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Abstract One of popular problems, which are experimentally studied in physics in a long time, is
the testing of the special relativity theory, first of all — measurements of isotropy and constancy of
light speed; as well as attempts to determine so called “absolute speed”, i.e. the Earth speed in the
absolute spacetime (absolute reference frame), if this spacetime (ARF) exists. Corresponding
experiments aimed at the measuring of proper speed of some reference frame in other one, including
[the absolute speed] in the ARF, are considered in the paper.
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1 Introduction

In [1 - 3] 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 in the absolutely infinite and absolutely fundamental
“Information” Set. This informational conception allows to propose the physical model
(more see [4], [5]), which, when basing practically only on Uncertainty principle, adequately
depicts the motion and interactions of particles in the spacetime. In the model [subatomic]
particles are some closed-loop algorithms that run on a “Matter’s computer [6] hardware”,
which [hardware] consists, in turn, of a closed chains of elementary logical gates —
fundamental logical elements (FLE) that are some (distinct, though) analogues of C. F. von

Weizsiacker’s “Urs” [7 — 9]. The FLE’s sizes in both — in the space and in the “coordinate”

. L _hG ), .

time (see below) — directions are equal to Planck length, /s, [, =(—") (7 is reduced

c

Planck constant - the elementary physical action, G - gravitational constant, ¢- speed of light
[

in the vacuum); the time of the FLE’s “flip” is equal to Planck time, 7,,7, = -=. Relating
c

to the mechanics of fast particles/ bodies motion and interactions, the model allows to obtain
basic kinematical and dynamical equation that were obtained in the Lorentz theory and the
special relativity, but, at that, in the model these equations are obtained basing on other [then
in the Lorentz theory and in the SRT] principal suggestions, thus from the model a number

of new inferences follow, including — that the real Matter’s spacetime is absolute 4D



Euclidian manifold and all/every material objects move in the 3D spacetime with absolute
3D speeds; what is principally prohibited in the special relativity. In this paper a couple of
experimental methods aimed at the testing this suggestion (as well, of course, the testing by

this way the SRT) is presented.

Spacetime. The introducing of the Space and the Time notions in the model [3], [5], [10]
is quite natural — they are fundamental and universal, i.e. which act on whole Set, logical
rules/ possibilities that allow (and define or “implicitly govern” how to single out) to single
out specific informational patterns / structures, for example, particles, in the main
informational structure (i.e., Matter); at that taking into account both - fixed and dynamical —

characteristics of the structures”.

As possibilities Space and Time are different in that Space in the Set has infinite number
of “dimensions”, when for Time now only two “dimensions” — “true time” and “coordinate
time” (see below); the number of the dimensions that are “used” in a concrete informational
system is determined practically completely just by properties of this concrete system. In the
system “Matter” Space and Time realize themselves as some 4D-Emptiness (5D-?) where a
dense 4D FLE lattice (“4D Aether”) is placed — some analogue of “spin-network™ [11],
“causal set” [12], “Space-time points in causal space” [13], etc. The Space and Time
possibilities are universal and “absolute”, they exist “forever”, since they exist also
(“virtually”) before a beginning  and after an end of any specific informational structure,
including, in this case, of Matter in our Universe. As the rules Space and Time establish that
between informational fixed patterns (including material objects — particles, bodies, etc.)
must be non-zero “space interval”, between different states of a changing pattern must be a
non-zero “time interval” (a “non-zero duration”). The time intervals always accompany
every change of every changing pattern, so the constant increase of the time interval at the
Matter’s evolution sometimes is called as some self-independent “time flow”; tough this
flow only accompanies changes of material objects and Matter’s evolution as a whole.

On the other hand since “Matter as computer”, and every “automaton” in this computer,
i.e. every material object and every system of objects, “operate” with a stable “operation
rate”, measured concrete space and time intervals are useful at a description of processes that
go in material systems as “the time” and “ the space” variables that indicate changes of the

objects in the 4D Euclidian spacetime, when any element of Matter — a particle, a molecule,

* We don’t consider here the main problem of the Time notion definition, which follows from the
logical inconsistence of any change in any, including material, system, including, for example, its
spatial motion — that is discussed in a first approximation in [3]; and adopt here the existence of
dynamical systems and of motions of objects at least as the experimental fact.
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a star, etc. — has its own space and time coordinates.

The space is 3D FEuclidian manifold, when the time is “two-faced” — in Matter
simultaneously two rules/possibilities “Time” act - “absolute (or “true”) time” and
“coordinate time”. Absolute/ true time defines that for any change in Matter (e.g., for a
FLE’s flip in any - “space” or “coordinate time” — direction) is necessary to spend same
“true time interval”. Since all material objects always move in the 4D spacetime with
identical by the absolute value 4D speeds (which are equal to the speed of light), the true
time interval, which always accompanies these processes, changes (“true time flows”) for all
Matter only in one (“positive”, as that is accepted in physics now) direction by definition.
The “coordinate time” is necessary because of to do reversible operations, which are
logically incorrect, if only the true time acts, it is necessary to have corresponding rule that
allows and defines such operations. This rule/possibility exists/acts in Matter as the
“coordinate time” and material objects can move in the possibility “coordinate time” in both
(direct and reversal, £) directions — like along of a spatial direction. This time constitute,
with the space, Matter’s 4D “space-[coordinate]time”, or further in the text - the “spacetime”

(as well as below “time” as a rule is “coordinate time”).

The time axis in the spacetime is orthogonal to any spatial line, including, naturally, to 3
[e.g., Cartesian] spatial axes (so the 4D spacetime is in reality “Cartesian”); what follows
from the model’s premise that FLEs have 4 independent degrees of freedom and, for
example, from the experimentally measured the “rest mass” and “relativistic mass” relation,
from the equality of “transverse” and “relativistic” masses — insofar as in macrophysics
usually all interactions happen as an exchange by 3D spatial momentums, when a body at
rest moves in the temporal direction, thus, because of the orthogonality of the t-axis, the
“relativistic mass” turns out to be the “transverse mass”, etc.

The absolute time isn’t a coordinate in the model, though it can be fifth coordinate in a
5D spacetime, where all Matter’s objects, since they are uninterruptedly changing and so -
are moving [after Matter obtained at Beginning a portion of something, what in the physics
is called “the energy”] with 4D speeds having identical absolute values in the 4D spacetime,
move also simultaneously with the speed of light along “true time coordinate” in positive
direction, remaining always simultaneously in one true time moment (one elementary true

time interval).



2 Comparing of the SRT and the model

In this informational model the Lorentz transformations can be obtained quite naturally, [4] if
it is [rather reasonably] postulated that:

(1) The Matter exists and evolves in a [at least] 4D lattice of FLEs, at that every particle
and every system of particles (material body) moves — as some disturbance of the lattice -
through the lattice, and, because of the FLEs’ sizes are identical, through 4D spacetime also,
with identical (by absolute value = the light speed in the vacuum, c) 4D speeds. At that in
Matter there exist two main types of particles (and bodies that are systems of particles) — “T-
particles” that were/ are created after an impacts [on the lattice] with the 4D momentums,
which were/are directed along the #-axis (electrons, protons, etc.); and “S-particles”, when
the impacts’ momentums were/are spatially directed (e.g. photons); thus T-particles can
move in the 1D [coordinate] time and in the 3D space simultaneously, when S-particles

move in the 3D space only;

(2) The lattice — and the spacetime as well — don’t depend on any Matter’s bodies motion,
they are absolute and constitute by this way for Matter absolute coordinate system(s)
(4ACS). Insofar as the lattice is highly standardized for steps in any — time or space —
direction (there is an “equal footing”), there can be established “absolute reference frame”
(4ARF) which is at rest relating to an 4ACS and so it is inertial reference frame. There can
be infinite number of equivalent 4ARFs and 4ACSs, as results of translations and/ or (spatial
only) rotations of some 4ARF (4ACS).

However such [“4D”] 4ARF cannot be realized in practice since every material object,
including clocks, rules, observers [in certain sense, since the observers are partially non-
material objects], etc., that are necessary constituents of any reference frame, are some “T-
objects” that always move in the spacetime/the lattice (excluding some exotic cases when
some T-particles can be, in certain sense, at rest in the 4ACS if they are built from particles
and antiparticles, e.g. — the mesons). Thus there is a sense to say only about “absolute”
reference frames that are at rest only relating to one of the two main dimensions of the
Matter’s spacetime — at rest in the 1D time and at rest in the 3D space. The first version can
be realized only if all constituents of the reference frame — clocks, rules, observer — are
made, for example, from photons; what is evidently cannot be realized on the practice; thus
there is a sense to seek for the ARFs that are at 3D spatial rest only. Just these 3ARFs, which
are at rest in the 3D Aether, were sought for in last decades of 19 century, including the
Michelson and Morley experiment [14], and were claimed as principally non-existent in the
special relativity theory — as well in this theory the absolute “Newtonian” spacetime is

postulated as being non-existent, though.



Correspondingly in this paper below only the absolute reference frames that are at 3D
spatial rest are considered. The existence of such frames in the informational model is
evident — that are the frames, where the frames’ clocks, rules and observers (not only, of

course) move in the [coordinate] time only, what is evidently possible.

(3) Since all/ every particles/ bodies always move in the 4D spacetime with the sped of

light, the particle’s/ body’s motion is characterized by the 4D momentum, which is an
analogue of the classical momentum, P=mV , P =mck , where m is some coefficient (the

inertial mass), k is 4D unit vector, at that every particle is always oriented relating to the k.
Thus if a number of particles constitute a rigid body, this body becomes be oriented
relating to its movement direction also. An example — moving rigid rod having the length L -

is shown in the Fig.1.

ct

Fig.1. A rod having the length L moves in the spacetime: (a) — the rod is at 3D spatial rest (moves in
the time only) in the ARF, (b) the rod moves also along X-axis with a speed V. The spatial length of

the accelerated rod, L, = L(1— %)

At rest (Fig. 1 (a)) the rod moves along [coordinate] temporal axis [with the speed of

light] having the momentum p, = moci that is perpendicular to the rod. If the rod was
impacted with transmission to the rod a spatial momentum p, = mV , it moves in the space

also, having in the spacetime the total momentum P= Do+ Dy P is again perpendicular to
the rod.

