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Teopusi OTHOCUTE/TLHOCTH, HECOMHEHHO, SIBJISIETCSI CaMOM TIOMY/IsIPHOM Teopuel B HacCTosiIIee
BpeMs, U el IOCBSILEeHO OrPOMHOe KOMWYecTBO MyOnvkauyid. OTMeTHM JIMILb OAHY, B KOTOPOM
TIpYBe/IeHbl pa3/IMuHble BUZBI MpeoOpa3oBaHuii MpocTpaHcTBa W Bpemenu [1]. Kazamocwk 0ObI, 3a
Oomee yeM CTONETHUM TIepUOJ €€ CYIIeCTBOBaHUS, HAIlOJIHEHHBIM HeyCTaHHOW Oopn0Ooii eé
TIPOTUBHUKOB U €€ CTOPOHHUKOB, He 0CTaJIoCh HUUEro HOBOTO CKa3aTh 00 3ToM Teopuu. OFHAKO MBI
TIpYBeZIEM 371eCh TPOCTEHIIMH BBIBOZ, OHOTO W3 IVIaBHBIX De3y/bTAaTOB CIel[MaJbHONW TeopuH
otHocuTenbHOCTH (CTO) — ypaBHeHuii mpeobpa3oBannii Jlopenmna (ITJI). OH ocHOBaH Ha Harei
npeapiayimel mybnukaiuu [2], B kortopoit IIJI cBeeHbl K OOBIYHOMY OpPTOTOHA/JbHOMY
npeoOpa3oBanmio. EcTecTBeHHBIN BOIPOC, BO3HUKILUM TOC/IE 3TOrO, — a HeJb3sl i, HaobopoT,
KaKiM-TO 00pa30M M3 OPTOTOHATLHOTO npe06pa30BaHﬁﬂ noayuuts I1J1?

Okasanoch, 3TO MOXHO CJefaTb OueHb MpocTo. /s 3TOro BHauase rmepedopMynupyem
noctynat CTO o CKOpOCTH CBeTa C/IeIyIOIIUM 00pa3oM:

® CKOpOCTB CBe€Tad — 3TO MdKCHMaJ/IbHAaA CKOPOCTb AJid TeJl

3TO 3HAUMT, UTO HE MOXKET ObITh MaTepUabHBIX TeJ, CKOPOCTb KOTOPBIX TPEBBICUT CKOPOCTb
cBera c. I[loka HUYero He TOBOPHUM O 3HAUEHUSX CKOPOCTH CBeTa B Pa3/IMUHBIX WHEPIIMOHHBIX
cucremax otcuéta (MCO). B maTemaTtuueckoii (hopMe 3TO YCI0BHE MOYKHO MPeJCTaBUTh TaK:

V=csina (D)

CMBICT  yrla o JIeTKO — YACHUTh,  €C/iu
HAPUCOBATb  PUCYHOK,  MOSACHSIOWMA  9TO vy
ycnosue. Ilpearnonaraercsi, uyTo HeKoe TeJo Vit X

JBWKETCS C TIOCTOSHHOM CKOpOCThIO V B
HarpaB/IeHUM OCH X U UTO CBET, UCIYIIeHHbIHU
U3 TI0JIOXKEHUS], KOT/Ia PAaCCTOSIHUE OT UCTOYHHKA
CBeTa [0 Tesia ObIJI0O MUHUMAJTBHBIM, JOCTUTAET
Tena. K 3TOMy BpeMeHH Tesio TpeofosieeT
paccrosre  Vt.  KoHeyHo, 1ipp  3TOM
TOy4yaeTcsi, UTO BEKTOp Ct  HarpaejeH ct
OTHOCHMTE/IbHO OCH X He TIepPIeHAUKY/ISPHO.
WHaue, Hafio ObIIO OBI MCIIO/IB30BAaThb BMECTO
CUHyCa TaHTeHC, YTO TIPOTHBOPEUUo Obl
HallleMy YCJIOBHIO, TIOCKOJIBKY CKOPOCTh Tefa
Morsia 66l OBITH 0OJIBIIIE CKOPOCTU CBETe TIPU
yrax o OosblluX, ueM Jr/2
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W3 3TOro prCyHKa MOKHO 3aK/IFOUUTh, UTO NPOCTPAHCTBO U BpeMs, ewd ux, cienys CTO,
TIOTIBITaThCSI OOBEUHUTE B OJHY KOHCTPYKLIMIO, He MOTYT 00pa30BaTh [1eKapTOBy CHCTEMY
KOOp/MHAT, KaK I10 ymosyaHuto 31o npezgrnonaraercsd B CTO. ITonyyaeTcs KocoyrosnbHasi CUcTema.

be3 ymepba ans fganbHeMIero pacCMOTPEHUSI Mbl MOXKeM TlepeHecTd Hayajlo CHUCTeMbl
KOOpJJUHAaT B TO MeCTO, OTKyZa, TIpeAroaraeTcs, HCXOAUT CBeT. [IprMeM TakKyl CUCTeMY
KOODAMHAT 3a HETOJBWKHYI CHUCTeMy OTcuéTa. B eé Haua/mo, MO)XHO CUUTaTh, TOMelleH
HaO/rojaTesib, KOTOPBIM CAeOUT 3a ABWKYIIAMCS A
TefoM. B ToW mpocToM  cuUTyauuu, KOTopasi _Vt...
OTMCHIBAETCS, OH BUWT, UTO 3a BpeMsl HabO/roeHus t |
TeJI0, HaxXO[UBIIIeeCsi B TIepBbIi MOMEHT HabmofeHust
B OmKailllleM TIONOKeHUM, T[1epeMeCcTH/IOCh Ha

paccrosiHue Vt.

C [BWKYLMMCS TelOM Mbl MOXKEM CBSI3aTh ct
JBIWKYILYIOCS C HUM CHCTeMy oOTcuéTa. I[ToCKonbKy
CKOPOCTb Tejla B 3TOM CHUCTeMe KOODAMHAT

OTCYTCTBYeT, YTOl1 ¢ [jisl 3TOTO Teja paBeH HYJIO. X

OTO 3HAUUT, YTO OCb X' [BWXKYILEWCS CHUCTeMbI

oTCcuéTa B MOMEHT BpeMeHM t [JOo/DKHa ObITb

NeprneHJuKy/asspHOU BekTopy ct. IlosTomMy y Hac

JIO/DKEH TIOyUYUThCS PUCYHOK, TIOZI0OHBIM TOMY, UTO M300pakeH. TaM Tak)Ke OTMEUEHO TOJIOKEHHE
TIPOU3BOJIBHO B3SITOM TOUKHU Ha OCH X.

