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BBeneHue.

Nog ®usmkm Obin BbIGpaH ¢ Lenbto coBnactb co 100-neTHe rogoBLUHON NyGnMKaLum OCHOBHbIX
pabot JKHWTENHa, Hanbornee 3HAMEHUTOM M3 KOTOPbIX SBMsieTcsl paboTa, KoTopas cTana
M3BECTHOM Kak creumnanbHasi Teopusi OTHOCUTENbHOCTU ' Takoe pelleHne O6biNo BMOSHE
NOAXOAAWMM, TaK Kak 3Ta paboTa CMMBONU3NPYET COCTOsIHWME TeopeTudeckon cusmkn B 20
CTONETUU BMOTb 40 CEroAHSILLIHEro OHS.

C MoMeHTa BbIXxoga 3TOM MyGnukauuM cneumwanbHas Teopusi OTHOCUTENbHOCTM BblAep)kana
BecuncrieHHble aTakM KpPUTMKOB, KOTopble 6eccriopHo [OokasblBanuW, YTO OHA COAepPXUT
HenpuMupVMble  npoTuMBopeunst. [o  cerodHsIlUHEro [OHA HM  OOMH  SKCMNEPUMEHT,
3anfaHNpPOBaHHbIA UM BLIMONHEHHbI, HE MOXEeT paccMmaTpuBaTbCs KakK onpefesieHHoe
noATBepxaeHue 3Toi Teopun. MprsHaBanncb TOMbKO T€ IKCMEPUMEHTBI, pPe3ynbTaTbl KOTOPbIX
BbINM HEJOCTATOUHO SICHBIMM 1 NO3BOMSN LUMPOKY MHTEPMpeTaLmio”. QKCNEPUMEHTbI, KOTOpbIE
MOTTI MPOTUBOPEUUTb TEOPUM OTHOCUTENBHOCTY, CTapaTenbHO UTHOPUPOBANMCH °.

OcHoBon cneyunanbHoOm Teopum OTHOCUTESTbHOCTU ABNAKOTCA OBa nocrtyna:

1. 3akoHbl (hM3nKM OOUHAKOBbLI BO BCEX MHEPLMANbHBLIX CUCTEMAX OTcYeTa.

2. Jlobow nyd cBeTa B «CTaLMOHApPHON» CUCTEME KOOpAMHAT (Bcerfa npeanonaraeTcs
abcontoTHas nycToTa) ABUXETCS € onpeaeneHHon ckopocTeio [C] He3aBMCMMO OT TOro,
HENoABWKHBIM UMW ABVXKYLLMMCSI TENOM OH U3yYeH.

Ha 6ase BToporo nocrynata A.QVHWTENH caenan BbiBOL, YTO ABWKEHWE Tena OTHOCUTEIbHO
HabnogaTens sBnseTca MPUYUHOM COKpALLEHUs MNPOCTPaHCTBa, 3aMEeAfieHVUs BPEMEHU U
yBenMyeHnss maccbl. bonee Toro, 3T0 ObINO ONpedeneHo He MPOCTO Kak BOCNpUATME, a Kak
dusnyeckoe n3meHeHue. MNMpoTMBOpeUMe O4YEBMAHO BO3HMKAET YXKE M3-3a MEepPBOro rnocTynarta.
Tak kak nobasi cuctema OTcYETa MOXET pacCcMaTpuMBaTbCsl Kak OBWMXKYLLASCS, W3MEHEHMS
OOMMKHbI OblTb B3aMMHbIMKM U MO3TOMY HeHabnogaembiMu. B atom cnydyae Teopus Obina 6bl
npocTo TaBTonorndyeckon. bonee ToOro, un3MepeHWe pacnpoCcTpaHeHMst cBeTa B OOHOM
HanpaBneHun TpeboBano Obl, 4TOObI MPOCTPAHCTBO W BPEMS KaK paclWMpsnCb, Tak U
coKpallanncb, M Macca Kak yBenuuuMBanacb, Tak W yMeHbllanacb B 3aBUCMMOCTU OT
HanpaBneHus OBWXEHUS ‘. 310 TpeboBaHMe cTapaTenbHO WrHOpMpyeTCa BO  BCeX
3KCNEepUMEHTaxX M CChifTIkax Ha TEOPUIO OTHOCUTENBHOCTM.

