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Abstract. This article is some review of results that were obtained at 2007-2021 years development
of “The Information as Absolute” concept and the informational physical model, which is based on
the concept; including a number of fundamental physical problems are briefly considered in
framework of the conception and the model. Recently in physics there are several publications, that
present lists of the problems. However, those lists are essentially incomplete, for at least two reasons.
Firsts of all, a number of phenomena are studied traditionally by philosophy, and so corresponding
problems are usually considered to be “metaphysical”’. However, they relate also to some concrete
physical phenomena. For example, physics evidently studies Matter, and so the metaphysical
problems “what is ontology of Matter”, “what is “Space”, “Time” and a few other physical
phenomena and notions as well, are really a Meta-physical problem “what does physics study?”” There
are other fundamental physical problems, which are not considered as such in physics, and are absent
in the “fundamental problems lists”. Those include the problems, which really exist, yet are
incorporated into standard physical theories, and so are fundamental “implicitly”, which in physics are
“solved by default”. Thus, the fundamental physical problems are considered in this paper in
corresponding sections: “Meta-physical”, ““Ordinary implicit” fundamental”, and “Other “ordinary”
fundamental” problems, i.e. those considered as fundamental in standard physics. We also consider in
this paper a few cosmological problems and the problem “what is Life?”
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1 Introduction

In this article a number of fundamental physical problems are briefly considered in
framework of the “The Information as Absolute” concept and the informational physical
model, which is based on the concept, that were developed in 2007-2020 [3]-[17] .

By now, there exist a number of publications, where the authors formulate some lists of
fundamental physical problems, for example, [1], [2], the corresponding Wikipedia
article, etc., analogously to Hilbert’s presentation of twenty-three problems in
mathematics at the International Congress of Mathematicians in Paris in 1900 [1]. The
lists of problems are quite similar. Correspondingly in this paper we consider some
problems in one of rather complete list in [2], which are considered in the main text, and
briefly commented upon in the Appendix.



Notably, the problem lists in such publications essentially are incomplete, by two
reasons. Firsts of all there are a number of physical phenomena that are studied
traditionally by philosophy, and so usually are considered “metaphysical”. They relate,
nonetheless, to physical phenomena — for example physics evidently studies Matter,
and so the metaphysical problem “what is ontology of Matter” is really a Meta-physical
problem “what does physics study” as well.

The metaphysical problem “what is ontology of Consciousness” also relates to physics
directly, starting from the physical problem “why and how physical measurements and
interpretations of the measurements are sometimes adequate to the objective reality”.
Besides, this problem was actual on first stages of development of the quantum
mechanics, and is rather actual now.

Such metaphysical problems as what are the fundamental phenomena/notions “Space”
and “Time”, and a number of others, are really the fundamental physical problems as
well.

Other problems that really are fundamental physical problems, but are not considered as
such in physics, and so in the “fundamental problems lists”, are the problems
incorporated into standard physical theories, and thus are “implicitly” fundamental. For
example, in [2] the problem “Why are the particles of ordinary matter copied twice at
higher energy” is pointed. However, the problem “what are particles” precedes that, and
seems as evident that only after solving that last problem it would be possible to obtain
the rational answer for the first problem, etc. However, the list in [2] does not contain
the latter problem, which — and a number of others - in physics are “solved by default”,
despite that really, rather evidently, exist.

Here, we consider all the fundamental physical problems in corresponding sections,
“Meta-physical”, ““Ordinary implicit” fundamental” (as the problem “what are
particles” above), and “Other ‘“ordinary”” problems, i.e. which are considered as
fundamental ones in standard physics. A few cosmological problems and the problem
“what is Life” are considered (and are commented in Appendix) as well.

Note, that the concept and the model are discussed and some papers are commented at
ResearchGate Net, thus the corresponding ResearchGate URLs are given in the Sec.
“References”, besides the standard reference data.

2 The Meta-physical problems

2.1 “What are the phenomena/notions “Matter” and “Consciousness”, that are the
utmost fundamental in recent philosophy and science”

In the mainstream philosophy and further sciences both these, most fundamental in this
case, phenomena/notions are principally transcendent,

- and so there are numerous doctrines, schools, etc. in philosophy, which are based on
different, often opposite initial postulated premises, starting from the main
fundamentally opposite philosophical doctrines “Materialism” and “Idealism”, that are
principally non-provable, non-disprovable, and practically non-testable. In another
words, there is no scientific understanding of “Matter” and “Consciousness” in the

2



mainstream philosophy and science. And so there are no answers to the physical
questions in the Sec.1 above.

The correct answers on these questions turn out to be possible and are given, only in
framework of “The Information as Absolute” concept, [3], [5], which was developed in
2007-2017,

- where it is rigorously proven that nothing else exists besides some informational
patterns/systems of the patterns that are elements of the absolutely fundamental and
absolutely infinite “Information” Set.

Which (the Set) exists absolutely objectively really, because it fundamentally, logically
cannot be non-existent, and so is absolutely eternal, having no Beginning and no End.

Correspondingly, additionally to the traditional utmost fundamental phenomena/notions
above, there exist .as the next problem, truly more fundamental than the existent in the
mainstream problems, and which has no rational solution in the mainstream philosophy
and science

2.2 “What is “Information”

In the concept the utmost common definition of the absolutely fundamental'
phenomenon, “Information” is:

“Information is something that is constructed in accordance with the set/system of
absolutely fundamental Rules, Possibilities, Quantities, etc. — the set/system
“Logos” in the concept”.

Or, by other words, the “Logos” set elements “make something to be information”.

A few examples of the “Logos” elements, which will be, since they do not have rational
definitions in the mainstream science, scientifically defined and used further in this
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paper are, first of all, “Space”, “Time”, “Logical Rules”, “Energy”, “Change”
Correspondingly “Matter” and "Consciousness” become scientifically defined —
“Matter” and "Consciousness” are nothing else than some informational systems, i.e.
are made from the same stuff “Information”, and in accordance with the same “Logos”
set’s elements.

From this definition follows the answer on the once more fundamental problem

2.3 “Why and how do humans sometimes effectively study Matter”

- since both, Matter and any [including human’s] consciousness are made only “from
Information”, there is nothing surprising in that some informational system, which is

able to obtain information about other informational systems, and to analyze it logically
i.e. a “consciousness”, makes that sometimes adequately to the objective reality,

" Here and further “absolutely fundamental” relates to phenomena/notions that exist and are valid on
whole “Information” Set, when (“simply”) “fundamental” relates to phenomena/notions that are
fundamental in Matter and “‘consciousness on Earth”, including human consciousness, and in the natural
and social sciences.
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including when processes obtained information about some objects, events and
processes in Matter. More about the consciousness see the first approximation
functional model of the consciousness [16].

2.4. Some elements of the “Logos” set as fundamental physical problems

Most of the “Logos” set elements are transcendent in the mainstream, when some of
them are  Meta-physical phenomena/notions, so scientific definitions of which are
corresponding fundamental physical problems. In this section the problems are

2.4.1 “What is Quantity “Energy”

- Energy is the “Logos” set element [5], [7], which is absolutely fundamentally
necessary for to change, including, of course, to create, of any/every informational
pattern/system. That is because of the fundamental logical self-inconsistence of the
other absolutely fundamental [also an element of the “Logos” set] phenomenon/notion
“Change”:

- at every change of something its state is simultaneously former, recent, and future
states, when all the states are different by definition. That is logical nonsense.

To overcome this logical prohibition of changes at every change it is necessary to pay
by two points:

(i) — to change [including to create] some informational pattern/system it is necessary
to spend some non-zero portion of “Energy”. However that is not enough if the portion

is finite, and so, besides,

(i1)) — really at any change the changing state on some level/scale is uncertain —
“illogical”.

From the above follows the answer on the next fundamental problem

2.4.2 “Why in Matter quantum effects exist at all”

Note, though, that the fact of impossibility of deterministic continuous changes of
anything was proven more 2500 years ago by Zeno in his brilliant aporias, when Zeno,

in fact, predicted the quantum mechanics.

Relating to QM note also here, that from the concept follows the answer on next
(“implicit”) fundamental physical problem:

2.4.3 “Why does the QM postulate exist that all given type particles are identical,
and why is it adequate to the reality”

- this QM postulate is adequate to the reality because all such particles are copies of the
same informational pattern, that is a typical situation in Information.

That above in this section is essentially the answer on the fundamental problem:
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2.4.4 “What is physical parameter “Energy
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- however that answer remains to be “metaphysically” incomplete, Energy remains to be
a mysterious element of “Logos” set. Nonetheless, besides the above [for which Energy
is necessary], it is also understandable that Energy is rather “dull” Quantity, and the
changes in informational patterns/systems are eventually determined by concrete
information of concrete changing/creating patterns/systems.

However, that till now is not too essential in physics. The reason is that Matter is rather
simple logical system, which is based on a limited set of fundamental and universal
basic logical rules/laws, links, and constants (more see below), where the exchange by
energy at material objects interactions is, in depth, highly standardized and universal,
and the dependence of the action of Energy on difference of informational content in
different material objects so is inessential, besides that there are,, correspondingly, a
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few “forms of energy” — “kinetic”, “thermal”, “nuclear”, etc.

And what seems just as real, there exists a more fundamental and mighty than Energy
phenomenon “Logics”. And Information itself also, correspondingly, though Energy on
first glance seem as something external to Information, for example to a data,
nonetheless if it could exist a state, when there is “nothing”, including “no energy”,
however in this case there principally exists — since logically cannot be non-existent,
the (“Zero statement” in the concept) endless cyclic dynamical informational pattern
“there is nothing, besides the information that there is nothing, besides...”

From the above follows the answer on the next fundamental physical question:
2.4.5 “What is “Inertia””

- Inertia is absolutely fundamental phenomenon that characterizes the logical resistance
to changes because of the self-inconsistence of “Change” above. As energy, the inertia
in Matter can be, and is, characterized; according to Newton, by the physical parameter
“inertial mass”. Note here, that that has no relation to the existent in standard physics
explanation of what is the inertial mass as some action of the Higgs field.

On an aside note a tenet, rather popular in official physics, that “energy and mass are
two faces of one coin, one of them converts to another”. That is fundamentally
incorrect. Both absolutely fundamental phenomena “Energy” and “Inertia” indeed co-
exist always in every informational pattern/system, including in every material object,
but they are fundamentally different, and so, say, at the interactions in Matter first of all
energy transforms/is distributed into energy, though with obligatory accompanying by
transformation/distribution of inertial mass.

2.4.6 “What are “Space” and “Time””

The answer on these questions in the concept [5], [9] is:

“Space” and “Time” are absolutely fundamental Rules/Possibilities [elements of the
“Logos” set] that are absolutely fundamentally necessary for any informational
pattern/system could exist:

- “Space” is necessary for any information could exist at all, and

- “Time”, additionally to Space, is necessary for some informational pattern/system
could be dynamic, i.e. could change.



“Space” as the Possibility makes be possible placing in concrete ‘“space” concrete
informational patterns/systems, which (the space) at that is realized as a concrete set of
“space dimensions”, which (dimensions) are necessary to actualize independent degrees
of freedom of the concrete patterns/systems at changing of all their possible states.

Since Space is a logical possibility, the sets of dimensions form so concrete, and
principally infinite, “empty space containers” for the concrete one type
patterns/systems. For a space it is all the same — how many one type patterns/systems,
which are constructed by the same concrete sets of logical rules/links/constants, and so
have the same degrees of freedom at construction and changes, are placed in the
container.

And it is all the same — in what places in the container the patterns/systems are placed.
The unique requirement, when Space acts as the Rule is that a non-zero “space
interval” must divide the different patterns/systems, and any pattern/system must
occupy non-zero ‘“‘space interval” [a “space volume”, if there are more than one
intervals in different dimensions] as well. In that Space is the utmost universal
grammar rule, which just so exists in all human languages.

Since any information absolutely fundamentally cannot be non-existent, everything had
happened/existed in the “Information” Set; and everything is happening/existing, and
will happen/exist always;

- the concrete patterns/systems, including Matter and consciousness, simply use the
always existent concrete spatial dimensions from the absolutely infinite number of
spatial dimensions of the Set’s whole spacetime in concrete actualization of current state
of concrete pattern/system. As that is, for example for Matter and humans in this
concrete actualization of Universe evolution.

“Time” as the Possibility in main traits is analogue to Space, it is “the space for
changing states of changing patterns/systems”, and exists/acts in concrete cases
forming, including, corresponding “time dimension” for dynamical patterns/systems.

However, Time has the essential difference from Space: for Time it is all the same by
what reason/way, by what degree of what freedom, etc., and in what informational
pattern/system a change happened.

So in this case it is enough to have only one absolutely fundamental and universal
dimension, which exists and acts in whole “Information” Set for all changing states of
all dynamic the Set’s elements, in the concept the corresponding term is the “true time”
dimension.

Time as the Rule also acts as that a non-zero “time interval” must be between different
states of changing patterns/systems. However, in this case this Rule, unlike Space, seem
as is determined by a couple of two, on first glance different, absolutely fundamental
and “external to time” causes. The first one is that any information if appeared can not
be non-existent, and so the next changing state can not “erase” previous state. The
second is that a continuous changing of states is impossible, because of the logical self-
inconsistence of the Change above, and the changes happen only along non-zero time
intervals.



At any change of any informational pattern/system this pattern/system moves in the
time dimension on corresponding time interval Az, in every case, when the changing
pattern/system is fixed in space, and at every change of its spatial position on, say, Ax.
At that the changing of a pattern/system spatial position can be in principally arbitrary
number of space dimensions, whereas all dynamic elements in the Set move at changes
only in one, universal “true time” dimension (including in Matter’s spacetime below).

A sequence of passed time intervals at changing states of the same pattern/system is
motion of the pattern/system in the true time dimension.

Space and Time thus form concrete “empty containers” - “spacetimes”, for concrete
dynamical patterns/systems.

Finally, in this section we make a brief remark to existent definition of “Time” in recent
physics. This definition was firstly done by Newton [18]

“...Absolute, true and mathematical time, of itself, and from its own nature flows equably without regard
to anything external, and by another name is called duration ....”

- at that for Newton, correspondingly, clocks show the time flow independently on time
and only because of they tick equally equably,

- and this definition, however with the two relativistic modifications, remains in
physics. According to special relativity postulates time (i) - not only flows equably, this
flow depends on motion, and, whereas in stationary inertial reference frame time flows
in accordance with Newton’s definition, in moving frames its flow becomes be dilated,
and (ii) — time governs material bodies, including clocks, and so “time is what clocks
read”, and clocks show in stationary frames “Newton’s” flow, and in moving frames —
dilated flow. Besides this time flow is observed as an “arrow of time” [19].

From the correct definition of “Time” above it follows that there cannot be any,
“Newton’s”, “normal”, “dilated”, etc., time flows, and any “arrows of time” as well.
Matter, and every material object/system, simply constantly, because of the energy
conservation law, change, and so move in the true time, passing from a given states to
mostly more probable states; when a changing is deterministic, that only connotes, that
the probability is equal to 1.

2.5 What is “Life”

Two known now fundamental informational systems ‘“Matter” and “Consciousness” are
fundamentally different, because they are organized, exist, and change their states, i.e.
evolve (Matter) and develop (Consciousness), being based on fundamentally different
sets of basal laws/links/constants. Even though the sets are principally constructed only
in accordance with the same “Logos” elements, including “Logical Rules”.

Currently humans know only one Consciousness’ version, “the consciousness on
Earth”, diverse versions of which every living being on Earth, including humans, have.
The main difference between a Matter and any Consciousness in the Set

- is in that Matter is fundamentally closed in the Set system of informational
patterns/sub-systems, where interactions between the patterns/sub-systems proceed as
exchange by only completely true and rigorously determined information. Matter is a
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closed system also because of the material objects simply do not understand
informational patterns of other Set’s elements; and, besides, in the language by which
material objects communicate with each other, there is no notion “non-understandable
information”. Just therefore Matter is a stable in the Set system,

- whereas consciousnesses, including the “homo sapiens sapiens consciousness”
version, are able to communicate in principle seems with any of the Set’s element,
including in cases, when obtained information can not be interpreted by some existent
way, starting from defining such information as “non-understandable”.

Correspondingly every of both, Matter and Consciousness, so exist and change in
essentially different spaces; though, consciousness operates also in Matter’s space when
she governs practically material system “body-+brain”. Both corresponding spacetimes
share the one true time dimension which is fundamentally obligatorily common for all
dynamical patterns/systems in whole Set.

Thus, there cannot be some “emergence” of any consciousness from any material
structure, as that is suggested in many existent now ‘“theories” and “solutions” of the
“mind-body problem”, etc., in neuroscience and physics.

The informational system ‘“the consciousness on Earth” could, in principle, exist in the
Set in parallel with possible Matter’s Creator even before Beginning of Matter.

However, because the consciousness is a principally open informational system, the
“life” of such system was rather cumbersome in the unstable, and possibly destructive,
environment of the Set. So seems this consciousness version has used an opportunity to
make some material house from some stable Matter’s atoms, first of all as a stable
residence and source of energy at operating. Thus Life rather probably appeared a few
billions of years ago on Earth.

After that, “the consciousness on Earth” developed the practically material residence in
accordance with seems evidently observed trend “more and more outside Matter into
other Set’s regions”, up to the “homo sapiens sapiens” version. That one has well
developed ability to process information in the highest, “mind mode”, mode of
operation, when information is processed abstractly i.e. in some cases without direct
relation to what happens in Matter, or somewhere else in the Set.

In spite of that the consciousness fundamentally differs from Matter, it evidently is able
really to affect the material patterns/systems when billions of years has made the first
bio-molecules on Earth. Now consciousnesses govern the practically material bodies of
living beings. However, this ability is, at least for ordinary human consciousnesses,
including most of physicists, extremely weak, and so really there is no some “observer
problem” in physics:

— at any experiment a studied, including a quantum mechanical, = material
object/system/process interacts with human material instruments, as with observed “iy -
function collapses” in rigorous consistence with the laws/links/constants that act only in
Matter, when on the QM depth everything in Matter, independently on - in humans
experiments or not, constantly happens as the endless chains of the “y -function
collapses”, etc.,



- and all that, again, happens without any dependence on whether an “observer” exists
at all.

More about “the consciousness on Earth” see in the first approximation functional
model of the consciousness [16], [17].

3 “Ordinary implicit” fundamental problems

Above, the utmost common answer on the Meta-physical question “what is Matter at
all?” is given. According to it, Matter absolutely for sure is an informational system of
informational patterns and sub-systems, which are particles, fields, bodies, cosmological
objects, etc. In this section, we present a number of rational, and so rather possibly
adequate to the reality, answers on problems of the framework of the common
fundamental question: why this informational system is as it is. The problems mostly
are considered solved “by default” in physics, despite their really transcendent nature.

3.1 “What is Matter’s logical base”

The answer with a large probability must be, and so is, in this informational model, in
accordance with two indeed fundamental findings in XX century:

- in accordance with the outstanding von Weizsicker’s 1953-54 year “Ur-hypothesis”
[20, 21] that if Matter is based on fundamental depth on a binary logics, then the space
should be 3D, and Matter’s spacetime indeed has 3 space dimensions. That was, on one
hand, the outstanding hypothesis that explains why Matter’s space is 3D, and, on the
other hand, the fact that the space is indeed 3D is the mighty evidence for that the
hypothesis can be correct, and

- in accordance with the outstanding Fredkin-Toffli’s finding [22], who showed that if
some patterns in a system are based on a reversible logic, the system changes at
interactions in it without energy dissipation outside the system. In this case, Matter that
would be dissipation somewhere in the Set; thus seems thrifty Matter’s Creator used this
fact; and so in Matter the energy conservation law acts.

Correspondingly the concrete spacetime of the concrete binary informational system
Matter has 3 “purely space” dimensions. Since this system is dynamical system, as that
follows from experimental data, the spacetime has the “true time” dimension, ¢, which is
absolutely universal and common for all dynamical elements of the Set. Further in this
paper, as that is in the whole informational physical model [3], [6], [7] by some reason
(see below) instead of “f’ for the true time dimension is mostly used “cf’, c¢ is the
standard speed of light.

Besides the dimensions above Matter’s spacetime has once more dimension, to
implement the reverse sequences of changes, which are in a sense “non-legitimate” in
the true time, as some “travels backward in time”, what is principally prohibited in the
true time. The dimension is really a specific space dimension, however it is actualized in
many traits in the Matter like the true time. This dimension is called the “coordinate
time”, “r”, dimension in the informational physical model since that is just the “time
what clocks show” [more see below], and mostly further for this dimension the metrics

“ct”’1s used.



Thus the Matter’s spacetime is the absolute [5]4D Euclidian spacetime as an empty
container, where Matter exists and constantly changes, with the metrics (cz, X, Y, Z, cf),
where “c7” is the “coordinate time” dimension, “ct” is the true time dimension, and X, Y,
Z are 3 “ordinary” space dimensions — unlike the “coordinate time” dimension, which
really is a specific space dimension as well. The dimensions, as that is shown in Sec. 2
above, are principally infinite by definition of Space and Time.

With the notion “spacetime” in physics there exist next fundamental problem:

3.2 “Is Matter’s spacetime absolute or not”

This problem did not exist in mechanics till the fundamental EM force was discovered,
or even in first years after development of the Maxwell-Lorentz theory, where EM
objects, events and processes existed and happened as some disturbances in some
“ether”, fixed in corresponding absolute Euclidian space. However, in late 1800s it
became clear, that seems as the application of very mighty relativity principle to EM
processes and events results in some paradoxical consequences, as, say, the “relativity
of simultaneity”. It also seemed that because of the principle it is impossible really to
observe absolute space and corresponding absolute motion of bodies.

H. Poincaré wrote about the absolute motion in “Science and hypothesis™ [23]:

“... Again, it would be necessary to have an ether in order that so-called absolute movements should not
be their displacements with respect to empty space, but with respect to something concrete. Will this ever
be accomplished? I don’t think so and I shall explain why; and yet, it is not absurd, for others have
entertained this view... I think that such a hope is illusory; it was none the less interesting to show that a
success of this kind would, in certain sense, open to us a new world...”

However, from that the absolute space even indeed cannot be observed evidently does
not follow that it doesn’t exist. Nonetheless that was postulated in the first version of
the special relativity theory (SR) in 1905 [24]. It was also postulated that there is no
corresponding (“luminiferous”) ether, which would be placed in the absolute space, and
be a base of some absolute reference frame. So the SR was — and is till now - based on
one more postulate that all/every inertial reference frames are absolutely completely
equivalent and legitimate.

From the last postulate any number of evidently meaningless physical, logical,
biological, etc., consequences directly and unambiguously follow, the simplest one is
the well known “Dingle objection to the SR” [25] and its more known and more
complex version “twin paradox” [15], etc. As well as the fact that all inertial frames
cannot be absolutely completely equivalent was proven by Zeno yet 2500 years ago.
Indeed, in all reference frames, where Achilles and the turtle move with different
speeds, Achilles really leaves the turtle behind, in spite of that is logically prohibited, if

the motion of both is continuous — because of “illogical” AprZ%. But that is

inessential in the unique preferred frame, where the turtle is at rest; in this frame
Achilles runs behind the turtle without any logical problems.

From even one meaningless consequence, which directly and unambiguously follows
from the postulates above, it completely rigorously follows by “proof by contradiction”

that Matter’s spacetime is absolute; and that follows from the definitions of Space and
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Time in Sec. 2 above as well. However, these SR postulates have been stated as true
postulates in official physics till now.

Correspondingly observation of the absolute motion, i.e. the motion of a body in the
absolute 3D space, is only a technical task, which can be principally solved, as that is
shown in the informational model, and the absolute velocity of a pair of clocks can be
measured yet now [10], [11].

3.3 “An “‘ether” may or not exist in Matter”

The interpretation is well grounded of the existent experimental data that Matter’s
spacetime as the absolute [5]4D Euclidian spacetime with the metrics (cz,X,Y,Z,cf) in
the Sec. 3.1. It therefore seems quite rational to suggest that the dimensions of the
spacetime relate to the degrees of freedom at changing states of some analogues of the
von Weizsicker’s “Urs”, though, of course, not literally,: the [5]4D fundamental binary
reversible logical elements (FLE). The corresponding introduction of fixed in the
absolute spacetime above ether, i.e. a [5]4D dense lattice of the FLEs, as that is made in
the informational model, is rational as well.

Besides, in the model, basing on existent experimental data, it is postulated also that all
the [5]4 FLE “sizes” (in the spacetime metrics above) are identical and equal to the
Planck length, [p,. The changing of the binary FLE states “FLE flip time interval” is
equal to the Planck time, 7p, therefore motion of material objects in the spacetime
happens as “equal footing” in all [5]4 dimensions of the spacetime.

This postulate of [5]4D FLE ether allows to clarify a number of other fundamental
physical problems:

3.4 “What is “a particle””

In official physics, particles really are principally transcendent items — since they are
some objects of the transcendent “Matter”.

Besides from the informational concept above and from experimental data that particles
— which absolutely for sure are informational patterns/systems — are some objects that
constantly change their states; however, at that, they are stable, it seems to rationally
follow that particles are some cyclic close-loop algorithms,

- that cyclically change their internal states with frequency @ so that a particle has
energy E =hw=mc’,m is the inertial mass, 7 is the fundamental elementary physical

action, reduced Planck constant, ¢ is the speed of light. This hypothesis appeared as
early as in 1920 as the “the Zitterbewegung”. de Broglie hypothesis [26], [27].

A few naturally suggested, and postulated in the informational model, rational premises
follow from that above:

(i) — particles are some cyclic disturbances of the FLE lattice, which appear when a 4D
momentum impacts on an ether FLE, which, after the impact, “flips” further causing
sequential flipping of neighbor FLEs.

To cause a flip — and the corresponding sequential flipping of ether FLEs along a
straight 4D line is enough infinitesimal momentum when the “FLE flipping point”
11



propagates in the 4D ether and 4D sub-spacetime with metrics (cz,X,Y,Z) with the speed
of light, c¢=1,/t,. However, if the momentum is not infinitesimal, the flipping point

can not propagate with the speed faster than c. Thus, the unidirectional motion
transforms into a “helical” “FLE flipping point” motion along some 4D ‘“helix” of
cyclic sequentially flipping — and precessing FLEs. Note also, that in this case the

“flipping point” moves along “helix” with the speed 2, as the flipping of FLEs
happens “diagonally”, nonetheless the ‘“helix front” moves along the impacting 4D
momentum direction with 4D speed of light, ¢ .

However, some “a helix’s 4D axis” does not exist as a 4D vector in the 4D sub-
spacetime, so the propagation of the disturbance in the ether transforms into propagation
of, possibly, propagating in the either bi-vector or a tensor, and so this propagating is
essentially not “point-like”- in both, in the spacetime and in the ether. Nonetheless the
propagation has the direction — the direction of the impacting momentum’s vector.
Besides, the “helix” of FLE lattice disturbance experimentally is observed as a pointlike
particle interacting with other pointlike particles. It seems rational to suggest that
“pointlike interactions” are interactions of the particles’ FLEs, i.e. the “size of
interaction point” is near Planck length, even though the disturbance “a particle” is not
pointlike, and the position of the point is randomly distributed in some non-pointlike
spatial region.

Besides, the observed projection on the 3D space of 4D helical propagating of the FLE
flipping point essentially determines that particles propagate in 3D space as “waves”
(but interact as “points”); what is observed as the “wave-particle duality”

(i1)) From the existing experimental data it seems rational to suggest (in first
approximation, see point (i) above) that the “radius” of the “helix” is equal to the

particle’s Compton length 4 =— and the corresponding “helical” angular momentum
mc

of the particle’s “FLE flipping point” is equal so to the Planck constant 7 .

(iii)) The always moving particles are, thus, some ‘“gyroscopes” which are always
oriented relating to the propagating direction, and

(iv) Note also, that it follows from the experimental data that there are two main types
of particles in Matter, depending on the parental 4D momentums. In the model that are
“S-particles”, created by spatial momentums, and “T-particles”, created by momentums
that were directed in the “coordinate time”, i.e. along the cz-axis.

So S-particles, e.g., photons, always move in 3D space only with the speed of light, T-
particles move in “coordinate time” dimension with the speed of light, if are at rest in
the absolute 3D space. If a T particle moves also in space after a space directed
momentum, its speed in the “coordinate time” dimension decreases by the Lorenz factor
in accordance with the Pythagoras theorem.

Note, though, that the above in this section relates completely only to fundamental
particles. If a particle is composed from some fundamental particles, some points in the
above are not valid.

And, besides, note that extreme impacts on FLE can result in many comparatively stable
close-loop algorithms, and that is observed experimentally — the observed particles zoo
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now contains a more than a few hundred items — some chimeras that are composed from
some fundamental particles, truncated algorithms, as that, say, rather possibly muon and
tau-lepton truncated electron’s algorithms are; 2-nd and 3-rd generations of quarks, as
well, etc. Most of the algorithms have some defects, and so can break on some
algorithm’s tick with some probability, so such particles decay exponentially in time.

Hence, the next fundamental problem becomes be essentially clarified:
3.4.1 “What is a particle’s spin”

“Spin” is ad hoc introduced in QM as “purely QM “quantum number” - physical
parameter of particles, aimed at fitting the theory with experiments. However, in the
model it obtains rather “classical” sense — that is indeed an angular momentum, which is
the observable projection of the “flipping point” 4D angular momentum above on the
3D space. Thus, quite naturally spin can be — and really is in QM, added/subtracted
to/from, say, “more classical” orbital angular momentum.

However, because of the mathematical limitation above, the 3D “angular momentum”
“spin” observed in fundamental particles differs from the “real” the momentum’s value,
which is equal to 7, and for some T-particles it is observed at interactions in the 3D

1 . . .
space as equal to Eh; fundamental T-particles are fermions. For S-particles the

mathematical limitation above is not essential, and S-particles have the “real” spin
h (these are bosons). Though here is a limitation as well, the S-particles angular
momentum can not have projection on the cr-axis, and so has only two spatial
projections+7 .

That the above relates only to the fundamental elementary particles, T- particles that are
compositions of fundamental particles can have integer spins.

From the definition of what is the absolutely fundamental phenomenon “Inertia” above
follows that all/every S and T particles have some inertia, and so all/every particles have
inertial masses. But in this case there is a physically essential difference, though which
is not principal: T-particles differ from S-particles in that they have inertial “rest
masses”, when S-particles quite naturally have not.

From this fact follows the essential clarifying of the next fundamental till now in
physics problem:

3.4.2 “Do the fundamental particles ‘“neutrinos’ have non-zero rest mass”

From experimental data it follows that the neutrinos are fundamental fermions, so are T-
particles, and so have non-zero rest masses. Neutrinos, besides, since have extremely
small masses, in real experiments move with speeds that practically equal to the speed
of light, i.e. with large Lorentz factors. So their “flipping point” angular momentums,
because of the rotation in the (X,c7)plane (at motion along X-axis), are directed
practically completely along spatial motion directions, and so are observed as be equal
to 7. That is introduced in physics as that neutrinos have “helicity”. This helicity seems
as practically for sure doesn’t differ from the helicity of, for example, electrons large
Lorenz factors, and, as that is for the electrons, here is no problem with reference frames
— as all that must be in accordance with the relativity principle.
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4 Other “ordinary” fundamental problems
Now we can clarify the next fundamental physical problem
4.1. “What are the Lorentz transformations”

If some T-particles constitute a rigid enough T-body (there are, though, no rigid bodies
composed from S-particles), then, if the body, say, is a rigid rod, which has a length L,
and is at rest in the absolute 3D space, the rod occupies a corresponding spatial interval
equal to L, and all the rod’s points move in the cr-dimension with the speed of light, all
the points so have identical cr coordinate values.

However, if the body is impacted by some spatially directed momentum, as that always
happens in mechanics, if we do not consider the interactions in high energy physics,
then, as that was shown above, the rod’s speed in coordinate time decreases in the
Lorentz factor.

Since the motion in coordinate time is changing of internal state of particles (what is the
running of the close-loop particles’ FLE-algorithms), the changing of internal state
proceeds at maximal rate when a particle is at absolute rest, but when a particle moves
also in the space, its algorithm is “diluted” by “blank™ space steps, and so runs slower in
the Lorentz factor.

Thus, the decrease of the moving particle’s speed along the cr-axis means that the
internal processes in the particle are slowed down in the Lorentz factor as well. That is
observed experimentally: moving unstable particles live longer, moving clocks tick
slower, etc.; and, besides,

- since moving particles in the space changes their orientation in the 4D sub-spacetime,
the particles, if rigidly bound in the body, rotate the body in the sub-spacetime as a
whole. So, in this case the rod, if it moves along X-axis with a speed V, rotates in the
(X,cr) plane on the angle, when the rod’s front end becomes “younger” than the back

. . . . L
end by the “relativity of simultaneity” Voigt-Lorentz decrement —V—2 (only along the
c

) V; .
rod and fundamentally nowhere in the space else ——f,xe [0,L]), again in accordance
c

with the Pythagoras theorem.

So the rod’s projection on the X-axis is contracted by the Lorentz factor, as was
suggested by FitzGerald yet in late 1800-th [28]. At that the rod really occupies a spatial
interval in the space lesser than it occupied at rest, and all other material objects really
interact with the “contracted” rod.

However, because the space interval etalons on the rod are contracted as well, the rod’s
length measured by an observer on the rod is again equal L.

These points above are combined in the Lorentz transformations, which thus are indeed
adequate to the reality. However, first of all:
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- the Lorentz transformations are equations of motion of only points of moving in the
absolute space rigid bodies in the absolute reference frame with using data about
coordinates of these points, measured in the inertial reference frame that is set on (is co-
moving) this body - as that are any other transformations between physical reference
frames, including the Galileo transformations.

The letters "x/x"", "y/y"", "z/Zz'",and "ct/ct’"in the transformations by no means

relate to all points in the whole Matter’s spacetime, as that is postulated in the
Minkowski version of the SRT [29], and to points of some “local space” and “local
time” in the Lorentz-Poincaré theory [30]- [32]; besides, of course, the spacetime points
that are occupied by the bodies points.

So, of course, there are no “space contraction”, “time dilation” or other “relativistic
properties of the space, time, and spacetime” and corresponding “relativistic effects”.

Note, however, a few additional points in this case:

- first of all, because of the mighty Galileo-Poincaré relativity principle, which exists
and acts because of the fundamentally binary reversible logical base of Matter, the
Lorentz transformations form the group so that they are applicable not only in an
absolute frame, they are symmetrically applicable between any the “Einsteinian”
reference frames, i.e. that Einstein quite correctly (see above) used in first version of
SRT in the 1905 year paper

“...The theory to be developed is based like all electrodynamics on the kinematics of the rigid body,
since the assertions of any such theory have to do with the relationships between rigid bodies (systems of
co-ordinates), clocks, and electromagnetic processes...”

