 00J1aCTH, OTKY/AA 10 HAC HE JJOXOAUT JJaKe CBET.
CrnenoBarenbHO, OHM HEHaOII01aeMble, U CoAepKaIascs B HUX HHPOpMalLus NoTepsHa. ITo
OIATh BEACT K HCIIPECACKA3yCMOCTHU peHHTHBHCTKOfI JUHaAMUKH.

3. BpemeHHasi 4epBOTOYHHA.

PaccMoTpuM ¢ TOUKM 3peHUs SHTPOIUH U TaKOHM MapaJoKcallbHbIM 00bEKT 0011el Teopun
OTHOCHTEJBHOCTH, KaK BpEMEHHas «4epBOTOUMHA» (KpoToBast Hopa) [5]. PaccmoTpum BHauae
ee HanboJIee MOMYJISIPHBINA BapUaHT, peioxkeHHsii Moppucom u Topaowm [6]. [Tycts y Hac
MMEETCS POCTPAHCTBEHHASI KPOTOBAsI HOPA C JIEXKAIMMHU psAoM KoHLIaMHu. ITytem oueHb
IPOCTON MpoLeAyphl (IOrPy3UM OJHOTO M3 KOHIIOB HA KOCMHUYECKH KOopalib, 00eceuynum ero
JBUKEHHE CO CKOPOCTBIO CPAaBHUMOM CO CBETOBOM, a 3aTEM BEPHEM 3TOT KOHELl Ha MPEXKHEE
MECTO) MPOCTPAHCTBEHHAsI KPOTOBAsi HOpa MOXKET OBbITh IPE0Opa3oBaHa BO BPEMEHHYIO
(wormhole traversing space into one traversing time). Ona MOXeT ObITh HCIIOJIb30BaHA KaK
ManiHa BpemeHu. [logoOHas kpoToBast HOpa TpeOyeT 0co00ro 3K30THUECKOI0 BEIIECTBA,
HE00X0IMMOro sl MoAJepkKaHus ee paBHOBecHs. OJJHAKO €CTh MOJIENIN MAIIMHbI BPEMEHH,
KOTOPBIC WJIH MTO3BOJISIOT 00OHTHCH COBceM 03 IK30THUecKoro Bernectsa [7, 9]. Wiu xe,
UCTIONB3YS IICKTPOMArHUTHOE TI0JIE, MTO3BOJISIFOT OOOHTHCH €r0 MaJbIM KOJIM4ecTBOM [8].
Hcnonp30BaHue 3TON MalllMHbI BPEMEHU MOYKET MPUBOAUTH K 3HAMEHUTOMY «IIapaioKCy
JIeTyIIKW», KOTJ]a BHYK, BO3BpAILasch B POLLIOe, yOUBaeT cBoero Aeaymky. Kak xke MoxeT
OBITH pa3pelicH ATOT MapaIoKCc?

C ¢uznueckoil TOUKH 3peHUs, TapaJoKC AEAYIIKH 03HAYAET, YTO HE BCE HaYaJIbHbIE
COCTOSIHUSI, KOTOPBIE CYIIECTBYIOT 0 00pa30BaHMs MAlllMHbI BPEMEHU OCYIIECTBUMBI.
JlononHuTenbHas oOpaTHas CBsI3b MEXAy Oy IyIIUM U MPOILIBIM Yepe3 BpEMEHHYIO
YEpBOTOUMHY JIeIaeT UX HEBO3MOXKHBIMU. Clie10BaTeNIbHO, MBI JINOO JOKHBI OOBSICHUTD
HEepean3yeMOCTh TAaKUX HAYaJIbHBIX COCTOSIHUH, TUOO JTOMYCTUTh, YTO BpeMEHHasI
«YepBOTOYMHA» HEYCTOWYUBA, HAMOA00Me Oeoi ABIPHI, U JIETKO pa3pylIaeTcs.

Kak Hu ctpanHo, 00a 00bsCHEHHs B TPUHIUIE BepHBI. OJTHAKO JJIST MAKPOCKOITNYECKUX
YEepBOTOUYMH MPUOPUTETHBIM SBIISIETCS TIepBOE 00BsiICHEHHE. JleiCTBUTENbHO, OUE€Hb XOTEJIOCh
ObI IMETh MaKPOCKOITMYECKYIO TOMOJIOTHIO MTPOCTPAHCTBA CTaOMiIbHOM. OrpaHndyeHue Ha
HaYaJIbHbIE COCTOSHUS IIPU ATOM CBS3aHO C 3aKOHOM POCTa SHTPOIUU U CUHXPOHHU3ALUEN
TEPMOJMHAMHYECKHUX CTPEN BPEMEHH, CBSI3aHHOW C HEYCTOMYNBOCTBIO COCTOSIHUM € pa3HOU
HAINpPaBJICHHOCTHIO ATHX BpeMeHHbIX cTpen [1-2]. Makpockonuyeckue 3aKOHbl TEPMOTUHAMUKI
BEPOSTHOCTHBI. 11 O4UeHb HEOOIBIIOr0 YHCIIA CIIy4aeB OHU HE JEHCTBYIOT
(xpymHOMacmTabHbIe QurrokTyarnuu). Kak 1st 3TUX cutyarui, Tak v JJisi MUKPOCKOTTHIECKUX
YEpBOTOYMH, II€ TOHATHE TEPMOJUHAMUYECKON CTPEIbl BpEMEHH U 3aKOHBI TEPMOJIMHAMUKHU HE
MPUMEHUMBI, MIPUOPUTETHBIM OKa3bIBAE€TCS BTOpOE 00bsicHeHHE. OHO CBA3aHHO C
IKCTPEMAIEHON HEYCTOWYHMBOCTBIO TOMOJIOTHH, ONPEIEIIEMON MalllnHON BpeMeHH [9],
AQHAJIOTMYHOM HEYyCTOMYMBOCTHU Oe0i JAbIphl. [l MaKpOCKOIIMYECKUX KPOTOBBIX HOP
paspelIeHrne MOXeT ObITh HaliIeHO ¢ TOMOIIbIO 3aKOHA BO3PACTaHUs SHTPOIIUH,
o0ecreyrBaeMoro HeyCTONUYUBOCTBIO IPOLIECCOB ¢ YOBIBAHUEM SHTPOIIUU OTHOCUTEIHHO
BcenenHoli 1 BeITEKarome U3 3TOr0 CHHXPOHU3aMeEN TEPMOINHAMUYECKUX CTPE BPEMEHH.

JleiicTBUTENBHO, TPOCTPAHCTBEHHASI KPOTOBAs AbIpa HE MPUBOIUT K Mapagokcy. OObeKTHI,
MOTJIOIIEHHBIE €€ OJJHUM KOHIIOM, BBIXO/AT U3 APYToro KOHIA B Oosiee mo3aHee Bpems. Takum
00pa3zoM, 00BEKTHI U3 O0JIee YIOPSAA0UYEHHOTO HU3KOIHTPOMUHHOTO TIPOIIIOTO MO IAl0T B
MEHee yNopsJ0YeHHOE BEICOKOIHTpONHiiHbIe Oy aymiee. [Ipu nBrKeHUH BAOJIb KPOTOBOM HOPBI
SHTPONUS MyTEHIECTBYIOIIUX 0OBEKTOB TAKXKe PACTET: OHU MEepeXosaT u3 Oosee
YIOPSIIOYEHHOTO COCTOSTHUSI B MEHee yrnopsioueHHoe. Takum 06pa3oM, COOCTBEHHBIE CTPEIIBI
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BPEMEHHU ITyTEIIECTBYIOIETO B KPOTOBOI HOpE 00BEKTa M OKPYKAIOIIETO MUPA COHAIIPABIICHEI.
Toxe BepHO 7151 My TELIEeCTBUS IO BPEMEHHON KPOTOBOM HOpe U3 MPOLUIOro B Oyayliee.

Opnako Juist MyTeIecTBUS U3 OyIyILEro B NpoILIOe CTPEbl BPEMEHU Iy TEIIECTBEHHUKA B
KPOTOBOW HOpPE M OKPYIKAIOIIETO MHUpa OYAyT yske nmpoTuBomonoxkusl [10, 11-13].
JlelicTBUTENBEHO, CaM OOBEKT ITyTEHIECTBYET U3 MEHEE YITOPSA0YSHHOTO OyayIIero B 6osee
YHOPSIOYEHHOE MPOLLIOE, HO IIPU 3TOM €ro COOCTBEHHAs SHTPOIMHMS pacTeT, a He yObIBaeT!
CrnepnoBarenbHO, TEPMOIMHAMUYECKUE CTPENbl BpeMeHU BeeneHHol u myTeriecTBeHHUKa
pasHoHanpasieHbl. Takol nmpouecc, Mpu KOTOPOM SHTPONHH MyTENIECTBEHHUKA yObIBaeT
oTHocHuTeNnbHO Beenennoit, Heycroituus [1-2]. CrenoBaTenbHO, «IaMSTh O MPOILIOMY
MYTEIIECTBEHHUKA (&, MOXKET, U OH CaM IOJHOCThI0) OyJeT pa3pyllIeHa, YTO He MO3BOJIUT EMY
«yOuTh JCAYIIKY.

Kakoii unMeHHO MeXaHH3M INpH MyTEeUIECTBUU B KPOTOBOM HOpe 0OecreunBaeT
CUHXPOHM3AIIMIO CTPEN BpeMEHU MyTeniecTBeHHUKa U Beenennoii? O6a KoHIa «4epBOTOUYUHBI)
3TO MAaCCUBHBIE TeJla, UMEIOIINE KOHEUHYI0 Temrieparypy. O6a 3T KOHIIa IO 3aKOHaM
TEPMOJUHAMHUKN HEU30EKHO JTOJIKHBI U3Ty4aTh CBET, KOTOPBIM YaCTHYHO MONAAAET U B
KPOTOBYIO HOPY. YK€ B MOMEHT 00pa30BaHMs «MAaIINHbI BpeMeHW» (IIpeodpa3zoBaHus
IPOCTPAHCTBEHHOM Y€PBOTOUYMHBI BO BPEMEHHYI0) MEX]ly €€ KOHIIAMU MOSBIISETCS 3aMKHY ThIN
CBETOBOM Jyd. Besikuii pa3, Korja yd ONMCHIBAaeT OKPY>KHOCTb, OH BCE 0OJIbILIE CMELIAeTCs K
¢uoneroBoit yactu cuekrpa. [Ipoxoas Kpyr 3a Kpyrom, Jiydu TEpSIFOT POKYC, IOITOMY SHEPIHs
HE YCHJIUBACTCS U HE CTAHOBUTCA OecKOHeuHOM. DUOoJIeTOBOE CMEIIEHUE 03HAYAET, YTO UCTOPUS
YaCTHIIbI CBETa KOHEYHA U ONpe/IesieHa €€ COOCTBEHHBIM KOOPAMHATHBIM BPEMEHEM, HECMOTPSI
Ha OECKOHEYHOE YHCIIO KpYroB [14]. DTOT 1 MHbIE NOTOKM CBETa B KPOTOBOM HOPE
GIIOKTYHPYIOT M UMEIOT HallpaBJIEHUE TEPMOJAMHAMUYECKOM CTpeIibl BpEMEHH, COBIIAIAIONIEro C
TEpPMOJIMHAMHYECKON CTpeoil Bpemenu Beenennoit. biarogaps nenz0exxunomy
B3aMMOJICHCTBUIO C 3TUMU U3ITYyYEHHEM pa3pylIacTcs OY€Hb HEYCTONUNBOE COCTOSIHUE
MyTEIIECTBEHHHUKA, UMEIOLIEr0 0OpaTHOE 110 OTHOIIECHUIO K BeeneHHol HanpaBieHue
CcOOCTBEHHOT0 TEPMOJIMHAMUYECKOI0 BpEMEHH. DTO pa3pylIeHNE IPOUCXOAUT IO CTEIICHH,
JOCTAaTOYHOM Ul NPeJOTBPALeHNs apaoKca AeIyIKH.

«CB00O0aa BOIM» NO3BOJIIET HAM CBOOOIHO MHULIMMPOBATH JIUILIb YCTONYMBBIE TIPOLIECCHI C
POCTOM PHTPOIHH, HO HE ¢ ee yObIBaHHEM. TakuM 00pa3oM, Mbl HE CMOXKEM TOCIIAaTh OOBEKT U3
Oynyuero B nponutoe. [Iporecc CHHXpOHU3aLNUK CTPET BPEMEHU U BBITEKAIOIINN U3 HErO 3aKOH
pOCTa SHTPOIHUH 3ANPEIIAET HAUANbHbIE YCA08Us, HEOOXOIUMBIE /ISl Ty TeLIECTBUS
MaKpPOCKOIUYECKUX 0OBEKTOB B IIPOLIOE U PEAIU3ALNIO «I1APAIOKCa ATy ILIKI.

B pa6ore [10] cTporo MmaremaTHyecku TOKa3bIBACTCS, YTO COOCTBEHHAs TEPMOIUHAMHYECKAsI
CTpeJia BpeMEHHU HEe MOXET BCE BpPEeMsI HIMETh OJJMHAKOBYIO OPUEHTAIINIO C COOCTBEHHON
KOOPJIMHATHOM CcTpesoif BpeMEeHH MpH My TELIECTBUH 110 3aMKHYTOW BPEeMEHHOITI0,100HOM
tpaekTopui (closed timelike curve). [Ipomecc CHHXpOHHU3AIMH CTPENI BPEMEHH (CBSI3aHHBIH C
HEYCTOWYMBOCTBIO ITPOLIECCOB C YOBIBAHUEM SHTPOIUH) ABISIETCSA TEM CaMbIM QuU3UUecKUM
MexaHu3MoM, KOTOPbIi (pakTrdeckn 00ecrieunBaeT BHIMOJIHEHUE 3aKOHA POCTa SHTPOITHH.

Makpockonu4yeckre 3aKOHbl TEPMOJMHAMUKN BEPOSTHOCTHBI. JIJ11 O4eHb HEOOJIBIIOro Yucia
CIIy4aeB OHU HE JIEHCTBYIOT (KpymHOMacIITa0HbIe (hroKTyarun). Kak Juist 3TUX CUTyalwid, TaKk U
JUI. MUKPOCKOTIMYECKUX CUCTEM, I'/ie 3aKOHbI TEPMOAMHAMUKY HE IPUMEHUMBbI, TPUOPUTETHBIM
OKa3bIBaeTCs JIpyroe oObsiCHEHUE Mapaaokca Aenymku. CymecTByoT JBa Ipolecca: Bech
Kocmoc 1 00BexT, myTerecTBy oMU o yepBoTourHe u3 Oyaymero KocMoca B ero npormuioe.
[Ipu 5TOM BpeMeHHast 4epBOTOUNHA, ITOI00HO OeIoi AbIpe, OKa3hIBAeTCs HEYCTOWYMBOM JTaxe
10 OTHOLLIEHHIO K OECKOHEYHO MaJIbIM BO3MYIIEHHUSAM OT IPaBUTALMM My TEHIECTBYIOIIETO
00BEKTa, UTO MOXKET MPUBECTH K €€ pa3pyLICHHUIO U MPEAOTBPAILEHUIO TapaI0KCOB, YTO U
nokasbiBaetcs cTporo B [9]. KakoBbl pe3ysbTaTsl IEpeCTpOiKK TOMOIOTHH ITPOCTPAHCTBA-
BPEMEHH TIOCIIe pa3pylICHUs] BPEMEHHOH 4epBoToYHHBI? ABTOp [9] mumer:

«Kax MbI OOBSACHSIH ... HEOJTHO3HAYHOCTh, HE TI03BOJISIET CYIIECTBOBAHNE MTAPaI0KCOB
MyTELECTBUS BO BPEMEHU B 00I1I€H TEOPUU OTHOCUTEIBHOCTH - HE3aBUCUMO OT TOT'0, YTO
IPOM301LIO0 Obl B IPUYMHHON 00J1aCTH, IPOCTPAHCTBO-BPEMSI BCET/1a MOXKET pa3BUBAThCA TaK,
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4yTOOBI N30€XkKaTh JIOOBIX MapaJoKCOB (>KEPTBYIO MAIlIMHON BpEMEHH, B KpallHEM CiIydae).
[Tomyyaroreecs Mpu 3TOM NPOCTPAHCTBO-BPEMSI HHOT/IA ... JIFOOOIMBITHO HAIOMUHAET OJIHY U3
MHOT'O-MHPOBBIX KapTHH.»

Crenyer OTMETHUTB, YTO C TOUKH 3PEHHS BHEIIHErO pealbHOr0 MaKpOCKOIMMYECKOTO
HaOJII0/1aTelIs CUTYallHs, KOI/1a MyTENIECTBEHHUK OrM0 B YepBOTOYMHE UJIU TOMAT B «MHOU
MUP», SKCIEPUMEHTAIBHO HEOTIUUYUMBL. DTO SKBUBAJIEHTHO CUTYyallU1, KOT/1a Iy TEIIeCTBEHHUK
NaJaeT B YEPHYIO JbIPY: HAM HE U3BECTHO OYJET JIM OH pa3/iaBiieH B CUHTYJISPHOCTU WIH
HOMAJET B «<MHOU MUpP» 4yepe3 Oemyto AbIpy. (XOoTs A caMoro MyTeNIeCTBEHHUKA 3Ta pa3HHULA
HaOroaema u cymectseHHa. Ho oH yHeceT cBoM Bce 3TH CBOM HAOJIOICHHSI C COOOW B «MHOM
MUD».)

Cdopmynupyem OKOHYATENbHBIN BBIBOJ: 0J151 MAKPOCKONUYECKUX NPOYeCccOo8 HEyCTOMUUBOCTh
IPOIIECCOB ¢ yOBIBAHUEM SHTPOIMHU U COMYTCTBYIOIIAs €l CHHXPOHHU3ALUS CTPESl BPEMEHH B
MOJIABJISIOILIEM YHCIIE CIYy4YaeB JesaeT HEBO3MOXHBIM MOSIBICHUE HAYaJIbHBIX YCIOBHM
HECOBMECTHMBIX C CYIIECTBOBAaHHEM 33JJaHHBIX YEPBOTOUUH. TeM caMbIM Ipe0TBpaILAeTCs KaKk
UX pa3pylieHHe, TaK U MyTEIISCTBHUS 110 HUM MaKpOCKOITMYECKHUX TEJ B MPOILIOE, IIPUBO/IAIIEE K
«TapaIoKCy AETYLIKI.

Jly1s oueHb MaJIOBEPOSITHBIX CUTYALUN B CIIy4ae MaKpOOOBEKTOB U JUIsI MUKPOCKOITMYECKUX
CHUCTEM MOXET PEAIN30BATHCS YK€ PAHEE OTMEUEHHOE 3aMEUYaTEIbHOE CBOMCTBO 3KCTPEMaIbHON
HEYCTONYMBOCTH O0IIEH TEOPUU OTHOCUTEIBHOCTU: OECKOHEYHO MaJloe BHEIIIHEE BO3/CICTBHE
MOKET IOBJICYb Pa3pylICHHE YEPBOTOUNHBI 32 KOHEYHOE BpeMs!

4. BbIBOJABI.

[TonBenem obmue uroru. Iporecc HabmoOAEHNS JOHKEH HEN30€KHO YUUTHIBATHCS MIPU
paccMOTpeHHH BeeX (PU3NYECKHX MPOLIECCOB, YTOOBI HCKITIOUUTH MOSIBICHUE HEHAOI01aeMBIX B
pEaNbHOCTH SIBICHHH, MPUBOIALIIMX K NTapagokcam. [Ipyu 3TOM HyKHO yUUTBIBaTh CJIEAYIOIINE
Bemy. HaGmoaTens Hen30€KHO SBIISETCS HEPABHOBECHBIM MAaKPOCKOITMYECKUM Xa0THUECKUM
TEJIOM C TEPMOJANHAMUYECKOHN CTPENIO BpeMEHH, ONPEAEIISIEMON HAPABIEHUEM POCTa
SHTPONHHU. Bee n3Mepenus: OH NPOU3BOIUT OTHOCUTEIBHO 3TOW BPEMEHHOW CTPEIIBI BPEMEHU.
JluHamuKa Tel, OTHOCUTEIBHO ATON CTpesibl BpeMEeHH Ha3bIBaeTCsl HabI0jaeMol JUHAMUKON U
OTJINYAETCS OT UJICAIIbHON JMHAMUKH, OTHOCUTEIIBHO KOOPAMHATHOM CTpENIoN BpeMeHu. Bee
TeJa ONMHUCHIBAIOTCS B HA0JII01aeMOil TMHAMUKE MaKpoIrapaMeTpaMu, B OTJIIMYKE OT UACATbHOM
JUHAMHKH, UCTIOJIB3YIOIIEH MUKpOIIapaMeTphl. TepMOIMHAMUYECKasl CTPEJIa BPEMEHU He
CYIIECTBYET MIPU TEPMOJMHAMUYECKOM paBHOBECHH. OHA MOXET MEHATh CBOE HAIlpaBJICHUE U HE
COBIIA/IaTh C KOOPAMHATHOW CTPEJION BPEMEHU UECaJbHOW TUHAMUKH. Beerna cyniectByer
Majioe B3auMOIeicTBHE Mex 1y HaOIrogaTeneM 1 HabmroaaeMoil cucreMoil. OHO MPUBOAUT K
CUHXPOHM3AIMH TEPMOJUHAMUYECKHUX CTPE BpeMEHU HabroaTesns U HabaojaeMol CUCTEMBI.

