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Kpamkas aHHomayusa

B pabome uznazaemcs KoHuyenyus aghupa (Heosgpupa) u popmynupyomcs e2o 0CHOBHble
ceolicmea, 8 Kayecmee KOMoOpbIX Mocmysaupyemcs nocmosHCmMeo CKopocmu ceema 8
Heoagupe (U MoaAbKO 8 Hem), MO0 Komopoli ciedyem MOHUMAMb UCKAOYUMENbHO HEKYH
CPEeOHIO 8EAUYUHY CKOPOCMU €20 pacnpoCmpaHeHuUs 8 Heosgupe om 00HO020 06vbeKMa K
Opyaomy, u obpamHo (0as samoli 8eaAuYUHbI CKOpoCcmMU 80 u3bexcaHue eé ouwuboyHo20
omoxoecmeneHus co cpedHeapugmemuyecKum 3Ha4vyeHueM npedsaazaemcs paboyee
HAUMeHOBaHUe «CpedHepenamueucmcKas CcKopocmoe»). Ha ocHose usnazaemoli
KoHuenuuu onpeodeseHsl 0CObEHHOCMU pPacnpocmpaHeHus ceema 8 UHepuyuanbHbix
cucmemax — omc4yema U  ycmaHossneH hakm nocmosHcmea 8e/1uU4UHbI
cpbeOHepenamusucmcKoli CKopocmu 80 8Cex UHEPUUAsbHbIX cucmemax ¢ obobuweHuem
pe3synbmamos Ha ece munsl GyHOAMeHMaAnbHeix e83aumodelicmeull. [losayyeHHole
pesysemamel onpedensiom ¢Gakm 3amedsneHUs 8pemMeHU 8 UHepyudasabHbIX cucmemax
omcyema ¢ UCK/0YeHUeM XapakmepHo20 0414 creyuasasHol meopuu omHocumensHoCmMu
(CTO) napadokca bausHeuyos.

. BBEAEHUE.

Bor yxe 6onee uyem 100 net BcAeAcTBME OTPULATENbHOrO pes3ynbTaTa OMbITOB
MaiikenbcoHa, Mopan (n Honee NO3AHMX AHANOTMMYHbLIX MOMbITOK) W PA3BUTUA Teopuu
OTHOCUTENbHOCTM JMHWTENHA NaeA CywecTBOBaHUA adumpa Oblna PpaKTUYECKN UCKAtoYeHa K3
o6LWenpUHATOr0 PU3NYECKOro MMPOBO33PEHMA KaK JIMWIHAA W MPOCTO HEHY)KHadA, u adup
nepectan  paccMaTpuBaTbCA  OONbWMHCTBOM  PU3MKOB  KaK  Hekaa  maTepuasbHas
dopma/cybcTaHuma. OKoHuyaTenbHOW AuKBMAaumm 3dupa B TO Bpems CrnocobCTBOBasM,
BEPOATHO, PaboTbl MMHKOBCKOro, 6/1arofapa KOTOPbIM CleLMaibHan TEOPUA OTHOCUTENIBHOCTH
(CTO) npuHana Becbma u3AWHYtO dopmy M dakTUYeckM Obina cBegeHa K popmasbHO-
NIOTMYECKOMY MATEMATUYECKOMY MpPeACTaBNEHWUI0, YTO, HECOMHEHHO, MNpPWAAaBano ocobyto
KpPacoTy WU NAaKOHWYHOCTb PENATUBUCTCKON Teopuwn MHWTENHa, He TpebyAa BBeAEHMA B Hee
Kakon-nnbo cybctaHummn Tmna adpupa.

Bmecte ¢ Tem, B 1920 r., TO ecTb y¥e Noc/e co3aaHusa cneumanbHOM M obuiein Teopuii
OTHOCUTENbHOCTW, DNHLUTENH BCE *Ke BO3BpaLLLaeTca K naee apupa, og4HaAKO pacCMaTPMBaET ero
He KaK CybCTaHUMIO B MNpPEXHEM MOHMMaHWKM, TO eCTb He TaK KaK, Hanpumep, JlopeHy,
(H.A. Lorentz), a B KayecTBe CyWHOCTU TeX onpeaenstowmx puanyeckoe COCTOAHUE BEJIUUYMH,
KOoTopble TpebyeTca npunmcaTb NPOCTPAHCTBY, HE 3aN0JHEHHOMY NPUBbLIYHOM HAM MaTepueil.

Tak, B neiigeHckoit peun (A.Einstein, Ather und Relativitatstheorie, Berlin, 1920) on
dbopmynumpyeT KoHuenuuto apupa cregyowmm obpasom.

«fMnotesa o0 cywecrBoBaHMKU 3PMpa He NPOTUBOPEUUT CneuuanbHON Teopumn
OTHOCUTENbHOCTU. He cnesyeT TONbKO NPUNUCbIBATb 3GUPY COCTOAHME ABUNKEHUA...», U AaNee:
«Pe3tomupys, MOXKHO CKasaTb, YTO 0b6LLAA TeopUA OTHOCUTENbHOCTU HaAeNAeT NPOCTPAHCTBO
d13nMYeCcKMMN CBOMCTBAMMU; Takmm obpa3om, B 3Tom cmbicne 3¢pup cywecrsyer. CornacHo
obLuelrt TeopuM OTHOCUTENBHOCTU, MPOCTPAHCTBO HemMbicaMMo 6e3 adupa; AencTBUTENbHO, B
TaKOM MPOCTPAHCTBE He TO/bKO 6blN10 Bbl HEBO3MOXKHO PacnpoOCTpPaHeHWE CBETA, HO U HE MOT/IU
6bl CylecTBOBaTb MaclTabbl M Yacbl U He 6bl0 H6bl HUKAKMX NMPOCTPAHCTBEHHO-BPEMEHHbIX
pacctofaHMA B GU3MYEeCcKOM cmbicie cnoBa. OgHako 3TOT 3dup Henb3a npeacTtaBuTb cebe
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COCTOALLMM U3 NPOCNEKMBAEMbIX BO BPEMEHW 4YacTel; TaKMM CBOMCTBOM 06/1agaeT TO/NbKO
BECOMAsA MATepPUA; TOYHO TaK XKe K HEMY HeNb3sl NPUMEHATb NOHATUE ABUKEHUAY.

Bonee Toro, AMHWTENH AONYCKAaA CYLLECTBOBAaHNE HEKOEro PeNaTUBUCTCKOro adumpa aaxke
HECKOJIbKo paHee. Tak, B 1916 r. B nepenucKke c JlIopeHLOM OH onpeaensan ero 8 0606LeHHOM
dopme 1, Kak npeacrtasnaetca, bonee y3ko, 4yem B 1920 r — UCKOYUTENBHO Yepe3 KOMMOHEHTbI
TeH30pa rpaBuTaLMoHHoro noteHumana: «field gy, = ether».

CnpaBeaiMBOCTM paan HeobXxogMmo OTMETUTb, 4TO NbITAMBbIE YMbl HUKOrAa He
OCTaB/IAN MNOMbITOK pPeaHMMMpPoBaTb uAaet 3dupa, B CBA3U C 4em C HeusbexkHOCTblo
YTOUHANUCD M JaXKe NepecMaTpMBANUCL OCHOBHbIE MOJIOXKEHUA TEOPUM OTHOCUTEIbHOCTW.
Tonbko 3a nocnegHue AeCATUIETUA MOABUAOCb MHOMKECTBO Myb6AMKauMi Ha 3Ty Temy. Tak,
HAaBCKMAKY, MOXHO MNPWUBECTU PAL PYCCKOA3bIYHbIX aBTOPOB, 6onee WMAM MeHee YyCnewHo
pa3BuBalOWMX naen B AaHHon obnactm: B.A. Autokosckuin, C.A. BpycuH, N.0.BpycuH, A.A.
[enucos, B. Kmyab, A. Kum, B.P. MNMeTtpos, A.K. Oxumewn, n mHOrMe, MHOrmMe gpyrue.

