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AHHOTALIMA:

B cratee BbIBemeH wenblii Kiace mpeoOpa3oBaHME BpEMEHM M TOJOXKEHUA. OTH
npeoOpa3oBaHUs BBIBEACHB Ha OCHOBE aHalIM3a SKCIepuMeHTa MaiikeabcoHa-Mopiau U ero
YCOBEpLIEHCTBOBAHHON Bepcun — 3kcnepuMeHTa Kennenu-Tophupaaiika. Ha ocHoBe kaxkaoro wus
3TUX TMpeoOpa30BaHMi MOXKHO BBIBECTH JPYTYyI0 KHHEMAaTHKy Tel. TakuMm crnocoOoM Mbl
npoaeMoHcTpupoBasid, u4to CrneuuaneHas Teopuss oTHocutenbHocTH (CTO) He sBasercs
€IMHCTBEHHOHN TeopHel, OOBACHAIOMIEH pe3ylbTaThl SKCIEPUMEHTOB cO cBeToM. CylecTByeT
LENbIf KOHTUHYYM TEOpPHH KHHEMAaTHKH TeJl, KOTOphIe IMPAaBUIBHO OOBICHSIOT SKCHEPUMEHT
MaiikenscoHa-Mopiy, a TakKe JPYTHe SKCIEPUMEHTBI, B KOTOPBIX U3MEPSIOT CKOPOCTh CBETA.

Ha ocHoBe BbIBEZICHHBIX IIPe0Opa30BaHUil MOTydaeM OOLIMIA BHJ BEIPAXKEHUS JIs1 CKOPOCTH
CBE€Ta B BaKyyMe, U3MEPEHHOW B MPOU3BOJIbHOW HHepiHuanbHO cucreme otcuera (MCO). Mu
oOBsiCHAEM, IMOuYeMy SKcrepuMeHThl MaiikenbcoHa-Mopnu u Kennenu-Topuaalika He cMmoriu
BBISIBUTH Hanmuuue oHdupa. IlpeacraBmsieMm u  oOCyklIaeM Tpud MIpUMeEpa KOHKPETHBIX
npeoOpazoBanmii. B 3akimroueHne oObSICHSIEM SBJICHUE aHU30TPOIUU PETUKTOBOrO m3mydeHus (PH)
C UCIOJIB30BAHUEM IIPEACTABICHHOU TEOPHH.

[IpencraBineHHyo B JaHHOHM paboTe Teopuio Mbl HazBanu CrnernuanbHON Teopuel sdupa
(CTD) — ¢ npou3BOJILHBIM NONEPEUHBIM COKpameHueM. CTaTbsi COAEPKUT JIMILb OPUTHMHAIBHBIE
UCCIIEA0BaHus, IIOBEACHHBIEC €€ aBTOPaMU.
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KaroueBble c10Ba: KMHEMaTHKa Tel, YHHBepcaibHas cuctema orcuera (YCO), npeobpazoBaHus
BPEMEHM U TIOJIOKEHUS, OJHOHAIIPABJIEHHAs CKOPOCTb CBETA, AHU3O0TPONIMS PEITUKTOBOIO
m3nyuenus (PN)

1. BBeaenue

B coBpemenHoii (uzuke oOIIeNpU3HAHO, YTO SKCHepuMeHThl Maiikenbcona-Mopmu [3]
u Kennequ-Tponnaiika [1] mokaszamu, 4TO CKOpPOCTh CBETa SBJISETCS aOCONIOTHO MOCTOSHHOM
BEJIMYMHOM, a TaKkKe TO, 4YTO HE CYIIECTBYET YHHMBepcaibHOM cuctemsl otcuera (YCO),
Ha3bpIBaeMoil a¢upom. Ha ocHOBe aHamm3a 3TUX 3KCIEPUMEHTOB OBIJIO BBIBEJCHO NMPeoOpazoBaHUe
Jlopenna, Ha kotopoe onupaercs CrenunanbHas Teopus oTHocutenbHOocTH (CTO). B Hacrosmee
Bpemsi cumrtaercs, uro CTO sBusercs €IMHCTBEHHON TeOpHeW KUHEMAaTHKH TeJl, IPaBUIBHO
OOBsICHAIONIEH AKCepuMeHT MaiikenbcoHa-Mopnu, a Takke BCe JpYrue SKCIEePHUMEHTHI,
B KOTOPBIX U3MEPSIETCSI CKOPOCTH CBETA.

B paccyxnenusx, kortopele mnpuBenun k CTO, mnoctynupoBanoch, uro Bce HMCO
SKBUBAJICHTHBI, U JJIS J1I000T0 HAOMIOAATENsl CKOPOCTh CBETA — BEJIMYMHA MOCTOSTHHAsL. OHAKO 3TH
IIOCTYJIaThl HE MMEIOT AKCIEPUMEHTalIbHOro noArsepxkaeHus. [loctymar o tom, uto Bce MCO
SKBUBAJICHTHBI, ObUI MPHUHST, IOTOMY YTO HE YAaBaJOCh OOBACHUTH SKCIEPUMEHT MaiikenbcoHa-
Mopnu ¢ ucnonszoBanueM teopuu ¢ YCO. B 310l crathe MBI TIOKa3bIBaeM, KaK 3TO OOBSCHUTH,
a TakKe TO, YTO CYIIECTBYeT OECKOHEYHO MHOTO TakKMX TeopHuil. OKa3bpIBaeTCs TaKXke, YTO
OJIHOHAmpaBlieHHasi (MTHOBEHHAs) CKOPOCTh CBETa HUKOTJa TOYHO He Oblla M3MepeHa. AHanu3
MHOTOYHCIICHHBIX JKCIEPUMEHTOB B 3TOW oOmactu Obul caenmaH B pabore [11]. Ilpu Bcex
U3MEPEHUSAX CKOPOCTH CBETA U3MEPSIACH TOJBKO CPENHAS CKOPOCTh CBETA, IPOXOSAIIErO MyTh IO
3aMKHYTOH TpaeKkTopuu. UYUTOOBI HM3MEpUTh CKOpPOCTh CBETa, OH JOJDKEH ObUT BEpPHYTHCS
B U3MEPUTENBHOE YCTPOMCTBO. B mpocreimeM ciiydae CBET paclHpOCTPAHsUICS K 3€pKaly
U OTpaxkayicsi 00paTHO TaK, KaK CleNIald B CBOMX 3KcrepuMenTax Apman @u3o B 1849 roay u Kaun
®yko B 1850 romy. To »xe camoe peasn30BaHO B JKCIEpUMEHTax MailikenbcoHa-Mopim
n Kennequ-TopHaiika, B KOTOPBIX MOCJIE OTPAKEHUSI OT 3€pKajl CBETOBbIE IOTOKH BO3BPAILAIOTCA
B TOYKY BbIX0/1a. M3 3TUX OMBITOB CIEIYET, YTO CPEAHSISI CKOPOCTh CBETA, IPOXOAIIETO MyTh Ty1a
u o0OpaTHO, SBJISETCS BEIMYMHONW TIOCTOSHHOW, a HE TO, YTO TMOCTOSIHHOUW SIBISIETCS
OJIHOHAIpaBJieHHAasl (MTHOBEHHAs1) CKOPOCTb CBETA.

Ananu3 skcnepuMeHToB MaiikenscoHa-Mopimu u Kennenu-Tponpalika Mbl IpOBOAMIN
C IpyrMMH OCTyJaTaMHu, 4yeM 31o czaenano B CTO.

2. HOCTyHaTLI KHHEMAaTHKH TeJI

[IpuHrMaeMm ciieyroImue noCTyJIaThl:

I.  CymecTtByer cucrema OTCYETa, OTHOCUTEIBHO KOTOPOH CKOPOCTh CBETA B BAKyyMe€ HMEET
OJIMHAKOBOE 3HaU€HHE B JII0OOM HarpaBiieHHH. Ha3oBeM ero yHMBEpCalbHOM CHCTEMBI OTCUeTa
(YCO) umu a2¢pupom.

II. CpenHsas ckOpOCTH CBETA MPH MPOXOKJICHUH MYTH TyJla © 0OpaTHO HE 3aBUCUT OT HAIIPABICHUS
€ro pacmpocTpaHeHHsl s J0oro HaOmogarens. ITO CledyeT U3 3KCIepUMEHTa
Maiikenbcona-Mopiin.

