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AHHOTALMA:

B craTtbe mpeacraBieHo ¢(opMalibHOE J0Ka3aTeJbCTBO TOI0, YTO MaTeMaTHKAa, Ha
KkoTopoii ocHoBbiBaercss CrnenmanbHass Teopus OtHocutenbHoctn (CTO), B HacTosimee
BpeMsl HeBepHO MCTOJKOBaHA. /[0Kka3aTe/bCTBO ONMPAETCsl HA AHAJIN3 3HAYEHHMS MapaMeTrpa
e(v). Illonnmanne 3HaYEeHHUs ITOr0 MapamMeTpa BO3MOXKHO OJarogaps aHajau3y oomei ¢popmbl
npeodpa3oBaHus, VI KOTOPOro mnpeodpa3oBanue JlopeHuma sBJsieTC JHIIb YACTHBIM
ciydaeM. Ecim e(v)#0, Torma 4Yacel B HHEPHHAJBHBIX CHCTEMAaxX OTcCYeTa
PACCHHXPOHU3UPOBaHbl. BeanumHbl, HanpuMmep, OJHOHANPABJEHHOH CKOPOCTH IIpH
HCIIO0JIb30BAHMHU TAKHX YACOB He Jal0T peajbHbIX 3HAYCHHIA.

B CTaTheC IIOKa3aHo, qTo CYIICCTBYCT OCCKOHEUYHOE MHOXXECTBO Pa3JINIHBIX

npeoOpa3oBaHmii, B KOTOPBIX OJTHOHAMPABICHHAs CKOPOCTh CBeTa Beera paBHa c. [IpeoOpasoBanue
JlopeHtia sBAsIETCS JTUIIB OJTHOM M3 3TOT0 OECKOHEYHOT0 MHOKECTBA IIPe0Opa3OBaHUi.
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B crathe BbIBeneH LeNblid KJIAacC JMHEHHBIX NMPeoOpa3oBaHUl BPEMEHH U MOJOXKCHHSL.
[IpeoOpa3oBaHusl BBIBEICHBI B IMPEAINOJIOKEHHH, YTO Ui HaOmionaTens J00OH WHEpLUaIbHOM
CHUCTEMBl OTCUETa BBINOJHIIOTCS BBIBOJBI 3KCIIEpUMEHTOB MaiikenbcoHa-Mopau u Kennenu-
TopHpaiika, a UMEHHO, YTO CPEIHssl CKOPOCTh CBETA B BaKyyMe€, pacCIpOCTPAHSIOIIErOCs B IPSIMOM
1 00paTHOM HAIpaBIICHUHM, SBISETCS MOCTOSHHON. BBIIO MpennosokeHo Takxke, YTO CYIIECTBYET
XOTs1 OBl OJIHAa MHEpLHUAIbHAS CUCTEMa OTCUETa, B KOTOPOH CKOPOCTh CBETa B BaKyyMe B JIFOOOM
HaNpaBJICHUU UMEET TO K€ 3HaYCHHUE ¢, U [yl HaOJtoaTenei 3Toil BbIIEIEHHOW CUCTEMBI OTCUETa
(yHUBEpCAIbLHOM CUCTEMBI OTCYETA) POCTPAHCTBO U30TPOITHO.

BriBeieHHbIe TIPe0Opa30BaHUs MO3BOJISIIOT MOCTPOUTh MHOXKECTBO PA3JIMYHBIX KHHEMATHUK,
COrJIacyroIIMXcs ¢ 3kcnepuMenTamu Maiikenbcona-Mopiu u Kennenu-TopHaaaiika.

BeiBeneHHBIE B cTaThe Kiacc MpeoOpa3oBaHMN MpeNCTaBisieT coOoi 006oOmeHne
npeoOpa3oBaHmsl, BIBEIEHHOTO B padoTe [12], ocHOBaHHOTO Ha AOMYNICHUN HEHYJIEBbIX 3HAUCHUH
napametpa e(v). Unes Takoro o6oOmmenus Obuia npemioxkena Mae [xeroxxem Kouanom, xoTopsiid
He kpuTukyeT CrnenmanbHylo Teopuio OTHOCHUTENBHOCTH, HO pa3BHBAaEeT €€ U YIIyOuseT ee
MMOHMMaHUeE (CM., Hanpumep [2]).

KawueBble cioBa: mpeoOpa3oBaHHe BpEMEHH M TIOJIOKEHUS, KHHEMAaTHKa, yHUBEpCalbHas
CHCTEMa OTCUETa, OJHOHAIIPABJIEHHAsl CKOPOCTh CBETA, AaHU30TPONHS pENUKTOBOTO M3nydenus (PH)

BBenenue

OneiT MaiikenbcoHa—Mopnu He SBJISETCS €IMHCTBEHHBIM SKCIEPUMEHTAIBHBIM WIH
HaOJI0IaTeNIbHBIM PE3yabTaToOM, Ha KOTOpoM crpoutcsi CrienmansHas Teopuss OTHOCHUTENBHOCTH,
OJIHAKO 3/1€Ch MBI HE pacCMaTpHUBaeM JPYrMX pe3yJbTaTOB, KOTOpBIE Celuyac paccMaTpUBAIOTCS
B KauecTBe ocHOBaHui CnienmanbHoil Teopun OTHOCUTENBHOCTH.

B coBpeMeHHOH (¢u3MKE IIHUPOKO PACHPOCTPAaHEHO MHEHHE, YTO OSKCIEPUMEHTHI
Makenbcona-Mopiu [4] u Kenneau-Topnpaiika [1] nokazaid, 4TO CKOPOCTh CBETa SIBISETCS
aOCOJIIOTHO TOCTOSIHHOM, a TakXke, 4TO HE CYIIECTBYET YHHBEPCAIbHON CHUCTEMBI OTCUETa,
Ha3zpiBaeMoil s¢upom. Ha ocHOBe aHanm3a yKa3aHHBIX HKCIEPUMEHTOB OBUIO BBIBEICHO
npeoOpazoBanue Jlopeniia, Ha koTopoe onupaercs CTO. B Hacrosiee Bpems cunurtaercs, uro CTO
SABJISICTCS. €IUHCTBCHHOM TEOpUEH KUHEMATHKHM, IIPAaBUJIBHO IMOSICHAIOIIEH SKCIEPUMEHT
MaiikenbcoHa-Mopiu, a Takke Bce APYrMe€ 3KCIEPHUMEHTBI, B KOTOPBIX H3MeEpsIach CKOPOCTb
CBETa.

Oxka3bIBaeTcs, 4YTO OJHOHAIpAaBIECHHAs (MTHOBEHHAas) CKOPOCTh CBETa HUKOTJAa TOYHO HE
Obuta u3MepeHa. Bo BceX TOYHBIX HM3MEPEHUSX CKOPOCTH CBETa HM3Mepssach JIMIIb CPEIHssSA
CKOpPOCTh CBETa, PACIpOCTPAHSIOUIETOCS O 3aMKHYTOW TpaeKTOopuH. YTOOBI M3MEPUTH CKOPOCTH
CBETa, OH JIOJUKEH ObUI BEpHYThCS B HM3MEPUTENBHBIA Tpubop. B mpocteiimem ciyyae cBeT
pacrpocTpaHsics K 3epKally ¥ 00paTHO, Tak Kak JeNalid B CBOMX JKcrepuMeHTax Apman Duszo
B 1849 u Xan ®Dyko B 1850. Tak »xe peannu3oBaHbl BSKcrepuMeHTHl MakenbcoHa-Mopnu
u Kennequ-TopHaiika, B KOTOPBIX IIOCJIE OTPAXEHUS OT 3€pKaJl MyYKH CBETA BO3BPAILAIOTCA
B TOUKY BbIXOJa. V3 3THX 3KCIEPUMEHTOB CIEAYET, YTO CPEAHSISI CKOPOCTh CBETA, IPOXOISAIIETO
nyTh Tyda-oOpaTHO, SBJISIETCS TOCTOSHHOM, a HE TO, YTO OJHOHAmpaBlieHHass (MIHOBEHHas)
CKOPOCTb CBETA IIOCTOSIHHA.

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

BriBenieHHBIN B CcTaThe Kiacc MpeoOpa3oBaHM ABIsSETCS 00O0OIIEHHEM MpeoOpa3oBaHMs,
BbIBe/IeHHOTO B pabote [12]. B aToif pabore ObuiM BhIBelEHBI Bce JIMHEHHBIE MpeoOpa3oBaHUS,
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BO3MOXHBIe 1751 mapameTpa e(v) =0. B pabote [13] BbIMONHEH aHANIM3 OJHOTO W3 YKa3aHHBIX
npeoOpa3oBanmii. B 3TOi cTaThe BBIBEIEHHI BCE BO3MOXHBIC JIMHEWHBIE mpeoOpa3oBaHus (0Oe3
Bpamenusi). IIpeoOpa3oBaHue, mpencTaBIeHHOE B ATOH CTaTbe, OCHOBBIBACTCS Ha IMOCTYiare
0 CpellHel CKOpPOCTHU CBETA, a HE HA CHHXPOHU3aluy 4acoB. M3 peacTaBIeHHOro aHaiau3a Ciaenyer,
YTO CYIIECTBYET OECKOHEYHOE MHOKECTBO IMPEoOpa3oBaHMN BPEMEHHU M IIOJIOKEHUS, KOTOpBIE
HaxoATCs B COTJIaCUU C pe3ylbTaTaMH dKcepuMeHTOB Maiikenscona-Mopnu. Ha ocHoBe aTmx
npeoOpa3oBaHUil  MOXKHO TOCTPOUTH MHOXECTBO KHHEMATHK, OIMCHIBAIOIIMX pa3IHYHbIC
¢u3nyeckue CBOMCTBA, TakWe KaK, HalpUMep, 3aMme/uieHHe BpeMmeHu. M3 astoro ciemyer, 4rTo
CYIIECTBYeT OECKOHEUYHOE MHOXXECTBO Ppa3MUHBIX KHHEMAaTHK, KOTOpPBIE COTJIACYIOTCS
C pe3ylbTaTaMHu dKcriepumenTa Maikenscona-Mopiu.

1. IIpuHSATHIE NOCTYJIATHI

B npencraBineHHOM aHanu3e MPUHUMAEM CIIEAYIOLIHE ITOCTYIAThI:

I. TIpeoOpazoBaHue KOOpPIMHAT BpPEMEHM M TOJOXKCHUS «HHEpPIHAJIbHAs CcHCTEMa —
VMHEpLUaIbHas CUCTEMa» SBISACTCS JIUHEHUHBIM.

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

III. CpenHss CKOpPOCTh CBeTa B BaKyyMme, MPOXOJSIIETO MyTh TyAa-OOpaTHO, MOCTOSIHHA IS
mo6oro HaOmogaTeNsl B MHEPLUUAIBHOM CUCTEME OTCUeTa. DTO CPEHSISI CKOPOCTh HE 3aBHCUT
HU OT CKOpPOCTM HaOJrofaTenss OTHOCHUTENBHO YHHBEPCAJIBHOM CHUCTEMbI OTCYETa, HU OT
HAaIpaBJICHUS PACIPOCTPAHEHHsI CBETA. DTy CPEAHIOI0 CKOPOCTh 0003HAUYUM KaK Cp.

Ha ocnoBanum nocrynaros II u III MOXHO mOKa3aTh, 4TO CpenHsAs CKOPOCTb ¢, PaBHA
OJIHOHAINPABIEHHONU CKOPOCTH c. JlOCTaTOYHO 3aMeTuTh, 4yTO Ha ocHoBaHuu III 3HaueHume c,
OJIMHAKOBOE JUIs JIF0O0Oro HAOIIOAATeNs, TO €CTh, B TOM YHCJE U JJIS TOTO, KOTOPBI HE JBHKETCS
OTHOCHUTEIIbHO YHHMBEpCAJIbHOM CHCTEMBI oTcyera. Tak Kak Ui HaOmoJatess, HEroABHXHOTO
OTHOCHUTEIILHO YHUBEPCAIBHOU CHUCTEMBI OTCUETA, CKOPOCTh UMEET 3HAYEHUE C, I0ITOMY Cp, = C.

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

¢ —cm 2L 2L 2 (1)
b4+, L L1
¢ —-c <
Ha stom ocHoBanuu nosaydaem nocrynar 111, 3anucannslii B BUIE ypaBHEHUs
I 1 2
—-—=== @)
c ¢ c

2. Hp606p330BaHHﬂ AJIA OAHOI'0 MPpOCTPAHCTBCHHOI'0O N3MCPCHUA

[TpuanMmaem o0o3HaueHUs, MOKa3aHHble Ha pucyHKe |. KoopauHatel B yHUBEpcambHOM
cucreme otrcueta U OymeM o0o3Ha4aTh cUMBOJIaMu X, f. KoopauHaThl B MHEPIUATIBHOU CHUCTEME
orcueta U’ Oynmem o06o3Hayath cumBojamu x', t'. MHepuuansHas cucrema otcuera U’ ABMKETCS
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OTHOCHUTEJILHO YHUBEPCAIBHOM cucTeMbl oTcyeTa U cO CKOPOCTBIO V BJIOJIb MAPAJUIENbHBIX OCEH X
u x'. Bce ckopocTd ¢ TeM Ke HampaBlIeHHEM, 4yTo W och x (wim x' B cucreme U'), UMeOT
MOJIOKUTEIbHBIE 3HAYEHUS, a JJI IPOTUBOIIOJIOKHO HAIPABJICHHBIX — OTpUlaTenbHbie. CUMBOII C,
TeM HE MEHee, Bcerja OyAeT HMMETh IMOJOXXUTEIbHOE 3HAUCHUE HE3aBHCHMO OT HAmpaBlICHHS
pacrpocTpaHeHHs CBeTa, TO ecTh Beerja ¢ = + 299 792 458 m/c.

Il
[

t=t'

Puc. 1. UnepunanpsHas cucrema orcuera U', IBIKyIIasicsl OTHOCUTEIBHO YHUBEPCAIbHOU cUCTEMbI oTcuera U
CO CKOPOCTBIO V.

Korpga nHawana orcuera cucTeM COBIAJAIOT, TOTJIA Yachl, HAXOJSAIIMECS B STUX Hayalax,
obnynsitorcs. Yacel B yHUBEpCcabHOM cucTeme otcueta U CHHXPOHH3UPOBAHBI MO OTHOIICHUIO
K YacaM, HaxoJiIIMMCS B Hadajle dTOH CHCTEMBI, C IIOMOIIBLIO CBEeTa METoAoM OWHINTelHa. Ha
JTAHHOM 3Tare Mbl HE YTOUHSEM CIIOCO0 CHHXPOHM3AIMH YacoB B cucteme U'.

[IpeoOpa3oBaHue W3 YHHUBEPCAJIbHOW CHUCTEMbl oTcueta U B HHEPUHUAIBHYIO CUCTEMY
oTcuera U’ umeeT Ha OCHOBaHUHM nocTyaTa [ Buj

X =ax+bt
!'=ex+ft

3)

[TapameTpsl B mpeoOpa3oBaHUM SIBISIOTCS HENPEPHIBHBIMU (PYHKIUSIMH CKOPOCTH V CO
CIEAYIOLUIMMH CBOMCTBAMHU

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

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

fO)=1 ~ f(»>0 [1]

[Tapamertprr a(0) =1, H(0) =0, e;(0)=0 u f(0)=1, Tak kak g v=0 cucrempl U u U’
UJCHTUYHBI, TO €CTh MMOKAa3bIBAIOT OJJMHAKOBbIE KOOPAWHATHI MOJI0KEHUS U BPEMEHHU.

Ycnosue a(v) >0 MOMKHO OBITH BBINOJIHEHO B CHUJYy TOTO, YTO OCH X U X' HUMEIOT OJHO
HarnpasjeHue (PUCYHOK 1), TO €CThb €Clii X YBEJIMYMBAETCS, TO X' TAK)KE yBEIMUYMBAETCA. Y CIOBUE
(v>0=b(v)<0) nomwKHO OBITH BBINOJHEHO B CHJIy OJMHAKOBOIO HAIpaBJIEHUS ocel x u x'
(pucyHok 1), To ecTh Juis BHIOpAaHHON KOOPIMHATHI X MO HCTEUEHUH BPEMEHH f, KOOpAWHATa X'
YMEHBIIIAETCSl. AHAJIOTMYHO, €CIM CKOPOCTh V OTPULATENIbHA, TO €cTh cucrema U’ nBmxercs
B IIPOTHBOIIOJIOKHYIO CTOPOHY, TOT/Ia KOOpJHMHATa X' yBelIuduBaercsi, To ectb (v <0 = b(v) > 0).
VYcnosue f(v) >0 m0WKHO OBITH BBINOJHEHO MOTOMY, YTO €CNIM / YBEIMYMBAETCS, TO ¢’ TaKxke
YBEITUYNBACTCS.

