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PoxpeHue Teopumn

Benuknn Hemeukui yyeHbln-pusnk Anbbept SNHLWTENH
(1879-1955) no 1933 r. »xmun B 'epmaHumn, 3atem B CLLA.
UrieH MHOrMx akageMun Hayk, NOYETHbLIN YrneH AkagemMuu
Hayk CCCP, naypeat Hobenesckon npemun 1921r.
Bbigatowinncs Bknag GMHLWITEMHA B HAyKy - CO3aHue
Teopun oTHocutTenbHocTu. B 1905r. um 6bina
onybnukoBaHa B NOYTM 3aKOHYEHHOM BMAE crneumarnbHas,
NN YacTuyHasl, Teopuss OTHOCUTESTbHOCTM.







TTpUHUUN OTHOCUTENBHOCTK

[. Manuneem 6bINO YCTAHOBJIEHO, YTO BCE MEXAHUYECKUE ABJIEHUSA
B Pa3/IN4HbIX UHEPLUMAJIbHbIX CUCTEMAaX MPOTEKAKT OAMHAKOBO, T.E.
HUKAKUMN  MEXAHUYECKMMW  OMbITaMu,  NMPOBOAUMbLIMA  «BHYTPU>
LI,aHHOl/I MHepumaanom CUCTEMbI, HEBO3MOXXHO YCTAaHOBUTb, NMOKOUTCH
AaHHAaA CUCTEMAa WU ABUXXETCH I'IpFIMOJ'IVIHeVIHO N PaBHOMEPHO. JTO0
NOJIOXXEHNE HAa3BaHO rNpuHUNNIoM OTHOCUTESIbHOCTU [anunes.

[puHUMN OTHOCUTENBLHOCTM [anunes asnseTtcs 06o0buweHnem
MHOrOYMCIIEHHBIX ONbITOB. [0 NpuHUMNY lanunesi, BCE CUCTEMBI
OTCYETA, KOTOPble OTHOCUTESTIbHO UHEPLIMANIbHOW ABMXKYTCS
PaBHOMEPHO M MPAMOSIMHENHO, TaKXXe ABNIAIOTCA MHEPLIMANbHbIMU.
Cucremy, ABUXKYLLYIOCS YCKOPEHHO OTHOCUTESTbHO MHEPLIMANbHOMN,
Ha3bIBaAlOT HENHEPLINAIbHOM.



TTpeobpa3zosaHus Nanunes

Ona Tex cnyyaes, Koraa ABMXEHWE Tena Heobxoaumo onucatb B
[pyron cucreme otcyeta, Hanaém opMy bl Npeobpa3oBaHNa KOOPAMHAT
npu nepexoae OT OAHOM WMHEPLMA/IbHOM CUCTEMbl OTCYETA K [APYrow.
[lonyctum, nHepumanbHas cuctema K* ABMKETCS CO CKOPOCTbIO V BAOSIb
ocn OX OTHOCMTENbHO ApYrou uHepumanbHon cuctembl K. [ins NpocToTh
NpeanosioXknM, YTo ocu KoopanHaT cnctem K u K" B Ha4anbHbI1 MOMEHT
BpeMeHu t=t "=0 coBnaganu.

[lonyctnMm, maTtepuanbHaq Toyka P MOKOUTCA OTHOCUTENIbHO CUCTEMLI
K. E€ nonoxeHne B cucteMe K xapakTepusyeTcs paMyCOM-BEKTOPOM r
WM KoopauHatamu X, Yy, z. OTHocuTenbHO cuctembl K° 3Ta Touka
NBWXXETCSA U €€ MNOJIOXXEHNE B CUCTEME K XapaKTepusyeTca paauyCcom-
BEKTOPOM I UM KOOPAUHATaMU X , Y ,

CUHXPOHU3NPOBAHHbI, T.e. t=t". / X, X

Y [K YK’

Bpemsa B 0b6enx "p
NHepuManbHbIX CUCTEMAX :
otcyeta Kn K’ Tever 0 |
OMNHaKOBO, Yachbl 0 : 2
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CBsI3b MeXxay paauycaMmn-BeKTOpaMu r’ 1 r ogHOW U TOW e Toukn P
B cuctemax K mn K nmeet sug

r’ =r— vt

OTO COOTHOLUEHME MOXHO 3anmucaTb A/ KaXXAOWM W3 [EKapTOBbIX
koopauHaT. C yyeTtoM TOro, 4Yto t=t , nonyuymm:

X =x-vt, y =y, 2z =2z t=t.

OTU ypaBHEHUS Ha3bIBAIOT rpsiMbIMU ripeobpasoeaHusimu anures.

Ecnn wmatepmanbHass Todka P HenogBwkHa B cucteme K', T10
ypaBHEHNE ee OBWXeHuUA B cucteme K MOXHO 3anucatb C MOMOLLbHO
obpamHsbix npeobpaszoesaHul anunes:

r=r + W,
Ex +vt, y=y', z=2z",

X







TTpeobpasosaHusa JlopeHua

[Mpeobpa3zoBaHuss [anunes uUCXoAsT W3  MNPEAnosIoKEHUS, YTO
CUHXPOHM3ALMSA YaCOB OCYLLECTBMSIETCA C MOMOLLbO MrHOBEHHO
PACMPOCTPAHAIOWNXCA  curHanoB. OAHAKO TakKUX CUTHANOB B
NENCTBUTENBHOCTU HE CYLLIECTBYET.

