Aa}‘abk._"m\.i; JF&"‘( ;

o ‘w.viwh_a JOFC




OT U3JATEJIbCTBA

O1a kHuTa npoaorkaer cepuio «Relata Refero» (mocnosHmit nepeson —
PACCKA3BIBAN PACCKAIAHHOE). BTO UIPCUEHHE MOXHO NOHHUMATh ¥ TPAKTOBATD
TO-Pa3HOMY.

KoMy-TO MOXET MOKAa3aThes, YTO, CIPATABLINCE 34 rpUd «Relata Refero»,
M3JATEJILCTBO XOYET OTMEXERATLCS OT NYOIUKYEMBIX B 3TOH CCDUH TEKCTOB.
Kro-to, Hao0OpoT, YCMOTPHT B DTOM HaMepeHHe ouapalliuTh NyOoInHKy
npo0AeMHBIMM TEKCTAMM M COpPBATh CKAHIAIEHBIE annooucMeHTh. Haitnyres,
BO3MOXHO, ¥ TaKWe, KOTOPHIE BOOOIIE MCTONKYIOT 3TY CCPMIO KAK H3IEBKY
HaA BCCM, YTO OTKIOHAETCS OT TPATWLIHOHHOIO PyCia,

HaMm sxe, onH4KO, x0Tenocs OBl BEPHTH, YT0 YHTATEIE MOMMET HACTOA-
VIO TIPHYMHY, MOOYAUBIUYIO M3IaTENLCTRO B3SATLCA 33 BBUIYCK 3TOW CCPHA.
A noackaskod Yurarenio OyieT INMOMEUIEHHOS HA O0JO0XKE BhICKa3biBaHue
ApMCTOTEASA, UTA KOTOPOTO, KAk riacHuT MpclaHue, NOHMCK MCTHHBI OKAa3aics
BHItUEe THYHON ApyxOl ¢ [InatoHoM.

Mpbl HagecMcesl. UTO NyDAMKYeMbie B 3TOit CEPUHM TEKCThI BHECYT, He-
CMOTDS Ha CBOe IMPOTHBOCTOAHHME YCTAHOBMBLIMMCS KaHOHAM, CBOI BKJIaN

B no3HaHue MeTuHLL.
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NPEAUCNOBUE BOKTOPA TEXHUYECKMX HAYK
'B.K.NMMKAJNIOBA

B npeanaraemoii pabore “Kapmmnansasie ommbxu Oin-
mreitna” JLA. KamiuuH ewe pa3s BO3BpAmACTCS K ONpPEACNER-
HBIM aCHEKTaM ero KHEr “CrennalbHas TeopUs OTHOCHTEILHO-
CTH ¥ peanbHocTs” H “Ommmbka J#HmTelHa”, #34aHABIX B 2001
rofily. B cBOHX KHHTax aBTOp JOKA3HBAECT HECOCTOSTCHLHOCTH