Jlns HaIMX HYXJ YAOOHO MOJb30BaThesi mapamerpoMm e(v), rue ej(v) =v-e(v). Brenenue
TaKOTO IMapaMeTpa JIOIMyCTUMO, TaK Kak coriacHo (4) momyuaercs, uto e;(0) = 0. ITapametp e(v)
[¢*/mM*] sBnsieTcs HenpepbiBHOM dyHKumeit ckopoctu v. Temeps mpeobpazopanue (3) mpUHHMAET
BUJT

X'=ax+bt
t'=evx+ ft

)
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Huddepenunanst u3 npeodbpazoanus (5) umerot Bua (v = const)

dX'=adx+bdt

, (6)
dt'=evdx+ fdt

PaCCMOTpI/IM TCJI0, HAXOAAIICCCA B COCTOSAHHUHU ITOKOSA B HHCpHH&HLHOﬁ cucteme orcuera U'.
Tak kak OHO SBJSETCS B JTOM CHCTEME OTCYETa HCIIOABUKHBIM, IMO3TOMY I €TI0 KOOPAHWHATHI
IMOJIOKCHUS MTOJIYyHaCTCA

dx' =0 (7)

3aMeTuM, 4TO CKOPOCTh PacCMaTpUBAEMOT0 TeJla OTHOCUTENbHO cucTeMbl U (To ecthb dx/dt)
SIBIISIETCSL CKOPOCTHIO veucTeMbl U’ oTHOcuTenbHO cucteMbl U. [loaTomy momydnm

= =v (8)
N3 muddepennuana nonoxenus (6) Ha ocHoBanuu (7) u (8) mosryuaem
Ozdx’zd—x’zwzaﬁ+b=av+b 9)
dt dt dt
Orcrona cienyer, 4To
b=—-av (10)
Ha stoM ocHoBanuu npeobpazoBanue (5) MpuHUMAET BU/T

X'=a(x-vt)

11
t'=evx+ ft (h
Huddepenunans: u3 npeodbpazoanus (11) umerot Bua (v = const)
dx'=a (dx—vdt)
(12)

dt'=evdx+ fdt

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

4§=cxw (13)
[pH 5TOM B YHUBEPCAILHOU chcTeMe orcyeTa U umeer 3Hadenue (mocrymar I1)

dx

—=c2>0 14

o (14)

Ecau xe cBer PacpoCTpaHAaACTCd B HAIIPABJICHHUU ITPOTUBOIIOJIO)KHOM OCHU x'm CKOpPOCTH V,
TOraga CKOpoCTh CBCTA B HHCpHH&HLHOﬁ cucteMme U' uMeeT 3HaUCHHUE

%FQM (15)
[pH 3TOM B YHUBEPCAILHOU cucTeMe oTcyera U umeer 3Hadenue (mocrymnar I1)

dx

—=—<0 16

o (16)
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Ecnu nonenum muddepenumanst (12), To Ha ocHose (13) u (14) nonyuaem

al ®_y
d_x'za(dx—va’z‘)= dt _a(c—v)

*(v) — 17
&) dt' evdx+ fdt ev@vtf eve+ f {an
dt
Ecmu mopenum nuddepenmmanst (12), To Ha ocHoBe (15) u (16) momyyaem
dx
dx'  a(dx—vdt) a[dt—vj —a(c+v)
c; (v) = = = = (]8)

dt' evdx+ fdt evc:;x+f —eve+ f
t

Bripaxxenue (18) mMoxxHO momy4ynTh u3 BbipakeHus (17) myreM HM3MEHEHHs 3HAKa Mepen
CKOPOCTBIO ¢ (3TO O3HAYaeT U3MEHEHHE HANPaBJICHUS IBI)KCHUSI CBETOBOTO UMITYIIbCA).

Bripaxkenue (18) MOXXHO TakKe MOJIyYUTh MYTEM OAHOBPEMEHHOM 3aMEHBI B BBIPAKCHHUU
(17) 3HAKOB mepesi CKOPOCTAMH V U ¢y (3TO 03HAYAaeT OJHOBPEMEHHOE M3MEHEHHE HAIPABICHUS
CKOPOCTH Vv M HampaieHus ocH x'). UToObl mony4ynth Beipaxkenue (18) mapamerp e(v) HE MOXKET
U3MEHATH 3HaK. Ha 3TOM 0CHOBaHMU I0JIydaeM CIEAYIOLIUE CBOMCTBA JUIsl 3TOTO IMapaMeTpa

e(v)-e(—v)=>0 (19)

N3 Beipakenuit (17) u (18) ¢ yduerom (19) crnemyer, uTto (YHKIUM OJHOHANpPaBIECHHON
CKOPOCTH CBETa YJOBIETBOPSIIOT 3aBUCUMOCTH

¢, (v,0)=—c; (-v,0) (20)
¢ (v,;e)=c;(v,—0) 21
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 BBIMIOIHUIIOCH ycaoBHeE (2), mapameTp a(Vv) T0HKEH UMETh BUJT
2
1
a:cz-fjevzz 2(f+evz):7/2(f+evz) (23)
c—v: 1-W/o)
Ha ocnoBanuu (23) npeo6pazoBanue (11) npunumaeT Bua
X =y (f+ev)(x—-vt) 24)
t'=evx+ [t

Ha sToM OCHOBaHMM MOXHO NOJY4YUTh OOpaTHOE MpeoOpa3oBaHME M3 WHEPIHATBLHON
cucreMmsl U’ B yHHBepcallbHYIO cuctemMy oTcuera U B BUziE

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

t’

t= X+
7/2(f+evz)2 f+ev2
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VYpapaenust (24) u (25) SABAAIOTCS MCKOMBIMU MPEOOpPa3OBAHUSMH JUISI  OJHOTO
MIPOCTPAHCTBEHHOTO M3MepeHus. OHU coJiepKaT mapameTpsl e(v) u f(v). DT mapaMeTphl TOJIKHBI
yIoBieTBOpATh ycioBusiM (4) u (19). B ciydae ucnonb30BaHUs OMpEACIEHHBIX IMMapaMeTPOB
MOJIy4aeTCsl ONpEZETICHHOE MPeoOpa3oBaHUE, ONUCHIBAIOLIEE OINPEIEICHHYI0 KHHEMaTHUKy. OTOT
oOmumii B npeoOpazoBaHMs COAEPKUT B ceOe BCe BOZMOKHBIC JTMHEHHBIE TIPE0OPa30BaHUs MEKIY
YHUBEpPCAIbHOM cucTeMOM otcuera U, B KOTOpPOHM CBET pPacIpOCTPaHAETCS C IOCTOSHHOMU
CKOPOCTBIO ¢, WM HHEpLUAIbHON cucrtemon U’, nBMXKylIecs OTHOCHUTENbHO cucteMbl U co
CKOPOCTBIO V, BJIOJIb OCEH X U X', €CIIM B UHEPLUAJIbHOM cucteMe U’ 0JHO HalpaBJIEHHBIE CKOPOCTH
CBETa yJIOBJIETBOPSIOT YCcIoBHIO (2) (To ecth noctynar III).

3. IlpeoGpa3oBanus AJs1 TPeX MPOCTPAHCTBEHHBIX U3MeEpPEeHM i

I[J'DI TOrO, yTOOBl BBECTH B HpGO6p&30BaHI/I€ ABa OCTaBIIHUXCA TMPOCTPAHCTBCHHBIX
HU3MCPCHUA IIPUHHUMACM HOHOHHHTGHBHbIﬁ IOCTYyJIAaT:

IV. [Ina nroboro HaGmoaTens, HEMOABIKHOTO OTHOCUTENIFHO YHUBEPCAIbHONW CHCTEMBI OTCYETA,
MPOCTPAHCTBO HM30TPOIIHO, TO €CTh O0JIaZJaeT OJWHAKOBHIMH CBOHCTBAMM 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 =f(=v)

CroiictBa (26) cnemyror 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 ecliu ¢
pacrteT, TO t' pacTeT Tak ke 0e3 yuera HampaBieHus ckopoctu v. Ilapamerp b(v) noyxkeH ObITH
HEYeTHOW (yHKIHMEH, Tak Kak IOcJe 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 HAIpaBJIEHUS CKOPOCTHU V.
[Toaromy dyHKIMS e(V) T0JKHA OBITh YETHON (DYHKITHEH.

PaccmoTpuM cutyanuio, noka3aHHy Ha pucyHke 2. B nHepruanbHo#l cucrteme otcuera U’
CBETOBOM MMITYJIbC JBMIKETCS MEPIEHAUKYISPHO K OCH X'. DTOT CBET MPOXOAUT paccTosiHue L'
CHayaJia B OJJHOM HAaIlpaBJICHUH, a 3aTeM 00paTHO, TO €CTh BO3BPAILAETCS B HAYAJIBHYIO TOUKY.

C Touku 3peHus nocrynara [V ckopocTh cBeTa B HalpaBJICHUH, MEPICHIUKYISIPHOM OCH X,
ABIISICTCS TAKOH JK€ U B MPSIMOM M B OOpaTHOM HaNpaBJICHUU U COCTABIISET ¢. DTO CIEAYET U3 TOTO,
YTO HU OJIHO HalpaBJIeHUE, NEPICHAUKYIIPHOE HANPABICHUIO CKOPOCTH V (A TaKXKe OCsAM X U X'),
HE SIBJISETCS BBIJENEHHBIM (moctynar [V) u cpeaHsisi cCKOpocTh CBeTa MO IMyTH TyAa W 0OpaTHO
cocraBnsieT ¢ (mocrynar III). TlosTomy TOT ke caMblii CBETOBOW HMITYyJAbC Jisi HAONIOAATENsS
HETO/BI)KHOM OTHOCHUTENIBHO YHUBEPCAJIbHOW cucTeMbl oTcueta U OyneT JBUTaThCs BAOJb
OOKOBBIX CTOPOH paBHOOEIpEHHOro TpeyrojbHHUKa. s HaOmonatens u3 cucrembl U pasMepsl,
NEPIEeHANKYIIIPHBIE CKOPOCTH V, MOTYT ObITh WHBIMH, 4eM JJs HaOmopartens u3 cuctemsl U’
M03TOMY BBICOTY TPEYroJIbHUKA 0003HAYMM KaK
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L=yW)L (27)

[TapameTp (V) omMChIBaE€T MONEPEYHOE COKPALICHHE TEJ, ABIKYIIMXCS OTHOCUTEIHLHO
YHUBEPCAIBHONU CUCTEMBI OTCUETA. DTOT MapaMeTP JOJLKEH YIOBIETBOPATh YCIOBUIM

yO) =1 A y(»>0 [l (28)

[Mapamerpy (0)=1, Tax kak g v=0 momepeuHsle pa3Mepbl MICHTUYHBI JUIS
Habmonateneit ooenx cucremM U u U'. YcnoBuey(v) >0 IOMKHO OBITH BBITIOJHEHO MOTOMY, YTO
MoTIepeyHbIe pa3Mepbl He 00paIaoTcs B APYT'YIO0 CTOPOHY.

y')\ N a)
gL :
| U
c, WAt c, WAt
YA L=y )L b)

c, ot/ | " c, VoAt

/
,
/ B
/
J ",
/

/ &
/ B

t 153
\Q K * K/ o

VwwAt  YavAt

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

C Touku 3penus nocrynara IV s nabmogarens u3 cucrembl U monepeyHble pa3Mepbl
COKpAILAIOTCS OJIMHAKOBO JUIs JII0OOTO HampasjieHus: ckopocTu v. [loaromy nmapamerp y/(v) JODKEH
YIOBJIETBOPSATH YCIOBUIO

y(M=y(=v) (29)

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

ar =2 PR (30)
c 2
Ha ocnoBe npeoOpazoBanus (25) nmonyuaem auddepeniman (v = const)
-ev 1
dt = X' + dt’ 31
7 (f +ev?)’ f+ev’ 1)
Taxum 06pa3om, 17151 BHIOpaHHOHM KOOpAHHATHL X' B cucTeMbl U’ motydaem
di'=0 = dt= %dt’ (32)
f+ev
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Breipaxkenne (32) omnmchiBaeT 3aMeUICHHE BpPEMEHU JUIS  YacoB, HETOJBHKHBIX
oTHOocuTeNnbHO cucteMbl U'. Ha pucyHke 2 Takue 4achl HaXoAATCs B Hadajie orcuera cucremsl U’
Ecnu no »tum wacam mpoiiger Bpems At', umeromeecst B Boipaxenuu (30), torna B cucreme U
Hpoﬁ;[eT BpeMsI At=1t — 11, TOe t; — 3TO MOMEHT, B KOTopblﬁ MMITYJIbC OBLI BBICJIaH, a I, — Korja
UMITYJIbC BEPHYJICA K OCHM X. MOMEHTHI ¢ U f, U3MepstoTcs B cucreMe U AByMs pas3IMYHBIMU
yacamu. CoryiacHO BeIpakeHHIO (32) mosryuyum

At = %At' (33)

f+ev

N3 reoMeTpun puCyHKa I0JIyd4aeM
D= \VA’* /1 4+y>L"? (34)
a TaKXeE

2D

At === (35)
C

W3 ypaBuennii (34) u (35) monydaem

VAR drycL

A (36)
c
A =40 A A+l ?) (37)
4y ’L?= (¢ —v)AL (38)
Ha ocnoBanuu (30) u (33) moyuaem

4W282f2:a¥—vﬁzfzé;§7Afz (39)

, =V 1
Ve & (f+ev) (40

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

Taxum 06pa3oM, mapameTp MOMEPEeUHOro COKpaIieHus (V) T0DKEeH UMETh 3HauUeHHe
v = 1
- 2
y(f +ev?)

W3 amanuza Bl CleQyeT, 4TO BbIpakeHue (42) mns mapamerpa (v) cieayeT u3
nocrtynara [V u 3amennenus Bpemenu (32).

[Tocne BBenenus (42) B mpeobpazoBanus (24)-(25) momydaem mpeoOpa3oBaHHE ISl TPEX
MIPOCTPAHCTBEHHBIX HM3MEpPEHH, omuchiBaeMoro mnapamerpamu e(v) u f(v). M3 yHHMBepcanbHOM
cucteMbl oTcyera U B HHEpLHUANBHYIO cucteMy otcueta U’ mpeobpa3zoBaHrue UMEET BT

(42)
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t'=evx+ ft

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

(43)

W3 wuHepuumanbHO cuctembl otcueta U’ B yHHBEpcalbHylO cuctemy otcueta U
npeoOpa3oBaHre UMEET BUJ

P SN S
7 (f +ev)’ f+eV’
x= z(f—{ 2)zx’Jrer1 vt
ev ev
T (44)
P ven”
1 :
z=————2
y(f+ev)
3aBuUCHUMOCTS (42) MOXKHO 3amucaTh MHAYE
f= 1 ev’ (45)
ry

[Tocne BBegenust (45) B mpeoOpazoBanus (24)-(25) wm (43)-(44) monydaem
npeoOpa3oBaHue Uil TPEX MPOCTPAHCTBEHHBIX HM3MEPEHH, OMMCHIBAEMOro mapaMerpamu e(v)
u y(v). W3 yHuBepcanbHOM cucteMbl orcueta U B HMHEpUHAIbHYIO cHcTeMy oTcueta U’
npeoOpa3oBaHre UMEET BUJ

t=evx+|—=—ev |t
rv

x'=l(x—vt)

v (46)
, 1
y ==y

7
, 1
==z

7

W3 wuHepuumanbHOM cuctembl otcueta U' B yHHBEpcalbHylO cuctemMy otcueta U
npeoOpa3oBaHUe UMEET BUJI
t=—ylev+yyt
xX= Z—lpzev2 X' +ywvt
/4 (47)
y=yy
z=y Z'
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VYpapaernust (43)-(44) u (46)-(47) sABISAIOTCA HCKOMBIMH TpeoOpa3oBaHUSIMHU s BCEX
MPOCTPAHCTBEHHBIX M3MepeHuit. Habop mpeoOpazoBanuii (43)-(44) uaentuyeH Habopy (46)-(47).
OTtr HAOOPBI OTINYAIOTCS JTUIIb UCHOJIB3YEeMBbIMH MTapaMeTPaMHu.

4. N30panHbIe CBOIiCTBAa Ipeo0pa3oBaHUs

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

dt'zevdx+(L—ev2jdt
a4

dx' = l(dx —vdt)
7

(48)
T
7
dz' = ldz
7
Huddepenunanst u3 npeodpazoBanus (47) uMeroT BUL (v = const)
dt=—y’evdx +yydt
dx = (Z —y’e szdx’ +yyvd
/4 (49)
dy=y dy'
dz=y dz'

4.1. 3amensieHue BpeMeHH

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

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

=0 = mEEi—w#szﬂwm (50)
ry

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

d'=0 = dt=ywydt (51)

N3 Beipaxennit (50) u (51) cnemyer, 94To HAOMIOAATENH W3 JBUXKYIIUXCS OTHOCHTEIHHO
apyr apyra cucteMm otrcyera U u U’ cMOTYT U3MEpUTh OJIMHAKOBOE 3aMeJUIEHUE BPEMEHH, TOJIBKO
ecnu napametp e(v) =0. Eciu e(v) # 0, Torna oba Habmogarenst OynyT Mmo-pa3HOMY OIICHHBATh
OTHOCHTEIILHOE TEUEHUE BPEMEHHU C UCIOJIb30BAHUEM CPAaBHUBAEMbIX YaCOB.

