The Universal Arrow of Time is a key for the solution
of the basic physical paradoxes.
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The modern classical statistical physics, thermodynamics, quantum mechanics and gravity
theory are developed and well-known theories. 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 framework of the existing physics, without introduction of new laws. Further in the
paper the paradoxes underlying classical statistical physics, thermodynamics, quantum
mechanics, non-quantum and quantum gravities are discussed. The approaches to solution of
these paradoxes are suggested 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 arrows alignment. The second one is based on the limits of self-knowledge of
the system in case of the observed system, the external observer and the environment are
included in the considered system. The concepts of observable dynamics, ideal dynamics, and
unpredictable dynamics are introduced. The phenomenon of complex (living) systems is
contemplated from the point of view of these dynamics. Perspectives of practical use of
Unpredictable systems 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 a thermodynamic arrow of time exists, unless one
postulates very special and unnatural initial conditions. Yet, we argue that statistical physics can
explain why the thermodynamic arrow of time is universal, i.e., why the arrow points in the same
direction everywhere. Namely, if two subsystems have opposite arrow-directions initially, the
interaction between them makes the configuration statistically unstable and causes decay towards
a system with a universal direction of the arrow of time. We present general qualitative
arguments for that claim and support them by a detailed analysis of a toy model based on the
baker's map.

1. Introduction

The origin of the arrow of time is one of the greatest unsolved puzzles in physics [1-5]. It is
well established that most arrows of time can be reduced to the thermodynamic arrow, but the
origin of the thermodynamic arrow of time remains a mystery. Namely, the existence of the
thermodynamic arrow of time means that the system is not in the state with the highest possible
entropy.

But this means that the system is not in the highest-probable state, which lacks any statistical
explanation. The fact that entropy increases with time means that the system was in an even less
probable state in the past, which makes the problem even harder. Of course, the
phenomenological fact that entropy increases with time can be described by assuming that the
universe was in a state with very low entropy at the beginning, but one cannot explain why the
universe started with such a very special and unnatural initial condition in the first place.



Recently, Maccone [6] argued that the problem of the origin of the arrow of time can be
solved by quantum mechanics. He has shown that in quantum mechanics all phenomena which
leave a trail behind (and hence can be studied by physics) are those entropy of which increases.
(The observer's memory erasing argument and the corresponding thought experiments discussed
in [6], was also used previously for a resolution of entropy increase and the quantum wave-
packet reduction paradoxes [7-9 From this he argued that the second law of thermodynamics is
reduced to a mere tautology, suggesting that it solves the problem of the arrow of time in
physics. However, several weaknesses on specific arguments used in [6], have been reported
[10-12]. As a response to one of these objections, in a later publication [13] Maccone himself
realized that his approach does not completely solve the origin of the arrow of time because the
quantum mechanism he studied also requires highly improbable initial conditions which cannot
be explained.

Yet, as Maccone argued in [13], we believe that some ideas presented in [6] and [13] do help
to better understand the puzzle of the arrow of time. The purpose of this paper is to further
develop, refine, clarify, and extend some of the ideas which were presented in [8, 9, 14, 15, 16,
30], and also in a somewhat different context in [6, 13], we argue that quantum mechanics is not
essential at all. Indeed, in this paper we consider only classical statistical mechanics.

The idea is the following. Even though statistical physics cannot explain why a
thermodynamic arrow of time exists, we argue that at least it can explain why the
thermodynamic arrow of time is universal, i.e., why the arrow points in the same direction
everywhere. Namely, if two subsystems have opposite arrow-directions initially, we argue that
the interaction between them makes the configuration statistically unstable and causes decay
towards a system with a universal direction of the arrow of time. This, of course, does not
completely resolve the problem of the origin of the arrow of time. Yet, at least, we believe that
this alleviates the problem.

The paper is organized as follows. In the next section we present our main ideas in an
intuitive non-technical form. After that, in Sec. 3 the idea is the following. Even though
statistical physics cannot explain why a thermodynamic arrow of time exists, we argue that at
least it can explain why the thermodynamic arrow of time is universal, i.e., why the arrow points
in the same direction everywhere. Namely, if two subsystems have opposite arrow-directions
initially, we argue that the interaction between them makes the configuration statistically
unstable and causes decay towards a system with a universal direction of the arrow of time. This,
of course, does not completely resolve the problem of the origin of the arrow of time. Yet, at
least, we believe that this alleviates the problem.

The paper is organized as follows. In the next section we present our main ideas in an intuitive
non-technical form. After that, in Sec. 4 we study the effects of weak interactions between
subsystems which, without interactions, evolve according to the baker's map. In particular, we
explain how weak interactions destroy the opposite time arrows of the subsystems, by making
them much more improbable than without interactions.

Finally, in Sec. 5 we present a qualitative discussion of our results, including the consistency
with strongly-interacting systems in which the entropy of a subsystem may decrease with time.

2. Main ideas.

A priori, the probability of having a thermodynamic arrow of time is very low. However,
our idea is to think in terms of conditional probabilities. Given that a thermodynamic arrow
exists, what can we, by statistical arguments, infer from that?

To answer this question, let us start from the laws of an underlying microscopic theory. We
assume that dynamics of microscopic degrees of freedom is described by a set of second-order
differential equations (with derivatives with respect to time) which are invariant under the time
inversion t — —t. Thus, both directions of time have a priori equal roles. To specify a unique
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solution of the dynamical equations of motion, one also needs to choose some "'initial" time to,
on which initial conditions are to be specified. (The "'initial" time does not necessarily need to be
the earliest time at which the universe came into the existence. For any t, at which the initial
conditions are specified, the dynamical equations of motion uniquely determine the state of the
universe for both t> t; and t <ty.) It is a purely conventional particular instant on time, which may
be even in the " “future". Indeed, in this paper we adopt the ""block-universe" picture of the world
(see, e.g., [4, 17, 18, 19] and references therein), according to which time does not " flow".
Instead, the universe is a "static" object extended in 4 space-time dimensions.

Of course, the a priori probability of small entropy at t, is very low. But given that entropy at
to is small, what is the conditional probability that there is a thermodynamic arrow of time? It is,
of course, very high. However, given that entropy at t, is low, the most probable option is that
entropy increases in both directions with a minimum at ty On the other hand, in practice, at times
at which we make measurements, the entropy is indeed low, but entropy does not increase in
both directions. Instead, it increases in only one direction. This is because, on a typical ty, not
only the "initial" entropy is specified, but a particular direction of the entropy increase is
specified as well. At the microscopic level, this is related to the fact that on ty one does not only
need to specify the initial particle positions, but also their initial velocities.

And now here comes the central question of this section. Given that at t, the entropy is low,
why entropy at increases in the same (say, positive) direction everywhere? Isn't it more probable
that the direction of entropy-increase varies from point to point at ty? If so, then why don't we
observe it? In other words, why the arrow of time is universal, having the same direction
everywhere for a given $t_0$, having the same direction everywhere for a given t,? We refer to
this problem as the problem of universality of the arrow of time.

In this paper we argue that this problem can be solved by statistical physics. In short, our
solution is as follows. If we ignore the interactions between different degrees of freedom, then,
given that at ty the entropy is low, the most probable option is, indeed, that the direction of the
arrow of time varies from point to point. On the other hand, if different degrees of freedom
interact with each other, then it is no longer the most probable option. Instead, even if the
direction of the arrow of time varies from point to point at ty, the interaction provides a natural
mechanism that aligns all time arrows to the same direction.

To illustrate the arrow-of-time dilemma, the thought experiments of Loschmidt (time reversal
paradox) and Poincare (recurrence theorem) are also often used. The corresponding paradoxes in
classical mechanics are resolved as follows. Classical mechanics allows, at least in principle, to
exclude any effect of the observer on the observed system. However, most realistic systems are
chaotic. , so a weak perturbation may lead to an exponential divergence of trajectories. In
addition, there is also a non-negligible interaction. As a simple example, consider a gas
expanding from a small region of space into a large volume. In this entropy-increasing process
the time evolution of macroscopic parameters is stable against small external perturbations. On
the other hand, if all the velocities are reversed, then the gas will end up in the initial small
volume, but only in the absence of any perturbations. The latter entropy-decreasing process is
clearly unstable and a small external perturbation would trigger a continuous entropy growth.
Thus the entropy increasing processes are stable, but the decreasing ones are not. A natural
consequence is that the time arrows (the directions of which are defined by the entropy growth)
of both the observer and the observed system are aligned to the same direction, because of the
inevitable non-negligible interaction between them. They can return back to the initial state only
together (as a whole system) in both Loschmidt and Poincare paradoxes, so the observer's
memory gets erased in the end. During this process the time arrow of the observer points in the
backward direction, this has two consequences. First, an entropy growth is observed in the whole
system as well as in its two parts, despite the fact that entropy decreases with coordinate time.
Second, the memory of the observer is erased not only at the end but also close to that point,
because the observer does not remember his "“past" (defined with respect to the coordinate time),
but remembers his " future".



Indeed, it may seem quite plausible that interaction will align all time arrows to the same
direction. But the problem is - which direction? The forward direction or the backward one?
How can any particular direction be preferred, when both directions are a priori equally
probable? Is the common direction chosen in an effectively random manner, such that it cannot
be efficiently predicted? Or if there are two subsystems with opposite directions of time at t,
will the *“stronger" subsystem (i.e., the one with a larger number of degrees of freedom) win,
such that the joint system will take the direction of the *“stronger" subsystem as their common
direction?

The answer is as follows: It is all about conditional probabilities. One cannot question the
facts which are already known, irrespective of whether these facts are in " future" or “"past". The
probabilistic reasoning is to be applied to only those facts which are not known yet. So, let us
assume that the entropy is low at to and that we have two subsystems with opposite time
directions at to. Let us also assume that the subsystems do not come into a mutual interaction
before t; (where t;>ty), after which they interact with each other. Given all that, we know that, for
to<t<t;, entropy increases with time for one subsystem and decreases with time for another
subsystem. But what happens for t>t;? Due to the interaction, the two subsystems will have the
same direction of time for t> t;. But which direction? The probabilistic answer is: The direction
which is more probable, given that we know what we already know. But we already know the
situation for t<t; (or more precisely, for ty<t<t;), so our probabilistic reasoning can only be
applied to t> t;.

It is this asymmetry in knowledge that makes two directions of time different. (Of course, the
interaction is also asymmetric, in the sense that interaction exists for t>t;, but not for ty<t<t;.)
Thus, the probabilistic reasoning implies that entropy will increase in the positive time direction
for t>t;.

Alternatively, if there was no such asymmetry in knowledge, we could not efficiently predict
the direction of the arrow of time, so the joint direction would be chosen in an effectively
random manner.

Now we can understand why the arrow of time appears to be universal. If there is a
subsystem which has an arrow of time opposite to the time-arrow that we are used to, then this
subsystem is either observed or not observed by us. If it is not observed, then it does not violate
the fact that the arrow of time appears universal to us. If it is observed then it interacts with us,
which implies that it cannot have the opposite arrow of time for a long time. In each case, the
effect is that all what we observe must have the same direction of time. This is similar to the
reasoning in [6], with an important difference that our reasoning does not rest on quantum
mechanics.

In the remaining sections we support these intuitive ideas by a more quantitative analysis

3. Statistical mechanics of the baker's map

The baker's map (for more details see Appendix) maps any point of the unit square to another
point of the same square. We study a collection of

N>> 1 such points (called "“particles") that move under the baker's map. This serves as a toy
model for a “*gas" that shares all typical properties of classical Hamiltonian reversible
deterministic chaotic systems. Indeed, due to its simplicity, the baker's map is widely used for
such purposes [20, 23, 24, 25].

3.1 Macroscopic entropy and ensemble entropy

To define a convenient set of macroscopic variables, we divide the unit square into 4 equal
subsquares. Then the 4 variables Ny, Ny, N3, N4, denoting the number of *“particles" in the



corresponding subsquares, are defined to be the macroscopic variables for our system. (There
are, of course, many other convenient ways to define macroscopic variables, but general
statistical conclusion are not expected to depend on this choice.) The

macroscopic entropy Sy, of a given macrostate is defined by the number of different microstates
corresponding to that macrostate, as

N N al N
S =-NY —Llog| =& |=-) N, log| =~ 1
8 Z:N g(N) Z ¢ g(N) )

This entropy is maximal when the distribution of particles is uniform, in which case Sy, is Sy,
=N log4. Similarly, the entropy is minimal when all particles are in the same subsquare, in
which case S, = 0.

Let (x, y) denote the coordinates of a point on the unit square. In physical language, it
corresponds to the particle position in the 2-dimensional phase space. For N particles, we
consider a statistical ensemble with a probability density p(x;, y;,..., X, Y, t) on the 2N
dimensional phase space. Here ¢ is the evolution parameter, which takes discrete values 1 =0, 1,
2... for the baker's map. Then the ensemble entropy is defined as

S, = —J. ,o(xl,y1 ,'...,‘xN,yN,'t)logp(xl,yl;...;xN,yN;t)dX (2)
where
dX =dxdy,..dx,dy, (3)

In general, p and S, change during the evolution generated by the baker's map and depend on the
initial p. However, if the initial probability-density function has a form

p(xlryl""';xN’yN)= p('xl’yl)"'p(xN’yN) 4)

which corresponds to an uncorrelated density function, then the probability-density function
remains uncorrelated during the evolution.

As an example, consider p(x;, y;) which is uniform within some subregion
¥ (with area A<1) ) of the unit square, and vanishes outside of X. In other words, let

1/A4 for\x,y,) inside X
p(xw)ﬁ:t): (l l) . &)
0 for (x,,y,) outside X
In this case
' (Y
S =——| logl —| A" =Nlog 4 6
e (A) g(A) g (6)



Since A does not change during the baker's map evolution, we see that S, is constant during the
baker's map evolution. This example can be used to show that S, is, in fact, constant for arbitrary
initial probability function. To briefly sketch the proof, let us divide the unit 2N-dimensional box
into a large number of small regions ) ,, on each of which the probability is equal to p,. During
the evolution, each region ) , changes the shape, but it’s 2N-dimensional "area" A, remains the
same. Moreover, the probability p, on the new ), also remains the same. Consequently, the
ensemble entropy S.= —ZaAaNpalogpa remains the same as well. This is the basic idea of a
discrete version of the proof, but a continuous version can be done in a similar way.

3.2 Appropriate and inappropriate macroscopic variables
The macroscopic variables defined in the preceding subsection have the following properties:

1. For most initial microstates having the property Sy, < Sp"™, S increases during the baker's
map.

2. For most initial microstates having the property Sy, = Sp™, Smremains constant during the
baker's map.

3. The two properties above do not change when the baker's map is perturbed by a small noise.

We refer to macrovariables having these properties as appropriate macrovariables.

Naively, one might think that any seemingly reasonable choice of macrovariables is
appropriate. Yet, this is not really the case. Let us demonstrate this by an example. Let us divide
the unit square into 2™ equal vertical strips (M>>1). We define a new set of macrovariables as
the numbers of particles inside each of these strips. Similarly to (1), the corresponding
macroscopic entropy is

oM Nk
S, =_sz log ) 7
k=1

where Ny is the number of particles in strip k. For the initial condition, assume that the gas is
uniformly distributed inside odd vertical strips, while even strips are empty. Then S, < Sy,
initially. Yet, for a long time during the baker's evolution, S, does not increase for any initial
microstate corresponding to this macrostate. However, during this evolution the number of filled
strips decreases and their thickness increases, until only one thick filled vertical strip remains.
After that, S, starts to increase. We also note that the evolution towards the single strip can be
easily destroyed by a small perturbation.

Thus we see that vertical strips lead to inappropriate macrovariables. By contrast, horizontal
strips lead to appropriate macrovariables. (Yet, the macrovariables in (1) are even more
appropriate, because they lead to much faster growth of Sm.) This asymmetry between vertical
and horizontal strips is a consequence of the intrinsic asymmetry of the baker's map with respect
to vertical and horizontal coordinates. This asymmetry is analogous to the asymmetry between
canonical coordinates and moments in many realistic Hamiltonian systems of classical
mechanics. Namely, most realistic Hamiltonian systems contain only local interaction between
particles, where locality refers to a separation in the coordinate (not momentum!) space.

Finally, we note that evolution of the macroscopic variables Nk(t), k=1, 2, 3, 4, is found by
averaging over ensemble in the following way

Ny(1)= J‘Nk(xl’yl;"‘; xN’nyt)p(xl)J/p'---; xN’nyt) dX . (8)



3.3 Coarsening

As we have already said, the ensemble entropy (unlike macroscopic entropy) is always constant
during the baker's map evolution. One would like to have a modified definition of the ensemble
entropy that increases similarly to the macroscopic entropy. Such a modification is provided by
coarsening, which can be defined by introducing a coarsened probability-density function

pmar(xlyyl;'";xN’yN)=J-A(xl _xl”yl _yl’;"".xN _x;\/’yN _y],V)

’ ’ ’ ’ ’ (9)
xp(xl,yl;...;xN,yN) dX’,
where A is nonvanishing is some neighborhood of X' = 0.0:...:0.0. In this way, the
coarsened ensemble entropy is
S = —I p“’“r(xl,yl;...;xN,yN)logpc””"(xl,yl;...;xN,yN) dX (10)
Of course, the function A can be chosen in many ways. In the following we discuss a few
examples.
One example is the Boltzmann coarsening, defined by
pmar(xl:yv'---;va»yN): p(xl’yl)“'p(xN’yN)’ (11)
where
p(xl’yl )= Ip(xl’yl e Xy Yy )dxzdyz---dxzvdyzv , (12)
and similarly for other p(xl, y,)
Another example is isotropic coarsening, having a form

A, = X1,y = Vi Xy =X vy = V4) =

! ! [ ’ (13)
A(xl - X )A(y1 - )...A(xN — Xy )A(yN - yN).

Yet another example is the Prigogine coarsening [20]
Ax = x,yy = Yiresxy =X, vy = vi) = A = 1) Ay = 1), 14

which is an anisotropic coarsening over the shrinking direction.

Finally, let us mention the coarsening based on dividing the system into two smaller
interacting subsystems. The coarsened ensemble entropy for the full system is defined as the sum
of uncoarsened ensemble entropies of its subsystems. Such coarsened entropy ignores the
correlations between the subsystems.



All these types of coarsening have the following property: If the initial microstate is such that
macroscopic entropy increases, then the coarsened ensemble entropy also increases for that
initial microstate. Yet, the Prigogine coarsening has the following advantages over Boltzmann
and isotropic coarsenings:

First, if the initial microstate is such that the macroscopic entropy decreases, then the
Prigogine coarsened ensemble entropy does not decrease, while the Boltzmann and isotropic
coarsened ensemble entropies decrease.

Second, assume that the initial microstate is such that the macroscopic entropy increases, and
consider some " final" state with a large macroscopic entropy close to the maximal one. After
this final state, consider it's "“inverted" state, (i.e., the state with exchanged x and y). Then the
Prigogine coarsened ensemble entropy decreases in jump during such transform from the high-
entropy final state to it's ““inverted" state, while the Boltzmann and isotropic coarsened ensemble
entropies remain unchanged.

Thus, the Prigogine coarsening provides the most correct description of the ensemble-entropy
increase law without any additional assumptions. For example, to get the same result with
Boltzmann coarsening, one would need to introduce the additional ““molecular chaos hypothesis"
to replace p (x;,y:/x2,y.) With p(x;,y:)p (x2,y.) 1n the equation of motion for

px, y, b).

4. The effects of weak interactions

4.1 Small external perturbations

The growth of the ensemble entropy can be achieved even without coarsening, by introducing
a small external perturbation of the baker's map. The perturbation must be small enough not to
destroy the growth of macroscopic entropy, but at the same time, it must be strong enough to
destroy the reverse processes and Poincare returns. For most such perturbations, the qualitative
features of the evolution do not depend much on details of the perturbation.

There are two ways how the external perturbation can be introduced. One way is to introduce
a small external random noise. The macroscopic processes with the increase of macroscopic
entropy are stable under such a noise. However, the area of a region is no longer invariant under
the perturbed baker's map. In this way the ensemble entropy can increase.

The other way is to introduce a weak interaction with the environment (which can be thought
of as an “‘observer"). Again, the macroscopic processes with the increase of macroscopic entropy
are stable, but the area of a region is no longer invariant under the perturbed baker's map.
Consequently, the ensemble entropy can increase. However, such a system is no longer isolated.
Instead, it is a part of a larger system divided into two subsystems. Hence, as we have already
explained in Sec.3.3, the coarsened ensemble entropy for the full system can be defined as the
sum of uncoarsened ensemble entropies of its subsystems. In the next subsection we study the
weak interactions with the environment in more detail.

4.2 Weak interaction and the destruction of opposite time
arrows

To proceed, one needs to choose some specific interaction between two gases. In the absence of
interaction, each of them evolves according to the baker's map. We put the two unit squares one
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above another and specify the interaction with distance o such that, between two steps of the
baker's map, all closest pairs of particles (with distance smaller than o between them) exchange
their positions. (More precisely, we first find the pair of closest particles (with distance smaller
than o between them) and exchange their positions. After that, we find the second pair of
closest particles (with distance smaller than o between them and different from previously
chosen particles) and exchange their positions too. We repeat this procedure until we exhaust all
particles.) The interactions happen only between the particles in different subsystems. It has not
sense to introduce such interaction inside of subsytems. Indeed, such interaction does not affect
the motion of the particles, but gives rise to the mixing between the two subsystems when two
particles of the pair belong to different subsystems. When they belong to the same system, we
interpret them as trivial irrelevant exchanges, and consequently think of them as exchanges that
have not happened at all.

Note also that such mixing by itself does not lead to the Gibbs paradox, as long as we
consider the two unit squares as separate objects. The macroscopic entropy is defined as the sum
of macroscopic entropies of the two subsystems.

Now let us consider the case in which the time arrows of the two subsystems have the same
direction. The processes in which the macroscopic entropies of the two subsystems increase are
stable under the interaction. Thus, most low-entropy initial conditions lead to a growth of
macroscopic entropy of both subsystems, as well as of the full system.

Similarly, if we inverse a process above with increasing macroscopic entropy, we obtain a
system in which macroscopic entropy of both subsystems, as well as of the full system -
decreases. In this sense, the interaction does not ruin the symmetry between the two directions of
time.

Now let us consider the most interesting case, in which entropy increases in the first
subsystem and decreases in the second. The initial state of the first subsystem has low entropy
(for example, all particles are in some small square near the point (0, 0) of the unit square).
Likewise, the second system has low entropy (for example, all particles are in some small square
near the point (1, 1) of the unit square) in the state

If there was no interaction, the final state of the first subsystem would be a high-entropy state
corresponding to a nearly uniform distribution of particles. Likewise, the initial state of the
second system would be a high-entropy state of the same form.

However, the solutions above with two opposite arrows of time are no longer solutions when
the interaction is present. In most cases, the interaction mixes the particles between the
subsystems. The number of solutions with interaction which have the initial-final conditions
prescribed above is very small, in fact much smaller than the number of such solutions in the
absence of interaction.

Let us make the last assertion more quantitative. After an odd number of (non-trivial)
exchanges, the particle transits to the other subsystem. Likewise, after an even number of such
exchanges, it remains in the same subsystem. The probabilities for these two events are equal to
p = 1/2 and do not depend on other particles, at least approximately. Further, we can argue that
the mixing between the two subsystems is negligible in the initial and final states, as the
entropies of the two subsystems are very different. We want to calculate the probability of a
small mixing in the final state, given that the mixing is small in the initial state. For definiteness,
we shall say that the mixing is small if the number N, of transited particles is either Ny <N/4, or
N¢> 3N/4. Thus, the probability is given by the cumulative binomial distribution F(N; N, 1/2),
given by

X : :
Fnp) =3 -0 13)
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where [k] is the greatest integer less than or equal to k. The function F (k; n, p), satisfies the
bound

F(k,'n,p) < exp{— 2@] (16)

Thus, since the opposite time arrows of subsystems are not destroyed when
Ni <N/4 or N> 3N/4, we see that the probability of this is equal to

2F(N/4;N,1/2)<2exp(- N /8) (17)

Clearly, it decreases exponentially with N, which means that such a probability is negligibly
small for large N. Hence, it is almost certain that processes with opposite time arrows will be
destroyed

In the model above, we need a nearly equal number of particles in the two subsystems to
destroy the opposite time arrows. This is because one particle can influence the motion of only
one close particle. For more realistic interactions, one particle can influence the motion of a large
number of particles in its neighborhood, which means that even a very small number of particles
in one system can destroy the entropy decreasing processes of the other system.

4.3 Decorrelation in the interacting system

Hamiltonian systems are described not only by a macrostate, but also by complex nonlinear
correlations between microstates. These correlations are responsible for reversibility. The
interaction between two subsystems destroys these correlations inside the subsystems, but the
full system remains reversible, i.e., the correlations appear in the full system. Thus, the
decorrelation in the subsystems expands the correlations over the full system. (This process is a
classical analogue of decoherence in quantum mechanics.)

Let us put these qualitative ideas into a more quantitative form. Linear (Pearson) correlations
have a behavior very similar to the nonlinear correlations described above. The only difference is
that these linear correlations decrease with time. The interaction we proposed can be
approximated by a random noise with amplitude corresponding to a distance $\sigma$ of the
interaction between the particles.

Therefore, we expect that the interaction not only causes the alignment of the time arrows, but
also decay of correlation which is even stronger than that without the interactions (Sec. A.5).).
During this process the evolution of subsystems is irreversible, but the full system remains
reversible.

We can quantify this decay of correlations by calculating the Pearson correlation for our
subsystems, given by

=) __ (8)
Jeco)c ()

where <C™ (0)> is the expected variance of the random variable X, calculated after m iterations

of the map. The variance C™ (0) can be calculated as

r(
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21 (j+1)27" 2
cr(0)=Y f(zmx — j—{x)+5)dx 19)

j=0 j2—m

m—1
where S is a random number defined as S = 22" ¢, . Here (i is an 1.1.d. random number with
k=0
zero mean and variance o2, which models the influence of interactions on the evolution of the
system. After a short calculation we get

m—1

(€"(0))=c0)+(5%)=C(0)+ 22" (¢S, (20)

k k'=0

Using the properties of i.i.d. variables (¢,{,.) = 6,0 , it follows that

(c"(0))=c(0)+ 222_1 o’ @1

It is clear that the interactions will enhance the decay of correlations of at least linear
dependencies, because

2

)= J1+4(22 -1)0? )

. _ . . 1/2
Yet, for the full system the Pearson correlation »(m )=2"" remains the same. Since <Sz>

must be much smaller than the system size (unit square), we can conclude that our assumptions
resulting in (22) are correct only for <SZ> = [(22’" — 1)/ 3]0'2 <<1lando’ /27" << 1.

4.4 Numerical simulation

So far, we have been using general abstract arguments. In this subsection we support these
arguments by a concrete numerical simulation.
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Puc. 2 Evolution of entropy without interaction.

We consider two subsystems (labeled as 1 and 2), each with N1 = N2 = 300 particles. The two
subsystems occupy two unit squares. To define the coarsened entropy, each unit square is
divided into 16x16=256 small squares. Thus, the entropy in the two subsystems is given by

512

S, = —Niz fiilog fi., (23)
k=1

where i =12, f,. =n,,/N,and n,,is the number of particles in the corresponding small square.
Similarly, the total entropy is defined as

512

S=—(N,+N,)Y f,log f,. (24)
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where f, = (nk,1 +nkv2)/(N1 +N2)
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Puc. 3 Evolution of entropy with interaction.

For the system 1 we choose a zero-entropy initial state at t = 1 (see Fig. 1). ). Similarly, for
the system 2 we choose a zero-entropy “initial” state at
t = 6. Such initial conditions provide that, in the absence of interactions, S1 increases with time,
while S2 decreases with time for t <6.
To avoid numerical problems arising from the finite precision of computer representation of
rational numbers, (27) is replaced by x’ = ax —[ax],y" = (y +[ax]) /2, with a= 1.999999. The

results of a numerical simulation are presented in Fig. 1 and Fig. 2.

To include the effects of interaction, we define interaction in the following way. (For the sake
of computational convenience, it is defined slightly differently than in Sec.4.2.) We take a small
range of interaction

ry = 0.01 in the y-direction, which can be thought of as a parameter that measures the weakness
of interaction. (Recall that y and x are analogous to a canonical coordinate and a canonical
momentum, respectively, in a Hamiltonian phase space.) The interaction exchanges the closest
pairs similarly as in Sec. 4.2, but now "“the closest" refers to the distance in the y-direction, and
there is no exchange if the closest distance is larger than .

In addition, now interaction is defined such that only the x-coordinates of the particles are
exchanged. By choosing the same initial conditions at t = 1 as in the non-interacting case (Fig.
1), the results of a numerical simulation with the interaction are presented in Fig. 3. We see that
with interaction (Fig. 3) S, starts to increase at earlier times than without interaction (Fig. 2).

5 Discussion

In this paper, we have used the toy model based on the baker's map to demonstrate features
which seem to be valid for general systems described by reversible Hamiltonian mechanics.
Clearly, for such systems one can freely choose either final or initial conditions, but one cannot
freely choose mixed initial-final conditions. Mixed initial-final conditions are conditions when
canonical variables for the first part of particles are defined in initial state and canonical
variables for the second part of particles are defined in final state. For most such mixed initial-
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final conditions, an appropriate solution (of the Hamiltonian equations of motion) does not exist.
Similarly, our toy model suggests that for most Hamiltonians with weak interactions, the number
of solutions with given coarse-grained initial-final conditions is much smaller then the number of
solutions with only coarse-grained initial or only coarse-grained final conditions. This explains
why, in practice, we never observe subsystems with opposite arrows of time, i.e., why the arrow
of time is universal.

In a sense, this destruction of opposite arrows of time is similar to ergodicity. Both properties are
valid for all practical purposes only, they are not exact laws. They are true for most real systems,
but counterexamples can always be found [21, 22]. . Also, they both may seem intuitively
evident, but to prove them rigorously is very difficult. For ergodicity the relevant rigorous result
is the KAM (Kolmogorove-Arnold-Moser) theorem, while for the destruction of the opposite
time arrows a rigorous theorem is still lacking.

Our results also resolve the "contradiction” between the Prigogine's
""New Dynamics" [20] (discussed in Sec. 3.3 of the present paper) and Bricmont's comments
[26]. Dynamics of interacting systems we can be divided into two types of dynamics:

1. Reversible ideal dynamics is considered with respect to the coordinate time, in which case
entropy can either decrease or increase.

2. Irreversible observable dynamics is considered with respect to the intrinsic time arrows of
interacting systems, in which case entropy increases as we can see above.

In the framework of this terminology, the Prigogine's *"New Dynamics" [20] is one of the
forms of the observable dynamics, while the Bricmont's paper [26] considers ideal dynamics. In
particular, the observable dynamics does not include Poincare's returns and reversibility that are
indeed unobservable by a real observer, which makes it simpler than ideal dynamics. Yet, in
principle, both types of dynamics are correct.

It should also be noted that our results are not in contradiction with the existence of
dissipative systems [27] (such as certain self-organizing biological systems) in which entropy of
a subsystem can decrease with time, despite the fact that entropy of the environment increases.
The full-system entropy (including the entropies of both the dissipative system and the
environment) increases, which is consistent with the entropy-increase law. For such systems, it is
typical that the interaction with the environment is strong, while results of our paper refer to
weak interactions between the subsystems. For example, for existence of living organisms, a
strong energy flow from the Sun is needed. The small flow from the stars is not sufficient for
life, but is sufficient for the decorrelation and for the alignment of the time arrows. To quote
from [6] : “"However, an observer is macroscopic by definition, and all remotely interacting
macroscopic systems become correlated very rapidly (e.g. Borel famously calculated that
moving a gram of material on the star Sirius by 1m can influence the trajectories of the particles
in a gas on earth on a time scale of ps [28]).”

Appendix A. Basic properties of the baker's map

In this appendix we present some basic properties of the baker's map. More details can be found,
e.g., in [29].
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(a) (b) (©) (d)

Fig. 4. Geometric interpretation of the baker's map. (a) Initial configuration. (b) Uniform
squeezing in vertical direction and stretching in horizontal direction by a factor of 2. (c) The final
configuration after cutting the right half and putting it over the left one. (d) The final
configuration after two iterations.

A.1 Definition of the baker's map
Consider a binary symbolic sequence.

S 5081.8,:8,,8,,8; ... (25)

infinite on both sides. Such a sequence defines two real numbers

x=055,8,.. y=0S5,5,5,.. (26)

The sequence can be moved reversibly with respect to the semicolon in both directions. After the
left shift we get new real numbers

xX'=2x-[2x], = %(y +[2x]), (27)

where [x] is the greatest integer less than or equal to x. This map of unit square into itself is
called the baker's map.

The baker's map has a simple geometrical interpretation presented in Fig.4. There (a) is the
initial configuration and (c) is the final configuration after one baker's iteration, with an
intermediate step presented in (b). The (d) part represents the final configuration after two
iterations.

A.2 Unstable periodic orbits

The periodic symbolic sequences (0) and (1) correspond to fixed points
(x,y)=(0, 0) and (x, y) = (1, 1, respectively. The periodic sequence (10) corresponds to the
period-2 orbit {(1/3, 2/3), (2/3, 1/3)}. From periodic sequence ...001; 001... we get {(1/7, 4/7),
(2/7,2/7), (4/7, 1/7)}. Similarly, from ...011; 011... we get {(3/7, 6/7), (6/7, 3/7), (5/7, 5/7)}.

Any x and y can be approximated arbitrarily well by 0.Xy...X,, and 0.Y... Yy, , respectively,
provided that » and m. are sufficiently large. Therefore the periodic sequence (Y...Y0Xo...Xn),
can approach any point of the unit square arbitrarily close. Thus, the set of all periodic orbits
makes a dense set on the unit square.
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A.3 Ergodicity, mixing, and area conservation

Due to stretching in the horizontal direction, all close points diverge exponentially under
the baker's iterations. In these iterations, a random symbolic sequence approaches any point of
the square arbitrarily close. In general, such an ergodic property can be used to replace the
““time" average <A> by the “ensemble" average

(4)= Z Ax,.9,) = [ AGx )Yl v) = [ 4G, y)o(x, y)dxdy, (28)

where du(x,y) is the invariant measure and p(x, y) is the invariant density for the map. For the
baker's map, p(x, y)=1.

Under the baker's iterations, any region maps into a set of narrow horizontal strips. Eventually,
it fills uniformly the whole unit square, which corresponds to mixing. Similarly, reverse
iterations map the region into narrow vertical strips, which also corresponds to mixing.

During these iterations, the area of the region does not change. This property is the area
conservation law for the baker's map.

A.4 Tloka3zarenu crenenu JIamyHoBa, cxkuMauecss
PacTAruBaKOIIUECs HANIPABJICHU S

If x{" and x{*’have equal k first binary digits, then, for n<k,

x’Sz) _ xr(ll) _ 2n(x(§2) _ x(()l))z (x(gz) _ x(()l))enlogZ , 29)

where A= log 2 is the first positive Lyapunov exponent for the baker's map. Consequently, the
distance between two close orbits increases exponentially with increasing n, and after k iterations
becomes of the order of 1. This property is called sensitivity to initial conditions. Due to this
property, all periodic orbits are unstable.

Since the area is conserved, the stretching in the horizontal direction discussed above
implies that that some shrinking direction must also exist. Indeed, the evolution in the vertical y-

direction is opposite to that of the horizontal x-direction. If (x(()l), y(()l)) and (x((]z), y(()z)) are two

points with x(()l) = xgz) , then

Oy =27 (3 = )= () = yP)er e a0

Hence A= —log 2 is the second negative Lyapunov exponent for the baker's map.

A.5 Decay of correlations

Since x -direction is the unstable direction, the evolution in that direction exhibits a decay of
correlations. The average correlation function C(m) for a sequence X is usually defined as
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C(m)=lim Z( Xxk+m— ) (31)

where< > = lim Zxk /n . Correlations can be more easily calculated if one knows the invariant

n—ya0

measure p(x), in Wthh case

C(m)= [ (e = e ()= (x))dua(x), (32)

where /" (x) = x,, is the function that maps the variable x to its image after $m$ iterations of the
map. For the baker's map du(x)=dx, so we can write

om g (j+1)27"

Cm)=3 [(e=(x))2mx=j-(x))ax, (33)

J=0 - jom
which yields
ral 3 i i i (j+1)27"
Cm)= 3| 2" = (2" () + (1) 5+ (x) x| () 64
Jj=0 o

For the baker's map <x>=%, so the sum above can be calculated explicitly
2—m

ctm=";

(35)

This shows that the correlations decay exponentially with m. The Pearson correlation for the
system is given by

r(m)=C(m)/Cc(0)=27" (36)
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Chapter 2. The Universal Arrow of Time: Quantum

0.

Mechanics

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 Hamilton mechanics, for overwhelming majority of real
chaotic macroscopic systems, alignment of their thermodynamic time arrows occurs because of
their low interaction. This fact and impossibility to observe entropy decrease at introspection
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explain the second law of thermodynamics. The situation in quantum mechanics is even a little
bit easier: all closed systems of finite volume are periodic or nearly periodic. The proof in
quantum mechanics is in many respects similar to the proof in classical Hamilton mechanics — it
also uses small interaction between subsystems and impossibility to observe entropy decrease at
introspection. However, there are special cases which were not found in the classical mechanics.
In these cases one microstate corresponds to a set of possible macrostates (more precisely, their
quantum superposition). Consideration of this property with use of decoherence theory and
taking into account thermodynamic time arrows will introduce new outcomes in quantum
mechanics. It allows to resolve basic paradoxes of quantum mechanics: (a) to explain the
paradox of wave packet reduction at measurements when an observer is included in the system
(introspection) (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);
(c) to prove full equivalence of multi-world and Copenhagen interpretations of quantum
mechanics; (d) to explain deviations from the exponential law at decay of particles and pass from
one energy level to another (paradox of a kettle which will never begin to boil).

1. Introduction

First of all, it is necessary to note that in our paper, unless other is stipulated, 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.
The full system can be also described in terms of quantum mechanics laws.

In our previous paper [1] we considered alignment of thermodynamic 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 quantum mechanics is
the same as in the classical mechanics. It is “entangling”” and “decoherence” [2-3, 17, 24-27],
that is, low interaction 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 quantum 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 interpretation, or (b) presence of multiple
worlds in case of multi-world interpretation.

Indeed, quantum mechanics has the principal difference from classical one: if in classical
mechanics one microstate corresponds to just one macrostate, then in quantum mechanics one
microstate (a pure state characterized by a wave function) can correspond to a set of macrostates.
(In other words, this microsate is superposition 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 macrostates corresponding to them which are included into the superposition)
with corresponding probabilities. Evolution of these superpositions and mixed states is different.
This difference is related to presence of interference terms for superposition (or quantum
correlations of the worlds for multi-world interpretation). Although this difference is very small
for macroscopic bodies, yet it exists. What would prevent to observe this difference
experimentally? The same reasons that prevents to observe entropy decreasing because of
alignment of thermodynamic time arrows!

Indeed, the more the detailed analysis below shows that experimental 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
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observer is not included in the observed macrosystem, because of alignment of thermodynamic
time arrows of the observable system and the observer/environment during decoherence. Almost
full isolation of the macrosystem from environment / the observer is necessary between
observations.

Also, small manifestations of the interference (quantum correlations) at entropy increase
cannot be observed at introspection in principle (at introspection the full observation will be
impossible — only macroparameters can be measured exactly, the full measuring is impossible).
They are very difficultly observable for the external observer case because of decoherence with
the observer/environment.

2. Qualitative consideration of the problem.

The reason of alignment of thermodynamic time arrows in quantum mechanics, as well as in
classical mechanics, is low interaction between real chaotic macroscopic systems. It is a well
studied phenomenon 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 a thermodynamic time arrow is defined by the direction of the entropy increase). 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
perturbations. These perturbations exist between the observer/environment and the observed
system (decoherence).

Similar arguments in the case of quantum mechanics were given in Maccone’s paper [4].
However, therein he formulated that the similar logic is applicable only in quantum mechanics.
Incorrectness of this conclusion was shown in our previous papers [1, 5]. The other objection to
his judgments was formulated in paper [6]. Therein small systems with strong fluctuations are
considered. Alignment of thermodynamic time arrows does not exist for such small systems. It
must be mentioned that both Maccone’s replay to this objection and the subsequent 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 classical one: chaotic quantum
systems are nearly periodic systems. Their chaotic character is defined by the fact that the
energies (eigenvalues of a Hamiltonian determining “frequencies” of energy modes) are
distributed over the random law [8].

One can often see a statement that behavior of quantum chaotic systems differs very strongly
from that of classical ones. It is, however, a bad mistake related to deep misunderstanding of
physics of these systems. Really, quantum chaotic systems are nearly periodic, whereas classical
chaotic systems are characterized by the random law for Poincare’s returns times.
Thermodynamic time arrows of the observer and the observable system have the same direction.
Therefore, the observer is capable to carry out observation (or introspection) 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 capable to carry out
observation during this time) the behavior of chaotic 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
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the entropy decrease. Thus, decoherence and the correspondent alignment of thermodynamic
time arrows of the observer and observable systems shall also lead to the syncs of moments
when the systems pass from pure states to mixed states. Consequently, 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 aspects similar to consideration in classical mechanics.
However, consideration 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 measurements when an observer is included
in system (introspection) (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); (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 (paradox of a kettle which will never begin to boil).

As it is described above, in quantum mechanics the solution of the problem of alignment of
thermodynamic time arrows is similar to that in classical mechanics. But there is one important
exception. 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 corresponding 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 different worlds. These parallel worlds exist simultaneously
and interfere (summing to each other). It is suggested as a solution of “Schrodinger cat” paradox.

But then the following question appears: Why do we need to suppose simultaneous existence
of these worlds? Instead we can say: “The system collapses in one of these macrostates with the
probability defined by Bohr’s rules. Why do we need these mysterious parallel worlds?”” This
point of view is named Copenhagen Interpretation.

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.
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).

But here it is possible to object to it: “Yes, we don’t have any collapse mechanism. But 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 calculate any physical situation without this
knowledge”.

But 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 specify 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 described above resolves the problem only partially. It “separates” macroworlds not
completely but leaving this small "overlapping".

3. There are specific models of collapse (so-called GRW theory [16]). They can be verified

experimentally. But until now, such experiments did not give any proof of existence of such
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collapse. They give only boundaries on parameters for such models (in the case when they are
really true) defined by accuracy of the experiment.

But it is possible to object again:

1. Yes, there is a problem to define exact collapse times. But exactly the same problem does
exist in multi-world interpretation as well: in what instant does the observer see, in what of
the possible worlds he has occurred?

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. So, he can conclude all predictions of the future
(based on Bohr’s rules) only on knowing of “his” world. But due to "overlapping" of the
worlds (even just a small one) some effects appear which cannot be based on his predictions.
It means that quantum mechanics cannot give even an exact probabilistic prediction.

3. It is possible to add one more uncertainty that exists in both interpretations. 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 fo uncertainty of predictions done by means of
quantum mechanics. It cannot be inserted even within probabilistic frameworks based on Bohr’s
rules. This uncertainty is very small for macrobodies but it exists. It exists for al/l interpretations,
yet masking and changing its form.

The majority of interpretations are developed with aim of overcoming these problems.
Actually, different interpretations only “mask” the uncertainty problem yet not solving it.

4.  All which is 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 Interpretation resembles GRW very much but one important feature is very much
different from GRW. The Copenhagen Interpretation postulates the collapse only for one final
observer. It does not demand the collapse from the remaining macroobjects and observers. P

A physical experiment is described from a point of view of this final observer. 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 observers and macrobodies. Direction of his thermodynamic time arrows
is chosen as "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, the existence of
the collapse in GRW can be verified experimentally, but existence of the collapse in Copenhagen
Interpretation cannot be proved or disproved even in principle. Let us demonstrate it. We will
consider mental experiments which allow verifying existence of the collapse predicted in GRW.
Further we will demonstrate that these experiments cannot be used for verification of the
collapse in the Copenhagen Interpretation.

a. Quantum mechanics, as well as classical, predicts Poincare's returns. And, unlike classical
chaotic systems, the returns happen periodically or almost periodically. But because of the
collapse in GRW such returns are impossible and cannot be observed experimentally, i.e. this
fact can be used for experimental verification.

b. Quantum mechanics is reversible. At a reversion of evolution the system must return to the
initial state. However, the collapse results in irreversibility. This fact also can be verified
experimentally.

c. We can observe experimentally the small effects related to the small quantum correlations
which exist even after decoherence. In GRW this small effects disappear.
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Suppose that we want to verify the collapse of the final observer in the Copenhagen
Interpretation. Hence, we must include the observer 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 methods described above:

a. Suppose that the observer waits for the return predicted by quantum mechanics. But the
observer is included into the system; i.e., at Poincare's return, he will return to his initial state
together with the entire system. Hence, his memory about his past will be erased. So, 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 reversion of system evolution.

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

As a matter of fact, the first two items (a., b.) are related to a following fact which took place
also in classical mechanics [1]. Decoherence (decomposition 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 introspection 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 experimentally distinguish 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 experimentally verify the difference
between the Copenhagen and Multi-world Interpretation, so they can be regarded as equivalent.
Such statements about indistinguishability of these interpretations meet in the literature.
However, in cases when this fact is not just stated but attempts are made 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 impossibility is lacking. This incorrect
understanding is a basis for erroneous deduction about «exclusiveness» of Multi-world
Interpretation. We will demonstrate the clearest example [9]:

"MWI proponents might argue that, in fact, the burden of experimental 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 proposals 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
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when at least one macroscopic object is in macroscopically 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 Ce0), 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 experiment should
involve the interference of states which differ in a macroscopic number of degrees of freedom:
an impossible task for today's technology".

The given proof of principal experimental unverifiability of collapse 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 "Goedel" theorem of impossibility for quantum mechanics. Both its
statement and its method of its proof really remind “the Goedel theorem of incompleteness”.

We concentrate on this problem so much here for the following reasons. Firstly, the
impossibility to experimentally distinguish the Copenhagen and Multi-world Interpretations is
closely related to the entropy increase law and the thermodynamic arrow of time. Secondly, 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 was already described above is one of such problems of quantum mechanics. It means that
quantum mechanics using Bohr’s rules is characterized with small uncertainty connected to
small quantum correlation of the observer. How are they solved actually? These results can be
concluded from the fact that the specified uncertainty exist in idea/ dynamics over an abstract
coordinate time. This uncertainty is absent in observable dynamics over the observer'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 (quantum
correlations). So, 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. So, quantum mechanics can be verified experimentally in precise
way. Such unpertrubative observation is possible for macrobodies only theoretically. The
necessary condition is a known initial state (pure or mixed) (Appendix A).

b. The observed system is open. It means that there is a low interaction between the observable
system and the observer/environment. This low interaction masks uncertainty (specified in points
1 and 2) and makes impossible its experimental observation.

Here it is necessary to return to the uncertainty described in item 3. 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 to describe such open or incomplete systems? It is made
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 reduction, 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 macroscopic non-equilibrium observer, weakly interacting with observable
system and an environment (decoherence). Ideal dynamics is considered with respect to abstract,
coordinate time. The problem of the pass from ideal to real dynamics is successfully solved in
other papers [14-15, 17-18]. Selection of macrovariables is ambiguous, but also is not arbitrary.
Macrovariables should be chosen so that at entropy increase random small external noise did not
influence considerably their dynamics. Such macrovariables exist and are named pointer states
[3, 17]. Presence of the selected states is a result of interaction locality in the real world. It means
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that close particles interact stronger than far particles. If the force of interaction were defined, for
example, by closeness of momentums the principal states would be absolutely different. So, the
property of a locality is untrue over distances comparable with wave length. So, radio waves
have field pointer states, strongly differing from particles pointer states. The situation described
here is completely equivalent to [1] where "appropriate" macrostates for classical mechanics
were considered.

What can be an example of observable dynamics for quantum systems? 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, the collapse in this case will be seen differently for
such different observers. This appearance is named “paradox of Wigner’s friend”. This
appearance of ambiguity of the collapse in the Copenhagen Interpretation can be named
“Quantum solipsism”. It is named 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 decrease synchronously, because of alignment of thermodynamic time arrows. The
collapse corresponds to entropy increase (one macrostate replaces on a set of possible
macrostates). Hence, low interaction (decoherence) between macrobodies yields not only
alignment of thermodynamic time arrows but also sync of all moments of “collapse” for different
observers. It makes “Quantum solipsism” for macrobodies although theoretically possible but
extremely difficult to be realized in practice. Thus, this resolution of “Quantum solipsism” by the
collapses differs from Copenhagen Interpretation where the observer's collapse cannot be
prevented even theoretically. Thus, the GRW theories described above are the description of the
real observable dynamics of macrobodies (FAPP dynamics) for quantum mechanics. It throws
out effects not observed in reality. It is, for example, non synchronism in the macrobodies
collapses moments and entropy decrease that are predicted by ideal dynamics.

“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 character 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 exponential law. So, when the number of measurements of a decaying
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 decaying 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. It is reached by increasing the interval between observations. It must be
comparable with a mean lifetime of unperturbed particles. For such large intervals of time, we
get real observable dynamics of decay. It is featured 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 y (a pure state), and trajectories are evolution of a wave
function in time. In classical mechanics a macrostate corresponds to a function of density
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distribution in a phase space. In quantum 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:
1 9Py
ot
where L is the linear operator:
Lp=Hp-pH=[H p]
and H is the energy operator of the system,
N is a number of particles
3) If 4 is the operator of a certain observable, then the average value of the observable can be
found as follows:
<A4A>=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: {A[, Ag, ceey AM},
Where M <<N
These macrovariables are known with finite small errors:
AA; <<A; 1<i<M
This set of macrovariables corresponds to a macrostate with a density matrix pye;.
All microstates answering to requirements
{| <A>-A;| <44, | <A> - Ax| <44y, ..., | <Ay - Au | S AAu}
are assumed to have equal probabilities.
Corresponding to thermodynamic equilibrium is a macrostate pg. It corresponds to a set of
microstates satisfying to the following requirement:
| <E>-E|<AE(4E<<E),
where FE 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=-ktr(plnp),
where #r stands for matrix trace.
Entropy defined in such a way does not change in the course of reversible evolution:
oS
—=0
ot
6) Macroscopic entropy is defined as follows:
a) For current p we find all corresponding sets of macrovariables

=Lpy,

set

4V ={A{”,A2(”...,A,(})}AA{” <AV 1<i<M

AL = U4 AP A << AV 1<i< M

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

¢) Macroscopic entropy S =-k tr (pse; I pser)
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.
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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 (pc.qr) 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 obtain p..,. So entropy:

S:’k tr (pcoar ll’l pcom)

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:SOb+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 equilibrium) and does not change its
direction.

3.2.2 Alignment of thermodynamic time arrows at interaction of
macrosystems (the observer and the observable system)

It ought to be noted that here our job is much easier than in the case of classical mechanics.
This is due to the fact that the quantitative theory of small interaction between quantum systems
(decoherence, entangling) 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. The theory of decoherence [2-3, 17, 24-27] states that
small interaction 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 disappears. Such process of vanishing quantum superposition of pointer states
corresponds to the entropy increase. It follows from Poincare’s theorem that the system (in
coordinate time) should return to its initial state. There should be an inverse process of
recoherence. But 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 processes decoherence and time arrows will be synchronous in interacting subsystems.
It is especially worthy of note that we consider here a case of macroscopic systems. For small
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systems where large fluctuations of parameters are possible, similar alignment of thermodynamic
time arrows and the instances of “collapses” for subsystems is not observed [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 behavior of a quantum system is completely equivalent and is indistinguishable
from behavior 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
are not reduced 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. But they are
perfectly featured over macroscale by a mathematical 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 temperatures, quantum mechanics of’
heavy-weighed particles gives the theory of classical particles as pointer states (electron beams,
for example). On the other hand, /ight-weighted particles give the classical field as pointer states
(radiowaves). And these theories do not include Planck’s constant.

However, at high temperatures when radiation achieves high frequencies, light quanta are
featured by the theory of classical particles as pointer states. They give, for example, a spectrum
of absolute 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 formalism is not necessary (Planck derived this spectrum knowing nothing about the
mathematical apparatus of quantum physics).

Vice versa, at low temperatures the particles start to be featured by classical fields as pointer
states (superfluidity or superconductivity phenomena). For example, superconductivity is
featured by classical wave of "order parameter". And 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. But the square of their amplitude does not define probability density. It defines
density of Cooper pair. Such wave cannot collapse at measurement, 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. The word "classical" is understood as
a mathematical apparatus of the observable dynamics featuring their behavior, but not presence
or absence of Planck’s constant in their equations of motion.

What happens in the intermediate states between classical fields and classical particles? It is,
for example, light in an optical wave guide (L>> A>> Ayjrraviolet), Lopt - the characteristic size of
the macrosystem (the optical wave guide) (Appendix B), A - light-wave length, Ayjavioler- 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.
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Let E be energy of particle; k -Boltzmann constant, T-temperature, p - momentum, Ap -
momentum uncertainty, A - particle wave length, o-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 a ~ (L*/N) ”, N-number of particles in the cavity. ¢ - speed 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; ® =E/h

Hence,

h ~ ApAx ~ pA ~kTAMc => A ~ he/kT

Condition of classical field approach with frequency o ~c/A:

L <) or L ~A. Hence L <hc/kT or L~hc/kT

Condition of approach of classical relativistic particles with E~hc/A and p=E/c:

L>> A. Hence, L>> hc/kT

2) Secondly, let us consider heavy particles bosons which at room temperature have the speed
v<<c¢

1 (Em)l/z; E~KT; p ~ Ap; A ~ Ax; ApAx ~ h; o =E/h

Hence,

h ~ ApAx ~ ph ~ (kTm)”*A => A~h /(kTm)"

Condition of classical field approach with frequency o =p*/(m h):

L <\ or L ~A. Hence L <h /(kTm)” or ~h/(kTm)”

Condition of approach of classical particles with energy F=p*/(2m) and momentum p=mv:

L>> \. Hence, L>> h/(kTm)”

3) Let us consider now heavy particles fermions which at room temperature have the speed v <<c
p ~(Em)”; 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,

h ~ ApAx < ph ~ (kTm)”*A => 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 <Ty: E~Er=kTg; A~ h/(Epm)”~ a

Requirement of classical field approach:

L <A or L~A. It is impossible! L>> a >\

Requirement of approach of classical particles in quality pointer states with energy E=p*/(2m)
and momentum p=mv at T>TF.

Requirement of approach of classical particles in quality pointer states, prisoners in «boxesy»
with size a, with energy E~Er and momentum p~ (Epm)'/z at T<Tr.

At T~Tf we 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 quantum
superposition of pointer states, as it is usually erroneously declared. Really, the state of bosons
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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 uy (7, ..., 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:

iE(V
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The united equation is following:

) = (L ) =

i(EfV+EY)

DX (1l (Ll Je 7
k1

At presence of small interactions between the systems
(1) —
W) =

iE,
L,

DD Sl bt e
k1

E,=EV+E* +Q : . _
where ~H k ! K Qu-generally a set of random variables, f;, u, v; are eigenfunctions

of corresponding Hamiltonians.

The obtained solutions are almost-periodic functions. The obtained 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 consider 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. Besides,
return to the initial state erases the memory about the past. It does not allow the observer to
detect entropy reduction. Thus, reduction of entropy and returns happen only with respect
to coordinate time. But any experiment is possible with only with respect to time arrow of
the observer. With respect to coordinate time entropy reduction and returns cannot be
experimentally observed [1, 10-13].

b
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2) External observation with small interaction between macrosystems: Small interaction
results in alignment of the thermodynamic time arrows of the observer and observed
systems. Accordingly, all arguments that are relevant for introspection again become
relevant for this case.

3) 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
considerably on the initial state. However, this real difference in behavior 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
equilibrium) and does not change the direction.

3.4 Decoherence for process of measurement

3.4.1 Reduction of system at measurement [22-23].

Let’s consider a situation when a measuring device was at the beginning in state | o>, and the

object was in superposition of states |y> = ) cilyp, where | yp = are experiment eigenstates. The

initial statistical operator is given by expression

o=y |ao><oio] <y (1)
The partial track of this operator which is equal to statistical operator of the system, including

only the object, looks like

tra(Po)=2n<@n|PolPr>

where | ¢, >- any complete set of device eigenstates. Thus,

tra(po)=2. [W> <@alto> <0t0|pn> y|=|y> <y, )

Where the relation )’ | ¢,>< ¢, | = 1 and normalization condition for | 0> 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

=Y cie™ [y o] 3)
And the statistical operator is given by expression
po=P> P|=Xcic; e Py o <oy (€))

The partial track of this operator is equal to
tra(P)=2nPu| p [Ow> =
=Xpcici, € i {Tn @u |ai><05l0w Fys|=

=2.6)Cic; O [Wir 5)
(Since various states | a; > of device are orthogonal each other); thus,

2
tra(p)=2[ci["[wir<wil. (6)

We have obtained statistical operator including only the object, featuring probabilities |ci|* for
object states | yi>. So, we come to formulation of the following theorem.

Theorem 1 (about measuring). If two systems S and 4 interact in such a manner that to each
state | ;> systems S there corresponds a certain state | a;> of systems A the statistical operator tra
(p) over full systems (S and 4) reproduces wave packet reduction for measuring, yielded over
system S, which before measuring was in a state | y »= Y ici| v p.
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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. [18, 84]

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 | 0> should be described by some statistical distribution on
microscopic quantum states | oy, ¢>; the initial statistical operator is not given by expression (1),
and is equal

po=Yups| W a0, <05 |y | %)
Each state of the device | 0o, s> will interact with each object eigenstate | yi>. So, it will be
transformed to some other state | o, >. It is one of the quantum states of set with macroscopic
description correspondent to arrow in position 1; more precisely we have the formula

(ol ao.0) =™y o (8)

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

From formulas (7) and (8) follows that at [y»= ) ici|yi> the statistical operator after measuring will
be given by following expression:

p=Y sippscici ¢ [yl ai o [y ©)
As from (9) the same result (6) can be concluding. So we see that the statistical operator (9)
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 | y;>| a; »» and | y;j>| a;, »» do not
depend on r and s. Average value of such macroscopic observable variable 4 is equal to

tr (pA) =¥, iy psciey € "0 aoy sy jIA Ty o] o0 =

= . cicj ai X pse Y (10)
As phases 0; ¢ are distributed randomly, the sum over s are zero at i#j; hence,

tr (pA) =Y [ci*ai=tr (p' A). (11)
where

p' =3 [cif poly ol oo sl (12)

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 | a; s»>. The probability
to find state | o s> is equal to probability of that before measuring its state was | a; 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 p and 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].
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It is worth to note that though Eq. (12) is relevant with a split-hair accuracy it is only
assumption with respect to (9). 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 (12), and should return to the initial state (7). It is the result of the very small
corrections (quantum correlation) which are not included to (12). Nevertheless, the system
featured here | 0; 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, 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 (7) to (12) corresponds to increasing of microstates number and entropy growth.
And the pass from (12) in (7) 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 (4. 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 (4. C) describes well the behavior of macroentropy in time:

S(4: C) =S (pa) + S (pc) =S (pac).

Where S =-tr (p Inp),

The second value 7 (4: C) is the classical mutual information. It defines which maximum
information about measured system (F) we can receive from indication of instrument (£;). The
more correlation exists between systems, the more information about measured system we can
receive:

1 (A C) = maxEl-@p_,-H (EIF}), where
H (E;: Fy) = 2Py log P =2 jp; log pi =2 jq;log q;

andP,~j= TI"[E,’ @F}pch,pl:Z}PU and q; :ZiPij

given POVMs (Positive Operator Valued Measure) E;and F; for A and C respectively.
Maccone [4] proves an inequality

SA:C)>1(A: C)(13)

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

But (13) 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 (13) 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 (7)

S (A: C) =-Yps log ps +0 + Y, log p=0
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Ej;-corresponds to the set | ag, s>, Fj - | y»

1(A: C) =-Ypslogps +0 + > pslog p=0= S5 (4: C)
In the end of measurement from (12)

S(4: C) = - Yilei’ log |ei)’ - X, ilcil’ps log |ei’ps + X, ilcil’ps log |ei’ps = - Yileil’ log |eil?

Ei-corresponds to the set | ai s>, £ - | yp
1(4: C) = - Yilcil’ log |cil’ - X, e ’ps log |cil*ps + X, ilcil*ps log |ed’ps =
- Yileil? log |cif* =S (4: C)

Thus, our case corresponds to

1(4:C)=S8(4: C) (14)
in (13). No problems exist for our case. It is not surprising — the equality case in (13)
corresponds to macroscopic chaotic system. The system supplied by the objection [6] is not
microscopic. It demonstrates the widely known fact that such thermodynamic concepts as the
thermodynamic time arrows, the entropy increase 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
(14). 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. But the Thermodynamic Arrow of Time is not applicable for
microsystems. 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 authors write: "We examine in detail the case of three
qubits, and also propose some simple experimental demonstrations possible with small numbers
of qubits." But no thermodynamics is possible for such a microsystem. D. Jennings and T.
Rudolph (like Maccone) don't 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 Dilemma"”. The correct reply is that no contradictions (found in
this Comment) appear for macroscopic systems. Only for a microscopic system such
contradictions exist. But the concepts “the Thermodynamic Arrow of Time” and “the entropy
growth law” is not relevant for such systems. We illustrate this fact by consideration of a
quantum chaotic macrosystem and demonstrate that no contradiction (found by David Jennings,
Terry Rudolph for a microscopic 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 macroscopic system (considered in Thermodynamics) must also
be chaotic (quantum or classic) and has small chaotic interaction with its environment/observer
resulting in decoherence (for quantum mechanics) 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 can be found in the references of Jennings’s and Rudolph’s paper. The other nice
example is Shannon’s entropy in information theory. But usually an author (using such a
thermodynamic-like terminology) does not consider such a paper as analysis of classical
Thermodynamics. Contrarily Jennings and Rudolph “disprove” the second law of
Thermodynamics on the basis of the irrelevant microscopic system (in their Comment) and give
(also in this Comment) the announcement of their next paper «Entanglement and the
Thermodynamic Arrow of Time" as a correct consideration and a disproof of the second law.
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4 Conclusion

In this paper the analysis of thermodynamic time arrow in quantum mechanics is presented. It
is in many aspects similar to the classical case. The important difference of quantum systems
from classical ones is that one microstate in quantum mechanics can correspond not to one
macrostate but to a set of macrostates. It is referred to as quantum superposition of macrostates.
For this case considering 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 classical
mechanics

It is often possible to meet a statement that in classical mechanics, in principle, it is always
possible to organize unpertrubative observation. On the other hand, in quantum mechanics
interaction of the observer with the observable system at measurement is inevitable. 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 system after measurement can have a well
defined state corresponding to the eigenfunction of the measured variable). We can predict
further evolution of the initial wave function. So 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 nonperturbative 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 density 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. But an observer that doesn’t know the initial state can not
make such observation because he cannot predict the intermediate state of the quantum
computer.