OCHOBHBIX NONOXKECHUH CHenu#ansRod TEOpHH OTHOCATC/ILHOCTH.
- JLA. KanvHaH H¢ eNMECTBEHHHH asrop, BhCTynalommi
IIPOTHB TEOPHHE OTHOCHTEJLHOCTH. KAk M3BeCTHO, BCE BHICTYII-
NIeHUs MPOTHE TEOPHH OTHOCHTEILHOCTH JIO CHX NOP yCHexa He
uMesn. Ho paborwr JLLA. Kanuanga oTnauaoTos A30panHoi HM
METORHKOR, ABTOD, BOIPEKH YCTAHOBHBIMIEMYCS MHEHHIO, Ha-
meJ crocod, no3BoMOmHEH ONHCHBATH mpeofpazoBarna Jlo-
peHIla K APYTHE YPaBHCHHA CHELHANBHON TCOPHH OTHOCHUTEIb-
HOCTH, HCIOJAB3yA reomerpHio Esxmapa. Hanee, oH npHBSN
npeaioxesnoe JI. BprwimosHoM patmmune MeXNy CHCTEMaMH
KOODHHAT H CHCTEMAM#A OTCYeTa. JT0, B CBOIO OYepeiib, O3B0~
SN0 PAIICANTH CHCTEMBI KOODAHHAT Ha BooOpaxaeMBic B 1Ipo-
CTPaHCTBE M KaMEPAIbHbIC, HCIIONb3YEMbIE B YEPTEIKAX, Make-
Tax ¥ np. JIng onpenenenus COOTHOUICHHSA MEXAY NEPBRIMH H
BTOPHIMH aBTOp BBex MacmTabml ocelt koopamunar. Bee aro,
BMECTE B3STOE, [IO3BONHNO aBTOPY NIA AOKA3ATCNHCTRA ONTH-
6oyrocta nonoxeruit CTO ucnonb3oBaTh METOX “‘OT IPOTHB-
HOro”. PaccMaTpHBas TO WiH HHOE NONOKCHME HIH JAOKA3a-
TEALCTBO CNENUaIbHON TEOpHH OTHOCHTENBLHOCTH, ABTOP HC-
NoNL3yeT METORUKY 3To# Teopud. M B xaxaoM cirydae OH noka-
3niBaeT, 4r0 Merofuxka CTO, B xoHedHOM cuere, MPHBOAUT X
pe3ymsTary, MPOTHBONOIOKHOMY HOMYueHHOMY DHHIITeHHOM,
B ciny 31010 4OBOAR! aBTOpA HOCAT HCYEpPNLIBAIONTAN XapakTep
B HE OCTamIgIoT MecTa Ana obCyXnenHs APYIHX RapHaHTOB,
Ilepexon x reoMeTpHA TO3BONHA TOHKOCTH CHCIHATGHON TEO-
PHH OTHOCHTCIBHOCTH CACJATh AOCTYNIHEIMH HE TOJILKO A
CHEORANACTOB-bH3HKOB. Teneps HMA MOXET OIIEPHPORATEH /O~
Goli uenopek, umeromuii cpearee oOpazoBaHHe.
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3naquTelisHOE BHMMAHHME 2BTOP YAeNHN asamusy rpeobpa-
3oBaHuif JlopeHna ¥ ApYrHEM acHEKTaM TEODHH OTHOCHTEIBHO-
CTH. JTOT aHANH3 BHIEBUJI OTKIIOHCHUS PE3yNLTATOB Npeobpaso-
sarail Jlopenna or peanpHBIX Bemmima, He Menee cepneanoe
3HAYECHHE HMEET BCECTOPOHHNS aHATHS aBTOpa H APYIHX MOI0-
ACHEH CEUMATLHON TEOPHH OTHOCHTENLHOCTH: OTHOCKTCILHO-
CTR OJZHOBPEMEHHOCTH, OOINEro H CHRUBANBHONO NPHHIMIOB
OTHOCHTE/ISHOCTH, TIPHHITMAA MTOCTONHCTBA CKOPDOCTH CBET2 W
HPYTHX. \

Ho onavM B3 caMbIX Cephe3HBIX MOMEHTOB B KHMIC SBJICT-
Cst IOKa3aTeNbCTBO OMHOOYROCTH BRIBOAOB MHIITERHOM pens-
THBHCTCKHX 38KOHOB COXpaHEHHS MMIYNLCA, 8 TAKKE CBA3AH-
HEIX ¢ HAMH 38KOHOB 3ZBHECHAMOCTH DEIINTHBHCTCKOR MaccH H
PENATHBHCTICKOH JHEPTUM OT CKOPOCTH ABHIKCHHEA.

B paborax mo cnenmansHOll TEOPHH OTHOCHTENBHOCTH I
060CHOBAHNA DEHSTHBACTCKEX 3dKOHOB COXPAHEHHS paccMaTt-
PHBAIOTCA MOJIHEE HMOVIALCH CHCTEME, cocrtosiefl H3 nByx
4aCTHE, ABHTAIONAXCY HABCTPEdy ApPYr apyry. [smxenne gac-
THI pACCMaTpHBAETCH B cHCTeMax orcuera S # S . Ckopocta
HABHKCHUA CHCTEM OTCUETA OTHOCHTENLEO APYT' APYra H CKOpOo-
CTH ABHKCHEA JACTHI] CODOCTABHME CO CKOPOCTRIO CBETA.

B kaure moxasano, YTO IPH CTONKHOBCHHE PABHBIX MAce,
JBATAIOMUXCA ¢ PABHKIMHA CKOPOCTSMH, DABEHCTBO HOJHEIX AM-

OynscoB p, (IO CTONKHOBEHHR) M P, (HOCNE CTONKHOBEHHSN) B

crcTeMe oTcHeTa S peACTARNNET coGOH JMUTs HACTHEIE cy-
qall. Ut NOATBEPAKINCHAS PCANBHOCTH PEIDITHBMCTCKHX 3aKO-
HOB COXPaHEHHSR HTOr0 ABHO HEAOCTATOMHO. MsMcHHB yCHOBHA
NPHEMEpA, aBTOp noxkaseBaer ownubodnocts Taxoro BhsoAa. Ha
OpEMEpe CTONKHOBEHHS PAa3HEIX N0 BENYYHHE MACC, ABUTAIC-

IGNXCS € Pa3sHRIME CKOPOCTSMH, 4BTOD NOKA3ZRIBACT, 9TO B s
PEIISTABACTCKHE MMITYJIHCH p: (10 CTONKHOBEHHK) H 'p': (mo-

CJIe CTOIKHOBEHHN) B 00MEM CITyIac HEPaBHEI.

