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Abstract

In our previous arXiv papers (“The Information and the Matter”, v1, v5; more systematically the
informational conception is presented in the paper “The Information as Absolute”, 2014) it was
rigorously shown that Matter in our Universe — and Universe as a whole - are some informational systems
(structures), which exist as uninterruptedly transforming [practically] infinitesimal sub-sets of the
absolutely infinite and fundamental “Information” Set. Such a conception allows not only to clear
essentially a number of metaphysical and epistemological problems in philosophy but, besides, allows to
suggest a reasonable physical model. Since Matter in Universe is an informational system where every
interaction between Matter’s sub-structures, i.e. — particles and systems of the particles — happens always
as an exchange by exclusively true information between these structures, the model is based on the
conjecture that Matter is some analogue of computer. This conjecture, in turn, allows to introduce in the
model the basic logical elements that constitute the material structures and support the informational
exchange - i.e. the forces - between the structures. The model is experimentally testable and yet now
makes be more clear a number of basic problems in special relativity, quantum mechanics, and, rather
probably, in [now — in Newtonian] gravity.

This paper is a next upgrade of earlier version http://arxiv.org/abs/0707.4657, 2012
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1 Introduction

In [1] - [3] it was rigorously proven that the entity/ concept “Information” is absolutely

general and fundamental, when all/anything what exists is/are some ‘“realizations” of some

*E-mail: shevch@iop.kiev.ua
sshev(@voliacable.com



http://arxiv.org/abs/0707.4657

information — all/anything/everything what exists is/are “the words”, some elements of utmost
general and fundamental absolutely infinite “Information” Set. The suggested - “The
Information as Absolute”- conception makes more clear a number of metaphysical and
epistemological problems in science; first of all the problem of the cognition - i.e. the problem
of adequacy of the human’s consciousness inferences (in form of some language statements,
including mathematical and algorithmic languages) to the reality - becomes be much more
understandable, since the elements of the Set “Information” are some [informational] statements
also.

The Set /concept/entity has very unusual and interesting properties, including that the entity
and the Set are, in certain sense, the same, so both above are here entitled identically (more

about the informational conception see [3]).

Albeit it is rather probable that Nature sciences, including physics, will eventually explore in
future the Set as whole, now they study only so called “material phenomena”. Because of in
philosophy and so — in Nature sciences - there isn’t of a consensus in the problem “what is
material/ non- material?” in [1] the following criterion was suggested: [in our Universe] a
process/ phenomenon/ entity/ object is material if it exchanges (interacts) with other process/
phenomenon/ entity/ object exclusively by true information.

If a process/ phenomenon/ entity/ object has a capability to produce/ to apprehend a false
information, then it isn’t material, some examples: “quasi- material” - living beings; “non -
material” — a human’s consciousness (at least — at the information processing), religious
phenomena. All these examples relate to distinct, only partly overlapping, subsets of the Set,
when now just the elements (and, of course, their interactions) that constitute the subset

“Matter” are studied by physics.

A couple of existent non-material subsets (“Alive” and “Consciousness”) and the subset

“Matter” constitute the subset “our Universe”.

Another important property of the information is that the information can be (any information
always is?) “absolutely exact”. But since (i) - any element in the Set is always connected
informatively with all absolutely infinite number of other elements of the Set, including with
given element “in any times” of its own existence (as well as of its “non- existence”), and (ii) -
just because of this exactness a little change in a formal language representation of some
information can drastically change the context, there exist such phenomena as the randomness
and the bifurcation.

So in Matter the particles/objects/, systems of objects/particles, exchange only by logically
true informational “messages”, i.e. the subset “Matter” is something like as a computer. Such an

idea isn’t, of course, new - hypotheses that our Universe is a large computer appeared



practically at once with the appearance of usual computers (see, e.g., [4 — 14], though the list
can be much more), but that were only the hypotheses which had not necessary grounds
(besides, of course, hypotheses of Creation of Universe as of a logical structure from nothing
by some omnipotent sentient Being, Who “established the laws”). Including a number of papers
that appeared last time, e.g., [15, 16], which again contain some seems as not too persuasive
groundings only, as, e.g., [16] “...But now: what is the difference between Reality and its simulation?
1t’s a matter for metaphysics: if Reality is indistinguishable from its simulation, then it is its simulation.
The Universe is really a huge quantum computer.” — such claims seems as something more magic

then scientific.

Now this idea becomes be grounded, moreover — the absence of logical structure of Matter

(what realizes itself as “Nature laws” in the Universe) would be rather surprising.

Note here also next important corollary from the informational conception: since the
Information elements can exist only as a number of logical connections and realizes as a choice
of some alternatives, the “Information” Set, having absolutely infinite cardinality, is,
nonetheless, a “countable” (discrete) set [3]. So the subsets “our Universe” and “Matter” are
quite naturally discrete as well, however in this case the discreteness reveals itself yet on next
level comparing with the absolutely infinitesimal discreteness in the Set, in Matter — it reveals
itself as that all changes and interactions of material objects are quantized and uncertain

simultaneously.

2 Physical model

2.1 Space and Time

Any informational system consisting of more then one element must contain also some logical
rules/ possibilities to be existent just as a system of elements, i.e. which should realize in these
system necessary informational distinctions between the elements. Such utmost universal rules/
possibilities, which act on whole Set, are “Space” and “Time”, that are members of the set of
basic (seems mostly logical) rules/ possibilities — of “Logos”; which, in turn, just “makes the
information from non-defined something”. The “Space” as the possibility signifies that any
informational pattern occupies something that is called “space [volume]”. The “Space” as the
rule signifies that all different fixed informational patterns must be separated by “space
intervals”. The “Time” as the possibility signifies that any changing informational pattern
occupies something that is called “time [volume]”. The “Time” as rule signifies that all different
states of changing informational patterns must be separated by “time intervals”. Both rules in

the Set by no means establish concrete values of the intervals in concrete cases, they can be any



— infinite or infinitesimal, the unique condition — any space/time interval must be non-equal to

the zero exactly.

For the concrete informational system “Matter” Space and Time  as the possibilities
constitute a “4D (one temporal and 3 spatial possibilities) spacetime container”, were material
objects exist and interact and were concrete spatial intervals (“distances”) between the objects
and temporal intervals between states of the changing objects are realizing. On other hand, as
that was pointed out earlier, the rules Space and Time act implicitly and don’t establish any
concrete values of these intervals, these values in Matter are determined only by properties of
concrete material objects and their interactions.

Many authors [7], [8], [13-15], etc., point out that Matter in our Universe is some rather
simple logical system (in the “Matter computer” rather simple program code runs). That follows
from the fact that the number of Nature laws is not large, when laws themselves are rather

simple and can be reduced to a number of groups of high-level symmetry.

It seems rather evident, that to exist as some stable isolated system/ subset (e.g., - Matter) of
the Set under incessant impacts of the other elements of the Set is necessary for this system to
be made from strongly stable (“fundamental”) logical elements, i.e. from closed logical systems
where inner logical bonds are much stronger then these impacts.

We don’t know now — what are the logical structures of these elements, but some common
reasonable suggestions for Matter were made (see, e.g. [5] - [8] and Refs. in these articles).
First of all, for any subsystem in Matter - and for Matter as a whole — rather probably is
necessary to be constituted from the logical element that are reversible. Then the system
doesn’t dissipate the energy at transformations and so requires no additional energy to exist and

to change/ to evolve.

Besides in physics some values for fundamental quantities in the Universe were obtained —
Planck units. And these units don’t change in more then a century already, regardless to the fact
that the physics went far ahead for this time; what indicates that these units are indeed

fundamental. So for space intervals in Matter the fundamental unity appears — Planck length,
hG - . . o

Ip, 1, :(—3)1/2 ~1.6210%m (% is reduced Planck (Dirac) constant, G - gravitational
c

constant, c- speed of light in the vacuum) - and it seems as rather reasonable to suggest that this
length is, very probably, the size of fundamental, at least bi-stable, logical elements (FLEs),
which are used to build Matter.

Similarly to its own specific space location, any of the elements in Matter, i.e., - elementary
particles, systems of particles, etc. - has own specific (proper) time [location], at that for

changing elements, since the elements are eventually constituted from the same FLEs, there is



the fundamental - and universal - unity of the time interval which is the interval need to change

the state of the FLE (“to flip” the FLE). The fundamental unity of time intervals in this model
is Planck time, 7, =/,/c~5.4-10™ 5. In this formulae Planck time is defined as some

derived unit (through the fundamental Planck length and “fundamental” speed of light) but
really fundamental units are Planck time and Planck length, when the speed of light should be

defined as derived unit.

So both — Time and Space - have analogous features: both are utmost common rules/
possibilities for elements and systems of elements to exist and to change in the informational
structure “Matter”, both have fundamental (minimal) intervals to separate the elements
(including a separation of the same element in different states) in the Matter, both act in Matter
(and in the whole Set, though) only implicitly, they don’t, by any means, determine the
existence and interactions of the elements directly, including any “world line” of any material
object cannot be determined by a “geometry of spacetime”. Both are absolute and independent
on material contents of the spacetime container, as well as the geometry is always the same —
Euclidian.  Perhaps all main distinctions are that (i) - Time “governs” logical sequences of
events, when Space governs logically distinct fixed information, and (ii) - a human can
observe directly by senses only fixed (i.e. - spatial) information; when, because of (s)he (as a
material body with material senses) always moves in the “true” (see below) time simultaneously
with other matter and so doesn’t “see the time”. From this follows that rather probably Time
and Space as informational systems have analogous structures — in mainstream physics that
reveals as a certain equivalence of the spacetime coordinates; when in informational physics

that indicates also on some similar specific logical features of the FLEs.

Though there exist principal difference between these rules: when there is no logical
problems at an application of the rule “Space”, any continuous change (when any change is in
depth continuous) of any object is logically impossible, the changing — and so the
rule/possibility “Time” - are logically self-inconsistent, as that was proven by Zeno near 2500
years ago. More on this Met-physical problem see [3], here we note only that in Matter Zeno

aporias seems as are solved by using the quantum uncertainty.

Note, also, some important differences of Space and Time notions from their analogues in
standard theory — first of all from the special relativity theory.

Firstly — in the informational model the space and the time coordinates that constitute 4D
“spacetime” are absolute (“Newtonian”), i.e. — are independent on each other and the
container’s material content, they aren’t (as that was claimed by Minkowski [18]) “Henceforth

space by itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union

of the two will preserve an independent reality".



Besides, what is very important in this case, the time in Matter is “two-faced”; here two time
rules/possibilities act: “true (or “absolute”) time” and “coordinate time”. The true time rule is
the realization of the Set’s universal rule “Time” and it establishes that any change — of internal
state of a material object or of the object’s position in the space — must be accompanied by a
spent “true time interval”. The coordinate time is specific for the concrete sub-Set “our Matter”
(it allows/governs the reversal processes that logically formally aren’t defined in the true time
rule) and establishes that any change only of internal state of a material object must be
accompanied by a spent “coordinate time interval”. Just the coordinate time with 3 spatial
directions constitute, as possibilities, “4D spacetime container”; when corresponding temporal
coordinate is similar to the spatial ones and a FLE can flip (flipping point can move — with

equal footing relating to spatial flips) in both — positive and negative coordinate time directions.

4D Matter’s spacetime is Euclidian, moreover — “Cartesian”, since all 4 dimensions are
mutually orthogonal, what, rather probably, is the consequence of that FLEs logically have 4
independent degrees of freedom.

Note, also, that in the special relativity theory two times exist also — “the simply time”, i.e.
time coordinate in Minkowski space, and the “proper time” — what is a consequence of that the
SR is adequate to the reality in some applications, though, of course, real spacetime doesn’t
contain imaginary, in fact, either time or space; or imaginary distances between some spacetime

points, etc.

We don’t know now — haw the sub-Set “Matter” appeared and why the informational
structure “Matter” is dynamic one, i.e. — why She constantly changes, for what a [huge] portion
of [the physical parameter] “the energy”, which characterizes intensity of changes, was
necessary. But that is well observed fact, and it seems quite reasonable to suggest that every
material object uninterruptedly, at least internally, changes, what realizes, including, as that
all/every material objects always move in the spacetime with identical 4-speeds that are equal
to a standard speed,; which is equal to the speed of light. At that the total energy of all objects in
Matter is constant or is minimally spent on possible interactions with Set’s elements/ structures
outside Matter because of the energy conversation law; which, in turn, acts first of all because
of that in depth [at least a vast majority of] every material object is a reversible algorithm — i.e.

because of r-symmetry of physical laws.

. Since Matter’s code is simple and highly standardized for all particles/ objects in Matter,
corresponding spatial and temporal variables (values of spatial and temporal interval that
are/can be spent at given physical process) can be measured in a standard manner and used (and
are measured/ used) as some global/ universal variables to describe physical processes in the

spacetime.



2.2 The “development” (the realization) of the Information in Matter

2.2.1 Elementary (subatomic) particles

So the informational approach means that anything in Matter is/are transformations (under
exchange by true information) of some informational structures (IS) and that elementary
particles are some primary ISs also. From that: (i) — every material object, including every
particle, uninterruptedly changes and (ii) — practically all main particles that constitute material
objects are stable, follows rather reasonable suggestion that every particle is a cyclic
algorithm, which runs with a high operation rate. Correspondingly in [1] (what follows quite
naturally from the Uncertainty principle also) for a particle two options of  “informational
currents” (IC) — “time IC” and “space IC”- and two options for fixed information were
suggested, using only some common physical parameters and Dirac constant (the elementary

action), h :

- the time IC (t-IC):

J, =%moc2, (1)
- the space IC (s-IC):

Jy= %moczﬂz, @
- the fixed information:

Al M= % 3)

(v is the speed of the particle, f=v/c,y =1/(1—-*)"? is the Lorentz — factor of a particle

motion, AM is the angular momentum, m, is particle’s rest mass. The dimensionality of the
time and the space currents is [bit/s], the dimensionality of fixed information is [bit]). Besides

the fixed information relates, quite naturally, also to the physical action, S .

Though it should be noted that at a motion of a particle the uncertainty of its parameters is
defined by the Uncertainty principle and the minimal change of the parameters (at least of the
action) that corresponds to changing of information on 1 bit is equal to the half of Dirac

constant, for example: AS = Ax-Ap =%/2. That can require of some modifying of the

physical model that is presented in next sections of this paper, but at least in first approximation
the corrections, rather possible, would be as not too essential and further we adopt the
correspondence “the change in action (or angular momentum) — the change on 1 bit of

information” to be equal to 7 .



The premises above comply in general with C. F. Weizsidcker’s “theory of UR-alternatives”
that was put forward by him in  1950-th  [19, 20]. The UR- theory uses well-known
mathematical fact that any vector in 3-D space can be represented also by some combination of
two-dimensional spinors, from what follows at least two important consequences: (i) — three-
dimensionality of the “position space” (i.e. the space here), and (ii) - any object which in
quantum theory is represented by a Hilbert space can be described in a state space which is
isomorphic to a subspace of tensor products of two dimensional complex spaces; and, further
“...We claim to derive from this interpretation of quantum theory both the three-dimensionality
of space and the theory of relativity” [21].

However there are essential distinctions between this model and the Ur-theory, first of all —
the Ur-theory premises that fundamental “Urs” are, in fact, the elementary particles, when in the

informational model the lower level — the FLE-level - is introduced.

An elementary particle in this model can be roughly represented as some closed loop linear
structure (algorithm) of FLEs which are sequentially — and uninterruptedly - flip (so — they are
closed loop “FLE currents”), when “universally significant” (further — “us-FLE”) to external

[for given particle] Matter are the FLEs that flip in the end of FLE-line of particle’s algorithm

having length that is equal to Compton length of the particle, A = ; the radius of this

ym,c
(circle) loop is equal to the Compton length, » = A also. The rate of us-FLE flips is the time IC
in Eq. ().
For such a conjecture there are a number of reasons, for example as: for static condition in a
particle “an active point” of flipping FLE moves through the loop with speed of light. Then the

energy of this point is £ = pc, when momentum is p =M /A. For a particle having the

mc

“point’s angular momentum”, M, be equal to particle’s spin, e.g., 2fi, p = and the energy

of the “point” is E = m002 /2 - i.e. the value, which is not too far from the real one (note,
though, that it is possible that fermions have the spin equal to 1 along the t-axis and so
E=my’ - see below).

From the fact that the stable particles’ time currents never stop (so there is no energy
dissipation) follows that the FLEs, as well as the loop cycle algorithms that define specific
characteristics of the particles, are reversible codes; besides - it follows that even for a particle’s

[spatially] stationary loop current, when FLEs flip in a fixed local spatial region, some particles

move, nonetheless, in the coordinate time (along #-axis) and all particles - in the true time.

From informational approach follows, besides, a couple of rather trivial but important

corollaries: (i) - now becomes be clear one of main QM postulates — the postulate of identity of



the same kind particles: the information is unique thing that can have absolutely identical
copies, so the same kind particles are, with great probability, same informational clones; and (ii)
- it turns out to be reasonable to suggest that particles and corresponding antiparticles differ (at
least) since they have different — direct and reversal — commands’ order in their algorithms. At
that the antiparticle is seen as it “lives”- and indeed moves - in negative [coordinate] time

direction relating to the particle.

Since FLEs in a particle are sequentially flipping, the particle’s FLEs at the [spatial] statics
“remain on their space positions” but move in the coordinate time, when through space the
flipping point moves circularly — the flips’ trajectory in the spacetime is some 4- helix. If a
particle, as a whole, moves in the space also, then additional degree of freedom is used —
sometimes particle’s FLEs must execute “space flips” to change particle’s space coordinates.

Here we introduce a next suggestion. From the consideration above follows a possibility for
particles to exist and move in the “empty 4D spacetime container”. But when a taking into
account interactions of particles, including creation of particles, fields, etc. seems reasonable to
suggest that the container isn’t empty, but it “is filled up” by dense lattice of FLEs — some “4D
Aether”. Then, for example, particles become be some cyclic disturbances of Aether, when the

motion of a particle is the transition of this disturbance in a static medium that constantly runs

through the 4- medium with the speed of light.

Algorithmic model for a material particle in statics. So, at least for the statics, a particle in the

spacetime is some circular dynamical object that always moves at static [spatial] conditions only
in the time direction having some variable that we call “the momentum”, p,, which, like to
the classical momentum, is equal to the product of a mass and a speed - p, = moczi , and is

directed along #-axis; at that FLE flipping point moves in the space through the circle with the

radius, 4,,4, =%/ p, and m, is some coefficient (Fig.1). The magnitude of the flipping point’s

momentum is also equal to py; corresponding angular momentum, M is equal to the elementary

action, 72, and it always is directed along the particle’s motion direction.

Fig. 1. A material particle at rest. Large black point on the circle is flipping FLE. The movement of a
particle as of a singled out specific informational structure along z-axis is step-by step and the step’s
length is equal to the circle radius, 4.



Algorithmic model for a material particle at a motion. From above follows a number of rather
reasonable conjectures.

(1) So after non-zero impact on a [Aether’s] FLE along a space/ time direction this FLE
launches a sequence of the FLE-by-FLE flipping .At that it is inessential — this FLE was at 4-
rest or it was as flipping point on a straight line of sequentially flipping (always with speed of
light) FLEs after infinitesimal impact. Indeed, in last case Compton length of corresponding
“particle” is infinite, so such a particle has infinitesimal momentum at the motion. On another

words the particle with uncertain/ infinite Compton length has zero inertia (zero “rest mass”,

m,) independently on an FLE is at rest or at a flipping motion after infinitesimal impact on an

earlier FLE correspondingly. And the alternative flipping after non-zero impact occurs because
of the FLE cannot flip in initial direction with a time that is lesser then Planck time and so it is
forced to flip in another space / time direction, resulting in appearance of closed loop algorithm.
Thus a non — zero [momentum] impact on a FLE results in the occurrence of  specific
information in spacetime that reveals itself in Matter as a concrete particle, which in every time
moment (inside the Plank time) consists of one FLE that is flipping through a helix.

The experiments show that a number of possible different algorithms (i.e., different
particles) can be realized in the FLE circle, from what follows that FLEs have more
sophisticated structure then simple 4D bi-stable one, for example — that is necessary to signify
some charge of some particles. However, the clearing of the FLE’s structure is the task of the
future, when — as it is shown below - to make more understandable the foundations and flaws of
some existent theories — of special relativity, quantum mechanics and (at least for the [spatial]

statics) Newtonian gravity - seems be sufficient to take into account only 4D bi-stable FLEs.

So if an impact - and corresponding momentum — is directed along time direction (along ¢ -
axis), then “usual material” particle (further — “T-particle”) occurs. An impact in space
directions results in occurrence of other sort of particles. Since the transformation of initial FLE
flipping straight line into a “helix” doesn’t change the motion [of the particle’s along the
impact’s direction], which remains be, in certain sense, uniform and rectilinear, T-particles
obtain an inertia (“a mass”) when moving in space, when in time direction they remain be
“restmassless”. A particle, which appeared after “space directed” impact (S-particle), obtains a
mass in time direction, when in Space it remains be “restmassless”. For example T- particles
electrons, protons, etc. appear after “time-directed” impacts, when to produce a “restmassless in
space” photon is necessary to act on a fixed or flipping through a straight spatial line FLE in a

spatial direction.

Note, however, that all primary T- particles are fermions having the spin ¥2% when from the

consideration above one could think that the spin of any particle should be equal to 72 = A, p,.

Such a situation follows from that results of time- and space- directed impacts aren’t totally



identical; because of in the spacetime there are 3 spatial independent directions, when the
temporal direction is unique. So the FLE spatial circle that occurs after z-directed impact has
two axes — f-axis and some spatial axis, for example — if the circle is in the (X, Y) plain that are ¢
and Z axes; correspondingly T-particle formally must have simultaneously two orthogonally
directed angular momentums that both are equal to 7 . In reality the measured fermions’ spin is
one and it is spatial 3D angular momentum. How and why just this situation occurs? — that

requires additional study.

At that T-particles’ angular momentums along #-axis are (though aren’t measured), rather
possibly, “true”, i.e. are equal to 7, what seems follows, for example, from the experimental
fact that the helicity of neutrinos are equal to 7 . Neutrinos have spins Y%, so they are T-particles
and have the rest masses. However besides the spin neutrinos have another vector parameter —
the helicity that is equal to 1. It seems possible that, since the neutrinos’ masses are very small
and usually they move with spatial speeds that are practically equal to the speed of light, the
helicity is, rather probably, the spatial projection of the “true temporal” spin, which is always
directed along the particle’s total 4-momentum; which, in turn, (see below) is practically
parallel, say, to the X-axis if the particle moves in the space with practically speed of light along
this axis.

But S- particles have “correct” spins, 7 and so, e.g., the photon, has only “two projections of

the spin”.

Another space/ time difference is that T- particle can move in both — space and time
directions, when S — particle (at least - the photon) moves only in space, when time-directed
impact on such a particle results in appearance of T- particles. More about the space/ time

difference see [17].

(2) The model above leads to following natural conjecture: since if a T-particle is at rest in
the space it moves in [coordinate] time only with the speed of light, then any additional impact
in a space direction results in occurrence of next “helix”. At that (i) — analogously to the cases

above, when impacts are directed in certain time or spatial directions only and resulting

momentums are proportional to the particles’ speed, ¢ =/, /7, , - corresponding momentum is

proportional to the spatial speed of the particle, p = ,uV, and (ii) - the impact leads to a

motion of the particle as a whole in two directions — along the momentum and as a circular
movement in the plain, which is perpendicular to the momentum, when the radius of this circle
is equal A, =h/p, - ie. is equal to de Brogliec wave length value. An example when the

momentum is directed along X-axes is shown in Fig.2. At that the particle moves, of course,

along #-axis also.



Fig. 2. A material particle’s movement along X-axis as a combination of two circular and one direct
motion. Big black points in the lesser circle are flipping t-FLE. Non — relativistic case.

Resulting 4-momentum (see Fig. 3) is equal: p, = p, + p, and, since any space impact is
always perpendicular to #-axis and so momentum p,,, (and its magnitude, p, = m,c) doesn’t
change, magnitude of this momentum is equal

p,=(py +p)" @

when spacetime step in  p, direction is equal to corresponding wave length, A =7%/p,.

Fig.3. A momentum, p,, of a T-particle after space — directed impact with momentum p, .

Since FLE’s flipping time footing and FLE’s size length are [equal] constants, in one second
the particle moves along p, direction on the distance that is equal to the speed of light, ¢, when

in the X-direction — on the distance v = fc.
Correspondingly we obtain for the p, magnitude another equation:

b, = (1_;02)1/2 ’ (5a)

and for p,:



(1 ﬂ )1/2
So y=ym,, p, =ymV -asitisin the momentum’s definition in standard special relativity

theory.

From above follows that one “flip” of a FLE corresponds, in certain sense, the rotating of the
FLE on angle that is equal to 1 radian. That lets to introduce the variables “rate of rotation” of
the FLE, @. The rate of rotation is vector that is perpendicular to momentum and the
magnitude of @ is equal to the value of corresponding informational current. On first sight one

can expect that @, is the vector sum of @, and @ , but it is not so. The projections of @, on

v VPX

tand X axes are @,, = @, and o, = yfw,, whenreal®,, = T h
X

—Vﬂ @y -

Such a situation arises again owing to the fundamental limitation on the FLE flipping rate
(that always is equal to 1/7,) that was pointed out above. At that, since any impact in space

doesn’t change the momentum in #-direction, the #-step doesn’t change also and so actual #-rate

valueis @, = w,(1- 8°)"?* =w,(1- B7).

Since actual flipping rate in [coordinate] - direction for moving [in space] T-particle
becomes to be slowed down, it means that particle’s algorithm becomes be slowed down also. If
the particle isn’t stable and there is a probability of a “particle’s algorithm soft failure” on some

loop tact (when the particle decays), the slowing of the z-rate leads to that the (half-) life of such

-1/2

particle increases in (1— ,6’2) times comparing to the case when the particle is at [spatial]

rest. And — if a system consists of a number of particles - all/ any processes in this system

1/2

become be slowed down on the (1—/ *)!? factor. For example moving in the absolute space

clocks — mechanical, electronic, biological — will show lesser time then if they are at rest. If a
moving in the spacetime particle is impacted, then the result, of course, depend on — is the
impact directed along the absolute motion direction or back; in the second case the processes

rate grows.

From above follows that every separated particle moves always in the 4D spacetime with

constant speed [of light] having, analogously to the classical momentum, the momentum

—

P =mck , Where m is some coefficient (the mass) that characterizes the inertia of the particle,

k is 4D unit vector, at that particle is always oriented relating to the & .



Calculating the work of some force F' at a spatial (a temporal impact results in the creation

of new particles) acceleration of a body with a rest mass m, on a way S (in the Eq. (6) below

p = p, for convenience), obtain:

5 » p(1- )" P pdp

A= F8)dS=| ———dp=| —————-dp=cAP. (6)
s 2 22
i Po m, n(p~+m,c)

Since at motion of a body the work of the force results in the change of the body’s kinetic

energy, from (6) we obtain

AE=E-E,=cP-cp,, (7a)
or
myc’
“op e (7b)

and for a body at rest in an ARF

E,=cp, =my" . (7¢)

Besides, from above follows that every particle is some gyroscope, and so, for
example, an impact on the particle (and on a body eventually) in some direction results
in the particle’s (body’s) accelerations in two — along and orthogonal to the impact’s

direction — directions.

2.2.2 Algorithmic model for a material rigid body at a motion

Above we consider the motion of separated particles. At that, on first sight, since Compton
length of moving particle decreases, the particle’s dimension should be lesser then when the
particle was at rest. But, since “space” impact doesn’t affect on the particle’s “time Compton
length”, the particle’s dimensions in spacetime remain be the same as it was when particle was
at rest, though trajectory of flipping point in spacetime becomes be mach more complicated
comparing with the initial circle. Nonetheless the circle’s plain of flipping point is always

orthogonal to the particle’s 4-momentum direction and so it becomes be rotated in spacetime on
the angle A¢ (see Fig. 3), Cos(Ag) =(1—*)"?.
If a system of particles constitute a rigid body, say, a rod, then the body as a whole rotates in

the (X, ct) plain (Fig. 4)
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Fig.4. A rod having the length L moves in the spacetime: (a) — the rod is at [spatial] rest (moves in
the time only) in the absolute reference frame, (b) the rod moves also along X-axis with a speed V. ¢ is the
coordinate time.

So the projection of moving body on a space plain becomes be shorter in the direction along the
particle’s spatial motion. In standard theory this effect is known as “FitzGerald -Lorentz
contraction” [22].

From the Fig. 4 immediately follow the main equations of the special relativity theory (as
well as of the Lorentz theory, though), i.e., [if the back end of the rod was in the point (cz,0,0,0)
in some absolute reference frame] Lorentz transformations:

- the first equation
x=Vt+x'(1- 5", (8)

- and the second one:
(=== ©)

(the equations above easily can be reduced to the standard Poincare form) but with essential
difference from the SRT — these equations aren’t valid in whole [in the SRT - pseudoEuclidian]
Matter’s spacetime but are true for concrete rigid mechanical systems (e.g., a system Earth + a
satellite is rigid system also because of the gravity force) only. Moreover, the variables
x',t"aren’t the 4-coordinates of some spacetime points; that are measured by a reference frame
instruments lengths (here - from the back of the rod) to some (here — the rod’s) material body’s
points, and clocks’ readings in these points, if some clocks were placed along the rod and

synchronized, for example, before the rod’s acceleration up to the speed V: x'e€(0,L),

xe(xy,x,); X, =Vt, x, =Vt+L(1—- )" and t' € (t],t]); t;, =t(1- B*)"*.



From Fig. 4 follows, also, that, say a pair of clocks in different rod’s points are in different
coordinate time points; and, since the coordinate time is “what clocks show”, the clock, say, in
front end, becomes, after acceleration “be in the past time” comparing with the back end clock

and so “shows the time” that is correspondingly lesser on the Voigt-Lorentz decrement [24],
, VL ,
[27] At' = ——, where L is the rod’s length.
c

So some events that are simultaneous in a fixed reference frame aren’t simultaneous in a
moving reference frame — this effect is introduced in the special relativity as “the relativity of
the simultaneity”.

But again, this effect takes place only if the “coordinate axes” of a frame are rigid material
lines, by any means they cannot be “virtual” and exist in whole Matter’s spacetime. For
example — if a pair of placed on a distance L synchronized [before the acceleration] clocks are
free and are independently and identically accelerated up to a speed V, then the distance
between the clocks isn’t contracted and remains be equal to L, when both clocks show identical
times (“the Bell’s paradox™).

On other hand if one uses a composition of rigidly coupled and free clocks then it is possible

to measure the absolute speed of such a system [25], [26].
2.2.3 Informational model and the SRT

All equations above well correspond with their analogues in special relativity. But there is rather
important difference. The SRT considers global “reference frames” moving relatively to each
other; which are defined on whole Matter’s spacetime. At that coordinates (cz, 7 ) of any point
in whole spacetime are defined symmetrically and equivalently for both frames, when the
relation between coordinates are determined by the Lorentz transformations. This leads
sometimes to that in some books, where the SRT is described, one can meet the statements
something like as “at a motion of a frame the space transforms into the time and vice versa”
(“Zum Raum wird hier die Zeit” — Wagner’s Parsifal’s words cited in [19]), or “the motion of a
reference frame relating to another one is [mutually] equivalent to the rotation of 4-D pseudo-

Euclidian spacetime given that the [spacetime] interval is invariant” [23], etc.

But that isn’t so; first of all since from the SR postulate that all inertial reference frames are
totally equivalent follows logically nonsensical implications, for example — the Dingle problem.
And this problem, as well as all other “the SR paradoxes”, evidently become be solved only by
introducing a preferred — eventually absolute — reference frame(s), which are defined as being at
[spatial] rest relating to the absolute 4D spacetime. As well as at this suggestion from the theory

some other rather strange “relativistic effects”, such as “time dilation”, “space contraction”, etc.

are avoided. Since any particle (or a system of interacting particles, including a [principally



limited] set of synchronized clocks and rules for spatial measurements, i.e. — a reference frame)
has its own specific time and space parameters in Matter’s absolute space-[coordinate] time, a
motion of the particle affects only upon the parameters of this particle (system of particles) and
nothing does with the external Matter, including — with the spacetime, which in reality isn’t
pseudoEuclidian (pseudoRiemannian in the general relativity theory), it is the 4D Euclidian

manifold; with two-face time, though.

As an example let us consider a standard SRT task (see Fig. 5): on a platform, where on a
line AB, which is perpendicular to X-axis, there is a source of the light (in point A) and a mirror
(in point B). In point 4 on the platform there is also a clock, which measures the time that is
spent for the light’s path to the mirror and back (path 4,-B-A4, on Fig. 5).

The platform (reference frame K') moves in a reference frame K with speed ¥ along X-axis.
Here we have the case that is rather similar to the case when T-particle moves in space after
some impact, which was considered above (Fig. 3), but the cases are different. The T-particle
moves in (X ,cf) plane, when light (the photons) moves in certain direction only in the space —
here in (X, Y) - plane; with flipping point moving also there and back along #-axis, though. Since
speed of photons in reference frame K is equal to ¢, from Fig. 5 immediately follows that real

speed of light in the frame K', ¢, is not equal to the speed of light, ¢, but it is equal
¢’ =c(1-B%)"?. But since moving clock shows the time dilated on the same factor, the

measured speed of light in the frame K is equal to c also.

Fig. 5. The light path in space if the light source moves with a speed v along X-axis.

So the speed of light isn’t constant in any inertial reference frame, it is an invariant. But if
measurements are done inside of some rigid system, where interactions of components are
strong enough, this nuance isn’t essential, moreover, in technical applications the special
relativity theory turns out to be rather useful. For example — an observer on the platform above
can, having data about his absolute speed, and so — the data about real his clock’s tick rate,
measure the distance /# between the source and the mirror. But in this case the measurement can
be done also without the acknowledge about the absolute motion, it is enough, in accordance

with the SR, simply to measure the time interval Af for the light two-way pass and calculate



the & value: h =0.5cAt, what is evidently — as well in any other situation if the measurements
are executed in a rigid system — much more convenient.

Another very important practical application of the ST is the global positioning system that
works in the rigid system “Earth +satellites”. The gravitational force is strong enough to support
the rigidity of the system after placing the satellites on the orbits, so, for example, there is
practically negligible influence of the changes of satellites absolute speeds at orbital motion on
the interchanging by information between satellites and the GPS stations/ clients on Earth
surface. It is possible that some impacts happen at launching of the satellites, but that is
inessential since the clocks are synchronized after they are on the nominal orbits so, as that
would be if the synchronized clocks were placed on the orbits in rigid enough conditions and

the clocks occupied their places in the 4D spacetime automatically.

2.2.4 Some examples

Let’s consider a few examples of the informational model applications.

