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BriBoz Bcex THHEHHBIX MMPeoOpa30BaHU, YIOBICTBOPSIOMIUX dKCIIEpUMEHTY Maiikenscona-Mopam,
n obcyxenne ocHoB pesituBim3Ma - Poman [loctak (Roman Szostek)

AHHOTALIMA:

B craTtbe mpeacrasieHo ¢(opMalibHOE J0Ka3aTeJbCTBO TOI0, YTO MaTeMaTHKAa, Ha
KoTopoii ocHoBbiBaercss CrnemmanbHas Teopus OtnHocutenbHoctn (CTO), B HacTosimee
BpeMsl HeBepPHO MCTOJKOBaHA. /[0Kka3aTe/bCTBO ONMPAETCS HA AaHAJIN3 3HAYEHHMS MapaMeTrpa
e(v). Illonnmanne 3HaAYEeHHUS ITOr0 MapamMeTpa BO3MOXKHO OJarogaps aHajau3y oomei ¢popmbl
npeodpa3oBaHus, VI KOTOPOro mnpeodpa3oBanue JlopeHua sBJsieTCH JHIIb YACTHBIM
ciydaeM. Ecim e(v)#0, Torma 4Yacel B HHEPHHAJBHBIX CHCTEMAaxX OTcYeTa
PACCHHXPOHU3UPOBaHbl. BeanunHbl, HanpuMep, OJHOHANPABJEHHOH CKOPOCTH MpH
HCIIO0JIb30BAHMHU TAKMX YACOB He Jal0T peajbHbIX 3HAYeHHIA.

B crarbe moOkKa3aHO, UYTO CyIIECTBYET OECKOHEYHOE MHOXECTBO  PA3IUYHBIX
npeoOpa3oBaHuii, B KOTOPBIX OJHOHAINpPaBJIEHHAs CKOPOCTh CBETa Bcera paBHa c. [IpeoOpazoBanue
JlopeHtia siBAsIeTCS TUIIB OJTHOM M3 3TOT0 OECKOHEYHOT0 MHOKECTBA IPe0Opa3OBaHUi.

B crathe BbIBeneH LeNblid KJIAacC JMHEHHBIX MPeoOpa3oBaHUl BPEMEHH U MOJOXKCHHSL.
[IpeoOpa3oBaHusl BBIBEICHBI B IMPEAINOJIOKEHHH, YTO Ui HaOmiomaTens J00OH WHEpLUaIbHOU
CHUCTEMBl OTCUETa BBINOJHIIOTCS BBIBOJBI 3KCIIEpUMEHTOB MaiikenbcoHa-Mopau u Kennenu-
TopHpaiika, a UMEHHO, YTO CPEIHssl CKOPOCTh CBETA B BaKyyMe€, pacIpOCTPAHSIOIIErOcs B IPSIMOM
1 00paTHOM HAIpaBIICHUHM, SBISETCSA MOCTOSHHON. BBIIO MpennosokeHo Takxke, YTO CYIIECTBYET
XOTs1 OBl OJIHAa MHEpLHUAIbHAS CUCTEMa OTCUYETa, B KOTOPOH CKOPOCTh CBETa B BaKyyMe B JIFOOOM
HaNpaBJICHUU UMEET TO K€ 3HAYCHHUE ¢, U [yl HaOJtoJaTenei 3Toil BbIIEIEHHOW CUCTEMBI OTCUETa
(yHUBEpCaAIbHOM CUCTEMBI OTCYETA) POCTPAHCTBO U30TPOITHO.

BriBeieHHbIe Ipe0Opa30BaHuUs MO3BOJISIIOT MOCTPOUTh MHOXKECTBO PA3JIMYHBIX KHHEMATHUK,
COrJIacyroIIMXcs ¢ 3KkcnepuMenTamu Maiikenbcona-Mopiu u Kennenu-TopHaaaiika.

BeiBenieHHBIE B cTaThe Kiacc MpeoOpa3oBaHMN MpeNCTaBisieT coOoi  006oOeHne
npeoOpa3oBaHmsl, BBIBEIEHHOTO B padoTe [12], ocHOBaHHOTO Ha AOMYNICHUN HEHYJIEBBIX 3HAUCHUH
napametpa e(v). Uaes Takoro o6oOmmenus Obuia npemioxena Mae [xeroxxem Kouanom, koTopsiid
He kpuTukyeT CrnenmanbHylo Teopuio OTHOCHTENBHOCTH, HO pa3BHBAaeT €€ U YIIyOnseT ee
MMOHMMaHKeE (CM., Hanpumep [2]).

KawueBble cioBa: mpeoOpa3oBaHHe BpEMEHH M TIOJIOKEHUS, KHHEMAaTHKa, yHUBEpCaIbHas
CHCTEMA OTCUETa, OJHOHAIIPABJIEHHAsl CKOPOCTh CBETA, AaHU30TPONHMS pENUKTOBOTO M3nydenus (PH)

BBenenue

OneiT MaiikenbcoHa—Mopnu He SBJISETCS €IMHCTBEHHBIM SKCIEPUMEHTAIBHBIM HIH
HaOJI0IaTeNIbHBIM PE3yabTaTOM, Ha KOTOpoM crpoutcsi CrenmansHas Teopuss OTHOCHUTENBHOCTH,
OJIHAKO 3/1€Ch MBI HE pacCMaTpHUBaeM JpPYrMX pe3yJbTaTOB, KOTOpBIE Celuyac paccMaTpUBAIOTCS
B KauecTBe ocHOBaHui CnienuanbHoil Teopun OTHOCUTENBHOCTH.

B coBpemeHHOH (¢u3UKE IIHPOKO PACHPOCTPAHEHO MHEHHE, YTO OSKCIEPUMEHTHI
Makenbcona-Mopiu [4] u Kenneau-Topnpaiika [1] nokazaid, 4TO CKOPOCTh CBETa SIBISETCS
aOCOJIIOTHO TOCTOSIHHOM, a TakXke, 4TO HE CYIIECTBYET YHHBEPCAIbHON CHUCTEMBI OTCUETa,
Ha3zpiBaeMoil s¢upom. Ha ocHOBe aHanm3a yKa3aHHBIX HKCIEPUMEHTOB OBUIO BBIBEICHO
npeoOpazoBanue Jlopeniia, Ha koTopoe onupaercs CTO. B Hacrosiee Bpems cunurtaercs, uro CTO
SABJISICTCS. €IUHCTBCHHOM TEOpUEH KUHEMAaTHKHM, IIPAaBUJIBHO IMOSICHAIOIIEH SKCIEPUMEHT
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MaiikenscoHa-Mopiu, a Takke Bce APYrMe€ 3KCIEPUMEHTBI, B KOTOPBIX H3MeEpsIach CKOPOCTb
CBETa.

Oxka3bIBaeTcs, 4YTO OJHOHAIpABIEHHAs (MTHOBEHHAas) CKOPOCTh CBETa HUKOTJAa TOYHO HE
Obuta u3MepeHa. Bo BceX TOYHBIX HM3MEPEHUSX CKOPOCTH CBETa HU3MepssIach JIMIIb CPEAHssSA
CKOpPOCTh CBETa, PACIpOCTPAHSIOUIETOCS O 3aMKHYTOM TpaeKTOopuH. YTOOBI M3MEpUTH CKOPOCTH
CBETa, OH JIOJUKEH ObUI BEpHYThCS B HM3MEPUTENBHBIA Tpubop. B mpocteiimem ciyuae cBeT
pacrpocTpaHsics K 3epKally ¥ 00paTHO, TaK Kak JeNlaid B CBOMX JKcrepuMeHTax Apman Duszo
B 1849 u Xan ®Dyko B 1850. Tak ’xe peannu3oBaHbl 3SKclepuMeHTH MakenbcoHa-Mopnu
u Kennenu-TopHalika, B KOTOPBIX IIOCJIE OTPAXEHUS OT 3€pKaJl MyYKH CBETA BO3BPAlLAIOTCA
B TOUKY BbIXOJa. V3 3THX 3KCHEPUMEHTOB CIEAYET, YTO CPEAHSISI CKOPOCTh CBETA, IPOXOISIIETO
NyTh Tyda-oOpaTHO, SBJISIETCS TOCTOSHHOM, a HE TO, YTO OJHOHAmpaBiieHHass (MIHOBEHHas)
CKOPOCTb CBETA IIOCTOSIHHA.

NmeroTcs myOnuKauu, B KOTOPBIX IPEJICTaBICHbl MHOTOYMCICHHBIE MpeoOpa3oBaHus
KOOpAMHAT BpeMeHH U nojoxenus [3], [6], [7], [8], [17].

BriBenieHHBIN B CcTaThe Kiacc MpeoOpa3zoBaHM ABIsSETCS 00O0OIIEHHEM MpeoOpa3oBaHMs,
BbIBe/IGHHOTO B pabote [12]. B sToif pabore ObuiM BhIBelEHBI BCe JIMHEHHBIE MpeoOpa3oBaHUS,
BO3MOXHBIe 175 mapameTpa e(v) =0. B pabote [13] BbIMONHEH aHANIM3 OJHOTO M3 YKa3aHHBIX
npeoOpazoBanmii. B 3Toi cTaThe BBIBEIEHHI BCE BO3MOXHBIC JIMHEWHBIE mpeoOpa3oBaHus (0Oe3
Bpamenusi). IIpeoOpa3oBaHue, mpencTaBIeHHOE B ATOH CTaTbe, OCHOBBIBAETCS Ha IMOCTYiare
0 CpelHEel CKOPOCTHU CBETA, a HE HA CHHXPOHU3aluu 4acoB. M3 peacTaBIeHHOro aHauu3a CiIenyeT,
YTO CYIIECTBYET OECKOHEYHOE MHOKECTBO IMPEOOpa3oBaHMN BPEMEHH M IIOJIOKEHHUS, KOTOpBIE
HaxoJATCs B COTJIaCUU C pe3yibTaTaMH dKcepuMeHTOB Maiikenscona-Mopnu. Ha ocHoBe aTmx
npeoOpa3oBaHUil  MOXKHO TOCTPOUTH MHOXECTBO KHHEMATHK, OIMCHIBAIOIIMX pa3IHYHbIC
¢u3nveckue CBOMCTBA, TakWe Kak, HalpUMep, 3aMme/uleHHe BpeMmeHu. M3 astoro criemyer, 4rTo
CYIIECTBYeT OECKOHEYHOE MHOXXECTBO PpAa3IMUHBIX KHHEMAaTHK, KOTOpPBIE COTJIACYIOTCS
C pe3ylbTaTaMHy dKcriepumenTa Maikenscona-Mopiu.

1. IIpuHSATHIE NOCTYIATHI

B npencraBineHHOM aHaIu3e MPUHUMAEM CIIEAYIOLIHE ITOCTYIaThI:

I. TIpeoOpazoBaHue KOOpPIMHAT BpPEMEHM M TOJOXKCHUS «HHEpPIHMAJIbHAs CHCTEMA —
MHEpLUaIbHas CUCTEMay SIBIISAETCS JIUHEHUHBIM.

II. CymecTByeT Kak MUHUMYM OJJHA MHEpLMAJIbHAs CUCTEMA OTCUETA, B KOTOPOMl CKOPOCTh CBETA
B BaKyyMe OJIMHAKOBa B JIIOOOM HampaBlieHUH. bynem Ha3bIBaTh 3Ty CUCTEMY YHUBEPCAIbHON
cucreMoii orcyera. [10CTOSHHYIO OJJTHOHATIPABICHHYIO CKOPOCTh CBETa 0003HAUUM ¢ = const.

III. CpenHss cKOpPOCTh CBeTa B BakyyMme, MPOXOJSIIETO MyTh TyAa-OOpaTHO, MOCTOSIHHA IS
mo6oro HaOmogaTeNsl B MHEPLUUAIBHOM CUCTEME OTCUeTa. DTO CPEIHSISI CKOPOCTh HE 3aBHCUT
HU OT CKOpPOCTM HaOJIofaTenss OTHOCHUTENBHO YHHBEpPCAJIBHOM CHUCTEMbl OTCY€Ta, HU OT
HAaIpaBJICHUS] PACIPOCTPAHEHHsI CBETA. DTy CPEAHIOI0 CKOPOCTh 0003HAUNM KaK Cp.

Ha ocnoBanumn noctynaros II u III MOXHO MOKa3aTh, 4TO CpenHsAs CKOPOCTb ¢, PaBHA
OJIHOHAINPABIEHHONU CKOPOCTH c. JlOCTaTOYHO 3aMeTuTh, 4yTO Ha ocHoBaHuu III 3HaueHume c,
OJIMHAKOBOE JUIs JIF0O0ro HAOIIOAATENs, TO €CTh, B TOM YHCJE U JJIS TOTO, KOTOPBIM HE JBHKETCS
OTHOCHUTEIIbHO YHHMBEpCAJIBHOM CHCTEMBI oTcyera. Tak Kak Ui HaOmoJatess, HEroABHXHOTO
OTHOCHUTEIILHO YHUBEPCAIbHOU CHCTEMBI OTCUETA, CKOPOCTh UMEET 3HAUYEHUE C, I0ITOMY Cp, = C.

IIycTh CBETOBOM MMIIYIbC TIPOXOAMT MyTh L B OJHY CTOPOHY CO CKOpOCThIO ¢ >0
B TEUEHUE BPEMEHHU f;, a TaKXe B OOpaTHYIO CTOPOHY BJIOJIb TOH K€ TPAEKTOPUH JUTMHON L co
ckopocThio ¢ < (0 B TeueHHE BpPEeMEHH /. Toraa cpeqHsisi CKOpOCTh CBETa MO MyTH TyJa-00paTHO
COCTaBJISIET
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2L 2L 2
c,=c

el = = 1
e, L, L1 T )

¢t —-c ¢

Ha stom ocHoBanuu nosaydaem nocrynar 111, 3anucannslii B BUIE ypaBHEHUs

S-=== @

2. Hp606p330BaHHﬂ AJI OAHOI'0 NPOCTPAHCTBCHHOI'0O N3MCPCHUA

[Ipunumaem o6o3HaueHus, MokazaHHble Ha pucyHke 1. KoopnuHatel B yHUBepcaabHOU
cucreme oTcuera U OyneM 0003HavyaTh cUMBOJIaMH X, f. KoopanHaTbl B MHEPIMAIbHON CHUCTEME
orcyera U’ Oynem o6o3Hauath cumBoiamu x', t'. MHepuumanbHas cuctema orcyera U’ nBmxercs
OTHOCHTEJIbHO YHUBEPCAJIbHOU cucTeMbl oTcueTa U cO CKOPOCTBIO V BJOJb MapauIeibHbIX Oceil x
u x". Bce ckopoctu ¢ Tem ke HampaBieHHEM, 4TO U ochb x (uwinu x' B cucreme U'), UMEIOT
MOJIOKUTENbHBIE 3HAYSHMS], a JJIs1 IPOTUBOIIOJIOKHO HANpaBJIEHHBIX — OTpHLaTebHble. CUMBOI C,
TEM HE MeHee, Bcerjga OyleT MMETh IOJIOKUTENIbHOE 3HAueHHE HE3aBHCHMO OT HalpaBJICHUS
pacrpocTpaHeHus CBeTa, TO ecTh Beerja ¢ = + 299 792 458 m/c.

Il
[

t=t'

Puc. 1. UnepunanpHas cucrema orcuera U', IBIKYIIasiCsl OTHOCUTEIBHO YHUBEPCAIbHOU cUCTEMBI oTcuera U
CO CKOPOCTBIO V.

KOF,Z[& Haydajla OTCYC€Ta CHCTCM COBIIaJarOT, TOTrJa YacChbl, HAXOAJAINHUCCA B 3THUX Hadalax,
O6HyJ'I$IIOTC$I. Yacel B YHHBepcaHLHOﬁ cucreme orcuera U CUHXPOHU3UPOBAHBI 110 OTHOIICHHUIO
K dYacaM, HaxoJAIIMMCsAa B Hadajic 3TOM CUCTCMBbI, C IIOMOIIIBIO CBETA MCTOJ0M Ounimreiina. Ha
JAaHHOM 3TallC Mbl HC YTOUHACM cIocoo CHUHXPOHMU3AIMHU YaCOB B CUCTECMC U

Hp606p330BaHI/IC nus3 YHHBepcaHLHOﬁ cuctembl orcdyera U B HHCPIUAIIBHYKO CHCTCMY
orcuera U’ uMeeT Ha OCHOBAaHUU ocryJiatra I Bun

X'=ax+bt
!'=ex+ft

3)

[TapameTpsl B mpeoOpa3oBaHUM SIBISIOTCS HENPEPHIBHBIMU (PYHKIUSIMH CKOPOCTH V CO
CHEAYIOLIMMH CBOMCTBAMU

a0)=1 A a(v)>0 [1]

b(0)=0 A (v>0=b(v)<0)A(v<0=b(v)>0) [m/c] @)
e, (0)=0 [c/m]

fO)=1 ~ f(»>0 1]

[Tapametprr a(0) =1, H(0)=0, e;(0)=0 u f(0)=1, Tak kak miga v=0 cucrempl U u U’
UJCHTUYHBI, TO €CTh MOKAa3bIBAIOT OJJMHAKOBbIE KOOPAWHATHI MOJ0XKEHUS U BPEMEHHU.
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Ycnosue a(v) >0 DOMKHO OBITH BBINOJIHEHO B CHUJIYy TOTO, YTO OCH X U X' HUMEIOT OJHO
HarmpasjeHue (PUCYHOK 1), TO €CThb eclii X YBEJIMYMBAETCS, TO X' TAK)KE YBEIMYMBAETCA. Y CIOBHE
(v>0=b(v)<0) nomKHO OBITH BBINOJHEHO B CHJIy OJMHAKOBOIO HAIpaBJIEHUS Ocel x U X'
(pucyHok 1), To ecTh Juis BHIOPAaHHON KOOPIMHATHI X MO MCTEUEHUH BPEMEHH f, KOOpAWHATa X'
YMEHBIIAeTCsl. AHAJOTMYHO, €CIM CKOPOCTh V OTpHLATeNbHA, TO ecTh cucrema U’ nBmxercs
B [IPOTHBOIIOJIOKHYIO CTOPOHY, TOT/Ia KOOpJHMHATa X' yBelInduBaercs, To ectb (v <0 = b(v) > 0).
VYcnoBue f(v) >0 m0mKHO OBITH BBINOJHEHO MOTOMY, YTO €CNIM / YBEJIIMYMBAETCS, TO ¢’ TaKxke
YBEITUYNBACTCS.