Cnepyrowum yteepxaeHneMm A.QuHwTenHa Obino TO, 4TO 3Up He cyulecTByeT. OTo ObiIo
MpoCTO BblpaXXeHUe Bepbl, Tak Kak Ans 00O0CHOBaHWA 3TOro YTBEPXAEHUss He 6bino
npeacTaBreHo HWMKAKoro CBUAETENbCTBA MMM TeopeTudeckoro TpeboBaHus. Ha camom fene,
BTOPOM MOCTynaT Kak rorndyeckoe crneactene TpebyeT, 4ToObl CBET pacnpoCTpaHsancs co
ckopocTbto [C] B ka0 MHepumanbHOM CUCTEME OTCHETA M YTO MEeXOy CUCTEMaMM HET HUKaKOWM
CBSA3M °..

MpvBedeHHble Bbille apryMeHTbl COCTaBMAOT OCHOBY [ONs BCEX OnpoBepXeHui. Kaxapii
AyMaeT, 4To Teopusi, NpPoTMBOpeYalllast ero Co6CTBEHHOMY MOCTYynaTy, AoSkHa BbiTb OTBEpPrHyTa
HemeAdneHHo. Ho aTo He Tak. TeM He MeHee, Mbl MOXeM HeABYCMbICIIEHHO YTBepXKaaTb, YTO TaK
KaK 9KCNepuMEeHTbl creuuanbHON TeopuMM OTHOCUTENBHOCTU SBMSATCA «MbICITUMbIMU», OHU
MOTYT GbITb ONPOBEPTHYTHI U YXKE OMPOBEPTHYTHI TAKUM XK NyTeM.



[MOHATHO, Mbl HE MUMEEM HUKaKOro BUSHUA Ha OrpomMHoe OONbLUMHCTBO C*)VISVIKOB, TaK KaK OHM
CUNbHO BEpPAT, YTO TEoOpuUA OTHOCUTESIbHOCTU ABNAETCA OCHOBOW, Ha KOT0p0|7| NOoCTpOEeHa BCA
CoBpeMeHHada aToMHas d)I/I3I/IKa. 39710 u4acTto Bblpaxaetca B npeacrtaBeHnn O TOM, YTO
paccmaTpmBaeTca caMblM U3BECTHbLIM BO BCEW Hayke ypaBHEeHMeM 3KBMBAllEHTHOCTU MacCCbl U
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aHepruu, e =mc" .

OT1a chopmyrna coaepkuT B Ka4eCTBE OCHOBHOMO 3fIEMEHTa PENATUBUCTCKYO Maccy. HeT Hukakon
HeobX0AMMOCTU OOBACHATB, YTO 3TO MCKIHOYaeTCa NpeablayLumMn apryMeHTaMmmn, OCHOBaHHbIMM
Ha uucton noruke. [loaToMy LUenb 3TolW cTaTbM — MpefocTaBuUTb ybeauTernbHoe
[JoKa3aTeNbCTBO TOro, 4to chopmyna 3Heprum, a ¢ HeMm U TeopeTUYecKkasi OCHOBa Teopumn
OTHOCUTENBLHOCTU SIBMSIOTCS OLUNOOYHbLIMU.

MepBbIN apryMeHT.

MpepnonaraeTcs, YTO NOCTOSIHCTBO CKOPOCTM CBETa HeEN30exHo TpebyeT, YToObI NPOCTPaHCTBO U
Bpemsi ANns cornacoBaHus ¢ HUM Obiny BugomamMeHeHbl. Ho Ha camom gene BepHo obpaTtHoe. Kak
Gornee TpexcoT neT Hasap ° ycTaHoBun Wcaak HetoToH, niobas abcontotHaa BenuunHa tpebyet
npu ee MW3MEpPEHMU WCMOoNb3oBaHME abCONIOTHbIX BeNWMYMH. HexenaHwe npu3HaBaTb 3TO
dyHaameTanbHoe TpeboBaHue siBNsieTcs pesynbTatom nubo HeBexecTBa, MO0 HeyBaXkeHUs
norukn. TonbKo 3TOro AOCTAaTOYHO AN ONPOBEPXKEHUS TEOPUN.

Btopou aprymeHrT.

