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AHHOTALIMA:

[IInpoko pacnpocTpaHEHO MHEHHUE, 4TO 3KcrnepuMeHTsl Maiikenscona-Mopmnu ¢ 1887 roga
n skcnepuMeHT Kennemu-Topupaiika ¢ 1932 roga mokasaiu, 4To HET YHMBEPCAIbHOM CHCTEMBI
orcueta (9UpP) W UYTO CKOPOCTh CBETa B BakyyMe aOCONIOTHO TIOCTOSHHA. AHAIH3 ATHX
AKCHEPUMEHTOB ITpHBel K co3aanuto CrenuanbHoil Teopun OtHOcutensHocTH (CTO).

B crartee oOBsicHseTCS, MOYEMy C TIOMOIIBIO SKCIEPUMEHTOB MaiikenbcoHa-Mopiu
u Kennenu-TopHaaiika He MOTIIa OBITH OOHApY)KEHA YHUBEpPCAJIbHAS CHCTEMa OTCUETA.

Kpome Toro, B 3Toil craTb€ MBI BBIBOJUM HAa OCHOBE I'€OMETPHUYECKOIO aHajn3a
sKcriepuMeHToB Maiikenscona-Mopiu u Kenneau-TopHnaiika npyroe npeodpa3oBaHue KOOpIUHAT
U BpeMeHH, 4eM mpeobOpasoBanue Jlopenua. Mbl BBIBOOMM INpeoOpa3zoBaHHe, Mpearosaras, 4ro
CYyIIeCTBYeT YHUBepcalibHasi cucreMa orcdera (universal frame of reference - UFR, a¢up). UFR
ABJIIETCS CUCTEMOM OTCHETa, KOTOpas OTIMYAETCsl TE€M, YTO CKOPOCTh CBETa B HEW IOCTOSHHA
B J1I000OM HampaBlieHWU. B MHepIUaNbHBIX CUCTeMax OTcyeTa, IBUKYImMxXcs oTHocuTenbHo UFR,
CKOPOCTB CBETa MOXET OBITh PAa3HOM.

B crarbe MBI momydaeM ¢Gopmyiny Ais OTHOCHUTENBHOW CKOpOCTH M (GOpMyJbl s
MaKCUMAaJIbHOW ¥ MUHMMAJILHOM CKOPOCTH CBETa, KOTOPAasi MOXKET ObITh H3MEPEHA B MHEPLIUAIBHOM
cucreMe. B KoHIle, UCNONB3yd MPEICTABICHHYIO TEOPHIO, OOBSICHAETCS SBJICHUE AHU30TPOIIHU
MHUKPOBOJIHOBOTO ()OHOBOTO H3IydeHusi. CoriacHO MOJENM KUHEMATHKH Tel, MpPeACTaBICHHOM

1 www.ste.com.pl




OOBsicHEHHE PE3yIIbTATOB KCIIepuMenTa Maiikenbcona-MopiiH MpU MOMOIIHM YHUBEPCATBHON CUCTEMBI OTCUYETa
Szostek Karol & Szostek Roman

B OTOH cTaTbe, AHM30TPONHMS MHUKPOBOJHOBOTO (DOHOBOTO M3IJIyUeHHs JUIs HaOIoAaTesns,
nsrkymierocst orHocutensHo UFR, o6ycnosnena agdexrom Jomrepa.
Bcest cTaths cOEpKUT TOJIBKO OPUTHHAIBHBIE UCCIIEIOBAHMS aBTOPOB MyOJIMKALIUH.

KiroueBble cjioBa: KHHEMAaTHKa TCJI, YHHBCpCalibHass CHCTCMa OTCYCTA, HpGOGpaSOBaHI/Ie
KOOpAWHAT MU BPEMCHH, CKOPOCTbH CBE€TAa B OJHOM HAIIPABJICHWUH, AHU3OTPOIIHNA PCIUKTOBOIO
HU3JTy4YCHUMA

1. BBegeHue

B crarbe mpencraBieHO OOBSCHEHHE Pe3ylbTaTOB AKCIEPHUMEHTOB MaiikenbcoHa-Mopiu
[1] u Kennenu-TopHnaiika [2], mpu yclOBHM, YTO CYIIECTBYET MHEpLHUAIbHAs CHUCTEMa OTCUETa
(UFR), B KOTOpO1 CKOPOCTb CBETa MOCTOSIHHA. B MHEpLMANbHBIX CHCTEMAX OTCUETA, ABMKYILIUXCS
otHocurenbHo UFR, ofHOHampaBiieHHass CKOPOCTh CBETa MOXET ObITh pa3nu4yHoi. B crarbe
NpeJCTaBlIeH BbIBOJA TpeoOpasoBanuii u3 wuHepumanbHoit cuctembl k UFR wm w3 UFR
K MHEPIUAIBHOM CHUCTEME C HCII0JIb30BAaHUEM I'€OMETPUUECKOI0 METO 1.

Huxkorna He 6bU1a TOYHO M3MEpPEHA CKOPOCTh CBETA B OJIHOM HampaBJieHUU. Bo Bcex TOUHBIX
71a00paTOPHBIX SKCIEPUMEHTAX U3MEPSIach TOJIBKO, Kak M B dKCriepuMeHTe Maiikenbcona-Mopiu,
CpEIHSs CKOPOCTh CBETA, MPOXOAALIETO IMYTh MO 3aMKHYTOH TpaeKTOpUH. B 3THX skcrnepumeHTax
CBET BCErJa BO3BpAIIAeTCs K TOYKE BBIXOJa. TakuM 0o0pa3oMm, MpennoyioKEHHE O MOCTOSHCTBE
CKOPOCTH CBeTa (MFTHOBEHHOU CKOpOCTH), nmpuHAToe B CrniennasibHON Teopun OTHOCUTENBHOCTH HE
uMeeT  yOeOUTENTbHOTO  3KCIIEPUMEHTAIBHOrO  00OCHOBaHUS. BpiBoj — mpeoOpas3oBaHuii,
IIPE/ICTAaBICHHBI B JJAHHOM CTaThE, OCHOBBIBAETCS HA IPEANOJIOKEHUH, BBITEKAIOLUIEM W3 3THX
HKCTIIEPUMEHTOB, TO €CTh, YTO Ul Ka)JIOT0 HAOIIOAATeNsl CPEAHss CKOPOCTh CBETA, MPOXOIAIIErO
IyTh TyAa U 00paTHO, SBJISIETCS MIOCTOSHHOM.

[Ipeo6pazoBanne «UFR - unepuumanpHas cucrema» (27)-(28), moiyueHHOE B 3TOU CTaThe,
C UCTIOJIH30BaHUEM T€OMETPHUECKOTO METO/1a OBIIIO YK€ MOJTYYSHO JAPYrUM METOJIOM B CTaThsX [3]
u [4]. B pabote [4], aBTop momyumn 3T0 mpeoOpa3oBaHue U3 mpeobdpaszoBanus JlopeHia 3a cyer
CUHXPOHM3AllMM 4YacOB B HHEPLMAIBHBIX CHUCTEMAax C MCIOJb30BAaHUEM BHEIIHETO METOJA.
[TpeobpazoBanue, nMoyryueHHOE B paboTe [4], ABIsIeTCs MO-APYroMy 3alIUCAHHBIM NIPe00pa30BaHHEM
JlopeHnia mociie M3MEHEHUs METO/Ja W3MEPEHMs] BPEMEHM B HMHEPLMAIBHOM CHCTEME OTCUETa,
MO3TOMY ATOMY MpeoOpa3oBaHUIO MPUCBOEHO cBoWcTBa CrenmanbHoil Teopuun OTHOCHUTEILHOCTH.
[TpeobpaszoBanue (27)-(28) umeer npyroit pusnueckuii cMpici, yeM npeodpaszoBanue JlopeHia, Tak
KaK COTJIACHO TEOPHH, M3JI0KEHHOW B 3TOM CTaThe, MOYKHO ONPEAEIUTh CKOPOCTh OTHOCHTEIBHO
YHUBEPCAJIbHOW CHCTEMBl OTCYETAa C TMOMOIIBIO JIOKAIBHOTO H3MEpeHus. TakuM oOpazom,
yYHUBEpCaJbHAasg CHUCTEMa OTCYeTa SBIACTCS peajbHOW, M 3TO He CBOOOJHO BbIOpaHHAs
MHEpLHAIbHAs CUCTEMA.