Mps1 BUIMM HEOOBIKHOBEHHYIO Belllb. Bece 3Tu coobpakeHust, KOTOpbIe HaM TO3BOJIMIH
pa3penmTh mapaoKe peyKINN B KBAaHTOBOW MexaHuke, napaaokcsl Jlomvuara (Loshmidt) u
[Tyankape B KJTaCCHUYE€CKON MEXaHUKE MO3BOJISIIOT pa3pelinuTh HHGOPMALMOHHBIN MapaoKce
YEPHBIX JbIP U MApaJ0KC ACTYIIKH JUIsl BP)€MEHHBIX KPOTOBBIX HOpP. 3aMedareabHast
YHUBEPCATBLHOCTBH!
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Yactb 4. YHUBEpPCAJIBbHASA CTPEJIA BPEMEHH:
KBaHTOBa" TeOpUs rpaBUTALIUHA.

0. Annoraumusi: Pazpemenue nugopManmoHHOTo mapajaokca aJjs
YEePHBIX JbIP, MAPAXOKCA JeTYIIKH I BPEMEHHBIX KPOTOBBIX
HOP, MAPAJT0KCA YEPHBIX 3Be3/1, NAPAJTOKCOB MPOEKTA
Ilenpoy3a 1J11 MOCTPOEHUS HOBO KBAHTOBOU
rPaBUTAIMOHHOM TEOPHH, MAPAJOKCOB AHTPOIHOI0
NMPUHIMIIA,

[Ipoananu3upoBaHbl MapaJOKCHl U MPOOIEMBI KBAHTOBOW TEOPHUH TPaBUTALIMU C TOUKHU 3PEHUS
TEPMOJIMHAMUYECKOT0 TTOAXO0/1A.

1. BBeaenue

Cratbs MOCBSIIIICHA aHAIN3Y KBAHTOBOW TCOPUH I'PABUTAIIMH C TOYKH 3PCHHUS
TEPMOIMHAMHYECKO# cTpelbl Bpemenu [1-3]. B pamkax 3Toro paccMoTpeHust pa3peiieHbl
«MH(POPMAIIMOHHBIN TTAPaIOKCy» ISl YUEPHBIX JBIP M «IIapagoKC C ACAYIIKOMN» IS BPEMEHHBIX
«4YEPBOTOYHMH», PACCMOTPEHBI YepHbIe 3Be3/1bI [4] 1 anTponHselii npunim [5]. [TokazaHo, 4To
noxenanus [lenpoysa [6-7] k Oyayrieit Teopur KBAaHTOBO# rpaBUTAIMK HE TPEOYIOT CO3IaHUs
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HOBOM TEOPHH, a peaIM3yEeMbl B PAMKAX YK€ CYIIECTBYIOUIUX TEOPH IPH ydeTe
TEPMOAMHAMUYECKOTO ITOAXO0AA.

2. UepHble abIPHI

B o01ieit Teopun OTHOCUTENIBHOCTH, B OTJIMYHE OT KJIACCUYECKON MEXaHUKH, J1BA PA3IIUYHBIX
COCTOSIHUS 32 KOHeyHOoe BPeMs MOTYT J1aTh OECKOHEYHO OJU3KHUE COCTOSHUS. DTO MPOUCXOAUT
pu 00pa30BaHUU YEPHOU JBIPHI B Pe3yJIbTaTe KOJUIarca. 3a CYeT ITOr0 BOZHUKAET 3HAMEHUTHIN
uHpopManmoHHbIi mapagokc [8]: komnanc npuBoauT K motepe nHdopmarmu B YepHoii Jlpipe.
370, B CBOIO OUEPE/Ib, BEJAET K HETOJIHOTE HAILLETO 3HAHUS O COCTOSIHUU CUCTEMBI U,
CJIEZIOBATENIbHO, K HEMPEICKa3yeMOCTH TUHAMUKH CUCTEMBI, ee BKiItovatoieil. Mudopmarus,
KOTOpasi B KJJACCUYECKON M KBAHTOBOM MEXaHUKE BCETJIa COXPAHSAETCS, B YEPHOU JbIpE NCUYE3ACT.
Tax 51 370? OOBIYHO paccMaTPUBAIOT TOJIBKO JIBa OTBETA HA ATOT Bompoc. JInbo unpopmanus
JIEMCTBUTEILHO TIpOMagaeT oeccienno; b0 nHhOopMaIUs COXpaHIeTCsS BHYTPH HEE M MOXKET
OBITh KAKMM-TO ITyTE€M HM3BJI€4eHA. Mbl YBUAUM, UTO B KBAHTOBOI IpaBUTAIIMU OTBET TOT XK€, YTO
U 17151 o011eH TeOpUr OTHOCUTEIBHOCTU — 00a OTBETa BO3MOYKHBI U BEPHBI, IOCKOJIbKY pa3HUIIA
HKCIIEPUMEHTAIBHO HE Ha0Iro1aema.

J171s1 KBa3MKIIACCUYECKOW TEOPUU TPABUTAINH, T]I€ TPABUTAIIHS OMKMCHIBACTCS OOIIECH Teopuei
OTHOCHUTEIILHOCTH, a I10JIS - KBAHTOBOM TEOPUEH, Pa3pEIICHHE 1apaJ0Kca HAXOIUTCA C
IIOMOIIBIO U3Ty4YeHHE XOKHHIA.

B kBaHTOBO# Teopuu nouis (pU3NYECKU BaKyyM HaloJIHEH MOCTOSHHO POKIAOIUMHUCS U
MCYE3a0IIMMH «BUPTYAIbHBIMU YacTULIaMu». BOmM3u (HO BCE ke CHapy»k1) TOPU30HTA
COOBITUI 4EPHOM ABIPBI IPSIMO U3 BaKyyMa MOTYT POKIAThCs aphl YacTulla-anTHyactuua. [Ipu
3TOM BO3MOKEH CIIy4ail, KOTJa MOJIHAs SHEPTHsI AHTUYACTHLIBI OKa3bIBAECTCS OTPULATENBHOM, a
MI0JIHASl DHEPIHsI YACTHILIBI - TOJIOKUTENbHOU. [Tanast B u€pHyto AbIpy, aHTUUACTHIA YMEHBIIIAET
€€ MOJIHYIO SHEPIHIO IIOKOS, @ 3HAYUT, U MACCY, B TO BPEMsI KaK YaCTHIIA OKA3bIBAETCS
CHOCOOHOM yJieTeTh B 0eCKOHEYHOCTb. s yJjan€HHOro HaOII01aTeNsl 3TO BBIMJISIIUT Kak
n3lydeHre XOKHUHIa YEPHOU JIBIPHI.

ITockonbKy 3TO U3JIy4eHUE HEKOTEPEHTHOE I10CIIE UCIIAPEHUS YEPHOM ABIPBI BCS 3allaCeHHAst
B HEll MHQOpMAIHs Hcue3aeT — 3TO OTBET KBazukiiaccudeckoil Teopun. Kazanoch 651, 3T0
IPOTUBOPEUYUT OOPATUMOCTH U YHUTAPHOCTU KBAaHTOBOM MEXaHUKH, Iie MHPOpMalus He
TepsieTcs. Toro ke Mbl 0’KHIaiu ObI OT KBAHTOBOM Teopuu rpaBuTanuu. Ho tak i 310?

MBI He uMeeM ceifuac 3aKOHYEHHYI0 TEOPUIO KBAaHTOBOM rpaBuTanuu. OIHAaKO AJI YaCTHOTO
ciay4as 5 MEpHOro aHTh-Ae-CHTTEpOBCKOrO MHpa 3TOT MApaJ0OKC HbIHE MHOIMMH YUYE€HBIMU
CUMTAETCS Pa3pelIeHHBIM B M0JIb3Y COXpaHEHUs HHPOPMALIMH, BCIEICTBUE THIIOTE3BI O
AdS/CFT nyanbHOCTH, T. €. THTIOTE3BI O TOM, YTO KBAHTOBAas TPaBUTAIMS B aHTH-]Ie-
CUTTEPOBCKOM (TO €CTh C OTPULATEIbHBIM KOCMOJIOTHYECKHUM YJICHOM) 5S-MEPHOM MPOCTPAHCTBE
MaTeMaTH4eCKH SKBUBAJIICHTHA KOHPOPMHOW TEOPHH TOJIS Ha 4-MMOBEPXHOCTH 3TOr0 Mupa. [9]
Ona 6bL1a MpOBEpEHa B HEKOTOPBIX YaCTHBIX CIyYasiX, HO IOKa He JOKa3aHa B O0IEM BHJIE.

ITomararoT, 4TO €ciy 3Ta THIOTE3a IEUCTBUTENIBHO BEPHA, TO 3TO ABTOMATHUYECKH BJIEYET 3a
co0oii pasperieHre mpodaemMbl 00 HCUE3HOBEHUH HH(popMaIiy. J{eno B ToM, 4To KOH(QOpMHast
TEOPHs MOJIA 110 IIOCTPOCHUIO YHUTApHA. ECiu OHa yalbHAa KBAaHTOBOM T'PABUTALMM, TO 3HAYUT
Y COOTBETCTBYIOIAsl KBAHTOBO-TPABUTALIMOHHAS TEOPHS TOKE YHUTAPHA, 4 3HAYUT,
UHOpPMaIKS B 3TOM CIIydae He TepseTcs.

OTmeTuM, 4TO 3TO HE TaK. YUeT BIUSHUS HaOI0JaTeNs J1enaeT Hen30eKHOM MoTepro
uHpopmanuu. [Iporecc 0Opa3oBaHus YEPHOI IBIPHI U €€ NalbHEHIIee UCTIAPSHUS IPOUCXOTUT
Ha Bcel OBEPXHOCTH aHTHU-1e-CUTTEpPOBCKOro MUpa (OMUCHIBAEMOI0 KBAaHTOBOM TeopHen
10J151), KOTOPBIH BKJIIOYAET Takxke 1 HaOmoaarens. Habmronarens HeU30€KHO rpaBUTALIMOHHO
B3aMMOJICHCTBYET C UEpPHOM ABIPOH U ee n3nyueHueM. B ominrune ot 00bIYHOI KBaHTOBOM
MEXaHUKH U 110 IPUYMHE ITOT0 BCEIMPOHMKAIOIIETO IPAaBUTALIMOHHOTO B3aUMOIEUCTBHS,
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BIIMSTHUE HAOJIOIATENIs TETIEPh yKe HEJb3s ClIeNaTh MPEeHEOPEeKUMO MAITBIM HU TP KaKHX
ycnoBusx. BzaumopeiicTBue ¢ HaOIr01aTeNIeM JIe1aeT CUCTEMY He YHUTApHOI.

Kazanock 061, MBI MOKEM BKIIIOUUTH HAOIIOAATENs B OMMcaHue cucteMmbl. Ho Habmogarens He
MOJKET TOYHO 3HaTh CBOE Ha4aJIbHOE COCTOSIHUE U aHAJIM3UPOBATh CUCTEMY, YaCThIO KOTOPOM OH
caMm M siBisieTcsl! A 3HAUUT, HE MOXKET IIPOBEPUTH SKCIIEPUMEHTAIBHO PA3HUILY MEXKTY
YHUTApHOH U He yHUTApHOM 3Bostonueil. s 3Toro Heo6X0AUMO 3HAHUE MOJIHOTO COCTOSIHUS
CUCTEMBI, YTO HEBO3MOXHO MIPU CaMOHAOIIOICHUH.

B anTu-ne-CurrepoBckoro Mupe pacivpenue BeeneHHol Hen30€KHO CMEHSETCS CXKATUEM.
Ho tot e s3¢dext norepn nuHGopmalyu UMeeTcs U Ipu YCKOPEHHOM paciiupennu Beenennoi
— MOSBJISIIOTCSA HEHAa0II01aeMble 00JIaCTH, OTKY/1a 10 HaC HEe JOXOJUT JaKe CBET.
CnenoBarenbHO, OHU HEHAOIOJaeMble, U cofiepKalllasics B HUX UH(popMalus noTepsHa. 1o
OIISITh BEJIET K HENPEACKAa3yEMOCTH.

Taxum oOpa3om, FKcIIepUMEHTaIbHas MPoBepKa HH(YOPMALIMOHHOTO MapaoKca CHOBA
CTaHOBUTCS HEBO3MOXKHOMH 6 npunyune! B ciaydae KBaHTOBOI rpaBUTAIIMM COXPAaHEHHE
uH(bOpMalMU MPOUCXOAUT JIMILL HAa Oymare B ujeanbHON quHamMuKke. B peanbHON Habmo1aeMoi
JUHAMUKEe pa3HULA He HaOJro1aeMa SKCIepuMeHTalbHO B puHIune. O0a oTBeTa Ha BOIIPOC O
COXPaHEHUU WJIM HE COXPAHEHNU UH(POPMALIMU MOYKHO CUUTATh IPUEMIIEMBIMH, TIOCKOJIBKY OHU
AKCIEPUMEHTAIBHO HE Pa3JINYUMBI.

['maBHOE OT/IIMYHME CTONH OOJIBLION Pa3HULBI MEX1y OOBIYHONM KBAaHTOBOH TeopHel 1
KBaHTOBOI TeOpHUel rpaBUTAllMK IPOUCXOJUT U3 TOTO, YTO B3auMOJIeiicTBUE HaOIr01aTeNs B
0OBIYHOI KBaHTOBOW TEOPUHU MOXKHO CZEJIaTh HYJEBbIM B IMIPHUHIIUIIE IIPU U3BECTHBIX HaYaJIbHbIX
yCIIOBUSIX. B KBAaHTOBBIX IPaBUTALIMOHHBIX CUCTEMAX MaJIOE€ IPAaBUTALIMOHHOE B3aUMOJIEHCTBHE C
Ha0JII0/1aTeNIeM HEYCTPAaHUMO B IPUHLIMIIE — YTO JI€JIaeT B MPUHLUIIE HEYCTPAHUMOMN
JICKOTEPEHIIMIO U IPEBpaIaeT IBOJIOLHIO JTH000H Ha0II01aeMOM CUCTEMbI B HEYHUTAPHYIO.
Jluts 171 HETIPOBEPSIEMO HI€aTbHOM IBOJIIOIIMN HAa OyMare ee MOXKHO c/esiaTh (popMaIbHO
YHUTApHOM. A MOKHO U He JiesIaTh — 37iech Y Hac cBo0Oo1a BbIOOpa. Eciii MbI XOTUM ONMCHIBAThH
peanbHyI0 Ha0JI01aeMyI0 IMHAMUKY — JIEJIaTh ATOr0 HE CTOUT. [[J1sl MacCHUBHBIX TEJ Takas
HaOJro1aeMas IMHaAMMKa - 3TO KBa3UKJIaCCUYECKasi TEOpHUsl, KOTOpasi 3KCIIEPUMEHTAILHO
HEOTINYMMA I PEAIbHOTO MaKPOCKOIIMYECKOI0 HAa0JII01aTesl OT KBAaHTOBOM I'paBUTALIUN
MaCCHUBHBIX I'PaBUTALMOHHBIX YEPHBIX JIBIP.

3. BpemeHHasi 4epBOTOYHHA.

PaccMoTpuM ¢ TOUKM 3peHHs SHTPOIIUH U TaKOW MapaJoKCAIbHBIA 00BEKT 00111el Teopun
OTHOCHTEJIbHOCTH, KaK BpEMEHHas «uepBOTOUNHa» (KpoToBas Hopa) [10]. Paccmotpum BHavae
ee HanOoJIee TMOMYJISIPHBIA BapuaHT, npeanoxenHsiii Topaom [11]. Tlycts y Hac umeercs
IIPOCTPAHCTBEHHASI KPOTOBAsI HOPA C JIEKAUTUMU psiioM KoHUaMH. [lyteM odeHb nmpocTon
npoIeypsl (IIOrPy3UM OJTHOTO U3 KOHIIOB HA KOCMUYECKHH KOpadiib, 00ecriednM ero JIBUKEHNE
CO CKOPOCTBIO CPaBHUMOM CO CBETOBOI, a 3aT€M BEPHEM ATOT KOHEI] Ha MPEKHEE MECTO)
NPOCTPAaHCTBEHHAsI KPOTOBAsi HOPa MOXKET OBITH MpeoOpa3oBaHa BoO BpeMeHHyro (wormhole
traversing space into one traversing time). Ona MOXeT ObITh HCITOJIL30BaHA KaK MaIllliHa
BpeMeHu. [lonoOHas kpoToBast HOpa TpedyeT 0COO0ro IK30TUYECKOT0 BEIIECTBa, HEOOX0IUMOTO
JUISl IOUIEpKaHMs ee paBHOBecHs. OTHAKO HENABHO MOSBWINCH HOBBIE MOJIENIA MAIIUHBI
BPEMEHH, KOTOPBIE WU TTO3BOJISIOT OOOWTHCH COBCEM 0e3 IK30THYeCcKoro Bemectsa [12, 17].
Wnu e, UCTIoNnb3ysl 37EKTPOMArHUTHOE T0JI€, TIO3BOJISIIOT 000MTHCH €ro MajbIM KOJIMYECTBOM
[13]. Ucnonk3oBaHue 3TOI MaIlIMHBI BPEMEHU MOKET IPUBOJIUTH K 3HAMEHHTOMY «I1apasiOKCy
JIeTyIIKW», KOTJa BHYK, BO3BpaIlasich B Ipoluioe, youBaeT cBoero Aeaymky. Kak xe MoxeT
OBITH pa3pelIeH ATOT MapagoKc?

PaccmoTpuM, Kakoil OTBET HA 3TOT BOIIPOC AAET KBA3UKIACCUYECKAs TEOPUS I'PABUTALIUH, TE
IpaBUTALMS OTIMCHIBAETCS OOIIEH TeopHrel OTHOCUTEIBHOCTH, a TIOJIsl — KBAHTOBOM TEOPHEH.
MBI 1py 3TOM IOJIaraéM MaKpOCKOIIMYECKYIO TOIOJIOTMIO IIPOCTPAHCTBA, CBSI3aHHYIO C
MaIllMHOW BpeMEHHU Hen3MeHHOH. B MoMeHT 00pa3oBaHMs MaIlIMHBEI BpEMEHH (IIpeoOpa3oBaHus
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IIPOCTPAHCTBEHHOM Y€PBOTOUHHBI BO BPEMEHHYI0) MEXK/y €€ KOHLIAMU TOSBIISETCS 3aMKHY ThIH
cBeToBOM Jy4. Ero sHeprus He qocturaer 6€CKOHEUHOCTH, HECMOTPS Ha OECKOHEUHOE YUCIIO
POXO0JI0B, U3-3a pachoKycupoBku cBeTa [16]. MHas cutyarus 01HAKO BO3HUKAET B
KBa3UKJIACCHUYECKON TEOPHHU C «BaKYYMHBIMH (DIIyKTyallMsIMU» pajdaiiioHHOro moss [14].
[Tpoxoxast 6eckOHEUHOE YUCIIO pa3 Yepe3 UEPBOTOUMHY U CKIIABIBASICh, 3TH (IIOKTYallun
JOCTUTAIOT OECKOHEYHOM YHEPTUH, KOTOpas pa3pyIIUT JII0OOTO My TEIIECTBEHHUKA.

OpHako cuTyanus B KBAaHTOBOH rpaBuTalvy nHas. [l0CKONIbKY KBaHTOBbBIE (UIyKTyalllu
coJiepKat OOJbIINe YHEPIUHU, KOT/1a OHU BO3HUKAIOT HA KOPOTKUX JUCTAHIUIX, BO3MOXKHO
HAWTH HACTOJIbKO MaJIo€ pacCTOSIHUE, HA KOTOPOM 3HEprust (PyKTyauuu OyJeT 10CTaTOuHO
601b1I0H 17151 POPMUPOBAHUS KPOIIEYHOM YEPHOU ABIPbI, IPU ATOM FOPU3OHT YEPHOH JIBIPHI
OyIeT TOro ke pa3Mepa, Kak 1 3T0 MajieHbKkoe paccTtosinue. [IpocTpaHcTBO-BpeMs HE CIIOCOOHO
0CTaBaTbCs OJTHOPOIHBIM Ha TAKUX KOPOTKUX AUCTAHLHUAX. DTOT MEXaHU3M 00ecredrBaeT
€CTECTBEHHYIO «OJIOKUPOBKY» 00pa30BaHUIO CUHTYJISIPHBIX (DIyKTyaluil, OrpaHU4MBasi UX 10
pa3Mepy — «MaKCHMallbHasi JHEPTHsi B MUHUMAaJIbHBIX pazmepax» [16].