Let’s 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 attempt 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 corresponds to a singular potential and an infinitesimal object. Nevertheless, similar
strongly labile systems are good classical analogues of quantum systems. Among them it is
possible to search for analogies of quantum systems and quantum paradoxes. Having introduced
a requirement that classical measuring renders very small but not zero perturbation on measured
system, 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
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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

capable 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 detonate 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 analogue of an "imponderable" wave
function of the light quantum. But the light quantum is sensitive to behavior of this
"imponderable" wave function. Equally, the grain of sand with infinitesimal radius on the cone
vertex is sensitive with respect to infinitesimally 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 o (k) is received. Here o is
frequency of a mode; k is a mode wave vector; |k | =2n/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 can not 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 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 termwise
differentiable during time L/c.
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To estimate correctly frequency of a mode o (K) it is necessary that its amplitude does not
change essentially from walls perturbation over time t>>T. T=2n/w(k) is time period of the
mode. There from we receive the requirement of cavity macroscopicity:

2m/w <<L/c

or

L>> 2n(c/w)

o - 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<2m/m=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,
r) and phases o(t, r) of modes can be received:

E (t, I') =% A (t, I') sin ((D (ki) t+kr+ 0] i(t, I'))
For vacuum:

o (k) =clk |
L>>A
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Chapter 3.The Universal Arrow of Time:
Nonquantum gravitation theory

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

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
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classical Hamilton mechanics any initial and final states are possible. Besides, there is one-to-
one correspondence between them. The situation is different with relativistic theory of
gravitation. There are 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 considered 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 in the past. Thus, there is necessity 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 thermodynamical 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
reversible. But there is also an important difference from classical mechanics. It is ambiguity of a
solution of an initial value problem: deriving a final state of a system from the complete set of
initial and boundary conditions can give multiple solutions or no solution. 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 as a result of a collapse. Hence, formation of
the black hole goes with its entropy increase.

Let’s 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 cannot exist in a reality
because of the same reasons on which processes 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 small perturbations. As a consequence, there are alignment of
thermodynamic time arrows between the white hole and the observer/environment. The white
hole transforms to a black hole for the observer. It means that the observer/environment even
infinitesimally weakly interacting with the white hole can affect considerably its evolution for
finite time. Thus the gravitational interaction of the observer/environment with the white hole is
always different from zero.

There is a well-known informational paradox here [3]: the collapse 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 conserves in a black hole disappears for ever. Is
it really so? Or, 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. But, most likely, the third answer
is true. Because of inevitable influence of the observer/environment it is impossible to
distinguish these two situations experimentally in principle! And if it is impossible to verify
something experimentally, it cannot be a topic for the science.

Actually, suppose that the information is stored in a black hole. Is it possible to resolve
informational paradox and to extract this information from it? Perhaps, we can reverse a
collapsed black hole, to convert it into a white hole and to extract the disappeared information? It
would seem impossible. But 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
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reversed black hole. But to verify that the information does not disappear we should come into
the second Universe. To do it, we need to suppose that there is some “wormhole” which
connects these two Universes. Let assume that the observer can pass it and observe the white
hole. But 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 nonreversible information losses results in the fact that the entropy
increase law turns to be an exact law of the nature within framework of the gravitational theory.
Really, here appears such a new fundamental value as entropy of a black hole. It distinguishes
gravitational theory from classical mechanics where the law entropy increase law has only
approximate character (FAPP, for all practical purposes).

The accelerated expansion of the Universe results in the same effect of nonreversible
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 absolutely without the exotic substance [7, 9]. Or, using an
electromagnetic field, allow dispensing by its small amount [8]. 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?

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 between the future and the past, a time wormhole makes them impossible. 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
topology 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 opposite directions of these time arrows [1-2]. But 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
wormbholes 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
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through the wormhole, the entropy of the travelling objects also increases: they transfer from a
more normalized state into a less normalized one. Thus, the time arrows of the object travelling
inside of the wormhole, and the time arrow of the world around the wormhole would have the
same directions. It is also true for travelling 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 traveler
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 normalized past but its
entropy increases, instead of decreasing! Hence, thermodynamic time arrows of the Universe and
of the traveler will have opposite directions. Such process at which entropies of the traveler
decreases concerning the Universe are unstable [1-2]. Hence, “memory about the past” of the
traveler 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 traveler and the Universe? Both extremities of a “wormhole” are large bodies
having some finite temperature. Both extremities under the second thermodynamics laws
inevitably should radiate light which partially penetrates into the wormhole. Already at the
moment of formation of a “time machine” (transformation of the space wormhole into the time
one), a closed light ray appears between its extremities. 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 amplified 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 traveler is destroyed. The state of the traveler 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 grandfather.

“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 thermodynamic time arrow cannot
have identical orientation with the coordinate time arrow during all travel over a closed timelike
curve. Process of alignment of thermodynamic time arrows (related to instability of processes
with entropy decrease) is this very physical mechanism which actually ensures performance of
the entropy increase law.

Macroscopic laws of thermodynamics are probabilistic. For a very small number of cases they
do not work (large-scale fluctuations). 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
paradoxes (at the sacrifice of the time machine at a pinch). The resulting space-times sometimes
... curiously remind one of the many-world pictures”.

Let’s formulate the final conclusion: for macroscopic processes instability of processes with
the entropy decrease and correspondent alignment of thermodynamic time arrows makes
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existence of initial conditions that allow travel to the past to be almost impossible. Thereby it
prevents both wormholes fracture and traveling of macroscopic bodies in the past leading to the
“paradox of the grandfather”.

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 example, gravitation
from traveler) can produce wormhole fracture for finite time!

4. Conclusions

Let’s summarize the said above. A process of observation should be inevitably taken into
account when examining any physical process. We must transform from ideal dynamics over
coordinate time arrow to observable dynamics with respect to thermodynamic time arrow of
observer. It allows us to exclude all unobservable in the reality phenomena leading to paradoxes.
Thus it is necessary 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. Dynamics 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 dynamics
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
dynamics. 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 quantum mechanics, paradoxes of Loshmidt and Poincare
in classical mechanics allow to resolve the informational paradox of black holes and the paradox
of the grandfather for time wormholes. Such remarkable 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 “wormholes”,
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, Penrose’s project of
new quantum gravitation theory, anthropic principle 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 approach.

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 as a result 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 incompleteness 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 disappears 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 experimentally.
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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 permanently 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 can
not be lost. We would expect the same result from quantum gravitation theory. But is it really
s0?

We don’t 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. So,
the information in this case is not lost.

Let’s 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 on
the whole surface of the anti-de-Sitter world (described by the conformal quantum theory) which
includes the observer as well. The observer inevitably gravitationally interacts with the black
hole and its radiation. 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 can solve the problem by including the observer in the description of
the system. But the observer cannot precisely know the initial state and analyze the system when
he is its part! So, he cannot experimentally verify the difference between unitary and not unitary
evolution. It is necessary to have complete knowledge of the system state for such verification.
But it is impossible at introspection.

In the anti-de-Sitter world Universe expansion is inevitably replaced by a collapse. But 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 reached even by light. Hence,
these parts are unobservable, and the information containing in them is lost. It again results in
unpredictability.

Thus, the experimental verification of the informational paradox becomes impossible in
principle again! In case of quantum gravitation information, conservation happens only on paper
in the ideal dynamics. In the real observable dynamics the difference is not observed
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
experimentally.

Principal difference between the conventional quantum theory and quantum gravitation theory
occurs because of inevitable gravitational interaction. In usual quantum theory interaction
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between an observer and an observed system can be made zero in principle at known initial
conditions of the observed system. In quantum gravitational systems the small gravitational
interaction with the observer is irremovable in principle: it creates principally inherent
decoherence and converts evolution of any observable system into non-unitary. Only the non-
observable ideal evolution on paper can be made formally unitary. But 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 wormbhole

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 absolutely without the exotic substance [7, 9]. Or, using an
electromagnetic field, allow dispensing by its small amount [8]. 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’s 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 infinite 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. Quantum fluctuations contain large
energies when they arise on short distances. So 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 ensures natural “blocking” of
singular fluctuations formation, restricting 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 the grandfather” be
prevented in this situation? Here it is convenient for us to use the language of the multi-world
interpretation of quantum mechanics. To prevent this paradox, the traveller should penetrate into
the parallel world where it can easily “kill the grandfather” 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? Similarly to “paradox of the Schrodinger cat, he
cannot do it because of the same reasons as in the conventional quantum mechanics [2].
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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 indistinguishable 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 situation when the traveler has perished in the wormhole or has
penetrated 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 penetrated into “the other world” through the white hole [18]. (Although this
difference is observed and essential for the traveller. But 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 theories 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 don’t know well states of the matter under high
pressures. We know that intermediate stages such as white dwarfs or neutron stars are possible
before a black hole collapse. These intermediate 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 gradual
process too. But for semi-classical gravitation it is important. 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, conserving all information without singularity. It will allow for 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 can
not be observed experimentally. So, 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 prediction 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.

3) The reduction leads not only to probabilistic laws but can lead to some more complex
uncertain behavior that can not be predicted even by a probability law.

4) Unlike to remarkable coherent quantum systems, classical chaotic 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 quantum system.
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It is worth to note that we need not a new theory for receiving all these properties. Let’s 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. Besides, classical chaotic non-equilibrium
systems possess all properties 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 inevitably 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 possessing
desirable fundamental property of non-unitary. It is experimentally equivalent to the quantum
gravitation theory.

3) Behavior 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 behavior cannot be described completely even by probability laws.

For example, let us consider quantum computers. Suppose that some person started such a
quantum computer and knows its initial state. Its behavior is completely predicted by such
person. However, for the second person who is not present at start, its behavior 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 quantum computer cannot predict
its behavior. Indeed, the inevitable gravitational interaction between the person and the quantum
computer will make such prediction impossible. Thus, “the unpredictability which is distinct
from a probability law” becomes a fundamental property of any quantum gravitation theory.

4) Unstable classical systems in many aspects remind on the properties of the quantum system
(Appendix A [2]). Moreover, mathematical 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. So it is possible to construct their observable dynamics on basis of “discrete model of
space-time”. But such dynamics would not be a new theory. For any macroscopic observer the
dynamics would be experimentally indistinguishable from the current quantum theory 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 vacuums anthropic principle is usually used [5]. It means that
evolution of the system should result in appearing an observer which is capable to observe the
Universe. But 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 equivalent 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
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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
microparameters, 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 unstable 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 possees the low entropy.

L.e., in short, evolution should result in the world that can be described 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 approach (similarly to usual quantum theory)
allows resolving the wave packet reduction problem. But this reduction in quantum gravitation
becomes a fundamental property of the theory, unlike in the case of conventional quantum
mechanics. Such approach allows considering other complicated questions of quantum
gravitation — anthropic principle, black stars.
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Chapter 5. The Universal Arrow of Time:
Unpredictable dynamics

0. Abstract: Solution of the paradox about contradiction between
reductionism and principal (not defined by complexity)
emergence on basis Godel-like theorem; Solution 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, hydrodynamic equations of viscous fluid, Boltzmann
equation in thermodynamics, and the entropy increase law in the isolated systems are irreversible and
exclude Poincare’s returns to the initial state. Besides, 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 (introspection) the
complete self-description of a state of such full system 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 broken by external noise (or being incomplete at introspection)
can be changed to predictable observable dynamics. For many systems introduction of macroparameters
that allow exhaustive describing of dynamics of the system is impossible. Their dynamics becomes
unpredictable in principle, sometimes even unpredictable by the probabilistic way. We will refer to
dynamics describing such system as unpredictable dynamics. As follows from the definition of such
systems, it is impossible to introduce a complete set of macroparameters for unpredictable dynamics.
(Such set of macroparameters for observable dynamics allowed predicting their behavior by a complete
way.) Dynamics of unpredictable systems is not described and not predicted by scientific methods. Thus,
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the science itself puts boundaries for its applicability. But such systems can intuitively “understand
itself” and “predict” the behavior “of its own” or even “communicate with each other” at intuitive level.

1. Introduction

Let’s give definitions of observed and ideal dynamics [1-4], and also 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 dynamics. Where does
this inconsistency between these kinds of dynamics come from?

The real observer is always a macroscopic system far from thermodynamic 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 interaction of the
observer with the observable system which results in alignment of thermodynamic time arrows
and, in case of quantum 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 dynamics. The ideal dynamics is formulated with respect to the abstract
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 environment/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,
1.e. we cannot use physics for prediction of the system evolution? Not at all!

Lots of such systems can be described by equations of exact or probabilistic dynamics,
despite openness or incompleteness of description. We name it observable dynamics. The most
of equations in physics — master equations of statistical mechanics, hydrodynamic equation of
viscous fluid, Boltzmann equation in thermodynamics, 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 microvariables. It
makes the dynamics much more stable with respect to errors 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 example, in case of gas such
macrovariables are density, pressure, temperature and entropy. Microvariables are velocities and
coordinates of all its molecules.

How can we get observable dynamics from ideal dynamics? It can be got either by insertion to
equations of the ideal equations of small external noise, or insertion of errors to an initial state.
Errors/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, observable 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 observable dynamics. The system
are unpredictable, because of either openness or description incompleteness. It is a case of
unpredictable dynamics [21, 29-33] considered here.
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2. Unpredictable dynamics

Let’s 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 unpredictable and complex (living) systems.

Unpredictable systems, as a result of its unpredictability, are extremely unstable with respect
to external observation or thermal noise. To prevent their chaotization, they should have some
protection 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 correlations (quantum or classical), resulting in reversibility or Poincare’s returns. They
also can conserve correlations with the surrounding world.

There are three methods for such protection:

1) The passive method - creation of some "walls" or shells impenetrable 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 active 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 Universe 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 “holographic model of Universe”.

The following facts ought to be noted:

1) Many complex systems during evolution pass dynamic bifurcation 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
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 contradiction
with current physics exists here.

2) 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 necessary. 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 observer) though it is
untrue for the observable system. Entropy decrease in the full system can happen, for
example Poincare’s returns. But they are unobservable [1-4]. Therefore, we can skip
them.

3) 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 explained 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 both by 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
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this modification. In this case the entropy growth generates appearance of systems cause
the entropy decrease.

4) Often maximum entropy production principle (MaxEPP) demonstrates 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 inconsistency,
MaxEPP does not contradict to Prigogine's minimum entropy production principle
(MinEPP) for linear non-equilibrium systems [38]. These are absolutely different
variation principles. Though for both cases the extreme of the same function (the entropy
production) is looked for, but various 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 system. MaxEPP means that dissipative
unpredictable systems (including 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.

5) Global correlations generally “spread” over a closed system with the finite volume and
result only in Poincare’s unobservable return [1-4]. However, in the presence of objects
conserving 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.

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

7) 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 interaction by “hands” during classical measurement and
small errors of an initial state erases the difference between properties of quantum and
classical mechanics (in the presence of unstable correlations of microstates).

3. Synergetic models of local correlations

Let’s consider examples of synergetic models of unpredictable systems using the passive or
active methods for protection from noise.

1) There are exceptional cases for which there is no alignment of thermodynamic time arrows
[12-13].

2) Phase transition or bifurcation points. In such points (some instance 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 unpredictable dynamics.

3) Let’s take a quantum microscopic or mesoscopic system described by ideal dynamics and
isolated from decohernece. Its dynamics depends on uncontrollable microscopic quantum

54



correlations. These correlations are very unstable and can disappear as a result of decoherence
(entangling with environment/observer). For example, let us consider a quantum system.
Suppose that some person knows its initial and final states only. Its behavior 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 behavior 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. I.e.
from the point of view of such observer, this is unpredictable 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 possible 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 cannot solve in real time. It gives rise to large hopefulness about future practical
use of quantum computers.

Quantum cryptographic 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 quantum
correlations. An external observer which has no information 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.

4) It should be emphasized that, contrary to the widespread opinion, 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 principle without any distortion of the
measured state. However, in classical chaotic systems too there are uncontrollable and unstable
microscopic additional correlations resulting in reversibility and Poincare’s returns. Introducing
some small finite perturbation or initial state errors “by hands” destroys these correlations and
erases this principal difference between classical and quantum system behavior. Such small
external noise from environment always exists in any real system. By isolation of chaotic
classical systems from this external noise we obtain classical analogues of isolated quantum
devices with quantum correlations.

There exist synergetic models of the classical computers which ensure, like quantum
computers, huge parallelism of calculations [7].

Analogues of quantum computers are molecular computers [9]. The huge number of
molecules ensures parallelism of evaluations. The unstable microscopic additional correlations
(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 unstable microscopic additional correlations for information transition. “Message” is
some classical system that is chaotic in intermediate states. So any attempt to intercept it
inevitably destroys it similarly to QM case.

5) Conservation of unstable microscopic correlations can be ensured 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 energy or substance through system. An example is
a micromaser [16] - a small and well conducting cavity with electromagnetic radiation inside.
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The size of a cavity is so small that radiation 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 eigenfunction. 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 to non-
zero radiation in steady state.

Also, in the theory of quantum computers methods of the active protection are developed.
These methods protect quantum correlations from decoherence. 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 storing 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 lifeless periodical crystal. Low entropy
disequilibrium of live beings is supported by entropy growth in environment'. It is metabolism -
the continuous stream of substance and energy through a live organism. On the other hand, not
only metabolism supports disequilibrium, this disequilibrium is itself a catalytic 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 between 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 well dynamics of live systems. But there is no proof that we are capable to
feature completely all very complex processes in the live system.

It is difficult enough to analyze real living systems within framework of concepts of ideal,
observed and unpredictable dynamics because of their huge complexity. But it is possible to
construct simple mathematical models. 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
dynamics 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 problem
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

' 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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With the help of synergetic “toy” models it is possible to understand synchronicity”
(simultaneity) of processes causally not connected [37], and also to illustrate a phenomenon of
global correlations.

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 Cosmos, 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 aren’t 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:
dp/ ot=f(p) + /v (H (p) dp/ ), (D
where p - density, N = [ p dr, r - space coordinate, ¢ - time coordinate, f{p), H (p) - non-linear
connections:
fp) —»p” 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 of structures (at > 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 (7, ¢) be polar coordinates.

prp.t)=g(t)O(Ep), E=——, 1<i<N
w(t)

1 p-o-1

g(r){l—ij " wr)=(1—1) )
T T

Number of eigenfunctions:
v=_F"1
p-o-1

? 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 number 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, statistically 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 predicting the future.”

Stephen King, "The Stand" (1990)
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For these solutions a value of function can converge to infinity for finite time 7. 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 0.9t the 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.

Fig. 1. From [35]. 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 function p.

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 function p. 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 modelling coherence of parts of our Universe.

Processes with "blow up" appear with necessary completeness and complexity only for some
narrow set of coefficients of the equation (I). (N>> 1, B> ¢ +1, B=c +1 is a 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=0.91, 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
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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 Nx/N which can be
either black or white (S;=+1). Coefficients of linear interaction between meshes J ; are 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”.

N
S(t+1)= Sign{ZJiij(t)} 1<i<N

Jj=1

Jy=J Ju=01<ij k<N

Ji?

Attractors correspond to energy £ minimum:

1 N N
E:_EZZJySiSf

=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 define 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 before, 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 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’s name this state of the composite lattice as “A-A”. Then this very 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's 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”.
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Let's suppose that prior beginning of the aforementioned three-stage process our composite
lattice was occupying a very small field of physical space. But as a result 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 leading to a total state “A-A-A”. Indeed, before “inflation” all meshes were
closed by each other. So the unstable initial correlation can be easily formed under such
conditions.

This three-level composite lattice can be compared to our Universe. 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 external 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 composite lattice can serve as
analogues of the possible global correlations of the unstable initial state of our Universe existed
before its inflation. Coefficients of interaction of the meshes correspond to the 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 remind that the anthropic principle states that the fundamental
constants of the Universe have such values that the result of Universe’s evolution is our Universe
with anthropic “beings” capable to observe 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 systems 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 observed 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 behavior 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 on the basis of fundamental physics
laws. This emergency is not result of a system complexity only.

It is shown, that this unpredictability is closely connected to existence of the complex
correlations both inside these composite systems, and with around world. Simple mathematical
models, illustrating 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 Unpredictable 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 due
to the fact that 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 considered. Therefore, we
will construct our paper as a review of problems of cybernetics as they were seen to participants
of the symposium 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 control system as some black box with a large quantity of
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internal states. Depending on internal states of the black box, different functions 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
Tnput factory Output
. * output
Control feedback
gystem

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

1) It is 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. Therefore, the strategy which would allow discovering not the most
optimum solutions but at least just “good” is necessary. At present such strategy is named as
“genetic algorithm” [3] supplied with the random generator. Also 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 either found from the previous experience or defined by the external 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 itself,
or its operations would be estimated by some external expert.

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 is 2
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 maximum n=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
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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.

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<<2" (1)
k <<n (2)

This class is small enough, so it can be realized.
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Figure 2. Exact expansion of switching functions on functions with a smaller number of

variables.
a) n=6, p=3, k=3 0) n=8, p=5, k=3

This solution is acceptable for a wide class of problems. For example, the neural network was
used for recognition of the handwritten 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 neighboring meshes (k cells). Each group arrived on input of the network with one
output. These outputs were grouped also in k the nearest groups which moved on inputs of the
network etc. As a result there were only 10 exits which yielded outcome of classification. The
specified network uses restrictions relating to “locality” of our world.

But it is possible to introduce other similar criterions restricting 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 algorithm. But 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 human-machine search are not
algorithmizable processes. They are based on human intuition. For this reason we think that the
artificial intellect is closer to Art than to Science.

Let’s 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 labor-consuming and restricted by human intuition.
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2) Human-machine search is more effective than the genetic algorithm but suffers from the two
above-mentioned problems.

Let’s consider the following lecture which is, apparently, the most prophetical and gives a
trajectory to a solution of these problems: 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 scientific 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 environment.) It
explains efficiency of restrictions on realized internal states of adaptive systems. They do not
need to invent some “library” of search functions - it is already given to them in many aspects
from their birth. These systems have happened from the surrounding world and are relating to it
already at their birth by a set of hidden connections. So, their “library” of search functions is
quite effective and optimal. The same is true for algorithms of adaptation — unlike “genetic
algorithms”, they are already optimally arranged with respect to the surrounding world. It allows
preventing search and verification of large number of unsuccessful variants. Moreover,
“purposes” of adaptive systems are not set by somebody from the outside. In many aspects they
are already arranged with respect to their search algorithms and surrounding world restrictions.

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.

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 [6-12]. So 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 introspection
cannot be made completely in principle at any our degree 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. So we are capable on such effective behavior. It creates
illusion that we are capable effectively to foresee and to calculate everything. 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.

3 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 number 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, statistically 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 predicting the future.”

Stephen King, "The Stand" (1990)
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Hence, we should build our future systems of Al also on the basis of some similar “physical”
adaptive systems possessing superintuition. We will give here the list of properties of such
systems [9-10, 17-18].

1) 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 (correlation) both with
the surrounding world and with internal state of Al system, ensuring superintuition.

2) 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 mechanics systems quantum coherent. Such systems are capable to
conserve the complex correlations either inside of themselves or between themselves and the
surround world.

3) The internal state of the system should be closed from external observation. It is achieved, at
first, by high internal complexity of the system. Secondly, the system should change strongly the
internal state and behavior at an attempt of external observation. This property is intrinsic for
both unstable classical systems (close to chaos), and quantum coherent systems.

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

5) 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. I.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 equilibrium. So the vertical
wall of water in a waterfall is supported by its constant inflow from the outside.

6) The main purpose of such system should be its “survival”.

To use similar systems, we need not to know in details their internal states and algorithms of
operation which they will establish 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 coinciding with the
solution of problems which are necessary for us.

We see that physics becomes necessary for creation of such cybernetic Al systems. Are there
prototypes of such systems nowadays? 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 modeling specified above property of living systems are constructed “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 creative 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 accurately formulate our own purposes and problems. Without all this knowledge the Science
1s powerless. So creation of such systems more likely will be related to writing music or drawing
pictures. Only “brushes” and “canvas” will be given to us by the Science.

Are Al systems capable to solve the two abovementioned problems instead of us? For the first
problem such chances exist, but the second one cannot be solved without us in principle. Indeed,
nobody can know better than us that we want. But both these 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.
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3. 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 basis of Al.
Nevertheless, it will not be a barrier for their practical use. But a human person inevitably will
conserve his important role. It is impossible to completely to exclude him from the process.
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CoBpeMeHHas Kilaccu4yecKasi CTaTHCTHIeCKast GU3MKa, TEPMOAMHAMHUKA, KBAHTOBAS
MEXaHHKa U TEOpHs TPAaBUTAIUH -ITHPOKO U3BECTHBIC HayuHbIe Teopuu. OHU pa3pabOTaHbI U
XOpOILLIO U3YUYEHBI B TEUEHUE YK€ AOATOro BpeMeHu. OIHaKo, OHU COJIEPKaT MHOKECTBO
NapajoKCcoOB. DTO 3aCTaBJISIET MHOTO YUYEHBIX COMHEBATHCSI OTHOCUTEIBLHO BHYTPEHHEN
3aMKHYTOCTH 3TuX Teopuil. TeM He MeHee TaHHbIEe apaJOKChl MOTYT OBbITh PEIIEHBI B paMKax
yKe cyIecTBytomiei pusnku, 6e3 BBeACHHUS HOBBIX 3aKOHOB. OOCYKIEHBI APaIOKCHI, JIeKAIIHe
B OCHOBE KJIACCHYECKON CTaTUCTUYECKON (PU3UKH, TEPMOJAUHAMHIKH, KBAHTOBON MEXaHHKH,
HEKBAaHTOBOU M KBaHTOBOM I'pBUTALMU. [[0X0bI K PELICHUIO 3TUX NapaJOKCOB MPEII0KEHbI Ha
OCHOBAaHHUU CYIIIECTBOBAHMS YHUBEPCAIBHON CTPEIbl BpeMeHU Bo Beenennoit. IlepBoiii moaxon
OCHOBBIBAETCS HAa BIUSHUU BHEIIHEr0 HaOMo1aTens (MM OKpYIKaroei cpeibl), KOTOPHIi
paspylaeT KOppessiluy B CUCTEME U IPUBOAUT K BIPAaBHUBAHUIO (CUHXPOHU3ALNN) CTPE
BpPEMEHH KakK €ro, Tak U Hablto1aeMoii cucteMbl. Bropoit moaxos 6azupyercs Ha OrpaHUYEHHBIX
npeJenax caMo-Io3HaHUsl CUCTEMbI B TOM Cilyyae, KOr/la BHEUIHMM HaOo/1aTenb,
Hab01aeMasi CCTeMa U OKpY’Karolllas cpe/ia CaMH BKJIIIOYEHBI B paCCMaTPUBAEMYIO CUCTEMY.
BBojsaTcst NOHATHS HAOIIO1aEMOM THHAMUKY, MIeaTbHON JUHAMHKY, H HEMPEICKa3yeMOoi
TuHaMHUKU. PaccMoTpeH (eHOMEH CcyIecTBOBaHHUS CIOXKHBIX (JKUBBIX) CHCTEM C TOYKHU 3PCHUS
ATUX IMHAMHK. PacCMOTpEHBI NEPCIEKTUBBI IPAKTUYECKOIO HCIIOIb30BAHNS HENPEICKa3yEMBbIX
CHUCTEM JUIsl HCKYCCTBEHHOT'O MHTEJUICKTA.

Yacts 1. YHHBepcasbHaA cTpesa Bpemenu: Ciaydai
KJIACCHYECKON MEXAaHHUKHU.

0. Annoranusi: Pa3penenue napagokca 3aKkoHa pocTa SHTPONUN
B 00paTHMBIX CHCTEMAX.

Cratuctudeckast pu3uka HE MOXKET OOBSICHUTD, TOYEMY TePMOJUHAMHUYECKAsl CTpelia BpeMEeHH
CYIIIECTBYET, €CJIA HE TIOCTYJIUPYIOTCS OYCHBb CICIIHAbHBIC U HEECTCCTBCHHBIC HAYaIbHBIC
ycioBusi. OMHAKO, Mbl YyTBEPKAAe€M, UTO CTATUCTHUECKas (PU3NKA MOKET OOBSCHUTH, TIOYEMY
TEPMOIUHAMHYECKAsI CTPeia BpEMCHH YHUBEPCAIbHA, TO €CTh, IOYEMY CTpelia BPEMCHH
HalpaBJICHA B OJJMHAKOBOM HAIPABJICHUH MOBCIOAY. A UMEHHO, €CJIH Y JIBYX IOJICUCTEM ECTh
IMPOTHUBOIIOJIOKHBIC HAIIPABJICHUA CTPCJIbl BDEMCHH IICPBOHAYAJIBHO, BSaHMOHCﬁCTBHG MCXKIAY
HUMH JIeJIaeT KOHPHUTYPAIMIO CTATHCTUYECKH HEYCTOWYMBOM M BBI3BIBACT IEPEXO]T K CHCTEME C
YHHUBEpPCAJIbHBIM HAIIPABJIEHUEM CTpEibl BpeMeHU. MblI jaeM 001111e Ka4eCTBEHHbBIE apIyMEHTBI
B TI0JIb3Y TAKOTO B3MJISJIA M WILTIOCTPUPYEM UX JETATbHBIM aHATH30M "UTPYIICUHON" MOJICIH,
ocHoBaHHOM Ha "[IpeoOpazoBanunu [lexaps".

1. BBenenue

[TpoucxoxaeHue CTpenabl BpEMEHH - OJHA M3 CaMbIX OOJIBIINX HEPEIICHHBIX 3arajioK B (PU3UKE
[1-5]. XopoI110 ycTaHOBIIEHO, YTO OOJBIIMHCTBO CTPEN BPEMEHU MOXKET OBITh MIPUBEACHO K
TEPMOJIMHAMUYECKOU CTpPEJIE, HO MPOUCXO0XKICHUE TEPMOJUHAMUYECKON CTPEIIbI BPEMEHHU
OCTaeTCs TAaltHOM. A UMEHHO, CYIlI€CTBOBAHUE TEPMOJUHAMUYECKON CTPEJIbl BpEMEHU O3HAYAET,
YTO CUCTEMA HE HAXOJUTCS B COCTOSHUU C MAaKCUMAJIbHO BO3MOKHOU dHTponuei. Ho 3to
03HAYyaeT, YTO CUCTEMA HE HAXOJUTCSl B CAMOM BEPOSITHOM COCTOSIHUU, YTO HE UMEET HUKAKOTO
CTAaTHCTUYECKOTO 00bsICHeHHS. DaKT YBEITUUCHHUS SHTPOITHH CO BPEMEHEM 03HAYACT, UTO
cucTtema Oblia B 1a)K€ MEHEE BEPOSITHOM COCTOSIHUH B MPOIIIOM, YTO JIeaeT 3aady emie oonee
cnoxHoU. KOHEUHO, pOCT SJHTPOIMH CO BPEMEHEM MOXET OBITh OTHCAH, TIPH MTPEAIOJIOKCHHH,
yTo Beenennast Oblsia B COCTOSIHUM ¢ OUY€Hb HU3KOW dHTponuel BHavane. OHAaKO IPU 3TOM
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HUKaK HeJb3d 00BbACHUTH, NoYeMy BceeneHHast Hayanach ¢ TAKOTO O4YEHb CIEUAIBHOTO U
HEECTECTBEHHOI'0 HaYaJIbHOT'O YCIOBUSI.

B nenaBneit ctatbe Maccone [6] yTBep:kaal, 4To 3aj1a4a MPOUCXO0KICHUS CTPEbl BDEMEHU
MOJKET OBITh pellieHa KBaHTOBOM MexaHukoi. OH MoKasal, 4To B KBAHTOBOM MEXaHUKE BCe
SBJICHUS, KOTOPbIE OCTABJISIOT CJIe] B MaMsTH HaOmoaarens (1, ClieJoBaTeIbHO, MOTYT OBITh
U3YyYEHbI PU3UKON) SIBISAIOTCS IMEHHO TEMHU, IPU KOTOPBIX SHTpomnus yBenuunBaercs. (Cnemnyer
OTMETHUTh, UTO APIYMEHT O CTUPAHUU NaMATH HaOIroAaTess Npy yObIBAHUM SHTPOIUU U
COOTBETCTBYIOIINE MBICICHHBIE SKCIIEPUMEHTBI, PACCMOTPEHHBIE B [6], CIIOIB30BAIACh U B
OoJiee paHHUX padoTax APYTUX aBTOPOB IS pa3pemieHHs MapagoKca pocTa YHTPOITUH U
KBaHTOBOTO MapaJoKca peAyKIUU BOJIHOBOTO makeTa [7-9]). 13 atoro Maccone 3akito4aer, 4To
TakKUM 00pa3oM BTOPOW 3aKOH TEPMOJMHAMMKYU CBOJIUTCS K IPOCTON TaBTOJIOTHUH,
ABTOMATUYECKH pelasi mpodiieMy cTpenbl BpeMeHu B ¢pusnke. OqHaK0, HEKOTOPBIE C1aboCTH
apryMeHTOB, UCNOIb3yeMbIX Maccone B [6], yka3aHsl B cTaTbsx [10-12]. Kak oTBeT Ha oaHO U3
9TUX BO3paXKeHUH, B Oosee mo3aHei myonukanuu [13] cam Maccone moHsuI, 4TO €ro moaxoa
MOJIHOCTBIO HE pellaeT NpodaeMy MPOUCXOKIACHUSI CTPEIIbl BPEMEHH, IIOTOMY YTO KBaHTOBBIN
MEXaHH3M TaKke TpeOyeT KpaiiHe HEBEpOSTHBIX HAYATbHBIX YCIOBUN, KOTOPBIE HE MOTYT OBITh
00BSICHEHBI, UCXO/SI U3 €T0 API'YMEHTOB.

Bce xe, kak 1 Maccone B [13], MbI monaraem, 4To HEKOTOPbIE UJIEU, TPEACTABICHHBIE B [6] U
[13], nelicTBUTETHHO TIOMOTAIOT JIy4Ille TIOHSATH MPOOJIeMy CTpebl BpeMeHH. Llens 3Toii cTatbu
COCTOHT B TOM, YTOOBI Jlasiee pa3padoTarh, yIyUlIUTh, Pa3bsCHUTh, U PACHIUPUTH HEKOTOPHIE U3
UJICH, KOTOpBIC OBLIH MpeAcTaBleHbl B [6,11,13], 1 Takke B HECKOJIBKO OTIIMYHOM KOHTEKCTE B
(8,9, 14, 15, 16, 30]. B yactHOCTH, B 0T/IIMUKE OT Maccone B [6, 13], MBI yTBEepxKAaEM, UTO
KBAaHTOBAss MEXaHUKA HE SBJSIETCS CYIIECTBEHHBIM (PaKTOPOM ISl pa3pelieHUs ATOH MPOOIIEMBI.
[ToaToMy B 3TOM CTaThe MBI paCCMaTPUBAEM TOJIHKO KIIACCHUECKYIO0 CTATUCTHUUYECKYIO (DUBHKY.

Wnes paspemienust aToro napajaokca cienyromas. Jlaxxe npu ToMm, 4TO CTaTUCTUYECKas
¢du3rKa He MOKET OOBSICHUTD, TOUEMY TEPMOJIMHAMUYECKAs CTPEJia BpEMEHH CYIIECTBYET, 110
KpaifHell Mepe, CTAHOBUTCSI BO3MOKHBIM OOBSICHUTB, [TOYEMY TepMOJIMHAMHUYECKAs! CTpesa
BpeMEHH yHUBEpcalibHa. To ecThb, Mbl MOKEM OOBACHUTH, IOYEMY CTpeJia YKa3bIBAeT B
OJIMHAKOBOM HAIIpaBJIEHUH MTOBCIOAY. A UMEHHO, €CJIN Y JBYX IOJICUCTEM €CTh
IIPOTHUBOIIOJIOKHBIE HAIIPABJIEHUS CTPEJIbl BpEMEHU NIEPBOHAYAIBHO, B3aUMOJICHCTBUE MEK Y
HUMH JIeJIaeT KOH(PUTypaIHio CTATHCTUYECKU HEYCTOWYMBOM U BBI3BIBAET MEPEXO]] K CHCTEME C
YHUBEPCAIbHBIM HAPABIECHUEM CTPEJIbl BPEMEHH. DTO, KOHEYHO, MOJTHOCTHIO HE PEIIaeT
npoOJeMy MpOUCXOXKIeHH cTpeisl BpeMeHu. Ho, o kpaiineit Mmepe, o0erdaeT e€ perieHue.

CraThsl Opranu3oBaHa cieayoumM oopazoM. B crienyromieM pasaene Mbl IpeICTaBIsieM CBOU
TJIaBHBIC UJIeW B MHTYUTUBHOU HeTexHu4yeckor ¢opme. [Tocie sToro, B pazaene 3 Mbl u3ydaem
cratuctudeckue cporicta "[IpeodpazoBanus [lekapsa" (HEKOTOpbIE OCHOBHBIE CBOMCTBA
KOTOpOTO NpeacTaBieHbl B [IpuiioskeHnn), KOTOpoe CIIyKUT "MIpyLIEUYHON" MOJIEIbIO AT TOTO,
YTOOBI U3YYHUTh XapaKTepHbIe OCOOCHHOCTH 00OPATUMBIX Xa0TUUYECKUX [ 'aMUITbTOHOBBIX CUCTEM.
Kak moOouHsbIif pe3ynbTaT, B 3TOM pazfielie Mbl TAKXKE MPOSCHAEM Pa3HUILY MEXKIY Pa3TUYHBIMU
OTIpeNIeTICHUSIMHU TTOHATHA "dHTponuu". 3aTteM, B pasnesne 4 Mbl uzydaem 3P GeKTsl cIadbIx
B3aUMOJICHCTBUI MEXIY MOJCHCTEMaMHt, KOTOpbIe, 6€3 B3aMMOACHCTBHS, SIBOJIIOIUOHUPYIOT
cornacHo "[IpeobpazoBanuto [lekaps". B uacTHOCTH MBI OOBSICHSIEM, KaK CJIa0bIe
B3aMMOJEMCTBYSI pa3pyLIalOT IPOTUBOMOIOXKHBIE CTPEIIbI BpEMEHH MOACUCTEM, AeIas UX
HaMHOT'O MEHEE BEpOsITHBIMH, YeM B cilydae 0e3 B3auMojeicTBus. Hakoner, B paznene 5 Mbl
JlaeM KayeCTBEHHOE OOCYX/IEHUE HAIIUX PE3yJbTaTOB, BKIIIOYAs UX COBMECTUMOCTh C HAJTMYUEM
CHUJIbHOB3aMMOJICHCTBYIOIIUX CUCTEM, B KOTOPBIX SHTPOMUS MOJICUCTEMBI MOKET YMEHBIIUTHCS
CO BPEMEHEM.

2. I'1aBHBIC HEH.

AnpquHO, BCPOATHOCTD HAJIMIUA TepMOﬂHHaMquCKOﬁ CTpPCJIbl BpPEMCHU OYCHb HU3KA.
OILHaKO nacs COCTOMUT B TOM, YTOOBI AyMaThb B TCPMUHAX Y CI106HbIX BGpOﬂTHOCTeﬁ. quTLIBaSI,
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YTO TEPMOAMHAMHUYECKAs CTPEJIKA CYIIECTBYET, YTO MOXKET Mbl, HCIIOJIb3Ys CTATUCTUUECKHE
apryMEHTHI, BBIBECTH U3 3TOr0?

YToObl OTBETUTH HA 3TOT BOIIPOC, MO3BOJIBTE HAM HAa4YaTh C 3aKOHOB MUKPOCKOIINYECKOM
Teopuu. MBI miperoaaraeM, 4To TMHAMUKa MUKPOCKOIIMYECKUX CTENeHe cBOOOIbI OMUcaHa
HabopoM AudepeHInaIbHbIX YpaBHEHUM BTOPOIro nopsiaka (C Mpou3BOIHBIMU 110 BPEMEHN),
KOTOpBIE SBISIOTCS MHBAPHAHTHBIMU MPHU 00paileHu BpeMenu t — —t. Takum oOpazom, y
000X HaIpaBJIEHUN BPEMEHU €CTh allpUOPHO paBHBIE poJiu. UTOOBI ONpeAeTuTh €INHCTBEHHOE
pellieHre ypaBHEHUH TMHAMUKY JBUKCHHUS, TAK)KE HY’KHO BBIOpATh HEKOTOpoe "HadanbHOoe"
BpeMs ty, Ha KOTOPOM JOJKHBI ObITh ONpe/ieieHbl HauanbHble yeiaoBusl. ("HauanbHoe" Bpems He
00s13aTeNbHO TOKHO OBITH CAMBIM PAHHUM BpEMEHEM, B KoTopoe Bcenennas Boiwia B
cyuectBoBaHue. g 11060ro ty, B KOTOPOM OIpeAeeHbl HaYaJlbHbIE YCIIOBUS, YPaBHEHUS
TUHAMUKY JBMKEHUS €IMHCTBEHHBIM 00pa30M OMpEeNaioT cocTossiHue BeeneHHol kak mist t>
to, Tak ¥ IS t <tp). DTO - MPOCTO OOBIYHBIN CTICTU(PUIECKUN MOMEHT BPEMEHH, KOTOPBIA MOXKET
OBITh B3AT Jaxke B "Oyaymiem". J[eCTBUTENBHO, B 3TOM CTaThe Mbl IPUHUMAEM KapTHUHY
"Oounoi Beenennoit" (cMmotpwu, Hanpumep, [4, 17, 18, 19] 1 cchiiku Tam), COTIacHO KOTOPOH
Bpems He "TeueT". Bmecto 3Toro Beenennas - 3To mpocto "cratudeckuit" o0beKT B 4-Ex
IPOCTPAHCTBEHHO-BPEMEHHBIX U3MEPEHUSIX.

Koneuno, anpuopras BepoITHOCTh HEOONBIIION YHTPOIIMH B MOMEHT ty OueHb HU3Ka. Ho mpu
YCIIOBHH, YTO SHTPOIIUS, OaHHASL 8 MOMeHM t, IBIISIETCS HEOOIBIION, KAKOBA BEPOSITHOCTb, UTO
CYILIECTBYET TepMOJIMHAMHUYECKas cTpeska BpemMeHn? OHa, KOHEYHO, OYeHb BbIcOKa. OHAKO,
roJiarast, YTo SHTPONHUs B t) HU3KA, CAaMBblil BEPOSTHBII BIOOP COCTOUT B TOM, YTO IHTPOIHS
YBEJIMYUBAETCS B 000UX HATIPABJIEHUSIX C MUHUMYMOM B tg. C IpyToil CTOPOHBI, Ha MIPAKTUKE,
KOTI'Jla Mbl BpEMS OT BPEMEHH JI€1aeM U3MEPEHUs], SHTPOIUS JEMCTBUTEIBHO HU3KA, HO MPU 3TOM
HE YBENTUUMBAETCA B 000MX HaIMpaBlIeHUAX. BMECTO 3TOro oHa yBEIMYUBAETCS TOIBKO B OJHOM
HanpaBJIeHUU. DTO OOBSACHSET, IOUEMY JJIsl TAITMYHOTO MOMEHTA BPEMEHHU t) HE TOJIBKO
"HayanpHas" SHTPOMUS OMpeaeNieHa, HO U crieln(UYECKOe HAMIPABICHUE YBEINYCHHS SHTPOITUU
TaKxke onpezaenaeHo. Ha MUKpOCKOITMYECKOM YPOBHE 3TO CBSI3aHO € TeM (PaKTOM, UTO B MOMEHT ty
JUISI TIOJTHOTO OTMCAHUS HauyaJbHBIX YCIOBHUM HEOOXOIUMO HE TOJIBKO OINpPENeIUTh Ha4yalbHbIE
IIOJIO’KEHUS YaCTHULL, HO TAKXKE U UX HaYaJIbHbIE CKOPOCTH.

A Teneps HEHTPaJbHbIA BOMPOC ATOTO pasjesia. YUUThIBas, YTO B MOMEHT BPEMEHH t
SHTPONMSI HU3KA, I0YEMY SHTPONHMS B YBEJIMUHUBAETCS B ’TOT MOMEHT t) B OZJHOM U TOM K€
HaIpaBJjeHUH (IPUHUMAEMOM 3a TOJIOKHUTEIbHOE) TToBCIoy? Kazamock Obl, OoJiee BEpOsTHO,
YTO HAIPABJIEHUE YBEIMYEHUS PHTPONMH U3MEHSIETCA OT TOUKH B MOMEHT to. Eciin Tak, Torna
nouemMy MblI He HaOmogaeM 31o? JIpyruMu ciioBaMu, MOYEMy CTpeJia BpeMEHU YHUBEPCAbHA,
MMes OJTHO U TOM K€ HaIlpaBJIeHHUE MMOBCIOAY Ul JaHHOTO MOMEHTA ty? MBI Ha30BEM 3Ty
npobsieMy MpoOIeMON YHUsepcanbHOCmu cmpevl 6PeMeHU.

B 37001 cTaThe MBI yTBEpKIaEM, YTO 2714 3a/1a4a MOKET OBITh pellleHa CTaATUCTUYECKOM
dbusukoit. Kopoue roBops, Halle pereHue cieayronue. Eciim Mbl ITHOpUpYeM B3auMOICHCTBUS
MEXy pa3InYHbIMU IIOJCUCTEMAMH, TO, IPU YCIOBUH, YTO B t) SHTPOINHUS HU3KA, TO CAMbII
BEPOSATHBIN BHIOOD, IEHCTBUTENILHO, YTO HANIPABIIEHUE CTPEJIbl BPEMEHU U3MEHSIETCA OT TOUKH K
Touke. C Ipyroil CTOPOHBI, €CIU Pa3INYHbIE TOACUCTEMBI B3aUMOIEHCTBYIOT IPYT C IPYIOM, TO
3TO OOJBIIIE HE CaMblii BEPOSITHBIN BBIOOP. BMecTo TOTO, Make eciiu HanmpaBIeHUE CTPEITKH
BPEMEHHU M3MEHSETCS OT TOUYKH K TOYKE B MOMEHT t0, TO B3aUMO/IEHCTBHE 00ECTIIeYnBaeT
€CTECTBEHHbIN MEXaHU3M, KOTOPBIN BHIPABHUBAET BCE CTPEJIbI BPDEMEHH B OJJHOM U TOM XK€
HaIpaBJICHUU.

UToOb! IPOMILTIOCTPUPOBATH MAPAZ0KCa CTPEIbl BPEMEHH, YACTO UCIOB3YIOTCS MBICIICHHBIE
skcniepuMenTsl Jlommuara (mapanokc odpamenust Bpemenn) u [lyankape (Teopema o
Bo3BpaTax). COOTBETCTBYIOIINE MAPaTOKChl B KIIACCUYECKON MEXaHUKE PEIIeHbI CIIECTYIOMNUM
oOpa3om. Kiaccnueckasi MexaHuKa MO3BOJISIET, IO KpalHell Mepe B IPUHIUIE, UCKITIOYUTh
m000i#1 3¢ deKT BIUsHUS HAOMIoAaTeNsI Ha HaO o aeMyto cucreMy. OgHako, OOIBITMHCTBO
peasbHBIX CUCTEM SIBIISIIOTCS Xaomuueckumu. TakuM o0pazom, Jaxxe ciadoe BOZMYIIEHHE MOKET
MPUBECTU K SKCIIOHEHIIMAILHOMY PacXO0KJIEHUIO TpaekTopuii. Kpome Toro, cyiecTByeT



HE3HAYUTEIILHOE B3aUMO/ICHCTBUE MEXK/Ty HaOIro1aTeeM 1 Ha0rotaeMoit cuctemoid. Kak
MPOCTOM MPUMEP, PACCMOTPUM Ta3, PACIIUPSIONINICS U3 HEOOIBIIONW 00JaCTH MPOCTPAHCTBA B
Oonpmoi 00peM. B aToM mporiecce, HaymeM ¢ yBeTUdeHHeM SHTPOIINH, U3MEHEHHE BO BpEMEHH
MaKpPOCKOIUYECKUX MMapaMeTPOB YCTOMUMBO MO OTHOIIECHUIO K HEOOIBIIINM BHEIITHUM
BO3MyIeHUsAM. C Ipyroi CTOPOHBI, €CITU BCE CKOPOCTH OyAyT OOpaIieHbl, TO ra3 COXKMETCS B
HAYalbHBIM HEOOBIIONH 00BEM, HO TOJIBKO B OTCYTCTBHUE JIFOOBIX BO3MYIIIEHUH. DTOT MpoIiecc ¢
YMEHBIICHHEM SHTPOIHH OYEBUIHO HEYyCTOMUUB, U HEOOIBIIOE BHEITHEE BO3MYIIICHHE
peoOpa3oBajo ero B MpoIEcc C pOCTOM SHTpOIUU. Takum 06pa3oM, IPOIECCHl C YBETUICHUEM
SHTPOIUH, YCTOMYUBHI, & C YMEHBIIIEHUEM - HET. ECTeCTBEeHHOE ClIeZICTBHE 3TOTO - TO, YTO
HaIpaBIIEHUE CTPENIbl BPEMEHH (KOTOPOE OMpEAeNIEH0 POCTOM SHTPOIHUH) KaK HabIoaaTeNs, TaK
¥ Ha0JII0JTaeMOM CHCTEMBI BBIDABHUBAETCS K OHOMY M TOMY )K€ HAIpaBJICHUIO, H3-3a
HEN30€)KHOTO HE3HAYUTEITLHOTO B3aUMOJICHCTBUS MEX Ty HUMU. OHU MOTYT BO3BPaTUThCS Ha3a/l
K HA4aJIbHOMY COCTOSIHUIO KaK B mapajaokce Jlommuara, Tak u B nmapagokce [lyankape TOiIbpKo
BMecTe (Kak cucTema B 1eioM). Takum 00pa3oM, maMsTh HaOII0AaTeNs OKa3bIBA€TCS CTEPTOH B
KOHIIE, TOCKOJIbKY TOKE€ BEPHETCS B HCXOJHOE COCTOsIHUE. B mpoliecce 3Toro Bo3Bpara CTpesl
BpPEMEHH Kak HaOIoaTens, TaKk 1 HaOII0JaeMOi CHCTEMbI YKa3bIBalOT B HAIIPABJICHUU
oOpaTtHOM nepBoHadaIbHOMY. OTCIOZa MOKHO BBIBECTH JIBa CJIEACTBHA. Bo-TIepBEIX, pocT
SHTPONUH HAOIIOAAETCA KaK B IIENION CUCTEME, TaK U B €€ IBYX YaCTAX OTHOCUTEIHHO
cobcmeeHHol CTPeNbl BpeMEHH Ha0III01aTelsl, HECMOTpPS Ha TO, YTO SHTPOIUS YMEHbIIAETCS B
KOOpOuHamnom BpeMeHH. Bo-BTOpBIX, MaMsITh HaOMIOAATENS CTepTa HE TOJIBLKO B CAMOM KOHIIE,
HO TaK)Xe y’Ke M OJIN3KO K KOHEYHOH TOYKE, IOTOMY YTO HaOJIF0IaTeNb HE IOMHUT CBOETO
"mpouutoro"” (ompeaeneHHOro OTHOCUTENBHO KOOPAUHATHOTO BPEMEHH ), HO IOMHUT CBOE
"6}’IlyHI€€".

JleficTBUTENEHO, MOXKET Ka3aThCsl BECbMa BEPOSITHBIM, YTO B3aUMO/JICHCTBUE BHIPOBHSIET BCE
CTpeJIbl BpEMEHH B OJTHOM M TOM e HampasieHnd. Ho TyT BO3ZHHKaeT BOIpPOC, - B KAKOM
MMEHHO HaIpaBJICHUHU U3 ABYX BO3MOXKHBIX? Kak MokeT kakoe-HUOYIb OJHO HAIpaBlIeHUE
OBITH IPENOYTUTEIBHBIM, KOTJ]a 00a HalpaBJIEHUs anpuopHo OJUHAKOBO BepoaTHBI? Obiiee
HaIlpaBJICHUE BEIOMPAETCS CIyYaiiHO WJIM OHO MOXKET OBITh 3(pekTrBHO npeackazano? Ecnu
€CTh JIBE MOJICUCTEMBI C IPOTUBOIIOIOKHBIMU HATIPABIICHUSIMU BPEMEHH B t), TO COBMECTHAsI
cucTeMa BBhIOEpET HampaBiieHne ""0oJiee CHIIBHONU" TTOICHCTEMBI Kak UX oO1iee Hanpasiienue. Ho
Kakas mojcucrtema Oyaet "0onee cunpHas"? Ta i, 4To 06MagaeT OONBIINM YUCIIOM CTETICHEH
cB00OO1b1? i oHa BEIOMpAETCS 110 MHOMY MPUHIIAITY ?

Ha camom nene, "Gosee cunbHas" cTpena BpeMEHH — 3TO Ta, KOTOpasi COHAIPABJICHA C
KOOPAMHATHBIM HaNpaBJeHHUEM BpeMeHH. J[efiCTBUTENbHO, CUTYyalHsl TYyT HE CUMMETpUYHAsI.
Jist t<ty (korza cTpesnsl BpeMEeHH IPOTUBOHAMPABIICHBI) B3aUMOICHCTBHE OTCYTCTBYET, a IS
t>t) OHO MOSABIAETCA. ITO ACUMMETPHUS B3aUMOJICHCTBUS U ONpeieisieT HaOI01aeMyIo
ACUMMETPHUIO BPEMEHHU.

Tenepb MbI MOXKEM IOHSTH, [IOUEMY CTpEJIa BpeMeHU yYHuBepcaiibHa. [lycTh ecTh nmoacucrema,
y KOTOpPOH €CTh CTpesia BpeMEHH HallpaBlIeHHAs MPOTUBOIOIOKHO HaIleH o01ieii cTpene
BpPEMEHH, U 3Ta MOJACUCTEMA WK HaOoJaeTcsl, Uil He HaOmonaercss Hamu. Ecnu oHa He
HAOII0TaeTCs, TO 3TO HE HApyIIaeT TOro (akTa, YTO HAIla CTPEsia BPEMEHH KajKeTCs
yHUBepcaiabHOW HaMm. Eciu oHa Habmo1aeTces, Toria oHa B3auMOJICHCTBYET ¢ HaMU. A 3TO
B3aMMOJICHCTBHE MPUBOJIUT K TOMY, UTO 3TU CTPEJIBI BPEMEHH HE MOTYT OBITh
MPOTUBOMOJIOKHBIMU B TEUEHHE JJOJTOr0 BpeMeHu. B 11060M citydae - mo, umo mol
HabO.I00aem, O0IIHCHO UMEMb MO JHce CAMoe HanpagieHue pemeru, YTo 1 Halie (Kpome,
BO3MOJKHO, OY€Hb KOPOTKOTO BPEMEHHOTO MHTEPBaIA). DTO MOJ00HO pacCy IACHHIO B [6], ¢ TOM
BaXHOU Pa3HOCTHIO, YTO HAIIe pacCykIeHUE He 0a3upyeTcs Ha KBAaHTOBOW MEXaHHKE.

B ocTarommuxcs pazzienax Mbl IOATBEPKAAEM ITH UHTYUTHUBHBIE UIeU 00JIee KOTMYECTBEHHBIM
AHATU30M.

3. Craructuueckas pusuka Ilpeodpazosanus [lexaps



[Ipeo6pazopanus [lekaps (s 6os1ee qeTaTbHOTO aHamu3a cMoTpH [Ipuioxkenue A) oroOpaxaet
1r00y10 TOUKY €IMHUYHOrO KBaJpara Ha APYTYI0 TOUKY TOTO XK€ caMoro KBajpara. Mel u3ydaem
Habop N>> 1 Takux To4ek (Ha3bIBaeMbIX "dacTUIaMU'"), KOTOPBIN ABUKETCS MO BO3ACHCTBHEM
[TpeoOpa3zoBanus Ilekaps. O1o sBisgercs "urpyueyHon” Monenbio 1y "ra3a, KOTOpbIi
o0yasaer BCeMU TUIMMYHBIMU CBOMCTBAMH Ki1acCUYeCKUX ['aMMIIBTOHOBBIX 00paTUMBIX
JeTEPMUHUPOBAHHBIX Xa0THUECKUX CUCTeM. [leficTBUTENBbHO, U3-3a €r0 IPOCTOTHI,
[Ipeo6paszoBanus [lekaps mupoxo ucnonb3yercs B Takux uemsx [20, 23, 24, 25].

3.1 Maxkpockonu4yeckasi JHTPONHUS U IHTPONMA aHCAMOJIS

YroOsbl onpenenuts y100HbIH HAOOP MAKPOCKOIMYECKUX IEPEMEHHBIX, Mbl I€IUM €AMHUYHBIH
KBaJpaT Ha 4-pe paBHbIX noakBazapaTa. [Tycte 4-pe nepemennsix Nj, Ny, N3, Ny, 0603HadatoT
4yucIo "qacTull" B COOTBETCTBYIOLIMX MOAKBaApaTax. OHU U ABISAIOTCS MAaKPOCKOMUYECKUMU
nepeMeHHbIMH U1 Haeil cucteMsl. (EcTh, KOHEYHO, MHOTO APYTUX yJIOOHBIX CIIOCOOOB
OIpeAEINTh MAaKPOCKOITNYECKUE TIEPEMEHHBIE, HO O0IIUE CTATUCTUYECKHE 3aKOHOMEPHOCTH HE
JIOJDKHBI 3aBUCETh OT 3TOTr0 BbIOOpa). Makpockonuyeckas sumponus Sy JTAaHHOTO
MaKpOCOCTOSIHUS ONPEAEISAETCS YUCIOM Pa3IUYHBIX MUKPOCOCTOSIHUM, COOTBETCTBYIOLIUX
ATOMY MAaKPOCOCTOSTHUIO, U OTIMCBIBACTCS CIIeyIoeH (hopMyIoi

AN N 4 N
S, ==NY “Llogl T | =S N, log| == 1
" Z;Nog(zv) 2 "Og(N) )

DTa SHTPOIKS MAaKCHMaJlbHa, KOT/Ia PaclpeielieHUe YacTHI PABHOMEPHO, Koraa Sy, paBHa Sy,
=N log4. B T0o BpeMst SHTpOITHSI MUHUMAaJIbHA, KOT/Ia BCE YAaCTHUIIBI HAXOASATCS B OJHOM
MOJAKBajJpaTe, T.e. Koraa Sy, = 0.

[TycTs (x, y) 0003HAYAFOT KOOPIMHATHI TOUYKH HA SIMHUYHOM KBajpaTe. Ha ¢m3mueckom s3bike
3TO COOTBETCTBYET IMOJIOKEHUIO YACTHIIBI B 2-MepHOM (ha30BoM mpocTpaHcTBe. st N yacTui
MBI paCCMAaTPUBAEM CTATHCTUICCKUIN aHCAMOJIb C TUIOTHOCTBIO BEPOSTHOCTH P(X[, Vi,...; XN, VNs 1)
Ha 2N pa3mepHoe $a30BO€ MPOCTPAHCTBO. 31ECh ¢ - BpEMEHHON apaMeTp, KOTOPBI UMeeT
nuckpetHble 3Hauenus ¢ = 0, 1, 2... aus [Ipeobpazosanus [lekaps. Torna skmponus ancamons
oTpefiensaeTcs Kak

S, = _J. p(xl’yl;'-';xN’yN;t)logp(xl’yl"-'-:'xN’yN;t)dX @
rac
dX =dxdy,..dx,dy, )

B o0miem cityuae, p 1 S, U3MEHSIOTCS B IIPOLIECCE IBOIIONH, onpenenseMoit [IpeobpazoBannem
[Texapst, 1 3aBUCAT OT HavaabHOU p. O HAKO, €CIIM HavaabHast (QYHKIUS TUIOTHOCTH
BEPOSTHOCTH UMeeT (HopMy

p(xl’yl;"".xN’yN): p(xl’yl)"'p(xN’yN) 4)

KOTOpasi COOTBETCTBYET HEKOPPEIUPOBAHHON (YHKIIMHU INIOTHOCTH, TOTAA (PYyHKIHSI IIIOTHOCTH
BEPOSITHOCTH OCTAETCsl HEKOPPEIMPOBAHHOM B IIPOLIECCE NAJIbHENUIIEH IBOJIIOLUY.

Tak, Harpumep, paccMOTpuM GYHKIHIO p(X;, V), KOTOpas paBHOMEpPHA B Mpejienax HeKOTOPOr
nofo6nactu X (¢ mionaneio A<l) eTMHUYHOTO KBaJpaTa, U o0pamiaeTcs B HyJb 3a IpeaeIaMu
2. Jlpyrumu ciioBamu, myCTh



1/4 for(x,y,) inside =

b Jt = 5
p(x, 1 ) 0 for (x,,y,) outside X ©®)
B aTom cnyuae
Yy oy
S =——| log| —| A" =Nlog 4 6
. ( A) g( A) g (6)

Tak kak A He U3MEHsETCS B MpoIlecce IBOMIONNH, onpeaenseMoil [IpeoOpazoBanuem Ilekaps,
TO U S SIBIIAETCS MOCTOSTHHOM B TIPOLIECCE IBOIONNH, onpenensieMoit [Ipeodpa3zoBanruem
[Texapsi. DTOT mpUMep HWILTIOCTPUPYET, UTO Se ABISETCS (PAKTUUECKH MOCTOSHHOM ISt
npou3601bHOU HAaYTbHOW (QyHKIMU. J{71s1 TOKa3aTenbCTBa, MO3BOJIBTE HAM Pa3ICiIUTh
eAMHUYHBIN 2N-MepHBIN AUIMK Ha O0JIBIIOE KOJMYECTBO HEOOIBIINX 00TaCTeH ) 5, AN KAXKIOU
U3 KOTOPBIX BEPOSTHOCTH PaBHA P,. B mporiecce 3BOIONUY Kaxaast 00JIacTh Y , H3MEHSIET
dopmy, HO ee 2N-mepHas "momanp” A, octaercs Hem3MeHHoOU. Kpome Toro, BEposITHOCTH p, Ha
HOBOU 00J1aCcTH ), TaKXe ocTaeTcsl Hem3MeHHOU. ClieToBaTeIbHO, SHTPOIHUS aHCaMOJIs
Se= —ZaAaNpalogpa OCTaeTCsl HEM3MEHHOU TaK)Ke. DTO - OCHOBHASI MJI€sl TUCKPETHOM BEPCUU
JTOKa3aTeJIbCTBA, HO U HEMPEPBIBHAS BEPCHUSI MOXKET OBITh CJIETaHa MOT0OHBIM K€ CITIOCOOOM.

3.2 CooTBeTCTBYWOIIHE H HECOOTBETCTBYIOIIHE
MAaKpPOCKONUYEeCKHe MepeMeHHbIe

Makpockonuueckue nepeMeHHbIe, ONpPeIeTICHHbBIE B MPEIbIAYLIEM OAPA3IeNe UMEIOT
CJIEYIOIHE CBOMCTBA:

1. JInst GONBINMHCTBA HAYa bHBIX MEUKPOCOCTOSHHMMN, UMEIOIIUX CBOMCTBO Sy < Sp™ , Sy
yBenuuuBaercs noa aevicrsuem [IpeobpazoBanus [lexaps.

2. Jlnst GONBIIMHCTBA HAYaIbHBIX MUKPOCOCTOSHHM, HMEIOIIUX CBOMCTBO Sy = Sp™ -, Sm
ocraeTcs MOCTOSIHHOM nof neficTBreM [IpeoOpasoBanus Ilekapsi.

3. JIBa, onrcaHHBIX BIIIE CBOMCTBA OCTalOTCA B cuiie, koraa [IpeobpazoBanus [lekaps
JIOTIOJTHEHO HEOOIBIITNM IIIyMOM.

HazoBem MakporiepeMeHHbIe, UMEIOIINE 3TH CBOUCTBA, HOOX0OAUWUMY MAKPOTIEPEMEHHBIMH.

