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AHHOTANUA:

[IInpoko pacnpocTpaHEHO MHEHUE, UYTO KCIepUMeHTh MaiikenbcoHa-Mopiu ¢ 1887 roga
u skcnepuMmeHT Kennenu-Topuaaiika ¢ 1932 roma mokaszanu, 4TO HET YHUBEPCAIbHON CHCTEMBI
orcyera (3(UpP) M UYTO CKOPOCTH CBETa B BaKyyMe aOCONIOTHO TIOCTOSIHHA. AHAIM3 JTHX
AKCIIEPUMEHTOB MpHUBeN K coznannio Crnennanbaoi Teopun OtHOcuTensHOCTH (CTO).

B cratee oOBsicHseTCS, MOYEMy C TIOMOIIBIO 3KCIEPUMEHTOB MaiikenbcoHa-Mopiu
u Kennenau-Toprmaiika He Moria ObITh 0OHApY)XKeHA YHUBEPCAJIbHAS CHCTEMA OTCUETA.

Kpome Toro, B 3T0il craThe MBI BBIBOJMM Ha OCHOBE TI'€OMETPUYECKOIO aHalln3a
sKkcriepuMeHTOB Maiikenscona-Mopau u Kenneau-TopHaaaiika npyroe nmpeoOpa3oBaHUe KOOPIUHAT
U BpeMeHH, ueM mpeobpa3oBanue JlopeHna. Mbl BBIBOAMM IpeoOpa3zoBaHHe, Mpearnosaras, uTo
CYIIECTBYET yHHMBEpcallbHas cuctema otcuera (universal frame of reference - UFR, adup). UFR
ABJIAETCS CHCTEMOM OTCueTa, KOTOpas OTIMYAETCs TE€M, YTO CKOPOCTh CBETa B HEW MOCTOSIHHA
B JII000M HarpaBjieHUU. B MHEpHHMANIBHBIX CHCTEMax OTcueTa, MBIKYyIHXcs oTHocuTenbHOo UFR,
CKOpOCTh CBETa MOXET OBITh pa3HOM.

B cratbe MBI monydaeM (opMyny Afii OTHOCHUTENBHOM CKOpPOCTH M (opMmynbl Asis
MaKCUMaJIbHOW U MUHHMAaJIbHON CKOPOCTH CBETA, KOTOPasi MOXKET OBITh U3MEPEHAa B MHEPIIUAIbHON
cucreme. B KoOHIle, MCHONB3YSl MPEICTaBICHHYIO TEOPHIO, OOBACHSAETCS SIBJICHUE AHU30TPOIUU
MHUKPOBOJIHOBOTO (hOHOBOTO HU3IydeHHus. COrylacHO MOJENNM KWHEMAaTUKU Tell, MpeACTaBICHHON
B OTOM CTaTbe, aHU30TPONUS MHUKPOBOJIHOBOrO (DOHOBOTO U3IydyeHUs g HaOmromarens,
nsuxkyierocs otnocutenbHo UFR, o6ycnosnena apdexrom dommnepa.

Bes cTaThst cCOOEpKUT TOIBKO OPUTHHAIBHBIE HCCIEA0BAaHUS aBTOPOB MyOIHKAIIIH.

KiroueBble cjioBa: KHHEMAaTHKAa TCJI, YHHBCPCAJIbHAsA CHUCTCMaA OTCUCTA, HpCOGpaBOBaHI/IC
KOoOpAuHaT M BPEMCHH, CKOPOCTH CBE€Ta B OAHOM HAIIPABJICHWUH, AHU3OTPOIIHA PCIUKTOBOIO
HU3JTy4YCHUA
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1. BBeaeHmne

B crathe mpencraBiieHO OOBSCHEHHE Pe3yJIbTATOB SKCIEPHUMEHTOB MaiikenbcoHa-Mopiu
[3] u Kennenu-Topupaiika [1], mpu ycioBuUH, YTO CYHIECTBYET MHEpIMAJIbHAs CUCTEMa OTCUETa
(UFR), B KOTOpO# CKOPOCTH CBETA MOCTOSIHHA. B MHEpLMANBbHBIX CUCTEMAaX OTCYETa, JBUKYIIMXCS
orHocutenbHo UFR, omgHOHampaBiieHHass CKOPOCTh CBeTa MOXKET ObITh pa3nudyHoil. B crarbe
NpPEJCTaBICH BBIBOJ MpeoOpazoBaHuii u3 wuHepuuanbHoii cucreMel k UFR wu w3 UFR
K UHEPIHAJIbHOM cCHCTEME C UCIIOJIb30BAHUEM F€OMETPUUYECKOTO METOA.

Hukorma He 6pu1a TOUHO H3MEPEHA CKOPOCTh CBETA B OHOM HampaBlieHWH. Bo Bcex TOUHBIX
71ab0paTOPHBIX IKCIEPUMEHTAX U3MepsUIach TONIbKO, Kak U B dKcriepuMeHTe Maiikenbcona-Mopiu,
CPEIIHsIsl CKOPOCTh CBETa, MPOXOJIAIIErO MyTh MO 3aMKHYTOM TpaeKkTopuu. B 3TuX s3kcnepumeHTax
CBET BCEr/la BO3BpalllaeTcsi K TOUKE BbIXoAa. Takum o0Opa3om, MpPEanoioKeHHUE O IMOCTOSHCTBE
CKOpPOCTH CBeTa (MTHOBEHHOW CKOpoCTH), mpuHsaToe B CriennanbHol Teopun OTHOCUTETHFHOCTH HE
UMeeT yOEIUTENbHOTO  AKCIEPUMEHTAIBHOTO  O00OCHOBaHMS. BwiBom  mpeoOpa3oBaHUi,
MPEACTABICHHBIM B JAHHON CTAaThe, OCHOBBIBACTCS Ha MPEINOJIONKEHUHU, BBITEKAIOIIEM U3 3TUX
AKCIIEPUMEHTOB, TO €CTh, YTO JAJISl KaXJA0ro HaOIIogaTelNs CpeaHssl CKOPOCTh CBETAa, IIPOXOSIIETO
MyTh Ty/la U OOPATHO, SIBJISIETCS TOCTOSTHHOM.

[IpeobpazoBanne «UFR - nnepumansHas cuctemay (27)-(28), moiydeHHOE B 3TOH CTaThe,
C MCTIOJIH30BAaHUEM T€OMETPUUYECKOTO METO/Ia OBLIIO YK€ MOJYYCHO IPYTHM METOJIOM B CTAThAX [2]
u [10]. B pabote [2], aBTOp mosy4m1 3T0 mipeoOpazoBaHue U3 mpeodOpa3oBanus JlopeHma 3a cuer
CUHXPOHHU3AIIMM YacoOB B MHEPLUMAIbHBIX CHUCTEMax C HCIOJIb30BAHUEM BHEIIHETO METOa.
[IpeobOpazoBanue, moaydeHHOE B paboTe [2], SIBISETCS MO-IPyroMy 3aliCaHHbIM MPeoOpa3oBaHUEM
JlopeHuia mocie u3MEHEHUsi METO/a M3MEpPEHUs] BPEMEHHU B HWHEPIUMAIbHOM CHUCTEME OTCYeTa,
MMOATOMY 3TOMY IIpeoOpa30BaHMUIO MPUCBOCHO cBolcTBa CrnernuanbHoil Teopun OTHOCHUTEIBHOCTH.
[TpeobpaszoBanue (27)-(28) umeeT Apyroit puzmueckuid cMbICI, 4yeM npeobpa3zoBanue JlopeHia, Tak
KaK COTJIaCHO TEOPHH, M3JI0KEHHOW B ITOM CTaTbhe, MOXKHO ONPEAENIUTh CKOPOCTh OTHOCHUTEIHHO
VHUBEPCATbHOM CHUCTEMBI OTCUETa C TIOMOIIBI0 JIOKAIBHOTO U3MepeHus. Takum o00pazom,
yYHHUBEpcajbHasi CHCTeMa OTcueTa SBJSETCS pealbHOW, W 3TO HE CBOOOJHO BBIOpaHHAS
WHEepIUaIbHasl CUCTEMA.

