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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, = (c*=VH" =c=v*/cH)".

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 frame 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 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
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 always/move 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, if they 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 the rigid systems, when moving in the 3D space really
rotate in the (ct ,X) plain [“t” here again is the coordinate time] so, that 4D
coordinates of the rigid 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 — as that is shown in the informational model
[2] the Lorentz transformations [and the SR] are completely adequate to the reality
only if all physical processes proceed in the systems where the systems’ objects are
interact forming this system rigid enough. 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 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 frames 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*/c*)">. 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 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 t+ = 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.

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; and (iy) - the symmetry of the
physical laws.
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Abstract B craTthe paccMOTpPEHBI HECKOJIBLKO TPOOJIEM OTHOCSAIIUXCS K CIICIIUAIEHOM
TEOPHH OTHOCHTENBHOCTH: pealbHbIe MPOOJEMBI, KOTOpPBIE BO3HHKAIOT Kak
CIIE/ICTBHE BHYTPEHHEH TMPOTHBOPEYMBOCTH TEOPHH M TaKUM  0OOpa3oM
OTPaHUYMBAIOT €€ KOPPEKTHOE MpPUMEHEHHWE; U MHHMBIC, KOrJa B HEKOTOPBIX
“ompoBepxkeHussx CTO” mnoHsATHE “OTHOCHUTENbHAas CKOPOCTH HUCIONb3YETCS
HEKOPPEKTHO, Tpexkae Bcero “(cxV)” mpobmemy. Taxke KpaTko paccMOTpeHa
MIPUMEHUMOCTD TIpeodpazoBarnii Tangherlini.
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Becbma momymsipHa mpobnema, KOTopas YacTO BO3HHUKAET B JIUCKYCCHSIX O
KOPPEKTHOCTH CIIEIIMATIbHON TEOPUU OTHOCUTEIBHOCTH, BOBHUKAET B Cy4dasx, Korja
CKOPOCTb CBETA U3MEPSAETCS B PA3IMYHBIX MHEPLHAIbHBIX cucTemax orcyera K, and
K', KOTOpBIC IBUXKYTCS OTHOCUTEIBHO APYT APYyra cO CKOPOCTHIO V, I POCTOTHI —
cucTeMbl HWMeEIOT mapamienbhpie X uw X' ocu, m K' JBWKeTcs, MyCTh, B
MOJIOKUTETLHOM HaNpaBJI€HUU B cucTeMe K.

1 “(cxV)” mpobnema: “oTHOCUTENbHAS U “pENSALMOHHAS” CKOPOCTH

B 3TOM citydae, kak 3TO pacCMOTPEHO DMHIITEHHOM B XOPOLIO U3BECTHON CTaThe
1905 rToma [1], ecnum B “cranmoHapHoi”  cucteme, K, ecTb Tapa
CHHXPOHHM3UPOBAHHBIX YaCOB, KOTOPbIE HAXOAATCSA B TOYKAX X, U X, HAa PACCTOSIHUU

L =x, —x,, To B “CTalluOHAPHOI~ CUCTEME U3MEPEHHBIE 3HAUECHUS CKOPOCTEH CBETA B
OJIHOM HampasiieHuH (“‘one-way” CKOpOCTb), T.€., ¢, =L/(t,—t) u ¢, =L/(t, —t,)
paBHbl. OTHAKO MU3MEPEHHBIC B 3TOW CUCTEME IIyTH CBETa KOIJa CBET U3IydaeTcs U



acrpocTpansierca B cucreMe K' Mexny ToukamMu x, U x, , L' =x,—Xx B 3THX
1 2 2 1

JBYX Clydasx pasHble, W B ciaydae ‘‘Bliepea’ CBET MPOXOAUT PACCTOSIHHUE
L=L+VAt=[At=L"/c]=L'c/(c—V); B ciydae “Ha3ax” pacCTOSHHE DaBHO
L=Lc/(c+V).

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

[OTHOCUTENIBHO TOYEK X,,X, ] CKOpocTH cBeTa paBHBI ¢, =c—V and ¢, =c+V

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

(13 URE]

noxoameﬁca, CKOPOCTH SABJIAIOTCA OTHOCUTCJIIBHBIMU [JJId TOYCK .X;,.Xl n

COOTBETCTBEHHO JOJDKHBI OBITH paBHBIMU. [IpW paspemieHnd MaHHOTO Ta33jia
OWHIITEHH BBIOpA BapHaHT, B KOTOPOM IMPUHLIUIT OTHOCUTEIBHOCTH TOMUHUPYET, U
YTO BO BCEX ABMXKYLIMXCA C PA3JIUYHBIMU CKOPOCTSAMH CHCTEMAxX CKOPOCTh CBETa
JOJKHA OBITh JEHCTBUTEIBHO OJWHAKOBA, MOJYYUB, MPH ATOM, MPeoOpa3oBaHUS
Jlopenua.

Tem He menee, 3Tor noctynar CTO He umeer Gonee OOIIETO OCHOBAHUS KPOME
SKCIEPUMEHTAIBHBIX PE3yJAbTAaTOB (B TO BpeMsi — DM B3auMOJEHCTBUM, BKIIHOYAs
CBET), Kpome Toro, B [1] DifHmrellH cam wucnoab3oBain ¢Gopmynsl  “(cxV)’ s
CKOPOCTH CBEeTa KaK HCTHUHHBIC, XOTS OHM M NPOTHBOpEYAT, Ha MEPBBIA B3I,
MOCTYJIATy O TIOCTOSTHCTBE CKOPOCTH CBETA.

bonee ToOro, mocrymaT O IOCTOSHCTBE CKOPOCTH CBETAa BBINNIAIUT BECbMa
CTPaHHBIM, TOCKOJIbKY, (PaKTHUECKH O3HAUYACT, YTO CBET €CTh KaKasg-TO Marmieckas
CYIIHOCTb; U YTOOBI NMOAJIEPKUBATH CBOE IIOCTOSHCTBO CBET 3aCTaBJISIET, HAIIPUMED,
yachkl U3MEHATh CKOPOCTh THKaHbs. B nanpHeimewm, nocie toro kak Minkowski
HOCTYJIMPOBal a0COMIOTHYIO NEHCTBUTENBHOCTh MPUHLUIIA OTHOCUTEIBHOCTH, T.€. B
coBpeMeHHO crangaptHo Bepcun CTO, cBeT paxe 3acTaBisieT peajlbHO
TpaHC(hOPMHUPOBATHCS TPOCTPAHCTBO-BpeMsl. Bce 3T0 BBIIIAAUT BECbMa CTPAaHHBIM U
ObUIO M eCTh NPHUYMHOM MOUCKA COOTBETCTBYIOIIMX JA€()EKTOB TEOPUH, BKIIOYAs
“(c£V)” npobieMy BHIIIIE..