OTHI01b HE 10001 pa3yMHBINM BBIOOP MAaKpOIIEPEMEHHBIX SBIISETCS MOIXOIAIIAM. DTO MOKHO
IPOMJLTIOCTPUPOBATH IPHMEPOM. Pasnenum exuHmanbli kBagpat Ha 2™ 0MHAKOBBIX
BEPTUKAIBHBIX oJ10¢ (M>>1). MBI onpejiensieM HOBO€ MHOYKECTBO MaKpOIIEPEMEHHBIX KaK
HOMEpa YacTHll B KaKA0H 13 3Tux nojioc. [logobno popmyne (1), coorBercTBYIOMmAs
MaKpOCKOIUYECKask YHTPOIHS

oM Nk
S = —ZNk log ~ 7
k=1

rae Ny - urciio yactuil B mojioce k. Beroepem crenytoriee HaqalbHOE YCIIOBUE: Ta3 PABHOMEPHO
pacnpe;[eneH B HCUCTHBIX BepTI/IKaHBHLIX I10J10Cax, B TO BpeMH KAaK YCTHBIC ITOJIOCHL HyCTbI.
Torma i 3TOro HaYaILHOTO YCIOBUS BLIMOJHAETCS Sy < Sy . IIpu 5TOM, B TEUEHHUE IOJITOr0
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BPEMEHH 3BOJIIOIIMM CUCTEMBI, OCYLIECTBIIIEMOI B cooTBeTCTBUH ¢ [IpeobpazoBanuem Ilekaps,
Sm HE yBEJIMYMBAETCS HU JJIs1 KAKOTO HA4aIbHOTO MUKPOCOCTOSHHSI, COOTBETCTBYIOIETO 3TOMY
HayvaJIbHOMY MAaKpOCOCTOSIHUIO. B TedeHue 3Toi BOIIOIMH YHUCIIO 3alI0JHEHHBIX 110JI0C
YMEHBIIAETCS, a U UX TOJILIMHA YBEJIMUUBACTCS, TIOKA TOJIBKO OJIHA TOJICTAs! 3all0JIHEHHAS
BEPTUKaJIbHAA [10JI0ca HE ocTaeTcs. ToNbKO Mocie TOro, Kak 3T0 MPOU30iMIeT, Sy HAUMHAET
yBennuuBathbes. Creayer oOpaTuTh BHUMaHUE, YTO 3BOJIIOLUS 10 HAMIPABJICHUIO K
€MHCTBEHHOM M0JI0Ce MOKET OBITh JIETKO pa3pylieHa HEOOJbIINM BO3MYLICHUEM.

Taxum 00pa3oM, Mbl BUIUM, YTO BEPTUKAIbHBIE OJIOCHI IPUBOAST K HEMOAXOIAIINM
MakpoInepeMeHHbIM. B TpOTHBOMOI0KHOCTh TOMY, TOPU30HTAJIbHBIE MOJIOCHI IPUBOJAT K
HOJIXOAALIMM MakporepeMeHHbIM. (O1Hako, MakponepeMeHHbIe, UCTIO0Ib30BaHHbIe B (1), Bce ke
OoJee CoAXoIAIINeE, TIOTOMY YTO OHHU NMPUBOJAT K HAMHOTO OoJiee ObICTpOMY pOCTy Sp.) OTa
ACUMMETPHUS MEXY BEPTUKAIbHBIMU M FTOPU30HTAIBHBIMU MOJOCAMH - CIIE/ICTBUE XapaKTEPHOM
acummeTtpuu camoro [Ipeo6pasoBanust [lekapss OTHOCUTENBHO BEPTUKAIBLHONW U TOPU30HTATBHON
KOOpJMHATHI. DTa aCUMMETpUs MOJ00HAa aCUMMETPUN MEKIY KaHOHHYECKMMHU KOOpIUHATaMU U
UMIyJIbCaMU B ['aMUIbTOHE KJIaCCUUECKON MEXAHUKHU Ul MHOTHUX pealbHbIX CUCTEM. A
UMEHHO, JUIsl peabHbIX CUCTEM raMUJIbTOHOBBI ()YHKIIMU COJEPKAT TOJIBKO JIOKAJIbHOE
B3aUMO/ICHCTBHE MEXIYy YaCTHIIAMH, TJ€ JOKAJIBHOCTh MOPa3yMeBaET OJIIM30CTh MO
KOOpJIMHATE, a HE TI0 UMITYJIbCY.

Hakonern, oOpaTum BHUMaHME, YTO 3BOJIOLUS MaKpOCcKonnyeckux nepeMeHHbix Ni(t), k =1,
2, 3, 4, HaliXOQUTCA yCpeTHEHUEM IO aHCaMOJTIO CIIEAYIOLIMM 00pa3oM

N, (t)= J.Nk(xl’yl;"'; xN’yN"t)p(xl’yl;"'; xN’yN"t) dx. (8)

3.3 Orpy0.senue

Kax mbl yxe cka3zanu, 3HTpomnus aHcamOJ1s (B OTIMYKE OT MAaKPOCKOIIUYECKOM SHTPOIUN) -
BCEr/la KOHCTaHTa B TEYCHHE HBONIIOLMUY, onipeaensieMoii [Ipeodpazosanuem [lekaps. Onnako,
XOTEJIOCh OBl IMETh MOJAU(PHUIMPOBAHHOE OIPEIEIICHIE YHTPOIIUU aHCAMOJIs, TPH KOTOPOM
SHTPOMNUS YBETUYMBAIACH ObI TOJOOHO K MaKpPOCKONMUUECKOH dHTpornuu. Takas Mmonudukamms
obecrnieunBacTcs 02pyoieHueM, KOTOPOe MOKET OBITh 00SCIIEUeHO BBEICHUEM OTPYOJICHHOM
¢$a30Boil PyHKIIUU TIIOTHOCTH BEPOSTHOCTH.

pwar(xl,yl,.'“;xN,yN)=‘[A(xl _xll’yl _yl’;'""xN —x;v:yN _y;\/)

’ ’ ’ ’ ’ (9)
x plxf, Vi Xy vy ) X7,
rae A oTimyHa 0T HyJs B Hekotopoit oomact X = 0.0:...:0.0. Takum o6pasom,
orpyOJIeHHasI PHTPOTIHSI aHCAMOJIS
S == 7 (1, 317005 %y, 2 10g P (30, 5005 Xy, ) AX (10)

Koneuno, ¢pyHkius A MoxeT ObITh BbIOpaHa MHOTMMHU crioco0amu. JlaauM Tenepb HECKOJIBKO
PUMEPOB.
[lepBerit mpumMep - orpyoaenne bompimana , onpeaesnsieMoe ceIyoIuM 00pa3om

pmar(xl’yl"'“;va’yN): p(xl’yl)“'p(xN’yN)’ (b

rac



p(xl’y1)= Ip(xl’yl"---"xzv:y/v)dxzdyz---dxzvdyzv ) (12)

W ananoruyHo s Apyrux p(xl, yl)

Jpyroii npuMep — U30TPONHUECKOe OrpyoOieHre uMmeroriee Gopmy

A, =X,y = V] Xy =Xy yy = V) =

! ! ] ’ (13)
A('xl _xl)A(yl _yl)'“A(xN _xN)A(yN _yN)'
Eme onun nmpumep — orpy6nenue [Ipuroxuna [20]
A(xl = X[V = Vi Xy = Xy, Py _y;v): A(yl _yl,)"'A(yN _y;v)’ (14)

KOTOPOE SIBJISIETCSI aHU3O0TPOITHBIM OIpyOJIEHUEM BAOJb C)KUMBIIOIIETO HAMIPABIICHHUS .

Hakownern, no3BosibTe HaM yIIOMUHATh Orpy0OJieHHue, OCHOBAHHOE Ha pa3/eJIEeHUH CUCTEMbI Ha
JIBE MEHBIIINE B3aMMOJICHCTBYOIINE oACUCTeMbl. OTpyOIeHHAs SHTPOIHUS aHCAMOJIS IS
MOJTHOM CHCTEMBI OMpeiesieHa Kak apupMeTHIecKast cyMMa HeOrpyOJIeHHBIX SHTPOIUN
aHcamOJIIs ATHX ero mojcucTeM. Takas orpyOJieHHAs: SHTPOIHSI UTHOPUPYET KOPPEIISALIUN MEXKTY
MOJICUCTEMaMH.

Bce a1y THIIBI OrpyOiieHHe UMEIOT clieiytolee CBOMCTBO: Ecii HadanmbHOE MUKPOCOCTOSIHUE
TaKOBO, YTO MAaKpOCKOMMYECKask SHTPOMNHS YBEITUUUBAETCS, TO OrpyOJIeHHAs SHTPOMIHS aHCaMOIIs
TakKe OyJeT yBEIMUUBATLCS JJIsL TOT0 HAYaIbHOTO MUKpococTosiHUS. [Ipu 3ToM, orpybneHue
[IpuroxxvHa MMeeT ciexylonye NpeuMyuiecTa nepea orpyonenueM bonbimana u
U30TPOITHBIM OrpyOJIeHUEM:

Bo-nepBbIx, eciu B3STh pacipeieleHle HadyallbHbIX MUKPOCOCTOSIHUM TakKoe, YTO €ro
MaKpOCKOIIMYECKHsI SHTPOIIUS ymeHbuiaemcs. Toraa SHTPONUs COOTBETCTBYIONIETO aHCaMOII,
orpy6ienHas no [Ipuroxuny xe ymenbinaercs. B To ke BpeMsi, 3HTponus aHcaMOJIs,
orpyOieHHas o bonbIiMaHy WM COTTIACHO U30TPOMTHOMY OTpYOJICHUIO, OYIeT YMEHBINATHCS.

Bo BTOpBIX, MpeANona0KUM, YTO 3a/1aHO pacipeeieHle HauaJlbHbIX MUKPOCOCTOSIHUHM TaKoe,
YTO €ro MaKpOCKONUYECKast SHTPOIUSL yBeIMYUBaeTcs. Tenepb pacCMOTPUM HEKOTOPOE
"3aKITI0YNTEIbHOE" COCTOSTHHUE (Ha3bIBAEMOE J1ajiee MCXOIHBIN aHCaMOJIb) C OOJIBITION
MaKpOCKOIIMYECKON SHTPONHEH, OJI13K0M K MakcuManbHOU. [lociie 1ocTiKeHNs: CUCTEMOM 3TOTro
3aKJIIOUUTENIBHOTO COCTOSIHUS, PACCMOTPHM IOIYYEHHOE U3 HETO HOBOE MHBEPCHOE COCTOSIHUE,
UMEIOILEr0 OOPaTHYIO BO BPEMEHH 3BOIONHIO (DTO JOCTHraeTcs NPOCTO CUMMETPUYHBIM
npedpa3oBaHHEeM OTHOCUTENBHO AMAarOHAIN €IMHUYHOIO KBaJipaTa ¢ IEPeMeHOI MecTaMu
KOOpAMHAT X U y). Toraa sHTponust aHcaMmOJIs, MOJYYSHHOTO TIOCTIE TAKOTO «O0paIleHUs» U
orpy6senHnas o [IpuroxuHy, ckadkoMm yMeHbIaeTcs (110 OTHOIICHHUIO K OrpyOJICHHOM
SHTPOIUH «HEOOPAIIEHHOI0» UCXOAHOTO aHCaMOJIsl, U3 KOTOPOTO OHA MOJTyYyeHa STHM
«oOpamieHrem»). B To sxe Bpemsi, SHTponus aHCcaMOJIsi, orpyOsieHHast o bosibiMany wim
U30TPOMTHOMY OTpYOJICHUIO, OCTAETCS MOYTH HEU3MEHHOM.

Takum o6pazom, orpyonenue [Ipuroxxuaa obecrnednBaeTt, caMoe aJIeKBaTHOE ONMMCAHUE 3AKOHA
yeenuyeHuss SHmponuy ancamoan 6e3 BCAKUX TOTOIHUTEIbHBIX MPeanoiaokeHui. Tax,
HanpuMep, YTOOBI MOIYYHUTh TOT ke CaMbIH pe3yibTar ¢ orpyosienneM bonbliMana, He06X0AMMO
ObUT0 OBl MCIIOJIB30BATh JIOTIOJIHUTENFHOE MPEANOIOKEHUE, HA3bIBAEMOE “THIIOTE30M
MOJIEKYJIIPHOTO Xaoca” 3aKITI0YaIOIICHCs B 3aMEHE p(X;, V1, X2, V2) Ha p(X1, 1) p(X2, V1) B
YPaBHEHUHU ABWKCHUS TS p(X, , 1).
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4. IddekT caad0oro B3aumMoaeicTBUM

4.1 Mauble BHEIIHME BO3MYIICHUS

Poct suTpomnuu ancamOist MOXKET ObITh JOCTUTHYT Aake 0e3 orpyOsieHus], yTeM BBEICHH
HEeOOJIBIIIOTO BHENTHOTO Bo3MyIeHus B [IpeoOpaszoBanue [lekaps. Bo3amyIenue 10mKHO OBITh
JIOCTaTOYHO HEOOBIINM, YTOOBI HE YHUYTOXKHUTH POCT MAKPOCKOIMYECKOM SHTPOIUH, HO B TO
e caMoe BPEeMs, JI0JDKHO OBITh JOCTATOYHO CHIIBHBIM, YTOOBI IPEIOTBPATUTH OOpaTHBIE
nporecchl 1 Bo3Bpathl [lyankape. [[ist OoNbIIMHCTBA TaKHX BO3MYIIIEHUN Ka4eCTBEHHbBIE
0COOEHHOCTH JBOJTIOLIMH HE 3aBUCST CYIIECTBEHHO OT JETAJHHOTO BH/Ia BO3MYIICHUSI.

Cy1iecTBYIOT Ba METO/1a, KOTOPHIMU BHEIITHEE BO3MYIIICHHE MOXKET OBITh BBeZIeHO. OAHH
METOJ COCTOHT B TOM, YTOOBI BBECTH HEOOIBIION BHEITHHIA CITy9aifHBIN IITyM.
MakpockonuyecKkre IpoIecchl C YBETUYCHUEM MaKPOCKOIIUYECKOM SHTPOITUHN YCTOMYUBHI 110
OTHOIIEHUIO K TakoMy 1myMy. OHaKo, IJI01aab 001actu onpeneneHus QyHKIuu ¢pa3zoBon
IUIOTHOCTH OOJIbINIE HE SBJISIETCS MHBAPUAHTOM IO OTHOIICHHIO K BO3MYILIEHHOMY
[Ipeobpazosanuto [lekapsi. DTUM METOIOM SHTPOIHUS AHCAMOJISI MOKET YBEIIMUNBATHCS.

Jpyroii METo; COCTOUT B TOM, YTOOBI BBECTH CJIa00€ B3aUMOJICHCTBUE C OKPYIKAIOIIEH
cpenoi (KOTOpoit MOKET CITyKUTh U "HaOmoaarens'). CHOBa, MAKPOCKOMTUYECKHE TTPOIIECCHI C
YBEIMUYEHUEM MaKPOCKOMUYECKOW SHTPOIMH yCTOWYHBBI, HO TUIOIAAb 0OJIACTH ONpEIeICHUS
GyHKIMN (a30BOH MIIOTHOCTH OOJIbILIE HE SBISETCSI HHBAPUAHTOM IO OTHOLIEHHIO K
Bo3MyIeHHOMY [Ipeo6paszoBanuto [lekapsa. CnenoBaTenbHO, SHTPOIUS aHCAMOIIT MOKET
yBenuuuBathes. OHAKO, Takas cucTeMa OoJiblile He U30JIMpOoBaHa. Teneps OHa YacTh OOJbIIEH
CUCTEMBI, pa3/ieJIeHHON Ha JBe mojicucTembl. CienoBaTeNlbHO, KaK ObLIO yke 00BSICHEHO B
Paznene 3.3, orpy6neHHas SHTpONUs aHCaMOJIst I TOJTHON CHCTEMBI MOXKET OBITh OTpeeieHa
KaK cyMMa HeorpyOJIeHHBIX SHTPOINUN MHOKECTBA €ro MoJcucTeM. B cienytomem noapasene
MBI U3Y4YUM clla0ble B3aUMOICHCTBUS C OKPYKAIOIICH Cpeioit Ooee moapoOHO.

4.2 Caadoe B3auMOIeCTBHE U 1€30PTaHU3AIUA COCTOSIHUS C
MPOTHBOIOJ0KHBIMHU CTPeJIaMH BPeMEHH MOACHCTEM

Jlist nanpHENIero HeoOX0AMMO BEIOPATh HEKOTOPOE OMPEICIICHHOE B3aUMO/ICHCTBUE MEXKTY
nByMms "razamu". B OTCYyTCTBHMU B3aMMOACHCTBHS, KaXKIbI U3 HUX 3BOJIOLIMOHUPYET COTIACHO
[Ipeo6pazoBanuto [lekaps. MbI momeraeM ABa €IMHUYHBIX KBAApaTa OJUH HAJl APYTUM U
ompeensieM B3auMOICHCTBIE C MAaKCUMAJIBHBIM PAaCCTOSTHUEM G TaKUM 00pa3oM, 4TO, MEKITY
IBYMS TIocienoBaTebHbIME maramu [IpeoOpazoBanust [lekaps, Bce cambie OJIM3KHUE AP
4acTull (C pacCTOSTHUEM MEK/y YaCTUIIAMH, MEHBIIIMM 4yeM G) oOMeHmBatoTcs mectamu. (boree
JETaIbHO, MBI CHaYaJIa HaXOJUM Tapy CaMbIX OJIM3KUX YaCTHII (C pPACCTOSIHHEM MEXIY
YaCTHIIAMH, MEHBIIIMM Y€M G) U oOOMeHUBaeM ux Mectamu. [lociie 3Toro, Mbl HAXO UM BTOPYIO
napy cambIX OJM3KHUX YacTHI] (C PACCTOSTHUEM MEXKIY YaCTHIIAMU, MEHBIIIMM YEM G, U OTJIMYHBIC
OT paHee y>Ke HalICHHBIX YacTUIl) U OOMEHHBAEM UX MECTaMU TakKe. MBI OBTOPSiEM ATy
IpoLeaAypy A0 TEX MOp, MOKAa HE UCUEPIBIBAIOTCS BCE TAKHE YACTHIIBI.) DTHU B3aUMOJCHCTBHUS
OTIPENIETISIOTCS TOJIBKO MEXAY YaCTUIIAMU JISKAIIUMH B PA3JIMYHBIX MOACUCTEMAX. Takoe
B3aMMOJICIICTBHE HE 3aTparuBaeT ABM)KEHUE YAaCTHUIl, HO BBI3bIBACT MIEPEMEIINBAHNE MEXKTY
JIBYMS MOACUCTEMaMHU.

OOpaTtum TaKke BHUMaHUE, YTO TaKoe epeMelInBaHue HE BeJIeT K mapagokcy ['mboca, Tak
KaK Mbl pACCMaTPUBAEM 3T J[BAa SAUHUYHBIX KBaJIpaTa KaK JABE PA3IMUHbBIC TTOJICUCTEMBI.
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Makpockonuyeckas SHTPONHSI OIPeIeeHa Kak CyMMa MaKpOCKOIIMYECKUX SHTPOIUI 3TUX JIBYX
MOJICUCTEM.

Tenepb M03BOJIbTE HAM pacCMAaTPETh CIIy4aid, B KOTOPOM CTPEIIbl BPEMEHU 3TUX JIBYX
MIOJICUCTEM UMEIOT OAMHAKOBOE HanpasiieHue. [Ipouecchl, B KOTOPBIX MaKPOCKOIIUYECKUE
SHTPOMNMHU ITUX JBYX MOJICUCTEM YBEIUUYUBAETCS, BISIOTCS YCTOMUYMBBIMU 10 OTHOIIEHUIO K
B3auMoieiicTBuio. Takum 00pa3oM, OOJBIIMHCTBO HU3KO3HTPOMUIHBIX HAaUaIbHbIX YCIOBUI
BEJIET K pPOCTY MaKPOCKOIINYECKON SHTPONUHN 00EUX MOJICUCTEM, TAK K€ KAK MOJIHOM CUCTEMBI.

TouHo Tak *ke, eciiu Mbl 0OpalllaeM OMUCAHHBIN BBIIIE NMPOLECC C YBETUUECHUEM
MaKpOCKOIIUYECKOMN SHTPONUH, MbI [IOJIYYaeM CUCTEMY, B KOTOPOIl MaKpOCKOIIHYECKast
SHTpOIUS 00EUX MOACUCTEM, TaK K€ KaK MOJIHOH CUCTEMBI yMenbuiaemcs. B 3ToM cMbIcIe,
B3aMMOJIEHCTBHE HE PA3pyIIAET CUMMETPUIO MEXAY ABYMS HaIllPABJICHUSIMU BPEMEHH.

Tenepp n03BOJIBTE HAM PACCMOTPETH CAMbII MHTEPECHBIN ClIydaid, B KOTOPOM SHTPOIHS
YBEIIMYMBACTCS B IIEPBOM MTOJACUCTEME U YMEHBIICHHX BO BTOpoi. HayansHOeE cocTosiHue
HEepBOii MoIcUcTeMBI 001a1aeT HU3KOM SHTponuel (HanpuMep, BCe YaCTUIbl HAXOIATCS B
HEKOTOPOM HeOOJIbIIOM KBajpaTe 0koiio ToukH (0, 0) etmHU4YHOrO KBajpara). AHaJIOTUYHO,
BTOpast MoJicucTeMa o0iafiaeT HU3KOM SHTpoIuell (Hanpumep, Bce YaCTULIbI HAXOATCS B
HEKOTOPOM HEOOJIBIIOM KBaJIpaTe 0K0JIO TOUKH (1, 1) ennHuYHOrO KBajipara) B KOHEUHOM
COCTOSIHUH.

Ecnu Ob1 He ObIT0O HUKAKOTO B3aMMOICHCTBHSI, TO KOHEUHOE COCTOSIHUE ITEPBOM TTOACUCTEMBI
ObU10 OBl BEICOKO-3HTPONUHHBIM COCTOSIHUEM, COOTBETCTBYIOILUM ITOYTH PABHOMEPHOMY
pacnpeeneHnIo 4acTHIl. AHAJIOTUYHO, HAYaIbHOE COCTOSIHHE BTOPOH CHCTEMBI OBLTO OBl
BBICOKO-PHTPOIUIHBIM COCTOSIHUEM TOM ke caMoil (JOpPMBI.

OpaHaKo OMMCAHHBIE BBILIE PEHICHUS C ABYMsI IPOTUBOINOJIOKHBIMH CTPEJIaMU BPEMEHU
Oosnble He OyayT pelieHUsIMU, KOT/1a B3auMoJIeiiCTBHE IPUCYTCTBYET. B O0JbIIMHCTBE Cilydaes,
B3aMMOJIEICTBHE CMEUINBAET YACTHUIIbI MEXy MOACUCTEMaMU. Yucio peeHuii co
B3aMMOJEICTBHEM, KOTOPBIE HUMEIOT TE JK€ HAYaJIbHO-KOHEYHBIE YCIIOBHS, OIIMCAHHBIE BBILIE ,
SBIISICTCSA OYEHb HEOONBIINM, (PAKTUUECKU HAMHO20 MEHbUUM, YeM YUCTIO MAKUX peuleHUll 8
OMCYmMcmeuu 83aumMo0elcmeus.

[To3BosbTE CAETATH MOCTEIHEE YTBEPKIEHHE Oojee KonnyecTBeHHbIM. [locie HeueTHOro
yrciia 0OMEHOB MEXly ITOJICUCTEMaMH YacTHLA IIPOXOIUT K Jpyroil noacucreMe. AHalIOrM4Ho,
1I0CJI€ YETHOTO YKciia TaKUX 0OMEHOB, OHA OCTAaeTCs B TOH e caMoif mojcucreme. BeposrHoctu
JUTSL OTHX JIBYX COOBITUI paBHBI p = 1/2 ¥ HE 3aBUCST OT APYTHX YaCTHIL, IO KpallHEeH Mepe,
npubnu3uTenpHo. Jlanee, Mbl MOXEM yTBEP)KIaTh, YTO CMEIIMBAHUE MEXK/ITY STUMH JBYMS
MOJICUCTEMaMH HE3HAUYNUTENIBHO B HAYAJIbHBIX M KOHEYHBIX COCTOSHUAX, IIOCKOIBKY dHTPOIIUU
3THUX ABYX IOJCUCTEM COBEPILIEHHO pa3iNyuHbl. Mbl XOTUM BBIUYHCIUTH BEPOSITHOCTh
HEOOJIBIIOr0 CMEUIMBAHUS /17151 KOHEYHOTO COCTOSIHUSL, IPU YCIIOBUH, YTO CMELINBAHUE SIBJIAETCS
HEeOOJIBIIIMM B HAYAJIbHOM COCTOSIHMU. J[J1s ompeieIeHHOCTH MBI Oy1IeM CUUTaTh, 4TO
CMEILMBaHKE SBISETCA HEOOJBIINM, €CIIH YUCI0 YacTul] N, MepeleAmnX 13 0JHON MOACUCTEMY
B Apyryto, sisiercst uian Ny <N/4, win N> 3N/4. Takum 00pa3oM, BEpOSITHOCTH J1aHa
COBOKYITHBIM OMHOMHUANBHBIM pacnpenencHueM F (Ng; N, 1/2), onucsiBaeMbiM

(k] (n

F(k,'n,p) = Z

i=0 \ !

(=)~ (1)

rae [k] sBasieTcss caMbIM OOJBLIMM IIEIIBIM YHCIIOM, MEHbIIIE YeM win paBHbIM k. @ynkius F (k;

n, p), YAOBJIETBOPSET HEPABEHCTBY
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5 (np;k)2 (16)

F(k,'n,p) <exp| -

CocrosiHNE C TIPOTHUBOIIOIOKHBIMU CTPEJIAMH BPEMEHH TTOJICUCTEM HE JIE30PTaHU30BaHO, KOTAa
N; <N/4 nnu N> 3N/4. BeposTHOCTB 3TOr0 paBHa

2F(N/4;N,1/2)<2exp(- N /8) (17)

SIcHO, 4TO 3Ta BEPOATHOCTh YMEHBIIIAETCS MO SKCIIOHEHTE ¢ yBesandeHHeM N. DTO 03Ha4YaeT, 4YTo
TaKasi BEpOSITHOCTh peHeOpexxuMo Mana A 6oinbinoro N. CieoBarenbHO, TOYTH OECCIIOPHO
MO3KHO YTBEPKJaTh, YTO MPOLIECCHI C IPOTUBOIMOIOKHBIMU CTPEIaMH BPEMEHU OyayT
J€30praHNu30BaHbl.

B onumcaHHOH BbIIIE MOJENH, MBI HY>KIa€MCsI B TIOYTH PABHOM YHCJIEC YACTUIL] B 3THX JBYX
HoJcucTeMax, YToObl A€30PraHM30BaATh COCTOSHUS C IPOTHBOIOIOKHBIMHU CTpPEIaMH BPEMEHHU.
DTO CBSA3aHHO C TEM, YTO OJIHA YACTHIIA MOXKET BIMATH HA JBM)KEHUE TOJILKO OAHOM ONM3KON
yacTulpl. [ 6osee peaaucTHYeckux B3aMMOAECHCTBUM O/1HA YAaCTHIIA MOXKET BIMITh Ha
JBIDKEHHE OOJIBIIOT0 KOJIMYECTBA COCEAHUX YACTHII, YTO 03HAYAET, YTO JIaKe OYE€Hb HEOOIIbIIIOE
KOJIMYECTBO YaCTHIL] B OAHON CUCTEME MOKET Pa3pyIIUTh IPOLECCH] ¢ YMEHBIIEHUEM SHTPOIIUU
JUISL APYTON CUCTEMBI.

4.3 Jlexoppeasiuusi B cUCTeMe ¢ B3aMMOAECTBHEM

['aMUIIBTOHOBBI CUCTEMBI OIUCHIBAIOTCS HE TOJIBKO MAaKPOCOCTOSIHUSAMU, HO TAKXK€E U
CJI0’KHBIMU HEJTMHEHHBIMHU KOPPETALUUAMUA MEKIY MUKPOCOCTOSSHUAMU. DTH KOPPEISLIUU
OTBETCTBEHHBI 32 00paTUMOCTh. B3aumoeicTBue Mex 1y IByMs MOJCUCTEMAMHU pa3pyLIaeT 3TH
KOPPEJSIIUY B MOJCUCTEMAX, HO MOJIHAS CUCTEMA OCTAETCsl 0OpaTUMOIA, TO €CTh, KOPPEALUU
HOSIBJISIFOTCS B MOJTHOM cucTeMe. TakuMm oOpa3oMm, JeKOppesalus B MOACUCTEMAaX
pacmpoCTpaHsIeT KOPPEALUU Ha MOJTHYI0 CUCTEMY. (DTOT MPOIECC - KIACCHYECKH aHaIor
JIEKOTE€PEHIIY B KBAHTOBOM MEXAHUKE).

[To3BoNIbTE HAM H3JIOKHUTH 3TU KAYECTBEHHBIE HJIeH B O0JIee KOJIMUeCTBEHHOU (popme.
Jluneitnas koppensuus (koppensuus [lupcona) nmeer noBeeHue, 0OUEHb 10100HOE TTOBEICHUIO
HEJIMHENHBIX KOPPEIALMi, ONMMCAHHOTO BbllIe. ENMMHCTBEHHAs pa3HULA B TOM, UYTO 3TH
JIMHEWHBIE KOPPEISIIUU YMEHBIIIAIOTCS CO BpeMEeHEM. B3auMoiericTBue, KOTOpoe Mbl
MPEIOKIIN, MOKET ObITh aMPOKCUMHUPOBAHO CIYYaitHBIM IIIyMOM C aMILIUTYOM,
COOTBETCTBYIOLIEH PACCTOSHUIO B3aUMOJEHCTBHS MEXKY YACTULIAMM.

[ToaTOMY, MBI OXKUAAEM, UTO B3aUMOJICUCTBUE HE TOIBKO BbI3bIBAET BHIPABHUBAHUE CTPET
BPEMEHH, HO TAK)KE€ BEJIET K 3aTYXaHUIO KOPPEJIALNNA, KOTOPOE MPOUCXOAUT Jaxke Oosee
3HAYUTENBHO, YeM 3TO 6e3 B3aumonercteus (Paznen A.5). Bo Bpems 3Toro mporiecca 3BOIIOIHS
MIOJICKICTEM CTaHOBHTCSI HEOOPATHMOM, HO TIOJTHASI CUCTEMa OCTAeTCsl 0OPaTUMOH.

MBI MOKEM KOJIMYECTBEHHO HAWUTHU BEJIUUHMHY 3TOTO 3aTyXaHUsl KOPPEISLUUNA, BBIYUCIISIS
Koppessanuio ITupcona 11 HalmMXx MOACUCTEM, OIUCHIBAEMYIO

C(m)

Jero)(c(0))

r(m)= , (18)

rae <C™ (0)> - oxxugaemas AUCIIEPCHS CIIyYaliHOM BETMUMHBI X, BLIYMCIEHHOM T10CIIE M
urepanuii oroopakenus. Jucnepcus C™ (0) MOKET ObITH BEIYHCIIEHA KaK
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o1 (j+1)27" 2
Cm(()):Z f(z’"x—j—<x>+S)dx (19)
=0

j2"

m—1
rae S - caydaifHOE YHCIIO, ONIPEACIICHHOE KaK S = ZZk ¢, . 3nech ( - HE3aBUCUMOE U OJJTHOPOIHO
k=0
pacrpe/ieIeHHOe CIyHaifHoe YHCIIO C Hy/IEBBIM CPEAHHM H AHCIIEPCHE 67, KOTOPOE MOICTHPYET
BIIMAHUC B3aI/IMO,Z[eI\/'ICTBI/II\/JI Ha 3BOJIIOIINIO CUCTCMEI. Ilocie KOPOTKOI'O BBIMUCIICHUSA MbI
noJry4yaeM

(C"(0)=C(0)+(5*) = C(0)+ S 2 (¢, ¢, o0

k k'=0

Hcnone3ys ciemyromiee CBOMCTBO HE3aBUCUMBIX M OJJTHOPOIHO PacIPEEIEHHBIX CIIy4aHbIX
2
BEJIMYHMH <§' iy k,> = 0,0 , MBI IIOJTy4aeM

c"(0))=c(0 +22m_102 (21)
(")) =)+

SIcHO, 4TO B3aMMOJEHCTBHE YBEINYUT 3aTyXaHHE KaK MUHUMYM JIMHEHHBIX KOPPEISILUM,
IIOTOMY YTO

2—m

)= J1+4(22" -1)0? )

OpHako JuIst MOJTHOW crcTeMbl Koppedsiust [Tupcona r(m )=2"" ocraercs Toi ke camoii. Tak

1/2
KaK <S 2> JOJIKEH OBITh HAMHOTO MEHBIIIUM, YEM Pa3Mep CUCTEMBI (€IMHUYHBIN KBapar), Mbl

MOYKEM 3aKJIIOYUTh, YTO HAIIM MIPEANOI0KEHNUS, MPUBOAAIINE K (22), MTPaBUILHBI TOJBKO IS
(s?)=[22" -1)/3}> << 1 m 0?72 <<1.

4.4 YucjeHHOe MOJAeTUPOBAHME

[Toka, MBI UCTIOJIB30BAIM JHUILIB 001IME a0CTpPAKTHBIE apryMEHThI. B 3TOM moapazene Mol
MOAJEPKUM 3TH apIyMEHTBI KOHKPETHBIM YUCIICHHBIM MOJCIUPOBAHUEM.
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Puc. 1 HavanbHast KoHGUTyparus yacTuil B MOMEHT t = 1.

3500

3000

2500
2000
w
1500
1000

500

Puc. 2 DBomtonust sSHTpOonNHM 6€3 B3aMMOICHCTBHUS.

Mps1 nMeeM ABe noAcucTeMbI (MapKkupoBaHHble Kak 1 u 2), kaxaas ¢ N1 = N2 =300 yactuu. O1u
JIBE MO/ICUCTEMbI 3aHUMAIOT JIBa €IMHUYHBIX KBaapaTa. YTOOBI ONpeaesuTh Orpy0iIeHHy0
SHTPOIUIO, KaX/IbII €IMHUYHBIN KBaapaT pa3zaeieH Ha 16x16=256 HeOonbIINX KBAAPATOB.
Taxum 00pa3oM, SHTPONHS KAXKAOH U3 3TUX ABYX MOJICUCTEM JAETCS

512

S, = —Niz fiilog fo., (23)
k=1

rae i=12, f,,=n,,/N;u n,, ABIAIOTCA YUCIOM YaCTHUIL B COOTBETCTBYIOIIMX MaICHbKHUX

KBaaparax. AHaHOFH‘lHO, IMOJIHAA SHTPOIINA OIIPEACIIACTCS KaK
512

S==(N,+N,)>. 1, log f,. (24)
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rae  f, = (nk,l +”k,2)/(N1 +N2)

3500 . " . .
=8

g
3000 *T

-H- 2

2500

2000 / 1

1500} / grtteveseae .

1000F® b ]

soof &%

0-e ' : : '
0 5 10 _ 15 20 25

Puc. 3 DBomtonust SHTPONUU C B3aUMOICHCTBHEM.

Jlnst cuctemsl 1 Mbl BBIOMpaeM HayallbHOE COCTOSIHUE ¢ HyJIeBOM sHTponuel Bt = 1 (cMm. Puc.
1). TouHo Tax ke, UIsl CHCTEMBI 2 MBI BBIOMpaeM "KOHEYHOe" COCTOSIHUE C HYJICBOM SHTPOIHEH
B t = 6. Takue HavalbHbIE YCIOBUS 00ECIIEUMBAIOT, YTO B OTCYTCTBUU B3aUMOEHCTBUIT S1
YBEJIMYHUBAETCS CO BPEMEHEM, B TO BpeMs KaK S2 YMEHBIIIAETCs O BpeMeHeM 11 t <6.

YroObl n30€XaTh YUCIEHHBIX MTPOOJIEM, SABISIOIMIUXCS PE3YJIbTATOM KOHEUHOU TOUHOCTH
KOMIIBIOTEPHOI'O MIPEJICTABICHUSI pallMOHAIbHBIX Yncell, (27) 3aMeHeHO Ha
x'=ax— [ax], V= ( y+ [ax])/ 2, ¢ a=1.999999. Pe3ynbraThl YMCIEHHOIO MOJEINPOBAHUS

npeacrasieHsl B Puc. 1 u Puc. 2.

YroObl BKIIIOYUTH AP PEKTH B3aUMOJCHCTBHUS, MBI OIIPEIeIsieM B3aUMOACHCTBUE CIIETyOIUM
o6pazoM. (Pagu BEIMHCIUTETHLHOTO YI00CTBA 3TO ONPEIEICHO HEMHOTO TIO-IPYTOMY, YeM B
Paznene 4.2). Mbl 6epem Hebob1I0H quana3oH B3auMoeiictsust ry = 0.01 B y-HanpasieHuw,
KOTOPBIH, TIO CYTH, SIBJISICTCS TApaMETPOM, OMUCHIBAIOIINM CI1a00CTh B3aUMOICHCTBUSI.
(BcmoMHUM, 4TO Yy ¥ X SIBISIIOTCS aHAJIOTAMH KAHOHUYECKOW KOOPIAMHATHI 1 KAHOHUYECKOTO
HUMITYJIbCa, COOTBETCTBEHHO, B ['aMMIIBTOHOBOM (ha30BOM MpOCTpaHCTBE). B3aumoeiicTere
oOMeHMBaeT caMble OJIM3KHE Maphl Tak ke Kak B Paznene 4.2, Ho Teneps “camoe Oau3Kkoe”
OTHOCSITCS] K PaCCTOSIHHUIO B Y-HAalpaBJI€HUH, U HET HUKAKOTO OOMeHa, eciIi caMoe OJIM3Koe
paccTosiHe Ooublle ueM ry. KpoMe Toro, Teneps B3auMoieiicTBUE ONpeesIeHO TaKuM 00pas3oM,
YTO TOJIBKO X-KOOPIMHATHI YaCTUI] OOMEHUBAIOTCs. BpiOupast Te e caMble HayalbHbIE YCIOBUS
B t = | Kak B cily4yae OTCYTCTBUS B3auMo3aBUCUMOCTH (Puc. 1), pe3ynbTarsl UNCIEHHOTO
MOJIETTUPOBAHHUSI C B3aUMOJEHCTBUEM NpeIcTaBieHbl Ha Prc. 3. Mbl BUIUM, 4TO C
B3anmojeiicteueM (Puc. 3) S, HaunHaeT yBennunuBaThCs B O0Jiee paHHEe BpeMs, 4eM 0e3
B3aumoseicteus (Puc. 2).

5. BuIBOALI
B aT0i1 cTaThe MBI HCTIONB30BANIN "UTPYIIEUHYIO" MOJIeNb, OCHOBaHHYIO Ha [IpeoOGpa3zoBanun

[exapst, 4TOOBI TPOAEMOHCTPHPOBATH OCOOEHHOCTH, KOTOPBIE, CIIPABEUIUBBI JUIs OOIINX
CHCTEM, OTIMCAaHHBIX 00paTUMOM ["'aMHIIbTOHOBOM MEXaHHUKOM. SICHO, JIJIsT TAKUX CUCTEM MOYKHO
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CBOOOJHO BbIOpaTh UM KOHEUHBIE, WIIM HaYaJIbHbIE YCIIOBHUS, HO HENb3s1 CBOOOAHO BHIOpATh
CMelllaHHbIE HaYaJIbHO-KOHEYHBIX yCI0BUs. HaualbHO-KOHEUHBIX YCIIOBHSI — 3TO YCIOBUS, IIPU
KOTOPBIX KAHOHMYECKHE NTapaMeTphl JJIs OJIHOM YacTH YacTHI] ONIpeIeIeHbl B HauaIbHbIN
MOMEHT BPEMEHH, a [yl APYroi 4acTH — B KOHEYHbIH MOMEHT. /[J11 MHOTMX CMEeIIaHHbIX
HAYaJIbHO-KOHEYHBIX YCIOBUN HE CYLIECTBYET COOTBETCTBYIOIEIO PEILIEHUS (1S
["aMuIIbTOHOBBIX ypaBHEHUH NBMKEHUS ). TOUHO Tak *ke, Kak i Hallel «UrpyIeqyHoi
MOJIEIIY, IJ1s1 OOJNBIIMHCTBA | aMIJIbTOHHAHOB CO CIIA0BIMH B3aMMOICHCTBUEM, YHCIIO PEIICHUH
C IJaHHBIMU KPYITHO3EPHUCTHIMU HAYaJIbHO-KOHEYHBIMH YCIOBUSMU HAMHOTO MEHBIIIE, YUeM
YHCJIO PEUIEHUH € TOJIBKO KPYITHO3EPHUCTHIMU HaYaJIbHBIMU YCIOBUSIMH, UJIH TOJIBKO
KPYITHO3EpHUCTBIMU KOHEUHBIMHU YCIOBUAMH. ITO OOBSCHSET, I0YEMY, IPAKTUYECKH, MbI
HUKOTJIa HE HaOJII01aeM MOJICUCTEMBI C IPOTUBOIOIOKHBIMU CTPEJIaMH BPEMEHH, TO €CTh,
o4yeMy cTpesia BpeMEHH YHUBEpCallbHa.

B HekoTOpOM cMbICIie, A€30praHU3alHsl COCTOSIHUN C MPOTHBOIIOJIOKHBIMU CTPEIAMU
BpPEMEHH 10100Ha 3proanyHocTH. O6a CBONCTBA CIIpaBe MBI BO BCEX MPAKTHUYECKUX
CUTYalUsX, OHAKO OHU HE SIBJSIOTCSA TOUYHBIMU 3aKOHaMU. OHU BEpHBI J1s1 OOJIBIIUHCTBA
peallbHbIX CUCTEM, HO KOHTP-TIPUMEPHI MOTYT Bceraa ObITh Haiinensl [21, 22]. Kpome Toro, 06a
CBOICTBa Ka)KyTCSl MHTYUTUBHO OYE€BHIHBIMH, HO JI0KA3aTh UX CTPOrO OUYEHb TPYyAHO. [l
3ProJJMYHOCTH COOTBETCTBYIOLIMM CTPOruM pe3ynbTatoM siBisiercds KAM (Konmoropos-
ApHonba-Mo3sep) Teopema, B TO BpeMs Kak JJisl 1€30pTaHnu3aluyl COCTOSHUM C
IPOTUBOIOJIOXKHBIMH CTPEJIaMHU BPEMEHH TaKasl CTpOrasi TeopeMa OTCYTCTBYET.

Hamm pesynbratel Takke paspematot "nporuopeune” mexay “‘Hosoit Jlunamukoi
[Tpuroxkuna [20] (o6cyxaennoit B Paznene 3.3 u3 ganHoi paboThl) 1 KOMMeHTapueM Bricmont
[26]. lnHamMuka B3aUMOJICHCTBYIOIINX MOJICHCTEM MOXET ObITh pa3jiesieHa Ha JIBa TUITA
JTMHAMUK:

1. O6patumyo uoeanvryo OUHAMUKY, PACCMATPUBAEMYI0 OTHOCUTEIBHO KOOPIUHATHOTO
BPEMEHH, KOT'JIa SHTPOIHS MOKET MM YMEHBIIUTHCS WA YBEITUUUTHCS.

2. HeobOpatumyto Habarooaemyo OUHAMUKY, PACCMATPUBAEMYI0 OTHOCUTEIILHO XapaKTePHBIX
CTpeJ BPEMEHH B3aUMOJICHCTBYIOIIMX MOJICUCTEM, OTHOCUTEIILHO KOTOPBIX SHTPOIHUS MOXKET
TOJILKO YBEJIMYMBATHCS, KAK YXKE MOKa3aHO BBIIIIC.

B pamxkax sroit repmunonoruu “Hosas dunamuka” [Ipuroxuna [20] sBaseTcst ogHoN u3 hopm
Haobao0aemol OUHAMUKU, B TO BpeMs Kak cTaThs Bricmont [26] paccMaTpuBaeT uoeaibHyo
Oounamuxy. B qactHoCcTH, HabMIOJaeMas TMHAMUKA HE BKITIOYaeT Bo3BpateHus [lyankape u
00paTUMOCTh, KOTOPBIE SIBJISIFOTCS I€HCTBUTEIHHO HEHAOII0JaeMBbIMU PEATbHBIM
HabmoaTeneM. JTo nemnaet e€ 0oyiee MPOCTOM, YeM ueanbHas AuHamuka. OHAKO, B
IpUHLIKIIE, 00a TUIA JUHAMHUKY MPaBUIbHBIL.

HyXHO Tak)ke OTMETUTD, YTO HAIIK PE3yJIbTAThl HE HAXOSATCS B IPOTHBOPEUYHHU C
CyIIECTBOBAaHMEM JAMCCUIATUBHBIX CUCTEM [27] (TakuxX Kak, HAIpUMEp, ONpPe/ICTICHHBIC
CaMOOPTaHU3YIOUINECs ONOIOTUYECKUE CUCTEMBI), B KOTOPOM SHTPOITHUS TIOJICUCTEMBI MOKET
YMEHBIIUTHCS CO BpEMEHEM, HECMOTPS Ha TO, UTO SHTPOIIUS OKPYKAIOIIEH CpeIbl
YBEIMYUBACTCS. DHTPOMHS MOTHON CUCTEMBI (BKIIOYAIOIICH KaK SHTPOIUIO JUCCUITATUBHON
CUCTEMBI, TaK M OKPY>KaIOIIEil cpeibl) YBETUUYUBAETCS, UYTO OTBEYAET 3aKOHY YBEITUYECHUS
sHTponHH. JIJI1 TAKUX CHCTEM THUIHMYHO, YTO B3aMMOJICHCTBHIE C OKPYXKAIOIICH Cpeiol cuibHOo, B
TO BpeMs KaK pe3ysbTaThl Halllel cTaTbu 00paIlalTcs K C1a0biM B3aUMOIEUCTBUAM MEXIY
nojcucteMamu. Harpumep, aiisi CyIiecTBOBaHMS )KUBBIX OPTraHU3MOB, HEOOXOIUM OOJBIIION
notok sHeprun oT ConHua. HeOonbi1oi MOTOK SHEPryuu OT 3Be3/ HE JOCTATOUYEH IS )KU3HH, HO
JOCTATOYCH /ISl ACKOPPEISALIUU U JIJIs BBIpAaBHUBAHUS CTpel BpeMeHu. B padore [6] mpuBoguTcs
nuTata: “ OgHako, HaOIIOIATENb SABISIETCS MAKPOCKOTTUMYECKUM IO OTIPEICIICHHIO, U BCE
OTJIAJICHHO B3aWMO/ICHCTBYIOIINE MAKPOCKOITMYECKIE CUCTEMBI CTAHOBSITCSI KOPPETUPOBAHHBIMH
o4eHb ObICTpO (Hanmpumep, Borel 3amedarenbHO BEIMUCINI, YTO, IEPEMEIICHUE OHOTO rpaMMa
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MaTepuasa 1o 3se3e Cupuyc Ha OJJMH METP MOYKET BJIUATH HA TPAEKTOPUU YAaCTHUIl B Ta3e HA
3emMJie Ha BpeMEHHbIX MaciTabax nopsjaka MUKpocekyHn [28]).”

IIpuio:xkenne A. OcHoBHbie cBoiicTBa [Ipeodpa3oBanus [lexkaps

B sTOM mpuiioxxeHnr MBI PEICTaBIIsIeM HEKOTOPBIE OCHOBHBIE CBOMCTBA [IpeoOpa3zoBanus
[Tekaps. bonble neraneii MokeT OBITh HaMIEHO, HATIpUMED, B [29].

@) (b) (©) (d)

Puc. 4 'eomerpuueckas nuntepnperauus [Ipeodpasosanust [lekaps. (a) Hauanphas
koH(urypanus (b) OnHopoHOE C)KaTHE B BEPTUKAIBHOM HAIIPABJICHUU U PaCIIUPEHUE B
TOPH30HTAILHOM HalpaBJIeHUH Ha BeMYnuHY (pakropa 2 (c) UtoroBas koH(pUTypanus mocie
OTpe3aHMs IPaBoil MOJIOBUHBI U €€ noMeleHus Ha JieByto (d) MitoroBoe koH(urypauus nocie
JIBYX UTEPALAN

A.1 Onpenenenue Ilpeodpazosanus Ilexaps
PaccmotpuM GuHApHYIO CUMBOJIMUECKYO TTOCIIEIOBATEIBHOCTD.

S50 8.1.8,:85,,8,,8; ... (25)

OeCKOHEUHYIO ¢ 00ernX CTOpoH. Takast Mocie10BaTeIbHOCTD ONPEACIISET JIBa BEIECTBEHHBIX
yucia

x=055,8,.. y=0S5,5,5,.. (26)

ITocmenoBaTEIBEHOCTD MOKET OBITH nepemMenicHa O6paTI/IMO OTHOCHUTEJIBHO TOUKH C 3aIISITOH B
oboux HaIlpaBJICHUAX. ITocne neBoro caBura Mol IoJIy4yacM HOBBIC HeﬁCTBHTCHBHLIC qucjia

X' =2x-[2x], =%(y+[2x]), (27)

rae [x] siBisieTcst caMbIM OOJIBLIMM LIEJBIM YMCJIOM, MEHBIIE YEM WIIM PaBHBIM X. DTO
oToOpakeHHe eAMHUYHOTO KBajipaTa B ce0st Ha3bIBaIOT /Ipeobpasosanuem [lexaps.

VY IlpeobpazoBanus [lekapst ecTh eCcTh IpocTasi reoMeTprUecKast HHTEPIPETaIns,
npezcrasieHHas B Puc. 4. Tam (a) - HauanbHas KOHQUrypamys, U (C) 3aKII0YUTEIbHAS
KoH(puryparus nocie ogHon urepanuu IIpeodpazoBanus [lekaps, ¢ MpoOMEKYTOUHBIM IIATOM,
npezcrasieHHbIM B (b). YacTs (d) mpeacTaBiser 3aKII0UUTENIbHYIO KOH(PUTYPALUIO TTOCIIE IBYX
WTEpaLuii.
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A.2 HectadmibHbIe IEPHOAMYECKHE OPOUTHI

[Tepuonnueckue cumBomueckue nocieaopatenbHoCcTh (0) 1 (1) COOTBETCTBYIOT
HENOIBMXKHBIM ToukaM (X, y) = (0, 0) u (x, y) = (1, 1), coorBercTBeHHO. [leproanueckas
nocienoBareabHOCTh (10) cooTBeTCTBYET ABYXTIepuoanunon opoute {(1/3, 2/3), (2/3, 1/3)}. U3
nepuoanueckoi nocienoBatenbHocTH ...001; 001... met monyuaem {(1/7, 4/7), (2/7, 2/7), (4/7,
1/7)}. Touno Tak e u3 ...011; 011... mer momywaem {(3/7, 6/7), (6/7, 3/7), (5/7, 5/7)}.

JIto60¥ x ¥ y MOTYT OBITh alIIPOKCUMHUPOBaHbI TPOon3BOILHO Xopoino 0.Xo...X, 1 0.Yo... Yo,
COOTBETCTBEHHO, NPU YCIOBUH, YTO 71 ¥ M. SIBJISIIOTCS TOCTATOYHO O0ibmuMu. [loatomy
nepuoAnyYeckas nocyieqoBareabHOCTh (Y ... Y 0Xo...Xn), MOXKET NPUOIU3UTHCS K TI000M TOUKe
€IMHUYHOTO KBaJ[paTa MPOU3BOJILHO 0JIM3K0. TakuM 00pa3oM, MHOKECTBO BCEX MEPUOTUIECKUX
OpOUT MAET MIOTHOE MHOXKECTBO HA €IMHUYHOM KBaJipaTe.

A.3 DproguyHoCThb, NepeMenIMBaAHUE, U COXPAHEHHUE TIOIAU

W3-3a pacTskeHus] B TOPU30HTAIIBHOM HAIPABJICHUH, BCE OJIM3KHUE TOUYKH PACcXOIATCS 1O
AKCTIOHEHTE 1oJ aeiicTBueM utepamnuii [Ipeodpazoanus [lekaps. [Ipu aTux urepanusix igrodas
cilydaifHasi CHMBOJIMUECKas TIOCIIEJOBATEIIbHOCTD PUOIMKAETCS IPOU3BOJIBHO OJIM3KO K JIF0OOH
TOYKE eAMHUYHOTO KBajpaTta. Boobie, Takoe sproanieckoe CBOHCTBO MOYKET MCIIOIB30BATHCA,
4TOOBI 3aMEHUTH cpesiHee 1Mo "BpeMeHn" <A> cpeanuM 1o "ancamoro"

(4)= Z Ax,.9,) = [ AGx )Yl v) = [ 4G, y)o(x, y)dxdy, (28)

rne du(x,y) sBisieTcs UHBApUAHTHOM MEpOil U p(X, ) MHBapUaHTHAS IIOTHOCTH JJIS
[IpeobpazoBanus Ilexaps. s [Ipeobpazoanus [lekaps, p(x, y)= 1.

[on netictBuem utepanwmii [Ipeobpazosanus Ilekaps nobast 061acTb 0TOOpakaeTcs B sl
y3KUX TOPU30HTAIBHBIX 10JIOC. B KOHEYHOM cueTe, OHU 3aMOIHSIOT PABHOMEPHO BECh
€IMHUYHBIA KBaJpaT, YTO U COOTBETCTBYET MEpEeMEIINBaHUI0. TOUHO TaK ke 0OpaTHBIE
UTEpALUH 0TOOPAXKAIOT 00JIACTh B y3KHE BEPTUKAIBHBIC JICHTHI, KOTOPAask TAKKE COOTBETCTBYET
nepeMeInBaHHIo.

Bo Bpemst 3TUX uTepanuii He U3MEHSETCS IUIONIAIb 00J1aCTh. DTO CBOMCTBO - 3aKOH
coxpaHeHus iomaan odnactu st [Ipeobpazosanus [ekaps.

A.4 Tloka3zarejiM CTeneHHA JIHHyHOBa, CKUMapIuecd u
PACTATUBAKOIIHCCH HAlIPABJICHUSA

Ecin x{"” u x{* umeror pasnbie nepsbie k 1BondHbIe THQPHL, TO A1s n <K,

x,(lz) _ x,(zl) _ 2n(x(§2) _ x(()l))z (x(gz) _ x(()l))enlog2 , 29)

rac A: IOg 2 ABJISICTCA HepBBIM IIOJIOKUTCJIbHBIM ITOKA3aTCJIEM CTCIICHU .HSIHyHOBa JUUIA
[IpeobpazoBanms Ilekaps. CrnenoBaTenbHO, PACCTOSTHUE MEXTY ABYMS OJIM3KUMH OpOUTAMH
YBGHI/I‘-II/IBaCTCH 110 3KCIIOHCHTC C YBGHI/ILICHI/ICM n, ¥ 1ociaec k I/ITepaI_[I/II/I CTAaHOBUTCS HOpﬂI[Ka 1
DTO CBOMCTBO HA3bIBAIOT UYBCTBUTEIHHOCTHIO K HAYAJIbHBIM YCIIOBHSIM. M3-3a 3TOr0 CBOICTBA,
BCE MEPHOAMYECKUE OPOUTHI HEYCTONUUBBIL.

Tak kak momaas 00JacTh COXpaHAETCS, PACTHKEHUE B TOPU3OHTAILHOM HAIPABJICHHH,
o0cy>k/IeHHAas BBIIIE, MOAPA3yMEBALT, YTO HEKOTOPOE HAIMIPABIICHUE CKATHUS TAKKE TOJKHO
CyIIECTBOBATh. J{eCTBUTEIIBHO, IBOJIIOIMS B BEPTUKAIIBHOM HAINPABJICHUN y OOpaTHA
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OBOJIIOIMH B T'OPHU30HTAJIbHOM HaIIpaBJICHUU X. Ecmu (X(()l),y(()l)) n (X(()z),y((]z)) SABJIIIOTCS IBYMSL

touxamu ¢ x{) = x{), rorna
y =0 =27 (3 = y0) = (4 -y Jerree) (30)

CrnenoBarenbHo, A= —log 2 - 3T0 BTOpoii OTpHILIATENIbHBIN TIOKa3aTeNb cTeneHu JlsmynoBa uist
[IpeobpazoBanus [lekapsi.

A.S 3aTyxaHue KOppeassunu

Tak Kak X - HeyCTOWYHBOE HAIPABIICHUE, SBOJIIOIHS B 3TOM HAINPaBICHUH MTPUBOIUT K
3aryxaHuro koppensiuit. Cpenuasis koppersimuonHas GyHkius C(m) s mociae10BaTeIbHOCTH
X OOBIYHO OIpeeNsieTCs KakK

C(m)= limlzn:(xk —<x>Xxk+m —<x>), (31)

n—® pn kel

rmue <x> = [im

n
Zxk /n. KOppCJ’IHHI/II/I MOTYT OBITH OOJIEE JIETKO BBIYMCJICHBI, €CJIN U3BCCTHA
n—»o0o
k=1

MHBapuaHTHas Mepa W(X), B 3TOM ClIydae

C(m)= [ (e = e ()= (x))dua(x), (32)

rae /" (x) = x,, - QyHKIHMsA, KOTOpast 0TOOpakaeT MEPEMEHHYIO X Ha ee 00pa3 mocjie m uTepanuii
[Tpeo6paszosanus [lekaps. s [IpeobpazoBanus lekapst du(x)=dx, Takum 06pazom, Mbl MOKEM
HanMcaTh

e

Cm)=>3 [(e=(x))2mx=j-(x))ax, (33)
J=0 - jom

KOTOPBIii IPUBOJIUT K

2" -1

C(m)= JZO‘, 2’"%3—(2m<x>+<x>)x7+<x>2x—f x?_<x>x (34)

s IpeoOpaszoBanus [lekaps <x>='2, 1, TaKUM 00pa30M, HaMCaHHAs! BBIILIE CyMMa MOXKET
OBbITh BBIYMCIIEHA SIBHO

2—m
12

C(m)= (35)
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DTO MOKA3bIBAET, YTO 3aTyXaHUE KOPPEIISIINI MPOUCXOIUT MO SKCIIOHEHTE C YBEJIIMYECHUEM M.
Koppensius [Tupcona uis cucteMbl HAXOAUTCS CIEAYIOLUUM 00pa3oM

r(m)=C(m)/c(0)=2" (36)
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Yacre 2. YHUBepcaibHas cTpesa Bpemenu: Ciyuyau
KBAHTOBOM MEXaHUKHMU.

0. Aunorauus: Paspemenue napagokca IllIpeanHrepoBcKkoro Kora,
napaaokca apyra Buraepa, napajgokca KoTejaka, KOTOpPbId
HUKOI'IA HE 3aAKUITUT.

JlaHHast cTaThs SABISETCS €CTECTBEHHBIM MPOJIOJDKEHUEM HAICH mpeaplayei crateu [1] u
NEepBOM YacTU ATOTrO 3cce. Mbl paHee NMPOUIUTIOCTPUPOBAIIH, YTO B KIIACCUYECKOM
I"aMuIIbTOHOBO# MEXaHUKE IS TTOIABIISIONIETO OOBIIMHCTBA PEaThbHBIX XAa0THYECKUX
MaKpPOCKOIUYECKUX CUCTEM MPOUCXOAUT CUHXPOHU3AIHS COOCTBEHHBIX CTPENl BPEMEHH
BCJIC/ICTBHE UX MAJIOTO B3aUMOJICHCTBUS. DTOT (haKT U HEBO3MOXKHOCTh HA0JII01aTh YObIBaHHE
SHTPOIUH MPU CAMOHAOIIIOIEHUU OOBSICHSIOT BTOPOE HAYallo TEPMOIMHAMUKU. B KBaHTOBOI
MEXaHHUKE CHTYaIHsl 1a)Ke HEMHOTO TIPOIIE — BCE 3aMKHYTHIC CHCTEMbI KOHEYHOTO 00beMa
SBIISIOTCS MEPUOJUYECKUMHE WU TIOYTH MEPUOJNYEeCKUMHE. Jl0Ka3aTenbCTBO B KBAHTOBOU
MEXaHHKE BO MHOTOM aHAJIOTUYHO JIOKA3aTeILCTBY B KJIACCHYECKOM [ aMHIIbTOHOBOI MEXaHUKE
— OHO HCTIONB3YeT y4eT MaJIOro B3aUMOACHCTBHS MEXKIY MOJICUCTEMAaMHU U HEBO3MOKHOCTh
HaOr01aTh YOBIBaHUE SHTPONUU TPU caMOHa0moieHrH. OTHAKO UMEIOTCS 0COOBIE CITydaH,
KOTOPBIX HE OBbLIO B KJIIACCHYECKOM MeXaHHKe. B 3THUX ciyyasx 0JHOMY MHUKPOCOTOSHUIO
COOTBETCTBYET HECKOJIbKO BO3MOKHBIX MAaKPOCOTOSIHHH (TOYHEE WX KBAHTOBAS CYTICPIIO3HIIHS).
PaccMoTpenue 3Toro cBoOWCTBa C HCIOIb30BAaHUEM TEOPUHU ACKOTEPEHIIUU U yYeTa
TEPMOJUHAMHYECKON CTpPEIbl BPEMEHH MTPUBHOCUT HOBBIE PE3yJIbTaThl B KBAHTOBYIO MEXAHUKY.
OHO TO3BOJISIET pa3pelIUuTh OCHOBHBIC MAPaIOKCHl KBAHTOBOW MEXaHUKH: (a) OOBSICHUTH
napaoKC peayKIMH KBAHTOBOTO MTAaKeTa MpU U3MEPEHHX, KOT1a HabIoJaTens BKIIOUEH B
cucreMy (camonabmonienue) (mapamnoke LlpenunrepoBckoro kota); (0) 0OBICHUTD
HEHAOJI0JaeMOCTh CYTEPIO3UIIINHA MAKPOCKOTTMUECKUX COCTOSIHHIM BHEITHUM HAOIIOAaTeNIeM B
peanpHBIX dKCTIEpUMEHTax (Tmapaaokc npyra Burnepa); (B) 1oka3aTh MOJIHYIO SKBUBAJIEHTHOCTh
MHOTOMHPOBOI 1 KoneHrareHckoi nHTeprnpeTanuii KBAaHTOBOW MEXaHUKH; (') OOBICHUTH
OTKJIOHEHHSI OT KCIOHEHIIMAIbHOT0 3aKOHA IIPU paciajie 4acTUll U Mepexoaax ¢ OJHOro
HHEPreTHUECKOTO YPOBHS HA APYrou (mapagokc KOTENKa, KOTOPhI HUKOT/Ia He 3aKHITHT).

1. BBegenune

[Ipexne Bcero, cieayer OTMETUTh, YTO B HaIllEH CTaThe, €CJIM HE OTOBOPEHO UHOE, ITOJIHAS
cUCTEeMa HaXOJUTCS B 3aMKHYTOM OTPaHUYEHHOM 00BbEME, COAEPKHUT KOHEUHOE YHUCIIO YACTHILL U
M30JIMpOBaHa OT OCTaJIbHOM YacTu BeeneHHol. DTo IiiaBHbIE YCIOBUS 3aKOHA POCTa
TEPMOIMHAMHYECKON SHTPOIIUH, KOTOPBII MbI OyieM 00cyxaatb. OHa TakKe ONMUCHIBAETCS
3aKOHAMU KBaHTOBOM MEXaHUKHU.

B nameli npeapiayiei cratee [ 1] Mbl paccMaTpuBaiy CHHXPOHHU3ALMIO CTPET BPEMEHU B
KJIACCHYECKOU ['aMUIIbTOHOBOM MEXaHUKE U BBITEKAIOLIEE U3 HErO JJOKA3aTeJIbCTBO 3aKOHA POCTa
SHTPONUH. 31€Ch MBI XOTUM PaCCMOTPETh KBAaHTOBBIN Cilydaid. [[puunHON CHHXpOHM3ALMY CTPEI
BPEMEHH B KBAHTOBOM MEXaHHUKE, KaK U B KJIACCUYECKOW MEXaHUKE, SABIIIOTCS
«nepenymoiganuey» W «dekozepenyusy» [2-3,17,24-27] - manoe B3auMOACHUCTBUE MEXTY
peaNbHBIMU Xa0THUECKUMU MAaKPOCKOITMYECKUMHU CUCTEMAMHU WUJIN PEaIbHON Xa0THYECKON
MaKpOCKOIUYECKON CUCTEMO B HEYCTOMUMBOM COCTOSIHUU M KBAHTOBOW MUKPOCHCTEMOMN
(mpouiecc u3MepeHusl B KBAHTOBOW MEXAHUKE).
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Hcnonp3oBaHue sIBICHUS] CHHXPOHU3ALUH CTPEJ BpEMEHH Ha KBAHTOBYIO MEXAaHUKY JUISI
aHaJIM3a MUPOKO U3BECTHBIX MapaJOKCOB KBAHTOBOM MEXaHUKH AeT UX MOJTHOE U
HENPOTUBOPEUYUBOE pazpeleHue. Bee 3Tu napagoKcsl CBA3aHbI C 9KCNEPUMEHMANbHOU
HEHAOII0JAEMOCTBIO JUISl PeaibHblX MAKPOCKONUYeCKUX TNl TAKUX YICTO KBAHTOBBIX SIBJICHMUIA,
IIPEJICKa3bIBAEMbIX KBAHTOBON MEXaHUKOM, KaK (a) Cyneprno3uiusl COCTOSIHUN JUIs
Konenrarenckoit nuarepnperaiiu uiu (0) HaTu4Yle MHOTUX MUPOB B CITydyae MHOTOMHUPOBOU
UHTEPIpETALNH.