- though after Minkowski illusorily postulated the applicability of the transformations
to all the spacetime points, Einstein did not support this 1905-year assertion about rigid
bodies and frames’ coordinate systems, and now the standard version of SRT is the
Minkowski version.

The Lorentz transformations form the group relating velocities in the Euclidian
spacetime, and so using of any moving in the absolute space frame indeed allows to
describe and to analyze objects, events, and processes in physical systems quite
adequately to the reality, even though the measured parameters of material objects and
systems are not real in this case — the objects and systems have real parameters only in
the absolute frames. All such frames are thus really equivalent and legitimate in most
practical cases, since they are traceable to the absolute frame as well (for more see

[14]).

However, that is not completely true in any physical system. If a system is composed by
free objects, the Lorentz transformations do not work completely. For example, that
correctly is shown in the Bell paradox [33], where the space distance between free “Bell
ships” doesn’t want to contract; so by using such systems it is possible to observe the
absolute motion, and to measure the absolute velocity, two the measurements methods
are offered in [10], [11].

And, more importantly, the real non-complete adequacy of SRT postulates to the reality
becomes an impediment in physics, when physics addresses the fundamental problems,
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i.e. outside the utilitarian applications in elaborations of concrete physical tasks and
technology. Thus, new physics is possible in some cases only at violation of SRT.

A couple of examples, when really fundamental new results in physics turned out to be
possible only as some violations of SRT, are the discoveries of antiparticles; and the
“Feynman—Stueckelberg interpretation” in QED [34], [35], where it is postulated that
antiparticles move backward in time, where

- Dirac’s prediction of the antiparticles [34] is based on the suggestion that there are
some points in “sea of negative energy”’, when “negative energy” does not exist in SRT
(that does not exist at all, though),

- and moving of particles backward in time does not exist in SRT as well.

However, both these fundamental findings in physics remain unexplained, so really
corresponding fundamental physical problems also remain. In spite of that the
antiparticles predicted by Dirac are observed soon for 100 years already, and the
Feynman—Stueckelberg interpretation till now remains in physics as a strange
mathematical trick, which, however, is very effective at application of very effective
QED.

Both the last problems above are essentially rationally clarified in the informational
model:

4.2 “What are antiparticles”

Note, that the answer on this question is possible only if this problem is considered
again in the absolute [5]4D Euclidian spacetime metrics (ct,X,Y,Z, ct), where particles
are always constantly moving with 4D speed of light in the 4D sub-spacetime with

metrics (cr,X,Y,Z) having the 4D momentums P= (P> Px>PysPg) > P=m¢ (and

4

. . 2 2 2 . . .

particles’ energies E=Pc=mc"), P =ij; and, simultaneously, are moving in
j=l

parallel, in 1D ct-dimension with the speed of light and the momentum P=mé.

In the model in complete consistence with existent experimental data it is supposed -
and postulated that antiparticles, are, as the particles above, also some close-loop
algorithms, = which are the same as corresponding particles’ algorithms, but the
algorithms run in reverse command order, having so for T-particles/T-antiparticles
opposite momentums in the cz-dimension, p_. (particle) =—p_ (antiparticle).

In contrast, since in Minkowski space the dimension/variable “t” is really some mix of
the true time, ¢, and coordinate time, 7, so “4-momentums” in SRT, 13M , physically are

~ E .
rather strange: P, =(—, py,py,p,) 1.e. the zero component of a 4-momentum of a
c

particle is, in fact, the whole real 4D momentum — and the momentum in true time,
whereas really the “#” in Minkowski space has also the coordinate time traits, as it is the
“proper time” of, a moving in a “stationary” frame, frame. Besides that is “the time,
which clocks read”, which (clocks) are usually some T-bodies, and really show how
they move in the coordinate time dimension
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Though, of course, in a rigid reference frame really it is impossible to observe motion in
the true time.

So in Minkowski space — as that really is fundamentally in true time - in the time
dimension there is no backward in time motion, and antiparticles do not exist in SRT.

Correspondingly, when Dirac developed in framework of SRT QM equation for fast
moving free particle - electron, he made that as modification of existent already non-

relativistic Schrodinger time dependent equation ih%l//(r,t) =H v(r,t), where ¥ is

3 A2
the wave function of a particle, H =22—’ is the Hamiltonian operator, which
j=1 <M
3 2
. . o p; . L d
corresponds to the classical mechanics Hamiltonian H :Z—, pj=—l7"l— ,
‘= 2m Ix;

Jj=1,2,3 , are [really partial] operators of 3D space particle’s momentums;

- and using, instead of classical Hamiltonian above, the relativistic Hamiltonian
3

H =c\p>*+m’c>, where p is the absolute value of 3D momentum, p° = ijz m is
j=1
rest mass of a particle, c is the speed of light.

This Hamiltonian has the 3D space momentums in the square root, and so it is
impossible to obtain directly linear differential equation for the wave function using the
momentums operators above — as that is made in the Schrodinger equation. However
Dirac solved this problem by beautiful non-standard way; in which, besides, the Pauli
spin formalism was taken into account quite naturally, wave function of particles turns
out to be 4-component vector that describes particle’s complex quantum state — what
looks as indeed adequate to the reality, etc. So in the equation the “Dirac Hamiltonian”

3
. 2 2 A . .
is H =mc 0{“—020@ p;,» where partial momentum operators are the same as in
j=l
Schrodinger equation above, ¢, and ¢, are the four 4 X 4 matrices, which determine

the four-component — in contrast to the one-component Y -function in Schrodinger
equation, I -function. The equation is in complete consistence with the SRT

formalism, including that happens, if in this Hamiltonian mc’ has negative value —
what formally is possible because of , as that Dirac told, e.g., on the first “Atomic
nucleus” conference in the USSR [34] (translated from Russian):

“....In Newton mechanics kinematical energy W is always positive. But in Einstein theory. W is defined
by more complex equation, namely

2 2 4 2.2
W7 =m'c"+pc,

W =+Jm’c* + p’c’

In classical theory from both signs always + is chosen, what does with purpose to obtain accordance of
the theory with experiment.

from what
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That creates no difficulties, since from our equations is seen, that W can be only more than + WLC2 , or
lesser than - 7mc” . That connotes that the states with positive kinetic energy are separated from the states

with negative kinetic energy by the interval 2mc? (from +mc’ to —mc’ ), and, since in classical
theory all dynamical variables are continuous, so a particle, which had firstly a positive kinetic energy,
by no means can To transit into a state with negative energy. By different way that is in quantum theory:
the wave equation has the property that existence of some disturbing force obligatorily creates for the
particle a probability of transition from initial state with positive kinetic energy into a state with negative
kinetic energy:: therefore in quantum theory it is impossible simply to ignore a possibility of negative

kinetic energy, as that is in classical theory ...”

Finally, the obtained equation is

3
Zh% = (a()mcz + Czanpn )l//(x7 t) 5
n=1

where the Dirac’s approach above is introduced as “hole theory”, that the vacuum is the
many-body quantum state in which all the negative-energy electron eigenstates are
occupied. This description of the vacuum as a "sea" of electrons is called the Dirac sea.

The approach looks as rather questionable, since “negative-energy states” for free
particles really don’t exist.

However if Dirac would consider this problem as the “momentum problem”, he could

. : W
consider the equation for the momentum m,¢ =+(—-— p*)"*
c

- where the sign “+” for the vector momentum m,c is undoubtedly legitimate —

unlike to scalar energy W above, and so the hypothesis about the particles that move
with negative speed of light — oppositely to electrons, would be lesser questionable as
well.

And really the Dirac equation is practically the equation for the momentum, if both
sides are divided by ¢

L dy(x,t) :
ih —8(ct) = (aymc+ ;&n pIY(x,1)

- however that would be, nonetheless, again impossible in framework of the SRT, where
such momentums don’t exist.

Really — see above — the T-particles electrons, and positrons, are created by oppositely
directed in the cr-axis momentums, and that above is, besides, the answer on the
problem

4.2.1 “What is the “Feynman-Stueckelberg interpretation” in QED [35], [36],
where it is postulated that antiparticles move backward in time”

The motion with negative speed in the c7-dimension practically for sure happens in
Matter, if, as that is again rationally suggested and postulated in the informational
model, the antiparticles have the same algorithms as the corresponding particles, but
their algorithms run in reverse command order, therefore

- the antiparticles really move backward, however not in the true time, but backward in
the coordinate time, which is just “the time what clocks read”, and which really is
18



measured as experimental base of physical theories. It also matters that existent clocks
are made from particles, and so real positions and motion of antiparticles on the c7 -axis
are experimentally non-observable. If it would be a possibility to make a clock from
antiparticles, that would be possible — as observation that on such clock the pointer
rotates oppositely to the pointer on its made from particles twin.

Note, though, also — the coordinate time is not the time; and so, for example, if there
would be two twins, one “material” and the other “antimaterial”, their clocks would
show opposite signs of their ages. However, both twins will seem practically identical
as usual twins, since biologically they would age principally only in the true time. Not
completely, though - moving in the space both twins would biologically age slower — in
the coordinate time, than the twins at absolute rest.

4.3. “What are the fundamental Nature forces”

- that is one of utmost (implicitly) fundamental and complex physical problems, and so
it contains a number of other fundamental problems, including, say, — what is every of
these Forces?

In the informational model [7] the Forces are some logical marks, that can be, and are in
Matter, assigned to any FLE. If this FLE is a “logical gate” in the algorithm’s FLE
sequence of some particle, then at constant cyclic running of the algorithm when this
FLE flips, it not only causes flipping of neighbor ether FLEs above in Sec. 3.4, but,
besides,

- these ether FLEs become marked by corresponding Force mark as well.

Such flipping propagates in the FLE-ether as the Force mediator and when this mediator
meets another particle’s flipping FLE with this Force mark, the mediator transmits some
momentum to the other particle. This scheme is possibly not unique; for example, in
nuclear physics nuclear force is, possibly, and that is postulated in physics now, as an
exchange by particles (mesons), however that is not essentially principal and the scheme
seems rather effectively applicable at least for Gravity and EM Forces.

The above answers the fundamental problem

4.3.1 “What is a Force charge of a particle”

- the charge of a Force is, first of all, a set — a part — of Force-marked FLEs in the
particle’s algorithm. However, that is not complete, the Force strength also depends on
the frequency at which this algorithm runs.

Now only two Forces are considered in the informational model — Gravity and EM, and
some initial models of them are developed [3], [7], [12], where two next fundamental
problems seem rather essentially clarified:

4.3.2 “What is Gravity”

From existent experimental data follows the rather rational premise that the Gravity

charge, at least at absolute rest, is formed in a particle, and acts in the 3D space, by three
conditions:
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(1) - the frequency at which a particle’s algorithm runs if particle is at absolute rest (in
statics), which isw=E/h= m002 / h ,[for photons mc? | i ], where m, is the inertial rest
mass, c is the speed of light, 7 is the Planck’s elementary physical action, and

(i1) - in the model every particle’s algorithm has only one fixed gravitationally marked
FLE, and so the gravitational charge is proportional to the same algorithm’s frequency
w, as the particle’s inertial mass above.

(ii1) at every cycle, the marked FLE of a particle initiates in the 3D space radial
propagating of 2D ring “circular graviton” of flipping ether FLEs that can transmit, at
hitting in G-marked FLE of other particle, to this particle the momentum p = —’z—f , 118

the radius-vector from the radiating to impacted particles.

Since the G-marked FLEs flip independently in both particles, and particles practically
are not oriented specifically in the space at gravitational interactions, the elementary
interactions above are random. That is not essential in Matter on macro scale, however
it allows to observe the quantum nature of Gravity at interactions of lightest particles,
first of all photons [3], [8].

A couple of additional important notes: (i) - first of all from the existent experimental
data follows that all/every particles have the gravitational charges, and (ii) - that the
Gravity mark is completely symmetrical at particles and antiparticles algorithms
running, and so everything in Matter attracts everything.

Together with the points above, the corresponding fundamental 300 years old physical
problem

4.3.3 “Why the fundamentally different inertial and gravitational masses are
equivalent at least at statics”

- is solved: both masses are equivalent since both are proportional to the same
frequency w, with which the particles algorithms cyclically run.

The next fundamental problem is
4.3.4 “What is Electric force”

Experimentally the both forces are similar; Newton’s gravity law is similar to the
Coulomb law. It rather rationally follows in the informational model that the electric
charge is formed like the Gravity charge relating to the condition (i) — (iii) in the Sec.
4.4.3 above. However, in this case the particle’s set of “electrically marked” FLEs is
large. Besides, when the number of gravitationally marked FLEs (only one) is fixed in
all particles algorithms, in the case of Electric force the electric charge is actualized as
the work of the relative — and essential — part of the E-marked FLEs in particles
algorithms.

In the model this relative part is equal to ", « is the fine-structure constant.

Thus, most of particles can have different inertial masses, but all have identical electric
charges.
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The other fundamental difference of Electric force is that the E-mark is not symmetrical,
and so there are two types of electric charges — positive and negative. The asymmetry is
actualized, for example, in opposite running of electron and positron algorithms,

- and so the transmitted at interactions of the analogues of circular gravitons - “circular
photons” - with E-marked FLEs momentums can have different signs, p = i’?_—f .

Thus in the model once more fundamental physical problem

4.3.5 “Why the Gravity force in a number of tens orders of magnitude weaker than
other forces”

- becomes be solved as well.

To illustrate that let consider a system of two electrons. Electron has the reduced
Compton wavelength 2 =3.861x10"°m, the number of G-marked FLEs is universal for
all fundamental particles , i.e. equal tol; the number N of E-marked FLEs is relative,

N=a'""N, , Ny is whole “logical” algorithm’s length N, =A4/1,.

So in this case NO:2.4XIO22 FLE, gravity charge 1 FLE, electric charge ~ 8% of Ny, i.e.
near 2x10*'FLE; the whole electron’s algorithm ticks with frequency w = 7.763x10"s™;
and so intensity of the radiated rings for electron are: 7.763x10%s™ of circular gravitons,
and ~1,55x1042 s of circular photons.

The probability of radiated circular photon to hit into flipping electrically marked FLE
of other (“irradiated”) electron correspondingly is larger than for circular graviton in
~2x10*' times, so the whole intensity of hits at electric interactions is larger than at
gravitational interaction in ~4x10* times, and so for a pair of electrons the Gravity
force is weaker than Electric force in this value — as this ratio really is.

Note here two important points that follow from the above:

- from that this real ratio of gravitational and electrical forces is obtained without
using Newton and Coulomb laws it follows that the initial Gravity and Electric
forces models above are reliable; and

- form this result, which is based on the assumption that the FLE in the algorithms has
the size be equal to the Planck length, follows, that this main assumption in the
whole physical model is with a rather large probability true.

Besides, in the Electric force model above the next fundamental problem
4.3.6 “Why afic=¢’/ 4ne,”

- whereas in this equation fundamentally different in physics universal for everything in
Matter parameters — the fundamental elementary action % and the speed of light, ¢, and
the specific for only one fundamental EM Force, the elementary electric charge, e, are
united by some unknown in the official physics way so, that their ratio is a
dimensionless fundamental fine-structure constant, a,

- becomes be solved as well.
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At that it seems rather probably the next fundamental physical problem
4.3.7 “What are “virtual” particles” in recent physics”

- is principally clarified as well. The “virtual particles” are mostly introduced in
standard quantum dynamical theories as mediators of the Forces.

It seems completely rational to suggest that in Matter there are no “virtual” particles and
interactions, and the “virtual particles” are nothing else than a mathematical trick, which
by unknown now reason is effective at elaboration of physical tasks.

Real interactions in Matter are caused and happen as real interactions of real material
objects, and the mediators of the Forces really are not “virtual”.

From experimental data it rather convincingly follows at least for Electric force, that the
real interactions, at least in statics, are not caused by real “ordinary photons” — which in
QED are introduced as “virtual photons”. In this case: there is no any experiment where
an exchange by ordinary photon was observed in a static system of charged bodies,
nonetheless the charges at statics really do interact.

Thus the circular photons, which are not observed by detectors of ordinary photons,
including human eyes, can be such real Electric force mediators. The studies of the
problem — why the virtual photons simulate the real interactions of the real circular
photons with charges adequately to the reality - will rather probably result in new
information about how Matter is constructed on the QM scale.

Though seems some appearing in this case problems yet now have, at least initial,
rational clarifying.

Firstly, the next fundamental problem

4.3.8 “What is the magnetic force, including does a magnetic monopole exist or
not”

- seems to be essentially clarified. From experiment and classical electrodynamics, it is
well known that the magnetic force appears only if an electric charge moves in some
“stationary” frame, and disappears if the charge is at rest in the frame (for example, see
[371)

From the above seems it rationally follows that the magnetic force is not really a
fundamental Nature force, which exists, in Newton’s words “of itself, and from its own
nature”, and so has its own charge “magnetic monopole”.

However electric and magnetic forces are practically completely symmetrical in the
electrodynamics, when, according to SRT, all relatively moving inertial reference
frames are completely equivalent, and so the argument above turns out to be inessential
if SRT is completely correct.

Correspondingly, after the Dirac’s publication [38], presenting a number of QM
arguments in support of the existence of a magnetic monopole, the ‘“magnetic
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monopole” problem from 1931 year and until now remains a popular, and even a
fundamental, physical problem [39].

Nonetheless, since the Matter’s spacetime is absolute, and so all/every inertial reference
frames aren’t completely equivalent and legitimate, the argument above is valid, since
the absolute, i.e. that are at absolute rest in the absolute 3D space, reference frames are
frames that differ from all other “stationary” frames first of all by that only in these
frames physical objects, events, and processes, have real values of their physical
parameters.

Thus, since the field of a charged a body that is at absolute rest is purely electric field -
from that follows that magnetic monopoles really do not exist.

It also seems quite rational to suggest that the magnetic force is a specific actualization
of the electric force, when the ether FLEs in circular photons that are radiated by a
moving charge obtain additional momentum proportional to the spatial speed of the
charge. And, as was pointed in the Sec. 3.4 for the case when the disturbance in the
ether is a close-loop sequence of flips of precessing FLEs - “a particle”,

- the flipping FLEs in circular photons become precessing as well. And when they hit an
E-marked FLE in another moving charged particle, they transmit to this particle an
additional momentum, which is orthogonal to momentum that would be transmitted if
both charges are at rest, i.e. along direction of the radius-vector between the charges.

Note also, though, that the radiating of circular photons by charged FLE evidently isn’t
completely symmetrical because of the circular motion of the flipping point in particle’s
algorithm; that seems can result in that so charged particles have non-zero magnetic
momentums.

The next suggestion seems rather rational as well: if a charge is accelerated, then the
circular photon transforms into close-loop algorithms “ordinary photons”, when
“electric” and “magnetic” components of transmitted at interaction by ordinary photon’s
precessing FLEs momentums cyclically change each other.

Another “circular photon” transformation rather probably happens when an “ordinary
photon” interacts with some circular photon, say, of a nucleus, and a e pair is created,
with “double opposite rotations” of the photon’s momentum from a spatial direction
into two momentums of the pair components with opposite directions along the c¢7 -
axis.

Finally, in this section we note that the QM nature of both Gravity and Electricity
directly follows from these similar initial models. However, when the QM nature of
Electricity in mainstream physics principally seems natural, the corresponding problem,
if Gravity is considered, is the next fundamental problem. In mainstream physics this
problem for some reasons mostly is seen as the problem of quantization of GRT. This is
fundamentally impossible, and the numerous attempts to develop some “quantum GRT”
failed, but that means only that the GRT is a rather questionable physical theory.

In the informational model the problem

4.3. 9 “What is quantum Gravity”

23



- is essentially clarified — from the definitions of “Space” and “Time” it follows that the
“mass-spacetime-mass’” interaction, which is postulated in GR as a real interaction,
really does not exist. Again, Gravity is nothing else than an “ordinary” fundamental
Nature force, which absolutely fundamentally must be quantized, as all other Nature
forces are; QM is the fundamental consequence of the fundamental logical self-
inconsistence of the absolutely fundamental phenomenon “Change”.

If the initial Gravity model (Sec. 4.3.2 above) is true, it directly follows that
gravitational interactions are quantized, and rather probably analogously to Electric
force. That also means that both “ordinary” and “circular” photons and gravitons rather
probably are correspondingly similar.

Thus the main problem in the observation of the QM nature of Gravity is caused by the
extreme weakness of this force. However with a well enough non-zero probability, the
quantum nature of Gravity can be observed at experiment with photons [3], [8]. The
experiment was suggested in 2007 year, and can yet be conducted now after a simple
modification of practically any existent installation that was made aimed at detection of
gravitational waves, by adding to two existing interferometer’s arms the additional arm,
orthogonal, say in a hole, to Earth surface.

Finally, in this section we consider two problems else.
4.3.10 “What are the physical action and the ‘“minimal physical action ” principle”

As is pointed above, Matter’s objects change their states basing on binary logics, i.e.,
“bit by bit”. From existent experimental data it seems to follow — at least till now - that
there are no any experimental data inconsistent with this conjecture. In the
informational model it is quite rationally conjectured, that on utmost fundamental depth
all changes proceed as sequences of elementary steps on the Planck scale, when the
physical action, S, is the number of binary operations, and every operation changes the
information in a material object/system by one bit, observed as the change of
fundamental universal elementary physical action 7.

The Heisenberg inequalities in QM mean just that:
AS =APAx2>2h/2 ,AS=AEAt>h/2, etc.,

- however with a correction: the inequalities seems with rather large probability really
are the equalities.

So, though the QM uncertainty is absolutely fundamental, this uncertainty, nonetheless,
is not arbitrarily chaotic, and is actualized as uncertainty in pairs of non-commutative
variables provided AS =7 in all cases.

Thus the “minimal physical action” principle in macro physics is that the states of
interacting bodies proceed to change provided the minimal number of innumerous
elementary binary steps withAS =7; and by such a way QM directly reveals itself in
macro physics.
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5 Cosmology

There are many problems in cosmology, first of all, in some cases of principally
insurmountable uncertainty even in the formulation of these problems, since this
physical branch often relates to objects, events, and processes which humans in
controlled conditions cannot study now.

However, the informational physical model allows to consider a few problems
rationally enough. These problems can not be principally rationally solved or clarified
in mainstream physics, i.e. outside the “Information as Absolute” concept and the
model.

5.1 The “Beginning problem”

This is an utmost fundamental problem in cosmology, and it is rather evidently
principally irresolvable in framework of official physics. Physics has no reliable data
about the objects, events and processes that could exist, appear, and happen at
Beginning. Nonetheless a number of theories exist in physics, and in the standard
cosmological “Big Bang” model [40] it is suggested concretely that

“....As the Big Bang theory goes, somewhere around 13.8 billion years ago the universe exploded into
being, as an infinitely small, compact fireball of matter that cooled as it expanded, triggering reactions
that cooked up the first stars and galaxies, and all the forms of matter that we see (and are) today.....”

- in spite of that the existent physics principally is not applicable to this “infinitely
small, compact fireball of matter”, etc.

As well as to the next steps of Matter’s creation, when in the model

*...more explosive phase of the early universe at play: cosmic inflation, which lasted less than a trillionth
of a second. During this period, matter — a cold, homogeneous goop — inflated exponentially quickly
before processes of the Big Bang took over to more slowly expand and diversify the infant universe...... ’

- existent physics knows absolutely nothing about what was this “cold, homogeneous
goop”’; why “it inflated exponentially quickly before next processes of the Big Bang”,
by what reason this “inflation” stopped; and further by what reason and how that “took
over to more slowly expand and diversify the infant universe”, etc.

Nonetheless, there exist, basing on existent astrophysical data, a number of seems as
rather rational points in standard model of Matter’s evolution after Beginning,
including, if we do not take into attention the remark above, the rather rational
“phenomenological” description of states in Matter evolution above,

- starting from the “space inflation” state/epoch [41], [42], when the space, in the
standard model for unknown reasons, and by some transcendent way, exponentially
expanded, and that happened at some relaxation of some completely unknown in
physics “inflaton” field’s singularity, because of “a repulsive gravitational force” (?)
[40]. However, the “inflation hypothesis™, in spite of these rather questionable points,
seems adequately to the reality phenomenologically describes the observed uniformity
of matter density and of the material objects nomenclature on cosmological distances,
the nucleosynthesis, etc.
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Including the hypothesis in the standard model that during inflation the matter was a
cold, homogeneous goop, seems is rather plausible, since that is consistent with
cosmological observations. However, that contradicts with the assertion that the matter
“exploded into being, as an infinitely small, compact fireball” in this model in the quote
above.

The informational approach allows to formulate reasonable physical hypothesis [5], [7]
in accordance with the existent experimental data and with reasonable points in the
standard Big Bang model above, such as the inflation epoch, and that the Matter after
the inflation was rather cold, etc.

In the hypothesis it is suggested that the “Information” Set’s element “informational
system “Matter”” was created by the other Set’s element, “an informational system
conscious smart “Creator””, which was indeed extremely smart and could design a
logically simple, however functionally extremely complex, effective, and closed in the
Set, informational system; and find at creation of this system a few huge portions of the
mysterious for humans till now phenomenon “Energy” in the Set.

Thus — see above - Matter is based on the simplest binary and reversible logics + (at
least) 4 fundamental logical marks, which humans observe as 4 real fundamental Nature
forces, including Gravity, and few universal links and constants, which are “written” in
the Matter’s utmost fundamental base - in the correspondingly binary [5]4D reversible
fundamental logical elements [FLE].

Further this design was actualized into Matter in the next 3 steps — and portions of
energy:

On the first step the [5]4D dense lattice of [5]4D FLE was created (“inflation epoch™)
exponentially, as the result of programmed division, possibly into 2, of possibly one
“primary FLE” (as that, say, bacteria spread in a Petri dish, if there are enough
resources) in the corresponding Matter’s absolute [5]4D spacetime with metrics
(ct,X,Y,Z,ct), Euclidian of course,

- which “automatically”, i.e. by definition of the absolutely fundamental phenomena
“Space” and “Time” — see section 2.4.6 above, appeared at the creation yet of the
“primary FLE”. Note, though, that this spacetime always existed in the Set, which exists
absolutely fundamentally always, i.e. without Beginning and End, as a sub-spacetime of
the Set’s whole spacetime. The FLE lattice was cold;

- on the second step, the energy portion with cr-directed momentums was globally
uniformly pumped in this FLE-lattice, and there the completely symmetrical primary T-
particles were globally uniformly created. It seems as rather probable that the energy
was spent only on the particles creation, and so the matter in Matter was probably
rather cold again.

However from existent cosmological data it looks as rationally to assume that the
pumping wasn’t uniform locally — in the lattice [and so in 3D space] some clusters of
primary particles were created, where the particles density was radically enhanced,
which were some seeds of appearing on next Matter’s evolution steps large
cosmological objects, first of all — galaxies.

26



At that the next fundamental problem, which exists since reality evidently contradicts
with existent experimental data in high energy physics, and corresponding physical
theories

5.2 “Why Matter now practically does not contain antimatter”,
seems to be well rationally solved:

- Matter does not contain antimatter since it did not contain antimatter yet at the second
step, because the primary T-particles were completely symmetrical algorithms. In this
case it is illogical to consider the difference “particle/antiparticle”. Hence, it was
logically completely permissible for all primary particles to be only “particles” — i.e.
which have the positive momentums in the cz-dimension, and

- on the third step the primary particles (which in the hypothesis are rather probably
Planck mass particles or other simple particles, i.e. that were symmetric algorithms and
have only completely symmetrical gravitational charges) interacted by using only
completely symmetrical Gravity force, the result was, rather possibly indeed a soup of
only “ordinary” particles, which was distributed again globally uniformly — but non-
uniformly locally — in the lattice.

In the “soup” unstable particles decayed quickly and — as the standard cosmology
asserts rather adequate to the reality — the observable now particles eventually remained,
and this soup was rather hot. Hence, CMB exists now, however that possibly was not a
“singular” temperature, because the energy was mostly spend on creation of the
ordinary particles.

If the primary particles were the Planck mass particles, then nearly 10" “ordinary”
baryons were created in an interaction of two particles.

At that Creator practically for sure did not need to control the step-2 and step-3. Creator
well knew that nothing besides a concrete informational system “Matter” can appear, if
a dull energy is pumped in the FLE-lattice; and, say, this Matter could have a number of
thousands of galaxies lesser or more, but for Creator that was not essential.

The hypothesis presents a rather rational answer on the fundamental physical problem
5.3. “What is the “dark matter””

- it would not be surprising if, say, the “dark matter” indeed exists, made up from the
“primary particles”. That could happen if during the creation of “ordinary” matter only
10-30% of these particles have interacted, and 70-90% of the “relics” exist till now. If
these are the Planck mass particles, then the density of the dark matter particles is in
10" times lesser than the baryons’ density, i.e. 3-4 particles in a cube with the size 1000
000 m.

Since the primary particles interact only gravitationally, they interact with ‘“usual”
particles at a probability extremely lesser than when that for neutrinos, and so (i) - the
bodies, stars, etc., are practically transparent for these particles, which rotate around
centers of some massive bodies along their single own orbits, forming corresponding
haloes, and (ii) — they are practically non-detectable, due both to extremely small cross
section and extremely small concentration.
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Though if an interaction happens in a detector, that will be well observable, 10" BeV is
rather observable energy.

Besides it looks as rather rationally to assume, that in the “seeds” clusters there were
some local — and small — regions, where the primary particles density was so large, that
the primary particles composed compact objects with extreme mass and Gravity field,
which have became centers of galaxies, having masses millions, even billions, of
stars.

These objects have some interesting physical trait — the strength of created by the
objects Gravity field is so large, that escape velocity becomes be equal to the speed of
light, and so, say, even photons, if aren’t radiated orthogonal to the objects surface,
propagate inside corresponding space volume along closed orbits — such objects so
practically don’t radiate light.

That happens in both existent theories of Gravity — Newton’s theory and general
relativity, and happens at least provided that the mass, M, and radius, R, of an such

2GM

object are in accordance with the equation R ¢=——,R is the radius in GR
c

(Schwarzschild radius) , corresponding radius, R,y, in Newton Gravity is two times
lesser. At that the radius isn’t the object’s radius, really it can be lesser than that
radiuses above.

The difference of R,s and Rgy values isn’t principal, however these radiuses
principally differ in that when R,y is the radius of some “virtual” surface, which
surround some ‘“dark place”, the Schwarzschild radius is the radius of the “event
horizon” in GR, where solutions of the GR equations become to be singular, and so the
event horizon is the border of a “hole in spacetime” — a “black hole” (BH), and so
nothing principally can escape from this hole.

Really on the event horizon no singularity exists, the potential and strength of Gravity
field increase rather smoothly with decreasing of the distance to the center of the object.
So, say, the super massive black holes (SMBH) in centers of galaxies, which, rather
probably, are offspring of the “seed” objects that were growing absorbing gas and other
matter around at galaxies’ evolutions, have rather large Schwarzschild radiuses, whereas
the sizes of compact objects in SMBH evidently are mach lesser than the radiuses.

For example Sagittarius A* (SMBH in Milky Way) has mass, M=8.2x10 kg, and
corresponding event horizon radius Rgg =1.2x10" m. So average density of matter in
this SMBH, p =1.1x10%kg /m’. This density is much lesser than the density of
neutron stars” matter 10'7-10"® kg/m’, and so even if in Sagittarius A* center some big
neutron star would be placed, its radius would be ~ 10* times lesser than the Sagittarius
A* “event horizon”.

Thus it looks as rather rational to assume, that in this case the phase of SMBH matter
state is the next phase after known now phases “ordinary matter”, “white dwarf” and
“neutron star” matter, and rather probably the object is some dense composition mostly
of the primary particles, whereas the space between the object’s surface and “event
horizon” is filled by the accretion disk continuance, which is practically unobservable,
and by some other particles that have diffuse distribution.
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5.4. “What is the “dark energy””’

Both interpretations of existent cosmological data as “space expansions”, i.e. the
exponential “inflation” on the first step of Creation, and more tolerant next one that
rather probably really proceeds till now, really, if happen, are the FLE lattice
expansions; and to make that it was — and is — indeed necessary to pump into the lattice
essential energy. However, this energy is completely outside physics, and so attempts to
incorporate this energy in existent physical theories, as that is in cosmology as the
introducing of Lambda term in the GR equations, really are irrational.

Though, as that is in the Beginning model above, this [in the model — Creator’s] energy
can be used in rational descriptions of what and how happened in first instants at
Beginning, or, for example, when for description of the FLE lattice expansion after
appearance of “ordinary” Matter it looks as would be possible to find some rational
reasons as well. For example, this expansion would be necessary to prevent Matter’s
collapse because of the “gravity paradox” [43]; though here can be many other reasons,
of course.

7 Conclusion

This paper, in fact, is some “conclusion” for the existent now series of papers, where the
“The information as Absolute” concept, the informational physical model, and concrete
physical problems in framework of the concept and the model, are considered. Hence, a
typical conclusion would be too long for this paper.

So here only a few final remarks that relate to possible development of the model and
its application in physics.

Firstly, more rational versions of traditional physical theories should be developed. The
current theories are mostly based on the SRT formalism, first of all, on the postulate that
real Matter’s spacetime is the 4D Minkowski space, and so the phenomena “Space” and
“Time” are actualized in the theories really erroneously.

Instead physics should be re-formulated in accordance with the fact that real Matter’s
spacetime is the absolute [5]4D Euclidian spacetime with the metrics (c7,X,Y,Z,ct),

where time doesn’t flow somewhere.

Correspondingly in this case it is necessary to develop the theory of the 4D angular
momentum, Hamilton and Lagrange functions, etc.

Correspondingly, after the mechanics reformulation, it will be necessary to re-formulate
corresponding QM operators, including in this case a next fundamental physical
problem

“Why time in QM does not have a corresponding operator”

- would be solved as well.

This problem, though, appears also because of other fundamental problem — that the
time-dependent Schrodinger and Dirac equations are fundamentally — and so really
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. . . ., 0 A .
essentially — incorrect, since are as zha—l//:Hl//, whereas, at that, in QM the
t

derivations by other than time observables/variables pj:—zh&—, Jj=1,2,3, are
X.
J
operators of 3D momentum. It looks as quite natural, that the derivative by the
observable “time” is also the momentum operator, and so the equation for wave
L d
ih Ld
d(ct)

function really should, rather probably, be as = 131//; where the whole

A . R L d .
momentum operator P is composed from the partial operators p = —ih—, j=1,2,3,4;

dx,.’

