3. PEJIATHBUCTCKAA MEXAHHEKA

CBoio 3HaMeHUTYIO pabory «K snekTpoanHaMuKe IBHKYILHXCS TEJI»
OHHIITe/lH HayMHAaeT YyKa3aHWEM Ha TO, YTO 3JEKTPOLMHAMHKA
MakcBensia B TpIMEHEHUH K JBHXKYIIUMCS TejlaM MPUBOILHUT K acHM-
MeTpHH, He CBOMCTBEHHOH, MO-BHAUMOMY, CAMHM SIBJIeHHSIM. «Bcrom-
HUM, HampuMep, — MUIIeT  DHHIITEHH, — 3J1eKTPOLHHAMHYECKOE
B2aUMOJIEHICTBHE MEXKAy MarHUTOM H MPOBOJHHKOM ¢ TOKOoM. Ha-
6/110aeMoe SIBJIEHHE 3aBHCHT 3[1€Chb TOJbKO OT OTHOCHTEIBHOTO IBH-
JKEeHUs NMPOBOJHHKA U MarHUTa, B TO BpeMS Kak, COrJ(aCHO 0GBIYUHOMY
npejcTaBleHuio, 06a ciaydasi, B KOTOPHX JIH60 OXHO, J4u6GO Apyroe
M3 3THX TeJs SBJSeTCs ABHKYUIMMCS, XOJNKHBI GbITH CTPOTO pasrpa-
HuueHsl» [31, ctp. 133—134]. Eciiu mpoBogHHK MOKOUTCS, a MarHUT
IBHXKETCS, TO BOKPYr MarHHTa BO3HHKAaeT 3JEeKTpHYeCKoe IoJse, 06-
Jlajaioillee HEKOTOPHIM KOJHYECTBOM 3SHEPrHH, KOTOpoe BO30yXKAaeT
TOK B NMpPOBOAHHKAaX. B TOM Xe ciyuae, €C/id IBHKETCS MPOBOMHHK,
a MAarHuT HaXOAMTCSl B MOKOE, BOKPYr MarHUTa He BO3HHKAaEeT 3JieK-
TPHYECKOTo MOJIsi, OJHAKO B NPOBOJHHKE BCE € BO3HHKAeT 3JeK-
TPOJABMXKYILIAs CHJA, «..KOTOPOH caMoii Mo cebe HE COOTBETCTBYET
HHKaKasi 3Heprus, Ho KoTopasi, 0HaKoO, IPH MpeANoJaraéMoM paBeH-
CTBE OTHOCHTEJIbHO JBHXKEHHUS, B 000HX MHTEPECYIOLIHX HAC CIydasix,
BBI3BIBAET 3JIEKTPHUECKHE TOKH TOH JKe CHJIBI H TOro K€ HamnpasJe-
HHSl, KaK B IIepBOM CJydyae 3jeKTpuueckoe mnoJge» {31, crp. 133—134].
AcuMMeTpusi Npu B3aHMOAEACTBUH MeXAy MarHUTOM H IPOBOJHHKOM
M HeyJaBlIHecs IONMBITKH OOHApYXXHTb HIBHXKEHHe 3eMJH OTHOCH-
TEJIbHO «CBETOHOCHO! CpeXbl» MPHUBEIH K IMPENNOJIOKEHHIO, UYTO HE
TOJbKO B MEXaHHKe, HO M B 3JEKTPOJAHHAMHKe HHUKaKHe CBOHCTBa
SIBJIEHUH He COOTBETCTBYIOT MMOHSATHIO aGCONIOTHOTO MOKOS, H JaXe
6oJiee TOrO, — K MPEANOJOXKEHHIO, YTO [JIsI BCEX KOOPIHHATHBIX CH-
CTeM, JUI KOTOPHIX CpaBeJ/IMBbl YpaBHEHHUS MeXaHHUKH, HMEIOT Me-
CTO Te e CaMble JeKTPOLMHAMHYECKHe W ONTHYEeCKHEe 3aKOHHI, KakK
9TO yXKe JOKa3aHO JJ1s1 BeJHYMH NepBoro nopsiikas {31, crp 134]
OfHIITEeHH yKa3bBaeT Hajiee, YTO OH HaMepeH 3TO MpPEeIION0XKEeHH e,
coliepKaHue KOTOPOro B MaJjibHeilleM ObLIO HA3BAHO MPHHIHIOM
OTHOCHTEJIbHOCTH, NMPEBPATHTh B MPEAMOCHUIKY H CHenaTh KoGaBod-
HOe MOMylleHHe, YTO CBET B BaKyyMe BCerja pacnpoCTPaHSETCs C
onpelesieHHON CKOPOCTHIO, He 3aBUCSILEH OT COCTOSIHUS IBHIKEHHS
- H3JIyYalollero TeJa.

OHOBpEMEHHO C BBEJ€HHEM OCHOBHBIX MOCTYJATOB JDHHIUTEHH
HCKJIIOYaeT «CBETOHOCHBIH 3()Hp», U3JMHLIHHA B TEOPUH OTHOCHTEJb-
Hoctu. Ilocienmusis omupaercss HA KHHEMAaTHKy TBepABIX TeJs, MO-
CKOJIbKY CYXXIEHHsI TEOPHH KacaloTCsi COOTHOLIEHHH MeX1y TBepbl-
MH TeJaMH, HUTPalO[MMH POJb KOOPAMHATHHIX CHCTEM. OHHUITEHH
HauMHaeT NMO3TOMY C KHHEMATHYECKHX BOIPOCOB, a MMEHHO — C Of-
pefieieHHsl NMOHATHA OJAHOBpeMeHHocTH. OH aHaJM3HpyeT MNOHATHE
OJHOBPEMEHHOCTH, Mpuberas K HEKOTODHIM MBICJEHHBHIM 3KCMepH-
meHTtaM. Ecau B Touke A HaxoasiTcs yachl, To Habuaogareab B A
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yCTaHaB/JIMBAeT BpeMsl COOBITHI B HEMOCPEACTBEHHO! GJM30CTH OT A.
HabJ0/1ast OHOBPEMEHHbIE C ITHMHU COGHITHSIMH MOJIOXKEHHsI CTPes10K
yacoB. TakuMm mytem ycraHaBiauBaercsi A-Bpemsi. Takum xe o6pa-
30M MOXKHO YCTAHOBHTb U B-BpeMsl, HO He/b3sl 3THM MyTE€M YCTaHO-
BUTb Bpems, obmiee aas A W B. DiiHiurefid mnoJaraer, 4To obilee
ansg A u B «BpeMfi» MOXHO yCTaHOBHTb, BBOJAS OMpeJesieHHe, 4TO
«BpeMs», HeoOXoAHuMOe [Ji MPOXOXKIeHHs cBeTa M3 A B B, paBHO
«BpPeMeHH», KOTOpOe HeoGXOAHUMO cBeTy, 4ToGe u3 B momacts B A.
B MmowmeHT f4 o A-BpeMeHU 3JIeKTPOMArHUTHHIA CHTHAJ BHIXOAHT M3
A Kk B. B moMeHT {5 mo B-BpeMeHH OH oTpaxkaercs or B K A u B
MOMeHT !'5 mo A-BpeMenu curaj BosBpamiaercs B Touky A. [To on-
peneneHuto yacel B A U B CHHXPOHHBI, €C/IH

tp—1ts = t1— 5.

OHNHIITEAH JONyCKaeT, YTO 3TO ONpeleseHHe CHHXPOHHOCTH MOXKET
O6bITb HENIPOTHBOPEUHUBO M NMPHMEHEHO HJISi CKOJNb YIOLHO MHOTHX TO-
YeK M YTO BCJEACTBHE 3TOTO LOMylleHus CNpaBeNJHUBH C/eLyloliye
COOTHOLUEHHUS:

«...1) ecnn yacel B B uIyT CUHXPOHHO C yacaMu B A, TO U Yachl B
A upyT CHHXPOHHO C yacaMH B B;

2) ecau yace B A MAYT CHHXPOHHO KaK C 4yacaMu B B, Tak u ¢
yacaMu B C, To yace B B u C Takxe ULYT CUHXPOHHO OTHOCHUTEJIbHO
apyr npyras {31, crp. 137].

TakuMm myTeM YyCTaHaBJIHBAaeTCs, YTO <«BpeMsl COOBITHS» — 3TO
OXHOBpEMEHHOE C COObLITHEM ITOKa3aHHe MOKOSLIMXCS YacoB, Haxo-
ISIIIHXCS B MecTe COOBITHA. DTO BpeMs DUHIITEHH Ha3bBaeT «Bpe-
MeHeM TNokosiliedica cucreMbl». OCHOBHble NPHHUMNB OH ONpeje-
JseT caeylouuM o6pasoMm:

«l. 3aKOHBl, N0 KOTOPBIM H3MEHSIOTCS COCTOSIHHA (DH3HYECKHX
CHCTEM, He 3aBHCAT OT TOTO, K KOTOPOH M3 JBYX KOOPAMHATHLIX CH-
CTeM, HAXOMSLIMXCA OTHOCHTENbHO IAPYr Ipyra B paBHOMEPHOM MO-
CTyMaTeJbHOM JBUXKEHHH, 3TH U3MEHEHHS COCTOSIHHS OTHOCATCS.

2. Kaxnpiii nyu cBeTa [IBHUXKETCS B «MOKoOslieHcs» cHCTeMe KO-
OpPAMHAT C ONMpeJeNeHHON CKOPOCTbIO € HE3aBHCHMO OT TOro, Hcmy-
CKaeTcsl JIM 3TOT JyY CBeTa MOKOAIIUMCA MIHM ABHUKYLIMMCS TEJIOM>
131, ctp. 138].

Ha ocHOBe 3THX «IPHHIMMIOB® U YCTAHOBJIEHHOrO IOHATHS «OZ-
HOBPEMEHHOCTH» JHHIITEHH NepeXoJUT K PAaCCMOTPEHHIO OTHOCH-
TEJbHOCTH JJIHH M BpEMeH.

Borpoc o ajuHe JBHXKYLIEroCs CTEpPXKHSA pellaeTcs C ITOMOILbIO
JIBYX omepauuii: a) HabJiojfaTe/b, ABHXKYLIHHCA BMecTe ¢ MacuiTa-
GOM U CTepXKHeM, H3MepseT JJIHHY CTepXKHS HeNoCPeACTBEHHO Mmy-
TeM NpHUK/IAAbIBAHUA MacliTaba TakK Xe, KaK ecid Obl M3MepsieMblit
cTepXeHb, HAaOMOATeb H MacliTab HaXOAHJIHMCb B MOKoe; 6) Ha-
GaI0faTe b yCTaHABIAMBAET, B KAKHX TOYKAX NOKOAIEHACS CHCTEMbI
HaxomsATCs Hayalo U KOHeLl H3MepsieMOro CTepXkHs B OnpejeJeH-
HbIi MOMEHT BpeMeHH ! MOCPEJACTBOM YCTAHOBJIEHHHIX B NMOKOSAIIEH-
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C CHCTeMe CHHXDOHHBIX, MOKosimuxcs yacoB. Paccrosuue mexny
STHMH [JByMSl TOYKAMH, H3MeDEHHOE B 3TOM CJyuae MOKOSIIIMMCS
MaciTaboM, ecTb JJIHHA, KOTOPYIO MOXKHO 0003HAauaTh KaK <«IJIH-
Hy» ctepxHs [31, cTp. 139].

Jauny, ompefensieMyio omepaunuedl <«a», Ha3bIBAIOT «IJIHHOM
CTepXHs B JBHXYILIEHCS CHCTEME» M OHA, COTJIAaCHO MPHHLHUIY OTHO-
CHTEJIbHOCTH, NOJI)KHA pAaBHATbCA [JIMHe [ MOKOSLIErocs CTepKHA.

Jnuny, onpenensiemylo onepauueil «6», Ha3blBAIOT «IJHHOH IBH-
JKYILErocsl CTepKHA B MOKOSILEHCS CHCTEME» H, OCHOBBIBAsICh Ha BHI-
lleyKa3aHHbIX NPUHLIMIAX, HAXOJAT, UYTO OHA OTJIMYHA OT BEJHYHHHI [.

B knaccuueckoil ¢u3HKe onpefiesieHHe OLHOBPEMEHHOCTH B pas-
HBIX TOYKaxX MPOCTPAHCTBA He OBbIJIO MpeIMETOM CHEeLHaJTbHOrO0 TEO-
peTHYeckoro aHa/au3a, u BOMpoc 06 OJHOBpeMEHHOCTH COOBITHH pac-
cMaTpHBaJ/cs JIMLIb B CMBIC/JE €ro MPaKTHYECKOro OlpeIeseHus.
B oTHoOIIeHNH MOHATHS BPeMeHH M OJHOBPEMEHHOCTH COGBITHS KJjac-
cuyeckas (HM3MKa CTOSJIA IEJHKOM Ha TOYKE 3PEHHUS HbIOTOHOBCKOH
MeXaHHKH, NpejnoJaras cyllecTBOBaHHE eIHHOIO0 MHDOBOrO BpeMme-
HU. AGCOMIOTHBIA XapaKTep OXHOBPEMEHHOCTH KJIAaCCUYeCKOH (hU3MKH
CBA3aH C mpelnoJoxeHneM O (H3MYECKHX B3aUMOLEHCTBHAX, pac-
nmpocTpaHsAlmuXcss ¢ OecKOHEYHOH CKOpPOCThIO. JDUHIITEHHOBCKOE
onpeneJseHHe OJHOBPEMEHHOCTH H ero crnoco0 CHHXPOHH3aLUH YacoB
TECHO CBfI3aHbI C BOMPOCOM O KOHEYHOH CKOPOCTH PacnpoCTpaHeHHUs
3JIEKTPOMATHUTHBEIX KoJieOaHHUH.

B knaccuueckoil (pu3vkKe CHHXpPOHHM3alUA YacoB B JBHXKYylueHcs
cHcTeMe NOCTHraeTcss TEM, YTO OHH MOKa3blBalOT Bcerja To Xe Bpe-
Msl, YTO ¥ Yachl B HEMONBHIKHOH cHCTeMe B TOYKe, MHMO KOTOpOH
MpoXoAuT IBHXKyLasics cuctema. CorjacHo DfHIITefiHy, Takas pe-
IyJMpOBKA YacoB He NMPHUBOJUT K CHHXPOHHOCTH yacos. [IpexamoJio-
JKHM, 4TO yacel B TouKax A W B nomelleHH Ha KOHLAX OJHOTO
CTEpIKHS, T. €. XKECTKO CBSI3aHHl MexXJy co0oi. CTepKeHb MOKOHTCH
B cucreMe K/, IBHXKylIeHcst B HanmpaBJieHHH cTepxkHs AB ¢ mocrosH-
HOM CKOpDOCTBbIO OTHOCHTeJbHO cucTeMbl K. B cucreme K nBHXKeHHe
CTEpKHSI MPOMCXOMUT CO CKOPOCTbIO U, a JBHXKEHHE CBeTa CO CKO-
poctbio ¢. C TOUKH 3peHHs HalJioxarelis, CBA3aHHOTO C HEMOABHXK-
HOM CHCTEMOH, B 3TOM cJjyyae OCTaeTCsi B CHJe 3aKOH CJIOXKeHHUs
CKopoCTell, U OTHOCHTEJ]bHass CKODOCTb CTEpPXKHsi H cBeTa Oyner
paBHa ¢c—v Ha nytd U3 A B B u c¢+v — npu o6paTHOM Mepexone.
[To yacam, nmokosimumcst B cucreme K,

t—ta= 0, fa—lz= .

rie r — paccrosiiue AB, usmepennoe B cucteme K. HaGmonarenan B
cucreme K’, mBHXKyllefics BMecTe CO CTepKHeM, BOCIPHHHMAET, YTO
cseT aBuxercd U3 A 5 B ¥ Hazal cO CKOpPOCTBIO C, H, yCTaHaBJUBas
CHHXPOHHOCTb 4acoB B u A, oH TpeGyeT BLINOJHEHHS yCJIOBHS

tg— b4 = 1 — 5.
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Mebr BUIM, YTO Yachl, CHHXPOHHBIE B HEMOABHMIKHON CHCTEME, HECHH-
XPOHHBI B JABHXYylleHcs cHcTeMe H Hao6opoT. [loHATHE OXHOBpEMEH-
HOCTH HMMeeT OTHOCHMTEJNbHBbIH XapaKTep, CBS3aHHBIH C KOOpAMHAT-
Ho# cucremoit. ®pank u Pore mokasasu, 4To ec/d B3ATb 338 OCHOBY
Ipoluecc, pacnpocTpaHsoiluicss ¢ 6ecKOHeYHO 6OJIBILOH CKOPOCTHIO,
TO MOXHO NPHHATH K MOHSATHIO BpPeMEHH, OXMHAKOBOTO BO BCEX CH-
cTeMax.

Onpenenenre OZHOBPEMEHHOCTH MHOJIKHO ObITb OCHOBAaHO Ha
OOBEKTUBHBIX 3aKOHAaX [ABMXKEHHSI MaTepHaJbHBIX Tel M OTHIOLb He
JOJI)KHO BbIpaxkaTb CyOBEKTHBHBIE BOCHPHSTHS HaOJOnaTtesed, H
OHO He MoxKeT 0a3HMpoOBaTbCA HA PaCCMOTPEHHH MPOLECCOB, pacmpo-
CTpaHAOWHUXC ¢ OeckoHeuHO Gouiblioil ckopocThio. OnpernesneHue
ONHOBPEMEHHOCTH OTpaxkaeT OOBLEKTHBHO peaJsibHble CBOHCTBA [BH-
XKylllefica MaTepuu U (GOPM CyileCTBOBAaHHS NPOCTPAHCTBA U Bpe-
MEHH.