CyLLECTBOBAHME BEPXHEN FPaHULIbI AN CKOPOCTU PacrnpoCTpaHEHUS
CUrHanoB nNpuBeno K ApyruM  ¢QopmynaMm  npeobpasoBaHus,
MNO3BONSIOWMM MO KOOPAWHATaM M BPEMEHM MPOU3BOSILHOIO COObITHS,
HaWeHHbIM B OMNpeaeneHHoON UWHepumanbHOM cucteme K, HauTu
KOOpAWHATbLI TOro e caMoro cobbiTns B Nt060n Apyrov MHEPLMANBHOM
cucteme K°, gBmxywenmca oTtHocutenbHo K B HanpaBneHunm ocu X
NPSIMONMMHENHO U PABHOMEPHO CO CKOPOCTbLIO V:



N3 npeobpa3oBaHui JlopeHUa BbITEKAET LUEMbIA psa Ccneactsun. B
YaCTHOCTW, U3 HUX CNIeAYET PenaTUBUCTCKUMIN 3dEKT 3aMeaNeHnss BpEMEHN U
NIOPEHLIEBO COKpallleHMe AnuHbl. [ycTb, HanpuMep, B HEKOTOPOM TOYKe X'
cucTeMbl K' MPOUCXOANT MPOLIECC ANMTENbHOCTBIO T, = t°, — t', (cobcTBEHHOE
BpeMmsl), rae t'1 n t2 — nokasaHusa 4acoB B K' B Haqane “ |<0Hu,e npoLecca.
AnnTenbHOCTb T 3TOro npouecca B cucteMe K 6yaeT paBHa

MoXXHO nokasaTb, YTO 13 npeobpasoBaHuit JlopeHLa BbITEKAET PENATUBUCTCKOE
cokpallieHne AnuHBbI.



[lpn v<<c npeobpa3oBaHus JlopeHua nepexoasaT B npeobpasoBaHUs
Fanunes. Teopust OTHOCUTENBHOCTU He OTBEpraeT npeobpa3osaHus anunes, a
BK/TIOYAET UX KaK YaCTHbIW C/ly4aun, cnpaBeanvBbii Npyu Manbix V.

N3 npeobpazoBaHmn JIOpeHLa CNeayeT, YTO CKOPOCTb V' HE MOXET ObITb
paBHa unu 6onblile ckopocTh ceeTa C, Tak Kak NOAKOPEHHOE BblpaXkeHne npu

V=C obpauiaeTtcs B Hysnb, a npn V>C oTpruaTenbHO 1 npeobpa3oBaHus
JlopeHua TepstoT HU3NYECKUIN CMbICTT



CneuuanbHaa Teopus
OTHOCUTENIbHOCTU

CneunanbHas Teopua oTHocutenbHocTu (CTO),
YyacTHas Teopuss OTHOCUTESTbHOCTU — TEOopUS,
3aMeHuBLUaa MexaHuKy HbloTOHa npu onncaHmm

OBWXEHNS TEN CO CKOPOCTAMU, BIIN3KMMU K CKOPOCTU
ceeTa. [1pn ManbIX CKOPOCTAX pasnnuyma mMexay
pesynsratamm CTO 1 HblOTOHOBCKOWN MEXaHMKOU

CTAHOBATCH HE3HAYUTENBHbLIMM.



Co3paHue CTO

CneumanbHaga Teopust OTHOCUTENBHOCTK Obina pa3paboTaHa B Hadane XX
Beka ycunuamu . A. JlopeHua, A. lNyaHkape 1 A. QnuHwiternHa. Bonpoc
npuoputeta B co3gaHum CTO nmeeTt ANCKYCCUOHHBLIN XapaKTep: OCHOBHLIE
NONOXXEHMSA U MOSTHBLIN MaTEMATUYECKUI annapart Teopumn, BKoYas
rpynnoBblie CBOMCTBA NpeobpasoBaHum JlopeHua, B abcTpakTHOU hopme
6binu BNepBble cdhopmynupoBaHbl A. NyaHkape B pabote «O anHamuke
91IeKTpOHa» Ha OCHOBe npefllecTByowWwmnx pesynsratos [. A. JlopeHua, a
SIBHbIN abCTpaKTHbIN BbIBOA Da3nca Teopmn — npeobpasoBaHum
JlopeHua, U3 MMHMMYMa NCXOAHbIX NocTynaToB 6bin AaH A. SNHWTENHOM
B NpPaKTU4Yeckn ogHoBpeMeHHON paboTte «K anekTpogMHamuke
OBMXYLLMXCA cpen». [1o aTomy noBoay B aHrnosA3bivHOUM Buknnegun ectb
oTAenbHasi ctaTbs.



Penatusucrcrkas teopus

B 1905 r. OunHwTenH onybnukoBan cTtatbto «K anekTtpoguHamuke
OBWXKYLLUMXCA Ten», B KOTOPOU cdopMyrinpoBan OCHOBHbIE MOMOXEHUS CBOEW
PENATUBUCTCKON TEOpUM - cneuuaribHoM Teopunm  OTHOCUTESIbHOCTU. JTa
Teopus, cuymTas, YTO BCe MHepuuasribHble CUCTEMbI KOOpAWHAT COBEPLUEHHO
paBHOMpPaBHbl 1 B OTHOLLEHNN MEXaHUYECKUX, N ANTEKTPOMArHUTHLIX ABNEHUN, a
CKOPOCTb CBETa MHBapmaHTHa BO BCEX WHepuuarbHbIX CUCTEMax OTCYETa,
paspeLlana npoTMBOpPeYnsa Knaccmu4eckon ousmnkm Tem, YTo cogeprkana HOBbIN
B3rNsi4 Ha NPOCTPAaHCTBO M BpeMS. QNUHLUTENH B OCHOBY crneunanbHON Teopuun
OTHOCUTENbLHOCTU 3anoXus ABa nocrynara:

1. NMpuHUMN OTHOCUTENBLHOCTU JUHLWITEMHA. YpaBHEHUS,
Bblpa)katoLme 3aKoHbl Npupoabl MHBApUaHTHbI (HEM3MEHHDLI) MO OTHOLLUEHUIO K

npeobpasoBaHUO KOOpPAUMHAT N BPEMEHU OT OOAHOM MHepuuarbHOW CUCTEMBI
OoTCYeTa K ApYrou.

2. MpuHUMn nocTtosiHCTBA cCKopocTu cBeTa. CKOPOCTb CBETa B
NyCTOTE OAMHAKOBa BO BCEX MHEpPUMATIbHbIX CUCTEMAX OTCHETA U HE 3aBUCUT OT
OBWXEHUS UCTOYHMKA WM npuemHuka ceeTa. CKoOpoCcTb CBETa B Bakyyme
Bcerga noctosHHa u paBHa 300000 km/c, oHa <aBnAeTca npeaenbHon
CKOPOCTbIO pacnpocTpaHeHus noboro curHana.




