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AHHOTALIMA:

B craTtbe mpexacrasieHo (opMalibHOE J0Ka3aTeJbCTBO TOI0, YTO MaTeMaTHKAa, Ha
KoTopoii ocHoBbiBaercss CrnemmanbHas Teopus OtHocutenbHoctn (CTO), B HacTosimee
BpeMsl HeBepHO MCTOJKOBaHA. /[0Kka3aTe/bCTBO ONMPAETCsl HA AaHAJIN3 3HAYEHHMS MapaMeTrpa
e(v). Illonnmanne 3HaAYEeHHUs ITOr0 MapamMeTpa BO3MOXKHO OJiarogaps aHajau3sy oomei ¢popmbl
npeodpa3oBaHus, VI KOTOPOro mnpeodpa3oBanue JlopeHuma sBJsieTC JHIIb YACTHBIM
ciydaeM. Ecim e(v)#0, Torma 4Yacel B HHEPHHAJBHBIX CHCTEMAaxX OTcCYeTa
PACCHHXPOHU3UPOBaHbl. BeanunHbl, HanpuMmep, OJHOHANPABJEHHOH CKOPOCTH NpH
HCIO0JIb30BAHMHU TAKMX YACOB He Jal0T peajbHbIX 3HAYeHHIA.

B cratbe moOKa3aHO, UYTO CyIIECTBYeT OECKOHEYHOE MHOXECTBO  PA3IUYHBIX
npeoOpa3oBaHuii, B KOTOPBIX OJHOHANpPaBIEHHAs CKOPOCTh CBETa Bceraa paBHa c. [IpeoOpazoBanue
JlopeHtia siBAsIeTCS JTUIIB OJTHOM M3 3TOT0 OECKOHEYHOTO MHOKECTBA IPe0Opa3OBaHU.

B crathe BbIBeneH LeNblid KJIAacC JMHEHHBIX NMPeoOpa3oBaHUl BPEMEHH U MOJOXKCHHSL.
[IpeoOpa3oBaHusl BBIBEICHBI B IMPEAINOJIOKEHHH, YTO Ui HaOmronaTens J00OW WHEpLUaIbHOU
CHUCTEMBl OTCUETa BBINOJHIIOTCS BBIBOJBI 3KCIIEpUMEHTOB MaiikenbcoHa-Mopiaun u Kennenu-
TopHpaiika, a UMEHHO, YTO CPEIHssl CKOPOCTh CBETA B BaKyyMe€, pacCIpOCTPAHSIOIIErOcs B IPSIMOM
1 00paTHOM HAIpaBIICHUHM, SBISETCSA MMOCTOSHHON. BBIJIO MpennosokeHo Takxke, YTO CYIIECTBYET
XOTsl OBl OJIHAa MHEpLHUAIbHAS CUCTEMa OTCUYETa, B KOTOPOH CKOPOCTh CBETa B BaKyyMe B JIFOOOM
HaNpaBJICHUU UMEET TO K€ 3HAYCHHUE ¢, U [yl HaOJtoaTenei 3Toil BbIIEIEHHOW CUCTEMBI OTCUETa
(yHUBEpCAIbHOM CUCTEMBI OTCYETA) POCTPAHCTBO U30TPOITHO.

BriBeieHHbIe IPe0Opa30BaHuUs MO3BOJISIIOT MOCTPOUTh MHOXKECTBO PA3JIMYHBIX KHHEMATHUK,
COrJIacyroIMXcs ¢ 3kcnepuMenTamu Maiikenbcona-Mopiu u Kennenu-Topaaaiika.

BeiBeneHHBIH B cTaThe KiIacc MpeoOpa3oBaHMN MpeNCTaBisieT coOoi 006oOmeHne
npeoOpa3oBaHmsl, BeIBeIeHHOTO B padote [10], ocHOBaHHOTO Ha AOMYNICHUN HEHYJIEBbIX 3HAUCHUH
napametpa e(v). Mpes takoro o0oOIIeHHs MpHUILIa OT YesloBeKa, KOTOPBIM Mepedan MHE 3TOT
pacipeHHbIN KI1acc MpeoOpa3oBaHMi I aHATN3a U ITyOTUKAIIH.

KawueBble ciaoBa: mpeoOpa3oBaHHe BpEMEHH M TIIOJIOKEHUS, KHHEMAaTHKa, yHUBEpCalbHas
CHCTEMa OTCUETa, OJHOHAIIPABJIEHHAsl CKOPOCTh CBETA, AaHU30TPONHUS pENUKTOBOTO M3nydenus (PH)
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1. BBenenue

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 ocnoBanumn nocrynaros II u III MOXHO MOKa3aTh, 4TO CpenHsAs CKOPOCTb ¢, PaBHA
OJIHOHAINPABIEHHONU CKOPOCTH c. JlOCTaTOYHO 3aMeTuTh, 4yTO Ha ocHoBaHuu III 3HaueHume c,
OJIMHAKOBOE JUIs JIF00O0ro HAOIIOAATENs, TO €CTh, B TOM YHCJE U JJIS TOTO, KOTOPBI HE JBHKETCS
OTHOCHUTEIIbHO YHHMBEpCAJIBHOM CHCTEMBI oTcyera. Tak Kak Ui HaOmoJatess, HEmoABHXHOIO
OTHOCHUTEIILHO YHUBEPCAIBHOU CHCTEMBI OTCUETA, CKOPOCTh UMEET 3HAUYEHUE C, I0ITOMY Cp, = C.

IIycTh CBETOBOM MMIIYIbC TIPOXOAMT MyTh L B OJHY CTOPOHY CO CKOpOCTBIO ¢ >0
B TCUEHHE BPEMEHHU /|, a 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 L1
¢ —-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=b(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) umerot Bua (v = const)
dx'=adx+bdt
(6)

dt'=evdx+ fdt

Paccmotpum teno, HaxozsIIeecss B COCTOSIHUM MOKOSI B MHEpLUUAbHOM cucteme orcyera U’
Tak Kak OHO SBJISIETCA B OTOM CHUCTEME OTCYETA HEIMOJBHKHBIM, MOITOMY Uil €r0 KOOPJIMHATHI
MOJIOKEHUS M1OJTy4aeTCs

dx'=0 (7)

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

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

O0=dy =B _aderbdl Ay i )
dt dt dt

Orcrona cienyer, 4To
b=-av (10)
Ha stom ocHoBanuu npeoOpas3oBanue (5) NpuHUMAET BHU]L
X'=a(x-vt)
'=evx+ ft

(11)

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

(12)
dt'=evdx+ fdt

PaCCMOTpI/IM TCIICPb CBETOBOM HUMITYJIBC, KOTOpLIﬁ JIBIDKETCS BJIOJIb OCEH X U x'. Kor;[a CBCT
pacrupoCTpaHAaACTCd B HAIIPABJIICHHUU OCHU X 'u CKOpPOCTH v, TOrda CKOpPOCTh CBCTA B HHCpHH&HLHOﬁ
cucteMme U’ uMmeeT 3HauCHUE

d—’t‘,=c: ) (13)
[pH 5TOM B YHUBEPCAILHOU cucTeMe otcyera U umeer 3Hayenue (mocrymar I1)

dx

—=c2>0 14

4 (14)

Ecau xe cBer PacpoCTpaHAaACTCd B HAIIPABJICHUU ITPOTUBOIIOJIOKHOM OCHU x'm CKOpPOCTH V,
TOrga CKOpoCTh CBCTAa B HHCpHH&HLHOﬁ cucteMme U' uMeeT 3HaUCHHUE

& (15)
IIPU 3TOM B YHHBepcallbHOU cucteMe oTcueTa U umeer 3HaueHue (nocrynar I1)
dx
—=—<0 16
" (16)
Ecnu nonenum muddepenumanst (12), To Ha ocHose (13) u (14) nonyuaem
dx
dx' a(dx—vdt) ¢ E_v a(c—v)
c,(v)=—= = = (17)
dt' evdx+ f dt dx eve+ f
ev—+ f
dt
Ecmu mopenum nuddepenmmanst (12), To Ha ocHoBe (15) u (16) momyyaem
dx
dx'  a(dx—vdt) ¢ E_v —a(c+v)
c; (v) = = = = (]8)

di' evdx+ fdt evc:;x+f —eve+ f
t

Bripaxxenue (18) mMoxxHO momy4ynTh u3 BbipakeHus (17) myreM HW3MEHEHHs 3HAKa Mepen
CKOPOCTBIO ¢ (3TO O3HAYaeT U3MEHEHUE HANIPABIICHHSI IBM)KEHUSI CBETOBOT'O UMITYJIBCA)

Bripaxxenue (18) MOXXHO TakKe MOJIyYUTh MYTEM OAHOBPEMEHHOH 3aMEHBI B BBIPAKCHHUU
(17) 3HAKOB mepesi CKOPOCTAMH V U ¢y (3TO 03HAYaeT OJHOBPEMEHHOE M3MEHEHHE HAIPABICHUS
CKOPOCTH Vv M HampaieHus ocH x'). UToObl monyunth Beipaxkenue (18) mapamerp e(v) HE MOXKET
U3MEHATH 3HaK. Ha 3TOM OCHOBaHMH I0JIydaeM CIIEAYIOLIUE CBOMCTBA JUIsl 3TOTO IMapaMeTpa

e(v)-e(-v)>0 (19)

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

c.(v,e)=—c.(-v,c) (20)

c.(v,e)=c (v,—c¢) (21
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Ecmu 3aBucumoctu (17) u (18) moacraBum B ypaBHEHUE (2), TO MOITydaeM

evc+f+—evc+f_g

(22)
a(c-v) a(c+v) c
To ecTh, 4TOOBI BBITIOIHUIIOCH yeaoBHeE (2), mapameTp a(Vv) T0HKSH UMETh BUJT
2
1
a=cz-fjev2= 2(f+evz)=)/2(f+evz) (23)
c—v: 1-(/c)
Ha ocnoBanuu (23) npeo6pazoBanue (11) npunumaeT Bua
X =y (f+ev)(x—vt) (24)

t'=evx+ft

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

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

t’

t= X +
;/2(f+e\/2)2 f+ev2

VpaBuenuss (24) u (25) SABAAIOTCS HCKOMBIMH TPEOOpa3oBaHUSIMHU JJIi  OJHOTO
MIPOCTPAHCTBEHHOTO M3MepeHusi. OHU colepkar mapamerpsl e(v) u f(v). 9T mapameTpsl TOKHBI
yIoBAeTBOPATh ycioBusiM (4) u (19). B ciydae ucnonb30BaHUs ONpEACNCHHBIX IMapaMeTpOB
MOJTy4aeTcsl OIMpeNelIeHHOe MpeoOpa3oBaHUE, OMUCHIBAIOIIEE OMPEICICHHYI0 KHHEMATHKYy. JTOT
oOmuii By mpeoOpa3oBaHUs COJIEPKUT B ceOe BCe BO3MOXKHBIC IMHEHHBIC TPEOOPA30BAHUS MEKIY
YHUBEPCAIBHOM cucTeMOM otcuera U, B KOTOPOM CBET pPACHPOCTPAHSETCA C IOCTOSAHHOU
CKOPOCTBIO ¢, M HWHepUuaibHOM cuctemor U', mBWXKymIelcs OTHOCHUTENbHO cuctemMbl U co
CKOPOCTBIO V, BAOJb OCEH X U X', €cliu B MHEpIUanbHOU cucteme U' 0IHO HalpaBlIEHHbIE CKOPOCTH
CBETa YJOBIIETBOPSIOT YCIOBUIO (2) (TO ecTh moctymnar I1I).

4. IlpeoOpa3oBanus AJs1 TPeX MPOCTPAHCTBEHHBIX U3MEPEeHM

I[JBI TOrO, yTOOBI BBECTU B HpeO6p330BaHI/IC ABa OCTaBIIHUXCA TMPOCTPAHCTBCHHBIX
HU3MCPCHUA IIPUHHUMACM JIOIOJTHUTEIbHBIN MOCTYyJIAaT:

V. I[J'IH JII000T0 Ha6J'IIO,Z[aTeJ'I$I, HCIMOJABMXHOI'O OTHOCHUTCIILHO YHHBepcaHLHOﬁ CUCTCMBI OTCUCTA,
NpOCTPpaHCTBO HM30TPOIIHO, TO CCTb 06na;[aeT OJIMHAKOBBIMM CBOMCTBAaMHM B JIF000M
HaIlpaBJICHUH.

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

a(v)=a(-v)
b(v) =—-b(-v)

26
e(v)=e(-v) (26)
fW)=f(=v)
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CroiictBa (26) cnenytor u3 (4), (19) u u3 cnenyromux coobpaxenuit. [lapamerpsr a(v)
U f(v) 1OJKHBI ObITH YeTHBIMU (DYHKLIMSMH, TaK KaK €CIH X BO3pPAcTaeT, TO X' BO3pacTaeT, U ecliu ¢
pacrteT, TO t' pacTeT Tak ke Oe3 yuyera HampaBieHus ckopoctu v. Ilapamerp b(v) noikeH OBITH
HE4eTHOW (yHKIMEH, Tak Kak IOocje W3MEHEHHs HampaBlIeHHs CKOPOCTH V JUIs BbIOpaHHOM
KOOpAMHATHI X, €CIH MPOXOIUT BpeMs f, KOOpAMHATA X' pacTeT TaK ke, KaK yMEeHbIIanach JUis
HEM3MEHEHHOT0 HarpasieHusi ckopoctu v. [lapametp e(v) momkeH ObITh HEUETHON (DyHKLMEH, TakK
KaKk B pe3yJibTaTe U3MEHEHMs HalpaBJICHUS CKOPOCTH V JJs YKa3aHHOTO MOMEHTa f, U3MEHEHHE
BPEMEHHU ¢’ 3aBUCHT OT X OOpaTHBIM 00pa3oM, 4eM Jjisi HEU3MEHHOI'O HAIPaBJIEHUS CKOPOCTHU V.
[Tostomy yHKIHS e(v) TomKHA OBITH YeTHOW (DyHKIIKEH.