JleficTBUTENHHO, KBAHTOBASI MEXaHHUKA 00JIajaeT NPUHIIUIHAIBEHBIM OTJIIMYUEM OT
KJIACCUYECKOM — €CITH TSI KITACCHYECKOW MEXaHUKH OJJHOMY MHKPOCOCTOSIHUIO COOTBETCTBYET
TOJIBKO OJIHO MaKPOCOTOSIHUE, TO JIJIsl KBAHTOBOM MEXaHUKHU OJJHOMY MHUKPOCOCTOSIHUIO (Yucmoe
COCTOSIHUE, OTICHIBAEMOE BOJTHOBOW (DYHKIIMEH) MOKET COOTBETCTBOBATH HECKOJIBKO
MakpocoTostHui. (Vu, HHBIMU CIIOBaMU, 3TO MUKPOCOTOSTHUE SIBIISIETCS CyTepIIO3UIUeit
MHUKPOCOCTOSIHHI, COOTBETCTBYIOIIUX PA3HbIM MAKPOCOCTOSHMIM.) CUTyalus He peicTaBuMast
B KJlaccuueckoi mexanuke! [IprueM Takoe cOCTOSIHUE HE MOXKET pacCMaTpUBATLCS Kak MPOCTO
cMewanHoe COCTOSIHNE, T.€. KITACCHYECKUI aHCaMOJIb HECKOJIBKUX MAaKpOCOCTOSIHAN (TOUHEee
COOTBETCTBYIOIIUX UM MUKPOCOCTOSTHHU, BXOAIIUX B CYNEPIIO3UIUIO) C COOTBETCTBYIOLUIUMH
BEPOSITHOCTSIMH. DBOJIIOLUS TAKUX CYNEPIO3UIINN M CMEIIAHHBIX COCTOSIHUN OTIMYaeTCs. ITO
OTJIMYME CBS3aHO C HAIMYUEM UHMEPDepeHyUOHHbIX YICHOB ISl CYNEPIO3ULIUU (MU
K8AHMOBbIX KOppeaAYUll MUPOB JUTSI MHOTOMHUPOBOW MHTEPIPETAINN ). XOTS IJIs
MaKpPOCKOIUYECKUX TEJ 3TU pa3Inyusi O4eHb MaJibl, HO, TEM HE MEHEee, OHU CYIIECTBYIOT. UTO
K€ MEIIAeT MX IKCIIePUMEHTaIbHO HabmoaaTs? Te ke MpUYHMHEL, 9TO MPENATCTBYIOT HAaOII0AaTh
YMEHBIIIEHNE YHTPOIHHU, BCIIEICTBUE CUHXPOHU3AIMH CTPEN BpeMeHHU !

JeiicTBuTensHO, O0Jiee MoAPOOHBIN aHaIH3, TPOBOIUMBIN HIKE, TOKA3bIBAET, YTO
SKCIIEPUMEHTAIbHBIC MTPOSBICHUS UHTep(hEepeHINH (KBAHTOBBIX KOPPEJISIIIHIA) TPOSBISIOTCS
3HaAYUMenbHO NI B MOMEHT yObiBaHus HTponuH. [Iporecc 3ToT He Habmo1aeM 6 npunyune,
€CJIM HaOJIoIaTeNb 6x00um B HaONIIOaeMylo cuctemy (camonabntooenue). Ilpu 3ToM, OH O4EHb
TPpyAHO HaOoaeM (TpedyeT MOUYTH MOJTHOW U30JISUH MAKPOCUCTEMBI OT JJEKOTEPEHINH
OKPY’KEHHsI/CaMOTO HAOJIIOAATENIS) UIsl MAKPOCHCTEM, BHEIITHUX 110 OTHOIIECHUIO K
HaOJII01aTeII0 N3-32 CHHXPOHMU3ALIUU CTPEl BpeMEHH Ha0II0JaeMOi CUCTEMBI U
HaOIIOATEIsI/OKPYKEHHUS TTPU ACKOTEPEHIINH.

Mauibie e MposiBJICHUsI UHTepPepeHINU (KBAHTOBBIX KOPPEJSLUNA) IPH POCTE SHTPOIUU
Tak)Ke He MOT'YT HaOJII0JaThCsl PU CaMOHAOIIOIEHUH 8 npunyune (13-3a IPUHLUIINATBHOTO
OTPaHUYEHUS B UX TOUHOCTHU — IIPU CAMOHAOIIOIEHUN MOTYT U3MEPATHCS JIUIIb
MaKpoIapaMeTphbl, MOJIHOE U3MEPEHNE HEBO3MOKHO). OHU )K€ 0UY€Hb TPYAHO HAOJII0IaeMBbI JUIS
Cllydasi BHEIIHET0 HaOoaaTeNsl u3-3a AEKOTepeHIIMU C HaboJaTeaeM/OKpyKEHUEM.

2. KauecTBeHHOE paccMOTpeHHE BONPOca.

[Tpu4nHON CHHXPOHHM3ALUK CTPEl BPEMEHU B KBAHTOBOW MEXaHUKE, KaK U B KJIACCUYECKOU
MEXaHUKE, SBISIETCS MAJIOE B3aMMO/ICHCTBIE MEXKIy PEalbHBIMU Xa0THIECKUMHU
MaKpOCKOIMUYECKMMH CUCTEMaMH. DTO XOPOIIO U3YyYEHHOE SBJICHUE, HOCSIIEee Ha3BaHHUE
«oexoeepenyuuy [2-3, 17, 24-27]. Ee pe3ynbTaToM SIBISETCA HE TOJIBKO IIUPOKO U3BECTHOE
«nepenymuléanue) COCTOSHUN CHCTEM, HO M CHHXPOHU3AIIMS MX BPEMEHHBIX CTpEll.
(HampaBnenue cTpesbl BpeMEeHH OTIpeIeNsieTCsl HallpaBlieHHeM pocTa sHTponun.) [lpuunna
TaKOW CHHXPOHHM3ALUK a0COJIOTHO Ta )K€, YTO U B KJIACCUYECKOU [ aMHIbTOHOBOIT MEXaHHUKE —
HEYCTOWYHBOCTb MPOIECCOB C YOBIBAHUEM DHTPOIHH MO0 OTHOIIEHHUIO K MaJIbIM BO3MYIICHHUSIM
CO CTOPOHBI HAOIIOATENSA/OKPYKEHUS (IeKOTepeHIINs).

[Toxoxue apryMeHThl B Clly4ae KBAaHTOBOIM MEXaHUKU ObLIM J1aHbl B paboTe Maccone [4].
OpHako TaM OH yTBepKall, YTO MOJ00HAs JOrMKa IPUMEHUMA TOJIbKO B KBAHTOBOM MEXaHMKE.
Ommbo9HOCTH MOAOOHOTO B3TJIsiAa ObliIa TOKa3aHa B HAIIMX MpeabAymux padotax [1,5]. Kpome
TOTO OBIJIO BBIABUHYTO U JPYroe BO3pasKeHHE MPOTHB Hero B padote [6]. Tam paccmarpuBaroTcst
HeOoJIbIINe, CHIIBHO (UIFOKTYUPYIOIINE CUCTEMBI, B KOTOPBIX HAPYIIAETCS] CHHXPOHU3AIUS CTPEI
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BpeMeHu. ClrietyeT OTMETUTh, YTO KaK OTBET Ha 3TO BO3pakeHHne caMoro Maccone, Tak u
noclneayomas padoTa caMux aBTOpPOB BO3pakeHus [ 7] He OOBACHAIOT UCTUHHYIO PUUHHY
3aMEUYEHHOT0 HEeCOOTBEeTCTBUs. OHA K€ OYSHb MPOCTA U 3aKITFOYAETCS B TOM, YTO 3aKOH
BO3pAaCTaHUS SHTPOIHH, CAMO MOHSATHE TEPMOIMHAMUYECKON CTPEIIbl BpDEMEHH U UX
CHUHXPOHH3AIHS — IPUMEHUMBI TOJIBKO K HEPAaBHOBECHBIM MAKPOCKONUYECKU OOBEKTAM.
Hapyinenue sTux 3aK0HOB 11 MUKPOCKOTIMUYECKUX, CUIIBHO (DITFOKTYUPYIOLIUX CUCTEM —
MIMPOKO M3BECTHHIN (hakT. Tem He MeHee, XOTs caMo Bo3paxkeHHe [6] TpUBHAIBHO (PU3UUECKH,
HO OHO MHTEPECHO C YUCTO MaTeMaTHUYECKOM TOUKH 3peHus. OHO aeT XOpOIIUi
MaTeMaTHIECKUN Kpumeputi MaKpoCKONUYHOCMY Xa0THUYECKUX KBAHTOBBIX CUCTEM.

Curtyaiusi B KBAaHTOBOM MEXaHHUKE JJaXKe MPOIIE, YeM B KIIACCUYECKOM — 371eCh XaOTUYECKUM
KBaHTOBBIM CHCTEMaM COOTBETCTBYIO MTOUYTH MEPHOANIECKIE CUCTEMBL. MIX XaOTUIHOCTD
MPOSIBIISICTCS. B TOM, UTO SHEPTUH, XapaKTEepU3yIOIIue COOCTBEHHbIC 3HAUYCHHS TaMUJIbTOHUAHA U
OTPENIETISIONINE «HACTOTh SHEPTETHUECKUX MOJI, PACIIPEACIICHBI IO CIy4alHOMY 3aKOHY [8].

YacTo MOXKHO BCTPETUTDH YTBEPKIACHHUE, YTO KBAHTOBBIE XaOTUYECKUE CUCTEMBI 110 CBOEMY
MOBEJICHUIO OY€Hb CUJIIBHO OTJIMYAIOTCS OT KIACCHUYECKUX XAOTUIECKUX CUCTEM. DTO, OJHAKO,
CWJIbHOE 3a0ITy>KJIeHUE, CBSI3aHHOE C TTTyOOKUM HEMOHUMaHuEeM (PU3UKH STUX CUCTEM.
JleiicTBUTENbHO, KBAHTOBBIE XaOTHYECKUE CUCTEMBI ITOYTH IMEPHOAMYECKHIE, TOTIa KaK
KJIACCMYECKHE XaOTUYECKUE CUCTEMbI XapaKTePU3YIOTCS CITyYaiHBIM 3aKOHOM JIJIsl BpeMEH
Bo3Bpata [lyankape. Y HabmonaTens u HabIF0JaeMOM CUCTEMBI CTPEITbI BpEMEHHU
CUHXPOHM3UPOBaHbL. [103TOMY HabM01aTENb CIIOCOOEH SKCIIEPUMEHTAIBHO MPOBOIUTH
HaOMroeHUE (MJIM CaMOHAOJIIOICHHUE) JIUIITH HA OTPAHUYCHHBIX MPOMEXKYTKAaX BPEMEHH, KOTIa y
HETo CYIIECTBYET CTpesia BpeMEeHHU (T.€. COCTOSIHHE AalieKoe OT TEPMOJAUHAMUYECKOTO
paBHOBECHS), U OHA He MeHsem CBOE HampaBieHue. Ha Takux xorneunvix ¥ S9KCIIEPUMEHTAIBHO
peasibHO HAOII0AaeMbIX BpEMEHaX MMOBEACHUE XaOTUYHBIX KBAHTOBBIX CUCTEM HOCHUT TOT K€
XapakTep, U4TO U JUISI KIIACCHYECKUX KBAaHTOBBIX CHCTEM.

JlexorepeHIusi MPUBOAUT K MEPEX0ly HAOIIOAAEMbIX MOJICUCTEM U3 YHUCTOTO COCTOSIHHE B
CMEIlIaHHOE, T.€. MPUBOJIUT K pocTy »HTpornuu. (Ha camom aene, Beab 0lHO MaKpOCOCTOSIHUE
3aMEHSIETCs Ha 1eJIbIi Ha0Op BO3MOKHBIX MaKpococTOsTHUMI.) C Apyroi CTOPOHBI, BO3BPaThI
[Tyankape natoT oOpaTHBbIM pe3yibTar (T.€. «PEKOTepPEHLIMIO») U CBSI3aHbI C YMEHBIICHUEM
SHTponuu. JlekorepeHuus M COMyTCTBYIOLIAs €l CHHXPOHU3ALUs CTPET BPEMEHU HaOJt01aTels
¥ HaOJI0JaeMBIX MMOACUCTEM MIPUBOIUT, TAKUM 00pa30M, TAK)KE K CHHXPOHH3AI[U MOMEHTOB
Nepexo/ia U3 YHUCTOr0 COCTOSIHUE B CMELIAaHHOE BCEX ATUX MOJACUCTEM U HEBO3MOXHOCTHU
HKCIIEPUMEHTAIBHO HA0M04aTh 00paTHBIN Npoece (T.e. KPEKOTEPEHIIHIOY).

[TonBozs UTOT BBIIIECKA3aHHOTO, PACCMOTPEHUE SBJICHUS] CHUHXPOHU3ALIUU CTPET BPEMEHHU B
KBAaHTOBOU MEXaHUKE BO MHOTOM aHAJIOTUYHO PACCMOTPEHHUIO B KJIIACCHYECKOM MEXaHHKE.
OpnHako paccCMOTpPEHHE 3TOTO CBOMCTBA JIJIsl aHAJIM3a HIMPOKO U3BECTHBIX MMapaJOKCOB
KBAaHTOBOI MEXaHMKH JaeT UX IOJIHOE U HEIPOTUBOPEUMBOE pa3pelieHne. DTO CIaeyolne
napajoKchl: (a) mapagoKc PeayKIIMH KBAHTOBOIO MMaKeTa MPHU U3MEPEHUSX (ITapaioKc
HIpenunrepoBckoro kota); (0) HeHabIOAAEMOCTh CYIIEPIIO3UIIMH MAKPOCKOITMYECKUX
COCTOSIHMH (1mapagokc Apyra Burnepa); (B) cmpocoe noka3aTenbCTBO MOTHON SKBUBAIICHTHOCTH
MHOTOMHUpOBO# 1 KoneHrarenckoit MHTepripeTanuii KBaHTOBOM MEXaHUKH; (T) OTKJIOHEHHUS OT
9KCIIOHEHIIMAJILHOTO 3aKOHA MPH paciajie YaCTHIl U MEPEX0/1aX ¢ OJHOTO SHEPIeTUYECKOTO
YPOBHS Ha APYTOH (MapagoKC KOTEIKa, KOTOPBIA HUKOTIa HE 3aKUITUT).

Kak y»xe yka3pIBajioch BbIIIE PEllIEHNE BOMPOCcAa O CHHXPOHU3ALUU CTPEJ BPEMEHHU B
KBAaHTOBOW MEXAHUKE aHAJIOTMYHO KJIACCUYECKOM MexaHuKe. Ho umeercst 01HO BaxKHOE
UCKJII0YeHHe. B kiiaccuueckoil MexaHuKe OJJHOMY MHUKPOCOCTOSIHUIO (TOUYKE B (ha30BOM
IPOCTPAHCTBE) COOTBETCTBYET TOJIBKO OJHO MaKpOCOCTOsIHUE. B KBaHTOBOI e MeXaHuKe
OJITHOMY MHUKPOCOCTOSIHHIO (BOJIHOBas (PYHKITHST) MOYKET COOTBETCTBOBATD 11EJIbIM HAOOD
BO3MOXKHBIX MAaKpOCOTOSIHHM (KBAaHTOBAsI CYTIEPIIO3UIIHS BOJTHOBBIX (DYHKIIHIA,
COOTBETCTBYIOIIUX OTAEIbHBIM MAKPOCOCTOSIHUSAM). DTa CUTYyalllsl BOZHUKAET B U3BECTHOM
napajokce «llIpeanHrepoBCcKOro KoTay.

24



Ceiiuac ouenb nomyssipua MHoromuposasi IHTepnperanus kBaHToBOM MexaHuku. OHa
YTBEPKIACT, YTO 3TUM OTAEIbHBIM MAaKPOCOCTOSIHUSAM COOTBETCTBYIOT OTIEIIBHBIE U
OJTHOBPEMEHHO CYIIECTBYIOUIHME NMapaIEIbHO MUPBI, KOTOPBIE HHTEP(EPUPYIOT (CKIAIBIBAIOTCS
JpyT ¢ 1pyrom). B atom Bugutes pasperienue napajgokca «lllpeanHrepoBcKoro Kota.

Ho Tyt BOo3HUKaeT n1epBbIi, Ha MEPBBIN B3IJIsA] TPUBUAIBHBIN BOIIPOC: 3a4€M HAM HY>KHO
IIpeIoIaraTb OJHOBPEMEHHOE CYIIECTBOBAHME 3TUX MUPOB. BMECTO 3TOr0 Mbl MOKEM IIPOCTO
ckazarb: «CrucremMa KOJIJIariCUpYyeT B OJIHO U3 3TUX MaKpOCOTOSIHUM C BEPOSITHOCTBIO,
onpezensieMoil npasuinamu bopa. [[ist uero Ham Hy KHBI ’TH MUCTUYECKHUE MTapaJlJICIIbHbBIE
mMupbl?». JlanHomy B3y orBedaeT Konenrarenckas MHrepnperanusi.

Ha 310 00b14HO fatoTCs Cleayrole BO3paKeHHs

1. VY Hac HEeT HUKAaKUX MEXaHU3MOB, OIIMCHIBAIOIIKX KoJutanic KoneHrareHckoi
HNurepnperanum.

M5l nprHUMAEM, 9TO BOJIHOBBIE (DYHKIIUHM 3TO HEUTO PEaJbHO CYIIECTBYIOIIEE.

OTH BOJHOBBIE QYHKIMHU U UX CYyNEPHO3ULIUS YAOBIETBOPAIOT ypaBHeHUI0 llpenunrepa.
N3 1 1 2 aBTOMaTHYECKH ClIeIyeT MHOTOMHPOBAsi HHTEPIIPETALIUS.

JlexorepeHIus, KOTOpasi TaKkxKe sABJIsIeTcs cieacTBueM ypasHeHus Llpeaunrepa, o0ObscHSET,
IIOYEMY MBI MOXKEM B UTOT'€ BUJIETh JIULIb OJUH U3 MUPOM (C COOTBETCTBYIOIIEH
BEPOSTHOCTHIO bopa).

R N

Ho Ha 370 BriosiHe MOXHO BO3pa3uTh: «/Jla, y Hac HeT MexaHu3Ma KoJsuarca. Ho HaM u He
HYKHO €ro 3HaTh. MBI IPOCTO MOCTYJIMPYEM HAJIMYKE TAKOTO KoJuiarca. bomee Toro, Mbl qaxe
HE XOTHM 3HATh 3TOT MEXaHU3M, [TOCKOJIbKY CIIOCOOHBI OMUCATh M PACCUUTATH JFOOYTO
(UBHYECKYIO CUTYAIUIO 0€3 3TOTO 3HAHUS.

Ho Tako#t moaxo BCTpeyaeT ClIeyOIMe TPYIHOCTH:

1. MpI He MOXEM yKa3aTh WIA PACCUUTATh MOYHbILI MOMEHT BPEMEHH, KOTJ1a TPOUCXOIUT 3TOT
KoJutarc. [{ns MakpoTes MOKHO yKa3aTh JIUIIb OYEHb Y3KHM, HO, TEM HE MEHEE, KOHEUHBII
WHTEpBaJ BPEMEHU, HA KOTOPOM 3TOT KOJUIAIIC TPOUCXOIUT.

2. Jlyis MakpoTen CYIIECTBYET JOCTATOYHO YETKOE Pa3eieHUe MEX1y MUpaMHu (3a CUET
JIEKOTEePEHIIMH), HO OHO HUKOTJa HE ABJIAeTCs NOJHBIM. Beerna ocraercs Hebovuioe
«TEPEKPBITUEY» MEKIY MUpaMu (MHTep(EPEHIIMOHHBIC WICHBI, KBAHTOBBIE KOPPEISLIUN
MHUPOB) Jaxke AJisi Makporen. JlekorepeHiusi, onucbiBaeMasi Bblllie, JIMIIb YACTUYHO pPelIaeT
npo6sieMy. OHa He 10 KOHIIA «Pa3beIUHSIET) MAKPOMHUPHI, OCTABIISAS ATO HEOOIBIIIOE HX
CIEPEKPBITHEY.

3. CymecTByOT crienuduyeckrue Moienu kojuiarnca (Tak HazpiBaemass, GRW teopust [16]). Ouu
MOTYT OBITh ITPOBEPEHBI FIKCIIEPUMEHTAILHO. Takue SKCIepUMEHTHI HE aI0T [M0Ka HUKAKOTr0
JI0Ka3aTelIbCTBa CYILECTBOBAHMS TAKOTO Kosuianca. OHU JAl0T JUIIb TPAHULIBI Ha TapaMeTpPhbl
TaKUX MOJiesel (B TOM cilydae, eCiii OHM BCE-TaKU BEPHbI), OIIPEIEIISIEMble TOYHOCTBIO
AKCIIEPUMEHTA.

Ha »10 MOXHO CHOBa BO3PAa3UTh:

1. MHa, ectb mpobiema onpeaeanTb TOYHOE BpeMs KoJutarnica. Ho TouHo Takas e npoGiema
CYIIECTBYET U B MHOTOMHPOBOW MHTEPIIPETANN — B KAKOM MMEHHO MOMEHT BPEMEHHU
HaOJr01aTeNb BUANT, B KAKOM U3 BO3MOXKHBIX MUPOB OH Oy THJICS?

2. Toxe KacaeTcs U «IEePEKPHITHs» MUPOB — 3Ta IMPpobIeMa MPUCYTCTBYET U B MHOTOMHPOBOM
uHTepnpeTauuu. [leiictButensHo, HaOII0AATENb BUAUT B HEKOTOPBI MOMEHT BPEMEHU
TOJBKO CBOI Mup. OH HUYETO HE MOXKET CKa3aTh O HAIMYUU M OTCYTCTBHU IPYTUX
napaiesbHbIX MUPOB. COOTBETCTBEHHO, BCE MpeCKa3aHus Oy ay1ero (omnpeaenseMble
npasuwiamMu bopa) MOryT AenaTsCsi UM Ha OCHOBE 3HAHHS JIMIIb «CBoeroy» mupa. Ho u3-3a
«TIEPEKPBITUS» MUPOB (IIyCTh U MaJIOT0) MOT'YT BOZHUKHYTb 3 (PEKThI, HE YKJIABIBAIOIINECS
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B 9TH IpejcKka3zanusi. To eCcTh, KBAHTOBAsI MEXAHHUKA TP €€ TAKOM MOCIIE0BATEIIbHOM
UCIIOJIb30BaHUU HE CIIOCOOHA /1aBaTh Ja)Ke TOUHBIN 8eposamHOCHHbIl TIPOTHO3.

3. MoxHO 100aBUTh U €1l OJHY HEONPEAEIEHHOCTh, IPUCYIIYI0 00EUM UHTEPIPETALIUSM.
[Tyctb, K IpuUMepy, UMEIOTCA JIBA MAKPOCOTOSHUS — «OKMBOU KOT» U «MEPTBBIA KOT.
[Touemy mup paznensiercs: (WK KOJJIAIICUPYET) UMEHHO Ha Takue JBa COCTOsAHM? Uem
Xy>Ke, Hanpumep, napa: (<oKUBOM KOT» - «MEPTBBI KOT»), («OKUBOM KOT» + «MEpTBBIN KOT»)?

YkazaHHbI€ BbILIE TPU NPOOIEMbI IPUBOJAT K HeonpeoenreHHocmu B IPEACKa3aHUsX, Je1aeMbIX
KBaHTOBOM MexaHUKOI. OHa He yKJIaJbIBaETCs 1a’K€ B BEPOSATHOCTHBIE PAMKHU, OIIpE/eIIsieMble
npaswiaMu bopa. Ota HeolpeneIeHHOCTh OYEHb MaJla AJIi MaKpoTes, HO OHa cyuecTByeT. OHa
NPUCYTCTBYIOT B 1100b1X UHTEPIIPETALUSX, JIUITH MACKAPYSCh U MEHSISI CBOIO (hOpMY.

HeBeposTHBII NOTOK MHTEpIPETALMI CBSI3aH UMEHHO C IIOIIBITKON ITPE0JOJIETh 3TU
npobisieMbl. Ha camoMm Jiene pasHble MHTEpPIIPETalys JHUILb [0 Pa3HOMY «MAacKUPYIOT» MpoOIemMy
HEOIPEAEIEHHOCTH, HE pelast ee.

4. Bce ckazannoe Bbiie 0 GRW Teopun BepHo. Het Hukakoilt HeoOX0AMMOCTH 3aMEHSTh €10
KBaHTOBY10 MexaHuKy. Onnako Konenrarenckas MHTepriperaiiys XoTh OU€Hb M HATIOMUHAET
GRW, HO B 0JHOM BaKHOM IIyHKT€ OY€Hb omauyaemcs oT Hee. OHa MOCTYyJIMpPYET KOJLIarc
HE 6Cex MaKpOTel, a JINIIb KOHeYHO020 HAOIIOAATEINS, C TOUYKH 3PEHHUS KOTOPOTO OMUCHIBACTCS
dbuznueckuit sxcnepuMenT. [Ipu 3TOM O] CIIOBOM «HAOIIOIATENb» Mbl TOHUMAeM HE HEKYIO
JMYHOCTH, 00J1aIAI0UIYI0 3araJOYHBIM «CO3HAHUEMY, a IPOCTO CTAHJAPTHBIN
MaKpPOCKOITUYECKUN O0BEKT, TaTeKU OT COCTOSIHUS TEPMOIMHAMUYECKOTO PaBHOBECHS. DTO
COBEPIIICHO aHAJIOTUYHO HaIllel npeablayien cratee [1]. st Hac BaXKHO JUIIb TO, YTO 3TOT
00BEKT MOCTIEAHUI B LIEMOYKE HAOII0IEHUI U €T0 COOCTBEHHAs TEPMOJMHAMHYECKas CTpelna
BPEMEHH BbIOpaHa KaK «IIOJIOKUTEJIbHO» HAIlPaBJIEHHAs. DTO OrpaHUYEHUE Ha KOJUIAlC
MPUBOJUT K CEPbE3HBIM MOCIEICTBUAM, KOTOPBIX HEe Ob1710 B GRW. A nmenHo, ecnu
Hanuuue kosuianica B GRW TeopeTnueckn MOKHO POBEPUTH IKCIIEPUMEHTAIBHO, TO
MpOBEpUTh HaMuKe Kosutarnca B Konenrarenckoit iaTepriperaiiii HEBO3MOKHO TaXKeE
npunyune. OG0CHYEM 3Ty TOUKY 3peHHUs. PAcCMOTPUM MBICIIEHHBIE SKCTIEPUMEHTHI,
KOTOpPBIE MO3BOJIAIOT MTPOBEPUTH HAIMYME KoJutanca, mpeackazpisaemoro B GRW. Jlanee Mol
IIPOBEPUM, MOT'YT OHH 7K€ UCII0JIb30BATHCA I IPOBEPKU HAIMUHUE KOJIIarca B
Konenrarenckoit Matepnperanum.

a. KBanToBast MexaHuKa, Kak U KjlaccCuueckasl, pejickaspiBaet Bo3BpaThl [lyankape. [Ipuuem, B
OTIIUYHE OT KJIACCHYECKUX XAO0TUYECKUX CUCTEM, OHU MPOUCXOAT NEPUOANUSCKH WITH MTOYTH
nepuoanuyecku. Hammuue komtanca B GRW nenmaer Takue Bo3BpaThl HEBO3MOKHBIMU U HE
Ha0JII01aeMBIMH, T.€. 3TOT (PaKT MOXKHO ITPOBEPUTH IKCIIEPUMEHTOM

b. KBantoBas mexannka oOpatuma. [1pu oOpaieHnn BOTIONNHA CUCTEMa BEPHETCSI B ICXOTHOE
cocrosiHue. OTHAKO MPH KOJIATiCe 00paTUMOCTh TepsieTCs. ITOT (PAKT TakKke MOKHO MPOBEPUTH
JKCIIEPUMEHTOM

¢. MBI MOXEM perucTpupoBaTh IKCIEPUMEHTATHHO Mabie 3PPEKThI, CBI3aHHBIE C MATTBIMU
KBAaHTOBBIMH KOPPEJISLUIMH, KOTOPBIE OCTAKOTCS Aaxke nociie nexoreperiuu. B GRW stu
Mavible 3 PEKThI UCUE3aIO0T.

MpI ipoBepsieM koJutaric Habmoaatens B Konenrarenckoit Mntepnperanu, 1, cie10BaTeIbHO,
HEU30€XKHO J0JIKHBI BKIFOUUTh €0 B HAOII01aeMyt0 cucteMy. T.e. 371ech IPOUCXOIUT
camonabarodenue. ITokaxxem, 4TO 3TO HE TO3BOJIET MPOBEPUTH (MJIM ONIPOBEPTHYTh) HATUYHS
kojutanca B Konenrarenckon MaTepripeTanyy ONMCaHHBIMY BBILIE METOAAMM.

a. [Ipenmnonoxxum, Mbl OyZIeM K1aTh, KOTJa HACTYIHT BO3BPAT, MPEACKa3bIBAEMbII KBAHTOBOU

mexanukoil. Ho HaOmroaTens, KOanc KOTOPOro Mbl IPOBEPsieM, SBIISETCS HEOTHEMIIEMOM
4acTbIO CUCTEMBI. T.e. mpu Bo3Bpare IlyaHkape, OH BEpHETCS TaKKe B HCXOJHOE COCTOSTHUE.
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CrnenoBatenbHO, BCS €T0 MaMsATh O TPOILIOM COTpeTCs. UTo cenaer SKCIepUMEHTAIBHY O
IPOBEPKY, CBA3aHHYIO CO CPaBHEHHEM HAa4aJIbHOTO U KOHEYHOTO COCTOSIHUSI HE BOSMOYKHOM.

b. Te ke caMble IPUYHHBL, YTO U B PEABLIYIIEM IYHKTE, CJCAI0T HEBO3MOKHON IPOBEPKY
BO3BpaTa Ipu 0OpaLICHUH JBIKCHHUS.

c. JInst perucrpanmu SKCIEPUMEHTAITLHO MaJIbIX 3P PEKTOB, HEOOXOIMMAa OUYEHBb BHICOKAS
TOYHOCTB M3MepeHus. Ho, mockonbky Habmro1aTeh caM BXOAMUT B CUCTEMY U3MEPEHUS
(camoHa0JII0/IEHUE) OH HE CIIOCOOEH TOYHO U MOJIHO U3MEPUTDH BCE APAMETPhI TAKOM CUCTEMBI.
O06pa3Ho roBopsi, HAOJIIOATENb TOJKEH «3alUCaTh» TEKYIIEe COCTOSHUE CUCTEMbI TEMU )K€
CaMbIMH «YE€PHHUIIAMH», KOTOPBIE OH, B TOM 4HcJe (KaK 4acTh CHCTEMBI), U IOJDKeH onncaTth! Ha
NPaKTHKE BO3MOXKHO OIMCAHUE JHIIh MaKpOIIapaMeTPOB CHCTEMBI, YTO J€TaeT HEBO3MOKHON
HaOJro/IeHue U pacyeT Malbix 3(pQeKToB.

ITo cytu nena, nepBble JBa MyHKTa (a, b) CBA3aHbI CO ClEAYIOUIMM (PaKTOM, KOTOPBIH nMe
MECTO U B KJIaccuueckoil mexanuke [1]. Jlekorepenuus (paciienjieHiue Ha MaKpOCOCTOSIHUSA )
HPUBOJUT K POCTY SHTPONHUU (OHO MAKPOCOCTOSTHUE 3aMEHSIETCs Ha LIeNblil HA00P BO3MOKHBIX
MakpococTosHui). C 1pyroil cTopoHsl, HaOIIOAEHNUE BO3BpaTa (T.€. pEKOT€pPEHIIMS) CBSA3aHO C
yMeHblIeHHeM 3HTponuu. HabumronaTens jxe cnoco0eH SKCIepUMEHTaIbHO POBOANUTh
caMOHAaO0JII0ICHNE JIMILIb HA OTPaHUYEHHBIX IPOMEKYTKaX BPEMEHH, KOI/Ia y HETO CYIECTBYET
CTpeJia BpeMeHH (T.€. COCTOSHUE JaJleKOe OT TEPMOJIMHAMHYECKOTO PABHOBECHS ), U OHA He
Mensiem CBOE HampasyieHHe. Takum 00pa3oM, HEBO3MOKHOCTh SKCIEPUMEHTAIBHO Pa3INIUTh
Konenrarenckyo u MHoromupoByto MHTeprpeTaluu TeCHO CBsi3aHa C 3aKOHOM POCTa
SHTPOIIHMH U TEPMOJIUHAMUYECKOMN CTPEION BPEMEHH.

Bce, ckazanHoe BblllE, J1€71a€T HEBO3MOKHOM SKCIIEPUMEHTAIbHYIO ITPOBEPKY Pa3HUILIBI MEKITY
Konenrarenckoit 1 MHoromupoBoii HTepripeTanuei, 4to AejaeT ux paBHONPAaBHbIMU. Takue
YTBEPKACHUSI O HEPA3JIMYMMOCTH 3TUX UHTEPIPETALMI HE pa3 BCTPEUAOTCS B JIUTEPATYpE.
OpHako TaMm, rae 3TOT GaKT He TOJIBKO (GOPMYIUPYIOT, HO U MBITAIOTCS J10Ka3aTh, 0OBIYHO
CCBIJIAIOTCS HA HEBO3MOXHOCTD C/IE€JIaTh TaKyI0 IPOBEPKY JIMILIb APaAKmu4ecku Aji1 MaKpoTel, He
IIOHUMas €€ NPUHYUNUAILHOU HEBO3MOKHOCTH. Ha 3TOM ocHOBaHMHM AenaeTcs olnO0UHbIN
BBIBOJ| O «IIPUBWJIETHUPOBAHHOMY I10J105KkeHUH MHOoromuposoy Murepnperanuu. [Ipusenem
HanOoJiee HarJBIHBINA TTpuMmep [9]:

"CroponHuku MHOroMHpoBoOil MHTePNPeTAllNH MOTJIN ObI YTBEPKAATh, YTO, GaKTHYECKH,
Opemsi IKCIIEPHMEHTAJIBHOI0 J0KA3aTeIbCTBA HAXOAUTCH HA MPOTHBHUKAX
MHoroMmnpoBoii HHTepIpeTalnu, NOTOMY 4YTO 3TO - OHHU, Te, KTO YTBEPsKAaeT, YTO eCTh
HOBasl (PM3UKA BHE XOPOIIO NpoBepeHHOro ypasuenus Llpexunrepa'.

"HecMmoTps Ha Ha3Banue "uHTepnperauus’, MHOroMHUpOBOW UHTEPIPETALIUHU - FTO IPOCTO
BapHaHT KBAaHTOBOM TEOPHUH, KOTOpask OTIMYAETCS OT APYTUX. DKCIEPUMEHTAIbHO, Pa3HOCTh
CYILIECTBYET OTHOCUTEJILHO TEOPUI ¢ KostancoM. KaxeTcsi, 4To HeT HUKaKOI0 3KCIIEPUMEHTAa,
OTIMYaroIero MHOroMHpoOBYIO HHTEPIPETALIMIO OT APYTUX Teopuil O6e3 Koanca, Takux Kak
MexaHuka boma wim npyrue Bapuantel MHOroMupoBO# MHTEpHpeTanny. Kosuianc npuBoaur x
s¢dexram, KOTOpbIE SBISAIOTCS, B IPUHIUIE, HA0II01aeMbIMU; 3TU 3(PPEKTHI HE CYLIECTBYIOT,
eciii MHOroMHpoOBasi MHTEpIpeTalus - MpaBuibHast Teopusi. YToObl HAOIIOAATH KOJUIAIIC, MBI
HY>KJIaJTUCh OBbI B TEXHOJIOTHH BBICIIIETO KaYECTBA, KOTOpas MO3BoJisieT ""oOpamiars" KBAHTOBBIH
IKCIIEPUMEHT, BKJIIOUYasi MHBEPCHUIO NIPOLIECCa AETEKTUPOBAHUS MAKPOCKOIINYECKUMU
ycrporictBamu. CM. Lockwood 1989 (p. 223), Vaidman 1998 (p. 257), u apyrue npeanoxxeHus
B Deutsch 1986. D1u npeanoxxeHus - Bce Ui YUCTO MBICICHHBIX 9KCIIEPUMEHTOB, KOTOpPBIE HE
MOTYT OBITH BBIIIOJHEHBI CEIYaC WM ¢ TOMOLIbIO KaKOH-JIN00 Oy Ty1iel TEXHOJIOTHEH,
JOCTHXKUMOMN B 0003puMoe BpeMsl. JIeHiCTBUTENBbHO, B 3TUX SKCIIEPUMEHTAX JI0JIKHA
HaOro1aThCs MHTEP(EPEHIINS PA3TUYHBIX MUPOB. MHpPBI pa3U4HbL, KOTa, IO KpaifHel Mepe,
OJIUH MAaKpOCKOIIMUYECKUI 0OBEKT HAXOUTCSA B MAKPOCKONIUYECKH PA3IMNYUMBbIX COCTOSHUSX.
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TakuMm oOpa3om, He0OX0 UM UHTEP(HEPCHIIMOHHBINA YKCIIEPUMEHT ¢ MAaKPOCKOITMICCKUM TEIIOM.
Ceronus ecTh UHTEPPEPEHIIMOHHBIE IKCIEPUMEHTHI ¢ OOJIBIIUMU U OONBIIUMU O0BEKTAMU
(Haripumep, MoJeKybl Gpyiuiepena Ceo), HO 3TH OOBEKTHI BCE €IIIe HE SBISAIOTCS JOCTATOYHO
OOJIBIITUMU, YTOOBI CUNTATHCA "MaKpOCKONTUUECKUMH''. Takue SKCIEPUMEHTBI MOTYT TOJIBKO
YIIyUIIUTh OLEHKY I'PaHUILy, I[JIe KoJjlarnc Mor Obl UMETh MECTO. Pemmaromuii s3kcnepuMeHT
JIOJI’KEH BKJIIOYATh HHTEP(EPEHIIUIO COCTOSTHUI, KOTOpbIE 00J1aal0T MaKPOCKOMTUYECKIUM
YHCJIOM CTEIICHEH CBO6OIILII HEBO3MOKHAaA 3aga4a 11 CCFOI[HHIHHQﬁ TeXHOJI0ruu"

IIpuBeneHHOE 37€Ch JOKA3aTENbCTBO HKCIIEPUMEHTAIBbHON HEPOBEPSIEMOCTH KOJIJIAICa B
Konenrarenckoit IuTepnperanuyu, HACKOJIbKO HAM U3BECTHO, BCTPEYAETCS JIUILIb B 3TOW U
npeamecTByomux el padorax [10-13]. Ero MmoxHO Ha3Bath «I'eneneBckoin» TeopeMou o
HEBO3MOXXHOCTH JJIsl KBAHTOBOM MexaHuku. OHa Kak (POpMYIHUPOBKOMA, TAK U METO0M
JI0Ka3aTeNbCTBA JEHCTBUTENBHO HalIOMUHAET «l €1eIeBCKYI0 TEOpEMY O HEMOIHOTEY.

MBI 371€Ch CTOJIb MTOJIPOOHO OCTAHABIMBAEMCSI HA TOM BOIIPOCE, MMOCKOIBKY
Bo-nepBbIiX, cama HEBO3MOXKHOCTb IKCIIEPUMEHTAIBHO Pa3nuuuTh KomeHrareHckyro u
MHuoromupoByto MHTepnpeTalinu TECHO CBSA3aHa C 3aKOHOM POCTa SHTPONHHU U
TEPMOJUHAMHYECKON CTpeoi BpeMeHU. BO-BTOPBIX, CIUIIIKOM MHOTO JIFOJIel HCKPEHHE, HO
omrb0o4HO BepsT, uTo MHOrOoMupoBasi MiHTeprperaius (Wix HHbIE MEHEE MOHbIE
HuTepripeTanyin) NOJTHOCTHIO PEIIAIOT BCe MPOOIeMbl KBaHTOBOM MexaHHuKu. K 3TuM mpobiiemam
B TIEPBYIO OY€peib OTHOCATCS ykKe C(HOPMYITUPOBAHHBIC BBIIIE MPOOIEMBI HEONpeOeieHHOCHU B
npeJICKa3aHusIX KBAaHTOBOI MEXaHUKH, He onMchIBaeMble npaBuiamu bopa. Kak sxe onu
pemaroTcs Ha camoM Jiene? ITo 00BIICHAETCS TeM, YTO YKa3aHHask HEONPEJAeIeHHOCTh XOTh U
CYIIECTBYIOT B UdeanbHOU TUHAMUKE, B HAO1l00aemoll TUHAMUKE OTCYTCTBYET U
AKCIIEPUMEHTAJIbHO HE HAOII0JaeMO B npuHyune.

1) Camonabmronenue. Te xe camble MPUYHMHBI, YKE OMUCAHHBIC BBIIIE, KOTOPHIE HE
MO3BOJISIFOT MPOBEPUTH KOJUIATIC SKCIIEPUMEHTAIFHO HE MO3BOJISIT OOHAPYKHUTH
9KCIIEPUMEHTAIILHO HEOMNPEIEIEHHOCTh, YKAa3aHHYIO B MYHKTaxX | (TOYHBIA MOMEHT
BpPEMEHH KoJuIarca) u 2 (KBaHTOBBIE KOPPEISIHH). A 3HAYUT OOCYXIaTh €€
0OECCMBICIIEHHO.

2) Baemnee HaOIrOCHUE.

a. Ecnm 910 HaOmoieHne He BO3MYIIAaeT HaOII0AaeMyI0 CUCTEMY, TO KOJIIATNCa CUCTEMHI a,
CJIIOBATEIILHO, U HEOIIPEACICHHOCTHU (YKa3aHHOM B MyHKTaX | ¥ 2) HE BO3HUKAET M KBAHTOBAS
MEXaHHMKa MOXET ObITh MPOBEPEHA TOUHO IKCIEPUMEHTANIbHO. Takoe HemepTpyOaTuBHOE
Ha0JII0/IEHUE BO3MOYKHO JUIsl MAKPOTEJI JIMIIb TEOPETUUECKHU, U TOJIBKO MIPHU YCIOBUHU H3BECTHOTO
HAYaJIbHOTO COCTOSIHUSA, YUCTOTO WK cMelanHoro. (IIpunoxenue A)

b. [IpucyTcTByeT Masioe B3auMOJICHCTBUE MKy HAOJIFO1aeMOI CHCTEMOM 1
HabI01aTeIeM/OKpYKeHHEM. DTO Majioe B3aUMOICHCTBHE MACKUPYET HEONPEAECIEHHOCTh
(Yka3aHHY!O B IyHKTax 1 1 2) U fiesiaeT HEBO3MOYKHBIM €€ IKCIIEPUMEHTaIbHOE HA0JI0ICHUE.

3/1ech HY)KHO BEPHYTHCS K HEOIIPEISIICHHOCTH, ONTMChIBAEMOH B IMyHKTE 3. BONBIIMHCTBO
peanbHBIX HAOJIOACHUH OTBEYACT CIy4asiM CaMOHAOIIOICHHUs (KOT/1a IOJTHOE OITHUCAHUE
HEBO3MOJKHO B MIPUHITUIIE) UM OTKPBITON CHCTEME, BO3MYIIAEMOW HEKOHTPOIHPYEMBIM MaJIbIM
BHEIIHUM IIIyMOM OT HaOJto1aTesst/okpykeHus. Kak ke onuchiBaTh TAKHE OTKPBITHIC WIIH
HETIOJTHBIC CUCTEMBI? DTO JIenaeTcs MyTeM BBOJA MaKponapamempos CuCTeMbl. PeanbHas
Habnodaemas JMHAMHKA TaKUX MTapaMeTPOB BO3MOXHA IS IIMPOKOTo Kiacca cucteM. OHa He
BKJIIOUAET HCHAOFIOIaeMBIE B PEATbHOCTH «IapAJIICIIbHBIC MUPBD»Y, YMEHBIIICHHE YHTPOTIHH,
KBaHTOBYIO CYIIEPIIO3UIIMIO MAKPOCOCTOSIHUN U IPYTYIO 3K30THUKY, BO3MOKHYIO TOJIBKO B
uoeanvrou nuHamuke. Habmonaemas ntuHaMuKa IPOU3BOJAUTCS OTHOCUTEIHHO
TEPMOJIMHAMHYECKOW CTPEJIbI BDEMEHH PEalbHOTO MaKPOCKOITUYECKOTO HEPABHOBECHOTO
HaOJI01aTeIIs, CJ1a00 B3aUMOJICHCTBYIOIIEM C HAOII0JaeMO CUCTEMON U OKPY KCHHUEM
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(mexorepentys). MneanbHast [MHAMHKA CTPOUTCS B aOCTPaKTHOM, KOOPIMHATHOM BPEMEHH.
[TpoGema nepexo/ia OT UACATBLHON K pealbHON JUHAMUKE YCIEIIHO PEelIeHa B JPYyTrux padoTax
[14-15, 17-18]. Beibop MakpornepeMeHHBIX HEOJHO3HAYEH, HO M HE TIPOU3BOJICH.
MakpomnepeMeHHbIe JOKHBI BBIOUPATHCS TaK, YTOOBI PU POCTE SHTPOIUHU CITyYaHBIN MalbIii
BHEUTHUH LIIyM HE BJIMSUI 3HAYUTENIbHO HA UX TMHAMUKY. Takue MakpornepeMeHHbIE CYIECTBYIOT
Y Ha3bIBAIOTCS IJ1aBHBIC IepeMeHHbIe (pointer states) [3,17]. Hannuue n30paHHBIX COCTOSIHHIMA
00BSCHSETCS JIOKATbHOCTBIO B3aUMOJCHCTBUS B peajlbHOM Mupe. CuiibHEe B3aMO/IEHCTBYIO
Onu3kue yactuilsl. Ecnu Obl cuiia B3auMOAeMCTBUS ONpeesiiiach, HalpuMep, OJIM30CThHIO
UMITYJIbCOB, TO TJIABHBIE COCTOSIHUS ObLTH ObI COBCeM MHBIE. Tak, IMOCKOJIBKY CBOHCTBO
JIOKaJIbHOCTH HEBEPHO HA PACCTOSIHUM CPABHUMOM C JIJTMHHOM BOJIHBI, PaJUOBOJIHBI UMEIOT
MoJIEBEIC pointer states, CHIIBHO OTJIMYAIOIIUecs OT pointer states yactur. Curyarusi, 31ech
ONMChIBa€Masi, MOJHOCTBIO SKBUBAJIEHTHA [ 1], rie paccMaTpuBaIuch «IOIXOIAIINAE
MaKpOCOTOSIHUS JUIsl CIy4asi KJIaCCUYECKON MEXaHUKHU.

UTo MOXKET CIyKUTh TPUMEPOM Ha0II01aeMOil TMHAMUKH I KBAHTOBBIX CUCTEM? DTO
ykazaHHble Boiie GRW Teopun. [[inst Toro 4To0bI MOHATH 3TO BepHeMcst K KoneHrarenckoit
WuTepnperanu. Mbl MoxkeM BbIOpaTh 3a «HaOmoaaress» B Konenrarenckoit nurepnperanuu
pa3Hble HEpaBHOBECHbBIE MaKpoTeia. TeopeTHuecku, Ipyu 3TOM KoJularc OyJeT BUJIEThCS M0-
pazHOMY JJIs TAKUX pa3HbIX HabmogaTeneld. JTo SBIEHUE HA3bIBACTCA «IapaJoKC Ipyra
Burnepay». Inaue 310 siBneHne HeOAHO3HAYHOCTH Kosutanca B Konenrarenckou Muatepnperanun
MO>KHO Ha3BaTh « KBaHTOBBII CONMHUIICU3MY, IO aHATIOTHH C TTOXOKUM IO CMBICITY (GUIOCOPCKUM
ydeHrueM. Paspernraercss OH aHAJIOTHYHO TOMY, KaK MBI 3T0 Jeiaiu B padore [1]. [lpu
CUHXPOHM3AIINH CTPENl BpeMEHH SHTPOIUS BCeX €1a00 B3aUMOICHCTBYIOIIMX Tell PacTeT
(yOpIBaet) cuHxpoHHO. Kosutarc ke COOTBETCTBYET HIMEHHO POCTY SHTPOIHUH (OTHO
MaKpPOCOCTOSIHUE 3aMEHSETCS Ha IeJblii HA0OP BO3MOXKHBIX MaKpocoCTOssHUM). CreaoBareiabHo,
MaJjioe B3aUMOJEHCTBHE (JIEKOTEPEHLINs) MEXKTy MaKpOTeJIaMu IIPUBOAUT HE TOJIBKO K
CHUHXPOHHU3AIUU CTPESl BPEMEHHU, HO U K CUHXPOHU3ALIMH MOMEHTA «KOJUIANCA» ISl pa3HbIX
HaOmroareneit. 1o nenaer « KBaHTOBBIN COMMIICU3MY ISt MAKPOTEN, XOTSI TEOPETHUECKU
BO3MOYKHBIM, HO KpailHe TPYJHO OCYILECTBUMBIM Ha MIpaKkTHUKE. B 3TOM 3akirouaercs ero
otinnuue oT Konenrarenckoit Mntepnperaryu, re KoJlanc HabIoaaTess Helb3s
MPEIOTBPATUTD 1AKE TEOPETHUECKU. Y KazaHHbIe Bbillie GRW Teopun sBISIOTCSA, TAKUM
00pa3oM, JUIsi KBAHTOBOM MEXaHUKH OMHMCAaHUEM JEHCTBUTEILHON HAO.1100aemoll TAHAMUKA
makpoten (nmuHamuka FAPP). Ona otOpackiBatoT He HaOII0JaeMbIE B PEATbHOCTH
paccoriacoBaHusl KOJIarica MakpoTell U yObIBaHHE SHTPOIUH, KOTOPbIE MPEICKA3bIBAIOTCS
uoeaNbHol TUHAMHUKOMN.

Xopoliel WUTFOCTPAIMEH BRIIICONUCAHHON CBA3M HAOII01aeMON U UCATbHOM TUHAMUK
ABJISIETCS «MAPAJOKC KOTEJIKA, KOTOPbIA HUKOI /1A HE 3aKunuT». OH CBs3aH B KBAaHTOBOMU
MEXaHUKE C OTKJIOHEHHUEM OT SKCTIIOHCHIIMAIIBHOTO BH/Ia 3aKOHA pacmaja 4yacTull (WK rmepexo/ia
C OJTHOTO PHEPTEeTUYECKOT0 YPOBHS Ha JIPYroii). DKCIOHCHIIMATBHBINA XapaKTep TaKOro 3aKoHa
OYEHb BaKEH — OTHOCHUTEJIbHASI CKOPOCTh paciajia He 3aBUCUT OT MOMEHTa BpEMEHH. DTO
3HAUMT, YTO PACIAJAIONIAsACI YACTULIA HE UMEET «Bo3pacTa». B KBaHTOBOM MexaHUKE, OJIHAKO,
Ha MaJIbIX BPEMEHAaX 3aKOH U0ealbHOU TUHAMUKH Paciiajia CUJIbHO OTINYAETCS OT
SKCIIOHCHIIUAJIBbHOT'O. 3TO HpI/IBO,Z[I/IT K TOMy, YTO KOoraga 4uciio I/I3Mep€HI/Iﬁ COCTOAHUA HaCTHUIIbI
Ha OTPAaHUYCHHOM MHTEPBAJIC BPEMEHH YBEIUIMBACTCS, YACTHIIA B TIpeiesie BOoOIe He
pacnagaercs! Ilyctb Mbl HaOII01a€M MaKpOCHCTEMY, COCTOSIILYIO M3 OOJIBIIOTO YUCIia
pacraarmuxcs YacTHIl. 37eCh CIeAyeT OTMETUTh, YTO PACIa]l YaCTHI[bI POUCXOIUT 1O
3aKOHaM HI[eaHBHOﬁ JUHAMHUKU JINIIb MG)K,Z[Y HSMepeHI/IHMI/I. CaMI/I I/ISMepeHI/Iﬂ CUJIBHO BJIMAKOT
Ha JUHAMUKY CUCTEMBI, KaK BUIHO U3 (OPMYIMPOBKH caMoOro mapajaokca. YToOsl mepeiTu K
Habnodaemor TMHAMUKE, OTIUCAHHOU BBIIIE, MBI TOJKHBI CHJIBHO YMEHBIIUTH BO3MYIIAIOIICE
BIIMSIHUE HAOIIOJIEHUS. DTO JOCTUTAETCS YBEIMUYCHUEM MHTEPBaJIa MKy HaOJIOICHUSMH,
CPaBHHMOTI'O CO CPETHUM BPEMEHEM >KU3HH OTAEIHHON YacTUllbl. [ Takux O60IbIINX
WHTEPBAJIOB BPEMEHH, MBI ITOJTy4aeM PeasIbHY0 HaOJI01aeMyt0 TMHAMHKY pacriajia, mpu
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KOTOpOI;'I OHa OIIMCHIBACTCA 3KCHOHCHTOI>'I, " CPEaAHCC BPpCM JKU3HU HEC 3aBUCHUT OT KOHKPCTHOI'O
MHTEpBaIa MEX1y U3MEpeHHAMH. TakuM 00pa3oM, SKCIOHEHIIMABHBIA pacnall — 3aKOH
Ha0JIr0/1aeMOi, a He UIeTbHONW JMHAMUKH YacTHIl. (DTUM ke OOBSICHACTCS] OTCYTCTBHE
BO3BparoB [lyaHkape aisi Takol CHCTEMBI. )

3. KosimyecTBeHHOE pacCMOTPEHHE BOIPOCA.

3.1 Omnpeaesenne OCHOBHBIX MOHATHIA.

1) B xmaccuueckoii MexaHUKe MUKPOCOCTOSIHAE — TOYKa B (pa30BOM IpOCTpaHCcTBE. B
KBAaHTOBOM MEXaHUKE 3TOMY COOTBETCTBYET BOJHOBAsI (PYHKIUA { (UMCTOE COCTOSIHUE), a
TPACKTOPHUH — IBOJIOLINS BOJIHOBOUM (PYHKIIMH BO BPEMEHH. B KlacCHUeCKON MeXaHUKe
MaKpOCOCTOSIHHE COOTBETCTBYET (DYHKILMU pactipeaensis B (ha30BOM MpocTpaHCTBe. B
KBAaHTOBOW MEXaHUKE 3TOMY COOTBETCTBYET MATpHUIIA IUIOTHOCTH p. Bua maTpuibl
IUIOTHOCTH 3aBUCUT OT BBIOpAaHHOTO 0a3nca OPTOHOPMANBHBIX BOJHOBBIX (PyHKuMid. Ecmu
PP#P - 3TO CMEIIAHHOE COCTOSHMUSL.

2) VYpaBHEHUWE ABWIKCHUS JJII MATPHIIBI INIOTHOCTH 0 UMeEeT GopMYy:
PN
ot

rae L sBISETCA TMHEMHBIM ONPEPATOPOM:
Lp=Hp-pH=[H p]
u H siBnisieTcs onepaTopom 3HEPruu JJis CHCTEMBI,

N — gmcio gacTuil
3) Ecim A sBisercss omepaTopoM HEKOTOPOH HAOJIOaeMO#, TO CpeIHSsS BeIMYWHA
HaO0JII0JaeMOI MOKET OBITh HalJIeHa CIEAYIOIINM 00pa3oM:
<A>=tr Ap
4) Ecnu npou3BOIUTCS caMOHAONIOJCHHE TMOJNHBIN Habop HAOIIOACHUI cleraaTh HEBO3MOXKHO.
B cnyudae BHemHero HaOMIOACHHS H3-32 MAJIOTO B3aMMOJACHCTBHS C HaOMIoAaTeiaeM H
HEYCTOMYMBOCTH XAOTHYECKOM HAOJIOMAEMOM CHCTEMBbI TOJHOE ONHCAaHUE TaKKe
0eccempiciieHHo. [ToaToMy BBOISAT OrpaHMYeHHBIA HA0Op M maxkponepemenibix:
Ase={A1, Ao, ..., Au},
roe M<<N
OTH MakporepeMeHHbIE U3BECTHBI ¢ KOHEYHON MaJloil MOrpeNIHOCThIO:
AA; <<A;, 1<i<M
DToMy HaOOPY MaKpOIEPEMEHHBIX OTBEUAET MaKPOCOCTOSIHUE C MATPULICH TITIOTHOCTU Pyey.
[Ipu 3TOM BCE MHKPOCOCTOSTHUS OTBEYAIOIIHE YCIOBUSIM
{ |<A1 > —A1|§ A4, |<A4>> —Aglf A4, ..., |<Ay> —AM|§ AAM}

SABJISIFOTCA PaBHOBCPOATHBIMU.

Tepmoounamuueckomy pasHogecuio OTBeUaeT MakpocoTosHue pr. EMy cootBeTcTByeT Habop
MHUKPOCOCTOSIHUH, YA0BIETBOPSIOLINH yCIOBHIO
|<E>—-E|<AE (4 E<<E),
rae E noaHast S3Heprus CUCTEMBI.

[Ipu 5TOM BCE 3TH MUKPOCOTOSIHUSL PABHOBEPOSITHBI.
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5) B kBaHTOBOI MEXaHUKE IHMPONUs aHcamOia OTIPEENAeTCs Yepe3 MaTpUIly TIOTHOCTH [15]:
S=-ktr(p Inp),
rze tr 0003Havyaer ciies MaTpULlbl

OHTpomus, oNpeaeeHHas TAKUM IIyTEM, HE MEHSETCS B IPOLiecCe 0OPAaTUMON IBOJIIOLIUHU:

B _y
ot

6) Maxkpockonuueckas sumponus OMIPEILISETCS CIEAYIONIUM 00pa3oM:

a) Jlisg gaHHOTO p HAXOAUM BCE HAOOPHI MAKPOIIEPEMEHHBIX, EMY COOTBETCTBYIOIIUX

A, = {Al(l))Az(l)---)Aﬁ)}AA,(l) <AV 1<i<M

AL = (4D AP AP << AV 1<i<M

b) Haxoamm matpuity ps. s KOTOpPOH BCE MUKPOCOTOSHUS, HUMEIOIIHNE yKa3aHHBIM Ha0Op
MaKpOIapaMeTPOB, PABHOBEPOSTHBI

¢) Makpockonuaeckast SHTPONUS S=-k tr(pse; N pyey)

B otnuume ot ensemble entropy Makpockonmudeckast SHTPOIHS (MAaKpOIHTPOITHUS) HE MOCTOSTHHA

U MOKET KaK yBEIMYMBATHCS, TAK M YMEHbIIAThcsl BO BpeMeHH. OHa A JaHHOW »Hepruu E +

AE nocturaer MakcMMyMma IIpd TE€PMOJMHAMUYECKOM paBHOBecuu. HampaBineHue pocrta

MaKpOSHTPOIIMU  OIpEAeseT HamnpaBiIeHUE COOCTBEHHON mepMOOUHAMUYECKOU Cmpeibl

8pemeHU CUCTEMBI.

7) TlogoGHO KIacCHYeCKOMY CIy4aro JIOKAThbHOCTh B3aUMOJCUCTBUS MPUBOJAUT K TOMY, UTO HE
BCE MaKpOCOCTOSIHUSI TipueMiieMbl. OHU JTOJIKHBI OBITH BBIOPAHBI TaK, YTOOBI MAJBINA IIyM HE
BJIMSUT CYIIIECTBEHHO Ha HBOIIOLUIO CUCTEMBI B HAIIPABICHUU MEPMOOUHAMUYECKOU CMpeiibl
epemenu cuctembl. [1o100HBIE COCTOSIHMSI XOpOILO HCCIEAOBAaHbI M Ha3bIBAIOTCS pointer
states [3,17]. KBanToBasg cynepmno3uuus TaKUX COCTOSHUH HEYCTOWYMBA OTHOCHUTEIBHO
MaJIOTO IIyMa M He SIBJSIETCS, COOTBETCTBEHHO pointer state. J{ist MakpocucTem, OJIM3KHX K
COCTOSHUIO TEPMOJIMHAMUYECKOTO pPAaBHOBECHs, B KauecTBe pointer states yao0HO
UCTIONb30BaTh COOCTBEHHBIC (DYHKIIUU TaMUIbTOHHUAHA.

8) OrpyOneHHasi BeJIMYMHA O JOJKHA OBITh HCIOJNb30BaHA, YTOOBI TMONYYUTh H3MEHEHHE
SHTPONUM MOAOOHOE MaKpoCKomudyeckoi sHTponuu. [IpuBeaem MmyTH, KOTOPBIMH 3TOTO
MOYKHO JTOOUTHCS:

a) Mpel ompezensieM HeKUi HabOp pointer states W MPOSKTUPYEM MaTpPHUILy IUIOTHOCTH O Ha
9TH COCTOSIHHSI, T.e. OTOpachlBaeéM HEIWArOHAIbHBIE WICHBI MATPHUIBI IUIOTHOCTHP,
3aMMCaHHOM B MPEICTABICHUH COOCTBEHHBIX (DYHKIUH 3TUX HAOII01aeMBIX

S=-k tr(pcoar In pcoar)

b) Mpbl pa3buBaeM CHUCTEMY Ha HECKOJBKO B3aMMOJICHCTBYIOIIUX IMOACHCTEM (HAmpuMmep:
HaOoaTeNb, HAOMIOAaeMasi CUCTEMA, OKPYKEHHE) U 3alKMChIBAEM IOJHYIO SHTPOIHIO
KaK CyMMY SHTPOITUH 3THUX TMOJCUCTEM:

S:Sob_i_sobisys—ksenv

3.2 DddexTt caadboro B3auMoaeicTBUs
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3.2.1 MaJioe BHelIHee BO3MYILICHHE.

MBI MOKEM OKPYXHTh HAIlly MAaKpOCHCTEMY OTPAaHHYEHHOTO OOBEMa IPYroil CHCTEeMOM
OeckoHeyHOro oOBeMa («OKpyKeHHe», «pesepByap»). [lomoxum, YTO OHA HAXOIUTCS B
TEPMOAUHAMUYECKOM PAaBHOBECHH, UMEET Ty K€ CPEAHIOI0 TEMIIEPATYypy, YTO U HAIlla CHUCTEMA,
U cnabo B3aMMOJCUCTBYET C Halllell OrpaHUYEHHOW CHUCTEMOW. 3aTeéM MOXHO HCIIOJIb30BaTh
KBAaHTOBYIO BEpPCHIO «HOBOW JWHAMUKHW», pa3padotaHHo IlpuroxkuaeiM [14] nmnus Takux
OeckoHeuyHBIX cucTeM. [lomyueHHas TakuM 00pa3oM JMHAMUKA Halled OrpaHMYEHHOW CHUCTEMbI
(moacucTeMa 3TOW OOJNBINOW CUCTEMBI) OyACT COBNAAATh C €€ Habmodaemolu OuHAMUKOU B
cucteme e€ COOCTBEHHOTO TEPMOJMHAMHYECKOTO BpEMEHH, HO 0e3 pe3epByapa. Takoe omnrcanue
HUMECT CMBICII TOJIBKO B TCUCHUC BPCMCHHU, KOI'la CTPECJIa COGCTBGHHOFO TCPMOAUHAMHUYCCKOT'O
BPEMEHH CyIIEeCTBYeT (T.e. CHUCTeMa HE HaXOAWUTCA B COCTOSHUHM TEPMOJUHAMHYECKOTO
pPaBHOBECHSI) U HE MEHSIET CBOETr0 HalpaBlICHUS.