HecmoTps Ha TO, Y4TO MAaeA DUHLWITENHA U HEKOTOPbLIX APYIrUX MbICANTENEN OTHOCUTENBHO
cylwectsoBaHus 3dupa He HalnNa NoAAepKM y 6onbliMHCTBA GM3MKOB M He NoayyYnna
OaNbHEWLWero pasBuUTMA, NPeaCcTaBAAETCA BCe e BMoJIHe pa3yMHbIM MosaraTb CyLLeCTBOBaHME
HEKoero Hem3BeCcTHOro Ham MepPBMYHOrO YPOBHA CYLLECTBOBAHMA MaTepUU, KOTOPYH B 3TOM
COCTOAHMM MOXKHO Ha3blBaTb MepBomMaTepuen uUan e 6onee TpaguMUMOHHO — 3dupom.
«Pa3ymHOCTb», TO eCTb HE0BXOAMMOCTb TAaKOro NoAXoAa NPM OCMbIC/IEHUM OCHOBOMNONAraoWMX
NPUHUMMNOB CYLLECTBOBAHMA Hallero Mupa KOHeyHOo 6asupyeTca UCKAOUYUTENIbHO Ha
Habnogaemblx Hamu ¢akTax M cnocobax MX MHTepnpeTauuu, 4To, UCXo4A W3 MpuUcyLLel
Ye/I0BEYECTBY JIOrMYECKON CUCTEME MbILWIEHUA, BblipaykaeTca B 06A3aTeNbHOM YCTaHOB/EHUMN
NPUYNHHO-CNEACTBEHHbIX LEnoYyek fBAeHUM WU, GaKTUYEeCKU, B MOAE/IMPOBAHUM OCHOBHbIX
CBOWCTB M CBf3ei Mexay HMMKM nocpencTBOM MaTeMaTUMYeCcKoro annaparta C NOCTPOEeHMEM B
uenom 6onee N MmeHee HeENPOTUBOPEYNBON PUIMYECKON TEOPUN.

OcHoBononaratollee CBOMCTBO 3Toro 3dupa KaK CybCTaHUMWU  Bblparkaetcs B
"MaTepuanusauymn" Bewectsa B opmMme HEKUX CTPYKTYPHbIX 3NEMEHTAPHbIX EAUHULL, A TaKKe B
BUOE XapaKTepU3ylOWMX UX B3aUMOAENCTBME MONEN U BCEX MPOYMX MPUBbLIYHbLIX ANA HAc
NposABAEHNI HabNAAEMOr0 U OCMbICASEMOro HaMn Mupa. Mpu 3TOM, MOXKHO NonaraTtb, YTO
015 3TOro YPOBHSA OpraHM3auum maTtepum, To ectb 3dupa, B popme J0CTaTO4HO 0606LLEHHBIX U
YHUBEPCA/IbHbIX 3aKOHOB BCE e MOryT ObiTb onpeaesieHbl U M3y4YeHbl MNPOSABAEHUA €ero
OCHOBHbIX CBOWCTB, M KOTOPbIA, TEM CaMbIM, MOXET CAYXWUTb HEKOel TOYKOM oTcyeTa AnA
N3y4yeHMA CBOMCTB MaTepmM C NO3ULUI NPUBLIYHOTO HaM YPOBHS ee OpraHn3auuu.

EcTecTBEHHO, YTO CBOWMCTBA U CTPYKTypa TakKoro sdmpa MOryT B TOM UAM UHOM CTENEHU
OT/INYATbCA OT 3aKOHOMEPHOCTEW, YCTAaHOBAEHHbIX YE€N0BEYECTBOM ANA M3BECTHOW emy
061acTV MUpa M N8 yXKe NOCTUTHYTbIX MaclwTabos, 1 YTo Hanbonee BepoATHO — Ha3npoBaTbCcA
(4aCTMYHO MM NONHOCTLIO) Ha BOOBLLE HEM3BECTHLIX NPUHLUMNAX, TaK KaK BOCMPUHUMaEeMasa 1
n3y4yaemas HaMM MaTepua U BCe ee NPOABAEHUA C HEM3DEKHOCTbIO ABMAKOTCA TO/IbKO HEKOEM
"npoekuueit" B Halll MMP CBOMCTB MaTEPUM 3TOrO NEPBUYHOIO YPOBHS.

Mpn 3ToM B NpepnaraeMon KOHUEenuum Heoddupa NONHOCTbIO MCKAKOYAETCA MPUHLMN
yBneyeHua apupa ABMNKYLLMMCA TeNOM (KaK MOMIHOro, Tak M YaCTUYHOrO) U COOTBETCTBYHOLWME
conyTcTByolwmne 3pdeKTbl, B TOM YNCNE YBEANYEHMNE NN e YMEHbLUEHNE CKOPOCTU CBETAa AN
OBUKYLLENCA cucteMbl (KPUTMYECKUIM aHanu3 nogobHoro addeKkTa M3N0XKeH, Hanpumep, B
KHUre «3sontouns pusmnkm»/«The Evolution of Physics»), A. ditHwTelH, /1. Uudenba).

B cBA3M C Tem, 4YTO HWMKe bOosNee KOHKpeTHO byayT chopmMynmpoBaHbl HeEKOTOpble
OCHOBHble CBOWMCTBA 3TOro 3duMpa KaK MepBOMaTepuu, KOTOpble, Ha MOW B3raag,
NPUHUUMNNANBHO OTIMYAIOT M3/1araemylo KOHUEMNUUIO OT MPeAJ/IOMKEHHbIX paHee, Aanee ANs
3TOl nepBomaTepun ByaeT MCNO/Nb30BaAHO PeaKo NMPMMeHAEMOoe HasBaHue «Heo3dup»/neo-
ether/neoaether, KoTopoe wucnonb3yetca HeKOTOPbIMW aBTOpamu Ans  0603HaYeHwus,
Hanpumep, NONAPU3ALNOHHOM AMMNO/IbHOM Kocmumyeckor cpeabl (KoHcTaHTuHOB C.U.) nnam ke
ON5 NONSA PENIMKTOBOrO M3NYYEHUN KaK HEKOEro «KocmMuyeckoro cybcrpata» (Knumuwnn U.A.).
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NTaK, U3N10KMM OCHOBHbIE CBOCTBA HeO3dMpPa U, C MO3NLUIN Npeanaraemoin KOHLUEeNUuu,
pPaccCMOTPMM PacnpoCTpaHeHWe cBeTa OT PEensTUBUCTCKOrO WCTOMHMKA C  AadfibHEMLWMM
0606L1EHMEM NONYYEHHbIX PEe3Yy/1IbTaToB Ha BCe TUMbl GYHAAMEHTAIbHbIX B3aMMOAENCTBUN.

Il. NOCTYNATbI

1) Ckopocmb pacnpocmpaHeHuUs ceema e Heo3ghupe ecmob 8enUYUHA MOCMOAHHAA
(o603Hayaem danee NPUBLIYHO KAK C).

MocTynnpoBaTb MOCTOAHCTBO CKOPOCTM CBETa MMEHHO B Heoadupe, a He B JOObIX
MHepUManbHbIX cUCTEMAX OTcYyeTa (To ecTb He B JIOpeHUO0BOM NpeAcTaBNEHUN U He TaK Kak,
Hanpumep, B CTO), HE0BXOAMMO, Kak MHe NpeacTaBAAETCs, BBMAY TOro, YTO UMEHHO Heo3adup,
ABNAACb OCHOBOMO/IAraloWmMm YPOBHEM OpraHM3auMn maTepumn, LO/KEH onpeaensitTb B Le/ioM
M «KMEeXaHU3M» B3aMMOAENCTBUA €€ OTAE/IbHbIX 3/1eMEHTOB, B TOM 4YMCAE, WU CKOPOCTb
pPacnpocTpPaHeHUsA 3N1EKTPOMArHUTHbIX B3aMMOAENCTBUI MEXAY HUMU U, B YaCTHOCTU, CKOPOCTb
CBETa, a KaXK[an ToYKa Heoadpupa, B KOTOPOM BO3HMKAET BO3MYLLEHUE (T.€. KarKAbli OTAEeNbHbIN
TOYEYHbIN parmMeHT o0ObeKTa, BOCNPUHMMAEMbIA HaMM KaK Hekada MaTepuasibHan
3NleMeHTapHan CTPYKTypa), BbLICTYMaeT B KayecTBE WCTOYHMKA KaKoro-to npouecca Wan
HECKOJIbKMX MPOLLECCOB, PacnpocTpaHeHWe KOTOpbIx obecneymBaeT onATb-TakM Heo3dUp Kak
maTepuanbHaa cpeaa.