OcHoBHOe MpeanonoxeHve, 4YTO BpeMsl 3aMennseTcs M MNpPOCTPaHCTBO COKpaliaeTcs B
HanpaBneHnn OBWKEHMUS, O4EBUOHO sBNsieTcs ownboyHbIM. CTpOrui reomeTpuyeckuin aHanma
Boipaxenusi [(C> =V ?)/C?]"? noateepxaaer, yto HanpasneHue mno6oro npeanonaraeMoro
cokpalleHus OyaeT nepneHauKynsipHbIM HanpaBneHUo ABWxeHNUsi. B nobGon MOMEHT BpemMeHM
[t] oHo npeacTasnsietca ( Ouarpamma 1) nonosuHow xopapl [I], namepeHHon oT ABMXKylLIerocs
00beKkTa 4O MOBEPXHOCTU BOSTHOBOrO (OPOHTA, U3nydeHHoro us toukm [O} B MOMeHT Bpemenn [0]
B HamnpaBfieHuK, ornpegenseMoM «(UKCMPOBaHHbIM» Habnogatenem. O4yeBMAHO, 4TO ITa
dopmyna onuckiBaeT NPAMOYronbHbIA TpeyronbHuk co ctopoHamu [Ct] wn [Vt], runotenysoi u
6a30BbIM PacCcTOSAHMEM COOTBETCTBEHHO. Hukakoro cokpalyeHuns B nobom ApyroM HamnpasneHum
3T0 He o03HayaeT. bonee nogpo6HO aTo o6ocHoBaHO A.Bykenusi ' onpegeneHuem

«COKpALLEHHON» [fUHbI B 3aBUCUMOCTM OT KOCMHyca yrna, npoTuBonexaiiero 6a3oBomy
PaCCTOHUIO.

Ounarpamma 1




TpeTui aprymeHr.

3alUNTHUKM OTHOCUTENBHOCTM YTBEPXAAlT, YTO OHa dABnseTcs oboblieHnem, BKYaLWUM
KINacCU4ecKylo MeXaHUKy Kak YacTHbIN cnydan. ITo UNMNICTPUpYeTCa TEM, YTO PENATUBUCTCKME
CKOpPOCTM NPUBNMXaloTCa K HolOTOHOBCKMM MPU HU3KMX 3Ha4YeHusAX. OTO MnonHoe 3abnyxaeHwve,
Tak kak hopMyInbl HUKaK He CBA3aHbl Mexay cobOoi, CKOPOCTU HM B KaKOW MOMEHT BPEMEHU He
coBragatoT 1 pacxogatcs A0 6ECKOHEYHOCTH NPU BbICOKMX 3HAYEHUSX.

YeTBEpPTbIN apryMeHT.

dopmyna 3Heprnm obbLIYHO NMOHMMAETCs Kak 06O0CHOBaHME NpeBpaLleHns Maccbl B aHepruto. Ha
caMoOM fJene 39TO He npeBpalleHue, a ocBOBOXAEHME (UNU POXOEHWE) CBA3AHHOW SHEPTUW.
[MpocToe COOTHOLLEHNE MOATBEPAUT, UTO «3HEeprusi» NoKOs 3NIeKTPOHa He paBHa ero 3apsay u
AaXe He BKIYeHa B MexaHN4Yeckmne CMnoBble ypaBHEHWUS aTomMma BOAOPOAa.

Haunbonee n3BecTHbIM NOATBEPXAEHNEM 3TON bopMynbl ABNsiETCA poxaeHun nap. PoxaeHue
nap He npoucxoamt B nyctom npoctpaHcTBe. OCHOBHOW npouecc 6GeTa-pacnagja BKhoyaet
npouecc NpeBpaLLeHnst NPOTOH-HENTPOH C U3NyYEHUEM PENTPUHO U SNEKTPOH-MO3UTPOHOB. ATOT
npouecc paccMaTpyMBaeTCs Kak poOXAEHWE MaTepuarnbHbIX 4YacTul, Tak Kak npu  3TOM
npegnonaraeTcs, YTO 3M1EKTPOH HE MOXET CYLLECTBOBaTb BHYTpM siapa. A nokasarn, YTo SfekTpoH
UMEET XapaKTepPUCTUKM BOIMHbI, korga npubnumxkaetrcsa K s4py, M B pesynbrate MHBEPCUM
CTaHOBMUTCS HYKIOHOM ©.