So, since every material object moves in spacetime always with the speed of light only, all
objects in Matter, if She appeared at Beginning inside the Planck time interval, are always in the
one true time point - just because of this [true time] rule/condition different objects in Matter
interact at spatial contact, when they can be at that rather far away from each other in the
coordinate time — e.g., photons always are in the different coordinate time points with any T-

particle since move in the space only, when T-particles always move in the coordinate time.

Example 1. It seems utmost known example — the Michelson—Morley experiment, where the
arms of the interferometer were changing their projections on a (X,cf) plain at the absolute
motion of this instrument, including the motion around Earth’s axes, around Sun, etc. in
accordance with the FitzGerald’s guess and further with the Lorentz transformation and this

model.

Example 2. Let there are a pulsed light source, S, and a mirror, M, which are placed on a
distance / (Fig. 6). After a flash, source’s photons move to the mirror and back. Since photons
are X-particles and move in the space only, they return to space point, where the source is
placed; but now in the spacetime’s 4-point there is no source — it (and the mirror) moved for this
time on 2/ distance along [coordinate] ct-axis. Nonetheless the source (or, e.g., a human) sees
itself — because of both, the source and the photons, are in the same absolute time point; though
sees as it was at the coordinate — and true, if the system is at rest in the space - times interval

21/ ¢ before.
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Fig. 6. A system of pulsed light source, S, and a mirror, M, placed on a distance /.

Example 3. Consider some pair particle + antiparticle. Since antiparticles move in spacetime
having negative time direction, they never meet with particles in the spacetime. So, for example,
if a pair electron+ positron was created at the Big Bang and didn’t interact till now, then now
these particles in coordinate time are separated by distance near 27 billions of light years.
However, since they are always in the one true time point, they can interact at a spatial contact,
and — since they have opposite equal momentums — can produce the yy pair with (here, since
the e’e pair is at rest in the space) opposite momentums, but which are directed in spatial
directions only (see Fig. 7), total 4- momentums of the e’e pair and the yy pair are equal, and

are equal to zero. If the electron and the positron had non-zero spatial momentums, the number

of gammas can be different and their total momentum be not equal to the zero, but the temporal

total momentum’s component will be the same as for the e"e” pair, i.e., equal to the zero.
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Fig. 7. Annihilation of an electron-positron pair.



Analogously, at the decay of, e.g., 7°meson, its quark and antiquark are separated in the

spacetime by a distance near 10™® m along the [c]t-axis, what is very large distance for the strong

force; for the 7" mesons this distance is near 10m, though.
2.2.5 Informational approach and the SRT (pseudo-Euclidian) formalism.

So we should conclude that the first — Voigt- FitzGerald-Lorentz’s [26] — local (in contrast t
global SRT) version of the [Aether]| theory was true in the points of absolute space, time [and,
in certain sense, Aether], though in all other aspects standard version of SRT is mighty and
convenient mathematical tool, which allows solving seems any practical problems in mechanics
and electrodynamics; besides, of course, the cases when some set of material bodies doesn’t
constitute a rigid system. Note, also, that Einstein’s contribution in the theory is, of course, very

important — he more thoroughly considered the dynamics of moving material objects and

obtained famous formulac E =mc>. Though this relation follows from Lorentz
transformations and was known already for the electromagnetic processes, Einstein was the first
who obtained it for the general case, when many of other physicists thought that everything in
Nature could be reduced to the electromagnetism. Thus it seems more correct to call the theory

as “Voigt- FitzGerald- Einstein — Lorentz theory” (VFEL-theory).

As well as Egs. (1)-(3) can be quite naturally expanded into standard 4-dimensional
representation, then the 4-time current is (let here to use symbols without an attention to
covariance/ contravariance):

£
h 5

|

:o-|ﬁ

Ju =) =0 ). (10)

o . r
If some point in a reference frame has the coordinate x, = (#,—) then scalar product
c

1 .
Al=j,x, =£[Ef—(p'r)] (1

formally turns out to be the quantity of the information (the number of us-FLEs’ time flips) for a
particle needed to reach this point, if the particle has coordinates (0,0). Note that the
expression in Eq.(11) is in fact the exponent index in the [quantum mechanical] wave function
of free particle.

If we use in Eq. (11) the parameters of the particle’s actual motion then obtain:
) 1 . -
Al = jyX,, = %[Et—(p-r)] =[r =vt]

:jt(l_ﬂz)t :(.jt _jx)t

From Eq. (12) follows that the rate of the information change at a particle’s motion is

(12)



dl 1
E=J}(1—ﬂ2)=%m002(1—ﬂ2)”2- (13)

dl
From Eq. (13) follows that d_ = —L , where L is Lagrangian for free particle.
t

From Eq. (12) follows that the change of information on some trajectory is, in fact, the
physical action. Note here, that on the correspondence “the change of information on some
trajectory — physical action”, as it seems, was firstly pointed out in [6].

The informational currents j, , j,, correspond to the FLEs rotation when the turning’s angle of
the angular momentum of the flipping FLE in the plane that is perpendicular to p, is a sum of
the turning’s angles in the in (X Y), i.e. — the angle ¢ (see Fig. 1), and (z,Y), i.e. - the angle 6,
(see Fig. 2) planes. The “time part” phase @ = j,f— j ¢ at the particle’s motion corresponds to

the particle’s physical action Eq. (12).
2.2.6 The informational model and “Euclidian relativity”.

Many of the inferences above, obtained in the informational model, were presented also in a
number of papers, where so called “Euclidian relativity” is developed [28-38]: “two face”
nature of the time, the introducing of the absolute Euclidian spacetime and the absolute time
(“Supertime” in [33]), etc. On another hand, in contrast to the model, the “Euclidian relativity”
principles in the Refs above are introduced as some conversion of the SRT, as a rule by using
the equation for the SRT invariant interval ds :

ds® = (cdt)® —dr® = (cdt)* =ds” +dr’> = (cdt)” = (cdr)’ +dr’,

where ¢ becomes be “Supertime” and 7 - proper time — becomes be 4-th coordinate in Euclidian
4D spacetime. Such an approach seems as not totally rightful — the change “ds = cd7” is
valid for a material point only, in other cases proper time isn’t the relativistic invariant ds .
Therefore, though the majority of the inferences of the approach in these papers are true, there
are also others, for example in [35] (and [37]) it is stated that relativistic equation for addition
of velocities isn’t correct. That isn’t true; this equation follows from Lorentz transformations,

which were obtained by Lorentz and further by Einstein for Euclidian spacetime; before the

introducing by Poincare of the invariant interval and imaginary time.

Besides, what is more essential — when introducing the absolute spacetime the authors of
“Euclidian relativity” apply, nonetheless, the principally erroneous relativistic approach, where
the reference frame coordinates are something that directly corresponds to the whole spacetime
and so they introduce “4 D spacetime metrics”, which depends on the reference frame; further —
apply the coordinates rotations at transitions between, say, two frames at mutual relative

motion. But in this case — analogously to the SR, where the rotations are principally inherent — it



turns out to be that the reference frames simultaneously have two different temporal axes that
have different directions — what is impossible in the reality, since in the spacetime only one
temporal axis exists. Thus in the reality indeed a number of the frames’ coordinates are possible

— the translations along any axis and the rotations, but spatial only.

The next principal “relativistic” flaw, which is transmitted to the “Euclidian relativity” also —
in both theories the coordinates of a reference frame (and the wvalidity of Lorentz
transformations that relates to the space and the time directly) are infinite, when in the reality
the transformations (see above) relate only to corresponding kinematical parameters of motion

of rigid material bodies and cannot be applied totally outside the bodies (see above Sec. 2.2.2).

2.2.7 Informational approach and QM

Above we have noted an important, direct, and trivial consequence of the informational
conception, which relates to the quantum mechanics — that one of basic QM postulates about the
identity of the same type particles follows from that the particles, as everything in Matter, are
some informational patterns, when the information has the property to have absolutely identical
copies.

Another basic QM point is the principal randomness/ uncertainty of physical processes on a
micro level.

It seems as very probable that this uncertainty is some realization in Matter of the
fundamental problem that relates to the rule “Time” that was touched above: the rule “Time” is

logically self-inconsistent, since it is applied for changing objects (processes, etc.). At the

2 [13

changes any state of any changing object is in simultaneously “past”, “present”, and

% ¢

“future” states (or any corresponding time moment is simultaneously “past”, “present”,
and “future” moment), when all these states/ moments are different by definition. A
number of situations, which follow from this problem, were considered 2500years ago

by Zeno in his aporias and well illustrate the problem.

This (“PPF”) problem is Meta-physical (and Meta-mainstream philosophical, though) and so
can be solved in the information conception only; and, rather probably the solution will be
based on two points that are well established in this conception: (i) - the fact that all/everything
in the Set “Information” is happening and has happened simultaneously and always, i.e. — “in an
absolutely infinite long time, when the Set exists”. So every Set’s element, including changing
elements, and so, of course, every material object, exists always simultaneously in all its states
that are/can/will be realized in concrete situation in concrete informational structure, and (ii)-
the Set “Information” is absolutely infinite set that has the cardinality absolutely infinitely more

(if the continuum hypothesis is true) then the cardinality of the continuum, for what, e.g.,



Zeno’s aporias were formulated. These points relax to certain extent the problem of logical
base of the notion “a change” (and so of “Time”). But in this case another problem arises — if
all/everything has always happened, then what is the observed existence of changing objects?
The full answer on the last question requires further development of the conception, nonetheless
here we take that this fact, at least as the experimental evidence, exists objectively, i.e. in Matter

objectively there exist changing objects and corresponding processes.

However the problem exists and it seems reasonable to suggest that though it can be (is)
logically solved in the Set on ultimately fundamental level, it becomes be essential on “macro
levels”, when some new informational structures, which have relatively self-dependent
organization, appear. For example — elementary particles are some structures of FLEs that have
properties, which  the FLEs don’t have (or, if be more correct — which FLEs have only
implicitly, potentially); next level of the organization — atoms and nuclei that are some
structures of the particles having new properties, etc.

On each next level new structures having new properties again “must solve the PPF
problem”, when in this case concrete logical structures aren’t absolutely infinite and so they
don’t have “the Set’s possibilities”.

In this informational model we take as a reasonable the suggestion that in finite (or, possibly
“simply infinite”) structures the PPF problem is solved by introducing of an uncertainty on
some level of scales. For example a particle “obtains™ a specific position in space relating to
external Matter only when its us-FLE flips. Between these moments the position (and possibly
some other properties of the particle) are uncertain for the external objects — analogously if in a
computer a program code runs, the state of this code becomes be uncertain to another programs
at least on the time need for some electronic gate to flip. Moreover, if a code contains some
subroutines, the state of this code becomes be uncertain for the external on the time interval

need for next subroutine to carry out its calculations.

From the consideration above follows direct correspondence of Quantum Mechanics and this
informational model, when, for example, the de Broglie wave is the 3D projection of 4D “jx
helix” on a space plane. However, in the text above one easily can find, also, something that
seems as a trick: when everywhere in the text it is posited that “any object, including any FLE’s

flipping point, moves in spacetime with the speed of light”, in reality any particles’ FLE’s

flipping point move on a helix, so have speed equal to c\/a .

Here we have [at least] two levels that are above the fundamental the Set’s one. The first —
the FLE’s flip time, which evidently isn’t even “simply” infinitesimal. The second — the

particles that are concrete [cyclically changing its state] algorithms constituted from FLEs.



Thus if in the spacetime after some infinitesimal impact a straight line of flipping FLEs
appears, the flipping point moves through the FLE lattice having the speed of light. But at that a
corresponding “particle” not only has zero “rest mass” (in any direction in the 4D spacetime), it
also doesn’t move in the spacetime; at that, since the Compton length of the particle is infinite,
its location in the spacetime is infinitely 4D uncertain.

If the impact isn’t infinitesimal, the Compton length is finite and particle’s location
uncertainty turns out to be limited. At that the flipping point line becomes be a helix, but the
speed of particle as a whole turns out to be equal to the speed of light, when the speed of
flipping point projection on a plain that is orthogonal to the particle’s motion direction is equal
to the speed of light also.

Why that is so? — in this model there is no answer now. As well as, though in the model the
particle/wave duality seems as quite natural and so, for example, the diffraction patterns if a
beam of particles passes through a slit, seems as rather understandable, an explanation of the
result for two and more slits diffraction will, rather probably, requite to suggest that a particle
isn’t a simple “one FLS line” algorithm, but at a motion the particle acts by some way on
neighbour and further — other FLEs in the spacetime lattice, when resulting “volumetric”

disturbances of the lattice have properties that are inherent to the moving particle.
2.2.8 Mediation of the forces in complex systems

Now four “fundamental” kinds of the interactions (four “fundamental forces”) are known —
gravitational, weak, electromagnetic (EM), strong; which differ, e.g., for the proton as
(approximately) 107°:10"':1:10°. In this informational model all forces should have the
mediators, which act on [another] particles by transmitting some momentums, p .

It seems as the reasonable to conjecture that at an interaction of a mediator with a particle
those momentums are universal in a small limits (elementary momentum, p,), when some t-IC
step in the impacted particle becomes “be spent” by interaction, resulting in the particle’s t-IC
decrease (if potential energy, U<0) and in corresponding [negative] mass defect; or “be added”

resulting in t-IC increase if U>0.

3 Some consequences from the model — gravity, electricity, etc.

3.1 The gravity: static solution. T-particles

Remaining in this informational concept it is possible to put forward [1] rather reasonable
conjecture: since the gravity force is universal (regardless to the kind of particles) - then the

gravitational potential energy of a system of some bodies is proportional to the accidental



coincidence rate of some equivalent of the t-ICs of the particles of these bodies. Such
coincidences always exist since the FLE’s flip-time is not equal zero. Secondly suppose that
in gravity interaction only us-FLEs, i. e. the FLEs that are used for localization of particle in
space, “take part”.

The problem for complex (many particles-) bodies was considered in [1]; here, to simplify
the equations, only “bi-particle” case is considered.

For two particles at rest having gravitational masses m;, m,, that are placed on the distance

between the particles, 7, “Newtonian” potential energy is equal
E, =-G2" (14)
r
where G is Newtonian constant of gravitation.
As that was assumed above, the FLE’s sizes are equal to Planck’s length, /, . Besides assume
that:

(i) - at every t-IC step of a particle a “rim” (“circular graviton”, further “graviton”) of FLEs flips

starts to expand in the space with radial speed that is equal to the speed of light, ¢, so the rim’s

area is equal 27rl, (27ctl,) see Fig.8

Fig. 8. A sketch of a spreading of the gravitons in the space. The direction of the spreadings is random
since in reality any particle is impacted by some forces and isn’t oriented in the space constantly.

(ii) - the times of the us-FLE’s flip, and of the interaction of the graviton’s FLE and particle’s
us-FLE are the same and are equal to Planck time; and

(iii) — at the interaction of a graviton and a particle’s us-FLE, the particle is , with a probability

P, gravitationally impacted.

It is evident, that interactions of gravitons and particles’ us-FLEs are accidental events —
coincidences of independent processes of “radiation” and spreading of gravitons of “radiating”
particle and us-FLE flipping of other one. In previous papers ([1], [2], [25]) the coincidence
rate in a particle was estimated in suggestion that both — the number of “gravitons” in a point,

where a particle’s us-FLE flips, and the number of these us-FLE flips, are random; at that both

numbers are distributed under Poisson law with the averages n, and n,. Then, if both [average]



numbers inside Plank time interval are small, then it is well known that the coincidence rate is

equal

N, =2nn,t (15)

In reality the particle’s us-FLEs flips very regularly; nonetheless the equation (15) remains
be true, if one suggests that the interaction of graviton and particle’s us-FLE happens in any

time moment when the both Plank intervals overlap (Fig. 9).
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Fig. 9. Overlapping of gravitons and us-FLE

Thus the coincidence rate in a particle for the time when the particle’s universal FLE flips
again is
N.=y.n,2t (16)
where y/, is the flow [s] of gravitons through the particle’s us-FLE; n ,1s the us-FLE’s flip rate

(the informational current in the particle).

From the suggestions above obtain that the average gravitons flow, which is produced by a

body having a mass m, on a distance r is equal
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Since the Plank length is equal /, = (—3)1/2 , from Eq.(18) obtain, that if the probability P. =1
c
the coincidence rate in the particle is equal
Gmm,
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It is evident, that if a body having mass m, contains any number of particles, then the

coincidence rate in the body is equal
Gmm
N, =—122 (20)
hr

Note that the masses m, and m, in the equations (17) - (20) above are the inertial masses.

However, since the interaction of the bodies is symmetrical, the coincidence rate in the first

Gm,m, o
———=, so total gravitational energy,

body is equal to the rate in the second one: N_, =N,_,, = 5
r

defined here in the informational model, E o » SCEMS a8

It >
Gm,m,

Eglt = _h(Nclz + Nch) =-2 P

What, of course, contradicts the Newton gravity law. So we should introduce an additional

premise to take into account this point. For example in [39] it was suggested that for the

changing of j, is necessary 2 us-FLE+graviton interactions; thus obtaining that the correct

equation for this energy is

E =_% (21)

gl
r

and £ o = E v » When this energy (and corresponding mass defect) is equally divided between
the bodies:
Gmm,

=E,,=-20 (22)

Note that from above follows that the gravitational and the inertial masses of a body are

identical, since both “are created” by the same informational current of the body.

For the gravitational force by what the bodies attract each other obtain

dP  h Gm,m,r
gl12 :E:_7NU12 == I :_F:g12l )

(23)

where P is momentum of a body, when suggesting that the transfer of the elementary

—

— r . . .
momentum, p, =——, happens at every interaction of the us-FLE and graviton.
r

Note, however, that to solve this “1/2” problem, i.e. — the condition that to obtain true value of
the gravitational mass defect in every body is necessary for the coincidence rate in the body to
be twice lesser then for the corresponding gravity force (Egs. (22) and (23), it is possible also,

that the coincidence rates in both cases are equal, at that the current of the impacted particle

changes on one flip at the every impact, but £, =1/2 and the elementary momentum is

_ 2hr . . . :
P, =——- Itisn’t impossible that such a version corresponds by some way — somehow as in
p




Minkowski formalism there exist two “times” that by some way correspond to the existing
really also two, the true and the coordinate times — with some other quantum gravity theories,

where it is suggested that the spin of the graviton (not “circular”, though) is equal to 27 [42].

As well as  we can again conclude that not the gravity constant, G, but Planck length,
Planck time and elementary action, % are indeed fundamental. Note also, that at least
for the statics the rims of a particle transmit at gravity interaction to any another particle

all information about the localization of the radiating one in the vector value of
elementary momentum p, = —hf/ r* ; though with practically 100% QM uncertainty of

the distance.

From above follows that the informational currents of both bodies becomes be slowed on the
half binding energy (divided by 7, of course). If the mass, M , of one of the bodies much
greater then the other mass, m , the relative decrease of the lesser body’s informational current
is

_GMm h GM

= - 24
Jn 2hr mc* 2rc? @9

Correspondingly, if the body-2 is a clock, the clock becomes be “gravitationally time dilated”

on times, what is twice lesser then that is asserted in the general relativity theory.

2
2rc

If a pair of clocks are placed on different radii from M , » and r+ h;h << r in a gravity field

(Fig. 10)
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Fig. 10. Two clocks are in [let — Earth] gravity field. Dotted line — a photon beam.

then their relative tick rates differ as



GM 1 1 GMh
o0y — 0, = 2¢ (;_ r+h) N 2r°c* 23)

h
For Earth surface dw, —ow, = % , where g is the gravitational acceleration. In the GR the
c

. o h
clocks’ rates difference is twice more: o, — ow, = g—z
c

Since the photons don’t principally differ from T-particles, the gravity force acts on the photons

analogously to the T-particles. More about this case — see [40], [41].
3.2 The electricity: static solution

The electric force is rather similar to gravity - both potentials are as 1/r, if some charged bodies
interact then in reality the interactions of separated charged particles occur, etc.; except, of
course, that gravity force is much weaker than electric one and that electric force can act as the
attraction and as the repulsion. So it is rather reasonable to conjecture that the equations for the

potentials should be similar also, but the probability of electric interaction should be larger —

because of the widths of “circular photon” rim, W], and of the “receiving part” of the particle’s

FLE chain, ¥, are much more then the size of one [us-] FLE in the gravity case.

So for the electric coincidence rate we can obtain some analogues to Egs. (15) - (23) (for a

couple of particles with the elementary charge, ¢) the equation:

2 2

m,c -2zer1 P me .
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where Prp — the probability of the interaction if through particle 2 a radiated by particle 1

Ny =

C

(26)

E>°

circular photon have passed, 7z — the “passing” time. Under rather plausible conjectures
that:, 7, =W, /c, W,, =a"*4,, where 1 is the Compton length of a particle; Pz =1/2; and o

is the fine structure constant, we obtain from Eq. (26) that electric potential energy of the two-

charge system 1is

A
£ g Are,r (27a)

and for the electrical force in the statics obtain

- dp . e’r
e = d =N Po 472'6‘01’3
. (27b)
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(The lower term in Eq. (27b) is for arbitrary charges).
Note, that in the Egs. (27a,b) we suggest, as that was for circular graviton above, that the

2hr

5 -
7

elementary momentum, which is transferred at the elementary interaction is p, =+

Note that, as what was obtained above for gravity, if the particles have opposite charges and

so the resulting system has negative mass defect, then there should exist the “electrical time

dilation” in tied electrical structures, e.g., — in the atoms. For example, in the (4 —muon +

proton) “atom” u —muon should live longer then in free state and this dilation should be

essential (detectable?) if a muon is on K-shell of, e.g., Uranium. Though, of course, since the
muon in this case more time is inside the Uranium nucleus and so here some other forces,
beside the EM, can act on the muon, it seems as very unlike, that a corresponding experiment

would be informative.

3.3 Planck mass particles

It seems worthwhile to mention here an additional remark, relating to the
Beginning. There are, in principle, no objections to suggest [39] that at the Beginning
Matter was firstly created as a huge number of so called hypothetical “Planck T-

particles”, 1i.e., the particles having masses that are equal to the Planck mass

(m, =i ~10" BeV'). These particles contain (and their algorithm works by using) the
c
P

us-FLEs only, which are absolutely symmetrical, and so these particles’ algorithms
should be symmetrical also. Further interactions between these particles resulted in the
appearance of observed now Matter. Such particles have at least two, possibly rather
interesting, properties: (i) — since these particles interact with anything only by gravity
force, they could be a part of the particles, which have not interacted at the Beginning
totally (possibly = 20% have interacted with the creation of observable Matter), and so
now can constitute, at least partially, so called “dark matter”, and (ii) — since for
absolutely symmetrical algorithms it is impossible to choose a direction in the
coordinate time (“left” and “right” gyroscopes cannot be distinguished), it is logically
permissible to suggest, that they all move in the Matter’s spacetime in one - the positive
[coordinate] temporal direction only. Thus in such a case, if at Beginning only Planck
mass particles (PM particles) were created, then in Matter there was no antimatter yet at

Beginning — as that is at least in the observed now part of Universe.



Though, of course, the same situation occurs not only for the Planck mass particles,

but if there were some other particles with symmetrical algorithms.

So it isn’t impossible that 70-80% of the primary matter exists till now in Matter’s

space as PM particles with average density of the particles that is lesser then the density

of baryons in 10" —10" times. That is an extremely low density, so the probability of
interactions of these particles now, say, in interstellar Space should be rather small. On
the other hand, it seems natural, though unlikely, to suggest that the particles under the
gravity action can create some stable compact structures — something like to usual stars,
where the particles density (more correctly — the particles’ flow density) is large enough
to interact. But with mach larger probability the PM particles must be attracted by
“usual” massive bodies. Since usual matter is highly transparent for the PM-particles,
they freely should pass through the bodies substance, rotating on the orbits in halos
around massive centers, formed by the usual substance and increased flow density of

PM-particles in perihelions of their orbits.

An interaction of two PM particles should result in the appearance of a big number

of the particles only having total energy more then 10" BeV, so such events could, at
least partly, be (and are now) some source of the high energy cosmic rays.

To estimate the intensity of the PM-particles interactions is necessary, first of all, to
know the corresponding cross section, which, since it depends on only the gravity force,
should mostly depend on the “strength” of the PM particle’s algorithm; i.e. — what
momentum of the graviton is sufficient (so what is maximal distance between particles
is necessary) to break the PM-particle?

There is, of course, no answer on this question now; note, though, that in this model
the gravitons transfer identical momentums independently of a type of the particle, the
momentums depend only on the radius from the point where the us-FLE of any particle
has flipped. So any particle (that exists in this model every time moment as a unique
flipping FLE) is capable, in principle, to break the PM-particle, though with twice lesser
energy release comparing with an interaction of two PM-particles.

So it seems as plausible to suggest that any “usual” particle (when the density of the
particles in 10" times more then the PM-particles’ one on average; in material bodies —
very much more) can “gravitationally break” any other one if the us-FLEs both particles
are on sufficiently short distance, and such a reaction could, probably, be observed; but

it is unknown till now. Though this fact can be natural, of course, if one takes into



account that other particles interact on rather large distances by other - “having fields”
forces and “non-having” ones, for example — when Pauli principle works and these
distances are, rather probably, essentially more then the distances that are necessary to

exceed the gravity reaction threshold.

4 Discussions and conclusion

Above of course only some initial (“draft”) [informational] physical model is presented,
nevertheless this model is well grounded. First of all — the model follows quite naturally from
the informational conception when the truth, the completeness and the [self -] consistence of
this conception are rigorously proven. From the conception directly follows: (i) - a discreteness
of Matter structures (objects), as well as of interactions — in reality of informational exchanges -
between the material objects; and (ii) — since in Matter, by definition, any interaction is an
exchange by some exclusively true “message” and since the experimental data show that on the
fundamental level the logical structure of messages and material structures are rather simple,
then Matter with great probability has logical structure that is similar to a [simple] computer; or
to a huge number of automata that are weakly united in a structure by the gravity. From this in
turn follows that Matter can be reduced on fundamental level to the existence and interactions of

some primary fundamental logical elements.

As it was pointed out above — the particles’ FLEs (as well as rather possible Aether’s [the
lattice’s] FLEs that are identical to the particles’ FLEs) should be more complex then a bi-stable
logical element. The particle’s loop code should have a capability to “radiate”, to “detect” and
to react on some messages not only on/ by fundamental us-FLE’s flips, which determine the
particle’s location in spacetime and gravitational force between particles, but also by the FLEs
that are responsible for another — e.g. the electromagnetic (electrostatic are considered above;
gravity also, though) - forces. Here are possible of a number of variants, though seems more
plausible to conjecture that the FLEs in reality have some [identical] “polygonal” structures,

when for particles it is sufficient to have only four “sides” to exist / to move/ in the spacetime.

Another conjecture, which was used in the model, is that there is direct correspondence
between logical unity of information, bit, and the elementary action (as well as the elementary
angular momentum), 7 . This conjecture follows from fundamental logical self-inconsistence of
the Time/the change notions (from the of corresponding discreteness of physical processes and
parameters of the processes) and from a number of experimental data, first of all — from the
Uncertainty principle; besides that is true, quite naturally, for a fixed information — for some

spin structures, including the atom’s orbitals, etc, though.



The Uncertainty principle is in turn a sequence of the self-inconsistence of the Time/the
change notions also; at that this Principle allows to obtain concrete quantitative estimations of

the uncertainty of parameters of particles’ states and the motion.

Yet the set of these simple and natural conjectures is sufficient to explain a number of

fundamental problems and postulates in physics.

First of all the informational conception allows correctly define the notions “Space” and
“Time” (which are Meta-physical notions and so principally cannot be properly defined in
framework of the physics) and further — how these notions are realized in the concrete sub-Set
“Matter” as 4D “empty container” — the Matter’s 4D spacetime; and what are spatial and
temporal intervals (used to the “times” for the temporal intervals - as, in fact a jargon, when for
the spatial intervals the word “distance” usually is applied, not “space”) that necessarily and
objectively always accompany processes in Matter and so determine the locations of material
objects in the spacetime. At that the spacetime is absolute, it by definition cannot be dependent
on any material “container’s” content, including on the [gravitational] masses; as well as on
something subjective structures, including — on observers and/or on their reference frames. As
well as both Rules act on material processes in the informational system “Matter” only
implicitly, for example the experimental fact (e.g. — the equality of the “relativistic” and
“transverse” masses) that the Matter’s spacetime is “Cartesian”, i.e. in the spacetime all 4
directions are mutually orthogonal, is a consequence of that the concrete Matter’s fundamental
logical elements have 4 concrete independent degrees of freedom for some logical transitions,
which realize themselves as steps when an object changes its position (including as the changes

of internal state) in the spacetime.

The problem “why for Matter is necessary “two times” becomes be more clear, when, on
first sight, it’s enough to have only one — the true — time, since all material objects interact in the
space and true time only, independently on corresponding values of their proper [coordinate]
times. The answer is in the reversibility of Matter’s “automata” codes — on one hand it is
necessary for Matter evolution to pass without (or, at least with minimal) energy dissipation, so
to work of Matter’s computer is sufficient to get some one portion of energy at Beginning; on
other hand the reversibility of something is impossible in absolute time by definition. So the
true time hasn’t a coordinate in the Matter’s 4D spacetime, though the true time interval
changes always, constantly and uniformly accompanying changing material codes that

constantly run with identical and stable operational rate.

Though it is possible to consider the true time as [having] a coordinate in a 5D spacetime,

when 4D given Matter’s spacetime constantly moves in this spacetime along this coordinate



with the speed of light, this Rule first of all, limits, in certain sense, the configuration of all

material objects in the 4D spacetime by the condition that every object up to some true time

where

tl’th’
moment has passed the way in the spacetime, S, so that S= .[O ds|=ct

true

ds = (dx* +dy* +dz" +c’dr*)"* and dris a differential interval of the coordinate time; the

true time changes from the Beginning of Matter to given moment. That is a rather weak
limitation, though, since the interval ds for a concrete object — and, of course, for the object’s
predecessors, can have any [X ] signs at the object’s evolution/ transformations and its

corresponding travel in the 4D spacetime.

It isn’t impossible that the reversibility (and the time invariance, correspondingly), as well
other invariances, are indeed fundamental and they relate by some way to some fundamental
laws that control, sometimes implicitly — as, e.g., the coordinate time acts, physical processes in

Matter. But it isn’t impossible also that it isn’t always so, for example the known CP-violations,

let - in the K kaon decay [42], can only indicate that some algorithms of some exotic particles

isn’t reversible.

Further development of the model is natural also. Even a changing information can have
identical [changing] copies and so from the fact that Matter is an informational system directly
follows QM postulate about the identity of the elementary particles as some informational
clones.

Since there exist a number of stable particles whose parameters are stable at least up to the
time scale of the order of A/c, when every particle constantly changes, because of the
particles constantly move in the true time and in the spacetime — it seems as be quite plausible
the premise that the particles’ algorithms are cyclic when the algorithms’ lengths are of order of

the particles’ Compton lengths.

The conjectures above lead to definition of the “informational cyclic loop currents” as the
particles in the first section of this paper, where it is postulated also that the FLE’s “size” is
equal to Planck length when the FLE’s flip time [interval] is equal to Planck time; so — with the
elementary action - these three fundamental Planck units constitute complete system for the
understanding of fundamental physical properties of Matter — of the inertia and of the gravity. It
becomes be clear — what the notion “zero rest mass particle” means.

Cyclic nature of particles’ codes directly leads to observable in experiments wave — particle
duality. Moreover, under condition that the FLE’s flip rate always is constant and equal to
inverse Planck time, it turns out to be that the quantum mechanics and the VFEL theory (as well

as this informational model) are in fact a single theory.



Further from the requirement to Matter’s codes should be reversible follows the time
invariance of physical laws and so the relativity principle in macrophysics; for the T- particles
becomes be quite natural to have the partners — the antiparticles that move and “live” in
negative [coordinate] time direction, i.e. have reversal algorithms codes. At that — from the fact
that a particletantiparticle pair annihilates with creation of S-particles having zero the 4-
momentum’s - components directly follows the equality of the particle’s and antiparticle’s rest

masses.

However, it cannot be excluded the version that at Beginning the primary T-particles were
created as totally symmetrical algorithms, so the particles and the antiparticles were identical.
From that it is logical permissible that all primary particles were “only particles”, i.e. Matter yet
at Beginning didn’t contain antimatter practically.

Relating to Beginning note, also, that the informational conception makes clearer, in certain
extent, also this “metaphysical” problem in physics, because of the logical singularity of any
informational statement, including the negation “there is no given Universe” is always infinite
and so, in principle, there aren’t fundamental limitations on the occurrence of cases when an
ultimately large informational current can be started (ultimately large energy can be released) as

some “Big logical Bang”.

Under rather sound assumption about propagation of the Aether’s FLEs responses to the
flips of the particles’ us- FLEs “signals” as a spatial rims in the FLE-lattice it turns out to be
possible to obtain the models of gravitostatic and electrostatic forces, where both forces act
randomly and — since the gravity force is very weak — it seems possible to detect this
randomness if to measure the gravity action on a light particles, first of all — on photons; to
show, that the “gravitational time dilation” (in the reality — the slowing down of processes in
material particles/bodies) isn’t, possibly, some unique effect — any force that leads to creation of
a system of particles with negative mass defect leads also to a “time dilation” for these particles.
In [39] the model is applied to a number of some another physical problems, for example, a

zero approximation of the gravity and EM forces for moving charges and masses is considered.

Since from the informational conception follows proper and contensive definition of the
Space and the Time notions, this physical model relates essentially to the special and the general
relativity theories, where introduced into the theories properties of the spacetime, for example -
as the capability of the spacetime transformations (the “time dilation”, the “space contraction’;
the climes as the “spacetime curvature determines bodies worldlines”, etc.) are basic; though
neither the SR, nor the GR contents proper definition of these fundamental notions. Besides in
the relativity theories, rather probably, at least two physical principles are excessively

absolutized — the relativity principle and the equivalence principle, when the absolutization isn’t



properly grounded. For example, the relativity principle in classical [Newtonian] physics,
where, e.g., any material object can move having any speed, indeed can be applied without
some limitations. But in Matter there exist fundamental limitation on a motion in the 4D
spacetime — all objects move with the same speeds. Correspondingly the direct consequence of
the relativity principle in the SR, i.e., the postulate that all inertial reference frames are
equivalent immediately follows to logically senseless implications (the Dingle problem and
some other SR paradoxes).

The GR predicts (e.g., [45]) the “gravitational time dilation” value that corresponds to the
gravitational potential energy of a system of bodies that is twice more then the observed
experimental value [43], [44], because of in reality, in contrast to the GR, photons change their
energy/ frequency when moving between space points with different gravity potentials. Besides
— the fact of identity of the gravitational and inertial masses follows, rather possibly, only from
that the gravity and the inertia of a body are produced by the same us-FLE flipping and both
forces (inertial and gravitational) act analogously since act on every elementary particle that

constitute the body.