2. IpuHATHIE NpeNno/I0KeHUs

B npexncraBneHHoM aHanu3e skcniepuMeHToB Maiikenbcona—Mopiu u Kennenu—TopHaaiika

IIPUHUMAEM CIIEAYIOLIHE IIPEAIOJIOKEHUS:

I.  CymectByer cucrema orcuera (UFR), oTHOCHTENBHO KOTOpPOHM CKOPOCTH CBETa B BaKyyMe
OJIMHAKOBAa B KaXJOM HAIpPaBJIE€HUU. OTY YHUBEPCAIbHYIO CHCTEMY OTCUETa Ha3bIBAEM
ahupom.

II. JIng kaxmoro HaOmoAaTeNns CpeHssl CKOPOCTh CBETa HA IYTH TyAa U OOpaTHO HE 3aBUCHUT OT
HaIPaBJIEHUs PacpOCTPAHEHMsI CBETA. JTO BBITEKAET U3 IKCIEpUMeHTa MaiikenbcoHa-Mopiu.

III. CpenHss cKOpOCTh CBEeTa Ha MyTH TyJa M OOpaTHO HE 3aBUCHT OT CKOPOCTH HabJromaTesns
OTHOCHUTENBHO yHHBepcasibHOM cuctembl oTcdyeta (UFR). D10 BbITEKaeT M3 SKCIIEpUMEHTA
Kennenu-Topunalika.
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IV. B HampaBneHuu NEpHEHIUKYISIPHOM K HANPABICHUIO CKOPOCTH TeJa, JBHKYILLIETOCs
otHocuTenbHO UFR, HE MPOUCXOIUT €ro COKpalleHUE a TAKXKE €r0 yUIMHCHUE.
V. [Ipeo6pazoBanne «UFR- nHepinanbHas CHCTEMay SBISICTCS JTMHCHHBIM.

[IpencraBineHHbIi B 3TOM CTaThe BBIBOJ MpeoOpa3oBaHUsl OTJIMYAETCS OT BBIBOJA
reOMETPUUECKUM MeToJIoM TpeoOpazoBanus Jlopenna, Ha kotopoit ocHoBana CTO. B CTO mpu
BbIBOJIE IpeoOpa3oBanus JlopeHua mpeamnogaraeTes, YTo oopaTHoe MpeoOpa3oBaHNuEe UMEET TOT XKe
BHUJI, UTO U MEPBUYHOE MpeoOpa3oBanue. Takoe mpeanonokeHne OCHOBAHO Ha YOeXIEHUH, YTO BCe
MHEpLHAIbHBIE CUCTEMBl JKBHUBAJICHTHBI. B IpencTaBICHHOM B 3TOM CTAaTbe BBIBOJE, MBI HE
npearnosaraeM, Kakyro Gopmy uMeeT oOpaTHOe peoOpa3oBaHue.

[TpuHsATBIE B 3TOH CTaThe MPEANOJIOKEHHUS O CKOPOCTH CBETa TakXke ciiabee, YeM MPUHSATHIE
B CTO. B CTO npexamonaraercs, 4T0 CKOPOCTh CBETa aOCOIOTHO MOCTOSTHHA, HECMOTPS Ha TO, YTO
HU OJMH DSKCIEPUMEHT 3TOro He JoKaszal. B a3Toil crarbe OBUIO TPUHATO MPEINOJIOKEHHUE,
BBITEKAIOLIEE U3 IKCIIEPUMEHTOB, @ UMEHHO, UTO CPEAHSISI CKOPOCTh CBETA SIBJISIETCS ITOCTOSIHHOM Ha
nyTd K 3epkanly U obpartHo (mpenmosioxkenust II u III). B mpeacraBieHHBIX pacCyXICHHIX
IIPENIIOJIATAETCsl, YTO CKOPOCTh CBETA SIBJIETCS MOCTOSIHHOM TOJBKO B OJIHOM BBIJICTIEHHON CUCTEME
otcuera - UFR (nmpennonoxenue I).

[Ipeanonoxenus IV u V Beimonnensl B CTO, a Takxke B CTO.

B paborax [5] u [6] ObuIM BBEeIEHBI HICHTUYHBIC MPe0Opa30BaHus, Kak B 3TOH CTaThe, HO
C IPUHSATHIM JIOTIOJIHUTEIBHBIM TpEAIoJiokeHneM. B 3tux paGoTax ObLT BBINIOJHEH aHAIU3
IIPOXOKJEHMSI TOJIBKO OJHOTO IIOTOKA CBETA.

3. Bpemsa u nyThb npoxoxgeHus ceeta B UFR

PaccmoTpum cucremy U’, koTopasi ABWKETCS OTHOCHUTENBbHO cHCTeMbl U, CBSI3aHHOM
¢ apupom, co ckopocThio v (pucyHok 1). B cucreme U’ HaxoauTcsl 3epKaio Ha paccTossHUM D' ot
Hayaia cucTeMbl koopauHat. CBeT B apupe IBUKETCS ¢ MOCTOSTHHOM ckopocThio c. U3 cuctemst U,
u3 Toukn x' = (0 B MOMEHT BpeMeHHU ¢ = (), ObUT BBICIIaH JIyd CBETa [0 HAMPAaBICHHUIO K 3EpKaly.
JlocTuras 3epkajia, CBET OTPa)KaeTcs W JABWXKETCS B 3(HUpe B MPOTUBOIOJIOKHOM HAIMPABICHUH CO
CKOPOCTBIO —C.

[Ipunumaem crnenyromue oOO3HAuUSHHs Uil HaONIOJaTeNst, Haxojasduierocs B adupe: £
ABJIIETCS BPEMEHEM IPOXOXKICHUS CBETAa K 3€pKally, f> - BpeMsl BO3BpALICHUS CBETa B UCXOJIHYIO
TOUKY. L1 ¥ Ly SBJISIIOTCS MyTSIMH, KOTOPBIE MPEOJI0TIEBAET CBET B AHpe Tya U 0OpaTHO.

a) t D' .. 3epkaino v '
____________________ ‘
S ' -
0 £ U
N L. S
____________________ D LD Ll L
0 D U - UFR
Vv Lo b

g g gy Mt | A

Puc. 1. Bpems u myTh IpOXO0X/ICHHS CBETA K 3epKasly M 00paTHO:
@) IyThb CBeTa, HAaOIIOJaeMBIi M3 MHEPIHAIbHON cucteMbl U', 6) yTh cBeTa, Habmronaemslit n3 UFR.