TTocTynartbl SUHLWTEUHA

B ocHoBe CTO nexart gBa noctynaTta, asnswowmecs ob6obueHnemM aKcrnepmmMmeHTansHo
YCTaHOBIIEHHbIX 3aKOHOMEPHOCTEN.

1. B nwobbix MHepumanbHbIX CUCTEMAxX oOTcYeTa Bce U3MYECKME SABIEHUSA NpoTeKatoT
OAMHAKOBO (NMPUHLUMM OTHOCUTENBHOCTU QMHLUTENHA).

MpuHUMN OTHOCUTENBLHOCTU JMHWTENHA ABNdeTcda 0600WweHnemM npuHUMNa

OTHOCUTENBHOCTU Manunes, KOTopbli YTBEPXXAAeT OAUHAKOBOCTb MEXaHUYEeCKUX si8f1eHuUll BO
BCEX UHepLMarnbHbIX cucTeMax oTcyeTa.

2. CKOpOCTb cCBE€Ta HEe 3aBUCUT OT CKOPOCTU AOABWMXKEHUA UCTOYHUKA BO BCeX
NHepunalibHbIX CUCTEMaX OTCYETA.

dopmynmpoBKa BTOPOro noctynarta MOXeT ObiTb wupe: « CKopoCTb cBETa NOCTOAHHA BO
BCEX MHEpUMarbHbIX CUCTEMAX OTCYETa»

JKcnepumMmeHTanbHas npoeepka noctynatos CTO B M3BECTHOW CTENEHMU
3arpyoHeHa npobrnemamn  urnocodCKoro nraHa: BO3MOXHOCTbK — 3anucu

ypaBHeHun nwbon Teopun B UMHBApUaAHTHOWM opme 6e30THOCUTENBHO K eé
dom3nyeckomMy coaepkaHulo, U CIOXHOCTU MHTEpPnpeTauun MOHATUN «ONMHaY,

«BpPEMSI» U «UHepuMarbHasi cuCTemMa OTCYETa» B YCIOBUSIX PENATUBUCTCKUX
adopeKkTOoB.



CywHocTtb CTO

Cnegctemem noctynatoB CTO gaenswotca npeobpasoBaHus JlopeHua,
3ameHsilowme cobon npeobpasoBaHus [anunea aOna HepenaTUBUCTCKOrO,
«KIaccmn4eckoro» OABWMKEHUS. OTU npeobpasoBaHNs CBA3bLIBAOT MeXay cobou
KoopAuHaTbl W BPEMEHa OOHUMX WU Tex Xe cobbiTun, Habnogaembix U3
pasnnyHbIX MHEpPLUMAnbHbIX CUCTEM OTCYETA.

CneuuanbHaa Teopua OTHOCUTENbHOCTM nofy4vnsia MHOFOYUCNEHHbIE
NoATBEPXKOEHUA Ha OMNbiTe U ABNSETCS 6e3yCnoBHO BEPHOW TEOPUEN B CBOEN
obnacTtu npumeHnmocTn. CneumanbHas TeEOpust OTHOCUTENBLHOCTU NMepecTaeT
paboTtaTb B Macwitabax Bcen BcerneHHon, a Takke B Criydasix CUSbHbIX MOnen
TArOTEHUS, rOoe e€ 3amMeHsaeT 0bonee obuas Teopuas — oOwaa Teopus
OoTHOcuUTenbHOCTU. CrieumanbHas Teopma OTHOCUTESNBHOCTU NMPUMEHNUMA U B
MUKPOMUPE, €€ CUHTE30M C KBAHTOBOW MeEXaHWKOW SABMAETCA KBaHTOBas

Teopus Nonsi.



Cneacteua CTO

K koHuy XIX B. pasButne @U3NKN MNPUBENO K OCO3HAHUIO
NPOTUBOPEYNA U HECOBMECTMMOCTM TPEX NPUHUMNUANBbHbIX
NOSTIOXXEHUWN KNacCN4YeCckon MexXaHUKN;

CKOPOCTb CBE€Ta B IYCTOM IMpPOCTpaHCTBE BcCerda NnocCTtoAdaHHa,
HE3aBUCUMMO OT ABUXEHUA UCTOYHUKa UJTN NMPpUeMHMKa CBETA,

B ABYX CMCTeMax KoopAuHaT, OBWXKYLLUUXCA NPSAMOSIMHENHO WU
paBHOMEPHO APYr OTHOCUTENbLHO ApYyra, BCe 3aKOoHbl NpUpoab!
CTPOro OAWMHAKOBbI, M HET HWKAKOro cpencresa ODOHapPYXUTb
abCosioTHOE NPAMOSIMHENHOE W paBHOMEPHOE [OBWKEHUE
(MPUHLMN OTHOCUTESTbHOCTW);

KoopAuHaTtbl W CKOPOCTUM MNpeodbpas3oBbIBAOTCA W3 OOHOM
NHepUmManbHOW CUCTEMbI B APYryl COrMacHO KMacCUYECKUM
npeobpasoBaHuam [anunes.

