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Abstract in the paper a few problems relating to the special relativity theory are
considered, real SRT problems that arise from the self-inconsistence of the theory,
and so limit its correct application; and imaginary, when at some “refuting of SRT”
the notion “relative speed” is erroneously applied, first of all the “(c%V)” problem.
Applicability of the Tangherlini transformations is briefly considered also
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The rather popular problem, which appears at discussions about the validity of the
special relativity theory, relates to cases when the speed of light is measured in
different inertial reference frames K, and K' that move relatively each other with a
speed V, for the simplicity - with the parallel X and X' axes, and K' moves, let, in
positive direction in the frame K.

1 “(cxV)” problem: “relative” and “relational” speeds

Then, as that is considered by Einstein in the well known 1905 year paper [1], if
in a “stationary” frame, K, there are a pair of synchronized clocks that are in points
x, and x, on a distance L =ux, —x,, then in the “stationary” frame the measured
values of the one-way speed of lighti.e.c, =L/(¢,—1t) and ¢, =L/(t, —t,) are equal.
However measured in this frame ways of light when the light is radiated and
propagates in the frame K' between points x; and x, , L'=x, —x in these both
cases are different: in the “ahead” case the light —moves the distance
L=L"+VAt=[At=L//c]=L'c/(c—V); in the “back” case the moving distance is
L,=L'c/(c+V). From that the observer in the K frame, if he measures the time
intervals between time moments when light, moving “ahead” and “back”, is radiated
in points x;,x, and arrive to the points x,,x;, obtains that the real “relative”
[relatively to the points x,,x; ] speeds of light are equal to ¢, =c—V and ¢, =c+V

correspondingly; at that “two-way” speed is equal to c. Further, that must be so in the
K' frame, but from the relativity principle follows that for the observer in K', who
doesn’t know that the frame moves somewhere with some speed at all and so thinks
that his frame is stationary, these speeds, which are “relative to x,,x, points” also

must be equal. At the solution of this puzzle Einstein chose the variant that the



relativity principle dominates and indeed in all different relatively moving frames the
speed of light is the same, obtaining by such way the Lorentz transformations.

Nonetheless this the SR postulate has no base besides the experimental outcomes
(in those times — at EM interactions, including with the light), besides — in the [1]
Einstein himself used the “(c%V)” formulae for the speed of light as they are true,
when that contradicts with the postulate that the speed of light is constant.

Moreover, the postulate about the speed of light constancy seems as rather
questionable since, in fact, means that the light is some magic essence that to hold
this constancy causes, for example, clocks to change their thick rates; further, after
Minkowski postulated absolute validity of the relativity principle, i.e. in the recent
standard SR version, it causes even real spacetime transformations. All the last seems
as rather strange and was and is a reason for seeking for corresponding flaws in the
theory, including — the “(c%V)” problem above.

And in the reality that is indeed strange, however the “(c+V)” problem isn’t a
real problem of SR, the puzzle above appears in such cases since, when considering
of the Lorentz transformations and of the measured speeds above, two principally
types of the “relative” speeds, including speeds of light, i.e. the “relative” speed,
which is used in the transformations, and, let to introduce the term, the “relational”
speed are mixed:

- the “relative speed” is the speed of a body relating to other body only provided
that the second body is considered to be at rest in this body’s inertial reference
frame; for example — motions of bodies inside a moving wagon are relative to the
wagon and so, for example, relative to wagon’s ends, and just such speed is used in
the Lorentz transformations, and

- the “relational speed’ that characterizes motion of systems of bodies in a frame,
where all system’s bodies aren’t at rest in this frame; this speed haven’t
practically relations to the Lorentz transformations, including relational speeds
"(cxV)"in the frame K, for example when in the considered above case the moving

in K system consists of the wagon’s ends and the light.

Thus, correspondingly, it is senseless to seek for some errors in the
transformations and, and further in the SR, considering the relational speeds.

The “relational” speeds indeed are applicable, but mostly when relative objects’
motion in systems is considered, when that can impact on the whole system
evolution. An example — if two objects move toward each other in a stationary frame
with equal speeds V, then relational speed is equal V +V =2V | that is one situation in
the system, for example at the meeting of objects some interaction can happen; but if
they move further in opposite directions, e.g., after the meeting without interaction,
the relational speed remains be 2V also, but this speed have quite other meaning in the
system, in this case any interaction of the objects are impossible [in the case when
there no fields, of course], etc.



An example

By the way, it is possible that using of the relational speed isn’t accompanied by
some essential difference/contradictions comparing with using of the relative speed,
an example:

let a boy in a wagon at rest throw a ball orthogonally to the wagon’s ceiling [let —
along Y-axis] with a real speed v and make a short light flash to a mirror on the
sailing, the ball and light will move orthogonally up and down [at zero gravity] with
real speeds, v and c; the one-way speeds of the ball and light “up” and “down” are
equal, and are equal to the two-way speeds.

If the wagon moves along the X-axis with a speed V, then:

- the ball’ moves in the plain (X,Y) with the real speed [practically] v, = vV +VH",

the ball’s trajectory is along sides of an isosceles triangle; and the ball’s trajectory in
the wagon remains be orthogonal when the ball’s real relative [and relational] speeds
in the wagon remain be [practically] v;

- as well as photons move in the plain (X,Y), but with the [unchanged] speed of
light; and photons’ trajectory is along sides of an other isosceles triangle, when
photons’ trajectories in the wagon remain be orthogonal; but, since photons move in
the 3D space with the real standard speed of light only, their real relative [and

relational] speeds in the wagon become be v, = (*=VH" =c1=-V*/ ).

At that the relative in the wagon values of the one-way “up” and “down” speeds
of light remain be equal — and the corresponding relational speeds in the stationary
system, where the wagon moves, are equal as well. Nonetheless the Lorentz
transformations remain be true again, and, because of in moving wagon clocks tick

slower in the factor (1-V?*/¢*)"* above also, the measured in the wagon’s reference

frame relative the speed of light is again equal to ¢, when measured relational speed
is lesser. It is evident that in this case there is no “direct” "(c+V)" problem [though,

of course there is "(2‘117)"], both, up and down speeds are equal and the “two-way”
speed is equal to the “one-way” speeds independently on what coordinates
transformations — Lorentz, Galileo, etc. between stationary and the wagon’s frames
are applied.

Besides, if a pair of clocks in the wagon’s ends were synchronized at rest, then the
one-way arrivals of lights to the wagon’s ends after a flash in the middle of wagons
are evidently simultaneous, and the measured one-way speeds of light are equal to ¢
in both, the stationary and the wagon’s frames. However, after the wagon having a
length L is accelerated up to a speed V, the real temporal intervals of the arrivals,
which are measured by the stationary frame clocks will be different — the light hits in
back/front clocks after elapsed intervals Af, =L/2(c+V) and At, =L/2(c=V)

Thus in the stationary frame measured relational one-way speeds of light are (c+V),
when the two-way speed is equal to ¢. But measured by the wagon’s clocks intervals
will be, in accordance with the Lorentz transformations, equal and the measured one-
way and two-way speeds of light, as in the orthogonal way case above, again are
equal to c.



2 The “Dingle problem” in the special relativity

Nonetheless here are a few nuances, first of all that relates to the notion “real”
when some relations in the Matter’s spacetime are considered. The core of the
problem here is in that in the SR yet in the 1905 paper it was postulated that there is
no the absolute Matter’s spacetime and so all/every inertial reference frames are
totally and completely equivalent. But from these postulates immediately, directly
and unambiguously any number of evidently senseless logical and physical
consequences follow, the most known — the “Dingle problem” in the SR

[from the frames’ total equivalence postulate follows that if there is, say a pair of
relatively moving frames, then both observers in the frames must believe
simultaneously that in vis-a-vis’s frame “time is dilated” and so the vis-a-vis ages
slower then she/he, what is evident nonsense — that is possible only for one of the
observers; or both can age equally, if both frames move in the absolute Matter’s
spacetime with equal absolute speeds].

The absolute spacetime and absolute frame

Correspondingly the use of the “proof by contradiction” results in the evident
conclusion that the SR postulates above are incorrect, and so in the realty there exist
both, the absolute Matter’s spacetime and the absolute reference frames in this
spacetime.

Moreover, as that is shown in the informational model [2] , [3], [it is useful to
read [4], though], Matter’s spacetime is the absolute [5]4D Euclidian manifold, or
[5]4D Euclidian “empty container”, where all/every material objects/systems of
objects and the system “Matter”, as a whole because of the energy conservation law
uninterruptedly change their states, i.e., the 3D spatial positions and/or their
internal states. Thus every material object/system always moves in the 4D sub-
spacetime with 4D speeds that have identical absolute values be equal to the standard

speed of light, c.

At that the changing of only internal states of having “rest mass” objects’ is
accompanied always by corresponding “the coordinate time” [further “z”’], intervals
and is observed [for example observed as how clocks change their internal states] as
the 1D motion in the coordinate time dimension. Since every change, i.e. a changing
of a spatial positions or of internal states of the objects is accompanied always by “the
true time” intervals also, all/every objects move also simultaneously in the 5-th, “true
time”, further “s” dimension with the speed of light.

Thus (1) - either the space or both times haven’t some real ‘“own inherent”
measures, the emptiness hasn’t measure, all measured spatial and temporal intervals
are “relative” relating to material etalons, that correspond to fundamental properties
just of Matter, not of the spacetime. And only because of everything in Matter
changes with fundamentally stable and common for all/every objects “operation rate”
there is the possibility to make universal etalons of the temporal and spatial intervals,
and to characterize universally these changes

[besides, the objects move in the 4D sub-spacetime provided the “equal footing”, in
the space and in the times, if for the times the “ct” and “ct” metrics are chosen. Thus
all/every particles in Matter in their histories, if the histories include histories of all



the particle’s predecessors from the Beginning, when Matters as a whole started to
evolve practically instantly, passed equal paths in the 4D sub-spacetime be equal to

J.ds =ct, where ds=(dx’+dy*>+dz* +dr*)"?, t is the true time interval from the

Beginning, probably near 14 Billions of years. So every recent particle passed in the
4D sub-spacetime near 14 Billions of 4D light years]; and

(2) — in the spacetime there can be 3 different “absolute rest” frames, where the
reference points/bodies can be as

(0,0,0,0,0) i.e. at rest relating to all dimensions; that is unreal case since everything in
Matter and Matter as a whole change /move always somewhere;

1/2

(ct,0,c.t, c,t, ct); (cx2 +c‘,2 +sz) =c, i.e. at rest relating to the coordinate time,

the reference body moves always in the space with the speed of light, an example is a
frame where photons move, the frame hasn’t practical applications; and

(ct,cr,0,0,0), i.e. the reference point/body is at 3D spatial rest moving only in the

coordinate time with the speed of light. Just this frame is considered usually in
physics as “the absolute frame” [and there were a number of attempts to observe the
motion in this frame, starting seems from the Michelson and Morley experiment].

