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The emergence of spatio-temporal certainty (1 +2 43

Some philosophical problems spatial-temporal rextesthips
V. A. Kasimov (E-mail: quadrica-m@mail.Hu)
"Ontologization" ?

The well - known philosophical formula: space dimde-the universal
forms of existence of matter, forces us to intreduseveral levels of
representation of our knowledge about space-tintatioas, which we will
conditionally call the levels of ontologization ofur understanding of these
relations. These levels can be considered as @ntaloslices in the process of
cognition of the essence of spatiotemporal relatiand the formation of their
conceptual certainty.

Zero level. The level of reflection of the all-encompassinghgeand the
entities filling it. At the zero level of ontologinon the World (World =
Universe, by definition), as an integral entity iggrse), has neither beginning
nor end, nor age, and exists out the space-timecgdpecause it is the primary concept introducsdri
the subsequent factorization.

First level. Conceptual certainty of a comprehensive being nsegiith its factorization into
existencdit is forerunner causal or temporal orderingh#f states of the entity in the formation under the
influence of other entities) ancbexistenceit is forerunner spatial relations, that is, theependent
presence of entities in the global existence withoutual influence on each other). At this level of
certainty of existence in change (evolution) andxestence without mutual influence, one can already
talk about the physicalrising of entities ( worlds), their independent coexisteand the end of their stay
in existence.

Second level Separability and distinctiveness of objects invitlial existence and co-existence
(for example, thoughts in the head of an indiviguglantum objects, each of which is described by a
single wave function (including the many-particégstems); brans in a space of greater dimensior), et
Although the distinctiveness and separability ofiters are fixed here, the degree of proximity or
topology of relations of objects is not formalizeete.

It is difficult to doubt the phenomenon of the stgnce of thoughts in the human mind. The very stoeght is a
neurochemical process, which has a beginning (tergence of thought), evolves (develops) and eritlisarcertain design of
the result of reflection in the form of a certaionclusion, ready for some decision. Several thaigah coexist, although their
localization is ephemeral and illusory. However, sa@ say that the thoughts of different peopletkxtan different skull. On
this particular example, we illustrate the posgipidf the existence of separate and distinct ierstiin existence and coexistence,
but not quite in the space-time aspect.

Third level. The current state of physics distinguishes thygestases of physical existence for
the detachable essence of the second:lewielro-, macro- and mega- They represent today the main

"hierarchical” levels of organization of matt&r

Since ancient times, it has been believed thatiphys the science of what we "see", observe,ifhdlhat in a sense is the subject
of macro-. And the meaning of rational cognition of Natiseo speak, explain and predict "visible" phenoeenaccordance
with experience. Obviously, in this case thiero- andmega-concepts must necessarily be "projected” ontartaero-. This is
the essence of practical and targeted to the kmige&lef the Nature of the human mind.

)1 beg your pardon for my not very good EnglishIThe original text on Russiarhttp://vixra.org/pdf/1804.0285v2.pdf

2) Ontologization is a philosophical generalizatiors & result of ontologization phenomenon or entgeive metaphysical
status. Here the term "ontologization" is usedindhe General philosophical sense, but only inghgsical sense. Therefore, in
the future we will omit the quotation marks wheingshis term

*) The word "hierarchical” we deliberately took in ¢mtion marks, because of the conditionality ofuise is evidenced by the
known facts: the results of experiments of A. Asmitect the direct connection of the microlevehwhe megalevel, bypassing
the macro-; the possibility of the appearance afjglarities in the solutions of the Hilbert-Einste2quations, linking the
megalevel to the microlevel, again, bypassing tlaermlevel. Thus, the relationship micro- andmega-can have immediate,
breaking the hierarchy of subordination.
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Epistemological aspects of the third level
(aspects of knowledge representation)

First. The physical reflection of reality in terms oftiphilosophical concept of activity is the
projection ofmicro-andmega-into macro -.

Second.At each hierarchical level, the causative fragmeare characterized by thd@atures,
which are described in their own language, takintg account the level of ontologization and witttieir
conceptual framework.

Hint. With the terms "2" and "one and a half' (1.5)sitiossible to very compactly express the concept of

"3": "3" - it is "one and a half", taken twicéet's denote such vocabularylasguage 1However, with the term

"3" we will not be able to define the term " 2 "arfinite and complete way as the infinite fractier.6666... With
help a finite set of words there this is is notrogfucible. This vocabulary is denotedlasguage 2We see that for

the expression of the term "2" in language 2 rexguthe introduction of some new concepts. Howeherge is no
guarantee that we will not have the next nuances wuthe emergence of these new concepts. Thus, the
expressibility orhatchability of concepts in one language may well be incompmtitith the expressibility or
hatchability of the same concepts in another laggua similar formulation of problems of hatchatyilihere is in a
mathematics: in formal logical systems they reprtegh for example, theorems of hatchability (Tgr&ddel}

Thus, it becomes clear that to speak in the laggwimacro- for example, about the age of the
Universe, as a characteristic of megaobject wiieha long, uncertain and most likely unproductive.

A similar situation occurs with languages of dgdan at all three hierarchical levels. With a
certain degree of freedom, it can be said that straths" of one hierarchical level are not "inflalé" or
simply "incomprehensible" at another level. A dtrikexample of this is the question of the agehef t
Universe: in the language of macrophysics, we aglestion to the object, which is not yet identfia
the causal order of existence. A similar questiorttee meaning of his understanding for microphysics
What is the dimension of space? These are theigoesilong with others have a certain meaning only
for macrophysics.

Third. It obviously need to create a certain metalanguzgmmon to all hierarchical levels, and
the means of converting or translating descriptaorguages from one hierarchical level to anothdr. O
course, the expressiveness of the meta-languageb&imuch poorer (in terms of specifics) of the
language of a particular hierarchical level. Howewmtologization of physical concepts of each leve
and their conclusion to the meta level of undeditam is a necessity to overcome today's crisis in
physics. Today the role of meta-language representaf General knowledge plays the language of
philosophical generalizations.

The keyword "exists'. Under the term of "exists" there is to be understood the result of
ontologization of the attitude of consciousnesshm all-embracing Being. This attitude emerges as
reflection of a fragment of material existence e tmind. The attitude of being to consciousness or
consciousness to being is the subject of the madéstipn of philosophy, which in materialism is salv
unambiguouslymatter is primary, consciousness is secondary.

The fact of existence is recorded by consciousegiser directly through our senses, or indirectly
through a special tools designed for this purpd$e intermediary between the fixation of the fatt o
existence of the fragment of existence and itgcéthn in the mind are the relevant theories.

To prove the fact of existence is possible onlaimempirical way. According to the inductive
logic, the opposite is not true: it is impossible prove the fact of non-existence. An important
methodological aspect: we can only talk about argsthings, because talking about non - existehkés
using zero in arithmetic: so that we do not mujtiply zero, the result will always be one - zero!
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The possibilities of ontological space-time relatns

Let us consider the possibilities of giving theasp-time relations the philosophical status of
universality of being.

The first thing to note. It was shown above thpat®temporal relations arise from the
factorization of universal existence on existence eo-existence of a plurality of separable antirdis
entities. This clearly shows th#ie Universe as a whole exists beyond space-tipects Therefore,
there is no point in talking about its origin o8 &nd, and there is no point in endowing the Usiwemy
size or shape. The same can be said in other wasitg) the concepts of eternity and infinity aggfes
of speech"the Universe is eternal and infinite in all its nif@stations.Therefore, in this ontological
level formulation of the problems with" initial cditions " can not be correcthis is the first "stone" in
the ontological model of space-time relations, whiicleaves us when considering the Universe as an
object at the zero level of ontologization.

The concept of space-time relations originates lassical physics, which is known to represent a
macrolevel description of physical phenomena. Heeespatial relations are separated from the teahpor
ones: the three-dimensional spatial manifold cotsexrthe one-dimensional temporal, forming a four-
dimensional cartesian's product. Topological asgimti the spatial and temporal relations described
using the well-known formulad# = v¥dt. For a resulting four-dimensional manifold is uggsheral the
point metric classical topology®MC-topology. The possibility of introduction oPMC-topologyis
based on the assumption of infinite divisibility space-time relations, that is, on the possibitify
representation of separable and distinct entitiea B-dimensional spatial points and moments oétim
Time intervals and lengths of formalizing the closgs of the points - physically measurable with the
help of independent standards of length and tintetherefore can be comparable in their values. iBhis
the essence of tHeMC-topologyof the cartesian product of a three-dimensionatigpmanifold and a
one-dimensional time manifold, which is based anehclidean metric at the macrolevel for both three
dimensional spatial and one-dimensional temporalifolals. The possibility of its introduction is ke

on the approximation of problems with characteris¢ingths and intervals significantly exceeding the
atomic ones. In our classificationlassical physics would correspond to the third leal of
"ontologization”, i.e. of macrohypostasis.

Is it possible to continuBMC- topologyto other hierarchical levels? How do change sjizce-
macrorepresentations during the transition to frexgs of universal being in adjacent hypostasieso-
andmega? What should take place in the dynamic equatafrguantum mechanics and GTR instead
andt?

We can expect that in the quantum theory it wél diatistically averaged combinations of the
eigenvalues of the operators of the dynamical algelwhich will asymptotically pass into the
macroparameters of classical physics. The averggimgedure should be accompanied by the emergence
effect of the "condensation" of the hilbert repreaéon into the spatial three-dimension and the
manifestation of the possibility of representatimpproximation) of macrorelations using point
localization described in the framework of the #idémensionalPMC- topology[4]. However, it is
known that the propagation of the asymptotics t@aseales disappears a separate metricity physical
lengths and time intervals . It remains only tregiordinate affinity (a linear ordering of the cdimiates
of the events).

The question of questionsWhat can we say about space-time topology in tfantgun world
and how it differs from PMC-topology?

First. First of all, it is necessary to solve greblem itself of applicability of PMC- topologit.
is clear that the use of classical PMC-topologyimntum mechanics leads to well-known paradoxes,
since there are no objects of microlevel that dohawe classical metric sizes (moment of time, nlte
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4.

point), for point topological images. This parads>canonized by the uncertainty relations betwéen t
particle momentum and its position, between therggnand the time of its measurement and other
canonically conjugate variables. Moreover, the pheena of contextuality of particlesntanglement

and nonlocality have already been confirmed expamiadly and have become part of the physical sealit
It seems to us that it is promising here to reptheescalar classical euclidean measure with pitrsiad
operator measurePQM). At present, the scalar probabilistic measungsied in quantum mechanics. For
example, to the questiowhat distance is expected between the particlesbonigvent (in one place) and
its absorption in another? the answer will be: with probability P this diste will be equal ta, and
the result of the solution will be given in therfoof a scalar probability distributid®(L).

Second. In connection with the application of gvenciple of identity of particles there is a
nontrivial paradox associated with the distinctairparticles. After all, what happens is that doeftis
principle, we cannot calculate the number of pkasic This is clearly because the wave functianafo
group of particles in this case is one, that ide#cribes a single quantum object. That's prgbaby we
can't count the number of particles of the samemabte. It is impossible to exclude the conclughuat
this is one object located in several places atoAnd again, this is "stone" into PMC-topologyoéshe
measure of the description of the proximity of jmes. It simply ceases to work. The topology o th
proximity of the discernible particles reveals d@di and in connection with the known EPR paradox o
the results of Aspect's experiments.

Third. One of the main topological parameters imemsion parameter for space. For a
macroscopic it is chosen , equal to three. Butiwithe framework of the quantum theory, the valfie o
the dimension of configuration space is not regualat

Thus, generalization and dissemination of spaticetnporal relations for the task of quantum
theory is possible only on the second level of ombgization.

At the megalevel, it is possible to preserve {hatistemporaPMC- topology However, there is
also a departure from the physically traditiongbdlegy. Two formally independent spaces: three-
dimensional and one-dimensional with ruclidean logies, are replaced by one four-dimensional with a
pseudo-euclidean metric topology (STR). Pointstamology objects, already exist in a single four-
dimensional space. The possibility of comparinglémgths of the three-dimensional space and the tim
intervals of the one-dimensional space by theiveslis lost, since only the property of affine oiuig
remains. It is this property and have coordinatéuas of spatial-temporal events. Furthermore,
singularities appear in solutions of the Hilbenm$iein equations in RTG, which testifies to theitia
applicability ofPMC--topologyhere.

PMC-topologyis used to describe space-time relationmatro-andmega physical levels. In
the first case euclidean length and time interval ased as proximity measure of separate spatchl an
temporal relations. Modification of euclidean topgy (3+1)-space obtained by cartesian product of
three-dimensional space and one-dimensional tieaelsl us to the pseudo-euclidean topology of aesingl
four-dimensional space-time, in which tR&C- topologyis constructed in this case. The fact is that of
the homogeneity, the isotropy and the inertial sytmyn of space-time relations should be an
unambiguous conclusion about the existence of dmar speed of movement of the physical body and
propagation of signals. By choosing as a refereneevalue of the speed of this signal, along wihid t
classical method of measuring the speed using emmnt standards of length and time, there is an
alternative possibility of measuring directly irethnits of the speed of the standard signal. Tharadge
of this standard over the classic (length and tintebecomes obvious when solving problems of
transformation of kinematic characteristics in cection with the change of reference systéms

4 However in a physical-"metric" topological senséhe relationd? = ¥dt in accordance with the standards of length and tim
is lost..
The emergence of spatio-temporal certainty



Thus, the use of PMC-topology is possible at thehitd level of ontologization: for
macrophysical problems it will be physically 3-measrable spatial point topology and 1-measurable
temporal point topology. For megaphysical problemsthis will be a physically 4-dimensional point
topology.

Summary

1. Universe as an object exists out space-timecaspor it, we will determine the zero level of
ontology, and the language of description is tinglgge of philosophical categories.

2. The space-time certainty for the microlevelamigation of matter encounters uncertainty in the
topology of these relations. Here the level of togization should be the second. Neverthelessyttiua
language of quantum theory of the third level dodwgization is used.

3. The classical description of physical phenoredrthe macrolevel is the most complete for the
space-time relations, which allows the possibitityphysical measurability and numerical compariebn
the results: the third level of ontologization, taeguage of classical macrophysics.

4. In connection with the change of measuremeandstrds spatial-temporal relations at
megalevel of organization of matter (near the spafelight and for long distances) it is lost phydic
measurability of spatial and temporal relationsasetely. The causality of the description is presérfor
events being inside the local light cone.Geneatitin of the same (3+BMC-topologyto the topology
of four-dimensional space-time allows us to remairthe third level of ontologization. Language of
description of the megaphenomena is the languade i6Ta more general case - the language of GTR.
However, the occurrence of singularities in solsi@f the Hilbert-Einstein equations brings us biack
the problems of space-time relations in the micsato

At the third level of ontologization, in themacro- and mega- hypostases
of the organization of matter it is possible ontolgization of spatiotemporal relations,
characterized by the affinity (a linear ordering).

The emergence of spatio-temporal certainty

The process of formation of space-time certaintyainiz's aspect is modeled on a simple examipte: t
transition from the quantum microlevel to the méaevel of classical mechanics. In this regard, it is
possible to talk about the two-phase existenceatifem

General considerationg'the need to raise the issue)
To date, it is already enough arguments to tatluahew realities in physics. First of all, it skwu
be noted:

I. It is the sSFWT theorem which practically rejetis functional dependence between cause and
effect in the traditional topology of space anddirithe main result of the theorem is the
conclusion that the nearest space-time environnmetite classical topology of proximity does
not affect the deterministic behavior of the"paetic .

For example, the authors [13] consider that
"the particle’s response (to be pedantic—timéverse’s response near the particle) is not
determined by the entire previous history of thizense" ...[p.226];

... "it [particle’s responsédg not a function of what has happened earlieti{wéspect to any
inertial frame)" ...[p. 228].

or, finally:

%) The term "particle” is quoted because the conagparticle in quantum mechanics is quite contriamtic
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... "the FWT suggests to us that determinism ianaéble option"...[p. 230].

They are echoed [14]:
..."Experimenters have free will so their measuneinodoices are not a function of the past"”...
[p.8].
..."The conclusion of the free will theorem is telgmentary particles have free will in the sense
that they produce results that are not a functibthe past"...[p.8].

Il. After the Aspect, the results of many versiafsWheeler experiments [15] indicate the
existence ofa correlation between the "particleghe closeness of the connection of which is
already determined by the probabilistic measure.

lll. As one of the results of these experimenta itatement of the existence of "singletiie
speed of which is not regulated by CTR, and expamiad confirmation of their existence [16].

IV. The indisputable existence of space-time relationsthe macrolevel of organization of
matter.

From the comparison | and Il, from the experimeotafirmation of SFWT and other facts at the
microlevel, it follows necessary to replace theological proximity measure "particles" - from clasd
(metric) to the probabilistic measure. This follofn@m the fact that elementary events, as elenwfrttse
topology used, have a different nature. And friwm v, that is, from the unconditional evidencetloé
existence of spatiotemporal relations at the maesd| there is a need:

a) to include in the physical agenda the questioremirgence of space-time certairily is
namely -emergence but not inheritance of properties franicro- to macro»;

(b) to interpretate the causes of the improper usdastical (nacro) space-time relationships at
the microlevel;

(c) in addition, lll raises the issue of spatial resilience of sin@ed the causes of their
degradation at the macrolevel.

The experiments of Aspect and confirmation theultesby Wheeler indicate three
fundamental conclusionss: no spatial-temporal fonael dependency, the "one-particle
contextuality" and the "two-particles nonlocalitg@ye to the quantum entanglement.

These circumstances lead to the fact that:

These circumstances lead to the fact that:

I. generally speaking, it is impossible to talk abthe properties of smooth of functions
with respect to space-time variables, i.e. abaeit tontinuity and differentiability;

ii. contextuality leads to incorrect representatibthe quantum system as a"point
particle". In topological terms, this representatitmes not correspond to the structureless
view it as an element of the space-time topolodyictvis contrary to fact: in the
microcosm there are no prototypes of point of syisne elements;

iii. the third leads to nonlocality of the quantsystem as a whole formed by parts.

Thus, a pair of quantum objects as a binary amatan no longer be characterized by point
space-time events - they simply do not exist innfua mechanics. This leads to the conclusion tiat t
space-time relations lose the continuity propentythe classical topology. In the result of $EWT
theorem it is clearly states. In this respectfieralgebra of event quantum mechanics, theredsaurce
the use of probabilistic measure and, in addittbe, opportunity to adopt a relational interpretatof
quantum mechanics, which explicitly "displays frdmrackets" of quantum theory the spatial-temporal
relations. About this much detail.
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There are no point events for classical topologgell on the euclidean metric in quantum
mechanics. However, it is necessary and possibtmltect "aggregates" of such events. For numerical
comparison of observations or measurements in tesesmeasureare used, which allows to evaluate
the observed results according to the selectedigdiystandards. In non-quantum physics, the most
common and well-known measures are the jordaflidrased on the euclidean, pseudo-euclidean, the
riemannian, pseudo-riemannian geometries. In quanhysics there is a systematic use of scalar
probabilistic and probabilistic operator measudessuch a situation, the "correct” choice of event
aggregates for the analysis of experimental datarhes a very urgent task, for the elements of witich
is possible to introduce standards suitable for smesmment. For the Jordan's measures standards are
"images" of lengths, areas, volumes; for probaiilis"frequencies” or relative frequencies.

On the one hangFWTtheorem fixes the lack of functional dependendsvben the cause and
consequence related to thearestspace-time environment. On the other hand, thdtsesf experiments
of Aspect and other authors record the presenceopklations that can influence on reasons and
consequences. There is the fact that the topollogataon of proximity is somehow being modified. We
can probably say that the topology on the Jordanosimity measure changes to the proximity topology
on the scalar probability measure for vectors (miages) and probability-operator measure for dgnsi
matrices (mixed states). In this case, the desonigf the cause-effect relationship of eventsuargum
mechanics is significantly modified. The measuretsmdor probabilistic measures are determined by
relative frequencies. With this approach, in paitc, the interpretation of the concept of speedhin
traditional topology disappears, and at the same tisappears and the contradiction with CTR.

Further, in CTR, relationships between physicaécis are formalized using point events. Set of
these events are endowed with traditional pointhgeoy and topology based on it. Between any pair of
events arise a relationships of proximity, diseggremooth functional dependence with all the mettaid
mathematical analyze. With the introduction of demds of length and time, arise a physically
measurable characteristic of speed as a derivafidistance by time. Finally, the replacement @& th
standards of length and time on a single standaeeédsleads to CTR, which is its law of addition of
velocities (the lorentz) limits the maximum possitdpeed of motion of material bodies and the
propagation of interactions, signals and disturbanklowever, it later turned out that the lawsdufition
of velocities in classical and relativistic meclen(due to Galilean's and Lorentz's transformajians
derived independently, based on the topologicalpgnies of symmetry and can coexist both -
completely independently in the framework of cilealsphysics . At the same time, nonrelativistic
physics takes the form of a particular case ofiné&tic (at low speeds), which allowed to givegsiiy to
the relativistic picture of the world and to reaahagreement between classics and relativism. midss
important thing about these approaches is that paititings use a point metric event topology, byciwh
was a priori endowed a spatiotemporal relationships

However, the choice of a single standard speaddasure space-time relations deprives of the
coordinate distances of the invariance, also ialsnof time and the velocity in the coordinate
representation. An illustration of this can be GPRtually, this fact can be considered as an argime
for the interpretation of A. Aspect's correlations.

The main feature of the description in the poimrdinates of spatial relations in the microcosm
is the inability to juxtapose the geometric poixy(z) to any object of the microcosm, which does n
allow us to talk about the classical topology dditsd relations. Even about the dimension of thecepof
the microcosm “learns” only through the descriptenmd interpretation of macrolevel spatio-temporal
dimensions.

®) As a generalization of the concepts of lengthaavelume...
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8.

The ordering time factarin the Schrédinger's and the Heisenberg's pictomest be understood
asevolutionarytime ” ; it cannot be callebly thedynamictime, because at the microlevel there is no
possibility of describing the motion of a localizetject along the trajectory. Therefore, the attietap
introduce dynamic time, ordered changes in thetiposi of the localized object on the "backgrountl" o
other objects becomes contradictory. An evolutigrfactor that orders changes in the state vectors o
dynamic variables of quantum mechanical systemsugir solutions to the Schrbddinger's and
Heisenberg's equations cannot have its own pregeufi physical measurability. Taking into accowaut f
of physical immeasurable of the state vectors aintium systems or wave functions, it will be necgssa
to assign the parameter t the property of afficentinuous factor and only in connection with the
consideration of the properties of dynamic alggiaiameters [3] .

What does the state vecth) describe? Some fragment of reality, which acquégace-time
certainty in measurements at the macrolevel: pipttie detectors at the macromoment of tinwn the
point of space with macrocoordinatés,y,z) we can fix the result with probabiliti{y|y)|? as a
manifestation of the presence of a quantum mechbhoiect. Before the measurement, this fragment of
quantum reality was a kind of probabilistic virtitylwith respect to space-time certainty. Thus, cae
say that the subject of quantum physics is thergemmn of the “sea” of probabilistic virtualitiesyhich
are observed as reality in the processes of maasumementdt is this virtual background and is the
basis of thepramater, undifferentiated even in the space-time relation.

With regard to the physical measurability of temgborelationships at the microlevel, the
following should be said.

The measure of the set corresponding to the dessilents filling the time intervét,, t,] for the
state vectofy) of wave function or density matrix will no longee described as in classical mechanics
by the well-known Jordan's measure equal to theevaf the intervat, — t,. This is because the events
themselves occur within the interval, t,] of fixed by the initial(t;) and the final (t,) points have
probabilistic nature and registered of the macretiway. Probabilistic-scalar or probabilistic-operat
measures should be used to describe measuressetswb such events.

An essential circumstance here is the fact thatdpology of space-time relations, based on the
Jordan's measure, becomes inapplicable, sinceridfiead elements of this topology are 0-dimensional
points, and the measure of proximity of points distances calculated using the Jordan's measure: in
quantum physics there are no objects correspomafin@ — dimensional points or of point space-time
events. In the quantum description, there is naipdisy of the introduction of microstandard omnigth,
time and speed. It is their absence that is imphibdn it is said that the physical measurabilitgpéce-
time characteristics at the microlevel is impossitifloreover, the most important argument hereas th
mathematical proof of the limitation, up to the efse, of the functional connection between the
perturbation and the response, which is equivagetite absence of the influence of the past orfiuhee
and of the immediate environment on the quantuneaibjl3]. Due to this circumstances, when a
quantum description of space-time relations we sgaak only about the properties of the affinityesrd
established bynacro-and nothing more.

Thus, in quantum mechanics time can be considemdas an affine factor of system, ordering
by means ofmacro- The metric properties of quantum-mechanical tiave also determined by
macrolevel measurement procedures using macrodeVimvever, the proadFWTtheorem complicates
the direct use of the methodology of this oppottuni

”) Dynamic time refers to the time factor, which ami¢he geometric position of the point on the tajey of motion;
evolutionary time orders the state of the sysfeine need to distinguish them is obvious (see[5HEtils).
&) Means not metric, but continuous.
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The formalization of microscopic procedures fortgpaneasurements determines, among other things,
the concept of macroscopic continuous, metrizalsid three-dimensional certainty of the spatial
existence of a quantum object. The dimension ottrdiguration space at the microlevel when apglyin
theirreducibility theoremis not regulated by any prohibitions.

As known, there is no real movement in the micreleas of the movement of a localized object
in continuous space. However, we can talk aboutviiteal motion of the "cloud of probability “when
fixing the spatiotemporal relations, that is, whalmserving the "movement" of quantum objects by
classical means of observation at the macrolevak @ust need associate this procedure with the
projection of microchanges on the spatial and teaipelationship of the macrocosm.

The fundamental properties of the macrolevel gfaoization of matter such as continuity and
(3 + 1)-dimension space-time are introduced ongontiicrolevel virtually by definition, according the
solutions of the equations of Schrodinger and Hidieey and in connection with the need to harmonize
micro- with the observed properties of the macrolevelab@r. The compromise in the contradictory
nature of the Generamicro- and macro) spatiotemporal relations is achieved by means guasi-
classical procedure for establishing the correspooe between the quantum and classical methods of a
two-level description of physical phenomena (quéessical approximation).

The inconsistency of the spatio-temporal relation®f the microcosm lies in the seeming
inheritance of a macrolevel description of these relations fm the microlevel. One must say about
the occurrence of spatial-temporal relations. Based on the irreducibility theorem, here, it isessary
conceptually describe the mechanism of tBectndensatichfrom n-dimensional of a microlevel into
the three-dimensional macrolevel description aredrtiechanism ofocalizationin the transition to a
three-dimensional macrodescription.

In fact, in this case, we need to build a two-eal@scription of the physical reality and solve the
problem of converting one form of description tam#mer. A similar method of representation is used i
the description of complex systems for which thedmam nature of changes in the parameters describing
the system at the lower level @folutionis combined with its highly deterministic behavairthe upper
level of observation At the same time, the evolution of the physigaitam is determined by its behavior
at the microlevel, that is, the change of micropaeters, and the observation of the system, thdhés,
fixation and registration of the observed valussadrried out at the macrolevel.

The transition from a microlevel description oktlevolution of the system to a macrolevel
observation should be similar to the transitiorthe manner of transformation of the descriptioraof
multiparticle chaotic ensemble of Gibbs with mamymbers of microparameters into a description, for
example, of a gas enclosed in a certain volume teithperature, pressure, heat capacity, that ik, wi
very limited number of macroparameters. The vergesaurrent situation of the search for the essefice
space-time relations resembles the early histothefsearch for the essence of "flogiston”, whicsw
resolved by the statistical theory of Gibbs enseskind the fixation of the concept of temperatsréha
average of the kinetic energy of the ensemblés tjuite possible that the spatiotemporal relatiares
also an average of the eigenvalues of the quanbjectooperators.

The phenomenon of 3-dimensiongkpatial “3-condensation”)

For clarity, we will consider the model of tligig Bang when in the first moments after the
explosion, according to th&rand Unified Theorythe Universe was dominated by "primary cosmic
broth" - a kind of undifferentiated timeless and non-spatizity of energy, pramateria and all real.
Modern science allows us to talk about the elev&oibth".

In later moments begins and continues effectiviéerintiation "primary cosmic broth" in
quantitative and qualitative terms: the matter las quantity and energy as quality of matter. Arise
praelementary, then the elementary "particles"|aus; atoms, molecules, planets, etc. - other laicga

The emergence of spatio-temporal certainty
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and metagalactic structure. In the process, theldMerorganized in existence and coexistence: the
certainty of temporal and spatial relationshipsesi "ontological slices " of this phenomenon ataited

in [6]. One of the fragments of the existence & thniverse acquires the features of a macroworld,
existing in a 4-dimensional manifold three-dimensional space and one-dimensional flihe.resulting
fragment, or 4-manifold has proved to be so stdiae exists to this day we live in it. It is easy to see
that here it is possible to talk and about manthe$e fragments, introducing ourselves the 4-lsrane

Let's focus on the unigueness of the phenomentimeddpatial three-dimension. The fact remains
of a real fact that the three-dimensional fragn@ngeneral existence is stable in its own existeane
coexistence of its parts, which leads to the pdggibf localization objects that can not onlyasige and
evolve as integrity (obvious and fundamental propexf matter), but also to be described in the
framework of the current rational paradigms.

The modern physical paradigm connects the asgmtiaf interactions (physical fields) into a
more universal interaction with the increase indimeension of the space in which the more fundaaient
elements of matter reside in the united interactidns process can be considered in the naturarad
evolution and of development of physical eventerathe Big Bang, that is, in the direction of
differentiation of universal interaction and itsrasification into more substantive and particular
interactions. And here we are interested in thelfistages-factorization of electromagnetic and
gravitational interactions. These fields are bdbicéglue” the space-time relationship in (3+1)-
dimensional entity of being visible to us of therlgo

In other words, (3+1)-space-time “condensation” ofmatter in the process of evolution
occurs with the help of gravitational and electromagnetic fields against the background of more
universal interactions of the "primary cosmic broth". With this, multidimensional, uncertainty and
fluctuations remain in the microcosm, but the deteminism and causality relationships in the levels
of macro- and mega- descriptions remain in (3+1)-dimension space-timé&hus, the entire Universe
is represented in the form oftwo-phase coexistence.

The mechanism of "condensation" of matter can llstiated as follows. Some elementary
"particles" remain stable as long as they are ldéhepotential pits, but in the free state theyrdegrate
in a very short time. Such a locked" particle “suout to be more macroscopic (that is,” more three-
dimensional“, and therefore more stable) than frefjch is more microscopic (that is,” more
multidimensional”, and therefore unstable). Furtleéoms, United in molecules, crystal latticest tba
large collectives, acquire the ability to stabledlzation in three-dimensional space.

It is here that the possibility of the conceptwarding of the spatiotemporal relations in
macrostability and of the ability to manifest themperties of spatial and temporal localization  tisa
those properties that are absent in the microcappears.

The question of the relationship 3-dimension ofcroapace with the properties of real
interactions between the material fragments ofweld, apparently, was first staged Immanuel Kant
[17]: ... "I supposefirgt, that to a substances in the existing world, fdrtvhich we are the inherent
forces of such a kind that, connecting with eadtentthey spread their action is inversely propamal
to the square of their distancesscondly, that arising from here a whole has in accordamgth this act,
the property of three-dimensionalitthird, that this law is arbitrary and that God could wdwchoose
and the other law, such as the law of inverse pridpaality to the cube of distances; finafigurthly,
that would result from another law and extensiothwither properties and dimensions.

And indeed. In classical physics such phenomeadmaown: in the gravitational field described
by the law of a world gravitation, there are steathysed trajectories. This makes possible thelestab
existence of planetary systems. This result idyedsrived from the 3-dimensional Laplace equatifans

The emergence of spatio-temporal certainty
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the gravitational field potential. In a theory fam to Newton's and describing phenomena in sydice
different dimension, it is natural to expect thag potential of the field will satisfy the multidensional
Laplace equation. In the space n of measuremeatgrtyvitational field potential will be proportidria
the value

and the strength of the interaction value

F~1/r"1, 2

It is with the law of decreasing the potential @ding to (1) that the main feature of the three-
dimensional space marked by (I): the orbits of patdodies in the newtonian gravitational fieldtire
euclidean three-dimensional space are stable<d8tand unstable at n >3. Ultimately, this meansithat
impossible to have a long-term existence of plagesgstems around stars in hypothetical spaces with
dimensions greater than three. A similar resultaiesivalid in GTR for space-time dimensions greater
than 4 (3+1). This follows from the analysis of trgpuations of geodesic lines on which the planetsidv
move in spherical symmetric fields. The noted feegucan be attributed to tmeacro- and mega-to
hypostases of the existence of the world.

However, in the microcosm there are similar meddmas that distinguish three dimensions as a
stable form of existence of matter: only in thecgpaf three (and less) measurements can the Stalbds
of atoms. In the spaces of large dimensions fra&thrédinger equation with a potential of the f¢imn
follows: either there may not exist (bound states)negative energy levels extend to a value etpal
minus infinity. The latter means that for any enetgvel there will exist an even lower level and
electrons in such systems will fall, emitting enetmtil their complete disappearance. This meaas th
there is no stable state for the substance.

It is widely believed that namely these circumstsnare key to the conclusion that there is no
alternative to the three-dimensional reality. Hoamrevthese facts do not contradict a different aasioh:
the inverse squares law highlights sustainable “calensate” of the existence of matter in three-
dimensional macrocosm of our world, and the worldtself is essentially at least two-phase forms
coexistence matter:*3-condensate " in the environnrg less differentiated pramatter. "3-
condensation “is realized with the direct participdion of gravitational and electromagnetic fields,
which are the” sum" of more elementary and fundametal interactions. Such is the general outline of
the phenomenon 3-dimension.

Generalizing the above, it could be noted thatUhén of interaction fields is accompanied by
an increase in the dimension of the physical coméigon space - the arena of action of these fieldd
the differentiation of the fields and the allocatiof individual — reduces the dimension of spabet s,
narrows theopologicallysphere of possible manifestation of its preselrcéact, a peculiar principle of
preserving diversity, expressed in the beginningheflast century by the words of the famous atassi
about the inexhaustibility of the electron, as vaslthe atom, works. Anyway, the "condensed " matte
has a three-dimensional image.