Korza cBer ABMKETCS IO HANPABICHUIO K 3€pKally, TOI/Aa 3€pKajo OTAAIAETCS OT HETO CO
ckopocThio v. Korja cBet Bo3Bpamaercs B TOUKy x' = 0 rmociie oTpakeHusl OT 3€pKaJa, TO 3Ta TOUKa
npuOIKaeTcss K HeMy cO CKopocThio v. HaGmronmatenb, Haxoxasmuiics B cucteme U, BUAWT
paccrosaue D' kak D. [lonyuaem

L =D+v-t, L,=D-v-t, @)
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L D+v-t L, D-v-t
t:—lz—l’ t:—zz—z 2
= ; 2= ; (2)

VYpaBHenus (2) HaJO PElINTh OTHOCUTENBHO /1 U f,. [lomydaem Bpems U MyTh TPOXOKICHUS
ceeta B UFR

D D
t= , t, = 3)

cC—V c+v

c c
L=ct,=D , L,=c-t,=D
c—v c+v

4)

4. TeomeTpHUUYeCKHil BbIBOJ, IPe0Opa30OBaHUA

Pe3ynbTarhl 3KCHEpUMEHTa CO CBETOM IPOAHATU3UPOBAHBI, KaK NOKa3aHO HA PUCYHKE 2.
WNuepunaneHas cucrema U’ OBHMXKETCS €O CKOPOCTBIO V OTHOCUTENBHO cucTeMbl U, CBsI3aHHOU
¢ UFR, napamiensHo ocu x. Ocu x U x' 1eKaT Ha OAHOMN IPSIMOM.

B ToT MoOMeHT, Korza Hayajla CHUCTeM COBHAJAIOT, dYachl B O00EHUX CHCTEMax
cuHxpoHusupyrorca. Yacel B cucreme U cBasaHHOM ¢ UFR CHHXpOHM3UPYIOTCS BHYTPEHHUM
MeToqoM [4]. Yacel B cucteme U’ CHHXPOHU3HUPYIOTCS BHEIIHMM METOJIOM TakUM oOpa3oMm, 4YTo,
ecyn yacel cucteMbl U ykasbiBaroT BpeMms ¢ = 0, TO HaxXOJALIUECS PSIIOM ¢ HUMHU 4Yackl cucteMsl U’
Takxe cOpaceiBatorcs, 1.€. t' = 0.

!

YA a)
’ \%
ia D U ——
c, Wt c, Yt
x'
y 0)
1D’ q. U - UFR
X

Puc. 2. Ilytu nByx nydeit cera.
a) HaOmonaemMble HaOmoaaTeneM u3 cucremst U’
6) Habmomgaembie Habmronatenem u3 cucremsl U (UFR).

B cucreme U’ npoBeneHO SKCHEPUMEHT II0 H3MEPEHHI0 CKOPOCTHM CBETa B BaKyyMe
NEPIEHANKYIISIPHO U MapajyIeNIbHO HANpaBlICHUIO JIBUKEHUS CUCTeMbl U’ OTHOCHUTENBHO 3(upa.
B kax10M U3 3TUX HampaBJIeHUI CBET MPOXOIUT MyTh K 3epKaily u oOpatHo. Ha pucynke 2, B uactu
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@) TIOKa3aHbl MyTH MPOXOXKJEHHUs CBETa, KOTOPbIE BUIUT HaOMI0ATeb, HAXOIIIIUNACS B CUCTEME
U', a B yactu 6) - KOTOpbIE BUAUT HAOIIOIaTelb, HAXOAAIIUNCS B cucteme U.

B cucreme U cBer Bcerma HMEET IOCTOSHHYIO CKOPOCTh ¢ (mpeamnosioxkenue I).
Coo0OpakeHus: KacaroTcs MPOXO0KJICHHs CBETa B BaKyyMe.

CorsnacHo  BBIBOJAM,  BBITEKAIOLIMM U3  JKcnepuMeHta  MalikenscoHa-Mopiuy,
IPEAIOJIaranoch, YTo CPeIHssl CKOPOCTh CBETa ¢, Ha IMYTH K 3epkaly U oOpaTHO B cucreme U’
OJIMHAKOBAa B Ka&XJIOM HAlpaBJI€HUM, B YAaCTHOCTU B HaIpaBICHUH, NApAJUIEIBHOM oOcu )’
(npeanonoxenue II). Kpome Toro, mpennonaraiaoch, 4TO CpeIHssl CKOPOCTb CBETa ¢, Ha IIyTH
K 3epKally ¥ 0OpaTHO HE 3aBUCHUT OT CKOpOCTU Habmonatens otHocutensHo UFR (mpennonioxenue
I1).

W3 npennonoxxenun II u III ciexgyer, 4ro cpeaHsas CKOPOCTb CBETA C, B MHEPLHUAIBLHON
cucreme orcueta U’ Takas ke, KaKk CKOpocTb cBeTa ¢ B cucreme U. Ecnu mpeamnosoxkuM, 4To
CpelHssl CKOPOCTb CBETa ¢, B cucreMe U’ sBisieTcs HEKOTOPOil (DyHKIMEH CKOPOCTH CBETa c
B cucreMe U, 3aBUCUMOM OT CKOPOCTH V, TOTAA

c,=f()c ()

W3 npennonoxenus I caemyer, 4ro cpenHss CKOPOCTb CBETa ¢, OJUHAKOBA U1 Pa3HBIX
ckopocTeil 3emnu oTHocuTenbHO d¢upa (mpeanonoxenue III), mostomy f(vi)=f(12). Tak kak
f(0) =1, tax uto f(v) = 1 s kaxxa0# ckopoctH v. OTCIOA CIEAYET, UTO C = Cp.

3epkana cBsa3aHbl ¢ cucreMoil U’ M pa3MeleHsl Ha paccTosHUU D' 0T Havyana KOOpAMHAT.
OpHO 3epkano HaxoIuTCs Ha ocu x', Bropoe - Ha ocu y'. Ilpenmonaraercs, uto paccrosiHue D’
NEPIEHAUKYIIIPHOE CKOPOCTH V, SIBJISIETCS OJMHAKOBBIM JUIsl HaOmronaTeneil ¢ obeux cucrem
(npenmonioxxenue V). [lostomy Ha pucyHke 2 Ta ke camas AiauMHA D' HaXOAUTCA B YacTH @)
1 B YacTH 0).

Bpemst npoxosxaenus cera B cucteMe U BIIOJIb OCH X JI0 3€pKajia 0003Ha4YeHO #1. Bpems
MIPOXOXKJICHHUSI 00paTHO 0003HAUEHO /).

Bpemst mpoxoxaenus csera B cucteme U’ BIonb ocu x' 10 3epkana 06o3HaueHo ¢{. Bpems
MIPOXOXKJICHHUSI 00paTHO 0003HAUEHO 7.

Oo1ee Bpemsi 0003HAUYEHO COOTBETCTBEHHO t U t' (t =t +hut' =t + t;).

JIyud cBera, IBHKYLIMICS NMapajljIeIbHO OCH V', C TOUKU 3peHUsI cucTeMbl U IBHKETCS IO
OOKOBBIM CTOpPOHAM pPaBHOOEAPEHHOTO TPEyroJibHUKa paBHBIM L. TpeyronbHUK —sBIseTCS
paBHOOeIpeHHBIM B cBsi3u ¢ mnpexanosnoxkeHueMm l. Ilockonbky ckopocTh cBera B cucreme U
SBIISICTCS TOCTOSIHHOM, TO BpeMsl TPOXO>KICHHSI BOJIb KaXKIO0H CTOPOHBI OJMHAKOBO U PaBHO #/2.