MOCTOAHCTBO CKOPOCTU CBeTa A1 BCeX MHEpLMaZbHbIX CUCTEM, Kak 6yaeT noKasaHo
HUXKe, ABAAETCA TONbKO CN1eACTBUEM U31araemMoii KOHUEeNLuu.

2) Moa CKOpOCTbIO pacnpocTpaHeHUsa CcBeTa AnA o6wenpuHATbIX ¢uU3NYECKuX
KOHUENUUA U NPUNOXKEHUN cneayeT NOHUMATb UCKIIOUYUTENIbHO HEKYH CPeaHIO BEIUYUHY
CKOPOCTU ero pacnpocTpaHeHUa B Heoddupe oT ogHOro o6beKTa K gpyromy, un obpartHo.

N pencTBUTENbHO, MPAKTUYECKU BO BCEX «KNACCMUYECKUX» ISKCMEPMMEHTAX, HaumHaa C
onbiToB ®U30 M BMNOTb A0 COBPEMEHHbIX CXEM C MCMNO/Nb30BAaHUEM /1a3€PHOr0 U3/y4yeHus,
CKOpOCTb CBeTa onpeaennaetcd @aKTUUYECKM KaK HeKas CpeaHsa BeAMYMHA npu  ero
pacnpocTpaHeHUN OT OAHOMO 3/1eMEHTA YCTaHOBKM A0 ApYyroro («Tyaa») u notom — «obpaTHoO»
(B TOM uncne, M Ana nasepHbIX CXEM C UCMO/Ib30BAaHNEM — ONATb-TaKN! — 3aMKHYTbIX KOHTYPOB),
B TO BPEMA KaK CKOPOCTb CBETa «TyAa» U «0b6paTHO» OTHOCUTENIbHO KaKoro-HMbyap penepHoro
HanpaB/IeHMA B MPOCTPAHCTBE B 3TUX 3KCMEPUMEHTAX MO OTAE/IbHOCTU HE N3MepAeTCs.

Bmecte c Tem, HEKOTOPbIMM 3KCMEPMMEHTATOPAaMM [OCTOBEPHO YCTaHOBAEH ¢aKT
BapuMaLMM CKOPOCTM CBETa B 3aBMCMMOCTM OT HanpaB/ieHUs €ero pacrnpocTpaHeHus B
NPOCTPaHCTBE, CpeaM KOTOPbIX, B MEPBYID oyepeab, cneayeT Ha3BaTb TaKUX MCCaedoBaTesnen
Kak: CtedaH MapwuHos (Stefan Marinov), A.I'. Topp u M. Konen (D. Torr and P. Kolen), G. Smoot,
Wilkinson and Corey, C. Monstein and J. Wesley, E. Silvertooth, M. Consoli n ap.
lMpumeyvaHue: yKa3aHHyo 8 nocmysaame CPeOHK 8esU4UHY CKOpoCcmu He ciedyem nymame

CO cpeOHeapugmemuyecKUM 3HA4eHUeM, 4Ymo, KAK MHe Kaxcemcs, nopol
npoucxooum 8 «aHMuUpPenamMuUBUCMCKUX» cmamesx. CpedHeapugpmemuyecKoe
3Ha4eHue 8 OGHHOM  Ccay4ae NMoopasymesaem  pPaBEHCMBO  8pemMeH
pacnpocmpaHeHusa ceema «myoda» U «0b6pamHoO», 8 MmO 8peMA KaK Mpu
8apuayuU CKOpoCmu ceema 8 3a8UCUMOCMU OM HAnpasaeHuUsa (Kak npasuso,
amo: (C+v) u (C—v); v— cKopocms 08uUMceHUA cucmembl, 3¢hupa u np.) epemeHa
€20 pacnpocmpaHeHus Ha 0OHOM U MOM (e ompe3Ke, Hanpumep, rnpu cmeHe
HanpasneHUs HA NPomMueononoxcHoe, bydym pasnudyamecs. Bcnedcmesue 3mozo
npu pPAccMompeHuUU aHMuUNapannenbHsix HanpasaeHuli pacrnpocmpaHeHus
ceema 2080pumb O Kakol-nubo npamol, m.e. add0umusHol KomneHcayuu
KOMMOHeHMa vV e20 CyMMapHol cKopocmu, npeocmassnsemcs He 8rosaHe
npagomepHsIM.

B amolii cea3u A 6ol npednoxun 0aa amoli cpedHeli cKopocmu 8 Kayecmee
paboye20 HAUMEHOBAHUA MEPMUH: «CPedHepenamueUCMCKAA CKOPOCMb».
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. ABUKEHUE PENATUBUCTCKOIO OBbEKTA.

Cnepyn BblLLEYKa3aHHbIM nocrynatam, pPaccMoOTPUM pacnpocTpaHeHue
3NEKTPOMArHUTHOTO U3NIly4YeHMA (Hanpumep, CBeTa) OT UCTOYHUKA, ABUIKYLLErOCA OTHOCUTE/IbHO
Heoadupa. Mpu 3TOM AaHHbIA cay4Yyald, HA MOM B3rAAd, MOJHOCTbIO COOTBETCTBYET Hallel
peanbHOCTM, TaK Kak, nosaras CyL,ecTBOBaHWE Heo3dMpa C pacCMaTPUBAEMbIMU CBOMCTBAMM,
Mbl C HEM36eKHOCTbIO AO/IKHbI CYMUTATb, YTO 061aCcTb BceneHHOM, B KOTOPOM Mbl CYLLECTBYEM,
nucxoaa M3 Habnogaemblx Hamu (GaAKTOB, CKOpPee BCEro, ABUMKETCA B Heoadupe C KaKoMn-To
CKOpOCTbIO (N0 KpalHel mepe, oTAeNbHble HabaoaaeMble HaMU OO6bEKTbI); €C/IN XKe cpeaHsn
CKOPOCTb 0OBEKTOB Hallel o6nacTM HyneBas — 3TO NOTpebyeT OTAENbHOro PacCMOTPEHUN U
NOCTPOEHMA COOTBETCTBYHOLWE MOAENN PeanbHOCTU, HO, B Ntobom cnyyae, byaet ABAATbCA
JIMLWb YACTHbIM C/ly4aeM MONYYEHHOIO HUXKe pesyabTaTa.

NTak, paccmoTpumM [gBa C/Ayy4ada pPacnpoCTPAHEHMA W3/lyY4EeHUA OT  MCTOYHMKA,
ABVXKYLLErocs NpsAMOJIMHENHO M PaBHOMEPHO OTHOCUTENIbHO CUCTEMbI Heo3dupa: BAOSIb OCH
OBVXKEHUS UCTOYHMKA W NeprneHANKYNSPHO BEKTOPY CKOPOCTM €ero ABWXKeHMA (B TepMMHax
TEOPUM OTHOCUTENBbHOCTU CUCTEMA UCTOYHMKA — 3TO MHEepLUManbHas cMcTema oTcyeTa).

1) PacnpocmpaHeHue u3ny4yeHus 800sb OCU 08UMCEHUA UCMOYHUKA (cm. Puc. 1).
O603HaveHus:

S — UCTOYHMK cBeTa; P — peructpatop nsnyyeHma (GotonpueMHmk m 1.0.)

R1u R, —3epKana, pacnonoxeHHble Ha 0ANHAKOBOM OT S (P) pacCcToAHUM, NpU STOM:

€ — paccrosHua Ri-S (P) u R,-S (P) B HENOABUMKHOM CUCTEME KOOPAMHAT, T.e. B
cucteme Heoadumpa (o6o3Hayaem cuctemy Kak K);

0’ — Te e PacCToAHUA, HO AN CUCTEMbI ABUNKYLLETOCA UCTOYHUKA (0603HaYaem
3Ty cuctemy Kak K’); B COOTBETCTBMM C YCTaHOBAEHHbIMM ele JIopeHuem
TpeboBaHUAMWN 3/EKTPOAUHAMMKMA Monarald HeobXoAUMMbIM CUYMTaTb, YTO B
ABMNKYLLENCA cucTeme MacwTabbl BAOIb OCU [ABMMKEHMS COKpalLaloTca, M,

COOTBETCTBEHHO, BesnunHa € = €1 — v%/c%. MNpu 3Tom BennuuHbl € — 370
PacCTOAHMA, KOTOPble M’MNOTETUYECKM MOMAN Bbl BbiTb OnpeaeneHbl U3 cMcTembl
HeosdMpa, HO He U3 MHEPLMaNbHOM CUCTEMbI UCTOUYHMKA, TaK Kak Habaoaatenb
ABUXKYLLLENCA CUCTEMbBI MOXKET TOIbKO TEOPETUYECKM «MOA03PeBaTb» O HaMUUK
COKpallleHna Mactabos AnA ero cucTembl.

