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Teopusi OTHOCHUTETLHOCTH, HECOMHEHHO, SIBJISIeTCSI CaMOM TIOMY/ISIPHOM Teoprel B HacTosliiee
BpeMsi, ¥ el MOCBSILeHO OrPOMHOe KOMW4YecTBO MyOnvKauuid. OTMeTUM JIMILb OJHY, Kacarolecs
crieljuanbHOM Teopun oTHocutesibHOCTH (CTO), B KOTOpOHM TpuWBeJeHbl pa3uyHble BU[bI
ripeoOpa3oBaHuil MpocTpaHcTBa U BpeMenu [1]. Kasanock 65, 3a 60jiee uemM CTO/IETHUM TIepUoO[ eé
CyIIeCTBOBAHMS, HAIlOJHEHHBIM HEYCTaHHOW O0pbOOl eé MPOTUBHUKOB W €€ CTOPOHHHMKOB, He
OCTa/IoOCh HAYEro HOBOTO CKa3aTh 00 3ToM Teopuu. OAHAKO MbI TPUBEAEM 371eCh TPOCTEUIITHI
BBIBOJ], OFHOTO U3 I7aBHBIX pe3ynbratoB CTO — ypaBHeHui mpeo6pasoBanuii Jlopenna (IT/T). On
OCHOBAaH Ha HalleW Tmpeapiaymied mybnukanuu [2], B kKotopout ITJI cBefeHbl K OOBIYHOMY
OpTOTOHA/ILHOMY T1peobOpa3oBaHuio. EcTecTBeHHBIN BOMPOC, BO3HUKIIHIA TIOC/Ie 3TOTO, — a Hesb3s
71, Ha00OPOT, KAKUM-TO 00pa30M 13 OPTOTOHATTBHOTO hpeo6pasoBaHHﬂ noayuuts [1J1?

Okasasioch, 3TO MOXHO CJefiaTb O4yeHb MpocTo. [ 3Toro BHauasne mnepedopMynvpyem
noctynat CTO o CKOPOCTH CBeTa C/IeIyIOIIUM 00pa3oM:

® CKOpOCTb CBe€Ta — 3TO MdKCHMaJ/IbHAaA CKOPOCTb AJId TeJl

3TO 3HAUMT, UTO HE MOXKET ObITh MaTepUaJbHBIX TeJ, CKOPOCTb KOTOPBIX MPEBBICUT CKOPOCTh
cBera c. [loka HHUYero He TOBOPHUM O 3HAUEHUSX CKODOCTH CBeTa B pa3/IMUHBIX WHEPIIMOHHBIX
cuctemax otcuéta (MCO). B maTemaTtuueckoili (hoopMe 3TO yC/IO0BHE MOYKHO MPeJCTaBUTh TaK:

V=csina (D)

CMBICT  yrla o JIeTKO — YSICHUTb,  eC/u
HApUCOBAThb  PUCYHOK, —MOSACHSIOMA  3TO vy
ycnosue. Ilpeamonaraercsi, 4yTo HeKOe TeJio Vit X

JBIDKETCS C TIOCTOSSHHOM CKOpOCThI0O V B
HarpaB/IeHUH OCH X U UTO CBET, UCIYIIeHHBIHN
13 TIOJIOXKEHUSI, KOT/]a paCCTOSIHUE OT UCTOYHHKA
CBeTa /10 Tesia ObLJI0 MUHHUMAJIbHBIM, JOCTHUTAeT
Temra. K 3TOMy BpeMeHU Tes0 TIPeooJieeT
paccrosHre  Vt.  KoHeyHo, TIIpp  3TOM
MOJyyaeTcsi, UTO BEKTOpP Ct  HarpaB/ieH ct
OTHOCHUTE/IbHO OCH X He TMepIeHAUKY/ISPHO.
WHaue, Hafo ObIIO ObI HCIIO/IB30BAaTh BMECTO
CMHyCa TaHTeHC, 4YTO TIPOTUBOPEUH/Io Obl
HallleMy YCJIOBHIO, TIOCKOJIBKY CKOPOCTh Tesa

Morsia Okl OBITH 0OJIbIIIE CKOPOCTH CBeTe TIpU
yrax « OosblIuX, ueM Jr/2
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W3 3TOro pucyHkKa MOKHO 3aK/IFOUMTh, UTO IMPOCTPAHCTBO U BpeMms, e uX, cienys CTO,
TIOTIBITaThCSI O0BEUHUTE B OJHY KOHCTPYKLIMIO, He MOTYT 00pa30BaTh [eKapTOBy CHCTEMY
KOOp/VHAT, KaK I10 ymosiyaHuto 31o npegrnonaraercs B CTO. ITonyyaeTcss KocoyrosnbHas CUCTeMa.

be3 ymepba pAns fganbHelIlero pacCMOTPeHHsi Mbl MO)KeM TlepeHeCTH Hayajo CHUCTeMbI
KOOpJJUHAaT B TO MeCTO, OTKyZJa, TIpeJrojiaraeTcs, WCXOAUT CBeT. [IprMeM TakKyl CUCTeMY
KOODAMHAT 3a HeTIOABWKHYIO CHCTeMy OTcuéTa. B eé Hauaso, MOXHO CUUTaTh, TOMeLeH
HaO/rojaTesib, KOTOPBIA CAEJUT 3a ABWKYIIAMCS A
TeioM. B ToW mpocToM  cUTyauud, KOTOpas _Vt...
OTMCBIBAETCS, OH BUUT, UTO 3a BpeMsi HabroeHus t |
TeJI0, HaXO[UBIIIeeCsl B TePBbIi MOMEHT HaOsrofeHust
B O/pkaiiilieM K Hemy TIOI0’KeHUH, TiepeMeCTU/I0Ch Ha

paccrosiHue Vit.

C [BWKYLMMCS TelOM Mbl MOXKEM CBsi3aTh ct
JBIWKYILYIOCS C HUM CHUCTeMy oOTcuéTta. I[ToCcKonbKy
CKOPOCTb Tejla B 3TOM CHCTeMe  KOODZMHAT

OTCYTCTBYeT, IO/ ¢ [ 3TOTO Teja paBeH HYJIO. X

OTO 3HAUUT, YTO OCb X' [JBWKYILEUCS CHUCTEMbI

oTcuéTa B MOMEHT BpeMeHH t [O/DKHa ObITh

NepneHAuKy/asspHOM BekTopy ct. IlosTomy y Hac

JIO/DKEH TIOMyUYUThCS PUCYHOK, TIOZI0OHBIM TOMY, UTO M300pakeH. TaM Takke OTMEUEHO TOJIOKEHHE
TIPOU3BOJILHO B3SITOM TOUKU Ha OCH X.

W3 3TOrO pHCYHKa CTAHOBUTCSI OUEBU/IHBIM, UTO Mbl UMeeM /iei0 C 0OBIYHBIM OPTOTOHATBLHBIM
npeoOpa3oBaHKeM, U3MEHSIIOILIMM KOOPJUHAThI HeKoero BekTopa H. OcTaércs cenaTb HEKOTOPbIe
JIOTIOJTHUTEe/TbHbIe TIOCTPOEHHUsl, KaK 3TO C/leJlaH0 Ha DUCYHKe HIKe, uTo0bl yOemuThCs, UTO
KOOpAWHATHI ( X,ct' ) 3TOro BeKTOpA OZHOM AeKapTOBOM CUCTeMbl KOOPAWHAT, N300pa)keHHOTo Ha
PUCYHKe, TIpeo0pa3yroTcst B KOOpAWHATHI ( X ',Ct ) Apyroi 1eKapTOBOM CUCTEMBI.