JletanbHbIE pacyeThl KBAHTOBOW I'PaBUTAIIMH MMOKa3bIBAIOT [15], uTo 3Ta «OIOKHPOBKaAY
00pa30BaHUIO CUHTYJISIPHBIX (DIIyKTyanuid odecrednBaeT A1 MAKpOCKOITMUECKUX TEJl OYCHb
MaJIylo, HO HE HYJIEBYIO BEPOSTHOCTh OECIPEnsTCTBEHHOTO TPOXO0XKIACHHSI BpEMEHHOM
«4epBOTOUYMHBD. Kak nmpenoTBpaTUTh B 3TOM cuTyauu «mnapaaokc aeaymkm»? Tyt Ham yno6Ho
BOCIIOJIb30BaThCS SI3bIKOM MHOIOMUPOBOM MHTEPIPETALUN KBAaHTOBOW MEXaHUKHU. UTOObBI
IIPEIOTBPATUTh NAapaJOKC IyTEIIECTBEHHUK JOJDKEH MIONAcTh B apajlIeNIbHbIN MUp, TI€ OH
MOJKET OECTIPENSATCTBEHHO «yOUTh JeAYLIKY» HE Hapylllas IpUHLKIIA IpUYUHHOCTH. Takoi
napaJiesIbHbId MUp OyeT KBaHTOBO HHTEP(EPUPOBATh C MHPOM «HEYOUTOIrO AECTYLIKN», TJe
HaOJII0/IATEII0 HE y1aJI0Ch MPONUTH BPEMEHHYI0 4YepBOTOUNHY. OIHAKO aMIUIUTY/1a BEPOSTHOCTH
TaKoro Mupa OyzAer kpaiine mana. MoxeT 1 HabIoAaTeNnb B MUPE, T1€ «JIeAYIIKY HEe yOumm»
00HapyKUTh aJIbTEPHATUBHBIN MUP XOTs Obl B IPUHIUIIE, UCIIOJIb3Ysl KBAHTOBbIE KOPPEISLIUU
mexy mupamu? [lonoono «mapanokcy HIpequHrepoBcKoro KoTa» cliesiaTh OH 3TO HE CMOXKET.
U npuumHbI TE ke, 4TO ¥ B 00OBIYHOW KBaHTOBOM MexaHuke [2]. [IposiBeHns: KBaHTOBBIX
KOppeJsIHif Ha TOT MOMEHT, KOT/JIa MX BEJIMYHHA CYIIIECTBEHHA, HEBO3MOXKHO 3aPETUCTPUPOBATD
U3-32 «CTHpAHUS MaMATH» HaOmonaTens. Takum o0pazom, Mornaganue B mapauieaIbHbIH MUD
KBAaHTOBOI MEXaHUKU HUYEM HKCIIEPUMEHTAIHLHO HEOTINYUMO OT MEPECTPOUKH YEPBOTOUUHBI U
NONAJIAaHKS B «TIapaJUICIbHBIA MUP» O0IIeH TEOPHH OTHOCHTENBbHOCTH [3, 17]. DTO 3HAUUT, YTO
C TOYKH 3pEHHS BHEIIHETO PEaTbHOT0 MaKpPOCKOMMUECKOTro HabtoJaTels CUTyalus, Koraa
MyTELECTBEHHUK MO0 B YEPBOTOUMHE WM NOMAJ B «MHOW MUP», IKCIIEPUMEHTAIBHO
HEOTIUYHUMBI. DTO SKBUBAJICHTHO CUTYallMH, KOTJa My TeIIeCTBEHHUK MaJaeT B YEPHYIO AbIPY:
HaM He U3BECTHO OYJIET JIM OH Pa3/iaBiieH B CUHTYJIIPHOCTU WIX MOMAJIET B KMHOW MUP» Yepe3
6enyro aeipy. [18] (Xots mams caMoro myTeliecTBEHHUKA dTa pa3HuUIla HabIroaeMa u
cymiectBeHHa. Ho OH yHeceT cBoM Bce 3TH CBOM HAOJIOACHUS ¢ COOOW B «MHOU MHpP».) MBI
BUJIUM, YTO KaK U B clIyyae «MH()OPMAIIMOHHOTO Mapaiokcay, pa3Hulla MeKy KBAaHTOBOH U
KBa3UKJIACCUUYECKUMH TEOPUSAMU JJI1 MAKPOCKOIINYECKUX OOBEKTOB IKCIIEPUMEHTATIBHO HE
HabIo1aeMa 711 MaKpOCKOITMYECKOT0 Ha0III01aTelsl, He My TENIeCTBYIOIIEr0 BO BpEMEHHOM
YEpBOTOUYHUHE.

4. YepHble 3Be3/bl.

HenaBHo mosiBHIaCh MHTEPECHASI TCOPHS «UE€PHBIX 3Be3/1» [4]. OOBIYHO KOJUTATIC YEPHOM
JBIPBI pacCMaTPUBAETCS KaK OBICTPBIN mporiecc. OHAKO HaM HE TaK XOPOIIIO U3BECTHBI
COCTOSTHUS BEIIECTBA MPH BHICOKUX JaBICHUSIX. MbI 3HaeM, UTO Ha MyTH K KOJUIAIICY BO3MOXHO
o0pa3oBaHue OEINbIX KapJIHKOB, HEUTPOHHBIX 3BE3/1. DTH MPOMEXKYTOUHbIE CTAAUNU JIETAIOT
KOJUTATIC HEe TaBUHOOOPAa3HbIM, a MOCTENIEHHBIM. BO3MOXKHO, Ha MMy TH K KOJUIATcy OyIyT
MOABJIATBHCA KBAPKOBLIC 3BE3AbI 1 UHBIC IPOMCIKYTOYHBIC COCTOAHUS, KOTOPBIC CACIAOT 3TOT
MpONECC MIaBHBIM. JJIs1 KJTaCCHUUYECKOM TpaBUTALIMK 3TO HecyllecTBeHHO. Ho B
KBa3HUKJIACCUUECKOU rpaBUTallUU IMIOKA3aHO, YTO IMPU MCAJICHHOM C)KaTHUHU KBAHTOBBIC
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(GiIyKTyaluu y HOBEPXHOCTH IOMEIIAIOT MaTepHUally 3B€3/Ibl CKOJIAIICUPOBATh B
CUHTYJIIPHOCTb U CTaTh YepHOU AbIpoil. CHapykH Takoi 00BEKT OyIeT 1o100eH YepHOi JbIpe,
HO BHYTpH OYJIET OT HEe OTJIMYEH, HE COJIepKa CHHTYJIIPHOCTD U COXPaHSsI BCIO HH(POPMAIIHUIO.
OH N03BOJUT MyTEIIECTBEHHUKY BXOJUTH 3@ IIOBEPXHOCTH 3BE3/Ibl U BEIXOAUTH U3 Hee. Cienyer
OTMETHUTB, YTO IPOTUB TAKOW KapTHHBI UMEETCS CYLIECTBEHHOE BO3PAKECHUE.

Hackonbko cTaOuibHa Takast KOHCTPYKIIHS 3B€3/1bl BHELITHEMY BO3MYILEHHIO, BHOCUMOMY
MyTemecTBeHHUKOM? M HaCKOJIbKO yCTOMYMB caM MyTeIIeCTBEHHUK? Y CcToH4MBa Jiu OHA?
IlyTemecTBEHHUK — 3TO MaKpPOCKONMUYECKOoe Tei0. [IpOHMKHYB B 4€pHYIO 3BE3/1y, OH CKAYKOM
YBEJIMYUT €€ Maccy. DTO MPUBEAET JIMOO K €€ CXJIONBIBAHUIO B UEPHY!O AbIpy. Eciu ke npouecc
CHOBA IIOMJET «IIOCTEIICHHO)» TO IIyTEIIECTBEHHUK «PACTBOPUTCS» B 3BE3/C U HE CMOXKET U3 HEe
BbliiTH. TakuMm oOpa3om, BUIUTCS, YTO pa3HULA MEKY YEPHOU 3B€3/101 U YepHO bIpoii He
Ha0Jr01aeMa 3KCIIePUMEHTANIBHO. A, 3HAYUT, pa3HULA MEXy STUMH O0BEKTaMHU CYIIECTBYET
JUIIb HAa Oymare — B MJIealbHON TUHAMUKE.

5. HoBasi Teopus rpapuranunu Ilenpoysa.

B cBoux 3amevarenbHbIX KHIDKKaxX [6-7] [IeHpoy3 aet cBoe 3amMedaTenbHOE TPEABUICHHE
HOBOM IpsiyILlled TeOpuH rpaButanuu. B atoit reopuu:

1) B oTnnure oT 0OBIYHON KBAHTOBOW MEXaHUKHU PEIYKIUS BOJTHOBOTO MAKeTa —
byHIaMeHTaIbHOE CBOWCTBO TEOPUHU.

2) DTO peAyKIusl Hepa3phIBHO CBSI3aHA C SBJICHUEM I'PABUTALIUH.

3) Peaykuusi npuBOIUT HE TOJIBKO K BEPOSITHOCTHBIM 3aKOHOMEPHOCTSIM — HO OHA MOXET
MIPUBOIUTH U K 00JIee CII0KHOMY «HEOTPEACICHHOMY» IMOBEICHHUIO CHCTEM.

4) B oTiinume oT 3aMevaTeNbHbIX KOT€PEHTHBIX KBAHTOBBIX CUCTEM, KIIACCHYECKUE XaOTHYECKUE
HEYCTONYMBBIE CHCTEMBI IMOJBEPTAIOTCS YHHUMKAIOIICH KPUTHKE, KaK YICTO a0CTPaKTHBIC
MoJieJH, OeCToIe3HbIe /I MOHUMAaHUs peanbHOCTH. OHU HE UMEIOT HUKAKOTO OTHOLIEHUS K
OTIMCAHHBIM BBIIIE «HEOMPEICICHHBIMY» CUCTEMaM, KOTOPbIE MOTYT OBITH JIUIIH YUCTO
KBaHTOBBIMH.

CrenyeT 3aMeTUTh, YTO JJIS MOJYYCHHUS BCEX ATHUX BEIIEH HAM HET HYXK/IbI B HOBBIX TCOPHUSIX.
Vuer Hen30eKHOTO IPaBUTAIMOHHOTO B3aMMOICHCTBHSI MAKPOCKOITMYECKOTO PEaTbHOTO
Habmoaaress (MIF0C YYeT ero TePMOANHAMUYIECKOM CTPEITbl BPEMEHH ) ¢ HE0OX0IUMOCThIO
BEJIET KO BCEM ITHM pe3yJIbTaTaM B paMKax JH000H yKe CYLIECTBYIOIIEH TEOPHUH KBAHTOBOM
rpaButaii. Kpome TOro, KilacCHYeCKUe Xa0TUIECKUE HEYCTONUUBBIEC CHCTEMBI 00J1aIal0T
BCEMH CBOMCTBAMHU KBAHTOBBIX. [IJ1s TFOOOTO «YMCTO KBAHTOBOTO 3 eKTa» BCeraa MOKHO
HaiTh Takoi kinaccuueckuii anajor ([Ipunoxenne A [2]). A uMeHHO:

1) MpI BUaenu U3 OMMCaHHOTO BBIIIE, YTO HEU30€KHOE IPaBUTAIMOHHOTO B3aUMOCHCTBUS
MaKPOCKOIIMYECKOT'O pealbHOTO HAOM0aaTeN sl ¢ HaOIro1aeMoi cucTeMoll Hen30€KHO JIeNaeT ee
SBOJIIOIMIO HEYHUTapHOH. Pa3HuIa Mex 1y yHUTapHON U HEYHUTApHOI Teopue CyIecTBYeT
JIUIIb Ha 6YMaI‘€ 1 OKCIICPUMCHTAJIBHO HE Ha6mo;[aeMa B KBAaHTOBOM TCOPHU I'paBUTALIUU.
2) 1o U3510’)KEHHBIM BBILIE MPUYMHAM UMEHHO IPABUTALINS BEJET B YXKE CYIIECTBYIOLIEH
KBaHTOBOU T€OpUHU T'PaBUTAIIMU K HEM3OESIKHOMN peayKIINHU U HEYyHUTapHOCTH. bonee Toro, amns
MaKpPOCKOIIUYECKUX OOBEKTOB jKellaeMasi HEyHUTapHas Teopus, o01aiaronias BCeMu
JKEJIa€MBbIMHU CBOMCTBAMU, YK€ CYHIECTBYET — 3TO KBa3UKJIACCUUYECKas TEOPHS TPABUTALIMH.
3) IloBeneHne MHOTUX MAaKpOCKOIIMYECKUX TeJl, HECMOTPS Ha HEYHUTApPHOCTh, MOXKHO
JIOCTATOYHO TOJTHO OMKCATh HAOOPOM MaKpoIapaMeTpOB M 3aKOHAMH UX BOIIONNH. MeroTes,
OJIHAKO, HenpedcKazyemvle CUCTEMbI, YbE TIOBEJIEHUE BO BCEW MX MOJHOTE 3aTPyAHUTEIHHO
OnmucaTh JaXK€ BEPOATHOCTHBIMU 3aKOHAMMU.

Hanpumep, kBaHTOBbIE KOMIIBIOTEPHI. [[7151 YenoBeka, 3ayCTUBIIETO TAKOH KBAHTOBBIN
KOMITBIOTEP U 3HAIOIETO €r0 HAUYaJIbHOE COCTOSIHUE, €r0 MOBEEHUE MOJHOCTHIO MPECKA3yeMO.
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OpHako 1Sl YyelloBeKa, He MPUCYTCTBYIOLIETO MPH 3aITyCKe, €0 MOBEICHUE «HEOTPEACTICHHO.
Bouee Toro, momeITka MpoHa0II0AaTh BHYTPEHHE COCTOSTHIE KBAHTOBOTO KOMITBIOTEPA IPUBEICT
K HapyIICHUIO €r0 HOPMaJIbHONH pPabOTHI.

B citydae KBaHTOBO# IpaBUTAIINY JIaXKe 3aITyCTUBIINA KBAHTOBBIN KOMITBIOTED YEJIOBEK HE
cmoxeT 100% mpenckasath pe3yabTaT — HeU30€KHOE TPaBUTAIIMIOHHOE B3aUMOICHCTBUE MEXKIY
HUM U KBaHTOBBIM KOMIIBIOTEPOM CJEIacT TaKOe NpecKa3aHre HEBO3MOXKHBIM. Takum oOpa3om,
«HEIPEACKa3yeMOCTh, OTINYHAS OT BEPOSTHOCTHOI» CTAHOBUTCS (yHIaMEHTAIbHBIM
CBOWMCTBOM JIFO00I KBAHTOBOW TEOPUHU TPABUTAIIUH IIPH YUETE HEU30CIKHOTO B3aUMOJICHCTBHS C
HaOJIFOJaTEIEM.

4) HeycToW4MBBIC KIIACCHUECKUE CUCTEMbBI BO MHOI'OM HAIIOMHUHAIOT 110 CBOUM CBOMCTBaM
kBanToBbie ([Tpunoxenue A [2]). Bonee Toro, co3mansl MaTeMaTHUECKHAE MOIEITH KIIACCHUECKUX
AHAJIOTOB KBAHTOBBIX KOMIIbIOTEpOB [19]. [list MomenupoBaHus mapaioKcalbHBIX CBOMCTB
JKHBBIX 00BEKTOB, HAITOMHHAIOIIMX KBAHTOBBIC KOMITBIOTEPHI, HaM HE 00513aTE/IbHO HY)KHA
KBaHTOBasi MeXaHUKa. MOKHO 00OMTUCH M KJIACCHYECKHUMHU HEYCTOWYMBbIMH cucteMamu [20].

[TonBoAs UTOT, MBI BUJIUM, UTO BCe MokenaHus [IeHpoy3a BOIIIOTUMBI YK€ B paMKax
CYILIECTBYIOIIEH MapaJurMbl U He TPeOYIOT HUKAKUX HOBBIX (DyHAaMEHTalIbHBIX Teopuil. bonee
TOT0, BCE CBOMCTBA OOBEKTOB OMUCHIBAIOTCS MaKpomapaMeTpaMu (4TOObI UCKITIOYUTH BIUSHUE
MaKpOCKOIMMYECKOT0 HAOII0IaTeNs ), YTO HEM30EKHO BeIeT K HEHA0J101aeMOCTH CITUIIIKOM
MaJIbIX UHTEPBAJIIOB BPEMEHH U MIPOCTPAHCTBA. A 3HAYUT MOKHO IMOCTPOUTH X HAOII0aeMYyIO
JTUHAMHUKY Ha OCHOBE «JIMCKPETHOW MOJICIIH IMPOCTPaHCTBa-BpeMeHn». Ho Takas Mol yxe He
OyJeT HOBOI Teopuel — It TI000Tr0 MaKpOCKOMHUECKOro HabmogaTens ona Oy et
SKCIICPUMCHTAJIBHO HCOTJINYHUMA OT YKE CYHICCTBYIOHIGI\/'I KBaHTOBOU TCOpHUH I'paBUTAIUU.

6. AHTPONHBIA NPUHIIMII B KBAHTOBOI TEOPUM rPABUTALIMH.

KonnyecTBO BO3MOKHBIX BAKYYMHBIX COCTOSIHUM, BO3HUKAIOLIUX B KBAHTOBOW TEOPUHU
TpaBHUTAIINH, IOCTUTAET OTPOMHOTO0 KoJudecTBa. J{s orOopa moaxoasmuX BaKyyMOB OOBIYHO
npeIaraeTcsl aHTPOIHBIN MPUHIHMIT [5] - 3BOMIOIHUS CHCTEMBI TOJDKHA TPUBOIUT K MOSBICHUIO
HaOJro1aTeNs1, ClIOCOOHOTO €€ MOHUMATh U 3y4arthb. [107j00Has mocTaHOBKA BOMPOCa HOCUT
cUIIKoM GUIOcOPCKUil XapakTep, 3aTPyAHSIONIMMA ee TPaKTUYeCKoe HCIoib3oBaHue. B
JTaHHOU paboTe MBI MOXeEM CPOPMYITUPOBATH BIOJIHE YeTKHE (DU3NUECKHE TPUHIIMITI, 110 CYTH
SKBUBAJICHTHBIE AHTPOITHOMY NPUHLHUITY:

HagansHoe cocTosiHre BeeneHHO#H TOKHO MPUBOANUTE K (POPMHUPOBAHUIO MATEPUU B BUJIC
HaboOpa MHOTHX MaKpPOCKOMUYECKHUX TEPMOANHAMHYECKH HEPABHOBECHBIX TEJ, CI1a00
B3aMMOJICHCTBYIOIINX MEXKIY CO00M. DTH Tesa JOHKHBI IMETh SHTPOIUIO U TemrepaTypy. OHu
JOJIKHBI UMETh COOCTBEHHYIO TEPMOAMHAMHUYECKYIO CTpeTy BpeMeHH. Maoe JIoKaabHOoe
B3aUMOJICHCTBUE MEXKIY TeIaMU JOHKHO MPUBOAUTH K CHHXPOHHU3AIUU UX CTPET BPEMEHHU.
XOTs 3TH Tella COCTOST U3 MHOTHX YacTHUIl U 00JIaJal0T OTPOMHBIM HabOpoM
MUKpOIIapIaMeTPOB, 3BOITIOLUS 3TUX TEJl JOJKHA XOPOIIIO ONUCHIBATHCS HA0OpOM
MaKpoIapaMeTpOB, 3a UCKIOUYEHUEM PEAKUX MOJ0KEHUN HEYCTOMYMBOCTH.

OnHaKO 3TH HEYCTOMUYUBBIE COCTOSIHUS HTPAIOT OOJBIIYIO POJIb, CITy’Ka OCHOBOM IS
BO3HHKHOBEHHUS camMoro HabmonaTesns Beenennoit. JJoybKHBI CyIiecTBOBaTh HEYCTONYMBBIC
rI100aNbHBIE KOPPETSIUN MKy YacTsIMH MHUPA, TaK U HEPABHOBECHBIE CHCTEMBI C
MO/I/IEPKUBAEMBIMHU JIOKATHbHBIMH BHYTPEHHUMH KOPPEISIITUIMHU, U3 KOTOPBIX U 00pa3yroTCst
camu HaOIrOaTeNu.

['moGanpHON «11€TIBI0Y» TUCCUTIATUBHBIX CUCTEM C JIOKAJIbHBIMU KOPPENSLHUSIMHU (B TOM YHUCIIE
Y J)KUBBIX CHCTEM) SIBJISIETCS (2) MUHUMU3ALUS UX COOCTBEHHOM SHTpOINuUU (0) CTHMYIISIIHS
r100aTbHOM MOJTHOM CHCTEMBI K CKOopelinii Bo3Bpary [lyankape B ucxoaHoe
HU3KO3HTPOIIMIUHOE COCTOSIHUE.
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W3 BbIIIECKA3aHHOTO CJCAYET OJUH BaXKHBIN BBIBOI. UTOOBI MOTYYUTH BBIIICOMHCAHHYIO
CHUTYaIIMI0, HAYaJIbHOE COCTOSIHUE BCeeleHHO# OKHO HEU30EKHO OBITh
BBICOKOYTIOPSIZIOUCHHBIM ¥ HU3KOOHTPOITUIHBIM.

T.e., KOPOTKO TOBOPSI, IBOJIOLIUS TOJDKHA IPUBOIUTE K MUPY, JOIMYCKAIOIIEMY OITHCAHHE B
dopme tepmoannamuku [1-3, 21-23]. TobKo B TaKOi cpeie MOXKET MOSBUTHCS HAOJI01aTE b,
CIOCOOHBIN H3y4aTh TOT MUD.

/. BuIBOABI

MpbI BUIUM, 9TO HH(POPMAIIMOHHBIN TTAPAIOKC U MAPAAOKC JSAYIIKH pa3periaroTcs B
KBAaHTOBOI rpaBUTALIMOHHON TEOPUU aHAJIOTUYHO OOLIeH TeOpUNU OTHOCUTEILHOCTH. JTO
JIETIAeTCs IIyTEM PACCMOTPEHHUS B3aUMOJEHUCTBUS CUCTEM C PEATIbHBIM HEPABHOBECHBIM
MaKpOCKONUYEeCKUM HabmtogaTeneM. bonee Toro, 3TOT moaxoa aHaIOrM4YHO OOBIYHON KBAHTOBOM
TEOPHH, TIO3BOJISET PA3PEIIUTh TPOOJIEMY PEAYKIMH. DTO PEAYKIIHSI B KBAHTOBOW I'PaBUTAIIUN
CTaHOBUTCA (DyHAAMEHTaJIbHBIM CBOMCTBOM TEOPUH, B OTJINYUE OT OOBIYHOM KBAaHTOBOM
MEXaHUKH. Takoi moAX0/ MO3BOJISIET PACCMOTPETH U APYTHUE CIIOKHBIE BOIIPOCHI KBAHTOBOM
rpaBUTALMU — AHTPOIHBIN PUHLIUII, YEPHBIE 3BE3/IbI.
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Yacre 5. YHUBepcaJibHAS CTPE/Ia BPEMEHMU:
Henpenckasyemasi JMHAMUKA.