MHorue aBTOpbl OTMEYaJH, 4TO SHHIUTEHHOBCKHH crocob CHH-
XDOHU3ALMK YaCOB MPH MOMOIILH CBETOBHIX CHTHAJNOB C YYE€TOM HX
3anas3fbIBAHUS TPENCTaB/IsSETC HACTOJIbKO eCTeCTBEHHBIM, YTO Ha
mepBHI B3IV MOXKET M0Ka3aTbcs, Kak OyATO OH He COHEPKHT B
ce6e HHYEr0 XapaKTepHOro MJis TEOPHH OTHOCHTeNbHOCTH. OXHaKo
3TO JMajieKo He TaK. YKa3aHHBI DHUHIITEHHOM crMoco6 CHHXpOHH3a-
nuM, 6a3upyIoOLUiics HA TOM, UTO COOBITHS, OXHOBPEMEHHbIE B ONHON
CHCTEME OTCYeTa, OTHIOLb He SBJISIOTCA OXHOBPEMEHHBIMH B ADYroH
CHCTEMEe OTCYeTa, He TOJbKO He MPOH3BOJIEH, HO SIBJISETCH eNLHHCT-
BEHHO DPAallOHAJbHBIM C DEeJISTHBHUCTCKOM TOYKH 3PEHHS.

SiHINTedH NMpU aHa/lW3e IMOHATHS OJXHOBPEMEHHOCTH MpHberal
K MBICJIEHHBIM 3KcrmepuMeHTaM. [losoXHM, 4TO MO pesnbcaM HAET
OueHb NJHHHBIA MMOE3[ C MOCTOSHHOH cKopocThbio. Jliofau, efyiuue B
noesfie, MPUHUMAIOT MOE3], 32 TeJO OTCYETA U OTHOCAT Bce COOBLITHSA
K noe3ny. PaccmMoTpum JBe cHCTeMbl OTCYeTa: CHCTEMY OTCYeTa,
CBSI3aHHYI0 C 3eMJieif, U CHCTEMY, CBSI3aHHYIO C MOe3[0M, HBHXY-
IUMCS MPSIMOJMHEAHO ¢ MOCTOSIHHOK cKopocTbio. OnuH Habaoxa-
TeJb, CHAOMXEHHBIH pPEruCTPUPYIOLIUM NpUOOPOM, HAXOZUTCSA Ha
3eMJie OKOJIO MYTH CJAELOBaHHS MMoe3fa, a LPYrod — B MOe3e.

Ecnu nBa coGwiTus, HanpuMmep ynapbl moaHud B A u B, omHo-
BpeMEeHHbl OTHOCHTEJbHO MOJIOTHA JOPOTH, T. €. CBETOBbIE JIYYH, HC-
Xopsinue U3 Touek A u B, BcTpeuaioTcs B cepelHHE yyacTKa MOJIOT-
Ha AB, To OyAyT /¥ OHH ONHOBPEMEHHBI H OTHOCHUTEJILHO Moe31a?
Ha6nwonarens, IBUXylIMACS BMECTe C MOE3LOM, MPUXOAUT K BBIBO-
Iy, YTO JIyy CBeTa NMPUXOMHUT paHbllle C TOrO KOHIA MyTH, HABCTpeuy
KOTOpDOMY OH JBMXKeTcf, M, CJeJ0BaTesNbHO, COOLITHS, OLHOBPEMEH-
Hble OTHOCHMTEJIbHO ITOJIOTHA [OPOTH, HEOJHOBPEMEHHbl OTHOCHUTEJb-
HO noe3fa.

Metox omnpenesenuss OXHOBPEMEHHOCTH BHI3BaJ psifi Bo3paxke-
. «5,— mucan XBOJbCOH,— IMOKa yOeXJIeH, YTO BBEIelHHe YacoB
MPH M3JI0XKEHHH MpPUHLHINA OTHOCHTEJbHOCTH HHUKAKON MOJIb3bI
MPHUHECTH HE MOXKeT, HHYEro He pasbsCHSET, HO CMOCOOHO BHI3BATh
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HeIOyMEHHsI M HeNOpa3yMeHHsl, TaK KaK IOHATHE O yacax gABJsercs
3JIEMEHTOM, YYXKABIM CYLIHOCTH Aena. Hacel — 3T0 (pU3HUECKHE HH-
CTPYMEHT; yachl ObIBAIOT MPYXKHHHbIE U C MasTHHKOM, HO yacaMmu
MOTYT CAYXHTb H BCSIKHME TeJla, PABHOMEPHO MOBTOPSIOIIHE KaKoe-
JH00 ABHUXKEHHE..., HO TOBOPHTb O TOM, KakK OyHeT ceGsi BECTH 3TOT
(bu3uyecKHil MHCTPYMEHT IPH TeX YCJIOBHSX, C KOTOPbIMH HMeEeT
JIeJI0O TEOpHST OTHOCHTEJNbHOCTH, N0 MOEMY MHEHHIO, COBepIIEeHHO
HeBO3MOXKHO» [32].

OnHako, mpu Bceil pe3KOCTH NpPUBEJEHHOH LHUTATH, OHA JHIIb
yKa3blBaeT Ha HeO0OXOAMMOCTb IJyOOKOro U BCECTOPOHHErO KpUTHYE-
cKoro pasbopa BOmpoca O yacax.

Pelixen6ax, DAOUHITOH M JpyTHe NMPeNJOXKHUIH HenpaBHIbHYIO
KOHLEHNMUHUIO ofHOBpeMeHHOCTH. OHH MONAraloT, YTO SUHIITEHHOB-
CKOMY OIpeJeseHHI0 OJHOBPEMEHHOCTH HeoOXOAHMO MpHAATh KOH-
BEHI[HOHAJNUCTCKUH XapakTep. CBoe MpenoJokKeHe OHH OOBSICHSIOT
TeM, YTO SKOObI NpPH YCTAHOBJEHHH BpEMEHH YN AJeHHBIX COOBITHH
MOSIBJISIETCS] TOPOYHBIA KPYT; JJIsi YCTAHOBJIEHHS] BPEMEHH yIaJIeHHO-
ro cobGbiTHst HEOOXOAMMO MOJb30BaThcsi cHUrHanamu. I[losmb3oBaHue
CHrHAJlaMH MpeJII0JIaraeT, 4YTo CKOPOCTb CBeTa B OMpeleseHHOM
HanpaBJeHUH H3BecTHA. l3mepeHue xe ckopoctu Tpebyer ycra-
HOBJIEHHST ~ OJHOBDEMEHHOCTH  MPOCTPAHCTBEHHO Pa306IIEHHBIX
COOBITHH.

B. A. oK, aHaau3upys IUHIITEHHOBCKOE OINpeJeJNeHHe OJIHO-
BpPEMeHHOCTH, CUMTAeT ero He NMPOU3BOJIbHBIM, HO €JHHCTBEHHO pa-
IHOHAJNbHbIM ONpeleseHreM. MHorue aBTOpPBI CYMTAIOT, YTO 3aKOH
MOCTOSIHCTBA CKOPOCTH CBeTa COJEPXKHT yKe MOJIOKEeHHE O paBHOM
CKODOCTH CBeTa B INpPOTHBOIOJIOXHBEIX HanpaBJeHHsX.

B paGorax Po66a, Kapateonopu, MuiHa # Jpyrux KpUTHYECKH
TPaKTOBAJIUCh BOMNPOCH KHHEMATHKH CBETOBBIX CUTHAJIOB M BpEMeH-
HOH MOCJ/eN0BaTENbHOCTH COOBITHI.

B 1953 r. AiiBc moJBepr KpUTHKE SHHIITEHHOBCKOE OMpeleseHHe
O/THOBPEMEHHOCTH COOGBITHH, MOCKOJNBKY OHO OCHOBAHO Ha NpeanoJio-
JKEHHH O PaBeHCTBe CKOPOCTell cBeTa B HaNpaBJeHHH, MPOTHUBOMNO-
JIOXKHOM HAaNpaBJIEHHIO [IBMXKEHUS] CHCTeMbl M B HanpaBJieHHH, COB-
nmafawolleM C HanpaBJ/eHHEM JBHXKEHHS] CHCTEMBI.

A#iBc ykasbiBaeT Ha [Ba pOJa ONBITOB MO ONpeJeNeHHI0 CKOpO-
CTH cBerTa. B OHUX OMBITaxX, MEpBOro poja, BpeMs MeXJy HCIycKa-
HUeM U OOpaTHBIM MOJIyYeHHeM CHTHaja OnpefelsieTcs MO OJHHM H
TeM XKe yacaM. B ombiTax BTOpOro poja BpeMst MeXJy HCIyCKaHHEM
¥ MOJIyueHHeM CHTHaJIa onpefiesieTcss Kak pasHOCTb MOKa3aHMH ABYX
4yacoB, HaxXONALIHUXCS B PasHBIX TOYKAX MPOCTPAHCTBA, IOKa3aHHs
KOTOPHIX CHHXpPOHH30BaHbl. CylllecTBOBaHHe [BYX CNOCOGOB ompee-
JIeHHsI CKODOCTH CBeTa HM3BEeCTHO JaBHO; yXe MakcBe/sl B MHCbMe
kK Tomny ykaselBaJs, 4yTo crnoco6 OmpeleJeHHss CKOPOCTH CBeTa I10
3aTMeHHsIM cnyTHHKOB IOmuTepa coOTBETCTBYeT BTOPOMY CIIOCOOY.
[To cyuiectBy 06 3ToM MeToje mucas JleKapT B CBOMX MHCbMAX K
Bekmany.
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B npoTHBOMONOXKHOCTD K/IaccHuecKol (hH3uKe, B KOTODOH OTpe-
30K MJIM JUIHHA CTEePXKHS CUHTANHUCh abCOJIIOTHBIMH, B TEODHH OTHO-
CUTEJIbHOCTH OJMH H TOT Xe CTepXkKeHb HMeeT PasJHuHylO0 NJHHY B
pasHbIX cHCTeMax oTcyeTa. MakKCHMaJbHYIO NJIHHY CTEpPIKEHb HMeeT
B TOM CHCTeMe OTCueTa, B KOTOpO# oH mokoutcsi. CTepiKeHb, MOKOS-
Iuica B JaHHOH CHCTeMe, BCeraa Ka)KeTcsi YKOPOUEHHBIM, €ClH ero
IJIAHY H3MepATb B JAPYrod CHCTeMe, ABHKYIIEHCS OTHOCHTEJIbHO
nepsoi. CokpaulaloTcst MPH 3TOM Te pa3Mepbl CTEepPXKHs, KOTOpble
napaJJesbHbl HanpaBJeHHUIO ABHXEHHS CHCTEMBI OTCYETa.

«$l yknanbiBalo, — nmumiet DHHIUTEHH, — METPOBYIO JIHHEAKY MO
ocu x” cucrembl K’ TakuM o6pa3om, 4ToGbl HAYaJO ee HAXOMUJIOCH B
tTouke x'=0, KoHelu —- B rouke x'=1. KakoBa asuHa MeTpoBO# Ju-
HeflKH OTHOCHUTeJbHO cucteMbl K?» [33].

UToObl pemuTh 3Ty 3aAady, HaJo ONPEJeUTb TOJbKO, Iie Haxo-
NUTCS KOHEWl Xp X Hayajo X; JHHEAKH OTHOCUTEJIbHO K B MOMeEHT
BpeMmeHH f. VI3 mepBoro ypaBHeHHs mpeoGpasoBanuit Jlopenia

x —ut

Vi=—v?c

x, =0-Y1—1v%c,

Xg=1- Vl —v¥/c?,

x' =

npu t=0 umeeMm

OTKy/a
Xg—x, =V 1—%/c%

Cokpaienne maciiraba, MoJyyeHHOe MPH TakKOM crocobe paccMoT-
pEHHSI, B TOYHOCTH COOTBETCTBYET COKpAallEeHHIO TeJl, COMVIACHO 1 HII0-
Teze Puipkepanbia u JlopeHua, oTIHYasAch OT JOPEHUOBCKOrO MO
CBOeMY (hpU3HYECKOMY CMBICTY.

MHorue NMPOTHBHHKH TEOPHH OTHOCHTEJNbHOCTH CTPEMHMJIHCH 00b-
SICHUTb peJATHBUCTCKHE 3(GeKTH COKpallleHHs TeJ ClelHaJbHO
NPULYMAaHHBIMH MeXaHH3MaMH WJH JUHAMHYECKHMH 3aKOHOMEpHO-
CTSIMH B3auMoJeHcTBHil Tell W mojsi. OHM CTpeMHJIHCh OTKa3aThCs
OT ITOCTAHOBKH Bompoca 006 OOLIUX 3aKOHAX YeThIpeXMepHOro mpo-
CTPAHCTBEHHO-BPEMEHHOr0 KOHTHHYyMa M MNpOlecchl YHCTO KHHeMa-
THYECKHE CTaJjHu TPAKTOBaTb JHUHAMHYeCcKH. DTOT miar nasan K Jlo-
peHIly He OKa3zaJcs MJIOAOTBOPHBIM.

DiiHIITeAH paccMaTpUBaeT [ABa MOCJAe[OBaTe/bHbIX MOKAa3aHHSA
yacoB, MOMeIleHHbIX B Hayaje KoopauHat x'=0 cucremsl K’, pasze-
JeHHBIX HHTepBajoM B | cexk: ;=0 u f;=1. M3 cooTHOmeHH}

P x —ut , _ t—ux’/c?
T Vi=ve V1 —v2/c?
HnMeeM
1
t == 0, t e
1 2 V1—v%c?
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OrHocuTenbHO cucTeMbl K yachl ABHXKYTCS CO CKOPOCTBIO U, M
MeX/y ABYMsl YKa3aHHbIMH MOKAa3aHUSIMH 4acOB C TOUKH 3pPEHHS Ha-
6/iofatenss B 3TOH CHcTeMe NMPOXOAMT He 1 cek, a Gousibllee BpeMsi.
HpeanbHble yack B CHCTeMe, B KOTOPOI OHHM MOKOSITCS,, HMEIOT BCer-
a OJHHAKOBHIH XOJ, MOKa3blBasi «COOCTBEHHOE BpEMS» CHCTEMBI.
Co6cTBeHHOEe BpeMsl CHCTeMbl ()OPMaJIbHO TOXKAECTBEHHO «MECTHOMY
Bpemenu» Jlopenua. OnHako y JlopeHna «MecTHOe BpeMsi» HIpaeT
JIMIIb BCIIOMOTATeJIbHYI0 MAaTeMaTHYeCKyl0 pOJib B IIPOTHBOIMOJIONK-
HOCTb a6COJIIOTHOMY, HJIH HCTHHHOMY, BpeMeHU. B Teopuu DitHimred-
Ha «abcoJI0THOE» BpeMs He OTpa)KaeT INpOLEecCh OOGBEKTHBHOTO
MHpa, OHO He UMeeT HHKakKoH ¢usuueckoil peasnbHocTu. He cymect-
ByeT HHKAaKHX BO3MOXHOCTeH [/l OTBICKAHHSI U 0TOOpa aGCoIOTHO-
ro BpeMeHH CpeiAM MHOXecTBa paBHONPAaBHBIX MECTHLHIX BpeMeH
JBUXKYILHUXCS CHCTEM OTCYETa.

B nocsesnHee BpeMst BO3pOC HHTepeC K TaK Ha3blBaeMOMY «lapa-
JOKcy ¢ yacamu». Habmonatenb A nokoutcs B Hayaje KoopauHat O
nHepuuanbHOi cucreMbl S. HaGumonarenr B cHauasna MOKOWTCS B
To# ke Touke O, 3aTeM JABHXKeTcs MO OCH X paBHOMepHO. JloCTUTHYB
Toukd C, OH NMOBOpayMBaeT U C TOH Ke CKOPOCTbIO, MO TOMY XKe
nyTH ABHXKeTcst o6paTHo K Touke O. IIpu 3TOM npeHeGperaioT BpeMe-
HeM, 3aTpayeHHbIM Ha YCKOPEeHMe NPH OTHPaBJEeHHH B MYTb, TOBOPO-
Te W npubbITHM HabmonaTens B ucXonHylo Touky O. HaGniomarenn
A v B uMeloT uieasbHble Yackl, MO KOTOPHIM OHH ONpeNensioT CBOe
coGcTBeHHOe BpeMms. Yachl HabGmopatenss B npu Bo3BpallleHHH €ro
B HcxoxHyio Touky O OGyAyT oTcTaBaThb OT 4acoB Habuomartens A.
OnHako gaBe cHCTeMbl, JABHKYUIHECS YKa3aHHbBIM o0pa3oM, pas-
HONpABHE], 1 MOXHO CUHTAaTb HabJawonartens B nokosmumcs, a Ha-
Gaionarens A — coBeplIAIOIUM TOT e MyTb, B NPOTHBOMOJIOXK-
HOM HampaBJjeHuu. [lapanokc cOCTOHT B TOM, YTO OJHOBPEMEHHO
yachl Ha6aonatenss A onepexaior dyacel HabJaoaatens B, a yacel B
omepexaioT uach A.

B meficTBUTEJBHOCTH MNPHHUMI OTHOCHTENBHOCTH IPHMeEHsieTcs
JIUIIb K CHCTEMAaM, ABIXKYLIUMCS MPSIMOJHHEHHO U PAaBHOMEPHO ADYT
OTHOCHTEJIbHO Jpyra; 3/lecb e Mbl HMeeM Heraju/eeBy cucremy B,
JNBUXKYILYyIOCS ¢ ycKopeHHeM. Ilapajokc BO3HHK MOTOMY, YTO MBI
CYMTaeM 3TH [IB€ CHCTEMBI C TOYKH 3PeHHs MpPHIIHIA OTHOCHTE/b-
HOCTH TOXIECTBEHHBIMH, B TO BpeMsl KaK OJHa H3 HHX, AJsS TOTO
yTOGHl BEpHYThCs 0O6paTHO, NOJ/KHA B Touke C H3MEHHTb CBOIO CKO-
pPOCTb, T. €. JNOJKHA HMETb YCKODEHHe.