PaccmoTpuM cutyanuio, mokasaHHyro Ha pucyHKe 2. B uHepnuanbHoit cucteme otcuera U’
CBETOBOM MMITYJIbC JBMIKETCS MEPIEHAUKYISAPHO K OCH X'. DTOT CBET MPOXOAUT paccTosiHue L'
CHayaJla 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

ViwwAt  YVavAt

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

C touku 3penus nocrynara [V ckopocTs cBeTa B HallpaBJIEHNUH, NEPIIEHIUKYISIPHOM OCH X',
ABJISICTCS TAKOM JK€ U B MPSIMOM M B 0OpaTHOM HalpaBJICHUU U COCTABIISET ¢. DTO CIEAYET U3 TOTO,
YTO HU OJIHO HarpaBiIeHUE, NEPICHANKYIAPHOE HANPABICHUIO CKOPOCTH V (A TaKKe OCsAM X U Xx'),
HE SIBJISETCS BBIJENEHHBIM (moctynar [V) u cpeaHsst cKopocTh CBeTa MO IMyTH TyAa U 0OpaTHO
cocraBiser ¢ (mocrynar III). IlostomMy TOT ke camblii CBETOBOIl MMITYJbC JUIS HAOJIIOJATENsS
HETOJBI)KHOM OTHOCHUTENBHO YHUBEpCAJIbHOW cucTeMbl oTcueta U OyneT JBUTAThCS BAOJb
OOKOBBIX CTOPOH paBHOOEIpeHHOro TpeyrojbHUKa. s HaOmonatens u3 cucrembl U pasMepsl,
NEPIEHAUKYIISIPHBIE CKOPOCTH V, MOTYT ObITh WHBIMHU, 4eM JJs HaOmopartens u3 cuctemsl U’
M03TOMY BBICOTY TPEYroJIbHUKA 0003HAYMM KaK

L=y()L (27)

HapaMeTp /4 (V) OMHUCBIBACT IIOICPCUYHOC COKpAIICHHUEC TCJI, ABMKYIIHUXCSA OTHOCUTCIIBHO
YHHBepcaHLHOﬁ CHCTEMBI OTCUETa. DTOT nmapaMeTp JOJLKCH YIOBJICTBOPATHL YCIIOBUAM

yO) =1 A w©»)>0 [l] (28)
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[Mapamerpy (0)=1, Tak kak g v=0 mnomepeuHsle pa3Mepbl MICHTUYHBI JUIS
Habmonateneit obeux cucrem U u U'. Ycnouey(v) >0 m10JKHO OBITH BBIIOJIHEHO MOTOMY, UTO
MoTIepeyuHbIe pa3Mepbl He 00paIaoTcs B APYT'YIO0 CTOPOHY.

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

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

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

Ar=2E [ =SA (30)
c 2
Ha ocnoBe npeoOpazoBanus (25) monydaem auddepeniman (v = const)
—ev 1
dt = X' + dt’ 31
7 (f +ev’) f+eV’ 1)
Takum oOpazom, i BEIOpaHHOM KOOpAUHATHI X' B cucTeMbl U’ mosyyaem
d'=0 = dt= %dt’ (32)
f+ev

Beipaxkenue (32) omnuchiBaeT 3aMeIJIeHME BPEMEHM IS 4acoB, HEMOJBHIKHBIX
oTHOcuTeNbHO cucteMbl U'. Ha pucyHke 2 Takue 4achl HaXOAATCsA B Hadaje orcuera cucrtemel U’
Ecmu no »tum vacam mpoiiger Bpemst At', umeromeecst B Boipaxkenuu (30), torna B cucreme U
npoiiier Bpems At =t —t), TJ€ t; — 3TO MOMEHT, B KOTOPBIH UMITYJIbC ObUI BBICIAH, a f; — KOT/a
UMITYJIbC BEPHYJCA K OCH X. MOMEHTHI # U f, U3MEpSIOTCS B cucreMe U AByMs pas3IMYHBIMU
yacamu. CoryiacHO BeIpakeHHIO (32) mosryuyum

At = %At' (33)
f+ev
W3 reomeTpun pucyHKa 1oiay4aem
D= \VAP | 4+yL"? (34)
a TaKXKe
ar=22 (35)
C

W3 ypaBuenuii (34) u (35) nosryqaem

VAR 4yt

A (36)
C

A =4(0A A+l ?) (37)

Ay ’L' = (¢ —Vv)AL (38)

Ha ocnoBanuu (30) u (33) moyuaem
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At 1
dy* =(c?—V)———5 A" (39)
4 (f+ev)
) = 1 (40)
v c* (f+evz)2

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

Taxum 06pa3oM, mapameTp MOMEePeyHOro COKpaleHus (v) T0DKeH UMETh 3HauUeHHe
~ 1
- 2

y(f+ev?)

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

[Tocne BBenenus (42) B mpeobpazoBanus (24)-(25) momydaem mpeoOpa3oBaHHE TSI TPEX
MIPOCTPAHCTBEHHBIX HM3MEpPEHH, omuchiBaeMoro mnapamerpamu e(v) u f(v). M3 yHHMBepcaibHOM
cucteMbl oTcyeta U B HHEpLHUANBHYIO cucteMy otcuetra 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 cuctembl otcueta U’ B yHHMBEpcalbHylO cuctemy otcueta U
peoOpa3oBaHUe UMEET BUJ

PR N S
7 (f +ev?)’ f+eV
x= z(ff 2)zx'+f+1 vt
ev ev
T (44)
P rey”
1 :
z=————Z
y(f+ev)
3aBucUMOCTSD (42) MOKHO 3amucaTh HHAYE
sz—evz (45)

ry

[Tocne BBegenuss (45) B mpeoOpazoBanus (24)-(25) wm  (43)-(44) mnonydaem
npeoOpa3oBaHue Uil TPeX MPOCTPAHCTBEHHBIX HM3MEPEHHH, OMMCHIBAEMOro mapaMerpamu e(v)
u y(v). W3 yHuBepcanbHOM cucteMbl orcueta U B HHEpUHANbHYIO cHcTeMy oTcueta U’
npeoOpa3oBaHUe UMEET BUJ
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t=evx+|———ev |1
rYv

x'=l(x—vt)

i (46)
, 1
y ==y

7
, 1
Z==z

7

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

t=—ylev+yyt
W 2 2 ' '
x=|=—-yev X'+ywvt
(7 J (47)
y=yy
z=y Z

VYpapuernust (43)-(44) u (46)-(47) sABISAOTCA HCKOMBIMH TpeoOpa3oBaHUSMHU IS BCEX
MPOCTPAHCTBEHHBIX M3MepeHuil. Habop mpeoOpazoBanuii (43)-(44) uaentuyeH Habopy (46)-(47).
OTr HAOOPBI OTINUYAIOTCS JTUIIb UCHOJIB3YEeMBIMH MTapaMeTpaMHu.

5. U30paHHbIe cBOIiCTBA Npeo0pa3oBaHuA

Juddepenunanst u3 npeodpazoBanus (46) umeroT BUJ (v = const)

dt'zevdx+(L—evzjdt
rv

dx' = l(dx —vdt)
7

(48)
N
7
dz' = ldz
7
Juddepenunanst u3 npeodpazoBanus (47) umeroT BUJ (v = const)
dt =—y’evdx +yydt
dx = (Z —y’e szdx’ +yyvd
/4 (49)
dy=y dy'
dz =y dz'
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5.1. 3amenjieHue BpeMeHH

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

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

dx=0 = di'= L—ev2 dt = f(v) dt (50)
ry

N3 muddepennnana Bpemenu (49) mis HaOmromaTens, HEMOABM)KHOTO OTHOCHTEIHHO
MHEPIHANBLHON cucTeMbl oTcdera U', modydaeTrcs CIeIyrollee BhIpaXEHUE JUIS 3aMEICHUS
BpEMEHU

dxX'=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 3aMeJIEHHUE BPEMEHH, TOJIBKO
ecnu napametp e(v) =0. Eciu e(v) # 0, Torna oba Habmogarenst OynyT Mmo-pa3HOMY OICHMBATh
OTHOCHTEIIbHOE T€UEHUE BPEMEHHU C UCIOJIb30BAHUEM CPAaBHUBAEMBIX YaCOB.

3amemnenne Bpemenn (50) u (51) 3anmuceiBaeTcs B BUJIE UMILTUKAIIMHU, TaK KaK 3TOT CIOCO0
ABIIsIETCS O0JIee TOUYHBIM 110 CPAaBHEHMIO C OOIIEIPUHATON B (PU3HKE 3aMHCHIO.

5.2. CokpameHnue npoaobHbIX pasMepos (Jlopenua-®@uiykepanabaa)

OmnpenenuM BBIPAXKEHHS] COKpALIEHUS NPOAOJIBHBIX pa3MepoB (BIOJb OCH X U Xx') And
npeoOpazoBanwii (46)-(47).

N3 muddepennnana nonoxenus (48) cmemayer, 4To Ans HaOIIOAATeNs W3 YHUBEPCAIBLHOM
cucTteMbl oTcuera U BhIpaKEHUE JJIsI COKpAIIEHUS MPOJOJIBHBIX Pa3MepoOB (TakkKe Ha OCHOBAHUU
(23) u (45)) umeer BuUA

dt=0 = dx'=2dx=a(v)dx (52)
74

N3 muddepennnana nonoxenus (49) cnemyer, 9To ans HaOIOAaTeNs W3 YHUBEPCAIbLHOM
cucteMbl otcueTa U, BIpaXeHHUE ISl COKPAICHUS TPOIOJIBHBIX Pa3MEPOB UMEET BH/T

di'=0 = dx= Z—erv2 dx’ (53)
4

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 oba HabiromaTens Mmo-pazHoOMY
OLICHUBAIOT MPONOPLIMH U3MEPSAEMBIX UMU MPOJOJIBHBIX Pa3MEPOB.

CokpailieHue npoJoJibHBIX pazMepoB (52) u (53) 3amuchiBaeTCs B BUJIE UMIUIMKALUU, TaK
KaK 3TOT CIOCO0 sIBIISETCs 00Jiee TOUHBIM 0 CPAaBHEHUIO € OOIIENPUHATON B (DPU3UKE 3AIHCHIO.
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5.3. IIpeoOpa3oBaHusi CKOPOCTH

OmnpenenuM BBIpaKEHUS, OMUCHIBAIOIINE MPEOOpa3oBaHUs CKOPOCTH JJIs peoOpa3oBaHuit
(46)-(47). Ilpuanmaem 0003HAUEHUS COTJIACHO PUCYHKY 3. Teno ABUKETCS OTHOCHUTEIBHO CHCTEM
U n U'. Ins nabmonarens u3 cucreMsl Uy HEero ckopocts V, a muis Habmronatens u3 cuctemsl U' —
cKopocTh V.

Y y'“ ¢
v, 14
V'
Z ,,,,,,,,,,,,, Vr
x ’
Z Z' :x
v, v

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’ MeeT BUI
r__ ?/2 (VX B v)
Yoywev(l.-v)+1
V
7= A (55)
ywev(lV —v)+1
: yV.

T ywev(, v+l

W3 ypaBHeHus Bpemenu (49) cnenyioT ypaBHEHHS
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ﬂ—l//zevz dx'+ywyvdt
dx _\7y
dt —ylevdX +yydl
Qz 2 l//a:y ' (56)
dt -y evdx'+ywydt
dz _ v dz'
dt —vylevdx' +ywdtl

Ha stom ocHoBannu npeobpa3oBanue ckopocTH u3 cucreMsl U’ B cuctemy U BMeeT BU

K—lpzev2 Vitywv

VX: y 2 '
—yrevlityy
VV

V, = 2 Y . (57)

—yevVityy
V.= 2 WVZr

—yrevVi+yy

[Ipeo6pazoBanus ckopoctu (55) u (57) skBUBaNeHTHBI. MOXHO MMOKa3aTh, 4TO B PE3YyJIbTATE
MOJICTAHOBKU OJIHOTO BO BTOPOE, MOJTY4AOTCSl TOX/IECTBA.