A

/3 OpTOroHaIbHOCTH TaKOrO TIpeoOpa30BaHMs CJIe/IyeT, UTO JJIMHA ITOTO BEeKTOpa B OFHOU
crcTeMe KOOD/JJUHAT paBHa JI/IMHE B IPYTOM CUCTEME
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H:\/x2+(ct ')2:\/)( ’2+(ct)2: H'
OTcrozia mepecTaHOBKOM ClaraeMbIX C/ie[lyeT paBeHCTBO T.H. uHTepBaioB CTO:
s=/(ct)—x*=y(ct'P—x"=s"

KoHeuHo, Tak)ke MOYKHO JJAHHBIA PUCYHOK PAaCCMaTpHUBATh TakK, Kak OyATO BEKTOp (X, Ct) OfHOM
KOCOYTO/TbHOM CHCTeMbI KOOpIMHAT TipeoOpa3oBa CBOU KOOPAWHATHI B 3HaUeHus (X’, ct’) Apyrou

KOCOYTO/IbHOM crcTeMbl. OJHAKO 3HAUEHHsI KOOPJMHAT B 3TOM CJIydae W3MEHSTCS 10 CPABHEHHIO C
WCIIONIb30BAaHHBIMK  BBIIIIE W, OYEBHWJHO, UTO Takoe mpeoOpa3oBaHue He OyfeT SBASTHCS
OPTOTOHA/IbHBIM TIOBOPOTOM CHCTeMbl KOOpAWHAT. Takoe Tipe/CTaB/ieHHWe He [acT PaBeHCTB
WHTEPBAJIOB.

B marpuuHoii ¢popme opToroHasbHoOe ripeoOpa3oBaHUe BbIPAa3UTCs B TAKOM BH/e:

x' cosa 0 0 —sinal| x

yi=-| O 1 0 0 y 2
z 0 0 1 0 z (2)
ct sinag 0 O cosallct'

Orcroza ¢ momorieio (1) MbI UMeeM C/leIyIOLIYI0 CUCTEMY ypaBHEHHM, UCK/TF0Uast TPUBUAJIBHbIE:
x'=xV1-V¥c*=vt’
ct=xV/c+ct '\/l—Vz/c2
ITepBoe ypaBHEHME pa3peIlM OTHOCUTEIBLHO X
x'+Vt'

—_ 3
V1—-V?/¢? ©)

3areM MoACTaB/IdAeM 3TO 3HAYE€HHWE BO BTOPO€ YpAdBHEHHUE

_(x'+wt")Vlic
Ct=—F——=—

V1-V?/c?

[Tocse npuBeeHMs K 00IIeMy 3HAMEHATEe/TF0 MbI ITOJTyUYUM

+ct'\/1—V2/c2

_ct'+x'Vlic

ct= (4)
V1=V?/c®

Bwmecte ypaBHenust (3) u (4) cocrasnsitor I1J1. Takum ob6pa3om, HauaB ¢ TpeOOBaHUS O MpeeTbHOU
CKOPOCTH, TPOCTHIMA M OUEBUJHBIMU OTepaljusiMi, Mbl TMOJYYUIM [aBHbIM pesynsrar CTO.
OcTanoch MoHATh, TIOUeMY 3TO TTPOU30LIIIO U *

UMeeT JIM 93TO KakKoe-TO OTHOIIeHWe K

peasibHbIM SIB/IEHUSIM B TIPUPOJE.

Cnyuain o6uero nosioXXeHus

Crnyuaid, Korjia Tesi0 B Haua/bHbII MOMEHT
BpeMeHM He HaXOAWIOCh Ha OKaiiiieMm < a
pacCTosiHUM, BK/IOYaeT B PpacCMOTpEHHe ct
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MHO)KUTEe/Ib, CBSI3aHHBIM C yIioM © MeXy OCbI0 X M HarpabjieHueM Ha Teno. M3 pucyHKa
BUJIHO, uTO0 Vt sin®=ct sina . OTcrozma

_csina

\%4
sin ©®

OueBH/IHO, UTO OTHOCHTEBHO CKOPOCTH V sin® Bce mpeAbIAyIe pacCyKAeHus OynyT BepHBI.

3amepgsieHMe BpeMeHu N cokpatlleHne pasmeposB

PaccmarpuBaemblii ciyvail HaOmofileHMs [JBMDKYIIErocsi Tejla TI03BOJIsieT O4YeHb IIPOCTO
uHTepripeThpoBath ciefctBust CTO, 3ak/touaroiyiecs B COKpalljeHUH MPO/0JIbHbIX pa3MepoB Tesl U
3ame[|yleHUY BpeMeHH. VI3 pUcyHKa HIDKe SICHO, UTO Hab/ro/iaTe b, HaXO/SIIMICS B Hauasae CUCTeMBI
KOOpPZIMHAT He MO)KeT BePDHO OL|eHWTb BCE IepeMelljeHHe [BIJKYLLETroCs Tesa, CAe/laHHOe UM 3a
BpeMsi t. OH MOXeT BH/ETb IPOEKLHMIO0 3TOr0 IepeMelleHHs, 0003HAUeHHYI0 Ha DHCYHKe
NMyHKTUPOM. Tak OH HaO/FoaeT KaXKyIuics, MHUMBIN yTh Tesla ['=Vt' BMecTo peasbHOTO MyTH

[=Vt . Otcropa Mbl iMeeM Kak ObI “COKpaliieHre poZ0/IbHOTO pa3Mepa”

I'=lcosa=IV1-V?/c* (5)

Y TI0CJIe CoKpalleHue V — “3ameqjieHue BpeMeHu” A
2.2
t’=tV1-V-/x (6) y
Takum o6pa3oM, HaO/rOAATENI0 B HEMOABW)KHOMN e
CUCTeMe OTCYéTa KakKeTCs, UTO BpeMsl [BWKEHUs TeJia
coctaBnsier t' . Takoe Bpems mokasanu Obl ero yachl. V'

Taxxe OH, NMpPUHMMAas 3TO BpeMsl 3a MCTHUHHOE BpeMs
JIBVDKEHMS], CYMTAeT, UTO Bpemsi t , KOTOpOe OH CUMTaeT
TIpUHAJJIe)KalluM  JIBWKYILeHMCS ~ CUCTeMe  OTCYéTa,
3aMeJIN/IOCh 10 CPaBHEHHIO C ero BpemeHeM. Yachkl B ct

IBIDKYIIENCST CUCTeMe OTCUéTa, OH CUYMTaeT, OTCTaloT, __:

3aMe[lISI0TCS, TT0Ka3biBast Oo/bliiee BpeMs, UeM ero uachbl.

VIMeHHO 3TH pacuéTHble TIOKa3aHWsI YaCOB HETOJBHKHBIM

Habmoparens, nipugepxuBaromuiics CTO, cuuTaer T.H.

COOCTBEHHBIM BpeMeHeM. K >

Moaenb 4D maTepuu

OmnucaHue, KOTOpOe [JaHO BhILlle, POM3BO/AX/IOCH B TAKOM >Ke ITPOCTPaHCTBe U BpeMeHH, UTO U
B CTO. Ilo3ToMy 3HaueHWe €ro He MOKEeT OBbITh JPYTMM — 3TO Ipeobpa3oBaHWe aOCTPAKTHOTO
eBK/IMZI0BA MPOCTPaHCTBA R' , TosB/sIOLIErocs mocse MPUKpPer/eH|s BpeMeHH, MpPOCTPaHCTBA
R' , x mpocTpacTBy R’ . YMHOXUB BpeMms Ha MOCTOSHHYIO BeJIMUMHY CKOPOCTU CBETa, MbI
W3MEeHWIN JIMIIb MacmTab W MpuBend pa3MepHOCTh K pa3MepHOCTH JIMHBL. MeTpHKa Takoro
TPOCTpaHCTBa TIOJIOKUTENLHO oOmpefeseHa. IIpocTpaHCTBO MMHKOBCKOrO — R; HMMeeT Jpyryko
cTpykTypy. OHO TmipeacTaBsisieT co0OOW TICEBAOEBK/IMAOBO TIPOCTPAHCTBO CO 3HAKOTIepeMeHHOM
MeTpuKol. B HEM BMeCTO OpTOroHajsbHOTrO TpeoOpa3oBaHUs TIOSIB/sSIeTCs ruriepbosmyeckoe, B
KOTOPOM BMeCTO OOBIYHBIX TPUTOHOMETPUYeCKUX (PYHKLIMH UCTIONb3yHOTCS TUTiepOosuecke, HO 10
CyTH HHWYero HOBOTO B /JaHHOM Ipe/iCTaB/IeHNH Ka3anoCh Obl, He MOXKeT BO3HUKHYTb — He CUHTas
ero KOCOyrojbHOCTb.