Orcrona apTOp NMPHXOAHAT K BRIBOAAM:

- PEISTHBHCTCKHX 3aKOHOB COXPAHCHHS PeASTHBHCTCKOH
MACCh! H PENIATHBHCTCKON JHEPIHH B OPHPOAS HE CYIIECTBYET;



- 33KOH JKBPHBAJICHTHOCTH Macchl H 3HEprHmM (popmyny
E =mc?) ¢ Teopueit OTHOCHTENBLHOCTY CBA3EIBALT TOMBKO OIIH-
6ounoe nmpencraBicHAe O PEANTEHOCTH PEISTHBACTCKAX 3aKOHOB

COXPAHCHHSA AMITYNLCA.
[Tocnexnmit Bompoc O 3aKOHE JKBHBANCHTHOCTH MAcchl M

3HepruH (dopmyna £ = me?) aBRTOp BhIEJHET H3 OOMEro Kol-
TEKCT4 H PaCCMaTPHBACT 0TJENTbHO. OH NMOKA3LIBACT, YTO 3aKOH

IKBHBANEHTHOCTH MaccH W sHeprud (Qopmyna E =mc?) ye-
ICIIHO BRIBOAHTCA C HpHMEHEHHEM PopMyn Kiaccudeckol ¢n-
3ukd B K CTO oTHOmenna He Aveer. Hackoneko Touno dopmy-

na E=mc® orpaxaet 9roT 38K0H, HACKONLKO OHAZ OKOHIATEN:-
Ha, 70, O MHECHWIO aBTOpa, OTBETHE! Ha ITH BONPOCEH! emMe XIYT
CBOETO PEHICHHAS.

B BacTogmee speMs TCOpHE OTHOCHTEILHOCTH ARIASTCH O
Holi M3 onpefe/BIONGUX TeopHit B mayke. OHa noixyvyana mpH-
3Hamue ¥ B Pr3nxe, H B GrnocodcKax KOHNENIHAIAX CAMRIX Pa3-
JHYHEIX HanpasreH#Ed. 3HAYMTENHHBIC OONACTH YENMOBEYECKHX
3RAHAH CEro/{Hs CBAIAHEI C PEJITHBHIMOM TEOPHH OTHOCHTECD-
nocT. Ha pensrusmcrckoll ofmeli TeOpHE OTHOCHTEILHOCTH
HOCTPOCHL! COBPEMEHHEIC KOCMOJIOTHYECKAE TCOPHH ¥ KOHUEH-
I(HH, TAKHE, KaK TeOpUa GONBINOr0 B3phiBa, TCOPHA PACIIAPIIO-
nielics ncenennol 1 ap. Ha oposeneHre HAYIHBIX HKCHCPAMEH-
TOB M H3BICKaHH# B 00NacTH pensTHBHCTCKUX Teopnit M KoH-
LEeNIHHA PACXONYIOTCA 3HAYHTENBHAC MATCPHAIBHBIC H YE/I0BC-
4ecKHe pecypeH. OnpoBEpKEHHE PeNATHBACTCKHX 33KOHOB CO-
XpaHeHus, niioxesHoe B Hactosmed pabore, swnsercd omnpo-
BEPXKCHHEM CHOCIHANEHOA TCOPHH OTHOCHTENRHOCTH, B YACTHO-
CTH - 1 pPelIATHBA3MA B HayKe BooOme. D10 Breder 3a coboif He-
0O0XOAMMOCTE CepRe3HOTO NEPECMOTPa COBPEMEHHEIX (H3IHYeE-
CKHX KOHLICITIIHH.

B coorBercTBHH ¢ pensTHBACTCKAME (opMynaMu npeobpa-
30BaHUH JIOpEHNA M COXEHNA CKOPOCTEH BEIMIHHA CKOPOCTH
CBETA ~ MAKCHMASLHO BO3SMOXHAsA CKOPOCTh PACHpPOCTPAHEHWS
MATEpPHANLHEIX nponeccop. Bamonnennoe JLA. KanwauHEIM
JAOKa3aTeNBCTBO oumbounoctv atax noaoxenuii CTO eme paz
ROZTBEPXKAACT, YTO CKOPOCTh HBHKCHHA MATCpHd HEOTPaHH-
yeHHa. BBoas orpasHyeHHe CKOpOCTEH pPacpoCTPaHCHMA MaTe-
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PHAITLHEIX IPOLCCCOB, TEOPHES OTHOCHTEALHOCTH 3aBEIOMO 3a-
AEOKAET WX BO3MOKHYIO SHEPreTHYecKyK) MOIIHOCTB. JTO JO-
IYCKSET BO3MOXHOCTE B 3KCTPEMRILHHIX CHTYAIRSX HEOXH-
JAHHEIX BHGPocoB sueprun. Takue BRIGPOCH MOryT NpEACTAB-
AATH CEPBE3HYI0 OUACHOCTH, TAK Kak HE MOTYT ORITH mpeny-
CMOTPEHE! TeopHeH CTHOCHTENRROCTH, SBJIAIOMeHcs Bexymel B
3THX BoHpocax. ITanmynunii 3TH CTPOKR, B X0/e OPragu3auHan K
OpoBeeRus OepaudH DO JEKBHIAIMA HocneacTsrl UYepHo-
GeUbeKO kaTacTpodE! W coszamnio 6apbepoOB MPOTAB MX JAlb~
HECHIMEro pacHpOCTpaHEHHs HMET BO3MOXHOCTE HA JIHIHOM
onuTe yoemuTeca B IPO3ROH Henpc.ucxaayeuocm ATOMHEIX