But in depth the inertia and the gravity are quite different physical phenomena and so
independent on each other; the equivalence (and the equivalence principle) is, generally
speaking, rather probably accidental. Though in the case when there would not be of this
equivalence, a human would observe Matter that would be, of course, built in some quite

different way. If, of course, in such a Matter humans would exist at all.

The informational model can be tested. To detect a randomness of the gravity [25], [41] is
necessary to measure gravity force impact on particles having least masses and so the
experiments with monochromatic photon beams in Earth gravity seem as utmost perspective.

Though the experiment with ultracold neutrons seems as be promising also.

To test what — the special relativity or Voigt-FitzGerald-Lorentz theory (and this
informational model) is valid? - is necessary to measure “relativistic” effects in non-rigid
systems. An example - the measurement of orbital velocity of a couple clocks by using on-board
instruments (clocks and pulsed light source) only, which is given in [25], though there can be
serious technical problems. Another version, [26] with the orbital clocks seems as more simple
and effective and is as follows. If, after synchronization of two clocks, one clock (let — clock 2)

is pulled ahead by using a rigid rod having the length L, the clock obtains 7 decrement

At =-VL/c*, where V is the orbital speed. If the rod will be pulled down, both clocks’
readings again become to be identical. But if clock 2, after pulling out, will be disjoint from
the rod and returns to the clock 1 by using, e.g., a self- engine, then two variant are now

possible: (1) — if special relativity theory is true, then again the clocks’ 1, 2 readings must be



equal again since in the experiment slow clock transport was applied; or (2) — if Voigt-
FitzGerald-Lorentz theory (and this model) is true, then the decrement above will conserve and
comparing the clocks readings one can to measure the clocks’ orbital speed. Moreover, the
operations can be made again and again (without the clocks 1 and 2 repeating synchronization)
with the accumulation of the decrements, so it is possible to obtain more correct results with a

decrease of the requirements for the instruments’ accuracy.

On an Earth orbit it is possible to measure the orbital speed of a satellite only, because of the
constant action of Earth gravity, which can be, nonetheless, made small enough at the satellite
motion, especially on a circular orbit. But to measure the absolute speed is necessary to
compensate all forces that act on the technique. Such a possibility, rather probably, appears if a
Space probe with the on-board clocks and rod is placed in a Space point, where the gravity
forces (not the gravity potentials) of Sun and planets are mutually compensated. Then after a
number of the probe’s absolute speed measurements in the 47 it will be possible to choose the
direction with maximal speed value. It is not impossible that the value will turn out to be near
700 km/s and the direction will be along the observed cosmic microwave background [Doppler]

dipole direction.

Presented here model can be applied to some other physical problems, for example — at an
analysis of the OPERA experiment result [46], where some data on the detection of supposedly
superluminal neutrinos were obtained. In a short time a large number of theoretical papers were
published, which explained the data or discussed some possible concomitant effects that could
be measured to confirm or decline the OPERA collaboration results. As, e.g., in [47], where
authors have argued that such superluminal neutrinos should lose energy by producing photons
and e'e pairs, through some analogous to Cherenkov radiation. The ICARUS collaboration has
made corresponding experiments seeking for such pairs [48] with zero outcome.

In the informational model the situation is seemed as rather simple — anything in Matter
moves in spacetime with the speed of light only, so all Matter’s objects are always in one
absolute time moment (probably inside one Planck time interval). If some particle moves in
spacetime with speed that differs from ¢, e.g., is superluminal, it goes out Matter and cannot
interact with any of material objects (if it was created in a material target), including detectors.
As well as if such a particle creates somewhere some particles — as the pairs above — such
particles will be outside Matter also and cannot be detected too. So the ICARUS experiment

zero result would be zero in any case — were the OPERA data true or false.

On the other hand it is possible that the remark above relating to the OPERA experiment is,
in certain sense, too categorical. As it was pointed out in Introduction, Matter is only a

(infinitesimal comparing to the Set) subset in the Information Set — outside Matter there exists



“absolutely forever” absolutely infinite manifold of Set’s subsets, some informational
structures, and so forth — including, e.g., all states of Matter besides the given one, which exists
[probably] one Planck time interval. One of such a separate subset is well known — that is the
subset, where a huge number of arranged dynamical informational systems operate — the
human’s consciousnesses’ subset, or the subset “Consciousness”. This subset evidently differs
from Matter — for example it seems there weren’t till now experiments where some human’s
thought was detected by material instruments; in Consciousness subset the rules “Time” and
“Space” act in a different way comparing with the subset “Matter” - seems nobody now can
suggest, even, for example, - how many dimensions are in a “Consciousness’s spacetime”?.
And, of course, — when in Matter every objects interact by changing exclusively true
information only and aren’t capable to produce/ apprehend a false information, consciousnesses

are capable - sometimes too capable - to produce/ apprehend such an information.

Nonetheless every human’s consciousness evidently interacts with Matter — when, for
example, controlling a material chemical compound known as human’s body. And on the
contrary — material (for example photons) objects acting on some material body’s sensors
eventually forms adequate images in the consciousness. So Matter isn’t some totally closed
independent structure, there exist some another — additional to the four fundamental — forces,
which can interact with material particles, molecules, etc; such a force, for example could be
responsible for the appearance of the life in Earth. And it is rather probably, which will be
studied by physics in future.

That is, as it seems, a distant future, though. What is much more urgent now — as well as,
what is executable now and is rather cheap and simple, — to make suggested in this model
experiments, first of all — the experiment aimed at the detection of the randomness of Earth
gravity force when acting on a monochromatic photon beam [25], and the experiments with a
clocks pair in an Earth orbit for the measurement the orbital speed of a satellite and further — the
experiment with the measurement of the absolute speed of a probe in a Space point with zero
gradient of the gravity potential [26]. The experiments indeed allow the testing of the relativity
theory — when the experiments, which were made (for example [50]), in fact have tested the
Lorentz theory only. At that, first of all, if the experiments outcomes will be in the agree with
this model predictions, that will result in the convincing confirmation of the fact that real
spacetime is absolute and Euclidian when the Minkowski and the pseudo Riemannian
spacetimes aren’t real and are some mathematical models that only allow in some cases to
obtain conclusions that are adequate to concrete real physical situations. And further — to re-
solve, if necessary, some physical problems, for example in the cosmology, with using as real
the 4D Euclidian spacetime, when till now the general relativity is the standard base for this

science.
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Abstract

In our previous arXiv papers (“The Information and the Matter”, v1, v5; more systematically the
informational conception is presented in the paper “The Information as Absolute”, 2010) it was
rigorously shown that Matter in our Universe — and Universe as a whole - are some informational
systems (structures), which exist as uninterruptedly transforming [practically] infinitesimal sub-sets of the
absolutely infinite and fundamental set “Information”. Such a conception allows not only to clear
essentially a number of metaphysical and epistemological problems in philosophy but, besides, allows to
suggest a reasonable physical model. Since Matter in Universe is an informational system where any
interaction between Matter’s sub-structures, i.e. — particles and systems of the particles — happens always
as an exchange by exclusively true information between these structures, the model is based on the
conjecture that Matter is some analogue of computer. The conjecture, in turn, allows to introduce in the
model the basic logical elements that constitute the material structures and support the informational
exchange - i.e. the forces - between the structures. The model is experimentally testable and yet now
makes be more clear a number of basic problems in special relativity, quantum mechanics, and, rather
probably, in [now — in Newtonian] gravity.

This paper is a next upgrade of earlier version http://arxiv.org/abs/0707.4657, 2012

Key words: Universe, Matter, information, gravity, electric force, special relativity,

uncertainty principle, wave — particle duality
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1 BBenenue

B [1] - [3] ObUlO cTpOrO AOKa3aHO, YTO CYHIHOCTH/ KoHueniwms «upopmarms
SBJIIETCS a0COMIOTHO 001Iel 1 (hyHIaMEHTaILHOM, TOTJa KaK BCE YTO CYIIECTBYET, €CTh HEKUE
«peanuzanvny omnpeaeneHHON HHPOpMalUK — BCE UYTO CYIIECTBYET — 3TO “‘ciioBa”, T.e. T€ WIH

WHBIC DJJIEMCHTHI HambOojee oOmero u (QyHIaMEHTATHHOTO abCONMIOTHO OECKOHEYHOTO



http://arxiv.org/abs/0707.4657

MHOXecTBa «MHpOopMamms». [Ipemmoxennas (“Undopmarnus kak AOCOTIOT” KOHIETIIIHS)
KOHIICTIIHS MPOSICHAET MHOTHE MPOOJIEeMBbI B MeTahU3UKE U SMHUCTEMOJIOTHH, B IEPBYIO 0Yepeb
— mpobiieMa TMO3HAHUS BHENIHETO0 MHUpa, T.e. MpoOjeMa  aleKBATHOCTH 3aKIFOUCHHH
YeIIOBEUECKOro Co3HaHusi (B (GopMe YTBEpKICHHA Ha KakOM-THOO SI3bIKE, BKIIIOUYas
MaTeMAaTUYCCKUIA W aJTOPUTMUYECCKHUIA SI3BIKM) BHEIIHEH JCHCTBUTEIBHOCTH — CTAHOBHUTCS
HAMHOTO OoJiee MOHSATHOM; TMOCKOJBKY 3JIEMEHTHI MHOXecTBa “HMHpopmanus” Takke ecTh

HEKOTOPbIE [MH(POPMAIIMOHHBIC| YTBEPKICHUS.

Jannoe MHOeCTBO/ KOHIIETIIIUS / CYITHOCTh UMEET BECbMa HEOObIUHBIC U HHTEPECHBIC
CBOICTBa, B TOM YHCIIE M TO, YTO CYITHOCTb U MHOXECTBO €CTh OJTHO U TO K€, H TOTOMY OHHU

BBIIIIC Ha3BaHBI OJIMHAKOBO (00JIbIIIE 00 MHGOPMAITMOHHOW KOHIISTIIUU CM. [3]).

XoTs BecbMa BEpOSATHO, YTO €CTECTBEHHBIE HAyKW, BKItO4Uas (U3NKY, B KOHEUYHOM
uTore OyIyT m3ydarb MHOXECTBO B II€JIOM, CETOAHS OHHM M3Y4aroT TOJIBKO T.H. ‘“‘MaTepHallbHbIe
spreHus”. [lockonmpky B ¢pminocopun — v B €CTECTBEHHBIX HayKaX 10 HACTOAIIETO BPEMEHHU HeT
KOHCEHCyCa B IIpo0JIeMe — «4YTO €CTh MaTepuaibHOe / HeMarepuaiabHoe?» - B [1] mpeminoxkeH
CIIeAyIOIUI KpuTepuil s Marepuun. uexomopulii npoyecc/ sgnenue / cywyHocms / 00vekm
Mamepuanen, eciu on oOMenusaemcs (83aumooeticmeyem) ¢ opyeumu npoyeccami/ s161eHuUsMu
/ cywnocmamu / 06vexmamy UCKIoYUmenbHo UCTUHHOU UHGOopMayuel.

Ecim  HekoTOpsIi mporiecc/ siBIeHUE / CYIIHOCTh / OOBEKT CIIOCOOEH MPOU3BOAMTH /
BOCIIPUHUMATH [KaK MCTUHHYIO| JIOXKHYIO MH(OPMAIHIO, TOTIa OH HeMaTepualeH; MPUMEpHI:
«KBa3W- MaTepHalibHbIE» OOBEKTHI — JKUBBIE CYLIECTBA; ‘‘HEMaTepHaJbHbIE - YelOBEUECKHE
co3HaHus (10 KpaiHel Mepe mpu oO6paboTke HHPOPMALUK), peIUrHo3HbIe (heHOMEeHBI. Bee atn
OpUMEpPBl  OTHOCATCA K Ppa3iWYHbIM, JIMIIb YaCTUYHO MEPEeceKarolUMcs MOAMHOKECTBaM
MHokecTBa, PX 3TOM TOJIBKO 3JIEMEHTHI (M, KOHEYHO, MX B3aWMOJCHCTBUS) HMOAMHOMKECTBA
“Marepus’” n3y4aroTcst GU3HKOM.

[Tapa cymecTByIONMX W3BECTHBIX HEMaTEpHAIBHBIX MOAMHOXecTB  (“KuBoe” wu
“Co3HaHue”) BMeCTe C TOAMHOXeCTBOM ‘“Marepus” o00pa3yloT MHOAMHOXECTBO ‘“Halla
Bcenennas”

Crnenyroee BaKHOE CBOMCTBO HWH(OpMAIMM COCTOMT B TOM, IO KpaiiHeH Mepe
HEKOTOpas, WHQOpMAITUsI MOXeT OBITh (mobas wmHpOpMarms Bcerma ecTh?) “abconromno
mounot”. Ho, mockonbky: (i) — mo0oit ameMeHT MHOKECTBa BCerna CBsi3aH HH()OPMATHBHO CO
BCEMU OCTAJILHBIMH 3JIeMeHTaMU MHOeCTBa, BKJIIOYAs TaHHBIM 3JIEMEHT “B JIpyTrHe BpeMeHa
€ro CyImecTBOBaHUA (KaKk M ‘‘HE CyIIECTBOBAaHHS ), a Takxke (i) — BCIEACTBUE aOCOIOTHOMH
TOYHOCTH MHPOpPMAIMA  HE3HAYMUTENbHbIE W3MEHEHHS B  (OPMAIBLHOM  SI3BIKOBOM
MIPECTaBIEHUN HEKOTOPOW HH(POPMAIIH BO3MOKHO KapAHHATLHOE U3MEHEHHE KOHTEKCTa,

- CYILLECTBYIOT Takue (PeHOMEHBI KaK CIIy4aifHOCTb U OudypKauus.



B Marepun yactunbl/ 0ObEKTHI, CUCTEMBI 4acTHIl /0OBEKTOB OOMEHUBAIOTCS TOJBKO
JIOTMYECKH HWCTUHHOW wWH(popmamueit, T.e. [AMHaMu4eckoe]| MOoIMHOXKeCTBO «Matepus» ecTb
HEe4To, MomoOHOe KoMIbloTepy. Takas wujes, KOHEYHO, He HOBa — THIIOTE3bl, YTO HaIla
Bcenennas ectb oueHb OOJBINON KOMIBIOTED, MOSBUIACH MPAKTUYECKU CPa3y C TOSBICHHEM
OOBIYHBIX KOMIIBIOTEPOB (CM., Hampumep, [4 — 14], XxoTa cmucok Mor Obl OBITH HAMHOT'O
0oxbmie). Ho 3T0 OBUIM TPOCTO THITOTE3BI, KOTOPHIE HE HMMEIH Kakoro-iu00 00OCHOBaHUS
(kpoMme, KOHEYHO, THUIOTE3bl O CO3JaHUU BceneHHOM KaK JOTHYeCKOM CTPYKTYpPhl HEKUM
pasymubiM BcemorynmM Cosmarenem, Kto “ycraHoBuin 3akoHs”). Bxirodas myOmukaruu
MOCJIeIHEr0 BpeMeHH, Hanpumep [15, 16], conepxkariue obocHoBanus Thma [16] “...But now:
what is the difference between Reality and its simulation? It’s a matter for metaphysics: if Reality is
indistinguishable from its simulation, then it is its simulation. The Universe is really a huge quantum
computer.” («Ho Temepp: B 4eM pa3muune Mexay PearpHOCTBIO W CHMYyIAIUer? ITo mpeaMer
MeTa(bI/I?»I/IKI/I: ecnn PeasJbHOCTH HEOTIMYHMMA OT €€ CUMYJISIIUH, 3HAYUT, OHA CaMa €CTb CHUMYJIALUSA.
BcenenHas neMCTBUTENBHO €CTh OIPOMHBIA KBAHTOBBIM KOMIIBIOTEP») — ITOIOOHBIC YTBEPKACHUS

BBITJIIAAT CKOPEC KaK YTO-TO U3 Maruu, 4€M 4TO-TO HAyIHOC.

B uH(popMannoHHON KOHIENIMH JaHHOE MPENNOI0KEeHUE CTAHOBUTCSI 0OOCHOBAHHBIM,
Ooee TOro, OTCYTCTBHUE JIOTHUECKON CTPYKTYphl MaTepuu (koTopasi peanusyer cebs B cuctreMe

«3aKOHOB HpHpOI[LI») ObLIO OBI BECEMa YAUBUTCIIbHBIM.

OTMeTHM, TaKxke, elle OJHO BaKHOE CJIEACTBHE U3 MH(POPMALMOHHONH KOHLEHIIHU:
MOCKOJIbKY WH(pOPMAIMOHHBIE JJIEMEHTHl MOTYT CYIIECTBOBaTh TOJBKO KaKk HEKOTOPOe
KOJINYECTBO JIOTHYECKUX CBSA3EH M pealn3yloTcsd Kak HaOOp HEKHX albTepHATHUB, MHOXECTBO
«Mupopmanusny», HECMOTPsI Ha TO, YTO €ro MOIIHOCTE MHOXECTBa aOCONIOTHO OECKOHEYHa,
JIOJIKHO OBITh «CYETHBIM» (AMCKpeTHBIM) MHOXecTBoM [3]. IloaTomy wu3BecTHbIE
OTHOCUTEIBHO HE3aBUCHMbIE IIOIMHOXECTBA — HampuMep Hama Bcenennas u Matepus—
JUCKPETHBl TaKKe MUCKPETHHI, OJHAKO B JAHHOM CIydae AUCKPETHOCTh IPOSBIACTCA Ha
JpyroM ypOBHE B CPaBHEHHHU C aOCOJIOTHO OECKOHEYHO MaJION AUCKPETHOCThIO Ha MHOXecTBe
— B Marepuu OHa MPOSBIISIETCS B TOM, YTO BCE M3MEHEHUS U B3aMMOJEIHCTBUS MaTepHaIbHbBIX

00BEKTOB KBAHTOBAHBI ", B TO K€ BPEM:, ITIOJTHOCTBIO HCONIPCACIICHHEI.

2 ®dusnyeckas MoaeJb

2.1 IlpocTpancTBO M Bpems

Jlrobas nHopManMoHHas cucTeMa/ CTPYKTypa, coAepikalias 0oyiee OZHOTO HJIEMEHTa,
JOJDKHA COZEpXKATh TakXkKe OINpeleieHHbIE JIOTMYECKHe IPaBHJIa/BO3MOKHOCTH YTOOBI

Cym€CTBOBAaTh UMCHHO KaK CUCTEMA 3JIEMCHTOB, B T.4., YCJIOBUA KOTOPLIC PCAIMIYIOT B I[aHHOﬁ



cucTeMe HeoOXoauMmble WHGOPMALMOHHBIE Pa3IMdMs MEXKAY 3JIeMEHTaMH. laxue Hauboree
YHUBepcanbHble Npasuna/ 603MOJNCHOCMU, Komopbvle Oelicmeyiom 60 6ce MHuooicecmee
«Hugpopmayuay ecmo “llpocmpancmeo” u “Bpemsa’”, KOTOpble BXOIIT B HEKUil HaboOp
0a30BBIX (MO-BUOMMOMY, B OCHOBHOM JIOTHYECKHMX) TpaBHil/ BO3MOXHOCTeH — «Jlorocy,
KOTOpBI W TpeBpamaeT HeuTo HeompexaeneHHoe B uHpopmauuio. “IIpocTpaHcTBO” Kak
BO3MOXKHOCTh ONpeAeisieT, 4YTo 000l HHGOOPMALMOHHBIA 3J€MEHT 3aHMMaeT HEeuYTOo, 4TO
YeJIOBeK Ha3bIBaeT “IPOCTPAHCTBO [IpOCTpaHCTBEHHBIM wuHTepBan]”. “IIpocTpaHcTBO” Kak
MIPaBUJIO OTpeNeNsieT, YTO OTAeNIbHbIe HH(MOPMAIMOHHBIE SJIEMEHTHI JOJDKHBI Pa3lensThCs
“IpocTpaHCTBEHHBIMH WHTEpBaliamu”’. “BpeMs” Kak BO3MOXKHOCTH OIPENENsieT, YTO JII0OOH
M3MEHSIONINICS NHPOPMALTUOHHBIN DJIEMEHT 3aHMMAET HEYTO, YTO YEJIOBEK HA3hIBACT “BpeMs
[BpemenHo#l uHTepBas|”. “Bpems” Kak NpaBHJIO OMpPEENAET, YTO pa3IHYHBIE COCTOSHHS
U3MEHSoNIelcss MHQOPMAIMOHHON  CTPYKTYPBl  JIOJDKHBI  pa3fiesaThCsl  “‘BPEMEHHBIMHU
uaTepBaamu’’. Oba TMpaBuiIa HUKAaKUM 00pa3oM HE YCTaHABIMBAIOT KOHKPETHBIC BEITUYHHBI
MHTEPBAJIOB B KOHKPETHBIX CIIy4asiX, OHU MOTYT OBbITb JIOOBIMH — OT OECKOHEYHO MalbIX I0
0ECKOHEYHO OONBIINX, eOUHCIMEEHHOE YCI06UE — HUKAKUE UHMEPBANbl He MO2Ym OblmMb PAGHbL

HYJII0 MOYHO.

B xonkperHo#t wH(popmanmonHo# cucteme “Matepus” IlpoctpanctBo m Bpems kak
BO3MOXKHOCTH cOCTaBIsiIOT “4D (omHa BpeMeHHas W 3 TPOCTPAHCTBEHHBIX BO3MOXHOCTH)
MPOCTPAaHCTBEHHO-BPEMEHHONW KOHTEHHep”, T/e MaTephalbHble OOBEKTHl CYIIECTBYIOT U
B3aUMOJICUCTBYIOT U T[I€ OHHM Pa3[esIeHbl KOHKPETHBIMHU MPOCTPAHCTBEHHBIMU HMHTEpBajJaMU
(“paccrosiHUsAMH”) MEXKAY OOBEKTAMH M BPEMEHHBIMH HHTEPBATaMH MEXIY COCTOSHHSIMHU
00BEKTOB, ecnu Te u3MeHstorcs. C Apyroil cTOpOHBI, Kak yXe yKa3aHO BBIIIE, IpaBHiia
IIpocTpancTBo M Bpemsi neicTBYIOT HESBHO M HE YCTaHaBIUBAIOT KOHKPETHbIE 3HAYCHHUS
MHTEpBAJOB, 3TH 3HAa4e€HUA B MaTepuu ONpEeAENSIOTCS TOJIbKO CBOWCTBAMH KOHKPETHBIX
00BEKTOB M UX B3aUMOJIEHCTBHI.

Mmuorue aBtopsl, Hampumep [7], [8], [13-15], ykaseBator, yTo Marepusi B Hamiei
Bcenennoit ecth BechbMa IpocTasi Jorudyeckas cucrema (B KommbioTepe «Marepus» paboTaer
CPaBHUTENBHO TMpocTas nporpamma(bl)). D10 cleayeT u3 (akTa, YTO YHCIO «3aKOHOB
[Ipupoap» OTHOCHTENLHO HEBEIHKO W MOXKET OBITh CBEJICHO K HEOONBIIOMY YHCITY TPYIII
CHUMMETPHH.

[IpencraBnsercs BIOJTHE OYEBHUIHBIM, YTO IJIS CYIIECTBOBAHUS HEKOTOPOW CHUCTEMBI/
MOJMHOXECTBA B MHOXKECTBE KaK  CTAOWJIBHOH W30JMPOBAHHON (HAIIpUMEp CHCTEMBI
«Marepus») B YCIOBHSIX HETIPEPHIBHBIX B3aUMOICHCTBUN C APYTHMH dJIEMEHTaMH MHOXECTBA,
HEeoOXoAMMO,  YTOOBI  3Ta  CHCTEMa  COCTOsila M3 JOCTaTOYHO  CTaOMIIBHBIX
(«byHIaMEHTAIBHBIX») JIOTHYECKUX DJIEMEHTOB, T.€. 3aMKHYTHIX JIOTHUECKHUX TIOICHCTEM B

KOTOPBIX BHYTPCHHUC JIOTHYCCKHUC CBA3U HAMHOI'O CUJIbHEC BHCIITHUX BO3,Z[6ﬁCTBHI>i.



Msbl He 3HaeM CerofHs — KakKoBa IJIOTHYeCKas CTPYKTypa TaKWX OJJIEMEHTOB, HO
HEKOTOpBIE O0IIKe pa3yMHBIE MPEAIONIOKeHus A MaTtepuu Obu caenaHbl (CM., HalpuUMep,
[5] - [8] u ccwimkm B 3THX CcTaThsx). lIpexkne Bcero, mobas moacucteMa B MaTepuu, MOXOKe,
JIOJDKHA COCTOSATH M3 JIOTHYECKUX JIEMEHTOB, KOTOPHIC JOJDKHBI OBITh pesepcusHbimu. Toraa
CHUCTEMa HE PacXOoJyeT SHEPTUI0 MpPH MPEoOpa3OBaHUSX M TaKMM O00pa3oM HE HYXKIAeTCs B

ﬂOHOHHHTCHBHOﬁ SHEPruu, YTOOBI CyHI€CTBOBATh, UBMCHATHCA U 3BOJIOLIUOHUPOBATD.

Kpome Toro B ¢u3uke ObUIM MOJydYEHBI HECKOJBKUX (PYHIAMEHTAIBHBIX BEIMUWH IS
Marepun — IlmaHKOBCKUX emuHUIl. M STHM emWHWUIBI HE W3MCHIIMCH 3a yKe Oojee ueM
CTOJICTHE, HECMOTpPsS Ha TO, uYTO (U3MKa yIUla JajJeKo BIEpex 3a 3TO BpeMs; YTO
CBUJICTENBCTBYET O TOM, 49TO I[IIaHKOBCKHE €MWHUIIEI NEHCTBUTEIRHO (yHIaMEHTAIBHEI.

COOTBETCTBEHHO JUISI TPOCTpaHCTBa 3a  (YHOAMEHTAIbHYIO €IWHHUIYy MOXKHO IPHHATH

nG

[TnankoBekyto mmny , lp, [, = (— )2 %1.6210°m (h - npuBenenHas koncranTa Ilnanka
¢

(xoncranTa upaka) , G — rpaBUTalMOHHAs KOHCTaHTa , C- CKOPOCTb CBETa B BaKyyMmMe) — U
MIPEJCTABIISAETCS €CTECTBEHHBIM TMPEANOI0KHUTh, YTO 3T AJUHA €CTh, BECbMa BEPOATHO, pa3Mep
(yHIaMeHTaJbHBIX, MO0 KpalHed Mmepe OU-cTaOMIIBHBIX, JIOTHYecKuX s1eMeHToB (DPJID mmm

FLE), koTopble UCTIONB30BaHbI IIPHU NOCTpoeHUN Martepuu.

AHANOTHYHO Cc80eMy Chneyuuueckomy MnOI0NCEHUr0 8 NPOCMpPaHcmee, KaxIblid
MaTepUAIbHBIH OOBEKT, T.C. DJIEMEHTapHAs YacTHIlA, CUCTEMbl YaCTHUI[ U T.I. — UMEET C80€
cneyuguueckoe (cobcmeennoe, “proper”) nonodcerue 60 pemenu, v, MOCKOJIbKY BCE 00BEKTHI
B KOHEYHOM cueTe cocTaBieHbl W3 oaHux PJID, cymectByer ¢QyHIaMeHTanbHAasT — U
YVHHBEpCalbHas €JMHUIIA BPEMEHH, KOTOpas paBHA BPEMEHHU, HEOOXOJMMOTrO sl IMepexoja
®JID B mpyroe coctosiaue (pousBectr “dmumn” DJID). Takoi hyHAAMEHTATEHON eMUHUTICH B

JaHHOM Mogenu siBsiercst [LmaHkoBckoe BpeMs, 7, =[,/c~= 5.410* s. B sroit popmyine

[ImarkoBckoe BpeMs OIpeensercs Kak IMPOW3BOAHAS eNWHUIAa 4Yepe3 (yHIaMEeHTaIbHYIO
IImankoBCKyIO JIHHY W “‘QyHIaMEHTaIbHYIO” CKOPOCTh CBETa, HO B JIEHCTBUTEIHHOCTH
(hyHIaMeHTaTbHBIMU €OUHHUIIAMU ABISIOTCS [ITaHKOBCKHME AMMHA M BpeMs, B TO BpeMs Kak

CKOpPOCTBb CBETa JOJIKHA OBITh OoIrpeacyiCHa KaKk IpOU3BOAHAA CANHULIA.

Ob6a — Bpems u IlpocTpancTBO MMEIOT CXOOHBIE YepThl: 00a ecTh Hambojee oOIIue
yCcIoBUs/ TpaBWiIa Ui CUCTEM DJJIEMEHTOB IPM HMX CYLIECTBOBAHMM M HM3MECHEHHSX B
WHGOPMAIIMOHHOW CTPYKType ‘“Marepus’”, oba uMmeroT (yHmAaMeHTalbHbIe (MHHUMABHEIC)
MHTEpBAJbl Ui pa3felicHUusl SJIEMEHTOB U MX COCTOsHMA B Marepun; o6a IeiCTBYIOT B
Martepuu (kak, BIpoYeM, U BO BCEM MHOXECTBE) HESBHO, B T.4. “MUpPOBas JIMHUS IOOOTO
00beKTa HUKaK HE ONpeAeNnseTcsl KakoW-mnbo ‘“reomerpuel mpocTtpaHcTBa-BpemeHu”. Oba, B

CBOIO 04YepClb, a0CONIOTHEI U HUKAK HE 3aBUCAT OT MAaTCPUAJIBHOTO COACPKUMOI0O



IIPOCTPAaHCTBEHHO-BPEMEHHOIO KOHTEWHepa.; Kak U reoMeTpus 4D mpocTpaHCTBa -BpeMEHH
Bceraa ogHa — EBximpoBas. Bo3mokHo Hanbonbme pasnuuus 310: (i) — Bpems «kBaHTyeT»
Jorudeckre (JUHAMHUYECKHE) MOCIeI0BaTeIbHOCTH COOBITHH, B TO BpeMs Kak IIpoctpaHcTBO
«KBaHTYeT» JIOTHYECKH Pa3luYHyl0 (UKCHPOBAHHYIO WHpOpManuio, u (ii) — YeTOBEK MOXKET
HETOCPEICTBEHHO  HAOMIOAaTh CBOMMH  CEHCOpAaMH  TOJBKO  (DUKCHpOBaHHYIO  (T.e.
NPOCTPAHCTBEHHYI0) HH(POPMALIMIO; B TO BpeMs Kak, MOCKOJIBKY OH (KaK MaTepualbHOE TENO C
MaTepHalbHBIMU CEHCOpPaMH OpPTraHOB UYyBCTB) BCETAa ABMXKETCS B “UCTHHHOM™ (CM. HHXKE)
BPEMEHHU OJHOBPEMEHHO CO BCEil OCTaJIbHON MaTepuell U MOTOMY «He BHAMT Bpemsi». Otcrona
ClleflyeT, 4TO BIOJNHE BeposTHO Bpems u IlpocTpaHCTBO Kak HWH(POPMALUOHHBIE CHCTEMBI
UMCIOT TIOXOXKHE CTPYKTYpPhl - B MIWHCTPHM (DPU3HKE ITO MPOSIBISIETCS KaK IKBUBAJICHTHOCTh
NPOCTPAHCTBCHHO-BPEMEHHBIX ~KOOPIWHAT; B WHQOPMAIMOHHOH MOJEIH OTO  TaKKe

CBHUJICTEILCTBYET 00 ONPEICICHHBIX CXOIHBIX CIICIUPUICCKHUX JIOTHIECKHUX cBoicTBax DJID.

OpHako MeXay MpaBIiIaMH €CTh IPUHIIUIHAIFHOE pa3INdne: B TO BpeMs KaK HEeT HUKAKUX
JOTUYECKUX TIpoOsieM  mpuMeHeHWeM TmpaBuia “TIpocTpaHcTBO”, mH000€¢ HEMPEPBIBHOE
W3MCHEHHE (B TO BpeMs Kak Ji000¢ M3MEHCHHE, B KOHEYHOM CYeTe, HENpPEepBIBHO) JIFOOOTO
00BEKTa JIOTMYECKH HEBO3MOXKHO, W3MEHEHHE — M, COOTBETCTBEHHO IPaBHIIO/BO3MOKHOCTh
“BpeMsa” — JOTMYECKH BHYTPEHHE IMPOTUBOPEUMBO, Kak 3TO mokazan 3eHoH 2500 jer ToMmy
Ha3aj. bompme o manHON Mera-¢pusndeckoir mpodiaeme cM. [3], 34€Ch TOTBKO OTMETHM, YTO B
Martepun amnopum 3eHOHAa BechbMa BEPOSTHO pEMIAIOTCS C TPUMEHEHHEM KBAaHTOBOU

HCOIPCACICHHOCTHU.

OTMeTHnM, BIIpodeM, U ApyTrue BaxkHble oTndns IIpocTpancTBa 1 BpeMeHH OT UX aHAJIOrOB B

CTaH,E[apTHOI)'I TEOpHHU, B ICPBYIO O4YCPCIAb — B crneuraabHOM TCOPUHU OTHOCUTCIIBHOCTH.

Bo-mepBbix — B HH(POpPMAIMOHHOM MOJENM MPOCTPAHCTBEHHBIE M BPEMCHHBIC
KOOPJIMHATHI, KOTOPBIE BMecTe COCTaBIAIOT “4D [EBKINI0BO] MpOCTPaHCTBO-BpeMs” SIBISIFOTCS
“abcomoTHRIMU” (“HBIOTOHOBCKMMH”) — T.€. HE 3aBHCAT APYT OT Apyra M OT MaTepud (Kak
yTBepknan MunkoBckuii B 1908 1. [18] “Henceforth space by itself, and time by itself, are doomed to
fade away into mere shadows, and only a kind of union of the two will preserve an independent reality".
“C 3THX TOp MPOCTPAHCTBO caMO 1O cede U BpeMs caMo 10 cede MCUYe3ar0T B TEHIX, U TOIBKO KaKOH-TO
TUI UX €IUHCTBA COXPAHIET HE3ABHCUMYIO PEaIbHOCTE ).

