The informational physical model: some
fundamental problems in physics

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

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

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
e “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
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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
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”

" 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.

3



- 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
1.e. a “consciousness”, makes that sometimes adequately to the objective reality,
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,

(ii) — 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.
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That above in this section is essentially the answer on the fundamental problem:
2.4.4 “What is physical parameter “Energy’””

- 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
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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 Af, 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 (i1) — 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
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 “{ -

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 “¢ -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 “ct” 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
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the motion of both is continuous — because of “illogical” AprZE. 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
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 (ct,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, lp,. 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, c¢ is the speed of light. This hypothesis appeared as
early as in 1920 as the “the Zitterbewegung”. de Broglie hypothesis [26], [27].
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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”
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”

(ii)) 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 A =—, and the corresponding “helical” angular momentum
mc

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

(ii1)) 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
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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
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
13



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,cr)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.

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 ct-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,x U[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
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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:

- 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/z'",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]).
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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,
1.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 cf), 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.ysPxsPysDy) > P=mc (and

4
particles’ energies E=Pc=mc*), P>=) p>; and, simultaneously, are moving in
=

parallel, in 1D c#-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 c7-dimension, p_ (particle) =—p_ (antiparticle).
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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

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%dl(r,t) = PAM/(I',I), where (¢ is

3 032

the wave function of a particle, H ZZ—j is the Hamiltonian operator, which

o 2m

3 2 J
corresponds to the classical mechanics Hamiltonian H =Z§—’, f?’:_ihd_ ,
j=1 m .Xj

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*>=>»pi m is
J=l
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 Schrédinger 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
is H=mc’a, +cza ;P;» where partial momentum operators are the same as in
jAl
Schrodinger equation above, @, and a; are the four 4 X 4 matrices, which determine
the four-component — in contrast to the one-component ¢/ -function in Schrodinger
equation, ¢ -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):
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“....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
W =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

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

ih% =(a,mc’ +Czanpn)w(x’ B

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
2

. . R 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 OY(x,t) _ :
ih W =(aymc+ ,,Z::‘a" 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
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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 c7T -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
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 cT -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.
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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:

(i) - the frequency at which a particle’s algorithm runs if particle is at absolute rest (in
statics), which isw= E /= myc* / 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.

(iii) 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 = —%, ris

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.
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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.

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% .

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 4 =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, =A/1[,.

So in this case NO:2.4XIO22 FLE, gravity charge 1 FLE, electric charge ~ 8% of Nj, 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.
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Besides, in the Electric force model above the next fundamental problem
4.3.6 “Why afic=¢’ /4TE,”

- 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.
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)
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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
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 cT -
axis.
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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”

- 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 =APAx=2h/2 ,AS =AEAt>2h/2, etc.,

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

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.
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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.

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;
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- 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.

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’’”
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- 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.

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.
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For example Sagittarius A* (SMBH in Milky Way) has mass, M=8.2x10 kg, and
corresponding event horizon radius Rgs =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'’-10"® kg/m3, 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.

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. However, in everyday physical practice rather
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probably the passed way of a body formula will be as it is now - § =V¢, where the time
“r* “ of itself, and from its own nature flows equably”.

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

) ) ) ) A )
essentially — incorrect, since are as zha—l'U:H(//, whereas, at that, in QM the
t

derivations by other than time observables/variables ﬁj=—ihd—, j=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

function really should, rather probably, be as & dcz’l/l) :ﬁw; where the whole
ct

5 : 5 L J .
momentum operator P is composed from the partial operators p, = _lho"_ ,j=1,2,3,4;
X.
J
4
though taking into account that these operators aren’t independent, since P> = Z pf .
j=l

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?”
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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
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 peculiar motion of the Solar 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. Note, though, that there
exist other estimations of the velocity at observations of quasars, distant AGNs or SNe
Ia, which results in the velocity values that are essentially larger than the CMB value
[46]; and so this experiment’s results would be useful at solution of this puzzle;

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

(3) - the important, simple and cheap, though not really fundamental, experiment [12]
(viXra file version), 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.

31



References

[[1] Duff, M.J. “Top ten problems in fundamental physics” International Journal of Modern Physics A
Vol. 16, No. 05, pp. 1012-1013 (2001) special issue: strings 2000,

[2] Roland E. Allen Suzy Lidstrom ‘“Life, the universe, and everything — 42 fundamental
Questions” e-print arXiv:1804.08730v1 [physics.pop-ph] (2018)

[3] Shevchenko, S.V., Tokarevsky, V.V. “The Information and the Matter.” e-print
arXiv:physics/0703043v5 (2007-2008)

[4] Shevchenko, S.V., Tokarevsky, V.V. “Inform Physics do is possible?”” Poster report on the
conference XIXémes Rencontres de Blois Matter and Energy in the Universe. Blois, Loire Valley, France
May 20th — May 26th, (2007)

[5] Shevchenko, S.V., Tokarevsky, V.V. “The information as Absolute” e-prints arXiv:1004.3712v2
http://viXra.org/abs/1402.0173

https://www.researchgate.net/publication/260930711_the Information_as_Absolute DOI
10.5281/zenodo.34958 (2010-2017)

[6] Shevchenko, S.V., Tokarevsky, V.V. “The informational physics indeed can help to understand
Nature?” e-print http://arxiv.org/abs/0812.2819 (2008 - 2010)

[7] Shevchenko, S.V., Tokarevsky, V.V . “The Informational Conception and Basic Physics” e-print
arXiv:0707.4657v4 http://viXra.org/abs/1503.0077
https://www.researchgate.net/publication/273777630_The Informational Conception_and_Basic_Physic
s DOI 10.5281/zenodo.16494 (2012-2015)

[8] Shevchenko, S.V., Tokarevsky, V.V “The informational model - possible tests” e-print
http://arxiv.org/abs/0706.3979

https://www.researchgate.net/publication/215526868_ The_informational model - possible_tests
arXiv:0706.3979v3 ) DOI 10.5281/zenodo.34963 (2011)

[9] Shevchenko, S.V., Tokarevsky, V.V “Space and Time” e-print http://arxiv.org/abs/1110.0003 (2013)

[10] Shevchenko, S.V., Tokarevsky, V.V “To measure the absolute speed is possible?” e-print
http://viXra.org/abs/1311.0190
https://www.researchgate.net/publication/259463954_To_measure_the absolute_speed_is_possible
DOI 10.5281/zenodo.34960 (2013)

[11] Shevchenko, S.V., Tokarevsky, V.V “Measurement of the absolute speed is possible?” e-print
https://www.researchgate.net/publication/259463954 Measurement of the absolute speed is_possible
DOI 10.5281/zenodo.48709 http://vixra.org/pdf/1311.0190v4.pdf (2016)

[12] Shevchenko, S.V., Tokarevsky, V.V. “The informational model — gravity” e-print
http://vixra.org/abs/1409.0031
https://www.researchgate.net/publication/265509276_The_informational _model_-_gravity DOI:
10.13140/2.1.4332.9925 (2016)

[13] Shevchenko, S.V., Tokarevsky, V.V “The notion “speed” and the Lorentz transformations” e-print
e-print

https://www.researchgate.net/publication/317067896_The notion_speed and the Lorentz transformatio
ns DOI:10.5281/zenodo.802365 (2017)

[14] Shevchenko, S.V., Tokarevsky, V.V “About some conventions in mechanics” e-print
http://vixra.org/abs/1712.0673

32



https://www.researchgate.net/publication/317620440_About_some_conventions_in_mechanics
DOI 10.5281/zenodo.1142628 (2017)

[15] Shevchenko, S.V., Tokarevsky, V.V “The informational model: twin paradox” e-print
https://www.researchgate.net/publication/322798185_The_informational _model_twin_paradox DOI
10.13140/RG.2.2.34064.51201/1 (2018)

[16] Shevchenko, S.V., Tokarevsky, V.V “The “Information as Absolute” conception: the
consciousness” e-print

https://www.researchgate.net/publication/329539892 The Information_as_Absolute_conception_the_ co
nsciousness DOI: 10.13140/RG.2.2.26091.18720  http://viXra.org/abs/1812.0406 (2018)

[17] Shevchenko, S.V., Tokarevsky, V.V “The Information as Absolute” conception: Marxism and
“now” e-print
https://www.researchgate.net/publication/321757886_The_Information_as_Absolute_conception_Marxis
m_and now DOI: 10.5281/zenodo.1116209 (2018)

[18] Newton, I. Philosophiae Naturalis Principia Mathematica. (1686). in: Newton's Principia :
the mathematical principles of natural philosophy
https://archive.org/stream/newtonspmathemaOOnewtrich#page/n349/mode/2up

[19] Eddington, A. S. “The Nature of physical World” Cambridge at the university press (1848)

[20] von Weizsicker, C.F. “Eine Frage Uber die Rolle der quadratischen Metrik in der Physik. Zeitschrift
fiir Naturforschung”, 7 a: 141, (1952).

[21] von Weizsédcker, C.F. “Komplementaritit und Logik. Die Naturwissenschaften”, 42: 521-529, 545—
555, (1955.)

[22] Fredkin, E.: “Digital Philosophy”. (2000)
http://www.digitalphilosophy.org/digital philosophy/toc.htm

[23] Poincaré, H.”Science and Hypothesis”, (New York: the Walter Scott publ. p. 171,(1905)
[24] Einstein, A. “Zur Elektrodynamik bewegter Korper”. Ann. Phys., 322: 891-921. (1905),
[25] Dingle, H.. "The Case against Special Relativity". Nature. 216 (5111): 119. (1967)

[26] De Broglie, L., “Recherches sur la th’eorie des quanta, R eedition du texte” (1924), Masson &Cie,
Paris (1963)

[27] Asif, M. M., and.S. K. ‘“Zitterbewegung, internal momentum and spin of the circular travelling
wave electromagnetic electron” e-print  arXiv:1602.07534 [physics.gen-ph] (2016)

[28] FitzGerald, G.F. "The Ether and the Earth's Atmosphere" Science, 13 (1889)

[29] Minkowski, H “Space and Time” in. Lorentz, Hendrik A., Albert Einstein, Hermann Minkowski,
and HermannWeyl, “The Principle of Relativity: A Collection of Original Memoirs on the Special and
General Theory of Relativity”, Dover, New York (1952)

[30] Lorentz, H. A. “Electromagnetic phenomena in a system moving with any velocity smaller than that
of light” Proceedings of the Royal Netherlands Academy of Arts and Sciences, 6: 809—831 (1904)

[31] Poincaré, H. “Sur la dynamique del’électron” Comptes Rendues, V 140, p1504 (1905)

[32] Poincaré, H. “Sur la dynamique de I’ electron”; Jourmal Rendiconti del circole Matematico di
Palermo; (1906)

[33] Bell, J.S. “How to teach special relativity” Progress in Scientific culture 1 (2), 1-13, (1976)

33



[34] IT.A.M. [lupak “Teopus nozurpona” AromHoe siipo COOpHHUK 10KIa10B 1 BCECOIO3HOI siaepHON
koH(pepeHmy, p 139-144, T'ocynapcTBeHHOE TEXHUKO-TEOPETHIECKOE N3IaTeNhCTBO JIeHnHTpas-Mocksa
(1934)

[35] Stueckelberg, E. "La signification du temps propre en mécanique ondulatoire." Helv. Phys. Acta 14,
pp. 322-323. (1941),

[36] Feynman, R. "The Theory of Positrons". Phys. Rev. 76 (76): 749. (1949).

[37] Landau, L., Lifshic, E “The Classical Theory of Fields”, Fourth Edition: Volume 2 (Course of
Theoretical Physics Series) Butterworth-Heinemann; 4 edition (1980)

[38] Dirac, P. A. M. “Quantised singularities in the electromagnetic field”. Proc. Roy. Soc. Lond.,
A133:60-72, (1931).

[39] Milton, K. A. “Theoretical and experimental status of magnetic Monopoles” Review article e-print
arXiv (2006)

[40] Nguyen, R., van de Vis, J, Sfakianakis E. I, et, al. “Nonlinear Dynamics of Preheating after
Multifield Inflation with Nonminimal Couplings”. Phys. Rev. Lett. 123, 171301 (2019)

[41] Guth, A. H. “The Inflationary Universe: A Possible Solution To The Horizon And Flatness
Problems,” Phys. Rev. D 23, 347 (1981).

[42] Linde, A., “Inflationary Cosmology after Planck 2013” e-print https://arxiv.org/abs/1402.0526
(2014)

[43] Seeliger, H. Ueber das Newton’sche Gravitationsgesetz. Astronomische
Nachrichten, 1895, N. 3273 v. 137 (9), 129-136.

[44] L. Boyle, K. Finn and N. Turok, “CPT-Symmetric Universe”, Phys. Rev. Lett. 121, 251301 (2018).

[45] Volovik, G.E. “Comment to the CPT-symmetric Universe: Two possible extensions” e-print
https://arxiv.org/abs/1902.07584 19

[46] Singal, A K. Solar system peculiar motion from the Hubble diagram of quasars and testing the
Cosmological Principle arXiv:2107.09390[astro-ph.CO]

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

2.4. Black hole entropy and thermodynamics
- no 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

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
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3.7. Quark confinement and related issues
- no comments

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

- no comments

3.9. Additional undiscovered particles

- no 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

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
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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.

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?
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- see the main text.
8. Who will solve the biggest problems?

- see the main text.

NuadbopmanmoHHas pu3ndecKas MOJCIb:
HEKOTOpbIC (DyHIaMEHTAJIbHbBIC
poOJIeMbl PU3UKU

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 crarbe NpeACTaBieH psii (PYHIAAMEHTAIBHBIX (HU3UYECKHX IIPOBIIEM,
KOTOpBIE KPaTKO paccMaTpHBalOTCd B pamMkax KoHuenuuu "Mudopmarmms kak AOcomor” u
nH(pOpMAaLMOHHON (HU3MYECKOH MOJENN, KOTOpas OCHOBAaHA Ha KOHIIEMIMH, KOTOpbIE OBLIH
paspabotansl B 2007-2020 TT. cTaThs MpeACTaBIseT coO00H 0030p TMOIMYYCHHBIX PE3yJbTaTOB.
Ceromast B (u3nKe CyIMIECTBYIOT HECKOJBKO ITyONMKanMi, KOTOPBIE MNPEICTABIAIOT MEPEUHH
npo6sieM. OJHAKO 3TH CIIUCKH CYIIECTBEHHO HETIOJHBIC, 110 KpaltHEeH Mepe, MO JABYM NPHYHHAM.
Ilpexxme Bcero, psa  SABIACHWM, W3Y4alOTCA TPAIUIUOHHO (Guiaocopuelt, u TOITOMY
COOTBETCTBYIOIIME TIPOOJIEMBI pacCMAaTpPUBAIOTCA Kak ‘‘Metadm3mdeckue”’. OmHako, OHHU
OTHOCSITCSl TAaKKe K KOHKPETHBIM (M3MUECKMM sBIeHUsM. Hampumep, ¢usmuka, o4eBHOHO,
u3y4yaer Matepuio, ¥ I03TOMy MeTadu3nueckue mpodiemMsl "KakoBa OHTOJIOrMH Martepun”, "4To
takoe "[IpocTtpancTBo”, "Bpems", n HECKOJBKO APYrHX (U3MYECKUX SIBICHUH M TOHATHH, B
JICUCTBUTENLHOCTH ecTh Merta-pusudeckue npodiaemsl "Uro sxe m3ydaer ¢usuka?’. Ectb u
apyrue pyHIaMeHTalbHble pU3nYecKue MpobIeMbl, KOTOPBIC HE CUUTAIOTCSI TAKUMH B (PHU3HKE, U
OTCYTCTBYIOT B NYONHMKyeMbIX crnuckax "QyHaameHtanbHbIX mnpobnem”. K HuM oTHOCATCS
npoOsieMbl, KOTOpPBIE B AEHCTBUTEIBHOCTH CYIIECTBYIOT, HO BKIIOUEHBI B CTaHAApTHBIC
(bu3rUecKkue TEOPUH, U TIOATOMY SIBISIFOTCS (PyHIaMEHTATLHBIME "HESIBHO, KOTJa B (DU3UKE OWUH
"pemrensl” Mo ymoidaHuio. COOTBETCTBEHHO MPOOIEMBI pacCMaTPUBAIOTCS B ITOW CTaThe B
COOTBETCTBYIOIIMX paznenax: "Meta-pusudeckue”’, "OObuHBIE HEABHO (pyHIaMeHTaIbHBIC", U
"Ilpyrue  "oObluHBIE"  (QyHOAMEHTANbHBIE" TPOOJSEMBI, T.€. Te€, KOTOPBIE CUHTAIOTCS
(yHZaMEHTaNBHBIMA W B CTaHZAPTHOW (m3mke. MBI Takke paccMaTpuBacM B 3TOH CTaThe
HECKOJILKO KOCMOJIOTHYECKHX MpobiieM 1 npodiiemy "urto 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
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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.-i; 12.90.+b; 14.60.Cd; 03.70.

1 BBenenue

B manHOit craTthe mpencraBieH psa GyHIAMEHTAIbHBIX (U3MUECKHX MpobieM, KOTOpbIe
KpaTKO paccMaTpuBalOTCsl B paMkax koHuenuuu "Hupopmammsa kak Abcomor" u
WHPOPMALMOHHON (U3NUECKONH MOZENH, KOTOpas OCHOBaHA Ha KOHIICMIHH, KOTOpHIC
On1TH pazpadotansl B 2007-2020 .

K Hacrosmemy BpemeHHt B psizie MyOauKanuii aBTopsl GOpMYIUPYIOT HEKOTOPBIE IEPEUHN
aTuX Tpobiem, Hampumep, [1], [2], cooTBeTcTBYyIOMIyIO CTaThi0 B Bukumemww, u T.I.,
aHAJIOTMYHO Ipe3eHTauuu [uinbOepra aBaiguaté Tpex mHpolOieM B MaTeMaTHKE Ha
MexayHapogHoMm konrpecce Maremaruku B [lapmke B 1900 roay [1]. Criucku npoGiem
BecbMa cX0xH. COOTBETCTBEHHO B JAaHHOW CTaTbeé MBI paccMaTpUBacM HEKOTOpHIE
po0JIeMbl OJTHOTO M3 JOBOJIBHO IOJIHBIX CIMCKOB B [2], KOTOpbIE paccMaTpUBAaIOTCS B
OCHOBHOM TEKCTE U KpaTKO KOMMEHTHpYIoTca B Appendix.

OTtmeTnM, OJTHAKO, YTO CHHUCKHU MPOOJeM B TaKMX MyONHMKAIMAX IO CYHIECTBY SBISIOTCS
HETIONHBIMU 10 ABYM npuyuHaM. [Ipexae Bcero, ecTh HEeNblid psia GU3NUYECKUX SBICHUM,
KOTOpbIE H3Yy4aeT TPAAUUUOHHO (QWIOCOPHs, M MOSTOMY B HAayKe CUMUTAIOTCS
"mMeTadusnueckumu”’. OIHAKO, OHH OTHOCATCSA TaKKE€ K KOHKPETHBIM (PHU3UUYESCKHM
sBlIeHUsAM. Hampumep, ¢u3nka, OUYEBUIHO, U3y4aeT Marepuio, ©  MOITOMY
MeTaduzndeckue npodiemsl "kKakoBa oHTosorun Marepun”, "urto Takoe "IIpocTpancTBo”,
"Bpems", ¥ HECKOJIbKO APYrHX (PU3UUECKHX SIBJICHUH M IOHATUH, B JACHCTBUTEIBHOCTH

ecTb MeTta-pusnueckue npodaemsl "UTo ke usydaer Gusnka?

Mertaduznueckas mpobiaeM "kakoBa oHTonoruss Co3HaHMs" TaKKe OTHOCUTCS K (hU3HKe
HEIMOCPEACTBEHHO, HauyMHas ¢ (QU3MUYECKOM mpoOseMbl "MovyeMy M Kak (H3HUECKue
WU3MEpPEHHs] 1 UHTEPIIPETALMH U3MEPEHHU HHOT A aJIeKBaTHbI OOBEKTUBHOM peaabHOCTH?"
Kpome Toro, sra mpoGiema Oblla akTyaqbHa Ha MEPBBIX 3TAlax Pa3BUTUS KBAHTOBOH
MEXaHHUKH, U cefdac JOBOJILHO aKTyaJlbHa.

Takme wmeradusuueckue MOpoOIEeMbl, KaKk 4YTO €cTh (yHAaMeHTaJbHble (eHOMEHBI/
noustua "llpocTtpanctBo” m "BpeMms, u psAag IOpyrux, Takke B JACHCTBUTEIBHOCTH
SBJIAIOTCS (DYyHAAaMEHTAIBHBIME (U3UIECKUMH TIPOOIeMaMu.

pyrue mnpobiieMbl, KOTOpbIE IEHCTBUTENBHO SBIAIOTCS (yHAAMEHTATIbHBIMU
¢usnyeckuMu npoodsiieMaMH, HO HE CUMTAIOTCS TaKOBBIMU B (DU3MKE, M TOITOMY
OTCYTCTBYIOT B ONYOJHUKOBAaHHBIX TepeuHsX "QyHIaMEHTAIBHBIX TpodiIem",
SIBIITIOTCSI TPOOJIEMBI, BKITIOUCHHBIC B CTAaHAAPTHBIC (PU3HUECKUE TEOPUH, H, TAKUM
oOpazoM, sBIsAIOTCA "HesBHO"  (yHAameHTanbHbIMH. Hampumep, B [2]
ykaszpiBaeTcsi  mpoOsiema  "llouemy  4acTHIBI  OOBIKHOBEHHOW  MaTepwiH,
TyOIupyrOTCs MpU BhICOKOM sHeprun?". Tem He MeHee, OYeBUIHO, YTO TTpobIeMa
"YTO Takoe 4acTHIlbI?" MPEeAIIeCTBYET, U OYEBUJIHO, YTO TOJBKO IOCJE PEIICHUS
ATOM MPOOJIEMBI MOKET OBITh MOJTYYEH PAIlMOHAIBHBIA OTBET HA MEPBBIA BOIPOC,
u T.1. OIHAKO MepeveHb B [2] HEe CONEPKUT MOCIEIHIOK MpoliIeMy, KoTopas — U
HEKOTOpBIE KpoMe — B (PU3UKE “‘peIIeHbl MO YMOJIYaHHIO”’, HECMOTPS Ha TO YTO
peanbHO, BIOJIHE OUYEBHIHO CYIIECTBYIOT.

CoOTBETCTBEHHO  MpOOJIEMBI ~ pacCMaTpUBAIOTCS B OTOM  CcTaTthe B
COOTBETCTBYOIIMX  pasnenax: 'Mera-¢pusudeckue”, "OObIYHBIE  HESIBHO
bynnamentanpueie”, u "Jpyrue "oObruHble" GyHIaMEHTANbHBIE" MPOOJIEMBL, T.C.
TE, KOTOpBIE CUNTAIOTCS (PyHIAMEHTAIBHBIMU B CTaHAAPTHOU (u3nke. MBI Takxke
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paccMatpuBaeM B OTOW CTaThe HECKOJBKO KOCMOJOTHYECKUX MPOOJIeM W
npobaemy "4to Takoe Ku3Hb?

OTMeTuM, Takke, YTO KOHLENIUS U MOAEIb OOCYXAaluCh, a HEKOTOpbIE CTAaTbU
KoMMeHTHpoBanuck B ResearchGate Net, mostomy B pasgene "CcbUiku", Kpome
cTaHAapTHHIX nH(popManuu fanbl cootBeTcTByIone URL ResearchGate.

2 Merta-duszudeckue npoOaeMbl

2.1 "Yr1o takoe ¢enomenbl/monsaTus ''Martepus'' u ''Co3HaHHMe, KOTOpBbIE
SABJSIOTCS HamOoJiee (pyHIaMEHTATbHBIMM B COBpPeMeHHOH d¢uiaocopuun u
Hayke'

B mpitHCTpUM dumiocodun 1 nanee B Hayke o0a 3TH, Haubonee (QyHIaMEHTAIbHBIC B
JaHHOM ciTy4yae, (PeHOMEHBI/TIOHATHS, SBJISIFOTCS TPUHINIHATIBHO TPAHCLCHCHTHBIMH,

- U TIOTOMY CYIIECTBYET MHOXECTBO JOKTPWH, IIKOJI M T.A. B (uiocoduu, KOTOpEIC
OCHOBaHbl  HAa  Pa3IMYHBIX,  YaCcTO  HIPOTHBOIOJOXHBIX,  IEPBOHAYAIHHBIX
MOCTYJMPOBAaHHBIX MPE/IOJIOKEHHUSX, HAYWHAs C OCHOBHBIX W IPHHIUIHAAIEHO
MIPOTHUBOIIONOXKHEIX (prmocopckux mokTpuH "Matepuanmsm” u "Haeanmnsm"; KoTopwie
(mocTyMpOBaHHBIE TPETIONIOKCHHS) TPUHIIUITHAIIEHO HE JIOKa3yeMbl, HE OIPOBEPracMEl,
W TIPaKTUYECKU HE SIBJISIOTCS TeCTUpyeMbIMH. MHBIMH cloBamu, B Quiiocopun U Hayke
HeT HayyHoro moHmMaHus "Marepun" n "CosHanusa". M mosToMy HET OTBETOB Ha
(m3nyecKue BOMPOCHI B pazneie 1 BhIIIE.

[TpaBuiIbHBIE OTBETHI HA ATH BOIPOCH! BO3MOXKHBI, U JAHBI, TOINBKO B PAMKaX KOHIEIIIUH
"Nudopmanus kak Abcomot", [3 -5], koTopas Obina pa3paborana B 2007-2017 rr.,

- TIOE CTPOro JA0Ka3aHO, YTO HHUYTO JPYroe HE CYIIECTBYET, KPOME HEKOTOPBIX
HH(GOPMAIIMOHHBIX IATTEPHOB/CUCTEM IIATTEPHOB, KOTOPBIC SBISIFOTCS 3JEMEHTaMHU
a0bCoMOTHO  (yHIaMEHTANILHOTO W a0CONIOTHO  OECKOHEYHOro  MHOKecTBa
"Nudopmanms”.

Kotopoe (MHOXKECTBO) CYIIECTBYET aOCONMIOTHO OOBEKTUBHO PEANBHO, TIOTOMY YTO OHO
MPUHIAITUAIBHO, JOTHYECKHA, HE MOXET OBITh HECYIICCTBYIOIIUM, M TaK SBISCTCS
a0COIIOTHO BEYHBIM, HE UMEsI Havana U KOHI[A CYIIIeCTBOBAHHUSI.