Jlns HamuMX HYXJA yA0OHO MOJb30BaThes mapamerpoMm e(v), rue ej(v) =v-e(v). Brenenue
TaKOTO IMapaMeTpa JIOMyCTUMO, Tak Kak coriacHo (4) momyuaercsi, uto e;(0) = 0. ITapamerp e(v)
[c*/mM®] sBnsieTcs HenpepbiBHOM dyHKumeil ckopoctu v. Temeps mpeobpaszopanue (3) mpUHHMAET
BUJI

X'=ax+bt
: ()
t'=evx+ [t
Huddepenunanst u3 npeodbpazoanus (5) umerot Bua (v = const)
dx'=adx+bdt
(6)

di'=evdx+ fdt

PaCCMOTpI/IM TCJI0, HAXO0A4AIICCCA B COCTOSAHUU ITOKOSA B HHCpHH&HLHOﬁ cucteme orcuera U'.
Tak xak OHO SBJSETCS B JTOM CHCTEME OTCUETa HCTMIOABUIKHBIM, IMO3TOMY I €TI0 KOOPAHWHATBLI
IMOJIOKCHUS TOJIyHaCTCA

dx' =0 (7)

3aMeTuM, 4TO CKOPOCTh PacCMaTpUBAEMOT0 TeJla OTHOCUTENbHO cucteMsl U (To ecTb dx/dt)
SIBIISIETCS] CKOPOCTBIO veucTeMbl U’ oTHOcUuTeNnbHO cucteMbl U. [loaTomy momydanm

— =V 8
7 (8)
N3 muddepennmana nonoxenus (6) Ha ocHoBanuu (7) u (8) mosryuaem

Oz gy =& _adxrbdl  dx b (9)
dt dt dt

Orcrona cienyer, 4To
b=-av (10)
Ha stoM ocHoBanuu npeobpazoBanue (5) MpuHUMAET BU/T

X=a(x-vt)

11
t'=evx+ ft (1
Juddepenunanst u3 npeodbpazoBanus (11) umerot Bua (v = const)
dx'=a (dx—vdt) (12)

di'=evdx+ f dt

PaCCMOTpI/IM TCIICPb CBETOBOM HUMITYJIBC, KOTOpLIﬁ JIBIDKETCS BIIOJIb OCEH X U x'. Kor;[a CBECT
PacrpoCTpaHACTCd B HAIIPABJIICHHUU OCHU X 'u CKOpPOCTH v, TOrda CKOpPOCTh CBCTA B HHCpHH&HLHOﬁ
cucteMme U’ uMeeT 3HauCHHUE
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d 1
j=¢@> (13)
IIPU 3TOM B YHMBepcallbHOU cucteMe oTcueTa U umeer 3Hauenue (nocrynar I1)
dx
—=c20 14
P (14)

Ecau xe cer PacpoCTpaHAaACTCd B HAIIPABJICHUU ITPOTUBOIIOJIOKHOM OCHU x'm CKOpPOCTH V,
TOraga CKOpoCTh CBCTA B HHCpHH&HLHOﬁ cucteMme U' uMeeT 3HaUCHHUE

dx'
t'

=c. (v) (15)

IIPU 3TOM B YHMBepcallbHOU cucteMe oTcueTa U umeer 3HaueHue (nocrynar I1)

dx

2 <0 16
PP (16)
Ecnu nonenum muddepenumanst (12), To Ha ocHose (13) u (14) nonyuaem
c:(v):d_xlza(dx—vdt): dt :a(c—v) (17)
dt' evdx+ fdt dx eve+ f
ev—+f
dt
Ecnu nonenum muddepenumanst (12), To Ha ocHose (15) u (16) nonyuaem
dx
dx'  a(dx—vdr) y [dt_vj —a(c+v)
)= = - - (18)

dt' edeJrfdt_evaJrf —eve+ f
t

Beipaxkenue (18) MoxHO mosyunTh M3 BeIpakeHHs (17) myTreM M3MEHEHHUs 3HaKa Iepen
CKOPOCTBIO ¢ (3TO O3HaYaeT M3MEHEHHE HalpaBJICHUs IBIKEHUSI CBETOBOTO UMITYIIbCA).

Beipaxxenue (18) MOXXHO Takke MOJIy4UTh MYTEM OAHOBPEMEHHOM 3aMEHbI B BBIPAKCHHUU
(17) 3HAKOB mepesi CKOPOCTAMH V H ¢; (3TO 03HAYaeT OJHOBPEMEHHOE M3MEHEHHE HATPABICHUS
CKOpPOCTH Vv M HampasiieHust ocu x'). UToObl noiayuuTs Belpaxkenue (18) mapamerp e(v) He MOXKeT
M3MEHATH 3HaK. Ha 3TOM 0OCHOBaHMM MOJTydaeM Cleyrolue CBOMCTBA JUIsl 3TOr0 apamerpa

e(v)-e(—v) =0 (19)

N3 Beipakenuit (17) u (18) ¢ yderom (19) crnemyer, uTto (YHKIUH OJHOHANpPaBIECHHON
CKOPOCTH CBETa YIOBIETBOPSIIOT 3aBUCUMOCTH

c.(v,e)=—c. (v, ¢) (20)
c.(v,e)=c (v,—c¢) (21)

Ecnu 3aBucumoct (17) u (18) moacraBum B ypaBHeHHE (2), TO MOTydaeM

evc+f+—evc+f_g

a(c-v) a(c+v) c @2)

To ectb, 4TOOBI BBIMOJIHUIOCH ycoBHeE (2), mapaMeTp a(v) T0JDKEH UMETh BUJL
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2 Loy L e (e (23)

A= 1-(v/e)

a=c

Ha ocnoBanum (23) npeo6pazoBanue (11) npuHumaer Bua

X =y (f+ev)(x—vt)

24
t'=evx+ ft @9

Ha »ToM OCHOBaHHMHM MOXKHO MOJIYYUTDb O6paTHOG HpeO6p330BaHI/IC nus3 HHCpL{H&J’ILHOﬁ
cucteMsl U'B YHUBCPCAJIIBHYIO CUCTCMY OTCUCTA U B BUzC

x= z(f{ 2)z)c’+f+l vt
ev ev
! (25)
—-ev , 1

1=— VIR d
y (f+ev’) f+ev

VpaBuenuss (24) u (25) SABAAIOTCS HCKOMBIMH TPEOOpa3OBaHUSIMHU JJIi  OJHOTO
MPOCTPAHCTBEHHOTO M3MepeHus. OHU coJiepKaT mapameTpsl e(v) u f(v). DT mapaMeTpbl TOJKHBI
yIoBAeTBOPATh ycioBusiM (4) u (19). B ciydae ucnonb30BaHUs ONpEACNCHHBIX IMMapaMeTpOB
MOJIy4aeTcsl OIpe/IeIeHHOe MpeoOpa3oBaHUE, OMUCHIBAIOIIEE OMPEICICHHYI0 KHHEMATHKYy. JTOT
oOmuii Bua mpeoOpa3oBaHUs COJIEPKUT B ceOe BCe BO3MOXKHBIC IMHEHHBIC TPEOOPA30BAHUS MEKITY
YHUBEPCAIBHOM cucTeMorl orcuera U, B KOTOPOM CBET pPACHPOCTPAHSETCA C IOCTOSAHHOU
CKOPOCTBIO ¢, M HWHepUuaibHOM cucremor U', mBMXKymIeicss OTHOCUTENbHO cuctemMbl U co
CKOPOCTBIO V, BAOJb OCEH X U X', €Cliu B MHEpIManbHOU cucteme U' 0IHO HalpaBlIEHHbIE CKOPOCTH
CBETa YJOBIIETBOPSIOT YcIOBUIO (2) (TO ecTh moctymnar I1I).

3. IlpeoGpa3oBanus AJis1 TPeX MPOCTPAHCTBEHHBIX H3MEPEeHM

I[JBI TOrO, yTOOBI BBECTU B HpeO6p330BaHI/IC ABa OCTaBIIHUXCA TMPOCTPAHCTBCHHBIX
HU3MCPCHUSA ITPUHHUMACM JIOIOJTHUTEIbHBIN MOCTYJIAaT:

V. I[JBI JII000T0 Ha6J'IIO,Z[aTeJ'I$I, HCIIOJABMXHOI'O OTHOCHUTCIILHO YHHBepcaHLHOﬁ CUCTCMBI OTCUCTA,
ONpOCTpPpaHCTBO H30TPOIIHO, TO CCTb 06na;[aeT OJIMHAKOBBIMM CBOMCTBAaMHM B JIF000M
HaIlpaBJICHUH.

W3 mnocrynara IV cnemyer, uro mapaMmeTpbl B mpeoOpazoBanusx (6) u (24)-(25)
YIOBJIETBOPSIIOT CIEAYIOIIUM CBOHCTBAM

a(v)=a(-v)

b(v) =—b(-v) 26)
e(v) =e(-v)

SO =f(=v)

CroiictBa (26) cnenytor u3 (4), (19) u u3 cnenyromux coobpaxenuit. [lapamerpsr a(v)
U f(v) 1OJKHBI OBITh YeTHBIMU (DYHKLIMSMH, TaK KaK €CIU X BO3pPAcTaeT, TO X' BO3pacTaeT, U ecliu ¢
pacrteT, TO t' pacTeT Tak ke 0e3 yuyera HampaBieHus ckopoctu v. Ilapamerp b(v) nomxkeH OBITH
HEYeTHOW (yHKIMEH, Tak Kak IOocje W3MEHEHHs HampaBlIeHHs CKOPOCTH V JUIs BbIOpaHHOM
KOOpAMHATHI X, €CIH MPOXOIUT BpeMs f, KOOpAMHATA X' pacTeT TaK ke, KaKk yMEeHbIIanach JUis
HEM3MEHEHHOT0 HarpaBieHusi ckopoctu v. [lapametp e(v) momkeH ObITh HEUETHON (DyHKLMEH, TakK
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KAaK B PE3yJIbTaTe U3MEHEHHUs HAIIPABIICHUs CKOPOCTU V I YKa3aHHOIO MOMEHTA f, U3MEHEHUE
BPEMEHHU ¢’ 3aBUCHT OT X OOpaTHBIM 00pa3oM, 4eM Jjisi HEU3MEHHOI'O HAIpaBJIEHUS CKOPOCTHU V.
[Tostomy yHKIMS e(V) ToKHA OBITH YeTHOW (DyHKIIHEH.

PaccmoTpuM cutyanmio, moka3aHHy0 Ha pucyHKe 2. B nHepruanbHo#l cucrteme otcuera U’
CBETOBOM MMITYJIbC JBUKETCS MEPIEHIAMKYISIPHO K OCH X'. DTOT CBET NPOXOAUT paccrosiHue L'
CHayaJla B OJJHOM HaIlpaBJICHUH, a 3aTeM 00paTHO, TO €CTh BO3BPAILAETCS B HAYAJIBHYIO TOUKY.

C touku 3peHus nocrynara [V ckopocTs cBeTa B HallpaBJIEHNUH, NEPIIEHIUKYISIPHOM OCH X',
ABIISICTCS TAKOM )K€ U B MPSIMOM M B OOpaTHOM HAlpaBJICHUU U COCTABIISET ¢. DTO CIEAYET U3 TOTO,
YTO HU OJIHO HalpaBiIeHUE, NEPICHANKYIIPHOE HANPABICHUIO CKOPOCTH V (2 TaKKe OCsAM X U Xx'),
HE SIBJISETCS BBIJENEHHBIM (moctynar [V) u cpeaHsst cKopocTh CBeTa MO MyTH TyAa U 0OpaTHO
cocraBisger ¢ (mocrynar III). IlostomMy TOT ke camblii CBETOBOIl MMITYJbC JUIs HAOJIIOATENsS
HETO/BM)KHOM OTHOCHUTENBHO YHUBEpCAJIbHOU cucTeMbl oTcueta U OyneT JBUTAThCS BAOJb
OOKOBBIX CTOPOH paBHOOEIpEeHHOro TpeyrojbHUKa. s HaOmonatens u3 cucrembl U pasMepsl,
NEPIECHAUKYIISIPHBIE CKOPOCTH V, MOTYT ObITh WHBIMH, 4eM JJs HaOmopartens u3 cuctemsl U’
M03TOMY BBICOTY TPEYroJIbHUKA 0003HAYMM KaK

L=y()L 27)

HapaMeTp "4 (V) OMHUCBIBACT IIOIICPCUYHOC COKpAIICHHUC TCJI, ABUKYIIHUXCSA OTHOCUTCIILBHO
YHHBepcaHLHOﬁ CHCTEMBI OTCUETa. DTOT nmapaMeTp JOJLKCH YIOBJICTBOPATH YCIIOBUAM

p©O=1 A (>0 [I] (28)

[Mapamerpy (0)=1, Tak kak g v=0 momepeuHsle pa3Mepbl MICHTUYHBI JUIS
Habmonateneit obeux cucrem U u U'. Ycnosuey(v) >0 10KHO OBITH BBIIOJIHEHO MOTOMY, UTO
MoTIepeyYHbIe pa3Mepbl He 00paIaoTCs B APYT'YIO0 CTOPOHY.

Y !)\ a)
v
_—
gL U
c, VoAt ! c, WAt
A =y L b)
c, Yot/ | v c, VoAt
Yy "D
" b
AN " B ";‘K/ \x

ViwwAt  YavAt

Puc. 2. I1yTs, NpoXOANMBIl CBETOM, BUAUMBII U3 IBYX CUCTEM OTCUETA.
a) MHepIHagbHas cucreMa orcuera U', b) yHuBepcanbHas cuctema orcuera U.
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C Touku 3penus nocrynara IV s nabmogarens u3 cucrembl U mornepeyHble pa3Mepbl
COKpAILIalOTCS OJIMHAKOBO JUIs JIIOOOTO HampasjeHus: cKopocTH v. [loatromy nmapamerp y/(v) JOHKEH
YIIOBJIETBOPSATH YCIOBHIO

y(v) =y (-v) (29)

Onpenenum Teneps napamerp y/(v).
Jnst HaGmronatens u3 cucreMsl U’ momydaeTcs

ar=2L L =SA (30)
c 2
Ha ocnoBe npeobOpazoBanus (25) nmonyuaem auddepeniman (v = const)
—-ev 1
dt = X' + dt’ 31
7 (f +ev?)’ f+ev’ 1)
Takum 00pa3oM, J1J1s1 BRIOpAaHHOM KOOPIMHATHI X' B cucTeMbl U’ motydaem
d'=0 = dt= %dt’ (32)
f+ev

Beipaxkenue (32) omnwuchiBaeT 3aMe[JIeHME BPEMEHM IS 4acoB, HEMOJBM)KHBIX
oTHOcuTeNbHO cucteMbl U'. Ha pucyHnke 2 Takue 4achl HaXOAATCsA B Hadaje orcuera cucremel U'.
Ecmu no »tum wacam mpoiiger Bpems At', umeromeecst B Boipaxkenuu (30), torna B cucreme U
npoiiner Bpems At =t —t), TJ€ t; — 3TO MOMEHT, B KOTOPBIH UMITYJbC ObUI BBICIAH, a f; — KOT/a
UMITYJIbC BEPHYJCA K OCH X. MOMEHTHI # WU f, U3MepstoTCcs B cucreMe U AByMs pas3IMYHBIMU
yacamu. CoryiacHO BeIpaykeHHIO (32) mosryuyum

At = %At’ (33)
f+ev
W3 reomeTpun prCyHKa MOTy4aeM
D= VA [4+y*L" (34)
a TaKXKe
ar=2P (35)
C

U3 ypaBuenuii (34) u (35) nosryqaem

2. VALY A+ PL'?
Af = v Ld

(36)
c
A = 4(VA 4+l (37)
4y’L"?= (¢* —v)AL (38)
Ha ocnoanuu (30) u (33) nomydaem
24 12
P S — VL (39)
4 (f+ev?)

9 www.ste.com.pl




BriBoz Bcex THHEHHBIX MMPeoOpa30BaHU, YIOBICTBOPSIOMIUX dKCIIEpUMEHTY Maiikenscona-Mopam,
n obcyxenne ocHoB pesituBim3Ma - Poman [loctak (Roman Szostek)

2 2
, T =V 1
_ 40

v c* (f+e\/2)2 (40)

v =+1-(v/c) ! - = I ! (41)
! e (f+eV)
J1-(v/c)’

Taxum 06pa3oM, mapameTp MOMEPEeUHOro COKpaIieHus (V) T0DKEeH UMETh 3HauUeHHe
~ 1
- 2

y(f+ev)

W3 ananuza BbIIE ClEQyeT, 4TO BbIpakeHue (42) mns mapamerpa (v) cieayeT u3
noctynara [V u 3amennenus Bpemenu (32).

[Tocne BBenenus (42) B mpeobpazoBanus (24)-(25) momydaeMm mpeoOpa3oBaHHE TSI TPEX
MIPOCTPAaHCTBEHHBIX HM3MEpPEHH, omuchiBaeMoro mnapamerpamu e(v) u f(v). M3 yHHMBepcanbHOM
cucteMbl oTcyeta U B HHEpLUANBHYIO cucteMy otcueta U’ mpeobpa3zoBaHue UMEET BHU]L

4 (42)

t'=evx+ ft

X =y (f+ev)(x—vt)
V=y(f+ev)y
Z=y(f+ev)z

(43)

W3 wuHepuumanbHO cuctemsl otcueta U’ B yHHMBEpcalbHylO cuctemy otcueta U
peoOpa3oBaHUe UMEET BUJ

P SN S
7 (f +ev)’ f+eV’
x= z(f—{ 2)zx'Jrerl vt
ev ev
T (44)
PG’
1 :
z=——2
y(f +ev?)
3aBuUCUMOCTS (42) MOXKHO 3amucaTh MHAYe
sz—ev2 (45)

ry

[Tocne BBegenuss (45) B mpeoOpazoBanust (24)-(25) wm  (43)-(44) mnonydaem
npeoOpa3oBaHue Uil TpeX MPOCTPAHCTBEHHBIX HM3MEPEHH, OMMCHIBAEMOro mapaMerpamu e(v)
u y(v). W3 yHuBepcanbHOM cucteMbl orcueta U B HMHEpUMANbHYIO cHcTeMy oTcueta U’
npeoOpa3oBaHUe UMEET BUJ
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' ( 1 ZJ
t=evx+|———ev |1
a4
x'=1(x—vt)
v (46)
, 1
y ==y
v
, 1
zZ'=—z
v

W3 wuHepumanbHO cuctembl otcueta U' B yHHBEpcalbHylO cucteMy otcueta U
npeoOpa3oBaHre UMEET BUJI

t=—vylevx+yyt
4 22| '
x=|=—-yev: X+yywvt
(7 j (47)
y=y)
z=y Z'

VYpapaernust (43)-(44) u (46)-(47) sABISAOTCA HCKOMBIMH TpeoOpa3oBaHUSMHU sl BCEX
MPOCTPAHCTBEHHBIX M3MepeHuil. Habop nmpeoOpazoBanuii (43)-(44) uaentuyeH Hadopy (46)-(47).
OTr HAOOPBI OTIUYAIOTCS JTHUIIb UCHOJIB3YEeMBbIMH MTapaMeTPaMHu.