N B peanbHOCTH 3TO ACHCTBUTEIBLHO CTPAHHO, OJHAKO “‘(c*V)” mpobnema” He
OTHCUTCS K peanbHIM npobremam CTO; ma33m BhIIE MOSABISETCS B TaKUX CIyYasX,
NOTOMY 4YTO TIPU paccMOTpeHHH mnpeoOpa3oBanuii JlopeHna u wu3MepseMbIX
CKOPOCTEH, CMEIIMBAIOTCS J1Ba MPUHLMUIHAIBHO Pa3IUYHBIX TUNA “OTHOCUTEIbHBIX
CKOpPOCTEM, BKIIIOYAasi CKOPOCTh CBETa, T.€. “OTHOCHTEJbHAsI” CKOPOCTb, KOTOpas
UCTIONB3YyeTCs B IPeoOpa3oBaHUsX, U, BBEJEM TEPMUH, “PeIALHOHHAA” CKOPOCTb:

- “omHnocumenvHas CKOPOCTH” eCThb CKOPOCTH TeJIa OTHOCHUTEIbHO 0py2020 Teja
TOJIKO MPH YCJIOBHH, YTO BTOpPOE TeJ0 HAXOAUTCHA 6 HOKoe B JaHHOM
HHEPUHUAJILHOI CcHCTeMe OTCYeTa; HampuMmep — JIBIDKEHUE Tell BHYTPHU
JBUXKYIIETOCS BaroHa OTHOCHTEJIBLHO BaroHa, ¥, COOTBETCTBEHHO, HampuMep,
KOHIIOB BaroHa; 1 HMEHHO JaHHAasl CKOPOCTh HCIOJIb3yeTcs B NMpPeodpa3oBaHUAX
Jlopenua, u



“penayuonnan CKOPOCTH’ , KOTOpas XapaKTEpU3yeT IBUKCHHUE cucmeMm TEN B
JAHHOW cHCTeMe 0TCYeTa, KOTJa Tejla TAKO# cHUcTeMbl HE HaXOJITCS B IOKOE B
JAHHOM CHCTeMEe OTCueTa; »JTa CKOPOCTh HE HMEeT NPAKTUYECKH KaKoro-iudo
OTHONIEHHSI K TMpeoOpa3oBaHusM JlopeHna, BKIOYas peJsifUOHHBIE CKOPOCTU
"(cxV)"B cucreme K, Hampumep Koria B PAacCMOTPEHHOM BBIIIE ClIy4yae

nBrkymasics B K cucreMa K' COCTOMT M3 KOHIIOB BaroHa M CBETA.

COOTBETCTBEHHO OECCMBICIICHHO MCKAaTh OMIMOKH B MPeoOpa3oBaHUIX, U Jlajiee B
CTO, paccmaTpuBast pessIIMOHHBIE CKOPOCTH.

PensiuvoHHbIE CKOPOCTH JEMCTBUTENBHO MPUMEHUMBI, HO B OOJIBIIMHCTBE
CIIy4aeB, KOTJa pacCMaTPUBAETCS OTHOCUTENIBHOE IBUKCHHME B CHCTEMax Tell, U
KOI'Zla 3TO JBUKEHUE CYIIECTBEHHO IS 9BOIIOLUU CUCTEM B 1iesioM. Harpumep, ecin
B CTallMOHApPHOM CHCTEME OTCYETA €CTh CHCTEMa U3 ABYX TEJ, KOTOPBIC IBUKYTCS
HaBCTpedy APYr APYry C PaBHBIMHU CKOPOCTSIMH V, TO pelsiLlUOHHAs CKOPOCTb ITHX
Ten paBHa V +V =2V | 3TO oAHa cUTyalusl B CUCTEME, HAIIPUMED NPU BCTpEUE TEI
BO3MO)KHO WX B3aMMOJCHUCTBHME; HO €CIM OHM JBMXKYTCS B IPOTHBOIOJIOKHBIX
HalpaBJICHUSAX Janee, HalpuMep, Mocie BCTpeur 0e3 B3auMOJICHCTBUS, PESIIMOHHAS
CKOPOCTB OcTaeTcs 2V, HO 3Ta CKOPOCTh MMEET YK€ IPYroe 3Ha4Y€HUE B CHUCTEME, B
TOM ClIy4ae B3aWMOJCHCTBHE TEJI HEBO3MOXHO [B Clly4ae OTCYTCTBHS IIOJIEH,
KOHEYHO], T.II.

Ewme npumep

Kcratu BmonHe BO3MOXHBI CllydaW, KOI/IAa HCIHOJIb30BAaHUE PEISLIUOHHOMN
CKOPOCTH HE COINPOBOXKAAETCS CYLIECTBEHHBIMU DPA3NUYUSAMU/ MPOTHUBOPEUUSIMU B
CpPaBHEHUU C UCIIOJIb30BAHUEM OTHOCHUTEIIbHOM CKOPOCTH, OJIMH U3 IPUMEPOB:

ITyctp HEkMii 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 ABHUraThbCcsi BBEpPX M BHH3 [IpHu
HYJIEBOM I'paBUTAlLlMK] C peaJbHBIMH CKOpOCTAMU V and ¢; one-way CKOpOCTH Ms4a
Y cBeTa “BBepX’ W “BHHM3” pPaBHbI, U PABHBI tWO-Way CKOPOCTSIM.

Ecnu Baron nBuxercs BIoib ocu X ¢O CKOpOCThio V, TO:

- M4 gaBwkercss B IUIOCKOCTH (X,Y) ¢ peajibHOM CKOPOCTBIO [IIPAKTHYECKH]
v, =(v* +V?*)"?, tpaekTopus MsuYa B0 CTOPOH PaBHOOEAPEHHOTO TPEYTObHHUKA; 1

TPAaCKTOpUsl Msiya B BaroHe OCTAETCd OPTOrOHAIBHOW, MPU 3TOM peaibHbIe
OTHOCHTE/IbHbIE U PeJALMOHHbIE CKOPOCTH MsS4Ya B BaroHe OCTAIOTCS PaBHBIMU
[mpakTryecku] v;

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

pasnbibe v, = (A =VH" ==/ ).