3amemnenne Bpemenu (50) u (51) 3anmuceiBaeTcs B BUJIE UMILTUKAIIMHU, TaK KaK 3TOT CIOCO0
ABIIsIETCS 0OJIee TOYHBIM 110 CPAaBHEHMIO C OOIEIPUHATON B (PU3HKE 3aIHCHIO.
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4.2. CoxpameHue nNpoaoJbHbIX pa3mMepoB (Jlopenna-®upxepasbaa)

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

N3 muddepennnana monoxenus (48) cmemayer, 4To ais HaOMOAAaTeNss W3 YHUBEPCAIBHOM
cucTteMbl oTcueTa U BhIpaK€HUE JJIs1 COKpAIIEHUS MPOJOJIBHBIX Pa3MepOB (TakkKe Ha OCHOBAHUU
(23) u (45)) umeer BuUA

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

N3 muddepennnana nonoxenus (49) cnemyer, 9To ans HaOIOAaTeNs W3 YHUBEPCAIbLHOM
cucteMbl otcueta U, BRIpaKEHUE JUIsl COKPALLEHUS MTPOJI0JIbHBIX Pa3MEPOB UMEET BU/T

di'=0 = dx= Z—l//zev2 dx’ (53)
4

W3 Boipaxenuii (52) u (53) crneayer, uro HaOMIOnaTeNd U3 ABMXKYILIUXCS OTHOCHUTEIHHO
apyr apyra cucreM otcueta U m U’ cMOryT M3MEpUTh OJMHAKOBOE IPOJIOJBHOE COKpAaLIEHUE,
Tosibko ecnu mapametp e(v) =0. Eciu mapamerp e(v) # 0, Torga o6a HabiromaTens Mmo-pazHOMY
OLICHUBAIOT MPONIOPLIMH U3MEPSAEMBIX UMU MPOJOJIbHBIX Pa3MEPOB.

Coxparienue mpoAoibHbIX pa3MepoB (52) u (53) 3amuchiBaeTcs B BUAE UMIUIMKALUHU, TaK
KaK 3TOT COCO0 sIBiseTCs 00Jiee TOUHBIM 0 CPAaBHEHUIO € OOIIENPUHATON B (PU3UKE 3AIHCHIO.

4.3. IIpeoOpa3oBaHus CKOPOCTH

OmnpenenuM BBIpaXEHHS, OMKUCHIBAIOIINE MTPEOOpa30BaHUs CKOPOCTH JJsl MPeoOpa3oBaHMiA
(46)-(47). Ilpuanmaem 0003HAUEHUSI COTIIACHO PUCYHKY 3. Teno ABUKETCS OTHOCHUTEIHHO CHCTEM
U n U'. ns nabmonarens u3 cucreMsl Uy Hero ckopocts V, a 1y Habmoaatens u3 cuctemsl U’ —

CKOpocTh V.
YA U '* v p y' "

|

e ar.a

e A Ty
| X x'

—= z' -
p - U v U

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

W3 ypaBHeHuii (48) cieaytoT ypaBHEHUS
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. 7 (dx—v dt)
@ __ vy
dt’
evdx+(l—ev2J dt
a4
2 Ly
2%: Wl 9
evdx+(—ev2Jdt
a4
, idz
a v
dt'
evdx+(l—ev2Jdt
Ty
Ha stom ocHoBanuu npeobpa3oBanue ckopocTu u3 cucreMsl U B cuctemy U’ MeeT BUI
Vxl — 72 (VX — V)
yyvev(lV, —v)+1
V
v = A (55)
yvev(lV —v)+1
' rV.
Toryev(V, -v)+l
W3 ypaBHeHus Bpemenu (49) cinenyior ypaBHEHHS
(l// —yle vzjdx' +ywvdt
dx _\y
dt —ylevdx +yydf
Q = 2 l// c{y ' (56)
dt —wevdd'+ywdt
dz _ v dz'
dt —ylevdy +yydt

Ha sToM ocHOBaHMU Hp606pa3OBaHI/Ie CKOPOCTH U3 CUCTCMbI U's CUCTCMY U umeet Bun

(W—l/lzevzjV;-i-}/l//V

VX: 7/ 2 '
—yrevlityy
VI
V, = 2l// . (57)
—ylevVi+yy
V.= ZWI/ZI
—yevVityy

[IpeoOpazoBanust ckopoctu (55) u (57) skBUBaNEHTHBI. MOXKHO MMOKa3aTh, 4TO B PE3YyJIbTATe
[IOJICTAHOBKH OJTHOTO BO BTOPOE, MOJYYarOTCS TOKIECTBA.
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4.4. CkopocThb cBeTa BJ0JIb OCH X', BUIMMasl B HHEPLUHUAJIBLHOI cUCTeMe

Ecau TCJIO, NPCACTABJICHHOC Ha PHCYHKC 3, ABJISICTCA CBCTOBBIM HMMITYJIBCOM, TOTJa
B cuctremMe U OHO JBIXXEICS CO CKOPOCTBIO C. PaCCMOTpI/IM TOJIBKO CJ'Iy‘IElfI ABHXKCHUSA OTOI'O
HUMITYJIbCA MMapaJlJICJIbHO OCAM X U x' (TO CCThb JIBUKCHUC MAPAJUICITIBHO CKOPOCTH V). Torma MoJIy4Yum

Vi=e, V,=0, V.=0 (58)

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

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

Breipaxxkenue (59) MOXKHO TONYyYUTh Takke U3 BbIpakeHus (17) mocie npuMeHEHHS
3apucumocteit (23) u (45). Ta kak

2 2 2
C

P C

y (e=v)= (c —V)——(C—V)=—(C—V)= (60)
I-(v / )2 -’ (c+v)(c—V) c+v

MO3TOMY Ha OCHOBaHMHU (59) oJIHOHANpaBICHHAsI CKOPOCTh CBETA B HAIIPABJICHUU OCH X', a TaKKe

B HaIIPaBJICHUU CKOPOCTH v, UMEET B MHEPITUAIbHOU crcTeMe oTcueTa U’ 3HaueHue

2
¢ (v) = ¢ , ¢ =0, ¢ =0 (61)
Zevcttce+y

/4

O,Z[HOHaHpaBJ'IeHHaH CKOPOCTH CBCTA IIPU HAIIPABJICHHUH, IIPOTUBOIIOJIO’)KHOM OCHU )C', a TaKiKe
HaIpaBJICHUIO CKOPOCTH VvV, UMCECT B HHepHHaHLHOﬁ cucteMe oTcuera U’ 3HadeHue

2
(1) = ¢ . ¢ =0, ¢ =0 (62)
—evcz—c+v

/4

Bripaxenue (62) mosrydueHo U3 BeipakeHus (61) myrem n3MeHEHUs 3HaKa Mepesi CKOPOCThIO
¢ (3T0 0o3HaYaeT W3MECHEHHME HAIPABJICHUS JIBIDKCHHS CBETOBOIO MMITYNbCa). Ero Takke MOMXKHO
MOJIYYUTh TYyTEM 3aMeHbl B BbIpakeHHHU (61) 3HaKa mepen CKOPOCThIO vV (HEOOXOAMMO B 3TOM
cllydae paccMOTpeTh 3aBUCUMOCTH (20), 4To o3HauaeT M3MEHeHue HampaBiieHus ocu x'). Torma
nepen napamerpamu ¥(v), ¥(v) u e(v) He HY)KHO MEHSTh 3HAKU, TaK KaK OHU SBJISIFOTCS] YETHBIMU
¢byakusamMu. VIMEHHO B CHITy TakuX CHUTyalluid yaoOHee MOJIb30BaThCi YETHOUW (yHKIMEH e(V),
KOTOpasi MPUCYTCTBYET B IpeoOpa3zoBaHuu (5), yeM HedeTHOH ¢yHKmel e;(v), comepkariencs
B IIpeoOpa3oBaHui (4).

4.5. BpIBOABI OTHOCHTEJIbHO OJHOHANPABJIEHHOH CKOPOCTH CBeTAa U nmapamerpa e(v)

Ha ocnoBanuu (61) momyuaem

2 +
c —c (ct+v

Ha ocnoBanuu (62) mosryuaem
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_l.cz+c;(c—v)

7 - (64)
7% veoe,
Ha stom ocHOBaHMM TOJTydaeM
2 +
+ —
7 ¢’ cz(ci V) _r.c cxz(c++ V) (65)
7% vee 7% vee
c’ c’
—+c-v=—-c-v (66)
CX CX
2 2 2 +
-2
CX CX CX

OKOHYATENBHO IOJYyYaEM COOTHOIIEHUE MEXIYy OJHOHANPABICHHBIMU CKOPOCTSIMH CBETa
B BaKyyMe, MapajuieIbHbIMH OCH X'

cel(v)

(= c=2c(v)

(68)

W3 Beipakenuit (61) u (62) cimemyeT BaKHBIH BBIBOJ, OTHOCHTENIHHO Mapamerpa e(V).
[TpoBepuM, AMisi KaKuX 3HAYCHHM mapameTpa e(Vv) moiydaeTcs, COTJIAaCHO MPUHATOMY B 3aBUCHMOCTH
(2), uto

c;20 A ¢ £0 (69)
U3 (61) u (62) cnegyeT, 4TO JOJHKHO MOTyIUTHCS
40 e(W)vci+c+v=0

7(v (70)

(v )e(v)vc -c+v<0
y(v)

()20 =
c.(M<0 =

Otcroga crnemyer, 4TOOBI BBITIOJIHWINCH HepaBeHCTBa (69), mapamerp e(v) HIOJKEH
YIOBJIETBOPATH YCIOBUIM

G20 = ezt LI Cha g A I
CW<0 = e(v)v<#,/ ~[e(v) Ve
y()elc+v

Ecmu ycnoBus (71) He BBIMONHSAIOTCA UISI KAKOW-THOO WHEPIMATBHOW CHUCTEMBI, TOTJa
3HAUEHUE OJHOHAIMPABICHHON CKOPOCTH CBETa, H3MepseMoe B JTOH CHCTeME OTCueTa,
HECOBMECTHMO C OCBIO BPEMEHH. JTO 3HAYUT, YTO CBET MOXKET MHHMO BO3BPAIaThCsl BO BPEMEHU
(TeyeHWEe BPEMEHH — OTPMIATENHHO). JTO TNPHBOAMT K TOMY, UYTO CKOPOCTH CBeTa cy(V),
COBMA/IAOIIASl C HAMIPABJICHUEM OCH X, MOXKET OBITh OTPUIATEILHON MM CKOPOCTh CBETa Cx(V), HE
COBMAJAONIAsl C HAMpPaBJICHUEM OCH X, MOXKET OBITh MOJOXKUTEIbHOU. B »TOM ciydae He
BBITIOJTHUTCS OJTHO W3 HepaBeHCTB (69). Tem He MeHee, ypaBHeHHE (2) Bce ellle BEpHO, TaK KaKk OHO
Oonee ob1Iee, YeM MPHUHATHIE B Havaue (A71s oOpaiieHus BHUMaHus1) HepaBeHCcTBa (69).

Ha pucynke 4 mpownmtoctpupoBanbl HepaBeHCTBA (71). OyHKIUHU [€(V)V]min U [€(V)V]max
OTIPEICNISAIOT TIPENeibl, B KOTOPHIX MOJDKHBI HAXOAMUThCA 3HAYeHUS (QYHKUUU e(V)-v, 4TOObI HU
B OJIHOM MHEPLUATHHON CUCTEME HE MPOSBIIICA 3((HEeKT MHUMOTO BO3BpAIIICHHS CBETa BO BPEMEHH.
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Ha rpaduke npencrasiens! Takke 3HaueHust GpyHKuuu e(v)-v aus CTO (Boipaxenue (75)), a Takxe
s CTO (Beipakenue (84)).

e(v)v [10° c/m]

Puc. 4. O6nactp 3HaucHUH QYHKIWH e(V)-V, VIS KOTOPOH HE HAOIIOAAEeTCs] MHUMOT'O BO3BPAIICHHUS CBETa BO BPEMCHHU.

Ha pucynke 5 mpezicraBieH mpuMep TOrO, Kak 3HAUYEHHUS OJHOHANPABJIEHHBIX CKOPOCTEH
+ _ v o
CBeTa Cx (V) U Cx(V) 3aBUCAT OT CKOPOCTU MHEPIHAIBHON CUCTEMBI OTCUETa, B KOTOPOH HAXOIUTCS
HaOMI0IaTe b, IPH 3HAUEHHH mapameTpa e(v)-v = —3vy(v)/c’.

e(v)v [10° c/m] er(v), c:(v) [10° m/c]

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.

PaCCMOTpI/IM CBeTOBOﬁ I/IMHyHLC, ,Z[BH)KyH.[HﬁCH BOOJIb OCH X. HMHyﬂLC ABUKECTCA U3 TOUYKHU
X| B TOUKY X; >Xj. UTOOBI OCYIIECTBUTh H3MEPEHHE OJHOHAMPABIECHHOH CKOPOCTH CBETa Cy(V)
HCOGXOHI/IMLI ABOC YacCOB. qaCLI Z], Haxoadmuecda B TOYKE Xi, I/I3Mep$IIOT MOMCHT t], Koraga
CBeTOBOﬁ I/IMHyH]JC I/ICHyCKaeTCH. qaCLI Zz, HaxogAMmueCsa TOYKE X;, I/I3Mep$IIOT MOMCHT t2, Koraga
CBeTOBOﬁ I/IMHyH]JC 0 HUX JOXOOHUT. B CJIyllae, IIOKAa3aHHOM Ha pI/IcyHKe 5, qacChkl B I/IHepI_[I/IaJILHLIX
cucreMax paCCI/IHXpOHI/IBI/IpOBaHLI HapaMeTpOM e(V) TaKk, 4YTO B I/IHepL[I/IaJILHOﬁ CHUCTEMC,
[[BH)KyHleﬁCH CcoO CKOpOCTLIO V= C/2, BBITIOJIHACTCA paBeHCTBO t] = t2. B 3T0ﬁ CI/ITyaHI/H/I I/I3MepeHI/Ie
O[[HOHaHpaBHeHHOﬁ CKOpOCTI/I CBE€Ta aacT 6€CKOHellHoe 3HAa4YCHUC, TaK KaK
cery=2"f_ L i (72)

t,—t, 0

16 www.ste.com.pl




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

B peanbHOCTH B 3TOM MHEPIUAIBHON CUCTEME OTCUETA y CBETa KOHEUHAs! CKOPOCTh, TaK Kak
OH MMeeT KOHEUHYIO CKOpPOCTh B 3¢upe. beckoneunast ckopocts, umeromasics B (72), o0ycioBieHa
paccuHXpoHHu3anuen yacoB. Yackl Z,, oma3abIBaoT 110 OTHOLIEHUIO K YacaM Z; POBHO Ha CTOJIBKO,
CKOJIBKO BpEMEHHU TpeOyeTcsl CBEeTY, 4TOObl J0OpaThCs U3 TOUYKH X| B TOUKY X;. TakuMm o0OpaszoM,
BbIpakeHus (61) u (62) He MNpeACTaBIAIOT pEaTbHON CKOPOCTH CBETa, a TOJIBKO pe3yJbTar
M3MEPEHUS 3TOM CKOPOCTH, OCYILIECTBICHHBIN C UCIOJIB30BAaHUEM PACCUHXPOHU3HPOBAHHBIX YaCOB
s ciaydas e(v) # 0.

B uHepuManbHBIX cUCTeMax OTcyeTa (PUCYHOK 5), IBIXKYLIUXCA CO CKOPOCTSIMHU V> c/2
4gachl HAaCTOJIBKO CHUJIBHO PAaCCHUHXPOHM3MPOBAHBI, YTO M3MEPEHUE OJHOHAIPABIEHHOW CKOPOCTH
cBeTa ¢, (V) JdaeT OTPUILATENbHBIE 3HAYEHUA. DTO MPOMCXOIUT M3-3a TOTO, YTO 4achl Z; OTCTAIOT
OTHOCHUTEIIbHO 4acoB Z; Ha OOJBIIMN NMPOMEXKYTOK BPEMEHH, YeM HEOOXOJIUMO CBETY, YTOOBI
I00paThCsl U3 TOYKH X| J0 TOUKU X;. B 3THX MHepUUMaNbHBIX cucTeMax f, — ¢ < 0. [loatomy cBer,
pacnpoCTpaHssACh U3 TOUKH X| 10 TOYKHU X2, MHUMO BO3BPALIAETCSI BO BPEMEHH.