With hindsight we can say that the process ofntlamsation” of matter to date ended (?)
by its three-dimensional localization. Stable thd@eensional formations have survived to the presen
day in the form of a visible macrocosm, and pogsibther virtual worlds. Unstable same
multidimensional "designs", however, has not dieaped. They make up the microcosm of the
pramatter. They are very strange, probabilistic @amzertain.

Spatio-temporal localization(non-relativistic case)

The microworld objects are described by Hilbertcgpaectors or wave functions obeying at n=3
in the coordinate representation to the schrodiegeation
oy h?

lhﬁz—ﬁA'}/‘l'U(x,y,Z)w (3)

The emergence of spatio-temporal certainty



12.

Following [1, f. 46.1], substitute into the Schnoger equation the wave functighin the form:
Y = qes/h, (4)
As a result, we obtain two equations for the real imaginary parts:

aS+1 V2 +U th =0 5
ot Zm( ) 2ma a= ©)
aa+_a AS+1VSV =0

a tam Sty eves 6)

The first equation (5) up to the terms of the fosder byh coincides with the classical Hamilton-
Jacobi equation for the actisrof a particle [19, f. 47.1].

The second equation (6) after multiplying by 2a bamewritten as

da? vs
—o+div (a2 5) =0, 7

coinciding in form with the continuity equation.

Taking into account the representation (4) and &gua5), we can see that? = [|? is
probability density for those or others coordinatesf the quantum object's, ar¥lS/m =p/m —
associated with the derivatives by time of thesardinates (velocity). Equation (7) relates the change
probabilities density with the density in the comity equation, that is, describes the change of
coordinates of the virtual cloud of probabilitiesithe movement of a classical particle with velp@i.

The first equation (5) of the pair, as consequentale Schrédinger equation, defines evolution
and the connection of quantum numbers as elemétie alynamic algebraC [3], including continuous
parameters of the irreducible representatiandp of the completeness theorem. Note that this eguati
does not imply any topological and geometric proeserof the parametets

It is the second equation (6) in the form (7) of thair that gives the parameterandt the
classical attributes of the space-time relatiorfee eed of defining initial conditiong;(t = 0)) when
solving equation (5) determines the need to seiainpoint of reference (i.e., reference systenm) fo
defining dependencies; (t).

The movement of the virtual cloud as an object ebthe laws of classical mechanics. A
characteristic feature of this object is its nocalized. However, the General solution of the Sdimger
equation (3) is the superposition of de Broglie @sas Fourier decomposition and if the lengthfie$d
waves and periods are small in comparison withctheracteristic macromeasuresand characteristic
macroperiodd’, then the similar characteristics of the wave paskiperposition of these waves will also
be small quantities. The movement of such an obydtbbey the classical Hamilton-Jacobi equatitin.
is here that the possibility of manifestation of tffect of localization of a quantum object ariaad of
the opportunity to introduce the concepts of a pdhre distance between points and the metric tapol
of the proximity of points as an approximation. dimgh the ratiov, = dx,/dt, the notion of time
interval and point of time is introduced. In thigywmetric relations with point topology are introéd as
approximation (quasiclassical approximation) byapagters of dynamic algebra of microobjects.

Thus, through a quasiclassical approximation of quatum mechanics, we come to the notion
of a point particle existing and capable of motiorin a continuous metric space-time with classical

topology.

The main conclusion of this review is the posdipitif factorization of the wave equation (3) into
two components — algebraic (5) and topological (#@).the relativistic case, however, there is no

The emergence of spatio-temporal certainty
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topological component for one-particle wave equesioThe possibility of a one-part description
disappears, and the possibility of a multipartiotiescription should be considered as an appropriate
change in the topology of the microcosm.

It should be noted that non-localized and non-coedd matter can serve as a key to
understanding the phenomenon of "dark" matterjrtfieence of which on the picture of the universe i
determined by\-term in the Hilbert-Einstein equation.

Q&A

According to results of previous on-line dialoguesn the author's seminar a number of questions
which require clarification

Explain us by fingers on here all about what'sthie article, please.

In short to formulate the topic of discussion weyraa : the results evidence th&/T-theorem (the lack of influence of the
nearest spatial environment and the past histotiyeobehavior of elementary particles) review - titie meaning? This
phenomenal result was confirmed experimentallyybir. As a universal disordefarocosm turns into a spatio-temporal order
of the macrocosm? Unfortunately, to understand it in theyleage of classical physics is impossible.

Are the results of statistical interpretation ofplst's experiments in favor of this theorem?

Moreover, Wheeler's experiments are reinforcingAbpect's results. ItsefWT-theorem experimentally confirmed separately
this year (arXiv:1603.08254v1 [quant-ph] 27 Mar @p1

By the way, in the same vein, there is an experial@onfirmation of the influence of the future the past (retro causation) , a
Simple example is given in the header of the piss so-called Wheeler's experiments with delayealae (arXiv:
1407.2930v3 [quant-ph] 19 Mar 2016) .

1. Let's describe more clarification, what it isihiversum of probability virtuality"?
2."..when a virtual(micro-) becomes real (observalile)

1. The entire phrase in the text is in quotatiomk®ia and it is made for short, just so. Full tisare is the entire volume of the
gquantum theory and latest results on the linksutba's works. More fully: quantum objects are dhgects with their relations
and processes, measured by using scalar and apefatrobability measures. The measurements thmnsirtual (icro-) into
the real observed (macro-).

2. Virtuality in physics has a meaning of the piaoibly or possibility. Spectra of possible outconzes presented by elementary
events which might to become real. The virtualiggdmes reality, in the sense of certainty of chofgeossible in the processes
of measurement. All of these processes are descinbie standard "ideologues" of the quantum theod probability theory.

Imagine a coin tossing. The coins have a propbgi/dan take two values "heads" or "tails". Beftwedoin toss this property is
unknown. However, it may became a manifestatioangfthe value of this property as the result efttiss. This property is
virtual before tossing. The process of throwing lenpents this property and the property turns ietity as the result of the
process. Here you can see that the coin remaiogand a property acquires its certainty. Matenmalis in no way suffering!

More precisely. Quantum objects are described by vectors and aperiat the Hilbert space, which have their own
characteristics. As in the previous example, threyirma state of initial uncertainty. However, g8pectra of these values are
known in advance and all states are possible @ljrtthe measurement procedure of any of the vajivesits the certainty,
turning values into reality. It is in the proce$sreasurement of a virtual state turn into a real.

By virtual background you need to understand somgtbf the formless uncertainty of the values @ tharacteristics of
objects, undifferentiated even in the space-tinetioms. However, here the characteristics, itne quality, objects - another, in
full accordance with the principles of materialisihe only certainty here is the unity of all thingghout answering the
guestionswhat, where, when and how mudh# this essence and is a primary "mess" oftfi@al substance, which is named
here as " universum of probability virtuality ".

Dualism, locality, determinism, causality

1. Dualism as a conceptual idea is a term that@edeat the dawn arising of quantum mechanics vgoeme have been trying to
interpret the quantum mechanics by techniquesaskatal physics. In fact, quantum objects are maienand not particles. It is a
completely different entity that manifests at thecnolevel properties of "particles"” and "waves"isTdives you the opportunity
to work with these properties of the quantum olsjeBee here for more details: arXiv: 1407.2930u&fg-ph] 19 Mar 2016 .

The emergence of spatio-temporal certainty
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2. In the article we are not talking about #resing of space-time (World) or thdisappearanceof causality. We are talking
about the emergence of thefinitenes®f the space-time relations, the reshagorg of causality. The essence of materialism
indestructible!

In addition, it is necessary to speak in detail enfdct, since th&WT-theorem has already been proved and confirmed
experimentally. For the same philosophy it wasvedid generalizations based only on physics.

The problems of the existence of spatial-tempa@ialtionships in the physics is already set up ¢ubeir "retirement™ ).

In general, the paradigm of cartesian causalifghysics is based on spatial-temporal relationsinipise form of functional
relations. Howeve-WT-theorem rejects the functional relationship betwesuse and effect in a traditional topology ofcgpa
and time FWT-theorem says the namely so.

3. To clarify these issues, one must use wordexif works:

= John H. Conway and Simon Kochehhe Strong Free Will Theoremotices of the AMS Volume 56, Number 2 (p.226).
https://www.dropbox.com/s/I5varmr5gofwu44/Cohen-88200226p.pdf?dI=0

= Bi-Heng Liu, Xiao-Min Hu, Jiang-Shan CherExperimental test of the Free Will TheorarXiv: 1603.08254v1[quant-ph]
27 Mar 2016. (p. )https://www.dropbox.com/s/zf4n5c53jya66bt/1603.0825pdf?dI=0

And before reasoning about the posed problemaigégssary to give a precise definitiondadality, determinismand
causality After all, about those properties and says (neglgd FTP-theorem. It is the fact that common wo(dven in
philosophical categories ) is not enough to undeseibout what was talking on in FWT- theorem (Conarad Kochen )
because it leads to wrong conclusions, for exantplsuch ..determinism, as a principle can't to be broken ttueausality..
But they in fact proved the opposite. | explain.

Locality -a topological closeness on the language of coryinui
Determinismin physics is concretized in the concept of funtdicddependence.
Causalityin physics - a functional dependence on the imatedinvironment and the past (defined topologigally

Thus, locality, determinism, causality in physics is concretized in the concept of a rather smooth functional dependence.
The proof of the lack of such a functional depemges "stunning" result obtained by Convay and Kaghconfirmed
experimentally this year alone. This is a new ptalsieality!

4. In fact, the causality in this case does na@piear, it changes form, turning from the tradaidanctional forms in the shape
of a triad of Darwin. A similar example for mnenicggives the evaluation of the integral of a srhdanction (continuous and
having derivatives) non-analytic method Monte-GaHowever, this example provides an opportunityriderstand how the
probability measure of the set of point eventslmampproximate to Jordan's measure. The detdieiarticles.

It is important to understand the need to move fromJordan's measures to the measures of the probaityl-operator
measuresor other, i.e. from the classical methods of matdcal analysis to the methods of group theorynfsgtries) and
some super selection rules, i.e. from the detestiindescription of evolution (in the form of diféntial equations) to the
description with help of the " Darwin's triad".

Why phases is and why topological?

This is probably the main question one which thabuild like to hear and get some hint of ideas assbciations on this subject.
Once again about it here.

1. sFWT-theorem denies the functional dependeniveckea the spatio-temporal surroundings and thetquanbject under
measurement that is confirmed by experimental dtanamely that functional relationship in phystepresses the principle of
causality in classical physics (macrolevel). Thhe,results of Conway and Kochen deny classicalatiyis

2. There is no doubt about the existence of caysalithe macrocosm. However, causality in the ogosm in the classical
sense is absent. That is, the World exists, at ied®o hypostasises - "causal" and " causel&ds8.causal hypostasis
immersed in the space-time relationship. But tlaeeenot such relations in causeless hypostassicédit arises the need to
consider the existence of a two-phase "fillingtred World.

3. Given the spatial-temporal understanding of alitysn macro- there is a need to explain the emergence ofcspatiporal
definiteness of the macroscopic world framcro-.

4. The macrocosm has (3+1) dimension, the dimeritime microcosm is not regulated by anythingthiese conditions, an
obvious it's is need difference of topological aygmwhes is formed. In addition, the concept ofsiece-time "closeness”,
continuity, differentiability— all of these characteristics relate to the sulétbdpology.

5. The article offers a visual (and therefore dyesimplified) the mechanism of occurrence of salatmporal certainty of
macro-andmega-.

6. Philosophical questions on this topic statethéwork : [6].

The emergence of spatio-temporal certainty
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What difference between the measurement from olissrva

The first. The difference between the measuremashibhservation can be understood on the exampheedfvo-slit
experiment *). In difference of measurement (actimpact of on the quantum object), observationpassive operation.

So for example, if on the screen we see a traggerisity from belcurve, we conclude that a quantum "particle” pasisexigh
one of the slits, i.e. the quantum object showetigha properties. But it is important to understdhadit it is impossible to talk
about the trajectory of the photon, and espectaligugh which of the slit he went **)f the screen shows an interference
pattern, we conclude that the quantum object shaveea: properties. That is, in this episode we $est - in some hypostasis
before us appeared a quantum object is it a waparbicle.

With the help of active operations of measuremypostasis of object can be changed. And changing-particle hypostasis
is to initialization of thesingle which speed in here is not regulated by STR.

The second. How do happens the interaction anddtaf photons on each other during the measutsf@ie significant
addition here is the fact that there are one-gartind two-partial interference. So launching ohetpn towards of the two slits,
we get situation of entanglement actually leatheomanifestation of wave hypostasis Therefore it is not necessary "to
invent" mechanisms of interaction of photons in-t&od multiphoton experimenthotons as particles do not interact with
each other in the classical sensQuantum object interacts with the measuring deyiaed during observation (by using any of
the detectors) display its properties, includingevaarticle. From what and how the observed - wesee the different
pictures. Such is the nature of the world of mitijeots!

*) It should be noted that the slit experimentswased for illustration only. They were replacedifgrferention-laser experiments, which is
much more practical and are modeled using quanampating. Recent experiments to detect gravitatimaaes belong to this class of
experiments.

**) A good illustration of the manifestation of suproperties is given in a popular article by Ig@nov about the smile of the Cheshire cat

But the distinction of a shape of the curve onsitreen is also an active dimension with using tles &yith their "rod cells" and
"cones". In addition, the consciousness of thegrpenter must be present.That is, the consciossufes thinking subject is
included in the quantum measurement procedureftag@rocess itself acquires the quality of subytstiThus, passive
measurement is, in fact, the process of understar?dPopov M. A. ( In defense of quantum idealisfNUL73, No. 12,
December 2003).

About "idealism" in quantum mechanics is not watth Russia - even though the former, but and nbysjzal strength!

In a general case, the dimension should be seamp@axess of obtaining objective certainty aboatabndition. In this respect, it
is important to distinguistselective and nonselectivemeasurements. For this reason is well explairyde. \. Kaempffer
(Concepts in quantum mechaniésademic Press. New York and London, 1965). Howesbtleties are not "in here".

In simple form and on fingers it looks like thisis measurement procedure, for example, in theeglit experiment is the
measurement of the process from the occurrencelbtn to absorption it, and absorption that ésfihal stage of the objective
process. In this process may be intervened by stistierbance that will bring certainty to a dichotmms variable taking only
two values ( wave | particle ). Then it is this m@ament is selective (with choice) measuremest.tBis fact allows to talk
about retrocausation and about the possibilithefdperation of quantum erasure. If in the proagfsdissemination does not
interfere with the disturbance, this measuremehtb®ia non-selective measurement.

There are situations when we can with certaintgiotehe result of the experiment, for example, intgrfering in the course of
the experiment. Here with 100% certainty we camlistehat our dichotomous variable will take théueaof "wave". There is no
need to introduce "the mind of the holy spirit"!

Well, and so on for this reason ...

Literature for further "immersion":
= J. SchwingerThe algebra of microscopic measureméhbc.N.A.S. US 45,1542 (1959)

= F. KaempferConsepts in quantum mechaniggorld. M., 1967
Kasimov V.A.And it is necessary many-worlds interpretation wérgtum mechanicsRovosibirsk. 2013 [18].

"...a statement of the existence of a "singles"cwis not regulated by one STR... " . If you ctail-more about the singles and
their propagation.

A quantum object can exhibit its properties as wayMe so and particles. In the quasi-classicatpmegation this phenomenon is
interpreted as a manifestation of corpuscular-wtuadism. A quantum object has a completely differeaterial nature. Known
methods of classical physics are applied to therge®on of these objects, considering a quantutityeas a wave or particle,
ignoring the fact that it is a single entity anasll be considered as a whole, that is, as thgrityeof the object and its
properties.
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Change "image" (wave or particle) is derived foréhére object that possesses the property ofiityedhe very same "action”
happens at the moments of measurement (activetapesia which is considered as the initiatiorsofgle Object, considered as
a wave is not localized spatially. Therefore, thechanism of transformation of one incarnation {#age) to another (particle)
or vice versa, in the space-time relation cannatdseribed as a point or wave designs, as a "lealftéd" .

A good example is giving consideration to the paradith the absolutely rigid and absolutely weighkt rod (i.e., perfectly
rigid and massless). Shift one end of the rod Iéadsmomentary shift of the other end. The spdgatapagation of this
perturbation is equal to infinity! Here the intagrof an object (rod) is guaranteed to conceptigédity. In the case of the
guantum object "stiffness" is guaranteed by conadphtegrity of the quantum object.

The existence of theinglesconfirmed experimentally. Regarding the speed @if ttistribution there is no consensus. However,
in some experiments fixed superluminal speeds.

Obviously, thesinglesare not the signals, since their distributionas related to the transfer of energy from one ptmnt
another. That is why the speedsafglesis not regulated by STO.

OnA-member ??? It should be noted that non-localizedi @on-condensed matter is the key to understarafitiye
phenomenon of “dark” matter, whose affect on thetysie of the universe is determined throutzterm in the equation of the
Hilbert-Einstein.

(3+1)-localization and condensation allows to spaadut the two-phase model of matter existenceardépn of variables in
equation (3) using (4) factorizes the situatiothia classical fragment - localized, deterministicoherent (the equation of
Hamilton-Jacobi (5)) and in the quantum fragmembn-localizable, non-deterministic, but coherent (7

The equation of Einstein-Hilbert in the form:
i1y i i
Rk_zé‘kR =HTk _A6k,

also factorizes the situation (right part of theaipn) to the energy-material part.y and "mysterious” part). The
connection of the quantum approaatidro-) and the cosmological approachgga), perhaps througmacro- will necessarily
find its methodological perspective, which will embodied in the properties afmember, affecting the properties of the global
space-time relationg, ).

In connection with the discussion on quantum deeai | decided to appeal to the origins debatéertwo-phase matter
(https://my.mail.ru/community/physiks.princips/5BPBA2C08D8300.html). Can we consider the quantum eeeabe and
relaxation as a couple of the mechanisms of coratEmsand localization in a two-phase model of maté a dynamic
equilibrium of phases?

Yes, it is already a couple years of the histdrthe issue (at a seminar):
-https://my.mail.ru/community/physiks.princips/774819463C294E.html
https://my.mail.ru/community/physiks.princips/07 &1884324DD0.html

The parallels are certainly there. But, here, abithet mechanism= | doubt it ... Of course, the question is interggtibut the
answer is not yet the time... Today it is onlytage of possible interpretation or choice of laaggisuitable for interpretation...

About the parallels.

I

1. The use of the correspondence principle [3] methodological guide for solving the problems & &CM transition allows
to realize the description of transitions from teetor picture of Hilbert's space to the pictur¢he phase space

"back and forth using the hamiltonian formalism.

2. From equation (5) in [9], the kinematics of quemn "particles” can be represented as the motidprababilistic cloud”
according to equation of Hamilton-Jacobi [19]. Bution as a function @oordinatesandtime should be the phase of the wave
function.

3. The evolution of "cloud of probability" obeysetkontinuity equation (7) in [9]. This fact confisrthe possibility of using the
statistical matrix, which in quantum mechanics @ppéo be hermitian operator, called the densitrim20] .

The evolution of the density matrix obeys the Liiflels equation associated to a commutator or Boifsacket with a
Hamiltonian of the system.

4. The transition to quasiclassics, e.g. in the@gmation the WKB (Wenzel, Kramer, Brillouin), congpé the traditional
procedure of transition from Qk4 CM.

The scheme (1-4) allows to understand, if not teehmnism, but the essence of the emergence obgpatporal certainty. We
emphasize once again that we are talking aboudl#issical certaintyin CM, not of theentityitself".

However, by the results of this transition, quesdiarise, related in content to those which arisnnection with the attempted
resolution of the paradox "the cat of Schrédingdrtiere is the context of solving the problem ofhified description of
gquantum theory and classical mechanics in the wb¥K. Zurek: the disclosure of the concepts ofotherence and relaxation
of quantum properties and the possibility of reeg\through the use of coherence properties of quamntanglement [11].

The emergence of spatio-temporal certainty
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Il.

Next. Equation (17) ifilOb] determines the density matrix with the releasdade operators: von Neumann, relaxation and
decoherence. Using the transform by Wigner W(§2p) is derived the equation of motion for "W(xmrticles" (24). The
equation contains three members: liouvillian, faotand decoherence. The equation shows how thsicéd dynamics in the
form of a Liouville follows from quantum dynamicBhe last term describes the diffusion in spacdéefdulses, neutralizing the
uncertainty principle. This is the "mechanism" ssical space-time localization upon W. Zurek.

Is it not remind the transition from the descriptiof coherent states to describe decoherent statbe well known process of
transition from the many particles description tadwell's description in molecular physics and themacro- and at last to the
thermodynamic description?

If we talk about the emergence of the conceptsmperature, volume, pressure etc. from the Maxavistribution and their
measurements at the macrolevel, then the situbttaks quite similar. However, the entities of oltige@re described by different
theories: in the first case it are a classic objéuarticles), in the the secondquantum that are not particles. There are not
particles in quantum mechanics, they can't exist @artain something, to move, to "fly", etc. Thxeat of the microcosm is a
completely different entity - it is quantum, itnst reducible to the classics.

And in the two-phase model of matter the mechaafshecoherence can be viewed as a kind of "condensand
"crystallization" of the primary matter into "derideodies of the macrocosm, can't it?

In general terms, it is...

The transition from the microlevel's descriptiortled evolution of the system to the macrolevebusth be similar to the
transition

The transition from the microlevel's descriptiortiod evolution of the system to the macrolevebusth be similar to the
transition by the manner of the transition frone thaotic many particle's description of the Gibhisemble with many number
of microparameters, to the description, for examjolethe gas enclosed in a particular volume, wétihperature, pressure, heat
capacity— that is, with a very limited number of macroparéeng lItself the current situation of the searattli@ essence of
spatial-temporal relations is reminiscent of theygaistory of the search for the meaning of "phébgn", which was resolved by
the statistical theory of Gibbs ensembles andikaién of the notion of temperature as averagetikirenergy in the ensemble.
It is possible that spatio-temporal relations akénd of average values of eigenvalues of someaipes of the quantum objects.

In particular, (3 + 1)-space-time “condensation’hwdtter in evolution occurs in the presence of igméenal and
electromagnetic fields on the background of morigarsal interactionsprimary cosmic broth"Here, the multidimensionality,
uncertainty and fluctuations remain in the desmipof the microcosm, and (3+1)-spatial-temporatetisionality and
determinism go to the levels ofacro-and mega- descriptions. The whole Universe isested in the form of two-phase
coexistence.

The essence of the "condensation” of the substzartée illustrated as follows. Some elementarytigas” remain stable,
when they are trapped in some "potential pits”,ibdtee States they disintegrate in a very shoret Such captured "particles"”
are more macroscopic (i.e.," more 3-dimensionatl' thierefore more stable) rather than free, but moceoscopic (i.e. more
"multidimensional” and therefore unstable). Initidd, atoms are combined into molecules, crysttides, that is, large
"commands", and therefore acquire the ability &bk localization in three-dimensional space.

It is here where the possibility of conceptualizématio-temporal relations of the macrocosm: thiktyato stability that is, to
show the properties of the spatial-temporal loegidn, which is not characteristic of a microcogmnd the result formulated as
the existence of a (3+1)-condensate on the backdrotithe "primary cosmic broth" in a state of wat "sea of probability".
The phenomenon of decoherence also allows us neixand deepen two-phase concept of matter. Déeoripf the
elementary model presented in this article.

Apparently, the allocated basis of W. Zurek asslitnas the frame in classical procedure of measaet, that is formation of
spatio-temporal macrocharacteristics?

In general, itis this, but with some clarificat® Moreover, the possibility of bringing the dépsnatrix to the jordanian form
(to block-diagonal), allows us to hope for thegfreentation of the quantum system with preservaticthe phase
correlationships between the subsystems descrilyirige matrix blocks, which is a "transparent" hmtmodel with the "wave-
pilot" de Broglie-Bohm. And in general, the posstilf factorization of the density matrix in a slariway " lies in the plane”
of the solution the problem of separation of theerent quantum system into its component subsysiiéihgeasible).

The latter note allows to divide system paramdteoscontrollable, preserving the coherence (er&angnt), and uncontrolled
(unknown, destroying entanglement). This circumstagives the opportunity to “raise" the entanglentie® small group of the
monitored parameters to theeso-and macrolevels and, at the same time, to exfhailisappearance of coherence in a large
group of uncontrolled parameters.
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On topological phases of matter
(the formation of the image (3+1) and localizatiorof spatio-temporal relations)

The current situation of the search for the essefispace-time relations resembles the early
history of the search for the essence of "phlogistewhich was resolved by the statistical theorgdibs
ensembles and the definition of thermodynamic cptscand, in particular, the concept of temperatisre
the average kinetic energy of the ensemble. ltilegossible that the spatiotemporal relationsatge
an average of the eigenvalues of the quantum obpesttors.

The transition from the microlevel descriptiortleé evolution of the system to a macrolevel
observation should be similar the transition ia tanner of the description transformation of aotic
multiparticles Gibbs's ensemble with many micrapagters into a description, for example, of a gas
enclosed in a certain volume with temperature,quies heat capacity-that is, with a very limitedntwer
of macroparameters.

The need to raise the question of two-phase mgites back to the works [6,9].

"Rising" frommicro-to macro-in the description of physical phenomena, it ffiailt not to
note the peculiar phenomena obhdensatiohand 'localizatior’ of matter, not peculiar to the material
objects of quantum mechanics.

(3+1) -"condensation™

(3+1)-space-time “condensation” of matter in thhecpss of evolution takes place against the
background of gravitational and electromagnetitdfién the environment of more universal interatsio
of "the general primary bouillon". At the same tinmaultidimensional, uncertainty and fluctuations
remain in the description of the microcosm, andlj3space-time dimension and determinism reach the
levels ofmacro-andmega-descriptions. The entire universe must then begmted in the form of two-
phase coexistence. At the same time, multidimeasiomncertainty and fluctuations remain in the
description of the microcosm, and (3+%kpace-time dimension and determinism reach thdslesfe
macro- and mega-descriptions. The entire Universe must then beegntesl in the form ofwo-phase
coexistence.

And indeed. In classical physics such phenomendmnasvn: in the gravitational field described
by the law of a world gravitation, there are steathysed trajectories. This makes possible thelestab
existence of planetary systems. This result idyedsrived from the 3-dimensional Laplace equatifans
the gravitational field potential. In a theory fiam to Newton's and describing phenomena in spdice
different dimension, it is natural to expect tha¢ potential of the field will satisfy the multidensional
Laplace equation. In the spacerofmeasurements the gravitational field potential @l proportional to
the value:

p~1/r"72,

and the strength of the interaction value:
F~1/r"1,

It is with the law of decreasing the potential adoag to (1) that the main feature of the three-
dimensional space, noted by Kant, is related: thi#soof physical bodies in the newtonian gravitaéil
field in the euclidean three-dimensional spacestable alh < 3 and unstable at > 3. Ultimately, this
means that it is impossible to have a long-terrsterice of planetary systems around stars in hypodhe
spaces with dimensions greater than three. A simidsult remains valid in GRT for space-time
dimensions greater than 4=(3+1). This follows frtma analysis of the equations of geodesic lines on
which the planets would move in the spherical sytimdéelds. The noted features can be attributed t
themacro-andmega hypostases of the existence of the real world.
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In the microcosm there are also similar reasortsdiséinguish three-dimensional as a stable form
of existence of matter: only in the space of thi@ed less) measurements possible stable existdnce o
atoms. For the spaces of large dimensions fronstheodinger equation with Coulomb's potential ef th
form (1) follows: states with negative energy lev@dounded states) or may not exist at all, or tegya
energy levels extend to a value equal to minusityfi The latter means that for any energy lever¢h
will be exist an even lower level and electronssuth systems will fall, emitting energy until their
complete disappearance. This means that theredtabte state for the substance.

It is widely believed that these circumstanceskanseto the conclusion that there is no alternative
to the three-dimensional reality. However, thestsfalo not contradict a different conclusion: tineerse
square law distinguishes sustainable “condensdtiiecexistence of matter in 3-dimensional macrotos
of our world and the world itself is typical, aak two-phase coexistence: “3-condensate " amoag th
less differentiated thgramatter. "3-condensation “is realized with the dingarticipation of gravitational
and electromagnetic fields, which are the” sumimaofe elementary and fundamental interactions. iBhis
the general essence of the phenomenon of 3-dimeisio

On the example of the phenomenon of Kaluza [4] genkralizing the above, it could be noted
that the unification of the interaction fields iscampanied by an increase in the dimension of the
physical configuration space the arena of the action of these fields, but gediftiation of fields and
the allocation of individual-reduces the dimensadrspace, that is, narrowspologicallythe sphere of
possible manifestation of its presence. In fagbeauliar principle of preserving diversity, expmssn
the beginning of the last century by the wordshaf famous classic about the inexhaustibility of the
electron, as well as the atom, works. Anyway, tentlensed" matter has a 3-dimensional spatial image

With hindsight we can say that the process of “emsation” of matter to date ended (?) of 3-
dimensional object localizatich. Stable three-dimensional formations have " sewitto the present
day in the form of visiblenacrocosmand possibly other "virtual” worlds. In a staplease of the visible
macrocosm co-exist, and we live. Unstable multidisienal constructions, however, did not disappear.
They make up thenicrocosmof the prime mattervery strange, probabilistic and uncertain (weakly
structured).

Thus, against the background of electromagnetic (nter) and gravitational (space objects)
fields, the universe acquires the image of a varig{3+1)-dimension.

(3+1) - "localization”

The causes of localization of the substance caiillligtrated as follows. Some elementary
"particles™® remain stable as long as they are locked in pialepits, but in the free state they
disintegrate in a very short time. Such a lockeattiple “turns out to be more microscopic (that impre
three-dimensional”, and therefore more stable) tfram, which is more microscopic (that is,” more
multidimensional”, and therefore unstable). Furtlaéoms, united in molecules, crystal lattieeshat is,
large groups, acquire the ability to stable loclan in 3-dimensional space.

It is in this case that arises the possibilitytleé conceptual formulation of the spatio-temporal
relations of the macromere — stability and theitgbib manifest the properties of spatial and terapo
localization, that is, those properties that anesuial for the microcosm, and the result itselbigrfulated
as the existence of (3+1)-condensate against tlek&glaund of "virtual sea of probabilities”. The
phenomenon of decoherence allows us to expand a&eged the two-phase concept of matter.
Description of the elementary model is presentedtticle [9].

° ) From the point of view of dynamic evolution of tbaiverse from some singular beginning (for exampgT)
19 we deliberately quoted the word "particle” becaigee are no classical particle properties ingiientum mechanics of
objects.
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Decoherence in the formation of spatio-temporal retions

This question relates to leveling (smoothing) v&gtum superposition, entanglement and of the
uncertainty principle, in the words of W. Zureto-formation tight bodies .

Let's consider a quantum "particle", located ia #mvironment of its surroundings. We start
discussing the situation with the words W. Zure®, [ 12]:

"A tractable model of the environment is alfmt by a collection of harmonic
oscillators(Feynman and Vernon (1963), Dekker (39&hldeira and Leggett (1983, 1985), Joos and
Zeh (1985), Paz et al. (1993) or, equivalentlyabyuantum field (Unruh and Zurek (1989). If a peldi
is present, excitations of the field will scattdf the particle. The resulting “ripples” will congtite a
record of its position, shape, orientation, andesg and most important, its instantaneous locaaod
hence its trajectory” ...

... "A boat traveling on a quiet lake or a stohattfell into water will leave such an imprint on
the water surface. Our eyesight relies on the pbedtion left by the objects on the preexistingestatthe
electromagnetic field. Hence, it is hardly surpnigithat an imprint is left whenever two quantunmeys
interact, even when “nobody is looking,” and evemew the lake is stormy and full of preexisting veave
and the field is full of excitations—that is, whba environment starts in equilibrium at some @nit
temperature. “Messy” initial states of the enviroant make it difficult to decipher the record, botribt
preclude its existence" ...

In the two-phase model of matter, decoherence martonsidered as a kind of part of the
mechanisms of "condensation” and "crystallizatinom the primary matter into the tight bodies of
macroworld, and the theory of decoherence allowstaugalk about the environment (pramatter),
characterized by its internal parameters, in witehtight bodies of macroworld are formed.

In the article by W. Zurek [10] provides an eqaatwhich resembles the equation of evolution in
the Heisenberg picture for the dynamic observed.

The motion equation fol# (p, x) - particles" associated with the environment espnted as:

.
. - y -
aiz_ﬁ a_r[’+a_i:i|'f’+ ::}rip'n" + DO-'T:
at m o ox dp dp dp”
S U
Liowville Equation Friction Decoherence

and the equation itself can be obtained from theession for the density matmix(x, x"):

Fon Neumann Equation Relaxation Decoherence
j ) d d Yoy miykpl 2
: i
p= ——|H.p - x—x)—- } = — x—x)°
e o= 2-2 T (e
p=—FORCE=VV P=—1p Classical Phase Space

However, can the description of the decoherencehamsm by W. Zurek be considered
exhaustive to describe the transition from quartiugory to classical mechanics?

In the last expression, the derivative by timgrissent as an algebraic operation (commutator

[H, p]), but it also contains the expressfpéj;, which is the momentum operator, but not in ayelhiaic

form — in the coordinate representation and is in paipblogy; in addition, there is also the operator o
coordinates in the momentum representatigip. Mathematics ob-function was applied for this
purpose. However, the mathematical analysis dog¢sancept it in the "dress code" of traditional
continuity. This determines the degree of gengralitthe reasoning of W. Zurek in part of the titios
from quantum mechanics to classichhere are no point features in quantum mechanicsThus, an
important moment of realization of the possibiltfytransition from Hilbert's space into phase space
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the basis of real (3+1)-macrospace of classicasipByand conceptual description of this transitisimg
the principle of correspondenci8] — cannot be considered complete. It is quite natilna these two
phases of matter should be described not only thgrdint concepts, but also by different topolodies
example, they differ in their most important chaeastic - dimension). In this respect, it shoutrinted
that the application of thprinciple of correspondenci the transition from quantum formulations to
formulations in Hamiltonian formalism requires aoprr introduction (3+1)-the classical image of the
space-time relations directly into quantum mecha(géoordinate representation).