OpHako (u3nuecKuii CMbIC/I 0OpPHMCOBAHHOMW BhIIIe KAPTHHE MOXKET ObITh NIPH/IaH, eCid BMECTO
TIPOCTPAHCTBA ¥ BpeMeHU Obi1 ObI pacCMOTpeH HeKWi (U3MuecKhii 0OBEeKT, a MPOCTPAHCTBO U
BpeMsI HCIIO/Ib30Ba/lCh OBl 10 WX TMPSAMOMY HAa3HaueHHWI0 — JJisi 0D03HAueHWs TIO0JIOXKEeHHUS
(busnyeckux Ten u Ayis 0003HaUeHUs1 IBKeHUs1 PU3nUeCKUX Terl.

TakuM 00BHEKTOM He MOXKET ObITh 3(hMp, KOTOPBIH TIPeTEeH/IyeT Ha POJIb CBETOHOCHOMW CPe/ibl BO
MHOKeCTBe Teopuil. Bo-mepBbiX, 3TO TpéxMepHasi KOHCTPYKLMs. Bo-BTOpBIX, CBeT, KOTOPBIM B
Takol cpeme Mor Obl pacrpoCTpaHATbCsA, Obl1 Obl 00s3aTeIbHO CBsI3aH C  MPOZAOJIbHBIMU
Kose0aHUsIMM YaCTHI] TaKOW Cpelbl B TO BpeMs, KaK M3BECTHO CO BpPeMeH OIbITOB ['epiia, CBeT
Tipe/iCTaB/isieT C060ii TIorepeuHbie KoyiebaHus. B-TpeTbrX, MHOTOUMC/IEHHBIE TTOMBITKA 0OHAPYXUTh
3up csiefyer TIpU3HaTh Oe3ycremHbIMA. MbI MOXKEM yKa3aThb Ha JIDyroll 0O0BeKT B MPOCTPAHCTBe

R* . OH fo/mkeH BecTH cebst TakoKe Kak BEKTOp Ct Ha Mpe/iCTaB/IeHHbIX PUCYHKax. B TpéxMepHOM
TmpocTpaHcTBe R’ MarepuanbHOe Telo MOXKHO B psiie C/lydyaeB 3aMeHWMTh T.H. MaTepuabHOM
TOUKOM, UTO6bI U3yUHTh JBIDKeHHe Tesa. B mpoctpanctBe R* 1og06HBIM 06BEKTOM [O/KeH ObITh
pPa3MepHOCTbIO Ha €AMHUILY BbIlIe. JTO JO/DKEH ObITh HEKWHM JIMHEHHBIA OOBEKT, JABVIKYIL[UICS
TJIOCKO-TIapasijieJibHO CO CKOPOCTbIO V B HampaB/ieHuH ocu X. OH 10 CBOMM CBOMCTBaM [J0/DKEH B
orpe/ie/IEHHOMN CTereH! Tpe/[CTaB/ISITh Tejlo, YaCTHUI[y, KOTOPYIO Mbl MOXKeM Habsrofath B Mupe.

4 .
Ha pucyHKe TIOKa3aHO TOTiepeyHoe ceueHre NmpocTpaHcTBa R™ . Ha HéM mnipeamnosnaraercsi, uto 4D
MaTepusi 3aHMMaeT TIOJYTIPOCTPAHCTBO B TOJOKUTEJbHOM HAarpaB/IeHWd OCH X,

lopu3oHTa/mbHAs KpacHasi JIMHUSL O3HauaeT 4YacTh TpEXMepHOW rpaHuilbl 4D MaTepuu,
runepnoBepxHocTd. CBeT MOXKeT pacClpoCTpPaHATbCS JIMIIb [0 3TOW TMIIePIOBEpXHOCTH M
npe/icTaB/sieT co00i HeKue eé morepeyHble Konebanusi. KpacHasi yHKTHUpPHAst TMHUS TIPeJCTaBsIeT
VCKOMBIY JIMHEWHBbI OOBEKT B TEepBOHAuUa/JbHOM IIOJIOXKEHWH, CIUIOMIHOW KPAaCcHOW JIMHWeH OH
0003HaueH B MOMEHT BpeMeHH t. MBI /ja/ii Ha3BaHWe 4-8UXpsi 3TOMY O0BEKTy C TAKUM CBOMCTBOM.



[Tpenmonaraercsi, 4to OH SBJSETCS
aHaJIOoTOM TPEXMEPHOM BUXPEBOU
CTPYKTYPBI, BOZIOBOPOTA. "3
TIOCTPOEHUsS] CJIeiyeT, UYTO KpoMe
BpalllaTe/lbHOrO0  ABWXKeHus 4D
MaTepuu BJOJb €ro OCU TakxKe
TIPOUCXOJUT [IBIDKEHUe co
CKOPOCTBIO CBeTa. IIpu
orpefileIéHHbIX  YCIOBUSX, KOIZa,
HarnpuMep, HMeeTcs cucrema 4-
BUXpEeH, aTroM, MOKET TPOU30UTH

ucriyckaHve (GortoHa. BogoBopor
OyzileT CTosAAITh Ha MecTe, eC/id ero
Teo  OymeT  pacriojiokeHo  TIO
HOpPMaju K rpaHuiie BoAbl. B 3Tom
C/lyyae KpUBU3HA TPaHULIbI OyZeT CUMMETPUYHON OTHOCUTEIbHO OCH BUXpPs. [IpW Hak/loOHe BUXPS
CUMMETpUSsI ero TPaHMULbl HAPYIIUTCS U CHJIbI TIOBEPXHOCTHOTO HATSPKEHWSI HAUHYT CABUraTb €ro B
CTOPOHY, TZie CUMMeTpusi Obuta ObI BOCCTaHOBJIEHA, T.e. B CTOPOHY Hak/IOHA.B ciiyuae 4-BUXpsSi MbI
¥MeeM Jlei0 C KPUBM3HOW He [IByMEpHOW TOBEPXHOCTH, a TPEXMEpPHOW TWIeprOBepXHOCTH,
HapyllleHWe CUMMETPUM KOTODOM TakKe BbI3bIBaeT [BIDKeHHEe Bcero Buxps. Ha pucyHke
1300pakeHbl HEKOTOPBIE Teo/ie3uueckre, oOpasyroiye 4-BUXpsi B COCTOSTHUU TTOKOsI. BO3MOXXHBIM
SIBJISIETCS JIUIITL PeTUCTPAL[MU TI0JIOXKEeHHsI eT0 TOPJIOBHHBI, ero nosoxeHus B 3D Mupe.

CnoxeHue ckopocTeii

dopmyna ciokeHusi ckopoctel, nonyuyaemasi B CTO, Bcerjja BbI3bIBaeT Jierkoe HeloyMeHHe.
I[To Hel moyyaeTcst B 4aCTHOCTH, YTO eC/ivd 0gHa U3 ckopocrer V niam U paBHa CKOPOCTH CBeTa, TO
o0111asi CKOpOCTb V' TOXKe OyzieT paBHOM CKOPOCTH CBeTa, Kakoi Obl He ObuIa ipyrast CKOPOCTh

__V+U
VU

2
c

(7)
1+

B nipezcTaBneHny, KOTOpOe JaHo 371eCh, TOMy4nTCs Apyrasi opMyna. OHa yxe Obina nonaydena [3],
[4]. IlycTb OTHOCHTENBHO Tesla, ABMXKYLLErocsi CO CKOPOCThIO V, B TOM JKe HarlpaB/IeHWUH [IBUKETCS
Aapyroe teno co ckopocteto U. 310 3Haumt, uto B VICO, CBA3aHHOM C MepBbIM TeJOM, KOTOpOe
00603HaueHO Ha PUCYHKe CHHUM LIBETOM U KOTODOe UMeeT HakKJIOH « , eCThb Teslo, 0003HaUeHHOoe
KPaCHBIM LJBETOM M HMMelolllee HaK/IOH OTHOCUTebHO 4-BUXps NepBoro tega [ . OueBHJHO, UTO
OTHOCUTe/IbHO ucxofHoU VICO yros Hak/I0Ha COCTaBUT CyMMY 3THUX YIVIOB.