III. CpenHss cKOpOCTh CBETa MPHU MPOXOXKJICHUU IMyTH TyAa U OOpaTHO HE 3aBHCUT OT CKOPOCTH
Habmronatens orHocutenbHO YCO. D10 cnenyer u3 skcnepumeHToB Kennenu-Topuaaiika.
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IV. B nampaBneHuu, NeprneHAMKYISIPHOM HANpPaBICHUIO CKOPOCTH Tela OTHOCHUTENBHO 3(dupa,
HacTymaeT (V) - KpaTHOE ero cokpaimienue, rae y(v) > 0 sBusercs GyHKIHEH MOnepedyHoro
COKpAILIEHUS, 3aBUCAIICH OT CKOPOCTHU V T€JIa OTHOCUTENBHO dHpa.

V. IlpeoGpa3zoBanue mexay YCO u MCO siBnsieTcs TMHEHHBIM.

B pa6otax [6]-[10] MBI BEIBOJHIN KHHEMATHKY U JMHAMUKY TEJ C YYETOM BBIIICYKAa3aHHBIX
MOCTYJaTOB, HO TOJIBKO s ciydas, korna w(v) =1. B nmannoil paGote MBI mIpeicTaBisieM
KWHEMATHUKY C MPOU3BOJILHBIM MTONIEPEYHBIM COKpAIlleHHEM, B KOTOpoil Obl1 00001mmieH 1V mocrynar
u ¢pyHkuus y(v) > 0 MOXKET IpUHUMATh 0OJiee CIOKHBIN BUA (pUCYHOK 1).

!

YA
4D’
Yo v
y=0 = — R
x=0 D,=E(W)D’ U-VCO

Puc. 1. 3nauenue napamerpa morepeyHoro (V) u MpoxoiIbHOro &(V) COKpaleHus..

JUinHa, nmepneHAMKYJspHas K ocaM x M X', BUAHA M3 cucremsl U’ xak D', u BugHa U3
cucrembl U xak y(v)D'. Ecnu w(v) = 1, Torna nomepevyHoe coKpaiieHne He HaOIoaaeTcs, TO eCTh
BCE JUTMHBI, NepneHuKysipasie ckopoct v UCO U’ otHOcuTensHO 3¢upa U, IMEIOT Takylo ke
BenuunHy Uit Habmrogarens B UCO U'u mist nabmonatens B 3gupe U.

Jlnuna, mapasuienbHasi ocsiM x U x' BuAHa u3 cucreMbl U’ kak D', u BUuiHa U3 cucteMbl U Kak
E(v)D'. lanpiie OKaXeTcs, UTO Ul MPHHATHIX MOCTYIAaTOB (YHKLHUS MPOJOJIBHOTO COKpAIleHHUs
&£(v) 3aBucMMa OT (PYHKIMM TONEPEYHOTo CoKpamieHus (v) u ckopoctd v. Ilostomy s
IIPOJIOJIBHOTO COKpAIIEHUs] HE IPUHUMAEM HUKAKUX ITOCTYJIaToB.

Ecmu ckopocts v =0, To pazmepsl B cuctemMe U’ TOJDKHBI OBITh WIACHTUYHBIMU pazMepam
B cucreMe U. CnenosarensHo, D'= D, = y(0)D'. Ha ocHOBEe 3TOro moiydaeM Ba)KHOE CBOWCTBO
(GYHKIMYU TOMEPEYHOTO COKPALCHUS

p(0)=1 (1)

3. Bpems n myTh NpoxoxkaeHus cBeTa B 3pupe

Paccmorpum MCO U’, koTOpast ABUXKETCS OTHOCUTEIBHO cucTeMbl U, CBA3aHHOU ¢ 3hupom
CO CKOpOCTBIO Vv (pucyHOK 2). B cucteme U’ HaxoauTcs 3epKajio Ha paccTossHUM D' 0T ee Haydaa.
Caert B 3¢upe pacrpocTpaHsieTcs ¢ MOCTOSIHHOM CKOpocThio ¢. Korja Havana cucrteM COBIAAAOT,
n3 Touku x' =0 B MOMEHT BpemeHM ¢ = (), BBIXOJUT IOTOK CBETa B HaIlpaBiIeHWU 3epkana. Ilpu
JOCTHXKEHUH 3epKajia CBET OTpaXkaeTcsi U IBUXKETCs B 3(Upe B MPOTUBOTIOI0KHOM HAIIPABICHUH CO
CKOPOCTBIO C OTPULIATEIBLHBIM 3HAYEHUEM, TO €CTh —C.

[Ipumem cnenyrommue o0o3HaueHust Uit HabOmromatens B 3dupe: ¢ — Bpems
pacIpoCTpaHEeHMs CBETa 0 3€pKaia, f, — BpeMs BO3BpALLEHUs CBETa B TOYKY BbIxoja. L u L, —
MyTH, IPOWICHHbIE CBETOM B 3(prpe B OJTHOM U BO BTOPOM HalpaBJICHUSX.

Korpa cBer pacnpocTpaHsieTcs B HallpaBJIEHUU 3€pKala, CaMO 3€pKajlo MpU 3TOM yJalsaeTcs
OT HEro co ckopocThio v. Korga cBer nocie oTpaxeHus OT 3epKajia Bo3Bpauaercs B Touky x’' = 0,
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TOrJa 3Ta TOYKa JABIKETCS €My HaBCTpeuy co cKopocTbio v. Jlns Habmromatens B cucreme U
paccrosiHue D' napaiienbHO BEKTOPY CKOPOCTH v U BUJIHO Kak Dy. [Tomyunm

L =D +v-t, L,=D —v-t, 2)
L D +v- L D —v.
t1:_1=X—Vt1, t2=—2= il % t2 (3)
C C C C
a h D' _.-sepxano vV,
P —— ‘ -
0 t; U’ - UCO
&y . ken
____________________ Dy LD Litly L
0 | | < U-VCo
Vi Lo, b

g | | S

Puc. 2. Bpems u myTh IPOXO0XICHHS CBETA JI0 3€pKajia M 0OpaTHO:
(a) myTs, npoiinennsIii ceeToM, BuAuMBIN u3 ICO U,
(6) yTH, IPONICHHBIN CBETOM, BUIUMBIN U3 d(Hpa.

3aBucuMocTd (3) HEOOXOMMO PEUIUTh OTHOCHUTENBHO # U fp. [lomydunm, criemoBaTenbHO,
BpeMsl U IIyTh MPOXOXKAEHUs B 3pupe

D D
h=—", ty=—+ 4)

c—V c+v
L1=c-t1=DxCiv, L2=c-t2=DxCiv (5)

4. T'eoMmeTpuuyecKuii BHIBOJA 0011er0 nNpeodpa3oBaHus

B pasnmene BeIBemeHBI MpeoOpa3oBaHUs cHCTEMa-dpUp TEOMETPUYECKHM METOJOM. bbbl
MPOU3BENICH IOJHbIA I€OMETPUUYECKUN aHAIU3 JKclepuMeHTa MaitkenbcoHa-Mopiu, KOTOpPBIU
MIPUHUMAET BO BHUMAHUE MPOXOKJACHUE CBETA MEPNEHAUKYIAPHO U MAPaAJUIEIbHO K HAIIPABICHUIO
JBHKEHUS cucTtemsl U',

IIpunumaem nocrynatel [-V, yka3aHHble BO BBEICHUH.

Ha pucynke 3 npencraBnenbsl 2 cuctembl otcuera. Cuctema U HaXoAWTCS B COCTOSIHUU
MOoKOs B adupe, Toraa kak cucreMa U’ TBUKETCS OTHOCUTENHHO 3(Upa ¢ MOCTOSIHHON CKOPOCTHIO V.
Ocu x u x' nexxar Ha oJHOM MpsiMON. B MOMEHT BpeMeHH, KOrjia Hayajla CUCTEM COBIAAAIOT, YaChl
B 00X cHucTeMax ObUIM CHHXPOHMU3UpPOBaHBI U OOHYNeHbl. Yacel B cucteme U, cBSI3aHHOM
¢ 3pupoM, CHHXPOHU3UPOBAHBI BHYTPEHHUM CIIOCOOOM, TO €CTh Ha OCHOBAHHH PACCTOSHUS YacOB
Y U3BECTHOM CKOPOCTH CBETa, KoTopas B cucteme U sBisiercss moctosHHOU. Yacel B cucreme U’
CUHXPOHHM3UPOBAHBI BHEIITHUM CIIOCOOOM TaK, U4TO €CJIH 4achl cUucTeMbl U MoKa3bIBatoT Bpems ¢ = 0,
TOTJIa HAXOAAIIMECS PSIIOM C HUMU Yachkl cucteMbl U’ Takke 0OHYyIeHbI, TO ecThb ¢’ = 0.