However, answers to the localization processescaged with spatio-temporal splitting of
coherent quantum objects and their fragmentatiom tight and independent component parts can be
obtained in part explain the mechanisms of decolveref W. Zurek

The essence of his idea is the following: the Ganghase of the composite system between the
components included in the initial superpositionSthtes "W(p, x)-particles" dissipate in degrees of
freedom of the environment, reducing and elimirgtimierference and, thereby, diagonalizing the idgns
matrix, which then can represent a mixture of Statéth classical probabilities without interference
terms. This eliminates the quantum superpositiaheartanglement of States. The increase in theofize
the elementary cell of the phase space of the myktads to the possibility to neglect the uncetyaof
Heisenberg and pass through the quasi-classitiétoassical description of the systems.

The essence of his idea is the following: the ganghase of the composite system between the
components included in the initial superpositionstdtes "W(p, x)-particles" dissipate into degreés
freedom of the environment, reducing and elimirgatimerference and, thereby, diagonalizing the itgns
matrix, which then can represent a mixture of statéth classical probabilities without interference
terms. This eliminates the quantum superpositiahemanglement of states. The increase in theasize
the elementary cell of the phase space of the myktads to the possibility to neglect the uncetyaof
Heisenberg and of pass through the quasi-clagsithé classical description of the systems.
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V.A. Kasimov. Emergence of spatio-temporal certainty (1+2+3)-English

Abstract

The well - known philosophical formula: "Space dinte are universal forms of existence of mattertds us to
introduce several levels of representation of cumwledge about space-time relations, which weaaitiditionally
call "levels of ontologization" of our understandiof these relations. These levels can be considesentological
sections in the process of cognition of the essehspatiotemporal relations and the formationtuodit conceptual
certainty.

A simple example is used to model the processmbton of spatiotemporal certainty in the Leibagpect: the
transition from the quantum level (micro-) to tlegél of classical mechanics (macro-). In this regjave can talk
about the two-phase existence of matter. In additim attempt was made to outline the solutiorpats-time
problems after work: "Contextuality of one partictenlocality of two particles, entanglement, Weesl|
experiments with delay of choice, FWT and so ¢ji2].

The current situation of the search for the essari@pace-time relations resembles the early hystdthe search
for the essence of "phlogiston”, which was resolwethe statistical theory of Gibbs ensemblesd#faition of
thermodynamic concepts and, in particular, the epof temperature as the average kinetic enerdleof
ensemble. It is quite possible that the spatioteaipelations are also some averages from the ergéres of the
quantum object operators.
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" OHrosgorn3anua’ D

UzBectHass ¢uiocodekast  dopmyrna:  mpocmpancmeo u  @pems - gceobwgue  popmbl
cyuecmeosanusi Mmamepuu, 3acTaBisIeT HaC BBECTU HECKOJBKO YPOBHEW MPEICTABICHUS HAIIMX 3HAHUH O
MIPOCTPAaHCTBEHHO-BPEMEHHBIX OTHOIIEHHUSNX, KOTOphIE MBI OyJeM YCIOBHO Ha3blBaTh YPOBHAMU
OHTOJIOTH3AIIMKM HAIETO IOHMUMAaHWS HJTUX OTHOIICHWM. ODTH YPOBHM MOXHO paccMaTpUBaTh Kak
OHTOJIOTHYECKHE CPE3Bl B MPOIECCe MO3HAHMSA CYIIHOCTH MPOCTPAaHCTBEHHO-BPEMEHHBIX OTHOIICHUH U
CTAHOBJICHUS UX MOHATUWHOMN OMpPeeIEHHOCTH.

HyseBoii ypoBeHb. YPOBEHb OTPAXKEHUS 6ceoOvbemniowe2o Ovimus W CYWHOCMeU, €ro
Hanonusromux. Ha HyneBoMm ypoBHe ontoiorusauuu Mup (Mup = Bcenennas, o onpeneiaeHunio), KaKk
LIEJIOCTHAs CYIIHOCTh (VHu6epcym), He MMEET HU Hayaja, HM KOHIIA, HM BO3PACTa, U CYLIECTBYET BO BHE
MIPOCTPAaHCTBEHHO-BPEMEHHOM  aCIEKTE, IMOCKOJIBKY JTO NEPBUYHOE TIIOHATHE, BBEAEHHOE MO
MOCJICTYIOMICH (haKTOpH3AITHH.

IepBriii ypoBens. KoHlenTyanbHas e onpee€HHOCTh BCCOOBEMITIONIETO OBITHS HAYUHACTCS
¢ ero Qakropuzanuu Ha cyujecmeosanue (MPEATEYH MPUIMHHOTO WM BPEMEHHOTO YIIOPSIOYCHHUS
COCTOSIHMI CYIIIHOCTH B CTAHOBJICHHHM TMOJ BIMSHUEM JPYIHX CYIIHOCTEH) U cocywecmeosanue
(mpenTeun MPOCTPAHCTBEHHBIX OTHOIIEHHH, TO €CTh HE3aBUCHMOTO MPUCYTCTBHUS CYIIHOCTEH B MUPOBOM
CYIIECTBOBaHMM 0€3 B3aMMHOTO BJMSHHS [pyr Ha japyra). Ha 3ToM ypoBHe OmNpeaeséHHOCTH
CYIIIECTBOBAHUS B M3MCHECHUHU (PBONIOIMHK) U COCYIIECTBOBAHHS 0€3 B3aMMHOTO BIMSHHUS MOXKHO YXKe
TOBOPHUTH M O QU3HUYECKOM BO3HUKHOGEeHUU CYITHOCTEH ( MUPOB), UX HE3aBUCHMOM COCYIIIECTBOBAHUH U
0 KOHye TIpeOBIBAHMS B OBITHH.

Bropoii ypoBenb. OTAeIMMOCTS U Pa3IUIUMOCTh OOBEKTOB B HHANBUAYAIFHOM CYIIECTBOBAaHUU
¥ COCYLIECTBOBAaHWH (HAIpUMep, MBICICH B TOJOBE WHIMBHIA; KBAHTOBBIX OOBEKTOB, KaXIBIH M3
KOTOPBIX ONHCHIBACTCSI SIMHOW BOJNHOBOW (DyHKIMEW (BKJIIOYAs "MHOrOYAaCTHYHBIC'CHCTEMBI); OpaH B
HPOCTPAHCTBE OOJBLICH Pa3MEPHOCTH H T. [.). XOTS pa3IMuUMOCTh U OTICIMMOCTb CYIIHOCTEH 31eCh U
(GUKCHPYIOTCS,, TEM HE MEHee, CTENEeHb OJIM30CTH WM TOIOJOTUS OTHOLICHHWH OOBEKTOB HE
(hopmanmsyercs.

TpynHo comHeBaThCS B (PEHOMEHE CYIISCCTBOBAaHHS MBICIEHl B ToyioBe demoBeka. Cama e MBICIB
NPEJCTABISET COOOM HEKHMH HEHPOXMMHYECKHMI IPOIECC, KOTOPHIA HMMeeT Hadajao (BO3HUKHOBEHHE MBICIIH),
SBONIOIIMOHUPYET (pa3BUBACTCA) W 3aKAHUMBACTCS HEKMM OQGOPMIICHHEM pE3yJbTaTa pPasMBINUICHUS B BHIC
OTIpeNIeNIEHHOTO BBIBOZA, TOTOBOTO JJIS NMPHHATHS HEKOEro pemieHHs. HecKombKo MBICIEH B TOJNOBE MOTYT H
COCYIIIECTBOBATh, XOTSA WX JIoKamm3amus d>¢eMepHa u mpuspadHa. OIHAKO MOXKHO TOYHO CKa3aTh, YTO MBICIH
Pa3HBIX JIOJCH JIOKAJM30BaHBI B Pa3sHBIX YEPCIHBIX KOpoOkax. Ha 3ToM yacTHOM mpumepe, Mbl WLIFOCTPHPYEM
BO3MOYKHOCTh CYIIECTBOBAHHUS OTIEIMMBIX U PA3IUYUMBIX CYHIHOCTEH B CYIIECTBOBAHHUU M COCYILLIECTBOBAaHUH, HO
HE COBCEM B MIPOCTPAHCTBEHHO-BPEMEHHOM AaCIIEKTE.

Tpernii ypoBensb. CoBpeMeHHOE COCTOSIHHE (HU3UKH Pa3indyaeT TPH WUIOCTACH (PU3HMYECKOTO
ObITHA 711 OTAEIMMON CYIIHOCTH BTOPOIO YPOBHS: MUKPO-, Makpo- U meea-. OHU NPEACTaBJIAIOT Ha

CErOHANIHMIT IeHb OCHOBHBIC H3BECTHBIC "Uepapxuueckue” ypOBHH OPraHU3aIii MATCPHUZ.

1) QOwuronmormsamms - Quuocodekoe 0GoGmeHHe. B pesylnbTaTe OHTONOIM3AIMM SBICHHE WIM CYUIHOCTH IOTYYalOT
Mmeradusuueckuit craryc. 31ech TEpMHH "OHTOJOrHM3auus” HCIOJb3yeTcsi He B 00ImedurinocohckoM 3HAYCHHH, a TOJIBKO B
¢duznueckom cmsbicie. [ToatoMy B nanbHeleM Mbl OyieM OIycKaTh KaBbIYKH IIPH UCHOJIb30BAHUH STOTO TEPMHHA.
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C caMbIX JpEBHHX BPEMEH CUUTAJIOCh M CYUTACTCS, YTO (hM3MKAa — ATO HAYKa O TOM, YTO MBI BHIHM,
HaOJIOIaeM, TO €CTh O TOM, YTO B M3BECTHOM CMBICIIC SIBJIICTCS MPEAMETOM MAKpPO-. A CMBICI PalOHAIBLHOTO
no3HaHus [Ipupombl COCTOWT B TOM, YTOOBI TOBOPHUTH, OOBSCHATH M INPOTHO3UPOBATH "BUAWMEBIE" SBICHUS B
COOTBETCTBHHU C ONMBITOM. OYEBHAHO, YTO B ITOM Cly4ae KOHLEIIUH MUKPO- U Me2d- JOJDKHBI ObITh 0053aTelIbHO
" CIIpOEIUPOBAHBIT Ha MaKkpo-. B 3TOM M COCTOUT CYTh npakmuueckozo u yeaegoeo mo3Hanus [Ipuposst
YeJIOBEYECKUM Pa3yMOM.

I'HoceoslorHYecKue aceKThl TPEThero ypoBHs
(acriekThI IpeICTaBICHNUS 3HAHUIT)

[epBrrii. Ousznyeckoe OTPaKCHHE PEATHHOCTH C TOYKH 3peHUS (QUIOCOPCKON KOoHYenyuu
OdesimeNibHOCmY - 3TO TIPOCIUPOBAHUE MUKPO- U Me2d- HA MAKPO-.

Btopoii. Ha kaxmom wuepapXWdecKOM YpOBHE IS NMPHYMHHO OOYCJIOBJICHHBIX (DparMeHTOB
XapaKTEpHBI CBOM 3aKOHOMEPHOCTH, OIMCHIBAEMBIE CBOMM S3BIKOM C YYETOM YPOBHS OHTOJIOTH3ALUU U B
paMKax CBOETO IMOHATHIHHOIO armapara.

Hamék. C nomomipto TepmutoB 2" u "moaropa” (1.5) MOXKHO BecbMa KOMIIAKTHO BBIPa3UTh HOHsATHE "3
"3" - samo ecmv "normopa", ezimoe 0séa pasza. O0O3HAYMM TAaKON CIOBapHBIA 3amac, Kak s3wik 1. OmHaKo,
MOMOIIBIO TepMKHA "3" HaM HE yJIacTcsi KOHEYHBIM M 3aKOHUCHHBIM 00pa3oM JiaThk omnpezesieHue nousatus 2", nbo
6eckoHeunyto 1podb 0.66666.. Henb3s BOCIPON3BECTH CIOBAMH. DTOT CJIIOBAPHBIN 3amac 0003HaYMM Kak S3bIK 2.
MsI BUAMM, YTO JUIS BBIpAKCHHS MOHATUS "2" B sA3bIK 2 TpeOyeTCs BBECTH KaKHe-TO HOBBIC MOHATH. OmHAKO
rapaHTHH TOTO, YTO Yy HAac HE MOSBATCS OYEPEAHBIC HIOAHCHI B CBS3M C TOSBICHHEM JTHUX HOBBIX IOHSTHH
OTCYTCTBYIOT. Takum 00pa3oM, BEIPa3UMOCTb WIIH 661800UMOCHIb TIOHATHI Ha OJHOM S3BIKE BIIOJHE MOXKET OBITH
HECOIOCTaBMMOIl ¢ BBIPa3MMOCTBIO HIJIM BBIBOJMMOCTBIO 3THX )K€ IIOHATHH Ha JPYroM s3bIKe. AHaJIOTHYHBIE
IIOCTAaHOBKHU 3a/lad 8bl600UMOCMU €CTh W B CTPOTOMl MaTeMaTHKe. B (POPMAaJbHBIX JIOTHYECKHX CHCTEMaX OHH
MIPEICTaBJICHBI, HAPUMED, meopemamu evleooumocmu Tapckoro, I'énens.

Takum 00pa3oM, CTAHOBUTCS TOHSATHBIM, YTO TOBOPUTHh Ha MaKpOSI3bIKE, HAIIPUMEpP, O BO3pacTe
BcenenHol, kak XapaKTEpUCTUKE METaoObeKTa MPUAETCS JO0Nr0, HEOMPEISIIEHHO U, CKOpee BCEro,
HENIPOLYKTHUBHO.

AHanoruyHasi CHUTyalusi BO3HHKAeT W C SI3bIKAMHU OITMCAHUS HA BCEX TPEX HEPapXUUECKUX
ypoBHsiX. C W3BECTHOW CTENEHBIO BOJIBHOCTH MOXKHO CKa3aTh, YTO HEKOTOPHIC "HCTUHBI OJHOTO
UEpPapXUICCKOTO YPOBHS "HEBBIBOJUMBI' WM "'HEITOHMMAaeMBI' Ha APYTOM ypOBHE. SIpKUM NpuUMEpOM
3TOMY SBISIETCS W BONPOC O Bo3pacte BceneHHOH: Ha s3bike Makpo(U3WKH MBI 3a7aéM BOIPOC K
00BEKTY, KOTOpHIH emE He WIACHTU(QHUIMPOBAH B MPUYMHHOW YHOPSIOYECHHOCTH CYIECTBOBAHHMS.
AHAIIOTUYHBIA BOIPOC TI0 OCMBICICHHOCTH €r0 TMOHUMaHHS JJIsI MUKpOOU3UKU: Kaxosa pazmeprocmb
npocmpancmea’? ITo UMEHHO T€ BOTPOCKHI HAPSAY U C IPYTHMH, KOTOPBIE UMEIOT BIIOJTHE ONPEICIIEHHBIN
CMBICJT TOJIBKO JIJTSI MAKPO(PHU3IUKH.

Tperuii. Heo6X0AUMOCTh CO3MaHUST HEKOETO METasi3bika, OOIIEro Ui BCEX HEPAPXUUCCKUX
YPOBHEH, M CPEJCTB KOHBEPTAIIUH MU TPAHCIISIIIUH SI3BIKOB OMUCAHUS C OJTHOTO UEPAPXUUECKOTO YPOBHS
Ha apyroii. Pasymeercs, BEIPa3UTEIILHOCTh METasA3bIKa OyaeT HaMHOTO OemHee (0 KOHKPETHKE) SI3BIKA
OTJCIBHOTO HepapXudecKoro ypoBHs. OHAKO, OHTOJOTH3AINS (PU3UUCCKUX TOHATHH KaXI0T0 YPOBHS U
BBIBOJI MX HA METAyPOBEHb IIOHMMAHHS - 9TO HEOOXOIUMOCTh B ITPEOIOIECHUN CETOAHSIIHETO KPHU3UCa B
¢usuke. CeromHs pojib MeTas3blka TMPEACTABICHHUS OOIIMX 3HAHWN HWIpaeT A3BIK (UIOCOPCKHX
0000111eHN1, .

KuaroueBoe cjioBo " cymecmeyem”. Tlog TepMuHOM cyuyecmsyem CleAyeT TOHUMATh PE3yIbTaT
OHTOJIOTH3AIMY OTHOIICHUS CO3HAHUS K BceoOheMITIoneMy ObITHI0. CaMo K€ 3TO OTHOIICHHE BO3HUKACT
KaK OTpakeHue (pparMeHTa MaTepHaILHOTO OBITHS B CO3HAHUHU. OTHOIIICHUE YK€ OBITHS K CO3HAHUIO WIIH

2 C110BO "MepapXuueCKHe MBI HAMEPEHHO B3SIIH B KABBIUKH, TIOCKOIEKY 00 YCIOBHOCTH €r0 HCIIOIb30BAHHS CBHICTENLCTBYIOT
H3BeCTHBIE (DAKTHI: Pe3yNbTaThl SKCIEPUMEHTOB A. Acmeka OOHapyXHBAIOT HENOCPEACTBEHHYIO CBSI3b MHKPOYPOBHS C
MeraypoBHEM, MHHYsS MakpoO-; BO3MOXKHOCTH IOSIBIICHHS CHHIYJISAPHOCTEH B pemieHusx I uipbepra-DiiHuiTeiiHa (CBS3b
MeraypoBHs ¢ MHKPOYPOBHEM, OIITh-TaKH, MUHYs Makpo- ). Takum 06pa3oM, OTHOLICHHS MHKPO- M Mera- MOTYT HMETh U
HETOCPEeICTBEHHBIN XapakTep, HapylIas HepapXUI0 BXOIUMOCTH M TOTYNHEHHOCTH.
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CO3HAHUA K OBITHIO - npeaAMET OCHOBHOI'O BOIIpOCa (1)I/IJ'IOCO(1)I/II/I, KOTOpBIﬁ B MAaTCpUATIU3MC PCIIACTCA
OIHO3HAYHO: Mamepus - nepeuiHa, CO3HaHue - 6MOopuU1HO.

dakT cymecTBoBaHUS (PUKCHpPYETCs CO3HAHMEM JIMOO HEMOCPEACTBEHHO Yepe3 HAIllM OPTaHbI
YyBCTB, JHOO KOCBEHHO uYepe3 CHENHWaNbHBIA WHCTPYMEHTApHH, TpeIHa3HAaYeHHBI M O3TOTO.
[ocpemnukoM mexay ¢dukcanued Qakrta CyliecTBOBaHHMS ()parMeHTa OBITHS ¥ OTPAKCHHEM €ro B
CO3HAHUU BBICTYMAIOT COOTBETCTBYIOIINE TCOPHH.

Jlokaszath (akT CyIIecTBOBaHHS MOXKHO TOJBKO 3MITUPUYECKHM IMyTéM. B cooTBeTcTBHH ¢
WHIYKTUBHOW JIOTUKOM, 0OpaTHOE HEBEPHO: J0Ka3aTh (PaKT HE CyIIECTBOBAHUS HEBO3MOXHO. BakHbIN
METO/IOJIOTHUECKUI  aCTeKT: 2080puUmb MONCHO MOALKO O CYWeCmYIouux eewax, nbo pasroBop o
HECYIIECTBYIOIIEM - 3TO KaK WCIIONb30BaHUE HYJS B apudmeTrke: 4ToOBl MBI HE YMHOXAalld Ha HYJIb,
pe3ynbTaT Bceraa OyaeT OAWH - HyJIb!

B03M0:KHOCTH OHTOJIOTH3AIIUM TPOCTPAHCTBEHHO-BPEMEHHbIX OTHOLLICEHU I

PaccMoTpuM ~ BO3MOXKHOCTM ~ HAJCNIEHUS  MPOCTPAHCTBECHHO-BPEMEHHBIX  OTHOIICHUH
(HUI0COPCKUM CTaTyCOM BCEOOIIHOCTH OBITHS.

[lepBoe, 4T0 HEOOXOOMMO OTMETHTH. BrIlie ObIIO OKa3aHO, YTO NPOCTPAHCTBEHHO-BPEMEHHBIC
OTHOIIICHUSI BO3HUKAIOT TIPU (PaKTOPU3AI[MH BCEOOINEro ObITHS HAa CYNIECTBOBAHUE M COCYIECTBOBAHUE
MHOECTBA OT/ICITUMBIX M PA3TUIUMBIX cymHOCTel. OTCI0a OJIHO3HAYHO CIIEyeT, 4To cama Bcenennas,
Kax eOuHbvlll YHusepcym, cyujecmgyem 60 6ne NpoCMpancmeeHHo-epemennom acnexme. [lostomy Her
CMBICJIa TOBOPHTH O €€ BOSHUKHOBEHUM WJIH O €€ KOHIIE, M HET CMBICIIA HAJICNIATh BCeNeHHY 0 KaKMHU OBl
TO HU OBLIO pa3MepaMu Wi GpopMamu. ITO e MOKHO CKa3aTh U APYTHMH CIIOBAMH, UCHIONB3YS OHITUS
seuHocmu W Oeckoneunocmu Kak "QUTypel peun': Bcenenuas eeuna u OecKoHeuHa 60 6cex C80uUX
nposenenusx. Ha 5ToM ypoBHE OHTOJIOTH3AITHH TTIOCTAHOBKY 3374 ¢ "HAaYaJIbHBIMH YCIOBHUSAMH HE MOTYT
OBITh KOPPEKTHBIMH. JTO MNepPBblii "KaMeHb' B OHTOJOIHYECKYH) MOIeIb INPOCTPAHCTBEHHO-
BpPeMEeHHbIX OTHOIIEHHii, YTO OCTABJsIET HAC NMPH paccMOTpeHHH BcelieHHOH, Kak 00beKkTa, Ha
HYJIeBOM YPOBHE OHTOJIOTU3AIHUH.

Konnenmus mpocTpaHCTBEHHO-BPEMEHHBIX OTHOIICHUH OEpéT Havauo B KiIacCHYeCcKou (pu3uke,
KOTOpasi, KaKk H3BECTHO, TMPEACTaBIseT MaKpOYpPOBHEBOE OIMCaHWe (U3NYECKUX SIBICHHUHA. 3/1eCh
MPOCTPAHCTBEHHBIE  OTHOLICHUS OTHAEICHBI OT BPEMCHHBIX! TPEXMEPHOE MPOCTPAHCTBEHHOE
MHOT000pa3ue COenuHSETCS C OJHOMEPHBIM BpEMEHHsIM, 00pa3ys 4UYeTBIpEXMEpPHOE JeKapTOBOE
npousBeqeHune. Tormomorndeckas: CBsI3b MPOCTPAHCTBEHHBIX M BPEMEHHBIX OTHOIICHHWU OMHCHIBACTCSA C
IOMOIIBI0 M3BECTHOW (QopMynsl: dF = Vdt . B NOIy4eHHOM 4YETBIPEXMEPHOM MHOTOOOpasuH
UCIIONIB3YETCS 00IIas ToueuHO-MeTpruecKas kiaaccuueckas romonorust (TMK-mononozust). Bo3MOXHOCTE
BBeneHUsT TMK-mononocuu  OCHOBBIBA€TCS HA  NPEINOJOXKEHHH  OECKOHEYHOW  JEeTMMOCTH
MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHUM, TO €CTh Ha BO3MOXKHOCTH MPEACTABICHUS OTACIUMBIX U
pa3M4uMBIX cyimHocTedl O-pa3MepHBIMH TPOCTPAHCTBEHHBIMH TOYKAMH W MOMEHTAMH BpPEMCHH.
WHTepBaibl BpeMeHH U ITHHBL, (JOpMATH3YIONTHe OIH30CTh TOUeK — (DU3HYECKU U3MEPHUMBI C TIOMOIIBIO
HE3aBUCUMBIX JTAJIOHOB JJIMHBI M BPEMEHH U TIOSTOMY MOTYT OBITH CpPaBHHMEI MEXIY COOOW MO HX
BelMuuHaM. B a3tom cocrouT cytb TMK-mononocuu nexkapToBa IPOMU3BEACHHUS TPEXMEPHOIO
MPOCTPAHCTBEHHOTO MHOT000pa3us W OJHOMEPHOTO BPEMEHHOTO, B OCHOBE KOTOPOW Ha MaKpOYPOBHE
JEKUT CEBKIMJ0BA METPUKA KakK Uil TPEXMEPHOTO MPOCTPAHCTBEHHOTO, TaK W ISl OJAHOMEPHOTO
BPEMEHHOTO MHOT000pa3uii. Bo3MOXXHOCTh €€ BBEJeHHS OCHOBBIBAETCS Ha ampOKCHMAIlMU 3a7ad C
XapakTepHBIMU JUIMHAMM W HHTEpPBajJaMd 3HAYUTENIbHO NPEBBIIAIOIIMMU aTOMHBIC. B Hamiei
KIaccu(UKAIMY KIaccuueckoil ¢puznke GyaeT COOTBETCTBOBATHL TPETHi YPOBeHD " OHTOIOrH3anuu"
B MaKPOMIIOCTACH.

Bosmoxno nu mpomomkenne TMK-mononoeuu Ha papyrue uepapxuueckue ypoBHH? Kax
W3MEHSIOTCS TPOCTPAaHCTBEHHO-BPEMEHHBIE MAaKpPOMPEACTAaBICHHUS TMPH Iepexone K ¢parMeHTaMm
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BCeOOIIETO OBITHS B CMEXKHBIX HWIOCTACAX: MUKpO- U Mme2a-? Ymo  0ondcho 3auames mecmo 6
OuHamuueckux ypasHenusx keanmogou mexanuxu u OTO emecmo 1 u t?

MOXHO O0XHUAaTh, YTO B KBAaHTOBOW TEOPUHM OTO OYAYT CTATUCTUYECKUA YCPETHEHHBIC
KOMOWHAIIMA COOCTBEHHBIX 3HAYCHUH OIEPATOPOB JIWHAMHUYECKON anreOpsl, KOTOpBIE OyIyT
ACUMIITOTHYECKH MEPEXONTh B MakpomapaMeTpsl I' 1 t kiaccudeckoi ¢usuku. [Iponenypa ycpeaHeHus
JIOJKHA COTPOBOXKIIATHCS BO3HUKHOBEHUEM 3(dekTa "KoHaeHcanmuu' THIBOSPTOBa IPEICTABICHUS B
MPOCTPAHCTBEHHOE TpPEXMEPHUE M MPOSBICHHEM BO3MOKHOCTH IPEACTABICHUS (IPHUOIMKEHIS)
MaKpOIIPOCTPAHCTBEHHO-BPEMEHHBIX ~ OTHONIEHWH C  HWCIOJb30BAaHMEM TOYCYHOH JIOKAIHM3AIlWY,
ONHMCHIBAEMON B paMkax TpéxmepHoit TMK-mononocuu [4]. OOHaKO H3BECTHO, YTO TIPH
pacipoCTpaHEHUH AaCHMIITOTUKM 1O MeEraMaciiTaboB — Hcue3aeT (pu3nveckas METPUYHOCTh IJIMH U
WHTEPBAJIOB BpeMEHHU MO oTAeiabHOCTH. OcTaéres nuib WX KoopAuHATHas ad(UHHOCTH (TMHEHHAsS
YIIOPSAIOYEHHOCTH KOOPANHAT COOBITHIA).

Bomnpoc BompocoB: Ymo modcHO ckazamb 0 NPOCMPAHCMBEHHO-BPEMEHHOU MONOA0cUU 8
K8AHMOBOM Mupe u yem ona omauyaemcs om TMK-mononoeuu?

[Tepsoe. [Ipexkme Bcero HamoO PEMIUTh podIeMy camoi mpuMeHuMOCT! TMK-monoaozuu. SIcHo,
YTO HCIONB30BaHUE Kiaccuueckoit TMK-mononocuu B KBAaHTOBOW MEXaHUKE MPUBOAUT K WU3BECTHBIM
napaaokcaM, MOCKOJbKY JUISi TOYEYHBIX TOMOJOIMYECKUX 00pa3oB (MOMEHT BpPEMEHH, MaTepHabHas
TOYKA), HEe OO0JIQJAIOIINX KIACCHYCCKUMU METPUYCCKUMHU pa3MepaMu, OOBCKTOB Ha MHKPOYpPOBHE HE
CYIIECTBYeT. DTa MapaJoKCaIbHOCTh KAHOHHU3UPYETCS COOTHOIICHUSIMH HEONPEACIEHHOCTH MEXKIY
UMITYJIbCOM YaCTHIIBI U €€ TOJIOKEHHUEM, MEXIY SHEpPrueil M BpEeMEHeM e W3MEpEeHHUs U IPyTrHMHU
KaHOHHUYECKH COMPSUKCHHBIMHM TIEPEeMEHHBIMH. bojiee Toro, (eHOMEHbI KOHTEKCTYaJIbHOCTH YACTHII,
CIIyTaHHOCTH M HEJIOKAIBHOCTH Y)K€ MOJTBEPXKICHBI SKCICPHUMEHTAILHO U CTAIN YacThio (PU3HUECKON
peanbHOCTH. Kak HaMm KakeTcs, MEPCIEKTUBHBIM 37€Ch SIBJSIETCS 3aMECHA CKaJSIPHOM KIIaCCHYECKOM
EBKJIMIOBOM MephbI Ha BEPOSITHOCTHO-OMEepaTopHbie Mepbl (BOM). B HacTosiee ke BpeMsi B KBAHTOBOM
MEXaHUKE HCIIONBb3YEeTCsl CKaJsIpHAask BEPOSTHOCTHAs Mepa. Hampumep, Ha BOIIPOC: Kakoe paccmosiiue
odicudaemcst medicdy cobvimuem ucnyckanus wacmuyvt (6 00HOM Mecme) u NO2NOWeHUsL eé 8 OpyeoM? -
OTBET OYyJIET TaKoii: C geposmuocmoio P smo paccmoanue 6Oydem pasuo L. A pe3ynbTaT penieHus Oynet
JIaH B BUJIE CKAIIPHOTO pacmpeaenaenus BepostHocreir P(L).

Bropoe. B cBsi3u ¢ mpuMeHeHWEM NPUHIUIA TOXIECTBEHHOCTH YACTHIl BO3HHMKACT JaJIEKO
HETPUBHAJIBHBIA TAPAJIOKC, CBSI3AaHHBIM C pa3IMYeHUEM YacTHIl. Benp, UTO Mmoiydaercs: B CHIYy DTOTO
MPUHIIAIIA MBI HE MOXKEM 3JIEMEHTApHO TOJICYUTAThH YUCIIO YACTHII, & BOIIHOBasT (DYHKITHS JUIS KOJUIEKTHBA
YaCTHII B 3TOM CITydae OJIHA, TO €CTh OHA OMUCHIBACT CJIMHUYHBIN KBAaHTOBBIH 00BEKT. Buaumo moaromy
MBI U HE MOXXEM COCYHTATh YaCTHIIBI OJHOTO aHcamOis. Henb3s MCKII0OYATh W BBIBOAA O TOM, YTO 3TO
OJIHA YaCTHUIAa HaXOAIIAascs Cpa3y B HECKOJIbKMX MecTax. M omsath "kamenw' B TMK-Tononozuio kak
Mepy OmHCaHHS OJU30CTH YACTHI] — OHA IMPOCTO-HAIPOCTO TepecTaéT padorars. Tomomorust OMu30CTH
Pa3IMYUMBIX YacTUI] OOHApPYKMBAET CTPAHHOCTH W B CBS3M C W3BECTHHIM mapagokcoM OIIP wim
pe3yJibTaTaMu SKCIIEPUMEHTOB AcIieKa.

Tperbe. OOuH W3 TIaBHBIX TOIMOJOIMYECKUX MapaMeTpOB — Pa3MEPHOCTHBIM mMapameTp AJid
MPOCTPAHCTBA BHIOMpAETCS KaK MaKpOCKONWYECKWH, paBHBIA TpéM. B pamkax ke camMoil KBaHTOBOWM
TEOPUH BEIMYMHA Pa3MEPHOCTH MPOCTPAHCTBA HE PETrIaMEHTUPYETCS.

Takum o0Opa3zom, 0000mieHHe M pacHpoCTPaHeHHe IPOCTPAHCTBEHHO-BPeMEeHHBIX
OTHOLUEHMIi 1JI 32124 KBAHTOBOI TeOPUM BO3MOKHO TOJILKO HA BTOPOM YPOBHE OHTOJIOIM3aLNU.

Ha meraypoBHe ymaércsa coxpaHUTh IPOCTPaHCTBEHHO-BpeMeHHYI0 T MK-mononozuio. OgHako u
31echk HaOMogaeTcss OTX0 OT (PM3MYECKH TPAJWIMOHHOH Tomojoruu. J[Ba ¢opMalbHO HE3aBHCHMBIX
IPOCTPAHCTBA — TPEXMEPHOE U OJHOMEPHOE C EBKJIMIOBBIMH TOIOJOIMSAMH, 3aMEHSIOTCS Ha OIHO
4eThIpEXMEpHOE ¢ Tomosiorueil Ha ocHoBe mnceBroeBkiIunoBoi Merpuku (CTO). ToukH, kKak OOBEKTHI
TOIOJIOTHH, CYILECTBYIOT YyX€ B €IUHOM 4YEThIpEXMEPHOM IpOCTpaHcTBE. BO3MOXHOCTE ke
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COTIOCTaBIICHUS JUIMH  TpEXMEPHOTO MPOCTPAHCTBA U TPOMEKYTKOM BpPEMEHHU OJIHOMEPHOIO
MPOCTPAHCTBA IO WX BEIMYMHAM TepsieTcd, TOCKONbKY OCTaéTcs JHIIb CBOHCTBO adduHHON
YHOPSI0YCHHOCTH. VIMEHHO 3TUM CBOWCTBOM M 00J1a/1al0T KOOPIWHATHBIC BEITHMYWHBI POCTPAHCTBEHHO-
BpEMEHHBIX coOBITHH. Kpome Toro, B pemenmsx ypaBHeHu# [ mis0epra-Oitamreiina B PTT mosBistoTes
CHUHTYJISIPHOCTH, UTO CBHUIETEIBCTBYET 00 OrpaHHYeHHON TpuMeHuMoCcTH I MK-mononocuu M 31€Ch.

