The Universal Arrow of Time is a key for the solution
of the basic physical paradoxes.

Table of Content.
INEFOAUCTION. ..ottt ettt et e s b e sbeeteeseese e st ensensensessesseeseeseeseeneas 2
Chapter 1. The Universal Arrow of Time: Classical mechanics. .............c.ccccevveeieieeiecneennnne. 3
0. Abstract: Solution of paradox for the entropy increase in reversible systems. ........... 3
Lo INEFOAUCTION ..ottt ettt et beeteeseese e s ese s e ebesteeseesaeneas 3
2. BASICIUBAS ..ottt ettt ettt ettt ae st ettt et aeeteeaeeneeneeneas 4
3. Statistical physics of BaKer’s Map........c..coeeiieuieiiiiiieieeieeeeeeeee ettt 6
3.1 Macroscopic entropy and ensemble entropy .........cccoeceeeieeiieiicicceceeeee e 6
3.2 Appropriate and inappropriate macroscopic variables .............ccccocceeveviieieennennnne. 7
3.3 COAISEIING ..ottt ettt ettt ettt et e e e e te et e esseeaeesseeasesssesseesseseesseesseseensenns 8
4. The effects of weak INtEraCtionS ..........ccooeeieiiieieieeeee e 10
4.1 Small external Perturbations ...........c.ccvevvieiiiiiiieeeeee e 10
4.2  Weak interaction and destroying state with subsystems’ opposite time arrows.10
4.3 Decorrelation in a system with iINteraction .............ccccocvvevieeieveecieeieeee e, 12
4.4 Numerical SIMUIATION.........ccociiieieieeeeeeee e 13
5 CONCIUSIONS ...ttt ettt sttt e s st e st e st e s e ae s enbeeseeneeneeneenens 15
Appendix A. Basic properties of the baker's map .........ccccccooveeiiieiieeceeceeceeeee e 16
A.1 Definition 0f BaKEI'S IMIAP ......ocuiiiiiiieieeee ettt 17
A.2 Unstable periodiC OFDITS ........c.ooviiviiiieeeceee e 17
A.3 Ergodicity, miXing and CONSEIVING @Ia..........cccvevuieeerrieieeieeeeenieeieeeesreereeeesae s 17
A.4 Exponents of Lyapunov’s power; shrinking and stretching directions................... 18
A5 COrrelationNS dECAY ........cceeiuieiieeieieeieee ettt ettt ettt be s e aeebeeasesasesseense e 18
BIBHOGIAPNY ..ottt 19
Chapter 2. The Universal Arrow of Time: Quantum Mechanics ...........ccccecvevevenenenenenene. 20
0. Abstract: Solution of Schrodinger’s cat paradox, Wigner's friend paradox, paradox
of a kettle which will never begin to DOil ............ccoooiiieeee e 20
L. INEFOTUCTION ..ottt ettt et e be s esa e e e b e ssesbeeteeaeeneeseas 21
2. Qualitative consideration of the problem. ..., 22
3. The quantitative consideration of the problem............c..cccooovioiiiiiiiii 27
3.1. Definition of the DasiC CONCEPLS.........oovieiieieeeeeeeee e 27
3.2. Effect of a Weak COUPIING......oooviiiicieeeceeeeeeeeee e 29
3.2.1.  Small external perturbation..............ccoeieiieiieieeeeeee e 29
3.2.2.  Alignment of thermodynamic time arrows at interaction of macrosystems
(the observer and the observable SyStem) .........c.cooveoiiiieiiiiieeeeeee e 29
3.3.  Resolution of Loshmidt and Poincare paradoxes in framework of quantum
MECNANICS ..ttt ettt et ettt e s et et e be s s e eseeseeseententensensensesseeneeneeneas 32
3.4. Decoherence for process of measurement............c.cccooeveeveeieceeiececee e 33
3.4.1. Reduction of system at measuremMeNt............cccocveeueeieeieriiecieceee e 33
3.4.2 The theorem about decoherence at interaction with the macroscopic device.
34
4. CONCIUSION ...ttt b e b sbe et seesa e st e s e s e saesseeseeseeseenes 38
Appendix A. Unpertrubative observation in quantum and classical mechanics............... 38
Application B. Expansion on modes at arbitrary boundary conditions.................c.......... 39
BIBIOGIaPNY ...ttt eraeae e 40
Chapter 3.The Universal Arrow of Time: Nonquantum gravitation theory ......................... 41

1



0. Abstract: Solution of “informational paradox” for black holes and “paradox with

the grandfather” for time travel “wormholes™.............ccoooioieeiiieiiieeeeeeeeeeeee e 41
L. INEFOAUCTION. ..ottt et s et e b e beebeeseeneeneens 42
2. BIACK HOIE ...ttt b et et eere s e 42
3. TIME WOIMNOIE ...ttt ettt ene s eneas 43
A, CONCIUSIONS ...ttt ettt e sbeeteeseesaesae s esesaesseeseeseeseens 45
BIBIOGIaPNY ...ttt 45
Chapter 4. The Universal Arrow of Time: Quantum gravitation theory...............c..cccccuo...... 46

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............ccccccccveeueennnn. 46
1o INEFOAUCTION ..ottt ettt et se s s e s e s e b e sseeseeseeseeseens 46
2. BIACK NOIES.......eeeeeee ettt 46
3. TIME WOFMNOIE ...ttt ettt sb e besteeneenaeneas 48
A, BIACK STAIS ...ttt st ettt ettt ettt aeeneeneenes 49
5. Penrose’s project of new quantum gravity theory ..........c.ccccoeeeeiiiiiiceiceeeee 49
6. Anthropic principle in quantum gravity theory ..........ccccccovieiieviciececeeeeee e 50
7. CONCIUSIONS ..ottt ettt ettt e et e st e s b e e teeseeseeseesaessessessesesseeseeseeseeseens 51
BIBIOGIaPNY ...t era e ae e 51
Chapter 5. The Universal Arrow of Time: Unpredictable dynamics...............cccccooeveieennnen. 52

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.......................... 52
Lo INEFOAUCTION ...ttt ettt et et e e te e teeaeeaseere s e 52
2. Unpredictable dYNAMICS ........c.ccviiieiiieieeeeeeee ettt 53
3. Synergetic models of local correlations ..............ccoooeeiieiiiiicieeeceeecee e 55
4. Synergetic models of global correlations expanded over the whole Universe............ 57
4.1 BlOW UP SYSTEIMS. ...ttt ettt ettt et ettt te e e aseeaeenne e 58
4.2 “Cellular” model OF UNIVEISE........ooieiieiieieceeieeeeeee ettt 59
5. CONCIUSIONS ...ttt ettt ettt et easeeteesteeas e seenseeaseenas 61
BIDHOGIAPNY ...ttt et te et reeaeea 61
Chapter 6. The Universal Arrow of Time: Future of artificial intelligence — Art, not Science
or Practical Application of Unpredictable SyStems ............coooeoiieiiieiiecieeeceeeeeeeeee, 63
0. Abstract: Solution of Unpredictability paradox — Unpredictable does not mean
UNCONTIOIIEA. ...ttt ettt e sa et et e ese e teesbeesaesseenseesaeseensenns 63
Lo INEFOAUCTION ...ttt ettt et e et e e teeaseeaseeaeense e 63
2. ANAlYSIS OF PrOBIEMS ..o 63
3. CONCIUSION ...ttt ettt et e e aseeteeaseeae e teeaeeaseenas 67
BIDHOGIAPNY ...ttt et e re e aeereea 68
ACKNOWIBAGMENT .....ooviiiiiiieee ettt et ettt e aaeeteebeeasenas 69
Introduction.

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 the thermodynamic time arrow does exist unless very
special and unnatural initial conditions are postulated. However, we are ready to state that
statistical physics is able to explain why the thermodynamic time arrow is universal, i.e., why the
time arrow is directed in the same direction anywhere. Namely, if some two subsystems initially
possess opposite directions of the time arrow, the interaction between them makes the
configuration statistically instable and causes transition to a system with the universal direction
of the time arrow. We can give general qualitative arguments in favour of such approach and
illustrate them by the detailed analysis of a “toy” model based on the “baker’s map”.

1. Introduction

The origin of the time arrow is one of the largest unsolved riddles in physics [1-5]. It is well
established that the most of time arrows may be reduced to a thermodynamic arrow, but the
origin of the thermodynamic time arrow remains enigmatic. Namely, existence of the
thermodynamic time arrow means that the system is not in a state of the maximum possible
entropy. But it means that the system is not in the most probable state, which in no way can be
explained statistically. The fact of the entropy increase with time means that the system was even
in a less probable state in the past, which makes the task even more complicated. Certainly, the
entropy increase with time may be described, if we suppose that at the beginning the Universe
was in a state with very low entropy. However, in such a case it is not possible to explain why
the Universe began its existence from such a very special and unnatural initial condition.

Maccone [6] stated in his recent article that the enigma of the origin of the time arrow may
be solved by means of quantum mechanics. He showed that in quantum mechanics all
phenomena which leave traces in an observer’s memory (and thus may be studied by physics)
are just those whereat the entropy is increased. (It is worth to note that the argument of deletion
of the observer’s memory at the decreasing entropy and the appropriate mental experiments
examined in [6] were also used in earlier works of other authors fro solving the paradox of the
entropy increase and the quantum paradox of the wave package reduction [7-9]). On basis
thereof Maccone concludes that in such a way the second law of thermodynamics is reduced to
mere tautology while automatically solving the problem of the time arrow in physics. However,
noted in papers [10-12] are some weak points of the arguments used by Maccone in [6]. While
giving a response to one of these objections in his later paper [13], Maccone managed to realize
that his approach does not give a complete solution of the problem of the origin of the time



arrow, as the quantum mechanism also requires extremely improbable initial conditions which
cannot be explained just on basis of his arguments.

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

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

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

2. Basic ideas

A priori, probability of presence of the thermodynamic time arrow is very low. Yet the
idea we engage will consist in thinking within terms of conditional probabilities. If we suppose
that the thermodynamic time arrow exists, what can we derive from it by using statistical
arguments?

To answer this question, it is better to begin with laws of the microscopic theory. We
suppose that dynamics of microscopic degrees of freedom is described by a set of differential
equations of the second order (with derivatives with time) which are invariant at the time
reversion ¢ — —¢. Thus, the both directions of time possess a priori equal roles. In order to
determine the only solution of equations of motion dynamics it is also necessary to select some
“initial” time ¢, on basis whereof the initial conditions shall be determined. (“Initial” time need

not to be obligatorily the earliest time wherein he Universe began to exist. For any ¢, wherein
initial conditions are determined, equations of motion dynamics shall determine the state of the
Universe in the solely way both for ¢ > ¢, and for¢ < 7). It is just a usual specific moment of

time which may be taken even in “the future”. Indeed, in this paper we accept the picture of
“modular Universe” (e.g., see [4, 17, 18, 19] and references therein) according to which the time
is not “flowing”. Instead of it, the Universe is just a “static” object in four spatio-temporal
dimensions.



Of course, a priori probability of small entropy at moment ¢, is very low. But provided that
the entropy available at moment ¢, is small, then what is the probability that the thermodynamic

time arrow does exist? Certainly, it is very high.
And now let us ask the major question of this section. Taking into account that at the moment
of time t, the entropy is small, why at this moment ¢, the entropy increases in one and the same

direction (taken as positive) anywhere? It would seem more probable that the direction of the
entropy increase be changed from the point at the moment¢ . If so, then why don’t we observe

it? In other words, why is the time arrow universal having one and the same direction anywhere
for the given moment ¢, ? We will refer to this problem as to the problem of universality of the

time arrow.

In this paper we state that this problem may be solved by means of statistical physics. To say it
short, we have got the following solution. If we ignore interactions between various subsystems
then, provided that the entropy is low at ty, the most probable choice will be, indeed, that the
direction of the time arrow will be changed from one point to another. On the other hand, if
various subsystems interact between each other, then it is not the most probable choice anymore.
Instead, even if the direction of the time arrow is changed from one point to another at
moment?, , then the interaction will ensure the natural mechanism which will align all time

arrows in one and the same direction.

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

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



“stronger”: either that which possesses the larger amount of degrees of freedom, or it will be
selected by another principle?

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

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

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

3. Statistical physics of Baker’s map

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

3.1  Macroscopic entropy and ensemble entropy

In order to define a convenient set of macroparameters we will divide a single quadrate into 4
equal sub-quadrates. Suppose that 4 parameters N,,N,, N,, N, mean a number of “particles” in

appropriate sub-quadrates, and they definitely are macroparameters for our system. (Of course,
there are many other methods for defining macroparameters but general statistical regularities
should not depend on this choice). Macroscopic entropy S, of this macro state shall be

determined by a number of various micro states corresponding to this macro state and be
described with the following formula:

2N N 4 N
S =-N —"log(—k]=— N log(—kj (1)
Z;‘ N N kZ‘ LN

This entropy is maximum when distribution of particles is uniform, when S, is equal to
S™ = Nlog4. At the same time, the entropy 1s minimum when all particles are located in one
sub-quadrate, i.e. whenS, =0.

Suppose that (x, y) are coordinates of the point on a single quadrate. In physical language it

corresponds to the position of the particle in 2D phase space. For N particles we will examine a
statistical ensemble with probability density ,o(xl S Ve Xy, Y N;t) on 2N -dimensional phase

space. Here ¢ is a temporal parameter which has discrete values 7 =0,1,2...  for Baker’s map.
In this case, ensemble entropy shall be defined as
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S, == Py, 71550, i t)log Py, 31500 Xy, 3 )AX (2)
where
dX =dx,dy,...dx,dy, 3)

Generally, p and S, are changed in process of evolution determined by Baker’s map and

depend on the initial p . However, if the initial function of probability density has the following
form

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

which corresponds to the non-correlated function of density when the function of probability
density remains non-correlated in process of the further evolution.
For example, let’s examine the function p(x, , yl) which is uniform within some sub-

domain X (witharea4 <1 ) ofa single quadrate and in converted into zero outside X . In other
words, suppose that

1/4  for (x,,yl) inside X

5
0 for (x,,v,) outside T ®)

p(xz,ynt)={

In this case,

1" IR
Se__(Zj [log[zj jA = Nlog4 (6)

As A 1is not changed in process of evolution defined by Baker’s map, then S, is also constant
in process of evolution defined by Baker’s map. This example shows that S, is actually constant

for a random initial function. To prove it, let’s divide a single 2N-dimensional box into a larger
amount of small domains X, the probability for each of them will be equal to p, . In process of

evolution, each domain X will change its form but its 2N-dimensionsal “area” A, shall remain
unchanged. Besides, probability p, on the new domain X shall also stay unchanged.

Consequently, the ensemble entropy S, = —Z AN p_log p, shall also remain unchanged. This is

the major idea of the discrete version of the proof, although the indiscrete version may be
performed in the same way.

3.2  Appropriate and inappropriate macroscopic variables

Macroparameters determined in the previous subdivision possess the following properties:



1. For the most of initial micro states characterized by S, < S, S will increase due to the

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

3. The two above mentioned properties will stay in force when Baker’s map is supplemented by
small noise.

Let’s refer to the macroparameters possessing these properties as to appropriate
macroparameters.

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

of these strips. Similar to formula (1), the appropriate macroscopic entropy shall be
oM N
k
Sm :_ZNk IOg — |, (7)
k=1 N

where Ny is a number of particles in strip k. The following initial condition will be chosen: the
gas is uniformly distributed in odd vertical strips, whereas even strips are empty. Then, for this
initial condition S, < S)™ is observed. In such a case, for a long time of evolution of the system

performed in accordance with Baker’s map, S, is not increasing for any initial micro state

corresponding to this initial macro state. During this evolution, a number of filled strips will
decrease and their width will increase until only one wide filled vertical strip remains. It is only
after it occurs when S, will begin to increase. Please note that evolution in direction to the only

strip may be easily destructed by any small perturbation.

Thus, we see that vertical strips lead to inappropriate macroparameters. On the contrary,
horizontal strips lead to appropriate macroparameters. (However, macroparameters used in (1)
are in any case more appropriate, as they lead to much rapid growth of S, .) This asymmetry

between vertical and horizontal strips is a consequence of characteristic asymmetry of Baker’s
map itself in relation to vertical and horizontal coordinates. This asymmetry is similar to that
between canonic coordinates and pulses in Hamiltonian classical mechanics for many actual
systems. Namely, if we take actual systems, for them Hamiltonian functions will contain only
local interaction between particles where locality implies closeness in terms of coordinates but
not of pulse.

Finally, please note that evolution of macroparameters N, (¢), k =1,2,3,4 may be found by

averaging by ensemble in the following way:
N, (1) = _[Nk(xl’yl;"';xN’.yN;t)p(xl’yl;"';xN’yN;t) dX. 3

3.3  Coarsening

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



pcoar(xﬂyl;“';xN’yN):J‘A(xl =XV = Vs Xy — Xy Yy _y;v)

! ’ ’ ’ ’ (9)
x p(X], Yl Xy, vy ) dX,
where A differs from zero in some neighborhood of X' =0,0;...;0,0 Thus, the coarsened
ensemble entropy is
S = —J‘p"”‘” (xl,yl;...;xN,yN )logp"”‘” (xl,yl;...;xN,yN) dX (10)
Certainly, the function may be chosen by many ways. Let’s give some examples here.
The first example: Boltzmann’s coarsening defined in the following way:
e (xl’yl ees Xy Vy ) = p('xl > V1 )-NP(XN sV )a (11)
where
p(xl’yl): J.p(xl’yl;“‘;xN’yN)dxzdyZ'“dedyN ) (12)
Similarly, for other ,O(X, ) y,) .
The second example: an isotropic coarsening having the following form:
A('xl =XV T Ve Xy — Xy, Yy _y;v):
4 ! ' r (13)
A(xl X )A(yl —N )"'A(XN Xy )A(yN VN )
One more example: Prigogine’s coarsening [20]
AL, =x{,yy = Vs Xy =xys vy = Vi) = A = y)A(yy =2 ) (14)

which is an anisotropic coarsening along the shrinking direction y.

Finally, let me remind about coarsening based on division of he system into two lesser
interacting subsystems. Coarsened ensemble entropy for the complete system is defined as
arithmetic sum of uncoarsened ensemble entropies of these systems. Such coarsened entropy will
ignore correlations between subsystems.

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

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

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

Thus, Prigogine’s coarsening ensures the most adequate description of the law of increase of
ensemble entropy without any additional suppositions. For instance, in order to obtain the same
result with Boltzmann’s coarsening, we would need to use some additional supposition named
“hypothesis of molecular chaos” which consists of substitution of ,o(xl V5%, yz) by

,o(x1 v )plx,, yz) in the motion equation for p(x, y,t).

4. The effects of weak interactions
4.1  Small external perturbations

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

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

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

4.2  Weak interaction and destroying state with subsystems’ opposite time arrows

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

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

Similarly, if we convert the above mentioned process with increase of macroscopic entropy we
will obtain the system wherein macroscopic entropy of the both subsystems, as well as that of the
complete system, will decrease. In this sense, interaction shall not destroy symmetry between the
two directions of time.

Now let’s examine the most interest case wherein entropy increases in the first subsystem and
decreases in the second one. The initial state of the first subsystem is characterized with low
entropy (e.g., all particles are located in a certain small quadrate near point (O, O)Of the single

quadrate). Similarly, the second subsystem is characterized with low entropy too (e.g., all
particles are located in a certain small quadrate near point (1, 1) of the single quadrate) in the final

state.

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

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

Let me make the latest affirmation more quantitative. After an odd number of swapping
between subsystems the particle will be within the other subsystem. Similarly, after an even
number of such swapping it will remain in the same subsystem, without changing it.

Probabilities of these two events are equal to p = %and don’t depend on other particles (at least

approximately). Moreover, we may state that mixing between these two subsystems is
insignificant in initial and final states, as entropies of these two subsystems are entirely different.
We want to compute probability of small mixing for the final state, provided that the mixing is
small in the initial state. To do it determinable, we will take that the mixing is small if a number

. : : . N
of particles N, transferring from one subsystem into the other is either N, < Zor N, > %N . Thus,

1
the probability is given here by the aggregate binomial distribution F] (N N, Ej which is

described by

Flk;n, p)= f[njpi(l—p)"_i (15)

i=0 \ !
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where [k] is the largest integer being less than or equal to k. The function / (k;n, p) will satisfy
to inequality

F(k;n,p) < exp(— 2@] (16)

The state with opposite time arrows of the subsystems is not destroyed when

N
N, < ”y orN, > %N . The probability thereof is equal to

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

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

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

4.3  Decorrelation in a system with interaction

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

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

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

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

S —( ) (18)

Jeo(cm (o)

where <C " (O)> is the expected dispersion of a random value x computed after m iterations of

mapping. Dispersion C” (0) may be computed as
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2 _1(j+1)27" 2
cm(0)=3 f(z’"x—j—<x>+s)dx 19)

j=0 jz—m

m=1
where S is a random number defined as S = Z 2%¢, . Here ¢, is an independent and
k=0

uniformly distributed random number with the zero average and dispersion o> which models the
influence of interaction on evolution of the system. Upon short computation, we come to

m—l1

(C(0))=C0)+(5%) =C(0)+ 3 2(4:Le). 20)

kk'=0

Using the following property of independent and uniformly distributed random values
<§k§kr> =0,0° we come to

c"(0) :c(o)+22m BLPE Q1)
(c"0) ;

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

2

)= J1+4(2 -1)o? )

However, Pearson’s correlation »(m )= 2" for the whole system will remain the same. As
<S 2>1/2 shall be much less than the size of the system (a single quadrate), we may conclude that

our suppositions leading to (22) are correct only for <S 2> = [(22’” — 1)/ 3]02 << 1 and

ol /27" << 1.

4.4 Numerical simulation

Until now, we used only general abstract arguments. In this subsection we will try to support
them by certain numerical modelling.
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Fig. 1. Initial configuration of particles at moment t = 1.
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Fig. 2. Evolution of entropy without interaction.

We have two subsystems (marked as 1 and 2), each with N, = N, =300 particles. These two

subsystems occupy two single quadrates. To define the coarsened entropy, we divide each single
quadrate into 16 x16 = 256 small quadrates. Thus, entropy of each of these subsystems shall be
presented as

512

S; :_Nika,i logfk,i’ (23)
=1

where i =12, f,,=n,,/N,and n,, are numbers of particles in appropriate small quadrates.
Similarly, the complete entropy shall be defined as

512

S=—=(N,+N,)> 1, log f;. (24)
k=1
where f, = (nk,l +nk,2)/(N1 +N,)

14



3500

-g
AAANA S S
3000t i !
S,
2500t _ ]
2000}
@ £
1500—&&\%—&/&5 .'_.-nilluiu.ua
2
1000 =
m A
sl
L | o
5000 4
ole - - - -
0 5 10 15 20 25

t

Fig. 3. Evolution of entropy with interaction.

For subsystem 1 we choose the initial state with the zero entropy in # =1 (see Fig. 1).
Absolutely similarly as for system 2 we choose the “final” state the zero entropy in t = 6. Such
initial states ensure that in absence of interactions S; will increase with time, whereas S, will
decrease with time forz < 6.

In order to avoid numerical problems being results of the finite accuracy of computer
presentation of rational numbers, (27) is substituted by x' = ax —[ax], )’ = ( v+ [ax])/ 2, with

a =1.999999. The results of numerical modeling are given in Fig. 1 and Fig. 2.

To include interaction effects, we define interaction in such a way. (For the sake of
computation convenience, it is defined in a slightly different way, as compared to Section 4.2).
We take a small range of interaction 7, = 0.01 in y direction which, essentially, is a parameter

describing weakness of interaction. (Let me remind that y and x are analogues of the canonic
coordinate and canonic pulse respectively in Hamiltonian phase space). Interaction leads to
swapping between the closest pairs, as well as in Section 4.2, but now “the closest” shall be
referred to the distance in y direction, and there isn’t any swapping if the shortest distance is
longer than ry. Moreover, now the interaction is defined in such a way that only x-coordinates of
particles are swapped. By choosing the same initial conditions in ¢ =1 as in the case of absence
of interdependency (Fig. 1), the results of numerical modeling with interaction can be presented
in Fig. 3. We can see that in case of interaction (Fig. 3) S, begins to increase in a more early time
than without interaction (Fig. 2).

5 Conclusions

In this paper we used a “toy” model based on Baker’s map in order to demonstrate
peculiarities which are fair for common systems described by the reversible Hamiltonian
mechanics. It is clear that for such systems one can freely choose either final or initial
conditions, but it is not possible to freely choose mixed initial-final conditions. Initial-final
conditions are conditions whereat canonic parameters for one portion of particles are defined at
the initial moment of time and at the final moment of time — for the other portion. There isn’t any
appropriate solution for many mixed initial-final conditions (for Hamiltonian motion equations).
Absolutely equally as for our “toy model”, for most of weak interaction Hamiltonians the
number of solutions with given coarse-grained initial-final conditions will be much lesser than
the number of solutions with coarse-grained initial conditions only or with coarse-grained final
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conditions only. It is the explanation of the fact why we cannot, in practice, observe subsystems
with opposite time arrows, that is, why a time arrow is universal.

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

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

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

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

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

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

Appendix A. Basic properties of the baker's map

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

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

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

85,8 1,80:8,,8,,8,5.... (25)

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

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

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

v=2a-fox] =0+, @7)

where [x] is the largest integer which is less than x, or is equal to it. This mapping of a single

quadrate onto itself shall be referred to as Baker’s Map.

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

A.2 Unstable periodic orbits

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

orbit {(é,%),(%,%}} . From the periodic consequence ...001;001... we

obtain l,i, %,g, i,l . Similarly, from ...011;011... we
7 7)\7 7)\7 7

w3 8)2)53)

Any x and y can be approximated randomly well as 0.X ... X, and0.Y,...Y , respectively,
provided that n and m . are sufficiently large. So, the periodic consequence (Y, ...Y, X, ... X,)

can be approximated to any point of a single quadrate randomly closely. Thus, the aggregate of
all periodic orbits gives a dense aggregate on a single quadrate.

A.3 Ergodicity, mixing and conserving area
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Due to horizontal stretching all close points diverge exponentially under influence of
iterations of Baker’s Map. In these iterations, any casual symbolic consequence will approximate
randomly closely to any point of a single quadrate. In general, such ergodic property may be

used in order to substitute the average in “time” <A> by the average in “ensemble’:
(4)= 2 Alx,.v,) = [ Al v Hp(x, ) = [ Alx, y)olx, y)dxdy, (28)

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

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

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

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

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

x’(lz) _ xr(zl) _ 2"()6(()2) _ x(()l))= (x(()z) _ x(()l))enlogZ ’ 9)

where A = log 2 is the first positive exponent of Lyapunov’s power for Baker’s map.

Consequently, the distance between two close orbits will increase over the exponent with
increasing of n, and after k iterations becomes of order 1. This property is referred to as
sensitivity to initial conditions. Due to this property, all periodic orbits are unstable.

As the domain area maintains, stretching in horizontal direction discussed above shall imply
that a certain direction of shrinking must also exist. Indeed, the evolution in vertical direction y
is inverse to the evolution in horizontal direction x. If (xgl), ygl)) and (xgz), y(()z)) are two points

with x(!) = x?) | then
yD =)0 =27 (3 = y0) = (7 - ) ) (30)

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

A.5 Correlations decay

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

C(m)z limlg(xk —<x>Xxk+m —<x>), 31

n—>»0 n
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n
where <x> = lim Z x, / n. Correlations may be computed even easier if the invariant measure
k=1

n—»0

u(x) is known; in this case

C(m)= [ (e = ()Nr ™ ()= (x))du(x) (32)

where " (x) = x, — a function which is mapping x invariable into its image upon m iterations of
Baker’s Map. Thus, for Baker’s Map d,u(x) = dx, we can put down:

oy (j+1)27"

Clm)=3" [(x= (e x—j—(x))a, (33)

j=0 jz—m

which leads to

, (o1
| o X x? 2 x?
_ m _ m - =
Cln)= 3| 2 S (e () S (e A S| |
j=0 jz—m
For Baker’s Map <x> = % , and thus, the sum put down above may be apparently computed as
2—m
Clm)= 35
(m)==5 (35)

It shows that correlations decay occurs by exponent as m increases. Pearson’s correlation for the
system can be found as follows:

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

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
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

20



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
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

21



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
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
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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 “Schrddinger 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

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?
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2. The problem of "overlapping" of the worlds also exists in the multi-world interpretation.
Indeed, the observer sees only one world in some instant. He can tell nothing about existence
or non-existence of other parallel worlds. 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 to 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 all 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. All
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.

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
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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
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 C60), but these objects are
still not large enough to be considered "macroscopic". Such experiments can only refine the
constraints on the boundary where the collapse might take place. A decisive experiment should
involve the interference of states which differ in a macroscopic number of degrees of freedom:
an impossible task for today's technology".
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The given proof of principal experimental unverifiability of 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 "Godel" theorem of impossibility for quantum mechanics. Both its
statement and its method of its proof really remind “the Gddel 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 ideal 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
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.
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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
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:

0Py

o Lo,
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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 A is the operator of a certain observable, then the average value of the observable can be
found as follows:

(A)=1trdp

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:

A, ={4,4,,.., 4, },

Where M << N

These macrovariables are known with finite small errors:

A4, <<|4]| 1<isM

This set of macrovariables corresponds to a macrostate with a density matrix pge;.
All microstates answering to requirements
4)- 4] <a4,|(4) - 4| < A4y, |(4,)- 4, | < a4, |

are assumed to have equal probabilities.

Corresponding to thermodynamic equilibrium is a macrostate p,. . It corresponds to a set of
microstates satisfying to the following requirement:
(E)-E|< AE (AE << |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 ¢ 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

set

AY = {40, 4D AV AAD << 4D 1<i<M

AL ={4D AP AP AP << AP 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(pset In pse,)

Unlike ensemble entropy, macroscopic entropy (macroentropy) is not constant and can both

increase and decrease in time. For given energy E +AE it reaches its maximum for

thermodynamic equilibrium. The direction of the macroentropy increase defines the direction of

a thermodynamic arrow of time for the system.

7) Similarly to the classical case, the interaction locality results in the fact that not all
macrostates are appropriate. They should be chosen so that small noise would not influence
essentially evolution of the system for the entropy increase process. Such states are well
investigated in quantum mechanics and named pointer states [3, 17]. Quantum superposition
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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(pwar) 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 lanOar)

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=8§,+S8 +S..

ob _sys
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:

(&) 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
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].
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(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, Ayiavioler- ultra-
violet boundary of light). When using macroscales and macrovariables, and taking into account
small noise from the observer, both descriptions (“classical waves” and “classical beam of
particles”) are identical. They are equivalent and can be used as pointer states. The equivalent
situation arises for a case of superconductor where the roles of particles or waves play elemental
"excitations" in gas of Cooper pairs.

Let's carry out a simple calculation to illustrate the said above.
Let E be energy of particle; £ -Boltzmann constant, 7 -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
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some material with distance between atomsa .a << L, L — the characteristic size of the cavity. In

3\
vacuum a ~ (Wj , N -number of particles in the cavity. c¢ - velocity of light (let suppose for

simplicity that refraction index in the cavity is close to 1).

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

E~pc;E~kT;p~Ap;/1~Ax;Apr~h;a)=%
Hence,

~ - pl ~kTA _h

h~ ApAx ~ pA 4:/1 %T

Condition of classical field approach with frequency @ ~ %1 :
~ hc ~ hc
L<A orL~A.Hence L< %{T or L 4]1
Condition of approach of classical relativistic particles with £ ~ h% and p = % :
hc
L >> A .Hence, L >> 4]1.

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

N LT An e Ax e _E

p~(Em)?; E~kT;p~Ap; A~NAx; ApAx~ho=E7

Hence,

B~ ApAx ~ pAi ~(kTm)2 4 = 4 ~ T
pie = ph~ (i) (kTm)

2
Condition of classical field approach with frequency o = 7 %1 h):

- h _ h
L<AorL~A.Hence L< /(kTm)% or L /(kTm)%

2
Condition of approach of classical particles with energy E = P /(Zm) and momentum p = mv :

L>>A.Hence, L>>
Ve

3) Let us consider now heavy particles fermions which at room temperature have the speed
v<<c; p~(Em)%;E~kT;p~Ap;Apr~h.

Ax < Aand A < a are requirements of Pauli’s principle for fermions. They cannot appear in the
same state, so they are distributed in "boxes" with sizea .
Hence,

~ ~ /2 n
h~ApAx < pA (kTm)ZﬂzaZJZ/(kTm)%

2 . : . .
T>T,="h — Fermi’s temperature when fermion gas transfers in the basic state and
r (azkm)

expression £ ~ kT becomes untrue.

AtT<T,:E~E, =kT,; A~ I ~a
P B A Yy

Requirement of classical field approach:
L< A or L~A.But itisimpossible because L >>a > 1
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2
At T >T,. approach of classical particles in quality pointer states with energy E =P 4m and

momentum p = my is correct.
At T <T,. approach of classical particles in quality pointer states, prisoners in «boxes» with size

. .
a, with energy E ~ E,. and momentum p ~ (E Fm)é is correct.
At T ~ T, 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
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 u, (7;,...,7, )with spectrum E, distributed under the random law [8).

Let’s write the expression for wave functions of a non-interacting pair of such systems:
iE"
M !
— h
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The united equation is following:
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At presence of small interactions between the systems
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Where £, = E" + E[” +Q,,, Q,, -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].

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.

This part is based on [22, 23]

Let’s consider a situation when a measuring device was at the beginning in state |a0> , and the
object was in superposition of states | l//> = Zci|l//i >, where |1//i> are experiment eigenstates. The
initial statistical operator is given by expression

oo =| e i 0

The partial track of this operator which is equal to statistical operator of the system, including
only the object, looks like
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tri(py)=2 (0,
where |(pn> - any complete set of device eigenstates. Thus,
tr,(po)= 2 lw Yo, laoXaqle, )w =y Xy | 2)

Where the relation »"| ¢, )(p,|=1 and normalization condition for | o> are used. We have

statistical operator correspondent to object state | y». After measuring there is a correlation
between device and object states, so the state of full system including device and object is
featured by a state vector

v )y=2 ce’|y)a,) (3)

And the statistical operator is given by expression

p =l =Y e’ Ny Na e, (v @

The partial track of this operator is equal to

tr (p)= Z (o,
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(Since various states |al> of device are orthogonal each other); thus,

tr,(p)=> e,/ |w, Mw.| (6)

i

plo, )=

We have obtained statistical operator including only the object, featuring probabilities |Ci|2 for

object states|l//1>. 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 |l//,> systems S there corresponds a certain state |a,> of systems A the statistical operator
tr, (p) over full systems (S and 4) reproduces wave packet reduction for measuring, yielded over
system S, which before measuring was ina state|y ) = > ¢ |y, ).

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

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

This part is based on [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 |a0> should be described by some statistical distribution on
microscopic quantum states ‘ao,x >; the initial statistical operator is not given by expression (1),

and is equal

Po =D,

'//>‘ %o ><a0,s <‘/" (7
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Each state of the device ‘a0’5> will interact with each object eigenstate |t//l.> . So, it will be

transformed to some other state ‘aiﬂs> . It is one of the quantum states of set with macroscopic

description correspondent to arrow in position i; more precisely we have the formula

ej%(ll//>| a0.5>): e/ (Il//>| ai.s>) (8)

Let's pay attention at appearance of phase factor depending on index s. Differences of energies
for quantum states ‘ao,x> should have such values that phases 6, (mod27) after time t would

be randomly distributed between 0 and 2 77 .
From formulas (7) and (8) follows that at W)=Y ¢ lv,) the statistical operator after

measuring will be given by following expression:

z p c,c ej( .S)|l//i>‘ai,s><aj,s

( i (9)
s.0,7)

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 |t//,.>‘ a[,s> and ‘l// ; >‘ a ,—,s> do not

depend on r and s. Average Value of such macroscopic observable variable 4 is equal to
tr(pA)— chce <a ‘/‘A|t//i>|a,.,s>=
(5:7.7) (10)

ch al/Zpe 0)

(i, /)

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

ir(pa)=3 le| a,, =r(p'4) (11)

Where
A, ><a Jis

>

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 |, The probability

| a2

to find state ‘ai,s> is equal to probability of that before measuring its state was |, ). 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].

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
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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 ‘ a; > 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 (A :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(p,)+S(pc)=S(Puc ),

where S = —tr(pIn p).

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

more correlation exists between systems, the more information about measured system we can
receive:

I(A : C):maXE@Fj H(E,. :F/.), where
H(Ei iF,-)= D P logP,—> plogp,—> q,logg,
ij i i

and P, = Tr[E, ® F,p,.} p, =Y. P, and ¢, =Y P,

given POVMs (Positive Operator Valued Measure) £, and F; for A and C respectively.

Maccone [4] proves an inequality

S(4:C)>1(4:0) (13)
He concludes from it that entropy decrease results in reduction of the information (memory)
about the system 4+ CandC.

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)
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S(A C qulogpy+0+2pqlogpv—0
E, -corresponds to the set ‘ao ?>, - |w)
1(4:C)= Zp logps+0+2p logp, =0=5(4:C)

In the end of measurement from (12)
S(A C Z|c | 10g|c | —Z|ci|2ps 10g|ci|2ps + Z|cl.|2ps 10g|ci|2ps = —Z:|ci|2 10g|cl.|2

S‘l

E . -corresponds to the set‘aOS , ‘w1>
1(4: C Z|c| 10g|c| —Z|c| D, log|c| pq+2|c| D, 10g|c| D, =

—Z|c| logle,|” = S(4:C)

Thus, our case corresponds to
S(4:C)=1(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
macroscopic. 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
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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.

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
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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
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 radiations feature as a)(lg ) 1s received. Here o is
k| = 2% l; A is a mode wave length.

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

frequency of a mode; & is a mode wave vector;
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radiation expands from a point x to a point x; only over finite time (x B x% . It means that

perturbations from walls will reach the centre of the cavity in time ¢ = % 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% . Therefore, this field has uniform convergence and can be termwise
differentiable during time 4 .

To estimate correctly frequency of a mode a)(lg ) it is necessary that its amplitude does not

change essentially from walls perturbation over time¢ >> T .T = 27 (l;) is time period of the
1)

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

<< Ve

or

L>> 272'(%))

@ - correspondent to maximum of frequencies co(lg )

Let suppose that this condition is fulfilled.
It means that termwise differentiation of modes far from concavity walls can be made over

timescales ; - 2%} - %

On timescales ¢ > % the outcome cannot be correct. Here the energy conservation law and

the entropy increase law are usually used. By means of these laws slow evolution of amplitudes
A(t,7) and phases ¢(,7) of modes can be received:

£, ?):124 (t.7)sinlolk )+ k7 + (e, )

For vacuum:
olf)= ]
L>> 1
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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”
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The paper is dealing with the analysis of general relativity theory (theory of gravitation) from the
point of view of thermodynamic time arrow. Within this framework “informational paradox” for
black holes and “paradox with the grandfather” for time travel “wormholes” are resolved.

1. Introduction.

In this paper we consider a thermodynamic time arrow [1-2] (defined by a direction of the
entropy increase) within the limits of the non-quantum relativistic gravitation theory. In the
classical Hamilton mechanics any initial and final states are possible. 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
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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
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
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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
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
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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
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
wormbhole 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 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?

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 modeling 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
should have entropy and temperature. They should have thermodynamic time arrows. Small
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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.

Le., 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 Gédel-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
1solated 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, 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
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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,
i.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). I.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.

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.
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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
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,
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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
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
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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. L.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.
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
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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
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.

! Entropy of the Sun grows in such a way, for example. It is an energy source for life on the Earth.

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
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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:
0
A 10)%)
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op _
F = f(p)+ p»

where p - density, N = j pdr, v - space coordinate, ¢ - time coordinate, f (p), H (p) - non-
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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.
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For these solutions a value of function can converge to infinity for finite timer . 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 7z the solution "shrinks", the maximums "blow
up" and moves to a common centre. Approximately at the moment of 0.97 the system becomes

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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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 modeling 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 >> 1,5 >0c +1,# = o +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 atz = 0.9z, and would continue to exist as long as possible then exact adjustment is
required not only for model parameters, but also for an initial state. It is necessary that
fluctuations arising from the initial state would not destroy orderliness as long as possible. And
the presence of this rare exclusive state can be also explained by the anthropic principle.

4.2 “Cellular” model of Universe

It is also interesting to illustrate the complex processes by means of "cellular" model. Discrete
Hopfield’s model [27-28] can be used as a good basis. This model can be interpreted as a neural
network with a feedback or as a spin lattice (a spin glass) with unequal interactions between
spins. Such systems are used for recognition of a pattern.
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This system can be featured as a square two-dimensional lattice of meshes NxN which can be
either black or white (S, = 7). 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
.$@+D=sg{:}@sgd}1si3N’
Jj=1

Jy=J 5 Jy =0 1<i, k<N
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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”.

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
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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 AT 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
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.
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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# =155 . It does not make sense to
reproduce his calculation here. The modern physics gives an exact method of calculation for the
upper bound of memory through entropy of a black hole of corresponding mass [25]. (But it is
problematic to extract this information because of informational paradox.) The estimation for
memory, however, will not be more optimistic. It is clear that such number of the inputs is not
sufficient for controlling over the complex systems. Consequently, the number of possible
functions realized by box should be regarded as some subset of all possible functions. How can
we choose this subset?

Now the methods based on neural networks [26] or fuzzy logic [27] are actively developed.
They allow easy realizing many “intuitive” algorithms which are used by people. Besides, there
are well developed methods of training or self-training for them. However, it is shown for both
methods that any possible function is realized by these methods. On the one hand it is good, as
proves their universality. On the other hand it is bad, as this redundancy do not allow us to lower
space of search of the black box when using these methods.

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
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p<<2” (1)
k<<n (2)

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

Z; —1™1 & %
‘rz 99;' J’:}' s
S Ps -~ f Ty =

& '%" o 1% Ps ~f

x " -l
xj ke ) z, - 4
Xy P I
Lg
a ]

Figure 2. Exact expansion of switching functions on functions with a smaller number of

variables.
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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.

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
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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.

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.

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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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.

3. Conclusion
Perspective of the future of artificial intellect (AI) 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.
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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
AHAJTM30M.

3. Cratucruueckas: puszuka Ilpeodpazosanus Ilexkaps



[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

UtoObI onpenenuTh y100HBIH HAO0OP MAKPOCKOITUYECKUX TTEPEMEHHBIX, MBI IETTUM €TUHUYIHBINA
KBaJpaT Ha 4-pe paBHbIX nojkBajapaTa. [Iycts 4-pe nepemenHbix Nj, Ny, N3, N4, 0003Ha4YaIOT
YuCyo "YacTuil" B COOTBETCTBYIOIIUX MOAKBaApaTax. OHU | SIBISIIOTCS MAKPOCKOTTMYECKUMU
NEPEeMEHHBIMHU IS Hatel cucteMbl. (EcTh, KOHEYHO, MHOTO APYTHUX YI0OHBIX CLIOCOOOB
OTIPEICIUTh MAaKPOCKOMTMYECKUE TIEpEMEHHBIC, HO OOIIUE CTATUCTUIECKIE 3aKOHOMEPHOCTH HE
JIOJDKHBI 3aBHCETh OT 3TOTO BBIOOPA). Makpockonuueckas s3umponust Sy, TaHHOTO
MAaKpPOCOCTOSIHUS OIPEIEISAETCS YUCIOM PA3IUYHBIX MUKPOCOCTOSIHHUM, COOTBETCTBYOIIUX
ATOMY MAaKPOCOCTOSTHUIO, U OTIMCBIBACTCS CIIeyIOeH (hopMyIoi

2N N u N
S, ==NY ~klog = |==3"N, log| =+ 1
m ;N Og(N] kz=:‘ k Og(N] ()

DTa SHTPONMS MaKCUMaJlbHa, KOTa PaclpeeIeHe YaCTHIl PABHOMEPHO, KOraa Sy, paBHa Sy,
=N log4. B 1o BpeMst SHTpOIHSI MUHUMAJIbHA, KOT/Ia BCE YACTHUIIBI HAXOASITCS B OJHOM
MoJKBaapare, T.e. koraa Sy, = 0.

[lyctsb (X, y) 0003HaYAIOT KOOPAMHATHI TOUKH HA €AMHUYHOM KBajpare. Ha ¢pusnueckom si3bike
9TO COOTBETCTBYET IMOJIOKEHUIO YaCTHUIIBI B 2-MepHOM (azoBoM npoctpanctse. st N gactui
MBI paCCMAaTPUBAEM CTATHCTUICCKUIN aHCAMOJIb C TUIOTHOCTBIO BEPOSTHOCTH P(X[, Vi, -..; XN, VN, 1)
Ha 2N pa3mepHoe (pa3zoBoe MPOCTPAHCTBO. 31ECh f - Bp€MEHHOM MapaMeTp, KOTOPBIM UMEET
muckpetHblie 3Hauenus ¢ = 0, 1, 2... qusa [Ipeo6pazoBanus [lekaps. Torna swmponus ancambas
ornpezensercs Kak

S, = —I p(xl,yl;...;xN,yN,'t)logp(xl,yl;...;xN,yN;t)dX (2)
rIe
dX =dxdy,..dx,dy, 3)

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

p(xl’yl;"';xN’yN)z p(xl’yl)"‘p(xN’yN) 4)

KOTOpasi COOTBETCTBYET HEKOPPEIUPOBAHHOW (DYHKIIMHU TUIOTHOCTH, TOTAA (DYHKITHSI IIOTHOCTH
BEPOSITHOCTH OCTAETCsI HEKOPPEIUPOBAHHOI B ITpoIiecce AadbHENIIEeH IBOIOLHH.

Taxk, Hanpumep, paccMOTpUM (QYyHKLHUIO p(X;, V}), KOTOpasi paBHOMEpPHA B IIpeieiax HEKOTOPOn
nojob6nacty X (¢ miomaapio A<l) eTMHUYHOrO KBaJpara, U o0paliaeTcs B HyJb 3a IpeAeIaMu
2. [pyrumu cnoBamu, ycTh



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 IPOIECCE IBOMIONMH, onpeaensemoit [IpeodbpazoBanuem 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] 9BAIETCH CAOMbIM OOABLLIMAM LLEABIM YACAOM, MEHbBLLIE YHEM UAM PABHbBIM k.
PyHKUMA F (k; n, p), YAOBAETBOPSIET HEPABEHCTBY
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F(k,'n,p)< exp{—Z@] (16)

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)

ACHO, 4YTO 3TA BEPOIATHOCTb YMEHBLLLAETCH NO IKCMNOHEHTE C YBEAMYEHUEM N.
3TO O3HAYAET, YTO TAKAS BEPOSITHOCTb MPEHEDPEXKMMO MAAA AAS OOALLLIOTO N.
CAEAOBATEABHO, MOYTU BECCMNOPHO MOXHO YTBEPXKAOTb, YTO MPOLLECCHI C
NPOTUBOMOAOXHbBIMU CTOEACMM BPEMEHU DYAYT AE30PTAHM3OBAHDI.