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

5. O0wmii BUI Npeodpa3oBaHusl, BLIPAKCHHOI0 Yepe3 OJJHOHANIPABJICHHY IO
CKOpPOCTH CBETa

B npeoOpazoBanusix (46)-(47) 6maromaps 3aBucuMoctd (63) MOXKEM 3aMEHUTH MapamMeTp
o +
e(V) C UCIONb30BaHMEM OJIHOHAMPABICHHONW CKOpOoCcTH cBeTa Cx(v). Ilomywaem Torma
mpeoOpa3oBaHKe W3 YHUBEPCAIBHOW CHCTeMbl oTcueTra U B MHEpIHUAIbHYIO cucTeMy orcdera U’
B BUJIE

2+ 2+

p_r.c c;(wav))hL 1 yec C;(f+v)vt

4 cc, Yy oy cc
x':l(x—vt)

v (73)
, 1
y ==y

7%
, 1
Z'=—z

7%

[Ipu sTOoM M3 MHEpUMATBHOM cucTeMbl oTcueta U' B yHHBEpCAJIbHYIO cucTteMy oTcuyeta U
peoOpa3oBaHue UMEET BUJ

c—ci(c+v) ,
t=—yy————X+yyt

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

AnanoruyasiM o6pa3om mpeobpazoBanus (46)-(47) MOXHO 3amucarh Ha OCHOBaHMH (64)
C UCITOJIH30BaHUEM OJHOHAMIPABICHHON CKOPOCTH CBETA Cy (V).
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brnaromaps mpeoOpazoBanusm (73)-(74) MOXHO J[aTh OIpENEICHHE MPOUZBOIHLHOMY
peoOpa3oBaHMIo, YIOBIETBOpsIoieMy mocTyidaram [-IV, Ha ocHOBe [BYyX MapamMeTpoB:
TIOTIEPEUHOTO COKPAIIeHHs (V) H OJHOHANPABJICHHOI CKOPOCTH CBETa B BAKyyMe C; (V).

brnaromaps mpeoOpazoBanusMm (46)-(47) MOXHO JaTh OIpENEICHUE MPOU3ZBOIHLHOMY
peoOpa3oBaHMIo, YyIOBIETBOpsIomieMy mocTyidaram [-IV, Ha ocHOBe [BYX MapamMeTpoOB:
MOTIEPEYHOT0 COKpalleHus i (v) U mapamerpa CHHXPOHHM3AIUH YacOB B MHEPIIUAIBHBIX CHCTEMaX
otcueta e(V).

brnaromaps mnpeoOpazoBanusm (43)-(44) MOXHO [aTh OIpENEICHUE MPOU3ZBOIHLHOMY
peoOpa3oBaHMIo, YyIOBIETBOpsIoieMy mocTyidaram [-IV, Ha ocHOBe [BYX MapamMeTpoOB:
3amemienust BpeMeHu f(v) (cmemyromero u3 (50)) W mapamMeTpa CHHXPOHHM3AIIMU YacOB
B MHEPIMAIILHBIX CUCTEMax oTcyera e(V).

3HaueHue napamerpa e(v) BBISCHSETCS B CTaThe HUKE.

6. OcoOble ciryuyan npeodpa3oBaHus

6.1. Ilpeodpa3oBanue Jlopennma - npeoOpa3oBanue CneumnanbhHoii Teopun
OTHOCHTEIBLHOCTH

Ecmu IpUHATD, YTO

y(v)=1 [1]
1 1 | (75)

1
e(V)——J/(V)C—z——mC—z 2

Torga mpeoOpazoBaHus (46)-(47) mpunumaroT B TpeoOpasoBanus JlopeHua, Ha KoTopoe
onupaercs CrenumanbHass Teopuss OtHocutensHOcTH. M3 yHHMBepcanbHOM cucTeMbl oTcuera U
B MHEpLHUANIBHYIO chcTeMy oTcyeta U’ mpeoOpa3oBaHre UMEET BUJ

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

N3 wunepumanbHOi cucteMbl otcueta U' B yHUBEpcalbHYIO cucrteMy otcuera U
peoOpa3oBaHUe UMEET BUJ

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

CymiecTByIOT nuIib ABa npeoOpazoBanus (46)-(47), B KOTOPBIX COOTBETCTBYIOIIHE APYT
apyry Kod(hGUIMeHTsl B MPeoO0pa3oBaHUM W TPeoOpa3oBaHUU €My OOpPaTHOM HMEIOT TaKHe Ke
YHCIIOBBIC 3HAUEHUS (C TOYHOCTHIO JI0 3HAKA, CBS3aHHOTO C HAIMPAaBICHHEM CKOPOCTH V). ITO
npeoOpazoBanre JlopeHma W TOKazaHHOEe HIDKe TMpeoOpazoBanue [ammes. I[lostomy
B npeoOpazoBannu Jlopeniia cuctemsl U u U’ CTAHOBSTCS HEOTITUYHMBIMHU.

6.2. Ilpeodpa3oBanus JlopeHua ¢ nonepevYHbIM COKpaLlEeHHUEM

Ecaun npussTse, 4To
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_r» 1 1 1 i (78)

W= e yWI-(vieP ¢ |

Torga mpeoOpazoBanus (46)-(47) mpUHUMAIOT BUJA NPeoOpa3oBaHMs, KOTOPOE MOKHO Ha3BaTh
npeobpazoBaHueM JlopeHIia ¢ onepeyHbIM cokpatienueM. M3 yauBepcanbHoi cuctemsl otcueta U
B MHEPLHUANIBHYIO crcTeMy oTcyeTa U’ mpeoOpa3oBaHUs HMEET B

V(Y 1
t ——[——2x+tj y ==y

y\c 4
_Y 1 7
X'="=(x-vt) Z'=—z
v

N3 unepuumanpHO#l cucteMbl oTcuera U’ B yHUBepcalibHylO cucteMy otcyera U 3Tu
peoOpa3oBaHMs UMEIOT BH/T

V.o, ’ _ ’
l‘—}/l//[?)C‘i‘l‘j y=yvy (80)
x=ywy (' +vt) z=yz

HGO6XO,Z[I/IMO BBIAACHUTD IPOUCXOKIACHUC HIACU O606H.[€HI/I$I HpeO6paBOBaHI/I$I HopeHua,
MMpeaACTaBJICHHOTO B 3TOM crathe. B cBs3M C BbBIPAXKCHUCM (61) OTHOCHUTCIIBHO OHHOHaHpaBHeHHOﬁ
CKOPOCTHU CBCTAa BO3HUKACT €CTECTBEHHBII BOIIPOC: IJII KAKUX IMMapaMETpOB e(v) n l//(V) CKOpPOCTb
CBCTa B HHepHHaHLHOﬁ CUCTEME OTCUCTa 6y;[eT HMETh 3HAUYCHHUE ¢ B JIIOOOM HaIlpaBJICHUH. Ha
OCHOBAaHHUH (61) U CBETA, paClIpOCTPaHAOIICTOCA BAOJIb OCHU )C', AOJIDKHO BBITIOJIHATHCA YPAaBHCHHC

c= < (81)
Vever ety
v
YVevetet+ve=c (82)
v

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

y 1
e v (83)

Jlerko mpoBepHTh HA OCHOBAaHWUU TMpeoOpa3oBaHUs CKOpocTH (55), uyTO AN Bcex
paccMmarpuBaeMbIX mpeoOpazoBanuii (46)-(47) cBET, pacIpOCTPAHSIOMIUNACS MapauIeNbHO OCH ),
Takke OyleT MMeTh OJHOHAIMPABICHHYI0 CKOPOCTH CO 3HaueHHeM c¢ B cucreMe U'. DTo Takke
ClieyeT HEMOCPEeACTBEHHO u3 TmocTynara [V, 4ro um moka3aHo Ha pucyHke 2. Takke
C HCIOJB30BAHUEM YHCICHHBIX METOJIOB OBUIO MPOBEPEHO Ml PA3MUYHBIX 3HAUYCHUU (DYHKIIUU
y(v), 4TO OJHOHAIMpPABJICHHAS CKOPOCTh CBETa B KMHEMATHKaX, OMHCAHHBIX MPeoOpa3oBaHUSIMU
(79)-(80), Bcerma uMeeT 3HAYCHHE ¢ B TIOOOM HAIPABIICHUU.

Otcroga cnemyeT, 4TO CYIIEeCTBYeT OECKOHEYHOE MHOXKECTBO KHHEMAaTHK, B KOTOPBIX
OJIHOHATpaBIIeHHAs] CKOPOCTh CBETa B BaKyyMe B JIF000# WHEPIMATHHONU CUCTEME OTCUETA SIBISICTCS
MOCTOSIHHOM W uMeeT 3HaueHue c¢. OCHOBBIBaIOTCA OHHM Ha TmpeoOpaszoBanusax (79)-(80).
CrnennanpHast Teopust OTHOCUTENBHOCTH SIBIISICTCS JIMIB OJHOW M3 OECKOHEYHOTO MHOKECTBA
TakuX KuHEMaTHK (tpeobpazoBanue (76)-(77)).

B xunemarukax (79)-(80), B koTopeix W(v)# 1, WHepuMaTbHBIE CHUCTEMBI OTCUYETa
OTIIMYMMBIC, M CYIIECTBYET YHHBEpCajbHas CHCTeMa OTcueTa, o0o3HaueHHas cuMBoioM U.
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Cuctema U otamnuaercs XoTs Obl TeM, KaKUM 00pa3oM U3MEHSIOTCS, COTJIACHO MPeoOpa3oBaHUIO
(46)-(47), monepeyHsle pa3Mepsl Tell, ABMKYIIMXCS OTHOCUTEIBHO YKa3aHHOW CHCTEMBI OTCUETa.
IloaToMy Takue TEOpuUM HE YJOBJIETBOPSIIOT NMPUHUUIY SKBUBAJIEHTHOCTH BCEX HMHEPIUAJIBHBIX
CHCTEM OTCUETA.

B coBpemenHOl (u3MKe CUMTAETCs, YTO OJHOHANpaBJIEHHAs CKOPOCTb CBETa B BaKyyMe
ABIISICTCS. a0COJIOTHO MOCTOSIHHOM, TO €CTh MMEeT OJMHAKOBOE 3HAau€HHUE B JIOOOM HaIpaBlICHUH
pacripocTpaneHus U Juis ao6oro Habmroaatens. Ha aTom ocHoBanuu Obuia BeiBeseHa Teopust CTO
OiHmreitHa. Kak moka3aHo BblIe, CYyHIECTBYeT OECKOHEUYHOE MHOXKECTBO KHHEMATHK,
yIoBieTBOpsonMX 3romy ycnosuto. CTO Beinensercs cpeau HUX TEM, YTO JOTOJHUTEIBHO B HEU
IIOCTYJINPOBAH IPUHLIMII KBUBAJIEHTHOCTH BCEX MHEPLHUAIBHBIX CUCTEM OTCUETA: HE CYLIECTBYET
TAaKOTO (PU3UYECKOT0 SBJICHUS, KOTOPOE BBIJACISECT Kakas-TMOO HHEpLUUanbHas CUCTeMa. ITO
CBOJIUTCS K TOMY, YTO COOTBETCTBYIOIIME JpYr Jpyry Ko3(Q(HUIMEHTH B INpeoOpa3oBaHUU
U B Ipeo0pazoBaHUM €My OOpaTHOM JOJDKHBI HMETh OJMHAKOBBIE UHWCIIOBBIE 3HAYCHHS
(C TOYHOCTBIO JI0 3HAKa, CJIEAYIOIIEro U3 HampasjieHus: ckopoctu v). Cpeau npeodpazoBanuii (79)-
(80) TakuM JAOMOJIHUTENBHBIM MOCTYJAaTaM YAOBJIETBOpPsET JHlIL peoOpa3oBanue Jlopenma (76)-
(77). He cymiectByeT, 0IHaKO, HUKAKUX SKCIIEPUMEHTAIBHBIX IPUYHH, YTOObI IPUHUMATH MPHHIIUIT
SKBUBAJIEHTHOCTH BCEX MHEPLUATBHBIX CUCTEM. DTOT MPUHLUI BBEJICH B (PU3HKY MPOU3BOJIBLHO.

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

A

'

B |

--" 1

LIEHTP .
IIJTIOCKOCTB

TraJlJaKTHUKH

TraJlJaKTHuKH

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

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

M3BecTHBI B CBOIO O4YepeAb OKCIEPUMEHTAIBHBIE JOKA3aTENbCTBA CYLIECTBOBAHUS
YHUBEpCAJIbHOU CHUCTeMBI OoTcueTa. Peub muer 06 m3Mmepenusx anumzorpornu PU, oOcyxnaemoit
B HoOeneBckoil sekmuu [9]. OxaspiBaeTcsi, 4TO €O BCEX CTOPOH KOCMOCa 10 HAc JIOXOIWT
MHUKPOBOJIHOBOE AJIEKTPOMArHuTHOE u3iaydeHue B auanazone 300 I'Tu. B Hameilt cucreme orcuera
3TO M3JIydeHHEe 00JalaeT AMIOJIbHOW aHu3oTporueil. Jloxonsmee co CTOpoHBI co3Be3aus JIbBa
U3TYyYeHHE HMMEET HECKOJbKO OOJBIIYI0 PHEPTrHi0, B TO BpeMsl KaK H3JIydeHHE CO CTOPOHBI
co3Be3uss Bopones — HECKOJNBKO MEHbIIYI0 3Hepruto (pucyHok 6). Ecnu yuuteiBath 3¢ et
Jlomnepa, TO MOXXKHO ONPENENUTh CUCTEMY oTcyeTa, B kotopod PU onnoponno. Takas cucrema
OTCUETa SIBJISETCS UCKIIOUUTENIBHON M0 OTHOLIEHUIO KO BCEM OCTalbHbIM. CylIeCTBOBAaHUE TAKOU
YHUBEPCAJIbHOU CUCTEMbI OTCUETA MPEAIoaraeT, YTo Jaxke eciiu Obl OJTHOHAMPABJICHHAs! CKOPOCTh
CBETa B BaKyyMe Oblila MOCTOSIHHOM, TO MPaBWIbHOM MoJienbio KuHeMatuku CriennanbHas Teopus
OTHOCHUTENBHOCTH, OCHOBaHHasi Ha rnpeoOpazoBanuu Jlopenna (76)-(77), He SBIsSETCS, a TOJIBKO
MO/Ie]Ib, OCHOBaHHAs Ha KaKOM-ITHO0 Jipyrom npeodpazoBanuu Buaa (79)-(80).

B cratpe [12] Ha ocHoBanuu CriennanbHoit Teopun Ddupa 6e3 momepeyHoro CoKpaieHus
Obuta ompezaeneHa ckopocTh CosiHeuHoil CHCTEMBI OTHOCHUTENBHO CHUCTeMbI, B KoTopoit PU
onHOpoHO. [TomydyeHHOE 3HaYeHHE CKOPOCTHU B 3TOU cucteMe cocrasisieT 369,3 km/s (pucyHok 6),
HO 3HaYEHME 3TOI CKOPOCTU Oy/eT MHBIM B paMKax JIPYTUX KHUHEMaTHK.
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Takke CTOUT YNOMSHYTh HccienoBaHuss Muiepa [leliToOHa, KOTOpBI MHOTOKpPAaTHO
MOBTOPsUI  DKCHEpUMEHT  MaiikenbcoHa-Mopiii ¥ yTBepKZajl, 4YTO OJKCIEPUMEHT  Aall
MOJIOKUTENBHBIA PE3yNbTaT, XOTS M HaMHOro ciabee, YyeM MEepBOHAYAIBHO MPEICKa3bIBAIOCH
B pamkax MexaHuku [amues-Heiorona [5]. OmHako 3Ta cTaThsi OCHOBaHa Ha OOMICTIPUHSATOM
B (pu3uKe MpeAmnoaoKeHuu, 9To dKcrepuMeHTsl Maiikenbcona-Mopnu u Kennenu-TopHnaiika He
JAU TIOJIOKUTEIBHOIO pe3yJibTara, TO €CTb OHM HE CMOIJIM INOKA3aTh JBWKEHHE OTHOCHUTEIBHO
YHHUBEPCATbHOU cUCTEeMbI OoTcueTa. [loydeHHBIE MOJENN MOKHO JIETKO MOAU(DUIIMPOBATH, YTOOBI
OHU COOTBETCTBOBAJIM pE3YJIbTaTaM »JKCHEPUMEHTOB Mmiuiepa. [[0CTaToOYHO B HUX HEMHOIO
W3MEHUTH BEJIMUYMHY COKPALLICHUS TEIl B IBUKEHUU.

6.3. IIpeodpa3zoBanus CnennanbHoii Teopuu I¢pupa ¢ nonepeyHbIM COKpalIeHHEM

ECJ‘II/I HpI/IHHTL, qToO
e(v)=0 (84)

Torma mpeoOpazoBanus (46)-(47) NpUHUMAOT BUA MpeoOpa3oBaHMil, Ha KOTOPHIE OMUPACTCA
CnenuansHast Teopus Ddupa c momepeyHbIM COKpallleHHWeM, BbIBeACHHBIE B crathe [12]. U3
YHUBEpCAJIbHOU CHUCTEMBI oTcueTa U B MHEPLHMAIbHYIO cHcTeMy oTcueTa U’ 3Tu mpeoOpa3zoBaHU
HUMEIOT BU]L

, 1 , 1
t'=—rot ==y
ry 4 (85)
/ ’ 1
X'=(x-vit) zZ=—z
7%

N3 unepuumanpHO#l cucteMbl oTcuera U’ B yHUBepcalbHyO cucteMy otcyera U 3Tu
peoOpa3oBaHMs UMEIOT BH/]T

t=yyt y=yy

7

x==x'+yyvt z=y 7 (86)

910 LI KIIace npeoGpa3013aHm71, B KOTOPBIX OJHOBPCMCHHOCTH COOBITHI a6COJ'IIOTHa,
qTO COrjlaCyerca ¢ TEM, UYTO IIOKAa3aHUSA YaCOB HE 3aBUCAT OT KOOPAWHATBHI IIOJIOKCHUA.
KI/IHeMaTI/IKI/I, OCHOBAHHBIC Ha 3THUX HpeO6pa3OBaHI/I$IX, OTJIMYAOTCA MCKIY coboii (I)I/I?)I/I‘IGCKI/IMI/I
CBOI‘/’ICTBaMI/I, HaIIpUMEp, MOMCPCUHbIM COKPAIICHUCM U 3aMCIJICHUCM BPCMCHU.