2. IlpuHATHIE NpeANnoJI0KEeHUA

B npeacraBnenHoM aHanu3se skcnepuMeHToB Maiikenbcona—Mopiu u Kennean—TopHaaiika

MIPUHUMAEM CIIEAYIOIINE MPEITOIOKEHUS:

I.  CymectByer cucrema orcuera (UFR), oTHOCHTENBHO KOTOpPOH CKOPOCTh CBETAa B BaKyyMe
OJIMHAKOBA B Ka&X/IOM HAIlpaBJICHUU. OTY YHUBEPCAIBHYIO CHCTEMY OTCYETa Ha3bIBa€M
3hupoM.

II. [Jns xaxgoro HabOmrOmaTeNst CPEIHSSI CKOPOCTh CBETA HA MYTH TyAa U OOpAaTHO HE 3aBHCHUT OT
HaIpaBJICHUs PACIIPOCTPAHEHMsI CBETA. DTO BBITEKAET U3 IKcIIepuMeHTa Maiikenbcona-Mopin.

III. CpenHsisi CKOPOCTh CBETa Ha MyTH TyAa W OOpaTHO HE 3aBUCUT OT CKOPOCTH HAOJIO/IATEss
OTHOCUTENBHO YyHHBepcaibHOU cuctembl oTcuera (UFR). DTo BbITEekaeT M3 SKCIEpUMEHTA
Kennenu-TopHaaiika.

IV. B HanpaBieHuM NEPHEHIUKYISIPHOM K HAIpPaBICHUIO CKOPOCTH Tela, JABUXKYILETOCs
otHOocuTenbHO UFR, HE MpOUCXOIUT €ro COKpalieHue a TakkKe ero yIIMHEHHE.

V. [Ipeo6pazoBanne «UFR- nHepnanbHasi CUCTEMay SBIISETCS JIMHEHHBIM.

[IpencraBineHHbId B OSTOM CTaThe BBIBOJ NPEOOpa3oBaHUsA OTJIMYACTCA OT BBIBOJIA
reOMETPHUECKUM MeTOoJIoM npeoOpazoBanus Jlopenna, Ha koTopoit ocHoBana CTO. B CTO npu
BBIBOJIE MTpeoOpazoBanus JIopeHIa npeamnoaaraeTcs, 4To 00paTHOEe MpeoOpa3OBaHNE UMEET TOT KE
BUJI, UTO U MIEPBUYHOE TIpeoOpazoBanue. Takoe MpeanonokeHne OCHOBaHO Ha yOeXKICHUH, UTO BCE
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MHEpLHATIbHBIE CUCTEMbl SKBUBAJCHTHBI. B mpeacTaBieHHOM B A3TOH CTAaTbe BBIBOJE, MBI HE
npezrnoiaraeM, Kakyro popmy UMeeT oOpaTHOE peodpazoBaHHUE.

[TpunsTHIE B 3TON CTaThe MPEANOIOKEHHUS O CKOPOCTH CBETA TaKXKe cllabee, YeM MPUHSATHIE
B CTO. B CTO npeamonaraercsi, 9T0 CKOPOCTh CBETa aOCOTIOTHO MMOCTOSIHHA, HECMOTPS Ha TO, YTO
HU OJMH SKCIIEPUMEHT 3TOro He JoKa3al. B 3Toil crarbe OBLIO NPUHATO NPEANOJIOKEHUE,
BBITEKAIOIIEee M3 HKCIIEPUMEHTOB, @ IMEHHO, YTO CPEIHSISI CKOPOCTh CBETA SBIISIETCS] TOCTOSTHHOM Ha
nyTH K 3epkaly U ooOpatHo (mpeamonoxkenust II m III). B mpemcraBieHHBIX pacCyX)IACHUSIX
MIPEIoJIaraeTcs, YTO CKOPOCTh CBETA SIBIISIETCS MTOCTOSTHHOM TOJIBKO B OJTHOM BBIJICIICHHOH CHCTEME
orcuera - UFR (mpeanonoxxenue I).

[Ipeanonoxenus IV u V Beimonuens: B CT3, a takxke B CTO.

B pa6otax [7] u [8] ObuTH BBEACHBI MIACHTHYHBIC TTPEOOpa30BaHUs, Kak B 3TOW CTaThe, HO
C IPUHSATHIM JIOTIOJHUTEIBHBIM MPEANONIOKEeHHEM. B 3Tux paborax ObUT BBINIOJHEH aHATU3
MIPOXO’KICHHSI TOJIBKO OJHOTO TIOTOKA CBETA.

3. Bpemsa u nyThb npoxoxgeHnus ceeta B UFR

Paccmorpum cucremy U', KoTtopas IBHXKETCS OTHOCUTEIBHO CHCTEMBI U, CBA3aHHOU
¢ apupom, co ckopocThio v (pucyHok 1). B cucteme U’ HaxoauTcs 3epkajio Ha paccTossHuM D' oT
Havayia cuctemMbl KoopauHaT. CBeT B 3pupe IBMKETCS C MOCTOSHHON CKOpOCThiO ¢. VI3 cuctemsl U,
3 Touku x' =0 B MOMEHT BpeMeHU ¢ = (), ObUT BBICIIAH JIyd CBETAa 0 HAMPABICHHUIO K 3EpKaly.
Jlocturast 3epkaiia, CBET OTpa)kaeTcsl U JABIXKETCS B 3(upe B MPOTHUBOIMOIOKHOM HAIPaBICHUU CO
CKOPOCTBIO —C.

[Ipuaumaem crenyroomme o0O3HAYCHUsS I HaOmromarens, Haxojsmerocs B ddupe:
SIBIIICTCS. BpEMEHEM MPOXOXKICHUS CBETA K 3€pKally, f, - BpeMsl BO3BpAICHHS CBETa B UCXOTHYIO
TOUKY. L; 1 Ly SABASIOTCS MyTAMHU, KOTOPBIE IPEOA0JIEBAET CBET B Adupe TyAa U oOpaTHO.

a) A D' .. 3epkaio v X'
____________________ o —
0o t ; --------- U’
y oo L
____________________ D LD Ll L
0 D U - UFR
%41 Lo, b

g g g M | [

Puc. 1. Bpems 1 myTh NMPOX0KICHHS CBETA K 3epKAITy U 00paTHO:
a) TyTh CBeTa, HAaOJI0JaeMbIi U3 WHEpIHabHOU cuctembl U', 6) yTh cBeTa, Habmogaembiii 3 UFR.