B cucreme U nyu cBera, ABUXKYLIUMNCA MApaJUICIbHO OCH X II0 HAIIPABICHUIO K 3€pKaily,
IIPeoI0JIeBaeT paccTossHue L; B TeueHuH f. Ha oOpaTHOM IyTH IpeojojieBaeT paccTrosiHue Lo
B T€UEHUH fr. DTU PACCTOSIHUSA SIBJISIOTCS PAa3HBIMH, T.K. B 3(DUpe IBUKETCSA 3€pKAIO M TOUKa, U3
KOTOPOM BBICIIAHO JIy4 CBETA.

O06a nmyya cBeTa BO3BPAIAIOTCS B UCXOAHYIO TOUKY B OJIHO U TO K€ BpeMsi, KaKk B CUCTEME
U, tak u B cucreMe U'. D10 cienyet u3 npeanonoxenus Il u u3 ycraHoBieHus 3epkajl Ha TOM XKe
PacCTOSIHUM OT TOUKH U3JIyUYEHUs CBETA.

Kak nns naOmromatens w3 uHepuuanbHON cucteMbl U', Tak W ajis HaOmogarens u3 cuctembl U
CKOPOCTb CBETa MOXKHO 3aIIUCaTh
2D" 2D 2L L +L,

:_:c

t+t, t i+t

(6)

W3 ypaBHeHust (6) MOXHO ompenenuTb nytd L u D', 3aBUCSIIUE OT CKOPOCTH CBETa C
1 BpEMEH NPOXOKJAEHUS CBETA £, ' COOTBETCTBEHHO B cuctemax U n U’

!

L=—; D'=— 7
5 5 (7
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Ckopoctb cucteMbl U’ OTHOCUTENBHO a0COMIOTHOM crcTeMbl oTcuera U obo3HadyeHo v. Tak
KaK X, SIBJISETCS IIyTeM, KOTOpbIi cucrema U’ IpoWJIeT B TEYCHUH BPEMEHH / IIPOXOXKIEHUS CBETa,
CJIEA0BATEIIBHO

v=—"43 x =t (8)

HCHOJ’ILByﬂ reoMeTpuro, IMMPEACTABJICHHYO Ha PUCYHKC 2, yTb L moxHO BbIPA3UTh KaK

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

VYpaBaenne (9) mocie BO3BeACHHUS B KBaApaT U C y4eToM YypaBHeHHs (7) MpUHUMAET
CHEAYIOLIUN BUI

(ct/2)* =(vt/2) +(ct'/2)’ (10)
prOH_[aSI, noJjrygacm
(> =V =(ct')’ (11)
1

t=t'—— min x'=0 (12)
J1-(v/c)

B npuBeneHHOM BbllIE YpAaBHEHUH HAXOIATCS TOJBKO TE BPEMEHA ¢ U ¢, KOTOPHIE OTHOCSTCS
K LEeJIOMy MyTH Jyya CBeTa - JI0 3epkana u oOpatHo. CienyeT OTMETHTh, YTO U3MEPEHUE 3TUX
BpeMmeH npoBoautcs B Touke x' = 0. [lockonbky muHy D' MOXHO MOJ00paTh Tak, YTOObI BpeMs
MIPOXOXKJIEHHSI cBeTa ObLI0 Jr000€e, TO ypaBHeHHE (12) sABiIsIeTCS UCTUHHBIM Ui JII0OOT0 BpeMeHu ¢’
U COOTBETCTBYIOILLIEIO EMY BPEMEHU 1.

Jnuna D', cBa3anHas ¢ cucremoil U’ u mapajijienbHasi OCH X, ¢ TOUKU 3peHusi cuctembl U
HaOmroaercst kak D. Ecnu cBeT ABWXKETCS MO HANpPaBICHHUIO K 3epKally B aOCOJIOTHOM CHUCTEMeE
orcueta U, TO mpecienyer 3epKano, KOTOpO€ HaxOoAWTCs OT Hero Ha paccrossHuu D. Ilocne
OTpPaKE€HHUsI CBET BO3BpAIAeTCs K HCXOJHOM Touke, KoTopas BblOeraer emy Ha Bcrpeuy. C
MOMOIIIbIO ypaBHEHMH (4) modydaeM ypaBHEHHUE AJsl MYTH MPOXOXKJIEHUs cBera B cucreme U
B 000MX HaIPaBJIEHUIX BAOJb OCH X'

c

L =ct,=D ; L,=ct,=D
c—v c+v

(13)

W3 ypaBHenuit (13) MOXKHO OmpenenuTh CyMMY M pazHully nyredd L; u L, KOTOpble CBET
npouen B cucreme U

L+L,=D——+D- =2D%,

c—v c+v 1-(v/c) (14)
L-L=D-% -p S -op¥. 1 _

c—v c+v c 1-(v/c)

U3 BTOPOI'0 YpPAaBHCHUSA MOKHO OIPCACINTL IIyTh, KOTOpBIﬁ cuctema U’ nponuia 3a
MI0JIOBUHY BPEMEHHU MIPOXOKCHHUS CBETa #/2, T.€.
Y ovt_ Lol v 1

D- —— 15
2 2 2 c 1-(v/c)’ (15)

[Tockonbky MpeAnonokeHo, yto B cucteme U, CBA3aHHOW ¢ 3(UPOM, CKOPOCTH CBETA C
MOCTOSIHHA, TO 00a MyTH, KOTOPbIE MpeoaoyieBaeT cBeT 2L u L+L,, OTMHAKOBBI
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2L=L+L, (16)

[oncrasnss (9) u nepBoe u3 ypaBHenuit (14) , morygaem

22y + 0% =ap— 1 (17)

1-(v/c)

PaznenuB o0e uvacTu ypaBHEHHMs Ha 2 M BO3BeAs B KBajpar, a Takxke yuuTeiBasg (15),

MOJIydaeM
2 2
pr. 1 _| +D?=D? _ . (18)
c 1-(v/c) 1-(v/c)

U3 ypaBHenus (18) MOXKHO OnpesesiuTh ypaBHEHHE COKPALICHUS JITUHBI

D” =D{;J (1=w/c))

1-(v/c) (19)
D’=D(;2J 1-(v/c)’ _p—1
1-(v/c) 1-(v/c)’

D=D'\1-(v/c) (20)

B mnpuBeneHHOM BbIlIe YpaBHEHMM HaXoIsATcs JBe IMHBI D u D', sBusiommecs
PacCTOSIHUSAMU MEXAY 3epKajlaMd U TOUKOW pacrmpocTpaHeHHus cBeTa. Tak kak JIuHY D' MOKHO
BBIOpATh MPOU3BOJILHO, TO YpaBHEHHE (20) cripaBeTuBO JUIs JHOObIX 3HaUeHui D',

Bcrasus (12) B (8) nomydaem

’ 1 ’
X =V —/—— i1 X =
! J1-(v/c)’

Msl mpenmosiaraeM, uto mpeoOpazoBaHME M3 HHEpLHaTbHOUH cuctembl U’ k a¢dupy U,
ABIIsICTCS JMHEWHBIM (mpearnoisioskenue V). Ecimm k npeoOpa3oBaHUIO BpeMEHH M KOOPAMHAT
nosioxkenust (12), (21) nmoGaBuUTh JMHEHHOE BBIpAXEHHE 3aBUCUMOE OT X', TO IMOJydaeM
npeoOpa3oBaHue C HEU3BECTHBIMH KO PHUIIMEHTaMHU a, b

1 :

J1-(v/¢)? T

x= vt';wtbx'
J1-(v/c)?

