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AHHOTALIMA:

B craTtbe mpexacrasieHo (opMalibHOE J0Ka3aTeJbCTBO TOI0, YTO MaTeMaTHKAa, Ha
KkoTopoii ocHoBbiBaercss CrnemmanbHas Teopus OtHocutenbHoctn (CTO), B HacTosimnee
BpeMsl HeBepHO MCTOJKOBaHA. /[0Kka3aTe/bCTBO ONMPAETCS HA AaHAJIN3 3HAYEHHMS MapaMeTpa
e(v). Illonnmanne 3HaYEeHHUS ITOr0 MapaMeTpa BO3MOXKHO OJarogaps aHajau3sy o0mei ¢popmbl
npeodpa3oBaHus, VI KOTOPOro mnpeodpa3oBanue JlopeHua sBJsieTC JHIIb YACTHBIM
ciyqyaeM. Ecim e(v)#0, Torma 4Yacel B HHEPHHAJBLHBIX CHCTEMAaxX OTcYeTa
PACCHHXPOHU3UPOBaHbl. BeanumHbl, HanpuMmep, OJHOHANPABJEHHOH CKOPOCTH MpH
HCIIO0JIb30BAHMHU TAKMX YACOB He Jal0T peajbHbIX 3HAYCHHIA.

B crarbe TmoOKa3aHO, UYTO CyIIECTBYeT OECKOHEYHOE MHOXECTBO  PAa3IUYHBIX
npeoOpa3oBaHuii, B KOTOPBIX OJHOHAINpPaBJIEHHAs CKOPOCTh CBETa Bcerja paBHa c. [IpeoOpazoBanue
JlopeHtia sBAsIETCS JUIIB OJTHOM U3 3TOT0 OECKOHEYHOT0 MHOKECTBA IPe0Opa3OBaHU.

B crathe BbIBeneH LeNblid KJIAacC JMHEHHBIX NMpPeoOpa3oBaHUl BPEMEHH U MOJOXKCHHSL.
[IpeoOpa3oBaHusl BBIBEICHBI B IMPEAINOJIOKEHHH, YTO Ui HaOmionaTens J00OH WHEpLUaIbHOU
CHUCTEMBl OTCUETa BBINOJHIIOTCS BBIBOJBI 3KCIIEpUMEHTOB MaiikenbcoHa-Mopiau u Kennenu-
TopHpaiika, a UMEHHO, YTO CPEIHssl CKOPOCTh CBETA B BaKyyMe€, paCIpOCTPAHSIOIIErOcs B IPSIMOM
1 00paTHOM HAIpaBIICHUHM, SBISETCS MMOCTOSHHON. BBIJIO MpennosokeHo Takxke, YTO CYIIECTBYET
XOTs1 OBl OJIHAa MHEpPLHUAIbHAS CUCTEMa OTCUYETa, B KOTOPOM CKOPOCTh CBETa B BaKyyMe B JIFOOOM
HaNpaBJICHUU UMEET TO K€ 3HaYCHHUE ¢, U [yl HaOJtoJaTenei 3Toil BbIIEIEHHOW CUCTEMBI OTCUETa
(yHUBEpCAIbHOM CUCTEMBI OTCYETA) POCTPAHCTBO U30TPOITHO.

BriBeieHHbIe TIPe0OPa30BaHUs MO3BOJISIIOT MOCTPOUTh MHOXKECTBO PA3JIMUYHBIX KHHEMATHUK,
COrJIacyroIIMXcs ¢ 3kcnepuMenTamu Maiikenbcona-Mopiu u Kennenu-Topaaaiika.

BeiBeneHHBIE B cTaThe Kiacc MpeoOpa3oBaHMN MpeNCTaBisieT coOoi  006oOeHne
npeoOpa3oBanmsl, BeIBeIeHHOTO B padoTe [10], ocHOBaHHOTO Ha AOMYNICHUN HEHYJIEBbIX 3HAUCHUH
napametpa e(v). HMpes takoro o0oOILIeHHs MpHUIIA OT YesoBeKa, KOTOPBIM Mepedan MHE 3TOT
paciMpeHHbIN Ki1acc MpeoOpa3oBaHM I aHATIN3a U ITyOTUKAIIH.

KawueBble ciaoBa: mpeoOpa3oBaHHe BpEeMEHH M TIIOJIOKEHUS, KHHEMAaTHKa, yHUBEpCalbHas
CHCTEMa OTCUETa, OJHOHAIIPABJIEHHAsl CKOPOCTh CBETA, AaHU30TPONHMS pENUKTOBOTO M3nydenus (PH)
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1. BBeaenue

BriBenieHHBIN B CcTaThe Kiacc MpeoOpa3oBaHM sABIsSETCS 00O0OIIEHHEM MpeoOpa3oBaHMs,
BbIBe/IeHHOTO B paborte [10]. B aToii paGore ObuiM BhIBeIEHBI Bce JIMHEHHBIE MpeoOpa3oBaHUS,
BO3MOXHBIe a5 mapameTpa e(v) =0. B pabote [11] BIMONHEH aHANIM3 OJHOTO W3 YKa3aHHBIX
npeoOpa3oBaHui.

B coBpeMeHHOH (¢u3MKE IIHPOKO PACHPOCTPAaHEHO MHEHHE, YTO OSKCIEPUMEHTHI
Makenbcona-Mopiu [3] u Kenneau-Topnpaiika [1] nokazayid, 4TO CKOPOCTh CBETa SIBISETCS
aOCOJIIOTHO TOCTOSIHHOM, a TakXke, 4TO HE CYIIECTBYET YHHBEPCAIbHON CHUCTEMBI OTCUETa,
Ha3zpiBaeMoil 3¢upom. Ha ocHOBe aHanm3a yKa3aHHBIX HKCIEPUMEHTOB OBUIO BBIBEICHO
npeoOpazoBanue Jlopeniia, Ha koTopoe onupaercs CTO. B Hacrosiee Bpems cunurtaercs, uro CTO
ABJIAETCS €IUHCTBEHHOW TEOpHEeH KUHEMATHKH TeJl, IPABWJIBHO TNOSICHSIOIIEH 3KCIIEPUMEHT
MaiikenscoHa-Mopiu, a Takke Bce APYrMe€ 3KCIEPHUMEHTBI, B KOTOPBIX H3MeEpsIach CKOPOCTb
CBETa.

Oxka3bIBaeTcs, 4YTO OJHOHAIpAaBJIEHHAs (MTHOBEHHAas) CKOPOCTb CBETa HUKOTJAa TOYHO HE
Obuta u3MepeHa. Bo BceX TOYHBIX HM3MEPEHHUSX CKOPOCTH CBETa HM3Mepssach JMIIb CpPEIHss
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 JeNalid B CBOMX 3KcrepuMeHTax Apman Puszo
B 1849 u Xan ®Dyko B 1850. Tak ’xe peanu3oBaHbl 3SKclepuMeHTHl MakenbcoHa-Mopnu
u Kennenu-TopHalika, B KOTOPBIX IIOCJIE OTPAXEHUS OT 3€pKaJl MyYKH CBETA BO3BPAILAIOTCA
B TOUKY BBIXOJa. 3 3THX 3KCIEPUMEHTOB CIEAYET, YTO CPEAHSISI CKOPOCTh CBETA, IPOXOISIIETO
NyTh Tyda-oOpaTHO, SBJISIETCS TOCTOSHHOM, a HE TO, YTO OJHOHAmpaBlieHHass (MIHOBEHHas)
CKOpPOCTb CBETA IIOCTOSIHHA.

NmeroTcs myOnuKanuu, B KOTOPBIX IPEJICTaBICHbl MHOTOYMCICHHBIE MpeoOpa3oBaHus
KOOpAMHAT BpeMeHU U noJioxkeHus [2], [4], [5], [6], [14]. B 3Toi cTaThe BbIBEIEHBI BCE BOBMOKHBIE
JTUHEeWHbIe npeoOpa3oBanus (0e3 BpamieHus). [IpeoOpazoBaHue, MpeACTaBICHHOE B TOH CTaThe,
OCHOBBIBAETCSl HA IOCTYJIATE O CPEIHEH CKOPOCTH CBETA, a HE HAa CHUHXPOHM3AaUMM yacoB. U3
MPEJCTABICHHOTO aHAlIM3a CIEAYeT, YTO CYLIECTBYET OCCKOHEYHOE MHOKECTBO MpeoOpa3oBaHMA
BPEMEHU U TOJIOKEHUS, KOTOPbIE HAXOAATCS B COIVIACHUU C pE3yiabTaTaMH 3KCIIEPUMEHTOB
Maiikenscona-Mopnu. Ha ocHoBe »3THX mpeoOpa3oBaHUl MOKHO MOCTPOUTH MHOKECTBO
KMHEMAaTHK TeJ, OIMUCHIBAIOUIMX pa3INuHble (PU3HUECKHe CBOWCTBA, TaKHE KakK, HaIpHUMeEp,
3aMezyieHre BpeMeHH. M3 3Toro ciemyer, YTo CyIIeCTBYeT OSECKOHEYHOE MHOXKECTBO Pa3IMYHBIX
KMHEMAaTHUK, KOTOPBIE COTJIACYIOTCS C PE3YJIbTaTaMU JKCIIepuMeHTa MalikenbcoHa-Mopiin.

2. IlpuHATHIE MOCTYJIATHI

B npencraBineHHOM aHanu3e MPUHUMAEM CIIEAYIOLIHE ITOCTYIIAThI:

I. TIpeoOpazoBaHue KOOpPIMHAT BpPEMEHM M TOJOXKCHUS «HHEpIHMAJIbHAs CHCTEMa —
HMHEpLUaIbHas CUCTEMa» SIBIISAETCS JIUHEHUHBIM.

II. CymecTByeT kKak MUHUMYM OJlHa MHEpLMAJIbHAs CUCTEMA OTCUETA, B KOTOPOMl CKOPOCTh CBETA
B BaKyyMme OJIMHAKOBa B JIIOOOM HampaBlieHUH. bynem Ha3bIBaTh 3Ty CUCTEMY YHUBEPCAIbHON
cucreMoii orcyera. [ToCTOSHHYIO OJJHOHATIPABICHHYIO CKOPOCTh CBETa 0003HAUMM ¢ = 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 HaOJrofaTenss OTHOCHUTENBHO YHHBEpPCAJIBHOM CHUCTEMbl OTCY€Ta, HU OT
HAaIpaBJICHUs] PACIPOCTPAHEHHSI CBETA. DTy CPEAHIOI0 CKOPOCTh 0003HAUYUM KaK Cp.
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Ha ocnoBanum nocrynaros II u III MOXHO MOKa3aTh, 4TO CpenHsAs CKOPOCTb ¢, PaBHA
OJIHOHANPABIEHHONU CKOPOCTH c. JlOCTaTOYHO 3aMeTuTh, 4TO Ha ocHoBaHuu III 3Havenume c,
OJIMHAKOBOE JUI JIF000ro HAOIIOAATeNs, TO €CTh, B TOM YHCJE U JJIS TOTO, KOTOPBI HE JBHKETCS
OTHOCHUTEIIbHO YHHMBEpCAJIbHOM CHCTEMBI oTcyera. Tak Kak Ui HaOmoJatess, HEroABHXHOTO
OTHOCHUTEIILHO YHUBEPCAIBHOW CHCTEMBI OTCUETA, CKOPOCTh UMEET 3HAUYEHUE C, IOITOMY Cp, = C.

IIycTh CBETOBOM MMIIYIbC TPOXOAMT MyTh L B OJHY CTOPOHY CO CKOpOCThIO ¢ >0
B TCUEHHE BPEMEHHU /|, & TAKKe B OOpaTHYIO CTOPOHY BAOJb TOM ke TPAeKTOpUHU JIHHON L co
ckopocThio ¢ < 0 B TeueHHe BpPEeMEHH f,. Toraa cpeqHsisi CKOpOCTh CBETa MO MyTH TyJda-00paTHO
COCTaBJISIET

¢ —cm 2L 2L 2 (1)
b4+ L L 1T
¢ —c
Ha stom ocHoBanuu nosaydaem nocrynar 111, 3anucannslii B BUIE ypaBHEHUs
1 1 2
———== @)
c ¢ c

3. HpCOﬁpiBOBaHI/Iﬂ AJIA OAHOI'0 NPpOCTPAHCTBCHHOI'0O N3MCPCHUA

[Tpuanmaem o0o3HaueHUs, MOKa3aHHble Ha pucyHKe |. KoopauHatel B yHUBEpcambHOM
cucreme otrcuera U Oymem o0o3Ha4aTh cUMBOJIaMu X, f. KoopauHAThl B MHEPIUATIBLHOU CHUCTEME
orcueta U’ Oynmem o06o3Hayath cumBojamu x', t'. MHepuuanbHas cucrema otcuera U’ ABMKETCS
OTHOCHUTEJILHO YHUBEPCAIBHOM cucTeMbl oTcyeTa U cO CKOPOCTBIO V BJIOJIb MAPAJUIENbHBIX OCEH X
u x'. Bce ckopocTd ¢ TeM K€ HampaBlIeHHEM, 4yTo W och x (wim x' B cucrteme U'), UMEOT
MOJIOKUTEIbHBIE 3HAYEHUS, a JJI IPOTUBOIIOJIOKHO HAIPABJICHHBIX — OTpUlaTenbHbie. CUMBOII C,
TEM HE MEHee, Bcerja OyAeT HMMETh MOJOXKUTEIbHOE 3HAUCHUE HE3aBHCHMO OT HAampaBlICHUS
pacrpocTpaHeHHs CBeTa, TO ecTh Beerja ¢ = + 299 792 458 m/c.

Il
[

t=t'

Puc. 1. UnepuuanpHas cucrema orcuera U', IBIKyIIasicsl OTHOCUTEIBHO YHUBEPCAIbHOU CUCTEMBI oTcuera U
CO CKOPOCTBIO V.

Korpga nHawana orcuera cucTeM COBIAJAIOT, TOTJIA Yachl, HAXOJSAIIMECS B STUX Hayalax,
obnynstorcs. Yacel B yHUBEpcallbHOM cucteme otcueta U CHHXPOHH3UPOBAHBI MO OTHOIICHHUIO
K YacaM, HaxoJIIMMCS B Hadajie dTOH CHCTEMBI, C IIOMOIIBLIO CBEeTa MeToAoM OMHINTelHa. Ha
JTAHHOM 3Tare Mbl HE YTOUHSIEM CIIOCO0 CHHXPOHU3AIMHU YacoB B cucteme U'.

[IpeoOpazoBanrie W3 yHHBEpPCATbHOW CHCTEMBI oTcueTa U B HMHEPIUATBHYIO CHUCTEMY
otcuera U’ umeeT Ha OCHOBaHUM nocTyaTa [ Buj

X =ax+bt

!=ex+ft

3)

[TapameTpsl B mpeoOpa3oBaHUM SIBISIOTCS HENPEPHIBHBIMU (PYHKIUSIMH CKOPOCTH V CO
CIEAYIOUIMMH CBOMCTBAMU
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a(0)=1 A a(yv)>0 [1]

b(0)=0 A (v>0=b(v)<0) A(v<0=5b(v)>0) [m/s] @
e, (0)=0 [s/m]

SO)=1 A f(»>0 1]

[Mapametpsr a(0) =1, b(0)=0, e;(0)=0 u f(0)=1, Tak xak g1 v=0 cucremsr U u U’
UJCHTUYHBI, TO €CTh MTOKAa3bIBAIOT OJJMHAKOBBIE KOOPAUHATHI MOJI0KEHUS K BPEMEHHU.

Ycnosue a(v) >0 AOKHO OBITH BHINIOJHEHO B CHIY TOTO, YTO OCH X U X' MMEIOT OJHO
HarfpasjeHue (PUCYHOK 1), TO €CThb €Clii X YBEJIMYHMBACTCS, TO X' TAK)KE YBEIMYMBAETCA. Y CIOBUE
(v>0= b(v) <0) momkHO OBITH BBIMOJHEHO B CHJIYy OJMHAKOBOTO HAIpaBJICHHUS OCeH X U X'
(pucyHok 1), To ecTh s BHIOPaHHON KOOpPAMHATHI X 10 MCTEYEHUH BPEMEHM f, KOOpJIMHATA X
yMEHBIIIaeTCsl. AHAJOTHYHO, €CIM CKOPOCTh V OTpHILATENIbHA, TO ecTh cucrema U’ nBmxercs
B IIPOTHBOIIOJIOKHYIO CTOPOHY, TOT/Ia KOOpJHHATa X' yBelIn4yuBaercsi, To ectb (v <0 = b(v) > 0).
VYcnoBue f(v) >0 m0mKHO OBITH BBINOJHEHO TMOTOMY, YTO €CNIH / YBEJIIMYMBAETCS, TO ¢’ TaKxke
YBEITMYNBACTCS.

Jlis HamuxX HYK]J yIOOHO MOJBb30BaThes mapameTpoM e(v), rae ej(v) = v-e(v). BBenenue
TaKOTO IMapaMeTpa JIOMyCTUMO, TaK Kak coriacHo (4) momydaercs, uto e;(0) = 0. ITapametp e(v)
[c*/M*] sBnsieTcs HenpepsiBHON (yHKimeil ckopoctr v. Temeps nmpeobpasoBanue (3) MpHHEMAET
BUJT

!