TMK-mononoeus WCNONB3YETCsl Nl OMUCAHUS MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHUN Ha
Maxkpo- M meza- (pU3MUECKUX YpOBHSAX. B KauecTBe Mepbl OJU30CTH OTAEIHHO MPOCTPAHCTBEHHBIX U
BPEMCHHbIX OTHOILICHUN B TMEPBOM CIy4yac HUCIONB3YIOTCS EBKIUAOBBI JUIMHA U WHTEPBAJ BPEMEHHU.
Moaubukanusi  eBKIMAOBOH  Tomojorud  (3+1)4IpocTpaHCTBA,  MOJYYEHHOTO  JEKAPTOBBIM
MPOU3BEICHNEM TPEXMEPHOTO IPOCTPAHCTBA U OJHOMEpPHOTO BpEMEHH, TMPHUBOJIUT HAC K
MICEBJIOCBKIUOBOM TOMOJOTHM  €AMHOTO YETHIPEXMEPHOTO MPOCTPAHCTBA-BPEMEHH, B KOTOPOM U
crpoutrcsi TMK-mononocus B >TOM ciydae. [[enmo B TOM, YTO M3 OJHOPOJHOCTH, HM30TPOIHOCTH U
HWHEPIUAIbHON CUMMETPUHU MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHUM CIIeyeT OJHO3HAYHBIA BBIBOJ O
CYIIIECTBOBAHUN MAaKCUMAILHOW CKOPOCTH JABMXKCHHUS (PU3NUYECKOTO Tella ¥ PaCIpOCTPAHCHUS CUTHAJIOB.
BribpaB B kauecTBe 3TalOHa BEIMYWHY CKOPOCTH 3TOTO CHTHANA, HapALy € KIACCHYECKHUM CIIOCOOOM
U3MEpPEHUS CKOPOCTH C TIOMOLIBIO HE3aBUCUMBIX JTAJOHOB JJIUHBI U BpPEMEHHU, TMOSBIACTCA
albTepHATHBHAS BO3MOXKHOCTh HM3MEPEHHUS HEMOCPEICTBEHHO B EOWHHUIIAX CKOPOCTH CTaHAAPTHOTO
curHana. [IpeumyiecTBO 3TOro 3TajoHa Mepel KIACCUUYECKUMHU — IJIUHBI U BPEMEHH, CTaHOBUTCS
OYCBUIHBIM TIPU PEIICHUU 33734 MpeoOpa3oBaHUsl KHHEMATHUSCKUX XapaKTEPUCTUK B CBSI3U CO CMEHOMH

cucTeM oTcuéTa’).

Takum o0pa3om, ucnoab3oBaHue TMK-mononozuu BO3MOKHO HAa TpeTbeM YPOBHe
OHTOJIOTH3ALMM. A Makpodu3umdecKux 3amad IT0 Oymer ¢usmuecku 3-m3mepumasi
NMPOCTPAHCTBEHHAs1 TOUeYHAs TomoJiorus u l-usmepumasi BpeMeHHas TouyeyHasi TomoJiorusi. s
Mezapu3mdecKuX 3aa4 3T0 OyAeT (pu3ndecKku 4-u3MepuMasi TOUeIHAsl TOMOJIOTHA.

BriBoabl

1. Bcenennas Kak 0OBEKT, CYIIECTBYET BO BHEIPOCTPAHCTBEHHO-BPEMEHHOM actiekte. [ Heé
MBI OTIPE/ICITUM HYJIEBOW ypOBCHb OHTOJIOTHM3AINU, a SI3bIKOM OIHMCAHUS SIBIISCTCS S3BIK (DHMIOCO(PCKUX
KaTeropuu.

2. [IpocTpaHCTBEHHO-BpEeMEHHAsT ONIPEENEHHOCTD JIIsl MUKPOYPOBHEBON OpraHU3alliil MaTepHH
HATaJIKUBAETCA HAa HEONMPEAEIEHHOCTh B TOMOJOTHM 3TUX OTHOIICHUU. 371€Ch YPOBHEM OHTOJOTH3ALNU
JIOJKEH OBITh BTOPOH. TeM He MeHee CerofHs MCIOJB3yeTCs S3bIK KBAaHTOBOW TEOPHU TPETHETO YPOBHS
OHTOJIOTHU3AIIUH.

3. Kitaccuueckoe onvicanue (GU3MUYSCKUX SBICHHUN HA MaKPOYPOBHE SBIISICTCS HanOOJee MOTHBIM
JUTSL IPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHHH, YTO JOMYCKAeT BO3MOKHOCTh (PU3MUECKON N3MEPUMOCTH
W YHUCIEHHOTO CpaBHCHHS pE3YJIbTATOB. TPETHH YPOBEHb OHTOJOTH3AIMH, S3BIK KJIACCHYECKOU
Makpo(hH3UKH.

4. B cB3M CO CMEHOW 3TaJIOHOB HW3MEPEHUU IMPOCTPAHCTBCHHO-BPEMEHHBIX OTHOIICHUN Ha
METaypOBHEBOI OpraHM3alid MaTepuy (OKOJOCBETOBBIE CKOPOCTH M OOJBIINE PACCTOSHHUS) TEPSACTCS
¢usmyeckass W3MEPHMOCTb IPOCTPAHCTBEHHBIX W BPEMEHHBIX OTHOIICHWH IO  OTHEIHHOCTH.
[IpuyrHHOCTE OMHCAHMA COXpaHSAETCA Ui COOBITHH, HaXOISIIMXCS BHYTPU JIOKAJHHOTO CBETOBOTO
koHyca. O6oOmenue xe (3+1)TMK-mononocuu 10 TONOIOTHHA YETHIPEXMEPHOTO MPOCTPAHCTBA-
BpPEMEHH, TMO3BOJISICT HAM OCTAaThCS HA TPEThEM YPOBHE "OHTONOTH3ANN . SI3BIKOM OIMMCAHUS SIBICHHMA
meramupa sBisieTca s3plk CTO nnmm B Gomee obmem ciaydae — s3pik OTO. OgHako BO3SHUKHOBEHHE

3] o
) OpaHako ¢M3W-IECKM "MeTpW-IECKMM" CMbICN TONONIOTMYECKOFO COOTHOLWEHUA dT = Ddt COrNacHo 3TasoHam ANNHbI U BpEMEHU TePAETCA.
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CHUHTYJSIDHOCTEH B peleHMsX ypaBHeHMH [ 'mnpOepra-OHHIITEHHA, BO3BpallaeT Hac K mpoOieMam
IPOCTPAHCTBEHHO-BPEMEHHBIX OTHOLIEHUI B MUKPOMHUPE.

Ha TpeTbem ypoBHE OHTOJIOTM3ALUH, B MAKPO- U Me2a- MIIOCTACAX OPraHH3allMi MaTepUuu
BO3MO’KHA OHTOJIOTM3AIUsI IPOCTPAHCTBEHHO-BPEMEHHBIX OTHOLIEHHIi, XapaKTepu3youierics
apGuHHOCTHIO (JIMHEHHOI YIOPAT04YeHHOCTHIO).

Bo3HuKkHOBEeHME MPOCTPAHCTBEHHO-BPEMEHHOM ONpeIe/IEHHOCTH

Ha npocmom npumepe mooenupyemces npoyecc cmanosneHuss npoCcmpancmeeHHo-6peMeHHOU OnpedeNéHHOCIU 8
JeUOHUYEBCKOM acneKme: Nepexoo ¢ KBAHMOB020 MUKPOYPOBHS HA MAKPOYPOBEHb KAACCUYECKOU Mexanuku. B cesasu
€ 2MuUM npeoCmasnaemcs 803MONCHbIM 2080PUMb 0 08YXDAZ080M CYUeCMBOBAHUU MAMEPUU.

O6mme coodpaxkeHus (HCOOXOAUMOCTh IIOCTAHOBKH BOIPOCA)

Ha cerogusmanii 1eHp MOXHO Y€ JOCTaTOYHO apryMEHTHPOBAHO TOBOPHUTH O HOBBIX PEATHIX
B ¢usuke. [Ipexne Bcero cienyer OTMETUTD:

I. Teopemy SFWT, koTopasi mpakTudecku OTBepraeT (yHKIMOHAIbHYIO 3aBUCHMOCTH MEXKILY
MPUYMHOW W CIICJCTBUEM B TPATUIIMOHHOW TOIOJIOTHH MPOCTPAHCTBA M BpeMeHU. OCHOBHBIM
Pe3yABTaTOM TEOPEMBI ABJSIETCS BBIBOJ O TOM, YTO OJIpKaifiiee MpOCTPaHCTBEHHO-BPEMEHHOE
OKpY)KEHHE B KIACCHUCCKOH TOMOJOTWH Oauzocmu HE BIUSAET JCTEPMHUHHPOBAHO HA

MOBEACHUE YaCTULILI ),

Tak, Hanpumep, aBropsl [13] cunrarot, uTo

... omeem wacmuywvl (4moowl ObIMb NEOAHMUUHBIM — OMEEN OKPYIHCEHUS. YACMUYbL) ONPEOeiemcs He 6Cell
npeovloyujeti UCHOPUELL IMO20 OKPYHCEHUSL. ..

. OMKIUK He 56/emcsi QyHKyuel napamempos 0ojiee PaHHux coOblmull OKpYsceHusi, 00yCi061eHHbIX
npouzoweduuM 8 10001 UHEPYUATLHOU cucmeme. ..
WUJINW, HAKOHEII.
FWT-meopema coeopum nam o mom, umo oemepmunusm He A8I1emcs HCUSHECNOCOOHbIM 8APUAHIMOM,
Wwm Bropsr [14]:
... PE3YNILIMAMbL IKCNEPUMEHMA He AGNAIOMCS PYHKYUel NPOULTBIX Pe3yIbmamos,,,

svisooom FWTmeopemsr sensiemcs mo, umo snemenmapuvie 4acmuybl CHOCOOHbL NPOUIEOOUMb

pe3yrvmamol, KOMopbie He SGIAHMCsL PYHKYUAMU NPOULO20.
II. Tlocme Acneka pe3yiabTaTbl MHOTHX BEPCHH  YWJIEPOBCKHX JKCIEpUMEHTOB [15]
CBHIETEIBCTBYIOT O CYIIECTBOBAHHUH KOPPESIMOHHONW CBA3M MEXIy ''JacTHIaMH’, TECHOTA
KOTOPO#1 OmpeeNiaeTcst yiKe BEPOATHOCTHOM MEPOH.

Ill. Kak oguH M3 pe3ysbTaToB 3THUX IKCIEPHUMEHTOB — KOHCTATAIllMsl CYIIECTBOBAHUS "CUH2108",
CKOpOCTh KOTOpbIX He pernamentupyercs CTO, M 3KCIEpUMEHTaNbHOE MOATBEPXKIACHUE HX
cymectBoBauus [16].

V. be3yciioBHOE ~ CylIECTBOBAHME  IPOCTPAHCTBEHHO-BPEMEHHBIX  OTHOLICHUN  HA
MaKpOypOBHEBOM OpraHU3allii MaTEPHH.

U3 comocrasnenus | u Il, u3 sxcnepumenTansHo noarsepxkaenuss SFWT u npyrux ¢akros Ha
MHUKPOYPOBHE, cjeqyeT HeOoOXOAMMOCTh 3aMEHbl MEphl TOMNOJOTHYECKOH Onm3zoctn “"wyactul C
KJIaCCUUEeCKOW (METpHYECKOi) Ha BEPOSTHOCTHYIO Mepy. DTO CIEQyeT M3 TOro, 4YTO DJIEMEHTApHBIC
COOBITHSI KaK DJIIEMEHTHI UCIOJIB3YEMOM TOMOJIOTHH, UMEIOT pazianyHylo npupony. A u3 IV, to ects u3
0€3yCJIOBHOM  OYEBHIHOCTH  CYIIECTBOBAHUS  IPOCTPAHCTBEHHO-BPEMEHHBIX  OTHOLICHWH  HA
MaKpOypOBHE, BO3HHKAET HEOOXOIUMOCTb:

4 " " « .
)TepMPIH yacTura" Oepércsi B KaBBIYKM, IOCKOJIBKY CaMO IOHATHE YaCTUIBI B KBAaHTOBOM MEXaHHKE — JOCTAaTOYHO
MPOTHBOPEYHBO.
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a) BKJIIOYNTh B (DU3UYCCKYIO TMOBECTKY JHS BOMPOC O BO3HUKHOBEHHU MPOCTPAHCTBEHHO-
BPEMEHHOU OTpeeNieHHOCTH (M UMEHHO 603HUKHOG8eHUlU, a HE O HACICIOBAHHH CBOWCTB C
MHKPO- Ha MaKkpo- WK Ha000poT);

D) mHTepnperany NpPUYMH HEKOPPEKTHOCTH HCIIOJIB30BAHMS HA MUKPOYPOBHE KIIACCHUECKHX
(Makpo-) MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHHH;

C) kpome Toro, Il craBut BOIpoc O MPOCTPAHCTBEHHOM YCTOWYMBOCTH CHHIJIOB M MPHYMHAX €&

Jierpajiay Ha MaKpOypOBHE.

JKcrepuMeHThl AcTieka W TIOATBEPKACHUE WX B YHIEPOBCKHX BAapHAHTAX CBHICTEIBCTBYIOT O
TpéX (QyHAAMEHTANBHBIX pe3yJbTaTaX: OTCYTCTBHH NPOCTPAHCTBECHHO-BPEMEHHOW (DYHKIIMOHATHLHON
3aBUCUMOCTH, OJTHO"'9acTHIHOM" KOHTEKCTYalIbHOCTH, IBYX'9ACTHYHOH"  HEIOKAJIBHOCTH ° )
00YCIIOBJICHHBIX CITYTAHHOCTBIO.

DT 00CTOATENBCTBA BEOYT K TOMY, YTO:

i. BOOOIIE TOBOps, TOBOPHTH O CBOMCTBAX TJIAAKOCTH (YHKIHUA 1O OTHOIICHHIO K
MPOCTPAHCTBEHHO-BPEMEHHBIM IIEPEMEHHBIM, TO €CTh HEMPEPBIBHOCTH U AU (HEepeHITPYEMOCTH,
CTAHOBUTCS] HEBO3MOXKHBIM;

il. KOHTEKCTYyaqbHOCTh BEJAET K HEKOPPEKTHOCTH TPEICTABICHHS KBAHTOBOW CHUCTEMBI B BHJIE
"ToyeyHol dYacTHUIBI'. B TOIMONOTHYECKOM IIIaHE OTO TMIPEACTABICHHEC HE COOTBETCTBYET
0ECCTPYKTYpHOMY TPEJCTABICHHUIO €€ KaK DJIEMEHTa MPOCTPAaHCTBEHHO-BPEMEHHON TOIOJIOTHH,
YTO MPOTHUBOPEYHUT CYTU: B MHKPOMUPE OTCYTCTBYIOT IPOOOPa3bl TOUSHHBIX MPOCTPAHCTBEHHO-
BPEMEHHBIX DJIEMECHTOB;

iii. TpeThe BEHET K HEJTOKAILHOCTH KBAHTOBOM CHCTEMBI KakK I[€JI0r0, 00Pa30BaHHOIO YaCTIMHU.

Takum o0pa3zom, mapa KBaHTOBBIX OOBEKTOB Kak OMHApHOE OTHOIICHHUE, YK€ HE MOXKET ObITh
OXapaKTepu30BaHa TOYEYHBIMH MPOCTPAHCTBEHHO-BPEMEHHBIMA COOBITHSIMA — TIIPOCTO WX HE
CYIIIECTBYET B KBAaHTOBOW MeEXaHWKe. A 3TO BieUY€T 3a co0Oi BBIBOJ O TOM, YTO MPOCTPAHCTBEHHO-
BPEMCHHBIC OTHOIIICHUS TEPSIOT CBOWCTBO HEMPEPHIBHOCTH B KJIACCHUYSCKOW TOIMOJIOTWH. Pesymprar
SFWTreopembl 3TO OJHO3HAYHO yTBEpXkaaeT. B AToM TutaHe s anreOpbl COOBITHIA KBaHTOBOU
MEXaHUKH  CYIIECTBYET PECYpPC HCIIOJIB30BAHUS BEPOSTHOCTHONW MeEphl JUIs COOBITUH KBaHTOBOU
MEXaHUKH ¥, KpOME TOTO, BO3MOXHOCTh MPHUHSITH PEISAIMOHHYI0 HHTSPIPETAIINIO KBAHTOBOW MEXaHUKH,
KOTOpasi "BBIBOJUT 3a CKOOKH" IPOCTPAaHCTBEHHO-BPEMEHHBIC OTHOIICHHS B sBHOM Buzae. O0 3ToM
moapooHee.

B kBaHTOBOI Me€XaHWKE OTCYTCTBYIOT TOYEUHBIE COOBITHS ISl KJIACCHUYECKOH TOIMONOTHH Ha
OCHOBE €BKJIMIOBON MeTpuku. OJHAKO MMEETCS HEOOXOAMMOCTh U BO3MOXKHOCTh COOMpPATh "arperartsl’
TaKUX COOBITHH. )11 YMCICHHOIO CPaBHEHUS PE3yJIbTaTOB HAOIOACHUH WM U3MEPEHUH B 3THX CIIyYasix
WCTIONB3YIOTCSL  Mepbl, YTO TO3BOJIAET OIEHWBATh HAOIIOJaeMble PE3yJbTaThl COTJIACHO BBHIOPAHHBIM
(uznvecknM sTagoHaM. B HEeKBaHTOBOI (u3uKke Hambojee pacnpoCTPaHEHHBIMU U U3BECTHBIMU MEpaMu
SIBJISIFOTCS )I(Op,Z[aHOBbIG) Ha 0a3e eBKIIMIOBOM, IICEBIO-€BKIIMIOBOM, PHMAaHOBOH, IICEBI0-PUMAHOBOM
reoMeTpuii, B KBaHTOBOW e (QH3HMKE TMOSBISETCS CHUCTEMATHYECKOE WCIONBb30BaHNE CKAISPHBIX
BEPOSATHOCTHBIX M BEPOSITHOCTHO-OTICPATOPHBIX MeEphl. B MOA00HOW cHUTyalu BechbMa aKTyaabHOU

3aJaueil CTAaHOBUTCS ''MPaBWIBHBIA' BBIOOD arperaToB COOBITUH IS aHajdM3a HSKCHEPUMEHTAIbHBIX

5 o " "
) Nmeercs B BUAY IIPOCTPAHCTBEHHAA Pa3HECECHHOCTb MHKPO 4YaCTHUI[ B CMBICIIC MaKpO-.

6 o .
)KaK 000011IeHNe TOHATHN IINHBI, IIOMAa, 00bEMa. ..

Bo3snuknogenue npocmpancmeenHo-6pemMeHHOll OnpedeeHHoOCmU



JIAHHBIX, IS 3JCMEHTOB KOTOPBIX MOXKHO BBECTH JTAJOHBI, TNPUTOAHBIC s wu3MepeHus. s
JKOPIAHOBBIX MEp 3TaJOHAMH CiyxaT "o0pasel" MH, Iiomaneid, oObEMOB; ISl BEPOSTHOCTHBIX —
"yacTOCTH" WJIM OTHOCHUTENbHBIC YaCTOTHI.

C onnoit croponbl, SFWTFreopema (uKcHpyeT OTCYTCTBHE (PYHKIMOHAIBHOM 3aBHCHMOCTH
MEXTy IPUYUHON ¥ CIEJICTBHEM, CBA3AHHBIX Oudcaiiium TMPOCTPAHCTBEHHO-BPEMEHHBIM OKPYKCHHUEM.
C npyroil CTOpPOHBI, PE3yNbTAThl KCIIEPUMEHTOB AcIeKka W JPYTHX aBTOPOB (UKCHPYIOT HAIUYHE
KOPPENAINOHHBIX CBS3€H, CIIOCOOHBIX OKa3bIBaTh BIUSHIE HEKUX NMPUYMH Ha UX cleAcTBusa. Hammio ToT
(hakT, 94TO TOMOJOTHYECKOE TOHATUE OU30CHU KAKUM-TO 00pa3oM Moauduimpyercs. HaBepHoe, MOXKHO
cKa3aTh, YTO TOIOJIOTHSI Ha MeEpe KOPHAHOBOW OJM3OCTH MEHSCTCS Ha TOIOJOTHIO "OJIM30CTH" TI0
CKaSIPHOIN BEpOSITHOCTHOM Mepe I BEKTOPOB (YHCTBIC COCTOSHUS) U BEPOSITHOCTHO-OTIEPATOPHON Mepe
JUIS MaTpUI[ TUTOTHOCTH (CMEIIAaHHBIC COCTOSHMSA). B 3TOM ciydae camMo OINMUCAHHWE  MPUYHHHO-
CJIEJICTBEHHOHN CBSI3U COOBITHH B KBAHTOBOW MEXaHHWKE CYIIECTBEHHBIM 00pa3oM BHIOM3MEHSETCS.
W3mepenus ke i BEPOSITHOCTHBIX MEp OMNPEICINISIOTCS OTHOCHUTENBHBIMH dYacToTamu. [lpu Takom
MOJIX0JI€, B YACTHOCTH, MCYE3a€T U TPAKTOBKA MOHATHUS CKOPOCTH B TPATUIIIOHHON TOTIOJIOTHH, 3 BMECTE
¢ 3TUM ucue3aet u npotusopeune ¢ CTO.

Hanee, B CTO oTHOWEHUS MexXAy (QU3NUECKUMH OOBEKTaMH (OPMATIU3YIOTCS C ITOMOIIBIO
TOYECUHBIX COOBITHIA. MHOXECTBO TaKUX COOBITHUH HAICISACTCS TPAIUIIMOHHOW TOYECYHOW TeOMETpHEH W
OCHOBAaHHOW Ha Hell Tomojoruedd. Mexny mapol Jr0OBIX COOBITHH BO3HHUKAIOT OTHOLICHUS OJHM30CTH,
paccTosiHU, TIaAKONW (PYHKIIMOHAIFHOW 3aBUCHMOCTH CO BCEMH METOJaMu MataHanu3a. [Ipu BBeneHnn
STaJlOHOB JUIMHBI W BpPEMEHH BO3HHKAeT (U3IMUECKH HM3MEpHMasi XapaKTEPUCTHKA CKOPOCTH Kak
MIPOM3BOHASA PACCTOSIHUA MO BpeMeHU. HakoHell, 3aMeHa JSTaJOHOB JJIMHBI M BPEMEHU Ha €IUHBIN
stanon ckopoctu npuBoauT K CTO, KOTOpas CBOMM 3aKOHOM CIIOXKEHHS CKOPOCTEH (JIOPCHIICBCKUM)
OTpaHMYMBAET MAaKCHUMAaJIbHO BO3MOXKHBIE CKOPOCTH JIBHXKEHHSI MaT€pHAIBHBIX TEJ, PaclpoCTpaHEHUs
B3aMMOJCHCTBUHN, CUTHAJIOB, BO3MYIIEHHH. OJHAKO BIOCIEACTBHM OKa3aJOCh YTO 3aKOHBI CIO)KEHHUSA
CKOpOCTEM KaK KIIACCHMYECKHI, TaK M PEIATUBUCTCKHI (0OYCIOBICHHBIE MTpeobpa3oBaHusaMu [ anunes u
JlopeHnia) BBIBOISATCS COBEPIICHHO HE3aBHCHUMO, MCXOJS M3 TOMOJOTMYECKUX CBOMCTB, CHMMETPUH U
MOTYT COCYIIECTBOBATh COBEPIIEHHO HE3aBHUCHMO B paMKax Kiaccumuecko ¢usuku. I[Ipum sTOoM
HEpEJITUBUCTCKAas (u3uKa TmpHoOperaeT (opMy YACTHOTO Cilydyas pEIATHBUCTCKOW (MpHU MaibIx
CKOPOCT$IX), 4TO TO3BOJIWIO OTAATh MPUOPUTET PEISITUBHCTCKON KapTHHE MUpAa U JOCTUTHYThH COTJIACHUS
MEXIy KIacCHKOM u pensTuBum3MOM. CaMbIM BaXXHBIM TPU ITHX TOAXONAX SABISETCS TO, 4TO 00e
KapTUHBI UCHOJNB3YIOT TOYCUHYI0 METPHUECKYIO TOTOJIOTHIO COOBITHH, KOTOPOH ampHOpHO HaeNsUINCh
MIPOCTPAaHCTBEHHO-BPEMEHHBIE OTHOIIIECHHUS.

OnHako BBIOOP €IMHOTO STAlOHA CKOPOCTH ISl M3MEPEHHS MPOCTPAHCTBEHHO-BPEMEHHBIX
OTHOIICHUH JHIIAeT a0COII0Ta KOOPAWHATHBIE PACCTOSHUS, WHTEPBAIBI BPEMEHU U CaMy CKOPOCTh B
KOOPJMHATHOM TpezcTaBicHun. Wmmoctpaiueii 3roro MoxeT ciryxutb OTO. CoOCcTBEHHO, B 3TOT (akT
MOJKET pacCMaTPUBATHCS KaK apryMEHT K HHTEPIIPETAIUY PACIIPOCTPAHEHUS KOPPETAIHiA AcIeka.

I'maBHO#1 0COOEHHOCTBIO OMUCAHUS B TOUEYHBIX KOOPAWHATAX NMPOCTPAHCTBEHHBIX OTHOIICHUH B
MHKpPOMHpE SIBISETCS HEBO3MOXKHOCTH COIOCTABHTH T'€OMETPHUYECKOW Touke (X,Y,Z) Kakoro-imbo
00BEKTa MHUKPOMHpPA, YTO HE IO3BOJISIET TOBOPUTH O KJIIACCHYECKOW TOIOJOTHH IMPOCTPAHCTBEHHBIX
oTHomeHnH. Jlaxke O pa3sMEpHOCTH NPOCTPAHCTBA MHUKPOMHUP “y3HAET’ TOJBKO NpPU ONUCAHUU U
UHTEpIIPETALY MaKPOYPOBHEBBIX IPOCTPAHCTBEHHO-BPEMEHHbIX U3MEPEHUH.

VYnopsaaounBaonyi BpeMeHHOW (akTop t B IIPEIUHIEPOBCKON M I'eii3eHOEpProBCKOM KapTHHAaX
HEOOXOIMMO TOHHMATh KAK J60II0YUOHHOE BPEMS;, OUHAMUYECKUM BPEMEHEM ) ero Henb3s Ha3BaTh,

IIOCKOJIBKY Ha MHKPOYPOBHE€ OTCYTCTBYET BO3MOXHOCTH OIIMCaHUA caMOro JAIBWXXCHHA HCEKOCTO

y . . .

) Tox IMHAMUYECKUM BpEMEHEM MOHMMAETCSI BpEMEHHON (DAaKTOP, YIOPSI0YHBAIOIIMH FEOMETPHIECKOE TIOJI0KEHHHI TOUKH Ha
TPAEKTOPHH ABHIKEHHS; SBOJIOLMOHHOE BPEMS YIIOPAIOUMBAET COCTOSIHUSA CHCTEMbI. HEOOX0MMMOCTD MX Pa3IMYeHHs OYEBHIHA
(noapoGuee v ).
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JIOKAJIM30BaHHOTO OOBEKTa MO TpaekTopuu. [103TOMy MOMBITKA BBEACHUS IUHAMUYCCKOTO BPEMCHH,
YIOPSIOYHMBAOIIETO U3MEHEHHS IMOJIOKEHUH JIOKAIM30BaHHOTO 00bekTa Ha “(oHe” Ipyrux OOBEKTOB
OKa3bIBACTCS MPOTUBOPCUUBON. DBONIOIMOHHBIA (DAKTOpP, YIOPSIIOYHMBAIOIIMN W3MEHEHUS BEKTOPOB
COCTOSIHUM WM JUHAMUYECKUX TMEPEMEHHBIX KBAHTOBOMEXAaHHUYECKMX CHCTEM 4Yepe3 pEelICHUs
ypaBuenuii [llpenunrepa u ['eiizenOepra, He MOXkeT 00J1agaTh COOCTBEHHBIMU CBOMCTBAMHU (hHU3NUIECKOH
U3MEPUMOCTH. YUUThIBas (PakT (PU3MUECKON HEM3MEPUMOCTA M BEKTOPOB COCTOSIHHH WM BOJHOBBIX

)

(yHKIMH, HagenaTh mapamMeTp t CBOWCTBAMHM Haxe adGUHHOr0® HENPepHIBHOro (akTopa HEOOXOTHMO

OyZIeT B CBSI3M C PAaCCMOTPEHHEM CBOMCTB IMapaMeTpOB AMHAMUYECKOM anreOpsi [3] .

Yrto omuchiBaeT BEKTOp coctosiHus |YP) ? Hekoropblii (parMeHT peasbHOCTH, KOTOPBIit
MpHOOpEeTaeT MPOCTPAHCTBEHHO-BPEMEHHYIO OIPEAENEHHOCTh MPH H3MEPEHHSX Ha MAaKpOYpPOBHE!
pacmonarasi JIETeKTOPsl B MaKpOMOMEHT BpPEMEHH ¢ B TOYKE NPOCTPAHCTBA C MaKpPOKOOPIWHATAMU
(X,Y,2) MBI MOKEM C BepOATHOCTBIO |1 |1)|? 3auKcHpoBaTh PE3ybTaT Kak IPOSBICHHE MPHCYTCTBHS
KBaHTOBOMEXaHUYECKOro 00beKTa. J[o n3aMepeHus 3TOT parMeHT KBAaHTOBOW PEaIbHOCTH IMPEICTABIISI
co00lf B OTHOIICHWH TPOCTPAHCTBCHHO-BPEMEHHOM OINPEACIEHHOCTH HEKYI0 BEPOSTHOCTHYIO
BUPTYaJlbHOCTh. TakuM 0OOpa3oM, MOXXHO cCKa3aTh, YTO MPEAMETOM KBAHTOBOH (HU3UKH SBISETCS
ornucanue “Mopss” BEPOATHOCTHBIX BHPTYyaJbHOCTEH, KOTOpble HAOMIOAAIOTCS KakK pealbHOCTH B
mporeccax MakpousMmepeHuii. UIMeHHO 3TOT BHPTYaibHbIH (OH M mpeacTaB/isieT c000H OCHOBY
npamatepun, HeauddepeHUNMPOBAHHOM JaKe B NIPOCTPAHCTBEHHO-BPEMEHHOM OTHOIIIEHHUH.

B orHomicHMM (U3NYECKOH H3MEPUMOCTH BPEMEHHBIX OTHOIICHHH Ha MHKPOYpPOBHE
HEOOXOIUMO CKa3aTh CIeIyIolIee.

Mepa MHOXECTBa, COOTBETCTBYIOIIETO BO3MOXHBIM COOBITHSM, 3aIlOJHSIONINM BPEMEHHOMN
UHTEPBAI [ty,t,] U1 BeKTOpa COCTOSHUS 1)), BOJHOBOW (DYHKIMH WIIM MATPHIBI TUIOTHOCTH, YK€ HE
OyIeT ONMMCHIBAaTHCS KaK B KJIACCHYECKOW MEXaHWKe W3BECTHOW Mepou JKopmaHa, paBHOW BETMYHHE
WHTEpBana t, — t;. DTO CBA3AHO C TEM, YTO CaMH COOBITHS BHYTPW MHTepBana [t,t,], Gpukcupyemoro
HavyaabHOU (t;) M KOHeuHOH (t,) TOYKAMM YIOPSIOYEHHOTO MHOXKECTBA HMEIOT BEPOSTHOCTHYIO
MPUPOSTy W PETHCTPUPYIOTCS MMEHHO MaKpOSTAJIOHAMH H3MEpeHHUs BpeMeHH. s ommcaHUs Mepbl
MOJIMHOKECTB TIOJJO0OHBIX COOBITHI TOJKHBI TIPUMEHATHCSI BEPOSITHOCTHO-CKAIIIPHBIC MIIH BEPOSTHOCTHO-
OTepaTOpPHBIE MEPHI.

CyIecTBeHHBIM  OOCTOSITEIBCTBOM ~ 3JIECh  SIBISIETCT W TOT  (akT, 4YTO  TOMOJOTHS
MPOCTPaHCTBEHHO-BPEMEHHBIX OTHOIIICHHH, OCHOBaHHas Ha Mepe JKopliaHa, CTAaHOBHUTCS HEPUMEHUMOM,
MIOCKOJIbKY UCXOJTHBIMH DIIEMEHTAMH 3TOW TOMOJIOTHH siBiisieTcs: 0-pa3MepHbIe TOUKH, a MEPOH OJIM30CTH
TOYCK — PACCTOSIHUS, BBIYUCICHHBIE C MIOMOIIBI0 Mephl JKop/aHa: B KBAaHTOBOU (pH3MKe HE CyIIECTBYET
00BEKTOB, COOTBETCTBYHOIIUX 0-pa3MepHBIM TOYKAM MM TOYEYHBIM MPOCTPAHCTBECHHO-BPEMEHHBIM
coObITHsIM. [IpH KBaHTOBOM OIHMCAHWUHM OTCYTCTBYET BO3MOXXHOCTH BBEJICHHS MHKPOATAJIOHOB JUIMHBI,
BPEMCHH M CKOPOCTU. VIMEHHO MX OTCYTCTBHE U IOJPa3yMeBaeTCsl, KOTla TOBOPUTCS O HEBO3MOXKHOCTHU
(hU3NIeCKO H3MEPHUMOCTH TPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPHCTHK HA MUKPOYpoBHE. bosee Toro,
CaMbIM Ba)XXHBIM apryMEHTOM 3/I€Ch SIBISCTCS MaTeMaTH4YeCKOe J0Ka3aTeiIhCTBO OrPaHUYCHHOCTH,
BIUIOTh JIO OTCYTCTBUS, ()YHKIIMOHAIBHOHN CBS3M MEXKAY BO3MYIIECHUEM M OTKIMKOM, YTO PABHO3HAYHO
OTCYTCTBMIO BIIMSTHES TIPOIIIOTO Ha OyayIee u GIMmKaNIIero OKpyKeHus Ha KBaHTOBEIN 00bekT [13]. B
CHJTY OTMEYCHHBIX 00CTOSATENBCTB, IPU KBAHTOBOM OTIMCAHWUU TPOCTPAHCTBECHHO-BPEMEHHBIX OTHOIICHUN
MOYKHO TOBOPHUTH TOJILKO JIMIIb 00 WX CBOWCTBax ad(UHHON YMOPSIOUYCHHOCTH, YCTaHABIHBAEMBIX
MaKpOCpEICTBAMHU U He OoJiee Toro.