B cucreme U’ mnpoBOAUTCS SKCIEPUMEHT U3MEPEHUS] CKOPOCTH CBE€Ta B BaKyyme
MEePIEeHIUKYIIIPHO U TMapayiebHO K HAMPABICHUIO BIKEHUS CUCTEMBI U’ OTHOCHTENHHO 3(upa.
B kaxxoM M3 3THX HampaBiIeHWH CBET MPOXOJIUT MyTh A0 3epKana u oOpatHo. Ha pucynke 3
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ByacTH (@) TMOKa3aHbl MyTH MPOXOXKICHHUS CBETa, BUAMUMBIC HaOiomaTenieM U3 cuctemsl U,
a B yacTu (0) — BUANMBIC HabmogaTeneM u3 cuctemsl U.

O003HaYMM ¢, CpPEIHIOI CKOPOCTh cBeTa B cucreme U'.

3epkana cBs3aHbl ¢ cucTteMoil U’ M pa3MeleHbl Ha paccTOssHUM D' OT Hayana CHCTEMBI
koopauHaT. OJTHO 3epKajio HAXOIUTCS HAa OCH X', BTOPOE — Ha OCH ).

Cornacno IV mocrynary paccrosaue D' B cucreme U', meprneHAUKYISIPHOE K CKOPOCTH V,
uMeeT A Habmogarens u3 a¢upa U 3HaueHue (MoMepeyHOe COKPAICHHE)

D, =y(v)D' (6)

Bpewmst npoxoxaenust cBeta B cucteme U, BJOJb OCH X, 10 3epKajia 0003HauuM ?¢1. Bpems
MPOXOXKJICHHUSI 00paTHO 0003HAUNM by.

Bpewmst mpoxoxenus ceera B cucteme U', BoJib ocu x', 10 3epkajia 0003Ha4uM f#{. Bpems
MPOXOXKJICHHUSI 00paTHO 0603HAUNM 4.

Oo1ee Bpemst 0003HAUYMM COOTBETCTBEHHO tu t' (t =t + hut' = + 8).

[
YA a)
4 D' U'-UCO
cp. Yot" 3| cpy Vit
| ¢.¢ D o
v >
< =
0)
X

Puc. 3. Ilytu 1ByX CBETOBBIX IOTOKOB:
(a) Buanmble HaOmoareneM n3 cucrems! U', (0) Buanmsble HabmoaareneM n3 cucrems! U (3¢up).

O0a CcBEeTOBBIX MOTOKA BO3BPAILIAIOTCS B TOYKY BBIXOJIA B TOT K€ MOMEHT BPEMEHH, KaK
B cucreme U, tak u B cucremMe U'. Oto BbITekaeT u3 Il mocrynara u U3 pazMenieHus 3epkail Ha
OJINHAKOBOM PAacCTOSIHUU D' OT TOUKHU U3JTy4EHUs CBETA.

CBeToBOIl MOTOK, paCIPOCTPAHSIOIIMICS NapaluIENbHO OCH ), ¢ TOUKU 3peHHs cucteMbl U
pacrpocTpaHseTcsl BA0Jb OOKOBBIX CTOPOH TPEyrojbHHMKA. Tak Kak CKOpPOCTh CBeTa B cucrteme U
MOCTOsIHHA (TOCTYNaT 1), MOATOMY 3TOT TPEYTrOJNIbHUK — paBHOOEApEeHHbIH. JITuHYy Takoil 60KOBOM
cropoHbl o0o3HauuMm L. Tak kak B cucreme U CKOpOCTh CBeTa IOCTOSIHHA, TO €ro BpeMms
MIPOXOXKJICHHSI BJIOJIb Ka)KJJ0H OOKOBON CTOPOHBI O/IHO U TO K€ U PaBHO #/2.

B cucteme U, cBETOBOM NMOTOK, paCIpOCTPAHSIOLIUICS MMAPAJJIENIBHO OCU X B HAlPaBJICHUU
3epKaJia, MPOXOAUT paccrosiHue L) 3a BpeMs f;. Ha oOpaTHOM myTH HpoXOAUT paccrosiHue L, 3a
BpeMsl £,. DTU PaCcCTOSIHUS Pa3IMyUHbl U3-3a IBUKEHUS B d(pupe 3epKana u TOUKH U3ITy4EeHUs CBETA.
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Ecim pomyctum, 4To CpeiHss CKOPOCTb CBETa ¢, B cucreMe U’ sABII€TCS HEKOTOPOU
¢bynkuueii ceera ¢ B cucteme U, 3aBUCUMOM OT CKOPOCTH V, TO

c,(v)=f()c (7

Nwmes B Buay Il mocrynat, umeem, uto f(vi) =f(v2). Tak kak f(0) =1, to f(v) =1 musa
moboit ckopoctu v. Ortcroga creayer, 4to cpenHss ckopoctb cBera B HMCO paBHa
OJIHOHAIPABJIEHHOM CKOPOCTH CBeTa B 3HpeE, TO €CTh

c,=c ®)
st HaGmronatens B aupe U BBINOIHSAETCS YCIOBUE

_Z_L_L1+L2

c )
t ottt
s nabmonatens B UCO U’ ¢ yuetom (8) noimyuum
c=c, = 2D _ 2D (10)

U3 paBencTBa (9) MOXXHO onpeenuTh myTh L, a u3 paBeHcTBa (10) MOKHO ONPEAETUTh MyTh
D'. Ilomyuum
_<t et

L_ >
2

) (11)

Ckopocts cucrembl U’ otHocurenbHo YCO U o0o3HaueHa kak v. Tak Kak x, — IIyTh,
KOTOpBIH cucTeMa U’ IpoiilieT 3a BpeMs ¢ IPOXOKIEHUS CBETA, TO

v=—"; x =t (12)

Hcnonb3ys reoMeTpuyeckuii MOJXoJl, MOKa3aHHbIM Ha pucyHke 3, ¢ yderoMm (6) u (12)
MOJKHO BBIPa3uTh MyTh L Kak

L=1(x,/2) + D} =(t/2)" + (w(»)D')’ (13)
PaBenctBo (13) nocne Bo3BeeHuUs B KBaApar U ¢ yueToM 3aBucumocTH (11) umeer Buj
(ct/2)’ =(vt/2)’ +(w(v)ct'/2)’ (14)
[Tocne mpeoOpazoBaHuii TOTYIUM
£t =) = (et (15)
z‘=z"A st x'=0 (16)
1-(v/c)’

B yka3zaHHO# BbIllle 3aBUCUMOCTH MPUCYTCTBYIOT TOJBKO BpPEMEHA ! U ¢, KOTOPbIE
CBS3aHBI C TIOJIHBIM TPOXOXKICHHEM CBeTa 10 3epKana u oOpartHo. HeobOxommmo oOpaTtuthb
BHUMaHUE Ha TO, YTO 3TO BpeMmeHa, uzMepsieMble B Touke x'= (. Tak kak amuHy D' MOXHO
moA00paTh Tak, 4YTOOBI BpeMs MPOXOXKACHUS CBETa ObUIO MPOM3BOJIBHBIM, MO3TOMY 3aBUCHMOCTD
(16) cipaBeanuBa 17is1 1F0O0TO BPEMEHH ¢’ 1 COOTBETCTBYIOIIETO €MY BPEMEHH .
Jnuna D', cBsa3aHHas ¢ cuctemoit U’ M mapaijienbHasi OCH X, ¢ TOUKU 3peHusi cuctembl U
BunHa kKak D,. PaBeHcTBa (5) BBIpakalOT MyTH MPOXOXKJIEHHUS cBeTa B cucreMe U B oboux
HaIpaBJICHUSX BJIOJIb OCHU X'
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c c
L =ct, =D, ; L,=ct,=D,

c—V c+v

(17)

N3 paBeHnctB (17) MOXKHO ONpEeNenuTb CyMMY U pa3HOCTh myTeil L; u L,, KOTOpbIE CBET
npoien B 3¢upe

L+L,=D, % +p - -2p 1

c—v c+v 1-(v/c) (18)
LI_LZZDX ¢ —l))r ¢ :2DXZ;2

c—v c+v c 1-(v/c)

)4 BTOPOro paBCHCTBA MOXHO OIPCACIIUTL IIyTh, KOTOpLIﬁ nponula Cucrema U' 3a
IMOJIOBUHY BPEMCHHU IIPOXOKICHUA CBCTA t/2, TO €CTh

X, v_t:Ll—LzzDv 1

v+ 19
2 2 2 ¢ 1-(v/e) (19)

Tak kak mpunsto, uto B cuctemelU (3¢upe), CKOPOCTh cBeTa ¢ MOCTOsIHHA (mocTynat I),
MO03TOMY JIBa MYTH, KOTOPbIE MPOXOAUT CBET 2L u Li+L,, 0IMHAKOBBI