B o6umupHO# nuTepatype MO TEOPHH OTHOCHTEJbHOCTH MBI yallle
BCEro BCTpeyaeMcsl C TPaJHUMOHHBIM 3HHINTEHHOBCKUM H3J/10XKeHHEeM,
KOrjia OTNPAaBHBIM MYHKTOM CJYXKHT TOYKa 3PEHHs] OTHOCHTE/bHOCTH,
a Ge30THOCHTEbHOE ONpe/esNeHo KaKk HHBapHaHT Npeo6pa3oBaHHsA
koopauHat. OTMeuasnoch, YTo0 TaKoe MOCTPOEHHEe TEOPHH, HAyliee OT
OTHOCHTE/JbHOTO, XOTSI U OTBeuaeT B NEpPBYIO OYepelb JIOTHKe H Ha-
610 1eHUsIM, TAUT B ce6e OMaCHOCTb HEBEPHOrO MpejCTaBJeHHsl, UTO
OTHOCHTeJbHOe 3aBHCHT OT TOUKH 3PeHHs Haburogareds.
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OWHmTEdH BCle/ 38 aHANM30M OCHOBHBIX MOHSITHH M YCTaHOBJIe-
HHSl OCHOBHBIX MPHUHUHMIIOB MEepeXOJUT K TeOpPUH IpeoOpa3oBaHHus
KOODIMHAT U BPeMEeHH OT MOKOslLeHcs CHCTEMBl K CHCTeMe, HaXO[s
leiics B PaBHOMEPHO MNOCTYNATeJNbHOM [ABHXKEHHH OTHOCHTEJNbHO
nepBOM, H yCTaHaBIHBaeT (PU3MUECKOe 3HAUEHHe MOJyUYeHHbIX ypaB-
HeHHH /IS JABHXKYLIMXCS TBEPIbIX Tesll W ABHXKYyLIMXCS yacoB. [lo-
CJIeIHHE BONPOC, KOTOpbIM DHHIITEHH 3aKaHUMBAET KHHEMATHUECKYIO
4acTb M3JiaraeModl pabGoThHl, — 3TO BONMPOC O CJIOXKEHHH CKOPOCTeH.

Eciu MOHATHS «MCTHHHOTO» HJIH «aGCONIOTHOTO» MPOCTPAHCTBA
MOJBEPTJIMCh B (DH3HKe KPHTHKe H [0 DHHIITEHHA, TO «UCTHHHOE» H
«abco/II0THOEe» BpeMsl He BbI3bIBAJO COMHEHHS,, H €ro yHHBepCal/b-
HOCTb, a6CONIOTHOCTb M CAHHCTBEHHOCTb IIOYTH He IOJABEPTasUCh
COMHeHHI0. BrocsiecTBUH CTaJo SICHO, YTO «HCTHHHOTO» BpEeMeHH
B CMbICJIe KJAacCHYECKOH (DH3HKH He CyLIEeCTBYeT.

JlopeHn BecbMa 6JIM3KO MOJOLIEN K HOBOMY, PeNSTHBHCTCKOMY
MOHUMAaHHUIO; OH BBeJ «MeCTHOEe» BpeMs H MOJIb30BaJCs (HU3HUECKHM
collepXKaHHeM 3TOrO MOHATHS C UeJbl0 JY4YIIEero MOHMMAaHHS THIO-
Te3bl cokpauieHusi Teq. Ho mnpu3HaThb HOBYI0O KOHILEMUHIO BpeMeHH
JlopeH1l, rmy6OKHMH KODHSIMH CBSI3aHHBIH C KJ1aCCHYeCKOH (hH3HKOH,
He CyMeJl, H 3TO CTaJio 3acayroi JHIb JHHIITeAHA. DTO MpH3HABAJ
u nucan o6 3ToM B jnajbHefimieM caM JlopeHu. MHHKOBCKHH TaKxke
NpH3HaBaJ onpefiensioliee 3HaueHHe DAHIITeHHA B Pa3BUTHH y4YeHHUs
0 BpeMeHH, HO MoJBepraj COMHEHHIO ero poJib B aHaJjH3e NMPOCTPaH-
CTBEHHBIX NpeICTaBJIEHHUH.

MunkoBckuit nucan: «IToHATHsE MpocTpaHCTBa HU DHHIUTEHH, HU
JlopeHI He KacaJuch, MOXeT GbITb, MOTOMY, YTO MpPH BHILIEYITOMSIHY-
TOM CcHelHaJbHOM NpeoGpa3oBaHUH, MPH KOTOPOM MJIOCKOCTb X, ¢
COBMAaJaeT C MJIOCKOCTbIO Xi, {;, BO3SMOXKHO TOJKOBaHHE, YTO OCb X
coxpaHsieT cBoe noJsiokeHue. [1oNbITKY NMepellardyTb uepes3 IMOHSATHS
MPOCTPAHCTBA COOTBETCTBYIOIIMM 06pasoM B CaMOM Jejle MOXKHO
6b1J10 Obl pacleHUTb KaK HEKOTOPYIO Aep30CTb MaTeMaTHYeCKOH MbIC-
au» [34].

Her comHenusi B ToMm, yto MUHKOBCKH#, BuABHHYB nocie Ilyan-
Kape B 6oJjiee LIMPOKOM CMEICJE BONPOC O Ipylne npeo6pasoBaHHH,
OTHOCHTEJHHO KOTOPOH JOJIKHBI ObITb HHBAPHAHTHBI OCHOBHbIE YpaB-
HeHUs (PM3UKH, U TOKAa3aB YeTbIpEXMEpHbI XapaKTep TEOPHH OTHOCH-
TEJIbHOCTH, BHEC CYILECTBEHHBIN BKJaJ| B JajbHefilllee pa3BUTHE MPO-
CTPaHCTBEHHO-BPEMEHHBIX MpeJACTaBJIeHHH COBpPEMEHHOH (DH3HKH;
OHAKO BecbMa CIOPHBIM KaxKeTcsl Te3UC O TOM, YTO MOHATHS MpO-
CTpPAHCTBA He PAacCMaTPUBAJIMCh HJIH He GBIIM pasBHTbI JHHIUTEHHOM
u JlopeHLOM.

M. Bopu B ouepke «Bocnomunanus o I'epmaHe MuHKoBCKOM»
oueHb pesnbedHO omucbiBaeT oTHouleHHe MuHKOBcKoro K JlopeHny u
AfinmTeiliny. « MUHKOBCKUH LUTHPOBAJ TaKXKe M JNHIUTEHHA,— IH-
et BopH, — 1 NpuUMepHO cleAy0HUM 06pa3oM BbICKAa3aJsCcs OTHOCH-
TeJIbHO BKJaJa B TEOPHIO OTHOCHTENIbHOCTH, clesnaHHoro JlopeHIoM,
DfiHmTeliHoM M UM camMMM. JlopeHIl Bepusa B CyllleCTBOBaHHe

71



al6CoJIIOTHO MoKosALlerocss supa u abCOJNIOTHOTO BPeMEHH; BpEMEH-
HOH mapameTp, MOJIy4eHHBIH B pe3y/bTaTe NMpeoGpa30OBaHHsi, OH Ha-
3bIBaJl MECTHBIM BPeMeHeM U HCHOJIb30BaJ €ro KaK BCOMOTaTebHOe
MOHSITHE, HE NMpHAAaBas eMy CaMOCTOSITEJbHOTO (HDU3HYECKOro 3Haue-
Hua. O6 JfiHmTefiHe OH TOBOPMJ ,,YTO TOT OTBEpraj Bpems Kak IO-
HsITHE, ONHO3HAYHO omnpejesieHHoe coObTUAMH > [35, ctp. 300]. Ho
npyu 3TOM MHHKOBCKHH CYUMTAJI, UTO «MOHATHE NMPOCTPAHCTBA M Bpe-
MEHH He NepecMoTpesH HHM DHHmTelH, HU JlopeHu». Bopu ormeuaer,
4TO Ha 3T0 MHUHKOBCKHH NMpPETEHAOBAaJ CaM; OJHAKO 3TO, MO-BHIH-
MOMY, HEBEpHO, TaK KakK H3 paboThl DHHIITEHHA SICHO CJENyeT, YTO
DHHIITeiH CO3HABAJ MOJHYIO S5KBUBAJEHTHOCTh BCEX CHUCTEM OTCYETa
¥ TeM CaMblM OTBepras Kak abCoJII0THOe MPOCTPAHCTBO, TaK U abco-
JIOTHOe BpeMs. BopH oTmeuaer Takxke, yTo MHHKOBCKHH He yIIOMH-
Haet Ilyankape, xors mocnenuuii eme B 1904 r. B noknazxe B Can-
JIyn SICHO WM3JIOXKWJ NMPUHLHN OTHOCHTENBHOCTH H MHOTHE €ro Cjiej-
CTBMSI H MOYTH JOCTHI B HCTOJIKOBAHHM INPHHUHUNA TOYKH 3pEHHUs
ditHmTelHA.

ITpu uHTEpIpETALHH TEOPHH OTHOCHTENBHOCTH MHHKOBCKHH HC-
XOIMT M3 TOrO, YTO IPeJMEeTOM YeJOBEeYeCKOro BOCHPHATHS Bceria
SIBJISIIOTCS] NIPOCTPAHCTBEHHble W BpeMeHHble HHTepBaJbl, B3SThle B
coBOKynHocTH. HukTo He HabJiofan MpoOCTpAaHCTBEHHBbIE NOJOXKEHHUS
MHaue, 4YeM B ONpeJleJIeHHbIH MOMEHT BPEMEHH, U BpeMs He HHaue,
4yeM B omnpefieeHHOM MmecTe. CHcTeMy 3HauyeHUH X, Yy, 2, { OH Ha3bI-
BaeT MHPOBOH TOUYKOH, a MHOroo6pasue BCE€X MBICJUMBIX CHCTEM
3HaueHHu# x, y, z, t — mupoM. 151 o603HaueHUsT OGBEKTa OH MOJIb-
3yeTcs NoHATHEM cyOcraHuuu. Kpusyio, nsobpaxamolnyio nyTb cyo-
CTAaHUIUOHAJNbHOA TOUKH, OH Ha3blBaeT MHPOBOH JHHHeH. Becb MHup
MOXKHO HpEeJCTaBUTb KaK COBOKYHNHOCTb MHDOBBIX JHHHA U (u3uue-
CKHE 3aKOHbI BbIPa3UTh KaK B3aHMMOOTHOIIEHHS MeXAYy 3THMH MHPO-
BbIMU JIHHUAMU.

MaHgenpimiTaM OTMETHJ, YTO 3TO CHEJNaHO IOJHOCTbIO 1O o6pas-
Iy ¥ MOROOHI0 aHANUTHYECKOH reoMeTPUH; 3Ta apU(pMeTH3alHUsl reo-
METpPHH, KOTOpash Hayunaa Hac TOMY, YTO COBOKYIHOCTb TPeX YMCeJ
MBI Ha3bIBaeM TOUKOH, U MO3BOJISIET CTPOUTh abCTpaKIHH.

Beaen 3a ompeleneHHeM «MHPOBOH TOYKH» M «MHpa» MHHKOB-
CKHil BBOIMT CJELYIOILYI0 OCHOBHYIO akcuomy: «CyOcTaHIus, Haxo-
nsmiasics B 11060H MHPOBOH TOYKe, BCerja IPH HajJjerkallieM olpe-
JeJIeHMH [POCTPAaHCTBA M BpeMeHH MoxKeT ObITb paccMaTpuBaeMa
KakK Haxopsiiasics B mokoe» [36, ctp. 35]. ta akcuomMa 3KBHUBAJIEHT-
Ha YTBEePXKIEHHIO, YTO BCAKAs CKOPOCTh U BCEr/a MeHbIlle ¢ — CKOpo-
CTH cBeTa B BaKyyMe, HJIH, YTO B KaXKJOH MHDOBOH TOUKe HMMeeT

MECTO HepaBEHCTBO
Edf —dx® —dy* —d2 > 0.

l'eomerpHyeckasi HHTepnperanuusi MHHKOBCKOro, 00belHHEHHE TpeX-
MEepHOro IMPOCTPAaHCTBA M BpeMeHH B UeThIpeXMepHOe MHOrooGpa-
3He UMeeT NyGOKHMi GU3uUecKHuil H MaTeMaTHuecKHil cmbica. Popmy-
Jbl npeoGpa3oBanuil JlopeHIla NPHHHMAIOT CHMMETDHYHBIA BHI H
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paccMarpHuBalOTCst KaK (OpMysibl npeoGpa3oBaHUsI KOOPAHHAT MpH
BpallleHHH YEeThIPEXMEPHOH KOOPAMHATHOH cHcTeMbl. MHTepBan Mex-
Ry KBYMSI COOBITHSIMH pacCMaTpHBaeTcss KaK KBafpaT pacCTOSHHUS
MeXly ABYMSI MHDOBBIMH TOYKAaMH, YTO NpPUAAeT HHBAPHAHTHOCTH

HHTepBaJla GoJiee sICHBIN reoMeTpHyecKuii cmbici. Hapsiny c Tem, uto
yeThIpe YHCIa

Xy =X, Xq=Y, Xg=2, Xg=Iict

MOTYT paccMaTpHUBaTbCsl KaK IPOEKLUHH YeTbIPEXMEPHOrO pajuyca-
BEKTOpPa Ha COOTBETCTBYIOLHE OCH, MOXKHO pacCMaTPHBAThb TaKiKe
BEKTOD YeTHIPEXMEPHOH CKOPOCTH, NPOEKUHAMH KOTOPOTO SIBJISIIOTCS
NPOU3BOJHbIE INPOEKUHH YeTHIPEXMEpPHOTO pajuyca-BeKTopa uac-
THUH 10 COOCTBEHHOMY BpPEMEHH:

dx;

u; = —.
dt
SfiHmTeiH nucai: «To 06CTOSITENBCTBO, YTO HET OGBEKTHBHOrO pac-
LienJieHHsl YeThipeXMepPHOr0 KOHTHHYyMa Ha TPeXMepHO-IPOCTPaHCT-
BEHHBIH M OJHOMEpPHO-BPEMEHHOH KOHTHHYYMbI, HMEET CBOHM CJIEACT-
CTBHEM, YTO 3aKOHBI IPHPOABI NOJYYalOT CBOIO JIOTHMYECKH YIOBJET-
BOpUTe/bHeHNyI0 (OpMY JIHIIL B TOM cjyuae, KOrfla X BbIpaxaloT
KaK 3aKOHBl YeThIpeXMepPHOro NPOCTPAHCTBEHHO-BPEMEHHOIO KOHTH-
HyyMma. B 3ToM 3aki/ioyaercst CylIHOCTb TOI'O 3HaYHTEJbHOTO METOIH-
YeCKOro ycrnexa, KOTOPbHIM TEOpHUSI OTHOCHTEJIbHOCTH 006si3aHa Mun-
KOBCKOMY...» [36, cTp. 35].
Harnaguyio uatepnperanuio npeo6pasosanuil Jlopenna kak npo-
CTPAHCTBEHHBIX INIOBOPOTOB B YeTbIPEXMEPHOM IIPOCTPAHCTBE JErkKo
HOJIYYUTh, BBOAS N0 MHUHKOBCKOMY

ict =) —lct=x,

[TpencraBum ceGe MHDOBYIO JHHHIO MaTepHa/JbHOH TOUYKH, T. €. Ka-
Koe-MHO0 sB/eHHe. CBsA3biBaeM C 3TOH JIMHHEH CHCTeMy KOODIHHAT,
B KOTOpO# MaTepHaJ/bHAsl TOUKa NOKOUTCA U dtv = df(dv — ecTb npu-
palileHHe BpeMeHH B CHCTeMe IIOKOsl), T Ha3blBalOT cOGCTBEHHBIM Bpe-
meHeM, Jlesst sseMeHT ds MHPOBOH JIMHUH Ha AHddepeHuHans coder-
BEHHOrO BPEMeHHM, NPUXOJHUM K yeTblpexMepHOH cKopocTH. Kak Mmubl
yx&e nucasd, MHHKOBCKHH HCXOAHT M3 TPYyNNBl Npeo6pa3soBaHHi C
onpejieJeHHbIM KOHEUHBIM (.

B pa6ote «IIpoctpancTBo ¥ BpeMsi» MuHKOBcKHH nucal: «UToOb
[10Ka3aTb, YTO NPHHATHE rpynnsl G, HJ151 GU3UYECKUX 3aKOHOB HUTLE
He IPUBOAUT K MPOTHBOPEUHIO, HEOOXOAUMO NIepecMOTPeThb BCIO PH3H-
Ky Ha OCHOBe JONyLIeHHs 3To#l rpynnely. OH OTMeuaeT, YTo 3TOT Ie-
pecMoTp Obl1 B M3BECTHOH creneHH nposeleH IlnaHkoM npu anasnu-
3e BONPOCOB TEPMOJMHAMHKH M TEIVIOBOTO H3JYYEHHS H CaAMHM
MUHKOBCKHM NpPH aHaJH3e 3JeKTPOMArHUTHBIX U MeXaHHUYECKHX SiB-
nenuit. JIns onpenenenus cuiabl MHHKOBCKHH, KakK U DUHIITEHH, IPH-
feraer K ornpejieJeHHBIM NPOBepeHHBIM (opMysaaM JAJIsi MOHLEPMO-
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TOPHO! CHJBI B 3JIEKTPOMAarsuTHOM IOJIE, NIPUMEHHMBIM B TeX CJy-
yasix, Korja npuHumaiot rpynny G .