4. N30panHbIe CBOIiCTBA Ipeo0pa3oBaHus

Huddepenunanst u3 npeodbpazoBanus (46) uMerOT BUL (v = const)

dt'zevdx+(L—evzjdt
a4

dx' = l(dx —vdt)
7

(48)
' =~ dy
7
dz' = ldz
7
Huddepenunanst u3 npeodbpazoBanus (47) uMEIOT BUL (V = const)
dt=—y evdy' +ywdl
v 2 2| g '
dx=|—-yev |dX'+ywvdt
(J/ J (49)
dy=y dy'
dz =y dz'
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4.1. 3amensieHue BpeMeHH

OnpenenuM BbIpaKEHUS IS 3aMeUICHUS] BpEMEHH Ui IpeoOpa3oBanuii (46)-(47).

N3 muddepennmnana Bpemenu (48) mis HaOmrOmaTens, HEMOABM)KHOTO OTHOCHTEIHHO
YHUBEPCAJIbHONU CUCTeMbl oTcuera U, TOJy4aeTcsi CIEAYIOIIee BBIPAKEHHE JUIS 3aMeUICHUs
BpeMeHHU (Takke Ha ocHOBaHHH (45))

dx=0 = di'= L—ev2 dt= f(v)dt (50)
rv

N3 muddepennmana Bpemenu (49) mis HaOmromaTens, HEMOABM)KHOTO OTHOCHTEIHHO
WHEPIHAIBLHON cucTeMbl oTcdera U', modydaeTcs CIeIyrollee BBhIpaXKEHUE JUIS 3aMEJICHUS
BpEMEHU

d'=0 = dt=ywydt (51)

N3 Beipaxennit (50) u (51) cnemyer, 94To HAOMIOAATENH W3 JIBUXKYIIUXCS OTHOCHTEIHHO
apyr apyra cucteMm otcyera U u U’ cMOTYT U3MEpUTH OJIMHAKOBOE 3aMeJUIEHUE BPEMEHH, TOJIBKO
ecnu napametp e(v) =0. Eciu e(v) # 0, Torna oba nabmogarenst OyayT Mmo-pa3HOMY OIICHMBATh
OTHOCHTEJIbHOE T€YEHUE BPEMEHHU C UCIOJIb30BAHUEM CPAaBHUBAEMBIX YaCOB.

3amemnenne Bpemenu (50) u (51) 3anmuceiBaeTcs B BUJIE UMILTUKAIIMHU, TaK KaK 3TOT CIOCO0
ABIIsIETCS 00JIee TOYHBIM 110 CPAaBHEHMIO C OOIEIPUHATON B (PU3HUKE 3aMHCHIO.

4.2. CoxpameHue nNpoaoJbHbIX pa3MepoB (Jlopenna-Pupxepasbaa)

OnpenenyM BBIPpOKEHUS] COKpAILIEHHUsS] MPOJOJBHBIX pa3MepoB (BAOJIb OCH X M Xx') A
npeoOpazoBanmii (46)-(47).
N3 muddepennnana nonoxenus (48) cmemyer, 4To ais HaOIOAaTeNss W3 YHUBEPCAIBHOM

cuctembl oTcuera U BBIpaKEHHE 7Sl COKPAILICHUS MPOJOJIBHBIX pa3MepoB (TakkKe Ha OCHOBAHHUH
(23) u (45)) umeet BUA

dt=0 = dv'="dx=a(v)dx (52)
7

N3 muddepennnana nonoxenus (49) cnemyer, 9to ans HaOIOAaTens W3 yYHUBEPCAIBLHOMN
cucTeMbl oTcueTa U, BhIpaXeHUE JUIsl COKPAICHUS TPOJIOJIBHBIX Pa3MEPOB UMEET BH/T

di'=0 = dx= Z—erv2 dx’ (53)
v

W3 Beipaxkennit (52) u (53) ciemyer, 94To HAONIOAATENH W3 JIBUXKYIIUXCS OTHOCHTEIHHO
apyr apyra cuctem otcyera U u U’ cMOTYT M3MEpPUTh OJMHAKOBOE IPOJOJIBHOE COKpAIlEHHE,
Tosibko ecnu mapamerp e(v) =0. Eciu mapamerp e(v) # 0, Torga o6a HabiromaTens Mmo-pazHoMY
OLIGHUBAIOT MPOIOPIIUH U3MEPSIEMbIX UMH MTPOJOJIBHBIX Pa3MEPOB.

CoxkpalnieHre MpoI0JIbHEIX pa3MepoB (52) u (53) 3amuchiBaeTCsl B BHUJIC UMILTUKALIUU, TaK
KaK 3TOT CIOCO0 sIBiseTCs 00Jiee TOUHBIM 10 CPAaBHEHUIO € OOIIENPUHATON B (PU3UKE 3AIHCHIO.
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4.3. IlpeoOpa3oBaHus CKOPOCTH

OmnpenenuM BBIpaKEHHS, OMKUCHIBAIOIINE MPEOOpa30BaHUs CKOPOCTH sl MPeoOpa3oBaHMiA
(46)-(47). Ilpuanmaem 0003HAUEHUS COTIIACHO PUCYHKY 3. Teno ABUKETCS OTHOCHUTEIBHO CHCTEM

U n U'. Ins nabmonarens u3 cucreMsl Uy HEero ckopocts V, a i Habmroaatens u3 cuctemsl U’ —
cKopocThb V'

YA U 'é v ¢ Y’ ¢
|
P W e : ,

Sy Vil AV
v V!
e V. V!

! X X'

y el U y v, U

Puc. 3. [IBrxeHue, BUIUMOE U3 YHUBEPCAILHON U MHEPUHUAIBHON CUCTEM OTCUETA.

W3 ypaBHeHuii (48) cneaytoT ypaBHEHUs

. r (dx—v dt)
@y
dt'
evdx+(l—ev2j dt
ry
2 Ly
d_f' - Wl %)
evdx+(—ev2jdt
ry
, idz
@ _ v
dt'
evdx+(l—ev2jdt
ry
Ha stom ocHoBanuu npeobpa3oBanue ckopocTu u3 cucreMsl U B cuctemy U’ uMeeT BUI
er — 7/2 (Vx — V)
ywev(V —v)+1
V
V= ad (55)
ywev(lV —v)+1
V' — 7/ I/z
T oryev(V v+l

W3 ypaBHeHus Bpemenu (49) cnenyiotr ypaBHEHHS
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ﬂ—l//zevz dx'+yyvdt
dx _\7y
dt —ylevdX +yydf
QZ 2 l//a:y i (56)
dt -y evdx'+ywydt
dz _ v dz'
dt —ylevdx +ywdtl

Ha stom ocHoBannu npeobpa3oBanue ckopocTH u3 cucreMsl U’ B cucremy U nMeeT BUI

Z—lpzev2 Vitywv

VX: y 2 '
—yrevli+yy
VV

V,= 2 Y " (57)

—yrevVi+yy
V.= 2 WVZr

—yrevVi+yy

[IpeoOpazoBanust ckopoctu (55) u (57) skBUBaNEHTHBI. MOXKHO MMOKa3aTh, 4TO B PE3YyJIbTATE
MOJICTAHOBKU OJIHOTO BO BTOPOE, MOJTY4AOTCsl TOXK/IECTBA.

4.4. CkopocThb cBeTa BJ0JIb OCH X', BUIMMasl B HHEPLUHUAJIBLHOI cUCTeMe

Ecou Tteno, mpencrtaBieHHOE Ha pPHUCYHKE 3, SIBISETCS CBETOBBIM HMMIIYJIbCOM, TOTAA
B cucteMe U OHO JBMXKETCS CO CKOPOCTBKO c. PacCMOTpPUM TOJBKO Ciy4yaid IBUKEHHUS 3TOTO
MMITYJIbCa TApaIeTbHO OCSM X U X' (TO €CTh ABIKEHUE MapajlieIbHO CKOPOCTH V). Torna momydum

Ve=c, V,=0, V. =0 (58)

Ha ocHoBanum mnpeobOpazoBanus (55) MOIyduM CKOPOCTh 3TOrO CBETOBOTO HMITYJIbCA,
BUJIMMYIO B MHEpLMAIBbHOM cucteMe otcueta U’

2
c,(v)=V!= r(c=v) , ¢ =V'=0, ¢ =V/=0 (59)
ywev(c—v)+1
Beipaxkenue (59) MOXHO MOJNydyuTh Takke U3 BblpaxkeHus (17) mocine mnpuMEHEHUs
3apucumocteit (23) u (45). Ta kak

2 2 2

2 N e c €
ylemv)= 1- (/)2( V)= - 7 (c=V) (c+v)(c—v)(c V) c+v (60)

MO03TOMY Ha OCHOBaHMHU (59) oAHOHAIpaBlieHHass CKOPOCTh CBETA B HAINPABJICHUH OCH X', a TaKXKe
B HaIlpaBJIEHUU CKOPOCTH V, UMEET B UHEPLIMAILHOM cucTeMe oTcueTa U’ 3HaueHne

2
e (v)= ¢ , =0, ¢ =0 (61)
T evcttce+y
y

OpHoHampaBiIeHHasl CKOPOCTh CBETA IPU HAIPABJIEHUH, IPOTUBOIIOI0XHOM OCH X', a TaK¥Ke
HaIPABJIEHUIO CKOPOCTH V, UMEET B MHEPLMAIBHON cucTeMe oTcueTa U’ 3HaueHue
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2
c(v) = ¢ . ¢ =0, ¢ =0 (62)
—evcz—c+v

/4

Bripaxkenue (62) mosryueHo u3 BeipakeHus (61) myrem M3MEHEHHUs 3HaKa Mepesi CKOPOCThIO
¢ (3T0 O3Ha4YaeT M3MEHEHHE HANpaBICHUS ABIKCHHUS CBETOBOTO UMIyJbca). Ero Taxke MOKHO
MOJIyYUTh TyTeM 3aMeHbl B BhIpakeHUM (61) 3HaKa mepea CKOpOCThIO vV (HE0OXOAMMO B 3TOM
cllydae paccMOTpeTh 3aBUCUMOCTH (20), 4To o3HauaeT M3MeHeHue HampabiieHus ocu x'). Torma
nepen napamerpamu y(v), y(v) u e(v) He HY)KHO MEHATh 3HAKH, TaK KaK OHH SABJISIOTCS YETHBIMU
¢bynkuusmu. IMeHHO B cuily TakuxX CUTyauui ynoOHee MOJb30BaThbes YETHOM (yHKuuei e(v),
KOTOpasi MPUCYTCTBYET B IpeoOpa3zoBaHuu (5), yeM HedeTHOH ¢yHKimel e;(v), coaepkariencs
B IIpeoOpa3oBanui (4).

4.5. BpIBOABI OTHOCHTEJIbHO OJHOHANIPABJIEHHOH CKOPOCTH CBeTAa U napamerpa e(v)

Ha ocnoBanuu (61) momyuaem

_l.cz—c:(c+v)

e - (63)
v veie,
Ha ocnoBanuu (62) mosryuaem
2 —
et .C +cz(€ V) (64)
v veoe,
Ha sTom ocHOBanuu nosnayyaem
2 - 2 +
y erelemy) v e malety) 65)
v veoe, v veoe,
c’ c’
—+c-v=—-c-vV (66)
CX CX
2 2 2 +
CX CX CX

OKOHYATENBHO IOJIyYaEM COOTHOIIEHUE MEXY OJHOHANPABIECHHBIMU CKOPOCTSIMH CBETa
B BaKyyMe, N1apaJljIeJIbHbIMU OCH X'

cel(v)

c—2c (v) (68)

c,(v)=

N3 Beipakenuir (61) u (62) cinemyeT BaKHBIH BBIBOJ, OTHOCHTEIHHO Mapamerpa e(V).
[TpoBepum, Asist KaKuX 3HAYCHH MapameTpa e(Vv) moJydaeTcs, COTJIAaCHO MPUHATOMY B 3aBUCUMOCTH
(2), uto

c;20 A ¢ 20 (69)

U3 (61) u (62) cniegyeT, 4TO TOJHKHO MOTyYUTHCS
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c;,(v)20 = Me(v)vcz+c+v20

r(v) (70)
c. (=<0 = l//()e(v)vc -c+v<0

y()

Otcropa crnenyer, 4TOOBI BBITIOJHWINCH HepaBeHCTBa (69), mapamerp e(v) IOJKEH
yIIOBJIETBOPSATH YCIOBHIM

EW20 = em)vz——— Y ey,
w(v)c (71)
C; (V) S 0 = e(V) V> <— - [e(V) v]max
y(elc+v

Ecmu ycnoBust (71) He BBINOJHAIOTCA A KaKOM-1MOO HMHEPUUAIbHOW CHUCTEMBI, TOTJa
3HaYeHHWE OJJHOHANpPABJICHHOW CKOPOCTH CBETa, H3MEpseMOoe B JTOH CHUCTEeME OTCYeTa,
HECOBMECTHMO C OChIO BPEMEHHU. JTO 3HAYUT, YTO CBET MOXXET MHMMO BO3BpAILaThCsl BO BPEMEHH
(TeyeHWEe BPEMEHH — OTPMIATENHHO). JTO NPHBOAUT K TOMY, UYTO CKOPOCTH CBeTa cy(V),
COBIIAJAOIIAs C HANPABJIEHUEM OCHU X, MOXKET OBITh OTPULIATENILHON MIIM CKOPOCTb CBETa ¢y (V), HE
COBIAJAIONIAsl C HAINpaBJICHUEM OCH X, MOXET OBITh TMOJOXHUTENbHOH. B asTOM ciiyuae He
BBITIOJTHUTCS OJTHO M3 HepaBeHCTB (69). Tem He MeHee, ypaBHeHHE (2) Bce ellle BEpHO, TaK KaK OHO
Oonee ob1Iee, YeM MPHUHATHIE B Havaie (Ay1s oOpaiieHus BHUMaHus1) HepaBeHCcTBa (69).

Ha pucynke 4 mpowmmoctpupoBanbl HepaBeHCTBa (71). OyHkuuu [e(V)-V]min U [€(V)V]max
OTIPENeNAIOT NPEAEbl, B KOTOPBIX JOJDKHBI HAXOJIUTHhCS 3HAUYCHUS (QYHKIUH e(V)-v, 9TOObl HU
B OJIHOW MHEPLHUAIBLHON CUCTEME He MPOsBUIICS 3 (EKT MHUMOTO BO3BPALICHHUS CBETa BO BPEMEHHU.
Ha rpaduke npencrasiensl Takke 3HaueHust GpyHKuuu e(v)-v aust CTO (Boipaxenue (75)), a Takxe
s CTO (Beipakenue (84)).

e(v)v [107° ¢/m]

CTO: é(v)iv
3 2 -

3
v [10° m/c]

Puc. 4. O6nacts 3HaueHUH QYHKIWH e(V)-V, VIS KOTOPOH HE HAOIIOAAEeTCsI MHUMOT'O BO3BPAIICHHUS CBETa BO BPEMCHHU.

Ha pucynke 5 mpencrasieH IpuMep TOro, Kak 3HA4Y€HHs OJHOHAIPABICHHBIX CKOPOCTEH
+ — o )
CBETa Cx (V) U Cx(V) 3aBUCAT OT CKOPOCTU MHEPIHAIBHON CUCTEMBI OTCUETa, B KOTOPOH HAXOIUTCS
HaOMI0/IaTe b, IPH 3HAUEHUH mapameTpa e(v)-v = —3vy(v)/c’.
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e(v)v [107° ¢/m] i (v), x(v) [10° m/c]

e e | sl
xfv) =20 |

'
-4 LS —

AN

| i te(v

Lo foLo oo

=L fL_-o

o

........

N L e e o o S o

v [10° m/c]

Puc. 5. OnHOHANpaBIeHHas CKOPOCTh CBETa B BaKyyMe Kak (DYHKIHS cKopocTH v st e(v)-v = —3vy(v)/c’.

PaccmoTpuM CBETOBOM MMITYJIBC, ABUXKYLIUNCS BIOJIb OCU X. VIMITyJIbC IBUIKETCS U3 TOUYKH
X| B TOUKy X; >Xj. UTO6OBI OCYIIECTBUTh H3MEPEHHE OJHOHAMPABIECHHOW CKOPOCTH CBETa Cy(V)
HEOOX0AMMBI JBoe 4acoB. Yacel Zj, HaxoJsIIMecs B TOYKE X|, M3MEPSIOT MOMEHT f;, KOTJa
CBETOBOM HMMITYJIbC UCHyCKaeTcs. Hachl Z;, HAXOAAMECS TOUYKE X2, UBMEPSAIOT MOMEHT fp, KOrJa
CBETOBOM MMIIYJIbC IO HUX JOXOIUT. B citydae, mOKa3aHHOM Ha PUCYHKE 5, 4acChl B MHEPLIMAIBHBIX
CHUCTEMaX pacCCHUHXPOHM3MPOBAHbI MapaMeTpoM e(V) TakK, 4YTO B HWHEPUUAIBLHOH CHUCTEME,
JBIDKYIIEHCS CO CKOPOCTBIO V = ¢/2, BBINIOJHSIETCS PABEHCTBO f; = t. B 3T0il curyanun usmepenue
OJITHOHAIPABJICHHOM CKOPOCTHU CBETa JaeT OECKOHEYHOE 3HAaUCHHE, TaK KaK

=% _ L

X
(c/)="—L=—=4 72
el == (72)

B peanbHOCTH B 3TOM MHEPLHUAIBHON CUCTEME OTCUETA Y CBETA KOHEYHAs! CKOPOCTh, TaK Kak
OH MMEET KOHEUHYIO CKOPOCTh B ddupe. beckoHeuHas ckopocTh, uMmeromascs B (72), o0ycioBieHa
paccuHXpoHM3aLKreEN yacoB. Yacel Z;, OMa3apIlBatOT 110 OTHOLIEHUIO K YyacaM Z; POBHO Ha CTOJIBKO,
CKOJIBKO BpEMEHHU TpeOyeTcs CBEeTY, 4TOObl J0OpaThCs U3 TOUYKU X| B TOUKY Xp. Takum oOpaszom,
BbIpakeHus (61) m (62) He NpeACTaBIAIOT PEATbHON CKOPOCTH CBETa, a TOJIBKO pe3yJbTar
M3MEPEHHUS 3TOU CKOPOCTH, OCYIIECTBICHHBIN C UCIOIb30BAHUEM PACCUHXPOHU3UPOBAHHBIX YaCOB
s ciaydast e(v) # 0.

B uHepumanbHBIX cUCTeMax OTcyeTa (PUCYHOK 5), IBIXKYLIUXCA CO CKOPOCTSIMHU V> c/2
Yachl HACTOJBKO CHJIBHO PaCCHMHXPOHU3UPOBAHBI, YTO MU3MEPEHHE OJHOHAMPABICHHOW CKOPOCTH
cBeTa ¢,(V) JaeT OTPULATEIbHBIE 3HAYEHUA. DTO MPOMCXOUT M3-33 TOTO, YTO 4achl Z; OTCTAIOT
OTHOCHUTEIIBHO 4acoB Z; Ha OOJBIIMN NMPOMEXYTOK BPEMEHH, YeM HEOOXOJIUMO CBETY, YTOOBI
I00paThCsl U3 TOYKH X| J0 TOUKU X;. B 3THX MHepUuaNbHBIX cucTemax f, — ¢ < 0. [loatomy cBer,
pacrpoCTpaHssACh U3 TOUKU X| IO TOUYKH X2, MHUMO BO3BPAILIAETCS BO BPEMEHH.