OTtHocHTEIbHBIE B BarOHE One-way CKOPOCTU CBeTa “BBEpX~ U “BHHU3’, KaK U
COOTBETCTBYIOLIME PENILIMOHHBIE CKOPOCTU B CTal[MOHApPHOW CUCTEME OTCueTa, B



KOTOpPOM JBMIKETCS BaroH, TaK K€ OCTAalOTCid paBHbIMU. TemM He MeHee,
npeoOpazoBanusa JlopeHna ocTaiOTCsl JACUCTBUTEIBHBIMU M B O3TOM Cllydae:
MOCKOJIBKY B JABHXKYILIEMCS BaroHe 4Yachl THUKAIOT MEIJICHHEE C TEeM K€

koabdummentom  (1-v*/c¢*)’?, mu3MepeHHas B cHUCTeMe OTCYeTa BaroHa

OTHOCHTECJIbHAsI CKOPOCTh CBETAa CHOBA OKa3bIBACTCA paBHOﬁ ¢, B TO BpEMA Kak
HU3MCPCHHAA PCIALMOHHAA CKOPOCTh MCHBIIC C. O‘ICBI/II[HO, 4TO B 3TOM CJIy4ac€ HCT

>N

“npsimoir” "(c£V)" mpobnembl [XoTs, KoHeuHO, ocTtaercs "(cxV)"], obe, BBepX u

BHU3, One-way CKOpPOCTM paBHBl, M  “two-way’ CKOpPOCTb paBHa ‘‘one-way’
CKOpOCTSIM HE3aBUCHMO OT TOT'0, KaKHe MPUMEHSIOTCS IPeoOpa3oBaHusl KOOPAUHAT —
Lorentz, Galileo, T.n1. MeX]ly CTallMOHAPHON CUCTEMOM OTCYETA U CUCTEMOM BaroHa.

Kpowme Toro, ecnu mapa 4acoB B KOHIIaX BaroHa OblJla CHHXPOHU3WPOBAHA, KOTAa
BaroH ObLI B TIOKOE, TO One-way MonaJaHus CBETa B KOHIIBI BarOHA MOCJIE BCIBIIIKA
B €r0 CpeMHE BaroHa OYEBUIHO OJHOBPEMEHHBI, U U3MEPEHHBIE One-way CKOpOCTH
CBETa PaBHHBI ¢ B 00€UX, CTAIIMOHAPHON M BaroHa cucremax otrcuera. OIHAKO, eciu
BAaroH JUIMHOM L yCKOpPEH 10 CKOPOCTH V, peajibHble BpPEMEHHbIE UHTEPBAIBI IPU
nonaJaHusX, U3MEPEHHbIE YacaMH B CTAllMOHAPHOM M BaroHa CUCTEMax OTCYETa,
OyoyT pasHble — CBET IOMagaeT B 3aJHUE/TIEpETHUE dYachl C MHTEpBallaMu
At,=L/2(c+V) and Ar, =L/2(c-V). Takum 00pasoMm pensALuOHHbIE [B

CTallMOHApPHOU CHCTEME] one-way CKOpPOCTH CBeTa paBHBI(ctV), XO0TA U two-way

CKOpOCTh OcTaeTcsi paBHOW c. Ho 3Tu MHTEpBaibl, H3MePEeHHbIE YacaMHU B BaroHe,
OKa3bIBAIOTCS B COOTBETCTBUU C IpeoOpazoBaHusiMu JIopeHiia, 1 U3MepeHHbIe one-
way 1 twWo-way CKOPOCTH CBETa, KaKk U B CIy4yae OPTOTOHAJIBLHOTO JABUKEHUS BHIIIE,
CHOBa paBHHI C.

2 The “ Dingle npo6iema” B crieriuaabHON TEOPUH OTHOCUTEIIBHOCTH

Tem He MeHee, 37eChb €CTh HECKOJbKO HIOAQHCOB, B IEPBYIO O4Yepelb 3TO
OTHOCUTCSI K TIOHATHIO “‘pealbHblii’ KOrJa pacCMaTpUBAIOTCA OTHOILIEHHS B
npoctpancTBe-BpeMenn Marepuu. Cyth npobsemsl B ToM, uro B CTO emie B craThe
1905 r. moctynupyetcsi, 4To aOCOMIOTHOIO TMPOCTPAHCTBAa-BpeMeHU MaTepuu He
CYIIECTBYET U MOATOMY BCE/ Kak[asi MHEPLUAIbHbIE CUCTEMbI OTCYETA MOJHOCTBIO U
COBEpLIEHHO 3KBUBAJIEHTHl. OIHAKO M3 ATUX MOCTYJIATOB HEMEIJIEHHO, OYEBUAHO U
HEJIBYCMBICIIEHHO  clielyeT J000€ KOJMYECTBO OYEBUIHO OECCMBICIEHHBIX

JOTMYECKUX M (U3NYECKUX CIeCTBUN, Hambonee m3BectHoe ‘‘Dingle problem” B
CTO.

[M3 mocTynata 0 TOTAJIBHOW IKBHBAJICHTHOCTU CIIEIYET, YTO €CIU €CTh, HalpuMep,
napa OTHOCHTEIBHO JBIDKYIIUXCSI CUCTEM OTCYETa, TO 00a HabmIogaTelNs B CUCTEMAax
OJIHOBPEMEHHO JOJKHBI BEpUTh, YTO B Vis-a-vis’S CHCTEME OTcueTa ‘‘Bpems
3aMeJUIEHO” W COOTBETCTBEHHO ViS-a-Vis CTapeeT MEUIEHHEe, 4YeM JIaHHBIN
HaOJIIOaTelNb.; YTO €CTh OYEBHIHBIA a0CypJl, TaKOo€ BO3MOYKHO TOJIBKO JIJISi OJTHOTO
U3 HUX, WIM OHHM CTapeloT OAMHAKOBO, €CIM JBUXKYTCS C OJUHAKOBBIMU
aOCOJIIOTHBIMU CKOPOCTSIMH B a0COJIFOTHOM MPOCTPAHCTBE-BpeMeHH Matepun].