OPOLIECCOB.

['nasHs pumox, creayiomuti 3 pabor J1.A. Kamuanna, co-
CTOHT B TOM, ITO HEOOXOMAMO Kak MOXHO ORCTpee OTKa3aThCA
or 3abMyXacHMA NBAAURTOrO BEKa, YT0 CHELHATbHAS TEOpHA
OTHOCHTCTHHOCTA H OCHOBAHHbIE HA ¢ KHECMATHKE H AHHAMH-
K¢ PCJINTHBHCTCKHME TEOPHH M KOHOENIHH OTPAkalOT OKpY-
xarouE#t mac Mup. M3 3roro cnepyer rakme HeoOXomMMOCTH
NEpecMOTPa BOPMARTHBHOH 033561 IO CO3IAHMIO ¥ 3KCITYaTAllHH
ATOMHLIX B TEPMOAACPHEIX 3HCPreTHYCCKHX ODBEKTOB Ipak-
JAHCKOTO M BOCHHOTO HAZHAYCHHS.

aueaps 2003 r. Hoxtop TEXHHYECKHX HayK
B.K. [TMKAJIOB

I'eHepan-nojiKOBHHK B OTCTABKE,

I'epoit Coperckoro Coro3a



NPEANCNIOBUE ABTOPA

B Toit Hnu uHOH Qopme KpHTHKE HUIHIECKOTO PEIIATHBHIMA
BENACh 3aX0Nr0 JO CO3JaHHA, TOuHee: 40 OdopMIeRns
dunocoPcxoro u  PHEHIHYECKOTO PEIYTHBHIMA B  TEOPHIO
OTHOCHTENEHOCTH. Ho ocobenno riyboxo m BceoOBmeMmoine
OHa mpo3sydana B pabore B. U. Jlemuma “Marepuanusm n
SMIAPAOKPHTHIA3M . Co CTOpOHE! (H3MKOB KpRTHKA 3TOH
TCOPHE NpPORODKajiack M Io3xke. TeM He Menee, B H3HKE
TCOpHE OTHOCHTCNBHOCTH 34BWia IpouHoe Mecro. Ee
CTODOHHHKAMH M IONYJAPH3GTOPAMH CTaNHM KpynHeHmue
ydeHhle paiex crpan. B CCCP, mawmHAY € KoOHNA
MATHOCCATEIY  FONOB,  BHICTYIUIEHHS  [POTHB  TEOPHH
OTHOCHTENBEHOCTH ObUDI MpHPaRHEHK K W30OPETCHHIO BEYHOTO
npuratens. MagarenscrBa nomoOHmie paborel  BO3BpaIANH
aBTOpaM ¢ KOPOTKMMH (OPMANEHEIME OTTIMCKaMHE. B mydmreM
CIydae OHM TONYYAIH Kparkoe OCBEmeHHE B KYPHAILHEIX
pyOpHKax THIG “IUchMa HAIDEX dHTareneii”., B mocnemmne
IATHAAUATE. JIET KPUTHKE TEOPHH OTHOCHTSIREOCTH NpHobpena
HOROC¢ AbXaHHE H [0 3Tod Teme Mu3naEo MHOro paloT
PasNH4HEX aBTOpPOB. KaK npaeuio, CO CTOPOEE OPHUMATEHRIX
HAYYHBIX KPYroB OHH ocTalorca 6e3 orBera. Bce mosomm
TNPOTHBRAKOR TEOPMM OTHOCHTENILHOCTH BCTPEHAIOT CTEHY
MONYaHHA. 374 TEOPHK OCTacTcA MpeBAMpyomel B paAne
ofnacte#i Hayku. bnarogaps ToMy, 4YTO OHAa COZSDHKUT
banocodckyio COCTaBMOMYIO, 6naronaps CBOCH
OPABACKATEILHOCTH A (AaHTACTOB H  I[IOMY/ISPH3ATOPOB,
TEOPHEA OTHOCHTENLHOCTH 3aHANA MECTO HAJ APYTHMH
€CTECTBCHHBIMH HaykaMH. bonee Toro, oHa dQaxTAvecKn
HANOXKHMNA 3anpeT Ha HHakoMepIcae. OHA craia HAyKOH Hayk,
bysimamenTansuefimefi w3 Qynmamerrambupix. OHa crama
YacTRIO MAIULTEHKHs coTeH Thicad mojne#. [loatoMy xorna Peyn
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azer 06 omubOYHOCTH TEOPHE OTHOCHTENBLHOCTH, TO Peun maer
0 JaibHeAmeM pasBUTHH BaykW, O CHSTHH OrpaHHUeHH,
HANAracMEIX TEOPHEH  OTHOCHTSALHOCTH Ba  Ipyrae
bynnamesramume Hayke.  Bopsfa  MarepmamiiMa ¢
PEJIATHRH3MOM HMECT NPHHUMIMMATBHE Xapaktep. TpyaHOCTS
aroli GopeOHl 3aKTIOYACTCH B TOM, YTO PENATHBH3M BCE BpPeMS
Beigaer cc0f 32 nobopHMka QuIMNECKON peaNTbHOCTH,
CTODOHHMKM  pPEIINTHEMIMA DOCTOSHHC  ANEUMPYIOT K
PENSTHBUCTCKMM (HIHYECKHM 3aKOHAM, SKOOH ACHCTBYIOIMIM
B Opupone, K HA KOTODHIX NEPEMICK COBPEMEHHAS
TePMOR/ICPHAS SHEPICTHRA B PEIATHBHCTCEAS KOCMOJIOTHAL.