MonHoe pasgeneHve AyanbHbiX acnekToB (Macca, 3apsf) WHAMBMAYalnbHbIX 4acTul, uUMeeT
MECTO, KOrga BHE KMacCUMYECKOro 3MEKTPOHHOIO paguyca KMHeTMYeckasi SHeprusi npeBblllaet
(kOHCEpPBATMBHYIO) 3HEPIUKO CBSA3M (CM. BOCbMOW apryMeHT). OTO SIBNSIETCS OCHOBHbIM Mpu
«pOXOEeHWS nap» W onpefensieT «Macchl», kKak CylecTBOBaBLUME [0 MX poxaeHusl. B obpaTtHom
npouecce nNWOH, «agepHasi» 4acTuua, npegronaraeTcs pacnagatowMMcs Ha MIOOH UM, B
KOHEYHOM cueTe, 3NeKTPOoH unM no3mTpoH. Kopode roBopsi, umeeTtcs Gonee 4yem goctaToyHas
npuyvHa yTBepXA4aTh, YTO YaCTULLbl CYLLLECTBYIOT OO MPOLECCOB «POXAEHUSA» UMK pacnaga, a He
co3patotcsi B HMX.. bonee Toro, nmeetcs o6ocHOBaHHOE yKasaHWe Ha TO, YTO caM MPOTOH MOXET
pacnagatbest °.

MATbLIN aprymeHT.
OOGbIYHO 3HEeprnst GOTOHA NPUMHMMAETCS] PaBHOWM MOCTOSIHHOM [1raHKa, YMHOXEHHOW Ha 4acToTy

[Af], n ero momeHT paBeH [hf /c]. Ero BupTyanbHas wnu nceeBgomMacca paBHa MO3TOMY

[hf /c*]. Npeppiaywas paboTa'® Mo CUHTE3y KNACCMUECKOW MEXaHUKM W PensiTUBUCTCKOI
Teopuu NoKasbIBaeT, YTO OHU coBnagatoT. [lokasbiBaeTcs 3TO CneayowmumM obpasom:

M€ cos( )/(m; + my) = vi/2 (1)

roe  [Vm, C, Vi - DPEIATUBUCTCKAs JUHEHHAs, CBETOBAs U «KUHETHYECKAs» CKOPOCTH,
[0] - yrom OTKJIOHEHHS OSJIEKTpOHAa M [m; m,] — HayanbHas <«ICEBIO» Macca
¢doToHa M Macca TOKOS 3JIEKTPOHA COOTBETCTBEHHO. IIpocroe mpeobpa3oBaHue
PENATUBUCTCKUX (POPMYII AAET:

2mvy,(m + my) = vi> (2),
rjae m - pensTuBUCTCKas Macca. OObeaUHEHNE MTOKAa3bIBACT

m(m; + m,)/m;(m + m,) = cos(P)c/vy, (3)



Mpn npubnmkeHun oTknoHeHus ana coTtoHa k 90°  pelaTHBUCTCKas Macca dJIEKTPOHA
CTAaHOBUTCS paBHOM HavalbHOU (TIceB0) Macce poroHa. CiaemoBarenbHO, BeipaxkeHnue (1)
HCABYCMBICJICHHO COACPKUT BCIINUUHY

2m;c cos(9)/(m; + m,) (4)

KOTOpasi SIBNSIETCA NPOCTO HbIOTOHOBCKOW CKOPOCTHLIO [Vy] . DTa CKOPOCTH MOApasyMeBaeTcs
BO BCeX PEeJATHBHCTCKUX (popMyJiax 1 HM KAKMM 00pa30M He HCKJIIYAETCH UMU.

Tak xak yron [@] mpencraBiseT HampaBlIEHUE JABMKEHUS YacTHULbI, JBIXKYLIEHCS cO
CKOPOCTBIO [Vpy], TO [Vy] JOIDKHA GBITH IPOTHBONMONOXKHOM, [¢ +/- 180°]. IlceBmomacca
[my] w3mydeHus, W3IydeHHOTO TMOA YyrioM [&] mocne (HOTOH-IIMEKTPOHHOTO
CTOJIKHOBEHUSI, €CTh

m¢ = 1/[1/m; + (1- cos(@))/m,] (5)

Ecmm [1-cos(@)=x] , Torma

my = mjmy/m;X + m, (6)

Kak nokasaHo B ypaBHeHusxX (5, 6), «penaTMBuUCTCKas Macca» 3aBUCWUT OT Yrra OTKNOHEeHUsi
¢pOTOHa, TaK Kak OH onpefenseT nepeaadvy MoMeHTa. Ans yrna otkrnoHeHus B 90° koMBuHaLms
ypaBHeHu (4) n (6) NpMBOAUT K PENATUBUCTCKOMY MOMEHTY

mjc/cos(0) = mvy,

Pe3ynbTaTtoM 3TOro siBfisieTcs yrrosas 3aBUCMMOCTb U HEeYMnpyroe CTONIKHOBEHME.