Tpu «npocTpaHCTBEHHEIX» KOMIIOHEHTBI BEKTOPA «UeThIpeXMepHO#
cuibl  MHHKOBCKOrO» INpeACTaBasiOT co00H  yMHOXEHHble Ha
1/V 1—0?/c? KOMIIOHEHTbI HHIOTOHOBCKOf CHJIBI, 4 <BDEMEHHAS» KOM-

[OHEHTa — YMHOXeHHyl0 Ha (/¢ T—ov?/c? paGory cumab. Bsoxs
coGCTBEHHOE BpeMsl T, NOJYUHM:

dGx dGy
K= T
da, dG,
= - ) K =,
ke dt g dt
__dG
dv

B TeopHHM OTHOCHTEJNBHOCTH CJIOXKeHHe CKOPOCTeH NpPOHU3BOLHUTCSA
no ¢opmysae

u' +v
o T

A1y dhopMysy, CTONb OTJIHUHYIO OT KJIacCHUYECKOH (GOpMYJIbI caoxkKe-
HHS CKOPOCTEH, JIerko IOHSITb, UCXOAST U3 TOro, YTO Peub HIAET O CJIO-
JKeHHH npeo6pa3oBaHui, KaXJoe U3 KOTOPHIX NMPeNCTaBJseT co6oi
HEKOTOpOe BpailleHHe. DTO CJIOXKEHHe COBNAaLAaeT CO CI0XKEHHEM BEK-
TOPOB B HEEBKJHIOBOH reoMeTpHH.

B. Bapuuak OoTMeTHJ, UTO MHOTHe aBTOpbI, H3JaraBIUHe CIelH-
aNbHYI0 TEOPHUI0 OTHOCHUTEJbHOCTH, He TNPUMHCBHIBAJU HEEBKJHIOBOH
reOMeTpPHUHU CYLIECTBEHHOTO 3HAYeHUs] B ONHCAHHUU (DU3UYECKHX IIPO-
neccoB. Tak, Hampumep, BuH mnucaj, uTo HOBasi KOHIENIHH MpO-
CTPaHCTBa-BpeMEeHH He HMeeT HHUKAKHX HeNOCPEeICTBEHHBIX TOUEK
CONPUKOCHOBEHHUSI C HEeBKJIUIOBOI reomerpueil. JIptouc paccmatpu-
BaJl HEEeBKJHIOBbl TeOMETPHH KakK IPOCThle Joruueckue KoMOHHa-
I[MH, He HUMellHe HUKAKOro (U3HUecKOoro 3HauyeHHs.

Eiie Gosee pe3ko mucan Makc Ilnank. OH cuurasn, 4Tto pessiTu-
BHUCTCKAasi KOHIENIUSI BpEMEHHU «IPEBOCXOIUT IO CBOEH CMEJIOCTH BCe,
uTO ObLIO CHENAaHO IO CUX NOpP B 06/1aCTH YMO3PUTENIbHOTO €CTECTBO-
3HaHUS1 U B (pUI0COPCKON TeOpHM NMO3HAHHS; B CPaBHEHHH C 3THUM
HeeBKJ/IMI0BA reOMETPHUs, UMeBIIasl NIOKa cepbe3Hoe 3HAueHHe TOJb-
KO JIJIsT YHCTON reoMeTpHH, He GoJsible, ueM AeTcKas Urpymka» [37].
Bapuuak cTpemuics K0Ka3aTb, UTo reomeTpust Jlo6aueBcKoro sBJsi-
ercs alleKBATHBIM alllapaTOM HCCJAEN0BAHHS TEOPUH OTHOCHUTEJbHO-
CTH. YXKe HaBHO OblJla OTMeueHa aHAaJIOTHS OTHOIIEHHH MeXaHHKH
3JIEKTPOHOB K MexaHuKe HbloToHa M runep6oJHUECKOH TeOMETPHH K
reoMeTpun EBkianna.

DTy aHaNOrHio CTPeMHUJICS paciuHpHTh BapHuak, cTaBs Bompoc o
roM, HeJib3si JiH OblJI0 MCTOJNKOBATh JIOPEHLOBO COKpalleHHe Kak
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C/IeICTBHE T€OMETPHYECKOH aHM3OTPONHM NPOCTPAaHCTBA. B Teopuu
OTHOCHTEJIbHOCTH NPaBHJO IapaJjjesorpaMMa CHJI H CKOPOCTEH He
uMeeT MecTa, B reoMeTpuu Jlo6aueBcKoro He CyieCTBYeT Boo6ile
napajnaenorpaMma. B Teopunm oTiOCHTENBbHOCTH, H3THaBIIel abco-
JIIOTHOE M3 (DM3HKH, CYILECTBYeT ORXHa aGCOMIOTHAst CKOPOCTb — C; B
B reoMeTpuu Jlo6aueBcKoro cyiecTByer abcosioTHas AiauHa R. [pu
sToM Bapuyak cesnan HeBepHbIH BBIBOL O TOXKIECTBEHHOCTH Te€O-
MeTpuH Mupa MuHkoBckoro u reomerpun JloGaueBckoro. ®@. Kieiin
Jlokasan u3omopcdusm rpynnsl JlopeHna u rpynmsl ABHXKEHHSI NPO-
cTpaHcTBa JIo6aueBCKOro U BHISICHUJI CyTh B3aUMocBsi3eil Mupa MuH-
KOBCKOro u reomerpuu Jlo6aueBckoro.

3omMmepdenpd TPaKTOBAJ CIOXKEHHE CKOPOCTeH KaK MHocJenoBa-
TeJbHOE NpPUMEHeHHe IBYX npeoOpasoBaHu#i JlopeHIa, Kakloe Hu3
KOTOPBIX O3HayaeT HeKOTopoe BpaileHue. ITocKOMBKY yribl onpefe-
JSI0TCS AyraMH €IHHUYHOTO Kpyra, TO CJOXKeHHe O3HauaeTr Nocie-
JlOBaTeJIbHOE OTKJaJblBaHHe IYr Ha Kpyre paxuyca i. IIpu cioxeHun
cKopocTell pa3/MYHBIX HalpaBJeHuHd cjelyeT IHepedTH K cdepe, H
HaXOXIeHHe Ppe3yJbTHPYIOLed CKOPOCTH CBeLeTcsl K IOCTPOEHHUIO
cepuueckoro TpeyroJbHHKa. MHHMOCTb Iyr, NpUBOAAIINX K BBeJe-
HHIO IIapa pajxuyca i, 0G0OCHOBaHa METPHYECKUMH COOTHOIUEHHSIMH
reOMEeTPUH MHpA.

B nanbHeiiimem ITaynu nucan: «Bapuuak ycraHOBHI Takxke ¢op-
MaJjibHylo cBsi3b reomeTpuu JloGaueBckoro — Bouabsin ¢ mpeo6paso-
Banusimu JlopeHua... cBs3b ¢ reomerpueil Jlo6auesckoro — Boubsin, o
KOTOpO# HIEeT peyub, MOXKeT ObITh KPAaTKO 0XapaKTepu3oBaHa CJAEAYIO-
UM obpa3oM (He 3aMeleHHbIM Bapuuyakom): ecau paccMaTpHBaTh
dx!, dx?, dx3, dx* Kak OJJHOPDOJIHbIE KOOPAHHATHE B IPOEKTUBHOM TPEX-
MEpPHOM NpPOCTPAHCTBE, TO MHHBApPUAHTHOCTb ypaBHeHHs (dx!)2+
+ (dx?)24 (dx®)%>—(dx*)2=0 o3Hauaer BBeleHHe MeTpukH Kehiy,
IIPH 3TOM B OCHOBY KJajeTcsl OelicTéuTesbHOe KOHHYECKOe CeueHHe.
Bce maJnbHeiiiee mosyyaercss caMo co6ofl Ha OCHOBAHHHM H3BECTHBIX
cooGpaxenuit Kneitna» [38].

Ha Mbicab 0 HEeBKJHIOBOM HCTOJKOBAHHH TEODHH OTHOCHTEJb-
HOoCcTH Bapuuaka HaTOJKHYJIO TO, YTO MHUHKOBCKHI BbIpa3uJ OTHOIIE-
HHMe CKOpOCTeii B BHue rumnep6o/HuecKoro TaHresca. [epryoTiy Tak-
e BbhIpasus yGexJeHHe, YTO HeeBKJIHAOBA TeOMETpHs IoJe3Ha IpH
CJIOXKEHHH CKOPOCTEH.

Po066 BBes1 NOHSTHE «OBICTPOTHI» U IHCAJ, YTO €CJH U — abCOJIOT-
Hasi CKOPOCTb YACTHIbI N0 OTHOLIEHHIO K CHCTeMe, TO 06paTHbIH TH-
ne p6oJMYECKHIT TaHTeHC Has3biBaeTcsl «OGbICTPOTOH». BMmecTo eBK./u-
JI0Ba TPEYroJibHHKa CKOPOCTeH MoJyyaeM TPeyroJbHHK «GBICTPOT
JloGaueBcKoro.

®ok moxpoGHO OCTaHABJAMBaeTCs Ha HOKa3aTeJqbCTBE TOro, 410
ec/M paccMaTpuUBaThb INPOCTPAHCTBO CKOPOCTeH KaK INPOCTPAHCTBO
Jlo6aueBcKoro, To MPaBHJIO CJI0XKEHHSI CKOPOCTEH B TEOPHH OTHOCH-
TEJbHOCTH COBMALAET C [PABHJIOM CJOKEHHS BeKTOPOB B T€OMETpPHH

JloGaueBCcKOro.
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B penaTuBucTCKO# (H3HKe MOCTPOEHHE AMHAMHKH TOYKH M CHCTe:
Mbl BCTPETHJIOCH CO 3HAUHTENbHLIMH TPYAHOCTAMH. «B mporuBomno-
JIOXKHOCTb 3JIEKTPOAHHAMHKe, — NHUlIeT 3oMMepdesbl, — ¢ CaMOro
Hayasa Kak Obl IpHCHOCOO/JeHHOH K YAOBJETBOPEHHIO TpeGoBaHHI
TEOPHH OTHOCHUTEJNBHOCTH (MO3TOMY MBI CMOIJVIM HCIOJb30BATb ee
Haxe 11 000CHOBaHHA MOCJeJHel), KNacCHYeCKyl0 MeXaHHKY, UTo-
Obl IPUBECTH €€ B COTJIacHe C Teopuel OTHOCHUTEJbHOCTH, HEOOXOIH-
MO IOJABEPTrHYTh pajHKaJbHeALINM H3MeHeHHsiM» [39, cTp. 361].

[IpencraBiasieTcss HeNocAeq0BaTeJbHOH TEOpHsi, B KOTOPOH MeXa-
HUYECKHEe 3aKOHbl M IIPMHIMIbLI KOBAPDHAHTHBI OTHOCHTEJNBHO MpPeos-
pazoBanufi Tanuies, a 37eKTPOJUHAMIIUECKHE — OTHOCHTEIbHO
npeo6pasoBanuil Jlopenua. Eciu xe 3aKoHBI U NMPUHIUNB MEXaHUKH
JOJI2KHBI OBITb KOBAPHAHTHBIMH 110 OTHOIIEHHIO K NMpeoOpa3oBaHUsIM
JlopeHua, To BO3HHKaeT BOMPOC, KaK JOJXKHBI OBITH MPH 3TOM BHJO-
P3MEHEHbl OCHOBHBIE IOJJOXKEHHS MeXaHHKH. DiHuTelin B pabore
«K aseKkTpoanHaMuKe JBUKYLUIUXCS TEM» PACCMOTpPEJ AUHAMHUKY Mel-
JIEHHO YCKODEHHOTO 3JIEKTPOHA W MNpHILUeJ] K BbIPaXKEHUSAM JJs IPO-
NONbHOH W MOMEPEeyHOH MacChl, COXPaHWB ypaBHEHHE, COIJIACHO KO-
TOPOMY UHCJIEHHOE 3HAaYeHHe MacChl, YMHOXKEHHOE Ha YUCJIEeHHOe 3Ha-
YeHHe YCKOpPEHHs, PABHO YHCJIEHHOMY 3HAYEHHIO CHJIBL

IlnaHk, UCXO/AS W3 NMPHHLHUNA HAHMEHbIIEro NeficTBUS, ONHUM H3
NepBHIX PacCMOTPEN] HEKOTOpPble BOMPOCH PEJNSTHBHCTCKOH AMHAMH-
KH. DpeH(eCT MOCTAaBUJ BOMPOC O TOM, MPHUrOJHA JIM JUHAMHKA TOY-
KM /11 3JIEKTPOHA, €CJIM MPEeANOJ0KHUTD, UTO JJEKTPOH He obJafaer
pajauaNbHON CHMMETpHeH, HO MUMeeT HEKOTOPYIO SJJIHIICOHIAJIbHYIO
¢opmy. ITo atomy Bompocy mosemMusupoBaiu DHITEHH 1 BopH, Ko-
TOopele 06CyXKjaa/au Takxe Mpob/eMy CYyLIECTBOBAHHS aObCOJIOTHO
TBepaoro Tesa. Teopust OTHOCUTEJIBHOCTH He JOMYyCKaeT CyIllecTBOBa-
HUSL abCOJIIOTHO TBepjaoro Tenaa. Eciu Gbl cyliecTBoBasiM abCoOJIOT-
HO TBepJble Tesa, TO 3TO BJEKJIO Obl 32 co60i CcyllecTBOBaHHE CHI'HA-
JIOB, pacHpOCTPAHSIOUINXCSA CO CKOPOCTbIO, OOJbIIEH CKOPOCTH CBETA
B BaKyyMe, IIOCKOJIbKY IIPH BHELIHHX BO3JEHCTBHAX BCe TOUKHU abcCo-
JIIOTHO TBEPJIOTO TeJa [OJIKHBI MPUATH OLHOBPEMEHHO B ABMIXKEHHE,
“60 B MPOTHBHOM cJyyae umesa Obl mMecTo Aedopmanus Teaa.

BopH, Bcaen 3a Jlpioucom u TonMeHOM, MPUBOJAHT AOKa3aTellb-
CTBO 3aBHCHMOCTH MacChl OT CKOPOCTH, OCHOBAHHOE Ha aHaJH3e MbIC-
JEHHOrO 3KCIIepUMeHTa C coyaapsiomumucs wapamu. OH paccma-
TPHBaeT JBEe CUCTEMBI oTcueTa S W S/, JBHKYyLHeCS APYT OTHOCH-
TEJIbHO JpYyra NMpsIMOJIMHEHHO M PAaBHOMEPHO cOo ckKopocThio v. Ha-
6nogarenu A u B, noKosiluecss COOTBETCTBEHHO B cHcreMax S u S,
CHa6KeHbl 1BYyMsl COBEpIIEHHO OJMHAKOBBIMU IIapaMu. Kaxiabif U3
Ha6aiogareneii 6pocaer map B HampaBJeHHd, MepHeHIUKYJsSPHOM
HalnpaBJIEHHIO CBOEro JBHKeHHs. MomeHT 6pocaHusi BhIOMpaercs Tak,
4yTOOLI JIMHHUS, COENMHSIONAs IeHTPHl UIapOB B MOMEHT CTOJIKHOBeE-
HMs, Gblja MepHeHUKYJ/AsSpHA HanPaBJAEHHIO OTHOCHTENBHOTO JBHXKE-
HMs cucteM oTcyeta. CHMMETPHUHBIH yoap He MOKeT M3MEHHTb MpPo-
JAOJIbHYI0 CKOPOCTb NEepBOro lIapa, paccMaTpUBaEMOro M3 CHCTCMBI
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S, Tak Ke KaK OH HE MOXKEeT U3MEHHTh NPOAOJIbHYI0 CKOPOCTh BTOPO-
10 Wapa, paccmarpuBaeMoro u3 cucreMnl S’. [Tonepeunsle cocTaBJIs-
IIIHEe CKOPOCTH U3MeHsAIoTCs npu yaape. HaGatonatens u3 S BUIAHT,
YTO MEepBLI IIap M3MEHHJ CBOIO CKOPOCTb, H OTMEYaeT 3TO KakK
us, =—U’. Ha6bmonatenb u3 S’ BUAUT, UTO BIOPOH LIap H3IMEHHI
CBOIO CKOPOCTb Noc/Ie yxapa us, =U".

Ha6mionarens A Gpocaer mepBblil 1ap B HampaBJeHUH, TepIeH-
JHUKYJIIDHOM IBHXKEHHUIO CHCTEMBI; CJeI0BaTe/bLHO,

up, =0, u$1=U1

raeup i U=u; COOTBETCTBEHHO MPO/IO/NbHAS H MONepeyHasi COCTaB-
JISTIOIIME CKOpPOCTH mepBoro mapa. [lockonabky B OpocaeT cBoil map
OTHOCHTEJ/IbHO- IITPUXOBAHHOH CHCTEMBI B IPOTHUBOMOJIOKHOM Hanpas-
JIEHHH C TOH e CKOpOCTbIO,

’

upz = 0, usz = U.
Teopema cii0KeHHsI CKOPOCTe#H
; u, —v . 1—2/c2
b= 2%y 4 —u l’_v/__
1% 1%
c2 c?

N03BOJISIET HAATH 3HAYEHHS] BCEX YKAa3aHHBIX BEJHUYMH KaK B CHCTEMeE
S, Tak u B cucreme S’;

Up, =0, us,=—UY 1T—0%c

Bopu o6Go3Hauaer Macchl IIapoB Mnepel YIapom uepe3 m; U mg H
onpefessieT COCTaBJSIONINE MOJHOTO HMMYJIbCa:

I, = mup, 4 myttp, = myo,
Is = myus, + matts, = mU —mU V' 1T—0%c2.

IIpu neHTpanbHOM ymape NpoxOJbHAS CHCTABJSAIONIASE CKOPOCTH Mep-
BOro IIapa, pacCMaTPpHBAaeMOTO B cucTeMe S, He MEHsercs, Tak XKe
KaK He MeHseTCs MpOJOJIbHAS COCTAaBJSIOIIAsi CKOPOCTH BTOPOTO
mapa, paccMmatpuBaeMmoro B cucreme S’. CiemoBaTesnbHO, IMocie
ylapa HMeeM

Up, =0, us, =—U,
’ ’
up2=0, uszzul.
[Tonb3ysick TeopeMmoil CJCKEHHS CKOPOCTeHl M BO3Bpallaschb K He-
IMITPUXOBAHHOH CHCTEME, HaXOIUM
—_—
Up, = U, Us, =U’1/1——v/c‘.
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Cocrapasomue UMIyJbca mocie yaapa 6yayt
I, = Blupl - Mgtty, = My,
Iy = myus, + mous, = — mU'-+ myU' Y T—o%ce.
13 cpaBHeHHs MMIYJbCOB IO W MOC/E yaapa AMeeM
Mmyv = my,
mU—mUV 1= = —mU +mU VYV 1T— %
Ecnn 6b1 Macca 6bli1a MOCTOSIHHOM, TO H3 BTOPOTO PaBeHCTBA CJAEA0-

BaJIO
U+U)0—VYT—¢%c) =0,

YTO HEBO3MOKHO, TaK Kak Us= 0 u vs= 0.