B cumny srux oOCTOSTSNARCTE % BHOBH BOIBPAINAIOCE K
BOIIPOCAM, HANOKCHHEM MHOIO B KEHTax “CoenmansHas TeopHs
OTHOCHTC/LHOCTR B peansHocTs” B “Omubka JMuurrelina”,
mipapHx B 2001 r. B aTHX KEMTAX H3IOXKEHHE! HOBBIC
KOHTPapryMCHTH NPOTHB OCHOBHEIX NOMCNKERHE crenwarkHal
TCOPHHE OYEOCHTENEHOCTH H  AOKasaEa  OmEOOUYROCTH
PENSTHBHCTCKHX (PM3EYECKHX 3aKOHOB.

ITo dopme paloTal aBropa CcMOTpETCH Xax (JASHKO-
mareMarugeckie. Ha camom aene, ocHOBEAY Ue/k aBTOpA — 3TO
10Ka3aTs OmHOOYHOCTE TEGOPHE OTHOCHTENBHOCTH  Kak
punocodcexoro Hanpassends. Ho cama cyTh pacCMATPHBREMEX
BOTIPOCOB ONPEAETANA (GOPMY HX H3NOKEHHS, ‘

B nmacroameti pabote g mocTapancs HINOKETL 3ATPORYTYIO
TeMy B OOnee KpaTKOM M, HacKOABLKO ITO BO3MOXHO, B Oonee

IPOCTOM BHAE.

Ansaps 2003 . JLA. Kamnnn



BBEOEHUE

B pabore “IlpuHien OTHOCHTENEHOCTH H €ro CReACTBMSA”
JHumrediH rosoput: “Ec/iM OCTaBHTE B NOKOE 0OOBMHEYIO
KHHEMATHKY ¥ Ha HOBEX NpHHIMOAX CO3NATH HOBYIO, TO
BO3HHKAIOT (OpMYNR!  npeobpa3osaHud, OTIHYHEIE OT
IIPHBEIEHHBIX BRIIIE (Peyb WaeT o npeobpazosanuax [amnex, -
JLK). Atax MpI ceigac IIoKaxeM, 410 U3

1. Ilpumina OTHOCETENHROCTH ¥

2. TlpEnnuna NOCTOAHCTBE CKOPOCTH CBETA

crneaylor ¢GopMylki npeoOpasoBaHMA, MO3BONAIOLIHE
BURETB, TT0 Teopus JlopeHua (3nexTpoHHAs TeOpHs,
OCHOBaHHAs HA MIPHHIMIE IOCTOSHCTBA CKOpOCTH ¢Bera,-JLK.)
COBMECTHMA ¢ NPHHIMIIOM OTHOCHTCNLHOCTH. TEOpHIO,
OCHOBaHHYIO HR& 3THX NPHHOHIIAX, MBI HA3kBaeM TeopHel
otHOCHTENRHOCTH {1, €.152],

B obmem  BHae bopMympoBKH NPHHITANA
OTHOCHTC/IPHOCTA H DNPHHIHNZ MOCTOAHCTBA CKOPOCTH CBETa
HMEIOT CREAYIOIHUHA BRI

“Hpampint OTHOCHTENLHOCTH YTBEPKAAET, YTO BCe
3aKOHRI (H3IAKHE OJHHAKOBLI BO BCEX HHEPIHANLBLIX
CHCTEMAX KOOPAHHAT. FTO 03HAUAET, ITO €C/Id AJIN ONHOH K3
ITHX CHCTEM CHPaBeIMB Kakoli-anbo 3aKon $HEIHKH, TO B
ToH xe d¢opMe ITOT 3aKOH BHLIpAEAETCE BO BCeX
KOODAHHATHLIX CHCYEMAX, ' ABHKYIIHXCA OTHOCHTEILHO
nepBol npumoJianelino m pasuomepHo” [2, ¢.519].