J

4
though taking into account that these operators aren’t independent, since P’ = z pf .
j=1

In this case the observable “time”, more correctly — both, true and coordinate times,
observables, become to be “usual” observables, and so have the operators — themselves,
as that 3 space observables are now in QM.

However, that isn’t only QM problem — this problem has the root in the Hamiltonian
and Lagrange formalisms in classical mechanics, where the variable time also
essentially differs from the spatial variables; first of all, because of the Newton-SRT
definition of time (see the section 2.4.6 above); and the re-formulation of classical and
SRT mechanics that is pointed above can be essential for the QM re-formulation.

Returning to the other QM problems note also that at considering of QM events and
processes in absolute frames, when some QM objects are free, the problem of causality,
which occur in some cases in standard physics, doesn’t appear, since in this frame all
clocks show real positions of objects in the true and coordinate times.

Besides, a re-formulation of QM, if would take into account the really existent [5]4D
FLE ether, possibly will result in better understanding of the QM phenomena;
including, possibly, of really existent fundamental problem “What is the Pauli
principle, and is or not the force that limits number and spins of fermions in a
given state a “fifth fundamental Nature force” or that is something else?”

In Standard Model, the version of CPT theorem allows to obtain rather questionable
results, such as the solutions [44], [45] of the section 5.2. problem, where at Beginning
both “Matter” and “AntiMatter” appeared; and, in accordance with the CPT theorem,
they then immediately turned out to be divided in ‘“spacetime” and in “antispacetime”
(7); just so Matter does not contain antimatter now. Thus the CPT theorem must be
reformulated as well.

Besides it seems rational to suppose that the popular in the mainstream physics problem
of “development of the “[Grand] Theory of Everything” which will “unite” all existent
fundamental Nature forces, really is not actual. Really Forces are functionally
fundamentally different, and so rather possibly really here is no any necessity in some
“unifications”.

Though some “unifications effects” can appear, mostly at exotic energies, when

problems with sufficiency of numbers of FLEs in some particles algorithms’ to mark all

the particles’ charges (which the particles have not in more tolerant conditions), can
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appear at some interactions of the particles; and corresponding observed effects can be
used at development of Standard Model.

However utmost important problems now are (i)- the problem of “virtual” particles
and interactions in existent quantum dynamics theories, which should be replaced by
real ones; for QED and QGD rather possibly that will be made taking into account the
initial models of Gravity and Electricity (Sec.4.3 above); and (ii), what relates to all —
classical, quantum, and for the initial models - problem of what is the
energy/momentums that the Forces transmit to particles at mediators’ impacts?

Etc., more see the main text.
Finally note that the experiments, which are offered in the informational model, i.e.:

(1) - the observation of the absolute motion and measurement of the absolute velocity

of the Sun’s planet system [10], [11]; though the measured absolute velocity will be the
same as which follows from the CMB dipole measurement with a rather non-zero
probability, because from the model of Matter’s creation in section. 5 it follows that
Sun — as any other object in Matter’s space — is in essentially a cold the spacetime
region and so hasn’t some exotic absolute speed;

(2) - the observation of the quantum nature of Gravity [3], [8], and

(3) - the important, simple and cheap, though not really fundamental, experiment [12],
which, rather probably, will show that the GR postulate that photons at motion do not
change their energy in gravitational fields between points that have different potentials,

is wrong;

- should be made as soon as possible.
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Appendix

Roland E. Allen and Suzy Lidstrom
“Life, the universe, and everything — 42 fundamental Questions” [2]

2. Gravitational and cosmological mysteries

2.1. The cosmological constant problem
- This problem is outside physics, more see in the main text.

2.2. The dark energy problem
- this problem is outside physics, more see in the main text.

2.3. Regularization of quantum gravity

- this problem is essentially clarified, and corresponding experiments are suggested, see
the main text.

2.4. Black hole entropy and thermodynamics
- N0 comments.

2.5. Black hole information processing

- no comments.

2.6. Cosmic inflation (or an inflation-like scenario)

- this problem is essentially clarified, see the main text.

2.7. Cosmological survival of matter (and not antimatter)
- this problem is possibly principally solved, see the main text.

2.8. Composition of dark matter
- this problem is possibly rationally elaborated, see the main text.

3. Understanding and going beyond the Standard Model of particle physics
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3.1. Origin of family replication
- this problem is outside physics, more see in the main text.

3.2. Origin of particle masses
- this problem is outside physics, more see in the main text.

3.3. Supersymmetry and the hierarchy problems

- this problem rather probably really does not exist in physics.

3.4. Explanation of the fundamental grand unified gauge group

- with a rather large probability the “grand unification” problem does not exist as a
physical problem, and the fundamental Nature forces are practically independent of
each other. Though, at high energies the running of particles’ algorithms are essentially
deformed, so in such cases an interference of the forces is possible. More see in the

main text.

3.5. Potential violation of Lorentz or CPT invariance

- the Lorentz transformations are completely valid on macro scale, where the
transformations link macro objects “inertial reference frames” and the Voigt-Lorentz
decrement can be formed, and they are completely valid only if the macro system of

frame instruments and studied bodies is rigid. If that is not so, application of the
transformations is limited, more see in the main text.

3.6. Apparent marginality of the Higgs self-coupling, and stability of our universe

- no comment

3.7. Quark confinement and related issues
- N0 comments

3.8. Phases of quantum chromodynamics and general systems with nonabelian gauge
interactions

- N0 comments

3.9. Additional undiscovered particles

- N0 comments

3.10. The unlimited future of astrophysics

- see the main text.

4. The exotic behavior of condensed matter and quantum systems
4.1- 4.6 — no comments

5. Deep issues
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5.1. Higher dimensions, with geometry and topology of an internal space

Matter’s utmost fundamental and universal spacetime is the absolute, fundamentally
“flat”, [5]4D Euclidian spacetime with the utmost fundamental and universal metrics
(ct,X,Y,Z,ct), where the dimensions relate to corresponding degrees of freedom at FLE
states changes. Other “topologies” with a large probability would be purely artificial
theoretical constructions. More see in the main text.

5.2. Validity of the multiverse idea and the anthropic principle

- “Multiverse”, as it was firstly introduced in physics as a version of quantum
mechanics interpretation, seem a rather unphysical phenomenon, at least by the energy
reason. Even to create the observed one Matter it was necessary to spend a practically
unbelievable portion of energy, to create infinite “number” of Matters would need
spending an infinitely unbelievable portion. “Anthropic principle” hence has no
physical applications, even that would be a rational principle outside physics.

5.3. Geometry and topology of external spacetime

- Matter, and the Matter’s spacetime, indeed exist as a part of the spacetime of the
absolutely fundamental and absolutely infinite “Information” Set, which — the Set’s
spacetime — has at least infinite “number” of space dimensions and at least one “true
time” dimension. However now humans know almost nothing about the Set’s content
and corresponding “external spacetime” besides that it is composed in accordance with
the common definitions of the “Logos” elements “Space” and “Time”, more see in the
main text.

5.4. Origin and fate of the universe.

5.5. What is the origin of spacetime, why is spacetime four-dimensional, and why is
time different from space?

- see the main text.

5.6. Origin of Lorentz invariance and Einstein gravity

- see the main text.

5.8. Origin and interpretation of quantum mechanics and quantum fields

- see the main text.

5.9. Mathematical consistency

- Matter is a rather simple informational system based on a simple binary reversive
logics and a rather small set of universal fundamental laws/links/constants, and where
exchange by information happens as exchange of completely true information. Such
system is so can be, and so is, effectively described by mathematics, and mathematics is
indeed an extremely effective tool. But hardly more than a tool.

5.10. Connection between the formalism of physics and the reality of human experience

- see the main text.
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6. Potential for breakthroughs in techniques and technology
6.1.-6.2
- no comments.

7. Life

7.1. What is life?
- see the main text.
7.2. How did life on Earth begin — and how did complex life originate?

- see the main text.

7.3. How abundant is life in the universe, and what is the destiny of life?

- to answer the question there is no any reliable information now; and that seems rather
possibly isn’t too actual.

7.4. How does life solve problems of seemingly impossible complexity?

- life does not solve this problem as a critical fundamental task, more see in the main
text..

7.5. Can we understand and cure the diseases that afflict life?

- that is not a fundamentally irresolvable problem in most cases.
7.6. What is consciousness?

- see the main text.

8. Who will solve the biggest problems?

- see the main text.

NudopmanmonHas pundeckas MOJICIb:
HEKOTOpPHIC (DYHIAMEHTAIbHBIE
po0JIEMbl (DUBUKH

37



Sergey V. Shevchenko' and Vladimir V. Tokarevsky®
Institute of Physics of NAS of Ukraine, Pr. Nauki, 46, Kiev-28, Ukraine, ret.

2 Professor ret., Pr. Nauki, 46, Kiev-28, Ukraine

Abstract. B nanHoii crartbe mpeaCTaBiIeH psii (PYHAAMEHTAIBHBIX (HU3UYECKHX IIPOBIIEM,
KOTOpBIE KPaTKO paccMaTpHBAlOTCd B pamMKax KoHuenuuu "HMudopmarms kak AOcomor”' u
MHPOPMAMOHHONW (U3NIECKON MOJETH, KOTOopas OCHOBaHA Ha KOHIICTIIMH, KOTOpPBIE OBLIH
paszpabotansl B 2007-2020 TT. cTaThs MpEACTaBIsSET cOO00H 0030p MOTYYSHHBIX PE3yJbTaTOB.
Ceromast B (pu3nke CyIIECTBYIOT HECKOJBKO ITyONMKanMi, KOTOPBIE MPEICTABIAIOT MEPEUHH
npo6siem. OJHAKO 3TH CIIUCKH CYIIECTBEHHO HETIOJHbIC, 110 KpaifHeH Mepe, Mo JAByM MPHUYHHAM.
Ilpeskme Bcero, psa  SABIACHWH, W3Y4YAlOTCS TPAIWIMOHHO (uiIocopuerd, U TOITOMY
COOTBETCTBYIOIIME TIPOOJIEMBI pacCMaTpUBAIOTCSA Kak ‘‘Mertadmsmueckue”’. OpHAaKO, OHHU
OTHOCSITCSl TaKKe K KOHKPETHBIM (M3MUECKMM sIBIeHUsIM. Hampumep, ¢usuka, o4eBHIHO,
n3ydaer MaTepuio, U I03TOMy MeTau3ndeckue mpodiemMsl "KakoBa OHTOJIOrHH Martepun”, "4To
takoe "[IpocTtpancTBo”, "Bpems"', n HECKOJBKO APYrHX (U3HYECKUX SIBICHWH W TIOHATHH, B
JICUCTBUTENLHOCTH ecTh Merta-pusndeckue npodiaemsl "Uto sxe m3ydaer ¢usnka?’. Ecth u
apyrue GyHIaMeHTalbHbIe (pU3NYecKUe MPOOIEeMbl, KOTOPBIC HE CUNTAIOTCSI TAKUMH B (PHU3HKE, U
OTCYTCTBYIOT B NYONHMKyeMbIX cruckax "dyHaameHtanbHbIX mnpobnem”. K HuUM oTHOCATCS
npoOyieMbl, KOTOpBIE B JAEHCTBUTEIBHOCTH CYIIECTBYIOT, HO BKIIOUEHBI B CTaHIAPTHBIC
(bu3uueckre TEOPUH, U TIOATOMY SIBISIFOTCS (DyHIaMEHTATLHBIME "HESIBHO, KOTJa B (hU3UKEe OWUHU
"pemrensl” MO ymoidaHuio. COOTBETCTBEHHO MPOOIEMBI pacCMaTpUBAIOTCS B ITOW CTaThe B
COOTBETCTBYIOIIMX pazfenax: "Meta-pusudeckue”’, "OObdHBIE HESBHO (QyHIaMEHTaIbHBIC", U
"Ilpyrue  "oObruHBIE"  (QyHIAMEHTANbHBIE' TPOOJEMBI, T.€. Te€, KOTOPBIE CUHTAIOTCS
(yHnaMeHTaIBHBIME W B CTaHJapTHOW (u3mke. Mbl Takke paccMarpuBacM B JTOH CTaThe
HECKOJIbKO KOCMOJIOTHYECKHX MpobiieM 1 npodiiemy "uro Takoe XKuzHp?

Key words: informational physics, Matter, consciousness, fundamental physical
problems, fundamental Nature forces, EM force, magnetic monopole, Gravity, quantum
gravity, fast body mechanics, Lorentz transformations, Standard Model, cosmology,
spacetime, experimental testing, quantum mechanics, relativity theories, particles,
antiparticles

PACS numbers: 01.70.+w, 03.30.+p, 04.80.Cc 14.80.Hv, 12.20.-m, 11.15.Kc, 11.80.Fv
03.50; 12.60.-1; 12.90.+b; 14.60.Cd; 03.70.

1 BBenenue

B manHoii cratee mpencraBineH psa GyHIAMEHTAIbHBIX (U3NUECKHX Mpo0ieM, KOTOpbIe
KpaTKO paccMaTpuBaloTCsi B paMkax koHuenuuu "Hudopmamms kak Abcomor" u
WHPOPMALMOHHON (U3MUECKONH MOZETH, KOTOpas OCHOBaHA Ha KOHIICIIHH, KOTOpHIC
On1TH pazpadotansl B 2007-2020 .

K nacrosimemy BpeMeHH B psizie MyOauKauni aBToOpsl GOPMYIHPYIOT HEKOTOPEIE IEPEUHN
aTHX TIpobieMm, Hampumep, [1], [2], cooTBeTcTByIONIyIO CTaThi0 B Bukumemaww, u T.1.,
aHAJOTMYHO Ipe3eHTauuu [uinbOepra aABaguatu Tpex mHpolOieM B MaTeMaTHKE Ha
Mexaynapogaom konrpecce Maremaruku B [lapmke B 1900 roay [1]. Criucku npoOiem
BecbMa cX0XH. COOTBETCTBEHHO B JIaHHOW CTaTb€ MBI pPAaccCMaTpHUBAaEM HEKOTOpbIE
Ipo0JIeMbl OJHOIO M3 JOBOJIBHO IOJIHBIX CIHMCKOB B [2], KOTOpbIE paccMaTpUBAOTCS B
OCHOBHOM TEKCTE U KpaTKO KOMMEHTHpYIoTca B Appendix.

OTMeTHM, OJHAKO, YTO CIMCKU HPOOJIEM B TAKMX IyOJIMKALMAX MO CYLIECTBY SIBJISIFOTCS
HETOJIHBIMU 110 ABYM npuuuHaM. [Ipexne Bcero, ecTb LeNbli psifl (PU3NUECKUX SIBICHUH,
KOTOpbIE H3Y4aeT TPAAULUMOHHO (GWIOCOPHs, M IOITOMY B HAayKe CUMUTAIOTCS
"Merapuznueckumu’’. OOHAKO, OHM OTHOCATCS TaKKe K KOHKPETHBIM (PU3MUECKUM
apieHusM. Hampumep, ¢wusuka, odeBmaHO, wu3ydaer Mareputo, U MOITOMY
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9 on

MeTtadu3ndeckre mpooIeMsl 'KakoBa oHTojornd Matepun”, "aro Takoe "[IpocTtpancTBo”,
"BpemMs", 1 HECKONBKO JPYruxX (U3MUYECKUX SIBICHHW M TOHITHH, B JEHCTBUTEILHOCTH
ectb Mera-(uzndeckue npodiems! "UTo ke u3ydaer Gusnxa?

Mertadusuueckas npodiaem "kakoBa oHTonorus Co3HaHHS" TaK)Ke OTHOCHUTCS K (PU3UKE
HEIMOCPEJACTBEHHO, HauyMHas ¢ (QU3MUECKOW mpoOsIeMbl "MovyeMy M Kak (H3HUECKUE
M3MEPEHHUSI U MHTEPIIPETAllMU U3MEPESHUH UHOT/Ia aJeKBaTHBI 00BEKTUBHOW peabHOCTH?"
Kpome Toro, sra mpoOiema Oblla akTyallbHa Ha MEPBBIX dTarax pPa3BUTHS KBAaHTOBOM
MEXaHUKH, U ceifvac IOBOJILHO aKTyaJbHa.

Takue ™eradusnyeckue npoOIEMBI, KaK 4YTO €CTh (yHIaMEHTaIbHbIC (DEHOMEHBI/
moustuss "llpocTpanctBo” m "Bpemsa, m psAm ApyrHX, TakKe B JICHCTBUTEIHHOCTU
SIBIISTIOTCS (DYHIAMEHTAIBHBIMU (PU3UYCCKUMHU TTPOOJIEMaMH.

Jlpyrue mnpoOiemMbl, KOTOpbIE IEHCTBUTENBHO SIBISIOTCS (yHIAMEHTaIbHBIMU
(dbuzmyecKkuMu mpoOIeMaMu, HO HE CUUTAIOTCS TAaKOBHIMU B (PU3HKE, W MOITOMY
OTCYTCTBYIOT B OITyOJMKOBaHHBIX IepeyHsX (yHIaMEHTalIbHBIX IHpodseM",
SBIIAIOTCS TPOOJIEMbI, BKIIOUEHHBIE B CTaHAapTHBIE (PU3HUECKHUE TEOPUH, U, TAKUM
obOpazom, sBIAIOTCS "HEABHO" QyHAaMmeHTanbHbIMH. Hampumep, B [2]
yka3piBaeTcsi  mpobOsiema  "llouemy  d9acTuIlbl  OOBIKHOBEHHOW — MaTEpHH,
nyOnmupyroTCs IpH BbIcOKoii dHeprun?". Tem He MeHee, OUYeBUIHO, YTO TpodiieMa
"YTO TaKO€ YacTULbI?" MPEAIECTBYET, U OYEBHUIHO, YTO TOJBKO IOCJE PEUICHUS
3TOM MPOOIEMBI MOXKET OBITh MOJIyYEH PallMOHAIBHBINA OTBET Ha MEPBBIH BOIPOC,
u T.1. OgHAKO TIepedeHb B [2] HE CONEPKUT MOCIEAHIOI MPobdIeMy, KoTopas — 1
HEKOTOpble KpoMe — B (pu3uke ““pemieHsl Mo yMOJIYaHUI0”’, HECMOTPSL HA TO YTO
peasibHO, BIOJHE OYEBHIHO CYIIECTBYIOT.

COOTBETCTBEHHO  TPOOJIEMBI ~ paccMaTpUBAIOTCI B OTOM  cTaTbe B
COOTBETCTBYIOIIUX  pasfenax: 'Meta-pusudeckue”’, "OObIUHBIE  HESBHO
dbynnamentanpHbie”, U "Jlpyrue "oObuHBIE" QyHIAMEHTAIBbHBIEC" TIPOOIEMBI, T.C.
T€, KOTOPhIE CYUTAIOTCS (PYHIAMEHTAIBLHBIMHA B CTAaHAAPTHOU (u3nke. Mbl TaKxke
paccMaTtpuBaéM B OTOM CTaThbe HECKOJIBKO KOCMOJIOTMYECKUX MpodiieM H
npobiemy "4to Takoe Ku3Hb?

OTMeTuM, Takke, YTO KOHLENUUS U MOAEIb OOCYXJaluCh, a HEKOTOpbIE CTaTbU
KoMMeHTHpOBaIHCh B ResearchGate Net, mostomy B pazgene "Ccbulku', Kpome
cTaHAapTHHIX nH(popManuu nansl cootBeTcTBytonme URL ResearchGate.

2 Merta-duzudeckue npoOaeMbl

2.1 "Yro Takoe ¢enomenvl/monaTus ''Martepus' um ''Co3HaHue, KOTOpbIe
SABJISIIOTCH HauOosiee QyHIAMEHTAJIbHBIMM B COBpeMeHHO#l ¢uiaocopun u
Hayke'

B wmoiincTtpuM dumocodun u gainee B Hayke oba 3TH, Hanbojee (yHIaMCHTaJIbHBIC B
JTAHHOM clTydae, (CHOMEHBI/TIOHATHS, SIBIISTFOTCS TPUHIMITHAIEHO TPAHCIICHICHTHBIMU,

- W TMOTOMY CYIIECTBYET MHOXECTBO JIOKTPWH, IIKOJ U T.JI. B (QUIOCOPUH, KOTOPHIC
OCHOBaHbl ~ HAa  pPA3JIMYHBIX,  YacTO  NPOTHBOIOJOXKHBIX,  IEPBOHAYAIBHBIX
MOCTYJINPOBAHHBIX ~ MPEIINOJIOKEHHSIX, HA4YMHAS C OCHOBHBIX W TMPUHIIUIIAAIHHO
MIPOTHUBOIIONIOXKHBIX (prtocopckux mokTpuH "Matepuanusm” u "Haeanmnsm"; KoTopwie
(TToCTYyTMpOBaHHBIC TIPEATIONIOKECHNST) TIPUHIIUITHAIBHO HE JIOKa3yeMbl, HE OIPOBEPraeMbl,
U MPAKTUYECKHU HE SBJISIOTCS TeCTUpPyeMbIMU. VHBIMU crioBamu, B ¢uiocopuu u HayKe
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HeT HayyHoro moHmMaHus "Marepun" u "CosHanusa". M mosTOMy HET OTBETOB Ha
(uznydeckue BOMPOCH B paszene 1 BhIIe.

[IpaBuiibHBIE OTBETHI HA TH BOMPOCHI BO3MOXKHBI, U JIaHBI, TOJIBKO B paMKaxX KOHIICTIIIUN
"Uudopmarust kak Adcomor”, [3 -5], kortopas Obuta paspadborana B 2007-2017 rr.,

- TOE CTPOro [O0Ka3aHO, YTO HHUYTO JAPYroe He CYIIECTBYET, KPOME HEKOTOPBIX
WH(POPMAIIMOHHBIX TMATTEPHOB/CHCTEM MATTEPHOB, KOTOPHIC SIBISIFOTCS DIIEMEHTaAMH
aOCOMOTHO  (pyHIAMEHTaJIBbHOTO W aOCOMIOTHO  OeckoHedyHoro  MHOXKECTBa
"Nudopmanms”.

Koropoe (MHOXeCTBO) cyIIecTByeT abCONMIOTHO OOBEKTUBHO peaibHO, IIOTOMY YTO OHO
MPUHIIAITHAIBHO, JOTHYECKH, HE MOXET OBITh HECYIICCTBYIOIIUM, M TaK SBISCTCS
a0COJIFOTHO BEYHBIM, HE MMEsl Havajla v KOHIIA CyIECTBOBAHUS.

COOTBETCTBEHHO, JIOTIOJHUTENFHO K TPAJAWIMOHHBIM HanbOosee QyHIaMEHTAIbHBIM
(heHOMEHaM/TIOHATHSIM BBIIIE, CYIIECTBYET CJICAYIOMIas MpooieMa, IeHCTBUTEIBHO OoJiee
(yHIaMeHTanbHas, YeM CYIIECTBYIONINE B MIHHCTPUME MPOOIEMBI, U KOTOpas HE UMEeT
PaIMOHATIBHOTO PEIICHHUSI B COBPEMEHHOW (GUITOCOPHHU 1 HAYKeE:

2.2 "Yr1o Takoe "Unpopmanus'"

3
B konnenmmu maHo mpenenbHO oOIIee omnpeneicHue adCOMOTHO (DYyHIaMEHTAILHOTO
tdhenomena "Nudopmarus':

"Undopmanusi ABIAETCI TO, YTO IOCTPOEHO B COOTBETCTBHMH C MHOKECTBOM/
cucteMoii a0coi0THO dyHaamenTanabHbIX IIpaBuia, Bo3moxknocteii, KoanuectB n
T.A. - MHOKecTBO/cuctema "'Jloroc' B kKoHUenmuum ".

nn

Wiu, apyrumMu ciioBamH, 3JieMeHThl MHOXecTBa "Jloroc" "nenarot HeuTo nHpopMarmeit'.
Heckonpko nmpumepoB "Jloroc" »aeMeHTOB, KOTOPbIE O MOCKOJILKY OHU HE UMEIOT

pumep ) p YAYT, y
palMOHANBHBIX  OMpENeIeHuH B O(UIMANIBHON HayKe, HAy4YHO ONpEACICHbl H
HCIIONB3YIOTCSL Jajee B OTOW cTaThe: Tpexkae Bcero, 31o "lIpoctpancto”, "Bpems',
"Jlorngeckue mipasmia”, "Oueprus”, "M3menenne"”

CootBerctBeHHo "Matepusa"' u "Co3HaHHME" CTAaHOBATCS HAy4YHO OIPEACIICHHBIMH —
"Marepus” u "Co3HaHue" SBISIIOTCS CTPOTO HHYEM HMHBIM, KaK HEKOTOPBIC
WHPOPMALMOHHBIE CHCTEMBI, TO €CTh KOTOPBIE CAEIaHbl U3 OJHOTO M TOTO e Marepuana
"Nudopmanus”, 1 B COOTBETCTBUH C OAHUM H TEM K€ MHOXKEeCTBOM 3eMeHToB "Jloroc".

U3 sToro onpeneneHus ciaeayeT OTBET Ha CIEAYIOILYI0 (yHIaMEHTAIBHYIO IPOOIIeMy
2.3 "ITouemy M Kak J0Au HHOTAA 3¢ (PeKTUBHO U3y4alOT MaTepun'’

- MOCKOJIbKY 00a, MaTepus u moooe Co3HaHUE [BKITIOYAs YSIOBEYECKOE] CIeNIaHbl TOJIBKO
u3 "Muadopmanuu”, HET HUYEro YAHWBUTCIBHOIO B TOM, YTO HEKas HH()OPMAaIMOHHAS
CUCTEMa, KOTOpas CIOCOOHAa IOJNyYUTh HH(OPMALUIO O JAPYTrUX WHPOPMAIIMOHHBIX
CHUCTEMaxX MW aHalu3UpOBaTh €€ Joruuecku, T.e. “Co3HaHue”, AelaeT STO HHOTrAa
aZIcKBaTHO OOBEKTUBHOW PEaTbHOCTH, B TOM YHCJE, KOTJa 00pabdaThIBaeT MOIYUCHHYIO

3

X1

3nece w panee “abcomOoTHO (DyHIAMEHTANbHBIM®  OTHOCHTCA K (DyHIaMEHTaJIbHBIM
(eHOMEHAM/MOHATHSAM, KOTOpPBIE  CYIIECTBYIOT W JEHCTBUTENbHBI BO BCeM MHOXeECTBE
“Undopmanus”, B TO BpeMs Kak (“mpocto”)  “dyHnaMEHTaNbHBIM”  OTHOCHTCS K
(eHOMEHaM/TIOHATHSIM, KOTOpBIC SIBISIIOTCA (DyHIaMEHTAIbHBIMM B Marepuu 1 “CO3HaHMHU Ha
3emiie”, BKJIIOYasi CO3HAHHE YEJIOBEKA, B (PMIOCO(UH U B €CTECTBEHHBIX M COIMAIbHBIX HayKax.
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nH(pOpPMAITHIO 0 HEKOTOPBIX 00BEKTaX, COOBITHAX W Mporeccax B Marepuu. bombine o
CO3HAHMHU CM. MIEPBYIO AIPOKCUMAIMIO PYHKIIMOHAIBLHON MOJICIIH co3HaHus [16].

2.4. Hexkoropble 3jeMeHTbl MHO:ecTBa ''Jloroc'" kak ¢yHpaMeHTabHBIE
¢puznyeckne npodieMbl

BonpmuHCTBO 37eMeHTOB MHOXKecTBa "Jloroc" TpaHCICHACHTHBI B MAIHHCTPHME, B TO
BpeMsI KaK HEKOTOpBIE U3 HUX SBISIOTCS MeTa-pu3ndeckumMu (peHOMECHAMHU/TIOHATHSIMH,
MMO3TOMY UX HAYYHBIC OINPEIEICHUS SIBIITIOTCS COOTBETCTBYIONUME  ()yHIAMEHTATLHBIMU
¢dbmugeckumu podiieMamu. B aToM pazmene Takue mpoOIeMBl 3TO:

2.4.1 "Yto Takoe KosmuecTBo ""Ineprus'

- DHeprus sBisieTcss diaeMeHToM MHokecTtBa "Jloroc" [5], [7], KOTOpeIi abCOMIOTHO
HEOOXOIUM AJIsl U3MEHEHHUS, B TOM 4YHCJe, KOHEYHO, JUIS CO3JaHus, JI00Oro/Kaxaoro
HH(OPMAIMOHHOTO IATTEPHA/CUCTEMBL. DTO MPOUCXOAUT H3-3a (PYHIAMEHTAIbHON
BHYTPEHHEH JOTHYECKONW MPOTHBOPEUYMBOCTH IPYTOro abCONOTHO (yHIAMEHTAIHHOTO
[Taroke anemenTa MHOXecTBa "Logos"] penomena/monstus "M3menenue”:

- [IpU KQXXJ0M U3MEHCHHU Y€T0-TO JaHHOC COCTOAHUC SABIACTCA OJJHOBPEMCHHO ITPECKHUM,
JaHHbIM, U 6yZ[yH_II/IMI/I COCTOAHUAMH, TOraa KakK BCE€ 3TH COCTOAHHA OTIHYAIOTCS I10
OIIPCACIICHUIO. DTO JIOTMYECKHI HOHCEHC.

,Z[JIH IMPEOJOJICHHUA D3TOTO JIOTHYECKOI'O 3allpeTa W3MEHEHHMI IIpu KaXXaA0M HN3MCHCHUHN
H€06XOI[I/IMO 3aIJIaTUTDH IO ABYM ITYHKTaM:

(i) — uroObl H3MEHUTH [B TOM 4YHCIE CO37aTh] HEKOTOPBIM HH()OPMALIMOHHBIHN
MaTTepH/CUCTEMY HEOOXOJUMO TOTPATUTh HEKYI0 HeHyJeByro mopruto Komudectsa
"Oueprus". OQHAKO 3TOr0 HEAOCTATOUHO, €CIU MOPIHUS SBISIETCSI KOHEUHOM, U TI09TOMY,
KpOMe TOTO,

(il) — B HEHCTBUTEIHHOCTH MpPHU JIIOOOM HM3MEHCHHU HW3MEHSIONICECS COCTOSHUE Ha
HEKOTOPOM ypOBHE/MacIITabe OKa3pIBACTCS HEOMPEACICHHBIM — “aJJOTHIHBIM .

W3 n310’keHHOTO B JaHHOM pasfielie clelyeT OTBET Ha CIEAYIOIyIo (pyHIaMeHTalbHYIO
npobaemy:

2.4.2 Ilouemy B MaTepuun KBaHTOBbIE 3¢ eKThI CYylIeCTBYIOT BOOOIIIE
3aMeTuM, OJIHAKO, 4YTO (aKT HEBO3MOXKHOCTH JCTCPMHUHHCTUYCCKHX HEIPEPBIBHBIX
W3MEHEHUI 4ero-to Obu1 nokaszaH Oosee 2500 e Hazag 3€HOHOM B €ro OJIECTALIUX

ammopusx, Koraa 3¢HOH, 0 CYyTH, MPEeACcKa3al KBaHTOBYIO MexaHUKy (KM).

OtnocutenbHo KM oTMmeTuM 31ech Takke, 4YTO M3 KOHLECMLUUU CIEAyeT OTBET Ha
CIICAYIONIYIO (HEesIBHYIO) (YHIaMEHTAIbHYIO (PH3HUYECKYIO TPOOIIEMY:

2.4.3 “Ilouemy B KM cymiecTByeT mocTyJiaT, 4T0 BCe YACTUIbI JAHHOI0 THUIIA
HWACHTHYHBI U MI0YeMY 3TO aJeKBATHO peajbHOCTH"

- OTOT MOCTYJAaT ABJIACTCA aJCKBATHLIM PCaIbHOCTH, IIOTOMY YTO BCC YaCTHULBI TaHHOI'O
THIIa ABJIAIOTCA KOIIMAMH OJHOI'O M TOro XK€ I/IH(I)OpMaI_II/IOHHOFO narreépHa, 410 €CTh

TUIINYHAA CUTyalus B I/IH(i)OpMaLII/II/I.

To, uto BB B 3TOM pazmenax 2.4.1- 2.4.3, mo CymecTBy, SBISIETCS OTBETOM Ha
(hyHIaMEHTAILHYIO MIPO0IIEMY:
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2.4.4 "Yro Takoe puznyeckuii napamerp ''JHeprus"

- OJTHAKO, OTBET OCTaeTCs '"MeTau3ndecKu" HEMOJMHBIM, DHEPrus OCTaeTCs Hauboiee
TAaWMHCTBEHHBIM  dieMeHToM MHOectBa "Jloroc". Tem He MeHee, I[TOMHMO
BBIMIIEU3TIOKEHHOTO [/UII Yero HeoOxXoauMa ODHEprus], yKe IOHATHO, YTO ODHEpPTrus
n0BOJIBHO "Tymas". M3MeHeHus] B MEHSIOMNXCS MHPOPMAMOHHBIX MaTTepHaX/CUCTEMax
B KOHGYHOM  UTOTE  OIPEHCISIOTCS  KOHKpETHOW  mH(popManmuedn B ITHX
MaTTepHax/CucTeMax, MPaKTHIECKH He3aBUCHMO OT THTIA 3aTPAYCHHOM SHEPTHH.

OpHaKo 70 CUX MOp 3TO HE CIIMIIKOM BaKHO B (pusuke. [IpuunHa B TOM, 4TO MaTepus -
ATO MOBOJIBHO TIPOCTas JIOTHYECKAs CHCTEMa, KOTopas Oa3upyeTcss Ha OTPaHHYCHHOM
MHOXECTBE (DYyHIAMEHTATBHBIX M YHUBEPCATBLHBIX 0a30BBIX JIOTHUSCKUX MPABUJI/3aKOHOB,
CBsI3eU W KOHCTAHT (MOApOOHEe CM. HIKE), TJie 0OMEH 3HEepPruel Mmpu B3auMOICUCTBUIX
MaTepUaTbHBIX OOBEKTOB, B TIyOWHE, MPEACIbHO CTAHIAPTU3UPOBAH W YHUBEpCAJICH, U
ITOTOMY 3aBUCUMOCTH ACHCTBHUS DHEPTUHU OT Pa3IHUIUsI HHPOPMAITMOHHOTO COJICPIKAHMS B
Pa3IMYHBIX MaTePUALHBIX 00BEKTAaX OKa3bIBACTCS HECYICCTBCHHOM.