[Ipeo6pazoBanue (22) mOKHO OBITH CHpPABEIJIUBO Ul JIIOOOTO BPEMEHM M KOOpPIUHAT
II0JIOKEHUSL. B yaCTHOM ciy4ae, OHO CIIpaBEUIMBO B MOMEHT CUHXPOHHU3ALIMU 4acOB, TO €CTh KOI'/a
Bpems ¢t =1t"=0 mna Touku ¢ koopauHaramu D' B cucteme U'. B cBs3u ¢ 3TUM, BCTaBIIIEM
B mpeoOpaszoBanue (22) t =¢'=0, x'=D'u x =D. B 3TOoT MOMEHT ObIa MPUMEHEHA BHEIIHSS
CHUHXpOHM3aIMs 4acoB B cucteme U’ Ha ocHOBe yacoB B adupe U. YuutsiBas (20), monyyaem

0=aD’

23
J1-(v/c)’D' =bD' @)

Ortcrona noyyaem K03(h(UIUEHTHI a U b

0 (21)

t=t
(22)
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a=0
24
b=+1-(v/c) ()

OxoHuaTenbHO TNpeoOpa3zoBaHue U3 JI000KW HMHepuuanbHOM cuctembl U’ B cuctemy U,
CBSI3aHHYIO C 3()UPOM, IPHHUMALCT BH]

1 :

——t
VI=(/e)?
1
x=———t'+41-(v/c)* - X (26)
VI=(/e)?

[Tocne mpeoOpazoBanus moyydyaeM obpaTHOe MpeoOpazoBaHKUe, a UMEHHO MpeoOpa3zoBaHUe
u3 cucteMsl U, CBsI3aHHOH ¢ 3pupoM, B MHEpLHAIbHYIO cuctemy U’

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

X =;(—vt+x)

1= (v/c)? (28)

{= (25)

5. OTHOCHUTe/IbHAsA CKOPOCTh M CYMMHPOBAaHHUE A6COTIOTHOU CKOPOCTHU

Nuepumansuyto cucremy U’ Temeps o6o3HaumM U;. U3 3TON MHEpHMATBHOW CHCTEMBI
HaOmogaeTcs apyras uHepuuanbHas cucrema U,. OtHocutenbHo cuctemsbl U (UFR) unepiinanpHas
cucrema U; UMEET CKOPOCTh Vi, @ UHEPLUUOHHAs cuctemMa U, UMEET CKOPOCTh V2. MBI omnpenenum
OTHOCHUTEIILHYIO CKOPOCTh Va1 CHCTeMBI U, HaOMI01aeMyto u3 cuctemsl Uj.

[Tycthb dx - n3MeHeHne MoJoKeHusl cucTeMbl U, B MHTEpBalie BpEMEHH dt, HaOIogaeMoe 13
cuctemsl U. Tenepp MOXKHO HamucaTh, 4YTO

_dr
dt

HYCTL dx1 - U3MEHEHHE MOJI0XKEHUSI cucTeMbl U, B HHTCPBAJIC BPCMCHU dt], Ha6J'IIO,Z[aeMOC
u3 cuctemsl Uj. Tenepb MOKHO HaItMCaThb, 4YTO

V,

(29)

dx,

Vy=—
2/1
d

: (30)

Jlnst Toro, 4yToOBl OMpPENETUTh OTHOCUTEIBHYIO CKOPOCTh cuctembl U, oTHocuTensHOo U,
BbIuncIuM auddepenuansl npeodpazoanus (27)-(28) (1 = ¢, x;1 = x', vi = V)

dt, =\1-(v,/c)’ - dt

dv =— 1 (vdi+dy) (D
viI-(v Je)’
Ot nuddepeHimans BerabisieM B Gopmyny (30)
B S
1-wey

- /era

(—v,dt + dx)

(32)
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dx

- dt
= Gyer o

YuuTsiBas ypaBHeHHE (29), mosydaeM pa3blCKUBaeMyto (opMylTy OTHOCUTENIBHONH CKOPOCTH
MHEpLUAIbHON CUCTEMBI U, OTHOCUTENIBHO UHEPLMAIBHOU cUcTeMBI Uj

Vo=V

__NTh 34
e Y

6. CKOpoOCTBb CBeTa B UHEPIMAJIbHOM CUCTEMe

BbruucnuMm Teneps CKOpOCTh CBeTa B JH000H HHEpLUUaNbHOM cucteme U.
PaccmoTpuMm Tpu uHepuumanbHble cucteMbl otcuéra U;, U, u Us, nBuxkymuecs B sdupe
MapajuIeIbHO OCSAM KOOpJUHAT, PUCYHOK 3.

—C U3
B -
=y

Cp2 3/1 c U,

-t

Cpl = V211
P %

1 U]

Puc. 3. CxopocTb cBeTa B OTHOM HAIpaBIECHUU.

Cucremel U, u U; cBsI3aHBI CO CBETOM, HO JBUXKYTCS B IIPOTUBOIIOJIOKHBIX HAIIPABIICHUSX.
Taxum 006pazom, UX CKOPOCTH PaBHBL: V; = ¢ U v3 = —c. Cucrema U; nBuxercs oTHocutenbHo UFR
co ckopocthio v; >0. U3 ypaBHeHus (34) MOXHO BBIUYHCIUTH CKOPOCTH CBETAa B BAaKyyMe,
U3MEpPEHHYI0 B cucteme Uy

c—v c(c—v c(c—v c’
Cpt =Van = = (2 21)= ( ) = <c (33)
1-(v/¢) c - (c+v)(c—-v) c+y
—c—v c(c+v c(c+v c’
Cra=Vsn = 12 == (2 21)=_ ( ) == <-—c (36)
1-(v,/¢c) c -V (c+v)(c—w) c—v,

Korna cBer nBuxercs B 3¢upe B TOM )K€ HAIPaBJICHUH, 4TO U cuctema Uj, TO €ro CKOpoCTh
B cucTeMme BbIpakaercsi ypaBHeHHeM (35). Korma cBer mBmkercs B 3Qupe B MPOTUBOMOIOKHOM
HampaBJIeHUU, 4eM cuctema Uj, TO €ro CKOpPOCTb B CHUCTEME BbIpaxkaeTcsi ypaBHeHHeM (36).
I'paduxu 3TUX CKOpOCTEH B 3aBUCUMOCTH OT V| TIOKa3aHbl HAa PUCYHKE 4.

Otcroma cienyer, 4To, eciau cuctema U JABHXKETCS CO CKOPOCTHIO OJHM3KOM K ¢, TO CBET
JBIDKYILIUICS B TOM K€ HalpaBJICHUH, UIMEET M0 OTHOIICHHUIO K U CKOpPOCTh OIu3Kymo K ¢/2. Cer,
JBIDKYLIUICS B OOpaTHOM HAalpaBJICHHMH, UMEET MO OTHOWIEHHIO K cucrteMe U; OeCKOHEYHYIO
ckopocTh. OTcroia CleyeT, YTO OTHOCHUTEIbHO HMHEPLMOHHOM CHCTEMBbI CKOPOCTb CBETA MOXKET
OBITh OYCHBb OOJbIIAs, TaK Kak 4acekl B cucreMe uaytr memneHHeil, yuem B UFR. CkopocTh cBera
B UFR TO4HO paBHa c.