B npeabigywien pabote 12 MoKasaHo, YTO MOJSIHas M3MyvYeHHas 3Heprusi TOYHO paBHa SHEepPrun
BOBMEYEHHON B M3MEHEHME COCTOSHUSA anekTpoHa. MoaTomy nocnefymollee B3aMMOOENCTBME
«(poToHa» W OSnNeKTpoHa, Kak noaTBepXaaeT KOMMNTOHOBCKOE CTONKHOBEHUE, SABNSAETCS
3KBMBANEHTHbIM  3MNEKTPOH-3NIEKTPOHHOMY  CTOMIKHOBEHMWIO, OTNMYasACb TOMNbKO TEM, U4TO
U3NYYMBLUNA  SMNEKTPOH, W3NYyYMBLUMA  P)OTOH, HaXOOAUTCA Ha pacCcToOsHUW, a OTOH
HenocpeacTBEHHO B3aMMOAEWCTBYET C SMEKTPOHOM. JOTUM OOBSCHSIETCS TO, YTO MOCTOSIHHast
MnaHka MoxeT ObITb MCMNOMb30BaHa B OTHOLWEHUM AOWHAMUKM (POTOHA, M yCTpaHaeTcs
TauHCTBEHHas AyanbHOCTb «4acTuLa-BOMnHa», npunuceiBaeMas hoToHy.

LLlecTon aprymeHT.

KoMnToH 3dbdekT Obinl WMPOKO NPOBO3rMAlWIEH Kak MOATBEPXAEHME CrneunanbHOW Teopuun
oTHOcUTenbHOCTU. Ha camom pgene aToT 3dydeKkT onpoBepraeT €€ OCHOBHOW JormaTt o
3aBUCUMOCTU pPensTUBUCTCKNX npeobpasoBaHui oT CKOpOCTH. BsaumopgencTseue
paccmaTpuMBaeTCa Kak ynpyroe CTONKHOBEHuMe Mmexay paauaumen (PoToH) M cBOBOAHbIM
aneKkTpoHoM. Ecnn 3TO Tak, KMHeTMYeckast aHeprus, Tepsiemass UsfnyvyeHuem, paBHa TOW, 4TO
npuobpeTtaeTcs ANEKTPOHOM. 3TO SICHO AOKa3blBaeT, YTO CTONKHOBEHWE SBNSAETCH MPUYUHON
OBWKEHNS 9MeKTpoHa, a CKOpocTb creactBmeM. Kak OTMeyeHO Bbille, 3TO OYEBUAOHO He
ynpyroe CTONKHOBEHME, TaK Kak MMeeT MeCTO mpegronaraemoe YyBeNnnyeHne Mmacchbl
anektpoHa! CKOpPOCTU U «peNATUBMUCTCKME» MACChl CBSA3aHbl CrneayoL MM COOTHOLLEHNEM:

2,02 2, 2 2,42
Vi V™ = vy /v =2m/m+my = vy/vn= 1/(1 — v /4c) (8)
BHeprusi B KOMMTOHOBCKOM CTOSTIKHOBEHUM MOXKET GbIThb BbIpaXKeHa ' Kak

(m; - mg)c? = (m — mg)c = mvi/2 (9) .



U3 ypaBHeHus (9) AOMKHO ObITb BMOMHE O4YEBUOHO, YTO CKOPOCTb CBETa, KpPOMe TOro YTO OHa
SIBNSAETCA KOMMOHEHTOW HadanbHOM 3HEpPrMM U 3HEeprMM oThayvv, BooOwe He cBfA3aHa C
«Maccon Nokos» anekTpoHa! 3 natoro aprymeHTa JOMKHO BbITh Takke O4eBUAHO, YTO OHA He
CBfizaHa C «pPEenATUBUCTCKOM» MacCoOM NO TOW Xe camMon npuuuHe. bonee ToOro, B
npeabiaylien cratbe " Bbino nokasaHo, 4YTo npeobpasoBaHust JlopeHua ckopee OTHOCATCH K
OJIMHaM BOJIH M YacToTam, YeM K MaccaM. HakoHel, AnvHa BOSHbI (OOTOHA NOCHE CTONKHOBEHUS

33aBMCUT OT «KOMMTOHOBCKOW AMWHbI BOMHbI» [A/MC] , KOTOpas SBISETCS KOMIIOHEHTOM
HMCTUHHOT'O MarHUTHOTO MOMEHTA 3JIEKTpoHa =[eh/mc].

Ecnn ckopocTb cBeTa cBsi3aHa CO CTPYKTYpOW MaccChbl, OHa OMpedernieHHo He MOXeT OblTb
npunmucaHa Teopun OTHOCUTENBHOCTU.