W3 3TOrO PUCYHKa CTAaHOBUTCSI OUEBUIHBIM, UTO Mbl IMeeM /ie/i0 C 0ObIUHBIM OPTOTOHATBEHBIM
nipeoOpa3oBaHKreM, W3MEHSIIOIIMM KOOPJUHAThI Hekoero BekTopa H. OcTaércs cenatb HEKOTOpPbIe
JIOTIOJTHUTEe IbHbIe TIOCTPOEHUsl, KaK 3TO C/leJlaH0 Ha DUCYHKe HIDKe, uTo0bl yOemuThCs, UTO
KOoOpAuHaThI ( X,ct' ) 3TOro BeKTOpa OZHOM AeKapTOBOM CHUCTeMbl KOODJWHAT, N300pa)KeHHOTo Ha
pUCyHKe, TIpeo0pa3yroTcsi B KOOpAWHATHI ( X', Ct ) Ipyroi AeKapTOBOW CUCTEMBI.

A

/3 OpTOroHaIbHOCTH TaKOTO TIpeoOpa30BaHMs CJIe/IyeT, UTO JyIMHA ITOTO BEKTOpa B OFHOU
crcTeMe KOODJWMHAT paBHa [I/TUHE B [PYTOU CUCTEME
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H=vx*+(ct "P=vx"+(ct)=H' )

OTcrozia mepeCcTaHOBKOM C/laraeMbIX C/ie[lyeT paBeHCTBO T.H. uHTepBanoB CTO:

s=v(ctP=x*=v(ct')f—x =5’ (3)

KoHeuHo, Tak)ke MO)KHO ZJAHHYIO KapTHHY pPacCMaTpUBaTh Tak, Kak OyaTo BeKTOP (X, Ct) OHOM
KOCOYTO/TbHOM CHCTeMbI KOOpIMHAT TipeoOpa3oBa CBOU KOOPAWHATHI B 3HaUeHus (X’, Ct’) ApyToiu

KOCOYTO/IbHOM cucTeMbl. OfIHaKO 3HaueHHsT KOOpAMHAT B 3TOM (CJlydyae CTaHyT [JPYTMMU W,
OYeBH/IHO, UTO Takoe rpeoOpa3oBaHue He Oy/eT SBIATHCS OPTOTOHA/IBHBIM TTOBOPOTOM CHCTEMBI
KoopAuHat. Takoe npe/icTaB/ieHye He JacT Bblllle IPUBEe/IEHHbBIX PABEHCTB.

B marpuuHoli popMe opToroHanbHOe TpeoOpa3oBaHKe BBIPA3UTCS B TAKOM BH/IE:

x' cosa 0 0 —sinal| x

yi=l O 1 0 0 y 4)
z 0 0 1 0 z

ct sinag 0 O cosallct'

OTcroza ¢ nomotpio (1) Mbl IMeeM CJieAyIOLyI0 CUCTeMY YPaBHEHUM, UCK/TIOUasi TPUBHA/IbHBIE:

X':X\/l—VZ/CZ—Vt'
ct=xV/c+ct'\/1—V2/c2

[TepBoe ypaBHEHHe pa3pelIvM OTHOCUTEIBHO X

_ x'+Vt’ 5
X_\/l—Vzlcz ©)

3aTeM noAcCTaB/isieM 3TO 3HdY€HHE BO BTOPO€ YpdBHEHHE

ct:%+ct'\/l—w/c2
JV1-v/e

I[Mocne mpuBeeHus K 001I[eMy 3HaMeHaTeJT0 Mbl TIO/TyYlM

CIZCt +Xx 2\;/;: (6)
v1-V</c

BmecTe ypaBHeHua (5) u (6) coctasnawT /1. Takum obpa3om, HayaB C
TpeboBaHuA o] npenenbHom cKkopocTH, NPOCTbLIMU n o4eBUAHbLIMN
onepauuamu, Mbl nonyynnmn *

rNaBHbIN pe3ynbTaTt CTO.
OcTanocb TMOHATbL, nNoyemMy 23TO
npouw3owno v uMeeT M 3TO
KaKoe-TO OTHOWeHMe K peasbHbIM
AB/IEHUAM B Mpupoje.

Cnyyaii o6LLero NosoXKeHus N ct
Cny4yai, Korga Tesi0 B HayasibHbIA /// " e
MOMEHT BpPEMEHW He Haxoaunochb N\ -

Ha 6Anxanwem paccToAHUN,




BKAK4YHaeT B paCCMOTpeHUe MHOXUTESb, CBSI3aHHbLIA C yraom (S mMexay OCbio
X W HanpaBneHunem Ha Teno. W3 pucyHka BUAHO, 4TO Vtsin®=ctsina
Orcroza

_csina
sin ©

OueBH/IHO, UYTO OTHOCHTEBHO CKOPOCTH V sin® Bce mpeAbIAyIe pacCyKaeHus OynyT BepHbI.

3amegneHne BPEMEHU U COKpalleHue pasMmepoB

PaccmarpuBaemblii ciiydyaid HaOmiofileHUWs [JBWDKYLIErocsi Tejla TI03BOJIsieT O4YeHb IIPOCTO
uHTepripetTupoBath ciescters CTO, 3akmouaroniyecs: B COKpallieHu! IIPOZ0JIbHBIX pasMepoB Tel U
3ame[|yIeHUY BpeMeHH. VI3 pUCyHKa HUKe SICHO, UTO HaO/roaTe b, HaXO/SIIMICS B Ha4ae CUCTeMBI
KOOpIUHAT He MO)KeT BEepHO OLIeHUThb BCE IepeMelljeHue [BIKYILerocs Teja, CAe/laHHOe UM 3a
BpeMss t. OH MOXeT BH/eTb TMPOEKLMI0 S5TOro TepeMelleHUs, 0003HaUeHHYI0 Ha PHUCYHKe
NMyHKTUPOM. Tak oH HaO/roaeT KaXKyIUiHCs, MHUMBIN yTh Tesla ['=Vt' BMeCTO peasbHOTO MyTH

[=Vt . OTtcioma Mbl IMeeM Kak Obl “COKpalljeHHe TIPO/0/IbHOro pa3mepa”

I'=lcosa=I1V1-V?/c* (7)

Y TIOCJ/Ie COKpaljeHre V — “3ame/jieHre BpeMeHU” A
2, .2
t’=tV1-V-/x 8) y
Takum o00pa3oMm, HaOMOZATeNI0 B HEMOJBMYKHOU e
CHCTEME OTCUéTa KaXKeTCs, UTO BpeMs JBIDKEHHUs Tesa
cocrapisier t' . Takoe BpeMs TMOKa3aju Obl €ro 4achl. Vi