TakuM 00pa3oM, B KBAaHTOBOW MEXaHUKE BpPEeMsl MOXKHO PacCMaTpPHUBATh JIMIIL Kak adUHHBIN
(haKTOp COCTOSIHMI CHCTEMBI, YIOPSAOYMBACMBIH CpeICTBAMHU MakKpo-. MeETpUYEeCKHE K€ CBOHCTBa
KBaHTOBOMEXAHUYECKOTO BPEMEHU TaKKe OMPECISIOTCS MaKpOyPOBHEBBIMU MPOLIETYPAMU U3MEPECHHUSI C

8
) Mmeercs BHUJly HE METPHUYECKOTO, HO HEMPEPBIBHOTO.
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IIOMOIIIBIO MaKpOHpI/I60p0B. bonee TOT0, 10Ka3aTCJILCTBO SFW-FTCOI)CMBI 3aTpyAHACT HECTIOCPCACTBCHHOC
HCTI0JIb30BaHUE B METOHAOJIOTHYECKOM IUIAHE U 3TOM BO3MOYKHOCTH.

dopManuzanys MaKpOCKOMUYECKUX MPOILEAyp MPOCTPAHCTBEHHBIX HM3MEPEHUU ONpEICIsIEeT, B
TOM YHCJI€, U TIOHITUS MAKPOCKOMTMYECKOW HEMPEPHIBHOM, METPU3YEMOMN U TPEXMEPHOHN ONPEACIEHHOCTH
MPOCTPAHCTBEHHOTO CYIIECTBOBAHUSI KBAaHTOBOI'O O00BEKTa. Pa3MepHOCTh ke KOH(MUTYPAIIMOHHOTO
MPOCTPAHCTBA HA MUKPOYPOBHE NPU MPUMEHEHUH MeopeMbl 0 HenpuoOUMOcmu He PerIaMeHTHPYETCS
HUKaKHMH 3aIIPETaMHU.

Kak wu3BecTHO, peanbHOE IBUXKCHHE Ha MHUKPOYPOBHE KaK IEPEMEIICHHE JIOKAIM30BAHHOTO
00BeKTa B HEMPEPHIBHOM TMPOCTPAHCTBE OTCYTCTBYeT. OIIHAKO MOXXHO TOBOPHUTH O BHPTYaIbHOM
JBHKCHHU “00J1aka BepOsATHOCTEH” mpu (hUKCAIMH TPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHHH, TO €CTh
TP HaOJIIOJICHUH 3a “IBIKECHHEM KBAaHTOBBIX OOBEKTOB KJIACCUYECKMMHU CPEIICTBAMHU HAONIOJCHUS Ha
MakpoOypoBHE. DTy MpoLEAypy HEOOXOAMMO acCOIMMPOBATH C MPOCIHMPOBAHUEM MHKPOH3MEHCHHH Ha
MPOCTPAaHCTBEHHO-BPEMEHHBIC OTHOIIIEHUS MaKPOMHUPA.

OyHaaMeHTaNbHBIE CBOWCTBA  MAaKpOYPOBHEBOW  OpraHW3alldid  MaTepUU  Takue, Kak
HerpepbiBHOCTH U (3 + 1)pa3MepHOCTh MPOCTPAHCTBA-BPEMEHH HA MUKPOYPOBHE BBOIATCS (DaKTHIESCKU
M0 ONpEJICJICHNI0, COTIacHO pemieHusM ypaBHeHuit Illpemunrepa u [eiizenOepra u B CBSI3U C
HEOOXOIMMOCTBIO COTJIACOBAHUS MHKPOONHCAHUS C HAOII0JaeMbIMH CBOMCTBAMH MaKpOYpPOBHEBOTO
noBeeHusi. KoOMIIpoMuce B TIPOTHBOPEUUBOM XapakTepe OOLMX (Mukpo- U Makpo-) mpocTpaHCTBEHHO-
BPEMEHHBIX OTHOIICHUH TOCTUTaeTCs C IMOMOIIBIO KBa3HKJIACCUUECKOW MPOLEAYpPhl YCTAHOBICHUS
COOTBETCTBHS MEXIYy KBAHTOBBIM U KIIACCHYECKHUM CIOCOOAMHU JIByXYPOBHEBOTO OIMUCAHUS (PH3MUYECKHX
siBIICHUN (KBa3HUKJIACCHUYECKOE MPHUOIMKEHUE).

IIporuBOpeYnBOCTH K€  NPOCTPAHCTBEHHO-BPEMEHHBIX  OTHOLIEHHMI  MHMKpOMHpa
3aKJII04aeTcsl B KAXKYLIEMCSl HAC1e006aHuu MAKPOYPOBHEBbIM ONHMCAHHEM 3THX OTHOLUIEHHH OT
MHUKpPOYpoBHs. Peub ke [OKHA MATH O G603HUKHOBEHUU TIPOCTPAHCTBEHHO-BPeMEHHOI
onpeieJéHHOCTH OTHOWIEHWH. 31ech, HCXOAS U3 TEOpeMbl HEMPHBOIUMOCTH, HEOOXOANMO
KOHLENTYaJIbHO ONHMCaTh MEXaHM3M “3-KoHOeHcayuu' N-Mepus MHUKPOYPOBHEBOI'O ONHCAHHUS B
TpEXMepHe MaKpOYpPOBHEBOT'O OMUCAHUS M MEXaHU3M JIOKAIu3ayuy TpU TEepPexXoie K MaKPOOIMCAHUIO B
TpEXMEPHHU.

[To cytu, 1 JaHHOM Ciydae HaM HEOOXOJMMO MMOCTPOUTH JIBYXYPOBHEBOE ONMUCAHHUE (PU3NICCKOMN
peambHOCTH M PENINTh 3a/ady IMpeoOpa3oBaHus OJHON (OpMBI OMUCAHWS B APYryIO. AHATOTHYHBINA
Croco0 TpPEeCTaBICHUS] HUCIONB3yeTCsl MPU OMHCAHWU CIOXHBIX CHUCTEM, JJISI KOTOPBIX CITydaiHbIH
XapakTep U3MEHEHUS NapaMeTPOB, ONMCHIBAIOIINX CHCTEMY Ha HIDKHEM YPOBHE 38010YUU, COUSTACTCS C
BEChMa JICTEPMHUHUPOBAHHBIM €€ TIOBEJICHUEM Ha BEPXHEM YpPOBHE Habnodenus. [Ipyu 3TOM 3BOIIOIHS
(hu3MueCKOi CHUCTEMBI OIpenensercs e€ TIOBEACHUEM Ha MHUKPOYPOBHE, TO €CThb H3MCHCHHUEM
MHUKpPOIIapaMeTpOB, a HaONIOACHHE 3a CHCTEMOH, TO €CTh (pUKCalUs W PETUCTparms HaOI0IaeMbIX
BEJINYHH, OCYIIECTBIIICTCS HA MAKPOYPOBHE.

[lepexom OT MHKpPOYPOBHEBOTO ONHCAHUS DSBOJNIOIHH CHCTEMbI K MaKpOypOBHEBOMY
HaOJTFOICHUTO JOJDKEH OBITh CXOXKMM € TIEpEeXOJOM Ha MaHep TMPEBpAIleHUs ONHCaHUS
MHOTOYACTHUYHOTO XAOTWUYHOTO aHcambOisi ['mO0ca ¢ MHOTMM YHCIIOM MHKPONapaMeTpOB B ONHCAHUE,
HaIpUMeEp, rasa, 3aKIFYEHHOTO B ONPEACeIEHHOM 00BEME C TeMIIepaTypoH, JaBICHUEM, TEIIOEMKOCThIO
— TO €CTh C BECbMa OrPaHWYCHHBIM YHCIIOM MakpornapaMeTpoB. Cama ke HBIHCIIHSS CHTYaIUs MOUCKa
CYIITHOCTH TIPOCTPAHCTBECHHO-BPEMEHHBIX OTHOIICHHUI HATIOMUHAET PAHHIOI UCTOPHIO TIOUCKA CYITHOCTH
"(uorucrona”, KoTopas pa3pelniack CTATHCTUYECKON Teopuel THOOCOBCKUX aHcaMOuiel U (ukcarmen
TIOHSTHS TEMIIEPATypPhl KaK CPEJTHEr0 OT KHHETHYECKOM SHEpTHH 1Mo ancamOr0. BroiHe BO3MOXKHO, YTO
U TPOCTPAHCTBEHHO-BPEMCHHBIC OTHOIICHUS SIBISIOTCS HEKUM CPEIHUM OT COOCTBEHHBIX 3HAYCHUUN
OTIepPaTOPOB KBAHTOBBIX OOBEKTOB.

®eHoMeH Tpéxmepusi (npocmpancmeennas “3- konoencayus’”)
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Jis HarnsgHOCTH OyAeM paccMaTpuBaTh Mojenb bomibmoro B3peiBa, korjma B epBble MOMEHTHI
MOCJIe B3pBIBA, coryiacHO Teopuu Benmmkoro OOneamHeHus, BO BceaeHHOW rococTBOBAN TIEPBUIHBINA

KOCMHYECKHH OynboH" - cBOoeoOpa3sHOe HepacwICHEHHOE BHEBPEMEHHOE M OeCIpOCTpaHCTBEHHOE
€IMHCTBO JHEPrHM, IpamaTepun U Bcero cymero. CoBpeMeHHas HayKa IIO3BOJIICT TOBOPHUTH 00
OJIMHHA/IIATUMEPHOM "OyIbOoHE".

B mocnenmyrompe MOMEHTHI HAauyMHACTCS W TpoAoIDKaeTcss dQdexTuBHas auddepeHInanus
“mepBudyHOro OyIHOHA” B KOJWYCCTBEHHOM M KaUYeCTBCHHOM OTHOIICHWW: MaTepHUU KaK KOJIMYECTBA, H
SHEPTUM KaK KaueCTBa MaTepuu. BO3HUKAIOT Mpa3iieMeHTapHbIE, 3aTEM dJIEMEHTapHbIC "4acTUIbl , sIpa,
aTOMBI, MOJICKYJIbI, TUTAHETBl U T. J. — JPYTUe TAIaKTHUYECKUE M METAraJlakTHUYeCKHE CTPYKTYphl. B
nporecce STOro Mup yHopsiouuBaeTcss B CYNIECTBOBAHWM M B COCYIICCTBOBAHHMU. BO3HHUKACT
OTIPE/ICIICHHOCTh BPEMEHHBIX M MPOCTPAHCTBEHHBIX OTHONICHUH. "OHTONOTHMYECKHE CpE3BI’ ATOTO
SIBJICHUS TTOAPOOHO OTpakeHsl B padore [6]. Ommu u3 dparmenroB ObiThst Beemennoit mpuobpeTaer
YepThl MAKPOMHUDPA, CYIECTBYIOMIETO B YETHIPEXMEPHOM MHOT000Pa3HU — TPEXMEPHOM MPOCTPAHCTBE U
OJTHOMEpHOM BpeMeHH. BosHukmuii ¢pparmeHT nin 4-MHOrooOpa3ue 0Ka3aloch HACTOIBKO YCTOWYUBBIM,
YTO CyIIECTBYET M 10 cel JICHb — MBI B HEM JKUBeM. HeTpy/lHO 3aMETHTh, 4TO 371eCh BIOJHE BO3MOXKHO
TOBOPUTH U O MHOJKECTBE TAKMX (DParMeHToB, MPENCTABIseMbIX 4-OpaHami.

OcTaHOBUMCS Ha YHHKAJILHOCTH (DEHOMEHa MPOCTPaHCTBEHHOTO Tpexmepus. dakt ocraercs
(hakTOM. TPOCTPAHCTBEHHO-TPEXMEPHBINM ()parMeHT 0O0IIero ObITHS YCTOHYHMB B CBOEM COOCTBEHHOM
CYIIIECTBOBAHUHM W COCYIICCTBOBAHWUHM CBOWX YacTel, YTO MPUBOIUT K BO3MOXHOCTH BO3HUKHOBCHHUSI
JIOKAJIM30BaHHBIX OOBEKTOB, CHOCOOHBIX HE TOJIBKO M3MECHATHCS M JBOJIOIMOHUPOBATH Kak
HETOCTHOCTSIM (04eBUIHOEC U (DYHIaMEHTAIbHOE CBOMCTBO MaTEepUH), HO M OBITh OMMUCAHHBIMU B paMKax
HBIHCIITHUX PaIMOHATBHBIX MaPaIUTM.

CoBpeMeHHas pu3nvecKas MapajurMa CBS3bIBaCT OOBEIUHEHHE B3aUMOJCHCTBHI ((PpHU3NUecKHX
nosieil) B Ooyiee yHHBEpCAIbHOE B3aUMOJCHCTBHE C YBCIHMYCHHEM pPa3MEPHOCTH MPOCTPAHCTBA, B
KOTOpPOM TNpeObIBalOT B OOBEAMHEHHOM  B3aMMOJCHCTBUM Oojiee  (QyHIAaMEHTANbHBIE DJICMEHTHI
MaTepuu. DTOT TIPOIECC MOXKHO paccMaTpWBaTh B €CTECTBEHHOM IOPSIKE DBOIONNH U Pa3BUTHUS
¢usnueckux coObiTHi mocne bombmioro B3peiBa, TO ecThb B HampaBieHun auddepeHmmanuu
YHHUBEPCATBHOTO B3aUMOJICHCTBUS U PACCIOCHHUS ero Ha OoJiee MpeaMeTHbIC U YaCTHBIC B3aUMOACHCTBHSI.
U 31eck HaC MHTEPECYIOT KOHEYHBIC 3Tanbl — (DaKTOpHU3AIMs AIICKTPOMATHUTHBIX U TPaBUTAIIMOHHBIX
B3auMoJieicTBU. MIMEHHO 3TH TOJs B OCHOBHOM H “CKJIEHBAIOT’ IMPOCTPAHCTBEHHO-BPEMEHHEIC
otHoeHus B (3+1)MepHYyIO CyITHOCTh OBITHS BUIMMOTO HAMH MHpA.

Jpyrumu  cioBamu, (3+1)41pocTpaHcTBEHHO-BpeMEHHAs1 “KOHAeHcanusa  MaTepuu B
npouecce IBOJIONUN MPONUCXOIUT ¢ MOMOIIBI) IPABUTANIMOHHBIX W YJIEKTPOMATHUTHBIX MOJIel Ha
(¢one 0oJiee yHUBepCAJBLHBIX B3aMMOAEHCTBHII " BCeJeHCKOro MmepBUYHOro O0yabona". Ilpu 3Tom
MHOTOMEPHOCTH, HEONIPEAeJIEHHOCTH U (PJIYKTyallHH OCTAKTCS B ONMMCAHUM MUKpomupa, a (3+1)-
MPOCTPAHCTBEHHO-BPEMEHHAsI Pa3MEPHOCTH U JeTEPMUHHPOBAHHOCTH BHIXOAAT HA YPOBHH MaKPO-
H Mera- onmucanuii. Bech ke BcejleHCKMii YHHBepcyM mnpencrtaBisieTcsi B ¢opme odeyxghaznozo
cocyuiecmeo6anu.

Mexanu3m  "KOHJEHCAIIUK' ~ MaTepuu MOXXHO MpPOWLIIOCTPUPOBaThL Tak. HekoTopbie
3JIeMEHTapHbIe "J4acTHUIBI OCTAIOTCS CTAOMIBHBIMH TMOKa OHU 3alepThl B MOTEHIHAIBHBIX SMax, HO B
CBOOOJIHOM COCTOSHUM OHH paclajaloTcs 3a BeCbMa KOpPOTKHE BpeMeHa. Takas 3amepras "dacrura”
OKas3bIBaeTCs Ooee makpockomuuHoi (To ecTh, “Oollee TpexMepHO#”, a moToMy M Oojiee YCTONUHBOIA),
HEeXenn cBOOOIHAs, KoTopas Ooiee MmukpockonumyHa (To ecTh, “Oojiee MHOrOMepHa”, a MOTOMY H
HeycToiunBa). Jlanmee, aToMbl, OOBEIMHCHHBIC B MOJEKYJbI, KPUCTAJUTUUECKUE PEIIECTKH, TO €CTh
OoNbIIME KOJUICKTHBBI, TPHOOPETAIOT CIOCOOHOCTh K YCTOMYMBOW JIOKaIM3allMd B TPEXMEPHOM

MIPOCTPAHCTBE.

HmeHHO 371ech M TOSBISIETCS. BO3MOXHOCTD TOHSITUHHOTO (DOPMUpPOBAHUS MPOCTPAHCTBEHHO-
BPEMEHHBIX OTHOIIEHUI MaKpoMHpa — YCTOWYMBOCTH W CIHOCOOHOCTH K TPOSIBIEHHIO CBOWCTB
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MPOCTPAHCTBEHHON M BPEMEHHON JIOKANW3allMM, TO €CThb TE€X CBOMCTB, KOTOPBIE HECBONCTBCHHBI
MUKPOMHDY.

Bompoc 0 cBsi3u Tpéxmepusi MPOCTPAHCTBA CO CBONCTBAMH pPeajbHBIX B3aUMOJCHCTBUA MEXKIY
MaTepuaabHBIMU (pparMeHTaMu MEpa, MO-BUAUMOMY, BrepBbie ObLT moctaBieH M. Kanrtom [17]: ... 5
nona2aio. 80-NEPBbIX, UMO CYOCMAHYUIM 8 CYUEeCMEYIouemM Mupe, 4acmoplo KOMopo2o Mbl S61AeMCAl,
NPUCYIU CUTLL MAKO20 POOd, YMO, COCOUHSACH Opye ¢ OPY2OM, OHU PACNPOCMPAHAION C80U OelCmBuUs
00pamHO NPONOPYUOHATLHO KEAOPAMY UX PACCMOSHULL, 80-6MOPBIX, YN0 GO3HUKAIOUee OMCI00a Yenoe
uMeem 6 COOMEEMCMEUU C IMUM 3AKOHOM CBOUCTNBO MPEXMEPHOCIMU; 6-MPEmbUX, 4mo MOm 3aKOH
npoussoiel U Yymo 602 eMecmo He2o Moz Obl U3Opamsv KaKou-HudyO0sb 0pyeoll, Hanpumep 3aKoH 0OpamHou
NPONOPYUOHATLHOCIU  KYOY — PACCMOSIHUL;, HAKOHEY, 6-4emeepmulX, umo u3 O0pyeo20 3aKOHA
npoucmexano 6vl U RPOMAANCEHUE C OPYSUMU CEOUCMEAMU U USMEPEHUAMU.

U neiictBuTenpHO. B Kiaccuueckoil pu3nke n3BeCTEH TakoW (PEHOMEH: B TPaBUTAILIMOHHOM IIOJIE,
ONHUCHIBACMBIM 3aKOHOM BCEMUPHOIO TATOTEHUS, CYHIECCTBYIOT YCTONYHMBBIC 3aMKHYTBHIC TPACKTOPHH.
bnaronaps 3ToMy BO3MOXXHO YCTOMYMBOE CYLICCTBOBAHUE IUIAHETHBIX CUCTEM. DTOT PE3YJbTAT JIETKO
BBIBOJIMTCS M3 3-MEpHBIX ypaBHeHWH Jlaruaca ajisl MOTEHIMala TPaBHTAIIMOHHOTO MOJisi. B Teopwwy,
AHAJOTUYHOW HBIOTOHOBCKOM U OINHKCHIBAIOIIECH SIBIICHUS B MPOCTPAHCTBE HHOM pa3sMEepHOCTH,
€CTeCTBEHHO OXWAATh, YTO TOTEHIHMAN TMOJisi OyIeT YAOBIETBOPSITH MHOTOMEPHOMY ypPaBHEHHIO
Jlanmaca. B mpocTpaHCcTBE N M3MEpPEeHHN IMOTCHIMA TPABUTAIIMOHHOTO MO OYAET MPONOPIMOHAICH
BEIIUYHUHE

p~1/r""2, (1)
a CuJjia BBaHMO,HefICTBHH BCIIMYHUHE.
F~1/r"1, 2

NmenHo ¢ 3akoHOM yOBIBaHHMS TOTeHIMana cornmacHo (1) u cBs3aHa riaBHas O0COOCHHOCTH
Tpé€XMepus TPOCTpaHCTBa, oTrMmeucHHas M. KanTtom: opOWTHI (GU3WUECKHX Tel B “HBIOTOHOBOM'
TPaBUTAI[MOHHOM TIIOJIC B EBKJIMJOBOM TPEXMEPHOM MPOCTPAHCTBE YCTOWYMBBI Ipu N < 3 u
HEYCTOWYUBBI TpU N >3 . B KOHEYHOM cuére, 3TO W O03HAYaeT HEBO3MOXXHOCTH [UIMUTEIHHOTO
CYIIIECTBOBAHUS TUTAHETHBIX CHCTEM BOKPYT 3BE3JI B THIIOTETHYECKUX MPOCTPAHCTBAX C Pa3MEPHOCTIMHU
oompmie TpEx. IlomoOHEI pesynbrar octaércs B cwie 1 B OTO mnsg  mpocTpaHCTBEHHO-BPEMEHHBIX
pasmepHocTei npeBocxoasamux 4 (3+1).9To cieayeT U3 aHaTM3a YpaBHEHUM T'€0IC3UUSCKUX JTUHHUH, 1O
KOTOPBIM JIOJDKHBI ObUTH OBl JIBUTATHhCS TUIAHETHI B CEPUUECKH CUMMETPHYHBIX MOJsIX. OTMEYeHHbIE
O0COOCHHOCTH MOKHO OTHECTH K MaKpO- U MeTa- MIIOCTACSIM CYIIECTBOBAHUS MUDA.

OnHako ¥ B MUKPOMHUPE CYIIECTBYIOT aHAJIOIMYHBIC MEXAHU3MBI, BBIIACISIONINE TPEXMEPUE KaK
YCTOHUUBYIO (hOpMY CYIIECTBOBAHMS MATEPHHU. TOJBKO B MPOCTPAHCTBE TPEX (M MEHBINE) U3MEPEHHI
BO3MOXXHO YCTOHYHMBOE CYIIECTBOBAaHHE aTOMOB. B TpocTpaHCTBax OONBIIUX pa3MEpHOCTEH U3
ypaBuenusi Ipenunrepa C notenrmanioMm Buma (1) crmemyer: nub0 BOBCE MOXKET HE CYIIECTBOBATh
COCTOSIHMI C OTpHIIATEIBHBIMH YPOBHSMH SHEPruu (CBS3aHHBIX COCTOSIHHIA), JIMOO OTpPHIIATEIbHBIC
YPOBHHU SHEPTUU MPOCTUPAIOTCS 10 3HAUCHUs, PaBHOIO MUHYC OeckoHewHOocTH. [locnemHee o3Hauaer,
yTO IS JTIO0OTO DIHEPreTHYECKOro YpOBHS OyIeT cymiecTBOBaTh emié Ooiiee HU3KUHA YPOBEHb W
3JIEKTPOHBI B TAKUX CUCTEMax OyayT MaaaTh, U3JIydas 3HEPTUIO 0 CBOETO MOJIHOTO MCUS3HOBCHHS. DTO
03HAYaeT OTCYTCTBUE CTAOMILHOTO COCTOSHUS JIJIS BEI[ESCTBA.

OOmepacrpocTpaHEeHHO MHEHHE, YTO MMEHHO 3TH OOCTOSATEIbCTBA SIBISIOTCS KIIOYEBBIMHU IS
BBIBO/Ia O 0€3aJIbTEPHATUBHOCTH TPEXMEPHS ISl PEAbHBIX MPOCTPAHCTBEHHBIX OTHOUICHUH. OHAKO 3TH
ke (akTel HE MPOTUBOpEYAaT M JPYroMy BBIBOAY. 3aKOH OOPaTHBIX KBaJApaToOB BbllelsieT
YCTOHYMBBINA “KOHAEHCAT  CYIIECTBOBAHUS MaTepuu B BHAEe TPEXMEPHOr0 MaKpOMHpa Haulei
oduTe M, a VIS CAMOr0 MHPa XapaKTepHO, N0 KpaiiHeil Mepe, 1Byx(a3Hoe cocymecTBOBaHue. “3-

KOHJIeHCATa B cpeae Menee auddepeHUpPOBaHHOli  npamarepun. “3-KoHAeHcamua®  Ke
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peanu3yeTcsi MPU HEMOCPEACTBEHHOM YYACTHH TPABHUTAIHOHHBIX M JJIEKTPOMATHUTHBIX TOJIEH,
SIBJIAIIOIIUXCA “cymMMoii” 0oJjiee 3jieMEeHTAPHBLIX U (PyHAAMEHTAJBLHBIX B3auMojaeicTBHii. TakoB B
o0mux yepTax (peHoMeH TpexMepHsl.

O600mas ckazaHHOE, MOXKHO OBUIO OBI 3aMETHTh, YTO OOBEIMHEHHE TOJIEH B3aMMOICHCTBUA
COTIPOBOX/IAETCSl yBEIUYECHHEM pPa3MEPHOCTH (PH3MUECKOro KOH(PHUTypaIMOHHOTO TIPOCTPAHCTBA —
apeHbl JICWCTBUSA 3TUX ToJeH, a auddepeHIManus Moield W BBIICICHUE OTACIBHBIX — YMEHBIIACT
pPasMepHOCTh MPOCTPAHCTBA, TO €CTh CyKaeT mononocuiecku chepy BO3MOXKHOTO TPOSBICHUS CBOETO
npucyrcrBus. [Io cytn paboTaeT cBocoOpa3HbIi MPUHITAIT COXPAHEHUS Pa3HOO0pa3usl, BEICKA3aHHBIH eIIé
B HayaJje MPOIUIOT0 BeKa CJIIOBAMH M3BECTHOTO KIIACCHKA O HEMCUEPIIAEMOCTH 3JICKTPOHA, KaK M aToMa.
Tak nnm wHAYe, HO "CKOHACHCHUPOBAaHHASA MaTepHs HMEET TPEXMEPHBIH 00pa3.

C mo3uIuii CeromHANIHEr0 JHS MOXXHO CKa3aTh, 4TO MPOIECC “KOHJEHCAIUKM MAaTepuu K
HACTOSIIIEMY BpEeMEHHM 3aBepiiwics (TU?) TpeXMEpHOW OOBCKTHOM JOKaIM3aluei. YCTounBhIe
TpeXMEPHbIC 00pa30BaHUs "MOKWIHM' [0 CETOAHAIIHMX AHEH B (OpMe BHIUMOrO MaKpOMHpa, H,
BO3MOXKHO, JIPYTHX BUPTyalbHBIX MHUPOB. B ycroiunBoii (pa3e BHIMMOTO MaKpOMHpPA COCYIIECTBYEM,
)kuBeM W Mpl. HeycToiiumBeie ke MHOTOMEpPHBIC "KOHCTPYKITMH' , TEM HE MeHee, He mcuesnu. OHu
COCTaBIISIOT MUKPOMUP NPAMATEPUHA — BEChMa CTPAHHBIN, BEPOSATHOCTHBINA U HEOTIPEICIICHHBIN.

IIpocTpancTBeHHO-BpeMEeHHAs JIOKAJTU3ANUSA (HEPEISTUBUCTCKHUN CITydaii)

OOBEKTHI MHUKpOMHPpaA OIMUCBIBAIOTCA BCKTOpaMHU FI/IJ'H:6€pTOBa MpOCTpaHCTBa WKW BOJIHOBBIMU
(byHKLII/IHMI/I, MNOAYHHAOIINMUCA TIPU n=3 B KOOpAWMHATHOM IMPCACTABJICHHUU YPABHCHUIO I_Hpe):[I/IHrepa

2

'halp— h AY + U( 'z 3
P3¢ = Tam M T U @

Crnenys [1], momcraBum B ypaBHenue IlIpenurrepa BOTHOBYIO (GYHKITHIO ¥ B BHIE:
Y = qe’s/h, (4)

B pe3ynbTaTe mosiyduM JBa ypaBHEHHS JJIsl IE€MCTBUTENbHOW U MHUMOM YacTeil:

as+1 V)2 +U th =0 5
ot Zm( ) 2ma a= )
aa+_a AS+1VSV =0

ot tam TR veve s (6)

ITepBoe ypaBHenue (5) ¢ TOYHOCTBIO [0 UICHOB MEPBOrO MOpsaKa Mo h coBmamaer ¢
KJIACCHYECKUM ypaBHeHHEM | aMuibToHa-SKOOM IS IEHCTBYS S YaCTHUIIBI.
Bropoe ypaBuenue (6) mociae YMHOXKEHHS Ha 2a MOXET OBbITh MEPEMUCaHO B BHJC

da? A
W-l—le (CIZH) =0, (7)

COBIIIAIONIMM TI0 JOpPME C ypaBHEHUEM HENPEPHIBHOCTH.

YuureiBas npeactasienue (4) u ypasuenue (5), MOkKHO BujeTh, uto a? = |¥|? npencrasnser
€000 TUIOTHOCTh BEPOSTHOCTH HMETh KBAaHTOBOMY OOBEKTY TE€ WIIM WHBIC 3HAYCHHS KOOPAMHAT, a
VS/m = P/m — cBa3aHBI ¢ IPOM3BOAHBIMH 110 BPEMEHHU 3THX KOOpAUHAT (CKOpocTh V). Ypasuenue (7)
CBSI3BIBACT HW3MEHEHHE IUIOTHOCTH BEPOSTHOCTH C IOTOKOM O3TOM IUIOTHOCTH B BHIE ypaBHEHHS
HEMPEPHIBHOCTH, TO €CTh OIMCBHIBACT W3MEHCHHE KOOPIWHAT BHPTYaJIbHOTO 00JaKa BEPOSTHOCTH Kak
JBWKEHUE KIACCHYECKOM YaCTHIIBI CO CKOPOCTBIO V.

IlepBoe ypaBuenme (5) w3 maphl, Kak cleAcTBHE ypaBHenus Illpeaunrepa, ompenenser
SBOJIIONIAIO W CBS3b KBAaHTOBBIX HYHCEN, KaK JJIEMEHTOB AMHAMUYecKoW amreOpsl - [3], Brimouas
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HEIPEPHIBHBIC MapaMeTpbl HEMPUBOIUMOIO MPEJCTABICHUS q U P U3 TE€OpEeMBbl 0 MOIHOTE. OTMETUM, UTO
U3 3TOTO YpaBHEHHS HE CIIEAYeT HUKAKUX TOIIOJIOTHYECKNX U T€OMETPHUECKUX CBOIMCTB IMapaMeTpoB §.

Nmenno Bropoe ypasHenue (6) B dopme (7) m3 mapsl MO3BOJSET HAACIHUTH IapaMeTpsl q U t
KJIaCCHYECKUMH aTpuOyTaMH MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOMICHHH. HeoOX0quMOoCTh e 3aTaHus
HavyaabHBIX ycnoBuit q;(t = 0) npu pemenun ypaBaerus (5) nmpemonpeaensier HeoOX0IUMOCTh 3aaHUs
HAYaJIbHOM TOYKHM OTCYETA (TO €CTh, CHCTEMBI OTCUETA) IS OIPEIEIEHUS 3aBUCUMOCTeH ¢;(t).

JIBI>KeHHE BUPTYaIbHOro 001aKa, Kak 00beKTa, IOAYMHACTCSA 3aKOHAM KIIACCHUYECKOH MEXaHUKH.
XapakTepHOW OCOOEHHOCTBIO 3TOr0 OOBEKTa SABISETCS €ro HEJIOKaIM30BaHHOCTh. OnHako oOmmm
pemienneM ypaHenus Llpenunrepa (3) siBisieTcs: Cynepro3uyu ae-0poiieBCKUX BOJH, KaK Pa3ioKeHHe
®ypbe) U, eCH AIMHBI ATUX BOJIH U TIEPUO/IBI MaJIbl IO CPABHEHHIO C XapaKTEPHBIMU MakpopasMepamu L
U XapaKTepHBIMH MakpoBpeMeHaMH T , TO M aHaJOTM4YHBbIE XapaKTePHUCTHKH BOJHOBOTO IakeTa
CYTEPIO3ULIMU 3THX BOJH Takke OyAyT MalbIMHU BeJIMUMHAMH. J[BHKEHHE e Takoro o0bekTa Oyaer
HOJUUHATBCS KJIACCUYECKOMY YPaBHEHHUIO l'amunprona-fAko6u. VIMEHHO 31eCh M BO3HHUKAeT
BO3MOXHOCTb TposBIeHUs 3(p(dekTa JOKaIu3aluyd KBAaHTOBOTO OOBEKTa M BO3MOXKHOCTH BBECTH Kak
IpUOIVDKEHHE MOHATHSI TOUKH, PACCTOSHUS MEX]Ly TOUKaMH U METPUUYECKOM TOMOJIOTUH OJIN30CTH TOYEK.
Yepe3 cooTHouieHHE V, = dX,/dt BBOIATCS IOHSATHE WHTEpBaja BPEMEHH M TOYEYHOTO MOMEHTA
BpeMeHH. VIMEHHO TakuM 00pa3oM MO mapamMeTpaM JHHAMHYECKOW anreOpbl MHKPOOOBEKTOB BBOMASTCS
KaK anmnpokcuManus (KBa3sHKIACCHYECKOE MPUONMKEHHE) METPHYECKHE OTHOIICHUS C TOYEYHOI
TOIOJOTHEN.