CeabMoM apryMeHT.
Teopus OTHOCMTENBHOCTY NpeaycMaTpMBaEeT creaytoLme COOTHOLEHUS

m*/(m* - my?) = /v’ (10)
m/2(m - my) = /v (11)
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Tak kak vpv, = vk

(m + me)/4(m - my) = c*/vy” (12)
(m + mo)vn2/4 =(m - rno)c2 =(m; — rnf)c2 = mvk2/2 13)
(m + my)v,/2 = mvy, (14)

CornacHo HbOTOHOBCKOMY TPETbEMY 3aKOHY MexaHuku, ypaBHeHusi (13, 14) nokasbiBaloT
9KBMBANEHTHOCTb ANl KKHETUYECKOWN 3HEPTUN N MOMEHTA.

B MexaHuke JOMmMKHO BbITh HaYanbHOE NUHENHOE ABMXEHUe, AN TOro YTobbl MOSIBUMNOCH YrioBoe
OBuxeHue. B anekTpoavHamuke OOMKHO OblTb HayanbHOE NMHENHOE ABWXEeHWe, npexae yem
NOsIBUTCA MarHUTHoe nomne. YrrnoBonW W MarHUTHbIN 3heKTbl ABMNSAIOTCSA MNPaBOYrfoBbIMA K
HanpaBneHuio ABWXKEHUS N MOSBNSAIOTCHA B pes3ynbTaTe 3TOro ABMXKEHUS. DTUM OObACHAETCH
HeobXxoOMMOCTb B HadanbHOW CKOPOCTU B UCKPUBMEHWUM TPaeKTOpuUM 3MeKTpoHa B MarHUTHOM
none nnu TpaeKkTopum Macchbl B rpaBUTalMoHHOM none. pucyTcTBrne curnbl, NepneHanKynspHOn
NoJsit0 U NIMHENHOM CKOPOCTU BbISIBISIET COBNageHne Mexay MarHeTU3MOM Y MEXaHUKOW YrioBOm
ckopocTU. [JomKHO BbiTb O4EBUAHO, UTO BO BCEX OTHOLUEHUAX AMHAMUKA dNeKTpoMarHeTusma
COOTBETCTBYET AUMHAMMUKe MexaHUKku. OHO ABNAETCA aHTUTEe3NCOM ApYroro.

Mons, 3ap4a4bl U Maccbl ABNAKTCA MHBApUaHTaMu 15. JTrobGble BO3MYLLEHUNA BbI3bIBAOT CMeLLlEeHNA
MeXaHU4YEeCKNX N INEKTPOMAarHUTHbIX acnekToB YacTul (I/IHele,I/IaJ'IbeIe Sd)(*)eKTbl ), KOTOpble

ncyesaroT, Koraa 0ajaHC BOCCTAaHABIMBATCA. DTO YTBEPKICHHE 0OOCHOBAHO HUKE.

BocbMoii aprymenT.

Brime IMMOKAa3aHo, YTO PCIIITUBHUCTCKAA «MaACCa» MOJIHOCTBIO 3aBUCHUT OT YyIJla OTKJIOHCHHA
¢dbotona. /lnarpamma 1 ompenenser HHBAPHAHTHOCTH Macc, 3apsiaa u nosnei. Ciaeayromuii
APTYMCHT SCHO ITOKAa3bIBACT, YTO TO, YTO IMOHUMAKOT KaK PCIIITUBUCTCKOC YBCIMYCHHC
Macchl, Ha CaMOM JieJie TPEJCTaBIsIeT CcOOOW paslieleHHe AYalbHOTO M CBSI3aHHOTO
COCTOSSHUM MEXaHUKU U QJICKTPOMArHeTu3Ma U nposiBUTCA B HUX O6OI/IX.

OCHOBHOI IIPEANOCBUIKON B PENIATUBUCTCKON TEOPUHU SIBIIETCS



m = my/B, where B =(1 - vp/cH" = B1=(1 - w/2c¢?) (15)
Bo3Boas B kBazpaT u yMHOXKast 00€ 4acTH ypaBHEHUS Ha H1-vieH MoJy4yaemM
m>c?- mzvmzc:2 = m0204 (16)

Ecnu ucnons3oBaTh pensITUBUCTCKUE ypaBHEeHUs [E, = mec’] u [E = mc?], SHEprus
CTaHOBUTCS PaBHOMN