N ToO, 4ro KaxeTcs BecbMa pEaJbHBIM, IIOXOXKE, UTO CYyLIECTBYyeT Oojee
(dyHIaMEHTaNbHBIA M MOLIHBIA, yem ¢eHomen "OHeprusa' — ¢enomen "Jlormka'. U
Wudopmanus cama, COOTBETCTBEHHO, XOTSI DHEPrHsl Ha TEPBBIN B3TJISA BBINVILAUT Kak
4T0-TO BHelHee MHpopmanny, Hanpumep Kak JaHHBIM O 4eM-TO, TEM HE MEHee, €CIH Obl
CYIIIECTBOBAJIO COCTOSIHHE ‘“‘HWUYTO”, T.e. KOTHAa OBl HE OBLIO HUYETO, B TOM  YHCIC
SHEPTUH, BCE PaBHO NPUHIMIIMAIBHO cymiecTBoBaio Obl (“HyneBoe yTBepxkaeHue” B
KOHIICTIIINKA) JTUHAMHUYCCKOC OCECKOHEUHOE ITMKIMYECKOE YTBEP)KIACHHE ‘‘HET HHYETO
KpoMe WHGOPMAIIMH O TOM, UTO HET HHYETo KpoMme...” .

U3 BBIIIEN3I0KEHHOTO CIEAyeT OTBET Ha cieaylommi QyHIaMeHTanbHbIH (Qu3ndeckuit
BOIIPOC:

2.4.5 "Yro Takoe ""Unepuus'

- Wuepumst ecth abCONIOTHO (PYHIAMEHTAIBHBIN (EHOMEH, KOTOPBIH XapaKTepHu3yeT
JIOTHYECKOE  CONMPOTHBICHHE  W3MCHCHHSAM  W3-32  BHYTPCHHEH  JIOTHYECKOU
MPOTUBOPEYHBOCTH (eHOMeHa "M3meHenue" Boime. Kak u sHeprust, uHepiys B Marepun
MOXET OBbITh, W, COrTacHO HbIOTOHY AEHCTBUTENBHO, OXapaKTepH30BaHAa, (DU3MUCCKUM
napamMeTpoM "HHepuuaigbHas macca'. OTMETUM 37eCh, YTO STO HE HMEET HHUKAKOI0o
OTHOIIIEHUSI K CYIIECTBYIOIIEMY B CTaHAApTHOM (GU3WKE OOBSCHEHHWIO TOTO, YTO
HMHEepIuaibHas Macca ecTh KaKoe-TO JeHcTBUe mojs Xurrca.

[TormyTHO OTMETHM JIOBOJILHO TOMYJSIpHOE B O(HUIMANbHON (pH3HMKE BBIpaKeHHE, YTO
"3HEPrUsl U Macca dTO JIBE CTOPOHBI OJJHOH MOHETHI, KOTJIa OJTHO M3 HHUX IPEeBpamacTcs B
apyroe”. DTO MPUHIUIHAILHO HeBepHO. O0a abCcoMoTHO (PyHIaMEHTABHBIX (heHOMEHA
"DOueprus" u "HHeprusa" OeHCTBUTEIHHO CYIIECTBYIOT BCETa BMECTE B KaXKIOM
HH()OPMAITMOHHOM TaTTEpHE/ CUCTEME, B TOM UYHCJIE B KOKIOM MaTEpPHATLHOM OOBEKTE,
HO OHM TPHHIMITHAIBHO pa3Hble, M TaK, CKaXkeM, MPH B3aUMOJCHCTBHAX B Martepuun
MPEXKIE BCEro JHeprus TmpeolOpa3yercs/mepepacipeiessieTcs B JHEPTHI0, XOTS C
00s13aTeTHFHBIM COTIPOBOKTAIOTIIM mpeoOpa3zoBaHuEeM/TIepepacpecICHIEM
WHEPIUATBHON MaCcCHI.

2.4.6 "Yto Taxoe "IIpocTpancrBo' u "Bpemsa'
OTBeT Ha 3TH BOIPOCHI AaHbl B KOHLENUIUU [S]:
"IIpoctpancTtBo” u "Bpems" ectb abcomotHO ¢pyHaameHTanbHbIe [IpaBuia/Bo3moxkHOCTH

[>nementsr MHOXecTBa "Logos"], KoTopble aOCONOTHO HEOOXOAMMBI, YTOOBI 00O
nH(pOPMAITMOHHBIN TTATTEPH/CUCTEMAa MOT CYIIIECTBOBATD:
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- "IIpocTpanHcTBO" HEOOXOIUMO IS CYIICCTBOBAHMUS JIF000H HHPOPMAIIUK BOOOIIE, U

"Bpemsi”, pmomomnHutenbHo K [IpocTpaHcTBY, HEOOXOOMMO AN HEKOTOPBIX
WH()OPMAITMOHHBIX MATTEPHOB/CHCTEM YTOOBI OBITh JUHAMHYCCKAMHU, T.€. MOTJIH
HU3MEHUTHCS.

"IIpocTpancTBo" KaKk B03MOKHOCTB, JeTaeT BO3MOKHBIM pa3MEIICHHE B KOHKPETHBIX
"mpocTpaHCTBaX'  KOHKPETHBIX  WH(DOPMAITMOHHBIX  MATTEPHOB/CHUCTEM, KOTOPBIC
(mpocTpaHCTBa) TPU 3TOM PEAM3YIOTCS KaK KOHKPETHbIC HAOOPHI  "TPOCTPAHCTBEHHBIX
M3MEpEeHHIA”, KOTOphIe (M3MEpPEeHHs) HEOOXOMUMBI IS aKTyallu3allid HE3aBHCHMBIX
cTerneHel cBOOOABI KOHKPETHBIX MAaTTEPHOB/CUCTEM NPH M3MEHEHHH MX BCEX BO3MOYKHBIX

COCTOSTHUH.

B Bumy toro, uto IlpocTpaHCTBO €CTh JIOrHUecKash BO3MOKHOCTH, HAOOPHI M3MEpEeHUN
(hopMHUPYIOT KOHKPETHBIC, W NPUHIUNHAIGHO WH(OUHUTHBIE, ‘‘TPOCTPAHCTBEHHBIC
KOHTEHUHEPHI" sl KOHKPETHBIX MaTTEPHOB/CUCTEM OAHOrO Tuma. s mpocTpaHCcTBa Bce
paBHO - CKOJIBKO MATTEPHOB/CHUCTEM OJHOTO THIIA, T.€. KOTOPbIE IMOCTPOCHBI HAa OJIHOM
MHO’KECTBE JIOTHYECKUX TPaBUJI/CBA3EH/KOHCTAHT, U TIO9TOMY MMEIOIUX OJTHU M T€ KE
CTeTeH! CBOOOIbI TPH 00pa30BaHUK U M3MEHEHUSX, HAXOISTCS B KOHTEHHEpE.

U tak xe Bce paBHO — B KAKMX MECTaX B KOHTEHHEpE Pa3MemaroTCsl MaTTePHbI/CUCTEMBI.
EnuncTBeHHOE TpeOoBaHMe, KOTla MPOCTPAHCTBO JeicTByeT kak [IpaBmio, 310 TO, 4TO
pa3IuYHbIC MATTePHBI/CUCTEMBI JTOJKHBI pasnensTbes HE HYJICBBIMH
“MpOCTPaHCTBECHHBIMH HWHTEpBAIAMH'', W, Takke, 000N TMaTTEpH/CUCTEMA JTOJKHBI
3aHUMATh ‘‘HEHYJIEBOW IPOCTPAHCTBEHHBIM WHTEpBaI' ["TPOCTPAaHCTBEHHBIH 0O0BEM',
€CJIM ecTh OoJiee OJJHOTO MHTEpBalia B pa3HbIX m3MepeHwusx]. B atom [IpocTpaHcTBO ecTh
Haubosee ollee MpaBWIIO TPAMMATHKH, KOTOPOE UMEHHO IMOATOMY CYIIECTBYET BO BCEX
YEIIOBEYCCKUX SI3bIKAX.

[lockonbky mrobas wuH(OpManms abCOMOTHO (yHIAMEHTAJIBHO HE MOXET OBITh
HECYIIECTBYIONICH, COOTBETCTBEHHO B  MHOXECTBE "Undopmarusa”  Bce
MIPOM3OIIIIIO/CYIIIECTBOBAIO; BCE IIPOUCXOIUT/CYIIECTBYET, W BCE MPOM30UIET/OymeT
CYIIECTBOBATh BCET/IA;

- KOHKPETHBIE NATTEPHbI/CUCTEMBI, BKItouast Mareputo u Co3HaHHE, IPOCTO UCHOJIb3YIOT
BCerja CYLIECTBYIONIME KOHKPETHBIE IPOCTPAHCTBEHHBIC H3MEPEHUs U3 aOCONIOTHO
0ECKOHEYHOTo ‘‘unciia”’ MPOCTPAHCTBEHHBIX HM3MEPEHHI BCEro MPOCTPaHCTBA-BPEMECHU
MHoxecTBa B KOHKPETHBIX AaKTyaJu3alMsAX TEKYIIEro COCTOSHUS KOHKPETHBIX
MaTTEpHOB/CUCTEM, KaK TO €CTh, Hampumep, ansd Marepun u Jroaed B JaHHOH
aKTyaJIU3aluH dBOJIIONNY BeeneHHoil.

"Bpemsi", xkak Bo3M0:KHOCTBH, B OCHOBHBIX UepTax sIBIsICTCS aHajmoroMm lIpocTpaHcTBa,
OHO €CTh 'MPOCTPAHCTBO ISl U3BMEHEHHBIX COCTOSHUN MEHSIIOIIUXCSA NaTTePHOB/CUCTEM
W CYIIECTBYCT/JIEUCTBYET B KOHKPETHBIX cllydasx (OpMHUpYs, B TOM 4YHCIE,
COOTBETCTBYIOIIEE "BPEMEHHOE U3MEpeHNe" ISl TMHAMHYCCKIX MTaTTEPHOB/CHCTEM.

Tem He MeHee, Bpemst umeer cymiectBeHHoe otnuuue ot [Ipoctpanctpa: ans Bpemenu
BCE PAaBHO - IO KAKOW MPUYNHE/KAKUM IIyTEM, B KAKOW CTETIeHH CBOOOBI U T.J., U B KAKOM
MH(OPMAITMOHHOM TMATTEPHE/CUCTEME TIPOU30IILI0 U3MCHEHHE.

[loorToMmy B maHHOM cioy4ae [IOCTaTOYHO HMETh TOJNBKO OJHO  aOCOJIOTHO
(yHIaMEHTaTFHOE W YHHBEPCAIbHOE U3MEPEHHE, KOTOPOe CYIIECTBYET M JEHCTBYET BO
BceM MHOXKeCTBe "Nudopmarusa” s BCeX U3MEHSIONIMXCS COCTOSHUH BCeX
JUHAMUYECKUX AJIEMEHTOB MHOXECTBA; B KOHUEIIUU UCIOJNb3YEeTCs] COOTBETCTBYIOLIUI

"o

TepMUH “U3MepeHue "MCTUHHOE Bpems'"”.

43



Bpems, xak IIpaBuiio, Takxe IEMCTBYET TakK, YTO MEXKIY Pa3IMYHBIMU COCTOSIHUSIMU
MCHSIOIIMXCS TATTECPHOB/CHCTEM JOJDKCH OBITh HEHYJCBOW "BpEMEHHOW WHTEpBam'.
OpHako B 3TOM cliydae d3TO MpaBWIO, B oTM4ue oT l[IpocTpaHCTBa, MO-BHIUMOMY,
OTpeeIsieTCS IBYMS, Ha TIEPBBINA B3IIIA] pa3HbIMH, aOCONOTHO (DYHIaMEHTAILHBIMUA U
"BHemHUMHU i1 Bpemenu" mnpuumHamm. IlepBas 3akimiodaeTcs B TOM, 9YTO JroOas
nH(pOpMaIUs, €CITU TOSBUINCh, HE MOXET OBITh HECYIIECTBYIOUINH, W TO3TOMY
CIIeyIolllee HM3MEHEHHOE COCTOSHHE HE MOXKET 'CTepeTh" MpPEeIbIAYyLIEe COCTOSHUE.
Bropas 3akirodaercss B TOM, YTO HEMPEPHIBHOE H3MEHEHNE COCTOSTHII HEBO3MOXKHO M3-32
JIOTHYECKOH CaMO-IIPOTHBOPEUNBOCTH (peHoMeHa ‘“‘VI3MeHeHue” BhIllle, U H3MCHCHHS
MIPOUCXOJST TOJIBKO MPU HEHYJIEBBIX BPEMEHHBIX HHTEPBAJIAX

Takum oOpa3om, ecTh eme OAHO OCHOBHOe pasnuume [IpoctpanctBa m Bpemenm. Ilpu
JO00OM W3MEHCHHMH KaKoro-m00 MH()OPMAIMOHHOTO MaTTEPHA/CUCTEMBI 3TOT MATTEPH
/cucTeMa TEpeMEIlaeTcs B H3MEPCHHUUM BPEMEHH Ha COOTBETCTBYIOIIMI BpEeMEHHOMU
uHTepBa Af B KaXIOM Ciydae, KOrjaa U3MEHSIONIHIACS MaTTepH/cucteMa GUKCHUPOBaH B
MPOCTPAHCTBE, W TPH KAKIOM HW3MEHEHUH €ro MpPOCTPAHCTBEHHOTO TIOJOXECHHS Ha,
Hampumep, Ax .

COOTBETCTBEHHO TIOCJIEOBATEIHHOCTh MPOMICAIINX BPEMEHHBIX HHTEPBAIOB IIPH
HU3MEHSIONIUXCST COCTOSHUAX OIHOTO M TOTO K€ MAaTTEPHA/CUCTEMBbl - 3TO JBUYKCHUE
MaTTepHa/CUCTEMBI B N3MEPEHUH UCTHHHOTO BPEMEHH.

[IpoctpancTBO M BpeMsi 00pa3yloT KOHKpPETHBIE "TyCTble KOHTEHHEpHI" - "MPOCTpaHCTBa-
BpeMeHa”, U1 KOHKPETHBIX IUHAMHMYECKMX MaTTepHoB/cucTeM. HakoHen B gaHHOM
paszerne clesiaeM KpaTKoe 3aMEyaHHe K CYIIECTBYIOIIEMY OIPEACICHHUI0 BPEMEHHU B
opunmansHOi Pusuke. ITO onpeaeneHue Buepsbie qan Heiotow. [19]

“...Absolute, true and mathematical time, of itself, and from its own nature flows equably
without regard to anything external, and by another name is called duration: ....”

“...AOCOIIFOTHOE, NCTUHHOE, © MaTEeMAaTHYECKOE BpeMs, caMo I0 cebe M CBOEH mpupoje
TEUET PABHOMEPHO HE3aBUCHMO OT 4YEero-mub0 BHEIIHETO, M, APYTHMU CJIOBaMH,
Ha3bIBACTCSI MPOJOJKUTEIBHOCTD ...”

Impu OTOM IJId HsroTona COOTBCTCTBEHHO, YacCbl IIOKAa3bIBAIOT TCYCHUC BPECMCHU
HE3aBUCHUMO OT BPEMCHHU, U TOJILKO IIOTOMY, YTO OHU TAKKC TUKAOT PABHOMCPHO.

- | 3TO ONpeaesieHHue, OJHAKO C IBYMS PEIATHBUCTCKUM MOINU(PUKAIUSIME, OCTaeTCS B
¢msuke. CornacHo noctynaroB, CTO, BpeMms: (i) — HE TONBKO TE€YET PABHOMEPHO, OTO
TEUCHHE 3aBHCUT OT JIBIKCHUSI, U, TOTJAa KaK B CTAI[MOHAPHOM CHUCTEME OTCUETa BpEeMs
TEUET B COOTBETCTBHM C OTpefeicHrneM HpIoToHA, B ABIKYIIUXCS CHCTEMaxX TCUCHHE
BpeMeHH 3ameiieTcs, u (ii) — Bpems yOpaBiiIeT MaTepuadbHBIMH TeJIaMH, B T.4.,
yacam#, U MOTOMY “BpeMsl 3TO TO, YTO CUMTHIBAIOT Yachl ~, COOTBETCTBEHHO Yachl B
CTAllMOHAPHBIX CHUCTeMaxXx oOTcyeTa MoKas3biBaloT “‘HproToHOBCKOE” Bpems, U B
IBIDKYIIAXCS CHCTEMaX — 3aMeUICHHOe BpeMs. Kpome TOro 3TOT IMOTOK BpEeMEHU
HaOrofaeTcs Kak Hekas “‘crperna Bpemern” [20].

N3 xoppekTHOTO oOmpenencHus ‘‘BpemeHH”’ BbINIE CIIEIyeT, YTO NPUHIUIHAIBHO HE
MOXET OBITh HHKAKOTO ‘‘HBIOTOHOBCKOTO”, ‘“HOpMaJBHOTO’, ‘‘3aMeIICHHOT0”, W T.IL
MIOTOKAa BPEMEHHU, M HHUKAKUX ‘‘CTpeda BpeMeHW . Marepus, U KaXIblii MaTepHaIbHBIN
00BEKT, MPOCTO MOCTOSHHO, B COOTBETCTBUM C 3aKOHOM COXPaHCHHs DSHEPIHH,
M3MEHSIOTCA, W TaK JBWXKYTCS BO BPEMEHH, MEPEeXONs W3 JaHHOTO COCTOSHHUS B Halle
HanOoJiee BEPOSITHOE COCTOSIHME; KOT/Ia W3MEHEHHUs] JETePMHHUPOBAHBI, 3TO JIUIIb
03HaYaeT YTO BEPOSITHOCTH paBHa 1.

2.5 Yro Takoe "Kuznp'"
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JIBe m3BecTHBIC ceronHs (pyHIaMeHTaNbHBIC WH()OPMAIMOHHBIE CUCTeMBI "Matepusa' u
"Co3HaHue" MPUHIMITAAIBHO Pa3IMYHBI, IOTOMY YTO OHU OPTaHU30BaHbI, CYIIECTBYIOT U
W3MEHSIOT CBOW COCTOSIHHS, T.. OBOJIOUMOHHMPYIOT (Matepus) W pa3BUBAIOTCS
(Co3nanme), OCHOBBIBASICh Ha NPUHIUMIHAIBGHO PA3IUYHBIX KOMIUIEKTaX 0a30BBIX
3aKOHOB/CBSI3EH/KOHCTAHT. XOTA OHH M CTPOSTCS TOJIBKO B COOTBETCTBUH C OAHUMHU U
Temu ke "Jloroc" anemenTamu, B ToM unciie anemeHToM "Jlornueckue [IpaBumna’.

B mHactosmiee Bpems JIOAM 3HAIOT TONBKO OnHy Bepcuio Co3HaHWS, ‘‘CO3HAHWE Ha
[Inanera 3eminsa”, pa3nuyHble BEPCHM KOTOPOTO HMMEET KaXJ0€ >KHBOE CYILIECTBO Ha
3emiie, Brmoyast mojeil. OcHoBHOE pasznuuue Mexay Matepueli u mo6bsiM Co3HaHHEM B
MmuoxectBe “Undopmarmsa”

- B TOM, 4YTO Martepus NPUHIMNHAIBGHO 3akKpeiTas B MHoXecTBe cucTeMa
nH(pOPMAITHOHHBIX MaTTEPHOB/CUCTEM, rie B3aMMOJICHCTBHS MEXITY
MaTTepHaAMU/CUCTEMaMU TIPOUCXOMAT KakK OOMEH COBEPIICHHO HWCTHHHOM M CTPOTO
orpeieNicHHON nH(popMarued. MaTtepust SBIsSETCS 3aKPhITOW CUCTEMON TaKXkKe M3-3a TOTO,
YTO MaTepHabHbIe OOBEKTHI IPOCTO HE MOHUMAIOT MH()OPMALIMOHHBIC MATTEPHBI APYTUX
27eMeHTOB MHOXKECTBA; W, KPOME TOTO, B SI3BIKE, HA KOTOPOM MaTepHaIbHBIC 0OBEKTHI
O0IIAIOTCsl APYr C APYroM, HE CYIISCTBYET HOHATHS ‘‘He moHATHas uHpopmanums’. U
MMEHHO TT03TOMY Marepust SBIISETCS CTa0MIbHOM CUCTEMOH,

- TOTJa KaKk co3HaHMs, B TOM uuciie "homo sapiens sapiens cozHanue" BepcHs, CIOCOOHBI
o0ImaThCcs B NPUHIIMIIE, TIO-BUIUMOMY, € JIIOOBIM 3JIeMeHTOM MHOXecTBa, B TOM YHCJE B
ClyJasx, KOrja TIIOoMy4eHHas HH(GOpPMAnys HE MOXKET OBITh MCTOJIKOBaHA KAaKUM-TO
CYIIECTBYIOLUIMM CIIOCOOOM, HauyMHas C OIpPEHENCHHUs Takoil HHpOpMAIMU Kak
"HemoHATHas nHpopMaLus .

CooTBeTCTBEHHO, Kakmas u3 obomx, Matepus u Co3HaHHE TaK CYIIECTBYIOT H
M3MEHSIOTCS B CYIIECTBEHHO pa3HBIX IPOCTPAHCTBAX; XOTS, CO3HAHHE Ha 3emiie
JNEHCTBYET TaKKe B TNPOCTPAaHCTBE Marepuu, KOTJa OHO YIPaBJISICT IPAKTHYSCKU
MaTepuanbHOU cucTeMoi "Temo +Mo3r”. O6a COOTBETCTBYIONIHME MPOCTPAHCTBA-BpEMEHa
MMEIOT OJHO M3MEpPEHHe MCTHHHOTO BPEMEHH, KOTOpOe MPHUHIMIIMAIBHO OJHO oO0Iee B
MHoxecTBe.

Takwum 006pazoM, He MOXKET OBITh KaKOW-THOO "IMEPIHKEHTHOCTH" KaKOTO-TM00 CO3HAHUS
u3 000N MaTepHalbHON CTPYKTYPBI, KaK 3TO MPENIaraeTcsi BO MHOTHX CYIECTBYIOIINX
ceifuac "reopusx" u "pemieHuAX" mMpoOseMbl "pasyM-Teno/Mo3r” U T.II., B HEBPOJIOTHH,
¢bmsuke, T.1I.

WudopmanumonHas cuctema "cozHanue Ha 3emiie” Moria Obl, B IPUHLUIIE, CYIECTBOBATD
B MHOXECTBE  MmapaiedbHO ¢ BO3MOXHBIM Co3marenmeM Matepum emie a0 Hagama
Marepuu.

OpHaKo, MOCKOJIbKY CO3HAHHE SIBJISICTCS MPHHIUIIHAIBHO OTKPBITOM MH()OPMAIHOHHOM
CHUCTEMOM, ">KM3HB' TAKOW CHCTEMBI OblIa JOBOJHLHO TPYIOHOW B HECTAOWILHOW W,
BO3MOXKHO, JECTPYKTHBHOH, cpene MHoxkecTBa. Tak dYTO BHIMMO, JaHHAs BEpPCHUS
CO3HAHHS WCIOJb30BAJIA BO3MOXHOCTh CJlIelaTh ce0e HEKWH MaTepUalibHBIA JIOM,
cnernuduuecku cHopMHUpoBaB B OMO-MOJICKYJaX HEKOTOpPbIC aTOMbI MaTepuu, MNPk
BCEro KaK CTa0WIbHYIO PE3UJICHIIMIO M MCTOYHHUK DHEPTUU NpU (HYHKIIMOHUPOBAHUH KaK
JTUHAMHYECKOW cucTeMbl. Takum 00pa3oM, ®KHU3Hb, CKOPEE BCETO, HECKOIBKO MILIHAPIOB
JIET Ha3aJ IMOSIBUIIACh Ha 3eMIIe.

[Tocne atoro, "co3Hanue Ha 3emie" pa3BUBAJIO MPAKTUUYECKH MAaTEPUATBHYIO PE3UICHIINIO
B COOTBETCTBUM C BIIOJIHE OYEBHIHO HaOIIONaeMbIM TpeHIoM "Bce Oojee M Oonee 3a
npenensl Marepun” B Ipyrue pernoHsl MHOXKeCTBa, BIUIOTH 10 "homo sapiens sapiens”
BepcHH. DTa BEpCcUsl UMEET XOPOILIO Pa3BUTYIO CIIOCOOHOCTH 00pabaThiBaTh HH(POPMAIIHIO
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B CaMOM BBICOKOM, '"pexuMm yma’ (“mind mode”), pexxmme, T.e. korma wHDOpMAIUsI
abCcTpakTHa, T.€. B HEKOTOPBIX CIIydasx 0e3 MpsIMOro OTHOIIEHHUS K TOMY, YTO IIPOUCXOTUT
B Martepuu, unu rue-to eme B MHOXKECTBE.

HecmoTpss Ha TO, 4Yro CO3HAHWE TMPUHIUIHAIBHO OTJIMYaeTcs OT Marepuu, OHO,
OYEBHIHO, MOYKET peahbHO BO3JACHCTBOBATh HA MAaTEPHAIBHEIC TTATTEPHBI/CUCTEMBI, KOTJa
MUJUTHAPJIBI JIET Ha3aJl CHIENajo TMepBble OMO-MONeKybl Ha 3emie. M Tenepb co3HaHUU
YIIPABISIIOT MPAKTHICCKH MAaTepUATLHBIME TEJIaMH JKHUBBIX CYIIECTB. DTa CIIOCOOHOCTH,
10 KpaitHe# Mepe, s OOBIYHBIX YEIOBEUECKUX CO3HAHHMA, B TOM YHCIIE OOJBITHHCTBA
(M3UKOB, KpaliHe ciadasi, U, COOTBETCTBEHHO, HA CAMOM JIeJie HET KaKoW-To "mpobiema
HaOmoaTens" B pusmke:

- Tpu JTO00OM DKCIIEPUMEHTE HU3ydaeMbld, B TOM YHCJIEC KBAaHTOBO-MEXaHUYECKHUHU,
MaTepUadbHBIl  OOBEKT/CHCTEMA/TIPOIECC  B3aUMOJICHCTBYET €  YEIIOBCUCCKUMU
MaTepualbHBIMU MHCTPYMEHTaMH, 4T0 HaOmrogaercs kak “xomnarnc W -Gpynkumn” B
CTPOTOM COOTBETCTBHH C 3aKOHAMH/CBSI3SIMH/KOHCTAHTAMH, KOTOpPbIE JIECHCTBYIOT B
Marepuu, xorga Ha KM macmrabe Bce B MaTtepuu, He3aBUCHMO OT - B DKCIEPUMEHTaX
Jrojieit Wik 6e3 OHBIX, MIOCTOSHHO MPOMCXOIUT Kak OeCKOHeYHbIe menu KosutarcoB W -
¢$byHKIMA, U T.O. ,

- ¥ BCE 3TO, MOBTOPUM, MIPOUCXOJUT BHE KAKOU-IMOO 3aBUCUMOCTH OT TOTO, CYIICCTBYET
WK HET "HaOmrogaTels".

Bonbie o "coznanuu Ha 3emiie” cM. mepBoe MpHONMKeHHEe (QYHKIMOHAIBHON MOIenn
co3nanums [16], [17].

3 "OOb1yHbIC HEesIBHBIE" (YHIAMEHTAIBHBIC TPOOIEMBI

Brimie nan HamGonee oOmmii oTBeT Ha Mera-QU3NYecKuii BOIPOC “d4TO Takoe BOOOIIES
Matepusa?”’ - Marepuss aOCOIIOTHO TOYHO SBJISETCS HH(DOPMALMOHHON CHCTEMOM
MH(OPMAIIMOHHBIX IMMATTEPHOB M IOJCHUCTEM, KOTOPBIC SIBJISIOTCS YACTHIIAMM, ITOJISIMHU,
TeJaMH, KOCMOJIOTUYECKUMH OOBEKTaMH U T.J4. B 3TOM pasjene MbI TpEACTaBIsEM PsijI
paIMOHANBHBIX U, BIIOJIHE BO3MOXHO, aJICKBATHBIX PEaTbHOCTH OTBETOB Ha IMPOOJIEMBI,
CBsA3aHHBIE C paMKamMu o0mmiero (yHIAaMEHTAILHOIO  BONpOCA: IMOYEeMy  3Ta
nH(pOPMAITMOHHAS CHUCTEMa SIBJIICTCS TaKOM, Kakod oHa ecTh. [IpoOiemMbl B OCHOBHOM
CUMTAIOTCS PEIICHHBIMUA MO yMONYaHWIO' B (U3UKE, HECMOTPS HA WX PEAIbHO
TPAHCLECHICHTHYIO MPUPO/Y.

3.1 Uro Takoe jJornyeckasi 6aza marepuu

OTBeT ¢ OOJBIION BEPOSITHOCTHIO JOJKEH OBITh, U TaK €CTh B MH(POPMAIIMOHHON MOJIEITH
[7], B cOOTBETCTBHM C ABYMS JCHCTBUTCIBHO (PYHIAMEHTAJIbHBIMH OTKPBITHSAMH B XX
BEKe:

- B cooTBeTcTBUH ¢ BeIaromieiics "Ur-rumore3oii” von Weizskecker B 1953-54 rox [20],
[21] uro ecnmu Matepus Ha (hyHIAMEHTAIbHOM INIyOWHE OCHOBAaHA IO JBOMYHOMU JIOTHKE,
TO TPOCTPAHCTBO JOJDKHO ObITh 3D, M mpocTpaHCTBO-BpeMsi Marepuu JIeHCTBUTEIHHO
UMeeT 3 pa3MEpHOCTH MPOCTPAHCTBA. DTO OBLIO, C OJHOW CTOPOHBI, BBIAAFOINASCS
TUTIOTE3a, KOTOpasi OOBSICHSCT, IMOYeMy MPOCTPAHCTBO MaTepuu sBisieTcs 3D, u, ¢ Apyroi
CTOPOHBI, TOT (aKT, UYTO MPOCTPAHCTBO MEHUCTBUTEIHHO 3D SBISIETCS MOIIHBIM
JI0Ka3aTeNIbCTBOM TOTO, YTO TUTIIOTE33a MOXKET ObITh MPABHIILHOU, U

- B COOTBETCTBMM C BBIIAIOIIUMCS OTKpbITHEM Dpenkuna-Todpdmu [22], KOTOpbIC
MOKa3ajy, YTO €CJIM MATTePHBI B CUCTEME OCHOBaHBI HA 0OPAaTUMOM JIOTHKE, TO CHCTEMa
MEHSIETCS TIPH B3aMMOJCUCTBUSX B HEW 03 pacceuBaHUS HSHEPrHHM 3a TIpeJeiaMu
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cucteMbl. B jgaHHOM ciiydae Matepusi SHEprusi Morjia Obl pacceMBaThbCs TIJIe-TO B
MHOXeCTBE; TaKUM 00pa3oM, Toxoske, oepesxmBeiii Co3naTennb MaTepun HCIIONB30Ball
3TOT (aKT; ¥ MOTOMY B MaTepuu IEHCTBYET 3aKOH COXPAaHCHHS YHEPTHH.

CoOTBETCTBEHHO, KOHKPETHOE TPOCTPAHCTBO-BPEMsI KOHKPETHOW WH(OPMAITMOHHON
cucteMbl “Marepus’ mMeeT 3 "J4HCTO MPOCTPaHCTBEHHBIX" m3MepeHws. [lockombpKy 3Ta
CUCTeMa JMHAMHYECKas, KaK »JTO CJIEeIyeT W3 OJKCICPUMEHTAIBHBIX JaHHBIX,
MIPOCTPAHCTBO-BpEMsI UMEET TaK)Ke M3MEpPEHHE "HCTUHHOE BpeMs', f, KOTOPOE SBJISCTCS
a0COIOTHO YHUBEPCATBHBIM U OOMIMM I BCEX AMHAMHUYECKHX 2JIEMEHTOB MHOKECTBa.
Jlasiee B NaHHOW CTaThe, TaK KaK 3TO €CTh B MHPOPMAIMOHHON (PU3NYECKOU MOJIENH, TI0
HEKOTOPBIM MpPUYMHAM (CM. HUXKE), BMECTO "t" JUisl U3MEPEHUS UCTUHHOTO BPEMCHU B
OCHOBHOM HCITOJIB3yeTcs "cf”’, ¢ €CTh CTaHIapTHAs CKOPOCTh CBETA.

Kpome usmepenuil Bblllle MpOCTPaHCTBO-BpeMsi MaTepuu MMEET elie OJHO HU3MEpPEHHUE,
JUIS peanu3anyyd OOpaTHOW IIOCIIEOBATEIHPHOCTH W3MEHEHH, KOTOpPhIE B HEKOTOPOM
CMBICJIC "HE3aKOHHBI' B WCTHHHOM BpPEMEHH, KaK HEKHWE 'TyTEIIeCTBUS Ha3al BO
BPEMEHHU’, UTO MPUHIUIIUATIBHO 3aMpPEUICHO B UCTUHHOM BpeMeHU. [laHHoe h3MepeHue B
NEHCTBUTEIHHOCTH €CTh CHenn(UYecKoe MPOCTPAHCTBEHHOE H3MEPEHHE, OHAKO OHO
aKTyaJTU3MpOBaHO B Marepun BO MHOTHX YepTaX, Kak HICTUHHOE BpeMsi. JTO U3MEPEHHE B
WHPOPMALMOHHON (PU3NUECKON MOJIETTH Ha3bIBaeTCsl "KOOpAWHATHOE BpeMs'", "7, TaK Kak
3TO UMEHHO "BpeMsl, KOTOPOE IMOKAa3bIBAIOT Yachl" [MTOIPOOHEE CM. HUXKE]|, © B OCHOBHOM

JUTSI DTOTO U3MEPEHUS UCIIONIb3yeTCs MeTpuka "ct’”.

Taxum o0Opaszom, mpocTpaHCTBO-BpeMsi Matepun ectb abcomotHoe [5]4D EBximmoso
MPOCTPAHCTBO-BpEMsI - IMYCTOM KOHTeiiHep, rjie Marepusi CyIIeCTBYeT W TOCTOSIHHO
M3MEHSIETCS, C METpUKOi (ct, X, Y, Z, ct), rae "ct" "KoopawmHAaTHOE BpeMs, "ct" HCTHHHOE
Bpems, U X, Y, Z aBustoTcs 3 u3MepeHus NpocTpaHcTBa. M3MepeHus, Kak MOKa3aHO B
paszene 2 Bbllle, MPUHUOUINUAAIGHO OCCKOHEYHBI IO ONPEACICHUIO MPOCTPAHCTBA H
BpPEMEHH.