From the Fig. 1 immediately follow the main equations of the special relativity theory (as
well as of the Lorentz theory, though). Lorentz transformations:

- the first equation [ =V /¢ ]



x=vt+x'(1- 5", (1

- and the second one:
V !’
(== )

but with essential difference from the SRT — these equations aren’t valid in whole [in the
SRT — pseudoEuclidian Minkowski] Matter’s spacetime, but are true for points of rigid
mechanical systems (e.g., a system Earth + a satellite is rigid system also because of the
gravity force) only, nothing happens at a motion of a body with the spacetime. Besides that
the variables x',#’ correctly relate to relative positions of the rod’s points in the spacetime,
they are also can be measured lengths (here - from the back of the rod) to some (here — the

rod’s) matter points, and clocks’ readings in these points; thus for some rigid system of

bodies it is possible to set some local inertial reference frame.

As well as from the postulates above follow main equations of the SRT dynamics.
Since P = mc and since t-axis is normal to any spatial direction (so the momentum of a
particle at 3D rest remains be constant as the temporal component of the 4D momentum at
any spatial motion) it can be easily obtained for T-particles that

and, for example, calculating the work of some force F' at the spatial (an temporal impact

Px = =ymV 3)
results in the creation of new particles) acceleration of a body with rest mass m, on a way

S (in the Eq. (4) below p = p, for convenience),we obtain:

NG
A= SZF(S)dS: pMdp:c Pp4dpdp:cAP' 4)
s 2 2 2
i Po m, n(p”+myc)

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

energy, from (4) we obtain

AE=E-E,=cP-cp,, (5a)

or
E=cp=—C 5b
=c _(l—ﬂ2)1/2 > (5b)

and for a body at rest in an 3D ARF

E,=cp, =my". (5¢)



3 Kinematical relations in moving mechanical systems

The Voigt-Lorentz #- decrement [in Eq.(2)] for the rod’s matter (including clocks) along

VL
the rod’s length (the maximum is ——-), appears at the acceleration of the rod up to the
c

speed V and further remains be constant for any fragment of the rod at the uniform motion.
So if (i) - one synchronizes a number of clocks along the rod before the acceleration;
and, (ii) - after the acceleration up to some speed, e.g., the back end clock is transported
slowly along the rod to the front end, so, that this clock constituted with the rod rigid system,
- then the moving clock’s and stationary clocks’ [along the rod] readings will be identical,
including for the [moved] back end and front end clocks eventually. But if one accelerates
also a pair of synchronized clocks, which were placed initially on the distance L (Fig.2 (a))
also, let to the same speed V' (Fig.2 (b), independently (freely), then the front clock reading
will be identical to the both back ones, but will show later time then front end rod’s clock;

though all clocks are in both cases evidently in the same inertial reference frame.

(b)

Fig. 2. Two pairs of synchronized clocks in the same reference frames. (a) at rest in an ARF, and (b)
all clocks move with the same speed in the ARF, one pair constitutes the rigid body with accelerated
rod; other pair moves independently on the rod.

This “de-synchronization” of clocks, which were equally impacted at the acceleration,
dependently on are the clocks free or they constitute a rigid system, occurs not only in the

case above.

Besides consider a simple kinematical problem.



Let in the middle point of moving rod a short light flash occurs. The rod’s clocks
readings, when the flush photons hit the clocks, are, if corresponding clock readings in an

ARF is ¢t and at the flush all clocks where set in the zero: on back end clock:

t,=t(1-B>)"*; on the middle point clock; ¢, =¢,— on front end clock:

PR
c

VL

ty=t,——.
B A 02
Since photons move only in the space, the flash will be registered with some time

LA-5)
2(V+c¢)

increment, for example on back end clock, it is Af, = . So observed in the rod’s

L L L
reference frame elapsed time is At,,, = 2—(1— ,H)+2— p= >0’ so measured by this way
c c c

speed of light in the rod’s IRF is equal to ¢, though the real speed at photons’ motion to the
rod’s back end is evidently equal to V' +c.

Analogously the same result (measured speed of light is equal to c¢) can be easily
obtained for the pair “middle point — front end” clocks; for the case, when the light moves
from back end to front end (a mirror) and back, etc.

And on the contrary — if on the rod’s ends there are two clocks and the time moments,
when flashes hit the clocks, are set in the clocks as equal clocks showings, the clocks
become be synchronized in accordance with the Lorentz transformations — that is “Einstein
synchronization” in the SRT.

However from the Lorenz transformations for rigid systems evidently follows another
synchronization method — the “slow clocks transport”, when clocks are set in equal showings

at some spatial point an further clocks are slowly (7 =1) moved to the points where it is

necessary to measure time intervals.

But if the clocks are free, the Lorentz transformations aren’t valid completely and both
synchronization methods above become be incorrect also, besides — the results of the
“synchronizations” are different. Just this fact allows to observe the absolute motion of a
system of clocks and to measure the absolute 3D speed of this system — what is principally

impossible in the SRT.

4 Measurement of proper speed of an IRF

4.1. The use of the rigid and free systems of two clocks

From above follows the possibility of measurement at least of the proper speed of concrete
reference frame [15], if in this frame an observer uses simultaneously a set of rigidly

connected and independent (free) clocks, see Fig.3.
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Fig. 3. A plot of clocks movements at measurement of the proper speed of a reference frame.

So, if there is a pair of synchronized clocks, and further one clock, here — the clock-2 is
moved slowly back and forth in any direction, the clocks’ readings at the clocks rendezvous
will be identical, independently on — the moved clock-2 was rigidly mechanically connected
by some rod with the fixed one (with clock-1) or the clock-2 moves independently.

But the moved clocks’ readings at the motion are different. When the independently

moved clock-2 readings are always identical to the fixed clock-1’s ones, the connected [to

the rod] clock-2 obtains additional decrement (if the clock is moved along a speed V of the

X
reference frame), —

— where x is the distance between the clocks, measured by the
c

observer’s (on the rod) rule.

Thus, if on some moving object, for example — on an Earth satellite, an observer can
implement the scheme that is shown on the Fig. 3, then it can measure his proper speed. To
do that, the observer should use two clocks and some rigid rod, let — with the length L.

Let one clock (clock-1) is fixed in the satellite and other clock (clock-2) is rigidly fixed
on the rod’s end, both clocks are synchronized. Then, if the rod is pushed along the satellite
speed forward and back, after returning both clocks will have identical readings. However, if
the clock-2 is pushed forward being rigidly coupled with the rod, but returns back
independently, for example, by using own engine, the time decrement, which this clock

obtained at pushing forward conserves and so the clocks’ readings are different at their

VL VL
rendezvous on the decrement _0_2 (at pushing back - +c_2 correspondingly). For

example, if the experiment would be made at the International Space Station (/" ~7600 m/s)
and for the rod’s length =30 m, the decrement is ~ 2.5107's.
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Correspondingly from measured in this case the clock readings difference Af,, and
known rod’s length the observer can determine the proper speed of his RF; in the case above

At,c?
— the orbital speed of the satellite, V' = %c

It is evident that such a procedure can be repeated any times with the accumulation of

the decrements, so the requirements to the clocks’ precision aren’t too rigorous provided that

Atc’
they have adequate stability. If there were N repetitions, then V = ]\;L ; Where

N
Aty =" At,,,.

The measurement error for a single measurement in first approximation depends

practically on the internal clocks’ readings long-term and short-term uncertainties. Let the

sum of the clocks’  uncertainties is A, zAhmZ”z swhere A, , are the [equal here]

o : 4 .
individual clocks’ error. Then for relative error for measured the [ =— value in first
c

approximation obtain

df A,c
o(f)r—=~——, (6)
b B Lp
and so
IB~ Ahc (7)

L5(B)
For 6(f3), for example be equal to 10%, L=30m, A, ~10"s, it is possible to measure

the value 8 ~10° (and more, of course), i.e. the proper speed of the clocks’ system ~ 3000

m/s; the proper speed of the ISS above can be measured with 5% precision.
Note, again, that on Earth orbit it is impossible to measure the “proper absolute” speed,
since all clocks, because of Earth gravity, always constitute a rigid systems relating to the

absolute Mater’s spacetime.

4.2. The use of free two clocks system

Another way to measure the absolute [or proper speeds for near Earth systems] speed is
using of two synchronized in one point clocks 1 and 2 after the clocks are slowly transported

apart on a distance L and measuring one-way time intervals of light flushes hits in opposite

clocks at light motion between the clocks.
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In this case real (in an ARF) one-way time intervals [in contrast to the case of a rigid

L
and f, =——, here f, and ¢, are possible

system in the sec. 3 above], are ¢ =
c—V c+V

clocks-1, 2 readings in an absolute reference frame. Though these values are unknown, we

, L(l_ﬂz)l/z and t’ B L(I_IBZ)I/Z

can obtain the actual (measured) clocks’ readings - #; =

c(1-B) L1+ p)

where values L and £ are unknown and the £ value must be measured. Nonetheless we

2

. 2L 2L 1 )

can use the equations f —¢, :—% and t/+1, =————>—— to obtain the
c (1-49) ¢ (1-4)

equation that doesn’t contain unknown [non-measurable] value of the distance between the
clocks:

t—t

p=1— ®)
1+t

To estimate possible proper /absolute speed measurements errors in first approximation

obtain (A, - see the sec. 4.1 above):

df _d(h=t) d+t) A, A, A,
B -t t+t -t e+t -t
and the relative uncertainty occurs twice lesser then in the case when the system of free and

rigidly connected clocks is used that is considered in the sec.4.1. But the rest is the same:

df .. ., 2LB.  Agc

5 =—x — ~N — |~ —

B 5 [t -1, L7 )
and

N A, c

P31 (10)

- i.e. this method allow to obtain twice better precision or twice lower measured speed at

equal errors comparing with the sec. 4.1 method.

However that is true only if the distance between the clocks is stable at the measurement
(this problem is practically inessential in the experiment in the sec. 4.1 above), and the main
contribution to the error is determined by the clocks precision limits. If that isn’t so, then the
rough analysis above isn’t correct.

To estimate a possible contribution of the distance fluctuation consider an optimal but
easily executed variant when the light flashes happen practically simultaneously, for
example — by a program that make flashes at both clocks in given times in the cocks, for

example — every exact second (or in any known times/ periods); after an measurement’s

cycle, the data about ¢, and t,, are analyzed to make the /3, values by using the Eq.(8).
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In this case fluctuations, dL , impact on the measurement results if they occur practically

inside the intervals (¢, =t,)~2L/c (or L/c). For the corresponding error being near
dL . . .

clocks errors, — ~A,, and suggesting that the fluctuations happen with constant
c

3 3
. : c . c’A

acceleration, a, for the @ obtain: a = FA , and for the distance L ~ (—h)l/2 .