E’=m’*= (mvk2 + m(,c2)2

YTO MPUBOJUT K COOTHOLIEHUIO MEKTY MOMEHTOM U SHEPTrUeu
mzvmzc2 + mozc4 = mzvk4/4 + mm(,vkzc2 + mozc4 a7
mzvmzc2 - mzvk4/4 = mmovkzc2 18

2 4,02 2
mvy,~ -mvg /4¢” = myvi~ (19)

TaBTOHOFHq€CKHﬁ ACIICKT TeOpI/II/I OTHOCUTCIBbHOCTH OYEBUJICH B HCIIOJIB30BAHUU
CKOPOCTEH B OMNpPEACIICHUH OTHOIIECHHUS PETSATUBUCTCKON MacChl U MAacChl MOKOs, TOT/Aa
Kak BepHO oOpaTtHoe. Tak Kak CKOPOCTH MPOMOPIIMOHATIBHBI MaccaM, Kak 3TO HMEET
MECTO B KJIACCHYECKON MEXaHUKE, Pa3InIne B Maccax UCUYe3aeT, Koraa BBOAUTCS [PB].

movm2 - m(,vk4/4c:2 = movk2 - mOVk2/2CZ (20)
m(,vm2 = movk2 - movk4/4c2 21
Vi’ = (Vic = Vi/20)( Vi + vi/2¢) (22)

OueBugHo, uto YypaBHeHue (17) mpencraBiseTr KOMOMHAIMIO MEXAaHUYECKUX U
QJICKTPOAMHAMHWYCCKUX aCIICKTOB BBaHMOHeﬁCTBHH Cy6aTOMHBIX qacCcTHUill. YPaBHeHI/Ie
(21) MokeT OBITh YMHOXEHO Ha 3apsij AJICKTPoHA [e] i [ecz] 1580051 [moezcz]. [Ipu >Tom
OJIHOBPEMEHHO ONpPEACNAI0TCS MOMEHT M JHEeprus. BplpakeHuss B MpaBod YaCTU
ypaBHeHUs (22) MpPENCTaBISAIOT KakK JACHCTBUTEIBHBIA YIJIOBOM MOMEHT, TakK M
MarHuTHbII MOMEHT (CIHMH), BKJIIOYash WHIYLHUPOBAHHbIE (TO €CTh HMHEPLHUOHHBIC)
3 dexTh. [gi]-pakTop B CHMHOBOM MAarHMUTHOM JUIIOJIBHOM MOMEHTE (03 aHOMasum)
OOBSICHSICTCS, €CITH U3BJICUb KOPEHb U YMEHBITUTh KOMOUHAIUIO 70 [Vyy,].

VYpasuenue (1) onpenenser peasTUBUCTCKYIO JUHEMHYIO U «KUHETHYECKYIO» CKOPOCTH.
B ux oTHomeHUM MBI HAMIEM «PETIATUBUCTCKUN» WHEpUUATIBHBIA 3PPeKxT. IT0 HuU
Macca, HU HUHAYIUPOBAHHOE IOJIe, a CMEUIEHHWE MPOTHUBOIMOJOXKHBIX U
KOMOMHHPOBAaHHBIX aCIEKTOB MHBAPHAHTHBIX TyaJbHBIX cocTosiHMM. Eciu B ypaBHeHUU
(19) 3aMeHUTH Maccy MOKOs U PEIATUBUCTCKYIO MacCy CUMBOJaMu cMenneHus [q] u [Q],
MoJIy4aem

Qv - Qvi/4c? = qvi® (23)

PaznenuB ypaBaenue (23) Ha [sz] , IOJIy4aeM



Vil - vilact = g/Q (24)

Tak xaK v vy, = vk? , paznenuM ypaBHeHue (21) Ha [vk4]
vy - 1/4¢* = givi2Q (25)

W3 ypaBHeHnuii (24) u (25) nonydaem
Vil Vo - ilde? = Q/q (26)

Tak kak  vp/v, = 1- vk2/4c2 (cm. ypaBHenue (8) ) ,
Q/q = 1- vi?/ac? - viZlac? = By (27)