Takke OH, MpPUHHMMAas 5TO BpeMsl 3a WCTUHHOE BpeMs
JIBU)KEHHs, CYUUTAeT, UTO Bpemsi ¢t , KOTOPOe OH CUMTaeT
MpUHaZJIeKall[uM  [IBWKYLIENCsT  CUCTeMe  OTCUéTa,
3aMeJyINI0Ch 10 CPaBHEHUIO C ero BpemeHeM. Yachl B ct
JIBIDKYIIENCST CUCTeMe OTCUéTa, OH CUYMTaeT, OTCTaloT,
ToKa3biBasi Oosbliiee BpeMs, UeM ero 4achkl. VIMeHHO 3TH
pacuéTHble roKa3aHusi YyacoB HeTOo/IBW>KHbIN
HabO/mroaTennb, npugepxuBatoimiics CTO, cudTaeT T.H.
coOcTBeHHBIM BpeMeHeM. OHU KakK Obl 3aMe/IJIsTFOTCS. >

Moaenb 4D maTtepuun

OanaHHe, KOTOpO€ OdHO BhbIlIe, TIPOU3BOANTIOCH B TAKOM >Ke MPOCTPAHCTBE U BpEMEHHU, UTO U

B CTO. Tlo3TOMy 3HaueHHe ero He MOKeT ObIThb APYrUM — 3TO TIpeoOpa3oBaHHe abCTPAaKTHOTO
4

€BKJ/IM10Ba TIPOCTPAHCTBA R , TIOSABJIAROILLIEroCs I10C/Ie TIPUKPEIVIEHWA BpPeMEHH, IMPOCTPaHCTBA

R' , K mpocTpaHcTBY R’ . YMHOXMB BpeMsl Ha TOCTOSIHHYIO BeJIMUMHY CKOPOCTH CBeTa, MBI
WU3MEHWIH JIMIIb Maciitab W TpUBEIM pa3MEepHOCTb K Pa3MEepHOCTH JJIMHBI. MeTpHKa TaKoro

3
MIPOCTPAHCTBA TOJIOKUTENBHO oOrpeZiesieHa. [IpocTpaHcTBO MUWHKOBCKOTO R WMeeT JpYryio

cTpykrypy. OHO TipezcTaB/isieT CO0OM TICEBJOEBK/IWIOBO TMPOCTPAHCTBO CO 3HAKOTIepeMeHHOU
MeTpUKOW. B HEM BMECTO OPTOrOHAJBHOTO Tpeo0Opa30BaHUs TOSIBJSETCS TUIepOouUecKoe, B



KOTOPOM BMeCTO OOBIYHBIX TPUTOHOMETPUYeCKUX (PyHKLIMI UCIIONb3yIOTCS TUTiepbosiuecrie, HO 110
CyTW HAYEro HOBOTO B /IAaHHOM TIPeJICTaBJIeHUM Ka3anoCh Obl, HE MOXKET BO3HUKHYTb — He CUUTast
ero KOCOyro/IbHOCTb.

O,E[HaKO (1)H3I/I‘JECKHﬁ CMBICJI O6pHCOBaHHOﬁ BBIIIE€ KADTHUHE MOXET OBITh npujaH, eCJii BMeCTO
MPOCTPAaHCTBA U BpeEMEHU ObIT OBI paccCMOTpeH HeKuii CI)I/IBI/I‘JECKI/Iﬁ O6’beKT, d MPpOCTPAHCTBO H
BpeMs HCII0/Ib30BAJ/IMCh Obl MO HuX NnpsAMOMY HA3HAYEHWIKO — [JId 0003HaUYeHHUsT TT0JI0KEeHUS
CI)I/IBI/I‘JECKI/IX TeJa " 4Jid 0003HaUeHuUs ABH)XKeHHA (1)H3I/IquKI/IX TeJI.

TakuM 006HeKTOM He MOXKeT ObITh 3(hUp, KOTOPBIM TIPeTeH/IyeT Ha POJIb CBETOHOCHOW Cpe/ibl BO
MHOXXeCTBe Teopui. Bo-TiepBbIX, 3TO TpEéxMepHasi KOHCTPYKLUSl. BO-BTOpDBIX, CBeT, KOTODbIM B
TakoW cpezse Mor Obl pacmpoCTpaHATbCsA, ObLT ObI 00s13aTeTBHO CBsI3aH € MPOZAOJIbHBIMU
Kosie0aHUSIMMA YaCTHUI] TaKOW Cpefibl B TO BpeMsi, KaK M3BECTHO CO BpPeMeH OIbITOB ['epiia, CBeT
nipezicTaBysieT co0OM TorepeyHblie KoyiebaHus. B-TpeTbrx, MHOTOUMC/IEHHBIE TIOTTBLITKA OOHAPY>KUTh
3¢up crefyet TIpyU3HaTh Oe3ycremHbIMA. Mbl MOXKEM yKa3aTb Ha JIDyrol O0OBEeKT B MPOCTPAHCTBe

R' . OH fomkeH BecTH cebsi TaKKe KaK BeKTOp Ct Ha Mpe/iCTaB/lIeHHbIX PUCYHKaxX. B TpéxmepHOM
mpocTpaHcTBe R’ MarepuanbHOe Telo MOXKHO B psijie C/lydaeB 3aMeHMTh T.H. MaTepuabHOM
TOUKO#, YTO6BI U3yUHTh ABIKeHHe Tefa. B mpoctpaHcTBe R* Mojo6HBIM 06BeKTOM Z[0/DKeH BbITh
pa3MepHOCTBI0 Ha eIUHHIy BbIllle. DTO JO/DKeH ObIThb HEKWi JIMHEWHbIH OOBLEeKT, JBMKYIIUHCS
TJIOCKO-TIapasijieJTbHO CO CKOPOCThIO V B HampaB/ieHHWU ocu X. OH 10 CBOMM CBOMCTBaM /IO/DKEH B
oripeJie/IEHHON CTeTieHU TIPe/CTaB/STh TeJo, YaCTHIY, KOTOPYIO Mbl MokKeM Habmozats B Mupe.

Ha pucyHKe 10Ka3aHo IorepevyHoe

4 ..
ceuenure mpoctpaHcTea R' . Ha ném v Xy
npeanonaraercs, uro 4D wmarepus
3aHAMAeT  TOJYMNPOCTPAHCTBO B

II0JIOKUTE/IbHOM ~ HalpaB/eHWH  OCH .
X, . l'opusoHTasnbHas KpacHas mHAS
O3HayaeT YacTb TPEXMEPHOM TpaHULbI
4D Marepuu, runeprioBepxHoctu. Cser
MOKET PpaclpoCTPaHATbCS JIMIb TI0
3TOU TUIEepIIOBEPXHOCTH v
npejcTaBiasieT  coboif  Hekue  eé
noriepeudble  Kosebanws.  KpacHas
IyHKTUPHasl  JIMHUS  [IpefCTaBisier
WCKOMBIN  JIMHelWHbId  00beKT B

TiepBOHaYaIbHOM TIOJIOXKEHUH,
CTUIOLIHOM  KpacCHOW  JIMHWeW  OH X 4+
0003HaueH B MOMEHT BpeMeHH t. MbI

Jla/ii Ha3BaHUe 4-8uxpsi 3TOMY OOBEKTY C TaKUM CBOWCTBOM.