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

Ecnu Tteno, mpencrtaBieHHOE Ha PHUCYHKE 3, SIBISETCS CBETOBBIM HMMIYJIbCOM, TOTAA
B cucteMe U OHO JBMXETCS CO CKOPOCTBKO c. PacCMOTpPUM TOJBKO Ciydald IBUYKEHHUS 3TOTO
UMITyJIbCa TApaIeTbHO OCSM X U X' (TO €CTh IBIKEHUE MapajlieIbHO CKOPOCTH V). Torna nmomydum

Vi=c, V,=0, V=0 (58)

Ha ocHoBanum mnpeobOpa3oBanus (55) MOIyd4UM CKOPOCTh 3TOrO CBETOBOTO HMITYJIbCA,
BUJIMMYIO B MHEpLMAIBbHOM cucteMe otcueta U’

2
O ot A s Chuk) R Ny L (59)
ywev(c—v)+1

Beipaxkenune (59) MOXHO MOJNyduTh Takxke W3 BbIpaxkeHus (17) mocne mnpuMEHEHUs
3apucumocteit (23) u (45). Ta kak

2 2 2
C

3 LN O PR <
e v)_l—(v/c)z (=) ¢t =V? (=) (c+v)(c—v)(c V) c+v (60)

M03TOMY Ha OCHOBaHMHM (59) oJHOHAIpaBlieHHass CKOPOCTh CBETA B HAINPABJIEHUH OCH X', a TaKXKe
B HaIlpaBJIEHUU CKOPOCTH V, UMEET B HHEPLMAIbHON cucteMe oTcuera U’ 3HaueHue

2
c '

c,(v)= , ¢ =0, =0 (61)
“evcttc+v
v

OpnHoHampaBiIeHHasl CKOPOCTh CBETA IIPU HAIPABJIEHUH, IPOTUBOIIONI0KHOM OCH X', a TaK¥Ke
HAIPABJIEHUIO CKOPOCTH V, UMEET B MHEPLMAIBHOMN cucTeMe oTcueTa U’ 3HaueHue
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2
c(v) = ¢ . ¢ =0, ¢ =0 (62)
—evcz—c+v

/4

Bripaxkenue (62) mosryueHo u3 BeipakeHus (61) myTem U3MEHEHHUs 3HaKa Mepei CKOPOCThIO
¢ (3T0 O3Ha4YaeT M3MEHEHHE HANpaBJICHUS 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 HampabieHus ocu x'). Torma
nepen napamerpamu y(v), y(v) u e(v) He HY)KHO MEHATh 3HAKU, TaK KaK OHH SBJISIOTCS YETHBIMU
¢bynkuusmu. IMeHHO B cuily TakuxX CUTyauui ynoOHee MOJb30BaThbes 4YeTHOM (yHKuuei e(v),
KOTOpasi MPUCYTCTBYET B IpeoOpa3zoBaHuu (5), yeM HedeTHOH ¢yHKumel e;(v), coaepkariencs
B IIpeoOpa3oBanui (4).

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

Ha ocnoBanuu (61) momyuaem

_l.cz—c:(c+v)

e > (63)
v veie,
Ha ocnoBanuu (62) mosryuaem
2 —
AN Can) (64)
v vee,
Ha sTom ocHOBanuu nosayyaem
2 - 2 +
Y +cxz(€ V)=l.c CXZ(C:LV) (65)
v veoe, v veoe,
c’ c’
—+c-v=—"-c-v (66)
CX CX
2 2 2 +
CX CX CX

OKOHYATENBHO IOJIyYaEM COOTHOIIEHUE MEXY OJHOHANPABIECHHBIMU CKOPOCTSIMHM CBETa
B BaKyyMe, [1apaJljIeJIbHbIMU OCH X'

cc’
-5 68
Yoce=2c (68)

N3 Beipakenuit (61) u (62) cinemyer BaKHBIH BBIBOJ OTHOCHTENIHHO Mapamerpa e(V).
[TpoBepuM, AJist KaKuX 3HAYCHH MapameTpa e(Vv) IolydaeTcs, COTJIACHO MPUHATOMY B 3aBUCUMOCTH
(2), uto

c;20 A ¢, £0 (69)

U3 (61) u (62) cniegyeT, 4TO TOJHKHO MOTyYUTHCS
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v@) e(W)vel +c+v>0
y(v) (70)
v e(W)vel—c+v<0
y(v)

Otcroga crnenyer, 4TOOBI BBITIOJIHWINCH HepaBeHCTBa (69), mapamerp e(v) IOJKEH
yIIOBJIETBOPSTH YCIOBHIM

()20 =

c.(vM)<0 =

EW20 = em)rz——— [ e,

y(v)c (71)
EW<0 = e(va Y () V]

y(v)c

Ecmu ycnoBust (71) He BBINOJHAIOTCA A KaKOM-1MOO WMHEPUUATBbHOW CHUCTEMBI, TOTJa
3HAYCHHWE OJJHOHANpPABICHHOW CKOpPOCTH CBETa, H3MEpseMOe B JTOH CHUCTEeME OTCYeTa,
HECOBMECTHMO C OChIO BPEMEHHU. JTO 3HAYUT, YTO CBET MOXXET MHMMO BO3BpAILlaThCsl BO BPEMEHH
(TeyeHWEe BPEMEHM — OTPMIATENHHO). DTO NPHBOAUT K TOMY, UYTO CKOPOCTH CBeTa cy(V),
COBIIAJAIOIAs C HANPABJIEHUEM OCHU X, MOXKET OBITh OTPULIATENILHON MIIM CKOPOCTh CBETa Cy(V), HE
COBIAJAIONIAsl C HAINpaBJIEHUEM OCH X, MOXeET 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 (Ayis oOpaiieHus BHUMaHus1) HepaBeHCTBa (69).

Ha pucynke 4 nmpowmmoctpupoBansl HepaBeHCTBa (71). @yHkuuu [e(V)-V]min U [€(V)V]max
OTIPENeNAIOT HPEAEbl, B KOTOPBIX JOJDKHBI HAXOJIUTHhCS 3HAUYCHUS (QYHKIUH e(V)-v, 4TOObl HU
B OJIHOW MHEPLHUAIBLHON CUCTEME He MPOsBUIICS 3 (PEKT MHUMOTO BO3BPALICHHUS CBETa BO BPEMEHHU.
Ha rpaduke npencrasiens! Takke 3HaueHust GpyHKuuu e(v)-v aust CTO (Boipaxkenue (75)), a Takxe
s CTO (Beipakenue (84)).

e(v)v [107° ¢/m]

el Sl e et ey
'

.[e(?)'v_lmaxs

""""" STW: ev)v=—vy(w/icZ | I\ ||
3 2 A

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 mpuMmep TOro, Kak 3Ha4€HHs OJHOHAIPABICHHBIX CKOPOCTEH
cBeTa ¢, (V) U (V) 3aBUCAT OT CKOPOCTH MHEPIMAIBHOIH CHCTEMBI OTCUETa, B KOTOPOH HAXOIUTCS
HaGJII0aTeNb, IPU 3HAYEHHH mapamerpa e(v)-v = —3vy(v)/c’.

PaccmoTpuM cBETOBOM MMITYNBC, ABMKYILIMNCA BAOJb OCH X. IMITylbC JBUKETCS U3 TOUKHU
X B TOYKY X3 >X|. UTOOBI OCYIIECTBHTH M3MEPEHHE OJHOHAIPABICHHON CKOPOCTH CBETa Cy(V)
HeoOXoMuMbI JBo€ 4acoB. Yackl Z), HaxoIsdIIMecs B TOYKE Xj, U3MEPSIOT MOMEHT |, KOrja
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CBETOBOM MMIYJbC UCIycKaeTcs. Yackl Z;, HaXOQAIIUECS TOYKE X2, U3MEPSIOT MOMEHT #;, KOrja
CBETOBOM MMIYJIbC JO HUX JOXOAUT. B ciiydae, moKa3aHHOM Ha PUCYHKE S, 4achl B MHEPLHUAIBHBIX
CUCTeMaX paCCUHXPOHM3UPOBAHBI TMapaMeTpoM e(V) TaK, YTO B UWHEPUHUATIBHOW CHCTEME,
JBIDKYIIEHCS CO CKOPOCTBIO V = ¢/2, BBINIOJHSIETCS PABEHCTBO f; = t. B 3T0i curyauun usmepenue
OJIHOHAMPABIEHHOW CKOPOCTH CBETA JaeT OECKOHEUHOE 3HAUYCHHUE, TaK KaK

»—x L

X
(c/2)="—1=— =4 72
el ="t (72)

B peanbHOCTH B 3TOM MHEPLHUAIBHON CUCTEME OTCUETA Y CBETA KOHEYHAsi CKOPOCTh, TaK Kak
OH UMEET KOHEUHYIO CKOPOCTh B ddupe. beckoHeuHas ckopocTh, nMmerommascs B (72), o0ycioBieHa
paccuHXpoHM3aLKreER yacoB. Yacel Z;, OMa3apIBatOT 110 OTHOLIEHUIO K YyacaM Z; POBHO Ha CTOJIBKO,
CKOJIBKO BpEMEHHU TpeOyeTcs CBEeTY, 4TOObl J0OpaThCs U3 TOUYKU X| B TOUKY X;. Takum oOpaszom,
BoIpakeHus (61) m (62) He NpeACTaBIAIOT pPEATbHON CKOPOCTH CBETa, a TOJIBKO Ppe3yJbTar
U3MEPEHUs 3TOM CKOPOCTH, OCYILECTBICHHBIN C UCIOJIb30BAHUEM PACCUHXPOHU3MPOBAHHBIX YaCOB
s caydast e(v) # 0.

e(v)v [107° ¢/m] er(v), x(v) [10° m/c]

1
L ot et CEEE SERE Ee

3
v [10® m/c] v [10® m/c]

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

B uHepumanbHBIX cUCTeMax OTcyeTa (PUCYHOK 5), IBIXKYIIUXCA CO CKOPOCTSIMHU V> c/2
Yachl HACTOJBKO CHJIBHO PAaCCHMHXPOHU3MPOBAHBI, YTO MU3MEPEHHE OJHOHAMPABICHHOW CKOPOCTH
cBeTa ¢, (V) JaeT OTPULATEbHBIE 3HAYEHUA. DTO MPOMCXOUT M3-3a TOTO, YTO 4achl Z; OTCTAIOT
OTHOCHUTEIIbHO 4acoB Z; Ha OOJBIIMN NMPOMEXYTOK BPEMEHH, YeM HEOOXOJIUMO CBETY, YTOOBI
;[06paTbc;1 U3 TOYKHU X; IO TOYKHU X,. B 3THX MHEpHHAIbHBIX CUCTEMaX f — { < 0. HoaTOMy CBET,
pacrpoCTpaHssACh U3 TOUKU X| IO TOUYKH X2, MHUMO BO3BPAILIAETCS BO BPEMEHHU.

To, yTo BO3BpallleHHE CBETa BO BPEMEHH SBIISICTCS MHUMBIM, a HE peajibHbIM, Oy/IeT Takxke
BBISICHEHO B mojipasiesne 7.7. 3HaueHue napamerpa e(v) Takke OoroBopeHo B pazzaenax 7.7, 8 u 9.

6. OO0mmii BUj HpCOﬁpaSOBaHI/Iﬂ, BBIPAKCHHOT'0 Y€PE€3 OTHOHAINIPABJIICHHY1O
CKOpPOCTDb CB€TA

B mpeoOpazoBanusx (46)-(47) 6maromaps 3aBucuMoctd (63) MOXEM 3aMEHUTh HapaMeTp
o +
e(v) ¢ WHCHOJIb30BaHUEM OJHOHAINPABIEHHOM CKOpOCTH cBeTa Cr(v). Ilomywaem Ttorna
npeoOpa3oBaHUe M3 YHUBEPCAIbHON cucTeMbl oTcueTa U B MHEpUUAIbHYIO cUcTeMy oTcuera U’
B BUJIE
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2+ 2+

p_r.c c;(f+v)x+(l _rc c;(f+v)vjt

4 cc, Yy oy cc
x'=l(x—vt)

v (73)
, 1
y ==y

7%
, 1
Z'=—z

7%

IIpu 3TOM M3 MHepUMaIbHOM cucTeMbl oTcueTa U’ B yHHBEpcalbHYIO cucreMy otcuera U
npeoOpa3oBaHue UMEET BUJ

cz—c:(c+v) , ,
t=—yy————X+yyi

c el
2 +
x=(£—7W¢ij'+7ylvt' (74)
cc;
y=yy
z=y 7

AnanornyasiM o6pa3om mpeobpazoBanus (46)-(47) MOXHO 3amucath Ha OCHOBaHHMH (64)
C MCIIOJIb30BaHUEM OJHOHAIPABJICHHON CKOPOCTHU CBETA Cx (V).

bnaromaps mnpeoOpazoBanusm (73)-(74) MOXHO [aTh OIpENEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHUIO, yIOBIETBOpstomieMy moctynaram [-IV, Ha ocHOBe JBYX mapaMeTpoB:
TIOTIEPEYHOr0 COKpAIeHus (V) 1 OHOHANPABIEHHOH CKOPOCTH CBETA B BaKyyMe C, (V).

bnaromaps mnpeoOpazoBanusm (46)-(47) MOXHO JaTh OIpENEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHuI0, yIOBIETBOpstomieMy mnoctynaram [-IV, Ha ocHOBe JABYyX mapaMeTpoB:
MOTIEPEYHOr0 COKpalleHus (V) U mapaMmeTpa CUHXpOHHU3AIMKM YacOB B MHEPLUAIBHBIX CHCTEMaxX
otcueta e(V).

brnaromaps mnpeoOpazoBanusm (43)-(44) MOXHO [aTh OIpENIEICHHE MPOU3ZBOIHLHOMY
npeoOpa3oBaHuI0, yIOBIETBOpsitomieMy moctynaram [-IV, Ha ocHOBe JABYyX mapaMeTpoB:
3amemienuss BpemeHu f(v) (cmemyromero u3 (50)) u mapameTrpa CHHXPOHHM3AIMU YacOB
B MHEPLHUAIIBHBIX CUCTEMax oTcueTa e(Vv).