2L=L +L, (20)
[Tocne moacranosku (13) u mepBoro paBerctsa (18), moyuum
2/ 2) + (W (VD' = 2DX;2 21)
1-(v/c)
[Tocne cokpamienus Ha 2 ¥ BO3BEACHUS B KBaIpar, a Takxke ¢ yuetoM (19), momyunm
R 1Y
v
D——— | +y’V)D?* =D} ———— 22
( e 1—(v/c)2J Vi) X(l—(v/c)zj @2)
To ectb
1 2
(VD" =D ——— | (1-(v/c) 23
() {I_W)ZJ( (v/¢)*) (23)

D’=D{ ! j“l_(wcy:D ! (24)

1-(v/e)*)  w() “yn1-(/c)

[Tosmryyaem 3aBUCHMOCTB COKpAILEHHs! JUIMHBI B BUJIE (MIPOJIOJIBHOE COKPAILICHHE)

D, =MD =y W1- (/e D' (25)

B Bblmleyka3aHHOM 3aBUCHUMOCTH cojepxKaTcs IuHbl Dy u D', KOTOpble SBISIOTCS
PacCTOSIHUSMU MEXIY 3epKallaMy M TOYKOM M3JIydeHHUs cBeTa. Tak Kak JUIMHy D' MOXHO BBIOpaTh
MIPOU3BOJIBHO, TO 3aBUCUMOCTH (25) cripaBeyinBa JUlst TH0ObIX 3HaueHui D',

[Tocne noacranoBku (16) B (12) momyuum

x, =vt' v s x'=0 (26)

! J1-(v/c)?
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[Ipunumaem, uto mnpeoOpazoBanue uz MCO U’ B spup U sBugercs JNUHEHHBIM
(moctynat V). Ecnu k mpeoOpa3oBanuto BpemeHu u moiioxkenus (16), (26) no6aBuTh JIMHEHHBIC
(baxTOphl, 3aBUCUMBIE OT X',TO MOJIYYUM IpeoOpa3zoBaHue C HEU3BECTHBIMU ITapaMeTpaMu da, b

v L
J1-(v/c)
w(v)

xX=v'———
J1-(v/c)

[IpeobpazoBanue (27) AOIKHO BBIMOIHATHCS JUIS TPOM3BOJIBHOTO BPEMEHHU U TOJI0KeHus. B
YaCTHOCTH, BBIIIOJIHAETCS B MOMEHT CHHXPOHM3AllMM 4acoB, TO €cTh Korza ¢ =¢'=0 maii TOukH
¢ koopaunaramu D' B cucteme U'. B cBsizu ¢ 3TUM mojcTaBiisieM B mipeoOpazoBanue (27) t =1 =0,
x"=D"u x = Dy. B 3T0T MOMEHT ObljIa OCYILIECTBJIEHA BHEIIHSSI CHHXPOHU3AIMS YaCOB B CUCTEME
U’ na ocHoBe 4acoB B 3¢upe. C yuerom (25) nomyunm

0=aD’

28
w(W1-(v/c)’D' =bD’ @)

OTkyna nosyyum 3HaueHust KO3(PUIMEHTOB a U b
a=0

29
b=w(W)1-(/c) @

OxoHYaTenpHO, Toce MOJACTaHOBKHU (29) B (27) oOmmii Bux mpeoOpazoBaHus U3 JFOOOM
NCO U’ x cucteme U, cBsA3aHHOM C 3(DUPOM, TPUMET BHU]T

t=t
(27)

’

+bx

y(v)

f=—I =z
VI=(v/c)’

x:%vt’ﬂ//(\/)q/l—(v/c 2x (30)
-(v/c

y=y»)y
z=y )z

tl

[Tocne tpanchopmanuii mosydyum oOmMH BHJI 0OpaTHOro mnpeoOpa3oBaHUs, TO €CTh
npeobpazoBaHue U3 cuctemsl U,cBa3anHoi ¢ 3¢upom, B UCO U’

JL%WQZ
w(v)
, 1
—Vt + X)

= (
w1 (v/c) 31)
Y

YT

, z

()

t'=

X

[Tomyuennsie mpeodpazoBanus (30) u (31) cornacyrres ¢ SKCrepuMeHTaMu MaiikelnbcoHa-
Mopmun u Kennemu-Toprnaiika. Hike mokaxem, YTO U3 BBIIICONMUCAHHBIX MPEOOpa30OBaHUIMA
CJIe1yeT, YTO U3MEPEHUE CKOPOCTU CBETA B BaKyyMe C MTOMOIIBIO UCTIOIb30BAaHHBIX JO HACTOSILETO
MOMEHTa METOJIOB Bcera OyJeT NaBaTh CpeIHee 3HAUCHUE, paBHOE ¢. DTO HAOII0OJaeTCs, HECMOTPS
Ha TO, YTO CKOPOCTb CBETA Pa3JInUHA B PA3HbIX HANIPABICHUSX.
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5. IIpeoOpa3oBaHue CKOPOCTH

Ocu UICO U’ u YCO U, cBsazanHo# ¢ 3¢pupom, BIOpaHbl TakK, YTOObI OBITH MapaylieIbHBIMU
apyr apyry (pucyHok 4). UCO aBuxkeTcs co CKOPOCTBIO v MapaJljIeIbHO OCH X U X,

N3 sdpupa U u UCO U’ nabmromaetcs nuxyieecs teno. Ero ckopocts B aupe V, a B UCO
— V. CocTaBisOIIME 3TUX CKOPOCTEN NIPECTABIEHBI HA PUCYHKE 4.

CkopocTtb Tena B cucteMe 3¢upa U MOXKHO 3anucaTh B BUJIE

. S S

- s - s z = 32
toodt Yodt dt (32)
Cxkopoctb Tena B UCO U’ MoHO 3anucaTh B BUJIE
S S S (33)
dt dt dt
YA U 'é v ¢ V' ¢
|
ey o \ '
v My
A oy V!
! X x'
z —= = z' -
P U-VCO _v, U-HCO
Puc. 4. JIsmwxenne, Buanmoe nu3 d¢pupa u UCO.
[TpousBoaubie mpeoOpazoBanus (31) UMErOT B
/1 _ 2
dt' = VI=(/e) dt
w(v)
dx' = \/ ! = (—vdt + dx)
1—
wiv) (v/c) (34)
dy' = dy
w(v)
dz' = ! dz
w ()

B pasenctBa (33) moacrasisieM nmpousBoanbie (34). [omyuum
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1
_yONI- ()’
JI-0/e)

w(v)
, 1 dy

- w(v) \/l—(v/c)2 gt

y(v)
, 1 dz

V= ( .
v J1-(v/c) "
w(v)

(—vdt + dx)

VI

X

(35)

To ecTb

pro_ = % N 1 @

1=/ 1-(/e) dt
% 1 %
1-(v/e)* dt
1
1-(v/e)* dt

(36)

V'

z

Hcnonb3ys (32), moryaum UCKOMOE MTpeoOpa3oBaHne CKOPOCTH

, V —v

X

Eharmee
%
(S - 37)

T 1=v/e)?

yi———Ls

© o J1=(/e)?

HHTEepecHbIM SBIISIETCSI TO, YTO TMOJY4YEHHOE NMpeoOpa3oBaHUE CKOPOCTH HE 3aBUCHUT OT
(YHKLIMU TONIEPEYHOTo COKpameHus w(v).

6. CKOpOCTL CB€Ta B BAKYYM€ JIA ABUKYIICT OCH Haﬁ.]]IO)]aTe.]]ﬂ

B ofmem ciydae pacrpocTpaHeHHs CBeTa MPOUCXOAMT BJOJIb IyTeH, MOKAa3aHHBIX Ha
pucyske 5. Ocu cucTeM KOOpIuHAT BBIOpaHbI TaK, YTOOBI

c,=c.=0 (38)

z z
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| U’ { %
[
y | D
""""" | —— ,
(s | Co
Cy | I%,’ Cy
c. c
v U-YCO N "-NCO
a1 xU- o'\ x' U'-
- %
—_—

Puc. 5. PactipocTpanenue cBeTa noj NpoU3BOJIBHBIM YTIIOM.