COOTBETCTBEHHO, JOMOJHUTEIBLHO K TPAJAUIMOHHBEIM HauOoJjiee (YyHIAMEHTAIBHBIM
(heHOMEHaM/TIOHATHSM BBIIIIE, CYIIIECTBYET CIICAyIOmas mpoodiieMa, TeHCTBUTEILHO OoJee
(dyHIaMeHTaNbHas, YeM CYIIECTBYIONINE B MIHHCTPUME MPOOIEMBI, U KOTOpas He UMEeT
PaIMOHANBHOTO PEIICHUS B COBPEMEHHOH (PHIIOCO(UU U HAYKE:

2.2 "Yro Takoe ""Unpopmanus’

3
B koHmenmum maHo MpenenbHO oOIee ompeaesieHne abCoMOTHO (GyHIaMEHTAIHHOTO
¢denomena "HNudopmarms”:

3

X1

3mece uw pmanee “abCcoMOTHO (PyHIAMEHTANbHBIM®  OTHOCHTCA K (DyHIaMEHTaJIbHBIM
(heHOMEHaM/NOHATHSAM, KOTOpPBIE  CYIIECTBYIOT W JEHCTBUTENbHBI BO BCeM MHOXECTBE
“Undopmanus”, B TO BpeMs Kak (“mpocto”)  “dyHnaMEeHTaNbHBIH”  OTHOCHTCS K
(heHOMEHaM/TIOHATHSM, KOTOpBIE SIBISIIOTCA (DyHIaMEHTANBHBIMM B Marepuu 1 “CO3HaHMHU Ha
3emiie”, BKJIIOYasi CO3HAHHE YEJIOBEKA, B (PMIOCO(UH U B €CTECTBEHHBIX M COI[HAJIbHBIX HayKax.
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"Undopmanus fABJIAAETCH TO, YTO TNOCTPOEHO B COOTBETCTBMM C MHOMXKeCTBOM/
cucteMoii a6co0THO dyHaameHTanbHbIX IIpaBui, Bo3moxkHocteii, KoanuecTtB n
T.J. - MHO:KkecTBO/cucTema "'Jloroc' B koHuenuuu ".

nn

Wiu, apyrumu ciioBamH, 3JieMeHThl MHOXKecTBa "Jloroc" "nenarot Heuto nHpopMarmeit'.
Heckonbko npumepoB "Jloroc" 3rmeMeHTOB, KOTOPHIE OYAyT, MOCKOJIBKY OHM HE UMEIOT

pumMep , p YAYT, y
palMOHANBHBIX OMpeNeNeHnii B O(UIMANBHON HayKe, HAy4YHO ONpeAeNieHbl W
WCIIONIB3YIOTCSL Jajiee B OTOM cTaThe: Tpexkae Bcero, 3to "lIpoctpancto”, "Bpems',
"Jlornueckue npasuna”, "Oneprus”, "M3menenne"

CootBerctBenHO "Matepusa" u "Co3HaHHWe" CTAaHOBITCS HAy9YHO OIPEACIICHHBIMH —
"Matepus” u "Co3HaHue" SBIAIOTCA CTPOr0O HHUYEM HWHBIM, KaK HEKOTOpHIE
WHPOPMALMOHHBIE CHCTEMBI, TO €CTh KOTOPBIE CAETaHbl U3 OJHOTO U TOTO e MaTepuana
"Nudopmarius’, ¥ B COOTBETCTBHH C OJJHUM H TEM YK€ MHOKECTBOM 3jieMeHTOB "Jloroc".

U3 sToro omnpeneneHus cieAyeT OTBET Ha CIEAYIOIYI0 (yHIaMEHTaIbHYIO Ipo0iieMy
2.3 "IToyemy u Kak J0Au HHOTAA 3¢ (PeKTUBHO U3y4alOT MaTepun'’

- IOCKOIBKY 00a, Matepus u mr00oe Co3HaHHE [BKITIOYAs YETOBEUIECKOE]| CCIIaHbI TOIBKO
u3 "MHdopMmanuu”, HET HUYErO YAMBUTCIBHOIO B TOM, YTO HeKas HH()OPMAaIlMOHHAS
CUCTEMa, KOTOpas CIOCOOHA IMONyYUTh HH(OPMALUIO O JAPYTrUX WHPOPMAIMOHHBIX
CUCTEMaxX W aHaM3WpOBaTh c¢¢ Jiormueckw, T.e. “Co3HaHme”, JelaeT dTO HWHOTIa
aZIeKBaTHO OOBEKTUBHOW PEaTbHOCTH, B TOM YHCJE, KOTJa 00pabaThIBacT MOIYUCHHYIO
nH(GOPMAITUIO O HEKOTOPBIX 00BEKTaX, COOBITUAX M Tpoleccax B Marepun. bosbiie o
CO3HAHHMH CM. TIEPBYIO allpOKCUMAIHIO (HyHKINOHANEHOU MOZeNH co3HaHus [16].

2.4. Hexkoropble 3jeMeHTbl MHO:ecTBa ''Jloroc'" kak ¢yHaaMeHTaJbHBIE
¢pusznyeckne npodieMbl

BonpmmHCTBO 31eMEHTOB MHOXecTBa "Jloroc" TpaHCIEHACHTHBI B MAHHCTPUME, B TO
BpeMs KaK HEKOTOPBIC U3 HHX SBJAIOTCA MeTa-Qu3ndeckuMu (eHOMEHAMM/TIOHSITHIMH,
[MO3TOMY MX HAayYHBIC ONPEACICHUS SBIISIOTCS COOTBETCTBYIOMUMH (yHIaMEHTAIbHBIMU
¢m3nyeckumu npoodiiemMamu. B 3ToM paszene Takue mpoOIeMbl 3TO:

2.4.1 "Yro Takoe Kornuecrso '"IHeprus'’

- DHeprus sBisieTcs diaeMeHToM MHOXkecTtBa "Jloroc" [S5], [7], KOTOpeI abCOIOTHO
HEOOXOIMM I MU3MEHEHHS, B TOM YMCIIE, KOHEYHO, IUIS CO3JaHHs, JIFOOOrOo/KaX<Ioro
MH(OPMAITMOHHOTO TATTEPHA/CUCTEMBL. JTO MPOUCXOAUT H3-32 (yHIAMCHTAIHHON
BHYTPEHHEH JIOTUYECKOW TPOTHBOPEUYMBOCTH JPYrOro abCONIOTHO (PyHIAMEHTaIhHOTO
[Taxoxe anementa mHOKecTBa "Logos"] penomena/moustus "HM3menenue”:

- IPU KaXKJIOM U3MEHEHHUHU YE€T0-TO JAHHOE COCTOSIHUE SIBJISIETCS OHOBPEMEHHO MPEKHUM,
JMAHHBIM, W OYIyIIUMH COCTOSHHSIMH, TOTJIa KaK BCE ITH COCTOSIHHS OTIMYAIOTCS TIO0
OTIPEIICIICHHUIO. DTO JIOTHICCKUN HOHCEHC.

,Z[JIH IMPEOJOJICHHUA J3TOTO0 JIOTHYECKOI'O 3aIlpeTa W3MEHEHHI IIpyu KaXXaoM H3MCHCHUHN
H€06XOI[I/IMO 3aIJIaTUTD 110 ABYM ITYHKTaMm:

(i) — 4YroObl HM3MEHUTH [B TOM YHCIE CO3/4aTh| HEKOTOPbIM HH(OPMALMOHHBIN
MaTTePH/CUCTEMY HEOOXOINMMO TOTPATUTh HEKYI0 HEHyJeByio mopmnuio KommuecTsa
"Oneprus”. OQHAKO 3TOr0 HEAOCTATOUHO, €CIU MOPIHS SBISIETCSI KOHEUHOM, U TI03TOMY,
KpOMe TOro,
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(i) — B MEWCTBHTENHLHOCTH TpH JIIOOOM HM3MEHEHHUH HW3MEHSIONIEECS COCTOSHHE Ha
HEKOTOPOM ypOBHE/MacITabe OKa3pIBacTCS HEOMPEACIECHHBIM — “aJJOTHIHBIM .

W3 u3nmoskeHHOro B TaHHOM pasjelie CICAYeT OTBET Ha CIEAYIONIYIo (pyHIaMEHTAIBHYIO
npobiemMy:

2.4.2 Ilouemy B MaTtepuu KBaHTOBbIE 3¢ eKThI CylIeCTBYIOT BOOOIIIE

3aMeTuM, OJIHAKO, 4YTO (aKT HEBO3MOXKHOCTH JCTCPMUHHCTUYCCKUX HEIPEPHIBHBIX
W3MEHEHHI 4ero-to Obu1 mokaszan Ooisee 2500 e Hasag 3€HOHOM B €ro OJIECTAIINX
anmopusx, Korja 3eHOH, 10 CYyTH, MTPeACcKa3al KBaHTOBYIO MexaHuKy (KM).

OtHocutenbHo KM oTMeTHM 31eCh TakXke, 4YTO M3 KOHLEMLUUU CIEAyeT OTBET Ha
CIIeAYIONIYIO (HEesIBHYIO) (QyHAAMEHTATBHYIO PH3HUYECKYIO TPOOIIeMYy:

2.4.3 “Ilouemy B KM cymecTByeT mocTyJIaT, 4TO BCe YACTHUIbI JAHHOI0 THUIIA
HWACHTHYHBI M II0YeMY 3TO aJeKBATHO peajbHOCTH"

- OTOT MOCTYJAaT ABJIACTCA aJACKBAaTHLIM PCAaJIbHOCTH, IIOTOMY YTO BCC YaCTHLBI TaHHOI'O
THUIIA SABJIAIOTCA KOIIMAMH OAHOI'O M TOI'O XK€ I/IH(l)OpMaLII/IOHHOFO naTrTepHa, 4TO CCTh
TUIINYHAA CUTyalus B I/IH(l)OpMaLII/II/I.

To, uto BbImIe B 3TOM paszaenax 2.4.1- 2.4.3, mo cCyiecTBy, ABISETCI OTBETOM Ha
(hyHIaMEHTATBLHYIO MPO0IIeMy:

2.4.4 "Yro Takoe puznyeckuii napamerp ''JHeprus"

- OJHAKO, OTBET OCTaeTcs "MeTapu3UUeCKH" HEMOJHBIM, DHEPrus OCTaeTCs HauboJjee
TaMHCTBEHHBIM J1eMeHTOM MHOXectBa "Jloroc". Tem He MeHee, IIOMHMO
BBIIIICU3IIOKEHHOTO [/ 4ero HeoOXxoauma OHEprus], yXKe TMOHATHO, 4TO ODHEprus
JIOBOJIBHO "Tymas'". M3MeHeHHsT B MEHSIOIINXCS MH(OOPMAIMOHHBIX MaTTepHAX/CUCTEMax
B KOHEYHOM HUTOre  OINPEHCIAIOTCS  KOHKpETHOW  uH(poOpMaluest B 3THX
MaTTepHAX/CUCTEMAX, MPAKTUICCKH HE3aBUCUMO OT TUIIA 3aTPAYCHHOMN SHEPTHUHU.

OnHaKo JI0 CHX TOp 3TO HE CIUIIKOM Ba)XXHO B (usnke. [IpuunHa B TOM, YTO MaTepHs -
3TO JOBOJIBHO TIPOCTas JOTMYECKas CUCTeMa, KOTopas 0a3upyeTcss Ha OTrpaHUYCHHOM
MHOECTBE (DyHIIAMEHTAIBHBIX ¥ YHUBEPCATBHBIX 0a30BBIX JOTMUYECKUX MMPABUII/3aKOHOB,
CBsI3€H M KOHCTAHT (TOJIpoOHEe CM. HIKE), TAe OOMEH dHEpruei Mpu B3anMMOICHCTBUIX
MaTepUaIbHBIX OOBEKTOB, B TIyOWHE, MPEJCIBHO CTAaHIAPTU3UPOBAH U YHHUBEPCAIICH, U
MOTOMY 3aBHUCHUMOCTH JACUCTBUS DHEPTUU OT pa3iuius HH()OPMAIIMOHHOTO COJIEPKAHUS B
Pa3IMYHBIX MaTePHATBHBIX 00BEKTAaX OKa3bIBAETCS HECYIIIECTBEHHOM.

N T1o, 4uro KaxkeTcs BechMa pealbHBIM, I[OXOXKE, YTO CYIIECTBYeT Oolee
(dyHIaMEHTaNbHBIA M MOIIHBIA, yeM ¢eHomeH "OHeprusa' — ¢enomen "Jlormka'. U
Nudopmarus cama, COOTBETCTBEHHO, XOTS DHEPIHsl Ha TEPBBIN B3TJIS BBITIISIUT Kak
4T0-TO BHelrHee MHpopMarum, HarpuMep Kak TaHHBIM O Y€M-TO, TEM HE MEHEe, €CIIi Obl
CYIIECTBOBAJIO COCTOSIHME ‘“‘HMYTO’, T.e. KOoria Obl He ObUI0O HUYEro, B TOM  YHCIC
SHEPTHUH, BCE PaBHO MPHHIMIHAIBHO cyimiecTBoBaio Obl (“HynmeBoe yTBepxkieHue” B
KOHIICTIIINKA) JTUHAMHUYECKOC OCECKOHEUHOE ITMKIMYECKOE YTBEP)KIACHHE ‘‘HET HHYETO
KpoMme HH(GOPMAITUU O TOM, YTO HET HUYETO Kpome...” .

W3 BBINMIEU3I0KEHHOTO CICAYeT OTBET Ha CJACAYIOIIUN (QyHIAMEHTAIbHBIN (QU3MUYSCKUIN
BOIIPOC:

2.4.5 "Yro Takoe ""Unepuus'
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- Wuepumst ecth aOCOMIOTHO (GYHAAMEHTAJIbHBIH (EHOMEH, KOTOPBIH XapaKTepH3yeT
JIOTUYECKOE  COMPOTUBJICHWE  W3MEHEHWSIM  W3-32  BHYTPEHHEH  JIOTHYECKOM
npoTtuBopeurBocTy (eHomeHa "M3menenue” Beimie. Kak u sneprus, nnepuus B Matepun
MOXET OBITh, M, corinacHO HBIOTOHY NefcTBUTENBHO, OXapakTepu3oBaHa, (puzndeckum
rmapamMeTpoM 'HmHepIaigbHas Macca'. OTMETHM 37ecCh, YTO OTO HE HMEET HHKAKOTO
OTHOIIIEHUS K CYIIECTBYIOIIEMY B CTaHAApTHOM (U3NKe OOBSICHEHHIO TOTO, YTO
WHepLHaIbHas Macca eCTh KaKOe-TO ACUCTBHE MOl XUTITca.

[MormyTHO OTMETHM JIOBOJNBHO TOMYJSIpHOE B O(HUIMaNbHON (H3MKE BBIpakeHHWE, YTO
"SHEprusi ¥ Macca ATO JBE CTOPOHBI OJHOM MOHETHI, KOT/Ia OJTHO M3 HUX MPEBpaIlacTCs B
npyroe”. DTO MPUHIUIHAILHO HeBepHO. O0a abcomoTHO (pyHIaMEHTABHBIX (heHOMEHA
"Oneprus” u "HHeprus" neHCTBUTEIHHO CYIIECTBYIOT BCETIa BMECTE B KaXKIOM
MH(OPMAITMOHHOM IMaTTepHE/ CUCTEME, B TOM YHCIIE B Ka)XJIOM MaTepUAILHOM OOBEKTE,
HO OHM TPHHIMITUAIBHO pa3Hble, W TaK, CKaXkeM, MPH B3aUMOJCHCTBHAX B Martepuu
MpeXJe BCEro DJHEpPrusi IpeobdpasyeTcs/epepacnpeaensieTcss B JHEPTHI0, XOTA ¢
00s13aTeIHFHBIM COITPOBOKTAIOTIIAM nmpeoOpa3zoBaHuEM/TIepepacpecICHIEM
WHEPIUATHHON MaCcCHI.

2.4.6 ""Yto Taxoe "IIpocTpancrBo’ u "Bpemsa'
OTBeT Ha ATH BOIIPOCHI AaHBI B KOHIIETIINH [S]:

"IIpoctpancTtBo” u "Bpems" ectb abcomoTHO ¢pyHaameHTanbHble [IpaBuia/Bo3mokHOCTH
[>memenTsr MHOXecTBa "Logos"], KOTOpble a0COMIOTHO HEOOXOAMMBI, YTOOBI 00O
nH(pOPMAITMOHHBIN TATTEPH/CUCTEMa MOT CYIIIECTBOBATD:

- "IIpocTpancTBO" HEOOXOAMMO ISl CYIIECTBOBAHHA 10001 MH(OpMaIuy BooOIIEe, 1

"Bpems”, pmomomHuTenbHO K [IpocTpaHcTBY, HEOOXOOMMO A HEKOTOPBIX
WHPOPMALMOHHBIX MATTEPHOB/CHCTEM 4YTOOBI OBITh JAWHAMHYECKMMH, T.€. MOTJIH
HU3MEHUTHCS.

"IIpocTpancTBO” Kak B03MOKHOCTB, J€aeT BO3MOXKHBIM pa3MEIIEHHUE B KOHKPETHBIX
"mpocTpaHCTBax'  KOHKPETHBIX  HMH()OPMAIMOHHBIX  MATTEPHOB/CUCTEM, KOTOpBIC
(TIpocTpaHCTBa) MPHU I3TOM PEATU3YIOTCS KaK KOHKPETHBIC HA0OpH  "TPOCTPaHCTBEHHBIX
WU3MEpPEHN”’, KOTOpble (M3MEpeHus1) HEOOXOMUMBI Ul aKTyalu3alld He3aBHCHUMBIX
cTerneHel cBOOOIbI KOHKPETHBIX MAaTTEPHOB/CUCTEM NPH U3MEHEHUH MX BCEX BO3MOMXHBIX
COCTOSTHUM.

B Bumy Toro, uro IlpocTpaHCTBO eCTh JOrmuYecKas BO3MOXKHOCTh, HAOOPHI MU3MEPECHUUN
(OpMHPYIOT KOHKpETHbIE, W NPUHIMIIHAILHO WHOUHUTHBIC, ‘“‘TPOCTPAHCTBEHHBIE
KOHTCHHEPHI" ISl KOHKPETHBIX MaTTEPHOB/CHCTEM OAHOTO THIA. [[s mpocTpaHCcTBa BCe
PaBHO - CKOJIBKO MATTEPHOB/CHUCTEM OJHOTO THIIA, T.€. KOTOPHIC IMOCTPOCHBI HAa OJHOM
MHOXKECTBE JIOTMYECKUX TPaBUJI/CBA3CH/KOHCTAHT, U TIO3TOMY MMEIONUX OJIHU M TE KE
CTereHn CBOOOIBI TIPU 00Pa30BaHUH U U3MEHEHHUSX, HAXOJISITCS B KOHTEHHEpE.

U Ttak xe Bce paBHO — B KaKMX MECTaxX B KOHTEHHEpE pa3MelatoTCsl MaTTEPHbI/CUCTEMBL.
EnuncTBenHoe TpeboBaHWe, KOTIA MPOCTPAHCTBO AcicTByeT kak IIpaBuiio, 3To TO, 9TO
pa3IMYHbIe MATTEPHBI/CUCTEMBI JTOTKHBI pasnensarTscs HE HYyJIEBBIMA
“IpOCTPaHCTBEHHBIMH HMHTEpBaNIaMHU', M, TaKkKe, JIOOOW NaTTepH/CHCTEMa JOJKHBI
3aHUMAaTh ‘‘HEHYJICBOW IPOCTPAHCTBEHHBIM WHTEpBaI' ["TPOCTPAaHCTBEHHBIH 0O0BEM',
€CJIM ecTh 0oJee OAHOT0 MHTEPBaIAa B Pa3HBIX M3MepeHusx]. B atom IlpocTpancTBO ecTh
HaunOonee oOliee MpaBUIO TPaMMATHKH, KOTOPOE UMEHHO MO3TOMY CYHIECTBYET BO BCEX
YEJI0OBEUYECKUX SI3BIKAX.

IMockonpky Jr00ast uHPOpPMaNUs aOCONMIOTHO (YyHIAMEHTAAbHO HE MOXKET OBITh
HECYLIECTBYIOLIEH,  COOTBETCTBEHHO B  MHOXecCTBe "Undopmanus”  Bce
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MIPOM3OIIIIIO/CYIIIECTBOBAIO; BCE IIPOUCXOIUT/CYIIECTBYET, W BCE IMPOHU30UIET/OymeT
CYIIECTBOBATh BCETIA;

- KOHKPETHBIC aTTEPHBI/CUCTEMBI, BKII0Yass Marteputo U Co3HaHUE, IPOCTO UCIIOIB3YIOT
BCEI/la CYIIECTBYIOIINE KOHKPETHBIE MMPOCTPAHCTBEHHBIE HM3MEpPEHUs W3 a0COIIOTHO
OCCKOHEYHOTO ‘‘dmciia” MPOCTPAHCTBEHHBIX M3MEPEHWH BCETO IPOCTPAHCTBA-BPEMEHHU
MHoXecTBa B KOHKPETHBIX aKTyalH3allMsiX TEKYIIETO COCTOSIHHS KOHKPETHBIX
MMaTTepHOB/CUCTEM, KaKk TO €CTh, HAmpuMep, i1 Marepud W Joned B JTaHHOU
aKTyaJlu3alliy SBOJIOIMU BeeneHHo.

"Bpems", xak Bo3MoOKHOCTB, B OCHOBHBIX uepTax sBIseTCs aHanoroM llpocTpaHcTBa,
OHO €CTh 'IPOCTPAHCTBO JUISI U3MEHEHHBIX COCTOSHUN MEHSIIOIITUXCS TaTTEPHOB/CUCTEM
U CYIIECTBYCT/IEHCTBYET B KOHKPETHBIX Ciy4asx (opMupys, B TOM YHUCIE,
COOTBETCTBYIOIIEE "BPEMEHHOE U3MEpPEHUE" NIl AMHAMUYECKUX MAaTTePHOB/CUCTEM.

Tem He MeHee, Bpemsi umeer cymiectBeHHoe otinuue oT [IpocTpancTBa: s Bpemenu
BCE€ PABHO - IO KAKOW MPUYMHE/KAKUM ITyTEM, B KAKOW CTETICHU CBOOOJIBI | T.JI., U B KAKOM
WH(POPMAITMOHHOM MATTEPHE/CUCTEME TPOM3OIIII0 H3MEHEHHE.

[losroMy B maHHOM ciydae JIOCTATOYHO HWMETh TOJIBKO OJHO  a0COJIOTHO
(yHIaMEHTALHOE ¥ YHUBEPCAILHOEC U3MEPEHHE, KOTOPOE CYIIECTBYET M JCHCTBYET BO
BceM MHOXKeCTBe "Uudopmarus” [ BCeX H3MCHSIONIMXCSA COCTOSHHUH BCEX
JTUHAMHYECKUX 3JEMEHTOB MHOXECTBA; B KOHIICTIIIMU HCIOJIB3YETCS COOTBETCTBYHOIIUN

"o

TEPMUH “U3MEpEeHHE "UCTUHHOE BpeMs'” .

Bpems, xak IIpaBuiio, Takxe IEUCTBYET TakK, YTO MEXIY Pa3IMYHBIMU COCTOSIHUSIMU
MEHSIIOIUXCSl MATTEPHOB/CUCTEM JOJDKEH OBITh HEHYJeBOM "BpEMEHHOW HHTepBa'.
OpHako B 3TOM ciy4yae 3TO TpaBWiIo, B oTiindve oT I[IpocTpaHcTBa, MO-BHIMMOMY,
oTpesiensieTcss AByMs, Ha TEPBBIN B3TIIA pa3HbIMH, aOCOMOTHO (hyHIaMEHTAIBHBIMUA U
"BHemHMMHU i1 Bpemenn" mnpuumnamu. IlepBas 3akirouaeTcs B TOM, 4YTO Ji00as
nHpOpPMAaLUs, €CIIM TOSBHIUCH, HE MOXET OBITh HECYIIECTBYIOIIMH, U TIOATOMY
CIemyIoliee W3MEHEHHOEC COCTOSHHE HE MOXET ''CTepeThb' TPEIbIIyInee COCTOSHUE.
Bropas 3axirodaercss B TOM, YTO HENMPEPHIBHOE H3MEHEHNE COCTOSTHII HEBO3MOXKHO M3-32
JIOTUYECKOH CaMO-TIPOTHBOpPeunBOCTH (peHoMeHa ‘‘V3MeHeHue” BhIIE, M H3MCHCHHS
MIPOUCXOSAT TOJIBKO MPU HEHYJIEBBIX BPEMEHHBIX HHTEPBAJIaX

Takum 00pa3oM, ecTh €llle OJHO OCHOBHOE pasimuue IIpocrpancTBa M Bpemenu. Ilpu
JTH000M HM3MEHEHUHM Kakoro-mubo HMH(OPMAIMOHHOTO MATTEPHA/CHCTEMBI 3TOT IATTEPH
/cucTeMa TepeMeElaeTcss B M3MEPEHUM BPEMEHM HAa COOTBETCTBYIOLIMI BpPEMEHHOM
uHTepBan At B KaXI0M Cilydae, KOrja M3MEHSIOMIMICSA naTTepH/cucreMa (PUKCUPOBAH B
NPOCTPAHCTBE, W INPU KaKIAOM H3MEHEHHM €ro IPOCTPAHCTBEHHOIO MOJIOKEHHS Ha,
Hanpumep, Ax .

COOTBETCTBEHHO IMOCJIEIOBATEIBHOCTh MPOLICANINX BPEMEHHBIX MHTEPBAJIOB MpHU
M3MEHSIONUXCS COCTOSHUSX OJHOTO M TOTO K€ MAaTTEPHA/CUCTEMBI - 3TO IBW)KCHHE
MaTTepHa/CUCTEMBI B N3MEPEHUH UCTHHHOTO BPEMEHH.

[IpocTtpancTBO M BpeMs 00pa3yiOT KOHKPETHBIE "TyCThIe KOHTEHHEPHI' - "IPOCTpaHCTBA-
BpeMeHa’, U1 KOHKPETHBIX IMHAMUYECKUX MaTTepHOB/cucTeM. HakoHen B naHHOM
pasfene clenaeM KpaTKoe 3aMeuyaHHe K CYIIECTBYIOIIEMY OMNpEACIICHUI0 BPEMEHH B
ounmansHOi Pusuke. IT0 onpeaeneHue Bruepsbie qan Hetotow. [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: ....”
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“...AOCOIIFOTHOE, NCTUHHOE, ¥ MaTEeMAaTHIECKOE BpeMs, caMo I0 cebe M CBOEH mpupojie
TEUET PABHOMEPHO HE3aBUCHUMO OT 4Yero-mubo BHEIIHETO, M, APYTHMH CJIOBaMH,
Ha3bIBACTCS MPOJOJKUTEIBHOCTD ...”