6.4. IIpeoOpazoBanue CneumaabHoii Teopum Dpupa 0e3 mnomepeyHoro
COKpaLeHHs

Ecmu IIpUHATD, YTO

y(v)=1

e(v)=0 ®7)

torma mpeoOpazoBanus (46)-(47) mpUHUMAOT BUJI MpeoOpa3oBaHMs, HA KOTOPOE OIMUpacTCs
CnenuanbHast Teopus D¢upa 0e3 MonmepeyHoro COKpalleHus, BbIBeAeHHOro B crtatbe [11]. U3
YHUBEpCaJIbHOU cucTeMbl oTcyeTa U B MHEpIMaNbHYIO cucTeMy oTcuera U’ mpeobpa3zoBaHie UMEET
BH/]I
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’ 1 /
t =—1t =
X=y(x-vi) Z'=z

N3 wunepumanbHOi cucteMbl otcueta U' B yHHUBEpcallbHYIO cucrteMy otcuera U
npeoOpa3oBaHe UMEET BUJ

t=yt y=y
x=ixiyve  z=r (89)
e

B stom cnyuae Crenmanpaoit Teopun Ddupa He HAOMIOIAETCS MOMEPEUYHOTO COKPAICHUS
(to ectb w(v)=1). Cneunansnas Teopus Ddupa, BbIBEJCHHAs Ha OCHOBAaHHM INpPeoOpazoBaHUN
(88)-(89), mmeer TecHyro cBsi3b co CrnernumanbHoii Teopueit OTHOCHTENBFHOCTH DWHINTEIHA. DTO
ObLT0 TIOKa3aHo B padote [10].

[IpeoOpazoBanue (89) ObLIO YK€ BBIBEACHO APYTMM METOJOM B cTathsax [3], [6]. B atux
CTaThsIX aBTOPBI MOJYYUIIN YIOMSHYTOE TIpeoOpazoBanue u3 npeodpasopanus JlopeHia o6marogaps
CUHXPOHM3AIINH YacOB B MHEPIIMAIBHBIX CHCTEMax OTcueTa BHEIIHUM MeToaoM. [IpeoOpazoBanue,
noyiyueHHoe B paborax [3], [6], siBisieTcs nMHAaue 3amuMcaHHBIM mpeobpa3oBanueM JlopeHia mocie
M3MEHEHHs Croco0a M3MEpEeHHs] BPEMEHU B HHEPIHMAIBHOW CHCTEME OTCUeTa, MOATOMY ITOMY
mpeoOpa3oBaHuio Mpumucanbl cBoiictBa CrenuanbHoit Teopun OTHOCUTENnbHOCTU. B ctathe [11]
npeoOpazoBanue (88)-(89) umeer npyroii puznueckuii CMbICI, yeM mpeoOpa3oBanue JlopeHia, Tak
KAaK COTrJIaCHO TMPEJCTaBJICHHOM B 3TOM CTAaTbe TEOPUM SBIISAETCS BO3MOXKHBIM OINPEIEICHUE
CKOPOCTH OTHOCHUTEJIbHO YHUBEPCAJIIBHOM CUCTEMBI OTCUETa MyTeM u3MepeHus. pyrumu cioBamu
yYHHUBEpCalTbHasl CHCTEMa OTCYETa pealibHa U HE SBISETCS MIPOU3BOIBHO BRIOPAHHON WHEPIMATBHOM
CUCTEMOU OTCUeTa.

6.5. IIpeodpa3zoBanue CnennanbHoi Teopun J¢pupa ¢ aGCOJIOTHBIM BpeMeHeM

Ecmm IpUHATD, YTO

w(v)=1/y(v)=+1-(v/c)* <1 (90)
e(v)=0
Torna npeoOpazoBanus (46)-(47) mpuHUMAIOT BUJ TPEOOpa30BaHUs], B KOTOPOM BpeMs aOCOJIFOTHO.

)4 YHHBepcaHLHOﬁ cuctemnl orcuera U B HHCPIUAIIBHYIO CUCTECMY OTCUCTa U’ npeo6pa3013aHI/Ie
HUMCECT BU/J

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

oD

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

t=t y:ly'
1 (92)
x=—x"+vt z=—72
/4 /4
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B kuHemaruke, OCHOBaHHOW Ha 3TOM MpeoOpa3oBaHUM, BpeMsi T€UET OJMHAKOBO BO BCEX
WHEPIHAIBHBIX CUCTEMaX OTCUeTa aHAJIOTMYHO TOMY, Kak B mpeoOpaszoBanusx [ammnes. OdeHb
WHTEPECHON SBIIETCS BO3MOXHOCTh HAIWYHUS TEOPHH C aOCOTIOTHBIM BPEMEHEM, KOTOpas
YIIOBJIETBOPSIET YCIOBUAM 3KcniepuMeHToB Maiikenbcona-Mopnu u Kennenu-TopHaalika.

6.6. IIpeoOpazoBanme CrnenuajabHoii Teopuu ODdupa 06e3 NPOIOIBLHOIO
COKpaLeHHs

Ecmm IpUHATD, YTO

= = - 2>
y(v)=y(v)=1/{1-(v/c)" 21 (93)
e(v)=0
Torma mpeoOpazoBanus (46)-(47) mpuHHMAOT BUA MpeoOpa3oBaHUs, HA KOTOPOM OCHOBBLIBAETCS

CnenuansHast Teopust Ddupa 6e3 Ipoa0IbHOTO coKpalieHus. 13 yHuBepcaibHON CHCTEMBI OTCUETa
U B uHep1uanbpHyto cucteMy orcdyera U’ mpeoOpa3oBaHie UMEET BUJ

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

N3 wunepumanbHOi cucteMbl otcueta U' B yHUBepcalbHYIO cucreMy otcuera U
npeoOpa3oBaHUe UMEET BUJI

t=p1 y=ry
’ 2 ' ’ (95)
xX=x+y vt z=yz

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

dx' =dx—vdt
’ 2 ' (96)
dx=dx'+y vdt
To ecThb
dt=0 = dx'=dx
. . (97)
di'=0 = dx=dx

6.7. Pacmiupennnie mnpeoOpa3oBanuss ITaamiaess W BbIBOABI OTHOCHTEJIBHO
napamerpa e(v)
Ecnu npuHATS, 4TO

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

v(v)=1 v (/>0 = wyHm=z=l
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torga mnpeoOpazoBanus (46)-(47) NpPUHUMAIOT BHUJ, KOTOpPbIE HA30BEM paCUIMPEHHBIMHU
npeobpazoBanusamu ['anunes. Y3 yHuBepcainbHON cucTeMbl oTcueTa U B MHEPUUAIBHYIO CUCTEMY
otcueta U’ mpeoOpa3zoBaHUsi UMEIOT BUJI

t'=evx+(l—ev’)t y'=y
(99)

X' =x-vt Z'=z

N3 wunepumanbHOi cucteMbl otcueta U' B yHUBEpcalbHYIO cucteMy otcuera U
peoOpa3oBaHMs UMEIOT BH/T

t=—evx +1
(100)

x=(l-ev)x +vt z=7

[Ipeo6pazoBanus (99)-(100) mpumMeHHMBI TOT/Ia, KOTJA CKOPOCTh V 3HAYUTEIHLHO MEHBIIIE
CKOPOCTH ¢, WJIU TIpole, korga ¢ =oo. Torma Ha ocHoBanuu (61) u (62) ogHOHAIpaBJICHHAS
CKOPOCTb CBETA, PACIIPOCTPAHSIIOIIETOCS BI0JIb OCH X, COCTABIISIET

N
CX(V)—CX(V)— e(v)v (101)

C =

N3 3aBucumoctu (101) cremyroT BakHble BBIBOABI. OMHOHAMpaBIeHHAs CKOPOCTh CBETa
B BaKyyM€ OTHOCUTEJIEHO YHUBEPCAJIHHON CHCTEMBI OTCUETa UMEET OECKOHEUHOE 3HaYeHUE (¢ = ).
Torna oueBuAHO, UTO 3TA CKOPOCTh UMEET OECKOHEUHbIE 3HAYCHUS TaKXKe B JII000H MHEpIUATIbHON
cucreMe orcyera. Oanako, cornacHo (101) oxHOHampaBiIeHHAs CKOPOCTh CBETa B MHEPLHAIBHON
cucreme coctasisieT 1/(e v). Kaxercs, 4To 3TO MPOTUBOPEUUBO.

Onnako mpotuBopeunit B 3TOM HeT. HeoOxoauMo 3aMeTuTh, 4YTO Ui H3MEPEHUS
OJITHOHAINPABICHHOM CKOPOCTH  00s3aTeNbHO HEOOXOIMMO  HCIOJIB30BAHME JIBYX 4YacoB,
HEMNOJBWKHBIX B CHUCTEME, B KOTOPOM OCYILECTBISETCS M3MEpeHUE. B yHUBepcaabHON cUcCTeMe
OTCUETa UCIOJIb3YIOTCS APYrUe 3K3EMIULIPHI YacOB, YEM HCIOJIB3YEMBIE B MHEPLIUAIBHON CHCTEME
orcueTta. Eciin B MHEpIMAIILHON CHUCTEME Yachl PaCCUHXPOHU3HPOBAHBI, TO MU3MEPEHUE CKOPOCTU
CBETa, PACHPOCTPAHSIONIErOCsI ¢ OSCKOHEYHON CKOPOCTHbIO, MOXET JaBaTh KOHEYHOE MHHUMOE
3Ha4Y€HHE. ITO MPEJACTABICHO HA PUCYHKE 7.

b)

x=0 =—0 x=D

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

B uactu b) pucyHka 7 mokasaHa yHHBepcalibHas cucteMa orcuera. CBET UCIyCcKaeTcs W3
TOYKHM 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 OEeCKOHEeYHa, TO
tv=1t=0.

B vactu a) pucynka 7 mokaszaHa MHepLUHaibHas cucrtema oTcuera U'. B paccmarpuBaeMblit
MOMEHT BPEMEHM JIBO€ 4YacCOB JTOM CUCTEMBI PACIIOIAraroTCs HEMOCPEICTBEHHO PSAIOM C ABYMs
yacamu cucreMbl U. M3-3a COKpallleHHs] IJIMHBI PAaCCTOSTHUE MEXKY YacaMU, U3MEPEHHOE B CUCTEME
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U', cocraBnger D' 1 MOXET UMETh OTJIMYHOE OT 3HaueHust D, mamepenHoe B cucteme U. Yachl,
pacnonararpomuecss B Touke x'= 0, moka3piBaroT Bpems ) =0, HO 4Yachl, HAXOIS’IIHECS B TOYKE
x'= D', moka3piBatoT npyroe Bpems t # 0. C Touku 3peHus HaOmomatens u3 cuctembl U’ cBeT
UCIYCTUJICSI B MOMEHT BpeMeHH #) = 0, mpu 3TOM 10 TOUkH D' fomien B MOMEHT BpeMeHH f] # 0.
[TosTomy B cucreme U’ oiHOHAIIpaBiIE€HHAs CKOPOCTh CBETA COCTABIISIET

D' <o
v =—— (102)
L -1, > —00
Ckopoctb (102) SIBJISIETCS pe3ysbTaToOM U3MEPEHUS, BBIIIOJIHEHHOI'O

PacCUHXpPOHU3UPOBAHHBIMU 4YacaMu B cucteme U'. DT0 He peanbHas CKOPOCTb CBETA, KOTOpas
COIJIACHO TIOCTYyJaTy HMMeeT B JTOM ciydyae OeckoHeuHoe 3HaueHue. boiiee TOro, uachel
B MHepIuanbHOi cuctemMe U’ MOTYT OBITh HACTOJIBKO PAaCCHHXPOHM3MPOBAHBI, YTO CBET OyaeT
BO3BpallaThcs BO BpeMeHU. Tak Oyzer B ciywae ¢ <#. VMIMeHHO Takue ciydau oOCYXKIaaHCh
B pazzaeie 4.5.

AHAJIOTUYHYIO ~ CUTYallMI0  TOJY4YMM, €CIM  CBeT  OyJeT  pacmpoCTpaHATHCA
B IIPOTUBOIIOJIOKHYIO CTOPOHY, TO €CTh U3 TOUKU X = D B TOUKy x = 0.

[IpencraBneHHas Ha PUCYHKE 7 CUTyallMs peaiu3yercst /Ui MpeoOpa3oBaHUM, B KOTOPBIX
napametp e(v) # 0 (mampumep, B Crneuunanshoit Teopun OtHOcuTensHOcTH). Torna aBmwxymuecs
PAIOM Yachl YK€ B MOMEHT UX CUHXPOHM3AIMM [TOKa3bIBAIOT pa3Hble 3HaueHUs. [IpencraBieHHbII
BbIILIE NIPUMEp IMOKA3bIBA€T, YTO OJHOHANpaBJICHHbIE cKopocTu cBeTa (61) u (62), uamepsembie
B MHEPLMAIBHBIX CUCTEMAX OTCYETA, HE OTPAKAIOT PEAJTbHOM CKOPOCTHU CBETA B 3TUX CUCTEMAX.

To ectp mapamerp e(v) # 0 IpPUBOAUT K PACCHHXPOHHU3AIMH 4yacoB. OTCYEThl YKa3aHHBIX
YacoB HeINb3s TPAaKTOBaTh OYKBAJIbHO, & OCHOBAaHHYIO Ha TaKOM MapaMeTpe TEOpHUI0, TaKylo Kak
CTO, Heo0X0MMO UHTEPIIPETUPOBATh MHAYE, YEM 3TO JIEIAETCsl B COBpeMEHHOM (usuke. JTa Tema
OyzeT packpbITa B paszzene 7.

B cnyyae pacmmpenHbix npeoOpa3oBanuii ["anumnest B MHEpIMAIbHBIX cucTeMax oTcueTta U’
(Ho He B cucteMe U) MokazaHusi 4acoB MepeBeeHbl (Yachl PACCHHXPOHU3YIOTCS) OTHOCUTEIHHO
€CTECTBEHHON YCTaHOBKH, OTPaXEHHOU B npeoOpazoBanuu ["anunes. Ilostomy B npeoOpazoBaHusIX
BpPEMEHHU UMeeTCs (GaKTop, 3aBUCAIIMN OT TOJOXKEHUS X WIH X .

6.8. Ilpeodpa3zoBanue I'anuiaes

Ecmm IpUHATD, YTO

vie=>0 = y=1/J1-(v/c)* =1
v(v)=1 v (v/lce>0 = y)=z=]) (103)
e()=0 v (/>0 = e(v)=0)
Torga mnpeoOpazoBaHus (46)-(47) mpuHUMarOT BHJ npeobOpasoBanus [amwies, Ha KOTOpPOM
OCHOBBIBAE€TCS ~ KJIACCMYECKasi KuWHematuka. W3  yHuBepcambHOM  cuctembl orcuera U
B MHEPIMANILHYIO cucTeMy oTcuera U’ mpeoOpa3oBaHre UMEET BUJ
t’ =1 y’ = y
X'=x-vt Z'=z

(104)

W3 wuHepuumanbHOM cuctembl otcueta U' B yHHBEpcalbHylO cucTeMy otcueta U
npeoOpa3oBaHue UMEET BUJ
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t=t =)
rey (105)

x=x"+vt z=12

B npeoOpazoBanum l'anunest COOTBETCTBYWOLIME ApPYyr Apyry  Ko3(pQuuueHTH
B IIpeoOpa30BaHu U B MpeoOpa3oBaHUM €My OOpaTHOM MMEIOT OJMHAKOBBIC YHCIIOBBIC 3HAYCHHS
(C TOYHOCTBIO 10 3HAKa, CIEYIOLIET0 U3 HampaBieHus ckopoctu v). Ilostomy B mpeoOpasoBaHun
lanuness tak ke, kKak W B mpeoOpasoBanuu Jlopenua, cuctemsl U u U' oxaspiBaioTcs
HEOTIMYUMBIMHU.

[IpeoOpazoBanuss lammies MOXHO TpaKTOBaTh Kak MPHONMKEHHE BCEX JIMHEHHBIX
npeoOpa3oBaHui, BBIBEACHHBIX B ATOH CTaThe, U MaJIbIX CKOPOCTEH V, TO €CTh JUIs cirydas v << c.
[TosToMy KiTaccuueckass KHHEMaTHKa COTJIACYeTCsl C AKCIEPUMEHTAMHU IPU MalbIX CKOPOCTSIX V
HE3aBUCHUMO OT TOTO, Kakasi M3 OECKOHEYHOTO MHOKECTBa KMHEMAaTHKa SBJSIETCS HaWITydllen
MOJIENBIO peasTbHBIX MPOIECCOB.

[Ipeo6pazoBanue (104)-(105) peanuzyercs, KOraa CKOPOCTh vV OYSHb MaJia TI0 CPAaBHEHUIO CO
CKOPOCTBIO ¢, WU TIpomie, mnpu yciaoBuu ¢ =oo. Torma Ha ocHoBanuu (61) u (62)
OJTHOHAIPABJICHHAs! CKOPOCTh CBETA, PACIPOCTPAHSIOIETOCS BOJIb OCH X, COCTABIISET

ci(v) =—c;()=c =0 (106)

7. ®usnyeckuii CMbICJ NAPAMETPOB B NPe0OPa30BaHMUAX U 00CYy:K/IeHNE OCHOB
peJATHBU3MA

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

N3 Beipaxenuit (50) m (51) o 3ameyieHMH BpEeMEHM ClleAyeT, 4ro mapamerp f(v),
B nipeoOpazoBannu (43)-(44), onuckiBaeT 3aMeAsiecHUEe BpeMeH!. [|Jis1 HeroABI>KHOTO OTHOCUTEIHHO
YHUBEPCAJIbHONW CHUCTEMbI OTCYeTa HAOJIOAaTelNs BpeMsi B MHEPIMAIbHON CHCTEME OTCYeTa TEYeT
B f(v) paza Owictpee (1/f(v) paza MeyieHHee), 4eM B €T0 YHUBEPCAIBHON CUCTEME OTCUETA.