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

di' =evdx+ fdt

Paccmotpum teno, HaxozsIIeecss B COCTOSIHUM TOKOSI B MHEpLUUAbHOM cucteMe otcyera U'.
Tak Kak OHO SBJISETCA B OTOM CHUCTEME OTCYETA HEIMOJBHKHBIM, MOATOMY Uil €r0 KOOPJIMHATHI
MOJIOKEHUS M10JTy4aeTCs

dx'=0 (7)

3aMeTuM, 4TO CKOPOCTh PACCMATPUBAEMOTO Te€JIa OTHOCUTENBHO cucTeMbl U (To ecTb dx/dt)
ABJIIETCS CKOPOCTBIO veucTeMbl U’ oTHOCUTENBHO cuctemsl U. Iloatomy nomydum

= =v (8)
N3 muddepennmana nonoxenus (6) Ha ocHoBanuu (7) u (8) mosryuaem
Ozdx’zﬂzwzaﬁ+b=av+b 9)
dt dt dt
Orcrona cienyer, 4To
b=—av (10)
Ha stom ocHoBanuu npeoOpaszoBanue (5) npuHUMAET B
X=a(x—vit)
t'=evx+ [t

(1D

Huddepenunans: u3 npeodbpazoanus (11) umerot Bua (v = const)
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dx' = a (dx—v dt)

(12)
di'=evdx+ f dt

PaccmoTpuM Tenepb CBETOBON MMITYJIbC, KOTOPBINM IBUKETCS BOJIb oceil x U x'. Koraa ceer
pacnpoCTpaHsAeTCss B HAIPaBJIEHUU OCH X' U CKOPOCTH V, TOIZla CKOPOCTh CBETa B MHEPLUAIBLHOMN
cucreMme U' uMeeT 3HaYeHHE

dx' |
_t’ =c (v) (13)
IIPU 3TOM B YHHBepcallbHOU cucteMe oTcueTa U umeet 3HaueHue (mocrynar I1)
dx
—=c20 (14)
dt

Ecnu e cBeT pacnpocTpaHseTcs B HalPaBJIEHUHU NIPOTUBOIIOJIOKHOM OCU X' M CKOPOCTH V,

TOTJIa CKOPOCTb CBETA B MHEPLIMAIBHOU cuctemMe U’ UMeeT 3HauUeHue

& (1)
IIPU 3TOM B YHHBepcallbHOU cucteMe oTcueTa U umeet 3HaueHue (mocrynar I1)
dx
—=—c<0 16
= (16)
Ecmu mopenum nuddepentmanst (12), To Ha ocHoBe (13) u (14) nomyyaem
dx
dx'  a(dx—vdt) ¢ E_v a(c—v)
c;r (v) =—= = = ( 1 7)
dt' evdx+ f dt dx eve+ f
ev—+f
dt
Ecmu mopenum nuddepenmmans (12), To Ha ocHoBe (15) u (16) momyyaem
dx
dx' a(dx—vdt) ¢ E_v —a(c+v)
c; (v) = = = = (]8)

di' evdx+ [ dt eva+f —eve+ f
t

Bripaxxenue (18) MoxxHO momy4ynTh u3 BbipakeHus (17) myreM HM3MEHEHHs 3HAKa Mepen
CKOPOCTBIO ¢ (3TO O3HAYaeT U3MEHEHUE HAMIPABIJICHHSI IBM)KEHUSI CBETOBOT'O UMITYJIBCA)

Beipaxxenue (18) MOXXHO Takke MOJIyYUTh MYTEM OAHOBPEMEHHOH 3aMEHBI B BBIPAKCHHU
(17) 3HAKOB mepesi CKOPOCTAMH V H ¢y (3TO 03HAYAaeT OJHOBPEMEHHOE M3MEHEHHE HAIPABICHUS
CKOPOCTH Vv M HampaieHus ocH x'). UToObl monyunth BeipaxkeHue (18) mapamerp e(v) HE MOXKET
U3MEHATH 3HaK. Ha 3TOM OCHOBaHMU I0JIyyaeM CIEAYIOLUE CBOMCTBA JUIsl 3TOTO IMapaMeTpa

e(v)-e(—v)=0 (19)

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

c.(v,e)=—c.(-v,c) (20)

c.(v,e)=c (v,—c¢) (21)
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Ecnu 3aBucumoct (17) u (18) moacraBum B ypaBHeHHE (2), TO MOTydaeM

evc+f+—evc+f_g

(22)
a(c—v) a(c+v) c
To ecTh, 4TOOBI BBITIOIHUIIOCH ycaoBHE (2), mapameTp a(Vv) T0HKEH UMETh BUJT
2
» ftev 1 2 2 2
a=c- = +ev) = +ev 23
T e = U ren) (23)
Ha ocnoBanuu (23) npeo6pazoBanue (11) npunumaeT Bua
X =y (f+ev)(x—vt) (24)

t'=evx+ ft

Ha sToM oOCHOBaHMM MOXHO NOJY4YUTh OOpaTHOE MpeoOpa3oBaHME M3 HHEPIHATBLHON
cucreMmsl U’ B yHHBepcallbHYIO cuctemMy oTcuera U B BUziE

f ’ 1 ’
r 2(f+ev2)2x +f+ev2 v
! (25)
—ev , 1

t’

t= X +
;/2(f+evz)2 f+ev2

VYpapuenust (24) u (25) SABAAIOTCS MCKOMBIMH MPEOOpPA3OBAHUSMH JUISI  OJHOTO
MPOCTPAHCTBEHHOTO M3MepeHus. OHU coJiepKaT mapameTpsl e(v) u f(v). DT mapaMeTphl TOJIKHBI
yIoBaeTBOpATh ycinoBusM (4) u (19). B ciydae ucnonb30BaHUs OMpEACICHHBIX IMMapaMeTPOB
MOJIy4aeTcsl ONpEZeTICHHOEe MpeoOpa3oBaHUE, ONUCHIBAIOLIEE OINPEIEIICHHYI0 KUHEMaTHUKy. ODTOT
oOmumii Buj npeoOpazoBaHus COAEPKUT B ceOe BCe BOZMOKHBIC JTMHEHHBIE TIPe0Opa30BaHUs MEKIY
YHUBEpPCAIbHOM cucTeMOM otcuera U, B KOTOpPOM CBET pPacIpOCTPaHSAETCS C IOCTOSHHOMU
CKOPOCTBIO ¢, WM HHEpLUUAIbHON cuctemon U’, nBMXKylieics OTHOCUTENbHO cucteMbl U co
CKOPOCTBIO V, BJIOJIb OCEH X U X', €CIIM B MHEPLUAJIbHOM cucteMe U’ 0JHO HalpaBJIEHHbIE CKOPOCTH
CBETa yJIOBJIETBOPSIOT YcIoBHIO (2) (To ecth noctynar III).

4. IlpeoOpa3oBanus AJs1 TPeX MPOCTPAHCTBEHHBIX U3MEPEeHM i

I[J'DI TOrO, yTOOBl BBECTH B HpGO6p330BaHI/I€ ABa OCTaBIIHUXCA TMPOCTPAHCTBCHHBIX
HU3MCPCHUA IIPUHHUMACM HOHOHHHTGHbeIﬁ IOCTYyJIAaT:

IV. [Ina nroboro HaGmroarens, HEMOABKHOTO OTHOCUTENILHO YHUBEPCAIbHONW CHCTEMBI OTCYETA,
MPOCTPAHCTBO HM30TPOIIHO, TO €CTh OO0JIaZaeT OJWHAKOBHIMH CBOHCTBAMHM B JIIOOOM
HaIlpaBJICHUH.

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

a(v)=a(-v)

b(v) =—-b(-v) (26)
e(v)=e(-v)

S =/(=v)
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CroiictBa (26) cnemyroT u3 (4), (19) u u3 cnenyrouux cooOpaxenuii. [Tlapamerpst a(v)
U f(v) 1OJKHBI ObITh YeTHBIMU (DYHKLIMSMH, TaK KaK €CIIM X BO3PACTaeT, TO X' BO3pAcTaeT, U €Cliu ¢
pacrteT, TO t' pacTeT Tak ke 0e3 yuera HampaBieHus ckopoctu v. Ilapamerp b(v) nomxkeH ObITH
HEYeTHOW (yHKIMEH, Tak Kak IOcCJe W3MEHEHHs HampaBlIeHHs CKOPOCTH V JUIs BbIOpaHHOM
KOOpAMHATHI X, €CIH MPOXOIUT BpeMs f, KOOpAMHATA X' pacTeT Tak ke, KaK yMEeHbIIanach JJis
HEM3MEHEHHOT0 HarpasieHusi ckopoctu v. [lapametp e(v) momkeH ObITh HEUETHON (DyHKLMEH, TaK
KaKk B pe3yJibTaTe U3MEHEHMs HAlpaBJICHUS CKOPOCTH V JJs YKa3aHHOIO MOMEHTa f, U3MEHEHHE
BPEMEHHU ¢’ 3aBUCHT OT X OOpaTHBIM 00pa3oM, 4eM Jjisi HEU3MEHHOI'O HAaIpaBJIEHUS CKOPOCTHU V.
[Toaromy dyHKIMS e(V) T0JKHA OBITh YETHON (DYHKITHEH.

PaccmoTpuM cutyanuio, noka3aHHyr0 Ha pucyHKke 2. B nHepruanbHoil cucrteme otcuera U’
CBETOBOM MMITYJIbC JBMIKETCS MEPIEHAUKYISAPHO K OCH X'. DTOT CBET MPOXOAUT paccTosiHue L'
CHayaJia B OJJHOM HaIlpaBJICHUH, a 3aTeM 00paTHO, TO €CTh BO3BPAILIAETCS B HAYAJIbHYIO TOUKY.

!

y \ a)
V
gL U
c, VaAt' | c, WAt

YA L=y )L’ b)

1. U

c, Yot/ ¢, VAL
! t

™~ " 0 E{#’/ X

VwwAt  YVavAt

Puc. 2. I1yTs, NpoXOAMMBI CBETOM, BUAUMBIN U3 IBYX CUCTEM OTCUETA.
a) MHepIHagbHas cucreMa orcuera U', b) yHuBepcanbHas cuctema orcuera U.

C touku 3penus nocrynara [V ckopocTh CBeTa B HaNpPaBJICHUHU, EPIIEHIUKYIISIPHOM OCH X',
SIBJISICTCSL TAKOU KE U B MPSMOM M B OOPaTHOM HANpPaBIIEHUU U COCTABISET ¢. DTO CIEAYET U3 TOTO,
YTO HU OJTHO HAIpaBJICHUE, MEPICHANKYISIPHOE HAMPABICHUIO CKOPOCTH V (2 TaKkKe OCAM X U X'),
HE SIBISIETCS BBIIEICHHBIM (TIocTynatr V) u cpemHsisi CKOpPOCTh CBeTa MO MyTH TyAa U 0OpaTHO
cocraBnsieT ¢ (mocrynar III). TlosTomy TOT ke caMblii CBETOBOW HMITYyJAbC IJIsi HAONIOAATENs
HEMOJIBIKHON OTHOCHUTENBHO YHUBEPCAIBHOW cHucTeMbl orcdera U OydeT IBUTAThCS BHOJb
OOKOBBIX CTOPOH paBHOOEIpPEHHOro TpeyrojbHUKa. s HaOmomatens u3 cucrembl U pasMepsl,
MEPICHIUKYIIIPHBIE CKOPOCTH V, MOTYT OBITh WHBIMH, 4eM s Habmromarens u3 cuctemer U’
MIOATOMY BBICOTY TPEYrOJbHUKA 0003HAYUM KaK

L=y(Wv)L (27)

[TapameTrp (V) ommchIBaeT MONEPEYHOE COKPALICHHE TEJI, ABIKYIIMXCS OTHOCUTEIILHO
YHHUBEPCAIBHON CUCTEMBI OTCUETA. DTOT MapaMeTp JOJLKEH YIOBIETBOPATh YCIOBUIM

yO) =1 A y(»>0 [l (28)
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[Mapamerpy(0)=1, Tax kak g v=0 momepeuHsle pa3Mepbl MICHTUYHBI IS
Habmonateneit ooenx cucremM U u U'. YcnoBuey(v) >0 IOMKHO OBITH BBITIOJHEHO MOTOMY, YTO
MoTIepeyHbIe pa3Mepbl He 00paIaoTcs B APYT'YI0 CTOPOHY.

C Touku 3penus nocrynara IV s nabmogarens u3 cucrembl U monepeyHble pa3Mepbl
COKpAILalOTCS OJIMHAKOBO JUIs JII0OOTO HampasjieHus: ckopocTu v. [loatomy nmapamerp y/(v) JODKEH
YIIOBJIETBOPSATH YCIOBHIO

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

Onpenenum Teneps napamerp y/(v).
Jnis Habmonatens u3 cucreMsl U’ momydaercst

ar =2 L =CA (30)
c
Ha ocnoBe npeoOpazoBanus (25) nmonyuaem auddepeniman (v = const)
-ev 1
dt = X' + dt’ 31
7 (f +ev?)’ f+ev? 1)
Taxum 06pa3om, 17151 BHIOpaHHOH KOOpAHHATHL X' B cucTeMbl U’ moydaem
1
dX'=0 = dt=——dt (32)
f+ev

Breipaxkenune (32) omnmchiBaeT 3aMeUICHHE BpPEMEHU JUIS  YacOB, HETOJBHKHBIX
oTHOcuTeNnbHO cucteMbl U'. Ha pucyHke 2 Takue 4achl HaXOAATCs B Hadaje orcuera cucremsl U’
Ecnu no »tum wacam mpoiiger Bpems At', umeromeecst B Boipaxenuu (30), torna B cucreme U
Hpoﬁ;[eT BpeMsI At=1t —t, TOe f; — 3TO MOMEHT, B KOTopblﬁ MMITYJIbC OBLI BBICJIaH, a I, — Korja
UMITYJIbC BEPHYJCA K OCHM X. MOMEHTHI # U f, uU3MepstoTcs B cucreMe U AByMs pas3IMYHbIMU
yacamu. CoryiacHO BeIpakeHHIO (32) mosryuyum

At=—_Ar (33)
f+ev
W3 reoMeTprn pUCyHKa MOJIy4aeM
D=VA’ /4+y>L"” (34)
a TaKKEC
ar=22 (35)
C

U3 ypaBuenuii (34) u (35) nosryqaem

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

(36)

C
A =4(0A A+l ?) (37)
dy’L' = (¢ —Vv)AL (38)

Ha ocnoBanuu (30) u (33) monyuaem
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LN, 1 p
4y T:(c -V )WTZ)ZA (39)
, =V 1
Vo= & (f+erv) (40)

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

Taxum 06pa3oM, mapameTp MOMEePeUHOro COKpaIieHus ¥ (v) T0DKEeH UMETh 3HauUeHHe
~ 1
-

y(f +ev?)

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

[Tocne BBenenus (42) B mpeobpazoBanus (24)-(25) momydaem npeoOpa3oBaHHE TSI TPEX
MIPOCTPAHCTBEHHBIX H3MEpPEHH, omuchiBaeMoro mnapamerpamu e(v) u f(v). M3 yHHMBepcaibHOM
cucteMbl oTcyeta U B HHEpLHUANBHYIO cucteMy otcuera U’ mpeobpa3zoBaHue UMEET BHU]L

v (42)

t'=evx+ ft

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

(43)

W3 wuHepumanbHO cuctembl otcueta U’ B yHHBEpcalbHylO cuctemy otcueta U
npeoOpa3oBaHue UMEET BUJ

P N S
7 (f +ev’) f+eV’
x= z(fJ]: 2)zx'Jrerl vt
ev ev
T (44)
T ven”
1 :
z=————2Z
y(f +ev)
3aBuUCUMOCTS (42) MOXKHO 3amucaTh HHAYe
f= 1 ev’ (45)
Ty

[Tocne BBegenuss (45) B mpeoOpazoBanus (24)-(25) wm (43)-(44) mnonydaem
npeoOpa3oBaHue Uil TpPeX MPOCTPAHCTBEHHBIX HM3MEPEHH, OMMCHIBAEMOro mapaMerpamu e(v)
u y(v). W3 yHuBepcanbHON cucreMbl orcueta U B HHEpUHANbHYIO cHcTeMy oTcueta U’
npeoOpa3oBaHUe UMEET BUJ
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t=evx+|———ev |1
rYv

x'=l(x—vt)

v (46)
, 1
y ==y

7
, 1
Z==z

7

W3 wuHepumanbHOM cuctembl orcueta U' B yHHBEpcalbHylO cucTeMy otcueta U
npeoOpa3oBaHUe UMEET BUJI

t=—vylevx+yyt
v 2 2| /
x=|=—-yev  X'+ywvt
(7 j (47)
y=yy
z=y 7

VYpapuenust (43)-(44) u (46)-(47) sABISAOTCA HCKOMBIMH TpeoOpa3oBaHUSMHU s BCEX
MPOCTPAHCTBEHHBIX M3MepeHuit. Habop mpeoOpazoBanuii (43)-(44) uaentuyer Habopy (46)-(47).
Otr HaOOPBI OTIUYAIOTCS JTUIIb UCHOJIB3YEeMBbIMH MTapaMeTpaMHu.