[TosTomy o6i11asi CKOPOCTh, COTIacCHO orpeziesieHuto (1), paBHa

V'=csin(a+B)=c(sin acos f+cos asin B)=VV1-U*/+UV1-V?/c? (8)

Bynem HasbiBaTh 3Ty GopMyny no uMeHu P. BaH JIMHJeHa, KOTOPbIi BriepBbie €€ TpeJioyKui. Mbl
MO>KEM Da3BepHYTh KapTUHKY Ha yrosl « , 4ToObl YBUZEThb, UTO [jIsi BTOPOTO Teja IMOJy4YUIach
CUTYyaLUsl, aHaJI0OTMUHasl IepBOMY M UTO €ro yroj HakioHa B ucxogHou VICO paBeH y=a+f . B
3TOM [IeliCTBUM, Ha Hall B3IVIsil, OTPa)KaeTcs TMPUHLMII OTHOCUTeNIbHOCTH OWHIITelHa.
PaccmoTpeHune ABWKeHHSI Tesl NPOMCXOAUT He OTHOCUTENBHO TMIIepIIOBepXHOCTU BceneHHoM, a
OTHOCHTE/IbHO BOOOpa)kaeMo#, cooTBeTCTBYOIed BbiOpaHHOUW MCO. OTHOCHTENILHO eé MOXKHO
TIpO/ie/iaTh BCe OTepariiy, KOTopble ObUTH C/ie/laHbI BhIllle, uTo0bI omyunts I1J1. TIpu 3TOM, ofHaKo,
HaJI0 UMETb B BUAY, UTO Yroa Yy He MoXeT ObiTh Oonbiie /2 , ecnu ucxogHas MICO mo
CBOEMY TOJIOKEHHIO He CUJIbHO OT/IMYaeTCs OT rpaHulLibl BeeneHHOM.
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Yrobbl cpaBHUTH BbIpakeHus (7) u (8) MbI u300paswiu 3TH aBe (GyHKOMUA Tpu c=1 1o
pa3/IMUHBIX 3HaueHW ofHol u3 ckopoctedt V wmu U. 3HaueHuss BTOPOM (YHKIIMM OTMEUEHO
nojiokeHueM OeryHka. M3 rpadmKoB BUJHO, UTO TPH HY/JI€BOM 3HAUEHWU OHU C/MBAIOTCS, TIPU
MaJIbIX 3HaYeHHUSX IMOYTH He OT/IMYarOTCH.

Pa3nuuue B TOM, UTO nepBasi (DyHKLMs, W300pakeHHasi CHHUM 1IBeTOM, HeorpaHuueHHa. Bropas
(yHKIMsSI KpaCHOTO 1IBeTa, Kak U [Jo/bKHA M0 yc/ioBuio (1) He MpeBbIlLIaTh 10 MOAY/MO equHULly. OHa
nipezicTaB/sieT cOOOM TMO/IOBMHY 3/utuIica. VI3 Bcex 3HaueHWH, OZJHAKO, HA/l0 BbIUECTb Te, KOTOPbIE
HaxXOZATCS 3a Mpejie/laMu MakCHMMyMa KpacHOW (YHKLIUM, T.e. KOTJa yroi ) [AOCTUraeT 3HaueHusi

m/2 . Tlocnemuuii Tpaduk OTpakaeT CUTYalMio, TPU KOTOPOM OJHA K3 CKOPOCTe paBHa
efuHULle. BTopasi CKOPOCTb OCTaHeTCs paBHOW HY/IIO M MO3TOMY CyMMapHasi CKOPOCThb, Kak U B
CTO, OyzneT paBHOM eIUHHUIIE.



TakuMm obpa3om, oTurieM BeIpaykeHHH (7) u (8) siB/IsieTcs TakxKe TO, UTO TepBast hopMaTbHO
JOTIyCKaeT C/IOJKeHUe KaKUX YTOLHO CKOPOCTeH, MoJyyasi IIpU 3TOM CKOPOCTH He MpeBbIlarolye
CKOPOCTb CBeTa JIMLIb NpH BbinomHeHny nocrynara CTO o npepensHOM ckopocTy. Bropas
(opmysnia orpaHUUMBAeT C/laraeMble CKOPOCTBIO CBeTa, T. K. MHaye TpeBbIllieHNe JieJlaeT CyMMY
CKOpPOCTEeH MHUMOM.

OnbIT dU3o

OmnbiT ®u30 co3parens CTO A. SMHIITENHH CuMTal pellarolliM SKCTIePUMEHTOM B MOAAEePIKKY
Teopuu OTHOCUTeNbHOCTH [9]. OfHAKO XOTS 3Ta TeOpUsi HA OCHOBe (POPMYJIbI CIIOKEHHsI CKOPOCTel
(7) maBana, Ka3ajocCh Obl, BEPHBIM pe3y/bTaT [/ YCTaHOB/JIEHHOTO Ha 3TOM OIbiTe Ko3dduieHTa
yBreueHus: PpeHersi, TIOSBUIKMCh HOBBbIE JaHHbIE, KOTOpble ropasfio Jiyullle OMUCHIBAJU OIbITa
du3o [8], [9] Ha ocHOBe Kaccuueckoro 3¢ dekra Jomnnepa. BmecTe ¢ TeM, 3TOT SKCIIePUMEHT JaéT
BO3MOKHOCTb MIPOBEPUTH popMysly BaH JIMHeHa Jjis cyioxkeHusi ckopocTeid. [ToaToMy paccMoTpum
nofipoOHee TOT FKCTiepUMeHT. Ero cxema mpezicTaBieHa HUKe.



FM X

Laser g

< Path (2) AN

« Path (1) _/f

Camera

Boga nporonsiercs mo ABym Tpybam. FM — 3T0o u3MepuTenb CKOPOCTH MoToKa. CBeT ja3epa C
TIOMOIIIbI0 3epkan M1, M2, M3 u M4 HampaB/nsieTcsi BAosib TpyO uepe3 BS — monymnpo3pauHoe
CTeKJI0, KOTOpOe paclilerisseT CBeT Ha JBa Myuka. Kamepoill (ukcupyeTcsi MHTep(epeHLUsl 3TUX
JIBYX ITYYKOB.

Pe3synbTatel onbITa Npe/cTaB/ieHbl Ha rpaduke.
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KpacHasi TUHHSI COOTBETCTBYET KIaCCUUYeCKOU dhopmyJsie CIIOKEHHUs], KOTopasi CjielyeT U3 TIPUHIUIA
, c
otHocutenbHOCTU [anunes: v'=V+U=V+— | rie n — mnokasaTesb peioMjieHust BoJbl. B aTOM
n
cnyuyae uHTepgepeHIMOHHbIA CABUT BbIpa)kaeTcsi popmysioii [8]:

2Lvn’

FS,=1.16
N Ac




3mecy L — pnmHa TpyO, v — pa3HOCTH CKOpPOCTeH BoAbI B TpyOax, A - IyIMHA BOJIH /1a3epa.
YucneHHbld K03 duiieHT 1.16 BbipaXkaeT OTHOLIeHHe MaKCHMa/IbHOW CKOPOCTH BO/IbI K CpeJjHell B
[lAHHOM 3KCIIepHMeHTe.