0. AnHoTanusi: Pa3pemienue napaaokca o npoOTHBOPEYUH MEXKIY
pPeayKIMOHU3MOM U NMPUHIMIIUAIBLHOU (He CBI3AHHOM CO
CJI0KHOCTHI0) IMEPAKEHTHOCTHIO HA OCHOBE TEOpPEeMbI
I'éneneBckoro tuna. Padpemenue napagokca cymecTBOBaHus
CHCTEM C YMEHbIIEHHEM IHTPOIIHH.

MEl BUIUM, YTO TOYHBIC YPABHCHUA KBAaHTOBOM M KJIACCUYECKON MEXAHUKHU OIMUCHLIBAIOT
ujeanbHyI0 TUHAMUKY, KOTOpast oOpaTuMa ¥ MPUBOJAT K Bo3BpaTaM [lyankape. PeanbHbie
ypaBHEHUs (PU3UKH, OMUCHIBAIOIINE HAOIIOJaeMyI0 JUHAMUKY, HallpuMep, master equations
CTaTUCTUYECKON MEXaHUKH, YPABHEHUS THAPOAUHAMUKH BSI3KOM JKUJIKOCTH, ypaBHEHUE
BO.]'H)I_[MaHa B TCPMOJUHAMUKE, 3aKOH POCTAa SHTPOIHNH B U30JIMPOBAHHBIX CUCTEMAX -
HeoOpaTUMBI M UCKITIOUaloT BO3BpaThl [lyankape B ucxogaHoe cocrosiuue. Kpome toro atu
ypaBHEHHUS OMMCHIBAIOT CUCTEMBI B TEPMHUHAX MaKpOMapaMeTpoB UM PYHKIMH pacipesiesieHus
MUKponapameTpoB. [I[puuuHbl Takoi pa3HUIIBI MEXKIY TMHAMHUKAMU JBe. Bo-niepBhIX,
HEKOHTPOJIUPYEMBIH IITyM CO CTOPOHBI BHEITHETO HaOroaaresns. Bo-BTopsix, korma
HAOII0/IATENIb BXOJIUT B OMKCHIBAEMYIO CUCTEMY (CaMOHAOIOICHNE) TIOJTHOE CaMO-OTHCaHNe
COCTOSTHUS CICTEMbI HEBO3MOXKHO. Kpome Toro camoHab1t0/1IeHue BO3MOKHO B TEUEHHE
OTPaHHYEHHOTO BPEMEHHU, MMOKa COOCTBEHHAs! TEPMOJAMHAMUYECKAs CTpeJIa BpeMEH!
HaOJI0/1aTelIs CYIIECTBYET U HE MEHSIET CBOETo HanpasieHus. He Bo Bcex citydasix HapyIIeHHas
BHEITHUM ITyMOM (HJIM HETOJIHAs PU CaMOHAOIII0/IEHUH) U/ealbHas TUHAMUKA MOKET OBbITh
3aMeHeHa MpeIckazyeMoi Ha0rogaeMoi TuHaMUKOM. [[1s1 MHOTHUX CUCTEM BBEJICHHE
MaKpOIapaMeTPOB, HCUEPIIHIBAIOIIE OMUCHIBAIOIINX JUHAMUKY CUCTEMBI, IPOCTO HEBO3MOXKHO.
Nx AMHAMHKa CTAHOBHUTLCA B IIPUHIIUIIC HGHpeIICKa3y€MOI>'I, HHOT'Ja 1aK€ BEPOATHOCTHO
HenpeackasyeMoil. Mbl Ha30BeM AMHAMUKY, OTHUCHIBAIONIYIO TAKYIO0 CUCTEMY, HEeNnpeocKasyemol
Oounamukoi. Kak cienyeTr U3 camoro onpeeseHus: Takux CUCTEM, JIUIsl HUX HEBO3MOKHO BBECTH
MOJTHBIM HA0OP MaKpoOIapaMeTPOB, XapaKTepPHBIX A7 HaOII0gaeMON AMHAMUKH U MTO3BOJISTFOIIUN
MMPEACKA3bIBATh UX MMOBCACHUC. I[I/IHaMI/IKa TaKUX CUCTEM HE€ OIMUCHIBACTCA U HE
MPEJICKAa3bIBACTCS HAyuHbiMU MeTOAaMH. TakuM o0pa3oMm, HayKa caMa CTaBUT IPAaHULBI CBOEH
NMPUMEHNUMOCTH. TOJIBKO CaMU TaKUe CUCTEMBI U3HYTPH MOTYT, HO YK€ UHMYUNMUBHO
«TIOHUMATh» U «IPEACKA3bIBaTh» CBOE MOBEICHUE WU «OOIIATHCI» MEXAy co00i Ha
UHMYUMUBHOM YPOBHE.
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1. BBenenue

Jamum onpeeneHust Habnooaemot u uoeanvbhol ounamux [1-4], a Takke 0ObICHUM
HEOOXOIMMOCTh BBE/ICHUS HAOIIOTaeMOM TMHAMUKH. VeanbHON TUHAMHUKON MBI OyiemM
Ha3bIBaTh TOYHBIC 3aKOHBI KBAHTOBOM HMJIM KJIACCHUYECKOW MeXaHUKH. [loueMy MBI Ha3BaIM UX
uneanbHbIMU? [TloToMy uTO A7151 OOJIBIIMHCTBA peaIbHBIX CUCTEM BBIMOJIHACTCS 3aKOH
BO3PACTaHMS SHTPOIIUS WU PEAYKIUS BOJHOBOTO MTAaKeTa B KBAHTOBOM CIIydae,
IPOTUBOpPEYAIUE 3aKOHOM UEaIbHON TuHAMUKH. M neanbHas fuHamMuka oopaTuMa U B Hel
npoucxoAsT Bo3Bpatkl [lyankape, yero He Habro1aeTcsi B HEOOpaTUMOil HaOII01aeMOM
nuHaMuke. OTKyZa IPOUCXOIUT 3TO IPOTUBOPEUHE MEXY JUHAMUKAMU?

PeanbHb1ii HAOIFOMATENB — ATO BCETIa MAKPOCKOIIMUYECKAs, JaJleKast OT TEPMOJHHAMUIECKOTO
paBHOBecHs cuctema. OH 001aaeT COOCTBEHHOM TEpMOINHAMHUYECKON CTpENoil BpeMeHH,
KOTOpasi CYyIIECTBYET OTPAHUICHHOE BPeMs (/10 TIOCTH)KEHUSI paBHOBECHS) H MOYKET MEHSTH CBOE
HanpasieHnue. Kpome Toro, cyiecTByeT Majaoe B3auMo/ieiicTBue Habmo1aTens ¢ HabIoaaeMoi
CHCTEMOI, KOTOPOE MPHUBOANUT K CHHXPOHH3AINU X TEPMOJMHAMUYECKUX CTPEIl BpEMEHH U, B
cllydae KBAaHTOBOM MEXaHUKHU PEAYKLUH BOJHOBOIO MAKETa.

Habmronarens onuchiBaeT HAOMIOIAEMYIO CUCTEMY B TEpPMHUHAX MaKpOIapaMeTpoB U
OTHOCHUTEIJIbHO COOCTBEHHOM cTpesibl BpeMeHH. VIMEHHO 3T0 U BeJIET K pa3Inuuio HalIro1aeMon
U HJIeNTbHOW TMHAMUKH, KOTOpast GopMyIupyeTcss OTHOCUTEIBHO a0CTPAKTHOTO
KOOPJIMHATHOTO BPEMEHU B TEPMUHAX MUKPOIIAPAMETPOB.

Hapymienus naeanbHON AMHAMUKH CBSI3aHbI MIIM C HE3AMKHYTOCTBIO U3MEPSIEMBIX CUCTEM
(T.€. OOBACHSIETCS BIUSHUEM BHEIIHEH CPeIbl MU HAOIIOAATENIA), WIH HEBO3MOYKHOCTHIO
MOJTHOTO CaMO-M3MEPEHUS U CaMOaHaIH3a AJIsl 3aMKHYTBIX M MOJHBIX (PU3UUECKUX CHCTEM,
BKJIIOYAIOLIMX KaK BHEIIHIOO Cpefy, Tak U HaOmtoaarens. UTo ke nenath B TaKuX ciydasx?
PeanbHast cucremMa Wi HE3aMKHYTa WM HEMOJIHA, T.€. Mbl HE MOXKEM HCIOJIb30BaTh (DU3UKY IS
npecKa3aHus AMHAMUKU cuctembl? OTHIOIb HET!

Od4eHb MHOTHE TaKUE CUCTEMbI MOTYT OBITh OMUCAHbl yPaBHEHUSMU TOYHOU (MK
BEPOATHOCTHOM) TMHAMUKH, HECMOTPS HA HE3aMKHYTOCTb UJIM HETIOJIHOTY OnMcaHust. Ml
Ha3bIBaeM €€ HAOJII0AaeMOl JMHAMUKOM. BobIMHCTBO ypaBHeHMI (hU3nKH - Master equations
CTATUCTUYECKON MEXaHUKH, YPABHEHUS THAPOAMHAMUKH BSI3KOM JKUJIKOCTH, ypaBHEHUE
bonbimana B TepMOAMHAMHUKE, 3aKOH POCTa YHTPOIHH B U30JMPOBAHHBIX CHCTEMAX SIBISIFOTCS
YpaBHEHUSMH Ha0JII01aeMOM TMHAMUKH.

Mg Toro uToObI 00J1aaTh YKa3aHHBIM BBIILIE CBOMCTBOM Hab0aeMas IMHAMUKA JTOJKHA
OTBEYaTh OIpEAEIECHHBIM ycI0BUsAM. OHA HE MOKET ONEPUPOBAThH MOJIHBIM HAOOPOM
MUKpoIiepeMeHHbIX. B HaOMr01aeMoi TMHaMUKe MBI OTTpeieNsieM JIUIIb MHOTO MEHbIIIee YHCIIO
MaKpOIIEPEMEHHBIX, KOTOPBIE SIBJISIOTCSI HEKUMH (PYHKIMSIMA MUKPOIIEPEMEHHBIX. JTO JI€JIaeT
€€ HAMHOT'O YCTOMYMBEE M0 OTHOILIEHUIO K OIIMOKaM B 3aJJaHUHM HaYaJIbHBIX YCIOBUH U IIyMY.
JleficTBUTENBHO, N3MEHEHNE MUKPOCOCTOSIHUS HE IPUBOJAUT HEN30€KHO K N3MEHEHUIO
MaKpPOCOCTOSIHUSA, TOCKOJIBKY OJJHOMY MaKpOCOCTOSIHUIO OTBeUaeT O0JbII0i Habop
MUKpPOCOCTOSIHUM. J[J151 Ta3a MakponepeMEHHbIMH SIBIISIIOTCS, HAIIPUMED, IIIOTHOCTD, AAaBJICHUE,
TeMIeparypa u SHTponus. MUKporepeMeHHBIMU K€ SIBIISIOTCS CKOPOCTH U KOOPJIUHATHI BCEX
€ro MOJIEKYJI.

Kak 13 uneanbHON AMHAMUKH CTpOUTCS Habmoaemas AuHaMuka? OHU OMy4YaloTCs WK
BBEJICHUEM B HJI€aIbHbIC YPABHEHUS MAJIOr0, HO KOHEUHOTO BHEIIHETO IITyMa, WJIN K€
BBEJICHUEM MOTPEUTHOCTEN HauYaIbHOTO COCTOSTHUS. [lorpentHoCcTH /MK ITyMBbI TOJIKHBI OBITh
JOCTAaTOYHO OOJIBIIMMU, YTOOBI HAPYIIMTH HEHAOIOJAeMYIO PEATbHO 00paTUMOCTD JABFKEHHS
wm Bo3Bpathel [lyankape. C qpyroif CTOPOHBI OHU TOJKHBI OBITH JJOCTATOYHO Majibl, YTOOBI HE
BJIUATH HA IPOTEKAHNUE PEATIbHO HAOJI01aeMbIX ITPOLIECCOB C POCTOM SHTPOIUH.
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JIist ToJTHO# PU3UIECKOM CUCTEMBI, BKITIOYAIONICH HaOII0IaTelIs, HaOI0JaeMYyI0 CHCTEMY
U OKPY’KAIOIIy 0 Cpeay HabronaemMas AnHaMuka He danscuduippyema B cMbicie [ommepa [36]
(Ipu ycI0BHM BEpPHOCTHU UAEaNbHON quHamMuku). T.e. pazHuiy mexay MaeanbHoil u
HaGnronaemoii JluHaMUKOM B 3TOM ciIydae HEBO3MOKHO Ha0JII0JaTh B SKCIIEPUMEHTE.

OpHako, BIIOJIHE BOSMOXKHBI U CITydau, KOTJla BBeIEeHHE HAOII0AaeMOi JTUHAMUKA
HEBO3MOXKHO U CUCTEMA OCTAETCsl BCE-TaKU HETPeICKa3yeMOH, BCIEeICTBIE HE3aMKHYTOCTH
CHCTEMBI WJIM HETIOJIHOTHI OIHCAHUsA. DTO Cliyuait enpedckazyemoui ounamuku [21, 29-33],
00Cy>K/1aeMoii 371eCh.

2. HenmpenackasyeMmasi JTMHAMHUKA.

BBenem nonsitue cunepeemuueckue modenu [10]. Byaem Ha3pIBaTh TAKOBBIMH IPOCTHIE
buznyecKkre Wiu MaTeMaTHYECKUE CUCTEMBI, WITIOCTPUPYIOIIKME B IPOCTON hopMe HEKHe
JeMCTBUTENbHBIC WU MPEAIOIaraéMble CBOWCTBA HEIIPEICKA3yEeMbIX U CJIOXKHBIX (B TOM YHUCIIE
JKUBBIX) CUCTEM.

Hemnpenckasyemble cCTEMbI, IMEHHO BCJIEACTBHE IPUUMH CBOEH HENIPENCKA3yeMOCTH
KpaiiHe HEyCTOWYMBBI K BHEIIHEMY HaOJIIO/ICHUIO U TEIUIOBOMY IIyMy. UTOOBI MX MTOBEIEHUE HE
IIPEBPATUIIOCH B IIOJHOCTBIO Xa0TUYECKOE U CIIy4aliHOE, OHU JIOJKHBI UIMETh MEXAHU3MBbI
3alUThl OT BHELTHETO BIMSHHUS.

IToaTomy 11 Hac BaXKHO CO3JAHUE B NIEPBYIO OYEPEb CHHEPTETUYECKUX MOJIEIIEN CUCTEM,
CIOCOOHBIX MPOTUBOCTOATH LUIYMY (JI€KOT€pEHIIMH B KBAHTOBON MexaHuKe). OHU COXpaHSIOT
CBOU BHYTPEHHUE KOPPESILUU (KBAaHTOBBIE MIIM KJIACCUYECKUE), IPUBOAALINE K 00paTUMOCTH
JBUKEeHMs Uiy Bo3BparaM [lyankape. Takxke OHU MOTYT COXPaHSITh CBOM KOPPEJIALIUU C
OKpPYaroIMM MU POM.

Cy11ecTBYIOT TpU METO/1a TAKOM 3aIlUTHI:

1) IlaccuBHBIN METOJ — CO3/1aHME HEKHX «CTEHOK» WM MAHIUPEH HETPOHULIAEMbIX JUIS
nryMa. MoXHO Takke J1ep>KaTh TaKhe CUCTEMbI IIPU OUY€Hb HU3KHUX TeMIlepaTypax.
[TprMepoM MOTYT CIIy>KMTh MHOTHE MOJIEIIN COBPEMEHHBIX KBAHTOBBIX KOMITBIOTEPOB.

2) AKTHBHBIN METOJI, OOpaTHBIN TACCHBHOMY — MOI00HO JTUCCUIIATUBHBIM HJIH YKHUBBIM
cUCcTeMaM, OHHM COXPAaHSIOT CBOE HEPAaBHOBECHOE COCTOSIHUE Oyiarofapsi akTHBHOMY
B3aUMOJICHCTBUIO 1 OOMEHY SHEPTHEH U BEIIECTBOM C OKPYKEHHEM (METab0TM3MOM ).
Hymaetcs, uto Oyaylire MoJeId KBaHTOBBIX KOMITBIOTEPOB JI0JKHBI OpaThesi U3 3TOM
obnactH.

3) Korna xoppemsiun oxBarbiBatoT BCHO Beenennyto. BHenHuit HCTOYHUK 1IyMa 3/1€Ch
IpocTo OTCyTCTBYET. MicTOUHMK KOppensuuii BeeneHHol B ToM, uTo Beenennas
MPOM301IUIA U3 MaJIOW 00JIACTH U HU3KO3HTPOIMIHOTO COCTOSIHUA IyTeM bosbioro
B3speiBa. HazoBewm 3710 siBiieHue rio0anbHBIMU KoppensuusMu. MHoraa 3to o6pasHo
Ha3bIBAIOT «TroJjorpaduyeckas MoJiesb BeenenHon

Crnenyer OTMETHTB TPU OOCTOSTENBCTBA:

1) MHorue CloXHbIe CHCTEMbI B CBOEM Pa3BUTUHU MPOXOIAT TUHAMHUYECKHE TOUKH
Ooudypxanum — Koraa CylnecTByIOT HECKOJIBKO allbTepHATUBHBIX MMyTeH pa3BUTHUA U
BHIOOp KOHKPETHOTO M3 HUX 3aBHCUT OT MAJICHIITIX N3MEHEHUH COCTOSHUSI CHCTEMEI B
TOYKE JUHAMH4YecKoi Ondypkamun [5-6]. TyT naxe cnadbie (M COXpaHEHHbIE,
yKa3aHHBIMH BBIIIE MY TSIMH) KOPPEISIIUN MOTYT OKa3aTh OTpOMHOE BiusHUe. Hanmume
NOJOOHBIX KOPPENSALUi OrpaHMYMBAET PECKa3aTeIbHYIO CHITy HayKH, HO OTHIO/b HE
OrpaHUYMBAET HALLY JIMYHYIO HHTYHLIHIO. [I0CKOJIBKY MBI SIBJIIEMCS] HEOTIEIUMOM
YacThIO HALLIETO MUPA, TO MBI BIIOJIHE CIOCOOHBI HA CyOBEKTUBHOM YPOBHE «OLIYIIATh)
9T KOPpEJIALUY, HEAOCTYIIHbIE HayuHOMY Tnpenckazanuto (Ho, Hu B koe mepe He
POTHBOpPEYAIIE CAMUM 3aKOHAM (QH3UKH!)

2) B ommcheiBaeMbIX HEHAOJIOJaEMbIX CHCTEMaX 4acTO HAOJII0IaeTCs YMCHBIIICHHE
SHTPOIUH UJIH MOJJICPKUBAETCS OUEHb HU3KOIHTPOIMIHOE COCTOSIHUE. DTO HE
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3)

4)

5)

6)

7)

MPOTUBOPEUYUT BTOPOMY 3aKOHY BO3pACTaHUS SHTPONHH. [|eHCTBUTEHLHO, KaK HX
MacCUBHAs, TaK U aKTUBHAS 3aIllUTa TPEOYIOT OTPOMHBIX 3aTpaT HETOIHTPOIUHU, KOTOpas
YepIiaeTcsl U3 OKPYKCHHsI, TO3TOMY CyMMapHast SHTPOTIHSI CHCTEMbI H OKPYKEHHS
TOJIBKO pacTeT. 3aKOH BO3PACTAHUS DHTPOIHH OCTACTCS HE3BIONEMBIM ISl «OOIBIIION
cucTtembl (HaOIr0gaeMast cuctemMa + OKpyKeHHe + HaOIIoJaTellb), XOTsI HeBEpEeH s
camoii HaOJII01aeMOM CUCTEMBL. Y MEHBIIICHUS SHTPOIHNH B OOJIBIION CUCTEME COTTIACHO
ypaBHEHHSIM HCaIbHON THHAMHUKH ITPOUCXOIAT (Hanmpumep, Bo3Bpathl [lyankape B
3aMKHYTOW CHCTEME C OIpaHUUCHHBIM 00BEMOM), HO SIBIISIFOTCSI HEeHAO01aeMbimMu [1-4].
[ToaTOMy OHH MOTYT IIPOCTO UTHOPHPOBATHCS.

Cy1iecTBOBaHHE MHOTHX HEMPEICKa3yeMbIX CUCTEM COMPOBOXKIAETCS YMEHBIIICHHEM
sHTpONUU (DTO HE TPOTUBOPEUUT POCTY SHTPOIHH COTJIACHO BTOPOMY 3aKOHY
TEPMOJUHAMUKH KaK 3TO 00BSCHEHO BBIIIE B TPETheM MyHKTE). Takum oOpazom,
CYIIIECTBOBaHME TAKMX CUCTEM IOUUHAETCS 0000meHHomMy npuHIumy Jle-1llarease —
Bpayna: cucrema npemnsTcTByeT T1000My H3MEHEHHIO CBOETO COCTOSIHUS, BEI3BAHHOMY
KaK BHEITHUM BO3JICHCTBHEM, TaK U BHYTPEHHUMH IPOIIECCAMU, WIIA, MHBIMU CJIIOBAMH,
— m000€ U3MEHEHHE COCTOSTHUS CHCTEMBI, BBI3BAHHOE KaK BHELITHUMHU, TaK U
BHYTPESHHUMU MPUIMHAMH, TTOPOXKIAET B CHCTEME TIPOIECCHI, HAPABJICHHBIE HA TO,
4TOOBI YMEHBIIUTH 3TO U3MEHEHHE. B TaHHOM cily4ae pocT SHTPOMHH MOPOXKIAET
CUCTEMBI, BEIyIIHE K €€ YMCHBIIICHUIO.