5. U30paHHbIe cBOICTBA Npeodpa3oBaHuA

Juddepenunans: u3 npeodpazoBanus (46) umeroT BUJ (v = const)

dt'zevdx+(L—evzjdt
a4

dx' = l(dx —vdt)
7

(48)
N
7
dz' = la’z
7
Juddepenunans: u3 npeodbpazoBanus (47) umeroT BUJ (v = const)
dt=—ylevdy' +ywdl
v 2 2| g '
dx=|—-yev |dX'+ywvdt
( 4 J (49)
dy=y dy'
dz =y dz'
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5.1. 3amenjieHue BpeMeHH

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

N3 muddepennmana Bpemenu (48) mis HaOmromaTens, HEMOABM)XKHOTO OTHOCHTEIHHO
YHHUBEpPCAIbHOM cHCTeMbl oTcueta U, MOIydaeTcs CIEAYIOLIEe BBIPAXEHUE Ui 3aMEIJICHUs
BpEMEHH (Tak:ke Ha OCHOBaHUU (45))

dr=0 = df=| " _ev? dt = f(v) dt (50)
ry

N3 muddepennnana Bpemenu (49) mis HaOmromaTens, HEMOABM)KHOTO OTHOCHTEIHHO
MHEPIHAIBLHON cucTeMbl oTcdera U, modydaeTrcs CIeIylollee BBIpAXKEHUE JUIS 3aMEJICHUS
BpEMEHU

d'=0 = dt=ywdt (51)

N3 Beipaxennit (50) u (51) cnemyer, 94To HAOMIOAATENH W3 JBUXKYIIUXCS OTHOCHTEIHHO
apyr apyra cucteM otrcyera U u U’ cMOTYT U3MEpUTh OJIMHAKOBOE 3aMeJIEHHE BPEMEHH, TOJIBKO
ecnu napametp e(v) =0. Eciu e(v) # 0, Torna oba Habmogarenst OynyT Mmo-pa3HOMY OIICHMBATh
OTHOCHTEIIbHOE T€UEHUE BPEMEHHU C UCIOJIb30BAHUEM CPAaBHUBAEMBIX YaCOB.

3amemnenne Bpemenu (50) u (51) 3anmuceiBaeTcs B BUJIE UMILTUKAIIMHU, TaK KaK 3TOT CIOCO0
ABIIsIETCS 00JIee TOYHBIM 110 CPAaBHEHMIO C OOIIENPUHATON B (PU3HKE 3aMHCHIO.

5.2. Cokpamenue npoao/bHbIX pasMepos (Jlopenuna-®@uiykepanabaa)

OnpenenuM BBIPAXKEHUS] COKpALIEHUS NPOAOJIBHBIX pa3MepoB (BIOJb OCH X U Xx') Ans
npeoOpazoBanwii (46)-(47).

N3 muddepennnana nonoxenus (48) cmemyer, 4To ans HaOIOAATeNs W3 YHUBEPCAIbHOM
cucTteMbl oTcueTa U BhIpaKEHUE JJIs1 COKpAIIEHUS MPOJOJIBbHBIX Pa3MEpoOB (Takke Ha OCHOBAHUU
(23) u (45)) umeer BuUA

dt=0 = a'=Ldx= a(v) dx (52)
v

N3 muddepennnana nonoxenus (49) cnemyer, 9To ans HaOIOAaTeNs W3 YHUBEPCAIbLHOM
cucteMbl otcueTa U, BIpaXeHUE JUIsl COKPAICHUS ITPOJOJIBHBIX Pa3MEepOB UMEET BH/T

di'=0 = dx= Z—erv2 dx’ (53)
Y

W3 Beipaxkennit (52) u (53) ciemyer, 94To HAONIOAATENH W3 JIBUXKYIIUXCS OTHOCHTEIHHO
apyr apyra cucreM orcueta U m U’ cMOryT M3MEpUTh OJMHAKOBOE IPOJIOJBHOE COKpALIEHUE,
Tosibko ecnu mapamerp e(v) =0. Eciu mapamerp e(v) # 0, Torga o6a HabiromaTens Mmo-pazHOMY
OLICHUBAIOT MPONOPLIMH U3MEPSAEMBIX UMU MPOJOJIbHBIX Pa3MEPOB.

CokpailieHue npoJoJibHBIX pazMepoB (52) u (53) 3anuchiBaeTCs B BUJIE UMIUIMKALUU, TaK
KaK 3TOT CIOCO0 sIBIISETCs 00Jiee TOUHBIM 0 CPAaBHEHUIO € OOIIENPUHATON B (PHU3UKE 3AIHCHIO.
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5.3. IIpeoOpa3oBaHusi CKOPOCTH

OmnpenenuM BBIpa)KEHUSI, OMUCHIBAIOIINE NMPEOOpa3oBaHUsl CKOPOCTH JJIs peoOpa3oBaHuit
(46)-(47). Ilpuanmaem 0003HAUEHUS COTIIACHO PUCYHKY 3. Teno JBUKETCS OTHOCHUTEIBHO CHCTEM
U n U'. Ins nabmonarens u3 cucreMsl U 'y Hero ckopocts V, a muis Habmroaatens u3 cuctemsl U’ —
cKopocTh V.

!

A\ " t'
Vit AV
VV
S -,
X x'
zZ Z'
_v o U

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

W3 ypaBHenuii (48) cieqyroT ypaBHEHUs

. r (dx—v dt)
@ __ vy
dt’
evdx+(l—ev2j dt
ry
& Ly
AR S
evdx+(—ev2jdt
ry
, idz
a v
dt'
evdx+(l—ev2jdt
ry
Ha stom ocHoBanuu npeobpa3oBanue ckopocTu u3 cucreMsl U B cuctemy U’ uMeeT BUI
r__ }/2 (Vx - v)
Yoywev(lV,.-v)+1
V
! = A (55)
yyvev(lV —v)+1
: rV.

z

T ywev(V.—v+l

W3 ypaBHeHus BpeMenu (49) cienyroT ypaBHEHUS
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Z—l//zevz dx'+yyvdt
dx _\y
dt —ylevdx +yydf
g vy (56)
dt —wevdd'+ywydt
dz _ v dz'
dt —ylevdy +yydtl

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

ﬂ—wzevz Vi+ywyv

VX: }/ 2 i
—yrevlityy
VI

V=t (57)

—ylevl +yy
V.= 2 WVZ/

—yevVityy

[IpeoOpazoBanust ckopoctu (55) u (57) skBUBaNEHTHBI. MOXHO MMOKa3aTh, 4TO B PE3YyJIbTATE
MOJICTAHOBKU OJJHOTO BO BTOPOE, MOJTY4AIOTCsl TOXK/IECTBA.

5.4. CKOpOCTL CB€Ta BA0JIb 0OCH x', BHJIUMad B HHepHHaﬂLHOﬁ CHUCTEME

Ecoun Tteno, mpencTtaBieHHOE Ha PHUCYHKE 3, SIBISETCS CBETOBBIM HMMIIYJIbCOM, TOTAA
B cucreMe U OHO IBWXKETCS CO CKOPOCTBKO c. PacCMOTpUM TOJBKO Ciydaid IBUYKEHHUS 3TOTO
HMITYJIbCa MapajuieNIbHO OCSAM X U X' (TO €CTh JIBJKEHUE MapauieNbHO CKopocTH v). Toraa nomyyum

Ve=c¢, V,=0, V. =0 (58)

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

2
=y =— LTV g g —pr=o (59)
yyev(c—v)+1
Beipaxkenue (59) MOXHO NOJIYYdTh TaKkKe U3 BblpakeHHs (17) mocine npumMeHEHUs
3aBucumocteit (23) u (45). Ta kak

2 2 2

3P SN N S PR «
7o v)_l—(v/c)z (=) ¢t =V? (=) (c+v)(c—v)(c V) c+v (60)

II03TOMY Ha OCHOBaHMHU (59) oHOHaINpaBJI€HHAsl CKOPOCTh CBETA B HAIIPABJIEHHUU OCH X', a TAKXKe
B HaIlpaBJIEHUU CKOPOCTH V, UMEET B HHEPLMAIbHON cucteMe oTcuera U’ 3HaueHue

2
c '

c.(v)= , ¢ =0, =0 (61)
Tevcitc+v
v

OpnHoHampaBiIeHHasl CKOPOCTh CBETA IPU HAIPABJIEHUH, IPOTUBOIIOI0XHOM OCH X', a TaK¥Ke
HAIPABJIEHUIO CKOPOCTH V, UMEET B MHEPLIMAIBHOM cucTeMe oTcueTa U’ 3HaueHue
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2
(1) = ¢ . ¢ =0, ¢ =0 (62)
—evcz—c+v

/4

Boipaxenue (62) nomyueHo u3 BolpaxkeHus (61) myTteM U3MEHEHHs 3HaKa Mepe]; CKOPOCThIO
¢ (3T0 03Ha4yaeT M3MEHEHME HAIIPABJICHUs JIBWKEHHS CBETOBOIO MMITyJbca). Ero Takke MOXKHO
MOJIyYUTh TyTeM 3aMeHbl B BhIpakeHHH (61) 3HaKa mepen CKOpOCThIO vV (HE0OXOAMMO B 3TOM
cllydae paccMOTpeTh 3aBHUCHUMOCTh (20), uTo O3Ha4yaeT M3MEHEeHHe HampasieHus ocu x'). Torga
nepen napamerpamu ¥(v), y(v) u e(v) He HY)KHO MEHSTh 3HAKU, TaK KaK OHU SIBJISIFOTCSI YETHBIMU
¢ynkuusmMu. IMEHHO B cHiIy TakuxX CUTyauuil ynoOHee MOJb30BaThbes 4YeTHOM (yHKuuei e(v),
KOTOpasi MPUCYTCTBYET B IpeoOpa3zoBaHuu (5), yeM HedeTHOH ¢yHKImen e;(v), coaepkariencs
B IIpeoOpa3oBanui (4).

5.5. BbIBOABI OTHOCHUTEJIBHO OJHOHANPABJICHHOH CKOPOCTH CBeTa M mapamerpa e(v)

Ha ocnoBanuu (61) nosnyuaem

_l.cz—c:(c+v)

e > (63)
v vee,
Ha ocnoBanuu (62) nosiyuaem
2 —
el € +cz(€ V) (64)
7% veoe,
Ha sTom ocHOBaHuu nosayyaem
2 - 2 +
yeralemy) 7 Coelety) 65)
74 veoe, 74 veoe,
c’ c’
—+c-v=—-cCc—vV (66)
CX CX
2 2 2 +
% = C—+ —2c= % (67)
CX CX CX

OKOHYATENbHO IOJIYyYAaEM COOTHOIIEHUE MEXIYy OJHOHANPABICHHBIMU CKOPOCTSMH CBETA
B BaKyyMe, NTapaJljelIbHbIMU OCH X'

_ cc’
__¢C 68
Toe=2c! (68)

N3 Bepaxkenuit (61) u (62) ciaemyeT BaKHbIM BBIBOJ OTHOCUTENBHO mapamerpa e(Vv).
[IpoBepum, g KakKUX 3HaYEHUN MapaMmeTpa e(Vv) Moay4aeTcsi, COrJacHO MPUHITOMY B 3aBUCUMOCTHU
(2), uto

c;20 A ¢ £0 (69)

N3 (61) u (62) cnenyeT, 4TO AOIHKHO MOTYUUTHCS
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c,(v)20 = Me(v)vcz+c+1120
c.(v)£0 = me(v)vcz—c+v£0
7(v)

Otcroma crnemyer, 4TOOBI BBITIOJIHWIMCH HepaBeHCTBa (609), mapamerp e(v) IOMKEH
YIOBJIETBOPATDH YCIOBUSIM

G20 = e(v)vzw(‘Tl)c [V
(71)
c.(v)£0 = e(v)vE—— C_vz[e(v)v]max
v(v)c\Vc+v

Ecmu ycnoBust (71) He BBINOJHAIOTCA A KaKOM-1MOO WMHEPUUAIBLHOW CHUCTEMBI, TOTJa
3HAUEHUE OJHOHAIIPABICHHON CKOPOCTH CBETa, M3MEpPSIEMOe B JTOM CHCTEME OTCUETa,
HECOBMECTHMO C OCBIO BPEMEHM. JTO 3HAUUT, YTO CBET MOXKET MHUMO BO3BpallaThCsl BO BPEMEHU
(TedeHWE BPEMEHH — OTPMIATENHHO). JTO TNPHBOAMNT K TOMY, UYTO CKOPOCTH CBeTa cy(V),
COBIIAJAIOIIAs C HANPABJIEHUEM OCH X, MOXKET OBITh OTPULIATENIFHON MM CKOPOCTh CBETa Cy(V), HE
COBIAJAIONIAsl C HAINpaBIEHHEM OCH X, MOXeT OBITh TMOJOXHUTENbHOH. B 3TOM ciiyuae He
BBITIOJTHUTCS OAHO U3 HepaBeHCTB (69). Tem He MeHee, ypaBHEeHHE (2) BCE €lIe BEPHO, TAK KaK OHO
Oonee obIee, YeM MPHUHATHIE B Havaue (Ay1s oOpaiieHus BHUMaHus1) HepaBeHCTBa (69).

Ha pucynke 4 npownmtoctpupoBansl HepaBeHCTBa (71). OyHKIUHU [€(V)V]min U [€(V)V]max
OTIPENeNAIOT TPEEbl, B KOTOPBIX JOJDKHBI HAXOIUTHCS 3HAUYECHUS (QYHKIUH e(V)-v, 4TOObl HU
B OJIHOW MHEPUHUAIBHON CUCTEME He MPOsSBUIICS 3((PEKT MHUMOTO BO3BPALICHUS CBETa BO BPEMEHHU.
Ha rpaduke npencrasiensl Takke 3HaueHust GyHKuuu e(v)-v gt CTO (Boipaxkenue (75)), a Takxe
st CTO (BeipaxkeHnue (84)).

e(v)v [10°° c/m]

.[_e(‘.)z '_V]rr_naxl

PR S ORI R .

<

R e
R

-\

“0.8 [ e e b s e by N T

o Lt STWrem)v=ivy(w)fe” | |\
-3 -2 -1 0 1 2 3
v [10° m/c]

Puc. 4. O6nacts 3HaueHUH QYHKIWH e(V)-V, VIS KOTOPOH HE HAOIIOIAETCs] MHUMOT'O BO3BPAIIICHHUS CBETa BO BPEMCHHU.

Ha pucynke 5 mpencrasieH IpuMep TOro, Kak 3HAUYEHHs OJHOHAIPABICHHBIX CKOPOCTEH
cBETa ¢y (V) U Cx(V) 3aBHCAT OT CKOpPOCTH MHEPLMAIBHON CUCTEMBI OTCUETA, B KOTOPOM HAXOJUTCS
HaGJII0aTeNb, IPU 3HAYEHHH mapamerpa e(v)-v = —3vy(v)/c’.

PaccmoTpuM CBETOBOM MMITYJIBC, ABUXKYLIUNCSA BIOJIb OCU X. VIMITYJIbC IBUIKETCS U3 TOUYKH
X| B TOUKY X; >Xj. UTOOBI OCYIIECTBUTh H3MEPEHHE OJHOHAMPABIECHHOH CKOPOCTH CBETa Cy(V)
HEoOX0AMMBI JBoe YacoB. Yacwl Zj, HaxoJsIIMecs B TOYKE X|, M3MEPSIOT MOMEHT f;, KOTJa
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CBETOBOM MMIYJbC UCIycKaeTcs. Yackl Zp, HaXOQAIIUECS TOYKE X2, U3MEPSIOT MOMEHT #;, KOrjaa
CBETOBOM MMIYJIbC JO HUX JOXOAUT. B ciiydae, moKa3aHHOM Ha PUCYHKE S, 4achl B MHEPLHUAIBHBIX
CHUCTEMax paCCUHXPOHM3UPOBAHBI MMapaMeTpoM e(v) Tak, 4YTO B HHEPUUATBHON CHCTEME,
JBIDKYLIEHCS CO CKOPOCTBIO V = ¢/2, BBITIOJHSIETCS PABEHCTBO f; = t. B 3T0i# curyanun usmepeHue
OJIHOHAMPABIEHHOW CKOPOCTH CBETA JaeT OECKOHEUHOE 3HAUYCHHUE, TaK KaK

=% _ L

X
CJr c/2)="2—1=—"— =+ 72
e == (72)

B peanbHOCTH B 3TOM MHEPLHUAIBHON CUCTEME OTCUETA Y CBETA KOHEYHAs! CKOPOCTh, TaK Kak
OH UMEET KOHEUHYIO CKOPOCTh B ddupe. beckoHeuHas ckopocTh, nMmerommascs B (72), o0ycioBieHa
paccuHXpoHM3aUKeR yacoB. Yacel Z;, OMa3apIlBatOT 110 OTHOLLIEHUIO K YyacaM Z; POBHO Ha CTOJIBKO,
CKOJIBKO BPEMEHHU TpeOyeTcs CBETY, 4TOObI J0OpaThCs U3 TOUYKH X| B TOUKY Xp. Takum o0Opaszom,
BbIpakeHus (61) u (62) He NpencTaBISAIOT pPealbHOW CKOPOCTU CBETA, a TOJBKO PE3ysbTar
U3MEPEHUs 3TOM CKOPOCTH, OCYILIECTBICHHBIN C UCIOJIb30BAaHUEM PACCUHXPOHU3MPOBAHHBIX YaCOB
st ciiydast e(v) # 0.

e(v)v [10°° c/m]

' ' ' ' ' N ' '
e T T
SR REEEEEEE e AR RRREEE

ot N [ef) i |
0.6 Do /Tcx_g_v_)_ = mj‘zoo

7
RS i T3 RO R e

i (v), x(v) [10° m/c]

'28' 3
v [10® m/c] v [10° m/c]

Puc. 5. OHOHANpaBJIeHHAs CKOPOCTh CBETA B BAKYyMe KaK (hyHKIIHS CKOPOCTH v s e(v)-v = —3vy(v)/c.