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

7. OcoOble ciayuyaun npeodpa3oBaHus

7.1. IlpeoOpa3zoBanmue Jlopenna — mnpeoOpa3oBanue Crnenuanabnoii Teopumn
OTHocuTeILHOCTH

Ecaun npussTse, 4TO

y(v)=1 (1]
IS S S T I (75)
e(v) y(v) e m o2 an }
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Torga mpeoOpazoBaHus (46)-(47) npunHumaroT B TpeoOpasoBaHus JlopeHma, Ha KoTopoe
onupaercst CrnenumanbHass Teopuss OtHocutensHOcTH. M3 yHHMBepcanbHOUM cuctembl otcuera U
B MHEPLHMANIBHYIO crcTeMy oTcyera U’ mpeoOpa3oBaHre UMEET BUJ

r_ _l r_
t—y[ sz+tj y =y (76)
X=y(x-vi) Z'=z

W3 wuHepuumanbHO cuctembl otcueta U’ B yHHMBEpcalbHYlO cuctemy otcueta U
npeoOpa3oBaHUe UMEET BUJ

v, ' o
t—7[7x+tj y=y (77)
x=y(x'+vt) z=z

CymecTBytoT nuiib ABa npeoOpasoBanus (46)-(47), B KOTOPBIX COOTBETCTBYIOIIHE APYT
apyry ko3(h¢UIMeHTsl B npeoOpa3oBaHUU U NpeoOpa3oBaHUU €My OOpaTHOM HMMEIOT TaKue XKe
YHCIIOBbIE 3HAYCHMs (C TOYHOCTBIO JI0 3HAKa, CBS3aHHOIO C HAIpPAaBICHHUEM CKOPOCTH V). DTO
npeoOpasoBanue JlopeHnma u TOKa3aHHOe HIDKe mpeoOpaszoBanue [amunes. Ilostomy
B nipeoOpaszoBanuu Jlopenna cucremsl U u U’ CTaHOBATCSI HEOTIMYUMBIMHU.

7.2. Ilpeodpa3oBaHus JlopeHua ¢ nonepevYHbIM COKpAaLlEeHHUEM

Ecau npussTse, 4To

y(v) 1 1 1 | s
—=- = = 78
) &y nl-@le)} ¢ [m’ 79

e(v)=-—

Torga mpeoOpazoBanus (46)-(47) mpUHUMAOT BUJA NPeoOpa3oBaHMs, KOTOPOE MOXKHO Ha3BaTh
npeoOpazoBaHueM JlopeHiia ¢ monepeyHbIM cokpaiieHneM. 13 ynuBepcanbHoi cuctemsl otcuera U
B MHEpLHMANIbHYIO cucTeMy oTcuera U’ mpeoOpa3oBaHusi IMEET BUJL

V(v 1
t:—(——2x+z‘j y ==y

NS 4
o o (79)
X'==(x-vt) z=—z
7%

N3 unepuumansHOl cucteMbl oTcuera U’ B yHUBepcalibHylO cucteMy otcyera U 3T
peoOpa3oBaHMs UMEIOT BU]T

v !/ ’ ’

t=yy| ¥+t y=yy
e (80)

x=yy (xX'+vt) z=yz
Heo6xomuMo BBISICHHTH TPOMCXOXIECHHE ujaen 0000meHus mnpeodpaszoBanus JlopeHia,
NPE/ICTABJIEHHOTO B 3TO# cTarthe. B CBs3u ¢ BhipakeHHEM (61) OTHOCHTENIBHO OJTHOHAMPABIEHHON
CKOPOCTH CBETa BO3HHUKAET €CTECTBCHHBINA BOMPOC: IS KAKUX mapametpoB e(v) U w(V) CKOpoCTh

CBCTa B HHCpHH&HLHOﬁ CUCTEME OTCUCTa 6y;[eT HMETh 3HAUYCHHE ¢ B JIIOOOM HaIpaBJICHUH. Ha
OCHOBAaHHUH (61) U CBETA, paClIpOCTPAHAOIICTOCA BAOJIb OCHU x', AOJIPKHO BBITIOJIHATBCA YPABHCHHC
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c= < 81)
Yoeve+e+v
/4
YVeve+c+ve=c (82)
4

To CCTh, YTOOBI OJIHOHAIIpaBJICHHAA CKOPOCTb CBETA MMEJIAa TOYHOC 3HAUCHUC C, HOJIKHO
BBIIIOJIHATBCA

y 1
e v o (83)

Jlerko TpoBepUTH Ha OCHOBaHMU mpeoOpa3oBaHus ckopoctu (55), yro s Beex
paccMaTpuBaeMbIX npeoOpazoBanuii (46)-(47) cBeT, pacHpOCTPAHSIOIIMICS MapajuleIbHO OCH ),
TaKxke OyleT MMETh OJHOHAIPABICHHYIO CKOPOCTh CO 3HaueHueM c¢ B cucreme U'. DTO Takxke
CIIEyeT HeMoCPeJACTBEeHHO U3 moctynata IV, uyro u mnoka3aHo Ha pucynke 2. Taxxke
C HCIOJB30BAHUEM YHMCJIEHHBIX METOJOB OBLJIO MPOBEPEHO IS PA3JIMYHBIX 3HAYeHUH (DYHKLIUU
w(V), 4TO OJHOHAIpABJICHHAs CKOPOCTh CBETa B KWHEMAaTHKAaX, OMUCAHHBIX IMPeoOpa3oBaHUSIMHU
(79)-(80), Bcerna nMeeT 3HAYCHHE C.

Otcroma cremyer, 4TO CyHIECTBYeT OECKOHEYHOE MHOKECTBO KHHEMAaTHK, B KOTOPBIX
OJITHOHAIPABJICHHAs! CKOPOCTh CBETa B BaKyyMe B JIFOOOH MHEPLHUAIBLHONW CUCTEME OTCUETa SBISETCS
MOCTOSIHHOM W uMeeT 3HaueHue c¢. OCHOBBIBaIOTCA OHHM Ha TmpeoOpaszoBanusax (79)-(80).
CnenuanbHast Teopusi OTHOCHUTENBHOCTH SIBJISIETCS JIMILB OJHOM M3 OECKOHEYHOro MHOXKECTBa
TakuX KuHeMaTHK (tpeobpazoBanue (76)-(77)).

B xunemarukax (79)-(80), B koTOpbIX W/(v)# 1, HHepUUANbHBIE CHCTEMBI OTCYETa
OTJIMYUMBIC, U CYIIECTBYET YHHUBEpCaJbHAs cHCTeMa OTcueTa, O0O3HayeHHas cumBosioM U.
Cuctema U otaunuaercs XoTs Obl TeM, KaKuM 00pa3oM U3MEHSIOTCS, COTJIACHO MPeoOpa30BaHUIO
(46)-(47), nonepeyHble pa3Mephl Tel, ABMKYIIMXCS OTHOCUTENIBHO YKa3aHHOW CHCTEMbI OTCUETA.
[TosTOMy Takue TEOpUU HE YIOBJIETBOPSIOT MPUHIIMITY SKBHUBAJIEHTHOCTU BCEX HMHEPLUATbHBIX
CHCTEM OTCYeTa.

B coBpemeHHOW (u3MKe CUMTAETCsl, YTO OJHOHANpaBJIEHHAs CKOPOCTb CBETa B BaKyyMe
ABJIsIeTCSL A0COJIOTHO MOCTOSIHHOM, TO €CTh MMEeT OJMHAKOBOE 3HAaueHHUE B JIOOOM HaIpaBlIeHUH
pacrpocTpaneHus u Juis Joooro Hadmoaatens. Ha aTom ocHoBanuu Obuia BeiBeseHa Teopust CTO
OnHmreiiHa. Kak mnoka3aHO BblIe, CYyHIECTBYET OECKOHEUYHOE MHOXKECTBO KHHEMATHK,
YIOBJIETBOPSIOMIUX 3TOMY yciioBuio. CTO Bblaensercs cpei HUX Te€M, YTO JOMOJHUTEIbHO B HEl
MOCTYJAMPOBAH MPUHIIMIT SKBUBAJCHTHOCTH BCEX MHEPLHUAIBHBIX CHCTEM OTCYETa: HE CYIIECTBYET
TAaKoTO (PU3MYECKOro SBJICHHUS, KOTOPOE BBIJAEISET Kakas-TMOO HHEepLUUanbHas CUCTeMa. ITO
CBOJUTCS K TOMY, YTO COOTBETCTBYIOLIME JpYr Jpyry Ko3(h(UIMEHTH B INpeoOpa3oBaHUU
U B Ipeo0pazoBaHUM €My OOpaTHOM JOJDKHBI HMETh OJJMHAKOBBIE YHWCIIOBBIE 3HAYCHMS
(C TOYHOCTBIO IO 3HAKa, CIEAYIOIIEro U3 HampasjieHus: ckopoctu v). Cpeau npeodpazoBanuii (79)-
(80) TakuM JONOJHUTENBHBIM MOCTYJIATaM YAOBJIETBOpPsET JHlIb peoOpa3oBanue Jlopenua (76)-
(77). He cymiectByer, 0lHaKO, HUKAKUX SKCIIEPUMEHTAIBHBIX IPUYHH, YTOObI IPUHUMATh MPUHLIUIL
HKBUBAJIEHTHOCTHU BCEX MHEPLUATBHBIX CUCTEM. DTOT MPUHLUI BBEJIEH B (PU3UKY IPOU3BOJILHO.

M3BecTHBI B CBOIO OYepelb OSKCIHEPUMEHTAJbHBIE JOKAa3aTeJIbCTBA CYILECTBOBAHMS
YHUBEpCAJIbHOU cUCTeMBl OoTcueTa. Peub uuer 06 m3mepenusx anumzorponuu PU, oOcyxnaemoit
B HoOeneBckoil mnekuuu [7]. Oka3bIBaeTcs, YTO CO BCEX CTOPOH KOCMOCAa JI0 HAac JOXOIUT
MHUKPOBOJIHOBOE 3JIeKTpOMarHuTHOE u3inydeHue B auanazone 300 ['Tu. B Hamiel cucreme oTcuera
9TO M3JIydeHHe 00JalaeT AMIOJIbHOW aHu3oTporueil. Jloxonsmiee co CTOpoHbl co3Be3aus JIbBa
U3IYyYeHUE HMMEET HECKOJbKO OOJbIIYI0 PHEPrHi0, B TO BpeMsl KaK H3JIydeHHE CO CTOPOHBI
co3Be3aus Bopones — HECKOJIbKO MEHbLIYI0 3Hepruto (pucyHok 6). Ecnu yuurtsiBath 3¢dext
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Jloruiepa, TO MOYKHO ONpEAEIUTh CUCTeMy oTcyera, B KoTopoit PU omnoponHo. Takast cuctema
oTcYeTa SBJSETCS MCKIIIOYUTEIbHOM 10 OTHOLICHUIO KO BCeM OCTajbHbIM. CyIleCTBOBaHUE TaKOU
YHUBEPCAIBHON CHCTEMBI OTCUETA MPEIOoJIaraeT, 4YTo AaXe eciid Obl OJTHOHAIPABICHHAS CKOPOCTh
CBeTa B BaKyyMe ObLIa MIOCTOSHHOM, TO TPaBWIBHOM Mozenbio KuHeMaTuku CrenuanbHas Teopust
OTHOCHUTENBHOCTH, OCHOBaHHasi Ha npeoOpazoBaHuu Jlopenna (76)-(77), He sSBIsSETCS, a TOJIBKO
MO/I€]1b, OCHOBaHHAs Ha KaKOM-JTHO0 Jipyrom npeodpazoBanuu Bujaa (79)-(80).

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

A

1

B} i

--" |

LCHTP '
IIJIIOCKOCTB

TraJJaKTUKHU

TraJJaKTUKHU

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

Puc. 6. lunonsnas annzorponust PU nokasana B mpoekuuu
Xammepa-AnuroBa (cobcTBeHHast 00paboTKa Ha OcHOBE [7]).

B cratbe [10] Ha ocHoBanuu CriennanbHoit Teopun Ddupa 6e3 monepeyHoro CoKpaieHus
Obuta ompezeneHa ckopocTh CosiHeuHoM CHCTEMBI OTHOCHUTENBHO CHUCTEMbI, B KoTopoit PU
oHOpoHO. [TomydyeHHOE 3HaYeHHE CKOPOCTHU B 3TOU cucteMe cocrasisieT 369,3 km/s (pucyHok 6),
HO 3HaYEHME 3TOI CKOPOCTU Oy/eT MHBIM B paMKax JIPYTUX KUHEMaTHK.

7.3. Ilpeodpa3zoBanus CneunanbHoii Teopuu I¢pupa ¢ nonepeyHbIM COKpalieHHEM

Ecmu IPpUHATD, YTO
e(v)=0 (84)

Torga mnpeoOpaszoBaHus (46)-(47) mpuUHUMAOT BHJ NpeoOpa3oBaHUM, HAa KOTOPHIE OIMUPACTCS
CnenuanbHast Teopus Ddupa c momnepeyHbIM COKpallleHueM, BbiBeAeHHble B crathe [10]. U3
YHUBEPCAJIbHOU CUCTeMBI oTcueTa U B MHEPLHMAIbHYIO cUcTeMy oTcueTa U’ 3Tu npeoOpa3zoBaHUs
UMEIOT BU]L

1 , 1
t'=—rot V=—y
ry 4

Y ] (85)
X'=—(x-vt) zZ=—z
7%

N3 unepuumansHON cucteMbl oTcuera U’ B yHUBepcalbHyl0 cucteMy otcyera U 3Tu
peoOpa3oBaHMs UMEIOT BU/T

t=yyt y=y)

7

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

9710 LB KJIacc npeo6pa3013aHI/H71, B KOTOPBIX OJHOBPECMCHHOCTDH COOBITHI a6COJ'IIOTHa,
4TO COrjlaCyerca ¢ TEM, UYTO IIOKAa3daHUSA YaCOB HE 3aBUCAT OT KOOPAUHATBHI IIOJIOKCHUA.
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KI/IHeMaTI/IKI/I, OCHOBAHHBIC Ha 3THUX npeo6pa3013aHmIX, OTJIMYAIOTCA MCKIY coboii (bI/IBI/I‘-ICCKI/IMI/I
CBOﬁCTBaMH, HaIIpUMEp, MOMCPCUHbIM COKPAIICHUECM U 3aMCIJICHUCM BPCMCHHU.