C nmosstneM  "mpocTpaHCTBO-BpeMsi" B (U3MKE  CYIIECTBYIOT  CIEIYIOLIHE
(hyHIamMeHTaBHBIE TIPOOIEMBI

3.2 sSIBnsieTcst M MPOCTPAHCTBO-BpeMsl A0COTIOTHBIM HJIN HET

Ota mpobsemMa He CyIIecTBOBajia B MEXaHHKE TIOKa He ObLIa OTKPHITA (PyHIAMEHTATbHAS
OM Cuna, 1 Aaxe B NEpBbIC FOJbI MOcie pa3BuTus Teopun Makcsemi-Jlopenua, rne OM
OOBEKTBI, COOBITHS W TIPOIECCHI CYIISCTBOBAJIM W IPOUCXOIIN, KaK HEKOTOPHIC
BO3MYIIICHUST B HEKOTOPOM "adupe”’, GUKCHPOBAHHOM B COOTBETCTBYIOIIIEM aOCOTIOTHOM
ErxnunoBom mpoctpancte. OgHako B koHie 1800-x rofoB cTajo sICHO, YTO, TOXOXE,
MIPUMEHEHUE OYCHb MOIIHOTO MTPUHIIAIIA OTHOCUTEIBHOCTH K DM Ipolieccam U COOBITUSM
MPUBOANT K  HEKOTOPHIM  TApaJOKCATbHBIM  TOCJIEICTBHSM, KaK,  CKaXKeM,
"OTHOCHTEIHFHOCTH OMHOBpeMeHHOCTH". Kazalock Takke, YTO W3-3a ITOTO TIPHUHIIHAIIA
HEBO3MOXKHO pEAJIbHO HAONI0aTh aOCOIFOTHOE MPOCTPAHCTBO M COOTBETCTBYIOIIEE
a0COJIIOTHOE JIBHIKEHHE TEJl.

H. Poincare niucan o abcontotHoM nBrxkeHnn B "Hayka u runoresa” [23]:

"... Onarp ke, HEOOX0AMMO OyAET UMETH 3GHpP, YTOOBI TAK HA3HLIBAEMBIE A0COIOTHBIE JBHKEHHUS
He OBUTH MX MEePEMEIICHUSMU 110 OTHOIICHHUIO K IYCTOMY MPOCTPAHCTBY, a MO OTHONICHHIO K YeMYy-
TO KOHKPETHOMY. DTO KOrAa-HUOYyIs OyaeT nocTUruyro? S tak He aymaro, U s O0BSICHIO, IOYEMY,
U BCE JKe, 3TO He aOCypAHO, sl APYrUX HE Pa3ACiSIOIIUX 3Ty TOYKY 3peHus ... S aymaro, 4to
TakKas HaJeKIa MIUTF030pPHA; 3T0 OBUIO OBI, TEM HE MCHEE, MHTEPECHO T0Ka3aTh, YTO YCIIEX TAKOTO
poia, B ONPEIETICHHOM CMBICIIE, OTKPOET ISl HAC HOBBIA Mup ...

OpmHako, U3 TOTO, YTO aXKe B CITydae €Cclid a0COIOTHOE MPOCTPAHCTBO ACHCTBUTEIHLHO HE
MOJKET HAOJI0aThCs, OUEBUIHO, HE CIICAYET, YTO OHO HE CYIIECTBYeT. TeM He MEeHee, 3TO
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OBIJIO TIOCTYJIMPOBAHO B IEPBOM BEPCUU CIeIaIbHOU Teopun oTHOcUTenpHOCTH (CTO) B
1905 [24]. Beuto TakXke MOCTYIHPOBAHO, YTO HET COOTBETCTBYIOMIETO (“‘CBETOHOCHOTO’)
a¢upa, KOTOphI ObUT Obl OCHOBAaHHMEM HEKOTOPOW aOCOJIFOTHON CHUCTEMBI OTCYETa.
CootBerctBeHHO B CTO ObLT BBEACH €IIe OJUH IOCTYJNAT, YTO aOCOJIIOTHO BCE
WHEpIHATbHBIC CUCTEMBI OTCUETa A0COIIOTHO MOJHOCTHIO SKBUBAICHTHBI U JIETUTHMHBI.

W3 mocnemnero mocrynaTa HEMOCPEACTBEHHO W HEABYCMBICICHHO CJEIyeT I0oe
KOJIMYECTBO OCCCMBICJACHHBIX (DU3NYECKHMX, JIOTHUECKUX, OHMOJOIMYECKUX M  T.IL,
CJICICTBHIA, camMoOe MPOCTOE W XOPOIIO W3BecTHOE "Bo3pakenme Jluurma mporms CTO"
[25], ero Ooinee u3BeCTHBIN U OOJIEE CIOKHBINA BapHaHT "mapanokc omusHenos" [15] u T.1.
B T.4. TO, 4TO BCE WHEPIIMOHHBIC CHUCTEMBI HE MOTYT OBITh AOCOJIIOTHO TOJTHOCTHIO
SKBHUBAJICHTHBIMH, ObLIO (haKTHUYEeCKH JoKa3aHOo 3eHoHoM eine 2500 et Hazam. B camom
JieNie, BO BCEX CHCTEMax OTcueTa, rjie AXWDlec W 4epenaxa ABIKYTCS C pPa3IndyHbIMU
CKOPOCTSIMH, AXHJUIEC JCHCTBUTEIBHO MEPETOHSET Yepernaxy - HECMOTpPS Ha TO YTO 3TO
JIOTMYECKH 3alperieHo, ©eclId JBIKCHHE 00OMX HEMPEepPBIBHO - M3-3a aIOTUYHOTO'

h
AprZE. Ho sToT nornyeckuii 3amper HECYIIECTBEHEH B YHHUKAJIBbHOW BBIIECICHHON

CHCTEMe, TJIe ueperaxa B IOKOe; B 3TOH cucTteMe AXuiiec mpoderaet MUMO yepernaxu 0e3
KaKUX-JIMOO JIOTHYECKUX MPOOIIeM

Jlaske ogHOTO OECCMBICIIEHHOTO CIIEACTBHA, KOTOPOE MPSMO M OJHO3HAYHO CJEIyeT W3
MOCTyJIaTa BBINIE, JOCTATOYHO [UIsI COBEPIIEHHO CTPOTOTO BBHIBOAA C TNPUMEHEHHEM
CTpPOroro ‘“I0Ka3aTeNbCcTBA OT MPOTUBHOIO® UYTO MPOCTPAHCTBO-BPEMS MaTepUU
aOCOJTIOTHO; W ATO clieAyeT U3 omnpeaencennii [Ipoctpanctsa m Bpemenu Beimre. OqHako,
9T mocTynaTel SR ompeneneHsl Kak MCTHHHBIE TOCTYJIaThl B opHUIMaIbHON (hU3KKE 10
CHUX TIOp.

CooTBeTCTBYIOIC HAOMIOACHUE aOCONIOTHOTO IBWKCHHUS, T.C. JBIDKCHHS Tela B
abcomroTHOM 3D mpocTpaHCTBE, 3TO TOJIBKO TEXHUYECKAs 3ajiada, KOTOpas MOXKET ObITh
MPUHIIMITHAIBHO PEIIeHa, KaK TO0Ka3aHO B MH(DOPMAIMOHHON MOAENTH, W abCOMOTHAsS
CKOPOCTH TIaphl 9aCOB MOXKET OBITH M3MepeHa yxe ceituac [10], [11].

3.3 CymectByeTt wiu Het B Martepumn '"3¢up"

W3 xopomo 0OOCHOBAaHHOM HWHTEPIPETANUH CYIIECTBYIOMIMX OKCIEPUMEHTAIbHBIX
JaHHBIX, 4YTO NPOCTPAHCTBO-BpeMs BpEeMEHH ecTh abcomotHoe [5]4D EBkimmoso
MPOCTPAHCTBO-BpeMsl ¢ MeTpukoit (cz, X, Y, Z, cf) B Pa3zn. 1 Bble, Kaxercs JOBOJIBHO
paIoOHANTBHBIM IIPEAIIONOKUTh, YTO M3MEPEHHUSI B MPOCTPAHCTBE-BPEMEHH OTHOCHUTCS K
CTETICHSIM CBOOOJIBI MPU U3MEHEHHH COCTOSIHUS HEKOTOPBIX aHaIoroB (o Weizskecker
"Urs”. Xots, KOHEYHO, HE OykBaibHO - [5]4D ¢QyHIamMeHTanbHBIX OWHAPHBIX
peBepcuBHbIX Jiorudeckux snemeHToB, (FLE). Kak u BBejeHue, COOTBETCTBYIOIIETO,
(PUKCUPOBAHHOTO B a0COMIOTHOM TPOCTPAHCTBE-BPEMEHH, d(Upa, T.€. IUIOTHOM PELIETKU
FLEs, xak 370 cienano B HH()pOPMAIMOHHON MOEIH [7], BBITJISIUT PAIMOHAIBHO TaK XKe.

Kpome Toro, B Mozi€IM, OCHOBBIBAsICh HA CYIIECTBYIOIIMX SKCIEPUMEHTAIbHBIX AAHHBIX,
MOCTYJINPOBaHO Takxke, 4ro Bce 4 FLE "pasmepa" (B MeTpHKe NMpOCTpaHCTBAa-BPEMEHU
BBIIIIC) WACHTHYHBI W paBHBI [LTaHKOBCKOHW miwHE;, TIpu W3MeHeHWH OmHapHBIX FLE
cocrossanii — pamee "FLE-¢pnumax", COOTBETCTBYIOIIHMN WHTEPBAI BPEMCHH pPaBEH
[TnankoBckoMy BpemeHu. [loaToMy BMKEeHHE MaTepUabHBIX OOBEKTOB B MIPOCTPAHCTBE-
BpEMEHH NpOUCXOoauT "paBHBIM oOpazom" (equal footing) Bo Bcex [5]4 m3MepeHUsIX
[IPOCTPAHCTBA-BPEMEHH Il METPUKHU BBILIE.

[MoctynupoBanne »dupa wu3 [5]4D FLE mnos3Bonsier TNpOSCHUTH psil  APYrHX
(hbyHIaMEHTAIBHBIX (PU3NICCKUX TIPOOIEM:

3.4 Yrto Takoe ""yacTuunl"
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B odunuanpbHoi (QH3MKE YACTHMIBI NPUHIMIIMAIBLHO €CTh HEKHE TPaHCILCHICHTHBIC
OOBEKTHI - B BUJIy TOTO, YTO OHU €CTh HEKOTOPBIE MPEIMEThI TPAHCIICHACHTHOW Matepuu.

Kpome Toro, n3 nHbOpMATMOHHON KOHIICTIIINH BEIIIEC U U3 IKCIICPUMEHTAIBHBIX JaHHBIX
CIeMyeT, YTO YACTHIBI, - KOTOpble aOCONIOTHO HaBEPHOE €CTh HEKOTOpPHIC
MH(OPMAITMOHHBIC TATTEPHBI/CUCTEMBI, €CTh HEKOTOPBIE OOBEKTHI, KOTOPHIC MOCTOSHHO
M3MEHSIOT CBOM COCTOSIHUS, OQHAKO, TIPH ITOM, SIBJISTIOTCS CTA0MITHHBIMU,

- BIOJHC pPalMOHAJIBbHO CJICAYCT, YTO 4YACTUIBI SABJIAKOTCA HCKUMU 3aMKHYTBIMU
AJITOpUTMaMH, B KOTOPBIX COCTOSHUA N3MCHANOTCS HUKINYCCKU C YacTOTOM @ TakK, 4TO

2
YaCTUILILI UMEIOT dHepruto E = A = mc”,m uHepuuanbHas Macca - KaK Takas TUIoTe3a
nosiBuiack eme B 1920-x romax kak " Zitterbewegung " runoresa ae bpoitns [26], [27].

W3 storo CJICAYCT HCCKOJIbBKO CCTCCTBCHHO IIPCIJIOKCHHBIX - W MOCTYJIMPOBAHHBIX B
MOZICIIN BBILIC, - pallMOHAJIbHBIX MPEAIIOJIOKCHHAA:

(1) - yacTUIBl €CTh HEKOTOpbIC NHKINYeckue Bo3mymleHuss marpuubl FLE, kotopsbie
TIOSIBIISIIOTCS TIPH BO3ACHCTBUH HEeKoToporo 4D mMmmysbsca Ha HekoTopbit d¢upnerii FLE,
KOTOpBIN, Tocie Bo3aeiicTBusa, ‘“‘mepeBopaumBaercs’ (“flips”) m mgamee BBI3BIBaeT
nocnenoBatenbHbli flipping cocequux FLEs.

UroOwl BeI3BaTh flip — M cooTBeTCTBYIOMME TOcenoBarenbhbie flipping agupHbix FLE
BIOJIb mpsiMoit 4D nuaum, xoraa "flipping Touka" pacnpoctpansiercss B 4D adupe u 4D

HOAIPOCTPAHCTBE-BpeMeHH ¢ MeTpukoil (ct,X,Y,Z) co ckopocThio cBera, ¢=1,/t,,

JOCTaTOYHO OECKOHEYHO Majioro ummyibca. OgHAKO, eClii UMIYJIbC HEe OECKOHEYHO
Manbii, flipping Touka HE MOXET pPacHpOCTPAHSTHCA CO CKOPOCTHIO OOJbBINE, YeM C, U
IIO3TOMY OIHOHAIPABICHHOE IBIDKEHUE TMpEBpaIiacTcss B HEKOTOpbIE '"BHUHTOBOC"
newkenne 'flipping Touku" BAodb HekoTtopo 4D "cnmpann" IHKIMYECKOTO
nocnenoBatenbHo flipping - u Tak npeneccupyromux FLEs. OtmeTnm, Takke, 4To B 3TOM

ciydae “flipping Touka” IBWXKETCA BIOJIb ‘‘CIIUPaT’ CO CKOPOCTHIO c\/z, KaKk OBl
¢munmuuar FLEs npoucxoaut “no auaronanu” FLE, tem He MeHee (poHT “‘criupanu’
JBIDKETCS  BAOJb HANpaBJICHUs BO3ACUCTBYIOIIErO UMmyibca ¢ 4D ckopocThio cBeTa, ,

—

C.

Opnaxko HekoTtopoil "4D ocu 4D crnmpanun" He cymiectByeT kak 4D Bexktop B 4D
MOJNIPOCTPAHCTBE-BPEMEHH, TaK YTO pacHpoCTpaHCHHE BO3MYIICHHS B ddupe
MpeBpallaeTcs B paclpoCTpaHeHHEe, BOZMOXKHO, WM OMBEKTOpa WM TeH3opa. [loatomy
flipping cymecTBeHHO HE "TOYeUHBIH - B OOOWX, B TOJAIPOCTPAHCTBE-BPEMEHH W B
a¢upe. Tem He MeHee, paclpOCTPaHCHUE UMEET HANpPAaBICHHUE - HAIpaBICHHUE BEKTOpA
BBI3BABIIIETO BO3MYIICHHE HUMIYJbca, W, KpoMe TOro, Bo3mymienue FLE pemerku
"criupanp”’  HAOMIOMASTCS ~ OKCIIEPUMEHTANIBHO  KaK  TOYEYHAs  YacTUIla  TIpH
B3aMIMOJICHCTBUU. C JPYTUMHU TOYCHYHBIMH YacTUIlaMH. OTCIOJa BBITJISIUT PAIMOHATIBLHBIM
NPEANONI0KUTh, YTO "TOYEUHBbIC B3auUMOJEUCTBUS" ABIAIOTCS B3aumonencteus FLEs
JacTHII, T.C. "pa3Mep TOYKH B3aUMOACHCTBHUA" paBeH WiaW O1M30K [lmaHKOBCKOW mmHE,
XOTS TIOJIO)KEHHWE TOYKH B3aMMOJEWCTBHS B IPOCTPAHCTBE CIY4YailHO B BITOJIHE
“HeToYeuHOW 00IacTH.

Opnako, kxpome Ttoro, maHHoe 4D pmBwkenume FLE flipping Toukm mo crmpamu
CYILIECTBEHHO OIpPENEseT TO, YTO YAaCTHIIbl, XOTS B3aUMOJCHCTBYIOT KaK ‘‘TOUKH,
IBIKYTCS B 3D mpocTpaHCTBE Kak “BOJHBI”, YTO HaOJIOJAeTCs KaK “‘AyallbHOCTh BOJIHA-
yactuua’.
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(ii) - W3 CyIECTBYIOMHNX AKCIIEPUMEHTAIBHBIX TaHHBIX, KaK MPEICTaBIAETCS, TOBOIHHO
paloHABHO (B TIEPBOM MPHONIKEHWH, CM TYHKT (i) BBIIIE) MPEATOIOKUTH, UTO

h
"pagmyc" "cnmpamu" Bbime paBeH KOMINTOHOBCKOM UIMHE dacTHIB, A=—, H
mc

COOTBETCTBYIOIIHE 'criupanbHbIi" yrimoBoir MomeHT mmmyinsca "FLE flipping Toukn”
OTHOCHUTEIBHO “OCH” CIHpai, T.6. BHYTPEHHHUH YIJIOBOM MOMEHT 4YacTHIbl, paBeH
koHcTtaHTe Ilnanka, 7 .

(ii1)) Kpome Toro, COOTBETCTBEHHO, BCETJa ABMXKYIIUECS YACTULIBI, SIBJISIIOTCS B HEKOTOPOM
CMBIC/IE "THpOCKONaMu'", KOTOpbIE BCErJa OPUCHTUPOBAHBI, OTHOCUTEIBbHO 4D
HaIpaBJICHUS PACTIPOCTPAHCHUS.

(iv) - U3 3KCTIEPUMEHTAIBHBIX JAHHBIX TaK JK€ CIEAYET, YTO B MaTepuu CylecTBYIOT J1Ba
OCHOBHBIX THUIIA YaCTHL, B 3aBUCUMOCTH OT TOI'0, KAKMM 4D-UMITyJIbCOM OHHM CO3JA0TCH.
B momenu, 310 "S-4acTHIBI, KOTOpPHIE CO3MAIOTCS MPOCTPAHCTBEHHO HAIPABICHHBIMU
umnynscam, H "T-4acTHIBI, KOTOpBIE CO3JAIOTCS WMIYJIbCaMH, KOTOpbIE ObUIM
HaIpaBJIeHb! B "KOOPJUHATHOM BPEMEHU ™ T.€. BIOJb CT-OCH.

Taxum 00pa3om, S-4acTHIbI, HapUMep, (HOTOHBI, BCEraa MepeMeIIaTesi Toabko B 3D
MIPOCTPAHCTBE U TOJBKO CO CKOPOCTBHIO CBETa, T-4aCTHIIBI NIEPEMEIIAOTCS B U3MEPECHUN
“KOOpIWHATHOE BPEMS'"' CO CKOPOCTHIO CBETA, ECIIM HAXOMISITCS B TTIOKOE B a0comoTHOM 3D
npocTpaHcTBe. Eciin mociie MpOCTPaHCTBEHHO HAIPABICHHOI'O WMITyJbca T-dacTuia
JBIOKETCS TAaK)KE B MPOCTPAHCTBE, €€ CKOPOCTh B MU3MEPEHHU 'KOOPJMHATHOE Bpems "
ymeHbInaercs B Jlopenir pakrop, B cooTBeTcTBHU ¢ TeopeMoit [Tudaropa.

3aMeTI/IM, OAHAKO, YTO TO, YTO BBIIIC B 3TOM pPa3ACJIC OTHOCUTCA IMOJHOCTBIO TOJBKO K
(bYHZ[aMeHTaHBHBIM qaCTUulaM. Ecimm JacTula COCTOUT U3 HCKOTOPLBIX (bYHI[aMCHTaJ'IBHBIX
JaCTHL, HCKOTOPLIC IIYHKTHI BBIIIC, HE ABJIAIOTCSA I[eﬁCTBHTeJIBHbIMPI.

OTMmeTuM, Takke, 4YTO JKcTpeMaiabHoe BoznehcTBue Ha FLE MoxeT mnpuBectu K
00pa3oBaHUI0 MHOTHX CPAaBHUTEIBHO CTAOWIBHBIX 3aMKHYTBIX aJITOPHUTMOB, M 3TO
HaOMIoOAaeTCsl DKCICPUMEHTAIBHO -— HAOJIOMAeMBIH 300IMapK YacTHIl COACPKHUT OoJiee
YeM HECKOJIBKO COTEH YacTHI[ — HEKHX XuUMep U3 (QyHIaMCHTaJIbHBIX YaCTHII,
o0Ope3aHHbBIC aITOPUTMBI HEKOTOPBIX YAaCTHII, KaK, MO-BHIUNMOMY MIOOH U Tay-JENTOH —
ATO COKpAaIeHHBIC BEPCHU aTOPUTMA JJICKTPOHA, KaK, BUIUMO, U 2 W 3 TOKOJICHUS
KBapKOB T.I. BOJBIIMHCTBO M3 3TUX aTOPUTMOB UMECIOT KaKHUe-TO AS(PEKTHI, U TAK MOTYT
paspymiatbcsi Ha KaKOM-HHOYZIb TakTe C KaKOH-TO BEPOSITHOCTHIO, TOATOMY OOJIbIIIas
9aCTh YaCTHII B 300 IKCITOHCHITMAILHO PACIIaalOTCs BO BPEMEHHU.

W3 Brlmeyka3aHHOTO cieayomas (QyHIaMeHTalbHAs MpoOJieMa TO-BUAMNMOMY MOXKET
OBITH CYIIECTBEHHO MPOSICHEHA:

3.4.1 Yto Takoe CIIMH YaCTUIELI

"Crua" BBommTcst ad hoc B KM kak "4nWcTo KBaHTOBO-MEXAHHUCCKHH' (QHU3MUCCKHMA
napameTrp 4YacThubl (“KBaHTOBOE 4YHCIO’) C IEJbI0 COTJIaCOBaHHWA TEOPHH C
OKCTIEPUMEHTOM, HO B MOJICTH OH IIOJIy9aeT BIIOJHE "KIACCHYCCKUU' CMBICT - 3TO
JEHCTBUTEILHO HEKOTOPBIH MOMEHT WMIIYJIbCa, KOTOPBHIH ecTh Tpoekmus Ha 3D
npoctpancTBo 4D o0bekTa BbIlIE, H MOITOMY BIIOJHE €CTECTBEHHO CIIMH MOXKET OBITh
N00aBIeH/BBIUTEH K/OT, CKaxeM, "Ooliee KIacCHUYECKOMY' OpOHMTAIbHOMY YTIIOBOMY
MOMEHTY, KOTOPBIi Takxke ad hoc mocTymupoBaH B (PU3HICCKUX TECOPHUSIX.

OpHako, U3-32 MaTeMaTHYECKOrO OTPAHWYCHUS BHINIE, HAOIIOMaeMblii B HEKOTOPBIX T-
gactunax 3D "MomeHT wummynbca" cnmH" OTIMYAeTCS OT 3HAYCHHS ''peashbHOro"
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"MOMEHTa MMITyJIbca", KOTOPOE paBeH /i, ¥ HaOIIOJAeTCs IPH B3aMMOJEUCTBUAX B 3D
MIPOCTPAHCTBE PaBHBIM Eh

[Mosromy dyHnameHTaabHble T-4acTHIBl SABASIOTCS (QepMuoHamu. Jlias  S-gacrtuir
MaTeMaTHYECKOE OTPAHMYCHUE BEHINIEC HE SBISCTCS CYIICCTBEHHBIM, U S-4aCTHIIBI UMEIOT
"peanbHbIiA" CrUH /i (ABIsIOTCS G030HaMM). XOTSA U 371€Ch €CTh OTPAaHWYEHHE, MOMEHT
HMITyJIbCa S-4aCTULl HE MOKET UMETh MPOCKIIUIO Ha CT-0Chb, U TIO9TOMY UMEET TOJIBKO JIBE
[POCTPAHCTBEHHBIX MPOEKIUU 71 .

TO, YTO BBIIIC OTHOCHUTCA TOJBKO K (bYHZ[aMeHTaIIBHBIM OJICMCHTAPHBIM YaCTHULAM, T-
YaCTHULBI, KOTOPBIC SABJIAIOTCSA KOMITO3UIHUAMHA (I)YHI[aMCHTaHI)HBIX qaCTul, MOTYT UMCThb
CIBIC CITMHBI.

U3 onpexnenenusi, 4To ecTh aOCOMOTHO (QyHAaMeHTanbHbI GenomeH "MHepuus' Bblie
ClIeAyeT, 4TO BCE/Kaxkasd, S- U T-, 4acTUIBI MMEIOT HEKOTOPYI0 HMHEPLMIO, U IOATOMY
BCE/KaKIasi 4acTUIbl UMEIOT MHEPIMOHHBIE Macchl. Ho B 3TOM cilydae ecTh, XOTS U HE
OCHOBHOE, OJTHAKO (DU3NYECKU BaXKHOE, paziauuue: T-4yacTUIBl OTIMYAIOTCS OT S-4acTHUI B
TOM, YTO OHM MMEIOT MHEPLIUOHHBIE ‘‘MacChl IIOKOS~, B TO BPeMs KaK S-4acTHILbl BIOJHE
€CTECTBEHHO TaKOI'0 HE UMEIOT.

Ot sTOTO (haKTa ClieayeT CYIIECTBEHHOE MpOSICHEHHE CIeAyIomed (GyHIaMeHTaIbHON
MIPOOJIEMBI:

3.4.2 Umer0T Wiu HeT (PyHIAMEHTAJIbHbIE YACTUIbI '"HEMTPUHO'' HeHYyJIeBble
Macchl MOKOS

W3 DKCTIEPUMEHTANBHBIX JIAHHBIX CJIEAYET, YTO HEHUTPUHO SIBISIFOTCS (PYHIaMEHTATbHBIMU
(hepMHOHAMU, COOTBETCTBEHHO T-4acTUIIAMH, U TIOATOMY UMEIOT HEHYJIEBBIE MAaCChI ITOKOSI
Kpome Toro, HEHTPHUHO, TIOCKOIBKY MX MAacChl MOKOS 3KCTPEMAILHO MAJIbl, B PEabHBIX
9KCTICPUMEHTAX JBHIKYTCS MPAKTHYECKH CO CKOPOCTBIO CBETa, T.e. ¢ Oombimmu JlopeHi
¢akropamu. Ilosromy “mMoment mmmynbca” “flipping TOYKH’, BCIEACTBHE MOBOPOTA B
(X, c7T) mockoctr (TIPH IBMXKCHUHM B0 X-OCH), HANpaBjieH MPAKTHYECKH MOTHOCTHIO

BJIOJIb TIPOCTPAHCTBEHHOTO HAIPABIICHUS JBIIKCHUS, W IMOTOMY HaOmojactcsi Oymaydu
paBHBIMH f1. DTO BBEIEHO B (PM3HMKE KaK TO, YTO HEUTPUHO MMEIOT ‘‘CIMPAIbHOCTD .
JlaHHasi CMpalibHOCTH TTOYTH HABEPHSKA HE OTIMYACTCS, HAIPUMEp, OT CIHUPATLHOCTU
anektpona ¢ Jlopenn ¢akropom, mycth, 100 u Oosee; W, Kak 3TO €CTh B clydae C
JJIEKTPOHOM, 3JIeCh HET MpodjeM, ¢ CUCTeMaMH OTcYeTa —  BCE JIOJDKHO OBITh B
COOTBETCTBHH C MIPHUHITUIIOM OTHOCHUTEILHOCTH.

4 Tpyrue "oObruHbie" yHIaMEHTANbHbBIE TPOOIEMBI
Tenepb MbI MOKEM MPOSICHUTH CJICYIONIYIO OCHOBHYIO (PU3UYECKYIO IPOOIIEMY
4.1. "Yro Takoe npeodpasoBanus Jlopenna'':

Ecam Hexotopelie T-9acTHIBI TIPENCTaBISAIOT cOOOH MTOCTATOYHO KecTkue T-tena (XoTd,
KOHEYHO, HET, KECTKUX Tell, KOTOPhIE COCTOAT M3 S-4acTHII), TO, €CIH TEJO SBIAETCH,
CKQKEM, >KECTKMM CTEpXKHEM, KOTOpPbIH HMeeT [UIMHY L, ¥ HaXoguTcsi B IMOKOE B
abcomoTHOM 3D mpoCTpaHCTBE, CTEPKEHb 3aHUMAET B MIPOCTPAHCTBE COOTBETCTBYIOIHI
MPOCTPAHCTBEHHBIM MHTEpBal paBHbIA L, M BCE TOYKH CTEPKHS JBUXKYTCA B CT-
U3MEPEHUH CO CKOPOCTBIO CBETA; BCE TOYKM TaK UMCIOT HACHTUYHBIC 3HAYCHUS CT-
KOOPJAMHATEHI.
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OnHako, eciH Teno, Moclie BO3JACHCTBHS HEKOTOPOTO MPOCTPAHCTBEHHO HANPABICHHOTO
WUMITyJIbCa - KaK 3TO BCErJa MPOHMCXOJUT B MEXaHHWKE, €CIIMd Mbl HE paccMaTpUBacM
B3aUMOJICHCTBUST B (DU3HKE BBICOKOM HSHEPTUHU, TO, KaK 3TO OBUIO TMOKA3aHO BBIIIE,
CKOPOCTh CTEPKHS B KOOPJMHATHOM BPEMEHH YMEHbIIaeTcs B axtop JlopeHia

Tak kak JBHKEHUE B KOOPIAMHATHOM BPEMEHM €CTb U3MEHEHUE BHYTPEHHEI'O COCTOSIHUS
gacTull (TO, YTO MPOUCXOAUT mpH padore 3amkHyToro FLE anroputma yacTuipl), Koraa
YacTUIa HaXOOUTCs aOCOJIOTHOM IIOKOE, H3MEHEHHE €€ BHYTPEHHEI'O COCTOSIHUS
IIPOMCXOJUT C MAaKCHUMalbHOW CKOPOCTBbIO, HO KOIJla YacTUlda ABHXKETCS TakkKe B
IIPOCTPAHCTBE, ee AINrOPUTM CTAHOBUTCS “paz0aBieHHBIM” “IMyCTBIMH
MPOCTPAHCTBEHHBIMU TaKTaMK , U IOATOMY paboTaeT MeAJICHHEE.

COOTBCTCTBCHHO, TO, YTO CKOPOCTH Z[BI/I)KYH.ICI;’ICH YaCTUlbl YMCHBIIACTCA BAOJIb CT-OCHU
03Ha4YacT, 4YTO BHYTPCHHUC MPOUECCChbI B HAaCTULIC 3aMCIJIAIOTCA B J'IopeHu (baKTOp, 4qTo
Ha6JHOI[aeTC§I OKCIICPUMECHTAJIBHO - ABHXKYIHUECA HecTaOMITbHBIC JaCTHUObI JKUBYT
OOJIbIIE, ABMXKYINHUECA YaCbl TUKAOT MCIJICHHEEC, U T.A.; U, KPOME TOIO,

MOCKOJIbKY IBHXKYIIMECS B MPOCTPAHCTBE YACTHIBI M3MEHSIOT CBOK OpUEHTAaluio B 4D
HOANPOCTPAHCTBE-BPEMEHH, YACTHUIIBI, €CJIM OHU JOCTATOYHO JKECTKO CBA3aHBI B TEIE,
MOBOPAYMBAIOT TEJIO B MOANPOCTPAHCTBE-BPEMEHH B II€JOM. TakuM 00pa3oM, B 3TOM
cllydae CTEpKeHb, €CIIU JBHKETCS BIOJIb OCH X CO CKOPOCTBIO V, BpaIaeTcsi B MIIOCKOCTH
(X, cT)Ha yrom, Koraa MepeaHuii KOHEIl CTEPXKHS CTAHOBUTCS "MOJIOXKE', UeM  3aIHHi

VL

koHel| Ha Voigt-JIopeHna JeKpEeMEHT "OTHOCHTENLHOCTH OJHOBPEMEHHOCTH" ———-,
c

OITSATH K€ B COOTBETCTBHHM ¢ Teopemoii [Tudaropa.

Takum o00Opa3om, TPOEKIUsS CTEPkHS Ha OCH X CTAHOBHUTCS COKpAICHHON B (hakTop
Jlopeniia, xak 3To O6nuT0 TIpemnokeHo FitzGerald eme B konte XIX Beka [28]. Ilpu atom
CTepXKCHb JICHCTBUTEILHO 3aHMMAaeT B TPOCTPAHCTBE IMPOCTPAHCTBEHHBI WHTEpBala
MEHBIIIe, YeM OH 3aHHMaJ, KOrja ObUI B IMOKOE, U BCE JPYTHMe MaTepHUAIBHBIC OOBEKTHI
JEHCTBUTEIHLHO B3aUMOJICUCTBYIOT C "'COKpPAIICHHBIM'' CTEPIKHEM.

OpHako, u3-3a TOrO, YTO HAa CTEPIKHE STAJIOH MPOCTPAHCTBEHHOTO WHTEPBAJIA TaKKe
“cokparmaercs’, U3MepeHHas HaOJIroaTeIeM Ha CTepyKHE IJTHHA CTCPIKHS paBHA CHOBA L.

Ot ITYHKTBI BBIIIC, 06’L6Z[I/IH$IIOTC$I B npeo6pasoBaHI/mx HopeHua, KOTOPBIC OKA3bIBAIOTCA
BIIOJIHE €CTCCTBCHHO aACKBATHLI PCAJIbHOCTH, O/JTHAKO, IIPCIKAC BCCTO, KaK:

- Hp€06p8.30BaHI/I$I HopeHua SABJIAIOTCA YPAaBHCHUAMHU ABUKCHHA TOJIBKO TOUYCK
NepeMCIIaoIuXCa B a0CONIOTHOM IMPOCTPAHCTBE KECTKUX TCJI B a0CONIOTHOM CHUCTEME
OTCUCTAa C MCIIOJIB30BAHUEM AaHHBIX O KOOpAWHATaX 3TUX TOYEK, KOTOPLIC U3MECPAIOTCA B
HHCpHHOHHOﬁ CUCTEMC OTCUYCTA, B KOTOpOﬁ TCJIa HAXOOATCA B IIOKOC

Bmpouem, kak 3TO OTHOCHTCS W K JIOOBIM JPYTHUM IPEOOpPa3OBaHUSM MEXKIY
(bM3HYECKUMH CHCTEMaMU OTCUeTa, BKIIIo4as nmpeoodpa3oBanus | anmmes.