It seems as rather reasonable that there cannot be impacts on, for example, a space probe

with forces when corresponding acceleration would be greater then, say, 100 m/s%. Thus an

acceptable distance, when the errors because of the fluctuations are comparable with the
errors that depend on the clocks’ inaccuracy, for, for example, A, = 107", is L ~500km ;

returning to the Eq.(9) obtain that at such distance it is possible to measure the proper/
absolute speed lesser then 1 m/s.

I.e. in the case when the time intervals above are measured practically simultaneously,
there is no the problem of the distance stability; including, besides the considered case
above, the case when the distance between clocks changes constantly because of a difference
of the clocks’ spatial speeds up to a few m/s; at that this distance change can be rather simply

determined, measured and decreased if necessary.
5 Conclusion

From the consideration above follow a number of implications.

First of all from the informational model’s approach, which is used here, follows that if a
system of measurement devices, i.e., rules and clocks, constitute a rigid system (because of
the Earth gravity it is possible to create rigid systems even between / with satellites, well
known example is the GPS system), then outcomes of any experiment aimed at the
measurement of the speed of light value or observation of some proper speed of this system
will be in accordance with the special relativity; as well with the Lorentz theory, though,
because of in this case the theories are experimentally indistinguishable. Measured values
will be the [standard] speed of light and zero object’s proper speed correspondingly. This
inference is true independently of what experiment was executed — “tests of Lorentz
invariance” at using interferometers, “round trip” or “one or two way” methods at
measurements of the light speed value or its isotropy (see, e.g., [16]-[22] and refs therein); as
well as of what clock synchronization is applied — “Einstein synchronization” or slow
transport of synchronized clocks. If some deviations from the theories would be observed,

than there will be, with a great probability, an artifact.
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But if one creates at least partially free system, some possibilities appear. The described
above experiments on Earth satellite seem as rather promising, since on stationary orbits
Earth gravity gradient (at least on a circular orbit) is small, and so rather possibly in this cases
is inessential, so the measurement of a satellite orbital (proper in the Earth’ reference frame)

speed, rather probably, would be successful.

Nonetheless the Earth gravity makes impossible the measurement of the absolute speed,
since the gravity always “has time” to correct the positions of clocks and rules in the 4D
spacetime at the satellite orbital motion, so the instruments always constitute rigid systems
relating to the ARF”,

However principally the measurement of the absolute speed is possible. To do that is
necessary to send corresponding cosmic probe in a point in space where resulting gravity
force (not the gravity potential), for example — in some “global libration points” in deep
space, is weak enough. Further an automaton could execute the set of measurements of the
probe speed values in at least 27 directions by using the retractable rod and the pair of
clocks, or a pair of distant clocks, as that is described in the section 4 above. The direction of
the rod or spatial direction between free clocks, when the measured speed value will be
maximal, will be the direction of the absolute speed and the absolute speed value. At that the
experiment with a pair free clocks (sec. 4.2) seems as more promising, however the chouse

depends on concrete technological possibilities.

There are no principal technical constraints for such experiments yet now. The mass of the
probe would be, rather probably, not bigger then those that were launched already at other
space missions. As well as seems that there aren’t problems with the clocks — the
measurement of time intervals with accuracy ~107° (see, e.g., [23], [24]) isn’t now

something exotic.

H. Poincaré wrote about the absolute motion in “Science and hypothesis” [25]:

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

Note, though, that that is true only if forces that act on the clocks and the rules are small enough,
what is true in the existent now experimental situations. Besides in this case it is important that the
Earth’s absolute speed is rather small — possibly near 500-700 km/s. If the forces are large, the Earth
gravity becomes be inessential and, for example, if the Earth’s absolute speed would be large also —
with ¥ essentially >1 - and be directed, say, in the ecliptic plain, then in such case it would occur,

that unstable particles, which are created in accelerators, whose tubes are parallel to this plane, would
live long, say, at day and short at night in summer and on the contrary at winter.
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APPENDIX

(Russian version)
N3mepenue a0COIOTHOM CKOPOCTH BO3MOKHO?

C. B. IlleBuyenko' u B. B. TOKapeBCKI/Iﬁz

'HUncmumym ®uzuxu HAH Yrpauns, Ilp. Hayku 46,Kues-28,Ykpauna
[Mpogpeccop, Mp. Hayxku 46,Kues-28,Yxpauna

Abstract One of popular problems, which are experimentally studied in physics in a long time, is
the testing of the special relativity theory, first of all — measurements of isotropy and constancy of
light speed; as well as attempts to determine so called “absolute speed”, i.e. the Earth speed in the
absolute spacetime (absolute reference frame), if this spacetime (ARF) exists. Corresponding
experiments aimed at the measuring of proper speed of some reference frame in other one, including
[the absolute speed] in the ARF, are considered in the paper.

Key words: I/IH(I)OpMaL[I/IOHHaSI (1)I/I3I/IKa, crieiyajibHad TCOpUSA  OTHOCUTCIIBHOCTH,
MIPOCTPAHCTBO-BPEMS, DKCICPUMCHTAJIbHAA IIPOBEPKaA

PACS numbers: 01.70.+w, 03.30.+p, 04.80.Cc
1 BBenenue

B [1 - 3] 6su10 CTpOrO MOKa3aHo, uTo Matepus B Haiieil Beenennoit — u Beenennas B
LEIOM — 3TO HeKue HH(OPMAIMOHHBIC CHCTEMBI (CTPYKTYphI), CYIISCTBYIOUIHE KaK

HENpPEpPBIBHO H3MEHSIOIMECs [MpakTH4eckrd| OeCKOHeYHO Majbleé IOJMHOXECTBa, B
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CpaBHeHWU ¢ MHOXeCTBOM, B a0CONMIOTHO OeCKOHEeUYHOM H (pyHAaMEHTAITEHOM MHOXeCTBe
‘¢H 2

HpopMmarus”. JlaHHas nHPOPMAIMOHHAS KOHIEMIIHSI TIO3BOJISIET BEIBUHYTh (PU3UYECKYIO
monmenb (cm. [4], [5]), KOTOpas, OCHOBBIBasCh IPAaKTHYECKHW IHINb, Ha [IpuHIme
HEOTPEICTICHHOCTH, aJCKBaTHO OIKCHIBACT IBM)KCHHWE M B3aUMOJCHCTBHS 4YaCTHI[ B
MIPOCTPaHCTBe-BpeMeHH. B Mopmenn [cyOaToMHBIE] YacTHUIBI €CTh HEKHE 3aMKHYTHIC

(13 2

QITOPUTMBI, BbIMONHsIOmMMUecs Ha ‘“hardware kommbrorepa Martepus [6]”, KoTopoe
[hardware] cOCTOHMT M3 3aMKHYTHIX LiENEH 3JeMEHTapHBIX JIOTHUECKUX 37eMeHTOB (DJID),
KOTOpBIE, B CBOIO OYepenb, €CTh HEKHEe aHanoru (Bmpouem, orminuaromuecsi) C. F. von
Weizsacker’s 1950-54 years “Urs” [7-9].

Pasmepsr @JID B o0eux (IIPOCTPAHCTBEHHOM M ‘“‘KOOPAMHATHO-BPEMEHHOM ™ (CM.
. LENT
HIDKE) HATIPABIEHHUAX OJMHAKOBBI M paBHbI IlmankoBckoi amune lp, [, =(—) (R
c

npuBeAeHHass nocTosiHHas Ilmanka (snemeHtapHoe neiictBue), G — TpaBUTALMOHHAS
KOHCTaHTa, c- CKOpOCTb cBeTa B Bakyyme); Bpems “flip-a” ®JID paHo [lnaHkoBckOMYy

lP
BPEMEHH, Tp, T, = .

IIpocTtpancTtBo-Bpems. Brenenne noustuii [Ipoctpanctsa u Bpemenu B monens[3], [5],
[10] coBepmieHHO €CTECTBEHHO — 3TO (YHIAMCHTalIbHBIE H YHHUBEPCAIBHEIC, T.C.
JelicTByIoNIMe Ha BceM MHOXKecTBe, Jorndeckue I[lpaBuia / BO3MOXHOCTH, KOTOpHIC
MO3BOJIAIOT (M HESBHO  OMPEAENSAIOT - Kak BBLAETATh) BBIACHATh  OTIENIbHBIC
WHPOPMAIIMOHHBIE CTPYKTYpBI, HalpUMeEp, YaCTHIBI, B OCHOBHOI CTpyKType (T.e. B
Marepun) ¢ y4eToM TpU STOM (PUKCHPOBAHHBIX M JWHAMHYCCKAX XapPaKTEPHCTHK 3THX
CTPYKTYP.

(MBI HE paccMaTpHBaeM 3J€Ch TIaBHYIO MPOOJIeMy TIPH ONpEeAeiIeHUN TOHATHH “Bpems”,
KOTOpas CleAyeT U3 JIOTHIECKOH IPOTHBOPEUYNBOCTH JTFOO0TO M3MEHEHHS B JTIOOOH, BKITFOUas
MaTepuaibHbIe, CHCTeME; BKIII0Yasi, Hal[puMep, MPOCTPAHCTBEHHOE JBMKEHHUE CHCTEM — 3TO
B TIEPBOM TMPHOMMKEHHM O0OCyx)maercs B [3]; W NpUHAMAaeM 37eCh CYIICCTBOBAHHE
JUHAMWYECKUX CHCTEM M JIBIDKEHHE MaTepHAbHBIX OOBEKTOB, MO KpailHeH Mepe, Kak

SKCIIEPUMEHTAILHBIN (haKT)

Kak Bo3moxnocTu IIpoctpanctso n Bpems pasnugarorcst B ToM, uto IIpocTpaHcTBo B
MHoXecTBe MMeeT OECKOHEYHOE YHUCIO “‘M3MEpeHHii”, B TO Bpems Kak s BpemeHu
CETO/IHS U3BECTHO TOJBKO /IBa “H3MEpPEHHs” - “UCTHUHHOE BpeMs~ U “KOOpPAMHATHOE BpeMs’
(cM. HUXKE); YHCIIO U3MEPEHHH, KOTOPOE “UCIIONB3YIOTCS” B KOHKPETHONH MH(POPMALMOHHON
CHUCTEME OIpeAeNseTcs MPaKTHUECKH IMOJHOCTBIO CBOMCTBaMU JAaHHOM KOHKpETHOM
cucremsl. B cucreme “Marepus’” [IpoctpancTBo u Bpemst peanusyrot ce0st kak Hekas 4D-

[lycrota (5D-?), roe pasmemiena miotHas pemierka ®JID — B KakoH-TO CTENEHH aHAJIOT
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“spin-network™ [11], “causal set” [12], “Space-time points in causal space” [13], u T.I
Taxum o6pazom, [IpocTpancTBo 1 Bpems yHHBEepCcalbHBI U “a0COMIOTHBI”, OHU CYIIECTBYIOT
BCer/ia, MOCKOJIBbKY CYIIECTBYIOT Takke (“BHPTYaIbHO”) IO Hadala W IOCNe KOHIA JIF000i
CTPYKTYpBL, BKIItouas — Marepuu B Haiieil BcenenHoi.