CornacHo pUCYHKY Ha ocHOBe TeopeMsl [Iugaropa nomydanm

cr=c’+c) (39)
c’=cl+ ci (40)
HNmeem Taxxe
c!
cosa' = ; - 41)

a
Ecmu Vy = ¢, u V; = ¢}, Toraa cornacHo (37) moxydaum

" c,—V

cl=—"—— 42
Yo 1-(v/e)? “42)
c
C) = ——— (43)
J1-(v/c)?
6.1. IlepBast 3aBUCUMOCTb AJI CKOPOCTH CBeTa
[Tocne moacranoBku B (39) 3aBucumocteii (42) u (43), moxydum
) 2
- c
c:ﬁ{ = VZJ + - (44)
1-(v/c) 1-(v/c)?
2 2
- c

cl=c' (C;‘ VZ)Z +ct 52 (45)

(c"=v7) c’—v

CZ
e =—5——lc’(c, =v)’ +(c* =v?)c, ] (46)
(c”=v7)
C yuerowm (40), moxydaum
2
c:lz, :ﬁ[cz(cf —2ve, +vz)+(c2 —vz)(c2 —ci)] 47)
(c”=v7)
2

= C—z(czci —2vcle, +vict +ct —ctel —viet +vicl (48)

e )
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2
c
cll = ﬁ(—2vczc)C +ct vl (49)
(c”=v7)
2
12 c

C, =m(c —VCX) (50)

OTcroaa noxy4uM NnepByro 3aBUCUMOCTD JUIsl ckopocTu cBeTa B MICO, BeIpakeHHYIO Uepes ¢y

ro_ c 2
cy=—(c
c

~ve,) (51)

6.2. Bropas 3aBMCUMOCTb JIs1 CKOPOCTH CBeTa

Ha ocnoBanuu (42) mosyunm

c.=v+(1-(v/ec)*)c! :v+c;zvc)’C (52)

c

[Tocne moacranoBku B (51) mosyuum

C P Cz _Vz

¢ =——|c" —-v|jv+— 53
c . =V

¢, =——lc"—vi—v——! 54
c, = c—vzx (55)

Orcropa mosiyyaeM BTOPYIO 3aBUCUMOCTb aisi ckopocTH cBera B MCO, BbIpaxkeHHYIO
yepes cx

2 ’
o, =51 (56)
c

6.3. TpeTbst 3aBUCUMOCTD )11 CKOPOCTH CBETa

N3 (56) nonyqanm

ccl, =c* —vc! (57)
ccl, +ve! =c’ (58)
2
c
l=——— (59)
ccl, +vc!
c’c!
Cp=—7—"— (60)
ccl, +ve!
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clp=—1 (61)
c+v—=

W3 sTOr0 paBeHcTBa HA OCHOBaHHUH (41) MOTYyYUM TPEThIO 3aBUCUMOCTBD JJIsi CKOPOCTH CBETa
B ICO, BoIpakeHHYIO uepe3 &' (pUCyHOK 6)

2
ey =y (62)
ct+vcosa

JlaHHOE BBIpRXEHUE WJCHTUYHO BbIpaXeHUIO (377), BBIBEACHHOMY TI'€OMETPUYECKUM
MeTOoJIOM B paboTe [6]. HTepeceH (akT, YTO CKOPOCTh CBETa B BaKyyMe HE 3aBUCHUT OT (PyHKLIUHU
MOTIEPEYHOro cokpaieHust y(v). OTciona ciieayeT HEBO3MOKHOCTh OIPENENIUTh 3Ty (DYHKIHIO Ha
OCHOBAHUU HKCIIEPUMEHTA 10 U3MEPEHUIO OJHOHAIIPABICHHON CKOPOCTH CBETA.

OnpenenuM CpefHIO CKOPOCTh CBETa, KOTOphIM B mpou3BosibHOM MCO npoxoauT myTh
JUIMHOM L', oTpaxaeTcsl OT 3epKaja U BO3BpAIAETC TEM XK€ IyTeM B TOUKY BbIxoja. Ecim # —
BpeMsi, He0OXOAUMOE CBETY Ul MPOXOXKAEHHUS MyTH L' B OJHOM HampaBIE€HUH, TO & — BpeMs,
HEO0XOAMMOE CBETY JUIS MPOXOKJCHUS TOTO K€ MYTH B OOpaTHOM HAalpaBJIEHUH, TOTJa CPEAHSSA
CKOpOCTh CBETa Ha IyTH TyAa U 00paTHO paBHA

2L 2L
c, = = ; ; (63)
Yoo+t L L
b o2 + o2
c+vcosa'  c+vcos(r+a')
2 2
‘= c (64)

C = = — =
ST c+veosa' c—veosa  2c

+
2 2
C C C2

Otcrona cienyer, 4YTo CpelHsAs CKOPOCTb CBETA SIBJISIETCS IOCTOSIHHOM BEJIMYMHOW M paBHA
CKOpPOCTH CBeTa ¢, BUIUMON U3 3¢upa. ITa CpeaHss CKOPOCTh HE 3aBUCHT HU OT yrjia ', HU OT
ckopoctu v. IlosToMy Bpamienue mied uaTeppepomerpa B sKcnepuMenTax Maiikenscona-Mopiu
u Kennenu-TopHpuaiika He BiMseT Ha HHTepQEPEHIMOHHBIE MOJIOCH. VIMEHHO Mo3TOMY 3TH
HKCTIIEPUMEHTHI HE MOTJIM OOHAPYKUTh HAIMYKE dupa.

[3-10% m/c]

Puc. 6. Cxopocts cBeta ¢,y B UCO quist v = 0, 0.25¢, 0.5¢, 0.75¢, c.

13 www.ste.com.pl




BeiBos1 0011eTO BHJAa KWHEMATHKY C YHUBEPCAJIbHOW CHCTEMOW OTCUYeTa
Kapon Iloctak , Poman Iloctak

B paGote [6] reomeTpudecKuM METOAOM OBbLIO BHEIBEJCHO BBIpaXKECHHE, Ooyiee oOIiee dem
(62) s CKOpOCTH CBE€Ta, PacHpOCTPAHAIOIIEIOCS B MaTEepHAbHOM Cpele, HENOJBUKHOU
OTHOCHTEIJIbHO HaOmroaTens B BUAE (¢ — CpeiHss CKOPOCTh CBETA Ha IyTH B MPSMOM M 0OpaTHOM
HaIIPaBJIEHUHU B YKa3aHHOM MaTepHallbHOM cpene)
) c’c,

A (65)
¢ +eveosal

7. Hpumepsnl Cnenuanabubix Teopuii Ipupa (CTI)

Hwxe npencraBiieHsl TpU npuMepa npeodpa3zoBaHuil dpup-cucTemMa, MoTydeHHbIE I TPeX
paznmuuHblX (QyHKIMHA Ww(v). Kaxknoe Takoe mnpeoOpazoBaHHE CONEPKHUT IMOJHYIO HH(GOPMAIUIO
0 KMHEMaTHKe TeJl U MOXXET OBbITh OCHOBAHMEM ISl BBIBOJA OTNEIBHOM TEOPUH KWHEMATHUKU Tell.
B pamkax Kaxaodl M3 STHX KHHEMAaTHK BO3MOKEH BBIBOJI MHOTOYMCIICHHBIX JTHHAMUK Tell
crocoOOM, aHaJOTMYHBIM IMOKa3aHHBIM B pabore [6]. i BBIBOJA NUHAMUKH O0S3aTENBbHBIM
SBIISICTCS IPUHATHUE JIOTIOJIHUTEIBLHOTO TIOCTYJIATA.

@DyHKIMS TONEPEYHOro COKpalleHus W(v) AOJKHA YIOBJIETBOPATH 3aBUCHMOCTH (1)
Y TIPUHUMATh HEOTPULIATEIIbHBIC 3HAUCHHSL.

7.1. CneumanbHas Teopus Ipupa 6e3 nonepeyHOro COKpauLeHus

B npocrteiiem cirydyae MOXHO MPUHSTb, YTO JUIS JTFOOOTO 3HAYEHHUSI CKOPOCTH V
y(v) =1 (66)

Torna npeo6pazoBanue (30) mpumeT BUL

1 /
J1=(v/c) t

1
x=————vt'+4/1-(v/c)* - ¥ (67)
J1-(v/c)?

=

’
z=2Zz

Jlnst Takoro mpeoOpa3oBaHUS MOXHO MOJYYUTh KMHEMATHKy W JTUHAMHKY Tell, KOTOpbIE
ObuTH BEIBeZICHBI B paboTe [6]. B aTtom ciyuae CTD momepedHoe cokpaiieHue He HabIromaercs.
CTD, BeIBeIcHHAs HA OCHOBaHUU MpeoOpazoBanus (67), umeer TecHyto cBsi3b ¢ CTO DitHmTeliHa.
370 OBUIO MPOJIEMOHCTPUPOBAHO B padoTe [6].