B uHepumanbHBIX CUCTEMax OTcYeTa (PUCYHOK 5), IBIXKYIIUXCSA CO CKOPOCTSIMHU V> c/2
4yachl HAaCTOJIBKO CHUJIBHO PAaCCHUHXPOHMU3MPOBAHBI, YTO M3MEPEHUE OJHOHAIPABIEHHOW CKOPOCTH
cBeTa ¢, (V) JaeT OTPUILATENbHBIE 3HAYEHUA. DTO MPOMCXOIUT M3-3a TOTO, YTO 4achl Z; OTCTAIOT
OTHOCHUTEIIBHO 4acoB Z; Ha OOJBIIMN NMPOMEXYTOK BPEMEHH, Ye€M HEOOXOIMMO CBETY, YTOOBI
n00paThCst U3 TOYKH X| J0 TOUKU X;. B 3THX MHepUUMANbHBIX cucTeMax f, — ¢ < 0. [loatomy cBer,
pacnpoCTpaHsAACh U3 TOUKH X| 10 TOUKHU X2, MHUMO BO3BPALIAETCsI BO BPEMEHH.

To, yTo BO3BpallleHHE CBETa BO BPEMEHH SBIISICTCS MHUMBIM, a HE PeaJbHbIM, OyZIeT Takxke
BBISICHEHO B Iozipaszzene 7.7. 3HaueHue napaMmerpa e(v) Takke oroBopeHo B pasaenax 7.7, 8 u 9.

6. OO0mmii BUj HpCOﬁpaSOBaHI/Iﬂ, BBIPAKCHHOT'0 Y€PE3 OTHOHAINIPABJIICHHY1O
CKOpPOCTDb CB€TA

B npeoOpazoBanusx (46)-(47) O6maromaps 3aBucUMOCTH (63) MOXEM 3aMEHUTH HapaMeTp
o +
e(V) C HCIONb30BaHMEM OJIHOHANPABIECHHOM CKOpOCTH cBeTa Cx(v). Ilomywaem Torma
npeoOpa3oBaHue M3 YHUBEPCAIbHON cuCTeMBbl oTcueTa U B MHEpLUUAIbHYIO cUcTeMy oTcuera U’
B BUJIE
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2+ 2+
_rc cx(c+v)x+(1 7 c cx(c+v)vjt

y o v v e
x' :l(x—v 1)
v (73)
;1
V=—y
7%
;1
zZ =—z
v

IIpu 3TOM M3 MHepHHMaIbHONM cucTeMbl oTcueTa U’ B yHHBEpcaJabHYIO cUCTeEMY oTcuera U
npeoOpa3oBaHUe UMEET BUJI

cc—cl(c+v) ,
t=—yy—————X+yyi

c el
2+
x:(ﬂ—ywwv}c#ywvt' (74)
c el
y=yy
z=y 7

AnanornyabiM obOpa3om mpeobpazoBanusi (46)-(47) MOXKHO 3amucarh Ha OCHOBaHHMH (64)
C MCIOJIb30BAaHUEM OJHOHAIIPABIEHHOMN CKOPOCTHU CBETA Cy (V).

brnaromapss mnpeoOpazoBanusim (73)-(74) MOXHO [aTh OIpENEICHHE MPOUZBOIHLHOMY
npeoOpa3oBaHuIo, yIOBIETBOpsitomieMy moctynaram [-IV, Ha ocHOBe JABYyX mapaMeTpoB:
TIOTIEPEYHOr0 COKpAIEeHus (V) 1 OHOHANPABIEHHOH CKOPOCTH CBETA B BAKyyMe C, (V).

brnaromapss mnpeoOpazoBanusim (46)-(47) MOXHO [aTh OIpPENEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHuIo, yIOBIETBOpsitomieMy moctynaram [-IV, Ha ocHOBe JBYX mapaMeTpoB:
MIONIEPEYHOI0 COKpallleHHs (V) U MmapamMeTpa CUHXPOHM3ALMM YacOB B MHEPLUAIBHBIX CUCTEMAaX
oTcuera e(v).

brnaromapss mnpeoOpazoBanusim (43)-(44) MOXHO [aTh OIpENEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHuI0, yIOBIETBOpsitomieMy moctynaram [-IV, Ha ocHOBe JABYX mapaMeTpoB:
3amemienuss BpemeHu f(v) (cmemyromero u3 (50)) u mapamerpa CHHXPOHH3AIMU YacOB
B MHEPLUATBHBIX CUCTEMaxX oTcuera e(v).

3HaueHue napaMeTrpa e(v) BBIICHSAETCS B CTaTbe HUXKE.

7. OcoOble ciayuyaun npeodpa3oBaHus

7.1. IlpeoOpa3zoBanme Jlopenna — mnpeoOpa3oBanue Crnenuanabnoii Teopun
OTtHocuTeIbHOCTH

Ecaun npussTse, 4TO

w(v)=1 [1]
IS S S T I (75)
e(v) y(v) 2 m o2 an }
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Torga mnpeoOpazoBaHus (46)-(47) mpunHuMaroT BHUI TpeoOpasoBaHus JlopeHma, Ha KoTopoe
onupaercs CrnenumanbHass Teopuss OtHocutensHocTH. M3 yHHMBepcanbHOM cuctembl oTcuera U
B MHEPLHMANBHYIO cHcTeMy oTcyeta U’ mpeoOpa3oBaHNe UMEET BUJT

! v !
=yl ——x+t =

7[ o j y=7 (76)
X=y(x-vi) Z'=z

W3 wuHepuumanbHOM cuctembl otcueta U' B yHHBEpcalbHylO cucTeMy otcueta U
npeoOpa3oBaHue UMEET BUJI

v / ’ !
t=y| 5 x +t =
y(cz’“ j v (77)
x=y(x'+vt) z=1z

CymecTBytoT nuiib ABa npeoOpasoBanus (46)-(47), B KOTOPHIX COOTBETCTBYIOIIHE APYT
apyry ko3¢h@UIMeHTs B mpeoOpa3oBaHUU U NpeoOpa3oBaHUU €My OOpaTHOM HMMEIOT TaKue XKe
YUCJIOBbIE 3HAYE€HHs (C TOYHOCTBIO /IO 3HAKA, CBA3AHHOTO C HANpaBJICHUEM CKOPOCTHU V). DTO
npeoOpasoBanue JlopeHnma u TOKa3aHHOe HIDKe mpeoOpaszoBanue [lamunes. Ilostomy
B nipeobOpaszoBanuu Jlopenna cucremsl U u U’ cTAaHOBATCSI HEOTIMUYUMBIMHU.

7.2. Ilpeodpa3oBanus JlopeHua ¢ nonepevYHbIM COKpalleHHueM

Ecaun npussTse, 4TO

y(v) 1 1 1 | s
—=- = |= 78
y» & yl-@/e)} ¢ [’ 7%)

e(v)=—

tTorga mpeoOpazoBanus (46)-(47) mpUHUMAIOT BUJA NPEOOpa3oBaHMs, KOTOPOE MOXKHO Ha3BaTh
npeoOpazoBanreM JlopeHIia ¢ monepeyHbIM cokpaiieHueM. 13 yauBepcanbHol cuctemsl otcueta U
B MHEPLHUAIIBHYIO crcTeMy oTcyeta U’ mpeoOpa3oBaHUs HMEET B

Y v , 1
t=—[——2x+tj y ==y

AN 4
o ] (79)
X'==(x-vit) Z'=—z
7

W3 unepuumanbHOii cuctemsl orcuera U’ B yHHUBepcanbHylO cucremy orcdera U 3tu
peoOpa3oBaHMs UMEIOT BH/T

14 ! ! !

l=yy|—5x+t y=yy
¢ (80)

x=ywy (x'+vt) z=yz
Heo0x0auMo0 BBISICHUTH HPOMCXOXAEHUE Haen 0000uieHus mnpeobpasoBanus Jlopenia,
MIPEJICTABJICHHOTO B TOU CTaThe. B cBs3M ¢ BhipakeHUEM (61) OTHOCUTENHHO OJHOHATIPABICHHON
CKOpPOCTH CBETa BO3HMKAET €CTECTBEHHBIH BOMPOC: /Ul KaKHX MapameTpoB e(v) u (V) CKOpoCThb

CBETa B MHEPLHUAIBHOM CHUCTEMEe oTcyeTa OylneT MMeThb 3HadeHue c¢ B J0OOM HampaBieHuu. Ha
ocHoBaHuu (61) 17151 cBeTa, pacpoCTPaHSIOIETOCs BAOJIb OCH X', TOJIKHO BBITIOJIHATHCS yPaBHEHUE
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2

c= ¢ (81)
Vever ety
v
YVevetct+ve=c (82)
Y

To CCTh, YTOOBI OJHOHAIpaBJICHHAA CKOPOCTH CBCTAa MMCJIA TOYHOC 3HAUCHUC C, HOJIKHO
BBITIOJIHATBHCA

y 1
e v (83)

Jlerko TpoBEpUTH Ha OCHOBAaHMHU HpeoOpa3oBaHUs cKopoctd (55), 4ro A Bcex
paccMaTpuBaeMbIX npeodpaszoBanuii (46)-(47) cBeT, pacHpOCTPAHSIOMIMICS MapajuleIbHO OCH ),
TaKxke OyleT MMETh OJHOHAIPABICHHYIO CKOPOCTh CO 3HaueHueM c¢ B cucreme U'. DTO Takxke
ClIeqyeT HENOCPEACTBEHHO M3 1mocTynara IV, 4ro u mnoxkazaHo Ha pucyHke 2. Takke
C HCIOJB30BAHUEM YHCJICHHBIX METOJOB OBLJIO MPOBEPEHO IS PA3JIMYHBIX 3HAYCHUH (DYHKLIUU
w(V), 4TO OJHOHAIpABJICHHAs CKOPOCTh CBETa B KMHEMAaTHKAaX, OMMCAHHBIX IPeoOpa3oBaHUSIMHU
(79)-(80), Bceria umeeT 3HAUCHUE C.

Otcroma cremyer, 4To CyHIECTBYET OECKOHEYHOE MHOXKECTBO KHHEMATHK, B KOTOPBIX
OJITHOHAIPABJICHHAs! CKOPOCTh CBETa B BaKyyMe B JIIOOOH MHEPLHUATBLHONW CUCTEME OTCUETa SBIISIETCS
MOCTOSIHHOM W uMeeT 3HaueHue c¢. OCHOBBIBaIOTCA OHHM Ha TnpeoOpaszoBanusax (79)-(80).
CnenuanbHast Teopusi OTHOCHUTENBHOCTH SIBJISICTCS JIMIIB OJHOM M3 OECKOHEYHOro MHOXKECTBA
TakuX KuHEeMaTHK (tpeobpazoBanue (76)-(77)).

B xunemarukax (79)-(80), B koTopeix W(v)# 1, WHEpUHMaTbHBICE CHCTEMBI OTCUYETa
OTJIMYUMBIC, U CYIIECTBYET YHHBEpCAJbHAs CHCTEMa OTcueTa, OOO3Ha4yeHHas cumBosioM U.
Cucrema U otnuyaercs XOTS Obl TeM, KakKUM 00pa3oM H3MEHSIOTCS, COTJIACHO MPEeoOpa30BaHUIO
(46)-(47), momepedHbie pa3Mepsl Tell, IBUKYIINXCS OTHOCUTEIBHO YKa3aHHOU CHCTEMBI OTCYETA.
[TosTOMy Takue TEOpUU HE YIOBJIECTBOPSIOT MPHHIIMITY SKBUBAJICHTHOCTH BCEX HHEPLHUAIBHBIX
CHCTEM OTCYeTa.

B coBpemeHHOl (u3MKE CUMTAETCs, YTO OJHOHANpPABJIEHHAs CKOPOCTh CBETa B BaKyyMe
ABIISIETCS a0COJIOTHO MOCTOSIHHOM, TO €CTh MMEeT OJMHAKOBOE 3HAu€HHE B JIIOOOM HAaIpaBlICHUH
pacripocTpaneHus u i aoboro Habmroaatens. Ha aTom ocHoBanuu 6buia BeiBeseHa Teopust CTO
OpHmreiiHa. Kak mnoka3aHo BblIe, CYHIECTBYET OECKOHEUYHOE MHOXKECTBO KHHEMAaTHK,
YIOBJIETBOPSAIOMINX 3TOMY yciioBuio. CTO Bblaensercs cpe HUX Te€M, YTO JOMOJHUTEIHHO B HEeH
MOCTYJAMPOBAH MPUHIIMIT SKBUBAJICHTHOCTH BCEX MHEPLHUAIBHBIX CHCTEM OTCYETa: HE CYIIECTBYET
TAaKOTO (PU3UYECKOTO SBJICHUS, KOTOPOE BBIJACISCT Kakas-TMOO HMHEpLUUanbHas CUCTeMa. ITO
CBOJIUTCS K TOMY, YTO COOTBETCTBYIOIIME JPYr Ipyry Ko3(QQHUIMEHTH B INpeoOpa3oBaHUU
U B IpeoOpazoBaHUM €My OOpaTHOM JOJDKHBI HMETh OJMHAKOBBIE UHWCIIOBBIE 3HAYCHHS
(C TOYHOCTBIO JI0 3HAKA, CICAYIOIIETO U3 HampaBieHus ckopocTu v). Cpenu mpeobpazoBanuii (79)-
(80) TakuM JAONOJHUTENBHBIM MOCTYJAaTaM YAOBJIETBOpPSET JHlIb npeoOpa3oBanue Jlopenua (76)-
(77). He cymectByer, 0IHaKO, HUKAKUX SKCIIEPUMEHTAIBHBIX IPUYHH, YTOObI IPUHUMATH IPHHIIUIL
SKBUBAJICHTHOCTH BCEX MHEPLUATBHBIX CUCTEM. DTOT MPUHLMI BBEJICH B (PU3UKY IPOU3BOJILHO.

M3BecTHBI B CBOIO OuYepelb OSKCIEPUMEHTAJbHBIE JOKa3aTeJIbCTBA CYILECTBOBAHMS
YHUBEpCAJIbHOU CUCTeMBI OTcueTa. Peubr muer 06 m3mepenusax anumzorponuu PU, oOcyxnaemoit
B HoOeneBckoil sekmuu [7]. OkaspiBaeTcsi, 4TO CO BCEX CTOPOH KOCMOCa 10 HAc JIOXOIMT
MHUKPOBOJIHOBOE AJIEKTPOMArHuTHOE u3iaydeHue B auanasone 300 I'Tu. B Hameit cucreme orcuera
3TO M3IYy4YEeHHE OO0JagaeT AWMONBHOW aHwm3oTpomueil. Jloxomsinee co CTOpOHBI co3Be3nus JIbBa
U3IYyYeHHE HMMEET HECKOJIBbKO OOJBIIYI0 PHEPIrHi0, B TO BpeMsl KaK H3JIydeHHE CO CTOPOHBI
co3Be3auss Bopones — HECKOJNBKO MEHbUIYI0 3Hepruio (pucyHok 6). Eciu yuuteiBath 3¢ et
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Jlomuiepa, TO MOYKHO OIIPEIEIUTh CUCTEMYy OTcuera, B kotopoil P omnoponHo. Takas cucrema
OTCUETa SIBJISIETCSI UCKIIIOUUTENIBHOM 0 OTHOLIEHUIO KO BCEM OCTalbHbIM. CylIeCTBOBAaHUE TAKOU
YHUBEPCAJIbHON CUCTEMbI OTCYETA MPEAIOaraeT, YTo Jaxke eciiu Obl OJTHOHAMPABJICHHAs! CKOPOCTh
CBETa B BaKyyMe Oblila MOCTOSIHHOM, TO MPaBWIbHOM MoJienbio KuHeMatuku CrennanbHas Teopus
OTHOCHUTENHHOCTH, OCHOBaHHas Ha npeoOpazoBanuu Jlopenma (76)-(77), He sABASETCS, a TOJBLKO
MO/IeJ1b, OCHOBAHHAs Ha KaKOM-ITHO0 Jipyrom npeodpazoBanuu Buaa (79)-(80).