Kpowme Toro, 4To BakKHO B ITaHHOM CiTy4ae, B MOJIENIN MIPAaBHUII0/BO3MOXXHOCTH “‘Bpems™ B
Martepuu “IBOMCTBEHHO”, 37€Ch NEHCTBYIOT JBa NpPaBHUJIa/BO3MOXHOCTH: “HCTHHHOE (WIH
“abcomoTHOE™) BpeMs” U “KOOpAWMHATHOEe Bpems . VCTHHHOe BpeMs ecTh pearu3aius
YHUBEPCAIBHOTO TPaBUIIa/BO3MOKHOCTH “Bpems”, koTopoe AeicTByeT Ha BceM MHOMKECTBE H
yCTaHaBIUBACT, UTO JF000€ UsMeHeHue — BHYTPEHHETO COCTOSIHUS MaTepUalbHOrO 00BEKTa WK
€ro IMOJIOKEHUS B IPOCTPAHCTBE — JOJDKHO COINPOBOXKAATHCS 3aTpauyeHHBIM ‘‘UHmepeaiom

ucmunnoco epemenu”. Koopounammnoe spems cneyuuyno 015 KOHKpemHo2o nooMuoacecmaa



“Hawa Mamepua” (0OHO TIO3BONSET/yIpaBIseT OOpaTHBIMUA (OOpPATHMBIMH) IIPOIIECCaMH,
KOTOpble (OPMaJIbHO JIOTMYECKH HE ONPEHEISIOTCS MCTHHHBIM BPEMEHEM) M yCTAaHABIUBACT,
YTO J1I000€ UZMEHEeHUEe MONbKO GHYMPEHHe20 COCHMOSHUS MAMepuanbho2o obvexma IOIKHO
COMPOBOXKMATECS ~ 3aTPAuCHHBIM  “UHMEPBANIOM  KOOpOuHamuozo  epemenu”.  VIMeHHO
KOOpIUHATHOE BpeMs ¢ 3 MPOCTPaHCTBEHHBIMH KOOPAWHATAMH O0pa3yroT, Kak BO3MOXKHOCTH,
“4D mpocTpaHCTBEHHO-BPEMEHHOW KOHTEiHEp”; TIe BpeMeHHas KoopAuWHaTa I[oaoOHa
npocTpaHcTBeHHBIM W DJID MoxeT ¢umn-ath (PAUI-TOYKA MOXKET IBUTaTbCs C IIAroM,
PaBHBIM TPOCTPAHCTBEHHOMY Imary) B OOOMX — TIOJIOKUTEIBHOM W OTPULATEIBHOM
HAIpaBJICHUSIX KOOPIWHATHOT'O BPEMEHH.

Takum o6pazom, MaTepualbHble OOBEKTHI MOTYT OBITh B pa3IMYHBIX TOYKax
KOOPJIUHATHOTO BPEMEHHU — KaK, HaPUMEp, U B Pa3IMYHBIX IPOCTPAHCTBEHHBIX TOYKAX.

4D mpoctpaHCcTBO-BpeMsi B Matepun EBkiammoBo, 6onee Toro — “JlekapToBO”, TOCKOIBKY
BCEC 4 M3MEPEHUs G3aUMHO OPMO2OHANbHYL, YTO, BECbMa BEPOSITHO, €CTh CIEACTBHE TOTO, YTO

@JID nocuuecku umerom 4 nezasucumvix cmenenu c60600vl npu nepesopomax (prumax).

OTMeTnM, Takxe, YTO U B CHELUAIBHONW TEOPHHM OTHOCHUTEIBHOCTH CYILECTBYIOT /Ba
BpeMEHH — “TIPOCTO BpeMsi”’, T.e. BpEMEHHas KOOpAMHAaTa B MPOCTpPaHCTBE MHHKOBCKOTO, U
“coOCTBEeHHOE BpeMsi” — 4TO ecTh cieacTBue anekBaTtHOCTH CTO B HEKOTOPBIX MPHIIOKEHUSX,
XOTSl, KOHEYHO, B PEAJIFHOM IPOCTPAHCTBE-BPEMEHH HET MHHUMBIX HWJIM BpPEMEHH  WIH

MIPpOCTpaHCTBA; MHHUMBIX paCCTOSIHPII?I MCXKAY TOYKaMHu, T.II.

Ha naHHBI MOMEHT HEU3BECTHO — Kak moaMHoxkecTBo “Marepus” MOSBUIOCH U TIOYEMY
3TO JWHAMMYecKass CTPyKTypa, T.e. — MmodyeMy Marepusi HENpephIBHO HM3MEHSETCs, IS 4ero
HEOOXOOMMO [OIpOMHOE]| KOJIMYEeCTBO [(PHU3MUECKOTO TapaMeTpa) ‘“dHeprum’, KOTOPBIH
XapakTepu3yeT MHTEHCHBHOCTh U3MEHEHUH. Ho 3TO0 XOpomo ycTaHOBIEHHBIN (akT ¥ BIIOJHE
Pa3yMHO TPEION0KUTh, YTO KaXKIBIH MaTepHaNbHBIE OOBEKT HENPEPHIBHO H3MEHSETCS, MO
KpaiiHell Mepe, BHYTPEHHE, 4TO pealli3yeTcs, B TOM YHCIIE, © B TOM, YTO 6ce/ Kadicowlll
MamepuanvbHble 00vekmuvl Osudcymcs 8 4D npocmpancmee-epemenu ¢ UOEHMUYHbIMU 4-
CKOPOCMAMU, KOMOpble pAHbl CMAHOApMHOU cKopocmu ceéema. Ilpu 3TOM moNHAsS 3HEPTUA
BceXx OOBEKTOB B MaTepun TMOCTOSHHA WJIM MUHUMAIbHO TPAaTUTCS Ha BO3MOXKHBIE
B3aMMOJICUCTBUS BHE Matepuu ¢ JAPYruMU d3JieMeHTaMu MHOXKecTBa BCJEACTBUE 3aKOHA
COXpaHEHUS JHEPTUH; KOTOPHIA, B CBOIO OUEpe.b, NEHCTBYET, MpeKIe BCEro, Kak CIEACTBHE
TOTO, UTO B KOHEYHOM HTOTE [I10 KpalfHEeH Mepe MPAKTUICCKH Kbl | KaXKIpI MaTepHaTbHBIH

00BEKT €cTh OOPATUMBIN ANTOPUTM — T.€. KaK CIICJICTBHE /-CHMMETPHH (PU3HUECKHUX 3aKOHOB.

. HOCKOHLKy AJITOPUTMEI B MaTepI/II/I, BECbMa BCPOATHO, MMPOCTHI U TOTAJIBHO CTAHAAPTHU30BaHbI
JJIsL BCEX ‘IaCTI/II_I/ 00OBEKTOB B MaTepI/II/I, COOTBCTCTBYIOIIHUEC NPOCTPAHCTBCHHBIC U BPCMCHHBIC

BCIINMYMHBI (BEJ'II/ILII/IHBI MMPOCTPaHCTBCHHBIX u BPEMCHHBIX I/IHTepBaJ'IOB), KOTOpPBIC



3aTpavuBarOTCA (COHpOBO)KI[aIOT) Ipu IaHHOM (1)H3I/I‘IGCKOM npouecce) CTaHAAPTHO U3MCPUMBI
U MOTryT OBITh HCIIOJIB30BAHEI — H HCIMOJIB3YIOTCA - KaK HCKHC riao0anbHbIE / YHHUBCPCAJIBbHBIC

NEPEMCHHBIC TP OITMCAHUHN (l)I/ISI/ILIeCKI/IX IpoHecCOB B MPOCTPAHCTBC-BPCMCHU.

2.2 «Pa3Butune» (peanusanusi)) Undopmannu B Matepuu

2.2.1 DaemMeHTapHbIe (Cy0aTOMHBbIE) YACTHIbI

Wrak, nadopMaOHHEIN MOAX0 03HAYaeT, YTO BCEe B MaTepuu ecTh Ipeodpa3zoBaHus
(mpu oOMeHe MCTHHHOW WH(popManmel) onpeneneHHbx nHhopMaruoHHeix crpykryp (MC) n
YTO 3JIEMEHTAapHBIE YACTULBI TAKKE SABJISIOTCS KaKuMH-To nepsudaHbiMu VIC. U3 Toro, uto: (i) —
KaXIbIii MaTepHaJIbHBI 00BEKT, BKIIIOUAs KaXKAYI0 YaCTHILY, HENPEPbi6HO UMEHAemcs, U, IPU
3ToM (i) — TPaKTUYECKH BCE OCHOBHblE YACMUYbl, COCTABISIONINE OOBEKTHI CMAOULbHYL,
credyem GnoiHe pasymMHoe Npeonoiodcenue, Ymo Kaxicodas 4acmuya ecmov HeKull YUKIUYHbIL
aneopumm, KOTOPBIM BBIMOJHSAETCS C BBICOKOW TakTOBOH uyacTtoToil. CooTBeTcTBeHHO B [1]
(4TO COBEPILECHHO €CTECTBEHHO CIEAyeT U U3 [Ipunyuna HeonpedeneHHocmu) U YacTUL ObLTH
NpPEASIOKEHB JBa THMA «MHPopManuoHHBIX TokoB» (IC) — («BpemenHoi») - “time IC” wu
(mpoctpancTBeHHbIi) “space IC”- u, Takke, ABa THNA (QUKCHPOBAHHOM WHQopManuuand;
UCIIONIB3YSl TP 3TOM TOJBKO caMble oOmme (U3UUECKHE MapaMeTpbl U TPHUBEICHHYIO

koHctanTy [lnanka (37emenTapHoe aeicrue), 7i:

- the time IC (t-IC):

J, =%moc2, (1)
- the space IC (s-IC):

Jy = %moczﬂz, @
- ¢ukcupoBaHHas HHGOPMAIIHS:

Al M= % 3)

(v — ckopocts wactuue, S =v/c, }/:1/(1—,32)”2 - JlopeHu-¢pakrop npH IBHKEHHU
qactuipl, AM — yIJIOBOH MOMEHT , My — Macca TIIOKOS YacTUIlbl. Pa3MepHOCTH
IPOCTPAHCTBEHHOTO ¥ BPEMEHHOIO TOKOB [bit/s], pasMepHOCTh (pUKCHPOBAHHON MH(OPMAIMH
[bit]). Kpome Toro, ¢ukcuposanHas MH(GOPMAIMA COOTBETCTBYET, COBEPLIEHHO €CTECTBEHHO,

TaKxKe PU3NUECKOMY JICHCTBHUIO, S .

BHpO‘ICM, HCOGXOZII/IMO OTMETUTD, YTO IPU ABMIKCHUHU YaCTUIbI HCOIIPECACICHHOCTL €€

napamMeTpoB OIPEACTIACTCA HpI/IHHI/IHOM HCONPECACJICHHOCTH, W MHHHUMAJIIBHOC HN3MCHCHUC



napametpoB (0 KpaiiHedl Mepe, (U3MYECKOro MIEHCTBHSI) HAa OAMH OMT PaBHO IIOJIOBHHE
NpUBEIEHHOM KOHCTaHThl [lnanka, Hanpumep: AS = Ax-Ap =h/2. Drto moxer norpeboBarh

HeKOTOpOﬁ MOI[I/I(l)PIKaI_II/II/I (l)HBI/I‘leCKOﬁ MOACIH, HpeHCTaBHCHHOﬁ HMKE B CTAaTrb€, HO, IIO
Kpaﬁﬂeﬁ MEpC B IICPBOM HpI/I6J'II/DKCHI/II/I, COOTBETCTBYIOIIIAsA KOPPCKIHA MOACIN OKaKETCA HC
CJIMIIKOM CymeCTBCHHOﬁ n B ,I[aJ'II:HCﬁHlCM Mbl TMPUHUMACM COOTBCTCTBUEC «U3MCHCHHUC B

JeicTBHUM (MM YTIIOBOTO MOMEHTA) PaBHBIM /1 .

[IpuBenenHsle BhIIE MpeAnonoxeHus B obmem coriacyiores ¢ C. F. Weizsdcker’s
“treopuert UR-anpTepHaTuB”, («but-anprepHatuB» B mepeBoje ¢ Hemeukoro, B 50-x romax
CJIIOBO «OHuT» emie He OBUIO MOTHBIM) KOTOpas ObUIa TMpeaioskeHa BeHzexkkepoMm B 1950
ronel [19, 20]. B UR- Teopuu UCIIONB3YETCS XOPOIIO U3BECTHOE MaTEMaTHIECKOE TIOJIOKEHUE,
9TO JIIOOOH BEKTOp B 3-D mpocTpaHcTBe MOXET OBITH MPEACTABICH HEKOCH JHMHEHHOU
KOMOHMHAIIMEH TBYMEPHBIX CIIMHOPOB; U3 YEro CIEAYIOT KaK MUHUMYM /IBa BaXKHBIX CJICACTBUSL:
(1) — Tpex MEpHOCTH MPOCTPAHCTBA MOJIOKEHUN» (T.€. IPOCTPAHCTBA B JAHHOU cTaThe), u (ii) —
M000# 00BEKT, KOTOPHIH B KBAHTOBOW TEOPHH TIPeACTaBlieH B [ MILOEPTOBOM MPOCTPAHCTBE,
MOXeT OBITh ONHCaH B IPOCTPAHCTBE COCTOSIHUN, KOTOPOE H30MOP(YHO MOIIPOCTPAHCTBY
TEH30PHOTO NMPOU3BEACHUS ABYMEPHBIX KOMIIJIEKCHBIX IPOCTPAHCTB; U, Aajiee, ...We claim to
derive from this interpretation of quantum theory both the three-dimensionality of space and the
theory of relativity” (Mbl 0OBsIBIIsIEM, YTO W3 JaHHOW WHTEPIIPETAllMd KBAaHTOBOW TEOPHH

CIIeAyIOT 00a — TpeX MEPHOCTb IPOCTPAHCTBA M TEOPUS OTHOCUTEIBHOCTH) [21].

OfHaKko CyLIECTBYIOT CYIIECTBEHHBIE OTIMYUS MeEXIy NaHHOW mozjensto u Ur-
TeopHeH, npexae Bcero - Ur-Teopus MpearnoiaraeT, 4to gyHaameHTanbHbIMI “Urs” SIBISIOTCS,
(akTHUEeCKH, SIeMEHTapHbIe YacTHUIIBI, TOTJa KaKk B WHPOPMALIMOHHON MOJETN BBOJUTCS Ooee

HU3KUH ypoBeHb — DJID-ypoBeHb.

DJeMeHTapHas YacTHIla B JaHHOM MOJeNn rpy00 MOXKET OBITh IpPEICTaBJICHA Kak
HEKOTOpas 3aMKHYyTasl KOJbIlEBas JIOTHYECKas CTpykTypa (amropurm) u3z DJID, koropsie
MOCJICIOBATEIIEHO — M HETIPEPHIBHO — MEPEBOPAYNBAIOTCS (T.€. YACTHIIBI €CTh 3aMKHYTHIE “DJID
(baun-Toku”), MPU TOM “‘YHHUBEpCAIbHO 3HaYMMbIMU™ (manee “us-FLE”) s BHemnedt (ams

JAaHHOW "acThIbl) MaTepun Matter sBistoress DJID, koropeie paumn-ator B kKoHIe PJID- muaNHA,

KOTOpask MMEET JJIMHY paBHYyH0 KOMITOHOBCKOW [jiMHE dacTuipbl, A = ;  paguyc

ym,c
3aMKHYTOW (KpyroBod) JHHWUHU (TIOJIHOTO aJTOpPHUTMa YaCTHIIHI) Takke paBeH ¢
Komnronosckoit mmune, 7 = A. Cxkopocts ¢uumn-oB us-FLE Bo Bpemenu ects the time IC in
Eq. (1).
Jis TakuxX TPENoIONKEHUH eCTh HECKOJIbKO O00OOCHOBAHWIA, HANIPUMEP: B CTaTHKE B

JacTHUIle “‘aKTHBHAs To4ka’ mepeBopaunBaromuxcs OJID aBmxercs mo 3amkHyToM memu DJID



CO CKOPOCTBIO CBETA. JHEPrusi TOUKU ecth E = pc, ee umnynse p =M /A . Jlns vacTuisl,

m,c

MMEIONIEH «yTJIIOBO MOMEHT TOYKH» , M, paBHBII CIIUHY YACTHIIBI, HATIPUMED., Y2 fi, p =

2
U SHEPrus «TOYKUN» ecth £ = m,c /2 - T.C. 3HAUCHHUEC, KOTOPOC HE CJIHMIIKOM OTINYACTCA OT
pCajlbHOIO (OTMGTI/IM, OJHAaKO, 4YTO (l)epMI/IOHLI HMEIOT CiuH 1 BIOJb BpeMeHHOﬁ OCHh U Ha

2
camoMm ziene £ =myc” — cM. Huxe).

N3 dakra, uyto mIg CTaOMIBHON YACTHIBI €€ BPEMEHHOW TOK HHKOTIa HeE
OCTaHABJIMBACTCS (T.e. HET NWUCCUIIANMK dHepruu) ciexyer, uto FLES, a Takke 3aMKHYTHIH
UKIAYECKUH allTOPUTM, KOTOPBIN OIpeenseT crnenndudeckine CBONCTBA YaCTHIIBI, SBISIOTCS
oOparuMbiMH Konmamu. W cremyer, Takke, 4TO NaXe B Clydyae CTAlMOHAPHOTO alfOPHTMa
(dactuma B cratuke), korna OJID ¢ruun-aer B T0KaTbHON MPOCTPAHCTBEHHOM 00JIACTH, YaCTHIIA

BCErjaa TakKKC IBMXXCTCA U B, 110 KpaﬁHeﬁ MEpC, UCTUHHOM BPCMCHU.

Otcioga cienyeT mapa TPUBHAIBHBIX, HO BaKHBIX, CIEACTBUS: (1) — CTaHOBHUTCS
MOHSATHBIM OJVH M3 BaXKHBIX IIOCTYJIATOB KBAHTOBOW MEXAHUKH — IIOCTYJAT TOKIECTBEHHOCTHU
YacTHL: UHPOPMAIHS €CTh €ANHCTBEHHOE, YTO MOXKET UMETh aOCOMIOTHO OAMHAKOBHIC KOTIHH,
MO3TOMY YacTUIBI JTAaHHOTO THIIA, BECbMa BEPOSATHO, €CTh MPOCTO MH()OPMALMOHHBIC KIIOHBI, U
(i) oxaspIBaeTCs pa3yMHBIM MPENNOIO0KUTE, YTO YaCTHIIEI M COOTBETCTBYIOIINE aHTHYACTUIIBI
oTIM4aroTcs (10 MEHbIIEH Mepe) TeM, YTO UMEIOT Pa3InYHbIE — MPsIMBbIE U 0OpaTHBIE MOPSIKU
CJIeIOBaHMs KOMaHJ] B CBOMX ayropuTMax. IIpn aToM aHTH9acTUIa BBITTSIAUT Kak €ciy Obl OHa
(CKUBET» - U JCWCTBUTENIHO IBMKETCS B OTPHULIATEIILHOM HAIPaBICHUH BO [KOOPAMHATHOM]

BPEMEHU B CPABHEHUH C YACTHULEH.

[Tockompky DJID B wacTHIle MOCIICIOBATEIFHO HEMPEPHIBHO MepeBopaunBatorcs, OJID
B YAaCTHIIE «OCTAIOTCS Ha CBOMX MECTaxX B IMPOCTPAHCTBE», HO ABIKYTCA (IO KpaliHeill mepe B
abCONIOTHOM) BO BpEMEHH, KOJa B TIPOCTPAHCTBE «(MIWMIHMHT TOYKA» JABIDKETCS TIO
OKPYKHOCTH — TpaeKTopus (IMIIOB B TPOCTPAHCTBE-BPEMEHW €CTh HeKkas crupaib. Ecmm
YacTHIA JIBUTACTCSA €Ileé M B TPOCTPAHCTBE, TOTNA IOSBISAETCA AOMOJNHHUTEIhHAs CTETICHb
cB000mbI, DJID YacTUIBI TOMKEH BBIMOIHATH «IIPOCTPAHCTBEHHBIE (DIUMBD) YTOOBI M3MEHHUTH
MPOCTPAHCTBEHHBIE KOOPUHATHI YACTHIIBI.
31eck BBeIeM OdYepeaHOe TPEAINONIoKeHne. B paccMOTpeHuH BBINIE U 4acTUI] OBLIO
JIOCTaTOYHO BO3MOXKHOCTH CYIIECTBOBaTh M JBUraThCs B “‘mmyctoM 4D mpocTpaHCTBEHHO-
BpeMeHHOM KoHTeiHepe”. Ho ecii yyuThIBaTh B3aMMOJIEHCTBUS YaCTHUII, BKIIOYAs POXKICHUE
YacTHIl, TIOJIL U T.I., IPEICTABISETCS Pa3yMHBIM MPEINON0KEHUE, YTO ITOT KOHTCHHEp He

MYCT, a 3amloiHeH TuIoTHOM petnetkoit FLE — nexum “4D adupom”. Torna, Hanpumep, 4acTHIIBI



CTAHOBATCA KaKHUMHU-TO LNUKINYCCKUMHU BO3MYUIICHUIMU a(bnpa, a JIBMXKCHHC 4YaCTHUIbI —
NEPpEMCIICHUCM STOr0 BO3MYIICHUS B crarudyeckoir 4D cpeac, KOTOpOC IMpoucxoaur cC

ITOCTOSIHHOM CKOPOCTBIO (CKOpOCTBIO CBeTa).

Anzopummuueckan mooenb mamepuanvHol yacmuysl 6 cmamuke. VItak, B JaHHON MOJIEINH,
Mo KpaiiHedl Mepe, B CTaTWKe, YaCTHIA B MPOCTPAHCTBE-BPEMEHH €CTh HEKHH IUKINYCCKU

,E[I/IHaMI/ILICCKI/II‘/'I O6’BGKT, KOTOpLIﬁ B CTaTUYCCKHUX [B HpOCTpaHCTBC] YCHIOBUAX ABUKETCA TOJIBKO

BO BpPEMCHM HMesl HEKMil mapaMeTp, KOTOPBIH Mbl Ha3blBaeM «HMIIYIbC» P, KOTOPBIH,
AQHAJIOTMYHO KJIACCHYECKOMY HMITYJbCY PpAaBEH IIPOM3BEIEHHIO MacChl U CKOPOCTH U

—

COOTBETCTBEHHO PaBEH P, = M CI, , T.c. HANPABIEH 10 OCH BpeMeHH (Z-axis); mpu stom ®JID
(IMNIUHT TOYKA JBIKETCSI MO OKPYXKHOCTH B TPOCTPAHCTBE ¢ paguycoM , A,,A, =h/ p, u
my — Hekud kodpdumment (Fig.l). HMmmynsc ¢nunmuHT TOYKH TakKKe paBeH  py;

COOTBETCTBYIOLIMI YIIOBONH MOMEHT, M , paBeH SJIeMEHTapHOMY JICWCTBHIO, /1, W BCeraa

HalpapJICH BAOJIb HANTPAaBJICHUA ABUXKXCHHUA YaCTUIIBI.

Ay

Fig. 1. MaTepuanbHast 4acTHlla B COCTOSTHUN TOKOSA. bospIast uepHast TouKa Ha OKPY>KHOCTH — ()IIUIIITUHT
@®JID. [IBwKeHHe 4acTUIIBI, KaK HEKOTOpOW crenuduieckod WHPOPMAnMOHHON CTPYKTYpPBHI BIOJb
BPEMEHHON OCH €CTb IIIar 3a II1aroMm, JAJHMHA [Iara paBHa Pagnycy OKpYKHOCTH , Ag.

Anzopummuueckas mMooesib MamMepUAIbLHOU Yacmuysl 8 0euxceruu. V13 TpUBEICHHOTO BBIIIE
CIIEIYIOT HECKOIBKO BITOJIHE Pa3yMHBIX TIPEIITOIOKCHHM.,

(1) HUrak, mocie HEHYJIEBOTO BO3IACHCTBUSA Ha KaKOH-HUOYIL 3dupHEi DJID Bmomp kakoro-
HUOYIb TPOCTPAHCTBEHHOTO/ BPEMEHHOTO HaIpaBicHUS, MaHHbIH DJID HaumHaeT QIIHI-aTh,
niepekitoyas coceHuid. [lpu sToM He uMeeT 3HaueHus, ObuUT MU naHHBIA PJID B OKOE WK 3TO
OJIMH W3 TOCJIEIOBATEIbHO (PIUM-aloNUX, Iocie OECKOHEYHO Majoro BO3JEHCTBUS, TI0 IPSMON
@®JI3. B camoM fene, Bo BTopoM ciaydae KoMITOHOBCKas JIMHA COOTBETCTBYIOIIECH «YaCTHUIIBD»
OEeCKOHEYHa, TaK YTO «YacTUIA» HMMeeT OECKOHEYHO Mayblii uMmyibc. [pyrumMu cioBamu

YacTHIIA C HeolpeAeTeHHO!H/ OeckoHeuHOl KOoMITOHOBCKOW UTMHOM MMEET HYJIEBYIO WHEPIIUIO

(HyneBy10 «Maccy MOKos» , /M) He3aBUCUMO OT Toro Obul a1 JaHHbii OJID HenoaBHkKeH WU

(num-an BIOJL MPSAMOW TOCE BO3JACHCTBHS C mepenadyeii OECKOHEYHO Majloro uMmiyiibca. U



IbTEepHATUBHOE (DIMIN-aHUE TOCJIE HEHYJIEBOTO HMMITYJIbCa BO3HHKAaET MOCKONbKY DJID He
MOXeT (ium-aTb B IEPBOHAYAIGHOM HANpPABICHHH C BpeMEeHeM (UIMI-a MEHBIIUM
[InankoBckoro BpeMeHH; coOTBeTCTBeHHO DJID  BBIHYXZeH Quum-atb B APYyroM
NPOCTPAHCTBEHHOM/ BPEMEHHOM HAalpaBlCHHUH, B PE3YJIbTATE YErO MOABISETCS ONpeAeICHHBIN
3aMKHYTBIH KOJBIIEBOM anroputM. T.e. BO3IEHCTBUE HEHYJIEBOTO UMITYJIbCa Ha KaKOH-HUOY b
@OJID npuBOIUT K MOSBJICHUIO ONpeeNieHHOH crieruduyeckoil HHYOPMAIIMOHHOW CTPYKTYPHI B
IPOCTPAHCTBE-BPEMEHH, KOTOpasi nposeisem cebs KAK KOHKpemHas uacmuya, KOTopas B
KaX/IbIii MOMEHT BpeMeHH (B mpenenax [[maHKoBCKOro BpeMeHH) cOocTOMUT u3 oaHoro PJID,

(humn-aroniero mo Crupay.

9KCHepI/IMeHTLI IMOKa3bIBAaIOT, YTO €CTh HEKOTOPOC YHCJIO BOSMOXXHBIX — U PA3JIMYHBIX
— aJIrOpUTMOB (T.€. pa3IMYHBIX YaCTHII), U3 4ero ciuenayer, uro PJID nmeror Gosee CIOKHYIO
CTPYKTYpY, 4eM IIpocTasi Ou-ctabmiibHasi, paccMaTpuBaeMasi B JaHHOW MOJIEIH, HalpMep — 3TO
HEoOXOIMMO YTOOBI ONPEAENUTH 3apsil] y 3apsDKCHHBIX 4acTHl. OJHAKo, BBIICHEHHE STOMN
CTPYKTYPBI €CTh JIeJI0 OyAyIIero, B TO BpeMs Kak — KaK IMOKa3aHO HIKE — 4TOOBI clenaTs Oomee
HOHATHBIMA OCHOBAHUSI HEKOTOPBIX CYHIECTBYIONIMX TEOPUH — CIEHUAIBHONH TEOpHH
OTHOCHTEIIbHOCTH, KBAHTOBOW MEXaHWKU M (IO KpaiHeid mepe i ctaTuku) HBIOTOHOBCKOM

TpaBHUTAIMHN JOCTATOYHO paccMaTpUBaTh TONBKO 4D Ou-crabmimpHbIe DJID.

Wrak, ecmum BO3IEHCTBHE — W COOTBETCTBYIOIIMH WMITyJIbC — HamNpaBJIeH BIOIb
BPEMEHHOTO HampaBieHHs (BIONb BpPEMEHHOH OcCH), TOrAa oOpa3syeTcs «OObIYHas
MaTepuanbHas» uvactuna (manee — «T-yactumay). BosgeiictBe B KakOoM-HHOYIb
NPOCTPAHCTBEHHOM HAIpPAaBICHUH BEAET K TMOSBICHUIO Apyroro Tuma dvacTuil. I[lockonbky
npeoOpazoBaHre NepBOHAYAIbHOro (GuunnuHr-a ®JID Broas NpAMON JTHHUM B «CHHPAb) HE
W3MEHSACT HalpaBlICHUs IBMXKEHHs (IOCJe BO3ACHCTBUS — IBMXKCHHS POXKICHHON YacTHIIBI
BJOJIb HANpaBICHUS BO3JCHCTBHUS), KOTOPOE OCTAaeTcs, B ONPEACICHHOM CMBICIE,
PaBHOMEPHBIM U MPSIMOIMHEHHBIM, T-4aCTHIIBI OTYYa0T HHEPIHIO (MacCy) TNpH ABWKEHHH B
IMPOCTPAaHCTBECHHOM HaAIIpaBJICHUHU, B TO BPEMA KaK BO BPECMCHHOM HAIIPABJICHHUU OCTAIOTCHA
«0e3MaccoBpIMUY (MMEIOLMMH HYJIEBYIO Maccy TMokos). Yactuiia, KoTopass BO3HHKAaeT B
pe3yabTaTe «IPOCTPAHCTBEHHO HAIPABICHHOTO UMITYNIbCa» (S- 4acTHIa) MOIydaeT Maccy B
BPEMEHHOM HAIpaBlieHNH, B TO BpeMs KaK B TPOCTPAHCTBEHHOM HAIIPAaBIIEHUN OCTAETCS
Oe3maccoBoil. Hampumep, 3J€KTpOHBI, NMPOTOHBI W T.NI. TOSABISAIOTCS TIOCIE «BPEMEHHO-
HAIlPaBJICHHOTO» WMITyJbca, B TO BpeMs Kak dYToObl 00pa3oBaTh «0e3MacCOBBIH B
mpocTpaHcTBe» (OTOH HeoOxXxommMo Bo3zAciicTBoBaTh Ha @DJID, KOTOpHIH QuHm-aeT B
MIPOCTPAHCTBEHHOM HAIIPABJICHUU.

OTMmeTnM, OJHAKO, 4YTO BCE TMEPBUYHBIC T-4acTHUIBI SBISAIOTCA (EepMUOHAMH,

HMCIOIIMMHA CITMH 1/zh , B TO BpEMs KaK U3 PAaCCMOTPCHUA BBIIIC MOXHO IOAYMATh, YTO BCC

YaCTULBI JOJDKHBI UMETh CHHH 71 = A,p,. ; HMOCKOJIBKY B NPOCTPAHCTBE-BPEMEHH €CTH 3



NPOCTPAHCTBEHHBIX W TOJBKO OJHO BpeMEHHOe HampasieHus. IlosTomy KpyroBoit
npoctpancTBeHHBIN MK DJID-aunos, KoTopslil 00pasyercs B pe3ysibTaTe (~HaIpaBICHHOTO
UMITYJIbCa, UMEET BE OCH — f-OCh W €II€ OJHY NPOCTPAHCTBEHHYIO, HalPUMEP — €CIH KPYT
HaxoguTcs B miockoctd (X,Y) , To 3to Oyayt #- and Z- ocu; COOTBETCTBEHHO T-dacTuua
¢bopManbHO AODKHA HMETh [Ba TEPIEHAMKYISAPHO HANpaBJICHHBIX YTJIOBBIX MOMEHTOB,
K&K/l U3 KOTOPBIX paBeH 71 . B MelCTBUTENIbHOCTH U3MEPEHHBIN CIIUH (pepMHOHA OJIUH, U OH
npocmpancmeennslii 3D yriaoBoit MomeHT. Kak 1 mouemy Tak MpOMCXOIUT? — OTBET Tpedyer

JaybHeen pa3paboTK MOJIEINH.

Tem He MeHee, yrioBod MoOMeHT T-uacTHIl BIONb #-OCH (XOTS M HE HM3MEPHM), BEChbMa
BO3MOXKHO, “IpaBWIBHBIA”, T.e. paBeH /i, YTO, MOXOXKE, CJEAyeT HalnpuMmep, U3
OKCIIEPUMEHTAIBHOrO (DaKTa YTO CIHMPAILHOCTH HEMTPUHO paBHBI /1 .HeHTpHHO MMEIT CcruH
Y, moaTOMYy OHM T-4acTHIIBI ¥ UMEIOT Macchl MoKoA. OHAKO KpoMe CIIHA HEUTPUHO UMEIOT U
JIpyTol mapameTp — CIUpaibHOCTh, KoTopas paBHa 1. [To-BuanMoMy, MOCKOJBKY MacChl TTOKOS
HEHTPUHO OYEHb MaNbl M OOBIYHO OHHM JBHXKYTCS NPAKTUYECKH CO CKOPOCTBIO CBETA,
CIIUPAJIBHOCTh, BECbMa BEPOSITHO, €CTh MPOCTPAHCTBEHHAS MPOEKUUS “UCTUHHOTO BPEMEHHOT0”
CIIMHA, KOTOPBI BCEr/ia HalpaBiieH 10 4-UMITyJIbCY YaCTHIIBI; KOTOPHIA, B CBOIO OYepelb, (CM.
HIDKE) TIPAKTHYECKH TMapajulelieH, IMyCTh - X-OCH ©CJIH YacTHIA JBHIXKETCS CO CKOPOCTBHIO
ONU3KOH K CKOPOCTH CBETA BAOJb AaHHON OCH.

Ho S- yacTuibl UMEIOT “TIpaBHJIBHBIN" CIIHH, /I U IOTOMY, HanpuMep (HOTOH, UMEET TOTIBKO

“ IBe MPOEKLUHU CIIUHA ~.

Jpyroe pa3innyue NpocTpaHCTBA U BPEMEHH COCTOUT B TOM, YTO T- 4acTHIla MOXET JBUTATHCS
B 000MX — MPOCTPAHCTBEHHOM W BPEMEHHOM HANpaBIEHUSAX, TOTAAa Kak S — dactuma (Io
KpaiiHeil Mepe, - (JOTOH) ABHXKETCS TOJIBKO B NMPOCTPAHCTBE, W BO3JCHCTBHE BO BPEMEHHOM
HampaBJIeHMH HAa S — dYacTHIy BeleT K pokaeHuto T-uactun. bompmie o pasnuamsx

MIPOCTPAHCTBA U BpeMeHu cM. [17].