Takum o00pa3zoMm, 4epe3 KBa3HKJIacCHYeCKOe NPHOJIMKEHHEe KBAHTOBOW MeXaHHUKH MBI
NPUXOANM K NOHATHIO TOYEYHOH 4YACTHULBI, CyHIeCTBYIOLIeH H CHOCOOHOI K JBHKEHHIO B
HelpepbIBHOM MeTPHYeCKOM IPOCTPAHCTBE-BPEeMEHH € KJIACCHYeCKOI TOMOJIOTHe.

['71aBHBIM BBIBOJIOM 3TOTO PACCMOTPEHHUS SIBISETCS BO3MOXKHOCTH (DAKTOPH3AIMU BOJHOBOTO
ypaBHeHus (3) Ha [Be cocTaBIsroNnIe — anredbpandeckyio (5) u Tomomormdeckyro (7). B penaTuBrCTCKOM
e Cilydae TOIOJIOTHYECKAash COCTABIIAIOIIAS I OAHOYACTHYHBIX BOJIHOBBIX YPABHEHHM OTCYTCTBYET.
Hcyezaer W cama BO3MOKHOCTH OJHOYACTHYHOTO OIHMCAHHS, & BO3MOXKHOCTh MHOTOYaCTHYHOTO
OIKCaHKsT HEOOXOIMMO PaCCMATPUBAThH KaK COOTBETCTBYIOIIEE H3MEHEHUE TOIIOJIOTHH MUKPOMHUPA.

Crenyer OTMETUTH, YTO HEJIOKAJIM30BaHHAs W HECKOHIECHCHPOBAaHHAS MAaTEPHsI MOXKET CIYXKHTh
KIIFOYOM K TOHUMaHWI0 (eHOMEHa “TEMHON  MaTepwH, BIHUSHHEC KOTOPOW Ha KApTUHY MHUPO3IaHUS
ompenenseTcs yepe3 A-wieH B ypaBHeHuH [ minbOepra-DiiHiTeiina.

Ipuiio:xxkenue

ITo pe3yabTaTam mpeapiAymmx ON-line Anaaoros Ha aBTOPCKOM ceMHUHAPe BOSHUK PSi/i BONPOCOB,
OTBEThbI HA KOTOpPbIe TPeOYIOT pa3bsCHeHUM

Bom smo 6cé 6 cmamuve Ha 2mux once naisydax mHe obvscHume JZOZ)fCCLZyl?CI?'lC{

Ecmm xopoTko 1 Ha mambnax, To copMyIHpOBaTh TEMY 00CYXKICHUSI MOXKHO TaK: 110 pe3ysIbTaTaM J0Ka3aTelIbCTBa
FWT-teopembl (0TCYTCTBHE BIMSHUS OIMKANUILIETO IPOCTPAHCTBEHHOTO OKPY)KEHHS U MIPOLIION HCTOPUH Ha [OBEICHUE
9IIEMEHTAPHON YaCTHUIIbI) PACCMOTPETH - K 4eMy 9TO BeAET? DTOT HEeHOMEHAIIbHBIH pe3ybTaT ObUT OATBEPKAEH
9KCIIEpUMEHTANIBHO B 3TOM rofy. Kak BceoOrmast HEynmopsAA0ueHHOCTh MUKPOMHPA MPEBPAILAETCS B IPOCTPAHCTBEHHO-
BPEMCHHYIO YIOPSJOUCHHOCTh MakpoMupa? K coxaeHuIo, HOHATH 3TO Ha S3bIKE KIACCHYECKOH (PM3NKHU HEBO3MOXKHO.

A pesynomamul onvlmos Acneka cmamucmuiecku UHmMepnpemupyiomcst 6 nojivb3y OAHHOU meopemvl?
BoJiee TOT0, yUIEPOBCKHE IKCIIEPUMEHTHI YCHINBAIOT PE3YIIbTaThl ACIeKa.
Cama FWT-teopema [13] skcriepuMeHTaIbHO MOATBEPXKICHA B 3TOM roy [14].

KcraTn, B 9TOM e KITI04Ye €CTh IKCIIEPUMEHTATbHbIC ITOATBEPIKACHHS BIMSHUS OyIyIIero Ha npountoe (peTponprIHHHOCTD) ,
ITpocToii npuMep MpUBEAEH B MIANKE MOCTA. ITO TAK HA3BIBACMBIC YHUICPOBCKHE SKCIIEPUMEHTHI C OTIIOKEHHBIM BbIGOpOM [15].

1. Mooicno bonee npocmpanno onucams ymo 3mo maxoe "Mmope 6epoSMHOCIMHbIX GUPMYaibHocmet'"?
2."..ko20a supmyanvroe(mMukpo) npespawaemces é peaivroe (Habnooaemoe)"?

1.Bcs q)pasa U B TCKCTC TAKKE B34Ta B KaBbIUKU U 3TO CACJIAHO MMEHHO JJI KPATKOCTH. TTomHoe eé PaCKpLITUE - OTO BECH
00BEM KBAaHTOBOM TEOPHUHU C MMOCICAHUMHU PE3YyJIbTaTaMH 110 CChUIKAM. Bosiee 1oyiHO - KBAaHTOBBIE OOBEKTHI C MX CBA3SIMHU U
nponeccamu, U3MEPAEMbIMU C ITIOMOIIBIO CKAIIAPHBIX U OTIEPATOPHBIX BEPOSATHOCTHBIX MEP. HpI/I U3MEPCHUAX BUPTYAIBLHOC

Bosnuxnosenue I’Z[?()CIT[[?CIHCIT[({C’HHO-(s‘p@.ll@HH()LI onpe()e.zé'HH()cmu



15.

(MHKpO) mpeBpalnaercs B peasibHoe (HabIiro1aemMoe).

2. BupryansHoe B (pu3HKe HMEET CMBICT BEPOATHOCTHOTO MIIH BO3MOXKHOT0. CHEKTPBI BO3MOXKHOTO TPEICTABIAIOTCSA HCX0IaMHU
3JIEMEHTAPHBIX COOBITHI, MOTYIIUX OBITh pealbHBIMU. BUpTyabHOE NPEBpaIaeTCs B pEalIbHOE, B CMBICIIE ONPEACIEHHOCTH
BEIOOpA M3 CIIEKTPa BO3ZMOXKHOTO, B IIpOIieccax U3MepeHus. Bce 3Tu mpomeccs! OIMCHIBAIOTCS B paMKax CTAaHJapTHON
"npeonoru” MUKpOMHpPA U TEOPHH BEPOSITHOCTEH.

IIpencraBumM cebe MoHeTYy nepe moAOpackiBaHUEM. Y MOHETHI IMEETCsI CBOIMCTBO, MOTyIIlee IPUHUMATH JjBa 3HAYEHHS - "op&n’”
wn "pemka”. [lepen mopOpacbiBaHHEM MOHETHI 3TO CBOHCTBO HEM3BeCTHO. OJJHAKO BO3MOXKHO MPOSIBICHUE JII0OOTO 3HAYCHUS
3TOTO CBOMCTBA, KaK pe3ynbTaTa NoAOpackiBaHUs. JTO CBOMCTBO BHPTYyalbHO Nepes nogdpaceiBanueM. IIpomece xe
noaOpackIBaHUs Pealu3yeT 3TO CBOMCTBO U CBOMCTBO MPEBPAIIAETCS B PEaTbHOCTD KaK Pe3ysIbTaT Mpoliecca. 31eCh MOMKHO
3aMETUTh, YTO MOHETA OCTAETCsl MOHETOH, a CBOMCTBO MPUOOPETAET CBOIO ONpeaenéHHOCTh. MaTepuantu3M HUKOUM 00pa3oM He
crpanaer!

BoJiee Touno. KBaHTOBBIE 0OBEKTHI ONMCHIBAIOTCS BEKTOPAMHU M ONIEpaTOpaMy I'IIbOEPTOBA IPOCTPAHCTBA, KOTOPHIE HMEIOT
CBOM COOCTBEHHBIC XapakTepHCTUKH. Kak U B mpeplIyIeM mpuMepe, BCe OHU HaXOJITCS B COCTOSHUM M3HAYAIbHON
HeomnpeneaéHHOCTH. OJIHAKO CIEKTPhI 3THX 3HAYCHHUH M3BECTHBI 3apaHee M BCE COCTOSHHUSI BO3BMOKHBI (BUPTYaJIbHBbI).
TIporeaypa n3MepeHus JiroGoro 13 COCTOSHUN MPUIAIOT eMy ONpeleIEHHOCTD, IIPEeBpaIlas 3HAYCHHS B PEaIbHOCTh. IMEHHO B
npoLecce U3MEPEHHI BUPTYaJIbHbIE COCTOSHUS IIPEBPALIAIOTCS B PeajbHbIC.

[Ton BupTyansHEIM (POHOM HEOOXOANMO OHMMATh HEKYI0 OechopMeHHast HeonpeaeIEHHOCTh 3HAUEHUH XapaKTepUCTUK
00bekTOB, HeM((hepeHIMPOBAHHBIX JaXKe B IPOCTPAHCTBEHHO-BPEMEHHBIX OTHOLICHUSX. [IpH 3TOM XapaKTEPUCTUKH - ITO
OJIHO Ka4€CTBO, @ OOBEKTHI - APYroe, B IIOJHOM COOTBETCTBHU C NMPUHIMIIAMU MaTepuanu3Ma. ENMHCTBEHHOH Opee€HHOCThIO
3J1ech SBISETCS EAMHCTBO BCETO CYIIEro 0e3 0TBETa Ha BONIPOCHL: ¥mo, 2de, ko20d u ckoabko? VIMEHHO 3Ta CyIHOCTh U
NIPEACTaBIISICT COOOH IMepBUYHEIN "OyIbOH" npaMaTepHH, 9TO ONPEeNsIeTcs 31eCh Kak "MOpe BepOSTHOCTHBIX
BUPTYaJIbHOCTEH "

ﬂyaﬂuilr’l, JIOKAJIbHOCNb, ()emepMuHuj’.w, NPpUYUHHOCMb

1. lyanusM, Kak HOHATHE - 5TO TEPMHUH, BOSHUKIINI Ha 3ape CTAaHOBJICHUS KBAHTOBOM MEXaHMKH IIPHU IOIBITKE €€
UHTEpIpeTaly MeTolaMu Kiaccudeckoir ¢usuku. Ha camoMm zerne, KBaHTOBbIE OOBEKTHI - 3TO U HE BOJIHBI, U HE YaCTHIBL. JTO
COBEPIIECHHO APYras CYIIHOCTh, KOTOpas MPOsBIIET HA MAKPOYPOBHE CBOMCTBA "dacTHL" U "BONH". DTO 1aéT BO3MOKHOCTD
paborats ¢ aTuMu cBoiictBamu. [TogpoGuee cm. [15].

2. B crarbe pedpb He UAET O BOSHMKHOBEHHH TIPOCTPaHCTBa-BpeMeHn (Mupa) win 06 MCYe3HOBEHMH IIPUYHHHO-CIICACTBEHHBIX
cBsi3ell. Peub naéT 0 BOSHUKHOBEHHU onpedenéHHocmu IpOCTPAaHCTBEHHO-BPEMEHHBIX OTHOIIECHUH 1 U3MEHEHUN (hopmbl
npUuuHHOCTH. KBUHTACCEHIIMS MaTepHann3Ma Hepyuimal

Kpome Toro, Heo0X01MMO TOBOPUTH MPEAMETHO U 1O CyTH, MOcKoIbKy FWT-Teopema yrke nokazaHa U MOATBEPXKICHA
aKkcrepuMeHTabHO. Co CTOPOHSI ke Gritocodhun MO3BOIUTEIBHO OBITH TOJBKO 000OLICHHSIM HA OCHOBE (DU3HKU.

ITpo6eMsl CyIeCTBOBaHHUS IPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHHH Mepes GU3HKOH yKe MTOCTaBICHBI (BILIOTH 0 HX
u3bsATHs U3 obparuenus ). [Tapagurma KapTe3uaHCKON NPHYMHHOCTH B (QU3HMKE UMEET B CBOEH OCHOBE HMEHHO
MPOCTPaHCTBEHHO-BPEMEHHBIC OTHOIIECHHS B hopme HYHKIMOHATBHBIX cBsizeil. OnHako, FWT-Teopema oTBepraer
(GYHKIHOHATBHYIO 3aBHCHMOCTD MEXIY IPUYHHON U CIEACTBUEM B TPAAULHOHHOM TOMOIOTHH IIPOCTPAHCTBA M BPEMEHH.
Hmenno 3To yrBepxkaaetr FWT-teopema.

3. Jlns yTOYHeHHs 9TUX HPpobIeM HEOOXOAMMO M3BACHATHCS CIIOBAMH COOTBETCTBYIomMX pabor [13], [14].

A miepent pacCyKIEHHSIMH O IOCTaBJICHHBIX ITPpo0IeMax He0OXOIUMO aTh YETKUE ONPECNICHUS] JIOKAIbHOCMU, OeMepMUHUIMA
NPUYUHHOCHU. BEllb, IMEHHO 00 9THX cBoiicTBax 1 roBoput (oTpuuarensuo) FTP-teopema. Jleno B TOM, 4T0 00LIUX CIIOB (naxe
B (puiococKux KaTeropusx ) HEJOCTATOUHO, YTOOBI MOHATH 0 4YEM HIET peub B Teopeme Kousast u Koxena (FWT) u noromy
HPHUBOAUT K HEBEPHOMY BBIBOAY, HAIIPUMED, K TAKOMY ... 8 CUTLY HEPBONPULUHHOCIIU, OeMePMUHUIM, KAK NPUHYUN, Oblmb
Hapyuien He modxcem... Ho IMEHHO IPOTHBOIONIOKHOE OHU oKa3biBainu! [TosicHsto.

Jlokansnocme — TOTONOTUYECKask OIIM30CTh HA A3BIKE HENPEPHIBHOCTH.

Jemepmunuszm B YU3NKE KOHKPETUZUPYETCS B MOHATHN (HYHKIIMOHATIHLHON 3aBUCHMOCTH.

Tpuyunnocme B U3nKe - QYHKIMOHATbHAS 3aBUCUMOCTh OT OJIMDKAMIIEr0 OKPYKEHHUS ¥ TIPOIIOTO (OMpPenenéHHbIX
TOIOJIOTUYECKH).

Takum 06p330M, JIOKAJIbHOCTh, A€TCPMHUHU3M, IIPUIUHHOCTD B (1)I/I3I/IKG KOHKPCTU3HUPYETCS B IOHATHU NOCTATOYHO FHaZ[KOﬁ
q)yHKL[I/IOHaJIbHOﬁ 3aBUCUMOCTH. 1l MIMEHHO JT0Ka3aTensCTBO OTCYTCTBUA TaKoM q)yHKHHOHaIIbHOfI 3aBUCUMOCTHU U €CTh

" CHOTCIIIMOATEIbHBIN pe3yiabTaT, NOJIYy4YCHHbIN Konraem n KOXCHOM, HOZ[TBCp)KIIéHHLIfI OKCHEPUMEHTAJILHO TOJIBKO B 9TOM
roay. ITO €CTh HOBas (1)I/I3I/ILICCK35{ peaJ'H)HOCTI)!

4.Ha camoM pene NpUYMHHOCTD TIPU 3TOM HE UCYE3aeT, OHAa MEHAET GOpMy, MEPEX0As OT TPAIULHOHHONW (DYHKIMOHAIBHON
¢dopmsel B hopmy Tuna Tpuaasl Japsuna. CXxoxuii mpuMep st MHCMOHHKH - BBIYMCIICHHE HHTErpajIa MIaKod GpyHKuuu
(HenpephIBHO# M MMEIOIEH MIPOU3BO/IHBIC) COBCEM HEAHATMTHIECCKUM MeTo10M MonTe-Kapio. OqHako 3ToT npumMep aaér
BO3MOKHOCTb IOHSATH, KAK BEPOATHOCTHAS MEPA MHOJKECTBA TOUSHYHBIX COOBITHII MOXKET alpOKCUMUpPOBaThCs Mepoii JXKopaaua.
TTompoOHOCTH B CTATHSIX

BakHO NOHATL HEOOXO0AUMOCTL Nepexoa oT 2KopaaHoBoii Mephl K BEPOATHOCTHO-0NEPATOPHBIM MepPa WJIH KAKUM-TO
JIPYruM, OT METOOB MaTaHAIM3a K METOlaM TPYIII CUMMETpHH, IpaBmiiaM 0TO0pa U Cynepordopa, To eCTb OT
JETEPMHUHHCTCKO# 3Bomonmy (B Brjie Audyp) K SBOIOIMH 110 06pasy "tpuast Jlapeuna'!

Ilo uemy d)a3bl u nodemy monoao2uyeckue?

TToxanyi, 3To caMBblif IJIaBHBIN BOIIPOC, KOTOPHIH 1 XOTeJ ObI yCHBIMIATh ¥ MONYyYUTh "TOJHMKY" HAEH M acCOIManyii o 3Toit

Bo3snuknogenue npocmpancmeenHo-6pemMeHHOll OnpedeeHHoOCmU
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teme. Emé pas 00 3ToM 31€CH.

1. sFWTFreopema otpuiaet GyHKIHOHAIBHYIO CBSI3b MKy OIMKaIIMM TPOCTPAaHCTBEHHO-BPEMEHHBIM OKPYXEHHEM U
KBAHTOBBIM OOBEKTOM TIPH H3MepeHusix [13], 4To moATBep K IaeTcst SKCIepUMeHTaIbHBIMU JaHHbiMU [14] . Ho umenHO
(byHKUHOHANBHAS CBSI3b B (QU3MKE M BBIPKAET MPHHIKI IPUYHHHOCTH B KIIACCHIECKOH (Ha MakpoypoBHe). Takum 00pa3os,
pesynbratel Konsast 1 KoxeHa 0TBepraroT KIacCHIeCKyI0 IIPUIHHHOCT.

2. Het comHeHnit B CyIecTBOBAHUY IIPHIMHHOCTH B Makpomupe. OIHaKO, IPUYIHHHOCTE B MUKPOMHpPE B KJIACCHYECKOM CMBICIIE
orcytcTByeT. To ecTb, Mup CylecTByer, 1o KpaifHeil Mepe, B IByX HIIOCTacaX "TPUYMHHOK" M "BHempuuuHHOK". [IprmunHHas
UIIOCTAaCh MOTPYXKEHa B IPOCTPAHCTBEHHO-BPEMEHHBIC OTHOLICHHUS, BO BHEIPUYMHHON MIIOCTACH TaKKE OTHOLICHUS
orcyTcTBYIOT. OTClOza cienyeT He0OX0IUMOCTh PAaCCMOTPEHUS CylIecTBOBaHUS NBYX(asHoro "HanonHenus" Mupa.

3. YunThIBast IpoCTpaHCTBEHHO-BPEMEHHOE 0(OPMIICHNE TPHIMHHOCTH, BO3HUKAET HEOOXOANMOCTh OOBSCHUTD
BO3HHMKHOBEHHE IPOCTPAHCTBEHHO-BPEMEHHOI OIpeIeNIEHHOCTH MaKpOMHUPa.

4. Makpomup umeet (3+1)pasMepHOCTh, pa3MEPHOCTh MUKPOMUPA HE PEIIIAMEHTHPYETCSl HU4eM. B 3THX YCIOBHSIX OYECBHIHA
TOIIOJIOTHYECKasl pa3HUIIA IPEACTaBIeHUS utoctaceil. Kpome Toro, moHATHsS MPOCTpaHCTBEHHO-BpEeMEHHOH "0mu3ocTh”,
HeNpepbIBHOCTH, TU((EpeHIINPYEMOCTH - BCE 3TU XapaKTEPUCTUKH OTHOCSTCS K HPEIMETY TOIOJIOTHH.

5.B crarbe npemtaraeTcsi HATSIAHBIH (2 TOTOMY CYIIECTBEHHO yHPOLIEHHEII) MEXaHH3M BO3HUKHOBEHHS IPOCTPAHCTBEHHO-
BPEMEHHOH oNpeeIEHHOCTU MaKpoO- U MEraMupa.

6. ®uocodckiM BOIpocaM 1o 9Toi TeMe HocBsieHa pabora [6].

Yem omauuaemces usmepenue om Habmooenus?
S1 oTBEHaI HA ATOT BOIpocC. MeHsTh B OTBETE MHE HEYCTO, [IO3TOMY NPUBOKY TOT KE OTBET.

TepBoe. Uem oTiiHyaeTcst U3MEPEHHE OT HAOIFOICHNS] MOJKHO HOHSATH Ha IPUMEpPE JBYXIIEICBOr0 SKCIepuMeHTa *). B orinune
OT u3Mepenus (AKTUBHO# Orepanreil BO3ACHCTBHIs Ha KBAHTOBbINH 00BEKT), HAOIIOACHHE - 9TO MACCHUBHAS OTICPALIHS.

Tak HanpuMep, eciiM Ha 3KpaHe MbI BUAUM CJIE]] HHTEHCUBHOCTH OT KOJIOKOOOPa3HOI KPUBOH, JieaeM BBIBOJ O TOM, UTO
KBaHTOBas "JacTHIA" NMPOIUIA Yepe3 OJJHY IIelIb, TO €CTh KBAHTOBEIH 0OBEKT IPOSIBII KOPITyCKYJIIpHEIE cBolicTBa. Ho 31ech
Ba)KHO IOHSATB, YTO FOBOPHUTH IIPH STOM O TOM, [10 KAKOMY IyTH HpoIIén HOTOH Helb3s 1 TeM OoJiee uepes Kakyk 13 Lienei. **)
Ecnm sxe Ha HKkpane npeacTaBieHa MHTep(epeHINOHHAs KapTHHA, 1eJIaéM BEIBOJ[ O TOM, YTO KBAHTOBBIH OOBEKT IPOSBHIT
BOJIHOBBIE CBOMCTBA. TO €CTh, B 9TOM 3MIH30/1¢ MBI IPOCTO HAOIIOaeM - B KaKOIl UITOCTacH Mepe]] HaMU MPEACTAT KBaHTOBBII
00OBEKT - BOJITHOBOH HJIM KOPITYCKYJISIPHOH.

C moMo1IbIo 5k€ aKTUBHBIX ONEpaIuii H3MEPEHH UIIOCTACh MPEICTABICHNS MOXKET OBITh H3MEHEHA. A U3MEHEHNE
KOPITyCKYJISIPHO-BOJHOBOM HIIOCTAaCH M €CTh MHUIMALMS PACIPOCTPAHEHNUS CHHITIA, CKOPOCTh PACHPOCTPAHEHHUS] KOTOPOTO He
pernamentupyercs CTO.

Bropoe. Kak B3anmMoneiicTBYIOT U Kak BIHSIOT (JOTOHBI APYT HA Apyra MpU N3MEPEHHsIX ?

CyIIecTBEHHBIM JOIIOJIHEHHEM K CKa3aHHOMY 3/1€Ch SIBIISIETCSI (JaKT TOTO, YTO CYIISCTBYIOT OJJHOYACTHIHAS U JBYXUACTHIHAS
unTepdepenunn. Tak 3amyckas oauH GOTOH Hepes ABYMS LISISIMH MbI IT0JIy4aeM Iy Th-CITyTAHHYIO KapTHHY, COOCTBEHHO U
00yCaBIMBAOILYIO MPOSBICHHE BOJIHOBOI HItocTacH **). T109TOMy He CTOMT "COUYMHSTE" MEXaHU3MOB B3aUMO/ICHCTBHSI
(OTOHOB B IBYX- U MHOTO(OTOHHBIX SKCHIEPUMEHTaX. POTOHBI KAK YACTHIbI He B3AHMOIEHCTBYIOT MeKIy c000ii!
KBaHTOBBIIT 00BEKT B3aMMOJICHCTBYET € MPUOOPAMHU U3MEPEHHS, & P HAOIIOICHHUH (C TIOMOIIBIO KaKUX-TH00 JETEKTOPOB)
TIPOSIBIISIIOT CBOU CBOMCTBA, B TOM UHCJIC U KOPIYCKYJISIPHO-BOJIHOBBIE. OT TOTO, 4TO M KaKk HaOJIIo1aeM - IIepeji HaMH IPEJCTaioT
pa3HbIe KapTHHBL. TakoBa MPHPOAa MUpPa MUKPOOOBEKTOB!

*) Cietyer OTMETHTb, YTO IIEJICBBIC IKCIICPHUMEHTBI HCIIOJIB3YIOTCS Ceiiuac TOJBKO IS WILTIOCTpanuil. IM Ha cMEHY HpHIILIIN
UHTEp(EPEHIHOHHO-Ia3ePHbIE, KOTOPbIE TOPA310 NPAKTUYHEE U MOACIUPYIOTCS € IOMOLIBIO KBAHTOBBIX BHIYMCIICHUH.
ITocnenHue SKCIIEPUMEHTHI 110 0OHAPYKEHHIO TPABUTALIMOHHBIX BOJH OTHOCSATCS HMEHHO K 3TOMY KJ1acCy 9KCIIEPHMEHTOB.
*¥) X opomrast HIUTFOCTPALMS MPOSBIICHHUS MOA00HBIX CBOMCTB MPUBE/CHA B TOMYISIPHOI ctathe Mropst iBaHoBa 00 yibIOke
Yemmpckoro kora

Ho pasznuuenue ¢hopmul Kpugoil Ha SKpane maxice s6Jisaemcst AKMUGHbIM USMEPEHUsL ¢ NOMOWbIO 21d3 € UX
"nanouxamu" u "xonbouxamu'. Kpome moeo, mam 00adHCHO NPUCYMCMBOBAMb U CO3HAHUE dIKCnepumenmamopa. To
ecmb, 6 NPOYEOYPY KBAHMOBO20 UBMEPEHUSL BKIIOUACMC Sl CO3HANHUE MbICISAWe20 CYObeKma u npoyecc npuobpemaem
Kawecmeo cybovexmuocmu. Takum oopazom, naccusHoe usmepenue seisiemcst, Ro Cymu, RPoyeccom NOHUMAHUA?
Tlonos M. A. ( 6 3awumy kéanmosoeo uoeanusma. YOH, 173, Ne 12, 0exabps 2003).

TIpo "uneanu3m” B KBAHTOBOI MEXaHHUKE MHE HE HaJl0 — MPOCTO CTBIAHO 3a OTun3Hy (Hekorna - hU3NYECKyto AepxaBy)!

B o01mem citydae u3MepeHre HeoOX0AMMO paccMaTpPUBATh KaK MPOLECC MOIYYeHHsI 00bEKTUBHOH ONPEeIEHHOCTH O
COCTOSIHHUH.

B 3TOM 1mi1aHE HEOOXOAUMO Pa3IMUaTh CeleKMugHble N HeceleKmusHble u3MepeHHus. 110 3ToMy I0BOy XOPOILO Pa3bICHEHO Y
@. Kemndepa (Ocrosuvie nonosicenus keanmosoi mexanuxu. Mup, 1967). Onnako, TOHKOCTH He " 1u1st 31€Ch”!

Ilo mpocToMy 1 Ha ManbIax 3TO BBITTIAIUT TaK: MPOLELYPa U3MEPEHUs, HAPHMED, B ABYXIIEIEBOM SKCIIEPUMEHTE — €CTh
U3MEpEeHHe caMoro npoyecca OT PoxkAeHUs] GOTOHA A0 €ro IOTJIOIIEHHUS, IPUUEM MOTJIOMIEHH! IMEHHO Ha 3aKJII0UUTEIbHOM
9Tane 0OBEKTUBHOTO TpoIiecca. B 3TOT mpomece MOXKeT BMEIaThCs Kakoe-In00 BO3MYIIEHNE, KOTOPOe IPHAAET
OIPeEIEHHOCTD ISl TUXOTOMHUYECKOMN [IEPEMEHHOM , IPHHUMAIOIIEH BCero aBa 3Ha4eHus ( BosHa | 4actuua ). Toraa 3To
u3MepeHue OyeT sBIsSeTCs CeJICKTHBHBIM (C BBIOOPOM) H3MepeHHEeM. FIMEHHO 5TOT MOMEHT I103BOJISIET TOBOPHUTH O
PETPOIPUUMHHOCTY M O BO3MO>KHOCTH BBEACHUS OIIEpallil KBAaHTOBOIO cTupaHus. Eciau B mpouece pacnpocTpaHeHus He
BMEILIMBAETCS BO3MYILEHHE, 3TO U3MEPEHUE OY/eT NPEeACTaBIATh CO00I HECENIeKTUBHOE U3MEPEHHE.

Bosnuxnosenue 11pocmpchm@eHHO-Gpe,weHH()LZ onpe()e.vé'HH()cmu
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Cy1ecTBYIOT CHTYAIMH, KOTa MBI MOJKEM € JOCTOBEPHOCTBIO IPECKa3aTh PE3yJIbTaT IKCIEPUMEHTA, HallpUMeEp, He
BMEILMBAsCh B Ipoliecc dKcnepumenTa. 3aech co 100%+40it 10CTOBEPHOCTBIO MOXKHO NPEACKa3aTh, YTO HAIIA JUXOTOMHYECKAs
nepeMeHHasi IpuMeT 3HadeHue "BosHa". [Ipy 3TOM 0TCYTCTBYeT HEOOXOAMMOCTh BOBICKATH "pa3yM CBATOro ayxa’l

Hy, u tak nanee no sTomy nosogy ...

Jlumepamypa 012 oanvhetiwezo "nozpyscenus":
J. Schwinger. The algebra of microscopic measurer®eac.N.A.S., US, 45,1542 (1959)

@. Kemndep. OcHOBHBIE NONOKEHHUST KBAaHTOBOH MexaHUKH. Mup. M., 1967

KacumoB BA. A Tak ji1 He00X0/[MMa MHOTOMUPOBAst HHTEPIpeTalus KBaHToBol MexaHuku? HoBocubupcek. 2013r. [18].

"...koncmamayus cywecmsosanus " cunenog”, ckopocms komopuix e peenamenmupyemcs CTO... " . Eciu moowcHo
— nodpobnee 0 cunenax u ux pacnpoCcmpaHeHuu.

KBaHTOBBII 00BEKT MOXKET MPOSIBIATH KaK BOJIHOBBIE CBOICTBA, TaK U KOPIYCKYJSIpHBIE. [IpH KBa3HKIACCHYECKOM
HHTEpIpETaly 3TOT PEHOMEH TPAKTYeTCsl KaK MPOSBICHHE KOPITYCKYJIIPHO-BOJIHOBOTO Nyanu3Ma. Ha camom zaelie, KBaHTOBBIH
00OBEKT- 3TO COBEPIIEHHO ApYyTras MaTepHanbHasi CyLIHOCTb, K ONIMCAHUIO KOTOPOH, TEM HE MEHEe, IPUMEHSIOT 3HAKOMBIH 110
HpeIbIIyLIeMy annapar KJIacCHYeCKOi (U3NKH, MPEeACTaBiIsAs KBAHTOBBIH OOBEKT KaK BOJHY HJIM KaK YaCTHILY, UTHOPUPYS IIPU
9TOM TOT (aKT, YTO 3TO €IHHAsK CYIIHOCTh ¥ PAaCCMaTpHUBaTh €€ HEOOXOANMO KaK LIeJIOE, TO €CTh KaK LEIOCTHOCTE 00BEKTa U €ro
CBOMCTB.

Cwmena "umumka” (BOJHOBOTO HITH KOPITYCKYJISIPHOTO) MPOUCXOUT ISl BCETO 00BEKTa, 00aJaoIero CBOMNCTBOM [EIIOCTHOCTH!
Camo ke "eiicTBO" POUCXOUT B MOMECHTBI M3MEPEHHS (AKTHBHOM OIEPAIUH), YTO U PACCMATPHUBACTCS KaK BO30YXICHHE
cunena. OOBEKT, pacCMaTPUBACMBIH KaK BOJIHA - IPOCTPAHCTBEHHO HE JIOKAIM30BaH. [103TOMy MEXaHU3M NPEBPAILEHHUs OJHOM
Urocracu (BOJIHOBOH) B APYryto (KOPIYCKYISIPHYIO), HIIK HA000POT, B MPOCTPAHCTBEHHO-BPEMEHHOM OTHOIICHHU
(pacripocTpaHeHne) He MOKET ObITh OIHMCAH B TOYCYHOM HIIH BOJIHOBOM HCIIOJHCHHSX, TO €CTh B "TIOJOBUHYATHIX" PEKHMAX,
XapaKTEPHBIX JIUIIB JUIS TOJIOBHHBI IEIOCTHOCTH.

Xoporuuii mpuMep Jaét paccCMOTPEHHE NapaioKca ¢ aOCOMIOTHO KECTKUM M a0COIIOTHO HEBECOMBIM CTEPXKHEM (TO eCTh
abcomoTHO TBEPABIM 1 Ge3MaccoBbIM). COBUT OJHOTO KOHLA CTEPIKHSI MPHUBOAUT K MOMEHTAIBHOMY CABHIY JPYTOT0 KOHIIA.
CKOpOCTB K€ pacnpoCTPaHEHHs STOTO BO3MYIICHHS paBHa GeCKOHEYHOCTH! 3/1eCh LENOCTHOCTh 00BEKTa (CTEPIKHS)
TapaHTUPYETCs] KOHLIENTYaIbHOH ECTKOCTRIO. B cilyyae KBaHTOBOIO 00BbeKTa "KECTKOCTD" TapaHTHPYETCs KOHIENTYalbHOU
LIEJIOCTHOCTBIO KBAaHTOBOTO OOBEKTA.

CyHICCTBOBaHI/Ie CUH2106 TIOATBEPIKJACHO SKCIICPUMCEHTAJIBHO. OTHOCHUTENBHO Ke CKOPOCTHU UX pacnpoCTpaHCHHSA €AUHOI'O
MHCHMUS HET. OZ[HaKO B OTACJIBHBIX 3KCIICPUMCHTAaX 38.(1)I/IKCI/Ip0BaHbI CBEPXCBETOBLIC CKOPOCTH.