B omnumcanHO# BbIIIE MOJIEH, MBI HYK/1a€MCsI B TIOYTH PABHOM YHCJIE YACTHI] B 3THX JIBYX
noacucreMax, I{TOGIJI ne30pr AHU30BaATh COCTOSSHUS C HpOTI/IBOHOHO)KHBIMI/I CTpC.IIaMI/I BpeMeHI/I.
ODTO CBSA3aHHO C TEM, YTO OJHA YAaCTHIIA MOYKET BIIMATH HA IBMIKEHUE TOJBKO OJHOM OJIM3KOM
YaCTHUIIbI. I[JI}I 60.]166 pea.HI/ICTI/I‘IeCKI/IX B3aHMOIIeI>'ICTBI/II>'I OJIHA YaCTUIla MOKECT BJIUATH HaA
JIBIKEHHE 00JIBIIOr0 KOJIMYECTBA COCEIHUX YACTHI], YTO O3HAYAET, YTO JA)KE OUECHBL HEOOJIBIIIOE
KOJIMYECTBO YaCTHULl B OJHOU CUCTEME MOXKET PA3PYLIUTh IIPOLIECCH C YMEHBIICHUEM YHTPOIIUU
JUJIsL IPYTOM CUCTEMBI.

4.3 Jlexoppeasinusi B cHCTeMe ¢ B3aMOAeCTBHEM

I"'aMHJIETOHOBEI CHCTEMBI OIIUCHIBAIOTCS HE TOJILKO MaKpOCOCTOSHHUAMU, HO TAKIKEC 1
CJIOKHBIMU HEJIMHENHBIMH KOPPESALUAMU MEXy MUKPOCOCTOSIHUSIMHU. DTH KOPPEIALUN
OTBETCTBEHHBI 32 00paTUMOCTh. B3aumMoaeiicTBuEe MeX Ay IByMs MOACUCTEMaMH Pa3pyliaeT 3TH
KOppCIdaiuu B MOACUCTEMAX, HO ITOJIHAA CUCTEMA OCTACTCA 06paTHMOfI, TO CCTh, KOppCIIIIHNN
MOSIBJISIFOTCSI B TIOJTHOM cucTeme. TakuM 00pa3om, IeKOPpEsusl B TIOJICHCTEMax
pacnpocTpaHsieT KOPPEeJALHMH Ha MOJIHYI0 CUCTEMY. (DTOT MpoLece - KIACCUYECKU aHalor
JIEKOTEPEHIIMN B KBAHTOBOW MEXaHUKE).

[MO3BOABTE HOM M3AOXMTb ST KOYECTBEHHbIE MAEN B BOAEE KOAMYECTBEHHOM
dopme. AMHEMHAOS KOpPpeAdLMa (KoppeAdums NMUPCoOHA) MMeET MOBEAEHUE,
O4YeHb MOAOBHOE MOBEAEHMIO HEAMHEMHbIX KOPPEAALMM, ONMMCAHHOTO BbILLIE.
EAMHCTBEHHAS PA3HMLLO B TOM, YTO 3TU AMHEMHbIE KOPPREAILMM YMEHBLLIAKOTCS CO
BPEMEHEM. B3AMMOAENCTBUE, KOTOPOE Mbl MPEAAOXKMAM, MOXET ObITb
ANMNPOKCUMUPOBAHO CAYHOMHBIM LLIYMOM C AMMAUTYAOM, COOTBETCTBYIOLLLEM
PACCTOAHMIO B3AMMOAEMCTBMS MEXKAY HACTULIAMM.

[MO3TOMY, Mbl OXKMAOEM, YTO B3AMMOAENCTBME HE TOABKO BbI3bIBOET
BbIDOBHMBAHME CTPEA BRPEMEHM, HO TAKXKE BEAET K 3ATYXAHMIO KOPPEAILLMN,
KOTOPOE NPOUCXOAUT ACKE BOAEE 3HAYUTEABHO, YHEM DTO BE3 B3AMMOAENCTBUS
(Paszaen A.5). Bo Bpems 3TOro NpoLecca 3BOAIOLMI MOACUCTEM CTAHOBMUTCS
HEOBPATUMOM, HO MOAHAS CUCTEMA OCTAETCH OBPATUMOM.

MBEI MOKEM KOJIMYECTBEHHO HANTHU BCJIMYHHY 3TOI'O 3aTyXaHUS KOppCJ’IHHHﬁ, BBIYHUCIIAA
Koppensuuio [IupcoHa y1s HallnuX MOACUCTEM, OMKUCHIBAEMYIO

C(m)
\/C(O )cm (o)) 1o

r(m)=

rae <C™ (0)> - oxxugaemast AUCIIEPCHS CIIyYaliHOM BETMUMHBI X, BLIYMCIEHHOM T10CTIE M
urepanuii orobpakenus. Jucnepcus C™ (0) MOKET ObITh BEIYHCIIEHA KaK
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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
Trac S - Cﬂyqal\/’IHOC YUCJIO, OMPEACIICHHOC Kak S = ZZk é/k . 3,[[60]5 Ck - HE3aBUCUMOC U OAHOPOJAHO
k=0
pacupecaciICHHOC cnyqaﬁHoe YHUCJIO C HYJICBBIM CPCAHUM U HHCHepCHeﬁ (52, KOTOPOC MOACIIUPYCT
BJIHUSIHUE B3aHMOHeI>'ICTBHI>'I Ha 5BOJIFOIINIO CUCTEMBI. ITocne KOPOTKOI'O BBIYUCJICHUSA MbI
nojry4gyacm

m—1

<Cm (0)> =C(0)+ <52> =C(0)+ Y. 2"(¢, &), (20)

k k'=0

Hcnone3ys crnemyroliee CBOHCTBO HE3aBUCUMBIX U OJTHOPOIHO PACTIPEAEIEHHBIX CITy4aliHbIX
BeanI/IH<§ Y k,> = 5,40 , MBI TIOTy4aeM

(c"(0)=c(0)+ 222" Ly @1

ACHO, YTO B3AMMOAENCTBME YBEAMYUT 3ATYXAHME KOK MUHUMYM AMHEMHbIX
KOPPEAILMU, MOTOMY 4TO

M

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

OAHOKO AA MOAHOM CUCTEMBI KOPPEAILMSI [TMPCOHA r(m)=2"" OCTAETCS TOMU

- 1/2
e camom. Tak Kak <S2> AOAXEH ObITb HOMHOTO MEHBLLMA, YHEM PA3MEP

CUCTEMBbI (EAMHUYHBIN KBAAPOT), Mbl MOXXEM 3OKAIOYMTb, YTO HALLIM
NPEANOAOXKEHMS, MPUBOASILLIME K (22), MPABUABHbBI TOABKO AAS

(s*)=[22" -1)/3)* << 1 m 0 /27" <<1.

4.4 YucjeHHOe MOJAETUPOBAHME

IToxa, MBI UCTIOJTB30BAJIH JIMIIB OOIIME a0CTPaKTHBIE apTyMEHTHL. B 3TOM mojpasesne Mul
MOAJEPKUM 3TH apryMEHThI KOHKPETHBIM YUCIIEHHBIM MOJCIUPOBAHUEM.
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Puc. 2 DBOAOUUSA DHTPOMMM BE3 B3IAUMMOAENCTBMS.

Mps1 uMeeM ABe MOACUCTEMBI (MapKupoBaHHbIe Kak 1 u 2), kaxaas ¢ N1 = N2 =300 yactui. O1u
JIBE TIOJICUCTEMBI 3aHUMAIOT JBa CIMHUYIHBIX KBajpaTa. UTOOBI ONpeaesuTh OrpyOICHHY IO
SHTPONUIO, KAXK/IbII €IMHUYHBIN KBaapaT pa3aeneH Ha 16x16=256 HeOONbIINX KBAAPATOB.
Takum 06pa3om, SHTPOIHUS KAXKI0M U3 ITUX JBYX IMOJCUCTEM JAETCS

512

S, = _Nika,z‘ log f,,
k=1

(23)

rae i=12, f,,=n,,/N. ¥ n,, SBIAIOTCS YUCIOM YaCTUL B COOTBETCTBYIOLIMX MAJICHBKHX

KBaaparax. AHaJ'IOI‘I/I‘IHO, IMOJIHAA SHTPOIINA OIIPEACIIACTCA KaK

512

S=—(N,+N,)Y f,log f,.

k=1

15

(24)



rae  f, = (nk,l +”k,2)/(N1 +N2)
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Puc. 3 DBOAIOLMSI SHTPOMUU C B3BAMMOAENCTBUEM.

AAS CUCTEMBI T Mbl BBIDUPAEM HOYOABHOE COCTOSHME C HYAEBOM JSHTPOMUEM B
t=1 (cMm.Puc. T). TO4HO TOK XKE, AAR CUCTEMbI 2 Mbl BbIODMPAEM "KOHeYHoe"
COCTOSHME C HYAEBOM SHTPOMMEN Bt = 6. TAKME HAYOAbHbLIE YCAOBUS
0BeCneYmBaltoT, 4TO B OTCYTCTBMM B3AMMOAENCTBMM S1 YBEAMHYMBAETCSH CO
BPEMEHEM, B TO BPEMS KAK S2 YMEHbBLLIAETCH CO BDEMEHEM AAA t <6.

HTOObI M30EXATH YUNCAEHHBIX MPOBAEM, ABAAMOLLLUXCS PE3IYABTATOM KOHEYHOM
TOYHOCTU KOMIMBIOTEPHOTO MPEACTABAEHMS PALLMOHAABHBIX YNCEA, (27)
30MeHeHO Ha x' = ax —[ax],y" = (y +[ax])/2, c a= 1.999999. Pe3yAbTATbI YUCAEHHOTO

MOAEAUPOBAHMSA MPEACTABAEHDI B P1c. 1 1 Puc. 2.

YroObl BKIIIOYUTH AP PEKTH B3aUMOJACHCTBHUS, MBI OIIPEIesieM B3aUMOACHCTBUE CIIETyOIIUM
o6pazoM. (Pagu BEIMHCIUTETHLHOTO YI00CTBA ATO OMPENEIEHO HEMHOTO TIO-IPYTOMY, YeM B
Paznene 4.2). Mbl 6epem Hebob1I0M quana3oH B3auMoeiictsust ry = 0.01 B y-HanpasieHuw,
KOTOPBIH, TIO CYTH, SIBJISICTCS TApaMETPOM, OMUCHIBAIOIINUM C1a00CTh B3aUMOJICHCTBUSI.
(BcmoMHUM, 4TO Yy ¥ X SIBISIIOTCS aHAIOTAMH KAHOHUYECKOW KOOPIAMHATHI 1 KAHOHUYECKOTO
HUMITyJIbCa, COOTBETCTBEHHO, B ['aMMIIBTOHOBOM (ha30BOM MpOCTpaHCTBE). B3aumoeiicTeue
oOMeHMBaeT caMmble OJIM3KHE Maphl Tak ke Kak B Paznene 4.2, Ho Teneps “camoe Oau3Koe”
OTHOCSITCS] K PaCCTOSIHHUIO B Y-HalpaBJIE€HUU, U HET HUKAKOTO OOMeHa, eciIu caMoe OJIM3Koe
paccTosiHie Ooublle ueM ry. KpoMe Toro, Teneps B3auMoeiicTBUE ONpeIesIeHO TaKuM 00pas3oM,
YTO TOJIBKO X-KOOPIMHATHI YaCTUI] OOMEHUBAIOTCs. BpiOupast Te e caMble HayalbHbIE YCIOBUS
B t =1 Kak B cily4yae OTCyTCTBUS B3auMo3aBUCUMOCTH (Puc. 1), pe3ynbTarhl UNCIEHHOTO
MOJIETTUPOBAHHUS C B3aUMOJEHCTBUEM MpeIcTaBieHbl Ha Puc. 3. Mbl BUIUM, 4TO C
B3anmojeiicteueM (Puc. 3) S, HaunHaeT yBennunBaThCs B O0Jiee paHHEe BpeMs, 4eM 0e3
B3aumoseicteus (Puc. 2).

5. BeiBoaABI
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B 31011 cTaThe MBI HCHOIB30BANIM "UTPYILLIEUHYIO" MOJIENb, OCHOBaHHYIO Ha [IpeoOpa3oBanuu
[Texapsi, 4TOOBI MPOIEMOHCTPUPOBATH OCOOCHHOCTH, KOTOPBIE, CITPABEATUBBI ISl OOIINX
CHUCTEM, OTMIMCAaHHBIX 00paTUMOM ["'aMHIIbTOHOBOM MEXaHHUKOM. SICHO, [IJIs1 TAKUX CUCTEM MOKHO
CcBOOOIHO BBIOpATh UM KOHEUHBIE, WIIM HaYallbHbIE YCIOBHUS, HO HENNb3s1 CBOOOAHO BHIOPAThH
CMEIIaHHbIE HaYaIbHO-KOHEUHBIX ycI0BUsl. HauanbHO-KOHEUHBIX YCIOBHS — 3TO YCIOBHUS, IIPU
KOTOPBIX KAHOHUYECKHE MapaMeTphl JUIsl OJJHOM YaCTU YaCTHULl ONPEIEICHbI B HAUaJIbHbII
MOMEHT BpEMEHH, a JJIs APYTON YacTH — B KOHEUHbII MOMEHT. /{7151 MHOIMX CMEeIlIaHHBIX
HAYaJIbHO-KOHEYHBIX YCIOBUN HE CYIIECTBYET COOTBETCTBYIOIIETO PEIICHUS (1S
["aMunbTOHOBBIX ypaBHEHUH ABMKEHUA). TOUYHO Tak ke, Kak JUIsl Hallel «urpyeqyHon
MOJIETIN», JJIsi OONBIIMHCTBA ['aMUITbTOHHAHOB CO CIa0BIMH B3aMMOJICHCTBHEM, YUCIIO PEIICHHIA
C IaHHBIMH KPYITHO3EPHUCTHIMHU Ha4aJIbHO-KOHEYHBIMU YCIOBUSIMU HAMHOT'O MEHBIIIE, YEM
YHUCJIO PELICHUH C TOJIbKO KPYITHO3EPHUCTHIMU HaYaJIbHBIMH YCIOBUSMH, WU TOJIBKO
KPYITHO3EpHUCTHIMH KOHEUYHBIMHU YCIOBUSAMH. JTO OOBSICHSET, II0YEMY, TPAKTUIECKH, MBI
HUKOT]Ia He HaOJII01aeM MOICUCTEMBI C IPOTHUBOIOIOKHBIMU CTPEJIaMH BPEMEHH, TO €CTh,
[IOYEMyY CTpeJia BpEMEHH YHUBEPCATIbHA.

B HexoTOpOM cMmBIciie, Ae30praHu3alis COCTOSHUM ¢ MTPOTUBOIIOIOKHBIMU CTPEJIaMU
BpPEMEHHM N0A00HA 3proanyHocT. O6a CBOMCTBA CIPaBEUINBBI BO BCEX MPAKTUUECKUX
CUTYalUsX, OJHAKO OHH HE SBISIOTCS TOUYHBIMU 3aKOHaMU. OHU BEpHBI J71s1 OOJIBIITUHCTBA
peabHBIX CUCTEM, HO KOHTP-TIPUMEPBI MOTYT Bceria ObITh Haiiensl [21, 22]. Kpome Toro, 06a
CBOMCTBA Ka)XKyTCS UHTYUTUBHO OYEBHUIHBIMHU, HO JI0KAa3aTh UX CTPOTO OYEHb TPYHO. Jlis
AProJIMYHOCTH COOTBETCTBYIOIIUM CTPOTrUM pe3yiibTatoM siBisiercss KAM (Konmoropos-
ApHonba-Mo3sep) Teopema, B TO BpeMs Kak AJisl 1€30pTaHU3ald COCTOSHUH C
IIPOTUBOMNOJIOKHBIMU CTPEJIaMU BPEMEHHU TaKasi CTpOrasi TeopeMa OTCyTCTBYET.

HaLwum pe3yAbTATbl TAKXE PA3PRELLAIOT "MPOoTUMBOPEYME" Mexay “HoBom
ArHammkon " MpuroxmHa [20] (obcyxaeHHOU B Pasaeae 3.3 13 AQHHOM
PABOThI) U KOMMEHTapMeM Bricmont [26]. AMHOMMKA B3AMMOAENCTBYIOLLIMX
MOACUCTEM MOXET OblITb pasaeAeHa Ha ABA TMNA AMHAMMK!

1. OBPATUMYIO MAEAABHYIO AMHOMMKY, PACCMATPUBAEMYIO OTHOCUTEABHO
KOOPAMHATHOTO BPEMEHMU, KOTACQ DHTPOMMUSA MOXET AU YMEHBLLUTLCS MAM
YBEAMYUTHCSH.

2. HeoBpatnmyto HaBAIOAQEMYIO AMHOMMUKY, PACCMATPUBAEMYIO
OTHOCMUTEABHO XAPAKTEPHBIX CTPEA BPEMEHM B3IAMMOAEMNCTBYIOLLIMX
MOACUCTEM, OTHOCUTEABHO KOTOPbIX IHTPOMMA MOXET TOABKO YBEAMYMBATLCS, KOK
y>K€ MOKA3AHO BbILLIE.

B pamkax aroit repmunosnorun “Hosas {unamuka” [Ipuroxuna [20] siBisieTcs oAHON U3
bopm Habrooaemou ounamuxu, B TO BpeMs Kak cTaThs Bricmont [26] paccMaTpuBaet
udeanvHyto ounamuxy. B yactnoctu, HabmojaeMas JMHAMHUKA HE BKITIOYAeT BO3BPAIICHUS
[Tyankape u 00paTUMOCTh, KOTOPBIE SIBJISIOTCS ICHCTBUTEIHLHO HEHAOIOJaeMBIMH PEaTbHBIM
HaOmroareneM. D10 JenaeT e€ 6osee NpocToil, ueM uaeanbHas AuHamuka. OHaKko, B
IpUHLIKIIE, 00a TUIA JUHAMHUKYU [PABUIIbHBIL.

Hy>xHO Tax)Xe OTMETHTb, UTO HAIlIW Pe3yJIbTaThl HE HAXOAATCS B IPOTUBOPEUNH C
CYILIECTBOBaHUEM JUCCUMATUBHBIX cUCTEM [27] (TakuX Kak, HaIpUMeEp, ONpeAeIeHHbIE
CaMOOpIaHu3yoIrecs: OMOJOTMUECKUE CUCTEMBI), B KOTOPOM SHTPOIHUS MOJCUCTEMbI MOXKET
YMEHBIINUTHCS CO BPEMEHEM, HECMOTPS Ha TO, UTO SHTPOIIUS OKPYXKAIOIIEH Cpeibl
YBEJIMYUBAETCS. DHTPOMHMS TOJTHON CUCTEMBI (BKIIOYAIOIEH KaK SHTPOIIUIO AUCCUIIATUBHON
CUCTEMBI, TaK M OKPY’KaIOLIEH cpesibl) YBETUUUBAETCS, YTO OTBEYAET 3aKOHY YBEJIUYEHHUS
SHTponuu. /|1 TaKUX CUCTEM TUIIMYHO, YTO B3aUMOJECHCTBUE C OKpY KaIOLIeH cpesioit cunbHo, B
TO BpeMsi KaK pe3yJIbTaThl HAIlIEW CTaThbU OOPAIIAIOTCS K C1AObIM B3aUMOACHCTBUSM MEKTY
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nojcucreMamu. Hammpumep, U1t CyIecTBOBaHHS KUBBIX OPTraHU3MOB, HEOOXOIMM OOJIBIION
notok sHepruu oT ConHua. He6onb1ol NOTOK SHEPTHH OT 3BE3]1 HE JOCTATOUEH JJIS )KU3HH, HO
JIOCTaTOYEH JJIS IEKOPPEIIALMH U JIJIsl BRIpaBHUBAHUA CTpen BpeMeHHu. B padote [6] mpuBoautcs
murara: “ OgHako, HaOJIoaTeNb SIBIAETCS MAKPOCKOIMUYECKUM I10 ONPEAEICHHIO, U BCE
OTJIaJICHHO B3aUMO/ICUCTBYIOLINE MAKPOCKOITMUYECKHE CUCTEMBI CTAHOBSITCSI KOPPETUPOBAHHBIMU
ouyeHb ObICTPO (Hampumep, Borel 3ameuaTenbHO BBIYMCIWI, UTO, IEPEMEILIEHHE OJTHOTO IpaMMa
MaTepuaa 1o 3se31e Cupuyc Ha OJJMH METP MOKET BJIUATH HA TPAEKTOPUU YAaCTHUIl B Ta3e Ha
3emMJie Ha BpeMEHHbIX MaciTabax nopsjaka MUKpocekyHn [28]).”

Hpunoxenne A. OcHoBubie cBolicTBA [IpeodpazoBanus Ilexaps

B sTOM mpuiiokeHnr MbI PEICTaBIIsIeM HEKOTOPBIE OCHOBHBIE CBOMCTBA [IpeoOpa3zoBanus
[Tekapsi. bonbIe neraneii MokeT OBITh HalIEHO, HATTpUMED, B [29].

@) (b) (©) (d)

Puc. 4 TeomeTpuyeckas nHrepnpetaumsa NpeobpaszosaHms Nekaps. (q)
HavaabHOS koHGUrypaums (b) OAHOPOAHOE CXATUE B BEPTUKAABHOM
HAMNPABAEHWM U PACLLMPEHME B TOPUIOHTAABHOM HAMPABAEHUM HA BEAUMYMHY
doakTopa 2 (C) MToroBas KOHOUrypaums NOCAE OTPE3AHMS NPABOM NMOAOBMHbI U
€€ NomeLLEeHMs HaO AeBYIO (d) MToroBoe KOHCOUIypaLmsi MOCAE ABYX MTEPALLMM

A.1 Onpeneaenne IlpeodopazoBanus Ilexkaps
PaccmotpuM OGuHApHYIO CUMBOJIMUECKYIO TTOCIIEIOBATEILHOCTD.
S _5,8.1,80:5,,8,,8;... (25)

0OECKOHEUHYIO ¢ 00erX CTOpOoH. Takast mocine0BaTeIbHOCTD ONPEACIISET JIBa BEIECTBEHHBIX
4yucia

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

IlocmenoBaTEIBEHOCTD MOKET OBITH nepemMenicHa O6paTI/IMO OTHOCHUTEIBHO TOUYKH C 3aIISITOH B
oboux HaIlpaBJICHUAX. ITocne neBoro caBura Mol IoJiy4yacM HOBBIC HeﬁCTBHTeHBHBIe qucja

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

rae [x] sBisieTcst caMbIM OOJIBLINM LIETBIM YUCIIOM, MEHBIIIE YEM WIIH PaBHBIM X. DTO
oroOpakeHHe eAMHUYHOTO KBajipaTa B ce0si Ha3bIBaIOT [Ipeobpazosanuem [lekaps.
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V IlpeobpazoBanus [lekaps ectb ecTh mpocTasi reoMeTpUUecKasi MHTEpIpeTaus,
npencrasieHHas B Puc. 4. Tam (a) - HayanpHas KOHGUTYpanus, U (C) 3aKII0OUNTENbHAS
KOH(HTYypanus nocie oaHoi nrepanuu IIpeodpasoBanus Ilekapsi, ¢ MpOMEKYTOUHBIM IIATOM,
npezctaBieHHbIM B (b). YacTs (d) mpexacTaBiser 3aKIr0UUTENbHYIO KOHQUTYPALUIO 1TOCIIE IBYX
uTEpaLuil.

A.2 HectadmibHbIe IEPHOAMYECKHE OPOUTHI

[lepnoauueckue cumBonrueckue nocnegaopareabHocTy (0) u (1) COOTBETCTBYIOT
HENOJBXKHBIM ToukaM (X, y) = (0, 0) u (x, y) = (1, 1), coorBercTBeHHO. [leproanueckas
nocneaoBareabHOCTh (10) cooTBeTCTBYET MBYXIIeproauaHoi opoure {(1/3, 2/3), (2/3, 1/3)}. U3
nepuoanueckoi nocienoBatenbHocTH ...001; 001... mer monywaem {(1/7, 4/7), (2/7, 2/7), (4/7,
1/7)}. Touno Tak e u3 ...011; 011... mer momrywaem {(3/7, 6/7), (6/7, 3/7), (5/7, 5/7)}.

JIro60¥ x ¥ y MOTYT OBITh alMIPOKCUMHUPOBaHBI TPOU3BOILHO Xopoiio 0.Xo...X, 1 0.Yo... Yo,
COOTBETCTBEHHO, IPH YCIOBHH, YTO 7 U M. SABISIOTCS J0CTATOYHO OonbimmMu. [loatomy
nepuoAnyYeckas nocyieqoBareabHoCTh (Y ... Y 0Xo...Xn), MOXKET MPUOIU3UTHCA K TI000M TOUKe
€IMHUYHOTO KBaJIpaTa MPOU3BOIBHO Om3K0. Takium 00pa3oM, MHOKECTBO BCEX MEPUOTNIECKUX
OpOUT MAET MIOTHOE MHOXKECTBO HA €IMHUYHOM KBaJipaTe.

A.3 DproguyHoCThb, NepeMenIMBaAHUE, U COXPAHEHHUE TIOLIAIU

W3-3a pacTspkeHUs] B TOPU30HTAIBHOM HATPABJICHUH, BCE OJM3KKE TOUYKH PACcXOIATCs 10
AKCTIOHEHTE Moj aeiicTBueM utepamnuii [Ipeodpazoanus [lekaps. [Ipu aTux urepanusix igrodas
cilydaifHasi CHMBOJIMUECKas TIOCIIEJOBATEIbHOCTh PUOIMKACTCSI TPOU3BOJIBHO OJIM3KO K JIF0OOH
TOYKE eAMHUYHOTO KBajaparta. Boobuie, Takoe sproaniyeckoe CBOHCTBO MOKET HUCIIOIB30BATHCS,
YTOOBI 3aMEHUTH cpesiHee 1o "BpeMeHu" <A> cpeaHuM 1o "ancamoro"

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

rne du(x,y) sBIseTcs UHBApUAHTHOM MEpOil U p(X, ) MHBapUaHTHAS IIOTHOCTH JJIS
[IpeobpazoBanms Ilexaps. s [Ipeobpazosanus [ekaps, p(x, y)= 1.

[on nefictBuem utepanmii [Ipeodpazosanus Ilekaps nobast 061acTb 0TOOpaskaeTcs B P
Y3KHX TOPU30HTAIBHBIX 1OJIOC. B KOHEYHOM cueTe, OHU 3aIOIHSIOT PABHOMEPHO BECh
€IMHUYHBIA KBaJpaT, YTO U COOTBETCTBYET MEpEeMEIINBaHuI0. TOUHO TaK ke 0OpaTHBIE
UTEpaLH 0TOOPaXaIOT 00JIACTh B y3KHE BEPTUKAIBHBIC JICHTBI, KOTOPAsk TAK)KE COOTBETCTBYET
nepeMeInBaHHIO.

Bo BpeMs 3TuX uTepanuii He U3MEHSIETCS IUIOIIAlb 00J1aCTh. DTO CBOMCTBO - 3aKOH
coxpaHeHus ruiomaan odiactu st [Ipeobpazosanus [ekaps.

A.4 Tloka3zarejiM CTeneHHA JIHHyHOBa, CKUMapIuecd u
PaACTATUBAKOIIHUECCH HAIIPABJICHUSA

Ecmn x{"” u x{* umeror pasubie nepsbie k 1BondHbIe THGPHL, TO A1s n <K,

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

rac A= IOg 2 SIBISIETCA TICPBLIM IMOJIOKHUTCIBHBIM IMOKA3aTCJICM CTCIICHU .HSIHyHOBa JJISA
[IpeobpazoBanms [lekaps. CrnenoBaTenbHO, PACCTOSTHUE MEXTY ABYMS OJIM3KUMH OpOUTAMH
YBCIIUYUBACTCA 1O SKCIMOHCHTEC C YBCIIMYCHUCM N, U TTOCJIC k HUTCpAllU CTAHOBUTCA MOPAAKA 1.
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OTO CBOMCTBO HA3bIBAIOT YyBCTBUTEIBLHOCTHIO K HaUaJIbHBIM yCIOBUAM. M3-3a 3TOTO CBOMCTBA,
BCE MEPHOANUYECKUE OPOUTHI HEYCTONUUBBI.

Tak kak momaae 00IacTh COXPAHAETCS, PACTSHKECHHE B TOPU30HTAIHLHOM HAIIPABIICHHUH,
00Cy>/IeHHasl BbIIIE, T0APa3yMEBAET, YTO HEKOTOPOE HAMPaBIIEHUE CKATUS TAKXKE JTOJIKHO
CyllecTBOBaTh. JlefiCTBUTENBHO, HBOJIIOLINS B BEPTUKAIHLHOM HAIPaBJIEHUU Y oOpaTHa

9BOJIIOLUHA B TOPU30OHTAJIBHOM HAIIPaBJICHUH X. Ecan (X(gl),y(gl)) n ()C(()z),y((]z)) SABJIAOTCA AIBYMSL

roukamu ¢ x\ = x{), rorna
O =y =27 (50 = y )= () = 0 Jer =) a0

CrnenoBatenbHO, A= —log 2 - 3T0 BTOpO# OTpUIIATEIBHBIN MOKa3aTeNb cTeneHu JIsmyHoBa s
[Ipeo6pazoBanus [lekapsi.

A.S 3aryxaHue koppeasiuui

Tak Kak X - HeyCTOMYMBOE HAIPaBJIEHUE, SBOJIIOIMS B 3TOM HAINpaBICHUU IPUBOJIUT K
3aryxaHuio koppensauuil. Cpeanss koppensuuonHas GyHkius C(m) Ui 1ociae10BaTebHOCTH
Xk OOBIYHO OIpeNEseTCs KakK

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

n—o n =1

n
rie <x> = [im Zxk /n . Koppensitiuu MOTyT OBITH 00JIee JISTKO BBIYUCIICHBI, €CJTH U3BECTHA
n—»00
k=1

WHBapUaHTHas Mepa W(X), B 9TOM cllydae

C(m)=I(x—<x>Xfm(x)—<x>)dﬂ(x), (32)

rae /" (x) = x,, - QYHKIHsI, KoTopast 0TOOpaXkaeT MEPEMEHHYIO X Ha ee 00pa3 1mocjie m UTepawuii
[Ipeo6pazosanus [lekaps. ns [IpeobpazoBanus [lexaps du(x)=dx, Takum 00pa3oM, Mbl MOKEM
HaIHcaTh

om— (j+1)27"

Cm)=3 [e=()ex—j—(x))ax, (33)

J=0 - jom

KOTOPBIN IPUBOAUT K

o 3 5 5 (j+1)27
Clm)=2 2" = @) () S+ () x| e (4
Jj= jam

Jnsa [Ipeo6paszoBanust [lekaps <x>='2, u, TakKUM 00pa30M, HalMCAHHAs BbIIIE CyMMa MOXKET
OBITH BBIYHCIICHA SIBHO
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C(m)= (35)

12

OTO MOKa3bIBAET, YTO 3aTyXaHUE KOPPEISLUNA MPOUCXOJUT MO HKCIIOHEHTE C YBEIMYCHUEM M.
Koppensanus [Iupcona 11 cuCTeMbl HAXOAUTCS CIETYOIUM 00pa3oM

r(m)=C(m)/Cc(0)=27" (36)
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Yacre 2. YHUBepcaibHas cTpesia Bpemenu: Ciayuyaun
KBAHTOBOM MEXaHUKHMU.

0. Aunorauus: Paspemenue nmapagokca llIpeanHrepoBcKkoro kora,
napaaokca apyra Buruepa, napajgokca KoTejaka, KOTOpPbId
HUKOI'AA HE 3aAKUITUT.

JlanHas cTaThs SABISICTCS €CTECTBEHHBIM MIPOIOJDKEHUEM Halllel peablayien crateu [1]
MEPBOM YacTU ATOTO dcce. MBI paHee NMPOULUTIOCTPUPOBAIIH, YTO B KIIACCUYECKOM
'aMunbTOHOBOM MEXaHUKE JIJISl TIOIABIISIOIETO OOJBITMHCTBA PEATBHBIX Xa0TUYECKUX
MaKpPOCKOMUYECKUX CUCTEM MPOUCXOAUT CHHXPOHU3AIHS COOCTBEHHBIX CTPENl BPEMEHH
BCJICJICTBUE WX MAJIOTO B3aUMOICHCTBUA. DTOT (haKT U HEBO3MOKHOCTh HAaOJII0/1aTh yObIBaHNE
SHTPONUH MPU CAMOHAOIIOIEHUU OOBICHSIIOT BTOPOE HAYall0 TEPMOIMHAMUKU. B KBaHTOBOI
MEXaHHUKE CHTYaIHsl 1a)Ke HEMHOTO TIPOIIE — BCE 3aMKHYTHIC CHCTEMbI KOHEYHOTO 00beMa
SBISIOTCS MEPUOJUYECCKUMHE WU TIOYTH MEPHOJNYEeCKUMH. Jl0Ka3aTenbCTBO B KBAHTOBOU
MEXaHUKE BO MHOTOM aHAJIOTUYHO JOKAa3aTEIbCTBY B KJIACCHUECKOM ['aMUIIbTOHOBOM MEXaHUKE
— OHO HCTIONB3YEeT yUeT MaJIOro B3aUMOACHCTBHS MEXKIY MOJICUCTEMAaMHU U HEBO3MOKHOCTh
Ha0Jr0/1aTh YOBIBAaHHE SHTPOIUU NPU caMoHa0moaeHH. OTHAKO UMEIOTCSI 0COOBIE CIyYaH,
KOTOPBIX HE ObLIO B KJIACCUYECKOM MexaHHKe. B 3TuX ciyyasx 0JHOMY MHUKPOCOTOSHUIO
COOTBETCTBYET HECKOJIbKO BO3MOKHBIX MAKPOCOTOSTHUM (TOUHEE UX KBAHTOBASI CYNEPIO3ULIKSA).
PaccmoTpenue 3Toro cBONCTBA C HCMOJIB30BAHUEM TEOPUH JAEKOTEPEHILIUU U yUeTa
TEPMOJUHAMHYECKON CTpEeIbl BpEMEHH MTPUBHOCUT HOBBIE PE3YyJIbTaThl B KBAHTOBYIO MEXAHUKY.
OHO NO3BOJISIET pa3pelIUTh OCHOBHBIC MAPAIOKCHl KBAHTOBOW MEXaHUKH: (a) OOBSICHUTH
napaoKCc peayKIIMH KBAHTOBOTO TTaKeTa MpU U3MEPEHHIX, KOT1a HabIoJaTeNb BKIIOUEH B
cucreMy (camonabmonenue) (mapamnoke llpenunarepoBckoro kota); (0) 0OBICHUTD
HEHAOI0JaeMOCTh CYTEPIO3UIINHA MAKPOCKOTTMUECKUX COCTOSIHHI BHEITHUM HAOII0AaTeNIeM B
peanpHBIX IKCTIEpUMEHTaxX (Tapaaokc napyra Burnepa); (B) moka3aTh MOJHYIO SKBUBAJICHTHOCTh
MHOTOMHPOBO 1 KoneHrareHCkoi MHTeprpeTanii KBAaHTOBOW MEXaHUKH; (I') OOBICHUTH
OTKJIOHEHHSI OT KCIIOHEHIIMAIBHOT0 3aKOHA IIPU paciiajie YaCcTHUIl U NMepexoaax ¢ OJHOro
DHEPreTHYECKOTO YPOBHS HA JPyro# (MapagoKkc KOTENKa, KOTOPhI HUKOT/Ia HE 3aKHITHT).

1. BBegenune

IIpexne Bcero, ciielyeT OTMETUTD, UTO B HAILIEH CTAaThE, €CJIM HE OTOBOPEHO MHOE, MOJIHAS
CUCTEMa HaXxOJUTCS B 3aMKHYTOM OTPaHHUYEHHOM 00beMe, COEPKUT KOHEUHOE YUCIIO YACTHI] U
M30JIMpOBaHa OT OCTAJIbHOM yacTu BceneHHol. DTo IiaBHbIE yCIOBUS 3aKOHA POCTa
TEPMOJUHAMHYECKON SHTPOMUHU, KOTOPBIA MBI Oy/1eM o0cy:kaaTh. OHa TaKKe OMUCHIBACTCS
3aKOHaAMH KBaHTOBOfI MCXaHHUKHU.

B namueii npenpiymieit crarbe [ 1] Mbl paccMaTpUBaIl CUHXPOHU3ALMIO CTPESl BPEMEHH B
KJIACCUYECKOM ["'aMHIIbTOHOBOI MEXAHUKE U BBITEKAIOIIEE U3 HETO JOKA3aTEIbCTBO 3aKOHA POCTA
SHTPONHHU. 3AECh Mbl XOTUM PaCCMOTPETh KBAHTOBBIN ciydaid. [I[ppuurHON CHHXPOHU3AUU CTPE
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BPEMCHH B KBAHTOBOH MEXaHUKE, KaK M B KIIACCHYCCKOW MEXAaHHKE, SIBIISTIOTCS
«nepenymoiganuey» W «dekozepenyus» [2-3,17,24-27] - manoe B3auMOI€UCTBUE MEXTY
PEATBHBIMU XaOTHUYESCKUMH MAaKPOCKOITMYECKUMHU CUCTEMAMH MJIH PEATBHON XaOTHUECKON
MaKpPOCKOIIUYECKOM CHUCTEMOM B HEYCTOWYMBOM COCTOSIHUU M KBAHTOBOW MUKPOCHUCTEMOM
(poriecc U3MepeHus B KBAHTOBOW MEXaHUKE).

Hcnonb3oBanue SBICHUS CHHXPOHU3ALUY CTPET BPEMEHU Ha KBAHTOBYIO MEXAHUKY IS
aHaJIM3a MMUPOKO U3BECTHBIX MapaJOKCOB KBAHTOBOM MEXaHUKH JAeT UX IMOJTHOE U
HEMPOTUBOPEUYHBOE pa3pelieHue. Bee 5Tu mapagoKchl CBA3AHbI C 9KCNEPUMEHMATbHOLL
HEHAOII0JTAEMOCTBIO JUTSI PeaibHbIX MAKPOCKONUYECKUX Tl TAKUX YHCTO KBAHTOBBIX SIBJICHHA,
MpeICKa3bIBA€MbIX KBAHTOBOIM MEXaHUKOH, KaK (a) Cymeprno3uIis COCTOSTHUN IS
Kormenrarenckoit maTepnperanuy wiv (0) HAIMIHEe MHOTHX MUPOB B CIIy4ae MHOTOMHPOBOM
UHTEPIPETALIUH.

JleicTBUTETLHO, KBAHTOBAS MEXaHHUKA 00JIaacT MPUHIMITHATBLHBIM OTIIMIHEM OT
KJIACCUYECKON — €CIH [T KIIACCUYECKOM MEXaHUKU OJJHOMY MHUKPOCOCTOSIHUIO COOTBETCTBYET
TOJIKO OJTHO MaKPOCOTOSTHUE, TO JIJISi KBAHTOBOW MEXaHHUKHU OJJHOMY MHKPOCOCTOSHUIO (uucmoe
COCTOSTHUE, ONTUCHIBAEMOE BOJTHOBOU (hYHKIIMEH) MOKET COOTBETCTBOBATH HECKOIBKO
MakpocoTostHui. (VT, MHBIMU CJIIOBAMH, 3TO MHEKPOCOTOSTHUE SIBJISICTCS CYTICPITO3UITUCH
MUKPOCOCTOSIHUM, COOTBETCTBYIOIIUX PA3HbIM MaKPOCOCTOSIHUAM.) CUTyalus He TpecTaBuMast
B KJlaccuueckoi mexanuke! [TprueM Takoe COCTOSIHAE HE MOXKET pacCMaTpPUBATLCSA Kak IMPOCTO
cMeulaHHoe COCTOSIHUE, T.€. KIIaCCUYeCKUi aHcaMOJIb HECKOJIBKUX MaKpPOCOCTOSTHUM (TOUHEee
COOTBETCTBYIOIIUX KM MHKPOCOCTOSTHHH, BXOISAIINX B CYTIEPIIO3UINIO) C COOTBETCTBYIOIITIMHU
BEPOATHOCTSIMH. DBOJIOHS TAKUX CYNEPIIO3UIIMI U CMEIIAaHHBIX COCTOSTHUN OTIUYAeTCs. ITO
OTIIMYHE CBS3aHO C HATMIUECM UHMEPDEePeHYUOHHBIX YIICHOB TSl CYTIEPIIO3UIINH (MU
K68AHMOBLIX KOppeAyull MUPOB JUII MHOTOMUPOBOI MHTEpHpETalluu). XOTs s
MaKpPOCKOITMYECKUX TEJI 3TH Pa3InIusl OYCHb MAJIbI, HO, TEM HE MEHEe, OHU CYIIECTBYIOT. UTO
K€ MEIIAeT UX IKCIEPUMEHTaIbHO HabmonaTh? Te e MPUYMHBI, YTO MPEMSITCTBYIOT HAOMI01aTh
YMEHBIIIEHNE YHTPOIHH, BCICICTBUE CHHXPOHU3AINH CTPET BPEeMEHHU !

JerictBuTensHO, O0see MoapOOHBIN aHAIM3, TPOBOAMUMBIN HIDKE, TTOKA3BIBACT, UTO
IKCIIEPUMEHTATbHBIC TIPOSBICHUS HHTEPGEPEHIINN (KBAHTOBBIX KOPPEISALIUIA) MPOSIBISIFOTCS
3HauUUmMenbHO TUIIb B MOMEHT yObIBaHUs SHTponuHu. [Iporiecc 3TOT He HabmonaeM 6 npunyune,
€CJIM HaOJII0IaTeNb 6X00um B HAONIIOaeMyIo cuctemy (camonabnodenue). Ilpu 3ToM, OH O4EHb
TpYIHO Habo1aeM (TpedyeT MOYTH MOJHON H30JIALUN MAaKPOCUCTEMBI OT IEKOT€PEHIINI
OKPYKEHHsI/CaMOro HAOII01aTelNs ) A1 MAKPOCHCTEM, BHEITHUX 110 OTHOIICHHUIO K
HaOJI0IATEIIO U3-3a CHHXPOHU3ALUU CTPeJ BpeMEHU HaOII0JaeMO CUCTEMBI U
HaOJr01aTeNs/OKPYKEHUS TIPU IEKOT€PEHLINH.

Maunsbie xe nposiBeHus: HHTephepeHInH (KBAaHTOBBIX KOPPENIALNA) IPU POCTE SHTPOIIUU
Tak)Ke He MOTYT HaOJI0JaThCsl PU CAaMOHAOIIOICHUH 8 npuryune (M3-3a IPUHIUHAATHHOTO
OTpaHUYEHUS B UX TOYHOCTHU — IIPU CAMOHAOIIIOJIEHUU MOTYT U3MEPSATHCS JINIIbh
MaKpOIapaMeTPhI, MOJIHOE H3MEPEHNUE HEBO3MOKHO). OHU K€ 04EHb TPYAHO HAOIIOIAEMBI JUIS
CJTy4asi BHEIIIHETO HAaOJI01aTeNs U3-3a IEKOTEPEHITUH C HabIto1aTesieM/OKpy KEeHHUEM.

2. KayecTBeHHO€ paccMOTpeHHe BONMPOCa.

[IprunHOM CHHXPOHM3ALUN CTPEJI BPEMEHH B KBAHTOBOM MEXAHUKE, KaK U B KJIIACCHYECKOU
MEXAHHUKE, ABJIETCSA MAJIOE B3aUMOJIECHCTBHAE MEXY PEeaIbHBIMU Xa0THYECKUMHU
MaKpOCKOIIUYECKUMHU CUCTEMAMU. JTO XOPOILIO U3yUEHHOE SIBJIEHUE, HOCSIIIEEe Ha3BaHNE
«oekozepenyuu» [2-3, 17, 24-27]. Ee pe3ynbTaToMm SIBISIETCSA HE TOJIBKO IIUPOKO U3BECTHOE
«nepenymuviéanuey COCTOSHUN CUCTEM, HO U CUHXPOHM3AIHS UX BPEMEHHBIX CTPEIL.
(HampaBnenue cTpenbl BpeMEeHHU OTpeieNseTcsl HallpaBieHueM pocTa sHTponuu.) [lpuunna
TaKOW CUHXPOHU3ALIUK a0COIOTHO Ta K€, UTO U B KJIACCU4ECKOW ['aMUIIbTOHOBOM MEXaHUKE —
HEYCTOWYHMBOCTb MTPOLIECCOB C yOBIBAHUEM SHTPOIMH MO OTHOILEHHIO K MaJIbIM BO3MYILEHUSIM
CO CTOPOHBI HAOTIOIATEIIS/OKPYKEHUS (EKOTSPEHIIHS).
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[Toxoxue apryMeHThI B Clly4ae KBAaHTOBOIM MeXaHUKHU ObLIM JJaHbl B paboTe Maccone [4].
OpnHako TaM OH yTBEp KAall, 4TO MOAOOHAs JIOTHKA IPUMEHNMA TOJILKO B KBAHTOBOM MEXaHUKE.
OmmbO0YHOCTH MOAOOHOTO B3TJIsiAa ObliIa TOKa3aHa B HAIIUX MpeabAymmx padotax [1,5]. Kpome
TOT0 OBLIIO BBIABUHYTO U IPYTO€ BO3pakeHHE MPOTUB Hero B padote [6]. Tam paccMaTpuBaroTcs
HeOOoJIbIIINe, CHITBHO (IIIOKTYUPYIOIINE CUCTEMBI, B KOTOPBIX HAPYIIAETCs] CHHXPOHU3AIUS CTPEI
BpeMeHHU. CrieryeT OTMETUTh, YTO KaK OTBET Ha 3TO BO3paxkeHue caMoro Maccone, Tak u
noclieAyomas padboTa caMuX aBTOPOB BO3paKEHUs [7] HE OOBSICHSIOT HCTUHHYIO PUIHHY
3aMEYeHHOr0 HecOOTBETCTBUs. OHa K€ 0YeHb IIPOCTA U 3aKJIF0YAETCS B TOM, YTO 3aKOH
BO3pacTaHUs SHTPOIHUH, CAMO MOHATUE TEPMOJINHAMUYECKON CTPEIIbl BDEMEHHU U UX
CUHXPOHM3AIMS — IPUMEHUMBI TOJIBKO K HEPAaBHOBECHBIM MAKPOCKONUYECKU OObEKTaM.
Hapyienue 3tux 3aKk0HOB 111 MUKPOCKOIIMUYECKUX, CUIIBHO (DIIOKTYUPYIOLIUX CUCTEM —
HIMPOKO U3BECTHBIN (akT. Tem He MeHee, XOTa caMO BO3paxkeHHe [6] TpUBHATBLHO (PU3UUECKH,
HO OHO MHTEPECHO C YUCTO MAaTEMaTUYECKOM TOUKH 3peHust. OHO TaeT XOpOoIInui
MaTeMaTUYECKUI Kpumepuii MaKkpoCKONUYHOCMYU Xa0THYECKUX KBAHTOBBIX CUCTEM.