3.2.2 CuHXpoHU3AUMs TEPMOAUHAMHYECKHUX CTPeJ BpeMeHH IpHU
B3aNMOJAeHCTBUU MaKpocucTeM (HAO 0aaTe sl M1 HA0 I01aeMoii
CHCTEMBbI).

CnenyeT OTMETHTb, UTO 3/€Ch Halla paboTa HAMHOIO MpOILE, YeM B Cilydyae KJIACCHYECKOU
MEXaHHUKH. JTO CBSA3aHO C T€M, YTO KOJIMYECTBEHHAs TEOpHUS MaJOTO B3aHUMOJCHCTBHS MEXIY
KBAaHTOBBIMH CHUCTEMaMH (OexocepeHyus, 3anymviéaHue) — XOPOIIO pa3BuUTas o00JacTh [2-
3,17,24-27].

Mgl He OyIeM MOBTOPSITH €T0 3/1€Ch, a MOJBEAEM JIUIIb KPATKUE UTOTH.

(a) [Ipenmonoxum, 4TO MBI UMEEM B HEKOTOPBI MOMEHT BPEMEHH JIBE€ MAKPOCHUCTEMBI, MIPH
9TOM OJHA M3 HHMX WJIM 00€ 3TH MAaKpPOCHUCTEMbl HAXOSTCS B KBAaHTOBOM CYNEpPIIO3UIUU HX
pointer states. Teopust aexorepenumu [2-3,17,24-27] yTBepKaaeT, 4TO Majioe B3aUMOJICHCTBUE
MEXIY MaKpOCHCTEMaMH OYeHb OBICTPO (BpeMs IEKOTEPEHIMH HAMHOTO MEHBIIE BpPEMEHH
penlakcany K TepMOJUHAMUYECKOMY PAaBHOBECHIO) MEPEBOJUT TaKyl0 CHUCTEMY B CMEILIaHHOE
COCTOSIHME, MpH KOTOPOM JaHHasg KBAaHTOBas CYIEPIO3UIMA HcYe3aeT. Takoil mporecc
MCYE3HOBEHUS KBAHTOBOM CyNEpIIO3WIMU pointer states COOTBETCTBYET POCTYy »HTpomuu. U3
TteopeMbl [lyankape cienyer, 4To cucrema (B KOOPAWHATHOM BpPEMEHH) JOJDKHA BEPHYTHCS B
HCXOJIHOE COCTOSIHUE W JIOJDKEH NPOM3OMTH oOOpaTHBIM mporecc pekorepeHimd. Ho oH
NPOM30UIET B O0EMX CHCTEMaxX CHHXPOHHO. DTO O3HAYaeT, YTO B CHUCTEME COOCTBEHHOTO
TEPMOJIMHAMHYECKOTO BPEMEHHU Ka)KJas W3 MOJACHCTEM OyneT BHICTH JHIIb JIEKOTEPEHLUIO U
POCT BHTPONHH. ITO 03HAYAET, YTO KaK MPOLECCHI AEKOTePEHIINHU, TaK U CTPEJIbl BpEMEHH, OyAyT
CHHXPOHHBI BO B3aMMOJCHCTBYIOIUX TMoacucTemMax. CreayeT 0co00 OTMETHThb, UYTO MbI
paccMmaTpuBaeM 311eCh CiIydail Makpockonudeckux cucteM. JlJis MajiblX CHCTEM, TJi€ BO3MOKHBI
Oospiiue (IIOKTYallMM MapaMeTpPOB, TOM00HAS CHUHXPOHHU3AIMS CTPEN BPEMEHH W BpPEMEH
«KOJIJIAIICOB)» TIOJICUCTEM He HaOmrogaceTcs [6-7].

(b) Tenepp npeanoaokKuM, 4To BCE MaKPOCKOIMHUYECKUE MOJCHUCTEMBl HAXOATCA B UX pointer
states. B Teopun AeKorepeHIMH MOKa3bIBACTCS, YTO NPU HATUYMU MAJoro LIyMa MEXIy ee
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MaKpOCKOIIMYECKUMHU  TOJICUCTEMaMH  TOBEJEHUE  KBAHTOBOW  CHUCTEMBI  IOJHOCTBIO
SKBUBAJICHTHO M HEOTIMYHUMO OT MOBEACHHUS KIacCHUeCKOM cuctemsbl [2-3,17,24-27]. Takum
o0pa3oM, aHaJIW3 CHHXPOHM3ALMHU CTPENl BPEMEHHU 37eCh OyJeT IMOJHOCThIO 3KBUBAJICHTEH,
caenmaHHoMy B pabote [1].

(¢) CnenyeTr yTOYHUTH, UTO 3/1€Ch MIOHUMAETCS 10 CIIOBOM «KJIACCUYECKasH) CUCTEMA.

DTO0 O3HaYaeT, 4TO B TEOPUHU OTCYTCTBYIOT CHEHMU(PUYSCKHUE MaTeMaTHYECKHe OCOOEHHOCTHU
KBAaHTOBOM TEOpHH, TakKhe Kak He KOMMYyTHpylomue Ha0mogaemble. [lpu stom a1H
«KJTACCUYECKHE» TEOpUH MOTYT OBbITh BeCbMa SK30THUYECKHMMH, BKJIIOYaTh B COCTaB CBOMX
KOHCTaHT MOCTOSHHYIO [IaHka u He CBOJUTCS K 3aKOHAM OOBIYHONW MEXaHUKH MAaKpOTEJl.

CBepXxnpoBOIUMOCTb, CBEPXTEKYy4ECTb, H3Iy4EHHE aOCOIIOTHO YEpPHOTO TENa, OIBITHI
®puamaHa ¢ cynepno3unuen Tokos [19] yacTo Ha3bIBalOT «KBAHTOBBIMIY. OHU AEHCTBUTEIBHO
KBAaHTOBBIC B TOM CMBICIIE, YTO UX YPaBHEHUS JBIKCHUS BKIIOYAIOT MOCTOssHHYIO [lmanka. Ho
OHM TIPEKPACHO OMNHMCHIBAIOTCA B MakKpoMacliTabe MaTeMaTUYeCKHUM ammapaToM OOBIYHBIX
KJIACCUYECKHUX TeOopuid: MO0 Teopuel xraccuueckoco mois (B KadecTBe pointer states) , 1160
TeOpHen xiraccuueckux dactuil (B KadecTBe pointer states). C 3ToMl TOYKH 3pEHHS, OHH HE
KBaHTOBBIC, a KJIIACCHYCCKHUE. B KBAHTOBOW TEOPUHM OIKCHIBACMBbIE OOBEKTHI SBISIOTCS
YaCTULIAMU U BOJTHAMU (BEPOSTHOCTH) — OJHOBPEMEHHO.

CrnemyeT OTMETUTh, UTO B KIIACCUYECKOM Tpeielie MPU KOMHATHBIX TeMIIepaTypax KBaHTOBAS
MEXaHHMKa MACCUBHLIX YACTHIl JaeT TEOPUI0 KIdccudecKux 4YacTHIl B KadecTBe pointer states
(Ty4yKy 3JIEKTPOHOB, HANPUMED), a JUISL Je2KuX YacTHI] B IpeJesie MOIydaeTcs KIdccuieckoe
moJie B KauecTBe pointer states (paauoBoiiHbl). [Ipudem 3Tu Teopun HE BKIIOYAIOT MOCTOSHHYIO
ILnanka.

OpHako, TpU BBICOKHX TEMIIEpaTypax BEIIECTBA, KOTJa M3IIyYCHHE MOXKET HIATH yXKe Ha
BBICOKHX YaCTOTaX, CBETOBbIC KBAHThI ONMUCHIBAIOTCS TEOPHUEH Ki1accuyeckux 4aCTUI] B KAYECTBE
pointer states W JalOT, HaAIpUMeEp, CIEKTP H3NMyuYeHHUs aOCOJIIOTHO YEPHOTO Tejla Ha BBICOKHX
4acToTaX. XOTS 3TOT CHEKTP BKJIIOYAET MOCTOsHHYIO [lnaHka auHamumka ero pointer states
(wactuir) OymeT Kiaccudeckou. [l mosydeHws 3Toro crmekrpa (Gopmanm3M  KBaHTOBOU
MexaHuku He HykeH (Cam IlmaHk 3TOT CHEeKTp MOJydusI, HUYETO HE Beaas O MaTEeMaTHYECKOM
amnrmapare KBaHTOBOH (pU3HKH).

HaobopoT, mpu HU3KHX TeMIEpaTypax YacTHIIBI HAYMHAIOT OMMCHIBATHCS KIACCUYECKUMU
MOJIIMA B KauecTBE pointer states (SIBICHHUS CBEPXTEKY4YECTH WJIM CBEPXIPOBOJUMOCTH).
Hanpumep, cBepXIIpoOBOAMMOCTD OMHUCBIBAETCS KIACCUYECKOU B0JHOU «IapaMeTpa mnopsaakay». 1
XOTs YpaBHEHHS, OINMCHIBAIOLIEE JTO TOJe, BKIIOYAIOT MOCTOAHHYIO Ilmanka, HO camu
YPaBHEHHS COOTBETCTBYIOT MaTeMaTHYECKOMY ammnapaTry Klaccuyeckou TEOpuu Moisd. OTu
BOJIHBI MOTYT CKJIQJBIBATBCS MEXKIYy COOOi, aHAJIOTMYHO KBaHTOBHIM. Ho wuX KBajpar
aAMIUTMTYABl JTAIOT HE IJIOTHOCTHh BEPOSTHOCTH, a IMJIOTHOCTh KyNEepOBCKUX Map. Takasi BoHA HE
MOJKET KOJIJIATICUPOBATh MPU U3MEPEHHH, TT0JI0OHO BEPOSTHOCTHOM KBaHTOBOM BoiHe [20].

JI71si KBAaHTOBO-MEXaHUYECKUX COCTOSIHHM O030HOB TMPW HU3KUX TeMIIepaTypax pointer states
OTBEUAIOT KIdccuyeckue TOJisA, a IPU BBICOKUX TeMIlepaTypax - Kiraccuyeckue dactulpl. [lon
CIIOBOM «KJIACCUYECKUI» TOHMMAEeTCsi MMEHHO MaTeMaTHYecKUil ammapaT HaOaogaemMon
JTUHAMUKH, OMHUCHIBAIONICH MX MOBEACHUE, a HE HAIMYUE WM OTCYTCTBUE NocTosiHHON [1nanka B

YPAaBHCHUAX NBUKCHUS.
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UTo mpoUCXOOUT B TPOMEXKYTOUHBIX COCTOSHUAX MEXKAY KIACCUYECKUMHU TMONSIMH U
KJIACCUYECKUMH YacTUllaMu? DTO, HAllpUMEp CBET B ONMTHUYECKOM BOITHOBOJE (L>>A>>Ayiaviolet),
Lopt — XapakTepHBIi pa3Mep MakpoCHCTeMbI (onTuueckoro BoiaHoBoza) (IIpunoxenue B), A-
JUIMHA BOJIHBI CBETA,Ayitraviolet —YJIbTpaduoneToBasi rpaHumia cmeta). [lpm ucmonb30BaHUH
MaKkpoMmaciTaboB U MaKpOIIEPEMEHHBIX, a TAaKXKe C YyUeTOM MaJloro Iryma oT HabiogaTens oba
onucaHus («KJaccH4yecKas BOJIHAY», «KIACCHMYECKHMH MOTOK YacTUID») JalOT OIMHAKOBBIN
pe3ylnbTaT M DJKBUBAJCHTHBI M MOTYT OBITh HCIOJB30BaHbI B KadecTBe pointer states.
OKBUBaJCHTHAs CUTYyalllsl BOSHUKAET JJIsl CIydasi CBEpXIIPOBOJAHUKA, TI€ POJIb YACTHIL] UJIU BOJIH
UTPAIOT AJIEMEHTApHbIE «BO30YKICHUS» B ra3e KyNepOBCKUX Map.

[IpoBenem npocToit pacyer, WILTIOCTPUPYIOLIUI BBIIIECKAa3aHHOE.

Ilycte E-sneprus wactunsl; k —mocrosHuas bonbimana, T —temnepatypa, p — UMIYJbC, A —
JUIMHA BOJHBI YaCTHUIIBI, ® —4acToTa, AX — HETOYHOCTb KOOPIHMHATBHI, Ap —HETOYHOCTbH
umnynsca, h — mocrossHHas Ilmanka. PaccMoTpum «ra3» TakuX 4YacTHIl, HaXOJISIIMICS B
MOJIOCTH, 3alOJTHEHHOTO HEKUM MaTepHalloM C pPacCTOSIHUeM Mexay aromamu a. a<<L, L-
XapaKkTepHsIi pasmep momoctd. B Bakyyme a~(L*/N)”, N —umcio 4acTwi B MOJNOCTH. C —
CKOpPOCTh CBeTa (IIyCTh JAJISl MPOCTOTHI NTOKA3aTeNb MPEJIOMIICHUS BEIIECTBA B MOJIOCTH OJIU30K K

1).

1) Bo3bpMem BHauasie JE€rkhe 4acTUIlbl, KOTOPbIE MPU KOMHATHOU TeMIIEpaType UMEIOT
CKOpOCTBh, OJIM3KYIO K CKOPOCTH CBETA C.

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

Otcrona

h~ApAx ~p A ~KT A /c => A~ he/kT

VYcnoBue kraccuueckoeo OJIEBOTO MPUOIKEHHSI C YaCTOTOU (O~C/A :

L<Awmmm L~ A. Orcroga L<he/kT mmu L~ he/kT

VYcnoBue npuONIMKeHus: Kiaccuieckux pensTUBUCTCKUX yactul ¢ E~he/A u p=E/c:
L>> A. Orcroma L>> he/kT

2) Bo3pMeM Teneph TSKENbIe YaCTHIIB O030HbL, KOTOPHIE P KOMHATHON TeMIIepaType UMEIOT
CKOPOCTb V<<C

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

Orcrona

h ~ ApAx ~p A ~ (KTm)” A => A~ h/(kTm)"

YcnoBue kraccuieckoeo moAeBOro MPUOIMKEHUS ¢ YaCTOTON (z)=p2/(mh):

L<Amm L~ A. Orcrona L<1/(kTm)” wm L~ h/(kTm)”

VCII0BHE MPUOIIKCHAS KIACCUYECKUX YacTHIL C SHeprueit F=p*/(2m) 1 HMITyIbCOM p=mV:
L>> A. Orcroga L>> h/(kTm)”

3) Bo3bmeM Tenepsb TsKeNble YaCTHILBI pepMuonsl, KOTOpble IPU KOMHATHON TeMIlepaType
HMECIOT CKOPOCThb V<<(C

p (Em)”; E~KT; p~Ap; Ap Ax~h

Ax <\Amu

A<a — 3T0 ycnoBue cBsi3aHo ¢ npuHIMIoM [laynu s pepmroHoB. OHM HE MOTYT OKa3bIBaThCA B
OJTHOM COCTOSIHUH, KaXKIBIH CUIUT B CBOCH «KOPOOOUKe» a.
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Otcroma

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

T>Ty= h*/(a’km) — Temmeparypa ®epmu, Korna (EpMHOHHBI ra3 MEPEeXOIUT B OCHOBHOE
cocrosiHue u BbIpaxkeHne E~kT cTaHOBUTCS HEBEpHBIM.

Hpu T<Tr: E~Ex=kTy; A~ i/(Eym)” ~ a

VYcnoBue kraccuyeckoeo mojeBOro MpUOIHKEHNS:

L<Xwumu L~ A. HeBo3moxkuno! L>>a>A

VcioBre IPUOITIKEHAS KIACcuyeckux JacTHIl B KauecTBe pointer states ¢ sHeprueil E=p/(2m)
Y UMITYJIbCcOM p=mv npu T>Tk.

VYcnoBue npuOMMKEHUS —KlaccuyeckuX YacTHI B KayecTBE pointer states, 3aK/IFOUEHHBIX B
«IIIMYKW» pasMeEpPOM a, ¢ 3Hepruei E~Er 1 ummysibcoM p~(Egm)” npu T<TFk.

IIpu T~Tr ™Mbl HaOIIOZaEM TUHAMHKY «BO30YXIEHUID» B BBIPOKICHHOM DepMu-rase, KoTopas
OTMCHIBAETCS YaCTUIIAMH WM BOJIHAMU B KadecTBe pointer states AJisi ATHX «BO30YKIECHUI.

Yrobbl co3aTh B SKCIIEpUMEHTE CUTyaluio napaaokca «llIpeauHrepoBckoro kora», Ham
HEOOXOAMMO CYNEpIOo3uIMs HMMEHHO pointer states, a He Kiaccuyecknx BOJH. [locemy
CyHEPNO3UIMSA KIACCUYECKUX BOJH «IlapaMeTpa NOpsAJKa» WX CBETOBBIX BOJH HUKAaK HeE
CBs3aHa C ATUM I1apaJ0KCOM U HE WLIIOCTPUPYET €TO0.

Tax, nanpumep, B onbiTax @puamana [19] cocTosiHMS CynepHnoO3ULMM BCTPEYHBIX TOKOB
cama fBISeTCS B JAaHHOM cUTyaluu pointer state. DTo pointer state — Kiaccuueckas, a He
K6aHmMoeas CYTEPHO3UIMs pointer states, Kak HEBEPHO U CTEPEOTHUITHO OOBIYHO CUUTACTCA.
JleficTBUTENBHO, COCTOSIHUE CHUCTEMBbI 0030HOB (KYINEPBOBCKUX I1ap) OIMHUCHIBAETCS MPHU CTOJb
HU3KHX TeMIlepaTypa KIaccuyeckol BOJIHOM, KaK Mbl BUAEIU BbIIIE. DTH BOJHBI «IapameTpa
HopsiiKa» SABISIIOTCA pointer states. OHU OTIMYAIOTCS OT pointer states BEICOKOTEMIEPATYPHBIX
JIEKTPUYECKUX IIOTOKOB KIACCUYECKUX Hacmuy, UMEIOIIHUX OIPEACIICHHOE HaIlpaBlICHUE
nBwkeHust (toka).  Cynepno3unus, Habmogaemas B omnbltax @dpuamana, He crnocoOHa
CKOJUIANICUPOBAaTh B KBAaHTOBO-MEXAHWYECKOM CMBICIIE, ITOCKOJIBKY €€ KBaJpaT ONMCHIBAET HE
BEpPOSITHOCTh, a IJIOTHOCTh KymepoBckux map [20]. Ona He Oonee yauBUTEIbHAs U HE OoJiee
«KBaHTOBas», 4eM OOBIYHAs CyNEpPIIO3ULUs 3JIEKTPOMAarHUTHBIX MOJI B 3aKPBITOM PE30HATOPE,
II€ UX CIEKTP TOXKE NUCKPETeH. ENMHCTBEHHOE OTIMYME - BOJIHOBBIE YPAaBHEHMs «IlapameTpa

NopsiIKa» B KauecTBe pointer states BkitoyatoT h. B 3ToM 1 3akitouaeTcst BCS KX «KBAHTOBOCTBY.

3.3 Paspemenue napagoxkcon Jlommuara u Illyankape B pamkax
KBAHTOBOH MEXAaHUKH.

CocTosiHIE KBaHTOBOM XaOTUYECKOM CHUCTEMBI B 3aMKHYTOH MOJOCTH C KOHEYHBIM 00BEMOM
OTIHCHIBAETCS HAOOPOM PHEPTETUUECKUX MOJ Ui(7], ..., ') CO CIIEKTPOM Ej, pacipeIeIeHHBIM 10
cayuaunomy 3axony [8].

Hanumem ypaBHEHUE JUIsl BOJIHOBBIX (DYHKIMI HEB3aUMOAEHCTBYIOIIECH aphl TAKUX CHCTEM:

iE(V
k

1 .
WV (hery )= U (Bt Je T
k
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iE(?)
7
2
w' )(rl,...,rL,t)=Zv,(r1,...,rL)e g
!

CoBMecTHOE YPaBHCHUC CICAYIOLICC:

t

1 1 2
1,//( )(rl,...,rN,ri,...,rL,t):1/ )(rl,...,rN,t)l//( )(rl,...,rL,t):
_i(E,f“+E,’2))

ZZ U, (1.0 )v(1,...1, Je h
k1

HpI/I HaJIMYHUH MaJIOM BSaHMOﬂeﬁCTBHH MCXKIY CUCTEMaMU

1
W, b, )=

ik,
iy

ZZ fk](’]:---,rN,l’i,...,rL)e h
k1

rne E, =E ,i” + E,( Y4 0, , Qy-B o01IEeM cityyae HAOOp CiTydallHbIX BEJHMYUH, fi, U, Vi —

COOCTBEHHBIE (DYHKIIMH COOTBETCTBYIOLIMX | 'aMUIIBTOHHAHOB.
[omyuarommecs pemeHus sIBISIOTCS TIOYTH TepruognueckumMu GpyHkimsamu. [lomygaromuiics
nepuoJi Bo3Bpata u onpenenser nepuoj Ilyankape. [lepuoa BozBpara Ilyankape coBOKymHOM
CHUCTEMBI SIBJISIETCS B 00IIIEM ciTydae OoJIbIle Mepruoia 000UX MOICUCTEM.

Jns paspemienus napagokcoB Ilyankape u Jlommuara (Bo3Bpathl B 3THX MapagoKkcax
POTHBOpPEYAT 3aKOHY POCTA SHTPOIIUH) PACCMOTPUM TETIEPh TPH CITydast

1) Camonabniooenue.

[Tockonbky nmpu caMoHaOII0IEHUHM COOCTBEHHAs CTpEJia BPEMEHHU BCEr/la HalpaBJieHa 1o POCTY
SHTPOIUHU — TO OTHOCUTENBHO ATOH CTpEesIbl BpeMEHH HabojaTesb CliocoO0eH BUIETh TOJIBKO
poct sHTponrH. Kpome Toro, BO3BpaT B HICXOHOE COCTOSIHUE CTUPAET BCIO MAMSTH O MPOIIIOM,
YTO HE MO3BOJIsIET HabOIr0AaTeNto 3aUKCHPOBAaTh YMEHbILIEHHE SHTPONIUU. Takum oOpa3oM,
YMEHBIICHHUS JHTPOITUH U BO3BPATHI IPOUCXOIAT JIUIIb B KOOPIUHATHOM BpeMeHHU. B
COOCTBEHHOM BpeMeHHU HalroaTels (OTHOCUTEIBHO KOTOPOTo U BO3MOXKEH JIH000i
9KCIEPUMEHT) OHU HE MOTYT OBITh SKCIIEpUMEHTAIBHO HaOmoaemsl [1,10-13].

2) Buewmnee Haba00enue ¢ MAIbLIM 83aumooeticmauem MeXIy MaKpOCUCTEMAMH.

Maitoe B3aMMOICHCTBHE IPUBOANUT K CHHXPOHHM3AUHU CTpell BpeMeHH. COOTBETCTBEHHO, BCE
apryMEHTBHI JUIsl CAMOHAOIIIOJICHNUS] CHOBA CTAHOBSITCS PEJICBAaHTHBIMU.

3) s o4eHb TPYAHOOCYIECTBUMOIO 9KCHEPUMEHMA C HENEepmMpyOamueHviM HabI0O0eHuem
(ITpunoskenue A) yMEHbLICHHE MaKPOIHTPOIIUH JE€HCTBUTEIBHO MOKET HaOII01aThCA.
OpnHako, cieayeT OTMETUTh, YTO B pEATbHOM MHUPE SHTPOIUIHBIE 3aTpaThl Ha
HKCHEPUMEHTAIbHYI0 OPraHU3alMI0 TAKOT0 HeNepTpyOaTUBHOIO HAOIIOAEHUS
(Habyro1aeMyIo CHCTEMY HY)KHO OYEHb CHIIBHO M30JIMPOBATH OT IIyMa OKPYKEHHS)
HaMHOT'O MPEBBICAT 3TO YMEHBIUICHNUE SHTPOIHH.

B knaccuueckux cuctemax mnepuos Bo3Bparta Ilyankape - 3To ciydaiiHas BeIMYMHA, CUIIBHO
MEHSIOIIAsCS B 3aBUCUMOCTH OT Ha4aJIbHOTO COCTOSIHMSI. B KBAHTOBBIX XaOTUYECKUX CHCTEMAX
NEepPUOJI TOYHO ONPEIEAETCS U HE 3aBUCUT 3HAYUTENIBHO OT HAYAJIBHOTO COCTOSIHUSA. OHaKO
3Ta, Ka3ajock Obl, peanbHasi pa3HULA B TIOBEIEHUN KBAHTOBBIX M KJIIACCHYECKUX CUCTEM HE
Ha0II0JaeMa SKCIIEPUMEHTAIBHO 1a)Ke B OTCYTCTBHM OTPaHUYCHHUS HA BPEMsI SKCIIEPUMEHTA.
JlelicTBUTENBHO, peaibHble PU3NUECKUE IKCIIEPUMEHTHI, BO3MOXKHO, TPOBOIUTH JIUIIb HA
MPOTSKEHUH BPEMEHM MHOTO MeHbIeM nepuoja Ilyankape. @usnyeckne 3KCiepuMeHTHI
UMEIOT CMBICH TOJIBKO B TEUEHUE BPEMEHH, TIOKA CTpesia COOCTBEHHOTO TEPMOINHAMHYECKOTO
BpPEMEHH CYIIECTBYET (T.€. CHCTEMA HE HAXOUTCS B COCTOSIHUU TEPMOIMHAMHYECKOTO
PaBHOBECHS) U HE MEHSIET CBOETO HaIPaBJIEHUS.
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3.4 JlexkorepeHuus AJM MPoecca u3MepeHusl.

3.4.1 Penykumsi cucTeMbl IpH U3MepeHusx [22-23].

PaccmoTpuM cutyanuio, Korna npuOop BHaYaie HaxXOJHUIICS B COCTOSIHUU |0>, @ OOBEKT — B
CYTEpPIIO3UITIOHHOM COCTOSIHHH |W> = Y Ci|yi>, T€ [V COOCTBEHHBIC COCTOSHUS IKCIICPHUMECHTA.
HavanbHbIil cTAaTHCTUYECKHU ONIEPATOp NAETCsI BRIPAKCHUEM
Po=[y> o> <atof <y (D

[TapuupaneHbIil cilel 3TOrO OIEPaTOpa, COBMNAJAIOIIHUNA CO CTATUCTUYECKUM OIIEPaTOPOM
CHCTEMBI, COCTaBIICHHON M3 OHOTO 0OBEKTa, UMEET BUJT

tra(Po)=2n<@n|Pol P>

re g, — Kakas-To MOJHask CUCTEMa COCTOSIHHM nmpubopa. Takum o6pazom,

tra(Po)=2 [W> <«@ulo<aiol@n>y[=y> <y, )
/i€ UCTOJB30BAHO COOTHOWICHHE Y, P> <Pp|=] U TOT (axT, 4TO COCTOSHHE |0lp> HOPMHPOBAHO.
MBpI NOTYYMIH B TOYHOCTH TOT CTATHCTHYECKHUI OIEPaTOp, KOTOPBIA JTOHKHBI OBUIH MPHUITUCATH
00BEKTy, eciiu Obl OH Haxomwics B coctossHuH |y». [locie akTa wW3MepeHHs BO3HHUKAET
KOppEIALUS MEXIY COCTOSHUSIMH TpHOOpa M COCTOSHHUSIMH OOBEKTa, TaK YTO COCTOSIHUE
KOMOWHUPOBAHHON CHCTEMBI, COCTABJICHHON M3 MpuOopa M OOBEKTa, OMHCHIBAECTCS BEKTOPOM
COCTOSTHHS

=Y cieyp|ap|. 3)
a CTATHCTUYECKHUH OIEPATOP JAAETCS BHIPAKEHUEM
po=| PP I=Y cici e i <o pp. 4)

[TapuumanbHelii clieq 3TOro oneparopa paBeH

tEA(P)=2nPn| P [ =
=Yapeici €O [y {0 «@n o< n } pil=

=Y qicici i [wirawj Q)
(Tak KaK pa3JM4HbIC COCTOSIHUA |0 PHOOPa OPTOrOHATIBHBI APYT APYTY); TAKAM 00pa3oMm,
2
tra(p)=2_lcil [wo<yil. (6)

Mpbl MONMy4YMIM CTAaTUCTHYECKUI omepaTtop Ajsl CUCTEMbI, COCTOALICH M3 OAHOTO OOBEKTa,
OIMCHIBAIONIHIT CHTYAIHIO, KOT/Ia HMEIOTCS BEPOSTHOCTH |Ci|* MPeObIBaTh OOBEKTY B COCTOSHHSIX
[wi>. UTak mpuxoaum K GopMyJIMpoOBKE CIEAYIOLIEH TEOPEMBI.

Teopema 5.5 (06 usmepenun). Eciiu 1Be cuctemsl S 1 A B3aUMOJICHCTBYIOT TaKHM 00pasoM,
YTO KaXXJIOMY COCTOSIHHUIO ;> CUCTEMBI S COOTBETCTBYET OINPENIETIEHHOE COCTOSIHUE |0,> CUCTEMBbI
A, TO CTaTUCTUYECKUI onepatop tra(p) Haj noiaHol cuctemont (S u A) BOCIpOU3BOAUT AEHCTBHE
PEIyKIMH, IPUMEHSIEMOT0 K aKTy U3MEpEeHUs, IPOU3BOAMMOTrO HaJl CUCTEMOM S, HaXOJUBILIEHCS
710 U3MEPEHUS B COCTOSTHHH |)>=) iCi|yi>. B

MeTtacocTosiHME CUCTEMBI, HAXOSICh B KOTOPOM OHA HE UMEET OINPENIeIEHHOT0 COCTOSHUS, HO
ABJIIETCS. 4acTbIO OOJIBIION CHCTEMBI, KOTOpas HAaXOJUTCS B YHCTOM COCTOSTHUM, Ha3bIBAETCS
HecoOCMBEHHbIM CMEUAHHBIM COCIOSHUEM.

3.4.2 JlekorepeHnus Npu B3aUMOJAEHCTBHH C MAKPOCKONIUYECKUM MPUOOPOM
[21-23].

Y4rem Tenepp, 9To MpuOOop SIBISETCS MAKPOCKOIMMUECKOW CUCTEMOM. JTO 03HAYAET, UTO
KaxK/1asl pa3uuumasi KoH(purypauus npudopa (HarpuMmep, MOJI0KEHNUE ero CTPEIKH) He SBIIAETCS
YUCTBIM KBAHTOBBIM COCTOSIHUEM, HUKOUM 00pa30M HMUYETrO HE YTBEPKJasi O COCTOSSHUU
JIBYDKEHUS KXKJI0M OTAETBbHON MOJIEKYJIbI CTpeNKU. TakuM 00pa3oM, B BEILLIETIPUBEIEHHOM
paccy’kIeHHH HayallbHOE COCTOsIHIE Iproopa |00y ciemyer 3aMEeHUTh HEKOTOPBIM
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CTaTUCTUYECKUM PACIIPENETICHUEM 110 MUKPOCKOITMYECKIUM KBAaHTOBBIM COCTOSTHUSIM |0lo,¢>; Ha-
YaJbHBIN CTATUCTUYECKUN onepaTop He JaeTcs BelpakeHueM (1), a paBeH

Po=XsPs| WOl 00,9 o s [y, ()

Kaxnoe cocrosinue npubdopa |op s> OyAeT pearnpoBath Ha Kak7oe COOCTBEHHOE COCTOSIHUE |p>
00BEKTa TEM, UTO MPEBPATUTCS B HEKOTOPOE JPYrOe COCTOSIHUE |0 s>, KOTOPOE SBJISICTCS OIHUM
N3 KBAHTOBBIX COCTO?[HI/II\/'I, MAaKpOCKOIMMYECKOC OIMMMCAHUC KOTOPOro COCTOUT B YKa3daHHWM, YTO
CTpeJIKa 3aHMMAET MOJI0KEHHE 1; TOUHEe UMeeM (popMyITy

e (ol g, 0) =™yl a0 ®)

OOpatuM BHHMaHHE Ha TOSIBICHHE (Ha30BOTO MHOMKHUTENS, KOTOPBIH 3aBUCHT OT HHJAEKCA S.
Pa3zHocTH PHEpruii KBaHTOBBIX COCTOSIHUH |0los> C YYE€TOM BPEMEHH T JOJDKHBI OBITh TaKUMH,
9T00BI (ha3sl 0;4(mod 21t) ObUH CITy4aitHO pacrpeneiacHsl MexTy 0 u 27.

U3 dopmyn (7) u (8) cremyeT, 4TO TOpU |[y=),Ci|yi> CTAaTUCTUYECKUI OmepaTrop mocie
u3MepeHus OyIeT TaBaThCs CIEIYIONIMM BBIPAKCHUEM:

P=Y i pscici € P [y oo <oy sy | )

Tak kak u3 (9) moimydaem TOT ke pe3yJbTar (6), TO BUANM, YTO CTATUCTHYECKUN omepatop (9)
BOCIIPOM3BOANUT JACUCTBUE pENyKIUH, NPUMEHEHHOH K JaHHOMY o00bekTy. OH Takxe
IPAKTUYECKH BOCHPOU3BOIAUT JEHCTBUE pEAyKIHMH, NPUMEHEHHOM K OJHOMY Hpubopy
(«TIpaKTHUYECKI» B TOM CMBICIIE, YTO PeYb UIET O «MaKPOCKOMUYECKOi» Habmomaemoit). Takas
HaOmolaeMasi He pas3fiMyaeT pa3Hble KBAHTOBBIE COCTOSIHMSI MPUOOpa, COOTBETCTBYIOLIME
OJTHOMY U TOMY J>K€ MaKpPOCKOIHMYECKOMY OIMCAHUIO, T. €. MaTPUYHBIC DJIEMEHTHI 3TOM
HaOJII0TaeMOM MEXKIY COCTOSHUSAMU |Yp|ois> U | |ajoHE 3aBUCAT OT 7 U s. CpenHee 3HaUEHUE
TaKOW MaKpOCKOMMYECKON HaOmoaeMoi A paBHO

tr(pA) =X ippcicy €0 oy ATy o] oo =
=Y @ cici ajyspe @Y (10)

Tax xak ¢a3sl 0 pactpeneneHs! ciydaifHpIM 00pa3oM, CyMMBI 110 S 00paIiaTcs B HyJb MPH
i#]; CIeoBaTEIILHO,

tr (pA) =Y [cilfai=tr (p' A). (11)
Tae

" 2
p'=2lcil” ps|widl oo <y sy (12)

[TonmyyaeM CTaTUCTUYECKUN OTMEPATOP, KOTOPHIA BOCIIPOU3BOAUT IEHCTBHUE PEAYKIIUU MpUOOpAa.
Ecnu crpenka npubopa HabmogaeTcsl B MOJOKEHUU 1, COCTOSTHUE MPHOOpa MpU HEKOTOPOM S
Oyzer |ois, MPUYEM BEPOSATHOCTh TOTO, YTO OHO OYyJIET MMEHHO COCTOSHHEM |0js>, pPaBHA
BEPOATHOCTH TOTO, UTO /10 aKTa U3MEPEHHs ObLIO COCTOSTHUE |0 ¢>. Takum 00pa3om, MPUXOIUM K
(opMyJIMPOBKE CIEAYIOLIEH TEOPEMBI.

Teopema O nexorepeHHUM MaKpocKonmu4yeckoro mnpuodopa. Ilycte kBaHTOBas cuctema
B3aMMOJICHCTBYET C MAaKpPOCKOMMYECKUM MPUOOPOM TakuM o00pa3oM, UYTO BO3HUKAET
XaoTHUYECKOe pactipenenenue (a3 cocrosHuii mpudopa. [lycts p — cratucTuueckuii onepaTop
npubopa mociie u3MepPEeHHsl, pACCUMTAaHHBIN ¢ UCToNb30BaHueM ypaBHenus [lpenunrepa, a p' —
CTaTUCTUYECKHUI ONEPATOp, MOTYUYCHHBINM B PE3YJIbTATe NPUMEHEHUS PEAYKIMHU K ONEpPaTopy p.
Toraa HEBO3MOXKHO MPOU3BECTU TAKOW IKCIEPUMEHT C MaKPOCKOMMYECKUM MpUOOpPOM, KOTO-
PpBIii 3aperucTpupoBai Obl pa3ianune MEXIy p U p'.

OTo Tak Ha3bIBaeMas Teopema Jaunepu — Jlotinocepa — llpocnepu [22].

Jnist mupoKoro kiiacca mpuOOpoB JOKa3aHO, YTO XAaOTUYHOCTD B pacipeneseHnn (a3, o KoTopoi
UJIET peyb B TeOopeMe 5.6, NEMCTBUTEIBHO UMEET MECTO, €CJIM YCTPOMCTBO SIBISECTCS
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MaKpOCKOIUYECKUM, Xa0THYECKUM U €€ HaYaJIbHOE COCTOSTHIE HEPAaBHOBECHOE. XaOTUYHOCTh
¢a3 B 7TOM ciIydae UMeeT CBOMM HCTOUYHHUKOM CIIY4aifHOCTH CIIEKTpa IHEPrHii (COOCTBEHHBIX
3Ha4YCHUM ["aMUiIbTOHMAHA) 1J11 KBAHTOBBIX XaOTUYECKUX CUCTEM [8§].

OtMmetum, uTo (12), XOTh U BBITIOJIHSETCS C BBICOKOW TOYHOCTBIO, SIBIISIETCS] IPUOITUKEHHBIM
o oTHouIeHuo K (9). OTcro/1a 4acTo e’aroT BBIBO, YTO MPUBEICHHOE I0KA3aTEIbCTBO
apnsercss FAPP. T.e. kBaHTOBbIE KOPPEISLUH JIUIIb TPYIHO U3MEPUTH PAKTHUUECKH,
(bakTUYECKH OHU MPOAOIIKAIOT CYIIECTBOBATh, U, CIEIOBATENILHO, 8 NPUHYUNE OHU U3MEPHUMBI.
3T0, 0IHAKO, COBEPIIEHHO HEBEPHO. [leficTBUTENbHO, U3 TeopeMbl Ilyankape cieayer, uTo
cuUcTeMa He OyJeT OCTaBaThCs B CMEIIAHHOM cocTosiHUU (12), a ToMmKHa BEpHYTHCSI B UCXOTHOE
coctosiHue (7). D10 SIBIsSIETCA PE3yJIbTaTOM ITHUX CaMBIX MaJIbIX ONPABOK, KOTOPbIE HE YUTECHBI B
(12). Tem He MeHee, onuCchIBaeMas 3/1eCh CUCTEMA | 0, s> COOTBETCTBYET CIIydaro
CaMOHabM00eHUs:, ¥ TIOATOMY HE CITIOCOOHA HAOIIOIaTh SKCIIEPUMEHTAIILHO 3TH BO3BPATHI 8
npunyune (KaK MbI TTIOKa3aJH BBIIIE B pas/ieie 0 pa3pelieHnu napaaokco [lyankape u
Jlommvuara). CinenoBaTelibHO, 3()()EKTH AITHX MaJIBIX MOMPABOK CYIIECTBYIOT JIUIIh Ha Oymare B
KOOPAMHATHOM BPEMEHHU UACATbHON TUHAMUKH, HO 9KCHEPUMEHMAIbHO He HAOII0JaeMbl B
cOOCTBEHHOM TEPMOJMHAMUYECKOM BpeMEHM HaOonaeMoil tuHamuku. [lpuBenennas 3aech
JIOTHKa ToKa3biBaeT, 4yTo Daneri-Loinger-Prosperi theorem Ha camMmom nesie BeeT K pa3penieHuIo
napajiokca peayKIH1H, JoKa3blBasi HEBO3MOXKHOCTb SKCIIEPUMEHTAIBHO Pa3IMUUTh MOJHYIO U
HEMOJIHYIO peayKLHIo, a He sBisercss FAPP pemenuem

[IpuBoauMas 31€Ch JTOTHKA TaKXKe OUYEHb HAallOMUHAET cTaThio Maccone [4]. OTo He
YAMBUTENHHO, BeJb nepexo oT (7) k (12) COOTBETCTBYET yBEIUYEHHIO YHUCIa MUKPOCOCTOSHUM
u pocty 3HTponuu. A niepexoa u3 (12) B (7) COOTBETCTBYET YMEHBIIICHUIO SHTPOIIHH.
COOTBETCTBEHHO Hallle YTBEPKIEHUE 00 KCIIEPUMEHTAIBHON HEHA0II0AaeMOCTH OCTAaTOYHON
KBAaHTOBOI KOPPEJISALNY 3KBUBAJICHTHO YTBEPXKACHUIO O HEHA0II0JaeMOCTH YMEHBIICHUS
SHTPOIIMH U JIOKA3bIBACTCS TEMU )K€ METOJIaMu, 4TO U B [4]. Ha 3Ty cTraThio OBLIO BRIIBUHYTO
BO3paxkeHue [6 |, Ha koTopoe Maccone He cMor JaTh pasyMHblid oTBeT [28]. [TonpoOyem nath
€ro camu.
Omnpenenum 31ech HEOOXOUMbIC BEJTMUUHBI U TTPOOIIEMY .

[Tycts A — Ham ipubop, a C — u3mepsiemasi KBaHTOBasi CUCTEMA.
[lepBas Bennumnna, B3auMHast sHTponus S(A : C) — 310 orpyOsieHHast SHTPOIUS aHCaMOJIs,
MOJTy4eHHas pa3/ieJIeHUEeM Ha JIBE€ MOJCUCTEMbI, MUHYC cama dHTponus ancamOs. [Tockonbky
BTOpasi BEJIMYMHA IOCTOSIHHA BO BPEMEHM 3Ta BEIMUYMHA XOPOILIO ONUCHIBAET MOBEACHUE
MaKpO3HTPOIHUU:

S : C) =S(p4y) + Spc) = S(pac),

rae S=-tr(p Inp),

Bropas Benuunna /(4 : C) - knaccuueckasi B3auMHasi HHQOpMAIHs OnpeesieT KaKyro
MaKCHMAaJIbHYI0 HH()OPMALIUIO O U3MepsieMol cucTeMe (£ ) Mbl MOKEM MOTY4YNUTh HAOII0as
nokaszanus npubdopa (E;). Uem O6osbliie KOppensuus MeKIy CHCTEMaMH, TEM BbIIIE 3Ta
uHbopmaIus:

14 :C) = maxgierH(E; :F)), e

H(E; : F})) = 2Py log Py —2p; log pi=2jq;log g;

u Py=Tr[E; & Fipac], pi=2; Pyuq; =2; Py

nannsle POVMs (onepatopel HabmonaeMeix) £; u F; 1t A u C COOTBETCTBEHHO

Maccone [4] noka3pIBa€T HEPABEHCTBO

S(AA:C)=I(A: O) (13)
W u3 Hero aenaet BBIBOJ, YTO yObIBAaHHE SHTPOIMH BJICUET 3a CO00M yMeHbIlIeHnEe HHPOpMAITUU
(mamsitu) o cucreme. Ho (13) aBmsiercst HepaBeHCTBOM. COOTBETCTBEHHO B [6] TPUBOAUTCS
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puMep KBAaHTOBOM CUCTEMBI U3 3 KyOUTOB, MPU KOTOPOH YOBIBAaHHME SHTPOITUHU COMTPOBOXKIACTCS
pocToM HH(pOpMaIUH, XOTs HepaBeHCTBO (13) mMpoaoIDKaeT BBIMOIHATHCS.

[TocMoTpHuM, YTO TPOUCXOTUT B HAIIIEM CITydae

o m3mepenus (7)

S(A : C)=-Y.ps log ps +0 +Y.p, log ps=0

E; —cooTBeTCcTBYeT Habopy | 0o, s> , Fj-|y>

I(A: C) =->pslog ps +0 +> s log ps=0=S(A4 : C)
B xonue uzmepenus us (12)

S(A : O)=-Yileil log |eil’ -Ysileil’ps log |ci’ps +3sileil’ps log |ei’ps =-Yilel’ log e

E; —cooTBeTCTBYET HAOOPY | @i s> , Fj-|y;>
I(4: C) =-Yici|’ log |ci® -Ysilei’ps log |ci’ps +Ysiled’ps log el ’ps =-Yilcil’ log |cid’= S(A4 : C)
Taxum oOpa3oM, Halll ciaydail COOTBETCTBYET
I(A:C)=8(4:C) (14)
B (13). Hukakux mpo6iem HeT. UTO U HE yAUBUTENHHO — cliydail paBeHcTBa B (13)
COOTBETCTBYET MMEHHO MAaKpPOCKOIIMUECKOM XaoTHueckor cucreme. [IpuBoanmast B BO3pakeHUN
[6] cucTema He SBISIETCS MUKPOCKOITMYECKOM. DTO OTpa)kaeT TOT IMPOKO U3BECTHBIN (akT, YTO
TaKue MOHATHA KaK TepMOJUHAMHUYECKas CTpea BpeMEHHU, BO3pacTaHUE SHTPOIIHU U
U3MEPUTENIbHBIA IPUOOP OTHOCATCSA K MaKPOCKOIMYECKHM XaoTHUECKUM cuctemaM. Kak cama
CTaThs [6], TaK U MOCIEAYIONIAs 32 HEM cTaThs [7] OMUCHIBAIOT HE TEPMOJUHAMUYECKYIO CTPEITY
BPEMEHHU, a CUJILHO (MIIyKTYHPYIOIME HEOONbIINE CUCTEMBI, JJIs1 KOTOPBIX HUKAKast
TEpPMOJIMHAMHKA HEBO3MOXKHA. [1071e3HBIM pe3ysibTaToM 3TOi paboThl MOYKHO CUHTATh
paBeHCTBO (14), KOTOpOe MOXKET CIYKHUTh XOPOIIUM MaTeMaTHUYECKUM KpPUTEPUEM Kpumeputl
MAKpOCKONUYHOCMY XAOTUIECKOI CHCTEMBI, a pPa3HUIA MEX/Ty BETMIMHAMH B HEM — MEPHIIOM
ee QuyKTyaruii.

Cratpsa David Jennings, Terry Rudolph "Entanglement and the Thermodynamic Arrow of
Time" ouens uaTepecHa. Ho monsitue Tepmoournamuueckou Ctpenst Bpemenu He IpUMEHUMO
JUISE MUKPOCHCTEM. DTO - XOpOILasi CTaThsi O KBAHTOBBIX (UIYKTYyalusiX, HO HE CTaThs O
Tepmoounamuuecxoti Ctpene Bpemenu. B Anonce craten"Entanglement and the
Thermodynamic Arrow of Time" aBTops! numryT: "MBbI HccaeayemM NoapoOHO CITyqaid Tpex
KyOWTOB, ¥ TaK)Ke MpeaIaraeM HeKOTOPbIE MPOCTHIE IKCIIEPUMEHTHI, BO3MOXKHBIE C HEOOIIBIINM
yrciaoM KyouTos." Ho HuKakas TepMoJIMHaAMMKa HE BO3MOXKHA JJIs Takoi MUKpocucTembl. David
Jennings, Terry Rudolph (kax 1 Maccone) He TOHUMAIOT, YTO KaTeropus "mepmoounamuyeckas
CTpesia BpeMeHHU" IpUMEHHMa TOJIBKO Il O0NBIIMX MakpocucTeM. Vcronbp30BaHue 3TOro
TOHSATHS JUTSI HEOOIBIION (IIyKTYHUPYIOLIEH CUCTEMBI HE MIMEET HUKAKOTO (PHM3UIECKOT0 CMBICTIA.
Onu Takxe (kak 1 Maccone) UCTIONb3YIOT HEMPaBUIILHOE OIPEIEIEHUE MAaKPOCKOITMUECKOM
mepmMoouHamuieckol SHTponru. Mbl 1aeM (BMecTo Maccone) mpaBUIIbHBIN OTKIMK Ha
“Comment on "Quantum Solution to the Arrow-of-Time Dilemma"”. Ilpasunvhsiii OTKIUK
COCTOMT B TOM, YTO HUKAKHE MPOTUBOpeUHs (HailneHHbI B 3ToM KoMMeHTapun) He
HPOSIBJIAIOTCS AJIS1 MAKPOCKOITMYECKUX CUCTEM. TONBKO 711 MUKPOCKOITMYECKOM CUCTEMBI TaKue
npotuBopeuns cyuiectByror. Ho nonsitus “Tepmonunamuueckas Ctpena Bpemenn” u “3akoH
BO3PACTaHMS PHTPOIN HE MPUMEHHUMBI [T TAKUX CUCTEM. MBI MILTIOCTPUPYEM STOT (PaKT
paccMOTpPEeHHEM KBAaHTOBOM XaOTHUECKOM MaKpOCUCTEMBI U IEMOHCTPUPYEM, YTO IPOTUBOPEUHE
(maiinennsiii David Jennings, Terry Rudolph s Mukpockonudeckoii CHCTEMBI) HE CYIIECTBYET
JUISL 3TOTO NMPaBUIILHOTO TepMOJUHAMUYECKOro cityyasi. CiieiyeT ynoMsHyTh, YTO OOJIBIION
pa3mep cUcTeMBbI (KBAHTOBOW MIIM KJIACCUYECKON) SBISETCS HE JOCTATOYHBIM yCIOBHEM JIJIS
CHUCTEMBI, 4TOOBI OBITh MAKPOCKOIMYECKOW. MakpocKomuueckas cuctemMa (paccMarpuBaemasi B
TepMoarHaMUKE) TOJKHA TaK)Ke OBITh XaOTHUECKOH (KBAHTOBOM WIIM KIIACCUYECKOW) i UMETh
HEOOJIBIIIOE Xa0THIECKOE B3aMMOJICHCTBHE C OKPY KAIOIICH cpe1oit/HadmoaaTenem,
NPUBOJALIEE K JEKOTePEHINHU (/17151 KBAHTOBOW MEXaHUKH) WIH ACKOPPEISALUH (I
KJIacCu4ecKoi MexaHukH). HyKHO Takke ymOMsAHYTb, YTO TEPMHUHOJIOTHS, HAITOMHHAIOLIAS
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TEPMOJINHAMHYECKYIO TEPMUHOJIOTHIO, IIUPOKO M 3((HEKTUBHO UCTIONB3YETCS B KBAHTOBOU
MeXaHUKe, KBAHTOBBIX KOMIIbIOTEpaX U T€OpUHU UH(pOpMaLU. bosbIoe YuciIo MpuMepoB MOXKET
OBITh HaliIeHO B cChUIKax cTaThy Jennings u Rudolph. [pyroii Xxopomuii mpumep - SHTPOIUS
[lIennona B Teopun nHpopManuu. Ho 0OBIYHO aBTOPBI, HCIIONB3YIONIUN TAKYIO
TEPMOIMHAMHYECKU-TI0I00HYIO TEPMUHOJIOTHIO, HE PACCMATPHUBAIOT CBOIO CTAaThIO KaK aHaJIHN3
knaccuueckor Tepmonunamuku. Hao6opot Jennings u Rudolph "onposepratot" BTOpOit 3aK0H
TepMoaMHAMHUKHN Ha OCHOBE HEPEJIEBAHTHOW MUKPOCKONIUYECKOM cucTeMsl (B ux Comment).
Onu nenarot (B aToM ke Comment) 3asBiaeHue o0 ux cienytomieit ctathe "Entanglement and the
Thermodynamic Arrow of Time" kak 0 MpaBUILHOM PACCMOTPEHHUH, OTIPOBEPTAIOIIEM BTOPOH
3aKOH TEPMOIMHAMHUKH.

4 3akJo4YeHHe.

B craThe npoBoauTCS aHANU3 TEPMOAMHAMHUYECKOMN CTPENbl BPEMEHHU IS KBAHTOBBIX CUCTEM.
OH BO MHOTOM aHaJIOTUYEH KJIACCUYECKOMY Cily4aro. Ba)KHbIM OTJIIMUMEM KBAHTOBBIX CUCTEM OT
KJIACCMUECKHX SIBJISIETCS] HATMYME MUKPOCOCTOSIHUM, KOTOPbIE COOTBETCTBYIOT HE OTHOMY
MaKpOCOCTOSIHUIO, a LIEJIOMY X Ha0Opy (KBaHTOBasi CYIEPIIO3UIIMS MAKPOCOTOSHHMNA).
PaccmoTpenue TepMoIMHaMUYECKON CTPEIIbl BpEMEHH ISl 3TOTO ClIydas ¢ IOMOIIbIO TEOPUU
JICKOTePEHIINU JaeT pa3pelieHre MapagoKcoB, CBA3aHHBIX C PeIyKIHen (KOJIaliCOM) BOJIHOBOT'O
nakera.

Ipuio:xkenne A. HemeprpydaTtuBHOe Ha0/1I01eHHEe B KBAHTOBOW M
KJIACCHUYECKOM MEeXaHUKe.

YacTo MOYKHO CTOJIKHYTBCS C YTBEP)KJIEHUEM, YTO B KJIACCUYECKOW MEXAHUKE B MPUHIIUIIE
BCEr/1a MO’KHO OpPraHu30BaTh HenepTpyOaTuBHOe HabmoneHue. C Ipyroil CTOPOHBI B
KBaHTOBOM ME€XaHUKE B3aUMOJEHCTBHE HAOII01aTeNsl ¢ HAOJII0JaeMOM CUCTEMOM ITpH
u3MepeHun Henz0exHo. [Tokaxem, 94To 00a 3TUX YTBEPKIECHHUS B OOIIIEM CITyyae HEBEPHBI.

[To3BonbTe HaM CHauasa onpeAessITh HeBo3MyIIstomee HaomoaeHue [10-11,30-31] B
KBaHTOBOI MexaHuke. [IpeanonoxxuM, 4To y Hac ecTh HEKOTOpasi KBaHTOBAas CCTEMa B
U3BECTHOM HAYaJIbHOM COCTOSIHUHU. DTO Ha4aJIbHOE COCTOSIHUE MOXKET OBITh J1I000# pe3yIbTaToM
HEKOTOPOW MOJATOTOBKU (HampuUMep, aTOM MEePEXOAUT B OCHOBAHUE AJIEKTPOHHOE COCTOSIHHUE B
BaKyyM€ B TE€UEHHE JI0JIFOT0 BPEMEHH) UM PE3YJIHTATOM SKCIIEPUMEHTA 110 U3MEPEHUIO
(cuctema QM nocie u3MepeHus: MOKET ObITh XOPOILIO OIPeIeICHHOE COCTOsTHUE,
COOTBETCTBYIOIIIEe COOCTBEHHOU (PYHKIIMU U3MEPEHHOU NIepeMEeHHOI ). MBI MOXKeM Tpe/icKa3aTh
JATBHEUTITY O SBOJTFOIMIO HAa4aIbHOW BOJIHOBOUW (PYHKIHMH. B npuryune Mbl MOXKEM JIEIaTh
JaNbHEUINe U3MEPEHUsl, BEIOUpasi U3MepseMble IepeMEHHbIE TAKUM 00pa3oM, YTOOBI
COOTBETCTBYIOIIME UM HAOOPHI COOCTBEHHBIX ()YHKIIMM B MOMEHT U3MEPEHUSI BKIIIOYAIIN B Ce0s
TEKYIIYIO0 BOJHOBYIO QYHKIMIO HabI0qaeMoii cuctembl. Takoi n3MepUTENbHBIHN mpoliecce
MOJKET IIO3BOJIUTh HAM HENIPEPHIBHOE Ha0It0ieHne 0€e3 1I000ro BO3MYLIEHHs Ha0I01aeMoi
KBaHTOBOM CHCTEMBI. DTO HEBO3MYIIIEHHOE HAOJIIOICHUE MOXKET OBITh JIETKO 0000IIEHO JIJIst
Cllydasi U3BECTHOI'O CMeulaHHO020 Ha4allbHOTO COCTOSIHUA. JleCTBUTENBHO, B 3TOM Cllydae
u3MepsieMasi IepeMeHHasi B KaX/Iblii MOMEHT BPEMEHH JJOJI’KHA COOTBETCTBOBATh TAKOMY Habopy
COOCTBEHHBIX (DYHKILIUH, B IPEICTABICHUH KOTOPHIX MaTPHUIIA IUIOTHOCTH B ATOT K€ MOMEHT
BpeMeHH Oy/IeT AMaroHaJIbHOM.

Hanpumep, no3BonbTe HaM paccMaTpyUBaTh HEKOTOPBIM KBAHTOBBINA KOMIIBIOTEDP. Y HErO €CTh
HEKOTOPOE YeTKOe HavajibHOe cocTosiHue. HabmogaTens, KOTOpOMY M3BECTHO ATO HAYaJIbHOE
COCTOSIHUE MOXKET 8 npuHyune, IPOBECTH HEBO3MYILIEHHOE HAOIII0ICHHE JTI000T0
MIPOMEKYTOUYHOTO COCTOSIHHSI KBAHTOBOI'O KOMIIBIOTEPA.

Crnenyer 0co00 OTMETHUTB, UTO 110100HOE HENEepTpyOaTUBHOE HAOIIOICHHE BO3MOYKHO TOJIBKO
IIPU YCJIIOBUU U3BECTHOTO HayallbHOTO cocTosiHus. Ho, HaOmoaarens, KOTOPbIil HE 3HAET
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HayvaJIbHOE COCTOSIHHE, HE CMOXET CAETaTh TaKoe HaOIroIeHNe, TOTOMY YTO OH HE MOXKET
peIcKa3aTh MPOMEKYTOYHOE COCTOSTHIE KBAHTOBOT'O KOMITBIOTEPA.

PaccmoTpum Ternepp kiaccuyeckyto MexaHuky. [lycTs Ha BepmmHe KoHyca JIS)KHUT TIECUYMHKa,
beckoneyro manoro paguyca. Cucrtema HaXOAUTCS B TIOJIE TSDKECTH 3eMin. Toraa monsiTka
POHAOIOIATh CUCTEMY JIAXKE C OECKOHEYHO MAIbIM BO3MYUjeHUeM TIPUBEIET K HApyIICHUIO
paBHOBECHSI C HEOTPEACIEHHBIM Oy IyIIIUM Yepe3 KOHeuHblll HTepBall BpeMeHu. KoHeuHo,
MPHUBEICHHBIN TPUMEP YK30THYCH — OH COOTBETCTBYET CHHTYJIIPHOMY TIOTEHITHATY U
OecKOHEYHO MajioMy Teny. Tem He MeHee, TOJ00HbIe CUIIBHO HEYCTONUNBEIE CUCTEMBI SBIISIOTCS
XOPOIIUMU KJIACCHUECKUMHU aHAIOTaMH KBAaHTOBBIX cucTeM. Cpeiu HIX MOKHO HCKATh
AQHAJIOTMU C KBAHTOBBIMM CHCTEMaMH M KBaHTOBBIMU Mapajokcamu. Bens ycnoBue, 4yto
KJIACCHYECKOEe M3MEPEHHE OKa3bIBAET OYECHb MaJIoe, HO HEe HyJIEBOE BO3MYIIICHHUE HA
U3MEPSEMYIO CUCTEMY, MOKHO CHU3UTh TPEOOBAHMSI K CHHTYJIIPHOCTH 3TUX CHCTEM.

OdeHb YacTO MPUBOJIAT MPUMEPHI YUCTO KBAHTOBBIX MAPaIOKCOBY, TKOOBI HE HMEIOIIUX
AQHAJIOTMHU B KJIACCUYECKOU CTaTUCTUYECKOM MexaHuKke. OTHUM U3 HUX SBIIIETCS MapaoKC
Onutiypa-Baiinmana [29] ¢ 60M00ii, KOTOPYIO MOKHO OOHApYXUTh O€3 B3phIBa:

Ilycmob 6onnosas (hyHkyusi 00HO20 K6AHMA c8ema pazeemeisiemcs no 08ymM Kanaiam. B konye
9MU KAHATbL CHOBA 0OBLEOUHAIOMCS, U NPOUCX0OUM UHMeppepeHyus 08YX 80IH 8ePOSMHOCTIU.
Buecenue 6 o0un u3 kananog 60movl Hapyuum npoyecc unmepghepenyuu u no360.1um maxkum
00pazom ooHapyicums 60m0y, oadce eciu K8AHM c8ema He NOOOPEem ee, NPolosi No OPY2oMy
kaunany. ( Keaum ceema cuumaemcs cnocobnvim 63opsams 60moy)

Kiaccuueckoii aHanoruen 3Tol CUTyaluu BISETCS CAEAYIOMNN SKCIEPUMEHT
KJIACCUYECKOW MEXaHUKH:
B ooun u3z xananos, 20e nem 60Mb6b1, 3anyCMUM MAKPOCKONUYECKUL NOMOK MHO2UX Yacmuy. B
Opyeoll Kanaiu, 2oe, Modcem Oblmsb, ecmv OOMOA, HANPABUM 0OHOBPEMEHHO MOTbKO OOHY
beckoneuno nezkyro wacmuyy. Taxkas yvacmuya He cnocobHa 830psamsv OOMOY, HO OHA MOd*CEm
ObImb omKoHeHa eto Hazao. Eciu 6ombwl Hem, mo uacmuya npotioem kanai. Ha evixooe smozco
KaHana ¢ OomoOoul pacnoiodcum OnuUCaHublli 8bluie KOHYC ¢ NeCYUHKOU (0€CKOHEeUHO Mano2o
paouyca) Ha e2o sepuiune. Eciu Haua OecKOHeuHo 1ecKas yacmu codbem necyuHKy ¢ 6epuiiHbl,
mo 5mo o3Hauaem, ymo 6omowvl Hem. Ecnu necuunka ocmanemcs na eepuiune nocie 8bixood
NOMOKA 4acmuy u3 6Mopo2o KAHala, mo 3mo osHaiaem, ymo 6omba ecmo.

B nannoM mpumMepe 6eCKOHEUHO JIeTKasi YacTHUIla SBISETCS aHAJIOTOM «HEBECOMOID BOJTHOBOM
GyHKIIMH KBaHTOBOM YyacThilbl. HO KBaHT cBeTa UyBCTBHUTEIIEH K IMOBEJICHUIO 3TON «HEBECOMO
BOJIHOBOM (pyHKkimu. Taxxke u necurHka (0ECKOHEUHO MaJioro paanyca) Ha BEpIInHE KOHyca
YYBCTBHUTEbHA M0 OTHOIICHUIO K 0ECKOHEYHO JIETKOI YacTHIle.

[ToxBos UTOT, MOKHO CKa3aTh, YTO PA3HUIIA MEXKTY KBAHTOBBIMU U KIACCHUECKUMU
CUCTEMaMH He CTOJIb MPUHLIUITHANbHA, KaK YaCTO CYUTAETCS.

Ipunoxenue B. Pa3iokenue Ha MOABI IPU MPOU3BOJIbHBIX
TPAHUYHBIX YCJIOBUAX.