Impu OTOM JId HsroTona COOTBCTCTBEHHO, YacCbl IIOKAa3bIBAIOT TCYCHUC BPEMCHU
HE3aBUCHUMO OT BPEMCHHU, U TOJIBKO IIOTOMY, YTO OHM TAKXKC€ THUKAOT PaBHOMEPHO.

- | 3TO ONpeaesieHue, OJHAKO C IBYMS PEIATHBUCTCKUM MOINU(PHUKAIMSIME, OCTaeTCS B
¢msuke. CoriacHo nocrymnaroB, CTO, BpeMms: (i) — HE TONBKO TE€YET PABHOMEPHO, 3TO
TEUEHHUE 3aBUCHUT OT JIBWXKCHUSA, U, TOT/Ia KaK B CTAIIMOHAPHOM CHUCTEME OTCUYETa BpeMs
T€UET B COOTBETCTBUM C ompejercHueM HploToHA, B ABIXKYIIUXCS CUCTEMaxX TEUCHHE
BpeMCEHH 3ameiyisiercss, u (ii) — Bpems yIpaBiiieT MaTepuadbHBIMH TeJIaMH, B T.4.,
yacaMu, U MOTOMY “BpeMsl 3TO TO, YTO CUUTHIBAIOT Yachl ~, COOTBETCTBEHHO Yachl B
CTAallMOHAPHBIX CHUCTeMaxXx oOTcyeTa Mokas3bpiBaloT ‘“‘HproToHOBCKOE” Bpems, U B
IBIDKYIIAXCS CHCTEMaxX — 3aMeIcHHOe BpeMsa. Kpome TOro 3TOT IOTOK BpeMEHU

HaOrogaeTcs Kak Hekas “‘crperna Bpemern” [20].

N3 xoppekTHOTO oOmpenencHus ‘‘BpemeHW” BBINIE CIIEIyeT, YTO NPUHIIUIHAIBHO HE
MOXET OBITh HHKAKOTO ‘‘HBIOTOHOBCKOTO”, ‘“HOpMaJBHOTO’, ‘‘3aMeIIeHHOr0”, W T.IL
MIOTOKa BPEMEHHU, M HHUKAKUX ‘‘CTped BpeMeHW . Marepus, M KaXIblii MaTepHadbHBIN
00BEKT, MPOCTO MOCTOSHHO, B COOTBETCTBUH C 3aKOHOM COXPaHCHHs DSHEPIHH,
M3MEHSIOTCA, W TaK IBWXKYTCS BO BPEMEHH, MEpPeXOnas W3 JaHHOTO COCTOSHHUS B Halle
HanOoJiee BEPOSTHOE COCTOSIHME; KOT/Ia W3MEHEHHUs NETePMHHUPOBAHBI, 3TO JHUILIb
O3HaYaeT YTO BEPOSITHOCTH paBHa 1.

2.5 Yrto Takoe "Kuznnp'"

JlBe m3BecTHBIE ceroiHsi QpyHIaMeHTanbHble MH(OpMalMOHHBIE cucTeMbl "'Marepus” u
"Co3HaHue" MPUHIUAIIAATILHO PA3INYHbI, TOTOMY YTO OHH OPTaHW30BaHBI, CYIIECTBYIOT U
WU3MEHSIOT CBOM COCTOSIHUSI, T.€. SBOJNIOUMOHUpPYIOT (Marepusi) W pa3BUBAaIOTCS
(Co3Hanme), OCHOBBIBaSICb Ha NPUHOWNHAIBHO PAa3IMYHBIX KOMIUIEKTaxX 0a30BbIX
3aKOHOB/CBSI3€1/KOHCTAHT. XOTA OHH M CTPOSTCS TOJBKO B COOTBETCTBUH C OAHUMHU U
Temu ke "Jloroc" anemMenTamu, B TOM drciie aneMerToM "Jlormaeckue [IpaBuma’.

B mHactosmiee Bpems JIOAM 3HAIOT TONBKO OnHY Bepcuio Co3HaHWS, ‘“‘CO3HAHWE Ha
[Tmanera 3emist”, pa3nuuHbIE BEPCHU KOTOPOTO HMMEET KaKIO€ >KHBOE CYIIECTBO Ha
3emiie, Brmoyast mojeil. OcHoBHOeE paznnuue Mexxay Martepueli u mo6bsiM Co3HaHHEM B
MmuoxectBe ‘“Uupopmanus”

- B TOM, 4Yr0o Marepus NPHHIUIUAIGHO 3aKphiTas B MHOXECTBE cucTema
MH(OPMAITMOHHBIX MaTTePHOB/CHUCTEM, rjae B3aMMOJICHCTBUS MEXTY
MaTTepHAMH/CHCTEMaMH TIPOMCXOAT Kak OOMEH COBEpIICHHO WCTHUHHOW W CTPOTO
ompenencHHON nHpopMarueit. MaTepust SBISETCS 3aKPBITON CUCTEMOM TaKKe M3-3a TOTO,
YTO MaTEepPUAIbHBIC OOBEKTHI MMPOCTO HE MOHUMAIOT HH()OPMAIIMOHHEIE MATTEPHBI IPYTHX
aneMeHTOB MHOXeCTBa; M, KpOME TOTO, B SI3bIKE, HA KOTOPOM MaTepHAIbHBIE OOBEKTHI
00IIAa0TCS APYr ¢ APYrOM, HE CYIIECTBYET IOHATHSA “He MOHATHas uHbpopmarwms”. 1
MMEHHO TT03TOMY Marepus SBIIsSeTCS CTa0MILHOM CHCTEMOH,

- TOT/Ia KaKk CO3HaHWUs, B TOM 4uciie "homo sapiens sapiens co3HaHue" Bepcus, CTIOCOOHBI
o0IIaThCs B MPHUHIUIIE, TIO-BUAUMOMY, C JIFOOBIM 3JIEMEHTOM MHOXKECTBa, B TOM YHCIIC B
Clydasix, KOrja TOJydeHHas HWH(OpManus HE MOXKET OBITh HCTOJIKOBaHA KaKHUM-TO
CYLICCTBYIOIIMM CIIOCOOOM, HauyWHas C OMNPEACICHUsS Takoi HHGOpMAIMKH Kak
"HenoHsATHas HHpopManus'.

COOTBCTCTBCHHO, Kaxmaas H3 06OI/IX, MaTepI/m n Co3HaHue Tak CYHICCTBYIOT U
HU3MCHAIOTCA B CYIIECTBCHHO PA3HBIX IIPOCTPAHCTBAX; XOTA, CO3HAHUC Ha 3emite
Z[CflCTByeT TAaKXXC B MPOCTPAHCTBC MaTepI/II/I, KOorga OHO YHOPaBJIACT MNPAKTUYCCKU
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MaTepuanbHONU cucTeMoi "Termo +Mo3r”. O6a COOTBETCTBYIONIHME IMPOCTPAHCTBA-BpEMEHA
MMEIOT OJHO HM3MEpEHHE HCTHHHOTO BPEMEHH, KOTOpOe MPHUHIMIIMAIBHO OJHO oO0Inee B
MHoxecTBe.

Takwum 006pazoM, He MOXKET OBITh KaKOW-THOO0 "IMEPIHKEHTHOCTH" KaKOTO-IN00 CO3HAHUS
n3 JII000H MaTepuaabHON CTPYKTYpHI, KaK 3TO MPEIIaraeTcsi BO MHOI'MX CYLIECTBYOLINX
ceifyac "reopusx" u "pemeHHAX" mpoOiieMbl "pasyM-Teno/Mo3r” M T.II., B HEBPOJIOTHH,
buzuke, T.1I.

HNundopmanmonHas cuctema "cozHanue Ha 3emie” Morja Obl, B IPUHLIUIIE, CYIIECTBOBATD
B MHo)ecTBe  mapamenbHo ¢ Bo3MOKHBIM Coznatenem Marepun eme no Hauana
Marepuu.

OpHaKo, TOCKOJBKY CO3HAHUE SBJISICTCS MPHUHIUIUAIBHO OTKPBITOM HH(DOPMAIMOHHOMN
CHUCTEMOM, ")KM3HB' TaKOW CHUCTEMBI OblIa JOBOJHHO TPYIOHOW B HECTAOWILHOW W,
BO3MOXKHO, JECTPYKTHUBHOM, cpere MHoxecTtBa. Tak 4YTO BHUJIMMO, JaHHAas BepCUS
CO3HAaHMSA WCIOJb30BAJIa BO3MOXHOCTh CHIeJaTh ceOe HEKUHd MaTepUAIbHBIA J0M,
cnernuduuecku cHopMUpoBaB B OHO-MOJICKYyJaX HEKOTOpPbIE aTOMbI MaTepu, MPEK.Ie
BCET0 KakK CTaOWIBHYIO PE3UACHIIMIO M UCTOYHUK dHEPTHUU NMPH GYHKITHOHUPOBAHUN KaK
JTUHAMHYECKOW cucTeMBbl. Takum 00pa3oM, ®KHU3Hb, CKOPEE BCETO, HECKOIBKO MILIHAPIOB
JIeT Ha3aJ] MOsIBUIIACH Ha 3eMIIe.

[Tocne atoro, "co3Hanue Ha 3emie" pa3BUBAJIO MPAKTUUYECKH MAaTEPUATBHYIO PE3UICHIINIO
B COOTBETCTBHH C BIIOJIHE OYEBHIHO HaOIIONaeMbIM TpeHIoM "Bce Oojee M Oonee 3a
npenensl Marepun” B Opyrue pernoHsl MHOXeCTBa, BIUIOTH 10 "homo sapiens sapiens"
BEpCHU. DTa BEPCHSI UMECT XOPOIITO Pa3BUTYIO CITOCOOHOCTH 00pabaThiBaTh HHPOPMAITHIO
B CaMOM BBICOKOM, "pexxuMm yma’ (“mind mode”), pexxume, T.e. Korza HHGOpMAamus
abcTpakTHa, T.€. B HEKOTOPBIX CIy4asx 0e3 MpsMOTro OTHOIIEHHS K TOMY, YTO IPOUCXOAUT
B Marepuu, wiu rje-to eme B MHOXKeCTBE.

Hecmotps Ha TO, 4YTO CO3HaHME NPUHIUIHAILHO OTJIMYAaeTCs OT Marepun, OHO,
OYCBHIHO, MOYKET peabHO BO3JACHCTBOBATh HA MAaTEPHAIBHEIE TTATTEPHBI/CHCTEMBI, KOTIa
MHJUTHAPIIBI JIET Ha3ald CAENaio IepBbIe OMO-MOJICKYIsl Ha 3emiie. M Tenmeph co3HAHWUU
YOPAaBISIOT MPAKTUYCCKH MATEPUATBHBIME TEJIaMHU JKUBBIX CYIIECTB. JTa CIIOCOOHOCTD,
10 KpaitHe#l Mepe, I OOBIYHBIX YEJIOBEUECKUX CO3HAHHMA, B TOM YHCIIE OOJBITHHCTBA
(hm3uKoB, KpaliHe cimadas, ¥, COOTBETCTBCHHO, HA CaMOM Jelie HeT Kakoh-To "mpobiema
HaOmoaTens" B pusmke:

- Tpu JIO00M DKCIIEPUMEHTE H3y4aeMbId, B TOM YHCJIE€ KBAaHTOBO-MEXaHHYECKHH,
MaTepUadbHBIE  OOBEKT/CHCTEMA/TIPOIECC  B3aUMOJICHCTBYET € YEIIOBCUCCKUMU
MaTepualbHBIMH HHCTPYMEHTaMH, 4T0 HabOmromaercs kak “xomarnc W -GpyHkuuu” B
CTPOTOM COOTBETCTBHHM C 3aKOHAMHU/CBA3SIMH/KOHCTAaHTAMH, KOTOpbIE IEHCTBYIOT B
Marepun, xorma Ha KM macmrabe Bce B MaTepun, HE3aBUCHMO OT - B DKCIIEPUMEHTAX
Jrojieit Wik 6e3 OHBIX, MIOCTOSHHO MPOMCXOMUT Kak OecKOHe4HbIe menu KosutaricoB W -
(GyHKIMH, U T.10. ,

- ¥ BCE 3TO, MOBTOPUM, MTPOUCXOJUT BHE KAKOW-IMOO 3aBUCUMOCTH OT TOTO, CYIICCTBYET
WIK HeT "HaOmronaTels".

Boneme o "co3manum Ha 3emie” cM. TiepBoe MPHOMMKEHUE (YHKITHOHAIBHONW MOIETH
co3Hanus [16], [17].

3 "OObIuHbIC HEesIBHBIE" (YHIAMEHTAIBHBIC TPOOJIEMBI
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Beimte gan HamOosiee oOmimii oTBeT Ha MeTa-QU3NYeCKHii BOIPOC “dTO TaKoe BOOOIIE
Matepusa?”’ - Marepuss aOCOIIOTHO TOYHO SBISETCS HH()OPMAMOHHON CHUCTEMOM
MH(OPMAITMOHHBIX IMATTEPHOB W TOJCUCTEM, KOTOPBIC SBIISIOTCS YACTHIIAMH, IIOJISIMHU,
TeJaMH, KOCMOJIOTHYECKUMH O0BEKTaMH U T.J. B 3TOM pasziene MbI TpeACTaBIsSeM P
palMOHAJBHBIX H, BIIOJIHE BO3MOXHO, aJCKBATHBIX PEaJbHOCTH OTBETOB HA MPOOJIEMEI,
CBSI3aHHBIE C paMKamMH oOmero (QyHIaMEHTAILHOIO BOMpOca: MoYeMy  9Ta
nH(OPMAITMOHHAS CHUCTEMa SIBIIICTCS TaKOM, Kakoi oHa ecTh. IIpoOiemMbl B OCHOBHOM
CUMTAIOTCSA PEIICHHBIMA IO yMONYaHUi0' B (QHU3UMKE, HECMOTPS HA HMX PEalIbHO
TPAHCICHJICHTHYIO TIPUPOTY.

3.1 Uro Takoe Jornyeckasi 6aza marepuu

OTBeT ¢ OONBIION BEPOSITHOCTHIO JOKEH OBITh, U TaK €CTh B MH(POPMAIIMOHHON MOJEITH
[7], B coOTBeTCTBHM C ABYMS ACHCTBUTCIBHO (PYHIAMEHTAJIbHBIMH OTKPBITHUSAMH B XX
BEKE:

- B COOTBETCTBMHM C Bhiparomeiicsa "Ur-runore3oii” von Weizskecker B 1953-54 rox [20],
[21] uro ecnim Matepus Ha hyHIaMEHTAIbHOM IIyOWHE OCHOBAaHA IO JBOMYHOH JIOTHKE,
TO TPOCTPAHCTBO JOJHKHO ObITh 3D, M mpocTpaHCTBO-BpeMsi Marepun NEeHCTBUTEIHHO
nMeeT 3 pa3sMEpPHOCTH MPOCTPAHCTBA. DTO OBUIO, C OTHOH CTOPOHBI, BEBIAAIOIIASLCS
TUIO0TE3a, KOTOpas OOBACHAET, TOYeMY IPOCTPAHCTBO MaTepuu sBisetTcs 3D, u, ¢ npyroi
CTOPOHBI, TOT (haKT, YTO TMPOCTPAHCTBO JACHCTBUTENBHO 3D SBISETCS MOIIHBIM
JI0Ka3aTeIbCTBOM TOTO, YTO TUTIOTE3a MOXKET OBITh MPABHIILHOU, U

- B COOTBETCTBUM C BhIJarOmuMcsa OTKpbITHeM Ppenxuna-Topdmu [22], xoTopsie
MOKa3ali, YTO €CJIM MaTTEePHBI B CUCTEME OCHOBAHBI HA OOpaTHMOM JIOTHKE, TO CHCTEMa
MEHsEeTCsl IIPU B3aUMOJEHCTBUSAX B HeH 0e3 pacceuMBaHMs SHEPruU 3a IpeiesaMu
cucreMbl. B nanHoM ciyuae Matepust sHeprus Moryia Obl pacceuBaThCsl IZIe-TO B
MHoskecTBe; TakuM 00pa3oM, moxoxe, oepexiuBbiii Co3natens Marepun HCHONB30Ba
3TOT (hakT; ¥ moTroMy B Marepuu neiCTByeT 3aKOH COXPAaHEHUS SHEPIHH.

COOTBETCTBEHHO, KOHKPETHOE MPOCTPAHCTBO-BPEMsI KOHKPETHOW HWH(POPMAMOHHON
cucteMbl “Matepuss” UMeeT 3 "4MCTO MPOCTPAHCTBEHHBIX' H3MepeHus. [lockombky 3Ta
CHUCTeMa JWHAMHYecKas, KaK »JTO CJleIyeT W3 OJKCIHepUMEHTAIBHBIX JaHHBIX,
MIPOCTPAHCTBO-BpEMsI UMEET TAaK)Ke M3MEpPCHHE "HCTUHHOE BpeMs', f, KOTOPOE SBJISETCS
abCONIOTHO YHHMBEPCAIbHBIM M OOIIMM IS BCEX TUHAMHUYECKUX DJIEMEHTOB MHOMKECTBA.
Jlasiee B TaHHOW CTaThe, TaK KakK 3TO €CTh B HH(POPMALMOHHON (hU3NIECKOH MOJCIH, 110
HEKOTOPHIM TPHUYMHAM (CM. HIKE), BMECTO "t" ISl W3MEpPEeHHUS UCTUHHOTO BPEMCHU B
OCHOBHOM UCHOJB3yeTcd "ct’, ¢ €CTh CTAHAAPTHAs CKOPOCTh CBETA.

Kpome uzmepenuii Bblllle NpOCTPAHCTBO-BpeMsi Marepruud UMEET €Ille OJHO HM3MEpPEHHUE,
JUISL peanu3alid OOpaTHOW IOCIICOBATEIPHOCTH W3MEHCHHI, KOTOPhIE B HEKOTOPOM
CMbIC/IC "HE3aKOHHBI' B HMCTHUHHOM BPEMEHH, KaK HEKHE "MyTEIIeCTBUS Hazal BO
BpEMEHH ’, YTO MPUHIIUIHAIBHO 3aIlpeleH0 B HCTUHHOM BpeMeHH. J[aHHOe n3MepeHne B
JNEHCTBUTEIHHOCTH €CTh CHenn(UYecKoe MPOCTPAHCTBEHHOE H3MEPEHHE, OIHAKO OHO
aKTyaJTU3UPOBaHO B Marepuu BO MHOTHX 4YepTaX, Kak HICTUHHOE BpeMs. DTO U3MEPCHHE B
MHGOPMAITMOHHON PU3NUECKON MOJICIIM Ha3bIBAaeTCs "KOOpAMHATHOE BpeMs”, "7, TaKk KaK
9TO UMEHHO "BpeMs, KOTOPOE MOKA3bIBAIOT Yackl' [IompoOHee CM. HIDKE], © B OCHOBHOM

JUISL TOTO U3MEPEHHS UCTIONB3YETCs METPUKA "cT”.

Takum o6pa3om, mpocTpaHCTBO-BpeMss Matepum ecth abcomoTHoe [S]4D EBkmnmoBo
MIPOCTPAHCTBO-BpEeMsI - MyCTOM KOHTEHHep, rae Marepusi CyLIECTBYeT U IOCTOSIHHO
u3MeHsieTcs, ¢ MeTpukoil (ct, X, Y, Z, cf), rae "cr" "koopauHaTHOE BpeMs’, "cf' UICTUHHOE
BpeMs, U X, Y, Z aBusAtoTCcS 3 M3MEpPEHUs MPOCTpaHCTBA. M3MepeHus, Kak IOKa3aHo B
paszene 2 BbIIIe, MPUHIMIHAIGHO OECKOHEYHBI IO OMPEIEICHUIO TMPOCTPAHCTBA U
BpPEMCHH.
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C moHarheM  "TIPpOCTpPaHCTBO-BpeMs" B (u3MKE  CYIIECTBYIOT  CICAYIONINE
(dbyHIaMeHTaIbHbIE TPOOIEMBI

3.2 sIBasieTcs JIM MPOCTPAHCTBO-BPeMs a0COTIOTHBIM MJIM HET

Ora npobiema He CyIIEeCTBOBala B MEXaHHKE IMOKa HEe ObLIa OTKpHITa (hyHIaMEHTAbHAS
OM Curna, u 1ake B IepBEIE TOJIBI MTOCHE pa3BUTHSA Teopun Makcsemi-Jloperma, roe OM
00BEKTHI, COOBITHA ¥ TPOIECCHl CYIIECTBOBATM W TIPOUCXOIWIH, KaK HEKOTOpHIC
BO3MYIIIEHUS B HEKOTOPOM "3¢upe”, PUKCUPOBAHHOM B COOTBETCTBYIOIIEM a0COIIOTHOM
ErxnunoBom mpoctpanctBe. OgHako B koHre 1800-x rofoB cTajo sICHO, YTO, TIOXOXE,
MIPUMEHEHHE OYEHb MOIITHOTO IIPHHIINIIA OTHOCUTEILHOCTH K DM MporieccaM U COOBITHSIM
MPUBOJUT K  HEKOTOPBHIM  TapaJOKCAIbHBIM  TOCIEACTBUSAM, KaK,  CKaXeM,
"OTHOCUTEIHHOCTH OJHOBpeMeHHOCTH''. Kazamochk Takke, 4TO W3-3a 3TOrO MPUHIIHIA
HEBO3MOXKHO pealbHO HaOmomaTh abCONIOTHOE IPOCTPAHCTBO W COOTBETCTBYIOIICE
a0COJIFOTHOE JIBHKEHHE TEJl.

H. Poincare nrcan o abcomoTHOM aBrkeHnn B "Hayka u rumoresa” [23]:

"... OnATh ke, HeOOXOAUMO OYAET UMETH 3PUP, YTOOB! TAK HA3LIBAEMBIE AOCOIOTHBIE JBHKEHHUS
He OBLTH UX MEePEMEIICHUSMU 110 OTHOIICHHUIO K MYCTOMY MPOCTPAHCTBY, a IO OTHOLICHHIO K YeMYy-
TO KOHKPETHOMY. DTO KOrna-HuOyab OyaeT JoCcTUrHyTo? Sl Tak He aymaro, U sl OOBSICHIO, TOYEeMY,
M BCE K€, 3TO He abCypIHO, AJIsL APYTUX He PasZessiolIuX 3Ty TOUYKY 3peHHs ... S aymaio, 4to
TaKasi HaJe¥K/1a WILTF0O30PHA; 3TO ObLIO ObI, TEM HE MEHee, MHTEPECHO MOKa3aTh, YTO YCHEX TAKOIo
poJa, B ONPEAEIECHHOM CMBICIIE, OTKPOET IJIs HAC HOBBIA Mup ...”

OpHako, U3 TOTO, YTO JIAXKE B CIIydae €CIIM a0CONFOTHOE MPOCTPAHCTBO JCHCTBUTENBHO HE
MOJKET HaOJIIOaThCs, OUEBUIHO, HE CICAYET, YTO OHO HE CYIIECTBYET. TeM He MEeHee, 3TO
OBIJIO TIOCTYJIMPOBAHO B IIEPBOM BEPCUU CIeIuaibHOi Teopun oTHOcUTenpHOCcTH (CTO) B
1905 [24]. Bputo TakXke MOCTYIUPOBAHO, YTO HET COOTBETCTBYIOLIETO (‘‘CBETOHOCHOIO”

a¢upa, KOTOpHIH ObUI Obl OCHOBAaHHEM HEKOTOPOM aOCOJIOTHOM CHCTEMBbI OTCYETA.
CootBerctBenHo B CTO ObIT BBEIEeH eme OAWMH TIOCTYJAT, YTO aOCOIIOTHO BCE
WHEPIUATBHBIE CHCTEMBI 0TCYETa A0COFOTHO MOJTHOCTHIO SKBUBAJICHTHBI M JISTUTUMHEI.

W3 mociemHero mocTyliaTa HEMOCPEACTBEHHO M HEABYCMBICICHHO ClEIyeT Jroboe
KOJMYECTBO OCCCMBICICHHBIX (U3NYECKUX, JIOTHUYECKUX, OWOJOTHMYECKUX | T.IL,
CJIEICTBHI; caMOe MPOCTOE M XOPOILIO H3BECTHOE "Bo3pakeHue [uurna nporus CTO"
[25], ero Oostee m3BeCTHBIN U O0JIee CIIOKHBIA BapuaHT "mapamokc omm3HeroB” [15] u T.1.
B T.4. TO, 4TO BCce HWHEPIHMOHHBIE CHUCTEMBI HE MOTYT OBITH AOCOJIOTHO IOJIHOCTHIO
SKBHUBAJICHTHBIMH, OBLIO (hakTHUecku qoka3aHo 3eHoHoM erne 2500 et Hazan. B camom
Jierie, BO BCEX CHCTEMax OTCUeTa, TIe AXWIIEC W deperaxa ABMKYTCS C Pa3sTUIHBIMU
CKOPOCTSAMH, AXWJUIEC NEHCTBUTEIHHO TEPErOHICT Yepenaxy - HECMOTPS Ha TO YTO 3TO
JIOTUYECKH 3allpelieHO, €CIIM JIBKCHHE OOOWX HENpPEpPBHIBHO - W3-32 "ajJoruYHOro"

h
AprZE. Ho aToT nmornyeckuii 3amper HECyIIECTBEHEH B YHHUKAJIBbHOW BBIIEIEHHON

CUCTEMe, TJIe Yeperaxa B IOKOe; B 3TOU cucTteMe AXuiiec mpoderaet MUMo depenaxu 0e3
KaKHAX-THOO JTIOTHICCKUX IMPOOIIeM

Haxxe 0HOTO OECCMBICIIEHHOTO CIIEACTBUS, KOTOPOE MPSMO M OJHO3HAYHO CIEIyeT U3
MOCTyJIaTa BBINIE, JOCTaTOYHO JUIsI COBEPIIEHHO CTPOTOr0 BBIBOAA C NPUMEHEHHEM
CTPOroro ‘“‘/oKa3aresibCTBA OT IIPOTUBHOIO” 4YTO IPOCTPAHCTBO-BPEMsS MaTepUu
abcomoTHO; 1 3TO cieayeT u3 ompeneneHuit [Ipocrpanctsa u Bpemenu Boie. OnHaxo,
9TH mocTynaTel SR omnpeneneHsl Kak UCTUHHBIE TOCTYJIAThl B opUIMANbHONW (pusnke 10
CHX II0D.

COOTBCTCTBYIOH.IC Ha6J'IIOZ[€HI/Ie a0COIIOTHOTO JBMOKCHH, T.C. IOBHXXKCHHA TCJIa B
abcomotHoM 3D MMPOCTPAHCTBEC, 3TO TOJIBKO TCXHUYCCKAs 3a/iadya, KOTOpasd MOKET OBITH
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MPUHIMITHAILHO pElIeHa, KaK TOoKa3aHo B MH(GOPMAIMOHHOW MOJeNH, W abCOTOTHAS
CKOPOCTH TTaphl 9aCOB MOXKET OBITh M3MepeHa yxe ceituac [10], [11].