Cutyanus B KBAaHTOBOM MEXaHUKE JaXKe MPOLIE, YEM B KIIACCUUYECKOM — 3/1eCh XaOTUYECKUM
KBaHTOBBIM CHCTEMaM COOTBETCTBYIO MOYTH NEPUOJNYECKHUE CUCTEMBI. MIX Xa0OTHUHOCTH
IPOSIBIISIETCS B TOM, UTO SHEPIUH, XapaKTepU3yIoIlue COOCTBEHHbIE 3HAUEHHUS TaMUJIbTOHUAHA U
ONPENENAIOIINE «IACTOThD SJHEPTETUUECKUX MO/, PACIpPEAENICHbI IO CIIyYallHOMY 3aKOHY [8].

YacTo MOXKHO BCTPETUTDH YTBEPHKACHHUE, YTO KBAHTOBBIE XaOTUUYECKHE CUCTEMBI [0 CBOEMY
MOBEJICHUIO 0YEHb CHJIBHO OTJIMYAIOTCS OT KJIACCUYECKUX Xa0THUYECKUX CUCTEM. DTO, OJIHAKO,
CUJIbHOE 3a0JIyKICHHUE, CBI3AHHOE C TUIYOOKUM HEMTOHUMaHUEM (PU3UKH 3TUX CHUCTEM.
JleficTBUTENBHO, KBAHTOBBIE XaOTUYECKHE CUCTEMBI ITIOUTH NEPUOANYECKHUE, TOTAA KAaK
KJIACCUYECKHE XaOTUYECKUE CUCTEMbI XapaKTEPU3YIOTCS CIIy4ailHbIM 3aKOHOM JUIsl BpEMEH
Bo3BpaTta [lyankape. Y nabmonatens u HabI0JaeMOM CUCTEMBI CTPEIIbl BpEMEHHU
CUHXPOHU3UPOBaHBL. [1l03TOMY HabMIOAATENb CITIOCOOEH SKCIEPUMEHTAIBHO TTPOBOIUTH
HabOmoIeHue (UM caMOHAOIIOICHHUE ) JIUIIb HA OTPAHUYCHHBIX IPOMEKYTKaX BPEMEHH, KOT/Ia y
HET0 CYILIECTBYET CTpejia BpEMEHHU (T.€. COCTOSIHUE AAJEKOE OT TEPMOJAUHAMUYECKOTO
paBHOBECHS), U OHA He MeHsem CBOE HampasiieHue. Ha Takux xoneunvix ¥ S3KCTIEPUMEHTAIBHO
peanbHO HAOII0JaeMBIX BpEMEHAX MOBEACHUE XaOTUYHBIX KBAHTOBBIX CHUCTEM HOCHUT TOT K€
XapakTep, 4TO U [l KITACCUYECKUX KBAHTOBBIX CUCTEM.

JlexorepeHIus MPUBOAUT K MEPEX0ly HAOII0JaeMbIX TOJACUCTEM U3 YUCTOTO COCTOSIHUE B
CMEIIIaHHOE, T.€. MPHUBOJIUT K pocTy sHTponuu. (Ha camom aene, Belb 0THO MaKpOCOCTOSIHHE
3aMeHseTCs Ha LIeJIbIH Ha0op BO3ZMOXKHBIX MakpococTosiHHA.) C Ipyroil CTOpOHBI, BO3BpPATHI
[Tyankape naroT oOpaTHBIM pe3ysibTaT (T.€. «PEKOTEPEHIINIO») U CBSI3aHbl C YMEHbBILICHUEM
SHTpONUH. J[eKOrepeHLnsi U COMyTCTBYIOIIAs € CHHXPOHU3AIMS CTPET BpeMEHH HaOIoAaTes
U HaOJI0JaeMbIX MOACUCTEM IIPUBOIUT, TAKUM 00pa30oM, TaKKe K CHHXPOHHM3AI[M MOMEHTOB
NIEPEX0/1a U3 YHUCTOTO COCTOSIHUE B CMELIAHHOE BCEX ATUX MOJACUCTEM U HEBO3MOXHOCTHU
AKCTICPUMEHTAIBHO HAOMIOAaTh OOPaTHBIN MporiecC (T.€. KPEKOTEPEHIIHIO» ).

[ToaBoast UTOT BBINIECKA3aHHOTO, PACCMOTPEHHE SIBJICHUS] CHHXPOHU3ALNK CTPET BPEMEHU B
KBaHTOBOM MEXaHHMKE BO MHOI'OM aHAJIOTMYHO PACCMOTPEHHUIO B KJIACCUYECKON MEXaHUKE.
OpnHako pacCMOTpPEHHE ITOTO CBOMCTBA 71l aHAJIN3a HIMPOKO U3BECTHBIX M1apaJOKCOB
KBaHTOBOM MEXAaHHMKHU J1A€T UX MOJHOE U HEMPOTUBOPEUYMBOE pa3pelIeHne. JTO CIEIYIOIINe
napajgoKcel: (@) mapamokc peIyKIUH KBAaHTOBOIO MTAKETa IPU U3MEPEHUsX (I1apaoKe
[lIpenuurepoBcKoro KoTa); (0) HEHAOII01aEMOCTh CYTIEPIIO3UITMHA MaKPOCKOITMYECKUX
cocTosiHUi (nmapanoke apyra Burnepa); (B) cmpocoe 10ka3aTenbCTBO MOTHON YKBUBAJICHTHOCTH
MHOTOMHPOBOM 1 KomneHrareHckoi MHTepIipeTanuii KBaHTOBOM MEXaHUKH; (T) OTKJIOHEHHUS OT
HKCIIOHEHIIMAJIBLHOTO 3aKOHA IIPU paclaie YacTULl U Mepexoax ¢ OJHOTO SHEPreTUYECKOro
YpOBHS Ha APYTroi (mapagokc KOTeIKa, KOTOPbIA HUKOTIa HE 3aKUITUT).

Kak y»e yka3pIBajIoCh BBILIE PELIEHUE BOIPOCA O CUHXPOHU3ALMU CTPET BPEMEHHU B
KBaHTOBOM MEXaHHMKE aHAJIOTMYHO KJIacCHYecKor MexaHuke. Ho umeercsa ogHO BaxHOE
UCKIIIOUeHHe. B Ki1accnueckoil MexaHuke 0JJTHOMY MUKPOCOCTOSIHHIO (TOYKE B (pa3oBOM
IIPOCTPAHCTBE) COOTBETCTBYET TOJIBKO OJHO MAaKPOCOCTOSIHKE. B KBaHTOBOI k€ MEXaHUKE
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OJTHOMY MHUKPOCOCTOSIHHIO (BOJTHOBasi ()yHKIIHS) MOKET COOTBETCTBOBATH IIEIIBIH HAOOP
BO3MOHBIX MAaKPOCOTOSIHUN (KBAHTOBAs CyNEepHO3ULINs BOJTHOBBIX (PYHKIHUH,
COOTBETCTBYIOIINX OTAEIbHBIM MaKpPOCOCTOSIHUAM). DTa CUTYyallsl BOZHUKAET B U3BECTHOM
napajokce «llIpeanHrepoBcKkoro KoTa.

Ceiiuac ouenp nomyisipua MHoromupoBas MHTepnperanus kBaHToBOM MexaHuku. OHa
YTBEPKIACT, YTO 3TUM OTAEIbHBIM MAaKPOCOCTOSIHUSAM COOTBETCTBYIOT OTIEIIBHBIE U
OJTHOBPEMEHHO CYIIECTBYIOIIHME MapalIEIbHO MUPBI, KOTOPbIE HHTEP(EPUPYIOT (CKIAIBIBAIOTCS
IpyT ¢ apyrom). B atom Buautes paspemenue napajgoxca «llpeanHrepoBckoro Koray.

Ho Tyt BOo3HUKaeT nepBbIi, Ha MEPBBIN B3IJIsA] TPUBUAIBHBIN BOIIPOC: 3a4€M HaM HY>KHO
IIpeIoaraTb OJHOBPEMEHHOE CYILIECTBOBAHME ITUX MUPOB. BMECTO 3TOro Mbl MOKEM IPOCTO
ckazarb: «CucremMa KOJIJIarCUpyeT B OJIHO U3 3TUX MaKpPOCOTOSIHUM C BEPOSITHOCTBIO,
onpezensieMoil npasuinamu bopa. /[t yero Ham Hy KHBI 3TH MUCTUYECKHUE MTapalJICIIbHBIE
mupbl?». JlanHomy B3risiay orBedaer Konenrarenckas MuTtepnperanus.

Ha 370 00bI4HO fatoTCs CleayIoe BO3paKeHHs

1. Y Hac HEeT HUKAaKUX MEXaHU3MOB, OUCHIBAIOIINX KoJutanic KoneHrareHckoi
Hurepnperanuu.

MpI nprHUMAaEM, 9TO BOJIHOBBIE (DYHKITUH 3TO HEUTO PEaJbHO CYIIECTBYIOIIEE.

OTH BOJHOBBIE QYHKIMHU U UX CyNEPHO3ULIUS YAOBIETBOPAIOT ypaBHeHUI0 LlIpenunrepa.
N3 1 u 2 aBTOMaTHYECKU ClIeIyeT MHOTOMHPOBAsi HHTEPIIPETALIUS.

JlexorepeHIys, KOTopas TaKkxe sABJIsIeTcs cieacTBueM ypaBHeHus Llpeannrepa, o0ObsCHSET,
IIOYEMY MBI MOXKEM B UTOT'€ BUJIETh JIUIIb OJUH U3 MUPOM (C COOTBETCTBYIOILIEH
BEPOSATHOCTHIO bopa).

kW

Ho Ha 3T0 BrosiHE MOXKHO BO3pa3uTh: «/la, y Hac HeT MexaHu3Ma kosuianca. Ho Ham u He
HY’KHO €ro 3HaTb. MBI IPOCTO MOCTYIMPYEM HAJIMUKME TaKOro Kosanca. bosiee Toro, Mbl naxe
HE XOTUM 3HaTbh 3TOT MEXAHU3M, IIOCKOJIbKY CIIOCOOHBI OITMCATh M PACCUUTATH JIIOO0YIO
(U3UUECKYIO CUTYalUIO 0€3 3TOr0 3HAHUS.

Ho Takoit noaxo BcTpeyaer CleyoIue TPy IHOCTH:

1. MpI He MOXEM yKa3aTh WIA PACCUUTATh MOYHbILI MOMEHT BPEMEHH, KOTJ1a IPOUCXOIUT 3TOT
KoJutarc. [{ns MakpoTes MOKHO yKa3aTh JIUIIb OYEHb Y3KHI, HO, TEM HE MEHEE, KOHEUHBII
WHTEpBaJ BPEMEHH, HA KOTOPOM 3TOT KOJUIAIC MPOUCXOIUT.

2. Jlyis MakpoTen CYIIECTBYET JOCTATOYHO YETKOE pPa3eieHUe MEX1y MUpaMu (3a CUEeT
JIEKOTEePEHIIMH), HO OHO HUKOTJIa HEe ABJIseTCs MOJHBIM. Beerna ocraercs nebonvuioe
«TEePEKPBITHEY) MEKTY MUpaMu (MHTep(EPEHIIMOHHBIC WICHBI, KBAHTOBBIE KOPPEISLIUN
MUPOB) Jaxke AJisi Makpoten. JlekorepeHiusi, onucbiBaeMas BbIIlIe, JIUIIb YACTUYHO pelIaeT
npo6sieMy. OHa He 10 KOHIIA «Pa3beIUHSIET) MAKPOMHUPHI, OCTABIISIS ATO HEOOIBIIIOE X
TEPEKPBITUEY.

3. CymecTByOT crienuduyeckue Moienu kojuiarnca (tak HassiBaemass, GRW teopus [16]). Ouu
MOTYT OBITh TPOBEPEHBI HIKCIIEPUMEHTATIBHO. Takue 3KCIepUMEHTHI HEe IaI0T [MOKa HUKAKOTr0
JI0Ka3aTelIbCTBa CYILECTBOBAHMS TAKOTO Kosuianca. OHU JAl0T JUIIb TPAHULBI Ha TapaMeTphl
TaKUX MoJieNel (B TOM cilydae, eCiii OHM BCE-TaKu BEPHBI), OIPEIEISIEMbIE TOYHOCTHIO
AKCIIEPUMEHTA.

Ha »10 MOXHO CHOBa BO3PAa3UTh:

1. MHa, ectb mpobiema onpeaeanTb TOYHOE BpeMs KoJutarnica. Ho TouHo Takas e npobiiema
CYILIECTBYET U B MHOTOMHPOBOW MHTEPIIPETALIMH — B KAKOH IMEHHO MOMEHT BPEMEHHU
HaOJr01aTeNb BUANT, B KAKOM U3 BO3MOXHBIX MUPOB OH Oy THJICS ?

2. Toxe kacaercs U «IEPEKPHITUS» MUPOB — 3TA MPoOIeMa MPUCYTCTBYET U B MHOTOMHPOBOMA
uHTepnpeTanuu. /leficTtBuTensHO, HAOII0AATENb BUAUT B HEKOTOPBI MOMEHT BPEMEHHU
TOJIKO CBOM Mup. OH HUYETo HE MOXKET CKa3aTh O HATMYUH U OTCYTCTBUH JPYTHX
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napauienbHeIX MUPOB. COOTBETCTBEHHO, BCE MpeJICKa3aHus Oy Iyliero (omnpenesemMble
npaBuiaMu bopa) MoryT aenatbcs UM Ha OCHOBE 3HAaHUS JIUIIb «cBoero» mupa. Ho n3-3a
«TIEPEKPHITUSD MUPOB (IyCTh U MaJIOTO) MOTYT BO3HUKHYTb d(PPEKTHI, HE YKIIAIBIBAIOIIAECS
B OTH IIpefcka3anus. To ecTb, KBAHTOBasl MEXaHUKA IIPU €€ TaAKOM II0CIIEA0BATEIbHOM
UCIIOJIb30BaHUM HE CIIOCOOHA JaBaTh AAaXKE TOUHBIN 8epOAmMHOCHHbII TIPOTHO3.

3. MoHO 100aBUTh U €I11€ OJIHY HEOIPEACIIEHHOCTh, IPUCYIIYI0O 00€UM UHTEPIIPETALIUIM.
[IycTe, Kk IpuMepy, UMEIOTCS 1BA MAKPOCOTOSHUS — «GKMBOU KOT» U «MEPTBBIN KOT».
[Touemy mup pasnensercs (WM KoJIancupyeT) MMEHHO Ha TakHe JBa cOCTOsIHUA? Yem
Xy’Ke, Harpumep, napa: (<oKUuBOI KOT» - «MEPTBBII KOT»), (<GKUBOM KOT» + «MEPTBBIA KOT»)?

VYka3zaHHbIE BbIlIE TPU NPOOIEMBI IPUBOJAT K HEonpeoeieHHoCcmu B IPEACKa3aHUsAX, Je1aeMbIX
KBAaHTOBOM MexaHUKOH. OHa He yKJIaJbIBaeTCs AaKE B BEPOSTHOCTHBIE PAMKH, ONIPEACIIIEMbIC
npaBuiaMu bopa. D1a HeonpeaeIeHHOCTh O4YEHb Majla Ul MAaKpOTell, HO OHa cylecTByeT. OHa
HPUCYTCTBYIOT B 17100bIX UHTEPIPETALUSAX, JIULIb MACKUPYSACh U MEHSISI CBOIO (OpMY.

HeBeposATHBIN NOTOK MHTEPIPETAUI CBA3aH UMEHHO C MOIBITKON IIPE0J0JIETh 3TH
npo6aemsl. Ha camoMm Jienie pa3Hble HHTEpIpeTalys JIULIb 110 pa3HOMY «MAaCKHPYIOT» MpodsieMy
HEOIIPEACICHHOCTH, HE pelas ee.

4. Bce ckazannoe Boiie 0 GRW teopun BepHo. HeT HHKaK0il HEOOXOIUMOCTH 3aMECHSITH €O
KBaHTOBY10 MexaHuKy. Onnako Konenrarenckas MHTepnperanys XoTb OU€Hb U HAIIOMUHAET
GRW, HO B 0THOM Ba)KHOM IyHKTE€ OY€Hb omiuyaemcs oT Hee. OHa MOCTYJIUpPYET KoJuIarc
HE 6cex MaKpoTell, a JIUILb KOHeYyH020 HAOM0AaTeNsl, C TOUKHU 3pEHHUS KOTOPOI'O OMUCHIBACTCS
¢uznueckuit skcnepuMeHT. [Ipu 3TOM o1 CII0BOM «HAOJI01aTENb» Mbl IOHUMAEM HE HEKYIO
JUYHOCTh, 00JIa1aI0UIYI0 3araJOYHBIM «CO3HAHUEMY, a IPOCTO CTAHJAPTHBIN
MaKpOCKOITUYECKUN O0BEKT, TaTeKUI OT COCTOSIHUS TEPMOIMHAMUYECKOTO PaBHOBECHS. DTO
COBEPLICHO aHAJIOTMYHO Haulel npeapaynieit cratee [1]. 1 Hac BaXHO JIMIIB TO, YTO 3TOT
00BEKT MOCEeIHUH B LIENIOYKE HAOMIOICHHUH U ero COOCTBEHHAs: TEPMOJMHAMUYECKAs CTpea
BPEMEHU BBIOpaHa KaK «IIOJIOKUTEJIBHO» HAINIPABJIEHHAsl. DTO OrPaHUYEHUE HA KOJLIAIIC
NPUBOJIUT K CEPHE3HBIM MOCIEACTBUAM, KOTOPHIX HEe 0610 B GRW. A uMmenHo, eciu
Hannuure koyutanca B GRW Teopernyeckn MOKHO MPOBEPUTH IKCIIEPUMEHTAIIBHO, TO
IIPOBEPUTH Hamuuue Kosutanca B Konenrarenckoi MHTepripeTaliii HEBO3MOXKHO 1aXKE 6
npunyune. OG0CHYEM 3Ty TOUKY 3peHHUs. PacCMOTpUM MBICIIEHHBIE SKCTIEPUMEHTHI,
KOTOpBIE MTO3BOJIAIOT IPOBEPUTH HAJIMYME KoJularica, peackassiBaeMoro B GRW. Jlanee mbl
IIPOBEPUM, MOTYT OHH 7K€ UCIIOJIb30BATHCA I IPOBEPKH HAIMUYUE KOJIJIAICA B
Konenrarenckoit urepnperanun.

a. KBanToBast MexaHuKa, Kak U KjacCuueckas, pejckassiBaet Bo3BpaThl [lyankape. [lpuuem, B
OTJIMYHUE OT KJIACCUYECKUX XaOTHYECKHX CHUCTEM, OHH IPOUCXOIAT NEPUOANYECKH UIH TOUYTH
nepuoanuecku. Hannuue xomnanca B GRW nenaet Takue Bo3BpaThl HEBO3MOXKHBIMU U HE
HaOJII01aeMBIMH, T.€. 3TOT (PaKT MOXKHO ITPOBEPUTH IKCIIEPUMEHTOM

b. KBanToBas Mmexanuka oopatuma. [Ipu oOpalieHnu 3BONIIONNN CUCTEMA BEPHETCS B HCXOJHOE
coctosHue. OHAKO IpHU KoJuIarce 00paTUMOCTh TepsieTcsl. ITOT (aKT TaKKe MOXKHO POBEPUTH
AKCIEPUMEHTOM

¢. MBI MOeM perucTpupoBaTh SKCIEPUMEHTATIBHO Malible 3P PEKTHI, CBA3aHHBIE C MATIBIMU
KBAaHTOBBIMH KOPPEJALMAMHU, KOTOPBIE OCTAIOTCS Aake nocie aekorepeHuu. B GRW stu
MaJsbie ) PEKThI HcUe3aroT.

Mp1 npoBepsieM koJutanc Habmonarens B Konenrarenckoi aTepnperanuu, u, CJIea0BaTelbHO,
HEN30€KHO JIOJDKHBI BKITIOYHTH €ro B HA0II01aeMyto cucTeMy. T.e. 371eCh MPOUCXOTUT
camonadbooenue. I1okaxxeM, 4TO 3TO HE MO3BOJIET MPOBEPUTH (MIJIM OTIPOBEPTHYTh) HATUIHS
kojuiarca B Konenrareuckou HHTepHpeTaL{I/II/I OIIMCAaHHBIMHU BBIIIIC METOdAaMU.

26



a. [Ipeamomnoxum, Mbl OyZieM JKIaTh, KOT1a HACTYITUT BO3BPAT, IPEICKa3bIBAEMbII KBAHTOBOU
Mexanukoi. Ho HabmoaTenb, Koanc KOTOPOro Mbl MPOBEPsIeM, SIBISETCS HEOThEMIIEMOM
4acThiO cucTeMEl. T.e. mpu Bo3Bpare [lyankape, OH BEpHETCS TaK)Ke B UCXOHOE COCTOSTHHE.
CrnenoBarenbHO, BCS €T0 MaMSITh O MPOIIJIOM cOTpeTcs. UTo cenaeT SKCnepuMeHTaIbHY 0
MIPOBEPKY, CBSI3aHHYIO CO CPAaBHEHHWEM HAYaJIHLHOTO W KOHEYHOTO COCTOSTHUS HE BO3MOXHOM.

b. Te >xe caMble IPUYKHBI, YTO U B MPEABIAYIIEM MYHKTE, CACTAIOT HEBO3MOKHOM MPOBEPKY
BO3BpAaTa MpU 00paIICHUU ABUKCHUS.

c. JIns peructpanuu SKCepUMEHTAIBFHO MaJbiX 3P PEeKTOB, HEOOX0IMMa OUYEHBb BHICOKAS
TOYHOCTh M3MepeHus. Ho, mockoapKy HaOIIOAaTeNh CaM BXOJAHUT B CUCTEMY U3MEPEHUS
(camoHabI0/IeHNE) OH HE CIIOCOOEH TOYHO U MOJTHO U3MEPHUTH BCE MapaMeTphbl TAKOH CUCTEMBI.
O06pa3Ho roBopsi, HAOIIOIATEh JOJIKEH «3AMUCATh» TEKYIIEE COCTOSTHUE CUCTEMBI TEMH K€
CaMBbIMH «4EpHHUIIAMI», KOTOPBIE OH, B TOM UHncIe (KaK 4acTh CHCTEMBI), U IOJDKEH onucats! Ha
MPAKTHKE BO3MOXKHO OMUCAHUE JIUIIh MaKpOIIapaMeTPOB CUCTEMBI, UTO JIeTaeT HEBO3MOXKHOMN
HaOI0/IeHUE U pacueT MasbiX 3((HEeKToB.

I[To cytu nena, mepBbie Ba MyHKTA (a, b) CBA3aHBI CO CIEAYIOUMM (HaKTOM, KOTOPBIA HMEI
MECTO U B Kjaccudeckoit mexanuke [1]. JlexorepeHus (paciienieHne Ha MaKpOCOCTOSIHUSA )
IPUBOJUT K POCTY PHTPONHHU (OJTHO MAKPOCOCTOSTHUE 3aMEHSETCSI Ha LeNbIi Ha0Op BO3MOKHBIX
MakpococTosHui). C apyroil CTOpoHbI, HaOJIOACHUE BO3BpaTa (T.€. PEKOT€peHLIUs) CBA3aHO C
yMeHbIlIeHneM 3HTponuu. HabmrogaTens ke crnoco0eH 3KCIepUMEHTAIbHO POBOIUTh
caMOHaOJII0IeHUE JIUIIb Ha OTPAaHUYEHHBIX IPOMEXKYTKAaX BPEMEHHU, KOT/1a y HEro CyIIeCTBYET
CTpeJia BpeMEHH (T.€. COCTOSHUE JalIeKOe OT TEPMOJINHAMUYECKOTO PABHOBECHS), U OHA He
MeHsiem cBoe HarpasieHue. TakuM o0pa3oM, HEBO3MOKHOCTh SKCIIEPUMEHTAIIBHO Pa3INuUTh
Konenrarenckyro u MaoromupoByro MHTEpIpeTanuy TECHO CBsI3aHA € 3aKOHOM pOCTa
SHTPOIUHU U TEPMOJIMHAMUYECKON CTPENIOi BpEMEHHU.

Bce, ckazanHOe BbIlIE, J€1a€T HEBO3MOKHOM DKCIIEPUMEHTAIIBHYI0 IIPOBEPKY Pa3HULIBI MEXKIY
Konenrarenckoit 1 MHoromupoBoii IHTepniperanueil, yTo AenaeT uX paBHOIpaBHbIMU. Takue
YTBEPKICHHS O HEPA3JINYMMOCTH 3TUX UHTEPIPETALUI HE pa3 BCTPEUYAIOTCS B JIMTEPATyPE.
OpHako Tam, rae 3TOT GakT He TONBKO (OPMYIHPYIOT, HO H MBITAIOTCS JT0Ka3aTh, 0OBIYHO
CCBIJIAIOTCS HA HEBO3MOXKHOCTD CIEIaTh TAKYIO POBEPKY JIMILb APaAKmuiecku AJji1 MaKpoTel, He
NOHUMasl €€ NPUHYUNUAILHOU HEBO3MOXKHOCTH. Ha 3TOM OCHOBaHMHM AenaeTcs OmnO0uHbIN
BBIBO/JI O «IIPUBUIIETUPOBAHHOMY MOJI0KeHNU MHoromupoBoi Matepnperanuu. [IpuBenem
HauboJee HarJsAIHbINA ipuMep [9]:

"CTopoHHUKH MHOrOMHUPOBOW MHTEPIPETAIMU MOIJIN Obl YTBEPKIAATD, YTO, PAKTHYECKH,
Opemsi IKCIIEPUMEHTAJIBLHOI0 J0KA3aTeJIbCTBA HAXOAUTCS HA MPOTUBHUKAX
MHoOromMupoBoii HHTepNpeTALUH, IOTOMY YTO 3TO - OHH, Te, KTO YTBEpP:KAaeT, YT0 eCTh
HOBas1 pu3NKa BHe XOPOIIO NpoBepeHHOro ypapHenus llpexnnrepa".

"HecmoTps Ha Ha3BaHue "uHTEpnpeTanys’, MHOroMUpOBON UHTEPIPETALIUMY - 3TO IIPOCTO
BapHaHT KBAaHTOBOH T€OPHUH, KOTOPAsk OTIMYAETCS OT APYTUX. DKCIEPUMEHTAIbHO, Pa3HOCTh
CYIIECTBYET OTHOCUTEJIBHO TEOPHi ¢ KojutancoM. Kaxkercs, 4TO HET HUKAKOro SKCIIEPUMEHTA,
OTIM4a0Iero MHOroMHpOBYIO MHTEPIPETALMIO OT APYTUX TEOPH 0€3 Koslanca, TaKUX Kak
MexaHuka boma unu npyrue BapuanTsl MHOroMupoBoil naTeprnperanuu. Komianc npuBoauT k
a¢dexTam, KOTOpBIE SBISIOTCS, B IPUHIUIIE, HAOIIOaeMbIMU; 3TH YPPEKTH HE CYIIECTBYIOT,
eciii MHOroMupoBasi HUHTEpIpeTanus - paBuiIbHas Teopust. YToObl HAOI0AATh KOJUIAIIC, MBI
HYK/1aJIMCh OBl B TEXHOJIOTUH BBICIIETO Ka4eCTBA, KOTOpast Mo3BoJIsieT "o0pariars" KBaHTOBBIN
9KCHEPUMEHT, BKJII0Yasi HHBEPCHUIO MpoLiecca JeTEKTUPOBAHUS MAKPOCKOITMYECKUMHU
ycrpoiictBamu. Cm. Lockwood 1989 (p. 223), Vaidman 1998 (p. 257), u apyrue npenioxKeHus
B Deutsch 1986. DT npeaioxxeHus - Bce ISl YUCTO MBICIICHHBIX SKCIIEPUMEHTOB, KOTOPBIC HE
MOTYT OBITh BBINOJIHEHBI CeUac UK ¢ MOMOLIbIO KaKOW-1100 Oyayiiel TeXHOIOIHeH,
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JOCTIKAMOM B 0003puMoe BpeMst. JIeHiCTBUTENBHO, B ATHX SKCIIEPUMEHTAX JIOJDKHA
HaOM0IaThCS MHTEP(GEPEHIINS Pa3INUHbIX MUPOB. MUpHI pa3nu4Hbl, KOT/Aa, 10 KpaiiHel Mepe,
OJIMH MaKPOCKOIMYECKUI 0OBEKT HAXOIUTCS B MAKPOCKOIIMYECKU Pa3INUMMbIX COCTOSHHUSX.
Takum 06pa3zom, HEOOX0IUM UHTEPHEPEHITMOHHBIN SKCIIEPUMEHT C MAKPOCKOTTMIECKUM TEIOM.
CeroHst eCTh HHTEPPEPEHIIMOHHBIE IKCTIEPUMEHTHI ¢ OOJIBIIIUMHU U OONBIIUMU 00BEKTAMU
(mampumep, Monekybl (ymieperna Ceo), HO 3TH OOBEKTHI BCE €Ile HE SBISIOTCS TOCTATOYHO
O0JIBIIMMH, YTOOBI CUUTATHCS ""MaKpocKonnyeckuMu'". Takue SKCIepUMEHTHI MOTYT TOJBKO
YIIyYIIUTh OLEHKY TPaHUILy, TJIe KOJIIarc MOT Obl UMETh MeCTO. Pelaronuii 5KCiepuMeHT
JOJIKEH BKJIIOYATh HHTEP(EPEHITNIO COCTOSIHUM, KOTOPBhIE 00J1aAat0T MAKPOCKOITMYECKIM
YHUCIIOM CTEIEHEN ¢BOOOIBI: HEBO3MOIKHAS 3aaua IS CErOAHAIIHEN TEXHOIOTHH"

IIpuBeneHHOE 3A€Ch JOKA3aTENbCTBO IKCIIEPUMEHTAIBHON HENPOBEPSIEMOCTH KOJIJIAICa B
Konenrarenckoit IHTepnperanyum, HaCKOJbKO HAM U3BECTHO, BCTPEYAETCA JIUILb B 3TOU U
npenmecTBytomux e padorax [10-13]. Ero MmoxxHo Ha3BaTh «I efeneBckoi» TeopeMoil o
HEBO3MOKHOCTH ISl KBAHTOBOM MeXaHUKH. OHa Kak (popMyIMpOBKOM, TaK U METOJIOM
JI0Ka3aTeNbCTBA JEMCTBUTEIBHO HAIIOMUHAET «l €eJIEBCKYIO TEOPEMY O HETIOTHOTEY.

Mgl 351€Ch CTOJB MOAPOOHO OCTAaHABIMBAEMCS Ha STOM BOIPOCE, MOCKOIBKY
Bo-nepBbix, caMa HEBO3MOKHOCTD SKCIIEPUMEHTAIILHO pa3inunuTh KoneHrareHckyo u
MuoromupoByto NHTeprpeTaliuy TECHO CBsI3aHa ¢ 3aKOHOM pOCTa SHTPOIUU U
TEPMOJAMHAMHUYECKOHN CTPEION BpeMEHHU. BO-BTOPBIX, CIMILIKOM MHOTO JIFOAEH HCKPEHHE, HO
OIMO0YHO BepsT, uTo MHOromupoBasi luTepnperanus (Min nHbIE MEHEE MOHBIC
WNHTepnpeTanun) MoJHOCTHIO pEIatoT Bee Mpo0IeMbl KBaHTOBOM MexaHuKu. K 3tuM mpobiiemam
B MIEPBYIO OYepeb OTHOCATCSA yke C(HOPMYIUPOBAHHBIE BBILIE MPOOIEMBI HeonpeoeieHHOCmU B
IIPEACKa3aHUAX KBAaHTOBOM MEXaHUKH, HE ONMChIBacMble npaswiiaMu bopa. Kak ke oHn
pemiatoTcs Ha camoM Jiene? ITo 0ObICHAETCS TEM, YTO yKa3aHHas HEOMPEeAEeNeHHOCTh XOTh U
CYIIECTBYIOT B UOedIbHOU TUHAMUKE, B HAO100aeMoll TUHAMHIKE OTCYTCTBYET U
9KCIIEPUMEHTAIFHO HE HAOII0JaeMO B npuHyune.

1) CamonaOmionenue. Te ke caMmble IPUUMHBI, YKE ONMUCAHHBIE BBIILIE, KOTOPHIE HE
MO3BOJIAIOT MPOBEPUTH KOJUIAIC HKCIIEPUMEHTAIBLHO HE TIO3BOJISAT OOHAPYKHUTh
9KCIIEPUMEHTAIILHO HEONPEIEIIEHHOCTb, YKAa3aHHYIO B IIYHKTax 1 (TOYHBI MOMEHT
BpPEMEHH KoJutarnca) 1 2 (KBaHTOBBIE KOPPENALNU). A 3HAUUT 00CYKIaTh ee
0€CCMBICIIEHHO.

2) Baemnee HaOI01EHTE.

a. Ecim aTo HabmoeHne He BO3MYILAeT Ha0II0AaeMYyI0 CUCTEMY, TO KOJIJIAIICa CUCTEMBI a,
CJIeIOBaTeNbHO, U HEOMPEAENEHHOCTH (YKa3aHHON B MyHKTaX | 1 2) HEe BO3HUKAET M KBAHTOBAS
MEXaHUKa MOXKET ObITh MpOBEpeHa TOYHO IKCIEPUMEHTANbHO. Takoe HernepTpyOaTUBHOE
HaOJI0/IEHUE BO3MOYKHO ISl MAKpOTEJI JIMIIb TEOPETUYECKHU, U TOJIBKO MPH YCIOBUHU H3BECTHOTO
HAYaJIbHOTO COCTOSIHUS, YUCTOrO Wik cMemanHoro. (Ilpunoxenue A)

b. [IpucyTcTByeT Majgoe B3auMOACHCTBHE MEXIY HAOIIOaeMOI CUCTEMOU U
HaOJro1aTeneM/OKpy>KeHHEM. JTO MaJloe B3aUMOICHCTBIE MACKUPYET HEOIIPEIEIeHHOCTh
(Yka3aHHYIO B MyHKTax | 1 2) U JenaeT HeBO3MOKHBIM €€ IKCIIEPUMEHTaIbHOE HabI0JeHHE.

31eCch HY’KHO BEpPHYTHCSI K HEOTIPEIEIEHHOCTH, ONMMKUChIBAEMON B MyHKTE 3. BOJBIIMHCTBO
peaNbHBIX HAOIIOICHUI OTBEUAET CIydasM CaMOHAOMI0AeHHS (KOT/1a TIOJTHOE OTHCAaHNe
HEBO3MOKHO B MPUHIUIIE) UM OTKPBITOM cucTeMe, BO3MYIIIAEMOM HEKOHTPOIUPYEMbBIM MaJlbIM
BHCIIHUM ITYMOM OT HaGJIIOIIaTeJISI/ OKPYKCHMU. Kak ke omucniBaTh Takue OTKPBITBHIC NN
HEMOJIHbIE CUCTEMBI? DTO JienaeTcs MyTeM BBOJA Makponapamempos cucteMbl. PeanbHas
Habnodaemas TAHAMHKA TaKUX MTapaMeTPOB BO3MOXKHA IS IIMPOKOTo Kiacca cucteM. OHa He
BKJIIOYAET HEHAOII0JaeMbIE B PEaIbHOCTH «IapaljielIbHble MUPBI», YMEHBIIIEHUE SHTPOIHH,
KBaHTOBYIO CYNEPIIO3UIIMI0 MAKPOCOCTOSHUM U IPYTYI0 SK30TUKY, BO3MOXKHYIO TOJIBKO B
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uoeanvrou nuHamuke. Habmonaemas tuHaMuKa IPOU3BOJAUTCS OTHOCUTEIHHO
TEPMOJIMHAMUYECKOMN CTPEJIbl BPEMEHH PEaJIbHOTO MAKPOCKOIIMYECKOTO HEPABHOBECHOTO
HaOJI01aTelIs, CJ1a00 B3aUMOJICHCTBYIOIIEM C HAOII0JaeMOW CUCTEMON U OKPYKCHUEM
(mexorepennus). neanbHasi TMHAMHUKA CTPOUTCS B aOCTPAKTHOM, KOOPIUHATHOM BPEMEHHU.
[Ipobnema nepexoa OT uaeaIbHOM K peaIbHON JUHAMUKE YCIICITHO pellieHa B JPYruX padoTax
[14-15, 17-18]. Beibop MakponepeMeHHBIX HEOJHO3HAUEH, HO U HE MMPOU3BOJICH.
MakponepeMeHHbIE JOJDKHBI BEIOUPATHCS TaK, 9YTOOBI TPHU POCTE SHTPOIIUHU CITyYaHBIH MaJIbIi
BHEILIHUW LIyM HE BJIMSUI 3HAUUTENIbHO HA UX JUHAMUKY. Takue MakponepeMEeHHbIE CYIIECTBYIOT
Y Ha3bIBAIOTCS TJIaBHBIC TIEpeMEeHHBIC (pointer states) [3,17]. Hammuue n30paHHBIX COCTOSTHHIMA
00BSCHSETCS IOKATBHOCTHIO B3aUMOJICHCTBUS B peaibHOM Mupe. CUiibHEe B3aUMOICHCTBYIO
Omm3kue yactuilbl. Eciu Ob1 cria B3aMMOIEHCTBHS ONPEEsIach, HapuMep, OJIM30CThIO
UMIYJIECOB, TO TJIaBHBIE COCTOSTHUS ObUTH OBl COBCEM MHBIE. Tak, MOCKOJIBKY CBOMCTBO
JIOKAJIBHOCTH HEBEPHO HA PACCTOSIHUU CPABHUMOM C JUTMHHOM BOJIHBI, PaJHOBOJIHBI UMEIOT
IOJIEBBIE pointer states, CHJIbHO OTJIMYAIOIIUECA OT pointer states yvactul. Cutyauus, 31€Ch
OMHCBIBaEMasi, TMOJHOCTBIO SKBUBaJIEHTHAs [ 1], T/Ie paccMaTpUBaIUCh «IIOIXOISAIINEC)
MaKpOCOTOSIHUS AJIs1 CIy4as KIIACCHUECKOM MEXaHUKH.

UTo MOXKET CITy>)KUTh IPUMEPOM HAOJTFOTaeMOM THHAMUKH JJIT KBAHTOBBIX CUCTEM? DTO
ykaszannble Beilie GRW Teopuun. [1y1s Toro utoObl MOHATH 3TO BepHeMcs k KomneHnrarenckoi
WNuTtepnperanuu. Mbl MoxxeM BbIOpaTh 3a «HaOmoaarens» B Konenrarenckoit urepnperanuun
pa3HbIe HepaBHOBECHbBIE MakpoTena. TeopeTuyecku, mpy 3TOM Koanc OyaeT BUAEThCS Mo-
pa3HOMY JUISl TAKHX Pa3HBIX HAOJIOIATENCH. DTO SIBICHUE HA3bIBACTCS «IApaiOKC JApyra
Burnepa». Haue 310 siBneHME HEOAHO3HAYHOCTHU Kosutanca B Konenrarenckoit IHTepnperanuu
MOJKHO Ha3BaTh « KBAaHTOBBII CONMIICH3MY, TIO aHAJIOTHH C TIOXOKHUM IO CMBICITY (PHIOCO(PCKUM
ydeHueM. Paspeniaercss OH aHAIOTMYHO TOMY, KaK MbI 3T0 Jieianu B padore [1]. Ilpu
CHHXPOHHU3AIUHU CTPEJT BPEMEHHU SHTPOIUS BCEX C1a00 B3aUMOCHCTBYIONIUX TEJ PAaCTET
(yOnIBaet) cuaxpoHHO. Kosmmarnc ke COOTBETCTBYET HMEHHO POCTY SHTPOIUU (OTHO
MaKpPOCOCTOSIHUE 3aMEHSIETCS Ha IEJbIii HAOOp BO3MOXKHBIX MaKpOCOCTOsIHUH). CreaoBaTeiabHo,
Majioe B3aUMOJICHCTBHE (IEKOTEPEHIINs) MEK Yy MaKpOTeJIaMu PUBOAUT HE TOJIBKO K
CHUHXPOHHU3AIUHU CTPESl BpEMEHHU, HO U K CUHXPOHU3ALMK MOMEHTA «KOJUIANCa» ISl pa3HbIX
HaOmogaTenei. 1o aemaet « KBaHTOBBIN COMUNICU3MY TSI MAKPOTEII, XOTS TEOPETUUSCKHI
BO3MOYKHBIM, HO KpailHEe TPYJAHO OCYILECTBUMBIM Ha MpakTUKe. B 3ToM 3akitouaercs ero
otimuune ot Konenrarenckoir MHTEpIipeTaliuy, riae Kouianc HaOmroaTes Hellb3s
MPEeOTBPATUTH Jaxke TEOPETUUEeCKU. Y Ka3aHHble Boilie GRW Teopuu sBISIOTCS, TAKUM
00pa3oM, JIsi KBAHTOBOW MEXaHUKH OMMCAHUEM JICHCTBUTEIIBHON HaOa00aemoll TAHAMUKA
makporen (quHamuka FAPP). Ona orOpaceiBatoT He HaOIIOJaeMble B PeaTbHOCTH
paccoriacoBaHus KoJijiarica MakpoTesl U yObIBaHHE SHTPOMHH, KOTOPBIE MTPEICKa3bIBAIOTCS
uoeanbHoU TMHAMUKOU.

Xoporiieii WTIoCTpaIiei BRIIIICONMCAHHON CBS3M HAOII0aeMOM U HICATbHON TUHAMUK
ABJISIETCS «IIAPAJOKC KOTEIKA, KOTOPBI HUKOI' /1A HE 3aKUMUT». OH CBs3aH B KBAHTOBOU
MEXaHUKE C OTKJIIOHEHUEM OT SKCIIOHEHIIMAIIBHOTO BU/Ia 3aKOHA pacmaja yacTull (WK rnepexo/ia
C OJTHOTO PHEPTETUUYECKOTO YPOBHS Ha APYTOi). DKCIIOHEHIIUATBHBIN XapaKTep TaKOro 3aKOHa
OUYEHb BaXXKEH — OTHOCHUTEIIbHASI CKOPOCTh PacIia/ia He 3aBUCUT OT MOMEHTa BPEMEHH. DTO
3HAYUT, YTO pacnaJarolascs 4acTULAa HE UMEET «BO3pacTa». B KBaHTOBON MEXaHUKE, OJTHAKO,
Ha MaJbIX BPEMEHAX 3aKOH U0ealbHOoU JUHAMUKH paciajia CUIbHO OTIMYAETCS OT
SKCHOHEHIIMAIIBHOT0. DTO IPUBOAMT K TOMY, YTO KOI'/Ia YHCIIO U3MEPEHUIN COCTOSHUS YaCTULIbI
Ha OTPaHUYCHHOM MHTEpBaJie BPEMEHHU YBEIIMYMBACTCS, YACTHIIA B IIpejiesie BOOOIIEe He
pacnanaercs! Ilycts Mbl HabI01a€M MaKpOCUCTEMY, COCTOSIIYIO U3 OOJIBIIOrO YKcia
pacrnajarmuxcs YacTll. 3JeCh CIeAyET OTMETUTh, YTO PaCIia] YaCTHUIIbI IPOUCXOAUT MO
3aKOHAaM UACAIbHON JUHAMUKHU JINIIb MEXAY n3MepeHussMU. CaMu U3MEPEHUS CUIIBHO BIIHSIFOT
Ha IMHAMUKY CUCTEMBbI, KaK BUTHO U3 (HOPMYITHPOBKU caMOro mapaaokca. YToOwl mepeitu k
Habnodaemori TMHAMUKE, OTIMCAHHOM BBIIIE, MBI JOJIKHBI CHJIBHO YMEHBIIUTH BO3MYLIAIOIIEe
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BIIMSTHUC HAOFOACHUS. JTO IOCTHTACTCS YBEITMUYCHUEM UHTEpPBajia MEKIy HAOJIOICHUSIMH,
CPaBHHMOTI'O CO CPEAHUM BPEMEHEM >KU3HU OTAEIBHON YacTUllbl. [l Takux O0NbIInX
WHTEPBAJIOB BPEMEHH, MBI TIOJTy4aeM peaabHYI0 Ha0II0aeMyI0 JUHAMHKY pacraa, pu
KOTOpPOM OHA OMHUCHIBAETCS SKCIIOHEHTOW, U CPEIHEE BPEMsI )KU3HU HE 3aBHCUT OT KOHKPETHOTO
WHTEpBaja MEXIy U3MepeHusiMu. TakuM 00pa3oM, SKCIIOHEHIIMAJIBHBIN paciaa — 3aKOH
HaOI0TaeMOi, a He UeaNbHON TUHAMUKH YacTHIL. (DTUM ke 00BICHSAETCS OTCYTCTBHE
BO3BpartoB [lyaHkape /j1st TaKOM CUCTEMBI. )

3. Koqm4yecTBeHHOE pacCMOTPEHHE BOIPOCA.

3.1 OnmnpeneseHre OCHOBHbIX NOHSTHH.

1) B kmaccuueckoil MeXaHHKE MUKPOCOCTOSIHHE — TOUKa B ()a30BOM MpoCTpaHcTBe. B
KBaHTOBOI MEXaHHKE TOMY COOTBETCTBYET BOJHOBAs (YHKIHSA i/ (UMCTOE COCTOSIHHE), a
TPaeKTOPUU — 3BOJIOLMS BOJTHOBOM (DyHKLIMHU BO BpeMeHH. B kiaccuueckoil MexaHuke
MaKpOCOCTOSIHUE COOTBETCTBYET (PYHKITMH pacripenesisi B (ha30BOM MpOCTpaHCTBE. B
KBAHTOBOM MEXaHUKE ITOMY COOTBETCTBYET MAaTpHlia INIOTHOCTH p. Bux MaTpuiibl
TUTOTHOCTH 3aBUCHUT OT BEIOPAHHOTO 0a3uca OpTOHOPMANIBHBIX BOJHOBBIX (pyHKIMI. Ecmm
PPFP - 3TO CMEIIAHHOE COCTOSHUS.