And, what is important in this case, to prove the possibility of the existence of
the absolute frame there is no necessity to point out some concrete point in the
space and a reference body in this point, which “is at rest in the space”, the frames
exist by definition; any body in any spatial point that moves in the coordinate time
[with the speed of light] only, for example — some clock that has the maximal
possible thick rate, automatically can be the reference body. So only one problem
remains - how to find such a body or at least to measure its absolute spatial speed, and
this problem is solvable — see [3].

Reality and unreality of physical description

The observed/measured motion in an absolute frame is absolute and is always
real; and all measured in any other frames material objects’ physical values, for
example speeds, energies, momentums, etc., if they are measured without known
correspondence of the frames to an absolute frame are unreal, since are uncertain
relatively to the real ones.

However Matter is built/changes basing on a set of laws that are very symmetrical
and so indeed, the relativity principle and the Lorentz transformations often work
well, thus this “unreality” very often isn’t significant and application of the
transformations, again - using ‘“relative” speeds, not ‘“relational” ones, results in
adequate to the objective reality material/ physical outcomes/ inferences. As well as,
say, the Minkowski formalism is adequate, though is based on rather fantastic
postulate that real Matter’s spacetime is imaginary Minkowski space [further in the
GR - imaginary pseudo Riemannian space].

That happens because of [2] every particle is some 4D gyroscope that has its real
4D angular speed, i.e. the real 4D “true spin”, which is always oriented relating to the
particle’s 4D motion direction. Thus if a particle moves spatially in the absolute
frame, it is rotated simultaneously in corresponding (cz, spatial direction) plain [“7”



here again is the coordinate time], and further, if a body/system is rigidly composed
from particles, this body/system becomes be really rotated in this plain as a whole
also. If the spatial motion is along the X-axis, the body/rigid system of bodies are
rotated in the (cz,X) plain so, that 4D coordinates of the systems’ objects’ points
always remain be in accordance with the Lorentz transformations. For example, if a
system consists of one rigid rod having a length L, which moves in the space so that
its axis is parallel to the motion’s direction, then the clock on the rod’s front end, [and
the rod’s front end itself, of course, also] always have lesser this time’s coordinate
then the back clocks and the end; and, since clocks show how its internal state
changes, i.e., show just the coordinate time, the front end clock showings are lesser

then the back end clock’s showings on the Voigt-Lorentz decrement —VL/c”; as that
Pythagoras prescribed, because of the coordinate time axis is orthogonal to any
3D spatial line, including, in this case, the direction of rod’s motion.

And, besides, if a having rest mass body moves in the 3D space, the rate of its

internal changing slows down, again as Pythagoras prescribed in (1-V?*/¢*)"?

times, thus, for example, moving clocks’ thick rate slows down, unstable particles
live longer etc. Simultaneously the spatial projection of a moving body becomes by
lesser in the same factor — and all these facts compose the Lorentz transformation, to
obtain the transformation is enough to know only the Pythagoras theorem. And to
know — where, why and how the theorem should be applied, though, i.e. what is the
Matter’s spacetime.

But that above is true not always, and if a system consists of free objects, an
application of the SR, which postulates that the Lorentz transformations in every
inertial reference frame are applicable in whole Matter’s spacetime and describe as
real [fantastic] transformations of the space/time/spacetime, leads to illogical and/or
unreal results.

3 Examples of inadequacy of the Lorentz transformations
“Classical” cases.

Well known examples — the “twin paradox”, which is a complicated version of the
Dingle problem and the “Bell paradox”, where the space in the moving inertial
reference frame doesn’t want “to contract”. At that the “Bell paradox™ appears in the
SR since in this case the system of bodies consists of two free spaceships, when in the
rigid systems as a rule the Lorentz transformations are adequate and measurements by
using clocks and rules of corresponding reference frames are adequate to the reality
also.

But that is true not always and even if the studied system is rigid, the results
aren’t obligatorily correct; for example — if two observers in two relatively moving
frames measure vis-a-vis’s clocks’ tick rates, i.e., experimentally testing the Dingle
problem, they both obtain the same absurd result that both vis-a-vis’s clocks’ tick
slower then his clocks’; another example — all experiments aimed at measurement of
the absolute Earth’s speed resulted in that this speed is equal to zero, when that isn’t
really so; etc..



“The Wutke rod SR’s problem”

Another interesting example of non-adequacy of the SR/Lorentz transformation to
the reality was suggested by Andrew Wutke - “The Wutke rod SR’s problem” [5],
when a rod having a length L moves freely in a frame with a speed V along the
frame’s X-axis being directed along this axis and, simultaneously, moves with some
speed orthogonally to the X-axis, say, along Y-axis. Since the rod doesn’t constitute
with the frame a rigid system, its motion in the 4D sub-spacetime doesn’t depend on
the 4D motion of the frame, and its ends are rotated in the (ct ,X) plain independently
on the frame; for simplicity let the frame is the absolute.

Thus when the rod will cross the frame’s X-axis, it evidently crosses the axis
remaining be in parallel with it, i.e., simultaneously by whole length, though having

real length be contracted as L(1-V?/¢*)"*. However, if the clocks on the rod’s ends

will be stopped at the meet with the axis, they show times that aren’t equal, and
according to the clocks showings the front end of the rod reached the axis earlier then
the back end.

If V>>1 that means [and follows from the SR] that the rod, according to the data
of its reference frame, stuck in the axis practically orthogonally, what, i.e. the data in
the rod’s frame, is inadequate to the reality.

At that the rod indeed moves practically be oriented orthogonally to the X-axis,
but in the (cz ,X) plain, what is, however, inessential at interactions in Matter; all
interactions in Matter happen only in the 3D space and in one true time
moments, since all material objects are always simultaneously only in the space and
in one true time point, independently on where the objects and their points are in the
coordinate time; thus the result above is as it is, the rod crosses the X-axis being in
parallel to the axis.

Analogously when twin-traveler returns to home, he is in the coordinate time
earlier then the twin-homebody, i.e. both twins are in different points in the 4D sub-
spacetime, but in the same point of the 3D+1 sub-spacetime and so can, for example,
talk about the journey.

4 Comparison of Lorentz and Tangherlini transformations

Physical situations, where studied systems are composed from free objects, very
rarely are meet in practice. On Earth practically all systems are rigid because of the
Earth gravity; in a huge number of experiments that “confirm” the validity of the SR
rigid instruments are used, etc. And the relativity principle works well in such
situations mostly without problems, a seems interesting example:

Let there are two very bad boys, which were born exactly in one time moment at rest.
When running from a sheriff they occur in a spaceship at rest in the spaceship’s ends.
But the sheriff arrived to the middle of the spaceship, and made simultaneous shots
by lasers in the boys; both boys are shot simultaneously in the rest frame and being
exactly equal ages.

If the boys hid in the spaceship and the sheriff found them when the wagon moves
with a large speed V already, then after that he shots simultaneously in the boys, real
time intervals when the lasers’ flashes hit in the boys in the stationary frame are



different, Ar “ahead” is evidently larger then Ar “back™ . But because of the front
boy in the wagon is younger then the back end boy, they will be shot, though non-
simultaneously in the rest frame, but when being again exactly equal ages — as that is
in the “at rest” case; and so in accordance with the relativity principle in both frames
both results are real and identical.

At that observer in the stationary frame, if he don’t know how material objects
move in the 4D sub-spacetime, will think that the front end boy was hit when was
older then the back end boy, what isn’t true in the reality.

The last example shows, besides, that rather popular “Tangherlini transformations”
[6] aren’t adequate to the reality. These transformations differ from the Lorentz
transformations in that they don’t contain the Voigt-Lorentz in/decrement above; thus
all events that are simultaneous in the stationary frame are simultaneous in moving
frame also. This simultaneity is provided in these transformations by

“...the time transformation is obtained by synchronizing the clocks in the primed frame directly
with those in the unprimed frame. This can be accomplished in a way that is capable of
experimental implementation at present... Assume further that on a train passing with constant
speed v in the positive x-direction, there is a row of clocks identical to those in the station, but
unsynchronized, and that there are also transverse-oriented, electro-mechanical devices that enable
clocks on the train to receive signals from clocks on the station. Then when clocks on the station
read ¢+ = 0 , this is communicated to the train’s clocks as they pass by, setting them to zero
(correcting for the transverse travel time), after which the clocks on the train are allowed to run
freely at their own rate. Hence, in accordance with (2), they will run more slowly than clocks in

the station, but at the same rate as clocks synchronized according to the LT...”

Indeed such synchronization of clocks in a moving frame, when clocks in
moving frame are set according to the simultaneous showings of clocks in the
stationary frame by some “communication”, for example using a radio channel, is
possible. But at that the clocks in the ship will show, as that is for the stationary
observer above, unreal age of the front boy at the light’s hit, and this unreality [and
so the inadequacy of the Tangherlini transformations] is evidently non-avoidable, any
communication can to set any clock’s showings, but cannot really make a human
[here the front boy] be really older.

5 Conclusion

Thus an applicability of the Tangherlini transformations in physics seems as rather
questionable, in contrast to the Lorentz transformations, which are based on
fundamental properties of Matter and Matter’s spacetime: (i) — the “Cartesian” form
of Matter’s [5]4D spacetime; (ii) - the fact that all/every material objects move in this
spacetime with 4D speeds of light, moving simultaneously with the 1D speed of light
in the true time; (iii) - equal footing in spatial and temporal dimensions at the 4D+1D
motion of the material objects in Matter’s spacetime; (iy) - the symmetry of the
physical laws, and (y) — because of the elementary particles are some close-loop
logical algorithms and so exist in the 4D spacetime as some gyroscopes, which have
the 4D angular speed always oriented relatively the uninterrupted 4D particles’
motion direction.