AnbOept OWUHLWITEMH BO3HMKLUME TMPOTUBOPEYMNS
NUNSTIIOCTPUPOBAN MbICIIEHHBIM 3KCMNEPUMEHTOM, KOTOPLIW MONY4Yns
HasBaHue «[loe3q SNHLWITENHAN:




[lpeaoctaBum cebe HabniogaTend, egywero B noe3ge WU
N3MEPSIOLLIEN0 CKOPOCTb CBETa, WCMNYyCKaemMoro B HamnpasfieHUK
OBWXeHUs1 noesga poHapaMmn Ha 0boYMHE AopOorun, T.e. ABUMXKYLLErocH
CO CKOPOCTBIO C B CUCTEME OTCYETa - XKEJIE3HOOOPOXKHOE MOSI0THO,
OTHOCUTESNBbHO KOTOPOro rnoesa ABUraeTcsi Co CKOpoCTbio V. KakoBa e
CKOPOCTb CBETa OTHOCUTENLHO ABMXYLLEeroca saroHa? OHa paBHa w =
c-v. T.e. BbIXOOWUT, YTO CKOPOCTb CBETa pa3Had MO OTHOLUEHMUIO K
pasfinyHbIM MHEpLUUanbHbIM CUCTEMaM OTCYETA, B POSiN KOTOPbLIX B
OAaHHOM Ccrfiydae BbICTYNalT  KEeNe3HOAOPOXHOE  MOMIOTHO U
OBMXKYWMACA BaroH. A 3TO, C OOHOW CTOPOHbI, MNPOTUBOPEUUT
NPUHUUMNY OTHOCWUTENLHOCTW, COrMacHO KOTOpoMy dusnyeckne
NpoLecchbl NPOUCXoAsaT OAMHAKOBO BO BCEX MHEpUUanbHbIX CUCTEMAX
OTCYEeTa; C APYron CTOPOHbI, - MOMOXEHUIO O MOCTOAHHOM CKOPOCTU
CBETa, T.K. YK€ HageXHO ObINo goKasaHO, YTO CKOPOCTb CBETa He
3aBUCUT OT CKOPOCTU ABMXKEHUSA UCTOYHMKA CBETA M OOMHAKOBA BO
BCEX MHepunarnbHbIX cucrtemax otrcyeta. OHa KOHEYHA U ABMAETCS
npeaenbHOU CKOPOCTbIO pacnpocTpaHeHus nobdoro curHana.'



«[1apagokc bnmnsHeLoB»

N3 cneumanbHOM Teopun OTHOCUTESIbHOCTU CcrieqyeT He TOJSIbKO
OTHOCUTENBLHOCTb OAHOBPEMEHHOCTU ABYX COObITMW, NpouUCLLEALNX B
pPasHbIX TOYKax MNPOCTPAHCTBA, HO TaKke W OTHOCUTENbLHOCTb
N3MEPEHUN ONUH N NHTEpPBArioB BPEMEHU, NMPOU3BEAEHHBIX B pPasHbIX
cCucTtemMax oTcyeTa, OBWXKYLUMXCA OTHOCUTENbHO Apyr Agpyra. To ecTb,
paccTosiHMe Mexay ABYMSA MatepuanbHbiMW TOYKaMu (OnuHa Tena) u
OUTENBbHOCTb MPOUCXOOALNMX B Tene TMnpoLeccoB SABMAKTCA He
abCosoTHbIMU, a OTHOCUTENbHbIMU BenuuMHamu. [lpu  OBUMXEHUMN,
npubnmxarowemca K CKOPOCTM CBeTa, 3ameanderca Bpewms,
3amMennsTCcda BCe NnpoLecchl, npoucxoasuime B CUCTEME, B TOM YUCIIE B
XXUBbIX OpraHmM3amax, U3MEHSIOTCA - COKpaLLalTCs NnpoaosibHble (BAOSb
OBWXXEHNA) pasmepbl Ten.

B oTOM OTHOWeEHWM nMokKasaTterieH npuMmep, Ha3blBAeMblM
«napagokc bnusHeuoBy». M3 aByx OnmM3HeL OB, KOCMOHABT, BEPHYBLUMNCS
Ha 3eMnio, OKaXXeTCcsl MOSoXe CBOero bpara, octaBlUerocsd Ha 3emrne, T.
K. HA KOCMMYEeCKOM Kopabre, aBurarowemMcss C OrpoMHOM CKOPOCTbIO,
TEMN BPEMEHWN 3aMennsieTCA U BCe MPOLECCHhl NMPOXOOAT MeasieHHee,
yem Ha 3emne. [lapagokc 6nu3HeuoB Obl1 NOATBEPXKAEH
aKkcnepuMmeHTanbHo. OaHako, adpdeKkTbl 3amMmeanieHnsi BpEMEHN OYEHb
Manbl (Vo / c<<1), n Mbl NMNoka He yMeeM UX MpakTU4ECKN UCNOSb30BaTb.




Tak Xe, Kak U B Crlyd4ae KBaAHTOBOM MEXaHWKU, MHOrMe rnpenckasaHus
TEOPUN OTHOCUTESNBHOCTN NPOTUBOPEYAT MHTYULIMN, KaXyTCHA HEBEPOATHLIMU U
HEBO3MOXHbIMW. JTO, OOHAKO, HE O3Ha4aeT, YTO Teopust OTHOCUTESIbHOCTHU
HeBepHa. B pgencrteutenbHOCTU, TO, Kak Mbl BMAUMM (JiM6O XOTUM BUAETH)
OKpYXalLun Hac MUP U TO, KaKUM OH HABNSETCS Ha caMOM Jerie, MOXET
CUITIbHO pasnuyatbCs. YXe 6ornblle Beka Y4YeHble BCero mupa npoodyroT
onpoBeprHytb CTO. Hu ogHa wn3 3TUX MNOMbITOK HE CMOorfa HanTu HU
Marnenwero usbsHa B Teopun. O TOM, 4YTO TEeopus BepHa MaTeMaTU4yeCKH,
CBUOETENbCTBYET CTporasgs mMarematuyeckas dopma UM YETKOCTb BCeX
dopmynupoBok. O ToM, 4yto CTO pencTBuTeNbHO OMUCbIBAET Haw Mup,
CBUOETENbCTBYET OMPOMHbLIN 3KCNepuMeHTanbHbI onblT. MHOrve cneacteus
9TOM Teopun UCMOSNb3YyKTCSA Ha npakTuke. O4yeBMOHO, 4YTO BCE MOIMbITKA
onpoBeprHyTb CTO, obpeyveHbl Ha npoBarn, XoTa 6bl NOTOMY, YTO caMa Teopus
onupaeTcs Ha Tpu noctynarta [anunes (KoTopble HECKOSbKO paclUMpPEHbl), Ha
OCHOBE KOTOPLIX MOCTPOEHA MexaHuKa HbloTOHa, a Takke Ha 4ONONMHUTESbHbIN
nocTynar O MOCTOAHCTBE CKOPOCTM CBETAa BO BCeX cuctemax otcdeta. Bcece
YyeTblpe He BbI3bIBAKOT Kakoro Nnmbo coMHeHusi. bonee Toro, TOMHOCTb WUX
NPOBEPKN SABMNSAETCA HACTOSIbKO BbICOKOM, YTO MOCTOSIHCTBO CKOPOCTWU CBeTa
MNOSIOXKEHO B OCHOBaHME oOnpegerieHns MeTpa — eOuHuUbl AOfWHbI, B
pesynsrtate 4Yero CKOPOCTb CBETA CTAHOBUTCA KOHCTAHTOM aBTOMaTUYECKW,
eCIin USMEPEHNS BECTN B COOTBETCTBUM C METPOSIOMMYECKMMN TPeOOBaAHUAMMN.