B mpeobpaszoBanusix OykBel "x"” U "ct" HUKOMM 00pa3oM HE OTHOCSTCSI KO BCEM TOYKaM BO
BCEM TIPOCTPAHCTBE-BpeMeHN Marepuu, Kak 3TO moctynmpoBaHo B Minkowski Bepcuu
CTO [29], 1 k TOYKaM HEKOTOPHIX "TTOKAJTHLHOTO TPOCTPAHCTBA" M "JTOKAIBHOTO BpeMeH! "
B Teopuu Jlopenua-Ilyankape. [30] - [32]; kpome TeX, KOHEUHO, TOYEK MOANPOCTPAHCTBA-
BpPEMEHH, KOTOPBIE 3aHUMAIOT TOYKH TeJla B KOHKPETHBI MOMEHT BPEMEHH.

He cymectByeT, KOHEUHO, HEKHMX "COKPAILEHHS POCTPAHCTBA”, "3aMeJIEHUS] BpeMEHU" U

MPOYMX "PEIATUBUCTCKUX CBOMCTB ITPOCTPAHCTBA, BPEMEHH, U TIPOCTPAHCTBA-BPEMEHU ", U
COOTBETCTBYIOIIHUX "PEIIATUBUCTCKUX 3P PEKTOB” .
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OTMCTI/IM, OJHAKO, €11€ HECKOJIBKO JOIMOJTHUTCIbHBIX MOMCHTOB B 5TOM CJIy4dac:

- TpeXJe BCEro, W3-3a MOIIHOTO TPUHIMUNA OTHOcUTenbHocTH [ammnes-Ilyankape,
KOTOPBIN CYIIECTBYET WM JIEHCTBYET H3-3a (YHIAMCHTAIbHO OWHAPHOW pPEBEPCHUBHOU
JIOTHYECKOH OCHOBBI Marepun, mpeodpaszoBanus JlopeHma (GOpMUPYIOT TPYIIy Tak,
9TOOBI OHW CHMMETPUIHO TIPUMEHUMBI MEXIY " DWHIITCHHOBCKUMHU'' CHCTEMaMH OTCUECTA,
T. €. KOTOpble DHHINTEHH KCIOJIB30BaJ, COBEPIICHHO KOPPEKTHO, CM. BHINIE, B IEPBOM
Bepcun CTO B cratbe 1905 roma

“... Teopus, paspabarbiBacTcs 0a3UpysCh, KaK BCS DJICKTPOJAMHAMUKA, HA KHHCMATHKE JKECTKOTO
Tesla, TaK KaK YTBEP)KICHUS OO0 TakodW TEOPHM JOJDKHBI JIeJaTh C OTHOLICHUSMH MEXKIY
)KECTKUMH TeJIaMHU (CHCTEMbI KOOP/HHAT), YaCaMH U 3JIEKTPOMATHUTHBIMHU MPOLIECCAMH... "

- XOTS TOCJe TOCTYyIUpoBaHUS MUHKOBCKUM  WIITIO30PHOM  TIPUMEHUMOCTH
npeoOpa3oBaHuii KO BCEM TOYKaM MPOCTPAHCTBE-BpeMEHH OHHIUTEHH Oonee He
noamepkuBan yrBepxkacHus 1905 roma o KECTKHX TelaxX W CHUCTeMaX KOOpAWHAT B
cucTeMax OTcueTa, M cyuiectBymomas crannaptHas Bepcusi CTO ceromus sBusiercs
Bepcus Minkowski.

[IpeobpazoBanus JlopeHiia GOpMUPYIOT IPYIIITY OTHOCUTEIBHO CKOpOCTel B EBKINI0BOM
MPOCTPAHCTBE-BPEMEHH, WM TaKuM 0O0pa3oM, WCIOIb30BAHUE KaKIOW JBMKYIIEHCS
CHUCTEMBI OTCUeTa JCWCTBUTENBHO IIO3BOJIIET JIOCTATOYHO aJEKBaTHO OMHUCATh U
aHAJIM3UPOBATh OOBEKTHI, COOBITUS U TIPOIIECCHI B (PU3NYECKUX CUCTEMAX,

- HECMOTpsS Ha TO, YTO M3MEPCHHBIC MapaMEeTPbl MaTCPUAIBHBIX OOBEKTOB M CHCTEM B
JIAHHOM cIly4dae He peajibHbl — OOBEKTHl U CUCTEMBI HMEIOT PEaNbHBIC MapaMeTphl TOIBKO
B a0COJIIOTHBIX cUcTeMax orcuera. [Ipu 5TOM Bce Takue CHCTEMbI OTCUYETa JCHCTBUTEILHO
SKBHUBAJICHTHBI U JISTUTUMHBI B OOJBIIMHCTBE MPAKTHUYSCKUX CIIyYaeB, IMOCKOIBKY BCE
MOTYT OBITh TIpeoOpa3oBaHbl (are traceable) BIUIOTH A0 aOCONIOTHBIX CHCTEM OTCYETA,
(mompobGuee cwm. [14]).

OpHAaKO 3TO HE COBCEM BEPHO JUIs JIF000H (pU3nUecKol cucTeMbl. Eciu kakas-To cucreMa
COCTOUT U3 CBOOOIHBIX 0OBEKTOB, B ATOM CiIydae IpeodpazoBanus JlopeHiia He paboTaroT
MOJIHOCTBIO - KaK, HallpuMep, 3TO MpaBmIIbHO oOHapyxuBaercs B CTO mapanokce bema
[33], ¥ ¢ MOMOIIBIO TAKUX CHUCTEM MOXKHO HaOIromaTh aOcomaroTHOe aBrkeHue, B [10] ,
[11] npennaratotcst ABa METO/A.

W, xpome TOro, uto eme BaxkHee, pealbHas HeaJekBaTHOCTh mnocTtynaroB CTO
pEaNTbHOCTH CTAaHOBHUTCS TPENATCTBHEM B (Qu3nke, Korma ¢usuka obOpamaercs K
(yHIaMEHTaJIbHBIM NIPOOJEMaM, TO €CTh BHE YTWJINTApHBIX IPUMEHEHUN B pa3paboTKax
KOHKPETHBIX (PM3MYECKHX 3aJa4 ¥ TEXHOJOTUH. Tak 4To JIelCTBUTEIBHO HOBas (u3MKa
BO3MOKHa B OCHOBHOM IipH HapymeHuu CTO.

[Mapa mpumMepoB, kKorja ACHCTBUTEIBHO (PYHIAMEHTAIBHBIC HOBBIC PE3yJIbTAThl B (PH3HKE
OKa3aJIMCh BO3MOXXHBIMH TOJBKO Kak HekoTopble HapylieHus CTO SBISIOTCS OTKPBITHE
agTryacTui, ¥ "Feynman—Stueckelberg matepnperammsa” B KO/ [34], [35], B xoTopoit
MOCTYJIMPYETCS, YTO aHTHYACTHIIBI IBHXKYTCS Ha3aJl BO BPEMEHHU; TJIC

- mpenckazanue Dirac anaTwdactuil [34] OCHOBaHO Ha TMPEATIONOKEHHUU, YTO €CTh
HEKOTOPBIE TOYKH B '"MOpE OTPHUIATCIBHOW SHEpPrHH’, TOrJa Kak 'OTpHUIATEIHHON
sHeprun" He cymectByeT B CTO (BnpoueMm, "OTpHLATENBHOM HEPTUU" HE CYIIECTBYET
BOOOIIIE),

- ¥ IBWKEHUE YaCTHI] Ha3al BO BpeMeHH Takxke He cymecTByeT B CTO.

Opnnako 00e 3TH (yHIaMEHTaIbHbIC HAXOAKHU B (DU3UKE OCTAIOTCS HEOOBSICHUMBIMH, TaK
YTO COOTBETCTBYIOIIHE JCHCTBUTEIBHO (PyHIAMEHTAIBLHBIE (PU3MUECKIE TPOOIEMBI TAKKE
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OCTAalOTCS; HECMOTpsl Ha TO, YTO TpeAcKa3aHHble Dirac aHTHYacTHIBI XOPOIIO
Habmoatorcst ckopo yxe 100 mer, m "Feynman—Stueckelberg muTepmperanus” 10 cux
Mop ocTaercs B (U3MKE KaK HEKOTOPBIH CTPAHHBIM MAaTEMaTHYECKUH TPIOK, KOTOPBIH,
OJTHAKO, SIBIISICTCS OYCHB A(PPEKTUBHBIM MTPH MIPUMEHEHUH 04eHb Y dexTuBHOoM KD/I.

O06¢ nocneaawe MPOOIEMBI CYIIECTBEHHO MTPOSICHEHBI B MH()OPMAITHOHHON MOICITH:
4.2 YTto Takoe aHTHYACTHIbI?

OtMmeTuM, eme pas, OJHAKO, YTO OTBET Ha H3TOT BOMPOC BO3MOXKEH TOJIBKO MpHU
paccMOTpeHuu 3Toi mpobsieMbl B abcomotHoM [5]4D  EBkammoBo mpocTpaHCTBe-
BPEMEHHM, T/I€ YaCTHUIBl BCErjla TMOCTOSHHO NIBWXKYTCs ¢ 4D ckopoctamu cBera B 4D

MOANIPOCTPAaHCTBE ¢ MeTpukoil (cr,X,Y,Z), umes 4D umnymnbcel P= (Pers Pxs> Pys Pz) s

4
D — 2 2 2
P=mc (u sneprun E = Pc=mc"), P~ = Zp i3 ¥, O/IHOBPEMEHHO B Mapajuiens, B 1D
J=1

—
—

CI-MU3MEPEHUH CO CKOPOCTHIO CBETA M UMITYJIbcoM P =mc .

B MOZCJIN B MTOJHOM COOTBCTCTBUU C CYHICCTBYHOIIUMU SKCIICPUMCHTAJIbHBIMU JaHHBIMU
npeanoIaracTCsa — M NOCTYJIHPYCTCA — YTO AHTUYACTUIIbI, KAK W YaCTULIbl  ABJIAIOTCA
HCKUMHU 3aMKHYTBIMU aJIr'OPUTMaMH, HO KOTOPBLIC BBIITOJIHAIOTCA B 06paTHOM MOPAAKE
KOMaH, nMeEs, COOTBCTCTBCHHO, JJIs T-‘laCTI/ILI/T—aHTI/I‘laCTI/ILI IMPOTHUBOIIOJIOKHBIC

UMITYJIbChI B CT-U3MEPEHUM, P, (4acTulbl) =—p . (QaHTUYACTHILIBL).

B mpoTHBOIIOIOKHOCTD, B MPOCTPaHCTBE MUHKOBCKOTO M3MEpEHUE/TIepeMeHHast “t” ecTh
HEKUI MHKC WCTHHHOTO BPEMCHH, f, W KOOPIWHATHOTO BPEMEHH 7, TaK, 4To “‘4-

~ E
umitynbesl” B CTO BBITTIALAT HECKONBKO cTpanHo, P, =(—, py, py, P,), T.e. Hynepasd
c

KOMITOHEHTa 4-MMITYJIbCa YaCcTUIIBI (DAKTUYECKHU €CTh TOIHBIN 4D UMIynbc — u UMITYJIbC
B UICTUHHOM BPEMEHH, TOT/la KaK pealbHO KOOPAUHATHAS MIepeMeHHas “f’ B MPOCTPAHCTBE
MUHKOBCKOTO HMEET TaKXe CBOWCTBa KOOPAWMHATHOTO BPEMEHH, T.K. OHA €CTh
“coOCTBEHHOE BpeMsS~ CHCTEMBI OTCYETa, KOTJAa OHa JBIDKETCI B KaKOH-JIMOO
“cTalMOHAPHOM cucTeMe OTcueTa’, W, TakkKe, 3TO “BpeMs, KOTOPOE CUMUTHIBAIOT Yachl’,
KOTOpBIE OOBIYHO €CTh Hekwe T-Tema, M peanbHO IMOKA3hIBAIOT, KaK OHU ABWKYTCS B
KOOPIMHATHOM BPEMCHH.

XOTH, KOHEYHO B JKECTKOH CHCTEME OTCUeTa Ha6J’IIOZ[aTB ABHUIXCHUEC B UICTUHHOM BpCMCHU
HCBO3MOXHO

Tak u B mpocTpaHcTBe MHUHKOBCKOTO — KaK 3TO €CTh (DYHIaMEHTAJIILHO U B MUCTUHHOM
BPEMCHHU - HET NBIKEHHS Hazaa Bo BpeMmeHH. CooTBeTcTBeHHO B CTO aHTHUYACTHITBI HE
CYIIECTBYIOT.

Kpome Toro, xorma Jlupak pazpadateiBan B pamkax CTO KM ypaBHeHue st OBICTpOi
YaCTHIBl — ODJEKTPOHA, OH JeJal 3T0 KaKk MOAMPHKALUIO  yXKE CYIIECTBYIOIIETO
HEPEISATUBUCTCKOTO HeCTallmoHapHoro ypasuenus IlIpeaunrepa

% - N
ihEl/l(r,I)ZHl//(r,t), rae | 9To BONHOBas (QyHKIMsA dactunpl, H = ﬁ
=

orepaTrop T aMUWJIbTOHHWAaHa, KOTOpBIﬁ COOTBCTCTBYCT FaMI/IJ'H:TOHI/IaHy B KJIACCHYECKOM

3 2
b f):—ih&— , j=1,2,3 , a10 omepaTopbl uMmmnyibca B 3D
X

Mmexanuke H = ;

b
i 2m j
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MIPOCTPAHCTBE; HO HCTOIB3YSd BMECTO KJIACCHYECKOTO | aMHIbTOHMaHA PETSITUBUCTCKUN

3
[ 2 2 2 2 2
Tamunberonnan H = ¢4/ p~+m’c” , rae p ectb Moayab 3D ummynbca, p~ = Zp I
j=1
m — Macca IMOKOsl YaCTHLIbI, ¢ — CKOPOCTb CBETA.

B nannom 'amunbronmane 3D uMIysIbChl HaXOJATCS TIOJ 3HAKOM pajyKala, ¥ TOTOMY
OKa3bIBAIOTCSI HEBO3MOXHBIM TIOIYYHTh JIMHEHHOE ypaBHEHHUE IS BOJHOBOH (DyHKITMU
HEMOCPEJICTBEHHO TPUMEHSST ONepaTophl HMITYNIbca, Kak 3TO JAeTaeTcs B YpPaBHEHUHU
lIpenunrepa, omHako [lupak pemmn AaHHYHO NpoOJIeMy U3SIIHBIM HECTaHIApTHBIM
MyTeM, B KOTOPOM, K TOMY ke, popmainusM [laynu ist yueTa CriHA YacTHIbI BBOJUTCS
€CTECTBEHHBIM 00pa3oM, BOJHOBAsl (PYHKIHS OKa3bIBAeTCS 4-KOMIIOHEHHBIM BEKTOPOM,
KOTOPBI OMUCBHIBAET KOMIUIEKCHOE COCTOSIHUE  YacTHIbl — 4YTO BBITJISIIUT Kak

JeHCTBUTEIBHO aJCKBATHO PEalbHOCTH, TakuM 00pa3oM B ypaBHeHHH ‘I aMHIbTOHHAH
3

A 5 .

Hupaka” ects H =mc o, + cZO( ;P> Te YaCTHBIC ONEPATOPbI UMITYJIbCA T€ XKE YTO
j=1

ypauenun Illpenunrepa, ¢, U ; 5TO 4eThipe 4X4 MATPUIBI, KOTOPBIC OMPEICIIIOT

YeThIpeX KOMIOHEHTHYI0O — B TIPOTHBOIOJOXHOCTH I/ -QyHKIIMM B YpaBHEHUH
[Ipeaunrepa, V¥ -byHKIMIO. YpaBHEHHE HAXOAWUTCS B TIOJHOM COOTBETCTBHUH

N 2
dbopmammmzmom  CTO, Biimowas ciydail, ecid B lamunpToHnMane mc~ uUMeeT
OTpHIIATENIFHOE 3HAYEHHUE — YTO (hOPMAIHLHO BO3MOXKHO, TMIOCKOJIBKY, Kak Jlupak roBopwui,
HaIrpuMep B IOKIaae Ha mepBoi koHpepennu “Atomuoe sapo” B CCCP [34]

“. ....B Mexanumke HrploToHa KHHETHYECKas OHEPrud BCErAa IMOJIOKUTCIIbHAS. Ho B TCOpUU
Diinmreitna W onipenersiercst 6ojiee CIIOKHBIM YPaBHEHUECM ,a IMEHHO

W2=m204+p202,

W =+Jm’c* + p’c’

B xmaccmueckoit Teopun U3 000MX 3HAKOB MEpel] 3HAKOM paJuKaia BEIONpaeTcs BCeraa +, MpuaeM
9TO AETAETCS IS TOTO YTOOBI HOJXYYHUTH COTIIACHE TEOPUH C OTIBITOM.
DTO HE CO3JaeT HUKAKUX TPYTHOCTEH, MOTOMY 4YTO M3 Hammx (HOpMya BUAHO, UYTO W MOXKET

OTKyza

2 2
OBITH TOJBKO OOJIBIIE YEM + /71C” WM MEHBIIE YeM -/1C~ . DTO 03HAYaeT YTO COCTOSIHHUSA C
MOJIOKUTEIILHOM KUHETUYECKOM DJHepruel OTHeNeHbl OT COCTOSIHMM C OTpUIATeNlbHOM

KHHETHUYECKON IHEPTUei MPOMEKYTKOM 2mc’ (ot +mc’ pil) —mc’ ), a Tak KaK B KJIJACCUYECKOM
TEOPUH BCE JUHAMHYECKHE INEPEMEHHBIE HENPEPhIBHBL, TO YacTHIA, KOTOpas BHAYale HMeIa
MOJIO>KUTETbHYI0 KUHETHYECKYI0 SHEPTHI0, HUKAKHM CIIOCOOOM HE MOJKET MEPETH B COCTOSIHUE C
oTpHIaTeNbHON SHepruei. He Tak oOCTOMT 1ei0 B KBAHTOBOH TEOpHH: BOJIHOBOE YpaBHECHHC
o0yasaeT TEM CBOWCTBOM, YTO CYIIECTBOBAHHE KaKOH-ITHOO BO3MYIIAIOIICH CHIIBI 0053aTeIbHO
CO3/aCT ATl YaCTHLBI BEPOSITHOCTh MEPEX0/a U3 MEePBOHAYATBHOIO COCTOSHUS C MOJIOKUTENbHON
KMHETHUYECKOH HHEprueil B COCTOSHUE C OTPULATEIbHON KHHETUYECKON OSHEeprueil; moisromy
KBAHTOBOI TEOPHM YK€ HEJb3s MPOCTO HMIHOPUPOBATH BO3MOYKHOCTH OTPHLIATEILHON
KMHETHYECKON SHEPIUH, KaK 5TO JICIAeTCsl B KJIACCHYECKOii TeopuH. ..

OxonuatenbHO ypaBHeHHE Jnpaka

i Ay (x,1)

3
£y = (aymc’ + cZan pIV(X,1);

n=1

- e 00OCHOBAaHHE BBINIC BBOAWTCS KaK ‘‘TCOPHUS IBIPOK~, B KOTOPOW BaKyyM HUMEET
MHOT0O-4YaCTUYHOE KBAaHTOBOE COCTOSHHE, B KOTOPOM BCE COCTOSIHHS JJIEKTPOHA
OTPUIIATEIHLHBIMU JHEPTUSMU 3aHATHL. JTO OMKMCAHUE BaKyyMa Kak "MOps' BIIEKTPOHOB C
OTpHUIIATEILHBIMY DHEPTUSAMH HasbIiBaeTcs ‘“‘Mope Jupaka’.
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JlaHHBIA  TOAXOJ  BBIVISIAMT BECbMa  CIOPHBIM, T.K. peaJlbHO “‘COCTOSHHUS C
OTPUIIATEIHLHBIMU SHEPTUAMU JIJISI CBOOOIHBIX YACTHI[ HE CYIIECTBYIOT.

Onnako ecnu 061 J[mpak paccMaTpuBall JaHHYIO MPoOJIeMy Kak ‘“‘IpoOiieMy HMITYILCOB”,
OH MOT OBl pACCMOTPETh YPaBHEHUE JJIsl IMITYJIhCA

LA

1/2
2 p)

- rJe 3HaK “+” JuIg BEKTOpa MMILyJIbCa 171,C HECOMHEHHO JICTUTUMEH — B OTJIMYME OT

m,¢ ==(

ckanspa SHeprud W, | Tak THIOTe3a O CYIICCTBOBAaHUH YAaCTHII, KOTOPBIE IBUKYTCS C
OTPHUIIATEILHONW CKOPOCTHIO CBETA, M TAKUM OOpa3oM — TPOTHBOIOJIOKHO 3JICKTPOHY,
Obl1a OB MEHEE CTIOPHOM.

U peanbHO ypaBHeHue JMpaka MpakTHUECKH €CTh YpaBHEHHE Ul MMITyJbca, eciid obe
YaCcTH ypaBHEHHUs pa3JesIuTh Ha ¢

L dy(xt) 2
ih —&(ct) = (aymc+ ;an pIV(x,1)

- OIIHAKO 3TO OBLIO OBl CHOBa HEBO3MOXKHO B pamkax CTO, rme Takwme UMITYyJIbCHl HE
CYIIECTBYIOT.

PeanpHO — cM BbIme — T-4acTHITBI SIEKTPOHBI M TIO3UTPOHBI CO3AAIOTCS MTPOTHBOTIONIOKHO
HaIpaBIE€HHBIMHU B CT-OCH UMIYJIbCAMH YTO PEIIaeT, KpOMe MPOUero, mpooiemy

4.2.1 Yrto takoe “Feynman-Stueckelberg nnrepnperauus” B K3/ [35], [36], rae
MOCTYJUPYETCH, YTO AHTUYACTUILIBI MePEeMeIATCH Ha3al BO BpEMEHHU

JIBrKeHUE C OTPULATENBHOM CKOPOCTBIO B €7 -U3MEPEHUU NPAKTUUYECKU HaBEPHSIKA
MIPOUCXOAUT B MATEPUHU, €CIIU, KaK 3TO, TOBTOPUM, BIOJHE PALIMOHAIBHO MPEINOIO0KEHO
Y TMOCTYJIMPOBAHO B WH(GOPMAITMOHHOM MOJICIIHA, aHTUYACTHUIBI UMCIOT TE KE aJITOPUTMBI,
YTO W COOTBETCTBYIOIINE YACTHIIBI, HO UX JITOPUTMBI BBITIOJTHSIIOTCS B 0OPATHOM TTOPSIIKE
KOMaH/I, ¥ TaK B JICHCTBUTEILHOCTH

- QHTUYACTHIIBI JEHCTBUTEIHHO JIBUKYTCS Ha3all, OJIHAKO HE B UCTHHHOM BPEMEHH, HO B
KOOPJIMHATHOM BPEMEHH, KOTOPOE €CTh MMEHHO “BpeMs, YTO IOKa3bIBAIOT Yachl’, W
KOTOPOE JCUCTBUTEIILHO M3MEPSIETCS KaK dKCIIEpUMEHTalIbHAs 0a3a (PU3NYECKUX TEOPUH.
Jlpyroe neno, 4ro CYHIECTBYIOIIME 4Yachl W3TOTABIMBAIOTCS M3 YACTHUI, U TMOITOMY
pealibHbIC TOJIOKEHUST W JIBUKCHUE AaHTHYACTUI] Ha CT -OCH JKCIIEPHMEHTAIbHO HE
noaaaroTcs HaOroeHnto. Eciin ObI MOKHO OBUTO CHIENaTh 4achl U3 aHTUYACTHII, TO 3TO
OBLITO OBI BO3MOYKHO — KaK HAaOJIIOJCHUE, UTO Ha TAKKX YacaxX CTPEJIKa BpaImaeTcsi 00paTHO
BPAIIICHUIO CTPEIKHU UX OJM3HEIIOB, CIICITAHHBIX U3 YaCTHII.

3aMeTHUM, OJHAKO, TAK)KE - KOOPAMHATHOE BPEMsI HE €CTh BPEeMsl, U TaK, HalpUMep, CCIIn
Opl Obuia Tapa OJM3HEIOB, OXWH COCTOSUI OBl W3 '"BemiecTBa', a JpPyrol w3
"aHTHUBEIECTBA , MX YaChl MOKa3bIBaJIM Obl TPOTUBOIOJIOKHBIC 3HAKH MX BO3PAcTOB, HO
00a OnmM3HeNa BBITIIAACTH OBl MIPAKTUICCKH OJMHAKOBO — KaK OOBIYHBIC OJM3HEITHI, TaK
KaK OMOJIOTMYECKM OHHM OBl POCIIM NMPHUHIMIIHAILHO B MCTHHHOM BpeMeHH. He coBcem,
BIIPOYEM, JBUTAACh B MPOCTPAHCTBE, 00a OyiM3Hena OyayT pacTd — B KOOPAWHATHOM
BPEMCHH - OMOJIOTHYECKH MEJJICHHEE, YeM OJIM3HEIIBI B a0COTIOTHOM TIOKOE.

4.3. "Yr1o ecTh pyHAaMeHTANBbHBbIE cCUJIbI [Ipupoabl"
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- 9TO OfHA W3 BAXHEHIINX M CIOXKHBIX “HEABHBIX (YHIAMEHTAIBHBIX (DU3MUECKUX
npodieM, U MOATOMY OHA COICPKHT Psill APYrHX (yHIAMEHTAJIbHBIX MPOOJEM, B TOM
YHCcle, CKaKEM, - UTO TaKOe Kaxk/1as U3 3TUX CHUII?

B undopmarnmonHoii Moxenau [7] dbyHmameHtanbHble cuibl [Ipupoasr (manee “Cuibl”)
SIBIISTIOTCSI HEKAUMH JIOTHYECKHMHU METKaMHU, KOTOPBIE MOTYT OBITh — U TaK €CTh B MaTepun
— npucBoensl rooomy FLE, Tak uto ecnu takoit FLE sBisieTcs “mormdeckuM BEHTHIIEM'
B mnocienoBarenbHocTd FLES anropuTma HEKOTOpPOM 4YacTHIbl, TO MPU TMOCTOSHHOU
HUKINYecKoil pabore anropurma, korna takoil “meueHssiii” FLE flips, o310 He ToibKO
BbI3bIBaeT (hunmnuHr cocequux 3¢up FLEs u3 pazaena 3.4 Bolie, HO, KpOME TOTO,

- otn 3¢upnble FLE-bI Taxoke OynyT elle 1 HoMeueHbl COOTBETCTBYOMEeH Critoil.

Takoit ¢uunnuar pacrnpocrpansercss — kak meauatop Cunbl — B FLE-3¢dupe, u korma
TaKOH MEIMATOpP BCTPETHT KAaKyIO-TO Apyryro ydactuily ¢ (uunaromum FLE ¢ takoit e
MeTkoi Cuibl, MeauaTop MepeAacT HEKOTOPBIM HMIYJILC STOM uvacThie. DTa cXema,
CKOpee BCEro, CIHIIKOM IPOCTa; Hampumep, B (U3UKE sipa CHIBLHOE B3anMOJICHCTBHE
MIPOSIBISICTCS, BO3MOKHO, M 3TO MPHUATO B OPUIIHATHLHOW (PU3MKE, KaKk OOMEH YacTHIIAMHU
(Me30HaMH), OJHAKO 93TO HE MPUHUUIHUAIBHO, M CXEMa BBITJISIUT KaK JOBOJIBHO
3¢ PeKTHBHO MPUMEHUMOM 1o KpaiiHeil Mepe mist Cun ['paBuranust u EM.

3t0 nposicHseT (yHIaMEHTAJIbHbIE TPOOIEMBI
4.3.1 "Yto Takoe 3apsaa Cuibl yacTUlbI"

- 3apsa HekoTopbix CHil, ecTh, MPEXKJIe BCEro, HA0Op — 4YacTh — MOMEYCHHBIX JTaHHOU
Cunoit FLEs B anroputMe gactuiisl. OIHAKO 3TO HE SBISETCS MOTHBIM, CHITa CHITBI TaKKe
3aBHCHT OT TOTO, C KAKOW YaCTOTOW 3TOT ajrOPUTM padOTaeT.

B uHbopManMoHHOW MOJCIH celdyac PacCMOTPEHBI, W ISl HUX ObUIM pa3paOOTaHbI
HEKOTOpBIE TIEPBUYHBIC MOJIETH, TONbKO 2 Cuiel - ['paButarus u EM, [3], [7], [12], Toe
JIBE CIIEAyIOUMe (QyHIaMEHTAIbHBIC MPOOJIEMbI, BECbMa BO3MOXHO, CYIIECTBCHHO
MIPOSICHEHBIL:

4.3.2 "Yro Takoe 'paBuranusn?"”

N3 cymecTByOmMUX SKCIEPUMEHTAIBHBIX JAaHHBIX CJEAYeT MOBOJHHO pPAIMOHAIHHOE
MIPEATIONOKEeHNEe, YTO | paBUTAIMOHHBIA 3apsia, MO KpaitHeH Mepe, MpH aOCOIIOTHOM
MOKOE, CO3JaH B YACTHUIIC U JCHUCTBYET B TPEXMEPHOM IPOCTPAHCTBE, B COOTBETCTBUU C
TpeMsl YCIOBUSMU:

(i) - yacToTa C KOTOPOM aIrOpUTMOM YacTHI[ pabdOTaeT €CJIM YacTHIA HaXOJUTCS B
2 2
abcomoTHOM mokoe (B cratuke), @=E/h= myc”/h, [ana doronosmc™ /h ], rae

1M, 3TO MHEPLHOHHAs Macca IOKOs, ¢ — CKOPOCThb CBETa, /i dleMeHTapHOe (PH3UUECKOe

nericteue Ilnanka u

(i) - B nMH(OPMAIMOHHOM MOJEIH aJrOPUTM KaKIbIH YaCTUI[ MMEET TOJBKO OJIUH
(uKCUpoBaHHBIN I'paBUTALMOHHO nomedeHHbId FLE; cOOTBETCTBEHHO IpaBUTAMOHHBIN
3apsj 4aCTHUIIBI IPOIIOPLMOHAJIEH TOH K€ YacTOTe aJITOPUTMA (0, KaK MHEPIIMOHHAs Macca
BBIILIE.

(iil)) Ha kaxxgoMm IMKiIe nomeueHHbI FLE wyacTuibl, MHUIUUPYET B TPEXMEPHOM

MIPOCTPAHCTBE paAWalibHOE pacrpocTpanenne 2D Kkoer - "IMUpKyIIpHBIX TPABUTOHOB' -
¢aunoB FLE sdupa, kotopble MOryT IepeaaBaTh, NpH IomnagaHuu B (uumnaromuid G-
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nomeuennblii FLE apyroif 4acTuipl, 5TOH yacTHie MMIyJbe p=—2L  r ecTh pammyc-
¥

BCKTOp OT I/IBJIy‘laIOH_IGf/’I K HOJ'Iy‘lI/IBIHeﬁ UMITYJIBC YaCTHULIC.

Tak kak ¢uunel G-nomeueHHbix FLEs B 00eux yacTuiiax MPOUCXOIAUT HE3aBHCHUMO, U
YaCTHUIbl B MPOCTPAHCTBE MPU T'PABUTALMOHHBIX B3aUMOJCUCTBUSIX MPAKTUYECKU HE
OpUCHTUPOBAHbl KOHKPETHO, OJJIEMCHTAPHBIC B3aUMOJCUCTBUS  BBIIIC  SIBISIOTCS
CIy9alHRIMHA. JTO HE Ba)XHO B Marepuy Ha Makpomaciitade, OJHAKO IO3BOJISET, MPHU
B3aWMOJICHCTBUM JIETKUX YACTHIl, TPEXKIE BCEro (QOTOHOB, HAOIIONATh KBaHTOBBIH
xapaxtep ['paButanum [3], [8].

[Tapa DOTOTHUTENBHBIX BaXHBIX 3aMeTOK: (i) — TIPeXIEe BCEro M3 CYIIECTBYIOIIHX
SKCICPUMEHTAIBHBIX JAHHBIX CIEAYEeT, YTO BCE YaCTHUIl HMEIOT TpaBUTAIMOHHBIC
3apszpl, U (i) - 9YTO METKa TPaBUTAIUU TTOJTHOCTHIO CUMMETPUYHA MPH pabOTe YaCTHIl U
aNTOPUTMOB AaHTHYACTHII, ¥ IO3TOMY BCE B MATEPHH MTPUTATHBAET BCE.

Kpowme toro, u3 nyHkra Beiie cootBercTByromas 300 netr GpynaameHnTanbHas Gusnueckas
npobiemMa

4.3.3 “IloyeMy NPUHIUNHAIBHO Pa3Hble HHEPUMOHHAS M I'PABUTAIMOHHASA
Macchl IKBMBAJICHTHBI, 110 KpaiiHeli Mepe, B cTaTHKe”

- CTAQHOBHUTCS pa3pelICHHON: 00e Macchl SKBUBAJICHTHHI B BHIY TOr0 4Yro 00€
MPOTIOPIHOHANBHBI OJTHOW U TOU e YacTOTE, C KOTOPOH aJrOPUTMbI YACTHIL IUKINICCKU
paboTaroT.

Canenytoniast pyHIaMeHTalIbHas po0IemMa —
4.3.4 "Yto Takoe JjiekTpuuyeckas cujaa?"

OkcnepuMeHTanbHO 00e CHIlbl TIOJIOOHBI - 3aKOH TArOTeHUss HproTOHA 1momo0eH 3aKoHy
Kyrnona, oT yero cieayer J0BOJIBHO pallMOHAIbHOE IPEANOIOKEHUE B HHPOPMAIIMOHHOK
MOJICJIM, 4YTO ODJICKTPUUCCKUN 3apsi (HOPMUPYETCS Kak TI'paBUTALIMOHHBIN  3apsi,
OTHOCHTEIbHO YycioBui (i) — (iii) B Pazn.. 4.4.3 Beime. OqHako B 3TOM ciiydae HaOop
"snekTpudecku moMedeHHbIX" FLES wacTuipl OobImii, U, KpOME TOTO, TOTJa KaK YHCIIO
rpaBUTAIIMOHHO OTMeUeHHBIX FLEs (Tonpko onmH) (DUKCHPOBAHO BO BCEX aITOPHTMAX
YaCTHI], B Clly4ae DJIEKTPUYECKOM CHIIBI DJICKTPUUYCCKUN 3apsll aKTyalIu3UPyeTcs Kak
pabota oTHOCUTENILHON — U cyliecTBeHHOH — yacTu E-momeuennsix FLEs B anropurMax
JaCTHII.