Cunsist ivHUs nipefcTasnsieT caydaii CTO, Bbipaykaemoit (hopmyroli (7), KoTopasi B ciydae
1, ¢
vic <1 npuaumaer Bug v'=v(1 - )+= . BoIpakeHHe B CKOOKaxX HOCHT Ha3BaHHe
n n

ko3¢ duienTa yBieueHuss OpeHesnisi B COOTBETCTBHH C rurote30i dpeHerisi, 10 KOTOPOM
CBETOHOCHBIN (VP YaCTUYHO YBJ/I€KaeTCs IBIDKYILIeICsl MaTepueli. BeipaskeHue [ijist ciBUTaA
niproOpeTaeT BU[,
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FSy=1.162LY 1M (1—i2
c n
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’KvipHoli opaH>)kKeBoli JiMHKel MTOKa3aHo T0/I0)KeHre, COOTBETCTBYIOLLee opmysie BaH JIMHAeHa

(8), koTOpas B 3TOM C/lyyae IpUMeT BUJ, V ':%+V\/ 1—% . CABUI I1pY 3TOM paBeH
n

2Lvn’ |1

FS,; =1.16=" "

Mgl BuguM, uto hopmysibl (7) 1 (8) MOUTH OAMHAKOBO HETJIOXO OMUCHIBAIOT OMbITHBIE JAHHBIE.
OjHaKo HawW/yulllee COBMa/leHre C OTNbITHBIMU JJaHHBIMUA UMeeT MeTo/] Ha OCHOBE [epBOCTeNeHHOM
3HaunMOCTH 3¢ exTa loriepa, KOTOpbIN MpeioykeH apropamu pabor [8] u [9]. Casur mo ux
pacuéram paBeH

2Lv
FS, =1.16——
b Ac

HaksioHbI rpaMKOB UMEIOT CIeAyIolirie 3HaueHUsIX:



Teopus Haxkson

HbroToH 0.0784

CTO 0.0343

Ban JIungex 0.0518

Matispc, Beitn 0.0441
OKCIIepUMEeHT 0.0419+0.0006

JHeprua 4-emxpsa

PaccmoTpum Hanbonee mipocTyro opMmy 4-BUXpsl, B KOTOPOM €CTh TOJIBKO ZIBa ABMKeHUs 4D
MaTrepuuy — BpallleHue BOKPYT OCU BUXPS U JBWKEHHe B0JIb OCU CO CKOPOCTBIO CBeTa. TpaeKkTopuio
TOUKHU 4D MaTepuu B TaKOM C/iydae MOXKHO TIPe/ICTaBUTh B BU/€ BEKTOPa

Rcos¢
= Rsin ¢
0
ct

OTo ceMeliCTBO CriMpasied, BUHTOBBIX JIMHUM, TI0JlyuyaeMoe MpY Pa3HbIX 3HAUEeHHAX PaguycoB R u
yrnoB ¢ . Ilonme ckopocTed monyuuTcsi Au@QepeHLpoBaHMEM, cuuTasi R He3aBUCUMBIM OT
BpeMeHH!

—R¢sing
R¢cos g
0
C

u=

2 \2 2
BolurciiviM KBazipaT CKOPOCTH U :(R ¢) +c” . Torma oOrjasi KWHETUYeCKasi YHEPTUU TaKoOro 4-
BUXPS IIOJIyYUTCSI UHTEIPUpPOBaHMEM I10 JOIO/HUTENLHOMY H3MepeHur0. L, — 3T0 “myvHa
yacTulpl” B [JOIOJIHATE/IbHOM HW3MepeHWM, pacCTOsiHue BJOIb X, , Ha KOTOPOM CKOPOCTb

ucuesaet, k, - ko3dduLMeHT NMPONOpPLMOHATBEHOCTH.

kl LO
2

k .
1 2 2 2 2
E:Ede4Ll: (R ¢+C)
Ecm npuHsTe R ¢ paBHBIM CKOPOCTH CBeTa, UTO, KaK TOKa3aHO HIKEe, UMeeT OIlpe/enéHHbIN
2
CMBIC/I, MBI [1OJTyYHM YpaBHeHUe /i1 3Hepruu nokoss E,=m,c” . Macca nokost m, OKa3bIBaeTCst

TIPOTIOPIIMOHAILHOM JIJTMHE YacTulipl, m,=k, L,

Korga 4-Buxph KakMM-TMOO COCOOOM TMO/yuyaeT HAK/JIOH IO OTHOIIEHWIO K HOpMaly,
BOCCTAHOBJIEHHOM OT TUMEPIIOBEPXHOCTU, OH PACTATHUBAETCS], ero Ji/IMHa YBeJIMUMBaeTC st

LO
cosa

L=

Takum O6p830M, MBI [TOJ/IYyUMM 3HAMEHHWUTOE YpdBHEHHE /I SHEPTYHX YdCTHULIBI

E=mc’



m
0 o “
B KOTOPOM m:ﬁ - T.H. peaamueucmckas macca. C Ipyro CTOPOHBI, KaK 3TO ceifuac
1-Vi/c

MIPUHATO [5], MOXKHO CUMTaTh MacCy MOCTOSIHHOW, paBHOM M, , @ SHEPTHIO MPsIMO 3aBUCALLEN OT

2
mgc

2 2
\/ 1-V-/c
b0 reoMeTpUYeCKUit CMBIC/I. TIpy MajbIX CKOPOCTSIX 10 CPaBHEHHIO CO CKOPOCTBIO CBETa MBI

ckopoctu E= . B aTOM cnyuae, ofiHaKo, Macce CTaHET HEBO3MOXXHbIM MPU/aTh KaKOM-

o 2 2
UMeeM K/IacCHYecKoe 3HaueHWe KWMHETHUUeCKOW SHEePTrUu U dHEPruu Mokoss E=m,c +m,V /2

AJIbTePHATHBHO MOXKHO 3aIlicaTh 3Ty ke GOpMyy B BUfe m=m,+m,V’/2c”> . 3 3Tux dopmyn

CJie[[yeT, YTO Macca MPUPOCTAeT 3a CYUET KUHETHUECKOW SHEpPTHyHu.

BonHbl ge Bponns

Perienuve ypaBHeHusi R $p=c umMeer BUJ,
ct
=—+C 20
=2 (20)

[TocTosiHHy!O0 MHTerprpoBaHyss C MOXKHO IOJIOKWTh PaBHOM Hy/MO. 3a ofuH nepuog, t=T yron

c
¢ wsmenntcsi Ha 2 . OTciofia uMeeM R=-; |, rje nukindeckas yacrora w=2x/T . Ilpu

3TOM IIPEATIONIOKUM, UTO 3a 3TOT Nepuo, ABrkeHue 4D MaTepuu BAOMb OCU 4-BUXPSl IPOUCXOUT
Ha PacCTOSIHUM, PaBHOM KOMITOHOBCKOM fiivHe BO/HBl A, : A.=cT . Toraa npu npofBI>KeHNUH

4-BUXps 3Ta KOMIITOHOBCKas BOJHA pa3BopauuBaeTcss B Je bpoineBckyro Bo/lHy Ha
TUIEepPIIOBEPXHOCTH TaK, KaK 3TO NTOKa3aHO Ha PUCYHKE HIKe.

cT 2£:£

=— =C
B sina V p

[MoctosinHas I1naHka h onpefenvTcs mpu 3TOM Kak
2
h=mc°T=ET

A

\J

Takum o6pa3om, sHeprusi BosiHbl fie bpoitnis paeia E=hv , rme vacrora v=1/T . Moayib
VIMITY/IbCa OMpeZeNisieTcs IOUTH KakK B KJIaCCUUeCKOU MeXaHUKe



m,

p=mV = c sina=myctga

Cos o
CBeT

Npeobpa3oBaHuna JlopeHua A4/19 3/1€KTPUYECKOro U MarHUTHOro nonewr 6biin
npegcTtaB/eHbl B NUMOHEPCKON paboTe A.diHwTeiiHa [11] u B pamkax mogenu 4D
maTepun B paboTe aBTOopa [6]. Mpu 9TOM BLIABUIOCH CYWECTBEHHOE OT/NM4Me.