The Lorentz transformations, when they are applied in an absolute frame really
and adequately describe [relatively to used etalons of spatial and temporal intervals]
real 4D motion of points of having rest mass rigid bodies/systems of bodies in the



4D sub-spacetime, that is the main physical sense of the transformations. At that
evidently just only relative, in this case to “stationary” absolute space, speeds of
bodies/systems are used.

Any measured data in any other then the absolute one, frame, are unreal, but,
because of
- the symmetry of utmost fundamental Matter’s laws, first of all — of the symmetry
of inversions in all the 4D sub-spacetime dimensions, i.e. 3D spatial and 1D
coordinate time dimensions, and
- linearity and symmetry of Lorentz transformations,

that is inessential in many cases in practice; when, at studying of evolutions,
including exchanges by energies and both momentums at interactions, of physical
bodies/systems, these unreal measured values are used.

But to obtain valid results in other frames is necessary — as that is in the absolute
frame case — to use only the relative speeds, not the relational, since that provides
correct sequence/relevance of applied Lorentz transformations up to the always
correct these transformations in the absolute frame.

The relational speeds are, of course, real also [as a fact, not measured values in
non-absolute frames, of course] but this fact has in this case no any physical
importance, and, for example, the Lorentz transformations can be obtained without
any applications of “(c£v)”, as that is made in the informational model [2]; here is, in
fact, nothing besides the Pythagoras theorem, Matter is rather simply logically
organized informational system.
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Becbma momymsipra mpobiieMa, KOTOpas 4YacTO BO3HHUKAET B JUCKYCCHSAX O
KOppeKTHOCTI/I CHCHI/IaJIBHOﬁ T€OpI/II/I OTHOCUTCIIbHOCTH, BOSHUKACT B cnyqaﬂx, Koraga
CKOPOCTh CBETa U3MEPSCTCS B Pa3IMUHBIX MHEPIHAIBHBIX cucTeMax orcueta K, and
K', xoTopbIe IBUKYTCS OTHOCHTEIBHO JAPYT IPyra CO CKOPOCTHIO V, ISl IPOCTOTHI —
cucreMbl uMeroT mapamienbaeie X W X' ocu, m K'  JBHXKETCS, IYCTh, B
IIOJIOKUTCIIBHOM HaHpaBHeHI/II/I B CUCTEME K

1 “(cxV)” npoGaema: “oTHOCUTENbHAS U “PEISIITUOHHAS’ CKOPOCTH

B sTom cnydae, kak 3TO pacCMOTPEHO DWUHIITEHHOM B XOPOILIO U3BECTHOM CTAThe
1905 roma [1], ecim B “cranmonapHoi” cucreme, K, ecTb Tmapa
CHHXPOHHU3UPOBAHHBIX YaCOB, KOTOPBIE HAXOIATCSA B TOUKAX X, U X, HAa PACCTOSHUH
L =x, =X, TO B “CTallMOHAPHOM"~ CUCTEME U3MEPEHHBIE 3HAUYECHHUS CKOPOCTEH CBETA B
OJIHOM HarmpasJieHuH (“‘one-way’ CKOpOCTb), T.€., ¢, =L/(t,—t) u ¢, =L/(t, —t,)
paBHbl. OTHAKO U3MEPEHHBIE B 3TOM CHCTEME IMYTH CBETa KOIJa CBET M3IydaeTcs U
pactpoctpansiercss B cucreMe K' Mexay TOYKaMH X, U X, , L'=x,—x B 3THX
JIBYX Clydasx pasHble, W B ciaydae ‘‘Blepea’ CBET MPOXOAUT PACCTOSIHHUE
L=L+VAt=[At=L//c]=L'c/(c-V); B ciydae “Ha3ax” pacCTOSHUEC DaBHO
L =Lc/(c+V).



W3 yero Habmomarens B K cucteme, €Clid OH U3MEPSIET BpEMEHHBIC HHTEPBAJIbI
MEXK]ly MOMEHTaMHU, KOT/la CBET, ABUTasACh “‘BHepea’” W “Ha3al’, U3JydaeTcsl B TOUKAX
X,,X, ¥ TOmNagaeT B TOYKH X,,Y, IOIy4aeT YTO PEAIbHBIC ‘‘OTHOCHUTCIbHBIC”

[OTHOCUTENIBHO TOYEK X,,X, ] CKOpOCcTH cBeTa paBHBl ¢, =c—V and ¢, =c+V

COOTBETCTBEHHO, IPH 3TOM CKOPOCTh CBETa “Tyna u 0opaTHO” (“two-way” CKOPOCTb)
paBHa c. [lanmee, Tak MOKHO ObITh M B cucteMe K', HO, COIJIACHO MPUHIIUIY
OTHOCHUTEIBHOCTH, UIs Habmromateas B K', KOTOpBIH HE 3HAET, YTO CHCTEMa
JBWKETCS Ky/la-TO C KAaKOW-TO CKOPOCTBIO, W IIO3TOMY CYHTAeT CHCTEMY

3 URE)

MOKOSIIEHCS, CKOPOCTH SBISIFOTCS *° OTHOCHUTENBHBIMH [UISL TOYEK X, X, u

COOTBETCTBEHHO JOJDKHBI OBITH paBHBIMU. [Ipu paspemieHud MaHHOTO Ta33jia
OWHIITEHH BBIOpAT BapHaHT, B KOTOPOM IMPUHLIUIT OTHOCUTEILHOCTH TOMUHUPYET, U
YTO BO BCEX ABMXKYLIMXCSA C PA3JIUYHBIMU CKOPOCTSAMH CHCTEMAxX CKOPOCTh CBETa
JOJKHA OBITh JEHCTBUTEIBHO OJMHAKOBA, MOJYYUB, MPH ATOM, IMPeoOpa3oBaHUS
Jlopenua.

Tem He menee, 3ToT noctynar CTO He umeer Oonee 0OIIETO OCHOBAHUS KPOME
SKCIEPUMEHTAIBHBIX PE3YyJAbTAaTOB (B TO BpeMsi — DM B3auMOJEHCTBUH, BKIIHOYAs
CBET), Kpome Toro, B [1] DifHmrellH cam wucnoiab3oBain Gopmynsl  “(cxV)’ s
CKOPOCTH CBETa KaK HMCTUHHBIC, XOTS OHUM M NPOTHBOpEYAT, HAa MEPBBIA B3I,
MOCTYJIATy O TIOCTOSTHCTBE CKOPOCTH CBETA.

Boiee TOro, MOCTYyJaT O IOCTOSAHCTBEC CKOPOCTU CBCTa BBINIAAUT BCCbMa
CTpPaHHBIM, TIOCKOJIbKY, ()aKTHYECKH O3HAYaeT, YTO CBET €CTh KaKas-TO Maruveckas
CYIIHOCTb; U I-ITO6I>I noaACpKUBATL CBOC MOCTOAHCTBO CBCT 34CTABJIACT, HAIIPpUMED,
4ackl U3MEHATHh CKOPOCTh THKaHBS. B manpHeimem, mocie toro kak Minkowski
HOCTYJMPOBal a0COMIOTHYIO NEHCTBUTENBHOCTD MPUHLUIIA OTHOCUTENIBHOCTH, T.€. B
coBpeMeHHOM cranmaptHo Bepcun CTO, cBeT Jaxe 3acTaBiIET pPealbHO
TpaHc(hOPMHUPOBATHCS TPOCTPAHCTBO-BpeMsl. Bce 3T0 BRITTIAANT BeCbMa CTPAHHBIM |
OBIO W €CTh NMPUYMHOW TOMCKAa COOTBETCTBYIOIMIUX Je()EKTOB TEOPHH, BKIIOUAS
“(cxV)” npobaemy BBIIIIE..

N B peanbHOCTH 3TO ACHCTBUTEIBLHO CTPAHHO, OJHAKO “‘(c*V)” mpobnema” He
OTHCUTCS K peanbHiM npobremam CTO; ma33n BhIIE MOSABISETCS B TaKUX CIydasX,
NOTOMY 4YTO TIPU paccMOTpeHHH mnpeoOpa3oBanuii JlopeHna u wu3MepseMbIX
CKOPOCTEM, CMEIIMBAIOTCS J1Ba MPUHLMUIHAIBHO Pa3IUYHBIX TUNA “OTHOCUTENbHBIX
CKOpPOCTEM, BKIIIOYAasi CKOPOCTh CBETa, T.€. “OTHOCHTEJbHAsI CKOPOCTb, KOTOpas
UCTIONB3YyeTCs B IPeoOpa3oBaHUsX, U, BBEJEM TEPMUH, “PeIALHOHHAA” CKOPOCTb:

- “omHocumenvHas CKOPOCTH” eCThb CKOPOCTH TeJIa OTHOCHUTEIbHO 0py2020 Teja
TOJILKO MPH YCJIOBHH, YTO BTOpPOE TeJl0 HAXOAUTCHA 6 HOKoe B JIaHHOM
HHEPUHUAJILHOW CcHCTeMe OTCYeTa; HampuMmep — JIBIDKEHHUE Tell BHYTPH
JBUKYIIETOCS BaroHa OTHOCHTEJBLHO BaroHa, K, COOTBETCTBEHHO, HampuMep,
KOHI[OB BaroHa; 1 HMEHHO JaHHAasl CKOPOCTh HCMOJIb3yeTCs B NMPeodpa3oBaHUAX
Jlopenua, u

“penayuonnan CKOPOCTH’ , KOTOpas XapaKTEpU3yeT IBUKCHHUE cucmeMm TEN B
JAHHOW cHCTeMe OTCYeTa, KOTJa Tejla TAKO#M cHUcTeMbl HE HaXOJATCS B IOKOE B
JAHHOM CHCTeMEe OTCueTa; »dTa CKOPOCTh HE HMEeT NPAKTUYECKH KaKoro-iudo
OTHONIEHHsSI K TmpeoOpa3oBaHusM JlopeHna, BKIOYas peJsiIUOHHBIE CKOPOCTH
"(cxV)"B cucreme K, Hampumep Koria B PAacCMOTPEHHOM BBIIIE ClIy4yae

nBmkymascs B K cucrema K' COCTOMT M3 KOHIIOB BaroHa M CBETA.