YacTo BO3HHUKAET 3a/1a4a ONMKUCAHUE U3TYUCHHS B 3aMKHYTON TIOJIOCTH, 3aMIOJTHEHHOW KaKUM-
nn6o BemecTBoM. Kak mpaBuiio, 3To fenaercs myTeM pa3ioXKeHHs U3IyYeHUs Ha MOJIbL. DTU
MO/IBI SIBJISTFOTCSI HA00pOM (PYHKIIHIA, HAa KOTOPBIE PaCKIIAAbIBACTCS JII000C H3ITyUCHHE B
HEKOTOPO# MOJIOCTH U NIPU HEKOTOPBIX TPAHUYHBIX YCIOBUAX. Hampumep, 310 kBaapaTHas
MIOJIOCTH CIIEPHOJUYCCKIMH IPAHUIHBIMA YCIIOBUSAMU. 3aTEM MOTYUCHHOE PA3JI0KCHHE
MIOJICTABIISICTCS B YPAaBHCHHE JBIIKCHHUS [T U3TYUYCHUS, TIC YWICHBI psijia MOUWICHHO
muddepeHupyroTcs. Takum 00pa3oM, MOTyYarOTCs TAKUE XapaKTEPUCTUKH U3ITYyUCHUS, KaK
o(k), roe ® — gactora Mobl, a k — BOTHOBO# BekTOp MO, |k|=2m/A, A —171HA BOJTHBI MOJIBI.

Ho TyT Bo3HHMKaeT yncTo MaTeMaTudeckas npoodiaema. s mowneHHOU auddepeHnnpyeMoCcTH
psiaa TpeOyeTcst paBHOMEpPHAsi CXOAUMOCTD Psijia BO BCEX TOYKaX MPOCTPAHCTBA. DTO
ABTOMATHYECKU BEPHO IS JTFOOOTO U3ITYyUEHUS C TaKOH ke (POPMOI TIOJIOCTH U TPAaHUYHBIMH
YCIIOBHSIMHU, TIPH KOTOPBIX OBLIM HaleHbl MOJIbI. HO /7151 TI0G0TO APYTOro ciiyyasi 3TO HE TaK.
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Monbl 00pa3yroT MOJIHBIM OPTOTOHAJIBHBIN HA0Op U J1I000€ U3JIyYEHHE MOKHO MPEACTaBUTh KaK
CYNeprno3uLuio Takux Moa. Ho B o61iem ciaydae psii CXOAUTCSI HEpaBHOMEPHO (TI0XO CXOAUTCS
OKOJIO TPAHHUII TIOJIOCTH) U HE MOKET OBITh IOWwIeHHO Tipoauddepenimposan. O mpodieme
HECOOTBETCTBHSI MOJI PA3JIOKEHHsI U TPaHUYHBIX ycinoBuid uet Peierls [32]. Oqnako on
paccMaTpuBaeT Cily4aid, Korja Ipy JaHHBIX TPAHUYHBIX YCIOBUSX CYILECTBYET HEKUN MOJHBIN
OpPTOHOpPMAaJIbHBINA HA0OP MO/, TAKUM YCIIOBHUSM yA0BIETBOPAT. HO BOZMOXKHBI CUTYaIMH, KOTAa
JUISL JAaHHBIX TPAaHUYHBIX YCJIOBHUM Takoro Habopa Mo MpocTo HeT. Mn Ham He U3BECTHBI
I'paHUYHBIE YCIOBHUS, a 3aJJaHbl JIUILIb SHEPTeTHUECKUE YCIOBUs Ha TpaHuLe. Kak ke perraercs
npobiieMa B 3TOM citydae?

Jleno B TOM, UTO BC€ BO3MYIIEHUS B U3IyUYEHUH PACIIPOCTPAHSIIOTCS CO CKOPOCTBIO, HE
NPEBBIMIAIONIEH CKOPOCTh CBETA B BEIIECTBE MOJIOCTH V=C. DTO 3HAYMUT, YTO JIF0OOE BO3MYIICHNE
B HaYaJIbHBIX YCJIOBUSX Ha I0JIE€ U3JIy4YEHUs], BOHUKIIIEE B TOUKE X, IPOSBATCS B TOUKE X|
TOJILKO Yepe3 KOHETHOE BpeMsl (X-X;)/c. DTO 3HAYUT, YTO BOZMYIICHHS OT CTEHOK JIOCTUTHYT
LIEHTpa M0JI0CTH 3a BpeMs t=L/c, rae L - xapaktepHsblil pa3mep nonoctu. HepaBHoBecHas
CXOAMMOCTb IPOSIBISETCS Yy Psiia PA3IoKEHUs U3JTy4YEeHUsl HAa MOJIbI TOJIKO BOJIM3HM CTEHOK
nojocTH. BHyTpH nonoctu TouyHas GyHKUMS HOYTH TOYHO COBIAAAET C PSIIOM MOJI B TEUCHHE
Bpemenu L/c. [ToaTomy B 3T0if 007aCTH M B TEUEHUE STOTO BPEMEHH ITOYJICHHOE
TudQepeHIMPOBaHNE TACT TOYTH TOUHBINA PE3yIbTaT U UMEET CMBICIL.

Uto0b! BEpHO OLIEHUT 4acTOTy MOJibl ®(K) HYKHO, YTOOBI X aMITUTY1a HE MEHSJIACh U3-3a
BO3MYIIEHHUS OT CTEHOK CYIIECTBEHHO B T€YEHHUE BPEMEHH MHOIO OOJIBIIETO NepHo/a ee
konebanuit 211/ w(Kk) . OTcroaa ycinoBrue MaKpOCKOITUIHOCTH TIOJIOCTH:

2n/w<<L/c

501041

L>>27 (c/w)

® — oTBe4yaeT Makcumymy vactot o(k) .

[TycTh yciaoBue MakpOCKOITMYHOCTH TTOJIOCTH BBITTOIHSACTCS.

3TO 3HAYHT, YTO OWIeHHOE MU HepeHInpPOBaHIE MOJT BTN OT CTEHOK MOJIOCTH JaeT
BEPHBIN pe3ysIbTaT Ha BPEMEHHBIX MacIITadax Mopsaka 2m/o.

Ha BpeMeHHbIX MacmTabax L/c pe3ynbTar He MOXKET ObITh BEPEH. 371€Ch OOBIYHO HUCIIOIB3YIOT
coo0pakeH!sI, OCHOBaHHbIE HA 3aKOHAX COXPAHEHUS SHEPTUH U pocTa HHTPONUH. C MOMOILBIO
HUX W MOJyYaeTcs MEIJICHHAs dBOIONUS aMITuTy A A(t, r) u a3 ¢(t, r) mox:

E(t, r)=%; Ai(t, r)sin(o(kj)t+ kir+o;(t, r))
s Bakyyma:

o(k)=clk]
L>>)
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Yacre 3. YHUBepcajibHasl CTPeJia BpeMeHHU:
HexBaHTOBasi IPABUTAIIMOHHAA TEOPHUSL.

0. AuHoranusi: Paspemenue uHPOPMANMOHHOIO MAPAAOKCA IS
YEePHBIX AbIP U MAPAJOKCA AeAYIIKH IJI51 BPEMEHHbIX
KPOTOBBIX HOP.

CraTbst OCBsIILIEHa aHAIN3Y O01el TEOPUH OTHOCUTENBHOCTH (TPABUTALIMM) C TOUKU 3PEHHUS
TEPMOJMHAMHUYECKOMN CTpesbl BpeMEHU. B pamkax 3TOro paccMoTpeHUs! pa3peiieHbl
«MH(pOPMAIIMOHHBIH MapaioKe» AJIS YEPHBIX JbIP U «IApaJoKC C AETyLIKOM» 115l BpEMEHHBIX
«YEpPBOTOUYMHY.

1. BBenenue

B cratbe MBI pacCMOTPUM TEPMOJIMHAMHYECKYIO CTpelly BpeMeHnu [ 1-2] (onmpenenseMyto
HaIpPaBJIEHUEM POCTA SHTPOIIMH) B paMKax HEKBAHTOBOM PEJISITUBUCTKOMN Teopuu rpaButanuu. B
KJIACCMYECKON TaMUJIbTOHOBOM MeXaHHKe JII00ble HayalbHbIE U KOHEYHbIE COCTOSTHUS
BO3MOXHBI. Kpome Toro, Mex1y HUMHU CyILIECTBYET B3aUMHO-0/IHO3HAYHOE COOTBETCTBHE. B
PENSTUBUCTCKON TEOPUU IPaBUTALIMU CUTYyalus nHas. MiMeroTcs Tonosornyeckue 0COOEHHOCTH
IMPOCTPAHCTBA, KOTOPLIC ACJIAOT BO3MOXHBIM CUTYallUlO, KOT'JId 3a KOHe4YHO€ BPpCMA Pa3HbIC
HavaJIbHbIE COCTOSHUS AAI0T OAMHAKOBOE KOHEUHOE COCTOSIHUE. DTO KoJutarc 4epHbIX Abip. C
JPYyTOi CTOPOHBI, PACCMOTPEB OOPATHBIM BO BPEMEHH MPOLIECC — OCIIbIE IBIPHI, MBI IOy YHM
CUTYallMI0, KOTJIa OJHOMY HauyaJbHOMY COCTOSIHHIO 32 KOHeUHOe BPeMsl COOTBETCTBYIOT pa3HbIe
KOHEYHBbIE COCTOSIHUS. VIMEIOTCS M CHUTyaluu APYroro copTra — Korja He JitoOble HayallbHbIe
COCTOSTHUSI BO3MOJKHBI. DTO ClTydail «4€pBOTOUHHY, YEPE3 KOTOPHIE BO3MOKHO MyTEIIECTBUS B
mponuIoe. HpI/I 3TOM CTAaHOBUTCA HGO6XO,Z[I/IMLIM JOIIOJIHUTCIIBbHOC CaMO-COIJIaCOBAHUC
IPOILIOro U OyIyIIero, AeJaroliee HeBO3MOKHBIM HEKOTOPBIE HadaIbHbIE COCTOSHUS. UepHbIe
JbIpbl TpUBOIAT K MHGOPMAITMOHHOMY MapaOKCy, a «4€PBOTOUHHBD) - K «I1apaJ0KCy C
JeAyLIKoi». PaccMOTpeHHIo 3TUX 0COOBIX CUTyalluil PEISITUBUCTKONW TEOPUU T'PaBUTALIUH C
TOUYKH 3PEHUsI TEPMOAMHAMHUYECKOMN CTPENBI BPEMEHHU U Pa3pEICHHUIO CBSI3aHHBIX C HUMU
[apaJIOKCOB MOCBAIIEHA JTaHHAs CTaThsl.

2. YepHble abIpbl
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B coBpeMEeHHBIX KOCMOJIOTHYECKUX MOJIETISIX €CTh JOMOJHHUTEIBHBIC SIBICHHS, KPOME
SBIICHUH, YK€ ONMUCAHHBIX B KJIACCHYECKOM MexaHHKe. B o01el Teopuu OTHOCUTETHHOCTH
DWHINITEWHA TBUKEHUE TaK K€, KaK U B KJIACCUYECKON MexaHuke oopatumo. Ho nmeercs n
BaXHOE OTIIMYHE OT KJIIACCUYECKON MEXaHUKHU. DTO HeOOHO3HAYHOCMb pelieHns 3anaun Komrm:
MOJTYYCHUsI KOHEYHOTO COCTOSIHUSI CUCTEMBI M3 TTOJIHOTO HA0Opa HAaYaIbHBIX M IPAaHUYHBIX
ycioBuii. B o01ei TeOpur OTHOCUTENBHOCTH, B OTJIMYUE OT KJIACCHUECKON MEXaHUKH, JIBa
Pa3IUYHBIX COCTOSIHUS 33 KOHeYHOe BPeMsl MOTYT JaTh OECKOHEYHO OJIU3KHE COCTOSHUSA. ITO
MPOUCXOINT MPH 00pa30BaHUN YEPHOU JIBIPBI B pe3yibTaTe Koiianca. CieaoBaTenbHo,
o0pa3oBaHUe YEPHOU ABIPHI UIET C YBEITHYCHHEM YHTPOITHH.

PaccmoTpuM oOpatHBIil mpoiiece, onmuchIBaIONINi Oemyto asipy. B aToM mponecce
0eCKOHEUHO OJIM3KHE HadalbHbBIE COCTOSIHUS 33 KOHeYHOe BPEeMsI MOTYT JIaTh pa3HbIe KOHEUHBIE
coctosiHus. OOpallieHne BpeMEeHH MPUBOIUT K TOSBICHUIO O€NI0i IbIPHI U BEET K YMEHBIICHHIO
SHTponMHU. benas Apipa He MOKET CYIIECTBOBAThH B PEAIbHOCTH 110 TEM )K€ IPUIHHAM, YTO
HEBO3MOJKHBI MPOIIECCH] C YMEHBIIIEHHEM YHTPONHHU B KlIacCHUeckoil Mexanuke. OHako, ee
HEYCTOWYMBOCTh HAMHOTO 0oJiee CHIIbHAsS, YeM B KJIACCHUECKOM MexaHuKe. OHa BOSHHUKAET YXKe
M0 OTHOUICHHIO K OeCKOHeuHo MallbiM Bo3MylIeHusiM. Kak creficTBie BO3HUKAeT
CHHXPOHH3AIMHA COOCTBEHHBIX CTPEJI BpEMEHH OelIoi JpIphl 1 HabIroaaTens/okpyKeHnus. bemnas
JbIpa MpeBpalaeTcs A HabmoaTelNs B Y4epHYIO AbIpY.

DT0 03HAYaeT, YTO HAOIIOJATENIb/OKPYKEHHUE, Take OECKOHEUHO CJIa00 B3aMMOICHCTBYIONIUH C
0eoil IbIPoit MOXKET 3HAYUTENBHO TOBIUATH Ha €€ HBOJIIOIMIO 32 KOHEUHOe BpeMs. [Ipu aTom
TPaBUTAIIMOHHOE B3aMMOICHCTBUE HAOIIOAATENs/OKPYIKEHHS ¢ O€I0i IBIpO BCerja OTIMYHO OT
HYJIAL.

31ech BO3HUKAET 3HAMEHUTHIN nH(popMalmoHHbIN napagokc [3]: Kosianc npuBoauT k notepe
uHpopMmaruu B UepHoii J[pipe. 310, B CBOIO ouepe/ib, BEAET K HETIOIHOTE HAIIIETO 3HAHUS O
COCTOSTHUM CHCTEMBI U, CIIEI0OBATENIbHO, K HETIPEACKa3yeMOCTH IUHAMUKH CUCTEMBI, €€
BKItouatonieil. MUudopmanus, koTopas B KJJacCHUECKON MEXaHUKE BCET/1a COXPaHseTCs, B
YEepHOH JipIpe ucuesaet HaBceraa. Tak i 310? Mnu, BO3MOKHO, BHYTPH YEPHOH JIBIPbI OHA
XPaHUTHCS B KaKOH-T00 popme? OOBIYHO pacCMaTPHUBAIOT TOJIHKO JIBa OTBETA HA 3TOT BOMPOC.
JIn6Go nupopmanus AEHCTBUTEIHHO MponagaeT oecciaeIHo; TM00 HHPOpMALIUs COXpaHIeTCs
BHYTpHU HEE€ U MOXKET ObITh KAKMM-TO ITyTeM u3BjieueHa. Ho, ckopee Bcero, BEpHBIM SBIISETCS
Tpetuil oTBeT. 13-3a HeN30€KHOTO BIUSHUA HaOII01aTeNs/OKPY KEHHUS KCIIEPUMEHTAIBHO
Pa3IUYUTh ATH JIBE CUTYaLUU IPOCTO HEBO3MOXKHO! A YTO HeNb3sl IPOBEPUTH
HKCIIEPUMEHTANIBHO, HE JIOJKHO SIBIISICTCS IPEIMETOM HAyKU M 00CYKICHUSI.

Ha camom gene, npeamnonoxkum, 4To nHGOpMAaLIKS COXpaHIEeTCsl BHYTPHU YEPHOI JIbIPHI.
MoHO 11 pa3peinTh MHOOPMAITMOHHBIN MapaoKC U U3BJIeUb 3Ty MH(OPMAIIHIO U3 Hee?
MoskeT ObITh, MBI MOKEM OOpPATUTh KaKuUM JIHO0 00pa3oM CKOJUTATICUPOBABIIYIO YEPHYIO ABIPY,
IpEeBpaTUTh €€ B OEIyI0 JBIPY, U U3BJIeUb HCcUe3HYBIIYI0 nHpopmarmio? Kaszanock Obl, 3TO
HEBO3MOkHO. Ho HenaBHO mosiBUIIack MHTEpecHas paboTa, KOTopasi, XOTb U HE HANpPsAMYI0, HO
NO3BOJIET cAenaTh 3T0 [4]. B Hell noka3bIBaeTCs, UTO YEpHas Ablpa MOJTHOCTHIO SKBUBAJIEHTHA
BXOJIy B KaHaJI, coeuHstonui a18e Beenennnie. [IpuueM Bxoa 3Toro kanaia nmogo0eH YepHOn
JBIpe, a BBIXOJ1 Oenoid. DTa Oenast IbIpa U MOXKET pacCMaTpUBAThCs, B HEKOTOPOM CMBICTIE KaK
oOpareHHas yepHas apipa. Ho aiis Toro, 4to0sl yoeauThesi, 9To HHGOpMAITUS HE UCUYE3aET, MBI
JIOJKHBI IPOHUKHYTH BO BTOpYIo Beenennyro. I[Ipeanonoxum, 4Tto CymecTByeT HeKas
«UepBOTOYMHAY», KOTOpas coenuuseT ase Beenennsie. [1ycth HabmonaTenb MOXET MIPOHUKHYTh
yepes3 Hee U MPOHa0IoaaTh 3a 6emnoit apipoil. Ho gaxe eciau 3TO CiryuuTcs, Mbl 3HaeM, 4To Oenast
JIbIpa HEYCTOWYMBA MO0 OTHOIIEHUIO K HaOmoaeHuto. [lonbiTka ee HabMIOIeHUS TPUBEIET K €€
NPEBPALLCHHIO B YEPHYIO JBIPY. DTO 3aKPOET BCAKYIO BO3MOXKHOCTD MOJITBEPIUTD, UTO
nHdopmarus coxpansercs. CremoBaTenbHO, 00a penieHrs HHOOPMaAITMOHHOTO TapaioKkca
JeMCTBUTENILHO PABHOMIPABHBI U SKCIIEPUMEHTAILHO HE Pa3IMYUMBI.

DTO CBOMCTBO HEOOpATUMOI MoTepr MHGOPMAIMH TPUBOIUT K TOMY, YTO 3aKOH
BO3PACTaHMs YHTPOIIUH MPEBPAIIAETCS B TOUHBIN 3aKOH MPUPOJIbI B paMKax rPaBUTAIIMOHHON
Teopuu. JleHCTBUTENBHO, MOSBISETCS Takast HOBas (yHJAaMeHTalbHAsI BEIMYMHA, KaK SHTPOIUS
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YEPHOH JbIpbl. DTO OTIMYAET TPABUTALIMOHHYIO TEOPHIO OT KJIACCUUECKON MEXaHUKH, TJI€ 3aKOH
BO3pACTaHMs YHTPOIIMU HOCHT JIMIIb NpHOmKeHHbIH xapaktep (FAPP, niis Bcex npakTuieckux
neneit).

Tot xe 3 dext HeoOpaTUMO moTepu HHGOPMAITH UMEET U YCKOPEHHOE PaCIIUPEHUE
Bcenennoii — nosiBisitoTCS HEHa0II0JaeMble 0071acTH, OTKY/1a 10 HAC HE JTOXO/UT JIaXkKe CBET.
CnenoBarenbHO, OHU HEHAOIIOJaeMble, U cofiepKallascsa B HUX UH(opMalus notepsHa. Ito
OIATh BEACT K HCIIPECACKA3yCMOCTHU pCHﬂTHBHCTKOfI JUHAMUKHU.

3. BpemeHHasi 4epBOTOYHHA.

PaccMoTpuM ¢ TOUKHM 3peHMs SHTPOIIUU U TaKOW NapaJOKCaJIbHbIN 00BEKT 0011Iel TeEOpUH
OTHOCHTEJIBHOCTH, KaK BpeMEHHasl «4epBOTOYMHA» (KpoToBas Hopa) [S]. PaccmoTpum BHavase
ee HanOoJee MONyYJISIPHBIA BapUaHT, peuiokeHHbI Mopprucom u Topaom [6]. [TycTs y Hac
MMEETCS POCTPAHCTBEHHAsI KPOTOBAsI HOPA C JIEKAIMMHU psAoM KoHLaMmHu. [Tytem odeHb
IPOCTON MpoLeAypsl (IOrpy3UM OJHOTO U3 KOHIIOB HA KOCMHUYECKHH KOpalib, 00ecreuum ero
JBUKEHHE CO CKOPOCTBIO CPAaBHUMOM CO CBETOBOM, a 3aTEM BEPHEM 3TOT KOHELl Ha MPEXKHEE
MECTO) MPOCTPAHCTBEHHAsI KPOTOBAsi HOpa MOXKET OBbITh PE0Opa30BaHa BO BPEMEHHYIO
(wormhole traversing space into one traversing time). OHa MOkeT OBbITh UCIIOJIb30BaHa KaK
MmamuHa BpeMeHd. [logo0Has kporoBast Hopa TpeOyeT 0co00T0 SIK30THUECKOTO BEIIECTBa,
HEo0X0IMMOro sl oAJepkKaHus ee paBHOBecHsl. OJHAKO €CTh MOJENIN MAIIHbI BpEMEHH,
KOTOPBIE WM MO3BOJISIIOT 00ONTUCH COBCEM 0€3 SK30THYECKOTO BemecTBa [7, 9]. Unu xe,
UCIIOJIB3YSl AJIEKTPOMArHUTHOE I10JI€, TO3BOJISIOT OOONUTHCH €ro MajIbIM KOJUYECTBOM [8].
Hcnonb3oBanne 3TON MalIMHbI BPEMEHU MOKET PUBOAUTH K 3HAMEHUTOMY «IapajoKCy
JIeTyIIKW», KOTJja BHYK, BO3BpAIlasich B poLLIoe, yOuBaeT cBoero Aeaymky. Kak xke MoxeT
OBITH pa3pelIeH 3TOT Nnapaaokc?

C ¢uznueckoil TOUKH 3peHHs, MapaJoKC AAYIIKH 03HAYAET, YTO HE BCE HaYaJIbHbIE
COCTOSIHUSI, KOTOPBIE CYIIECTBYIOT 0 00pa30BaHMs MalllMHbl BPEMEHU OCYILECTBUMBI.
JlononHuTenbHas 00paTHas CBsI3b MEXAy OyIyIIUM U IPOILIBIM Yepe3 BPEMEHHYIO
YepBOTOUMHY JIENIACT UX HEBO3MOXHBIMH. CIie10BaTeIbHO, MBI TMOO TOJDKHBI OOBSICHATH
Hepean3yeMOCTh TAaKUX HAYaJIbHBIX COCTOSIHUMN, TUOO TOMYCTUTh, YTO BpEeMEHHAas
«4epBOTOYMHA» HEYCTOWYMBA, HANOA00Me OeI0i ABIPHI, U JIETKO pa3pyIIaeTCs.

Kak Hu ctpanHo, 00a 00bsicCHEeHUs B TpUHLUIE BepHbI. OJHAKO JJI1 MAKPOCKOITNYECKUX
YEpBOTOUYMH INPUOPUTETHBIM SIBIISIETCS IEpBOE 00BsICHEHHE. JleMCTBUTENBHO, OUEHBb XOTEIOCh
ObI UIMETh MAKPOCKOIIMYECKYI0 TOMOJIOTHIO IPOCTPAaHCTBA CTa0MIbHOW. OrpaHudeHue Ha
HAYaJIbHbIE COCTOSHUS IPU ATOM CBSA3aHO C 3aKOHOM POCTa SHTPOIUU U CUHXPOHU3ALNEN
TEPMOJUHAMHYECKHUX CTPENl BPEMEHH, CBSI3aHHOW C HEYCTOMYNBOCTBIO COCTOSIHUM € pa3HOU
HaIpPaBJIEHHOCTHIO 3TUX BPEMEHHBIX cTpen [1-2]. Makpockonuyecknue 3aKOHbl TEPMOJUHAMUKI
BEPOSTHOCTHBI. 111 O4eHb HEOOJIBIIOT0 YHCIIa CIIy4YaeB OHU HE AEUCTBYIOT
(xpynHOMacmTaOHbIe uroKTyarun). Kak 1yt 5TUX cUTyanuid, Tak U sl MUKPOCKOITHIECKHUX
YEPBOTOUYMH, IJ€ MOHATUE TEPMOJINHAMUYECKON CTPEIIbl BpDEMEHH U 3aKOHBI TEPMOJIMHAMUKU HE
IPUMEHHUMBI, MIPUOPUTETHBIM OKa3bIBAETCS BTOpOE 00bsicHeHHE. OHO CBA3aHHO C
9KCTPEMAJIBHOM HEYCTOWYMBOCTHIO TOIIOJIOTUH, ONIPENEIIEMON MAIlIMHON BpeMeEHH [9],
AQHAJIOTMYHOM HEYyCTOMYMBOCTHU O€0i JbIphl. J{J11 MaKpOCKOIIMYECKUX KPOTOBBIX HOP
paspelIeHrne MOXXeT ObITh HallIeHO ¢ MOMOIIbIO 3aKOHA BO3PACTaHUs SHTPOIIUH,
o0ecreyrBaeMoro HeyCTOHYUBOCTBIO ITPOLIECCOB € YOBIBAHUEM SHTPONUU OTHOCUTENIBHO
BcenenHoli 1 BeITEKarome U3 3TOr0 CHHXPOHU3aLUEN TEPMOJINHAMUYECKUX CTPE BPEMEHH.

JleficTBUTENBHO, TPOCTPAHCTBEHHAS KPOTOBAs Jblpa HE MPUBOJIUT K Napagokcy. OObeKTHI,
HOIJIOIIEHHBIE €€ OJJHUM KOHIIOM, BBIXOJSAT U3 APYroro KOHIA B Oosiee nmo3aHee Bpems. Takum
00pa3oM, 00BEKTHI U3 OoJIee YIOPSAOYCHHOTO HU3KOAHTPOMHITHOTO MPOIIIOTO MOTMAIAio0T B
MEHee YNopsJ0YeHHOE BEICOKO3HTpONHiiHbIe Oy ayuiee. [Ipu nBrkeHnn BAOIb KPOTOBOM HOPBI
SHTPONUS MyTELIECTBYIOINX 00BEKTOB TAKXKE PACTET: OHU MEPEXOIAT U3 Ooiee
YIOPSIOYEHHOTO COCTOSTHUSI B MEHee ynopsioueHHoe. Takum 06pa3oM, COOCTBEHHBIE CTPEIIbI
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BPEMEHHU ITyTEIIECTBYIOMIETO B KPOTOBOI HOpe 00BEKTa M OKPYKAIOIIETO MUPA COHAIIPABIICHBI.
Toxxe BEpHO AJIsl MyTEUIECTBHSI 0 BPEMEHHON KPOTOBOW HOpE U3 MPOIIIOro B OyayIiee.

Opnako Juist MyTeIecTBUS U3 OyIyIIEero B NpOILIOe CTPEIbl BPEMEHU MMy TELIECTBEHHUKA B
KPOTOBOM HOPE U OKpPYKArOIIero Mupa OyayT yxe mpoTuBomnonoxHsl [10, 11-13 .
JleiicTBUTENHHO, CaM OOBEKT Iy TEHIECTBYET M3 MEHEE YIOPSIOYCHHOTO Oy IyIIero B 6oiee
YOOPSAOYEHHOE TPOIILIOE, HO MPHU 3TOM €r0 COOCTBEHHAs SHTPOIUS pacTeT, a He YObIBaeT!
CrnepnoBarenbHO, TEpPMOIMHAMUYECKUE CTPENbl BpeMeHU BeeneHHol u myTerecTBeHHUKa
pasHoHamnpaBieHbl. Takol mporecc, Py KOTOPOM YHTPOIHH My TEeIIECTBEHHUKA yObIBaeT
oTHocutenbHO Beenennoit, Heycroiuus [1-2]. CriemoBaTeabHO, «IaMATh O TIPOLILIIOM))
MyTENIECTBEHHHKA (2, MOKET, U OH CaM IMOJIHOCThIO) OyJeT pa3pyllieHa, YTO He TTO3BOJIUT eMY
«yOUThb JEAYIIKY.

Kakoli uMeHHO MeXaHHM3M MpHU MyTEUIECTBIUH B KPOTOBOM HOpe oOecreunBaeT
CHUHXPOHM3AIIMIO CTPEN BpEMEHU MyTeniecTBeHHUKa U Beenennoi? O6a KoHIa «4epBOTOYUHBI)
9TO MacCUBHBIE TeJa, UMEIOIIUE KOHEUHYI0 TemrepaTypy. O6a 3TH KOHIIa Mo 3aKOHAM
TEPMOJMHAMHUKN HEU30EIKHO JTOJIKHBI U3ITy4aTh CBET, KOTOPBIM YaCTUYHO MONAAAET U B
KpPOTOBYIO HOPY. YK€ B MOMEHT 00pa30BaHUs «MAaIIMHBI BpeMeHu» (IIpeodpazoBaHus
IPOCTPAHCTBEHHOM Y€PBOTOUNHBI BO BpEMEHHYIO) MEXy €€ KOHI[aMH MOSBISETCS 3aMKHY ThII
CBETOBOM JTy4. Besikuit pas, Koraa qyd OMUChIBaeT OKPYKHOCTh, OH BCe OOJIbIlEe CMENIAeTCs K
¢uoneToBoit yactu cuekrpa. [Ipoxoas Kpyr 3a Kpyrom, JIy4du TE€pSIOT POKYC, TO3TOMY SHEPTHUS
HE YCUJIMBAETCS U HE CTAaHOBUTCS OeckoHeuHOU. DHOoIeToBOE CMEleHHE 03HAYAET, YTO UCTOPHS
YaCTHILIbI CBETa KOHEYHA U ONPE/IesIeHa €€ COOCTBEHHBIM KOOPAMHATHBIM BPEMEHEM, HECMOTPSI
Ha OECKOHEYHOE YHUCIIO KpYTroB [14]. DTOT 1 MHBIE HOTOKH CBETa B KPOTOBOW HOpE
(GIIOKTYHPYIOT U IMEIOT HaIlPaBJIEHUE TEPMOJAMHAMUYECKOMN CTPEIIbl BPEMEHH, COBIAAIOIIETO C
TEPMOJUHAMHUECKOH cTpenoi Bpemenu BeenenHoii. biaaromaps HenzoexxHOMY
B3aMMOJIEHCTBUIO C 3TUMU U3ITYUEHHEM pa3pylIacTcs OY€Hb HEYCTONYHNBOE COCTOSIHHUE
MyTeIECTBEHHUKA, UMEIOIIEro oOpaTHOE MO OTHOIICHUIO K BcenenHoil HanpaBienue
COOCTBEHHOT'0 TEPMOJINHAMHUYECKOTO BPEMEHHU. DTO pa3pyLICeHNUE MPOUCXOANT 10 CTEIICHH,
JIOCTAaTOYHOM JJIs1 MPEAOTBPALLEHUS MTapaJoKca eIy IIKH.

«CB0002 BOJIM» MO3BOJISIET HAM CBOOOJHO MHULIMUPOBATD JIMIIbL YCTOHYHBBIE MTPOIECCHI C
POCTOM SHTPOTHH, HO HE ¢ €€ yObIBaHHeM. Takum 00pa3oM, MbI HE CMOXKEM TTOCJIaTh OOBEKT U3
Oynayiero B npouutoe. [Iporiecc CHHXpOHU3AMK CTPENI BPEMEHHU U BBITEKAIOIINI U3 HETO 3aKOH
pocCTa SHTPONHHU 3aMpellaeT HauanibHble YCl08Usl, HEOOXOIUMBIE JUIs Ty TeIIeCTBUS
MaKpOCKOIUYECKHX 00BEKTOB B MPOIIIOE U PEAIN3aLUI0 «I1APaJOKca ATy IKI.

B pa6ore [10] cTporo matemMaTH4YeCKH JOKA3bIBAE€TCS, YTO COOCTBEHHAS TEPMOAMHAMUYCCKAS
CTpeJia BpeMEHHU HE MOXET BCE BpeMsi HIMETh OJJMHAKOBYIO OPUEHTAIINIO C COOCTBEHHON
KOOPJIMHATHOM CTPEJION BPEMEHHU MPH MY TEIIECTBUM 110 3aMKHYTOM BPEMEHHOITOA00HOM
tpaekTopui (closed timelike curve). [Ipomiecc cHHXpOHHU3AIMH CTPEN BpEMEHH (CBSI3aHHBIH C
HEYCTONYHMBOCTHIO IPOILECCOB C YOBIBAHMEM SHTPOIIUN) SIBISIETCS TEM CaAMbIM (DU3ULECKUM
MexXaHu3MoM, KOTOPbIA (hakTudeckn 00ecrieuuBaeT BhIMOJIHEHUE 3aKOHA POCTA SHTPOIIHH.

Maxkpockonuyeckue 3aKOHbI TEPMOJUHAMUKHN BEPOSATHOCTHBI. /171 0UeHb HEOOBIIOro Yrucia
CJlydaeB OHHU HE JACHUCTBYIOT (KpynmHoMaciTaOHble GurokTyarun). Kak 1ist 5TuX cutyanui, Tak u
JUIS MUKPOCKOITMYECKHUX CUCTEM, TJI€ 3aKOHBI TEPMOJIMHAMUKN HE TPUMEHUMBI, ITPUOPUTETHBIM
OKa3bIBACTCS Apyroe oObsICHEHNE Mapaiokca aeayiku. CylnecTByIOT J1Ba Mpoliecca: Bech
KocMoc u 00beKT, myTerecTBY o o uepBoTounHe u3 Oyaymero Kocmoca B ero mporuioe.
[Ipu 5TOM BpeMeHHast 4epBOTOUMHA, [T0JOOHO Oeoi AbIpe, OKa3bIBAaeTCs HEYCTOWYMBOM JTaxe
M0 OTHOUICHHIO K OECKOHEYHO MaJIbIM BO3MYILIEHUSIM OT I'PAaBUTAIIUH Ty TEIIECTBYIOLIETO
00BEKTa, YTO MOKET MPUBECTHU K €€ Pa3pyIICHUIO U MPEJOTBPALICHHUIO MTAPaJOKCOB, YTO U
JIOKa3bIBaeTCst CTporo B [9]. KakoBbl pe3yabTaThl NEPECTPONKHU TOMOJOTMU TPOCTPAHCTBA-
BPEMEHM I10CJIE Pa3pyLIeHUs] BpEMEHHOW 4epBOTOUMHBI? ABTOp [9] nuier:

«Kak MbI 00BACHANY ... HEOAHO3HAYHOCTD, HE MO3BOJISIET CYIIECTBOBAHUE MTapaJOKCOB
MYTEIIECTBHUS BO BPEMEHH B 001IIeH TEOPHH OTHOCUTEIIBHOCTH - HE3aBUCHMO OT TOTO, YTO
MPOU3OILIO ObI B MPUYUHHOM 00J1aCTH, MPOCTPAHCTBO-BPEMSI BCET]a MOXKET Pa3BUBATHCS TaK,
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yTOOBI N30€XKaTh JIIOOBIX MAPaT0KCOB (KEPTBYIO MAITMHON BPEMEHH, B KpailHEM cilydae).
[Tonyyaromeecs: mpu STOM MPOCTPAHCTBO-BPEMSI MHOT/IA . .. JIFOOOMBITHO HATIOMUHAET OJIHY M3
MHOT'O-MHPOBBIX KapTHH.»

CrnenyeT OTMETHUTb, YTO C TOYKH 3PEHHS BHEIIHETO PEaTbHOTO MaKPOCKOMHMYECKOTO
HaOJroaTeNs CUTyalys, KOTa MMy TeIIeCTBEHHHK ITOTUO B YepPBOTOUMHE HITH ITOTIANl B «HHON
MUD», SKCIIEPUMEHTAIBHO HEOTIMUYMUMBI. DTO SKBUBAJICHTHO CUTYaIlUH, KOT/a My TeIIeCTBEHHUK
nasiaeT B YEPHYIO JBIPY: HAM HE M3BECTHO OYJIET JIM OH pa3/iaBJeH B CHHTYJISIPHOCTH WU
MOTIAJIET B «MHOUM MUY Yyepe3 Oemyto AbIpy. (XOTs A caMoro MmyTelIecCTBEHHUKA 3Ta pa3HUIa
HaOJroaemMa 1 cymectBeHHa. Ho oH yHeceT cBOM Bce 3TH CBOM HAOJIOACHUS C COOOW B «MHOU
MUP».)

Chopmynupyem OKOHYATETBHBII BBIBOJ: 07151 MAKPOCKONUYECKUX NPOYEeCcCcO8 HEYCTOMYNBOCTD
IIPOLIECCOB C yOBIBAHUEM SHTPOIIMHU U COMYTCTBYIOLIAs € CHHXPOHHU3AIUs CTPET BpEMEHU B
MOJJABJIAIONIEM YHUCIIE CIy4YaeB JeJIaeT HEBO3MOXKHBIM IOSBICHNE HAYAIBHBIX YCIIOBHUMA
HECOBMECTHUMBIX C CYIIECTBOBAHMEM 3a/IaHHBIX YEPBOTOUYHMH. TeM caMbIM MpeA0TBpaIlaeTCs Kak
UX pa3pylieHHe, TaK U MyTEIIECTBHUS 10 HUM MaKpOCKOIIMYECKHUX TEJ B MPOIIJIOE, IPUBOJAIIEE K
«TMapaZioKCy AETyIIKI.

J711 o4eHb MAIOBEPOSITHBIX CUTYallUi B CIIydyae MaKpOOOBEKTOB U /I MUKPOCKOITUMYECKUX
CUCTEM MOXET Pealin30BaThCs yKe paHee OTMEUEHHOE 3aMeUaTelIbHOE CBOMCTBO 3KCTpEMaIbHON
HEYCTOWYMBOCTH OOIIEH TEOPUH OTHOCUTEIILHOCTH: OECKOHEYHO Majioe BHEIIHEee BO3/IeHCTBIE
MOJKET MOBJIEYb pa3pylIEHUE YEPBOTOUHUHBI 32 KOHEUHOE BpeMsi!

4. BoIBOaBLI.

[onsenem obmme utoru. [lponecc HaOmONEHHS JOTKEH HEN30€KHO YUUTHIBATHCS TIPH
paccMOTpeHHUH BeeX (PU3NYECKUX MPOLECCOB, YUTOOBI UCKITIOUUTD MOSIBIIEHUE HEHA0II01aeMBbIX B
pPEeaNbHOCTH SIBIICHUH, IPUBOASIINX K apagokcaM. [Ipu 3ToM HyKHO yUUTBIBATh CIIETYIOIINE
Bemy. HaGmoaTens Hen30€KHO SBIISETCS HEPAaBHOBECHBIM MAaKPOCKOMMYECKUM XaO0THUECKUM
TEJIOM C TEPMOAVMHAMUYECKOHN CTPEION BPEMEHH, ONPEAEIISIEMON HAIPABICHUEM POCTa
SHTponuu. Bce n3amepeHus oH MPOU3BOIUT OTHOCUTEIBHO ITOW BPEMEHHOMN CTPEJIbI BPEMEHH.
JlunaMuka Tell, OTHOCUTEILHO 3TOW CTPEJIbl BpEMEHHU Ha3bIBAE€TCS HAOII0IaeMON JUHAMUKON U
OTIIMYAETCS OT UICAIIBHON IMHAMUKH, OTHOCUTEJIBHO KOOPIMHATHON CTpenol BpemeHu. Bee
TeJIa OMMCHIBAIOTCS B HA0I0JaeMOl TMHAMHKE MaKpoIrapaMeTpaMu, B OTIHYUE OT UIeaTbHON
JUHAMMKH, UCTIONB3YIOIIEH MUKpOIIapaMeTphl. TepMoarHaMHUUuecKas CTpela BpeMEHU He
CYILIECTBYET IIPU TEPMOJUHAMUYECKOM paBHOBecHU. OHA MOXKET MEHSATh CBOE HAIIpaBJICHUE U HE
COBIAJaTh C KOOPAWHATHOM CTPEIION BpEMEHH HealbHON AMHAMMKH. Beerna cymecTsyer
Majioe B3auMOJIEHCTBHE MeX 1y HaOIoaTeneM 1 HabmroaaeMol cucteMoil. OHO MPUBOAUT K
CUHXPOHH3ALMK TEPMOJIUHAMUYECKHX CTPESl BpeMEHH HadtojaTess U Habaro1aeMoi CUCTEMBI.

MpI BUIMM HEOOBIKHOBEHHYIO Belllb. Bece 3T cooOpaskeHusl, KOTOpbIe HaM TTO3BOJIHIIH
pa3pelnTh NapajoKe peAyKLUUU B KBAHTOBOI MexaHuKe, napagokcsl Jlommvuara (Loshmidt) u
[lyankape B KJlacCHUECKOW MEXaHMKE MO3BOJISIOT pa3pelInTh HH(YOPMALIMOHHBIN NTApaIOKC
YEPHBIX ABIP U NAPaT0KC ACTYIIKH JUIsl BPEMEHHBIX KPOTOBBIX HOP. 3aMedareabHast
YHUBEPCAIBHOCTD!
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Yactb 4. YHUBepCcaJbHAsA CTPeJIa BpEMEHHU:
KBanToBasi Teopusi rpaBUTALIUU.

0. AuHoTranusi: Paspemenue nHGOPMANMOHHOIO MAPAJAOKCA ISl
YEePHBIX JbIP, MAPATOKCA AeTYIIKH I BPEMEHHBIX KPOTOBBIX
HOP, MAPAI0KCA YePHBIX 3Be3/1, MaPAJI0OKCOB MPOEKTA
Ilenpoy3a 1J1 MOCTPOEHUSA HOBOM KBAHTOBOM
rPAaBUTAIIMOHHOM TEOPHUH, MAPATOKCOB AHTPOITHOI 0
NPUHIMIA.

[IpoaHanu3upoBaHkI MapaJ0KCHl U MPOOIEMBbl KBAHTOBOM TEOPUH TPABUTAIINH C TOUKH 3PEHUS
TEPMOJANHAMUYECKOT0 ITOAXO0/1A.

1. BBenenue

Crartbs noCBslIeHA aHAJIU3Y KBAHTOBOM TEOPUU I'PABUTAIIMU C TOYKU 3PEHUS
TEPMOJIMHAMUYECKOU CTpelibl BpeMeHHu [1-3]. B paMkax 3TOro pacCMOTpPEHHs pa3pelieHbl
«H()OPMAIIMOHHBINA MAPATOKCy» IS YEPHBIX JIBIP U «MAPATOKC C IEAYIIKOMN AT BPEMEHHBIX
«4EepBOTOUYMHY, PACCMOTPEHBI YEPHBIE 3Be3/1bl [4] 1 aHTponHbId npuHImI [5]. [Tokazano, 4to
noxenanus [lenpoysa [6-7] k Oyayiueit Teopuu KBAHTOBOW I'paBUTALIMU HE TPEOYIOT CO3IaHHS
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HOBOM TEOPHH, a peaIM3yeMbl B PAMKAX YK€ CYIIECTBYIOUIUX TEOPU IPU ydeTe
TEPMOAMHAMUYECKOTO IIOAXO0AA.

2. YepHble aAbIPbI

B o0mieit Teoprr OTHOCUTENBHOCTH, B OTJIMYUE OT KJIACCUYECKON MEXaHUKH, JIBAa Pa3IMUHBIX
COCTOSIHUS 32 KOHeuHOoe BPEMsI MOTYT 1aTh OECKOHEYHO OJIU3KHUE COCTOSHUS. DTO MPOUCXOAUT
pyu 00pa30BaHUU YEPHOU ABIPHI B PE3YJIbTaTe KOJUIAIca. 3a CYET ATOr0 BOZHUKAET 3HAMEHUTHIN
nHGOPMaIMOHHBIN Mapagokc [8]: Kosuianc npuBoOAUT K nmotepe nHpopmanuu B UepHoit Jlbipe.
370, B CBOIO OUEPE/Ib, BEAET K HETIOJIHOTE HAILLETO 3HAHUSL O COCTOSIHUU CUCTEMBI U,
CJIEZIOBATENIbHO, K HEMPEICKa3yeMOCTH TUHAMUKH CUCTEMBI, ee BKItovatomeil. Mudopmarus,
KOTOpasi B KJIAaCCUYECKON M KBAHTOBOM MEXaHUKE BCET1a COXPAHAETCS, B YEPHOU JbIPE NCUYE3ACT.
Tax 1 370? OOBIYHO paccMaTPUBAIOT TOJIBKO /IBa OTBETA HA ATOT Bompoc. JInbo nnpopmanus
JeMCTBUTENFHO TIponanaeT oeccuenHo; 1100 nHPOpMAIH COXPAHIETCS BHYTPH HEE M MOYKET
OBITh KAKMM-TO ITyTEM HM3BJI€4eHA. Mbl YBUAUM, UTO B KBAHTOBOH IpaBUTAIIMU OTBET TOT XK€, YTO
U JUTs 0011l TEOPHH OTHOCUTEIIEHOCTH — 00a OTBETa BO3MOXHBI M BEPHBI, TOCKOJIBKY Pa3HHIIA
9KCHEPUMEHTAIbHO HEe Habro1aema.

JI7ist KBa3UKIIAaCCHYECKOW TEOPUH TPABUTAIUH, TI€ TPABUTAIMS OMMCHIBACTCS O0IIeH Teopreit
OTHOCHUTEJIBHOCTH, a MOJIS - KBAHTOBOM TEOPUEH, pa3pelIcHUE apasoKca HaXOAUTCA ©
MIOMOIIBIO U3Ty4YeHHE XOKHHIA.

B kBaHTOBOM Teopuu nosis (U3NYECKUH BaKyyM HAIlOJIHEH TOCTOSTHHO POKIAOIUMUCS U
MCUE3AIOUINMHU «BUPTYaIbHBIMU YacTUIIaMW». BOMM3M (HO BCE e CHapy>ku) TOPU30HTA
COOBITUI 4EPHOM ABIPBI IPSIMO U3 BaKyyMa MOTYT POKIaThCs Napel yacTulia-aHTHyactuua. [Ipu
ATOM BO3MOKEH CIIydail, KOr/ia oJiHasi SHEPI'Hsl aHTUYACTULIbI OKa3bIBAETCS OTPULATENBHOM, a
IIOJIHASI DHEPIHsl YACTHLIBI - ITOJIOKUTEIbHOU. [Tanast B u€pHy0 ABIpY, aHTUYACTHIA YMEHBIIIAET
€€ MOJIHYIO SHEPTUIO NIOKOsI, & 3HAYUT, U Maccy, B TO BpEMsI KaK 4YaCTHULIA OKa3bIBAETCS
CIOCOOHOM yJIeTeTh B 0€CKOHEYHOCTh. J{J1s1 ynanéHHoro HaOMoAaTelNst 5TO BRITIISIUT Kak
n3JydyeHre XOKHUHIa YEPHOU JBIPHI.

[TocKOIBKY 3TO M3IIyYeHHE HEKOTEPEHTHOE II0CIIE UCIIAPEHUs YEPHOU BIPHI BCS 3allaceHHas
B Hell nHpopMalus ucue3aeT — 3T0 OTBET KBa3HKJIaccuueckoi Teopuu. Kazanocs Obl, 310
IPOTHBOPEYHUT OOPATUMOCTH M YHUTAPHOCTH KBAHTOBOW MEXaHUKH, IIe MHPOpPMAaLUs He
Tepsercs. Toro e Mbl 0’KuAaIM Obl OT KBAaHTOBOM Teopuu rpaButanuu. Ho tak au 310?

MpI He uMeeM ceifuac 3aKOHYEHHYIO TEOPUI0 KBAaHTOBOM rpaBuTanuu. OHAKO AJ YaCTHOTO
ciry4asi 5 MEpHOTO aHTH-Ae-CUTTEPOBCKOr0 MHUpa 3TOT MapaJlOKC HBIHE MHOTUMHU yUYEHBIMH
CUMTAETCS Pa3pEIICHHBIM B ITOJIb3Y COXpaHEHUs HHPOPMALINH, BCICICTBUE THIIOTE3BI O
AdS/CFT nyanbHOCTH, T. €. TUIIOTE3bI O TOM, UTO KBAHTOBAs IPAaBUTALIMs B aHTU-JIe-
CUTTEPOBCKOM (TO €CTh C OTPULATEIbHBIM KOCMOJIOTUYECKUM YJIEHOM) S-MEPHOM MPOCTPAHCTBE
MaTeMaTHUYeCKU KBUBaJIEHTHA KOH(POPMHOM TeopHH Mo Ha 4-MOBEPXHOCTHU 3TOr0 Mupa. [9]
Omna Ob1a TpOBEpEHa B HEKOTOPBIX YaCTHBIX CIyYasiX, HO II0Ka HE JOKa3aHa B OOIIEM BHJIE.

[TonararoT, 4TO €ciaM 3Ta TUIOTE3a AEUCTBUTENBHO BEPHA, TO TO aBTOMATHUYECKHU BIICUET 3a
co0oii paspernieHue mpoodeMsl 00 HCUe3HOBEHUH HH(popMaruu. J{eno B ToM, 94To KOH(GOpMHas
TEOpus NOJIS 110 MOCTPOCHUIO YHUTapHA. Eciiu OHa AyanbHa KBAHTOBOM T'paBUTALMM, TO 3HAYUT
Y COOTBETCTBYIOLIAS] KBAHTOBO-I'PABUTAL[MOHHAS TEOPUS TOKE YHUTAPHA, A 3HAUMT,
UH(pOpPMALUA B 3TOM CIIy4ae HE TepseTcs.

OTmeTuM, YTO 3TO HE TaK. YUEeT BIUSHUS HAOII0JaTENs J1eIaeT Hen30eKHOM MOTEPIo
nHdopmaruu. [Iporecc 0Opa3oBaHust YepPHOU JBIPHI U €€ JaTbHEHIIICe HCTIAPESHUSI IPOUCXOTUT
Ha BCEIl MOBEPXHOCTH aHTU-/1e-CUTTEPOBCKOIO MUpa (OMHMCHIBAEMOr0 KBAHTOBOM TEOPHUEH
0JIsT), KOTOPBIM BKIIFOYAET TaKkke v Habmomarens. Habmonarens Hen30eKHO TpaBUTAIIMOHHO
B3aMMOJICHCTBYET C UEPHOU ABIPOH U €€ n3NyueHueM. B orinrune oT 00bI9HOI KBAaHTOBOM
MEXAHUKH M 10 IPUYMHE 3TOrO BCEIMPOHUKAOIIEr0 I'PaBUTAIUOHHOTO B3aUMOACUCTBHS,
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BIIMSIHUE HAOIOIATENIs TETIEPh y>Ke HETb3s CIeNaTh MPEeHeOPEeKUMO MaITbIM HU TP KaKHX
ycnoBusx. BzaumopeiictBue ¢ HaOIr01aTeNIEM I€1aeT CUCTEMY HE YHUTApHOI.

Kazanock 061, MBI MOKEM BKJIIOUUTH HAOJIOAATENs B OMMcaHue cucteMbl. Ho Habmoarens He
MOJKET TOYHO 3HATh CBOE HAYAJIbHOE COCTOSIHUE U aHAIIM3UPOBATh CUCTEMY, YAaCThIO KOTOPOH OH
caMm M siBiseTcs! A 3HaAUUT, HE MOXKET IIPOBEPUTH IKCIIEPUMEHTAIBHO PA3HUILY MEXITY
YHUTApHOM U He YHUTApHOM 3Botonuei. s 3Toro He06X0AMMO 3HaHUE MOJIHOTO COCTOSIHUSA
CUCTEMBI, UYTO HEBO3MOXHO IIPU CaMOHAOIIOICHUH.

B anTH-1e-CurrepoBckoro Mupe pacivpenue BeeneHHol Hen30€KHO CMEHSIETCs CXKAaTHEM.
Ho ot e a3 dexT morepn nHpopMaIiu UMeeTcs ¥ IPH yCKOPSHHOM paciipeHnn BeeneHHoi
— MOSBJISIIOTCSA HEHa0MIo1aeMble 00JIaCTH, OTKY/1a 10 HAC HE JOXOJUT Jake CBET.
CrnenoBarenbHO, OHU HEHAOJI0JaeMble, U cofiepKalliasicsa B HUX HH(popmalus notepsHa. Ito
OIISTH BEJIET K HEMPEACKA3yEMOCTH.

Taxum 00pa3oM, SKcTIepuMEHTaIbHAs TPOBEpKa HH(OPMAIIHOHHOTO TTapaoKca CHOBA
CTaHOBUTCSI HEBO3MOXKHOU 6 npunyune! B cilydae KBaHTOBOI I'PaBUTALIMNA COXPAHEHUE
UH(OPMALIMU TIPOUCXOANT JIUIIH HAa Oymare B HeabHON AuHaMuKe. B peansHOl HaOmomaeMoi
JUHAMUKE pa3HULA He HaOJro1aeMa SKCcIiepuMeHTalbHO B puHIune. O0a oTBeTa Ha BOIIPOC O
COXpaHEHUHU WJIM HE COXPAHEHNU UH(POPMALIMU MOYKHO CUUTATh IPUEMIIEMBIMH, TIOCKOJIBKY OHU
9KCIIEPUMEHTAIILHO HE PA3JINYUMBI.

['maBHOE OT/IMYME CTONB OOJIBLION Pa3HULBI MEX/1y OOBIYHONM KBAaHTOBOM TeOpHUEl 1
KBAaHTOBOI Teopueil rpaBUTallMy IPOUCXOJUT U3 TOTO, YTO B3aUMoOJIeHicTBUE HaOIr01aTeNs B
0OBIYHOI KBAaHTOBOW TEOPUHU MOXKHO CZEJIaTh HYJEBbIM B IMIPUHIIMUIIE ITPU U3BECTHBIX HaYaJIbHbIX
yCIJIOBUSX. B KBAaHTOBBIX IPaBUTALIMOHHBIX CUCTEMAX MAJIOE€ IPAaBUTALIMOHHOE B3aMOJIECHCTBHE C
Ha0JII0/1aTeNIEM HEYCTPAaHUMO B IPUHIIMIIE — YTO J€JIaeT B IPUHLUIIE HEYCTPAHUMOMN
JIEKOTEPEHIIMIO U TPEeBpalaeT IBOJIOLHIO JTI000H Ha0II0JaeMO CUCTEMBI B HEYHUTAPHYIO.
JInmib U1t HepOBEPSIEMOM UCATBHOM IBOIOIUHN Ha OyMare ee MOXKHO CIeNIaTh (OpPMaTbHO
YHUTapHOM. A MOXKHO U He JieslaTh — 37iech Y Hac cBoOo1a BbIOOpa. Ecii MbI XOTUM ONMCHIBAThH
peanpHyI0 HabII0AaeMyI0 TMHAMUKY — JeJIaTh 3TOr0 He CTOUT. [t MaCCUBHBIX TN TakKas
HaOJroaeMas IMHaAMMKa - 3TO KBa3UKJIaCCUYECKasi TEOPHUsl, KOTOpasi SKCIIEPUMEHTAIbHO
HEOTJINYMMA JJISl PEaIbHOTO MAaKPOCKOITMYECKOT0 HabII0AaTeNs OT KBAHTOBOM IPaBUTAIH
MaCCHBHBIX TPaBUTALIMOHHBIX YEPHBIX JBIP.

3. BpeMeHHas1 4ePBOTOYHHA.

PaccMoTpuM ¢ TOUKM 3peHHs SHTPOIIUH U TaKOW MapaJoKCaIbHBIA 00BEKT 0011l Teopun
OTHOCHUTENILHOCTH, KaK BpeMEHHas «4epBoTournHa» (kpotoBas Hopa) [10]. PaccmoTpum BHauane
ee HanOoJIee NMOMYJISIPHBINA BapuaHT, npenioxeHHsid TopHom [11]. [ycTts y Hac umeercs
IIPOCTPAHCTBEHHAs KPOTOBAsl HOpa C JIeXKAIlUMU paJIoM KoHuamu. [lyrem oueHs npoctoit
nporeaypsl (IIOrpy3uM OJTHOTO U3 KOHILIOB Ha KOCMUYECKHH KOpabiib, 00ecriednM ero IBUKEHUE
CO CKOPOCTBIO CPaBHUMOM CO CBETOBOI, @ 3aT€M BEPHEM ITOT KOHEI] HA MIPEKHEE MECTO)
IPOCTPaHCTBEHHAsI KPOTOBAsl HOpa MOXET ObITh IpeoOpazoBaHa BO BpeMeHHyY0 (wormhole
traversing space into one traversing time). OHa MOXeT ObITh HCITOJIb30BaHA KaK MallliHA
BpeMeHu. [lonoOHas kpoToBas HOpa TpedyeT 0cOO0ro 3K30THUYECKOT0 BEIIECTBa, HEOOX0IUMOTO
JUIsL ToA/IepkaHus ee paBHOBecus. OJIHAKO HETaBHO MOSBUINCH HOBbIE MOJIEIM MAlIMHbI
BpPEMEHH, KOTOPBIE WJIU MO3BOJIIIOT OOOUTUCH COBCEM 0e3 3K30THUecKoro Beectsa [12]. nu
e, UCIIOJIb3Ys AJIEKTPOMArHUTHOE I10JI€, TIO3BOJISIIOT 000MTHCH €r0 MajibIM KouyecTBoM [13].
Hcnonbp3oBanne 3TON MaIIMHBI BPEMEHU MOKET IIPUBOAUTH K 3HAMEHUTOMY «IapaoOKCy
JeAYyLIKN», KOT/1a BHYK, BO3BPAILAsCh B IPOILIOe, yOUBaeT cBoero neaymky. Kak xxe Moxer
OBITH pa3pelIeH ATOT MapaoKc?

PaccMoTpuM, Kakoi OTBET Ha 3TOT BOIIPOC AA€T KBa3UKJIACCUUECKasi TEOpHUsl TPAaBUTALIUH, TE
IpaBUTAlLMs ONUCHIBAETCS 0OLIEH Teopreil OTHOCUTENBHOCTH, a MOJIsl — KBAHTOBOM TEOpHEH.
MBI 11pH 3TOM 1OJ1araeM MakpOCKOIIMYECKYIO0 TOMOJOTHIO IPOCTPAHCTBA, CBA3AHHYIO C
MaIllMHOW BpeMeHU Hen3MeHHOH. B MoMeHT 00pa3oBaHMs MallIMHbl BpeMEHU (IIpeodpa3zoBaHus
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IIPOCTPAHCTBEHHOM Y€PBOTOUYMHBI BO BPEMEHHYI0) MEX/1y €€ KOHLIAMU HOSBIISETCS 3aMKHY ThIH
cBeToBOM 1y4. Ero sHeprust He qocturaet 6€CKOHEUHOCTH, HECMOTPS Ha OECKOHEUHOE YUCIIO
MIPOXOJIOB, U3-3a pacPOKycHpOBKH cBeTa [16]. Has cuTyanusi OJHAKO BO3HUKACT B
KBa3UKJIACCHUECKON TEOPHH C «BaKyYMHBIMH (PIIYKTyalMsIMI» pagualiioHHOTo moss [ 14].
[Ipoxos GECKOHEUHOE YHCIIO pa3 Yepe3 YePBOTOUNHY M CKIIAABIBASCH, ITH (DIFOKTyaIlluu
JOCTUTAIOT OECKOHEYHON YHEPTHH, KOTOpas pa3pyIIUT JII0OOTO My TEIIECTBEHHUKA.

Opnako cuTyanus B KBAaHTOBOU rpaBuTaly UHas. [10CKONIbKY KBaHTOBbBIE (IYKTyal[ul
coJiepkat OOJbIIIKE YHEPTHH, KOT/Ia OHU BO3HUKAIOT HA KOPOTKUX JAUCTAHIUSIX, BOZMOKHO
HAWTH HACTOJIFKO MaJIO€ PAacCTOSTHHE, Ha KOTOPOM SHEPTus QIIyKTyaIu OyIeT JOCTATOYHO
007bI1I0H 17151 GOPMUPOBAHUS KPOIICYHON YEPHOM JBIPBI, IPU STOM FOPU30HT YEPHOU JIBIPHI
OyZeT TOro ke pa3Mepa, Kak U 3T0 MaJIeHbKOe paccTosiHue. [IpocTpaHCTBO-BpeMst HE CIIOCOOHO
0CTaBaThCA OJHOPOIHBIM Ha TAKMX KOPOTKUX JUCTAHIUAX. ITOT MEXaHU3M 00ECIeUnBaeT
€CTECTBEHHYIO «OJIOKMPOBKY» 00pa30BaHUIO CUHTYJISIPHBIX (DIyKTyallui, OrpaHu4MBasi UX 10
pasMepy — «MaKCUMallbHasi SHEPrusi B MUHUMAJIbHBIX pa3mepax» [16].

JleTanbHbIe pacyeThl KBAHTOBOM rpaBUTAIIMU MTOKA3BIBAIOT [15], UTO 3Ta «OJIOKMPOBKAY
00pa30BaHUIO CUHTYJISAPHBIX (IIyKTyallii o6ecreyuBaeT A MaKPOCKOMTMYECKUX TENT OUYEHb
MaJIyto, HO HE HYJIEBYIO BEPOSTHOCTh OECIPENTCTBEHHOTO MTPOXOKACHHSI BpEMEHHOM
«4epBOTOUYMHB. Kak MpeaoTBpaTuTh B 3TOW CUTYalLIUU «Mapafoke aeaymku»? TyT HaMm y1o0HO
BOCIIOJIB30BAThCS SI3HIKOM MHOTOMHUPOBOM MHTEPIIPETAIIMM KBAaHTOBOW MeXaHUKH. UTOOBI
MPEIOTBPATUTh MAapaJOKC MyTEIIECTBEHHUK JOKEH MOMacTh B MapaljieNbHbIN MUP, TAe OH
MO3KET OECTIPENSATCTBEHHO «yOUTh JEAYLIKY» HE Hapylllas NpUHLIKIIA IpUYUHHOCTU. Takoi
napauieNbHbIA MUpP OyIeT KBAaHTOBO UHTEPPEPUPOBATE C MHUPOM «HEYOUTOTrO JEAYIIKN», T1Ie
HaOJII0IATEII0 HE y1aJI0Ch IPONUTH BPEMEHHYIO YepBOTOUMHY. OIHAKO aMIUIMTYAa BEPOSITHOCTH
TaKoOro Mupa OyJeT kpaiine Mana. MoskeT i HabIoJaTeNlb B MUPE, TI€ «JISAYIIKY HE YOUITN
O0HapYKUTh aJIbTEPHATUBHBIA MHUP XOTS OBl B IIPUHIIHIIE, UCTIOJIB3YsI KBAHTOBBIC KOPPEIISAIIHN
mexay mupamu? [logoOno «mapanokcy LlpeaHrepoBCcKOro KoTa) cAenaTh OH 3TO HE CMOXKET.
W npuunHel TE Xe, 4TO ¥ B 00BIYHON KBaHTOBOM MexaHuke [2]. [IposiBieHns: KBaHTOBBIX
KOppeJsIHii Ha TOT MOMEHT, KOTJIa MX BEJIMYMHA CYILECTBEHHA, HEBO3MOXKHO 3apPETUCTPUPOBATD
U3-32 «CTHUpAHMS MaMATH» HaOmonaTens. Takum o0pazom, Monajanue B MapajuieIbHbII MUD
KBAaHTOBOM MEXaHUKU HUYEM SKCIIEPUMEHTAIBLHO HEOTINYMMO OT MEPECTPOUKH YEPBOTOUUHBI U
NOTAAHUS B «IApaJLICIIbHBIA MUP» 001Iel TeoOpuH OTHOCUTENIBbHOCTH [3, 17]. DT0 3HAYUT, UYTO
C TOYKH 3PEHHS BHEIIHETO PEabHOTO MaKpPOCKOMMUECKOro HabrogaTels CUTyalus, Korjaa
MYTEIIECTBEHHUK MTOTUO B YEPBOTOUMHE WJIH TOTAJT B «MHOM MUP», SKCIIEPUMEHTAIBHO
HEOTJIMYHUMBI. DTO 3KBUBAJICHTHO CUTYallMH, KOTJa MyTEIIeCTBEHHUK MaJaeT B YEPHYIO AbIPY:
HaM HE MU3BECTHO OYyJIET JIM OH pa3AaBJicH B CHHTYJIIPHOCTH WJIM TIONA/IET B «MHON MHP» depe3
oemyto npipy. [18] (XoTs mist camoro myTelmecTBEeHHUKA 3Ta pa3HHIla Habro1aema u
cymecTBeHHa. Ho OH yHeceT CBOM BCce 9TH CBOU HAOIIOIEHUSI C COOOM B «MHOUM MHP».) MBI
BUJIUM, YTO KaK U B clIyyae «MH()OPMALMOHHOTO MapaioKcay, pa3Hulla MeKy KBaHTOBOH U
KBa3HKJIACCUUECKUMH TEOPUSAMH U1 MAaKPOCKONIUYECKHX 00BEKTOB SKCIIEPUMEHTAIBHO HE
HabJ01aeMa 1711 MaKpOCKOITMYECKOTo Ha0JII01aTelsl, He My TEHIeCTBYIOLIEr0 BO BpPEMEHHOM
YEPBOTOUYUHE.