CpaBHeHHE UMIYJIBbCOB O H MOCJE yaapa He TOJbKO MPUBOJHT K
TOMY, 4TO MOCTOSIHCTBO MacChl HECOBMECTHMO C PEeJSITHBUCTCKUM
3aKOHOM CJIOXKEHHSI CKOPOCTEH H C TEMZ OCHOBHBIMH MOJIOXKEHHSIMH,
Ha KOTOPBIX OH 6asupyercs, HO HEMOCPeICTBEHHO MPHUBOAMT K ycTa-
HOBJIEHHIO BHIA 3aBUCHMOCTH MAacChl OT CKOPOCTH

My
M= ——=
V1—="0%c?
Jlns ummnysnbca umeeM
I =mv = L U
Vi—v¥/c?

ITockosibKy ompemeseHbl mMacca W HMMNYJbC, JErko I[OJYYHTh
BLIpaXK€HHe [JIsi CHJIbl M KHHETHYECKOH 3HEpTHH; CJeI0BaTeJbHO,
pPEJSTHBHCTCKasi MeXaHuKa O0O0OCHOBaHa HE3aBHCHUMO OT 3JEKTPO-
AMHaMHKH.

Yacro paccmMaTpUBAIOT B KauecTBe NpHMepa YNpYTHil yaap ABYX
mapoB paBHO# Mmacchl. [lycrb 10 yaapa onur U3 1apOB HAXOAUTCS B
[OKOe, a IpYTof Iap ABMXKETCS MO HAlmpaBileHHIO K HEMY CO CKOpO-
ctbio v C. TTonb3ysich 3aKOHAMU COXpaHEHHS] UMMYJbca U SHEPTHU
K/1aCCHUECKOH NMHAMMKH, JIeTKO M0Ka3aTb, UTO €CJIH yHap ABJSETCH
HEIleHTPaJbHBIM, TO MOCJ€e CTOJKHOBEHHS LIapbl Pa3J/eTaloTCsi CO CKO-
POCTSIMM, COCTABJSIOUIMMH yroJ m/2. B pensiTUBUCTCKOH /MHaMHKe
pPasjMyaoT cJayyad MaJblX IO CPaBHEHMIO C ¢ CKOpOCTeH, MpH KOTO-
poOM yroJ pasJiera LIapoB HECKOJIbKO MeHblie 1/2, W caydaid cKopo-
cTefl, oueHb GJIH3KHUX K ¢, IPH KOTOpOM 06a 1iapa mocie ygapa L0J-
KHBl JBUraThCs IOYTH B IepBOHAyaJbHOM HampasjeHHH. OMBITH C
IyyKaMHu GBICTPHIX 3JIEKTPOHOB, MPOMYLIEHHHX yepe3 Kamepy Buib-
COHA, MOATBEPKAAIOT PEIATHBUCTCKHE (OPMYJIBl LIS YIPYTHX CTOJ-
KHOBEHMH. DJIEKTPOHB MyykKa B CJIyyae PeJsTHBHCTCKUX 3HEPruii 06-
pasyloT ¢ 3JeKTPOHaMH, BbIGNBAa€MbIMH H3 aTOMa rasa, HaXOAsIIero-
ci B Kamepe BuiibcoHa, yrisl pasiera Menblie 90°.
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MexaHHKy 1 3J1€KTPOAHHAMHUKY Ka3a/l0Cs 11e1ec006pasHbIM CTPO-
UTb, HCXOMS M3 NMPHHIMIA HauMeHblIero aefictBusd. B 1914 r. B craTthe
«[TpuHuun naumensbiiero gefcTBusy [1naHK nucas, yTo He MONJENKHUT
COMHEHHIO, YTO NMPUHLUUN HAaUMEHbIIEro JEHCTBHS MPUMEHHM ¢ 6OJb-
IIHM ycleXOoM B 3JIeKTPoxMHaMuKe Bakyyma. OH yKasaj Ha To, 4TO
Jlapmop (1900), HIBapumuabx (1903) BeiBesM OCHOBHBIE ypaBHe-
HHS 3J1eKTPOJMHAMHMKH U 3/1eKTPOHHO! T€OpUH U3 npHHUHUMNA ['aMub-
TOHA, He mpuberas K MeXaHHYECKHM THUIIOTE3aM.

OH .oTmeuaeTt, yTo HauGoJjiee GJIECTAIIEr0 ycrnexa NMPHHLKIT HaH-
MeHblIlero JeficTBUS LOCTHT B COBPEMEHHOH T€OPUH OTHOCHTENbHOCTH
DfHTeliHa Garofaps TOMY, YTO BEJIMUMHA N HCTBUSA MO ['aMHIbTO-
Hy MHBapHaHTHA IO OTHOLIEHHIO K mpeoGpasoBanusim Jlopenua. Eie
paHee, B 1910 r., B ctatbe «OTHOLIeHHe HOBeHIIel (U3HKH K Mexa-
HHYECKOMY MHPOBO33peHuIo» [lnaHk mucan: «Boicium ¢usvyeckum
3aKOHOM, BEHIIOM BCE€H CHCTEMBI SBJISETCS, MO MOEMY MHEHHIO, NPHH-
LU HaUMeHbIIero [eHdcTBUsl, KOTOPBIH CONEPIKUT BCe UETbipe MHPO-
Bble KOODIMHATH B COBEPIIEHHO CHMMETPHYHOM pacrojioxeHuu. M3
STOT0 LEHTPAJbHOrO NPUHIMNA KaK Obl H3JAy4yaloTcs MO 4YeThIpeM
HanpaBJIeHHSM YeTbipe paBHO3HAUHBIX NPUHIMNA, COOTBETCTBEHHO
yeTblpeM MHPOBBIM H3MepeHHSM. [IpocTpaHcrBeHHBIM H3MEpEHHSIM
COOTBETCTBYeT NMPHHIMIN COXPAaHEHHS KOJNHYECTBA [BHUXKeHHUs (TpOH-
HOM), a M3MEepeHHI0 BPEMEHH COOTBETCTBYeT MPHUHIMN COXpaHEHHs
sHepruu. Hukorna emje He ymaBasioch NMPOCAEAUTb TaK Iy6okKo, A0
CaMbIX OCHOB, 3HaueHUEe M OOllee MPOMCXOXKIeHHEe ITHX NMPHHIHMIOB»
[40]. DTo mo3Boasier moHsATh Mopxon IlnaHka K peNsiTUBHCTCKOH [H-
HaMHKe,

B nanbHefimem u3jioxeHne ObLIO 3HAUHTENbHO MOAUGDHUIMPOBAHO.

B ksmaccuueckoli MexaHHKe BO3MOXKHO O{pPEHEeNUTb BHA (DYHKLHH
JlarpaHxka cBOGONHOH 4YacCTHIbl, YYHTbIBAs, Yro [JEHCTBHE HMHBAapH-
aHTHO OTHOCHUTEeNbHO mpeobpaszoBanuil [a1uies M uTO (QYHKUHMA
JlarpaHxa cBOGOZHON 4aCTHLbLI 3aBUCHT TOJIbKO OT aOCOJIIOTHOH Be-
JIMYMHBI CKOPOCTH.

B penaTuBHCTCKON MexaHUKe BTOpOe YCJIOBHE ocTaeTcs 6e3 H3-
MeHeHHUH, a nepBoe — 3aMeHsieTcsi TpeGoBaHHeM MHBAapHAHTHOCTH OT-
HOCHTeNbHO mpeoGpasoBanus Jlopenua. [efictsne S s cBOGOXHOM
YacTHLB! JaeTcsl BblpaXKeHHEM

b
S =—mec S ds,
a
rzie MHTerpas Gepercs BIOJb MHPOBOI JHHYH MEXIy AByMs 3aiaH-
HBIMH COObITHMH. JleficTBHE MOXKHO MPeJCTaBLTb H B BUJE HHTErpa-

Jla 10 BPEMEeHH
1

S = S Ldt,
rne L — ¢pyukuus Jlarpanxa,
L=—my1—20%c
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Orciofa MOXHO MOMYUHTb PEISITHBHCTCKHE BHIDAXKEHHs [/l SHEprUH
U ¥MNyJabca.

3asucumocts maccol or cKopocTu. Macca Kak Mepa HHEpPTHOCTH
H TpaBUTAlMIOHHbIX CBOHCTB TeJa SIBJASETCA ONHOH H3 BaXKHEHIIHX
XapakrepHcTHK. Kak OHO W3 OCHOBHBIX MOHSITHH THHAMHKH, Macca
Obiia BBefeHa HbIOTOHOM, KOTOpBIH MOHHMaJ MOJ MAaccoil KOJHue-
CTBO MaTepHH, cojepxaieiicsa B tene. Ilns onpenenenus uucna, xa-
pakrepusyouiero maccy, HbloTOH nosib3yeTcss OTHOIIEHHEM CHJbI K
VCKOpEHHI0, coobLiaeMoMy HaHHOMY Teny. Beauunna atoro orHolue-
HHS U3MEpsieT MHepPTHYI0 Maccy HaHHoro Teja. MHeprHocTh Tesa
NPOSIBJSETCS NMPH €ro YCKOPEHHHU H NMpHUCylla BceM (PU3HUECKHM 06b-
eKTaM. OTHM Xe (U3HYeCKHM OObEKTaM MMPUCYLIE H CBOHCTBO B3aH-
MOJIEHCTBOBATb JPYT C APYroM, MPH 3TOM Macca CJAYKHT Mepoii rpa-
BHTALMOHHOTO B3aHUMOIEHCTBHUS.

[lonsiTHe 0 Macce KaK O Mepe HHEPTHOCTH CTa/li MEPEHOCHTb Ha
JApyrde BHIbl IBHXKEHHS MOMHMO NMPSAMOJIHHEHHOrO U PaBHOMEPHOTO,
IJIsi KOTOpOro oHo Oblio ycraHoBneHo HbioToHoM. Oxkasanoch, uTO
Maccy MOXKHO ONpee/NUTb U KaK €MKOCTb HMilyJbCa, TaK HasblBae-
Mylo «mMaccy Moneption», BBoguBuyiocsi A. Ilyankape. Maccy Mox-
HO OMpeJeNUTb H KaK €eMKOCTb JKHBOH CHJIBI, KK YaCTHOE OT JeJeHHUs
JIBOHHOH KHHeTHYECKOH SHeprud Ha KBaJpaT ChOPOCTH — TaK Hasbl-
BaeMylo <«KHHeTHueckylo Maccy A. Ilyankape». B mexanuke Gblio
M3BECTHO M3 ONbITA, YTO Macca H30JHPOBAHHOTO Tesla WJH 3aMKHY-
TOH cHCTeMBbl TeJ OCTaeTcsl MOCTOSIHHOH mnpH JIOGHIX Mpoleccax,
coBepLIAIOIIMXCA B JAaHHOM TeJe HJIH B NAHHOH 3aMKHYTOH CH-
cTeMe.

B 1756 r. M. B. JIOMOHOCOB 3KCIE€PHMEHTaAbHO OTKPHIJI 3aKOH
coxpaHeHusi macchl. B XIX B. GBI OTKPHIT 3aKUH COXPAHEHHS H Mpe-
BpallleHHsl 3Hepruu. 3aKOH COXPaHEHHs MacChl H 3aKOH COXpaHeHHs
M NpeBpallleHHsi SHEPTUH SBUJAMCH (DH3HUECKUM BbIpaXKeHHEM Mare-
pHATMCTUYECKOTO MOJIOXKEHHSI O COXPAaHEHHH MaTepHH H ee JBHXKE-
Hus, [Toutu mo xoHna XIX B. mMaccy cuuTa/d HeH3MEHEHHBIM CBOMi-
CTBOM uacTHI BellecTBa. IIpexmonaranu, 4To macca Tesl HE 3aBHCHT
OT CKOPOCTH HX JBHIXKEHHS.

B naabHeiilieM 0Ka3aJjioch, YTO 3aKOH COXPAHEHHSI MacChl HEJb3sl
COXpaHATb B KauyecTBE OTJEJbHOrO MPHHIHUNA, HO YTO OH IOJIXKeH
ObITb COEJHHEH C MPHHIMIIOM COXpaHeHHsl 3Hepru. Ilpu ssnekrpusa-
LMH TeJla Macca MeHsieTcs. DJeKTpH3anus coobiiaer Teay NOMOJHH-
TEJNIbHYI0O €MKOCTb KOJIHYecTBa ABHIKEHHMS, a TeM CaMbIM H Maccy
3JIEKTPOMATHUTHOTO NMPOUCXOXKAeHHS. M3yueHue 3aBUCHMOCTH Macchl
OT CKOPOCTH HCTODHYECKH TECHO CBSI3aHO C OTKPHITHEM H H3yUeHHEM
KaTOJIHbIX Jyuell.

[To ycoBUSIM BO3HHKHOBEHHSI KaTORHBIX Jlyu€il pasiuuyalu MHO-
ro UX PasHOBHIHOCTEH, HO OOIIMM JJIsi HHX OKasaJocb TO, YTO OHH
NpejCTaBAsAIOT co00il MOTOK 3/1eKTpoHoB. Onpenenenns 3apsia, Mac-
Cbl M CKODOCTH KAaTOAHBIX Jiyuell 6asHpOBaniMCb Ha U3MEDEHHH Jeii-
CTBHHl MOMEPEYHBIX M MPOXOJbHBIX 3JEKTPHYECKHX M MarHUTHBIX IO-
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Jiedl Ha JOBUXKYIIHecs 3JeKTpoHbl. ITpu nepexome K 6oJblIMM CKOpO-
cTsM OblJI0 OOHapyKeHO yMeHblleHHe OTHOIUEHHS 3apsiia K Macce.
Oco6eHHO 3TO CcTa/o 3aMeTHO y B-yuell paausi, 06/1afaoUuX CKOPO-
CTSIMH, HEMHOIO OT/JIHYAIOUIUMHCS OT CKOPOCTH CBeTa. JJIeMEHTap-
HbI pa3bop Bompoca 06 SHEPTHH U Macce ABHKYIIErocs 3JMEKTPOHA
MOKa3blBaJj, 4YTO BO3HMKHOBEHHe MArHHTHOTO IOJsI BbI3BIBAET HEKO-
TOpOe yBeJIMYeHHe Macchl 3JeKTpoHa. Jlomyckasi, YTo 3JeKTPOHY NPH-
cylila HEeKOTopas Macca My, UMeloliasi XxapaKTep Macchl OOBIKHOBEH-
HOH MaTepHH, BBIYMCJSAJH, YTO BeCb 3amac HEPrHH JBHXKYILErocs
3JIEKTPOHA paBeH

1_ 2
U=?mov2—!— ,

rie a — panuyc sjaekrpoHa. OTcioma Haxoou/1u, YTO BU3HUKHOBEHHE
MardMTHOTO MOJIS BbI3bIBAaeT yBEJNHYEHHe MacChl 3J€KTpPOHA Ha Be-
JIMYUHY
2e?
m—my=-—.

3ac?

Ecnu paccmaTpuBaTbh 3JIEKTPOH KaK 3apsixkedHywo chepy pamuyca
nopsanka 10~13 cu, TO momoJHMTE/bHAS HHEpPTHAs Macca, TaK Hasbl-
BaeMasl «3/JIeKTPOMarHuTHas mMaccas», HMeeT TOT e MOpPSLOK, 4TO H
Mmacca anektpoHa. [Tocse 1900 r. MHorue ¢M3LKM CTaNH CKIOHSATHCS
K MBIC/H, YTO BCS Macca 3JIeKTPOHa MMeeT 3JIeKTPOMAarHHTHYIO MpH-
pony.

Ucxonsa u3 mpepncraBieHusi o cheprHueckoM 3JIEKTPOHE, He H3Me-
HSIIOILEM IPH JBHXKEHHU cBoell ¢opMmbl, AGparam BbIBes BbIpaxKeHHS
IU1l TPOJOJIbHOM M nonepeyHoit maccel. OH Hamies, YTO MPU MPSIMOJIH-
HelHOM NepeMeHHOM [BHXKEHHH 3JIeKTPOHA BblzBAHHOE UM MOJie mei-
CTBVET Ha Hero CHJIOH, MpPONOPUHOHANBHON €ro YCKOPEHHIO H Ha-
npaB/ieHHOH 06paTHO HAampaBJEHHIO 3TOTO YCKopeHHs. MHOXKHTENb,
MMEIOLH XapaKTep Macchl, Ha3BaJ/i MPOJIOJAbHOMN 3/IEKTPOMATHUTHOH
MacCCcoOH 3JIEKTPOHA.

[Ipn paccMOTpeHMH paBHOMEDPHOrO KPHBOJIMHEHHOTO IBHXKEHHS
Jerko MpUHTH K NPEeACTABJEHHIO O MONEPEeYHOH 3JIeKTPOMAarHUTHOM
macce. IlpencraBnenne o cdepuyeckoM 3JeKTpOHeE, He mperepneBa-
oueM gedopmanuy, 6b110 3aMeHeHo JIopeHIOM THIIOTE30i 0 nedop-
MHpYEMOM 3JIeKTPOHe. DTa THNOTe3a M03BOJsA/Na B KaKo#H-TO Mepe
o6bsAcHATh omblT MakiKesbcoHA. DJIEKTDOHBI 11PH CBOEM IBHKEHHH
JOJIKHBI ITPHHATb BHJ CIJIIOCHYTBHIX SJITHICOMIOB BpallleHHs, K)TO-
pble MPH CKOPOCTH, PaBHOH CKOPOCTH CBeTa, MpeBpalialoTCs B KPyr-
Jible JMCKH, MJIOCKOCTH KOTOPBIX Paclo/okKeHbl HOPMAaJIbHO K Hampas-
JeHHI0 ABHXKeHus. IHTepecHO OTMeTHTb, uTO Teopud AbGparama u
JlopeHua oranuaioTcss APYr OT Apyra, HO 3Ta pasHULA OOHAapyKHBa-
eTcsl TONIBKO B wieHax mnopsiaka v2/c2.