YacTo HAXOAUT MOATBEPKACHUE MPUHITUI MAKCUMYMa MTPOU3BOJICTBA SHTPOIIUU
(Maximum entropy production principle - MaxEPP) [38]. CornacHo 3ToMy NPHHIIAITY
HEPAaBHOBECHAsI CUCTEMA CTPEMUTHCS K COCTOSIHHIO, IIPH KOTOPOM POCT SHTPOIUU B
cucteme OyzieT MakcuMainbHbIM. HecMoTpst Ha kaxyieecs npotuBopeune, MaxEPP ne
MPOTUBOPEUYUT OTKPBITOMY [IpHTOKUH AJ THHEWHBIX HEPABHOBECHBIX CUCTEM
NPUHIMIY MEHUMYMa ripou3BocTa sHTponuu (MINEPP) [38]. Do abconoTHO pasHbie
BapHAIlMOHHBIEC TPUHIIMIIBI, B KOTOPBIX XOTS U UILETCS IKCTPEMYM OJTHOU U TOU XKe
(GYHKITUN — MPOU3BOJICTBA SHTPOIINH, HO IPU 3TOM HCIIOIB3YIOTCS Pa3IuIHBIE
OTpaHUYEHUS U Pa3IUYHbIE TapaMEeTPhbl BAPbUPOBAHMSL. DTU MPUHIIUITBI HE HYKHO
MPOTUBOTIOCTABIATH, TAK KAK OHU IPUMEHUMBI K Pa3JIMIHBIM 3TAraM dBOJIIOIAN
HepaBHOBecHOI cucteMbl. MaxEPP o3nauaet, yTo AuiccunaTuBHBIE HETIPEICKa3yeMble
CUCTEMBI (B TOM YHCJIE )KUBBIE CHCTEMBI), HAXO/SICh B 3aAMKHYTBIX CHCTEMaX C
OTpaHUYEHHBIM 00BEMOM, MPUOIIHKAIOT HACTYIICHUE UX TEPMOJAUHAMUYECKOTO
paBHOBecHs. DTO 3HAYUT, YTO OHU COKpaIIaroT U Bpems Bo3Bpara [lyankape, T.e.
crocoOCcTBYIO OoJiee OBICTPOMY BO3BpATy B HU3KOIHTPOIUHHOE COCTOSIHUE. DTO OMSIThH
COOTBETCTBYET 00001meHHOMY npuHuuny Jle-1Ilatense — bpayHna: pocT s3HTponun
MOPOKJIAET CUCTEMBI, BEYIIIME K €€ YMEHBIIEHHI0. VI3 BCEro BBIIIEU3I0KEHHOTO MOKHO
CIeNaTh OYEHb UHTEPECHBINA BBIBO: 2100ANbHOU «Yelblo)» OUCCUNAMUBHBIX cUCmeM (8
MOM YUCTIe U HCUBLIX CUCTNEM) AGNAEMCA () MUHUMU3AYUSA UX COOCMBEEHHOU IHMPONUU
(6) cmumynsayus eno6anbHOU NOJHOU cucmembvl K ckopetiwutl 6ozepamy Ilyankape 6
UCXOOHOE HUZKOIHMPONULIHOE COCMOsHUE.

I'moGanpHbIe KOppEIAMH B 00ILEM CIIydae «PAacTEKAIOTCA» M0 3aMKHYTOW CUCTEME C
OrpaHMYCHHBIM 00BEMOM U BT JIMIIb K HeHabmoaeMomy Bo3Bpary Ilyankape [1-4].
OHaKo MpU HAIMYKUUA 0OBEKTOB C JIOKAJIbHBIMU KOPPEISALUSIME, TI100aTbHbIE
KOPPEJSILIUA MOTYT MPOSIBISITHCSI B KOPPETSAIUU MEKIY TAKUMH 00BEKTaMU APYT C
JIPYTOM U OKPYKarOIUM MUPOM. Takum 00pa3oM, HATMIHE JTOKATBHBIX KOPPESIIHiA
MO3BOJIAET CAENaTh rI00abHbIE KOPPEILUU HabI0JaeMbIMHU, TIPEOTBPAIIAst UX
MOJIHOE «PAaCTEKaHUE» 110 CUCTEME.

BepHoe onpeznenenne TepMOAMHAMUYECKON MaKpOCKOMTMUECKON SHTPOIIUHU cama 1o cede
OYCHb TPYIHAS 3a/1a4a JIS CIIOKHBIX (PU3HUECKUX CHCTEM B OTCYTCTBUH JIOKATHHOTO
paBHoBecust [39]

CremyeT OTMETUTh OY€HB BaXKHOE 0OCTOSITENIbCTBO. HeycToiunBbie KOppesiuu
CYIIECTBYIOT HE TOJIKO B KBAHTOBOI1, HO U B KJIaccudyeckoil Mexanuke. CienoBaTensHo,
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0JOOHBIE MOJEIH HE JIOJDKHBI HOCUTDH TOJIBKO KBAaHTOBBIN Xapaktep. OHH MOTYT OBITh U
kj1accudeckuMu! OueHb 4YacTo OMMUOOYHO CUUTAETCS, YTO TOJIBKO KBAHTOBAs MEXaHUKa
MOET OMKCHIBATh MO100HbIC siBjeHuUs [11-12]. Do He Tak [7-9]. BBenenue «pykamun»
MaJIOro, HO KOHEYHOI'O B3aUMOJICHCTBUS IPU KIACCUYECKOM U3MEPEHHUU M MaJIoi
MOTPELIHOCTEN HAYaJIbHOTO COCTOSIHHSI CTUPAET Pa3HUILY MEXAY CBOWCTBAMHU KBAHTOBOM
U KJIACCUYECKOM MEXaHUKH (ITPU HAIMYMK HEYCTONUYMBBIX KOPPEIALHiA
MUKPOCOCTOSIHH).

3. CuHepreTnyeckue MOAeIH JOKAJIbHBIX KOPPeJIsauui

[TpuBeneM mpuMepbl CHHEPreTUYECKUX MOJIETIEH HENIPeICcKa3yeMbIX CUCTEM, UCIIONb3YIOINX
IIACCUBHBINM WJIM aKTUBHBIN METOJI 3aIUTHI OT IIyMa.

1)

2)

3)

MMeroTcst HCKITIOUYUTEIBHBIC CITy4YaH, Uil KOTOPBIX HEe IIPOUCXOAUT CHHXPOHU3AIHS CTPEI
Bpemenu [12-13].

Touku (a30BbIX MEPEXOI0B MM TOUKH OMpypKanuii. B 3THX TOUKax MaKpoCKOMUYecKast
cucTeMa, ONKCchiBacMasi HaOJIr01aeMol JMHAMUKOM, B IIPOIIECCE IBOJIIOIUN BO BPEMEHH HIIH
B IIPOIIECCE M3MEHEHUS KaKOTo-TH00 BHEIIHETO MMapaMeTpa MOKET MEPEeUTH HE B OJIHO, a B
HECKOJIPKO Pa3JIMYHBIX MAaKPOCKOIMMYECKUX COCTOSHUI. TO €CTh, B 3TUX TOUYKaX
HaOJro1aeMasi TMHAMHKA TEPSET CBOIO OJJHO3HAYHOCTh. B 3THX TOUKax BO3HUKAIOT
OTPOMHBIE MAaKPOCKOITMYECKUE (IIFOKTYAINH, U UCTIOIh30BaHUE MaKpOIIapaMETPOB HE BECT
K IIPEJICKa3yeMOCTH CHCTEMBbI. DBOJIOIMS CTAHOBUTHCS HEMIPEICKA3yeMOH, T.€. BOHHKAET
HeTpeicKa3zyeMas TMHAMUKA.

Bo3bMeM KBaHTOBYIO MUKPOCKOITMUYECKYIO MITH ME30CKOITNYECKYIO CHCTEMY, OITUCHIBAEMYIO
uieaTbHOIM TUHAMUKOM, N30JIMPOBAHHYIO OT JIeKorepeHnuu. Ee TnHaMuKa 3aBHCUT OT
HEKOHTPOJIMPYEMBIX MUKPOCKOITMUECKUX KBAHTOBBIX KOPPeJsiluii. DTH KOppesIuu
OUYCHb HEYCTOMYUBHI U BCIICJICTBUE JIEKOTEPEHITUH (T.€. 3aIyThIBAHUS C OKPYKCHUEM HIIH
HaOmroareneM) ucuesarot. IlycTs Hekuii iepBbIi HabIIOAaTENb (GUKCUPYET JIHIIH
HavaJIbHOE U KOHEYHOE COCTOSTHUE CUCTEMBI. B TpOMeKyTKe BpeMEHH MEKIy HUMH CHCTEMa
MOJTHOCTHIO MJIH ITOYTH M30JIMPOBaHA OT OKPYKEHHS WIIM ATOTO Habmoaarens. B takom
cJIydae 3TH MHUKPOCKOITUYECKHE KOPPEIISIIIMY HE NCYE3ar0T U BIUSIOT HA JHHAMUKY.
PaccmoTpuM apyroro BHEIIHETO HAOIIOJATENs, HE 3HAIOIIET0 HAYaJIbHOTO COCTOSTHHUS
CUCTEeMBL. B oTiIn4me oT mepBOro HabIOAATENsI, 3HAIOIIETO HAYAIIBHOTO COCTOSIHUS
CHCTEMBI, TIOBEJICHUE CHCTEMBI JIJIsi BTOPOTO HAOIIOIaTeNsl CTAHOBHUTHCS HETIPEICKa3yeMbIM!
T.e. ¢ TOUKM 3peHUsI TAKOTO HAOJFOIaTEIIsl BO3HUKAET HEeMpeIckasyemas TuHaMuka. B
KBaHTOBOH 00JIaCTH IPUMEPAMU TAKHX CUCTEM SBISIOTCS K8AHMOBbLE KOMNbIOMEPDL U
Keanmoswvie kpunmoepagpuueckue nepedaiowjue cucmemot [14-15].

KBaHTOBBIE KOMITBIOTEPHI UMEIOT HE TOJIBKO CBOMCTBO HEMPEICKa3yeMOCTH /IS
HaOJTro1aTeNIs, He MHPOPMHUPOBAHHOTO 00 MX COCTOSIHUY TIPH 3aITyCKe BBIYUCICHUH. [Ipyrum
Ba)YXHBIM CBOICTBOM SIBIISIETCSI UX BBICOKAsl MApaJIeNIbHOCTh BeIYHCIeHHU. OHO TOCTUTAETCS
3a CYET TOT0, YTO HAYAIIbHOE COCTOSIHUE SIBIIIETCS CYTIEPIIO3UIINEH MHOTUX BO3MOYKHBIX
HAYaIbHBIX COCTOSHIH «KBAHTOBBIX OMTOB MH(GOPMAIIUKY. 32 CUET TUHEHHOCTH YpaBHEHHA
KBaHTOBOH MEXaHHKH 3Ta CYTEPIIO3UINS COXPAHIETCS B «00pabOTKa» BCEX COCTOSIHUH,
BXOJSIIIUX B CYNEPIO3ULINIO, TPOUCXOTUT OJHOBPEMEHHO (MTapajuIeNbHo). DTa
NapajuIeIbHOCTh TIPUBOTUT K TOMY, YTO MHOTHE 33/1a4H, KOTOPbIE OOBIYHBIA KOMITBIOTEP
pelaeT oueHb MEJIEHHO U3-3a TOTO, YTO PAaCCMAaTPHUBAET BCE CIIy4au MOCIEI0BATEIBHO,
KBaHTOBBIN periaeT oueHb ObICTpO. C 3THM CBOMCTBOM M CBSI3aHBI HAJEK/IBI HA
NPaKTUYECKYIO MOJIb3Y KBAHTOBBIX KOMITBIOTEPOB.

KBaHTOBBIE KpUNITOrpadUUecKue Mmepelaroue CHCTEMbl HCIIONB3YIOT B IIEPBYIO OYepeb
CBOMCTBO CBOEH HEHAOIIOIAEMOCTH «IIePEIaBaEMBbIX KBAHTOBBIX COOOIEHUID 1T
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4)

5)

BHEIIHET0 Ha0moAaTensi, He UHPOPMUPOBAHHOIO 00 UX COCTOSIHUU MPU Hayajie mepeaayu.
JIro6ast mombITKa IPOYECTh NepeJaBaeMoe COOOIEHNE TPUBOANT K €r0 B3aUMOAECHCTBHIO C
ATHM HaOJIIOIaTENIeM H, CIIEZIOBATEIILHO, «Pa3pyIICHUIO» NMEPEaaBaeMoro COOOIEHHS U
HEBO3MOXKHOCTH IPOUYECTh 3TO cooduieHne. Takum o0pazom, epexsBar cooOLeHUH
OKa3bIBACTCS B MPUHIHIE HEBO3MOKHBIM T10 3aKOHAM (DH3HKH.

Crnenyer 0co00 OTMETUTBH, YTO, BOIPEKH MIMPOKO PACIPOCTPAHEHHOMY 3201y KI€HHIO, KaK
KBaHTOBBIC KOMITBIOTEPHI, TAK U KBaHTOBasi kpunrorpadus [14-15] umerot kiaccuueckue
aHaJlorH. JleMCTBUTEIBHO, B KJJACCUUECKUX CUCTEMAaX B OTJIMUUE OT KBAHTOBBIX CUCTEM
U3MEpEeHNE MOKHO IIPOBECTH a0COJIFOTHO TOYHO, HE UCKaXKasi U3MEPSIEMO€E COCTOSIHUE.
OnHako U B KJIACCUYECKUX Xa0THUYECKUX CUCTEMAX UMEIOTCSI HEKOHTPOJIUPYEMBIE U
HEYCTONYMBbIE MUKPOCKOITMYECKHUE JIOTOIHUTENbHBIE KOPPEISALMH, 00eCIIeunBaroLIie
oOpatumocTh 1 Bo3Bpathl [lyankape cuctemsl. BBeném «pykamm» KOHEYHOE, HO Majioe
B3aUMOJICVICTBUE B KIIACCHYECKOE N3MEPEHNE WIIM KOHEUHYIO TOTPENTHOCTh B HAYAJIbHBIE
YCIIOBUS, KOTOPBIE B peajbHBIX CUTyalUsIX, U HA CAMOM JIeJIe, BCEr/la CyIecTBy0T. OHM
CTHUPAIOT PA3HUILY MEXIY KIACCUYECKON M KBAHTOBOW CHUCTEMOM. B peanbHbIX cucremax
BCEr/la IPUCYTCTBYET MaJIbIi BHEIIHUH 1IIyM, BBITOJIHAIOIUN 3Ty pousib. M3onupys
XA0THYECKYIO KJIJACCUYECKYIO CHCTEMY OT 3TOTO IIyMa, MBI IIOJy4aeM KIAaCCUYECKUE aHATIOTH
M30JIMPOBAHHBIX KBAHTOBBIX YCTPONCTB C KBAHTOBBIMHU KOPPEJISLIUAMH.

Cy11ecTBYIOT CHHEPIeTUUECKHUE MOJIENH KJIACCUYECKUX KOMIIBIOTEPOB, 00€CIIeUNBAIOIIHX,
N0A00HO KBaHTOBBIM KOMIIBIOTEPaM, HEBEPOSATHYIO ITapajlIeIbHOCTh BEIYHCICHUH [7].

AHaNIOroM KBaHTOBBIX KOMITBIOTEPOB SIBISIFOTCS U MOEKYIspHble Komnbromepol [9].
Bonbiioe konuuecTBO MOJIEKYJT 00ecTiedrBaeT NapajlieIbHOCTh BIYUCICHUH.
HekoHTpospyemple 1 HEYCTONYMBBIE MUKPOCKOIIMYECKHUE JTOMOIHUTENIBHBIE KOPPEIISALINH,
o0ecrieunBaroIye 0OpaTUMOCTb U BO3BPAThl CUCTEMBI, AETAI0T JUHAMUKY HEONPEAEICHHOM
JUIs Haburoiaresnsi, He UHGOPMHUPOBAHHOTO O COCTOSIHUM KOMITbIOTEpAa B MOMEHT CTapTa.
Maiioe, HO KOHEYHOE B3aUMOJICHCTBUS NPU HAOIIOICHUH IPUBOAUT K TOMY, UTO
HaOJII0aTeN b HAPYIIUT HOPMAJIHHBIN 3aIUIAHUPOBAHHBIN X0 BEIYUCICHUN TTPH TOTIBITKE
yepecuyp TOYHO MOMEPUTHh KOOPAMHATHI M CKOPOCTH MOJIEKYJI, YTOOBI MPe/ICKa3aTh
pe3ynbTar paboThl KOMIBIOTEPA.

AHaloru4Hple apryMeHThl MOTYT OBITh MCIIOJIb30BaHbI ISl CO3AaHUSA KIACCUYECKUX
KpUNTOrpapuuecKux nepeaarolux CUCTEM, UCTIOIb3YIOIINX SBJICHHE KIIACCUYECKUX
HEYCTONYMBBIX MUKPOCKOIIMYECKHX JTONOJHUTENBHBIX Koppemsinuu. Heycrpanumoe Manoe
B3aMMOJIEHCTBUS C IEPEXBATUMKOM COOOLIEHUM pa3pylIaeT 3TH Koppeasiuuu. Tem cambpiM
OHO JIeJ1aeT HeHaOI0AaeMblii IepexBaT NPUHIUITHATBHO HEBO3MOKHBIM TAK)KE U B
KJIACCUYECKOM CIIydae.

CoxpaHeHue HeyCTOMUMBBIX MUKPOCKOITMUECKUX KOPPENALUil MOXKET ObITh 00€CIeueHO He
TOJIBKO 32 CYET MACCUBHOM M30JISALMH OT BHEIIHEN CpeJibl U HAOII0JaTelNs, HO U 3a CUET
JUHAMHYECKOI0, KOMIIEHCUPYIOIIETO TOMEXU MEXaHU3Ma. DTO MPOUCXOANT B TaK
Ha3bIBAEMBIX (PU3NYECKUX CTALMOHAPHBIX CUCTEMAX, B KOTOPHIX PABHOBECHE CUCTEMBI
NOJJEPKUBAETCS 3a CUET HEMPEPBIBHOIO IOTOKA YHEPIMH MIIU BEILIECTBA YEPE3 CUCTEMY.
[TpumepoM MOTYT CITy>KUTh MEUKpoMa3ephbl [16] — MajeHbKHE U XOPOIIO MPOBOISIIUE
IIOJIOCTH C DJIEKTPOMATHUTHBIM U3IyY€HUEM BHYTpH. Pasmep nmosocrelr HaCTOIbKO Mall, 4TO
U3JIyYEHUE yKe HEOOXO0IMMO OINUCHIBaTh KBAHTOBO. OHO MOCTENEHHO 3aTyXaeT U3-3a
B3aMMOJECHCTBHS CO CTEHKaMH. DTy CUCTEMY ONTUMAJIbHO ONMCHIBATh MAaTPULIEH TUNIOTHOCTH
B 0a3mce COCTOSIHUM, COOTBETCTBYIOIMINX PA3IMIHBIM COOCTBEHHBIM SHEPTHSM CUCTEMBI.
OroT 6a3uc HanboJee yCTONUNB K BHEIIHUM LIIyMaM JJIs JII00O0H cUCTeMBbI OJIM3KOH K
TEPMOJMHAMHUYECKOMY PaBHOBECHIO U, CJIEI0BATENbHO, HAN00JIee TOAXOAUT JIsI
HaOro1aeMol AMHaMUKU. MUKPOCKOITMYECKUE KOPPEJISLUU COOTBETCTBYIOT
HEIMaroHAJLHBIM 3JIEMEHTAaM MAaTpPHIIBI IUIOTHOCTH U CTPEMSTCS K HYJIFO MHOTO OBICTpEe,
4yeM JMaroHaJlbHbIE JIEMEHTHI ITPH 3aTyXaHUM u3nydeHus. (MHbIMU ciioBaMu, BpeMst
JIEKOTE€PEHIIMY MHOT'O MEHbIIIE BpEMEHH penakcaiuu.) O1HaKo IpomycKaHue yepes
MHUKpOMa3ep My4yka Bo30yKJIEHHbIX YAaCTHIl IPUBOIUT K CUJIBHOMY 3aMEJICHUIO 3aTyXaHUs
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HEJMAarOHAJIBHBIX 3JIEMEHTOB MAaTPUIIbl INIOTHOCTU (MHBIMU CIIOBAMHU MUKPOKOPPEISIH) 1
OTJIMYHOMY OT HYJISl CTALIMOHAPHOMY H3JIy4EHHUIO.

Takxe B TEOpUH KBAaHTOBBIX KOMIIBIOTEPOB pa3paboTaHbl METO/bl AaKTUBHOM 3aILIUThI
KBAHTOBBIX KOPPESALUI OT JeKOTepeHINH, CIIOCOOHBIE MOAAEPKHUBATH UX CKOJIb YTOIHO JI0JITO,
MOBTOPSIS ITMKJIBI aKTUBHOM KBaHTOBOM Koppekuuu ommbok (QUANTUM ERROR
CORRECTION). IToBTOpeHne KOIa B KBAHTOBOM HH(POPMAIIMK HE BO3MOYKHO M3-32 TEOPEMBI O
HEBO3MOKHOCTH KJIOHUpoBaHus. Peter Shor nepsblii Hallena MeTO KBAaHTOBOM KOPPEKTUPOBKHU
OLIMOOK, epeHocst UH(POPMALIHIO C OJJHOrO KyOuTa Ha CUIIbHO-TIEPEIlyTAHHOE COCTOSIHUE JAEBITU
KyOTOB [17].