To, yTo BO3BpallleHHE CBETa BO BPEMEHH SBIISICTCS MHUMBIM, a HE peajibHbIM, OyZIeT Takxke
BBISICHEHO B mojipasjienie 6.7. 3HaueHue napamerpa e(v) Takke oroBopeHo B pazzaenax 6.7, 7 u 8.

5. O0wmii BUI Npeodpa3oBaHusl, BLIPAKEHHOI0 Yepe3 OJJHOHANIPABJICHHY 10
CKOpPOCTH CBETa

B mpeoOpazoBanusix (46)-(47) Omnaromaps 3aBucuMocTd (63) MOXEM 3aMEHUTH HapaMeTp
> +
e(V) C UCIONb30BaHMEM OJIHOHAMPABICHHONW CKOpOoCcTH cBeTa Cx(v). Ilomydaem Torma
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npeoOpa3oBaHUe M3 YHUBEPCAIbHON cUCTeMbl oTcueTa U B MHEpUUAIbHYIO cUcTeMy oTcuera U’
B BUJIC

2+ 2+

t’:l-c cg(f+v)x+ l_l.c c;(erv)vt
v cc Yy v cc,
x'=l(x—vt)

v (73)
, 1
y==y

7%

, 1
Z'=—z

7%

IIpu 3TOM M3 MHepHHaIbHON cucTeMbl oTcueTa U’ B yHMBEpcaldbHYIO cUCTeMY oTcuera U
npeoOpa3oBaHre UMEET BUJI

c—cic+v) ,
t=—yy————x+yyt

cc;
2 +
x= ﬂ—yw#@v X+yyvt (74)
4 cc
y=yy
z=y 7

AnanoruyabiM o6pa3om mpeobpazoBanus (46)-(47) MOXHO 3amucarh Ha OCHOBaHMH (64)
C MCIIOJIb30BaHUEM OJHOHAIPABICHHON CKOPOCTHU CBETA Cx (V).

brnaromaps mpeoOpazoBanusm (73)-(74) MOXHO [aTh OIpENEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHuI0, yIOBIETBOpstomieMy mnoctynaram [-IV, Ha ocHOBe JABYyX mapaMeTpoB:
TIOIIEPEYHOr0 COKpAeHus (V) 1 OHOHANPABIEHHOH CKOPOCTH CBETA B BaKyyMe C, (V).

brnaromaps mnpeoOpazoBanusm (46)-(47) MOXHO [aTh OIpEIEICHUE MPOUZBOIHLHOMY
npeoOpa3oBaHuI0, yIOBIETBOpsiomieMy moctynaram [-IV, Ha ocHOBe JABYX mapaMeTpoB:
MOTIEPEYHOr0 COKpaIleHus /(v) U mapaMmeTpa CUHXpOHHU3AIMKM YacOB B MHEPLHUAIBHBIX CHCTEMaXxX
otcueta e(v).

bnaromaps mnpeoOpazoBanusm (43)-(44) MOXHO [aTh OIpENEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHuIO, yIOBIETBOpsiomieMy moctynaram [-IV, Ha ocHOBe JABYyX mapaMeTpoB:
3amemiennst BpemeHu f(v) (cmemyromero u3 (50)) W mapamerpa CHHXPOHHM3AIMU YacOB
B MHEPLHUAIBHBIX CUCTEMax oTcueTa e(Vv).

3HavyeHue napamerpa e(v) BhISICHAETCS B CTaThe HIDKE.

6. OcoOble ciiyuyan npeodpa3oBaHus

6.1. IIpeoOpazoBanme Jlopenna — mnpeoOpa3oBanue Crnenuanabnoii Teopun
OTHocuTeILHOCTH

Ecaun npussTse, 4TO
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y(v)=1 [1]
1 1 |c? (75)

1
e(V)—_V(V)C_z——mc—z N

Torga mpeoOpazoBaHus (46)-(47) mpuHuMaroT BHJI TpeoOpasoBaHus JlopeHua, Ha KoTopoe
onupaercs CrnenumanbHast Teopuss OtHocurensHOcTH. M3 yHHMBepcanpHOUM cuctembl oTcuera U
B MHEPLHMANIBHYIO crcTeMy oTcyeta U’ mpeoOpa3oBaHue UMEET BU

! v !
=y - x+t =

7[ & j reY (76)
X'=y(x-vt) Z'=z

N3 wunepumanbHOi cucteMbl otcueta U' B yHUBepcalbHYKO cucteMy otcuera U
mpeoOpa3oBaHe UMEET BUJ

v ’ ’ !
t=y|—=x+1 =
7[&’“ j vy (77)
x=y(x'+vt) z=z

CymecTtBytoT nuib ABa npeoOpasoBanusi (46)-(47), B KOTOPBIX COOTBETCTBYIOIIHME JIPYT
apyry ko3¢h¢UuIMeHTsl B npeoOpa3oBaHUU U NpeoOpa3oBaHUU €My OOpaTHOM HMMEIOT TaKue xKe
YHCIIOBbIE 3HAYCHMs (C TOYHOCTBIO JI0 3HAKa, CBS3aHHOIO C HAIpaBJICHHUEM CKOPOCTH V). DTO
npeobpasoBanue JlopeHma u ToOKa3aHHOe HIbKe MpeoOpaszoBanue lamunes. Ilostomy
B nipeoOpazoBanuu Jlopenna cucremsl U u U’ CTaHOBATCSI HEOTIMUYUMBIMHU.

6.2. Ilpeodpa3oBanus JlopeHua ¢ nonepevYHbIM COKpalleHHuEM

Ecmm IpUHATD, YTO

AN ! N (78)

v & ynl-(vie)? ¢ |

e(v) =

Torga mpeoOpazoBanus (46)-(47) mpUHUMAIOT BUJA NPeoOpa3oBaHMs, KOTOPOE MOXKHO Ha3BaTh
npeobpazoBanueM JlopeHiia ¢ monepeyHbIM cokpaiieHeM. 13 ynuBepcanbHoit cuctemsl otcuera U
B MHEPUHANIbHYIO cicTeMy oTcueta U’ mpeoOpa3oBaHusi UMEET BUJL

V(v 1
t:—[——2x+z‘j y ==y

y\c 4
o ] (79)
X' ==(x-vt) Z'=—z
v

N3 unepuumansHO#l cucteMbl oTcuera U’ B yHUBepcalbHylO cucteMy otcdyera U 3T
peoOpa3oBaHMs UMEIOT BU/T

%
t= — x'+t =y )
wﬂ[czx J y=yy (80)
x=ywy (' +vt) z=yz

Heo0x0auMo BBISICHUTH TPOUCXOXAEHUE Haen 0000mieHus mnpeobdpasoBanus Jlopenia,
MIPEJCTaBICHHOTO B 3TOU cTaThe. B cBsA3U ¢ BhIpaxkeHHEM (61) OTHOCHUTENHHO OJHOHAIPABICHHOM
CKOpPOCTH CBETa BO3HMKAET €CTECTBEHHBIH BOMPOC: Ul KaKHX MapamMeTpoB e(V) u (V) CKOpoCThb
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CBCTa B HHCpL{H&HLHOﬁ CUCTEME OTCUCTa 6y;[eT HMETh 3HAUCHHUE ¢ B JIIOOOM HaIlpaBJICHUH. Ha
OCHOBaHHUH (61) U CBETA, paClIpOCTPAHAIOIICTOCA BAOJIb OCHU )C', AOJIPKHO BBITIOJIHATBCA YPAaBHCHHC

c= < (81)
Vv e+
/4
Yeve+cttve=c (82)
/4

To €CTh, YTOOBI OJHOHAIpaBJICHHAA CKOPOCTH CBCTA MMCJIA TOYHOC 3HAUCHUC C, HOJIKHO
BBIIIOJIHATBCA

y 1
e - (83)

Jlerko TpoBepUTH HaA OCHOBaHMU HpeoOpa3oBaHUs cKopocTH (55), dYro AnIsd Bcex
paccMaTpuBaeMbIX MpeoOpa3zoBanuii (46)-(47) cBeT, pacHpOCTPAHSIOMIMICS MapajuleIbHO OCH ),
TaKxke OyleT MMETh OJHOHAIPABICHHYIO CKOPOCTh CO 3HaueHueM c¢ B cucreme U'. DTO Takxke
CIIeyeT HeNOCPeJACTBeHHO U3 moctynata IV, uyro u mnoka3aHo Ha pucynke 2. Taxke
C HCIOJB30BAHUEM YHCJICHHBIX METOJIOB OBLJIO MPOBEPEHO IS PA3JIMYHBIX 3HAYeHUH (DYHKLIUU
w(V), 4TO OJHOHANpABJICHHAs CKOPOCTh CBETa B KWHEMAaTHKAaxX, OMUCAHHBIX MPeoOpa3oBaHUSIMHU
(79)-(80), Bcerna uMeeT 3HAYCHHE ¢ B TIOOOM HAIPABIICHUU.

Otcroma cremyer, 4To CyIIECTBYeT OECKOHEYHOE MHOXKECTBO KHHEMAaTHK, B KOTOPBIX
OJITHOHAIPABJICHHAs! CKOPOCTh CBETa B BaKyyMe B JIFOOOH MHEPLHUAIBLHONW CUCTEME OTCUETa SBISETCS
MOCTOSIHHOM W uMeeT 3HaueHue c¢. OCHOBBIBaIOTCS OHHM Ha TmpeoOpaszoBanusax (79)-(80).
CnenuanbHast Teopust OTHOCHUTENBHOCTH SIBJISIETCS JIMILIB OJHOM M3 OECKOHEYHOro MHOXKECTBa
TaKuX KuHEMaTHK (TpeobpazoBanue (76)-(77)).

B xunemarukax (79)-(80), B koTOpbIX W/(v)+# 1, HHEpUUANbHBIE CHCTEMBI OTCYETa
OTJIMYUMBIC, U CYIIECTBYET YHHMBEpCaJbHAsi cHCTEMa OTcueTa, OOO3Ha4yeHHas cumBosioM U.
Cucrema U otamnuaercs XoTs Obl TeM, KaKuM 00pa3oM U3MEHSIOTCS, COTJIACHO MPeoOpa30BaHUIO
(46)-(47), monepeyHble pa3Mephl Tell, ABMKYIIMXCS OTHOCUTENIBHO YKa3aHHOW CHCTEMBI OTCUETa.
[TosTOMy Takue TEOpUM HE YIOBJIECTBOPSIOT MPHUHIMITY SKBUBAJICHTHOCTH BCEX HHEPLHUAIBHBIX
CHCTEM OTCUeTa.

B coBpemeHHOl (U3MKe CUMTAETCsl, YTO OJHOHANpaBJIEHHAs CKOPOCTh CBETa B BaKyyMe
ABJISICTCS. a0COJIOTHO MOCTOSIHHOM, TO €CTh MMEeT OJMHAKOBOE 3HAaueHHe B JIOOOM HAaIpaBlICHUH
pacrpocTpaneHus u Juis ao6oro Habmroaatens. Ha aTom ocHoBanuu Obuia BeiBeseHa Teopust CTO
OiHmreitHa. Kak moka3aHo BblIe, CYyHIECTBYeT OECKOHEUYHOE MHOXKECTBO KHHEMATHK,
YIOBJIETBOPSAIOMINX 3TOMY ycioBuio. CTO Bbiaensercs cpe HUX Te€M, YTO JOMOJHUTEIbHO B HEeH
MOCTYJAMPOBAH MPUHIIMIT SKBUBAJICHTHOCTH BCEX MHEPLUHUAIBHBIX CHCTEM OTCYETa: HE CYIIECTBYET
TAaKOTO (PU3UYECKOTo SBJICHHUS, KOTOPOE BBIJCISECT Kakas-TMOO HHEpLUanbHas CUCTeMa. ITO
CBOJUTCS K TOMY, YTO COOTBETCTBYIOIIME JpYr Jpyry Ko3(h(HUIMEHTH B NpeoOpa3oBaHUU
U B IpeoOpazoBaHUM €My OOpaTHOM JOJDKHBI HMETh OJMHAKOBBIE UHWCIIOBBIE 3HAYCHHS
(C TOYHOCTBIO JI0 3HAKa, CIEAYIOIIEro U3 HampasjieHus: ckopoctu v). Cpenu npeodpazoBanuii (79)-
(80) TakuM JOMOJIHUTENBHBIM MOCTYJaTaM YAOBJIETBOPsET JHlIL peoOpa3oBanue Jlopenma (76)-
(77). He cymiectByer, 0lHaKO, HUKAKUX SKCIIEPUMEHTAIBHBIX IPUYHH, YTOObI IPUHUMATH MPHHIIUIT
SKBUBAJICHTHOCTHU BCEX MHEPLUATBHBIX CUCTEM. DTOT MPUHLUI BBEJICH B (PH3UKY IPOU3BOJIBLHO.
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T =2,726+0,010 K +AT, =3,358 0,017 MK

A

'

i |

-- '

LIEHTP |
MJIOCKOCTh

TaJJaKTUKH :

’ TaJJaKTUKH

—AT, =-3.35840,017 MK V= 36\9,3 +33km/c~0,001232-¢

Puc. 6. lunonsnas annzorponust PU nokasana B mpoekuuu
Xammepa-AnroBa (cobcTBeHHast 00paboTka Ha ocHoBe [9]).

M3BecTHBl B CBOIO O4YepeAb OKCIEPUMEHTAIBHBIE JOKA3aTENbCTBA CYLIECTBOBAHUS
YHUBEpCAJIbHOU CUCTeMBI OoTcueTa. Peub muer 06 m3mepenusx anumzorpornuu PU, oOcyxnaemoit
B HoOeneBckoil sekmuu [9]. OxaspiBaeTcsi, 4TO CO BCEX CTOPOH KOCMOCa 10 HAac JIOXOIWT
MHUKPOBOJIHOBOE AJIEKTPOMArHuTHOE u3inydeHue B auanasone 300 I'Tu. B Hameit cucreme orcuera
3TO M3JIydeHHEe 00JalaeT AMIOJIbHOW aHu3oTporueil. Jloxonsmee co CTOpoHbl co3Be3aus JIbBa
U3IYyYeHHE HMMEET HECKOJbKO OOJBIIYI0 PHEPIrui0, B TO BpeMsl KaK H3JIydeHHE CO CTOPOHBI
co3Be3aus Bopones — HECKOJIBKO MEHbIIYI0 3Hepruto (pucyHok 6). Ecnu yuuteiBath 3¢ et
Jlomnepa, TO MOXXKHO ONPEAENUTh CUCTEMY OTcyeTa, B kotopod PU onHoponno. Takas cucrema
OTCUETa SIBJISETCS UCKIIOUUTEIBHON M0 OTHOLIEHUIO KO BCEM OCTalbHbIM. CylIeCTBOBAaHUE TAKOU
YHUBEPCAJIbHOU CUCTEMbI OTCUETA MPEAIoaraeT, YTo Jaxke eciiu Obl OJTHOHAMpPABJICHHAs CKOPOCTh
CBETa B BaKkyyMe Oblila MOCTOSIHHOM, TO MPaBWIbHOM MoJienbio KuHeMatuku CreunanbHas Teopus
OTHOCHUTENBHOCTH, OCHOBaHHasi Ha rnpeoOpazoBanuu Jlopenna (76)-(77), He sBIsETCs, a TOJIBKO
MO/Ie]1b, OCHOBAHHAs Ha KaKOM-ITHO0 Jipyrom npeodpazoBanuu Buaa (79)-(80).

B cratpe [12] Ha ocHoBanuu CriennanbHoit Teopun Ddupa 6e3 monepeyHoro CoKpaieHus
Obuta ompezaeneHa ckopocTh CosiHeuHoil CHCTEMBI OTHOCHUTENBHO CHUCTEMbI, B KoTopoit PU
onHopoaHo. [TomyyeHHOE 3HAUEHHE CKOPOCTH B 3TOM cucteMe coctaBiseT 369,3 km/s (pucyHok 6),
HO 3HaYEHHE 3TOI CKOPOCTU Oy/eT MHBIM B paMKax JIPYTUX KHHEMaTHK.

Taxke CTOUT yNOMSHYTH uccienoBanus Mwusuiepa [lediToHA, KOTOPBIH MHOIOKPAaTHO
MOBTOPS1  OKCHEpUMEHT MaiikenbcoHa-Mopau M yTBEp)KJal, YTO OKCIEPUMEHT Jail
MOJIOKUTENBHBIN pE3yNbTaT, XOTS M HAMHOro ciiabee, YeM IMEepBOHAYAIbHO IPeJICKa3bIBAIOCh
B paMkax MexaHuku [anmues-Hprorona [5]. Opnako 3Ta cTaTbsd OCHOBaHAa Ha OOIIECHPUHATOM
B (pU3MKE MPEAINOJIOKEHUH, YTO 3KcrepuMeHThl MaiikenbcoHa-Mopnu u Kennenu-TopHpaaiika He
JlaJii TIOJIOKUTEIBHOIO pe3yJbTaTa, TO €CTh OHM HE CMOIJIM IOKa3aTh JABMKEHUE OTHOCHTEIBHO
YHUBEpCAJIbHOU cUCTeMbI oTcueTa. [lomydeHHble MOAETN MOXKHO JIETKO MOJU(HUIIMPOBATH, YTOOBI
OHM COOTBETCTBOBAJIM pE3Yy/NbTaTaM »3KCIEPUMEHTOB Mmwiuiepa. JlocTarouHO B HHUX HEMHOIO
M3MEHUTH BEJIMYMHY COKpAIIECHUS TEJ B JBUKEHUU.

6.3. IIpeodpa3zoBanus CneunanbHoii Teopuu I¢pupa ¢ nonepeyHbIM COKpalIeHAEM

Ecmm MpUHATD, YTO

e(v)=0 (84)
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Torga mnpeoOpaszoBanus (46)-(47) mpuUHUMAIOT BHJ NpeoOpa3oBaHUM, HAa KOTOPHIE OIMHUpPACTCS
CnenuanbHast Teopus Ddupa c momnepeyHbIM COKpallleHHueM, BbIBeACHHBIE B crathe [12]. U3
YHUBEpCAJIbHOU CHUCTeMBI oTcueTa U B MHEPLHMAIbHYIO cHUcTeMy oTcueTa U’ 3Tu mpeoOpa3zoBaHUs
HUMEIOT BU]L

1 !
t'=—rot V=—y
ry 4
Y ] (85)
X' =(x—-vt) Z'=—z
v

N3 unepuumanpHOl cucteMbl oTcuera U’ B yHUBepcalbHylO cucteMy otcyera U 3T
peoOpa3oBaHMs UMEIOT BH/]T

t=yyt y=yy

x=£x'+7t//vt' z=y Z'

(86)
910 LI KIIace HpeO6p330BaHHﬁ, B KOTOPBIX OJHOBPCMCHHOCTD COOBITHI a6COJ'IIOTHa,
qTO COrjlaCyerca ¢ TEM, UYTO IIOKAa3daHUSA YaCOB HE 3aBUCAT OT KOOPAWHATBHI IIOJIOKCHUA.