4. YUepHbie 3Be31bl.

HenaBHo nosiBuiach HHTEpECHas TeOpus «UepHbIX 3Be3» [4]. OObIYHO KOJIIANC YEPHOI
JIBIPBI pacCMaTpUBAETCs Kak ObICTpbIi npouecc. OAHAaKO HaM He TaK XOPOILO W3BECTHBI
COCTOSIHUS BEIIECTBA MTPU BHICOKUX JaBICHUSIX. MBI 3HaeM, UTO Ha IyTH K KOJUIAIICY BO3MOXHO
oOpa3oBaHue OebIX KapJIHKOB, HEUTPOHHBIX 3BE3/. DTH MPOMEXKYTOUHbBIE CTAJAUN AETAI0T
KOJIJIAIC He JJABUHOOOPAa3HbIM, a MIOCTETIEHHBIM. BO3MOXKHO, Ha Iy TH K KOJIIarcy OyyT
HOSBIIATHCS KBAPKOBBIE 3B€3/Ibl U MHBIE IPOMEKYTOUHBIE COCTOSIHUS, KOTOPBIE C/IENAI0T ATOT
npoliece IIaBHBIM. [/ KilacCHYeCKON TpaBUTaLUK 3TO HecyliecTBeHHO. Ho B
KBa3MKJIACCUUECKOM IpaBUTALIMHU TOKA3aHO, YTO MPH MEJIEHHOM C)KaTHH KBAHTOBBIE
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(GiIyKTyaluu y HOBEpPXHOCTH IOMEIIAIOT MaTepHally 3B€3/lbl CKOJIAIICUPOBATh B
CUHTYJIIPHOCTb U CTaTh YepHOU AbIpoil. CHapykH Takoi 00BEeKT OyIeT 1o100eH YepHOii JbIpe,
HO BHYTpH OYJIET OT HEe OTJIMYECH, HE COJepIKa CHHTYJIIPHOCTD U COXPaHsIsi BCIO MH(POPMAIIHUIO.
OH N03BOJUT MyTEIIECTBEHHUKY BXOJUTH 3@ IIOBEPXHOCTH 3BE€3/Ibl U BEIXOAUTH U3 Hee. CienyeT
OTMETHUTB, YTO IPOTUB TAKOW KapTHHBI UMEETCS CYLIECTBEHHOE BO3PAKECHUE.

Hackonbko cTabuibHa Takasi KOHCTPYKIHS 3B€3/bl BHELITHEMY BO3MYILEHUIO, BHOCUMOMY
NyTemecTBeHHUKOM? 1 HaCKOJIBKO yCTOMYMB caM IyTEeIIECTBEHHUK? Y cToiiunBa a1 oHa?
[TyTemecTBEHHUK — 9TO MAKPOCKOMMYECKOE Te0. II[pOHNKHYB B UepHYIO 3B€3]ly, OH CKAaUKOM
YBEJIMUYUT €€ Maccy. DTO NpUBEIET MO0 K €€ CXJIONbIBAaHUIO B UEPHYIO bIpy. Eciu e nporiecc
CHOBA IONJET KIIOCTENEHHO» TO IMMYTELIECTBEHHUK «PACTBOPUTCS» B 3BE3/I€ U HE CMOXKET U3 HEE
BhIiiTH. TakuM 00pa3om, BUTUTCS, YTO Pa3HUIIA MKy YSPHOH 3BE3/I0M U YSPHOU JILIPOI HE
HaOJro1aeMa 3KCIIepUMEHTANBHO. A, 3HAaUUT, pa3HULA MEXy STUMH O0BEKTaMHU CYLIECTBYET
JUILIb HAa Oymare — B MJI€aIbHON TUHAMUKE.

5. HoBas Teopus rpasurauuu Ilenpoysa.

B cBoux 3amedaTenbHbIX KHIDKKaAX [6-7] [leHpoy3 maet cBoe 3aMedaTesibHOE TPEABUICHUE
HOBOM IpsyIIeHd Teopun rpaButanuu. B aToit reopuu:

1) B otnuure oT 0OBIYHON KBAHTOBOW MEXaHUKHU PEIYKIUS BOITHOBOTO MaKeTa —
byHIaMEHTATHHOE CBOMCTBO TEOPHH.

2) DTO peayKIusl Hepa3phIBHO CBSI3aHA C SBJICHUEM I'PABUTALIMH.

3) Penykuusi mpuBOIUT HE TOJIBKO K BEPOATHOCTHBIM 3aKOHOMEPHOCTSIM — HO OHA MOYKET
MIPUBOJUTH U K 00JIee CII0KHOMY «HEOTPEACICHHOMY)Y IMOBEICHUIO CHCTEM.

4) B otnnuue oT 3aMevaTeNIbHBIX KOTePEHTHBIX KBAHTOBBIX CUCTEM, KIIACCHUECKHE Xa0THICCKHE
HEYCTONYMBBIE CHCTEMBI MOJABEPTAIOTCS YHHUMKAIOIICH KPUTHKE, KaK YHCTO a0CTPaKTHBIC
MOJIeJIH, OECTIONIe3HBIC SISl TOHUMAaHUs pealbHOCTH. OHU HE UMEIOT HUKAKOT'O OTHOIIICHUSI K
OTMCAHHBIM BBIIIE «HEOMPEACIECHHBIMY» CHCTEMaM, KOTOPBIE MOTYT OBITh JIMIIb YHCTO
KBAQHTOBBIMHU.

Crnenyer 3aMETHUTh, UTO AJIs TIOJTY4YEHHUS BCEX 3TUX BELIEH HAM HET HY>K/[bl B HOBBIX TEOPUSX.
VY4er Hen30€KHOTO IPaBUTAIIMOHHOTO B3aUMOICHCTBUSI MAKPOCKOITMYECKOTO PEaIbHOTO
HaOmogaTeNs (TUTI0C yYeT ero TePMOJMHAMUYECKON CTPEIIbl BPEMEHH ) C HEOOXOTUMOCTHIO
BEJIET KO BCEM 3TUM pe3yJIbTaTaM B paMKax JII000H yxkKe CyIecTBYIOIIeH TEOPUN KBAHTOBOM
rpaBuTanuu. Kpome Toro, KJ1acCHuecKue XaoTU4EeCKHUEe HEYCTONUNBBIE CUCTEMBI 001a1al0T
BCEMH CBOICTBaMU KBAaHTOBBIX. /111 11000r0 «4nCTO KBaHTOBOTO 3(h(heKTay Bcerna MOKHO
HalTH Takou kinaccuueckuit ananor (I[Ipunoxxenne A [2]). A uMeHHO:

1) MbI Bugenu u3 ONMCaHHOTO BBIIIE, YTO HEN30€KHOE IPaBUTAMOHHOTO B3aUMOICHCTBUS
MaKpPOCKOIMMYECKOTO peabHOTO HAOI01aTeNs ¢ HabIojaeMol CUCTEMON HEM30€KHO JIenaeT ee
ABOJIIOIMIO HEYHUTApHOU. Pa3HuIla MeX1y YHUTAPHOW U HEYHUTAPHON TEOPUEN CYIIECTBYET
TG HA OyMare U SKCIIEPUMEHTaIbHO He HaOIroaemMa B KBAaHTOBOM TEOPHUH IPABUTALINU.
2) 1o u3mo>XeHHBIM BBIIIIE TPUUMHAM UMEHHO TPaBUTAIIMS BEIET B YXKE CYIIECTBYIOIICH
KBaHTOBOU T€OpUHU I'PaBUTAIIMU K HEM3OESKHOM peayKIKU U HeyHUTapHOCTU. bonee Toro, ans
MaKpOCKOIIMYECKHX OOBEKTOB XKellaeMasi HeyHUTapHas Teopusi, 00J1a1aromiasi BCeMU
JKEJIaeMbIMHU CBOMCTBAMH, YK€ CYLIECTBYET — 3TO KBA3UKJIACCUUYECKAs TEOPUS TPABUTALINH.
3) [loBenenrne MHOTHX MaKpOCKOIIMYECKUX TEJl, HECMOTPSI Ha HEYHUTAPHOCTb, MOXXHO
JIOCTATOYHO TMOJIHO OMKCAaTh HAOOPOM MaKpoImapaMeTpoB U 3aKOHAMH UX 3BOJIIOIUHU. MIMeroTcs,
OJIHAKO, HenpeodcKazyemvle CUCTEMBI, UbE TIOBEJIEHUE BO BCEW UX MOJHOTE 3aTPyAHUTEIBHO
ONMCaTh JAK€ BEPOSATHOCTHBIMU 3aKOHAMH.

Hanpumep, kBaHTOBbIE KOMIIBIOTEPHL. [[7151 yenoBeka, 3ayCTUBIIETO TAKONH KBAHTOBBIN
KOMITBIOTEP U 3HAIOLLETO €r0 HA4YaJbHOE COCTOSIHUE, €r0 MOBEJECHUE MOJHOCTBIO MPEICKA3yeEMO.
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Onmnako /11 4eoBeKa, He MPUCYTCTBYIONIETO NIPH 3aIyCKe, €ro MOBEJACHUE «HEOMIPEIACICHHOY.
Bonee Toro, monpiTka MpoHa0II0AaTh BHYTPEHHE COCTOSIHIE KBAHTOBOTO KOMIIBIOTEPA MPUBEAET
K HapyIICHUIO €r0 HOPMAJIbHOW PabOTHI.

B cnyuyae KkBaHTOBOI IpaBUTAIIMU 1a)Ke 3aITyCTUBIINI KBAHTOBBIA KOMIBIOTEP YEIOBEK HE
cmoxeT 100% mpenckasath pe3yabTaT — HeU30€KHOE TPAaBUTAIIMIOHHOE B3aUMOICHCTBUE MEKIY
HUM M KBAaHTOBBIM KOMIIBIOTEPOM CJIETIAET TaKOe MpecKa3aHne HEeBO3MOXKHBIM. TakuM 00pazom,
«HETIPEICKa3yeMOCTh, OTIIMYHAS OT BEPOSTHOCTHOW» CTAHOBUTCS (PYHIaMEHTAILHBIM
CBOMCTBOM JTF000 KBAHTOBOM TEOPUU TPABUTAIIMH MPU YUeTe HEN30€KHOTO B3aUMOJICHCTBUS C
HaOIOAaTeNIeM.

4) HeycTtoitunBble KJTaCCHUECKHE CUCTEMbI BO MHOT'OM HAIIOMHUHAIOT MO CBOMM CBOMCTBaM
kBaHToBbIC ([Ipunoxxenue A [2]). bosee Toro, co3gansl MaTEMaTHYECKUE MOJIECIN KIIACCUUECKHUX
aHAJIOTOB KBAHTOBBIX KOMIbIOTEpOB [19]. [l MonenupoBaHus mapagoKcalbHBIX CBOMCTB
JKUBBIX 00BEKTOB, HATOMUHAIOIINX KBAHTOBBIC KOMIIBIOTEPHI, HaM HE 00s3aTeIbHO HYKHA
KBAHTOBas MeXaHUKa. MOKHO OOOUTHUCH U KITACCUYECKUMU HEYCTOMUMBBIME cucteMamu [20].

[loaBons uTOr, MBI BUJIUM, YTO BCE MoXxenaHus [leHpoy3a BOIIIOTUMBI yKE B paMKax
CYUIECTBYIONICH MapaaurMbl U HE TPEOYIOT HUKAKMX HOBBIX (DyHIaMeHTanbHbIX Teopuil. bosee
TOT0, BCE CBOMCTBA OOBEKTOB OMUCHIBAIOTCS MaKponapaMeTpamMu (YTOObI UCKITIOYUTH BIUSHUE
MaKpPOCKOITMYECKOTO HAOIIOAATENs ), YTO HEM30SIKHO BEACT K HEHAOIIOTAEMOCTH CITHIITKOM
MaJIbIX HUHTEPBAJIIOB BPEMEHH U MPOCTPAHCTBA. A 3HAYUT MOKHO MOCTPOUTH X HAOII0JaeMYIO
JTUHAMUKY Ha OCHOBE «JIUCKPETHOW MOJEIIN MPOCTPAHCTBA-BpeMeHn». Ho Takas Mozensb yxe He
OyJeT HOBOI Teopuei — It 0000 MaKpOCKOMMUECKOro HabmogaTens ona 0y iet
SKCTIEPUMEHTAIIBHO HEOTIMYMMA OT YK€ CYIIECTBYIOIIECH KBAHTOBOM TEOPUHU TPaBUTALIIH.

6. AHTPONIHBIM NPUHIUI B KBAHTOBOM TEOPUM I'PABUTALIUM.

KonndecTBO BO3MOXKHBIX BAKYYMHBIX COCTOSIHUM, BO3HUKAIOLIUX B KBAHTOBOW TEOPUHU
TpaBHUTAIINH, TOCTUTAET OTPOMHOTO0 KoJar4decTBa. J{s orbopa moaxoasimuX BaKyyMOB OOBIYHO
MpeiaraeTcsl aHTPOIHBIA NPUHIMI [S] - 3BOIIOLMS CUCTEMBI I0JKHA MTPUBOJIUAT K TOSIBIICHUIO
HaOII0IaTeNs, CIOCOOHOTO €€ MOHUMATh B u3y4aTh. [10100Has MOCTaHOBKA BOMPOCA HOCHT
cuimKoM GuIocoMCKuit XapakTep, 3aTpyAHSIONINN €€ MPAKTHIECKOe UCTIoNb3oBaHue. B
JTaHHOU paboTe MBI MOXeM CPOPMYITUPOBATH BIIOJIHE YeTKHE (PU3UUECKHe MPUHIIMIIBI, 10 CYTH
SKBUBAJICHTHBIE AHTPOITHOMY IPUHLHUITY:

HauanbHoe coctosinre BeenenHol J0KHO TPUBOANTS K (POPMHUPOBAHUIO MAaTEPUU B BUJIE
HabOpa MHOTHX MaKpOCKOMUYECKUX TEPMOAMHAMHYECKH HEPABHOBECHBIX TEJ, CI1a00
B3aMMOJICHCTBYIOIINX MEXKIY CO00#. DTH Tena JOKHBI UMETh SHTPOIHUIO U Temrepatypy. OHu
JOJIKHBI UMETh COOCTBEHHYIO TEPMOJMHAMHUYECKYIO CTpETy BpeMeHU. Majoe JToKalbHOoe
B3aUMOJICCTBUE MEXIY TeIaMu JOHKHO MPUBOAUTH K CHHXPOHU3AIUU UX CTPET BPEMEHHU.
XOTs 3T Tella COCTOSAT U3 MHOTHX YacTHUIl U 00JIaJal0T OTPOMHBIM HabOpOM
MUKPOIIAPIIaMETPOB, IBOTIOIHS TUX TEJ JIOJDKHA XOPOIIIO OMUCHIBATHCS HAO0OpOM
MakKpoIapamMeTpoOB, 3a UCKIOYEHUEM PEAKUX MOJI0KEHUI HEYCTOMYMBOCTH.

OpHAKO ATH HEYCTOWYUBBIC COCTOSHUS UTPAIOT OOMBIIYIO POJIb, CIY’Ka OCHOBOM IS
BO3HUKHOBEHUS camoro Habmonarenst Beenennoil. JlomKHBI CylIECTBOBATh HEYCTONYHBbBIE
1I100aNbHBIE KOPPETSAIUN MKy YacTsIMH MHUPA, TaK U HEPABHOBECHBIE CUCTEMBI C
MO/I/IEPKUBAEMBIMU JIOKAIHHBIMH BHYTPEHHUMH KOPPEJSIIIUSAMU, U3 KOTOPBIX U 00pa3yoTcs
camu HaOIroAaTeny.

['moGanpHON «IETBI0Y» TUCCUTIATHBHBIX CHCTEM C JIOKATHbHBIMU KOPPEISIIUSIMHE (B TOM YHUCIIC
U J)KUBBIX CUCTEM) SIBIISIETCA (2) MUHUMU3ALIUA UX COOCTBEHHOM SHTpOIUU (0) CTUMYIISIIHS
r1100aTbHOM MTOTHON CHCTEMBI K CKopeimuii Bo3Bpary Ilyankape B mcxomaHoe
HU3KO3HTPONUHHOE COCTOSHUE.
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W3 BhIIIECKA3aHHOTO CIIEAYET OJIMH BaXKHBIN BBIBOJ]. UTOOBI OIYUNTH BBIIICOMMMCAHHY IO
CUTYallMI0, HAYalIbHOE COCTOsIHME BeeneHHol T10mKHO Hen30eKHO OBbITh
BBICOKOYTIOPSIIOUCHHBIM U HU3KOIHTPOTTUHHBIM.

T.e., KOPOTKO TOBOPS, SBOIIOIMS JT0JDKHA IPUBOAUTH K MUPY, JOIYCKAIOIIEMY OMHCAHKE B
dbopme TepmoanHamuki [1-3, 21-23]. Tonpko B Takoii cpeie MOKET MOSIBUTHCS HAOI01aTeb,
CIOCOOHBIN MU3y4aTh 3TOT MHUP.

7. BLIBOABI

Mp! BUAMM, 4TO HH(POPMALIMOHHBIN MapaZoKC U MapaoKC JSAYIIKH Pa3peIIatoTcs B
KBaHTOBOW IPaBUTAIIMOHHON TEOPUHU aHATOTUYHO OOIIEH TEeOPUH OTHOCUTEIIBHOCTU. DTO
JIENIaeTcsl MyTeM PAacCMOTPEHHUS B3aUMOJEHCTBHS CUCTEM C peajbHbIM HEPABHOBECHBIM
MaKpOCKOIUYECKUM HabiroaaTeneM. bonee Toro, 3TOT MoaxoA aHaJIOrM4YHO OOBIYHON KBAaHTOBOM
TEOPHH, TIO3BOJISIET PA3PEIUTh MPOOJIEMY PEIYKIMUA. DTO PEeAYyKLHUs B KBAHTOBOM I'paBUTALIUN
CTaHOBUTCA (QyHAAMEHTaIbHBIM CBOMCTBOM TEOPHUH, B OTJIMYME OT OOBIYHOW KBAaHTOBOI
MEXaHUKU. Takou MoAXO0J MO3BOJISIET PACCMOTPETh U IPYTHE CIOKHBIE BOIIPOCHI KBAHTOBOU
rpaBUTALMU — AHTPOIHBIA PUHLIUII, YEPHBIE 3BE3/IbI.
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Yacrb 5. YHUBEpPCAJIbHAA CTPe/Ia BPEeMEHM:
Henpenckasyemasi JTMHAMUKA.

0. AuHoTrauus: Paspemenue mapagokca o NpoTHBOPEYHUN MEKITY
PEeIYKIMOHU3MOM U NPUHIMIIUAAIBbHON (HEe CBSI3aHHOM CO
CJI0)KHOCTHI0) IMEPAKEHTHOCTHIO HA OCHOBE Te€OPEeMbI
I'éneneBckoro tuna. PazpemieHue napagokca CymecTBOBaHUS
CHCTEM C YMEHbIIEHHEM IHTPOIMH.

MpI BUUM, YTO TOUHBIE YPaBHEHHsI KBAHTOBOM M KJIIACCHUYECKOM MEXaHUKH OIHCHIBAIOT
ueanbHyI0 TUHAMUKY, KOTOpasi oOpaTuMa H MpUBOJAT K Bo3BpaTaM [lyankape. PeanbHbie
ypaBHEHHS (DU3MKH, OMMCHIBAIOIINE HAOJIIO1aeMyI0 JMHAMUKY, HaI[puMep, master equations
CTAaTHCTUYECKON MEXaHUKH, YPaBHEHHS TUAPOAUHAMUKH BSI3KOH )KUIKOCTH, YpaBHEHHE
EOHBHMaHa B TCPMOJUHAMUKE, 3aKOH POCTAa SHTPOIHH B U30JIMPOBAHHBLIX CUCTCMAX -
HeoOpaTUMBI M UCKITIOUaloT Bo3BpaThl [lyankape B ucxogHoe cocrosiuue. Kpome toro atu
YpaBHEHHUS OMMCHIBAIOT CUCTEMBI B TEPMUHAX MaKpOIapaMeTPOB UM (PYHKIMH pacipeesieHus
MUKporapamMeTpoB. [I[pudrHbI TaKo# pa3HUIIBI MEXKAY AUHAMHUKAMU J1Be. Bo-miepBhIX,
HEKOHTPOJIUPYEMBIH IITyM CO CTOPOHBI BHEITHETO HaOmoAaTess. Bo-BTopsIx, Korna
HAOII0IATENIb BXOIUT B OMKCHIBAEMYIO CUCTEMY (CaMOHAOIOICHNE) TIOJTHOE CaMO-OTHCaHNe
COCTOSIHUSI CCTEMbI HEBO3MOXKHO. Kpome Toro camoHabi110/1eH1e BO3MOYXHO B TEUEHHE
OTPaHMYEHHOTO BPEMEHHU, MMOKa COOCTBEHHAs! TEPMOJAMHAMUYECKAS CTPeJia BpeMEH!
HaOJII01aTeNIs CYIIECTBYET U HE MEHSIET CBOET0 HanpasiaeHus. He Bo Bcex cimydasix HapylLIeHHAs
BHEITHUM ITyMOM (HJIM HETOJHAs MPU CaMOHAOIIIOIEHUH) UieanbHast TUHAMHUKA MOXKET ObITh
3aMeHeHa MpeIcKa3zyeMoi Ha0IoaeMoi TMHaMUKOM. [{71s1 MHOTHUX CUCTEM BBEICHHE
MaKpoIMapaMeTPOB, HCUEPIIHIBAIOIIE OMUCHIBAIOIINX JUHAMHUKY CUCTEMBI, IPOCTO HEBO3MOKHO.
Nx ANHaAMHKa CTAHOBHUTLCA B IIPHUHIUIIC Henpez[cxa3yeM0ﬁ, HHOT'Ja JaK€ BEPOATHOCTHO
HenpeacKka3zyeMoil. Mbl Ha30BeM AMHAMUKY, OTHUCHIBAIOUIYIO TAKYIO CUCTEMY, HEenpeockasyemol
Oounamuxoi. Kak cienyeT U3 camoro onpezesieHus: Takux CUCTEM, JIJIsl HUX HEBO3MOKHO BBECTH
MOJIHBIM HA0OP MaKpOIMapaMeTPOB, XapaKTEPHBIX A7l HAOII0JaeMON JUHAMUKH M TTO3BOJISIFOIIMIA
MMPEACKAa3bIBATh UX IMOBCACHUC. I[I/IHaMI/IKa TaKUX CUCTEM HEC OINIMCHIBACTCA U HE
MPENICKa3bIBACTCS HayuHbiMU MeToAaMH. TakuM o0pa3oM, HAyKa caMa CTABUT I'PAHULbI CBOEIH
NMPUMEHUMOCTH. TOJIBKO CaMUu TaKue CUCTEMBI U3HYTPH MOTYT, HO YK€ UHMYUMUBHO
«TIOHUMATh» U «IPEACKA3bIBaTh» CBOE MOBEICHUE WU «O0IIATHCI» MEXAy co00i Ha
UHMYUMUBHOM YPOBHE.
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1. BBenenne

Hanaum onpeneneHust Habarooaemoul u uoeaibHol ounamux [1-4], a Takxe o0bICHUM
HEOOXOIMMOCTh BBEJICHUS HAOIIOIaeMOM TMHAMUKH. VieanbHO TUHAMUKON MBI Oy1eM
Ha3bIBaTh TOYHBIC 3aKOHBI KBAHTOBOH MJIM KJIAaCCHYECKON MeXxaHukH. [ToueMy MBI Ha3BaIu uX
uneanbHbiMu? [ToTOMY UTO /7151 OOJIBIIIMHCTBA PEATLHBIX CUCTEM BBITIOJHSICTCS 3aKOH
BO3pACTAHUS SHTPOIHS WM PEIYKIUS BOJHOBOTO ITAKETa B KBAHTOBOM CITydae,
NPOTHBOpPEYAIUE 3aKOHOM UCaTbHON TMHAMHKH. M ieanbHas JMHAMUKaA 0OpaTHMa U B HEl
npoucxoAsaT Bo3Bpatkl [lyankape, uero He HaOmrogaeTcss B HeoOpaTuMoi HaOIrogaeMoin
nuHamuke. OTKy1a IPOUCXOAUT ATO MPOTUBOPEUHE MEKAY AUHAMHUKAMU?

PeanpHbIil HAOMIOIATENB — 3TO BCETa MAKPOCKOITMYECKasl, JaJleKasi OT TEPMOINHAMUICCKOTO
paBHOBecus cucteMa. OH 001agaeT COOCTBEHHOM TepMOIUHAMUYECKON CTPEIol BpeMEHH,
KOTOpasi CyIIECTBYET OTPAaHHMYEHHOE BPEMSI (JI0 TIOCTHIKEHUSI PABHOBECHS) M MOXKET MEHSATH CBOE
HarnpasieHue. KpoMe Toro, cyIiecTByeT Majaoe B3auMoJICHCTBUE HAOIOIaTels C HAOI01aeMOi
CUCTEMOM, KOTOPOE TPUBOJNT K CHHXPOHHU3AIIUU UX TEPMOAMHAMHUYECKUAX CTPEJI BPEMEHH H, B
Cilydae KBAaHTOBOW MEXaHUKHU PEAYKIIUU BOJTHOBOTO MAKETa.

HaGirotaTens onuckiBaeT HaOMI0JaeMYIO CHCTEMY B TEPMUHAX MaKpOIIApaMETPOB H
OTHOCHTEIILHO COOCTBEHHOM CTpesibl BpeMeHH. VIMEHHO 3TO U BEJIET K pa3IHurIo HaOIr01aeMon
U UJIeaIbHON JUHAMHKH, KOTOpast (GOPMYITHPYETCS OTHOCUTEIIEHO a0CTPAKTHOTO
KOOPJIMHATHOTO BPEMEHH B TEPMHUHAX MHUKPOIIAPAMETPOB.

Hapymenus uneanbHON JMHAMUKH CBSI3aHBI WM C HE3aMKHYTOCTBIO H3MEPSIEMBIX CUCTEM
(T.€. OOBSICHSICTCS BIUSHAEM BHEIIHEH CPEJIbl MU HAOTIOAATEeNs ), HITH HEBO3MOXKHOCTHIO
MOJTHOTO CaMO-M3MEPEHHUS U CaMOaHaIH3a AJsl 3aMKHYTBIX M MOJHBIX (PU3MUECKUX CUCTEM,
BKITIOUYAIONINX KaK BHEIIHIO Cpefly, Tak U HaOmroaarens. UTo ke nenarh B TaKUX clydasx?
PeanbHast cuctema Wi HE3aMKHYTa WM HEMOJIHA, T.€. Mbl HE MOXKEM HCIOJIb30BaTh (DU3UKY IS
npeAcKa3aHus AMHAMUKU cuctembl? OTHIOIb HET!

OueHb MHOTHE TaKUE CHCTEMbI MOTYT ObITh OMMCAHbl YPAaBHEHUSIMU TOUYHOU (MK
BEPOSATHOCTHOMN ) TMHAMUKU, HECMOTPS HA HE3aMKHYTOCTh MJIU HETIOJTHOTY ONHUCaHusI. MBI
Ha3bIBaeM e€ HaOI01aeMoi JMHAMUKON. BobIIMHCTBO ypaBHEeHM (Pu3nKH - master equations
CTAaTHCTUYECKON MEXaHUKH, YPAaBHEHUS TUAPOTUHAMUKH BSI3KOH )KUIKOCTH, YPAaBHCHUE
bonbimana B TepMOAMHAMUKE, 3aKOH POCTa SHTPOIHH B U30JIUPOBAHHBIX CHCTEMAX SIBIISIFOTCS
YpaBHEHUSMH HAOIII01aeMOM THHAMUKHU.

Jl51s Toro uToObI 00J1a1aTh YKa3aHHBIM BBIILIE CBOMCTBOM Hab0qaeMasi AMHaMUKA JOJKHA
OTBEUaTh ONpeAeNEHHBIM ycIoBUsIM. OHA HE MOXKET ONEePUPOBATH MOJTHBIM HAOOPOM
MUKporepeMeHHbIX. B HaOnogaeMoit TMHaMUKe Mbl OIpeiesieM JIMIIb MHOTO MEHbILIEe YHCIIO
MaKpOIEPEMEHHBIX, KOTOPBIC SBIISIOTCS HEKUMH (DYHKIIMSIMA MUKPOTIEPEMEHHBIX. ITO JeJiaeT
€€ HAMHOT'0 YCTOMYMBEE M0 OTHOLIEHUIO K OIIMOKaM B 3aJJaHUM HaYaJIbHBIX YCIOBUH U IIyMY.
JleificTBUTENEHO, N3MEHEHNE MUKPOCOCTOSIHUS HE TIPUBOJUT HEN30€KHO K U3MEHEHHIO
MaKpPOCOCTOSIHUSA, TOCKOJIbKY OJJHOMY MaKpOCOCTOSIHUIO OTBeuaeT O0IbI0i Habop
MUKPOCOCTOSTHUM. J[J1s1 Ta3a MakponepeMeHHBIME SIBIISIOTCS, HAIIPUMEP, MJIOTHOCTh, JaBJICHUE,
TeMIeparypa u SHTponus. MUKpornepeMeHHbIMU K€ SBISIOTCS CKOPOCTH U KOOPJMHATHI BCEX
€ro MOJIEKYIL.

Kaxk u3 nuneanbHOM TMHAMHUKY CTpOUTCS Habmomaemas nuHaMuka? OHU MOTy4YaroTCs Win
BBEJICHUEM B HJIeaIbHBIC YPABHEHUS MAJIOTO, HO KOHEYHOTO BHEIIIHETO IITyMa, WIIH Ke
BBEJICHUEM MOTPEUTHOCTEN HauaIbHOrO COCTOSTHUS. [lorpentHoCcTy /MK NIyMbl TOJIKHBI OBITh
JIOCTAaTOYHO OOJIBIIMMHU, YTOOBI HAPYIIUTH HEHAOII0JAeMYIO PEaTbHO 00PaTUMOCTD JABHKEHHUS
wiu Bo3BpaTthl [lyankape. C qpyroit CTOPOHBI OHU IOJKHBI OBITH JOCTaTOYHO MaJjibl, YTOOBI HE
BIIMSATH HA MIPOTEKAHNE PEaTbHO HAOIIOIaeMbIX MTPOIIECCOB C POCTOM SHTPOITUH.
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Jist moJTHO# PU3UIECKOM CUCTEMBI, BKITIOYAIOICH HaOII0aTelIs, HaOI0JaeMyI0 CHCTEMY
U OKPY>KaIOIIYIO Cpely HaOmroaaeMas quHamuka He panscudunupyema B cmbicie [lommepa [36]
(pu ycI0BUM BEPHOCTHU UAeaNbHON quHamMuKku). T.e. paznuny mexay MaeansHoil u
Hab6monaemoit JIlunamukoii B 3ToM ciiydyae HEBO3MOKHO HAOMIOAaTh B HKCIIEPUMEHTE.

Opnaxo, BIIOJIHE BO3MOXKHBI U CIIy4yau, KOT/1a BBe/IeHHE HaOI0aeMoi AMHAMUKHI
HEBO3MOKHO M CUCTEMA OCTAETCSI BCE-TaKU HEINPEACKa3yeMOM, BCIEACTBUE HE3AMKHYTOCTH
CHUCTEMBI WJIM HETIOJTHOTHI OMMUCAHUs. JTO Clydail Henpeockazyemou ounamuxu [21, 29-33],
00cyX1aeMOi 3/1eCh.

2. Henpeackaszyemasi THHAMMKA.

Benem nonsitue cunepeemuyeckue mooenu [10]. Bynem Ha3bIBaTh TAKOBBIMU IPOCTHIE
(buU3HYECKUEe WK MATEMATHYECKUE CUCTEMBI, HILTIOCTPUPYIOIIAE B TPOCTON (hopMe HEKHe
NEHCTBUTENBHBIEC UK MPEANOIaraeMble CBONCTBA HETIPEACKA3yeMbIX U CIOXKHBIX (B TOM UHCIIE
YKUBBIX) CUCTEM.

Hemnpenckasyemble cicTeMbl, IMEHHO BCIIEACTBHE MIPUYKH CBOCH HEMIPEeICcKa3yeMOCTH
KpaliHe HEyCTOWYMBHI K BHEIITHEMY HAOJIOICHUIO U TEIIOBOMY ITyMy. UTOOBI UX TTOBEJICHUE HE
MPEBPATUIIOCH B TIOTHOCTHIO Xa0TUYECKOE U CITy4YaiHOE, OHU JOJKHBI UMETh MEXaHU3MbI
3aIUTHl OT BHEIIHETO BIIHSHUSI.

[ToaTomy 11t HaC Ba)KHO CO3JaHKE B MEPBYIO OUYEepPeb CHHEPTETUYECKUX MOJIETIEH CHCTEM,
CIOCOOHBIX MPOTHUBOCTOSTH IMIYMY (JIEKOTEPEHITMN B KBAHTOBOM MeXaHUKe). OHU COXPaHSIOT
CBOM BHYTPEHHHE KOPPEISAINH (KBAHTOBBIE WU KIACCUYECKHUE), IPUBOIAIINE K OOPAaTUMOCTH
NBIDKEeHUS Wiv Bo3BparaMm [lyankape. Takke OHU MOTYT COXPaHSATh CBOU KOPPEIISIIIUH C
OKPYXAIOIIUM MU POM.

Cy1ecTBYIOT TPH METO/1a TAKOW 3aIlUTHI:

1) TlaccuBHBIN METOJ — CO3/1aHNUE HEKUX «CTECHOK» WM MaHIUPEH HEMPOHUIIAEMBIX IS
mryma. MOXKHO TakKe JIepKaTh TAKWE CUCTEMBI TIPU OYCHb HU3KUX TEMIIepaTypax.
[TpriMepoM MOTYT CITy>KHUTh MHOTHE MOJIEIH COBPEMEHHBIX KBAHTOBBIX KOMITBIOTEPOB.

2) AKTUBHBIA METOJI, OOPATHBII MTACCHBHOMY — TIOJJOOHO TUCCUITIATHBHBIM WJIH KHUBBIM
CUCTEMaM, OHH COXPaHSIOT CBOE HEPAaBHOBECHOE COCTOSIHHE O1aroapsi akTHBHOMY
B3aMMOJICHCTBHIO 1 OOMECHY YHEPTHEH 1 BEIIECTBOM C OKPYKCHHEM (METabO0IM3MOM ).
Jymaetcs, 4o OyayIire MOAEeTU KBAaHTOBBIX KOMITBIOTEPOB JOJKHBI OpaThCsl U3 3TOU
o0nacTH.

3) Koraa xoppensuu oxBatsiBaioT BCHO Beenennyro. BHemnuii HCTOYHHK 1IyMa 37€Ch
MPOCTO OTCYTCTBYET. MicTouHuK KOoppesnanui Beenennoi B ToM, uyto Beenennas
MPOU3O0IILIA U3 MAJION 00JIaCTH M HU3KOOHTPOIIUUHOTO COCTOSIHUS ITyTeM bombiioro
B3speiBa. HazoBem 370 siBieHue riio0anbHBIME Koppemnsiiusivu. MHorma 3to o6pasHo
Ha3bIBAIOT «ToJiorpaduueckas Mozens BeeneHHOW

Crnenyer OTMETHTb TPU OOCTOSTENBCTBA:

1) MHorue cioXKHbIE CUCTEMBI B CBOEM PA3BUTHHU MPOXOIAT THHAMHYECKUE TOUKU
O6udypranuu — Koraa CymecTByIOT HECKOJIBKO aJlbTEpHATUBHBIX IyTeH pa3BUTHUS U
BBIOOp KOHKPETHOTO M3 HUX 3aBHCUT OT MAJICHIITNX N3MEHEHUH COCTOSHUS CHUCTEMEBI B
TOUKe TuHaAMu4eckon oudypkanuu [5-6]. TyT naxe cnadbie (U COXpaHEHHEIE,
yKa3aHHBIMH BBIIIIE Y TSIMH ) KOPPEISAIIUN MOTYT OKa3aTh OTpOMHOE BiusHue. Hanmuue
NOJOOHBIX KOPPENALUi OrpaHUYMBAET MpecKa3aTeIbHy0 CHITy HayKH, HO OTHIOJb HE
OTPaHUYMBACT HATY JIMYHYIO HHTYHIHIO. [I0OCKOIIBKY MBI SIBISIEMCST HEOTIEITMMOM
YacThIO HAILIEr0 MUPaA, TO MbI BIIOJHE CIIOCOOHBI HA CyOBEKTUBHOM YPOBHE «OLLYIIATh)»
9TH KOPPEISLUH, HEJOCTYITHBIE HaydHOMY Tipesicka3anuto (Ho, Hu B koe mepe He
IPOTUBOpPEYALE CAMUM 3aKOHaM (Qu3UKu!)

2) B omuceiBaeMbIX HEHAOJI0Ia€MbIX CHCTEMAaX 4YacTO HaOI01aeTCs YMEHbIIIEHNE
SHTPOIUU WM NMOAJEPKHUBAECTCS OYEHb HU3KOOHTPOIUIHOE COCTOsIHUE. DTO HE
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3)

4)

S)

6)

7)

MPOTUBOPEYUT BTOPOMY 3aKOHY BO3pACTaHUs SHTPONUHU. [|efCTBUTETBHO, KaK X
MacCUBHAs, TaK U aKTUBHAS 3alllMTa TPEOYIOT OTPOMHBIX 3aTpaT HETOIHTPOIUHU, KOTOpas
yeprnaeTcsi U3 OKPYKEHHsI, [IOATOMY CyMMapHasi SHTPOIIUS CUCTEMBI U OKPY>KEHUS
TOJILKO pacTeT. 3aKOH BO3PACTAHUS YHTPOIHH OCTACTCS HE3BIOIEMBIM TSI «OOBIIION
cucTeMBbI (Ha0mo1aemMast CUCTEMa + OKpY)KEHHE + HaOII01aTelb), XOTs HEBEPEH IS
camoii Ha0JII01aeMO CUCTEMBL. Y MEHBIICHUS SHTPOIHUH B OOJIBIION CUCTEME COTJIACHO
YpaBHEHUSAM UJI€aTbHON TMHAMHUKHU MTPOUCXOAAT (HampumMep, Bo3Bpathl [lyankape B
3aMKHYTOH CHCTEME C OTPaHUYEHHBIM 00BEMOM), HO SIBISIOTCS HeHaOmoqaeMbiMu [ 1-4].
[TosTOMY OHH MOTYT IPOCTO UTHOPUPOBATHCA.

Cy1iecTBOBaHHE MHOTUX HEMPECKa3yEeMbIX CUCTEM COMPOBOXKIAETCS YMEHBIIICHHEM
SHTponu# (DTO HE MPOTUBOPEUUT POCTY SHTPOIHH COTTIACHO BTOPOMY 3aKOHY
TEPMOJUHAMHKH KaK 3TO 00BSCHEHO BBIIIE B TPETheM MyHKTE). TakuM oOpazom,
CYIIIECTBOBaHHE TAKMX CHCTEM MOAYUHsIETCs 0000menHoMy npuniumy Jle-Ilarense —
Bpayna: cucrema npensTcTByeT J1000My H3MEHEHHIO CBOETO COCTOSIHUS, BEI3BAHHOMY
KaK BHEITHUM BO3JICMCTBUEM, TaK U BHYTPCHHUMU MPOLIECCAMH, UITH, HTHBIMH CIIOBAMU,
— m000€ U3MEHEHHE COCTOSTHUS CHCTEMBI, BBI3BAHHOE KaK BHELITHUMHU, TaK U
BHYTPEHHUMU MIPUYMHAMHU, TIOPOKIAET B CUCTEME MPOIIECChI, HAIIPABJIECHHBIC HA TO,
YTOOBI YMEHBIIIUTH 3TO U3MEHEHUE. B TaHHOM ciyyae poCT SHTPOMUH MOPOKAAET
CUCTEMBI, BEAYLIHE K €€ YMEHBILIECHUIO.

YacTo HaXOAUT NOATBEPKACHUE MPUHITUI MAKCUMYMa MTPOU3BOJICTBA SHTPOIIUU
(Maximum entropy production principle - MaxEPP) [38]. CornacHo 3ToMy IpHHIUITY
HEPABHOBECHAsI CUCTEMA CTPEMUTHCS K COCTOSIHUIO, IIPH KOTOPOM POCT SHTPOIUU B
cucteme Oyner MmakcuManbHbIM. HecMoTpst Ha kaxyieecs: npotuBopeune, MaxEPP ne
MPOTUBOPEUYUT OTKPBITOMY [IpUTOKUH AJ TMHEWHBIX HEPABHOBECHBIX CUCTEM
NPUHIUITY MUHUMYMa Tipou3BocTBa SHTporuu (MinEPP) [38]. D10 abcomoTHO pa3HbIe
BapHAIlMOHHBIEC TPUHIIMUIIBI, B KOTOPBIX XOTS U HILETCS IKCTPEMYM OJHOU U TOU XKe
(GYHKIIUN — MPOU3BOJICTBA SHTPOIUH, HO MPHU 3TOM HCIOIB3YIOTCS Pa3IuIHBIE
OTpaHUYEHUS U pa3IMYHbIC TapaMeTPbl BApbUPOBAHMSI. DTU MPUHIIUIIBI HE HYKHO
MIPOTUBOIIOCTABIIATH, TAK KAK OHU IPUMEHUMBI K PA3JIMYHBIM 3TariaM 3BOJIIOIUN
HepaBHOBeCHOU cucTeMbl. MaxEPP o3HaudaeT, 4To AuccUmaTuBHbBIC HEMPEACKAa3yeMbIe
CUCTEMBI (B TOM YHCIIE )KUBBIE CHCTEMBI), HAXOSCh B 3aAMKHYTBIX CHCTEMax C
OTpaHUYEHHBIM 00BEMOM, MPUOIIKAIOT HACTYIIEHUE UX TEPMOAMHAMUYECKOTO
paBHOBecHs. DTO 3HAYUT, YTO OHU COKpaIIaoT U Bpemsi Bo3Bpara [lyankape, T.e.
crocoOCTBYI0 OoJsiee OBICTPOMY BO3BpaTy B HU3KOIHTPOIUIHOE COCTOSTHHE. DTO OISITh
COOTBETCTBYET 00001meHHoMy npuniuny Jle-1llarense — bpayHa: pocT sHTponuu
MOPO’KJIAET CUCTEMBI, BEYIIIHE K €€ YMEHBIIEHUIO. VI3 BCEro BBIIIEU3I0KEHHOTO MOKHO
c/enaTb OYeHb HHTEPECHBII BBIBOJI: 2100AIbHOU «YeNbloy OUCCUNAMUBHBIX CUCTEM (8
MOM YUCTEe U HCUBBIX CUCNEM) A6TIAeMCS (a) MUHUMUZAYUSA UX COOCMBEHHOU SHMPONUU
(6) cmumynsayus eno6anbHOU NOJHOU cucmemsl K ckopetiuiutl 6ozepamy Ilyankape 6
UCXOOHOE HUZKOIHMPONULIHOE COCMOSIHUE.

I'mobGanpHBIC KOPPETSIHH B 00IIEM CITy4ae «PacTEKAlOTCs» M0 3aMKHYTOUM CUCTEME C
OTpaHWYEHHBIM 00BEMOM M BEAYT JIMIIb K HeHaOIroaeMoMy Bo3Bpary Ilyankape [1-4].
OpHako pu HAMTUYUKA OOBEKTOB C JIOKATBHBIMU KOPPEISALUSIMHU, TTI00aThHBIE
KOPPEJSILIUA MOTYT MPOSIBIISITHCS. B KOPPEISALUU MEKIY TAKUMH 00BEKTaMU APYT C
JIPYTOM U OKpY>KaroImuM MUpoM. Takum o0pa3oM, HAIMIHE JTOKATBHBIX KOPPETSAIUil
MO3BOJIAET CAENaTh rI00aNbHbIe KOPPEILUU HabI0jaeMbIMU, IPEJOTBPAIIAst UX
MOJIHOE «PACTEKaHUE» 1O CUCTEME.

BepHoe onpeneneHne TepMOInHAMUYECKOW MaKpOCKOITMYECKOW SHTPOITUH caMa I1o cede
OUYeHb TPYAHAS 3a/1a4ya JIJIS CIIOKHBIX (DU3HUECKUX CHCTEM B OTCYTCTBUH JIOKATHHOTO
paBHOBecus [39]

CrnemyeT OTMETUTh OYCHD BaXKHOE 00CTOSTENBCTBO. HeyCTOMYNBbIE KOPPETISIIUU
CYIIECTBYIOT HE TOJIBKO B KBAHTOBOM, HO U B KJIACCHYECKOU MexaHuKe. Clie10BaTeIbHO,
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N0JOOHBIE MOJEIH HE JIOJDKHBI HOCUTH TOJIBKO KBAHTOBBIN Xapakrep. OHU MOTYT OBITh U
kj1accndeckuMu! OueHb 4acTo OMMUOOYHO CUUTAETCS, YTO TOJIBKO KBAHTOBAs MEXaHUKA
MOET OIMHUCHIBATH MOA0OHKIE siBieHus [11-12]. D10 He Tak [7-9]. BBeaenue «pykamm»
MaJIoro, HO KOHEYHOT'O B3aUMOJAECUCTBHS TP KJIIACCUYECKOM U3MEPEHUHU U MAJION
IOTPELIHOCTEN HAYaJIbHOTO COCTOSIHHSI CTUPAET Pa3HUILY MEXAY CBOWCTBAMHU KBAHTOBOM
U KJIACCUUYECKOM MEXaHUKH (ITPU HAINYMU HEYCTONYMBBIX KOPPEIALHiA
MUKPOCOCTOSIHUH).

3. Cu”eprernyeckue MOAe/IU JOKAJIbHBIX KOPPeJIsuil

[IpuBeneM npuMepsl CHHEPreTUYECKUX MOJEIIEH HEMIPEACKA3yEMbIX CUCTEM, UCIIOIb3YOIIHX
IIaCCUBHBIN WM aKTHBHBIN METOJ| 3aIMTHI OT IIyMa.

)]

2)

3)

HIMeroTcst MCKITFOUNTENTbHBIE CITydau, J1si KOTOPhIX HE MTPOUCXOIUT CHHXPOHU3AIMS CTPET
BpeMenu [ 12-13].

Touxu (a30BbIX MEPEX0I0B UM TOUKU OUpypkanuii. B 3THX TOUKax MaKpocKomuyecKast
cHcTeMa, ONHChIBaeMast HaOIojaeMol IMHAMUKOM, B ITPOIIECCE YBOJTIONNHU BO BPEMEHH HIIH
B IIPOIIECCE M3MEHEHUS KaKOTo-T100 BHEIIHETO IMapaMeTpa MOKET NEPEeUTH He B OJIHO, a B
HECKOJIBKO PA3JIMYHBIX MAaKPOCKOIIMYECKHUX COCTOSHUNA. TO ecTh, B 9THX TOYKaxX
HaOJro1aemMasi TMHAMMKA TEPSET CBOIO OJJHO3HAYHOCTh. B 3THX TOUKax BO3HUKAIOT
OTPOMHBIE MaKPOCKOITMYECKHUE (MITIOKTYAINH, ¥ NCTIOJIb30BAHNE MAaKPOIIAPaMETPOB HE BEAET
K IIPEICKa3yeMOCTH CHCTEMBbI. DBOJIOIMS CTAHOBUTHCS HEMIPECKA3yeMOii, T.€. BO3HHKAET
HeTpecKa3yeMast JMHAMHKA.

Bo3bMeM KBaHTOBYIO MUKPOCKOITMUYECKYIO M ME30CKOIIUYECKYIO CUCTEMY, ONUCHIBAEMYIO
WJI€alIbHOW TMHAMUKOM, H30JIMPOBAHHYIO OT JIEKOTepeHIuu. Ee quHaMuka 3aBUCUT OT
HEKOHTPOJIUPYEMBIX MUKPOCKOITMUECKUX KBAHTOBBIX KOPPeIsiuii. DTH KOppensuu
OYCHBb HEYCTOWYMBHI U BCIIEICTBHE IEKOTCPEHINH (T.€. 3aITy THIBAHUS C OKPYKEHUEM WITH
HaOmroareneM) ucuesaror. IlycTs Hekuii iepBbIii HabIIOAaTENb (GUKCUPYET JIHIIb
HayaJIbHOE ¥ KOHEYHOE COCTOSIHHE CUCTEMBI. B ImpomexyTKe BpeMeH! MEXIy HUIMH CUCTEMa
MOJTHOCTBIO MJIH ITOYTH M30JIMPOBAaHA OT OKPYXKEHHS WM ATOTO Habmoaarens. B takom
clly4ae 3TH MUKPOCKONINYECKHE KOPPEISIIUU HE HCUE3aI0T U BIMAIOT HA TUHAMUKY.
PaccmoTpuM Apyroro BHEIIHET0 HaOIIOATENs, HE 3HAIOIIEr0 HAYaJIbHOTO COCTOSIHUS
cucteMbl. B oTnmume ot mepBoro HabIOAaTENs, 3HAIOMIETO HAYAIBHOTO COCTOSHUS
CHCTEMBI, TIOBEJICHUE CHCTEMBI JJIs1 BTOPOTO HA0JII0JaTeNsl CTAHOBUTHCS HETIPeICKa3yeMbIM!
T.e. ¢ ToukM 3peHus TaKOTO HAOIIOAATEN BOSHUKAET HEMIpecKa3yemMas fnHaMuka. B
KBAaHTOBOI 00J1aCTH PUMEPAMU TAKUX CUCTEM SBIISIOTCS K8AHMOBblE KOMNbIOMEPbl N
K8aHmMosvle Kpunmozpaguueckue nepedarowue cucmemsi [14-15].

KBaHTOBBIE KOMITBIOTEPHI UMEIOT HE TOJIBKO CBOWCTBO HENPEACKA3yeMOCTH IS
HaOmonarens, He HTHGOPMHUPOBAHHOTO 00 MX COCTOSHUM IPH 3aITyCKe BBIYUCICHUH. J[pyrum
Ba)XHBIM CBOMCTBOM SIBJISICTCSI UX BBICOKAsl ApaJIeIbHOCTh BhIYHCIeHU. OHO TOCTUTAETCS
3a CYET TOT0, YTO HAYAIBHOE COCTOSIHUE SIBIISICTCS CYNePIO3UIINEH MHOTUX BO3MOYKHBIX
HayaJIbHbIX COCTOSHUI «KBaHTOBBIX OUTOB MH(pOpMAIMKUY». 32 CUET JIMHEHHOCTH ypaBHEHUH
KBaHTOBOI MEXaHHKH 3Ta CYTIEPIIO3UIIS COXPAHACTCS B «00paboTKa» BCEX COCTOSHUH,
BXOJSIIUX B CYNEPIO3ULINIO, TPOUCXOIUT OJHOBPEMEHHO (ITapajuieNbHo). DTa
NapajuIeIbHOCTh PUBOIUT K TOMY, YTO MHOTHE 331a4H, KOTOPBIE OOBIYHBIA KOMITBIOTEP
penraeT oueHb MEIJICHHO M3-3a TOT0, YTO PACCMAaTPHUBAET BCE CIIy4au MOCIIEeI0BATEIbHO,
KBaHTOBBIH pemaeT oueHb ObIcTpo. C 3TUM CBOMCTBOM M CBSI3aHBI HA/ICXKIBI HA
HPaKTHYECKYIO T0JIb3y KBAHTOBBIX KOMITBIOTEPOB.

KBanToBbIe KpunTOrpadnuecKre mepeIaoniie CUCTEMbl UCTIONB3YIOT B IIEPBYIO OYEpeIh
CBOMCTBO CBOEH HEHAOJIIOJAEMOCTH «II€PEIaBaEMbIX KBAHTOBBIX COOOIICHUID» IS
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4)

5)

BHEIIHET0 Ha0moAaTensi, He MHPOPMUPOBAHHOTO 00 UX COCTOSIHUU MPU Havajie nepeaayu.
JIro0ast mombITKa IPOYECTh NepeJaBaeMoe COOOIEHNE TPUBOAUT K €ro B3aUMOAECHCTBUIO C
ATUM HaOJIO/IaTEeNIeM |, CIIEZIOBATEIILHO, «Pa3pyIICHUIO» NMEPeaaBaeMoro COOOIEHHS U
HEBO3MOXKHOCTH IPOUYECTh 3TO cooluieHne. Takum o0pazom, nepexsBar cooOLeHUH
OKa3bIBACTCS B MPUHIMIIE HEBO3MOKHBIM 110 3aKOHAM (PH3HKH.

Crnenyet 0co00 OTMETUTB, YTO, BOIPEKH IMIMPOKO PACIPOCTPAHEHHOMY 3201y KIEHHIO, KaK
KBaHTOBBIE KOMIIBIOTEPHI, TaK U KBaHTOBas Kpunrorpadus [14-15] umerot knaccuieckue
aHaJIoTH. JleMCTBUTEIBHO, B KJIACCUYECKUX CUCTEMAaxX B OTJIMYME OT KBAHTOBBIX CUCTEM
U3MEpPEHNE MOKHO IPOBECTH a0COJIFOTHO TOYHO, HE HUCKa)Kasi U3MEPSEMOE COCTOSIHUE.
OnHako U B KJIACCUYECKUX Xa0THUYECKUX CUCTEMAX UMEIOTCSI HEKOHTPOJIUPYEMBIE U
HEYCTONYMBBIE MUKPOCKOITMYECKHUE JTOMOIHUTEIbHBIE KOPPEIALMH, 00€CIIeUNBAIOIIIE
oOpatumocTh 1 Bo3Bpathl [lyankape cuctemsl. BBeném «pykamm» KOHEUHOE, HO Majoe
B3aUMOJICUCTBUE B KIIACCHYECKOE N3MEPEHNE WIIM KOHEUHYIO ITOTPENIHOCTh B HAYAJIbHBIE
YCIJIOBUS, KOTOPBIE B peabHBIX CUTyalUsIX, U HA CAMOM JIeJI€, BCErAa CyIecTBY0T. OHH
CTHUPAIOT PA3HUILY MEXAY KIACCUYECKON U KBAHTOBOW CHUCTEMOM. B peanbHbIX cuctemax
BCEr/la MPUCYTCTBYET MaJIbIil BHEIIHUH IIIyM, BBIIOJIHAIOINN 3Ty pousib. M3onupys
XA0THYECKYIO KJIACCUYECKYIO CUCTEMY OT 3TOI0 LIyMa, MbI IIOJIy4aeM KJIaCCUYECKUE aHAJIOTH
M30JIMPOBAHHBIX KBAHTOBBIX YCTPOMCTB C KBAHTOBBIMU KOPPEIIALIUAMH.

Cy11ecTBYIOT CHHEPIe€TUUECKHUE MOJIEH KJIIACCUYECKUX KOMITBIOTEPOB, 00€CIIEUNBAIOIINX,
0JJOOHO KBaHTOBBIM KOMIIbIOTEpAM, HEBEPOSATHYIO MapalIeIbHOCTh BEIYUCICHUH [7].

AHaJIOTOM KBAaHTOBBIX KOMITBIOTEPOB SIBISIOTCS U MOAEKVIApHble Komnviomepul [9].
Bonbiioe konmuuecTBO MOJIEKYJ1 00ecTiedrBaeT NapajlieIbHOCTh BBIYUCICHUH.
HekonTponupyembie 1 HEYyCTOMYMBBIE MUKPOCKOITMUECKHE JOTIOJIHUTENbHbBIE KOPPEIALINH,
o0ecrieunBaroIue 0OpaTUMOCTb U BO3BPAThl CUCTEMBI, AETA0T JUHAMUKY HEONPEAEICHHOM
JUIsl Habnroarensi, He *HPOPMUPOBAHHOTO O COCTOSTHUM KOMIIbIOTEPAa B MOMEHT CTapTa.
Maiioe, HO KOHEYHOE B3aUMOJEHCTBUS NPU HAOIIOIEHUH TPUBOAUT K TOMY, UTO
HaOJIr0/1aTeNb HAPYIIUT HOPMAJIbHBIN 3aTUIAHUPOBAHHBIN X0 BBIYMCICHUHN TPH MOMBITKE
yepecuyp TOYHO MOMEPUTHh KOOPAMHATHI M CKOPOCTH MOJIEKYJI, YTOOBI IPE/ICKa3aTh
pe3yabTaT paboThl KOMIIBIOTEPA.

AHaNorn4Hple apryMeHTbl MOTYT OBITh UCIIOJIB30BaHbI ISl CO3/1aHUS KIIaCCUYECKUX
KpPUNTOrpagpUUecKuX NepealonIiX CHCTEM, UCIIOIB3YIOMUX SBICHUE KITACCUYECKUX
HEYCTOMYMBBIX MUKPOCKOIIMYECKHUX JTONOJHUTENBHBIX Koppersinuu. Heycrpanumoe manoe
B3aUMO/ICHCTBHUS C MIEPEXBATUNKOM COOOILEHHUH pa3pyIaeT 3TH Koppesasiuuu. TeM caMbiM
OHO JleJ1aeT HeHaOII0AaeMblii IepeXBaT MPUHIMINAIBHO HEBO3MOXKHBIM TAK)KE U B
KJIACCUYECKOM ClIydae.

CoxpaHeHue HeyCTOMUMBBIX MUKPOCKOITMUECKUX KOPPENIALUI MOXKET ObITh 00ECIIEUEHO He
TOJILKO 3a CYET MAaCCHBHOM M30JIALUH OT BHEUIHEH Cpeibl M HAOIoAaTeNs, HO U 3a CYeT
JUHAMHYECKOT0, KOMIICHCHPYIOILETO MOMEXH MEXaHU3Ma. DTO IMPOUCXOANT B TaK
Ha3bIBAEMBIX (PH3UUECKUX CTAIIMOHAPHBIX CUCTEMAaX, B KOTOPHIX PABHOBECHE CHCTEMBI
MOJICPKUBAETCS 3a CUET HEMPEPBIBHOIO NIOTOKA YHEPTUH MIIU BEILIECTBA YEPE3 CUCTEMY.
[Ipumepom MOryT CitykKMTh MUKpOMasepsl [16] — ManeHbk1e U XOpOIIO IPOBOAAIIIE
IIOJIOCTH C 3JIEKTPOMATrHUTHBIM U3JIy4€HUEM BHYTpH. Pa3mep nmosoctel HaCTOIbKO Mall, 4TO
U3JTy4YCHUE YKe He0OX0AUMO OMMCHIBaTh KBaHTOBO. OHO MOCTENEHHO 3aTyXaeT U3-3a
B3aMMOJCHCTBHS CO CTEHKaMH. DTy CUCTEMY ONITUMAIbHO ONMCHIBATh MAaTPULIEH TUNIOTHOCTH
B 06a3uce COCTOSIHUI, COOTBETCTBYIOIINX PA3IMYHBIM COOCTBEHHBIM SHEPTHUSIM CUCTEMBI.
Ot1oT 6a3uc HanboJiee yCTOMYNB K BHEITHUM IITyMaM JIJIs JTI000M CHCTEMBI OJTM3KOM K
TEPMOJIMHAMHYECKOMY PaBHOBECHIO H, CJIEJIOBATEIbHO, HAaOO0JIee MOAXOIUT IS
HaOIro1aeMol AMHaMUKU. MUKPOCKOIMUYECKUE KOPPEJIALIUU COOTBETCTBYIOT
He/IMaroHaJbHBIM 3JIEMEHTAaM MaTpPULbI IUVIOTHOCTH U CTPEMSTCS K HYJIFO MHOTO OBICTpEe,
YeM JMaroHabHbIE JIEMEHTHI NIPH 3aTyXaHuu u3nydeHus. (MHeMu cioBamu, BpeMs
JEKOTE€PEHIIMM MHOTO MEHbILIE BPEMEHU penakcaiuu.) OIHaKo IPOIyCKaHUE Yyepes
MHUKpOMa3ep Myuyka Bo30yKIEHHbIX YaCTHILl IPUBOAUT K CUIIbHOMY 3aMEJICHUIO 3aTyXaHUs
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HEJIMAaroOHAJIBHBIX 3JIEMEHTOB MAaTPHIIbl IUIOTHOCTU (MHBIMU CJIOBAMHU MUKPOKOPPEIALMiL) 1
OTJINYHOMY OT HYJII CTALIUOHAPHOMY H3JIy4YEHHUIO.

Takxe B TeOpUM KBAaHTOBBIX KOMIIBIOTEPOB pa3paboTaHbl METO/bl AKTUBHOM 3aILUThI
KBAHTOBBIX KOPPEJSIIHMA OT IEKOT€pEHINH, CIIOCOOHBIE TIOIIEPKUBATH UX CKOJIb YTOAHO J0JTO,
MOBTOPSIS LIMKJIBI aKTUBHOM KBaHTOBOM Koppekuuu omnook (QUANTUM ERROR
CORRECTION). [ToBTOpeHue ko/1a B KBAaHTOBOM HH(OpMAIIMK HE BO3MOXKHO H3-32 TEOPEMBI O
HEBO3MOXXHOCTH KJIOHUpOBaHus. Peter Shor mepBblit Halen MeTo1 KBAaHTOBOM KOPPEKTUPOBKU
OIIMOOK, epeHocss HHGOPMAIUIO C OJJHOTO KyOuTa Ha CHIIBHO-TIEPEITyTAHHOE COCTOSIHUE JIEBSATH
KyOTOB [17].

6) B ¢dusuke 00bIYHO MAKPOCOCTOSIHUE PACCMATPUBAETCS KaK HEKasi macCUBHAs (DYHKITUS
MHUKpococTossHUsA. OTHAKO MOYKHO PAaCCMOTPETh ClIydai, KOrja cuctemMa cama HaoOmogaer
(U3MepseT) Kak CBOE MaKpPOCOCTOSIHUE, TaK U MAKPOCOCTOSIHUE OKPYKEHHUSI, 3alHChIBast
pe3ynbTar HabMIoAeHUS (U3MEPEHHs) B MUKPOCKOMTUYECKYIO «IIaMAThy. Takum myTem
oOpa3zyetcst oOpaTHast CBsI3b Uepe3 MAKPOCOCTOSIHUS HA MUKPOCOCTOSIHUE.