Ckopoctb v; sBiseTcss ckopocTeio cucteMbl U; otHocurenbHo UFR. Ilycts B cucreme U
CBET [BIKETCS NapajienbHo vi. Tak ke, Kak B dkcnepumeHTe MalikenbcoHa-Mopiu, CBeT
IIPOXOJUT MyTh L' B TeUEHUE BPEMEHH #'. B KOHIIE TyTH OTpayKaeTcs OT 3€pKajia U BO3BPAILAETCS 1O
TOMY ke myTH L' B TeueHue Bpemenu ¢”. Toraa cpefHsst CKOpOCTh cBeTa, Ha ocHoBaHuu (35) u (36),
OyzeT ciemyromas

9 www.ste.com.pl




OOBsicHEHHE PE3yIIbTATOB KCIIepuMenTa Maiikenbcona-MopiiH MpU MOMOIIHM YHUBEPCATBHON CUCTEMBI OTCUYETa
Szostek Karol & Szostek Roman

Cp1. Cpa [3:10° m/c]

0-1 -0.8-06-04-02 0 02 04 06 08 1
vi [3:10% m/c]
Puc. 4. CxopocTb cBeTa B MHEPLIMAILHON CUCTEME, IBUXKYIIENUCS CO CKOPOCThIO Vi oTHOcuTeabHO UFR
(¢p1 - MMHMMAaJIBHAs CKOPOCTB, Cpy - MAKCUMAJIbHAS CKOPOCTB ).

OTa CKOpOCTb cOrjacyercs C pe3yiabTaTaMu 3KcrnepuMeHTa MailikenbcoHa-Mopnu, u3
KOTOpPOTO CJIEYET, YTO CPENHAS CKOPOCTb CBETa B BaKyyMe€ IOCTOSIHHA M paBHa ¢ (CpenHss
CKOpOCTh, @ HE MTHOBEHHAs). MBI MOKa3aJu, 4To U3 KcrepuMeHTa Maiikenscona-Mopinu Heb3s
clenaTb BBIBOJ O TOM, YTO MI'HOBEHHAsl CKOPOCTb CBETA IIOCTOSHHA B Ka)JOM HAalpaBICHUMU.
Ckopoctu BbIpakeHHbIe ypaBHeHHsAMHU (35) u (36) sBustorcs pasubiMu. [lepBast kacaercs
HaIpaBJIEHUs COBIAJAIOIIEIO CO CKOPOCTBIO Vi, a BTOpas - HAMpaBICHUS IPOTHBOIIOJIOXHOIO
ckopocTH vi. TeM He MeHee, cpeliHsAs CKOPOCTh CBETA ITOCTOSIHHA U pPaBHA C.

B paborax [7] u [8] Obu1a noxydeHa obmast ¢popmysa Ui CKOPOCTH CBETA, JABWKYILEroCs
B J1I000M HaIpaBJeHUU B BaKyyMme, BUA

2
c
cp = (37)
c+vcosa
Jlnis  cBera, MABUXKYLIErOCs B MaTEpPUAIBHOM Cpele, HENOABUKHOM OTHOCUTEIBHO
HaOmoaTens, 3ta ¢popmyna uMmeer BUJ (BBIBOA B crathe [7]) (cs,y OMHOHANIPABIICHHAS CKOPOCTH
CBETa B MaTepHAILHOM IIEHTPE, ABIKYIIEMCS C HAOII0JaTeIeM)
c’c
4 K
T (38)
¢ +cveosa

CS o

B stux nByx ¢opmynax yron o' sBIsSeTCS YIJIOM, M3MeEpsSEMbIM HaOIronaTeneM, MEXIy
BEKTOpOM ero ckopoctu otHocutenpHOo UFR u BekTopom ckopoctu cera. CKOpPOCTh ¢ - 3TO
CKOPOCTh CBETa B MAaTepHAIbHON cpene, HenmoaBWKHON oTHocutenbHo UFR, Habmomaemas
HaOIIoHaTENIEM HEMOABMKHBIM oTHOCUTENLHO UFR.

@opmynst (37) u (38) cBoaarcs k hopmynam (35) u (36), ecnu moACTaBUTh ¢s=c 1 o' =0
rad wm o' = 7 pag. @opmynsr (37) u (38) Takke 00NATAIOT CBOMCTBOM, MOKa3aHHBIM B (38).
Heo0x0auMo JUIIb MPOBEPHUTH, YTO JAJISI CKOPOCTH CBETa, BbIpakeHHOU (opmynoii (38), cpennss
CKOpOCTh Ha ITyTH K 3€pKajly ¥ 00paTHO ClIeAyroIas

, 2L 2L

- = (39)

’ ’
tsa' + s(r+a') L + L

2 2
C C C C

sr

c*+cyveosa  c+cyeos(r+a’)
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2 2
= 2 ’ 2 I: 2 :cs (40)
¢ teyeosa’ ¢ —cyeosa 2c

sr

2 2 2
C C C C C C

N3 ypaBuenus (40) ciemyer, 4TO ¢, SIBISIETCS TaKXKE€ CPEJHEH CKOPOCThbIO CBETa Ha MYTH
K 3epKally M 0OpaTHO B MaTepHaIbHON CpeAe, HEMOJBI)KHOM OTHOCHTEIBHO JBHIXKYIIETOCS
Habmronatens. HecMoTpst Ha TO, 4TO CKOPOCTH CBeTa, BhIpakeHHass (opmynoi (38), 3aBucHT OT
yria o' ¥ CKOPOCTH V, CPEAHsAsS CKOPOCTh CBETa Ha IYTH K 3epKaly M 0OpaTHO BCerja MOCTOSHHA
U paBHa c¢;. [lo 3T0#l mpuumHe BpalieHHe HHTepdepoMeTpa B HKCIEpUMEHTax MaiikenbcoHa-
Mopmu u Kennenu-TopHpiaiika He BiuseT Ha MHTEp(EpeHLHUOHHbIE MOJOCH. BoT modemy 3tu
HKCTIIEPUMEHTHI HE MOTJIM OOHAPY)KUTh YHUBEPCATbHYIO CHCTEMY OTCYETA.

7. AHM30TpONUA PeJIMKTOBOrO U3/Iy4YeHUs

CBer - 9TO 0COOBIM cCilyyail AMEKTPOMAarHUTHOTO H3JIyYEHHs, HO BBILICTIPHBEICHHBIE
COOOpaykeHMs KacatoTCsl He TOJIBKO CBETA, HO U JIFOOOTO AIIEKTPOMArHUTHOTO U3ITy4EeHHUS.

Kocmuueckoe mpOCTPaHCTBO HAMOJIHEHO KOCMHUYECKMM MHKPOBOJHOBBIM  (DOHOBBIM
n3Iy4eHneM. MHOTOYHCIICHHBIE MCCIeIOBaHMs Ha 3Ty TeMy ObUIM MPEACTaBIEHBI B CTaThix [9].
CrexTp 3TOro M3JIydeHHs SBJSIETCS TaKUM JK€, KaK CIEKTP M3JIyudeHHs] aOCOJIFOTHO YEpPHOTO Tela
IIpU TeMIepaType

T =2.726+0.010 K 41)

PenukroBoe u3MydYeHHE SBISETCS AJIEKTPOMArHUTHBIM HM3IYy4EHHMEM C MaKCHUMaJbHOM
MHTEHCUBHOCTBbIO JUIsi yacTtoT okoio 300 ITn. VYHuBepcanpHas cucTeMa OTCYETa HMEET
HEOJHOPOAHOCTH (aHU30TPOIINIO), aMIUIMTYyJa KOTOPOH paBHA

AT, =3.358+0.017 MK (42)

VYHHBepcallbHasi CHUCTEMa OTCUeTa MMEET MUHUMAIBHYIO TeMIlepaTrypy BOJIHM3M CO3BE3aus
Bonornes, a MakcUManbHYIO TEMIEpaTypy — B HEMOCPEJICTBEHHOW OMM30CTH OT co3Be3aus JIbBa.
Takum oOpazom, ¢ mepcrnektuBbl ColIHEYHON cucTeMbl BceeleHHas 1Mo OJHY CTOPOHY HEMHOTO
TeIuIee, a o IPYryro - HEMHOT'O XOJIOTHEE.