Kak mpaBuma IlpoctpanctBo u Bpemsi ycTaHaBIuBarOT, 4TO MEXIY OTICIbHBIMU
o0bekTamMu (BKJIIOYAs MaTepuaibHble OOBEKTHl — YaCTHLIBL, TENa, T.II.) BCErAa AOJKEH OBITh
HEHYJIEBOW  “IIPOCTPAHCTBEHHBIH  WHTEpBANT’, MEXAY pPa3IUYHBIMH  COCTOSHHUSIMH
HU3MEHSIOIErocss O00beKTa BCerAa JMAOJDKEH OBITh HEHYJIEeBOW ‘‘BpeMEHHOW WHTepBal’
(“HeHyNeBas TPOAOIDKHUTENBHOCTH”). BpemeHHBIE WHTEpBaibl Bcerga COMPOBOXKAAIOT
KaX70€ M3MEHEHHE KaKJI0T0 M3MEHSIoNIerocs o0beKTa, TaK YTO MOCTOSHHOE yBEJIWYEHHE
BPEMEHHOT0 HWHTEpBaJla B IIpOIlECCE HENMPEepBHIBHOM 53BONIONMHM Marepuu, 9TO CO3/AaeT
WUTIO3UIO HEKOEr0 CaMOCTOSTENILHOTO (aKTUBHOTO) “TIOTOKA BPEMEHM; XOTSA 3TOT IMOTOK
TOJIBKO COMPOBOKIIAET IBOIFOINIO/ U3MECHEHHSL.

C npyroil cTOpoHBI, TOCKONBKY “MaTepus - KOMIbIOTEP”, U KKABIN “aBTOMAaT’ B 3TOM
KOMITBIOTEPE, T.€. KAKIBIA MaTepruaabHBIH 00BEKT, U KaKIas cucTeMa 0ObeKTOB “‘paboTaet”
CO CTaOWIBHOW “‘TAaKTOBOH YAacTOTOW , W3MeEpseMble KOHKPETHBIC BpPEMEHHBIC W
IIPOCTPAHCTBEHHBIE HHTEPBAJBl OKAa3bIBAIOTCA IOJC3HBIMH IPH ONHMCAHHM IIPOLECCOB,
KOTOpBIE HAYT B MaTepHaJbHBIX CHCTEMax Kak ‘“BpeMeHHBIC” “NPOCTpaHCTBEHHBIC
MEpEMEHHBIC, KOTOPbIC XapaKTepU3ylT H3MeHeHHs o0bektoB B 4D EBximzoBom
MIPOCTPAHCTBE-BPEMEHH , T1IE KKABIM 31eMeHT Martepun — 4acTiua, MOJIeKyJia, 3Be34a, T.I1.,

— HMMCCT CBOU NPOCTPAHCTBCHHBIC U BPEMCHHBIC KOOPAUHATHI.

[IpoctpancTBo Marepun ects 3D u EBkimmoBo, Torma xak Bpems “two-faced” — B
Marepun [eHCTBYIOT OIHOBPEMEHHO /IBa MpaBuiia/ BOZMOKHOCTH “Bpems” - “abconroTHoe
(umu “uctuHHOE”) BpeMs” M “KOOpAMHATHOE BpeMs~ . AOCONOTHOE/ MCTHHHOE BpeMs
OTIpeensieT, uTo s II00oro u3MeHenus B (Hampumep, s flip-a kakoro-unOyap ©JID B
aro0oM - “IpOCTPaHCTBEHHOM  WIH “KOOPAMHATHO-BPEMEHHOM~ — HaIPaBJICHHUH)
HEOOXOUMO 3aTPaTHTh “‘MHTEPBAT UCTHHHOTO BpeMeHH . TakuM 00pa3oM, HCTHHHOE BpeMs
“Teder”, T.e. U3MEHSETCS, TOJILKO B OMHOM (“TIONOXHUTEIHHOM’, KaK 3TO MPUHATO CETOIHS B
(u3rKe) HampaBIeHUH MO ompeneneHuio. “KoopanHaTHOe BpeMs” CYIIECTBYET B JaHHOH
Marepuu, MOCKOJNILKY 4YTOOBI BBIIIONHATH OOpaTHBIE OMNEpaIH, KOTOPbIE JIOTHYECKU
HEKOPPEKTHBI, €CIH CYIIECTBYET TOJILKO aOCONIOTHOE BpeMsi, HEO0OXOAWMO HWMETh
COOTBETCTBYIOIIEE IIPABWJIO, KOTOPOE pa3pellaeT U ONpeleisieT Takue OIeparyH.
COOTBETCTBEHHO B NMaHHOW Matepun 0OBEKTH MOTYT IepeMernarbes B 4D mpocTpaHcTBe-
BpEMCHH BO BpeMeHH B IBYX (TIpsIMOM W OOpaTHOM, +) HAmpaBlIEeHUAX — KaK M B
MPOCTPAHCTBEHHBIX HampabieHusx. M1 umenno 1D koopaunatHoe Bpemsi BMecte ¢ 3D

IpoCTpaHcTBOM 00pa3yroT 4D npoctpaHcTBO-BpeMs i1t MaTepuu.
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Bpemennas oce B [IB oproronanpHa m000W TPOCTPAaHCTBEHHOW JIMHUM, BKITIOYAs,
€CTeCTBCHHO, 3 [Hampumep, JleKapTOBBIM| MPOCTPAHCTBEHHBIM OCSIM; YTO CIEIyeT U3
MOCTYJIUPYEMOI'O B JAaHHOW MoJeian moioxeHus, uto OJID nuMeer 4 HE3aBUCUMBIX CTEIIEHU
cBOOONBI TpPH W3MEHEHWH cocTosHusA (mpu  “pmunax” DJID) wu, Hampumep, u3
9KCHEPHUMEHTAIbHO  M3MEPEHHOTO0  COOTHOLICHHMS  BEIWYHMH “Maccel MOKOS” W
“peNATUBUCTCKON Macchl” — TMOCKOJIBKY B Makpo(u3uke OOBIYHO BCE B3aMMOJCHCTBUS
MPOUCXOIAT ¢ OOMEHOM MPOCTPAHCTBEHHBIX 3D MMITYyIICOB, a TENO B MOKOE “MHBAPUAHTHO”
JIBUKETCS TOJIBKO B BPEMEHHOM HAaNpaBiIEHHHU, BCIEICTBHE OPTOTOHAJIBLHOCTH BPEMEHHOM
KOOPIMHATHI “peATUBUCTCKAs Macca’ OKa3bIBaeTCs “TIONEPEYHON Maccoil”.

AOGCOIOTHOE BpeMs He SIBIISETCS KOOPAWHATOW B JAHHOM MOJEIH, XOTS MOXET OBITh
ISITOM KOOpAMHATOM B HEKOM SD mpocTpaHCTBE-BpEMEHU, TAE 6Ce MamepudaibHbvle
00beKmbl, NOCKONbKY HeNnpepvléHO U3MeHAIOmMCs, U TIOTOMY — ABIDKYTCS [IIOCTE TOTO Kak
B/mipu Hauane Marepus moirydnia OpLUIo Yero-To, 4To B GU3MKe Ha3bIBaCTCS “OHEPTHs’] C
4D cKOpOCTSAMH, UMEIOLTIMH OJWHAKOBBIE a0COJIIOTHBIE 3HAYSHHS, paBHBIE CKOPOCTH CBETA,
B 4D npocTpaHCTBe-BpeMEHH, BUKYTCS OJHOBPEMEHHO CO CKOPOCTBIO CBETa BAOJb ““S-i
KOOPIMHAThl UCTHMHHOI'O BPEMEHH ~B IIOJIOKUTEIHHOM HAIPABICHUM, OCTaBasCh BCETAa B

OJTHOM MOMEHTE (B Mpeeiax OJHOT0 AIEMEHTaApHOTO WHTepBajia) UCTHHHOTO BPEMEHH.

2 Cpasuenue CTO u moaenu

B nanHoif wHpOpMauMOHHOHW Mozenu mnpeoOpasoBaHust JlopeHma MoryT OBITh
MOJIy4YEHBI €CTECTBEHHBIM IIyTeM [4] eciiu [BIONHE pa3yMHO | MOCTYIUPYETCS, UTO:

(1) Marepus cymecTByeT U 3BOJIOIUOHUPYET B [110 kpaiiHelt mepe] 4D pemerke uz OJIO,
MIPU 3TOM KaKJas YacTUIla U Ka)Jasl )KeCTKasi CHCTeMa YacTHL (MaTepualibHOE TeJ0) BCeraa
IBUKETCS B PElIeTKe, U, TOCKONbKY pa3mepbl Bcex DJID uaentuunsl - B 4D npocTpaHcTBe-
BpPEMEHHU, C OJUHAKOBBIMH IO aOCOJIOTHOM BenMuyuHE (KOTOpas paBHAa CKOPOCTH CBETa B
Bakyyme) 4D ckopoctamu. [Ipu 3ToM B MaTepuu CymIecTBYIOT IBa OCHOBHBIX THIIA YaCTHUIL
- “T-4acTHLBI”’, KOTOPBIC POKAAIMCE/ POKAAIOTCS B pe3yJIbTaTe BO3JICHCTBUS [Ha PEHICTKY |
4D (B manHOM ciy4ae - 1D) mmmyascaMu, KOTOpPBIE HAIIPaBJICHBI BIOJb f-OCH (DJICKTPOHEI,
MPOTOHBI, T.I.); W ““S-4acTUIBI’, KOTAa WMIIYJILCHI TP B3aUMOJICHUCTBHH C PEIICTKOMN
nMenu 3D mpocTpaHCTBEHHOE HampaBiieHHe (Hampumep - (OTOHBI); COOTBETCTBEHHO T-
YaCTHUIIBI MOTYT JIBUTAThCA BO (KOOPIMHATHOM) BPEMEHH M B IIPOCTPAHCTBE OJHOBPEMEHHO,

B TO BpeMs KaK S-4acTHIIBI ABIXKYTCS TOIBKO B 3D mpocTpaHCcTBE;

(2) PemeTka — U MPOCTPAHCTBO-BPEMSI — HE 3aBUCST OT KAakoro Ju0O IBMKCHHS Tel B
Marepun, oHu abCONMIOTHBI U 00pa3yroT Ansi Matepun aOCOJIOTHYIO CUCTEMY KOOpIMHAT
(ACK). Ilockompky pemieTka peryispHa ¢ OJWHAKOBa /I IIaroB B JIOOOM —

MPOCTPAaHCTBEHHOM WJIM BpeMeHHOM — HampasieHun (“equal footing”), B HeW ecTb
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BO3MOXKHOCTh OOpa3oBaHuUs “a0coiroTHOH cuctembl oTcuera” (ACO), KOTOpas MOKOUTCS
otHocuTenbHO ACK u moromy sBiseTca “WHEpPLUATIBHONM CHUCTEeMOM oTcuera’. Bo3MokHO
O0eckoneunoe uncio SkBuBalieHTHBIX ACO m ACK kak pe3ynbTaT TpaHCISIUA U / WIn
(TONBKO MPOCTPAHCTBEHHBIX ) TOBOPOTOB HEKOTOPOH Mpom3BoibHO BEIOpanHOit ACO (ACK).