[IpeoOpazoBanne (67) ObLIO yXe BBIBEIEHO OPYTUM METOJIOM B cTaThix [2], [4]. B atux
CTaThsAX aBTOPbHI MOJYYWIM Takoe mpeoOpa3oBaHue u3 mpeoOpazoBanus Jlopenma Omaronmaps
cuaxpoHusanuu yacoB B ICO BHemnuMm meroaoM. IIpeoGpasoBanue, mosydennoe B padorax [2],
[4], sBIseTCS 3amMCaHHBIM IMO-Ipyromy npeoOpa3zoBanueM JlopeHa, mocine U3MEHEeHHs crocoda
u3Mepenuss BpeMeHu B MCO, mostomy stomy mnpeobOpa3oBaHuio mpucBoeHbl cBoiictBa CTO.
[IpeoOpazoBanue (67) umeet Apyroit pu3MUecKuii CMbICH, YeM TpeoOpazoBanue JIopeHia, Tak Kak
COrJJaCHO TEOPHUM, IIPEIACTABIECHHOM B JTOH CTaTbe, BO3MOXKHO OIPEIEIECHUE CKOPOCTH
otHocuTenbHO YCO ¢ nmomombto okansHoro usMepenus. To ecte YCO peanbHa U He sBIISETCA
npou3BoJibHO BbIOpanHoit NCO.
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7.2. CnenuanbHas Teopusi Ipupa c a6CO/IIOTHBIM BpeMEHEM

Ecaun npumem, uro

y(v)=1-(/c)" <1 (68)

toraa npeoodpasosanue (30) nmpumer BuA
t=t
x=vt'+(1-(/c))x
==y -y ©)
z=4l-(v/c)" -2

Ha ocHoBanuu storo mpeoOpazoBaHusi MOXHO BbiBecTH CTD ¢ abCONIOTHBIM BpEMEHEM.
Ouenp wHTEpeceH (akT, 4TO Teopus C aOCOIMIOTHBIM BPEMEHEM BO3MOXHA U YAOBIETBOPSET
yCIIOBHSIM SKcIiepuMeHToB Maiikenbcona-Mopiu u Kennenu-TopHpaaiika.

7.3. CneuuanbHas Teopusi Ipupa 6e3 npoJ0/1bHOr0 COKpaLleHUS

Ecaun npumem, 4ro

L 5 (70)

y()=—F—2
J1=(v/c)?

Toraa npeobdpasosanue (30) nmpumer BuA
t= ;t'
1-(v/c)?
1

Xx=————=vt'+x" =vt+x
1-(v/c)
1

v
1 ,
J1-(v/c)?

I[JBI TakKoro HpeO6pa3OBaHI/I$I moJry4acTtCsi KUHCMATHUKA, B KOTOpOfI HC Ha6J'IIO,Z[aeTC$I
nNpoAOJIbHOC COKpaIlICHUC (B HaIllpaBJICHHUU, IapaJlJICJIbBHOM CKOPOCTU V MU OCHU )C). HpI/I 9TOM
Ha6J'IIO,Z[aeTC$I 110 MCPCYHOC YIJIIMHCHUC (B HaIlpaBJICHUU, ICPICHAUKYIIAPHOM CKOPOCTHU V).

(71)

’

zZ =

8. Aum3otponus peaukToBoro udaydenus (PH)

CBer sBIsETCS YAaCTHBIM CIIy4aeM 3JIEKTPOMAarHUTHOIO M3IY4YE€HHs, OJHAKO PACCYKJEHUS
BBIIIIE KACAIOTCSl HE TOJIKO CBETA, HO M JIFOOOTO 3IEKTPOMArHUTHOTO U3Ty4EHHUSI.

KocMunueckoe npoctpancTBo 3anosiHeHo PY. MHOrouncieHHble ucciieJoBaHus Ha 3Ty TEMY
oOcyxnensl B HobeneBckoit snekuuu [5]. TouHble M3MEpEHUS 3TOTO0 M3IYyYEHHS OCYILECTBHIIN
cnytaukn COBE, WMAP u IInank (Planck). CnexTp 3TOro msmydeHus siBIseTCS TaKUM XKe, Kak
U CIIEKTP M3IIyYeHHs aOCOIOTHO YEPHOTO Tella MPH TeMIepaType
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T,=2.726+0.010 K (72)

PU sBnsercst 3l€KTPOMarHUTHBIM M3Ty4YEHUEM C MAKCUMaJIbHOW HMHTEHCUBHOCTBIO ISt
yacToThl 0K0JI0 300 I'Tr. OHO comepXUT MIMPOKUA AMANa30H YacTOT, HO TaK MMEET TaKOoe ke
pacnpeseneHue, Kak u3ydeHrue aOCOJIFOTHO YepPHOTO Tena, JJIs €ro OMUCAHUsS TOCTAaTOYHO Y4eCTh
OJIMH TIapaMeTp, KaKUM SIBJISIETCS COOTBETCTBYIOIIAS TeMIIepaTypa abCOIIOTHO YEPHOTO Tena.

PU oGnagaer HEOJHOPOAHOCTHIO (AHU30TPOTHEN) C aMILTUTYA0M

AT =3.358+£0.017 MK (73)

Haumensbiyro Temneparypy umeeT GoHOBOE M3MydeHHE BOIM3U co3Be3ausi Bomones, B TO
BpeMsi Kak HauOOJBIIyI0 TemrepaTypy — BOmm3u co3pe3aust JIbBa. To ecTh, ¢ TOUKM 3pEHHUS
ConHe4yHOM cucTeMbl, C OJHOM CTOpOHBI BceneHHas HECKOJBKO Teruiee, a ¢ APYrol CTOPOHbI —
HECKOJIBKO XOJIOJIHEE.

CornacHO BCeM MpU3HAHHBIM B HACTOSILIEE BpEMs TEOPHUSIM MPOCTPAHCTBO SIBISETCS
OJIHOPOJHBIM (BC€ TOYKM MPOCTPAHCTBA PABHOMPABHBI) M H30TPOIMHBIM (BCE HaIpaBJICHUS
B MIPOCTPAHCTBE paBHOMpPaBHbI), a Takxke Bce MCO skBuBaneHTHhI. [Ipy Takux mocTynarax, eciu
661 PU renepupoBanoch 00beKTaMu, HaXOASIIUMUCSA B KOCMOCE, TOTJa U3JIy4YeHUe, JOCTUTAOIIIee
3emid, TOJKHO OBITh OJMHAKOBBIM B Ka)KIOM HampaBieHUH. Tak Kak 3TO HE TakK, TO aHU30TPOIHUS
PU tpebyet B pamKkax UMEIOIIUXCS TEOPUM CIICITUATIEHOTO OOBSICHEHHUSL.

B paGote [5] mpencraBieHo oObsicHeHue aHu3oTponuu PU co ccbuikoif Ha Teopuio
Bonpioro B3peiBa. 310 M3nmydeHue AOMKHO OBLIO MOSBUTHCS B HAaYallbHBIN MEPUOJ IBOJIOIUU
Bcenennoii, xorga BAPYr Bcsl MaTepHs craia Mpo3padHoil. Torna u BRICBOOOAMIOCH U3My4YEHHE,
KoTOopoe ceroaHs HaOmomaem kak PU. DTo usnydeHwe OJHOPOAHO B MHEPLHUATBHONW CHCTEME
OoTcueTa, B KOTOpOil OHO BO3HUKIIO. COIJIacHO 3TO#l KOHIemuu, aHnuzotponus PU oOycnosnena
abdexrom [omnepa mist HabmrogaTeNs, ABMXKYIIETOCS OTHOCUTENILHO CUCTEMBI OTCUETa, B KOTOPO
BO3HMKIIO u3nmydeHue. [lpu Takom oObscHeHun ykazanHoro ssieHus Bce HMCO ocrarores
¢busznueckn HSKBUBAJCHTHBIMU. OJHAKO Takoe OOBICHEHHE TpeOyeT NPHUHITHS MHOXKECTBA
MOCTYJIaTOB, KOTOpbIE HEBO3MOXKHO TMPOBEPUTH OKCIepUMEHTaNbHO. Hampumep, o0s3areneH
MOCTYJIaT O TOM, YTO BCS MaTepus BO BCEJIEHHOU ObLIa HEMOJABIKHOM OTHOCUTENbHO oHOoN CO
B MOMEHT, KOT/Ja CTAHOBHWJIACh MPO3PAYHOM.