VYueHble MBITAIOTCSA O0OBACHUTH aHU30TPOIHIO MUKPOBOJIHOBOTO (DOHOBOTO HM3JIy4EHHsS IO-
pa3HOMY, HO Ha CaMOM Jejieé aHU30TPONMS SBJISAETCS CHIBHBIM AapryMEHTOM B IIOJb3Y
cymecrBoBanusi UFR, To ecth, cucreMbl oTcueTa, B KOTOpOW pacmpocTpansercs cBeT. CoriacHo
Hallell  KOHIENIMH, aHu3oTpomusi oOycnoBieHa dsddexkrom  [omnepa  HabiaromaeMbIM
HabmronateneMm, JBMWKymuMcs oTHocutenbHOo UFR. Ha ocHoBe aHM30TponHMM pPETHKTOBOTO
U3TYYEHUST MOXET OBbITh OIpeneleHa CKOpPOCTb, ¢ KoTopoi ConHeuHass CUCTeMa JIBHKETCS
otHocurensHO UFR.

N3BecTHO, 4TO PEIIMKTOBOE U3JIy4YEHUE OYEHDb XOPOILIO IPOHUKAET YEPE3 MATEPUIO, I0ITOMY
€CJIM €r0 MCTOYHUKHM pPaCCesHbl B OJHOPOJHOM IPOCTPAHCTBE, TO B JOJIOCPOYHOU IEPCIEKTUBE
CyILeCTBOBaHUsI BCEIIEHHONW OHO HAaKONMWIOCh PAaBHOMEPHO BO BCeM IpocTpaHcrBe. lloaromy
MOXHO IIPEAINOJIOKUTh, YTO PEIUKTOBOE H3IIYyYCHHUE SBJIACTCS OJHOPOIHBIM B YHUBEPCAJIbHOU
CHCTEME OTCYETa, B KOTOPOH pacIpOCTpaHSETCS CBET U COOTBETCTBYET M3IYUYECHHUIO aOCOJIOTHO
YEpHOTIO Teja Ipu Temmneparype 7.

B pabote [7] mokazaHo, 4uTo Ha OCHOBe mpeoOpazoBanus (25)-(28) MOXKHO MOITYYUTH
dopmyny s s¢pdexra [Jomnepa u3 UFR B mHepumanbHylo cucreMmy, Takyio ke, kak B CTO,
a UMEHHO

fo= St ape(0+m) (43)

c —V
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3nech f, SABISETCAs YaCTOTOM MHUKPOBOJIHOBOTO (POHOBOTO HM3IY4EHHs, HAaOJIOJaeMoil M3
CoJIHEeUHOH CUCTEMBI, fj SIBIISETCS YaCTOTOM PENMKTOBOrO M3imydeHus otHocutensHo UFR, a yron
OF SIBISETCS YIJIOM MEXIy BEKTOPOM CKOPOCTM V M BEKTOPOM CKOpPOCTH CB€Ta. YTroi o
paccmarpuBaercs u3 UFR.

Hns o = 0 popmyna (43) nmpuBoAUTCS K BUILY

(c—v)’

(c+v)(c—-v) o c+v

L =1 mi o, =0 (44)

Ha ocHoBanum 3akoHa cmenieHuss BuHa [nuMHa BOJIHBI CBETA, MOIIHOCTH KOTOPOM
MaKCHMallbHa, CBS3BIBAETCS C TEMIIEPATypOd U3My4aromiero ee¢ aOCOJNIOTHO YEpHOro Teja
ypaBHEHUEM

HaIlpaBJICHUC
BpalcHusd
TaJJaKTUKHU

i3

Bononei

1-c08(48.05)-c05(5.69)

AAA
AAA
Bononei

Puc. 5. Cxopocts CoHEeYHOH CHCTEMBI OTHOCUTENBHO 3dupa.
ITpoekiust Ha MIOCKOCTH ["aJlakTHKY M Ha IJIOCKOCTH MEPIEHINKYISApHYIO K tockoctH ["anaktuku (90°-270°). Bug
cBepXxy ranaktuku Miteunstii [TyTh (OTMeUYeHBI TalakKTHUECKHE KOOPANHATHI) U BUL COOKY.

1 T c cl
A 0.0029[m- K] A 0.0029

max max

(45)

Jlnst yacrotel paccMarpusaemoi u3 UFR, nonydaem
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T,
=—— 46
Sy 0.0029 (46)
TOTJIa KaK JUIS YaCTOThI pACCMATPUBAEMON IBIKYITUMCS HAOIIOAaTeIeM, MoTydaeM
o cIT™ T —AT)
= Y= Y = g o, =0 47
7 = 00029~ 0.0029 ¢ *7)
[ToncraBnsis B (44), nojryuum
min el c—V
T =T, -AT, =T, s o =0 (48)
c+v

Ha >Tom ocHOBanuu

= T’ —(T. —AT)’
T ~T A a.=0) = vzc = L 49
(0 v E ) 7—:}2+(7—L—AT;)2 ( )

W, nakonen Mbl mnoiydaeM ckopocTth ConHeuHo#l cucrembl oTHocutTenbHO UFR (ee
BETMYMHA TPUOMU3ZUTEIBLHO Takas e, Kak TOoNydeHHas B cTaThe [9], HO HMeeT Ipyryro
UHTepnpeTanum), (¢ = 299792.458 km/c)

v=369.5+3xm/c=0.001233-¢ (50)

Orta CKOpOCTh oOOpaiieHa B HampaBieHHH co3Be3nus JIbBa. DTO COOTBETCTBYET
raJIaKTUYECKUM KOOpuHATaM (PUCYHOK 5)

[=264.31°+0.16°
b=48.05°+0.10°

Tak Kak M3MepeHUs PEIMKTOBOIO M3JIy4EHHUs MPOBOJMINCH OYEHBH TUIATEIBHO, TO 3TO
3HaueHue ckopoctu ConHeuHol cuctembl oOTHocuTenbHO UFR MOXHO cunMTaTh TOYHBIM.
JIt060IBITHO, YTO 3HAUEHHUE 3TOW CKOPOCTH SIBJSETCS TOTO XKe MOPSJIKA, YTO U €€ IPUOIU3UTeNbHAs
olleHK 445 KM/C OTydeHHas Ha OCHOBE dKcrepuMeHTa ¢ K Me3oHamu [7].