Mbl OMpefenunu TeH30p BHYTPEHHEro 3/1eKTPOMarHUTHOro o/, NOoJsi, KoTopoe
CyWecTBYET BHYTPU 4D BCENEHHOWN, KaK 4YeTbipEXMEPHYI 3aBUXPEHHOCTbL MO/S
ckopocTeit 4D matepun[6] F;=0,u;—0;u; . Ero MOXHO pasfennTb Ha fABa
BEKTOPHbLIX MOMSi, BHYTPEHHEro MarHUTHOrO M BHYTPEHHEro 3/1eKTPUYECKOro nons:

h=V xu, e=0,u—Vu,
BHewHMe nonisi, nons, Hab6/ogaemble Ha rpaHUYHON rUNepnoBepxHocTu, B 3D Mupe,
eCTb WHTerpasbl BHYTPEHHUX Mojieli No AOMOMHUTENIbHOMY W3MEPEHMI0:

H=k, [ dx,h, E=k, [ dx,e ,
roe  k, - Ko3dpdMUMEHT NPOMNOPLMOHANBHOCTH.

e

MpUMEHUM OPTOroOHasbHbIA NOBOPOT (2), KOTOPLIM NpuBEN Hac K M/, K 9TUM NONAM
| J— 3 | J— 3
u',=u,cosa—u,sina 0',=0,cos a—0,sina
u',=u,sin a+u,cos o 0',=0,sina+0,cos a

O, u3— 03U, h,
h'=\0,u’,—0",u,|=| cos ah,+sin ae,
0'\u,—o,u',] \coscah,—since,
o',u'y—ou'y e,
e'=0',u—o,u', |=| cose,+sinah,
0',u;—aosu', | \cosae,—sinah,

Cozgatenb, CTO npepnaraeT HECKONbKO Aapyroe npeobpa3oBaHue. Hanpuwep,
BMECTO Halwero h,'=cosah,+sinae, ero npeobpa3oBaHue BbLIMNAAUT TakK, Kak
6yATO  WTPUXU nepenyTaHbl h,=cosah, +sinae, . 3To  o03Hauvaer, yTO
MHBapMaHTHbIM AB/IAETCA He CymMMa KBaApaTOB 3/IEKTPUYECKOr0O U MarHUTHOro
nonen, a WX pasHOCTb. [JpyrumuM cnoBamu, Yy Haweih pefakuum WUCMNoNb3yeTCH
NOHATHOEe npeobpa3oBaHWe nNofeil B [eKapToBOW CUCTeMe KOoopAuHaT, crepywowas
M3 TOro, 4YTO [ABWXEHWe Bbi3biBaeT [ANA MNoJsieli MoBOPOT «BOKPYr TMJIOCKOCTU»

(xLx4) , KOTOpbIA npepctaBNeH MaTpuuein, OT/IMYHOW OT TOW, UYTO MCNOSIb30BaHa
Bbllwe (2) .

0 0 0
cosa —sina 0
sina cosa O

0 0 1

SO O

OT/IMYMe mMaTpuy, O3HayaeT, Ha Haw B3ras4, TO, 4YTO B AAHHOM C/ly4yae Mbl MMEeM
[leNo C KoopAuHaTamy 3aBUXPEHHOCTM, a He C KoopAMHaTamu MOMSIPHbIX BEKTOPOB.
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Teopueil OTHOCUTENBHOCTH mMpeoOpa3oBaHueM JIopeHIla Tpe/yiaraeTcsi KOCOyrojbHas CUCTeMa
KoopAuHat B Kaxkj0ii UCO, Kak 3TO Tpe/iCTaB/IeHO Ha PUCYHKe.

CBeT XapaKTepu3yeTcsl TeM, UTO JJisi Hero yron o =s/2 . [lo3ToMYy, eC/iv CBEeT Npe/CTaB/sieT
cob0i1 KOMOMHALMIO /1eKTPUYeCKOTr0 ¥ MarHWTHOTO ToJiet, peobpa3oBaHue OyzeT TakUM:

hl el
h'=| e, |,e'=| h, 9)
—e, —h,
HanpuMep, ecii B UICXOAHOM TOUKe TI0JIsi UMeJIA BU/,
0 0
h= O], e=|e ’
h 0
TO B COCefiHEil TO4YKe MO HanpasB/IEHWI OCWU X, MONASA NpefCcTaHyT B Buie
0 0
h'=| 0 |.e'=|h
—e 0

NocnepoBaTeNbHO NpuUMeEHsiIS npeo6pa3oBaHus (9), Mbl MOAYUUM MOAOGHYH KapTUHY
B MNEpnaockocTn (x, X, X;)

h e h X,
e / h e X2
> Xl

h

e €vh

MbI BU UM, YTO NPU KaXK/[OM TIpeoOpa3oBaHUM 3/IeKTPHUeCKOe T10Jie TIpeBpalljaeTcsi B MarHUTHOE U
Hao0OopoT. M300parkast TMHUM TOKa 3aBUXPEHHOCTH, 3Ta KAPTUHA IPUOOPETET Takoi BUJ, IPUHUMAs
BO BHMMAaHHe, 4TO BeKTOp h He NpHHAJ/IeXXUT THIEpPIVIOCKOCTH (X, X, X,) , KOTopas Ha 3TOM

KapTHHe Tpe/iCTaB/eHa:
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[TosTOMy MOXHO NpeACTaBUTb, YTO CBeT PacCIpOCTPaHseTCsl MyTéM BpallleHHUs YeTbIpEXMEePHOU
3aBUXPEHHOCTU «BOKPYT IVIOCKOCTH» - B JAHHOM CJly4ae BOKPYT 2D I10cKoCTH (xz,x3) , T.e. KaK
Y TIpeArosarajock W3HayalabHO, IPU [JBWKEHHWU BJOJb OCH X, . Takoe BpallleHHe MOXXHO
TIOJTYYUTh , €C/IM Pa3HeCTH L|eHTPhl 3aBUXPEHHOCTH, KaK TOKa3aHO Ha pucyHke. Torga oHu OyayT
00pa30BbIBaTh CHMHYCOW/JA/IbHYIO0 KPHBYIO, UTO COOTBETCTBYET JTMHEMHOW TOJ/ISPU3AL[M CBETOBOM
BOJIHBI. OJUTANITHUECKOW TIOMsIpu3aliuu OyZieT COOTBEeTCTBOBaTh BUHTOBAsl JIMHUS, OOpa3oBaHHasi
LIeHTpaMH 3aBUXPEHHOCTHU.
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O6cyxaeHune

KoneuHo, npezyioykeHHbIM BapuaHT BbiBoga [1J], X0Th U sIBASieTCS Ha Halll B3IVIs TIPOCTENIINM,
He upeaneH. Ocb x' pBwkylgeiics MMICO He MoxeT ObITb moBepHyTa. E€ HaripapiieHMe I10
YCJIOBHUIO [JOJDKHO COBMAZATh C HarpaB/ieHWeM ocu  x mokoseiics MCO. OpgHako, npocToTa, C
KoTopoii nonyuatotcs [1J1, TpeOyet 06bsicHeHusi. [IbITasiCh TOHATH CYyTh TIOBOPOTA Ha Yro/l ¢ TIpU
[1JI, MbI HeH36e)KHO TPUXOUM K MBICJTH O UeTBEPTOM U3MepeHUH. [Ipy 3TOM MbI IO/DKHBI TIPUHSTh
BO BHMMaHHe, YTO MOBOPOT B UETHIPEXMEPHOM IPOCTPAaHCTBE MPOUCXOAUT He BOKPYT OAHOM OCH,
KaK B TpéxmepHOM Mupe, a “BOKpYr [BYMEpPHOU IUIOCKOCTH”. I103TOMYy Ka’keTCsi eCTeCTBeHHBIM
TIpeATIo/IOKUTE, UYTO, eciv [1JI MMeroT OTHOLLeHHWe K peaslbHOMY IIpolieccy, TO roBopoT rnpu 11
JIOJDKeH TPOMCXOJUTh C y4yaCTMeM YeTBepToro usMepeHus. IIpu 3Tom ecsmm 3TO MpPOCTPaHCTBO-
BpeMsi, TO MIOBOPOT [J0/DKEH MPOU30MTH B TJIOCKOCTH, BK/THOUAIOLLYyH0 BpeMeHHY0 0Cb. Ecu aTo 4D

Matepysi, TO [IOBOPOT B IVIOCKOCTH (X, X,) , KaK 3TO MPEJJIOKEHO BbILLE.