Omuako takwe [“4D”] MCO He MOryT OBITH pealn30BaHbl Ha TPAKTHKE, TOCKOIBKY KaKIbIi
MarepuasbHbIii 00BEKT, BKIIFOYAs Yachl, TMHENKU, HaOmoaareneil [B OMPECICHHOM CMBICIE, T.K.
HaOdromaTeNhb  YacTUYHO  HeMaTepHalbHBI  O0BEKT|, T.I., KOTOpBIE  SIBISIFOTCS
HEOOXOOUMBIMH KOMIIOHEHTAMH  CHCTEM OTCueTa, SBJISIIOTCA Hekumu “‘T-o0bekramu’,
KOTOpbIE HEMpPEphIBHO MOBIXKYTCS B 4D mpocTpaHcTBe-BpeMeHHW/pelieTke (MCKIodas
HEKOTOpbIE AIK30THUYECKHE CIy4yaH, KOTJa HEeKoTopble T-4acTWIel MOTYT OBITH B TIOKOE
otHocuTenbHO ACK, ecriu OHM COCTOST M3 YacTHIl M aHTUYACTHUIl — HanpuMmep, Me30HoB. Ho

TaKUE€ 4YaCTUIIbI BpAd JIU MOT'YT OBITH MCIIOJIH30BAHEI IIpU CO3JaHUN CUCTEM OTquTa).

Takum 00pa3oM, UMEET CMBICII TOBOPUTH 00 “a0CONIOTHBIX” CUCTEMAax OTCYETa, KOTOPHIC
HaXOZTCA B TMTOKOE OTHOCHUTENFHO OJHOTO M3 JBYX OCHOBHBIX M3MEPEHHI B MPOCTPAHCTBE-
BpEMEHH — B IIOKO€ OTHOcuTenbHO 1D BpeMeHun M B TOKOe  OTHOcUTenbHO 3D
mpocTpaHcTBa. llepBasi Bepcust MOXKET OBITH peajn30BaHa TOJBKO €CIH BCE KOMITOHEHTHI
CUCTEMBI OTCUETa M3TOTOBJICHBI, HapuUMep U3 (OTOHOB, YTO OYEBHIHO HEpeaIH3yeMo Ha
MIPaKTHKE; TaKuM 00pa3oM UMeIoT cMbIch Toinbko ACO, kotopbie B 3D mpocTpaHCTBEHHOM
mokoe. MmenHo Ttakne ACO, KOTOpbIe HaxXOIATCS B MOKoe oOTHOocHTenbHO 3D adupa,
WCKaJVCh B mocienHue necatmieTust 19 cromerus, Brimrodas the Michelson and Morley
skcriepuMeHT [14], u ObUM  OOBSABICHBI TNPHUHIHUIIMAIGHO HECYIIECTBYIONUMHA B
CHeIMaTbHOW TEOPHUH OTHOCHUTEIEHOCTH — BMeECTe ¢ aOCOmoTHBIM “HbIOTOHOBCKHM™
MIPOCTPAHCTBOM-BPEMEHEM.

COOTBETCTBEHHO B JJaHHOW CTaThe PACCMATPHUBAIOTCS TOJIBKO aOCOJIOTHBIC CHCTEMBI
oTcuera, Haxozsamuecs B 3D mpocTpaHcTBeHHOM MoKoe. CyllecTBOBaHHUE TaKUX CHUCTEM B
JAaHHOW WH(MOPMAITMOHHOW MOJEITU OYEBUIHO — 3TO CUCTEMbI, B KOTOPBIX Yachl, THHEHKU H
HaOmoaTe U (He TOJBKO, KOHEYHO) JBHIXKYTCS TOJBKO B [KOOPIMHATHOM| BPEMEHH, YTO

OYEBHIHO BO3MOYKHO.

(3) Tlockombky Bce / Kaxkmas 4YacTHIBI BCErJa IBHXKYTCS OTHOCHUTENbHO B 4D

IIPOCTPAHCTBE CO CKOPOCTHIO CBETA, JABWKEHHE YACTHULBI XapakTrepusyercs 4D uMITyIbcoM,
KOTOPBIIi €CTh aHAJIOr KIACCHYECKOro wummyinsca, P=mV , P=mck, tne m -
ko3 durment (Macca vactuisl), k - 4D eIHHWUYHBIA BEKTOp B HANPABICHHH BUKCHUS,,

[IPH ATOM YaCTHUIIa BCET/Ia OPHEHTHPOBAHA OTHOCHUTENIBHO K .
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Ecmn JaCcTUuObl COCTaBJIAKOT JXCECTKOC TCJIO, OTO TCJIO TaKXKC OPUCHTHPOBAHO
OTHOCHUTCJIbHO HAIIPABJICHUSA €0 ABUKCHUS. HpHMep - HBH)KYMHﬁCH CTCPIKCHb HHHHOﬁ L—

nokasad Ha Puc.1.

A (a) (b)

ct

Puc.1. CrepxeHp muHOW L HABWXETCS B TMPOCTPAHCTBE-BpEeMEHH: (a) — CTepKeHb B MOKoe (B
MIPOCTPAHCTBE, NBIKETCS TONBKO BO BpeMeHH) B ACO, (b) cTep:keHb IBIKETCS TaKXKe BIOIb OCH X

2 2102
co ckopocTbio V. IIpocTpancTBeHHas mHa yekopenHoro crepxkns, L, = L(1-V7"/¢”)

B mokoe (Puc. 1 (a)) crepskeHb JBUKETCS BIOJTH BPEMEHHOM OCH [CO CKOPOCTHIO CBETA] €
HMITYJIBCOM P, = M,Cl, KOTOPBIA MEPICHANKYISIPEH CTEPXKHIO, PAaCIOIOKEHHOMY BJIOJb
ocu X. Ecim B pe3ynbrare (IIPOCTPAHCTBEHHOTO) BO3ICHCTBUS CTEPXKEHL IPHOOPEI

HPOCTPAHCTBEHHBINH UMIynbe P, =mV , on asmwxercs B 4D IIB, ¢ MOMHBIM UMITYJIECOM

P=p,+p,, P ocraercs IePICHAUKYIAPCH CTEPHKHIO.
U3 Puc.1 Hemennenno cnenytoT ocHoBHBIE popmyisl CTO (Bmpouem - u Teopun dorra-

®uripkepanbaa-Jlopenia. .. ). [peoOpasosanus Jlopenua [ S =V /¢ ]:

- IIEPBOE:
x=vt+x'(1- %", (1)

- W BTOpOE:
V ’
t’=(1—ﬂ2)“2t—c—’§ , @)

HO cymectBeHHO oTiauuHble oT I1JI B CTO — atn ypaBHeHus He BepHbI Bo BceM [B CTO —
IICEBJOEBKINA0BOM (HO peanbHOM!??)], BO3MOXHO OSCKOHEUHOM JUIs JaHHOW Marepuu,
MIPOCTPAHCTBE-BPEMEHN, OHH BEPHBI TOJIBKO JAJS JKECTKUX MEXaHWYECKHX CHUCTEM (B T.d.

cucreMa 3eMJIItCIYTHHK SIBISETCS JKECTKOM CHCTeMOil B pe3yjbTare JAeHCTBUS
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rpaBuTaIy), HUYero nothing happens at a motion of a body with the spacetime. Kpome Toro

4YTO HNEPECMCHHBIC X’,ZJKOppeKTHO COOTHOCATCA C OTHOCHUTCIBHBIMH ITO3UIIUAMU TOYCK

CTEP)KHSI B NMPOCTPAHCTBE-BPEMEHH, 3TO €II€ U MOTYT OBITh PE3yibTaThl U3MEPEHHH IIMH
(3mech OT 3aIHETO KOHIA CTEPIKHS) 10 TOYEK (3€Ch - CTEPKHSI), U MTOKAa3aHUs YacoB B 3THX
TOYKaX, TaK YTO U1 HEKOETO CTEPKHS BO3MOXHO CO3aHHE HEKOEH JIOKAJIbHON CHUCTEMBI

oTCyeTa.

W3 npeacTaBieHHBIX BBIIIE TOCTYIATOB CIEAYIOT U OCHOBHBIC BBIPAXKEHUS JJI1 JUHAMUKA
CTO.