. “CKopocTL CBETOBOTO Jy%2 B NHyeTOTe HOCTOSHNA,
OpHYeM OHA HE 3ABHCHT 0T ABHAKCHUS HITYYAIOMEro Tena.
.. 3TO CHEACTBHE, - TOBOPHT fiHImre#iH, - MBI BO3BEHEM B
mpEHAE. [ KparkocTr 6yaeM Ha3LBaTh €70 B AmTbHEHIIEM
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NPHHIENOM NOCTOMHCTBR CKODOCTH c¢Bera” {BHICACHO
MHoil, ~JLK; [1, c.146]}.
ITycms cucreMsr orcuera (CHoTeMEl KoopzHHat) S, §,

S",... IBUTAIOTCE OTHOCHTENRHO APYT APYTa HPAMONHHEHHO C

HOCTOSHHOH passoMepHO# CKOpOCTHIO. Torja cCoruacHo
NpAHIMITY OTHOCHTEIBHOCTH B Kaxaod H3 HEx moloi
dusmueckull 3akom GyXer HMeTh OXHY M Ty e (OPMY, U
COrNacHO NPHHOMNY MOCTOAHCTBA CKOPOCTH CBETA CKOPOCTH
pacHpocTpaneHns NEeKTPOMArEWTHEX Kodefaumil B kaxao#h U3
3THX cucTeM GyneT pasHAa ¢ HE3ABHCHMO OT ckopocteif HX
JBHKEHHA 10 OTHOMEHAIO APYT X APYTY.

O0OcHOBaRHEM AN IPHANANAG DOCTOLHCTBA CKOPOCTH
CBeTa MOCHYMAIH DPE3yNbTaTel 3KcnepuMenta Malixemcora-
Mopres, KOTOpEIC NOKA3AIH, ITO CBET HE 3eMie B INMPOTHOM H
MEPHIHOHANLHOM HAIPABACHHSX PAcHpOCTpaHseTCa ¢ paBHOH
CKOPOCTHIO H, CHEADBATENLHO, CKOPOCTh HBHKEHHS 3EMIH IO
opbHTe Ha CKOPOCTH CBETOBOTO Nyda HE BIHSCT. PeATHBHCT-
CKOe HalpasjicHue B ¢u3nKke HRTYKTHBHO PACIIPOCTPEHHEIIO 3TOT
Pe3yNbTAT HA 3aKOHLI BeeNeHHOM, a 3areM JeJAyKTHBHO HA BCS,
9TO HPOHCXOMHT Ha 3emie,

Jlna Toro, 9rofBl yKa3aHHBE OCHOBONO/AT AOMIKE OpHH-
munsl CTO romysmmu craryc pusmaeckux, Jitnnrrelin spen no-
AoxKeHHe o6 OTHOCHTENLHOM XapakTepe OJHOBPEMEHHOCTH
cobrrruii. OHO roBopAT, 970 ABa COOBITHEY, HpOMCIIEAIIHE
ONHOBPEMEHHO B CHCTEMe oTcdeTa (KOOpAMHAT) S, NPOHCXOAAT
B _PA3HbIc MOMCHTLI BPEMCHH B CHCTCME OTCUCTA (xoopmuHAT)
S°, memxymelics IO OTHOMEHPIO K TEPROH TPEMONMHEHARO |

paBHOMEPHO.  ~
A3  OTHOCHTENRHOCTH  OJHOBPEMEHHOCTH  COOKITHI

crexyer, 9T0 B cEcTeMax S ® §, ABHraomEXcA
OTHOCHTSARHO APYI Apyra NPSMOMHAHCHHCO H paBHOMEpPHO,
BpeMd TEYET B pPasHOM pHTME H PAacCTOAHHE MEKIY ABYMA
TOYKAMH (JUIHHA JXECTKOI0 CTePXKHA) HMCET pasHyIo JIAHY.
Maremaruaecku 3TH HOROKSHUA BhIpaskeHbl

npeobpazosanmivn  Jloperna (aanee  Jl-mpeoSpazomanns,-
BHIpaxeHue, peeaennoe J1.-3J. JInbmepom).
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B cootsercrBuM ¢ JI-npeobpasoBaHHsMH CKOPOCTH IBH-
*KeHua moboro 065eKTa He MOXET IPEBRINATS CKOPOCTH CBETA,

“Coeaaenne IPAHIMANA OTHOCHTENHFHOCTH C YTBEPKie-
HHEM O KOHCYHOCTH MAKCHMAIBHOH CKOPOCTH paclpoCTpaHe-
HHA B3aBEMOACHCTBHH HA3LIBACTCA CHCHAANLHLIM NPHEIETIOM
OTHOCHMTEILHOCTH Jitnmrredina” [2, ¢.519].