CoOTBETCTBEHHO OECCMBICICHHO MCKAaTh OIIMOKH B MPeoOpa3oBaHUsAX, U Jajiee B
CTO, paccmarpuBas peiasiiUOHHBIE CKOPOCTH.

PensimoHHble CKOPOCTH JIEHCTBUTENBHO NPUMEHHUMBI, HO B OOJBIIMHCTBE
CJIydacB, Korga pacCMaTrpuBACTCA OTHOCUTCIIBHOC [IBUKCHHC B CUCTCMax TCJ, U
KOI'ZIa 3TO JBUKEHUE CYIIECTBEHHO ISl SBOJIIOLMU CHCTEM B 1iesioM. Hanpumep, eciin
B CTallMOHAPHOM CHCTEME OTCUETa €CTh CHUCTEMa U3 JIBYX Te€Jl, KOTOpPbIE IBHXKYTCS
HaBCTpedy APYr APYry C PaBHBIMHU CKOPOCTSMH V, TO pelsLlMOHHAs CKOPOCTh ITHX
ten paHa V +V =2V | 3T0 ogHa cUTyalusi B CUCTEME, HapUMEP MPU BCTpEUE Tel
BO3MOXHO HX B3aHMOHeﬁCTBH€; HO CCJIM OHHMH [IBUXKYTCA B MPOTHBOIIOJOXHBIX
HaIpaBJICHUSX Jajiee, HapuMep, Mocie BCTpeur 06e3 B3auMOJCHCTBYS, pesIMOHHAs
CKOpOCTb ocTaercsa 2V, HO 3Ta CKOPOCTh UMEET YK€ JPYyroe 3HaueHHE B CUCTEME, B
3TOM Clly4yae B3aWMOJICMCTBUE TEJ HEBO3MOXXHO [B Ciydae OTCYTCTBHS TOJIEH,
KOHEYHO], T.II.

Eme npumep

Kcratn BHOIHE BO3MOMHBI Cllydad, KOTZAA MWCIONb30BAaHUE DEISALUOHHON
CKOPOCTH HE COIIPOBOYKAAETCS CYLIECTBEHHBIMU DPA3NIUUUAMHU/ IPOTUBOPEUHUSIMH B
CPAaBHEHHH C UCIOJIB30BAHUEM OTHOCHUTEIBHON CKOPOCTH, OJMH U3 IPUMEPOB:

ITycte HEKkMiI ManbuMK B HEKOM CTOSIIEM BaroHe OpocaeT Ms4 B IOTOJIOK
OPTOTOHAJIBHO [IIYCTh — BIOJIb OCUY C PeajibHOM CKOPOCTBIO V U IIOCBUIACT UMITYJIBC
CBETa B 3€pKAJO Ha IOTOJKE, MAY U CBET OyIyT ABHUraTbCsi BBEPX M BHH3 [Ipu
HYJIEBOM I'paBUTAlLlMK] C peaJbHBIMH CKOpPOCTAMHU V and ¢; one-way CKOpOCTH Ms4a
U cBeTa “BBEpX’ W “BHU3~ pPaBHBI, U PaBHBI (WO-Way CKOPOCTSIM.

Ecnu Baron nBuxercs BIOJb ocu X €O CKOPOCThIO V, TO:

- M4 gaBwxkercss B IUIOocKOCTH (X,Y) ¢ peajibHOM CKOPOCTBIO [IIPAKTHUYECKH]
v, =(v* +V?*)"?, tpaekTopus Msua B0 CTOPOH PaBHOOEAPEHHOTO TPEYTOIbHHUKA; 1

TPAacKTOpPHsSl Ms4a B BaroHe OCTAaeTCAd OPTOTOHAIBHOW, MPH 53TOM peajibHbIe
OTHOCHTEJIbHbIE U PeJAMOHHBbIE CKOPOCTH MsS4a B BArOHe OCTAIOTCS PaBHBIMU
[mpakTuuecku] v;

- Tak U (HOTOHBI ABMXKYTCS B MIOCKOCTH (X,Y), HO ¢ [HEM3MEHEHHOW| CKOPOCTHIO
CBETa; W TpaeKkTopuss (POTOHOB TaK JKE€ BIOJb CTOPOH PaBHOOEIPEHHOTO
TPEYroJibHUKA, MPU 3TOM HMX TPACKTOPUS B BaroHe OCTAETCS OPTOTOHAJIBHOM; HO,
MOCKOJIbKY (DOTOHBI ABIXKYTCS B 3D MpOCTpaHCTBE TOJNBKO C peajibHOM CTaHIapTHOU
CKOpPOCTBIO CBETA, UX PEaJbHbIE OTHOCUTEIbHAS U PENSIMOHHAS CKOPOCTHU B BaroHe

pasnbibe v, = (A =VH" =c(1-V?/ )",

OTHOCHUTENBHBIE B BarOHE Ohe-way CKOPOCTH CBeTa “BBEpX W “BHU3, KaK U
COOTBETCTBYIOIINE PEJSIMOHHBIE CKOPOCTH B CTAlIMOHAPHOM CUCTEME OTCueTa, B
KOTOPOM JBMXKETCS BaroH, TaK K€ OCTAaloTCsS paBHbIMH. Tem He MeHee,
npeoOpa3oBanusi JlopeHia ocTalOTCd JOCHCTBUTENBHBIMM M B O3TOM  CIIydae:
MOCKOJIbKY B JIBIKYIIEMCSI BaroHe 4Yachl THKAIOT MEJIEHHEE C TeM JKe

koodpunmentom (1-V>/c*)"?, um3mepenHas B cucTeMe OTCueTa BaroHa

OTHOCHTECJbHAsA CKOPOCTH CBETa CHOBA OKa3bIBACTCH paBHOﬁ ¢, B TO BpPEMA KakK
HN3MCPCHHAA PCIANUMOHHAasA CKOPOCTH MCHBIIC C. OLICBI/II[HO, 4TO B 3TOM ClIy4dac€ HET



> n

“npsmoit” "(cxV)" mpobnemsl [xoTs, KOHeUHO, octaercs "(c+V)"], obe, BBepx u

BHM3, One-way CKOpPOCTH paBHBI, U  “‘two-way’ CKOpPOCTh paBHa ‘“‘one-way’
CKOPOCTSIM HE3aBHCHUMO OT TOTO, KaKUE€ IPUMEHSIOTCS TpeoOpa3oBaHusi KOOPIUHAT —
Lorentz, Galileo, T.n. MeXIy CTallMOHAPHON CHCTEMOW OTCYETAa U CUCTEMOM BaroHa.

Kpowme Toro, ecnu mapa 4acoB B KOHIIaX BaroHa Oblla CHHXPOHU3UPOBAHA, KOT/1a
BaroH ObUI B IOKOE, TO One-way MOMNaJaHus CBeTa B KOHIIbI BaroHa I0CJ€ BCIIBIILIKH
B €0 CpPEMHE BarOHa OYEBUIHO OJHOBPEMEHHBI, U U3MEPEHHBIE ONe-way CKOpOCTU
CBETa paBHBI ¢ B 00€MX, CTAllMOHAPHOM M BaroHa cucremax orcyera. OHaKo, eciu
BaroH JUIMHOM L yCKOpPEH 10 CKOpOCTH V, peajibHble BPEMEHHBIE UHTEPBAJIBI IIPU
NONIAJaHUAX, U3MEPECHHBIE YacaMH B CTAallMOHAPHOM M BaroHa CUCTEMax OTCYETA,
OyayT pa3sHble — CBET MONajaeT B 3aJHHUE/TICPEAHHE Yachl C MHTEpBaJaMU
At,=L/2(c+V) and Atf =L/2(c-V). Takum 00pa3oM peIAIMOHHBIE [B

CTallMOHApPHOM CUCTeMe] one-way CKOPOCTH CBeTa paBHBI(ctV), XOTd U two-way

CKOPOCTh OcTaeTcs paBHOM c. Ho 3Tu MHTepBasbl, H”3MepeHHbIe YacaMy B BaroHe,
OKa3bIBAIOTCS B COOTBETCTBUU C TpeoOpazoBanusiMu JIOpeHIla, 1 U3MepeHHbIe one-
way U two-way CKOpPOCTH CBETa, KaK M B cllydyae OPTOTOHAJIbHOTO JBUKEHUS BBILIE,
CHOBA PaBHHI C.

2 The “ Dingle npo6iema” B crieuaibHON T€OPUH OTHOCUTEIBHOCTH

Tem He MeHee, 371eCh €CTh HECKOJIBKO HIOAHCOB, B IIEPBYIO OYEPEIb 3TO
OTHOCUTCS K TIOHSTHIO ‘“‘pealibHBIM’ KOrJa pacCMaTpUBAIOTCS OTHOUICHUS B
npoctpancTBe-BpeMeHr Marepun. CyTs npoGiemsl B ToM, uto B CTO eme B cTatbe
1905 r. moctymupyercsi, 4TO aOCOJIOTHOTO IPOCTPAHCTBAa-BpeMEeHH Marepuu He
CYIIECTBYET U IMOATOMY BCe/ KakJasi MHEPIUAIbHBIE CUCTEMbI OTCYETA MOJTHOCTHIO U
COBEpUIEHHO SKBUBaNEHTHl. OIHAKO U3 ATHUX MOCTYJIATOB HEMEIJIEHHO, OYEBUAHO U
HEJIBYCMBICIIEHHO ~ CIIeAyeT J1I000€ KOJIMYECTBO OYEBHAHO  OECCMBICICHHBIX
JIOTUYECKNX W (U3MYECKUX CJEACTBUHM, Hambosiee u3BectHoe ‘“‘Dingle problem” B
CTO.