2) VYpaBHeHUE ABMKEHUS AJI1 MATPUILIBI INIOTHOCTH 0 UMeeT hopMy:
PN
ot

rae L ABISIeTCA TUHEUHBIM ONPEPATOPOM:
Lp=Hp-pH=[H,p]
n H sBisgercs onepaTopom 3HEPrUu sl CHCTEMBI,

] ZLPN,

N — gucio gactun
3) Ecniu A sBnsercs omneparopoM HEKOTOpodl HaOmronaeMod, TO CpeaHssl BeJIWYMHA
Ha0Jr01aeMOi MOXKET ObITh HalZIeHa CIIEAYIOUIMM 00pa3oM:
<A>=tr Ap
4) Ecnm npou3BOAMTCS caMOHAOIIOIEHUE TIONHBIM Ha0Op HAOMIONEHUH CIeaTh HEBO3ZMOXKHO.
B cnyuae BHemHero HaOMIOAEHMS M3-32 MaJIOrO B3aUMOAECHMCTBHSI C HaOmIoAaTeraeM U
HEYCTOMYMBOCTH XaOTHYECKOW HAOMIOJaeMOW CHUCTEMBI TIIOJIHOE OIUCAHUE TaKXKe
6eccMmbiciaeHHo. [ToaToMy BBOAAT orpaHndeHHbl Habop M maxkponepemennbix:
Aset:{A], Ag, ceey AM},
roe M<<N
OTU MakponepeMeHHbIE U3BECTHBI ¢ KOHEYHON MaJlOi MOrpeIHOCThIO:
AA; <<A4;, 1<i<M
OrtoMy HabOpYy MaKpONEPEMEHHBIX OTBEYAET MAKPOCOCTOSHUE C MATPHILICH TNIOTHOCTH Pger.
ITpu 3TOM BCE MUKPOCOCTOSIHMSI OTBEYAIOILNE YCIOBUAM
{ |<A1 > —A;lf A4, |<A2> —Aglf A4, ..., |<AM> —AM|S AAM}
SBJIAIOTCS PAaBHOBEPOSTHBIMH.
Tepmoounamuyeckomy pasHosecuto OTBEYaeT MaKpOCOTOsIHUE pr. EMy cOOTBETCTBYET HAOOP
MUKPOCOCTOSIHUM, YJIOBJIETBOPSIIOIINN YCIIOBUIO
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|<E>—E|<AE (4 E<<E),
rac FE nonnas OHEPIUsa CUCTEMBIL.

[Tpu 5TOM BCE 3T MUKPOCOTOSIHUSI PABHOBEPOSTHBI.

5) B KBaHTOBOI MEXaHHUKE IHMPONUsL aHcamOJis OTIPEACIIACTCS Yepe3 MaTpuIly TIOTHOCTH [15]:

S=-ktr(p Inp),

rze tr 0003HavYaeT Cliea MaTPUIlbI

9HTpOHI/I$I, OMpCACIICHHAA TAKUM ITYTEM, HC MCHACTCS B ITPOLIECCE O6p8.THMOI>i 3BOJIFOIIUHN:
oS

Lo
ot

6) Maxpockonuueckas sHmponus ONpeNeNsIeTcs CIeayoIuM 00pa3oMm:

a) Jlns maHHOTO p HAXOAUM Bce HAOOPBI MAKPOIIEPEMEHHBIX, EMY COOTBETCTBYIOLIUX

set

AY = {4V AV AV ALY << AV 1<i< M

AL = {4 AP AP A << AV 1<i<M

set

b) Haxonum maTpuily ps.; A KOTOPOW BCE MUKPOCOTOSIHUSA, UMEIOLINE YKa3aHHbIM Habop
MakKpoIapaMeTpOB, PABHOBEPOSTHBI
¢) Makpockonuueckasi SHTPOTHUS S=-k (7 (Pse; [N Pser)

B otimumne ot ensemble entropy Makpockomuueckasi SHTpOMHs (MaKpOIHTPOIHsI) HE TIOCTOSIHHA

U MOJKET KaK yBEJIMYMBATBHCS, TAK M YMEHbIIAaThcsl BO BpeMeHH. OHa 1 JaHHOW »Hepruu £ +

AE nocturaeT MakcuMyma IIpd TEPMOJMHAMUYECKOM paBHoBecuM. HampasieHue pocta

MaKpOSHTPOIUM OIpEIEsIeT HaNpaBIeHHE COOCTBEHHOW mepMOOUHAMUYECKOl Cmpebl

epemeHu CUCTEMBbI.

7)

8)

[Tono6HO KiTaccHYecKOMy CIIy4aro JOKaJIbHOCTh B3aUMOJCHCTBUS MPUBOAUT K TOMY, UTO HE
BCE MaKpOCOCTOSIHUS TipuemMiieMbl. OHU JOJIKHBI OBITh BHIOPAHBI TaK, YTOOBI MaJIbIi IIyM He
BJIMSUI CYILLIECTBEHHO Ha HBOJIIOLIMIO CUCTEMBI B HAIIPABJICHUU MEPMOOUHAMUYECKOU CMpebl
epemenu cucteMbl. [10I0OHBIE COCTOSIHHMSI XOpOIIO WCCIEAOBAHBI M HAa3bIBAIOTCS pointer
states [3,17]. KBanToBass cynepno3uiusi TaKMX COCTOSIHMM HEYCTOWYMBAa OTHOCHUTEIHHO
MaJioro IIyMa u He SIBJsIeTCs, COOTBETCTBEHHO pointer state. [ makpocuctem, OIM3KHUX K
COCTOSIHMIO TEPMOJMHAMUYECKOTO paBHOBECHs, B KauecTBe pointer states ymoOHO
UCIIOJIb30BaTh COOCTBEHHbIE ()YHKIIMU TraMUIbTOHUAHA.
Orpy0OieHHasi BeMWYWMHA O JIOJDKHA OBITH HCIOJIB30BaHA, YTOOBI TOJYYUTh H3MEHEHUE
SHTPONHH TMOJAO0HOE MAaKPOCKOMUYeCcKol »HTpornwu. [IpuBeneM MyTH, KOTOPBIMH 3TOTO
MOJKHO JIOOUTBHCS:
a) Mpel onpezensieM HeKui Habop pointer states U MPOEKTUPYEM MaTpHUIly IIOTHOCTH O Ha
9TH COCTOSIHUS, T.€. OTOpachlBaeM HeAMaroHajJbHbIE YJIEHBl MAaTPHUIBI IUIOTHOCTHP,
3aMMCaHHOM B MPECTABICHUN COOCTBEHHBIX (DYHKIIMH 3TUX HAOIIOAaeMBIX

S:'k tr(pcoar ll’l pcoar)

b) Msl pa3buBaeM CHUCTEMY Ha HECKOJIBKO B3aUMOJICHCTBYIOIIMX IMOJACHUCTEM (HAmpuMmep:
HaOmo1aTeNb, HabMIOaeMasi CUCTEMa, OKPYXKEHHE) U 3alHChIBAEM TMOJTHYIO SHTPOIHIO
KaK CyMMY HTPOITUN 3TUX IOJCUCTEM:

S:Sob+sob_sys+senv
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3.2 IDddexT caadboro B3auMoaeicTBUS
3.2.1 MaJjioe BHellIHee BO3MYIIIEHUE.

MBI MOXEM OKPYXKUTh HaIlly MaKpOCHUCTEMY OTpaHHYCHHOrO oObeMa JIPyroil CUCTEMOM
OecKOHEYHOTr0 o0BbeMa («OKpy)KeHHe», «pe3epByap»). [lojgokum, 4YTO OHAa HAXOIUTCA B
TEPMOJMHAMHYECKOM PaBHOBECUH, UMEET Ty K€ CPEHIOI0 TEMIEpaTypy, YTO U Hallla CUCTEMA,
U cnabo B3aUMOJICHCTBYET ¢ Hamleil OrpaHMYEHHON cuCTEeMON. 3aTeM MOKHO HCIOJIb30BaTh
KBAaHTOBYIO BEPCHUIO «HOBOW JMHAMUKW», paspabortanHoil IlpuroxusbiM [14] mnsa Takux
OeckoHeuHBIX cucTeM. [lomyueHHas TakuMm 00pa3oM JIWHAMUKA HAIIe OTpaHMYEHHOW CHUCTEMBI
(moacucreMa 3TOM OOJBIION CHUCTEMBI) OyAET COBMAAaTh C €€ HaOa00aeMol OUHAMUKOU B
cucteme e€ COOCTBEHHOIO TEPMOJMHAMHUYECKOr0 BpeMeHH, HO Oe3 pe3epByapa. Takoe onucanue
MMEET CMBICI TOJIbKO B TEYEHHE BPEMEHH, KOTJa CTpesia COOCTBEHHOIO TEPMOJUHAMHYECKOIO
BPEMEHM CYIIECTBYET (T.€. CUCTEMA HE HAXOAWTCA B COCTOSHUM TEPMOJUHAMHYECKOIO

paBHOBGCI/Iﬂ) 1 HC MCHSICT CBOCTO HAIIPABJICHUS.

3.2.2 CuHXpoHU3ALMS TEPMOAUHAMMYECKHUX CTPeJ BpeMeHH NPHU
B3aMMOJCCTBHM MaKpocHucTeM (HadaoaaTe s M HaldJ/1rogaeMoil
CHCTEMBbI).

Crnenyer OTMETUTh, YTO 3[€Ch Hama paboTa HaMHOTO TPOIIE, YeM B CiIydae KIIACCHYECKOU
MEXAaHUKH. JTO CBSA3aHO C TEM, YTO KOJIMYECTBEHHAs TEOPUS MAJIOTO B3aMMOJECHCTBHS MEXIY
KBAaHTOBBIMH CHUCTEMaMH (Oexocepenyus, 3anymviéaHue) — XOPOIIOo pa3BUTas o00JacTh [2-
3,17,24-27].

Mpl1 He Oy1eM OBTOPATH €r0 3[1€Ch, a MTO/IBEJIEM JIUIIb KPATKUE UTOTH.

(a) IIpenmnosnoxum, 4TO0 MBI UMEEM B HEKOTOPBIM MOMEHT BPEMEHHU JIBE€ MAKPOCUCTEMBI, IIPU
3TOM OJIHA W3 HUX WM 00€ 3TH MAaKpPOCHUCTEMbl HAXOJATCS B KBAHTOBOW CYIEPIIO3UIMU UX
pointer states. Teopust nexorepenuuu [2-3,17,24-27] yTBep>KIaeT, 4TO Malloe B3aUMOJCHCTBUE
MEXJY MaKpOCHCTEMaMU OuY€Hb OBICTPO (BpeMs IEKONe€pEeHLMH HAMHOIO MEHBIIE BpPEMEHH
penlakcauy K TEpMOJUHAMUYECKOMY PABHOBECHIO) MEPEBOJUT TAKYIO CHUCTEMY B CMEILIAHHOE
COCTOSIHUE, IpU KOTOPOM JaHHas KBaHTOBas CymHeprno3uuus ucuezaer. Taxoil mporuecc
MCYC3HOBEHHSI KBAHTOBOHM CYNEpIIO3UIIMU pointer states COOTBETCTBYET POCTy »HTporwmu. U3
teopembl [lyankape cienyer, yTo cucreMa (B KOOPIMHATHOM BPEMEHH) JOJKHA BEPHYTHCS B
UCXOJITHOE COCTOSIHUE€ W JOJDKEH NPOM30MTH 0OpaTHbI mpouecc pekorepeHuuu. Ho o
IOPOM30HIET B 00EMX CHCTEMaX CHHXPOHHO. DTO 03HA4aeT, 4TO B CHUCTEME COOCTBEHHOIO
TEPMOJMHAMHUYECKOTO0 BPEMEHHU KaKJas M3 MOoJACHCTEeM OyneT BHJETh JMIIb JIEKOT€PEHLUI0 U
POCT SHTPONUH. DTO O3HAYAET, UTO KAK MIPOLIECCHI JEKOT€PEHIINH, TaK U CTPEIIbl BpEMEHH, Oy 1y T
CHHXPOHHBI BO B3aMMOACUCTBYIOIUX mojacucremax. Creayer oco00 OTMETHTb, YTO MBI

paccMaTrpuBacM 31CCh cnyqaﬁ MaKpockonudeckux CUCTCM. I[J'I}I MaJlbIX CUCTEM, I'I€ BO3MOXKHBI
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Oonpiine (IIOKTyallMy MapamMeTpoB, MOAOOHAs CHHXPOHU3ALMs CTPEl BPEMEHU M BpPEMEH
«KOJIIAIICOBY» MOACUCTEM HE HaOmogaercs [6-7].

(b) Temnepr MpeaIONIOKUM, YTO BCE MAKPOCKONMUYECKUE TOJICUCTEMBbl HAXOATCS B X pointer
states. B Teopuu neKOrepeHIMHM TOKA3bIBACTCS, YTO MPU HAJUYUH MAJOro IIyMa MEXIy ee
MaKpOCKOIUYECKUMHU  TOJACHCTEMaMU  [OBEJICHHE  KBAHTOBOM  CHUCTEMBI  IMOJHOCTBIO
SKBUBAJIECHTHO U HEOTIIMYMMO OT MOBEACHHUS KIacCH4yecKou cuctemsl [2-3,17,24-27]. Takum
o0pa3oM, aHaIW3 CHHXPOHHM3AIMM CTPeNl BPEMEHHU 37eCh OyJeT MOJHOCTHIO SKBUBAJICHTEH,
caemaHHoMy B pabote [1].

(c) CnenyeT yTOUHHUTH, UTO 3/1€Ch MOHUMAETCS MO CJIOBOM «KJIACCUYECKas» CUCTEMA.

DTO O3HAyYaeT, YTO B TEOPUU OTCYTCTBYIOT CIEeUU(PUUECKHE MaTeMaTH4YeCKHe OCOOEHHOCTH
KBAaHTOBOW TEOpHH, TaKhWe KaK HE KOMMYyTHpylomue Ha0mogaemble. llpu sTtom a1H
«KJTACCUYECKHE)» TEOPUU MOTYT OBITh BECbMa SK30TUYECKMMH, BKJIIOYATh B COCTaB CBOMX
KOHCTaHT TMOCTOSHHYIO [InaHka u He CBOJUTCS K 3aKOHAM OOBIYHON MEXaHMKH MaKpOTEJL.

CBepXnpoBOIUMOCTb, CBEPXTEKYy4eCTb, H3Iy4eHHE aOCONIOTHO YEPHOTO TENa, OIBITHI
®puaMana ¢ cyrneprno3uinuend TokoB [19] dacTo Ha3bIBalOT «KBAHTOBBIMW». OHM AEHCTBUTEIBHO
KBaHTOBBIE B TOM CMBICIIC, UTO X YpaBHEHUS JBM)XCHHS BKIIIOUAIOT noctosiHHyto [lmanka. Ho
OHM TPEKPACHO ONHUCHIBAIOTCA B MaKpoMaciTabe MaTeMaTUYeCKHUM almapaToM OOBIYHBIX
KJIACCUYECKHUX TEOPHii: MO0 Teopuel kuaccuueckozo mons (B KadecTBe pointer states) , 1160
Teopuel kiraccuyeckux 4dacTull (B KauecTBe pointer states). C 3Toil TOYKM 3peHHS, OHH HE
KBaHTOBble, a Kiaccuyeckue. B KBaHTOBON TEOpPUHM OINHUCHIBaeMble OOBEKTHI SBJISIOTCS
YACTHUIIAMU Y BOJTHAMU (BEPOSTHOCTH) — OJTHOBPEMEHHO.

CrnenyeT OTMETUTD, YTO B KJIACCHYECKOM TIpejiesie TP KOMHATHBIX TeMIIEpaTypax KBaHTOBAs
MEXaHUKa MACCUBHbIX YACTHUI] JaeT TEOPHUIO KIACCUYecKux 4acTUI] B KauecTBe pointer states
(Ty4Kky DIIEKTPOHOB, HAMPUMED), & JUISL Je2KUX YACTHI] B MPEAeNie MONydaeTCs KIACCUecKoe
moJie B KauecTBe pointer states (paguoBoiHbl). [IppdeM 3TH TeOpuM He BKIIOYAIOT MOCTOSHHYIO
[1nanka.

Opnako, TpU BBICOKHUX TeMIIepaTypax BEIIeCTBa, KOTJa H3JIy4eHHE MOXKET HUIATH yXKe Ha
BBICOKHX YaCTOTaX, CBETOBBIC KBAHTHI OMUCHIBAIOTCS TEOPHUEH Kiaccuyeckux 4aCTHUI] B KAYECTBE
pointer states W nalT, HAPUMEpP, CHEKTP M3IYYCHUS aOCOIIOTHO YEPHOrO Teja Ha BBICOKUX
gacToTax. XOTs 3TOT CIEKTP BKJIIOYAET MOCTOssHHYIO0 IlmaHka aumHammuKa ero pointer states
(wactui) OyneT kiaccudeckod. J[is momydeHus 3Toro cmekTpa ¢GopMain3M  KBaHTOBOM
MexaHuku He HyxeH (Cam [ImaHK 3TOT CHEKTp MOMy4uJi, HUYEro He BeJas O MaTeMaTH4YeCKOM
arnmapaTe KBaHTOBOW (DU3UKH).

HaobopoT, mpu HHU3KHUX TeMmrmeparypax 4acTHUIbl HAYMHAIOT OMUCHIBATHCA KIACCUHECKUMU
MOJIIMA B KauecTBE pointer states (SIBICHUS CBEPXTEKYYECTH WM CBEPXIPOBOJUMOCTH).
Hanpumep, cBepXnpoBOAUMOCTb OMUCHIBACTCA KIACCUUECKOU B0IHOU «apaMeTpa nopsiakay. U
XOTs YpaBHEHHS, OIMMCHIBAIOIIEE JTO TOJE, BKIIOYAIOT MOCTOsAHHYIO [lmanka, HO camu
YpaBHEHHS COOTBETCTBYIOT MaTeMaTHUYECKOMY ammapaTy Klaccuyeckou TEOpuu TMoisd. OTu
BOJIHBI MOTYT CKJIQJbIBaThCA MEXIy CO0Oi, aHaJIoOrMyHO KBaHTOBHIM. Ho wux kBagpar
aMILUTUTYIBl JTAIOT HE IJIOTHOCTh BEPOATHOCTH, a INIOTHOCTh KYMEPOBCKUX Map. Takas BOIHA HE

MOYKET KOJIJIAIICUPOBATh NPH U3MEPEHUH, I0OJ00HO BEpOATHOCTHON KBaHTOBOM BosHe [20].
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Jl7i1 KBAaHTOBO-MEXaHUYECKUX COCTOSIHUN OO30HOB TpU HU3KUX TEMIIEpaTypax pointer states
OTBEYAIOT KIaccuyeckue TOJsl, a IPU BBICOKMX TeMIeparypax - Kraccudeckue dactuupl. [lon
CIIOBOM «KJIACCUYECKUI» TOHUMAeTCsl MMEHHO MaTeMaTHYecKHil ammapaT HabmogaemMon
JTUHAMUKH, OTIMCHIBAIOIIEH WX TIOBEACHHUE, a HE HAJTUYKME WJIM OTCYTCTBUE MOCTOsIHHOM [lmanka B
YPaBHEHUAX ABUKCHUS.

UTo mnpoHUCXOAUT B MPOMEKYTOUHBIX COCTOSIHUSIX MEXKIY KJIACCUUYECKUMHU TOJNSAMH U
KJIACCUYECKUMH YacTUlaMu? DTO, HAIPUMEP CBET B OMTHUYECKOM BOITHOBOAE (L>>A>>Ayiraviolet)s
Lopt — XapakTepHBIi pa3Mep MakpocCHCTeMbI (onTuueckoro BoiaHoBozaa) (IIpunoxenue B), A-
JUTMHA BOJIHBI CBETA,Ayitraviolet —YJIbTpaduoNeTOBass rpaHuIa cBera). [lpu wHCMoOIb30BaHUM
MaKpoMmacmTaboB U MaKpOIIEPEMEHHBIX, a TAaKXKE C yU4eTOM MaJloro IIyma OT HaOirogaTens oba
omucaHus («KJIacCHYeCKash BOJHA», «KJIACCHYECKUN TIOTOK YACTHUID) HAlOT OJUHAKOBBIN
pe3yiapTaT M SKBUBAJIEHTHBI W MOTYT OBITh HCIOJB30BaHBI B KayecTBe pointer states.
OKBUBAJICHTHASI CUTYallMsl BOZHUKAET JJIs Clydasl CBEpXIPOBOAHUKA, A€ POJIb YACTHIL] MIIM BOJIH
UTPAIOT AJIEMEHTapHbIE «BO30YKICHU» B ra3e KyNepOBCKUX Map.

[IpoBenem mpocToil pacuer, WITIOCTPUPYIOIINI BBIIIIECKA3aHHOE.

[Tycte E-sneprus wactunsl; k —mocrossHaas bonbrmana, T —temnepaTtypa, p — UMIYJbC, A —
JUIMHA BOJHBI YacTUIIBl, (® —4acToTa, AX — HETOYHOCTb KOOPJAMUHATHI; Ap —HETOYHOCTH
umnynsca, h — mocrossHHas Ilmanka. PaccMoTpuM «ra3» TakuX 4YacTHIl, HaXOJSIIMICS B
MOJIOCTH, 3alOJHEHHOTO HEKMM MAaTE€pUajoM C PACCTOSHHUEM MeEXAy aroMamu a. a<<L, L-
XapaKkTepHsIi pasmep monmoctd. B Bakyyme a~(L*/N)”, N —umcio 4acTwiy B MOJNOCTH. C —
CKOpPOCTh cBeTa (IIyCTh AJISl MPOCTOTHI MOKA3aTesb MPEJIOMIICHUS BEIIECTBA B MOJIOCTH OJIU30K K

1).

1) Bo3bpMem BHauasie JE€rkhe YacTUIbI, 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

Ortcrona

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

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

L<Xwumu L~ A. Orcrona L< hce/kT wimm L~ he/kT

YcnoBue NpHOIMKEHUS KIACCU4ecKux PEISITUBUCTCKHUX YacTull ¢ E~hc/A u p=E/c:
L>> A. Orcroma L>> hc/kT

2) Bo3sbmeM Teneps TSKeNble YaCTHIIBI 0030Hbl, KOTOPBIE IPU KOMHATHON TEMIIEpaType UMEIOT
CKOPOCTh V<<C

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

Orcrona

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

VYcnoBue kraccuueckoeo OJIEBOTO MPUOIKEHUSI C YaCTOTOU (,x)zpz/(mh):

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

YcnoBue npuOMMKEHUS KIACCUYeCKUX YaCTHI] ¢ YHEprueit E=p2/(2m) W UMITYJIbCOM P=mMmV:
L>> \. Otcroma L>> h/(kTm)”
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3) Bo3sbmeM Teneps TSKeNble YaCTHIIbI (hepMuotbl, KOTOPBIEC IPU KOMHATHON TeMIIepaType
HMECIOT CKOPOCThb V<<C

p (Em)”; E~KT; p~Ap; Ap Ax~h

Ax <\ u

A<a — 9370 ycnoBue cBs3aHo ¢ npuHuunoM Iaynu na pepmuonoB. OHM HE MOTYT OKa3bIBaThCs B
OJIHOM COCTOSIHUH, KaX/IbIi CUJIUT B CBOEH «KOPOOOUKE) a.

Orcrona

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

T>Te= h*/(a’km) — Temmeparypa ®epmu, koraa (epMHOHHBI a3 NEPEXOMUT B OCHOBHOE
coctosiHue ¥ BeIpaxkeHue E~KT cTraHOBUTCS HEBEPHBIM.

IIpu T<Ty: E~Ex=kTy; A~ h/(Erm)” ~ a

YcnoBue kraccuuecko2o NOAEBOTO MPUOTMKEHUS:

L<A umu L~A. Ho 3TO HEBO3MOXXHO, TOTOMY uTO L>>a>A

IIpu T>Tr pointer states — 3TO KrIaccuueckue YaCTHIBI C YHEPTHEH E=p2/(2m) U UMITYJIbCOM
p=mv.

npu T<Tr pointer states — 3T0 k1accuyeckue 4aCTHUIIbI, 3aKJIIOYEHHBIX B «ALIMYKN) Pa3MEPOM a, ¢
sueprueit E~Er u ummyiascom p (Epm)”.

[Ipu T~Tr MBI HaOMIOZaEM TWHAMHKY «BO30YXIEHUI» B BBIPOKICHHOM DepMu-rase, KoTopas
OTMCBIBAETCS YaCTULIAMH UJIM BOJIHAMH B KaueCTBE pointer states Uit STHX «BO30YKICHHUI».

UroObl co3maTh B AKCIEPUMEHTE CUTyalHio napanokca «lllpeanHrepoBckoro kota», Ham
HEOOXOIMMO CyNepHno3ulus HMMEHHO pointer states, a He Kiaccudeckux BosiH. Ilocemy
CYNEpHO3ULMs KIACCHYECKUX BOJH «IapaMerpa IOpsAKa» WIM CBETOBBIX BOJH HHUKaK HE
CBS3aHA C HTUM I1apaJlOKCOM M HE WILTIOCTPUPYET €TO0.

Tax, nanpumep, B onbiTax @puamana [19] cocTosiHMS CynepHO3ULMHU BCTPEUYHBIX TOKOB
cama fBISeTCS B JAaHHOW CUTyaluu pointer state. DTo pointer state — KilaccMueckasi, a He
K8aHmMoBas CyNEepIo3ulids pointer states, Kak HEBEPHO M CTEPEOTUITHO OOBIYHO CUUTACTCH.
JlelicTBUTENBHO, COCTOSIHUE CHUCTEMbl 0O30HOB (KyHNEpBOBCKHX Iap) OMUCHIBAETCS MPU CTOJb
HU3KHMX TEMIIEpaTypa KIaccuyeckou BOJIHOM, KaK Mbl BUACIW BBIIIE. OTH BOJHBI «IIapameTpa
MopsiIKay SBJSIOTCS pointer states. OHM OTIWYAIOTCS OT pointer states BEICOKOTEMIIEPaTyPHBIX
AIIEKTPUYECKUX TOTOKOB KIACCUYECKUX Yacmuy, WMEIOIIUX OIpPEAEIEHHOE HallpaBleHNE
neuxkeHust (Toka).  Cynmepmosunus, HaOmomaemas B ombitax @DpuamaHa, HE CHOcCOOHA
CKOJJIAIICUPOBaTh B KBAaHTOBO-MEXAHWYECKOM CMBICIIE, ITOCKOJIBKY €€ KBaJapaT OIIMCBIBAET HE
BEPOSITHOCTb, @ MJIOTHOCTh KynepoBckux nap [20]. Ona He Oosee yauBUTENIbHAas U He Oosee
«KBaHTOBas», 4eM OOBbIYHAsI CYNEPHO3ULMs AJIEKTPOMArHUTHBIX MOJ B 3aKPbITOM PE30HATOpE,
IZIe UX CIEKTp TOXKE€ AUCKpeTeH. ENMHCTBEHHOE OTINYME - BOJHOBBIC YPaBHEHHUS «IapaMeTrpa
MOpsIZIKa» B KauecTBe pointer states BkitouaroT h. B 3ToM 1 3akiitouaeTcst BCS IX «KBAHTOBOCTBY.

3.3 Paspemenue nmapagokcoB Jlommuara u Ilyankape B pamkax
KBAHTOBOW MEeXaHUKH.

CocTtosiHME KBaHTOBOM XaOTHYECKOM CUCTEMBI B 3aMKHYTON MOJOCTH ¢ KOHEYHBIM 00beMOM
OINMCHIBAETCS HA0OPOM PHEPTETUUECKUX MO Ui(7], ..., ') CO CIEKTPOM E}, pacpeIeIeHHbIM 110
caydariHomy 3akony [8].
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Hamumewm ypaBHeHUE J71s1 BOTHOBBIX (PYHKIMH HEB3aMMOJECHCTBYIOIIEH apbl TAKKUX CUCTEM:

l-E(I)
i ;
1
ly()(rl,...,rN,t):Zuk(rl,...,rN)e d
k
e

) -
w' )(rl,...,rL,t):Zv,(rl,...,rL)e h
!

CoBMECTHOE ypaBHEHHE CIIEAYIOLIEE:

t

1 1 2
WV (n, ) = W () =
_i(E,f”JrE,(Z’)t

SN (R (Bt Je
k1

[Ipy HATMYKMK MAJIOM B3aMMOJIEHCTBUS MEXKY CUCTEMAMH
1) _

W, E ) =

£y,

ZZ fkl('i:---J’N,l’l,...,l’L)e h
k1

rne £, =F ,:“ + El( 2y Q,, , Qy-B o01IeM cityyae HaOOp CiTydallHbIX BEJTHMYUH, fi, U, Vi —

COOCTBEHHBIE (DYHKIIMH COOTBETCTBYIOIUX | aMUIIBTOHHAHOB.
[Tonmyyaromuecst pemeHust ABIS0TCS OYTH epruoAnYecKUMH QyHKIMAMU. [Tomydatonuiics
nepuoJ Bo3Bpara u onpeneisier nepuon Ilyankape. Ilepuon Bo3spara I[lyankape coBoKynHOU
CHCTEMBI SIBJISIETCS B 0OIIIEM clTydae OOJIbIIe Mepruoia 000UX MOICUCTEM.

Jlna paspemenus napagokcos [lyankape u Jlommuara (Bo3Bparsl B 3TUX HapagoKkcax
IPOTUBOPEYAT 3aKOHY POCTA SHTPOIIUU) PACCMOTPUM TENEpb TPU Cilydas

1) Camonabarooenue.

[Tockonbky npu caMoHa0MI0IeHNH COOCTBEHHAs CTpeJia BPEMEHH BCEr/la HalpaBJieHa 110 pOCTy
SHTPOIHUH — TO OTHOCUTEIBHO 3TOM CTpEsIbl BpeMEHH HaO0aaTeb ClIoco0eH BUIETh TOJIBKO
poct 3uTponuu. Kpome Toro, BO3Bpar B MICXOJHOE COCTOSIHUE CTUPAET BCIO MaMSTh O MPOLLIOM,
YTO HE MO3BOJISIET HaOIr0AaTeNt0 3aUKCHPOBATh YMEHbBILICHHE SHTPONTUU. Takum oOpazom,
YMEHBUIEHUs] SHTPOIIUH U BO3BPAThl IPOMCXOAT JIUILb B KOOPIUHATHOM BpeMeHU. B
coOCTBEHHOM BpeMeHHU HabmroaaTens (OTHOCUTEIHHO KOTOPOTO U BO3MOXKEH JTFO00H
AKCTICPUMEHT) OHU HE MOTYT OBITh IKCIIEpUMEHTaIbHO Habmomaemsl [1,10-13].

2) Buewmnee Haba00enue ¢ MAIbM 3aumooeticmauem MeXIy MaKpOCUCTEMaMH.

Maitoe B3anMOICHCTBHE IPUBOANUT K CHHXPOHHM3ALUHU CTpell BpeMeHH. COOTBETCTBEHHO, BCE
apryMEHTBHI JUIsl CAMOHAOIIIOJICHNUS] CHOBA CTAHOBSITCS PEJICBAaHTHBIMU.

3) Jns oueHb TPy IHOOCYIIECTBUMOTO IKCHEPUMEHMA C HenepmpyoamueHbimM HaOa00eHueMm
(ITpunosxenue A) yMEHbLICHHE MaKPOIHTPOIIUH JE€HCTBUTEIBHO MOKET HaOII01aThCA.
OnHako, cieayeT OTMETUTD, YTO B pEATbHOM MHUPE SHTPOIUIHBIE 3aTpaThl Ha
HKCHEPUMEHTAIbHYI0 OPraHU3alMI0 TAKOTr0 HeNepTpyOaTUBHOIO HAOIIOIEHUS
(HaOnrogaeMyro CUCTEMY HY>KHO OYEHb CUIIbHO M30JIMPOBATh OT IIyMa OKPY>KEHUs)
HaMHOTI'O MPEBBICAT 3TO YMEHBIUICHNUE SHTPOIHH.

B xnmaccudeckux cucremax nepuoa Bo3Bpara HyaHKape - 3TO cnyqaﬁHaﬂ BCJINYHMHA, CHJIBHO
MECHSIIOIIASCS B 3aBUCHUMOCTH OT HAYaJIbHOT'O COCTOSHUS. B KBAaHTOBEIX XaOTHUECKHUX CHCTEMAaX
nepruoa TOYHO OIIPEACIACTCA U HC 3aBUCUT 3HAYHUTCIIBHO OT HAYAJIbHOTO COCTOSIHU. OI[HaKO
9Ta, Ka3aJloCh 6I>I, pcajibHad padHula B IOBEACHUH KBAHTOBLIX U KJIIACCUYCCKUX CUCTEM HE
Ha6J'IIOI[aeMa OKCIICPUMCHTAJIIBHO AaXKE B OTCYTCTBHUU OT'PaHUYCHUA HA BPECMA SKCIICPUMCHTA.
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I[CﬁCTBHTCJ'II)HO, PCaIbHBIC (bmnqecxne OKCIICPUMCHTBI, BO3MOKHO, ITPOBOAMWTD JIMIIb Ha
MNPOTAXKCHHUU BpEMCHU MHOI'O MCHLIIEM IICPHOAa HyaHKape. dusnyeckue OKCIICPUMCHTBI
HMCIOT CMBICJI TOJIBKO B TCUCHHUEC BPEMCHH, ITOKA CTpCiia COOCTBEHHOT'O TCPMOJUHAMHUYCCKOT'O
BPEMCHU CYHICCTBYCT (T.C. CUCTCMA HC HAXOAUTCS B COCTOSAHUU TCPMOANHAMUYCCKOI'O
paBHOBGCI/Iﬂ) 1 HC MCHACT CBOCTO HAIIPABJICHUA.

3.4 JlexkorepeHuus AJM MpPoumecca u3MepeHusl.

3.4.1 Penykumsi cucTeMbl IpH U3MepeHusx [22-23].

PaccmoTtpuM cutyanuio, Korna npuOop BHaYaie HaXOJHUIICS B COCTOSIHUU |0>, @ OOBEKT — B
CYTEPIIO3UITIOHHOM COCTOSIHHH |W> = Y Ci|Wi>, Ta€ [V COOCTBEHHBIC COCTOSHUS IKCIIEPHUMECHTA.
HavanbHbIil cTaTHCTUYECKUI ONIEPATOP NAETCs BRIPAKCHUEM

Po=IW> [to><ato| <y (D

[TapuupanpHblil cilel 3TOrO OIEpPaTOpa, COBMNAJAOIIHUA CO CTATUCTUYECKUM OIIEPaTOPOM
CHCTEMBI, COCTaBIICHHON M3 OAHOTO 0OBEKTa, UMEET BUJT

trA(Po)=2n<@nlPol P>

TJIe | > — KaKasi-TO IOJTHASI CUCTEMa COCTOSTHHM mprbopa. Takum o6pazom,

tra(po)=2 [W> <«@alo> <0t0|on> y|=|y> <y, )
/i€ UCTOJB30BAHO COOTHOIICHHE Y, P> <Pp|=] u TOT (axT, 4TO COCTOSHHE |0lp> HOPMHPOBAHO.
MBpbI NOTYYHIIM B TOYHOCTH TOT CTATHCTHYECKHI OIEpaTop, KOTOPBIA JTOHKHBI OBUIH MPHUITUCATH
00BEKTy, eciu Obl OH Haxomwics B coctossHuH |y». [locie akTa wW3MepeHHs BO3HHUKAET
KOpPEIALUS MEXIY COCTOSHUSIMH TpHOOpa M COCTOSHHUSIMH OOBEKTa, TaK UYTO COCTOSIHUE
KOMOWHUPOBAHHON CHCTEMBI, COCTABICHHON M3 MpuOopa W OOBEKTa, OMHCHIBACTCS BEKTOPOM
COCTOSTHHS

=Y cieyp|ap. 3)
a CTAaTUCTHYECKUIM OIepaTop JaeTCs BhIpAKEHHEM
p=[Tr¥=Xcic; eyl <ofay]. 4)

[TapuuanbHBIN CJIe ATOTO ONEPaTopa paBeH
rA(P)=2nPul P [@u> =
=Y apeici €Oy {0 «@n o< n } yil=

=Y qicici i [wirwj 5
(Tak KaK pa3JM9HbIe COCTOSHUA |0 PHOOPa OPTOTOHATBHBI APYT APYTY); TAKAM 00pa3oMm,
2
tra(p)=2_lcil [y <yil. (6)

Mpbl NOMy4YMIM CTAaTUCTHYECKUI omepaTtop Ajsl CUCTEMbI, COCTOALIEH M3 OAHOTO OOBEKTa,
OIIMCHIBAIONIHIT CHTYAIHIO, KOT/[a HMEIOTCS BEPOSTHOCTH |¢i|* MPeObIBaTh OOBEKTY B COCTOSHHSIX
[vi>. UTak mpuxoaum K GopMyJIMpOBKE CIEAYIOUIEH 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 onepartop tra(p) Haj noiaHou cuctemon (S u A) BOCIIPOM3BOAUT AEHCTBHE
pEenyKILUH, IPUMEHSAEMOT0 K aKTy U3MEpEHUs, IPOU3BOJUMOI0 HaJl CUCTEMOH S, HaXxoAuBLIEH s
JI0 U3MEPEHUS B COCTOSTHUHU |y)>=) iCi|yi>. B

MertacocTosiHEE CUCTEMBI, HaXOSICh B KOTOPOM OHa HE UMEET OIPEJECIIEHHOIO COCTOSIHUSA, HO
SIBIISICTCSI YacTbIO OOJIBIION CHUCTEMBI, KOTOpas HaXOAUTCS B YMCTOM COCTOSIHUM, Ha3bIBACTCS
HecoOCMBEHHbIM CMEUAHHBIM COCIMOSHUEM.

3.4.2 JlekorepeHunus Npu B3aUMOJAEHCTBHH C MAKPOCKONIUYECKUM MPUOOPOM
[21-23].
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Y4arem tenepb, 4TO IPUOOpP ABIAETCS MAKPOCKOITUIECKOW CUCTEMON. ITO 03HAYAET, UTO
KaXK7asi pa3nuunmMas KoHpurypamus npudopa (Harpumep, MOJ0KEHUE €T0 CTPENIKH) HE SIBISIeTCS
YUCTHIM KBAHTOBBIM COCTOSTHUEM, HUIKOUM 00pa30M HUYETO HE YTBEPXKIast O COCTOSHUH
JBUKECHHS KQXKI0M OTAETBbHOM MOJIEKYJIBI CTpENKU. Takum 00pa3oM, B BHIILICTIPHUBEACHHOM
paccyXIeHHH HadalbHOE COCTOsTHHE TIpruOopa |00> crieayeT 3aMEeHUTh HEKOTOPBIM
CTAaTHCTUYECKUM PACIIPEeIeTICHUEM 110 MUKPOCKOMUYECKIM KBAHTOBBIM COCTOSTHUSM |0l,s>; Ha-
YaJbHBIM CTATUCTUYECKHI OTlepaTop He JaeTcs BhipakeHueM (1), a paBeH

Po=XsPs| WOl 00,9 <o sy, ()

Kaxnoe cocrosiHre mpudopa |0y OyIeT pearupoBarh Ha KakKoe COOCTBEHHOE COCTOSIHUE |V
00BEKTa TEM, YTO MPEBPATUTCS B HEKOTOPOE JIPYrOe COCTOSIHUE |0 s>, KOTOPOE SBISIETCS OTHUM
U3 KBAaHTOBBIX COCTOSIHHI, MaKpOCKOITMYECKOE OMHCAaHHE KOTOPOTO COCTOUT B YKa3aHWH, YTO
CTpeJIKa 3aHUMAET MOJIOKEHHUE 1; TOYHee UMeeM (HOopMYITy

ete/h (vl oo, 9) =eie[’s| Vol o . )

OOpatM BHMMaHHE Ha TOsBJICHHE (DA30BOTO MHOXKUTEIIS, KOTOPBIH 3aBUCUT OT HHJACKCA S.
Pa3zHocTH 3HEpruii KBaHTOBBIX COCTOSIHUH |0los> C YYETOM BPEMEHH T JOJDKHBI ObITh TaKUMH,
4yT00BI (ha3bl 0;(mod 21t) ObLIK ciiydaifHO pacmpenenaeHsl Mexay 0 u 27.

N3 dopmyn (7) u (8) cimemyer, 9TO TpH [y=),Ci|yi> CTATHCTUYCCKUN OmMEpaTrop Iocie
U3MepeHus OyJeT JaBaThCs CICAYIOMIUM BbIPaKEHHEM:
p=Y wippcici ¢ [yl oo <ay <yl ©)

Tak xak u3 (9) moiy4aeMm TOT ke pe3ynbTar (6), TO BUANM, YTO CTATHCTUYECKUU orepaTop (9)
BOCIIPOM3BOAUT JACHCTBHME PEAYKIMH, TPUMEHEHHOW K JaHHOMY o00BekTy. OH Takke
NPaKTUYECKH BOCIPOM3BOAMUT JE€HCTBHE pEIYKIMH, TNPHUMEHEHHOH K OJHOMY HpuOOpy
(«IIpaKkTU4ECKW» B TOM CMBICIIE, YTO PeUb MJET O «MAaKpOCKOIUYECKOi» Habmonaemoit). Takas
HaOrofaeMas He pas3MYaeT pa3Hble KBAaHTOBBIE COCTOSIHMS NpPUOOpa, COOTBETCTBYIOILIUE
OIHOMY U TOMY € MaKpOCKONHMYECKOMY OMNHMCAHHUIO, T. €. MAaTPUYHbBIE BJIEMEHTHI 3TOU
HaOJII01aeMON MEXJy COCTOSIHUAMH Wi | o> U |yp|o oHE 3aBUCAT OT » U 5. CpeiHee 3HaueHue
TaKOM MaKkpOCKOIUYEeCKOW HabIt01aeMoil 4 paBHO

tr (pA) = i pscic] €Y o [y Ay bl =
=Y ) cic aijyspe (10)

Tak kak ¢a3bl 0;s pacnpeeneHsl cllydaiHbIM 00pa3oM, CYMMBI 10 S 0OpaliatoTcsl B HyJIb IpU
1#]; cleIoBaTeNbHO,

tr (pA) =), |ci|2aii= tr(p'A). (11)
rac

" 2
p'=2cil" psl Wil ai o <oy s v (12)

[Tomydaem CTaTHCTUYECKHH ONepaTop, KOTOPBI BOCIPOU3BOIUT ACHCTBHE PEIyKIUHU MPUOOpa.
Ecnmu ctpenka mpubopa HaOdr0maeTCsi B MOJIOKEHUH 1, COCTOSIHHE MPHOOpa MPH HEKOTOPOM S
OyzmeT |0ig, MPUYEM BEPOSTHOCTH TOTO, YTO OHO OyAeT MMEHHO COCTOSHHEM |0,s>, PaBHA
BEPOSITHOCTH TOTO, YTO JIO aKTa U3MEPEHHUsS OBLIO COCTOSIHUE |0 >. TakuM 00pa3om, MPUXOIUM K
(OpMyITHPOBKE CIIEAYIOIICH TEOPEMBI.

Teopema O nexkorepeHUMH MaKpOCKONM4Yeckoro mpuodopa. IlycTe kBaHTOBas cucrema
B3aMMOJIEHCTBYET € MAaKpOCKONMYECKUM MPUOOPOM TakuM 00pa3oM, UYTO BO3HUKAET
Xa0THUYECKOEe pacripeziesienne ¢a3 coctossHui mpudopa. Ilycte p — cratucTuueckuii omneparop
npubopa rnocne u3MEepeHust, pacCCYMTaHHBIN C HCToNIb30BaHNeM ypaBHeHus Llpenunrepa, a p' —
CTaTHUCTUYECKUHN OIepaTop, MOJYUYECHHBIN B pe3ynbTare IPUMEHEHUs PEeIyKIUU K OrepaTopy p.
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Torga HEBO3MOXKHO TMPOU3BECTH TAKOM SKCHEPUMEHT C MAKPOCKOIMMYECKHUM MpUOOpPOM, KOTO-
PBIN 3apETUCTPUPOBAT OBl pa3IHUune MEXIY P U p'.

DT0 Tak Ha3bIBaemas Teopema Janepu — Jlotinowcepa — Ilpocnepu [22].
Jlns mmmpokoro kinacca mpuOoOpoB A0Ka3aHO, YTO XaOTUYHOCTD B pacnpezeneHuu ¢a3, 0 KOTOpOi
UJET peub B TeopeMe 5.6, NEHCTBUTEIBHO UMEET MECTO, €CJIN YCTPONUCTBO SIBIISIETCS
MaKpPOCKOIIUYECKUM, XaOTHUYECKUM U €€ Ha4aJIbHOE COCTOSIHHE HEPABHOBECHOE. XaOTHUHOCTh
¢da3 B 3TOM ciIyyae UMeeT CBOMM MCTOYHUKOM CIIy4alHOCTh CIIEKTpa IHEPTUuid (COOCTBEHHBIX
3HaueHul ['aMuIbTOHNAaHA) ISt KBAHTOBBIX XaOTUYECKUX CUCTEM [8].

OtmeTum, uTo (12), XOTh U BBINOIHSIETCS C BHICOKON TOYHOCTHIO, SIBISETCS MPUOINKEHHBIM
1o oTHomIeHuIo K (9). OTcroAa 4acTo AeNarT BBIBO, YTO MPUBEACHHOE I0KA3aTEIbCTBO
apnsiercss FAPP. T.e. KkBaHTOBbIE KOPPETSIUH U TPYIHO U3MEPUTH MPAKTHUECKH,
(aKTUYECKU OHU IMPOAOJKAIOT CYIIECTBOBATh, U, CIEI0OBATENIbHO, 8 NPUHYUNE OHU U3MEPHUMBI.
3T0, 0IHAKO, COBEPIIIEHHO HEBEPHO. [leficTBUTENbHO, U3 TeopeMsbl [lyankape ciemyer, 4To
cuUcTeMa He OyJIeT OCTaBaThCsl B CMEIIAaHHOM cOocTOsiHUU (12), a To/IkKHa BEPHYTHCSI B UCXOTHOE
coctosiHue (7). D10 sIBIsIeTCA Pe3yIbTaTOM ITHUX CaMBIX MaJIbIX MOMPABOK, KOTOPbIE HE YUTECHHI B
(12). Tem He MeHee, onUCHIBaeMast 3/1eCh CUCTEMA | 0 s> COOTBETCTBYET CITydaro
camonabno0erus,  TOATOMY He CIIOCOOHa HaOMI0AAaTh SKCIIEPUMEHTAILHO 3TH BO3BPATHI 8
npunyune (KaK Mbl IIOKa3aJM BBILIE B pa3jielie 0 pa3pelieHny napajaokcos Ilyankape u
Jlommvmuara). CnenoBaTenbHO, 3Q(EKTH ITUX MaNbIX MOMPABOK CYIIECTBYIOT JIUIIL Ha Oymare B
KOOpPAMHATHOM BPEMEHHU UACATIbHON TUHAMUKHU, HO IKCHEPUMEHMAbHO HE HAOII0JaeMbl B
CcOOCTBEHHOM TEPMOJUHAMUYECKOM BpeMeHH HaOmoaaeMoil nuuamuku. [lpuBenennas 3aech
JIOTHKa MOKa3bIBaeT, uTo Daneri-Loinger-Prosperi theorem Ha camom ene BeeT K pa3peuieHnto
napajiokca peayKIiH, JoKa3bIBasi HEBO3MOXKHOCTD SKCIIEPUMEHTATBLHO Pa3INUUTh MOJHYIO U
HETOJIHYIO peayKIHIo, a He siBisgeTcst FAPP pemenuem

[IpuBoaMMas 34€Ch JIOTHKA TaK)KE OUEHb HAIIOMHUHAET cTaThio Maccone [4]. DTo He
yAUBUTENBHO, Be/b iepexon oT (7) K (12) cooTBETCTBYET yBEIUYCHUIO YHCIa MUKPOCOCTOSIHUN
u pocty 3HTponuu. A niepexoa u3 (12) B (7) COOTBETCTBYET YMEHBIIICHUIO SHTPOITHH.
CoOTBETCTBEHHO Hallle YTBEPKACHUE 00 IKCIIEPUMEHTAIBHON HEHAOII0AaeMOCTH OCTAaTOYHOM
KBaHTOBOM KOPPENSALUU SKBUBAJICHTHO YTBEPKACHUIO O HEHA0II01a€MOCTH YMEHBIICHUS
SHTPOIUH U JOKA3bIBACTCS TEMHU K€ METOAaMH, uTo U B [4]. Ha 3Ty cTaThio ObUIO BHIABUHYTO
BO3pakeHue [6 |, Ha koTopoe Maccone He cMOT JaTh pa3yMmHbIid oTBeT [28]. [lompobyem nath
€ro caMu.
Omnpenenum 31ech HE0OXOUMbIE BEJIMUUHBI U TPOOIIEMY .