1/2 N
B Mozenu 9Ta oTHOCHTENIbHAS YacTh paBHA (X ~, O €CTh TIOCTOSHHASI TOHKOH CTPUKTYPBHI.

Takum o6pa30M, HUMCIOIINE pa3JINYHbIC MHEPIUATIBHBIC MaCChl YaCTUIbI UMECIOT, TEM HE
MCHEC, UACHTUYHBIC JICKTPUYICCKUC 3apsdbl.

Jpyroe TpUHIUNHAIBHOE OTIHYHEC OJIEKTpUUECKOH Cwibl B ToM E-meTka He
CUMMETPUYHA, M [O3TOMY CYIIECTBYIOT 2 THUIA DOJICKTPUUYECCKUX 3apsSIoB -
MOJIOKUTEIBHOM W OTPUIATENbHBINA, YTO  aKTyaJdu3yeTcs, HalmpuMmep  Ipu
MIPOTUBOIIOIOKHOM pab0OTe aIrOPUTMOB 3JIEKTPOHA U TIO3UTPOHA,

- U MIO3TOMY MEpeaHHbIC MPU B3aUMOACHCTBUU aHAJIOTOB LUPKYJISIPHBIX I'PABUTOHOB - "
IUPKYISIpHBIX GoToHOB" ¢ E-momedennsiMu FLES - UMITyIBCBI MOTYT MMETH pa3HbBIC
3Haku, p =+

r

Takum 00pa3oM, B MOJICIH eliie OAHa (hyHIaMeHTalbHas (pU3ndecKas mpoodiemMa
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4.3.5 “Ilouemy I'paBuTanusi B 1eCATKHU MOPSIAKOB BeJIMYHHBI caadee apyrux Cua?”

- CTAHOBUTCS PEIICHHOM.

Jns  uWimocTpalMd  pacCMOTPUM  CUCTEMY  JBYX 3JIEKTpOHOB. [lpuBeneHHas
KoMmToHOBCKasi [TMHA JJIEKTpoHa A :3.861x10'13m, YUCJIO TPABUTALMOHHO
nomeyeHHbIX FLEs yHUBepcanpHO /1t BceX (yHIAMEHTAIBHBIX 3JIEMEHTapPHBIX
4yacTull, .T.€. paBHO1; uncno N snexkrpuuecku nomeueHHbix FLEs oTHOcuTenbHO,

N=a""N, , Ny ectb monHas is “loruyeckas” JUIMHA aJIrOpuTMa >JEKTPOHA,
N, =A/1,.

B nmannom cnyuae No:2.4xlO22 FLE, rpaButanuonnsiii 3apsig 1 FLE,
anekTpuueckuid 3apsa ~ 8% of Ny, 1.e. ~ 2X1021FLE; MOJHOCTBIO AJITOPUTM
THKAeT C 4YacTOTOU @ = 7.763x10205'1; COOTBETCTBEHHO, HWHTEHCHUBHOCTU
U3JIy4aeMbIX KOJEL Ui DJIEKTPOHA  PaBHBL: 7.763x10%%s™! LUPKYJISIPHBIX
rpaBuTOHOB 1 1,55x10* s LupKyIPHEIX (OTOHOB.

BeposTHOCTh TOMaAaHus U3IY4YEHHOTO LHUPKYISpPHOro (oToHa B (hIMMAIOLINMA
snekTpudeckn nomedeHHsld  FLE — gpyroro  (“o0myd4eHHOro”) 921eKTpoHa
COOTBETCTBEHHO OOJIbIIIE YeM IS MUPKYJISPHBIX TPABUTOHOB B ~ 2x107! pas,
[I0O9TOMY HHTEHCHUBHOCTb JJIEKTPUUYECKMX IONaJaHUil OoJbllleé MHTEHCHUBHOCTH
IPaBUTAL[MOHHBIX [TONIAJAAHUHI B ~4x10% pasa, COOTBETCTBEHHO B Iape JIEKTPOHOB
CHUJIa TPaBUTALMK ci1abee 3JEKTPUUECKOM CHIIBI B 3Ty BEJIMUMHY — KaK 3TO €CTh B
pEaIbHOCTH.

OT™MeTHM 3ACCHh ABA BAXKHBIX ITYHKTA, KOTOPBIC CJICAYIOT U3 BbIHICHU3JIOKCHHOT'O:

- U3 TOTO, YTO pEAIbHOE COOTHOLIEHHE I'PAaBUTALMOHHON M 3JEKTPUUECKON CHII
noJry4eHo 0e3 npumeHeHus 3akoHoB HetotoHa u KynoHa ciiefyer, yTo HadanbHbIe
MOJIETN I'PAaBUTALIMOHHOMN U 3JeKTpuueckol B 11.4.3. u 4.3.4 cui BecbMa BEPOSITHO
COOTBETCTBYIOT PEabHOCTH, U

- U3 3TOTrO pe3ysbTaTa, KOTOPbIM Oasupyercs Ha MPEANOJI0KEHUU YTO pa3Mephl
FLE B anroputMax yactull paBHbl [[1aHKOBCKOW IUIMHE, CIIENYET, 4TO AAHHOE
IIPEAIONIOKEHHE, KOTOPOE SBJIACTCA OJHUM W3 OCHOBHBIX IIOCTYJIATOB BO BCEH
nH(POPMALMOHHOHN (PHU3MUYECcKON MO, TaKXKe aJIeKBaTHO PEaIbHOCTH.

Kpome Toro, B MoOAenu SIIEKTPHUUECKOW CHJIBI elle oaHa (yHIaMeHTaIbHas
dbuzmdeckas nmpoodiema

4.3.6 "Touemy afic = ¢’ / 47e, 2"

- B TO BpeMs Kak B ATOM YpaBHCHHMH (DyHJaMEHTaJbHO pa3IMyHbIe B (PU3MKE
VHHUBEpCaJdbHBIC /i  Bcero B Marepuu mapamerpel — (QyHIAMEHTAIbHOE
AJIEMEHTapHOE NIEUCTBHUE, /1, 1 CKOPOCTh CBETA, C, W, CICHU(UUHBIN TOJBKO IS
¢ynnamentanbHoii OM  Cuiibl, 53J€MEHTApHBIA AJIEKTPUYECKHH 3apsn, e,
00BETMHEHBI IO KAKMM-TO HEW3BECTHBIM B (PH3UKE MPUUMUHE U CTIOCOOOM TaK, 4TO
WX OTHOIIEHUE €CTh Oe3pa3MepHas OCTOSTHHAS TOHKOH CTPYKTYP, o,

- TAKIKC pCIIACTCA.
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[Ipu 3TOM BITOJTHE BEpOSATHO cleAyromas pyHaaMeHTanbHa pu3ndecKas mpooaema
4.3.7 ""Uto Takoe ''BUPTyaJIbHbIE YACTUIIBI'' B COBpeMeHHOM (pu3uke?"

- KOTOPBIC BBCACHLI B CTAHAAPTHBIX KBAHTOBBIX NTHMHAMHUYCCKUX TCOPHUAX KaK MCIAUATOPbI
CI/IJ'I, TaK K€ IMPUHIUITNAIILHO IPOSCHSACTCA.

BBIMISIIUT TOMHOCTBIO PallMOHANBHBIM IPEANOI0KNUTh, YTO B AECHCTBUTEIBHOCTH B
Matepuu HeT "BUPTyaJIbHBIX  YaCTHUI U B3aUMOJEHCTBHM, a "BUPTyaJIbHbIE YaCTULBI" 3TO
HE YTO WHOE, KaK HEKOTOPBII MaTeMaTUUECKUI TPIOK, KOTOPBIN 0 HEU3BECTHBIM CETOIHS
MpUYUHAM SBIIICTCS 3()PEKTUBHBIM MPH 0TPAOOTKE QU3MUCSCKUX 3a1a4.

PeanpHO B3aumojeiicTBuss B MaTepun BBI3BaHBI U MPOUCXOJSAT TOJIBKO KaK pealibHbIC
B3aWMOJICHCTBUSI PEATbHBIX MaTepHalIbHBIX OOBEKTOB, B TOM 4YHCIE Ha CAaMOM Jielie
MenraTopbl CHil — 3TO HUKAK HE "BUPTYadbHBIE OOBEKTHI.

U3 sKcriepuMEHTOB KaKeTCsl, BIOJNHE YOEAMTENBHO CJEdyeT, MO0 KpailHeH Mepe s
OJEeKTpUYECKOH CHJIBI B CTAaTHUKE, YTO peajibHble B3aUMOAEHCTBUS HE BbI3BaHbI
peanbHbIME "0ObIYHBIME (oToHAMH" - KoTOpble B KDJI BBOISTCS Kak "BUpPTyalbHBIC
(OTOHBI": HET HHMKAKMX OJKCIICPHUMEHTOB, KOrjla OBl B CHUCTEME 3apsDKEHHBIX Tell
HaOmogancs oOMeH OObIYHBIM (oToHamu. Tem He MeHee, 3apsiibl B3aUMOJICHCTBYIOT
COBEPILIECHHO PEaIbHO.

COOTBETCTBEHHO NHPKYJSIPHBIE (OTOHBI, KOTOPHIE HE HAOIIOAIOTCS JETEKTOpaMu
OOBIYHBIX ()OTOHOB, B TOM 4YHCIIE TJIa3aMHU YelIOBEKa, MOTYT OBITh TAKUMH PEabHBIMU
MeJraTopaMu DIIEKTPUYECKON cuiibl. B TO ke BpeMs H3ydeHHE TpOOJIEeMBbI - TOYEMY
BupTyasnbHble (oToHBl B KOJ[ ajekBaTHO peallbHOCTH WMUTUPYIOT —pealibHbIC
B3aMMOJICHCTBUSl PEATBHBIX MUPKYISIPHBIX (OTOHOB C 3apsaMu, BECbMa BEPOSTHO,
MOJXKET MPHUBECTH K HOBOW MH(OpPMAIMK O TOM, KaK IMOCTpOeHa Marepusi Ha KBaHTOBO-
MEXaHUYECKOM ypPOBHE.

XoTsl, KaKeTcsl, HEKOTOPbIE TIOABIISIONINECS B 9TOM Cliydae IMpoOJIeMBbl y)Ke ceildac MOTyT
HUMETb, IO KpailHel Mepe, NepBOHAYAIbHOE, PALIMOHATBHOE MIPOSCHEHHUE.

Jlist Hagama 9To cienyromas pyHIaMeHTaabHas mpooiema

4.3.8 “YT0 Takoe MarHNTHAsl CHJIA, B TOM YHCJe — CyIIecTBYeT MJIH HeT KaKoH-TO
MATHUTHBIH MOHOIIO/Ib?”

- CTAHOBUTCS CYIIECTBEHHO MPOSACHCHHOH. W3 »sKchmepuMeHTa M KJIACCHYECKOU
JNEKTPOIMHAMUKN M3BECTHO, YTO MAarHUTHAsI CHJIa TOSBISETCS TOJIBKO TPH JIBH)KCHUU
AIIEKTPUYECKOTO 3apsia U UCUYE3aeT, €CIIU 3aps] HaXOAUTCS B MOKoe (Hampumep, [37])

W3 BBIIECKA3aHHOTO TPEACTABISETCS, KaK JIOBOJBHO paIlMOHAIBHOE, TPEATOI0KCHHE,
9TO B JCHCTBHUTEIHPHOCTH MArHWTHAs CHWJIa HE €CTh Hekas (GyHIaMEHTalbHAs CHJIa
[Ipuponbl, KoTOpas CyIIECTBYeT, UCHONB3ys ciaoBa HeroroHa "cama mo cebe, W OT
cooctBenHor mpupoaer’ (“of itself, and from its own nature”), m T.A., KOTOpasd,
COOTBETCTBCHHO, UMEET COOCTBEHHBIH 3apsa "MarHUTHBIN MOHOIIONB .

OpHAaKO B AJIEKTPOJIMHAMUKE ICKTPUUCCKUE W MAarHUTHBIC CHJIBI BBITIISIASAT MPAKTUICCKU
MTOJTHOCTHI0O CHUMMETPUYHBIMH, B TO BpeMs Kak, corijacHo CTO, Bce OTHOCHUTEIHHO
JBIDKYIIACCS WHEPIIMOHHBIE CHCTEMBI OTCUETa TOJHOCTHIO DKBHUBAJICHTHBI, U IOITOMY
aprymeHnT Baiie, eciii CTO monHOCThIO BEpHA, OKa3bIBAETCS HECYILIECTBEHHBIM.

COOTBETCTBEHHO, TIOCNe TOsBIeHUs TyOnmkamuu Jlwpaka [38], rme oH mpesiaraer
HekoTopble KM aprymeHTbl, U3 KOTOPBIX CJEAYeT, YTO HEKWA MarHUTHBIM MOHOIIOJIb
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MOXET CYIIECTBOBATh, IpoOieMa "MarHUTHOTO MoHomous , ¢ 1931 roma u 10 cux mop
SIBJSICTCS] OJTHOM M3 TIOMYJISIPHBIX, U Jake (QyHIaMEHTAIBHBIX, (hr3udeckue mpooem [39].

Tem He MCHCC, IOCKOJIbKY IIPOCTPAaHCTBO-BPCMS MaTepI/II/I SABIIACTCS a6COJ’IIOTHI:IM,
p€ajlbHO HE BCC/Ka)KI[I)Ie WHCPUOUOHHBIC CHCTEMBI OTCYETAa MABJIAIOTCA IIOJIHOCTBIO
OKBUBAJICHTHBIMHA U 3aKOHHBIMH, B TO BPEMA KakK a6COJHOTHI>Ie, T.C., KOTOPbLIC HAXOOATCA B
a0CONIIOTHOM MOKOE€ B a0COIIOTHOM TPEXMCPHOM MPOCTPAHCTBE, CHUCTCMbI OTCUCTa
ABJIAIOTCA CUCTEMaMHU, KOTOPBIC OTIMYAIOTCA OT BCEX OCTAJIBHBIX CHCTEM IIPEKAC BCErO
TEM, YTO TOJIBKO B OTHX CHUCTCMaXx (I)I/I3I/I‘ICCKI/16 O6TJ€KTI>I, COOBITHS U IMpoueCChl, UMCIOT
PCAJIbHBIC 3HAYCHUSA CBOUX (i)I/IBI/I‘lCCKI/IX napamMceTpoOB.

COOTBETCTBEHHO APTYMCHT BBIIIC CTAHOBUTCA HCﬁCTBHTCHBHBIM, H gajice, Tak Kak IT0JIC
HUMCIOIICTO BJICKTpI/I‘leCKI/If/’I 3apsa] TCjia, KOTOPOC HAXOJAUTCA Ha a0CONIOTHOM IMOKO€ YHCTO
SJICKTPUYCCKOC IOJIC,

- U3 OTOro CJIeayeT, YTO MarHuTHGIC MOHOIIOJIU B JICCTBUTEIILHOCTH HE CYIIECTBYIOT.

Tak ’xe BBITJIAAUT BIOJHE PANMOHAIBHBIM TPEATONI0KHUTh, YTO MAarHWTHAs CHJIA €CTh
HEKOTOpas KOHKPETHasl aKTyaJu3alldsl JJIEKTPHUYECKON cuiibl, korma 3¢upHeie FLE B
W3Iy4aeMbIX  JBIDKYLIIMMHUCS  3apsiaMd  LOUPKYJIAPHBIX  (OTOHAX  MOJYy4aroT
JOTIOJTHUTENIBHBIA WUMITYJIBC, KOTOPBIA MPONOPLUOHANEH MPOCTPAHCTBEHHOM CKOPOCTH
3apsja, W, Kak 3T0 ObUIO yKa3aHO B pas3i. 3.4 juid ciaydast sl BO3MYIICHHS B 3dupe
“gacTHUa’, KaK 3aMKHYTOW TOCIIeA0BaTEeIbHOCTH (QIuNoB npeueccupyommx FLE,

- ¢unnaronue FLE B nupky/aspHbIX (OTOHAX TaK )K€ MPELECCUPYIOT; U MPH IONaIaHUN B
E-nnomeuennbie FLE B Jipyroil ABuxylleics 3apsyK€HHOW 4YacTHIE MEepelaloT 4YacTUIle
JIOTIOJTHUTEIIBHBIA MMITYJIBC, KOTOPBIM OPTOTOHAJICH, UMIYJbCY, KOTOPBIA OBLT OBl
Mepesial B ciiydae, Korja 00a 3apsijia B MOKOe, T.€. BJIOJIb HAIIPaBIICHUS paJinyca-BEKTOpa
Mexay 3apsaamMa. OTMETHM TakKe, OJHAKO, YTO M3Iy4YeHHE MHUPKYIAPHBIX (GOTOHOB E-
nomeyeHHbIM FLE 04eBUAHO HE BIOJTHE CUMMETPUYHO H3-3a IIUPKYJISPHOTO IBUKCHUS
(bIUIT-TOYKN YACTHIIBI; YTO, MTO-BUIUMOMY, IIPUBOTUT K TOMY, UTO 3apsHKCHHBIC YACTHIIBI
MMEIOT HeHYJIeBbIE MATHUTHOE MOMEHTHI.

Crnenytoniee MPEINONOKEHHE KaKETCS TaK JK€ BIOJTHE PAIlMOHAIBHBIM: €CIH 3apsi
YCKOpPSIETCS, TO IUPKYJSPHBIA (HOTOH TMpeBpaIiaeTcs B 4acTUIy - OOBIYHBIH (QOTOH, T.€.
3aMKHYTBIA aJITOPHUTM B KOTOpOM  "»yekTpudeckwe' U '"MarHUTHBIC" WMITYJIbCHI,
nepenaBaeMbie ipereccupyromuMu FLE, MuKnuecku MEHSIOT IpyT ApyTa.

Hpyras Tpancdopmanus “IUPKYIIPHEIX (HOTOHOB” BIOJIHE BEPOSTHO MPOUCXOAUT, KOTIa
HeKuil “00bIYHBIA (POTOH” B3aMMOACHCTBYET C LMPKYJSPHBIM (DOTOHOM, HarpHMeEp
3apsja Aapa, W CO3JaeTca € Tapa, ¢ “IBOMHBIM MOBOPOTOM™ MPOCTPAHCTBEHHOTO
UMITyJIbca (POTOHA B JBa UMITYJIbCA [1APbl IPOTHBOIOIOKHO HANPaBJIEHHbIX 10 CT -OCH.

Hakoner, B 3TOoM pasmene OTMETHM, YTO U3 OJTHX TEPBOHAYAIBHBIX MO/JENen
HerocpencTBeHHo cienyeT KM mpupona obomx Cun - ['paBuTanmm u DIEKTPHUECTBA.
Opnnako, B To BpeMs kak KM npupoia 3JieKTpudecTBa B MOWHCTPUM  (PU3UKE B TIPUHITUIIC
Ka)XeTCs eCTEeCTBEHHOM, COOTBETCTBYyIOIIas mpoOieMa, B ciydae ['paButammu, B
HacTosIIee BpeMs SBISETCS (PyHIaMEHTATBHOW TpoOJIeMOM, KOTOpas B MIUHCTPUM
(M3KKe TI0 HEKOTOPBIMU MPUYMHAM PACCMAaTPUBACTCS TJIABHBIM 00pa30oM Kak IMpodiiemMa
kBanTm3ammu OTO. YTo mpHHIMIHUAIEHO HEBO3MOXKHO, W, COOTBETCTBEHHO, MHOTHC
TIOIBITKU pa3paboTaTh Hekyro "kBaHTOBYI0 OTO" nelCTBUTENBHO HE YAAIOCH; OJHAKO
3TO 03HauYaeT TONbKO, 4To OTO sBISETCS JOBOJILHO COMHHUTEIHHON (PU3NIECKON TCOPHEH.

B nrdpopManmonHoi Moaenu mpodiaema
4.3.9 “Yr1o TaKkoe KBAaHTOBasi rpaBuTANUA”’

61



- CTAHOBHTCS CYIIECTBECHHO MPOSICHEHHOM - U3 onpenencanii '[IpoctpancTo” u "Bpems"
cienyeT, uyTo noctyaupoanHsie B OTO B3aumonelcTBUs "Macca-mpoCTPaHCTBO-BPEMS -
Macca" peanbHO He cymecTBytoT. lloBropum - ['paBuTanms 3TO HE YTO WHOE, Kak
HekoTopast "oObluHass" (¢yHaameHtaiabHas Cuia [Ipuponabl, KoTopas aOCOJIFOTHO
MIPUHIMITHAIBHO - Kak U Bce apyrue Cuisl [Ipupoas! - nomkHa ObITh KBaHTOBaHa, - KM
SIBIISICTCS. (DYyHJIaMEHTAIBHBIM CIICJICTBHEM (YHIAaMEHTaIbHON JIOTHYECKON BHYTpPEHHEH
MIPOTHBOPEYMBOCTH a0COMIOTHO (yHIaMEHTaIbHOrO heHOMeHa "M3MeHeHue”

Ecmn mopmens ['paButanum (pasg. 4.3.2 BbllIE) BEpHA, W3 3TOT0 HEMOCPEICTBEHHO
CIIEAyeT, YTO TPaBUTAIIMOHHOE B3aMMOJEHCTBUE KBAaHTOBaHO, M, CKOpEe BCETO,
AQHAJIOTUIHO DJIEKTPUICCKOH CHIIe, B TOM YHCTIE U, "0ObIYHbIC" U "TIUPKYISIpHBIE" (DOTOHBI
U TPaBUTOHBI, COOTBETCTBEHHO aHAIIOTHYHBI.

[TosToMy TitaBHas mpobiaema npu HabmoneHnn KM-npupossl ['paBuTaiu BO3HUKACT W3-
3a KpaifHeW ciaboctu 3ToM  cmiubl. OgHAKO C JOCTaTOYHO XOPOIIO HEHYJICBOU
BEPOSTHOCTHIO KBAHTOBAs MPUPOAA [ paBUTAIIU MOXKET HAOIFOAATHCS MPH IKCIICPUMEHTE
¢ poronamu [3], [8]. Dkxcnepument ObuT npemioked B 2007 roay, U MOXKET ObITh CACIaH
y)Ke ceddac Tociae NpOCTOH MOAM(DHUKAIMK MPAKTHYCCKH JIIOOOW CYIIECTBYIOIICH
YCTaHOBKH, KOTOpas ObliIa ClieaHa, Ak 00HAPYKCHHUS TPABUTAIIMOHHBIX BOJIH, TO0aBUB K
JIByM CYIICCTBYIOIIMM IIIedaM HUHTepdepoMeTpa [OMOJHUTEIBHOE IUIEY0, KOTOPOe
HaIpaBJIeHO OPTOTOHAIBHO MIOBEPXHOCTH 3€MJIH, HAIIPUMED, B CKBAKHUHE.

HaKOHCLI, B OTOM pasaeyic paCCMOTPUM ABE HpO6J'I€MI:I

4.3.10 “Yro Takoe d¢unyeckoe AelcTBHe MW NPUHOMI ''MHHMMYMa
¢usunueckoro neiicreus?"

Kak ykazaHo Bbiiie, 00beKThl MaTepun U3MEHSIOT CBOM COCTOSIHUS Ha OCHOBE JIBOMYHOU
JIOTWKH, T.e., KaKk Imaru "OWT 3a OuTOM', KaK 3TO BBIVIAAUT PAIMOHAILHBIM U3
CYIICCTBYIOIIMX SKCIICPUMEHTAIbHBIX JTaHHBIX - 10 KpalHEH Mepe, J0 CHX IMOp HET
HUKaKHX SKCIICPHUMEHTAIBHBIX JIaHHBIX, KOTOpbIE OBLIM OBl HECOBMECTUMBI C OTOU
TUIOTE301; ¥ B MHYOPMAIIMOHHOW MOJICITH BIIOJIHE PAIMOHAIBLHO BBITJISIUT THITOTE3a, YTO
Ha IPEJIC/IbHOM rIyOMHE BCe M3MEHEHUS IPOI0JDKAIOTCS KaK Takue Iard Ha [11aHKOBCKM
Macurtaoe,

- Tpu 3TOM (PU3HUECKOe JCUCTBHE, S, ITO €CTh KOJUYECTBO DJIEMEHTAPHBIX OMHAPHBIX
oneparuii B FLE-peieTke, kaxmas U3 KOTOPBIX U3MEHsIET HHPOPMAIIHIO B MAaTEPHAIbLHOM
o0bekTe/cucTreMe Ha OJUH OWT, 4YTro HaOmogaeTcss Kak HW3MEHEHHE Ha OJHO
(dbyHIaMeHTaIbHOE AIeMEHTapHOE PU3NIECKOe ACUCTBHE /.

Nmenno 3TO 03HAYaIOT HEPaBEHCTBA IeitzenOepra:

AS=APAx=2h/2 ,AS=AEAt>h/2wur.n.

Koroprie [HepaBeHCTBa] ¢ BechbMa OOJBINOW BEPOSTHOCTHIO B JCHCTBUTEIHHOCTH
SIBJISIFOTCSL PABEHCTBAMU.

Takum o6pazom, xoTss KM HeompeneneHHOCTh SBISCTCS aOCOMIOTHO (PyHIaMEHTATLHOM,
ATa HEOIPENIEIICHHOCTh, TEM HE MEHEee, He MPOU3BOJIBHO XaOTHYHA, U aKTyaJIM3UPOBaHA
KaK HEOIPEICICHHOCTh BEJIMYMH B IMapaX HEKOMMYTATUBHBIX MIEPEMEHHBIX P YCIOBUH,
410 BO Beex ciyuasx AS =7.

Takum oOpazoM, “IPUHIUN MHUHUMyMa (PHU3NYECKOTO NOEUCTBHS B MakKpo-(hU3HKe

CymeCTBYCT TaK, YTO HU3MCHCHUC COCTOSAHUSA BBaHMOHeﬁCTByIOH_[I/IX Maxkpo TelI
MPOUCXOAUT IIpW YCJIOBHM MHHHUMAJIBHOI'O 4YHCIIA OeCUNCIICHHBIX OJICMCHTAPHBIX
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JIBOMYHBIX IIIaroB - W TakuM obOpazoM KM HemocpelICTBEHHO MPOSBISETCS B MakKpo
bmsuxe.

5 Kocmouorus

B kocmMoutoruu cymiecTByeT MHOTO Tpo0IieM, Mpex/ie Bcero, MOCKONbKY 3Ta (pusnveckas
00J1aCTh 9acTO OTHOCUTCS K HEKOTOPBIM OOBEKTaM, COOBITUSM W TpoIleccaM, KOTOPHIC
ceifiyac He MOTYT OBITh U3yUYCHBI JFOJABMH B KOHTPOJIHPYEMBIX YCIOBHSIX, H TIOITOMY JTAXKe
npu (HOpMyIHPOBAHUHU MPOOJIEM B KOCMOJIOTHUH CYIIECTBYIOT HEKOTOPBIE, B HEKOTOPBIX
CIIy4asix MPUHIUINATBLHO HEMIPEOI0IUMbIE, HEOTIPEACICHHOCTH.

Onnako wHboOpMarMoHHas (U3NYECKass MOJICNIb IO3BOJSIET BIIOJNHE PAaIMOHAIBLHO
paccMOTpeTh HECKOJNBKO TpoOJieM, KOTOpble HE MOTYT OBITh MPUHIMITHAIBEHO
palMOHANBHO PEIICHBl WM TPOSICHEHBI B MAIUHCTPUM (H3HKE, T.€. BHE KOHICTIIHH
"Uudopmariust kak AOcomor" U JaHHOH (PU3HUUecKoit Moaean

5.1 “IIpo6sema Hauaua”

Ota npobiema SBISETCS MpeneabHO PyHIaMEHTAILHOU MPoOIeMOit B KOCMOJIOTHH, U, UTO
BIIOJIHE OYCBHJIHO, NPUHIUIHAIBLHO HE pemaemas B paMKax OQUIMAIbLHOU (QU3UKU:
(hM3MKa HE MMEET HUKAKUX TOCTOBEPHBIX MAaHHBIX 00 00BEKTaxX, COOBITUAX W IPOIIECCaXx,
KOTOpBIE MOTJIH OBl CYIIECTBOBATH, MOSIBIATHCSA, U MPOUCXOIUTH B JAHHOM ciiydae. Tem
HE MeHee, B (DHM3MKE CYyLIECTBYET pPsii TEOPHH, W B CTaHIAPTHOH KOCMOJIOTHYECKOU
Mozenu "Big Bang" [40] npenaraeTcsa KOHKPETHO

“....As the Big Bang theory goes, somewhere around 13.8 billion years ago the universe exploded
into being, as an infinitely small, compact fireball of matter that cooled as it expanded, triggering
reactions that cooked up the first stars and galaxies, and all the forms of matter that we see (and
are) today.....”

"Kak Teopust Bombmoro B3peiBa maet, rae-to okosio 13. 8 MWIIMAapAOB JIET Ha3zall BceleHHAs
B30pBajach B ObITHE, Kak OECKOHEYHO MaJIeHbKHWW, KOMITAKTHBIH OTHEHHBIM IIIap MAaTepHH,
KOTOPBIM OXJIXKIAJICs, TIPH PACIINPEHHUH, BBI3BIBAsI PEAKIIUH, KOTOPhIE CBAPWIIH TIEPBBIE 3BE3/bI U
raJlaKTHKH, ¥ BCE (POPMBI MATEPUH, KOTOPHIE MBI BUIUM (U €CTh) CErOAHs. ...

- HECMOTpSI Ha TO, UTO CYIIECTBYIOImas GU3NKa MPUHIIUIHATIFHO HE TPUMEHUMA K ITOMY
“MaJIeHbKOMY, KOMIIAKTHOMY OTHEHHOMY IIapy MaTepuu’ T.J.

A Takxe K CJICAYIOIIUM IIaraM CO3JaHus MaTepI/II/I, Koraa B Z[aHHOﬁ MOACIN

“...more explosive phase of the early universe at play: cosmic inflation, which lasted less than a
trillionth of a second. During this period, matter — a cold, homogeneous goop — inflated
exponentially quickly before processes of the Big Bang took over to more slowly expand and
diversify the infant universe. ..... ”

“...00omee B3pbIBHas (ha3za paHHEW BCEJICHHON BCTYNMJA B MIPy KaKk KOCMHYECKash MHQIISALMSA,
KOTOpas JTIJIAaCh MEHBIIE TPWUTHOHHBIX JOJIEH CeKyHABL. B 3TOT mepnox Matepus — XOJIOIHBIH,
OTHOPOHBII Z0Op — OBICTPO PACIIMPHIIACH SKCIIOHEHIIHAIBEHO, TIPEK/IE UM IpoIecch bobiroro
B3peBa mepemmm kK Ooiee  MEIVICHHOMY PpACIIMPEHHI0 W AWBEPCH(DHKAINU  JETCKOM

EX]

BCCJICHHOM...... .

- cymiecTBymolias (u3nka He 3HAeT a0COJIIOTHO HUYEro O TOM, 4YTO 3TO OBUIO 3a
"XOJOIHBIN, OHOPOIHBIA goop'; moyeMy "OHa pa3IyBallach SKCIIOHEHIMAIHHO OBICTPO
0 Ccleayrommx mporeccoB bonpiioro BspeiBa, 1mo kakoi mnpuumHe 3Ta "HHGISAIMS"
OCTaHOBWJIACK; W JlAJIee TI0 KaKOW MPUYMHE M KaKuM 00pazoM 3To "mporiecchl bombiioro
B3peiBa mepenum k 0ojiee MEUICHHOMY PACIIUPEHHIO W JTUBEPCU(DUKAINHN JETCKOH
BCEJIECHHOI; 1 T.II.
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Tem He MeHee, W3 CYIIECTBYIOIIMX acTPO(U3UYECKUX JIAHHBIX MHOTOEC B MOJIEIH
BBITJISIINT, KaK JIOBOJIBHO pallMOHANIbHAS MOJIEh dBoionnu Matepuu nocie Hawana, B
TOM 4HCIe, €CIM Mbl HE TNPUHUMAaeM BO BHUMAaHHE 3aMEYaHHUC  BBIIIE,
"(heroMeHoIOTTUECKOE" OMHCAHNE COCTOSHHUNA B DBOJIIOIMM MAaTEPUH BEIIIE, BBITJISAUT
palMOHAJIBHBIM B HECKOJIBKUX MYHKTaX:

- HaymHAs C cocrosHusA/Anoxu 'mHpmAmmu" [41], [42], korma TPOCTPAHCTBO B
CTaHIAPTHOM MOAEIM 110 HEU3BECTHBIM IPUYMHAM HEKHM TPAHCLUEHICHTHBIM CHOCOOOM
SKCHOHEHLIMAIBHO  paclMpWiIOCh, 4YTO  CIOy4YWjach MNPH  HEKOeH  perakcanuu
CHUHTYJISIDHOCTH HEKOETO COBEPLICHHO HeW3BecTHoro B ¢u3mke mois “inflaton”, nz-3a
"orTankuBatomiei (repulsive) rpaBurarmontoit cuibl” (?7) [40],

OpHako “HHGAAIMOHHAS TUIIOTE3a”, HECMOTPS HA 3TH BEChMa CIIOPHBIC TIOJIOXKCHHUS, I10-
BHIINMOMY aJICKBATHO PEATBHOCTH (HEHOMEHOJOTUYECKH ONHUCHIBACT PaBHOMEPHOCTH
pacrpeenieHdss TUIOTHOCTH BEIISCTBA M HOMEHKJIATYPhl MaTEepHANBHBIX OOBEKTOB HaA
KOCMOJIOTHYECKUX PACCTOSIHUSIX, HYKICOCUHTE3, U T.IIL..

B T.4. runore3a B CTaHIapTHOW MOJENH, YTO BO BpeMs HHQIAIMU Marepust Oblia
XOJIOAHBINA, OTHOPOAHBIH ZOOP, BHITJISIAUT BIOJHE PAllMOHANBHOM, TaK KaK COTJIacyeTcs ¢
KOCMOJIOTUYECKUMH ~ HAaONIOJCHUAMH, HECMOTpS Ha TO, YTO BBIIJBSIIUT  Kak
MIPOTHBOpEYAIas ¢ "B30pBajiach B ObITHE, KaKk OCSCKOHEYHO MaJICHBKHM, KOMITAKTHBIN
OTHEHHBIH IIap MaTepun" B TOM ke CTaHAAPTHON MOJIENN B IIUTATE.