V — CKOPOCTb [ABWXEHMA 3epKaja, MWCTOYHMKA W perncrpatopa OTHOCUTENIbHO
HenoABWMXHOM cnuctembl oTcuéta K; Ha Puc. 1 — 3T 06beKTbI ABUNKYTCS BJIEBO.
R:1 S, P R»
I . ]
<7
Puc. 1

Bbluncnvm BpemeHa pacnpocTpaHeHua cBeTa oT S A0 3epKan Ry u R, (NnpomeskyTku Atg) 1
obpatHO A0 P (mpomexyTku At,) ana cuctembl Heoddupa M 3TU Ke WHTepBanbl ANs
OBUXKYLLENCA CUCTEMBI, TMMTOTETUYECKU onpeaensemble HabaoaaTenem U3 cMcTeMbl Heo3dpupa.

a) Cucmema Heoagpupa K: Aty = At, = €/C; cymmapHoe Bpems pacnpocTpaHeHus cBeTa A0
3epkana Ry (uam oo Ry) v obpaTtHo Ao peructpatopa: At = 2€/c.

6) Cucmema K’. Nocne wusnyyeHusa KeBaHTa ceBeTa (PoToHa) B TOuke S, T.e. nocne ero
BO3HMKHOBEHMA B HEO3IDUPE, OH ABUKETCA B HE03dMpPe co CKopocTbio C. Mpu 3Tom, 3epKano Ry
Kak bbl «yberaeT» OT HEro co CKOPOCTblO V, B pe3ynbTaTe Yero OTHOCUTE/IbHAA CKOPOCTb, C
KOTOPOM KBaHT cBeTa npubauxkaerca K R;, cocTaBnseT BennumHy (C — v). Mocne oTpaxeHus
cBETa OT 3epKana OH ABMXKETCA MO HanpaBAeHWo K GOTONPUEMHUKY P, KOTOpbii, B CBOHO
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oyepeb, ABUKETCA K HEMY HaBCTPeYY, M1 CYMMapHaa CKOPOCTb NPUBAMIKEHMA KBaHTa cBeTa K P
paBHa (C + v).

CoOTBETCTBEHHO, BPEMA pacnpocTpaHeHusa GoToHa COCTaBAAET caeayowme Be/INYNHbI:

oTSpoRy, Aty =€'/(C—v); oTR  ao P, At’, =€’/(C + V).

AHaNOrMYyHO, NPU PaccMoTpeHMn ABuKeHUA GOToHA K 3epKany R, n obpaTHo, Bpemsa ero
OBUMKEHWSA BblparkaeTca cnegyowmm obpasom:

oTS Ao Ry, At =€'/(C+v);0oTR, oo P, At', =€’/(C - D).

Taknum obpasom, cymmapHoe Bpemsa ABuMKeHua ceeTa At’ OoT UCToYHMKa Ao nboro u3
3epKan, a 3aTem 0bpaTHO K poToNpPUEMHUKY P coCcTaBAAET O4HY U Ty Ke BENNYNHY:

At =€ /(c—v)+ € /(C+v)ana3epkana Ry (unm xe €'/(Cc + v) + €' /(C — v) ana 3epkana R,)

Mpounssenem HecnoxHble npeobpasoBaHua:

A =€/(C-v)+€/(C+v)=€ (C+v +Cc—)/(c*—v?)=2€c/(c’ - v?)
pPa3gesIuB YNCAUTENb M 3HAMEHATE b HA C2,NOYYNM:

AY = (2€'/c) 1/(1 - v?/c?)

yumnTbiBas 1o, uto € = €,/ 1 — v%/c?, nonyyaem:

At =2(€/c) 1/{/1 — v?/c?

A nockonbky 2€/C — 3TO MHTepBan BpemeHu At paccmaTpuBaemoro npouecca ANs
cuctemMbl Heoadumpa (T.e. Bpems pacnpocTpaHeHua cBeTa OT UCTOYHMKA A0 3epKana n obpaTtHo
00 poTonpuemHmKa), nonyvaem:

At =At1/\/1 —v?/c? (1)

MonyyeHHoe BblpaxkeHue, B OT/IMYME OT ChneumnanbHoOn Teopun oTHocuTenbHoctn (CTO),
onpeaenaeT COOTHOLEHME He Temna BpemeHu ansa cuctem K’ v K, a COOTHoLEHME UHTEPBANOB
BPEMEHW AN OAHOIO M TOro 3Ke npouecca B 3TUX cuctemax. COOTBETCTBEHHO, MPU CKOPOCTAX
OBMXKEHUA cucTeMbl  K’, CpaBHMMbIX CO CKOPOCTbIO CBeTa C, Bpems MpoTeKaHus
paccmaTpuMBaemoro npouecca B cucteme K’ C TOYKM 3peHua HabawaaTens CUCTEMbI

Heosdbupa K byaeT 3aHMMaTb CylecTBeHHO 6obliee Bpems, Tak Kak 1/,/1 — v2/c2  >> 1.

JaHHoe 06cTOATENBCTBO KakK pa3 M O3HaA4YaeT 3amensieHne Temna BpemeHu (VI}'IM XoA4a

4acoB, KakK 3To 06bIYHO paccMaTPUBAETCA B TEOPUM OTHOCUTENbHOCTM) B /1 — v2/c? pas.

MpumeyaHue: BoiweyKazaHHbIl M00X00 npu PAcCMOmMpeHUU COOMHOWeEeHUA UHMepPs8asos
spemeHU 0719 00HO20 U MO20 }e Npouecca U coomseemcmayrowe2o 3ameds1eHus
x00a 4yacos 8 0suxcywelica cucmeme omc4yema, Ha MoU 8327180, MOAHOCMbHO
coomeemcmeayem paccyicoeHuam iHwmeliHa, Koeda OH paccmampusaem xo0
yacos 8 HernoodsuUMHOU U 8 UHepyuansbHoU dsuxcywelica cucmemax KoopouHam
¢ nosuyuli npeobpaszosaHuli /lopeHya (cm. opuauHaa cmameu «Relativity: The
Special and General Theory» Albert Einstein, December, 1916, cmp. 35; 8
PYCCKOA3bIYHOM 8apuaHme OaHHol cmameu 8 cbopHuKe «®du3uka u
peasnbHocMb» om 1965 2. donyuwjeHbl oneyamku 8 yacmu obo3HayeHuA t u t’).

2) PacnpocmpaHeHue u3ay4eHus neprneHOUKYAAPHO ocu O8UXeHUsA UCMOYHUKA (cm. Puc. 2).
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Ha pucyHke un3obparkeHa cuctema «UCTOYHUK S — 3epKano R; — poTonpuemHuKk Py,
OBVKYLLAACA BNEBO CO CKOPOCTbIO ¥V OTHOCUMTE/IbHO HEMOABWUMKHOM cucTeMbl Heoadumpa.
NCTOYHUK S C TOUKM 3peHuna HabaogaTena 4aHHOW CUCTEMbI U3/y4aeT CBET NepneHANKYNAPHO
oCU ABUXKeHMA. py 3TOM, YTO OYEHb BAXKHO, HENb3A PAaCcCMATPMBaATb MCTOYHMK, 3epPKasio U
bOTONPUEMHMK, A TaKKe N3/1y4aeMblii ICTOYHMKOM KBAHT CBETa C TOYKM 3peHuns abcontoTHOro
NPOCTPaHCTBa (KaK 3TO Aenanocb co BpemeH HbloTOHa), TO eCTb CYMTaTb UX 0ObEKTAMM, NPOCTO
pPacnonoXKeHHbIMWM B 3TOM MPOCTPAHCTBE, @ B HAwem cayy4ae — B Heoadupe, Tak BCe 3TU
06BEKTbI ABNAIOTCA, KAaK MOMHO 6bln0 Obl CKa3aTb, HEKMM MOPOXKAEHMEM HeodpUpa MU xe
npocto cobcTBEHHO Heo3dUPOM, WMMEWMM OnpeseneHHble XapaKTepHble JI0KaNbHble
CBOWCTBA B TOYKAX PACNONOKEHUA OO BEKTOB.