[Iycte A — Ham npubop, a C — n3MepsiemMasi KBaHTOBasi CUCTEMA.
[TepBas BenuunHa, B3aumMHas SHTporus S(A . C) — 3To orpyOJIeHHast SHTPOMHS aHCaMOJTs,
NOJyYEeHHAs pa3/eJIeHUeM Ha JIB€ IIOJICUCTEMBI, MUHYC cama SHTponus ancaMmOiis. ITockonbky
BTOpasi BeJIMUKMHA IOCTOSTHHA BO BPEMEHH 3Ta BEJIMYMHA XOPOIIIO OMKCHIBAET MOBEACHUE
MaKpOIHTPOITUH:

S :C) =S(ps) +S(pc) —S(pac)

rae S=-tr(p In p),

Bropas Benuunna /(4 : C) - knaccuueckas B3auMHasi HHQOpMAITUs OpeIeseT KaKyro
MaKCUMaJIbHYI0 HH(OpMALIUIO 0 U3MepsieMoii cucteMe (£ ) MbI MOKEM MOIY4YUTh HAOII0as!
nokazaHus npudopa (£;). Uem Gosbiiie KOppesAus MEXTy CUCTEMaMHU, TEM BBIIIIE 9Ta
UHpOpMAaLHS:

I(4: C) = maxgienH(E; F)), Tne
H(E; : F)) = X;P; log Py —Xip; log pi=2jq;log g;
uPy=Tr[E; ® Fipad], pi=2; Pyuq; =2 Py
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nannsle POVMs (onepatopel HabmonaeMeix) £; u F; niast 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) aBisiercst HepaBeHCTBOM. COOTBETCTBEHHO B [6] TPUBOAUTCS
pUMep KBaHTOBOM CUCTEMBI U3 3 KyOUTOB, MPU KOTOPOH YOBIBAaHHE SHTPOMUU COMTPOBOXKAACTCS
pocToM HHpOPMAIUH, XOTs HepaBeHCTBO (13) mpoomkaeT BEIOTHSATHCS.

[TocMoTpHuM, YTO IPOUCXOIUT B HAIIIEM CITydae

Mo n3mepenus (7)

S(A4 : C)=-Y s log ps +0 +Y s log p=0

E; —cooTBeTcTBYET HAbOpYy | 0o, s> , Fj- W)

I(4:C) =->pslog ps +0 +> ps log p=0=S(A : C)

B xonuie uzmepenus u3 (12)

S(A - C)=-Yicil’ log |cif’ -Ssilcil’ps log |cil’ps +Ysilcil’ps log |cil’ps =-Silcil log ||

E; —cooTBeTCTBYET Habopy | i s> , Fj-|yj>
I(4: C) =Yilci* log |ci® -Yileil’ps log il ’ps +Xsileil’ps log |eil’ps =-Yilcil’ log |ci’=S(A : C)
Taxum 0Opa3oM, HaIlI Cydail COOTBETCTBYET
I(A:C)=8(4:C) (14)
B (13). Hukakux mpo6Giiem HeT. UTO M HE yAMBUTEIHHO — clTydaid paBeHcTBa B (13)
COOTBETCTBYET UMEHHO MAaKpOCKOMMYECKOM XaoThuueckoii cucreMe. [IpuBoarmas B BO3paxeHUH
[6] cucTema He SBIIETCS MUKPOCKOITUYECKOH. DTO OTpa)kaeT TOT IUPOKO U3BECTHBIN (aKT, YTO
TaKue MOHITHS KaK TepMOJMHAMUYEcKasi CTpeia BpeMEHH, BO3pacTaHHe SHTPOIUU U
U3MEPUTEIBHBIA IPUOOP OTHOCITCSA K MAaKPOCKOIIMYECKIM Xa0THUECKUM cuctemaM. Kak cama
cTaThs [6], Tak U MOceayIoIas 3a Hei cTaThs [7] OMUCHIBAIOT HE TEPMOAMHAMHUYECKYIO CTPETy
BPEMEHH, a CHJIBHO (MIIyKTYHPYIOIHe HEOONbIINE CUCTEMBI, JJIs1 KOTOPBIX HUKaKast
TEPMOJMHAMHKA HEBO3MOKHA. [1071€3HBIM pe3yIbTaToOM 3TOM paboThl MOYKHO CUMTATh
paBeHCcTBO (14), KOTOPOE MOXKET CIYKUTh XOPOIIUM MaTEMAaTUYECKUM KPUTEPUEM Kpumepuii
MAKpOCKONUYHOCMU Xa0TUYECKOM CHCTEMBI, @ pa3HUIIa MEXIY BEJIMYUHAMH B HEM — MEPUIIOM
ee pmyKTyarmii.

Cratbs David Jennings, Terry Rudolph "Entanglement and the Thermodynamic Arrow of
Time" ouens uHTEepecHa. Ho mousitue Tepmoounamuueckou Ctpensl Bpemenu He MpUMEHUMO
JUTSL MUKPOCHCTEM. DTO - XOpOLIasi CTaThs O KBAHTOBBIX (PIIYKTyalMsiX, HO HE CTaThs O
Tepmoounamuueckou Ctpene Bpemenu. B Anonce crareu"Entanglement and the
Thermodynamic Arrow of Time" aBTopb!l mumryT: "MbI HccaeayeM MmoapoOHO ciTydai Tpex
KyOHUTOB, U TaK)Ke MpejiaraéM HEKOTOPbIE MPOCThIE IKCIIEPUMEHTHI, BO3MOYKHBIE C HEOOBIIINM
yrciaoM KyouToB." Ho HUKakas TepMOIMHAMHKA HE BO3MOYKHA JIJISl TaKOM MuKpocucTembl. David
Jennings, Terry Rudolph (kak 1 Maccone) He MOHUMAIOT, YTO KaTeropus "mepmoounamuyeckas
CTpena BpeMeHH!'" MPUMEHNMA TOJIBKO TS OOJIBIIIIX MaKpoCcHCTeM. VICTonp30BaHUE 3TOTO
MOHSATUSA JUIsI HEOOMBIION (QIYKTYUPYIOLIEH CUCTEMbl HE UMEET HUKAKOTO (PU3NYECKOTO CMBICIIA.
Onu Takxe (kak 1 Maccone) UCTIONB3YIOT HENPaBUILHOE OIPEIEIEHUEe MAaKPOCKOITMYECKOM
mepmoounamuyeckol SHTpornrr. Mbl 1aem (BMecTo Maccone) nmpaBHJIbHBINA OTKJIMK Ha
“Comment on "Quantum Solution to the Arrow-of-Time Dilemma"”. IIpasunvrwiii OTKINK
COCTOUT B TOM, YTO HUKAKHE MTPOTUBOpEUHs (HailieHHBIN B 3 ToM KoMMeHTapun) He
HPOSIBIIAIOTCS JJIS1 MAKPOCKOITUYECKUX CUCTEM. TONBKO 711 MUKPOCKOITUYECKOM CUCTEMbI TaKue
npotuBopeuns cyuiectBytor. Ho monsitus “Tepmonunamuueckast Ctpena Bpemenn™ u “3akon
BO3paCTaHUs SHTPONHN HE MPUMEHHUMBI 711 TAKUX CUCTEM. MBI HJUTIOCTPUPYEM ITOT (akT
paccMOTpeHHEeM KBaHTOBOM XaOTHYECKON MaKpOCHUCTEMBI U ISMOHCTPHUPYEM, YTO IPOTUBOPEUHE
(naiipennslii David Jennings, Terry Rudolph s Mmukpockonudeckoii cucTeMbl) He CYIIECTBYET
JUTSL ATOTO MPABHIILHOTO TEPMOIUHAMUYECKOTO cirydasi. ClieyeT yrmoMsHyTh, YTO OOJIBIION
pa3Mep cucTeMbl (KBAaHTOBOM HJIN KJIACCHUECKOM) ABIIAETCS HE JOCTAaTOYHBIM YCIOBHUEM IS
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CHCTEMBI, 9TOOBI OBITH MAKPOCKOMTMYECKOH. Makpockonnieckas cucreMa (paccMaTpruBaeMast B
TepMoauHaMUKe) 10JIKHA TaKXKe ObITh Xa0TUUECKOM (KBaHTOBOM MJIM KJIACCUUYECKOW) M UMETh
HEOOJIBIIIOE XA0THYECKOE B3aUMOJICHCTBUE C OKPYIKAIOIICH cpeIoii/HabmoaTeneM,
NPUBOAALIEE K JEKOTepEeHIMH (17151 KBAHTOBOW MEXaHUKH) WIH ASKOPPEALnn (1
KJIacCH4YecKoi MexaHukH). HyKHO Takke ymOMsSHYTb, 4YTO TEPMHUHOJIOTHS, HATTOMHHAIOLIAS
TEPMOJIMHAMHUYECKYI0 TEPMUHOJIOTHIO, HIMPOKO U 3((HPEKTUBHO UCTIONB3YETCsl B KBAHTOBOM
MeXaHUKe, KBAHTOBBIX KOMIIBIOTEpaX U TEOpUH UH(OpMAIHU. boJbIIoe YUCIo MPUMEPOB MOXKET
OBITH HalIEHO B cchlIKax cTtaTthu Jennings U Rudolph. [Ipyroit xopomuii mpumep - SHTPOIHUS
[Ilennona B Teopuu uHGopmanuu. Ho 06bIYHO aBTOPHI, UCTIONB3YIOLIHNA TaKy1O
TEPMOIMHAMHYECKU-TTOTIOOHYIO TEPMHUHOJIOTHIO, HE PACCMATPHBAIOT CBOIO CTATHIO KaK aHAJIH3
kiaccudyeckoit Tepmoannamuku. HaoGopot Jennings u Rudolph "onposepratotr" Bropoii 3akoH
TepMoaMHaMUKKN Ha OCHOBE HEPEJIEBAHTHOW MUKPOCKONUYECKOH cucTeMsl (B ux Comment).
Onu nenatot (B 9ToM ke Comment) 3asiBieHue o0 ux cienytomieit cratee "Entanglement and the
Thermodynamic Arrow of Time" kak 0 npaBUJIEHOM PaCCMOTPEHUH, OIIPOBEPIAIOLIEM BTOPO
3aKOH T€PMOJANHAMUKH.

4 3akjo4eHue.

B craThe npoBoANTCS aHAINU3 TEPMOJIUHAMUYECKON CTPEJIbl BpEMEHH ISl KBAHTOBBIX CHCTEM.
OH BO MHOTOM aHaJIOTUYEH KJIACCUYECKOMY Cilydaro. BaKHbIM OTIMUMEM KBAHTOBBIX CUCTEM OT
KJIACCMYECKHX SBJISETCS HATUYME MUKPOCOCTOSIHUIM, KOTOPbIE COOTBETCTBYIOT HE OTHOMY
MaKpOCOCTOSIHUIO, a IIEJIOMY UX Ha0Opy (KBaHTOBas CyHepIIO3ULUS MAKPOCOTOSHUN).
PaccMoTpenune TepMOIMHAMUYECKOM CTPENbl BpEMEHH JJISl 3TOTO CIIydasi C TOMOIIIBIO TEOPHH
JIEKOTE€PEHIIMH JAeT pa3pellieHre NapaJoKCOB, CBA3aHHbIX C peayKLuel (KoJ1ancoM) BOJIHOBOTIO
nakera.

IHpunoxenne A. HenmeprpyOaTuBHOE HA0JII0/IecHHE B KBAHTOBOM H
KJIACCHUYECKOM MEeXaHUKe.

Yacto MOXKHO CTOJIKHYTHCS C YTBEP)KICHUEM, YTO B KJIACCHUECKON MEXaHUKE B IIPUHIIMUIIE
BCErJ1a MO>KHO OpraHW30BaTh HeNepTpyoaTuBHoe Habmoaenue. C Apyroii CTOPOHBI B
KBaHTOBOM MEXaHMKE B3aMMOJICHCTBHE HAOII01aTeNs ¢ HAOJII01aeMOM CUCTEMOM TIPH
u3MepeHun HenzoexHo. [lokaxkem, 4To 00a ITHX YTBEPKACHUS B OOIIEM CIIyyae HEBEPHBI.

[To3BoabTE HAM CHaYaya ONpeaeaTh Hepo3mytsromiee Hadmoaenne [10-11,30-31] B
KBaHTOBOI MexaHuke. [IpeanonoxxuM, 4To y HaC ecTh HEKOTOpasi KBaHTOBAs CCTeMa B
M3BECTHOM HAyaJIbHOM COCTOSTHUH. DTO Ha4aJbHOE COCTOSIHUE MOXKET OBITh JII000W pe3ysIbTaTOM
HEKOTOPOU MOATOTOBKU (HampuUMep, aTOM MEePEXOAUT B OCHOBAHUE AJIEKTPOHHOE COCTOSIHHE B
BaKyyM€ B TE€UEHHE JIOJIFOT0 BPEMEHH ) UM PE3YJIbTaTOM 3KCIIEPUMEHTA 110 U3MEPEHUIO
(cuctema QM mocie u3MepeHus: MOKET ObITh XOPOIIIO OINpPeIeICHHOE COCTOsTHHE,
COOTBETCTBYIOIIEe COOCTBEHHOU (PYHKIIMU M3MEPEHHOU NEPEeMEHHOH ). MBI MOXKeM Tpe/icKa3aTh
JATBHEHTITYO SBOJIIOIMIO HAaYaIbHOW BOJTHOBOUW (DYyHKIUU. B npuHyune Mbl MOKEM JIeTIaTh
JanpHEeHIne n3MepeHus1, BBIOMpasi u3MepsieMble IepeMEeHHbIE TAKMM 00pa3oM, 4TOOBI
COOTBETCTBYIOIIHE UM HAOOPHI COOCTBEHHBIX (DYHKITMHM B MOMEHT U3MEPEHHsI BKJIIOUYAIH B CEOs
TEKYIIYIO BOJIHOBYIO (DYHKIIMIO HAOI0gaeMoi cucteMbl. Takol H3MepuTeNbHBIN MpoLecc
MO>KET IO3BOJIUTh HaM HETIPEPBIBHOE HAOI0IeHHEe O€3 JTI000T0 BO3MYIIICHUS HAOII01aeMOM
KBAHTOBOU CHCTEMBI. DTO HEBO3MYIIIEHHOE HAOIIOJEHUE MOXKET OBITh JIETKO 0000IIEHO IS
Cilydasi U3BECTHOT'O CMeUlaHHO20 Ha4allbHOTO COCTOSIHUS. JleMiCTBUTENBHO, B 3TOM Cllydae
u3MepsieMasi iepeMeHHasi B KaXIblii MOMEHT BPEMEHH JJOJI’KHA COOTBETCTBOBATH TAKOMY Habopy
cOOCTBEHHBIX (YHKIHMI, B IPEICTABICHIUH KOTOPHIX MAaTPUILIA IUIOTHOCTH B ATOT K€ MOMEHT
BpeMeHH OyIeT AMaroHaIbHOM.
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Hanpumep, no3BonbsTe HaM paccMaTpyUBaTh HEKOTOPBIM KBAHTOBBINA KOMITBIOTED. Y HErO €CTh
HEKOTOpOE YeTKOe HavyallbHOE cocTosiHue. HabmoaaTens, KOTOpOMy M3BECTHO ATO HAYalbHOE
COCTOSIHUE MOXKET 8 npuHyune, IPOBECTH HEBO3MYIIIEHHOE HAOIIOICHHE JTF000T0
MIPOMEKYTOUYHOTO COCTOSIHHSI KBAHTOBOT'O KOMIIBIOTEPA.

Crnenyer 0co00 OTMETHUTB, UTO 110100HOE HENEepTpyOaTUBHOE HAOIIOICHHE BO3MOYKHO TOJIBKO
IIPU YCIIOBUHU U3BECTHOTO HayaIbHOTO cocTosiHus. Ho, Ha0nroaarens, KOTOpPbIil HE 3HAET
HayaJlbHOE COCTOSIHME, HE CMOXKET CAeaTh TaKoe HaOIroieHue, TOTOMY UYTO OH HE MOXKET
IpesicKa3aTh MPOMEKYTOYHOE COCTOSTHIE KBAHTOBOI'O KOMITBIOTEPA.

PaccmoTpuM Teneppb kiaccuyeckyto Mexanuky. [lycTs Ha BepinHe KOHyca JIS)KUT MeCYHHKa,
beckoneyro manoro paguyca. Cucrema HaXOAUTCS B TOJIE TSDKECTH 3eMin. Torja monsitka
NPOHAOIIOIATh CUCTEMY JIaXKe C OECKOHEYHO MAIbIM BO3MYUjeHueM TIPUBEIET K HApyIICHUIO
PaBHOBECHSI C HEOMPEEICHHBIM OyIyIIUM Yepe3 KOHeyHblll NHTepBall BpeMeHu. KoneuHo,
NPUBECHHBIA IPUMEP SK30THUEH — OH COOTBETCTBYET CUHTYJIIPHOMY MOTEHIIUATY U
OecKkOoHEeYHO MajoMy Teny. TeM He MeHee, TOJ00HbIE CUIIBHO HEYCTONUNBbIE CUCTEMBI SBIISIOTCS
XOPOIIMMH KJIACCHYECKUMH aHaJIOraMy KBaHTOBBIX cucTeM. Cpei HUX MOXHO HCKaTh
AQHAJIOTMU C KBAHTOBBIMM CUCTEMaMH U KBAaHTOBBIMU MapajokcaMmu. Bens ycinoBue, uyto
KJIACCHYECKOEe M3MEPEHHE OKa3bIBAET OYECHb MaJIoe, HO HE HYJIEBOE BO3MYIIICHUE HA
U3MEPSEMYIO CUCTEMY, MOKHO CHU3UTh TPEOOBAHMSI K CHHTYJIIPHOCTH 3TUX CHCTEM.

OueHb 4acTO MPUBOJIAT MPUMEPHI «YUCTO KBAHTOBBIX MAaPaIOKCOBY», IKOOBI HE UMEIOIINX
AQHAJIOTMHU B KJIACCUYECKOU CTaTUCTUYECKOM MexaHuke. OTHUM U3 HUX SBIISIETCS MapaoKC
Onutiypa-Baiinmana [29] ¢ 60M00ii, KOTOPYIO MOKHO OOHapyXUTh O€3 B3phIBa:

Ilycmob 6onnosas (hyHkyus 00HO20 K6AHMA c8ema pa3eemeisiemcs no 08ymM Kanaiam. B konye
9MU KAHATbL CHOBA 0ObEOUHAIOMCS, U NPOUCXOOUM UHMeppepeHyus 08YX 80IH 8ePOSMHOCTIU.
Brecenue 6 o0un u3 kananog 60movl Hapyuum npoyecc unmepghepenyuu u no360.1Uum maxkum
00pazom ooHapyicums 60m0y, oadce eciu K8AHM c8ema He NOOOPEem ee, NPolosi No OPYeoMy
kaunany. ( Keaum ceema cuumaemcs cnocobnvim 63o0psams 60moy)

Kiaccuueckoii aHanoruen 3Toi CUTyaluu BISETCS CAEAYIOMNN SKCIEPUMEHT
KJIACCUYECKON 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 MOdHCEm
Obimb omKIoHeHa eto Hazao. Eciu 6omovl nem, mo uacmuya npotioem xauan. Ha evixode smozo
Kanana ¢ 6omoo pacnoioHcum ONUCAHHBIU 8blULe KOHYC C NEeCYUHKOU (DeCKOHEYHO MA1020
paouyca) Ha e2o sepuiune. Eciu Hawia OecKoOHeuHo Nieekas yacmu codbem necyuHKy ¢ 6epuiiHbl,
mo smo o3Hayaem, ymo 6omowvl Hem. Eciu necuunka ocmanemcs Ha epuiune nocie 8bixood
HOMOKA 4acmuy u3 6mopo2o KAHald, mo 3mo osHaiaem, ymo 6omba ecmo.

B nanHOM mpumepe 6€CKOHEYHO JIeTKasi YaCTHIIA SBIISETCS aHAIOTOM «HEBECOMOI» BOTHOBOU
(GyHKIMN KBAaHTOBOM YacTUIlbl. Ho KBaHT cBeTa YyBCTBUTEIIEH K IMOBEICHUIO 3TOH «HEBECOMO
BOJIHOBOM (pyHkimu. Takxke u necunHka (0ECKOHEUHO MaJioro paJnyca) Ha BepIlinHE KOHyca
YYBCTBHUTEJbHA M0 OTHOIIEHUIO K OECKOHEYHO JIETKOM YacTHIIe.

[TonBoas UTOT, MOKHO CKa3aTh, YTO PAa3HUIIA MEXTYy KBAHTOBBIMU U KIACCUUECKUMU
CHCTEMaMH He CTOJIb IPUHIUITHATIbHA, KAK YaCTO CUATACTCS.

Hpunoxenune B. Pazjio:kenue Ha MOABI NPU NPOU3BOJIbHBIX
rPaHUYHBIX YCIOBUAX.

YacTo BO3HMKAET 3aj]jaua OMUCAHNE H3ITyYCHHUS B 3aMKHYTOW TIOJIOCTH, 3aIIOJTHEHHOW KaKHM-
1100 BemiecTBoM. Kak mpaBuiio, 3To JenaeTcs MyTeM pasiokKeHUs U3TyYeHUsI Ha MOJIbl. DTH
MO/IBI SIBJISIFOTCSA HAOOpOM (PYHKITHIA, Ha KOTOPBIE pacKiIaabIBaeTCs J1I000€ N3IyUYeHHE B
HEKOTOPOH MOJOCTH M IIPU HEKOTOPHIX IPaHUYHBIX yCIoBHAX. Hampumep, 310 KBagpaTHas
HOJIOCTh CIIEPUOANYECKIMHU TPAHUYHBIMH YCIOBHSMH. 3aTEM MOJyUYE€HHOE Pa3IoKEeHUE
HOZICTAaBIISICTCS B YPAaBHEHUE JIBVDKCHHS JJIS1 U3TYYEHUs], TJI€ WICHBI Psiia TOWICHHO
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muddepeHnmpyrorcs. Takum 00pa3om, MOTydaroTCs TAKAE XapaKTEPUCTUKU H3ITyUIEHUs, KaK
o(k), roe ® — gactota Mobl, a k — BOTHOBO# BekTOp MO, |k|=27m/A, A —171HA BOJTHBI MOJIBI.

Ho TyT BO3HHKaeT yncTo MaTeMaTuieckas npodiaema. J{ist mouwnenHoi auddepeHnupyeMoctTu
psiaa TpeOyeTcst paBHOMEpPHasi CXOAUMOCTD Psijia BO BCEX TOYKaX MPOCTPAHCTBA. DTO
ABTOMATHUYECKH BEPHO ISl JIFOOOTO U3ITYUYCHHUS C TaKOH ke POPMOIi MOJIOCTH ¥ TPaHUIHBIMA
YCIIOBUSIMH, TIPU KOTOPBIX ObLIK HaiiieHb! MoJbl. Ho 1uist mo6oro apyroro ciydas 3To He Tak.
Monbl 00pa3yroT MOJIHBIM OPTOTOHAJIBHBIN HA0O0p U J1I000€ U3JIyYEHHE MOKHO MPEACTaBUTh KaK
CYMepno3uIio Takux Moja. Ho B 00111eM citydae psii CXOIUTCS HEPaBHOMEPHO (IIJIOXO CXOTUTCS
OKOJIO TPAHHUII TIOJIOCTH) U HE MOXKET OBITh ToWwIeHHO TipoauddepenimpoBan. O mpobdieme
HECOOTBETCTBHS MO/ Pa3lIOKEeHHUS U TPAaHUYHBIX ycnoBuil numieT Peierls [32]. Onnako on
paccMaTpuBaeT Cily4aid, Korja Ipy JaHHBIX TPAHUYHBIX YCIOBUSX CYIECTBYET HEKUN MOJHBIN
OPTOHOPMAJILHBIN HA0OP MO/, TAKMM YCJIOBUSAM yAOBIETBOPAT. HO BO3MOXKHBI CUTyaIlMH, KOT1a
JUISL JAaHHBIX TPAaHUYHBIX YCJIOBHM Takoro Habopa Mo MpocTo HeT. M Ham He U3BECTHbI
TpaHUYHbBIC YCIIOBUS, a 3aJJaHbI JIHUILb YHEpreTHUECKUEe YCIOBUS Ha rpaHule. Kak xe perraercs
npobisieMa B 3TOM citydae?

Jleno B TOM, 4TO BCE€ BO3MYIICHHSI B U3ITy4YCHUU PACTIPOCTPAHSIOTCS CO CKOPOCTHIO, HE
NPEBBIMIAIONIEH CKOPOCTh CBETA B BEIIECTBE MOJIOCTH V=C. DTO 3HAYMUT, YTO JIF0OOE BO3MYIICHNE
B HAQYAJIbHBIX YCIIOBHSX Ha MOJI€ U3JIyYCHUS, BO3HUKIIIEE B TOUKE X, IPOSBATCS B TOUKE X|
TOJILKO Yepe3 KOHETHOE BpeMsl (X-X;)/C. DTO 3HAYUT, YTO BOZMYIICHHS OT CTEHOK JIOCTUTHYT
HeHTpa nojiocTu 3a Bpems t=L/c, rae L - xapakTepHslil pazmep nonoctu. HepaBHoBecHast
CXOAMMOCTb IPOSIBISETCS Y Psiia PA3IoKEHUsI U3JTy4YE€HUsl HAa MOJIbI TOJIKO BOJIM3HM CTEHOK
nojiocTd. BHyTpu nonoctu TouHas GyHKIUS MOYTH TOYHO COBIAJAET C PSIIOM MOJI B TEUCHUE
Bpemenu L/c. [ToaTomy B 3T0i 007aCTH ¥ B TEUEHUE STOTO BPEMEHH ITOYJICHHOE
muddepeHIMpoBaHUE JACT MOYTH TOUHBIM PE3yNbTaT U UMEET CMBICT.

Uto0B! BEpHO OLIEHUT 4acTOTy MOibl ®(K) HYKHO, YTOOBI X aMIIUTY1a HE MEHSJIACh U3-3a
BO3MYIIIEHHUS OT CTEHOK CYIIECTBEHHO B TEUEHUE BPEMEHU MHOTO OOJBIIETo Meproja ee
konebanuit 21/ o(k) . OTcroaa ycinoBrue MaKpOCKOMMUYHOCTH TOJIOCTH:

2n/w<<L/c

Win

L>>27 (c/w)

® — oTBe4aeT Makcumymy 4actot o(k) .

[TycTh yciaoBrue MakKpOCKOITMYHOCTH TTOJIOCTH BBITIOIHSAETCS.

3TO 3HAYHMT, YTO OWIeHHOE MU HepeHInPOBaHIE 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 ¥ 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>>)

bubauorpadus
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Yacre 3. YHUBepcajibHasi CTPeJia BpeMeHHU:
HexBaHTOBasi IPABUTAIIMOHHAA TEOPHUSL.

0. AuHoranusi: Paspemenue nH(POPMANMOHHOIO MAPAAOKCA IS
YEePHBIX AbIP U MAPAJOKCA AeAYIIKH /151 BPEMEHHbIX
KPOTOBBIX HOP.

CraTbst OCBsIILIEHa aHAIN3Y O01IEei TEOPUH OTHOCUTENBHOCTH (TPABUTALIMM) C TOUKH 3PEHHUS
TEPMOJUHAMHUYECKOMN CTpesbl BpeMEHU. B pamkax 3TOro paccMoTpeHUs! pa3peiieHbl
«MH(pOPMAIIMOHHBIHN MapaoKe» AJS YEPHBIX JbIP U «IApaoKC C AETyLIKOM» sl BPEMEHHBIX
«YEpPBOTOUYMHY.

1. BBenenue

B cratbe MBI pacCMOTPUM TEPMOJIMHAMHYECKYIO CTpelly BpeMeHnu [1-2] (onmpenenseMyto
HaIpPaBJIEHUEM POCTA SHTPOIIMH) B paMKax HEKBAHTOBOM PEJISTUBUCTKOMN Teopuu rpaButanuu. B
KJIACCMYECKON TaMUIIbTOHOBOM MeXaHHKe JII00ble HayaJlbHbIE U KOHEYHbIE COCTOSTHUS
BO3MOXHBI. Kpome Toro, Mex,1y HUMHU CyILIECTBYET B3aUMHO-O/IHO3HAYHOE COOTBETCTBHE. B
PENSITUBUCTCKON TEOPUU IPaBUTALIMU CUTYyalus nHas. MiMeroTcs Tonosornyeckue 0COOEHHOCTH
MMPOCTPAHCTBA, KOTOPLIC ACJIAOT BO3MOXKXHBIM CUTYallUl0, KOT'JId 3a KOHeYHO€e BPpCMA Pa3HbIC
HAYaJIbHbIE COCTOSHUS AAIOT OAMHAKOBOE KOHEUHOE COCTOSIHUE. DTO KoJularc 4epHbIX ablp. C
JIPYTroi CTOPOHBI, PACCMOTPEB OOPATHBIM BO BPEMEHHU MPOLIECC — OelbIe IBIPhI, MbI MOJIYYHM
CUTYalMIO, KOTJIa OJTHOMY HauyaJbHOMY COCTOSIHMIO 32 KOHeYHOe BPEMsI COOTBETCTBYIOT Pa3HbIE
KOHEYHbIE COCTOSIHUA. VIMEIOTCS U CUTyalluu IPYroro copTa — KOra He JII00ble HayalbHbIE
COCTOSIHUSI BO3MOJKHBI. DTO Cllydail «4€pBOTOUHUHY», YEPE3 KOTOPHIE BO3MOKHO MyTEIIECTBUS B
nporuioe. [Ipy 3ToM cTaHOBUTCS HEOOXOAUMBIM JIOMOTHUTEIEHOE CAMO-COTTIACOBaHHE
IPOILIOTo ¥ OyIyIIero, AeJaroiiee HeBO3MOKHBIM HEKOTOPBIE HadaIbHbIE COCTOSHUS. UepHbIe
JbIpbl TpUBOIAT K MHGOPMAITMOHHOMY MapaJ0KCy, a «4€PBOTOUHHBD) - K «I1apaJ0KCy C
JeAyLIKoi». PaccMOTpeHHIo 3TUX 0COOBIX CUTyalluil PEISITUBUCTKONW TEOPUU T'PaBUTALIUH C
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TOYKHU 3PCHUA TCpMOI[HHaMH‘ICCKOﬁ CTPCJIbBI BPECMCHU U pa3pClICHUIO CBA3AHHBIX C HUMHA
MMapaaoKCOB IIOCBAIICHA JaHHAadA CTAaTb.

2. YepHble AbIpbI

B coBpeMEHHBIX KOCMOJIOTHYECKUX MOJEIISAX €CTh JOTIOJHUTEIbHBIE SIBJICHUS, KPOME
SIBJICHH, YK€ ONMMCAHHBIX B KJIACCUYECKON MexaHuKe. B o01ieit Teopiuu OTHOCUTETFHOCTH
DWHIITEHA TBMKCHHUE TaK Ke, KaK U B KJIACCUYECKON MexaHuKe oopatumo. Ho nmeercs u
BaXHOE OTJIMYME OT KJIIACCHYECKON MEXaHUKU. DTO He0OHO3HauHoCmb pelieHns 3anaun Komm:
MOJTyYeHUs] KOHEYHOTO COCTOSIHHSI CUCTEMBI U3 MOJHOTO Habopa HaYalbHBIX U TPAHHYHBIX
yciioBuii. B 001mel TeOprur OTHOCUTEIBHOCTH, B OTJIMYUE OT KJIACCHUECKONH MEXaHUKH, JIBA
pa3IMYHBIX COCTOSHUS 32 KOHeuHoe BPEMsl MOTYT AaTh OECKOHEUHO OJM3KHUE COCTOSHUS. DTO
IPOUCXOIUT IPH 00pa30BaHUN YEPHOU JBIPBI B pe3yibTaTe Kosuianca. CieaoBaTenbHo,
o0Opa3oBaHHNe YEPHOU ABIPHI UJIET C YBETUYCHUEM YHTPOTIHH.

PaccmotpuM 0OpaTHBIi mporecce, OMUChIBAIOIINI Oeyio asipy. B aTOM mporiecce
OeCKOHEUHO OJIM3KHE HadaJbHbIe COCTOSHUS 32 KOHeuHoe BPEMSI MOTYT JaTh pa3Hble KOHECUHbBIE
cocrosaus. OOpanieHne BpeMeHH MTPUBOAMT K TIOSBIICHHUIO OEION JABIPHI U BEAET K YMEHBIICHUIO
SHTponuH. benas apipa HE MOXKET CYHIECTBOBATh B PEANIBHOCTH I10 TEM K€ MPUYUHAM, YTO
HEBO3MO>KHBI IIPOLIECCH] C YMEHBIIEHNEM YHTPONMHU B KJlacCuueckoi Mexanuke. OHako, ee
HEYCTOMYMBOCTh HAMHOTO OoJjiee CHiIbHAsl, YEM B KiIacCUYeCKOil MexaHuke. OHa BOSHHUKAET yKe
10 OTHOUIEHMIO K OecKoHeuHo MallbiM Bo3MyLIeHusM. Kak ciefcTBue BO3HMKaeT
CUHXPOHM3AINH COOCTBEHHBIX CTPEN BPeMEHHU 0eloil IbIphl U HAOM01aTeNs/OKpy KeHus. benas
JibIpa MpeBpalaercs A HabIoaTels B YEPHYIO IbIpPY.

DT0 03HaYaeT, YTO HAOII0JaTeNb/OKpY KEHHUE, 1ake OECKOHEUHO cl1ad0 B3aMMOCHCTBYIONIUH C
0eoil IbIpoil MOXKET 3HAUUTENIBHO MOBIUATH Ha €€ HBOJIIOLIMIO 3a KOHEUHOe BpeMs. [Ipu aTom
IPaBUTALIMOHHOE B3aUMOCHCTBHE HAOIIIOIAaTENsI/OKPYKEeHHUs ¢ O€T0ii JpIpOoii BCeria OTINYHO OT
HYJISL.

31ech BO3HUKAET 3HAMEHUTHINA nH(popMalmoHHbIi mapagokc [3]: Kommanc npuBoauT k motepe
uHpopmanuu B UepHoii J{pipe. D10, B CBOIO 0Uepe/Ib, BEAET K HEMOIHOTE HAIIETO 3HAHHS O
COCTOSIHMM CHCTEMBI U, CJI€I0BATENBbHO, K HEMPEACKAa3yeMOCTH JUHAMUKHN CUCTEMBI, €€
BKUTIOYarome. Madopmarius, koTopas B KJIACCHUECKOM MEXaHUKE BCET/Ia COXPAHSIETCs, B
YepHOU JpIpe ncuesaet Hasceraa. Tak iau 310? Mnu, BO3MOXKHO, BHYTPH YEPHOM JIbIPbI OHA
XpaHUThCS B Kakon-110o gopme? OObIUHO pacCMaTpUBaIOT TOJIBKO JBa OTBETA HAa 3TOT BOIPOC.
JIn6o nHpopMmaIus AeWCTBUTENBHO IponaaaeT oeccneaHo; 00 nHpopMaIHs cCoXpaHsIeTCs
BHYTpHU HEE U MOXKET OBITh KAKMUM-TO IyTeM U3BieueHa. Ho, ckopee Bcero, BEpHbIM SBIISETCS
Tpetuii oTBeT. M3-3a Hen30eKHOro BIUSHUS HAOII0AATENs1/OKPYKEHHSI SKCTIEPUMEHTAIEHO
Pa3IUYUTh ITH JIBE CUTYaLUU IPOCTO HEBO3MOXKHO! A YTO HENb3s IPOBEPUTH
SKCIIEPUMEHTANFHO, HE JI0JDKHO SIBISIETCS MTPEIMETOM HAayKU U OOCYKICHHS.

Ha camom pnerne, npenmnonoxum, 9To nHGOpMAIHS COXPAHAETCS BHYTPH YSPHOU JBIPHI.
Mo3kHO 11 pa3peInTh UHPOPMAIIMOHHBIN MapaOKC U U3BJIeUb ATy HH(GOpMAIUIO U3 Hee?
MoxeT OBITh, MBI MOKEM OOpaTHTh KaKUM JINOO 00pa3oM CKOJUIATICHPOBABIIYIO YEPHYIO JBIPY,
NPEeBpPaTUTH €€ B ONIyI0 JbIPY, U U3BJIeUb HCUYE3HYBIYI0 HHPopManuio? Kazanocs Obl, 3TO
HeBO3MOkHO. Ho HenaBHO nosiBUIIach MHTEpecHas paboTa, KOTopasi, XOTb U HE HANPSAMYI0, HO
MO3BOJISIET cAeNaTh 3T0 [4]. B Hell moka3pIBaeTCs, 4YTO YEPHAsl IbIpa MOJHOCTHIO SKBUBAJICHTHA
BXOJly B KaHaJI, coenHstonui aAse Beenennnie. [IpuueM Bxox 3Toro kanaia nmogo0eH 4epHOU
IBIPE, a BBIXOA Oenoi. DTa Oenast IbIpa U MOXKET pacCMaTpUBATHCS, B HEKOTOPOM CMBICTIE KaK
oOpamieHHas yepHas apipa. Ho 1yt Toro, 94To0b1 yoequThes, 9To nHGOpMAaIns He UCYe3a€eT, MBI
JIOJKHBI IPOHUKHYTH BO BTOpYI0 Beenennyto. [Ipeanonoxum, 4To cymecTByeT HeKas
«YEPBOTOYHMHAY, KOTOpas coequHseT aBe Beenennsie. [lycts HabmogaTenb MOKET MPOHUKHYTh
yepe3 Hee U MpoHabmoaaTh 3a Oesoi Apipoi. Ho gake ecinu 3To CiayduTcsi, Mbl 3HaeM, 4To Oernas
JIbIpa HEYCTOWYHBA MO0 OTHOIIEHHIO K HaOmoaeHn0. [1ombITka ee HaOIoIeHus TPUBEIET K e€
MPEBPALLICHHUIO B YEPHYIO JIBIPY. DTO 3aKPOET BCAKYIO0 BO3MOXHOCTb MOJATBEPAUTH, UTO
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uHpopMalus coxpansiercsa. CrenoBaTelbHO, 00a penieHrs HHHOPMAITMOHHOTO TTapaIoKca
NeMCTBUTENIBHO PABHOIPABHBI U SKCIIEPUMEHTAILHO HE Pa3IMYUMBbI.

3TO CBOWCTBO HEOOPATUMOMN TOTEPH HH(GOPMAIMH MIPUBOIUT K TOMY, UYTO 3aKOH
BO3PACTaHMs SHTPOIIUU MPEBPAILAETCS B TOUHBIN 3aKOH MPUPO/Ibl B paMKax rPaBUTALIMOHHOMN
Teopur. J[eHCTBUTENBHO, OABISETCS TaKas HOBas (PyHIaMEHTaIbHAs BETMYMHA, KaK SHTPOIIUS
YepHOU ABIPbl. DTO OTIMYAET IPABUTALIMOHHYIO TEOPUIO OT KJIACCUYECKON MEXaHHMKH, IJIe 3aKOH
BO3PACTaHMS PHTPOITMU HOCHT JINIIb MPpHOImKeHHbIH xapakTep (FAPP, nis Bcex mpakTnaeckux
esei).

Tot xe 3¢ ekt HeoOpaTUMOit MoTepu HHOOPMAITH UMEET U YCKOPEHHOE pacIIupeHue
Bcenennoii — nosiBisitoTcsl HeHabt0JaeMble 007acTH, OTKY/1a 10 HAaC HE JOXO/AUT J1aXe CBET.
CrnenoBarenbHO, OHU HEHAOJI0JaeMble, U cofiepKalliasicsa B HUX HHpopmanus notepsHa. 1o
OIIATH BEJIET K HEMPEJICKAa3yeMOCTH PEISITUBUCTKON TUHAMUKH.

3. BpeMeHHas1 4epBOTOYHHA.

PaccMoTpuM ¢ TOUYKHM 3peHHs SHTPOIIUHU M TaKOW MapaJOKCAIbHBIN 00BEKT 0011Iei TeopHH
OTHOCHUTENILHOCTH, KaK BpEMEHHAas «4epBOTOUMHA» (KpoToBast Hopa) [5]. PaccmoTpum BHavase
ee HanOoJIee MOMYJISIPHBINA BapuaHT, penoxeHHsii Moppucom u Topaowm [6]. [TycTs y Hac
MMeEETCs MPOCTPAHCTBEHHAs KPOTOBAsl HOpA C JIEKAIMMHU psAAOoM KoHuamu. [Iyrem odeHn
MPOCTOM MpOoLEeAYyphI (IOTPY3UM OJHOTO M3 KOHIIOB HA KOCMHYECKH KOpabib, 00ecreuyum ero
JBUKEHHE CO CKOPOCTBIO CPAaBHUMOM CO CBETOBOM, @ 3aT€M BEPHEM 3TOT KOHEI] Ha MPEKHEe
MECTO) MPOCTPAHCTBEHHAsI KPOTOBAsi HOpa MOXKET OBITH PE0Opa3oBaHa BO BPEMEHHYIO
(wormbhole traversing space into one traversing time). OHa MOeT OBITh HCIIOIb30BaHA KaK
MmamHa BpemeHH. [logo6Has kpoToBas HOpa TpeOyeT 0co00To 3K30THUECKOTO BEIIECTBRA,
HEO0OXO0UMOro I MoAJepKaHus ee paBHoBecus. OJIHAKO €CTh MOJENIN MalllMHbI BPEMEHH,
KOTOpPBIE WJIH MO3BOJISIIOT 0OOUTHCH COBCeM 0e3 AK30THYecKoro BemiecTna [7, 9]. Unu xe,
UCTIONB3YS DJIEKTPOMArHUTHOE T10JIE, MTO3BOJISIIOT OOOHUTHCH €r0 MaJIbIM KOJTMYEeCTBOM [8].
Hcnonp3oBanue 3T0M MalIMHbl BPEMEHH MOXET IPUBOIUTH K 3HAMEHUTOMY «I1apaloOKCy
JeAYyLIKN», KOT/1a BHYK, BO3BPALLAsACh B IpoILIoe, yOUBaeT cBoero neaymky. Kak xxe Moxer
OBITH pa3pelieH 3TOT napajaokc?

C ¢u3nueckoit TOUKU 3peHHUs], TapajoKe AEAYIIKH 03HAYAET, YTO HE BCE HaYaJIbHbIE
COCTOSIHUSI, KOTOPBIE CYIIECTBYIOT 0 00pa30BaHUs MAIIMHBI BPEMEHU OCYIIIECTBUMBI.
JlononmHuTeNbHAS 00paTHAs CBSI3b MEX/Iy OyIyIIUM H MPOILIBIM Y€pe3 BPEMEHHYTO
YEpBOTOUMHY JIeaeT UX HEBO3ZMOXKHBIMU. ClIe10BaTeNIbHO, MBI IN0OO JOHKHBI OOBSICHUTD
HEPEaTN3yeMOCTh TaKUX HaYaJIbHBIX COCTOSIHUH, TNOO JOMYCTUTh, YTO BPEMEHHAs
«UepBOTOYMHA» HEYCTOWYNBA, HAMOA0ONE OeI0M ABIPBI, U JIETKO Pa3pyIIaeTCs.

Kax nu ctpanHo, o6a 00bsicCHEHHsI B IPUHIIUIE BEpHBL. OHAKO TSI MAKPOCKOITMYECKHUX
YEpBOTOUYMH MPUOPUTETHBIM SIBIISIETCS IEpBOE 00BsiICHEHHE. JleiCTBUTETLHO, OUE€HBb XOTENOCh
OBl UMETh MAKPOCKOITMYECKYIO TOMOJIOTHIO IPOCTPAHCTBA CTa0MIbHONW. OrpaHuyeHue Ha
HayaJlbHbIE COCTOSIHUS IIPH 3TOM CBA3aHO C 3aKOHOM POCTa SHTPOIUU U CUHXPOHU3ALNEHN
TEPMOJAMHAMUYECKUX CTPEJ BPEMEHH, CBA3AHHOMN C HEYCTOMYMBOCTBIO COCTOSIHUM C pa3HOU
HaIPaBJIECHHOCTBIO ATUX BPEMEHHBIX CTpedl [1-2]. MakpocKonuuecKue 3aKOHbI TEPMOIUHAMUKHI
BEPOSITHOCTHBI. JIJIs1 0O4eHBb HEOOBIIIOTO YKCIia CITyYaeB OHU HE ICUCTBYIOT
(kpynHOMacmiTabHble QurokTyanun). Kak 1y 3TuX cuTyauui, Tak v Juisi MUKPOCKOTTHUECKHUX
YEpBOTOYUH, IJI€ MOHATHE TEPMOJIMHAMUYECKON CTPEIIbl BpEMEHH U 3aKOHBI TEPMOJIMHAMUKU HE
MPUMEHHUMBI, TTPHOPUTETHBIM OKa3bIBa€TCsA BTOpOe 00bsicHeHne. OHO CBA3aHHO C
AKCTPEMAIILHOM HEYyCTOMYMBOCTBIO TOMOJIOT MU, ONPEAEIIIEMON MallInHON BpeMeHu [9],
AQHAJIOTMYHOM HEYCTOWYMBOCTHU Oemoil AbIphI. J{J11 MaKpOCKOMIMYECKUX KPOTOBBIX HOP
pa3pelieHre MOKeT ObITh HalIEHO ¢ IOMOIIIbIO 3aKOHA BO3PAaCTaHUS SHTPOIIUH,
o0ecrneynBaeMoro HeyCTOHYUBOCTRIO MIPOIIECCOB ¢ YOBIBAHUEM DHTPOIUU OTHOCUTEIBHO
BceneHHOM 1 BRITEKAOMIEN U3 3TOTO CUHXPOHU3AMEN TEPMOJIUHAMUYECKUX CTPENI BPEMEHH.
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JleficTBUTENBHO, TPOCTPAHCTBEHHAS KPOTOBAs JbIpa HE MPUBOJIUT K Hapagokcy. OObeKTHI,
MOTJIONICHHBIE €€ OJHUM KOHIIOM, BBIXOJIST U3 IPYTOro KoHIla B 6ojee nmo3aHee BpeMs. Takum
00pa3oM, 00BEKTHI U3 OoJIee YIOPSAOYCHHOTO HU3KOAHTPOMUITHOTO MPOIIIOTO MOMAAio0T B
MEHee YIOpsI0UEeHHOE BEICOKOIHTponuitHbIe Oyayiee. [Ipu nBH>KEeHUU BAOIb KPOTOBOW HOPBI
SHTPONUS MyTEHIECTBYIOMX OOBEKTOB TAKXK€E PACTET: OHU MEPEXOAAT U3 Oosee
YHOPSAOYEHHOTO COCTOSTHUS B MeHee ynopsigoueHHoe. Takum o0pa3oM, COOCTBEHHBIE CTPETIbI
BPEMEHHU ITyTEIIECTBYIOIETO B KPOTOBOI HOpe 00BEKTa M OKPYKAIOIIETO MUPa COHAIIPABIICHBI.
Toxxe BEpHO AJIsl MyTEUIECTBHSI 0 BPEMEHHON KPOTOBOW HOpE U3 MPOIILIOro B OyayIiee.