DNeMeHTbI penaTUBUCTCKOU AUHAMUKU

Bce ypaBHEHWs, OMUCbIBAlOLIME 3aKOHbI NPUPOZbl, AO/KHbI ObiTb
WHBAPUaHTHbI OTHOCUTENbHO Npeobpa3oBaHun JlopeHua. K MOMEHTY
co3naHna CTO Teopud, YOOBNETBOPAIOWAA 3TOMY YC/I0BUIO, YXe
CyllecTBoBalla — 3TO D23fieKTpoaAnHaMmka Makceenna. OpfHako
YpaBHEHUS KN1aCCUYECKOM MeXaHWKU HbloTOHA  OKasanucb
HEMHBAPUAHTHbIMU  OTHOCUTENBHO Mpeobpa3oBaHnK JlopeHua, W
noatomy CTO notpeboBana nepecMoTpa W YTOYHEHUS 3aKOHOB
MeXaHUKW.

B OCHOBY Takoro nepecMoTpa JWHWTEWH nonoxun TpeboBaHuMs
BbINMOSIHUMOCTN 3aKOHA COXPaHEHUS MMMY/ibCa U 3aKOHA COXpPaHeHus
SHEPrum B 3aMKHYTbIX cucTeMax. s Toro, Ytobbl 3aKOH COXpPaHEHUS
UMMYy/ibCa BbIMOJSIHANCSA BO BCEX WHEPLMAlbHbIX CUCTEMAX OTCYETQ,
OKa3a/nocb HeobXoAMMbIM W3MEHUTb OMpeaeneHne uMMnynbca Tena.
BmecTto knaccuyeckoro umnynbca B CTO pensTuBUCTCKUM MUMITYJIbC
Tena ¢ Maccou m, ABMXKYLLErOCS CO CKOPOCTbIO 3anuCbiBaeTCs B BUAE



PenaTMBUCTCKUA  UMMNYNbC Tela MOXHO paccMaTpuBaTbh  Kak
Npou3BeAeHNe penaTMBUCTCKOM MacCbl Tefla Ha CKOpOCTb  €ro
OBWKeHUSA. PenaTmBucTCcKas Macca m Tena BO3PacTaeT C YBEIMYEHUEM
CKOPOCTU MO 3aKOHY

rAe m— Macca Nnokosa Tena, V— CKOpPOCTb ero ABUXXEHUS.

[pu BblpaXkeHne ansa uMmnynbca nepexoauTt B TO, KOTOpPoe
NCronb3yeTcs B MexaHnke HbIOTOHa , FAe Nog m noHMMaeTcs
Macca nokosi (m=m_), n6o npu pasnnyve m 1 m_

HECYLLECTBEHHO.



3aKOH MPONOpPLUMOHANbHOCTM MACChl U SHEPIUM SIBNISIETCA OAHUM U3 CaMbIX
BaXxHbIX BbiBOAOB CTO. Macca v aHeprusi sIBAStOTCA Pa3/iMYHbIMM CBOMCTBaMU
MaTepun. Macca Tena XapaKTepu3yeT ero MHEPTHOCTb, @ TaKXe CrocobHOCTb
Tena BCTynaTb B rPaBMTALMOHHOE B3aMMOAEUCTBUME C APYrUMM  Tenamu.
Ba>kHENLWMM CBOMCTBOM 3HEPrM ABMISIETCSA €€ CNOCOBHOCTb MPEeBpaLLaThCs 13
oaHOM (OpMbl B APYryl0 B 3KBMBANEHTHbIX KOMMYECTBAx MNpU PasinydHbIX
(PU3MYECKMX npoueccax — B I3TOM 3aK/IIOYAETCA CcoAepXXaHuMe 3aKOoHa
COXpaHeHUst 3Heprun. [ponopunoHaNbHOCTb MacChbl WM 3HEPrUM  SBNSETCH
BbIP@>XEHWMEM BHYTPEHHEN CYLLHOCTU MaTepun. PopMyna DUHLWITENHA

E0=mc

BblpakaeT pyHAaAMeHTasIbHbIM 3aKOH MNpUpoAbl, KOTOPbIN MPUHATO Ha3biBaTb
3aKOHOM 83aUuMOC8s13U MaccChbl U 3Hepauu.

ona nokoAwmxesa Yyactuy, (p = 0) E = EO = mc?

Takne 4acTtuubl HasbiBawTca 6e3maccosebiMu. [na ©6e3maccoBbiX 4acTul
CBA3b MeXay SHeprven n MMnynbCoM BblpaXkaeTcs NMPOCTbIM COOTHOLLEHNEM

E = pc.



ObLas Teopus OTHOCUTENBHOCTU

B 1907-1916 rr. cosgaHa obulas Teopmsa OTHOCUTESTIbHOCTU, KOTopast
00beaMHAET COBPEMEHHOE YYEHME O NMPOCTPAHCTBE N BPEMEHMU C
Teopuen TaroteHus. [lo macwTaby nepeBopoTa, COBEPLUEHHOIO
OUHLWITENHOM B (PpU3KNKe, €ero 4acto cpaBHMBAKOT C HblOTOHOM.