3.3 CymecrByeTt wiu HeT B Martepumn '"3¢up"

W3 xopomo 000CHOBaHHOW WHTEPHPETAIIMM CYIISCTBYIOIIUX AKCIIEPHUMEHTAIBHBIX
JaHHBIX, 4YTO MPOCTPAHCTBO-BpeMs BpeMEHH ecTh abcomotHoe [5]4D EBkimmoso
MPOCTPAHCTBO-BpeMsl ¢ MeTpukont (cz, X, Y, Z, cf) B Pa3zn. 1 Bble, Kaxerca JOBOJIBHO
palMOHANBHBIM TPEIIONIOKUTh, YTO U3MEPEHUS B IMPOCTPAHCTBE-BPEMEHH OTHOCUTCA K
CTETICHSAM CBOOOJIBI MPU U3MEHEHHUH COCTOSIHUS HEKOTOpBIX aHaoroB (oH Weizskecker
"Urs”. Xots, KOHEYHO, He OykBagpbHO - [5]4D dyHmaMeHTambHBIX OWHAPHBIX
peBepcuBHbIX Jorudeckux snemMeHToB, (FLE). Kak u BBejeHHEe, COOTBETCTBYIOIIETO,
(PUKCUPOBAHHOTO B a0COMIOTHOM IPOCTPAaHCTBE-BpEeMEHH, d(uUpa, T.€. IUIOTHOM PELIeTKU
FLEs, kak 310 caenano B HHGOPMAIOHHON MOJIEH [7], BRITIIAIUT PAIIHOHAIBHO TaK JKe.

Kpome Toro, B MoJieny, OCHOBBIBAsACh Ha CYIIECTBYIOIINX SKCIIEPUMEHTANBHBIX JAHHBIX,
MOCTYJINPOBaHO Takxke, 4ro Bce 4 FLE "pasmepa" (B MeTpHKe NMpOCTpaHCTBAa-BPEMEHU
BBIIIIE) WACHTUYHBI W paBHBI [LTaHKOBCKOHM mmHE;, TIpu W3MeHeHWH OwmHapHBIX FLE
coctosunii — panee "FLE-pnumax", cooTBeTCTBYIOIIMI HMHTEpBad BpPEMEHU pPaBEH
[InankoBckoMy BpemeHH. [loaToMy BMKEHHE MaTepUAbHBIX OOBEKTOB B MIPOCTPAHCTBE-
BpEMEHH MPOUCXOIUT "paBHBIM oOpaszom" (equal footing) Bo Bcex [5]4 m3mepeHmsIX
IIPOCTPAHCTBA-BPEMEHH Il METPUKH BBILIE.

[ocrynupoBanue sdupa w3 [5]4D FLE 1no3BojseT MNPOSCHUTL PsAl  JIPYTHX
(hyHIaMEHTAIBHBIX (PU3NISCKUX TIPOOITIEM:

3.4 Yto Takoe ""yacTunn!"

B odunmaneHoit (u3NKe YaCTHIBI NPUHIMIHAILHO €CTh HEKHE TPaHCICHICHTHBIC
OOBEKTHI - B BUy TOTO, YTO OHU €CTh HEKOTOPBIE MPEIMETHI TPAHCIIEHACHTHOW Matepuu.

Kpome Toro, n3 nHOOpMAIIMOHHON KOHIEHIIMH BBIIIE U U3 SKCIIEPUMEHTAIBHBIX JaHHBIX
CIeyeT, 4YTO YacTHIBI, - KOTOpPbICE aOCOJTIOTHO HAaBEPHOE €CTh HEKOTOPHIC
MH(OPMAITMOHHBIE TATTEPHBI/CUCTEMBI, €CTh HEKOTOPBIE OOBEKTHI, KOTOPHIE MOCTOSHHO
M3MEHSIOT CBOHM COCTOSIHUS; OJJHAKO, TIPU ATOM, SIBIISTIOTCS CTAOWMIHHBIMH,

- BIIOJHE pPalUOHAJIBHO CJICAYET, YTO 4YaCTHLBI SABJIAOTCA HCEKUMH 3aMKHYTbBIMH
AJITrOpUTMaMH, B KOTOPBIX COCTOAHUA N3MCHAIOTCA HUKINYCCKU C YacTOTOM @ TaK, 4TO

YaCTHIBI UMEIOT dHepruto E = hw= mc’,m WHEepIMaTbHas Macca - KaK Takas THIoTe3a
nosiBunack emie B 1920-x rogax kak " Zitterbewegung " runotesa ne bpoiins [26], [27].

N3 storo CICAYET HCECKOJIBKO €CTCCTBCHHO IIPCIIOXKCEHHBIX - W IIOCTYJIMPOBAHHBIX B
MOZCIIU BBILIC, - pallMOHAJIBHBIX MPCAINOJIOKCHHAA:

(i) - 9JacTHITBI €CTh HEKOTOpPBIC MUKIMYecKHe Bo3MmymneHHs marpuilel FLE, xotopsie
TIOSIBIISIIOTCS TIPH BO3ACHCTBUEM HEeKoToporo 4D mMmmysbsca Ha HekoTopbiii 3¢upHnerii FLE,
KOTOpPBIM, TOcie BO3AeHCTBUA, ‘“‘TiepeBopauuBaetcs’ (“flips”) W [nmanmee BBI3BIBAET
nocnenoBatenbHbIi flipping coceqanx FLEs.

UroOsl BbI3BaTh flip — 1 cooTBeTcTBYIOIIME MocieaoBarenbhble flipping agupubix FLE
BIOJdb npsiMoit 4D nuaum, xkoraa "flipping Touka" pacmnpoctpansiercs B 4D adupe u 4D
HOJNPOCTPAHCTBE-BPeMeHH ¢ MeTpukoil (cr,X,Y,Z) co ckopoctblo cBera, ¢ =1[,/t,,
JOCTaTOYHO OECKOHEYHO Majioro umiyiabsca. OgHAKO, €Clii UMILYJIbC HEe OECKOHEYHO
Maubli, flipping Touka He MOXKET PacHpOCTPAHATHCS CO CKOPOCTHIO OOJbIlE, YEM C, U
MO3TOMY OJHOHANpABICHHOE JBM)KEHHE TIpEBpalaeTcd B HEKOTOpbIE '"BHHTOBOE"
newkenne 'flipping Touku" BOoms Hekoropoir 4D  "cnmpamn" OWUKIMYECKOTO
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nocnenoBatenbHO flipping - u Tak nmpeneccupyromux FLEs. OtmeTnM, Takke, 9TO B 3TOM

ciydae “flipping Touka” OBMKETCS BIOJb “‘COHMpaIH’ CO CKOPOCTBIO CV2, Kak Obl
¢maunmuuar FLEs npoucxoaut “no auaronanu” FLE, tem He MeHee (poHT “‘criupanu’
IBIDKETCS BAOJb HANpaBICHUS BO3ACUCTBYIOIIEro uMmyibea ¢ 4D ckopocThio cBeTa, ,
C.

Opnaxko HekoTopoil "4D ocu 4D cmnmpanun" He cymiectByeT kak 4D Bektop B 4D
MOANIPOCTPAHCTBE-BPEMEHH, TaK YTO pacHpoCTpaHCHWE BO3MYIICHHUS B 3dupe
MpeBpaliaeTcs B pacHpoCTpaHEHHE, BOZMOXKHO, WM OMBEKTOpa WM TeH3opa. [loatomy
flipping cymecTBeHHO HE "TO4YeUHBIH - B OOOWX, B TMOANPOCTPAHCTBE-BPEMEHH W B
adupe. Tem He MeHee, pacpOCTpaHCHHWE MUMEET HANpaBIICHUE - HAlpaBICHHE BEKTOpa
BBI3BABIIIETO BO3MYIIIEHHWE HMIyJibca, M, KpoMe Toro, Bo3myulenue FLE pemerku
"criupanp”’  HAOMIOMAETCS ~ DKCIIGPUMEHTANBHO  KaK  TOYEYHAs  YacTHIla  TIpH
B3aMIMOICHCTBUU. C JPYTUMHU TOYSHYHBIMH YacTUIlaMu. OTCIOJa BRINJISIUT PAlMOHATBLHBIM
NPEANONIOXKUTh, YTO "TOYEUHBbIC B3auMOJEUCTBUSA" ABIAIOTCS B3aumonencteus FLEs
YJacTHII, T.€. "pa3Mep TOUYKH B3aUMOICHCTBHUA" paBeH MW O1M30K [LTaHKOBCKOW HHE,
XOTS TIOJIO)KEHHE TOYKH B3aWMOJEWCTBHS B IMPOCTPAHCTBE CIY4YailHO B BITOJIHE

X3

“HeToueqyHON 00JI1aCTH.

Opnako, kxpome Ttoro, manHoe 4D pgBmwkenue FLE flipping Toukm mo crupamu
CYILIECTBEHHO OIpENEeNsieT TO, YTO YACTHIBl, XOTS B3aUMOJCHCTBYIOT KaK ‘“‘TOUKH,
IBIKyTCs B 3D mpocTpaHCTBE Kak “BOJHBI”, UTO HaOJIOJaeTCs KaK “‘AyallbHOCTh BOJIHA-
qacTuna’.

(il) - W3 CyIIECTBYIOIIUX SKCIEPUMEHTAIBHBIX JaHHBIX, KaK MPEICTaBISCTCS, TOBOJIBHO
paloHABHO (B TIEPBOM MPHONIKEHWH, CM TYHKT (i) BBIIIE) MPEANOIOKUTH, UTO

h

"pamuyc" "cnmpanu" Beimie paBeH KoMNTOHOBCKOM mimHe dactuusl, A=—, u
mc

COOTBETCTBYIOIIHE 'criupanbHbIi’ yrimoBoir mMomenT mmmynbsca "FLE flipping Toukn”
OTHOCHUTEIBHO “OCH’ CIIHUpany, T.6. BHYTPEHHUH YIJIOBOM MOMEHT 4YacTHIbl, paBeH
koHcranre [lnanka, 7 .

(iii) Kpome Toro, COOTBETCTBEHHO, BCETIa ABMKYITUECS YaCTHIIBI, SIBJIISIFOTCS B HEKOTOPOM
CMBICIIE "THpOCKONaMHu'", KOTOpbIE BCETJa OPUCHTUPOBAHBI, OTHOCUTEIBHO 4D
HaIlpaBJICHUS PaCIIPOCTPAHCHUS.

(iv) - U3 3KCTIEpUMEHTAIBHBIX JAHHBIX TaK JK€ CIEAYET, YTo B MaTepuu CylecTBYIOT J1Ba
OCHOBHBIX THIIAa YaCTHL, B 3aBUCUMOCTH OT TOr'0, KAKMM 4D-UMITyJIbCOM OHH CO3JAIOTCA.
B momenu, 310 "S-9acTHIBI, KOTOpPHIE CO3MAIOTCS IMPOCTPAHCTBEHHO HAIPABICHHBIMU
umnysnscamM, M "T-4acTHLbl, KOTOpBIE CO3JAIOTCA MMIIYJIbCaMH, KOTOpbIE ObUIM
HaIpaBJeHb! B "KOOPJUHATHOM BPEMEHU ™ T.€. BAOJb CT-OCH.

Takum 00pa3zoM, S-dacTHIlbl, HalpuMep, (GOTOHBI, BCETAa IEpEeMEIIaTcs TOIbKo B 3D
MIPOCTPAHCTBE U TOJBKO CO CKOPOCTBIO CBETA, T-4aCTHIBI NEPEMEIIAIOTCA B U3MEPEHUN
“KOOpAMHATHOE BpeMs' CO CKOPOCTBIO CBETA, €CIM HAXOASATCS B MOKOE B abcomoTHOM 3D
npocTpaHcTBe. Eciim mocie HmpocTpaHCTBEHHO HAIPABIEHHOI'O HMIysbca T-dacTuna
IBIKETCA TaKKe B NPOCTPAHCTBE, €€ CKOPOCTh B M3MEPEHHMH "KOOPAMHATHOE Bpems"
ymensbIaercs B JlopeH1 akTop, B COOTBETCTBUM ¢ TeopeMoii [Tudaropa.

3aMeTI/IM, OAHAKO, YTO TO, YTO BBIIIC B 3TOM pPa3acCii€ OTHOCHUTCA IMOJTHOCTBIO TOJIBKO K
(bYHZ[aMeHTaJ'H:HBIM gactunaMm. Ecim JacTua COCTOUT U3 HCKOTOPLIX (byHI[aMCHTaJ'IBHBIX
4aCTHL, HECKOTOPLIC ITYHKTHI BBIIIC, HE ABJIAIOTCSA JICICTBUTEILHBIMU.

OTMeTuM, TakXke, 4YTO JKCcTpeMaiabHoe BozneicTBue Ha FLE MoxeT mnpuBecTd K
00pa30BaHUI0O MHOTHX CpPAaBHUTEIEHO CTA0WIIBHBIX 3aMKHYTBHIX alTOPUTMOB, M 3TO
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HaOMIoaeTCsl DKCICPUMEHTAIRHO -— HAOIOMAaeMBIi 300IMapK YacTHIl COACPKHUT Ooliee
YeM HECKOJIBKO COTE€H 4YacTHI] — HEKHX XHMep U3 (YHIaMEHTANbHBIX YaCTHII,
o0Ope3aHHbBIE aAITOPUTMBI HEKOTOPBIX YAaCTHII, KaK, MO-BUIUMOMY MIOOH U Tay-JIENTOH —
3TO COKpAIICHHBIC BEPCUM AJITOPUTMa JJIEKTPOHA, KaK, BUAMMO, U 2 M 3 TOKOJICHUS
KBapKOB T.II. BOJILIIMHCTBO M3 3TUX AITOPUTMOB UMEIOT KaKUe-TO Ae()EKThl, U TAK MOTYT
paspymarbcs Ha KaKOM-HHOY/Ib TaKTe € KaKOW-TO BEpPOATHOCTHIO, MOITOMY OOJbIas
4acTh YaCTHUI[ B 300 IKCIIOHEHITHAIILHO PACIIaat0TCsl BO BPEMEHHU.

W3 BeImeykazanHOTO clieayromas (yHaaMeHTal bHas NpobieMa TO-BHIUMOMY MOXET
OBITh CYIIECTBEHHO MPOSICHCHA:

3.4.1 Yto Takoe CIHMH YaCTHII

"Crour" BBoamtcst ad hoc B KM kak "4nWcTO KBaHTOBO-MEXaHHYCCKHH' (HU3MUECKHMA
mapaMeTp dYacTurpl (“KBaHTOBOE YHCJIO’) C IEJIBI0 COTJIACOBAaHHUS TEOPHH C
SKCIIEPUMEHTOM, HO B MOJICIM OH IOJIy4aeT BIOJHE "KIACCHYECKUU" CMBICA - 3TO
JNEHCTBUTEIBHO HEKOTOPBIA MOMEHT HMIIYJbCa, KOTOpBIM ecTh mpoekuuss Ha 3D
npoctpancTBO 4D 00BEKTa BBINIC, W TOITOMY BIIOJHE €CTECTBEHHO CIIMH MOXET OBITH
no0aBNeH/BBIUTEH K/OT, CKaxeM, "Oojiee KIacCHUECKOMY' OpOMTaIIbHOMY YIJIOBOMY

MOMEHTY, KOTOPbIH Takke ad hoc mocTynupoBaH B GU3NUECKUX TEOPUSIX.

OnHako, U3-3a MaTEMaTHYECKOI'0 OIpAaHMYECHHUsS BbIlIE, HAOIIOJaeMblii B HEKOTOpbIX T-
gactuuax 3D "MomeHT uMmmynbsca' "CHMH" OTJIMYAeTCsl OT 3HAYEHUs peasbHOro"
"MOMEHTa MMITyJIbca", KOTOPOE paBeH /i, ¥ HaOIIOJAETCs IPH B3aUMOJEHUCTBUAX B 3D

MIPOCTPAHCTBE pPaBHBIM Eh

IMosromy dyHnameHtaabHble T-4acTHIBl SABASIOTCS (QepMuoHamu. Jlias S-gactuir
MaTeMaTHYECKOE OTPAHNYCHUE BEHINIEC HE SBISCTCS CYIICCTBEHHBIM, U S-4aCTHIIBI UMEIOT
"peanbHblid" CUH /i (ABIsAIOTCS 0030HAMM). XOTSA U 371€Ch €CTh OTPaHWYEHHE, MOMEHT
HMITyJIbCa S-4aCTULl HE MOKET UMETh MPOEKIIUIO Ha CT-0Ch, U TIO3TOMY UMEET TOJIBKO JBE
NPOCTPAHCTBEHHBIX MPOEKIUU 71 .

TO, YTO BBIIIC OTHOCHTCA TOJBKO K (bYHZ[aMeHTaJ'IBHBIM QJICMCHTAPHBIM YaCTHLAM, T-
YaCTHUIBI, KOTOPBIC ABIAIOTCA KOMIIO3UIHUAMHA (I)YHI[aMCHTaHbHBIX qaCTHUl, MOTYT UMCTh
CIBIC CITMHBI.

U3 onpexnenenusi, 4To ecTh aOCOMOTHO PyHAaMeHTanbHBIA QenomeH "MHepuus' Bblie
CIIEAyeT, 4TO BCE/Kaxasd, S- U T-, 4acTUIBI MMEIOT HEKOTOPYI0 HMHEPLMIO, U II03TOMY
BCE/Ka)KIash 4acTUIbl UMEIOT MHEPIMOHHBIE Macchl. Ho B 3TOM cilydae ecTh, XOTS U HE
OCHOBHOE, OJTHAKO ()U3NYECKU BaXKHOE, paznuuue: T-4yacTUIBl OTIAMYAIOTCS OT S-4acTHUIl B
TOM, YTO OHM UMEIOT MHEPLIUOHHBIE ‘‘MacChl IOKOS~, B TO BpeMs KaK S-4acTHIbl BIIOJHE
€CTECTBEHHO TaKOI'0 HE UMEIOT.

Ot sTOTO (aKTa ClieayeT CYIIECTBEHHOE MpOSICHEHWE CIIeAyIomeHd (QyHIaMeHTaIbHON
MIPOOJIEMBI:

3.4.2 UMe0T WM HeT (PYHIAMEHTAJIbHbIE YACTUILI '"HEMTPUHO'' HeHYyJIeBble
Macchl MOKOS

M3 DKCTIEPUMEHTANBHBIX JIAHHBIX CIIEAYET, YTO HEUTPUHO SBISIOTCS (PyHIaMEHTATbHBIMU
(hepMHOHAMU, COOTBETCTBEHHO T-4acTUIIAMH, U IIOATOMY UMEIOT HEHYJICBBIE MAaCChI ITIOKOSI
Kpome Toro, HEHTPHUHO, TTOCKONBKY MX MAacChl MOKOS 3KCTPEMAILHO MAJbl, B PEabHBIX
SKCIIEPUMEHTAX JBHXKYTCS MPAKTHYECKH CO CKOPOCTBIO CBETa, T.e. ¢ OombmMu JlopeHir
¢dakropamu. Ilosromy “moment mmmynbca” “flipping TOUKHM”, BCIEACTBHE MOBOPOTA B
(X, cT) mnockoctr (TIPH IBMKCHUHM B0 X-OCH), HANpaBjieH MPaKTHYECKH MOTHOCTHIO
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BJIOJIb TPOCTPAHCTBEHHOTO HAIPABIICHUS JBIDKCHUS, W IMOTOMY HaOmojaeTcss Oymydu
paBHBIMH /1. DTO BBEIEHO B (PM3HMKE KaK TO, YTO HEUTPUHO MMEIOT ‘‘CIHMPAIbHOCTD” .
JlaHHas CMpabHOCTH IOYTH HAaBEPHSAKA HE OTIMYACTCS, HAPUMEp, OT CIHUPATHLHOCTH
anektpona ¢ JlopeHn ¢akrtopoM, mycts, 100 u Oosee; W, Kak 3TO €CTh B clydae C
JJIEKTPOHOM, 3JIeCh HET MpobjeM, ¢ CHUCTeMaMH OTcYeTa — BCE JIOJDKHO OBITh B
COOTBETCTBHU C MPUHIUIIOM OTHOCUTEIHLHOCTH.

4 Tpyrue "oObruHbie" (GyHIaMEHTANbHbBIE TPOOIEMBI
Tenepb MbI MOKEM MPOSICHUTH CIICAYIONYIO OCHOBHYIO (PU3UYECKYIO IPOOIEMY
4.1. "Yro Takoe npeodpasoBanus Jlopenna'':

Ecan Hekotopele T-9acTHIBI TIPENCTaBISIOT cOO0H MOCTAaTOYHO )ecTkue T-tena (XoTd,
KOHEYHO, HET, KECTKUX TeJl, KOTOPhIE COCTOAT M3 S-4acTHII), TO, €CIH TENO SBIAETCH,
CKQKEM, >KECTKMM CTEepXKHEM, KOTOpbId HMeeT JUIMHY L, W HaXoguTcsi B IMOKOE B
abcomoTHOM 3D mpoCTpaHCTBE, CTEPKEHb 3aHUMAET B IPOCTPAHCTBE COOTBETCTBYIOLIHI
MPOCTPAHCTBEHHBI WHTEpBal paBHbIA L, M BCE TOYKH CTEPKHS JBUXKYTCA B CT-
U3MEPEHHH CO CKOPOCTHIO CBETA; BCE TOYKM TaK UMCIOT HACHTUYHBIC 3HAYCHUS CT-
KOOPAHMHATEHI.

OpnnHako, ecnu Teo, MOCie BO3IECUCTBUSI HEKOTOPOIrO MPOCTPAHCTBEHHO HAMNPABICHHOTO
HUMITyJIbCa - KaK 3TO BCErja MPOUCXOAUT B MEXaHUKE, €CIM MBI HE paccMaTpUBacM
B3aMMOZCHCTBUS B ()UM3MKE BBICOKOH 3HEPrHH, TO, KaK 3TO ObLIO IMOKA3aHO BBIIIE,
CKOPOCTB CTEPKHsI B KOOPAMHATHOM BpEeMEHHU YMEHbIaeTcs B (haktop JlopeHma

Tak kak IBWKCHHE B KOOPAMHATHOM BPEMEHH €CTh U3MEHCHHE BHYTPEHHETO COCTOSHUS
gacTHIl (TO, YTO MIPOUCXOIUT TIpH padoTe 3aMkHyTOoro FLE anroputMa gacTuilsr), Korma
YacTHIla HAXOAUTCS aOCONIOTHOM TIIOKOE, HW3MEHEHHE €€ BHYTPEHHETO COCTOSHUS
MPOUCXOANT C MAaKCHUMaJbHOW CKOpPOCTHIO, HO KOTJa 4YacTHIla JBIDKETCS TakKkKe B
MIPOCTPAHCTBE, ee ANTOPHUTM CTAaHOBUTCS “pa3zbaBiIcHHBIM “IIyCTBIMU
MIPOCTPAHCTBCHHBIMU TaKTaMH ', M IOATOMY paboTaeT MeIJICHHEE.

CoOTBETCTBEHHO, TO, YTO CKOPOCTH JIBHXKYIIEHCS YaCTUIBI YMEHBIIIAETCS BAOJNb CT-OCH
O3HaYaeT, YTO BHYTPCHHUE IMPOIECChl B YacTUIEe 3aMemsitoTes B JlopeHnl dakrop, 4To
HAOJIIOJIaCTCS  DKCIICPUMEHTAIILHO - JIBIDKYIIUECS HECTaOWIbHBIE YaCTHIBI KUBYT
JIOJIbIIIE, IBIDKYIIMECS Yachl TUKAIOT MEJICHHEE, U T.1.; U, KpPOME TOTO,

MOCKOJBKY JIBIXKYIIHMECS B MPOCTPAHCTBE YACTHUIIBI U3MEHSAIOT CBOIO OpHeHTanuio B 4D
MOAMNPOCTPAHCTBE-BPEMEHH, YACTHUIIBI, €CIM OHU JOCTATOYHO >KECTKO CBSI3aHBI B TEIE,
ITOBOPAYMBAIOT TEJIO B TOIIPOCTPAHCTBE-BPEMEHH B IICIOM. TakuM o0pa3oM, B 3TOM
CIIy4ae CTEP>KeHb, €CITH JIBIKETCS BIOJIH OCH X CO CKOPOCTBIO V, BpamaeTcsi B INIOCKOCTH
(X,cT) Ha yroj, Korga mepefHuii KOHEI[ CTEPXKHs CTAHOBUTCS "MOJIOXKE", yeM 3aaHHi

KoHell Ha Voigt-JIopeHlia IeKpeMEHT "OTHOCUTEIBbHOCTH OJHOBPEMEHHOCTH"' ————,

OIISITh JKE€ B COOTBETCTBHHU C TeopeMoii [Tudaropa.

Takum o00pa3oM, MPOEKIHUS CTEPXHS Ha OCH X CTAHOBHUTCSA COKPAIICHHON B (hakTop
Jlopenta, kak 3to Oput0 Npeiokeno FitzGerald eme B konme XIX Beka [28]. [Ipu sTom
CTepXeHb JIEHCTBUTENHFHO 3aHMMAaeT B TPOCTPAHCTBE IPOCTPAHCTBEHHBIM HHTEpBaja
MEHBIIIe, YeM OH 3aHHMaJ, KOrja ObUI B MOKOE, U BCE IPYrHe MaTepHaIbHBIE OOBHEKTHI
NEHCTBUTEIBHO B3aUMOJICHCTBYIOT C ""COKPALLIEHHBIM CTEPHKHEM.
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OnHako, W3-32 TOTO, YTO Ha CTEP)KHE JTANOH MPOCTPAHCTBEHHOTO HMHTEpPBAJIA TAKKE
“cokparaercs’, U3MepeHHass HaOJIoaTeIeM Ha CTep KHE IJTHHA CTSPKHS paBHA CHOBA L.