[M3 mocTynara 0 TOTaJIbHOW 3KBUBAJIEHTHOCTU CIIEIYET, YTO €CIU €CTh, HalpUMED,
napa OTHOCHTEIIBHO JIBIDKYIIMXCSI CHCTEM OTCYeTa, TO 00a HaOJIroAaTeNs B CHCTEMax
OJIHOBPEMEHHO JOJIKHBI BEpUTb, YTO B ViS-a-vVis'S CHCTEME OTcyeTa ‘“‘Bpems
3aMemJIeHO” W COOTBETCTBEHHO Vis-a-viS CTapeeT MeJICHHEee, YeM JIaHHBIA
HAOJIOIATENb.; YTO €CTh OYEBUAHBIA aOCypll, TaKOE€ BO3MOXHO TOJIKO JUISI OJHOTO
W3 HUX, WIM OHH CTapeloT OJMHAKOBO, €CIM JBWKYTCS C OJWHAKOBBIMH
a0COIOTHBIMU CKOPOCTSIMU B 20COJIFOTHOM IPOCTPaHCTBE-BpeMeHu Matepuu)].

AO0COJIIOTHOE IPOCTPAHCTBO-BPeMS U A0COJTIOTHAS CKOPOCTh

COOTBETCTBEHHO NPUMEHEHHE “‘OKa3aTeIbCTBA OT MPOTHUBHOIO  MPUBOIUT K
OUEBHUJHOMY 3aKII0O4eHHI0, 4yTo mnoctyinarsl CTO Bbllle HEBEpHBI, U IMOATOMY B
pPEaNIbHOCTH CYIIECTBYIOT 00a, aOCOJIOTHOE MPOCTPAaHCTBO-BpeMsi Marepuun u
a6COJIIOTHBIe CHUCTCMBI OTCYCTA B 3TOM IIPOCTPAHCTBC-BPECMCHHU.

Bonee Toro, B mHpOpMaIiionHo# Mozenu [2] , [3] [BrpoueM Moae3HO MPOYUTATh U
[4]], mnpoctpaHcTBO-Bpemsi Marepuun ectb abcomotHoe [5]4D  EBxkimmmoBo
npoctpanctBo, wian [5]4D EBkinnoB “myctoil KoOHTEHHEp”’, Tae BCE/KaxIbli
MaTepHaIbHBIA OOBEKT/CHCTEMa OOBEKTOB M cucTema “Marepusi’ B I1I€JIOM B
COOTBETCTBUU C 3aKOHOM COXPaHEHUsI SHEPrUM HeNpepPbIBHO HM3MEHSAT CBOHU



COCTOsIHHUS, T.€. 3D IMpOCTPaHCTBEHHBIE MTOJIOKEHUS U/ BHYTPEHHUE COCTOSIHHUSL.
Takum o0pa3om, Bce/KaXIbIi MaTepHAIbHBIM OOBEKT Bceraa IBMXKYTcs B 4D

MOAMPOCTPAHCTBE-BpeMeHn ¢ 4D cKopocTsiMH, ¢, HWMCIOIIMMH HICHTUYHBIC
a0COTIOTHBIC 3HAYCHUS PaBHBIC CTAHAAPTHOW CKOPOCTHU CBETA.

[Ipy 53TOM U3MEHEHHE TOJbKO BHYTPEHHHX COCTOSIHHI MMEIOIIMX ‘‘Maccy
NOKOsi” OOBEKTOB BCETJa COINPOBOKIAETCS COOTBETCTBYIOIIMMHU HHTEpBaJIaMU
“KOOPIAMHATHOI0 BpeMeHHU’ [nayee “7’], 3TO M3MeHeHHe HabIomaeTcs [Hanpumep
HaOJII0/ICHUE KaK Yachl U3MEHSIOT CBOE BHYTpEHHEEe cocTosiHuE ] kKak 1D aBmkeHue B
IIPOCTPAHCTBEHHO-BPEMEHHOM H3MEpEeHuu “‘koopaunHaTHoe Bpems . Ilockosbky
OIHOBPEMEHHO Ka)XKI0€ W3MCHEHHE, T.€. IPOCTPAHCTBECHHOM NO3ULMUH W/WIN
BHYTPEHHEI'O COCTOSIHHSI OOBEKTa BCErJa COMPOBOXKAAETCS TaKKe HHTEpBaJIaMu
“UCTUHHOTO BPEMEHHM , BCE/KaXIbli OOBEKTHl OJHOBPEMEHHO IBMIXKYTCS B S5-M,

“UcTUHHOE BpeMs™~ [manee “7’], ”3BMEPEHUH CO CKOPOCTBIO CBETA.
Takum o6pazom:

(1) — HEM mpocTpaHCTBO, HU o00a BPEMEHH, HE HMEIOT KaKUX-TM0O peanbHbIX
““co0CTBEHHBIX WJIM BHYTPEHHe NpHCYyIMX’ Mep, IIyCTOTa HE MMEET Mep, BCe
u3MepsieMble  BpPEMEHHbIE M NPOCTPAHCTBEHHBbIE  WHTEPBAJIBI  SBJISIOTCS
“OTHOCUTENBHBIMU COOTBETCTBYIOIIMX MaTEPUATbHBIX 3TAJIOHOB; TAKUE MU3MEPEHUs
COOTBETCTBYIOT (DyHIaMEHTAJIbHBIM CBOMCTBAM HMMEHHO Marepun, HE CBONCTBaM
MpPOCTpaHCTBAa-BpeMeHU. W TOJNbKO MOTOMYy, YTO Bce B Marepum H3MEHSETCA C
byHIaMEHTAIBPHO CTA0MIBHOM M OOmIeH I BCeX OOBEKTOB ‘‘ONEpariMOHHON
YaCTOTOM’, CYILIECTBYET BO3MOXXHOCTb M3TOTOBJIEHUSI STAJOHOB BPEMEHHBIX U
MPOCTPAHCTBEHHBIX WHTEPBAJIOB, Jajiee, XapaKTepU30BaTh YHHUBEPCAJIbHO 3THU
M3MEHEHUSI.

[Kpome TOro, marepuaiabHble OOBEKTHI ABWXKYTCS B 4D MOANPOCTpaHCTBE MpH
ycioBud “equal footing (paBHBIE 11aru)”, ¥ MPOCTPAHCTBE M B 00OUX BpEMEHAX, €CITH
Ui 000MX BpeMeH BblOpaHbl “ct” u “cr’” merpuku. Takum oOpazom, Bce/Kakaas
gacTuIpl B Marepuu B CBOMX HCTOPHSAX, €CIIM MCTOPHH BKIIOYAIOT MCTOPHH BCEX
npe/IecTBeHHUKOB ¢ Hauwanma, korma Matepuss Kak €IMHOE I[eJIoe  Hayana
IBOJIIOIMOHUPOBATh MPAKTUYECKH MTHOBEHHO, IMPOIUIM OJWHAKOBBIE MyTH B 4D

HOJANPOCTPAHCTBE paBHBIE J-ds =ct, tae ds=(dx’+dy’ +dz"+dr’)"*, t ectb

MHTEpBaJl WCTUHHOTO BpeMeHW ¢ Hauwana, BeposTHO - okosio 14 mMuimapaoB JeT
ToMy Haszaia. T.e. Kaxzaas CEroIHSAIIHASA yacTHLA npouuia B 4D moampocTpaHcTBe
okono 14 munnuapaoB 4D CBETOBBIX JIET]; U

(2) — B MpPOCTpaHCTBE-BPEMEHH BO3MOKHBI 3 pa3HBIX ‘‘a0CONIOTHO TMOKOSIIUXCS
CHUCTEM OTCUCTA, KOoTraa TOYKH/TENa OTCUETA MOT'yT 6I>ITB KaK

(0,0,0,0,0); T.e. B MOKOE B OTHOILIEHUH BCEX M3MEPEHUI; 3TO HEPEAIbHBIN Cllydai
T.K. Bce B Marepun Martepus B IIEJIOM BCerla U3MEHSIETCS M IBHXKETCS Ky 1a-HUOY/Ib;
1/2

(ct,0,¢,t,c,t,¢.0) (¢ +e¢?+¢?)? =c¢; T.e. B IOKOE OTHOCHTENBHO KOOPAMHATHOIO

BPEMEHHU, TEJIO OTCYEeTa BCEI/a JIBHXKETCS B IMPOCTPAHCTBE CO CKOPOCTBHIO CBETA,
npUMep — CUCTeMa OTcueTa, e (OTOHBI IBUXKYTCS TOJIBKO B MPOCTPAHCTBE CO
CKOPOCTBIO CBETA, CUCTEMA HE UMEET MPAKTUUYECKOTO IPUMEHEHHUS; U



(ct,c1,0,0,0); T.e. TOUKa/Te€NO OTCYETA HAXOIUTCS B MOKoe B 3D mpocTpaHCTBE,

ABUTasACh TOJIBKO B KOOPAWHATHOM BPEMCHHU CO CKOPOCTHLIO CBCTA. Nmenno JaHHas1
CHCTEMa paccMaTPHUBAETCsI OOBIYHO B PU3HKE KakK “‘abCOIOTHAs cucTeMa oTcyeTa’ [u
6]:1)10 MHOT'O IIOIIBITOK Ha6J'IIOI[aTB JIBHNXCHHUEC B 3TOU CUCTEMEC, Ha4dYHuHas, I10-
BUIUMOMY, ¢ kcriepumenTa Michelson and Morley].

U, YTO Ba)XXHO B JAaHHOM Cllydae, 4YTOObI /JA0Ka3aTh BO3MOKHOCTH
CylIecTBOBaHHUsl a0COJIOTHOM CHCTEMBbI OTCYETa HET HEOOXOAMMOCTH B yKa3aHUU
KAKOH-TO KOHKPETHOI TOYKH B NPOCTPAHCTBE H KOHKPETHOIO TeJa, KOTOpoe “B
MOKO€ B MPOCTPAHCTBE 'y, TAKUE CHUCTEMBI CYIIECTBYIOT IO OMNPEACICHUIO; JIIo0oe
TeJ0 B JI000H NPOCTPAHCTBEHHOW TOYKe, KOTOpPOe [BHKETCS TOJbBKO B
KOOPAWHATHOM BPEMEHH [CO CKOpPOCTBIO CBETa], HAaIpUMEpP — 4Yachbl, KOTOpHIE
TUKAIOT C MAaKCUMAIBHONH CKOPOCTBHIO, aBTOMATHYECKH MOXKET OBITh TEIOM OTCYETA.
Tak 4TO ocTaercs ML OJHA TTpoOeMa - KaK HaWTH Takoe TeJo, WM, 0 KpalHeH
Mepe, U3MEPUTh €ro aOCOTIOTHYIO MPOCTPAHCTBEHHYIO CKOPOCTh, M 3Ta MpobieMa
peuaemasi — cm. [3].