B mepBoM ciyyae MpoCTpaHCTBa-BpeMeHH, OJHAKO, TMOBOPOT IpuoOpeTaeT abCTPaKTHBIH,
YKMCTO MaTeMaTHyecKuii xapakTep W I1JI - cmbIci maccuBHOrO mpeobpa3oBaHUsl KOOpJUHAT, MpU
KOTOPOM TIIOJIOKeHHe BCeX BEeKTOPOB OCTaéTCsl HeW3MeHHbIM. VI3MeHWI0Ch IOJIoKeHWe oceu
CUCTeMbl KOODJWHAT U BeKTOpa IOy4YW/M HOBble 3HAYeHWs KOOPAMHAT, HO MX MOAYIU U UX
TIOJIO)KEeHUsI OCTalMCh HeM3MeHHbIMH. Bo BTOpPOM ciydae 4-BUXpb, IpeZACTaBiisisi CO00OW 3amMeHy
TPEXMEDHOrO Tefla B OOBIYHOM TPEXMEPHOM IIpeZCTaB/eHHWH, TI0/yyaeT peasbHbI HaKIOH
OTHOCHTE/IbHO THIeprioBepxHocT. [IpocTpaHCcTBO Tipu 3TOM OCTaércs Oe3 m3MeHeHusi. Takoe
npeobpa3oBaHUe SIB/SIETCS aKTUBHBIM. VIMEHHO OHO COOTBETCTBYeET JBWKEHUIO Tesld, BEIPAKEHHOTO
B K/IaCCUUeCKOW MeXaHUKe rpeoOpa3oBanueM l'amwiess x'=x+Vt . B npennokeHHON KapTUHE
[BYDKeHHe 4-BUXpsl BJOJIb TMIIEPIIOBEPXHOCTH BceyleHHON NOAUMHAETCS MMEHHO 3TOMY 3aKOHY.
Kpome TOro, nmnpejcraBneHue IIOBOpOTa JAaéT B 3TOM Cjyvae i Bekropa H peanbHoe,
JleICTBUTEJIbHOE, 3HaueHue B oyinuMe oT nHrepBana CTO, KOTOpbIM MOXKeT NMPUHUMATh U MHUMBbIe
3”HaueHus. [IJI BO3HMKANOT, KaK 3TO BHAHO W3 BCero pacCMOTPeHus, IIyTéM [aCCUBHOIO



npeo6pa3OBaH1/1;1. B 3TOM, Had Halll B3IVIA[, 3dK/IHOUA€TCA CMBIC/T TMPUHIHWIIA OTHOCHUTE/IbHOCTH
T€OpHUU OTHOCUTEJ/IbHOCTH, KOTZId BMECTO aKTUBHOTO ITIpeJiardeTCsd IMdCCUBHOE Hp606pa3OBaHI/IH.

[MonsiTve cobbITHs, uctonb3yemoro B CTO, B
JJAHHOW TPaKTOBKe INpHOOpeTaeT MHOe 3HauyeHHe.
910 Takke Habop BesMuuH (X, t), Kak u B CTO.

TombKO 3TO HeE Takoe [IOBOJIBHO abCTpakTHOe
coObITHE, KaK BCIILIXMBAaHHE CBETa B TOUKE X U B
MOMeHT t. Tak TMOHMMaeMoe COOBITHE HUKAaK He
CBSI3aHO C  CYI[eCTBOBaHWEM  [IBWXKYILeHCs
CUCTeMbI OTCUéTa, XOTS ILle/lb MUMEHHO B TOM,
YyTOOBI TIOYUYUTh (DOPMYJIBI TIepecuéTa KOOpJUHAT
COOBITUSI B OZJHOM CHCTeMe OTCUéTa JJsi APYrou
cucteMbl. MBI TpefijlaraeM pacCMOTPeTh TaKyro
HEeCJIOKHYIO CUTYALIUIO.

B Havase cucTeMBbI OTCUéTa HAXOAMUTCS
JBIDKYIIIeeCss CO  CKOpoCTelo V  Telo B

HalipaB/IEHUU OCH X. CHpaLHI/IBaeTCH, KdKUM 6y,£[€T

paccTosiHue [0 TOUKM Ha 3TOM OCH 3a BpeMs t B
NCO, cBsizaHHOW C [ABWXKyLWIMMCS TeyqoM. U3
PUCYHKa BHUJIHO, YTO IIOCTPOEHUe, KOTOpOe Hazo
cenatb, ytoObl mpuiiTh K I1JI Tem >ke crmocobom, uto ObLT BHayase, oueBHAHO. Hajo nwiib
TIOCTPOUTH BEKTOP Ct, BOCCTAHOBUTBL Ha HEM I1epIeH/IUKY/ISPbI.

B mnpeasniokenHom BapuaHTe BbiBoga [1JI 3HameHuTble 3(@eKTbl MPOAOJBHOTO CXKATUS
pasMepoB U 3aMe/lJIeHUs] BDeMeHU MMeIOT MHUMBbIM, KaKYIIUWCS XapakTep, BO3HMKAaIOLMN M3-3a
reoMeTpuu HabmozieHus. [103TOMy Bce Tlapa/IOKChl, TakMe Kak TMapa/lokC O/IM3HEeI[0B, MOTYT OBITh
paspeliieHbl npocreiiiiuM obpasoM. HeT peanbHOro 3amezijieHvsi BpeMeHU B fBWKylleiics MCO.
T[Mokosiuiicss HabroATeTh MOXKET JIUIIb MBIC/IEHHO TIPE/ICTAaBUTh, UTO 3TOT 3PPEKT UMeeT MecCTo.

3ame/iieHe BpeMeHH, STKOObI HaOsirojaemMoe TIpY PerucTpaldi KOCMUUeCKUX MIOOHOB U B JIPYTHX
9KCIIepUMeHTax, BO3MO)KHO, CBsI3aHbl C YBeJIMUeHHEeM BPeMEHM »KU3HU YaCTHUL], KOTOPOe MOTy4YaeTcst
B ABW>KeHUU. CO CKOPOCTbIO MeHSIeTCs [I/TMHA YaCTULIbl — MEHSIeTCsl M BpeMsi eé pacra/zia, eC/ii OHa
HecTabuibHasi. Macca yacTHI] 110 3TOM >Ke TIPUUMHE TI0/TyYaeTcsi 3aBUCAIIe OT CKOPOCTH.

[TpoBepka TipezyI0XKeHHOW (GOPMY/bI /i1 CJIOXKEHUsT CKOPOCTel Moria Obl OBITH TPOBEPKOI
BCell mpeioKeHHOM KoHLenuuu 4D marepun. OgHako otanuuns oT ¢opmyrnbl CTO ckasbiBaroTcs
JMIIb TP JI0CTaTOUHO OosblImX ckopocTsX. OmbeiT Pu30 He [JaéT TIOMHOW YBEPeHHOCTU B
CrpaBe//IMBOCTH TpejjlaraeMoil Mozenu, TeM Oosee, uto Teopust Maiiepca U BeiiHa Ha OCHOBe
s¢dekra [oriepa AaéT MoMHOe COIyiacue C JaHHbIMU 3TOTO SKCIIepUMeHTa.