Ot ITYHKTHI BBIIIC, 06’L6Z[I/IH$IIOTC$I B npeo6pasoBaHI/mx HopeHua, KOTOPBIC OKA3bIBAOTCA
BIIOJIHE €CTECTBCHHO aACKBATHEBI PC€aJIbHOCTH, OJJTHAKO, IIPEKIC BCETO, KaK:

- mpeobOpasoBanusi JlopeHIa SBISIOTCS YPABHCHHUSMH JIBHXKCHHSA TOJBKO TOYEK
MepeMeIaroIuXcsi B aOCOMOTHOM MPOCTPAHCTBE KECTKUX Tel B aOCONIOTHOW CHCTEME
OTCYEeTa C UCTIOJIb30BAaHHEM JaHHBIX O KOOPAHMHATAX ATUX TOYEK, KOTOPhIE U3MEPSIOTCS B
HWHEPIIMOHHOM CHCTeMe 0TCYETa, B KOTOPOil Tella HAXOAATCS B MOKOE

Bmopouem, kak 3TO OTHOCHTCA W K JIOOBIM JPYTHUM IPEOOpa3OBaHUSM MEXKIY
(PM3UYECKUMH CUCTEMaMHU OTCUYETa, BKITIOYas nmpeodpazoBanus [ anmmes.

B npeoOpazoBanmsax OykBel "x" 1 "ct" HUKOUM 00pa30M HE OTHOCSTCS KO BCEM TOYKaM BO
BCEM TIPOCTPAHCTBE-BpeMEHN Marepuu, Kak 3T0 moctynmpoBaHo B Minkowski Bepcuu
CTO [29], 1 k ToUKaM HEKOTOPBIX "JTOKAJIBHOTO MPOCTPaHCTBA" U "IOKaJIbHOIO BpEMEHH"
B Teopuu Jlopenma-Ilyankape. [30] - [32]; kxpome TeX, KOHEUHO, TOYECK MMOAIPOCTPAHCTBA-
BpEMEHH, KOTOPBIE 3aHUMAIOT TOYKH TeJla B KOHKPETHBI MOMEHT BPEMEHH.

€ CYILECTBYET, KOHEYHO, HEKUX "COKpAILleHHs TPOCTPAHCTBA , "'3aMe/ITICHNsI BpeMeHU' U
H YIJ.I y , , " p H—I p Tp ”’ " T p "
MPOYUX "PEISITUBUCTCKUAX CBOMCTB MPOCTPAHCTBA, BPEMEHH, U POCTPAHCTBA-BpEeMEHH ", 1
COOTBETCTBYIOIIUX "PENATHBUCTCKUX 3¢ HeKToB”.

OTMCTI/IM, OQHAKO, €11€ HECKOJIBKO JOIMOJIHUTCIbHBIX MOMCHTOB B O3TOM CJIy4dac:

- TpeXkae BCEro, M3-3a MOIIHOTO NpUHIUNA OTHOcuTenbHocTH [anunes-Ilyankape,
KOTOPBIM CYyIIECTBYeT M ACWUCTBYET H3-32 (PyHIAaMEHTalIbHO OMHApPHOW pEBEPCHBHON
JIOTHYECKOH OCHOBBI Marepun, mpeodOpasoBanus JlopeHma (OpMUPYIOT TPYIIy Tak,
9TOOBI OHM CUMMETPUYHO IPUMEHUMBI MEXAY "OWHIITCSHHOBCKMMHU' CUCTEMaMHU OTCUETa,
T. €. KOTOpble DHHIITEHH HCIOJb30Ball, COBEPIIEHHO KOPPEKTHO, CM. BHIIIE, B NEPBOH
Bepcuu CTO B cratbe 1905 roma

“... Teopus, paspabarbiBacTcs 0a3UpysCh, KaK BCS DIEKTPOJAMHAMHKA, HA KHHEMATHKE YKECTKOrO
Tena, TaK KaK YTBEP)KICHHS JIFOO0OH TakOW TEOpPHH NOJDKHBI [EJaTh C OTHOIICHUSMH MEXKIY
YKECTKMMH TeJaMK (CHCTEMBI KOOPAMHAT), YaCaMK M DJIEKTPOMArHUTHBIMHU [IPOLECCaMH... "

- XOTS TOCJAe TOCTYyJUpOBaHUS MUHKOBCKUM  WIIIO30PHOM  IPUMEHHUMOCTH
npeoOpa3oBaHUd KO BCEM TOYKAM TMPOCTPAHCTBE-BPEMEHH OWHIITCHH Ooiiee He
oaxepkuBan yreepxkacHus 1905 roma o KECTKHX Telax W CHUCTeMaX KOOpAWHAT B
CUCTeMax OTCYeTa, W CylnecTByromas cranmaptHas Bepcus CTO ceromss sBIseTCS
Bepcus Minkowski.

[IpeobpazoBanus JlopeHiia (OpMUPYIOT TPYIITY OTHOCHTEIHHO CKOPOCTEH B EBKIMI0BOM
MPOCTPAHCTBE-BPEMEHH, W TakuM 0O0pa3oM, WCIOIb30BAaHUE KaKIOW JBMKYIIEHCS
CHUCTEMBI OTCUeTa JCWCTBUTENHBHO IIO3BOJIIET JIOCTAaTOYHO aJEKBAaTHO OMNHUCATh U
aHAJM3UPOBATh OOBEKTHI, COOBITUS U TIPOIIECCHI B (PU3NYECKUX CUCTEMAX,

- HECMOTpS Ha TO, YTO U3MEPEHHBIC IMapaMeTPhl MATEPUAILHBIX O0BEKTOB M CHCTEM B
JTAHHOM cIlydae He peajbHbl — OOBEKTHl U CUCTEMBI HMEIOT PEaNbHBIC MapaMeTphl TOIBKO
B a0COJIIOTHBIX cHcTeMax oTcueTa. [Ipu 3TOM BCe Takue CUCTEMBI 0TCUETa JICHCTBUTEIHHO
SKBHUBAJICHTHBI U JISTUTUMHBI B OOJBIIMHCTBE MPAKTHUYSCKUX CIIy4aeB, IMOCKOJIBKY BCE
MOTYT OBITh TIpeoOpa3oBaHbI (are traceable) BIIOTH A0 aOCONIOTHBIX CHCTEM OTCYETA,
(mompobGuee cm. [14]).

OmHako 3TO HE COBCEM BEpPHO IS JIFOOOH (PU3MIECKOi cucTeMbl. Eciii Kakas-To cuctema
COCTOUT U3 CBOOOJHBIX 0OBEKTOB, B ATOM CiIydae IipeoOpa3oBanus JlopeHia He paboTaroT
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TTOJTHOCTRIO - KaK, HAallpUMep, 3TO MpaBuibHO oOHapykuBaercs B CTO mapamokce bemna
[33], ¥ ¢ mOMOIIBIO TAKUX CHCTEM MOXKHO HaOIrodaTh abcoiaroTHOe nBrkenue, B [10] ,
[11] mpennararoTcst ABa MeTOAA.

U, kpome Toro, 4ro eimie BaKHee, pealibHas HeajaekBaTHOCTh moctynatoB CTO
peabHOCTH CTAHOBUTCS TPEMSATCTBUEM B (QU3MKe, Korma ¢u3nka obpamiaercs K
(yHIaMEHTATBLHBIM MPOOJIEMaM, TO €CTh BHE YTWIMTAPHBIX MPUMEHCHUN B Pa3padOTKax
KOHKPETHBIX (PH3MUYECKHX 3aJ7a4 M TEXHOJOTUU. Tak 4To JeWCTBUTEIBHO HOBas (hU3MKa
BO3MOYKHA B OCHOBHOM TpH HapymeHuu CTO.

[Napa mpumMepoB, kKoraa ACHCTBUTEIBHO (PYHAAMEHTAIEHBIC HOBBIC PE3yNIbTaThl B (PHU3HKE
OKa3aJINCh BO3MOXKHBIMH TOJIBKO Kak HekoTopble HapymieHuss CTO sSBISIOTCS OTKPHITHE
antuvactull, U "Feynman—Stueckelberg unrepnperamus” B KO/ [34], [35], B koTopoit
MOCTYJUPYETCS, UYTO aHTUYACTHULIBI IBIKYTCSI Ha3a]l BO BpEMEHHU;, Te

- mpenckazanue Dirac anaTwdactunl [34] OCHOBaHO Ha TMPEATIONOKEHUH, YTO €CTh
HEKOTOpbIE TOYKM B "MOpE OTpULATENBHOM SHEPrHMM’, TOrJa Kak '"OoTpUIAaTEeIbHOU
sHeprun" He cymectByeT B CTO (Bmpouewm, "OoTpHUIIATEIBPHONW DHEPTHH' HE CYIIECTBYET
BOOOIIIE),

- U ABUKCHHUC YaCTHUIl HAa3aJl BO BpEMCHU TAKIKC HC CYHICCTBYCT B CTO.

Opnako 00e 3TH (yHIaMEHTaIbHBIE HAXOJIKUA B (PU3UKE OCTAIOTCS HEOOBSICHUMBIMH, TaK
YTO COOTBETCTBYIOIINE JCHCTBUTEIHHO (hyHIAMEHTAIBHBIC (PU3UMUSCKUE MPOOIEMBI TAKKE
OCTalOTCS; HECMOTPS Ha TO, YTO TpeAcKazaHHple Dirac aHTHYacTHUIBI XOPOIIO
Habmomatorcst ckopo yxe 100 mer, m "Feynman—Stueckelberg maTepmperamnus” g0 cux
Mop ocTaercs B ()U3MKE KaK HEKOTOPBIH CTPAHHBIA MAaTEMATHYECKUH TPIOK, KOTOPBIH,
OJTHAKO, SIBIISICTCS OYCHb A(P(PEKTUBHBIM TP IPUMEHEHUH 04eHb Y dexTuBHOM KD/I.

O06e mocneTHrEe IPOOIEMBI CYIIECTBEHHO MPOSICHEHBI B MHPOPMAIIMOHHON MOJICIIH:
4.2 Yto TaKoe aHTHYACTHILI?

OTrmetuM, emie pa3, OJHAKO, YTO OTBET Ha JTOT BONPOC BO3MOXKCH TOJBKO IPU
pacCMOTPEHHH JTOM TMpoOjeMbl B abcomoTHOM [5]4D EBKINMIOBO NPOCTpaHCTBE-
BpPEMEHH, TJIe YacTUIBl BCET/Ja MOCTOSHHO NBWXKYyTcs ¢ 4D ckopoctsmu ceeta B 4D

HOJNPOCTPaHCTBE ¢ MeTpuKoil (c7,X,Y,Z), umes 4D umnynscst P =(p,,, Py, Py, pz) ,

~ 4

P =mc (u oueprun E = Pc = mc?), P* = ijz.; 1, OMHOBPEMEHHO B Mapajuienb, B 1D
j=

-

C1-M3MEPEHUH CO CKOPOCTHIO CBETA M MMITYJIbCOM P = mc .

B MOJCJIK B ITOJIHOM COOTBCTCTBUU C CYHICCTBYOIIUMU SKCIICPUMCHTAJIbHBIMU JAHHBIMU
npeanojara€TCsa — M MOCTYJIIMPYETCA — YTO aHTUYACTHUIbI, KaK W YaCTHULbI SABJIAIOTCA
HCKUMH 3aMKHYTBIMU aJIr'OPUTMaMH, HO KOTOPBIC BBIIIOJIHAIOTCA B 06paTHOM IMOpAaKE
KOMaHg, nMeEs, COOTBCTCTBCHHO, JJIs T-gacTun/T-anTH4YacTHIl IMPOTHUBOIIOJIOXKHBIC

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

B m1poTHBOITIOIOXKHOCTD, B MPOCTPAaHCTBE MUHKOBCKOT'O M3MEpeHUe/TIepeMeHHas “t” ecTh
HEKWd MHKC UCTHHHOTO BPEMCHH, !, ¥ KOOPAMHATHOIO BPEMEHHU 7, TaK, 4To “‘4-

—

umitynbesl” B CTO BBITIIANAT HECKONBKO cTpanHo, P, =(—, py, py, P,), T.e. Hynepas
c

KOMIIOHCHTA 4—I/IMHyJ'II>C8. HaCTHUIIbI (baKTI/I‘leCKI/I eCcThb IOaHEIH 4D UMIyJIbC — U UMITYJIbC
B UICTUHHOM BpPEMCHHU, TOT'JId KaK pCaJIbHO KOOPJAWHATHAA IICPCMCHHAA “’B IMPOCTPAaHCTBEC
MUHKOBCKOTO HMMEET TaKKe€ CBOMCTBA KOOpAMHATHOTO BpPEMEHHU, T.K. OHa €CTb
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“coOCTBEHHOE BpeMsS~ CHCTEMBI OTCYETa, KOTJAa OHa JBIDKETCI B KaKOH-JIMOO
“cTalMOHAPHON cHCTeMe OTcueTra’, W, TakKe, 3TO “BpeMs, KOTOPOE CUHUTHIBAIOT Yachl
KOTOpBhIC OOBIYHO €CTh Hekue T-Tena, M pealbHO MOKa3bIBAIOT, KaK OHU JIBHXKYTCS B
KOOPJIMHATHOM BPEMEHH.

XOTH, KOHEYHO B JKECTKOM CHCTEME OTCUeTa Ha6JIIO,Z[aTI> ABUXCHHUE B HICTUHHOM BpEMCHU
HCBO3MOXXHO

Tak u B mpoctpaHcTBe MHUHKOBCKOTO — KakK 3TO €cTh (YHIAMEHTAILHO W B MCTHHHOM
BPEMCHHM - HET JABIKEHUsS Ha3aja BO BpeMeHH. CoorBercTBeHHO B CTO aHTHUYACTHIIEI HE
CYLIECTBYIOT.

Kpome toro, xorma Jupak pazpabateiBan B pamkax CTO KM ypaBHenue amns ObicTpoit
YacTUIBI — DJIEKTPOHA, OH Jedal d3TO KaKk MOJU(HKALHUIO  yXKe CYIIECTBYIOLIETO
HEPEIATUBUCTCKOr0 HecTaoHapHoro ypasHenus lpeaunrepa

L d . RNy

lh;l/l(r,t)=Hl/l(r,t), roe (Y oto BonHOBas QyHKIMA dactuipl, H = 5—’

t = 2
j=1

onepatop I'aMHIIbTOHMAaHa, KOTOPBIM COOTBETCTBYET | aMHIBTOHMAaHY B KJIAaCCHYECKOU
3 p2
Mexanuke H =Z—’, p,=—ih—— , j=1,2,3 , 5t0 omneparopsl umimyinsca B 3D
J
j=1 27’]’1 d_x
J
MPOCTPAHCTBE; HO HCTOIB3YsSd BMECTO KJIACCHYECKOTO | aMHIbTOHMaHA PETSITUBHCTCKUN

3
— . [ 2 2 2 2 _ 2
Tamuneronnan H =c4/ p~ +m’°c” , rae p ectb Moayab 3D ummynbca, p~ = Zp I
j=1
m — Macca IOKOs YaCTHLIbI, ¢ — CKOPOCTb CBETA.

B namnom 'amunbronmane 3D uMIysabChl HaXOIATCS TIOJ 3HAKOM pajuKala, ¥ TOTOMY
OKa3bIBAIOTCSI HEBOSMOXHBIM TIOJIYYHTh JIMHEHHOE ypaBHEHHUE IS BOJHOBOH (DyHKITUU
HEMOCPEACTBEHHO MPUMEHSS OIEepaTophl MMITyJbca, Kak 3TO JAENAcTcsl B YpaBHEHUH
IlIpenunrepa, ogHako [lupak pemmna AaHHYIO MpoOieMy U3SAIIHBIM HECTaHIAPTHBIM
MyTeM, B KOTOPOM, K TOMY ke, popmanusM [laynu ist yueTa CriMHA YacTUIBI BBOJUTCS
€CTECTBEHHBIM 00pa3oM, BOJHOBAst (PYHKIHSA OKa3bIBaeTCs 4-KOMIOHEHHBIM BEKTOPOM,
KOTOpBI ONHUCHIBAET KOMIUIEKCHOE COCTOSHHE  YacTHULbI — YTO BBIIVIAAUT Kak

JEHCTBUTEIHLHO aIeKBaTHO pealbHOCTH, TakuM o0pa3oMm B ypaBHeHHMH ‘T aMUIBTOHHAH
3

A, .
Hupaka” ects H =mc a, + CZO’ ;P> Te YaCTHBIC ONEPATOPbI UMITYJIbCA TC XKE YTO
j=1

ypasuenun Illpenusrepa, @, u @; 5TO 4eThipe 4X4 MATPUIBI, KOTOPBIC OMPEICISIOT
YeThIpeX KOMIIOHGHTHYI0 — B TIPOTHBOINOJOXHOCTH  {J/ -QyHKIIMM B ypaBHCHUH

lpenunrepa, Y -pyukimo.  YpaBHEHHE HAXOMUTCS B TMOJHOM COOTBETCTBHUHU

. 2
dbopmasmmzmom  CTO, Brmowas ciydail, ecid B lammnpToHMane mc~ uUMeeT
OTpPHUIIATENIbHOE 3HAYEHHE — YTO (POPMAIBLHO BO3MOKHO, TIOCKOJIBKY, Kak JIMpak roBOpHI,
HampUMep B JOKJaae Ha mepBoil koHdepenuun “Atomuoe sapo” B CCCP [34]

“.....B mexanuke HploTOHa KMHETHYECKass JHEPrHsi BCerjia MNOJNOKUTeNbHas. Ho B Teopuu
Oinmreiina W onpenensiercst 6ojee CI0XHBIM ypaBHEHHEM ,a IMEHHO

2 -2 4 2.2
W =m'c"+pc,

W =+Jm’c* + p’c’

B xmaccrueckoit Teopun U3 000MX 3HAKOB Iepel] 3HAKOM paauKaia BEIOHpaeTcs Bceraa +, mpuaeM
9TO JETAETCs UIsl TOTO YTOOBI HOJIYYHUTh COTJIACHE TEOPUH C OTIBITOM.

OTKyZJa
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OTO HE cO3MaeT HUKAKUX TPYOHOCTEH, MOTOMY YTO W3 HAamWX (OPMYT BHAHO, uYTO W MOXKET

GLITh TOJBKO GONBLIE YeM +/IC” WIM MeHblle YeM - MIC- . DTO 03HAYAET YTO COCTOAHUS C
MOJIOKUTETTEHO M KHHETUYECKOW DSHEpruer OTIENeHbl OT COCTOSHHUW C OTpHUIATEIbHOU
KHHETUYECKON SHEPTHEHN MPOMEKYTKOM 2mc? (ot +mc’ it} -mc’ ), @ TaK KaK B KJIACCUYECKOM
TEOpUHU BCE JMHAMHUYECKHE IMEPEMEHHBIE HENPEPHIBHBI, TO YacTHULA, KOTOpas BHayajue UMeENa
MOJIOKUTEIBHYI0 KHHETHYCCKYIO SHEPIHI0, HUKAKUM CIIOCOOOM HE MOXKET MEPEUTH B COCTOSIHHUEC C
OTpHUIIaTeIbHON 3Hepruel. He Tak OOCTOWUT A€o0 B KBAaHTOBOW TEOPHHU: BOJIHOBOE YpaBHCHHE
o0yaaer TeM CBOWCTBOM, YTO CYIIECTBOBAHME KaKOW-THOO BO3MYIIAIOMICH CHUIIBI 005A3aTEIbHO
CO3/1aCT 7Sl YaCTHIBI BEPOSITHOCTh MEPexo/1a U3 MePBOHAYAIBHOTO COCTOSHHS C MOJIOKUTEITFHON
KHHETHYECKOM SHEpPrueil B COCTOSIHME C OTPULATEIHHOM KHHETHYECKOW SHEpPrueil; mosTomy
KBAaHTOBOH TEOPHHM YK€ HEJNb3S IMPOCTO HIHOPHPOBATH BO3MOXKHOCTH OTPHIIATEIEHON

KUHETUYECKOMN OHEPIuu, KaK 9TO ACTACTCA B KJIACCHYECKOM TCOPHUH. . .”

OxonHuaTtenbHO ypaBHeHHE Jnpaka

= (ayme’ + cia,,pn W(x,1);

n=1

i ay(x,1)
ot

- TIe 000CHOBaHHWE BBIINIC BBOAMTCSA KaK ‘‘TEOpHUs NBIPOK”’, B KOTOPOH BaKyyM HMEET
MHOI0-4aCTUYHOE KBAHTOBOC COCTOSIHHUE, B KOTOPOM BCE COCTOSIHUS 3JEKTPOHA
OTPHUIIATEIHLHBIMH SHEPTHSIME 3aHATHI. DTO OIMMCAHUE BaKyyma Kak "MoOps'’ AJIIEKTPOHOB C
OTpHIIATEIbHBIMU 3HEPTUAMHU Ha3bIBaeTcs “‘Mope Jupaxa”.

JlaHHBIA TOJXOJ BBIVISIAMT BECbMa CIOPHBIM, T.K. peaJlbHO ‘“‘COCTOSHHS C
OTPHUTIATEIHFHBIME SHEPTUSIMH TSI CBOOOHBIX YACTHI] HE CYIICCTBYIOT.

Onmnako ecnu 061 Jlmpak paccMaTpuBall JaHHYIO MPoOJIeMy Kak ‘“‘IpoOiieMy HMITYILCOB”,
OH MOT OBl pACCMOTPETh YPaBHEHHE JJIsl IMITYJIhCa

2
w
- 2\1/2
m(]c - i( P -p )
- TI'I€ 3HAK “” AJI1 BEKTOpa UMITYyJIbCa mOC HECOMHEHHO JICTUTUMEH — B OTJIMYHE OT

ckaispa sHeprum W, W Tak TUMoOTe3a O CyNIECTBOBAHUM YaCTHIl, KOTOPbIC JBHKYTCS C
OTPHUIIATETLHONW CKOPOCTHIO CBETA, M TAKUM OOpa3oM — TIPOTHBOIOJIOKHO 3JCKTPOHY,
Obl1a OB MEHEE CTIOPHOM.

U peanbHO ypaBHeHue JMpaka HMpaKkTHYECKH €CTh YpaBHEHHE Ul MMITyJbca, eciiu obe
YacTH ypaBHEHHUS pa3JeiuTh Ha ¢

i ay(x,t)

e (ayme + Za PIY(x,1)

- OIIHAKO 3TO OBUIO OBl CHOBa HEBO3MOXHO B pamkax CTO, rme Takue WUMITYJIBCH HE
CYIIECTBYIOT.

PeanpHO — cM BhIme — T-9acTHITBI SIEKTPOHBI M TIO3UTPOHBI CO3AAIOTCS TPOTHUBOTIONIOKHO
HaIpaBIEHHBIMHU B CT-OCH UMIYJIbCAMH YTO PEIIaeT, KpOMe MPOUero, mpooiemy

4.2.1 Yto takoe “Feynman-Stueckelberg murepnperauus” B K3/ [35], [36], rae
MOCTYJIMPYETCH, YTO AHTUYACTULBI MePEeMEIIATCH Ha3al BO BpEMEHHU

HBI/I)KCHI/IC C OTpHHaTeHBHOfI CKOPOCTBKO B C T -U3MCPCHUN MNPAKTUYCCKU HABCPHIKA
IMPOUCXOAUT B MaT€pru, €CIHU, KaK 3TO, IOBTOPHUM, BIIOJHE pallMOHAJIBHO ITPEAIIOIOXKEHO
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Y TIOCTYJIMPOBAHO B WH(GOPMAITMOHHOW MOJIENH, aHTUYACTUIBI IMEIOT TE e aITOPUTMBI,
YTO ¥ COOTBETCTBYIOIINE YACTHUIIBI, HO MX AITOPUTMBI BHITTOIHAIOTCS B OOPaTHOM IMOPSIKE
KOMaH/I, ¥ TaK B JICHCTBUTEIHLHOCTH

- aHTHUYACTHIIBI JCHCTBUTEIILHO JBUXKYTCS Ha3all, OJHAKO HE B MCTUHHOM BPEMEHH, HO B
KOOPJIMHATHOM BpPEMEHH, KOTOPOE €CTh MMEHHO ‘‘BpeMs, YTO ITOKA3bIBAIOT Yachl’, U
KOTOPOE JCUCTBUTEIIEHO M3MEPSETCS KaK AKCIIEpUMEHTalIbHAs 0a3a (PM3NYSCKUX TEOPUH.
Jlpyroe neno, 4TO CYIIECTBYIOIIHME Yachl H3rOTABIMBAIOTCS M3 YACTHI, U IO3TOMY
peallbHbIC TOJIOKCHUS W JBM)KCHHE AHTHYACTHMII Ha CT -OCH 3KCICPUMEHTAJIbHO HE
MoaroTcsl HaOmoaeHuo. Ecian Obl MOKHO OBLIO cleNaTh Yachl U3 aHTUYACTHI], TO ITO
OBLTO OBI BO3MOXKHO — KaK HAaOIIOJCHUE, UTO Ha TAKKUX YacaxX CTPEJIKa BpaIiaeTcsi 00paTHO
BPAIICHUIO CTPEIKHU UX OJIM3HEIOB, CICIAHHBIX U3 YaCTHII.

3aMeTHM, OJHAKO, TAK)KE - KOOPAMHATHOE BPEMs HE €CTh BPeMsl, U TaK, HalpuMep, eCliu
Obl Obula mapa ONHM3HENOB, OAWH COCTOsT OBl W3 "BemiecTBa', a Jpyrod w3
"aHTHUBEIECTBA , MX YaChl MOKa3bIBaJIM Obl TPOTHBOIOJIOKHBIC 3HAKH X BO3PAcTOB, HO
00a OyM3HeNa BHITIIAASTN OBl MIPAKTHICCKH OJMHAKOBO — KaK OOBIUHBIC OJM3HEITHI, TaK
KaK OHMOJIOTMYECKM OHHM OBl POCIM NMPHHIMIIHAILHO B MCTHHHOM BpeMeHH. He coBcem,
BIIPOYEM, JBUTAACh B MPOCTPAHCTBE, 00a Oyim3Hena OyayT pacTd — B KOOPAWHATHOM
BPEMCHH - OMOJIOTUIECKU MEJICHHEE, 9eM OJIM3HEIBI B a0COIFOTHOM ITOKOE.

4.3. ""Yr1o ecTh pyHaamMeHTANBbHBIE CUIbI [Ipupoabl"

- 9TO OfHA W3 BAXHEHIINX M CIOXHBIX “HEABHBIX (YHIAMEHTAIBHBIX (DU3MUECKUX
npodjeM, W MO3TOMY OHA COICPKHT Psil APYrux (yHAaMEHTAJIbHBIX MPoOJeM, B TOM
qucie, CKaKEM, - YTO TaKOe Kaxaasl U3 3THX CHUi?

B undopmannonnoit monenu [7] ¢ynmamenranbueie cuibl [lpuponsr (manee “Cubr”)
SBIISIIOTCS. HEKAUMH JIOTHYECKHMHU METKaMU, KOTOPBIE MOTYT OBITh — U TaK €CTh B MaTepuu
— npucBoensl mro0omy FLE, Tak uto ecnu takoit FLE sBisieTcs “mormdeckuM BEHTHIIEM'
B mnocnenoBarenbHocT FLEs anroputma HEKOTOpPOM YacTUIBI, TO MNpPU MOCTOSHHOMN
OUKINYecKoil pabote anropurma, korna takoil “meudeHssiii” FLE flips, 310 He ToIbKO
BbI3bIBaeT (haunmuHr cocenuux 3¢up FLEs u3 pasnena 3.4 Brliie, HO, KpOME TOTO,

- otn 3¢upHble FLE-bI Taxoke OyayT elle 1 HoMeueHbl COOTBETCTBYOMEeH Crioil.