A0COJIIOTHOE POCTPAHCTBO-BpeMs U a0COIIOTHASA CKOPOCTH

CoOTBETCTBEHHO TNPUMEHEHHE ‘‘[JOKA3aTEIbCTBA OT IIPOTUBHOIO’ MPUBOAMUT K
OYEBUIHOMY 3aKItoueHHI0, 4To mocTyinarbl CTO BbIlle HEBEPHBI, U MOATOMY B
peaTbHOCTH  CYIIECTBYIOT 00a, a0CONIOTHOE MPOCTPAaHCTBO-BpeMsi Marepun u
a0COTIOTHBIE CUCTEMBI OTCYETA B ’TOM ITPOCTPAHCTBE-BPEMEHH.



Bbonee Toro, B mHEpOpMariionHoi mozenu [2] , [3] [BIpoueM Moae3HO MPOYUTATh U
[4]], mnpoctpancTBO-BpemMsi Marepuun ectb abcomotHoe [5]4D  EBximmoso
npoctpancTBo, wian [5]4D EBkinnoB “myctoil KoHTEHHEp”’, Tae BCE/KaxIbli
MaTepHaIbHBIA OOBEKT/CHCTEMa OOBEKTOB M cucTema “Marepusi’ B I1I€JIOM B
COOTBETCTBUU C 3aKOHOM COXPaHEHUsI SHEPTUU HeNpepPbIBHO HM3MEHAT CBOHU
COCTOSIHMS, T.€. 3D MPOCTPAHCTBEHHBIE MOJIOKEHUS W/UIU BHYTPEHHUE COCTOSHMUS.
TakuM o0Opa3oMm, Bce/KaXIbplid MaTepuanbHBIM OOBEKT Bcerma ABMXKYTcs B 4D

NOANPOCTpaHCTBE-BpeMeHn ¢ 4D cKopocTsiMu, ¢, HUMEIOIIMMH HJIECHTUYHBIC
a0COTIOTHBIC 3HAYEHUsI paBHbIE CTAaHAAPTHOW CKOPOCTH CBETA.

[Ipy 5>TOM U3MEHEHHE TOJbKO BHYTPEHHHUX COCTOSIHMI HMMEIOIIUX ‘‘Maccy
nokosi” OOBEKTOB BCETJa COMPOBOXKIACTCS COOTBETCTBYIOIIMMH HHTEpPBAIAMU
“KOOPAMHATHOTO BpeMeHM’ [nanee “7r”’], 3TO M3MEHEHHE HAOMIOAACTCS [HampUMep
HaOII0/IeHUE KaK Yackl U3MEHSIOT CBOE BHYTpeHHee cocTosiHue] kak 1D nBrkeHue B
MPOCTPAHCTBEHHO-BPEMEHHOM HM3MEPEHUH ‘‘KoopauHaTHOe Bpems . Ilockosbky
OJIHOBPEMEHHO Ka)XJ0€ W3MEHEHHUE, T.€. MPOCTPAHCTBEHHOW MO3ULUU W/WIH
BHYTPEHHETO COCTOSIHUS OOBEKTa BCErla CONPOBOXKIAETCS TakKe HHTEpBallaMu
“MCTHHHOTO BpEMEHHW , BCE/KXKIBIH OOBEKTHl OJHOBPEMEHHO IBUXKYTCA B S5-M,

“uctuHHOE BpeMs™ [nanee “f’], U3BMEpEHHH CO CKOPOCTHIO CBETA.
Takum o6pazom:

(1) — HM mpocTpaHCTBO, HM 00a BpEeMEHHU, HE HUMEIOT KaKuX-TH0O0 peanbHbix
“co0CTBEHHBIX WJIHM BHYTPEHHe NMPHUCYIIUX’ Mep, MyCTOTa HE UMEET Mep, BCE
u3MepsieMble  BPEMEHHbIE U NIPOCTPAHCTBEHHBIE  MHTEPBAJIBI  SIBISIIOTCA
“OTHOCUTENBbHBIMU COOTBETCTBYIOIIUX MATEPHAIBHBIX 3TAJIOHOB; TAKUE M3MEPEHUS
COOTBETCTBYIOT ()yHIaMEHTAIBHBIM CBOMCTBAM UMEHHO Marepuu, HE CBOWCTBaM
IIPOCTPAaHCTBA-BpeMeHHU. W TOJIBKO MOTOMYy, 4YTO BCe B Marepum H3MEHsETCA C
¢yHaaMeHTanbHO CTaOMIBHOM M oOmiei ams BceX OOBEKTOB ‘‘OneparMoOHHON
YaCcTOTOM’, CYIIECTBYET BO3MOXXKHOCTh HW3TOTOBJICHUSI ASTAJOHOB BPEMEHHBIX U
MPOCTPAHCTBEHHBIX HHTEPBAJIOB, Jajee, XapaKTEePU30BaThb YHUBEPCAIBHO 3TH
WU3MEHEHUSI.

[Kpome Ttoro, marepuanbHble OOBEKTHI ABMXKYTCS B 4D moampocTpaHcTBe MpH
ycnoBuu “equal footing (paBHBIE IIaru)”’, U MPOCTPAHCTBE U B 00OMX BpeMEHaX, €CIH
U1 000UX BpeMeH BbIOpaHbI “ct” m “ct” merpuku. TakuMm oOpa3om, Bce/Kaxmas
gacTunbl B MaTepuu B CBOMX HCTOPHSIX, €CJIM MCTOPUU BKIIIOYAIOT MCTOPUHU BCEX
npenuiecTBeHHUKOB ¢ Hauanma, korma Marepus Kkak eauHOe IIeJIoe  Hayaia
HBOJIIOIIMOHUPOBATh MPAKTUYECKH MTHOBEHHO, MPOIUIM OJWHAKOBBIE MyTH B 4D

TIOJNPOCTPAHCTBE PABHEIE Ia’s =ct, tae ds=(dx’+dy*+dz>+dr*)"*, t ects
MHTEPBAI MCTHHHOTO BpeMeHH ¢ Hauana, BEposSTHO - OKOJO 14 MWILIHAPIOB JIET

ToMy Hazana. T.e. Kaxmas CErogHAIIHsS 4YacTula npouuia B 4D moampocTpaHCTBE
okosio 14 munnmapnos 4D cBETOBBIX JIET]; U

(2) — B MPOCTpaHCTBE-BPEMEHH BO3MOJKHBI 3 pa3HBIX ‘‘a0CONIOTHO TMOKOSIIUXCS
CHUCTEM OTCUCTA, KOoTraa TOYKHW/TENa OTCUETA MOT'yT 6I>ITB KaK