(2) U3 momenm ciemyeT eCTECTBEHHOE MPEIIONIOKEHHE: ecii T-dacThia HaXOOuTCsS B
MOKOE B TPOCTPAHCTBE, €€ (IUI-TOYKAa MABIIKETCS CO CKOPOCTHIO CBETa BO BPEMEHHOM
HaNpaBJICHUH, TO JOMOIHUTENBHBIA UMIYJIBC B IIPOCTPAHCTBEHHOM HAITPAaBICHUH MPUBOIUT K
TIOSIBIICHUIO Clenyromel «crmmpanuy. [Ipu atom (i) — aHAJIOTUYHO TPEIBIIYIIUM TpUMEpaM,

Korjga BoszaedcTBus Ha DJID, HampaBieHBI TOJBKO B NPOCTPAHCTBEHHOM MM BPEMEHHOM
HAMPABICHUA M HMITYJIbChl YaCTHI[ MPOMOPIHUOHAIBHEI CKOPOCTH YacTULsl, C=1[,/Tp,

COOTBETCTBYIOUINI UMITYJIBC TAK)KE MPOMOPLMOHANIEH — B JAHHOM CIIy4ae — IPOCTPaHCTBEHHON
— CKOPOCTH YacTULbI P = ,UV, n (ii) — IPOCTpPAaHCTBEHHOE BO3ACHCTBHE IPHUBOAUT K

ABMJKCHHUIO YaCTULBI B ICJIOM B [IBYX HAIPABJICHUAX — BAOJIb HMITYJIbCa BOBHCﬁCTBHH n K



KPYTOBOMY  [JBIDKEHHIO B IUIOCKOCTH, NEPHEHOUKYJSIPHOH HMITYJIbCY; PagHyC 3STOH

OKpy)HOCTH paBeH A, =7/ p - T.e. paBer [le-BpoiineBckoil aiiHe BOIHBI qacTuipl. [Ipumep,

KOTJIa UMITYJIbC HallpaBJIeH BAOJb OCH X, Moka3aH Ha Fig.2.

IIpu 3TOM, KOHEYHO, YaCTULIA JBUKETCS TAKKE BIAOIb /-OCH.

Fig. 2. [Iswxenme T-wactumpl BOoahr ocu X Kak  KOMOHMHAIMS JBYX KPYIOBBIX H OJHOTO
NPSIMOJIMHEWHOTO ABW)KEHUs. bojblne 4epHble TOYKM Ha MEHBIIUX OKPYXKHOCTAX - 3TO (MIMI-AaIOIIUH
@DJID . HepensTUBUCTCKUI ciTydail.

Pesynprupyromuii umnynsc  (cm. Fig. 3) pasen: p, = p, + p,, H, IOCKOJIBKY It000€
MPOCTPAHCTBEHHOE BO3JEHCTBUE BCErJa MEPIECHIUKYJSIPHO OCH BPEMEHU, U COOTBETCTBEHHO
UMITyJIbC T-4acTuusl, P, , (@ TAKKe U ero MOAYylb, P, = M,C) HE U3MEHSIIOTCS, MOJLYIIb 3TOTO
HMITYJIbCa paBEH

_ 2 24172
pr_(pO +px) ’ (4)
¥ 11T’ YaCTHIBI B IPOCTPAHCTBE-BPEMCHHU B HANPABICHAN P, PaBEH COOTBETCTBYIOLICH JUIHHE

BonmHBL A, =1/ p, .

Fig.3. Ummynbc, P, , T-4acTHIBI OCIE IPOCTPAHCTBEHHOTO BO3ACHCTBIS C HMITYJIBCOM Py .



[Hockonbky @JID mar Bo BpeMeHu paBeH mary OJID B IpoCTpaHCTBE, B OJHY CEKYyHAY
YacTHI[A JBIDKCTCS BJIOJIb P, - HAIPABICHWS HA PACCTOSHHE, PAaBHOE CKOPOCTH CBETA, C, U
BJIOJIb OCH X - Ha paccTrosiHue v = fic.

COOTBETCTBEHHO MBI ITOJIy4aeM BTOPOE YPAaBHEHHE Ul MOIYJIS D,

b= (1_202)1/2 ’ (5a)

MU Dy
myv
(l_ﬂZ)l/Z

Tak uto @ =ym,, p, =ym,V - Kak 3TO HCTIONB3yETCS B CTAHAAPTHOMN CIICIMATBHON TEOPHH

Py =pB= =ymV/ .  (5b)

OTHOCHUTCJIBHOCTHU IIPH ONIPEACIICHUN UMITYJIbCA.

Orcroma cnmenyer, uro oauH «umm»y DJID cooTBETCTBYET, B ONMPEACIICHHOM CMBICIE,
Bpauienuto @JID Ha yron B onuH panuad. OTCr0/la BO3SMOXXHO BBEJICHNUE «CKOPOCTH BPAILECHUSD)
®JID3, @ . CkopocTh BpallleHHs €CTh BEKTOP, KOTOPBII MEPICHINKYISIPEH UMITYIbCY M MOJYIIb

(@ PaBEeH 3HAYEHUIO COOTBETCTBYIOMIETO MH(POPMAIMOHHOrO TOKa. Ha mepBbIil B3] MOKHO

OXXHJaTh, 4TO a_')r €CTh BCKTOpHAad CymMMa 5)0 nu E)rx, HO 3TO HE€ Tak. HpOCKHHH c?)r Ha OCH

. % VP x
tuXectb @, =@, U O,, = ypo,, Koraa B AeHCTBUTEIBHOCTH @, = —— = —— =

2
a, .
2, 7 7B w,

Takast cuTyanusi BOSHUKAET OISATh BCIENCTBHE (DYyHIAMEHTANBHOTO OIpaHWYCHUS Ha
¢mmmn-ckopocts OJID (koTopast Bcerna paBHa 1/7,), Kak 3T0 yXe yKasbBaIoch panee. Ilpu

9TOM, TIOCKOJIbKY MPOCTPAHCTBEHHOE BO3ICHCTBHE MMITYJIbC B  /-HANPABJICHWH, [-Iar TaKXke

HE HU3MEHAeTCs U «BPEMEHHas» CKOpocTh BpameHus @OJID mocme Bo3acHcTBUA

o, =0,(1-4)" =0,0-5).

[Tockonpky peanbHasi CKOPOCTh (IUMO-OB B [KOOPAMHATHOM| #- HampaBICHUH JUIS
IBUOKymIeWcs  [B mpocTpaHcTBe] T-4acTHIIBI CTAaHOBUTCS 3aMEJICHHOW, 3TO O3HA4YaeT, 4YTo
ANTOPUTM YaCTHUIIBI TaKkKe 3aMme yisiercsa. Ecnu yacTuma HecTaOMiIbHA U CYIIECTBYET HEHYJIeBas
BEPOSATHOCTH «COO0sI MPOTPaMMBbD» Ha KaKOM-TO KOJIBLIEBOM TaKTe (KOTJa 4acTHUIla pachaiaeTcs),

YMEHBIICHHE CKOPOCTH  #- (pnum-oB BegeT K TOMY, YTO NEPHOA IOJypacrana YacTUIIbI

172

2\—
yBemuuuBaercs B (1—/°) “pa3 mo OTHOIIEHHIO K MEPUOALY, KOrJa 4YacTHIa B TOKOE [6

npocmpchmee]. W — ecnu cuctemMa COCTOHMT U3 HECKOJIBKHX qacTul, Bce/ MIOOBIE MpoLCCChI B

o~ 25\1/2
9TOW cHCTeMe Takke 3amemusitores Ha daxkrop (1—£7)

. Hampumep mBmkymuecst 9acel —
MEXaHUYECKHE, JICKTPOHHBIE, OMOJIOTHUECKUE U T.I. — OYAYT NOKA3bl6amb MEHBIIECE BPEMS,

yeM Korjaa oHH B mokoe. Eciu Bo3nelicTBHe OBLIO Ha JMBIDKYIIYIOCS B MPOCTPAHCTBE YACTHILY,



pe3yabTaT 6y,Z[CT, KOHCYHO 3aBHUCETH OT TOIO — BO3Z[6ﬁCTBHC OBLIO HaIpaBJICHO BAOJIb UJIN
O6paTHO ABUIKCHUSA YaCTHULBI, B Cliy4ac O6paTHOl"0 BOSHCﬁCTBHH MMPOLCCChl YCKOPATCA (KaK n

Yachl).

Utak kaxknmas cBoOOAHAs yacTuIa ABWXKETCS Bcerga B 4D TpocTpaHCTBE-BPEMEHH C
MIOCTOSIHHOM CKOPOCTBIO [CBeTa] MMes, aHaJOTHYHO KJIACCHUYECKOMY HMITYJIbCY, HMITYJIbC
P =mck , tne m ectp Hekuit ko3 uumeHt (Macca), XapakTepU3YIOMINi HHEPIHIO YACTHIBI,

—

k - G,E[I/IHI/I‘{HBIfl BCKTOP, [IPU 3TOM HaCTHLla BCETAa OPUCHTUPOBAHA OTHOCUTCIIBHO k .

Bbruucnsass paboTy HEKoM cuisl [ mpu IOpOCTPaHCTBEHHOM YCKOPEHUH (BpPEMEHHOE

BO3/JICHCTBHE MMEET PE3yJbTaTOM CO3JAHUE HOBBIX YACTHII) HEKOETO TeNla MacChl 771, Ha MyTH S

(B hopmyne Eq. (6) Huxe p = p , 11 yn00CTBa), MOIy4aeM:

N

4= SZF(S)dS: pMdp:c pp—dpdp:CAP' (6)
S 2 2 2
i Po m, r(p”+myc”)

HOCKOJ’IBKy JJIA CBO6OZ{HOI>'I YacTHUIBI pa60Ta CUJIbL PE3YyJIbTATOM HMECT M3MCHCHHE €€

KUHETHUYECKOH 3Hepruu u3 (6) mosrydaem, 4To

AE=E-E,=cP-cp,, (7a)
50)07%0
— p_ moc2
P )

ISl TeNa B TIOKOE B aOCOTIOTHOM CHCTEME OTCUETa:
E,=cp, = moc2 ) (7¢)
Kpome Toro, 4to U3 pacCMOTPEHHUsI MOJEIH BBIIIC CICAYET, YTO Kakaas 4acTHIla
€CTh HEKHH THPOCKON, W IOTOMY, HAmpuMep, BO3JACHCTBHE Ha YacThily (M Ha
MaTepHalbHOE TEJI0, B KOHEYHOM CYeTe) B HEKOTOPOM HAaIPaBJICHHH MPUBOIUT K TOMY,
9TO TENO YCKOpSACTCAs B JBYX — BAOJNb M MEPHEHIAMKYJIAPHO BO3ACHCTBUIO —

HaIlpaBJICHUSX.
2.2.2 AnropuT™Mu4ecKkas MoJeJb TBEPAOro Tesa B IBHKCHHH

Briie MBI paccMaTpuBaii ABHUKCHHUC oTIenpbHOM 4actuibl. Ha HepBLIﬁ B3IJIs 1,
IMOCKOJIbKY KoMnronosckas JUIMHAa 4YaCTUIbl YMCEHBIIACTCA, Pa3MCPbl YaCTULBI JOJIXKHbBI OBITH
MCHBIIC, YEM OHH B IIOKOC€. OZ[HaKO, TMOCKOJIBKY  «IIPOCTPAHCTBCHHO-HAIIPABJICHHOC)
BO3JICHCTBHE HE BIMSIET Ha «BPEMCHHYIO» KOMHTOHOBCKyIO JJIMHY YaCTUIbI, pa3MCPbl YaCTULIbL
B MPOCTPAHCTBC-BPEMCHU OCTAIOTCA TEMU K€, YTO U B MOKOC, XOTA TPACKTOPUA (I)J'II/IH-TO‘{KI/I B

IPOCTPAHCTBE-BPEMEHH YCIIOKHSIETCSI IO CPAaBHEHMIO C OKPY)KHOCThIO. OJIHAKO IIOCKOCTh



KPYTOBOTO JBIMIKEHHs ()IMI-TOYKM BCETJA OCTAETCA OPTOTOHAIBHOW K HampaBieHuro — 4-
MMYyJIbCa YaCTUIIBL. [Ipr 5TOM mepBOHAYAIbHAS OKPYXKHOCTH MOBOPAYUBAETCS B IPOCTPAHCTBE-
Bpemenn Ha yron A¢ (em. Fig. 3), Cos(A¢) = (1- B%)">.

Eciu Hekast cucTeMa 4acTuIl 00pasyeT KeCTKYI0 CHCTEMY, HAlPpUMeEp, CTEPXKEeHb, BCE TEJO

[EJTUKOM TIOBOpauMBaeTCsl Ha 3TOT yrodl, Hanpumep B ruiockoct (X, cf) cMm. (Fig. 4)

(b)

A @

ct

Fig.4. CrepxeHp AnuHOW L JBMKETCS B IIPOCTPAHCTBE-BPEMEHH: (2) — CTEPIKEHb B TIOKOE€ OTHOCHTEIILHO
NPOCTpaHCTBa (IBMXKETCS TOJBKO B [KOOpIMHATHOM| BPEMEHH) B aOCONIOTHOW cucrteme orcuera, (b) -

CTCPIKCHDb TAKIKE JIBUIKCTCA BAOJIb OCU X-axis co CKOPOCTBIO V.t- KOOPAUHATHOC BPEMHI.

Takum 00pa3oM, IPOSKITHS YACTHIIBI Ha MPOCTPAHCTBEHHYIO IJIOCKOCTh CTAHOBUTCS MEHBIIICH B
HAIpaBJICHUUA €€ MPOCTPAHCTBECHHOTO IBHXKCHUA. B craHmapTHOW Teopuu 3TOT 3(¢eKT
U3BECTEH Kak «DuTipkepanpaa-Jlopaia cokpamenue» [22].

W3 Fig. 4 HeMeIICHHO CIEAyIOT OCHOBHBIE NPe0oOpa3oBaHUS  CHCIHAIBLHON TEOpUHU
OTHOCUTEIBHOCTHU (BIIpOUEM Kak U Teopuu JlopeHra), T.e., [eciu 3aHIi KOHEI[ CTEpKHS ObLT B
touke (ct,0,0,0) B HEKOel abCOIIOTHOM cHcTeMe oTcueTra] npeodpazoBanus JlopeHia:

- HlepBOE ypaBHEHHE
x=Vt+x'(1-p*)", (8)

- M BTOpOE:
(== )R- 9

(ypaBHEHHs BBIIIE JIETKO TPHUBOIATCA K craHmapTHoH ¢opme mno Ilyankape), HO ¢
cymectBeHHBIM oTauuneM oT CTO — amu npeoobpazosanusa ne onpedenenvt na eécem [6¢ CTO -
nceso0esKIud08oM] npocmpancmee-epemeny Mamepuu, OHU 6ePHBL MOABKO 0151 KOHKPEHHBIX

JcecmKux mexanuueckux cucmem (HampuMep, cucTeMa 3eMIII+CIYyTHUK €CTh JKecTKas



cucTeMa MpM JEiCTBUM CHIJIBI TpaBUTalUu). Bojee Toro, mepeMeHHble X',¢ He sBnsioTCS 4-

KOOPJIUHATAMH TOYEK B MPOCTPAHCTBE-BPEMEHH; 3TO U3MEPCHHBIC JIMHEHKAMH HEKOW CHCTEMBI
oTcyerta (311eCh - Ha CTEPXKHE) PacCTOSHUS (34eCh- OT 33JHET0 KOHIA cTepxHs) to some (here —
the rod’s) 1o TOYeK MaTepUANBHOTO TENla U MOKA3aHUS YacOB B ATHX TOYKAX, €CIU ITH YacChl

ObLIH Ppa3MCUICHBI BAOJb CTECPKHA U CUHXPOHU3UPOBAHBI, HAITPUMEP A0 YCKOPCHUA CTCPIKHA 10

ckopoctu Vi x'€(0,L), xe(x,,x); X,=Vt, x,=Vt+L(1-p£)" and t' e (t,t]);

fy=11- )",

U3 Fig. 4 ciaenyeT Takke 4TO €CJIM, HallpUMeEp, [apa 4acoB HAXOAATCS B Pa3HBIX TOKaxX Ha
CTepKHE, TO OHM OKa3bIBAIOTCS B pa3Hbl TOYKAX KOOPAMHATHOI'O BPEMEHH; H, TOCKOJBKY
KOOpAMHATHOE BpeMsl €CcTh “BpeMs 3TO TO YTO IMOKAa3bIBAIOT Yachl’, Yachl, HaIpHUMep Ha
NepeHeM KOHIIE OKa3bIBAIOTCSI  IOCTe YCKOpPEeHHs ‘B NMPOLUIOM BPEMEHH B CpPaBHEHHU C

yacaMHu Ha 3a/JIHEM KOHIIE CTEPXKHS U TIOKA3bIBAIOT BPEMsS KOTOPOE MEHBINE Ha JEKPEMEHT
, VL
®orra-Jlopennat [24], [27] At = ——,TAe L - inHa CTePIKHSL
c

Taxkum O6p330M COOBITHS OOIHOBPCMCHHBLIC B MOKOSIIEHCS CUCTEME OTCUCTa OKa3hIBAIOTCS
HCOAHOBPEMCHHBIMU B ,E[BI/DKYI.LICI\/’ICS CHUCTEME — DOTOT B(I)q)CKT BBOJUTCA B CTO «xak

“OTHOCUTEIHHOCTh OHOBPEMEHHOCTH .

Ho emie pa3z, 3ToT 3hpektT umeet MecTo OBITH TOJBKO €CIIU “KOOPIUHATHBIC OCH~ CHCTEMBI
OTCYeTa €CTh JXECTKHE MaTepHajJbHble CTEP)KHH, OHM HUKOMM O0pa3oM HE MOTyT OBITh
“BUPTyalbHBIMUI” ¥ CYyIIECTBOBaTb BO BCEM IPOCTPAHCTBE-BPEMEHH BO BceneHHOM.
Hampumep, ecnm mapy CBOOOJHBIX CHHXPOHH3UPOBAaHHBIX [0 YCKOpEHHs| HacoB,
pa3MeIIeHHbIX Ha pAcCTOSHUHM L, yCKOPUTH HE3aBUCHMO M C OJUHAKOBHI YCKOPEHHEM JI0
CKOpOCTH V, TO pacCcTOSHHE MEXY YacaMH HEe COKPATUTCS M OCTAaHETCS PaBHBIM L; TIpU 3TOM
Yachl IPY WHEPLIUATBHOM JIBIKEHUH OYyIIyT IMMOKa3bIBaTh OAMHAKOBOE BpEMs, T.€. K TOMY Xke 0e3
“OTHOCHUTEIHHOCTH OHOBpeMeHHoCcTH ~ (“‘mapamokc bemra”).

Takum 00pazom, eciy UCTIONh30BATh CHCTEMY KECTKO CBSI3aHHBIX U CBOOOJTHBIX YacOB, TO

OKa3bIBAETCS BO3MOXKHBIM H3MEPCHHE a0COFOTHON CKOPOCTH JaHHOU CUCTEMBI [25], [26].
2.2.3 Uapopmanuonnas moxesas u CTO

Bce BbIpakeHUs BbIIE MOJTHOCTBIO COOTBETCTBYIOT CBOMM aHAJOraM B CIIELUAIBHON TEOPHU
otHocuTenbHOCTU. Ho ecTh BaxkHoe oTnuuue. CTO paccMaTpuBaeT 2100anbHble MHEpLUATbHBIE
«CHUCTEMBI OTCYETa», NBMXKYIIHMECS OTHOCUTENBHO JIPYT Jpyra, KOTOpHIE OMpPEAECIEHBl BO BCEM.
IpoCTpaHcTBe-BpeMeHn Marepun. [Ipu 5TOM KoopauHaTel (£, 7 ) 1060l MOUKU 80 6cem

(BOBMOKHO  OECKOHEUHOM)  HPOCHMPAHCHEe-8PEMeHY  ONPEACISIIOTCS  CUMMEMPUYHO U



9IKBUBANIEHMHO OJiA 6CeX CUcmem omcyemd, TIPH 3TOM COOTHOLICHUS MEXIYy KOOpAWHATAMU
ompeeNsoTes nmpeodpasoBanusamu JlopeHna. DTo BeAeT K TOMY, YTO B HEKOTOPBIX KHHUTaX, I71e
m3naraercsi CTO, MOXKHO BCTPETHTh YTBEPIKICHUS BPOJE: «IPH IBIKCHHH CHCTEMBI OTCUETa
BpeMsi TIpeBpaliaeTcs B IpOCTPaHCTBO B HaoOopoT» (“Zum Raum wird hier die Zeit” — cnosa
Barneposckoro INapcudans B [19]), nin «IBHKEHHE CHCTEMBI OTCYETAa OTHOCHTENBHO APYTOn
CHCTEMBl OTCYETa OJKBHBAJCHTHO BpamleHHI0 B 4-D ICEeBIOEBKIMIOBOM NPOCTPAHCTBE
[MuHKOBCKOTO| TpU YCIOBUM YTO NPOCTPAHCTBEHHO -BPEMEHHON WHTEpBal SBIISETCS

WHBapuantom» [23], u T.1II.

Ho 3710 He Tak; mpexae BCero, MOCKOMbKY sl Takoro nojokenuss B CTO  BBomuTCs
MOJTHAsT SKBUBAJIEHTHOCTh BCEX MHEPIMAIBHBIX CHCTEM OTCYETa, B TO BpeMs KaK MpUMEHEHHE
JAHHOTO TIOCTyJaTa TPUBOAUT K OYEBHIHO JIOTMYECKH OECCMBICIEHHBIM CIEICTBHSIM,
HanpuMep — npobsiema JluHris, xoraa o6a HaOmoAaTess B ABMKYLIUXCS OTHOCUTENIBHO APYT
npyra HMCO omHOBpeMEHHO TOJKHBI BEPUTH, UTO Y BH3aBU “BpeMs 3aMeiieHHO”. [lamHas
mpo0seMa OYEBHIHO perraeTcs MpH yCioBHH, uTo Ha camoM aene MCO He SKBUBAJICHTHBI
aOCOJIOTHO U CYILIECTBYIOT BBIACICHHBIE — B KOHEYHOM cyeTe — “abCOJIIOTHBIE CHCTEMbI
orcuera”’, KOTOpPbIE HAXOAATCS B IIOKOE€ OTHOCHTENBHO aOCOOTHOTO MpocTpaHcTBa. IIpu aTom
B TEOPHUU MCUE3AIOT ¥ TaKWe BECbMa CTPaHHBIE “‘peNATUBUCTCKHUE 3P (PEKTH’, KaK ‘‘3aMelJIcHHIe
BpeMEHHU’, ‘‘COKpallleHne IMpocTpaHcTBa”, T.M. [lockombky mo0as dacTuma (MiaM cucTeMa
B3aMMOJICHCTBYIOIINX YAaCTHI, BKJIIOYas JOOOH [MPUHIMIIMAIRHO OTpaHWYEHHBIN]| Habop
CHHXPOHH3HUPOBAHHBIX YaCOB M JIMHEEK AJsI NPOCTPAHCTBEHHBIX M3MEPEHUH — T.€. — cucreMa
oTcueTa) HMMEeT CBOM COOCTBCHHbIE BPEMEHHBIE M MPOCTPAHCTBEHHBIC IapaMeTphl B
abCoOMOMHOM  NPOCMPAHCMEe-8peMeny, IBWKEHWE ITaHHOW YacCTHUIBl BIHUSET TOJBKO Ha
napameTpbl YacTHIbI (CUCTEMBI YacTHIl) U HUKAK HE BIMSET Ha BHEUIHIOI Marepuio. B T.4., —
HUYEro He MpoucXoauT ¢ 4-D EBKINAOBBIM MPOCTPaHCTBOM-BpEMEHEM, KOTOPOE B PEaIbHOCTH
HE TICEBAOEBKIUAOBO (M HE ICEBJAOPHMAHOBO Kak 3To moctyiupyerca B OTO) B KoTOopom,

HaAIIOMHUM, HeﬁCTBYIOT JBa TUIla BDECMCHU.

Kax npumep paccmotpum ctanmaptayio 3agady CTO (cm. Fig. 5): na mmatdopme, Ha
JTUHUU A B, KoTOpas epIeHIuKyIIpHa X-0CH, UMeeTCa HCTOYHHK CBeTa (B TOUKE A) U 3epKajio
(B Touke B). B Touke A Ha miatdhopMme HAXOIATCS YaChl, KOTOPHIC H3MEPSIOT BpeMs,
3aTpadeHHOE CBETOM Ha MYTh 10 3epKayia u odpaTtHo (yTh A1-B-A, Ha Fig. 5). Ilmardopma
(cucrema orcuera K') nBuxkercs B cucteMe orcuera K co ckopocthio V' Bomb ocu X.

31ech MBI IMEEM CITydaid, KOTOPBIN aHAJIOTHYCH Cydaro, Korga T-uacTuila ABMKETCS B
MPOCTPAHCTBE TOCJIE€ HEKOro BO3JICHCTBHS, KOTOPBIH Obul paccmorpeH panee (Fig. 3), HO
CIy4yau pas3IMuHbl. T-4acTHLA JBUIKETCS (X, ct) mnockoctH, Torma Kak cBeT ((OTOHBI)
JBIDKYTCS B JIFOOOM HAmpaBIICHUH TOJHKO B MPOCTPAHCTBEHHOUW — 37ech (X, Y) -IIOCKOCTH;

(hmum-Toukol (GOTOHA, MBIKYIIEHCS BBEPX W BHH3 BIOIL BpeMeHHOW ocH. I[locKoabky



cKopocTh ()OTOHOB B cucTeMe oTcdyera K paBHa CKOPOCTH cBeTa, ¢, u3 Fig. 4 HememieHHO

CEIyeT, YTO peanbHas CKOPOCTh cBeTa B cucteme K', ¢', He paBHa ¢, a paBHa
2N1/2
¢'=c(1-7)"". Ho mockonbKy JBUKYIIMECS Yachl TIOKA3bIBAIOT BPEMS, 3aME/JIEHHOE Ha TOT

xe (haKTop, UsmepenHasi CKopocTh GOTOHOB B ccTeMe K~ OKa3bIBAeTCs TAKXKE PaBHOM C.

Fig. 5. IlyTb cBeTa B NMpPOCTPAHCTBE, €CIIM MCTOYHHUK CBETa JBIIKETCS C HEKOTOPOH
ckopocTeo V' Bmoms ocu X.

Takum 00pa3oM, CKOpOCTH CBETa HE SBIISETCS KOHCTAaHTOH BO BCEX CHCTEMaX OTCYETa, B
NIEHCTBUTENHHOCTH OHA €CTh JIMINIb WHBapHaHT. Ho ecnu u3MepeHHs TPOBOIATCS BHYTPH
HEKOeH KECTKOH CHCTEMBI, TJe B3aMMOICUCTBUS KOMIIOHEHTOB JOCTATOYHO CHJIBHBIE, JTOT
HIOAHC HE CYIIeCTBEHEH, Ooiiee Toro B Texamueckux npuinoxeHusx CTO okas3piBaeTcsi BecbMa
nonie3Hoi. Hanpumep — HaOmoaTens Ha rmiaTgopMe BBINIE , IMes JaHHBIE O €€ a0COTFOTHON
CKOpPOCTH, U, COOTBETCTBEHHO — O PEalbHOW YacTOTE THKOB CBOMX YacOB MOXKET M3MEPHTh
paccrosiHue /i MEXIy UCTOUYHHKOM CBeTa W 3epkajioM. Ho B 3TOM citydae To ke (mpaBHIBHOE)
3HaYeHHE MOKHO MOJYYMTh mpolie U 0e3 AaHHBIX 00 aOCOJIIOTHOM JBIKEHHH, TOCTATOYHO, B
cootBercTBuu ¢ CTO, nu3meputs BpeMeHHOU nHTepBan Af Ui MyTH CBeTa TyJAa U 0OpaTHO M
BBIUUCINTE 3HaueHue h: h=0.5cAt, 4ro oueBHIAHO — KaK W BO MHOTHUX JIPYIHX CHTYaIHsAX
U3MEpEHHH B )KECTKOH cucTeMe — yao0Hee.

Hpyroe Becbma BaxkHoe npuMmeneHne CTO — rio0anbHBIE CHCTEMBI MO3UIMOHUPOBAHMAL,
paboTaromye B KeCTKOM cucreme ‘“3emisi +CIyTHHKH . ['paBUTallMOHHOE B3aWMOJIEHCTBHE
JOCTaTOYHO CHIIBHO YTOOBI MOJICPKUBATD JKECTKOCTh CUCTEMBI TTOCIe BbiBoga KA Ha OpOHTHL,
MO3TOMY OKa3bIBACTCS IPEHEOPEIKUMO MaJIbIM BIUSHUE U3MEHEHUH abcomoTHOM ckopoct KA,
Opy ero IBWKEHHH 1o opbute, Ha oOMeH wHpopmamumeid mexay KA m GPS cranumsvu/
KIIMeHTaMH Ha 3EMHOW TOBEPXHOCTH. Henmp3ss WCKIIOYHTh, YTO Kakue-TO I(PQEeKThI
nposiBIsAOTCA mnpu  3anycke KA, HO 3TO HeECyIIeCTBEHHO, IOCKOJIbKY uYackl Ha KA
CHHXPOHU3HUPYIOTCS YK€ Ha INTAaTHOM opOWTe Tak, Kak 23TO OBUIO OBl eciu OBI
CUHXPOHU3WPOBAaHHBIE Yachl OBUIM pa3MelIeHbl Ha OpOUTe MPH JOCTATOYHO JKECTKHUX CBSI3SX U

Yyachl 3aH;IN CBOM MecTa B 4D mpocTpaHCTBe-BpEMEHH aBTOMATHYECKH.



2.2.4 HexoTopble MpuMepsbI

JUI WIIOCTpaui pacCMOTPHUM HECKOJIBKO IPUMEPOB.

Wtak, MOCKONBKY KaXIblii MaTepHalbHBIA OOBEKT ABMXKETCS B (KoopauHaTtHOM) 4D
NPOCTPAHCTBE-BPEMEHH BCET/Ia TOJILKO CO CKOPOCTBIO CBETa, Bce OOBEKTHl B Marepuu, eciu
Marepuss oOpazoBanack B Tpeaenax OIHOTO HHTepBaia [lIaHKOBCKOTO BpEMEHH, BCErAa
HaXoJiITCsS B OJHOH TOuke aOCONIOTHOro BpeMeHH. lIMeHHO mo3ToMy 0O0BeKThl B Martepuu
B3aUMOJICHCTBYIOT IIPU KOHTAaKT€ B IIPOCTPAHCTBE, B T.4. — IpPH OSKCIEPUMEHTAIbHBIX
MCCIIEZIOBAHUAX; HECMOTPS Ha TO, YTO MPH KOHTaKTe OHM MOTYT OBbITh JajieKo JPYyT OT Apyra B
KoopAuHaTHOM BpemeHd. Hampumep (oTonsl u T-uacTHibl Bcerja HaXOAATCS B PazIHYHBIX
TOYKaX KOOPAWHATHOTO BPEMEHH, MIOCKOIBKY (DOTOHBI IBUKYTCS TOIBKO B pocTpaHcTBe. A T-

YaCTHIIHI BCETA IBIKYTCS C HEHYJIEBOW CKOPOCTHIO BO BPEMCHH.

Ipumep 1. ITo-BuariMomMy caMblif U3BECTHBIN IIpUMEpP — FKciepuMeHT Maiikenbcona-Mopiu,
rae miedn uHTepdepoMeTpa HEIIPEPHIBHO U3MCEHSIIN CBOHM MPOCSKINU B IIOCKOCTH (X, cf) plain
IIpHU a0COTFOTHOM JIBMKEHWH MHCTPYMEHTA, BKITIOYas IBIKEHHE BOKpYT 3eMHOM ocu, CorHIla,
U T.II., B COOTBETCTBHH C Joraakoil Dutipkepanbaa, 3ateM — npeobpasoBanusmu JlopeHna u

TAHHOU MOJENbIO.

IIpumep 2. I1ycTs ecTh UMITYyJICHBIH UCTOYHHK CBETa, S, W 3epKano, M, pacnosioXeHHbIe
Ha paccrosHuu I (Fig. 6). Ilociae Bembluku (POTOHBI MCTOYHMKA IBIDKYTCS IO 3€pKana U
o6paTtHO. [TockonbKy (OTOHBI SIBISIOTCS X-49aCTHLAMH U JBHXKYTCS TOJIKO B IPOCTPAHCTBE,
OHM BO3BpallatOTCsl B (IIPOCTPAHCTBEHHYIO) TOUKY, TIJleé pacloliokeH HcTouHuk. Ho B
MIPOCTPAHCTBE-BpeMeHN B 4-D TOUKEe UCTOYHMKA YXKe HET — OH (M 3epKajio) CABUHYJIHNCH 3a 3TO

BpeMsl Ha paccTosgHue 2/ BIOJb [KOOPAMHATHOW]| #-OCH.

ct

Fig. 6. Cuctema u3 NMITyJIbCHOTO MICTOYHHMKA CBETA, S, M 3epKalia, pa3MEIICHHBIX Ha pacCTOIHUH [.



Tem He MCHEC, HMCTOYHHK (I/IJ'II/I, Harpumep, LIG?J'IOBCK) BUIUT cebs — IMOCKOJIbKY oba - u
HCTOYHHK U (l)OTOHLI - HAaXOJATCA B OTHOM a0COIFOTHOM BPEMCHU; XOTd BUJAUT KaK BBITJIAICT B

MOMEHT BpemeHu 2/ /c panee.

IIpumep 3. Bo BTOpOoM mpumepe pacCMOTPUM CUCTEMY YacTHla + aHTudactuua. [lockoabky
AHTUYaCTULBl JBWXKYTCA B IPOCTPAHCTBE-BPEMEHM B OTPULATEIBHOM HANPAaBICHUU
KOODAMHATHOTO BPEMEHU, OHM HHUKOI/A HE BCTPEUYAIOTCA C YacTHLAMU B KOOPAMHATHOM
BpeMmeHu. Tak, HanmpuMep, €y Hapa 3JIeKTPOH-TIO3UTPOH poamiack Bo BpeMs Big Bang, u
YacTULbl HE B3aMMOJEWCTBOBAIM HHU C YEM JO CHUX IOpP, TO B KOOPAMHATHOM BPEMEHHU OHHU
pa3neneHbl pacCTOSHUEM OKOJO 27 MWIUIMApAOB CBETOBBIX JieT. OQHAKO, MOCKOJIBKY OHHU
BCerJa — KaK M BCS OCTallbHass Marepusi — HaxoaaTCsS B OJJHOM aOCOJIFOTHO-BPEMEHHOM TOUKE,
OHHU MOTYT B3aUMOJIEUCTBOBATh, U — MTOCKOJbKY OHU UMEIOT IMPOTUBOIIOIOKHBIE UMITYJIbCHl —
MOTYT TIPH 3TOM 00pa30BaTh yy mapy (3mech e'e - mapa B IOKOE OTHOCHUTEIHHO
a0COJIFOTHOTO MPOCTPAHCTBA) C MPOTHUBOIMOJIOKHBIMH UMIYJIbCaMH, 002 M3 KOTOPBIX
HaNpaBJICHBI (T.K. CyMMapHBI UMITYJIbC BO BPEMEHU PaBEH HYJIIO) TOJHKO B MPOCTPAHCTBE.