Takoit ¢uunnuHr pacmnpocrpansercs — kak meauatop Cunbl — B FLE-3¢dupe, u korma
TAKOM MeAMaTop BCTPETUT KaKyl-TO Apyryto yactuly ¢ ¢ummnatomum FLE ¢ Takoi xe
MeTkoi Cuibl, MeauaTop MepeAacT HEKOTOPBIM HMIYJBC 3TOM dvacThie. DTa CXema,
CKOpee BCEro, CIHIIKOM IPOCTa; Hampumep, B (QU3UKE sIpa CHIBLHOE B3anMOJEHCTBHE
MIPOSIBISIETCS, BO3MOKHO, M 3TO MPHUATO B OGHUITHATHHOW (PU3MKe, Kak 0OMEH JacTHIIAMHU
(Me30HaMH), OJHAKO 3TO HE MPUHUUIHUAIBHO, M CXEMa BBITJISAIUT KaK JOBOJIBHO
3¢ heKTUBHO MPUMEHUMOH 10 KpaiiHei Mepe mast Cui I'paButanus u EM.

3Jt0 nposicHseT GyHIaMEHTaJIbHbIE TPOOIEMBI
4.3.1 "Yto Takoe 3apsaa Cuibl 4yacTUlbI"

- 3apsaa HeKOTopeix CHil, €CTh, IPEXKIE BCEro, HA0Op — YacTh — IOMEYCHHBIX JTaHHOU
Cunoit FLEs B anroputMe gactuiisl. OIHAKO 3TO HE SBIISIETCS MOTHBIM, CHIIa CHITBI TaK)Ke
3aBHCHT OT TOTO, C KAKOW YaCTOTOM 3TOT aJrOPUTM padOTaeT.

B unbopManuoHHOW MOACIH celdyac PacCMOTPEHBI, W IS HUX ObUIM pa3paOoTaHbI
HEKOTOPbIC NIEPBUYHBIC MOJEIH, TONbKO 2 Cunsl - 'paButanus u EM, [3], [7], [12], rnoe
JBE CleAyromme (QyHIaMEHTAIbHBIC TMPOOJEMBI, BECbMa BO3MOXHO, CYIIECTBEHHO
MIPOSICHEHBI:
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4.3.2 "Yro Takoe ['paBurarusn?”

N3 cymecTByONMX 3KCHEPUMEHTANBHBIX MJAHHBIX CJIEAYET JOBOJBHO paldOHAIBHOE
MIPEATIONOKEeHNEe, YTO | 'paBUTAITMOHHBIA 3apsa, MO KpaiiHeH Mepe, MpH aOCOIIOTHOM
MOKO€, CO3[aH B YaCTHUIIE M IEHCTBYET B TPEXMEPHOM IPOCTPAHCTBE, B COOTBETCTBUU C
TpeMs YCIIOBUSAMU:

(i) - "wactoTta ¢ KOTOpPOHM aJTOPUTMOM YacTHI] PabOTAeT €CIM YacTUIlAa HAXOIUTCA B
— — 2 2
abcomoTHOM mokoe (B cratuke), W=E/h= myc”/h, [ana doronosmc” /i ], rae

ni, 3T0 MHCPLUHOHHAs Macca IIOKOs, ¢ — CKOPOCTb CBCTAa, h QJICMCHTApPHOC (1)I/I3I/I‘-ICCKOC

nericteue Ilnanka u

(i) - B nMH(OPMAIMOHHOM MOJEIH aJrOPUTM KaKIbIH YaCTHUI[ MMEET TOJNBKO OIUH
(hMKCUPOBaHHBIN TpaBUTAITMOHHO ToMedeHHBINM FLE; COOTBETCTBEHHO rpaBHUTAITMOHHBIN
3aps]l YaCTHUIBI IPOMOPLIUOHAIICH TOH K€ YaCTOTE alilrOPUTMa ®, KaK MHEPLIMOHHAs Macca
BBIIIIC.

(i) Ha kaxagoMm 1mKiIe nomeueHHbI FLE wacTuibl, MHUIUUPYET B TPEXMEPHOM
MIPOCTPAHCTBE pagualibHOE pacnpocTpaHeHue 2D konen - "HUPKYISAPHBIX TPaBUTOHOB" -
¢aunoB FLE »dupa, kotopble MOryT IepeaaBaTh, NpH IonagaHuu B (uumnamomuid G-

nomedennslii FLE npyroit wactuuel, 5Tol yactuue ummynse p =—2L | r ecth paamyc-
.

BEKTOP OT M3ITy4aloIeH K MMOyYUBIIeH UMITYJTEC YaCTHIIE.

Tax xak ¢uunel G-nomeueHHsix FLEs B 00enx ugacTuiax NpOMCXOAWUT HE3aBUCHMO, U
YacTUIBI B IIPOCTPAHCTBE IIPU I'PABUTALMOHHBIX B3aUMOJAEHCTBUAX IPAKTUYECKU HE
OPHEHTHPOBAaHbl KOHKPETHO, OJJIEMEHTapHbIE B3aUMOACHUCTBUS  BBILIE  SBISIOTCS
CllydyailHBIMH. DTO HE Ba)XKHO B Marepuu Ha MakpomaciuTalde, OIHAKO MO3BOJISAET, MpHU
B3aMMOJEHCTBUM JIETKUX YaCTHI, TPEKIEC Bcero (OTOHOB, HAOMOJATh KBAHTOBBIN
xapaktep ['paButarum [3], [8].

[lapa nMOMOTHWUTENBHBIX BAXKHBIX 3aMETOK: (1) — MpPEeXAe BCETO0 M3 CYIIECTBYIOIIMX
9KCIEPUMEHTAIbHBIX JaHHBIX CIEAYeT, YTO BCE YAacCTHULl MMEIOT TI'PaBUTALlMOHHBIE
3apsnbl, u (ii) - 9TO METKA TPABUTAIUU TTOJTHOCTHI0O CHMMETPUYHA MPU paboTe YacTHIl U
ITOPUTMOB aHTUYACTHII, ¥ IOATOMY BCE B MaT€pUH NPUTATHBAET BCE.

Kpowme Toro, u3 nmyHkra Bbiie cootBeTcTByromas 300 et pynaaMenTanbHas Qusndeckas
npobiema

4.3.3 “IloyeMy NpUMHUMNHAJIBHO Pa3Hble WHEPUMOHHAS W I'PABUTALMOHHAS
Macchl IKBHBAJIEHTHbBI, 110 KpPailiHel Mepe, B cTaTHKe”’

- CTaHOBWTCSA pa3peliecHHOH: 00e MacChl JKBUBAJCHTHHI B BHAY TOTO 4YTO 00¢
MPOTOPITUOHATBHBI OJTHOM M TOH e 4acTOTe, C KOTOPOH allfOPUTMBI YaCTHUI] TUKITHYECKA
paboTaroT.

Crenyrouias ¢pyHIaMeHTaIbHAs IpodieMa —
4.3.4 "Yto Takoe Jaexkrpuuyeckas cujaa?"

OKcnepuMeHTaTbHO 00¢ CHiThl TIOOOHBI - 3aKOH TAroTeHHs HpoToHAa T0M00CH 3aKOHY
Kynona, ot yero cieayer JOBOIBHO pallMOHAIEHOE MPEAION0KCHHE B MHPOPMAITMOHHON
MOJIETTH, 4YTO DJJIEKTPUYECKUH 3apsm (OpPMUPYETCS Kak TpPaBUTAIMOHHBIN 3aps,
oTHOcuTenpbHO ycnoBmid (i) — (iii) B Pa3m.. 4.4.3 Bemre. OgHako B 3TOM ciiydae Habop
"anexTpudecku moMedeHHbIX" FLES gacTuIier 60ibmmid, u, KpOMe TOTO, TOTAa KaK YHUCIIO0
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rpaBUTAIIMOHHO OTMeueHHBIX FLEs (TOnpko onmMH) (PMKCHPOBAHO BO BCEX AITOPHTMAX
YacTHll, B ClIy4dae ODJEKTPUUYECKON CHJIBI JIEKTPUUYECKUH 3apsii aKTyaJlu3UpyeTcs Kak
pabota oTHOCUTENFHON — U cymiecTBeHHOH — yactu E-momeuennsix FLEs B anropurmax
YaCTHILI.

1/2 o
B MOZCIIN 3Ta OTHOCUTCIIbHAA YaCTh paBHA a '~ ,Q eCcTb NIOCTOSIHHASA TOHKOU CTPUKTYPEIL.

Takum o6pa30M, HUMCIOIINE pa3JIMYHbIC MHEPIUATIBHBIC MaCChl YaCTUIBI UMECIOT, TEM HE
MCHEC, UACHTUYHBIC DJICKTPUICCKUEC 3apsAbl.

Hdpyroe mOpUHIUNHAIBHOE OTIWYME OJNEKTpUUecKoM cuibl B ToM E-meTka He
CUMMETPUYHA, W [IO3TOMY CYIIECTBYIOT 2 THIA DJIEKTPHYECKHX 3apsioB -
MOJIOKUTEIBHOM W OTPUIATENBHBIA, YTO  aKTyalM3yeTcs, Hampumep  T1pu
MTPOTUBOIIOJIOKHOHN pa0d0TE aNTrOPUTMOB 3JICKTPOHA U TIO3UTPOHA,

- ¥ NI03TOMY IIEpeAaHHbIe NIPU B3aUMOACHCTBUM aHAJIOIOB LIUPKYJISPHBIX TPABUTOHOB - "
mupKyJsipHblX ¢oroHoB" ¢ E-momeuyenneiMu FLES - uMOysnbcbl MOTYT UMETh pasHBIC
3HaKu, p =+

-
TakuMm oOpa3oM, B MOIeNH eliie oAHa (hyHIaMeHTalbHas (pu3ndeckas mpoodiemMa
4.3.5 “Iloyemy I'paBuTAIMA B eCATKH NOPSIAKOB BeJMYNHBI ciadee gpyrux Cuua?”

- CTAaHOBMTCSI PELIEHHOM.

JUiss WUIIOCTpallMM  pacCMOTPUM  CUCTEMY JABYX DJJEKTpoHOB. IIpuBeneHHnas
KomntoHOBCKast jymMHa 3JeKTpoHa A =3.861x10'13m, YUCIIO TPAaBUTALIMOHHO
nomeueHHbIX FLES yHuBepcanbHO a5 BceX (yHIaMEHTAIBHBIX 3JIEMEHTAPHBIX
YacTHull, .T.€. paBHO1; unciio N snekTpudecku noMeueHHbix FLES oTHOcUTENbHO,

N =67”2NO , No ecTp monHas is “noruyeckas’ AJIMHA aJIropuTMa 3JIEKTPOHA,

N,=A/l,.

B nmannHom cnyuae No:2.4xlO22 FLE, rpaButanuonnsiii 3apsig 1 FLE,
anekTpudeckud 3apsag ~ 8% of Ny, 1.e. ~ 2X1021FLE; MOJHOCTBIO AJITOPUTM
THKAeT C 4YacTOTOH @ = 7.763x10205'1; COOTBETCTBEHHO, HWHTEHCHUBHOCTU
M3JIy4aeMbIX KOJEL Ui DJIEKTPOHA  PaBHBL: 7.763x10%s™! LUPKYJISIPHBIX
rpaBuTOHOB 1 1,55x10* s LUpKyISAPHEIX (HOTOHOB.

BeposiTHOCTh TOmaiaHusi M3IyYEHHOTO LUPKYISPHOrO (PoTOHA B (IUMaromuii
anekTpudeckd nomedeHHold FLE — gpyroro  (“o0myd4eHHOro”) 2ieKTpoHa
COOTBETCTBEHHO OOJIbIIIE YeM IS MUPKYJISIPHBIX TPABUTOHOB B ~ 2x107! pas,
MMO3TOMY WHTEHCUBHOCTH JJICKTPUUYECKUX TMOMATAHUA OOJbIIIe HWHTEHCHBHOCTH
rPaBUTAILMOHHBIX TONAJAHUN B ~4x10% pasa, COOTBETCTBEHHO B Mape AJIEKTPOHOB
CHWJIa TPAaBUTAIlMU CJIa0ee DIEKTPUIECKON CHIIBI B 3TY BEJIMYUHY — KaK 3TO €CTh B
PEAIbHOCTH.

OT™MeTHM 31€Ch Ba Ba’XXHBIX IIYHKTA, KOTOPBIC CICAYIOT U3 BEIIICHU3JIOKCHHOT'O:

- U3 TOTO, YTO pEaJbHOE COOTHONICHHE T'PAaBUTAMOHHON M JJEKTPUUECKON CHII
nojryyeHo 6e3 npuMeHeHus 3akoHoB Heiotona u KynoHna cienyer, yTo HadaibHbIE
MOJIETIY TPABUTAIIMOHHOW U 3JIeKTpuyeckoil B 1.4.3. u 4.3.4 cui BecbMa BEpOATHO
COOTBETCTBYIOT PEaIbHOCTH, U
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- U3 3TOTrO pe3ysbTaTa, KOTOPbIM Oasupyercs Ha MPEANOJI0KEHUU YTO pa3Mephl
FLE B anropurMax yactull paBHbl I[[1aHKOBCKOM IUIMHE, CIENYET, YTO AAHHOE
IIPEAIIONIOKEHHE, KOTOPOE SBJIACTCA OJHUM M3 OCHOBHBIX IIOCTYJIATOB BO BCEH
MH(POPMALMOHHOHN (PU3MUECKON MOJIENH, TaKXKe aJIeKBaTHO PEaIbHOCTH.

Kpome Toro, B MoAenu SIIEKTPHUUECKOW CHJIBI elle oAHa (yHIaMeHTaIbHas
dbuzmdeckas nmpoodaeMa

4.3.6 "Touemy afic = ¢’ / 47, 2"

- B TO BpeMsl KaKk B STOM ypaBHEHUU (YHIAMEHTAIILHO pa3UYHbIE B (DU3HKE
VHHUBEpCaJIbHBIC JUII  BCcero B Marepuu mapameTpel — (QyHIaAMEHTAIBHOE
JJIeMEHTapHOe JeCTBHE, /i, U CKOPOCTh CBETA, C, U, CICHU(PUIHBINA TOIBKO IS
dbyanamentanpHo OM  Cuiibl, DJIEMEHTApHBIH JJICKTPUYCCKUU 3apsna, e,
O00BEIMHEHBI TI0 KAKUM-TO HEM3BECTHBIM B (PM3UKE MPUYHUHE U CITIOCOOOM TaK, YTO
MX OTHOIIECHHUE €CTh Oe3pa3MepHas OCTOSTHHAS TOHKOH CTPYKTYP, o,

- TAK)KE pelIaeTcs.
[Ipu 3TOM BITOJTHE BEpOSATHO CleAyromas pyHaaMeHTanbHa Gpu3ndecKas mpoodaema
4.3.7 ""Uto Takoe ''BUPTyaJIbHbIE YACTUIIBI'' B COBpeMeHHO (pu3uke?"

- KOTOPBIC BBCACHLI B CTAHAAPTHLIX KBAHTOBLIX TUHAMHUYCCKUX TCOPHUAX KAK MCAUATOPHLI
CI/IJI, TaK X€ IMPUHOUITHAIIBEHO IIPOSACHACTCA.

BeIrmSauT HOTHOCTBIO pAIMOHANBHBIM IPEANONOXKUTh, YTO B JEUCTBUTENBHOCTH B
Matepun HeT "BUPTyalIbHBIX ® YacTHUI U B3aUMOJEHCTBHM, a "BUPTyaJIbHbIE YaCTULBI" 3TO
HE YTO MHOE, KaK HEKOTOPbIIl MaTeMaTHUECKUI TPIOK, KOTOPBII 110 HEU3BECTHBIM CETOAHS
npuYrHaM gBisietrcs 3 QeKTUBHBIM MpH 0TPadOTKE PU3MUYECKHX 3a1ad.

PeanbHo B3auMoneiicTBus B MaTepuu BBI3BaHBI M IPOUCXOIAT TOJBKO KaK pPEajbHbIC
B3aMMOJCHCTBUSl PEalbHBIX MaTepUalbHBIX OOBEKTOB, B TOM 4YHCJIE Ha CaMOM Jiele
MeanaTopbl CH1 — 3TO HUKaK He "BUPTyalibHbIE” OOBEKTHI.

N3 SKCIEpUMEHTOB KaXXETCs, BIOJHE YOCAWTENHHO CIEAyeT, MO KpailHell mepe mis
DJEeKTpUYECKOH CHIIBI B CTAaTHKE, YTO peajibHble B3aUMOACHCTBHA HE BBI3BAHBI
peanbHbIMH "0OBIYHBIME (oToHAMH" - KoTopble B KO/l BBOmsTCA Kak "BUpPTYyalbHBIC
(oTOHBI": HET HHUKAKUX OJKCIIEPUMEHTOB, KOrma OBl B CHCTEME 3apsOHKCHHBIX Tell
Habmronancs oOMeH OObIYHBIM (oToHAMH. TeM He MeHee, 3apsiAbl B3aWMOJCHUCTBYIOT
COBEpIIEHHO PEATIBHO.

COOTBETCTBEHHO IHPKYJSpHBIE (OTOHBI, KOTOPHIE HE HAOIIOAAIOTCSA JETEKTOpaMu
OOBIYHBIX (JOTOHOB, B TOM YHCJE TJIa3aMH YEIIOBEKA, MOTYT OBITh TAaKUMHU pPealbHBIMU
MeJraTopaMu DJIEKTPUYECKON cuibl. B TO ke BpeMs u3ydeHHE NpOOJEeMBbI - TOYEMY
BupTyanbHble  QoToHsl B KDJ| amekBaTHO peaJlbHOCTH WMHUTHPYIOT —pealbHbIC
B3aMIMOJICHCTBUSL PEAbHBIX IUPKYISAPHBIX (DOTOHOB C 3apsnaMu, BeCchMa BEPOSTHO,
MOJXKET MPHUBECTH K HOBOW MH(OpPMAIMK O TOM, KaK MOCTpOeHa Marepust Ha KBaHTOBO-
MEXaHHYECKOM YPOBHE.

XoTs, KaXKETCsl, HEKOTOPBIC TOSBIISIOINIMECS B 3TOM ClIydac MPoOJIEMBI yiKe ceifuac MOTyT
HUMETh, 110 KpaiiHell Mepe, IepBOHAYAIbHOE, PAIlIOHATILHOE ITPOSICHEHHE.

HJ’IH Haydajia 3TO CJICAYroIas (bYHZ[aMeHTaJIBHaﬂ np06ﬂeMa
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4.3.8 “Yr10o Takoe MarHMTHasl CHJIa, B TOM YHCJIe — CYIIECTBYeT MJIM HET KaKOM-TO
MArHUTHBLIA MOHOIOJIL?”’

- CTaHOBUTCS CYIIIECTBEHHO TMpOsICHEHHOW. W3 »JKcnepuMeHTa M KJIACCHYECKOU
DIEKTPOINHAMUKH HW3BECTHO, YTO MAarHWTHAsI CHJIA TIOSBIISETCS TOJBKO TPH JBHKEHUU
AIEKTPUUECKOTO 3apsiia ¥ UCUE3aET, €CIIU 3aps HaXOAUTCs B MOKoe (Hampumep, [37])

W3 BEIIIECKA3aHHOTO TIPEICTABISAETCS, KaK JOBOJBHO PalMOHAIBHOE, TPEIIIONIOKECHHE,
YTO B JICHCTBUTEIHLHOCTH MAarHWTHAas CHJIa HE €CTh Hekas (yHIaMeHTalbHas CHIa
[Ipuponkl, KoTOpas CyIIECTBYET, HCHONB3ys ciaoBa HeioroHa "cama mo cebe, W OT
cobctBernor mpupoabr” (“of itself, and from its own nature”), m T.m., KOTOpa,
COOTBETCTBEHHO, UMEET COOCTBEHHBIN 3apsi/l "MarHUTHBI MOHOIIOJE .

OmHaKo B DIEKTPOIUHAMUKE DIICKTPUUECKUE M MarHUTHBIC CHIIBI BBITJISISIT TPAKTHICCKU
MTOJTHOCTBI0 CHMMETPUYHBIMH, B TO BpeMs Kak, corijacHo CTO, Bce OTHOCHUTEIHHO
JBIDKYIIAECS WHEPIHOHHBIE CHUCTEMbI OTCUETa TOJHOCTBIO SKBUBAJICHTHBI, U TOITOMY
aprymenT Baiie, eciii CTO MOTHOCTRIO BEpHA, OKA3hIBAETCS HECYIICCTBCHHBIM.

CooTBeTCTBEHHO, Mocie TosBieHus nyonukanuu [lupaka [38], rme oH mpemnaraer
HekoTopsle KM aprymeHThl, U3 KOTOpBIX CIEAYET, YTO HEKMH MarHUTHBIH MOHOIIOJNIb
MOXET CYIIECTBOBATh, IpoOieMa "MarHUTHOTO MoHomois , ¢ 1931 roma u 10 cux mop
SBIISIETCSL OJJHOM M3 MOMYJISIPHBIX, U JaKe PyHIaMEHTANbHBIX, u3ndeckue mpoodiem [39].

Tem He MeHee, IMOCKOIBKY IPOCTPAHCTBO-BpeMs Matepun SBISETCS aOCOITIOTHBIM,
peabHO He BCe/KaX/able HWHEPIMOHHBIE CHCTEMBI OTCYETa SIBISIOTCS IOJHOCTHIO
SKBHUBAJICHTHBIMH 1 3aKOHHBIMHU, B TO BpeMs KaK aOCOIIFOTHBIE, T.€., KOTOPhIC HAXOMSATCS B
aOCONIFOTHOM TIOKO€ B a0CONIOTHOM TPEXMEPHOM IPOCTPAHCTBE, CHUCTEMBI OTCUETa
SIBIIIIOTCA CHCTEMaMH, KOTOPBIE OTJIMYAIOTCS OT BCEX OCTANBHBIX CHCTEM TPEXKIE BCETO
TEM, YTO TOJIBKO B 3TUX CHCTeMaX (pu3mueckue oOBEKTHI, COOBITUS U MPOIIECCHI, UMEIOT
peasbHbIC 3HAUCHUS CBOMX (DU3MUYECKUX MTAPaMETPOB.

COOTBETCTBEHHO APTYMCHT BBIIIC CTAHOBUTCA HCﬁCTBHTCHLHBIM, " gajic€, Tak Kak II0JIC
HUMCIOIICTO BJICKTpI/I‘leCKI/If/’I 3apsaq TCjia, KOTOPOC HAXOJAUTCA Ha a0COIFOTHOM IMOKO€ YHCTO
QJICKTPUYCCKOC I10JIC,

- U3 3TOr0 CICAYCT, YTO MAarHUTHBIC MOHOIIOJIU B ﬂeﬁCTBHTeHBHOCTH HC CYHICCTBYIOT.

Tak ’xe BBITVIAOUT BIOJHE PAMOHAIBHBIM MPEATION0KHUTh, YTO MAarHWTHas CHJIa €CTh
HEKOTOpasi KOHKPETHAs aKTyaJIn3alysl SJIEKTPHUYECKOW cuibl, koraa s¢upHeie FLE B
W3Ty4aeMbIX  JBIDKYIIMMHUCS  3apsAaMd  LOUPKYJIAPHBIX  (OTOHAX  MOJYy4aioT
JIOTIOJIHUTENBHBIM UMITYJIC, KOTOPBI MPOMOPIMOHANIEH MHPOCTPAHCTBEHHON CKOPOCTHU
3apsja, W, Kak 9T0 ObUIO yKa3aHO B pas3i. 3.4 juid ciaydas I BO3MYIICHHS B 3dupe
“gacTHLa’, KaK 3aMKHYTO! TOCIIeA0BaTEIbHOCTH QuunoB npeuneccupyommx FLE,

- ¢uunaromiue FLE B nupky/aspHbIX (OTOHAX TaK )K€ MPELECCUPYIOT; U MPH HONAaIaHUH B
E-nomeuennsle FLE B apyroi nBHxKymieics 3apspkeHHOW 4acTHIE NMEpeNaroT 4YacTHLE
JOTIOJTHUTENIEHBIA UMITYJIBC, KOTOPBIH OPTOTOHAJEH, HMITYJbCY, KOTOpPBIH ObUT OB
nepead B ciiydyae, Korza o0a 3apsizia B II0KO€, T.€. BJIOJIb HallpaBJIEHHUs paauyca-BeKTOpa
Mexay 3apsaamu. OTMETHM TaKke, OJHAKO, YTO M3IyYeHHE LUPKYJSApHBIX (oToHOB E-
nomeueHHbIM FLE o4eBHIHO HE BIOJIHE CHMMETPHUYHO M3-3a HUPKYJISPHOTO JBM)KEHUS
(IMI-TOYKU YaCTUIIBl; YTO, O-BUAUMOMY, IPUBOAUT K TOMY, YTO 3apsKEHHBIEC YaCTUIIbI
HMEIOT HEHYJIEBbIE MATHUTHOE MOMEHTHI.

Crnenyromiee NPEANONOKEHUE KAXKETCs TaK K€ BIOJHE pPaIlMOHAJIBHBIM: €CIU 3apsn
YCKOPSIETCS, TO UPKYISAPHBIA (HOTOH MpeBpaliaeTcs B YacTUIy - OOBIYHBIA QOTOH, T.€.
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3aMKHYTBIA QITOPHUTM B KOTOpOM  "»iiekTpudeckwe' MW '"MarHuTHBIC" WMMITYJIBCHI,
nepenaBaeMble npeneccupyromumu FLE, ITUKIMYecKH MEHSIOT ApYT Apyra.

Hpyras TpanchopMaius “rUpKyISIPHBIX (OTOHOB™ BIIOJIHE BEPOSTHO MPOUCXOIUT, KOT/Ia
HEeKHil “00BIYHBIA (HOTOH’ B3AMMOJIEHCTBYET C IUPKYJISAPHBIM (OTOHOM, HAIIPHMEP
3apAma AApa, W CO3JAeTcs € Tmapa, ¢ “JIBOMHBIM IIOBOPOTOM’ IIPOCTPAHCTBEHHOTO
UMITyJIbca POTOHA B JIBA UMITYJIhCA Maphl TPOTUBOITIOIOKHO HAMIPABIECHHBIX 1O CT -OCH.