Opnako Juis MyTeIecTBUs U3 OyIyIIero B NpOoILIOe CTPEIbl BPEMEHU My TEIIECTBEHHUKA B
KPOTOBOM HOPE U OKpPYKAroIIero Mupa OyayT yxe mpoTuBomnoynoxHsl [10, 11-13 .
JleiicTBUTENBHO, CaM OOBEKT MyTELIECTBYET U3 MEHEE YIOPSAAOUEHHOI0 Oy Iy1iero B 6oiee
YHOPSAOYEHHOE TPOIILIOE, HO MPHU 3TOM €r0 COOCTBEHHAs SHTPOIUS pacTeT, a He YObiBaeT!
CnenoBarenbHO, TEPMOIMHAMUYECKUE CTPENbl BpeMEeHU BeeneHHol U myTelecTBeHHUKA
pasHoHamnpaBieHbl. Takol mporecc, P KOTOPOM YHTPOIHH My TEeIISCTBEHHUKA yObIBaeT
oTHocutenbHO Beenennoit, Heycroiuus [1-2]. CriemoBaTeabHO, «TaMATh O TIPOLILIIOM)
MyTENIECTBEHHHKA (2, MOKET, U OH CaM IMOJIHOCThIO) OyJIeT pa3pyllieHa, YTO He TTO3BOJIUT eMY
«yOUTh JEAYIIKY.

Kakoli uMeHHO MeXaHHM3M MpHU MyTEUIECTBUH B KPOTOBOM HOpe oOecreunBaeT
CUHXPOHM3AIIMIO CTPEN BpEMEHU MyTelnlecTBeHHUKa U BeenenHoi? O6a KoHIa «4epBOTOYUHBI)
9TO MacCUBHBIE TeJa, UMEIOIIUE KOHEUHYI0 TeMiepaTypy. O0a 3TH KOHIIa 1o 3aKOHAM
TEPMOJUHAMHUKYN HEU30EKHO JTOJIKHBI M3Ty4aTh CBET, KOTOPBIM YaCTUYHO MONAAAET U B
KpPOTOBYIO HOPY. YK€ B MOMEHT 00pa30BaHuUs «MAaIlIMHBI BpeMeHu» (IIpeodpazoBaHus
IPOCTPAHCTBEHHOM Y€PBOTOUMHBI BO BpEMEHHYIO) MEXYy €€ KOHI[aMH MOSBISETCS 3aMKHY ThII
CBETOBOM JTy4. Besikuit pas, Kora qyd OMUChIBa€T OKPYKHOCTh, OH BCe OOJIbIlEe CMENIAeTCs K
¢uoneroBoit yactu cuekrpa. [Ipoxoas Kpyr 3a Kpyrom, JIy4du TEpSIOT POKYC, TO3TOMY SHEPTHUS
HE YCUJIMBAETCS U HE CTAHOBUTCS OeckoHeuHOU. DHONIEeTOBOE CMEIIEHHE 03HAYAET, YTO UCTOPHS
YaCTHUIIbI CBETa KOHEUHA U OTIpeJieNieHa €€ COOCTBEHHBIM KOOPAWHATHBIM BPEMEHEM, HECMOTPS
Ha OECKOHEYHOE YUCII0 KpyroB [14]. DTOT 1 MHBIE IOTOKK CBETAa B KPOTOBOM HOpE
GITIOKTYHPYIOT ¥ UMEIOT HANIPaBIIEHUE TEPMOJIMHAMUYECKON CTPEIIbl BpEMEHH, COBIAAIOIIETO C
TEPMOJIMHAMHUYECKOH cTpesoi BpeMeHn Beenennoii. biarogaps Hensoe:xxHoMy
B3aMMOJEHCTBUIO C 3TUMU U3ITYyYEHUEM pa3pylLIacTcs OY€Hb HEYCTONYHUBOE COCTOSIHUE
MyTelIECTBEHHUKA, UMEIOIero oOpaTHOE M0 OTHOIICHUIO K BcenenHoil HanpasieHue
COOCTBEHHOT'0 TEPMOJIMHAMHUYECKOTO BPEMEHHU. DTO pa3pylLICHNE MPOUCXOANT 10 CTEIICHH,
JIOCTATOYHOM JIsl MPeAOTBpAIlleHUs TapaoKca NIy IIKH.

«CB00012 BOJIMY» MO3BOJISIET HAM CBOOOJHO MHULIMUPOBATD JIMIIL YCTOHYMBBIE MTPOIIECCHI C
POCTOM SHTPOTHH, HO HE C €€ yObIBaHueM. Takum 00pa3oM, MbI HE CMOXKEM TTOCJIaTh OOBEKT U3
Oynaymiero B npouuioe. [Iporiecc CHHXpOHU3AMK CTPEN BPEMEHHU U BBITEKAIONIUI U3 HETO 3aKOH
pocCTa SHTPONHHU 3aNpeIaeT HaualbHble YCl08Usl, HEOOXOIUMBIE IS Ty TeIIeCTBUS
MaKpOCKOMUYECKHX 00BEKTOB B MPOIIOE U PEATN3ALUI0 «I1ApaJOKca ATy LIKN.

B pa6ore [10] cTporo matemMaTH4eCKH JOKA3bIBACTCS, YTO COOCTBEHHAS TEPMOAMHAMUYCCKAS
CTpeJia BpeMEHHU HE MOXET BCE BpeMsi HIMETh OJJMHAKOBYIO OPUEHTAIINIO C COOCTBEHHON
KOOPJIMHATHOM CTPEJION BPEMEHH MPH MY TEIIECTBUM 110 3aMKHYTOM BPEMEHHOITOA00HOM
tpaekTopui (closed timelike curve). [Ipomiecc cHHXpOHHU3AIMH CTPEN BpEMEHH (CBSI3aHHBIH C
HEYCTONYHMBOCTHIO IPOLIECCOB C YOBIBAHMEM SHTPOIIUN) SIBISIETCS TEM CaAMbIM (DU3ULECKUM
MexXaHu3MoM, KOTOPbIA (pakTHyeckn 00ecrieuuBaeT BhIMOJIHEHUE 3aKOHA POCTA SHTPOIIHH.

Maxkpockonuyeckue 3aKOHbI TEPMOJUHAMUKHU BEPOSATHOCTHBI. /171 0UeHb HEOOBIIOro Yncia
CIIy4aeB OHU HE IEHCTBYIOT (KpynmHOMacInTaOHbIe (harokTyarun). Kak s 3TUX cutyaruii, Tak u
JUTSL MUKPOCKOTIMUECKHUX CUCTEM, T'Ji€ 3aKOHBI TEPMOJUHAMUKY HE PUMEHUMBI, MPUOPUTETHBIM
OKa3bIBACTCsI Apyroe oObsICHEHUE Mapaiokca aeaymku. CylnecTByIOT J1Ba Ipoliecca: Bech
KocMoc u 00beKT, myTerecTBY oM o yepBoTounHe u3 Oyaymero Kocmoca B ero mporuioe.
[Ipu 5TOM BpeMeHHast 4epBOTOUMHA, [TOI00HO Oeoi AbIpe, OKa3bIBAaeTCs HEYCTOWYMBOM JTaxe
10 OTHOUICHHIO K OECKOHEYHO MaJIbIM BO3MYILIEHUSIM OT I'PaBUTAIIUH Ty TEIIECTBYIOLIETO
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00BEKTa, UTO MOXKET MIPUBECTH K €€ Pa3pyLICHHUIO U MPEAOTBPAILEHUIO TapaI0KCOB, YTO U
JoKa3bIBaeTcs cTporo B [9]. KakoBbl pe3ynbTaThl epecTpOKH TOMOIOTUU POCTPAHCTBA-
BPEMEHH T10CJIE pa3pyLIeHHUs] BpeMEHHOW 4epBOTOUMHBI? ABTOp [9] nuier:

«Kax MbI OOBSACHSIH ... HEOJIHO3HAYHOCTh, HE TIO3BOJISIET CYIIECTBOBAHNE MApaI0KCOB
MYTELIECTBUS BO BPEMEHU B O0I1I€H TEOPUU OTHOCUTEIBHOCTH - HE3aBUCUMO OT TOT'0, YTO
POM301LIO0 Obl B IPUYUHHON 00J1aCTH, IPOCTPAHCTBO-BPEMSI BCET/1a MOXKET pa3BUBAThCA TakK,
yTOOBI N30€XKaTh JIIOOBIX MAPaT0KCOB (KEPTBYIO MAIIIMHOW BPEMEHH, B KpaifHEM cilyvae).
[Tomyyaroreecst mpu 3TOM NPOCTPAHCTBO-BPEMSI HHOTAA ... JIFOOOIBITHO HAIOMUHAET OJIHY U3
MHOT'O-MHPOBBIX KapTHH.»

Crenyer OTMETUTB, YTO C TOUKH 3PEHHS BHEIIHETO PEeaIbHOT0 MaKpOCKOIMMYECKOTO
HaOJro1aTelNs CUTYyalys, KOTAa MyTEeIECTBEHHHUK MTOTU0 B YePBOTOUMHE UJIH MOTIAJ B «MHOM
MUP», SKCIEPUMEHTAIBHO HEOTINYHUMBL. DTO SKBUBAJIEHTHO CUTYyallU{, KOT/1a Iy TEIIECTBEHHUK
nasiaeT B YEPHYIO JbIPY: HAM HE M3BECTHO OYJIET JIM OH pa3/iaBjeH B CUHTYJISIPHOCTU WU
HOMNAJIET B «MHOU MHp» 4yepes Oemyro AbIpy. (XOoTs A caMoro IyTeNIeCTBEHHUKA 3Ta pa3HHULA
HabroaemMa 1 cymectBenHa. Ho oH yHeceT cBOM Bce 3TH CBOM HAOJIOACHUS C COOOW B «MHOU
MUP».)

Chopmynupyem OKOHYATEIBHBII BBIBOJ: 07151 MAKPOCKONUYECKUX NPOYeCcCO8 HEYCTOMYNBOCTD
IPOLIECCOB ¢ yOBIBAHNEM SHTPOIMHU U COMYTCTBYIOLIAsl €l CHHXPOHU3ALUS CTPENl BPEMEHU B
MOJIABJISIOLIEM YHCIIE CIYy4YaeB AEIAET HEBO3MOXKHBIM MOSIBJIEHUE HAYAJIBHBIX YCIOBUM
HECOBMECTHUMBIX C CYIIECTBOBAHHEM 3aJaHHBIX YEPBOTOUUH. TeM caMbIM IpPeNOTBpAILACTCs KaKk
UX pa3pylLIeHHUE, TaK U IMyTEUIECTBUS 10 HUIM MaKpPOCKOIIMYECKUX TEJ B IPOLIOE, IPUBOJIALIEE K
«MapaioKCy AETYLIKN.

Jl111 O4eHb MAJIOBEPOSITHBIX CUTYallUi B CIIy4yae MaKpOOOBEKTOB U /11 MUKPOCKOITUMYECKUX
CHCTEM MOXET Peaqn30BaThCs yXKE PaHee OTMEUEHHOE 3aMeUaTeIbHOe CBOMCTBO SKCTPEMaIbHON
HEYCTOWYMBOCTH OOIIEH TEOPUH OTHOCUTEIILHOCTH: OECKOHEYHO Majioe BHEIIHEee BO3/IeCTBIE
MOJKET MOBJIEYb Pa3pyILlIEHHE YEPBOTOUNHBI 32 KOHEUHOE Bpems!

4. BoIBOABLI.

[onsenem obmme utoru. [lponecc HaOmMONEHHS JOTHKEH HEN30€)KHO YUUTHIBATHCS TIPH
paccMOTpeHHUH BeeX (PU3NYECKUX MPOLECCOB, YUTOOBI UCKITIOUUTD MOSIBIIEHUE HEHAO0II01aeMBbIX B
pPeaNbHOCTH SIBIICHUHN, IPUBOASIINX K napagokcaM. [Ipy 3ToM HyKHO yUUTBIBATh CIIEIYIOIINE
Bemu. HaGmonaTens Hen30€XHO SBISETCS HEPAaBHOBECHBIM MAaKPOCKOMMYECKUM XaO0THUECKUM
TEJIOM C TEPMOAVMHAMUYECKOHN CTPEION BPEMEHH, ONPEAEIISIEMON HAIPABIEHUEM POCTa
sHTponuu. Bce n3amepeHus oH MPOU3BOIUT OTHOCUTEIBHO ITOW BPEMEHHOMN CTPEJIbI BPEMEHH.
JlunaMuka Tel, OTHOCUTEILHO 3TOW CTPEJIbl BpEMEHHU Ha3bIBAE€TCS HAOII0JaeMON JUHAMUKON U
OTIIMYAETCA OT UICAIIBHON IMHAMUKH, OTHOCUTEJIBHO KOOPIMHATHON CTpenol BpemeHu. Bee
TeJIa OMMCHIBAIOTCS B HA0I0JaeMOl THHAMHUKE MaKpoIrapaMeTpaMy, B OTIHYUE OT UICaTbHON
JUHAMHKH, UCTIONIB3YIOIIEH MUKpOIIapaMeTphl. TepMoarMHaMHuUuecKas CTpela BpeMEHU He
CYILIECTBYET IIPU TEPMOJUHAMUYECKOM paBHOBecHU. OHA MOXKET MEHSTh CBOE HAIlpaBJICHHUE U HE
COBIAJaTh C KOOPAMHATHOM CTPEJION BpEMEHU HealbHON AMHAMMKH. Beerna cymecTtsyer
MaJjioe B3auMOJIeHCTBHE MeX 1y HaOIroaTeneM 1 HabmrogaeMol cucteMoil. OHO MPUBOAUT K
CUHXPOHH3ALMK TEPMOJIUHAMUYECKHX CTPESl BpeMEHH Ha0ogaTesst U Habaro1aeMoi CUCTEMBI.

Mgl BUIMM HEOOBIKHOBEHHYIO Belllb. Bee 3T cooOpaskeHust, KOTOpbIe HaM TTO3BOJIHIIH
pa3pelnTh NapajoKe peAyKLUH B KBAHTOBON MexaHuKe, napagokcsl Jlommvuara (Loshmidt) u
[lyankape B KJlacCHYECKOW MEXaHMKE MO3BOJISIOT pa3pelInTh HH()OPMALIMOHHBIN TApaIOKC
YEPHBIX ABIP U NApaZ0KC ACTYIIKH JUIsl BPpEMEHHBIX KPOTOBBIX HOP. 3aMedareabHast
YHUBEPCATIBLHOCTD!
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Yactb 4. YHUBepCcaJbHAsA CTPeJIa BpEMEHU:
KBanToBasi Teopusi rpaBUTALIUU.

0. AuHorauus: Paspemienue HHPOPMAUMOHHOIO MAPAJOKCA IS
YEePHBIX JAbIP, NAPAAOKCA e IYIIKHU JJI BPEMEHHbIX KPOTOBBIX
HOP, MaPAI0KCA YePHBIX 3Be3/1, MaPaJ0KCOB MPOEKTA
Ilenpoy3a 1J11 MOCTPOEHUS HOBO KBAHTOBOM
rPAaBUTAIIMOHHOM TEOPHUH, MAPATOKCOB AHTPOITHOI O
NPUHLMIA.

[IpoaHanu3upoBaHkI MAPaJOKCHl U MPOOIEMBbI KBAHTOBOM TEOPUH TPABUTAIH C TOUYKH 3PEHUS
TEPMOJAMHAMUYECKOT 0 TTOAXO0/1A.

1. BBenenue
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Cratbs OCBSIICHA aHAIU3Y KBAHTOBOM TEOPUHU TPABUTAIIMH C TOUKU 3PECHUS
TEPMOJUHAMHUYECKOH cTpenbl BpemenH [ 1-3]. B pamkax 3Toro paccMoTpeHus pa3pelieHbl
«H()OPMAIIMOHHBIA MAPaTOKCy» IS YSPHBIX JIBIP U «MAPATOKC C NCTYITKON» IS BpEMEHHBIX
«UEpPBOTOYMHY», PACCMOTPEHBI YepHBIC 3Be3/blI [4] 1 aHTpomnHbIi npuHIy [5]. [lokazano, 4To
noxenanust [Terpoy3a [6-7] k Oymyield TeOpUM KBAHTOBOM TpaBUTAIIUHN HE TPEOYIOT CO3IaHuUs
HOBOU TEOPHUH, a pealu3yeMbl B paMKaX y>Ke CyIIEeCTBYIOIINX TEOPHil IPHU yUyeTe
TEPMOJAMHAMUYECKOTO TTOIX0/1A.

2. YepHble abIpbI

B 00m1eii Teopun OTHOCUTENIBHOCTH, B OTJIMUYUE OT KJIACCUUECKOM MEXaHUKH, J[Ba pa3IMYHbIX
COCTOSIHUS 32 KOHeYHOoe BPeMsI MOTYT JaTh OECKOHEYHO OJM3KKUE COCTOSIHUS. DTO MPOUCXOIUT
npu 00pa30BaHUM YEPHOU ABIPHI B pe3yJIbTaTe KoJuIarnca. 3a CYeT 3TOr0 BOZHUKAET 3HAMEHUTHIN
WH(POPMAITMOHHBIN Tapagokc [8]: Kosutanc npuBOIUT K motepe nHpopmanuu B Yeproii Jlpipe.
OT0, B CBOIO 0YEPENb, BEAET K HETIOJIHOTE HAILLETO 3HAHUSA O COCTOSIHUU CUCTEMBI U,
CJIEZIOBATENIFHO, K HETIPEICKa3yeMOCTH TUHAMHUKH CUCTEMBI, ee BKiItovarommei. Madopmarms,
KOTOpas B KJIaCCUUECKON ¥ KBAHTOBOM MEXAaHUKE BCETa COXPAHAETCsl, B YEPHOH JbIpE UCUE3acT.
Tax 1 570? OOBIYHO paccMaTPUBAIOT TOJBKO JIBa OTBETA HA ATOT Bompoc. JIn6o nHpopmanus
JeMCTBUTENBHO NponafaeT 6eccueino; 1100 nHpopMalMs COXpaHAETCs BHYTPH HEE U MOKET
OBITH KAKMM-TO ITyTEM M3BJ€U€HA. MBI YBUJIUM, UTO B KBAHTOBOM I'PaBUTAL[MU OTBET TOT )K€, YTO
U JUTst 0011el TeOpUH OTHOCUTENIBHOCTH — 00a OTBETa BO3MOXHBI M BEPHBI, TOCKOJIbKY Pa3HULA
9KCIIEPUMEHTAJILHO HE HabJ01aema.

JU1st KBa3UKIIaCCUYECKON TEOPUH TPaBUTALIUH, TJI€ TPaBUTALMs ONKChIBaeTCs o0Iei Teopueit
OTHOCHUTEIILHOCTH, a I10JIS - KBAHTOBOM TEOPUEH, pa3pelIeHUe MapagoKca HaXOIUTCA C
MIOMOUIBIO U3TyYeHHEe XOKHHTa.

B kBaHTOBO# Teopuu nosist pU3NUECKHil BAKyyM HarOJIHEH MOCTOSHHO POKIAIOLIMMUCS U
HCUE3aIOUIMMHU «BUPTYalIbHBIMU YacTULIAMW». BOnMM3K (HO BCE e cHapy»k1) TOpU30HTA
COOBITHI 4EPHOM IBIPBI MPSIMO U3 BaKyyMa MOTYT POKIAaThCs Maphl YacTulia-anTuyactuua. [Ipu
9TOM BO3MOXKEH CIIy4dal, KOT/a ITOJIHAs SHEPrUsl aHTUYACTHULIBI OKa3bIBACTCS OTPULIATENBHOM, a
II0JIHAS DHEPIHsI YACTHILIBI - TOJIOKUTENbHOU. [Tanast B u€pHyto AbIpy, aHTUUACTHIA YMEHBIIAET
€€ MOJHYIO SHEPTHUIO OKOs, & 3HAYUT, U MacCy, B TO BPEMsI KaK YaCTHIIA OKa3bIBAETCS
CHOCOOHOM yJeTeTh B 0eCKOHEYHOCTb. 151 yjanéHHOro HabuIt01aTesst 3TO BBITJISIUT KakK
n3ilydeHre XOKUHIa YEPHOU JIBIPHI.

[TockosbKy 3TO M3IIy4YEeHUE HEKOTEPEHTHOE I10CIIE UCTIAPEHUSI YEPHOU JBbIPBI BCS 3allaceHHAas
B Heil MHpOpMAaILHs UCUE3aeT — 3TO OTBET KBa3MKIIacCHUecKoi Teopun. Kazanock Obl, 3T0
OPOTUBOPEUYUT OOPATUMOCTH U YHUTAPHOCTU KBAaHTOBOM MEXaHUKH, Iie MHPOpMaLUs He
TepsieTcs. Toro ke Mbl 03kHM1aiu Obl OT KBAaHTOBOM Teopuu rpaButanuu. Ho tak im 310?

MpI1 He nMeeM ceiluac 3aKOHYEHHYIO TEOPUIO KBAHTOBOM rpaBuTannu. OHAKO AJI1 YaCTHOTO
ciydasi 5 MEpHOTO aHTU-Ae-CUTTEPOBCKOr0 MUpa 3TOT MapaJ0KC HbIHE MHOTUMHU YUYEHBIMU
CUMTAETCS Pa3pelIeHHBIM B M0JIb3Y COXpaHEHUs UHPOPMALIMH, BCIEICTBUE THIIOTE3BI O
AdS/CFT nyansHOCTH, T. €. THUIIOTE3BI O TOM, YTO KBAaHTOBAsI IPABUTALINS B aHTH-]IC-
CUTTEPOBCKOM (TO €CTh C OTPULIATEIbHBIM KOCMOJIOTHYECKUM UJIEHOM) S-MEPHOM IIPOCTPAHCTBE
MaTeMaTHYECKH SKBUBAJICHTHA KOHPOPMHOM TEOPHH OISl Ha 4-MTOBEPXHOCTH 3TOTO MUpA. [9]
Omna 6bL1a IPOBEpEHa B HEKOTOPBIX YaCTHBIX CIyYasiX, HO II0Ka HE JOKa3aHa B 00IEM BHJIE.

[lonararot, 4yTO €ciau 3Ta rUMOTE3a AEUCTBUTENBHO BEPHA, TO TO aBTOMaTUYECKU BICUET 3a
co00i1 paspenieHre npodaeMbl 00 ncye3HoBeHHH nHopmanuu. J[eno B ToMm, 4To KOH(OpMHas
TEOpusl MOJIS IO MOCTPOECHUIO YHUTapHa. Eciiu oHa AyanbHa KBAHTOBOM TpaBUTAIMH, TO 3HAUUT
Y COOTBETCTBYIOIAsl KBAHTOBO-IPABUTALIMOHHAS TEOPUS TOKE YHUTApPHA, & 3HAYUT,
UH(OPMALIUS B 3TOM CIIy4ae He TepseTcs.
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OTMeTHM, 9TO ATO HE TaK. YUeT BIUSHUS HAOIIOJATeIIs JejIaeT HeM30ESKHOM MOTEPIO
uHpopmanuu. [Iporecc oOpa3zoBaHus UepHOI AbIPHI U €€ fanbHelIIee UCTIapeHUs] TPOUCXOUT
Ha BCEil MOBEPXHOCTH aHTU-/1e-CUTTEPOBCKOIO MUpa (OMUCHIBAEMOr0 KBAHTOBOM TEOPHEM
10JIs1), KOTOPBIM BKIIIOYAET Takke U Habmoaarens. Habmogarenb Hen30€KHO IpaBUTALIMOHHO
B3aMMOJICHCTBYET C USPHOU JBIPOH U €€ u3llydeHueM. B oTimune or 00bI9HO# KBAaHTOBOM
MEXAHUKH U 10 MPUYMHE 3TOrO BCEIPOHUKAOIIEr0 I'PaBUTALIUOHHOTO B3aUMOAECUCTBHS,
BIIMSIHUE HAOIOIATENIs TETIEPh y>Ke HEJb3s CIeNaTh MPEeHEeOPEeKUMO MaITbIM HU TP KaKHX
ycnoBusx. BzaumopeiictBue ¢ HaOIr01aTeNIEM JI€1aeT CUCTEMY HE YHUTApHOI.

Kazanock 061, MBI MOKEM BKIIIOUUTH HAOIIOAATENs B OMMcaHue cucteMbl. Ho Habmomarens He
MOJKET TOYHO 3HATh CBOE HAYAJIbHOE COCTOSIHUE U aHAIIM3UPOBATh CUCTEMY, YAaCThIO KOTOPOH OH
caM M siBisercs! A 3HaUUT, HE MOXKET IPOBEPUTH SKCIEPUMEHTAIBHO PA3HUILY MEXTY
YHUTApHOM U He YHUTApHOM 3Botonue. [l 3Toro He06X0AUMO 3HaHUE MOJIHOTO COCTOSIHUSA
CUCTEMBI, YTO HEBO3MOXHO IIPU CaMOHAOIIOICHUH.

B anTH-ne-CurrepoBckoro Mupe pacivpenue BeeneHHol Hen30€KHO CMEHSIETCs CXKAaTHEM.
Ho ot e apdexT morepn nHpopMaIyu uMeeTcs 1 MPH yCKOPSHHOM paciupeHnn BeeneHHoi
— MOSBJISIIOTCSA HEHa0Mo1aeMble 00JIaCTH, OTKY/1a 10 HAC HE JOXOJUT JaKe CBET.
CnenoBarenbHO, OHU HEHAOI0JaeMble, M cofiepKalliasicsa B HUX HH(popmalus notepsHa. 1o
OIIATH BEJIET K HEMPEACKA3yEMOCTH.

Taxum 00pa3oM, SKcTIepuMEeHTaIbHAs TPOBEpKa HH(OPMAIIHOHHOTO TTapaoKca CHOBA
CTaHOBUTCSI HEBO3MOXKHOU 6 npunyune! B cilydae KBaHTOBOI I'PaBUTALIMNA COXPAHEHUE
MH(OPMALIMU TIPOUCXOANT JIUIIH HAa Oymare B WealbHON nuHaMuKe. B peanpHOl HaOmomaeMoi
JMHAMUKE pa3HULA He HaOJro1aeMa SKCIiepuMeHTalbHO B puHIune. O0a oTBeTa Ha BOIIPOC O
COXPaHEHHUHU WJIM HE COXPAHEHNU UH(POPMALIMU MOYKHO CUUTATh IPUEMIIEMBIMH, ITIOCKOJIBKY OHU
9KCIIEPUMEHTAIBLHO HE PA3JINYUMBI.

I'maBHOE OTIIMYME CTONB OOJIBLION Pa3HULBI MEX/1y OOBIYHOM KBAaHTOBOM TeOpHEl 1
KBaHTOBOI Teopueil rpaBUTallMy IPOUCXOJUT U3 TOTO, YTO B3auMoJIelicTBUE HaOII01aTeNs B
OOBIYHON KBAaHTOBOM TEOPHH MOXKHO C/I€JIaTh HYJIEBBIM B IIPUHLUIIE IIPH U3BECTHBIX HAYAJIbHBIX
yCIJIOBUSX. B KBAaHTOBBIX IPABUTALIMOHHBIX CUCTEMAX MaJIO€ IPAaBUTALlMOHHOE B3aUMOJECHCTBHE C
HaOJro1aTeNIeM HEYCTPaHUMO B IMIPUHLIMIIE — YTO JeJaeT B IPUHIIUIIE HEYCTPAaHUMOMN
JIEKOTEPEHIIMIO U IPEBPALAET IBOJIOLMIO JII0O0H HAOII0JaeMOM CUCTEMBI B HEYHUTApHYIO.
JIvis U1t HempoBepsieMON UIeaTbHOM YBOJIOIUH Ha Oymare ee MOXKHO c/ieaTh (opMabHO
YHUTapHOM. A MOXKHO U HE JIesIaTh — 371eCh Y Hac cB0o0o1a BeIOOpa. Ecii MBI XOTUM ONMCHIBAThH
peanpHyI0 HabII0AaeMyI0 TUHAMUKY — JAeJIaTh 3TOr0 He CTOUT. JJIi MAaCCUBHBIX TN TakKas
HaOJroaeMas IMHaAMMKa - 3TO KBa3UKJIaCCUYECKasi TEOPHUsl, KOTOpasi SKCIIEPUMEHTAIbHO
HEOTJINYMMA JJISl PEaIbHOTO MAaKPOCKOITMYECKOT0 HabII0AaTeNs OT KBAHTOBOM IPaBUTAIH
MacCCHBHBIX TPaBUTALIMOHHBIX YEPHBIX JIBIP.

3. BpeMeHHas1 4ePBOTOYHNHA.

PaccmMoTpuM ¢ TOUKM 3peHHs SHTPOIIUH U TaKOW MapaJoKCaIbHBIA 00BEKT 001Iel Teopun
OTHOCHUTENILHOCTH, KaK BpeMEHHas «4epBoTournHa» (kpotoBas Hopa) [10]. PaccmoTpum BHauane
ee HanOoJIee NOMYJISIPHBINA BapuaHT, npenioxeHHsid Topaom [11]. [ycTts y Hac umeercs
IIPOCTPAHCTBEHHAs KPOTOBAsl HOpa C JIeXKAIlUMU pJIoM KoHUamu. [lyrem oueHs npoctoit
nporeaypsl! (IIOrpy3uM OJTHOTO U3 KOHIIOB Ha KOCMUYECKHH KOpabiib, 00ecrieynM ero IBUKEHUE
CO CKOPOCTBIO CPaBHUMOM CO CBETOBOI, @ 3aT€M BEPHEM ITOT KOHEI] HA MIPEKHEE MECTO)
IPOCTPaHCTBEHHAsI KPOTOBAsi HOpa MOXET ObITh IpeoOpazoBaHa BO BpeMeHHYo (wormhole
traversing space into one traversing time). OHa MOXeT ObITh HCITOJIb30BaHA KaK MalllnHa
BpeMeHu. [lonoOHas kpoToBas HOpa TpedyeT 0cOO0ro 3K30TUYECKOT0 BEIIECTBA, HEOOX0IUMOTO
JUIsL ToAi/IepkaHus ee paBHOBecus. OJIHAKO HETaBHO MOSBUINCH HOBbIE MOJIEIM MAlIMHbI
BPEMEHH, KOTOPBIE WJIU MO3BOJIIIOT OOOUTUCH COBCEM 0e3 3K30THUecKoro Beuectsa [12]. Mnu
e, UCIIOJIb3Y s AJIEKTPOMArHUTHOE I10JI€, TIO3BOJISIIOT 000NTHCH €r0 MajibIM KouyecTBoM [ 13].
Hcnonp30Banne 3TON MaIIMHBI BPEMEHU MOKET IIPUBOAUTH K 3HAMEHUTOMY «IapaJoKCy
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JeAYyLIKW», KOT/la BHYK, BO3BPALLAsACh B IPOILIoe, yOUBaeT cBoero neaymky. Kak xxe Moxer
OBITH pa3pelieH 3TOT napaaokc?

PaccMoTpuM, Kakoi OTBET Ha 3TOT BOIIPOC AA€T KBa3UKJIACCUUECKasi TEOpUsl TPaBUTALIUH, TE
IpaBUTALIMS OTMCHIBAETCS 00IIEH TeoOpueil OTHOCUTEIHHOCTH, a MOJI — KBAHTOBOW TEOPHEil.
MBI 11pH 3TOM MOJ1araeM MakpOCKOIIMYECKYIO0 TONOJOTHIO IPOCTPAHCTBA, CBA3AHHYIO C
MalIMHON BPEMEHU HEM3MEHHOI. B MOMeHT 00pa3oBaHus MalIiHbl BpeMeHH (IIpeoOpazoBaHus
IIPOCTPAHCTBEHHOM Y€PBOTOUHHBI BO BPEMEHHYI0) MEX/y €€ KOHLIAMU MOSBIISETCS 3aMKHY ThIH
cBeToBoM J1y4. Ero sHeprust He qocturaet 6ECKOHEUHOCTH, HECMOTPS Ha OECKOHEUHOE YUCIIO
MIPOXOJIOB, N3-3a pacPOKycHpPOBKH cBeTa [16]. MHas cuTyanusi OHAKO BO3HUKACT B
KBa3UKJIACCHUECKON TEOPHH C «BaKyyMHBIMH (PIYKTyalMsIMI» pagualiioHHOTo moJs [ 14].
[Tpoxost GECKOHEUHOE YUCIIO pa3 Yepe3 YEPBOTOUHHY ¥ CKIIAIBIBASICh, OTH (DIIFOKTYyaInu
JOCTUTAIOT OECKOHEYHON YHEPTHH, KOTOpas pa3pyIIUT JII0OOTO My TEIIeCTBEHHUKA.

Opnako cuTyanus B KBAHTOBOU rpaBuTaluy nHas. [10CKONIbKY KBaHTOBbBIE (IYKTyalul
coJiepkat OOJbIIIKE YHEPTHH, KOT/Ia OHU BO3ZHUKAIOT Ha KOPOTKUX JAUCTAHIUSAX, BOZMOKHO
HAWTH HACTOJIFKO MaJlO€ pAacCTOSTHHE, Ha KOTOPOM SHEPTusi PIIyKTyalu OyJeT JOCTATOYHO
00JbI1I0H 17151 GOPMUPOBAHUS KPOIICYHON YEPHOM JBIPBI, IPU TOM FOPU30HT YEPHOU JBIPHI
OyZeT TOro ke pa3Mepa, Kak U 3T0 MaJIeHbKOe paccTosiHue. [IpocTpaHCTBO-BpeMst HE CIIOCOOHO
0CTaBaTbCs OJHOPOAHBIM Ha TAKMX KOPOTKUX JUCTAHIUAX. DTOT MEXaHU3M 00eCIeunBaeT
€CTECTBEHHYIO «OJIOKMPOBKY» 00pa30BaHUIO CUHTYJISIPHBIX (DIyKTyallui, OrpaHu4MBasi UX 10
pasMepy — «MaKCHUMallbHasi SHEPrusi B MUHUMAJIbHBIX pa3mepax» [16].

JleTanbHble pacyeThl KBAHTOBOM rpaBUTAIIMU MTOKA3BIBAIOT [15], UTO 3Ta «OJIOKMPOBKAY
00pa30BaHUIO CUHTYJISAPHBIX (IIyKTyallii o0ecreuynBaeT A1 MaKPOCKOITMYECKUX TENT OUYEHb
MaJIyto, HO HE HYJIEBYIO BEPOSTHOCTh OECIPENATCTBEHHOTO MTPOXOKIACHHSI BpEMEHHOM
«4epBOTOYMHBI. Kak MpeaoTBpaTUTh B 3TOW CUTYalLlUU «Tapafoke aeaymku»? TyT HaMm y1o0HO
BOCIIOJIB30BAThCS SI3HIKOM MHOTOMHUPOBOM MHTEPIIPETAIIMM KBAaHTOBOW MeXaHUKH. UTOOBI
MPEeIOTBPATUTh MAPaJOKC MyTEIIECTBEHHUK JOHKEH MOMacTh B MapaljiebHbIN MUP, TAe OH
MOYKET OeCTIPEeNATCTBEHHO «yOUTh JIeAYIIKY» HE Hapyllas MIPUHLUIA IPUIYUHHOCTH. Takoi
napajuleNbHbIA MUp Oy/IeT KBAaHTOBO UHTEPPEPUPOBATH C MUPOM «HEYOUTOIrO JEAYIIKN», T1Ie
HaOJI01aTeINI0 HE YAAIOCh MIPOUTH BPEMEHHYI0 4YepBOTOUMHY. OTHAKO aMIUIUTY/1a BEPOATHOCTH
TaKoro Mupa OyJeT kpaiiHne mana. MoeT Jiu HabogaTellb B MUPE, T1Ie «JIeAYLIKY HEe yOUIn»
00HapY’KUTh aJIbTEPHATUBHBIA MHUP XOTS OBl B IPUHIIUIIE, UCTIOB3YsI KBAHTOBBIC KOPPEIISALMU
mexay mupamu? [Togo6Ho «mapagokcy [IpeamHrepoBCKOro KoTa» CAeaTh OH 3TO HE CMOXKET.
W npuunHel TE e, YTO ¥ B 00BIYHON KBaHTOBOM MexaHuke [2]. [IposiBieHns: KBaHTOBBIX
KOppeJsIHii Ha TOT MOMEHT, KOTJIa MX BEJIMYKHA CYILECTBEHHA, HEBO3MOXKHO 3apPETUCTPUPOBATD
U3-32 «CTHpAHMS MaMATH» HaOmonaTens. Takum o0pazom, MornajaHue B MapajuieIbHbII MUD
KBAaHTOBOM MEXaHUKU HUYEM SKCIIEPUMEHTAIBLHO HEOTINYUMO OT MEPECTPOUKH YEPBOTOUHUHBI U
NOTIAIAHUS B «IapaJICIIbHBIA MUP» 0011l TeOpuH OTHOCUTENBbHOCTH [3, 17]. DT0 3HaYUT, UYTO
C TOYKH 3pEHHSI BHEIIHErO PeabHOTO MaKpOCKOMMUYECKOro HabroqaTelis CUTyalus, Korjaa
MYTEIIECTBEHHUK MTOTUO B YEPBOTOUMHE WJIH TOTAJT B «MHOM MUP», SKCIIEPUMEHTAIBHO
HEOTJIMYHUMBI. DTO 3KBUBAJICHTHO CUTYallMH, KOTJa MyTeIIEeCTBEHHUK MaJaeT B YEPHYIO ABIPY:
HaM HE MU3BECTHO OYyJIET JIM OH pa3AaBJicH B CHHTYJIIPHOCTH WIIM TIONA/IET B «MHON MHP) depe3
oemyto npipy. [18] (XoTs mist camoro myTelmecTBEeHHUKA 3Ta pa3HHIla Habro1aemMa u
cymecTBeHHa. Ho OH yHeceT CBOM BCce 9TH CBOU HAOIIOIEHUSI C COOOM B «MHOUM MHUP».) MBI
BUJIUM, YTO KaK U B clIyyae «MH(OPMALMOHHOTO MapaioKcay, pa3Hulla MeKy KBAaHTOBOH U
KBa3HKJIACCUUECKUMH TEOPUSIMH U1 MAaKPOCKONIUYECKHX 00BbEKTOB SKCIIEPUMEHTAIBHO HE
HabJ01aeMa 1711 MaKpOCKOITMYECKOT0 Ha0JII01aTelsl, He My TEHIeCTBYIOLIEr0 BO BpPEMEHHOM
YEPBOTOUYUHE.

4. YUepHbie 3Be31bl.

HenaBHo nosiBuiach HHTEpECHas TeOpus «UepHbIX 3Be3/» [4]. OObIYHO KoOJIIaNC YEpHOI
JIBIPBI pacCMaTpUBAeTCs Kak ObICTpbIi mpouecc. OAHAKO HaM He TaK XOPOILO W3BECTHBI
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COCTOSIHMSI BELIECTBA IIPU BBICOKMX JABJICHUAX. MBI 3HaeM, 4TO Ha IMYTH K KOJIJIAIICY BO3MOXKHO
oOpa3oBaHue OeNbIX KapJIHKOB, HEUTPOHHBIX 3BE3/. DTH MPOMEXKYTOUHbIE CTAJAUN JETAI0T
KOJIJIAIC He JJABUHOOOPAa3HbIM, a MOCTETIEHHBIM. BO3MOXKHO, Ha Iy TH K KoJIIarcy OyayT
HOSIBJIATHCS KBAPKOBBIE 3BE3/1bI U HHBIE IPOMEKYTOUHBIE COCTOSIHUSL, KOTOPBIE CAENAIOT 3TOT
Ipolecc IIaBHbIM. I KIIaCCUYECKOM rpaBUTALMU ATO HecyliecTBeHHO. Ho B
KBa3UKJIACCUYECKOM IpaBUTALIMM [T0KA3aHO, YTO ITPU MEIJICHHOM C)KaTUH KBAHTOBBIC
(GiIyKTyaluu y HOBEpPXHOCTH IOMEIIAI0T MaTepHally 3B€3/Ibl CKOJIAIICUPOBATh B
CUHTYJIIPHOCTb U CTaTh YepHOU AbIpoil. CHapykH Takoi 00BEKT OyIeT 1mo100eH YepHOi JbIpe,
HO BHYTpH OYJIET OT HEe OTIIMYEH, HE COJIepKa CHHTYIIIPHOCTD U COXPaHsIsi BCIO MH(POPMAIIHUIO.
OH N03BOJUT MyTEIIECTBEHHUKY BXOJUTH 3@ IIOBEPXHOCTH 3BE€3/IbI U BEIXOAUTH U3 Hee. Cienyer
OTMETHUTB, YTO IPOTUB TAKOW KapTHHBI UMEETCS CYLIECTBEHHOE BO3PAKCHUE.

Hackonbko cTabuibHa Takasi KOHCTPYKIHS 3B€3/bl BHELTHEMY BO3MYILEHUIO, BHOCUMOMY
NyTemecTBeHHUKOM? 1 HaCKOJIbKO yCTOMYMB caM IyTEIIECTBEHHUK? Y cToiunBa a1 oHa?
[IyTemecTBeHHUK — 3TO MaKpOCKONM4YecKoe Teo. [[pOHNKHYB B 4YEpHYIO 3B€3/1y, OH CKAYKOM
YBEJIMUYUT €€ Maccy. DTO NPUBEIET MO0 K €€ CXJIONbIBAaHUIO B UEPHYIO bIpy. Eciu e nporiecc
CHOBA MONJET KIOCTENEHHO» TO MYTELUIECTBEHHUK «PACTBOPUTCS» B 3BE3/I€ U HE CMOXKET U3 HEE
BhIiiTH. TakuMm 00pa3oM, BUTUTCS, YTO Pa3HUIA MKy YSPHOH 3BE3/I0M U YSPHOU JILIPOI HE
HaOJro1aeMa SKCIIepUMEHTANBHO. A, 3HaUUT, pa3HULA MEXy STUMH O0BEKTaMU CYLIECTBYET
JMILIB HAa Oymare — B MJ1ealbHOM TUHAMUKE.

5. HoBas Teopus rpasurauuu Ilenpoysa.

B cBoux 3amevaTenbHbIX KHIDKKaAX [6-7] [leHpoy3 maet cBoe 3aMedaTeibHOE TPEABUICHUE
HOBOM IpsiyILlied Teopun rpaButanuu. B aToit reopuu:

1) B otnuume oT 0OBIYHON KBAHTOBOW MEXaHUKHU PEIYKIUS BOJTHOBOTO MAKeTa —
byHIaMEHTATHHOE CBOMCTBO TEOPHH.

2) DTO peayKIusi HEpa3phIBHO CBSI3aHA C SBJICHUEM I'PABUTALIMH.

3) Penykuusi mnpuBOIUT HE TOJIBKO K BEPOATHOCTHBIM 3aKOHOMEPHOCTSIM — HO OHA MOYKET
MPUBOIUTH U K 00JIee CII0KHOMY «HEOTPEACICHHOMYY IMOBEICHUIO CHCTEM.

4) B otnnuue oT 3aMevaTeNIbHBIX KOTEPEHTHBIX KBAHTOBBIX CHUCTEM, KJIIACCHUECKHE 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 TIOJY4YEHHUS BCEX 3TUX BELIEH HAM HET Hy>K/bl B HOBBIX TEOPUSX.
VY4er Hen30€KHOTO IPaBUTAIIMOHHOTO B3aUMOICHCTBUS MAKPOCKOITMYECKOTO PEaIbHOTO
HaOmoaaTeNs (TUTI0C yYeT ero TEPMOJMHAMUYECKON CTPEIIbl BPEMEHH ) C HEOOXOIUMOCTHIO
BE/IET KO BCEM 3TUM pe3yJIbTaTaM B paMKax JII000H yxkKe CyIecTBYIOIIeH TEOPUN KBAHTOBOM
rpaBuTanuu. Kpome Toro, Kj1acCMuecKkue XaoTH4eCKHUe HEYCTOHUNBbIE CUCTEMBI 001a1al0T
BCEMH CBOICTBaMU KBAaHTOBBIX. [11s1 11000T0 «4nCTO KBaHTOBOTO 3(h(heKTay Bcerna MOKHO
HallTh Takoi kinaccuueckuid ananor (Ilpunoxenue A [2]). A uMeHHoO:

1) MbI Bugenu u3 ONMCaHHOTO BBIIIE, YTO HEN30€KHOE IPaBUTALMOHHOTO B3aUMOAEHCTBUS
MaKpOCKOIHMYECKOI'0 peabHOro HabroaaTes s ¢ Ha0aro1aeMoi cucTeMol Hen30€XKHO JIeNnaeT ee
3BOJIIOLMIO HEYHUTAPHOU. Pa3HHIIa MeXly YHUTApHON U HEYHUTAPHON TEOPUEH CYILIECTBYET
JMIIb Ha OyMare M 3KCIIEpUMEHTAIbHO He Hab0AaeMa B KBAaHTOBOM TEOPUH I'PaBUTALIUY.