PeasibHOCTH U HepealbHOCTH PU3MYECKOT0 ONMCAHUSA

Habmromaemoe/u3mepsiemoe  JBM)KEHHE B a0OCONIOTHOM CHCTeME OTcyera
a0coJIIOTHO M Beeraa peaiabHo. HaOmrogaemo ABukeHHe B JIIOOBIX IPYTHX CUCTEMax
peajbHO He Bceraa; W (QU3MYECKUE TapaMeTpbl MaTepuadbHBIX OOBEKTOB,
HaIpUMep, CKOPOCTEH, eciau M3MEpSIOTCsS 0e3 M3BECTHOI'O COOTHOIICHHS C KaKoii-
HUOYIb aOCONIOTHOW CHUCTEMOH, He peajbHbl, IOCKOJIbKY HE OIpeaesieHbI
OTHOCHUTEIIbHO peaJIbHbIX 3HAUYEHUH.

Onnako Marepust mOCTpoeHa/U3MEHSAETCS B COOTBETCTBHHM ¢ HAOOPOM 3aKOHOB,
KOTOpBIE CYIIECTBEHHO CHMMETPUYHBI W TIOITOMY JCWCTBUTEIHHO, MPHUHIIUIL
OTHOCUTENIbHOCTH U TIpeoOpazoBanus JIopeHia 4yacto paboTaloT XOpOIIo, U B TaKUX
ClIydasx JaHHas ‘‘HepealbHOCTh  OUYEHb YacTO HE CYLIECTBEHHA NPU NPUMEHEHUU
npeoOpa3oBaHui, €Ie pa3 — UCIMOIb30BaHUE ‘OTHOCUTEILHON , HE “pEeSIMOHHON,
CKOpPOCTHM  JaeT B  pe3ylbTaTe  aJeKBaTHbIe  OOBEKTHBHOW  pPEaTbHOCTU
MaTepuaibHbIe/pu3nueckue  oreHkn/ BbIBOABI. Kak u, Hampumep, Minkowski
dbopManm3M  OKaszbIBAeTCS  aJCKBAaTHBIM, XOTS OCHOBBIBAe€TCS Ha  BechMa
daHTaCTUYHOM TIOCTyJIaTe, YTO pealbHOE MPOCTPAHCTBO-BpeMsi Marepun ecThb
MHUMoe npoctpaHctBo Minkowski [B panbheiimem B OTO — MHHMOE IceBIO-
Riemannian mpocTpaHCcTBO].

Tak momydaercss moToMy 4To [2] Kaxxmas dactuia ectb Hekud 4D rupockor,
KOTOpBIM MMeeT peanbHylo 4D yrioByro ckopocTh, T.€. peanbHbll 4D “ncTuHHBIN
CIHUH~, KOTOPBIA BCErJla OPUEHTUPOBAH OTHOCUTEIHbHO 4D HampaBiieHUS JABUKECHUS
gactunpl. TakuMm o0pazoMm, ecnu dacTuia nBmwkercs B 3D mpocTpaHcTBe B
aOCOJIIOTHOM CHCTEME OTCueTa, OHa TIOBEpHYTa B COOTBETCTBYyIomeH (ct,
MPOCTPAHCTBEHHOE HAIPaBJICHUE) IUIOCKOCTU [“T” 3]1eCh CHOBAa KOOPAMHATHOE
BpeMsi]|, U Jajee, €clid Kakoe-TO TEeJlOo/CHUCTeMa TeNl SBJSETCS JKECTKOM CHCTeMOi
YaCTUIl, TO TEJNa/CUCTEMbl  TEJ peabHO TAaKX€ I[MOBOPAYMBAIOTCS B JaHHOU
mockoct. Ecnu nBUKeHHE HampaBieHO MO ocu X, Teaa/CUCTEMbl MOBEPHYTHI B
miockoctH  (cr,X) Tak, 4yto 4D KoOpauHATHl 0OBEKTOB B )KECTKHUX CHCTEMaXxX BCEraa
OCTalOTCS B COOTBETCTBHH ¢ npeoOpa3oBanusM Jlopenna. Hanpumep, ecnu cucrema
COCTOUT M3 OJHOIO >KECTKOTO CTEPXHS JJIMHOW L, NBMXKYILETOCSd B MPOCTPAHCTBE
TaK, 4TO €r0 OChb COBIIA/IAET C HAINIPABJICHUEM JBUKEHUS, TO YaChl HA TIEPEIHEM KOHIIE
CTEpXHA [ caM MEpPEeIHUI KOHELl CTEPXKHSI, KOHEYHO, TOXE] BCerjga MMeeT MEeHbIIee



3HAYCHHE KOOPAMHATBHl KOOPAUHATHOTO BPEMEHH, YEM BPEMEHHbBIE KOOPIUHATHI
YacOB Ha 3aJJHEM KOHIIE CTEPKHS M CaMOTO KOHIIA; U, TIOCKOJIBKY Yachl MOKA3bIBAIOT,
KaK U3MEHSETCS UX BHYTPEHHEE COCTOSIHUE, T.€. MOKAa3bIBAIOT KOOPJAUHATHOE BPEMSI,
MOKa3aHUsl 4YacoOB Ha TEpelHeM KOHIle MeEHbIne Ha Voigt-Lorentz nekpeMeHT

-VL/c¢”; xak 1o Iludarop npeanucai, mocKoJIbKY KOOPAHHATHO-BPEMEHHAs 0Ch
OPTOrOHAJIbHA J11000i NMPOCTPAHCTBEHHOH JIMHHMM, BKIIIOYas, B JIaHHOM CIlydae,
HAIPABJICHUE IBWKECHUS CTCPXKHS.

U, xpome ToOro, ecium wuMeroIIee Maccy IMOKOs Teino ABmxkercs B 3D
MPOCTPAHCTBE, TO CKOPOCTh €ro BHYTPEHHHX HW3MEHEHUH COOTBETCTBEHHO

yMeHbIIaeTcs, CHOBa, Kak Ilugarop mpemmucan, B (1-V?/c*)"*  pas, Takum

06pa30M, HAImpuMmep, MOKa3aHusA ABWIXYIIUXCA YaCOB 3aMCIHJIAIOTCA, HCCTa6I/IJ'IBHBI€
YacTUIBl JKUBYT JAoibmie, W T.1. OJXHOBPEMEHHO IPOCTPAHCTBEHHAS MPOCKITHSI
ABWIKYHICTOCA TEJIa CTAHOBUTCA MCHBIIC C€ro JJIWHBI B TIIOKOC C TEM IKC
koa(durmenTom — Bce 3T (hakTOophl U 00pa3yroT mpeodpa3zoBanus JlopeHia, 9ToObI
HOJYYHUTh MpeoOpa3oBaHus AJOCTATOYHO 3HATH JUIIb Teopemy lludaropa. Bnpouewm,
HAJO 3HATh TaK)Xe — TJE, MOYeMy H KaK dTa TeopeMa JOJDKHA MPUMEHSTHCS, T.C.
3HaTh, YTO TAKOE MMPOCTPAHCTBO-BpeMs MaTepuu.

Ho cka3anHOe BbIlIe BEpHO HE BCErJa — KaK 3TO MOKa3aHO B MHGOPMAITMOHHOMN
busnaeckoit Mmogenu [2] mpeodbpazoanus Jlopenna [u CTO, KOHEYHO]| MOTHOCTHIO
aJICKBaTHBI PEaTbHOCTH, TOJIBKO €CIIM BCe (DM3MUECKHE MPOIECCH MPOUCXOIAT B
CUCTEMax, IJe OOBEKThl B CHCTEMax B3aWMOJEUCTBYIOT, (OpPMHUPYS AOCTATOYHO
KECTKYIO cucteMy. Ecnu cuctema cOCTOUT U3 CBOOOTHBIX OOBEKTOB, TO IPUMEHEHHE
CTO, «koropas mMOCTYJIHpYET, 4YTO TmpeoOpa3oBanus JlopeHla B  Kaxaou
HHGpHHaHBHOﬁ CUCTCMC OTCUYCTAa MNPUMCHHMLBI BO BCCX ClIydasdixX H BO BCCM
POCTPAaHCTBE-BpeMeHH Matepuu, NpuU ITOM OHHU OIMKCHIBAIOT Kak  peajbHbIe
[banTacTueckne] mpeoOpa3oBaHHWs ~ MPOCTPAHCTBA  /BPEMEHH/TPOCTPAHCTBA-
BPEMEHH, IPUBOJIUT K HEpEaTbHBIM WIIH aJJIOTUYHBIM PE3yJbTaTaM.

3 [Ipumepst HeamekBaTHOCTH MpeodpazoBanmii Jlopenia
“Kuaccuueckue” cjydau

XO0poI1o U3BECTHBIC MPUMEPHI — ““TIAPATOKC OJIM3HEIIOB”, KOTOPBIN MPOCTO SBIISICTCS

YCIOXHEHHOH  QopmynupoBkoit  Dingle-mpobnemsr u  “Bell mapamokc”, rae
IPOCTPAHCTBO B JIBWXKYIIEECsd HWHEPIUAIBHOW CHCTEME OTcYeTa HE XOdYeT
“cokpamarbes’. IIpu atom “Bell napagokc” nossinsercs B CTO nockoibKy B JaHHOM
cllyyae cHCTeéMa Tell COCTOMT M3 ABYX CBOOOJHBIX spaceships, B TO BpeMs Kak B
KECTKUX CcHCTeMax TpeoOpazoBaHus JlopeHna, Kak NpaBWiIO, aaeKBaTHBI H
U3MEPEHUs, BBINOJHEHHbIE C TNPUMEHEHUEM YacoB W JIMHEEK CHCTEM OTCUeTa,
OKa31BaIOTCs TAKXKE aJJeKBaTHBIMHU.