KI/IHeMaTI/IKI/I, OCHOBAHHBIC Ha 3THUX HpeO6pa3OBaHI/I$IX, OTJIMYAOTCA MCKIY coboii (I)H?)PI‘ICCKI/IMI/I
CBOfICTBElMPI, HaIIpuMep, MONnCpeUHbIM COKPAIICHUECM U 3aMCIJICHUCM BPCMCHU.

6.4. IIpeoOpazoBanue CneumnaabHoii Teopum Dpupa 0e3 mnomepeyHoro
COKpaLeHHs

Ecmu MPpUHATD, YTO

y(v)=1

e(v)=0 ®7)

Torga mpeoOpazoBaHus (46)-(47) NpUHUMAIOT BUJA NPeoOpa3oBaHUs, HAa KOTOPOE OMUpPACTCS
CnenuansHast Teopus D¢upa 0e3 MonmepeyHoro COKpalleHus, BbIBeAeHHOro B crtartbe [11]. U3
YHUBEpCaJIbHOU cUcTeMbl 0TcueTa U B MHEpIMANbHYIO cucTeMy oTcueta U’ mpeoOpa3zoBaHue UMEET
BUJ

1
[”:—[’ I =
X=y(x-vi) Z'=z

N3 wunepumanbHoi cucteMbl otcueta U' B yHUBepcalbHYKO cucrteMy otcuera U
npeoOpa3oBaHe UMEET BUJ

t=yt y=y
x=—x"+yvt z=17 (39)
v

B stom cnywae CrneunansHoit Teopun Ddupa He HaOMIO1aeTCA MONEPEYHOTO COKpAIICHUS
(to ectb w(v)=1). Cneunansnas Teopus Ddupa, BbIBEJACHHAs Ha OCHOBAaHHM INPeoOpa3oBaHUN
(88)-(89), mmeer TecHyro cBsi3b co CrnernuanbHoii Teopueit OTHOCHTENBFHOCTH DWHINTEIHA. DTO
ObLT0 TIOKa3aHo B padote [10].
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[IpeoOpazoBanne (89) ObLIO YK€ BBIBEACHO APYTMM METOJOM B cTathsax [3], [6]. B atux
CTaThsIX aBTOPHI MOJYYUIIH YIOMSHYTOE TIpeoOpazoBanue u3 npeodpasopanus JlopeHma o6marogaps
CUHXPOHM3AIIMH YacOB B MHEPIIMAIBHBIX CHCTEMax OTcueTa BHEIIHUM MeToaoM. [IpeoOpasoBanue,
noyiyueHHoe B paborax [3], [6], sBisieTcs nHaue 3amvMcaHHBIM mpeobpa3oBanueM JlopeHia mocie
W3MEHEHHs Croco0a M3MEpeHHs] BPEMEHU B WHEPIMAIBHOW CHCTEME OTCUeTa, MOATOMY 3TOMY
npeoOpa3oBaHuio Mpumucanbl cBoiictBa CrenuanbHoit Teopun OTHOCUTENnbHOCTU. B ctathe [11]
npeoOpazoBanue (88)-(89) umeer npyroii puznueckuii CMbICI, yeM mpeoOpa3oBanue JlopeHia, Tak
KAaK COTrJIaCHO TMPEJCTaBJICHHOM B 3TOM CTAaTbe TEOPUM SBIISAETCS BO3MOXKHBIM OINPEIEICHUE
CKOPOCTH OTHOCHUTEJIbHO YHUBEPCAJIIBHOM CUCTEMBI OTCUETa IMyTeM u3MepeHus. pyrumu cioBamu
YHHUBEpCalbHasi CHCTEMa OTCYETa peaibHa U HE SBISETCS MPOU3BOILHO BRIOPAHHON WHEPIMATBHOM
CUCTEMOU OTCUeTa.

6.5. IIpeodpa3zoBanue CneunanbHoi Teopun J¢pupa ¢ aGCOJIOTHBIM BpeMeHeM

Ecmm IpUHATD, YTO

w(v)=1/y(v)=+1-(v/c)* <1 (90)
e(v)=0
Torna npeoOpazoBanus (46)-(47) mpuHUMAIOT BUJ TPe0Opa30BaHUs], B KOTOPOM BpeMs aOCOJIFOTHO.

)4 YHHBepcaHLHOﬁ cucrtemnl orcuera U B HHCPIUAIIBHYIO CUCTECMY OTCUCTa U’ HpeOGPaBOBaHI/IC
HUMCECT BU/J

1=t Vi=ry
X' =y (x-vt) Z'=yz

(C2))

N3 wunepumanbHOi cucteMbl otcueta U' B yHUBepcalbHYKO cucteMy otcuera U
npeoOpa3oBaHue UMEET BUJ

l’:l” y:ly’
1 (92)
x=—2x'+vt' z=—72
/4 /4

B kuHemaruke, OCHOBaHHOW Ha 3TOM MpeoOpa3oBaHUM, BpeMsi T€UET OJMHAKOBO BO BCEX
MHEPIHAIBFHBIX CUCTEMaX OTCUeTa aHAJIOTHYHO TOMY, Kak B mpeoOpaszoBanusx [ammnes. OdeHb
WHTEPECHON SBIIETCS BO3MOXHOCTh HAIWYHUS TEOPHH C aOCOTIOTHBIM BPEMEHEM, KOTOpas
YIIOBJIETBOPSIET YCIOBUAM 3KcniepuMeHToB Maiikenbcona-Mopnu u Kennenu-TopHalika.

6.6. IIpeoOpazoBanue CrnenuajabHoii Teopuu ODdupa 06e3 NPOIOIBLHOIO
COKpaLeHHs

Ecmu IpUHATD, YTO

w(V)=y(v)=1/41-(v/c)* =1 93)
e(v)=0
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Torga npeobpazoBanus (46)-(47) npuHUMAOT BUJ NpeoOpa3oBaHUs, HA KOTOPOM OCHOBBIBAETCS
CnenuanbHast Teopust Ddupa 6e3 Ipoa0IbHOTO coKpaleHus. 13 yHuBepcaibHON CHCTEMBbI OTCUETa
U B nHepuanbpHyto cucteMy orcdyera U’ mpeoOpa3oBaHHe UMEET BUJ

;1 ;1
r=—t y ==y
! 7 (94)
X'=x-vt Z'=—z
4

N3 wunepumanbHOi cucteMbl otcueta U' B yHUBepcalnbHYKO cucteMy otcuera U
npeoOpa3oBaHue UMEET BUJ

t=y>t y=yy
' 2 ' ' (95)
xX=x+y vt z=yz

B kuHemaTWke, OCHOBaHHOW Ha JTOM NPeOOpPa3OBaHUHU, TMPOAOJIBHBIE pPa3Mephl
(mapannenbHO OcsAM X U X') OJMHAKOBBIC JUIsl HaOMronaTenei Jiro00i HHEPIUAIBHON CUCTEMBI. DTO
cienyet u3 quddepennnanos npeodpazoanuii (94)-(95)

dx'=dx—vdt

96
dx=dx'+y’vdt ©6)

To ecTb
dt=0 = dx'=dx

97)
df =0 = dx=dx

6.7. Pacmiupennbie mnpeoOpa3oBanuss ITaauiaess W BbIBOABI  OTHOCHTEJIBHO
napamerpa e(v)

Ecmm IpUHATD, YTO

_ _ 2 o
vie>0 = y=1/41-(v/c) =1 98)

v(v)=1 v (w/ec—>0 = wyH=z=l

torga mnpeoOpazoBanust (46)-(47) NpPUHUMAIOT BHUJ, KOTOpPbIE HA30BEM paCUIMPEHHBIMHU
npeobpazoBanusamu ['anunes. Y3 yHuBepcanbHOM cucTeMbl oTcueTa U B MHEPLUUATIbHYIO CUCTEMY
otcueta U’ mpeoOpa3zoBaHUsi UMEIOT BU]I

t'=evx+(l—ev’)t y=y
99)

X' =x—-vt Z'=z

N3 wunepumanbHoi cucteMbl otcueta U' B yHUBepcalbHYKO cucteMy otcuera U
peoOpa3oBaHMs UMEIOT BH/]T

{t:—evx'ﬂ" y=y (100)

x=(1-ev)x +vt z=z

[Ipeo6pazoBanus (99)-(100) mpumMeHHMBI TOT/Ia, KOTJA CKOPOCTh V 3HAYUTEIHLHO MEHBIIIE
CKOPOCTH ¢, WJIW TIpole, korga ¢ =oo. Toraa Ha ocHoBanuu (61) u (62) ogHOHAINpaBJICHHAS
CKOPOCTb CBETA, PACIIPOCTPAHSIIOLIETOCS BI0JIb OCH X, COCTaBIISIET
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N
CW=m= (o)

C=00

W3 3aBucumoct (101) cnenyror BakHble BbIBOABI. OpHOHANpaBiIeHHas CKOPOCTb CBETa
B BaKyyM€ OTHOCUTEJIBHO YHUBEPCAJIHHON CHCTEMBI OTCUETa UMEET OECKOHEUHOE 3HaYeHHUE (¢ = ).
Torna oueBuHO, UTO 3TA CKOPOCTH UMEET OECKOHEUHBIE 3HAYCHUS TAaKXKe B JII000H MHEpIUATbHON
cucreme orcyera. Oxnako, corsnacHo (101) omHOHampaBieHHAss CKOPOCTh CBETa B MHEPLHAIbHON
cucreme coctasisieT 1/(e v). Kaxercs, 4To 3TO MPOTUBOPEUUBO.

Onnako mpotuBopeunit B 3TOM HeT. HeoOxoauMo 3aMeTuTh, 4YTO Uil H3MEPEHUs
OJTHOHAINPABJICHHOM CKOPOCTH  00s3aTeNbHO HEOOXOIMMO  HCIIOJIB30BAHME JIBYX 4YacoB,
HENOJBWKHBIX B CHUCTEME, B KOTOPOM OCYILECTBISETCS M3MEpeHUe. B yHUBepcaabHON cucTeMe
OTCUETa UCIIOJIb3YIOTCS APYrUe 3K3EMIULIPHI YacOB, YEM HCIOJIb3YEMbIE B MHEPLIUAIBHON CHCTEME
orcueTta. Eciin B MHEpIMAIBHOM CUCTEME Yachl PAaCCUHXPOHU3MPOBAHBI, TO MU3MEPEHUE CKOPOCTU
CBETa, PACHPOCTPAHSIONIEroCsi ¢ OSCKOHEYHON CKOPOCThbIO, MOXET JaBaTh KOHEYHOE MHHUMOE
3Ha4Y€HHE. ITO MPEJCTABICHO HA PUCYHKE 7.

=0

b)

x=0 =-0 x=D

Puc. 7. VI3amMepeHne ckopoCTH CBETa B MHEPIMAIBHOM CUCTEME OTCYETa NP PACCHHXPOHU3UPOBAHHBIX Yacax B HEH,
a TaKKe B YHHBEPCAJILHOM crcTeMe oTcyera (3¢upe) mpu 6eCKOHEYHOI CKOPOCTH CBETA.

B uactu D) pucyHka 7 mokasaHa yHHBepcallbHasi cucteMa orcuera. CBeT UCIyCKaeTcs W3
TOYKHM X = 0 B MOMEHT BPEMEHHU /) U MTHOBEHHO JOCTUIaeT TOUKU X = DD B MOMEHT BpeMeHH 7. Tax
KaK COIJIACHO IMOCTYJaTy CKOPOCTh CBETAa B YHHMBEPCAJIbHOW CHCTEME OTcueTa OECKOHEYHa, TO
th=1t=0.

B vactu a) pucynka 7 mokazaHa MHepLUHaibHas cucrtema otcuera U'. B paccmarpuBaeMblit
MOMEHT BPEMEHHU JBOE YacOB 3TOM CHCTEMBI PacIoJIararoTCsl HEMOCPEICTBEHHO PAIOM C ABYMs
gacaMmu cuctemsl U. U3-3a cokpallleHus JUIMHBI pacCTOSIHUE MEX1y YacaMH, U3MEPEHHOE B CUCTEME
U', cocraBiigser D' 1 MOXKET UMETh OTIMYHOE OT 3HaueHusa D, n3mepeHHoe B cucreMe U. Yacsl,
pacnojararomuecs B Touke x'= 0, mokaspBaroT BpeMs {) =0, HO 4Yachl, HaXOJAIIMECA B TOYKE
x'= D', mokaspiBatoT npyroe Bpems #| #0. C Touku 3peHus Habmomatens u3 cuctemsl U’ cBeT
UCIYCTUJICSI B MOMEHT BpeMeHH #) = 0, mpu 3TOM 10 TOUKH D' fouien B MOMEHT BpeMeHH f] # 0.
IToaTomy B cucreme U’ oiHOHAINpaBIEHHAs] CKOPOCTh CBETA COCTABJISIET

D' <00
)= (102)
-t > —00
Ckopoctb (102) SIBJISIETCS pe3ysbTaToOM U3MEPEHMUS, BBIIIOJIHEHHOI'O

PacCUHXPOHU3UPOBAHHBIMU 4YacaMu B cucreMe U'. DTO He peasibHas CKOPOCTb CBETa, KOTOpas
COIJIACHO TMIOCTYyJaTy HMMeEeT B JTOM ciydyae OeckoHeuyHoe 3HaueHue. boiyiee TOro, uachel
B MHepHuanbHOi cuctemMe U’ MOTYT OBITh HACTOJBKO PACCHHXPOHU3UPOBAHBI, YTO CBET OyneT
BO3BpallaThcs BO BpeMeHH. Tak Oyzer B ciywae # <#). MIMeHHO Takue ciydau oOCYXKIaIHCh
B pazzneie 4.5.
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AHAIOTUYHYIO ~ CUTYallMI0  MOJY4YMM, €CIM  CBeT  OyJeT  pacmpoCTpaHATHCA
B IIPOTUBOIOJIOKHYIO CTOPOHY, TO €CTh U3 TOUKU X = D B TOUKy x = .

[IpencraBneHHas Ha PUCYHKE 7 CHUTyallMs pealu3yercst [Uisi MpeoOpa3oBaHUi, B KOTOPBIX
napametp e(v) # 0 (mampumep, B Crneuunansnoit Teopun OtHOcuTensHocTH). Torna aBmxymuecs
PSAIOM Yachl YK€ B MOMEHT UX CMHXPOHM3AIMM [TOKa3bIBAIOT pa3Hble 3HaueHUs. [IpencraBieHHbII
BbIIlIE MIPUMEp IMOKA3bIBAET, YTO OJHOHANpaBieHHbIe cKopocTu cBeTa (61) u (62), uamepsemble
B MHEPLMAIBHBIX CUCTEMAX OTCYETA, HE OTPAYKAIOT PEAJILHOM CKOPOCTHU CBETA B 3TUX CUCTEMAX.

To ectp mapamerp e(v) # 0 IpPUBOAUT K PAaCCHHXPOHHU3AIMHM 4yacoB. OTCYEThl YKa3aHHBIX
4acoB HeJNb3s TPAaKTOBaTh OYKBAJbHO, a OCHOBAaHHYIO Ha TaKOM MapaMeTpe TEOpHUI0, TaKylo Kak
CTO, Heo0X0MMO MHTEPIIPETUPOBATh MHAYE, YEM 3TO JIEIAETCs B COBpEeMEHHOM (usuke. JTa Tema
OyzeT packpbITa B paszzene 7.

B cnyyae pacmmpenHbsix npeoOpa3oBanuii ["anumnest B MHEpIMAIbHBIX cucTeMax oTcueTta U’
(Ho He B cucteMe U) mokazaHusi 4acoB MepeBe/IeHbl (Yachl PACCHHXPOHU3YIOTCS) OTHOCUTEIHHO
€CTECTBEHHON YCTaHOBKH, OTPaXEHHOU B npeoOpazoBanuu ["anunes. Ilostomy B npeoOpazoBaHusIX
BpPEMEHHU UMeeTCs (GaKTOp, 3aBUCAIIMN OT TOJIO0XKEHUS X WIH X .

6.8. Ilpeodpa3zoBanue I'anuies

Ecmm IpUHATD, YTO

vie=>0 = y=1/J1-(v/c) =1
yv)=1 v (v/c>0 = wyI)=z=l (103)
e()=0 v (W/c—>0 = e(v)=0)

Torga mnpeoOpazoBaHus (46)-(47) mpuHUMarOT BHI npeobOpasoBanus [amwiies, Ha KOTOpOM
OCHOBBIBAETCS ~ KJIACCMYECKasi KuWHematuka. W3  yHuBepcambHOM cuctembl orcuera U
B MHEPIMAIILHYIO cucTeMy oTcuera U’ mpeoOpa3oBaHue UMEET BUJI

t’:t y’:y
X' =x-vt 7=z

(104)

W3 wuHepumanbHO cuctembl otcueta U' B yHHBEpcalbHylO cucTeMy otcueta U
npeoOpa3oBaHUe UMEET BUJI

t=t =
r=y (105)

x=x"+vt z=12

B mnpeoOpazoBanum ['anmuuess COOTBETCTBYIOIIME APYyr  JApyry  KO3(QQHUIHUEHTHI
B IIpeoOpa30BaHuH U B MpeoOpa3oBaHUHM €My OOpaTHOM MMEIOT OJMHAKOBBIC YHCIOBBIC 3HAYCHHS
(C TOYHOCTBIO 10 3HAKa, CIEYIOLIET0 U3 HampaBieHus ckopoctu v). Ilostomy B mpeoOpa3oBaHun
lanunes tak ke, kKak W B mpeobOpasoBanuu Jlopenua, cuctemsl U u U' oxaspiBaioTcs
HEOTIMYUMBIMHU.

[IpeoOpazoBanuss lanmies MOXHO TpaKTOBaTh Kak MPHONMKEHHE BCEX JIMHEHHBIX
npeoOpa3oBaHui, BBIBECHHBIX B ATOM CTaThe, IS MAJIbIX CKOPOCTEH Vv, TO €CTh JUIs cirydas v << c.
[TosToMy Kiaccuueckass KUHEMAaTHKa COTJIACYeTCsl C AKCIEPUMEHTAMHU HPU MalbIX CKOPOCTSIX V
HE3aBUCHUMO OT TOTO, Kakasi M3 OECKOHEYHOTO MHOYKECTBa KMHEMAaTHKa SBJSIETCS HaWITydllen
MO/JIENbIO peaTbHBIX MPOIECCOB.