(cm. Fig. 7). TlonHble 4- UMIyJIbCHl € € Mapbl U ¥y Tapbl PaBHbL, M B JJAHHOM CJIy4a€ PaBHbI

Hym0. Ecnu 37ekTpoH W TO3UTPOH MMENH HEeHYJIeBBIe MPOCTPAHCTBEHHBIE MMITYJIbCHI, YHCIIO

raMma KBaHTOB MOXET OBITh M OOJIBIINM, MPH 3TOM UX MPOCTPAHCTBEHHBII MOMEHT HE OyIeT

paBeH HyJII0, HO BpPeMEHHAs KOMIOHEHTa HOIHOTO 4- UMITyJIbca Oy/leT Kak Uy €' e Tapsl, T.e.,

paBHOM HYJIIO.

AHaJIOrMYHO, NPH pacraje, HanmpuMep, 77’ Me30Ha, €ro KBapK W aHTUKBAPK pasJejieHbl B

-8
NPOCTPAHCTBE-BPEMEHH Ha paccTosiHue okoio 10™ Bmonb [c]f-ocu, 4TO ecTh O4YeHb OOJbIIOE

) +
pacCToAHUC JId CUJIIBHOTO B3aUMOACHUCTBHA, BIIPOYEM Y 77 ME30HOB 3TO PACCTOSHHUE OKOJIO

10Mm.

e it

W fet

Fig. 7. AHHUTHISAIHS 3IEKTPOH- TO3UTPOHHON TapHI.



2.2.5 Undopmanuonnas moaeJib u (ncepao-EBkiaunoseiii) popmanuzm CTO.

WTak MBI TOIOKHEI ClIEeNaTh BEIBOJ, 4TO Oonee paHHss — Dorra- durinkepanbaa- Jlopenma [26]
— n0KkanvHas (B IPOTUBOIIONOKHOCTE 2nobanvroi CTO) Bepcus Teopuu ObLIa MPaBUIBHOHN B
OTHOIIICHUU a0COJIFOTHBIX MPOCTPAHCTBA, BPEMEHU [H, B OINPEIEICHHOM CMbICIe, ddupal, XoTs
B octragbHOM craHgaptHas CTO ecTb MOINHBIA W yJOOHBI MaTEeMaTHMYSCKUH ammapar,
KOTOPBIH MO3BOJICT PEIlaTh JIOObIC MPAKTUYSCKUE 3a]]aud B MEXaHUKE U 3JICKTPOJAUHAMUKE;
Kpome, KOHEUYHO, CIydaeB, KOTJa HECKOJIbKO MATEPHABHBIX TEII He 00pa3yiom JHcecmKYio
cucmemy. OTMETHM, TaKXKe, 4TO BKJIJ DUHIITEHHA B TCOPHUIO, O€3YCIOBHO, OYCHb BaXKE€H — OH

Oonee MOAPOOHO PACCMOTPEN OUHAMUKY IBUKYIIAXCS OOBEKTOB W TIONYyYHII 3HAMEHUTYIO

bopmyny E = mc® . XoTs 5TO COOTHOLICHHE cienyer u3 npeodpazoBanuil JlopeHma u yxe
OBUIO M3BECTHO IS 3JICKTPOMArHUTHBIX IPOILECCOB, DWHINTEHH MONYYHJ €ro i OOIIero
CiIy4asi BIIEpBEIE, B TO BpeMs Kak MHOTHE (DM3UKH TyMaJid, 9To Bce B IIpmpoae MOXKHO CBeCTH
K onekTpoMarHeTu3My. COOTBETCTBEHHO TIPEICTABIAETCS Oojieeé KOPPEKTHBIM Ha3bIBaTh
JAHHYIO TEOPUIO0 KakK “@orra- OutIkepanpaa- JiHmTelHA -Jloperna Teopus” (OPDIJI-

TEOPHSI).

Kak u Egs. (1)-(3) MoryT OBITH COBEPIIICHHO €CTECTBEHHO IPEJICTABICHBI B CTAHIAPTHOM 4-
MEpHOM MpejacTaBieHnd, Torna  4-time MC ectpb (31ech MHIEKCHI MPUMEHSIOTCS 0e3 ydera
KOBapHaHTHOCTH/ KOHTPABAPUAHTHOCTH):

E ¢cp

Ju= ) =, J.B)- (10)

7
Ecau HEKOTOpasd TOYKa B CUCTEMC OTCUHETAa MMCECET KOOPAMHATLI .X/u = (t,—) , TO CKaJIAPHOC
c

MMPpOU3BCACHUC

1 .
Al=j,x, =£[Ef—(p'r)] (1

(hopMaIbHO OKa3bIBAETCS PaBHBIM KoimwdecTBYy uH(Mopmaruu (duciay (maumn-oB us-FLEs’)
HEOOXOAMMOM IS 9acTHUITBI, YTOOBI JOCTHYb 3TOM TOYKH, €CITHM YaCTHIAa MMEET KOOPIWHATHI
(0,0). OrmermMm, uro Belpakenme Eq.(11) ecth, (akTHYecKd, BBHIpAKCHHE B CTEICHH
HKCMOHEHTHI B [KBAaHTOBO-MEXaHHYECKOI | BOITHOBOHN (DYHKIIMU CBOOOIHOW YaCTHUIIBI

Ecnn mepemennsie B8 Eq. (11) ecTh mapaMeTpsl IBM)KEHHSI YaCTUIBI, TOTAA IIOJIydaeM

. N s
Al =j,X, = h[Et (p-r)]=[r=vit] 12)
:jt(l_ﬂz)t:(jt_jx)t

U3 Eq. (12) cnenyer, 4To CKOPOCTh M3MEHEHUS HHPOPMAIIMKA TIPU ABMIKEHHUH YaCTHIIbI



dl 1
E=J}(1—ﬂ2)=%m002(1—ﬂ2)”2- (13)

/4
M3 Eq. (13) cnenyet, uto ? =—L,rne L ects Jlarpamxua aj1st CBOOOTHOMN YaCTHITHI.
t

U3 Eq. (12) cneayer, uTo n3MeHeHUe HHPOPMAIIUN B0 HEKOTOPOIl TPAaeKTOPHH €CTh,
¢dakTruecku, Qusnyeckoe neicTBue. 31ech HEOOXOAMMO OTMETHUTh, YTO Ha COOTBETCTBHE
“U3MeHeHre MH(pOpMaIMK Ha KaKOW-TO TPAeKTOPHH — (PU3MUYECKOe NEHCTBUE ~, IO-BUIUMOMY,
OBLIO BIIEpBEIEC yKa3aHo B [6].

WHdopMamoHHbIe TOKU Jt » Jx, COOTBETCTBYIOT moBopoTy PJID, xorma yron

MMOBOpPOTa yrjIOBOI'O MOMCHTA q)ﬂI/IH—aIOIJ_IeI‘O DJID B IJIOCKOCTH, KOTOpas NEPHICHAUKYJIAPHA

P, €CcTb CyMMa yTJIOB IIOBOPOTA B IUIOCKOCTAX (X,Y), T.e. Ha yron ¢ (cm. Fig. 1), u (1Y), T.e.. —
Ha yrox 6, (cm. Fig. 2). «Bpemennas» gacte dasst @ = j f— j ¢ Ipu IBUKCHUN JaCTHIIBI

COOTBETCTBYET ee pusndeckomy aelicteuto Eq. (12).
2.2.6 Undopmanuonnas moaeanb u “Euclidian relativity”.

MHorve U3 HpPUBEACHHBIX BBIIIE BBIBOAOB, IOJIyYEHHBIX B JaHHOW HMH(GOPMAaLMOHHOU
MOJIeITH, OBIITH TIPEICTaBIIEHBI TAKXKE BO MHOTHX paboTax, rae pa3zpadareBaercs T.H. “Euclidian
relativity” (“EBximmoBa pensTuBucTcKas Teopus’) [28-38]: “moitHas™” mpupoma BpEMEHH,
BBeZIeHHE aOCOIIOTHOro EBKIMIOBOrO NpOCTPAaHCTBAa-BPEMEHM W HCTHHHOTO BPEMEHH
(“Supertime” B [33]), T.m.. C nmpyroit CTOpPOHBI, B TMPOTHBOITOJIONKHOCTH TaHHOW MOJEIH,
MpUHIMTHANBHBIE ookeHns B “BEuclidian relativity” B cchlTkax BhIIIE BBEJCHBI KaK HEKas
nmopabotka CTO, kak mpaBwio C¢ Hcmonb3oBaHueM ypaBHeHHsS CTO mns WHBapHaHTHOTO
WHTEpBana ds :
ds® = (cdt)’ —dr’ = (cdt)’ =ds* +dr’> = (cdt)* = (cd7)’ +dr’,
rae ¢ craHoBuTcs “Supertime” u 7 - cOOCTBEHHOE BpeMs — 4-s koopanHara B 4D EBkimnnoBomM
npocTpaHcTBe-BpeMeHu. Takoil mepexoi He COBCeM 3aKOHHBIN — 3ameHa “ds => cd7 ” BepHa
JWIIb Ui MaTepUallbHOW TOYKH, B JAPYTHX CIy4asx COOCTBEHHOE BpEeMsI HE SBISETCS
WHBapuaHtoM ds. IlodToMy, XOTS MHOTHE CJEACTBHS HaHHOTO BapHaHTa TEOPHU
OTHOCUTEIBHOCTH KOPPEKTHBI, eCTh W HEeKOppekTHhle, Hampumep B [35] (m [37])
YTBEP)KAAETCSI, YTO PEJIATUBUCTCKOE YpaBHEHHE UL CIOXKEHHUSI CKOPOCTel HEBEpHO. JTO HE
TaK, JaHHOE YpaBHEHHE €CTh CIeICTBHE NpeoOpa3zoBanuil JlopeHla, KOTOpble OBLIH TOTYy4EHBI
JlopeHnieM u mo3ke DHHIITEHHOM WMEHHO A EBKIMAOBOIO MPOCTpaHCTBA-BpEMEHH; 0

BCOCHUA HyaHKape HWHBAPHUAHTHOTI'O MHTCPBAJIa U MHUMOI'O BpEMCHU.



Kpome toro, u uro Oojee CymIeCTBEHHO, — IIPU BBEACHHU a0COJIOTHOTO MPOCTPAHCTBA-
BpemeHn aBtopel “Euclidian relativity” mnpuMeHsI0T, TeM He MeHee, NPUHIUIHATIHLHO
omnb0YHOe 0a30BO PEISTUBUCTCKOE IOJIOKEHHE O TOM, YTO KOOPAMHATHI B CHCTEME OTCYeTa
HETIOCPEICTBEHHO COOTBETCTBYIOT BCEMY IIPOCTPAHCTBY-BpEeMEHH M BBOAAT “4 D meTpuky
NPOCTPAaHCTBAa-BpeMEHH’, KOTOpash 3aBUCHT OT CHCTEMBI OTCUETa; Janee — NPUMEHSIOT
MOBOPOTHl KOOPAMHAT MpPU MEpPeXoAax, HalpuMep, MEeXIy IByMs CHCTEMaMd OTcYera,
JBIDKYIIUXCS OTHOcHTenbHO. Ho B TakoM ciydae — aHanmormyHo CTO, rie moBOpOTH cUCTEM
KOOPJIUHAT BBOAATCS IMPHHIUIHAAIBGHO, T.K. SBISIOTCS CIUHCTBEHHBIMH HETPUBUAILHBIMU
peoOpa3oBaHUsIMU, KOTOPBIE COOTBETCTBYIOT IpeoOpaszoBanusiM JlopeHna, — okasbIBaeTc,
YTO JIBE CHUCTEMBI OTCUETa OJHOBPEMEHHO HMMEIOT pa3lIMuHbIe (Pa3IMYHO HAIlpaBlICHHEIC)
BPEMCHHBIC OCH; UYMO HEeBO3MONCHO 6 DPedalbHOCMU, NOCKONbKY 6 NpOCMmpaHcmee-epemeHu
cywjecmsyem moabKo 0OHA 8peMeHHas ocb. T.e. B NEHCTBUTEIBHOCTH BO3MOXHBI, KOHEYHO,
npeoOpa3oBaHusl KOOPAWHAT, OJHAKO TOJIBKO TPAHCISIMU BIOJNb JIFOOOTO HAmNpaBlICHUS M

Bpali€HUsA, HO TOJIBKO IIPOCTPaHCTBCHHBIC.

Crenyromuii TPUHIHITHATEHEIA “PEeNITHUBUCTCKHUHN AeeKT’, KOTOPHIH TaK K¢ TIEPEHOCUTCS B
“Euclidian relativity” — B 00enx Teopusx KOOPIUHATHI B CHCTEMax OTCYeTa (M MPUMEHUMOCTh
npeoOpazoBanuii JlopeHma Kak HEMOCPEACTBEHHO OTHOCSIIMXCS K IMPOCTPAHCTBY-BPEMEHH)
OCCKOHEYHBI, B TO BpeMs Kak (CM. BBIIIE) OHU TOJBKO COOTBETCTBYIOT KHHEMAaTHUCCKHM
napaMeTpaM JIBU)KEHHsI KOHKPETHBIX JKECTKHX MaTePHAIBHBIX Tl U HE MOTYT OBITh ITOJTHOCTHIO

MIPUMEHUMBI 3a TIpeJieNiaMu Tell (CM. BbIle paszien 2.2.2).

2.2.7 Undpopmanuonnas konuenuusa u KM

Brime Mbl yke 0oTMEUalnu BaKHOE, MPSIMOE M TPUBHAJIBHOE CIIEICTBHE U3 MH()OPMAIIMOHHOM
KOHLEIINU, KOTOPOE OTHOCUTCSI KBAHTOBOM MEXAaHHUKE — YTO OAMH M3 OCHOBHBIX IIOCTYJIATOB
KM 0 TOXIECTBEHHOCTH YaCTHUL[ OJHOTO THIA €CTh PE3YJbTAT TOrO, YTO YAaCTHULbI, KAK U BCE
ocTajgbHOE B Marepur, ecTh HeKHe MH(OPMAIMOHHBIE CTPYKTYPHI, B TO BpeMs KaK OZHHUM U3

CBOMCTB MH(OPMAIIMU €CTh CBOHCTBO UMETh a0COIIOTHO UICHTHUYHBIC KOIIH.

Hpyroit 6a30Be1ii KM mocTynaT ecTh MpUHIUIHATLHAS CIIYIaHOCTE/ HEOMPEISIICHHOCTh
(hm3HYeCKUX MPOIECCOB HA MUKPO YPOBHE.

Breirnsaaut BeckMa BEpOSITHBIM, YTO 3Ta HEOMPEAEIIEHHOCTh €CTh KaKasl TO peayn3alus B
Marepun GhyHIaMEHTATBEHOM TTPOOIIEMBI, OTHOCSIICHCS K TpaBwmty “Bpems” kotopas yxe Oblia
3aTpOHyTa 3lIeCh paHee: MpaBWiIo “‘Bpems” Iorndecku BHYTpEHHE IMPOTHBOPEYHMBO, T.K.
MPUMEHSAETCS K M3MEHAIUMC o0bekTaM (mpomeccam, T.1.). [Ipm nm3MeHeHWM I0O0TO
COCTOSIHHST OOBEKTa W3MEHSIOMMNCS OOBEKT HAaXOIWUTCSH OJHOBPEMEHHO B “‘TIpOLLIOM”,

“maHHOM”, W “OyAymieM” COCTOSHHUSX (WM KaXJblii MOMEHT BpEMEHH eCTh OJIHOBPEMEHHO



“mponmbii”, “HacToSsIUi”, u “OymyIIni” MOMEHT), TOTJa KaK BCE 3TH COCTOSHHS/ MOMEHTHI
pa3MyHBI 10 onpeseNeHuto. Heckoapko cuTyanuii, KOTOpbIe CIEAYIOT U3 JaHHOH MpOoOIeMBl,
Obu paccMoTpeHbl 3eHoHoM 2500 Jer Ha3amx W €ro amopuu SBISIOTCS YOETUTENbHOU

WITIOCTpaLuei Kk mpobieme.

Hannass  (“I[IHB”) mpoGmema ecth mpobiema Mera-¢pusuueckas (BopoueM u Mera-
MAHHCTPUM-(HIIOcO(CKast) U TOTOMY MOXKET OBITH pellieHa TOJIBKO B paMKaX WHPOPMAIHOHHON
KOHIICNIIMY; M, BECbMa BEPOSATHO, YTO pelleHHe OyAeT OCHOBAaHO Ha JBYX (akTax TBEpIO
YCTaHOBJIEHHBIX B KoOHUeNuuu: (i) — Qaxte 4uro Bce (Kaxablii ameMeHT MHOXecTBa) B
MuoxectBe “HUHPopManus’” TPOUCXOAUT M YXKE MNPOM30ULIIO BCEraa, T.e.— ‘B TCUCHHE
a0COMIOTHO OECKOHEYHOTO IIPOMEKYTKA BPEMEHH CYIeCTBOBaHUs MHokecTBa ~. T.e. KaxmbIit
37MeMeHT MHOXeCTBa, BKJIIOYas H3MEPSIONIHecs] JJIEMEHTHl,, B T., KOHEYHO M KaXJbIi
MaTepUalbHbIi OOBEKT BCErla CyIIECTBYET OJHOBPEMEHHO BO BCEX CBOMX COCTOSHUSX,
KOTOPBIE €CTH/MOTYT OBITH/ OyIyT peaTn30BaHbl Y 3TOTO JJIEMEHTAa B KOHKPETHBIX CHUTYallUAX U
B KOHKPETHBIX WH(OPMAIMOHHBIX CTPYKTypax, U (ii) - MuoxectBo “UHpopmarus™ ecTh
a0CoOJIIOTHO OECKOHEYHOE MHOMKECTBO, €r0 MOIIHOCTh aOCOJIOTHO OECKOHEYHO OOJbIIe
MOIIHOCTH KOHTHHYYMa (€CJIM KOHTUHYYM-THUIIOTE3a BEPHA) YeM MOIIHOCTh KOHTHHYyMa, AJIS
KOTOPOT0, HaIpumep, ObUIH chopMyITUPOBaHbI anopud 3eHOHA. DTH IMOJIOKEHUS CMATYAIOT 0
HEKOTOPOH CTeneHu NpoOjeMy IOTHYeCKON Oa3bl TOHATHS “‘W3MeHeHue” (Kak M TOHATHUS
“Bpems”). Ho nosiBnsieTcst mpyras mpo0iieMa — eclid Bce yKe BCerjia MPOHU30II0, TO YTO €CTh
HaO00aemoe CyUIECTBOBaHUE M3MEHSIOMUXCA 00beKTOB? [lomHBI OTBET Ha MOCIEAHUIN
BOIMpOC TpedyeT nanpHenmeld pa3paOboTKH KOHIEMIWU, TEM HE MEHEE 37eCh NMPUMEM JaHHBIN
¢dakT MO KpailHeHi Mepe Kak OJKCIEpUMEHTalIbHOE OOHAPYKMBAEMBIH CYIIECTBYIOIINM
00BEKTUBHO, T.e. B Marepuu CyIIeCTBYIOT HM3MEHSIOIIUECS OOBEKTHl U COOTBETCTBYIOIINE

MPpOUCCChI.

OI[HaKO Hpo6neMa €CTb W BBITVIIAUT PpPasyMHBLIM MNPCANOJOXKHNTb, YTO XOTd OHa TaKh
pemacTrcd B KOHCYHOM CYETEC Ha CaMOM q)YHI[aMeHTaHBHOM YPOBHE B MHO)KGCTBC, OHa
CTAaHOBUTCSI CYIIECTBEHHOHM Ha ‘““Makpo YpOBHSX’, KOT/Ia TOSBISIOTCS HEKOTOpHIE HOBBIE
CTPYKTYpBI, HUMEIONINE OTHOCUTEIBHO CaMOJOCTaTOYHYIO Opranms3anuio. Hampumep -—
3JIEMEHTapHbIE YaCTUIIbl €CTh CTPYKTYphl U3 FLE koTophie uMeroT cBoiicTBa, kotopeie FLEs He
uMeoT (WM, eclii OBITh OoJjiee KOPPeKTHBIM, — KoTopele FLES HMMEOT TOIBKO HESBHO,
MOTEHITHAIIFHO); CIEIYIOIINH YPOBEHb OPTaHU3aIHH — SIIpa H aTOMBI, KOTOPbIE €CTh CTPYKTYPHI

H3 3JIEMCHTAPHBIX YaCTHUII, T.II.

Ha xaxnom criemyromeM YpOBHE HOBBIE CTPYKTYpbl CHOBa “moipkHbl pemats [THB
npoOieMy”, HO TPH 3TOM KOHKPETHBIC JIOTHUECKHE CTPYKTYpPHl HE SBISIOTCS aOCOIIOTHO

OECKOHEYHBIMH H MTOTOMY OHH HE HMEIOT “BO3MOXKHOCTeH MHOXecTBa”.



B nmanHOM WHGOPMAaMOHHOH MOIENM IMPHUMEM KakK pa3syMHOE NPEAINOJIOXKEHUE, YTO B
KOHEUHBIX (M, BO3MOXXHO B “TIpocTo OeckoHeuHbIX’) crpykrypax [IHB mpobnema permaercs
BBEJICHUEM HEONpPENeNICHHOCTH Ha HEKOTOphIX MacmTabax. Hampumep, dactuna “momydaer”
KOHKPETHYIO JIOKQJIM3aLUI0 MPOCTPAHCTBE OTHOCHTENHHO BHEIIHEH Marepuu TOJBKO Korja
¢mun-aer ee us-FLE. Mexay STHMH MOMEHTaMM TOJNOXKEHHE (M BO3MOXKHO KaKHe-TO eIle
CBOICTBA YacTHIIbI) HE OTPEICICHBI AJIs1 BHEUIHUX OOBEKTOB — aHAJIOTHYHO €CJIH B KOMITBIOTEpPE
paboTaeT Kakas-To IIporpaMMa, TO €€ COCTOSIHUE HE OIPENENIEHO Ul ApYruX MOAIporpaMMm, 1o
KpaifHell Mepe Ha BpeMs cpabaThIBaHMS AJIEKTPOHHBIX KOMIIOHEHT KOMIlbloTepa. boiee Toro,
€CJIi B MPOTpaMMe eCTh MOIIPOTrpaMMEBI, TO €€ COCTOSTHHE OKa3bIBaeTCs HEOINPEISICHHBIM IS

BHCIIHETO OKPYXKCHUA HA BPEM, HeO6XOIII/IMOG JJI 3aBECPIICHUA pa6OTI)I ImoAnporpaMmael.

N3 paccmoTpeHus Bbillie CieAyeT MPsIMO€ COOTBETCTBHME KBAHTOBOW MEXaHWUKHM W JAHHOU
nH()OPMAITMOHHON MOJIeNH, Koraa, HampuMmep, BoHa Ae bpoiins ects 3D mpoekrus 4D Gy
criipayin’”’ Ha KaKylo-HHOYIb TMPOCTPAHCTBEHHYIO ITIOCKOCTh. OTHAKO, TEKCT BBIMIC COACPIKUT
HEYTO ITOX0XKEE Ha TPIOK: BE3/Ie B TEKCTE YTBEPIKAACTCS, UTO “MFOO0H 0OBEKT, BKITIOUAs JTIO0YIO

(Mn-TouKy, ABUXKETCS B IPOCTPAHCTBE-BPEMEHU CO CKOPOCTBIO CBeTa ~, B pealbHOCTH (hiu-

TOYKA JIF000H YaCTUIIBI IBHIKETCS 1O CIIUPAIIH, T.€. IMEET CKOPOCTh PABHYIO CA/ 2 .

3nech MBI MMeeM [0 KpaiHeld Mepe] ABa ypoBHA Haja (yHAaMEHTAIbHBIM YpPOBHEM B
Mmuosxectse. [lepBeiit — the FLE’s ¢uun-[BpemenHo#| HHTEpBa, KOTOPHIA OYEBUAHO JaXKe HE
SIBIISIETCSL “TPOCTO” OECKOHEYHO ManbiM. BTopoll — dyacTmma, KOTOpas €CTb KOHKPETHBIH
[MKITMYHO MEHSIOLIUI CBOE COCTOSIHUE | alnropuT™, oopa3zoBannblii u3 FLESs.

Takum o0pazoMm, eciM B NPOCTPAHCTBE-BPEMEHM ITOCiie OECKOHEYHO Majoro HMMITYJbca
nosiBysieTcst mpsiMasi nuHA ¢uun-atomux FLEs, cooTBeTrcTByromas (UIMI-TOYKA IBHKETCS B
pemerke PJID co ckopocThio cBeTa. Ho mpu ToM cooTBeTcTByOImIas ‘“‘gyactuua’ HE TOJBKO
UMeeT “‘HyJEeBYIO0 Maccy MOKos™” (B Jr0OOM HampaBieHuu B 4D mpocTpaHCTBE-BpEMEHH), OHA
TaK)Ke€ HE JBWXKETCS B NPOCTPAHCTBE-BPEMEHHU; IIPU 3TOM, MOCKOJIBKY ee KoMnToHOBckas
JUTMHA OCECKOHEYHA, ITOJIOKEHHE TaHHOW ‘‘dacTUIlb”’ B IMPOCTPAHCTBE-BPEMEHH OECKOHETHO

HEOIPEACIICHHO.

Ecmm  wMmmynec  He OeckoHeuHO  Manblii, KoMmroHoBckas amuHa KOHEYHA |
HEOIIPEIEIICHHOCTh IOJIOKEHUSI YacTUIBI CTAHOBHUTCS OrpaHW4YeHHOH. [Ipm 3TOM Tpaekropus
(bIUIT-TOYKK CTAaHOBUTCS CIUPAJbiO, HO CKOPOCTh YACTHIBI B IEJIOM OKAa3bIBACTCS PaBHBIM
CKOPOCTH CBETa, M CKOPOCTh (DJIUI-TOYKU TI0 OKPY>KHOCTH B IUIOCKOCTH, TEPHEHIUKYISIPHON

HaIlpaBJICHUIO IBUKCHU YaCTUIBI TAKKC paBHA CKOPOCTU CBCTa



[Toyemy 3T0 Tak? — B JaHHOW MOJENH CEeroaHs oTBera HeT. Kak u B oM, 4TO, XOTS B MOJICIH
Jyaqu3M BOJHA/4acTUIIA TIOSBISETCS BIIOJHE €CTECTBEHHO, W IIOTOMY, HampuMep,
TU(paKIMOHHAs KapTUHA TPH HPOXOXKACHHM Y3KOTO IyYKa YacTHIl 4Yepe3 IIeNb BIIOJHE
00BsICHUMA,, TU(PPAKLIUI YAaCTUL TIPH MPOXOXKICHUU ABYX U Ooiee mieneil morpeOyer, BecbMa
BEPOSITHO, MPEINOI0KEHHE YTO YaCTHLA HE €CTh MPOCTON “TMHEHHBIN aJrOpuT™M, HO YacTHLA
Opy JBM)KEHUH B3aUMOACUCTBYET KaK-TO C COCEIHUMH M Janee - c¢ apyrumd  FLEs
MIPOCTPAHCTBEHHO-BPEMEHHONH  PEIIETKH; Opd  3TOM  pesyibTupylomee “o0bemMHOE”

BO3My1HeHI/Ie peHIeTKI/I UMECT CBOﬁCTBa, AHAJIOTUYHELIC B T.4. CBOﬁCTBaM Z[BI/I)KYIIIGI‘/’ICSI HaCTHUIIbI.
2.2.8 Meauanmus cHJI B CJIOKHBIX CHCTeMax

CeronmHsi M3BECTHBI 4eThHIpE “‘QyHAaMEHTANBHBIX THIIOB B3aWMOJCHCTBHUH (YETHIpE
113 29 .
(dbyHIaMEHTAIBHBIX CHJI’) — TpaBHUTAIlMOHHOE, ciaboe, snekrpomarautHoe (EM), cuimbHOE;
KOTOpBIE OTIMYAIOTCS, HAPUMEp, ISl MPOTOHA Kak (mpubmmsurenbro) 107°%:107":1:10°. B
JAHHOW MOJIENH BCE CHIIBI JOJDKHBI MMETh MEAHMaTOpHl (IIEPEHOCUYMKH B3aMMOICWCTBU),

KOTOpbIE JIEHCTBYIOT Ha [Apyrue] 4acTHIlbl ¢ epeaadeil HEKOTOPOro UMITYIIbCa, P .
[IpencraBnsercst pasyMHBIM MPEAIONOXKUTh, YTO IIPU B3aUMOACHUCTBHM  MeIuaropa ¢

YaCTULIEH  3TH HMIIYJIbChl YHUBEPCAIBHBI (37IeMEHTapHBI HUMITyJIbC, p,), U TPH

B3aMMOJICUCTBUU 00uH u3 t-IC wazoe B JAaHHOHN YacTUIlE OKa3bIBacTCs ‘‘3aTpaycHHBIM™ Ha
B3auMojielicTeue, B pesyibTare yero  t-1C wactunpl yMeHbmiaeTcss (ecid HOTEHUUATbHAsS
sHeprus, U<0) u BO3HUKAET COOTBETCTBYIOIIUN «OedeKm Maccol»; WM MOXKET “00aBUTHC” C

yBenmuuerneM t-1C ecnu U>0.

3 HekoTopsble CIeACTBUA MOJACJIN — TPABUTAIUA, YJIEKTPOCTATHKA.

3.1 I'paBuTanus: cratuyeckoe pemenue. T-uacTuubl

B nmaHHOil Momenu BHOOJHE pa3syMHO HOPENNONIOXHUTH [l] — HOCKOJIBKY IpaBUTALMS
yYHHBEpcanbHa (HE3aBUCHMa OT BUAA YAaCTHI) - YTO MOTCHLUUAIbHAs SHEPTHS CHUCTEMBI Tell
MIPOMOPIIMOHANBHA CKOPOCTH CIIYYallHBIX COBIIAJICHUI HEKUX B3auMojeiicTBuii nH(poTokoB t-1C
yacTull 3THX Tell. Takue coBmaneHHs BCerga CyIIECTBYIOT, MOCKONbKY ¢uumn-spems PJID He
paBHO Hym0. Bo-BTOpBIX, NpeamnonokuM, dYTO B TPaBUTALHOHHOM B3aUMOJEHCTBHUU
MPUHUMAIOT ydacTue Toiabko us-DJID, T.e. DJID, KOTOpBIE OTBETCTBEHHBI 32 JIOKAIU3ALUIO

HJacTUllbl B IPOCTPAHCTBC-BPEMCHMU.



OcHoBBIBasiCh Ha MOAXONE B pasfence 1 M NPEennoOKEHHWSX BBINIE, YPaBHEHMS I
IPaBUTALMOHHOTO B3aMMOACHCTBHUS MOIYYAIOTCS CIEAYIOMNM 00pa3oM.
Kak npennonoxeHno Beiie, pazmepst OJID pasusl [Tnankosckoit quue, [, . Kpome toro,
MPEANIOTI0KHIM, YTO:
(i) — ma xaxgom t-IC mare ‘“wusnmyvaromieii” YacTHOBl B TMPOCTPAHCTBE HAYMHACT
pacrpocTpaHaTscs “KoNblo” (“HUPKYIAPHBIA TPaBHTOH” naniee “TPaBUTOH) (QIHUIT-AIOIINX
®JID ¢ paguaibHON CKOPOCTHIO PaBHOW CKOPOCTH CBETA, ¢, TaK, 4TO IUIOMAAbh KOJbIAa paBHA

2rrl, (27ctl,) cm. Fig.8

Fig. 8. A sketch of a spreading of the gravitons in the space. The direction of the spreadings is random
since in reality any particle is impacted by some forces and isn’t oriented in the space constantly.

(i) —Bpemena ¢mumna ®JID, u B3anmoneticteus ®JID rpaBuToHa U (MPUHUMATOIIEH YaCTHIIHI)

us-FLE paBnbl [InaHKOBCKOMY BpEMEHU; U

(iii) — npu B3amMozxelicTBUM TpaBuToHa M us-®OJID yacTUIBI, YacTHIE C BEPOSATHOCTHIO

nepenaeTcs 3JeMEHTAapHBIN “TpaBUTALMOHHBIN UMITYJIBC.

ITo HetoToHy, eciu J1Ba Tena, € 2pagumayuOHHbIMy MaccaMu m, and 71, HaxoJATcs Ha
pPaccTOSIHUM 7, TO TPaBUTAIMOHHAS dHEprusi, £ v » PaBHA
Gmm
_ 1"
E = - (14)
r
O4eBHHO, YTO B3aMMOJACHUCTBUS TpaBUTOHOB U us-DJID gactury ecthb ciyuatinbie COOBITHS —
COBIQJICHUS HE3aBUCHMBIX IIPOLIECCOB “U3NMyYEeHUA U PaACHPOCTpaHEHUS TIPaBUTOHOB
“uznyyvaromieii” yactunbl u us-OJID dnun-os apyroit. B npenbinymux crathax ([1], [2], [25])
CKOPOCTh COBIAJICHUI B YaCTHUIIC OI[CHUBAJIACH B IPEAMOIOKECHAN YTO 00a — YHCIIO TPAaBUTOHOB

B TOYKe, rae ummn-aer us-OJID vacrun, u uncno ¢aun-os 3tux us-FLE, ciayyaitner; npu sToMm

00a umcna pacnpenenensl no 3akoHy Ilyaccona co cpenummm 7, and n,. Torpa, ecimu o6a

[cpemnue] umcna B mpenmenax I[ImaHKOBCKOTO BpeMEHH Malbl, TO XOPOIIO HW3BECTHO, HTO

CKOpOCTb COBIIaJICHUM paBHA

N, =2nn,t (15)



B neticrBurensaocTr us-FLEs wacturr mum-aroT peryispHO; TeM He MEHee, BhIpaKeHHe
(15) ocraercss BEepHBIM, €CIHM TPEATIONOKUTH, YTO B3aWMOJCHCTBHE TpaBHTOHA M us-DJID

MIPOUCXOMIUT B JTF000M MOMEHT, Korna oba [TmankoBckue nHTEpBana nepekpeBarotcs (Fig. 9).

Fig. 9. Overlapping of gravitons and us-FLE

Takxum 00pazoM, CKOPOCTh COBIA/ICHUH B YAaCTHIIE CHOBA paBHA
N.=y.n,2t (16)
rae i/, - MOTOK [s'] rpaButonoB uepes us-BOJID yacTHIIBL; n,- 4acrora us-®JI> (haum-oB

(MH(OpPMALMOHHBIN TOK YaCTHLIBI).

s HpC,Z[HOHO)KCHI/Iﬁ BBIIIC MOJy4YacM Cpe,[[HI/Ifl IOTOK I'PaBUTOHOB, HpOI/IBBO,E[HMBIfl TCIIOM C

Maccoil m, Ha pacCTOSHUH ¥ paBeH

2 2
_m¢” 2xlpr _mcl,

. 17
v ho 4nr’ 2hr (17
Y CKOPOCTb COBIIAICHUI
2 2 372
Nl My e b ML Ml g

—_— T
Ch 2r h " h2r h ¢ °© h? ¢

B hG ), .
Hockonbky ITnankosckas uHa [, = (—-)"", u3 Eq. (8) momy4aem, 4To cKOPOCTh COBMa/ICHHIt
c

B YaCTHIIC paBHA
_Gmm,

N

1= (19)
¢ hr
OuEBH/IHO, YTO €C/M TeIO MACCOH /1, CONEPKUT II060E UYUCIO HacTHI, TO CKOPOCTH

COBIIAJICHUI paBHA
Gmm
N, = # (20)

Otrmernm, uto Maccel 71, and m, B BeIpaxkeHusx (19), (20) Bbime — 510 unepyuonnvle Macchl.