6) B ¢u3uke 00BIYHO MAaKPOCOCTOSIHUE PACCMATPHUBACTCS KaK HEKasl ITACCHBHAS (DYHKIIHS
MUKpOCOCTOSIHUS. OHAKO MOKHO PaCCMOTPETh CIIy4aid, KOrjla CUCTeMa caMa HaOJrofaeT
(n3MmepsieT) Kak CBOE MaKpOCOCTOSIHUE, TAK U MAaKPOCOCTOSTHHE OKPYIKEHHUSI, 3aIIHChIBasI
pe3ynbTar HabMoAeHUS (U3MEpPEHNs) B MUKPOCKOITMUECKYIO «IaMATh». TakuMm myTeM
oOpasyeTcst oOpaTHas CBs3b Yepe3 MAaKPOCOCTOSIHUSL HA MUKPOCOCTOSIHUE.

[TprMepoM TaKMX OYEHB CIIOKHBIX CTAI[MOHAPHBIX CUCTEM SIBIISIIOTCS orcugvle cucmemol. OHU
HaXOJATCSI B COCTOSIHUM OYEHb JAJIEKOM OT TEPMOAMHAMHUUYECKOTO PABHOBECUS U KpaiiHe
cinoxHbl. OHU yHOPSAJO0YEHBI, XOTh 3Ta YIOPSI0YEHHOCTh CUJIBHO OTJINYAETCS OT
NEPUOANYHOCTH HEXHUBOr0 KprucTauia. HU3koHTponuitHOE HEPaBHOBECHOE COCTOSIHUE )KUBOTO
TOJUICPKUBACTCS 3a CUET POCTA SHTPOITHH B OKPYKeHHH . HepaBHOBECHOE COCTOSHIE
HOJ/IEP’KUBACTCS 3 CUET METa00IM3Ma — HEIIPEPBHIBHOT'O MTOTOKA BEIIECTBA U SHEPTUH Yepes
*uBoM opranusM. C Apyroi CTOPOHBI CaMO 3TO HEPABHOBECHOE COCTOSTHUE SIBIISIETCA
KaTaJIn3aTOPOM METa0OIMUECKOro MpoIecca, T.€. CO3AAeT U MOIePKUBAET ero Ha
Heo0X0uMoM ypoBHE. [10CKOIbKY COCTOSIHUE KUBBIX CUCTEM SIBJISIETCS] CUIIBHO
HEPAaBHOBECHBIM, OHO MOKET IOJJEPKUBATh U CYIIECTBYIOLUE HEYCTONYMBBIE KOPPEIIALMH,
IPENSTCTBYS NPOLECCY AEKOT€PEHIIMY U BHEIIHETO UTyMa. DTU KOPPESLUU MOTYT OBbITh Kak
MEX]y 4acCTIMH CaMOM )KMBOH CUCTEMBI, TAaK U MEXKAY KUBOM CUCTEMOM U APYTUMHU (KUBBIMU
WIM HEXUBBIMH) CUCTEMaMHU. Eclii 3TO IpouCcXoauT, TO JMHAMMKY KUBOM CHCTEMBI MOXKHO
OTHECTH K HempeackazyeMol AuHamuke. HecoMHeHHbIE yCIieXu MOJIEKYJIIpHON OMOJIOTHH
MO3BOJIAIOT MPE/IcKa3aTh U ONMCaTh MHOTHE YEPThl JUHAMUKH KMBBIX cucTeM. Ho HEeT HUuKakux
(akTOB, CBHIETENILCTBYIOILINX, UTO OHA Oy/IE€T CIIOCOOHA MOJHOCTHIO OMUCATh BCIO CIIOKHOCTh
MPOLIECCOB B )KUBOM CUCTEME, JAXKE C YUETOM €€ JAIBHEHUIINX JOCTHUKEHUMN.

JIOBOJIBHO TPY/AHO MPOAHATU3UPOBATh PEATIbHBIE )KUBbIE CUCTEMBI B PAMKAX KOHLEIIIUH
u7eanbHOM, Ha0JII01aeMOM U HENPEICKa3yeMOoil TMHAMUK M3-3a UX OrPOMHOM cioxHocTu. Ho
BO3MOYHO IIOCTPOMUTH TOPa3/I0 MEHEE CI0KHbI MaTEMATHYECKUE MOJIENTU. DTO, HalpuMep,
HEPABHOBECHBIE CTAIIMOHAPHBIE CUCTEMBI C META0OIN3MOM. DTO MO3BOJIUT NOHSTH BO3MOXKHYIO
pOJIb BCEX TPEX AWHAMUK JUISl TAKMX CHCTEM. DTH MOJICTIH MOTYT OBITh KaK KBaHTOBbIMH [11-12,
18-20, 35], Tak u kmaccuueckumu [7-9].

7) OnucaHHBIMH BBIIIE CITy4asiMU HE ONUCHIBACTCS BCE MHOT000pa3ne HelpeacKa3yeMbIX
nuHamMuK. Haxo)k/ieHue TOUHbIX YCIOBUH, PU KOTOPBIX MJleabHasi TMHAMUKA [IEPEXOIUT B
HaOJII01aeMYI0 U HEeTIpe/ICKa3yeMylo JUHAMUKY — €lle MTOJIHOCTBIO He pellieHHas 3aa4a Jjs
MaTeMaTHKU B pu3uku. Taxke TakoH ellle MOJTHOCTRI0 He peleHHON Tpo0ieMoit (1, To-
BUJMMOMY, CBSI3aHHOM ¢ IpeaplayIIel 3aa4eil) iBiseTcs: pojib 3TUX TPEX TUHAMUK B
CJIOXHBIX CTAllMOHAPHBIX CUCTEMaX. Pelienne 3Tux npobiaemM No3BOJIUT ITy0Ke MOHSTh
(bu3nyeckre NPUHIMIIBL, JIeKaIlue B OCHOBE JKHU3HU.

4. CuHeprern4ecKkue MOAECIHU I100aJIbHBIX KOPPeJIAlni,
0XBATHIBAIOIIUX BCI) BCEJIEHHYIO.

! Tax, manpumep, pacrer surporus CoJHIA, CITyXKAIIEro HCTOYHMKOM YHEPrHH JUIS KU3HH Ha 3eMITe.
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C noMOIIbI0 CUHEPTETUUECKUX «UTPYIIEYHBIX» MOJEIEH MOXKHO MOHSTh
CHHXPOHHCTHYHOCTD (OHOBPEMEHHOCTE) IPHINHHO HE CBA3aHHBIX TporieccoB [37], a Takke
SIBJICHHUE TII00AIHBIX KOPPEIISINH.

I'noGanbHble KOppensAK BeeneHHol U onpeenieHre KUBBIX CUCTEM, KaK CHCTEM,
CIOCOOCTBYIOLIMX COXPAHEHHUIO KOPPEALUN B IPOTUBOBEC BHEIIHEMY IIYMY, XOPOIIO
o0BsicHsaeT 3aragounoe momyanue KOCMOCA, T1.e. 0OTCyTCTBHE CUTHAJIOB OT IPYT'UX pa3yMHBIX
MupoB. Beenennast npousonuia u3 eauHoro uentpa (bonbmoit B3psiB) u Bece ee yactu
KOPPETUPOBaHHBI, ’KHU3Hb JHUIIb MOAJEPKUBACT ITH KOPPEISALUN B JIOKAJIBHOM MaciiTtadbe u
CYILIECTBYET Ha UX ocHOBE. [103TOMy mporecchl BO3HUKHOBEHUS KU3HU B PA3INYHBIX YACTSIX
CKOPpENMPOBaHHBI U HAXOAATCS HA OJJHOM YPOBHE Pa3BUTHS, T.€. CBEPXLIMBIWIN3ALNMN,
CHOCOOHBIX TIOCTUYD 3€MJIH, I0Ka IPOCTO HET.

4.1 Cuctembl ¢ «ob6ocTpenuem» (blow up)

[TpuMepoM SIBIIAIOTCS HeCTAIlIMOHAPHBIE CHCTEMBI ¢ «00ocTpenuem» (blow up) [6,22-25],
paccmoTpenHsle kool Kypatomosa. B aTux nmpoueccax onpenensercs Hekas GyHKIHS Ha
wiockocTu. Ee quHaMKKa ONMMCHIBACTCS HEIMHEHHBIMU YPABHEHUSIMH, TT0I00HBIME YPABHEHHIO
TOPEHHUSL.

apldt=1(p) + 21dr(H(p)dplor), )
rae p - miotHocth, N =J p dr, r — nmpocTpancTBeHHAs KOOpAMHATA, t — BpeMEHHas KOOPAHHATA,
f(p), H(p) — HenuHeiiHbIe CBA3M.

f(0) = p”, H(p) = p°,

OTH ypaBHEHUsI UMEIOT HA0OP JTMHAMHYCCKHUX PELICHUH, HAa3bIBACMBIX PCILICHHUS C
«obocTpeHrem». Jloka3zaHo CyIIeCTBOBAaHHE SIBICHHS JIOKATU3AINHU TIPOLIECCOB B BUJIE CTPYKTYP
(npu >o+1), 06pazoBaHue AUCKPETHOTO UX CIEKTPa C Pa3HbIM YHUCIIOM MPOCTHIX CTPYKTYP (C
OJJMHOYHBIMH MaKCUMyMaMH Pa3HOW MHTEHCUBHOCTH), 00BETMHEHHBIX B HECKOJIBKO THIIOB
CIIOXKHBIX CTPYKTYP, KOTOPBIE HMEIOT PA3JIMYHbIC TPOCTPAHCTBEHHBIE (POPMBI 1 HECKOIBKO
MakcuMyMoB. [Toka3zaHo, YTO HeNnMHeHas JUCCUIIATUBHAS CPeJia IOTEHIIMAIBHO COICPIKUT B
ce0e CIeKTp TaKuX Pa3IHMYHbIX CTPYKTYP-aTTPakTopoB. [1ycTh (7, ¢) — moJsIpHBIE KOOPIUHATHI.

p(rpt)=g()@(&p), E=——, 1<i<N
w(t)

_r po-t
g(t){l—ij "~ w(t){l—i) .
T T

Ywuciio coOCTBEHHBIX (YYHKITHIA:

Jnst 9THX pemieHnit 3HaueHNe (QYHKIIUH MOXKET CTPEMHUTBCSI K OECKOHEYHOCTH 32 KOHEYHOe
BpeMms T. UTHTepecHo, 4TO PyHKIUS TOCTUTaeT OECKOHEYHOCTH B MAKCUMYyMax B OJIMH H TOT )K€
MOMEHT BPEMEHH, TO €CTh CHHXPOHHO. [1o Mepe mpubmmkeHns Ko BpeMEHH T pelIeHHe
«CHKUMACTCS, MAKCUMYMBI «00OCTPSIOTCS M IBMXKYTCS K 001ieMy nentpy. B moment 0.9t
CHCTEMa CTaHOBUTCS HEYCTOMYHMBOH 1 pa3pymaercs GpIoKTyallusIMU Ha4albHBIX ycinoBuil. [Ipu

2 Banepwuit lcakoB, kaHAHIAT MEXaHUKO-MAaTEMaTHYCCKUX HAYK U JIUIEP HEOOIBIION IPYIIIBI HCCIIEeI0BATEICH
aHOMAJIBHBIX SIBIICHUH pacckasan razete "KoMcoMoubckas mpaBaa" o CyIecTBOBaHHHM HEKOM CTAaTHCTHUECKOM
anoManuu. [Tocne Toro kak McakoBy U ero TpyIne He yIaloch NOIYYHTh JaHHBIE IT0 OTKa3aM OT IOJIETOB y
POCCHIICKIX aBHaKOMIIAHWH, YIE€HBIE BOCIIOIB30BAIICH 3aMIaTHON cTaTUCTHKON. Kak BBIsICHIIIOCH, 3a mocnennue 20
JIET OT PeiicoB, 3aKOHYUBILUXCSI KaTacTpodamu, oTKka3zpiBAIUCh Ha 18% Ooblie TaccaXKMpoB, YEM OT

6J1ar OOy YHBIX.

http://kp.ru/daily/25707/908213/; http://newsru.co.il/world/23jun2011/isakov_606.html
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BBICOKOH KOoppeJsii B HAYAJIbHOM YCJIOBUH MOXXHO YMCHBIIATDE 3TU q)HIOKTyaIII/II/I J0 CKOJIb
YroaHo MaJioil BeJIMYUHBI.

Puc. 1 U3 [34]. Onun U3 aTTpakTOPOB YpaBHEHHS TOPSHHUS B BUJIC PELICHUS C «000CTPEHHEM.

C noMouibIo TakuX MOJAEJICH WILTIOCTPUPYIOT POCT HACEJICHUs! (UM YPOBHS TEXHUYECKOTO
pa3BHUTHUS IMBUIU3AIINI) B METanoiucax Haiiei iaHetsl [25]. Touku MakcuMyMa QyHKIHMH —
9TO METAIOJIMCHI, a TUIOTHOCTh HACEJIICHUS — 3TO 3HAYCHUE caMOl (DyHKIIUH.

Mo>kHO pacnpoCTpaHUTh 3Ty MOJieNb Ha Bcto Beenennyro. Toraa Touku 6€CKOHEYHOro pocTa
— 3TO LMUBWIM3AIMH, & TUIOTHOCTh HACEJICHUS [IUBUIN3ALNN (MU YPOBHS TEXHUYECKOTO
pa3BUTHUS HUBWIM3AIMIT) — 3TO 3HAUeHHUE caMoil QyHKUUU. [[71s1 3TOT0 yCI0MKHUM MOJIEIb.
[TycTh B MOMEHT, KOT/1a ITPOLIECC HAUMHAET BBIXOJIUTh HA PACTYIllee aCUMIITOTUYECKOE pEeIICHUE
MIPOUCXOIUT OUYEHb OBICTpOE pacuupenue («uHGIAIUI)) IUIOCKOCTH, B KOTOPOM MPOTEKaeT
nporiecc ¢ «obocTpeHuem». Tem He MeHee, MPOIECCh TOCTIKEHUST OECKOHEYHOCTH OCTAIOTCS
CUHXPOHHBIMU M OMNHCHIBAIOTCS YPAaBHEHUEM TOTO e THIa (JIUIIb C U3MEHEHHBIM MacIiTaboM),
HECMOTPS Ha TO, YTO MAKCUMYMBI YK€ pa3/iesIeHbl OOIBIINM PACCTOSHUEM.

OT0ii OoJiee CI0KHON MOJIEIBI0 MOYKHO KaueCTBEHHO OOBSICHUTH CHHXPOHHOCTH Pa3BUTHS
IIPOLIECCOB B OYEHB JAJIEKUX YACTAX HALICH pe3Ko paciiupuBlieics BeeneHHo B pe3yibTaTe
«uHnAnua» nocie boabioro B3peiBa. Beicokas cTeneHb rnodalbHbIX KOPPESIHA yMEHbIIAeT
GIroKTYyanuu, BeIyIue K pacnaay CTPYKTYpbI pelIeHHs. DTH TI00aTbHbBIC KOPPETSIIHH
MOJEJIUPYIOT B3aMMOCBS3aHHOCTh YacTel Hamleill BeeneHnnoil.

[Iporeccel ¢ «00OCTpeHHEMY MOSABIISIOTCS ¢ HEOOXOAMMOM MOTHOTON U CIIOAKHOCTHIO JTHIIIb
IpY HEKOTOPOM y3KOM Habope ko3 duitneHToB ypaBaenus ropeaus (N>>1, B>o+1, fro+1 —
ATO HEOOXOUMO JIJIsi BOSHUKHOBEHUSI CTPYKTYPBI C OOJIBIITUM YHCIOM MAaKCUMYMOB U UX
MEJIECHHOMY COJIKEHHUIO K LIEHTPY). DTO MO3BOJIAET IPOBECTH aHAJIOTHIO C «aHTPOIHBIM
npuHIUnomM» [26]. AHTPOIHBII MPUHIIKI YTBEPXKAALT, YTO PYHIAMEHTAIbHBIC TIOCTOSHHBIC
BcenenHol uMEIOT IMEHHO TaKue 3HAYeHHsI, YTOOBI B UTOTE MOTIJIa BOBHUKHYTh IMEHHO Hallla
Habmo1aemMasi BeceneHHast ¢ «aHTPOIHBIMIY CYIIECTBAMU, CIIOCOOHBIME €€ HaOI01aTh.

Crnenyet oOpatuTh BHUMaHUE €MIE Ha OJTHO OOCTOSTENBCTBO. UTOOBI yIIOPSIIOUEHHOE
COCTOSTHUE B MOJIENIU HE pacnaganoch npu t=0.91, a mpokuiao Kak MOXKHO JOJbIIE, TpeOyeTcs
TOHKasl HACTPOMKA He MOIbKO napamempos Mooeiu, Ho U HA4aibHO20 COCMOSIHUA. ITO HYKHO,
YTOOBI BO3HUKAOIINE U3 HETO (IIIOKTYaIlMH HE Pa3pyIIaiu YIOPSJ0UYeHHOCTh KaKk MOYXKHO
nouibie. M 9To Hamu4ue 3TOro peaKOTo SKCKITFO3UBHOTO COCTOSIHUS TaK)K€ MOYKET OBIThH
00BSCHEHO aHTPOMHBIM MTPUHIIUIIOM.

4.2 «Kaerounas» moaeanb BeesreHHOM.

Takke HHTePECHO POMLTIOCTPUPOBATH CIIOKHBIC IMPOIIECCHI ¢ TTOMOIIBIO «KJICTOYHOM
Mojienu. Xopolei 6a30ii cioykaT AUCKpeTHas Mojenb Xonduiaa [27-28]. Ita Moaenb MOXKET
HHTEPIPETHPOBATHCS KaK HEHPOHHAsS CETh ¢ 0OPaTHOM CBS3BIO MIIM KaK CIIMHOBAS PEIISTKA
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(CTIMHOBOE CTEKJI0) C HEOAMHAKOBBIMU B3aUMOCHCTBUSIMHI MeX 1y cinHamu. [loqoOHast
CHCTeMa UCTIONB3YeTCs IS LIeJIed pacrio3HaBaHUs 00pa3oB.

DTy cUCTEMy MOKHO OTHCATh KaK KBaJAPaTHYIO IByXMepHYIo pemieTky staeek NXN, kotopsie
MOTYT OBITh JTH00 YepHBbIMH, 1100 OenbiMu (Si==+1). KoahdumueHTs! THHEHHOTO

B3aUMOJICHCTBHS MEXKY SMeHKaMu J ; HEpaBHbI JUIsl PasHbIX Map staeek. FIX MOKHO BbIOpaTh

TakK, 4TO B IPOIIECCE AUCKPETHOM IBOIIOIUH TOIABIISFOIIEe OOJBIIMHCTBO HAaYaIbHBIX
COCTOSTHUH MEPEXOUT B OJHO U3 BOZMOXKHBIX KOHEYHBIX COCTOSIHUM, W3 3apaHee 33JaHHOTO
HaOOpa COCTOSHUI (aTTPAKTOPOB).

N
Si(t+1)=sign > J,S,(t)| 1<i<N
j=1

Ji.=1J

ij ji

Ju=01<i,jk<N

ATTpPaKTOPBI COOTBETCTBYI0 MUHUMYMY SHEPTUU:

N N

E:—%ZZJijSisj

i=l j=1

[TycTh arTpakTOpamMu pemieTku BbIOpaHbI OYKBBI A min B.

Cy1iecTByIOT TaKH€ HauajdbHbIE HEYCTOWYMBBIE COCTOSHUSA, KOTOPhIE OTIWYAIOTCS JIUIIH Ha
OJIHY STYCUKY (kpumuueckutl snemenm). IIpyu 3TOM OJIHO U3 HUX UMEET B KAUEeCTBE aTTPAKTOpa
coctosiHUE A, a pyroe — coctosiaue B. [1o100HBIE HEyCTOWUMBBIC HAYAIBHBIE COCTOSTHUS
XOPOIIO UILUTIOCTPUPYET CBOMCTBO 2100AIbHOU HeYyCMOUYU80Cmu CI0XHBIX CUCTEM. JTa
HEYCTOMYMBOCTh MIPUCYIIA BCE CUCTEME B LIEJIOM, a HE KaKOM-TO €€ 4acTH. JIMIb HEKUil
BHEITHHUI Ha0JII01aTelh MOXKET MPHUBECTH K U3MEHEHHIO 3HAUCHHUSI KPUTHUECKOTO DJIEMEHTa U
W3MEHHUTH 3BOJIIOLIMIO CUCTEMBI. BHYTpEHHSISI TUHAMHUKA CaMOIl CUCTEMBI CIIENIAaTh 3TO HE MOXKET.
I'nobanvras koppenayus MeXy s4elKaMy HEYCTOHYHMBOTO Ha4aJIbHOT'O COCTOSIHUS ONpeeNsieT
K KAKOMY UMEHHO aTTpaKTOpPy 3BOJIOLMOHUPYET 3Ta pemierka (a1udo A, mudo B).

MOXHO HECKOJIBKO YCIOKHUTH MOAENb. [yCcTh Kaxaas suelika B ONMCaHHOM BbIIIE
peleTKe caMa SIBJISIETCS aHAJIOTHYHOW MoipemeTko. Onpeaeanm 3BOTIONI0 TAKOH COCTaBHOM
pEeLIeTKH, UAYILIECH B JBa dTara.

Ha nepBom »Tarne kpynHbie STYEHKU HE B3aUMOJICUCTBYIOT, B3aUMOJICHICTBHE €CTh JIUIIb B
MOJIPEIIeTKax, KOTOPOE HIET M0 TOMY K€ 00pasily, YTO U B ONMKUCAHHOM BHIIIE MTPOCTOM
oaHOATanHOM Moenu. KoaddhuimeHTs! THHEHHOTO B3aMMOICHCTBHSI MEXTY STUCHKaMu
BBIOpaHBI TaK, 4YTOOBI aTTPAKTOpaMH, KaK U paHee, Obutn OykBa A unu B. HauanbHbie
COCTOSIHHSI BCEX TOJIPENIETOK MOYKHO BBIOPATh HEYCTOMUNBBIMHU, COACPKAITUMHU KPUTHICCKUAN
ayieMeHT. IToroBoe cocTosiHre A TOJIpemieTK Oy1eM BOCTIPUHUMATh KaK YepHYIO UKy st
KpPYIHOM pelIeTKH, a cocTosiHue B noapenieTku 6y ieM BOCIPUHUMATh KakK OeNyro sSYerKy.