IMockonbky P =mcu TOCKONBKY OCh ¢ HOpMalbHa K JIOOOMY HAMpaBICHUIO B
MIPOCTPAHCTBE (TIOATOMY HMITYJIbC 4YacTHIBI B Mmokoe B ACK ocraercss KOHCTaHTOW TIpH
JF00OM JABIMKEHUH B IPOCTPAHCTBE) JIETKO MOXHO TIOJYYHUTh, YTO:

_om
(- ﬂ2)1/2

Y, HamIpuMep, BBIUUCISS padOTy HEKOTOpPOW CHilbl F TpW MPOCTPAHCTBEHHOM yCKOPEHHH

pX:mV > (3)

(mepemaya MMIyabCa BO BPEMEHHOM HAIPABICHUH MPHUBOAWT K CO3AAHWIO HOBBIX YACTHII)

HEKOTOPOTO Tejla ¢ Maccod Mokos 7, Ha myTd S (B ypaBHeHUHM (4) HWXKE p = p, And

ynoOcTBa), moayyaem:

5 » p(1= )" » pd
a=["Fsyds=[ 2L gy o) PP g cnp. 4)
| Po m, » ( p +myc )
ITockonpKy TIpW HOBWKCHWH Teja paboTa CHIIBI TPHBOIUT K M3MEHEHHIO €ro

KHHETHYECKOU dHEPTHHU U3 (4) morydaem

AE=FE-E,=cP-cp,, (5a)

N

2
FeocpothC
(-5

U a7 Tena B nokoe oTHocutensHO ACO (ACK)

(5b)

E,=cp,=my’. (5¢)

3 KuHeMaTuuecKHe COOTHOIICHUS B ABMKYHIUXCA MCXaAHHYCCKHX

CHCTCMaAx

Bpewmennoit nexkpement ®@orra-JlopeHna B (2) mia BemiecTBa cTepKHS (BKIIOYAsT Yachl)

BAOJIb IAJIMHBI CTCPIKHA (MaKCI/IMYM —c—z), NOABJIAICTCA HIPHU YCKOPCHUM CTCPIKHA [0
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CKOpOCTH V W B JalbpHEHIIEM OCTaeTcs MOCTOSHHBIM IS JIIOOOTO ero (parMeHra mnpu
paBHOMEpHOM JBMKeHUH. [losToMy, eciu (i) — CHHXpOHH30BaTh KaKoe-HUOYIb YUCIIO YaCOB
BIIOJIb CTEPXKHsI I0 YCKOpeHus, U (ii) — mocie YCKOpeHus A0 3aJaHHOH CKOPOCTH, HaIpUMeED,
Yachl 33JJHETO KOHIAa CTEPXKHS MEIJICHHO NepeMeIaTh BIOJIb CTEPXKHS, TaK, YTOOBI Yackl
CTepKEeHb 00Pa30BBIBAIN JKECTKYIO CHCTEMY, TO TIOKa3aHHS ABIKYIIUXCS 9acOB M 4acOB
BIOJb CTEpPXKHS OyIyT OJMHAKOBBIMH, BKJIIOYAs IOKAa3aHMs YacoB, paHee OBIBIIMX Ha
MIPOTHBOIMOJIOKHBIX KOHLAX CTepXHA. Ho ecnmum ycKOpuTh MNapajieNibHO €lie W Tapy
CHHXPOHU3UPOBAHHBIX O YCKOPEHHS YacOB, KOTOPbIE TAK)KEe O YCKOPEHHUS paclolarairch
psaaoM ¢ yacamu Ha crepxkHe (Puc.2 (a)), no Toii ke ckopoctu V' (Puc.2 (b)), He3aBucumo,
T.c. CBOOOJHO, OT CTEpXHS WU OT JpPYyr Apyra (HampuMep, HUCIOJb3ys COOCTBEHHBIC
JBUTATEIX YacoOB), IMOKAa3aHUs CBOOOJHBIX YAacOB OKAXKYTCS HICHTUYHBIMH, IEKPEMEHT
®orra-JlopeHna Oyaer paBeH HYIIO, PACCTOSHUE MEXIY CBOOOJHBIMH YacaMH OCTaHETCS
npexHuM (T.e., L) W uX mokazaHus OyayT Ooiibllie, YeM y TPUKPEIUICHHBIX YacoB Ha
MepeIHEM KOHIIe CTEP>KHS; XOTS BCE Yachl IPH 3TOM, OYEBHUIHO, HAXOJATCS B OJHOW M TOU

PIHepLII/IaJIBHOﬁ CHUCTEMC OTCHYCTA.

(b)

Puc. 2. JIBe mapbl CHHXPOHM3MPOBAHHBIX YacOB B OJHOW M TOH k€ cCHUCTEeMe OTcyera. (a) B MOKoe
otrHocurenibHO ACO, u (b) Bce wackl ABMXKYTCsS C OXMHaKOBOH ckopocthio B ACO; onna mapa
00pa3yeT KeCTKyI0 CHUCTEMY C YCKOPSIEMBIM CTEp)KHEM; BTOpas mapa JBHXKETCS HE3aBHCHUMO OT
CTEPIKHSL.

Kax npumep paccMOTpHM NMPOCTYIO KHHEMAaTHYECKYIO 3aa4y.
[lyctb B cpenHeit TOUKE ABMKYIIETOCS CTEPKHS TPOUCXOIUT KOPOTKAS BCIIBIIIIKA CBETA.

HpI/I BCIIBIIIKE IMOKa3aHUsA 4aCOB, €CJIM IMOKa3aHHUs 4aCOB B ACO ectp f: Ha 3aJHCEM KOHIIC
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crepxknst: ¢, =t(1— B)?; B cepenmme crepxus; t, =1, — ; Ha IEpeJHEM KOHIE:

2
C

fo VL
B T Y4 02

[Mockonmbky  (OTOHBI ~ IBMKYTCS TOJNBKO B  IPOCTPAHCTBE, BCIBINIKA OynmeT
3apeTUCTprUpOBaHa € OMNPCACICHHBIM BPEMCHHBIM HMHKPEMCHTOM, HAIIpUMCp AJid 4YaCOB Ha
L(1-p5%)
2(V+c¢)

3aAHEM KOHIIC 3TOT UHKPEMCHT AtA = . Takum 06pa30M, Ha6moz[aeMoe 3HA4YCHUC

COOTBETCTBYIOIIETO UHTEpBaja BPEMCHH B HCO CTEPIKHS paBHO
L L L
At = Z(l -5 +Z p= > Y TIPH 3TOM M3MEPEHHAsk CKOPOCTh CBETA BJOJIb CTEPIKHS B

HCO crepxHs paBHa €, XOTS “‘CKOPOCTh CONMMKEHUsT (OTOHOB M 33JHETO KOHIIA CTEPKHS
OYeBUIHO paBHa V +C.

AHaJIOTHYHO TaKoW K€ pe3ynbTaT (M3MEpeHHas CKOPOCTh CBETa paBHA ¢) MOXKHO JIETKO
MOJYYHTh A7l TAphl YacOB “‘CpeHsIst TOUKa — IepeIHUN KOHEL CTePKH; AJIs ciydas, Koraa
(OTOHBI JBIKYTCS U3 KOHIIA B KOHEII, TyJa U 00paTHo, T.II.

U Hao60poT, — eciiu Ha KOHIIAX CTEPXHS HAXOMAATCS Yachl 1 BPEMEHHBIE MOMEHTHI, KOTJa
(OTOHBI BCHBILKKA B LEHTPE MONAaJaloT B Yachl, YCTAaHABIMBAIOT HA YacaxX OJMHAKOBBIC
Moka3aHusi (HampuMep — cOpachIBalOT dYackl B HOJb), 4achl  OKa3bIBAIOTCS
CHHXPOHU3UPOBaHHBIMH B COOTBETCTBHM C NpeoOpazoBaHusMH JlopeHuma — T.H. “MeTOx
cuHXxpoHu3anuu JitHmTeitna ” B CTO

Opnako u3 npeodpazoBanuii JIopeHIa B )KECTKUX CUCTEMaX CYLIECTBYET U IPYTrOi METOx
CUHXPOHM3ALUU — “MEIUICHHBI TpaHCIOPT {acoB”, KOIJa Ha Yacax B OIHOU
MIPOCTPAHCTBEHHON TOYKAa YCTAHABIMBAIOTCS OJWHAKOBBIE MOKa3aHWS M Jajlee Yachkl

MeieHHo (7 & 1) TpaHCTOPTHPYIOTCST B TOYKH, TA€ HEOOXOJMMO MEpsTh BPEMEHHBIC

HWHTEPBAJIbL.

Ho ecmm mist m3MepeHHid MCIOIB30BaTh CBOOOIHBIE Yachl, IpeoOpa3oBanus JlopeHma
MIOJTHOCTHIO HE BBITIONHSIOTCS W JBa METOJIA BBIIIE CTAHOBATCS TaKKe€ HEKOPPEKTHBIMH,
KpOME TOTO, pE3yIbTaThl “‘CHHXPOHU3ANNK OKKYTCS pa3aIUIHBIMA. IMEHHO HaHHBIN (akT
MO3BOJIIET HAOMIOAAaTh aOCONOTHOE NBIDKEHHE KAKOW-TO CHCTEMBI YacOB U HW3MEPSThH

abcomoTHyI0 3D CKOPOCTh TAKUX CHCTEM — UTO MPUHITAITHATLHO HeBo3MoKHO B CTO.
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4 N3mepenue codctBenHoi ckopoctu MCO

4.1. Ilpumenenue rcecmkux u c60000HbIX CUCHIEM 08YX UACOB

W3 mpencraBieHHOrO BHINIE CIEAYET BO3MOXKHOCTh H3MEPCHHS IO KpaliHeid Mepe
cobctBenHoi ckopoctu manHoit MCO1 B mpyroit (MCO2) [15], ecnm nHaOmromatens B
HNCOlucnonp3yer OAHOBPEMEHHO CHCTEMY JKECTKO CBS3aHHBIX W CBOOOJHBIX YacoB,

Moka3aHHyo Ha Puc. 3.

j\ ct

Clocks 1. 2

Clock 2 Clock 2

Y

Puc. 3. Cxema nepeMeIieHuit 9acoB MPH H3MEPEHUH COOCTBEHHOM CKOPOCTH
WHEPUUAIBHOM CHCTEMbI OTCUETA.

Wrak, ecnu ecTh mapa CHHXpOHH3MPOBAHHBIX B JAHHOW TOYKE YacOB, U JlaJiee OJHU 9achl
— mycth clock-2 BBIIBUTAOTCS MEUICHHO BIEpPe] W Ha3zajg B JItoOOM HaIlpaBlICHUH,
MOKa3aHUsl 4acoB IMpPH BCTPEUYE YACOB OKAXKYTCA WUJCHTUYHBIMU, HE3aBHCHUMO OT TOTO —
BBIJIBUTAEMbIC Yachl OBLTH JKECTKO MEXaHUYECKH TPUKPEILICHB K KAKOMY-TO BJIBUTAEMOMY
CTepXKHIO BMecTe ¢ (HemoABwXHbIMH) 4acamu clock-1; wmm uacel clock-2 pBuranuck
HE3aBHCHUMO.

Ho ecnu 3TH onepanuy Npou3BOIATCS B IBUKYIICHCS CUCTEME, MIOKAa3aHUs 4acoB OyayT
pasnuuHbl. B TO BpeMs Kak ToOKa3zaHWsA HE3aBUCHMO NBIDKyIIHMXCsS dacoB clock-2 Bcerma
COBMAAAlOT ¢ TokazaHuwsMu (pukcupoBaHHbIX) uacoB clock-1, 3akperuieHHBIE Ha

BBIABUT'ACMOM CTCPKHE YaCbl BO BPCMs BbIABHUI'A IMOJTYYarOT I[OHOHHHTGHLHBIﬁ JACKPEMCHT

. X
(eciu BBIIBHT HATIPABIIEH BJIOJb CKOPOCTH } NaHHOH CHCTEMBI OTCYETA), —— , T/IE X ITO
c

paccrosiHue MEXIy YacaMu, H3MEepPEeHHoe nHelKoi Habmoaatens B MCO.