[TockonmpKy B3aUMOJIEHCTBHS B TeIaX CHMMETPHUYHBI, CKOPOCTh COBITQJICHUN B IEPBOM TeJe

. Gmm,
paBHa oHO# BO BTOpoM: N, =N_,, h—, TaK 4TO ITIOJHAs I'PABUTAI[MOHHAS JHEPIHs,
r
OIIpe/IelICHHas BbIlIE B HHOPMALMOHHOH Mozienu, E ;, , BBINISAAAT Kak
Gm m
_ g 1772
- h(NCIZ +N 21) - 7 .

qTO, KOHCYHO, IIPOTHUBOPCYUT 3aKOHY HI)IOTOHa; BIIpOYEM, B TIIOCICAHEM Y4YaCTBYIOT
epasumayuoHHble MacCChI. H03TOMy MBI JOJIKHBI BBECTU IHOOIOJHUTCIBHOC IPEAIIOIOKCHHUE,

gTOoOBI y4ecTh MaHHBIN (akT. Hampumep B [39] ObUTO MpeAmnonokeHO, YTO IS M3MEHEHUS

J, HeobxonumMo B3auMozeicTBus us-FLE+graviton; ¢ nosyd4eHneM NpaBUIbHOTO BBIPAKEHUS

JJIA HOTGHHH&HLHOﬁ OHEPruu

E :_M (21)

gl
r

ukE o =F o » IPH 9TOM SHEPrHst (M COOTBETCTBYIOIIUIA nedekt Macc) paBHO MOJIEIIEHBI MEXKTY
TCIIaMU:
Gmm
E, =E, = —f : (22)
r

OTMGTI/IM, YTO U3 BBIIICHU3IOKCHHOIO CICAYCT YTO cpasumayuUoOHHAA U UHEPYUOHHAS MACCbl

udeHmuunbvl, TOCKONBKY 00€ “co3aaroTcs ~” OHUM U TeM K€ HH(OPMALMOHHBIM TOKOM TeJa.

Hﬂﬂ FpaBHTaI.[HOHHOﬁ CHIJIBI, C KOTOpOﬁ TCJia IPUTATHUBAIOTCA,, TOJTYydacM

LU VL 23)
dt 72
rac P - 9TO I/IMHyJ'ILC TCjla, B Hpe,[[HOHO)KCHI/II/I, qTO HpI/I KaXXaoM B3aHMOﬂeﬁCTBHH us—q)ﬂf) nu
. - hr
l"paBI/ITOHa HepeﬂaeTCH SHCMGHTapHBII/I I/IMHyJ'IBC pO = ——2 .
r

OTMeTuM, OHAKO, YTO IS PEIIeHUs MaHHOW ““1/2” mpoOJeMbl, T.e. — yCIOBHS, YTO IS
MOJYYCHUS] KOPPEKTHON OLICHKH TPABUTAIIMOHHOTO Me()eKTa Macc B KAXKIOM Telie He0OX0auMO,
YTOOBI CKOPOCTh COBMAJCHHA B Tele OblTa B JBa pa3a MEHBIIE, YeM JUIS  CHJIBI
rpaButanonHoro B3ammozericteus (Eqs. (22) and (23), MOXXHO Takke MPEAINONOXKHUTh, YTO

CKOpOCTH COBHa,[[eHI/Iﬁ BCC-TaKH paBHbI B obonx ClIydadXx U TOK B TCJIC MCHACTCS Ha 1 (1).]'[1/11'[

TIpU KaXK7I0M B3aHMOJICHCTBHH, OJTHAKO BEPOATHOCTh [, =1/2 31eMEHTapHBIH UMITyJIbC PaBEH

- 2h7

Po=— 7 - BOBMO)KHO, YTO TakKasd BEPCHA COOTBETCTBYCT KAKHUM-TO 06pa30M — aHaJIOTU4YHO

r

Kak B (opManmm3Me MUHKOBCKOTO TaKXe €CTh JBa “BPEeMEHH , YTO KaKHM-TO 0Opa3oM

COOTBCTCTBYCT CYLICCTBYIOIIUM B PCAJIBHOCTH TaK K€ ABYM, HCTUHHOMY W KOOPAWHATHOMY



BpEMCHAM — COOTBCTCTBYCT HCKOTOPBIM APYIUM TCOPUIM KBAaHTOBOH TrpaBUTallUi, TAC

HPEIIIONIATaeTCs YTO CIMH TPaBUTOHA (HE “IUPKYJSIPHOTO”, BripoueM) pasen 27 [42].

OTMeTHM, TakXke, YTO U3 MIPUBEICHHOM BbIIIE MOJEIH TPaBUTALIMOHHOTO B3aUMOAEHCTBUS
CIIEy€eT, UTO HE TPaBUTALMOHHAA KOHCTaHTa, (G, a IlnaHKoBCKue AIMHA, BpeMs U DJIEMEHTapHOe
JeWCTBUE SIBISIOTCS (yHAaMEHTANbHBIMH BennunHamu. Kpome Toro, mo KpaiiHeil mepe B
CTaTHKe, IUPKYJSIPHbIE TPAaBUTOHBI NEPEAaloT MPH KaXXA0M B3aMMOAEUCTBUU JIPYTOM YacTHIIE
MOJHYI0 WH(QOPMAIMIO O IMOJIOKEHUU B MPOCTPAHCTBE HUIMYHAIONICH YaCTHIBI B BEKTOPHOM

= ~/ 2
3HAYEHUHM DJIEMEHTAPHOIO UMIIYILCA P, :—hr/ r°; xora u c mpakrudeckun 100% KM

HCOIMPEACICHHOCTBIO B PACCTOSHUU.

N3 paccMOTpeHHsi BBINIE CIEIyeT, 9TO HH(POPMAIMOHHBIE TOKH B O0EHX Teaax
CTaHOBSTCS 3aMeUICHHBIMH Ha MOJIOBHHY (MPaBUTALIMOHHOM) SHEPIHHU CBSI3H (IeJIEHHYIO Ha 71,
koneuyno). Ecmm macca, M , ogHoro u3 Tea MHOTo OOjbIlle, yeM Japyras macca, M, U

OTHOCHUTCJIBbHOC YMCHBIIICHUC TOKA B MCHBIIICM TCJIC €CTh

GMm h GM
= = 24
Jo 2hr me* 2rc? 29)

COOTBCTCTBCHHO, €CJIA TeJIO-2 eCTh YqacChl, TO YaChl IIOKa3bIBalOT “FpaBI/ITaHI/IOHHOC 3aMCIJICHHC

GM

2
rc

BpeMeHH B pas, uTo B J]Ba pa3za MEHbIIIE, YEM 3TO YTBEPXKAAETCs B 00IIei Teopun

OTHOCHUTCJIbHOCTH.

Ecnu mapa uacoB pasMeleHsl Ha pasindHbIX pacCTOSHUAX OT Macchl M , ¥ u r+hyh <<r

B rpaBuTanmonHoM noie (Fig. 10)

blue

photon

Clock-1

/ y
V711777 7777777777

h |
-

Fig. 10. Two clocks are in [let — Earth] gravity field. Dotted line — a photon beam.

To oTHOCHUTEIBHEIC CKOPOCTHU UX THUKOB OTINYAIOTCA KaK

S, = GM (L1 GMh

2 r r+hl 2K

(25)
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Ha 3emHoi1 noBepxHOCTH OM), —0®, ~ g_2 , TIe g - rpaBuTannoHnoe yckopenre. B OTO sra
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pasHHLa B 1Ba pa3a Goiblie:  Om, — 0w, *

HOCKOJ’H:Ky q)OTOHBI ¢ OTJIMYAKOTCA MNPUHLUIIMATIBHO OT T-‘IaCTI/II_I, CHUJI T'paBUTALIUN
HeﬁCTByeT Ha q)OTOHBI AHAJIOTUM4YHO ,Z[eﬁCTBPIIO Ha T—‘{aCTI/ILILI. Bonbire 00 stom cJIydac —CM.

[40], [41].
3.2. DaeKkTpocTATHKA

DNEKTPUYECKOE B3aMMOJICHCTBHE BeChMa IIOX0KE Ha TPaBUTAIIMOHHOE — 00a MOTEHI[Mala
UMEIOT BUJ 1/r, €ciiv B3aUMOJICHCTBYIOT JIBa 3apSKCHHBIX TeJa, TO Ha CAaMOM JIEJIe TPOUCXOIUT
B3aUMOJICHCTBHE OTACIBHBIX [3apa)KEHHBIX| UACTHIl, 3a WCKIIOYCHHEM, KOHEYHO, HYTO
TPaBUTALIMOHHOE B3aUMOJEHCTBME MHOIO MEHBIIE 3JIEKTPUUYECKOTO M YTO JIIEKTPUUECKOE
B3aMMOJICHCTBHE MOXKET MPOSBISATHCS KaK MPUTSHKEHHUE, TaK U oTTalkuBaHne. COOTBETCTBEHHO,
MIPEICTABIIICTCS Pa3yMHBIM IPEIIOIOKHUTh, YTO BRIPAKCHHS JJIS IMOTEHITHAIOB TOJDKHBI OBITH

AHAJIOTUYHBI, HO BEPOATHOCTH B3aUMOJECUCTBUS TSI SJICKTPHUYECKOTO B3aHMOCHCTBHS OoJIbIIIe

— ¥W3-3a TOTO, YTO IUNMPHHBI KOJIbIA “HUPKYJIApHOTO (hoToHA”, W,

|, 1 “IpHHUMaroIei yactu”

FLE- nemn wactmusl, W,,

HaMHOTO Oombiie, yem pasmep oxHoro [us-] FLE B cmyuae
rpaBuTauu.. Toraa ais CKOPOCTH IIIEKTPUUYECKUX COBMAJICHUN moirydaem aHamor Egs. (15) -

(23) (mnst mapsl 4acTHI] C AIEMEHTAPHBIM 3apSAA0M , €) BRIpKEHHE

2

N = mc’® - 27rW, ,C

c21 T 2
“ 4rh

P or  (26)

rae Pg— BEpOSTHOCTH B3aMMOJICHCTBHUS €CITH Yepe3 YaCTHITY 2 TMPOXOIUT IMUPKYISIPHBINA (HOTOH,

2

UCIyIICHHBIN "acTtuned 1 7z —  “Bpems mepecedenus ~ rpymnmsl OJID 2-it gactumel. [Ipu

12
BIOJIHE PAsyMHBIX MPEANONOXEHUsX, 4urto: 7, =W,./c, W,,, =a '"A,,, tae A ectb

KommiroHoBckass mmnHa dactumbl ; Pp =1/2; m « ecTb TOCTOSHHAs TOHKOW CTPYKTYPHI,
nonydaeMm u3 Eq. (26) 4T0 snekTpuyueckas MOTeHIHAIbHAS DHEPTUs CHCTEMBI JBYX 3apsaoB

€CTh

ahc e’

U, =h-N_ =<
£ g Are,r (27a)

nu st BJIGKTpI/I‘lCCKOI\/'I CHUJIBbL B CTATUKC MMOJTy4acM



ﬂ (27b)
_ 99T

dre,r’
(Bum3y B Eq. (27b) - BEIpakeHHEe IS IPOU3BOIBHOTO 3aps/ia).

OtmeruM, uto B (27a,b) MBI IPEANONOKUIN, KaK U ISl LUPKYJISAPHOTO IPAaBUTOHA BBIIIE, YTO

2hr

7 -
r

3JIEMEHTAPHBIN UMITYIIbC, KOTOPBIIT IIepejacTcst IPU B3aUMOACHCTBHHU paBeH p, =T

OTmeTnM, Kak 3TO y)Ke OBUIO IOJIy9eHO BHIIIE JJISl TPaBUTAIMH, YTO BO3MOXKHO B
CHUCTEMax C Pa3HOWMEHHBIMH 3apsiiaMd M COOTBETCTBYIOIINM AE(PEKTOM Macc CyIIEeCTBYET

“anexmpuyeckoe 3ameodneHue epemenyu” B CHIBHO CBA3AaHHBIX 3JIEKTPUYECKHX CTPYKTYpaXx,
HampuMmep — B aromax. Hanpumep, B (44 —muon + nporoH) “atome” 4 —mMuon IOIHKEH

XKHUTh JOJIbIIE, 4YeM B CBOOOJHOM COCTOSIHUM M 3TO MOXET OBITh CYIIECTBEHHBIM
(meTexTupyeMbIM?) ecd MIOOH HaxoAuTcs Ha K-000J04Ke, HAmpUMep, aToMa ypaHa. XOTd,
KOHEYHO, TIOCKOJIbKY B JAHHOM CIIydae MIOOH OOJIbIlie BPEMEHH HAXOAUTCS BHYTPH SiApa ypaHa
¥ TaM HEKOTOpbIe APYTHE CHIIBL, KpoMe DM, MOTYT JeiicTBOBaTh Ha MIOOH, BBITJISIANT HE OYEHb

BECPOATHBIM, YTO COOTBeTCTBYIOIlII/Iﬁ OKCIICPUMCHT OKasaJCs OBl I/IH(l)OpMaTI/IBHBIM.
3.3 Planck mass particles (HacTuusl ¢ IliankoBcKoii Maccoii)

[lo-BumuMoMy 31ech HMMEET CMBUI IPHUBECTH €IIe OJHO BO3MOXKHOE NPUIIOKECHHE
nHOOPMAITMOHHON MoJenu, oTHocsmeecs K Hawamy. He cymectByer, B mpuHIIHAIIE,
MPETATCTBUHN s Tipenronoxenus [39], gro mpu Haganme Martepus criepBa Obliia oOpa3oBaHa
Kak 0ojplIoe yuciao runoTetndeckux T.H. “IlmankoBckux T-uacTuir”’, T.e. YaCTHI, MMEIOLINX

h

o o 19
Maccy Tokos pasHOIl IlmankoBckoit macce (m, =—=10"75B). Takue wactunpsr (IIM-
c
P

YaCTHIIBI) COEPKaT TOJBKO (M MX anroput™m padortaeT Ha) the us-FLEs, xoTopeie abcomtoTHO
CUMMETPHUYHEI, H TIOTOMY alTOPUTMBI TAKUX YaCTHUI[ JOJDKHBI OBITH TaK )K€ CHUMMETPHUYHBIMU.
JlanpHelie B3auMONEHCTBUS MEXAY YacTHIIAMH MPHUBEIH K TOSBICHHIO OOBIYHBIX YaCTHII,
HabmogaeMbIx ceituac B Matepuu. [IM-uacTunbl UMeroT, 1Mo KpaiiHeill Mepe, JBa, BO3MOXHO
BEeChMa MHTEPECHBIX, CBOMCTBA: (1) — MOCKOJIBKY 3TH YaCTHUIIbI B3AUMOJICHCTBYIOT C YeM YT'OJTHO
TOJILKO TPABUTALMOHHO, BEPOSITHO MOTJIa OBl OCTAaThCS YacTh JITUX YACTHIl, KOTOPHIE HE
npoBzaumosieiictBoBanm  npu  Hauame (BosmokHo ~20%  mpoB3aMMOJENCTBOBAIH  C
obpaszoBaHneM HaOIrOmacMoi Marepun), U ceyac COCTaBIIAIOT, IO KpalHEeH Mepe, YaCTUIHO,
T.H. “TeMHyI0 Mareputo”’, u (ii) — MOCKOJBKY ISl aOCOJTIOTHO CHMMETPHUYHOTO aJIrOpUTMa
HEBO3MOXXHO BEIOpaTh HampaBlieHHE B KOOPIWHATHOM BpeMeHW (“TIpaBbIii” W “NIeBBIN”

THPOCKOIBI HE Pa3IMuUMBl), JI02UHecKy OOnycmumo TPEANoNoXuTh, ymo ece IIM-uacmuybsl



08U2ANUCL 8 NPOCMPAHCHEE-8PEMEHU MONLKO 8 OOHOM — NOJOICUMENbHOM [KOOpOUHAmMHO-]
spemenHom Hanpaenenuu. B Takom cmywae, ecim npu Hadane oOpazoBamuck Tompko [1IM-
YyacTULbl, TO B MaTepuu He ObUIO aHTHMMAaTepHM C CaMOro Hadaja — Kak ee HeT ceiyac, 1o

KpaiiHeil Mepe, B HabIronaeMoii yactu BeeneHHoi.

XOTﬂ, KOHCYHO, Ta K€ CUTyalud 6y,[[CT HE TOJILKO B CJIy4dac HM-‘IaCTI/ILI, HO U €CJIK IpUu

Hauane O6pa3OBaJ'II/ICI> KaKHC-TO APYTU€ 4aCTULIbI C CAMMETPUYHBIMU aJITOPUTMAMU.

Taxkum oOpa3om, He UCKIIOUEHO, uTO ceromus 70-80% mepBUYHON MaTepuu MPOAOTIKACT

cyulectBoBath B Marepun kak [IM-uyacTuubl O cpeAHEl IJIOTHOCTHIO MEHBIIEH IMIOTHOCTH

0apuoHOB B 10" —10" pa3. DTO DBKCTpEeMalbHO HHU3KAas IUIOTHOCTh, MOSTOMY CETOIHSA
BEPOATHOCTH B3auMojeicTBuil [IM-uactull, HanpuMep B MEX3BE3IHOM MTPOCTPAHCTBE, TOJKHA
ObITh BechbMa Manoil. C Apyroil CTOPOHBI, BBITISIAUT €CTECTBEHHBIM, XOTS W MaJIOBEPOATHBIM,
npeanonoxenue, 4To [IM-dacTHIbl MOTYT OOpa3OBHIBATH HEKHE CTAOWIBLHBIE KOMITAKTHBIC
CTPYKTYpPBI — HEYTO BPOZAE OOBIYHBIX 3BE3J], TJ€ IUIOTHOCTh YacTWIl (TOYHEEe — IUIOTHOCTH
MOTOKa dYacTWI) Oblda OBl JOCTATOYHO OONBIIOW IS 3aMETHOH HMHTEHCHBHOCTH
B3aumoeiicteuii. Ho ¢ OombImieit BeposTHOCThIO [IM-9acTHITBI TOJDKHBI TaK)Ke MPUTSATHBATHCS
“OOBIYHBIMH™ MacCHUBHBIMH Tenamu. llockombky oOblyHas wmatepus s [IM-gactui
MPAKTHYECKU MPO3padHa, OHU CBOOOIHO JOJIKHBI MPOXOINTHh B BEIIECTBE TEJ, BPAIIascCh IO
opOHTaM B rajio BOKPYT MACCUBHBIX IEHTPOB, 00pa30BaHHBIX KaK OOBIYHBIM BEIIECTBOM, TaK U

MTOBBIIICHHON IIOTHOCTBIO HM—‘laCTI/IL[ B IICPUTCIIUAX UX Op6I/IT.

PCByJ’IBTaTOM B3aUMOACHCTBHUSI ABYX [IM-4acTui aBiasgeTcs O6pa3OBaHI/Ie OOJIBIIIOrO YHCIIA

mobko OOBIMHBIX Yacmuy WMEIOMIMX IOJHYIO 3HEPruio Oojee 10" I'B, MIO3TOMY TaKHe
Cllydau MOTJH Obl (M MOTYT ceifuac), Mo KpaiHel Mepe 4acTU4HO, OBITh HCTOYHHKOM YacTHUI]
BBICOKHX SHEPruil B KOCMUYECKUX JIydax.

UTOOBI OIICHUTH HMHTCHCUBHOCTH B3ammojedcTBuil [IM-uactuir HE0OXOAMMO, TPEKIe
BCET0, 3HaThb COOTBETCTBYIOLIEE CEUEHUE PEAKIIUH, KOTOPOE, IOCKOJIBKY OHO 3aBUCUT TOJIBKO OT
CHJIBI TPaBUTALIMOHHOTO B3aMMOAEUCTBUS, JOJKHO TJIaBHBIM 00pa3oM 3aBHCTh OT “IPOYHOCTH
anroputma [IM-uacTuiipl, T.€., — KaKOW UMITYJIbC TPAaBUTOHA JIOCTATOUYEH (T.€., KAKOBO JOJDKHO
OBITH MAKCHMAJIFHOE PACCTOSIHUE MEXIY YacTUIIAMH) JUI Pa3pyIIEHUS YaCTHIIBI?

CeromHsi OTBET Ha [JAaHHBIH BOIPOC KOHEYHO HE IPHUCYTCTBYET, 3aMETHM TOJBKO, UTO
TPAaBUTOHBI NEPEHOCAT WACHTUYHBIC HMITYJIbCHl HE3aBUCHMO OT THIIA YaCTHUIBI, IOCKOIBKY
3aBUCAT TOJBKO OT PACcCCTOSHHUS Ha KOTOpoM mepexmounics us-FLE mo6oit gacturer. Tak 910
nro0ast yactuna (KOTopas B JAHHOW MOJAENM KaKIbli MOMEHT BPEMEHM CYINECTBYET Kak
ennHUYHBIN ¢ummn-aromuii FLE) mosker, B mpuHnmie, paspymuth [IM-gacTuiry, XoTs u ¢
BBIJICJICHHEM NPAKTUYECKH B [1BA pa3a MEHBIIEH 3HEpPrUed B CpPaBHEHUH C B3aUMOJEICTBHEM

nByx [IM-yacTui.



T.e. BBITJEIAUT Pa3yMHBIM IIPEAIIOJIOXKCHUE O B3aPIMO,Z[CI>iCTBPIH IIM- 1 OOBIYHEIX HacTHuI

(xotopsix B 10" pa3 Gonbe B cpeiieM, He rOBOPS yke 0 KOHIEHTPAIHMH HX B MATEPHATBHBIX
Tenax) KOraa oObIuHast yacTua Moria Obl “TpaBUTaMOHHO™ Pa3pyLIUTh JI00YI0 IPYTYIO, €Cin
us-FLEs obeux gacTui okazanuch JOCTATOYHO OJM3KO, M TaKHe PEaKlHH, B MPHUHIHIE, MOTJIN
061 HaOMIOIAThCSA, HO JI0 CHX TIOp He oOHapyskeHbl. OIHAKO NAaHHBIA (aKT MOXKET OBITh BIIOJIHE
€CTECTBEHHBIM, €CJIM IPUHATH BO BHUMAaHHUE, YTO JPYyTHe YaCTUIIBI BCET/la B3aUMOAEHCTBYIOT Ha
3HAYUTENIFHO OOJBIIMX PACCTOSHHUAX C MPUMEHEHHWEM APYIHX - “UMEIoUMX Nois” W “He
UMEIOIINX ToJel” (Harmpumep, Korjaa AeicTByeT mpuHuum llaynm) - cui, U 3TH paccTOSHUA
BIIOJIHE BEPOSITHO MHOTO  OOJbII€ PACCTOSIHUHA, KOTOpBIE COOTBETCTBYIOT IIOPOTY

TpaBUTALIMOHHON pEeaKIuu.

4 O0cy:x/1eHue U 3aKITI0YEHE

Brime mpenmcraBieHa JIMING  HEKOTOpas TIpeIBapUTENbHAsS [HMHGOpManoHHAas |
¢u3uueckas Mozenb, TEeM HE MEHee, 3Ta MOJesb Xopomo oOocHoBaHa. [Ipexkae Bcero —
MOOelb BNONIHE eCMEeCmEeHHO clledyem U3 UHQOPMAYUOHHOU KoHyenyuu, B TO BpeMs Kak
UCTUHHOCTb, TOJHOTa M HENPOTHBOPEYMBOCTH NAHHOM KOHLENLMH CTPOro JokaszaHa. U3
KOHIICTIIINN HETIOCPEJICTBEHHO CIEAYIOT: (1) - TUCKPETHOCTh CTPYKTYp (00BekTOoB) MaTepuu, a
TaKk € W B3aUMOJCHUCTBUA — B JCHCTBUTEIBHOCTH HH()OPMAIMOHHBIX OOMEHOB — MEXKIY
MaTepHalbHBIMU OOBeKTamu; M (ii) — mockosbKy B Marepuu, Mo ompeneneHHio, Jodoe
B3aUMOJICHICTBHE €CTh OOMEH HWCKJIIOUMTEIbHO HWCTUHHONH HWHQOpManued H MOCKOJIBKY
9KCHEpUMEHTANIbHBIE JTaHHBIE MOKAa3bIBAIOT, YTO Ha (YHIAMEHTAJIbHOM YDPOBHE JIOTHYECKas
CTPYKTypa HH()OPMALMOHHBIX TOCBUIOK CPAaBHUTENBHO IPOCTas, TO OTCIONA CIENyeT, UYTO
Martepusi ¢ O0JIBIION BEPOATHOCTHIO UMEET JIOTHYECKYIO CTPYKTYPY aHAIOTHYHYIO [HpPOCTOi]
KOMITBIOTEPY; WM, TOYHee, MaTepusi ecTh OrpOMHOE KOJHYECTBO aBTOMAaTOB, CPaBHUTEIBHO
cnabo oOBEAMHEHHBIX KaK €IMHAs CTPYKTypa rpaButanueir. OTciona, B CBOIO 04epeb, CIEAYeT,
yro Marepuss Ha (QyHAZaMEHTAILHOM YPOBHE MOXET OBITh CBEJ€HA K CYIIECTBOBAHHIO M

B3aMMOJCHCTBUSIM KaKHX-TO (bYHI[aMeHTaJ'H)HBIX JIOTHYCCKUX OJICMCHTOB.

Kax yxe ykaszpiBanmoch Beime — @JID gacturl (1, Takxke, 3pupHBIX [pemetku] OJID, koTopie
BeposATHO uAeHTWYHBI OJID wacTui) NOMKHBI WMeETh Oojiee CIOXKHYIO CTPYKTYpY, dYeM
OM-CTaOWMIBHBIA JIOTHUCCKUM diIeMeHT. KOoJbIIeBOW afOPUTM YacTUIBI JODKEH HWMETh
BO3MOKHOCTD “U3Jy4arh”’, “IeTEKTUPOBATh W PearupoBaTh Ha WH(OPMAIIMOHHBIC MTOCHEUIKH HE
Tonbko myTeM Gaum-oB  us-DJ[D, KOTOpBIE ONMPENeNAoT JIOKAIW3aIMI0 YacTUIEl B
MPOCTPAHCTBE-BPEMEHH WM TPAaBUTAI[MOHHBIC CHIIBI MEXIy YacTHIaMHu, HO Takxke Ha DJID-
(bnumpl,  KOTOpBIE  OTBETCTBEHHHI 3a  JIpyrHe —  HaOmpuMep  DIIEKTPOMAarHUTHBIC

(BJICKTpOCTaTI/I‘lCCKI/Ie PaCcCMOTPCHEBI BBILIC, TPABUTALITMOHHBIC, BIIPOYEM, TOXKC ) - CHJIBI. 3,[[CCL



BO3MOXXHBI BCSKHE BapUaHTBI, XOTS BIIOJIHE pa3yMHO IpearoyiokeHue, uro oda tuma OJID B
JEHCTBUTEIBHOCTU UMEIOT HEKOTOPhIE [MACHTUYHBIE]| “TIONUTrOHANBbHBIE” CTPYKTYPBL, IPU 3TOM
JUISL YaCTHULBI JOCTATOYHO UMETh TONBKO 4  “CTOPOHBI” 4TOOBI CYIIECTBOBATH/ MEpEMeEIaThbCs
B IIPOCTPAHCTBE-BPEMEHH.

[pyroe npeanonoxeHue, UCIOJIb30BaHHOE B MOJIETH, €CTh IPSIMOE COOTBETCTBUE MEKIY
JIOTHYECKO# equHMLeH nHpOpMaLnd, OUTOM, U DJIEMEHTapHBIM JEHCTBHEM (M BIIEMEHTapHBIM
YIJIOBBIM MOMEHTOM), /1. DTO COOTBETCTBHE CledayeT W3 (yHJAMEHTaIbHOW BHYTpEHHEH
JOTHYECKOM  MPOTHBOPEYMBOCTH  MOHATHHA  Bpems/m3amMeHeHne (M COOTBETCTBYIOMICH
JUCKPETHOCTH (PM3MUYECKHX IPOILECCOB M MUX MapaMeTPOB), a TaKkKe W3 IKCIEPHUMEHTAIBHBIX
JaHHBIX, B TMEpBYyI0 ouepens — wu3 lIpuHIMIA HEONpeneIeHHOCTH; KpOMe TOTo, OHO

I[Cf/iCTBPITGJIBHO IJId CIMHOBBIX CTPYKTYP, BKIIFOYAasA aTOMHBIC 0p61/ITaJ]I/I, H T.II.

[IpuHOMTT HEOoNpemeNeHHOCTH B CBOK O4Yepedh €CTh CJEICTBHE BHYTpPEHHEH
MPOTUBOPEUYUBOCTH TIOHATHH Bpewms/m3MeHeHue; mpH 3TOM NaHHBIN [IpUHIUT MMO3BOJISET
MOJTy4aTh KOHKPETHBIE KOJMYECTBEHHBIE OIICHKH HEOIPEIeIEHHOCTH ITapaMeTPOB COCTOSHUHN U

JABHXKCHHUSA 4aCTHUIT .

Ve HECKOIbKUX MNPUBCACHHBIX BBIIC TPOCTBIX W CCTCCTBCHHBIX npeunonomeHHﬁ

AOCTAaTOYHO HJIA MMPOACHCHUS MHOT'UX (bYHHaMeﬂTaJ'II)HLIX HpO6H€M 1 NIOCTYJIATOB B (1)PI3I/IK€.

[Ipexne Bcero, nHGOpPMAMOHHAS KOHLENIMS TO3BOJISIET KOPPEKTHO ONPEAECTUTh HMOHSATHS
“IlpoctpanctBo” u “Bpemsa” (xoropwsle ectb Mera-pusnyeckue TMOHATHS M MOTOMY
NPUHIMITMATEHO HE MOTYT OBITH COJEp)KaTeNIbHO OINpelesieHbl B paMKax (HU3UKH) | Janee —
KaK 3TU MOHATHS pPEeaM30BaHbl B KOHKPETHOM NoAa-MHoxecTBe “Marepus” xak 4D “myctoit
KoHTeHHep” — T.e., 4D mpocTtpaHCTBO-BpeMsi MaTepun; M 9TO TaKOe MPOCTPAHCTBEHHEIC U
BpPEMEHHbIE MHTEPBaJIbl (OOBIYHO 11 BPEMEHHOTO MHTEpBasia UCIOIb3YETCs CIOBO “Bpems’ —
(dakTHUeCKH Kak JKaproH,  TOrJa Kak JJisi TPOCTPAaHCTBEHHBIX HMHTEPBAIOB OOBIYHO
UCIIONIB3YETCS CIIOBO  “‘pacCcTOSHUE”, a He “MPOCTPAHCTBO”) KOTOPBIE HeoOX00uMo U
00beKmueHo 6cez0a COINPOBOXKIAIOT TpoLecChl B MaTepuu, Ompeaensas JIOKaTU3aluio
MaTe€pHalbHBIX OOBEKTOB B IPOCTPAHCTBE-BpeMeHH. IIpm 3TOM HpPOCTpPaHCTBO-BpeMs
abcomomno, OHO TIO OIPENENCHUI0 He Modcem 3daeucems OT JI00r0 MaTepualbHOIO
colepkaHusd “KOHTEWHepa”, BKIOYas OT [TpaBUTAlMOHHBIX| Macc, Kak M OT KaKuXx-JIu0o
CyOBCKTHBHBIX CTPYKTYp, B T.4. — OT HaOJIomaTeNe W/Wiu MX CHUCTeM oTcuera. Kak m oba
[IpaBuna melcTBYIOT Ha MaTepHABHBIE MPOIECCHl B MHPOPMAIMOHHON cucteme ‘“Marepus’”
TOJIBKO HESBHO, HAlpUMEp SKCICPUMEHTAIbHBIA (akT (HampuMep — BBHULY pPaBEHCTBA
“peNATUBUCTCKON” W “IIOMEPEYHOI’” Macc) YTO MPOCTPAHCTBO-BpeMsi B Marepun ““/lekapToBo”,
T.e. Bce 4 HampapieHus1 (KOOPAMHATH) B HEM B3aHMHO OPTOTOHANbBHBI, €CTh CIEJICTBHE TOTO,

4YTO B ,Z[aHHOfI KOHKpCTHOﬁ MaTepI/II/I (bYHHaMCHTaIILHBIC JIOTHYECKHE DJIEMEHTHl HMEIT 4



KOHKPCTHBIX HC3aBUCUMBIX CTeTCHEeH CBO60,I[I>I AJIs1 COOTBCTCTBYHOIUX JIOTUYCCKUX MIEPEXOA0B,
KOTOpBIC PCATIMIYIOTCA KaK MIaru TIIpu HU3MCHCHUAX 00BEKTOB (BKJ'IIOLIaH HU3MCHCHUA

BHYTPCHHCTO COCTOHHI/IH) B IPOCTPAHCTBC-BPCMCHU.

[Ipobnema “mouemy B Marepuu HEOOXOOUMEBI “ABa BpEMEHU CTaHOBHUTCS Oojee SICHOM,
XOT#, Ha TIEPBBIN B3IJIA], JOCTATOYHO UMETh TOJBKO OJTHO — HICTUHHOE — BpeMs, IIOCKONIBKY BCE
MaTepHanbHble OOBEKTHl B3aMMOJCHCTBYIOT TOJILKO B NMPOCTPAHCTBE W HUCTHHHOM BpPEMEHU;
HE3aBUCUMO OT 3HAUYeHUHl UX COOCTBEHHOTO [KoopAwHaTHOro| BpeMeHH. OTBET — B
00paTUMOCTH KOJIOB MPOTPaMM MaTEpHAIBHBIX “aBTOMATOB” — C OJHOUW CTOPOHBI HEOOXOIUMO
4yToOBl 3BOMIONMS Matepun mnpoucxoamia 0Oe3 (WiM, T KpaiiHeH Mepe ¢ MWHHMaIbHOM)
JTUCCHUIIAIIMEe 3IHEpPTUH, TaKk YTO s paboTel Marepuu- KOMIBIOTEpa JOCTAaTOYHO OBIIO
MOJTyYUTh OTPEAETICHHYIO MOPLHI0 3Hepruu npu Hadane; ¢ apyroit cTopoHbl — 0OpaTMOCTh
4ero-1n00 JIOTHYECKH HEBO3MOXHA B MCTMHHOM BPEMEHHM IO ompeneneHuio. COOTBETCTBEHHO
HWCTUHHOE BpeMsl He MMEeT cBoe koopauHaThl B 4D mpocTpaHcTBe-BpeMeHU Matepuu, XOTs
MHTEpBaJl HCTMHHOTO BPEMEHH H3MEHSETCS IIOCTOSHHO M PaBHOMEPHO, COIPOBOXKIAs
U3MCHSIOLINECS MaTepHajbHble aJIrOPUTMBI, KOTOPbIE IIOCTOSIHHO paboTalT C eIUHOH U

CTaOMIIBHOM TAKTOBOI YaCTOTOM.