N3 Beipaxenuir (52) m (53) o mpoJOJIBHOM COKpalleHHH CJeIyeT, 4To mapamerp a(v)
B npeoOpazoBanmsix (5) u (11) ommceiBaeT MPOJOJILHOE COKpalieHHe (TO €CTh HapaiedbHO
CKOpPOCTH V) Te€J, HaXOJSAIIMXCA B JBIKEHHM IO OTHOLICHHIO K TelaM, HaXOJISAIIMXCS B TMOKOE
OTHOCUTEJIbHO YHUBEpPCAJIIBHOM cucTeMbl oTcuera U. JUIs HENOABUKHOIO OTHOCUTEIIBHO
YHHUBEPCATHHOM CUCTEMBI OTCUeTa Habmromarens ABMXKYyIeecs Teno B a(v) pas kopode (1/a(v) pas
JUTMHHEE) TaKOT'0 )K€ TeJla, HEMOABM)KHOTO OTHOCUTEIILHO YHUBEPCATILHONW CHCTEMBI OTCYETA.

[Tapametp w(v) B mpeoOpazoBanuu (46)-(47) onuchIBaeT MOMEPEYHOE COKpalleHue (To eCTh
MEPICHIUKYIIPHO K CKOPOCTH V) Tell, HAXOJSIIUXCS B ABM)KCHHH, [0 OTHOIICHHIO K TeElIaM,
HaXOJSAUIMMCS B IOKOE€ OTHOCUTEIHHO YHHMBEpCaJlbHOW cucTeMbl oTcueta U (pucyHok 2). Takum
obpa3om, mBmkymieecs Teno B y(v) pa3 mmupe (1/w(v) pa3 yxe) Takoro ke Tena, HeloOABUKHOTO
OTHOCHTEJIbHO YHUBEPCAJIHHON CHCTEMBI OTCYETA.

7.2. Ilapametp e(v) =0

Ha ocnoBe nmpeoOpa3zoBanmii (43)-(44) u (46)-(47) MOXHO caenaTh BBIBOJ, YTO MapaMeTp
e(V) MOXHO TPakTOBaTh KaK CIOCOO CHHXPOHH3AIIMM YacOB B MHEPIMAIBLHBIX CHCTEMaX OTCYETA.
PaccmoTpum cmydaii, koraga e(v) =0. Torma mpumeHuMO mpeoOpa3oBaHue BpeMeHu (85), u3
KOTOPOTO TOJydaeM
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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 moxaseiBaioT BpeMms ¢ = (0, torma cormacHo (107) wacel cucrtemsr U’
HaXOJAIIHUECs PAIOM, TaKKe OOHYIEHBI, TO ecTh ¢’ = (. DTOT crnoco® CHHXPOHU3AIUH MIPEICTABICH
Ha pUCYHKe 8.

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

2

e()=0 = c(v)=— (108)
c+v
CZ
e(v)=0 = c (v)=- (109)
c—V
: Y, U
: ~
=01=0 f1=0o1=0 t1=0c1'=0
L | | y
(l) | | V.x

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 ATOH
cucreme c. B paccmaTpuBaeMbIii MOMEHT BPEMEHH, KOTIa BCE Yachl cucTeMbl U TOKa3bIBalOT BpeMs ¢ = 0, Havasa
orcuera cucteM U n U’ coBnamaroT. Ha jro0BIX gacax, OBIDKYIIUXCS PSIOM ¢ 9acaMu ¢ = 0, TaKkKe yCTAaHABIUBACTCS
Bpems t' = 0.

t=0

7.3. Ilapametp e(v) # 0

PaccmoTrpum ciyuaun amist mpou3BosibHOTO mapaMerpa e(v). [IpeobpasoBanue Bpemenu (47)
uMeeT BUJ

t=—ylevx' +yyt (110)

Korpa yacel B cucteme U mokaseiBatoT Bpems ¢= (0, Torga cormacHo pucyHKy 1 Hauana
0TCYeTOB cucTeM coBnaaaloT. 13 ypasuenus (110) cnexyer, uro Ha yacax cucremsl U', KOTOpbIe
HaxXoJATCS pSAOM ¢ OOHYJNEHHBIMH YacaMM cHuCTeMbl U, YCTaHOBJIEHO 3HadyeHue 1,
ONPEEISAIOLIEECS BEIPAKEHUEM

t=0 = =Yy (111)

4
Cunxponu3zanus yacoB B cucteme U’ mokazana Ha pucyHke 9. C Touku 3peHus: cucremsl U
gacel B cucreMe U’ pacCCMHXpOHM3HMPOBAHbI, TaK KaK MX MOKAa3aHUS 3aBUCIT OT IOJIOXKEHUS, a HE
TOJIBKO OT TeueHHsI BpeMeHH. Ecnu HabOmronatens u3 cucteMbl U’ n3MepsieT OHOHANpaBICHHYIO
CKOPOCTb CBE€Ta, TO Ha ONPEACIEHHBIX YacaX CUUTHIBAET HAyaJbHbI MOMEHT, a Ha JPYTHUX dacax
U3MepsieT KOHEYHbII MOMEHT. OTH 4Yachl BCErJja MOJKHO YCTaHOBUTb TakuM 00pa3oM
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(pacCUHXpOHM3MPOBATH MX), YTO OJHOHAIpPABIIEHHAs CKOPOCTh CBeTa OyAeT MMETh M3HAYaJIbHO
3aN0KEeHHOEe 3HaueHwe c,(v) m cy(v). Takoil ke 3pQPeKT MOXKHO MONYYHTh B KIACCHUYECKOH
MexaHuke. EcnyM mokazaHus 4acoB, C KOTOPBIX CUMTHIBAETCS KOHEUHBII MOMEHT, INEPEBEAEM
BIIEpE]], TO MHUMO CKOPOCTb Teja OyJeT MEHBIIIE, a €ClIM MTOKa3aHHs 3TUX YacoB IEepeBe/ieM Hazal,
TO MHUMO CKOPOCTb Tefia OyJeT OoJblIie.

Jlns paccMaTpuBaeMBIX MpeoOpa3oBaHU MPH YCTAaHOBKE 4YacoB B cucreMe U’ coriiacHoO
BoIpakeHuto (111) onHOHampaBieHHass CKOPOCTh cBeTa OyneT MMETh 3HAu€HHE, OIpelelsieMoe
Beipakenusmu (17), (18) u (61), (62). D10 BOBCE HE O3HAYAET, YTO ATO CKOPOCTH CIEAYEeT U3
CKOPOCTH IPOTEKaHUsl pealbHBIX MPOLIECCOB, HA KOTOPBIX OCHOBBIBAIOTCS MOKAa3aHUS 4acoB. JTO
MOXET OBITh TOJBKO pE3yIbTaTOM YCTAaHOBKM YacOB B HHEPIMAJIBHBIX 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
IIPOU3BOJIBHO, @ TOJIBKO TaK, YTOObI COOTBETCTBOBATH ONMMCHIBAEMBIM ITPOIIECCAM.

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

!

l<
><UQ‘

X1 X2

: : t =0t =yevx'ly
[ | | g
(l) | | X

t=0 t=0 t=0

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

Yacsl B yHUBEpCaJIbHON cucTeMe oTcuera U CHHXpOHU3UPOBAHbI C HCIOJIb30BAHUEM CBETa, KOTOPHIH B 3TOH CHCTEME
MMeEeT OJTHOHAIPABIICHHYIO CKOPOCTh ¢. B paccmarprBaeMblii MOMEHT BpEMEHH, KOTIa BCE Yachl CUCTEMBI U
MOKa3bIBatoT Bpemst ¢ = 0, Hauana orcuera cucteM U n U’ coBranatoT. Ha imo0pIx yacax, NpOXOISIIUX PSAOM C YacaMu
¢t = 0, ycTaHOBJIEHO BpeMs ¢’ = wevx'/y.

Ecmu e(v) # 0, Torna Beipaxenwus (50) u (51) paznuunsl, u Beipaxkenus (52) u (53) takxke
pasnmuusbl. To ecth HaOmonatenu u3 cucreM U u U’ mosyyaroT Ha OCHOBAaHHHM CBOMX M3MEPEHUI
pa3auyYHbIE BBIBOJBI OTHOCUTENILHO 3aMENJICHUS BPEMEHU M MPOJOJIBHOIO COKpalleHHs (MHade
OLICHUBAIOT OTHOCUTENIBHOE TEUEHUE BPEMEHU B CBOMX CHCTEMAax M MHAY€ OLICHUBAIOT IPONOPLIUHU
TOPU30HTAIBHBIX JIUHUHA B CBOMX CUCTEMaX). TaKyro CUTYallu0 MOXKHO HHTEPIIPETUPOBATh TaK, YTO
UX M3MEpPUTENIbHBIE MPUOOPHI HE OBLIM CHHXPOHHU3MPOBAHBI M IMO3TOMY OHHM H3MEPSIOT YTO-TO
apyroe. Tompko ecnm e(v) =0, Torga MX HM3MEpEHHs 3aMeUICHUS BPEMEHH U MPOJIOJIBHOTO
COKpAILLEHUS AT OJMHAKOBBIA PE3yJabTaT, TO €CTh TOJIBKO KOTJa 4Yachl B UX CUCTEMax OTCYETa
IIPaBUJIBHO CUHXPOHU3HPOBAHBI.

PaccMoTpuM CBETOBOI MMITYJIbC, MCIYIIEHHBIN BIPaBO M3 Hayana cucteMel U’ B MOMEHT
CUHXPOHM3AINH 4acoB (pucyHoK 9). B MomeHT #] = (0 umImynibc Haxoauics B moJsioskenuu x| = 0, a B
MOMEHT ¢, HaXOJUJICS B TIOJIO’KeHUU X5. Ha ocHoBanuu (61) MokeM 3amucarhb, 4To

., Vv +c+v ,
’ ,_,_xz—xl_ X, _y ,_lﬂev , X,
f-f=f=2"0_% _ . Xy =YYy B (112)
¢, (v) ¢ (v) c Y c
c+v

Beipaxxenune (112) moxxHO mo-pasHomy wuHTeprperupoBaTs. B CrenumansHoit Teopun
OTHOCHUTENBHOCTHU IIPUHATA TaKasi MHTEPIPETALKs, YTO Yachl B MHEPLUAIBbHOU cucteme orcuera U’
NPaBUIBHO CHHXPOHU3UPOBaHBL. TO ecTh CBeTy (HaKTUYECKH HEOOXOOUMO ¢ BpPEMEHHM Ha
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NPOXOXKJEHHE TMyTH JIuHOW x5. Torma ¢aktuuecku i HaOmromatens B cucteme U’
OJTHOHAIPAaBJICHHAs! CKOPOCTh cBeTa BhIpaskaeTcs coryacHo (61). Ins CTO nHa ocHoBanum (75) ata
CKOPOCTb UMEET 3HAUEHUE

2 2
C C

c,(v)= = 7 =c (113)
Sevcitc+ty ——y—vciHc+y
/4 y ¢
Heob6xomumo, oqHaKO, TOMHUTH O TOM, YTO 3HA4YCHHs f, U ¢} = 0 CUMTAHBI C IBYX Pa3HBIX
yacoB. Eciin 3TH 4ackl HEMpPaBUWIIBHO CHHXPOHHU3UPOBAHbI, Toraa ckopoctsb (113) — maumas. Toraa
ckopocTh (61) He oTpaxkaeT HMpPOTEKaHUS (PU3MUECKUX IPOILIECCOB, a JIMIIb BBI3BAHA CIIOCOOOM
YCTaHOBKH YaCOB B HHEPIIMAIBHOU cucteme oTcuera 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,
ycraHoBiieHO 3HavyeHue (111), a B peasibHOCTH AODKHO OBITH ycTaHOBIIEHO 3HaueHue 0, cienyroriee
13 MPaBWIBHOW CHUHXPOHM3AIMHU, TO €cTh U3 BhipaxeHus (107). Iloaromy, korna umMnynsc noiaer
710 TOYKH X5, TOT/1a IPABUIILHOE NTOKA3aHUE HAXOASIIMUXCS TaM 4acoB HE 75, a

g -V (115)
y

[Tpu Takoit mHTEepHpeTanuu jeBas 4acTh ypaBHeHus (114) mpencrasnser coboii peanbHOE
BpeMsi, HEOOXO0JMMOE UMIYIIbCY Ha MPOXOKACHUS 10 TOUKHU X;. ECIM "acel, Haxosmuecst B TOUKe
X5, ObUT OBl MPABUIILHO CHHXPOHHU3MPOBAHBI COTIIACHO BbIpaxkeHuto (107), To olHOHampaBIeHHAs
cKOpocTh cBeTa coctapmiia 06l (108) wmm (109), a ve (61) umm (62).

W3 BblIECKa3aHHOTO ClENYET, 4yTO ecnu napamerp e(v) # 0, Torga BO3MOXHBI pa3IndHbIE
uHTEeprpeTanuu  npeodpazoBanmii  (43)-(44) u  (46)-(47). B CnemmanenHoit  Teopun
OTHOCUTENBHOCTH NPHUHATA HHTEPIIPETALMS, YTO CUMTHIBAHUS YacOB HEOOXOJMMO TPAKTOBATh
OyKBaJbHO. DJTO TPUBOAUT K TOMY, YTO pa3Hble HaOMIOAaTeNnu, U3Mepsis Te ke (U3ndecKue
SBJICHUS, IOJIy4alOT pa3Hble Pe3yJbTaThl (MCKIOYEHHEM SBIIAETCS OJHOHAIPABIEHHAs CKOPOCTb
ceeta B Bakyyme). B CTO cuurtaercs, 4To 3TO CBOMCTBA MIPOCTPAHCTBA-BPEMEHH, a HE PE3YJAbTAT
PaCCUHXPOHHU3ALMH YaCOB MEXAY MHEPLUAIbHBIMU CUCTEMAMH.

JUis BTOpOM MHTEpIpeTanuy 3HAaueHHUs napameTrpa e(v) npuHsatue e(v)#0 mpuBoauT
K paCCUHXPOHHU3allM¥ 4acOB B MHEPLUAIBHOM CHUCTEME, HO IIPHU 3TOM HCIOJIB3YETCSI KMHEMAaTHUKa,
ocHoBaHHas Ha napamerpe e(v) =0. Ilocne pacCMHXpOHM3ALlMM YacOB MX 3HAUEHUS HE CTOUT
TpakToBaTh OykBasibHO. Ecnu B pacuerax mpuHHMaeTcss BO BHUMaHHME (DaKT PacCHHXPOHHU3AIUH
4acoB, TOT/Ia Jiro0asi KWHEMaTuka ¢ napameTpoM e(v) # 0 mepexoquT B KHHEMAaTHKY ¢ TapaMeTpoM
e(v) =0. CornacHo 3TOM HMHTEpIIpeTaluu mapaMmerp e(v) He JaeT BO3MOKHOCTU MOJYyYUTb HOBBIE
KMHEMaTUKU. Bce KMHEMaTUKH, BO3MOXHBIC UI1 IPUHATBIX B 3TOM crarbe moctynaros [-IV,
cozepkarcsi B mpeoopazoBanusx (85)-(86). KunemaTuku OTIMYAIOTCS TOJBKO OJHUM MapaMeTpoM
nonepeyHoro cokparienust y(v). B monorpaduu [10] moka3zaHo, 4To MpH TaKOW WHTEPIPETAINH
CTO cranoButca CTD c¢ yHuBepcanbHOM cucTeMoil orcyera. COIVIACHO 3TOM MHTEPIPETALUU
MHOTHE BBIBOJIBI COBPEMEHHOM (DM3MKH, TMONydaloOIIMecs Ha OCHOBE MaTeMaTHKH, Ha KOTOPYIO
omupaercsi CTO, sBmstores omubounsiMu. To ecth Matematuka CTO mnpaBuibHas, HO
MHTEPIIPETALMS 3TOM MAaTEMaTUKU — HEITPaBUJIbHA.
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Beenenune mnapamerpa e(v) #0 B mpeoOpasoBanus [ammnes (104)-(105) mnpuBogur
k nmpeoOpazoBanusiM (99)-(100). To ecth mocie pacCHHXPOHU3AIMH YacOB MEXKIY Pa3IMYHBIMU
MHEPIHUAIBHBIMUA CUCTEMaMU TOJYJaloTCsl IpeoOpa3oBaHusi, B KOTOPBIX MOKa3aHUS YaCOB CHCTEMBI
U' 3aBucAT 0T uX nonoxeHus. OIHAKO IO CyTH — 3TO KJacCHuYecKas KMHEMaTHKa, 3alucaHHas
B Oosiee ci0XHOM Buje. Benp cnoco® ycTaHOBKM HayajbHBIX 3HAUCHHM Ha yacax cucteMbl U’
B KJIACCHUYECKON MEXaHHKE HE BJIUSAET Ha MpOoTeKaHue (pu3ndeckux mnpoieccoB. PopmansHO, TEM HE
MEHEee, MOJKHO 3amucarb 3Ty KHHEMAaTHKy C ucnoJsib3oBaHueM mnapamerpa e(v)#0. Ecmu
B KJIACCHYECKOW KHHEMAaTHKE, 3alUCaHHOW C WCIOoJIb30BaHWeM mpeoOpazoBanmii (99)-(100),
MOKa3aHMs pACCUHXPOHU3UPOBAHHBIX YaCOB OYAyT TPAKTOBATHCS KaK OyKBaJIbHbBIC 3HAUCHHUS, TOTAA
MO>KHO TOJIYYUTh BBIBOBI 110I00HBIE OJTY4YEeHHBIM U3 IpeoOpazoBanus Jlopenua B CriennanbHOM
Teopun OtHocutensHOCTH. TO ecTh, HaNIpUMEp, YTO OTHOCUTENBHBI: OJJHOBPEMEHHOCTh COOBITHIA,
3aMeJUIEHHE BPEMEHHM M INPOAOJBHOE COKpauleHue. Ecnu Bce-TakM NPUMEHHUTh BTOPYIO
UWHTEpHpeTaluio, Torga Bce kuHematuku (99)-(100) nmpuBoadTcs K KJIaCCMUECKON KHHEMATHKE,
onucanHo# npeobpazoanusimu (104)-(105).