Obwas Teopust otTHocuTenbHocTn (OTO) —

domsnyeckaa Teopusa NPOCTPaHCTBA-BPEMEHN U

TArOTEHUHA, OCHOBAHAa Ha 3KCNepuMeHTanbHOM

NPUHLUMNE 3KBUBASIEHTHOCTW rpaBUTaLMOHHOWN 1

NHEPLMOHHOW MacC U NpeanosioXeHun o
NIMHENHOCTU CBA3WN MEXOYy Maccou U
Bbl3blBaEMbIMU €10 rpaBUTaLMOHHBIMU
adbdekTamu.



OcHoBHbIe NpUHUMNLI 0bLlen Teopun
OTHOCUTENbHOCTU

» Heob6x0AUMOCTb penaTUBUCTCKOU TeOpUU rpaBuTaLmUm

Teopus rpasumTauum HbIOTOHA OCHOBaHa Ha MOHATUW CWUMbl TArOTEHUA,
KOTOpas sBMNseTcs OanbHOO4ENCTBYHOLLEN CUNON — OHa OEUCTBYET MMHOBEHHO
Ha NMOOOM pacCTosSHUN. DTOT MIHOBEHHLIN XapakTep AeNCTBUS HECOBMECTUM C
nofieBon napagmrMmon coBpemMeHHon OU3nNKK, 1, B YaCTHOCTWU, CO creunasribHOu
TEOPUEN OTHOCUTESIBHOCTU, BblBEAEHHOW DUHLITEMHOM, [yaHkape n JlopeHuem
B 1905 rogy. [lenctemutenbHO, B 3TON TEOPUN HUKaKad MHopMaLUUa HE MOXET
pacnpoCTPaHNTLCA ObICTPEE CKOPOCTU CBETA B BaKyyMe.

C npyHUKUNOM MHBAPUAHTHOCTMN 3aKOHOB NPUPOAbLI, YHUBEpPCanbHbIN
XapakTep KOTOporo 6bis1 NpeanonoXXeH SNHLLITENMHOM, YYEHbIE NMPEeanpPUHANU
«noxop 3a cBATbIM [paanem» — Teopuen rpaButaumm, kotopas ool 6bina
COBMECTMMA C HUM. Pe3ynbraToM 3TOro nomcka sisurnacb obLias teopumd

OTHOCUTENBLHOCTU, OCHOBAHHAA Ha MPUHUNUMNE TOXOECTBEHHOCTU
rpaBMTaLMOHHON N MHEPTHOW MaccChl.



» TTpuHUMN paBeHCTBA MPABUTALMUOHHOW U MHEpTHOW macc

B knaccuyeckon mexaHuke HbHOTOHa CyLLECTBYET ABa MOHATUS MacChl:
nepBoe OTHOCUTCA KO BTOPOMY 3akOHY HbOTOHa, a BTOpOEe — K 3aKOHY
BCEMUPHOro TAroteHus. lepsas Mmacca — MHepTHas (MNU MHEPUMOHHas) —
eCTb OTHOLWEHWE HezgpasumauuoHHOU Cwnbl, JENCTBYIOLWEN Ha TENO, K ero
YCKOpPEHMO. BTopasa mMacca — rpaBuTaumoHHas (Unnv, Kak eé uHoraa
Ha3blBalOT, TAXenas) — onpenenser cuny npuUTSXKeHUs Tena ApyrumMm
Tenamm M ero CobCTBEHHY cuny nputskeHusi. Boobuie roBops, aTn ABe
MaccCbl U3MEPSAIOTCS, Kak BUOHO M3 ONUCaAHUA, B PasfIMYHbIX 3KCrepuMeHTax,
NO3TOMY COBEPLUEHHO HE 00s13aHbl ObITb NPONOPLUNOHANbHLIMU APYr OPYrY.
X cTporas nponopumMoHarnbHOCTb NO3BOSISIET rOBOPUTL O eANHOW Macce Tena
Kak B HEerpaBUTAUMOHHBLIX, TaKk U B rpaBUTALUOHHLIX B3aMMOAEWNCTBUSIX.
Mooxoodawmm BbIGOPOM eaMHUL, MOXHO caenaTb 3T MacCbhl paBHbIMWU OpYyr

npyry.

MHorga npuHUMn paBeHCcTBa rpaBUTaLMOHHON U MHEPTHOM Macc Ha3blBaloT
cnabbIiM MPUHLUMOM 3KBUBANEHTHOCTU. ANbOepT SMHLUTENH MNOSIOXKNIT EM0 B OCHOE

obuwen Teopum OTHOCUTENBHOCTU.



» TTpocTpaHcTBO-Bpemsa OTO U CUNbHLIW NpUHLUN
3KBUBASIEHTHOCTU

Yacto HenpaBunbHO CYMTAKOT, YTO B OCHOBE 0Ouen Teopuun
OTHOCUTESIbHOCTU JIEXUT MNPUHUNIM 3KBUBAJIEHTHOCTU rPaBUTALMNOHHOIO U
NHEPLMOHHOIO MOoJSisi, KOTOPbIN 0B6bIMHO OPMYIUPYIOT TaK:

«[JocmamoyHo Mmanasd no pasmepaM  ¢hu3sudeckas  cucmema,
Haxodsiwasics 8 epasumauloHHOM r1ofie, o rnoeedeHuUr Heomisuduma om
makou e cucmembl, Haxodsuwelcsi 8 YCKOPEHHoU (OmHocumesibHO
uHepuuarnbHoU cucmemMbl omc4Yéma) cucmeme omcyéma, rogpyxEHHoU 8

M10CKOe MpoCMpaHCcmMeo-8peMsi crieyuarsnbHoU meopuu
OMHOCUMENIbHOCMU».

NHorga TOT XXe NPUHUMN NOCTYNNPYHOT Kak
«NOKanbHYH CNpaBeasiMBoOCTb
crneunanbHON TEOPUN OTHOCUTENBHOCTUY
NN Ha3bIBaOT «CUMNbHbLIM NPUHLINMOM
9KBUBANEHTHOCTUY.