XO0Ts ¥ BO3MOKHO paccMaTpuBaTh HCTHHHOE BpeMs Kak [MMeroliee] KOOpIUHATY B HEKOEM
5D mpocTpaHcTBe-BpeMeHHU, B KOoTopoM 4D mpocTpaHcTBO-BpeMmsi AaHHOW Matepuu Matter’s
MOCTOSIHHO ABHMIKETCS BIOJb 3TOH KOOPIAMHATHI CO CKOPOCTBIO CBeTa, 3To [IpaBmio mpexne
BCET0 OTPaHUYMBACT, B ONPEACICHHOM CMBICIIE, KOH(QUTYPAIMIO BCEX MaTepHabHBIX 00BEKTOB
B 4D mpocTpaHCTBE-BPEMEHM YCIIOBHEM, 4YTO KaKABI OOBEKT K 3aJaHHOMY HHTEpPBAILY

HUCTUHHOI'O BpPCEMCHU Mpowmics B I3TOM HOPOCTPAHCTBC-BPEMCHHU IIYTh, S, TaKOﬁ, 4qTo

tl/llt’
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WHTEpBaJl KOOPAUMHATHOTO BPEMEHH; HCTHMHHOE BpeMs U3MeHseTcs OT MoMeHTa Hawana
Marepun 10 AaHHOTO MOMEHTa. Bmpouem 3To H0BOIBHO ciaboe OrpaHUuYEHHE, MOCKOJIbKY
UHTEPBAIBI dS sl KOHKPETHOTO 00BEKTa — M, KOHEYHO, €r0 MPEANIECTBCHHHKOB, MOT UMETh
moOble [t ] 3HaKW TIpH 3BONIOIMH/TpaHcPOpManusiax oOBeKTa M WX mepememieHusx B 4D

IPOCTPAaHCTBE-BPEMEHH.

Becbma BCPOATHO, UTO 06paTI/IMOCTI: (I/I BpEMCHHAsl MHBAPUAHTHOCTD COOTBCTCTBCHHO) BO
BpEMCHHU, KaK HU JApYru€ MWHBAPUAHTHOCTU (1)I/I3I/I‘ICCKI/IX mpoueccoB I[GI\/'ICTBI/ITGJ'ILHO
(I)yHI[aMGHTaIILHBI U COOTBETCTBYIOT KaK-TO KaKUM-TO HeﬁCTBI/ITeHLHO q)yH)IaMGHTaHLHBIM
3aKOHaM, KOTOPBIC YIPABJIAOT, BOBMOKHO HCABHO — KaK YIIPABJIACT, HAPUMEP, KOOPANHATHOC

BpeMsi, (Qu3MUecKMMHU TporeccaMd B Marepuu. Ho BO3MOXKHO M 4YTO 3TO HE BCerJa Tak,



. 0
Harpumep u3BecTHbI (akt CP-HapylieHHs npu pacrnanax kaoHa K= [42] MOXkeT O3Hauars,

YTO MPOCTO HCKOTOPHLIC AJITOPUTMBI HCKOTOPBIX 3K30TUYCCKUX YaCTUIl HE O6paTI/IMI)I.

Hanbueliiee passuTHe HMHOOPMAIMOHHOW MOJAETH TaK K€ ecTecTBeHHO. Jlaxke
M3MEHSIoMIasIcs HHPOPMAanns MOKET UMETh HASHTHYHBIEC [M3MEHSIONHNECs | KOIHH U TTO3TOMY
u3 daxkra, uro MaTtepus ecTb MHPOpPMAIIMOHHAS CHUCTeMa, mpsMo ciexyeT KM moctynar o6
WACHTUYHOCTH DJIIEMEHTAPHBIX YacTHI[ OJHOTO THINA KaK KOHKPETHBIX HH()OPMAIMOHHBIX
KJIOHOB.

[TockonbKy cylmecTByeT 10 KpaliHeH Mepe HECKOJNBKO YacTHIl, MapaMeTpbl KOTOPBIX
cTabMIBHBEI Ha Maciitabax mopsaka A/c, npudeM Kakaas 4acTHIa MOCTOSHHO M3MEHAETCS,
MOCKOJIbKY YaCTHIIBI TOCTOSTHHO JBMYKYTCSI B HICTUHHOM BPEMEHH M B IPOCTPAHCTBE-BPEMEHH —
BBITJISIIUT BIIOJIHE Pa3yMHBIM MPEATIONIOKEHUE, YTO alTOPUTMBI YaCTHIl IUKINYHbIE U JTHHON
nopsigka KoMnToHOBCKOM IJTMHBI YaCTULBI.

Takoe mpennosokeHWe MPHUBOIUT K ONPEACNCHUI0 “HH(MOPMAIIMOHHBIX ITUKIHICCKUX
JIOTHYECKUX TOKOB™ JIJISl HaCTHI] B TIEPBOM pasJiesie JaHHOH CTaThH, TJe TaKKe MOCTYINPOBaHO,
gyTo pasmep  “‘croponbr’ DJID pamen IlmankoBckoit mmuHe u Bpems DJID-dmum-a paBHO
[ImaHKOBCKOMY BPEMEHH; TaK YTO — BMECTE C AJIEMEHTAPHBIM JIEHCTBHEM — 3TH TPH KOHCTAHTHI
COCTaBJISIIOT TOJNIHYIO CHCTEMY €IMHMI[ Ui TOHWMaHUS (yHIAMEHTANBHBIX (HU3HUECKUX
cBoiicTB Marepun — wuHepruu u TpaBuTanud. CTaHOBHTCS TOHATHBIM, 9YTO O3HAYaeT
BBIPAKECHUE “HYJIEBasi Macca MOKOSl YaCTULIBI

Huknudeckass mpupoaa KOJOB YaCTHI] HETIOCPEICTBEHHO MPHUBOINUT K HAOIIOJaeMOMY B
SKCIEPUMEHTaX Ayalu3My BOJIHA-4acTHIA. boiee TOro, W3 ycloBHsI, YTO CKOPOCTH (DIUM-OB
®JID Bcerma mMocTOsSHHA W paBHA oOpaTHOMY ILTaHKOBCKOMY BpEMEHH, OKa3bIBAETCS, UTO
KBaHTOBas MexaHuka u @orra-Ouripkepanbaa-Jlopenna teopus (1 naHHas uHGOPMAaLMOHHASL
MOJIeIb) €CTh, (PaKTUUECKH, CAUHAs TEOPHSL.

Hdanee wu3 T1peOoBaHUS OOPAaTMMOCTH MAaTE€pPHANIBHBIX KOIOB CIEAyeT BpeMeHHas
MHBApHUAHTHOCTh (PM3MYECKUX 3aKOHOB, T.€. IPUHLUI OTHOCUTEIBHOCTH B MaKpO(QHU3UKE; AJIS
T-yacTHIl OKa3bIBA€TCSl BIIOJIHE €CTECTBEHHBIM MMETh IMAapTHEPOB — AHTHYACTHLl, KOTOpHIE
OBHOKYTCS U ‘“KMBYT B OTpHUIATEIHbHOM HAINpaBlIeHUHM [KOOPAMHATHOTO| BpEMEHH, T.€.
UMCIOIMX OOpaTHBIE TOPSJKHA KOMaHJA B WX alroputmax. [Ipum sroMm — u3 ¢axra, 4ro B
KOHEYHOM HTOre Mapa YacTHIa+taHTUYacTHIlAa AHHUTWIHPYET ¢ o0pa3oBaHHEM S-4acTHII,
UMEIOIINX HYJNEBYIO f- KOMIIOHEHTY 4-MIyJibCca TpPSIMO CJIENyeT PA8eHCHMB0 MAcc NOKOs

uacmuy u ammudacmuy.

OZ[HaKO, HEJIB3s HWCKIIOYUTH BapHaHT, KOoraa IIpH Haugane IIEPBUYHBIC T-gactuirer

O6pa30BaJ'II/ICI> KaK COBCPUHICHHO CUMMETPHUYHBIC aJITOPUTMBI, TaK YTO YaCTUIIbI U aHTUYAaCTUIIbI



Obutn MaeHTH4Hbl. M3 4ero Joruvyeckd AOMYCTHMO, YTO BCE IEPBUYHBIC YAaCTUIBI OBLTH
“TONBKO YacTULBl’, T.€. MaTepusi ¢ caMoro Hadana MpakTHYECKH He cIeprkana aHTUMaTepHU.
OtHocurensHO Hawana otmerum, Takke, 4To MH(GOPMAaLMOHHAs KOHLEMIHUS MPOSICHSET,
JI0 HEKOTOPOH CTENEHH, U 3Ty “‘MeTadu3ndeckyto” npodiemMy B pHU3HKE, TOCKOJIBbKY JOTHYecKas
CHHTYJSIDHOCTB JIFOOOTO yTBEpKACHUS, BKIIOYas OTPULAHWE “HE CYIIECTBYET JAaHHOHU
Bcenennoit” Bcerma OeckoHedHa W TMOITOMY HET, B MpuUHOUNE, (yHIaMEHTaJIbHBIX
OTpaHMYCHMH Ha cly4ad, Korga oOpasyercss coBceM OoJbInoi HH()OPMALMOHHBIA TOK

(oOpasyeTcst coBceM OOJIBIIIOE KOJUYECTBO SHEPTUH) Kak Hekull “Big logical Bang”.

[Ipu BHONHE pPa3yMHOM NPEAIIONOKCHUU O PaclpocTpaHeHWH peakuuu 3pupHbIX FLEs
Ha ¢uunel us- FLEs uactum kak mpoctpaHcTBeHHbIX Konell B FLE-pemietke oxa3piBaeTcs
BO3MO’KHBIM TMOJTYYUTh MOJETH IPaBUCTaTHUYECKOTO U 3JIEKTPOCTATHUECKOTO B3aUMOJCHCTBHIA,
rae obe Cuibl JAEHCTBYIOT CIydailHBIM 00pa3oM, ¥, — TIOCKOJNBKY T'PaBHTAIMOHHOE
B3aMMOJICHCTBHE OYEHb MaJl0 — OKa3bIBae€TC BO3MOXHBIM OOHApYXHTh ITaHHYIO
CTOXaCTUYHOCTbh NPU U3MEPEHUU NECUCTBUSI TPABUTALMU HA JIETKUE YACTHULBI, MPEXKAE BCEro —
(hOTOHBI; TOKAa3aTh, YTO ‘TPABUTAIMOHHOE 3aMEIUICHHE BpeMeHHW (Ha caMoOM Jelie —
3aMeJIeHHe CKOPOCTH MPOIIECCOB B YaCTHIAX/TeNax) BEPOSTHO HE €CTh KaKOH-TO YHHKAIbHBINA
spdext — moboe B3aUMOICHCTBHE C 00pa3oBaHMEM CHCTEMBI YacTHIl C OTPUIATEIHHBIM
neeKToM Macc TPHBOAWT  TaKKe K 3aMEUICHHUI0 BHYTPEHHHUX MPOIECCOB B OTHX
yactunax/renax. B [39] nanHas Monmens MpuUMEHEHa W IUIsl JAPYTUX (QU3UYECKUX MpodieMm,
HampuMep, TPHUBEICHO HYJEBOE€ MNPHOMIMKEHHE MOJAETH TpaBHTAlMOHHOTO u OM

B3aUMOJICHCTBUN JUIsI IBUXKYIIIMXCS MAcC U 3apsiioB.

IMockonbky ¥3 WHGOPMAIIMOHHOW KOHIICHIIUU CJIEIyeT KOPPEKTHOE M COJEPIKATECIBHOS
onpexaenenue noHATUl IlpoctpancTBo u Bpems, naHHas MOAENb CYIIECTBEHHO COOTHOCHUTCS C
TEOPUSIMH CITEIUATHHOM U OOIIed OTHOCUTEIBHOCTH; TJE€ BBOJIMMEIC B TEOPHIO CBOMCTBA
MPOCTPAHCTBA M BPEMEHH, HAIPUMEDP BO3MOXKHOCTH TpPaHC(HOPMAIMHA MPOCTPAHCTBA-BPEMEHU
(“3amenyieHre BpeMeHH’, “‘COKpallleHHe MPOCTPaHCTBa ~; YTBEPXKIEHUS THUIA ‘‘UCKPUBJICHHE
MPOCTPAHCTBA-BPEMEHH OTIPECIISICT MUPOBBIC IMHUU TET, T.I1.) SIBJISIFOTCSI 0A30BBIMU; XOTS HU
CTO, Hm OTO mpakTHYeCKH HE COAepKaT HaWISKAIIUX ONPEACIICHHH  ATHX
(hyHmameHTanBHBIX TOHATHI. KpoMme TOro, B TEOpHHM OTHOCHTENHFHOCTH, BEChbMa BEPOSTHO, TIO
KpaifHeld mepe aBa (M3WYECKUX MPHUHIMIA CIUIIKOM aOCONIOTH3UPOBAHBI — MPHHIIUI
OTHOCHTEIHHOCTH ¥ TIPUHIUI SKBHBAICHTHOCTH, B TO BpeMs Kak JaHHas aOCONMOTH3AINs
BEITJSIIUT  HEAOCTaTOYHO OOOCHOBaHHOW. Hampumep, NpUHOHII OTHOCHUTENBHOCTH B
knaccuueckoid [HeroToHOBCKO#]| ¢u3uke, rie, B T.4., IOOOH MaTepHadbHBI OOBEKT MOXKET
JIBUTATBCSA C JIFOOOW CKOPOCTBIO, JEHCTBUTENHFHO MOXKET MPHUMEHSAThCS 0€3 OrpaHUYeHUH.

Opnako B Matepun ecTh (QyHAaMEHTAIBHOE OrpaHWYeHHe IBIKeHHA B 4D mpocTpaHCTBe-



BPEMEHH — BCE OOBEKTHI ABMKYTCSA TOJIBKO C OJTHONM CKOPOCTHIO. COOTBETCTBEHHO PUMEHEHHE
MPSIMOTO CIIEACTBUS MpUHIUIA oTHOcHTEIbHOCTH B CTO, T.e. mocTynata 06 3KBUBaJICHTHOCTH
BCEX MHEPIIMOHHBIX CHCTEM OTCYETa, BENIET K JIOTHYECKU OSCCMBICIIEHHBIM BBOJaM (mpodieMa
Junrmns, napagokc bemna, Hekotopeie npyrue napanokcel CTO).

OTO npenckassiBaeT (Hampumep, [45]) 3HaueHue “TPaBUTALMOHHOTO 3aMEIJICHUS
BPEMEHHU, KOTOPOE COOTBETCTBYET I'PAaBUTAIIMOHHOW MOTCHIIMATLHONW SHEPTUU CHUCTEMBI TEl B
JIBa pa3a OoJipliiee, 4YeM HaO0gaeMoe IKCIIepUMEHTaNbHOE 3HaueHue [43], [44], nomomy umo ¢
peanvrocmu, B otuuane ot OTO, homonwvl usmensirom ceoro snepauio/ wacmomy Npu ABHKESHUU
MEXIy TOYKaMHM B HPOCTPAHCTBE C Pa3IMUYHBIMU T'DABUTAI[MOHHBIMU IMOTCHIManaMu. Kpome
TOTO — (haKT UICHTUIHOCTH TPABUTAIIMIOHHON U WHEPITMOHHON Macc CJIeIyeT, BEChMa BEPOSITHO,
TOJIBKO M3 TOTO, YTO TPaBUTAIMSI U HHEPIHS Tell 00pa3yroTcs onaumu us-FLE —dmumamu u o6e
CWiIbl (MHEPIMOHHAS W TPAaBUTAIMOHHAS) JACUCTBYIOT OJAMHAKOBO, MOCKOJBKY NEHCTBYIOT Ha

KaXIYI0 DIIEMEHTAPHYIO YaCTHUILy, U3 KOTOPBIX COCTOST Tea.

Ho na dyHmamMeHTaabHOM YpPOBHE HHEPIMS M TPaBUTAIMS 3TO COBEPIICHHO pPa3HbIC
(usnyeckue PEeHOMEHBI M ITOTOMY HE3aBUCHMBI JAPYT OT APyra; dKBUBAaJICHTHOCTH (M MPHHIIUII
9KBUBAJICHTHOCTH), BOOOIIE TOBOPSI, BECbMa BEPOSATHO CIy4YalHBL. XOTS, KOHEYHO, €CITU OBl
JIAHHOW SKBUBAJCHTHOCTH HE OBbLIO, TO HaOmromaeMmas TyMaHOWAOM Matepust Oblia Obl,
KOHEYHO, TIOCTPOEHA COBEPIICHHO MO-IpyroMy. Ecin, KOHEYHO, B Takoil MaTepuu TyMaHOU bl
OBI BOOOIIIE OBLITH.

HNudopmaimonHas Mojemb, TPH COXPAHCHUH BCEX aJCKBATHBIX PEAbHOCTH CIICACTBHA U
npumenenuit CTO, JOrmyecKkd HEMPOTUBOPEYMBA, MPEXKAE BCErO0 — IMOTOMY YTO B MOJCIH
MOCTYJIUPYETCs a0CONMIOTHOE EBKIMIOBO MPOCTPAHCTBO-BpeMs, T.1I. etc. Kpome Toro, B Moenu
IpeIaracTcs BeChbMa pa3yMHasi MOJICNIb TPAaBUTAIMOHHOTO B3aUMOJICHCTBYSI, T/E, B YaCTHOCTH,

OKBHBAJICHTHOCTDH I’paBHTaHHOHHOﬁ n HHCpTHOfI MacC COBCPHICHHO €CTCCTBCHHA.

NudopmarionHas MOJeNIb MOXKET ObITh 3KCIIEPUMEHTAIBHO MpoBepena [25], [28]. UtoObl
JNETeKTHPOBaTh CIy4YailHBI XapakTep TpaBUTAllMM HEOOXOAWMO H3MEPUTH TPaBUTAI[HOHHOE
BO3I[eI>'ICTBPIe Ha YaCTulbl BO3MOXHO MajJIol MacChl U IMO3TOMY OKCIICPUMCHTBI C
MOHOXPOMATHYCCKUMU ITyYKaMKn (1)OTOHOB MpeaACTaBIIAIOTCA HaI/I6OHee TMEPCIICKTUBHBIMHU. Xors
9KCIIEPUMEHT C YIBTPaXOJIOIHBIMUA HEUTPOHAMH TaKKe, B TIPUHITAIIE, BO3MOXKEH.

UroObl TpoBepHUTh Kakas — CIEUalbHAs TEOpPHUS OTHOCHTEIBHOCTH WITH dorra-
Outipkepanpaa -Jloperma Teopus (M gaHHAasS WHOOPMAIMOHHASsS MOIETh)  BEPHBI? —
HEOOXOAMMO H3MEPHUTh  “pelaTHBUCTCKHE” 3P (EKTH B HEKECTKHX cucTeMmax. [Ipumep —
W3MEpeHne OpOWTaIbHOH CKOPOCTH Tapbl YacoB C MPHMEHEHHEM TOJBKO OOPTOBBIX
WHCTPYMEHTOB (YacoB W WMITYJILCHOTO HMCTOYHUKA CBETa) MpeUIoKeH B [25], XoTs 31ech

BO3MOJKHBI CCPbE3HBIC TCXHUYCCKUC HpO6HeMLI.



Hpyras Bepcus [26] 3KcrepuMeHTa ¢ OpOUTATFHBIMU YaCaMH BBITIIIIUT OoJiee MPOCTON H
a¢dexTrBHON. B 3TOM cilydae SKCHEPHUMEHT BBINOJIHAECTCS CIAECIYIOMMM 00pa3oM: €ci, TOCIe

CHUHXpOHHM3aluu JABYX 4aCOB, OAHU (HYCTI: — 4acChbl 2) BBIIBUHYTH BIICPE UCIIOJIb3YS1 JKECTKHI

CTepKEHb JUIMHOM L, 9TH Yackl moydar /-nekpement At =—VL/c®, tne V— opGuranbHas
ckopoctb. Eciu crepikeHb BTSHYTh 00paTHO, IIOKAa3aHUS YaCOB OKaXYTCs CHOBA OJMHAKOBBIMH.
Ho ecnu wacel 2, mociie BBIIBWXKEHHS OTCOCAMHHUTH OT CTEP>KHA M BEPHYThb, HAIpPHUMEp, C
MpUMEHEHHEM COOCTBEHHOIO JBWTaTells, TO BO3MOXHBI JiBa BapuaHTa : (1) — ecnu BepHa
CTO, To moka3aHusi 4acoB 1, 2 MOKHBEI OBITh CHOBA OJIMHAKOBBIMHU, MTOCKOJBKY TMPUMEHSIICS
MEJUICHHBIH TPaHCIOPT YacoB B OAHOW cHcTeMe oTcyeTa., wim  (2) — ecnu BepHa Dorra-
Outipkepanpaa-Jlopennia Teopus (U gaHHAS MOJICINIb), TOTJa JCKPEMEHT BBIIIE JOJDKCH
COXpPaHUTHCA W TOCJIC CPAaBHCHHUA MOKa3aHWii YacoB OKCIIEPUMEHTATOP CMOXKCT OIPEACIUTDH
OpOUTANBHYIO CKOPOCTh. bomee Toro, omepamuy MOXHO TOBTOPSITH HEOTHOKpaTHO (6e3
MMOBTOPHON CHHXpPOHHM3AIMA dYacoB | W 2) ¢ HAKOIUICHHEM IEKPEMCHTOB, YTO ITO3BOJIUT
MONydUTh OOJiee TOYHBIE PE3yNbTAaThl U YMEHBIINTH TPEOOBAHHWS K TOYHOCTH NMPHUMEHIEMBIX

WHCTPYMEHTOB.

Ha 3eMHOI#1 opOuTEe MOKHO TIOMEPSITH TOJIBKO OpPOUTAIBHYIO CKOPOCTH, M3-32 TIOCTOSHHOTO
NIEHCTBHUS 36MHOW TpaBUTAIMN, KOTOPOE MOXKET OBITh, TEM HE MEHEee, JOCTATOYHO CIa0bIM IMpH
mekeHnn KA, ocoOeHHO Ha KpyroBoit opbOute. Ho anms maMepeHHs aOCOIIOTHOH CKOPOCTH
HEOOXOAMMO CKOMITEHCHPOBATh BCE CHIIBI, JISHCTBYIOIME HA TpUOOpHL. Takas BO3MOXKHOCTH C
0OJIBIION BEPOSTHOCTHIO MOXET OBITh peanm3oBaHa, eciau KA ¢ OOPTOBBIMH CTEpKHEM W
yacaMu pa3MeElieH B KOCMHYECKOM NPOCTPAHCTBE B TOYKE, IJIE€ TPABUTALMOHHBIC CHIIBI (HE
rpaBUTAIIMOHHBIC MOTeHIMAB!) COJIHIA U MJIAHET B3aUMHO CKOMIICHCHPOBAHbI. Torma B IIUKIIC
u3MepeHuii abcomoTHOM ckopocT KA B 477 OKakeTCsh BO3MOKHBIM BbIOpATh HANpaBICHUE C
MaKCHUMaJIbHON CKOpOCThI0. He mckimoueHo, 4To 3T0 3HadeHHe oKakercs okono 700 xkM/c u
HaIpaBJICHHE OYIET BIOIb OCH HaOomaemoro [Jlomiep] numonst (OHOBOTO MHKPOBOJIHOBOTO

H3JIyUCHHUA.

[IpencraBnenHas 3aech MOAETb MOXKET MPUMEHATHCS M K APYTUM (QHU3MYECKUM 3ajadam,
HanpuMmep — mpu aHamuse pe3ynbtatoB  OPERA »skcmepumenta [43], rae sikoObl ObLTH
NOoJy4eHsl maHHble data O perucTpaluy CBEPXCBETOBBIX HEHTpuMHO. B KopoTkoe Bpems
HOSBUIOCH OKOJIO COTHH TEOPETHYECKHX PAa0OT, B KOTOPHIX «OOBACHSIUCH» IaHHBIC
9KCHEPUMEHTa WM OOCYKAAIHCh COMyTCTBYIOIUE 3(PQEKThl, KOTOpblE MOIIM OBl OBITH
U3MepeHbl ISl MOATBEP)KICHUS/ OTKIOHEHUs pe3ynpTaroB komnabopaunn OPERA. Kak,
Hanpumep [44], Tae aBTOphl apryMEHTHPOBAJIM, YTO TaKHE CBEPXCBETOBBIE HEUTPUHO TOJIKHBI
TepATh SHEPIUIO TIPH MPOU3BOJCTBE POTOHOB U e e Tap, yepe3 Hekuil aHanor YepeHKOBCKOTo
m3nyuenns.  Kommabopamust ICARUS mposena cooTBeTcTByrOmui 3KkcnepuMment [45] 1o

IIOMCKY TAKUX I1ap C HYJEBBIM PE3YJIbTATOM.



B nH(pOpManmonHoit MOZienTn CUTYaI¥sl BBITIISIUT MPOIIE — Bce B MaTepuu ABIKETCS B
MIPOCTPAHCTBE-BPEMEHH TOJIBKO CO CKOPOCTHIO CBETa, TOATOMY Bce 00BEKTHI B MaTtepuu Bcerna
HaXOAATCS B OJHOH TOYKe aOCONIOTHOTO BpeMeHH (BEpOsATHO B TMpeaenax HWHTEpBasa
IInankoBckoro BpemeHu). Ecnu kakas-To yacTuiia ABUXKETCS B HPOCTPAHCTBE-BPEMEHU CO
CKOPOCTBIO HE PaBHOU C, HAIpUMeEp, ABIAETCS CBEPXCBETOBOM, OHA MOKHAAaeT Marepuio u He
MOJKET B3aMMOJICHCTBOBaTh HU C KaKMM MaTepHabHBIM OOBEKTOM (eCiH ObUIa pOXKIcHA B
MaTepHalbHON MHUIIEHU), BKIIOYas ¢ 1eTeKTopoM. Eciu Takas yacTuia co3gaer rie-To Kakue—
160 YACTHITE — KaK €' e Taphl BHIIE — TO TAaKHe YAaCTHI[BI OKaXKyTcsl BHe MaTepHu U TakxKe He
OymyT nmerektupoBaThes. Iloaromy pesynprar ICARUS skcnepumenTta Obu1 OBl HyJICBOH B

J000M citydae — ObUTH BepHBI Wi oninOounbl qanHeie OPERA.

C napyrodi CTOpPOHBI, BO3MOXXHO, YTO 3aMeuaHue BbImie OTHocutenbHO  OPERA
9KCIIEPHMEHTA €CTh, B ONPEAEICHHOM CMBICIIE, CIIMITKOM KaTeropu4HbIM. Kak yka3siBajmoch B
Beenenmn, Marepus ecTh Jmmib (OECKOHEYHO Majloe IO OTHOMICHUI0O K MHOXKECTBY)
MMOJIMHOXECTBO B MHOXecTBe «MHpOpManus», - BHe MaTepuu CYIIECTBYeT ‘‘abCOJIIOTHO
Bceraa” abCOMOTHO OECKOHEYHOE MHOXKECTBO APYTHX IOIMHOXKECTB MHOXECTBa, MpoUYne
WH(GOPMAIOHHBIE CTPYKTYPHI U T.II. — BKIIOYasi, HAIPUMEp, Bce COCTOSHHSI MaTtepun Kpome
JAHHOTO (CYIIECTBYIOLIETO B ONpeAeleHHBII MOMEHT aOCOJIOTHOTO BpEMEHH, TOYHEe, B
npenenax oxHoro IlmankoBckoro wHTepBaia). OZHO W3 TaKWX OTAENBHBIX TTOAMHOXKECTB
XOpOIII0O W3BECTHO — OJTO MHOXECTBO, TJe (YHKIHOHHPYET OTPOMHOE KOJIHYECTBO
TUHAMHYECKUX  YIOPSAINOYCHHBIX HH(DOPMAIMOHHBIX CHCTEM — T.e. IOJIMHOXECTBO
YyeJIOBEUECKHX CO3HAHMH MM ToaAMHOKecTBO “Co3HaHue .

DTO MOAMHOMXECTBO OUEBHUIIHO OTIMYAETCS OT MOAMHOXKeCTBa “Matepus” — Hampumep,
MO-BUJUMOMY HE OBUIO J0 CHX TOp 3KCICPUMEHTOB, ric OblUia OBl JIETCKTHPOBaHA C
MPUMEHEHUEM KaKOro-HUOYAbh MaTepUalbHOTO MPUOOpa Kakas-TuOO dYenoBeYecKas MBICHD; B
Cosznannn [IpaBuna “Bpems” u “IlpocTpaHcTBO” AGHCTBYIOT IO HHOMY, YeM B Marepuu, - I1o-
BUJIMMOMY HHMKTO CErOJIHA HE MOKET MPEIANOJIOKUTh — CKOJIBKO U3MEPEHUN Y “IpOCTpaHCTBa-
BpemeHu B cucreme CosHanue?” u T.m. M, KOHeuHO, - eciii B Marepu Bce OOBEKTHI
B3aMMOJICHCTBYIOT MyTeM OOMEHa MCKJIIYHMTEIBHO MCTUHHOW MH(pOpMalMed U He CIIOCOOHBI
MIPOU3BOANTE/ BOCIPUHUMATH JIOKHYIO HH(OPMAIIMIO, CO3HAHUS CIHOCOOHBI — HMHOTIA JaXKe

CJIMIIIIKOM CITOCOOHBI - TIPOU3BOINTE/ BOCIPHHUMATH TaKyI0 HH(POPMAIIHIO.

Tem He MeHee, uenoseueckoe cozuanue 8zaumooelicmayem ¢ Mamepuell — HapuMep,
KOTJla yTIpaBsieT MaTepHadbHBIM XUMHYECKAM KOMIIAYHJIOM, M3BECTHBIM KaK dYeJIOBEYECKOe
tenno. W Haobopor — wMarepuanbHble (Hampumep, (OTOHBI) OOBEKTHI, NIEHCTBYS Ha
MaTepHaIbHbIE CEHCOPHI TeJla, B KOHEYHOM cdeTe (pOpMHUPYIOT B CO3HAHUU aJIEKBaTHBIE 00pa3bl
BHENIHEH JeHCTBUTENBHOCTH. Tak uTo Matepuss He SBISETCI KaKOW-TO aOCOJIOTHO

PISOJII/IpOBaHHOﬁ CprKTypOﬁ, CYHICCTBYKOT — JOOINOJHUTCJIBHO K HM3BCCTHBIM UYCTHIPEM



(bYHI[aMCHTaIILHBIM - CHJIbI, KOTOPBIC MOTIYT BO3HCﬁCTBOBaTL Ha MaTCpUaJIbHBIC YaCTHUILIbI,
MOJICKYJIBI U T.II.; TAKUC CHUJIbI, HAIPUMEP, MOTJIN OBl OBITH OTBETCTBEHHBI 32 MOSBICHUE JKU3HU

Ha 3emJe. U, BroJHE BEpOSITHO, KOTOPBIE OyAyT U3y4yaThesl PU3UKOHN B OyoyIIEM.

Ho »10, Bipouem, BuanMo HebOnu3koe Oyaymee. UTo ecTh Oosiee akTyaabHO CETOAHS — d
maxoice OMHOCUMENbHO NPOCHIO U Oeuiee0 — 3TO TIPOBEJCHME MPEIOKEHHBIX B JaHHOU
MOJEN OKCIIEPHUMEHTOB, B IEPBYIO OYepedb — OKCICPHUMEHTOB C LENbI0 OOHApYKEeHUs
CIy4yallHOCTH TPaBUTAIIMOHHOTO B3aWMOJCHCTBHS Ha 3emiie TIpH BO3JEHCTBUM Ha
MOHOXpPOMAaTHYeCKHe (OTOHHBIE My4YKH M IKCIEPUMEHT C Mapod YacoB Ha 3eMHOIl opbOure;
Jlaee — JKCIEPHUMEHT MO HM3MepeHHio abcomoTHO# ckopoctd KA B TOUKe KOCMHUYECKOTO
MPOCTPAHCTBA C HYJEBBIM TPAaJUCHTOM TPaBUTAIIOHHOTO IOTEHIHANa. OKCHEPHUMEHTHI
JICHCTBUTENBHO MO3BOJUT IPOBECTH [JEHCTBUTEJBHYI IIPOBEPKY CIECLMAIBHOM TEOopUuU
OTHOCHUTEIHHOCTH, B TO BpeMs Kak 1o cux nop CTO Hukorma emie He OblIa IpoBepeHa; BO BCEX
W3BECTHBIX (HAmpUMep, NEPEYUCICHHBIX B [47]) OSKCHeprMeHTax Ha caMoOM Jeie Oblia
MpoBenieHa MpoBepka Tobko DI JI-reopun, KOTOpasi HOATBEPANIIA €€ TPAaBWILHOCTE. [lpu
9TOM, TIPEXAE BCErO, €CIIM pPe3yJbTaThl JKCIIEPUMEHTOB OKaXYyTCI B COTJIACHH C
MpeICKa3aHUusIMU JTAHHOW MOJeNd, 3To OyleT yOeAWTenbHBIM IOATBEpXKIAeHHEeM (hakTa, 4To
pearbHOE MPOCTPAaHCTBO-BpeMs aOCONOTHO W EBKIMIOBO, B TO BpeMs Kak MPOCTPaHCTBA -
BpeMeHa MHHKOBCKOTO U INCeBAOPUMaHOBO B pEaIbHOCTH HE CYIIECTBYIOT U SBISIOTCS JIUIIb
MaTeMaTHIECKHUMH MOJICIISIMH, KOTOPBIE TTO3BOJISIOT B KAKUX-TO CITydasX MOJydaTh Pe3yIbTaThl,
aJIeKBaTHBIE KOHKPETHBIM pealbHbIM (DH3MUYeCKUM cHuTyanusMm Jlamee — MpOBECTH MEPecMOTp
CYIIECTBYIONUX PEIICHUH B (PU3MKE, HATPUMEP B KOCMOJIOTUH, IIPH YCIOBUH, UTO peasibHO 4D
EBxnnmoBo mpocTpaHCTBO-BpeMsi, B TO BpeMs Kak 10 cux mop OTO saBnsercsa craHmapTHOH

TEOpUEU B JAHHOU HayKe.
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