[Tpenmonaraercsi, YTO OH SIBJISIETCSI aHAJIOTOM TPEXMepPHOW BUXPEBOW CTPYKTYphI, BojoBopoTa. 3
TIOCTPOEHUS CJleflyeT, UTO KpoMe BpalllaTeJbHOro [BWKeHHs1 4D marepuy B/O/Ib €r0 OCU TakKxke
TIPOMCXOJUT JBW)KEHHE CO CKOPOCTbIO cBeTa. IIpu omnpezenéHHbIX YCI0BUSX, KOIZa, HalpuMep,
MUMeeTCsl cucTeMa 4-BUXpeid, aToM, MOXKeT TPOM30WTH HCIycKaHue (oToHa. BopoBopor Oynmer
CTOSITH Ha MeCTe, eC/IM ero Tesio OyieT pacIiosioykeHo TI0 HOPMaJlv K rpaHulie BoAbl. B aTom ciyuae
KPUBH3HA TPaHULIbI OyJeT CHUMMETPUYHOM OTHOCHTENBbHO OCH BuUXpsi. [IpyM HakIoHe BUXPS



CUMMeETpPHA €ro rpaHvlibl HADYIIHUTCA U CUJIbI TIOBEPXHOCTHOI'O HaTsHKEHWA HAYHYT CABUIAdTh €ro B
CTOPOHY, rie CUMMETpUA Obl/1a ObI BOCCTAHOBJIEHA, T.€. B CTOPOHY HAKJ/IOHA.

B cniyuae 4-Buxpsi Mbl IMeeM [Jiefio C

KPHUBU3HOMN He JIByMEepHOU
TIOBEPXHOCTH, a TpPEXMepHOI
TUTePIIOBEPXHOCTH, HapylleHue
CUMMeTpHUH KOTOpPOM TaKxe

BbI3bIBAeT [BU)KEHUE BCEro BUXPS.
Ha pucyHke n300pakeHbl HEKOTOpbIE
reofiesnueckrie, obpasyroume  4-
BUXp B COCTOSIHUM  TIOKOS.
Bo3MOoXHBIM ABJIAETCA JIVLIb
perucTpanuu T10JIOKEeHUSs ero
TOpJIOBUHBI, €ero IronoxeHus B 3D
Mupe.

CnoxeHune ckopocTen

dopmyria croxkeHus1 cKopocTeid, monydyaemast B CTO, Bcerzia BeI3bIBaeT jierkoe He[oyMeHue.
ITo Heti Mo/TyyaeTCcs B YaCTHOCTH, UTO €C/IM OfHA U3 ckopocTed V wiu U paBHa CKOPOCTH CBETa, TO
o011jasi CKOPOCTh V' TOXKe OyZieT paBHOW CKOPOCTH CBeTa, Kakoi Obl He Oblia Ipyrasi CKOPOCTb

__V+U
VU

2
Cc

)

1+

B nipeficTaBnennu, KOTopoe JJaHo 37eCh, IOMYUYUTCs Apyras popmysa. OHa y>ke Obuia momydeHa [3],
[4]. TIycTh oTHOCUTENBHO Tesla, ABMXKYILErocsi CO CKOPOCTbIO V, B TOM >Ke HarpaBleHUU JIBUXKeTCS
apyroe teno co ckopocteto U. 310 3Haumt, uto B MICO, CB3aHHOM C MepBLIM TelOM, KOTOpOe
0003HaueHO Ha PUCYHKe CUHUM IIBETOM M KOTOpPOe MMeeT HaKJIOH « , eCThb Tesio, 0003HaueHHOe
KpacHbIM LIBETOM U MMelOIllee HAaK/IOH OTHOCUTEbHO 4-BUXpS IepBoro Tena [ . OueBHAHO, UTO
OoTHOCUTeNbHO UcxogHoU MICO yros Hak/IoHa COCTaBUT CyMMY 3TUX YIJIOB.




[To3Tomy 06i1iasi CKOPOCTh, COTVIaCHO orpeziesieHHt0 (1), paBHa

V'=csin( a+p)=c(sin acos f+cos asin B)=Vy1-U*/P+U+1-V?/c? (10)

Byznem HasbiBaTh 3Ty (opmysy mo umeHd P. BaH JIMH/eHa, KOTOPbIil BriepBble €€ MpeaioxKui. Mbl
MO>KEM Pa3BepPHYTh KapTUHKY Ha yroj « , 4TOObI YBHZETh, UTO [jIi BTOPOTO Tejia MOJy4YUsIach
CUTYyaLUsi, aHaJIOTMUHasi IepBOMY M UTO ero yroj HakioHa B ucxogHout ICO paBeH y=a+f . B
5TOM [eUCTBUM, Ha Hall B3IV, OTpakaeTcss IIPUHLIAII OTHOCHUTeNbHOCTH OWHILTEeMHA.
PaccmoTpenune ABWKeHHUsI Tell MPOMCXOAUT HE OTHOCUTE/IbHO TMIeprioBepxHOCTH BceneHHow, a
OTHOCHTE/IbHO BOOOpa)kaeMoi, cooTBeTCTByHOLe BbiOpaHHOW MCO. OTHOCUTE/IEHO €€ MOXXHO
Tipo/iesiaTh BCe OTepalyd, KOTOpble ObLM CZienaHbl Bbille, uToObl Tonyunts I1J1. TIpu sToM Hazo,
KOHEUHO, UMEeTh B BU/Y, UTO YTO/ Y He MOXeT ObITh Oosbie  77/2

Vi

@

l,r'r ct

Yrtobbl cpaBHUTH BbipakeHUs (9) u (10) Mbl u300pa3uM 3TH ABe (QyHKUMHU TpyU c=1 zass
pa3/MYHbIX 3HaueHuM opHOW M3 ckopocTteid V wian U. 3HaueHUs] BTOPOW (PYHKIMM OTMEUEHO
nosiokeHueM OeryHka. M3 rpaMKOB BHHO, UTO TPU HY/IEBOM 3HAaY€HWM OHM C/IMBAIOTCS, TIPU
MaJsibIX 3HaueHUsIX MOUTH He OTIWYaroTcs. Pasmure B TOM, UTO repBasi GyHKIMs, M300pa’keHHast
CUHUM L|BETOM, HeorpaHWueHHa. Bropasi yHKIMs1 KpacHOTO 1|BeTa, KaK U J0/KHa 110 yc1oButo (1)
He TIpeBBIIIATh M0 MOAYAH eauHully. OHa TipescTaBsieT CoOOM TMOMOBUHY 3wmrica. U3 Bcex
3HaueHW, O/IHAKO, HaJl0 BbIYECTb Te, KOTOpble HAaXOAATCS 3a IpejeslaMM MakKCMMyMa KpacHOU
GbyHKIMM, T.e. Korja yroa Yy gocturaer 3HaueHust sr/2 . Tlocmemuwii rpaduk oTpaxkaeT
CUTYyaLMIo, NIPU KOTOPOM OZlHa U3 CKOPOCTeM paBHa efuHMLe. BTopasi CKOPOCTb OCTaHeTCsl paBHOM
HYJIIO U TIO3TOMY CyMMapHasi CKOpoCTh, Kak 1 B CTO, Oyzer paBHOM efjMHULIe.