To, uTO cumenvl HE ABIAIOTCSA CUTHAJIAMH - OUEBU/IHO, TIOCKOJIBKY UX PACIIPOCTPAHEHHE HE CBA3AHO C JIOKaIn3aLuei u
HEePEHOCOM HEPTHHU U3 OJTHOW TOUKH B JPYryl0. IMEHHO 0O3TOMY CKOPOCTb MX pacnpocTpaHeHus He pernamentupyercs CTO.

O A-unene ??? Crnedyem ommemums, 4mo HeIOKAAUB08AHHAA U HECKOHOEHCUPOBAHHAS MAMepUsl A61Aemcs
KAIOYOM K NOHUMAHUIO (heHomena “ mémnol” mamepuu, 61usHUe KOMOPOIl HAd KAPMUHY MUPO30aHUs onpeoensemcs
uepes A-unen 6 ypasnenuu I unbboepma-dunwmenna.

(3+1)-1oKamu3anus U KOHIECHCAIHUS TI03BOJISIET TOBOPHTH O ABYX(a30BOM MOJIENH CYIIECTBOBAHUs MaTepu. PasieneHune
MepeMeHHBIX B ypaBHeHHH (3) ¢ moMoIIbio (4) hakTopHu3yeT CUTYaluio Ha KIACCHYECKUH (PparMeHT — JIOKAIM3yeMbIii,
JIeTEPMUHUPOBAHHbIN, HEKOTePeHTHBIH (ypaBHeHHe THIA [ aMusibToHA-K00H (5)) M KBAHTOBBINH — HEJIOKAIU3YEMBbIid,
HEICTEPMUHUPOBAHHBIN, HO KOTepeHTHBIH (7).

YpaBuenue DiiHimreiina-I nns6epra B Buzge:
Rl — L 51R = #T}, — 46!
kT Okt = Ak )
TaKKe (paKTOPU3yeT CHTyaluio (paBast 9acTh YpaBHEHMs) Ha dHepreTiudecku-mMarepuanshyio (T}) u "saramouryio”( A). Cesizb
KBAHTOBOTO MOAX0a (MHKPO-) M KOCMOJIOTHYECKOTO (Mera-), BO3MOKHO Yepe3 MaKpO-, HaBEpHAKA HAMAET CBOU

METOI0JIOTHYECKHE MEPCIIEKTHBBI, YTO KOHKPETH3UPYETCsl B CBOMCTBAX /-uiieHa, BIUSIIONIEr0 Ha CBOMCTBA III00aIbIX
MIPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIIEHMI (RY,).

B Csazu ¢ obcyscoenuem k6anmogoil oexoeepeHyuu pewi 00pamuicsa K UCmoxkam OUCKyccull 0 08yXgasHocmu
Mamepuu

(https://my.mail.ru/community/physiks.princips/SEEA2C08D8300.html Moorcrno au paccmampusams keanmogwvie
0eK02epenyuio U peraKcayuio 6 Kauecmae napbl MEXanu3sMo8 KOHOCHCAyUl U T0KAIU3aYUY 6 08yX(Pa3Hol Mooeiu
mamepuu - 8 NOOOEPHCAHUU HEKOE20 OUHAMULECKO20 PABHOBecUs (Pa3?

Ia, ucropuu Borpoca (AMEHHO Ha CEMHHApE) - YK€ Mapa ¢ HeOOJIBIIUM JIET:
https://my.mail.ru/community/physiks.princips/77819463C294E.html
https://my.mail.ru/community/physiks.princips/07 &18284324DD0.html

Hapanﬂenn 6e3yCIIOBHO CCTb. A, BOT, Hacyér "MexaHHu3Ma" - COMHEBAIOCH ... KOHC‘IHO, BOIIPOC - HHTCpeCHLIﬁ, HO JIs1 OTBETA Ha
HETo emié He HaCTyIUJIO BPEMHL... CeI‘OZ[HFI OTO HaXOAUTC MPOCTO B CTaANU BO3MOKHOU HUHTEpIIpETALlNU U BI)I60pa SA3bIKa 1A
HOZ[XOIIS{IIICﬁ HUHTEpIPETAlUH. ..

O napannensx.

Bosnuxnosenue npocmpaucmeelmo-epe.weuuoﬂ onpedejémzocmu
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I

1. Wcnonb30BaHue IPUHLMIIA COOTBETCTBHS [3], Kak METOHOJIOTHYECKOro Ul PeLIeH s 3a1a4 nepexona: Ke. meopusi <> Ki.
Mexanuxa, TI03BOJISICT Pean30BaTh OIMCAHNE EPEX0I0B OT KApPTHHBI BEKTOPOB COCTOSIHHH TMIIBOEPTOBA MPOCTPAHCTBA K
KkapTtuHe (Ha30BOro MPOCTPAHCTBA - "'myoda u o6pamuo”, UCIONb3ys TaMUIBTOHOB (POPMAITH3M.

2. Cornacho ypasHenuto (5) B [9], kuHEeMaTHKy KBaHTOBOH "4acTHIBI" MOXHO MPEICTABUTH KaK JIBIKCHHE "BEPOSITHOCTHOTO
obnaka" cornacHo ypaBHeHuto I'amunbrona-SIk6u [19]. B kauecTBe AeiicTBUS Kak GYHKIUH KOOPOUHAN U 6peMeHU, BBICTYIIACT
(ha3a BOTHOBOH (QYHKIIHH.

3. DBomonust "o6iaka BeposiTHOCTEH" TOJUHHSIETCS ypaBHEHUIO HenpepblBHOCTH (7) B [9]. DTO 00CTOATENBCTBO OATBEPIKAACT
BO3MO>KHOCTh HCITOJIb30BaHMUS allliapara CTaTHCTHYECKOH MaTpHIEI, KOTOpasi B KBAHTOBOM MEXaHHKE IIPeCTaBIsIeTcs
SPMHUTOBCKHM OIIEPAaTOPOM, Ha3bIBaeMbIM MaTpulieii miotHocTH [20] . DBOIONHUS MAaTPHIBI INIOTHOCTH ITOJYHHSIETCS
ypaBHeHuto JInyBHILIs, aCCOLMMPYEMBIM C KOMMYTaTOPOM MM cKOoOKo# ITyaccoHa ¢ raMHIIBTOHHaHOM CHUCTEMBI.

4. Tlepexon K KBa3uKJIaccuke, Harpumep B npubmmkennn BKB (Benyens, Kpamep, Bpunniosn), 3aBepiiiact TpaguLHOHHYO
npouenypy nepexoza or Ke.T x Kn.M.

IpencraBnennas cxema (1-4) mo3BosseT BOIHE HATTSAHO MPEACTABUTE, €CIIM U HE MEXaHU3M, TO CyTh BO3HHKHOBEHHS
MIPOCTPAHCTBEHHO-BPEMEHHOM onpenenéHHocTu. [lonuepkHéM emeé pas, uyTo pedb UAET 0 BOZHUKHOBEHUHU KIACCHUYECKON
onpedenénHocmu, a He caMoi cywrocmu'".

OnHako Mo pe3ynbTaTaM MoJOOHOTo MEPEX0/ia, BCTAIOT BOMPOCHI, POACTBEHHBIE 110 COAEPKAHUIO T€M, KOTOPbIE BO3HUKAIOT B
CBSI3H C TIOMBITKAMH pa3peLIeHHs apajgokca "upeduneeposcrkozo koma". IMEHHO KOHTEKCTY pa3pelieHust IpOOIeMbl €IHHOTO
OIMCaHUS KBAHTOBOM TEOPUH M KIIACCUYECKOI MEXaHUKHU U MocBslleHa padora B. 3ypeka: packpbiTie MOHATHI
JEKOTEPEHTHOCTH U PEIaKCalis KBAHTOBBIX CBOMCTB M BO3MOKHOCTH BOCCTAHOBJIEHHsI KOTEPEHIINH Yepe3 HCIONIb30BaHNE
CBOWCTBA KBAHTOBOH cryraHHOCTH [11].

Il.

Hanee. Ypasuenue (17)8 [10b] onpenenser MaTpuily IJIOTHOCTH C BbIAEICHUEM TPEX onepaTopoB: ¢oH HeiimaHa, penakcaunu
u nexorepenimu. C nomolusto npeodpazosanus Burnepa W (x, p) (20) BeiBoauTcest ypaBHenue asixeHus 1ist "W (x, p)-yactun”
(24).YpaBHeHue COOCPIKUT TPH WICHA: JIMYBHJUINAH, TPCHHUE U ICKOTCPEHIHIO. Y PaBHEHHUE [I0KA3bIBACT KaK KJIACCHIECKast
JuHamuKa B hopme JIMyBHIUIS BBITEKAaeT U3 KBAHTOBON IMHaMUKH. [locinennuii wieH onucbiBaeT T y3HIo B IPOCTPAHCTBE
UMITYJIbCOB, HHUBEIHPYS NPUHLUI HEONPEAETEHHOCTH. TakoB "MeXaHH3M" KJIaCCHYEeCKOH MPOCTPaHCTBEHHO-BPEMEHHOM
nokanu3anuu 1o B.3ypeky.

He nanomunaem nu npoyecc nepexooa om onucanusi KO2EPEeHMHbIX COCMOAHUL K ONUCAHUIO 0eKO2ePEeHMHbIX
COCMOAHUI U3BECTNHO20 NPoyecca nepexood on MHO20YACMUYHO20 ONUCAHUA K MAKCBEILIOBCKOMY 8 MOJLEKVIAPHOU
@usuke u oanee K Makpo- u MepMOOUHAMUYECKOMY ONUCAHUIO?

Ecnu roBopuTH 0 BOSHUKHOBEHHH HOHATHUH TeMIepaTypsl, 00bEMa, JaBIeHUs U T.JI. U3 MAaKCBEJIOBCKOTO pacHpeeneHus u 00
UX U3MEPEHUIX Ha MaKpOYPOBHE, TO CUTYallUH BBIMJIAIAT BIIOJIHE aHATOTUYHO. TOJIBKO CYIIHOCTH OOBEKTOB, OMUCHIBAEMBIX
TEOPHSAMHU Pa3HbIC. B IEPBOM CITydyae 3TO KJIACCHYCCKUE OOBEKThI (4aCTHI[BI), BO BTOPOM - KBAHTOBBIC, KOTOPBIC HE SIBISIOTCS
yacTUIlaMu. YacTuil B KBAaHTOBOW MEXaHUKE HET, OHU HE MOT'YT COCYIIECTBOBATh KaK YTO-TO OINpeAeIEHHOE, IIPU 3TOM
IBUTaThes, "netath” U mp. OOBEKT MHKPOMHUpA 3TO COBEPUICHHO APYTasi CYIHOCTh - KBAHTOBAs M, COBEPIICHHO HE CBOANMAsS K
KJTACCHKE.

A 6 08yxghaznoli mooenu mamepuu MeXanusm 0eKo2epPeHyul MOJICHO PACCMAmMpUsams KaKk c60e20 pood
"kondencayuio" u "Kpucmannuzayuro” nepsuunol npamamepuu 8 "niomuvie" mena Makpomupa’?

B 00mux ciaoBax, 310 TaK...

[lepexox OT MUKPOYPOBHEBOTO ONMCAHMS SBOJIOLMH CHCTEMbI K MAKPOYPOBHEBOMY HAOJIIOICHUIO JOIDKEH OBITH CXOXKHM C
TIepexoI0M Ha MaHep IPEBPAIICHHs] ONUCAHUsI MHOTO9aCTUYHOTO XaOTHYHOTO aHcamburst ['m66ca ¢ MHOTHM YHCIOM
MHKpOIIapaMeTPOB B OIHCAHNE, HAIPHMep, Ta3a, 3aKII0YEHHOTO B ONpeIeIEHHOM 00bEME ¢ TeMIIepaTypoii, 1aBlICHHEM,
TEIUIOEMKOCTBIO - TO €CTh C BECbMa OIPaHMYEHHBIM YHCJIOM MakporapameTpoB. Cama jke HbIHEIIHss CUTYyalus IIOUCKa
CYILIHOCTH NIPOCTPAHCTBEHHO-BPEMEHHBIX OTHOLICHUII HATIOMUHAET PAHHIOIO HCTOPUIO MOKCKA CYIIHOCTH "(iorucrona”,
KOTOPpasi pa3peIiniach CTaTUCTUYECKON Teopueil rud0coBckux ancamOiel 1 pukcanneil MoHATHS TeMIIepaTyphl KaK CPEIHETo
KHHETHYECKOH 3Hepruu no ancamOIo. BriojaHe BO3MOKHO, YTO M IIPOCTPAHCTBEHHO-BPEMEHHbBIE OTHOIICHUS SABIAIOTCS HEKHUM
CPEIHUM OT COOCTBEHHBIX 3HAYEHHUH ONEepPaTOPOB KBAaHTOBBIX OOBEKTOB.

B uwactHOCTH, (3+1)4IpOCTpaHCTBEHHO-BPEMEHHAs “KOHACH AL MAaTEPHH B IIPOLIECCE IBOJOLUH IIPOHCXOAUT C TIOMOIIBIO
TPaBUTALOHHBIX U DJIEKTPOMArHUTHEIX IoJIeil Ha (hoHe OoJiee YHUBEPCATbHBIX B3aNMOACHCTBHIA "BCEICHCKOTO IIEPBUYHOTO
OynboHa". TIpu TOM MHOIOMEPHOCTB, HEONPEAEIEHHOCTH U (IIyKTyallMH OCTalOTCS B ONIMCAaHUM MUKPOMHUDA,

a (3+1)41pocTpaHCTBEHHO-BPEMEHHAsI Pa3MEPHOCTD U ACTEPMHUHUPOBAHHOCTD BBIXOIT HA YPOBHH MaKpO- U Mera- OIMCAaHHUM.
Becb e BceneHCKUH YHUBEPCYM IpeAcTaBisieTcs B popme AByX(Ha3HOro COCYIECTBOBAHMS.

OO0yCIIOBIEHHOCTD K€ "KOHACHCAIUU MaTEepUH MOXKHO NIPOHJLIIOCTPUPOBATh Tak. HekoTopsle aieMeHTapHbIe "JacTHI! "
OCTaIOTCS CTaOMJIBHBIMY II0Ka OHY 3aIepThl B OTCHIMAIBHBIX SIMaX, HO B CBOOOHOM COCTOSIHUH OHH PacIIaIaloTCsl 32 BEChMa
KOpOTKHE BpeMeHa. Takas 3anepras "yacTuia" okasblBacTcs 00jiee MaKpOCKOITHYHOH (TO ecTh, “Ooee TpeXMepHOi”, a moTomMy
u GoJiee yCTOHYNBOI), HEXeTH CBOOOHAsI, KOTOpas 60Jiee MUKPOCKOIUYHA (TO ecTh, “00Jiee MHOrOMepHa”, a OTOMY U
HeycToiunBa). Jlanee, aToMbl, 00bEIMHEHHbIC B MOJICKYJIBI, KPUCTAUIHYECKUE PEILETKHU, TO €CTh OONBLINE KOJICKTHBHI,
HPHOOPETAIOT CIIOCOOHOCTD K YCTOWYMBOMN JIOKAIU3ALMU B TPEXMEPHOM IIPOCTPAHCTBE.

VMEHHO 371€Ch M MOSBIIETCSA BO3MOXXHOCTD IIOHATUHHOM (GOPMYIIMPOBKH NMPOCTPAHCTBEHHO-BPEMEHHBIX OTHOLICHUIT MaKpoMHpa
— YCTOHYMBOCTH U CHOCOOHOCTH K MPOSIBIICHHUIO CBOHCTB NIPOCTPAHCTBEHHON M BPEMEHHOM JIOKAIN3alUH, TO €CTh TeX CBOUCTB,
KOTOpBIC HECBOMCTBEHHBI MUKPOMHUPY. A caM pe3ynbTar chOpMYIIHPOBaTh Kak cyiiectBoBaHue (3+1)«koHneHcara Ha hoHe
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IpaMaTepry B COCTOSHUM BUPTYAIBLHOTO "MOPS BepOsTHOCTH" . DEeHOMEH e JeKOT€pEHIMH TI03BOJISIET PACIIUPUTD U YIITyOUTh
IBYX(]a3Hyl0 KOHIENIHUIO MATEPHH. DIIEMEHTAPHOE JK& OIMMCAHUE MOJIEIIH IIPEJICTABIICHO B IIPEUIOKEHHOMH CTaThe.

Buoumo, svidenennuiil 6asuc B. 3ypexa u npeonoaazaemcs 6 kavecmae 6asuca Kiaccuveckol npoyeoypol
usMepetus, mo ecmv QOPMUPOBAHUA NPOCMPAHCMBEHHO-BPEMEHHBIX MAKPOXAPAKMEPUCTIUK?

Bo0uiem-To, 3T0 TaK, HO € 3aBEJIOMBIMU YTOYHEHHSIMHU. Bosiee TOro, BO3MOKHOCTb IPUBE/ICHHS MATPHULIBI INIOTHOCTH K
JKOPIaHOBO# (hopme (01109HO-TMArOHAIBHOI), TO3BOJISIET HAJECATHCS Ha ()pArMEHTALMIO KBAHTOBOM CHCTEMBI C COXpaHEHHEM
(ha3oBoii 3aBHCUMOCTH MEX/1y TTOJCHCTEMaMH, OITHCHIBACMBIX OJIOKAMH MaTPHIIbL, YTO SBISCTCS "MPO3payHbIM” HAMEKOM Ha
MoJeib ¢ "BonHON-uIoToM” 1ie Bpoitns-boma. 1 BooO1ie, BO3MOXKHOCTE (haKTOpU3aIiy MAaTPHI! INDIOTHOCTHU ITOJOOHBIM
00pa3oM "NeKUT B INIOCKOCTH" pelieHHs poOiIeMbl pa3aeieH s LeJIOCTHONH KBAHTOBOM CHCTEMbI HA COCTABIISAIOLINE
HOJICUCTEMBI (ECITH 3TO MPEICTABISACTCS PCATU3YEMbIM).

Ilocnennee 3amedanue nO3BOMIAET Pa3ACIUTh IApaMETPhl CUCTEMbl HA KOHTPOJIUPYEMbIE, COXPAHSIOLIIE KOTCPEHTHOCTh
(cryTaHHOCTB), 1 HEKOHTPOJIUPYEeMbIe (HEU3BECTHBIC, Pa3PYIIAOIINE CIYTAaHHOCTb). DTO 0OCTOSATENBCTBO JaéT BO3MOXKHOCTh
"MOJHATE" CIIyTaHHOCTH 0 MAJIOH IpyIIIe KOHTPOJIMPYEMBIX IIApaMETPOB IO ME30- U MaKpo- yPOBHEH U, B TO XKe BpeMs,
OOBSICHUTH MCYE3HOBEHUE KOTEPEHTHOCTH 10 OOJIBINOI IPyIIIe HEKOHTPOIHPYEMBIX ITAPAMETPOB.

Q&A

According to results of previous on-line dialoguesn the author's seminar a number of questions
which require clarification

By fingers us explain all about that's in the elgion here please.

In short to formulate the topic of discussion weyraa : the results evidence th&/T-theorem (the lack of influence of the
nearest spatial environment and the past histotiyeobehavior of elementary particles) review - itis meaning? This
phenomenal result was confirmed experimentallyyber. As a universal disordeigrocosm turns into a spatio-temporal order
of the macrocosm? Unfortunately, to understand it in thelaage of classical physics is impossible.

Are the results of statistical interpretation ofplst's experiments in favor of this theorem?

Moreover, Wheeler's experiments are reinforcingAbpect's results. ItsefWT-theorem experimentally confirmed separately
this year (arXiv:1603.08254v1 [quant-ph] 27 Mar @p1

By the way, in the same vein, there is an experai@onfirmation of the influence of the future the past (retro causation) , a
Simple example is given in the header of the piiss so-called Wheeler's experiments with delayealae (arXiv:
1407.2930v3 [quant-ph] 19 Mar 2016) .

1. Let's describe more clarification, what it isihiversum of probability virtuality"?
2."..when a virtual(micro) becomes real (observal?e)"

1. The entire phrase in the text is also quoteditisdnade for short just so. Full disclosuré¢his entire volume of the quantum
theory and latest results on the links. More fuljyantum objects are the objects with their refegtiand processes, measured by
using scalar and operator of probability measurke. measurements turns the virtual (micro) intoréa (observed).

2. Virtuality in physics has a meaning of the piuibly or possibility. Spectra of possible outconzes presented by elementary
events which might to be real. The virtuality beesmeality, in the sense of certainty of choicemdctrum possible in the
processes of measurement. All of these processateacribed in the standard "ideologues” of thesn@sm and probability
theory.

Imagine a coin tossing. The coins have a propbdi/¢an take two values "heads" or "tails". Beftwedoin toss this property is
unknown. However, it may be a manifestation of tirgyvalue of this property as the result of thestoThis property is virtual
before tossing. The process of throwing impleméritsproperty and the property turns into realytfae result of the process.
Here you can see that the coin remains a coin amdperty acquires its certainty. Materialism isimway suffering!

More precisely. Quantum objects are described by vectors andatgrerin Hilbert space, which have their own chimmstics.
As in the previous example, they are in a staieitiél uncertainty. However, the spectra of theakies are known in advance
and all states are possible (virtual). The measen¢procedure of any of the conditions give himabsgainty, turning values
into reality. It is in the process of measuremdrd wirtual state turn into a real.

Virtual background must be associated with somegtbiirthe formless uncertainty of the values of¢haracteristics of objects,
undifferentiated even in the space -time relatibtmwever, here the characteristics is one qualltyects another in full
accordance with the principles of materialism. ©hé certainty here is the unity of all things vatit answering the questions:
what, where, when and how mudh this essence and is a primary "mess" oftti@al substance, which is named here as "
universum of probability virtuality ".

Dualism, locality, determinism, causality
1. Dualismas a conceptual terms is a term that emergeatatvn of quantum mechanics when some have begeg toy
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interpret the quantum mechanics by techniquesaskatal physics. In fact, quantum objects are maienand not particles. It is a
completely different entity that manifests at thacno level properties of "particles" and "wavediisTgives you the opportunity
to work with these properties to quantum objecte Bere for more details: arXiv: 1407.2930v3 [quanjt19 Mar 2016 .

2. In the article we are not talking about theiag®f space-time (World) or the disappearanceaofelity. We are talking about
the emergence of the definiteness of the spacergtagons, the reshaping of causality. The essehogaterialism
indestructible!

In addition, it is necessary to speak in detail mnfct, since thEWT- theorem has already been proved and confirmed
experimentally. From the same philosophy alloweldamnly generalizations based on physics.

The problem of the existence of spatial-temporalti@nship to the physics is already set (untiitihretirement ). The paradigm
of Cartesian causality in physics is based on dpatigporal relationships in the form of functiomelations. However-WT-
theorem rejects the functional relationship betwesmse and effect in a traditional topology of gpawed timeFWT-theorem
said just so.

3. To clarify these issues, you must speak wordgpfopriate works:
NOTICES OF THE AMS.VOLUEM 56, NUMBER 2. FEBRUARU 2008rf. 226)
arXiv:1603.08254v1 [quant-ph] 27 Mar 2016

And before reasoning about the posed problemaigégssary to give a precise definitionlo€ality, determinism of causality
After all, about those properties and says (negBfj\\FTP-theorem. The fact that common words (émgrhilosophical
categories ) is not enough to understand about wasittalking on in FWT- theorem (Conway and Kocheegause it leads to
wrong conclusion, for example, to such determinism, as a principle can't to be broklee to prime-cause. But they in fact
proved the opposite! Explain.

Locality - a topological closeness in the language of oaitii.
Determinismin physics is concretized in the concept of funtdicdependence.
Causalityin physics - a functional dependence on the imatedinvironment and the past (defined topologigally

Thus,locality, determinism, causaliip physics is concretized in the concept of agaimooth functional dependence. The
proof of the lack of such a functional dependerscistunning” result obtained by Convay and Kocloenfirmed
experimentally this year alone. This is a new ptalsieality!

4. In fact, the causality in this case does na@pmear, it changes form, turning from the tradaidanctional forms in the shape
of a triad of Darwin. A similar example for mnenics+- the evaluation of the integral of a smooth funttjoontinuous and
having derivatives) is non-analytic method Montel@aHowever, this example provides an opportutotynderstand how the
probability measure of the set of point eventsagproximately measure of Jordan. The details irattieles.

It is important to understand the need to move fromJordan's measures to the measure of the probaliij-operator
measures or any other, from the classical methods of matitecal analysis to the methods of group theoryn(egtry) and
some super selection rule, i.e. from the deteriniescription of evolution (in the form of diffemtial equations) to the
description of the " Darwin's triad".

Why phase is and why topological?
Perhaps this is the main question one witch | wdikilto hear and to receive "a fraction" of ideasl associations on this topic.

1. sFWTtheorem denies the functional relationship betwbernimmediate spatio-temporal surroundings andjttatum object
under measurement: NOTICES OF THE AMS.VOLUEM 56, NBBR 2. FEBRUARU 2009c(p. 226), that is confirmed by
experimental data: arXiv: 1407.2930v3 [quant-phM#&r 2016 . But that functional relationship in picgsexpresses the
principle of causality in classical (macro-lev@hus, the results of Conway and Kochen deny classazesality.

2. There is no doubt about the existence of caysalithe macrocosm. However, causality in the ogosm in the classical
sense is absent. That is, the World exists, at ied&o forms "causal" and " causeless". The chlogaostasis immersed in the
space-time relationship. There are not such oglatiin causeless hypostasis. Hence the neecdhsideo the existence of a two-
phase "filling" of the World.

3. Given the spatial-temporal understanding of alitySn macro- there is a need to explain the emergence ofcspatiporal
definiteness of the macroscopic world framcro-.

4. The macrocosm has (3+1) dimension, the dimersitime microcosm is not regulated by anythingthiese circumstances, the
obvious topological difference of views forms. kidétion, the concept of space-time of closenesstioity, differentiability—
all of these characteristics relate to the sulgétbpology.

5. The article offers alear (and therefore greatly simplified) the mechanisraaurrence of spatial-temporal certainty of
macro- and mega-.

6. Philosophical questions on this topic devotethéowork : [6].
What difference between the measurement from oliger?a

The first. The difference between the measuremashibhservation can be understood on the exampheedfvo-slit
experiment). In difference to the measurement (active impacinathe quantum object), observation is a passperation.

So for example, if on the screen we see a traggterisity from belcurve, we conclude that a quantum "particle” pasisexligh
one of the slits, i.e. the quantum object showatigha properties. But it is important to understdhdt talk about the path of the
photon is not possible and especially through wfigte slit™ . If the screen shows an interference pattern, welode that

the quantum object showed wave properties. That this episode we just seein some hypostasis before us appeared a
guantum object is a wave or particle.
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With the help of active operations measurement btgsis can be changed. And changing wave-partigfostasis is to
initialization of thesingle which speed in here is not regulated by STR.

The second. How do happens the interactions apddta of photons on each other during the measutsfhe

The significant addition here is the fact that ¢hare one-particle and two-partial interferencels@aching one photon towards
of the two slits, we get situation of entanglemewtually lead to the manifestation of wave hypsistd . Therefore it is not
necessary "to invent" mechanisms of interactiophaftons in two- and multiphoton experimermbotons as particles do not
interact with each other! Quantum object interacts with the measuring deyiaed during observation (by using any of the
detectors) display its properties, including waeetigle. From what and how the observed - we veél the different pictures.
Such is the nature of the world of micro-objects!

*) It should be noted that the slit experimentswased for illustration only. They were replaceditigrferention-laser experiments, which is
much more practical and are modeled using quanampating. Recent experiments to detect gravitatisaaes belong to this class of
experiments.

**) A good illustration of the manifestation of suproperties is given in a popular article by Ig@nov about the smile of the Cheshire cat

But the distinction of a shape of the curve onsitreen is also an active dimension using the eijtestheeir "rods" and "cones".
In addition, there must be a consciousness ofxtperamenter. That is, in the procedure of quantusasarement enables the
consciousness of the thinking subject and the psorekes the quality of subjectivity. Thus, passigasurement is, in fact, the
process of understanding? Popov M. A. (in defefsgiantum idealism. UFN, 173, No. 12, December 2003

About "idealism" in quantum mechanics is not neasst me— just a shame for the Fatherland (formerly physimlver)!

In a general case, the dimension should be seamp@axess of obtaining objective certainty aboatabndition. In this respect, it
is important to distinguistselective and nonselectivemeasurements. For this reason is well explaitydel. . Kaempffer
(Concepts in quantum mechanics. Academic Press. Newawdr_ondon, 1965However, subtleties are not "in here"!

Simple and on fingers it looks like this: measuratm@ocedure, for example, in the two-slit experinie the measurement of
theprocessrom the occurrence of a photon to absorptioariy absorption that is the final stage of the dhjegrocess. In this
process may be intervened by some disturbancevthdtring certainty to a dichotomous variable tadsionly two values ( wave
| particle ). Then this measurement is selectivith(ehoice) measurement. Just this fact allowslio about retro causation and
about the possibility of the operation of quantuasare. If in the process of dissemination do¢snterfere with the
disturbance, this measurement will be a non-selectieasurement.

There are situations when we can with certaintgiotehe result of the experiment, for example, intérfering in the course of
the experiment. Here with 100% certainty we camlistehat our dichotomous variable will take théueaof "wave". There is no
need to introduce "the mind of the Holy spirit"!

Well, and so on for this reason ...
Literature for further "immersion":

J. Schwinger. The algebra of microscopic measurerfeoc.N.A.S. US 45,1542 (1959)
F. Kaempfer. The basic provisions of quantum meicisaiVorld. M., 1967
Kasimov V.A. And it is necessary many-worlds intetation of quantum mechanics? Novosibirsk. 20138].

"...a statement of the existence of a "singles"cig not regulated by one STR..If'you can— read more about the singles
and their distribution.

Quantum object can manifest the properties of theevand corpuscular. In the quasi-classical ing¢agion of this phenomenon
is interpreted as a manifestation of corpuseuhaave dualism. In fact, the quantum object is a detefy different material
nature, to the description of which, however, agalyiliar from the previous apparatus of classpta}sics, introducing
guantum entity as a wave or as a particle, whiteiiong the fact that it is a single entity and dddae considered as a whole,
that is, as the integrity of the object and itspgenties.

Change "image" (wave or particle) is derived foréhére object that possesses the property ofiityedhe very same "action”
happens at the moments of measurement (activetapesia which is considered as the initiatiorsofgle Object, considered as
a wave is not localized spatially. Therefore, thechanism of transformation of one incarnation {#a@e) to another (particle)
or Vice versa, in the space-time relation (distiitn) cannot be described as a point or wave desiat is "half-hearted"
regimes only half the integrity.

A good example of giving consideration to the pasadith the absolutely rigid and absolutely weigkt rod (i.e., perfectly
rigid and massless). Shift one end of the rod I¢éadsmomentary shift of the other end. The spdgatapagation of this
perturbation is equal to infinity! Here the intagrof an object (rod) is guaranteed to conceptigadity. In the case of the
guantum object "stiffness" is guaranteed by congdphtegrity of the quantum object.

The existence of thginglesconfirmed experimentally. Regarding the speed @if tthistribution there is no consensus. However,
in some experiments fixed superluminal speeds.

Obviously, thesinglesare not the signals, since their distributionas related to the transfer of energy from one ptmnt
another. That is why the speedsafglesis not regulated by STO.

OnA-member ??7? It should be noted that non-localizsdl ron-condensed matter is the key to understarafitize
phenomenon of “dark” matter, whose affect on thetysie of the universe is determined throutsterm in the equation of the
Hilbert-Einstein.
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(3+1)-localization and condensation allows to spaadut the two-phase model of matter existenceardaépn of variables in
equation (3) using (4) factorizes the situatiothia classical fragment localized, deterministic, incoherent (the equatibn
Hamilton-Jacobi (5)) and

gquantum- non-localizable, non-deterministic, but coherent (7

The equation of Einstein-Hilbert in the form:

. 1 . . .
R =5 8%R = xT}, — A8},
also factors the situation (right part of the e@mjtfor the energy-materiaff) and "mysterious” {). The communication

approach of the quantummicro-) and cosmologicaintega), perhaps via enacro- will surely find its methodological
perspective, which is specified in the propertiethe A-term affecting the properties of globally spatwsraporal relationsg(, ).

In connection with the discussion on quantum de@i | decided to appeal to the origins debatéhertwo-phase matter
(https://my.mail.ru/community/physiks.princips/5BPBA2C08D8300.html). Can we consider the quantum eeeabe and
relaxation as a couple of the mechanisms of coratEmsand localization in a two-phase model of maté a dynamic
equilibrium of phases?

Yes, the history of the issue (at a seminar) isaaly a couple years:
https://my.mail.ru/community/physiks.princips/772819463C294E.html
https://my.mail.ru/community/physiks.princips/07 &1 84324DD0.html

The parallels are certainly there. But, here, abitht mechanism" - | doubt it ... Of course, thesiiom is interesting, but the
answer is not yet the time... Today it is onlytiage of possible interpretation or choice of laagrisuitable for interpretation...

On the parallels.

I

1. Using the correspondence princif8¢ as a methodological for the decision of problefigansition: QM— CM, allows to
realize the description of the transitions from tketor states picture of the Hilbert space topthase space picture - "there and
back" using Hamiltonian formalism.

2. According to equation (5) i®], the kinematics of quantum "particles" can beespnted as "probability clouds" according to
the equation of Hamilton-Jacoldi9]. The phase of the wave function must be a funaticthe action, depending apordinates
andtime

3. The evolution of "cloud of probability" obeysetkontinuity equation (7) if®]. This fact confirms the possibility of using the
statistical matrix, which in quantum mechanics @ppéo be hermitian operator, called the densityrimf20] . The evolution of
the density matrix obeys the equation of Liouviksociated with the commutator or bracket of Paisgith the hamiltonian of
the system.

4. The transition to quasiclassics, e.g. in the@pmation the WKB (Wenzel, Kramer, Brillouin), congihg the traditional
procedure of transition from QM to CM.