McxopAa w3 BblWECKA3aHHOTO, W3/yv4aemMbl KBAHT CBeTa C HeusberKHOCTbl [0/KeH
«HAcnefoBaTb» HEKME CBOMCTBA 0OBEKTA, ero NopoAMBLIEro, TO eCTb CBOMCTBA UCTOYHUKA U, B
nepeyto o4yepesb, Kak NpeacTaBAAeTCA, ero CBOMCTBA B YACTM BEKTOPA MMMNY/bca. TeM Cambim,
«OTAENMBLUAACA» OT UCTOYHUKA B MOMEHT M3/ly4eHMA ero 4acTb, BOCMPUHMMAEMAA HaMM KaK
KBaHT CBETa, AOJ/I’KHA MMETb COCTaB/IAIOLLYHO CKOPOCTM, HaMNpaB/ieHHY0 BAONb OCU ABUMKEHMUA
WCTOYHMKA WM paBHyl0 Mo BennumHe v. OOLWAA CKOPOCTb KBaHTa B Heo3dupe, ecTecTBeHHO,
paBHa C, U BEKTOP 3TOW CKOPOCTM HanpasneH oT S K R; nog yrnom a (4ns KBaHTa, KOTOpPbIA
MOXeT ObiTb 3apernctpupoBaH ¢oTonpMemMHUKom P); doTonpuemHuk P K mMomeHTy
perncrTpaumm nepemecTuTca BAEBO, KaK 3TO NMOKa3aHO Ha PUCYHKe.

Mpn 3ToM yron a MoXeT ObiTb onpeaeneH pasBe YTO W3 HEMNoABUMKHOM CUCTEMDI
HeoadMpa (4@ M TO TONbKO TFMMNOTETUYECKM, TaK KaK HEACHO Kak 3TO cAenatb, He BHOCS
BO3MYLLEHNI B COCTOAHME OTOHA), U Mbl KaK Habntogatenn cuctembl K’ moxkem TONbKO
TEOPETMYECKUM NpeanoaraTb ero Haamune, UCXoasa U3 PacCMaTPMBAEMOMN KOHLLEMLUN.

Takum 06pasom, Mbl AOMKHbI NOAAraTb, YTO 3a MPOMEXKYTOK BpemeHu At’, B TeueHue
KOTOPOro CBEeT PacnpocTpaHAeTcs OT UCTOYHMKA S A0 3epkana R; (At” — vHTepBan BpemeHu,
ONATb-TaKM TUNOTETUYECKM oOnpenensieMbli M3 cucTembl Heoddupa), 3epKano CMecTuTca B
Touky O Ha paccTtoaHue VAt (pacctosHue SO), a KBAHT CBETA 33 3TO BpeMs NPonAeT paccTonaHue
CAt’ (pacctosiHMe SR;). MpuaepuBanach 0OLWENPUHATLIX GU3UYECKMX KOHUEMNUMIA, nonaraem,
4YTO B MOMEpPeYHOM HaMpaB/lEHUWN COKpalleHWe MmacwTaboB OTCYTCTBYET, M pPacCTOAHME OT
MCTOYHMKA A0 3epKana OAHO M TO }Ke — KaK ANA cucteMbl Heoadupa, TaKk U ans ABMXKyLencs

cuctembl, Toectb € =€'.
[anee, cxoas U3 HEC/TOXKHbIX TEOMETPUYECKMX COOBpaXKeHU, Noay4yaem cneayrollee:

0=/c2(At)2 — v2(At)2Z =cAt'\/1 — v2/c?, a cnepoBaTenbHo:
At = (e/c) 1/{1 — v?/c? W, y4UTbIBaAA TO, 4To €/C = At, nonyyaem:

At = At 1/,/1 — v2/c? (2)

Takum e 06pasom M C Tem XKe pPe3ynbTaTOM MOMKET ObiTb PacCMOTPEHO ABUXKEHUe
$OoTOHa Ha oTpeske aAsuKeHua cuctembl O — P nocne ero otpaxkeHus oT 3epKana.

Kak BMAHO, COOTHOWEHWE (2), NMOAYYEHHOE ANA C/y4ana PACNPOCTPAHEHMA MU3/yYEHUA
nepneHAMKYNAPHO OCU ABUKEHWUA UCTOYHUKA, MAEHTUYHO NOJlYYEHHOMY paHee CooTHoweHumto (1)
npu PacCMOTPEHUWN CNy4aa PacnpoOCTPaHEHMA WU3/y4EHMA BAONb OCU OBUMKEHUA MCTOYHMKA
(aHanornyHo moxkeT 6bITb PAaCCMOTPEHO PACNPOCTPAHEHWE CBETA U ANS APYroi OPTOroHa/IbHOM
OCWM — OPTOrOHANbHOWM KaK OCWU ABWMMKEHWUA cucTembl S — P, Tak M pacCMOTpPeHHOMY Bblwe
HanpassieHnto O — Ry). A Tak Kak NPOU3BOJIbHbIN BEKTOP CKOPOCTU MOMET ObiTb Pa3/IOXKEH Ha
OPTOrOHa/ibHble COCTABAAKOWME, 3TO O3HAYaeT, 4YTO MoJlyYeHHOe COoOoTHoweHue At =

= At1/\/1 — v2/c? BbiNonHAETCA NPM NOBbIX HaNPaBAEHWUAX PacnpPOCTPaHEHUsA U3NyYeHUA B
NPOCTPAHCTBE OTHOCUTENIbHO BEKTOPA CKOPOCTU ABUMKEHUA NHEPLMANBHOWN CUCTEMDI.

Takum 06pa3om, MOXKHO KOHCTAaTUPOBATb, YTO pPacCMaTpMBaeMasa KoHUenuusa Heoadupa
NPUMEHUTENbHO K CBETOBOMY M3/y4eHUIO, TaKKe Kak u CTO, onpeaenseT ¢paKT 3ameaneHus
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TeMNa BPEMEHM B MHepUMasbHbIX cucTemax otcyeta B /1 — v%/c? pas, 3a UCKNOYEHUEM
TOro, YTO 3TO 3ameiIeHNe ANA BCEX CUCTEM MOXKET OblTb COOTHECEHO C TeYEeHMEM BPEMEHU B
OAHOM eAMHCTBEHHON cucTeme — B cucTeme Heoadupa, KOTOpas, TEM CaMblM, BbICTyMaeT B
KauyecTBe KPUTUKYEMOWN TPAAMLMOHHBIMUW PENATUBUCTAMWN «abCONOTHOM» CUCTEMbI KOOPAMHAT.

IV. MOCTOAHCTBO CKOPOCTU CBETA

B gonosnHeHMe K MOJyY4eHHbIM Bbllie pe3y/nbTaTam NpeacTaBAAeTCA BeCbMa BaKHbIM
PaccMOTPETb BOMNPOC O BE/IMYMHE CKOPOCTM CBETA (T.e. eé cpesHepenaTUBUCTCKOroO 3Ha4YeHUs) B
WMHEepUMaNbHbIX CUCTEMAX OTCYETa, AN1A Yero TpebyeTca onpeaenunTb, Kak Ke BOCNPUHUMALOT 3Ty
CKOpOCTb HabntoaaTenun cuctem K’, ABMXKYLLMXCA OTHOCUTENIbHO cucTeMbl K Heoadupa.

NTaK, onaTb paccCMOTpPMM [ABa CAy4ad pPacnpoCTPaHEHUSs W3/y4eHMA OT WCTOYHMKA,
OBUKYLLLEroca NPAMOJIMHEMHO M PaBHOMEPHO OTHOCUTE/IbHO cUCTeMbl Heoadupa: BAONAb OCU
OBUKEHUA UCTOYHMKA U NepneHANKYNAPHO BEKTOPY CKOPOCTU €ro ABUMKEHUA.