2) 1o U3/10’)KEHHBIM BBILIE MPUYMHAM UMEHHO IPABUTALINS BEJET B YXKE CYIIECTBYIOLIEH
KBAaHTOBOI TEOpUH IPaBUTALIMM K HEM30EKHON peayKLUUU U HeyHuTapHocTH. bonee Toro, ms
MaKpOCKOIMYECKUX OOBEKTOB jKelaeMas HeyHUTapHas Teopus, o01agaronias BCeMU
JKEJIAEMbIMHU CBOWMCTBAMH, YK€ CYLIECTBYET — 9TO KBa3UKJIACCUUECKAsl TEOPUs IPABUTALIMH.
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3) [loBeneHnrne MHOTMX MaKpOCKOIMMUYECKUX TEJI, HECMOTPSI Ha HEYHUTAPHOCTb, MOXXHO
JIOCTATOYHO TMOJHO OMUCAaTh HAOOPOM MaKpoIrapaMeTpoB M 3aKOHAMH UX 3BoJroIuHU. MMeroTcs,
OJIHAKO, Henpedckazyemvle CUCTEMbI, YbE MOBEJICHUE BO BCEH UX MOJIHOTE 3aTPYyHUTEIHEHO
ONMCaTh JAKE BEPOATHOCTHBIMU 3aKOHAMH.

Hanpumep, kBaHTOBbIE KOMIIBIOTEPHL. [[7151 yenoBeka, 3amyCTUBIIETO TAKONH KBAHTOBBIN
KOMITBIOTEP U 3HAIOLLETO €r0 HA4YaJbHOE COCTOSIHUE, €r0 MOBEJECHUE MOJHOCTBIO MPEICKA3yeMO.
Onmnako /11 4eoBeKa, He MMPUCYTCTBYIOMIETO NIPU 3aIyCKe, €ro MOBEJACHUE «HEOMIPEIACICHHOY.
Bonee Toro, monpiTka MpoHa0II0AaTh BHYTPEHHE COCTOSIHIE KBAHTOBOTO KOMIIBIOTEPA MIPUBEAET
K HapyIICHUIO €r0 HOPMAJIbHOW PabOTHI.

B ciiyyae kBaHTOBOM I'paBUTALIMM 1aK€ 3aIyCTUBIINNA KBAHTOBBII KOMIIBIOTED YEIOBEK HE
cmoxeT 100% mpenckasath pe3yabTaT — HeU30€KHOE TPABUTAIIMOHHOE B3aUMOICHCTBUE MEKIY
HUM M KBAaHTOBBIM KOMIIBIOTEPOM CJI€TIAeT TaKoe MpecKa3aHne HEeBO3MOXKHBIM. TakuM 00pazom,
«HETPENICKa3yeMOCTh, OTJIUYHAS OT BEPOSTHOCTHOM» CTAaHOBUTCS (DyHIaMEHTaIbHBIM
CBOMCTBOM JTF000H KBAHTOBOM TEOPUU TPABUTAIMH MPU YUeTe HEN30€KHOTO B3aUMOJICHCTBUS C
HaOJII01aTeNIEM.

4) HeycTtoitunBble KJIaCCHUECKHE CUCTEMbI BO MHOT'OM HAIIOMHUHAIOT MO CBOMM CBOMCTBaM
kBaHToBbIC ([Ipunoxkenue A [2]). bosee Toro, co3ganbl MaTEMaTHUYECKUE MOJIENN KIIACCUYECKHUX
aHaAJIOrOB KBAaHTOBBIX KOMIIbIOTEPOB [19]. [l MoaenupoBaHus napagoKcanbHbIX CBONCTB
JKUBBIX 00BEKTOB, HATOMUHAIOIINX KBAHTOBBIC KOMIIBIOTEPHI, HaM HE 0053aTeIhHO HYKHA
KBAHTOBasi MeXaHUKa. MOKHO OOOUTHUCH U KITACCUYECKUMU HEYCTOMUMBBIME cucteMamu [20].

[ToxBost U'TOT, MBI BUIUM, UTO BCE MOXKeIanus [IeHpoy3a BOIJIOTUMBI YKe B paMKax
CYILIECTBYIOIIEH apaJurmMbl U He TPeOYIOT HUKAKUX HOBBIX (DyHAaMEHTalIbHBIX Teopuil. bonee
TOT0, BCE CBOMCTBAa 00BEKTOB OMMCHIBAIOTCS MaKpomapaMmeTpaMu (4TOObI UCKITFOUUTh BIUSTHHE
MaKpPOCKOITMYECKOTO HAOIIOAATENs ), YTO HEM30SIKHO BEACT K HEHAOII0TAEMOCTH CITHIITKOM
MaJIbIX HHTEPBAJIOB BPEMECHHU U MPOCTPAHCTBA. A 3HAYUT MOXKHO MTOCTPOUTH UX HAOIIOJACMYIO
JTUHAMUKY Ha OCHOBE «JIMCKPETHOW MOJIETH MPOCTpaHCTBa-BpeMeHn». Ho Takast Mojienb yxe He
OyzieT HOBOM Teopuel — JJIs JIF0OOT0 MaKPOCKOTTMYECKOTO HA0II0aTels oHa OyaeT
HKCIIEPUMEHTAIIBHO HEOTJIMYMMA OT YKE CYIIECTBYIOLIEH KBAaHTOBOM TEOPUU I'PABUTALINH.

6. AHTPONHBIH NPUHUMII B KBAHTOBOW T€OPUM IPaBUTAIUMN.

KonndecTBO BO3MOXKHBIX BAKYYMHBIX COCTOSIHUM, BO3HUKAIOLIUX B KBAHTOBOW TEOPUH
TpaBHUTAIINH, TOCTUTAET OTPOMHOTO KoJardecTBa. J{s orbopa moaxoasimuX BaKyyMOB OOBIYHO
MpeiaraeTcss aHTPOIHBIA NPUHIMI [S] - 3BOIIOLMS CUCTEMBI I0JKHA MTPUBOJIUT K TOSIBIICHUIO
HaOII01aTeNs, CIOCOOHOTO €€ MOHUMATh U u3y4aTh. [10100Has MOCTaHOBKA BOMIPOCA HOCHT
cuimKoM GuIocoCKuit XapakTep, 3aTpyAHSIONINN €€ MPaKTHIECKOe UCTIoNIb30oBaHue. 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
JIOJKHBI UMETh COOCTBEHHYIO TEPMOJMHAMUYECKYIO CTPETy BpeMeHH. Majoe JIoKaabHOe
B3aUMOJICHCTBUE MEXAY TeIaMU JOHKHO MPUBOAUTH K CHHXPOHU3AIUU UX CTPE BPEMEHHU.
XOTs 9T TeJIa COCTOSIT U3 MHOTHX YacTHI] M 00J1aIal0T OTPOMHBIM HabOpOM
MUKPOTIapIaMETPOB, IBOTIOIUS 3TUX TeJ JOJDKHA XOPOIIIO OMUCHIBATHCS HAOOpOM
MaKponapamMeTpoB, 3a UCKIIFOUEHUEM PEJIKUX MOJIOKEHUN HEYCTOMYUBOCTH.

OpaHaKo 3TH HEYCTOWYMBBIE COCTOSHUS UTPAIOT OOMBIIYIO POJIb, CIY’Ka OCHOBOU IS
BO3HUKHOBEHUS camoro HaOmonarenst Beenennoil. JlomKHbBI CylIECTBOBATh HEYCTONYHBbBIE
1I100aNbHBIE KOPPETSAIUN MKy YacTsIMH MHUPA, TaK U HEPABHOBECHBIE CUCTEMBI C
MO/I/IEPKUBAEMBIMU JIOKATHHBIMH BHYTPEHHUMH KOPPEJSIIIUSAMU, U3 KOTOPBIX U 00pa3yoTcs
camu HaOIroAaTeny.
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I'moGanbHON «IENbI0» TUCCUITATUBHBIX CUCTEM C JIOKAIBHBIMU KOPPEISAIHMSIMHA (B TOM YHCIIE
U J)KUBBIX CUCTEM) SIBJISIETCA (2) MUHUMU3ALIUA UX COOCTBEHHOM SHTpOMUU (0) CTUMYIISIIHS
r1100aTbHOM MOTHOW CHCTEMBI K CKopeiimuii Bo3Bpary Ilyankape B mCxoaHOE
HU3KOIHTPOMHUITHOE COCTOSTHHE.

W3 BhIecKa3aHHOTO CIIEAYET OJWH BaKHBINA BBIBOA. UTOOBI OTYYHTH BIIICOMUCAHHYTO
CUTYallMI0, HAYalIbHOE COCTOsIHNE BeeneHHol T0mKHO Hen30eKHO OBbITh
BBICOKOYTIOPSIOYCHHBIM ¥ HU3KO3HTPOITUHHBIM.

T.e., KOPOTKO TOBOPS, IBOIIOIUS T0JKHA TPUBOAUTH K MUPY, JOIYCKAIOIIEMY OMMCAHKE B
dbopme TepmoamHamuki [1-3, 21-23]. Tonpko B Takoii cpeie MOKET MOSIBUTHCS HAOII01aTENb,
CIOCOOHBIN U3y4aTh 3TOT MHUP.

7. BLIBOABI

MpI BUAMM, 4TO HH(POPMALIMOHHBIN MapaZoKC U MapaoKC JSAYIIKH Pa3peIIaloTcs B
KBaHTOBOW IPaBUTAIIMOHHON TEOPUHU aHATIOTUYHO OOIIEH TEeOPUH OTHOCUTEIBHOCTH. DTO
JIeNIaeTcsl MyTeM PAaCCMOTPEHHUS B3aUMOJEHCTBUS CUCTEM C peajbHbIM HEPABHOBECHBIM
MaKpOCKOIUYECKUM HabiroaaTeneM. bonee Toro, 3TOT MoaXo/A aHaJIOrMYHO OOBIYHON KBAaHTOBOM
TEOPHH, TIO3BOJISIET PA3PEIIUTh MPOOJIEMY PEIYKIMUA. DTO PEAYKLHUs B KBAHTOBOM I'paBUTALIUN
CTaHOBUTCA (DyHAAMEHTAIbHBIM CBOMCTBOM TEOPHUH, B OTJIMYME OT OOBIYHON KBAaHTOBOI
MEXaHUKU. Takou MoAXO0J MO3BOJISIET PACCMOTPETh U IPYTHE CIOKHBIE BOIIPOCHI KBAHTOBOU
rPaBUTALMU — AHTPOIHBIN PUHLINII, YEPHBIE 3BE3/IbI.
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Yacrb 5. YHUBepCcAJIbHAA CTPeJIa BPEMEHM:
Henpenckasyemasi JTMHAMUKA.

0. AsHoranus: PaspenieHue napagokca 0 NpOTHBOPEYUHN MEKIY
PeAyKIHOHMU3MOM M NPUHUMIIMAJIBHOU (He CBA3aAHHOM CO
CJI0’KHOCThI0) IMEP/IKEHTHOCTHI0O HA OCHOBE TEOPEMBbI
I'éneneBckoro Tuna. Papemenue napagokca cymecrBOBaHusA
CHCTEM C YMEHbIIEHHEM IHTPOIHH.

MpbI BHIUM, 9TO TOYHBIE YPaBHEHUS KBAHTOBOW M KJIACCHUECKON MEXaHUKH OTHCHIBAIOT
ujeanbHyI0 IUHAMUKY, KOTOpasi oOpaTuMa u MpUBOJAT K Bo3BpaTaM [lyankape. PeanbHbie
ypaBHEHHS (DU3MKH, OMMCHIBAIOIINE HAOJI0IaeMyI0 JMHAMUKY, HallpuMep, master equations
CTAaTHCTUYECKON MEXaHUKH, YPaBHEHHS TUAPOAUHAMUKH BSI3KOH )KUIKOCTH, YpaBHEHHE
BonbiiMana B TepMOJMHAMHUKE, 3aKOH POCTa YHTPOTIMH B U30JTUPOBAHHBIX CHCTEMAaX -
HeoOpaTUMBI M UCKITIOUaloT Bo3BpaThl [lyankape B ucxogHoe cocrosiuue. Kpome toro atu
YPaBHEHHS OTMCHIBAIOT CUCTEMBI B TEPMHHAX MAKPOIIaPaMETPOB WM (PYHKIIHA pacTpeIeIICHUs
MUKporapamMeTpoB. [[pudrHbI Tako# pa3HUIBI MEXKAY AUHAMHUKAMU J1Be. Bo-miepBhIX,
HEKOHTPOJIUPYEMBIH IIIyM CO CTOPOHBI BHEIITHETO HabOmoaaTesss. Bo-BTOphIX, Kora
HaOJII0aTeNIh BXOIUT B ONMKMCHIBAEMYIO CUCTEMY (CaMOHAOIIOICHUE) TIOJTHOE CaMO-OITUCaHNe
COCTOSTHUSI CHCTEMBI HEBO3MOXKHO. Kpome Toro camoHabIt0/IeHue BO3MOXKHO B TSUCHHE
OTPaHMYEHHOTO BPEMEHHU, MOKa COOCTBEHHAs! TEPMOJAMHAMUYECKAs CTPesia BpEMEHU
HaOII0IaTeNs CYIIECTBYET U HE MEHSIET CBOETO HampaBieHus. He Bo BceX cimydasx HapylIeHHAS
BHEIITHUM IITyMOM (MJT HETOJIHASI IPY CAMOHAOJIIOCHUH ) HJleabHAs TUHAMUKA MOKET OBITh
3aMeHeHa MpecKa3yeMoil HabmoqaeMoil TMHAMUKO. JIJ11 MHOTHUX CHCTEM BBEJCHHE
MaKpoIapaMeTpOB, HCUEPIIHIBAIOIIE ONMUCHIBAIOIINX JUHAMHUKY CUCTEMbI, IPOCTO HEBO3MOKHO.
Wx nuHaMuKka CTAaHOBHUTHCS B MPUHIIUIIE HEMIPEICKa3yeMOM, HHOT/IA 1a)Ke BEPOSTHOCTHO
HenpeackazyeMoil. Mbl Ha30BeM AMHAMUKY, OMHUCHIBAIOUIYIO TaKyI0 CUCTEMY, HEenpeocKasyemol
OJunamuxou. Kak cienyer u3 caMoro onpeiesieHus: TAKKUX CUCTEM, JUIsl HUX HEBO3MOKHO BBECTH
MOJIHBIM HAOOp MaKpoIMapaMeTPOB, XapaKTEPHBIX AJ1s1 HAOII0JaeMOl JUHAMUKH U ITO3BOJISIFOIIMIA
MPEeICKa3bIBaTh UX MOBEJCHHE. JIMHAMIKA TAKUX CUCTEM HE OTHCHIBACTCS U HE
MPEJICKa3bIBACTCS HAyuHbIMU METOAaMH. TakuM o0pa3oM, HAyKa caMa CTaBUT I'PAHMLbI CBOEH
NpUMEeHUMOCTH. TONBKO caMU TaKue CUCTEMBI U3HYTPU MOTYT, HO YK€ UHMYUMUBHO
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«TIOHMMATB» U «IPEJCKA3bIBAThY CBOE MMOBEICHUE MIIH «OOIAThCS» MEXIY COO0i Ha
UHMYUMUEHOM YPOBHE.

1. BBeaenune

Janum onpenenenus Habuodaemotl u udeaivhol ounamux [1-4], a Takxke oObSICHIM
HEO0OXOAMMOCTh BBEJICHHUS HAOII0JaeMOi TMHAMUKU. VieanbHOM THHAMHUKOW MBI Oy1eM
Ha3bIBATh TOYHBIE 3aKOHBI KBAHTOBOM WJIM KJIACCUYECKON MeXaHUKU. [loueMy MbI Ha3Bamum ux
uneanbHbiMH? [loTOMY UTO /7151 GOJIBIIMHCTBA PEATBHBIX CUCTEM BBITIOJIHSICTCS 3aKOH
BO3pACTaHUs SHTPOIMS WM PEAYKIUS BOJTHOBOIO MMaKeTa B KBAHTOBOM cCllydae,
MPOTUBOpEYAIIINE 3aKOHOM UACATbHON TUHAMUKH. VneanbHas nuHaMuka oOpaTuMa U B Hel
IpOUCXOAAT Bo3Bpathl [lyankape, uero He HaOmoAaeTcss B HeoOpaTuMoi HaOIr0gaeMoin
nuHaMmuke. OTKyAa MPOUCXOIUT 3TO MIPOTUBOPEUUE MEXKAY JTUHAMUKAMU?

Peanpubiii HabMIOATEND — 3TO BCETa MAKPOCKOMMYECKasl, JajieKasi OT TEPMOJINHAMUYECKOTO
paBHOBecHs cucteMa. OH 00s1ajaeT COOCTBEHHON TEPMOIMHAMUYECKON CTPENIO BpeMeHH,
KOTOpasi CYIIECTBYET OTPaHMYEHHOE BPEMS (JI0 TIOCTHXKEHUSI PABHOBECHS) M MOXKET MEHSATH CBOE
HanpasyieHue. Kpome Toro, cyiecTByer Manoe B3auMoieicTBre HaboaTens ¢ HabmojaeMon
CHUCTEMOM, KOTOPOE MPUBOJUT K CHHXPOHU3ALMU UX TEPMOJMHAMUYECKUX CTPESl BDEMEHH U, B
Ciy4yae KBaHTOBOM MEXaHUKH PEIyKIIUHA BOJTHOBOTO MaKeTa.

Habmonarens onuceiBaeT HAbMI0JaeMYI0 CUCTEMY B TEPMUHAX MaKpOIMapaMeTpoB U
OTHOCUTEIILHO COOCTBEHHOM CTpeibl BpeMeHU. IMEHHO 3TO U BEJIET K pa3Inyuio HaOII01aeMOoi
U UieajbHON JUHAMUKH, KOTOpas (OpMyIHpPYeTCs OTHOCUTENIBHO a0CTPaKTHOTO
KOOPJIMHATHOTO BPEMEHH B TEPMHUHAX MUKPOIIAPaMETPOB.

Hapymienns nieanbHON JMHAMUKH CBSI3aHBI WM C HE3aMKHYTOCTBIO H3MEPSIEMBIX CUCTEM
(T.e. OOBSICHSIETCS BIMSIHUEM BHEIIHEW CpeJlbl WU HaOII0AaTeNs ), Ui HEBO3MOXXHOCTBIO
MOJIHOTO CaMO-U3MEPEHUS U CaMOAHaJIU3a JIJIsl 3aMKHYTBIX M MIOJTHBIX (DU3UYECKUX CUCTEM,
BKIIIOUYAIONIUX KAaK BHEIIHIOIO Cpefy, Tak U HaOmroaarens. UTo ke nenath B TaKUX clydasx?
PeanpHas cucTeMa WM He3aMKHYTa WIH HETOJHA, T.€. MBI HE MOXKEM HCIIOJIb30BaTh (DU3UKY IS
NpeAcKa3aHus AMHAMUKU cucteMbl? OTHIOIb HET!

OdyeHb MHOTHE TaKHE CHCTEMBI MOTYT OBITh ONKMCAHbl YPABHEHHUSIMU TOUHOM (HJIH
BEPOATHOCTHOMN) TMHAMUKU, HECMOTPS Ha HE3aMKHYTOCTh UM HETIOJTHOTY OMHUCcaHusi. Mbl
Ha3bIBaeM € Ha0JIr01aeMoil TMHAMUKOH. BombIIMHCTBO ypaBHEHUH QU3UKH - master equations
CTaTUCTUYECKON MEXaHUKH, YPABHEHUS TUAPOAMHAMUKH BSI3KOM KUJKOCTH, ypaBHEHUE
BonpiiMana B TepMOAMHAMUKE, 3aKOH POCTA YHTPOIUHU B U30JUPOBAHHBIX CUCTEMAX SIBIISIOTCS
YpaBHEHUSAMHU HAOII01aeMOM THHAMUKHY.

Jlyist Toro uToOBI 00J1aaTh YKa3aHHBIM BBIIIE CBOMCTBOM HaOJI0jaeMas TMHAMUKA JTOJDKHA
OTBEUaTh ONpeeNIeHHbIM ycIoBUsIM. OHA HE MOKET ONEepPUPOBAThH MOJIHBIM HAOOPOM
MUKpOIIEpEMEHHBIX. B Ha0IF01aeMO¥ TMHAMUKE MBI OITPEIEIIsIeM JIUIIh MHOTO MEHBIIIEE YHCIIO
MaKpOMEPEMEHHBIX, KOTOPBIE SBIAIOTCS HEKUMH (PYHKIIMSIMH MUKPOTIEPEMEHHBIX. JTO JesiaeT
€€ HAMHOT'O YCTOHYMBEE IO OTHOIIECHUIO K OIMOKaM B 33JJaHUHM HAYAIBHBIX YCIIOBUH U IIyMY.
JleiicTBUTENHHO, N3MEHEHNE MUKPOCOCTOSIHUS HE TIPUBOJAUT HEN30€KHO K U3MEHEHUIO
MaKpOCOCTOSIHHSI, IIOCKOJIbKY OJHOMY MaKpOCOCTOSIHUIO OTBEYAeT OO0JIbIION HAaOOp
MUKPOCOCTOSIHUH. [[7151 Ta3a MakponepeMeHHbIMH SIBIISIIOTCS, HAIIPUMED, INIOTHOCTb, JABJICHUE,
TEeMIIepaTypa u SHTpoIUs. MUKPOIIEPEMEHHBIMHU K€ SIBISIOTCS CKOPOCTH M KOOPIUHATHI BCEX
€ro MOJIEKYJI.

Kaxk u3 nneansHOl AMHAMUKHA CTPOUTCS Habmoaaemas auHamMuka? OHH MOTy4aloTCs WIN
BBE/ICHHEM B UJCAIbHBIC YPABHEHUSI MAJIOT0, HO KOHEYHOTO BHEILIHETO LIyMa, WIIN Ke
BBEJICHUEM TOTPEITHOCTEH HAYAIBHOTO COCTOSHUS. [[0rpenTHOCTH W/WIIA TTyMBI TOJIKHBI OBITh
JIOCTaTOYHO OOJIBIITUMHE, YTOOBI HAPYIIUTh HEHAOII01aeMYI0 peaabHO 00paTUMOCTh JABHKEHUS
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i Bo3Bpathel [lyankape. C apyroii CTOPOHBI OHHU JTOJKHBI OBITH JIOCTATOYHO MaJIbl, YTOOBI HE
BJIMSTH HA MIPOTEKAaHNE PeabHO HAOII01aeMbIX MTPOLIECCOB C POCTOM SHTPOIHUH.

Jist ToJTHO#M PU3UIECKOM CUCTEMBI, BKITIOYAIOIICH HaOI0aTelIs, HaOI0JaeMyI0 CHCTEMY
U OKpY>KaIOIIYI0 Cpely HaOmrogaeMas quHamuka He panbcudunupyema B cmbicie [lommepa [36]
(pu ycI0BUM BEPHOCTHU UAeaNbHON quHamMukn). T.e. paznuny mexay MaeansHoil u
Hab6monaemoit Jlunamukoii B 3ToM ciiydyae HEBO3MOKHO HAOMIOAATh B HKCIIEPUMEHTE.

Opnaxo, BIIOJIHE BO3MOXKHBI U CITy4yau, KOT/1a BBe/IeHHE HaOI0aeMoi AMHAMUKHI
HEBO3MOKHO M CUCTEMA OCTAETCSI BCE-TaKU HEMPEACKa3yeMOM, BCIEACTBUE HE3AMKHYTOCTH
CHUCTEMBI WJIM HETIOJTHOTHI OMMCAaHUs. JTO Clydail nenpeockazyemou ounamuxu [21, 29-33],
00cyX1aeMoi 3/1eCh.

2. Henpeackaszyemasi THHAMMKA.

Benem nonsitue cunepeemuyeckue mooenu [10]. Bynem Ha3bIBaTh TAKOBBIMU IPOCTHIE
du3HYECKUEe WX MATEMaTHYECKUE CUCTEMBI, MILTIOCTPUPYIOIIAE B TPOCTON (hopMe HEKHE
NEHCTBUTENBHBIC WK MPEANOIaraeMble CBONCTBA HETIPEACKA3yeMbIX U CIOXKHBIX (B TOM UHCIIE
JKUBBIX) CUCTEM.

Hemnpenckasyemblie cicTeMbl, UIMEHHO BCIIEACTBHE MIPUYKH CBOCH HEMIPEICKa3yeMOCTH
KpallHe HEyCTOMYMBHI K BHEIITHEMY HAOJIOICHUIO U TEIIOBOMY ITyMy. UTOOBI UX TTOBEJCHUE HE
MPEBPATUIIOCH B TIOTHOCTHIO Xa0TUYECKOE U CITy4YailHOE, OHU JOJKHBI UMETh MEXaHU3MbI
3aIUTHl OT BHEIIHETO BIIMSHUSI.

[ToaTomy 11t HaC Ba)KHO CO3JaHKE B MEPBYIO OUYEepelb CHHEPTETUYECKUX MOJIETICH CHCTEM,
CIOCOOHBIX MPOTHUBOCTOSATH IMIYMY (JIEKOTEPEHITMN B KBAHTOBOM MeXaHUKe). OHU COXPaHSIOT
CBOM BHYTPEHHHE KOPPEISAINH (KBAHTOBBIE WU KIACCUYECKUE), IPUBOAAIINE K OOPATUMOCTH
JBIDKEeHUS Win Bo3BpataMm [lyankape. Takke OHU MOTYT COXPaHSATh CBOU KOPPEIISIIIUH C
OKPYXAIOIIMM MU POM.

Cy1ecTBYIOT TPH METO/1a TAKOW 3aIlIUTHI:

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

2) AKTUBHBII METOJI, OOPATHBII MTACCHBHOMY — TIOJJOOHO TUCCUIIATHBHBIM WJIH KUBBIM
CUCTEMaM, OHH COXPaHSIOT CBOE HEPAaBHOBECHOE COCTOSIHHE O1aroapsi akTHBHOMY
B3aMMOJICHCTBHIO 1 OOMECHY YHEPTHEH U BEIICCTBOM C OKPYKCHHEM (METabO0IM3MOM).
Jymaetcs, 4o OyayIire MOAeTU KBAHTOBBIX KOMITBIOTEPOB JOJKHBI OpaThCsl U3 3TOU
o0nacTH.

3) Koraa xoppensiuu oxBatsiBaioT BCHO Beenennyro. BHemnuii HCTOYHUK IIyMa 37€Ch
MPOCTO OTCYTCTBYET. MicTouHuK KOoppesnanuil Beenennoi B ToM, uyto Beenennas
MPOU3O0IILIA U3 MAJION 00JIaCTH M HU3KOOHTPOIIUUHOTO COCTOSIHUS ITyTeM bombIiioro
B3speiBa. HazoBem 370 siBieHue riio0anbHBIME Koppensiusivu. MHorma 3to o6pasHo
Ha3bIBAIOT «TroJorpaduueckas Mozens BeeneHHON

Crnenyer OTMETHTB TPU OOCTOSITENBCTBA:

1) MHorue c0XKHbIE CUCTEMBI B CBOEM PAa3BUTHHU MPOXOJIAT THHAMHYECKUE TOUKU
Ou¢ypKamm — Korja CymecTBYT HECKOJIBKO aIbTePHATUBHBIX IyTeH pa3BUTHS U
BBIOOp KOHKPETHOTO M3 HUX 3aBHCUT OT MAJICHIITNX N3MEHEHUH COCTOSHUS CHCTEMEI B
TOUKe TuHaAMu4eckor oudypkanuu [5-6]. TyT naxe cnadbie (U COXpaHEHHEIE,
yKa3aHHBIMH BBIIIE Y TSIMH ) KOPPEISIIUN MOTYT OKa3aTh OTpOMHOE BiusHue. Hanmuue
HOAOOHBIX KOPPEJSINI OrpaHNYMBACT NPEICKa3aTeIbHYIO CHITy HAyKH, HO OTHIOAb HE
OTPaHUYMBACT HANTY JIMYHYIO HHTYHIHIO. [I0OCKOIIBKY MBI SIBISIEMCST HEOTIEITMMOM
YaCThIO HAILIETO MUPA, TO MBI BIIOJIHE CIIOCOOHBI HAa CyOBEKTUBHOM YPOBHE «OIYIIATH
9TH KOPPEISLUH, HEJOCTYITHBIE HaydHOMY Tipesicka3anuto (Ho, Hu B koe mepe He
NPOTUBOPEYAIIFE CAMUM 3aKOHaM (U3UKH!)
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2)

3)

4)

S)

6)

B onuceiBaeMbIx HeHA0II0Ja€MBIX CUCTEMAX YacTO HA0JII01aeTCsl YMEHbLICHHE
SHTPONUH WU TOJACPKUBACTCS OUCHb HU3KOIHTPOITUHHOE COCTOSIHUE. DTO HE
IPOTUBOPEUYUT BTOPOMY 3aKOHY BO3pacTaHUs SHTPONHH. [IeiCTBUTENBHO, KaK X
MacCUBHAs, TaK U aKTUBHAS 3aIllUTa TPEOYIOT OTPOMHBIX 3aTpaT HETOIHTPOIUH, KOTOpas
YepriaeTcsl U3 OKPYKEHHs, TI03TOMY CyMMapHasi SHTPOMHS CUCTEMbI U OKPYKEHUS
TOJILKO pacTeT. 3aKOH BO3PACTaHUs YHTPOIMH OCTACTCS HE3BIOIEMBIM TSI «O0BIIION
cucTeMBbI (Ha0mo1aemMast CUCTEMa + OKpY)KEHHE + HaOII01aTelNb), XOTsI HEBEPEH IS
camoii Ha0JII01aeMOM CUCTEMBL. Y MEHBIICHUS SHTPOIHUH B OOJIBIION CUCTEME COTJIACHO
YpaBHEHUSAM HJCAJIbHOM TMHAMUKU IPOUCXOAAT (Harmpumep, Bo3Bparthl [lyankape B
3aMKHYTOH CHCTEMe C OTPaHUYEHHBIM 00BEMOM), HO SIBISIOTCS HeHabmoqaeMbiMu [ 1-4].
[ToaTOoMy OHM MOTYT IPOCTO UTHOPUPOBATHCSI.

Cy1iecTBOBaHHE MHOTUX HEMPECKa3yeMbIX CUCTEM COMPOBOXKIAETCS YMEHBIIICHHEM
SHTponu# (DTO HE MPOTUBOPEUUT POCTY FIHTPOIHH COTIIACHO BTOPOMY 3aKOHY
TEPMOJUHAMHKH KaK 3TO 00BSCHEHO BBIIIE B TPETheM MyHKTE). Takum oOpazom,
CYIIIECTBOBaHHE TAKMX CHCTEM MOAYUHsETCs 0000menHoMy npuniuy Jle-Ilarense —
Bpayna: cucrema npensTcTByeT J1000My H3MEHEHHIO CBOETO COCTOSIHUS, BEI3BAHHOMY
KaK BHEILIHUM BO3/€HCTBHEM, TaK U BHYTPEHHUMHU MPOLIECCAMU, WJIW, UHBIMU CIIOBaMH,
— m000€ U3MEHEHUE COCTOSTHUS CHCTEMBI, BhI3BAHHOE KaK BHELTHUMHU, TaK U
BHYTPEHHUMU NPUUMHAMHU, TOPOKIAET B CUCTEME IIPOLIECCHI, HAMPABJIEHHbIE Ha TO,
YTOOBI yMEHBIIIUTH 3TO U3MEHEHUE. B TaHHOM cyyae poCT SHTPOIMUH MOPOKIAAET
CUCTEMBI, BEAYLIHE K €€ YMEHBILIECHUIO.

YacTo HaXOAUT MOATBEPKACHUE MPUHIUI MAKCUMYMa MTPOU3BOJICTBA SHTPOIINU
(Maximum entropy production principle - MaxEPP) [38]. CornacHo 3ToMy IpHHIUITY
HEPABHOBECHAsI CUCTEMA CTPEMUTHCS K COCTOSIHUIO, IIPH KOTOPOM POCT SHTPOIUU B
cucteme Oyner MmakcuManbHbIM. HecMoTpst Ha kaxyiueecs npotuBopeune, MaxEPP ne
MPOTUBOPEUYUT OTKPBITOMY [IpUTOKHH A TMHEWHBIX HEPABHOBECHBIX CUCTEM
NPUHIMITY MUHUMYMa ipou3BocTBa sHTponuu (MinEPP) [38]. 310 abcomoTHO pa3Hble
BapHAallMOHHBIE IPUHIIMIIBI, B KOTOPBIX XOTS U UILETCS IKCTPEMYM OJHOU U TOU XKe
(GYHKIIUN — MPOU3BOJICTBA SHTPOIUH, HO MPHU 3TOM HCIONB3YIOTCS Pa3UIHBIE
OTpaHUYEHUS U pa3IMYHbIC TapaMeTPbl BApbUPOBAHUSI. DTU MPUHIIMUITBI HE HYKHO
MIPOTUBOIIOCTABIIATH, TAK KAK OHU IPUMEHUMBI K Pa3JIMYHBIM 3TariaM 3BOJIIOIUN
HepaBHOBeCHOU cucTeMbl. MaxEPP o3HaudaeT, 4To AuccumaTuBHbIC HEMPEACKA3yeMbIe
CUCTEMBI (B TOM YHCIIE )KUBBIE CHCTEMBI), HAXOSCh B 3aAMKHYTBIX CHCTEMax C
OTpaHUYEHHBIM 00BEMOM, MPUOIIKAIOT HACTYIUIEHUE UX TEPMOAMHAMUYECKOTO
paBHOBECHS. DTO 3HAYUT, YTO OHU COKpAILAIOT U BpeMsl Bo3Bpara Ilyankape, T.€.
crocoOCcTBYIO 0oJsiee OBICTPOMY BO3BpaTy B HU3KOIHTPOIUIHOE COCTOSTHHE. DTO OISITh
COOTBETCTBYET 00001meHHoMy npuniuny Jle-1llarense — bpayHa: pocT sHTponuu
MOPO’KJAET CUCTEMBI, BEYIIIHE K €€ YMEHBIIEHHIO. VI3 BCEro BBIIIEH3II0KEHHOTO MOKHO
c/enaTb OYeHb HHTEPECHBII BBIBOJI: 2100ANIbHOU «YeNbloy OUCCUNAMUBHBIX CUCTEM (8
MOM YUCTEe U HCUBBIX CUCTNEM) ABTIAeMCA (a) MUHUMUZAYUSA UX COOCMBEHHOU SHMPONUU
(6) cmumynsayus eno6anbHOU NOJHOU cucmemsl K ckopetiuiutl 6ozepamy Ilyankape 6
UCXOOHOE HUZKOIHMPONULIHOE COCMOSIHUE.

I'moGanbHbIe KOPPENSAIMH B OOIIEM CITydae «pPacTEKalOTCsH» M0 3aMKHYTOW CHCTEME C
OTPaHWYEHHBIM O0BEMOM M BEAYT JIMIIb K HeHaOIroaeMomy Bo3Bpary Ilyankape [1-4].
OpHako pu HAMTUYUHA OOBEKTOB C JIOKATHHBIMU KOPPEISALUIMHU, TTI00aThHBIE
KOPPEJSILIMA MOTYT MPOSIBIISITHCS. B KOPPEISLUU MEKIY TAKUMH 00BEKTaMU APYT C
JIPYTOM U OKPY>KaroImuM MUpoM. Takum 00pa3oM, HAIMINE JTOKATBHBIX KOPPETSInit
MO3BOJIAET CAENaTh rI00aNbHbIe KOPPEIsalun HabI0jaeMbIMU, PEJOTBPAIIAst UX
MIOJIHOE «PAaCTEKaHUE» 110 CUCTEME.

BepHoe onpeneneHne TepMOIuHAMUYECKOW MaKpPOCKOITMYECKOW SHTPOIUH caMa Io cede
OUeHb TPYAHAS 3a/1a4a JIJIS CIIOKHBIX (DU3MUECKUX CHCTEM B OTCYTCTBUH JIOKATHHOTO
paBHOBecus [39]
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7) CnenyeTr OTMETUTH OUYE€Hb BaXXHOE 00CTOSITENHCTBO. HeycToliunBbie KOppensiuuu
CYILLIECTBYIOT HE TOJIBKO B KBAHTOBOM, HO U B KJIACCUYECKOW MexaHHKe. ClleJ0BaTeIbHO,
N0JJOOHBIE MOJEIHN HE JIOJDKHBI HOCUTH TOJIBKO KBAHTOBBIN Xapaktep. OHU MOTYT OBITh H
ki1accudeckuMu! OueHb 4acTo OMMUOOYHO CUUTAETCS, YTO TOJIBKO KBAHTOBAs MEXaHUKa
MOET OIMHUCHIBATH MOA0OHKIE siBjeHus [11-12]. OTo He Tak [7-9]. BBeaenue «pyxamm»
MaJioro, HO KOHEYHOTO B3aUMOJAEUCTBHS TP KJIIACCUYECKOM U3MEPEHUU U MAJION
IIOTPELIHOCTEN HAYaJIbHOTO COCTOSIHUSI CTUPAET Pa3HUILY MEXAY CBOMCTBAMHU KBAHTOBOM
U KJIACCUUYECKOM MEXaHUKH (ITPU HAINYMU HEYCTONUYMBBIX KOPPEIALHiA
MUKPOCOCTOSIHUH).

3. Cu”eprernyeckue MOAe/IU JOKAJIbHBIX KOPPeJIsauil

[IpuBeneM npuMepsl CHHEPreTUYECKUX MOJEIIEH HEMIPEACKA3yEMbIX CUCTEM, UCIIOIb3YOIIHX
ITaCCUBHBIN WM aKTHBHBIN METOJ 3aIUTHI OT IIyMa.

)]

2)

3)

HIMeroTcs NCKITFOUNTENTbHBIE CITydau, J1si KOTOPhIX HE MTPOUCXOIUT CHHXPOHU3AIMS CTPET
BpeMenu [ 12-13].

Touxu (a30BbIX MEPEX0I0B UM TOUKU OUpypkanuii. B 3THX TOUKax MaKpocKomuyecKast
cHcTeMa, ONHChIBaeMast HalmojaeMoi IMHAMUKOM, B ITPOIIECCE YBOJTIONNHU BO BPEMEHH HIIH
B IIPOIIECCE M3MEHEHUS KaKOro-T1100 BHEIIHETO IMapaMeTpa MOKET NEPEeUTH He B OJIHO, a B
HECKOJIBKO PAa3JIMYHBIX MAaKPOCKOIMYECKHUX COCTOSHUN. TO ecTh, B 9THX TOYKaxX
HaOJro1aemMasi TMHAMMKA TEPSET CBOIO OJJHO3HAYHOCTbh. B 3THX TOUKax BO3HUKAIOT
OTPOMHBIE MAaKPOCKOITMYECKHUE (DITIOKTYAINH, ¥ NCIIOJIb30BAHNE MAaKPOIIAPaAMETPOB HE BEET
K IIPEICKa3yeMOCTH CHCTEMBbI. DBOJIOIMS CTAHOBUTHCS HEMIPEICKA3yeMOii, T.€. BO3HHKAET
HeTpecKa3yeMast JMHAMHKA.

Bo3bMeM KBaHTOBYIO MUKPOCKOITMUECKYIO MITH ME30CKOIUYECKYIO 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 JHIIb
HayaJbHOE ¥ KOHEYHOE COCTOSIHHE CUCTEMBI. B ImpoMexyTKe BpeMeH! MEXIy HUMH CUCTEMa
MOJTHOCTBIO MJIH ITOYTH M30JIMPOBaHA OT OKPYXKEHMS WIIM ATOTO Habmoaarens. B takom
Cllydae 3TH MUKPOCKOIINYECKHE KOPPEIIIUU HE HCUYE3aI0T U BIMAIOT HA TUHAMUKY.
PaccmoTpuM Apyroro BHEIIHET0 HaOIIOJATENs, HE 3HAIOIIEr0 HAYaJIbHOTO COCTOSIHUS
cucteMbl. B oTnmume ot mepBoro HabmOAaTENs, 3HAIOMIETO HAYAIBHOTO COCTOSHUS
CHCTEMBI, TIOBEJICHUE CHCTEMBI JJIsl BTOPOTO HAOJII0JaTeNsl CTAHOBUTHCS HETIPeICKa3yeMbIM!
T.e. ¢ ToukM 3peHus TaKOTO HAOIIOAATENs BOSHUKAET HEMpecKa3yemMas fnHaMuka. B
KBAaHTOBOI 00J1aCTH IPUMEPAMU TAKUX CUCTEM SBISIOTCS K8AHMOBblE KOMNbIOMEPbl N
K8aHmMosvle Kpunmozpaguueckue nepedarowue cucmemsi [14-15].

KBaHTOBBIE KOMITBIOTEPHI UMEIOT HE TOJIBKO CBOMCTBO HENPEACKa3yeMOCTH IS
HaOromaress, He ”HPOPMHUPOBAHHOTO 00 MX COCTOSIHUU TIPH 3aITyCKe BRIYHCICHUH. [[pyrum
Ba)XKHBIM CBOMCTBOM SIBJISI€TCSI X BBICOKasl NapalljiesIbHOCTh BoluMcaeHUs. OHO 1oCTUTraeTcst
3a CYET TOT0, YTO HAYAIBHOE COCTOSIHUE SIBIISICTCS CYNEPIO3HIINEH MHOTUX BO3MOYKHBIX
HayaJbHbIX COCTOSHUI «KBaHTOBBIX OUTOB MH(pOpPMAIMKUY». 3a CUET JIMHEHHOCTH ypaBHEHUH
KBaHTOBOI MEXaHHKH 3Ta CYTIEPIIO3UIHS COXPAHACTCS B «00pabOTKa» BCEX COCTOSHUH,
BXOSIIUX B CYNEPIO3ULINIO, TPOUCXOIUT OJHOBPEMEHHO (ITapajuieNbHo). DTa
NapajuIeIbHOCTh PUBOIUT K TOMY, YTO MHOTHE 331a4H, KOTOPBIE OOBIYHBINA KOMITBIOTEP
penraeT oueHb MEIJICHHO M3-3a TOT0, YTO PACCMAaTPHUBAET BCE CIIy4au MOCIIEI0BATEIBHO,
KBaHTOBBIH pemaeT oueHb ObIcTpo. C 3TUM CBOMCTBOM M CBSI3aHBI HA/ICHKIbI HA
HPaKTHYECKYIO T0JIb3y KBAHTOBBIX KOMITBIOTEPOB.
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4)

5)

KBanToBbIe KpUnTOrpaduyeckue nepeaarolue CUCTEMbl HCIONb3YIOT B IEPBYIO OYEPEIb
CBOWCTBO CBOEH HEHAOII01aeMOCTH «IepEeIaBaeMbIX KBAHTOBBIX COOOILEHUID) AT
BHEIIHET0 Ha0moAaTensi, He MHPOPMHUPOBAHHOTO 00 UX COCTOSIHUU MPU Havajie mepeayu.
JIro0ast mombITKA NIPOYECTh NEepeJaBaeMoe COOOIIEHNE TPUBOANUT K €r0 B3aUMOAECHCTBHIO C
STHM HAOJIOAATENIEeM U, CIIEIOBATEBHO, «Pa3pPYIICHUIO)» MTEPEIaBAEMOT0 COOOIICHUS 1
HEBO3MOXXHOCTH IPOUYECTh 3TO cooluieHne. Takum o0pazom, nepexnar cooOLeHuH
OKa3bIBACTCS B MPUHIMIIE HEBO3MOKHBIM 110 3aKOHAM (DH3HKH.

Crnenyer 0co00 OTMETUTB, YTO, BOIPEKH IMIMPOKO PACIPOCTPAHEHHOMY 3201y KI€HHIO, KaK
KBaHTOBBIE KOMIIBIOTEPHI, TaK U KBaHTOBas Kpunrorpadus [14-15] umerot knaccuveckne
aHaJIorH. JleMCTBUTEIBHO, B KJJACCUYECKUX CUCTEMAaxX B OTJIMUME OT KBAHTOBBIX CUCTEM
U3MEpPEHNE MOKHO IIPOBECTH a0COJIFOTHO TOYHO, HE UCKa)Kasi U3MEPSEMOE COCTOSHUE.
OnHako U B KJIJACCUYECKUX XA0THUYECKUX CUCTEMAX UMEIOTCSI HEKOHTPOJIUPYEMBIE U
HEYCTONYMBBIE MUKPOCKOIIMYECKHUE JTOTIOIHUTEIbHBIE KOPPEISALMH, 00€CIIeUNBAIOIIIE
oOpatumocTh 1 Bo3Bpathl [lyankape cuctemsl. BBeném «pykamm» KOHEUHOE, HO Majoe
B3aUMOJICVCTBUE B KJIACCHYECKOE U3MEPEHNE WIIM KOHEUHYIO ITOTPENIHOCTh B HAYAJIbHBIE
YCIJIOBUS, KOTOPBIE B pEabHBIX CUTyalUsX, U HA CAMOM JIeJI€, BCErAa CyIecTBY0T. OHH
CTHUPAOT PA3HUILY MEXAY KIACCUYECKON M KBAHTOBOW CHUCTEMOM. B peanbHbIX cuctemax
BCEr/la IPUCYTCTBYET MaJIbIi BHEIIHUH IIIyM, BBIIOJIHAIOINN 3Ty poisib. M3onupys
XA0THYECKYIO KJIACCUYECKYIO CUCTEMY OT 3TOT0 IIyMa, MbI II0JIy4aeM KJIaCCUYECKUE aHAJIOTH
M30JIMPOBAHHBIX KBAHTOBBIX YCTPOMCTB C KBAHTOBBIMHU KOPPEISALIUAMH.

Cy11ecTBYIOT CHHEPIe€THUECKHUE MOJIEIH KJIIACCUYECKUX KOMITBIOTEPOB, 00€CTIEUNBAIOIINX,
0JJOOHO KBaHTOBBIM KOMIIbIOTEpAM, HEBEPOSATHYIO MapalIeIbHOCTh BHIYUCICHUH [7].

AHaJIOTOM KBAaHTOBBIX KOMITBIOTEPOB SIBISIOTCS U MOAEKVIApHble Komnviomepul [9].
Bonbiioe konmuuecTBO MOJIEKYJ1 00ecTIedMBaET NapalIeIbHOCTh BHIYUCICHUH.
HekonTponupyembie 1 HEYyCTOMUMBBIE MUKPOCKOITMUECKHE JOTIOJIHUTEIbHbBIE KOPPEIALINH,
o0ecrieunBaroIue 0OpaTUMOCTb U BO3BPAThl CUCTEMBI, AETIA0T JUHAMUKY HEONpEAEIeHHOM
11 HaOronaTels, He MHPOPMHPOBAHHOTO O COCTOSIHUM KOMITBIOTEPAa B MOMEHT CTapTa.
Marnoe, HO KOHEYHOE B3aUMOACHCTBUS NPH HAOIIOJEHUN IPUBOIUT K TOMY, YTO
HaOJIr0/1aTeNb HAPYIIUT HOPMAJIbHBIN 3aTUIAHUPOBAHHBIN X0/ BBIYMCICHUHN TPH MOTBITKE
yepecuyp TOYHO OMEPUTHh KOOPAMHATHI M CKOPOCTH MOJIEKYJI, YTOOBI IPE/ICKa3aTh
pe3yabTaT paboThl KOMIIBIOTEPA.