7.4. IlpeodpazoBanue CneumnaabHoii Teopum Dpupa 0e3 mnomnepeyHoro
COKpalleHUs

Ecmu IpUHATD, YTO

y(v)=1

e(v)=0 ®7)

Torga mnpeoOpazoBaHus (46)-(47) mpUHHUMAIOT BUJA NpPeoOpa3oBaHUs, HAa KOTOPOE OMUPACTCS
CnenuanbHast Teopust D¢pupa 6e3 momepeyHoro COKpalleHus, BbIBeAEHHOro B crathe [9]. U3
YHUBEpCaJIbHOU cucTeMbl oTcueTa U B MHEpIMalbHYI0 cucTeMy oTcueta U’ mpeoOpazoBaHue UMEET
BUJT

’ 1 ’
t =—1t =

» Y=y (88)
X'=y(x—-vi) Z'=z

N3 wunepumanbHOi cucrtembl otcueta U' B yHUBepcalnbHYKO cucreMy otcuera U
npeoOpa3oBaHre UMEET BUJ

t=yt y=y
x=lx'+;/vt' z=7 (39)
Y

B stom cnywae CrneunansHoit Teopun Ddupa He HaOMI01aeTCA NONEPEYHOTO COKPAIICHUS
(to ectp w(v)=1). Cneunanbnas Teopus Ddupa, BbIBEJACHHAs HAa OCHOBAaHHM NpeoOpazoBaHUN
(88)-(89), mmeer TecHyro cBsi3b co CrnernuanbHoii Teopueit OTHOCHTENBFHOCTH DWHINTEHHA. DTO
ObLTO TIOKa3aHo B pabote [8].

[IpeoGpazoBanue (89) ObLIO YK€ BHIBEACHO APYTUM METOJIOM B cTaThsx [2], [4]. B atux
CTaThsIX aBTOPBI MOJYYUIIH YIOMSHYTOE TIpeoOpa3oBanue u3 npeodpasobanus JlopeHia o6marogaps
CUHXPOHM3AIIMH YacOB B MHEPIIMAILHBIX CHCTEMax OTcueTa BHEIIHUM MeToaoM. [IpeoOpa3oBanue,
MoJiyueHHOe B pabotax [2], [4], sBisieTcs WHaue 3alucaHHBIM mpeobOpa3zoBanueM JlopeHia mocie
M3MEHEHHs Croco0a M3MEpeHUs: BPEMEHM B HMHEPLUAIBbHOM CHCTEME OTCYeTa, MOATOMY 3TOMY
npeoOpa3oBaHui0 Mpumucanbl cBoiicTBa CreunanbHoi Teopuu OTHOcuTenbHOCTH. B cTtatbe [9]
npeoOpazoBanue (88)-(89) umeer napyroii puznueckuii CMbICI, yeM npeoOpa3oBanue JlopeHia, Tak
KaK COTJIACHO TPEJICTaBICHHON B AITOM CTAaTbe TEOPHUM SIBISETCS BO3MOXHBIM OIPEICICHHE
CKOPOCTH OTHOCHUTEIHHO YHHUBEPCAIILHOW CHCTEMbI OTCUETa MyTeM u3MepeHus. [[pyrumu cioBamu
yYHHUBEpCalbHasi CHCTEMa OTCYETa peaibHa U HE SBISETCS MPOU3BOILHO BRIOPAHHON MHEPIUATBHOM
CUCTEMOU OTCUETA.

7.5. Ilpeodpa3zoBanue CnennanbHoi Teopun J¢pupa ¢ aGCOJIOTHBIM BpeMeHeM

Ecmu IpUHATD, YTO

py()=1/y(v)=y1-(v/c)* <1 (90)

e(v)=0
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Torja npeodpazoBanus (46)-(47) npuHUMarOT BUJ IpeoOpa30BaHusi, B KOTOPOM BpeMsi aOCOJIIOTHO.
W3 ynuBepcanbHO#l cucteMsl orcueta U B MHEpLHMaNbHYIO cucTteMy oTcueta U’ mpeoOpazoBaHue
UMeeT BUJ]

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

(C2))

N3 wunepumanbHOi cuctembl otcueta U' B yHUBepcalbHYKO cucreMy otcuera U
npeoOpa3oBaHe UMEET BUJ

t=t y:ly'

. (92)
x=—2x'+vt' z=—172

v

B kuHemartuke, OCHOBaHHOW Ha 3TOM MPEOOpPa30OBaHHM, BPEMSI T€YET OJMHAKOBO BO BCEX
MHEPIHAIBHBIX CUCTEMaX OTCUeTa aHAJIOTMYHO TOMY, Kak B mpeoOpaszoBanusx [amunes. OdeHb
WHTEPECHON SBIIETCS BO3MOXHOCTh HAIWYUS TEOPHUH C aOCOTIOTHBIM BPEMEHEM, KOTOpas
YJIOBJIETBOPSET YCIOBUAM 3KcniepuMeHToB Maiikenbcona-Mopnu u Kennenu-TopHaalika.

7.6. IIpeodpazoBanme CrnenuajabHoii Teopuu ODdupa 06e3 NPOIOIBLHOIO
COKpaLeHHs

Ecmu IpUHATD, YTO

2
= = — >
v()=y(v)=1/41-(v/c) 21 93)
e(v)=0
Torjga npeodpazoBanus (46)-(47) npuHUMAOT BUJ NpeoOpa3oBaHMs, HA KOTOPOM OCHOBBIBAETCS

CnenuanbHast Teopust Ddupa 6e3 mpoa0IbHOTO coKpaleHus. 13 yHuBepcaibHON CHCTEMBbI OTCUETa
U B uHepuuanbpHyto cuctemy orcuyera U’ mpeoOpa3oBaHue UMEET BUJL

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

I/I3 HHCpHHaﬂLHOﬁ CUCTEMbI OTCUCTa U' B YHI/IBepCEU'ILHYIO CI/ICTeMy OTCUECTa U
HpeO6pa3OBaHI/IC HUMECT BU

2 4 ’

L=yt y=ry

’ 2 ' ’ (95)

xX=x+y vt z=yz

B kuHemaTWke, OCHOBaHHOW Ha JTOM NPeoOpPa3OBaHUU, TMPOAOJIBHBIE pPa3Mephl
(mapannenbHO OcsAM X U X') OJMHAKOBBIC JUIsl HaOMonaTenen Jiro00i MHEePIUAIBHON CUCTEMBI. DTO
cienyet u3 quddepennnanos npeodpazoanuii (94)-(95)

dx' =dx—vdt

96
dx=dx' +y’vdt ©6)

To ecTn
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dt=0 = dx'=dx

97)
dt'=0 = dx=dx

7.7. PacmiupenHble mnpeoOpa3oBanuss Taamiaess W BbIBOABI  OTHOCHTEJIbHO
napamerpa e(v)

Ecmu IpUHATD, YTO

vie=>0 = y=1/4J1-(v/c)* =1 98)
v(v)=1 v (v/ec—>0 = wI)=]

torga mnpeoOpazoBanus (46)-(47) NpPUHUMAIOT BHUJ, KOTOpPblE HA30BEM pPAaCUIMPEHHBIMHU
npeobpazoBanusamu ['anunes. 3 yHuBepcanpHOM cucteMbl otcuera U B MHEPLMAIBHYIO CUCTEMY
otcueta U’ mpeoOpa3zoBaHUs HUMEIOT BU]L
t'=evx+(l—ev’)t yi=y
99)

X' =x-vt Z'=z

W3 wuHepuuanabHO#M cHcTeMbl oTcuera U' B yHHBEpCalbHYIO cHcTeMy otcyeta U
npeoOpa3oBaHust KIMEIOT BUJT
t=—evx'+t y=y

100
x=(1-ev)x' +vt z=z (100)

[Ipeo6pazoBanus (99)-(100) mpumMeHHMBI TOT/A, KOTJIAa CKOPOCTh V 3HAYUTEIHLHO MEHBIIIE
CKOPOCTH ¢, WIW TIpolle, korga ¢ =oo. Toraa Ha ocHoBanuu (61) u (62) ogHOHAIpaBiIeHHAS
CKOPOCTh CBETA, PACIPOCTPAHSIOLIETOCs BIOIb OCH X, COCTABIISET

EW) =) = el

v)v (101)

c=0o

N3 3aBucumoctu (101) cnenyror BakHble BbIBOABI. OpHOHANpaBieHHas CKOPOCTb CBETa
B BaKyyM€ OTHOCHUTEJIbHO YHUBEPCAJIHLHON CHCTEMBbI OTCUETa UMEET OECKOHEUHOE 3HaYeHUE (¢ = ).
Torna oueBUAHO, UTO 3TA CKOPOCTh UMEET OECKOHEUHbIE 3HAYCHUS TAaKXKe B JII000H MHEpIUAILHON
cucreme orcyera. Oanako, corynacHo (101) ogHOHampaBieHHAss CKOPOCTh CBETa B MHEPLHMAIbHOU
cucreme coctasisieT 1/(e v). Kaxercs, 4To 3T0O IPOTUBOPEUUBO.

tH#0
a) 17 U’
x!:D! \%
b) U - aup

x=0 =—0 x=D

Puc. 7. VI3amMepeHne ckopoCTH CBETa B MHEPIMAIBHOM CHCTEME OTCYETa P PACCHHXPOHU3UPOBAHHBIX YacaX B HEH,
a TaKKe B YHHBEPCAJILHOM crcTeMe oTcyera (3¢upe) mpu 6eCKOHEYHOI CKOPOCTH CBETa.

O,Z[HaKO HpOTI/IBOpe‘-II/Iﬁ B OTOM HCT. HCO6XO,Z[I/IMO 3aMCTUTb, YTO [JII U3MCPCHUMA
OHHOHaHpaBHCHHOﬁ CKOpPOCTH 00s13aTEIBHO HCO6XO,Z[I/IMO HCIIOJIb30BAHUC  JIBYX  YaCOB,
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HEINOJBWKHBIX B CHUCTEME, B KOTOPOM OCYILECTBISETCS M3MEpeHUE. B yHUBepcaabHON cuUcCTeMe
OTCUETA UCIIOJIb3YIOTCS APYrUe 3K3EMIULIPhI YaCOB, YEM HCIOJIB3YEMBIE B MHEPLUAIBHON CHCTEME
orcueTta. Eciii B MHEpIMAIBHON CUCTEME Yachl PaCCUHXPOHU3HPOBAHBI, TO MU3MEPEHUE CKOPOCTU
CBETa, PACHPOCTPAHSIOIIErocsi ¢ OECKOHEYHOM CKOPOCThbIO, MOXET JaBaTh KOHEYHOE MHHUMOE
3Ha4Y€HHE. ITO MPEJACTABICHO HA PUCYHKE 7.

B uactu b) pucyHka mokazaHa yHHBepcaJibHas cucTeMa oTcuera. CBeT HCIyCKaeTcs U3
TOYKHM X = 0 B MOMEHT BPEMEHHU #) U MTHOBEHHO JOCTUraeT TOUKU X = DD B MOMEHT BpeMeHH 7. Tax
KaK COIJIACHO IMOCTYJaTy CKOPOCTh CBETa B YHMBEPCAJIbHOW CHCTEME OTcueTa OECKOHEYHa, TO
tv=1t=0.

B uvactu a) pucyHka nokasaHa umHeplMaibHas cucrema otcuera U'. B paccmarpuBaemblit
MOMEHT BPEMEHHU JBOE€ YacOB 3TO CHCTEMBI PAcIOJIararoTCsl HEMOCPEICTBEHHO PAIOM C ABYMs
yacamu cuctemsl U. M3-3a cokpallleHus JUIMHbBI paCCTOSIHUE MEX/y YacaMu, U3MEPEHHOE B CUCTEME
U', cocraBiiser D' 1 MOKET UMETh OTIMYHOE OT 3HaueHus D, n3mepeHHoe B cucreme U. Yacsl,
pacnojararomuecs B Touke x’'= 0, mokaspBaroT BpeMs {) =0, HO 4achl, HaXOJAIIMECS B TOYKE
x'= D', nokaspiBatoT apyroe Bpems #{ #0. C Touku 3peHus HaOmronatens u3 cuctembl U’ cBer
UCIYCTUJICSI B MOMEHT BpeMeHH #) = 0, mpu 3TOM 10 TOUKH D' omien B MOMEHT BpeMeHH f] # 0.
[ToaTomy B cucreme U’ oiHOHAINpaBIEHHAs] CKOPOCTh CBETA COCTABIISIET

D' <00
W= (102)
L—t, (>
Ckopoctb (102) SIBJISIETCS pe3ysbTaToOM U3MEPEHUH, BBIIIOJIHEHHOI'O

PacCUHXPOHU3UPOBAHHBIMU 4YacaMu B cucreMe U'. DTO He peasibHas CKOPOCTb CBETa, KOTOpas
COIJIACHO TMIOCTYyJaTy HMMeeT B JTOM ciydyae OeckoOHeuyHoe 3HaueHue. boisiee TOro, uachl
B UHepIuanbHOi cucteme U’ MOTyT OBITh HACTOJBKO PACCHUHXPOHU3HMPOBAHBI, YTO CBET OyneT
BO3BpalllaThcs BO BpeMeHU. Tak Oyzxer B ciywae # <#. VMIMeHHO Takue ciydau oOCYXKIaIHCh
B paszene 5.5.