[Ipeo6pazoBanue (104)-(105) peanuzyercs, KOraa CKOPOCTh vV OYSHB MaJia IO CPAaBHEHUIO CO
CKOPOCTBIO ¢, WU TIpolie, npu yciaoBuu ¢ =oo. Torma Ha ocHoBanuum (61) u (62)
OJTHOHAMPABJICHHAs! CKOPOCTh CBETA, PACIPOCTPAHSIOIETOCS BJOJIb OCH X, COCTABIISET
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() =—c; () =c =0 (106)

7. ®usnyeckuii CMbICJ NAPAMETPOB B Pe0OPa30BaHMAX U 00CYy:K/IeHNEe OCHOB
peJATHBU3MA

7.1. Iapametpsl f(v), a(v) u w(v)

N3 Beipaxenuit (50) m (51) o 3ameyieHMM BpEeMEHM ClleAyeT, 4ro mapamerp f(v),
B npeoOpazoBannu (43)-(44), onuceiBaeT 3aMeAlieHUE BpeMeHU. )11 HeroABI>KHOTO OTHOCUTEIBLHO
YHUBEPCAJIbHONW CHUCTEMbI OTCUeTa HaOJIoAaTelNss BpeMsi B MHEPIMAIbHON CHCTEME OTCYeTa TEYeT
B f(v) paza Owictpee (1/f(v) paza MeyieHHee), 4eM B €0 YHUBEPCAIBHON CUCTEME OTCUETA.

N3 Beipaxenuit (52) m (53) 0 mpoJOIBHOM COKpalleHHH CJIEIyeT, 4To mapamerp a(v)
B npeoOpazoBanmsx (5) u (11) ommceiBaeT MPOJOJILHOE COKpalieHHe (TO €CTh MapaiedbHO
CKOpPOCTH V) Te€J, HaXOJSAIIMUXCA B JABIKEHHM 1O OTHOLICHHIO K TeJlaM, HaXOJISIIMXCS B TMOKOE
OTHOCUTEJIbHO YHUBEpPCAJIIBHOM cucTeMbl oTcuera U. JlIs HENOABUKHOIO OTHOCUTEIIBHO
YHHUBEPCATBHOM CUCTEMBI OTCUeTa Habmomarens ABMXKYyIeecs Teno B a(v) pas kopode (1/a(v) pas
JUTMHHEE) TaKOT'O )K€ TeJla, HEMOABMYKHOTO OTHOCUTEIIBHO YHUBEPCATILHONW CHCTEMBI OTCUETA.

[Tapametp w(v) B mpeoOpazoBanuu (46)-(47) onmuchIBaeT MOMEPEYHOE COKpalieHue (To ecTh
MEPICHIUKYIAPHO K CKOPOCTH V) Tell, HAXOASIIUXCS B ABM)KCHHH, [0 OTHOIICHHIO K TeElaM,
HaXOJSAUIMMCS B MOKOE OTHOCUTEIBHO YHHMBEpCaJbHOWM cucTeMbl oTcueta U (pucyHok 2). Takum
obpa3om, mBmkymieecs Teno B y(v) pa3 mupe (1/w(v) pa3 yxe) Takoro ke Teia, HeIOABUKHOTO
OTHOCHTEIIBHO YHUBEPCAJIbHON CHCTEMBI OTCYETA.

7.2. Ilapametp e(v) =0

Ha ocnoBe nmpeoOpa3zoBanmii (43)-(44) u (46)-(47) MOKXHO caenaTh BBIBOJ, YTO MapaMeTp
e(v) MOKHO TPaKTOBATh KaK CIIOCOO CMHXPOHHU3AIMHM YacOB B MHEPIHUAIBHBIX CHUCTEMaX OTCYETa.
Paccmorpum cnyuaif, korma e(v) =0. Torma mpumenumo mnpeoOpasoBanue BpemeHHu (85), u3
KOTOPOT'O TOJTy4aeM

t'=Lt = (t=0=1=0) (107)
rv

Or1o o3Havaer, yTo s e(v) = 0 cHHXpOHM3aIMs 4acoB B cucteme U’ COCTOUT B TOM, YTO
ecnu 4dacel cuctembl U mokaseiBaioT BpeMms ¢ = (0, torma cormacHo (107) wacel cucremsr U’
HaXOJAIIHUECs PAOM, TaKKe OOHYIEHBI, TO ecTh ¢’ = (. DTOT croco0® CHHXPOHU3AIUH MIPEICTABICH
Ha pUCYHKe 8.

B srom wactHoM ciydae mpu e(v) =0 oxHOHampaBieHHBIE CKOopocTH cBeTa (61) u (62)
MPUHUMAIOT 3HAYCHUS

2
C

e(M)=0 = c'(v)= (108)
c+v

e(M=0 = c.(v)=- ¢ (109)
Cc—V
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0 X
f11=01t'=0 1t=0<t'=0 11=0<t'=0
A\ \2 \2
. . U
I I x
c c
t=0 t=0 t=0

Puc. 8. CurxpoHU3aIus 9acoB BHEITHIUM MeToaoM (e(v) = 0).

UYackl B yHUBEpCAIBHOM cucTeMe oTcueTa U CHHXPOHU3UPOBAHKI C UCIIONB30BAHUEM CBETA, CKOPOCTH KOTOPOTO B TOM
cucreme c. B paccmaTpuBaeMbIii MOMEHT BPEMEHH, KOTIa BCE Yachl cucTeMbl U TOKa3bIBAIOT BpeMs ¢ = 0, Hadasa
orcuera cucteM U u U’ coBnamaroT. Ha jro0BIX gacax, OBIDKYIIUXCS PSIOM ¢ 9acaMu ¢ = 0, TaKkKe yCTAaHABIUBACTCS
Bpems t' = 0.

7.3. Ilapametp e(v) # 0

PaccmoTrpum cimyuam amist mpou3sBosibHOTO mapaMerpa e(v). [IpeobpasoBanue Bpemenu (47)
UMeeT BUJ

t=—vylevx+yyt (110)

Korpa gacel B cucteme U nokaseiBatoT Bpems ¢ = (0, Torga cormacHo pucyHky 1 Hauana
0TCYeTOB cucTeM coBnaaaT. 13 ypasuenus (110) cnexyer, uro Ha yacax cucremsl U', KOTOpbIE
HaxXOJATCS pSAOM ¢ OOHYJNEeHHBIMH YacaMM cHucTeMbl U, YCTaHOBJIEHO 3HadyeHue 1,
ONPEEISAIOLIEECS BEIPAKEHUEM

t=0 = =Ly (111)
y

Cunxponu3zanus 4acoB B cucteme U’ mokazaHa Ha pucyHke 9. C To4ku 3peHust cucremsl U
yacel B cucreMe U’ pacCCUMHXpOHM3HMPOBAHbI, TaK KaK MX IOKAa3aHUS 3aBUCIT OT IOJIOXKEHMS, a HE
TOJIBKO OT TeueHHsI BpeMeHH. Ecnu HabOmronatens u3 cucteMbl U’ n3MepsieT OHOHANpaBICHHYIO
CKOPOCTb CBE€Ta, TO Ha ONPEACIEHHBIX YacaX CUUTHIBAECT HAuyaJbHbI MOMEHT, a Ha JPYTHUX dacax
U3MepsieT KOHEYHBII MOMEHT. OTH 4Yachl BCErJa MOXKHO YCTaHOBUTb TakuM 00pa3oM
(pacCMHXpOHM3MPOBATH MX), YTO OJHOHAIpPABIIEHHAs CKOPOCTh CBeTa OyAeT MMETh M3HAYaJIbHO
3aN0KeHHOe 3HaueHue c,(v) m cy(v). Takoil ke 3PQPeKT MONKHO MONYYHTh B KIACCHUECKOH
MexaHuke. Ecnm mokazaHus 4acoB, C KOTOPBIX CUMTHIBAETCS KOHEUHBII MOMEHT, INEPEBEAEM
BIIEpE]], TO MHUMO CKOPOCTb Teja OyJeT MEHBIIIE, a €ClIM TOKa3aHHs 3TUX YacoB IEepeBesieM Hazal,
TO MHUMO CKOPOCTb Tefia Oy/eT OoJblie.

Jlns paccMaTpuBaeMBIX MpeoOpa3oBaHUi MPH YCTAaHOBKE 4YacoB B cucreme U’ coriiacHo
BbIpakeHuto (111) onHoHampaBieHHas CKOPOCTh cBeTa OyneT MMETh 3HAu€HHE, OIpeelisieMoe
Beipakenusmu (17), (18) u (61), (62). D10 BOBCE HE O3HAYAET, YTO ATO CKOPOCTH CIEAYET W3
CKOPOCTH IPOTEKaHUsl pealbHBIX MPOLIECCOB, HA KOTOPBIX OCHOBBIBAIOTCS MOKAa3aHUS 4acoB. JTO
MOXET OBITh TOJBKO pE3yIbTaTOM YCTAaHOBKM YacOB B HHEPIMAIBHBIX CHCTEMax CHOCOOOM,
IIOKa3aHHbIM Ha pUCyHKe 9. Tak Kak OT MOJEIM KMHEMAaTHKH OKHUJAETCS ONHUCAHUE PEaJIbHBIX
IPOIECCOB, TO Yachl B MHEPUUAIBHBIX CHUCTEMax OTCYeTa HE MOTYT OBITh YCTaHOBJICHBI
MIPOU3BOJIBHO, @ TOJIBKO TaK, YTOObI COOTBETCTBOBATH ONMMCHIBAEMBIM ITPOIIECCAM.
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t'=0 t'=yevx|/ly t' =wevx;/y

(V) (V)

U

X

t=0 t=0 t=0

Puc. 9. CuaxpoHu3anus 4acoB BHEITHIM MeToroM (e(v) # 0).

Yacsl B yHUBEpCaJIbHON cucTeMe oTcuera U CHHXpOHU3UPOBAHbI C HCIOJIb30BAHUEM CBETa, KOTOPHII B 3TOH CHCTEME
MMEEeT OJTHOHAIPABIICHHYIO CKOPOCTh ¢. B paccmarprBaeMblii MOMEHT BpEMEHH, KOTIa BCE Yachl CUCTEMBI U
MOKa3bIBatoT Bpemst ¢ = 0, Hauana orcuera cucteM U n U’ coBranatoT. Ha imo0bIx yacax, IpOXOISIIUX PSAOM C YacaMu
¢t = 0, ycTaHOBJIEHO BpeMs ¢’ = wevx'/y.

Ecmu e(v) # 0, Torna Beipaxenus (50) u (51) paznuunsl, u Beipaxkenus (52) u (53) Takxke
pasnmuusbl. To ecth HaOmonatenu u3 cucreM U u U’ monyyaroT Ha OCHOBAaHHHM CBOMX M3MEPEHUI
pa3auyYHbIE BBIBOJBI OTHOCUTENILHO 3aMENJIEHUS BPEMEHU M MPOJOJIBHOIO COKpalleHHs (MHade
OLICHUBAIOT OTHOCUTENIBHOE TEUEHUE BPEMEHU B CBOMX CHCTEMAax U MHAY€ OLICHUBAIOT MPONOPLHHU
TOPU30HTAIBHBIX JIUHUHA B CBOMX CUCTEMaX). TaKyro CUTYallui0 MOXKHO HHTEPIIPETUPOBATh TaK, YTO
UX HM3MEpUTENIbHbIE MPUOOPHI HE OBLIM CHHXPOHHU3MPOBAHBI M IMO3TOMY OHHM H3MEPSIOT YTO-TO
apyroe. Tompko ecnu e(v) =0, Torga MX HM3MEpEHHs 3aMeUICHUST BPEMEHU U IPOJIOJIBHOTO
COKpAILLEHUS AT OJMHAKOBBIA pE3yJabTaT, TO €CTh TOJIBKO KOTJa 4Yachl B UX CHUCTEMax OTCYETa
IIPaBUJIBHO CUHXPOHU3HPOBAHBI.

PaccMoTpyuM CBETOBOM MMITYJIbC, MCIYIIEHHBIN BIIpaBO M3 Hayana cucteMel U’ B MOMEHT
CUHXPOHM3AINH 4acoB (pucyHoK 9). B MomeHT #] = 0 umImynibc Haxoauics B moJyiokenuu x| = 0, a B
MOMEHT ¢, HaXOUJICS B TIOJIO’KeHUU X5. Ha ocHoBanuu (61) MokeM 3amucarhb, 4To

., o Yevicoty ,

X, — X, X ev X
f—f=f,=2"0_ % _V o=l b (112)
2 1 2 4 4 2 2 2 2

c;(v) (v c 4 ¢

c+v

Beipaxxenune (112) moxxHO mo-pasHomy wuHTeprperupoBats. B CrernmansHoit Teopun
OTHOCHUTENBHOCTH IIPUHATA TaKasi MHTEPIPETALUs, YTO Yachl B MHEPLUAIBbHOU cucteme orcuera U’
NPaBUIBHO CHHXPOHU3UPOBaHBL. TO ecTh cBeTy (DaKTUYECKH HEOOXOOUMO #) BpPEMEHHM Ha
NPOXOXKJIEHHE TMyTH JIuHOW x5. Torma ¢aktudecku i HaOmromatenss B cucteme U’
OJITHOHAIPAaBJICHHAs! CKOPOCTh CBeTa BhIpakaeTcs coryacHo (61). Ins CTO nHa ocHoBanuwm (75) ata
CKOPOCTb UMEET 3HAUEHUE

2 2
C C

c.(v)= =17 =c (113)
TevclHtc+ty ——y—ovciHc+y
/4 y ¢
Heo0xoanmo, 01HaKO, MIOMHHUTE O TOM, YTO 3HA4€HUs #, U {{ =0 CUMTaHBI C ABYX pa3HBIX
yacoB. Eciin 3TH 4ackl HEMPaBUWIIBHO CHHXPOHHU3UPOBAHbI, Toraa ckopoctsb (113) — maumas. Toraa
ckopocTh (61) He oTpakaeT mpoTekaHus (PU3MUECKUX IMPOIECCOB, a JIMIIb BBI3BaHA CIIOCOOOM
YCTaHOBKH YacCOB B HHEPIIMAIBHOU cucteme oTcuera U'. JIns Takoii untepnperarmu ¢ yaetom (108)
BeIpakenue (112) 3anuiiemM B Buje

29 www.ste.com.pl




BriBoz Bcex THHEHHBIX MMPeoOpa30BaHU, YIOBICTBOPSIOMIUX dKCIIEpUMEHTY Maiikenscona-Mopam,
n obcyxenne ocHoB pesituBim3Ma - Poman [loctak (Roman Szostek)

, wev , X x5
L= X, = = 114
c+v

To ecTb ecnu CBETOBOM MMITYJIbC HCIYIEH, TOTJA HA 4acaX, HAXOJAIIMXCS B TOYKE X,
ycTaHoBiieHO 3HavyeHue (111), a B peasibHOCTH AOJDKHO OBITH ycTaHOBIIEHO 3HaueHue 0, cienyroriee
W3 MPaBWIBHONH CHHXPOHM3AIMH, TO €CTh U3 Beipakenus (107). [Toatomy, Korma UMIyiabC I0iaeT
710 TOYKH X, TOT/1a IPABUIIBHOE NTOKA3aHUE HAXOASIMUXCS TaM 4acoB HE 75, a

g -Yery (115)
/4

[Ipu Takoii mHTEpHpeTanuu jeBas 4acTh ypaBHeHus (114) mpencrasnser coboii peanbHOE
BpeMsi, HEOOX0JMMOE UMIYIIbCY Ha MPOXOKACHUS 10 TOUKHU X;. ECIM 4acel, Haxosmuecs: B TOUKe
X5, ObUT OBl MPABUIILHO CHHXPOHHU3UPOBAHBI COTIIACHO BbIpaxeHuto (107), To olHOHaNpaBiIeHHAs
cKOpocCTh cBeTa cocTapmiia Obl (108) wmm (109), a ve (61) umm (62).

W3 BhIIIECKa3aHHOTO CIEIYyeT, 4TO eciiu mapaMerp e(v) # 0, Torna BO3MOKHBI pa3iIUYHbIC
uHTeprnpeTanuu  npeodOpazoBanmii  (43)-(44) u  (46)-(47). B CnemmansnHoit  Teopunm
OTHOCHUTENBHOCTH NPHUHATA HHTEPIIPETALMS, YTO CUMUTHIBAHUS YacOB HEOOXOJMMO TPAKTOBAThH
OyKBaJIbHO. DJTO TPUBOAUT K TOMY, YTO pa3Hble HaOMIOAaTeNnu, U3Mepsis Te ke (U3nYecKue
SBJICHUS, IOJIy4alOT pa3Hble Pe3yJbTaThl (MCKIOYEHHEM SBIIAETCS OJHOHAIPABIEHHAs CKOPOCTb
ceera B Bakyyme). B CTO cuutaercsi, 4To 3TO CBOMCTBa NMPOCTPAHCTBA-BPEMEHHU, a HE PE3yNbTaT
PaCCUHXPOHHU3ALMH YaCOB MEXAY UHEPLUAIbHBIMU CUCTEMAMH.

Jlns BTOpOM HMHTEpHpeTanuy 3HaueHus mnapamerpa e(v) mnpunarue e(v) #(0 mnpuBoAUT
K paCCUHXPOHHU3allMM 4YacoOB B MHEPLUAIBHON CHUCTEME, HO IIPHU 3TOM HCIOJIb3YETCSI KNHEMAaTHUKA,
ocHoBaHHas Ha mapamerpe e(v) =0. Ilocne paccHHXpPOHM3ALMU YAaCOB MX 3HAUEHHUS HE CTOUT
TpakToBaTh OykBasibHO. Ecnu B pacuerax mpuHHMaeTcss BO BHUMaHHME (DAKT PaCCHHXPOHHU3AIUH
4acoB, TOT/a Jito0asi KWHEMaTHKa ¢ rnapaMeTpoM e(v) # 0 mepexoauT B KUHEMATHKY C ITapaMeTpoM
e(v) = 0. CornmacHo 3TO¥ MHTeprpeTanuu napaMmerp e(v) He JaeT BO3MOXKHOCTH TOJTYYHTHh HOBBIC
KMHEMaTUKU. Bce KMHEMaTUKH, BO3MOXHBIC Ul IPUHATBIX B 3TOM crarbe moctynaros [-IV,
coziepkarcsi B mpeoopazoBaHusx (85)-(86). KunemaTuku OTIMYAIOTCS TOJIBKO OJHUM MapaMeTpoM
nonepeyHoro cokparienust y(v). B monorpaduu [10] moka3zaHo, 4To MpH TaKOW WHTEPIPETAINH
CTO cranoButrca CTD c¢ yHuBepcanbHOM cucTeMoil orcyera. COIVIACHO 3TOM MHTEPIPETALUU
MHOTHE BBIBOJIBI COBPEMEHHOM (DM3MKH, TMONydYaloOIIMecs Ha OCHOBE MaTeMaTHKH, Ha KOTOPYIO
ormmupaercsi CTO, sBmstorcs omubounsiMu. To ectb Matematuka CTO mnpaBuibHas, HO
MHTEPIIPETALMS 3TOM MaTEMaTUKU — HEIIPaBUJIbHA.