1) PacnpocmpaHeHue u3ny4yeHus 800sb 0cu O8UXCeHUA UCMOYHUKa (cm. Puc. 1)

B cooTBeTCTBMM C paccMaTpuBaeMoOM KOHLENUMen CKOpocTb cBeTa C’ B MHepLManbHbIX
cuctemax K’ npoasnsetca ans HabnogaTenen aTUX CUCTEM UCKNOYUTE/NIbHO KaK HeKas cpeaHsas
BE/IMYMHA CKOPOCTU (CpesHepenaTMBUCTCKaNA) NPU ABUKEHUM CBETA OT UCTOYHMKA 40 3epKana U
06paTHO OT 3epKasia A0 PerncTpaTopa, PacnooKeHHOro B TOYKE HAaXOXKAEHUA UCTOYHUKA (CM.
nocTynar 2 Bbllle).

PacnpocTpaHeHne cBeTa Mo TakoW cxeme paccmoTpeHo B Paspene lll, B pesynbrate

KOTOPOro yCTaHOBNAEHO 3aMef/leHne BpeMeHU B MHepLManbHbIX cuctemax B /1 — v2/c? pas

NPU YCAOBMM Ha/JMUMA NOPEHLIOBA COKpalleHua macltabos (Takxke B /1 —v2/c? pas). B
TaKOM C/ly4yae cpefHAn Be/IMYMHA CKOPOCTU CBeTa (cpeaHepenaTMBUCTCKOe 3HaveHue) ¢’ byaeT

BOCNPUHUMATLCA Habaogatenem cuctembl K’ Kak 2€’/t’ (t’ — Bpema ABUMNKEHMA CBETa «Tyaa» U
«obpaTtHO» AnA HabnwoaaTens ABUNKYLLENCA CUCTEMbI, a HE WHTEpPBaa, U3MEpPSAEeMbli U3
cuctembl Heoadupa, Kak 3TO 6bINO0 MCNONb30BaHO paHblie B Pasgene ). YuuTbiBas
COKpaLlleHne maclTabos 1 3ameaneHne BpemeHu B cucteme K’, nonyyaem:

c’=20'/t =201 —v%/c? [t/1 —v2/c? =2¢/t=c
Takmm o6pa30M, Ana pacCMaTpmnBaemoro ciyd4yaa CKOpPOCTb CBE€Ta BO BCEX AOBUXKYLLUXCA

OTHOCUTENbHO HeoadMpa CUCTEMAX OCTAETCA MOCTOSIHHOM M pPaBHOM C, TO €CTb pPaBHOM
BE/IMYMHE CKOPOCTM CBETA B CMCTEME Heoadupa.

2) PacnpocmpaHeHue usnyvyeHus neprneHOUKYAAPHO Ocu 08UXEHUA UCMOYHUKA (cm. Puc. 3)
v R
«—
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/
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*
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Puc. 3

B aTomM cnyyae cBeT, C TOYKU 3peHMa Habnwogatena aBuKyllencs cuctembl K,
pPacnpoCTpPaHAETCA OT UCTOYHUKA S K 3epKany R; nepneHAnKYNAPHO OCK ABUKEHUA CUCTEMDI, B
CBASN C 4Yem, ANA peleHWa MNOCTaB/NeHHOMW 3agaum Tpebyetca onpeaenvTo BEAUYUHY
COCTaB/IAIOWLEN CKOPOCTU CBETA €, B CUCTeMe Heo3dupa, a 3aTem nepenT K macwrabam
BPEMEHMU B ABUXKYLLENCA CUCTEME.

BBMAy HEM3MEHHOCTM CKOPOCTM pPaCcnpOCTPaHEHWA cBeTa A0 3epkana M obpaTHo (B
oT/IM4me oT 1-ro cnyyas, CM. Bbile), TO eCTb BCAEACTBME NOCTOAHCTBA COCTABAAOLWEN CKOPOCTH
cBeTa No ocu y (Be/MYMHA Cy), a TakKe B CBA3M C OTCYTCTBMEM JIOPEHLIOBA COKpaLLieHUs
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maclTaboB no 3Toi 0CH, ypaBHEHWE ABUXKEHMA GOTOHA ANA PAacCMaTPUBAEMOrO C/lydas MOXKeT
6bITb 3aNncaHo cnepyowmm obpasom:
y=c,t

Nx reomeTpryecknx coobpaxkeHnin (cm. puc. 3) nosyyaem:

€y =/€% — €2 =¢\/1 — ¢, 2/c?, a, yunTbiBaA TO, UTO €, = V: €y = €/ 1 — V2 /2.

Mepexoas K ABMXKYLLENCA CUCTEME M YYMTbIBAA 3aMef/leHMe TemMna BPEMEHU B Heil,
Bbipaskaemoe Kak t’ = t\/1 — v%/c? , ona ypaBHeHUs ABMNKEHUA GOTOHa NoslyYaem:

y=c,t=cy1—v2/c% (t/\/1—v2/c? ), 10 ectb:

3To 03HayaeT To, B PacCMaTPMBAEMOM C/iydae Ana HabnoaaTens ABUMKYLLENCA CUCTEMbI
CKOPOCTb CBETa ONATb-TaKuM BOCMPUHMMAETCA PaBHOMN MO BesnunHe € (no 3-i KoopAMHATHOM
OCW 2, N0 MOHATHLIM MPUYMHAM, Pe3yNbTaT 6yaeT aHaNOrMUHbIN).

Takum 06pasom, BBUAY TOrO, YTO MNPOM3BOJIbHBLIA BEKTOP CKOPOCTU B MPOCTPaHCTBE
MOXeT BbITb Pa3/NOKEH Ha OPTOrOHa/IbHblE COCTaB/IAIOWME, CKOPOCTb CBETa, onpeaesifiemasn B

Moboi MHepunanbHOM cUCTEME B COOTBETCTBMM C MOCTY/IaTOM 2, paBHAa €, TO eCTb paBHa
CKOPOCTM CBETA B CUCTEME HEeO3dMpPa U, TEM CaMbIM:

CKopocmb ceema, mo ecmb CpedHepenamueucCmcKas CKopocms ceema
deilicmeumensHo asenaemca pyHOameHManbHOU KOHCMaHmMoli.

V. OBOBLUEHUE NONTYHEHHbIX PE3Y/IbTATOB

HA BCE TUMNbl ®YHAAMEHTANbHbIX BSAUMOAENCTBUMN.

MpuHMMan cywecTBoBaHMe HEO3DMpPA KaK NepBOMaTepUn, NpeacTaBAAETCA COBEPLUEHHO
€CTeCTBEHHbIM NonaraTb, YTO Heo3dMp onpesensaeT OCHOBHbIE CBOMCTBA HE TO/IbKO CBETOBOTO
(T.e.  2NEeKTPOMArHWTHOrO) W3/7y4eHMA, HO W  CBOWMCTBA BCex (yHAAMEHTA/IbHbIX
B3aMMOLENCTBMIA, ANA KOTOPbIX, KaK MNPeACTaBAAETCA, TaKXKe MOXHO NpuaymaTb CXemMbl
pPacnpoCTpPaHeHUA, aHANOTMYHbIE PACCMOTPEHHOW BbIlEe AS1A 3/IEKTPOMArHUTHOIO U3NyYeHUA,
HO pa3Be YTO MeHee HarnagHble.

Kpome 3Toro, xotenocb 6bl NOAYEPKHYTb TO, YTO KOr4a Mbl PAacCMATPUBAEM OODBEKTBI
Halero Mupa Kak MOPOXKAEHME HEKOEW MepBOMATEPUU, MNOCTPOEHWE MONHOM KapTUHbI
B3aMMOLENCTBUA MEXKAY 3TUMMN OO bEKTAMM AO/IKHO NpeAnonaraTb y4eT HaMYMA NOCTOAHHOIO
obmeHa MexXay HUMKU onpeaeneHHbIMU HOCUTENAMU B3aUMOLENCTBUSA, B KAQYECTBE KOTOPbLIX, B
COOTBETCTBMM C COBPEMEHHbLIMW KOHLLENUMAMM BCEOOBEMNIOLNX YHUBEPCANbHbLIX TeOopui
«BCero cywero» (ctTaHA4apTHas MoOLeNb, TEOpUM CTPYH M CYMNepcTpyH), BbICTynatoT
KannbpoBoyHble 6O030HbI, ABUMKEHWE KOTOPbIX B MPOLECCE B3aMMOAEWUCTBUA MOXKHO
WMHTEPNPEeTUPOBATb aAHA/IOMMYHO PACCMOTPEHHOMY Bbille PACMPOCTPAHEHUIO CBETOBOrO
N3ly4eHUA, TO eCTb MO NMPUHLMMY KOMMNIEKCHOTO yyeTa UX ABUMKEHUA «Tyaa» u «obpaTHo». A
3TO C HEU3HEKHOCTbIO OMATb-TaKM MOABOAUT K MbIC/IM O TOM, YTO CHOPMY/IMPOBAHHbIE Bbille
nocTynaTbl, OMNpenenAlrolMe OCHOBHblE CBOWCTBA HeoddUpa MNPUMEHUTENBHO K CBETOBOMY
N3Ny4eHuto, ABAAIOTCA Oosiee YHUBEPCANbHBLIMU U A0MKHbI ObiTb pPaclIMPEHbl HA BCe TUMbI
dyHOAAMeHTaNbHbIX B3aUMOAENCTBUNA.