AHAJIOTUYHYIO ~ CUTYalMI0  IOJY4YMM, €CIM  CBeT  OyJeT  pacHpoCTPaHATHCS
B [IPOTHBOIIOJIOAKHYIO CTOPOHY, TO €CTh M3 TOUKH X = D B TOuKy x = 0.

[IpencraBneHHas Ha pUCYHKe 7 CUTYyallMsl peajiu3yercsl uid npeoOpa3oBaHUM, B KOTOPBIX
napametp e(v) # 0 (mampumep, B Crneuunanshoit Teopun OtHOcuTensHOcTH). Torna aBmxymuecs
PSI0OM Yachl YK€ B MOMEHT MX CHHXPOHHU3ALMU MOKa3bIBAIOT pazHble 3HaueHus. [IpencTaBieHHbII
BbIILIE NIPUMEp IMOKA3bIBA€T, YTO OJHOHANpaBieHHbIe ckopocTu cBeta (61) u (62), uamepsemsble
B MHEPLUHUAIBHBIX CUCTEMAX OTCUETa, HE OTPAXKAIOT PeaJIbHOM CKOPOCTHU CBETA B 3TUX CUCTEMAX.

To ectp mapamerp e(v) # 0 MpPUBOAUT K PacCUHXPOHU3ALUHM 4yacoB. OTCUETHl YKa3aHHBIX
YacoB HeJb3s TPAaKTOBaTh OYKBAJIbHO, & OCHOBAaHHYIO Ha TaKOM MNapaMeTpe TEOpHUIO, TaKylo Kak
CTO, He00X0MMO UHTEPIIPETUPOBATh MHAYE, YEM 3TO JIEIAETCsl B COBPEMEHHOM (usuke. JTa Tema
OyzeT packpbITa B paszzene 8.

B cnyyae pacmmpenHbix npeoOpa3oBanuii ["anunest B MHepIMaIbHBIX cucTeMax oTcuera U’
(Ho He B cucteMe U) mokazaHusi 4acoB MeEpEeBEIEHbI (Yachl PACCHHXPOHU3YIOTCS) OTHOCUTEIHHO
€CTECTBEHHON YCTaHOBKH, OTPaXEHHOMU B npeoOpa3zoBanuu ['anunes. I[loatomy B mpeoOpazoBaHusIX
BpPEMEHHU UMeeTCs (GaKTOp, 3aBUCAIIMN OT TOJO0XKEHUS X WIH X .

7.8. Ilpeodpa3zoBanue I'anuies

Ecmu IPpUHATD, YTO
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vie=>0 = y=1/J1-(v/c)* =1
yv(v)=1 v (v/ce>0 = y)=z=]) (103)
e()=0 v (v/ic>0 = e(v)=0)

Torga mnpeoOpazoBaHus (46)-(47) mpuHuUMarOT BHI npeobOpasoBaHus [amwies, Ha KOTOpPOM
OCHOBBIBAE€TCS  KJIACCMYECKasi KuWHematuka. W3  yHuBepcabHOM  cuctembl orcuerta U
B MHEPIMAIIbHYIO cucTeMy oTcuera U’ mpeoOpa3oBaHrue UMEET BUJ

t’:t y’:y
X' =x—-vt 7=z

(104)

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

t=t =
r=y (105)

x=x"+vt z=2

B  npeoOpazoBanum ['anuness COOTBETCTBYIOLIME ApPYyr Apyry  Kod(pQuIueHTHI
B IIpeoOpa30BaHu M B MPeoOpa3oBaHUM €My OOpaTHOM MMEIOT OJMHAKOBBIC YHCIOBBIC 3HAYCHHS
(C TOYHOCTBIO 10 3HAKa, CIEIYIOUIET0 U3 HampapieHus ckopoctu v). Ilostomy B mpeoOpasoBaHun
lanunes tak ke, kKak W B mpeoOpasoBanuu Jlopenua, cuctemsl U u U' oxaspiBaioTcs
HEOTIMYUMBIMHU.

[IpeoOpazoBanuss lanmies MOXHO TpaKTOBaTh Kak MPHONMKEHHE BCEX JIMHEHHBIX
npeoOpa3oBaHui, BBIBEICHHBIX B ATOH CTaThe, U MaJIbIX CKOPOCTEH Vv, TO €CTh JUIs cirydas v << c.
[TosToMy Kiaccuueckass KHHEMAaTHKa COTJIACYeTCsl C AKCIEPUMEHTAMHU MPU MalbIX CKOPOCTSIX V
HE3aBUCHUMO OT TOTO, Kakasi M3 OECKOHEYHOTO MHOKECTBA KMHEMAaTHKa SIBJSETCS HaWIydllen
MOJIENbIO peaNTbHBIX MPOIECCOB.

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

(M) =—c;()=c=o (106)

8. dusnueckuii cMbICJ NAPAMETPOB B NPe0OPa30BaAHMAX U 00CYy:K/IeHHE OCHOB
peJATHBU3MA

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

N3 Beipaxkenuit (50) u (51) o 3amenneHUM BpeMEHHU ClIeyeT, uTo mapameTp f(v),
B npeoOpazoBannu (43)-(44), onuceiBaeT 3aMeAsiecHUEe BpeMeH!. [1Jis1 HeroABIXKHOTO OTHOCUTEIBHO
YHHUBEPCATHHOM CHCTEMBI OTCUeTa HaONoJaTelNss BpeMsl B MHEPUHUAIBHON CHCTEME OTCUeTa TEYeT
B f(v) pa3a OsicTpee (1//(v) pa3a MemieHHee), YeM B €r0 YHUBEPCAIIbHOM CUCTEME OTCUETA.

N3 Beipaxennit (52) u (53) o mpoOJNOJILHOM COKpAIleHWH CIEAyeT, 4To mapamerp a(v)
B npeoOpazoBanmsix (5) u (11) ommceiBaeT MPOJOJILHOE COKpamieHHe (TO €CTh MapaiedbHO
CKOPOCTH V) Tell, HaXOSAIIMXCS B ABM)KCHHU 1O OTHOIIEHUIO K TEJNaM, HaXOJSIIIMXCS B TOKOE
OTHOCUTEJIbHO YHUBEpPCAJIIBHOM cucTeMbl oTcuera U. JUId HENOABUKHOIO OTHOCUTEIIBHO
YHHUBEPCATBHOM CUCTEMBI OTCUeTa Habmomarens ABMXKYyIeecs Teno B a(v) pas kopode (1/a(v) pas
JUIMHHEE) TaKOTO e Tella, HETOABMKHOTO OTHOCUTEIIFHO YHUBEPCATBHOM CUCTEMBI OTCUETA.
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[Tapametp w(v) B mpeoOpazoBanuu (46)-(47) onuchIBaeT MOMEPEUYHOE COKpaIIeHue (To ecTh
NEPIEHAUKYIIIPHO K CKOPOCTH V) TeJ, HAaXOJAIIUXCA B JBM)KEHUH, MO OTHOLICHHIO K TeJaM,
HaXOJSAUIMMCS B MOKOE OTHOCUTENIHHO YHHMBEpCaJbHOW cucTeMbl oTcueta U (pucyHok 2). Takum
obpa3om, mBmkymieecs Teno B y(v) pa3 mupe (1/w(v) pa3 yxe) Takoro ke Tena, HeIoABUKHOTO
OTHOCHTEIIBHO YHUBEPCAJIbHON CHCTEMBI OTCYETA.

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’th = (t=0 = t'=0) (107)
ry

Orto o3Havaer, yTo s e(v) = 0 cHHXpOHM3aIWs 4acoB B cucteme U’ COCTOMT B TOM, YTO
ecnu 4dacel cuctembl U mokaseiBaioT BpeMms ¢ = (0, torma cormacHo (107) wacel cuctemsr U’
HaXOJAIIHUECs PAIOM, TaKKe OOHYIEHBI, TO ecTh ¢’ = 0. DTOT croco0® CHHXPOHU3AIUH MIPEICTABICH
Ha pUCYHKe 8.

B »tom wactHOM cnydyae npu e(v) =0 omgHOHampaBlieHHBIE CKOpocTH cBera (61) u (62)
MPUHUMAIOT 3HAYCHUS

2
C

e(v)=0 = c¢/(v)= (108)
c+v
CZ
e(v)=0 = c (v)=- (109)
c—v
i Y,
(|) I 1 'x!
=0 r=0 [i=0o1=0 }i=0o1'=0
L | | U
(l) 1 1 X
c c
t=0 t=0 t=0

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

UYackl B yHUBEpCAIBHOM cucTeMe oTcueTa U CHHXPOHHU3UPOBAHKI C UCIIONB30BAHUEM CBETA, CKOPOCTH KOTOPOTO B ATOM
cucreme c. B paccmaTpuBaeMbIii MOMEHT BPEMEHH, KOTJIa BCE Yachl cucTeMbl U TOKa3bIBalOT BpeMs ¢ = 0, Hadasa
orcuera cucteM U n U’ coBnamaroT. Ha jro0BIX gacax, IBIDKYIIUXCS PSIOM ¢ 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 yacel B cucteme U nokaseiBatoT Bpems ¢= (0, Torga cormacHo pucyHky 1 Hawana
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)
4

Cunxponu3zauus yacoB B cucteme U’ mokazana Ha pucyHke 9. C To4ku 3peHust cucremsl U
yacel B cucreMe U’ pacCCMHXpOHM3HMPOBAHbI, TaK KaK MX IOKAa3aHUS 3aBUCAT OT IIOJIOXKEHMS, a HE
TOJIBKO OT TeueHHsI BpeMeHH. Ecnu HabOmronatens u3 cucreMbl U’ n3MepsieT OJHOHANpaBICHHYIO
CKOPOCTb CBE€Ta, TO Ha ONpPEACIEHHBIX YacaX CUUTHIBAECT HAyaJbHbI MOMEHT, a Ha JPYTUX dacax
U3MepsieT KOHEYHbII MOMEHT. OTH 4Yachl BCErJja MOJKHO YCTaHOBUTb TakuM 00pa3oMm
(pacCUHXpOHM3MPOBATH MX), YTO OJHOHAINpPABIIEHHAs CKOPOCTh CBeTa OyAeT MMETh M3HAYaJIbHO
3aN0KeHHOEe 3HaueHue c,(v) m cy(v). Takoii ke 3pQPeKT MONKHO MONYYHTh B KIACCHUYECKOH
MexaHuke. EcnM mokazaHus 4acoB, C KOTOPBIX CUMTHIBAETCS KOHEUHBII MOMEHT, INEPEBEAEM
BIIEpE]], TO MHUMO CKOPOCTb Te€a OyJeT MEHBIIIE, a €CJIM MTOKa3aHHs 3TUX YacoB IEepeBesieM Hazall,
TO MHUMO CKOPOCTB Tejia OyeT OoJblie.

Jlns paccMaTpuBaeMBIX MpeoOpa3oBaHU MPH YCTAaHOBKE 4YacoB B cucreMe U’ coriiacHoO
BbIpakeHuto (111) onHOHampaBieHHas CKOPOCTh cBeTa OyneT MMETh 3HAueHHE, OIpeelsieMoe
Beipakenusmu (17), (18) u (61), (62). D10 BOBCE HE O3HAYAET, YTO ATO CKOPOCTh CIEAYEeT U3
CKOPOCTH IMPOTEKAaHUsl pealbHBIX MPOLECCOB, 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.

t'=0 t'=yevx|/y t' =wevx;/y

a(v) (v
G(v) &( 4

U

X

t=0 t=0 t=0

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

Yacsl B yHUBepCaJIbHON cucTeMe oTcuera U CHHXpOHM3UPOBAHbI C HCIOJIB30BAHUEM CBETa, KOTOPHII B 3TOH CHCTEME
MMeEeT OTHOHAIPABIICHHYIO CKOPOCTh ¢. B paccmarprBaeMblii MOMEHT BpEMEHH, KOTIa BCE Yachl CUCTEMBI U
MoKa3bIBatoT Bpemst ¢ = 0, Hayasna orcuera cucteM U n U’ coBnanator. Ha 1i00bIX gacax, MpOXOAAIINX PSOM C YacaMu
¢t = 0, ycTaHOBJIEHO BpeMs ¢’ = wevx'/y.

Ecmu e(v) # 0, Torna Beipaxenus (50) u (51) paznuunsl, u Beipaxkenus (52) u (53) Takxe
pasnmuusbl. To ecth HaOmonaTenu u3 cucreM U u U’ monyyaroT Ha OCHOBAaHHHM CBOMX M3MEPEHUI
pa3auyYHbIE BBIBOJBI OTHOCUTENILHO 3aMENJICHUS BPEMEHU M MPOJOJIBHOIO COKpalleHHWs (MHade
OLICHUBAIOT OTHOCUTENIBHOE TEUEHUE BPEMEHU B CBOMX CHCTEMAax U MHAY€ OLICHUBAIOT MPONOPLIHUHU
TOPU30HTAIBHBIX JIUHUM B CBOMX CUCTEMaX). TaKyro CUTYallu0 MOXKHO HHTEPIIPETUPOBATh TaK, YTO
UX HM3MEpPUTENIbHbIE MPUOOPHI HE OBLIM CHHXPOHHU3MPOBAHBI M IMO3TOMY OHHM H3MEPSIOT YTO-TO
npyroe. Tompko ecimu e(v) =0, Tormga WX H3MEpPEHUs 3aMENJICHHS BPEMEHH M TPOJOIBHOTO
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COKpAILEHUS AT OJMHAKOBBIA pE3yJabTaT, TO €CTh TOJIBKO KOTJa 4achl B UX CHUCTEMax OTCYETa
IIPaBUJIBHO CUHXPOHU3HPOBAHBI.