Hakonen, B 3TOM paszene OTMETHM, YTO M3 OTHX [EPBOHAYAIBHBIX MOAEICH
HerocpencTBeHHo cienyeT KM mpupona obomx Cunm - ['paBuTanmmm u DIEKTPHUECTBA.
Onnaxko, B To BpeMs kak KM mpupoza 35eKTpudecTBa B MOHHCTPpUM (DU3UKE B TIPUHITUTIC
KaXXeTCsl eCTeCTBEHHOH, COOTBETCTBYyIOINAsi Ipobiema, B ciay4dae ['paButanuu, B
HacTosIee BpeMs SBIACTCS (QyHAaMEHTANbHOW MpoOjeMoil, KOTopas B MOIHHCTPUM
(hH3uKe MO0 HEKOTOPHIMH MPUYMHAM pacCMaTPHUBACTCS TJIABHBIM 00pa3oM Kak Ipodiema
kBanTm3amuu OTO. YTo mpUHUMNHMAIBHO HEBO3MOXKHO, M, COOTBETCTBEHHO, MHOTHE
MOMBITKA pa3paboTaTh HeKyr0 "kBaHTOBYI0 OTO" neHCTBHUTENBFHO HE YAAIOCh; OJHAKO
9TO 03HadaeT ToIbKO, 9T0 OTO sBIsETCS TOBOIBHO COMHUTEIBHON (hM3MIECKON TeOpHeH.

B undopmanmonHoit Mozenu npodiema
4.3. 9 “Yr1o Takoe KBAHTOBasl rPaBUTANUNA’

- CTAHOBHTCS CYIIECTBECHHO MPOSICHEHHOM - U3 onpeencanii '[IpoctpancTo” u "Bpems"
ciemyet, 9To moctyaupoaddsie B OTO B3ammomelcTBHsI "'Macca-TipoOCTPAHCTBO-BPEMS -
Macca" peajbHO He cymiecTByloT. [loBropum - ['paBuTamms 5TO HEe 4YTO HMHOE, Kak
HekoTopass "oObluHass" (¢yHmameHtaiabHas Cwuia I[lpupoxabl, koTopas aOCOJIFOTHO
MPUHLIMITHAIBHO - Kak U Bce apyrue Cuisl [Ipupoas! - nomkHa ObITh KBaHTOBaHa, - KM
aBnsieTcss (pyHIAMEHTABHBIM CIEACTBUEM (YHAaMEHTAIbHOW JIOTHUECKOW BHYTPEHHEH
MPOTUBOPEUYHNBOCTH a0COMIOTHO (hyHIaMeHTaIbHOro heHomeHa "M3meneHue”

Ecmn mopmens I'paButamum (pasn. 4.3.2 BbIIE) BEpHA, W3 3TOT0 HETMOCPEICTBEHHO
CIIEAyeT, YTO TPaBUTAIIMOHHOE B3aMMOJEHCTBHE KBAaHTOBaHO, M, CKOpEE BCErO,
AQHAJIOTUYHO DJIEKTPUIECKOM CHIIe, B TOM YHCTIE U, "0ObIYHbIe" U "TIUPKYJISIpHBIE" (DOTOHBI
Y TPAaBUTOHBI, COOTBETCTBEHHO aHAIOTHYHBI.

[Moatomy rinaBHas npobiiema nipu HaOmroaeHun KM-nipupoas! ['paBuTanuy BO3HUKAET W3-
3a KpaiHeW ciaboctw 3ToM  cwiubl. OgHAKO C JOCTaTOYHO XOPOIIO HEHYJICBOU
BEPOATHOCTHIO KBAaHTOBAs MPUPOAA [ paBUTAIIU MOXKET HAOIFOAATHCS MPH IKCIICPUMEHTE
¢ doronamu [3], [8]. Dxcniepument 661 npeasiokeH B 2007 Toxy, U MOXKET OBITh CACTaH
y)Ke ceddac Tocie IpOoCTOH MOAM(HKAIMK HMPAKTHYSCKH JIIOOOH CYIIECTBYIOIICH
YCTaHOBKH, KOTOpas Obliia cienana, Ay 0OHAPYKeHHS TPaBUTAIIIOHHBIX BOJH, TOOABUB K
JIBYyM CYIIECTBYIOIIMM IIIe4aM HWHTepdepoMeTpa [OMONHUTEIBHOE IUICY0, KOTOPOe
HaIpaBJI€HO OPTOTOHAIBHO MIOBEPXHOCTH 3€MJIH, HAIIPUMED, B CKBAKHHE.

HaKOHCLI, B 3TOM pasacyic paCCMOTPUM ABE HpO6J'I€MI>I

4.3.10 “Yro Takoe d¢usnyeckoe AelcTBHe MW NPUHOMI ''MHHMMYMa
¢usuyeckoro neiicreus?"

Kak ykazaHo Bbie, 00beKThl MaTeprun U3MEHSIOT CBOM COCTOSIHHS Ha OCHOBE JTBOMYHOU
JIOTUKH, T.., Kak miaru "OuT 3a OWTOM", KaKk 3TO BBIMJISAUT PANUOHAILHBIM U3
CYIICCTBYIOIIMX SKCIICPUMEHTAIbHBIX TaHHBIX - IO KpalHedl Mepe, 0 CHX IMOp HET
HUKAaKHX OSKCIIEPUMEHTAIBHBIX JaHHBIX, KOTOPbIE OBLIM OBl HECOBMECTHMBI C 3TOH
TUIOTE301; ¥ B MHQOPMAIIMOHHOW MOJICITH BIIOJIHE PAIMOHAILHO BEITJISIUT THITOTE3a, YTO
Ha IpPEeJIC/IbHOM rIyOrHE BCe M3MEHEHUS IPOI0JDKAIOTCS KaK Takue Iard Ha [11aHKOBCKM
MacuTaoe,

62



- mpu 3ToM PU3HIECKOe JCUCTBHE, S, ITO €CTh KOJUYECTBO DJIEMEHTAPHBIX OMHAPHBIX
omneparwmii B FLE-pemierke, kaxmas u3 KOTOPBIX U3MEHsIET HH(OPMAITUIO B MATCPUAITEHOM
oOBeKTe/ccTeMe Ha OIWH OWT, 4YTO HaONIOJaeTCs Kak W3MEHCHHE Ha OJIHO
(dyHIaMEHTaIbHOE dJIeMEHTapHOoe QU3NUYecKoe AeicTBue /.

Nnmenno 3TO 03HA4aroT HEPaBEHCTBA Ieiizen6epra:

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

Koropeie [HepaBeHCTBa] ¢ BechMa OOJBIIONH BEPOSTHOCTHIO B JICHCTBUTECIHLHOCTH
SIBJISIFOTCS. PABEHCTBAMU.

Takum 00pa3zoM, xots KM HeonpeeneHHOCTh ABIsSETCA a0COMIOTHO (yHIaMEHTAIBHOM,
3Ta HEONPEIEIEHHOCTh, TEM HE MEHeE, HE IMPOM3BOJIBHO XaOTHYHA, U aKTyalu3HpOBaHa
KaK HEOIPEIEIEHHOCTh BEIMUMH B Napax HEKOMMYTATHBHBIX IEPEMEHHBIX MPH YCIOBHH,
4T0 BO Beex ciyuasx AS =7.

Takum o0pa3oM, “TPUHUUI MUHUMyMa (u3HYecKoro AelcTBHA B Makpo-(hu3nke
CYLIECTBYET TaK, 4YTO W3MEHEHHE COCTOSHHUS B3aUMOJIECHCTBYIOIIMX Makpo Tel
HIPOMCXOAUT HPU YCIOBUM MHUHHMMAIBHOIO 4YHCIa OCECUMCICHHBIX 3J€MEHTapHbIX
JBOWYHBIX INAroB - U TakuM oOpazoM KM HemocpeICTBEHHO MpPOSBISETCS B Makpo
¢dusuke.

5 Kocmonorus

B kocMomoruu cymiecTByeT MHOTO MPOOJIEM, MPEXK/IE BCETO, MOCKOIBKY 3Ta (pu3nuecKas
00J1aCTh 9aCTO OTHOCHUTCA K HEKOTOPHIM OOBEKTaM, COOBITHSAM W IpoIleccaM, KOTOPHIS
ceifyac He MOTYT OBITh U3yUYCHBI JIOABMH B KOHTPOJIHPYEMBIX YCIOBHSX, M TIOITOMY JTAXKE
npu (HOPMYIIMPOBAHUU MPOOJIEM B KOCMOJIOTUU CYIIECTBYIOT HEKOTOPBIE, B HEKOTOPBIX
ClTydasix IPUHIMIHATIHLHO HENMPEO I0JIMMbIC, HEOTIPEIEIICHHOCTH.

Onnako wuH(pOpManMoHHAS (U3NYECKass MOJENb MO3BOJSIET BIIOJHE palHOHAIBHO
paccMOTpPEeTh HECKOJNBKO IMpo0ieM, KOTOpble HE MOTYT OBITh HPUHIUIHAAIBEHO
palMOHATIBHO PEIICHBl WM TPOSICHEHBI B MAWHCTpUM (U3HKE, T.e. BHE KOHIICTILIMU
"Nudopmanus kak A6comoT" 1 JaHHOW (HU3NIECKON MOAEIH

5.1 “IIpodsema Havana”

Ota npobiema SBISETCS MpeneabHO PyHIaMEHTaILHONU MPoOIeMOit B KOCMOJIOTHH, U, UTO
BIIOJTHE OYCBHJHO, NMPUHIMIUAIBHO HE pemiaeMass B pamMkKax OQHUIHMAIbHOU (QU3HKH:
(M3KKa HEe MMEeT HUKAKUX JOCTOBEPHBIX JAaHHBIX 00 00BEKTaX, COOBITHIX M IMpOIeccaXx,
KOTOpBIC MOTJIHM OBl CYIIECTBOBATh, MOSIBJIATHCS, U TPOUCXOIUTh B JAHHOM ciiydae. TeM
HE MEHee, B (PU3UKE CYIIECTBYET PsI TCOPHH, U B CTAaHAAPTHOW KOCMOJIOTMYECKOH
monenn "Big Bang" [40] npemaraeTcs 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 bonsmoro B3psiBa uzet, rae-to okono 13. 8 MuanuapaoB JeT Ha3aj BCEJICHHas
B30pBaJach B OBITHE, KaK OECKOHEYHO MaJICHBKWH, KOMIIAKTHBI OTHEHHBIH IIAp MaTepu,
KOTOPBII OXNaxAajcs, IPU paclIMpeHHH, BbI3bIBasl PEaKLUU, KOTOPbIE CBAPUIHN NEPBbIE 3BE3/bl U
raJaKTHKH, ¥ Bce (HOPMBI MaTEPUH, KOTOPBIE Mbl BUAUM (M €CTh) CErOIHA. ....”
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- HECMOTpSI Ha TO, YTO CYIIECTBYIOImas GU3NKa MPUHIIUIHATIHFHO HE TPUMEHUMA K 3TOMY
“MaJIeHbKOMY, KOMIIAKTHOMY OTHEHHOMY IIapy MaTepuu’ T.J.

A Takxe K CJICOAYIOIIUM [IaraM CO3JaHus MaTepI/II/I, Korjaa 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 (haza paHHEW BCEJICHHOH BCTyNMJAa B MIPy Kak KOCMHYecKash MHQIISALMA,
KOTOpas JTIIach MEHbIIE TPWUTHOHHBIX A0JIeH CeKyHIBL. B 3TOT meprox Matepus — XOJIOIHBIH,
OTHOPOIHBII gOOp — OBICTPO PACIIMPHIIACH KCIIOHEHIIHABHO, TIPEXK/IE YeM IpoIeccs bobiroro
B3ppiBa mepemmmm kK Ooslee  MEIVICHHOMY pAcIIMPEHHI0 W AWBEPCH()HKAINU  JETCKOM

bR

BCCJICHHOM. ..... .

- cymiecTBymolias (u3nka He 3HaeT a0COMIOTHO HUYEro O TOM, 4YTO 3TO OBUIO 3a
"XOJOAHBIN, OMHOPOIHBIA goop'; moYeMy "OHa pa3myBallaCh 3KCIIOHEHIMAJIHHO OBICTPO
0 cleayrommx mporeccoB bonpmioro B3peiBa, mo kakoil mpuumHe 3Ta "HHGISAIMS"
OCTaHOBWJIACK; W JlaJiee TI0 KaKOW MPUYMHE M KaKuM 00pazoM 3To "mporiecchl bonbmoro
B3peiBa mepenumn k 0ojiee MEUICHHOMY pAaCIIUPEHHI0O W JTUBEPCU(DHUKANNHN JETCKOH
BCEJIECHHOI; 1 T.II.

Tem He MeHee, U3 CYIIECTBYIONIMX acTPO(QHU3MUYSCKUX JaHHBIX MHOTOE€ B MOJCIH
BBITISIIAT, KaK JIOBOJIPHO pallMOHANbHAS MOJAENb 3Boonuu Matepun nocine Hawama, B
TOM 4HCIe, €CIM Mbl HE [pPUHUMAaeM BO BHHMMAaHHE 3aMCYaHHE BBHIIIE,
"(heHOMEHOJIOTHYECKOE" OIMUCAaHUE COCTOSHUN B SBOJIIOIIMYA MATEPHUU BBIIIC, BBITIISIAUT
paIlOHAIBHBIM B HECKOIBKUX IMyHKTAX:

- HauuHasg C cocrosHus/Amoxu "wHumu" [41], [42], korma TPOCTPAHCTBO B
CTaHIAPTHON MOMENIH TI0 HEM3BECTHBEIM NMPUIMHAM HEKHUM TPaHCIICHACHTHBIM CIIOCOO0M
OKCIIOHCHIIMATLHO  PacIIMpPWIOCh, YTO  CIy4dWiiach TIIPH  HEKOEH  penakcaiiu
CHHTYJISIPHOCTH HEKOETO COBEPLICHHO HEM3BecTHOro B ¢u3mke moins “‘inflaton”, nz-3a
"oTTankuBaoulel (repulsive) rpasutaruonnoi cuiel” (?7) [40],

Opnako “HHGIAIMOHHAS TUIIOTe3a”, HECMOTPS Ha 3TH BEChbMa CIIOPHBIC MOJIOXKCHHS, I10-
BUJUMOMY aJICKBaTHO PEaTbHOCTH (PECHOMEHOJIOTMUYECKH OIMChIBAET PaBHOMEPHOCTH
pacrpejielieHsi TUIOTHOCTH BENIeCTBA M HOMEHKJIATYPhl MaTepUALHBIX OOBEKTOB Ha
KOCMOJIOTUYECKUX PACCTOSHUSAX, HYKJICOCHHTE3, U T.II..

B T.4. runore3a B CTaHZapTHOW MOJENH, YTO BO BpeMs HHOIAIMM MaTepus ObLia
XOJIOJHBIN, OMHOPOJHBIA ZOOP, BHITJISIAUT BIIOJIHE PAIlMOHAIBHOMN, TaK KaK COTIACYeTCs C
KOCMOJIOTUYECKMMH ~ HAOJMIOJACHUSAMU, HECMOTPS Ha TO, YTO BBIDJBSIAUT  Kak
MPOTUBOpeYaIas ¢ "B30pBalach B OBITHE, KaKk OCCKOHEYHO MaJICHBKWH, KOMIAKTHBIN
OTHEHHBIH IIap MaTepuu' B TOU e CTAHIAPTHOU MOJCIHU B ITUTATE.

WHpopMamoHHBI MOAXOA TMO3BOJSIET B paMKax HMHPOPMAIMOHHOH  Monenu
chopMyaupoBaTh pasyMHy0 (usnueckyro rumoresy [5], [7], xoTopas HaxoguTCs B
COOTBETCTBUU C CYLIECTBYIOIIMMH 3KCIIEPUMEHTAJIbHBIMU JAHHBIMU U C KaXKyIIUMHCS
pa3yMHBIMH ITyHKTaMH B CTaHAapTHOM mojenu bomeimoro B3peiBa BeIle, Takux Kak
snoxa HHQpIAIMY, 1 4To Martepus nocie HH(IImMy Obl1a JOBOJIFHO XOMOIHOH, U T. 1. .

B rumorese npennaraercs, uro sneMeHT MHoxecTBa "MHpopmanus” "uHGopManmoHHAS
cucrema "Marepus”, ObUT CO34aH IPYrUM dJIEMEHTOM MHOXecTBa "MH(GOPMAaLMOHHON
CHUCTEMOH - co3HaTeNbHBIM yYMHBIM "Co3maTenem’™’, KOTOPBIH OB IeHCTBUTEILHO OUCHD
YMHBIM, TaK 4YTO CMOI CIPOEKTHUPOBATh TaKyl JIOTMYECKH IPOCTYIO, OJHAaKO
(YHKIMOHAIBHO YpE3BBIYAMHO CI0XKHYI0, dQQEKTHBHYI0O W 3aKPBITYI0O B MHOXKECTBE,
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MH()OPMAITMOHHYIO CHCTEMY; W HAWTH TPH CO3MaHWH DTOM CHCTEeMBI B MHOXECTBE
OTPOMHBIC TOPIMU JCUCTBUTEIFHO TAWHCTBEHHOTO JUISA JIFOJIEH 10 chX mop (eHOMeHa
"Oneprus".

Tak - cM. BeImIe - MaTepusi OCHOBaHa Ha TIPOCTEHIIICH JBOMYHON M 0OpaTUMOM JIOTHKE +
(o kpaiiHet Mmepe) 4 GyHIAMEHTAIBHBIX JIOTHYECKHUX MapOK, KOTOPBIE JIFOAM HAOII0AI0T
Kak peaibHble 4 pyHaamenTanbHbIX Cun [Ipupossl, B ToMm uncie ['paBuranum, cM. BHIIIIE,
U HECKOJIBKO YHHMBEPCAITBHBIX CBS3€M M KOHCTAaHT; KOTOpBIC "3amucaHbl’ B MpeeiIbHO
($yHIaMEHTaIBLHOM OCHOBE Marepuu - B IBOMYHBIX 00paTuMbIX [5]4D dhyHIaMeHTaIbHBIX
nornyeckux sneMenrTax [FLE].

Janee ata KOHCTpYKIuS ObUTla akTyanu3upoBaHa B Matepuu B 3 mara - W MOPUHA
SHEPIHUH:

Ha mepBoMm 1mare sKcmoHEHIIMANBHO ObDIa co3maHa tuioTHas pemetka [5]4D FLE
(“uHbNAIIMOHHAS dT0Xa”), HAIPHMEP, B PE3YJIBTATe 3allPpOTPaMMHPOBAHHOTO MEJICHUS,
BO3MOXHO, Ha 2, BO3MOXHO oaHoro "mepBuuHoro FLE" (kxak, Hampumep, Oaktepun
pacnpocTpaHsroTcs B damke [leTpu, ecinu ecTh JOCTATOYHO MUIIHA) B COOTBETCTBYIOIIEM
abcomoTHOM, EBKIIMIOBOM, KOHEWHO, [S] 4D mpocTpaHCTBE-BpeMEHH C METPUKOMN
(ct, XY, Z,ct),

- KOTOopoe ‘‘aBToMaTHdeckw — cM. pazgen 2.4.6, T.e. 1O OMNpeACIICHUIO aOCOJIOTHO
¢bynaameHTanbHBIX GernomeHoB “TlpoctpancTBo” u “Bpems”, mosiBHIHCH NPH, TOYHEE —
s, co3nanuu  “nepBuuHoro FLE” (XOTs OoTMETHM, OJHAKO, YTO 3TO MPOCTPaHCTBO-
BpeMs BcerJa CyIIecTBOBAIO B MHOXKECTBE, KOTOpPOE CYIIECTBYET aOCOIIOTHO
(yHIaMEHTAIBFHO BCET/a, TO €CTh HE MMes Hadana U KOHI[A, KaK IMOAIPOCTPAHCTBO-BPEMsI
mpocTpaHcTBa-BpeMeHn MHuoxecTBa); FLE-penieTka Oblia X0101HOMH;

Ha BTOPOM IIIare B 3Ty PEHICTKY INI00AThHO PaBHOMEPHO Obla 3aKaueHa BTOpas MOPIUS
SHEPTUM C CT-HANpPaBJICHHBIMA HMITYJIbCAMH, U B PEHICTKE TJI00AThHO PaBHOMEPHO
00pa30BaTUCh BOIMYIICHHUS - IOJHOCTHIO CHMMETPHYHBIE aJrOPUTMBI - TepBUYHBIE T-
JacTUIBl. BeckMa BeposATHO, 4TO Marepuss Ha 3TOM JCHCTBHUTEIHHO OBLIA TOBOJBHO
XOJIOTHOM.

O,Z[HaKO U3 CYIIECTBYIOIIUX KOCMOJIOTHYECKHUX MOaHHBIX BBITJIAIUT panroHaJIbHBIM
MPEANOIOKUTh YTO 3aKauyka SHEPTUH ObLIa HEPAaBHOMEPHOM JIOKaIbHO; B PEIIETKE — [H
tak B 3D mpoctpaHcTBe] OBUIM CO3aHBI KJIACTEpPhl MEPBUYHBIX YACTHII, TJE
IUIOTHOCTh YaCTHIL Obula  pagUKaJIbHO IMOBBIINIEHA, YTO OKAa3aJloCh HEKUMH
“ceMeHamMy’ 00pa30BaBIIMXCA Ha MOCJIEIYIONIMX IIarax »3BOJIIOUUMH Marepun
OOJIBIIMX KOCMOJIOTUYECKUX OOBEKTOB, IIPEXK/IE BCETO — FAJIaKTUK.

Ho He Tonbko; Ha 3TOM Iiare ciieayromas QyHIaMeHTanbHas podiieMa, CyIIecTBYIOImas
MOCKOJBKY 3TO OYEBUAHO MPOTUBOPEUUT CYIICCTBYIOLIUM 3KCIEPUMEHTAIBHBIM TaHHBIM
B ()M3UKE BHICOKUX SHEPTHHl, a TAKIKE COOTBETCTBYIONIUM (PU3MUECKUM TEOPUSIM

5.2 "Iloyemy MaTepus ceiiyac NPaAKTUYECKHU He COJEPKUT aHTUMATepHUU’’,
CTaHOBUTCs, BIIOJTHE BEPOATHO, TaK KE€ pallMOHAJIEHO PCIICHA!

- Marepust He COIEP)KUT aHTHUBEIIECTBA, TaK KaK HE COACprKajla aHTUBEIIECTBA €IIe Ha
BTOPOM Illare - TaK Kak IMepBUYHbIC T-4acTHIbl ObUIM IMOJHOCTBIO CHMMETPUYHBIMU
anropuTMamMu. B 3TOM cioydae JIOTHYECKH OECCMBICICHHO TOBOPHUTH O pa3inyuu
"4aCTUIBI/aHTUYACTUIBI , ¥ TIOATOMY OBLIO JIOTUYECKH BIIOJHE JOIMYCTHMO IS BCEX
MIePBUYHBIX YaCTHI[ OBITh TOJHKO 'JACTHIBI' - M TaK MMETh TOJBKO ITOJIOKHUTEIHHBIC
HMMITYJIBCBI B CT-U3MEPEHUH, U
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- B BUJIY TOTO YTO Ha TPETHEM IIIare NMepBUYHBIC YACTHIIBI, (B THIIOTE3€ BEPOSITHO YACTUIIBI
[T1aHKOBCKOW MAacChl, WIM KAaKHE-TO JPYTHE IPOCThIC, T.€. KOTOPHIE HUMEIH TOJHKO
COBEPIIICHHO CUMMETPUYHBIC TPaBUTAIMOHHBIC 3apsbl, YACTHIIBI)
MPOB3aUMOJICHCTBOBAIA C  HCIIOJNB30BAHUE TOJIBKO CUMMETPUYHOW T'paBUTAIUH,
pe3yabTaT OB, JIEHCTBUTEIBHO CYI ‘“‘OOBIYHBIX’ YACTHUII, KOTOPHIE OBUIH paCIpeaeICHbI
CHOBa paBHOMEPHO TI00aTbHO — HO HE PABHOMEPHO JIOKAIBHO - B pelieTKe.

Hecrabunphaple yacTuipl B "cyme” paclnaluch TOBOJBHO OBICTPO, M - KaK 3TO HOXO0XKE
BIIOJIHE AJE€KBATHO PEANLHOCTH YTBEP)KAAET CTaHAApTHas KOCMOJIOTHS - HaOJoJgaeMbie
Teleph YaCTUIbl B KOHEUHOM MTOI€ OCTHUIM.

Ecnmu mepBuuHbIMH  dYacTHUAMH  ObTM  yacTWibl  [[maHKOBCKOM — Maccel, Tpu
B3aMMOJIEHCTBIM ABYX YACTHI[ CO3aBatoch okoio 10'° “o6brambIX" GapHOHOB, M TOT
"cyn" OBUI JOBOJBHO TEIUIBIM, IIO3TOMY CEWdYac CyIMIeCTBYeT KOCMHYECKHMA
MHUKpOBOJHOBOW (oH. OnHako, ckKopee Bcero, He OBUIO HEKOW "CHHTYIApHOH"
TeMIeparypel, T.K. OOJNbIIas YacTh SHEPrHM B3aUMOACHCTBHI TpaTHiIach BCE-TaKH Ha
co3aHre OOBIYHBIX T-dacTHII.

[Ipu strom Coznmatento He OBUIO HUKAKOW HEOOXOIUMOCTH 3HATH/KOHTPOJIMPOBATH - KaK
npoxoaway mar 2 u mar-3. Co3marenas Xopomio 3HauI, 9To U3 FLE Hudero xpome Kakowu-
HUOynp "Marepun" HE MOXET IOSBHUTHCS, M, CKaKeM, JaHHas Martepus Morja UMETh
HECKOJBKO TEHICSAY TaJaKTHK MEHbIe uiu Oombilie, HO misa Cosmarens, 3T0 OBLIO HE
CYIIECTBEHHO.

Taxke B THUMOTE3e BUAMMO TOSBIACTCS BIOJHE palMOHAJbHBIA OTBET Ha
(dbyHIaMeHTanbHbIe (PU3NIECKUE MPodIeMy

5.3. “Yro Takoe “remHas marepus’’,

- He ObUIO OBl HHYETO0 YIWBUTENBHOTO, €CIH, CKaXEeM, 4YTO "TeMHas MaTepus’
NEHCTBUTEIBHO CYIIECTBYET, 3TO MOTYT OBITh "pDENUKTOBBIE YacTULBI, €CIW  OpU
CO37aHUH "0OBIKHOBEHHO " MaTepuu TOJIBKO 10-30% 3TUX YaCcTHI]
npoB3anmoaeiictBoBaid, 1 70-90% "penukToBBIX" CymecTBYIOT 10 cux mop. Ecmm 3T0
yacTullsl [1aHKOBCKOIM Macchl, TO TNIOTHOCTh YaCTHUIl TEMHOW MaTepUX HAXOAUTCS B 10"
pa3 MEHbIIIE YeM TUIOTHOCTh 0apHOHOB T.€. 3-4 4acTHIlkl B KyOe ¢ pa3MepoM 1 MUILTHOH
METpOB.