Takum obpa3om, otureM BbipaxeHuit (9) u (10) siBasieTcst Takke TO, UTO TiepBasi popMaIbHO
JIOTyCKaeT CJIoXKeHHe KaKMX YroIHO CKOPOCTeH, Mojyyasi TpU 3TOM CKOPOCTH He TIpeBbILLIatoIIe
CKOPOCTb CBeTa JIMLIb Npy BbinoHeHny nocrynara CTO o npepensHOM ckopocTH. Bropas
(hopmysia orpaHUUMBAET ClaraeMble CKOPOCThIO CBeTa, T. K. MHaye IpeBbIllieHNe JieJlaeT CyMMY
CKOpPOCTel MHHUMOHM.

OnbIT ®du3o

OmnbiT ®u30 co3gatesns CTO A. DUHIITENH CUMTal pellarolM SKCIIePUMEHTOM B MOALEPXKKY
TeOpPUU OTHOCUTeNbHOCTH [9]. OjHaKO XOTs 3Ta Teopusi HA OCHOBe ()OPMYJIbI CJIOXKEHUS] CKOPOCTel
(9) paBana, Ka3anoch Obl, BepHBIN pe3y/bTaT Jijisi YCTaHOBJIEHHOTO Ha 3TOM OmbiTe Ko3dduiueHTa
yBrieueHusi ®dpeHesisi, TMOSBUINCH HOBbIe [JaHHbIE, KOTOpble ropasfo Jiyullle OMUCHIBAJIM OIMbITa



®u3o [8], [9] Ha ocHoBe knaccuueckoro 3¢ dekra [Joriepa. BmecTte ¢ Tem, 3TOT SKCTIePUMEHT AaéT
BO3MOXXHOCTh TIPOBEPUTH (OpPMYJ/Ty BaH JIMHJEeHA /it CJIOXKEeHUs1 cKopocTel. [ToaToMy paccMoTpuM
roAipoOHee 3TOT KCIepuMeHT. Ero cxema mpe/icTaBieHa HIDKe.

M &

Laser S

<« Path (2) AN

«— Path (1) ,//

Camera

Boga mporonsiercst mo aBym Tpy6am. FM — 3T0 m3mepuTtens ckopocty motoka. CBeT Jjasepa C
MoOMOIIpI0 3epkan M1, M2, M3 u M4 HanpasnsieTcsi Bonb Tpyb uepe3 BS — momymnpo3pauHoe
CTeKJI0, KOTOpOe paclilerisieT CBeT Ha JBa Myuka. Kamepoil ¢ukcupyeTcss MHTep(epeHLUs 3TUX
JBYX ITYYKOB.

Pe3synbTathl onbITa MpejcTaB/ieHbl Ha Tpaguke.
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KpacHasi TMHUSI COOTBETCTBYeT Kacchueckoi opmyre CI0KeHUs, KOTopast CiefyeT U3 MpUHLIUIIA
. c

oTHocuTenbHOCTH ['anunes: v'=V+U=V+— | rae n — nokasaresb NpejomieHusi BoJsl. B sTom
n

cnyuyae uHTepdepeHI[MOHHbIA CBUT BbIpaykaeTcsi popMyJioii [8]:



2
FSy=1.16 ZL;chn (11)

3mech L — pymmHaA TPYO, vV — pa3HOCTb CKOPOCTel BOJpl B TpyOax, A - AyiiHa BOJIH Jia3epa.
UucneHHbid ko3¢ duiiveHT 1.16 BbIpa)kaeT OTHOIIIEHHEe MaKCHMaJIbHON CKOPOCTH BO/IbI K Cpe/iHel B
JJAHHOM 3KCTIepUMeHTe.

Cunsisa nuHUs nipefctapisieT cayuait CTO, BeiparkaeMoit popmyiioit (9), koTopasi B ciiyuae

1., ¢

vic <1 npuaumaer Bug Vv'=v(1 ——2)+— . BeIpakeHue B CKOOKax HOCHT Ha3BaHHe
n n

ko3 duieHTa yBieueHuss @peHesisi B COOTBETCTBUM C TUIOTe301 DpeHeris, 0 KOTOPO

CBETOHOCHBIN (1P YaCTUUHO yBJIeKaeTcs [JBWKYILelcsi Matepueil. BoipakeHue [ijisi ciBUra

riprobpeTaeT BU,

2
FSg=1.162LY" (1—i2 (12)
c n
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’KvipHo#i opaH)XeBol JIMHKeH TT0Ka3aHOo T0JI0)KeHWe, COOTBeTCTBYoLee ¢hopmyrie BaH JIMH/eHa

(10), koTOpasi B 3TOM Cjiyuae NpUMeT BUJ, V e v \/ 1—% . CABUr 1py 3TOM paBeH
n n

2Lvn’ 1
1—— 13

FS,,=1.16

Mg BUguM, uto hopmysibl (9) u (10) mouT 0MHAKOBO HEIJIOXO OIMUCKHIBAIOT OTBITHEIE [JaHHbIE.
OpHako HaWyulllee COBMa/leHre C OTNbITHBIMU JJaHHBIMUA UMeeT MeT0/, Ha OCHOBE IepBOCTEINeHHOM
3HaUMMOCTH 3ddekTa Jloriepa, KOTOPBIH rpeioxeH aBropamu pador [8] u [9]. Casur 1o ux
pacuéram paBeH

2Lv
EFS . =1.16
b Ac

(14)



HaknoHb! rpaMKOB UMEOT C/leflytollyie 3HaYeHUsIX:

Teopus Haknon

HbroToH 0.0784

CTO 0.0343

Ban JIungeH 0.0518

Matispc, Beitn 0.0441
OKCIIepUMEeHT 0.0419+0.0006

AHeprusa 4-Bnxps

Paccmorpum Haubosee TipocTyto ¢opMmy 4-BUXPSi, B KOTOPOM eCTh TOJIBKO JBa ABWKeHus1 4D
MaTepuu — BpallleHre BOKPYT OCH BUXPS U [BWKEeHHe BJ0/Ib OCH CO CKOPOCTBIO CBeTa. TpaeKTopHio
TOUKM 4D MaTepry B TaKOM C/ly4yae MOKHO IPe/ICTaBUTh B BUJe BEKTOPa

Rcos¢
= Rsin ¢
0
ct

(15)

3TO cemMelCcTBO cripajiei, BUHTOBBIX JIMHUH, MOydyaeMoe TPH Pa3HbIX 3HaueHWsX pazuycoB R u
yrnoB ¢ . Ilosme ckopocteli monyuuTcs: aud@epeHIUpoBaHreM, cuuTas R He3aBUCUMBIM OT
BpeMeH!