PaccMoTpuM CBETOBOM 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

., Vv +c+v ,
’ ,_,_xz—xl_ X, _y ,_lﬂev , X,
f-t=f=2"0__ % _ . Xy =YYy B (112)
¢, (v) ¢ (v) c Y c
c+v

Beipaxxenune (112) moxxHO mo-pa3sHomy wuHTeprperupoBaTs. B CrenmansHoit Teopun
OTHOCHUTENBHOCTHU IIPUHATA TaKasi MHTEPIPETALKs, YTO Yachl B MHEPLUAIBbHOU cucteme orcuera U’
NPaBUIBHO CHHXPOHU3UPOBaHBL. TO ecTh cBeTy (DaKTUYECKH HEOOXOOMMO #) BpPEMEHHM Ha
NPOXOXKJEHHE TMyTH JIuHOW x5. Torma ¢aktuuecku i HaOmromatenss B cucteme U’
OJTHOHAIPABJICHHAs! CKOPOCTh CBeTa BhIpaskaeTcs coryacHo (61). s CTO nHa ocHoBanum (75) ata
CKOPOCTb UMEET 3HAUEHUE

2 2
C C

c,(v)= =T =c (113)

“evcitc+ryv ——y—vci+c+y

4 c

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

yacoB. Eciin 3TH 9ackl HEMpPaBUWIIBHO CHHXPOHHU3UPOBAHbI, Toraa ckopocts (113) — maumas. Toraa
ckopocTh (61) He oTpakaeT mpoTekaHus (PU3MUECKUX IMPOIECCOB, a JIMIIL BBI3BaHA CIIOCOOOM
YCTaHOBKH YacCOB B HHEPIIMAIBHOU cucteme oTcuetra U'. JIns Takoii untepnperarmu ¢ yuetom (108)
BeIpakenue (112) 3anuiemM B Buje

, wev , X, X,

t,— X, = = 114

oy cle=0) e
c+v

To ecTb ecnu CBETOBOM MMITYJIbC HCIYIIEH, TOTJA HA 4acaX, HAXOJAIIMXCS B TOYKE X,
ycTaHoBiieHO 3HavyeHue (111), a B peasibHOCTH AODKHO OBITH ycTaHOBIIEHO 3HaueHue 0, cienyroriee
Y3 MPaBWIBHOW CHUHXPOHM3AIMHU, TO €cTh U3 BhipaxeHus (107). Iloatomy, korga umnynsc noiaer
710 TOYKH X5, TOT/1a IPABUIIBHOE NTOKA3aHUE HAXOASIIMUXCS TaM 4acoB HE 75, a

g -Yery (115)

[Tpu Takoii mHTEepHpeTanuu jeBas 4acTh ypaBHeHus (114) mpencrasnser coboii peanbHOE
BpeMsi, HEOOX0JMMOE UMIYIIbCY Ha MPOXOKICHUS 10 TOUKHU X;. ECIIM 4ackl, Haxosmuecst B TOUKe
X5, ObUTH OBl MPABUIILHO CHHXPOHU3MPOBAHBI COTIIaCHO BbIpaxeHuto (107), To olHOHAmpaBIeHHAs
cKopocTh cBeTa coctapmiia Obl (108) wmm (109), a ve (61) umm (62).

W3 BbIIECKa3aHHOTO ClENYET, 4yTO ecnu napamerp e(v) # 0, Torga BO3MOXHBI pazIndHbIE
uHTeprpeTanuu  npeodOpazoBanmii  (43)-(44) u  (46)-(47). B CnemmanenHoit  Teopun
OTHOCUTENBHOCTH NPHUHATA HHTEPIIPETALMs, YTO CUMUTHIBAHUS YacOB HEOOXOJMMO TPAKTOBATh
OyKBaJbHO. DJTO TPUBOAUT K TOMY, YTO pa3Hble HaOIMIOAaTeNnu, U3Mepsis Te ke (U3nYecKue
SBJICHUS, IOJIy4alOT pa3Hble Pe3yJbTaThl (MCKIOYEHHEM SBIIAETCS OJHOHAIPABIEHHAs CKOPOCTb
ceeta B Bakyyme). B CTO cuurtaercs, 4To 3TO CBOMCTBA IIPOCTPAHCTBA-BPEMEHH, a HE PE3YJAbTAT
PacCCUHXPOHHU3ALMH YaCOB MEXAY MHEPLUAIbHBIMU CUCTEMAMH.
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JUis BTOpOM MHTEpIpeTanuy 3HaueHUs napamerpa e(v) npuHsatue e(v)#0 mpuBoauT
K paCCUHXPOHHU3allMM 4acoB B MHEPLUAIBHON CHUCTEME, HO IPHU 3TOM HCIOJIB3YETCSI KNHEMAaTHUKA,
ocHoBaHHasi 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 KWHEMaTuka ¢ napamerpoM e(v) # 0 mepexoquT B KHHEMAaTHUKY ¢ TapaMeTpoM
e(v) =0. CornacHo 3TOM HHTepIIpeTaluu mapaMmerp e(v) He JAaeT BO3MOKHOCTU MOJYyYUTb HOBBIE
KMHEMaTUKU. Bce KMHEMaTUKH, BO3MOXKHBIC Ul IPUHATBIX B 3TOM crarbe moctynaros I-IV,
cozepkarcsi B mpeoOpazoBanusx (85)-(86). KunemaTHku OTIMYAIOTCS TOJBKO OJHUM MapaMeTpoM
MoTepeyHoro cokpamenus y(v). B MmoHorpaduu [8] mokasaHo, 4yTO MpU TakOW HMHTEpPHpETALUU
CTO cranoButrca CTD c¢ yHuBepcanbHOM cucTeMoil orcyera. COIVIACHO 3TOM MHTEPIPETALUU
MHOTHE BBIBOJIBI COBPEMEHHOM (DM3MKH, MONydYaloOIIMecs Ha OCHOBE MaTeMaTHKH, Ha KOTOPYIO
omupaercsi CTO, sBmstores omubounsiMu. To ecth Matematuka CTO mnpaBuibHas, HO
MHTEPIIPETALMS 3TOM MaTEMaTUKU — HEIIPaBUJIbHA.

Beenenne mnapamerpa e(v) #0 B mpeoOpasoBanus [ammnes (104)-(105) mnpusoaur
k npeoOpazoBanusiM (99)-(100). To ectp mocie pacCHHXPOHU3AIMH YacOB MEXKIY Pa3IMYHBIMU
MHEPIUAIBHBIMUA CUCTEMaMU NOJIYJalOTCsl IpeoOpa3oBaHusi, B KOTOPBIX MMOKa3aHUS YaCOB CHCTEMBI
U' 3aBucAT oT ux nonoxeHus. OIHAKO IO CyTH — 3TO KJacCHuYecKas KMHEMaTHhKa, 3alucaHHas
B Oosiee ci0XHOM Buje. Benp cmoco® ycTaHOBKM HadajbHBIX 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 MOJIYYUTh 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 KJIacCMUECKOM KHHEMATHKE,
omnucanHo# npeobpazoanusimu (104)-(105).

B »3roii crarbe mnpuHATA MHTEpHpeTalus napamerpa e(v) TaK, 4YTO OH OIMCHIBAET
PACCHHXPOHU3ALMIO YacOB B MHEPIHUAIBHBIX cHCTeMax 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
IPUHATO CYUTATh, YTO MPeoOpa3oBaHUE CBA3BIBAET MEXJYy COOOM 4achl, HAXOSIIUECS 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 mpeoOpazoBaHHE 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 MHTEprperanuu MpeoOpa3oBaHUE HE MEPECUUTHIBAET KOOPAMHAT OJHOTO M TOTO Ke
COOBITHS, @ TOJBKO KOOPJMHATHI pa3iuyHbIX coObITHid. [Ipu Takoit uHTEepnperanuu napamerpa e(v)
npeoOpa3oBaHue CBSI3BIBAET KOOPAMHATHI OJIHOTO M TOTO e COOBITHS TObKO Koraa e(v) = 0.

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

B cnywae mpeoOpa3zoBanmii, B KOTOpBIX mapamerp e(v) # 0, Helb3s 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 Yackl MPOJIETAIOT MUMO ,
HaoOmopareins 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.

VY wabmomarenss O' B ero cucreMe orcdyera uMMerorcss 4dacel B;. Yacel By Haxomdarcs
HETMOCPECTBEHHO ¢ HabmoaareneM. Y HaOmonatens O B €ro CUCTEME OTCUETa UMEIOTCS 4achl A;.
Yacel Ay HaxoIsaTCsl HEMOCpeICTBEHHO ¢ HaOmomateneM. HaGmromatenn O u O’ HE MOTYT
HEMOCPEJCTBEHHO CPaBHHUBATh IMOKa3aHW 4YacoB Ay W By, Tak Kak HaXOAATCI Ha OOIBIIOM
PAcCTOSTHUU APYT OT APYra U MOCTOSIHHO ABUXKYTCS OTHOCUTENBHO JIPYT Ipyra.

Kaxnpiii u3 aTix HaOMIOAaTeNe MOXKET B JTIOOOKW MOMEHT CHSTH IMOKa3aHHs C JABYX 4acoB,
HAXOSIIMXCS HETIOCPEICTBEHHO psioM ¢ HUM. Habmronatenb O MOXKET CYUTHIBATH BPEMS CO CBOUX
4acoB Ao U MPOXOJAIIMX MHUMO HEro 4acoB B; C KOHKPETHBIX YacOB B; MOXKET CUMTATh BPEMsi
TOJBKO OAWH pa3, KOTJAa 3THU Yachl HAXOIATCA psAaoM ¢ HuUM. Kaxnplii pa3 mnpu CUUTHIBAHUU
BPEMEHH C YacoB B; IeNIaeT 3TO C Pa3HbIX YaCOB.

AmnanoruyHas cCUTyalus cBsizaHa ¢ HabOmronatenem O'. Habmoparens O' MOXKET CUMTHIBATD
BpEMS CO CBOMX 4YacoB By M MpOXOASIIMX MUMO HEro 4acoB A;. C KOHKPETHBIX 4acoB A; MOXKET
CUMTAaTh BpeMs TOJBKO OJMH pa3, KOI/Aa 3TU 4YacChl HAXOIATCA pAnoM ¢ HUM. Kaxnawlidi paz mpu
CUMTBHIBAHUU BPEMEHU C YACOB A; JIENAET 3TO C Pa3HBIX YACOB.

HabmronaTenb MOKET CUMTHIBATH BPEMs C 4acOB, KOTOPBIC B JaHHBI MOMEHT HaXOJSATCS
psgoM ¢ HUM. MoeT Takke (UKCHPOBATH IMOJIOKEHHE TAKMX YacOB OTHOCHUTEIHHO KOOPIUHAT
cucreM U u U'. BoiBeZieHHBIE B 9TOH CTaThe MpeoOpa3oBaHUsl BPEMEHU M KOOPIAMHAT TOJI0KEHUS
CIYXKaT JJId IIepecyeTa MOKa3aHUi OTHOCUTENBHO OJHOW CUCTEMBI OTCUETA K IMOKA3aHUSM B IPYrou
CHUCTEME OTCUETA.

B paccmatpuBaemoii cutyaumu it Habmogarenss O U3 yHUBEPCAIbHON CHCTEMBI OTCUETa
MPUMEHNMO BBIpaKeHUE [Tl 3aMme yieHus Bpemenn (50), a ans mabmroaarens O' U3 MHEPIUATHHOM
CUCTEMBI OTCUETa MPUMEHUMO BhIpakeHue 17 3ameieHust Bpemenu (51). To ectp Habmonatens O
OIICHUBAET OTHOCUTEIILHOE TCUCHNE BPEMEHHU Ha CPABHUBAEMBIX UM Yacax CICIYIOIIHNM 00pa3oM

!
dx=0 = d—tzL—ev2 (116)
e yy

Hab6nronarens sxe O' OlleHHBAaET OTHOCHTEIBHOE TEUCHHE BPEMEHH Ha CPAaBHUBAEMBIX UM
qacax CIeIyIoUIM 00pazom
da’ 1
dx'=0 » —=—rvo (117)
. yy

To ectb ecnu e(v) #0, Torna Habmogarenn O u O' MO-pa3HOMY OLEHIT OTHOCHUTEIHHOE
Te4YeHUE BpeMEeHH (3TO ObUIO OTMEUEHO B mojpasnene 5.1). JlonoaHuTeabHO0 HE0OX0IMMO 00paTUTh
BHUMaHHE 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 (', CUNTHIBasS C HUX BPeMs, HE HU3MeEpseT
peasibHOTO TeueHus BpeMeHu B cucrteme U'. B Beipaskenuu (116) npucyTcTByeT MHOKHTETH e(v)V?,
ONMCHIBAIOLIMI BIIMSHUE PACCUHXPOHM3ALMM YacoB B; Ha 3aMeJUICHHE BPEMEHH, H3MEpSEMOE
HaOmonarenem O.

Habnronarens O' u3 MHEPIHUATIBHON CUCTEMbI OTCUETA OLICHUBACT 3aMEIJICHHE BPEMEHHU Ha
OCHOBaHMHU TIOKa3aHUM YacoB A;. OTM Yachl HEMOJBM)XHBI OTHOCUTENBHO 3dupa 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 mnapaMmerpoMm. HaOmonmatens O' cuuThIBaeT peanbHOE
TE€YEHHE BPEMEHU B YHUBEPCAIBbHOH cucteMe orcuera U.