Beenenune mnapamerpa e(v) #0 B mpeoOpazoBanus [ammtes (104)-(105) mnpuBoauT
K npeoOpazoBanusaM (99)-(100). To ecTh mociie pacCHHXPOHU3ALMHU YacOB MEXKIY Pa3TUYHBIMU
MHEPIHUAIBHBIMUA CUCTEMaMU MOJIYJalOTCsl IpeoOpa3oBaHusi, B KOTOPBIX MOKa3aHUS YaCOB CHCTEMBI
U' 3aBucAT 0T uXx nonoxeHus. OIHAKO MO CYTH — 3TO KJacCHuYecKas KMHEMaTHKa, 3alucaHHas
B Oosiee ci0HOM Buje. Benp cnoco® ycTaHOBKM HadajbHBIX 3HAUCHHHM Ha yacax cucteMmbl U’
B KJIACCHUYECKON MEXaHHKE HE BJIMSAET HA MpOTeKaHue (pu3ndeckux mpoieccoB. PopmanbHO, TEM HE
MEHee, MOXKHO 3alucaTh 3Ty KHHEMAaTHKy C UcCHojb3oBaHueM mapamerpa e(v) #0. Ecnm
B KJIACCHYECKOW KHHEMATHKE, 3alUCaHHOW C HCIOoJIb30BaHWeM mpeoOpazoBanmii (99)-(100),
MOKa3aHMs PACCUHXPOHU3UPOBAHHBIX YaCOB OYAYT TPaKTOBATHCS KaK OYKBaJIbHbBIC 3HAUCHHUS, TOTAA
MO>KHO HOJYYUTh BBIBOBI 1101I00HBIE TOJTYYeHHBIM U3 TpeoOpazoBanus Jlopenua B CriennanbHOM
Teopun OtHocutensHOCTH. TO ecTh, HaNIPUMEp, YTO OTHOCUTENBHBI: OJJHOBPEMEHHOCTh COOBITHIA,
3aMeJUIEHHE BpPEMEHHM M INPOAOJBbHOE COKpamleHue. Ecnu Bce-TakM NPUMEHUTh BTOPYIO
UHTEepIpeTanuio, Torna Bce kuHematuku (99)-(100) mpuBOASTCS K KIACCMYECKOW KUHEMAaTHKE,
onrcanHo# npeobpazoanusimu (104)-(105).
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B oro0if crarke mpuHATA WHTEpHpeTalMs mapamerpa e(v) Tak, YTO OH OIHCHIBAET
PACCHHXPOHHU3ALMIO YacOB B MHEPLHUANBHBIX cUCTeMax oTcueTa. B monorpadum [10] B paszene
»dem aensemcs Cneyuanvuas Teopus Omuocumenvnocmu (CTO)” ObUIO BBICKa3aHO MHEHHE, YTO
napameTpy e(v) MOXHO HpHUITUCATh €Il OHY, TPETbi0 MHTeprperanuio. [lapamerp e(v) moxer
OIMCHIBATH MEPEMEIICHNE BO BPEMEHH U MPOCTPAHCTBE, peanusyemoe npeodpazoBanuem. [npoko
INPUHATO CYUTATh, YTO MPeoOpa30BaHUE CBA3ZBIBAET MEXYy COOOM 4achl, HAXOSIIMECS B JAHHBIN
MOMEHT HENOCPEJICTBEHHO PAIOM. TO €cTh NMEpecUUTHIBAIOTCS KOOPAMHATHI OJJHOTO U TOTO K€
COOBITHS, BUAMMBIE W3 Pa3IMYHBIX CHUCTEM OTcyeTa. Tak moHuMaeTcs mpeoOpasoBanue Jlopenua
B CriertmanbHoit Teopun OtHocutensHocTH. Ho Benp mpeoOpa3oBaHHE MOXKET IMEPECUUTHIBATH
KOOPAMHATY IMOJIOKEHUS YacOB K KOOPAWHATE MOJI0KEHHUS TEX K€ CaMbIX YacOB B JIPYroil CUCTEME
0TCYeTa, HO TaKOM, MPU KOTOPOH ATH Yachl OKaXXyTCs B OyAylleM WM HAaXOJUJIUCh B MPOILIOM.
[Ipu Takoil mHTEprperanuu MpeoOpa3oBaHUE HE MEPECUUTHIBAET KOOPAMHAT OJHOTO M TOTO Ke
COOBITHS, @ TOJBKO KOOPJMHATHI pa3iuyHbIX coObITHid. [Ipu Takoi uHTEepnpeTanuu napamerpa e(v)
npeoOpa3oBaHue CBA3BIBAECT KOOPAUHATHI OJTHOTO U TOTO K€ COOBITHS TOJBKO Koraa e(v) = 0.

8. 3nauenue mapamertpa e(v) 1J1s 3amMelJIeHUS BPpeMeHH

8.1. OTHocuTeJbHbII X0 BPEMEHH B IBYX HHEPIIHAJTBbHBIX CHCTEMAaX

B cnywae mpeoOpa3zoBanmii, B KOTOpBIX mapamerp e(v) # 0, Helab3s HEMmOCPEICTBEHHO Ha
OCHOBAHUU IIOKa3aHUU Y4aCcOB YTBEPXKIAaTh, YTO B KAKOW-TO MHEPLHUAIBHOM CUCTEME OTCUYETA BPEMS
TEeYeT MEIJICHHEeEe WM ObIcTpee, YeM B YHHUBEpCalbHOM cucTtemMe orcuera (ubo B Ipyroi
MHEPIHUAIBHON CHCTEME).

PaccmoTpuM nokaszanHyro Ha pucyHke 10 cutyanuro. B nnepuuaneHoii cucreme orcuera U’
HaxoauTcs Habmoaarens O, a B yHUBepcallbHOM cucteMe U HaxoauTest Habmoaarens O.

Y wabmomarens O' B ero cucreMe orcdyera MMerorcss 4dacel B;. Yacel By Haxomdrcs
HETMOCPECTBEHHO ¢ HabmoaareneM. Y HaOmonatens O B €ro CUCTEME OTCUETa UMEIOTCS Yachl A;.
Yacel Ay HaxoIsaTCs HEMOCpenCTBEHHO ¢ HaOmomatenem. HaGmomatenn O u O’ HE MOTYT
HETOCPECTBEHHO CpPaBHMBATh TOKa3aHWUN 4YacoB Ao M By, Tak Kak HaXoJIATCs Ha OOJBIIOM
pPaccTOSHUU APYT OT Ipyra U NOCTOSIHHO JIBUXKYTCSI OTHOCUTENIBHO JIPYT ApyTa.

Kaxxapiii u3 aTix HaONrOAaTeneil MOXeT B 000K MOMEHT CHSTH IMOKa3aHHs C JABYX 4YacoB,
HaXOJISALIMXCS] HETTOCPEACTBEHHO psioM ¢ HUM. Habmonarens O MOKET CUMTHIBATh BPEMS CO CBOUX
4acoB Ao U MPOXOJALUIMX MUMO HEro 4yacoB B;. C KOHKPETHBIX 4acoB B; MOXET CUHUTaTb BpeMs
TOJIBKO OJWH pa3, KOIZJa 3TH 4Yachl HAXOAATCA PsioM ¢ HUM. Kaxzplil pa3 mpu CUMTHIBAHUHU
BPEMEHMU C YacoB B; AENAET 3TO C pa3HbIX YacoB.

9TH YacHl MPOJIETAIOT MUMO
HaoOmonareis O
A

UV
9TH YacHl MPOJIETAIOT MUMO
HaoOmogarens O’
~ Y )

4

Puc. 10. BpeMeHa, HU3MECPACMBIC IBYMA Ha6J'IIO,HaTeJ'IHMI/I 13 Pa3JINIHbIX CUCTCM OTCUCTA.
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AmnanoruyHas cUTyauus cBsizaHa ¢ HabOmronatenem O'. Habmoparenbs O' MOXKET CUMTHIBATD
BpEMS CO CBOMX 4YacoB By U MpOXOASIIMX MUMO HEro 4acoB A;. C KOHKPETHBIX 4acoB A; MOXKET
CUMTATh BpeMs TOJBKO OJMH pa3, KOTJa ATH 4Yachl HAXOIATCSA psaoM ¢ HuM. Kaxapli pas npu
CUUTHIBAHUU BPEMEHU C YacCOB A; IEJIaeT 3TO C Pa3HbIX YACOB.

HaGnronarenb MOXET CUMTBHIBATH BPEMS C YacOB, KOTOpPhIE B JAHHBI MOMEHT HaXOIATCS
psanoM ¢ HUM. MoXkeT Takke (PUKCHpOBATh MOJIOKEHUE TAKMX YAaCOB OTHOCHUTEIHHO KOOPAWHAT
cucreM U u U'. BoiBeZieHHBIE B 9TON CTaTbhe MpeoOpa3oBaHusl BPEMEHH M KOOPIAMHAT MOJI0XKECHUS
CIIyKaT Ul Iepecuera MOKa3aHUi OTHOCUTENIBHO OJJHOM CUCTEMBI OTCYETA K MIOKa3aHUSIM B IPYrou
CUCTEME OTCUETA.

B paccmatpuBaemoii cutyaumu it Habmogarenss O U3 yHUBEPCAIbHON CHCTEMBI OTCUETa
MPUMEHNMO BBIpaXeHUE [Tl 3aMe yieHus Bpemenn (50), a ans vabmroaarens O' U3 MHEPIUATHHOM
CHCTEMBI OTCUETa IPUMEHUMO BBIpaXKEHHE 1151 3ameuieHust Bpemenu (51). To ects Habmomarens O
OLICHUBAECT OTHOCUTEJIBHOE TEUEHUE BPEMEHH Ha CPABHUBAEMBIX UM Yacax CIEAYIOIIMM 00pa3oM

!
dx=0 = d—tzL—ev2 (116)
. yy

Hab6mronarens sxe O' OlIeHHBAaeT OTHOCHTEIBHOE TEUCHHE BPEMEHH Ha CPaBHUBAEMBIX UM
qacax CIeIyIOLUIM 00pazom
a1
dx'=0 = —=—o (117)
a  yy

To ectb ecnu e(v) # 0, Trorna Habmogarenn O u O' MO-pa3HOMY OLEHIT OTHOCHUTEIBHOE
TE€YCHHE BpeMeHH (3TO OBUIO OTMeueHO B mojpasnene 4.1). JlonoJHuTenbHO HE00X0MMO 00paTHTh
BHHUMaHHE Ha To, 4To Habmoaarean O u O’ CYUUTHIBAIOT MOKA3aHUS BPEMEHH C Pa3HBIX YacOB.

Jns nabmomatens O U3 yHUBEPCAIBHOM CHCTEMBl OTCUETa TEUEHHE BPEMEHHU Ha dacax B;
U3MEpSETCS HE OAHUMM YacaMH, a MHOTMMHU IIOCJIEA0BATEIbHO MPOXOAAIIMMU MUMO Yyacamu. Ecnu
4ackl B; pacCHHXPOHU3UPOBaHbI, Toraa HaOmogatens (', CUNTHIBasS C HUX BPeMs, HE HU3MeEpseT
peasibHOTO TeueHus BpeMeHu B cucteme U'. B Beipaskenuu (116) npucyTcTByeT MHOKHUTETH e(v)V,
ONMCHIBAIOLIMI BIIMSHUE PACCUHXPOHM3ALMU YacoB B; Ha 3aMEJUIEHHE BPEMEHH, H3MEpSEMOE
Habmonatenem O.

Habmronarens O' u3 MHEPIHUAIBHON CUCTEMbI OTCUETA OLICHUBACT 3aMEJICHHE BPEMEHHU Ha
OCHOBaHMHU TIOKa3aHUM YacoB A;. OTM Yachl HEMOJBM)XHbI OTHOCHUTENIBHO 3dupa u Obuln
CHHXPOHHM3UPOBAHbl C HCIOJIb30BAaHHMEM CBETa, KOTOpPBIA M3 IOCTyJara HMeeT B ddupe
OJIHOHAMPABIEHHYIO CKOPOCTh cO 3HadeHueM c. U3 3aBucumoctu (117) cnenyer, uro nmapamerp e(v)
HE BJIMSET Ha U3MEPEHUE 3aMeIJICHUs BPEMEHH, ocyliecTBisiemoe Habmonarenem O'. To ecTh 4achl
A; He ObUIM PAaCCHHXPOHM3MPOBAHBI 3TUM mnapamerpoMm. HaOmonatens O' cuumThIBaeT peaibHOE
TE€YEHHE BPEMEHU B YHUBEPCAIBbHOH cucteMe orcuera U.

Ecmu e(v) # 0, Torna usmepenus 3ameaiieHust BpeMeHu HaomogarensiMu O u O' pa3IuyHblL.
[TosToMy Henb3s OOBEKTUBHO YTBEPXKAAaTh, YTO B OJHON CHCTEME OTCYETa BpeMs TedeT ObIcTpee,
a B Apyroil — MeijeHHee. 3aTO MOYXKHO YTBEPXKAATh, YTO UX Yachl HE CHHXPOHU3UPOBAHBI.

8.2. Xoa BpeMeHH B NOJABUKHON MHEPUHUATBHOMH CHUCTEMe

To, uro mapamerp e(v) ONMUCHIBAET CMOCOO PACCHHXPOHU3AIMHM YacOB B WHEPIUATHHBIX
CHCTEMaX OTCUeTa, MOXHO 3aKJIIOYUTh TAaK)KE¢ HAa OCHOBAaHHMHM 3aBHUCHMOCTH IS 3aMEJICHUS
Bpemenu (50). HaGmonarens O, mpexactaBieHHbIH Ha pucyHKe 10, HEMOABMXKEH OTHOCHUTEIIHLHO
YHUBEPCAIBHOM CHUCTEMBI OTcUeTa U M OLIEHMBAET TEUCHUE BpEMEHHU B cucteMe U Ha OCHOBaHUU
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IIOKa3aHUH O0JHUX 4acoB 4. Tak Kak Bce 4yachl OTMEPSAIOT BPEMsI COTJIACHO OCH BPEMEHH, [I03TOMY
Te4YeHUE BPEMEHH Ha Jacax Ao yaoBIeTBopseT ycnouio dt > 0. Ha ocHoBanuu (50) nomydaem

dx=0 A dt>0 A e(v)>;2 = di'<0 (118)
rMy()v

To ectp Habmomarens O CUMTHIBAET BpeMsi Ha OYEpEAHBIX yacax B; U yTBEp)KIaeT, 4To
OuepeHbIe OTCUYEThI YKa3bIBAIOT HAa Bce OoJjiee paHHHME MOMEHTHI BpeMeHu. Eciu Obl Habmogarensb
O TpakToBaJl TaKMe OTCYEThl OYKBAJIbHO, KaK 3TO B HacTosIee Bpems aenaercs B CnenuaabHOR
Teopun OTHOCHTENBHOCTH, TO 3AKJIIOUMI OBbI, YTO B MHEPLHUAIBbHOW cucteme orcuera U’ Bpems
TedeT oOpaTHO. OHAKO 3TO HE MpaBJia, TaK KaK COIJIACHO MOCTYNATy KaXable Yachl B; OTMEPSIOT
BpeMsl COTIIACHO OCH BpeMeHH. [IpuunHa Takoro cTpaHHOTO U3MEPEHHUs B TOM, YTo Habmoaarens O,
CUMTBIBAs BpeMs Ha yacax B;, HE U3MEpSET PEaJIbHOI0 TEUEHUSI BpPEMEHU B MHEPLMAJIbHOM CUCTEME
orcueta U'. Ha ero um3sMmepeHue BIMSET TO, KaK dYachl cucteMbl U’ pacCHMHXpOHM3MPOBAHBI
napamerpoMm e(v). To ectb ecnu 4achl B;j CHIBHO OIAa3JbIBAlOT MO OTHOIIEGHHIO K 4YacaMm B;
(¢, <<t!), Torma tedeHue BpeMeHH, H3MepseMoe HabmomarenemM O Ha 4dacax B; u B, Oynmer
otpunatenbHbiM (¢, — ¢/ < 0). Croco0 pacCHHXpPOHM3AIMH YacOB IMPEJCTaBICH Ha pPHUCYHKE 9.
YroObl Takoil a¢dexT Habmonancs, nmapamerp e(v) NODKEH NPUHUMATh JOCTAaTOYHO OOJbIINE
MI0JIOKUTEIbHBIE 3HAYEHMSI. DTO IPEJACTABIECHO Ha pUCYHKe 11.
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Puc. 11. Bimsnaue 3Hauenus napamerpa e(v) Ha U3MEpEHHE BPEMEHH B BIDKYILEHCS HHEPIMATbHON CHCTEME
HAOIIOAaTeNIeM U3 YHUBEPCAITBHOMN cucTeMbl oTcuera (df > 0u w(v) = 1).

Ota npobnema Obla MpeaCTaBiIeHAa MHAYe B pasnene 6.7, rie Ha MpUMepe pacIlupEeHHBIX
npeoOpasoBanuii ['ammiies ObUIO TMOKa3aHO, YTO OLIEHKA TEYEHUS BPEMEHM Ha OCHOBAHHH
[IOKA3aHUM JBYX PA3HBIX YacoOB, JAKE€ €CIU OHU B OJHOM M TOH K€ HMHEPLHUAIBLHON CHUCTEME,
NPUBOAMUT K OIIMOOYHBIM BbIBOJAM, eciiu napamerp e(v) # 0. B takom ciydae ecnu HaOmonaTensb
CUMTBHIBAET HA OJHUX 4Yacax 3HAUEHUE f), 3aTEM Ha CIEAYIOLUIMX Yacax — 3HA4Y€HHUE f, TO 3TO HE
03HAYaeT, YTO MEXJy CUMTBIBAHUSIMM MPOILLIO BpeMs # — f). Ha pasHOCTb # — £ BIUSET peaabHOE
TEYEHHE BPEMEHH, a TAKXKE TO, B KAKON CTENEHH 3TH JIBOE YACOB PACCUHXPOHU3UPOBAHBI.

8.3. HpaBHJ’lLHBIﬁ crnocoo CUHXPOHM3AIUHA YaCO0B B MHEPIHHUAJTBHBIX CUCTEMAX

Teneps Oyner mpeacTaBiIeHO J0Ka3aTelNbCTBO TOTO, YTO CHHXPOHM3AIMS YacOB IO METOMY
OiHIITeHa (BHYTPEHHMM METOA0M) (aKTHUYECKHd MPHUBOJUT K PACCHUHXPOHM3ALMM YacoB
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B MHEPLUHMAIBHBIX cHcTeMax. B oOmeM, 3To o3Hadaer, uro eciu mapamerp e(v)# 0, To 4Yacel
B MHEPLMAIBHBIX CHUCTEMAX PAaCCUHXPOHM3UpPOBaHbl. C Ipyroil CTOPOHBI, CHHXPOHHU3ALUs 4YacoOB
BHEIIIHUM METOJIOM, TO €CTh OTHOCHUTEIBHO YaCOB U3 BBIIEICHHOM CUCTEMBI OTCYETA, NPUBOIAUT
K NIPaBUJIbHON CUHXPOHU3ALMH.