[TpuBeneHHble HaMH TeOpeTHYECKHe HccaenoBaHHsl AGparama,
JlopeHna ¥ APYrUX CTUMYJIMPOBAJH OCYLLECTBICHHE MHOTOUHCJIEHHBIX
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SKCMEPHMEHTOB MO M3MEPEHHIO OTKJIOHEHHS OBICTPBIX 3JEKTPOHOB B
9/JEeKTPUYECKOM ¥ MarHUTHOM IOJSX.

B pa6ore «K anekTpompunamMuke ABHKYUIMXCSA Ten» DHUHIITEHH MO-
Jolles K Bompocy 06 M3MepeHMH Macchl 3JeKTpPoHa, He mpuberas K
CrielHaJbHbIM NMPEANOJOKEHUSAM 0 (opMe U 3apsie JeKTpoHa. DHH-
IITeHH OTMEYaeT, YTO Pe3y/abTaTbl OTHOCHTENBHO MAacChl CIpaBejJIu-
Bbl TaK¥Ke U /IS He3apsixKeHHbIX MaTepHa/bHbIX TOYEK, MOCKOJbKY K
noc/iegHe MOMKHO NMPHCOENMHHTb CKOJDL YrOZHO MaJblil 3JeKTphye-
CKUll 3apsin.

B onbitax Kaydmana B 3BaKyupoBaHHOM COCYyHe M3 aMMyJul C
pajaueM HcnycKaJjcs y3KH# mydok f-nyuyei. Ha nytu nyveir momermia-
JUCb IBE IJIACTHHBI KOHIEHCAaTOpa, MeXJY KOTOPbIMH CO3[1aBaJjioch
OYeHb CHJIbHOE 3JIeKTPHUecKoe nojie. BHe cocyza HaXOLHIHUCH MO-
JIIOCHI CHJIBHOTO 3JIeKTPOMarHuTa. MaruuTHoe noJse GblJIO MapadJielb-
HO 3JIEKTpHYECKOMY NoJo. BHe noss, nepnenauky/asipHO K My4yKy Ka-
TOOHBIX Jydyell, Momewianachk ¢ororpaduieckas mjaacTuHka. Jlyum,
nonajgas Ha MNJACTHHKY, BHI3bIBAJM ee MOYEPHEHHE, YTO MO3BOJSJIO
HabJaonaTh uX OTKJoHeHHe. B onmbitax Kaypmana Ha nuacrunke
Obly1a MoJiyueHa KPHBasl, CHJIBHO OTJHYAIOUIAscs oT napabosbl. dToT
OTIBIT NOKAa3aJ, 4TOo B-Jy4d pa3HbIX cKopocTeil 06JafaloT pasJIMyHbI-
MM 3HAYEHHSIMH OTHOIIEHHS 3apsiia K macce. CunTasi OJHHAKOBBIM
3apsn Beex yactun, Kaydmaun mosyuus, yTo Macca B-4acTHIB H3Me-
HSIETCST C U3MEHEHHEM €ee CKOPOCTH.

Uto6bl pa3pewIuTb BOMpOC, Kakasi M3 THiloTe3 — JIopeHIla HJIH
AGparama — BepHa, onbiTel KayhMana okasanuch HeLOCTAaTOYHBIMH,
MOCKOJIbKY MX MOTPENIHOCTDb NpeBhIIaia pa3iviyue MeXIy STHMHU Te-
OpHSIMH.

PaGorer Kaybmana 1902—1906 rr. B Gosblieli Mepe CBHIETENb-
cTBOBa/Mu B nosb3y AGparama. [aitabp B 1909 r. B aucceprauuu, no-
csieHHoN onbiTam Kaydmana, KpuTHKOBAJ BBIBOABI ITOCJHETHEr0 U
NoKasaJjl, YTO B €ro ONbITax HeJOCTATOYHO yUYTeHH OMHOKu H3Mepe-
wug u yto Kaydman, no-BHIuMOMY, MePEONEHHU TOYHOCTb pe3yJbTa-
TOB H3MepEHHS.

B 1907 r. Il. Dpencdect wnucan, YTO JOPEHI-HHBAPHAHTHYIO
3/IEKTPOAHHAMHUKY B (OpMYJHPOBKE DUHINTENHA MOXKHO paccMaTpH-
BaTb KaK 3aMKHYTYIO CHCTEMY; OHA MOJIXKHA /laTh YACTO AENYKTHBHBI
OTBET Ha BOMPOC O TBEPJAOM HJIHK HeOpMHPYEMOM 3JIEKTPOHE. DpeH-
(ecT craBuT Bonpoc, Kakasg U3 ABYX TEOPHH COrJiacyeTcsi ¢ TeOopHeH
dfinmreiina. DAHIITEHH HE CONJIACHJICS ¢ NIOCTaXOBKO! BONpoca JpeH-
(ecTomM ¥ B CBOEM OTBETE €My yKa3aJl, 4TO {IPHHIHI OTHOCHTENbHO-
¢t (WM TOYHEEe MPUHIUMI OTHOCHTEJNbHOCTH COBMECTHO C MPHHIHIIOM
TOCTOSTHCTBA CKOPOCTH CBETAa) HeNMb3s TPAKTOBAaThb KaK CHCTEMY, HO
JINIIb KaK 3BPHCTHYECKHH MPUHIUI, KOTOPHIA caM 1o ce6e COXEepPKUT
JHIIL BbICKA3blBaHHWsI O TBEPALIX TeJax, yacax M CHUTHajax. DHHIU-
TefiH HAalOMMHAeT, KaKMM MyTeM OH NPHUIIEJ K TEODHH [BHXKEHHS
371eKTPOHOB, H YKa3bIBaeT, YTO B JAHHOM ClyYae peub HJIET He O CH-
cTeMe, B KOTOpOH 3aK/IOYEHBl yKe HesIBHO OT/eJbHble 3aKOHBI, HO
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JMIIb O NMPHHUKIE, H YTO PEJSATHBHCTCKAasi NHHAMHKa elle A0JXKHa
OBITH NMOCTPOEHA.

B 1908—1909 rr. Byxepep npoussen GoJsiee TOUHbIE ONMBITHI, B KO-
TOPBIX 3JIEKTPOHBI MOJLBEPrasIuCh MeHCTBHIO CKpelleHHbIX 3JIeKTPH-
YecKOro X MarHHTHOrO MoJied. DTH OMbITHI MOXKHO GblJIO Gbl HCTOJIKO-
BaTh B nyxe JlopeHna — DiHmITEHHA.

Becteabmeliep, Bunyasnn, Kanuuuren u gpyirve noJro ocrapHsajH
BoiBOIbI Dyxepepa. OmbiTel I'ynmka M HccienoBaHHss PaTHOBCKoro
(1911) TakXe He NpHBEJH K OJHO3HAYHOMY peLIEHHIO BOMpoCa.
Jluwb B 1914 r. B mucceprauun Heiimana, monoJHeHHOH paGoTaMmH
IIledepa u onbitamu tou u JleBaHiuy, GblJIa yCcTaHOBJIEHA ClpaBel-
JIUBOCTb DEJSATUBHCTCKOH ¢opmynbsl. B 1912 r. JleBanmu, ParHos-
CKMIl M [pyTHe MOABEPIJIM TIIAaTeNbHOH MpOBEpKe, MO METOLY CKpe-
IeHHBIX Tonelt, opmyay JlopeHua — DiHmTeHHA

my
m=——
V1i=1v¥c*

B onbiTax Tpukkepa GBI HCIOJNB30BaH METOX, NpenIOXKEHHBIH
Kanuueit nns aHanusa 3JeKTPOHOB MO cKopocTsiM. B 3Tux ombiTax
pacxonsliuics MyYoK 3JIEKTPOHOB OT HCTOYHHKA, KOTOPBIM CJIYXKHJ
panMOaKTHBHBIH Npenapart, HCHYCKAaBMIHA JEKTPOHBI CO CKOPOCTBIO
no 0,8 ¢, npoxonua yepe3 KoabueBylo fuadparmy. Ilydok dokycupo-
Bajics MPOLOJbHBIM MAaTEHTHBIM IOJIEM COJIEHOHLA. DJIEKTPOHBI C
pPas3JIMUHBIMH CKOPOCTSIMH (OKYyCHPOBAJIUCh B Pa3HBIX MECTax ONTH-
yeckoil ocu. IsMepeHHust mokasaJiH, YTO NMPH CKOPOCTSX 3JEKTPOHOB
BIJIOTh Ko 0,8 ¢ U3MeHeHHe MacCchl CO CKOPOCThbIO caedyeT (opmyJe
Jlopenna — ditniureitna ¢ Tounoctbio 1—29%. [Ipu aTHX XKe ycI0BH-
X pa3HuUa Mexny dopmysoi Jlopenna — diHmTeliHa

M= —o
o V1 —v2/c2
u ¢dopmysoit AGparama
—m S L (LB 18 =
m_m04B2( 2 lni—l—B 1),rueB v/c,

cocrasJsieT 5%.

Ilo cywecTBy, BBeeHHe B NMPAKTHKY (PH3HUECKHX HCC/IeLOBaHHMH
YCKOpHTeJIeH, KOHCTPYKIHUS H JIeHCTBHE KOTOPBIX OCHOBAHbI Ha peJsi-
THBHCTCKOH [MHAMHMKe, JIMIIAET aKTyaJbHOCTH 3TOT crop. OmHako
naxe B 1938 r. Llan u Crnuc BbIpasu/in COMHEHHE B MPaBHJIbHOCTH
MHTEPNPETALMH OMBITOB, CBHAETEJNbCTBOBABIUAX O CIIPaBENJIHBOCTH
t¢opmyabl Jlopenna — diHmreiHa. HoBble onuIThl GBLIH BBITOJIHEHb
PeliHO/MbCOM ¥ JPYTHMH C MOMOMIBIO 3JIEKTPOCTATHYECKOTO CIIEKTPO-
rpacda. Bce 11 onmbiThl, Kak u onbiThl Kanuuel — Tprkkepa, nokasa-
JIM, UTO OTKJIOHeHHs OT dopmyanl JIopenua — JfiHITeiHA HE MpPEBhI-
wator 1,56% npu ckopoctax saekTpoHoB 0,7—0,8 ¢, H, cie10BaTEIbHO
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sTa GopMysia MOJNYUHJIa SKCNIEPHMEHTANbHOE NMOATBEPXKAEHHE B YKa-
3aHHBIX Npeesax TOYHOCTH U HHTEPBAaJie CKOPOCTEH.

SIHomn u @aparo Bo30GHOBUJIHN JUCKYCCHIO, CUMTAS, YTO OMBITHI C
JBUXKYUIUMHCH B YCKOPHUTEJSAX JIEKTPOHAMH HE MO3BOJISIOT OKOHYA-
TeJbHO BbIGHpaTh Mexny ¢dopmynamu JlopeHna — diHmTeHA H
A6parama. OgHaKo OHH HE OTPHLAIOT, YTO HH OIHH IKCIIEPUMEHTAJb-
HBIH pe3yJbTaT He NMPOTHBEOPEUUT PEeJSITUBUCTCKON (opmyle,

Hrepyus snepeuu. Bonpoc 06 MHEPLHH 3HEPIHH B TEOPHH OTHO-
CHTEJIBHOCTH HCTOPHYECKH CBS3aH C YYEHHEM O MOTOKE JHEPTHH H C
Teopueil cBeToBOro namjenus. B ¢usuke manbHOmEHCTBHSI BOMpOC O
JIOKAJIU3aIHH SHEPTHH He MOT OBIThb MMOCIaB.1€H CKOJbKO-HUOGYIb YeT-
KO; yUeHHe Xe O MoJe, KaK 0 cpeje, nepenaioeil necTBre, NpUBeao
KO MHOTHUM HHTEDECHBIM acleKTaM B yue.dHH 06 SHEepPTrHH, B TOM YHCJIE
K YUYCHHMIO O JIOKaJIU3aLMH U MEPEHOCe SHEeNTHH. YKe JEKTPOIHUHA-
MHKa MakcBessa comepikaiia BbIpaxKeHHe I MJIOTHOCTH SHEPTHH.
Janbuefiiune waru 6bin caenanbl H. A, YMoBeiM, [TolinTHHrOM, MU,
CO3[laBIIMMH yueHHe 0 nortoke sHepruu. Mccaenosanue H. A. YmoBa
«YpaBHEHUS JIBHMKEHHS JHEPrUH B TeJaX», B KOTOPOM OH BIepBbIE
BBEJI MOHATHE O CKOPOCTH M HaNpaBJIeHHH JBUXKEHHS SHEPTHH, O NTOTO-
Ke SHepTHH U O BEKTOpe MJOTHOCTH 3TOr0 NOTOKA, TeCHO CBf3aHHBI C
€ro uccilenoBaHusIMU: «TeopHsi B3aUMONLEACTBHS Ha PACCTOSHUAX KO-
HEUHBIX M ee MPUJIOXKEHHE K BBIBOLY JEKTPOCTATHYECKHX U JIEKTPO-
JHHaMHUYecKnX 3akoHOB» (1872) u «Teopus mpocTteix cpen» (1873).
YMOB HCXOIMJ K3 KOHIEMIHH, YTO MOTEHIMAJbHASI SHEPTHS €CTb He
YTO UHOE, KaK XKHUBas CHJIa JBUXKEHUS HEKOTOPBIX CPel, HEOLULYTHMBIX
IJIsl Hac, ¥ YTO OHA He MOXKeT 00pas3oBarbCsi B OLHOH MPOCTOH cpefe.
Hpeu YMoBa 0 nepeHoce 3HEPTHH JHILbL YepPe3 CeMb JIET MPUMEHUJ
roJuiaHackuil ¢usuk [pHHBHC K HCCIEIOBaHHIO BONpoca O IepeHoce
3HEpruy OT OJXHOTO TeJa K APYroMy B cJyyae ynapa ynpyrux u He-
ynpyrux mapoB. B 1884 r. {IofiHTHHT pa3BHJ NOHATHE MOTOKA JHEP-
THH [JI 3JeKTpoMarHutHoro nosd. B pasabHefimem mnpo6aemMaMyu
nBuxkenuss B cpemax sanumanuch O. Jlomxk, B. Bun, O. Xesucaiin,
I'. Mu u mMHorue gpyrue.

C Bompocom 06 MHEPIMH TECHO CBSI3aH W BONPOC O CBETOBOM [aB-
Jgennu. Yxxe Kensep B 1619 r., ucX0oAs U3 TEODHH HCTEYEHHS, BHICKA-
3aJl MBICJIb O NAaBJEHHH CBETa U CTPEMUJCS OOBSACHUTH 3THM JaBlle-
HUEM HampaBJieHHe KOMeTHBIX XBocToB (or CoJsHua).

dra mbicab umena xoxnenue B XVII B, a 8 XVIII B. K He#r 06-
pamtancs dinep. Hemaso GbljIo MOMBITOX U IKCNEPUMEHTANbHOTO J[0-
KasaTesNbCTBa JABJAEHHS CBETOBBHIX Jyyeli.

Teopernyeckoe NOKa3aTeJbCTBO CYLIECTBOBAHHSI CBETOBOTO [aB-
JIEHHs1 ¥ ero KOJHMuYecTBEeHHAs OleHKa MNpHHaAJexuT MakcBesny.
[IpencraBieHust 0 CBETOBOM IAaBJEHHH HMEIOT OYEHb NABHIOK HCTO-
puio. B 1876 r. Baprosn mokaswiBaJ CyLIeCTBOBAHHE CBETOBOIO 1a-
BJIEHHSI U3 TEPMOJHHAMHUYECKHX coobGpaKeHuil, a B 1884 r. Boabnman
BRIBEJI M3 TEPMOAHHAMHYECKHX COOOpakeHui BbIpaXKeHHe IJIs JaB-
JIeHUs1 u3jayueHus. Psamom GiecTslLUX 3KCIEepPUMEHTabHBIX HCCENO0-
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Bauuit 1. H. JleGeneB BmepBble H0Ka3aJs CyLIECTBOBaHHE CBETOBOTO
nasnenus. B 1894 r. nosiBunach nepsasi 4acTb ero paGoTel «JKcrme-
pPUMEHTAaJ/IbHOE HCCJeNOBaHHE MOHIEPMOTOPHOIO [IEHCTBHS BOJH Ha
pesoHaTopbl», a B 1895 r.— cTaThsd «O6 OTTaNKHBATENbHOH CHJE JIY-
yercnyckaminux Tesa». OnbiTel JleGeneBa nokasasny, yto moJie o6Jasa-
€T He TOJIbKO 3Hepruefl, Ho U KOJHYEeCTBOM JIBHIKEHHS; OHH INpHBEJH
K 000011eH1I0 MOHSATHS UMITYJbCa,

PaGortu JleGeneBa, Jlopenna, ITyankape, A6parama coBepIIeHHO
SICHO TTOKa3aJi, UTO 3aKOH COXPaHEeHHsI UMIYJ/1bCa BBIMOJIHAETCS JHIIb
B TOM CJyyYae, eCJd MPUIHCATh JIyYy JM€KTPOMAarHUTHBIE HMITYJbC,
TaK YTO 3aKOH COXPaHEHHs UMEET MECTO AJSI CyMMbl MeXaHHUYeCKOro
M 3JIEKTPOMAarHUTHOI'O MMIYJIbCOB.