(51

8. 3akiiloueHue

[Tonmyyennsie mpeobpazoBanus (25)-(26) u (27)-(28) cormacyrorcs ¢ SKCHEpPUMEHTAMU
Maiikenscona-Mopnu u Kennenu-Topnaaaiika. ITi npeoOpa3oBaHus MOKA3bIBAIOT, YTO U3MEPECHHE
CKOPOCTH CBETa B BaKyyMe C UCIOJIb30BaHHEM MPUMEHSEMBIX JI0 CUX TOp METOJOB Bcerja OynmeT
JlaBaTh CpeJHEe 3HAYEHHE PAaBHOE C. DTO MPOUCXOJUT, HECMOTPSI HA TO, YTO JJIs JABMKYLIETOCs
HaOmoaTeNss CKOPOCTh CBETa MMEET pa3Hble 3HAYCHHUS B Pa3HBIX HampaBieHusx. CpemHss
CKOpPOCTb CBETAa BCErJa IOCTOSIHHA M HE 3aBUCUT OT CKOPOCTH MHEPLUHAIBHOU CHUCTEMBI OTCUETA.
N3-3a »TOrO CBOIMCTBA CKOPOCTHM CBETa JKclepuMeHThl Maiikenbcona-Mopinun u  Kennenu-
TopHpaaiika He CMOTIM OOHAPYKUTH YHUBEPCAbHYIO CUCTEMY OTCUETA.

[TpunsaTeie mpennoyiokeHuss [-V TO3BONSAIOT OOBACHUTH AHU3OTPOMHUIO KOCMHUYECKOTO
MUKpPOBOJHOBOTO (poHOBOTO wm3iyueHus. AHH30Tpornus oOycnoBieHa 3¢dexrom Jlomepa,
KOTOPBIU ABJISIETCS clieIcTBUEM JBHKeHUsT ConHeuHol cucteMbl oTHOcuTenbHO UFR.
[IpoBeneHHbI aHANU3 MOKa3bIBAE€T, YTO MOXKHO OOBSCHUTH pPE3yIbTaThl AKCIEPUMEHTA
MaiikenbcoHa-MoOpiii Ha OCHOBE YHUBEPCAIBHOM CUCTEMbI oOTcyeTa. JIOKHBIM SBISAETCS
yTBEpXKACHUE, YTO IKCTEpUMEHT MaiikenbcoHa-Mopiu J10Ka3aj, 4TO CKOPOCTh CBETa aOCOIIOTHO
MOCTOsIHHA. Takyke JI0KHBIM SBIIAETCS YTBEPKACHUE, YTO OSKCIEpUMEHT MalikenbcoHa-Mopiu
MOKa3aJl, 4YTO HET YHUBEPCAIBHOW CHCTEMBI OTCYETa, B KOTOPOM CBET PACHPOCTPAHAETCS
U IBUKETCA C MIOCTOSIHHOM CKOPOCTBIO.
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[IpunATHE TOTO, YTO CKOPOCTH CBETA MOKET 3aBHCETh OT HAIIPABJICHUSI €r0 MU3JIy4EHUs, HE
BBIJIEJISIET KAaKOro-IM0O HAaIpaBieHHUs B MPOCTpaHcTBE. Pedyb MAET O CKOpPOCTH CBETa, KOTOPYIO
u3MepsieT JBUXKYILUACS HabmromaTens. DTO CKOPOCTh, € KOTOPOM HAOIIOAATENb JIBUXKETCS
OTHOCHUTEIIBHO YHUBEPCAJIBHOM CHUCTEME OTCUETa, BBIAEISAET XapaKTEPUCTUYECKOE HAIpaBJICHHE
B [IPOCTPAHCTBE, HO TOJBKO JuIsi dToro HabOmiomarend. /[lng HaOmomatenss HEMoOIBHXKHOTO
OTHOCHUTEIIBHO YHUBEPCAIBHOM CUCTEMBI OTCUETA CKOPOCTh CBETA BCETIA MOCTOSIHHA U HE 3aBUCHUT
OT HarpaBlieHUsl ero usnydeHus. Ecnu HaOmrogaTenb OBMXKETCS OTHOCHTEIBHO YHHUBEPCAJIbHOU
CUCTEMBI OTCUETA, TO IIPOCTPAHCTBO AJIS HETO HE SBISETCS CUMMETPUYHBIM. DTOT Cilydail IIOXO0X
Ha ciydail ¢ HaOiromaTeneM, KOTOPBIM IUIBIBET MO BOJE M U3MEPSeT CKOPOCTh BOJIHBI Ha BOJIE.
HecmoTps Ha TO, 4TO BOJIHA PacHpOCTPaHSAETCSA MO BOJE C IMOCTOSHHOM CKOPOCTBIO B KaXIOM
HampaBjIeHUU, Ui IUIBIBYLIEro HaOmronaTenss CKOPOCTb BOJIHBI OyJeT pa3sHOW B pasHbIX
HaIPaBJICHUSX.

B nacrosmee Bpems cumtaercd, uro CTO sBisercs €IMHCTBEHHOM TEOpHEH, KOTOpas
oOBsicHAeT 3KcrepuMeHThl Maiikenscona-Mopiu u Kennemu-Topupaaiika. B 310l cTatbe Mbl
[I0OKa3ajli, 4YTO €CTh JApPYru€ TEOPHUM COBMECTHMBIE C 3TUMH OJKcnepuMeHTamu. Ha ocHoBe
MOJIy4E€HHOTO 3/1eCh mpeobpa3zoBanus B padotax [7], [8] u [10] Oblina BeIBeZeHa HOBas u3MUECKast
Teopusi KMHEMAaTHKU W JMHAMUKM Tell, Ha3BaHHas aBTopamu CnenmanbHoil Teopueit Ddwupa.
B paGorte [8] mokazaHo, 4T0 MOKHO OCIa0HUTh Mpenosoxkenue [V a Takke MOXKHO MOJIYyYUTh Ooee
obuuii Bua mpeodpazoBanus (25)-(28). 1o o3Ha4aeT, 4TO MOXKHO TMOTYYUTh MHOTO KHUHEMATHK
COBMECTHMBIX C 3KcrepuMeHTamMu Maiikenscona-Mopnu u Kennenu-TophHpaiika. B pabore [7]
MOKa3aHo, YTO B Mpezeax KaXJa0H TaKoi KHHEMAaTUKU MOXKET OBITh MOJydeHO OECKOHEYHO MHOTO
IUHaMUK. Jlas Toro, 4ToOblI BBIBECTH JUHAMHUKY, HEOOXOIUMO MPUHATH JIOTIOJHUTEIHLHOE
MIPENIIONIOKEHNE, TO3BOJIAIOLIEE BBECTHM B TEOPHUIO IOHATHS MACChl, KMHETUYECKOW HHEPIUH
U UMIIyJbCa.

OkcnepumenTsl MaiikenscoHa-Mopnu u Kennenu-TopHialika HEOJTHOKPaTHO BBINOIHSUIACH
pa3NUYHBIMU Hay4YHBIMU rpynnamu. Taxke ObUIH POBEAECHBI MOAU(DULIIMPOBAHHBIE U YIIYUIIIEHHbIE
BEPCUHU ITOTO IKCIEPUMEHTA, TaKHE KaK HKCIIEPUMEHT ¢ Kpuctauiamu candupa ¢ 2015 rona [11].
Kaxaplii U3 3TUX 3KCIEPUMEHTOB MOATBEPAMII TOJIBKO, YTO CPEIHSAS CKOPOCTh CBETA IOCTOSTHHA.
[loaToMy mnpenmnosoKeHus, Ha KOTOPBIX OCHOBBIBAE€TCS IIPEICTABIEHHBINM BBIBOJ, SBIISIOTCA
000CHOBaHHBIMH HKCTIIEPUMEHTAIBHO.
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