Korpa cBer aBukeTcst 10 HampaBJICHUIO K 3€pKajly, TOT/Ia 3€pKaio OTAAISIETCS OT HEro CO
ckopocThio v. Korja cBeT Bo3Bpamaercs B ToUKy x' = 0 mmocie oTpakeHus OT 3e€pKajia, TO 3Ta TOUKa
npuOIKaeTcss K HeMy €O CKopocThio v. HaOmromarenb, Haxopsmuiics B cucteme U, BUAHT
paccrosaue D' kak D. [lonydyaem

L =D+v-t, L,=D-v-t, (1)
t1:£:D+v.tl, IZZEZD—V-Q (2)
C C C C

YpaBHeHus (2) Haf0 PEIINTh OTHOCUTENBHO ¢ U f,. [lomyyaem Bpems U MyTh MPOXOKICHHUS
ceeta B UFR
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=2 =P 3)

, =
cC—V c+v

L=ct,=D-—, L=ct,=D-F (4)
cC—V c+v

4, TeoMeTpUYECKH BHIBOJ IPe0Gpa3oBaHUA

Pe3ynpTarsl 3KCHEpUMEHTa CO CBETOM IPOAHATIM3UPOBAHBI, KAaK ITOKAa3aHO HA PUCYHKE 2.
WNueprmanshas cucrema U' IBUXXETCS CO CKOPOCTBIO V OTHOCHUTEIBHO cUCTeMbl U, CBsS3aHHOM
¢ UFR, napamiensHo ocu x. Ocu x 1 x' 1e’kaT Ha OAHON IPSIMOH.

B TtOoT MOMEHT, Korja Hayajlla CHUCTEM COBIMAJAIOT, 4Yachl B 00EUX CHCTEMax
cuHxpoHusupyrorcd. Yacel B cucreMe U cBsazaHHOM ¢ UFR CHUHXpOHM3HUPYIOTCS BHYTPEHHHUM
MeroaoMm [2]. Yacel B cucteme U' CHHXPOHH3UPYIOTCS BHEITHUM METOJIOM TaKMM 0Opa3oM, 4To,
ecsn yacel cucteMbl U yka3siBaroT BpeMs ¢ = 0, TO HaxXOIALIMECS PsIIOM C HUMHU 4Yackl cucteMsl U’
TaKxke copaceiBatores, T.€. t' = 0.

!

YA a)
i D’ U — >
¢, vt il ¢, var'
| c.i D o
R -
< o ) -
G
Y 0)
2 2 U- UFR
c, 't/ | e, Vot
L/ L
, D'
: c, t L
""""""""""" S 1’; : "
L avt vt L ot |
Xp Ly

Puc. 2. Tlytu aByX mydeii cera.
a) Habmoaemble HabonareneM u3 cucremst U’
6) HabOnronaemblie HaOmogarenem u3 cucremsl U (UFR).

B cucreme U’ mpoBeleHO 3KCHEPUMEHT [0 H3MEPEHUI0 CKOPOCTH CBETa B BaKyyMe
MEePIEeHIUKYIISIPHO M TapauieIbHO HAMPABICHHUIO ABMXKEHUS cUCTeMbl U’ OTHOCHUTENBHO 3dupa.
B kax10M M3 3THX HAINPaBJIICHUH CBET MPOXOUT ITyTh K 3epKairy u o0paTHo. Ha pucynke 2, B wactu
@) TOKa3aHbl MyTH MPOXOXKACHUS CBETA, KOTOPhIE BUAUT HAOIIOIATENb, HAXOSIIIUICS B CUCTEME
U', a B 9acTy 0) - KOTOpPbIE BUIUT HAOJI01aTeb, HaXoAsImuiics B cucreme U.

B cucreme U cBeT Bcerma HMMeEET IMOCTOSHHYIO CKOPOCTh ¢ (mpeamosoxeHue ).
CoobOpaxkeHus KacaroTcs MPOXOXKIACHHUS CBETA B BAKYyME.

CormacHO  BBIBOJAM,  BBITEKAIOIIUM U3 JKCIepuMeHTa  MaiikenscoHa-Mopiu,
IpeIoNarajioch, 4YTo CpeaHss CKOpOCTb CBETa ¢, Ha IYTU K 3epKaldy W oOpatHo B cucteme U’
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OJIMHAKOBAa B Ka&XJOM HAalpaBJI€HUH, B YAaCTHOCTH B HAIpaBICHUU, NApauIeIbHOM Ocu '
(mpennonoxenue II). Kpome Toro, mpenmonaranoch, 4To CpeqHsAs CKOPOCTb CBETA C, Ha IIyTH
K 3epKajy ¥ 00paTHO HE 3aBUCUT OT CKOpOoCTH Hadmtoatens oTHocutenbHo UFR (nmpeanonoxenue
1.

W3 npennonoxenuii II n III cnexyer, 4Tto cpenHss CKOPOCTh CBETA C, B MHEPLUUAILHOU
cucteMe orcueta U' Takas ke, Kak CKOpOCTb cBeTa ¢ B cucreme U. Ecnu mpeanosnoxum, 4yTo
CpenHsisl CKOPOCTh CBeTa ¢, B cucreMe U’ sBiseTcs HEKOTOPOH (DyHKIUEH CKOPOCTH CBETa C
B cucteme U, 3aBUCUMOM OT CKOPOCTH V, TOTAA

c,=f(v)e (5)

W3 npennonoxenus Il cnenyer, uTo cpeaHss CKOPOCTh CBETa ¢, OJUHAKOBA AJIs Pa3HbIX
ckopoctei 3emnu oTHocutenbHO 3upa (mpenmnonoxenue III), moatomy f(vi) =f(12). Tak kak
f(0) =1, tax yro f(v) = 1 ana kaxa0¥i ckopoctu v. OTCI0a CIEAYET, YTO C = Cp.

3epkana cBszaHbl ¢ cucteMoit U’ W pasMelneHsl Ha paccTosHuHM D' OT Hadajga KOOpJIWHAT.
OpHO 3epkano HaxoguTcs Ha ocu x', BTopoe - Ha ocu y'. Ilpenmomnaraercs, yto paccrosaue D’
MEPIEeHIUKYISIPHOE CKOPOCTH V, SIBJISIETCS OJMHAKOBBIM JUIsl HaOmrogarenel ¢ o0eux CHCTeM
(npeanonoxenue [V). [loaromy Ha pucyHke 2 Ta ke camas AnuHa D' HAXOIUTCS B YacTH a)
Y B 4acTH 0).

Bpemst nmpoxoxknenusi cBera B cucreme U BAOIL OCH X A0 3epkajia 0003HaueHo f;. Bpems
MPOXOXKACHHS 0OpaTHO 0003HAYEHO 7;.

Bpewmst npoxoxaenus ceeta B cucteme U’ BIosib ocu x' 10 3epkasia 0003Ha4eHo ¢{. Bpems
MIPOXOKJCHHS 00paTHO 0003HAYEHO 7;.

O6miee Bpemst 0003HAUYEHO COOTBETCTBEHHO tu t' (t =t + L ut' =t] + 15).

Jlyu cBera, OIBMXKYIIUICS MapaliebHO OCH ), ¢ TOYKU 3pEeHUS cHUCTeMbl U BUIKETCS IO
OOKOBBIM CTOpPOHaM paBHOOEIPEHHOrO TpPEyroiibHUKa paBHbIM L. TpeyronbHUK sBisieTcs
paBHOOEIpEeHHBIM B cBsi3u c mpeamnonoxeHuem [. Ilockombky ckopocTh cBeTa B cucteme U
SIBJIIETCS. IOCTOSTHHOM, TO BpEMSI MPOXOKIECHUS BOJb KaXXI0M CTOPOHBI OJMHAKOBO U PABHO #/2.