(0,0,0,0,0); T.e. B mOKOE B OTHOILIEHUU BCEX MU3MEPEHHUI; 3TO HEpEeaJbHBIN Clydaid
T.K. Bce B Marepuu Marepus B IIEJIOM BCET/Ia U3MEHSICTCS U JBWKETCS KyIa-HUOY/Ib;



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

BPEMEHHU, TEJI0 OTCYETa BCErAa IBHIKETCS B IPOCTPAHCTBE CO CKOPOCTBIO CBETA,
IpUMep — CHUCTeMa OTcueTa, rie (OTOHBI JABMXKYTCS TOJIBKO B IPOCTPAHCTBE CO
CKOPOCTBIO CBETA, CUCTEMA HE UMEET IIPAKTUYECKOr0 IPUMEHEHHUS; U

(ct,cr,0,0,0); T.e. TOuka/Teno OTCUETa HAXOAUTCS B Mokoe B 3D mpocTpaHCTBe,

JBUTASICh TOJHKO B KOOPAMHATHOM BPEMEHH CO CKOPOCTHIO cBeTa. VIMEHHO HdaHHAs
CHCTEMa paccMaTPHUBAETCsI OOBIYHO B PU3HMKE KakK “‘abCONIOTHAs cucTeMa oTcyeTa’ [u
OBLJIO MHOTO TOMNBITOK HAOMIOIaTh [BIWIKEHHUE B OTOW CHUCTEMe, HadWHas, IO-
BUJIUMOMY, ¢ dkciepuMmeHTa Michelson and Morley].

U, YTO BaXXHO B JAaHHOM Cllydae, 4YTOObI /JA0Ka3aTh BO3MOKHOCTH
CylIeCTBOBaHUSl 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; JIlo0oe
TeJ0 B JI000H NPOCTPAHCTBEHHOW TOYKe, KOTOpPOe [BHKETCS TOJBKO B
KOOPAWHATHOM BPEMEHH [CO CKOpPOCTBIO CBETa], HAampUMEpP — 4Yachl, KOTOpHIE
TUKAIOT C MAaKCUMAIBHONH CKOPOCTBHIO, aBTOMATHYECKH MOXKET OBITh TEJIOM OTCYETa.
Tak 4TO OcTaercs ML OJHA TTpoOeMa - KaK HaWTH Takoe TeJo, WM, 0 KpalHeH
Mepe, U3MEPUTh €ro aOCOIIOTHYIO MPOCTPAHCTBEHHYIO CKOPOCTh, M 3Ta MpobieMa
peuaemasi — cm. [3].

PeasibHOCTH U HepealbHOCTH PU3MYECKOT0 ONMCAHUSA

HabGmromaemoe/usmepsiemoe  IBIKEHHE B aOCONIOTHOM CHCTEME OTCYeTa
a0co/1I0THO M Beeraa peaabHo. HaOmronaemo nBuKeHUE B JIIOOBIX IPYTHX CHCTEMax
peajibHO He Bceraa; W (U3MYECKHUE TMMapaMeTPhl MaTEPHATBHBIX OOBEKTOB,
HaIpUMep, CKOPOCTEH, €CIM M3MEpSIOTCS 0e3 M3BECTHOI'O COOTHOIICHHUS C KaKOM-
HUOynb aOCOJIOTHOM CHCTEMOW, He PpeajibHbl, IOCKOJbKY HE OTpEeIeICHBI
OTHOCUTCIIBHO peaanblx 3H&‘ICHHI>1.

Onnako Marepust moCTpoeHa/U3MEHSETCS B COOTBETCTBUM ¢ HAOOPOM 3aKOHOB,
KOTOpBIE CYIIECTBEHHO CHMMETPUYHBI W TIOITOMY JCWCTBUTEIHHO, IPHUHIIUIL
OTHOCUTEIIbHOCTH U TIpeoOpazoBanus JIopeHia 4yacto paboTaloT XOpoIIo, U B TaKUX
ClIydasX JaHHas ‘‘HepeajbHOCTh  OUYEHb YacTO HE CYLIECTBEHHA NPU NPUMEHEHUU
npeoOpa3oBaHui, €Iie pa3 — UCMOJIb30BaHUE “‘OTHOCUTEILHON, HE “pEeSIMOHHON ",
CKOPOCTHM  JaeT B  pe3ylbTaTe aJeKBaTHbIe  OOBEKTHBHOHW  pPEaTbHOCTU
MaTepuanbHbIe/pu3nueckue  orneHkn/ BbIBOABI. Kak wu, Hampumep, Minkowski
dbopManm3M  OKaszbIBAeTCS  aJICKBAaTHBIM, XOTS OCHOBBIBAe€TCS Ha  BechMa
daHTaCTUYHOM TIOCTyJIaTe, YTO pealbHOE MPOCTPAHCTBO-BpeMsi Marepun ecThb
MHuUMoe npoctpaHctBo Minkowski [B panbheiimem B OTO — MHHMOE IceBIO-
Riemannian mpocTpaHCcTBO].

Tak mosy4aeTcsi MOTOMY YTO JKECTKHE CHCTEMbl MaTEPHAIBHBIX OOBEKTOB, TPH
JIBUKEHUH B 3D mpocTpaHCTBE peaibHO OBOPAYMBAIOTCS B IUIockocTH (ct ,X) [“1”
3/1eChb CHOBAa KOOpPAMHATHOE Bpemsi| Tak, uTo 4D xoopauHaThl OOBEKTOB B JKECTKUX
CHUCTeMax BCETJa OCTAIOTCSI B COOTBETCTBHHM C TpeobOpazoBanusiM JlopeHia.
Hanpumep, eciu cucTteMa COCTOMT W3 OJHOTO JKECTKOTO CTEPXKHS UIMHOM L,
JBIKYIIETOCS. B TPOCTPAHCTBE TakK, YTO €ro OCh COBIAJAET C HalpaBICHUEM
JBIDKECHHUSI, TO Yachl HAa TIEPEAHEM KOHIIC CTEP)KHSI [ caM TepeaHU KOHEI] CTEPIKHSI,
KOHEYHO, TOX€| BcerJga HMMEET MEHbIee 3HAYeHUE KOOPJAMHATHI KOOPAMHATHOTO
BpEMEHH, YeM BPEMEHHBIE KOOPJIMHATHI YacOB Ha 3aJHEM KOHIIE CTEPXKHS U CaMOTO



KOHIIA; U, ITOCKOJIbKY YaChl ITOKA3bIBAIOT, KAK U3MCHACTCA UX BHYTPCHHCC COCTOSIHUC,
T.C. IOKA3bIBAKOT KOOPAWMHATHOC BpPEMs, IIOKa3aHUA YaCOB Ha IICPEAHEM KOHIIC

MeHbplte Ha Voigt-Lorentz nexpement —VL/c¢’; kak sto Iludarop mnpeamucar,
MOCKOJIBKY KOOPAUHATHO-BPEeMEHHAs oCh OPTOrOHAJIbHA JII000H
NPOCTPAHCTBEHHOM JIMHHMH, BKJIIOYas, B JAHHOM CJy4yae, HaIlPABJICHUE IBHKCHUS
CTEPKHs.