B »ar1oii crarbe mnpuHATA MHTEpHpeTalus napamerpa e(v) TaK, 4YTO OH OIMCHIBAET
PACCHHXPOHHU3ALMIO YacOB B MHEPLHUANBHBIX cUCTeMax oTcueTa. B monorpadum [10] B pazmene
»dem aensemcs Cneyuanvuas Teopus Omuocumenvhocmu (CTO)” ObUIO BBHICKa3aHO MHEHHE, YTO
napaMmeTpy e(v) MOKHO IpUIHCATh €Ule OJHY, TPEThl0 MHTepnpetanuto. Ilapamerp e(v) Moxer
OIMCHIBATH NEPEMEIICHNE BO BPEMEHU U MPOCTPAHCTBE, peanusyemoe npeodpazoBanuem. [lInpoko
INPUHATO CYUTATh, YTO MPeoOpa3oBaHUE CBA3ZBIBACT MEXYy COOOM 4achl, HAXOISIIMECS B JAHHBIN
MOMEHT HENOCPEACTBEHHO PSAOM. TO €CTh NMEPECUMTHIBAIOTCS KOOPAMHATHI OJHOIO M TOTO K€
COOBITHS, BUAMMBIE W3 Pa3IMYHBIX CHUCTEM OTcueTa. Tak moHuMaeTcs mpeobOpasoBanue Jlopenua
B CriertmanibHoit Teopun OtHocutensHocTd. Ho Benp mpeoOpa3oBaHHE MOXKET IMEPECUUTHIBATH
KOOpPJMHATY IOJIOXKEHUS YacOB K KOOPAMHATE MOJIOXKEHHUS TEX K€ CaMblX 4acOB B JIPYroil CUCTEMeE
oTCYeTa, HO TaKOM, MPU KOTOPOH ATH Yachl OKaXXyTCs B OyAyIIeM WM HAaXOJUJIUCh B MPOILIOM.
[Ipu Takoil MHTEpHpeTanuu MpeoOpa3oBaHUE HE MEPECUUTHIBAET KOOPAMHAT OJHOTO U TOTO XKe
COOBITHS, @ TOJBKO KOOPJMHATHI pa3iuyHbIX coObITHiA. [Ipu Takoit uHTEepnpeTanuu napamerpa e(v)
npeoOpa3oBaHKe CBSA3BIBAET KOOPIMHATHI OJTHOTO U TOTO K€ COOBITHS TOJBKO Korja e(v) = 0.

8. 3nauenue mapamertpa e(v) 1Jis 3amMeJIeHUs BPpeMeHH

8.1. OTHocuTeJbHbII X0 BPEMEHH B IBYX HHEPIIMAJTBbHBIX CHCTEMAaX

B cnywae mpeoOpa3zoBanmii, B KOTOpBIX mapamerp e(v) # 0, Helab3s HEMmOCPEICTBEHHO Ha
OCHOBAHUU IOKa3aHUU YaCOB YTBEPXKIAaTh, YTO B KAKOW-TO MHEPLHUAIBHOU CUCTEME OTCUYETA BPEMS
TEe4eT MEIJICHHEeEe WM ObIcTpee, YeM B YHHUBEpCAJbHOM cucTtemMe orcuera (ubo B Ipyroi
HMHEpLHAIIBHOM cucTeme).

PaccmoTpuM nokaszanHyro Ha pucyHke 10 cutyanuro. B nnepumnaneHoii cucreme orcuera U’
HaxoauTcst Habmoaarens O, a B yHUBepcallbHOM cucteme U HaxoauTest Habmoaarens O.

VY wabmomarens O' B ero cucreMe orcdyera uMMerorcss 4dacel B;. Yacel By Haxomdrcs
HETOCPEICTBEHHO ¢ HabmoaareneM. Y HaOmonatens O B ero CUCTEME OTCUETa UMEIOTCS Yachl A;.
Yacel Ay HaxoIsaTCsl HEMOCPeICTBEHHO ¢ HaOmomateneM. HaOmromatenn O u O’ HE MOTYT
HETOCPECTBEHHO CPaBHMBATh ITOKa3aHUN 4YacoB Ao W By, Tak Kak HaXOJATCS Ha OOJBIIOM
PacCcTOSIHUU APYT OT Ipyra U NOCTOSIHHO JIBUXKYTCSI OTHOCUTENIBHO JIPYT ApyTa.

Kaxxapiii u3 aTix HaONMrOAaTeneid MOXKeT B 00O MOMEHT CHSTh IMOKa3aHHs C JABYX 4acoB,
HaXOJISAIINXCS] HETTOCPEACTBEHHO pAIoM ¢ HUM. Habmonarens O MOKET CUMTHIBATh BPEMS CO CBOUX
4acoB Ao U MPOXOJALUIMX MUMO HEro 4yacoB B;. C KOHKPETHBIX 4acoOB B; MOXET CUHUTaTb BPeMs
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TOJIBKO OJJMH pa3, KOTrJa 3TU YacCbl HAXOOATCA PAAOM C HHUM. Ka)KHbIﬁ pa3 npu CHUUTBIBAHUU
BpPCMCHH C 4aCOB Bi ACJIACT 3TO C pa3HbIX YaCOB.

9TH YacHl MPOJIETAIOT MUMO
HaoOmonareins O
A

— > X,t

9TH YacHl MPOJIETAIOT MUMO
HaoOmonarens O’
A

4

Puc. 10. BpeMeHa, HU3MEPACMBIC IBYMA Ha6J'IIO,HaTeJ'IHMI/I 13 PAa3JINIHbIX CUCTCM OTCUCTA.

AmnanoruyHas cUTyalus cBsizaHa ¢ HabOmromatenem O'. Habmoparenbs O' MOXKET CUMTHIBATD
BpEMS CO CBOMX 4YacoB By M MpOXOASIIMX MUMO HEro 4acoB A;. C KOHKPETHBIX 4acoB A; MOXKET
CUMTaTh BpeMs TOJBKO OJMH pa3, KOTJa 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 HaxXOIATCS
psanoM ¢ HUM. MoXkeT Takke (PUKCHPOBATh MOJIOKEHHE TAKMX YAaCOB OTHOCHUTEIHHO KOOPAWHAT
cucreM U u U'. BoiBeZieHHBIE B 9TON CTaThe MpeoOpa3oBaHusl BPEMEHU M KOOPIAMHAT TOJI0XKEHUS
CIIyXKaT Ul Iepecuera MOKa3aHUi OTHOCUTENIBHO OJJHOM CUCTEMBI OTCYETA K MIOKa3aHUSAM B IPYrou
CUCTEME OTCUETA.

B paccmatpuBaemoii cutyauuu it Habmogarens O U3 yHUBEPCAIbHON CHCTEMBI OTCUETa
MPUMEHNMO BBIpaXeHUE [Tl 3aMme uieHus Bpemenn (50), a ans vabmoaarens O' U3 MHEPIUATHHOM
CUCTEMBI OTCUETa MPUMEHUMO BhIpakeHue 17 3ameieHus: Bpemenu (51). To ectp Habmonatens O
OLICHUBAECT OTHOCUTEJIBHOE TEUEHUE BPEMEHU Ha CPABHUBAEMBIX MM Yacax CIEAYIOIIMM 00pa3oM

!
dx=0 = a’—t:L—ev2 (116)
at  yy

Hab6nronarens sxe O' OlIeHHBAaET OTHOCHTEIBHOE TEUCHHE BPEMEHH Ha CPaBHUBAEMBIX UM
qacax CIeIyIOLUIM 00pazom
a1
dx'=0 » —=—o (117)
dt  yy

To ectb ecnu e(v) # 0, Trorna Habmogarenn O u O' MO-pa3HOMY OLEHST OTHOCHUTEIHHOE
TE€YCHHE BpeMeHH (3TO OBLIO OTMeueHO B mojpasnene 4.1). JlonoJHuTenbHO HE00X0 MO 00paTHTh
BHHUMaHHE Ha To, 4T0 Habmoaarean O u O’ CUUTHIBAIOT MOKA3aHUS BPEMEHH C Pa3HBIX YaCOB.

Jns nabmomatens O U3 YHUBEPCAIBHOM CHCTEMBl OTCUETa TEUEHHE BPEMEHHU Ha dacax B;
U3MEpSETCS HE OAHUMM YacaMy, a MHOTMMHU IIOCJIEA0BATEIbHO MPOXOAAIIMMU MUMO Yacamu. Eciu
qacel B; pacCHHXPOHU3UPOBaHbI, Torjaa HaOmogaTens (', CUMTBHIBasS C HUX BpeMs, HE HU3MeEpseT
peanbHOro TeueHusi BpeMeHu B cucteMe U'. B Beipaxenuu (116) npucyTcTByeT MHOKUTEh e(v)V,
ONMCHIBAIOLIMI BIIMSHUE PACCUHXPOHM3AIMM YacoB B; Ha 3aMeJUICHHE BPEMEHH, H3MEpSEMOE
Habmonatenem O.

HaGmronarens O' u3 MHEPIHUAIBHON CUCTEMbI OTCUETA OLICHUBACT 3aMEIJICHHE BPEMEHHU Ha
OCHOBaHMHU TIOKa3aHUM YacoB A;. OTM Yachl HEMOJBM)XHBI OTHOCUTENBHO 3dupa u Obuln
CHHXPOHHM3UPOBAHbl C HCIIOJIb30BAaHHMEM CBETa, KOTOpPBIA M3 IMOCTyJara HMeeT B 3dupe
OJ/IHOHAIPABJIEHHYIO CKOPOCTh cO 3HaueHueM c. U3 3aBucumoct (117) caenyer, uro mapamerp e(v)
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HE BJIMSET Ha U3MEPEHUE 3aMeIJICHUS BPEMEHH, ocyliecTBisieMoe Ha0monarenem O'. To ecTh 4achl
A; He ObUIM PAaCCHHXPOHM3MPOBAHBI 3TUM mnapamerpoMm. HaOmonmatens O' cuumThIBaeT peanbHOE
TE€YEHHE BPEMEHU B YHUBEPCAIBbHOH cucteMe orcuera U.

Ecmu e(v) # 0, Torna usmepenus 3ameaiieHuss BpeMeHu HaomogarensiMu O u O' pa3IuyHblL.
[TosToMy Henb3s OOBEKTHBHO yTBEPXKAATh, YTO B OJHON CHCTEME OTCYETa BpeMs TedeT ObIcTpee,
a B Apyroil — MeneHHee. 3aTO MOXKHO YTBEPXKAATh, YTO UX Yachl HE CHHXPOHU3UPOBAHBI.

8.2. Xoa BpeMeHH B NOJABUKHON MHEPUHUAIBLHOH CHUCTEMe

To, uto mapamerp e(Vv) ONMUCHIBAET CHOCOO PACCHHXPOHM3ALMU YacOB B HMHEPLUAIBHBIX
CHUCTEMAxX OTCUETa, MOYKHO 3aKIIOYUTh TAKKE Ha OCHOBAHMM 3aBUCUMOCTU [UIsl 3aMEJICHUS
Bpemenu (50). Habmonarens O, mpexactaBieHHbIH Ha pucyHKe 10, HEMOABMXKEH OTHOCUTEIIHLHO
YHUBEPCAJIBHOM 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
Te4YeHUE BpEMEHH Ha Jacax Ao yaoBIeTBOpseT ycinouio dt > 0. Ha ocroBanuu (50) nomydaem

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

To ectp Habmogarens O CUMTHIBAET BpeMsi 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 OTHOCHTENBHOCTH, TO 3AKIIOUMI OBbI, YTO B MHEPLHUAIBbHOW cucteme orcuera U’ Bpems
TedeT oOpaTHO. OHAKO 3TO HE MpaBJia, TaK KaK COIJIACHO MOCTYNATy KaXJable Yachl B; OTMEPSIOT
BpeMsl COTJIACHO OCH BpeMeHH. [IpinunHa Takoro cTpaHHOTO U3MEPEHHUs B TOM, YTo Habmoaarens O,
CUMTBIBAs BpeMs Ha yacax B;, HE U3MEpSET PEaJIbHOr0 TEUEHUSI BpPEMEHU B MHEPLMAIBHOM CUCTEME
orcueta U'. Ha ero u3sMmepeHue BAMSET TO, KaKk 4Yachl cucTeMbl U’ pacCMHXpPOHM3MPOBAHBI
napamerpoMm e(v). To ectb ecnu 4achl B;j CHJIBHO OIAa3JbIBAIOT MO OTHOIIEGHHIO K 4Yacam B;
(¢, <<t!), Torma tedeHwe BpeMeHH, H3MepseMoe HabmomarenemM O Ha 4dacax B; u B, Oynmer
otpuniatenbHbM (¢,; — ¢/ < 0). Crnoco0 pacCHHXpPOHM3AIMM YacOB IMPEJICTaBICH Ha pPHUCYHKE 9.
UYroObl Takoil a¢dexT Habmonancs, nmapamerp e(v) NODKEH NPUHUMATh JOCTaTOYHO OOJbIINe
MIOJIOKUTEIbHBIE 3HAYEHMSI. DTO IPEACTABIECHO Ha pUCYHKe 11.

5 e(v)v [107° ¢/m]

Ep—

PN U S U S S S
Lo di'<Q

3 - i e Tl Sl o e

7 ) ESURRAS S N S S SO SO S

1 1CODVEIGO YOIV XN
=0 :

0 1. i} LL .......................

A== mrmm e

P .

R S S S

_____________ >0 1
0 2 3
v [10® m/c]

Puc. 11. Bimsnaue 3Ha4enus napamerpa e(v) Ha U3MEpEHHE BPEMEHH B BIDKYILEHCS HHEPLMATbHON CHCTEME
HaOII0AaTeNIeM U3 YHUBEPCAIBHOMN cucTeMbl oTcuera (df > 0u w(v) = 1).

32 www.ste.com.pl




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

Ota npobnema Oblia MpeaCTaBiIeHa MHAYe B pasznene 6.7, rie Ha MpUMepe PacIIupEeHHBIX
npeoOpasoBanuii ['ammiies ObUIO TMOKa3aHO, YTO OLIEHKA TEYEHUS BPEMEHM Ha OCHOBAHHH
[IOKA3aHUM JBYX PA3HBIX YacOB, JAXKE€ €CIM OHU B OJHOW M TOH K€ HMHEPLUAIBLHOU CHUCTEME,
NPUBOAMUT K OIIMOOYHBIM BbIBOJAM, eciu napamerp e(v) # 0. B takom ciydae ecnu HaOmonaTensb
CUMTBHIBAET HA OJHUX 4Yacax 3HAUYEHUE I, 3aTEM Ha CIEAYIOLIMX Yacax — 3HA4Y€HHUE f, TO 3TO HE
03HA4YaeT, YTO MEXJy CUMTBIBAHUSIMM NPOILIO BpeMs # — #. Ha pa3HOCTb # — £ BIUSET peaabHOE
TE€YEHHE BPEMEHH, a TAKXKE TO, B KAKOM CTENEHU 3TH JIBOE YACOB PACCUHXPOHU3UPOBAHBI.

8.3. HpaBHJ’lLHBIﬁ crnocoo CUHXPOHM3AIUHA YaCO0B B MHEPHHUAJTBHBIX CUCTEMAX

Teneps Oyner mpeacTaBiIeHO J0Ka3aTelNbCTBO TOTO, YTO CHHXPOHM3AIMS YacOB IO METOIY
OiHIITeHa (BHYTPEHHMM METOAO0M) (aKTHUECKHd MPHUBOJUT K PACCHUHXPOHM3ALMM YacoB
B MHEPIMANBHBIX cHucTeMax. B olOmem, 310 o3Hadaer, uro ecnu mapamerp e(v)#0, To dackl
B MHEPLMAIBHBIX CHUCTEMAX PAaCCUHXPOHM3UpPOBaHbl. C Ipyroil CTOPOHBI, CHHXPOHHU3ALUs 4YacoOB
BHEIIHUM METOJOM, TO €CTb OTHOCHUTEIBHO YaCOB M3 BBIIEICHHON CHCTEMBI OTCYETA, IPUBOIUT
K NIPaBUJIbHON CUHXPOHU3ALMH.