K navany XX B. mposiBuach HEIOCTAaTOYHOCTb MEXaHHUIU3MA;
CTaJI0 COBEPIIEHHO $ICHO, YTO B pAMKAaX MEXaHUCTHYECKHUX NPENCTaB-
JIEHHH HEBO3MOXKHO OOBSICHHTb BCIO COBOKYMHOCTb ONTHYECKHX H
3JIEKTPOMATHUTHBIX SIBJEHHH. YCHJIWIUCh TEHAEHIUH K JeKT-
pOMAarHUTHOH TPAKTOBKE HHEPUHH, IOCKOJIbKY TpPyAHO ObLIO
OXHIATb HEMPOTHBOPEUYHBOH MeXaHUYeCKOH TPaKTOBKH 3JE€KTpoMmar-
HHTHBIX TpomeccoB. Bce 3To moBJeKao 3a co60il ycTaHoBJIeHHe 6oJiee
riyOOKUX CBsi3efl MeXAy HHepIHeHd H MOTOKOM 3HEPIHH.

[Tosnuee Jlays oTMeTH/, UTO M3 BbIPAXKEHHS [IJIsl MJIOTHOCTH HM-
nysabca mons G=3S/c?, rae S— NOTOK 3J€KTPOMAarHUTHOH 3SHEPTHH,
~ — CKOPOCTb CBETa, BbITEKaeT BONPOC 06 HHEPLHH 3JeKTPOMAarHuI-
HoH 2Heprud. J[OMOJHHTENbHBIH HMNYJIbC OJMLETBOPSAET MOMOJHH-
TeJbHYIO HHEPTHYIO Maccy. «BaskHefiniee sHayenne,— numer Jlays,—
MMeEeT NPYroe 3aK/IOYeHue, BbITEKalolllee u3 cooTHoumeHus G=S§/c2.
Ec/in MBI mepeMecTHM HOCHTEJIS JEKTPUYECKHX 3apsf0B, TO ABHXKe-
HHE COOTBETCTBYIOIIEr0 3JIEKTPHYECKOTO MOJA BbI3OBET MOSIBJEHHE
MAarHHTHOTO MOJISl, © X COBMECTHOE CYylLIecTBOBAaHHE NMPUBELET K BO3-
HMKHOBEHHIO MOTOKA 3HEPrMH M HMIYJbca; ecau CucTema obJajmaer
onpeeseHHbIMH CBOMCTBAMM CHMMETPUH, HalPUMep TeJo NMpencTas-
Jasier coboit chepy, 3TH [ABa BEKTOpa NMapaJJelbHbl CKOPOCTH Tena.
Bor 3mech BrepBble MBI CTAJKHBAeMCs C MHEPIHeHd 3JeKTPOMarHuT-
HO¥M 3HEDPTHH, TOTOMY UYTO 3TOT JOMOJHHTENBHbIH UMIYJbC OJUIETBO-
psieT co6oil HOMONHUTENbHYIO HHEPTHYIO Maccy» [26, cTp. 733].

B Teopuu OTHOCHUTEJHHOCTH BONPOC 00 MHEPIMH SHEPTHH MOJYYUJI
BCECTOPOHHEE pa3sBHUTHE. MeHee yeM uepe3 TPU Mecsina MocJe MOoCTy-
NJieHHsl B PENAaKIHI0O HEeMeNKoro ¢usuueckoro xkypuaja «Annalen
der Physik» cratbu Dfinmreiina «K 37eKTpoiuHaMuKe IBHKYIIHXCH
cpel» Gblia mojyuyeHa HoBasi ero pabora «3aBUCHT JIM HHEPIHS TeJa
OT cojepiallefica B HeH SHEPTUHP», B KOTOPOH NaHbl MHTEpEecHBIE
pe3y/ibTaThl O B3aHMMO3aBHCHMOCTH MAacChl M SHEprHH.

dta paGoTa TeCHO NMPHUMBbIKaeT K mepBoii paGore diiHmTefiHa, B
KOTOpO# 6blJI0 MOKAa3aHo, YTO
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rie E — 3Heprust cucTeMbl MIOCKUX 3JEKTPOGMArHUTHBLIX BOJH, OTHE-
CeHHas K KOODAMHATHOH CHCTeME X, Yy, 2, a E° — sHeprus To#l ke cH-
CTeMbl IUVIOCKHX BOJH B cHcTeMe &, m, {, ABHXKYUIEHCS paBHOMEPHO
M NPSAMOJNHHEAHO OTHOCHTEJIbHO CHCTEMBI X, Y, 2 CO CKOPOCTbIO U
BLOJb OCH ¥ (3I€Cb @ — yroJ, 06pa30BaHHbIH HanpaBJeHHeM Jyya
¢ ocbio cuctembl). ITycTh mokosimieecsi B CHCTEME X, Y, Z TeJO MMeeT
sHepruio Eq. JHeprus Toro xe Tena B KOOPAHHATHOH cucteme §, 1, §,
JBHXKYyllleficd, KaK YKa3aHo, CO CKOpOCTbio v, paBHa H,.

[TycTs majnee paccMaTpuBaeMoe TE€JIO H3JYYaeT MJIOCKHE BOJHBI C
sHeprueil L/2 B HanpaBieHuH, 06pa3yIolleM Yo @ C OChIO X, H OJIHO-
BPEMEHHO TaKoe e KOJHYeCTBO SHEPrHH B MMPOTHBOMOJIOKHOM Ha-
npaBJeHud. DTa SHEPrHsi U3MepeHa OTJdOCHUTENbHO CHCTEMBI X, Y, 2
TEJIO MPH TAKOM H3JIyYeHHH OCTAaeTCsl B NMOKOe B YKa3aHHOH CHCTeMe
orcuera. Torna

L L
Ey=E +(—+=
0 1+ 9 2 ’
rupe El—SHepFI/Iﬂ nocJjie Hu3jay4yeHusi, USME€PEHHass OTHOCHUTENbHO CHU-
CTEMHI X, Y, 2
DHHIUTEHH npeanoJiaraeT, YTo 3aKOH COXpPaHEHHusda 3HEPruu NAO0.1-
)KE€H HMeTb MECTO B 00eHXx KOOpAHUHATHBIX CHCTEMaX,

L 1—v/c-cosq _L_ 14vjc- cos _ |
Ho=thot | § ettt

rne H; —>sHeprusi Tesa mnocJje H3JyYeHHs, H3MepeHHash OTHOCHUTE/b-
HO cucTeMsl &, 1, §. V13 npuBefleHHBIX COOTHOLIEHHH MGIKHO [OJYUHTb

(HO—EO)—<H1-EI)=L{VT§W—1}.

Tak kak H — E ecTb KHHETHYeCKasi SHEPTHsI ¢ TOYHOCTbIO A0 aifH-
THBHOH MOCTOSIHHOH, TO

Ky— K =L{

1
VY 1i—v?/c?
rae uepe3 Ko o603HaueHa KHHETHYECKasi SHEPTHs TeJsa, B3ATask OTHO-
CHUTEJIbHO CHCTEMBI, &, 1, { [0 U3JyuyeHHs, a yepe3 K;—KHHeTHUecKast
3HEepTus Tesa, B3sTas OTHOCHTENbHO CHUCTeMH E, m, § mociae usmiyue-
HHS; Torjga, rnpeHeGperasi BeJIHUHHAMH BHIILE BTCPOro MOPs/iKa MO
v/c, HAXoauUM
L v?
Ko - K[ = _; ?‘
«H3 3TOro ypaBHeHHSs,,— MHUIIET DHHIITEHH,— HEMOCPeACTBEHHO CcJle-
JIyeT, 4YTO eCJIH TeJIO OTHAET HEPrHI0 B BHUIE H3JyUeHHs, TO ero Mac-
ca yMmenbuiaercs Ha L/€?. 3mech, O4eBHHO, HECYLIECTBEIIHO, YTO OT-
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HATag y TeJa SHEPTHsi NEPeXOAUT B JYUUCTYIO SHEPTHIO, TAK YTO Mb
npuxoiuM K GoJiee oflieMy BbLIBOAY: Macca Tesa eCTb Mepa conep-
JKaHUSI SHEPTHH B 3TOM TeJIe; €CJIH SHePTHsl U3MEHAETCs Ha BEJIH'TH-
Hy L, To macca H3MeHsieTCsl B TOM XK€ HalpaB/IeHHH Ha BeJHYHHY
L/9-10%, npuuem 3HEprus HU3Mepsercs B 3prax, a Macca — B I'paM-
max» [41].

B 1906 r. dfiHmTeid paccMOTpes 3Ty npobsaeMy, He npuberas K
PeNATHBUCTCKAM 0GOCHOBaHHSM. DTa npobjema 6blja MOAPOGHO M3-
Jgoxena Jlays; secb Mbl Oyfem ciefoBaTb H3joxeHHio Jlays.

PaccMOTpUM H0OCTaTOYHO GOJIBLION LUJIHHAPHYECKHH 06BEM Mac-
cel M u pauHel L B mycToM mpocTpaHcTBe. Ha ocHOBaHMAX UMJIHHADA
nomectuM ABa Tena A u B ¢ maccamu m; u my, npuueM m;<< M u
me<&M. Teno A nepemaer Teny B HEKOTOpoe KOJHYECTBO 3HEPTHH
AE B BuJe 371eKTPOMarHUTHBIX BOJIH; TeO B MoJHOCTBIO norJomiaer
3Ty 3Hepruio. Bpems, Heo6xonuMoe [IJ1s1 H3JyUeHHs, KaK H BpeMd,
Heo6XONMMOe AJisi MOIJIOMIEHHS] YKa3aHHON SHePTUH, MaJjo IO CPaB-
HeHuto ¢ T=L/c. B TeueHne BpeMEHH HCIyCKaHHs TeJo A momywaer
nonubiit uMnysasc G=AE/c BciencTBue naBneHus usnydeHus. Yepes
Teso A TOT e CaMbIl HMITYJIbC MOJyYaeT HUAHHAP Kak uesoe. Cko-
pocTb LeHTpa Macc uuauHipa Gymer g=G/M, u, ciegoBaTesbHO,
IMJIHHAD CMeCTUTCs Ha paccrosiine gT=LAE/Mc? B HanmpaBjieHUH
oT B k A. Tlocse Toro Kak Tesio B npumet Ha ce6Gsi sHepruio, 6ynem
nepeMeniaTh €ro ¢ MOMOLIbIO HEKOTOPOH CHJIBI, NeHCTBYIOUel BHYT-
pH UMJAHHIpPA, KO TeX MOp, MokKa oHO He mocturHer tesna A. O6o3Ha-
yyM Mmaccy Tesa B Ha 3Toft cTaquu mpolecca yepes /m,; TOraa UeHTp
Macchl IIMJAHHADPA MEPEMECTHTCSl HAa paccTosiHue Lm /M B HampaBsiie-
Hud ot A k B. Ilycts Tesno B nepemaetr sHepruio AE oGpatHo A.
BosBpatuMm Teso B B HCXOJHOE MOJIOXKEHHE CHOBA C MOMOILbIO BHYT-
pennux cui. Ecium macca rtena B, mocie TOTO Kak OHO MOTEPSIIO
sHepruio AE, paBHa m,, cMellleHHe LEHTpPa Macc LWMJIMHADA B Ha-
npasyeHnn ot B x A 6yner Lmy/M. B KoHeuHOM cOCTOsIHHM pacripe-
JlesieHHe 3HePTHH B TOYHOCTH COOTBETCTBYeT HcXomxHoMy. Ocraercs
pesy/abTHpyIOlIee CMellleHHe eHTpa Macc Ha BenuuuHy L/M (AEc?+
+my — m;) B HanpaBJeHuu oT B x A. Ho umentp macc muaungpa
He MOXKeT NMepeMecTHTbCS 3a CYeT BHYTPEHHHX CHJI; CMelleHHe paB-
HO HYyJIIO, €CJIM Macca TeJa yBeJHYHBAETCS Ha BEJHUHHY M) — My,
KOTJa TeJo moJsyyaet 3Hepruio AE, He3aBHCHMO OT TOTO, B KaKoOM
BHIe Mnojyyaercss 3Ta 3Heprus. IlpexcraBssier uHTEpec M H3J0XKe-
HHe 3TOro Bompoca, faHHoe JlaHxkKeBenoM B 1913 r.

Cesi3b MeXIy HePrHell M HMMYJIbCOM MOXKHO TaKXe HafiTH, He
npuberasi K MbICJ€HHBIM 3SKCIIEDUMEHTAM, XOTsl 3TH NOCJeLHHe 06-
JIafaoT GOJIbLION (U3NYECKOH HAl/IAXHOCTbIO. MbIC/IeHHbIE SKCIepH-
MEHTBI, PUBOUMbIe DiHIUTeHHOM, JIaHXKeBeHoM u Jlays, xapaKre-
pu3yloTCs OGILIHOCTbIO MOCTAHOBKH M pelleHus MpobjeMbl, a TaKXKe
HarJsIAHOCTBIO.

IlepBoil KCMEPHUMEHTAJIBHOI NPOBEPKOH COOTHOLIEHHS MeX1y
maccoit u sHeprueil Obiim ombiTel Kokpodra u Voarona (1931)

b
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BBINOJIHEHHBIE C MOMOIIbIO CKOHCTPYHPOBAHHOTO H MOCTPOEHHOTO HMH
YCKOPHTEJIst 3apsiKeHHbIX 4acTHIl. [I0TOK YCKOPEHHBIX ObICTPHIX MPO-
TOHOB HampasJisieTcsi Ha MHUIIeHb U3 JUTHA. MHUIeHb Oblyia momeule-
na B Kamepe Busbcona. Ilpu 3axBate Npo10Ha PO JUTHS TpeBpa-
maetcss B HeycToiuuBoe $Apo Gepunaus. jlapo Oepusausi pacna-
Haetcsl Ha [Ba siApa rejus. Slnpa reius pasjeraroTcs ¢ GOJbIIAMH
ckopocTsiMu mof, yriaom ~ 180°. ITo piauHe npo6Gera BO3HUKLIKX SANEP
reJikst ONpelessiioT X CyMMapHyl0 KHHETHYECKYIO SHEPTHIO.

Ha ocHoBaHHMH COOTHOIIEHUS MeXIy Maccoil W 3Heprueil macca
NOKOSI siflep HOJI)KHA H3MeHHTbcs Ha BeauunHy Am=AE/c?. Macc-
CMIEKTPOCKOMUYECKHE HCCJIeOBaHNsT siiep aTOMOB BOJOPOAA, JIMTHS
M TeJiis; MOKa3bIBaloOT, UYTO M3MeHEeHHe MacChl MOKOsl siiep HaXOAUTCA
B XOpOILIEM COOTBETCTBHH C TEOPETHYECKHMH DacueTaMH.

CootHomenne E=mc® nonTBep:KJeHO BCEM XOJOM pa3BUTHS
sapepHo#l ¢usuku. B 1937 r. Bbpaynbexk Ha ocHOBe NAaHHHIX O ALEp-
HBIX peaKIMsiX PacCcuuTaj] CKOPOCTb CBeTa C, MCMOJIb3ysl COOTHOIIE-
Hue E=mc2. B surepaType uacTo BCTpeuasiacb HelpaBOMepHas
TPaKTOBKa COOTHOIIeHHs1 E=mc?, corsiacHO KOTOPO# pa3/inyusi Mex-
Ny Maccoil u 3Heprueil AKOObI He CyLIECTBYET M YTO BO3MOXKHO IIpe-
BpallleHHe Macchl B HEPTHIO U Hao6opoT. B pmeficTBUTENbHOCTH Ke
Mbl HM€eM B OJLHOM CJyuae Maccy ITOKOSl HCXOIHBIX YacTHll, a B ADY-
THX — MacCy YacTHI[ B IBHUXKeHHH. B 3THX npoueccax NMPOHUCXOIUT
fApeBpalieHue BHYTPeHHeH 3HePTHH HCXOIHBIX SiIep B JpyrHe BH/bI
sHeprud. CoortHomeHne E=mc? BplpakaeT B3aHMOCBS3b MacChl H
SHEPTHH H MpelcTaBJ/seT co00il OXMH U3 (yHIAMEHTAJbHBIX 3aKG-
HOB ()HU3HUKH.

DUHIITEHH He HCKJAIOYaeT BO3MOXHOCTH 3KCHEPHUMEHTAJbHOH
MPOBEPKU TEOPHUH C COJISIMU pafusi. XOTs OH U YAEJIs1J1 OCHOBHOE BHU-
MaHHe aHaJu3y HEMPOTHBOPEUHUBOCTH OTHEJbHBIX MYHKTOB J0OKa3a-
TENbCTBA MBICTIEHHOTO 3KCIIEPHMEHTa, OH CUMTaJ BO3MOXHBIM OCY-
[1eCTBJIEHHE CO BPEMEHEM H MPSIMOTO ONbITA.

B orsnnune oT DpAMHITOHA W MuJHA, CUMTaBLIMX, YyTO [JIs
TEOpPEeTHKa, XOpOIIO BJAJEIOler0 COBDEMEHHOH MaTeMaTHKO#l B
HMIHPOKOM CMBICJIE 3TOTO CJIOBA, 3aKOHBl MPHPOJBI OUYEBHIHBI 6e€3
JKCMepHMeHTa, DHHIITeHH HCXOLHT M3 CHHTETHUYECKOrOo 0GOGIIeHHSs
IJMHHON LEeNu OMNBITHBIX pe3yJbTaTOB W BO3MOXKHOCTH HOBBHIX
9KCIIEPUMEHTOB.

Ten3op aHepauu-uMnyarsbca 3AeKTPOMARKUTHOO noAas. B To Bpe-
M5, KaK B TEOPHSX HAJbHONEHCTBHS 3SJEKTPOMArHUTHYIO 3HEPIHIO
(dopmManbHO TPAKTOBAJIH KaK SHEPTHIO B3aHMOJEACTBUS 3JEKTpHue-
CKHX 3apsiOoB, MEXaHHCTHYECKAs TEOPHS 3JEKTPOMAaTHHUTHBIX SBJle-
HHUI CBOJIMJIA SHEPTHIO K JedopMalHH cpenbl, T. €. K CHJIaM GJIH3KO-
nefictBus. OfHa M3 XapaKTepHBIX ocoOeHHOCTeH cHJl GJIM3KOHEeHCT-
BHsSI — BO3MOXKHOCTb HMX CBENEHHS K HaTSKEHUSIM, BO3HHKAIOUIMM
B fedopMupoBaHHbIX cpefaX. CuJbl, JeACTBYIOUIME HA MPOHM3BOJIb»
HBIH Y4aCTOK Cpefbl, CBOIATCSA K CHJIAM HATSXKEHHS, HCIBITHIBAEMbIM
MOBEPXHOCTbIO 3TOTO yuyacTKa. MexaHWCTHYecKas TEODHS MOJA CTa-
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BUMJIA nepen coOOM 3agauy CBENEHHs MMOHIEPMOTOPHBIX CHJ MOJA K
VIIpYTHMM HATSKEHHSIM CPEJlbl.