BTopoii aTamn 3BosIroLNH ONPEaesaeTCs KaK IBOIIOLMS YKE 3TOW KPYITHOM PELIETKH 110 TOMY
ke 00pasIily, 4TO U B OITMCAHHOM BBIIIE TPOCTON OJTHOATAITHON MOJIEIH, C MOTYYHBIIUMCS BBIIIE
HayaJbHBIM COCTOSTHUEM. JTO HAUYaJIbHOE COCTOSIHUE, BOSHUKAIOIIIEE Ha MIEPBOM JTarle, TOKE
SBJISIETCSI HEYCTOMYMBBIM, COAEPKAIIEe KPUTHUECKUM SJIEMEHT. B KOHIIE ABOTIONNYU KaXKI0U
YepHOU siueiike MPUCBOUM COCTOSTHUE A MOAPENICTKH, KaKI0W Oenoil siueiike mprucBOUM
cocTtosiHME B moapemeTky.

HaganbHoe cocTosiHHE pemeTKy 10 Ha4alio JBYXATAITHOTO MPOoIlecca BCerja MOYKHO BEIOpATh
TakK, YTOOBI IIOCJIE HETO UTOTOBBIM COCTOSIHUEM KPYITHO3EPHHUCTOM pelieTky Obuia OykBa A.
CocTosiHHIO KaXKI0H ee KPYITHOU SSYeKU ToKe COOTBeTCTBYeT OykBa A. HazoBem 3T0
coctosiHue «A-Ay. Toraa HajaMuMe UMEHHO TaKOTO, a He HHOTO (DUHATIBLHOTO COCTOSIHUS MOKHO
OOBSICHUTB:

a) TI00aTbHBIMU KOPPEIAIUSIMU HEYCTOWYUBOTO HAYAIBHOTO COCTOSTHHSI
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b) koHKpeTHBIM BEIOOPOM BCEeX KOA(PPUIIMCHTOB B3aUMOICHCTBUS MEXKTY STUCHKAMH.
VYcnoxauM Mozens erie 6omnee. [To aHamoruu ¢ BHIICONUCAHHBIM, CACIAEM €€ PEIIETKY He
JIBYXypOBHEBOH, a TPEXYPOBHEBOM, a IIPOLIECC BMECTO ABYXATAIHOI'O TPEXATANMHBIM. VITOrOBBIM
cocTosiHuEM OyaeT «A-A-Ay.

Bynewm cuutath, 4TO A0 Havajga ONMMCAHHOTO BBIIIE TPEXITAITHOTO MpoLiecca, Halla
KPYMHO3EPHUCTAsl PElIeTKa 3aHUMalla OYeHb Mallyto 001acTh (U3MYECKOTO MPOCTPAHCTBA, HO B
pe3yabTare pacmupenus («HHGISIUNY ) paCIIuPUIach 10 OONBIINX Pa3MepOB, TOCIIE YeTO U
HA4aJICsl ONMCAHHBIN BBIIIE TPEXATAHBIN Mpolecc. Toraa Haauune KOppeIupOBaHHOIO
HEYCTONYHMBOIO HAYaJIbHOTO COCTOSIHUS COCTaBHOM PELIETKH, IPUBOASAILIEI0 UMEHHO K
UTOTOBOMY COCTOSIHUIO «A-A-A» MOKHO O0BSICHUTB TEM, UTO J0 «UHQIISLUNY) BCE TUEHKU
HAXOAMJINCH OJIM3KO JAPYT OT JIpyra.

Bcro 3Ty KpynmHO3€pHUCTYIO PEIIETKY B LIEJIOM MOYKHO CPaBHUTH ¢ Hamen «Bcenennoi». Ee
caMble MEJIKME MOJAPEUIETKA MOKHO CPABHUTD C «Pa3yMHBIMHU Opranu3MaMmu». OTCYyTCTBUE UX
B3aUMOJICHCTBUS C OKPY)KEHUEM J10 (OPMHUPOBAHUS UTOTOBOTO COCTOSTHUSA «A)» — YKBUBAJICHTHO
UX 3aIMTE OT BHEIIHETO ITyMa (AKTUBHO WU MTACCUBHO) CBOUX BHYTPEHHHUX KOPPEIISIIHIA.
PemeTku BTOPOTO YpOBHS B COCTOSTHUU «A-A» COOTBETCTBYIOT «IIUBUIN3ALUSIMY, KOTOPHIS
dbopMupyroT 00pa3zoBaBIINECs «Pa3yMHbBIE OPraHU3MbD) Ha BTOpOM dTtare. Ha Tpetbem sTane u3
CIMBUIM3ALUN» HOPMHUPYETCS «CBEPXIMBIIIH3AIUDY «A-A-Ax.

Toraa rno6anbHbIe KOPPETSAIUN HEYCTOWYUBBIX HA4adbHBIX COCTOSIHUN PEIIETOK MOTYT
CIY’>KUATh aHaJOTaMU BO3MOYKHBIX IT00ATBHBIX KOPPEIALMA HEYCTOMYHMBOTO HAYAJILHOTO
cocTosiHUS Hamied BeeneHHoH, BO3HUKIIETO 110 ee nH . KoadduimenTs B3anMoaeiicTBus
STYEEK COOTBETCTBYIOT (PYyH/IaMEHTAJIbHBIM KOHCTaHTaM. HauanpHBIH Mporiecc pacimpeHust
pelieTku, A0 e€ TPEXITAMHOM IBONIOIHH, COOTBETCTBYeT bonbimomy B3peiBy. Crienuduaeckuii
BBIOOP KOA((PHUIIMEHTOB B3aUMOICHCTBUS SIYE€EK, MPUBOIAIINN K UTOTOBOW aCHUMITTOTHKE
(cocTosiHUIO «A-A-A»), U HAYaIbHBIE KOPPEISIMA MOKHO OOBSICHATH 110 aHAJIOTUU C
«AQHTPOITHBIM MPUHITUTIOM». AHTPOITHBIN MPUHITUT YTBEPHKIAET, uTO (PyHIaMEHTATbHBIC
NocTosIHHBbIe BeeneHHON MMEIOT MMEHHO TaKue 3HAaYeHHsI, YTOOBI B UTOTE MOTJIa BOBHUKHYTh
MMEHHO Hara HalOJro1aemast BeceneHHast ¢ «aHTpOITHBIMID CYIIECTBAMU, CITIOCOOHBIMU €€
HaOJIFOIATh.

5. BeiBOABI

B craTthe paccMoTpeH (eHOMEH CYIECTBOBAHKE HEMPEICKA3yEeMbIX CJIOKHBIX CHCTEM
(BKITFOUAIOIIIHNX KUBBIE CUCTEMBI).

[TokazaHo, 4TO XOTS CYIIECTBOBAaHUE TAKUX CUCTEM, Ka3aJI0Ch Obl, MPOTUBOPEYHUT 3aKOHY
pOCTa SHTPONUH, HA CAMOM JIeJIe HE MPUBOAUT K IEUCTBUTEILHOMY NMPOTHUBOpEUHrIo ¢ HUM. Ha
caMoM JieJie, CYIECTBOBAHNE TAKUX CHCTEM B PealIbHOM MHpE TpeOyeT KpaiftHe crienn@uaecKux
TPaHUYHBIX YCIIOBHI. 3aTpaThl SHTPONMHU HA CO3JaHUE TAKUX YCJIOBUH B peabHOM
OKPYXKaroIeM MUPE HAMHOTO TIPEBHINIAI0T YMEHBIIICHUE YHTPOITHH, HAOII0JAI0IeeCs] BHY TPH
TaKHUX CHUCTEM.

IIponemMoHCcTpHpOBaHa BO3MOKHOCTh JOKA3aTEIbCTBA ISl TAKUX CUCTEM TEOPEMBI
['€neneBckoro THMA, O TOM YTO PEIYKIIMOHU3M (COCTOSIIINI B CBOAMMOCTH ITOBEICHUS CIIOKHOU
CUCTEeMBI K (DyHIaMEeHTaIbHBIM 3aKOHAM (DU3HUKH) HE IPOTUBOPEUHT CYIIECTBOBAHUIO
MPUHITUTTHATIEHON SMEPKEHTHOCTH (CYIIECTBOBAHUIO MPUHIUITUAIEHON HEMPEICKA3yeMOCTH
MOBEJICHUS CIIOKHBIX CHCTEM Ha OCHOBE (PYHIAMEHTAIBHBIX 3aKOHOB (PM3UKH, HE BHITEKAIOIIEH
JIUIIH U3 CJI0KHOCTH TaKUX CUCTEM).

IToka3aHo, 4TO 3Ta HENMPEACKA3yEMOCTh TECHO CBSI3aHA C CYIIECTBOBAHUEM CIIOKHBIX
KOppESILHUM KaK BHYTPH 3TUX CJIOKHBIX CUCTEM, TaK M C OKpY KarouuM MUpoM. [TocTpoensl
MPOCThIE MATEMATUYECKUE MOJIEIH, WIUTIOCTPUPYIOIINE MPUHIUIHAATIBHYIO BO3MOKHOCTh
CYIIECTBOBAHUSA TAKUX KOPPEIALUM.
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YacTts 6. YHUBeEpPcaJbHadA cTpesa BpeMeHu: byayuee
HCKYCCTBEHHOI'0 HHTEJJICKTA - HCKYCCTBO, 2 He HAYKa
win IlpakTuyeckoe npuMeHeHNe HeNMpeaCKa3yeMbIX
CUCTEM

0. Annoranus: Pazpemenune napagokca HenpeackazyeMoCTH —
Henpenckasyemblil He 03HA4YaeT HEYNPAaBJAsieMbId WJIH He
KOHTPOJIMPYEMBbIil.

PaccmaTpuBaroTcs mepcrekTuBbl pa3BUTHA UcKyccTBeHHOro nnTemekra (MH). Iloka3piBaercs,
qT0 pazpaborka MU B Oyaymiem Oyaer Oimke K UCKycCTBY, 4eM Hayke. OcHoBoil cuctem MU
OyIyT CIOXHbBIE JUCCUTIATUBHBIE CHUCTEMBI, TOBEIEHNE KOTOPBIX OyA€T HEBO3MOKHO /10 KOHIIA
HOHATH JlaXke B IpuHIHIe. TeM He MeHee, 3TO He OyAeT NPensITCTBUEM ISl UX MPAKTHYECKOTO
UCIIOJIb30BaHUS.

1. Beenenue
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Celiuac Bo BceM MUpPE aKTUBHO Pa3BUBAIOTCS TEXHOJIIOTMH, CBA3aHHBIE C IOCTPOCHUEM
cucTeM HcKyccTBeHHOro unreiiekra (MM). B atoii ctatbe XoTenock Obl 00CyIUTh HE
TaKTUYECKHUE, a CTPATErHUECKHE 3a/1auM 3TOro npouecca. Ceifyac He TaK MHOTO HHTEPECHBIX
paloT Ha 3Ty TeMy, XOTS OHU U umeroTes [1]. DTo cBsI3aHO € TeM, YTO OOJIBIIMHCTBO CEPbE3HBIX
CHEIMAJICTOB 3aHATO PEIICHUEM UMEHHO TAKTHUECKHX 33]1a4 U 4acTO HE 3alyMbIBAIOTCSI O
6onee nanexkux nepcrekTuBax. OJHAKO He TaKOBa Obla CUTYALHsI Ha 3ape 3apOiKICHHS
kuOepHeTukH. Toraa 3T BONPOCH! aKTUBHO 00CYkAamuch. [IoaTOMy MBI HOCTPOUM Hally
CTaThlO Ha 0030pe 3a/1a4 KUOSPHETUKH, KaK OHU BUAEIUCH YYaCTHUKAMU CUMIIoO3uyMa B 1961
rofay [2]. Ml mocTapaemcst 1ath 0030p ATUX MEPCIIEKTUB C TOYKH 3PEHUSI COBPEMEHHOM
¢u3nueckoil 1 KUOEPHETUUECKOI HAyKH U €€ MOCIEAHNUX JOCTHKEHUH.

2. AHaju3 npooJieM.

I'maBHOE cTparernueckoe HanpasieHnue B 1961 6bu10 3anano nekuueit bupa «Ha mytu k
KHOEPHETUYECKOMY MPEINPUITHIO». B Hell OH BUAUT cUCTEMY yIpaBiIeHUS KaK HEKUI YePHBIH
ALK C OTPOMHBIM KOJIMYE€CTBOM BHYTPEHHUX COCTOSHUN. B 3aBUCHUMOCTH OT BHYTPEHHETO
COCTOSIHUS UEPHBIN SIUK OCYIIECTBISETCS pa3Hble PYHKIIMH, CBA3BIBAIOIINE €TI0 BXO U BBIXO/.
Cpenu Bcex 3TuX (QyHKIMHA UIeTcs HeKas (yHKIMS, ONTUMAIIBHO pealu3yrolias ero padory,
COIJIACHO HEKOTOPBIM KPUTEPHUSAM ONTUMaIbHOCTU. Opranusyercs oOpaTHast CBSI3b MEXLY
BBIXOJIOM HPEANPUATHS U BHYTPEHHUM COCTOSTHUEM YEPHOTI'O SIIMKa, 00eCcIIeYrBaoIas
ONTUMAJIBHOCTb ITIONCKA.

BHeuHs 9
cpeda

Bxod A,;’f,?,i_ Boizod

i

Ynpas/giujee
yempoicmao

Puc. 1 Cxemarndeckoe U300pakeHHe YIIPaBICHUS MEXaHU3MOM (TIPEATIPUATHEM ).
TyT BO3HUKAIOT TPU TPYIHOCTH:

1) TIOHATHO, YTO YHCJIO BHYTPEHHUX COCTOSIHUN TaKOTO YEPHOTO SIIUKA JODKHO OTPOMHO,
9TOOBI 00ECTIEYNTh PeATU3aIUI0 BCEX BO3MOXKHBIX (PyHKIMH. J[J1s1 3TOTO aBTOP
npeJiaraeT UCIoIb30BaTh HEKasl IIIbI0a BEIIeCTBa, 00 A0 OTPOMHBIM YHCIIOM
BHYTPEHHUX COCTOSIHUI HAa aTOMapHOM ypOBHE. DTO HEUYTO, BPOJE, HAIlpUMeEp,
KoJTouaAHOM cuctemsl ['opona IMacka, ocymecTBisioniee odpalieHrne MaTpHUI]
ACTPOHOMUYECKOTO MOPsIIKa.

2) TlpocTpaHCTBO MOMCKA TAKOTO SIIUKA OTPOMHO U Mepedop BCEX BOZMOMKHBIX
BHYTPEHHUX COCTOSIHUH 3a pa3yMHOe BpeMs He peasieH. [loaTomy Heobxonruma
CTpaTerus, MO3BOJISIONIASs] HAXOAUTh MMYCTh HE CaMble ONTHUMAaJIbHBIEC PEIICHHUS, HO, IO
KpaitHel Mepe, «xopomuey. Takoi cTpaTerueil B HacTOAIIEE BPEMS CUUTACTCS
«TeHETUYECKHUU aroput™» [3], cHAOKEHHBIN ciyuaiinbim cenepamopom. Taxxe
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UCIIOJIB3YFOTCSl METOJI ABPUCTHUK. [4] DTO HAOOP IMIIUPUIECKUX PEIETITOB MOUCKA
ONTUMAJILHOTO BHYTPEHHET0 COCTOSHUS. OHU 100 HAXOAATCS U3 MPEIbIIYIIEro OnbITa,
1100 3apaHee 3a/1aHbl BHEITHUM 3KCIIEPTOM.

3) Kpurepun onTHManbHOCTH HE BCETIa MOXKHO 4eTKO chopmynrpoBats. [ToaTromy
«IIETIBIO» TAKOTO SAIMKAa MOKHO ClIeJaTh MPOCTO (PU3NUYECKOE «BbDKMBaHUEY. Toraa
noJ00HbIE KpUTEpUH OH OyzeT uckathb caMm. JInbo, ero feiicTBusiM OyneT 1aBaTh OLICHKY
HEKU BHEUIHUM SKCIEPT.

B yka3zaHHbIX pelnieHusix npo0jaeM ecTh 0JHa OYeHb MPUHIMIHAIbHAA TPYAHOCTh. [lycTh Hat
YepHBIH SIUK UMeeT N OMHAPHBIX BXOAOB M OJUH OMHApPHBINA BbIX0. Toraa 4ucio Bcex

n
BO3MOYKHBIX BHYTPEHHUX COCTOSIHUM SIIIIUKA 2° . Hackonbko Benuko 310 unciao? OTBeT naer
Buimuc «O6nacte peann3yemMbix (YHKIHHA IS CIIOKHBIX cuctem» [IpoBeneHHbINH UM
¢du3nuecKkuil pacuer, MOKa3bIBAIONIN, YTO BCEX MOJIEKYJ 3eMJIH JOCTATOYHO JIUILb JJIs
pealin3aluy YepHOro sIIKuKa ¢ MakcuMyM N=155 . 31ech He UMEET CMBICI BOCIIPOU3BOIUTH €TO
pacuet. CoBpeMeHHas (pM3MKa AaET TOUHBIM METOJI IMOICYETa ISl BEpXHEH IPaHUIIBI TUIOTHOCTH
XpaHeHusI HHPOPMAIMK Yepe3 SHTPOIHUIO YEPHOU JBIPBI COOTBETCTBYIOMIEH Macchl [25]. (Ee
npaB/a npodieMaTHYHO U3BJICYb H3-3a HH(POPMAIIMOHHOTO mapaiokca.) OTBeT, 0AHAKO, BPS JIH
Oynet Ooiiee yremuTeabHbIM. [IOHATHO, YTO TAKOTO KOJIMYECTBA BXOAOB HE JOCTATOYHO IS
yIpaBJICHUS CIOKHBIMU cucTeMaMu. OTCI0/Ia CIelyeT, YTO KOJUYECTBO BO3MOXKHBIX (DYHKITHIA,
pealin3yeMbIM AIIUKOM, TOJKHO OBITh HEKUM MOJIMHOXKECTBOM BCEX BOZMOXKHBIX (pyHKIMiA. Kak
e BBIOpaTh 3TO MOAMHOXKECTBO?

Ceituac akTUBHO Pa3BMBAIOTCSI METO/IbI, OCHOBaHHbIC HA HEHPOHHBIX ceTsX [26] uiau HeueTKo
noruke [27]. OHU MO3BOJISIOT JIETKO PEaTM30BaTh MHOTHE «MHTYHTUBHBICY allTOPHTMBI, KOTOPBIC
UCTIONB3YeT YesioBeK. Kpome Toro, A7l HUX CyIIECTBYIOT XOPOIIO pa3pabOTaHHbIE METOIbI
o0y4eHus win camooOydeHns. OfHaKo JUIE 000X METOJIOB IOKa3aHO, YTO JIF00ast BO3MOKHAS
byHKIMS peannzyema STUMH MeTofgaMu. C OHOH CTOPOHBI 3TO XOPOIIIO, MOCKOIBKY JOKa3bIBAET
UX YHUBEPCAIbHOCTh. C APYroi CTOPOHBI 3TO TIOXO0, MOCKOJIBKY 3Ta U30BITOYHOCTH HE
MO3BOJISIFOT HAM CHU3HUTH POCTPAHCTBO MOMCKA YEPHOTO SIIIHKA.

B cBoeii neknuu Buiimc npeanaraer pemeHue, KOTOpoe akTyajabHO U oHbIHE. OH npejiaraet
MCIIOJIb30BaTh IOJIMHOKECTBO BCeX (DYHKIUN N MepeMEHHBIX, KOTOPOE peaan3yercs

KoMOMHaImen P yHkimid K mepeMeHHbIX, rie

p<<2’ (1)
k<<n (2

ITOT KJ1acc JOCTAaTO4YHO Mall, YTOOBI €r0 MOYKHO OBIIIO p€ain30BaThb.
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Puc. 2 TouHoe pa3noxeHne NepeKIroYaTeIbHBIX (DYHKIMA HAa PYHKIUN ¢ MEHBIITUM YUCIOM
HepeMEHHbIX.

a) n=6, p=3, k=3 0) n=8, p=5, k=3

JIist IUpOKOTo Kilacca 3ajad 3To pelieHue npuemiemo. Hampumep, HelipoHHAs CeTh
UCIIOJIb30BAJIACh [UISl pactio3HaBaHus LM(P, BEICBEUMBAEMbIX Ha dKkpaHe [28]. Dkpan pazouBaics
Ha sueliku (mukcenn). Sueiika Moria ObITh YepHO# wiu 6emnoii. [1pu 3ToM stueiiku pa3douBanuch
Ha TpymIsl Onu3nexamux siueek (K-sueex). Kaxas rpymma nocrymana Ha BXOJ CETH € OJTHHM
BBIXOJIOM. DTH BBIXO/IbI IPYNITUPOBAIKCH TaKXke B K OmKalIuX rpyIin, KOTOPBIE IT0/1aBAIUChH
Ha BXOJIpl ceTel U T.4. B utore umenuce nump 10 BBIXOA0B, KOTOpBIE U JJaBallu pe3yJIbTaT
KjaccuuKkanuy. YKazaHHasi CeTh YUUTHIBAET OrPAaHHUEHHSI CBSA3aHHBIC C «JIOKATBHOCTBIOY»
Halllero MUpa.