BHemnsas cuHxpoHuzanus Oblia mpeayoxkeHa B cTatbe [3], HO Oe3 JoKas3aTenbcTBa ee
IIPaBUJIBHOCTH, MPEACTaBIEHHOM 31ech. CTaThs [3] conepKUT HEBEPHBIN BbIBOA, uTO CrienuanbHas
Teopuss OTHOCUTENBHOCTH (B TOM CMBICJE, KOTOPBIA MPHUIUCHIBAETCS € Cero/iHs) SKBHBAJICHTHA
TEOPUH C IPHPOM.

Msl mpenmosnaraem, 4TO Ui HaOdronartens W3 BBIJCNEHHOM cucTreMbl oTcuera U
OJIHOHAINPAaBJIEHHAs] CKOPOCTh CBETA UMEET IIOCTOSHHOE 3HaU€HUE ¢. MBI Takke IpeanoaracM, 4To
MPOCTPAHCTBO Ui 3TOr0 HaOMIONATENs SBISETCS OJHOPOIHBIM, TO €CTh OHO MMEET OJMHAKOBBIC
¢u3nyeckue CBOMCTBA B KaXIOW TOuke (OJHOPOAHOCTb BBITEKACT W3 MpearnosioxkeHus [V
CIICITAaHHOTO B TJIaBe 3).

B yactu a) pucyHka 12 nokasan nmoesz, KOTOpbIH HE IBUIKETCS OTHOCUTEIBHO BBIIEICHHOMN
cucreMsbl orcuera U. Bee yacel B oesze U B cucteme U HEenmoABUKHBI I10 OTHOLLIEHUIO IPYT K APYTY
U ObUIM CHHXPOHU3HUPOBAHBI C MOMOILBIO CBeTa. B 1aHHBIE MOMEHT OHM YKa3bIBAIOT 3HAYCHUE
t'=t=0.

a) AL(0) v=0
ALY
U t'=t=0
t=0 t=0 t=0
X, t =U
5) ALW). v>0
B £>0 =U' £>0 t>0

@@%E n@@% n@@% E n@@% n@@% E n@@%

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

t=t"+const(t)

X, t U

Puc. 12. CI/IHXPOHI/IBaHI/IH YaCOB B MHCPHUAJIBHBIX CUCTEMAX MCTOAOM HUX YCKOPCHUS.
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Iloe3n HauMHaeT ABUTaTbCA C YCKOPEHUEM, IOKa €r0 CKOPOCTh OTHOCUTEIBHO CHUCTEMbI U
HE JOCTUTHET OIIpeNENeHHOro 3HaueHus v > (. Bce BaroHel yCKOpSIIOTCSI OJMHAKOBO. BaroHsl
HEXXECTKO CBSI3aHBI MEXIY COOOH, OATOMY ATO HE MPOTUBOPEUHUT SIBJICHUIO coKparienus JlopeHma-
Ouiypkepanpaa. Maes 3akitoyaeTcss B TOM, YTO €CJIM BaroHbl YKOPAauMBaKOTCS, TO OJHOBPEMEHHO
paccTosiHME MEXIy HMMH COOTBETCTBEHHO yBenuuuBaercd. llocie nocTmkeHHs CKOPOCTH V BEChH
10€3/1 HAXOJUTCS B MHEpLUUAIBbHON cucteme U'. DTO moKa3aHo B 4acTH 6) pucyHka. Kaxple yacel
HaxoJsIIMecs B IIOE3A€ IPOJETAIOT MHUMO HEKOTOPBIX YacOB HAaXOAALIUXCS B BbIACICHHOU
cucreme U.

IlockonbKy BO BpeMsl YCKOPEHHUS BCE BaroHbl IBUTAIUCh OJUHAKOBO, IO3TOMY AJIs
HabOmromatenss U3 cucrtemMbl U Bce yachl M3 MOe3Aa M3MEpsIM Bpemsl oaWHakoBo. He umeer
3HAUEHUs, KaK YCKOPEHHME BIIMAET Ha TEMII, C KOTOpPbIM Yachl B IIOE3A€ M3MEPSIOT BpEMS.
CnenoBarenbHO, 3HAUYEHHE, YKa3aHHOE JIOOBIMH YacaMd B TOE€3/€, OTIMYACTCd OT 3HAYCHHUS,
YKa3aHHOTO MpPOJIETAIOIIMMHA MHUMO 4YacaMu cuctembl U, Ha OJHO M TO € 3HadeHue. Takum
o0Opa3om, UMeeT MECTO

t—t' = constans(t) (119)

TakuMm CBOMCTBOM OOJNAMAIOT JIMIIL YacChl, OMMMCHIBAEMbIC MPEOOPA30BAHUSIMH, B KOTOPHIX
e(v) = 0. B HEeckoJIbKO MHOM KOHTEKCTE 3TO MOKa3aHO Ha pucyHke 8. Hamportus, npeobpa3oBaHus,
B KOTOPBIX e(Vv) # 0, HE YAOBIETBOPSIOT ITOMY CBOMCTBY. DTO MOKAa3aHO Ha PUCYHKE 9.

[Ipouenypa, npeacraBieHHas Bbiile (PUCYHOK 12), SIBJASIETCS €CTECTBEHHBIM U MPABUIbHBIM
METOJIOM CHHXPOHM3allMd 4YacoB B MHEPLUUAIbHBIX cHCTeMax. Eciu npocTpaHcTBO  uid
Habmronatens u3 cucteMbl U 0OHOPOIHO, TO Yachl B MOABMKHOW MHEPLHUAIBHON CHCTEME JOJKHBI
ynoBieTBopsATh ycinoButo (119). Otcioga cnemyer, 4to B mpeoOpa3zoBaHUsIX, B KOTOPHIX e(Vv) # 0,
4achl PACCUHXPOHU3UPOBAHBI.

9. 3axiauyeHue

B craTthe npeacTraBjeH OPUTMHAJIBHBIA MeETOA MCCJIeI0BaHUsS IpeodOpa3oBaHHA
BpeMEHH M IO0JIOKeHHMS B OTHOILICHMHM NpHeMJIeMbIX HMHTepIpeTanuil, KOTOpble MOKHO
OTHECTH K ITHM NpPeodpa3oBaHUAM.

B crartbe BbIBEIEHBI BCE BO3MOXKHBIC IUHEHHBIE MPEOOpPA3OBaHUsSA, YIOBJICTBOPSIONINE
pe3ynbTaTam 3KcrepuMeHToB MaiikenscoHa-Mopnu u Kennenu-Topunaiika (0e3 Bpamenus). Ha
OCHOBaHUU ATHX MPe0Opa30BaHU MOKHO MOCTPOUTH MHOYKECTBEHHBIE KHHEMATUKH C PA3IMYHBIMU
¢dusnueckumu cBoiictBamu. CyliecTByeT OSCKOHEUYHOE MHOXKECTBO KHHEMATHK, COTJIACYIOIIUXCS
C SKCMIEPUMEHTAMHU 10 UBMEPEHUIO CKOPOCTHU CBETA.

B 3T10ii craThe Takke MPOAEMOHCTPUPOBAHO, UTO CYIIECTBYET OECKOHEYHOE MHOMXKECTBO
pa3IMYHBIX KHHEMATHK, B KOTOPBIX OJHOHAMPABJICHHAS CKOPOCTh CBETa B BAKyyMe€ UMEET B JIFO0OM
HaIMpaBJICHUU U B JTIOO0H MHEpLUATbHON 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 OJHOPOIHO. DTO MOKA3bIBAET, YTO B PEATbHOCTH
HMHEPLHUAJIbHBIE CUCTEMBI OTCUETA HKCIIEPUMEHTAIBHO Pa3IUYUMbl, TO €CTh HE3KBUBAJIEHTHBI. JTO
CJIelyeT U3 TOr0, YTO JaXKE €CJIHM MPENOI0KUTh, YTO OJTHOHAIIPABJIICHHAs! CKOPOCTh CBETA SIBJISIETCS
abcomrotHoM, To CnermansHas Teopuss OTHOCHUTENBHOCTH HE SBISETCS MPABUIBHOW MOJEIBIO
pealbHBIX MpoIeccoB. Ecnu opHOHampaBlieHHAas CKOPOCTh CBeTa a0COJIIOTHO MOCTOSIHHA, TO
MPABMWIIBHON MOJIENBIO PealbHBIX MPOIECCOB OyAeT KMHEMAaTHKa, OCHOBaHHAsI HAa MPeoO0pa3oBaHUU
Jlopenia ¢ nonepeunsiM cokparieHuem (79)-(80).

34 www.ste.com.pl




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

Kunematuku, B KOTOpBIX OJIHOHANpABIEHHAas CKOPOCTb CBETa BCErJa IIOCTOSIHHA,
BO3MOXHBI, €CIM IIPUHATH UHTEPIIPETALINIO NTapameTpa e(v), kak npuHaro B CrneunansHoii Teopun
OTHOCHUTENBHOCTH, TO €CTh OH ONHKCHIBAET CHEelM(UIECKre CBOHCTBA IPOCTPAHCTBA-BPEMEHH, a HE
PaCCUHXPOHHU3ALMIO YaCOB B MHEPLUAIBHBIX CUCTEMAX OTCUETA.

Opnnako mapaMerp e(v) MOXHO HHTEPHPETUPOBaTh HHAYE, TO €CThb YTO OH OIMCHIBAET
cnoco0 PpacCHHXPOHHM3AIMM YacOB B MHEPUUAIBHBIX CHCTEMax OTCUETa [0 OTHOUICHUIO
K YHUBEPCAJIBLHOU cHcTeMe oTcyera. B cratbe chopMynMpoBaH TE3UC, YTO NMPHUHIATUE MapaMeTrpa
e(v) # 0 npuBOANUT K paCCUMHXPOHU3ALMH YAaCOB MEXKIY Pa3IMUHBIMU MHEPLUAIbHBIMU CUCTEMAMHU
orcyera. Ho crmoco6 ycTaHOBKM HadaJdbHBIX 3HAYCHUH HA YacaxX, HAXOAAIIUXCS B MHEPLHATbHBIX
cucTeMax OTCYeTa, He BIHMSIET Ha MpoTeKkaHue (u3MyecKux mpoiieccoB. Eciu mpUHATH Takyro
MHTEPOPETAIMIO ATOTO MapaMeTpa, To Jro0as KMHeMaTHka ¢ napaMmerpoM e(v) # (0 mpuBOIUTCS
K KHHEMaTHuKe, OCHOBaHHOM Ha mnapamerpe e(v)=0. IlosTomMy eAMHCTBEHHBIM MapaMeTpoM,
KOTOPbIM MOTYT OTIM4YaTbCid KUHEMATHUKH, YyAOBIeTBopstolmue nocrynaram [-IV, sBusercs
napaMeTp MOINEpeYyHoro cokpameHus (v). Toraa HEBO3MOXXHbI KUHEMAaTHKH, B KOTOPBIX
OJTHOHAMNpPAaBJICHHAs CKOPOCTh CBETa IOCTOSHHA B JII00OM MHEpUMaNbHOM cucteme oTcueTa. Bee
KMHEMAaTUKH coJepkarcs B mpeoOpasoBaHusx (85)-(86). BreipaxkeHue st OJHOHANPABICHHON
CKOPOCTH CBETA JIJIsl STUX KUHEMATHUK BBIBEJCH B cTaThe [12].

B crarbe ObUIO MPOJEMOHCTPUPOBAHO, YTO MHTEPIIPETALUs MapaMmerpa e(v) Tak, Kak 3TO
npuasaTo B CTO mpuBoaut x mpotuBopeunto (pasmenst 4.5, 6.7 u 8). To ects oOmenpuHsTas
B (U3MKEe MHTEpHpeTalys 3TOro mnapamerpa — omubouyHa. [IpaBuibHas MHTEpPIIpPETAUsl 3TOTO
napaMmerpa TakoBa, 4To ecau e(v)#0, To wyacsl B HMHEPUMAIBHBIX CUCTEMAax OTCYETa
paccMHXpOHU3HUPOBaHbl. Torna Henb3s OyKBAIBHO CPaBHUBATH OTCUETHI BPEMEHU C Pa3HBIX YacoB
OJHOM M TOM 7K€ MHEPLHUAIBHOW CUCTEMBI OTCYETA.

HezaBucumo ot cmocoba mHTepnperanuu mnapamerpa e(v), mapamerp y(v) He sBIseTcs
M3MEHEeHHeM MacmTaba. 9TO O4EeBHIHO, €CIHM 3aMETHTh, YTO B KaXKIAOW MHEPLUAIBbHOHN cucTeMe
OTCUeTa H3MEPEHUS BBINOJHAIOTCS C MCIOJIb30BAHUEM TEXHMUYECKHM HJIEHTUYHBIX YCTPOWCTB.
ChHauana B KakoOH-TuOO MHEPIMAIBHOM CHUCTEME OTCYeTa MPOU3BOAATCS WACHTHYHBIC Yachl JUIs
U3MEpPEHUsl BPEMEHHM U WJACHTUYHBIE JIMHEHKU AJI1 U3MEpEHUs paccTosHuM. Jlajnee yacTb 3THX
YCTPOMCTB MEPEHOCUTCS] B JApPYrM€ HHEpLHUAIbHBIE CUCTEMBI. BbIBEEHHBIE B JTOW CTaTbe
npeoOpa3oBaHUs OINMKCHIBAIOT CBSA3M MEXKAY H3MEPEHHMSIMH YKAa3aHHBIMH BBIIIE WJCHTUYHBIMU
yCTPOMCTBaMHM, Pa3MEIICHHBIMU B YHUBEPCAJIbHOM CUCTEME OTCUETA U PA3IUYHBIX MHEPIUAIBHBIX
cucremax orcyera. Jlioboe m3MeHeHHe mapamerpa (V) MPUBOAMT K M3MEHEHMIO (PU3MUECKHX
CBOMCTB KHMHEMaTHKHU. JlOCTaTOYHO 3aMETUTh, UYTO O3TOT IapaMETp OMNpeAeseT 3aMeUIEHHE
BpEMeHH, onucaHHoro BeipaskeHueM (51). To ecTh TO, Kak U3MEHSETCS CIOCO0 U3MEpPEHUSI BPEMEHH
JBUKYIIMXCS OTHOCHUTEIBHO YHHMBEPCAJIbHOM CHUCTEMBI OTCYETa YacOB B 3aBUCUMOCTH OT
napamerpa y(v).

Bce skcnepuMeHTHI, MPOBOAMMBIE YEJIOBEKOM, HAONIONANKCh M3 HHEPLHMAIBHBIX CHCTEM
OTCYeTa, JBHUTraBIIMXCA C HEOOJNBIIMMH CKOPOCTSIMHU OTHOCHTEIBHO YHUBEPCAIBHON CHCTEMBI
oTcuera (pucyHok 6). Takue sKCHEepUMEHTHl HE JAIOT OTBETA OTHOCUTENIBHO TOTO, KAK BBITJISISAT
3aKOHBI TPUPOJABI A HaOmomaTenel B HHEPLUUANbHBIX CHUCTEMax OTCYETa, JBHMIAIOIIUXCS
c OOJIBIIMMHU  CKOPOCTSIMH ~ OTHOCHUTENIBHO  yYHUBEpCAIbHOM cuctembl orcuera. [lostomy
B (DM3MYECKHUX TEOPUAX OCYLIECTBIISETCS IKCTPATIOJISALMS PE3YIbTaTOB, MOJYYSHHBIX B JIOCTYITHBIX
HaOJIoaTeNI0 cUCTEMaxX OTcueTa, Ha Jpyrue HWHEpLHUaNbHble cHUCTeMbl OTcueta. Ho Beap
JIONYCKAaeMble KaK IPaBUJIbHbIE MOJEIM pEalbHBIX MPOLECCOB KHHEMATUKH OCHOBAHbI Ha
peoOpa3oBaHUAX, KOTOPbIE HE YIOBIETBOPSIOT mocTynaty III Bo Bcex MHEpIMAIbHBIX CHCTEMax
OTCUETa, a JIMIIb B CUCTEMAX, TOCTYIHBIX JUIsl 3KCIIEPUMEHTOB.

[Tpo6nema, yTo MareMaTHUECKUM (GOpMyJaM MOTYT ObITh Ha3HAU€HBI pa3Hble (PU3UUYECKUE
MHTEpIpEeTaINM, KacaeTcs He TOJIbKO mpeobpasoBanus Jlopenua. Hanpumep, B cratbe [16] Obu10
MOKa3aHO, YTO TPABUTALMOHHBIC BOJHBI MOXKHO WHTEPIPETHUPOBATH KaK OOBIYHYIO MOIYIISLIUIO
HaIpPsHDKEHHOCTH TPaBUTALIMOHHOTO IMOJIS.
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JIns KakJ0M KHHEMaTUKH MOKHO BBIBECTH OECKOHEYHOE MHOJKECTBO IMHAMHUK. MeTof,

KOTOPBIA 3TO TO3BOJIIET CAeNaTh, okazaH B paborax [10] u [14], a B crarbe [15] mpencraBieHo
00BSICHEHUE TOTO, YTO TAKOE BPeMs B KHHEMAaTHKAaX.
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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 ¢. The Lorentz transformation is only one of those infinitely many
transformations.

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

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

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

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