Ho »To BepHO He Bcerma M Jaxe €ClIM CHUCTEMa >KECTKas, pe3ylbTaTbl HE
00s3aTeNIbHO KOPPEKTHBI; MPUMEPBl — €CJIM JIBa HAOII0JaTeNs B ABYX ABMXKYIIMXCS
OTHOCHUTEJIBHO JKECTKUX CUCTEMax OTCYETa U3MEPSIOT CKOPOCTH TUKaHbsl Vis-a-vis’s
4acoB, T.€. IKCTIIEPUMEHTAIBHO MpoBepstoT Dingle mpo6iemy, oHu 00a moiaydar TOT
ke aOCypIHBIA pe3yabTaT YTO 4Yackl O0OMX Vis-a-vis’S THKAIOT MEJICHHEE 4YeM
COOCTBEHHBIE; JpYrol TMpUMEp — pe3yldbTaTbl BCX 3KCIEPUMEHTOB C LEJbIO
U3MEpEeHUsT a0CONMIOTHOW CKOPOCTH 3eMIIM IOKa3bIBAIOT, YTO 3Ta CKOPOCTh PaBHA
HYJIIO, B TO BPEMSI KaK 3TO ¢ O0JIbIIOI BEPOSTHOCTHIO HE TaK, T.II..



“The Wutke rod npo6aema CTO”

Hpyroii unTepecHblii nmpumep HeanekBaTHocTH CTO/mpeobpazoBanuii Jlopenia
o1 mpemoxkeH Andrew Wutke - “The Wutke rod mpo6aema CTO” [5], xorma
CTEep>KeHb JUIMHOM L JBMXKETCS CBOOOJHO B HEKOEW CHCTEME OTCYETa CO CKOPOCTHIO
V  Bmomb ocu X cHUCTEMBI, OCb CTEp)KHS MapajjieibHa OCH; M OJHOBPEMEHHO
CTEpXKEHb JBIDKETCS IUIAIIMS C KAaKOH-TO CKOPOCTBIO OpPTOTOHAJIBHO oOcu X,
Hanpumep, BIob ocu Y. [I0CKOJIBKY CTEpKEHb HE COCTABISIET C CUCTEMOM OTCYeTa
KECTKYIO CHCTeMY, ero nswkeHue B 4D mnoampoctpaHcTBe He 3aBUCUT OT 4D
JBUKEHHS] CUCTEMBI OTCUYETA, U €r0 KOHIBI MOBEPHYTHI MIIOCKOCTH (CT ,X) CHCTEMBI
HE3aBUCHMO OT CUCTEMBI; JUUIsl IPOCTOTHI MYCTh CUCTEMa OTCYeTa a0COMOTHAS.

TakuM 00pa3om, Korja CTepKeHb IepecedeT och X, OH, OYCBHIHO, Iiepeceder
OCbhb, OCTaBasAChb HapaJIJIGHBHBIM ocHu, T.C. OI[HOBpeMeHHO BCEMHU TOYKaAMHU CBOCﬁ

JUIMHBI, XOTA ¥ cokpamenHoi kak L(1-V?/c*)"?. Onnako, ecnm yackl Ha KOHIAX

CTEPKHsSI OCTAHOBSITCSI B MOMEHT IEpeCceYeHUs] OCH, OHHM TIOKaXYyT pa3Hble BpEeMEHa
MEPECEUCHHUs], M, COTVIACHO TMOKa3aHUsIM YacoB, MEPEIHUM KOHEI] CTEpPXKHs IepeceK
OCh paHbIIIe, YEM 3aJHUI KOHEII.

Ecau V>>1 310 o3navaer [u cienyer u3 CTO] 4to cTepkeHb, COrIacCHO JaHHBIX
B €r0 CHUCTEME OTCUE€Ta, BOTKHYJCS B OCh X MPAKTUYECKH OPTOTOHAIBHO, YTO, T.C.
JIAHHBIE CUCTEMBI OTCYETA CTEPIKHS, OUEBUIHO HEAJCKBATHO PEATBHOCTH.

[Ipu >TOM cTepkeHb IEHCTBUTEIBHO MIBHKETCS OYyIydd OPHUEHTHPOBAHHBIM
MPAKTUYECKU OPTOrOHAIBHO oOchu X, HO B IUIOCKOCTH (c7,X), 4YTO, OJHAKO,
HECYIIECTBEHHO NIPU B3aUMOJCHCTBUAX B Marepuu; Bce B3aMMOJEeHCTBHS B
Martepuun mnpoucxoasit Toiabko B 3D mpocTpaHcTBe M MOMEHTHI MCTHHHOTIO
BpeMeHH, TTOCKOJIbKY BCE€ MaTepuaabHble 00BEKTHI BCETIa OAHOBPEMEHHO HAXOISATCS
TOJIbKO B MPOCTPAHCTBE U B OJJTHOM MOMEHTE MCTUHHOIO BPEMEHHU, HE3aBHUCHUMO OT
TOTO — TJIe OOBEKTHI WM UX TOYKH HAXOMISTCS B KOOPAMHATHOM BPEMEHH, U TIOTOMY
nepeceyeHue CTepKHEeM ocu X peanbHO OyaeT “ruramms’.

AHaJOrMYHO Korja OJIM3HEN-MyTeHIECTBEHHUK BO3BpallaeTcs JIOMOW, OH
HAXOJHUTCS B KOOPAWHATHOM BpPEMEHHU paHbIle, 4YeM OJIM3HeN-JOMOCed, T.C.
OJIM3HELBI IPU BCTpEUE HaXOAATCS B pa3IMYHBIX Toukax 4D moampocTpaHCTBa, HO B
onHoi Touke 3D+1 moanpocTpaHcTBa U MOTOMY MOTYT, HallpUMEp, MOTOBOPUTH PO
MyTEUIeCTBHE.

4 Cpasuenue npeoOpazoBanuii Jlopenia u Tangherlini

dusnueckue CUTyallu1, KOoraa HCCICAYCMbIC CUCTCMbI COCTOAT HX CBO60,Z[HBIX
00BEKTOB, NMOKa OYEHb PEAKO BCTpeuaroTcs B mpaktuke. Ha 3emie mpakTuuecku Bce
CHUCTEMBl JKECTKHE H3-3a 3E€MHOU T'paBUTalluH, B OI'pOMHOM  KOJIMYCCTBC
AKCIIEPUMEHTOB, PE3YJbTAaThl KOTOPBIX ‘TIOJTBEPKIAIOT’ uctuHHocte CTO,
UCTIOJIB3YIOTCS JKECTKHE MPUOOPBI M YCTPOMCTBA, T.1. M MPUHIUI OTHOCUTEIBHOCTH
B TaKHX CUTYyalHsIX paboTaeT XOpoIlo, OJIUH, BO3MOKHO UHTEPECHBIH, IPUMED:

[TyTe ecThb ABa OYEHb IJIOXHMX HapHS, KOTOPBIE POAMUIMCH TOYHO B OJAWH MOMEHT
BpeMEHHU B aOCOIOTHOM cHCTeMe oTcueTa. Yoeras oT 1mepuda, OHM OKa3bIBAIOTCS B
spaceship Ha cTapTe, B TNPOTUBOMOJIOXKHBIX KoOHIAXx spaceship. Ho mepud



OKa3bIBaeTCsl B CpelluHE spaceship U OJHOBPEMEHHO CTpEIISIET U3 Jia3epa B MapHE;
BCIIBIIIKY [TOMA/1al0T B MApHEH, KOria OHU 002 TOYHO OIHOT0 BO3pacTa.

Ecnu mapuu cnpsaramuck B spaceship u mepud oOHapyKuia HMX B KOHIAX
spaceship mocie Toro, kak spaceship YCKOpHJICS JO MITaTHOW OJNM3KO K CBETOBOH
cKopocTH V', mocie BBICTPENOB B MapHel, peaJbHble BpEMEHHbIE HHTEpBajbl, KOIa
BCIIBIIIIKKA TIOMAJAI0T B TapHEH, B CTAl[MOHApHOW cucteMe pasHble, At “Bnepen”
odeBHAHO Oonbine yem Af “Hazan’. OHAKO, TOCKOJIBKY TTapeHb B TIEPETHEM KOHIIE
spaceship u3-3a moBopota spaceship B maockocTH (¢t ,X) OKa3bIBacTCs MOJIOXKE, YeEM
MapCHb B 3a/JHEM KOHIIC, BCIIBIIIKW U B 3TOM CJIy4dac MonaaaroT B HapHeﬁ, Koraga OHu
CHOBa 002 TOYHO OJHOT0 BO3pacTa — Kak 3TO ObUTO Korja spaceship ObUT B MOKOE
B CTAallHOHAPHOH CHCTEME OTCYeTa, B COOTBETCTBHM ¢ NPHHIHUIOM
OTHOCUTEJIBHOCTH B O00€uX cucTtemMax oTcueTa 00a pe3yJabTaThl peajibHbI U
HIEHTUYHBI..

[Ipu »TOM HabmomaTenb B CTAlMOHAPHOW CHUCTEME, €ClIM OH HEe 3HAaeT, Kak
MaTepuaibHble 00BEKTH ABMXKYTCS B 4D monmpocTpaHcTBe, OyaeT AymaTh, 4TO B
MOMEHT IIONaJaHus BCIBIIKK B TapHd B IMepeAHeM KoHLe spaceship, on Oyner
cTapiie, 4em MOACIBHUK B 3aJHEM KOHIE spaceship, 4TO HE COOTBETCTBYET
peaIbHOCTH.