N, kpome ToOro, eciv HMEIOIIEe Maccy IOKOs Teno ABwkercs B 3D

IPOCTPAHCTBE, TO CKOPOCTb €ro BHYTPEHHUX H3MEHEHHUH COOTBETCTBEHHO

yMeHbIIIaeTcs, cHoBa, kak Iudarop npeamucan, 8 (1-v* /¢*)"? pas, Takum o6pazom,

HarpuMep, MOKa3aHUs JBIKYIINXCA YacOB 3aMEIISIOTCS, HECTAOMIbHBIC YaCTHIII
KHUBYT J0JblIe, U T.. OZHOBPEMEHHO MPOCTPAHCTBEHHAS MPOCKIHS JABHKYIIETOCS
Tesla CTAHOBHUTCSI MEHBIIIE €ro UIMHBI B ITOKOE C TeM ke Kod(P(HUIIMEeHTOM — Bce 3TH
daxTopsl 1 00pa3zyroT mpeodpazoBanus JlopeHa, yToObl MOMYUUTH Ipeodpa3zoBaHus
JOCTaTOYHO 3HATh JHIIbL TeopeMmy Iludaropa. Bnpouem, Hamo 3HaTH Takxke — Tiae,
moyeMy W KaK 3Ta TeopeMa JOJDKHA MpPUMEHSTHCS, T.€. 3HaTh, YTO TaKoe
MPOCTPaHCTBO-BpeMsi Martepuu.

Ho cka3anHoe BbIllle BEpHO HE BCerjga — Kak 3TO MOKa3aHO B MH(GOPMAIIMOHHOMN
¢usuueckoit mogenu [2] npeobpazoBanus Jloperua [u CTO, KOHEUHO] MOTHOCTHIO
aJIeKBaTHBl PeajbHOCTH, TOJIBKO €Clii Bce (hU3MUYECKHE MPOIECCHl MPOUCXOIAT B
cucremMax, rie OOBEKTHl B CHUCTEMax B3aMMOJACHCTBYIOT, (OPMHUPYS JOCTaTOYHO
KECTKyI0 cucteMy. Ecnu cucrema cocTOUT U3 CBOOOJHBIX OOBEKTOB, TO MPUMEHEHHE
CTO, xortopas moCTymupyeT, 4To mpeobOpazoBanus JlopeHlla B Kaxaou
MHEpLUAJbHOW CHCTEME OTcueTa NIPUMEHHMBI BO BCEX CIydasx M BO BCEM
IIPOCTPAHCTBE-BpEMEHM Matepuu, NpU ITOM OHU OIKCHIBAIOT KaK  peajbHbIE
[banTacTrueckue] mpeoOpa3oBaHUsT  TPOCTPAHCTBA  /BPEMEHH/TIPOCTPAHCTBA-
BPEMEHU, MPUBOAUT K HEPEATbHBIM MJIN AJIOTHYHBIM PE3YJIbTaTaM.

3 Ilpumepsl HeaIeKBaTHOCTH MpeoOpazoBanuii JlopeHia
“Knaccuveckue” ciaydamn

Xopo110 U3BECTHBIE MPUMEPHI — “‘TIapaloKC OJIM3HEOB”, KOTOPBINA MPOCTO SIBISAETCS
ycioxHeHHON  GopmynupoBkoir  Dingle-mpo6iemsr u  “Bell mapamokc”, rae
IOPOCTPAHCTBO B JIBWXKYIIEeCs WHEPIUATBbHOW CHCTEME OTcYeTa HE XOdYeT
“cokpamarbscs’”’. [Ipu atoMm “Bell napagokc” nossnsiercs B CTO MOCKOJIbKY B TaHHOM
cllyyae CHCTEMa Tell COCTOMT M3 JBYX CBOOOJHBIX spaceships, B TO BpeMsi Kak B
xecTkux cucremax IIpeoOpazoBanusa JlopeHua, Kak TMpaBWiIO, aJeKBaTHBI H
U3MEPEHUs, BBINOJHEHHBIE C TNPUMEHEHHEM YacoB W JIMHEEK CHCTEM OTCueTa,
OKa31BaIOTCs TAK)KE aJ€KBaTHBIMU.

Ho »To BepHO He Bcerma W Jaxe €CIIM CHCTEMa JKECTKas, pe3yJbTaThl HE
00513aTeIbHO KOPPEKTHBI; MIPUMEPBI — €CITU JBa HAOMIONATeNnsl B IBYX ABMKYIIUXCS
OTHOCHTEJIBHO KECTKUX CHCTEMaX OTCYETa U3MEPSIIOT CKOPOCTU TUKAHbsI Vis-a-Vis’s
4acoB, T.€. SKCIIEPUMEHTAIILHO MPOoBepstoT Dingle mpobnemy, onn 06a momxydar TOT
K€ aOCypAHBIM pe3yJabTaT YTO Yachl OOOMX Vis-a-vis’S THKAIOT MEIJICHHEE YeM
COOCTBEHHBIC; ApPYrod MpHUMEpP — pe3yabTaTbl BCX OJKCIEPUMEHTOB C IIENBIO
U3MepeHusi aO0COOTHOW CKOPOCTH 3eMJIM  ITOKA3bIBAIOT, YTO 3Ta CKOPOCTH paBHA
HYJIIO, B TO BpeMs KaK 3TO ¢ OOJIBIIOI BEpOATHOCTBIO HE TaK, T.II..