Ommaxo, xak Mur ybemmMcs HAEKE, MeXAy ITEMH
ocHOBonmojarafomuMe  mpuemmnamz CTO  nponeraior
HEyCTpaHEMBIC NPOTHBOpedHA. Tak npH npeofpasoBaHmsx
Hopenua B MPOTHBONONOKHOCTD TIPEACTARICHUSM,
caoxusnmaMcs 8 CTO, ognospeMenHocTs coburtait abcomorna
TaK xe, KaKk IOpd npeobpasopenmax [anmanes. Jr1o aenaer
HEBO3MOMKHOH COBMECTHMOCTh npeobpazopawnit Jlopenua c
OPUHIAIIOM OTHOCHTENBHOCTH.

Cunraerca, 4TO BEPHOCTE TEOPHH OTHOCHTEABHOCTH
TOATBEPXKIACTCS JOKA3aTenbCTBOM PEISTARACTCKHX 3aKOHOB
COXPaHCHHS HMITYIIbCa, 3aBHCHMOCTH PEMITHBHCTCKOR MACCH M
PeNATHRACTCKOMN FHEPTHH OT CKODOCTH JBHXCHHA oObeKTa, a
Taxxe Qopmynoit E=mc’. Ho HMxe M ROKaxKeM, YTO PeJIATH-
BHCTCKHE 3aKOHBI COXPAHCHHS B npHpoAe He aeHCTBYIOT, 9TO
3aBHCHMOCTE PEIIATHBHCTCKON MACCHI M PENATHUBHUCTCKOH
JHEPTHH OT CKOPOCTH IBMIKEHMS 0O0BEKTa - 3TO TOMBKO HE
HOXTBEpAMBINEECS npennoioxenne JifHmredina. OHo B crano
OCHOBAHHMEM JJI BHBOZA B TEOPHH OTHOCHTENRHOCTH QOPMYIIHI
E=m¢’

B kmwrax “CoenuancHas TeOpHd OTHOCHTEILHOCTH H
peansrocTs” # “Oumbka Jitanrredina”, senneasmx s 2001 r.,
MHOI0 PacCMOTPEHEl OCHOBHEIC HONOKECHMS COCHHANLHON
TEOPHH OTHOCHTCILEHOCTH H HOK&3aHa ux ommbowHoCTh. YacTs
M3 2THX BONPOCOB PacCMATPHBANCE H  OTPHIATEIHHO
OLEeHHBANCH Pa3THYHBIMH aBTOpaMH U panbmie. OAHAKO PAX H3
HHX pacCMOTpCH BIEpBBIC B yKasaHHRIX knmurax. K HEM
OTHOCATCA! .

®  ONpoBepXEHHWE  AOKasaTenperBa  A.JHHimTelina
OTHOCHTEILHOCTHY OJHOBPEMEHHOCTH cobermit "
JOKA3aTENLCTBO abCOMOTHOCTH OMHOBPEMEHHOCTH,;
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. OfMCAaHAEC YpaBHCHHH ¢ IOMOMILIO TI'€OMETPHH
Erxmmna, # HpHMEHECHHE B OTHX YpaBBEHHAX Macmrrabos ocei

KQOPIHHAT,
. ®  QNOKa3aTeNbeTBO  abcomorsocrE  cobmrmi  mpm
npeobpazosanmnx Jloperna, ,
*  ompeneneHwe OTKJIORCHHS pe3yARTaToB

npeobpasopani JIopeHa oT peATbHLIX BETHIHH;

e  anams semmumH VI-v'/c? 1 w?/¢?, koroprM B
CTO neobocuopanHo NpAmBcHBacTes QHIMTECKOE comepxKa-
HEE,

‘®  BHBOJ HEPELINTHBHCTCKHX  npeobpaszoBaHuii
KOOpANRAT ¢  dHBapuadTHOR ckopocteio g (K-
npeobpazosanuii);

®  OUEHKa NPOCTPAHCTBCHHO-BPOMEHHBIX HHTEPBANOB
Mexay coonrHaMu B CTO ¢ mcnomssppanuem MacmraboB oceft
KOOpPJMHAT;

e  JIOKA3aTENHCTRO OMMMGOMHOCTH BNBOAA DifHuTTeiina
“PEHTHBACTCKRAX 34KOHOB COXpaH s

e  JIOKa3aTCNLCTBO OMMOOYHOCTH BHIBOAA DHHirTeiHa
0 3aBHCUMOCTH PpEJMTHBHCTCKON MACCH H PeNSTHBHCICKOM
3HEPIUH 0T CKOPOCTH ABHXeHHA 00BEKTa;