B pamkax mpencrtaBieHHONW B 3Toi paboOTe TEOPUH MOXKHO OOBSCHUTH AHU30TPOIHIO
kocMuyeckoro PU odenp ectecTBeHHBbIM crocoOom. M3BectHo, uto PU sBnsercs cuiabHO
MIPOHUKAIOIINM YEpe3 MATEPHIO, 3aMOIHSIOIIYI0 KOCMUYECKOE MPOCTPAHCTBO, MOATOMY €CJIH €ro
WCTOYHUKU paclpelieleHbl B OJHOPOJAHOM MPOCTPAHCTBE, TO 3a MPOJOJKUTENBHBIA MEPHOT
BPEMEHH CYILECTBOBAaHUS BCEJIEHHOM OHO PaBHOMEPHO HAKOMUJIOCh BO BCEM MPOCTPAHCTBE.
[TosTomy MoxkHO mpussTh, 4TO0 PU omHopomHo B YCO, B KOTOpOUl pachpOCTpaHSIETCs CBET.
CornacHo Hamied Teopuu, aHu3oTpomnusi oOycnoBineHa dddextom [omnepa, BUIUMBIM
HaOmogaTeneM, ABMKYIMMCs oTHocuTtensHO YCO, B KOTOPO# pacmpocTpaHsieTcs cBeT. B aToif
MOJeNu A HabmoaaTens, ABMKylierocs otHocurenbHo Y CO, GpoHOBOE M3TydeHUE HEOTHOPOIHO,
HECMOTPS Ha TO, YTO MPOCTPAHCTBO SBJISIETCS OJHOPOJIHBIM. Takoe OObsICHEHUE SBJICHUS MOXHO
MIPOBEPUTH IKCIIEPUMEHTAILHO, TaK KaK 3TO OOBSICHEHHE HE CChUIAETCS Ha TEOpHI0 bobIioro
B3peiBa. Anuzorponusi PU sBisercs O4eHb CWIBHBIM apryMEHTOM CYIIECTBOBAHUSI CHUCTEMBI
OTCYETa, B KOTOPOU PaCIpOCTPAHSETCS CBET.

Ha ocnoBe anuzotponuu P MOkHO onpenenuTs CKOpocTh, ¢ KoTopoi CojHeuHasi cuctema
JBUKETCST OTHOCUTENBHO 3¢upa. C 3TOH 1enplo npoaHanuzupyeM anuzorporuio PU Ha ocHoBe
OJIHOM W3 MHOTMX KHMHEMaTWK Tel. Vcmonp3yeM KuHEMaTHKy 0e3 MONEepeyHOro COKpAIICHHS,
onucaHHyto MnpeobpazoBanusiMu (67). [Ipunumaem, uro PU ogHopoaHo B cucreme, CBA3aHHOU
¢ a¢upom. IlpuHMMaeM, 4TO OHO COOTBETCTBYeT Temmeparype 7; abCOIIOTHO YEepHOTO Tena.
B paGote [6] nmoka3aHo, 4YTO Ha OCHOBE MpeoOpazoBaHusl (67) MOXKHO BBIBECTH BBIPQXKEHUE JUIS
addekra lomnepa uz a¢pupa k MCO, takoii xe, kak u B CTO, To ecTh
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c—VvCcosay

2
c —V

f.=1 s o, €(0+7) (74)

rze fo — 4acToTa cBeTa OTHOCUTENBbHO 3¢Hpa, a f, — yacToTa 3Toro cBera otHocurensHo MCO,
JBIDKYIIEHCS CO CKOPOCTBIO V. YTOJ ¢ — 3TO YroJl MEXIY BEKTOPOM CKOPOCTH V U BEKTOPOM
CKOPOCTH CBETa. YTOJ O — YTOJ1, BUAUMBINA U3 3dupa.

Hns o = 0 Beipaxkenue (74) npeoOpazyeTcs K BULY

) I e By LS 75
(c+v)(c—V) c+v

Hns o = 7 Beipaxkenue (74) npeoOpasyercs K BULY

e e My (76)
(c+v)(c—v) c—v

B 3akone cMmenienus Buna qimHa CBETOBOM BOJIHEI ¢ MAKCUMAIIbHOM MOIIIHOCTBIO CBsA3aHa C
TCMHCpaTypOﬁ H3JIYy4JaromIero €€ a0COJIFOTHO YCPHOT'O TCJIa 3aBUCUMOCTBIO

1 T cT

A 0.00290[m - K] A 0.00290
Jl1st 4acTOThl, BUAUMOM U3 CUCTEMBI 3hUPa, MOTyIUM
T,
= 78
Ty 0.00290 78)
a JUIs YacTOThI, BUTUMOM JBIXKYIIUMCS HaOmo1aTenemM
i C]:}min c 7_—; _AT; o C]:}max c 7_—; + AT;
0.00290  0.00290 0.00290  0.00290
ITocne noacranoBku (78) u (79) B (75) nomyunm
T =T, AT, =T, |~ (80)
ct+v
ITocne noacranoBku (78) u (79) B (76) nomyunm
T =T, + AT, =T, [ (81)
c—v
[Tocne nenenus paBenctra (80) Ha (81) momyunm
Tmin 7_—v —AT _
™ T, +AT, c+v
Ha s3Tom ocHOBaHMM nOCiI€ HEOOIBUINX MPe0Opa3oBaHUi MOTYIUM
T -T™ (T, +AT)-(T,-AT)) AT
v v _ ( v + v) ( v v) _ v (83)

—c=—= = c=—="c
L+ (TL+AT)+(T,-AT) T,

v

OxonuatenbHo Ha ocHoBe (72) u (73) mnomyuum ckopocTb COJHEYHOH CHUCTEMBI
otHOCcUTeNbHO YCO (¢ =299792.458 xm/c)

v=369.3+£3.3km/c ~0.001232-¢ (84)
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HaIlpaBJICHUC 0°
BpalicHusd
TaJJaKTUKHU

i3

Bononeit s
1=264,31°'

200/

ana  1-cOS(48,05)-cos(5,69)
AAA
Bonomeit

Puc. 7. Cxopocts CoHEYHOH CHCTEMBI OTHOCUTENBHO 3dupa.

[Tpoek1ust Ha MIOCKOCTh TAAKTUKY U IMPOEKIKS Ha IFIOCKOCTh, NEPIIEHINKYISIPHYIO INIOCKOCTH ranakTuky (90°-270°).
Bun cBepxy ranaktuky MiteuHblii ITyTh (C HAHECEHHBIMH TAJIAKTHYECKIMHI KOOPIMHATAMHA) U BUJI COOKY.

Ona HarmpaBlieHa B CTOPOHY co3Be3qusl JIbBa. DTO COOTBETCTBYET raJJaKTUYECKOW CHUCTEME
KOoOpJuHAT (PUCYHOK 7)
— (o} + o
[=264.31°+0.16 (85)
b=48.05°£0.10°

B HoOGeneBckoii nekuuu [5] Oblia mpeacTaBieHa HECKOJBKO JIPYroe 3HaYeHHE CKOPOCTH
CoJIHEYHOM CHUCTEMBI OTHOCHUTENIBHO CHUCTEMbI OTCYETa, B KOTOPOW, COTJACHO TOW KOHIICTIUH,
BOo3HUKJI0 PU. ABTOp 03BYyumi (6€3 BbIBO/IA) 3HaUeHue 368 + 2 km/c.

B pabote [6] ckopocTb CONHEYHOM CHUCTEMBI OTHOCUTENBbHO 3(upa ObUla OlIEHEHa Ha
OCHOBE He OYeHb TOYHOIO SKCTepMMEHTa ¢ pacrnanoM K Me30HOB. IlojyueHHOE TaM 3HAaYeHHE —

TOTO e MOPsAJIKa U cocTaBisieT 445 km/c.
N3 (80) u (81) moxxHo ompenenutb temnepatypy 7o PU, Bumumyro u3 cucremsl 3¢upa.
C 3ToM 11ebI0 T0OCTATOYHO EPEMHOKUTH 3TU paBeHCcTBa. [lomydnm

To _ \/Tvmin _Tvmax :\/(Tv _ATV)(TV N ATV) (86)

C yuerom (72) u (73) nomydum
1,=2.72599793K (87)
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9. Hpeoﬁpa3OBaHne MEKAY ABYMS HHEPHUAIBHBIMU CUCTEMaAMHU

[MpeoOpazoBanus 3 UCO U, B cuctemy U, cBsi3aHHYIO0 C 3(UpPOM, MOXKHO 3amucaTh Ha
ocHoBe (30). [IpeoOpazoBanust U3 cucremsl U, cBsizanHo# ¢ 3¢upom, B UCO U; MOXHO 3amucathb
Ha ocHOBe (31). CxopocTh v; — 3TO CKOpOCTh cuctembl U; B cucreme U, a CKOPOCTh V, — 3TO
CKOpPOCTh cucTteMbl U B cucteme U. OTcrofa noiny4nm

w(v,) "

J1=(, /e

y(v 2)

X=—=———=Wl +y (1= (/e)’ -x,
VI=(v,/c)’

=

(88)

y=y()y,
z=y(v,)z,

y =\/1_(V1/C)2t

L)
_ 1
w (v 1- (/)
y
l//(Vl)

z

w(v)

(vt +x)
(89)