B cucreme U nyd cBera, ABHXKYIIUKCS MapajuIeTbHO OCH X IO HANpPAaBICHHUIO K 3EpKaly,
MpeoIoIeBaeT paccrosiuue L; B TedueHuu ¢;. Ha oOpatHOM myTH TpeojioyieBacT paccrosiHue L,
B TEUCHUU f,. DTH PACCTOSHUS SBISIOTCS Pa3HBIMHU, T.K. B dQUpe IBIKETCS 3epKajo M TOUKa, U3
KOTOpPOH BBICIIAHO JIy4 CBETA.

O06a nyya cBeTa BO3BpAIAIOTCS B UCXOJHYIO TOYKY B OJHO U TO K€ BpEMs, KaK B CHCTEME
U, Tak u B cucreme U'. DT0 cnenyeT u3 npennonoxenus Il u u3 ycTaHOBIEHUs 3epKal Ha TOM Ke
pPacCTOSIHUM OT TOYKH U3ITyYEHUS CBETA.

Kak st mabmromarens W3 wmHepUHalIbHOW cucTteMbl U', Tak W 11 HaOmromaTenss u3 cucteMbl U
CKOPOCTh CBETa MOKHO 3aIuCcaTh

20" 20" 2L _ L+
tH+t, t o+t

(6)

W3 ypaBHeHusa (6) MOXHO omnpeaenuTs myTd L u D', 3aBUCAIIME OT CKOPOCTH CBETA C
U BPEMEH NIPOXOXKIECHUS CBETA #, ' COOTBETCTBEHHO B cucremax Un U’

ct ct'
L=%, p=2= 7
5 5 (7)

Cxopoctb cuctemMbl U’ OTHOCUTENBHO a0COMIOTHOM crucTeMbl oTcdeta U o6o3HaueHo v. Tak
KakK X, ABJIETCS IIyTeM, KOTOpBIi cucteMa U’ MpoleT B TeUEHUH BPEMEHH ! IPOXOXKICHHS CBETA,
CIIeZIOBATEIILHO

v=—1y X =Vt (8)
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Hcnonb3yst reoMeTpuio, MpeICTaBICHHYIO HA PUCYHKE 2, TyTh L MOKHO BBIPAa3UTh Kak

L=\(x,/2) + D" =\/(vt/2)* + D" 9)

VYpaBHenue (9) mocie BO3BEACHHS B KBAApaT U C y4yeTOM YypaBHEHUS (7) NPUHUMAET
CIEeAYIOUIUN BU

(ct/2)* = (vt/2)* +(ct'/2) (10)

VYnpoias, nosydaem
t*(c* —v) =(ct')’ (11)
tzl'; o x' =0 (12)

J1-(v/c)

B npuBeneHHOM BbIIIE YpaBHEHUH HAXOAATCS TOJIBKO T€ BPEMEHaA ¢ U ', KOTOPbIE OTHOCSTCS
K LIeJIOMY IyTH Jy4a CBeTa - A0 3epkaja u oOparHo. Cieayer OTMETUTh, YTO U3MEPEHHE 3TUX
BpeMeH mpoBoauTcs B Touke x’' = 0. [lockonbky mnmuHy D' MOXHO MOAOOpaTh Tak, YTOOBI BpeMs
MIPOXOXKACHHS CBeTa ObUTO Jt000€e, TO ypaBHEeHHE (12) SABIsSETCS UCTUHHBIM IS JIFOOOTO BpeMeHH ¢’
U COOTBETCTBYIOLIETO €My BPEMEHH /.

Hmunaa D', cBszanHas ¢ cuctemoi U’ m mapaisenbHas OCH X, ¢ TOYKU 3peHusi cuctembl U
HaOmonaercs kak D. Ecnu cBeT NBIKETCS MO HAMPABICHHUIO K 3€pKally B aOCOIIOTHOM CUCTEME
orcueta U, TO mpeciemayeT 3epKajo, KOTOpOe HaxOAMTCS OT Hero Ha paccrosuuu D. Ilocne
OTPaXCHUS CBET BO3BpAIACTCS K HUCXOJHOW TOUYKe, KOTOpas BblOeraeT emy Ha Bcrpeuy. C
MOMOIIbI0 ypaBHEHUH (4) mojydaeM ypaBHEHHE Il MyTH TPOXOXKIEHUS cBeTa B cucteme U
B 000MX HaIPABJICHUSAX BIOJIb OCH X'

c
L =ct,=D ; L,=ct,=D
c—v c+v

(13)

W3 ypaBuenuit (13) MOXKHO ONpeAETUTh CyMMY M pasHULly myTei L; u L, KOTOpbIe CBET
npouien B cucreme U

L+L,=D-% +p-< -op— 1

c—v c+v 1-(v/c) (14)
L-L,=p-% -p< =2p¥. 1 _

c—v c+v c 1-(v/c)

N3 BTOpOro ypaBHEHHS MOKHO ONpEAEIUTh IyTh, KOTOpbIM cucrema U’ mpouuia 3a
IIOJIOBUHY BPEMEHU IPOXOKACHUS CBETA #/2, T.€.

xp_V_t_Ll_Lz_ v 1
2 2 2 c 1-(v/c)’

(15)

[TockonbpKy MpeamnosiokeHo, 4To B cucteme U, CBA3aHHON ¢ 3(pUpoM, CKOPOCTh CBETa ¢
MOCTOSIHHA, TO 00a MYTH, KOTOPBIE Mpeo 10yieBaeT cBeT 2L u L+L,, OTUHAKOBBI

2L=L +1, (16)

[oncrasnss (9) u nepBoe u3 ypaBHenuii (14) , monyyaem

2Jot27 + 0 =2p— 1 (17)

1-(v/ec)’
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PaznenuB o0Oe yacTu ypaBHEHHsST Ha 2 W BO3BEAS B KBaapar, a Takxke ydutbiBas (15),

noJjryyaem
1Y 1Y
DZ-—2 +D?* =D’ —_— (18)
c 1-(v/c) 1-(v/c)

N3 ypaBHenus (18) MOXKHO ONIpeAeIUTh YpaBHEHNE COKPAIICHUS JJTUHBI

D*=D ( J(l—(v/c))
&4 (19)

D' =D /c) =D——ne
( —-(v/ey J - 1/1—(v/c)
D=D'\1-(v/c) (20)

B npuBeneHHOM BhIIE ypaBHEHHH HAXOAATCS 1BE [UIMHBI D u D', sBustommecs
PaAcCTOSIHUSAMU MEXY 3€pKallaMd U TOYKOW pacrmpocTpaHeHHus cBeTa. Tak Kak JIuHY D' MOXKHO
BBIOPATh MPOU3BOJILHO, TO ypaBHeHUE (20) cripaBeiTMBO TSl TIOOBIX 3HAUCHUH D'

Bcerasus (12) B (8) nonyyaem

X, = ! =0 1)

V' — g X' =
! J1-(v/c)

Mpb1 mpenmnosiaraeM, 4To TpeoOpa3oBaHWe W3 HHEpIUanbHOM cuctembl U’ k a¢upy U,
ABIsieTCA JMHEHHBIM (mpenmnoinioxkenue V). Ecim k mpeoOpa3oBaHUIO BpeMEHHM M KOOpAMHAT
nonoxkenus (12), (21) ngobGaBUTH NHHEHHOE BBIPAXKEHUE 3aBUCHMOE OT X', TO TIOJIy4aeM
npeoOpa3oBaHue C HEM3BECTHBIMU KO PUIIMEHTAMHU a, b

1 :

J1=(v/c)’ T

! 1 ’
X=vV'——x+bx
J1-(v/c)’