T =2,726+0,010 K +AT, =3,358+0,017 MK

A

'

B} |

--- |

LIEHTP .
IIITIOCKOCTB

TraJlJaKTHUKH "

4 TraJJaKTHUKH

—AT,=-3,358£0,017 K V= 36\9,3 +33km/c ~0,001232-¢

Puc. 6. lunonsnas annzorponust P nokasana B mpoekuuu
Xammepa-AnuroBa (codcTBeHHast 00paboTKa Ha ocHOBE [7]).

B crarbe [10] Ha ocHoBanuu CrienmanbHoit Teopun Ddupa 6e3 monepeyHoro CoKpaieHus
Obuta ompezgeneHa ckopocTh ComHeyHoid CHCTEMBI OTHOCHUTENBHO CHCTEMBI, B KoTOopoit PU
onHOpoHO. [lomydueHHOE 3HaYeHHE CKOPOCTHU B 3TOU cucteMe cocraBisieT 369,3 km/s (pucyHok 6),
HO 3HaYCHME 3TOI CKOPOCTU Oy/eT MHBIM B paMKax JIPYTUX KUHEMAaTHK.

7.3. Ilpeodpa3zoBanus CneunanbHoii Teopuu I¢pupa ¢ nonepeyHbIM COKpalIeHHEM

Ecaun npussTse, 4TO
e(v)=0 (84)

Torma mpeoOpazoBanus (46)-(47) NpUHUMAOT BUA MpeoOpa3oBaHHil, Ha KOTOPHIE OMUPACTCA
CnenuansHast Teopus Ddupa c monepeyHbIM COKpalleHueM, BbIBeAeHHBIe B crathe [10]. U3
YHUBEPCAJIbHOU CHUCTEMBI oTcueTa U B MHEPHHMAIbHYIO cHUcTeMy oTcueTa U’ 3Tu mpeoOpa3zoBaHHS
HUMEIOT BU]L

1 , 1
t'=—1ot V=—y
ry 4
Y 1 (85)
X'=4(x-vt) zZ=—z
7%

W3 wunepuumanbHOi cuctemsl orcuera U’ B yHHBepcanbHyl cucremy orcdera U 3tu
peoOpa3oBaHMs UMEIOT BH/T

t=yyt y=yy

7

x==x"+yyvt z=yz (86)

DTO Lenblii Kiacc MmpeoOpa3oBaHMid, B KOTOPHIX OJHOBPEMEHHOCTh COOBITHI a0COJIOTHA,
YTO COIJIacyeTcs C TeM, 4YTO IMOKa3aHWs YacOB HE 3aBUCAT OT KOOPJMHATHI IOJIOKEHHS.
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KunemaTuku, OCHOBaHHBIE Ha 3THX MPE0Opa30BaHUAX, OTIMYAIOTCS MEXKIY co00#l (u3ndeckuMu
CBOIMCTBaMH, HalpUMeEp, MONEPEYHBIM COKPAIIICHUEM U 3aMeIJICHUEM BPEMEHHU.

7.4. IlpeodpazoBanue CneuunaabHoii Teopum Ipupa 0e3 mnomepeyHoro
COKpaIeHUs

Ecnun npussTse, 4To

y(v)=1

e(v)=0 ®7)

torma mpeoOpazoBanus (46)-(47) mpUHUMAIOT BUJ MPeoOpa3oBaHMs, HAa KOTOPOE OIMUpacTCs
CnenuansHast Teopust D¢pupa 6e3 mMomepevyHoro COKpalleHHus, BbIBeAEHHOro B crathe [9]. U3
YHUBEpCaJIbHOU cucTeMbl 0oTcueTa U B MHEpIHANbHYIO cucTeMy oTcuetra U’ mpeobpa3zoBaHue UMEET
BU]L

1
t'=—t "=
xX'=y(x-vi) Z'=z

N3 wuHepuumanbHO cuctembl otcueta U’ B yHHMBEpcalbHylO cuctemy otcueta U
npeoOpa3oBaHUe UMEET BUJ

t=yt y=y
x=ixiyve  z= (89)
Yy

B stom cnywae Crneuunansnoit Teopun Ddupa He HaOMIOIAaETCA MOMEPEYHOTO COKPAIICHUS
(to ectp w(v)=1). Cneunansnas Teopus Ddupa, BbIBEJACHHAs Ha OCHOBAaHHM INPeoOpa3oBaHUN
(88)-(89), mmeer TecHyro cBsi3b co CrnernumanbHoii Teopueir OTHOCHTENBFHOCTH DWHINTEHHA. DTO
ObLTO TIOKa3aHo B pabote [8].

[IpeoOpazoBanne (89) ObLIO YK€ BHIBEACHO APYTMM METOJIOM B cTaThsx [2], [4]. B atux
CTaThsAX aBTOPHI MOJYYHIIH YIIOMSIHYTO€ MpeoOpazoBanue u3 npeodbpasoanus Jlopenma Onaronaps
CHUHXPOHH3AIMM YaCOB B MHEPLUAIBHBIX CUCTEMaxX OTCYETa BHEUIHUM MeTosoM. [IpeoOpa3zoBanue,
MoJiyueHHOe B paborax [2], [4], sBisieTcs nWHAauYe 3aluMcaHHBIM mpeobpa3oBanueM JlopeHia mocie
M3MEHEHHs Croco0a M3MEpeHUs: BPEMEHM B MHEPLHUAIBHOM CHUCTEME OTCYeTa, IMOATOMY 3TOMY
npeoOpa3oBaHui0 Mpumnucanbl cBoiicTBa CrneumanbHoil Teopuu OTHOcuTenbHOCTH. B cTtatbe [9]
npeoOpazoBanue (88)-(89) umeer napyroii puznuecKuii CMbICI, yeM npeoOpa3oBanue JlopeHia, Tak
KaK COIJVIaCHO TPEJICTaBIEHHOW B 3TOM CTaTbe TEOPHM SBIISETCS BO3MOXKHBIM OIpECTICHHUE
CKOpPOCTH OTHOCHTEIHLHO YHUBEPCAIIbHOM CUCTEMBI OTCYETa MyTeM H3MepeHus. Jpyrumu cioBamu
YHUBEpCaJbHAs CUCTEMa OTCUETa peallbHa U HE SBJSIETCS MPOU3BOJIIBHO BRIOPAHHOW MHEPLUAIBHOM
CUCTEMOM OTCUeTa.

7.5. Ilpeodpa3zoBanue CnennanbHoi Teopun J¢pupa ¢ aGCOJIOTHBIM BpeMeHeM

Ecaun npussTse, 4TO

() =1/y(v)=/1-(v/c)* <1 (90)

e(v)=0
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Torna npeodpazoBanus (46)-(47) mpuHUMAIOT BUJ TPEOOpa30BaHUsI, B KOTOPOM BpeMs aOCOJIFOTHO.
W3 ynuBepcanbHO#l cucteMbl oTcueta U B MHEpIHMANbHYIO cucTteMy oTcueta U’ mpeoOpazoBaHHe
UMeEET BUJ

=t yi=ry
X' =y (x—vt) Z'=yz

O

W3 wuHepuumanbHO cuctembl otcueta U’ B yHHMBEpcalbHylO cuctemy otcueta U
npeoOpa3oBaHue UMEET BUJ

t:t’ y:ly’
. (92)
)C=—2)C’+Vl" z=—72
4 /4

B xuHemartuke, OCHOBaHHOW Ha 3TOM IpeoOpa3oBaHUU, BPEMs TEUET OJMHAKOBO BO BCEX
MHEPUHUAIBHBIX CUCTEMax OTCYeTa aHaJOTHYHO TOMY, Kak B npeoOpaszoBanusx [ amuies. OdeHb
MHTEPECHON SBISETCS BO3MOXKHOCTh HAIWYMA TEOPUM C aOCOJIOTHBIM BpEMEHEM, KOTopas
YIIOBJIETBOPSIET YCIOBUAM dKcIiepuMeHTOB MaiikenbcoHa-Mopnu u Kenneau-TopHuaaiika.

7.6. IIpeoOpa3zoBanue CrnenuajabHoii Teopuu ODdupa 06e3 NPOIOIBLHOIO
COKpaLeHHs

Ecnu npussTh, 4TO
_ _ . 2
y(v)=y(v)=1/y1-(v/c)" 21 93)
e(v)=0

Torga npeodpazoBanus (46)-(47) npuHUMAIOT BUJ NpeoOpa3oBaHUs, HA KOTOPOM OCHOBBIBAETCS
Crnennanbnas Teopust Ddupa 6e3 TpoAOIBHOTO CoKpareHus. 13 yHuBepcanbHON CHCTEMBI OTCYETa
U B uHepuanbHylo cucteMy orcdyera U’ mpeoOpa3oBaHHe UMEET BUJ

, 1 , 1
r=—t y ==y
y 7 (94)
X'=x-vt ==z
Y

N3 wunepumanbHoi cucrtembl otcuera U' B yHUBEpcallbHYIO cucteMy otcuera U

npeoOpa3oBaHUe UMEET BUJ

t=y"1 y=yy
' 2 ' ' (95)
xX=x+y vt z=yz

B kuHemaTWke, OCHOBaHHOW Ha JTOM NPeOOpPa3OBaHUHU, TPOAOJIBHBIE pPa3MephI
(mapannenbHO OcsAM X U X') OJMHAKOBBIC JUIsl HaOro1aTeNne Jiro00i HHEePIUAIBHON CUCTEMBI. DTO
cienyet u3 quddepennnanos npeodpasoanuii (94)-(95)

dx'=dx—vdt

96
dx=dx'+y*vdt ©6)

To ecTb

22 www.ste.com.pl




dopManpHOE JOKA3aTeIbCTBO, YTO MaTEMATHKa, Ha KOTOpOoi ocHOBBIBaeTcs CrieransHas Teopuss OTHOCHTEIBHOCTH
HeBepHO uctonkoBana - Poman [lloctak (Roman Szostek)

dt=0 = dx'=dx

97)
df =0 = dx=dx

7.7. PacmiupeHHble mnpeoOpa3oBanuss Taauiaess W BbIBOABI  OTHOCHTEJIbHO
napamerpa e(v)

Ecaun npussTse, 4TO

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

vv)=1 v (w/c—>0 = wyH=z=]

torga mnpeoOpazoBanus (46)-(47) NPUHUMAIOT BHUJ, KOTOpPbIE HA30BEM pPaCUIMPEHHBIMHU
npeobpazoBanusamu ['anunes. M3 yHuBepcanbHON cucTeMbl oTcueTa U B MHEPUUAIBHYIO CUCTEMY
otcueta U’ mpeoOpa3zoBaHUsi UMEIOT BUJI

t'=evx+(l—ev?)t Y=y
99)

X' =x-vt 7=z

W3 wuHepuumanbHO cuctembl otcueta U’ B yHHMBEpcalbHylO cuctemy otcueta U
peoOpa30BaHMs UMEIOT BH/]T
! ’ /
t=—evx +t y=y

100
x=(-ev)x +v? z=7 (100)

[Ipeo6pazoBanus (99)-(100) mpumMeHHMBI TOT/Ia, KOTJA CKOPOCTh V 3HAYUTEIHLHO MEHBIIE
CKOPOCTH ¢, WIU TIpole, korga ¢ =oo. Torma Ha ocHoBanuu (61) u (62) ogHOHANpaBJICHHAS
CKOPOCTh CBETA, PAaCpPOCTPAHSIIOUIETOCS BAOIb OCH X, COCTABIISET

N
CX(V)—CX(V)——e(V)V (101)

C=00

N3 3aBucumoctu (101) crnemyroT BakHble BBIBOABI. OMHOHAMpaBIEHHAs CKOPOCTh CBETA
B BaKyyM€ OTHOCHUTEJIBHO YHUBEPCAJIHLHON CHCTEMBI OTCYETa UMEET OECKOHEUHOE 3HaYeHHUE (¢ = ).
Torga oueBUIHO, YTO 3T CKOPOCTh NMEET OECKOHEUHBIE 3HAUCHUS TaK)Ke B JIFOOON MHEPIHATBLHOM
cucreme orcyera. Oxnako, corsnacHo (101) oxHOHampaBiIeHHAs CKOPOCTh CBETa B MHEPLHAIbHON
cucreme coctasisieT 1/(e v). Kaxercs, 4To 3TO MPOTUBOPEUUBO.

b)

x=0 c=-o x=D

Puc. 7. VI3amMepeHne ckopocTH CBeTa B MHEPIMAIBHOM CHCTEME OTCUYETa NP PACCHHXPOHU3UPOBAHHBIX YacaX B HEH,
a TaKKe B YHHBEPCAILHOM crcTeMe oTcyera (3¢upe) npu 6eCKOHEYHOI CKOPOCTH CBETA.

Opnako mpoTHBOpeuuit B 3TOM HeT. HeoOXoaumo 3aMeTuTh, YTO JUIS HW3MEpPEHUs
OJIHOHAMPABICHHOW CKOPOCTH 00s3aTeNbHO HEOOXOJAMMO  HCIOJBL30BAaHHE JBYX  YacoB,
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HENOJBWKHBIX B CHUCTEME, B KOTOPOM OCYILECTBISETCS M3MEpeHue. B yHUBepcaabHON cucTeMe
OTCUETa UCIOJIb3YIOTCS APYrUe 3K3EMIULIPhI YacOB, YEM HCIOJIb3YEMbIE B MHEPLUAIBHON CHUCTEME
orcueTta. Eciin B MHEpPIMAIBHOM CHUCTEME Yachl PaCCUHXPOHU3MPOBAHBI, TO MU3MEPEHUE CKOPOCTU
CBETa, PACHPOCTPAHSIOMIErOCsi ¢ OSCKOHEYHON CKOPOCThbIO, MOXET JaBaTh KOHEYHOE MHHUMOE
3Ha4YEHHE. ITO MPEJCTABICHO HA PUCYHKE 7.

B uactu b) pucyHka mokazaHa yHHBepcalibHas cucTeMa oTcuera. CBeT HCIyCKaeTcs H3
TOYKHU X = 0 B MOMEHT BPEMEHHU #) U MTHOBEHHO JOCTUraeT TOUYKU X = DD B MOMEHT BpeMeHH 7. Tax
KaK COIJIACHO MOCTYJaTy CKOPOCTh CBETAa B YHHMBEPCAJIBHOW CHCTEME OTcueTa OECKOHEeYHa, TO
th=1t=0.

B uwactu a) pucyHka mokasaHa MHepIMaibHas cucrema otcuera U'. B paccMarpuBaeMblit
MOMEHT BPEMEHHU JBOE€ YacOB 3TOM CHCTEMBlI pAcIOJIararoTCsl HEMOCPEICTBEHHO PAIOM C ABYMs
yacamu cuctemsl U. U3-3a cokpallleHus JUIMHBI pacCTOSIHUE MEX/y YacaMH, U3MEPEHHOE B CUCTEME
U', cocraBnger D' 1 MOXET UMETh OTJIMYHOE OT 3HaueHust D, mamepenHoe B cucteme U. Yachl,
pacnionararomuecss B Touke x'= 0, mokaspiBaroT Bpems ) =0, HO 4Yachl, HAXOISIIHECS B TOYKE
x'= D', nokaspiBatoT apyroe Bpems #{ #0. C touku 3peHus HaOmonarens u3 cuctembl U’ cBeT
UCIYCTUJICSI B MOMEHT BpeMeHH #) = 0, mpu 3TOM 10 TOukH D' nouien B MOMEHT BpeMeHH f] # 0.
IToaTomy B cucreme U’ oiHOHaNpaBiIeHHasi CKOPOCTb CBETA COCTABIISET

D' <00
v =—— (102)
-, > —00
Ckopoctb (102) SBJISIETCS pe3ysbTaToOM U3MEPEHUS, BBIIIOJIHEHHOI'O

PacCUHXpPOHU3UPOBAaHHBIMU 4YacaMu B cucteme U'. DT0 He peanbHas CKOPOCTb CBETA, KOTOpas
COIJIACHO TIOCTYyJaTy HMMeEeT B JTOM ciydyae OeckoHeuyHoe 3HaueHue. boisiee TOro, uacel
B MHepIuanbHOi cucrtemMe U’ MOTYT OBITh HACTOJIBKO PAaCCHHXPOHU3MPOBAHBI, YTO CBET OyaeT
BO3BpalaThcs BO BpeMeHU. Tak Oyzer B ciywae # <#). MIMeHHO Takue ciydau oOCYXKIaIHCh
B paszene 5.5.

AHAJIOTUYHYIO ~ CUTYalMI0  THOJY4YMM, €CIM  CBeT  OyJeT  pacHpoCTPaHSATHCA
B IIPOTUBOIIOJIOKHYIO CTOPOHY, TO €CTh U3 TOUKU X = D B TOuKy x = 0.

[IpencraBneHHass Ha PUCYHKE 7 CUTyallMs pealu3yercst Ui MpeoOpa3oBaHUi, B KOTOPBIX
napametp e(v) # 0 (mampumep, B Crneuunansnoit Teopun OtHOcuTensHOcTH). Torna aBmwxyiuecs
PSAIOM Yachl Y’)K€ B MOMEHT UX CMHXPOHM3AIMM [T0Ka3bIBAIOT pa3Hble 3HaueHUs. [IpencraBieHHbII
BbIILIE MIPUMEpP IMOKA3bIBAET, YTO OJHOHANpaBiIeHHbIE cKopocTu cBeTa (61) m (62), uzmepsemsble
B MHEPLMAIIBHBIX CUCTEMAX OTCYETA, HE OTPAYKAIOT PEAJLHOM CKOPOCTHU CBETA B 3TUX CUCTEMAX.