Taknm obpasom, 0606LaA paccMaTPUBAEMYO KOHLENUUIO Heo3dMpPa MOXKHO nosnaratb

NPMMEHUMOCTb MOAYYEHHOTO Bbllle COoTHoweHua At = At 1/\/1 —v%/c? pna Bcex TMNOB
byHOAMEHTaIbHbIX B3auMoAencTBuMn. Mpu aTomM, NPpUHMMAnA ero cnpaBea/IMBOCTb, MoJiyd4aem
KOCBEHHOE MOATBEPXKAEHME MPUHUMNE OAMHAKOBOM CKOPOCTM PACMpPOCTPAHEHMA A1S BCEX
byHAAMEHTaNbHbIX B3AUMOAENCTBUMN, TaK Kak B MPOTUBHOM C/ly4ae COOTHOLIEHMA MHTEPBAIOB
BpemeHn At n At' ana npoueccos, peanunsyembiXx NOCPEACTBOM 3TUX B3aMMOAENCTBUM,

YNCNEHHO OT/IMYanucb Obl Apyr OT Apyra BBMAY Pa3nMuMa B BeNYMHE /1 —vz/cl? (c; -
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CKOPOCTb PacnpoCTpaHeHUs i-ro B3aMMOAEWNCTBUA). ITO OBCTOATENbCTBO NoTpeboBano Obl
NpM3HaTb HaaMyYnMe UHAMBUAYANIbHOIMO TEMMNA BPEMEHU ONA KaXKA0ro TMna B3auMoAencTems, a
cnepoBaTeNibHO — OTCYTCTBME €4MHOro YHWBEPCA/IbHOTO MapameTpa «BpemaA» AAA Hawero
MMpa, XOTA, KaK MOXHO noJjaratb, MOCTPOEHWE OCHOB @U3MYECKON TEopUU C TaKMMU
WHAMBUAYANbHbIMWU BpemeHaMu ¢opmMasibHO AOMNYyCTUMO.

Ncxoas 13 BbllLEN3I0OKEHHOTo, CneayeT BbiBOA,:

CKopocmb pacnpocmpaHeHus ecex ¢yHOAMeHManbHoIX e3aumodelicmeuli pasHa ¢
U ama cKopocmb nposenfaemca 8 Hawem mupe (m.e. 008 Hac Kak Habmodameneli)
UCKAIOMUMesIbHO KaK cpedHepenamusucmcKas eenuduHa CKOpocmu pacnpocmpaHeHus om
00H020 06beKkma Kk opyaomy, u o6pamHo.

CooTBeTCTBEHHO, BblpaxkeHne At’ = At 1/\/1—122/c2 onpeaenser TO, 4YTO B
OBUKYLLUMXCA OTHOCUTENIbHO Heo3dupa cuctemax MHTEpBa/ibl BpeMeHU ANA BCEX aKTOB
dyHAameHTaNbHbIX B3aMMOAEACTBUIA YBEIMUMBAKOTCA, TO €CTb BCE NPOLLECChl C TOYKU 3peHua
HabagaTens cUCTemMbl _Heoddupa B ABMNKYLUMXCA CUCTEMAx MNpOTeKalT MendsieHHee B

1/\/1 — v%/c? pa3. A 370, KaK yxe 6bl10 OTMEYEHO Bbille, 03HAYaeT 3amej/1IeHNe BPEMEHM B

ABUXKYLLMXCA CcUCTemax, Bblpakaemoe B CTO kKak t/ = t/1—v%/c? . Mpu 3Tom 370
3amep/ieHMne, B CUAY ero YHMBEPCaNbHOCTU ANA BCEX TUMOB B3aMMOAENCTBUA, HE MOXeT bbiTb
3aMeYeHo 1 HernocpeACcTBEHHO onpeaeneHo HabagaTenem ABMKYLLENCA CUCTEMBI.

HeobxoAMMO MNOAYEPKHYTb, YTO B PaMKax PacCMaTPMBAEMON KOHLENUMM Mbl Kak
HabnogaTenn  ABMNKYLENCA CUCTEMbl  MPUHLMNMANBHO HE MOMEM  «MNepeBepHyTb»
M3I0XKEHHYIO BbIlE CXeMY PacCMOTPEHMA, TO eCTb CYMTaTb Hally CMCTEMY HenoABWXHON, a
cucTemy Heoadmpa — ABMNKYLLENCA, M, TEM CcaMbiM, Hanpumep, nNapagokc 6/1M3HeLos,
npucywmit CTO, ycTpaHAETCA aBTOMATUYECKM.

Ans HarnagHOCTM MOXKHO npeacTaBuTb cebe nuaoTa cybCBETOBOrO KOCMMUYECKOro
Kopabns. [na Hero 3a KaKoM-TO MPOMEKYTOK BpemeHu At’ Npon3onaET meHbliee KONNYecTBo

npoueccos (B 1//1 — v%/c? pas), B TOM uncne n GU3MONOTMUECKUX, ONPEeAENAIoLLMX NPOLLECC
cTapeHusa, Yem gns ero 6ausHeua U3 cUCTeMbl Heo3dMpPa 3a COOTBETCTBYIOLIMI MPOMENKYTOK
BpemeHu At, ToO eCTb MMEHHO NUAOT B pe3yabTaTe NoséTa OKasbiBaeTcs 6os1ee MONoAbIM.

VI. BMECTO 3AK/TIOMEHUA.

M3noxkeHHaa B HacToslen paboTe KoHuenuua Heosdpupa, XOTA U HasmpyeTca Ha
HENpUEeMJIEMbIX C TOYKMU 3PEHUA KTPAAULMOHHOM» (PUIMKU MOJIOKEHUAX, TEM HE MEHEE,
onpeaenseT B KayecTBe CBOWX OCHOBHbIX C/IeACTBMA pPe3ynbTaTbl, KOTOPble BOBCE He
NPOTMBOpPEYAT «TPAAULMOHHONY GU3NYECKOM KoHUenuun, 6asupyloueinca Ha npuHUune
OTHOCUTENbHOCTM DHHLUTEMHA, U YCTPaHAET Npu 3TOM XapakTepHbih ana CTO napaaokKc
BansHeyos.

Bonee Toro, aTa KoHUeNuMA onpeaenseT NOCTOAHCTBO CKOPOCTM BCeX GyHAAMEHTaNbHbIX
B3aMMOAENCTBUA (B BbIWEYKA3aHHOM CPeAHEepPeNATUBMUCTCKOM MNOHMMAHWKM) He B BUAE
NoCTyNaTa, a B KAYecTBe C/1eaCTBMA, KOTOpoe 06YyCN0BNEHO OCHOBHbIMM CBOMCTBAMM He03dUpa,
HO MPW 3TOM He CTaBWUT NOA COMHEHME Ba*KHEeMLWMWI MPUHUMN OTHOCUTENIbHOCTU, KOTOPbIN
rnacuT: «Bce 3aKOHbI MPUPOAbI O4UHAKOBbI BO BCEX MHEPLMAIBbHBIX CUCTEMAX OTCHETaN.

Taknm obpasom, Kak MHe MpPeaCTaBNAAETCA, U3N0XKEHHaA KoHuenuna Heosdupa npu eé
AanbHenwemM pasBuUTUKM, ObiTb MOXKET, CNocobHa MPUOTKPbITb HEKOTOPbIE HOBblE TOPU3OHTbI
ONA Pas3BuUTMA GU3MYECKMX TEOPUIM KBCErO CYLLEro», XOTA ANA PeleHUa 3TOM CAOXKHeuLwen
dyHOAMeHTanbHOM 334a4M NPUAETCA, BEPOATHO, NEPBOHAYANbHO AOCTUTHYTb 3HAYUTENbHO
NyYLEero NOHMMAHUA TaKMUX CYLLHOCTEM KaK «NPOCTPAHCTBO» N «BPEMAY.