WHpopMallmOHHBIM  MOAXOJ IMO3BOJSET B paMKax HMH(DOPMAlMOHHOH  MOJeIH
chopMyupoBaTh pasyMHyI0 (usnueckyro runoresy [5], [7], koTopas HaxoauTCs B
COOTBETCTBHH C CYIICCTBYIOIIUMH IKCIECPUMCHTAILHBIMUA JTaHHBIMA M C KaKyIIUMUCS
pa3yMHBIMHU ITyHKTaMH B CTaHAApTHOW Mojenu bombimoro B3peiBa BhIe, Takux Kak
snoxa uHpAIMN, 1 9To MaTtepus nocie HHOIAIUHN OblIa TOBOJIBHO XOJIOAHOH, U T.1I. .

B rumorese npemnaraercs, uro sneMeHT MHuoxkectBa "MHpopmanus” "unpopManmoHHas
cucrema "Matepus”, ObUI CO3lIaH IPYIHM 3JIeMEeHTOM MHOecTBa "MH()OPMAIHOHHOM
CHUCTEMOH - co3HaTeNbHBIM yYMHBIM "Co3maTenem’”’, KOTOPBIH OB TEHCTBUTEIHEHO OUCHD
YMHBIM, TaK 4YTO CMOI' CIPOEKTUPOBATH TAaKyl0 JOTMYECKH TPOCTYIO, OJIHAKO
(YHKIIMOHAIBHO YPE3BBIYAMHO CIOXKHYI0, dP(QEKTHBHYIO W 3aKpBITYI0O B MHOMECTBE,
WH()OPMAITMOHHYIO CHCTEMY; W HAWTH TPH CO3MaHWHM DTOM CHUCTEeMBI B MHOXECTBE
OTPOMHBIC MOPIMU ACUCTBUTEIBHO TAMHCTBEHHOTO JUIS JIIOJEH 10 cuX mop (eHoMeHa
"Oneprus".

Tax - cM. BeIIIe - MaTepusi OCHOBaHa Ha MPOCTEUIICH JBOWYHOM M 0OpAaTHMOM JIOTHUKE +
(mo xpaiiHeit Mepe) 4 GyHAaAMEHTAIBHBIX JIOTHYECKUX MApOK, KOTOPBIE JIIOAM HAOIIOAAI0T
Kak peansHbie 4 GpyngamentansHbix Cun [puponst, B Tom uncie ['paButanum, cM. BBIIIE,
U HECKOJIBKO YHHMBEPCAIBHBIX CBS3CH M KOHCTAHT; KOTOPBIC "3amucaHbl’ B TpEIEIbHO
¢$yHIaMeHTaIbHON ocHOBe MaTepuu - B JBOMYHBIX 00patuMbIxX [5]4D dyHnaaMeHTambHbBIX
normyecknx ’neMenTax [FLE].

Hanee 3Ta KOHCTpYKUMs Oblla akTyalu3upoBaHa B Marepun B 3 mara - W HNOPLHU
SHEPIHUH:

Ha mepBoM 1are SKCIIOHEHIIMAIILHO Oblla co3maHa IwioTHas pemerka [5]4D FLE
(“mudnauuonHas smoxa’”’), HampuMep, B pe3yibTaTe 3alpOrpaMMHUPOBAHHOIO JCTICHHMS,
BO3MOYKHO, Ha 2, BO3MOXHO omHOro '"mepsuuHoro FLE" (xak, Hampumep, OakTepuu
pacnpocTpasstorces: B yamke Ilerpu, eciau ecTh JOCTaTOYHO MHIIM) B COOTBETCTBYIOLIEM
abcomotHoMm, EBkammoBoM, konewyHo, [5] 4D mpocTpaHCTBe-BpeMEHH € METPUKON
(ct, XY, Z,ct),
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- KOTOpoe ‘‘aBTOMaTHUeCKw — cM. pazaen 2.4.6, T.e. O OMPEACIICHUIO aOCOJIOTHO
¢dyHnameHTanbHBIX (eHomeHoB “TIpocTpaHcTBO” U “Bpems”, NOSBHINCH MPH, TOUYHEE —
s, co3nanuu  “‘mepBuuHoro FLE” (XoTs oTMETHM, OJHAKO, YTO 3TO MPOCTPaHCTBO-
BpeMs BcerJa CyIIecTBOBAIO B MHOXKECTBE, KOTOPOE CYIIECTBYET aOCOIFOTHO
(byHIIaMEHTAIBFHO BCET/Ia, TO €CTh HE MMes Hadana U KOHIA, KaK MMOAIPOCTPAHCTBO-BPEMSI
pocTpaHcTBa-BpeMeHn MHoxkecTBa); FLE-permeTka Oblia X0JI0THOMH;

Ha BTOPOM IIIare B 3Ty PEIIeTKY INI00aJhHO paBHOMEPHO Oblia 3aKaueHa BTOpas MOPIUS
SHEPTUM C CT-HANpPaBJICHHBIMA HMITYJIbCAMH, U B PEHICTKE TJI00AThHO PaBHOMEPHO
00pa30BaAUCh BO3MYIICHHS - IOJHOCTHIO CHMMETPHUYHBIC arOPUTMBI - TIepBUYHBIC T-
JacTHUIBl. BechMa BeposATHO, 4TO Marepus Ha STOM JCHCTBHUTEIHHO ObLTA TOBOJBHHO
XOJIOHOM.

O,Z[HaKO U3 CYIIECTBYIOIIUX KOCMOJIOTHYCCKHUX IOaHHBIX BBITJIAIUT panroHaJIbHBIM
MPCANOJIOKUTE YTO 3aKadka SHCPrun 6I:>IJ'Ia HCpaBHOMepHOfI JIOKAJIbHO; B pemeTKe — [I/I
Tak B 3D mpoctpancTBe] OBUIM CO37aHBI KJIACTEPhl MEPBHUYHBIX YACTHII, TJIC
IUIOTHOCTb YaCTHI] OblTa  paJWKalIbHO TMOBBIIICHA, YTO OKA3aJIOCh HEKUMU
“cemenaMu” 0Opa30BaBIIMXCS Ha IMOCICAYIONMUX Iarax A3BOJIONUH Marepuu
OOJIBIINX KOCMOJIOTHYECKHX O0BEKTOB, MPEXKIE BCETO — TAIAKTHK.

Ho He ToybKo; Ha 5TOM Iare ciieayromas GyHIaMeHTanbHas podiieMa, CyIIecTBYIOIas
MIOCKOJBKY 9TO OYEBUAHO MPOTUBOPEUUT CYIICCTBYIOLIUM IKCIIEPUMEHTAIBHBIM JTaHHBIM
B (hM3HKE BHICOKUX DHEPIHH, a TAKIKE COOTBETCTBYIOIIUM (hU3NISCKUM TCOPUSIM

5.2 "ITouemy MaTepusi ceiiyac NPAKTHYECKH He COJECPKUT aHTUMAaTepuu’,
CTaHOBUTCs, BIIOJTHEC BEPOATHO, TaK KE€ pallMOHAJIBHO PCIICHA:

- Marepust He CONEPKHT aHTUBEIIECCTBA, TAK KaK HE COJCprKalla aHTUBEIIECTBA elle Ha
BTOPOM IlIare - TakK Kak IMepBUYHbIC T-4acTHIbl ObUIM IMOJHOCTBIO CHUMMETPUYHBIMHU
anropuTMamMu. B 3TOM ciaydae JIOTMYECKH OECCMBICICHHO TOBOPUTH O pasjiHMudu
"YaCTUIBI/aHTUYACTHUIIBI , M TIOATOMY OBLIO JIOTUYECKH BIIOJHE JOIMYCTHMO IS BCEX
MIePBUYHBIX YACTHUI[ OBITH TOJHKO "JACTHUIBI' - M TaK MUMETh TOJBKO ITOJOKHUTEIHHBIC
HMITYJIbCBI B CT-U3MEPEHUH, U

- B BHJIy TOTO YTO Ha TPETHEM IIIare MePBUYHBIC YaCTHUIIBI, (B TUTIOTE3€ BEPOSITHO YACTHIIBI
[TmaHKOBCKOM Macchl, WM KakKUe-TO JAPYrHe MpPOCThIe, T.e. KOTOPbIE MMEIH TOJBKO
COBEpIIICHHO CUMMETPUYHBIC TrPaBUTAIMOHHBIC 3apsbl, YACTHIIBI)
MPOB3aMMO/ICHCTBOBAIM C HCIIOJIb30BAHUE TOJBKO CUMMETPUYHON TpaBUTAIINY,
pe3yabpTaT OB, MEHCTBUTEIBHO CYI “‘OOBIYHBIX’ YACTHUII, KOTOPBIEC OBUTH paCIIpeIeICHBI
CHOBa paBHOMEPHO TI00aJbHO — HO HE PABHOMEPHO JIOKAIBHO - B PELICTKE.

HecrabunpHble yacTUIsl B "'cymie" paclaauch JOBOJBHO OBICTPO, W - KaK ATO ITOXOXKE
BITOJTHE aJICKBATHO PEANLHOCTH YTBEP)KIAET CTAaHAApTHAas KOCMOJIOTHS - HaOIIoaeMbie
TEIEePh YaCTHIILI B KOHSYHOM MTOTE OCTBHLIH.

Ecomm mepBuuyHBIME — 9acTHIlaMH  ObUTH  dacTHIBl  |TAaHKOBCKOW  Maccel, TpH
B3aUMOJICUCTBUM JBYX YaCTHUI[ CO3JaBAJIOCh OKOJIO 10" “o6bIuHBIX" 0apuOHOB, U 3TOT
"cyn" ObUT JIOBOJIBHO TEIJIBIM, TIOATOMY CeHYac CyHIeCTBYeT KOCMHYECKHUH
MHKpPOBOTHOBOM (hoH. OmHaKo, cKOpee BCEro, HE OBUIO HEKOH "CHHTYISIpHON"
TEMIIEPATyphl, T.K. OOJbIIAs YacTh DHEPTHM B3aUMOJICHCTBUI TpaTHiach BCE-TaKH Ha

co3zanue oObIYHBIX T-yacTuil.

[Ipu stom Co3garenmto He OBUIO HMKAKOH HEOOXOAMMOCTH 3HATH/KOHTPOJIHUPOBATH - KaK
npoxoauin mar 2 u mar-3. Co3znarens xopoo 3Hail, uto u3 FLE Huyero xpome kakoii-
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HUOynp "Marepun" HE MOXET IOSBHUTHCS, M, CKaXeM, JaHHas Matepus Morjia UMETh
HECKOJIBKO TBHICAY TaJaKTHK MEHbBINE WM Ooibmie, HOo i Cosmarens, 3T0 ObIIO HE
CYIIECTBEHHO.

Taxke B THUIMOTE3e BUAMMO TIOSBIISCTCS  BIIOJHE paIlMOHATBHBIA OTBET Ha
(byamamMeHTaIbHBIE PU3HUECKHE TPOOIEMy

5.3. “Yro Takoe ‘“TremHas matepus’’,

.- He ObUI0 OBl HHYETO YAWBHUTEIBHOTO, €CIIH, CKa)XeM, 4YTO 'TeMHas Marepus”
JEHCTBUTEIHHO CYIIECTBYET, 3TO MOTYT OBITh "PETWKTOBBIE YACTHIBI , €CITH  TIpHU
CO3aHUH "0OBIKHOBEHHON" MaTepun TOJIBKO 10-30% ITHUX JaCTHI]
npos3aumMozpeiicTBoBanu, u 70-90% "peauKTOBBIX" CYyHIECTBYIOT 10 cux mop. Ecnu 310
yacTullbl [11aHKOBCKON Macchl, TO IMJIOTHOCTh YAaCTUI] TEMHOW MaTE€pUU HAXOJIUTCS B 10"
pa3 MeHbIIIEe YeM TUIOTHOCTh 0apHOHOB T.€. 3-4 4acTHIlbl B KyOe ¢ pa3MepoM | MUILTHOH
METpPOB.

[TockopKy TIEPBHYHBIC YACTHIIBI B3aMMOJCHCTBYIOT TOJIBKO TPABHUTAIIMOHHO, OHU
MIPaKTUYECKU B3aUMOJICHCTBYIOT C "OOBIYHBIME'' YaCTUIIAMH C BEPOSTHOCTHIO, Ha MOPSIKA
MEHbIIEH, Y4eM HEUTPUHO; U TTOITOMY

(i) - Tema, 3Be3Abl W T.JA., MPAKTUYECKUA TPO3PAYHBI JUIsI ITUX YaCTHUIl, KOTOPBIE,
COOTBETCTBEHHO, BpAIAIOTCS BOKPYT IICHTPOB MACCHBHBIX TEJl, BIOJIb COOCTBEHHBIX
OIMHOYHBIX OPOUT, 00pa3zys COOTBETCTBYIONIME Tano, W (ii) — OHM TPAKTHIYCCKH HE
MOJTAIOTCS OOHAPYXKCHHIO, TI0O O00EHUM MPUYMHAM — YPE3BBIUAHO MalIOMy CEUCHHUIO
B3aMIMOJICHCTBUS U YPE3BbIYAITHO MAJIOH KOHIICHTPAIUH.

XOTs eclTi KaKoe-TO B3aUMOJICHCTBHE MPOU30MACT B KAKOM-HHUOYIHL IETEKTOpE, 3TO OyIeT
XOPOLLIO 3aMETHO, 10" I'>B sBaseTCs BIIOTHE Ha0JII0/TaeMOH dHEpTUEH.

Kpome TOro BBINJISIAMT pariioHAIBLHBIM MPEATON0KHATh, YTO KIIACTEpax, KOTOPBIC OBLIN
“ceMeHamu’”, ObUTH JIOKAJIbHBIE MaJIble 00JIACTH, TJI€ TUIOTHOCTh IEPBUYHBIX YACTHI]
Obula HACTOJBKO OOJIBIION, YTO YAaCTHIIBI 00Pa30BAIM KOMITAKTHBIE OOBEKTHI C
3KCTPEMAJIbHBIMUA MACCAMH M TPABUTAIMOHHBIMUA TIOJISIMH, KOTOPBIE CTAIIA MO3%KE
LIEHTPaMH TaJaKTHUK ¢ MACCaMHU B MUJUIMOHBI, U JaXXKe MUJUIMAPAbI 3BE€3HBIX MacCC.

VY 3TUX 00BEKTOB €CTh MHTEpecHOe (hpU3MUecKoe CBOMCTBO — CHJIa CO3aBaEMOTO
I'PaBUTAIIMOHHOTO TIOJII HACTOJIBKO BEIMKA, YTO CKOPOCTh yOCTaHHS CTAaHOBUTCS
pPaBHOM CKOpOCTH CBETa, M TaK, CKaXeM, Jake (OTOHBI, €CIM HE HU3JIYUCHBI
OPTOTOHAIBHO K ITOBEPXHOCTH OOBEKTA, IBIDKYTCS B IPOCTPAHCTBE BHYTPH
COOTBETCTBYIOLIMX O0JIACTe TO 3aMKHYTBIM OpOUTaM — Takue OOBEKTHI
NPaKTHYECKH HE N3Ty4aloT CBETA.

Takoe mpoucxoauT B o0enx Teopusx rpaButanuu — Herotona u OTO, u ciaygaercs

1o KpaifHeil Mepe mpu yCJOBHAX, Korja macca, M, u pamuyc, R, oObekTa
2GM

HaXOJATCSI B COOTBETCTBUM C YPABHEHUEM Rg s=—— R

2
c 8

(pamuyc HIBapmmmuiabaa), , COOTBETCTBYIOLMN paauyc B Teopur HeroTona, Ry, B
JIBa pa3a MEHbIIE.

¢ ectb paguyc B OTO

[Ipu >TOM AaHHBIA paguyc HE SIBIAETCS PaAMycoM OOBEKTa, KOTOPBIH pealibHO
MOJKET OBITh MEHBIIIE YEM PAIHYChl BBILIE.
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Paznuume BenmuvH R,s and R,y HENPHUHIMIUAILHO, OJHAKO 3TU PaJHYChl
pasNMYHbl NPUHIUIIKATIBHO B TOM, YTO TOrJa Kak Rgy  €CTh paamyc HEKOer
“BUPTyaJIbHOM~ IOBEPXHOCTH, KOTOpasi OrPaHUYMBAET HEKOE ‘UEPHOE MECTO’,
panuyc lBapmmmnbaa ects paguyc “ropuzonta coosituii” B OTO, rae pemeHus
ypaBHeHH OTO CcTaHOBATCS CHHTYJISPHBIMH, W TakuM OOpa3oM TOPHU30HT
COOBITHH €CTh TpaHWIA “IBIPHI B MPOCTPAHCTBE-BPEMEHU - “UepHOM IBIPHI~
(“black hole”, BH), n npyHIMNNAIbHO HUYTO HE MOXKET NOKUHYTh TaKylO JbIPY.

PeanmbHO Ha TOpPU30HTE COOBITUH HET HHUKAKOW CHHTYJSIPHOCTH, IIOTCHIIHAT U
HaNpsDKEHHOCTh TPABUTAIMOHHOTO TIOJNS PAcTyT BIOJHE TJIAAKO C YMEHBIICHHEM
paccTosiHusL 10 IieHTpa OOBbekTa. Tak, Hampumep, CYIEPMACCHUBHBIC YEPHBIC IIBIPBI
(SMBH) B menrpax ramakTHK, KOTOPBIE, BECbMa BEPOSITHO SBIISIOTCSA ITOTOMKAMHU
“ceMsH”- 0OBEKTOB, KOTOPbIE BHIPOCIN IIOTJIOLIAs ra3 U APYIYH0 MAaT€pUI0 BOKPYL B
MIPOIIECCE IBOJIONMH TAJIAKTUK, UMEIOT BechMa OoJbIie panuycel LBapmmmibaa,
TOTJ]a KaK pa3Mepsl KOMIakTax 00bekToB B SMBH 0oueBHIHO MHOTO MEHBIIIE STUX
paauycos.

Hanpumep Sagittarius A* (SMBH 8 Mireunom ITyti) umeer maccy, M=8.2x10°°
kg M  COOTBETCTBYIOIIMU pajnyCc TOPU3OHTA COOBITHH Ry =1.2x10" m,
COOTBETCTBYIOIIAsA  CpeIHsis  IUIOTHOCT  wmatepun B SMBH  paBna

p=1.1x10°kg /m’. DTa NIOTHOCTH MHOTO MEHbIIE IJIOTHOCTH MaTepUH B

neiitpornsix 38e3max 10'7-10" kg/m’®, u, naxe ecnm 651 B enTpe Sagittarius A*
6bLIa GBI COBCEeM OOIIbIIasi HEWTPOHHAs 3Be3ja, ee paxuyc Obur Ob1 B ~ 10 pas
MEHBIIIE paJnyca TOPU30HTa COOBITHH.

BEITISIUT panimoHanbHBIM MIPEATIONIOKHITh, YTO B JAHHOM cliydae (aza COCTOSHUS
marepun B SMBH ectp cnenyromas ¢asza mocie HU3BECTHBIX cerogHs (a3
“oObryHass wmatepusi’, “Oenblii Kapiauk’ , “HEHTpOHHas 3Be3da”; W BechMa
BO3MOXXHO, YTO JIaHHBI OOBEKT €CTh HEKas TUIOTHAS KOMIO3UIIUS TMEePBUYHBIX
YacTUll, B TO BpeMs KaK IPOCTPAHCTBO MEXIY MOBEPXHOCTHIO OOBEKTa U
“TOpPU30HTOM COOBITHIA” 3aMOJHEHO MPOJOJIKCHHEM AaKKPEIMOHHIO JIMCKA,
KOTOPOE€ MPaKTHUYECKH HEe HaOII0JaeMo, U APYTrUMHU YacTHIaMu ¢ AU y3HBIM
MIPOCTPAHCTBEHHBIM PACIIPEICTICHUEM.

5.4. ""Yr1o Takoe '"'TemHass Jueprus''”’

BeITnmsauT  parMoOHaNBHBIM — MPEAIOJIOKUTh, YTO 00 HHTEPIPETHPYEeMBIC  Kak
"pacmmMpeHuss TPOCTPAHCTBA"'  CYMIECTBYIONIHE KOCMOJIOTHYCCKHE COOBITHS, T.C.
dKcToHeHInanbHas "uHIua" B Hadane m ymepenHoe "pacmmpenue” B JabHEHIIEH
SBOJIIOLIUM MATEPUH, KOTOPBIE HAa CaMOM JeJie €CTh HEKOTOPBIC PACIIUPECHUS PEIICTKU
FLE, neiicTBuTeNbHO OBUIM - W BBI3BAHBI HEKOTOPOH dHeprueid. OHAKO dTa DHEPrHUs
COBEPIICHHO BHE (DU3MKH, ¥ TIOATOMY TIOTBITKH BKIIFOUUTH 3Ty - CHOBA BIIOJIHE BO3MOXKHO
sHepruto Co3zmarensi, B GU3NYSCKUE TCOPUU SIBHO COMHHUTEIIBHEI.

XoTs, Kak 3T0 ObUIO B WH(POPMANMOHHOW Moaenud Hawama BeIIe, 3TH SHEPTHH MOYKHO
WCTIONB30BaTh NPU PAalMOHAIBHOM OMHCAHUHM TOTO, YTO M KaK MPOM30ILIO B TEPBBIN
MOoMeHT B Hawane, winm, Hanpumep, JJisi paclIMpeHuss Ha 3- Imare, MOCie IMOSIBICHUS
"00bryHBIA" Matepuu. B 3TOM ciydae BBITJSIANT BO3MOXKHBIM HAWTH pPallOHAIBHBIC
MIPUYHHBI PACIIUPCHUS, HAIpPUMEpP, OTO pacIiupeHue OBUI0 OBl HEOOXOIUMO IS
MpeoTBpalleHus Koianca MaTtepu us-3a "napagokca rpaButanuu” [43] u T.4.
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7 3aKirroueHmne

OTOT MOKYMEHT SIBIISETCS, IO CYTH, HEKOTOPBIM 3aKIIOYEHHEM Il cepur paboT, Tae
paccmarpuBatorcss  "UHpopmanms kak AOcomor”  KOHIENNHs, WH(QOPMAIMOHHAS
(¢u3nyeckass MoJelb, M HEKOTOPbIE KOHKPETHBIC (HU3UYECKHe MPOOJIeMbl B paMKax
KOHIEMNINHA ¥ MOJIENH, ¥ TIOATOMY THIMHYHOE 3aKII0YEHNE B CTaThe B ATOM cliydae ObLIO
OBl CIUIIKOM JITTHHHBIM.

Tak 4TOo 34€Ch JIHIIb HECKOJIBKO 3aKIIOYHUTCIBHBIX 3aMe‘laHI/If/’I, KOTOpbIC KaCaroTCA
BO3MOKHOI'O pa3BUTHUA MOACIIU U €€ IIPUMCHCHUA B (1)I/I3I/IKC.

[Mo-BumgumMoMy, dTO clleqyeT CcJellaTh Ha IIEpBOM JTamle, 3TO pPa3BUTHE BEpCUi
TPaJUIIMOHHBIX (U3NYECKUX TEOpUH, KOTOphle B HACTOSIIEE BPEMsS B OCHOBHOM
6asupyrorcs Ha dopmanusme CTO, B mepByro odepeinn, Ha TOCTYyJaTe, YTO PEabHOE
MPOCTPaHCTBO-BpeMsi Marepun  sBisiercss 4D mpoctpanctBo  MUHKOBCKOTO, TJIe
(henomens! "[IpoctpancTBo" 1 "Bpems" akTyann3upoBaHbl B TCOPUU OIIHOOYHO.

BwMmecTo sToro ¢usuka mgomkHa ObITH HepeOpMyTUpOBaHA B COOTBETCTBHH C TEM, YTO
peambpHOE MPOCTpPAaHCTBO-BpeMsi Marepun ectb abcomotHoe [5]4D  EBximmoBo
MIPOCTPAHCTBO-BpeMsI ¢ MeTpuKoil (cz,X,Y,Z,cf), B TOM dnciae HEOOXOAuMoO pa3paboTaTh
teoputo 4D  momenta wumnynbca, QyHkuuid [ammnerona wu  Jlarpadka, HOBYIO
(hopMyIHPOBKY TeOpeMbI 00 OCHOBHBIX 3aKOHAX COXPAHEHHS B MEXaHHKE.

COOTBETCTBEHHO HE0OX0AMMO TepedOopMyIHpOBaTh U COOTBETCTBYIOIIUE ONEPATOPHI B
KM, npu 5TOM B aHHOM cily4ae cieAyiomas pyHaaMeHTanbHas Gusndeckas npooiema

"Ilouemy Bpemsi B KM He mMeeT COOTBETCTBYHOIIEro oneparopa'’
CKOpee BCETo, TaKkKe OyIeT pelieHa.

Drta polsemMa, BIpodeM, MOSBISICTCS U3-3a OoJiee PyHIaMEeHTaTbHON MPOOIeMbI —
IIOCKOJIBKY ~ HecTaloHapHoe  ypaBHeHue  Ilpenunrepa (u Jupaka)
(GyHIaMEHTAIbHO — M TaK PEajJbHO CYIIECTBEHHO — HEKOPPEKTHO, IOCKOJIbKY
.0

in?¥

5 =I:Il//, torga kak B KM mnpousBojgHble 1O ApYruM, Kpome
r

€CTh KakK

BPEMEHHOM, KOOPJMHATHBIM IE€PEMEHHBIM D = —ihix, Jj=1,2,3, saBuswoTCcA
J

onepaTopaMH 3D I/IMHy.HI:CEI. BI:II‘JIH,Z[I/IT COBepI_HeHHO €CTECTBECHHbBIM, 4YTO

MPOU3BOAHAS IO IEPEMEHHON “BpeMs” TaK K€ SBJISIETCS OMEPaTOPOM MOMEHTA, U

qTo ypaBHeHHe JUIA BOHHOBOﬁ (byHKI_[I/II/I COOTBCTCTBCHHO IOJI?)KHO 6I>ITB — €CJI1 MBI

BBOJIUM DJKCIIEpPUMEHTaIbHO Habmomaemoe “‘equal footing”, kak 3TO Aenaercs B

L d A

MOJCIM Be3le, Kak ih id =Py ; rae omnepaTop TNOJHOIO HUMITYJbCa
d(ct)

COCTAaBJIIETCS M3 YaCTHBIX OIEPaTOPOB ﬁ]:—ih—, j=1,2,3,4; yuuThIBas,

X

OAHAKO, YTO OTH HPOU3BOJHBLIC HEC SABJIIIOTCA HE3aBUCHUMBIMH, II0 YCJIOBHUIO

4
P> =% "p:.B orom ciyuac mabmomaemoe “Bpems”, Goilee KOPPEKTHO — 00a,
Jj=1
HUCTUHHOC W KOOPJAWMHATHOC BPCMCHA, CTAHOBATCA OGBI‘IHBIMI/I HaGHIO,Z[aeMBIMI/I B
KM, u Tak uMeroT omepaTopbl — ce0s, Kak 3 TpOCTPaHCTBEHHBIC HAOII0JaeMbIC B
cyuectByromein KM..
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Opnnako 310 He Tonbko KM mpoGnema — nmannas mpobimema B KM umeer cBon
KOpHU B opmanuimax ['amuiibToHa u Jlarpanyka B KJIaCCHYECKOW MEXaHHUKE, TJe
IepeMEHHas “BpeMs’ TaK )K€ CYIIECTBEHHO OTJIMYAETCS OT IPOCTPAHCTBEHHBIX
NIEPEMEHHBIX, MpPEXAEe BCEro U3 3a JACHCTBYIOUIMX ONpEAEICHUH BpeMEHU
Herotona - CTO (cm. paznen 2.4.6 Boimie); u niepe-hopMyITHPOBKa KIACCHUECKON
MEXaHUKH, BKJIIOUasi MEXaHUKY OBICTPBIX Tel, OylEeT CYIIECTBEHHBIM 3TAalloM IpU
nepe-popmynupoke KM

Bosspamasics k npyrum npodiemam KM oTmeTnm, Takke, 9TO IPU PACCMOTPEHUN
KBAHTOBO-MCXAHNYCCKUX COGBITI/Iﬁ 148 HpOHeCCOB B a6COJ'IIOTHBIX cucremMax
orcuera, korga KM o0BeKThl CBOOOHBI, MPOOJIEMBI C TPUIMHHOCTHIO, KOTOPHIE
BO3HHUKAIOT B HEKOTOPBIX CIlydasx B CTaHJApTHOU (u3MKe, HE 00pa3yroTcs,
MMOCKOJIBKY B a0COJIOTHOM CHCTEME BCE Yachl MOKA3BIBAIOT PEATHHBIC MTOJOKEHUS
OG’bGKTOB B UICTUHHOM BpeMeHI/I

Kpome Toro mepe-popmymupoBka KM, xoTopast ydTeT peanbHO cymiecTByrommi [5]4D
FLE s¢dup, BrmonHE BO3MOXHO TIpHBEIET K B Ooliee JIydIIeM MMOHMMAaHUIO KBaHTOBO-
MEXaHMYECKUX SIBIICHUH; B T.4. BO3MOXKHO CYIIECTBYIOIICH B JICHCTBUTEIHLHOCTU
(hyHIamMeHTATBHOM TIPOOIIEMbI

"Uro Takoe Ilyau npuHuMn, W SBJAETCd WJIM HeT CHJIA, KOTOpas

OrPAHMYHMBAET YHCJIO0 U CHMHBI (PEPMHOHOB B JAHHOM COCTOSHHMHU ''mATON
¢pynnamenTaabHoi cuiioi Ilpupoas!' wiu 310 4To-TO eme"

B crammaptHoit momenmm Bepcuss CPT  Teopembl MO3BOJSET TOMYYHUTH JOBOJBHHO

COMHUTENIBHBIC DPE3yJbTaThl, KaK, HAMpHUMEp, pelicHue 5.2. mpoOieMbl BHIINE, TAC B

Hauane mosiBrncek 06e - "Matepusi” u "AntuMartrepus”, ogHako, B coorBerctsuu ¢ CPT

TEOPEMOiA, JTajiee OHM Ccpasy K& OKa3aJuCh PA3CIICHBl B HEKUX " MMPOCTPAHCTBE-BPEMEHH "
"

n " aHTHU-TIpoCTpaHCcTBe-BpeMeHu" (!); m mosromy Matepus He COIAEpkKHUT aHTHUMaTepUu
ceituac [44], [45].

Kpome Toro kaxercd Kak BIIOJHE palMOHAIBHBIM MPEANOIOKUTH, YTO JOBOJIBHO
nomyJsipHas B MIMHCTpUM ¢u3uke npodinema paspadotku “Teopum Bceero”, kotopas
O0BEIMHHUT BCE CyIIeCTBYIOImME (GyHAAMEHTadbHbIC CHIbl [Ipuponsl, peasbHO He
akTyanpHa. B pelfictButenpHOocTM CHibl NPUHLMIIMAIBHO PA3jIMYHBl, U  HEKHE
“yHUUKAIUK’, TOYHEE OTKIOHEHHS OT HOPMAIbHOCTH, MOTYT HOSIBUTBHCS TOJNBKO IMpU
HEKUX 3K30THYECKUX 3HEPrHsX, KOTJa IpU B3aMMOJCHCTBUAX YACTHULl MOTYT BO3HUKHYTh
HeKue mpoOleMbl C JOCTATOYHOM KOJUYECTBOM IIOMEUEHHBIX COOTBETCTBYIOLIMMHU
sapsinamu Cun FLEs B anropuTmax wacTull, KOTOpPbIE YacTHIBI HMMEIOT B OoJjee
HOPMAaJIbHBIX YCIOBHSIX.

Onnako Hambosee BakHbIe IpobiieMbl 910 (i) - mpobiema “BUPTYalbHBIX YaCTHUL U
B3aUMOJICHCTBUH B  CYIIECTBYIOIIMX KBAHTOBBIX JIMHAMHYECKUX TEOPHUSX,
KOTOpbI€  JIOJDKHBI ~ OBITh ~ 3aMEHEHBl  pEaTbHBIMH  MEIUaTopaMu U
B3aumoaeicTBusamu, B KOJ[ u KI'J[ aTo Oynmer mpoBeneHo 1Mo BCeil BEPOSITHOCTH C
WCMOJIb30BAaHUEM HayalbHbIX Mozened ['paBuramum u  Onektpudeckord Cun
(Pa3n.4.3 Beime); u (i) — KOTOpass OTHOCHTCS KO BCEM — KJIACCHUYECKUM,
KBAaHTOBBIM TEOPHSIM, U HAYaJIbHBIM MOJICTISIM - MPOoOJieMa YHEPTUU/MUMITYJIbCa
KoTOopble MeauaTopbl CUil IepeiatoT YacTUliaM Py B3auMOICUCTBUU

HakoHer, OTMETHUM AKCHEPUMEHTBI, KOTOpBIE IMpEIIaralTcs B HWHPOPMAIIMOHHON
MOJEIH, T.€.:
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- HabOroIeHne abCOIIOTHOTO ABMKCHUS U U3MEpEHne a0COMOTHOM ckopocT COTHEUHOM
cuctemsl [10], [11], XOTs ipr 5TOM BO3MOXKHO C BIOJHE HEHYJICBOH BEPOSTHOCTHIO, UTO
M3MEpeHHAast A0COOTHAST CKOPOCTh OYJIET TaKOM ke, KaK Ta, YTO CICAYET U3 JUIOIbHOU
AQHU30TPOIIMU KOCMHUYECKOTO MHKPOBOJHOBOT'O W3JIYYCHHUS, - TaK Kak M3 MOJEIH
co3manuss Marepuu B Pasm. 5 cimemyer, uto 3emiia - Kak W Jt00O0OH Ipyroi oOBEKT B
MPOCTpaHCTBE Marepun — HaXOAUTCS B CYIIECTBEHHO XOJIOTHOW 001acTH,

- HaOI0/IeHNe 3a KBAaHTOBOM TIpupoaoi rpaButanuu [3],[8], u

- XOTS ¥ B JCHCTBUTENBHOCTH HE(QYHIAMCHTAIbHBINA, HO BaXKHBIW, IMPU STOM JOBOJBHO
MPOCTON W JEIIEBhIH, dKcriepuMeHT [12], e Oymer mokaszano, uro moctyiar OTO, B
KOTOPOM YTBEp)KJIaeTCsl YTO (DOTOHBI IMPH JBHIKCHHHM B IPABHTALIMOHHBIX MOJISIX MEKIY
TOYKAaMHU, KOTOPbIC MMEIOT pa3IMYHbIe MOTCHLHUAJbI, HE U3MEHSIOT CBOIO DHEPTHUIO, HE

BEPEH,

- KOTOPBIC JOJI’KHBI OBITh ITPOBCACHBI KaK MOXXHO CKOpEC.
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