NcTtoprnyeckn aTOT NpUHUMN OENCTBUTENMBHO Cbirpan 6onbluylo posib B
CTaHOBMEHMN OOLWEN Teopun  OTHOCUTENBLHOCTM U UCNONb3oBarcs
OVHLWITENHOM Mnpun e€ paspabotke. OgHako B caMoM OKOHYaTesribHoM dpoopme
TEOPUM OH HA CaMOM [€erfie HE COOEPXKUTCA, TaK Kak NPOCTPaHCTBO-BPEMS KakK
B YCKOPEHHOW, TaK U B UCXOOQHOM CUCTEME OTCYETa B CreumnasrisHom Teopumn
OTHOCUTESTIbHOCTU ABNAETCH HEUCKPUBIIEHHBIM — MIOCKNM, a B 0bLien Teopum
OTHOCUTESTIbHOCTM OHO WUCKPUBMSAETCA JNOObIM TENOM W WUMEHHO €ero
NCKPUBIEHUE BbI3bIBAET rpaBUTaLMOHHOE NPUTSXKEHNE TET.

AHanorn4yHbiM obpas3omM HE COBCEM KOPPEKTHbLIM ABIISETCA U
Ha3BaHue «obLaga Teopus OTHOCUTENbHOCTUY. OHa ABNSAETCH
NULLIb OQHON U3 MHOXECTBa TEOPUN rpaBnTaunu,
paccMmaTtpmBaeMbiX pM3nKamm cenyac, B TO BpeMs Kak
cneuymanbHas Teopust OTHOCUTENBbHOCTU ABMAETCS
NPaKTUYEeCKN OBLLENPUHATON Hay4YHbIM COOOLLECTBOM U
COCTaBNSET KpaeyronbHbIN KaMeHb ba3nca coBpeMEHHOM

domaukn.



3HayeHue OTO ana coBpeMeHHOU PU3NYEeCKOU KapTUHbBI
MUpa

Ecnn CTO cBA3biBaeT BoeAUMHO MpocTpaHcTBO M Bpems, To OTO

ycTaHaBnMBaeT TPUEOUHYIO CBSA3b: NPOCTPaHCTBO-BpemMs-maTepus. CyTb
3TOW CBA3M OblNia NosiCHEHa caMuUM OUHLUTENHOM: «PaHbwe ronaearsnu,
ymo ecru bbl U3 BeeneHHoU ucyesrna 8cs Mamepus, mo rpocmpaHcmeo
U 8pemsi coxpaHurnucb bbl; meopusi omHocumesibHocmu ymeepxxoaem,
ymo emecme ¢ Mamepuel ucyessnu bbi U rnpocmpaHcmeo, U 8peMsi».

Teopnss OTHOCUTENBLHOCTUM  MOMHOCTLKD  OTKa3blBaeTcs  OT
CYLLECTBYHOLUMX B  Kraccuyeckom  douavke  npencraBfieHUn O
NPOCTpaHCTBE, BpeMeHN U matepun. OTHOCUTENbHblI HE TOMbKO BCe
N3MEPEHUSA B TMPOCTPAHCTBE U BpemeHu (TaK KakK OHU 3aBUCAT OT
OBWXeHnsa Habnogartensi), HoO U caMma CTPYKTypa NpoCTpaHCTBa-BpEMEHH,
KOTOpasa onpenensieTca pacnpegeneHmem Bellectsa Bo BeceneHHon. A
TaKk Kak BelWecTBO pacnpeneneHo Bo BceneHHonm HepaBHOMEPHO, TO

NPOCTPAHCTBO MCKPUBIIEHO N BPEMS B pasHbIX YacTax BceneHHom Teder
C pa3HON CKOPOCTbIO.



OcHosHbIe cneacteua OTO

nepBbIMI/I npeacka3aHHbiMn W MPOBEPEHHLIMU  SKCNEPUMMEHTalrIbHbIMUA
cnegcTBuaMun  obuuen Teopun OTHOCUTEJIbHOCTU CTalint TPU KITaCCUYECKUX

achbpekTa, MepeyncrieHHbIX HUXE B XPOHOMOrMYECKOM TMOpPsSiAKE UX NepBon
MPOBEPKU:

1. [ononHutenbHbIn caBur nepurenuns opomutel Mepkypusi no
CPaBHEHMIO C NpeackasaHnsaMn no MexaHmke HbloToHa.

2. OTKNOHEHMEe CBETOBOIO Ny4va B rpaBUTaLMOHHOM MNose
ConHua.

3. [paBuUTaALNOHHOE KpacHOE CMELLEHNE UMK, YTO TO e caMoe,
3amMeaneHne BpeMeHu B rpaBUTaLMOHHOM Morie.



TTpobnembr OTO

» TTpobnema sHeprum

Tak Kak 9Heprmsa, C TOYKN 3peHUd martemaTtndeckon pusukn, npeacraBnser
cobon BeNMYUHY, COXPaHAILLYIOCA M3-3a OQHOPOLAHOCTM BPEMEHU, a B 00OLUEN
TEeopuUn OTHOCUTESIBHOCTU, B OT/IMYME OT cneumnansHom, BoobLle roBopsi, BpeMms
HEOOQHOPOAHO, TO 3aKOH COXPaHEHUS 3HEPrnn MOXET ObiTb BbipaxkeH B OTO
TONbKO JlOKanbHO, TO ecTtb B OTO He cywecTByeT TakoM BeESINYUHLI,
okBuBaneHTHon aHeprmn B CTO, 4yTOOBI MHTErpanm OT He€ Nno MNPOCTPaHCTBY
COXpaHAcs npu ABMXeHNN No BPEMEHM.