[Ipumepom TakuX OYEHB CIOXKHBIX CTALIMOHAPHBIX CUCTEM SIBIIIOTCA drcugbvle cucmemuvl. OHU
HaxOoJATCS B COCTOSIHUN OYEHb JTAJIEKOM OT TEPMOJUHAMUYECKOIO PABHOBECHS U KpaiiHe
cnoxHbl. OHM yHOPSA0OUYEHBI, XOTh 3Ta YIIOPST0YEHHOCTh CUIIBHO OTJINYAETCS OT
NEPUOIUYHOCTH HE)KUBOI0 KpUcTaiuia. HU3KO3HTpONMIHOE HEPABHOBECHOE COCTOSTHUE KUBOTO
TOJIEPKUBACTCS 33 CUET POCTA SHTPOIHH B OKpYXKeH!H . HepaBHOBECHOE COCTOSHHE
MOJIJICP)KUBAETCS 3a CUET MeTaboyn3Ma — HEMPEPBIBHOTO MOTOKA BEIIECTBA U SHEPTHH Yepe3
#uBOM opranu3M. C Apyroi CTOPOHBI CaMO 3TO HEPABHOBECHOE COCTOSTHUE SIBIISIETCSA
KaTaJnu3aTOpOM METa0O0JIMYECKOro Mpolecca, T.€. CO3aeT U MOAIEPKUBAET €ro Ha
HE00X01MMOM ypoBHE. [I0CKONBKY COCTOSTHHE KHMBBIX CUCTEM SIBJISIETCS] CUIIBHO
HEPaBHOBECHBIM, OHO MOXKET MOJAECPKUBATh U CYHIECTBYIOIME HEYCTOWMUNBBIE KOPPEISALINH,
NPEMNSATCTBYS MPOLECCY ASKOTePEHIIMU M BHEIIHETO IIyMa. DTH KOPPEISLUU MOTYT OBITh KaK
MEXy YaCTSMH CaMOM KUBON CUCTEMBI, TaK M MKy )KHBOW CHCTEMOU U IPYTUMHU (SKHBBIMHU
WM HEXKUBBIMH) cUcTeMaMu. Eciii 3TO MPOUCXOAUT, TO AMHAMUKY KHUBOM CUCTEMBI MOYXKHO
OTHECTH K HempecKa3yeMoil tuHamuke. HecoMHeHHBIE ycTieXu MOJIEKYJISIpHOM Onoorun
MO3BOJISIIOT MPEJCKA3aTh U ONMKUCATh MHOTUE YEPThI IMHAMUKHU KUBBIX cucTeM. Ho HeT HuKakux
(akTOB, CBUIETEIbCTBYIOLIUX, YTO OHA OYyJIET CIOCOOHA MOJHOCTHIO OMKUCATh BCIO CIIOKHOCTD
IIPOLIECCOB B JKMUBOU CUCTEME, JAXKE C YYETOM €€ NaJbHEHIINX JOCTHKCHUM.

JIOBOJIBHO TPYIHO MPOAHAIN3UPOBATh PEAJIBHBIE )KUBBIE CUCTEMBI B paMKaxX KOHIIETIUI
uieanbHOM, HaOII01aeMOi U HETIpeICKa3yeMOl TMHAMUK HU3-32 UX OTPOMHOM cioxkHocTH. Ho
BO3MOYKHO TIOCTPOUTH TOPa310 MEHEE CIIOKHBI MATEMATHYECKUE MOJIENIN. ITO, HAIIPUMED,
HEPaBHOBECHBIE CTALIMOHAPHBIE CUCTEMBI C METa00IU3MOM. DTO MO3BOJIHUT HOHATH BO3MOXKHYIO
pOJIb BCEX TPEX TUHAMHMK JJISI TAKUX CHCTEM. DTH MOJICTTH MOTYT OBITh KaK KBaHTOBBIMH [11-12,
18-20, 35], Tak u kimaccuyeckumu [7-9].

7) OmnucaHHBIMHU BbIIIE CTy4YasiMU HE OMUCHIBAETCS BCE MHOT0OOpa3ue HelpeacKa3zyeMbIX
nuHaMuK. HaxoxaeHue TOYHBIX yCIOBUM, TPU KOTOPBIX UJl€abHasl TUHAMUKA EPEXOINT B
Ha0JII0/JTaeMYI0 U HEMlpeICKa3yeMylo JUHAMUKY — €llle TIOJTHOCThIO HE pelIeHHas 3aja4a Jjis
MaTeMaTHKH 1 pu3uku. Taxke Tako# ellle MOTHOCTHIO0 He pelieHHON mpobieMoit (1, mo-
BUJIMMOMY, CBSI3aHHOM € MpeIbIIyIel 3aaueil) IBIsSeTCs poJib ITUX TPEX TUHAMUK B
CJIO’KHBIX CTAIIMOHAPHBIX cucTeMax. Peienne 3Tux mpoo6eM 1mo3BoIUT IIIy0Ke MOHSTh
buznyecKkre NPUHLHUIIBL, JeKallie B OCHOBE KU3HU.

4. CnHepreanecmle MOJ€JIN rJa00aJIbHbIX KOppGJ’IHI{Hﬁ,
OXBaTbIBAKOIIHUX BCHO BCCJICHHYIO.

! TaK, HalpuMmep, pacTeT SHTPONHUA COJ'IHIIa, CJIyKallero UICTOYHUKOM DHEPIruu Jid ) KU3HU Ha 3emue.
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C noMoIIbI0 CHHEPTETUUECKUX «UTPYIIEYHBIX» MO/IENIEH MOXKHO MOHSTh
CHHXPOHHCTHYHOCTD® (OJHOBPEMEHHOCTb) IPUYMHHO HE CBS3aHHBIX IPOIECCOB [37], a TakKe
SIBJICHHE TII00AJIHBIX KOPPEIISLN.

I'noGanbHble KOppensay BeeneHHol u onpeeieHre KUBBIX CUCTEM, KaK CHCTEM,
CHOCOOCTBYIOLIMX COXPAHEHUIO KOPPEIALUI B IPOTUBOBEC BHEIIHEMY LIYMY, XOPOIIO
o0bsicHseT 3aragounoe momyanue KOCMOCA, T1.e. 0OTCYTCTBHE CUTHAJIOB OT JIPYT'UX pa3yMHBIX
MupoB. Beenennas mpousoinia u3 equHoro nentpa (bosnbioit B3peiB) u Bce ee wactu
KOPPETUPOBAHHBI, ’KHU3Hb JHUIIb MOAJEPKUBACT ITH KOPPEISALUHN B JIOKAJTbHOM MaciiTtadbe u
CYILIECTBYET Ha UX OCHOBE. [103TOMY mporecchl BO3HUKHOBEHUS KU3HU B PA3INYHBIX YACTIX
CKOpPPETMPOBAHHBI U HAXOJATCS HA OJJHOM YPOBHE Pa3BUTHS, T.€. CBEPXIMBHIN3ALMM,
CIOCOOHBIX TOCTUYD 3€MJIH, I0KA IPOCTO HET.

4.1 Cuctemsbl ¢ «obocTpenuem» (blow up)

[Ipumepom SBISIFOTCS HECTAIMOHAPHBIE CUCTEMBI ¢ «o0ocTperuem» (blow up) [6,22-25],
paccMoTtpenHbie kool Kyparomosa. B atux nporieccax onpeaessercs Hekas pyHKIUS Ha
ruiockocTd. Ee muHaMuKa onuchIBaeTCsl HETMHEHHBIMU YPaBHEHUSIMH, TTOJOOHBIMU YPABHEHUIO
TOPCHUSL.

ap /ot = flp) + &/0r(H(p)p/Or) , (1)
rJie p - WIoTHOCTE, N =| p dr, ¥ — IPOCTPAaHCTBEHHAs KOOPAMHATA, ! — BpEMEHHasi KOOP/IHHATA,
f(p), H(p) — HenuHEWHbIE CBSI3U.
fto) > p” Hip) > p°,

OTH ypaBHEHUS UMEIOT HA0Op TMHAMHYECKUX PEUICHNH, Ha3bIBAEMbIX PEIICHUS C
«obocTpeHrem». Jloka3aHo CyIIeCTBOBAaHUE SBJICHHS JOKAIM3AIMU POIIECCOB B BUJIE CTPYKTYP
(pu > o+1), 0Opa3oBaHUE TUCKPETHOTO UX CHEKTPa C Pa3HBIM YUCIIOM MPOCTBIX CTPYKTYP (C
OJTMHOYHBIMHA MaKCUMyMaMH pa3HOW MHTEHCHUBHOCTH ), OObEMHEHHBIX B HECKOJIBKO THUIIOB
CJIO’KHBIX CTPYKTYP, KOTOPBIE UMEIOT Pa3JInYHbIC IPOCTPAHCTBEHHBIE ()OPMBI U HECKOJIBKO
MakcuMyMoB. [Toka3aHo, 4TO HETMHEWHAs IUCCUTTATUBHAS Cpejia TIOTCHIIMAIBHO CO/ICPIKHUT B
ce0e CIEeKTp TaKUX pa3IMYHBIX CTPYKTYp-aTTpakTopoB. IlycTs (7, ¢) — monspHbIe KOOPHHATHI.

p(rpt)=g(1)0(Ep), E=—— 1<i<N
w(t)
p-o-1

s=(1-4)"" wi=[1-4] "
T T

Ywuciio coOCTBEeHHBIX (hYHKITHIA:

Jlis 5TuX pemieHuit 3HaueHHEe QYHKIUU MOXKET CTPEMUTHCSI K OECKOHEUHOCTH 38 KOHEYHOe
BpeMms 1. IHTepecHO, 4TO PyHKIUS T0CTUTaeT OECKOHEYHOCTH B MAKCUMYMax B OJIMH M TOT )K€
MOMEHT BpEMEHH, TO €CTh CUHXPOHHO. [1o Mepe mpuOIKeHns KO BpeMEHHU T pelIeHre
«CHKUMACTCS», MAKCUMYMBI «000CTPSIIOTCSD M IBMXKYTCS K 001ieMy nentpy. B moment 0.9t
CHCTEMa CTAaHOBUTCS HEYCTOMYMBOM U pa3pymIaeTcs QIIOKTyalldssMH HadaabHbIX ycinoBuid. [Ipu

2 Banepwuit McakoB, kaHIHIAT MEXaHUKO-MaTeMaTHIECKUX HAYK U INAEP HEOOIBIION TPYIIIBI HCcCeoBaTenen
AHOMAJIBHBIX SIBIICHUH pacckasan razete "KoMcomoibckas mpaBaa" o CymecTBOBaHHHM HEKOHM CTaTHCTHYECKOM
aHomainuu. [locne Toro kak McakoBy U €ro rpymnie He yJ1anoch IOJy4YUTh JAHHBIE 110 OTKa3aM OT IOJIETOB y
POCCHIICKMX aBUAKOMIIAaHUH, yU€HbIE BOCIIOJIb30BAUCH 3aNaIHON cTaTuCTUKOM. Kak BhISICHHIIOCH, 3a ocieaHue 20
JIET OT PEUCOB, 3aKOHUMBIIIUXCS KaTacTpodamu, oTka3siBaIuCh Ha 18% OOJbIIE MACCaKUPOB, YEM OT

6J1arONOTyYHBIX.
http://kp.ru/daily/25707/908213/; http://newsru.co.il/world/23jun2011/isakov_606.html
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BBICOKOM KOoppeJsiii B HAYAJIbHOM YCJIOBUH MOXXHO YMCHBUIATE OTU (1)J'IIOKTyaIII/II/I J0 CKOJIb
YroaHo MaJioil BeJIMYMUHBI.

-200 op

Puc. 1 U3 [35]. Onun U3 aTTpakTOpOB YpaBHEHUS TOPEHHSI B BUJIE PEILICHHS C «0OOCTPEHUEM).

C noMomuibIo TakKUX MOJAEJIEH UIUTIOCTPUPYIOT POCT HACENIEHUs (UM YPOBHS TEXHUYECKOTO
pa3BUTHS IIMBWIM3AIMI) B METanoaucax Haien rmianetsl [25]. Toukun makcumyMa QyHKITUN —
9TO METAIOJIKCHI, a TUIOTHOCTh HACEJIICHUS — 3TO 3HAUYCHUE caMOol (DyHKITUH.

MOo>kHO pacpoCTpaHUTh 3TY MOJIENb Ha BCIO Beenennyto. Torma Touku 6€CKOHEYHOTO pocTa
— 3TO UMBWIM3AIUH, & TUIOTHOCTh HACEJICHUS [IUBUIN3ALNUNA (MU YPOBHS TEXHUYECKOTO
Pa3BUTHA UUBUIN3ALUI) — 3TO 3HAUeHHUE caMoi pyHKIMHU. [[71s1 3TOr0 yCI0KHUM MOJEIb.
[TycTh B MOMEHT, KOT/1a MPOIIECC HAUMHAET BBIXOJAUTh HA PACTYIIE€ aCUMITOTUYECKOE PEILICHHE
MIPOUCXOAUT OYEHB OBICTPOE paciIupeHue («UHOIAINS ) TIOCKOCTH, B KOTOPOM MPOTEKAET
npoiiecc ¢ «oboctpenuem». Tem He MeHee, TPOLECChl JOCTHKEHHUS OECKOHEUHOCTH OCTAIOTCS
CUHXPOHHBIMH M ONMCHIBAIOTCS YPAaBHEHUEM TOTO e TUMa (JIMIIb C U3MEHEHHBIM MaciTabom),
HECMOTPS Ha TO, YTO MAKCHUMYMBI YK€ pa3zielieHbl OOJBIITNM PACCTOSHUEM.

Do 6oJiee CI0KHON MOJIETTbI0 MOYKHO Ka4ECTBEHHO OOBSICHUTh CHHXPOHHOCTD Pa3BUTHS
IIPOLIECCOB B OYEHB JAJICKUX YaCTAX HALIEH pe3KO pacluupuBlIerics BeeneHHol B pe3yabpraTe
«uHbAsATM» Tocie bonbsimoro B3peiBa. Beicokas crenenp rio0aibHbIX KOPPEIAIHA YMEHbIIIAET
GIrOKTYyanuu, BeAyIUe K pacnaay CTPYKTYphI pelieHus. DTU TI00aTbHbIe KOPPETSIIHH
MOJIETTUPYIOT B3aUMOCBSA3aHHOCTh YacTell Hamel BeceneHHoM.

[Iporneccrl ¢ «0b6oCTpeHHEM» MOSIBIIAIOTCS C HEOOXOAUMOM MOTHOTON U CIIOKHOCTBIO JIUIIIb
IPH HEKOTOPOM Y3KOM Habope koddduimeHToB ypaBHeHus roperus (N>>1, f>o+1, f=~o+1 —
3TO HEOOXOUMO JUISi BOSHUKHOBEHUS CTPYKTYPHI C OOJBIITNM YHUCIIOM MaKCUMYMOB U UX
MEIJIEHHOMY COJIMKEHHUIO K LIEHTPY). DTO MO3BOJIET IPOBECTH AHAJIOTHUIO C «aHTPOIHBIM
OPUHIUATIOMY [26]. AHTPONHBINA MPHHIIUI YTBEPKAAET, YTO PyHIAMEHTAIBHBIC IOCTOSTHHBIC
BcenenHol MEIOT IMEHHO TaKue 3HaYeHHsI, YTOObI B UTOTE MOTIJIa BOSHUKHYTh UMEHHO Hallla
Habmo1aemasi BeeneHHas ¢ «aHTPOMHBIMIY CYIIECTBAMU, CIIOCOOHBIMH €€ HaOI01aTh.

CrnenyeT 00paTuTh BHUMaHHE €1IE HA OAHO OOCTOATENLCTBO. YTOOBI yOpsAI0UEHHOE
COCTOSTHHE B MOJIENIU HE pacrnaganoch npu t=0.91, a mpoxuiIo Kak MOXHO JOJbIIIe, TpeOyeTcs
TOHKasi HACTPOMKA He MOIbKO napamempos Mooeiu, HO U Ha4aibH020 COCMOSHUSA. ITO HYKHO,
YTOOBI BO3HUKAIOIINE U3 HEro (IIOKTYaI[MH He Pa3pyIlaiy YIIOPSI0UeHHOCTh KaK MOYKHO
nodbiie. M 3To HalMyme 3Toro peaKoro 3KCKIF03UBHOTO COCTOSIHUS TAK)KE MOXKET ObITh
00BSCHEHO aHTPOMHBIM MTPUHIIUIIOM.

4.2 «Kiuaerounasa» moaejan BceaeHHoi.

Takxe HHTEPECHO MPOUJUIIOCTPUPOBATH CIOKHBIE IIPOLIECCHI C TOMOUIBIO «KJIETOUHOM»
MoeN. Xopoliei 6a30ii ciry)aT TUCKpeTHas Mojienb Xondunaa [27-28]. DTa Moaens MOXKET
HMHTEPIIPETHPOBATHCS KaK HEHPOHHAsS CETh C 0OPAaTHOM CBS3BIO MIIM KaK CIIMHOBAS PEIIeTKa
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(CTTMHOBOE CTEKJI0) C HEOJAMHAKOBBIMUA B3aUMOCHCTBUSMHU MEX 1y cinHamu. [logoOHast
cUcTeMa MCIOJIb3yeTcs A Liesiel pacro3HaBaHus 00pa3oB.

DTy CUCTEMy MOKHO OTHCATh KaK KBAJAPATHYIO IBYXMEPHYIO peHIeTKy stueek NxN, KoTopbie
MOTYT ObITh 1100 YepHbIMU, 1100 GenbiMu (S;=+7). KoadpuunenTs! nuHeiHoro
B3aMMOJICHCTBHS MEX/Y AYeiikamu J , HEpaBHbI JUIs Pa3HBIX Map A4ecK. X MOKHO BbIOpaTh

TakK, 4TO B TPOIIECCE TUCKPETHOM IBOIIOIMH TOIABIISFOIIEe OOJBIIMHCTBO HAa4aIbHBIX
COCTOSIHUM MNEpeXOaUT B OAHO U3 BO3MOKHBIX KOHCYHBIX COCTOHHHﬁ, H3 3apaHCC 3aJIaHHOT'O
Habopa COCTOSIHHM (aTTPaKTOPOB).

N
S(t+1)=sign| > J,S,(1)|, 1<i<N
j=1

Jy=J 0 Ju =010 j k<N

Ji’

ATTpaKTOPBI COOTBETCTBYI0 MUHUMYMY SHEPTHUU:

1 N N
E :_EZZJUSI'SJ

i=l j=1

[TycTh arTpakTOpamMu pemieTku BbIOpaHbl OYKBBI A wiu B.

Cy11ecTBYIOT TaKue HaualbHbIE HEYCTONUMBBIE COCTOSHUSA, KOTOPbIE OTINYAIOTCS JIUIIb Ha
OJIHY slUeHKY (kpumuueckuti 3n1emenm). [Ipy 5TOM OHO U3 HUX UMEET B KAUECTBE aTTPAKTOpa
coctosiHuE A, a npyroe — coctosaue B. [lono6HbIe HEyCTOWUYNBBIC HAYAIBHBIE COCTOSTHUS
XOPOIIO WUTIOCTPUPYET CBONUCTBO 2100ANbHOU HEYCMOU4U80Cmuy CIOKHBIX CUCTEM. JTa
HEYCTOMYMBOCTb MPUCYIIA BCE CHCTEME B LIEJIOM, a HE KAKOM-TO €€ YacTH. JIUIIb HEKHUIT
BHEITHHI Ha0II0AaTeNb MOKET MPUBECTH K U3MEHEHHIO 3HAYEHUS KPUTUUYECKOTO JIEMEHTa U
WU3MEHUTH IBOJIIOLUIO CUCTEMBI. BHYTpPEHHSS JUHAMUKA CAMOW CHCTEMBI CHENIATh 3TO HE MOKET.
Inobanvuas xoppenayus MeXay sSUYeWKaMHu HEYCTOWYHBOTO HAYAIbHOTO COCTOSIHUSI ONPEEsieT
K KAKOMY UMEHHO aTTPaKTOPY BOJIOLMOHUPYET 3Ta pemieTka (inbo A, mudo B).

MO03KHO HECKOJIBKO YCIOKHUTh MoAeINb. [lycTh Kakaas suelika B ONMCAHHOMW BBIIIE
pelieTke caMa SBISICTCS aHAIOTHYHOU moApeneTkor. OnpeaenuM 3BOTIONUI0 TAKOM COCTaBHOM
peleTky, UAyLeld B ABa 3Tama.

Ha nepBom 3Tane kpynHsbie SSMEMKH HE B3aUMOJIECHCTBYIOT, B3aUMOJICVICTBUE €CTh JIMIIb B
MOJIpeIIeTKax, KOTOPOE HJIET IO TOMY ke 00pasily, YTO U B ONMKUCAHHOM BBIIIE MPOCTOM
onHO3TaHOM Mozenu. KoapuueHTs! THHEHHOTO B3aNMOICHCTBUS MEXKTY sTYCHKaMU
BbIOpaHbI TaK, 4YTOOBI aTTPAKTOPaMH, KakK U paHee, Obuin OykBa A wiu B. Hauanbubie
COCTOSIHUS BCEX IMOJIPEIIETOK MOKHO BBIOpAaTh HEYCTONUYMUBBIMH, COAEPKAIIUMU KPUTUUECKHM
aneMmeHT. iToroBoe cocrosiHne A moapeneTk 0yneM BOCIPUHUMATh KaK YEPHYIO SUEHKY TSt
KPYITHOW PEUIeTKH, a coCTOsiHIE B moapemnieTku OyieM BOCIIPUHUMATH KaK OeIylo SYerKy.

BTopoii aTan 3BononMM OnpenenseTcs Kak 3BONIOLHUS YKe 3TOM KPyIHOU PEUIETKU 110 TOMY
ke 00pasily, 4TO U B OMMCAHHOM BBIIIE TPOCTOM OJTHOATAITHON MOJIEIH, C MOJTYYHUBIIUMCS BBIIIE
HaYyaJlbHbIM COCTOSIHUEM. JTO HAUYaJIbHOE COCTOSIHUE, BOSHUKAIOILIEE HA NIEPBOM JTAIle, TOKE
ABJISIETCS] HEYCTOMYMBBIM, COJIEpKalllee KPUTUUECKUH 3JIEMEHT. B KOHIIE 3BOJIIOLIMM KaXI0U
YepHOU sueiike MPUCBOUM COCTOSTHUE A MOAPEIIETKH, KaKI0W Oenoil s;tueiike mprucBOUM
COCTOsIHME B noapemerku.

HavanbHoe cocTosiHME peleTKy 0 Ha4alo JBYXATAHOTro Mpoliecca BCEra MOKHO BHIOpATh
TaK, YTOOBI TIOCJIE HETO UTOTOBBIM COCTOSTHHEM KPYITHO3EPHUCTOM pemeTK Oblia OykBa A.
CoCTOSHHUIO KaXKI0M ee KPYIMHOM sSYeWKH TOKe COOTBETCTBYeT OykBa A. HazoBem 3T0
coctosiHue «A-Ay». Toraa HanMuMe UMEHHO TaKOT0, @ HE MHOT'O (DMHATBHOI'O COCTOSTHUSL MOYKHO
OOBSICHUTB:

a) TI00aTBHBIMH KOPPEISALUIMHI HEYCTOMYMBOTO HAYAIBHOTO COCTOSTHHS
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b) KOHKPETHBIM BBEIOOPOM BceX KOA(PPHUIIMEHTOB B3aUMOICHCTBHS MEXKTy STICHKAMH.
YcnoxauM Mozens emie 6omnee. [1o aHamoruu ¢ BeIICONUCAHHBIM, CACIAEM €€ PEIIETKY He
JIBYXYypOBHEBOH, a TPEXYPOBHEBOH, a IIPOLIECC BMECTO JBYXATAIMHOI'O TPEXATAMHBIM. VITOrOBBIM
COCTOSTHUEM OyaeT «A-A-Ay.

Bynem cuntath, 4TO 10 Hayana ONMMCAHHOIO BBILIE TPEXATAIIHOTO IpoLecca, Hala
KPYMHO3EPHUCTAsl PEeIIeTKA 3aHUMalla OYeHb Mallyto 00J1acTh (PU3MYECKOTO MPOCTPAHCTBA, HO B
pe3yabTate pacmupenus («MHGISIUNY ) paclIupuiiach 10 OONBIINX Pa3MepOoB, MOCIIE YeTr0 U
HayaJicsl ONMCAHHBIN BBIIIE TPEXATAMHBIN Mporecc. Toraa Haauuue KOppeaupoOBaAHHOTO
HEYCTONYMBOI'O HAYaJIbHOTO COCTOSIHUSL COCTAaBHOM PELIETKH, IPUBOASILIET0 UMEHHO K
UTOTOBOMY COCTOSIHHIO «A-A-A)» MOKHO OOBSICHUTB TEM, YTO JI0 «MHQIALUNY» BCE STUCHKH
HaXOAWINCh OJIM3KO APYyT OT JIpyra.

Bcro 3Ty KpynmHO3€pHUCTYIO PELIETKY B LIEJIOM MOYKHO CPaBHUTH C Haiel «Bcenennoi». Ee
CaMbl€ MEJIKME MOJAPEIIETKA MOKHO CPAaBHUTh C «Pa3yMHBIMHU OpraHu3MaMmu». OTCYyTCTBUE UX
B3aUMO/ICHCTBHS C OKPYKEHHEM /10 (OPMHUPOBAHUS HTOTOBOTO COCTOSIHUS «A» — SKBUBAJICHTHO
UX 3aIlMTE OT BHEIIHETO ITyMa (AKTUBHO WJIU MTACCUBHO) CBOUX BHYTPEHHHUX KOPPEIISIIHIA.
PemeTku BTOpOro ypoBHs B COCTOSIHUM «A-A)» COOTBETCTBYIOT «LIUBUIN3ALUSAM», KOTOpPbIE
dbopMupyroT 00pa3zoBaBIINeCs «pa3yMHbIE OPraHU3MbD» Ha BTOpoM dtane. Ha Tpetbem sTane u3
«UMBWIN3ALUN» POPMUPYETCS «CBEPXLUMBUIN3ALUD» «A-A-Ay.

Toraa rno6anbHbIe KOPPETSAIUN HEYCTOWYUBBIX HAaUaIbHBIX COCTOSIHUNA PEIIETOK MOTYT
CIIy>)KATh aHAJIOTaMHU BO3MOXKHBIX TII00JIBHBIX KOPPEISIUi HEyCTOMUYMBOTO HA4aIbHOTO
coctosiHus Hamied BeenenHnoi, Bo3HuKIero 1o ee nHGsun. Koadduuments B3auMoaeiicTBus
STYEEK COOTBETCTBYIOT (PyHAaMEHTAIBLHBIM KOHCTaHTaM. HaganpHbIi mporiecc pacimpeHus
pelieTku, A0 e€ TPEeXITAMHOM IBONIOIHH, COOTBETCTBYET bonbimomy B3peiBy. Crienuduaeckuii
BBIOOP KOA((HUITMEHTOB B3aMMOACHUCTBUS STUEEK, MPUBOSIINN K HTOTOBOH aCUMIITOTHKE
(cocTostHMIO «A-A-A»), U Ha4YaIbHbIE KOPPEISIMHA MOKHO OOBSICHATH 110 aHAJIOTUHU C
«AQHTPOIHBIM MPUHIIUTIOM». AHTPOITHBIN MPUHITUT YTBEPKIALT, uTO (PyHAaAMEHTATbHBIC
NocTosiHHbIe BeeneHHoN MMEIoT MMEHHO TaKue 3Ha4eHHsI, YTOObI B UTOTE MOTJIa BOSHUKHYTh
MMEHHO Halla Habmrogaemasi BeeneHHast ¢ «aHTPOIHBIMUY CYIIECTBAMHU, CIIOCOOHBIMH €€
HAOJIFOJATh.

5. BeiBOALI

B craTthe paccMoTpeH (eHOMEH CYyIIECTBOBAaHHE HETIPEACKA3yEeMbIX CIIOKHBIX CHCTEM
(BKITIFOUAIOIIINX KUBBIE CHCTEMBI).

[TokaszaHo, 4TO XOTS CYIIECTBOBAHUE TAKMX CUCTEM, Ka3aJIOCh ObI, MPOTUBOPEUHUT 3aKOHY
pOCTa SHTPOIIMH, HA CAMOM JIe€JI€ HE IPUBOJNUT K IEHCTBUTEILHOMY IPOTUBOpEUHIO ¢ HUM. Ha
caMoM JieJie, CYIIECTBOBAaHHNE TAKUX CHCTEM B PEalIbHOM MHpe TpeOyeT KpaiiHe crienu@uuecKux
TPaHUYHBIX YCIIOBHI. 3aTpaThl SHTPOIIMHU HA CO3JaHUE TAKUX YCJIOBUH B p€aJIbHOM
OKPYKAaroIIeM MUPE HAMHOTO TIPEBHIIIAIOT YMEHBIICHUE YHTPOIHH, HAOIIOJAI0IIEeCs BHYTPH
TaKUX CHCTEM.

[IpopemoHcTpupOoBaHa BO3MOKHOCTbD JI0KA3aTENbCTBA JJIsl TAKUX CUCTEM T€OPEMBI
['€neneBckoro Tumna, 0 TOM 4TO PEAYKIIMOHU3M (COCTOSIIUI B CBOAMMOCTH TTOBEICHUSI CIIOKHOU
cUCTEeMbI K (PyHAaMEHTaIbHBIM 3aKOHAM (DU3HKH) HE IPOTUBOPEUYHT CYIIECTBOBAHUIO
MPUHIUTTHATIEHON SMEPIKEHTHOCTH (CYIIECTBOBAHUIO MPUHIUITUAIEHON HEMPEICKA3yeMOCTH
MOBE/ICHHUS CIIOXKHBIX CHCTEM Ha OCHOBE ()YHIaMEHTAIBHBIX 3aKOHOB (PM3UKH, HE BHITEKAIOIIEH
JIUIIH U3 CJI0KHOCTU TaKUX CUCTEM).

[Toka3zaHo, 4TO 3Ta HENMPEACKAa3yeMOCTh TECHO CBSA3aHa C CYILECTBOBAHUEM CIIOMKHBIX
KOPPEJALMI KaKk BHYTPH 3THX CJIOKHBIX CHCTEM, TaK U C OKpykaromuM Mupom. [loctpoeHsl
MIPOCTHIE MATEMATUYECKHE MOJIEIH, WIUTIOCTPUPYIOIINE MPUHUIUIIAAIBHYIO BO3MOKHOCTh
CYIIECTBOBaHUS TAKUX KOPPEIISALIUA.
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Yacts 6. YHUBepcaJbHas cTpesa Bpemenu: byayiuee
HCKYCCTBEHHOI'0 HHTEJIJIEKTA - HCKYCCTBO, 4 He HAyKa
wian IlpakTuyeckoe NnpuMeHeHHEe HeNpeacKazyeMbIX

CUCTEM

0. AuHoTauus: PaspenieHue mapagokca HermpeacKazyeMoCTH —
HenpeackasyemMblil He 03HAYAET HEYNPABJIsieMbIi HJIH He
KOHTPOJIUPYEMBbIil.

PaccmarpuBaroTcs mepcnekTuBbl pa3BUTHsI UCKyccTBeHHOro uHresuiekra (MN1). [lokasbiBaercs,
yto pazpaborka U1 B Oynymem Oynet Gimxe K HCKycCTBY, yeM Hayke. OcHoBoit cuctem M
OyIyT CIOXHbBIE JUCCUIIATUBHBIE CUCTEMBI, TOBEIEHNE KOTOPBIX OyAE€T HEBO3MOXKHO /10 KOHIIA
HOHATH JlaXke B npuHIune. TeM He MeHee, 3TO He OyJeT NPensTCTBUEM /IS UX MPaKTHUECKOro
HCIOJIb30BaHU.

1. BBeaenne
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Celiuac BO BceM MUpPE aKTHBHO Pa3BUBAIOTCS TEXHOJIIOTMH, CBA3aHHBIE C IOCTPOCHUEM
cucTeM McKyccTBeHHOro unreiviekra (MM). B atoii ctatee XoTenock Obl 00Cy1uTh HE
TaKTUYECKHUE, a CTPATErHUECKHE 3a/1auM 3TOro npouecca. Celiyac He TaK MHOT'O HHTEPECHBIX
paloT Ha 3Ty TeMy, XOTs OHU U uMeroTed [1]. DTo cBsI3aHO € TeM, YTO OOJIBIIMHCTBO CEPbE3HBIX
CIEIHAJIMCTOB 3aHATO PEIICHUEM UMEHHO TaKTUYECKUX 3a]]a4 U 4acTO HE 3a/lyMbIBAIOTCS O
6onee nanexkux nepcrekTuBax. OHAKO He TaKoBa Oblia CUTYALMsI Ha 3ape 3apOXKICHHS
kuOepHeTuku. Toraa 3T BONPOCH! aKTUBHO 00CykAanuch. [103ToMy MBI HOCTpOUM Hallly
CTaThIO Ha 0030pe 3a/1a4 KUOEPHETUKH, KaK OHU BUAEIUCHh YUaCTHUKAMU CUMIIO3uyMa B 1961
roxy [2]. Ml noctapaemcsi 1aTh 0030p 3TUX MEPCIEKTUB C TOUKH 3PEHUS COBPEMEHHOM
¢u3nueckoil 1 KUOEPHETUUECKON HAyKH U €€ MOCIeAHNUX JOCTH)KEHUH.

2. AHagu3 nmpooJiem.

I'maBHOe cTpaTternueckoe HampasieHnue B 1961 6bu10 3agano neknueit bupa «Ha myTtu k
KHOEpPHETUYECKOMY MPEANPUITHIO». B Hell OH BUAUT CUCTEMY yIPaBIEHUS KaK HEKUI YEPHBIM
AIUK C OTPOMHBIM KOJIMYECTBOM BHYTPEHHHMX COCTOSIHMN. B 3aBUCMMOCTH OT BHYTpPEHHETO
COCTOSIHUS YE€PHBIH ALIMK OCYIIECTBISETCS Pa3Hble (PYHKINH, CBA3BIBAIOIINE €TO BXO U BBIXO/I.
Cpenu Bcex 3Tux (QyHKIMHA nIercs Hekas (QyHKIMs, ONTUMAJIBHO peaau3yrolias ero padory,
COTJIACHO HEKOTOPBIM KPUTEPHSM ONTUMAIbHOCTH. OpraHu3yercsi 00OpaTHAst CBSA3b MEXITY
BBIXOJIOM HPEANPUATHS U BHYTPEHHUM COCTOSTHUEM YEPHOT'O SIIMKa, 00ecTIedrBaoas
ONTUMAJILHOCTb MTOMCKA.

BHeWHA A
cpeda

Bzod ﬁi‘;ﬁ“ Beizad

i

Ynpas/gioujee
vempoucmsa

Puc. 1 Cxemarndeckoe U300paxkeHHE YIIPABICHUS MEXaHU3MOM (IPEANPHUITHEM ).
TyT BO3HHKAIOT TpU TPYIHOCTH:

1) TloHATHO, YTO YMCIIO BHYTPEHHUX COCTOSIHUNA TAKOTO YEPHOT'O SIIIMKA JIOJKHO OIPOMHO,
YTOOBI 00ECIICUNTh Pean3alrio BCEX BO3MOXKHBIX (GyHKIMHU. [[1s aTOr0o aBTop
IpelaraeT UCIoib30BaTh HEKas Ii1bI0a BEIecTBa, 001a1al0Mi OTPOMHBIM YHCIIOM
BHYTPEHHUX COCTOSIHUI Ha aTOMapHOM YPOBHE. JTO HEUYTO, BPOJE, HAlpUMeEp,
KoJTouaAHOM cuctemsl ['opona Iacka, ocymecTBistolee oOpalieHe MaTpuI]
ACTPOHOMMYECKOTO MOPSI/IKA.

2) IIpocTpaHCTBO MOMCKA TAKOI'O SIIIMKA OIPOMHO U Iepebop BCeX BO3MOMKHBIX
BHYTPEHHUX COCTOSIHUH 3a pasyMHOE BpeMs He peasieH. [loaTomy Heobxonnma
CTpaTerusi, MO3BOJISIOIIAs HAXOUTh IIyCTh HE CaMbl€ ONTHUMAJIbHBIE PELICHUS, HO, T10
KpalHel Mepe, «xopouuey. Takon cTpaTernei B HaCTOAILEE BpEMsl CUUTAETCS
«TEHETUYECKHM anroputm» [3], cHaOKeHHBIN cryuatinbim cenepamopom. Takxe
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WCIIOJIB3YIOTCS METOJI BPUCTHK. [4] DTO HAOOP SMIUPUUECKUX PEIENITOB TOUCKA
ONTUMAJILHOTO BHYTPEHHET0 cocTosiHUS. OHM 1100 HAXOAATCS U3 MPEIbIIYIIETO OMbITA,
1100 3apaHee 3a/laHbl BHELTHUM 3KCIIEPTOM.

3) Kpurepuu onTUMalbHOCTH HE BCET/1a MOKHO YeTKO chopmynupoBath. [losTomy
«IIEJIBIOY» TAKOTO SIIIMKA MOXKHO CIIeTaTh MPOCTO (PU3HUECKOE «BbIKMBaHUE». Toraa
noI00HbIe KpUTEPHH OH OyAeT uckath cam. JInbo, ero nelcTBusM OyIeT 1aBaTh OLICHKY
HEKUI BHEIIHUM SKCIEPT.

B ykazaHHBIX pelieHusx npo0sieM ecTh OJJHa OUY€Hb MPUHIUIIUAIIbHAS TPYAHOCTh. [1ycTh Hat
YEepHBIN ALUK UMEET N OMHAPHBIX BXOOB U OJIMH OMHApHBIN BbIX0A. Toraa yucio Bcex

n
BO3MOYKHBIX BHYTPEHHUX COCTOSIHUM SIIIIUKA 2° . Hackonbko Benuko 310 uncino? OTBeT Jaet
Bumuc «O6macte peann3yemMbix (YHKIHA 7151 CIIOKHBIX cuctem» [IpoBeneHHbIN UM
bu3nYeCKuil pacyeT, MOKA3bIBAIOIIHI, YTO BCEX MOJIEKYJ 3eMJIH TOCTATOYHO JIUIIh JIJIs
peai3alK YEPHOIo SIIIMKA ¢ MAaKCUMyM n=155 . 31eCch HE UMEET CMBICIT BOCIIPOU3BOIUTH €0
pacuer. CoBpemeHHas (pU3MKa AaeT TOUYHBIA METO]I TIOJICUETa JJIsI BEPXHEU IPaHUIIbI IIIOTHOCTH
XpaHeHus: HHOPMAIIUK Yepe3 SHTPOIHUIO YEPHOU JIBIPHI COOTBETCTBYIOMIEH Macch [25]. (Ee
npasja mpoOIeMaTUYHO U3BIIEYh U3-3a HHPOPMAIIMOHHOTO mapaaokca.) OTBeT, 0JTHAKO, BPSI JIH
Oynet Ooiniee yremmuTeabHbIM. [IOHATHO, YTO TAaKOTO KOJIMYECTBA BXOJOB HE JOCTATOYHO IS
YIOpaBIIEHUS CIIOKHBIMU crcTeMaMu. OTCIOIa CIeIyeT, YTO KOJIMYECTBO BOZMOXKHBIX (DYHKIIHIA,
peanu3yeMbIM SIIIKUKOM, T0JKHO ObITh HEKUM MTOJIMHOKECTBOM BCEX BO3MOXHBIX QyHKIMH. Kak
e BBIOpaTh 3TO MOAMHOXKECTBO?

Celiuac aKTUBHO Pa3BUBAIOTCSI METO/1bl, OCHOBAHHbIE HA HEWPOHHBIX CETAX [26] UiIu HEUETKON
soruke [27]. OHM MO3BOJISIIOT JIETKO PEATU30BaTh MHOTUE «MHTYUTHUBHBIE» aITOPUTMbI, KOTOPBIE
UCTIONB3YeT uenoBek. Kpome Toro, s HUX CYIIECTBYIOT XOPOIIIO pa3paboTaHHbIE METO b
00yuenus nim camooOydenusi. OTHaKo 111 000X METOJI0B TTOKA3aHO, YTO JIK00as BO3MOYKHAS
byHKIMS peanu3yema STuMU Metofgamu. C OHON CTOPOHBI 3TO XOPOIIIO, MOCKOJIBKY JOKA3bIBACT
UX yHUBEpcaIbHOCTh. C Apyroi CTOPOHBI 3TO MJI0X0, MOCKOJBKY 3Ta N30BITOYHOCTh HE
MO3BOJISIOT HAM CHU3UTH MPOCTPAHCTBO MOUCKA YEPHOTO SIIUKA.

B cBoeii neknuu Buiinmc npeanaraer pemeHue, KOTopoe akTyajabHO U oHbIHE. OH mpearaer
UCIIO0JIb30BaTh MMOJAMHOKECTBO BCeX (QYHKIMH N MEPEMEHHBIX, KOTOPOE pean3yeTcs

KoMOuHanmel p GpyHkuui k nepeMeHHsbIX, rie

p<<2’ (1)
k<<n )

DTOT KJIacC JOCTAaTOYHO MaJl, YTOOBI €r0 MOXKHO OBLIO PeaIM30BaTh.
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Puc. 2 TouHoe pa3nokeHne NepeKIrovaTeNIbHbIX (DYHKIMA HAa QYHKIUU ¢ MEHBILIUM YUCIOM

HIePEMEHHbIX.
a) n=6, p=3, k=3 0) n=8, p=5, k=3

JIist IMpOKOT o Kilacca 3a/1ad 3To pelleHye npuemieMo. Hampumep, HelipoHHas ceTh
WCITOJIB30BaJIaCh JJI pacro3HaBaHus UG, BRICBEYMBAEMbIX Ha dKpaHe [28]. DkpaH pazOuBaics
Ha sueliku (mukcenn). Sueiika Moria ObITh YepHO# wiu 6emnoii. [Tpu sToM stueiiku pa3douBaInch
Ha Tpymbl Onusnexanux sueek (k-sueex). Kaxxgas rpynmna mocryrmnaia Ha BXOJ CETH C OJTHUM
BBIXO/IOM. DTH BBIXOJIbI TPYITTUPOBAIKCH TAKXKE B K OMIKaNHIIIMX TPy, KOTOPBIE M01aBaTUCh
Ha BXOJIbI ceTel U T.1. B utore numenuce aunib 10 BRIXOJ0B, KOTOPBIE U IaBajiv PE3yJIbTaT
KIacCU(pUKalu. YKa3aHHAs CEeTh YUUTHIBACT OTPAHUYCHUS CBSI3aHHBIC C «JIOKAbHOCTHIO»
HAIIero MUpa.

Ho M0xHO BBOAMUTH M MHBIE KPUTEPHH OTPAHUYMBAIOLINE TPOCTPAHCTBO MOMCKA TOTO XKe
THIIa, HO MEeHee xecTkue. Hanmpumep, coxpanus ycnoBue (1), He HUCMONB30BaTh ycioBue (2), a
CO3/1aTh OTPaHMYCHHE Ha TUI UCIIOIb3yEeMbIX (DYHKIUH, CO37aTh HEKYIO «OUOINOTEKY»
MOJIE3HBIX (DYHKITHIA.

Hanpumep, nms cymecTByomieit 001acTu pacro3HaBaHus H300pakeHui Takoil Habop
(GYHKIHHA yXKe CYIIEeCTBYET — 3TO IPOrpaMMHBIE MaKeThl PYHKIUH 111 00pabOTKU N300pakeHUI
COCpeIOTOUCHHBIE B TAKUX MakeTax, kak Matlab [29]. KomOunupys 3té pyHKIUN, MOKHO
CO3/aTh Maccy IMOJIE3HBIX MPU3HAKOB Ui pacno3HaBanus. [IpuueM nonbupats 3t
CYNepro3uiy (PyHKIMH MOXKHO HE CIy4YaiHbIM NEpedOpOM IreHeTUYECKOT0 allfOpUTMa, a
HCIIOJIB3YS YEJIOBEUECKYIO0 HHTYUIIMIO: YEIOBEK MOKET KOMOMHUPOBATh 3TH (QYHKIUH TaK,
4TOOBI OHM BOCTIPOM3BOMIN HEKUI MHTYUTUBHO OIIYIAEMBbIH MPU3HAK 00bEKTA, KOTOPBIN
YeJIOBEK CaM HE MOXKET MaTeMaTHYeCKH TOYHO ONPEAETUTh. DTO YeIOBEKO-MAIIUHHBIE CUCTEMbI
MIOUCKA.

CrnemyeTr OTMETUTh, YTO KaK CO3JIaHUE MOJOOHBIX «OUOIMOTEK», TaK U YeJI0BEKO-MaIIMHHbBIE
MOKMCK — 3TO HE aAJITOPUTMHU3YEMBbIe mporiecchbl. OHM OMHUPAIOTCS Ha YEJIOBEYSCKYIO HHTYHUITHIO.
HMMeHHO MOATOMY MBI CUUTAEM, YTO UCKYCCTBEHHBINM HHTEIIEKT OJMKE K HCKYCCTBY, YeM K
HayKe.

Paz6epem npobsieMbl, KOTOPBIMH CTPAJIAET ITOT MOIXOI.

1) Te orpannuenus («OMOIMOTEK»), KOTOPbIE MBI 33]JaeéM Ha BHYTPEHHHE COCTOSTHUS
AILIUKA, CO3/1al0TCS YeJIOBEKOM. DTO JeNaeT 3TOT MPOLeCcC TPYAOEMKUM U OTpaHUYE€HHBIM
UHTYULMEH YEJIOBEKa.

2) ¥ 4eII0BEKO-MAaIlIMHHBIN TOKCK, 00j1ee 3 (HEeKTUBHBIN, YeM IeHETUICCKUN aTOpPUTM, HO
CTPaJaeT TEMH K€ HeIOCTaTKaMH, YTO U ONKCAHO BBIIIE.
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[TepeiineM k ciemyromeMy A0KIaAy, KOTOPBIH, KaXKeTcs, Hanbosee MPOopOoUSCKU U TaéT MyTh K
pemienuto 3tux npobdsuem: Llond «OTHOLIEHNE U KOHTEKCTY.

['maBHas ero MbICIIb 3aKIIFOYAETCS B TOM, YTO JJIS TOUCKA () (PEKTHUBHBIX CUCTEM
HCKYCCTBEHHOT'O HHTEJIJICKTa MBI JOJDKHBI 00pPaTUTHCS HE K MATEMAaTHYECKUM HAay9IHBIM
a0CTpakIysM, a K CBOHCTBAM MOJJOOHBIX CHCTEM B OKPY’KaIOIIEM MUPE — )KUBBIM aJallTUBHBIM
cucremaM. Kakne ux cBOMCTBA MO3BOJIIOT UM MPEOOJIETh YKa3aHHbIC BhINIE OrPAaHHYCHUS U
npoosieMbl?

Camoe riaaBHOE UX CBOMCTBO 3aKJIIOYAETCS B TOM, YTO MOJJOOHBIE CUCTEMBI HE SBISIOTCS, KaK
YEepHBIN AWK, HEKIM BHEIIHUM 00BEKTOM I10 OTHOIICHHUIO K OKpYKatomeMy Mupy. OHu
HEepa3pbIBHO cBsi3aHbl ¢ HUM. (Tak, Llond nmomguepkuBaeT, 4To NpU3HAKYU, UCTIOIB3YEMBbIE JITIS
pacno3HaBaHUs O0ObEKTa, WM JIaXkKe caM «KOJ» HEHPOHOB MO3ra (CO3HAHUE) SIBISIIOTCS
KOHTEKCTHO-3aBUCUMBIMU. JTO 3HAYUT, UYTO OHH 3aBUCAT HE TOJIBKO OT BHYTPEHHETO COCTOSIHUS
00BEKTa WIIM MO3Ta, HO TAKXKE U €r0 BHEUTHETO OKPYKEHUs.) DTO 00bACHAET 3 (HEKTUBHOCTh
OTpaHUYEHUH Ha peain3yeMble BHYTPEHHUE COCTOSHUS aIalITUBHBIX CUCTEM. VM HE HYKHO
NPUIYMBIBATh CBOIO «OMOMMOTEKY» (QYHKUIUH — OHA JaHA UM BO MHOTOM OT POKJICHHS.
[TockonbKY 3TH CUCTEMBI MPOU3OILIN U3 OKPYKAIOLIEr0 MUPA U CBA3aHbI C HUM YXK€E IIPU
POXIEHUU MHOKECTBOM HE3PUMBIX CBsI3€i, 3Ta «OnbIMoTeka Becbma 3(h(heKTuBHA U
onTtumanbHa. To ke camoe OTHOCUTCS U K alrOpUTMaM aJanTalui — B OTIIMYHUE OT
«TE€HETUYECKHUX aJITOPUTMOB) OHHU YK€ ONTUMAJILHO MOACTPOEHBI MO/ OKPY KAIOLIUI MUp, YTO
n30aBJIsEeT OT mepedopa MacChl HEHY)KHBIX BapHaHTOB. bosiee Toro camMu «1enm» aJanTUBHBIX
CUCTEM HE 33J1al0TCsl KeM-TO U3BHE. OHM BO MHOTOM Y’K€ MOJICTPOEHBI MO/ UX aJITOPUTMBbI
MOMCKA U OTPAHUYEHUS OKPYKAIOIIETO MUPA.

MpbI yacTO BOCHPHUHUMAEM COOBITHSI B OKPYXKAIOIIEM Hac MUpPE Kak HA0Op HE3aBUCHUMBIX,
ciayyailiHbIX aBieHuil. Ha camoM fene, 3ToT MUp CKOopee HallOMUHAET CIOKHEUIINN MEXaHU3M,
MIPOHU3AHHBIN MHOKECTBOM CJIOKHBIX CBsi3el. («CiayualtHOCTH He ObIBAIOT CITyYaiiHBIMID) MBI
HE MOKeM HaOJI0JaTh BCIO MOJTHOTY 3TUX CBsA3€il. Bo-nepBbIX, MOCKOIbKY MBI SBJISIEMCS JIUILb
MaJIOH 4acThIO ATOTO MUPA, TO HAIIUX BHYTPEHHUX COCTOSIHUNA HE JOCTATOYHO, YTOObI
0TOOPa3UTh BCIO €T0 CI0XKHOCTh. BO-BTOPBIX, MBI HEU30€KHO B3aUMOJICHCTBYEM C
OKpY>KalOLIMM MUPOM U BJIMIEM Ha HEro B nporuecce HadmoaeHus. CoBpeMeHHas pU3uKa
YTBEPIKIAET, YTO ATO B3aUMOJICHCTBHE HE MOXKET OBITh B MIPUHITUIIEC CBEJICHO K HYIIO [6-12].
UToObl MPOMOJIEINPOBAThH U YUECTh ATO BIUSHUE HaM HYXKHO OTOOpaxkaTh BHYTPH ceOs HE
TOJILKO BHEUIHHUM MUp, HO U camux ce0s! Takoe camoHaOII0eHIE HEBO3ZMOXKHO Npogecmu &
HOJIHOU Mepe 6 npuHyune, Ipy JII0OOW Halllel cTereHn BHYTPEHHEH cI0XHOCTH. BBenenue
(bu3NYECKUX MaKpOIEPEMEHHBIX JIUIIb CHIKAET OCTPOTY MPOOJIeMbl, HO HE pelIaeT ee.

Tem He MeHee, KaK y’Ke TOBOPUJIOCH BBIIIIE, 32 CYET TOT0, YTO MBI ABJIIEMCS YaCTbIO 3TOT0
MUpa, CBA3aHbl C HUIM MHO>KECTBOM CBSI3€, MBI CITIOCOOHBI Ha CTOJb () (PEKTUBHOE MOBEACHUE,
Kak 0yaTo criocoOHbI 3(h(heKTUBHO BCE PEABUIIETh U PACCUUTATh. ITO CBOMCTBO aJalTUBHBIX
KUBBIX CUCTEM MOXHO Ha3BaTh CBerI/IHTyHuHeﬁ3 [13]. OHO 3HAYUTENIBHO MPEBBIIIAET
a/IalITUBHBIE CBOMCTBA JIF0OOT0 YEpHOTO SAIIMKA, Pa3pabOTaHHOTO YMCTO HAYYHBIMU METOJIAMHU.

3"ELue B 1958 roxy amepukanckuii connoinor J[xerimc CtayHTOH npoaHanu3upoBai 6omee 200 jxene3HOT0POKHBIX
aBapuii 3a npemectBosasime 30 ser. Okazanock, YTO 10e3/1a, 3aKOHYMBIINE CBOH IyTh TParuuecKH, B CPEHEM
ObLTH 3amOTTHEHB! Ha 61% 0T MaKCUMaTbHO BO3MOYKHOTO YHCTIa MTACCAKUPOB, TOT/Ia KaK B OJIAromoydHbIe TIOS3IKH
oTnpasisunchk He MeHee 76%"  Stephen King, "The Stand" (1990)

Banepwuii McakoB, kaHOHIAT MEXaHUKO-MaTeMaTHIECKUX HAYK U JINAEP HEOOIBIION TPYIIIHI HCCIeI0BaTeNnen
AHOMAJIBHBIX SIBIICHUH pacckasan razete "KoMcomoibckas mpaBaa" o CymecTBOBaHHHM HEKOH CTaTHCTHYECKOM
anoMmanuu. [Tocne Toro kak McakoBy u ero rpymme He yAajJoch HOIY4YUTh JaHHBIE 110 OTKa3aM OT MOJIETOB Yy
POCCHIICKMX aBUAKOMIIAaHUH, yUeHbIE BOCIIOJIL30BAIUCH 3aNaIHON cTaTuCTUKOM. Kak BhIsICHHIIOCH, 3a ocieaaue 20
JIET OT PEWCOB, 3aKOHUMBIIIUXCS KaTacTpodamu, oTka3siBaIuCh Ha 18% OOJbIIE MACCaXKUPOB, YEM OT

0JIar OOy YHBIX.

http://kp.ru/daily/25707/908213/; http:/newsru.co.il/world/23jun201 1/isakov_606.html
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CrnenoBarenbHO, HAM CTOUT CTPOUTH Halu Oyaymiue cucteMbl MU Toke Ha 0OCHOBE HEKOTOPBIX
MOJAO0OHBIX «(PU3MUECKUX)» aJaNTUBHBIX CUCTEM, 00JIaIal0IIUX CBEpXUHTYULMen. Jaaum 3mech
CIIMCOK CBOMCTB Takux cucteM [9-10,17-18].

1)

2)

3)

4)

5)

6)

CrnyualiHblii reHepaTop MOJOOHBIX CUCTEM (AENAOUINil BBIOOP BHYTPEHHETO COCTOSIHHUS)
HE JI0JKEH TeHEpUPOBATh IPOCTO ciiydaitHbie uncia. [1logo0HbIe Yncia ToKHbI
HAXOAMUTHCS B CUIILHOU CBA3H (KOPPEJAIMH) KaK C OKPY>KAIOLIUM MHPOM, TaK U C
BHYTPEHHUM cocTosiHueM cucteMbl M, o0ecnieunBasi CBEpXUHTYHULUIO.

BryTpeHHe cocTOsSHUE CUCTEMBI TOIKHO OBITh CIOKHBIM. OHO JOTKHO OBITH HE
PAaBHOBCCHBIM, a CTallTUOHAPHBIM. T.e. oHO AOJIDKHO COOTBETCTBOBATH AMHAMUHNYCCKOMY
pPaBHOBECHIO, MOAOOHO BOASIHON CTeHE, Majaarolero Bogomnaaa. OHO TOMKHO OBITh WIIH
KOPPEJIMPOBAHHBIM U CJIA00YCTONYHUBBIM (JIaXKe C JIIEMEHTAMH Xa0ca) JIJIsi CUCTEM
KIJIACCMYECKON MEXaHUKH, WM KOTEPEHTHBIM KBAaHTOBBIM JIJIsi KBAHTOBOM MEXaHHKH.
[TomoOHBIE crcTEMBI CLIOCOOHBI TIOAIEPKUBATH JJOITOE BPEMsI CII0KHBIE KOPPEIALUT
MEXy CBOMMHU YaCcTSIMH U MKy COOOW U BHEIIIHUM MHUPOM.

BryTpeHHEe COCTOSTHUE cHCTeMa JODKHO OBITh 3aKPBITO OT BHEIIHETO HAOIIOICHUS. DTO
JIOCTUTAETCS, BO-TIEPBBIX, 33 CUET BHICOKOW BHYTPEHHEH CIIOKHOCTH CUCTEMBIL. Bo-
BTOPLIX, CUCTEMA NOJIKHA CUJIbBHO MCHATH CBOC BHYTPCHHE COCTOAHUC U ITOBCACHUC ITPHU
MOTIBITKE BHEIIHETO HAOMIOICHUS. DTUM CBOMCTBOM 001a/1al0T KaK cab0yCTONYHBBIC
KJIACCUYECKHE CUCTEMBI (OJIM3KHE K Xa0Cy), TAK U KBAHTOBBIE KOT€PEHTHBIC CUCTEMBI.
Cucrema f10KHA OBITH CHIIBHO 3allIMIIEHa OT BHEIIHErO TETMIOBOTO IIyMa
(mexorepeHIUN).

Cucrema J0KHA TOACPKUBATH CBOE KIIACCMYECKOE HEYCTOMUMBOE HIIM KOT€PEHTHOE
KBAaHTOBOE COCTOSTHUE U 3aIUIIATHCS OT BHEIIHETO TEIUIOBOTO ITyMa HE CTOJIBKO
MACCUBHO, CKOJIBKO aKTUBHO. T.e. 3TO He OMKeH ObITh TBEPAbIN MaHIMPh WA HU3ZKHE
temnepatypbl. CKopee 3TO 10JKeH ObITh aKTUBHBIN MeTabonuueckuit mpouecc. Cucrema
JIOJI’KHA HaXOUThCS B CTALIMOHAPHOM JIMHAMUYECKOM PaBHOBECHH, a HE
TCPMOAUHAMHUYCCKOM PABHOBCCHUMU. Tak BCpTUKAJIbHAsA CTCHA BOJAbLI B BOAOIIAAC
MOJIEPKUBAETCS 32 CUET OCTOSTHHOTO €€ MPUTOKA U3BHE.

I'maBHOI LENBIO TOLOOHBIX CHCTEM JOJIKHO OBITH UX «BBIKHUBAHUE).

Jn1st TOro 4ToOBI UCTIONIB30BaTh MOI00HBIE CUCTEMBI, HAM HE HYKHO JIeTabHO 3HATh UX
BHYTpPEHHEE COCTOSIHUE U aTOPUTMBI pabOThI, KOTOPbIE OHU YCTAHOBAT MPU B3aUMOJCHCTBUU C
OKpy>KaroluM MupoMm. bonee Toro, neitasce crenars 310, Mbl OyZieM CHIIBHO PHCKOBATh
HApyUIUTh UX HOPMaJIbHYIO paboTy. MBI TOJIKHBI JIUIIB 03a00TUTHCS, YTOOBI LIEJIH, KOTOPhIE
OHM IIPECIEAYIOT ISl CBOETO «BBIKUBAHUS», COBIAAIM C HY’)KHBIMHU HaM 3aJladaMH.

MpI BUUM, 4TO B CO3JJaHUM TaKUX CUCTEM (PU3MKA CTAHOBUTCS HEOOXOAMMOMN JJIs CO3AaHUS
kubepHeTnyeckux cucreM M. Mmerores nu ceituac mpooOpassl mogoOHbIX cructeM? MHorue
ONKMCAHHBIC YEPTHI MPUCYIIU KBAHTOBBIM KOMITboTEepaM [ 19-20, 24| 1 UX KIIACCUYECKUM
aHaJIOraM — KJIACCUYECKUM HEYCTONUMBBIM KOMIbIOTEPaM [ 14] 1 MOJIEKYIISIPHBIM KOMIIbIOTEPAM
[16]. Kpome TOTO, UMEETCSI MHOTO JINTEPATYPHI, TIe «HA OyMare» CTPOSITCSI CAHEPTeTUYECKHE
CHCTEMBI, MOJICTUPYIOIINE YKa3aHHbIC BBIIIE CBOMCTBA KHUBBIX CUCTEM. B KBaHTOBOI 001acTu
310 [21-23,30-32], a 1151 KJTacCCUMYECKUX HEYCTOMUUBBIX cUCTEM [15].

TyT nepen HaMu BO3HHUKAET JABE MPOOIEMBI.

)]

2)

Kakune 00beKThI, N3 ONMMCAHHBIX BBIIIE, OYIyT HAMITYYIIIMM 00pPa30oM MOIXOIUTD IS
co3manus Takux cucrem MIN?

Kaxkue e, HeoOX0uMBbIe 1T «BBDKHUBAHUS dTUX CUCTEM, HaM HYXHO ITOCTAaBHTbh,
yTOOBI OHU COBITAJAJIM C HAILIMMH 3a1a9aMu?

Pemienune o6enx 3THX 3a1a4 SIBJISETCS] HEAITOPUTMU3YEMBIM TBOPUYECKUM IIPOLIECCOM, YTO OISATh
commkaer MU ckopee ¢ HCKyCcCTBOM, 4eM HayKoH. J[eHCTBUTEIBHO, 3a4aCTyIO0 Mbl HE CMOKEM
Jla’Ke 3HaTh, KAK yCTPOEHBI MOJAOOHBIE CUCTEMBI BHYTPU. MBI CMOYKEM HAJI0XKUTh Ha HUX JIMLIb
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HY>XKHbIE HaM orpaHuyeHus. Jla 1 COOCTBEHHBIE IIEJIM U 3a/1a4U MBI 4YaCTO HE CIIOCOOHBI CaMu
MOHSTH U 4eTKO chopMynupoBaTh. be3 Bcex 3THX 3HaHUM Hayka OECCHIIbHA U CO3/1aHue
MOJ00HBIX CUCTEM OyIeT CKOpee CPOHU HAMMCAHUIO MY3BbIKH WM PUCOBAHUIO KapTUH. JIuib
«KUCTOYKM» U «XOJICT» JIaCT HaM HayKa.

CMmoryT 51 BCIO 3Ty pabOTy BBIMOJIHUTH 3a Hac Te ke cuctembl MM? Ho ecnu oTHOCHTEIBHO
MEepBOM 3aJ]a4M TaKKUe [IAHCHI €CTh, TO BTOPAas U3 3TUX LieJIiei BOOOIE HE MOXKET OBbITh
BhINOJIHEHA Oe3 Hac. MI0o KTo myurie Hac 3HaeT, 94To Mbl XoTuM? Kpome Toro, obe 3TH 3amaun
B3anMOCBs3aHbl. [loaTOMYy UuenoBeky Bcerga OyIeT, UeM 3aHAThCS, Kak Obl HU MOIIHBI OBLITH
HaIIN «YMHBIE TTOMOITHUKI.

3. BeIBOILI.

PaccMoTpensl nepcnekTuBbl pa3BUTUs UCKyccTBeHHOro nnTemekra (M1). Ilokazano, uro
paspabotka MU B Oyaymiem Oyzaet O6amxe K UCKycCTBY, ueM Hayke. OcHoBo# cuctem MU OyayT
CJIO’KHBIC JMCCUTIATHBHBIE CUCTEMBI, IOBEJICHHE KOTOPHIX OyAeT HEBO3MOXKHO /10 KOHIIA TTOHATH
Jlake B pUHLHUIE. TeM He MeHee, 3T0 He OyIeT MPEMnsITCTBUEM [T UX MPAKTUYECKOTI0
ucnons3oBanus. Ho 3a yenoBekoM HEeM30€KHO COXPaHUTHCS BaXkHas poitb. [10HOCTBIO
UCKJIIOUUTH €r0 U3 Mpoliecca HEBO3MOKHO
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baarogapuocTu

S 6maronapro Hrvoje Nikolic u Vinko Zlatic 3a 06Cy»aeHust 1 JUCKYCCHH, KOTOPbIE OUY€Hb
TIOMOTJIY ITPY HAITMCAHUH 3TOH cTaThu. [lepBas yacTh 3TOro 3cce HamMcaHa Ha OCHOBE HaIIeH
coBMecTHOH ctathy arXiv:1011.4173.
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