The scheme (1-4) allows to understand, if not teelanism, but the essence of the emergence obdpatporal certainty. We
emphasize once again that we are talking abouwettaintyin CM, not of thegeneral entityitself".

However, by the results of this transition, quesdiarise, related in content to those which arisnnection with the attempted
resolution of the paradox "the cat of Schrédingértiere is the context of solving the problem ofhified description of
quantum theory and classical mechanics in the wb¥k. Zurek: the disclosure of the concepts ofotherence and relaxation
of quantum properties and the possibility of reeg\through the use of coherence properties of quamonfusior{11].

Il.

Next. Equation (17) ifilOb] determines the density matrix with the releasénde operators: von Neumann, relaxation and
decoherence. Using the transform by Wigner W(§2p) is derived the equation of motion for "W(xmrticles" (24). The
equation contains three members: liouvillian, fantand decoherence. The equation shows how thsict dynamics in the
form of a Liouville follows from quantum dynamicBhe last term describes the diffusion in spacdéefdulses, neutralizing the
uncertainty principle. This is the "mechanism" l#ssical space-time localization upon W. Zurek.

Is it not remind the transition from the descriptiof coherent states to describe decoherent stagewell-known process of
transition from the many-particle description toxmeell's description in molecular physics and themtacro- and at last to the
thermodynamic description?

If we talk about the emergence of the conceptemperature, volume, pressure etc. from the Maxaisitibution and their
measurements at the macrolevel, then the situbtaks quite similar. However, the entities of oltgedescribed by different
theories: in the first case it are a classic obj@garticles), in the the second - quantum thahatearticles. There are not
particles in quantum mechanics, they can't exist @srtain something, to move, to "fly", etc. Thgeat of the microcosm is a
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completely different entity - it is quantum, itnst reducible to the classics.

And in the two-phase model of matter the mechaafshecoherence can be viewed as a kind of "condensand
"crystallization” of the primary formatter "densbbdy of the macrocosm, can't it?

In General terms, it is...

The transition from the microlevel descriptionditd evolution of the system to the macrolevelusthde similar to the
transition in the manner of the transition of theaatic many-particle description of the Gibbs enserwith many number of
microparameters, in the description, for examplettie gas enclosed in a particular volume, tentperapressure, heat capacity
— that is, with a very limited number of macro-paedens. Itself the current situation of the seamtttie essence of spatial-
temporal relations is reminiscent of the earlydrgbf the search for the meaning of "phlogistamhjch was resolved by the
statistical theory of Gibbs ensembles and theifixadf the notion of temperature as average kiratiergy in the ensembile. It is
possible that spatio-temporal relations are a kinaverage value of eigenvalues of operators byiyuma objects.

In particular, (3 + 1)-space-time “condensation’@dtter in evolution occurs in the presence of iggdoenal and
electromagnetic fields on the background of morieamsal interactions "universal primitive soup".relethe
multidimensionality, uncertainty and fluctuatiorsmain in the description of the microcosm, and §3satial-temporal
dimensionality and determinism go to the levelsnatro- and mega- descriptions. The whole univerge the form of a two-
phase coexistence.

The conditionality of "condensation" of matter damillustrated as follows. Some elementary "pagitkemain stable while
they are trapped in some "potential wells", buhia free states they disintegrate in a very slimg.tSuch trapped "particle” is
more macroscopical (i.e., “more 3-dimensional” #mefefore more resistant), rather than free onétwis more microscopic
(i.e., “more multidimensional” and therefore unstbFurther, the atoms are combined in molectlescrystal lattices, that is,
large "teams", and therefore acquire the abilitysfestained localization in three-dimensional space

It is here where the possibility of conceptualizgmatio-temporal relations of the macrocosm — Btgbénd the ability, that is,
to show the properties of the spatial-temporalllaation, which is not characteristic of a micrososAnd the result formulated
as the existence of a (3+1)-condensate on the bawkd of the formatter in a state of virtual "sé@bability".

The phenomenon of decoherence also allows us @nelxgpnd deepen two-phase concept of matter. Déeoripf the
elementary model presented in this article.

Apparently, the allocated basis of W. Zurek asslitnas the frame in classical procedure of measwaet, that is formation of
spatio-temporal macrocharacteristics?

In general, this is it, but with some clarificat®rMoreover, the possibility of bringing the depsitatrix to the Jordan form
(block diagonal), allows us to hope for the fragtaéinn of the quantum system with preservatiorhefghase correlationships
between the subsystems describing by the matrickb]avhich is a "transparent” hint to model witha'we-pilot" de Broglie-
Bohm. And in general, the possibility of factorizatiof the density matrix in a similar way " liestire plane" of the solution the
problem of separation of the coherent quantum sy#téo its component subsystems (if it feasible).

The latter note allows to divide system paramdteoscontrollable, preserving the coherence (erangnt), and uncontrolled
(unknown, destructive entanglement). This circumztagives the opportunity to "raise” the entangletntiee small group of the
monitored parameters to the meso- and macrolenelsa the same time, to explain the disappearahceherence in a large
group of uncontrolled parameters.

O Tonosioruveckux ¢gaszax marepuu
(bopmupoBanue oopa3a (3+1)u JokaJu3aiusi NPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIIEHHI)

HeiHewmHss cutyalyst Ioucka CyIIHOCTH IPOCTPaHCTBEHHO-BPEMEHHBIX OTHOLLICHUN HAIIOMUHAET
PaHHIOI0 MCTOPHIO MOMCKA CYIIHOCTH "(IIOTHCTOHA", KOTOpas pa3peliniach CTaTHCTHUECKOW Teophen
ru00COBCKUX aHcaMmONeld W OmpejAeieHUs] TePMOJUHAMHUYECKUX TOHATHH W, B YaCTHOCTH, MOHSTHS
TEeMIIepaTypsl Kak CpeJHEro KHUHETHYEeCKOHl sSHepruu mno aHcamOiro. BroiHe BO3MOXHO, 4YTO U
NPOCTPAHCTBEHHO-BPEMEHHbBIC OTHOILICHHUS SIBISIOTCS HEKUM CPEJHHM OT COOCTBEHHBIX 3HAYCHUH
OTIepaTOpPOB KBAHTOBBIX OOBEKTOB.

[lepexon ’xe€ OT MHKpPOYPOBHEBOTO ONFCAaHWS DBONIOIHH CHCTEMBI K MaKpOypOBHEBOMY
HaAOIIOICHHUIO JOJDKEH OBITh CXOXKHMM C TIEPEX00M Ha MaHep MPEeBpAIeHHUS OMUCAHUSI MHOTOYaCTHYHOTO
XaO0TUYHOTO aHcamOis ['mO0ca ¢ MHOTMM YHCIIOM MHKpPOTIapaMETPOB B OIUCAHWE, HampuMmep, Tasa,
3aKJIFOYEHHOTO B OMPEIEIEHHOM 00BhEME C TEeMIEpaTypoi, NaBICHHEM, TEIDIOEMKOCTHIO - TO €CTh C
BeChMa OTPaHWICHHBIM YHCIIOM MaKpOIapaMeTpOB.

Heo6Xx01uMoCTh TOCTAHOBKH BOIIPOCa O ABYX()a3HOCTH MAaTEPHH BOCXOIWT K paboram [6,9].
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"l[logarMasck" C MUKPO- HA Makpo- B ONHCAaHWU (U3MUECKUX SIBJICHHH, TPYJHO HE OTMETUTh
cBoeobpasnpie (peHOMEHH! "kondencayuu™ M " nokaruzayuu” MaTepuu, HE CBOMCTBEHHBIC MaTepHATHLHBIM
00BEKTaM KBAaHTOBOH MEXaHHKH.

(3+1) - "konpencanus”

(3+1)1pocTpaHCTBCHHO-BPEMEHHAs ~ “KOHACHCAIMsA MaTepur B MPOIECCE  DBOJIOIUH
NPOUCXOJNT Ha (OHE TPaBUTALMOHHBIX U JJICKTPOMATHUTHBIX TOJEH B cpejie Ooyiee YHUBEPCATBHBIX
B3aMMOJICHCTBUH "BCEIICHCKOTO MepBUYHOTO OynhoHA". [IpH 3TOM MHOTOMEPHOCTh, HEOIIPEIEIEHHOCTH U
(hIyKTyaIu OCTAIOTCS B OMUCAHUH MHUKpOMHPA, a (3+1)4IpocTpaHCTBEHHO-BPEMEHHAS Pa3MEPHOCTh U
JETEPMUHUPOBAHHOCTh BBIXOJISAT HA YPOBHU MaKpO- M MeraolucaHuii. Bech e BCEICHCKUI YHUBEPCYM
TOTJIa TOJKCH MPENICTABISTHECS B hOpMeE 08YXha3H020 COCYIISCTBOBAHHUS.

U neiictBuTenpHO. B Kiaccuueckoil pu3nke 3BeCTEH TakoW (PEHOMEH: B IpaBUTALIMOHHOM II0JIE,
OTHMCHIBAEMBIM 3aKOHOM BCEMHPHOTO TITOTEHHUS, CYIIECTBYIOT YCTOWYMBBIE 3aMKHYTBIE TPaeKTOPHH.
bnaronaps 3ToMy BO3MOXXHO YCTOMYMBOE CYLICCTBOBAHUE IUIAHETHBIX CUCTEM. DTOT PE3YJbTAT JIETKO
BBIBOJIMTCS M3 3-MEpHBIX ypaBHeHWH Jlaruaca ajsl MOTEHIMala TPaBHTAIIMOHHOTO TMOJiA. B Teopwwy,
AHAJOTUYHOW HBIOTOHOBCKOM U OIHKCHIBAIOIIECH SIBIICHUS B MPOCTPAHCTBE HHOM pa3sMepHOCTH,
€CTeCTBEHHO OKWAATh, YTO TOTEHIMAN TMOJisi OyIeT YAOBIETBOPSITH MHOTOMEPHOMY YypPaBHEHHIO
Jlaruraca. B mpocTpaHCTBE N M3MEpEeHUH IMOTSHITMA TPABUTAIMOHHOTO IO OyIeT MPOIMOpIHOHAICH
BEIIUYUHE

p~1/r""2,

a CUJIa B3aUMOJIECICTBYS BEITUUHNHE!
F~1/r"1,

NmenHo ¢ 3akoHOM yOBIBaHHMS TOTeHIMana cornmacHo (1) u cBsa3aHa riaBHas O0COOCHHOCTH
TpéxMepHs MpocTpaHcTBa, oTMeueHHas emé M. Kanrtom: opOUThl (GU3MYECKUX TeI B “HBIOTOHOBOM
IPaBUTAIMOHHOM TIOJIE B CBKJIMJOBOM TPEXMEPHOM TIPOCTPAHCTBE YCTOWYHMBBI mpu n < 3 U
HEYCTOWYUBBI Tpu N >3 . B KOHEYHOM cuére, 3TO W O03HAYAET HEBO3MOXXHOCTH [UITMTEIHHOTO
CYIIIECTBOBAHUS TUTAHETHBIX CHCTEM BOKPYT 3BE3JI B THIIOTETHYECKUX MPOCTPAHCTBAX C Pa3MEPHOCTIMHU
oompmie TpEx. IlomoOHEI pesynbrar octaércs B cwie 1 B OTO musg  mpocTpaHCTBEHHO-BPEMEHHBIX
pasmepHocTei npeBocxoasamux 4=(3+1).9T0 creayer U3 aHaM3a ypaBHEHUH re0IC3MUSCKIX JIUHUM, O
KOTOPBIM JIOJDKHBI ObLTH OBl JIBUTAThCS TUIAHETHI B CEPUUECKH CUMMETPHYHBIX MOJsX. OTMEYeHHbIE
0COOEHHOCTH MOYKHO OTHECTH K MaKpO- ¥ MeTa- UMIOCTACSIM CYIIECTBOBAHUS PeabHOTO MUDA.

B MukpomMupe Takke CYIISCTBYIOT aHAIOTHYHBIE NPUYUHBI, BBIISISIONIME TPEXMEpPUE Kak
YCTOHUUBYIO (pOpMY CYIIECTBOBAHMS MATEPHHU. TOJBKO B MPOCTPAHCTBE TPEX (M MEHBINE) U3MEPEHHI
BO3MOXXHO YCTOHYHMBOE CYIIECTBOBAaHHE aTOMOB. B TpocTpaHCTBax OONBIIUX pa3MEpHOCTEH U3
ypaBHenus IllpenuHrepa C KyJOHOBCKMM TOTeHIMamoM Buaa (1) claeayeT: COCTOSIHUH ¢
OTPHUIIATEIFHBIMUA YPOBHSMH SHEPIUHU (CBSI3aHHBIX COCTOSIHHIA), JIMOO BOBCE MOYET HE CYIIECTBOBATb,
00 OTPHIATENBHEIC YPOBHH SHEPTUU MPOCTUPAIOTCS 10 3HAUYCHUS, PABHOTO MUHYC OCCKOHEYHOCTH.
Ilocnennee o3HawaeT, 4TO IS JIFOOOTO DHEPTETHYECKOTO YPOBHA OYIET CymIecTBOBaTh emié Oosee
HU3KHIA YPOBEHb M DJICKTPOHBI B TAKUX CUCTEMax OyAyT MajaTh, U3ydas SHEPTUIO IO CBOCTO MOIHOTO
WCYE3HOBEHUS. DTO 03HAYACT OTCYTCTBHUE CTAOMILHOTO COCTOSHHUSI IS BEIIIECTBA.

OOmiepacrpoCTpaHEeHHO MHEHHE, YTO UMEHHO 3TH OOCTOSTENLCTBA SIBISIOTCS KIFOUYEBBIMHU JIS
BEIBOJIA O 0€3aIhTEPHATUBHOCTH TPEXMEPHUS IS PEANIbHBIX TPOCTPAHCTBEHHBIX OTHOIICHUH. OTHAKO 3TH
ke (akThl HE TPOTUBOPEYAT U JPYroMy BBIBOJY: 3aKOH OOpATHBIX KBAJPATOB BBIJCISAET YCTOHUUBBIN
“KoHIEHCAT” CYIIECTBOBAHHS MATEPHUH B BHJE TPEXMEPHOTO MaKpOMHpa HAIlel OOWUTENH, a I CaMoro

)

MHUpa XapaKTepHO, M0 KpaifHel Mepe, MByx(da3Hoe cocyllecTBOoBaHHE: “3-KOHJIeHcaTa ” B Cpelic MEHee
nubdepeHIUPOBaHHOW — npamatepud. “3-KOHACHCALUA  JKE€ pealu3yeTcs IpU HEIOCPEICTBEHHOM
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y4aCTUH TPABUTAIMOHHBIX U 3JICKTPOMATrHUTHBIX MOJICH, SIBIIIOMIUXCA “ CyMMO#” OoJiee 3EMEHTapHBIX U
(hyHIaMEeHTaIbHBIX B3auMo/icicTBHi. TakoB B 001UX YepTax CHOMEH TPEXMEPHS.

Ha npumepe ¢enomena Kamynsr [4] u 0000mmas ckazaHHOE, MOKHO OBLIO ObI 3aMETUTBh, YTO
00beAMHEHNE TMOJel B3aMMOJCHUCTBHS COINPOBOXIACTCS YBEIHMUCHHEM pPAa3MEPHOCTH (H3HIECKOrO
KOH(UTYpaIMOHHOTO IIPOCTPAHCTBA — apeHbl NEHCTBUS JTHX Mojied, a auddepeHnmanms moieid u
BBIJICJICHHE OTHCIBHBIX — YMEHBIIAET Pa3MEPHOCTh MPOCTPAHCTBA, TO €CTh CYXKAET MONOI02UYECKU
chepy BO3MOXKHOTO IPOSIBICHUS CBOEro MpHCYTCTBUsA. [lo cytm paGoraeT cBOeoOpa3HbBIA NPHHIMI
COXpaHEHHMs Pa3HOOOpa3us, BEICKA3aHHBIN eII¢ B Havyase MPOIUIOro BEeKa CIOBAaMU M3BECTHOTO KJIACCHKA
0 HEHCYEpIacMOCTH 3JIEKTPOHa, KaK M aToma. Tak Wiu uHaye, HO "CKOHICHCUPOBAHHAS MaTepusi UMeeT
TPEXMEPHBIH MPOCTPAHCTBEHHBIN 00pa3.

C HO3I/II_II/II>’I CCTOAHAIIHCTO AOHA MOXKHO CKa3aTb, 4YTO IIPOLCCC “KOHZ[CHcaLII/II/I” MaTepun K

)

HACTOSAIEMY BPEMEHH 3aBepuImics (1u?) TpeXMepHoil 06BbeKTHOI jokammsarueii ° ). Vcroliunseie

TpeXMEPHbIC 00pa30BaHus "MOKWIM' [0 CETOAHAIIHMX AHEH B (OpMe BHIUMOrO MaKpOMHpa, H,
BO3MOXKHO, JPYTUX "BUPTYyalbHBIX" MUPOB. B ycToiiunBOi (a3ze BUIUMOro MakpoMHUpa COCYIIECTBYEM,
xuBeM W Mpl. HeycToliunmBeie ke MHOTOMEpHBIC KOHCTPYKIIMH, TeM HE MeHee, He ucuednud. OHu
COCTaBISIIOT MUKpOMUp TIpaMaTepUd — BECbMa CTPAaHHBIA, BEPOATHOCTHBIM W HEONpeIeIeHHBIN
(cmabocTpyKTypHpOBaHHBIN).

Takum o6pa3oM, Ha (oHe »IIEKTPOMATHUTHBIX (BEIIeCTBO) H TI'PABHTAIMOHHBIX
(kocMHuYecKkHe 00beKTHI) MoJleii Beetennasi npuodperaer 06pa3 mHoroodpasus (3+1)pa3mepHocTH.

(3+1) - "nokanu3zamus”

OOyCcNOBICHHOCTh JIOKANU3ALMM MAaTEepUHd MOXHO NPOHJUIIOCTPUPOBAaTh Tak. Hekxoropsie
JJIEMEHTapHbIE "4acTHUIIBI' OCTAIOTCSl CTAOWJIBHBIMU IIOKA OHU 3alepThl B IOTCHIHUAJIBHBIX SIMax, HO B
CBOOOJTHOM COCTOSIHMH OHH pacmaZaroTCs 3a BeChMa KOPOTKHE BpeMeHa. Takas 3amepras 'dacTuia”
OKa3bIBaeTcsl 0oJiee MaKpOCKOIMYHOM (TO ecTh, “Oosiee TpeXMepHOil”, a MOTOMy M OoJiee yCTOHUUBOI),
HEXeln CBOOOIHAs, KoTopass 0Oojiee MHKpPOCKONMYHA (TO ecTh, “Oosiee MHOrOMepHa”, a MOTOMY H
HeycToiunBa). Jlajgee, aToMmbl, OOBEIUHEHHBIE B MOJICKYJNBI, KPUCTAJIIMYECKHE DEIICTKH - TO €CTh
OonplIMe KOJUICKTUBBI, M MPUOOPETaloT CHOCOOHOCTh K YCTOMYMBOHM JIOKAJNH3alUd B TPEXMEPHOM
MPOCTPAHCTBE.

NmenHo B 3TOM ciiydae W TOABISECTCS BO3MOXHOCTh TOHATHUHHOH  (OPMYIHPOBKU
MPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIICHUI MaKpOMHpa — YCTOHUUBOCTH U CIIOCOOHOCTH K IPOSIBICHUIO
CBOWCTB HPOCTPAHCTBEHHON W BPEMEHHOH JIOKAIN3allH, TO €CTh TEX CBOWCTB, KOTOPbIE HECBOHCTBEHHBI
MHKpPOMHpPY, @ caM pe3yibTaT c(pOpMYIHpoBaTh Kak cymiectBoBanue (3+1)xonmeHcara Ha (oHe
IpamMaTepUH B COCTOSHUU "'BHPTYaILHOTO MOPS BEPOATHOCTEH. DEHOMEH e JIEKOTSPEHIINA TT03BOJISICT
pacuiputh W yrIyOuTh JBYX(a3Hylo KOHIemuio wmatepud. OnHcaHWe 5SJIeMEHTapHOH MOJeNn
HPE/CTaBICHO B cTaThe [9].

JlexorepeHnusi B CTAHOBJIE€HHH NPOCTPAHCTBEHHO-BPEeMEHHBIX OTHOIIEHUIT

DTOT BOIPOC KAcaeTCsi HUBEIMPOBAHMS (CIIa)KUBaHKs) KBAHTOBOH CYNEPIIO3UIMH, CITyTaHHOCTH
1 HeomnpeaenéHnocTu Ielizenbepra, mo BeIpakeHnto B. 3ypeka - GopMUpoBaHHiO (CBSI3HBIX) "TUIOTHBIX"
ten ("tight" body)).

PaccmoTpuM KBaHTOBYIO "4acTHIly
oOcyxaeHue cutyanuu co cioB B. 3ypeka [10]:

IIlO 3
)| HAXOMAIIYIOCS B Cpee CBOEro OKpyKeHus. Hauném

"[looxoosawas 0ns ananuza Mooeib OKPYICeHUs Modcem Ovlmb NpedcmasieHd Habopom
2APMOHUYECKUX OCYUWIAMOPOG UNU, HIMO 9IKEUSANEHMHO, KEAHMOBAHHbIM nonem. llpucymcmeue
"yacmuywl" npueodum K eé paccesanuio u 6030ydcoenuto noas. Pezynomupyowas "paos" cozoaém ceoezo
pooa "sanucv" nonoogicenus, opmuvl, opuenmayuu U m. n., U, YMO HAubOLEe BANCHO, O CBOEM

9 . .
) C Touxu 3pEHHUs IMHAMUYECKOil SBOIOLMH BeeneHHO# 0T HeKoero CHHIyJ IspHOro Havaia (Hanpumep, TEB)
10 " " o
) Mot HAMEPEHHO B3SUIM B KaBBIUKM CIIOBO "HacTHIA", TIOCKOJIBKY B KBAHTOBOH MEXaHHKE OOBEKTOB CO
CBOMCTBaMU KJIACCUYECKUX YACTHI] HE CYILIECTBYET.
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MCHOBEHHOM MecnonoioddcerHuu (,701<a.7u3auuu) u, C.7€()06al’l’l€flhl—l0, 3anucu 603HUKHOBEHUA
nocie0068amelbHblX Il()ﬂODfCGHMMV, mo ecmb mpaexknopuu.

U nooka, navieywas no CNOKOUHOU 21adu 03epd, U Kamehb, NONAguwuil 8 600y, OCMAGIIAION C80U
cled Ha NoeepXHocmu  800bl. AHano2uuHbIL 3phexkm O3HUKAem NpU BO3MYWEHUSIX COCMOSHUS
INEKMPOMASHUMHO20 NOJISL, CEA3AHHLIX C NPUCYMCMBUEM 8 Mol cpede opyeux 0bwvexkmos. Ilosmomy
8ps0 au Oyoem yousumeabHvlM mom gakm, umo "omneuamox'Oydem ocmasname U napa
83AUMOOCUCMBYIOUUX KBAHMOBbIX 00beKmos, oadce, eciu "Huxmo He cmompum”, a “enads ozepa
HAX00Umcst 8 COCMOSIHUU BOJHEHUs. Xaomuueckoe COCMOsiHUe cpedvl 3ampyoHsIOm paciupposKy
3anuceti, HO He NPenIMCMEYION UX NOAIeHU."

B nByxdasnoii Mozmenn MaTepuu JEKOTepeHIMI0 MOXKHO PAacCMaTPHBATh KaKk CBOETO POJA YacTh
MEXaHU3MOB  "KOHAEHCAUMU' W "KpUCTAUIM3AlMU TEPBUYHOM MpaMaTepud B “IUIOTHBIE' Tesa
MakpoMHpa, a camMa TeopHs JCKOTepeHIIMH TO3BOJseT TOBOpUTh o “cpene” (mpamarepum),
XapaKTEePU3YIOIIEHCS CBOMMM BHYTPSHHMMH IIapaMeTpaMu, B KOTOpoi (opmupyroTcs "MIOTHBIE" Tea
MaKpOMHpa.

B cratee B. 3ypeka [10] mpuBoauTcst ypaBHEHHE, KOTOPOE HAIIOMUHAET YPaBHEHUE DBOJIIOINHU B
kaptuHe ['eiizenOepra 11 AMHAMHYECKON HAaOII0JaeMOH.

VYpaeuenue aprokenus 1 "W (p, x)-4acTuiisl”, CBI3aHHON C OKPY)KECHHEM, IIPEACTABIICHO B

BUJEC:
ow_ po, ., o 9 . 0W
dx  mox dx dp "app opz ’
YpaBHeHue JlnyBusis Tpenue JlexorepeHuus

a CaMO YpPaBHCHHUC MOXKCT OBITH MOJIY4YCHO U3 BBIPpAKCHUSA [JIA MAaTPUIIbI INIOTHOCTHU p(x, X’):

Vpasnenue ¢pon Heiimana Penaxcayus Hexozepenyus
i H, o] ( 3 d d 2mykgT ( )2
= - - Y x —Xx — - - — X =X
p peP ox ox)” H2 P
B ————
p=—FORCE=VV p=-Yp Knaccuueckoe gpaszosoe npocmparcmeo

OnHako, MOXKHO JIM CYUTATh ONMKMCAHUE MEXaHW3Ma JeKorepeHuru B. 3ypexom ncyepnbiBaommum
JUTSI OTIMCAHMUS TIepexo/ia OT KBAHTOBOM TEOPHH K KIaCCHYECKON MEXaHUKE?

B Beipaxkenuu (4) Mpou3BOAHAS 110 BPEMEHH MPHUCYTCTBYET B BHIE alreOpanyecKoi oreparun
i 0

(xommyTaTopa [H,p]), OMHAKO OHO K€ COICPKUT U BBIPAKCHHE ~, KOTOPOE MPE/ICTaBIACT coboi

OTIepaTop UMITYJIbCa, HO He B anreOpanueckoil GopMe, a B KOOPIAMHATHOM TPEACTABICHUA W UMEHHO B
TOYCYHOU TOTMOJIOTHH, KPOME TOTO, TaM € MPUCYTCTBYET M OMEPATOpP KOOPAHUHATHI B HUMITYJIHCHOM
npezcrasiennu d/dp. Jlias sToro Oblia mpuMeHeHa MaTeMaTwka §-¢yHknuu. OmHako "MaTaHanms” He
npuemsieT ¢€ B "Apecc-kone" TPATUIMOHHOW  HEMPEPHIBHOCTH. ITO W MPEJAONPEACTSICT CTCMEHb
OOIIIHOCTH paccykacHuil 3ypeka MO YacTH Mepexofa W3 KBAHTOBOM MEXAHUKH B KITACCHUECKYIO.
B KBaHTOBOIi MeXaHHKe He CYIIeCTBYeT TOUYEYHBIX 00beKTOB. TakuMm 00pa3oM, BaKHBIH MOMEHT
peanu3aii BO3MOXKHOCTH Tepexo/ia M3 THiIb0epToBa MPOCTPaHCTBA B (pa30BOE MPOCTPAHCTBO Ha Oase
peampHOro  (3+1)MakponmpoCTPaHCTBA KIACCHYCCKOM (PH3MKM M KOHIENTYaJbHOTO OMHCAHHUS 3TOTO
nepexoia ¢ HMCHOJNB30BAHUEM npuHyuna coomeemcmeusi [3] HeNb3sl CUUTATh 3aKOHYCHHBIM. BroiHe
€CTECTBEHHO, YTO OTH JBe (a3bl MATEPUH JOJKHBI OMHCHIBATHCSA HE TOJBKO PA3HBIMU 10 CYIIECTBY
MOHATHSAMH, HO W Pa3HBIMH TomoyiorusiMi  (HampuMep, OHU  OTJIMYAIOTCA WX  BaKHEHIeH
XapaKTePUCTHKOW — pa3MepHOCTRIO). B 3TOM 1taHe HEOOXOAUMO OTMETHTh, UTO MPUMEHEHHUE MPUHIIHUIIA
COOTBETCTBHsSI TPH TEPEXOJE OT KBAHTOBBIX (POPMYIHUPOBOK K (HOPMYIHUPOBKaM B TaMHIBTOHOBOBOM
dopmamusme  TpebyeT ampHOpHOTO BBemeHus (3+1)Kimaccmueckoro o0pasa IPOCTPaHCTBEHHO-
BPEMCEHHBIX OTHOIICHUI HEMOCPEACTBEHHO B KBAHTOBYIO MEXaHUKY (KOOPMHATHOE MPEICTABICHHUE).

Tem He MeHee, OTBETHI Ha BOIPOCHl K TIpoIeccam JIOKaJIU3alliy, CBSI3aHHBIM C
MIPOCTPAaHCTBEHHO-BPEMEHHBIM PaCIICIUICHUEM IICJIOCTHBIX KBAHTOBBIX 00BEKTOB M MX ()parMeHTALUN Ha
"IIOTHBIE" ¥ HE3aBUCHUMbBIC COCTABHBIC YaCTH MOI'YT OBITh HOJYYCHBI B YaCTH OOBSICHCHHS MEXaHHU3MOB
JICKOTEPEHIINY, 4TO U cienaano B. 3ypexom.
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CyThb e ero HIeH COCTOMT B CIEIyIOIIeM: o0mas (a3a CHUCTEMBI COCTABHOW MEXIy
KOMIIOHEHTaMH, BXOISIIMMH B HCXOJHYIO CYyIEpIo3unuio cocrosauii " W(p,x) — gacTuisr”,
paccemBarOTCs O CTENEHSIM CBOOOJIBI OKPYXKEHUS, YMEHBIIIAs M YHUYTOXKas MHTEP(PEPSHIMIO U, TeM
CaMbIM, JMATOHAIM3YS MATPHIy IUIOTHOCTH, KOTOpas TOCIE 3TOT0 CMOXKET HPEACTABISATh CMECh
COCTOSIHUM € KIIACCHYECKHMHU BEPOSTHOCTAMHU 0e3 WHTep(EepeHIIMOHHBIX WICHOB. TeM camMbIM
HUBEIUPYETCSl KBAHTOBAasl CYMEPIO3UIHMS W CIIyTAHHOCTh COCTOSHHN. YBEJIMYCHHE pPa3MEpoB
JJIEMEHTApHON sYeHKU (Da30BOTO MPOCTPAHCTBA CUCTEMBI TMPUBOJUT K BO3MOXKHOCTH TNpeHeOpeds
Heomnpenen¢HHOCThI0 ['eli3eHOepra M TepelTH 4Yepe3 KBa3UKIACCUKY K KIaCCHUYSCKOMY OIUCAHUIO
CHUCTEM.
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B.A. KacuMoOB. Bosznuknosenue npocmpancmeenno-épemennoii onpedenénnocmu(1+2+3)

Annomayus

Hseecmuan gunocodpckasn popmyna: " IIpocmpancmeo u epems - sceobuyue Gopmvl cyuecmeosanus mamepuu', 3acmaeisen
Hac 66ecmiu HeCKOIbKO ypOGHell Npe0CmagaeHus Hauux 3HaHUll 0 NPOCMPAHCMEEHHO-BPEMEHHbIX OMHOUWEHUSAX, KOMOpble Mbl
byoem ycnoeHo Hazvleams "ypoGHAMU OHMONOU3AYUU" HAUE20 NOHUMAHUS DIMUX OMHOWEHUL. DMu YPOGHU MOICHO
paccmampusams Kak OHMOI02U4eCKuUe cpesvl 8 npoyecce NO3HAHUs CYUHOCU NPOCMPAHCINEEHHO-GPEMEHHbIX OMHOUEHUT] U
CIMAHOBIEHUS UX NOHAMUIHOU ONPedeNEHHOCIU.

Ha npocmom npumepe modenupyemcs npoyecc hopmuposanusi npocmpancmeeHno-epeMeHHoll onpedenennocmu 6 Jleubnuykom
acnexkme: nepexoo om KeaHMOB020 ypoeHs (MUKPO) K YPOGHIO Kiaccuyeckoil mexanuxu (maxpo). B cessu ¢ smum mosicho
2080pumb 0 08yxghasnom cywecmeosanuu mamepuu. Kpome mozo, 6vina npeOnpuHsama nonvimka o4epmunms pewierue
NPOCMPAHCMBEHHO-6PEMEHHBIX 3a0ay nocie pabomsl. " KOHMeKcmyaibHocms 00HOU Yacmuybl, HEIOKAIbHOCHb 08YX YaCmuy,
3anymMaHHOCHb, IKChepumenmvl Yunepa ¢ 3adepackoi evibopa, FWTu ece maxoe .."[12].

Hvinewinas cumyayus noucka cywyHocmu npocmpancmeeHH0-6PEeMeHHbIX OMHOUWEH UL HANOMUHAEN PAHHIOI UCIOPUIO NOUCKA
cywHocmu " procucmona”, Komopas paspeuunac, Cmamucmu4eckoll meopuetl 2u606Cco8cKux ancamonell, onpeoenerus
MepMOOUHAMUYECKUX NOHAMUIL U, 8 YACMHOCHU, NOHAMUS MEMNePamypbl KAk CPeoHe20 KUHeMmUu4eckoll IHepaull no ancamonio.
Bnonne 603modicho, umo u npocmpancmeenHHo-epemetHble OMHOUEHUS ABNAIOMCS HEKUMU CPEOHUMU OM COOCMBEHHbIX 3HAYEeHUl
0nepamopos KeaHmogwix 00beKmos.
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V.A.Kasimov. Space-TimeRrogram of Research

Abstract
The current situation of the search for the essefepace-time relations reminds the early histafrihe search for
the essence of "phlogiston”, which was resolvedtHey statistical theory of Gibbs ensembles, thenditedn of
thermodynamic concepts and, in particular, the ephf temperature as the average kinetic energthén
ensemble. Thermodynamics has found its justificafio statistical physics but space-time relatiopshof the
macrocosm it is possible that it will find its m@tiale in the inevitable processes of condensation@alization in
the environment of prameter and averaging the fitisc parameters of the microcosm in the desmipof these
processes.
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