B ypaBuenun (17) mnoapaszymeBarOTCSd BCE€ B3aMMOJACHCTBHS YaCTHIl, BKJIHOYas
opOuTanbHbie. MBI JOJDKHBI CHENaTh BBIBOJ, YTO HEBO3MYILIEHHBIM aTOM BOAOPOJA
HaxOJUTCS B CTOPOTOM paBHOBeCHHU. JIF0OBIE OTKIIOHEHHUS WJIM MPOJBHIKEHHE BBEPX IO
[IKajne TMepHOANYEeCKOd TaOMuIBl TPUBEAYT K CMEHICHHIO MEXAY AyalbHBIMU
00BETMHEHHBIMU COCTOSHUSMH, K «OYEBUIHBIM» AJUIMNITHUYECKUM opOuTaMm. (3aMeThTe,
9TO MOXKET HE OBITH HUIAITHYCCKHX OPOHT, ECI TONBKO He 00a (okyca 3amsThl'®). Tak
KaK »JJUIMIC SBJISIETCS TEOMETPUYECKUM CPEIHUM JIBYX OKPY)KHOCTEH, MBI MOMKEM
ONPEIEIUTh PAIUYChl OKPYKHOCTEH KaK [Vt M vit] B MOMEHT [t] M Ipou3BeneHHE
[sztz] Ha [T] Kak paBHOE IUIOIIAAM AJunMca. Tak Kak [vk] onpeaeneHa Kak CKOpOCTHAst
KOMIIOHEHTa «KUHETUYECKOM» HHEPrUM, Mbl MOXKEM MPEIINONOKUTh, YTO IUIOHIAIb
AJUTUIICA MPEJICTABIISIET SHEPTUIO CUCTEMBI.

BriBoabI:

B o1oii pabore mpoBeAeH ACHCTBUTENHLHO MPOCTOM CHHTE3 TaK Ha3bIBAEMBIX
PENATUBUCTCKUX YPABHEHUH, 3JIEKTPOMAarHeTu3Ma U KIACCHYECKOW MEXaHUKH, KOTOPBII
HE TOJIKO TPEJCTaBIIACT 00bequHEHNE (DU3UKHU, HO OOBSICHSIET OCTAIOIIUECS IO CUX TIOP
TaWHCTBEHHBIMHM TaKHE AacCMeKThl, KaKk HMHEpIHs, KBaHT U Jp. B paszpaboTke Teopun
UCIIOJIb30BAaHbI TOJBKO oOOImIenpu3Hanubie (Gopmynsl. Bes kmaccuueckas MexaHUKa
octaercsi 6€3 U3BMEHEHUH U OTHOCHTEIBHOCTh CTaBHTCS Ha MpouHbli pyHaameHT. Cama
TEOpHsSI COOTBETCTBYET BCEM HKCIIEPUMEHTAIbHBIM KpuUTepusiM. bonee Toro, oHa npsmMo
yKa3blBaeT Ha OOBCAMHEHHE BCEX CHI '~ , KOTOPOE CEHdaC MOXKET OBITh JErko
3aBepuieHo. Ceifyac HeT M HHKOIAa He ObLIO NpexIe HUKAKOW APYrod Teopuwu,
KOTOpasi MorJia Obl MPeTeH/10BaTh HA TAKOe onpe/ieseHue!

[Tponuto okoJI0 YeTHIPEX JIET ¢ TeX MOop, KOTAa 3Ta HHPOPMAIHS cTajla JOCTYITHOH, — 0e3
Kakoi Obl To HU ObLIO MyONMYHOM moanepxku. Bmecto storo 2005 rox TOp:KECTBEHHO
OTMeYaeT CToyeTHe (PaHTAaCTHYECKU HETPaBIONOI00HBIX TEOPUH, HE NMEIOIINX HUKAKHUX
OCHOBAaHMH B JIOTHKE, OIBITe WA 31IpaBoM cMbicie. HMx 0Oecnoie3sHoCTh H
HEeTPIMEHUMOCTh K JKM3HH OTKPBIBAECT IMYThb K TEXHOJIOTHH, KOTOpPas CTPEMHUTEIHHO
JBIDKETCS Briepes 0e3 Kakux-Iu0o OnpeAesSIoyX IPUHIMIIOB WK MOpaid. Mbl BUIUM
B TEOPUAX, (PAKTHUECKH TIIOJHOCTHIO MPOTHUBOPEYANIMX OOBEKTUBHOH pEalbHOCTH,
TOP’KECTBO MUCTHUKHU HAJ JIOTUKOW, BHICOKOMEPHS HaJl MHTEIUIEKTOM, MaTeMaTU4eCKOro



3aT€MHEHHUs HaJl ACHOCTBIO U TpUyM( KyMOBCTBA U IIEH3YpPbI. DTO CHCTEMa HCKOPEHEHUS
MBILUICHNS. MOKHO TOJIBKO HAEATHCS, YTO CKOPO 9TO U3MEHUTCH.
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