[IpeobpazoBanue (22) MOMKHO OBITH CHPaBEUIMBO IS JHOOOTO BPEMEHHW W KOOPAMHAT
MOJIOKEeHUS. B uacTHOM ciy4ae, OHO CTIpaBeAJIMBO B MOMEHT CHHXPOHHU3AIIUY YacoOB, TO €CTh KOT/Ia
BpeMsa t =t'=0 mna toukm c koopauHatramu D' B cucteme U'. B CBs3M ¢ 3TUM, BCTaBisieM
B npeoOpazoBanue (22) t=¢'=0, x'=D" u x =D. B 370T MOMEHT ObUla IPUMEHEHA BHEIIHSAS
CUHXPOHHU3AIMs 9acoB B cucteme U’ Ha ocHOBe 4acoB B dupe U. YuutsiBas (20), momydaem

0=aD’

J1-(v/c)’D' =bD’

Otcrona nonyyaeM Ko3hPUIMeHTsI a u b
a=0

=J1-(v/c)’ @9

OxoHuaTenbHO TNpeoOpa3zoBaHue M3 1000 HHepuMadbHOH cucremel U’ B cucremy U,
CBSI3aHHYIO C 3()UpOM, IPUHUMAET BH]L

t=t
(22)

(23)
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zz———i———f (25)

J1=-(v/c)’
—H(l/) v 1= (vfe)” o (26)
—(v/c

[Tocne mpeoOpazoBanus mojydaeM oOpaTHOE MpeoOpa3oBaHUE, a UMEHHO MpeoOpa3oOBaHUE
u3 cuctemsl U, CBsI3aHHOM ¢ 3(hupom, B HHEpLUATIbHYIO cuctemy U’

t'=\1-(v/c)* -t (27)

x :;(—vz%x)

J1-(/e)’ (28)

X =

5. OTHOCHUTe/IbHAsA CKOPOCTh U CYMMHUPOBAaHHUE A6COJIIOTHON CKOPOCTH

HNuepumaneayto cuctemy U’ temepp o6o3Haumm U;. U3 3TOM WHEPIMAIBHOW CHCTEMBI
HaOmonaeTcs Apyras uaepuuansHas cuctema U,. OtHocutenbHo cuctemsbl U (UFR) uneprinanpHas
cuctemMa U; UMeeT CKOPOCTh Vi, a WHEpIMOHHas cucteMa U, mMeeT CKOpocTh v, (puc. 3). Mel
OTIpECTUM OTHOCUTEILHYIO CKOPOCTD Vy/; cucTeMbl U,, HabmogaemMyto u3 cuctemsl Uj.

1)
L, X2 Uz
Va1 1%
#, X1 U,
t Vi
x U-UFR

Puc. 3. Unepunansusie cuctemsl Uy, U,, neuxyuiuecst B UFR co ckopocTbio vy, v;.

[IycTh dx - n3MeHeHne mooKeHus1 cucteMbl U, B MHTEpBalIe BPEMEHH df, HaOII0JaeMoe U3
cuctembl U. Tenepb MOKHO HalKcaTh, 4YTO

dx
V2 :Z

[Tycth dx; - n3MeHeHue NONoKeHUsl cucTeMbl U, B UHTEpBaJie BpeMEeHH df|, HaOII0aeMoe
u3 cuctemsl U). Tenepb MOKHO HammmcaTh, 4TO

(29)

(30)

st Toro, 4TOOBI OMPEIEIUTh OTHOCUTEIBHYIO CKOPOCTh cucTteMbl U, oTHOcuTensHO U,
BeIUMCINM nuddeperimanst mpeodpazoBanus (27)-(28) (¢ = ¢, x; =x', v = V)

dt, =\1-(v,/c)* - dt

dx, = SN (—vdt +dx) 3

V- /ey’

Otu nuddeperuans BeraBiseMm B popmyiy (30)
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1

———(—V,dt + dx)
_ Y- /e)’ (32)
! 1= /o)t
dx
~ —Vl +E 33
Vasi —m (33)

YuuteiBas ypaBHeHue (29), moiaydaem pa3plCKUBaeMyto (hOpMyny OTHOCUTEIBHON CKOPOCTH
WHEPIHATbHON cucTeMbl U, OTHOCUTEIIBHO HHEPIUATIBHOU CUCTEMBI U}

V., =W

vV, =——— 34
M 1—/e) G4

Hcxons U3 9T0r0, ToayduM GOpMYITy s CyMMUPOBAHUS a0COTIOTHON CKOPOCTH
V, =W +V2/1(1_(V1/C)2) (35)

6. CkopoCTb CBeTa B MHEPIMAJIbHOM CUCTEME

Brrauciaum Tenepb CKOpOCTh CBETa B 10001 MHEpHHAIbHOU cucteme Uj.
PaccmoTtpuM Tpu mHepumanbHble cucteMbl otcuéra U, U, u Us, nBmxkymuecs B sdupe
HapajieNIbHO OCSIM KOOPAMHAT, PUCYHOK 4.

—C U3

Cp2 = V3/1 c U,

Cpl =V,
pl 2/1 vy U1

Puc. 4. CkopocTh cBeTa B OJTHOM HAIIPaBJICHUH.

Cucremsl U, u Us cBsI3aHBbI CO CBETOM, HO JBUKYTCSl B IIPOTHBOIIOJIIOKHBIX HAIIPABICHUSX.
Takum 006pazoM, UX CKOPOCTH PaBHBL: v, = ¢ U vz = —c. Cuctema U; aBmxkercs otHocutenbHo UFR
co ckopocthio v >0. M3 ypaBHeHus (34) MOXXHO BBIUMCIUTH CKOPOCTH CBETa B BaKyyMe,
U3MEPEHHYIO B cucteme U

c—v c*(c—v,) c(c—v,) c’
ol = Vo = 1 ) 21 = : = sc (36)
1-(v,/¢) c -V (c+v)(c—Vv) c+v
—Cc—v ci(c+v cc+v ¢’
Cp2=Van = == (2 21):_ ( ) == <—c (37)
1-(v,/¢) c -V (c+v)(c—V) c—v

Korna cBer nBuxercst B 3(hupe B TOM K€ HAIpaBJICHUH, 4TO U cuctema U, TO ero CKOpoCTh
B cuUcTeMe BbIpakaercs ypaBHeHHeM (36). Korma cBer aBmkercs B 3Qupe B MPOTHBOMOIOKHOM
HalnpaBJieHWH, 4YeM cuctemMa U], TO €ro CKOpPOCTb B CHCTEME BBIpaxkaeTcsi ypaBHeHHeM (37).
I'paduku 3THX CKOpOCTEl B 3aBUCUMOCTH OT V| TIOKa3aHbl HA PUCYHKE 5.

Otcrona cnenyer, 4To, eciu cuctema U] JBIDKETCS CO CKOPOCTHIO OJU3KOH K ¢, TO CBET
JIBUKYIIUICS B TOM K€ HalpaBlIeHUH, UMEET 10 OTHOIIeHUI0 K U; CKOpocTh ONM3Kymo K ¢/2. CBer,
JBIDKYIIUICS B OOpaTHOM HAIIpaBJICHWH, UMEET MO OTHOIIEHHIO K cucTteMe U; OecKOHEYHYIO

9 www.ste.com.pl



OOBsCHEHHE Pe3yNbTATOB dKcIepuMeHTa MaiikenbcoHa-MopIiy Tpu MOMOIIH YHUBEPCATIBHOIM CHCTEMBI OTCUYETa
Szostek Karol & Szostek Roman

ckopocTh. OTcrofa cienyer, 4To OTHOCHTEIbHO MHEPLHOHHOW CHUCTEMBI CKOPOCTh CBETa MOXKET
ObITH OUYEHb OOJbIIAs, TaK Kak yachkl B cucreMe Uyt meiieHHei, uem B UFR. CkopocTh cBera
B UFR To4HO paBHa c.