—R ¢sin¢
R ¢cos ¢
0
c

u= (16)

2 \2 2
BrerurciiviM KBazipaT CKOPOCTH U :(R ¢) +c” . Torma oOrjass KMUHETUYeCKass SHEPTUM Takoro 4-
BUXDs MOJIyYUTCS WHTErPUPOBaHUMEM II0 [OMO/JHUTe/IbHOMY W3MepeHuro. L, — 3T0 “ajvHa
yacTULpl” B [IONO/JIHUTE/ILHOM W3MepeHUM, pacCTosiHue BJAOIb X, , Ha KOTOPOM CKOPOCTb

ucuesaet, k, - ko3dduLMeHT NPONOPLMOHATBEHOCTH.

kl LO
2

k :
1 2 2,2 2
EZEIdX4u= (R*¢'+c”) 17)
Ecnu mpuHATE R ¢ paBHBIM CKOPOCTH CBeTa, UTO, KaK IOKA3aHO HIDKe, MMeeT OIpeseéHHbIiA
2
CMBICJI, MBI [T0JIyUYMM YpaBHeHUe JJI1 SHepruu nokos E,=m,c~ . Macca okosg m, OKa3bIBaeTCs

NIPOIOPLMOHA/IBHOM JJTUHE YacTuLsl, m,=k, L,

Korga 4-BuUXpb KakKMM-TMO0 CrocoOOM TMO/ydyaeT HAK/JAOH IO OTHOIIEHWI0 K HOpMaly,
BOCCTaHOBJIEHHOW OT TMIEPIIOBEPXHOCTH, OH PACTATCMBAETCS, €ro /JIMHa YBeJTUYUBaeTC s

LO
L=
cosa

(18)

Takum 06pa3oMm, MbI ITOJTyYM 3HAMEHUTOE YPaBHEHUeE /I/isi SHEPTUH YaCTHLIbI



2
E=mc (19)
m, o .
B KOTOpOM m:ﬁ - T.H. pé/iamusuCmckKdas maccd. C APYyrou CTOPOHBI, KaK 3TO CernvacC
1-V-/c

MIPUHATO [5], MOXKHO CYMTaTh MacCy MOCTOSIHHOW, paBHOM M, , @ SHEPTHIO MPSIMO 3aBUCALLeN OT

2
mg,c

2 2
J1-v¥e
]H/I60 FEOMeTpI/IquKI/Iﬁ CMBIC/JI. HPI/I MaJIbIX CKOPOCTHX I10 CpaBHeHI/IIO CcO CKOPOCTBI'O CBeTa MBI

CKOpPOCTH E= . B aTom C/1y4dae, O4HAKO, MaCcCe CTaHeT HEBO3MOXXHBIM IMMPHU/1dTb KaKoM-

%) 2 2
MMeeM KJ/laCCUUecKoe 3HaueHWe KMHEeTHUeCKOW SHeprud W Hepruu Mokos E=m,c +m,V /2

2 2
AnbTepHaTHBHO MOYKHO 3amucaTh 3Ty ke (Gopmyny B Buzie m=my+m,V"/2¢c° . V3 atux dopmyn

C/ief[yeT, YTO Macca MPUPOCTaeT 3a CUET KUHETHUeCKON SHEepryu.

BonHbl ge bBponns

Peiienue ypaBHeHUss R ¢=c wumeeT Buj

_ct

=R

+C (20)

[TocTosiHHYO0 MHTerprpoBaHuss C MOKHO IOJIOKWTH PaBHOM Hy/MO. 3a ofvH nepuog, t=T yron

¢ wusmenutca Ha 2o . OTcrofa uMeem R:% , TIe UuKanueckas yactrotra w=2x/T . Tlpu
3TOM MPEeATION0KAM, UTO 3a 3TOT Mepuos ABkeHre 4D MaTepuu B0/Ib 0CU 4-BUXPSI IPOMCXOAUT
Ha PacCTOSIHUM, PABHOM KOMIITOHOBCKOM JyIuHe BOMHBI A : A.=cT . Toraa npu npojBrxeHUN
4-BuUXpsi 3Ta KOMIITOHOBCKasi BOJIHA pa3BOpauMBaeTcsd B Je bBpoiiieBCKyl0 BOMHY Ha
TUMeprIoBepXHOCTH TakK, Kak 9TO MOKa3aHO Ha PUCYHKe HIKe.

A,dB:_C—T:CZEZE (21)
sin o V p
[MTocrosiHas I1naHka h onpeseuTcs Mpyu 3TOM Kak
h=mc’T=ET (22)

Takum o6pa3om, sHeprust BosHbI e bpoitns paeia E=hv , rme wacrora v=1/T . Moayib
VIMITy/IbCa OTpeJeisieTCs OUTH Kak B KJIaCCMUeCKON MeXaHUKe

m
=mV= 0 ¢sina=m,ctqga 23
p o5 o 0oCtg (23)

A




Oo6cyxaeHue

KoneuHo, npejnoxeHHbIM BapyuaHT BbiBozA [1J], XOTh U SIB/SIeTCS HA HAall B3IVIs, TIPOCTEULLINM,
He ugeaseH. Ocb x' pBwkymeiics VICO He MoxeT ObITh moBepHyTa. Eé HarpaBieHue 10
YCJIOBUIO [TOJDKHO COBIAJaTh C HarpasieHueM ocu  x mnokosuericas VMCO. OpHako, MpocToTa, C
KoTopoii nosmyuatorcsi [171, TpeOyeT oObsicHenus1. [IbITasich MOHATH CyTh TIOBOPOTA HA YTO/T & TIPH
I1J1, MbI HeHM30eXXHO TIPUXOJUM K MBIC/TH O YeTBEPTOM HM3MepeHUH. [Ipy 3TOM MbI JO/KHBI TIPUHSTh
BO BHMMaHHe, YTO MOBOPOT B UETHIPEXMEPHOM IPOCTPAHCTBE MPOUCXOAUT He BOKPYT OJHOW OCH,
KaK B TpéxmMepHOM Mupe, a “BOKpPYr AByMepHOU IIOCKOCTH”. [103TOMy KaXkeTcsi eCTeCTBEHHbIM
TNIpeAIookKuTb, uTo, ecau I1JI MMeroT OTHOLleHVe K peasbHOMY IIpOLieccy, TO MoBopoT npu I1J1
JOJDKeH TPOMCXOUTh C ydacTheM 4YeTBepToro usmepeHus. IIpu 3TOM eciu 5TO MPOCTPaHCTBO-
BpeMsi, TO MOBOPOT JI0JDKEH MPOU30MTH B TJIOCKOCTH, BK/TIOUAIOLLYHO0 BpeMeHHY0 0cb. Eciu aTo 4D
Marepusi, TO ITOBOPOT B IVIOCKOCTH (xl,x .) » KaK 3TO MPe/JI0KEHO BhIILIE.