“The Wutke rod npo6aema CTO”

Hpyroii unTepecHslii npumep HeanekBaTHocTH CTO/mpeobpazoBanuii Jlopenia
ob1 mpemoxked Andrew Wutke - “The Wutke rod mpo6iaema 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 KaKOH-TO CKOPOCTBIO OpPTOTOHAJIBHO oOcu X,
Hanpumep, BIoib ocu Y. [I0CKOJIbKY CTEpKEHb HE COCTABISIET C CUCTEMOM OTCYeTa
KECTKYIO CHCTeMY, ero nswkeHue B 4D mnoampoctpaHcTBe He 3aBUCUT OT 4D
JBUKEHHS] CHCTEMBI OTCUYETA, U €r0 KOHIBI MOBEPHYTHI MIIOCKOCTH (CT ,X) CUCTEMBI
HE3aBUCHMO OT CUCTEMBI; JUIsl IPOCTOTHI MYCTh CUCTEMa 0TCYeTa a0COMOTHAS.

Takum 06pa30M, Koraa CTCpPiKCHb ICPCCCUCT OChb X, OH, OYCBHUIHO, IMECPCCCUCT

0Chb, OCTaBajACh MNapaJuICIbHBIM OCH, T.€C. OJHOBPECMCHHO BCEMHU TOYKaAMH CBOCH
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JUIMHBI, XOTA U COKPALIEHHOW Kak L(l—v2 /%) OpxHako, ecad 4achl Ha KOHI[AX

CTEP’KHsI OCTAHOBSTCS B MOMEHT IIEpECEYCHUSI OCH, OHM IOKaXyT pa3HbIe BpPEMEHA
IIEPECEYCHMS], U, COIVIACHO MOKA3aHMSAM 4YacoB, IEPEIHHUN KOHEL CTEpPXKHS IEepeceK
OCb paHblIIe, YEM 3aJHUN KOHEL.

Ecou V>>1 310 o3navaert [u cienyer u3 CTO] 4to cTepkeHb, COrIacCHO JaHHBIX
B €r0 CHUCTEME OTCUeTa, BOTKHYJCS B OCh X MPAKTUYECKH OPTOTOHAIBHO, YTO, T.C.
JIAHHBIE CUCTEMBI OTCYETa CTEPIKHS, OUEBHUIHO HEAJCKBATHO PEATbHOCTH.

[Ipu >TOM cTepkeHb IEHCTBUTEIBHO IBMKETCS OYIydd OPHUEHTHPOBAHHBIM
MPAKTUYECKU OPTOrOHAIBHO oOch X, HO B IUIOCKOCTH (c7,X), 4YTO, OJHAKO,
HECYUIECTBEHHO NIPU B3aUMOJCHCTBUAX B Marepuu; Bce B3aMMOJEeHCTBHS B
Martepuun mnpoucxoasit Toabko B 3D mpocTpaHcTBe M MOMEHTHI MCTHHHOTIO
BpeMeHH, TTOCKOJIbKY BCE€ MaTepuaabHble 00BEKTHI BCETIa OJHOBPEMEHHO HAXOISITCS
TOJIbKO B MPOCTPAHCTBE U B OJJTHOM MOMEHTE MCTUHHOIO BPEMEHHU, HE3aBHUCHUMO OT
TOTO — T/Ie OOBEKTHI WM UX TOYKH HAXOMISTCS B KOOPAWHATHOM BPEMEHH, U TIOTOMY
nepeceyeHue CTepKHeM ocu X peanbHO OyaeT “rurammst’ .

AHAJIOTUYHO KOT/1a ONU3HEI-NYTEHIECTBEHHUK BO3BpAIIAETCS JIOMOH, OH
HaXOJHUTCS B KOOPAMHATHOM BpPEMEHU paHblle, 4YeM OJIM3Hel-I0MOcend, T.€.
OJIM3HEBI IPU BCTPEYE HAXOMSITCS B Pa3IMYHBIX TOUKax 4D moAampocTpaHCTBa, HO B
onHou Touke 3D+1 moanpocTpaHcTBa U MOTOMY MOTYT, HallpUMep, MIOTOBOPUTH PO
IyTEUIECTBUE.

4 Cpasuenue npeoOpazoBanuii Jlopenia u Tangherlini

dusnueckue CUTyalli1, KOoraa HCCICAYCMbIC CUCTCMbI COCTOAT HX CBO60,Z[HBIX
00BEKTOB, NMOKa OYEHb PEAKO BCTpeuaroTcs B mpaktuke. Ha 3emie mpakTuuecku Bce
CHUCTEMBl JKECTKHE M3-3a 3EMHOU 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 ecTh aBa OYECHPH IJIOXHMX MApHS, KOTOPBIE POAMIMCH TOYHO B OJWH MOMEHT
BpeMEHH B a0COJIOTHOM cucTeMe oTcueTa. YOeras oT 1mepuda, OHH OKa3bIBAIOTCS B
spaceship Ha cTapTre, B MPOTHUBOMOJIOKHBIX KOHIAax spaceship. Ho mepud
OKa3bIBAaCTCSl B CPEIMHE spaceship U OJHOBPEMEHHO CTpeENSeT U3 Jla3epa B MapHEH;
BCIBIIIKY MTOMAAI0T B MAPHEH, KOT/Ia OHU 002 TOYHO OTHOT0 BO3pacTa.



Ecnmun mapuu cnopsrtanuce B spaceship u mepud oOHapyxun uX B KOHIAX
spaceship mocie Toro, Kak spaceship yckopuics A0 MTaTHOW OJM3KO K CBETOBOM
CKOpOoCTH V', IIOCJI€ BBICTPENOB B MapHEH, peajJbHble BpEMEHHbBIE MHTEpBaJbl, KOIa
BCIIBIIIKKM IONAJal0T B NApHEW, B CTAllMOHApHOM cucreMe pasHble, Ar “Brepen”
oueBHAHO Oombine yem Af “Hazan’. OHAKO, TOCKOJIBKY TTApeHb B TIEPEIHEM KOHIIE
spaceship u3-3a nmoBopora spaceship B maockocTH (ct ,X) OKa3bIBaeTCsl MOJIOXKE, YEM
MapeHb B 3a/IHEM KOHIIE, BCTIBIIIKU U B 3TOM CJy4yae MomaJaioT B MapHEel, Korjga OHU
CHOBa 00a TOYHO OIHOT0 BO3pacTa — Kak 3To ObLIO Korja spaceship ObUT B mokoe
B CTAallUOHApHOM CHUCTEME OTCYETa, B COOTBETCTBUM ¢ NPHHUHMIIOM
OTHOCHTEJIbHOCTH B O0EHX cHCTEeMax oOTcueTa o0a pe3yJbTaThl peajbHbl 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 BCIBIILKK B TapHd B IMepeAHEeM KoHLe spaceship, on Oyner
cTapiie, 4em MOACIBHUK B 3aJHEM KOHIE spaceship, 4TO HE COOTBETCTBYET
pEeaIbHOCTH.