Ckopoctb v; aBisgercs ckopocTeto cucteMbl U; otHocutensbHo UFR. Ilycts B cucreme U
CBET JABWKETCS MapauieabHO V. Tak »Xe, Kak B JKcrepuMeHTe MaiikenbcoHa-Mopin, CBeT
IIPOXOJUT IyTh L B TeUEHUE BPEMEHH ¢'. B KOHIIE TyTH OTpakaeTcs OT 3epKajla ¥ BO3BPAILAETCS 110
TOMY ke IyTH L B TeueHue BpeMeHH . Torna cpeansist CKOpocTh cBeTa, Ha ocHoBaHUH (36) u (37),
OyJIeT ciemyromas

o = 2L 2L B 2L B 2 —i—c (39)
Sr_t'+t"_£+i_ L N L _c+vl+c—vl_§_
Cp Cpo c? c? c? c? c?

Cp1,Cp2 [3- 10 M/c|

1 ......
0.5

'

'

'

'

'
S A S

0 02 04 06 0.8 1
vi [3-10° m/c]

Puc. 5. CkopocTb cBeTa B MHEpLUAIBHON cUCTEME, ABMXKYIIEHCS co cKopocThio v oTHOocuTenbHO UFR
(¢p1 - MUHHMAIIbHASA CKOPOCTB, Cpy - MAKCHMAJIbHAsA CKOPOCTD).

ot-----

1 -0.8 -06-04 02

DTa CKOpPOCTh COIVIACYETCS C pe3yJbTaTaMu »HKclepuMeHta Malikenbcona-Mopiu, u3
KOTOpPOTO CJIEAYeT, YTO CpelIHsAsS CKOpPOCTh CBETa B BaKyyMe IOCTOSIHHA M paBHa ¢ (CpenHss
CKOpOCTh, @ HE MTHOBEHHas1). MBI MOKa3aiu, 4ToO U3 KcrepuMeHTa Maiikenbcona-Mopiu Henb3s
CHeNaTh BBIBOJ O TOM, YTO MTHOBEHHAas CKOPOCTb CBETa ITOCTOSIHHA B KAXKJIOM HaIpaBJICHUU.
Ckopoctu BbIpakeHHBbIe ypaBHeHHsSMH (36) u (37) sBustotrcss pasHbiMu. [lepBas kacaercs
HaIlpaBJI€HUsl COBMAJAIOIIET0 CO CKOPOCTBIO Vi, & BTOpas - HAIPABICHUS MPOTUBOIIOJIOXKHOTO
cKkopocTH vi. TeM He MeHee, CpeliHss CKOPOCTh CBETA IIOCTOSIHHA U pPaBHA C.

B pa6otax [6] u [9] Obuia monydyeHa obmas GopmMynna i CKOPOCTH CBETA, JIBIKYIIIETOCS
B JIIOOOM HAmNpaBIICHUU B BaKyyMe, BUIA

2
c
c, =— (39)
’
c+vcosa
Jns cBera, IOBMXKYLIEroCs B MaTEpPUANIBHOM CpENe, HEMOABUKHOM OTHOCUTEIBHO
HaOmonaTens, ata Gopmyina umeet Bun ([6])
2
) cc,
Cow =5 (40)
¢ +cyveosa
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B stux aByx dopmynax yron o gBisercs yriiom, U3MepsieMbIM HaOIoJaTeneM, MEXIy
BEKTOpOM ero ckopoctu otHocutesibHO UFR u Bektopom ckopoctu cBeta. CKOpOCTb ¢ - 3TO
CKOPOCTh CBETa B MaTepHalbHON cpeae, HemoaBmwKHOW oTHocutenbHo UFR, HaOmomaemas
HaOJrrogaresieM HenoaBmKHEIM oTHocuTenbHO UFR.

®opmyist (39) u (40) consarcs k popmynam (36) u (37), eciiu moAcTaBuTh ¢s=c U ' =0
rad umu o' = 7 pan. @opmyner (39) u (40) Takxke 00y1amalOT CBOMCTBOM, MOKa3aHHBIM B (38).
Heo6xoauMo numibs mpoBepUTh, UTO JIsl CKOPOCTH CBETa, BhIpakeHHOU dopmyroit (40), cpenHss
CKOPOCTh Ha IyTH K 3epKally © 00paTHO CIEIyrOIIast

2L 2L
;r = ’ ! = L L (41)
tsa’ + ts(/r—a’) +
c’c, c’c,
c*+cyveosa’  c’+ceveos(r—a')
2 2
;r — = 3 = CS (42)

¢’ +c,veosa’ N ¢’ —cyvecosa'  2c

2 2 2
ce, ce, ce,

W3 ypaBHeHus (42) cienyer, 4TO ¢; SABJISIETCS TAaKXKE CpPelHEH CKOPOCTHIO CBETa Ha IMyTH
K 3epKally M OOpaTHO B MaTE€pHAIbHON Cpele, HENOJBM)KHOM OTHOCUTEIBHO JBHMXKYLIETOCs
Habmonarens. HecMoTpst Ha TO, 4TO CKOPOCTH CBeTa, BhIpakeHHas (popmyinoii (40), 3aBUCHT OT
yria o' 1 CKOpOCTH V, CPEIHssl CKOPOCTh CBETA HA MYTH K 3€pKally U 00OpaTHO BCerja MoCTOsSTHHA
U paBHa ¢, Ilo 3Toif mpuumHe BpamieHue uHTepdepomeTpa B IKCHEpUMEHTax MaliKkenbcoHa-
Mopmu u Kennenu-TopHnaiika He BIMsSeT Ha WHTEpPPEPEHIIMOHHBIC TOJIOCH.. BoT mouemy 3Tu
HKCHEPUMEHTHI HE MOTJIM OOHAPYKHUTh YHUBEPCATbHYIO CHCTEMY OTCYETA.

7. AHU30TpONMS PEJTUKTOBOIO U3JIyYeHHS

CBer - 3TO 0COOBI cilyyail 3JEKTPOMAarHUTHOT'O H3JIyY€HHs, HO BBILICTIPHBEICHHBIC
COO0OpakeHHsI KacaroTCsl HE TOJIBKO CBETA, HO U JIF0OOT0 3JIEKTPOMAarHUTHOTO U3TyYESHHUSI.
Kocmuueckoe mpocTpaHCTBO HAMOJIHEHO KOCMUYECKMM MHMKPOBOJIHOBBIM (DOHOBBIM H3IIyUYEHHEM.
MHorouunciaeHHbIEe UCCIIEIOBAHUS HAa 3Ty TeMy ObUIM MpeIcTaBiieHbl B cTaThsax [5]. CrnekTp 3Toro
M3ITYYCHUS SBISIETCS TAKUM XKe, KaK CIEKTp U3Ty4eHUs: a0COIIOTHO YEPHOT0 Tejla IPU TeMIieparype

T =2.726+0.010 K (43)

PG.HI/IKTOBOG I/IBHy‘IeHI/Ie SIBJIACTCA BHGKTpOMaFHI/ITHBIM I/IBJIy‘IeHI/IeM C MaKCI/IMaJIBHOfI
MHTEHCUBHOCTHIO I 4YactoT okono 300 ITu. VYHuBepcasibHas cucremMa OTCYETa HMEET
HEOJIHOPOAHOCTH (aHU30TPOIIHIO), AMILTUTYIa KOTOPOW paBHA

AT =3.358+0.017 MK (44)

YHuBepcallbHas CUCTEMa OTCYETa MMEET MUHUMAIIbHYIO TEMIEpaTypy BOJIM3M CO3BE3IHS
Bomosnes, a MakcUMaJIbHYIO TeMIIEpaTypy — B HEMOCPEACTBEHHON Onm30cTH OT co3Be3nus JIbBa.
Takum o0OpazoMm, ¢ mepcrekTuBbl CoONHEYHON cucTeMbl BceneHHas 1o OJHY CTOPOHY HEMHOTO
TerJiee, a o Apyryro - HEMHOTO XOJIOJIHEE.