To ectp mapamerp e(v) # 0 IpPUBOAUT K PACCHHXPOHHU3AIMHM 4yacoB. OTCYETHl YKa3aHHBIX
4acoB HeEJNb3s TPAaKTOBAaTh OYKBAJIbHO, & OCHOBAaHHYIO Ha TaKOM MNapaMeTpe TEOpHUI0, TaKyl0 Kak
CTO, Heo0X0MMO UHTEPIPETUPOBATH MHAYE, YEM ITO JIEIACTCS B COBPEMEHHOH (hr3uke. DTa TeMa
OyzeT packpbITa B paszzene 8.

B cnyuyae pacmmpenHsix npeoOpa3oBanuii ["anumnest B MHEpIMAIbHBIX cucTeMax oTcueTta U’
(Ho He B cucteMe U) mokazaHusi 4acoB MeEpeBeeHbI (Yachl PACCHHXPOHU3YIOTCS) OTHOCHUTEIHHO
€CTECTBEHHON YCTaHOBKH, OTPaXEHHOHU B npeoOpazoBanuu ["anunes. Ilostomy B npeoOpazoBaHmsIX
BpPEMEHHU UMeeTCs (GaKTOp, 3aBUCAIINN OT TOJO0XKEHUS X WIH X .

7.8. Ilpeodpa3oBanue I'anuies

Ecaun npussTse, 4TO
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vie=>0 = y=1/J1-(v/c) =1
yv)=1 v (v/c>0 = wH)=l (103)
e)=0 v (w/c—>0 = e(v)=0)

Torga mnpeoOpazoBaHus (46)-(47) mpuHUMarOT BHI npeobOpasoBanus [amwies, Ha KOTOpOM
OCHOBBIBAE€TCS ~ KJIACCHMYECKasi KuMHematuka. W3  yHuBepcabHOM  cuctembl orcuera U
B MHEPIMAIILHYIO cucTeMy oTcuera U’ mpeoOpa3oBaHrue UMEET BUJ

t’:t y’:y
X'=x-vt Z'=z

(104)

W3 wuHepumanbHOM cuctembl otcueta U' B yHHBEpcalbHylO cucteMy otcueta U
npeoOpa3oBaHKe UMEET BUJI

t=t =
r=y (105)

x=x"+vt z=12

B  npeoOpazoBanum l'anmuness COOTBETCTBYIOLIME ApPYyr  Apyry  Ko3(pQuIueHTHI
B IIpeoOpa30BaHu M B MpeoOpa3oBaHUM €My OOpaTHOM MMEIOT OJMHAKOBBIC YHCIOBBIC 3HAYCHHS
(C TOYHOCTBIO 10 3HAKa, CIEYIOLIET0 U3 HampapieHus ckopoctu v). Ilostomy B mpeoOpa3oBaHun
lanuness tak ke, kKak W B mpeoOpasoBanuu Jlopenua, cuctemsl U u U' oxaspiBaioTcs
HEOTIMYUMBIMHU.

[IpeoOpazoBanuss [anmies MOXHO TpaKTOBaTh Kak MPHONMKEHHE BCEX JIMHEHHBIX
npeoOpa3oBaHui, BBIBEICHHBIX B ATOH CTaThe, U MaJIbIX CKOPOCTEH V, TO €CTh JUIs cirydas v << c.
[TosToMy Kiaccuueckass KMHEMaTHKa COTJIACYeTCsl C AKCIEPUMEHTAMHU MPU MalbIX CKOPOCTSIX V
HE3aBUCHUMO OT TOTO, Kakasi M3 OECKOHEYHOTO MHOKECTBa KMHEMAaTHKa SIBJSIETCS HaWITydIlen
MOJIENbIO peaTbHBIX MPOIECCOB.

[Tpeo6pazoBanue (104)-(105) peanuzyercs, KOraa CKOPOCTh vV OYSHB MaJia TI0 CPAaBHEHUIO CO
CKOPOCTBIO ¢, WU TIpolie, Mnpu yciaoBuu c =oo. Torma Ha ocHoBanuu (61) u (62)
OJTHOHAMPABJICHHAs! CKOPOCTh CBETA, PACIPOCTPAHSIOIETOCS BJOJIb OCH X, COCTABIISET

() =—c;,(v)=c =0 (106)

8. dusnueckuii cMbICJI NAPAMETPOB B NPe0OPa30BaHMAX U 00CYy:K/IeHNEe OCHOB
peJATHBU3MA

8.1. IMapametpsl f(v), a(v) u yw(v)

N3 Beipaxkenuit (50) u (51) o 3amenneHUM BpeMEHHU ClIeyeT, uTo mapameTp f(v),
B npeoOpazoBannu (43)-(44), onuceiBaeT 3aMeAsiecHUEe BpeMeH!. [1Jis1 HeroABI>KHOTO OTHOCUTEIBHO
YHHUBEPCATHHOM CHCTEMBI OTCUeTa HaONoATeNss BpeMsl B MHEPIUAIBHON CHCTEME OTCUeTa TEYeT
B f(v) pa3a ObicTpee (1//(v) pa3a MemieHHee), YeM B €r0 YHUBEpPCAIbHOM CUCTEME OTCUETA.

N3 Beipaxennit (52) u (53) o MmpOJIOJILHOM COKpAIICHWH CIEAyeT, 4To mapamerp a(v)
B npeoOpazoBanmsix (5) u (11) ommceiBaeT MPOJOJILHOE COKpalieHHe (TO €CTh MapaiedbHO
CKOPOCTH V) Tell, HaXOJSAIIMXCS B ABW)KCHHU 1O OTHOIIEHHUIO K TEJIaM, HaXOJSIIIMXCS B TOKOE
OTHOCUTEJIbHO YHUBEpPCAJIIBHOM cucTeMbl oTcuera U. JlId HENOJBUKHOIO OTHOCUTEIIBHO
YHHUBEPCATBHOM CUCTEMBI OTCUeTa Habmomarens ABMXKYyIeecs Teno B a(v) pas kopode (1/a(v) pas
JUIMHHEE) TaKOTO e Tella, HETOABIKHOTO OTHOCUTEIIFHO YHUBEPCATBHOM CUCTEMBI OTCUETA.
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[Tapametp w(v) B mpeoOpazoBanuu (46)-(47) onuchIBaeT MOMEPEUYHOE COKpaIIeHne (To ecTh
MEPICHIUKYIAPHO K CKOPOCTH V) Tell, HAXOASIIUXCS B JABV)KCHHH, [0 OTHOIICHHIO K TeElIaM,
HAXOJSAIIMMCS B TIOKO€ OTHOCHTEIBHO YHUBEpCAJIBbHOU cucteMbl otcueta U (pucyHok 2). Takum
obpa3om, mBmkymieecs Teno B y(v) pa3 mupe (1/w(v) pa3 yxe) Takoro ke Tena, HeIoABUKHOTO
OTHOCHUTEIILHO YHUBEPCATBLHOW CHCTEMBI OTCUETA.

8.2. Ilapametp e(v) =0

Ha ocnoBe npeoOpa3zoBanmii (43)-(44) u (46)-(47) MOXHO caenaTh BBIBOJ, YTO MapaMeTp
e(v) MOKHO TPaKTOBaTh KaK CIIOCOO CMHXPOHHU3AIIMHM YaCOB B MHEPIHUAIBHBIX CHUCTEMaX OTCUETA.
Paccmorpum cnyuaif, korma e(v) =0. Torma mpumenumo mnpeoOpasoBanue BpemeHHu (85), u3
KOTOPOT'O TOJIy4aeM

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

Or1o o3Havaer, yTo s e(v) = 0 cHHXpOHM3aIWs 4acoB B cucteme U’ COCTOMT B TOM, YTO
ecnu 4dacel cuctembl U mokaseiBatoT BpeMms ¢ = (0, torma cormacHo (107) wacel cuctemsr U’
HaXOJAIIHUECs PAIOM, TaKKe OOHYIEHBI, TO ecTh ¢’ = 0. DTOT crnoco0® CHHXPOHU3AIUH MIPEICTABICH
Ha pUCYHKe 8.

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

2
C

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

e(M=0 = c (v)=- ¢ (109)
Cc—YV

\% ’
1 ! . g
(l) T '
=0 1t'=0 11=0=1=0 }1=0<1'=0
A\ Y Y
1 | | U
T T T -
0 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 ATOM
cucreme c. B paccmaTpuBaeMbIii MOMEHT BPEMEHH, KOTIa BCE Yachl cucTeMbl U TOKa3bIBAIOT BpeMs ¢ = 0, Havasa
orcuera cucteM U n U’ coBnamaroT. Ha jro0BIX gacax, BIDKYIIUXCSI PSAIOM ¢ 9acaMu ¢ = 0, TaKkKe yCTAaHABIUBACTCS
Bpems t' = 0.

8.3. Ilapametp e(v) #0

PaccmoTrpum cimyuam amist mpou3sBosibHOTO mapaMerpa e(v). [IpeobpasoBanue Bpemenu (47)
uMeeT BUJ
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t=—ylevx' +yyt (110)

Korpa wacel B cucteme U nokaseiBatoT Bpems ¢ = 0, Torga cormacHo pucyHky 1 Hauana
0TCYeTOB cucTeM coBmanaioT. M3 ypasuenus (110) cnenyer, uro Ha yacax cucreMsl U’ , KOTOpbIE
HaxXOJATCS pSAOM ¢ OOHYJNEHHBIMH YacaMM cHucTeMbl U, YCTaHOBJIEHO 3HadyeHue 1,
ONPEEISAIOLIEECS BEIPAKEHUEM

t=0 = =Yy (111)
y

Cunxponu3zauus yacoB B cucteme U’ mokazana Ha pucyHke 9. C To4ku 3peHust cucremsl U
qacel B cucreMe U’ pacCCHHXpOHM3UPOBAHbI, TaK KaK MX IOKAa3aHUS 3aBUCAT OT IIOJIOXKEHUS, a HE
TOJIBKO OT TeueHHsI BpeMeHH. Ecnu HabOmronatens u3 cucteMbl U’ n3MepsieT OHOHANpaBICHHYIO
CKOPOCTb CBE€Ta, TO Ha ONPEACIEHHBIX YacaX CUUTHIBAECT HAyaJbHbI MOMEHT, a Ha JPYTUX dacax
U3MepsieT KOHEYHbII MOMEHT. OTH 4Yachl BCerJja MOXKHO YCTaHOBUTb TakuM 00pa3oM
(pacCUHXpOHM3MPOBATH MX), YTO OJHOHAIpPABIIEHHAs CKOPOCTh CBeTa OyAeT MMETh M3HAYaJIbHO
3aN0KeHHOEe 3HaueHue c,(v) m cy(v). Takoif ke 3pQPeKT MOXKHO MONYYHTh B KIACCHUYECKOH
MexaHuke. EcnM mokazaHus 4acoB, C KOTOPBIX CUMTHIBAETCS KOHEUHBII MOMEHT, INEPEBEAEM
BIIEpE]], TO MHUMO CKOPOCTb Tela OyJeT MEHBIIIE, a €ClIM TOKa3aHHs 3TUX YacoB IEepeBe/ieM Hazall,
TO MHUMO CKOPOCTb Tefia Oyaer OoJblie.

Jlns paccMaTpuBaeMBIX MpeoOpa3oBaHU MPH YCTAaHOBKE 4YacoB B cucreMe U’ coriiacHo
BbIpakeHuto (111) onHOHampaBieHHas CKOPOCTh cBeTa OylneT MMETh 3HAueHHE, OIpelesieMoe
Beipakenusmu (17), (18) u (61), (62). D10 BOBCE HE O3HAYAET, YTO ATO CKOPOCTH CIEAYET U3
CKOPOCTH IPOTEKAaHUsl PealbHBIX MPOLIECCOB, HA KOTOPBIX OCHOBBIBAIOTCS MOKAa3aHUS 4acoB. JTO
MOXET OBITh TOJBKO pE3yIbTaTOM YCTAaHOBKM YacOB B HHEPIHMAIBHBIX 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 OMMCHIBAEMBIM ITPOIIECCAM.

t'=wevx|/y t' =wevx;/y

c(v) (v
(V) & ( 4

!

F
qu‘

U

X

0

t=0 t=0 t=0

Puc. 9. CuaxpoHu3anus 4acoB BHEITHUM MeTonoM (e(v) # 0).

Yacsl B yHUBepCaJIbHON cucTeMe oTcuera U CHHXpOHU3UPOBAHbI C HCIOJIb30BAHUEM CBETa, KOTOPHII B 3TOH CHCTEME
HMeEeT OJTHOHAIPABIICHHYIO CKOPOCTh ¢. B paccmarprBaeMblii MOMEHT BpEMEHH, KOTIa BCE Yachl CUCTEMBI U
MoKa3bIBatoT Bpemst ¢ = 0, Hayasna orcuera cucteM U n U’ coBnazmator. Ha 1i00bIX gacax, MpOXOAAIIMX PSIOM C YacaMu
¢t = 0, ycTaHOBJIEHO BpeMs ¢’ = wevx'/y.

Ecmu e(v) #0, Torna Beipaxenus (50) u (51) paznuunsl, u Beipaxkenus (52) u (53) Taxxe
pasnmuusbl. To ecth HaOmonatenu u3 cucreM U u U’ moiyyaroT Ha OCHOBAaHHHM CBOMX M3MEPEHUI
pa3auyYHbIE BBIBOJBI OTHOCUTENILHO 3aMENJICHUS BPEMEHU U MPOJOJIBHOIO COKpalleHHs (MHade
OLICHUBAIOT OTHOCUTENIBHOE TEUEHUE BPEMEHU B CBOMX CHUCTEMAax M MHAY€ OLICHUBAIOT MPOINOPLIHUU
TOPU30HTAIBHBIX JIUHUHA B CBOMX CUCTEMaX). TaKyro CUTYallu0 MOXKHO HHTEPIIPETUPOBATh TaK, YTO
UX HM3MEpPUTENIbHbIE MPUOOPHI HE OBLIM CHHXPOHHU3MPOBAHBI M IMO3TOMY OHHM H3MEPSIOT YTO-TO
npyroe. Tompko ecnmu e(v) =0, Torga WX H3MEpPEHUs 3aMENJICHHS BPEMEHH M TPOJOIBHOTO
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COKpAILLEHUS JAI0T OJMHAKOBBIM PE3yJabTaT, TO €CTh TOJIBKO KOTJa 4Yachl B UX CHUCTEMax OTCYETa
IIPaBUJIBHO CUHXPOHU3HPOBAHBI.

PaccMoTpyuM CBETOBOI MMITYJIbC, MCIYIIEHHBIN BIpaBO M3 Hayana cucteMel U’ B MOMEHT
CUHXPOHM3AINH 4acoB (pucyHok 9). B MomeHT #; = 0 umImynbc Haxoauics B moJsioskenuu x| =0, a B
MOMEHT ¢, HaXOJUJICS B TIOJIO’KEeHUU X5. Ha ocHoBanum (61) MokeM 3amucarhb, 4To

o Vv +c+v ,
’ ,_,_xz—xl_ X, _y ,_lﬂev , X,
f-f=f=2"0__ 0 _ . ¥y =YY B (112)
¢, (v) ¢ (v) c Y c
c+v

Beipaxxenune (112) moxxHO mo-pasHomy wuHTeprperupoBaTs. B CrhenmansHoit Teopun
OTHOCHUTENBHOCTHU IIPUHATA TaKasi MHTEPIPETALUs, YTO Yachl B MHEPLUAIbHOU cucteme orcuera U’
NPaBUIBHO CHHXPOHU3UPOBaHBL. TO ecTh CBeTy (DaKTUYECKH HEOOXOOUMO #) BpPEMEHHM Ha
NPOXOXKJIEHHE TMyTH JIuHOW x5. Torma (¢aktudecku i HaOmromatenss B cucteme U’
OJTHOHAMPABJICHHAs! CKOPOCTh CBeTa BhIpaskaeTcs coryacHo (61). ns CTO nHa ocHoBanum (75) ata
CKOPOCTb UMEET 3HAUEHUE

2 2
C C

c;(v)= =11 =c (113)

Tevcite+v ——y—ovciHc+y

4 c

Heob6xomumo, oqHaKo, MIOMHUTH O TOM, YTO 3HA4YCHHs f, U ¢} = 0 CUMTAHBI C IBYX Pa3HBIX

yacoB. Eciin 3TH 9ackl HEMpPaBUWIIBHO CHHXPOHHU3UPOBAHbI, Toraa ckopocts (113) — maumas. Toraa
ckopocTh (61) He oTpakaeT mpoTekaHus (PU3UYECKUX IMPOIECCOB, a JIMIIL BBI3BaHA CIIOCOOOM
YCTaHOBKH YacCOB B HHEPIIMAIBHOU cucteme oTcuetra U'. JIns Takoii untepnperarmu ¢ yuetom (108)
BeIpakeHue (112) 3anuiiemM B Buje

, wev , X, x)

£, - Xy = = 114

oy @ cle=0) e
c+v

To ecTb ecnu CBETOBOM MMITYJIbC HCIYIIEH, TOTJA HA 4acaX, HAXOJAIIMXCS B TOYKE X,
ycTaHoBJieHO 3HavyeHue (111), a B peasibHOCTH HODKHO OBITH ycTaHOBIIEHO 3HaueHue 0, cienyroriee
13 NPaBWIBHOW CHUHXPOHM3ALMHU, TO €cTh U3 BhipaxeHus (107). Iloatomy, korna umnynsc noiaer
710 TOYKH X, TOT/1a IPABUIIBHOE NTOKA3aHUE HAXOASIIMUXCS TaM 4acoB HE 75, a

A (115)
y

[Tpu Takoit mHTEepHpeTanuu jeBas 4acTh ypaBHeHus (114) mpencrasnser coboii peanbHOE
BpeMsi, HEOOX0JMMOE UMITYJIbCY Ha MPOXOKACHUS 10 TOUKHU X;. ECIH 4acel, Haxosmuecst B TOUKe
X5, ObUTM OBl MPABUILHO CHHXPOHU3MPOBAHBI COTIIACHO BbIpaxkeHuto (107), To olHOHaNpaBiIeHHAs
cKopocTh cBeTa coctapmiia Obl (108) wmm (109), a ve (61) umm (62).