Takum 00pa3zoM, eciiu Ha KakoM JMOO IBMKYyIIEeMcS 00beKTe, HalpuMep — CIyTHHKE Ha
opbute BOoKpyr 3emiH, HaOJrOAaTeNb MPOBEIET ONEpalliy 10 MoKa3aHHoU Ha Puc 3. cxeme,
TO OH CMOXET U3MEPUTH CBOIO CKOPOCTb. {7151 3TOr0 10CTaTOYHO MCIONB30BATh IBOE YacOB

1 KaKoi-HUOYIb CTepP)KEeHb, IyCTh — AJMHOM L.
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ITycte mpu 3tom omam 4acel (clock-1) 3akpemnensl Ha cmyTHuke, a Apyrue (clock-2)
KECTKO (UKCHUPOBAHBI HA KOHIIE CTEPXHS, JKECTKO CBS3aHHOTO CO CIYTHHKOM, Yackhl
CHHXPOHM3UPOBaHBl Ha CIyTHHKE. Torma, ecim CTep>KeHb BBIIBHIAaeTCS BIOJb CKOPOCTH
CITyTHHKA BIIEpe] M Ha3al, MOKa3aHWs 4acoB IO BO3BparieHuu clock-2 OyayT MICHTHYHBIE.
Onnako, ecnu clock-2 BeiBuraercs Bnepen Oy ay4n pUKCHPOBAHHBIM Ha KOHIIE CTEPIKHS, HO
BO3BPAIIAETCs] HE3aBUCHMO, TIOJTYUYCHHBIH BPEMEHHON JAEKPEMEHT COXPaHUTCS M MOKa3aHUs

VL VL
IIpU BCTPEYC YaCOB OKAXYTCA PA3JIMYHBIMH HAa BCIUYUHY 5 (HpI/I BBIABUI' Ha3ajqa - +—2
c C

COOTBETCTBEHHO). Hampmmep, ecimi SKCIEpHMEHT BBIMONHUICS OBl Ha MeEXIyHapOIHOU
kocmuueckoit cranuuu (V ~7600 m/s) npu amuHe crepxkHs L=30 m, pa3sHuIA MOKa3aHUi
qaco ~ 2.510"%s.

COOTBETCTBEHHO U3 I/IBMCpeHHOﬁ pasHUbI IMOKa3aHUM AtlZ U U3 U3BECTHOHN IJIMHBI

CTep)KHS HaOJIomaTeIb MOXET ONPEAeNuTh COOCTBEHHYIO ckopocte ero HCO -

At,,c?

OpOUTANTBHYIO CKOPOCTh CIYTHHKA, V =~
L

OdyeBHuIHO, YTO TaKas MpOIenaypa MOXKET OBITh IOBTOpPEHAa CKOIBKO YTOAHO pa3 ¢

HaKOIUIEHHEM JEKPEMEHTOB, MOSTOMY TpeOOBaHHMS K TOTPEIIHOCTH YacOB CPaBHHUTEIHHO

HEBBICOKH, B TIEPBYIO O4epelb JODKHA OBITh 0OecrieueHa aiekBaTHasl CTaOWIbHOCTh.  Ecim

B nmaHHOM ciydvae st clock-2 mpoBemeHo N IHMKIOB “BBIIBHT Ha CTEpP)KHE — BO3BpAT

At.c? N
HesaBucumo”, V x——:rme At =Y At .
NL s =

Omnbka H3MGpeHHﬁ AL CAUHUYHOI0O HU3MCPCHUA B IICPBOM HpI/IGHI/I)I(CHI/II/I 3aBHUCHUT

TOJNBKO OT BHYTPEHHEH JOIro- M KOPOTKO- BPEMEHHOH HECTaOMIBHOCTH (IIOTPEIIHOCTH)
o 1/2
gacoB. Ilycte cymma morpemHocteit wacoB 1 u 2 A, = A, ,2"" ;where A,, ecTs [31ech

paBHBIE]| TOTPEIIHOCTH KaXABIX 4YacoB. Torma mii OTHOCHUTEIHHOM OIMMOKK W3MEpEHUi
HOPMHPOBAHHON HA CKOPOCTH CBETA CKOPOCTH CHUCTEMBI [ =-— B MEPBOM MPUOIMKEHUH
C

rorydaeM obtain

df A.c
O(P)r—~——, (6)
b gL
and so
ﬂN AhC (7)

L5(B)
Hnso(f), nanpumep,10%, L =30m, A, = 107" s, oxasbIBacTCA BO3MOKHBIM H3MEPEHHE

-5
snauenus [ ~107 (u Gosiee, KOHEYHO), T.€. COOCTBEHHYIO CKOPOCTH CHCTEMBI 4acoB ~ 3000

M/c; cobcTBenHas ckopoctb MKC MosxeT ObITh H3MepeHa ¢ 5% MOrpelHOCThIO.
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OTrMeTnM, emie pa3, 4TO Ha 3€MHOM OpOMTE HEBO3MOXKHO IOMEPSTH ‘“‘COOCTBEHHYIO
abCOIOTHYI0” CKOPOCTh, IOCKOJIBKY BCE Yachl IO AEHCTBUEM 3€MHOM IpaBHTAlMM BCErna
00pa3yloT JKECTKHE CHCTEMbl OTHOCHUTENBHO aOCONIOTHOTO IPOCTPAHCTBA-BPEMEHU

Marepunu.

4.2. Ilpumenenue cucmemol 08yX C60000HbBIX HACOB

Jpyroii myTh mpu HM3MEpEeHUH aOCOJIOTHOW [MiIM COOCTBEHHOM IJisi CHUCTEM BOIU3U
3eMJu] CKOPOCTH €CTh MCIIOJIb30BAaHUE JBYX CHHXPOHM3MPOBAHHBIX B OJHOM TOuke yacos 1
U 2 mocie TOro, Kak 3TH 4achl MEIJICHHO pa3BelICHbl B NMPOCTPAHCTBE Ha paccrosHue L u
M3MepeHHne ‘“‘OAHOMYTHBIX 'One-way BPEMEHHBIX HHTEpPBajJOB, KOI/Ia BCIBIIIKH CBETa C
IIPOTHBOIIOJI0XKHBIX YaCOB PETHCTPUPYIOTCS APYTUMHU YacaMu

B sToM ciyuae peanbHBIE (T.€. B aOCOJIIOTHON CHCTEME OTCYeTa) BpeMEHHbIE HHTEPBAJIbI

L
c—V

[B OTiIMYME OT Clly4as B KECTKOM CHCTEME B IIpUMEpE pasjiena 3 BbIlIE], eCTh f, = u

t, =

= = rae f, M f, ecTb NMOKa3aHUsA 4acoB-1, 2 B abCOMIOTHOM cucteMe orcyera. XOTs
Cc+

9TH BEIMYWHBI HEM3BECTHBI, MOKHO TOJMYYUTHh BBIPAKEHUS IS PEATbHBIX (M3MEPEHHBIX)

L(1- )" o L(1- )"
c(1-4) T+ p)

3Hauenne [ value HEOOXOAUMO MOMEPATh. TeM He MeHee MOXKHO HCIIOIb30BaTh

MOKa3aHuM - tl' = , T Benmuubbl L U [} HEW3BECTHBI U

4 2L lB ! ’ 2L 1
2:7(1_ﬂ2)1/2 1 t1+t2:7(1_ﬂ2)1/2

ypaBHEHHE, KOTOPOE HE COACPKUT HEU3BECTHYIO [HE M3MEPAEMYIO| BEIMYMHY PACCTOSTHUS

COOTHOUIEHUS #| —1 9TO00Bl MOJTYYUTh

MEXy YacaMu:
! [
_ tl — tz

B=-"— (®)
t,+1t,

YroOBl OLIEHUTh BO3MOXKHYIO OIIUOKY M3MEpEeHHsI COOCTBEHHOH /a0COMOTHON CKOPOCTH B
HepBOM MpHOIIKeHNH romydaeM (A, - cm. pasa. 4.1 Beime):

de(ﬁ_t;)_’_d(f{"'t;)z Ah + Ah ~ Ah
B -t t+t =t e+t -t

1 OTHOCHUTCJIbHAS NOTPCITHOCTD OKAa3bIBACTCA B IBA pa3a MCHBIIC, YEM IIPH UCIIOJIB30BAHUH
CHUCTCMbI CBO6OILHLIX 1 3aKPCIIJICHHBIX YaCOB B pa3na. 4.1. Ho ocrampHOE MMPAKTHYICCKHU TO

KE:

©)
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BB
2L5B

(10)

OnHako 3TO BEPHO, TOJBKO €CIM PpACCTOSHUE MEXKIY 4YacaMH IOCTOSHHO IIpU
n3MepeHusx (3Tta mpoOiema NpakTHYECKH HECYLIECTBEHHA B SKCHEpUMEHTe B pasn. 4.1
BBIIIE), U OCHOBHOH BKJaJ B MOTPELIHOCTb ONPEAEISAETCS TONBKO MOTPEIIHOCTSIMH YacoB.
Ecnu 510 He Tak, TO aHaIU3 BBIIIE HEKOPPEKTEH.

YroOpl OLEHUTH BO3MOXHBIH BKJad (IYKTyauud paccTOSHUS PacCMOTPUM
ONTHUMAJbHBIM, HO JIETKO pPEANIN3yeMbli BapHaHT, KOIZAd BCIBIIIKM CBETa HPOUCXOAAT
MIPaKTUYECKH OJHOBPEMEHHO, HallpuMep — M0 NMporpaMMe, KOTopasl 3allyCKaeT BCIBIIIKY Ha
o0enx yacax OJHOBPEMEHHO, B 3aJaHHOE BpeMs, HAlPUMEp — KaXIyH TOYHYIO CEKYHIY

(I/IHI/I B JIO0OKIE Apyrue 3aJJaHHBIC MOMEHTBI/ HepI/IO,E[LI); IIOCJIC KaXXA0ro InuKjiia I/ISMCpCHI/Iﬁ

JaHHbBIC O ;U 1, aHAIM3UPYIOTCS UL ONTydeHus are BenudnH [, o dpopmyie Eq.(8).