VY4eHble MBITAIOTCS OOBSICHUTH AHU30TPOIMI0O MHUKPOBOIHOBOTO (JOHOBOTO H3IYyYEHUS IO-
pa3HOMY, HO Ha CaMOM JeJie aHU30TPONMS SBJISETCA CWIbHBIM AapryMEHTOM B IOJb3Y
cymecrBoBanust UFR, To ecTb, cucreMsl oTcueTa, B KOTOpOH pacnpocTpansercss cBeT. CoriacHo
Haled  KOHICNIMHM, aHW30Tponus  oOycioBieHa dSddektom [loriepa  HaOmOgaEMBIM
HaOmonareneM, apwkymuMcs otHocuTenbHo UFR. Ha ocHoBe aHM30Tpomuu pPETUKTOBOTO
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U3JIy4eHUsT MOXKET OBbIThb OmIpeleleHa CKOpOCTh, ¢ KoTopoil CojHeuHas CHUCTeMa JBUXKETCS
otHOocuTenbHO UFR.

H3BecTHO, UTO PEIMKTOBOE U3JTyYEHUE OYEHb XOPOLIO MPOHUKAET Yepe3 MaTepulo, O3TOMY
€CIIM €r0 MCTOYHUKU pPaccesHbl B OJHOPOIAHOM IPOCTPAHCTBE, TO B JOJITOCPOYHON MEPCIIEKTHUBE
CyIIIECTBOBaHUs BcCeneHHOW OHO HAKOMWIOCh PAaBHOMEPHO BO BceM mpocTtpaHcTBe. [loaromy
MOKHO TPEINOJIOKUTh, YTO PETUKTOBOE H3IYYCHHE SIBIISCTCS OJHOPOIAHBIM B YHUBEPCAILHOM
CUCTEME OTCYETa, B KOTOPOW pacCHpOCTPaHSAETCS CBET M COOTBETCTBYET M3IIYYEHHUIO aOCOIOTHO
YepHOro Teja rnpu remmneparype 7j.

B pabGore [6] mokaszaHo, 4TO Ha OCHOBe mpeoOpazoBaHus (25)-(28) MOXKHO MOTYyYUTH
bopmyny ma sdpdexra Jomnepa n3 UFR B uHepnuanbHylo cuctemy, Takywoo xe, kak B CTO,
a IMEHHO
B g, e(0+0) (45)

c -V

S =1

3nech f, SBISIETCS YacCTOTOM MHMKPOBOJHOBOTO (DOHOBOTO H3IIYYCHHS, HAOIIOZaeMOl W3
ConHedHOM CUCTEMBI, fy ABISETCS YacTOTOM peNMKTOBOrO M3inydeHus otHocutenbHo UFR, a yron
O SIBISIETCSl YIJIOM MEXIy BEKTOPOM CKOPOCTH V M BEKTOPOM CKOPOCTH CBeTa. YTroi o
paccmarpuBaercs u3 UFR.

Hnst ap = 0 dopmyna (45) mpuBOAUTCS K BULY

(c— v)2

(c+v)(c—V) —Jo c+v

cC—V

S = £, s o =0 (46)

Ha ocHoBanum 3akoHa cmenieHuss BuHa [iMHa BOJIHBI CBETa, MOIIHOCTH KOTOPOM
MaKCHUMaJlbHa, CBS3BIBAETCS C TEMIIEpAaTypod H3Iydaromero ee¢ a0COoNMIOTHO YEepHOro Teja
YpaBHEHUEM

1 _ T = f= ¢ __cT (47)
Avae 0.0029[Mm - K] A 0.0029
s gacrotel paccmarpuBaeMon u3 UFR, noyyaem
T,
=—20 48
Sy 0.0029 48)
TOTJa KaK JUIS YaCTOThI PACCMATPUBAEMOM JBHKYIIUMCS HabII0qaTeNieM, moaydaemM
; cT™ T —AT)
= s 11 o, =0 49
7 = 00029 00020 M % (49)
[Toacrapisis B (46), momydum
min T c—v
™ =T, AT, =T, s a, =0 (50)
c+v
Ha sTom ocHOBaHuu
T2 (T 2
(T,~T, A a,=0) = vchV (Z, ZAL) (51)

I} +(T, - ALY

W, makonenm ™Mbl mosydaem ckopocth CosiHeuHo# cuctembl oTHocuTenbHO UFR (ee
BEJIMYMHA TPUOMU3UTEIBHO Takas ke, KaK TOoJydyeHHas B crTaThe [5], HO HMMeEeT IpYTyIo
HWHTEpIpeTaIuio), (¢ = 299792.458 km/c)
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v=369.5+3km/c=0.001233-¢ (52)

Orta cKopocTb oOOpalieHa B HampaBleHHMH co3Be3aus JIbBa. DTO COOTBETCTBYET
TATAKTUYECKUM KOOpANHATaM (PUCYHOK 6)

[=264.31°+0.16°

(53)
b=48.05°%£0.10°
HalpaBlCHUE 0°
BpallleHHs :
raJakTHKH ;

i3

Bonoieii

90°-

JleB

Connne

Avn ‘v‘-cosl(’48.05)'cos(5.69)
A
Bonoieii

Puc. 6. Cxopocts ColHEUHOH CHCTEMBI OTHOCUTEIBHO dHpa.
[Ipoexiwst Ha TWIOCKOCTH ["aTaKTHKY 1 HA TNIOCKOCTH MEPICHANKYIIPHYIO K utockocTH ["amaktuku (90°-270°). Bun
cBepXy rajgaktuku Muteunstii [1yTs (OTMEUYEHBI TaakTHUECKHE KOOPANHATHI) U BH] COOKY.

Tak Kak HW3MEpPEeHUs PEIUMKTOBOIO M3JIyYEHHs IPOBOJMIUCH OYEHb TIIATEIBHO, TO 3TO
3HaueHue ckopoct ConHeyHoM cucrtembl oTHOcUTenbHO UFR MOXHO cuuMTarh TOUYHBIM.
JI1060MBITHO, YTO 3HAYEHHE 3TOI CKOPOCTH SIBIISIETCS TOTO )K€ MOPSIIKA, YTO U €€ MPUOIU3UTEIbHAS
OLIEHK 445 KM/C ToNy4eHHas Ha OCHOBE 3KcriepuMenTa ¢ K- Me3oHamu [6].