W3 BbIIECKa3aHHOTO CIENYET, uyTO ecnu napaMmerp e(v) # 0, Torga BO3MOXHBI pa3IndHbIE
uHTeprnpeTanuu  npeodOpazoanmii  (43)-(44) u  (46)-(47). B CnemmanenHoit  Teopun
OTHOCUTENBHOCTH NPHUHATA HHTEPIIPETALUs, YTO CUMUTHIBAHUS YacOB HEOOXOJMMO TPAKTOBATh
OyKBaJlbHO. DJTO TPUBOAUT K TOMY, YTO pa3Hble HaOMIOAaTeNnu, U3Mepsis Te ke (U3NYecKue
SBJICHUS, IOJIy4alOT pa3Hble Pe3yJbTaThl (MCKIOYEHHEM SBIIAETCS OJHOHAIPABIEHHAs CKOPOCTb
ceeta B Bakyyme). B CTO cuurtaercs, 4To 3TO CBOMCTBA MPOCTPAHCTBA-BPEMEHH, a HE PE3YJAbTAT
PaCCUHXPOHHU3ALMH YaCOB MEXAY MHEPLUAIbHBIMU CUCTEMAMH.
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JUis BTOpOM MHTEpIpeTaluy 3HAaueHUs napamerpa e(v) npuHsatue e(v)#0 mnpuBoauT
K paCCUHXPOHHU3allMM 4acoOB B MHEPLUAIBHON CHUCTEME, HO IIPHU 3TOM HCIOJIB3YETCSI KMHEMAaTHUKA,
ocHoBaHHas Ha napamerpe e(v) =0. Ilocne pacCMHXpOHM3ALlMM YacOB MX 3HAUEHUS HE CTOMT
TpakToBaTh OykBasibHO. Ecnu B pacuerax mpuHHMaeTcss BO BHUMaHHME (DAaKT PaCCHHXPOHHU3AIUH
4acoB, TOT/Ia Jiro0asi KHHEMaTuka ¢ napameTpoM e(v) # 0 mepexoauT B KHHEMAaTHKy ¢ TapaMeTpoM
e(v) =0. CornacHo 3TOM HHTEpIpeTaluu mapaMmerp e(v) He JAaeT BO3MOKHOCTU MOJYyYUTh HOBBIE
KMHEMaTUKU. Bce KMHEMaTUKH, BO3MOXHBIC UI1 IPUHATBIX B 3TOM crarbe moctynaros I-IV,
cozepkarcsi B mpeoOpazoBanusx (85)-(86). KunemaTHku OTIMYAIOTCS TOJBKO OJHUM MapaMeTpoM
MorepeyHoro cokpamenus y(v). B MmoHorpaduu [8] mokasaHo, 4yTO MpU TakoW WMHTEpHpETAUU
CTO cranoButrca CTD c¢ yHuBepcanbHOM cucTeMoil orcyera. COIVIACHO 3TOM MHTEPIPETALUU
MHOTHE BBIBOJIBI COBPEMEHHOM (DM3MKH, TMONydYalOIIMecs Ha OCHOBE MaTeMaTHKH, Ha KOTOPYIO
omupaercsi CTO, sBmstorcs omubounsiMu. To ecth Matematuka CTO mnpaBuibHas, HO
MHTEPIIPETALMS 3TOM MaTEMaTUKU — HEIIPaBUJIbHA.

Beenenne mnapamerpa e(v) #0 B mpeoOpasoBanus [ammnes (104)-(105) mnpuBoaur
k npeoOpazoBanusiM (99)-(100). To ectp mocie pacCHHXPOHU3AIMH YacOB MEXKIY Pa3IMYHBIMU
MHEPIUAIBHBIMUA CUCTEMaMU TOJY4alOTCsl IpeoOpa3oBaHusi, B KOTOPBIX MOKa3aHUS YaCOB CHCTEMBI
U' 3aBucAT oT ux nonoxeHus. OIHAKO IO CyTH — 3TO KJacCHuYecKas KMHEMaTHKa, 3alucaHHas
B Oosiee ci0XHOM Buje. Benp cmoco® ycTaHOBKM HayajbHBIX 3HAUCHHM Ha yacax cucteMbl U’
B KJIACCUYECKON MEXaHHKE HE BJIUSACT Ha MpOTeKaHue (pu3ndeckux mnpoieccoB. PopmanbHO, TEM HE
MEHEee, MOJKHO 3amucarb 3Ty KHHEMAaTHKy C ucnoJsib3oBaHueM mnapamerpa e(v)#0. Ecmu
B KJIACCHYECKOW KHHEMAaTHKE, 3alUCaHHOW C HCIOoJIb30BaHWeM mpeoOpazoBanuii (99)-(100),
MOKa3aHMs pACCUHXPOHU3UPOBAHHBIX YaCOB OYAYT TPAKTOBATHCS KaK OYKBaJIbHbBIC 3HAUCHHUS, TOTAA
MO’KHO TOJIYYUTh BBIBOBI 110I00HBIE OJTYYeHHBIM U3 TpeoOpazoBanus Jlopenua B CriennanbHOM
Teopun OtHocutensHOCTH. TO ecTh, HaNIPUMEp, YTO OTHOCUTENBHBI: OJJHOBPEMEHHOCTh COOBITHIA,
3aMeJUICHHE BpPEMEHHM M INPOAOJbHOE COKpamleHue. Ecnu Bce-TakM NPUMEHUTh BTOPYIO
UMHTEpIpeTaluio, Torga Bce kuHematuku (99)-(100) nmpuBoadrcs K KJIacCMUYECKON KHMHEMATHKE,
omnucanHo# npeobpazoanusimu (104)-(105).

B »3r1oii crarbe mnpuHATA MHTEpHpeTalus napamerpa e(v) TaK, 4YTO OH OIMCHIBAET
PACCHHXPOHU3ALMIO YacOB B MHEPIHUAIBHBIX cUCTeMax orcyera. B monorpadum [8] B pasznmene
»dem aensemcs Cneyuanvuas Teopus Omuocumenvnocmu (CTO)” ObUIO BBICKa3aHO MHEHHE, YTO
napaMmeTpy e(v) MOKHO IIpUIHCATh €Ule OJHY, TPEThl0 MHTepnpetanuto. Ilapamerp e(v) Moxer
OIMCHIBATH MEPEMEIICHNE BO BPEMEHU U MPOCTPAHCTBE, peanusyemoe npeodpazoBanuem. lInpoko
INPUHATO CYUTATh, YTO MPeoOpa3oBaHUE CBA3BIBACT MEXYy COOOM 4achl, HAXOISIIUECS B JAHHBIN
MOMEHT HENOCPEACTBEHHO PsAOM. TO €CTh NMEPECUMTHIBAIOTCS KOOPAMHATHI OJHOIO M TOTO K€
COOBITHS, BUAMMBIE W3 Pa3IMYHBIX CHUCTEM OTcueTa. Tak moHuMaeTcs mpeoOpasoBanue Jlopenua
B CriertmanibHoit Teopun OtHocutensHocTd. Ho Benp mpeoOpa3oBaHHE MOXKET IMEPECUUTHIBATH
KOOpPJMHATY IOJI0XKEHUS YacOB K KOOPAMHATE MOJIOXKEHUS TEX K€ CaMblX 4acOB B JIPYyroil CUCTEME
0TCYeTa, HO TaKOM, MPU KOTOPOH ATH Yachl OKaXXyTCs B OyAylIeM WM HAaXOJUJIUCh B MPOILIOM.
[Ipu Takoil MHTEpHpeTanuu MpeoOpa3oBaHUE HE MEPECUUTHIBAET KOOPAMHAT OJHOTO M TOTO XKe
COOBITHS, @ TOJBKO KOOPJMHATHI pa3iuyHbIX coObITHid. [Ipu Takoit uHTEepnpeTanuu napamerpa e(v)
npeoOpa3oBaHue CBSI3BIBAET KOOPAMHATHI OJIHOTO M TOTO e COOBITHS TOJBbKO Koraa e(v) = 0.

9. 3nauenue nmapametpa e(v) 1Js 3aMelJIeHUs] BpeMeHH

B cnywae mpeoOpa3zoBanmii, B KOTOpBIX mapamerp e(v) # 0, Henb3s HEMmOCPEICTBEHHO Ha
OCHOBAHUU IIOKA3aHUU Y4aCOB YTBEPXKIATh, YTO B KAKOW-TO MHEPLHUAIBHOU CUCTEME OTCUYETA BPEMS
TEe4eT MEIJICHHEee WM ObIcTpee, YeM B YHHUBEpCAJbHOM cucTteMe orcuera (ubo B Jpyroi
HMHEpLHAIIBHOM cucTeme).
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PaccmoTpuM nokaszanHyro Ha pucyHke 10 cutyanuro. B nnepuuaneHoii cucreme orcuera U’
HaxoauTcst Habmoaarens O, a B yHUBepcallbHOM cucteme U HaxoauTest Habmoaarens O.

9TH Yachl MPOJIETAIOT MUMO ,
HaoOmonareins O 20
A

A%
— x,t

9TH Yachl MPOJIETAIOT MUMO
HaoOmonarens O’
A

4

Puc. 10. BpeMeHa, HU3MEPACMBIC IBYMA Ha6J'IIO,HaTeJ'IHMI/I 13 Pa3JINIHbIX CUCTCM OTCUCTA.

Y wabmomarenss O' B ero cucreMe orcdyera uMMerorcss 4dacel B;. Yacel By Haxomdrcs
HEMOCPECTBEHHO ¢ HabmoaareneM. Y HaOmonatens O B €ro CUCTEME OTCUETa UMEIOTCS 4achl A;.
Yacel Ap HaXOAATCS HEMOCpPEACTBEHHO ¢ HabmopareneM. HaOmomatenu O u O' He Moryr
HETOCPEJCTBEHHO CpPaBHMBATh IMOKa3aHUN 4YacoB Ao W By, Tak Kak HaXoJIATCs Ha OOJBIIOM
pPaccTOSHUU APYT OT Ipyra U NOCTOSIHHO JIBUXKYTCSI OTHOCUTENIBHO JIPYT ApyTa.

Kaxapiii u3 aTix HaONMIOAaTeNne MOXKET B JTI0OOKW MOMEHT CHSTH IMOKa3aHHs C JABYX 4acoB,
HAXOJISAIINXCS] HETTOCPEACTBEHHO pIoM ¢ HUM. Habmonarens O MOKET CUUTHIBATh BPEMS CO CBOMX
4acoB Ao M MPOXOJALUIMX MUMO HEro 4yacoB B;. C KOHKPETHBIX 4acoOB B; MOXET CUHUTaTb BpeMs
TOJIBKO OJMH pa3, KOIZJa 3TH 4Yachl HAXOAATCA PsioM ¢ HUM. Kaxaplil pa3 mpu CUUTHIBAHUHU
BPEMEHMU C YacoB B; AENAET 3TO C pa3HbIX YacoB.

AmnanoruyHas cUTyalus cBsizaHa ¢ Habmronatenem O'. Habmoparens O' MOXKET CUMTHIBATD
BpEMS CO CBOMX 4YacoB By M MpOXOASIIMX MUMO HEro 4acoB A;. C KOHKPETHBIX 4acoB A; MOXET
CUMTATh BpeMs TOJBKO OJMH pa3, KOIJa ATH 4Yachl HAXOIATCSA psaoM ¢ HuUM. Kaxapli pas npu
CUUTHIBAHUU BPEMEHU C YacCOB A; IEJIaeT 3TO C Pa3HbIX YACOB.

HaGnronarenb MOXET CUMTBHIBATH BPEMS C YacOB, KOTOPHIE B JAHHBIH MOMEHT HaXOIATCS
psanoM ¢ HUM. MoxkeT Takke (PUKCHpOBATh MOJIOKEHHUE TAKMX YAaCOB OTHOCHUTEIHHO KOOPAWHAT
cucreM U u U'. BoiBeZieHHBIE B 9TON CTaThe MpeoOpa3oBaHusl BPEMEHU M KOOPIAMHAT TOJI0XKECHUS
CIIyXaT Ul Iepecuera MOKa3aHUi OTHOCUTENIBHO OJJHOM CUCTEMBI OTCYETA K MIOKa3aHUSIM B IPYrou
CUCTEME OTCUETA.

B paccmatpuBaemoii cutyaumu it Habmogarenss O U3 yHUBEPCAIbHON CHCTEMBI OTCUETa
MPUMEHNMO BBIpaXKEeHUE [Tl 3aMe yieHus Bpemenn (50), a ans vabmroaarens O' U3 MHEPIUATHHOM
CUCTEMBI OTCUETa MPUMEHUMO BhIpakeHue 17 3amenieHust Bpemenu (51). To ectp Habmonatens O
OLICHUBAECT OTHOCUTEJIBHOE TEUEHUE BPEMEHU Ha CPABHUBAEMBIX MM Yacax CIEAYIOIIMM 00pa3oM

!
dx=0 = ‘ll_t:i—ev2 (116)
at  yry

Hab6nronarens sxe O' OlleHHBAaET OTHOCHTEIBHOE TEUCHHE BPEMEHH Ha CPAaBHUBAEMBIX UM
qacax CIeIyIOUIM 00pazom
a’ 1
dx'=0 » —=—o (117)
dt  yy

To ectb ecnu e(v) #0, Ttorna Habmogarenn O u O' MO-pa3HOMY OLEHIT OTHOCHUTEIHHOE
TE4YeHHE BpeMEHH (3TO ObUIO OTMEUEHO B mojpasnene 5.1). JlonoaHuTeabH0 HE0OX0IMMO 00paTUTh
BHHUMaHHE Ha To, 4To Habmoaarean O u O’ CYUUTHIBAIOT MOKA3aHUS BPEMEHH C Pa3HBIX YacOB.
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Jns nabmomatens O U3 YHUBEPCAIBHOM CHCTEMBI OTCUETa TEUEHHE BPEMEHHU Ha dacax B;
U3MEpSETCS HE OHUMM YacaMy, a MHOTMMHU IIOCJIEA0BATEIbHO MPOXOAAIIMMU MUMO Yyacamu. Eciu
4acel B; pacCHHXPOHU3UPOBaHbI, Torjaa HaOmogatens (', CUNTHIBas C HUX BpeMs, HE HU3MeEpseT
peasibHOTO TeueHus BpeMeHu B cucrteme U'. B Beipaskenuu (116) npucyTcTByeT MHOKHTEH e(v)V,
ONMCHIBAIOLIMI BIIMSHUE PACCUHXPOHM3ALMM YacoB B; Ha 3aMeJUICHHE BPEMEHH, H3MEPSEMOE
HaOmonarenem O.

Hab6nronarens O' u3 MHEPIHUAIBHON CUCTEMbI OTCUETA OLICHUBACT 3aMEJICHHE BPEMEHHU Ha
OCHOBaHMU TIOKa3aHUM YacoB A;. OTM Yachl HEMOJBM)XHBI OTHOCUTENIBHO 3¢dupa u Obuln
CHHXPOHHM3UPOBAHbl C KCIOJIb30BAaHHUEM CBETa, KOTOpPBIA M3 IMOCTyJara HMeeT B 3¢upe
OJIHOHAMPABIEHHYIO CKOPOCTh cO 3HadeHueM c. U3 3aBucumoctu (117) cnenyer, uro mapamerp e(v)
HE BJIMSET Ha U3MEPEHUE 3aMeIJICHUs BPEMEHH, ocyliecTBiIsieMoe Ha0monarenem O'. To ecTh yachl
A; He ObUIM PACCHHXPOHM3MPOBAHBI 3TUM mnapamerpoMm. HaOmonmatens O' cuumThIBaeT peanbHOE
TE€YEHHE BPEMEHU B YHUBEPCAIBbHOH cucteMe orcuera U.