B srom cnywae duykryanmu, dL, BIMSIOT Ha pe3yJabTaThl M3MEPEHHH, €CIM OHH

IPOUCXOIAT B mpesienax unteppanos (f, +t,) = 2L/ c (umu L/ c). IIpu cOOTBETCTBYIOIINX

NOrpeIIHOCTAX BOIM3H HOFpeI.HHOCTCfI qacCoB, _zAh’ n B TMNPCANOJIOXKCHUU YTO
C

3

C
GIyKTyaIiy MpOUCXOIAT € MOCTOSHHBIM YCKOPEHHEM, @ , MOJy4aeM Uil d: a = — A P
r

3
Ay
st paccrostaus L~ (—2) 7.
a
BEIMISaUT BIONHE pa3syMHBIM, YTO MPH HU3MEPEHHUSIX HE MOXET OBITh BO3JCHCTBHU Ha,
HaTpUMep, KOCMHYECKHH amnmapar, ¢ CHJIaMH, KOTJIa COOTBETCTBYIONIEE YCKOPEHUE MOXKET
6bITh Gonee, HanpuMep, 100 m/s>. Takum 06pa3oM, IPHEMIEMOE PACCTOSHHE IPH KOTOPOM

omubKa BCIEACTBUE (DIAYKTyalMii CpaBHMMa ¢ IOIPEIIHOCTBI0 YacoB, HalpHMeEp
—-12
A, =1077, ects L = 500km ;Bo3Bpamiascs k Eq.(9) momydyaem, 4T0 Ha TAKOM PacCTOSHHU

BO3MOXKHO H3MEpEeHHE COOCTBEHHBIX/ aDCOOTHBIX CKOPOCTEW MeHee ueM 1 m/s.

T.e. B ciiyyae pakTHYECKH OJHOBPEMEHHOTO M3MEPEHHsI BpeMeH MpoJieTa (OTOHOB MEKIY
yacaM# TpoOJieMa CTaOMIBbHOCTH PACCTOSHUS MPAKTHYECKA OTCYTCTBYET, BKIIOUAs, KpOME
pPacCMOTPEHHOTO BHIIIE CIydas, W CIydail, KOIZa pacCTOSIHUE IOCTOSHHO H3MEHSETCS
BCJIC/ICTBHE BO3MOJKHOI Pa3HHIBI CKOPOCTEH YacoB B Mpe/esiaX HECKOJBKUX M/C; IIPU 3TOM
B JIaHHOM Cllydae IIOCTOSHHOE W3MEHEHHE pAcCTOSHHUSA  BIIOJHE IIPOCTO MOXKHO

00HApYXHUTh, U3MEPUTH H, TPH HEOOXOAMMOCTH, YMEHBIIUTD A0 JOIMYCTUMBIX 3HAUCHHH.
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5 3akiroueHue

W3 paccmoTpeHus BbIIIE CIEIYIOT HECKOJIBKO BBIBOJIOB!

B mepByro ouepenp u3 HHPOPMALMOHHOM MOAENM CJIELYET, YTO €CIM CUCTEMaA
N3MEPUTENHHBIX MHCTPYMEHTOB, T.€. JINHEEK U 4acoB, 00pa3yeT JKECTKYI0 CHCTEMY OTcueTa
(u3-3a rpaBUTALUH 3E€MITH )KECTKYIO CUCTEMY MOXKHO CO3/1aTh JAXKe IIPHU U3MEPEHUSX MEKIY
CIYTHUKaMU WM B CHCTEMax “‘CITyTHHK — Ha3eMHBIH MPHOOp”, IIMPOKO U3BECTHHIN MpUMeEp
— cucreMa GPS), To pe3ymbraThl U3MEpPEHHWH BPEMEHHBIX HWHTEPBAIOB U PACCTOSHUM,
CKOpocTH cBeTa M T.aI. OynyT B coorBerctBuu ¢ CTO; Bmpouem, u c teopun Porta-
dutipkepanbia. ...-JJopeHna, HOCKOIBKY B 3TOM cliydae 00e TEOpHH 3KCICPUMEHTAIBHO HE
pasznuuumel.  Pesymbrartbl OyayT oanHakoBO “BepHBI” (“B COOTBETCTBHU C TEOpHEH)
HE3aBUCHUMO OT TOTO — YTO HM3MEpSUIOCh — TO JH 3TO Obuta “mpoBepka JlopeHn -
WHBapUaHTHOCTH C MPUMEHEHHEM MHTEep(EepOMETPOB, “ABYXIyTEBOW WIH “‘OIHOITYyTEBOH”
METOJ U3MEPEHUSI CKOPOCTH CBETa WU €€ M30TPONHuH, U T.I. (cM., Hampumep, [16]-[22] u
CCBUIKHM B 3THX CTaThsX); KaK M HE3aBUCHMO OT TOT'0 — KaKOil Clloco0 CHHXPOHU3AIIMU YacoB
IpUMEHSUICA — “‘CHHXpOHM3alMa OWHINTEeWHA” WM MEUICHHBIH TpaHCmopT uacoB. Ecmu
KaKHe-TO OTKJIOHEHHS OT TEOPeTHYECKHX OLEHOK W TMOJydyaroTcsi, TO B 3TOM Cllydae

pe3yabTaT OyneT He 6ojiee 4YeM HeKUH SKCIepUMEHTAIBHBIN apTedakT.

Ho ecnm ecTh BO3MOXKHOCTE CO3MIaHUS CUCTEMBI CBOOOIHBIX MHCTPYMEHTOB (110 KpaiHEeH
Mepe - YacoB), MOSIBIAIOTCA HOBBIE BO3MOKHOCTH. ONHCaHHBIA BHINIE IKCHEPUMEHT Ha
36MHOM CITyTHUKE BBHITJISIIAT KaK BeChbMa MHOTO0OEMIAIOIMINH, TTOCKOIBKY BIUSHUE 3€MHOU
TpaBUTAlMK B JaHHOM ciydae (IT0 KpailHeH Mepe Ha KPYroBOM opOWTE) OKa3bIBACTCS
HECYIIIECTBEHHBIM U U3MEpEeHHEe OpOUTAIBHON CKOPOCTH CITyTHHKA (COOCTBEHHOW CKOPOCTH
B CHCTeMe OTcYeTa 3eMIId) C OONBIION BEPOSTHOCTHIO OKAXKETCS PE3yJbTaTUBHBIM, B TO

BpPEM: KaK 5TO NPUHIUIIMAJIBHO HEBO3MOKHO B paMKax CYHICCTBYIOIIUX TeOpI/Iﬁ

Tem He MCHEC, 3C€MHas TpaBUTAlLlUA OCJIA€T HEBO3MOXKHBIM HM3MCEPCHUC a0COIOTHOI
CKOpPOCTH, TIOCKOJIBKY Yy TpaBUTaAllUM BCETAA “ecTb BpeMﬂ” YTOOBI OTKOPPCKTUPOBATH
IIOJIOKCHUS YacoB U JIMHEeK B 4D OPpOCTPAHCTBC-BPEMCHHU TaK, YTO OTHOCUTECJIIBHO ACO onn
Ipu 3TUX OICpanuAaAX BCE PAaBHO COCTABJIAIOT (1'[0 KpaﬁHeﬁ Mepe, ‘{aCTI/I‘{HO) JKCCTKYHO

cHCTEMY .

*

(Note, though, that that is true only if forces that act on the clocks and the rules are small enough,
what is true in the existent now experimental situations. Besides in this case it is important that the
Earth’s absolute speed is rather small — possibly near 500-700 km/s. If the forces are large, the Earth
gravity becomes be inessential and, for example, if the Earth’s absolute speed would be large also —
with ¥ essentially >1 - and be directed, say, in the ecliptic plain, then in such case it would occur,

that unstable particles, which are created in accelerators, whose tubes are parallel to this plane, would
live long, say, at day and short at night in summer and on the contrary at winter)
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OnHako TMPUHIUIUAIEHO W3MEpeHHEe a0CONIOTHON CKOpOCTH BO3MOXHO. J[1st 3toro
He0O0XOMMO HANPaBUTh KOCMHUYECKUH amiapaT B TOYKY MEXKIUIAHETHOTO IPOCTPAHCTBA, T/Ie
Pe3yNBTUPYIONIas TPABUTALMOHHAS CHITa (HO HE TPAaBUTAIIMOHHBIN MOTEHINAI) — HAIIPMED, B
“rmo0anpHO# TOUKe MMOpanuu’” B IaJeKOM KocMoce, OITM3Ka K Hy 0. Jlanee aBToMatr MOXeT
MPOBECTH CEPUI0 HW3MEPEHHH COOCTBEHHOW CKOPOCTH B TI0 KpaiiHeH wMepe B2
HaIpPAaBJICHUIX C HCIOJIb30BAHMEM BBIJBUIAEMOr0 CTEPXHS, WM Tapbl Pa3HECEHHBIX B
MIPOCTPAHCTBE CBOOOIHBIX YacOB, KaK 3TO PacCMOTpPeHO B pa3zd. 4 Beime. Hampaienwe
BBIBUTA, WM TIPOCTPAHCTBEHHOE HAIpPaBIeHHE MEXAYy YacaMH, KOT/Ia HW3MEpeHHas
COOCTBEHHAss CKOPOCTh MaKCHMajbHA, W OyJeT HaIlpaBICHHEM aOCOTIOTHONH CKOPOCTH
amnmapaTa, U3MEepPeHHOe 3HaueHNe CKOPOCTH — a0COMOTHON CKOPOCTHIO.

I[Ipu 3TOM OKCIIEPUMEHT C TMapol CBOOOMHBIX dYacoB (pasm. 4.2) BHEITIAIUT Oojee
MIEPCIIEKTUBHBIM, XOTS BHIOOp OyIeT 3aBHCETh OT KOHKPETHBIX TEXHOJIOTHYECKUX

BO3MOKHOCTEH IIpu peajrn3aluu.

CCI‘OI{HH HCT INMPUHOUNHAIBHBIX TCXHHUYCCKUX OFpaHI/ILIeHI/Iﬁ A IOPOBEACHUS TaKOr'o
OKCIICpUMCHTA. Macca afrapara Bpsd JIU MPEBBICUT MACCY YIKE ONPAaBJICHHBIX KOCMUYCCKUX
30HJOB. Kak u CErogHs HET HpO6HCM C JacaMu — HU3MCPCHUE BPCMCHHBLIX MHTCPBAJIOB C

TouHOCTBIO ~107'° (cM. Hampumep, [23], [24]) 1aBHO yiKe He IK30THKA.

H. Poincaré niican 06 abcontoTHOM ABrkeHuu B “Science and hypothesis” [25]:

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

to us a new world...”
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