Buemnsas cuHxpoHuzanus Oblia mpeanokeHa B cTatbe [3], HO Oe3 JoKa3areiabcTBa ee
IIPaBUJIBHOCTH, MPEACTaBIEHHOM 31ech. CTaThs [3] conepKUT HEBEPHBIN BbIBOA, uTO CrienuanbHas
Teopuss OTHOCUTENBHOCTH (B TOM CMBICJE, KOTOPBIA MPHUIIUCHIBACTCS € CEro/iHs) SKBHBAJICHTHA
TEOPUH C IPHPOM.

Msbl mpenmosiaraem, 4To s HaOmronaTtens W3 BBIACTICHHOM cuctembl otcyera U
OJIHOHAIIPABJICHHAs! CKOPOCThb CBETA UMEET IIOCTOSHHOE 3HA4eHUE ¢. MBI TakKe Ipearnonaraem, 4ro
MPOCTPAHCTBO VI 3TOTO HaOMIONATENs SBISETCS OJHOPOIHBIM, TO €CTh OHO MMEET OJMHAKOBBIC
¢u3nyeckue CBOICTBA B KaXJIOW TOuke (OJHOPOAHOCTH BBITEKACT W3 MpearnoyioxkeHus [V
C/ICIIAHHOTO B rjase 3).

B uactu a) pucynka 12 moka3aH moess, KOTOPbIH HE JBMXKETCS OTHOCHTEIBHO BbIICICHHON
cucreMsbl orcuera U. Bee yacel B oeszie ¥ B cucteme U HEenmoABUKHBI [10 OTHOLLIEHUIO IPYT K APYTY
U ObUIM CHHXPOHU3HUPOBAHBI C MOMOILNBIO CBeTa. B NaHHBIE MOMEHT OHM YKa3bIBaIOT 3HAYCHUE
t'=t=0.

>0 U’ >0

T U O O O

t=t"+const(t)

X, t U

Puc. 12. CI/IHXpOHI/IBaHI/IH YaCOB B MHCPHUAJIBHBIX CUCTEMAX MCTOAOM HUX YCKOPCHUS.

|I||

=t"+const(t) t=t"+const(t)

Iloe3n HauMHaeT ABUIaTbCA C YCKOPEHHUEM, IIOKA €r0 CKOPOCTh OTHOCUTENBHO CUCTEMbI U
HE JOCTUTHET OIIpENeNeHHOro 3HaueHus v > (. Bce BaroHel yCKOpSIOTCS OJMHAKOBO. Barosl
HEXECTKO CBSI3aHBI MEXIY COOOH, TOATOMY 3TO HE MPOTUBOPEUHUT SBJICHHUIO COoKparieHus JlopeHma-
Ouiypkepanpaa. Maes 3axitoyaeTcss B TOM, YTO €CJIM BaroHbl YKOPauMBaKOTCs, TO OJHOBPEMEHHO
paccTossHUE MEXJIy HMMH COOTBETCTBEHHO yBenuuuBaercd. llocie nocTmkKeHHs CKOPOCTH V BEChH
M0€3/1 HAXOJUTCS B MHEpLHUAIBbHOU cucTteme U'. DTO MOKa3aHO B 4acTH 0) pucyHka. Kaxkpie yachl
HaxoJsIMecs B IIOE3A€ NPOJETAIOT MHUMO HEKOTOPBIX YacOB HAaXOAAIMXCS B BbIACICHHOU
cucreme U.

IlockonbKy BO BpeMsl YCKOPEHHUS BCE BaroHbl IBUTAIUCh OJUHAKOBO, IO3TOMY AJIs
HabOmromatenss 3 cucrteMbl U Bce yachl M3 MOe3Aa M3MEpsIM Bpemsi oanHakoBo. He umeer
3HAUEHUs, KaK YCKOPEHHME BIIMAET Ha TEMII, C KOTOpPbIM Yachl B IOE3AE€ M3MEPSIOT BpEMSL.
CnenoBarenbHO, 3HAUYEHHUE, YKa3aHHOE JIOOBIMH YacaMd B TOE€3/€, OTIMYACTCS OT 3HAYCHHUS,
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YKa3aHHOI'0 IIPOJICTAIOIIUMU MUMO 4YaCaMHU CHUCTCMbI U, Ha OJHO U TO XK€ 3HA4YCHHC. Takum
o0Opa3om, UMeeT MECTO

t—t' = constans(t) (119)

TakuMm CBOMCTBOM OONAMAIOT JIMIIL YacChl, OMMMCHIBAEMbIC MPEOOPA30BAHUSIMH, B KOTOPBIX
e(v) = 0. B HECKOJIBKO MHOM KOHTEKCTE JTO MOKa3aHO Ha pucyHke 8. HampoTuB, mpeoOpa3oBaHus,
B KOTOPHIX e(v) # 0, HE YAOBIETBOPSIOT 3TOMY CBOMCTBY. DTO MOKa3aHO HA PHUCYHKE 9.

[Ipouenypa, mpeacTaBieHHas BbIIe (PUCYHOK 12), SIBISIETCS €CTECTBEHHBIM U MPABUIIbHBIM
METOJIOM CHHXPOHHM3allMd 4YacOB B WHEPIHUAIBHBIX CHCTeMax. EcIu TpoCTpaHCTBO Jyis
HaOmogaTens U3 cucteMbl U OJTHOPOAHO, TO Yachl B MOJBIKHON WHEPIHAIBLHOM CHCTEME JOJKHBI
ynoBieTBopsATh ycioButo (119). Otcioga cnemyer, 4to B mpeoOpa3zoBaHUsIX, B KOTOPBIX e(Vv) # 0,
9achl PACCHHXPOHU3UPOBAHBI.

9. 3axiauyeHue

B craTthe npeacTraBjeH OPUTMHAJBHBIA MeETOJ MCCJIeI0BaHUsS IpeodOpa3oBaHHA
BpeMEHH M IO0JIOKeHHMS B OTHOILICHMHM INpHeMJIeMbIX HMHTepIHpeTanuil, KOTOpble MOKHO
OTHECTH K 3THM Npeodpa3oBaHUAM.

B crartbe BbIBEIEHBI BCE BO3MOXKHBIC IUHEHHBIE MPEOOpPA3OBaHUs, YIOBJICTBOPSIONINE
pe3ynbTaTam 3KcrepuMeHToB MaiikenscoHa-Mopnu u Kennenu-Topunaiika (0e3 Bpamenus). Ha
OCHOBaHUU ATHX MPe0Opa30BaHU MOKHO MOCTPOUTH MHOYKECTBEHHBIE KHHEMATUKH C Pa3IMYHBIMU
¢dusnueckumu cBoiictBamu. CyliecTByeT OSCKOHEUYHOE MHOXKECTBO KHHEMATHK, COTJIACYIOIIUXCS
C DKCIIEPUMEHTAMMU [0 U3MEPEHUIO CKOPOCTH CBETA.

B 3710ii craThe Takke MPOJAEMOHCTPUPOBAHO, YTO CYIIECTBYET OECKOHEYHOE MHOMXKECTBO
pa3IMYHBIX KHHEMATHK, B KOTOPBIX OJTHOHAMPABJICHHAS CKOPOCTh CBETa B BAKyyMe€ UMEET B JIF0O0OM
HaIpaBJICHUHU U B JTFOO0H MHEpLIMATBHON CUCTEME OTCUeTa 3HaueHue ¢ (mpeodpazoBanus (79)-(80)).
CrnenuanpHas Teopuss OTHOCHUTENBHOCTH SIBISICTCS JIMIIL OJHOM M3 A3TOro OECKOHEYHOTO
MHOECTBAa KHHEMATHK.

SBnenue nunonsHOM aHm3orponuu PU nokassiBaeT, 4TO CYLIECTBYET YHHUBEpCalbHas
CHUCTEMa OTCUYE€Ta, B KOTOPOM 3TO M3Iy4EHHE OJHOPOJHO. DTO MOKA3bIBAET, YTO B PEATbHOCTH
HMHEPIHUAJIbHBIE CUCTEMbI OTCUETA HKCIIEPUMEHTAIBHO PA3IUYUMbl, TO €CTh HE3KBUBAJIEHTHBI. JTO
CJIelyeT U3 TOr0, YTO JaXKe €CJIM MPENOI0KUTh, YTO OJTHOHAIIPABJICHHAs! CKOPOCTh CBETA SIBJISIETCS
abcomrotHOM, To CnermanbHas Teopuss OTHOCHUTENBHOCTH HE SBJSETCS MPABUIHLHOH MOJAEIBIO
pealbHBIX TMpoIeccoB. Ecnu oAHOHampaBlieHHAas CKOPOCTh CBeTa aOCOJIIOTHO MOCTOSIHHA, TO
MPABWJIBHON MOJIENBIO PealbHBIX MPOIECCOB OyAeT KMHEMAaTHKa, OCHOBaHHAs Ha MPeoO0pa3oBaHUU
Jlopennia ¢ monepeyHsiM cokparieHuem (79)-(80).

Kunematuku, B KOTOpPBIX OJHOHAIpaBJ€HHAas CKOPOCTh CBETa BCErjJa IOCTOSIHHA,
BO3MOXHBI, €CTIM MIPUHATH UHTEPIIPETALNIO Napamerpa e(v), kak npunaro B CrnennansHoir Teopun
OTHOCHUTENHHOCTH, TO €CTh OH OIUCHIBACT CIeM(PUUECKUE CBOKWCTBA MPOCTPAHCTBA-BPEMEHH, a HE
PACCHHXPOHU3AIMIO YaCOB B MHEPIUATIBHBIX CUCTEMAX OTCUETA.

Opnako mapameTp e(v) MOKHO HHTEPIPETHPOBATh MHAYE, TO €CTh YTO OH OIHKCHIBACT
CHoco0 pAcCCMHXPOHM3AIMM YacOB B WHEPLUUAIBHBIX CHCTEMaxX OTCYeTa IO OTHOIICHUIO
K YHUBEpPCAJIbHOUW cucTeMe oTcuera. B crarbe chopMylupoBaH TE3WC, YTO MPUHATHE MapameTpa
e(v) # 0 mpUBOAUT K PACCUHXPOHU3AIMH YACOB MEXKIY PA3TMYHBIMU MHEPUUATBHBIMU CUCTEMaMHU
otrcueta. Ho crmoco0 ycTaHOBKHM HadajdbHBIX 3HAYCHHM Ha Yacax, HAXOMAAIIUXCS B WHEPIIHAIbHBIX
CHUCTeMax OTCYeTa, HE BIMSET Ha MpoTeKaHwe (u3mueckux mporeccoB. Eciam mpuHATH Takyro
MHTEPIIPETAIINIO TOT0 IMapaMmeTrpa, TO Jodas KHHeMaThka ¢ mapameTpoMm e(v) # (0 mpuBOAUTCS
K KHHEMaThKe, OCHOBaHHOW Ha mapamerpe e(v) =0. IlodTOMy eIMHCTBEHHBIM MapaMeTpPOM,
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KOTOPBIM MOTYT OTJIMYaThCS KHUHEMAaTUKH, YyIOBJeTBopsouie mnocryiaaram -1V, saBmsercs
napameTp MOINEepeyHoro cokpamieHus /(v). Torma HEBO3MOXXHBI KHHEMAaTHKH, B KOTOPBIX
OJITHOHAIPAaBJICHHAs CKOPOCTh CBETa IOCTOSHHA B JII00OM MHEpLMANIbHOM cucteme oTcueTa. Bee
KMHEMAaTUKH coJepkarcs B mpeoOpasoBanusx (85)-(86). BreipaxkeHue st OAHOHANPABICHHOM
CKOPOCTH CBETA JIJIsl STUX KUHEMATHUK BBIBEJICH B cTaThe [12].

B crarbe ObUIO MPOJEMOHCTPUPOBAHO, YTO MHTEpPIIPETALUs MapaMmerpa e(v) Tak, Kak 3TO
npuasaTo B CTO mpuBoaut x mpotuBopeunto (pasmenst 4.5, 6.7 u 8). To ects oOmenpuHsTas
B (u3MKe MHTEpHpeTalys 3TOro mnapamerpa — omubouyHa. [IpaBuiabHas MHTEpPIIpPETAIUsl 3TOTO
napameTrpa TakoBa, 4To eciu e(v)#0, ToO dYacel B MHEPIHAIbHBIX CHUCTEMax OTCYETa
paccMHXpOHU3UPOBaHbL. Torna Henb3s OyKBAJIbHO CPaBHUBATH OTCUETHI BPEMEHU C pa3HBIX YacoB
OJHOM U TOM K€ MHEPLHUAIBHOW CUCTEMBI OTCYETA.

HezaBucumo ot cmocoba mHTepnperanuu mnapamerpa e(v), mapamerp (V) He sBIseTcs
M3MEHeHHeM MacmTaba. DTO O4YEeBHIHO, €CIHM 3aMETHTh, YTO B KaXKIAOW MHEPLUAIBbHOHN cucTeMe
OTCYeTa M3MEPEHHUS BBINOJIHSIOTCS C HCIOJIb30BAHUEM TEXHUYECKH MICHTUYHBIX YCTPOMCTB.
CHauana B KakOH-TMOO MHEPIMAIbHOM CHUCTEME OTCYeTa MPOU3BOAATCS WACHTHYHBIC 4achl JUIs
M3MEPEHUsT BPEMEHU W HJCHTHYHbIC JMHEWKU I M3MepeHHs paccTosHui. [lanmee 9acTh 3THX
YCTPOMCTB MEPEHOCUTCS] B JIpyrue HWHEpLUAIbHBIE CHUCTEMbl. BbIBeleHHBIE B O3TOH CTaThe
npeoOpa3oBaHUs OINMKCHIBAIOT CBSA3M MEXKAY H3MEPEHHMSIMU YKAa3aHHBIMH BBIINIE WJCHTUYHBIMU
YCTPOMCTBaMHM, pa3MEIICHHBIMUA B YHHUBEPCAJIILHOW CUCTEME OTCYETa M PA3JIMYHBIX MHEPIHAIbHBIX
cucremax orcyera. Jlioboe m3MeHeHue mapamerpa (V) MPUBOAUT K M3MEHEHMIO (PU3MUYECKHX
CBOMCTB KHMHEMATUKU. J[OCTaTOYHO 3aMETUTh, YTO JTOT MapaMeTp OIpeNeNseT 3aMeaieHHue
BpPEMEHH, OMUCAaHHOTO BhIpaxeHueM (51). To ecTh TO, Kak U3MEHSETCS CIIOCO0 U3MEPEHHS BpEMEHU
JBIDKYLIUXCS OTHOCHTENBHO YHHBEPCAJIBHOM CHUCTEMBl OTCYETa YacOB B 3aBUCHMOCTHU OT
napamerpa y(v).

Bce skcnepuMeHTHI, MPOBOAMMBIE YEJIOBEKOM, HAONIONANKCh M3 HHEPLHMAJIBHBIX CHCTEM
OTCYeTa, JBHUraBIIMXCA C HEOOJNBIIMMH CKOPOCTSIMHU OTHOCHTEIBHO YHUBEPCAIBHON CHCTEMBI
orcyera (pucyHok 6). Takue sKCEpUMEHTHI HE JAIOT OTBETa OTHOCUTENBHO TOTO, KaK BBITJISAAT
3aKOHBI TPHUPOJABI A HaOmomaTenel B HHEPLUUANbHBIX CHUCTEMax OTCYETa, JBHMIAIOIIUXCS
c OOJIBIIMMU  CKOPOCTSIMH ~ OTHOCHUTENIBHO  yYHUBEpCAIbHOM cuctembl orcuera. [lostomy
B (DM3MYECKHUX TEOPUSAX OCYLIECTBIISCTCS IKCTPATIOJISALMS PE3YIbTaTOB, MOJYYCHHBIX B JIOCTYITHBIX
HaOroaTeNi0 cucTeMax oOTcueTa, Ha JpyrHe HWHEpLHUalbHble CHUCTeMbl oOTcueta. Ho Beap
JIOMyCKaeMble Kak MpaBUJIbHBIC MOJEIHM pPEaJbHBIX MPOIECCOB KHHEMAaTHKH OCHOBaHBI Ha
peoOpa3oBaHUsAX, KOTOPbIE HE yIOBIETBOPSIOT mocTynaty III Bo Bcex MHEpIMAIbHBIX CHCTEMaxX
OTCYETa, a JIUIIb B CUCTEMaX, JOCTYIHBIX Il SKCIICPUMEHTOB.

[Ipo6nema, yTo MareMaTHUECKUM (GOpMyJaM MOTYT ObITh Ha3HAUEHBl pa3HbIE (PU3UUECKUE
MHTEpIpEeTaINY, KacaeTcs He TOJIbKO mpeobpasoBanus Jlopenua. Hanpumep, B ctatbe [16] Obu10
MOKa3aHO, YTO TPABUTALMOHHBIC BOJHBI MOKHO WHTEPIPETHUPOBATH KaK OOBIYHYIO MOIYIISLIUIO
HaNPsHKEHHOCTH T'PAaBUTALIMOHHOTO TOJIS.

JIns KakaoM KHHEMaTUKH MOKHO BBIBECTH OECKOHEUHOE MHOJXKECTBO IMHAMHUK. MeTof,
KOTOPBIA 3TO TO3BOJIET CAeNaTh, MokazaH B paborax [10] u [14], a B cratbe [15] mpencraBieHo
00BsICHEHUE TOTO, YTO TAKOE BPEMs B KHHEMATHKAX.
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Abstract:

The paper presents a formal proof that the mathematics on which the Special Theory
of Relativity (STR) is based is currently misinterpreted. The evidence is based on an analysis
of the importance of parameter e(v). Understanding the meaning of this parameter was
achieved by analyzing the general form of transformation, for which the Lorentz
transformation is only a special case. If e(v) #0 then the clocks in inertial systems are
desynchronized. Measurements, e.g. one-way speed, using such clocks do not give real values.

The article shows that there are infinitely many different transformations in which one-way
speed of light is always equal to c¢. The Lorentz transformation is only one of those infinitely many
transformations.

In this article, the whole class of linear transformations of time and coordinate was derived.
Transformations were derived on the assumption that conclusions from Michelson-Morley’s and
Kennedy-Thorndikea’s experiments are met for the observer from each inertial frame of reference,
i.e. that the mean velocity of light in the vacuum flowing along the way back and forth is constant.
It was also assumed that there is at least one inertial frame of reference, in which the velocity of
light in a vacuum in each direction has the same value ¢, and the space is isotropic for observers
from this distinguished inertial frame of reference (universal frame of reference).

Derived transformations allow for building many different kinematics according to
Michelson-Morley’s and Kennedy-Thorndikea’s experiments.

The class of transformations derived in the study is a generalization of transformations
derived in the paper [12], which consists in enabling non-zero values of parameter e(v). The idea of
such a generalization was suggested to me by Grzegorz Koczan which is not a critic of Special
Theory of Relativity, but develops it and deepens its understanding (eg see [2]).

Keywords: coordinate and time transformation, kinematics, universal frame of reference, one-way
speed of light, anisotropy of cosmic microwave background
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