[Tocnennuit mpumep MoOKa3bIBa€T, KPOME MPOYEro, YTO BEChMa MOMYJSPHBIE
“npeobpa3oBanus Tangherlini” [6] HeaneKBaTHBI peajbHOCTH. DTH MPEOOpa3OBaHUS
OTJIIMYAIOTCS OT npeodpa3zoBanuii JIopeHIa TeM, 4TO B HUX HET Jie/MHKpeMeHTa Voigt-
Jlopenna; Takum o0pa3oM, Bce COOBITHS, KOTOpPbIE OJHOBPEMEHHBI B CTAllMOHAPHOM
CHCTEME OTCU€Ta, OJHOBPEMEHHbI M B JBWXKYyLIEHca cucreMe. Takas
OJIHOBPEMEHHOCTbH B 3TUX MpeoOpa3oBaHUsIX 00ecreunBaeTCs MyTeM:

““...BpeMEHHOE IpeoOpa3oBaHue MOIYyYaeTCsl NP CUHXPOHU3ALMH YacoB B JABMXKYILEHCS cucreme
OTCYeTa HEMOCPEACTBEHHO C YacaMH B CTal[IOHApHOW cUCTeMe. OTO MOXHO BBINOJHUTH
CIIOCOOOM, KOTOPBI KCIEPUMEHTAILHO BBIIOJIHAEM CErofHs ... [Ipeanosokum pajiee 4To B
HOoe371¢e, ABMXKYIIEMCS C IIOCTOSIHHON CKOPOCTBIO V' B MOJOXKUTEIBHOM X-HAIIPABICHUH, €CTh PAN
4acoB MACHTWYHBIA PANy Ha CTAHIWM, HO HE CHHXPOHH3MPOBAHHBIX, , M YTO CYIIECTBYIOT ...
3JIEKTPOMEXaHUIECKUE YCTPOICTBA, KOTOPBIE TTO3BOJIAIOT YacaM B IOE€3/€ MOJIydaTh CHIHAIBI OT
4acoB Ha CTAHLMM Torja KOrja Jachl Ha CTAHIUM IOKa3bIBaloT { = 0 , 3TO mepenacTcst yacaM B
M0e371e, KOTJja OH IPOEe3KaeT MUMO, yCTAHABIINBAs UX B HyJIb (C KOPPEKLUEH BPEMEHH NEPEaatn),
MOCJIE YEero 4YacaM B MOE3[€ pa3pemacTcs HATH CBOOOJHO C HMX COOCTBEHHOHW CKOPOCTBIO.
CrenoBarenbHO, B COOTBETCTBUH (2) [BpeMeHHOe mpeoOpa3oBaHue], oHu OyoyT UITH MEAJICHHEE
[kak B mpeoOpazoBanusx JlopeHma] yem Yacel Ha CTAaHLIMH, C TOH CKOPOCTbIO, KaK M 4achl,

CHHXPOHM3HPOBAHHBIE B cOoTBeTCTBHHU ¢ LT[mpeobpasosanuamu Jlopennal...”

JleicTBUTENbHO, TaKass CUHXPOHU3AIMs YacOB B JBMIXKYIIEHCA CUCTEME OTCYETA,
KOI'Zla TIOKa3aHUs 4acoB B ATOM CHUCTEME YCTAHABIIMBAIOTCS KaK OJHOBPEMEHHBIE B
COOTBETCTBUHU C IMOKA3aHUSIMU B CTALIMOHAPHOM cHCTEME C MPUMEHEHUEM KaKoi-Tubo
“KOMMYHUKALIMK ™, HAIIPUMEP € UCIIOJIb30BaHUEM paJuOKaHala, BO3MOYKHA.

Ho B »TOoM cnyuae moka3zaHusi 4acoB B spaceship, kKak W B CTallMOHApHOM
CUCTEME, INOKaXYT HEpEaJbHBbI BO3pacT IUIOXOIO MAapHS B IEPEIHEM KOHLE
spaceship mpu mnomagaHuu cBera Jja3epa Mmepuda, U dTa HEpealbHOCTh [u
COOTBETCTBEHHO  HEaJeKBAaTHOCTh  npeoOpa3oBaHuii  Tangherlini]  o4eBHIHO
HEyCTpaHMMa, Kakas-HUOyJAb KOMMYHUKALIUS MOXKET YCTAHOBUTH JIOObIE MOKA3aHUs
4acoB, HO HE MOXKET, HAIIPUMEP, CAENATh YEJIOBEKA [3/1eCh IIapHs B IIEPEIHEM KOHIIE]
peanabHO cTapuie.

Takum 00pa3oM, TPUMEHUMOCTH TMpeoOpazoBaHuii Tangherlini B ¢usmke
BBITJIATUT KaK BechbMa MpoOJeMaTU4Has, B MPOTHBOIOIOKHOCTh MPe0Opa3oBaHUIM
JlopeHiia, KOTOpBIE OCHOBBIBAIOTCS Ha (DYHIAaMEHTAJBHBIX CBOMCTBaXx Matepun U
npoctpaHcTBa-BpeMenn Marepuu: (i) — “ZlekaptoBa” ¢dopma abcomotHoro [5]4D



npocTpaHcTBa-BpeMeHn Matepuu; (ii) — (akT, yTO BCe/KaxIblii MaTepHallbHBIC
00BEKThI NBWXYTCA B 4D MOAMpOCTpaHCTBE 3TOTO MPOCTPAHCTBA-BpeMeHU ¢ 4D
CKOpPOCTSIMH CBETa, JIBUTasiCh, OJJHOBPEMEHHO, ¢ 1D ckopocThio cBeTa B MCTUHHOM
BpeMmeHu; (iii) — “equal footing” B MPOCTPaHCTBEHHBIX W BPEMEHHBIX HW3MEPECHHSIX
npu 4D+1D nBuxenuu o0bekToB B [5]4D nmpocTpaHcTBe-BpeMEHH; U

(iy) — cummeTpun PU3HYECKUX 3aKOHOB.
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