Ho M0xHO BBOAMTH M MHBIE KPUTEPHH OTPAHUYMBAIOLINE TPOCTPAHCTBO MOMCKA TOTO XKe
THUIIa, HO MeHee kecTkue. Harmpumep, coxpanus ycnosue (1), He HCHONb30BaTh ycioBue (2), a
CO3/1aTh OTPaHMYEHHE Ha TUT MCIIONB3yeMbIX (YHKINH, CO37aTh HEKYIO «ONOINOTEKY»
NOJIEe3HbIX (PyHKIHUI.

Hanpumep, 1ms cymecTByromiei 001acTi paco3HaBaHus H300pakeHui Takoil Habop
(GYHKIMH yXke CyIECTBYeT — 3TO IPOrpaMMHBbIe MakeThl GYHKIUH 17151 00paboTKH U300pakeHu i
COCpPEIOTOYCHHBIC B TAKHX MakeTax, kak Matlab [29]. KomOunupyst 3T hyHKINH, MOXKHO
CO3/1aTh MacCy MOJIE3HBIX MPU3HAKOB Il pacrio3HaBaHus. [Ipuuem noadupath 3TH
CYNepro3uIy (GyHKIHH MOYKHO HE CIy4alHBIM NepedopoM reHETUYECKOT 0 allropuTMa, a
UCTIONIb3Ys YEJIOBEUECKYIO0 HHTYHIIMIO: YEJIOBEK MOKET KOMOMHUPOBATh 3TU (DYHKLIMH TaK,
YTOOBI OHU BOCIIPOM3BOIMIIN HEKHI WHTYUTHBHO OIIYIIAEMbIN IPU3HAK 00BEKTA, KOTOPBIH
YeJI0BEK caM HEe MOKeT MaTeMAaTUYEeCKH TOYHO OINPEAeNIUTh. DTO YEIOBEKO-MAIlIMHHBIE CUCTEMbI
TIOUCKA.

CrnemyeTr OTMETUTb, YTO KaK CO3JIaHUE MOJOOHBIX «OUOIMOTEKY, TaK U YEIOBEKO-MaIIHHBIE
MOMCK — ATO HE alTOPUTMU3YyeMBbIe nporiecchbl. OHU OMUPAIOTCS Ha YEJIOBEYECKYI0 MHTYHUIIHIO.
HMMeHHO 1MoATOMY MBI CUMTAEM, YTO UCKYCCTBEHHBIN MHTEIJIEKT OJIMKE K UCKYCCTBY, U€M K
HayKe.

Paz6epem npoGiieMbl, KOTOPBIMU CTPAAAET 3TOT HOJXO.

1) Te orpannuenust («OMOIMOTEKI»), KOTOPBIC MBI 33/1a€M Ha BHYTPEHHHE COCTOSHHUS
ALUKA, CO31AI0TCS YEJIIOBEKOM. DTO AENIAET 3TOT MPOLECC TPYAOEMKUM U OTPaHUYEHHBIM
WHTYyULMEH YEJIOBEKa.

2) ¥ 4eIIOBEKO-MAIINHHBIN MOUCK, Ooliee 3 HEKTUBHBIHA, YeM I'eHETHYECKHUIT aITOPUTM, HO
CTpaJaeT TEMHU e HEJOCTaTKaMMU, YTO ¥ OIIUCAHO BBIIIIE.
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[lepeiinem k ciaeayromeMy JOKIaay, KOTOPBIM, KakeTcs, HanboJee MpOpoUeCKuil U 1aéT My Th K
pemienuto 3tux npobdsuem: [ond «OTHOLIEHNE U KOHTEKCTY.

['maBHas €ro MbICb 3aKIIFOYAETCS B TOM, YTO JJIsI TOUCKA () (PEKTHBHBIX CUCTEM
MCKYCCTBEHHOTO HHTEJJICKTa MBI JOJDKHBI 00PAaTUTHCS HE K MATEMaTHUECKUM HAyYHBIM
a0CTpakIusM, a K CBOHCTBAM MOJOOHBIX CHCTEM B OKPY’KaIOIIEM MUPE — )KUBBIM aJallTUBHBIM
cucremaM. Kakue ux cBOMCTBA MO3BOJISIOT UM MPEOOJIETh YKa3aHHbIC BhINIE OrPAaHHYCHUS U
npooaemMbl?

Camoe riaBHOE UX CBOMCTBO 3aKIIIOYAETCS B TOM, YTO IOJ0OHBIE CUCTEMBI HE SIBIISIOTCS, KaK
YEPHBIH SIUK, HEKUM BHEITHUM 00BEKTOM 110 OTHOIIEHUIO K OKpY»KaromeMy Mupy. OHu
HepaspbIiBHO cBsA3aHbl ¢ HUM. (Tak, Llong noguepkuBaer, 4To NpU3HAKU, UCIIOJIB3YyEMbIE JUIS
pacno3HaBaHUs 00bEKTa, WM JJaXkKe caM «KOJ» HEHPOHOB MO3ra (CO3HAHUE) SIBISIOTCS
KOHTEKCTHO-3aBUCUMBIMU. JTO 3HAYUT, YTO OHU 3aBUCST HE TOJBKO OT BHYTPEHHEIO COCTOSTHUS
00BEKTa WK MO3Ta, HO TAK)KE U €r0 BHEILIHEr0 OKPYXKEeHHs.) ITO 00bsACHAET 3PPEKTUBHOCTD
OTrpaHMYEHUI Ha peajln3yeMble BHYTPEHHUE COCTOSIHUS alallTUBHBIX cUcTeM. VIM He HyX)HO
IPUIyMBIBATh CBOIO «OMOJIIMOTEKY» (YHKIIMI — OHA JaHAa UM BO MHOT'OM OT POXIACHHUS.
[TockonbKy 3TH CUCTEMBI IPOU3OLLIN U3 OKPYXKAIOIIET0 MUPa U CBSI3aHbl C HUM YXK€E IIpU
POKJIEHUN MHOKECTBOM HE3PUMBIX CBsI3€eH, 3Ta «OnbinoTekay BecbMa 3¢ (HeKTUBHA U
onTuMaibHa. To ke caMoe OTHOCUTCS U K aJlTOPUTMaM aJalTallli — B OTIINYUE OT
«TE€HETHYECKUX aJIFTOPUTMOB)» OHHU YK€ ONTUMAJIbHO MOICTPOEHBI 110/ OKPY>KAIOLIUI MUp, UTO
n30aBIsieT OT nepedopa Macchl HEHY>KHBIX BapuaHTOB. bosee Toro camu «1eian» aJaiTUBHBIX
CUCTEM HeE 3aJ1al0TCsl KeM-TO U3BHE. OHM BO MHOT'OM Y3K€ MOJICTPOEHBI MO/ UX aJITOPUTMBbI
IIOMCKa U OTPaHUYEHUS OKPYKAIOLIET0 MUpa.

MBI yacTo BOCIIpUHUMAEM COOBITUS B OKPY KAIOIIEM HAaC MUpPE Kak HA0Op HE3aBUCHUMBIX,
cily4aiiHbIX sBieHui. Ha camom nene, 3TOT MUp CKOpee HallOMMHAET CIIOKHEUIINN MEXaHU3M,
IIPOHU3AaHHBIN MHOKECTBOM CIIOXKHBIX CBsI3el. («CinyuaiiHOCTH He OBIBAIOT CiTy4yallHBIMM») MBI
HE MO>KeM HaOJIr0/1aTh BCIO MTOJHOTY 3THX CBs3eil. Bo-nepBbIX, MOCKONBKY MBI SIBJISIEMCS JIUIIb
MaJIol 4acThIO 3TOTO MUpPA, TO HAILIUX BHYTPEHHUX COCTOSIHUN HE JOCTATOYHO, YTOObI
0TOOPa3UTh BCIO €0 CI0XKHOCTh. BO-BTOPBIX, MBI HEN30€KHO B3aMMO/IEHCTBYEM C
OKpY’KaloUIMM MUPOM U BJIHMSEM Ha HEro B npolecce Habmoaenus. CoBpeMeHHas pU3uKa
YTBEPIKIACT, YTO ITO B3aUMO/ICHCTBIE HE MOXKET OBITh B IIPHHIIMIIE CBEICHO K HYJIIO [5-12].
UToObI MPOMOJIENIUPOBATH U YUECTh ATO BIMSHUE HaM HYKHO OTOOpaxxaThb BHYTpH ceOs HE
TOJIbKO BHEUIHUI MHp, HO U camux ce0s1! Takoe camMoHabI01eHne HEBO3MOKHO npogecmu 8
NOIHOU Mepe 6 npuHyune, NPy 000N HalIel cTeNeHn BHYTPEHHEH CIIOKHOCTH. BBeneHme
(bU3MUEeCKUX MAaKpOIIEPEMEHHBIX JIMIIb CHUKAET OCTPOTY MPOOJIEMBI, HO HE PEIaeT ee.

Tem He MeHee, KaK YK€ TOBOPUIIOCH BBIIIIE, 32 CYET TOT0, YTO MBI ABJIIEMCS YaCThIO 3TOTO
MHpA, CBSI3aHbI C HUM MHOKECTBOM CBSI3€H, MbI CIIOCOOHBI Ha CTOJIb 3P PEKTUBHOE MTOBEICHUE,
Kak OyaTo criocoOHbI 3(h(PEKTUBHO BCE IPEIBUIIETH H PACCUNUTATH. DTO CBOMCTBO aIalITUBHBIX
JKHBBIX CHCTEM MOXKHO Ha3BaTh CBEpXHHTYHIMeir [13]. OHO 3HAYMTETBHO PEBBIIIACT
a/IalITUBHBIE CBOMCTBA JTIFOOOTO YEPHOTO SIHMKA, Pa3padOTaHHOTO YHCTO HAYYHBIMU METOJIAMH.

3"ELue B 1958 romy amepukanckuii connonor J[xerimc CtayHTOH npoaHamusuposai 6omee 200 jxene3H00pOKHBIX
aBapuii 3a npenmecrsoBasmue 30 ner. Oka3anock, 4TO Moe3/a, 3aKOHUUBIINE CBOM IMyTh TParu4ecku, B CpeTHEM
6buTH 3aroaHeHsb! Ha 61% OT MaKCMMaIbHO BO3ZMOYKHOTO YHCIIa NTACCAXKUPOB, TOTIa KaK B OJ1arornoiryyHsle Moe3aKn
OTIpaBJIIACH He MeHee 76%"  Stephen King, "The Stand" (1990)

Banepwuii McakoB, kaHIUIAT MEXaHUKO-MaTeMAaTHICCKAX HAYK U JINAEP HEOOIBIION TPYIIIBI HCcCIeIoBaTenen
aHOMAJTBHBIX SIBIICHUH pacckasan razete "KoMcoMoibckas mpaBaa" o CyImecTBOBaHHHM HEKOM CTAaTHCTHYECKOM
anomanuu. [locne Toro kak McakoBy 1 ero rpymine He yAalIoCh HOIyYUTh AaHHbIE II0 OTKa3aM OT MOJIETOB y
POCCHIICKIX aBHaKOMIIAHWH, YIE€HBIE BOCIIOIB30BAIUCH 3aMIaAHON cTaTuCcTHKON. Kak BRIsICHIIIOCH, 3a mocneanue 20
JIET OT PeiicoB, 3aKOHYUBILUXCSI KaTacTpodamu, oTKka3piBAIUCh Ha 18% OobliIe TaccaXKMpoB, YEM OT
6J1arONOTy4HBIX.

http://kp.ru/daily/25707/908213/; http://newsru.co.il/world/23jun2011/isakov_606.html
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CrenoBaTebHO, HAM CTOMT CTPOUTH Halu Oyayiue cuctembl MM Toke Ha OCHOBE HEKOTOPBIX
HOAO0OHBIX «(PU3HIECKUX» AMalITHBHBIX CHCTEM, 00JIaMat0NMX CBEPXUHTYHUIMEN. [laquM 371ech
CIIMCOK CBOMCTB Takux cuctem [9-10,17-18].

1) Cayu4aiiHblii reHepaTOp MOJOOHBIX CHCTEM (ACNAIOIIHIA BHIOOP BHYTPEHHETO COCTOSIHUS)
HE J0JKEH TeHepUPOBATh IPOCTO CirydaitHbie uncia. [logoOHble Yrcia TomKHbI
HAXOJUTHCS B CUIIBHOM CBSA3M (KOPPETSLMU) KaK C OKPYKAIOIUM MUPOM, TaK U C
BHYTpPEHHUM cocTosiHueM cucteMbl M, obecnieunBasi CBEpXUHTYHULUIO.

2) BHyTpeHHE COCTOSIHUE CUCTEMBI JIOJDKHO OBITH CIIOKHBIM. OHO TOJDKHO OBITH HE
PaBHOBECHBIM, @ CTALlMOHAPHBIM. T.€. OHO JOJHKHO COOTBETCTBOBATH JUHAMHUECKOMY
pPaBHOBECHIO, [10JI00HO BOJASIHOM CTeHe, Majiatoiiero Bojgonaga. OHO JOIKHO ObITh WU
KOPpEIMPOBAHHBIM U CJIA00YCTONYHMBBIM (J1aXKe C 3JIEMEHTaMU Xa0ca) JUIsl CHCTEM
KJIACCUYECKOM MEXaHMKH, WJIM KOTEPEHTHBIM KBAaHTOBBIM JIJIs1 KBAHTOBOM MEXaHUKHU.
[TonoOHbIE cCTEMBI CTIOCOOHBI MTOAIEPKUBATH A0JIT0E BPEMS CIOXKHbIE KOPPEISILIUU
MEXy CBOMMH YaCTSIMHM U MEKAY COOOH M BHEIIIHUM MHPOM.

3) BHyTpeHHEe COCTOSIHUE CHCTeMA TOJKHO OBITh 3aKPHITO OT BHELIHErO HAOIIOACHHS. DTO
JIOCTUTAETCsl, BO-IIEPBBIX, 32 CYET BHICOKOW BHYTPEHHEN CII0KHOCTH cucTeMBL. Bo-
BTOPBIX, CUCTEMA JIOJKHA CUIIBHO MEHSATh CBOE€ BHYTPEHHE COCTOSIHUE U MTOBEICHUE IIPU
HOIBITKE BHEIIHEr0 HaOII0IeHHsI. DTUM CBOMCTBOM 00J1a1at0T KaK CJ1a00yCTONUNBbIE
KJIACCUYECKHE CUCTEMBI (OJIM3KHE K XaocCy), TaK U KBAHTOBbIE KOT€PEHTHBIE CUCTEMBI.

4) Cucrema JOKHA OBITh CHIIBHO 3alUIICHA OT BHEIIHETO TEIJIOBOTO IIIyMa
(mexorepeHIUN).

5) Cucrema n0mKHa TOAAEP)KUBATH CBOE KJIIACCHYECKOE HEYCTOMUMBOE MIIH KOTEPEHTHOE
KBAaHTOBOE COCTOSIHHE U 3aIIMILIATHCS OT BHEIIHETO TEIUIOBOI'O IIyMa HE CTOJIbKO
[ACCUBHO, CKOJIBKO aKTUBHO. T.€. 3TO HE JOJKEH OBbITh TBEPAbI MaHIMPh I HU3KHUE
temnepatypbl. CKopee 3TO I0JKeH OBITh aKTUBHBIM MeTabonuueckuit mpouecc. Cucrema
JIOJDKHA HAXOJUTHCS B CTALlMOHAPHOM IMHAMUYECKOM PaBHOBECHH, a HE
TEPMOJMHAMHYECKOM paBHOBecHH. Tak BepTUKaIbHAs CTE€HA BOJBI B BOJIONA/IE
HOJ/IEP’)KUBACTCS 3 CYET IOCTOSHHOTO €€ MPUTOKA M3BHE.

6) I'maBHOM 1€7BIO TOAOOHBIX CHCTEM JIOJIKHO OBITh UX «BBIKHBAHHUEY.

J1J1st TOTO 94TOOBI HCITOJIB30BATH MTOI00HBIE CHCTEMBI, HAM HE HYXHO JCTaTbHO 3HATH UX
BHYTpPEHHEE COCTOSIHUE U aITOPUTMBI pabOTHI, KOTOPHIE OHU YCTAHOBSAT MPU B3aUMOJCHCTBHH C
OKpPYXaroIuM MUPOM. boJiee Toro, meITasich CeNNaTh 3TO, MBI OYJIEM CHIILHO PUCKOBATh
HApYUIUTh UX HOPMAJIbHYIO paboTy. MBI TOMKHBI JIUIIL 03a00TUTHCS, YTOOBI LIETH, KOTOPHIE
OHH TIPECIIEAYIOT JUISI CBOETO «BBIKHBAHUS, COBIAIATH C HY)KHBIMH HaM 33JJa4aMH.

MpsI BUUM, YTO B CO3JJaHUH TaKUX CHUCTEM (PU3MKA CTAHOBUTCS HEOOXOAMMOM AJIs CO3AaHUS
kubepHernyeckux cucreM MU, NmeroTcs nu ceituac mpooOpaszsl mogo0HbIX cucteM? MHorue
OIMKCaHHBIC YEPTHI IPUCYIIH KBAHTOBBIM KommbioTepam [19-20, 24] u ux KIIacCHYECKUM
aHaJoraM — KJIACCHUECKUM HEyCTOHUMBBIM KOMIbioTepaM [14] 1 MOeKy ISIpHBIM KOMITBIOTEPAM
[16]. Kpome TorO0, MIMEETCSt MHOTO JIUTEPATYPhI, TE «Ha OyMare» CTPOSTCS CHHEPreTHIECKUE
CUCTEMBI, MOJISIUPYIOIINE YKa3aHHBIC BHIIIIE CBONCTBA JKUBBIX CUCTEM. B KBaHTOBOI 00IacTH
910 [21-23,30-32], a 17151 KITaCCHUECKUX HEYCTOMYMBBIX cucteM [15].

TyT nepen HaMu BOSHHUKAET JIBE TIPOOIJIEMBI.
1) Kakue 00beKThI, U3 OMMCAHHBIX BBIIIE, OyIyT HAWTYUIIAM 00pa30M MOIXOAUTH IS
co3nanus Takux cucrem UN?
2) Kakwue 1ienu, HeOOXOAMMBIC TSI «BBDKHBAHUM» ITUX CHCTEM, HAM HYKHO MTOCTaBHTh,
YTOOBI OHH COBIAJAIIM C HAIIUMU 3aa9aMu’?
Permenne 0b6eux 3TuX 3a1a4 SBISETCS HEAITOPUTMU3YEMBIM TBOPUECKHUM MPOLIECCOM, YTO OTSTh
commkaer MU ckopee ¢ HCKycCTBOM, 4eM HayKoi. [[ecTBUTENbHO, 3a4acTy0 MBI HE CMOXKEM
JaKe 3HaTh, KaK YCTPOEHBI MOI0OHBIE CUCTEMbI BHYTPHU. MBI CMOKEM HAOKHUTh HAa HUX JIHUIIb
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HY’>KHBIC HaM orpaHndeHus. Jla 1 COOCTBEHHBIE IICJIM U 337291 MBI YaCTO HE CIIOCOOHBI CaMU
MOHSTh U YeTKO chopMynupoBaTh. be3 Bcex 3THX 3HaHUI Hayka OECCHIIbHA U CO3/IaHue
MOTOOHBIX CUCTEM OyIeT CKOpee CPOIHY HAIMMCAHUIO MY3bIKH MM PUCOBAHUIO KapTHH. JIuIb
«KUCTOYKW» M «XOJICT» JIaCT HaM HayKa.

CMmoryT 51 BCIO 3Ty pabOTy BBIMOJIHUTE 3a Hac Te ke cuctembl MN? Ho ecm oTHOCHTEIBHO
MEepBOM 3aJ]a4M TaKKUe IIAHCHI €CTh, TO BTOPAas U3 3TUX LieJiei BOOOIIEe He MOXKET OBbITh
BhITIOJIHEHA 0e3 Hac. 0o kTo mydie Hac 3HaeT, yTo Mbl XoTuM? Kpome Toro, o0e 3Tu 3amaumn
B3anMOCBs3aHbl. [loaTOMY UenoBeky Bceraa OyIeT, UeM 3aHATHCS, KaK Obl HU MOIIHBI OBLITN
HAIlIA «yYMHBIC ITOMOTITHUKI.

3. BuIiBOaBbI.

PaccmoTtpens! nepcnekTuBbl pa3BuTUs UcKyccTBeHHOro unreiiekta (MN). Ilokasano, uro
paspabotka U B Oyaymiem Oyzaer O6amke K UCKYCCTBY, ueM Hayke. OcHoBoit cuctem MU O6yayT
CJIO’KHBIC JUCCUTIATUBHBIE CUCTEMBI, TIOBEJICHUE KOTOPHIX Oy/IeT HEBO3MOXKHO [0 KOHIIA TIOHSTh
Jlake B IpUHLHUIE. TeM He MeHee, 3T0 He OyIeT NPensITCTBUEM Ul UX MPAKTUYECKOTro
ucrons3oBanus. Ho 3a yenoBekoM HeM30€KHO COXPaHNUTHCS BakHas poitb. [10HOCTBIO
UCKJIIOUUTH €TI0 U3 Mpoliecca HEBO3MOKHO
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baaroxapaocTu

s1 6maromapro Hrvoje Nikolic u Vinko Zlatic 3a o6¢cy»xneHust 1 AMCKYCCHH, KOTOPbIE OUY€Hb
IIOMOIJIM IIPU HAIlMCAHUM 3TOU cTaThu. [lepBas yacTh 3TOro 3cce HalucaHa Ha OCHOBE HAILIE
coBMecTHOM craTthu arXiv:1011.4173.
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