[Tocneauuii mpumep MOKa3bIBaeT, KpOME MPOYEro, 4YTO BeChMa IMOIYINSIpPHBIE
“npeobpazoBanust Tangherlini” [6] HeageKBaTHBI peaJbHOCTH. DTH MpeoOpa3zoBaHUs
OTJIMYAIOTCS OT TpeoOpa3zoBanmii JIopeHIia Tem, 4To B HUX HET JIe/MHKpeMeHTa Voigt-
JlopeHua; TakuM 00pa3oM, Bce COOBITHS, KOTOPhIE OJJHOBPEMEHHBI B CTAIlMOHAPHOM
CHUCTEME OTCYeTa, OJHOBPEMEHHbl W B JABIKYyIIeWcs cucreme. Takas
OJTHOBPEMEHHOCTH B 3THX MPE0Opa30BaHUAX 00ECTICUNBACTCSA TyTEM:

“...BpeMeHHOe TpeoOpa30BaHUe MOYIACTCS MPU CHHXPOHU3AIMH YacOB B JIBIKYIIEHCS CHCTEME
OTcueTa HEMOCPEACTBEHHO C 4YacaMH B CTAllMOHAPHOM CHUCTeME. OTO MOXHO BBIMIOJHUTH
Croco0OM, KOTOPBIH SKCICPUMCHTAIBHO BBITIOJIHIEM CETOAHS ... [IPEANONIOKUM Jajiee 4To B
Moe3/e, ABMKYILIEMCS C MOCTOSHHOM CKOPOCTBIO V B MOJOXHUTEILHOM X-HAIlPaBJICHUU, €CTb P
9YacOB WJICHTHYHBIN Psy HA CTAHIUHM, HO HE CHHXPOHU3UPOBAHHBIX, , H YTO CYIICCTBYIOT ...
9JIEKTPOMEXaHUYECKUE YCTPOMCTBA, KOTOPbIE TO3BOJISIIOT YacaM B MOE3/€ MOIy4aTh CUTHAJBI OT
4acoB Ha ctaHUuu Toraa xorja 4achl Ha CTaHLUMMU MoKasbiBaioT ¢ = 0 , 9TO0 mepegaercs yacam B
moesze, Kora OH Mpoe3kaeT MUMO, YCTaHABIINBAs UX B HYJIb (C KOpPEKIUEeH BpeMeHH Tepeiadn),
Mocjie Yero yacam B TI0€3]Ie pa3pemiaeTcss HITH CBOOOJHO C WX COOCTBEHHOW CKOPOCTHIO.
CrnenoBareibHO, B COOTBETCTBUHU (2) [BpeMeHHOe IpeoOpa3oBaHue], OHU OyAyT UATH MeJIeHHEee
[kax B mpeoOpazoBanmsax JlopeHma] Wem dYackl HAa CTaHIMHM, C TOW CKOPOCTHIO, KaK W 4achHl,

CHHXPOHM3MPOBaHHbIE B cooTBEeTCTBUU ¢ LT[npeo6pazosanusmu Jlopenua]...”

JIeCTBUTENBHO, TaKass CUHXPOHU3ALMs 4acOB B JBMIKYILEHWCS CUCTEME OTCYETA,
KOI/Zla MOKa3aHus 4acOB B 3TOM CHUCTEME YCTAHABIMBAIOTCS KaK OJHOBPEMEHHBIC B
COOTBETCTBHUHU C IMOKA3aHUSIMH B CTALIMOHAPHON CUCTEME C MPUMEHEHUEM KaKOH-TH00
“KOMMYHUKAIIMW~ ', HAPUMEP C UCIOJIB30BaHUEM paJIMOKaHala, BO3MOXKHA.

Ho B sTomM cnydae moka3aHusi 4yacoB B spaceship, kKak MU B CTal[MOHapHOU
CHUCTEME, MOKaXyT HEpealbHbId BO3pACT IUIOXOTO IApHA B NEPEIHEM KOHIIE
spaceship mpu momagaHuu cBeTa Ja3epa mepuda, W ITa HEpeaTbHOCTh [U
COOTBETCTBEHHO  HEAJeKBAaTHOCTh  MpeoOpazoBaHuii  Tangherlini]  odeBHAHO
HEYCTpaHNMa, KaKas-HUOYJb KOMMYHUKAIIUS MOXKET YCTAHOBUTH JIOOBIC MTOKA3aHUs
4acoB, HO HE MOXET, HAIPUMED, CIeNaTh YeJIOBEKa [31eCh NapHs B IIEPEAHEM KOHIE]
peangbHO cTaplie.



5 3akiroueHue

Takum o00pa3oM, NPUMEHUMOCTh TpeoOpa3oBaHuii Tangherlini B Qusnke
BBITJISIAUT KaK BecbMa IMpoOJieMaTH4Hasi, B MPOTHUBOMOJIOKHOCTh MPEeoOpa3oBaHUSIM
JlopeHua, KOTOpble OCHOBBIBAIOTCS Ha (pyHIaMEHTaNbHBIX CBOICTBax Martepuu
npocTtpaHcTBa-BpeMenn Marepuu: (i) — “/lekaproBa” ¢dopma abcomoTHOro [5]4D
npocTpaHcTBa-BpeMeHn Matepuu; (ii) — (akT, yTO BCe/KaxIblii MaTepHallbHbIC
00BEKThI JBWXYTCA B 4D mOAmpOCTpaHCTBE 3TOTO MPOCTPAHCTBA-BpeMeHU ¢ 4D
CKOPOCTSIMH CBE€Ta, JIBUrasich, OAHOBPEMEHHO, ¢ 1D CKOpOCTBIO CBETa B MCTUHHOM
BpeMmeHu; (iii) — “equal footing” B MPOCTPaHCTBEHHBIX W BPEMEHHBIX HM3MEPECHHIX
npu 4D+1D nBuwxkennn o0bexToB B [5]4D mpocTpaHcTBe-BpeMeHH; (iy) — CAMMETpUU
¢usznyecKkux 3aKoHOB, U (y) — Tak KaK OJJIEMEHTapHbIE YaCTUIbl €CTh HEKHe
3aMKHYTBIE JIOTUYECKUE MOCIEI0BATENIbHOCTH/AITOPUTMBI, KOTOPBIE CYHIECTBYIOT B
4D moampocTpaHCTBE Kak HEKHWE TUpockombl, 4D ocu KOTOphIX Bcerja
OpPUEHTHPOBAHBI OTHOCUTENFHO HampasyieHUs 4D HEeMpepbIBHOTO JBM)KEHUS YACTHIL.

[IpeoOpazoBanus JlopeHIa, ecliy OHU TPUMEHSIOTCS B a0COJIOTHOW cucTeMe
OTCUETa, peajbHO W AaJeKBATHO ONHCHIBAIOT [OTHOCUTEIBHO MPUMEHSIEMBIX
3TAJIOHOB MPOCTPAHCTBEHHBIX M BPEMEHHBIX MHTEPBAIOB| peanvroe 4D osurcenue
moyex umewwyux maccy nokoa cecmkux men/cucmem men 6 4D
noonpocmpancmee, B 3TOM €CThb IJIABHBIA puzuueckuii cmovici npeoopa3o6anuil.
[Ipu 3TOM OYEBUIAHO HMCHOJIB3YIOTCS TOJBKO HMMEHHO OTHOCHUTENIbHBIC, B JaHHOM
Clyda€ OTHOCHUTEIBHO “‘CTAllMOHApPHOr0” a0COJIIOTHOTO MPOCTPAHCTBA, CKOPOCTH
TEJI/CUCTEM Tel.

JIroOble u3MepeHHbIC JaHHBIC B TIO00M MHOM, 4eM a0COIOTHAS CUCTEMa, CUCTEME
OTCYeTa HepeallbHbI, HO, 110 TIPUYHHE

- CUMMETPHM MAKCHUMaIbHO (DyHIaMEHTAIbHBIX 3aKOHOB B MaTepuu, Npexae BCero
— CUMMETPUI OTHOCUTEJIbHO UHBEPCUN BCEX H3MepeHMsX 4D moanpocTpaHCTBa, T.€.
3D npocTpaHCTBEHHBIX U 1D KOOpAMHATHOTO BPEMEHH, U

- JMHEWHOCTH U CUMMETpHUH IIpeoOpa3oBanuii Jlopenia,

3TO OKa3bIBAETCS HECYIIECTBEHHBIM BO MHOTHMX CJIy4dasX Ha MPAKTHUKE; KOrjaa IMpHu
W3YYCHUU OHBOJIOLUUN, BKJIIOYAas OOMEH JHEPrusiMH U OOOMMH HMITYyJIbCaMU TIpU
B3aUMOJICHCTBUAX, (DU3UYECKUX TEJI/CUCTEM TEJI, HCIOJB3YIOTCS 3TH HEpealbHBIC
BCJIIMYUHBI

Ho 4T00bI noy4aTs ACHCTBUTENbHBIC PE3YNIbTATHl B APYIHX CHCTEMax OTCUETa
HEOOXOMMO — KaK 3TO €CTh B clydae aOCONIOTHBIX CHCTEM — UCIOIb30BATh TOJBKO
OTHOCHUTEJIbHBIE CKOPOCTH, MIOCKOJIbKY 3TO ofecneuusaem Koppekmuoe ciedosanue/
coomeemcmeue npumensemvix npeoopazoeanuii Jlopenuya enniomsv 00 ecezoa
UCMUHHBIX IMUX NPEOOPA306AHUI 6 ADCOIIOMHBIX CUCEMAX.

PensiinoHHbIE CKOPOCTH TaK ke pealibHbl, KOHEYHO [Kak (akT, He U3MepsieMble
BEJIMYMHBI B HEAOCOIIOTHBIX CUCTEMAaX, KOHEYHO], HO 3TOT (DAKT HE MMEET B JAHHOM
cillyyae Kakoro Ju0o (M3MYECKOro 3HA4YeHHs, W, HaAmpuMmep, IpeoOpa3zoBaHuUs
JlopeHita MOXHO TIOJTYYHTh 0€3 KaKoro-1u0o mpuMeHeHus “(c£v)”, KaKk 3TO ClIeIaHo
B MH(POPMALMOHHOW Mojenu [2]; 31ech HE HYXKHO (aKTHUECKH HHUYETO0 KpOMe
teopembl [Iudaropa. Marepuss sBIseTCI BeCchbMa IMPOCTO OPTraHU30BAHHOMN
JOTHYECKONH MHPOPMALMOHHON CUCTEMOM.
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