=

zZy =

PaccMOoTpuM TOJIBKO MPOCTEUIINN CITydail, B KOTOPOM CKOPOCTH Vi U V, NAapajuIeIbHbl IPYyT
npyry. PaBenctBa (88) moacrasisiem B paBencTBa (89). [anee, mocie HeOONbIIMX TpaHCHOPMAITHA
nostyuuM npeodpazosanus uz UCO U, 8 UCO U, B Buze

1=

_ () VI- (Vl/c

WWJJl(%k)
w(v,) V, ™V

@JJl(“k)Jl(%k)

w(v,)1- (Vz/c

WJJl(“k) (90)

_ w(v,)

pn)
W(Vz)
W(Vl)

10.OxoHYaTeJIbHBIE BHIBOALI

B nannoi#t pabGoTe MbI MOKa3aiH, YTO CyLIECTBYeT Iienblid kiace teopuit ¢ YCO (apupom),
KOTOpPbIC TPABHJIBHO OOBSCHSIOT 3KCIEPUMEHTHI 10 H3MEPEHHI0 CKOpPOCTH cBeTa. Bo Bcex
MOJOOHBIX IKCIIEPUMEHTAX CBET MPOXOJUII IyTh M0 3aMKHYTOH TPAaeKTOPUH, TIO3TOMY H3MEpsIach
BCETO JIMIIb CPEITHSISI CKOPOCTh CBETA BJIOJIb 3TOW TpaekTopuu. OIHOHATIPABIEHHAs: CKOPOCTh CBETA
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TOYHO HUKOTJa He u3Mepsiiack. [loaTomy y mocrynata 06 abCONMIOTHO MOCTOSHHOM CKOPOCTH CBETA,
npunsaToro Ansoeprom DiiHireiiHoM B CTO, HET SKCIepUMEHTAIbHBIX OCHOBAHUH.

B kaxnoit u3 teopuil 3¢upa, KOTOpble MBI 3/1€Ch MOKa3ajiHh, CKOPOCTh CBETAa B BaKyyMe
NpeJCTaBIsieTcs OJHMM M TeM ke BblpaxeHuem (62). Kpome Toro, urto 3HauyeHue
OJIHOHANPABJIEHHOW CKOPOCTH CBETA 3aBUCUT OT HANpABJICHMUsSI €ro H3JIy4EeHUS M CKOPOCTH
HaOroaTeNnss OTHOCHUTENBHO 3(Hpa, CPEeaHssI CKOPOCTh CBETa HPU IMPOXOXKAECHUH MyTH TyJHa
u obOpatHo Bcerma mocrosiHHa (63)-(64). [lostomy kaxkmas w3 Teopuid 3¢upa coriacyercs
C DKCIIEpUMEHTaMH, B KOTOPBIX U3MEPsUIach CKOPOCTh CBETA. M3-3a 3TOro CBOMCTBA CKOPOCTH CBETA
skcnepuMeHThl Maiikenbcona-Mopin n Kennenu-TopHpalika He CMOTIM YCTaHOBUTH HallM4Me
adupa.

Beipaxkenue (62) g OJHOHANpPaBIEHHONW CKOPOCTH CBETa B BaKyyMme SIBIISETCS
OJINHAKOBBIM B KaKJIOW U3 BBIBEJCHHBIX TEOPUN KMHEMATUKH Tell. [103TOMy HEBO3MOXKHO pelieHne
Ha OCHOBE M3MEPEHHs OJHOHAIPABIEHHOM CKOPOCTH CBETA, KOTOPOE M3 BBIBEACHHBIX TEOPUMH
ABJIETCS [IPABUIIBHON MOJIEJIBIO HACTOSIIEH KUHEMATUKU.

[Ipu3HaHHOM B HAcTOsIIEE BPEMs TEOpUEH, KOTOpast OOBSACHSET Pe3ylbTaThl IKCIIEPUMEHTOB
co ceeroMm, sBusiercs CTO AnbOepra OiHiuTeiiHa. OummbouHo cuuraercss o6bryHO, uto CTO
ABIISICTCS €JMHCTBEHHOMN Teopueil KWHEMATHKH T, KOTOpasi OOBSICHAET 3TH 3KCIIEPUMEHTHI.

CTD, nocrpoeHHas Ha mpeobpa3oBanuu sup-cucrema (67), umeer tecHyro csizb ¢ CTO
OniHmreiiHa. [Ipeackaszanus kunemaruku CTO Ttakue xe, kak U npenackasanus CTO, onucaHHOU
npeobpazoBaHusaMU (67), HO TOJIBKO JUIsl HAOIIOJATENeH, HEMOIBMYKHBIX OTHOCUTENIBHO 3(upa. Ml
omHcaly 3T0 B pabore [6].

OueBUIHO, YTO MHOKECTBO M3 BO3MOKHBIX TEOPHH 3pupa MOKHO OTOPOCHUTH, TaK KaK OHU
HE SBJISIIOTCSI IPaBWIBHBIMU MOJENISAMM KHHEMATHUKU M3-32 HECOIJIacusl C  Pas3InYHbIMU
sKcnepuMeHTaMu. Hampumep, M3BECTHO, UTO BpeMs KU3HHU YCKOPEHHBIX 3JIEMEHTApHBIX YaCTHIL
B Halled CUCTEME OTCYETA JOJIbLIE, YEM B CHUCTEME, CBSI3aHHOW ¢ caMUMM 4dactuuamu. [loatomy,
BEpOSATHO, HENpPaBUJIbHON OyneT Mojaenb C aOCOJIIOTHBIM BpEeMEHEeM, ONHUparollascs Ha
npeobpazoBanus (69). Pemenue, xkotopoe B pamkax CTD sBisgercs NpaBWIBHOW MOJEIBIO
KUHEMAaTHKH TeJl, JOJDKHO OBITh OJHUM W3 BaXKHEHIIMX 3amay Oyaymied (HU3UKU U, BEPOSITHO,
noTpedyeT SKCHEPUMEHTAIbHBIX HCCIeIOBaHUNA. TakuM 53KCIIEPUMEHTOM MOXXET OBITh TOYHO
npoBeneHHbIM ombIT AiiBca-Ctunmyamna (Ives-Stilwell), B xoTopom mpoBepsieTcsi 3aMmejICHHE
BPEMEHU HA OCHOBE JIOIIJIEPOBCKOIO CABUIa ISl CBETA.

JlomyliieHue, 4To CKOPOCTh CBETA MOXKET 3aBHCETh OT HAIIPABJICHMs €r0 M3JIyuyeHUs, HE
BBIJICIISIET KAaKOTO-JIM00 MPEUMYILECTBEHHOTO HAIIPABICHUS B IPOCTpaHCTBE. Peub uzer o ckopoctu
CBETa, M3MEpsSEeMOM MOJBW)XKHBIM HaOmomaTeneM. ITO CKOPOCTb, C KOTOpOil HabironaTens
JIBMKETCS] OTHOCUTENILHO 3(hUpa, BBIIENIAET B MPOCTPAHCTBE XAPAKTEPUCTUUECKOE HAIIPABICHHUE, HO
TOJIBKO JUIS JaHHOro HabOmoxartens. Jlis HENMOJBM)KHOTO OTHOCHTENbHO 3(upa HabmromaTens
CKOPOCTh CBE€Ta BCErjJa IIOCTOSIHHA M HE 3aBUCUT OT HalpaBiIeHUs ero usiaydeHus. Ecnu
HaOJroaTeNlb IBMXKETCS OTHOCHUTENBHO 3(upa, TOraa JUis HEro MpOCTPAHCTBO HECHMMETPHYHO.
B Takom ciydae 3TO Moxoke Ha TO, KaK HaOJII0JaTelb IUIBIBET B BOJIE M U3MEPSET CKOPOCTh BOJIHBI
Ha IOBEPXHOCTH BOJbl. Tak Kak BOJIHA pacXOAUTCS IO IOBEPXHOCTH BOJBI C IOCTOSIHHOM
CKOPOCTBIO B KQ)XJIOM U3 HAIPaBJICHUH, TO /I IUIBIBYIIETO HAOMIOAATENs CKOPOCTh BOJIHBI OyAeT
pa3saMYHON B pa3HbIX HampaBieHMsX. [lodTomMy mnpencTaBieHHas Teopus, ONMPAIOLIAsCS Ha
noctynarsl [-V, mpocteiM crocobom o0bsicHseT anuzorponuto PU. B pamkax mpeacraBieHHOM
TEOpHUH 3Ta aHU30Tponus oOyciosneHa 3¢ pexTom Jlomepa, KOTOPBIH cieayeT U3 (pakra IBUKCHHS
ConneuHoii cuctemsl oTHOCUTENBHO Y CO, B KOTOPOM paclipoCTpaHsIETCsl CBET.

JlutepaTtypa
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