» OTO v KBaHTOBAs PU3UKA

[maBHon npobnemon OTO C COBPEMEHHOWM TOYKM 3PEHUA SABNSETCSA
HEBO3MOXXHOCTb MOCTPOEHUS AN HEE KBAHTOBO-MOSIEBON MOAESNIM KAHOHUYECKUM

obpasom.
CnoxHocTu B peanusauunmn Takon nporpammbl ans OTO Tposikme: BO-NepBbIX, Nepexos

OT KJTaCCMYEeCKOro ramMuIibTOHMaHa K KBaHTOBOMY HEOAHO3HayeH, Tak Kak onepartopbl
ONHAMUYECKMX  MEPEMEHHbIX He  KOMMYTUPYIOT  Mexay coboln;  BO-BTOpbIX,
rpaBMTaUMOHHOE MOoSie OTHOCUTCS K TUMY MOSIen CO CBA3AMM, ANt KOTOPbIX CTPYKTYpa YyXKe
Knaccmnyeckoro @asoBOro MnPOCTPaHCTBA AOCTAaTOYHO CrlOXHa, a KBaHTOBaHME WX
Hanbonee nNpsAMbIM METOAOM HEBO3MOXHO; B-TpeTbux, B OTO HeT BbIpaXXEHHOro
HanpaBneHnsa BPEMEHW, YTO COCTaBNSET TPYAHOCTb NPU ero He0bxoOUMOM BbIAENEHNN U
nopoxagaeT NnpobnemMmy MHTepnpeTauumn nosy4eHHOro peLLeHus.



OnbITbI, NOATBEpXAArOWME O6LLYHO
TeOpUHO OTHOCUTENbHOCTU

» TTpoBsepka npuHUMNG 3KBUBANEHTHOCTU

[TockOnbKYy B OCHOBE TEOPUM TATOTEHUSA DUHLLTENHA NEXUT MPUHLMAN
9KBMBANEHTHOCTU, ero npoBepka ¢ MakCMmManbHO BO3MOXHOM
TOYHOCTbIO SBMNAETCSH BaXXHENLEeN IKCNepuMeHTanbHOM 3agadven. J.
O1BuW (L. Eotvos) ¢ noMmoLbo KpyTUIibHbIX BECOB AoKa3arT
CrpaBeaIMBOCTb NMPUHLIMME 9KBUBANEHTHOCTU C TOYHOCTbLIo Ao 10 8 |
P. [inkke (R. Dicke) ¢ coTpyaHukamu gosen todHoctb 4o 10 19, a
B.B. BparuHckuit ¢ coTpyaHukamm -- oo 10 12 .



» OTKNOHeHue nyya cBeTa B Nosie ConHua

OOHMM N3 KOCBEHHbIX 3KCNEPUMEHTarIbHbIX
noareepxaeHun OTO aBnaeTca OTKNOHEHME nyYa
ceeTa B rnone ConHua. 13 akcnepumeHTa 66110
NOSTly4eHO, YTO SNEKTPOMArHUTHOE nose
B3aMMOAENCTBYET C rpaBUTaLMOHHbBIM MOSIEM.

Mol nsmepsiem Bpemsi, Korga Mbl nepectaemMm BUaeTb
9Ty 3Be3ay (3TU 3KCNEPUMEHTLI MPOBOAATCA BO
BPeMS MOSTHbIX COSTHEYHbIX 3aTMEHNW), N U3BNEKAeM
yron OTKINOHEeHUA fny4va cBeTa oT npsmMoun. N3 Teopumn
yrosi oTkroHeHus gna ConHua paseH:

[ne rpaBUTaLMoOHHbIN pagnyc ConHua

npuuesribHbIn napamMeTp (B A4aHHOW NOCTaHOBKE
9KCNepuMeHTa OH NPUMEPHO paBeH paguycy ConHua)



» 3anasabieaHue curHana 8 none ConHua

ELle oguH KOCBEHHbIN 3KCNEPUMEHT, MOATBEPXKAAOLL NN
OTO -- 3ana3gbiBaHue curHana B none ConHua.CurHan
nocbiriaeTca Ha BeHepy n pernctpumpyertcs Bpems
npuxoga curHana obpaTtHo. 3Ha4eHne BpEMEHU
NPOXOXAEHUA CUrHana Tyaa n obpartHo B nosie CornHua
(rpaBUTALMOHHBIV OOBLEKT NCKaXaET MPOCTPaHCTBO-
BpeMsi) OTnmyaeTcs oT 3HadyeHnd ecnn obl ConHua He
Obi10 (cBOOOAHOE NMPOCTPAHCTBO -- HET UCKaXKEHUN).




Ha npoTtsxeHnn 6onee 80 net Teopust SUHLLITENHA
OEMOHCTPUPYET CBOK HEODbIYaNHYO CTPONHOCTb, SKOHOMHOCTb
NOCTPOEHMA M KpacoTy. Ha AaHHbIN MOMEHT CyLLIECTBYET
MHOXECTBO 3KCNEPUMEHTOB W HabnaeHWn, NnoaTBEPKAAoLLNX
NPaBUNbHOCTb OBOLLEN TEOPUMN OTHOCUTENBHOCTU DUHLLTENHA U
He HabngaeTca dn3ndeckux SBNeHnn, NPoOTMBOpPEeHaLLnNX en.
CnepoBaTtenbHo, OTO ckopee 8epHa YeM HeET.

Pa6oTa Hag 3Tol Teopuelt bbina Henerkon. ANHLWTenH nucan: «B
ceeme yxxe docmueHymabIx 3HaHuUl mo usiu UHoe
yoayHoe 0ocmuXKeHUe Kaxxemcs rnoymu camo cobou
pa3ymMmerouwiumMcs, U e2o cyms 6e3 ocoboz2o mpyoa
criocobeH yxeamuma 51060U mario-MalibCKu
gpamMomHbit cmyoeHm. Ho 20061 U3HypumersibHbIX
[TOUCKO8 80 Marie, HaroJ/THEHHbIE CMPAacmMHbIM
cmpemsieHUeM K UCMUHE, CMEeHOU y8epeHHocmu u
pasoyaposaHus, U, HaKkoHel, 8bIx00 pabomabi 8 ceem —
3mo crocobeH rnoHsIMppteleud®m, KMo riepexurs ece