JuddepeHuranbHble COOTHOIIEHHS MeXAY MJIOTHOCTbIO 00bEM-
HBIX CHJl ¥ KOMMOHEHTAMH TeH30pa HaTsxKeHHH T;. HMMeEIT BHL:

f _ T + aTxy + Ty,
x = »

ox, | oy 0z
oT oT oT
fy — Xy + yy + Yz ,
ox ay 0z
oT aT oT,,
- 2x 'l’ 2y + FA
ox dy 0z

ODTH COOTHOIIEHHS MOKasbiBalOT, YTO IJIOTHOCTb OOBEMHBIX CHJI
onpenensiercss XxapakTepoM H3MEHEHHS HaTSKEHHH B NMPOCTPAHCTBE.
DKBUBAJIEHTHOCTb OO'EMHBIX CHJI M HaTSIXKEHHH HMEeT MECTO, ecJH
NpH 3aMeHe 0GBEMHBIX CHJI COOTBETCTBYIOIUUMH HATSAXKEHUSIMH OCTa-
I0TCSI HEH3MEHHBIMH HE TOJIBKO PaBHOIEHCTBYIOLIAsl CHUJ, MPHJOXKEH-
HBIX K MPOU3BOJIbHOMY 0G'bEMY, HO U MOMEHT 3THX cHJ N:

N = S[rf]dV,

rjJe r — paccTOsiHHE OT TOYKH, OTHOCHTEJNbHO KOTODO# Onpejessierca
MOMEHT CHJI, K0 3JieMeHTa oGbeMa.

DT0 yc/i0BHEe MPHUBOLUT K CHMMETPHH TeH30pa HatsaxeHui. IIpu
HECUMMETPHYHOM TEH30p€ CHCTEMY HATSXKEHUH He/b3f 3aMEeHHTb
5KBHMBAJIEHTHBIM pacrnpejeseHHeM OGbEMHbBIX CHJI.

XoTs ¢ oTpuuaHueM 3pHpa B MEXaHHUECKOM CMBICJIE JIMIIMIACh
CMbICJIa X MeXaHMyecKash TPAaKTOBKa MOHAEPMOTOPHBIX CHJI, 3TH BO-
MPOCHI CYLIECTBEHHBI HE TOJBKO CBOMM MaTeMaTHYeCKUM (popmasiui-
MOM, HO M MCTOPHYECKHM M COOCTBEHHO (PM3NYECKUM CBOHM COMEp-
KauueMm. «H3 cratuku sgekrpoHa,—nucan A. 3oMmepdenbm, —
HaM M3BECTHA TOJIbKO JIOPEHLOBA CHJA, [IefCTBYIOUlast B TOUKe pac-
nosoxenusa 3apsana. OfHAaKO MpH NMOAXOMAE C MOJIEBOH TOUKH 3pEHHUS
MBI HE MOXKEM YIOBJIETBOPHTHCS 3THM M JOJIXKHBI HCCJEL0BATb TaK-
JKe MepeHoc CHJIOBHIX B3aUMOMEHCTBHH uepe3 BaKyyM, IJe HeT HH-
KaKux 3apaaoB. MIMeHHO 310 06cTOSATENbCTBO MMes B Buay Papa-
Hef, Korja OH TOBOPHJ O CHJIOBBIX JIMHHAX, KaK 06 ympyrux Tpy6-
Kax, NepeHoCAllUX HaTsAXeHHe W JaBjaeHHe. MakcBesny ymajoch u
3jiech NpuaaTh foragkaM QPapagnes ACHYI0O MaTeMaTHYECKYIO (HOpMY.
Tak BO3HHK TeH30p HaTsxXKeHuil MakcBessia, peJsiTUBUCTCKMM 06006-
LLEHHEM KOTOPOro sIBJSETCS TEH30p 3HEepPruu-uMmynabca» [39,
crp. 352—353).

B oTHOLIEHHH TPAKTOBKH MJIOTHOCTH 3HEPTHH M IOTOKA SHEPTHH
IJIsT HEMONBHXKHBIX TeJ HUKAKMX TPYHHOCTEHl HE CYyLIeCTBOBAJIO.
Cnopel BO3HHKAJIM OTHOCHTEJbHO TEH30pa HaTsxeHHH. MaKcBeas H
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XeBucaiiy mpeamoJiarajy, 4To TPEXMEPHBIH TEH30p HATSKEHHH uMe-
eT BUA:

T = EDp — %(ED) 8 + HiB, — %(HB) 8k,
Y T'epua e OH mpHHHMaeT HHYyIO (opmy:
T = % (E:Dy + ExD;) — -;- (ED) 8¢+ %(H,.Bk + HiB) — —;-(HB) 8.

3Hasi BbIpaKeHHEe TEH30pa B HEMOJBHXKHBIX TeJaxX, MOXKHO HaHTH
COOTBETCTBYIOLIlee BhIpaX€HHE IJIsi IBHIKYLIUXCA TeJ, MOCKOJbKY
KOMIIOHEHTBI TeH30pa B JIIOOOH cHcTeMe KOOPAMHAT MOXHO MOJY-
YHUTb U3 3HAYEHHUH €ro KOMIIOHEHT B KaKOH-Ju0O0 OXHOH cucTteMme. Bo-
IpPOC O CBS3H MEXJAY IUIOTHOCTHIO SHEPTHH, MJIOTHOCTbIO UMITYJbCA U
IOHEPMOTOPHBIMH CHJIAMH paccMaTpUBaJICS B 3JeKTPOHHOH TEODHH.
W3 ypaBHeHHi 3]1€eKTPOHHOH TEOPHH MOKHO ObLIO BBIPA3HTh 3aKOH
COXpaHEeHHS SHEpTHUH:

W_ 4Ly =—Aa—

dt dtSSSSn(e +mdv 4 SSS”df'
[Tonnast sHeprusl, comepixamiasici B 06beMe, YMEHbIIAETCS 3a CYET
pa6orsl A, MpoOU3BOAMMO} B EIMHHIY BpPEMEHH BHYTPH o0GbeMa
V, u 3a cueT moTOKa 3Heprud S yepe3 MOBEPXHOCTb [, OrpaHHYHBAIO-
myio o6beM V. 3akoH Ke COXpaHEHHS] HMMMYJbCa BbIMOJHSIETCS
JIMIIb B TOM CJiyuae, eciu Hapsinxy ¢ ummynbcoM G yuects eme Gsg:

GS)JI = SSS Son dV,

rae
1 S

gan = ——[eh] = =-.
BeipakeHusl 115 SHEPrHH H HMIYJIbCa B 3JIEKTPOHHON TEOPHH yiKe
NO3BOJISIIOT aHAJU3HPOBATh TaKHe BOMPOCH, KAaK JaBJIEHHE CBETa
NPH HOPMaJbHOM NAaJEHHWH H OTPAXKEHHH CBETOBOH BOJIHBI, NPHYEM
CTAHOBHTCS $ICHO, UTO IIPH NAJeHUH Ha INOIVIOILAIOULYI0 CTEHKY BOJI-
Ha BeJleT ce0s Tak, KaK eciu Obl eJHHHIa 00beMa ee HMeJa HHEpT-
Hyto Maccy U/c% Takum o6pasoM, yxKe B 3JEKTPOHHOH TEOPHH MbI
BCTpeYaeMcsl C 3aBHCHMOCTbIO MeXJy SHePrHell U MHEPTHOH Maccoi.

TeHsop sHepruu-uMnyabca

Txx Txy sz — ich
Ty Tyy Ty, — icg,

TIW = T sz T,,— icg,
—ts, —ls, ls.u
[4 Cc [4
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Kak PeJIATHBHCTCKOe O0GOOLIeHHEe TeL30pa HaTSXKEHHH NpemJarajcs
B pas3jMyHbIX popmax.

MHUHKOBCKH# NMpPeIJIOXHJI HECHMMETDHUHBIH TEH30D SHEepPruH-HM-
nyabca. B 1909—1914 rr. M. A6param BHICTYNHJI C BO3DPaXKEHHUSIMH
MPOTHB MpeINoKeHHOro MHHKOBCKMM TeH30pa, roJarasi, 4To 3TOT
TEH30p HOJIKeH ObiTb cUMMeTpuuHbIM. Jlays u Ilaynu Oblau B faib-
HeimeM coiugapHel ¢ AGparamom, B To BpeMms Kak [lensnen6ax Bo3-
paxaJs mpoTHB aprymeHtanun A6parama. Pasuuma B BBIBOJAX U3
Teopun AGparama ¥ MHHKOBCKOTrO NMpPH MX NMPHMEHEHHH K H30TPOMN-
HbIM CpelaM MaJo 3HAUHTeJNbHA, U IKCIEPUMEHT He MO3BOJSJ ycTa-
HOBHTb JOJITO€ BPEMsi MPaBHJIbHOCTb KaKo#-n1n60 u3 Teopuit. A6pa-
raM HCXOJMJ TaKXKe M3 MOMYLIEHHS, YTO MAKPOCKOMHYECKHH TEH30p
SHEPTHH-UMITYJIbCa NMPHU 3TOM PaBeH CPeJHEMY 3HAYeHHI0 MHKPOCKO-
MHYECKOro TEeH30pa JHEPTHU-UMIYyJbca. DTOT MYHKT B BeIBojge AG-
paraMa BCTpeYaJs BO3paXKeHHs.

OluintedH ¥ Jlay6 NpHILIN K BBIPAXKEHHUIO IS MOHIEPMOTOPHOM
CHJIBI B IOKOSIIIMXCS Tesnax, OTJHYHOMY OT BhIpaxKeHuii MHHKOBCKO-
ro u A6parama. OHu Hamk, 4To HabJaiogaemMass IJIOTHOCTb CHJIH,
neficTByOLIed Ha MOKOSALIUHACA NPOBOZHHUK C TOKOM, COCTOHT H3 IO-
BEPXHOCTHOH CHJIBI K OOBEMHOH CHJIBI, KOTOpPass MpPONOPLUHOHAJNbHA
Hanpsi’KEHHOCTH MAarHUTHOTO MOJS, B TO BpeMs Kak B Teopuu AGpa-
rama o6beMHasl CHJa MPOMOPLUHOHAJbHA MarHuTHOi HHAyKUuH. Co-
OTBETCTBEHHO HM3MEHEH W TEH30p SHEPTHH-UMMYJbCa DHHLITeHHA —
Jlay6a. XoTs TeH30p 3HEpPrHH-uMnyJbca IiHIUTeliHAa — Jlay6a
npeanosaraeT OIpeIesNeHHble OrpaHHYEHHs, B NOCJENHEe BpeMs
OB YKa3aHbl HEKOTOPble BO3MOXKHOCTH PAacCLIMPEHHsI 06JIacCTH €ro
IPHMEHHUMOCTH.

Heckonpko MHaye u3jaraer BONPOC O TEH30Pe JHEPTHHU-HMIYJIb-
ca 3ommepdenba. 3ommepdenbl pa3iHyaeT pa3MEPHOCTH CHJIOBBIX
M KOJIMYECTBEHHbIX BeJHYHH; KO3(hGhHUHEHT 4n BbmajaeT U3 BbIpa-
>KE@HUH [JIS HEPTHH, BXOISLIMX B CUOTHOUIeHHe YMmoBa — [ToHHTHH-
ra. OH usberaer TeM CaMbIM NPHEMOB, K KOTOPbIM mnpuberan Jlo-
PeHI[ A/ MOJYYeHHs PauMOHAJH3HPOBAHHBIX YpaBHEHHH, MyTeM

BKJIIOUeHHs! MHOXKHTeNs )/ 47 B onpejesneHne eIMHUI 3apsifa. 30M-
Mepdesnb HCXOMHT M3 IMJIOTHOCTH cHibl JlopeHua. B ompenesnenue
TEH30pa OH BBOJHMT MHBApHUAHT

1 1
- (8)— = (DE) = A,

Ha3BAHHBIH MM MJIOTHOCTbIO QyHKIMHK Jlarpanxka. MuTtepecHo 3aMe-
yaHue 3omMepdesnba, YTO TPeXMepHasi MaTpHLA, NPEACTaBASIO-
masi Tak Ha3blBaeMblii MaKCBEJJIOBCKHI TEH30p HATsXKEHHI, B3siTas
cama no ce6e B pesIITUBUCTCKOM CMBIC/IE, HE SIBJISIETCS «3aKOHHOM»
(M3HYECKO# BEJHYMHONH W CTAHOBHUTCA TAKOBOH MPH JOMOJIHEHHH ee
SHEPreTHYECKUMH KOMmoHeHTaMHu. IIpu 060o6uieHnH BBeJEeHHBIX HJIs
BaKyyMa TOHATHH Ha Teja C MNPOHM3BOJbHBIMH IHIJIEKTPHUECKOH M

4 Y. H. ®dpaukdypt 9



MAarHUTHOH NPOHMI@EMOCTSIMH 30MMepdesnb] MPUXOAUT K HECHM-
MeTPHUYHOI (opMe TeH30pa IHEePrHH-UMITYJbCa.

B paabueiimemM HoBoGaTckuil BapuanHOHHBIM METOJOM IOJYYHJI
BbIpakeHHe aGparaMOBCKOrO TeH30pa 3Hepruu-ummysabca. I'. Mapkc
v Jlpepap HCXONU/IH B CBOMX HCClefOBaHMsAX M3 paboth HosoGart-
ckoro. IIpu Hccie0BaHHH BpallaTeNbHOr0O MOMEHTA, BO3HHMKAIOLILE-
ro B KPHCTAJIMYECKOM [H3JeKTPHKE, MOMEIIEHHOM B 3JeKTpHYe-
CKOM N0Jie, OHHM CYMTAlOT, YTO B OTJHYHE OT TeH3opa AbGparama, TeH-
30p MHHKOBCKOro He MPHUBOJMT K NPaBHJIbHOMY pe3ynabraty. B apy-
roii pa6ore I'. Mapkc paccmaTpuBaeTr TeH3opbl AOparama, iHUITE-
na — Jlay6a u Kuefiren6epra Kak yacTHbIe CJAYy4yaH MOJYYEHHOIO UM
tTensopa. Bamax, paccmMartpuBasi JABa BbIPaK€HHs [JIs TEH30pa
SHEPTHH-UMITYJIbCA B MAKPOCKONHYECKOM TeJje, MPUXOAUT K BbIBOLY,
4TO TOJBKO M3 CHMMETPHYHOTrO TeH3opa (AOparaM) MOMKHO BBIBECTH
OJIHOBPEMEHHO 3aKOH COXPAaHEHHSl UMIYJbCa H LEHTP2 HHEPIHH.

4. PEJATHBHCTCKAA TPAKTOBKA OINTHYECKHX ABJIEHHH
B ABHIKYVIIIHUXCA TEJIAX!

['oBopst 06 MCTOKAaxX CHENHAJbHOH TEOPHH OTHOCHTEJBHOCTH DilH-
[TeHH Ha3bIBaeT JBa KpPyra BOMPOCOB: MEPBbIH OTHOCHUTCS K 3JIEKT-
POAMHAMHKE IBHXKYLIUNXCS TeJ, BTOPOH — K ONTHKE [BHXKYLIMXCS
Tesl. YKe B CBOeH mepBod paboTe DUHIUTEHH mosb3yercss mpeobpa-
3oBaHuAMH JlopeHma [/ paspelleHHs] HECKOJbKHX ONTHYECKHX
npo6aem. K HuM orxocstcs abeppauus cBera u addekt Jon-
miepa. DTH sBJEHHS — KHHEMaTHYeCKHe [0 CYIIeCTBY, CJeNOBa-
TeJIbHO MX OObsICHEHHE He BBIXOIUT 32 PaMKH PENSTHBUCTCKON KH-
HeMaThkd. Ho 3Ta X 0COGEHHOCTb YETKO BHIICHHJIACH TOJILKO MOCJIE
CO3JlaHHsl TEOPHH OTHOCHTENbHOCTH, MO3TOMY PETPOCNEeKTHBHO Mpex-
CTaBJAIOTCA BIOJHE €CTeCTBEHHBIMH MHOTOYMCJ/IEHHBIE MPelIecTBYIO-
llde MOMBLITKM HX JHMHaMHuYeCKOH TpakToBKH. IIpu stTom Kak pas u
CTaJIKUBAJIUCh C HEOOXOXMMOCTBIO NPHHSATHS OMpeLeseHHOM THIIOTE3bI
0 XapakTepe yBJeueHHs 3(pHupa JBHKYLIMMHUCS TeJlaMH, YTO CO3[a-
BaJIO HeNMpeOoJOJHMEIE TPYAHOCTH NPH PACCMOTPEHHH BCeH COBOKYI-
HOCTH fIBJIEHHH ONTHKH [BHXKYLIUXCA TeJl B JOPeJNATHBHCTCKOMU
¢dusuke (cm. [42]).

AGeppanus cBeTa JIETKO OGBACHSETCS W3 OCHOBHBIX IMOJIOXKEHHH
peJNATHBHUCTCKOA KHHeMaTHKH. IlycTh mrpuxoBanHO#l 6ymer cucre-
Ma, CBA3aHHas ¢ 3eMJell, a HEIUTPHXOBAHHOW — CHCTEMA, CBSI3aH-
Hasl ¢ HeMOJBUXKHbIMH 3Be3famu. Torjaa
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