8. 3akinroyenue
[Tonyuennsie mpeobpazoBanust (25)-(26) u (27)-(28) cormacyrTcss ¢ 3KCHEpUMEHTaMU
Maiikenbcona-Mopiu u Kennenu-Topuaaiika. 3tu mpeoOpa3oBaHus MOKa3bIBAIOT, YTO U3MEPEHUE

CKOPOCTH CBETa B BaKyyMe C MCIOJIb30BaHHEM MPHUMEHSEMBIX 0 CUX MOp METOIO0B Bceraa Oymaer
JaBaTh CpeJHEe 3HAYCHUE PaBHOE C. JTO MPOUCXOIUT, HECMOTPSI HA TO, YTO JJISl JABUXKYIIETOCS
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HaOo1aTeNnsl CKOPOCTh CBETa HMMEET pa3Hble 3HAUYCHHUS B pa3HbIX HampasiieHusix. Cpeassis
CKOPOCTb CBETa BCEr/la MOCTOSIHHA M HE 3aBUCHUT OT CKOPOCTH HMHEPLUAIBHON CHCTEMBbI OTCYETA.
N3-3a 3TOrO CBOWCTBA CKOPOCTH CBETa OJKCHEpUMEHTHl MaiikenbcoHa-Mopimu u Kennenu-
Topupaiika He cMOTTIM OOHAPYKUTh YHUBEPCAIBHYIO CUCTEMY OTCYUETA.

[Ipunsteie mnpeanonoxenus [-V TO3BONSIOT OOBSCHUTH AHU3OTPOIHI0 KOCMHUYECKOTO
MHUKPOBOJIHOBOTO (DOHOBOTO H3JIyueHHUs. AHu3oTponus oOycinoBieHa 3ddexkrom [lomiepa,
KOTOpBIH SABJISIETCA clieacTBUEM JBH>KeHUs CoHeuHOo# cuctembl oTHOcuTenbHO UFR.
[IpoBeneHHBIN aHAMM3 I[MOKA3bIBA€T, YTO MOXXHO OOBSCHUTH pPE3YyIbTaThl AKCIEPHUMEHTA
MaiikenbcoHa-Mopi Ha OCHOBE YHUBEPCAIBHOM CHUCTEMbl OTcYeTa. JIOKHBIM SABISIETCA
yTBEPXKJACHHUE, YTO dKCTepuMeHT MaiikenbcoHa-Mopiu JT0Ka3aj, 9TO CKOPOCTh CBETa aOCOIIOTHO
MOCTOSAHHA. Takke JOKHBIM SIBISETCS YTBEPXKACHUE, YTO SKCHEpUMEHT MaiikenbcoHa-Mopiu
MOKa3ajd, YTO HET YHUBEPCAIbHOM CHCTEMBbI OTCUETa, B KOTOPOM CBET pacCHpOCTpPaHAETCS
U JABMXKETCS C TIOCTOSIHHON CKOPOCTBIO.

[IpunsaTue Toro, 4To CKOPOCTh CBETA MOKET 3aBUCETh OT HAINPABICHUS €0 U3JIy4eHUsl, HE
BBIJIETISIET KAaKOro-Iu00 HaIpaBlIeHHWs B MPOCTpaHCTBE. Peub MAET O CKOPOCTHU CBETA, KOTOPYIO
M3MEpseT JBWKYIIUICS HaOmoaareab. IJTO CKOPOCTh, C KOTOPOW HAOMIOAATedh JBUKETCS
OTHOCHUTEJIbHO YHUBEPCAJIbHON CHCTEME OTCUEeTa, BBIJIEISIET XapaKTEpUCTUUYECKOE HaIlpaBlICeHHE
B IIPOCTPAHCTBE, HO TOJIBKO JJisi O3TOro HaOmromatens. Jlns HaOmromarenss HENOJIBUYKHOTO
OTHOCHUTEJIbHO YHUBEPCAJIbHOM CUCTEMBbI OTCUYETAa CKOPOCTh CBETA BCErJla MOCTOSIHHA U HE 3aBHCHUT
OT HampaBlieHUs ero u3nydeHus. Ecnm HaOmonaTenb ABMXKETCS OTHOCHUTEIBHO YHHBEpPCATbHOU
CUCTEMBI OTCYETa, TO MPOCTPAHCTBO JJISi HErO HE SIBISETCS CUMMETPUYHBIM. DTOT ciydyall MOXO0X
Ha CiIy4ail ¢ HaOyroiareneM, KOTOPBIM IUIBIBET MO BOAEC M HU3MEpSET CKOPOCTh BOJIHBI HA BOJIE.
Hecmotpst Ha TO, YTO BOJIHA pacHpOCTpPaHSETCS MO BOJAE C IMOCTOSHHON CKOPOCTHIO B KaKJIOM
HampaBlICHWHW, I IUIBIBYIIETO HaOMIOaTeNss CKOPOCTh BOJHBI OydeT pa3HOW B Pa3HBIX
HaIpaBJICHUSX.

B nacrosimee Bpems cuutaerca, uto CTO sBisercs €IMHCTBEHHOM TEOpHeEH, KOoTopas
o0BsCHIET 3KcrepuMeHThl Maiikenbcona-Mopinun u Kennenu-TopHpaiika. B 3Toit cratbe MbI
MOKa3aJl, YTO €CTh JAPYrU€ TEOPHUM COBMECTHUMBIE C 3THUMHM 3KcrepumMeHTamu. Ha ocHoBe
MOJTY4EHHOTO 37IeCh TpeoOpa3oBaHust B paborax [6] u [9] Oblna BhIBejaeHa HOBas (Qu3nuecKas
TeOpuss KUHEMaTHKU M JUHAMHUKU Tel, Ha3BaHHas aBTopamu CrnenuanpHoit Teopueir Ddupa.
B pab6ore [9] mokazaHo, 4TO MOKHO OCIaOUTh Ipeanonoxkenue IV a Takke MOXKHO TOJTy4IUTh Oosee
obmmii BuI mpeodpazoBanus (25)-(28). ITo 03HAYaET, YTO MOKHO TMOTYYUTh MHOTO KHMHEMATHK
COBMECTUMBIX € JKcrepuMeHTamu Maiikenbcona-Mopiu u Kennenu-Topunaiika. B paborte [6]
MOKAa3aHo, YTO B Mpeleiax KaXI0h Takol KHHEMAaTUKH MOKET ObITh MOJMy4eHO OECKOHEYHO MHOTO
nuHamuK. [l Toro, 4TtoOBl BBIBECTH JWHAMHUKY, HEOOXOAMMO MPHUHITH JIOMOJHUTEIbHOE
MIPEINIOJIOKEHHUE, TO3BOJISIONIEE BBECTH B TEOPHUIO IMOHSATHS MAacChl, KMHETUYECKOW HHEPrUH
Y UMITYJIbCa.

OxkcnepumeHThl Maiikenbcona-Mopau u Kenneau-TopHaiika HEOTHOKPATHO BBITTOIHSIIIUCH
Pa3TUYHBIMU HAyYHBIMU rpynmnamu. Taxke ObUH MpoBeIeHb MOIU(MUIIUPOBAHHBIC U YIyUIICHHBIC
BEPCUHU 3TOT0 SKCIEPUMEHTA, TaKHe KaK AKCIIEPUMEHT ¢ Kpuctauiamu carndupa ¢ 2015 roma [4].
Kaxnp1it U3 3TUX 3KCHEPUMEHTOB MOATBEPAMI TOJIBKO, YTO CPEAHSSI CKOPOCTh CBETA MOCTOSHHA.
[ToaToMy mnpeamnosokeHusi, Ha KOTOPBIX OCHOBBIBAECTCA IPEJCTABICHHBIN BBIBOJ, SBIISIOTCS
000CHOBaHHBIMH YKCIIEPUMEHTAIBLHO.
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