B 37Ol cBA3M, xOTenocb 6bl Aanee KPaTKO U3NOXKUTb HEKoTopble Ppusmnko-punocopckme
pa3smMblleHns obLLero xapaKkTepa, KOTopble, BEPOATHO, XOTA U He obnaaatoT abCcoNtoTHOM
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HOBM3HOM B3rNAA0B, HO UMEIOT, KaK MHe MPeACTaBAAEeTCA MPAMOE OTHOWEHWE K PasBUTUIO
obuwen KoHuenummn Heoadpmpa Kak NepBUYHOM CyOCTaHLMM HaLLero Mupa.

NTak, ogMH W3 «BEYHbIX» BOMPOCOB: KAaKOBa CTPYKTypa MEPBUYHOM MaTepuanibHOM
CybCTaHUMMN — HENpPEePbIBHAA UM Ke AUCKPeTHas?

Kak MHe npeacTaBAAeTcA, HEMnpepbiBHOCTb CTPYKTYpPbl MaTepuu M, COOTBETCTBEHHO,
NPOCTPAHCTBA, ABASAKOTCA YUCTO CYOBLEKTUBHbIMM MOHATUAMWU M OOYCNOBAEHbI O6bIAEHHBIM
YeNoBEYECKMM BOCMPUATMEM OKPYXKAKOLWErO MMPA, TaK KaK [axKe Npuv Manenwwen nonbiTke
npeacTasutb cebe 3Ty HenpepbiBHOCTb €  PU3MKO-OUNOCOPCKMX MNO3ULMNA, 4YenoBeK C
Hen3beKHOCTbIO BbIHYKAEH NpeacTaBnaTb cebe HeNPepbIBHOCTb KYEro-To B YEM-TO», TO eCTb B
KaKOWM-TO CTEMEHM YXKe NepexoamnTb Ha NOo3ULUN AUCKPETHOCTU NPOCTPAHCTBA, MaTePUN U BCEX
npoTeKalWwmnx B Halwem mupe npoueccoB. bonee Toro, ycnexm KBAHTOBOW GU3MKM ANA
N3yYEeHUs CBOMCTB HALLEro MMpa HECOMHEHHbI W YCMELWHOCTb MOAENNPOBAHMUA U OCMbICIEHUA
€ro OCHOBHbIX MpPOAB/AEHMI 6a3MpyeTcA Ha KBAHTOBO-MEXaHWYECKUX NOAXOAaX, a TaKas
KOHCTAHTa KaK NoCToAHHanA MnaHKa ¢ Hen3beXHOCTbIO BbICTYMAET B KAYeCTBe e4MHOM Mepbl ANA
ONMCaHMA KBAaHTOBO-MeXaHNYeCKMUX NPOLLEeCCOB.

Kpome 3TOro, npu OCMbICNEHUWM CBOMCTB HeoddMpa Kak nepBomatepum Heobxoammo
Yy4YnTbIBaTb, YTO NPU MOLENMPOBAHUM NOBEAEHMUA OOBEKTOB HA HAleM MaKpPOYypOBHE, TO eCTb
NPy NOCTPOEHUN GU3NYECKON TEOPUMN, O4HA CKOPOCTb C HEM3BEXKHOCTbIO onpeaenseTca Yepes
APYryto: CKOpOCTb 06beKTa onpenenaeTcs Yepes CKOPOCTb NPOTEKAHUA OTAENbHbIX ANCKPETHbIX
NPOLLEeccoB, MCNOJb3yeMbIX A1 U3MEPEHMA PACCTOAHWUA U BPEMEHW; CKOPOCTb MPOTEKaHuA
npoLeccoB - 4epe3 CKOPOCTb B3aMMOALENCTBUA OTAENbHbIX CTPYKTYPHbIX 3/1€MEHTOB
cybcTaHumn, obecneymBatolleit nepegady B3aMMOAEWCTBUM; CKOPOCTb B3aMMOAEWCTBMA Kak
HEeKMI NpoLecc — Yepes CKOPOCTb Nepesayn BO3MYLLEHMA B HECYLLEN cpeae U T.4.

Tem cambim, BPEMEHHOM MapameTp BOCMPUHUMAETCA HaMW MPU ONUCAHUU NMPUYMHHO-
CNeaCTBEHHbIX CBA3ENM € NO3MLMIA COBbITUIA U ABNIEHUIM, XapaKTePHbIX TONIbKO A/19 MaKpoMMUpa U
NPUBbLIYHBIX AN BOCMPUATUA COOTBETCTBYIOLMM MAKPOOBBHEKTOM — YE/IOBEKOM, @ COBCTBEHHO
napameTp «Bpema», byayum ob6ycnoBAEHHBIM KOMMIEKCOM KAaKUX-TO M3MEHEHWUIN B COCTOAHUM
nepBMYHOM CyBCTaHLMMN, MOXKET BbITb OnpeaeneH (MM foNKEH) Yepes Kakne-To KBaHTOBaHHbIe
BE/MUYUHbI. [POCTPAHCTBEHHbIM NAapaMeTp «pPacCTosHME» MpU TaKOM MOAXOAe TaKXkKe
npeacTaBnAeTcA LOCTAaTOMHO YC/IOBHbIM MOHATMEM, TaK KaK O6O0OLLeHHO ero MOXHO
onpenenvTb TONbKO KaK Mepy pacnpocTpaHeHUs BO3MYLLEHMS HA HEKOTOPOe MHOMEeCTBO
31eMeHTOB NePBUYHON CyOCTaHL MK,

Mpn 3TOM [AWUCKPETHOCTb 3/1€MEHTAPHbIX BPEMEHHbIX MPOMEXKYTKOB, a /ydlwe -—
3/1eMEHTapPHbIX AKTOB B3aUMOZEMNCTBMA, MOCKOJbKY WMEHHO OHW OnpesensaloT  XOoZ,
OLLYLIAEMOrO HaMW BpeMeHM, HUKOMM O0b6pa3som He NPOTUBOPEYUT HENpPepbIBHOCTU B
OLLYLWEHNUN HAMU TEYEHUS BPEMEHM, TaK KaK 3TO paKTUYECKM CybbEeKTUBHOE YyBCTBO ABNAETCS
TO/IbKO Pe3y/NbTaTOM peakLMM OpraHoB YyBCTB YE€/I0OBEKA Ha BHELHWE pasapaxkutenu (wau
NPOMEXYTOYHO — 4yepe3 Npubopbl U ApyrMe CpeacTBa PerucTpaumm), MexaHusm Aencrsus
KOTOPbIX OCHOBAH, OMATb-TAaKM, Ha KBAHTOBbIX 3 deKTax.

Taknm o6pa3om, HeoadUp, Kak MHe NpeacTaBaAeTcA, A0/KeH 061aaaTh onpeaeneHHon
OMCKPETHOM  CTPYKTypoih (TMna  maTtpuubl), a pacnpocTtpaHeHue ¢yHAAMeEHTaNbHbIX
B3aMMOZENCTBUI B NPOCTPAHCTBE CnefyeT NPeACTaBAATb KaK PAL 3/1€MEHTApPHbIX aKTOB
nepegayn B3aUMOLENCTBUA MEXKAY COCEAHMMM CTPYKTYPHbIMM 31EMEHTAMM  MaTPUUpbI
Heoadupa. Mpn aTom aBUKeHWE KanubpoBouyHbIXx O6030HOB B npouecce B3aUMOAENCTBUA
06bEeKTOB/YaCTUL, CNesyeT MHTEPNPETUPOBATL MO MPUHLMNY KOMMIEKCHOrO yYeTa UX ABUKEHUR
OT ogHoro o6bekTa K Apyromy 1 HaobopoT, a C y4eTOM TOrO, YTO B NPOLLECCE B3aUMOAENCTBUA
06beKTbI Kak Obl 30HANPYIOT COCTOAHME APYT APYra, AaHHbIN NPUHLUMN UX B3aMmoaencTBuaA ans
KPATKOCTM MOYKHO Ha3BaTb «30HAMPYOWMNI NPUHLMNY.
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