BbIBOJl, KOTOPBI MOXHO CJelaTh M3 PAcCMOTPeHMs Mpeobpa3oBaHHs 3/71eKTPOMATHHTHOTO
TMons B ZIBIDKYILEMCS CHCTeMe OTCYUéTa, 3aK/II0YaeTcss B TOM, UYTO MHBAPUAHTHOW BeIMYMHOM
AB/ISTeTCS He pasHocTh E°—H® . Kak 310 crenyet u3 CTO, a cymma E’+H° . Ha Ham B3msig,
CMeHa 3HaKa repe] KBa[paTOM MarHUTHOTO TIOJISI B 3TOM BBIP)KEHHH CBU/IETE/TLCTBYET O TOM, UTO
HarpaB/IeHHe aKCUalbHOTO BEKTOpa, KOTOPHIM XapaKTepu3yeTcs MarHUTHOE T1ojle, HeOAHO3HAUHO B
TpEXMEpPHOM IIPOCTPAHCTBeE.

CaM MpUHLMIO OTHOCHTE/NBHOCTH JIETKO TPakTyeTcsl B paMmkax mogenu 4D marepun. OH
3aKJIFOUaeTCsl C 3TOM TOYKM 3peHUs B HeBO3MO)KHOCTU YCTaHOBUTh MCTUHHOE TOJIO)KeHHe TPaHULIbI
4D BceneHHOU, FpaHUYHOM TUIIEPIIOBEPXHOCTHU. [103TOMY MOXKHO Tak nepe(opMyMpoBaTh 3TOT
TIPUHLIUIL:



¢ Hukakum METOZIOM HEBO3MO)XHO YCTAaHOBHUTH UCTHMHHOE I10/I0’KE€HK € I'DaHUIIbI Bcenennoii.

B pamkax mozenu 4D marepum 3TO TMOJIOKeHHe J1eTKO OOBsICHsieTcs. [[BibkeHHWe Tesa B Hallem
TpéxMepHOM Mwupe — 3TO JIMILUb BUAMMAas 4YaCThb MepeMeleHUs] YeTbIpEXMEPHOr0 BUXPS BHAO/b
rpanulibl Bcenennoil. Takoe JBWKeHWe sB/SeTCS WHEPLUMOHHBIM. JTO 3HAUWT, UTO BUXPb, He
NO/IBep)KeHHBIM BAUSIHUIO APYTUX BUXpeN, COXpaHsieT CBOE Tosie CKopocTeit Toul 4D matepuu,
KOTOPDOM OH OKPYKEH W U3 KOTOPOW OH COCTOMT, UTO SIBJIETCS CJIJCTBUEM TOrO, YTO BUXPEBOE
JIBI)KeHHe “BMOPOKeHO” B ToJie ckopocTeii 4D maTtepuu. DTOT BbIBOJ, MaTeMaTUUeCKH BbIpaXkaeTcsi
B BU/Jie ypaBHeHuUs [6]

F+L,F=0

rne L, - mpousBozaHas JIu OTHOCUTENBHO ToJsi cKopocTtel u. ITostomy mobas MCO co cBoum

u

TEJIOM OTCUETa BBIIVISIIUT TaK, KaK OyATO 3TO TeJ0 HaXOAWUTCS B TIOKOe OTHOCHUTENLHO BceneHHO B
TO BpeMs], KaK OHa MMeeT HaK/IOH Ha HeKUH yron o,

CkasaHHOe MOJIHOCTBIO OTHOCHUTCSI U K CBeTY, KaK I0Ka3aHO B IpejplaylieM pasgene. OH B
W3BECTHOM CMBIC/Ie TIpe/iCTaB/sieT co00l 4-BUXPh B CBOEM KpailHeM IOJIOKeHuu yrna o . bosee
TOro, (hOTOH, BepOsiTHee BCero, SIB/IseTCS 4YaCTbIO 3/71eKTPOHA, KOTOpas «0TOpBajach» OT aToOMa,
KOTOPBI HaXOAWTCS B BO30YKIEHHOM cocTosiHuM. [1oapo6HO Takoi MexaHW3M ObUT OMHCAaH HaMHU
panee [12].

/3 Hamero pacCMOTpeHHs OKa3bIBaeTCs, YTO CKOpPOCTh cBera B Jioboit MMCO He paBHa
CKOpPOCTH CBeTa, KOTopoi 00/1afjaeT peasbHast TUIIEPIIOBEPXHOCTD,

C,;=C Cos a

[TosTomy Bompeku yTBepxzAeHut0 CTO CKOpOCTb CBeTa He SB/SETCS WHBAapPUAHTHOU
OTHOCHTeJILHO Tiepexo/joB u3 opHoit MCO Kk apyroit. OHa KakeTCsi MHBapMaHTHOW HabsofaTerto,
HaxoJdlleMycCsi HenoJABWXHbIM B ofHoM u3 MCO. [leliCTBUTE/NBHO, TMOCKOJIBKY PaCCTOSTHUSL U
BpeMeHa B iBwxylielics MCO eMy KaXyTcsi B COOTBeTCTBUU C (5) U (6) yMeHbIlIIeHHbIMU Ha OAUH U
TOT ke MHOXHWTeNb COS, , TO CKOPOCTb CBETA, SBJISIOLASACS OTHOLIEHHWEM 3TUX BeMUYUH, TOXKe
OyzieT MoCTOSTHHOM. DTO yTBepXK/eHue CIIPaBeJIMBO Kak [jisl TIPOJOIbHBIX PACCTOSHUM, PACCTOSTHUM
BIO/Ib [BW)KEHHUSI , TaK W [ TorepeuHbix [7]. B 3TOM cMbic/ie OTHOCUTE/NLHOCTh O3HauaeT
HEBO3MOKHOCTb YCTAHOBUTH 3HaueHue «, . [lostomy B ¢dopmynax I1JI BMecTo CKOpOCTH CBeTa,
MIpUHMMAIOLLeN TIpeZie/ibHOe 3HaueHWe Ha TUIeproBepxXHOCTU BceseHHOW, ciiefyeT MOHHMMATh
ckopoctb  C, . Ho Bmecre c Tem, [1JI far0T Ham KITkOY K OTIPe/Ie/IeHHI0 HCTUHHOW CKOPOCTH CBeTa,
KOTOpOH o0siaziaeT rpaHuiia BcesleHHOM, ec/id BO-TIEPBBIX, Mbl HAayYUMCSl OTpee/iATh 3HaueHHe
yIa o, W ecjii, BO-BTOPbIX, Takas rpaHula JAelCTBUTE/IBHO CylecTByeT. Torzga Mbl Obl OMy4HIN
JOCTYIl K HeKol abCOoIOTHOM cHCcTeMe OTCUéTa, CBS3aHHOW C TaKMM TeJIOM OTCUéTa Kak Hallla
Bcenennasi. B atom ciyvae I1JT criemoBano Obl MPUMEHUTH [Jjisi Tiepexofa MeXAy TOW YC/IOBHO
NCO, B kotopoi Mbl Haxoaumcsa U 3tor ACO. 3To OBl 03HaAua/0 TIPeojoJieHHe TMPHHIUIA
OTHOCUTE/ILHOCTU B TMpe/i/IoxKeHHOH hopMy/TMpOBKe.

To, UTO OMBITHBIE [JaHHbIe He MPOTHUBOpevar (opMyaupoBKe BToporo nocrtynara CTO u He
00HApY)KMBAIOT aHU30TPOITHOCTH B PACIIPOCTPAHEHUs] CBeTa, MOXKET TaK)XKe yKa3bIBaTh HA TO, UTO
yron o, maa pAns MieyHoro myTd M 4yTo Hawma ['‘ajlakTMKa I[103TOMYy HAXOAUTCS B HEKOM

TIPUBU/IETUPOBAaHHOM MOJI0XKeHUH BO BceneHHoiA.
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