B mepBoMm ciydae TpoCTpaHCTBa-BpeMeHM, OJHAKO, TOBOPOT IpuobOpeTaeT abOCTPAKTHBIM,
YHUCTO MaTeMaTHueCKui xapakrep u IIJI - cMbIC/T MaccMBHOTO MpeoOpa30BaHUsI KOODAMHAT, TIPU
KOTODOM TIOJIO)KEHHEe BCeX BEKTOPOB OCTAfTCs HeM3MeHHBbIM. VI3MeHW/IOCh TMOJIoKeHHe Ocel
CUCTeMbl KOODJWHAT U BeKTOpa TOJy4YWId HOBble 3HaueHWs KOODJAWHAT, HO WX MOAYIU U HUX
TIOJIOKEHUST OCTalMCh HeM3MeHHbIMH. Bo BTOpPOM ciiyuae 4-BUXpbh, MpeACTaBisiz COOOW 3aMeHy
TPEXMEpPHOTO Tejia B OObIUHOM TPEXMEPHOM TIpe/CTaB/eHWH, TIONMydyaeT peajbHbI HaK/IOH
OTHOCHTE/IbHO THITePIIoBepXHOCTH. ITpocTpaHCTBO Tpy 3TOM OCTaércs Oe3 w3MeHeHusi. Takoe
nipeoOpa3oBaHue SIB/ISIeTCS aKTUBHBIM. VIMEHHO OHO COOTBETCTBYET [IBM)KEHHIO TeJla, BEIpa)KeHHOTO
B KJIaCCUYeCKOW MeXaHUKe rpeobpa3oBaHueM ['amnes x'=x+Vt . B npeajio)keHHON KapTHHE
JBIDKeHWe 4-BUXDs BOJIb THUIEPIOBEPXHOCTH BceseHHOW MOAUMHSIETCS WUMEHHO 3TOMY 3aKOHY.
Kpome Toro, nmpejcTaBieHMe TOBOpPOTa [JaéT B 3TOM Ciaydae JJisi BekTopa H peanbHOe,
JleMCTBUTE/IbHOE, 3HaueHue B oinuKe oT uHrepBasa CTO, KOTOpbIl MOXKeT MPUHUMATh U MHUMbIE
3HaueHus1. [1JI BO3HMKAOT, KakK 3TO BHUJHO K3 BCEr0 pacCMOTPeHMs, MyTéM MacCHBHOIO
npeobpa3oBaHus. B 3TOM, Ha Halll B3I/Isi/l, 3aK/IFOYAeTCST CMBICT TIPUHIIUIA OTHOCHUTETBHOCTH
TEOPUM OTHOCUTETbHOCTH, KOTZIa BMECTO aKTUBHOTO TIpe/ljlaraeTcs acCUBHOe TIpeoOpa3oBaHMUs.

[TousTHE COOBITHS, Ucnomb3yemoro B CTO, B
JAHHOW TPaKTOBKe TpHOOpeTaeT WHOe 3HaueHHe.
370 Takke Habop BesmuuH (X, t), Kak u B CTO.

Tonbko 3TO He Takoe [OBOJILHO aOCTpaKTHOe
coOBITHe, KaK BCIbIXMBaHWE CBeTa B TOUKE X U B
MoMeHT t. Tak MoHMMaeMoe COObITHe HUKAaK He
CBSI3a8HO C  CYLeCTBOBAaHWEM  JIBMKYLLEHCS
CUCTeMbl OTCUéTa, XOTS Lielb MMEHHO B TOM,
YTOOBI MOTYUUTh (HOPMYIIBI TIepecyéTa KOOp/AUHAT
coOBITUSI B OZIHOM cucTeMe OTCUéTa AJIsi ApYyroi
cucteMbl. Mbl TipefijlaraeM pacCMOTPETb TaKyro
HEC/IOKHYIO CHUTYaLMIO. ct’
B Havane cucreMbl OTCUéTa HaxOAUTCS
JBIDKYLeecsi CO CKOpOoCTblo V  Telo B

HaripaBieHun ocH X. CripalmBaeTcs, Kakum Oyzer

pacCTossHUE OO0 TOYKM Ha 3TOM OCH 3a Bpems t B




NCO, cBsi3aHHOM C ABWKYIIMMCSI TeJOM. M3 puCyHKa BHJHO, YTO IOCTPO€HWe, KOTOpOe Hazo
czenarb, urobel npuiith K [1JI Tem >ke criocobom, uto OblT BHauasie, oueBMAHO. Hajo /uiib
TIOCTPOUTH BEKTOP Ct, BOCCTAHOBUTL Ha HEM IepIeHUKY/ISAPbL.

B npennoxxenHom BapuaHTe BbiBoga I1JI 3HameHUTbIE S(QQEKTbl MNPOJOABHOIO CXKAaTHs

pa3MepoB U 3aMe[j/ieHUs] BpeMeHH MMeIOT MHUMBbINA, Ka)KYIIMMCS XapaKTep, BO3HUKAIOIIUM M3-3a
reoMeTpur HabmogeHus. [1o3ToMy Bce rapaJjoKChl, TaKie Kak IapajoKC OJM3HEI0B, MOTYT ObITh
paspeliieHbl TIpocTeliM obpa3om. HeT peasbHOro 3amejjieHusi BpeMeHW B ABwKyljeiics VCO.
[Mokosiuiicss HabsIrOaTe/Tb MOXKET JIUIIL MBICJIEHHO TIPeJCTaBUTh, UTO 3TOT 3G GheKT UMeeT MecTo.
3ame/iieHre BpeMeHH, STKOObI HaO/TroaeMoe TIpy PerucCTpaldd KOCMUUeCKUX MIOOHOB M B JPYTHX
9KCIepUMeHTaXx, BO3MOKHO, CBSI3aHbI C YBe/TMUeHWEeM BPeMeHH XKU3HU YacCTUlL], KOTOpoe Moay4yaeTcst
B JBIKeHUU. CO CKOPOCTbIO MeHSIeTCs [I/TMHA YaCTULbl — MEHsIeTCsl U BpeMsi eé pacrazia, eC/ii OHa
HecTabuibHasi. Macca 4acTHI] 110 3TOM >Ke TIPUYKMHE TI0TyYaeTCsl 3aBUCAIIeH 0T CKOPOCTH.