AHaNorn4Hple apryMeHTbl MOTYT OBITh UCIIOJIB30BaHbI ISl CO3/1aHUS KIIAaCCUYECKUX
KpUNTOrpapUuecKuX NepealonIinX CHCTEM, UCIIOIB3YIONIUX SBICHUE KIACCUYECKUX
HEYCTONYMBBIX MUKPOCKOIIMYECKHUX JTONOJHUTENBHBIX Koppersinuu. Heycrpanumoe manoe
B3aUMO/ICHCTBHUS C MEPEXBATUNKOM COOOIEHHUH pa3pyIiaeT STH Koppessauuu. Tem caMbiM
OHO JIeJ1aeT HeHaOII0AaeMblii IepeXBaT MPUHIMIINAIBHO HEBO3MOXKHBIM TAKKE U B
KJIACCUYECKOM ClIydae.

CoxpaHeHue HeyCTOMUMBBIX MUKPOCKOITMUECKUX KOPPENIALUI MOXKET ObITh 00ECIIEUEHO He
TOJILKO 3a CYET NAaCCHBHOM M30JIALUH OT BHEIIHEW Cpeibl M HAOMoAaTeNs, HO U 3a CYeT
JUHAMHYECKOI0, KOMIICHCHPYIOILETO MOMEXH MEXaHU3Ma. DTO MPOUCXOANT B TaK
Ha3bIBAEMBIX (PH3UUECKUX CTAIIMOHAPHBIX CUCTEMAX, B KOTOPHIX PABHOBECHE CHCTEMBI
MOJICPKUBAETCS 3a CUET HEMPEPBIBHOIO IOTOKA YHEPTMH MIIU BEILIECTBA YEPE3 CUCTEMY.
[Ipumepom MOryT CitykKMTh MUKpOMasepsl [16] — ManeHbkre U XOpOIIO IPOBOAAIIIE
IIOJIOCTH C 3JIEKTPOMATHUTHBIM U3JIy4Y€HUEM BHYTpH. Pasmep nmosoctel HaCTOIbKO Mall, 4TO
U3JTy4YCHUE YKe He0OX0AUMO OMMCHIBaTh KBaHTOBO. OHO MOCTENEHHO 3aTyXaeT U3-3a
B3aMMOJCHCTBHS CO CTCHKaMH. DTy CUCTEMY ONITUMAIbHO ONMCHIBATh MAaTPULIEH TUIOTHOCTH
B 06a3uce COCTOSIHUI, COOTBETCTBYIOIINX PA3IMYHBIM COOCTBEHHBIM SHEPTHUSIM CUCTEMBI.
Ot1oT 6a3uc HanboJiee yCTOMYMB K BHEITHUM IITyMaM JIJIs JTI000M CHCTEMBI OJTM3KOM K
TEPMOJIMHAMHYECKOMY PaBHOBECHIO M, CIIEJIOBATEIbHO, HAaHOO0JIee MOAXOIUT IS
HaOIro1aeMoi AMHaMUKU. MUKPOCKOIMUYECKUE KOPPEJIALIUU COOTBETCTBYIOT
He/IMaroHaJIbHBIM 3JIEMEHTAaM MaTPULIBI IVIOTHOCTH U CTPEMSTCS K HYJIFO MHOTO OBICTpEe,
YeM JJMaroHaIbHbIE IEMEHTHI NIPH 3aTyXaHuu u3nyudeHus. (MHeMu ciioBamu, BpeMs
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JIEKOTE€PEHIIMY MHOT'O MEHbILIE BpEMEHH penakcaiuu.) O1HaKo IpOomyCcKaHUe yepes
MHUKpOMa3ep Myyka Bo30yKJIEHHbIX YaCTHILl IPUBOAUT K CUJIBHOMY 3aMEJICHHIO 3aTyXaHUs
HEJMAarOHAJIBHBIX 3JIEMEHTOB MAaTPHIIbl IUIOTHOCTU (MHBIMU CJIOBAMU MUKPOKOPPEISALMiL) U
OTIIMYHOMY OT HYJIsl CTALLMOHAPHOMY H3JIy4YECHHUIO.

Takxe B TeOpUM KBAaHTOBBIX KOMIIBIOTEPOB pa3paboTaHbl METO/bl AKTUBHOM 3aILUThI
KBAHTOBBIX KOPPEJSALUM OT JeKOrepeHIMH, CIIOCOOHbIE MOAJEPKHUBATH UX CKOJIb YTOJHO JI0JITO,
MOBTOPSIS LIMKJIBI aKTUBHOM KBaHTOBOM Koppekuuu omnook (QUANTUM ERROR
CORRECTION). IToBTopenue koa B KBAaHTOBOM HH(pOpMAaLK HE BO3MOKHO U3-3a TEOPEMBI O
HEBO3MOXXHOCTH KJIOHUpOBaHHA. Peter Shor mepBblit Halen MeTo1 KBAaHTOBOM KOPPEKTUPOBKU
OLIMOOK, epeHocst HH(POPMALIHMIO C OJHOTO KyOuTa Ha CUJIbHO-TIEPEy TAHHOE COCTOSTHHUE JEBITH
KyOTOB [17].

6) B ¢dusuke 00bIYHO MAKPOCOCTOSIHUE PACCMATPUBACTCS KaK HEKasi macCUBHAs (DyHKITUS
MHUKpococTossHUsA. OTHAKO MOYKHO PAaCCMOTPETh ClIydai, KOrja cuctemMa cama HaOmogaer
(M3MepsieT) Kak CBOE€ MaKpPOCOCTOSIHUE, TaK U MAKPOCOCTOSIHUE OKPY>KEHHUsI, 3aIIUChIBast
pe3yabTar HaOIroAeHus (M3MEPEHNUs) B MUKPOCKOIIMUECKYIO «ITaMAThy». Takum myTeM
oOpasyeTcst oOpaTHas CBsI3b Uepe3 MAaKPOCOCTOSIHUS HA MUKPOCOCTOSTHHE.

[Ipumepom TakuX OYEHB CIOXKHBIX CTALMOHAPHBIX CUCTEM SIBIISIIOTCA Jrcugble cucmemuvl. OHU
HaXOZATCS B COCTOSHAM OYEHb JAJIEKOM OT TEPMOAMHAMHYECKOTO PABHOBECUS U KpaliHe
cinoxHbl. OHM yHOPSAJ0OUYEHBI, XOTh 3Ta YIOPSI0YEHHOCTh CUIIBHO OTJINYAETCS OT
NEPUOAVYHOCTH HEXXMBOTO KpHucTauia. HU3KOAHTpONMitHOE HEPaBHOBECHOE COCTOSIHUE KUBOTO
TOJIEPKUBACTCS 33 CUET POCTA SHTPOIHH B OKpYXKeHuH . HepaBHOBECHOE COCTOSHHE
HOJIEP’KUBACTCS 3 CYET METa00IM3Ma — HEIIPEPBIBHOTO MTOTOKA BELECTBA U SHEPTUH Uepes
#uBOM opranu3M. C Apyroi CTOPOHBI CaMO 3TO HEPABHOBECHOE COCTOSTHUE SIBIISIETCSA
KaTaJIn3aTOPOM METa0OIMUECKOro Mpolecca, T.€. CO3AAeT U MOIEPKHUBAET €ro Ha
HE00X01MMOM ypoBHE. [I0CKONBKY COCTOSTHHE KHMBBIX CUCTEM SIBIISIETCSI CUIIBHO
HEPAaBHOBECHBIM, OHO MOKET IOJACPKUBATh U CYIECTBYIOLINE HEYCTONYMBBIE KOPPEIALNH,
HPEMNSATCTBYS MPOLECCY ACKOTePEHIIMU M BHEIIHETO IIyMa. DTH KOPPEISALUU MOTYT OBITh KaK
MEXy YaCTSIMH CaMOM KUBOM CUCTEMBI, TaK M MEX]y )KHBOW CHCTEMOU U IPYTUMHU (SKHBBIMHU
WJIM HEXXUBBIMH) cCUCTEMaMHU. Eciii 3TO IpoucXoauT, TO JMHAMMKY KUBOM CHCTEMBI MOKHO
OTHECTH K HempeackazyeMol quHamuke. HecoMHeHHbIe ycrieXu MONEKyIsIpHON OHOJIOTUI
NO3BOJIAIOT MIPECKAa3aTh U ONMCaTh MHOTHE YEPThl JUHAMMKY >KUBBIX cucTeM. Ho HET HUKakux
(akTOB, CBHIETEILCTBYIOLINX, YTO OHA Oy/AET CIIOCOOHA MOJHOCTHIO OIUCATh BCIO CIIOKHOCTh
IIPOLIECCOB B JKMUBOU CUCTEME, JaXKE C YYETOM €€ NaJbHEHUIINX JOCTHKCHUH.

JI0BOJBHO TPYAHO NPOaHAIN3UPOBATH PEANIBHBIC JKUBBIC CHCTEMBI B pAMKaX KOHLICTIIAN
uieanbHOM, HaOII01aeMOi U HETIpeICKa3yeMOl TMHAMUK HU3-32 UX OTPOMHOM cioxkHocTH. Ho
BO3MOKHO TIOCTPOUTH TOPA310 MEHEE CI0KHBI MAaTEMAaTHUYECKUE MOAEIU. OJTO, HAIPUMED,
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) OnucaHHBIMH BBILIE CIy4assMU HE OMMCHIBAETCS BCE MHOT00Opa3ue HelpeacKa3yeMbIX
nuHamMuK. Haxo)kJieHue TOUHbIX yCIOBUH, IPU KOTOPBIX MJiealbHAasl JMHAMUKA IEPEXOIUT B
HaOJII01aeMYI0 U HETIPEICKa3yeMyI0 JUHAMUKY — €Ile ITOJIHOCTBIO HE pelleHHas 3aa4a s
MaTeMaTHKH 1 pusuku. Taxke Tako# elle MOJTHOCTHIO0 He pelIeHHON pooieMoit (1, To-
BUJMMOMY, CBSI3aHHOM ¢ IpeAblayIIel 3aaaueil) ABIseTcsl poJib 3TUX TPEX TUHAMUK B
CJIO’KHBIX CTAIIMOHAPHBIX cucTeMax. Pemienne 3Tux mpoo6ieM 1mo3BoUT IIIy0Ke MOHSTh
(u3nyecKre NPUHIIMIIBL, JIeXkKaIUe B OCHOBE JKU3HU.

! TaK, HalpuMmep, pacTeT SHTPONHUA COJ'IHIIa, CJIyKallero UICTOYHUKOM DHEPIruu Jid ) KU3HU Ha 3emue.
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4. CuHepreruyeckre MOJe/IM IJ100aJbHBIX KOPpPeIsilui,
O0XBATBHIBAIOUIUX BCIO BCEJICHHYIO.

C noMoIIbI0 CHHEPTETUUECKUX «UTPYIIEYHBIX» MO/IENEH MOXKHO MOHSTh
CHHXPOHHCTHYHOCTD® (OJHOBPEMEHHOCTb) IPUYMHHO HE CBS3aHHBIX IPOIIECCOB [37], a TakKe
SIBJICHHUE TII00AIbHBIX KOPPEISALN.

I'moGanbHble KOppensau BeeneHHol u onpeenieHre KUBBIX CUCTEM, KaK CHCTEM,
CHOCOOCTBYIOLIUX COXPAHEHHUIO KOPPEALUN B IPOTUBOBEC BHEIIHEMY LIYMY, XOPOIIO
o0bsicHseT 3aragounoe momyanue KOCMOCA, T1.e. 0OTCYTCTBHE CUTHAJIOB OT JIPYT'UX pa3yMHBIX
MupoB. Beenennas mpousoinia u3 equHoro nentpa (bonbioit B3peiB) u Bce ee yactu
KOPPETUPOBAHHBI, ’KHU3Hb JHUIIb MOAJEPKUBAECT ITH KOPPEISALUHN B JIOKAJTbHOM MaciiTtadbe u
CYILIECTBYET Ha UX OCHOBE. [103TOMY mporecchl BO3BHUKHOBEHUS KU3HU B PA3INYHBIX YACTIX
CKOpPPETMPOBAHHBI U HAXOJATCS HA OJJHOM YPOBHE Pa3BUTHS, T.€. CBEPXIMBHIN3ALMM,
CIOCOOHBIX TOCTUYD 3€MJIH, I0KA IPOCTO HET.

4.1 Cuctemsbl ¢ «ob0ocTpenuem» (blow up)

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

ap /ot = flp) + &/0r(H(p)p/Or) , (I1)
rJie p - WIoTHOCTE, N =| p dr, r — IPOCTPAaHCTBEHHAst KOOPAMHATA, ! — BpEMEHHasi KOOP/IHHATA,
f(p), H(p) — HenuHEWHBIE CBSI3U.
fto) > p” Hip) > p°,

OTH ypaBHEHUS HMEIOT HA0Op TMHAMHYECKUX PEUICHNH, Ha3bIBAEMbIX PEIICHUS C
«obocTpeHrem». Jloka3aHo CyIIeCTBOBAaHUE SBICHHS JOKAIM3AIMH IPOIIECCOB B BUJIE CTPYKTYP
(pu > o+1), 0Opa3oBaHUE TUCKPETHOTO UX CHEKTPa C Pa3HBIM YUCIIOM MPOCTBIX CTPYKTYP (C
OJTMHOYHBIMH 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/ICPIKUT B
ce0e CIEeKTp TaKUX pa3IMYHbIX CTPYKTYp-aTTpakTopoB. IlycTs (7, ¢) — monspHbIe KOOPHHATHI.

prot)=g(t)B(Ep), E=——, 1<i<N
w(t)

1 p-o-1

g(1)= (1 —5J_ﬁ”, w(t)= (1 —%ﬁ‘l
T T

Ywuciio coOCTBEeHHBIX (hYHKITHIA:
__p-1
p-o-1

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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Jist 5TUX pemeHnii 3HaueHue (PyHKIIUN MOXKET CTPEMHUTHCSI K OECKOHEYHOCTH 33 KOHEYHOe
BpeMs T. IHTepecHo, 4To pyHKLUSA 10CTUraeT OECKOHEYHOCTH B MAaKCUMYyMax B OJIUH M TOT XK€
MOMEHT BpEMEHH, TO €CTh CUHXPOHHO. [0 Mepe npuOIMKeHns KO BpEMEHHU T pEelIeHNE
«CHKUMAETCS», MAKCUMYMBI «O00CTPSIIOTCSD) M IBMXKYTCS K 001ieMy 1eHTpy. B moment 0.9t
CUCTEMa CTAHOBUTCSI HEYCTOMYMBON U pa3pyiaercs (QIOKTyalusiMU HadalbHbIX ycioBuid. [lpu
BBICOKOW KOPpEJSALUH B HAa4aJIbHOM YCIOBUM MOXKHO YMEHbIIATh 3TU (DIIOKTYaLUH 10 CKOJIb
YIOJIHO MAJIOW BEJIMYMHBI.
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Puc. 1 13 [35]. OnuH U3 aTTpaKTOPOB ypaBHEHUS TOPEHUS B BUJIE PEIICHUS C KOOOCTPEHUEM).

C noMo1IbIo TaKMX MOJENEH HILTIOCTPUPYIOT POCT HaceIeHUs (MM YPOBHS TEXHUUYECKOTO
pa3BUTHs LMBWIM3ALMI) B Meranoaucax Hamei ranetsl [25]. Toukn makcumyma QyHKIUH —
9TO METAIOJNChI, & INIOTHOCTh HACETICHUS — 3TO 3HAUYE€HUE caMOol (QYHKIIUU.

MO’KHO pacpoCTpaHHUTh 3Ty MOJETb Ha BCio Beenennyro. Toraa Toukn 6€CKOHEUHOTO pOCcTa
— 9TO LMBWJIN3ALIMY, a IVIOTHOCTh HACEJICHHs HUBWIN3ALUHI (MM YPOBHS TEXHUYECKOTO
Pa3BUTHSI LIMBUIIM3ALINI) — 3TO 3HaYeHUE caMoil pyHKIMH. [t 3TOro YCI0KHUM MOJIEIb.
ITycTh B MOMEHT, KOT'Z1a IPOLECC HAYMHAET BBIXOJUTh HA PACTYIIEE aCUMITOTUYECKOE PELICHUE
IPOMCXOTUT OUeHb OBICTpOE paciuperHue («MHOISAIML» ) IVIOCKOCTH, B KOTOPOH MPOTEKAET
nporiecc ¢ «oboctpeHuem». TeM He MeHee, IPOLECChl JOCTHKEHHSI OECKOHEUHOCTU OCTaOTCS
CHUHXPOHHBIMH U OIHUCHIBAIOTCS YPaBHEHHEM TOTO K€ TUMa (JIUIIb C K3MEHEHHBIM MacITabom),
HECMOTPs Ha TO, YTO MAaKCUMYMBI YK€ Pa3/IeJIeHbl OOIBIINM PACCTOSIHUEM.

Dtoii 60ee CII0KHONW MOJEIIBI0O MOYKHO Ka4eCTBEHHO OOBSICHUTh CHHXPOHHOCTD Pa3BUTHUS
MPOIIECCOB B OUEHB JAICKUX YACTAX HaIlleW pe3Ko pacuivpuBiieiics BeenenHol B pe3ynibraTe
«uH(IsAIUsS» nocie bonbioro B3peiBa. Beicokas cTeneHb riio0albHBIX KOPPEISINi YMEHBIIAeT
(uroKTYyaIuy, BeyIiue K pacnany CTPyKTYpbl pelleHus. DTU TI00albHble KOPPEIsLUU
MOZCIIMPYIOT B3aUMOCBA3aHHOCTh YacTel Haulel BeeneHHo.

[Iporecchl ¢ «00OCTpEHHEM TTOSBIISIOTCS C HEOOXOIMMOM TTOJIHOTOW M CIIOKHOCTBIO JIUIITh
IpU HEKOTOPOM y3KoM Habope ko3 dunrentoB ypaBHeHus ropenust (N>>1, f>c+1, f~o+1 —
3TO HEOOXOUMO ISl BOSHUKHOBEHHUS CTPYKTYPbI C OOJIBIINM YUCIOM MaKCUMYMOB U UX
MEIJICHHOMY COJIMKEHHUIO K HEHTPY). DTO MO3BOJISIET MPOBECTH aHAIOTHUIO C «aHTPOITHBIM
OpUHLIUAIIOM» [26]. AHTpONHBINA IPUHLIUI YTBEPKAAET, UYTO PyHIaMEHTAIbHbIE IOCTOSHHBIE
BcenenHoil UMEIOT UMEHHO Takue 3Ha4eHUs, 4YTOObI B UTOT€ MOTJIa BO3SHUKHYTh MMEHHO Hallla
HaOromaemasi BeeneHHast ¢ «aHTPOITHBIMIY CYIIECTBAMH, CTIOCOOHBIMH €€ HaOII01aTh.

Crnenyer oOpaTUTh BHUMaHME €111€ Ha OJHO 00CTOATENbCTBO. YTOOB! yIOPSJOUCHHOE
COCTOSIHME B MOJIETIH HE pacnananoch rnpu t=0.91, a mpoxuiio Kak MOXKHO JOJIbINe, TpeOyeTcs
TOHKasl HACTPOUKA He MOIbKO Napamempos MoOelu, HO U HA4aIbHO20 COCMOANU. ITO HYKHO,
YTOOBI BO3HUKAIOIINE U3 HErO (MIIOKTYaIMK HE Pa3pylIaiy YIIOPsI0Y€HHOCTh KaK MOYKHO
nossiue. M 3To Hajauuue 3Toro peKoro S3KCKI3UBHOTO COCTOSIHUS TaKXKe MOXKET ObITh
00BSICHEHO aHTPOIHBIM ITPUHIIUIIOM.

4.2 «Kuaerounasa» moaejan BceaeHHoO.
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Taxoke HHTEPECHO NMPOMIIITIOCTPUPOBATH CIO0KHBIE IMTPOLECCHI ¢ MTOMOILBIO «KJICTOYHOM
MoJieTi. XOopoIiei 6a30i ciykaT AUCKpeTHas MoJenb Xondwuiaa [27-28]. Dta Moaeins MOXKET
UHTEPIPETUPOBATHCS KaK HEMPOHHAs ceTh ¢ 00PaTHOM CBA3bIO MIIM KaK CIMHOBAs pelIeTKa
(CIMHOBOE CTEKJIO) C HEOJMHAKOBBIMM B3aMMOJEHCTBUAMHU MeXay ciuHamu. [logoGHas
cucTeMa MCIOJb3yeTcs A Lesiel pacro3HaBaHus 00pa3oB.

DTy cucTeMy MOXHO ONMCATh KaK KBAJPAaTHYIO IBYXMEPHYIO PELIETKY siueek NxN, KoTopbie
MOTYT ObITh 1100 YepHbIMU, 100 GenbiMu (S;=+7). KoadpuunenTs! nuHeiHoro
B3aMMOJICHCTBHS MEX/Y AYeiikaMu J ; HEpaBHbI Ul Pa3HBIX Map A4eeK. X MOKHO BbIOpaTh

TakK, 4TO B TPOIIECCE TUCKPETHOM IBOIIOIUH TOIABIISFOIIEe OOJBIIMHCTBO HAa4aIbHBIX
COCTOSIHUH TEPEXOIUT B OJTHO U3 BO3MOYKHBIX KOHEUHBIX COCTOSHHUM, W3 3apaHee 3aJaHHOTO
Habopa COCTOSIHHM (aTTPaKTOPOB).

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

J=1

Jy=J 0 Jy =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 mnu B.

Cy11ecTBYIOT TaKue HayalbHbIE HEYCTONUNBBIE COCTOSHUSA, KOTOPbIE OTINYAIOTCS JIUIIb Ha
OJIHY slUeHKY (kpumuueckuti 3n1emenm). [Ipr 5TOM OHO U3 HUX UMEET B KAUECTBE aTTPAKTOpa
coctosiHuE A, a n1pyroe — coctosaue B. [lono0HbIe HEyCTOWUNBBIC HAYAIBHBIE COCTOSTHUS
XOPOIIO WUTIOCTPUPYET CBONUCTBO 27100ANbHOU HEYCMOU4U80Cmuy CIOKHBIX CUCTEM. JTa
HEYCTOMYMBOCTh MPUCYIIA BCE CUCTEME B LIEJIOM, a HE KAKOM-TO €€ YacTH. JIMIIb HEKHUI1
BHEITHHUI Ha0II0AaTeNb MOKET MPUBECTH K U3MEHEHHIO 3HAYEHUS KPUTUUYECKOTO IEMEHTa U
WU3MEHUTH IBOJIIOLUIO CUCTEMBI. BHYTpPEHHSS JUHAMUKA CAMOU CHCTEMBI CHENIATh 3TO HE MOKET.
Inobanvuas xoppenayus MeXay sSUYeWKaMH HEYCTOWYHBOTO HAYAJIbHOTO COCTOSIHUS ONPEEsieT
K KAKOMY UMEHHO aTTPaKTOPY BOJIOLMOHUPYET 3Ta pemieTka (inbo A, mudo B).

MO03KHO HECKOJIBKO YCIOKHUTh MoAeINb. [lycTh Kaxkaas sueiika B ONMCAHHOMW BBIIIE
pelIeTke cama SBISIETCS aHAJIOTHYHOU moApeneTkor. OnpeaenuM 3BOTIONUI0 TAKOM COCTaBHOM
peleTKy, UAyLeld B JBa 3Tama.

Ha nepBom 3Tare kpynHsbie S’MEMKH HE B3aUMOJICHCTBYIOT, B3aUMOJIEVCTBUE €CTh JIMIIb B
MOJIpeIIeTKax, KOTOPOE HJIET IO TOMY k€ 00pasily, YTO U B ONMKUCAHHOM BBIIIE MTPOCTOM
onHO3TaHOM Mozenn. KoapuueHTs THHEHHOTO B3aNMOICHCTBUS MEXKTY sTYCHKaMU
BbIOpaHbI TaK, 4YTOOBI ATTPAKTOPaMU, KakK U paHee, Obuin OykBa A uiu B. Hauanbubie
COCTOSIHUS BCEX MOJIPEIIETOK MOKHO BbIOpAaTh HEYCTONUYMBBIMU, COAEPKAIIUMU KPUTUUECKHUM
sneMmeHT. iToroBoe cocrosinne A moapeneTk 0yneM BOCIPUHUMATh KaK YEPHYIO SUEHKY JUIst
KPYITHOW PEUIeTKH, a COCTOsIHIE B moapenieTku Oy/ieM BOCTIPUHUMATH KakK OeIyto SYerKy.

Bropoii aTan 3BonONMM ONIpenensaeTcs Kak S3BONIOLHUS YKe 3TOM KPYIHOU PEUIETKU 110 TOMY
ke 00pasily, 4TO U B OMMCAHHOM BBIIIE TPOCTOM OJTHOATAITHON MOJIEIH, C IMOJTYYHUBIIUMCS BBIIIE
HaYyaJlbHbIM COCTOSIHUEM. JTO HAYaJIbHOE COCTOSIHUE, BOSHUKAIOILIEE HA NTEPBOM JTAIe, TOKE
ABJISIETCS] HEYCTOMYUBBIM, COJIEpKalllee KPUTHUECKUH 3JIEMEHT. B KOHIIE 3BOIIOLMM KaXI0U
YepHOU sueiike MPUCBOMM COCTOSTHUE A MOAPEIIETKH, KaKI0W Oenoil situeiike mprucBOUM
cocTosiHME B nmoapemerku.

HavanbHoe cocTosiHME peleTKy 0 Ha4alo JBYXATAIHOro Mpoliecca BCEra MOKHO BHIOpATh
TakK, YTOOBI TIOCJIE HETO UTOTOBBIM COCTOSTHHEM KPYITHO3EPHHUCTOM pemeTK Oblia OykBa A.
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CocTosHHIO KaXKJI0M ee KpyHOM sTYeWKH TOKe COOTBETCTBYeT OykBa A. HazoBem 3T0
cocTosHue «A-Ax». Toraa HaMYMe UMEHHO TaKOT0, a HE MHOI'O (PMHAJILHOT'O COCTOSIHUSL MOXKHO
OOBSACHUTD:

a) MI00aIbHBIMH KOPPEJIALUAMHI HEyCTOMUYMBOIO HA4YaIbHOTO COCTOSTHUS

b) KOHKPETHBIM BBEIOOPOM BceX KOA(PPHUIIMEHTOB B3aUMOICHCTBHS MEXKTy STUCHKAMH.
Ycnoxuum Mozens eule 6osee. I1o aHamoruu ¢ BeIIEONMCAHHBIM, CIIEIAEM €€ PELIETKY He
JIBYXYypOBHEBOH, a TPEXYPOBHEBOH, a IIPOLIECC BMECTO JBYXATAIMHOI'O TPEXA3TANMHBIM. VITOrOBBIM
COCTOSTHUEM OyaeT «A-A-Ay.

Bbynewm cuutath, 4TO A0 Havaja ONMKUCAHHOTO BBIIIE TPEXITATHOIO MpoLiecca, Halla
KPYITHO3EpHUCTas pelIeTKa 3aHuMalla 04eHb Mallyto 00JacTh (PU3NYECKOT0 MPOCTPAHCTBA, HO B
pe3yabTate pacmupenus («MHGISIUNY ) paclIupuiiach 10 OONBIIMX Pa3MepOoB, MOCIE YeT0 U
HAYaJICsl ONIMCAHHBIN BBIIIE TPEXATAMHBIN Mpolecc. Toraa Haauune KOppenupoBaHHOIO
HEYCTONYMBOI'O HAYaJIbHOTO COCTOSIHUSL COCTAaBHOM PELIETKH, IPUBOASILIEI0 UMEHHO K
UTOIOBOMY COCTOSIHUIO «A-A-A)» MOKHO OOBSICHUTB TEM, UTO J0 «UHQIISILUNY BCe TUEHKU
HaXOAWINCh OJIM3KO JPYyT OT JIpyra.

Bcro 3Ty KpynHO3€pHUCTYIO PELIETKY B LIEJIOM MOYKHO CPaBHUTH C Haien «Bcenennoi». Ee
camble MEJKHUE MOJPEHIETKH MOYKHO CPAaBHUTH C «Pa3yMHBIMH OopraHnuszMaMmu». OTCyTCTBHE 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 006pa3zoBaBIINeCs «pa3yMHbIE OPraHU3MbD» Ha BTOpoM dtane. Ha Tpetbem sTane u3
«UMBWIN3ALUN» POPMUPYETCS «CBEPXLUMBUIN3ALUD» «A-A-Ay.

Toraa rno6anbHbIe KOPPETSIUN HEYCTOWYUBBIX HAaUaJIbHBIX COCTOSIHUNA PEIIETOK MOTYT
CIIy>)KATh aHAJIOTaMHU BO3MOXKHBIX TII00JBHBIX KOPPEISIUi HEyCTOMUYMBOTO HA4aIbHOTO
cocTosiHus Hamied BeenenHno, Bo3HuKIIero 10 ee nHGsun. Koadduuments B3auMoaeiicTBus
S'YeeK COOTBETCTBYIOT (PyHAaMEHTAIbHBIM KOHCTaHTaM. HauanbpHbIil poliecc paciupeHus
pemeTku, 10 €€ TPEXITAIMHON IBONIOIMHU, COOTBETCTBYET bosnbiomy B3peiBy. Cnenuduueckuii
BBIOOp KO3 (HUIIMEHTOB B3aUMOACUCTBUS STUEEK, IPUBOSIIUN K UTOTOBON aCUMIITOTHKE
(cocrosiHnIo «A-A-A»), 1 HaYaIbHBIE KOPPEISIIIUU MOKHO OOBSCHSTH IO aHAJIOTUH C
«AQHTPOIHBIM MPUHIIUTIOM». AHTPOITHBIN MPUHITUT YTBEPKIAET, uTO (PyHAaMEHTAIbHBIC
NocTosiHHbIe BeeneHHoN MMEeIoT IMEHHO TaKue 3Ha4eHHsI, YTOObI B UTOTE MOIJIa BOSHUKHYTh
MMEHHO Halla Habaronaemasi BeeneHHas ¢ «aHTPOMHBIMUY CYIIECTBAMHU, CIIOCOOHBIMH €€
HaAOJIFONATh.

5. BuiBOALI

B craTbe paccMoTpeH (eHOMEH CYyIIECTBOBAHHE HEMIPEACKA3yEeMbIX CIIOKHBIX CHCTEM
(BKITFOUAIOIIIHNX KUBBIC CHCTEMBI).

[TokaszaHo, 4TO XOTS CYIIECTBOBAHUE TAKMX CUCTEM, Ka3aJI0Ch Obl, MPOTUBOPEUUT 3aKOHY
pOCTa SHTPOIIMY, HA CAMOM JIeJI€ HE IPUBOJNUT K JIEHCTBUTEIHOMY IPOTUBOpEUHIO ¢ HUM. Ha
caMoM JieJie, CYIIECTBOBAaHHE TAKUX CHCTEM B PEalIbHOM MHpeE TpeOyeT KpaiiHe crienu@uuecKux
TPAHUYHBIX YCIOBUM. 3aTpaThl SHTPOIMH HA CO3/IaHUE TAKUX YCJIOBUH B peaIbHOM
OKpYKAaroIleM MUPE HAMHOTO TPEBHIIIAIOT YMEHBIIICHNUE YHTPOMHH, HAOII0JatoIeecs] BHY TPH
TaKUX CUCTEM.

[IponeMoHCTpUpOBaHA BO3MOXKHOCTD JJOKA3aTeJIbCTBA 1JIs1 TAKUX CUCTEM T€OPEMBI
['éneneBckoro Tumna, 0 TOM 4TO PEAYKIIMOHU3M (COCTOSIIIUIN B CBOAMMOCTH TTOBEICHUSI CIIOKHOU
cUCTeMbl K (hyHAaMEHTaIbHBIM 3aKOHaM (DU3UKH) HE IPOTUBOPEUYHT CYIIECTBOBAHUIO
MPUHIUTTHATILHON SMEPIKEHTHOCTH (CYIIECTBOBAHUIO MPUHIUITUAIEHON HEMPEJICKA3yeMOCTH
MOBE/ICHHUS CIIOXKHBIX CHCTEM Ha OCHOBE (PYHIAMEHTAIBHBIX 3aKOHOB (PM3UKH, HE BHITEKAIOIIEH
JIUIIb U3 CJI0KHOCTU TaKUX CUCTEM).
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HOKaSaHO, 4TO 3Ta HCHIPCACKA3yCMOCTh TECCHO CBsA3aHa C CYICCTBOBAHUCM CJIOKHBIX
KOppeJ'IHI_[I/Iﬁ KaK BHYTPHU 3THUX CJIIOKHBIX CUCTEM, TAK U C OKPYIKAIOMIUM MHUPOM. HOCTpOGHLI
MMPOCTBIC MATEMATUYCCKHUEC MOACIIN, NIUIIOCTPUPYIOINHEC TPUHIUIINAIIbHYIO BO3MOKHOCTD
CyHICCTBOBAaHUA TaKHUX KOppCJ’IHHHﬁ.
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Yacts 6. YHUBepPcaJbHas cTpesia Bpemenu: byayiee
HCKYCCTBEHHOI'0 HHTEJIJIEKTA - HCKYCCTBO, 2 He HAyKa
uian IlpakTuyeckoe NnpuMeHeHHe HenpeacKazyeMbIX
CUCTEM

0. AuHoTauus: Pa3penieHue mapagokca HenmpeacKazyeMoCTH —
Henpenckasyemblil He 03HA4YaeT HEYNPaBJAseMbId WJIH He
KOHTPOJIMPYEMBbIii.

PaccmarpuBaroTcs mepcnekTuBbl pa3BUTHsI UCKyccTBeHHOro uHresuiekra (MN1). [lokasbiBaercs,
yto pazpaborka U1 B Oynymiem Oynet Gimxe K HCKyCcCTBY, yeM Hayke. OcHoBoii cuctem M
OyIyT CIOXHbIE AUCCUIIATUBHBIE CUCTEMBI, TOBEIEHNE KOTOPBIX OyAE€T HEBO3MOXKHO /10 KOHIIA
HOHATH JlaXke B npuHIune. TeM He MeHee, 3TO He OyeT NPensaTCTBUEM /IS UX MPAKTHYECKOro
HCIIOJIb30BaHUS.
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1. Beenenune

Celiuac BO BCeM MUpPE aKTUBHO Pa3BUBAIOTCS TEXHOJIIOTMH, CBA3aHHBIE C IOCTPOECHUEM
cucreM uckyccrBeHHoro uHTeiekra (M), B aToit cratbe xoTenock Ob1 00CYIUTH HE
TaKTUYECKHUE, a CTPATErMUECKHE 3a/1auM 3TOro npouecca. Celiyac He TaK MHOTO UHTEPECHBIX
paboT Ha ATy TeMy, XOTs OHU U UMEIOTCA [1]. DTO CBsI3aHO C TeM, 4TO OONBIIMHCTBO CEPhE3HBIX
CIIELUATIMCTOB 3aHATO PEIICHMEM UMEHHO TAKTUYECKUX 3a]]a4 U YaCTO HE 3ayMbIBAIOTCS O
Oonee nanexkux nepcrnekTuBax. OAHAKO HE TaKoBa OblIa CUTyallMs Ha 3ape 3apOKIACHUS
KuOepHeTukH. Toraa 3T BOMPOCH aKTUBHO 00Cykaanuch. [103ToMy MBI MOCTpOUM Halry
CTaThIO Ha 0030pe 3a/1a4 KNOCPHETHKH, KaK OHHU BUAEINCH YYaCTHUKAMU CUMITO3uyMa B 1961
roxy [2]. Ml moctapaemcsi 1aTh 0030p 3TUX MEPCIEKTUB C TOUYKH 3PEHUS COBPEMEHHOM
bu3HYECKON 1 KUOSPHETUICCKOW HAYKH U €€ MOCIEIHIX JOCTHKCHU.

2. AHauau3 npooJem.

I'maBHOE cTpaTernueckoe HampaieHue B 1961 6b110 3agano nexkuueit bupa «Ha myTu x
KHOEpHETUYECKOMY MPEINpPUATHIO». B Hell OH BUAUT cUCTEMY YIpaBlIeHHs KaK HEKUH YepHBIi
AIIUK ¢ OTPOMHBIM KOJIMYECTBOM BHYTPCHHHMX COCTOSIHMM. B 3aBUCMMOCTH OT BHYTpPEHHETO
COCTOSIHUS YEPHBIH ALIUK OCYIIECTBISACTCS pa3Hble (PYHKIMH, CBA3BIBAIOIINE €O BXO U BBIXO/I.
Cpenu Bcex 3Tux (QyHKIMH UIeTcs Hekas (QyHKIMs, ONTUMAJIBHO peaau3yrolias ero padory,
COIJIACHO HEKOTOPBIM KPUTEPHSIM ONTUMAIbHOCTH. OpraHu3yercsi 0OpaTHas CBSA3b MEXIY
BBIXOJIOM HPEINPUATHS U BHYTPEHHUM COCTOSTHUEM YEPHOT'O SIIIMKa, 00eCcIIedrBarONas
ONTUMAJILHOCTD [TOMCKA.

BHeWHA A
cpeda

Bzod ﬁi‘;ﬁ“ Beizad

i

Ynpas/gioujee
vempoucmsa

Puc. 1 CxemaTudeckoe n300pakeHHEe yIIPABICHUS MEXaHU3MOM (TIPEATIPUATHCM ).
TyT BO3HHUKAIOT TPU TPYTHOCTH:

1) TloHSATHO, YTO YKCIIO BHYTPEHHUX COCTOSIHUM TAaKOTO YEPHOTO SIIMKA JOKHO OTPOMHO,
4T00BI 00ECTICUNTh peaTu3alfio BCEX BOZMOXKHBIX QyHKUuM. 111 3TOr0 aBTop
npeJiaraeT UCIoib30BaTh HEKasl I1bl0a BellecTBa, 001 a0l OrPOMHBIM YHCIIOM
BHYTPEHHUX COCTOSTHUM HA aTOMapHOM ypOBHE. DTO HEUTO, BPOJI€, HAIIPUMED,
KoJutouHOM cuctemsbl ['opona [lacka, ocymecTisitoniee oOpaiieHne MaTpuIl
ACTPOHOMHUYECKOTO MOPSIAKA.

2) IlpocTpaHCTBO MOUCKA TAKOTO SIIIMKa OTPOMHO U Iepedop BceX BO3MOKHBIX
BHYTPEHHUX COCTOSIHUH 3a pa3yMHOE BpeMs He pealieH. [loaTomy Heobxoauma
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CTpaTerusi, MO3BOJISIIOIIAs HAXOJUTh IyCTh HE CaMbleé ONTUMAJIbHBIE PEILIEHUs, HO, IO
KpaitHeil Mmepe, «xoporire». Takoii cTparerueil B HacTosIIIee BpeMs CUUTACTCS
«TEHETUYECKHUI airoput™» [3], CHAOXKEHHBIN cayuatinbim eenepamopom. Taxxke
UCIIONB3YIOTCSL METO/I 3BPUCTHUK. [4] DTO HAOOP IMIUPUUECKUX PELIETITOB OUCKA
ONTUMAJILHOTO BHYTPEHHETr0 cocTOsiHUA. OHM 1100 HAXOAATCS U3 MPEIbIIYIIETO OMbITa,
1160 3apaHee 3a/JaHbl BHELITHUM 3KCIIEPTOM.

3) Kpurepun onTUMaIEHOCTH HE BCET/Ia MOKHO YETKO chopMyupoBath. [losTomy
«IIETBIO» TAKOTO AIUKA MOKHO ClIeJaTh MPOCTO (PU3NUECKOE «BbDKMBaHUEY. Toraa
noJ00HBIE KpUTEPUH OH OyieT uckath cam. JInbo, ero AelicTBUSAM OyIeT 1aBaTh OIIEHKY
HEKUI1 BHEITHUHN SKCIIEPT.

B ykazaHHBIX peleHusx npoOsieM ecTh 0JJHa OUYeHb NPUHLIUIIHANIbHAS TPYIHOCTb. [TycTh Hamm
YEepHBIN AWK UMEET N OMHAPHBIX BXOJOB M OJMH OMHAPHBINA BBIX0. Toraa 4mucio Bcex

n
BO3MOKHBIX BHYTPEHHUX COCTOSIHUM SLIMKA 2% . HackobKo BEIHKO 570 YHCI0? Otset naer
Bumnc «O6nacth peanu3yeMbix GyHKIUH 11 CI0XKHBIX crucTeM» [IpoBeneHHbIN 1M
(Gu3nueckuil pacyer, MOKa3bIBAIONIUI, YTO BCEX MOJIEKYJ 3EMJIM JOCTATOYHO JIUILb IS
peanu3ainyy YEpHOTo SIIKUKa ¢ MaKCUMyM n=155 . 31ech HE UMEET CMBICI BOCIIPOU3BOJUTH €TO
pacuet. CoBpeMeHHast (pu3MKa JaeT TOYHbII METOJ| IOACUYETa )i BEpXHEHW I'paHUILIbI IJIOTHOCTH
XpaHeHUs HHPOPMALIUU Yepe3 SHTPOIHUIO YEPHOH AbIPHI COOTBETCTBYIOMIEH Macchl [25]. (Ee
npaBja npodsieMaTUYHO U3BJI€Yb U3-3a HHPOPMALIMOHHOTO NMapajiokca.) OTBET, OAHAKO, BPsA JIH
Oyzner 6onee yremuTeabHbIM. [IOHATHO, YTO TAKOTO KOJIMUYECTBA BXO0OB HE IOCTATOYHO JJIS
yIpaBJIEHUs CIOXKHBIMU cucTeMaMu. OTcroa ciaelyeT, YTO KOJUYECTBO BO3MOMKHBIX (DYHKIIHH,
peanu3yeMbIM SIIUKOM, JIOJIKHO ObITh HEKUM MOJIMHOKECTBOM BCEX BO3MOXKHBIX (yHKIMH. Kak
’Ke BbIOpATh 3TO MOJAMHOKECTBO?

Ceiiyac akTUBHO Pa3BUBAIOTCSI METO/Ibl, OCHOBAHHBIE HA HEUPOHHBIX CETAX [26] MM HEUETKOMN
noruke [27]. OHu NO3BOJIAIOT JIETKO PeaIn30BaTh MHOTME «MHTYUTUBHBIE» AITOPUTMBI, KOTOPBIE
UCIOJIB3YeT uenoBek. Kpome Toro, s HUX CyIIECTBYIOT XOPOILO pa3paboTaHHbIE METOIbI
oOydenus wiu camooOyuenusi. OmHako A7 000X METOIOB TTOKAa3aHO, UTO JIF00asi BOZMOXKHAS
byHKIus peanuzyema STUMU Metogamu. C 0HON CTOPOHBI 3TO XOPOILIO, TOCKOJIBKY JOKAa3bIBAET
UX YHUBEPCAIBHOCTh. C APYroi CTOPOHBI 3TO MJI0XO0, MOCKOIBKY 3Ta U30BITOYHOCTh HE
MO3BOJIAIOT HAM CHU3UTH MPOCTPAHCTBO MOUCKA YEPHOTO SIIUKA.

B cBoeii nexiuu Buiuic npepiaraet pemenne, KOTopoe akTyalbHO U OHbIHE. OH mpejiaraet
MCIIOJIb30BATh TIOJIMHOKECTBO BCeX (DYHKIIUN n MEPEMEHHBIX, KOTOPOE peaan3yeTcs

KoMOuHanuen p GyHKuuii k nepeMeHHbIX, T/1e

p<<2’ (D
k<<n )

OTOT KJIacc AOCTATOYHO MaJl, YTOOBI €r0 MO>KHO OBIJIO PEaTn30BaTh.
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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 BBOAWUTH M MHBIE KPUTEPHH OTPAHUYMBAIOLINE TPOCTPAHCTBO MOMCKA TOTO XKe
THIIa, HO MEeHee xecTkue. Hanmpumep, coxpanus ycnoBue (1), He HUCMONB30BaTh ycioBue (2), a
CO3/1aTh OTPaHMYCHHUE Ha TUI UCIIONIb3yEeMbIX (DYHKIUH, CO37aTh HEKYIO «OUOINOTEKY»
MOJIE3HBIX (DYHKITHIA.

Hanpumep, nms cymecTByromieit 001acTu pacro3HaBaHus H300pakeHui Takoil Habop
(GYHKIHHA yKe 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 O0bEKTa, UM JIaXkKe caM «KOJ» HEHPOHOB MO3ra (CO3HAHUE) SIBIISIIOTCS
KOHTEKCTHO-3aBUCUMBIMU. JTO 3HAYUT, UYTO OHH 3aBUCAT HE TOJIBKO OT BHYTPEHHETO COCTOSIHUS
00BEKTa WIIM MO3Ta, HO TAKXKE U €r0 BHEUTHETO OKPYKEHUs.) DTO 00bACHSAET 3 (HEKTUBHOCTh
OTpaHUYEHUH Ha pealin3yeMble BHYTPEHHUE COCTOSHUS a/IalITUBHBIX CUCTEM. VM HE HYKHO
NPUIYMBIBATH CBOIO «OMOMMOTEKY» (QYHKUIWH — OHA TaHA UM BO MHOTOM OT POXKJICHHS.
[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 YaCThIO 3TOT0
MUpa, CBA3aHbl C HUIM MHO>KECTBOM CBSI3€, MBI CITOCOOHBI Ha CTOJIb () (PEKTUBHOE MOBEACHUE,
Kak 0yaTo criocoOHbI 3(h(PeKTUBHO BCE PEABUIICTh U PACCUUTATh. ITO CBOMCTBO aJallTUBHBIX
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 10KHA OBITH CHIIBHO 3allIMIIEHa OT BHEIIHEr0 TEMIOBOTO 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. JleHCTBUTEIBHO, 3a4aCTyIO0 Mbl HE CMOKEM
Jla’Ke 3HaTh, KAK yCTPOEHBI MOJAOOHBIE CUCTEMBI BHYTPU. MBI CMOKEM HAJI0XKUTh Ha HUX JIMIIb
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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
MOJI00HBIX CUCTEM OyIeT CKOpee CPOHU HAMMCAHUIO MY3BbIKH WM PUCOBAHUIO KapTUH. JIuib
«KUCTOYKW» U «XOJICT» JIaCT HaM HayKa.

CMmoryT 51 BCIO 3Ty paboTy BBIMOJIHUTH 32 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 JMCCUTIATUBHBIE CUCTEMBI, IOBEJICHHE KOTOPHIX OyAeT HEBO3MOXKHO /10 KOHIIA TTOHATH
Jlake B pUHLHUIE. TeM He MeHee, 3T0 He OyIeT NPEensITCTBUEM Ul UX MPAKTUYECKOTr0
ucnons3oBanus. Ho 3a uenoBekoMm HEeM30€KHO COXPaHUTHCS BaXkHas poitb. [10HOCTBIO
UCKIJIIOUUTH €r0 U3 Mpoliecca HEBO3MOKHO
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