Ecmu e(v) # 0, Torna usmepenus 3ameaiieHuss 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, yto mapamerp e(Vv) ONMUCHIBAET CHOCOO PACCHHXPOHM3ALMU YacOB B HMHEPLUAIBHBIX
CHUCTEMAX OTCUETa, MOJYKHO 3aKIIOYUTh TAKKE HAa OCHOBAHMM 3aBUCUMOCTU [UIsl 3aMEJICHUS
Bpemenu (50). HaGmonarens O, mpexactaBieHHbIH Ha pucyHKe 10, HEMOABMXKEH OTHOCHUTEIILHO
YHUBEPCAIbHOM cUCTEMBI oTcueTa U U OLICHUBAET TEYCHHE BpEMEHU B cucteMe U Ha OCHOBaHUM
IIOKa3aHUH OJHUX 4acoB 4. Tak Kak Bce 4achl OTMEPSAIOT BPEMsI COTJIACHO OCH BPEMEHH, [I03TOMY
TeUYeHUE BpEMEHH Ha yacax Ao yaoBIeTBopseT ycinosuio dt > 0. Ha ocnoBanuu (50) nomydaem

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

> e —
y»My)v?
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' ' ' ' ' ' dt'h < '
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R e
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-3 -2 -1 0 1 2 3
v [10° m/c]

Puc. 11. Bimsaue 3Hauenus napamerpa e(v) Ha U3MEpEeHHE BPEMEHH B BIDKYILEHCS HHEPIMAIbHON CHCTEME
HaOIIoaTeNIeM U3 yHUBEPCAIBHOM cucTeMbl orcueTa (df > 0).

To ectp Habmogarens O CUMTHIBAET BpeMsi Ha OYEPEAHBIX yacax B; U yTBEp)KIaeT, 4To
OuepeHbIe OTCUYETHI YKa3bIBAIOT HAa Bce OoJiee paHHUE MOMEHTHI BpeMeHu. Eciu Obl Habmogarensb
O TpakToBaJl TaKMEe 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 MpaBJia, TaK KaK COIJIACHO MOCTYNATy KaX/able Yachl B; OTMEPSIOT
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BpeMsl COTIIACHO OCH BpeMeHH. [IpiuunHa Takoro CTpaHHOTO U3MEPEHHUs B TOM, YTo Habmoaarens O,
CUMTBIBAs BpeMs Ha yacax B;, HE U3MEpSET PEaJIbHOr0 TEUEHUSI BPEMEHU B MHEPLMAJIBHOMN CUCTEME
orcueta U'. Ha ero um3MmepeHue BAMSET TO, Kak 4Yachl cucTeMbl U’ pacCMHXpPOHM3MPOBAHBI
napameTrpoM e(v). To ecTb ecnm 4achl Bjyj CHIBHO ONA3JBIBAIOT IO OTHOUIEHMIO K dacaM B;
(ti1 <<t;), TOrOa 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¢pdexT Habmonancs, mapamerp e(v) NODKEH NPUHUMATh JOCTAaTOYHO OOJbIINE
MIOJIOKUTEIIbHBIE 3HAYEHMSI. DTO IPEACTABIECHO Ha pUCYHKe 11.

Ota npobnema Oblila MpeaCTaBiIeHAa MHAYe B pasnene 7.7, rie Ha MpUMepe pacIlupEeHHBIX
npeoOpazoBanuii ['amuiies ObLIO MMOKa3aHO, YTO OLIEHKA TEYEHUS BPEMEHM Ha OCHOBAHHH
[IOKA3aHUM JBYX PA3HBIX YacoOB, JAXKE€ €CIM OHU B OJHOM M TOH K€ HMHEPLHUAIBHOU CHUCTEME,
NPUBOAMUT K OIIMOOYHBIM BbIBOJaM, eciiu nmapamerp e(v) # 0. B takom ciydae ecnu HaOmonaTensb
CUMTBHIBAET HA OJHUX Yacax 3HAYECHHE fj, 3aT€EM Ha CJIEAYIOIIMX Yacax — 3HAYEHHE 71, TO 3TO HE
03HAYyaeT, 4TO MEXAY CUMTBIBAHUSAMU ITPOLLIO BpeMs f — fp. Ha pasHOCTB # — {) BIMET peanbHOE
TE€YEHHE BPEMEHH, a TAKXKE TO, B KAKON CTENEHU ITHU IBOE YACOB PACCUHXPOHU3UPOBAHBI.

10.3akiarouenue

B crarbe mnpeacraB/ieH OPUIrMHAJBbHBIN MeTOJ HCC/IeI0BAHUS TMpeodpa3oBaHus
BPeMEHH W MOJIOKeHMS] B OTHOLICHUM NpPHeMJEeMbIX HHTEPHpeTAlNi, KOTOPbIe MOKHO
OTHECTH K 3THUM Npeodpa3oBaHUAM.

B crartbe BbIBEIEHBI BCE BO3MOXKHBIC IUHEHHBIE MPEOOpPA3OBaHUsS, YIOBJICTBOPSIONINE
pe3ynbTaTam 3KcrepuMeHToB MaiikenscoHa-Mopnu u Kennenu-Topunaiika (0e3 Bpamenus). Ha
OCHOBaHUH ATHX MPe0Opa30BaHU MOKHO MTOCTPOUTH MHOYKECTBEHHBIE KHHEMATUKH C PA3IMYHBIMU
¢busnueckumu cBoiictBamu. CyliecTByeT OSCKOHEUHOE MHOXKECTBO KHHEMATHK, COTJIACYIOIIUXCS
C OKCMEPUMEHTAMHU 110 UBMEPEHUIO CKOPOCTHU CBETA.

JIns KakJ0M KHHEMAaTUKH MOKHO BBIBECTH OECKOHEUHOE MHOJKECTBO IMHAMHUK. MeTof,
KOTOPBII 3TO MO3BOJISET CeNaTh, OKa3aH B padortax [8] u [12].

B 3T10i#i craThe Takke MPOAEMOHCTPUPOBAHO, YTO CYIIECTBYET OECKOHEYHOE MHOMXKECTBO
pa3IMYHBIX KHHEMATHK, B KOTOPBIX OJTHOHAMPABJICHHAS CKOPOCTh CBETa B BAKyyMe€ UMEET B JIF0O0OM
HaIpaBJICHUU U B JTI0O0H MHEpLMATbHON CUCTEME OTcUeTa 3HaueHue ¢ (mpeodpazoBanus (79)-(80)).
CrnernmanpHas 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 HKCIIEPUMEHTAIBHO PA3IUYUMbl, TO €CTh HE3KBUBAJIICHTHBI. JTO
CJIelyeT U3 TOr0, YTO JaXKE €CJIH MPENOI0KUTh, YTO OJTHOHAIIPABJIICHHAS! CKOPOCTh CBETA SIBJISIETCS
abcomrotHOM, To CnermaneHas Teopuss OTHOCHUTENBHOCTH HE SBISETCS MPABUIHLHOW MOJEIBIO
peaNbHBIX TMpoIeccoB. Ecnu oAHOHampaBlieHHAas CKOPOCTh CBeTa a0OCOJIIOTHO MOCTOSIHHA, TO
MPABWJIBHON MOJIENBIO PealbHBIX MPOIECCOB OyAeT KMHEMAaTHKa, OCHOBaHHAsI HAa MPeoO0pa3oBaHUU
Jlopenna ¢ nonepeunsiM cokparnieHuem (79)-(80).

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

Opnako mapameTp e(v) MOKHO HHTEPIPETHPOBATh MHA4€, TO €CThb YTO OH OIMCHIBAET
Croco0 pacCMHXPOHM3AIMM YacOB B WHEPUUAIBHBIX CHCTEMaxX OTCYeTa IO OTHOIICHUIO
K YHUBEpPCAJIbHOUW cucTeMe oTcuera. B crarbe chopMynupoBaH TE3WC, YTO MPUHATHE MapameTpa
e(v) # 0 mpuBOAUT K PACCHHXPOHHU3AIMN YACOB MEXIY PA3TUUYHBIMU MHEPLMATIbHBIMU CUCTEMaMH
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otrcueta. Ho cmoco0 ycTaHOBKHM HadadbHBIX 3HAYCHHM Ha Yacax, HAXOMAAIIUXCS B WHEPIIHATbHBIX
CHUCTeMax OTCYeTa, HE BIMSET Ha MpOoTeKaHwe (u3mueckux mporeccoB. Eciam mpUHATH TaKyro
MHTEPIPETAIMIO ATOTO MapaMeTrpa, To Jro0as KMHeMaTHka ¢ napaMmerpoMm e(v) # (0 mpuBoIUTCS
K KHHEMaTHhKe, OCHOBaHHOM Ha mnapamerpe e(v)=0. IlosTomMy eAMHCTBEHHBIM MapaMeTpoM,
KOTOPbIM MOTYT OTJIMYaThC KUHEMATUKH, YAOBJIETBOpsAwomMe mnocrymaram [-1V, sBasercs
rnapamMeTp MomepeyHoro cokpameHus (v). Torna HEBO3MOXXHBI KUHEMAaTHKH, B KOTOPBIX
OJTHOHAIpPAaBJICHHAs CKOPOCTh CBETa IOCTOSHHA B JII00OM MHEpLMaNbHOM cucteme oTcueTa. Bee
KMHEMAaTUKH coJepkarcs B mpeoOpasoBaHusx (85)-(86). BreipaxkeHue 1isi OJHOHANPABICHHON
CKOPOCTH CBETA JIJIsl STUX KUHEMATHUK BbhIBeIeH B cTathe [10].

B crathe ObUIO TIPOJAEMOHCTPUPOBAHO, YTO HMHTEPIpETANHs mapameTpa e(v) Tak, Kak 3TO
npuasaTo B CTO mpuBoaut k mpoTtuBopeunto (paszensl 5.5, 7.7 u 9). To ects oOmenpuHsTas
B (u3mke WHTEpHpeTamus 3TOTO mapamerpa — omwubouna. [IpaBuibHas MHTEpHpETalys STOTO
napaMmerpa TakoBa, 4To ecau e(v)#0, To uyacel B UMHEPLUHMAIBHBIX CUCTEMAax OTCYETa
pacCHHXPOHU3UPOBaHbL. Toraa Henb3s OYKBAJIILHO CPAaBHHUBATH OTCUYETHI BPEMEHHU C Pa3HBIX YacoOB
OJHOM U TOM K€ MHEPLUAIBHOW CUCTEMBI OTCYETA.

HezaBucumo ot cmocoba mHTepnperanuu mnapamerpa e(v), mapamerp y(v) He sBIseTcs
M3MEHEeHHeM MacmTaba. 9To O4YEeBHIHO, €CIHM 3aMETHTh, YTO B KaXKIAOH MHEPUUAIBbHOHN cucTeMe
OTCUETa HW3MEPEHMs BBINOJIHSAIOTCS C HCIOJIb30BAHUEM TEXHUYECKHM HUIACHTHUYHBIX YCTPOWCTB.
CHavana B KakoW-1100 WHEPUHUATBLHOW CHCTEME OTCYETa MPOU3BOMATCS WUICHTHYHBIC Yachl IS
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 BBINIE WICHTHYHBIMU
yCTPOMCTBaMH, pa3MEIICHHbIMA B YHUBEPCAJIbHON CUCTEME OTCUETA U PA3IUYHBIX MHEPLIHMAIbHBIX
cucremax orcyera. Jlioboe m3MeHeHue mapamerpa (V) MPUBOAMT K M3MEHEHMIO (PU3MUECKHX
CBOMCTB KHMHEMaTHKHU. JlOCTaTOYHO 3aMETUTh, UYTO O3TOT IapaMETp OINpeAeseT 3aMeUIEHHE
BpeMeHH, onucaHHoro BeipakeHueM (51). To ecTh TO, Kak U3MEHSETCS CIOCO0 U3MEpPEHUSI BPEMEHH
JBUKYIIMXCS OTHOCHUTEIBHO YHMBEPCAJIbHOM CHUCTEMBI OTCYETa YacOB B 3aBUCUMOCTH OT
napamerpa y(v).

Bce skcnepuMeHTHI, MPOBOAMMBIE YEJIOBEKOM, HAONIONANKCh M3 HHEPIHMAIBHBIX CHCTEM
OTCYeTa, JBMTraBIIMXCA C HEOOJNBIIMMH CKOPOCTSIMHU OTHOCHTEIBHO YHUBEPCAIBHON CHCTEMBI
oTcuera (pucyHok 6). Takue sKCHEepUMEHTHl HE JAIOT OTBETA OTHOCUTENIBHO TOTO, KAK BBITJISISAT
3aKOHBI TPUPOABI IS HaOMOgaTeNell B HWHEPIHAIBHBIX CHCTEMax OTCUeTa, JABUTAIOIIUXCS
c OOJIBIIMMU  CKOPOCTSIMH ~ OTHOCHUTENIBHO  yYHUBEpCaIbHOM cuctembl orcuera. [lostomy
B (pM3UYECKHUX TEOPHUSIX OCYIIECTBISETCS IKCTPANIOISIIUS PE3YAbTATOB, MOJYYEHHBIX B JOCTYITHBIX
HaOIoaTeNNI0 cUcTeMax OTcueTa, Ha JpyrHe HWHEpLHUaNbHble CHUCTeMbl OTcueta. Ho Beap
JOTIyCKaeMble KakK TMpPaBWIbHbIE MOJEIM pEaJbHbIX MPOIECCOB KHUHEMAaTUKU OCHOBaHbI Ha
peoOpa3oBaHMsIX, KOTOPhIE HE YIOBJIETBOPSIOT moctynaTty III Bo Bcex mMHEpHMATbHBIX CHCTEMAaX
OTCueTa, a JIUIIb B CHUCTEMaX, JOCTYMHBIX JUIsl AKCIEPUMEHTOB. BBIBOA Takux mMmpeoOpa3oBaHMiA
npeAcTaBiieH B ctaThe [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
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