Ecmu e(v) # 0, Torna usmepenus 3ameanieHus BpeMeHu HaomogarensiMu O u O' pa3IuyHblL.
[TosToMy Henb3st 0OBEKTUBHO YTBEPXKJaTh, YTO B OJJHOM CHCTEME OTCUeTa BpeMs TeueT ObICTpee,
a B Apyroil — MejIeHHee. 3aTO MOYXKHO YTBEPXKAATh, YTO UX Yachl HE CHHXPOHU3UPOBAHBI.

To, uto mapamerp e(v) ONMUCHIBAET CHOCOO PACCHHXPOHM3ALMU YacOB B MHEPLUAIBHBIX
CHUCTEMAX OTCUETa, MOJYKHO 3aKIIOYUTh TAKKE HAa OCHOBAHMM 3aBUCUMOCTU [UIsl 3aMEJICHUS
Bpemenu (50). HaGmonarens O, mpexactaBieHHbIH Ha pucyHKe 10, HEMOABMXKEH OTHOCUTEIILHO
YHUBEPCAIBHOM cUCTEMBI oTcueTa U U OLICHUBAET TEYCHHE BpEMEHHU B cucteMe U Ha OCHOBaHUU
IIOKa3aHUH O0JHUX 4acoB 4. Tak Kak Bce 4achl OTMEPSAIOT BPEMsI COTJIACHO OCH BPEMEHH, [I03TOMY
Te4YeHUE BpEMEHH Ha yacax Ao yaoBIeTBopsieT ycinouio dt > 0. Ha ocnoBanuu (50) nomydaem

dc=0 A dt>0 A e(v) = di'<0 (118)

> e —
y») y(»)v?
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Puc. 11. Bimsnaue 3Hauenus napamerpa e(v) Ha U3MEpEeHHE BPEMEHH B BIDKYILEHCS HMHEPIMAIbHON CHCTEME
HaOIIoJaTeNIeM U3 YHUBEPCAIBHOM cucTeMbl orcueTa (df > 0).

To ectp Habmomarens O CUMTHIBAET BpeMsl Ha OYEpEAHBIX yacax B; U yTBEp)KIaeT, 4To
OuepeHbIe OTCUYETHI YKa3bIBAIOT HAa Bce OoJjiee paHHUE MOMEHTHI BpeMeHu. Eciu Obl Habmogarensb
O TpakToBaJl TaKMe OTCYEThl OYKBAJIbHO, KaK 3TO B HacTosIee Bpems aenaercs B CnenuaabHOR
Teopun OTHOCHTEIBHOCTH, TO 3AKIIOUMI OBbI, YTO B MHEPLHUAIBbHOW cucteme orcuera U’ Bpems
TedeT oOpaTHO. OHAKO 3TO HE IMpaBJia, TaK KaK COIJIACHO MOCTYNATy KaXable Yachl B; OTMEPSIOT

31 www.ste.com.pl




dopManpHOE JOKA3aTeIbCTBO, YTO MaTEMATHKa, Ha KOTOpOoi ocHOBBIBaeTcs CrieransHas Teopuss OTHOCHTEIBHOCTH
HeBepHO uctonkoBana - Poman [lloctak (Roman Szostek)

BpeMsl COTIIACHO OCH BpeMeHH. [IpiuunHa Takoro CTpaHHOTO U3MEPEHHUs B TOM, YTo Habmoaarens O,
CUMTBIBAs BpeMs Ha yacax B;, HE U3MEpSET PEaJIbHOIO TEUEHUSI BPEMEHU B MHEPLMAJIBHOM CUCTEME
orcueta U'. Ha ero um3sMmepeHue BAMSET TO, KaKk 4Yachl cucTteMbl U’ pacCMHXpPOHM3MPOBAHBI
napameTpoM e(v). To ecTb ecnm 4achl Bjyj CWIBHO ONA3JBIBAIOT IO OTHOUIEHHIO K YacaM B;
(tir1 <<t;), TOTHa TeueHUEe BpeMeHH, u3MepseMoe Habmomatenem O Ha 4acax B; u B, Oynmer
oTpunaTenbHbM (Z;1; — #; <(0). Croco0 pacCHHXpPOHM3AIMM YacOB IMPEJCTaBICH Ha pPHUCYHKE 9.
YroObl Takoil a¢dexT Habmonancs, mapamerp e(v) NODKEH NPUHUMATh JOCTaTOYHO OOJbIINE
MIOJIOKUTEIIbHBIE 3HAYEHMSI. DTO IPEACTABIECHO Ha pUCYHKe 11.

Ota npobnema Oblila MpeaCTaBiIeHAa MHAYe B pasnene 7.7, rie Ha MpUMepe pacIlupEeHHBIX
npeoOpasoBanuii ['ammiies ObUIO TMOKa3aHO, YTO OLIEHKA TEYEHUS BPEMEHM Ha OCHOBAHHH
[IOKA3aHUM JBYX PA3HBIX YacoOB, JAXKE€ €CIM OHU B OJHOM M TOH K€ HMHEPLHUAIBHOU CHUCTEME,
NPUBOAMUT K OIIMOOYHBIM BbIBOJAM, eciu napamerp e(v) # 0. B takom ciydae ecnu HaOmonaTensb
CUMTBHIBAET HAa OJHUX Yacax 3HAYCHHE fj, 3aT€EM Ha CJIEAYIOIIMX Yacax — 3HAYEHHE 7, TO 3TO HE
03HAYyaeT, 4TO MEXAY CUMTBIBAHUSAMU ITPOLLIO BpeMs f; — fp. Ha pasHOCTB # — {) BIMsET peanbHOE
TE€YEHHE BPEMEHH, a TAKXKE TO, B KAKON CTENEHU ITHU JIBOE YACOB PACCUHXPOHU3UPOBAHBI.

10.3akiarouenue

B crathe npeacTraBjieH OPUTMHAJBHBIA MeETOA MCCJIeI0BaHUsS Mpeodpa3oBaHHA
BpeMEHH M IO0JIOKeHHMS B OTHOLICHHHM NpHeMJIeMbIX HMHTepIHpeTanuil, KOTOpble MOKHO
OTHECTH K 3THM Npeodpa3oBaHUAM.

B crartbe BbIBEIEHBI BCE BO3MOXKHBIC IUHEHHBIE MPEOOpPA3OBaHUsS, YIOBJICTBOPSIONINE
pe3ynbTaTam 3KkcrepuMeHToB MaiikenscoHa-Mopnu u Kennenu-Topunaiika (0e3 Bpamenus). Ha
OCHOBaHUH ATHX MPEe0Opa30BaHU MOKHO MTOCTPOUTH MHOYKECTBEHHBIE KHHEMATUKH C PA3IMNYHBIMU
¢dusnueckumu cBoiictBamu. CyliecTByeT OSCKOHEUYHOE MHOXKECTBO KHHEMATHK, COTJIACYIOIIUXCS
C OKCMEPUMEHTAMHU 110 UBMEPEHUIO CKOPOCTH CBETA.

JIns KakJ0M KHHEMaTUKH MOKHO BBIBECTH OECKOHEUHOE MHOJKECTBO IMHAMHUK. MeTof,
KOTOPBII 3TO MO3BOJISET CeNaTh, oKa3aH B padortax [8] u [12].

B o3T10ii craThe Takke MPOAEMOHCTPUPOBAHO, UYTO CYIIECTBYET OECKOHEYHOE MHOMXKECTBO
pa3IMYHBIX KHHEMATHK, B KOTOPBIX OJTHOHAMPABJICHHAS CKOPOCTh CBETa B BAKyyMe€ UMEET B JIF0O0OM
HaIpaBJICHUU U B JTIOO0H MHEpLUATBHON CUCTEME OTCUeTa 3HaueHue ¢ (mpeodpazoBanus (79)-(80)).
CrnenmanpHass Teopust OTHOCHUTENBHOCTH SIBISICTCS JIMIIL OJHOM M3 A3TOro OECKOHEYHOTO
MHOECTBAa KHHEMATHK.

SBnenue nunonsHOM aHm3orponuu PU nokassiBaeT, 4TO CYLIECTBYET YHHUBEpCalbHas
CHUCTEMa OTCYE€Ta, B KOTOPOM 3TO M3Iy4EHHE OJHOPOJHO. DTO MOKA3bIBAET, YTO B PEATbHOCTH
HMHEPIHUAJIbHBIE CUCTEMbI OTCUETA HKCIIEPUMEHTAIIBHO PA3IUYUMbl, TO €CTh HE3KBUBAJIICHTHBI. JTO
CJIelyeT U3 TOr0, YTO JaXKe €CJIHM MPENOI0KUTh, YTO OJTHOHATIPABJIICHHAS! CKOPOCTh CBETA SIBJISIETCS
abcomrotHoM, To CnermaneHas Teopuss OTHOCHUTENBHOCTH HE SBISETCS MPABUIBHOW MOJAEIBIO
pealbHBIX MpoIeccoB. Ecnmu opHOHampaBlieHHAas CKOPOCTh CBeTa a0OCOJIIOTHO MOCTOSIHHA, TO
MPABWJIBHON MOJIENBIO PealbHBIX MPOIECCOB OyAeT KMHEMAaTHKa, OCHOBaHHAsI HAa MPeoOpa3oBaHUU
Jlopenna ¢ nonepeunsiM cokparieHuem (79)-(80).

Kunematuku, B KOTOpBIX OJHOHAIpaBJ€HHAas CKOPOCTh CBETa BCErjJa IOCTOSIHHA,
BO3MO>KHBI, €CJIM MPUHATh UHTEPIIpETaIuIo napameTpa e(v), kak npunsaTo B CneunansHoit Teopuun
OTHOCHUTETHHOCTH, TO €CTh OH OIUCHIBACT CeM(DPUUECKUE CBOKWCTBA MPOCTPAHCTBA-BPEMEHH, a HE
PACCUHXPOHU3AIMIO YaCOB B MHEPIUATIBHBIX CUCTEMAX OTCUETA.

Opnako mapameTp e(v) MOKHO HHTEPIPETHPOBATh MHA4€, TO €CThb YTO OH OIUCHIBAET
Croco0 pacCUHXPOHM3AIMM YacOB B WHEPUUAIBHBIX CHCTEMaxX OTCYeTa IO OTHOIICHUIO
K YHUBEPCAJIbHOUW cucTeMe oTcuera. B crarbe chopMynupoBaH TE3WC, YTO MPUHATHE MapamMeTpa
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e(v) # 0 mpuBOAUT K PACCHMHXPOHHU3AIMN YaCOB MEXIY PA3TUUYHBIMU MHEPLMATILHBIMU CUCTEMaMH
otrcueta. Ho cmoco0 ycTaHOBKHM HadadbHBIX 3HAYCHHM Ha Yacax, HAXOMAAIIUXCS B WHEPIIHAIbHBIX
CHUCTeMax OTCYeTa, HE BIMSET Ha MpOoTeKaHwe (u3mdeckux mporeccoB. Eciam mpuHATH TaKyro
MHTEPOPETAIMIO ATOTO MapaMeTrpa, To Jro0as KMHeMaTHkKa ¢ napaMerpoMm e(v) # (0 mpuBoIUTCS
K KHHEMaTHuKe, OCHOBaHHOM Ha mnapamerpe e(v)=0. IlosTomMy eAMHCTBEHHBIM MapaMeTpoM,
KOTOPbIM MOTYT OTJIMYaThC KUHEMATUKH, YAOBJIETBOpsAwomue mnocrymaram [-1V, sBasercs
rnapamMeTp MOMepeyHoro cokpameHus (v). Torna HEBO3MOXXHBI KHHEMAaTHKH, B KOTOPBIX
OJTHOHAIPAaBJICHHAs CKOPOCTh CBETa IOCTOSIHHA B JII00OM MHEpLMaNIbHOM cucteme oTcueTta. Bee
KMHEMAaTUKH coJepkarcs B mpeoOpasoBaHusx (85)-(86). BreipaxkeHue [isi OJHOHANPABICHHOM
CKOPOCTH CBETa JJIsl STUX KUHEMATHUK BhIBeIeH B cTathe [10].

B crathe ObUIO TIPOJAEMOHCTPUPOBAHO, YTO HMHTEPIpETANHs mapameTpa e(v) Tak, Kak 3TO
npuasaTo B CTO mpuBoaut k mpoTtuBopeunto (paszenst 5.5, 7.7 u 9). To ects oOmenpuHsTas
B (usmke WHTEpHpeTamus 3TOTO mapamerpa — ommubouna. [IpaBuibHas MHTEpPHpETaIvs STOTO
napaMmerpa TakoBa, 4To ecau e(v)#0, To wyacel B HMHEPUHMAIBHBIX CHUCTEMAax OTCYETa
pacCHHXPOHU3UPOBaHbI. Toraa Henb3s OYKBAJIILHO CPAaBHHUBATH OTCUYETHI BPEMEHHU C Pa3HBIX YacoOB
OJHOM M TOM K€ MHEPLUAIBHOW CUCTEMBI OTCYETA.

HezaBucumo ot cmocoba mHTepnperanuu mnapamerpa e(v), mapamerp (V) He sBIseTcs
M3MEHEeHHeM MacmTaba. 9To O4YEeBHMIHO, €CIHM 3aMETHTh, YTO B KaXKIAOH MHEPUUAIBbHOHN cucTeMe
OTCUETa HW3MEPEHMs BBINOJHAIOTCS C HUCIOJIb30BAHUEM TEXHUYECKHM HIACHTHUYHBIX YCTPOWCTB.
CHavana B KakoW-11M0O0 WHEPLUHMATBLHOW CHCTEME OTCYETa MPOU3BOMATCS WUICHTHYHBIC Yachl JUIS
M3MEPEHUs BPEMEHU U UJCHTUYHbIC JUHEHKU JUIsi U3MEpEHUsl paccTossHuM. Jlanmee vacth 3THUX
YCTPOMCTB MEPEHOCUTCS] B JApPYrM€ HHEpLHMAIbHBIE CUCTEMBl. BbIBEIEHHBIE B JTOW CTaTbe
peoOpa3oBaHMsl OMUCHIBAIOT CBSI3M MEXKIY H3MEPEHUSMU YKa3aHHBIMH BBIINIE WICHTHYHBIMU
YCTPOMCTBAMH, pa3MEIICHHbIMA B YHUBEPCAJIbHON CUCTEME OTCUETA U PA3IUYHBIX MHEPLHAIbHBIX
cucremax orcyera. Jlioboe m3MeHeHue mapamerpa (V) MPUBOAMT K M3MEHEHMIO (PU3MUECKHX
CBOMCTB KHMHEMaTHKHU. JlOCTaTOYHO 3aMETUTh, UYTO O3TOT IapaMETp OINpeAeseT 3aMeUICHUE
BpeMeHH, onucaHHoro BeipaskeHueM (51). To ecTh TO, Kak U3MEHSETCS CIOCO0 U3MEpPEHUST BPEMEHH
JBUKYIIMXCS OTHOCHUTEIBHO YHHMBEPCAJIbHOM CHUCTEMBI OTCYETa YacoB B 3aBUCUMOCTH OT
napamerpa y(v).

Bce skcnepuMeHTHI, MPOBOAMMBIE YEJIOBEKOM, HAONIONANNCh M3 MHEPIHMAJIBHBIX CHCTEM
OTCYeTa, JBHUTraBIIUXCA C HEOONBIIMMH CKOPOCTSIMHU OTHOCHTEIBHO YHUBEPCAIBHON CHCTEMBI
oTcuera (pucyHok 6). Takue sKCHEepUMEHTHl HE JAIOT OTBETA OTHOCUTENIBHO TOTO, KAK BBITJISISAT
3aKOHBI TMPUPOABI IS HaOMOgaTeNnell B HWHEPIHAIBHBIX CHCTEMax OTCUeTa, JABUTAIOIIUXCS
c OOJIBIIMMU  CKOPOCTSIMH ~ OTHOCHUTENIBHO  yYHUBEpCAIbHOM cuctembl orcuera. [lostomy
B (pM3UYECKHUX TEOPHUSIX OCYIIECTBISETCS IKCTPATIONISIIUS PE3YAbTATOB, MOJYYEHHBIX B JOCTYITHBIX
HaOIoaTeNI0 cUCTEeMax OTcueTa, Ha JpyrHe HWHEpLUalbHble cHUCTeMbl oOTcueta. Ho Beap
JOTIyCKaeMble KakK TMpPaBWIbHbIE MOJEIM pEaJbHbIX MPOIECCOB KHUHEMAaTUKU OCHOBaHbI Ha
peoO0pa3oBaHMsIX, KOTOPhIE HE YIOBJIECTBOPSIOT moctynaTty III Bo Bcex MHEpHHMATbHBIX CHCTEMAaX
OTCueTa, a JIMIIb B CHUCTEMaX, JOCTYIHBIX JUIsl AKCIEPUMEHTOB. BBIBOA Takux mMmpeoOpa3oBaHMiA
npejAcTaBieH B ctaTthe [13].
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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 [10], which consists in enabling non-zero values of parameter e(v). The idea of
such a generalization derives from the person, who gave me this extended transformations class for
analysis and publication.

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

36 www.ste.com.pl