[TpoBepka mpeasio>KeHHOW (HOpMYsIbI /IS C/IO’KEHUsT CKOPOCTel Moryia Obl OBITH TTPOBEPKOM
BCell mpe/iokeHHOW KoHLenmu 4D marepuu. OgHako ominursi oT (opmynsl CTO cka3bIBarOTCA
JMIIb TIPYU JIOCTaTOYHO OosbIIMX CKOpOCTAX. OmnbIT ®Pu30 He [aéT TMOJHOW yBepeHHOCTH B
CrpaBe/i/IMBOCTH IpeJjiaraeMol MOJe/Iu.

CaM TIpUHLUIT OTHOCUTE/JILHOCTU JIeTKO TPaKTyeTcss B paMkax Mojiend 4D wmarepud. OH
3aKJTFOUAeTCsI C 3TON TOUKH 3pEHHsI B HEBO3MOKHOCTU YCTaHOBUTH MCTHHHOE TIOJIOXKEHUE TPaHMIIbI
4D BceneHHOM, TPaHUYHOM TUTIEPIIOBEPXHOCTU. [103TOMY MOXKHO TaK repedopMy/IupoBaTh 3TOT
TIPUHIUIT:

* Hukakum METOZIOM HEBO3MO)XHO YCTAaHOBHUTH UCTHMHHOE I10/I0K€HKE T'PaHUIIbI BcenenHoii.

B pamkax mozenu 4D marepum 3TO TOJIOKeHHe JeTKO OOBsiCHsieTcs. [[BibkeHHWe Tena B Hallem
TpéXxMepHOM Mupe — 3TO JMIIb BUUMAsl 4YacCTb IepeMellleHUs YeTbIPDEXMEepHOIr0 BUXPS BJOJIb
rpanuLpl BcenenHnon. Takoe [BrKeHWe SIBISeTCS WHEPLMOHHBIM. OTO 3HAYMT, UYTO BHUXpPb, He
TIO/IBEp)KeHHbIM BIMSHUIO JPYTMX BHUXpel, COXpaHseT CBOE Iojle cKopocTeld Tol 4D marepuy,
KOTOPOU OH OKPY)XEH M U3 KOTOPOW OH COCTOMT, YTO SIBJIETCS C/IeCTBHEM TOrO, YTO BHUXPeBOe
JBIDKeHHe “BMOpOKeHO” B oJie cKopocTell 4D mMatepun. DTOT BBIBOZ, MaTeMaTUUeCKU BbIpa’kaeTCs
B BU/Ie ypaBHeHUs [6]

F+L,F=0 (24)

rie L, - mpou3sBogHasi JIu OTHOCHUTENBHO TIONS CKOpocTel u, F — TeH30p T.H. 8HympeHHe20

u

5/1€KMPOMAZHUMHOR0 NO/ISL, OTIPE/IE/IIeMOTO KaK YeThIpEXMepHasi 3aBUXPEHHOCTB M0Jisi CKOPOCTeA:
F,=0,u,—0,u; . (25)

[TosTomy sr06ast ICO co CBOMM TeJIoM OTCYETA BBITVISAUT TakK, KakK OyATO 3TO TeI0 HAXOJUTCS
B [IOKOe OTHOCHUTe/IbHO BcenieHHOM B TO BpeMs], KaK OHa MMeeT HaK/IOH Ha Hekul yron ¢, . Ilpu
3TOM CKOPOCTb CBeTa B Hell He paBHa MCTHHHOW CKOPOCTH CBeTa, KOTOpPOW 00saziaeT peasbHas
TUTEepPIIOBEPXHOCTH,

C,=C COS &

[Tostomy Bompeku yTBepxjeHuto CTO ckopocTb cCBeTa He SIB/SIETCS WHBapUaHTHOW
OTHOCHTENILHO TepexooB u3 opHout MICO K apyroii. OHa KaXkeTCsi MHBapUAHTHOM HaOJTIO/iaTesto,
HaxoJsIeMycsi HemoABWKHbIM B ofHOM u3 MCO. [leiiCTBUTeNbHO, TOCKO/IBKY PpacCTOSIHUSL U
BpeMeHa B Bwxylelicss MCO eMy KaKyTcsi B COOTBETCTBUU C (7) U (8) yMeHbIlIeHHbIMUA Ha OAUH U



TOT ke MHOXHWTe/b COS, , TO CKOPOCTb CBETA, SBJISIOLAsACS OTHOLIEHWEM 3TUX BeJIMUYUH, TOXKe
OyzieT MOCTOSTHHOM. DTO yTBep)K/IeHHe CITPaBeJIUBO KakK [Jis TIPO/OIBHBIX PACCTOSTHUM, PACCTOSTHUMA
B/IO/Tb JIBVDKEHUS , TaK U [/ TorepeuHbIX [7]. OTHOCUTE/NbHOCTh B TOM Mpe/CTaB/IeHUU 03HauaeT
HEBO3MOXXHOCTb YCTaHOBUTH 3HaueHue ¢, . [lostomy B (opmynax I/ BMeCTO CKOpPOCTU CBeTa,
MPpUHUMAIOLLeH Tpefie/ibHOe 3HaueHue Ha TUIEepPrOBepXHOCTH BceseHHOM, ciiefyeT MOHMMAaTh
ckopoctb ¢, . Ho Bmecte c Tem, [1J] faroT HaMm KIIk0U K OTIPe/ie/IeHH 0 HCTUHHON CKOPOCTH CBeTa,
KOTOpoi 00siaziaeT rpaHuiia BcesieHHOW, ecy BO-TIEPBBIX, Mbl HAyYMMCSI OTIPeZesSTh 3HaueHHe
yma «, Takas rpaHvlia JelCTBUTENbHO CYL[EeCTBYeT M eC/d, BO-BTOPBIX, Takasi TpaHULIA
JIeCTBUTE/ILHO CyIecTBYeT. B 3TOM cMbicsie MbI ObI TIOMYUW/IM [OCTYN K HeKOW abCOMHOTHOM
cuCTeMe OTCY€Ta, CBA3aHHOM C TaKWM TeJ0M OTCYéTa Kak Hamla BceneHHas. B stom ciyuae [T
csieioBasio Obl TIPUMEHUTD [Jisl Tiepexofia Mexxy Tod ycaoBHO MICO, B KOTOPOM Mbl HaXOJUMCS U
5Toii ACO. Drto OBl O3Hauajs0 TIPeo/io/ieHHe TIPUHIIUIIA OTHOCUTE/NBHOCTH B TIPEJIOKEHHON
(hopmynMpoBKe.

To, UTO OMBITHBIE /laHHBIE He MPOTHBOpeuar ¢opmyaupoBke BToporo nocrynara CTO, MoxeT
TaK)Xe yKasblBaTb Ha TO, UTO yIroJl ¢, MaJ A MeyHoro nmyTy U 4To Halua l'ajakThka ro3TomMy
HaXOJUTCSl B HEKOM MPUBU/IETMPOBAHHOM I10/I0’KeHUH BO BceyeHHOM.
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