[Mockonmbky TEpBUYHBIE YACTHIBI B3aUMOJICHCTBYIOT TOJBKO TPaBUTAIMOHHO, OHU
MIPAKTUYECKH B3aUMOJICUCTBYIOT € ""OOBIYHBIMHU " YACTHIIAMH C BEPOSTHOCTHIO, Ha TIOPSAKA
MEHBIIEN, YeM HEUTPUHO; U TIOITOMY

(i) - Tema, 3Be3Abl W T.A., MPAKTHUYECKH TPO3PAYHBI UISI ITUX YACTHUIl, KOTOPBIE,
COOTBETCTBEHHO, BpAIAIOTCS BOKPYT IIEHTPOB MACCHBHBIX TeJd, BIOJb COOCTBEHHBIX
OJIMHOYHBIX OpOWT, 00pa3ys COOTBETCTBYIOIIHME rano, W (ii) — OHM TPAKTHYECKU HE
MOIJAIOTCS OOHAPYXCHHIO, TI0 O00EUM MPUYMHAM — YPE3BBIUAHO MallOMy CEUCHHUIO
B3aUMOJICUCTBUA U YPE3BBIUAMHO MAJIOW KOHIICHTPAIUH.

XOTs eciiu Kakoe-TO B3aUMO/ICHCTBHE MMPOU30HACT B KAKOM-HHOY b JETEKTOPE, ITO OyACT
xopouo 3ametro, 10" I'9B sBisiercst BIIONHE HAGII01aeMOil SHEprHeii.

KpOMC TOT'O BBIITIAAWUT PAallMOHAJIBHBIM MPCANOJIOKUTL, YTO KIIACTCpaX, KOTOPLIC 6I>IJ'II/I
“cemenaMu’”, ObUIM JIOKQJILHBIC MaJibie 00JIACTH, II€ INIOTHOCTH MIEPBUYHBIX YACTHUI]
OblJTa HACTOJILKO OOJIBIIION, YTO YACTHUIIBI 00pa30BAIM KOMITAKTHBIE OOBEKTHI C
AKCTPEMAJIbHBIMU MaccaMu M IPABUTAI[MOHHBIMU TOJSIMU, KOTOPBIE CTaIM MO3Ke
IIEHTPaMU TAJIAKTUK ¢ MacCaMU B MIJIJTMOHBI, U JJa)Ke MIJITUAP/IBI 3BE3/THBIX Macc.
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VY 3THX 00BEKTOB €CTh MHTEPECHOE (PU3MUECKOe CBOWCTBO — CHJIa CO37aBaeMOTO
IrpaBUTAlUOHHOTO IIOJIA HACTOJIBKO BCJIMKA, YTO CKOPOCTH y6eI‘aHI/I$I CTAHOBUTCA
paBHOM CKOpOCTH CBETa, W TaK, CKaXeM, Nake (OTOHBI, €CIM HE W3IYYCHBI
OPTOTOHAJILHO K TIOBEPXHOCTH OOBEKTa, JABWXKYTCS B NPOCTPAHCTBE BHYTPHU
COOTBETCTBYIOIIMX OOJIacTe 110 3aMKHYTBIM OpOMTaM — Takue OOBEKTHI
MPAKTUIECKH HE U3ITy4alOT CBETA.

Takoe npoucxoaut B o6enx Teopusix rpaButanuu — Hetotona u OTO, u ciyyaercs

Mo KpalHeW Mepe Mpu YCIOBHSAX, Korma macca, M, wu paamyc, R, oObekra

2GM

HaxoJsTCsl B COOTBETCTBUU C YPABHEHUEM Rg s=—5—
c

(pammyc IlIBapmmnbaa), , COOTBETCTBYIOIIUMI paguyc B Teopun Herotona, R,y, B

JIBa pa3a MEHbIIIE.

, R,s ectb paguyc B OTO

[Ipu >TOM AaHHBIA paguyc HE SIBIAETCS PaAHMycoM OOBEKTa, KOTOPBIH pealbHO
MOJKET OBITh MEHBIIE YEM PAINYChl BBILIE.

Pazmuune BennuuH R,s and R,y HENPUHIMIIMAIBHO, OJHAKO OTH PaIUyCHI
pas3IMYHBl NPUHIMIUAIBHO B TOM, YTO TOTJa Kak Rgy  €CTh paguyc HEKOEH
“BUpPTYyaJbHOW~ TOBEPXHOCTH, KOTOpPAsi OTPaHUYMBAET HEKOE ‘“‘UepHOE MECTO”,
panuyc IIBapummibaa ects paaunyc “ropuszoHta coobitii” B OTO, rae pemeHus
ypaBHeHuid OTO CTaHOBATCS CHUHTYIAPHBIMH, M TaKUM 00pa3oM TOpPHU30HT
COOBITHI €CTh TpaHHIa “IBIPHl B NPOCTPAHCTBE-BPEMEHU - “4epHON IBIPHI~
(“black hole”, BH), u nmpuHIMIIAAIEHO HUYTO HE MOXKET MMOKHHYThH TAKyIO JBIPY.

PeanbHO Ha TOpU30HTE COOBITHI HET HHKAKONW CHHTYJISIPHOCTH, MOTCHIHAT U
HaNpPSHKEHHOCTh TPaBUTAIIOHHOTO IOl pACcTyT BIOJHE TJAJKO C YMEHBIICHHEM
paccTostHUsL 70 LeHTpa oObekTa. Tak, Hampumep, CYNepMAcCHUBHBIC YEpPHBIC IBIPHI
(SMBH) B menrpax ragakTHK, KOTOPBIE, BECHMa BEPOSTHO SBIIAIOTCSA ITOTOMKAMHU
“ceMsH”- 00BEKTOB, KOTOPbIE BBIPOCIN IIOIJIOLIAS ra3 U APYIYK0 MAaT€pUI0 BOKPYT B
MIPOIIECCE IBOJIONMH TAJIAKTUK, UMEIOT BechMa OoJbIue panuycsl LBapmmibaa,
TOTJIa KaK pa3Mepsl KoMIakTax 00hekToB B SMBH 0ueBHIHO MHOTO MEHBIIIE STUX
pananycos.

Hanpumep Sagittarius A* (SMBH B Mireunom ITyti) nmeer maccy, M=8.2x10°°
kg M  COOTBETCTBYIOIIMH pajnyCc TOPU3OHTA COOBITHH R, =1.2x10"" m,
COOTBETCTBYyIOIIAA  CpeOHss  IUIOTHOCTh  wmatepun B SMBH  paBna
0 =1.1x10°g /m’. Dra NIOTHOCTH MHOTO MEHbIIE IIOTHOCTH MAaTepud B
neiitpornsix 38e3max 10'7-10" kg/m’®, u, naxe ecm 651 B enTpe Sagittarius A*
6bLIa GBI COBCEeM OOIbIasi HEWTPOHHAs 3Be3ja, ee paxuyc obur Obl B ~ 10 pas
MEHBIIIE paJyca TOPU30HTA COOBITU.

BhIrsiiuT panioHaIbHBIM IPEATNONIOXKUTE, YTO B JAHHOM ciiydyae (pa3a cocTosiHUS
marepun B SMBH ectp cnenyromas ¢asza mocie HU3BECTHBIX cerofgHs (a3
“oOblyHast marepus’, “Oenplii Kapiauk® , “HEHUTpOHHAs 3Be3da”; M BECbMa
BO3MOXXHO, YTO JAHHBI OOBEKT €CTh HEKas IUIOTHAas KOMIO3WIHS TEPBHYHBIX
YacTUI, B TO BpeMs KakK IPOCTPAHCTBO MEXKIY IOBEPXHOCTBIO OOBEKTa H
“rOPU30HTOM COOBITHIA~ 3allOJTHEHO TPOJOJDKEHWEM AaKKPEIMOHHTO JHCKa,
KOTOpOE MpaKTHYECKH He HAOII0AaeMo, W JAPYITMMU YacTUIAaMU C TU(GQPY3HBIM
MPOCTPAaHCTBEHHBIM PACHPEACICHUEM.
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"

5.4. "Yro Takoe ''TeMHasi JHeprus

Beirnsaaur  panpoHaNbHBIM - TIPEATIONIOKHTH, YTO 00€ HMHTEpIpeTHpyeMble  Kak
"pacmmMpeHuss TPOCTPAHCTBA"  CYIIECTBYIONIHE KOCMOJIOTHYECKHE COOBITHS, T.C.
sKcHoHeHuuanbHas "uHpusnus" B Hauane u ymepeHHoe "pacuimpenue” B JanbHEWIIen
SBOJIOIMM MaTE€pHH, KOTOPHIE Ha CaMOM JeJie €CTh HEKOTOPHIE PaCIIMpPEHHs PEUICTKU
FLE, neiicTBuTeNbHO OBUIM - W BBI3BaHBI HEKOTOPOH sHeprueid. OmgHAKo dTa DHEPTHUs
COBEPIIICHHO BHE (DU3UKH, ¥ TIOATOMY TIOTBITKH BKIIFOYUTH 3Ty - CHOBA BIIOJHE BO3MOXKHO
saepruto Co3znatens, B GU3NUECKUE TCOPHU SIBHO COMHUTENBHBI.

XoTs, Kak 3T0 ObUI0 B WHPOpMANMOHHOW Moaenu Hawama BeIIe, 3TH SHEPTHH MOYKHO
WCIIONIB30BaTh MPH PAIMOHAILHOM OINKUCAHUM TOTO, YTO W KaK MPOM30IUIO B TMEPBBIN
MoMeHT B Hawane, winm, Hanmpumep, JJis paclivpeHus Ha 3- Imare, MOCie IMOSIBICHUS
"00bryHBIA" Marepuu. B 3TOM ciydae BBITJSIAMNT BO3MOKHBIM HAWTH pPaOHAIBHBIC
MPUYUHBl PACHIMPEHUS, HANpuUMep, 3TO paciIupeHue ObUI0 OBl HEOOXOIUMO IS
NpeAoTBpalieHus Koanca Matepu u3-3a "napanokca rpasutanuu’ [43] u T.1.

7 3aKiroueHne

OTOT MOKYMEHT SIBIIICTCS, TIO CYTH, HEKOTOPHIM 3aKIIOUCHHEM I cepuud paboT, TIe
paccmarpuBatorcs  "HMHdopmanms kak AOcomor”  KOHIEHIMs, HH(POPMaLMOHHAS
(¢m3nyeckass MoOJEIb, M HEKOTOPhIe KOHKPETHBIC (HU3UYECKHE MPOOJIEMBI B paMKax
KOHIIETIINHA ¥ MOJISNIH, ¥ TO3TOMY THIHYHOE 3aKIIOYCHUE B CTaThe B ATOM cliydae ObLIO
OBl CIIMIIIKOM JITHHHBIM.

Tak 4To 34€Ch JIHIIb HECKOJBKO 3aKIIOYHUTCIBHBIX 3aMe‘laHI/If/’I, KOTOpPBIC KaCaroTCA
BO3MOKHOI'O pa3BUTHUA MOACITIU U €€ IIPUMCHCHUS B (1)I/I3I/IKC.

[lo-BugumMoMy, dro ciegyeT cenaTb Ha IIEpBOM JTale, 3TO pPa3BUTHE BEpCUi
TPaJUIMOHHBIX (U3NYECKUX TEOpUH, KOTOphle B HACTOSIIEE BPEeMsS B OCHOBHOM
basupyrorcs Ha dopmanusme CTO, B mepBylo odepeinp, Ha IOCTYyJIaTe, YTO PEalbHOE
MIPOCTpaHCTBO-BpeMst Marepun sasnsercss 4D mnpoctpanctBo MuHKOBCKOro, r1e
¢denomens! "[IpoctpancTBo" 1 "Bpems" akTyaln3upoBaHbl B TEOPHU OMIMOOYHO.

BMmecTo aToro ¢usuka momkHa OBITh epe@OpMyITUPOBaHA B COOTBETCTBHH C TEM, YTO
peaqpbHOE TPOCTPAHCTBO-BpeMsi Marepun ecTh abcomotHoe [5]4D  EBkmnmoBo
MIPOCTPAHCTBO-BpeMsi ¢ MeTpukoi (cr,X,Y,Z,ct), rae BpeMs HUKyAa He TeueT. OIHAKO B
MTOBCETHEBHOW MPAKTUKE BEChbMa BEPOSATHO (opMyna IUIs MPONISHHOTO IMyTH OCTAHETCS
Kak OHa ecTh ceromus - S = V¢, rme Bpems “f’ “camo 1mo cebe U CBOeH MPUPOIE TEUET
PaBHOMEPHO HE3aBHCHUMO OT YET0-TH00 BHEITHETO .

B ToM umcie HeoOxoammo paszpaboraTh Teopuio 4D MoMeHTa HMITyibca, (GyHKIMN
I'amunbrona u Jlarpanxa, HOBYIO (OPMYJIUPOBKY TEOpPEMbl OO0 OCHOBHBIX 3aKOHaX
COXpPaHEHUS B MEXaHUKE.

COOTBETCTBEHHO HEOOXOJMMO TepeOpMyITHPOBATh U COOTBETCTBYIOIINE ONEPATOPHI B
KM, nipu 3TOM B TaHHOM citydae cieayromas GyHaaMeHTanbHas Gpu3udaeckas mpooiema

"ITouemy Bpemsi B KM He uMeeT COOTBeTCTBYIOIIEr0 oneparopa’

CKOpee BCero, Takke OyJeT pelieHa.
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Ora nmpobiiema, BIpodeM, MOsIBIIIETCS U3-3a Oosiee GyHIaMEHTAIbHOM MpoOIeMbl —
MOCKOJIbKY ~ HecTanmoHapHoe  ypaBHeHue  Ipemunrepa (m upaka)
(GyHIaMEHTAIBHO — M TaK PEaJbHO CYLIECTBEHHO — HEKOPPEKTHO, MOCKOJBKY

oy _

€CTh Kak iha——ﬁl//, torga kak B KM mnpou3BOJHBIE IO APYrUM, KpoMme
t

BPEMEHHOW, KOOPJMHATHBIM TEPEMEHHBIM D IS —ihix , j=1,2,3, saBnstoTCS
J

onepatopamu 3D wumnynbca. BBITISAUT COBEPIIEHHO €CTECTBEHHBIM, YTO
IIPOM3BOJIHAS 110 IEPEMEHHON “BpeMs” Tak )K€ SBJISIETCSA OllepaTopoOM MOMEHTaA, U
YTO YpaBHEHUE JJIs1 BOJTHOBOM (DYHKIIMU COOTBETCTBEHHO JOJIKHO OBITh — €CJIU MBI
BBOJIMM SKCIEpUMEHTaIbHO Halmonaemoe “equal footing”, kak 3T0 jaenaercs B
ih L

d(ct)

MOIEIA Be3de, Kak =Py ; tne omeparop IMOJTHOTO WMIYJIbCa

n L J .
COCTaBJIAETCS W3 YACTHBIX OIEPaTOPOB pj=—zh—, j=1,2,3,4; yuutbIBas,
X.
J

OAHAKO, YTO O3TU HPOU3BOJHBIC HC SABJIIMOTCA HC3aBUCUMBIMH, II0 YCJIOBUIO
4

P>=%"p? B srtoM ciyuae HabmogaemMoe “Bpems”, Golee KOPPEKTHO — 00a,
Jj=1

VICTMHHOE M KOOPJMHATHOE BPEMEHA, CTAHOBATCS OOBIYHBIMHM HAbIIONAEMBIMH B

KM, 1 Tak UMEIOT OIlepaTophbl — cebsl, KaK 3 IPOCTPaHCTBEHHbIE HAOII0aeMbIE B

cymectByronieit KM..

Opnnako sto He Tobko KM mpoGnema — mannHas mpobiema B KM mmeer cBom
KOpHHU B (popmanuzMax ['ammiibToHa u Jlarpamka B KJIJaCCHYECKOW MEXaHMKe, TIe
nepeMeHHas “BpeMsi” TaK K€ CYIIECTBEHHO OTJIIMYAETCS OT MPOCTPAHCTBEHHBIX
MEPEMEHHBIX, MPEXKJEe BCEro M3 3a JACUCTBYIOIIMX OMNPEIEICHUN BpPEMEHHU
Herotona - CTO (cm. paznmen 2.4.6 Boilie); U niepe-GpopMyIupoBKa KIaCCHISCKOM
MEXaHHKH, BKIIOYass MEXaHUKY OBICTPBIX Tell, Oy/leT CYIIECTBEHHBIM JTAllOM IMPHU
niepe-popmynupoke KM

Bosspamasices k npyrum npobdiemam KM oTMeTnm, Takke, 4TO IPU PACCMOTPEHUU
KBAHTOBO-MCXAHNUYCCKUX COGBITI/Iﬁ 148 Hpoueccms B a6COJ'IIOTHBIX cucremMax
orcuera, korga KM o0BeKThI CBOOOHBI, MPOOJIEMBI ¢ TPUIYMHHOCTHIO, KOTOPHIE
BO3HHUKAIOT B HEKOTOPBIX CIlydasx B CTaHIApTHOU (u3MKe, HE 00pa3yroTcs,
MTOCKOJIBKY B a0COJIOTHON CHCTEME BCE Yachl MOKA3bIBAIOT PEATHHBIC TTOJOKEHUS
OG’bGKTOB B UICTUHHOM BpeMeHI/I

Kpome Toro mepe-popmymupoka KM, koTopas ydTeT peaqbHO CYIIeCTBYIOmmi [5]4D
FLE »dwup, BHojsHEe BO3MOXXHO TMPHUBEACT K B 0ojiee JIydlIeM MMOHUMAaHHIO KBAaHTOBO-
MEXaHMUYECKUX SIBICHUH; B T.4. BO3MOXXHO CYIIECTBYIOLIEH B JCHCTBUTEIHHOCTU
¢dbyHIaMEeHTaIbHOM POOIEMBI

"Uro Takoe Ilynu npuHumMn, W SBJAETCS WJIM HeT CHJIA, KOTOpas
OrPAHMYHMBAET YHCJIO0 U CHMHBLI (PEPMHOHOB B JAHHOM COCTOSHHMHU ''mATON
¢pynnamenTaabHoi cuiioi Ilpupoas!' wim 310 4To-TO emme"

B cramgaptHoit momenmm Bepcuss CPT  Teopembl MO3BOJSET TOMYYHUTH JTOBOJBHO
COMHHTEIIbHBIC Ppe3yibTaThl, KakK, HApUMep, perieHue 5.2. MmpoOJeMbl BEHIIIE, TOE B
Hauvane nosiBunuce o6e - "Matepus” u "AntTuMartepus”, onHako, B coorBeTcTBUU ¢ CPT
TEOPEMOiA, JTajiee OHU cpasy JKe OKa3aJuCh Pa3e/ICHBl B HEKUX " MMPOCTPAHCTBE-BPEMEHH "
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"

u " aHTH-TIpocTpaHcTBe-BpeMeHU" (!); M moaToMy Marepusi He CONEPKHT aHTUMATepUU
ceituac [44], [45].

Kpome Toro kaxkercs Kak BIIOJHE pPalMOHATHHBIM MPEIIOIOKUTH, YTO JOBOJBHO
ToNyJIsipHass B MAIUHCTpUM (u3uKke mpobdieMa pazpadotku “Teopum Bceero”, xotopas
OOBECIMHUAT BCE CYIIECTBYIOIUE (yHIAMEHTAbHbIE CHIIBI [IpUpOMBI, pealbHO He
akTyampHa. B nmelictBurenpHOCTH  CHIIBI  NMPUHIOWIHUAIGHO —Pa3JIMYHBI, W HEKUC
“yHUUKANNK’, TOYHEE OTKIOHEHHWS OT HOPMAIBHOCTH, MOTYT MOSBUTHCS TOJNBKO IMPU
HEKUX 3K30TUYECKUX DHEPTHSIX, KOTJa MPU B3aMMOJEHCTBUSAX YACTHI[ MOTYT BO3SHUKHYTh
HEKHe TPOOJEMBI C JOCTATOYHOM KOJMYECTBOM TIOMEUYCHHBIX COOTBETCTBYIOIIHMU
sapsgamu Cun FLEs B anropuTmax 4YacTHIl, KOTOpPHIE YaCTHIBI HMEIOT B Oolee
HOPMAJIbHBIX YCJIOBHSIX.

OnHako HamOoJiee BakHbIC MPoOseMbl 3T0 (i) - mpobiema “BUPTYaJTbHBIX YACTHI] U
B3aUMOJCHCTBUIH B CYHIECTBYIOIIMX KBAHTOBBIX JIMHAMUYECKUX TEOPHUSIX,
KOTOpbI€  JIOJDKHBI ~ OBITb  3aMEHEHBl ~ PCAIbHBIMH  MEIUATOpaMH U
B3aumozeicteusiMu, B KOJ1 u KI'J] 3To Oyner nmpoBeneHo 1o Bceil BEPOSTHOCTH C
WCMOJIb30BAaHUEM HayalbHbIX Mogzened ['paBuramum u  Onexktpudeckord Cun
(Pa3n.4.3 Beime); u (i) — KOTOpass OTHOCHTCS KO BCEM — KJIACCHYECKUM,
KBAaHTOBBIM TEOPHSIM, U HAYaJIbHBIM MOJICTSIM - MPOoOJieMa 3HEPTUU/MMITYJIbCa
KoTOopble MeauaTopbl CUil IepeiatoT YacTUllaM Py B3auMOICUCTBUU

Hakoner, OoTMETHM BKCHEPUMEHTBI, KOTOPBIE MPEIIararloTcs B HWHPOPMAIMOHHON
MOJEIH, T.€.:

- HaOJroieHre abCOFOTHOTO JIBMIKCHUS U U3MEPEHHE a0COMIOTHOHN ckopocTt CoHEYHOM
cuctemsl [10], [11], XOTs mpu 5TOM BO3MOXKHO C BIOJHE HEHYJEBON BEPOATHOCTHIO, YTO
M3MepeHHass a0COMIOTHAS CKOPOCTh OYIEeT TaKoH e, KaK Ta, YTO CIEAyeT U3 JUIOIHHON
AHU3O0TPOINKUU KOCMUYECKOTO MHUKPOBOJHOBOTO W3IY4YECHMs, - TaK Kak U3 MOJETHU
cozmanusa Marepun B Pa3n. 5 cmenmyer, uto 3emis - Kak W J000HM Opyroii oOBEKT B
MPOCTPAaHCTBE Marepun — HaXOAHUTCA B CYIIECTBEHHO XOJIOAHOHM ob6mactu. OTMeTnM,
OJTHAKO, YTO CETOMHS CYIIECTBYIOT JIpYTH€ OIIEHKH CIHEMU(PUIECKOil CKOPOCTH
CoJIHEeYHOH CHCTEMBI MPH HAOMIOJCHUSIX KBa3apoB, JAJICKUX aKTHUBHBIX SJIEp TaJAKTHK,
CBEpXHOBBIX la, M3 KOTOPBIX TOYYalOTCAd 3HAYEHHS JAHHOW CKOPOCTH  CYIIECTBEHHO
OonpIue, yeM Tpu u3MepeHun aHuzoTporrmn KMU [46]; u pe3ynbTaThl JaHHOTO
AKCIIEPUMEHTA OKA3aJIUCh ObI TOJIC3HBIMH TIPH PA3PEIICHUN U 3TOU MPOOIIEMBI;

- HaOJTI0/IeHNE 3a KBAaHTOBOM IIpupoaoi rpaButanuu [3],[8], u

- XOTSA W B JCUCTBHUTEIBHOCTH HE(PYHIAMEHTAIbHBINA, HO BaXKHBIW, IMPU STOM JOBOJHHO
MPOCTON W JemeBbld, dkcnepuMenT [12] (viXra file version), roe OymeT moka3zaHO, YTO
mocrynar OTO, B KOTOpOM yTBep)KAaeTcs uro (OTOHBI IMPU JIBHXKCHHA B
TPaBUTAIMOHHBIX TOJSAX MEXKIY TOYKAMHU, KOTOPHIE UMEIOT PA3JIMYHBIC TTOTCHIUAIBI, HE

HU3MCHSIOT CBOIO S3HCPIrut0, HEC BEPCH,

- KOTOPBIC JOJIKHBI OBITH MMPOBCICHBI KAK MOXKHO CKOpEC.
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Appendix

Roland E. Allen and Suzy Lidstréom
“Life, the universe, and everything — 42 fundamental Questions”

2. Gravitational and cosmological mysteries

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

2.2. The dark energy problem
- seems this problem is outside physics, more see 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.
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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 seems as rather possibly is principally solved, see the main text.

2.8. Composition of dark matter
- this problem seems as rather possibly is rationally elaborated, see the main text.
3. Understanding and going beyond the Standard Model of particle physics

3.1. Origin of family replication
- seems this problem is outside physics, more see the main text..

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

3.3. Supersymmetry and the hierarchy problems

- seems this problem doesn’t exist in physics, though some a small probability here can be
some real problem.

3.4. Explanation of the fundamental grand unified gauge group

- with a rather large probability the “grand unification” problem doesn’t exist as a physical
problem, and the fundamental Nature forces are practically independent of each other.
Though, because of at high energies the running of particles’ algorithms becomes be
essentially deformed, in such cases some interference of the forces is possible. , more see
the main text.

3.5. Potential violation of Lorentz or CPT invariance

- the Lorentz transformations are valid completely 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 isn’t so, application of the transformations
is limited, more see 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
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3.9. Additional undiscovered particles

- no 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

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
(et,X,Y,Z,ct), where the dimensions relate to corresponding degrees of freedom at FLE
states changes. Some other “topologies” seems as with a large probability would be some
purely artificial theoretical constructions, more see the main text.

5.2. Validity of the multiverse idea and the anthropic principle

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

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 practically nothing about the Set’s content and
corresponding “external spacetime” besides that this spacetime is composed in accordance
with the common definitions of the “Logos” elements “Space” and “Time”, more see 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
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- Matter is a rather simple informational system that is based on a simple binary reversive
logics and rather small set of universal fundamental laws/links/constants, and where
exchange by information happens as exchange completely true information. Such system
is so can be, and so is, rather effectively described by using mathematics, and
mathematics is indeed extremely effective tool. But practically nothing else than a tool.
5.10. Connection between the formalism of physics and the reality of human experience

- see the main text.

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

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

- life doesn’t solve such problem as some critical fundamental task, more see the main
text..

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

- that isn’t principally an 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.
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