®  JIORA3aTENLCTBO, 910 {(hopmyna E=mcd =
CICHHANLHOH TEOPHH  OTHOCHTENLHOCTH OCHOBaHA M8
OmMAGOYHEX IMPEeIIOCKITKAX. ,

Oco60 BaxBOC 3HaueHUE H3 HEPEYHCHACHHOrO I IPUHAIC,
BO-TICPBBIX, AOKA3ATENLCTBY alCONOTHOCTH OMHOBPEMEHHOCTH
coOwTHY, AMeomeMy Kak ¢H3HZECKoe, TAK H (mIocodckoe
3HAYeHAE, BO-BTOpBIX, aRanuzy mpeoOpasopannit Jlopenua,
IIOKA3ABHICMY OTKJIOHCHHEG HX Pe3yIbTATOB OT pealbubiX
BEJIHYMH H, HAKOHE!, [JIABHOE ~ KOKA3aTellbCTRY onmbogHoCTA
BRIBOA OHHMTEHHOM PENSTHBHCTCKMX 3aKOHOB COXpaHCHHN,
PENSTHBUCTCKOTO XAPAKTEPA MACCH! K JHEPIHH.

HMmerno Bepa B PENATHBHCTCKHE 3aKOHEI COXPAHCHHA H
PENATHBUCTCKYIO 3aBHCHMOCTL MAcChl H SHEPrHH OT CKOPOCTH
OBEXCHAS O0OBCKTA MNOIBONAECT TEOPHH OTHOCKTCHABHOCTH
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COXpAHSITH CBOM mozmmun B QusAxe M ¢unocodun. Baxayio
poNs B 3TOM MrpacT Takke dopMyna E=mc’, Brpamaoman
3aKOR SKBHBIEHTHOCTH Macchl H 3HepruH. Dfumredtn camran
ee ONHMM M3  BaAXHEHIMX  JOCTHXCHHH  TeopuH
OTHOCHTS/HHOCTH. [losToMy Adokasarefscrso TOro, 9ro
bopmyna E=mc’ B cnemuambHOM TEODHH OTBOCHTENBHOCTH
OCHOBBIBRETCA H3 OIMHOOYHBIX WCXONHEIX JaHHBIX, HMEET
3HAKOBBIM xapaktep. KcraTH, BapHaAT e¢ BHBOBRA 8
KnaccyiecKo# ¢usuxe (rrasa 7) npeinoxkeH aBTOPOM TEOPHH
OTHOCHTENIBHOCTH A.DHHINTCHHOM.

B xmure “CpenadsHas 7TeOpHs OTHOCHTEILHOCTH H
peansHOCTE” B NPOTHBOBEC MpeoOpazoBanusM JlopeHLa MHOO
H3JIOXEH  HepensTHBHMCTCKAN  cmocob  npeobpazopanus
xoopauuar (K-npeoGpazosanus) ¢ HCHOME30BAKAEM CKOPOCTH,
HHBAapHAHTHOA B ABYX CHCTEMAX KOOPIMHAT, INBHTAIONIAXCH
OTHOCHTCNIGHO JAPYT jxpyra ¢ IMOCTOSHHOM PpPaBHOMepHOMH
cxopoctsio.  HesaBmcumo or maywmol nemmoctn K-
npeobpasopannii, OHR ABIASIOTCH CPEACTBOM, IOMOTEIOUIAM
ONpelenHTh OMAGOYHOCT, H HEPeankHOCTE Npeo0pazoBaHmil
Jiopenna.

! Boliee MOAHO 10T CNI0COG MPeO6PAIOBAHHT KOOPAHHAT MHOW HHIOKEH B
xiare “Hobue npeoGpasopamms X0OpaunaT, Aanus npeoGpasopanmit Jio-
peuna, TeOpeTHYECKHe YCIOBHA JOCTOBEPHOCTH" .
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1. FEOMETPMS, CACTEMb| OTCYETA
"
CMNELMANBHAS
TEOPWS OTHOCUTENLHOCTH

“T'eoMmeTpus, - roBopuT JiEmTEHN, ~ MCXOMAT, BO-HEPBEIX,
¥3 OlIpefieICHHEIX OCHOBHBIX DOHNTHIH: IUIOCKOCTH, TOYKE, AP
MOH, ... H, BO-BTOPHX, H3 OIPEACACHHEIX NPOCTEHIIHX 1ONOXKE-
HH (BKCHOM), KOTOPEI€ MBI CKIIOHHBI CHATAT “HCTHHHEIMH ™, ...
Bcee oCTalbHEIC TONOMEHHS CBOSATCH K 3THM aKkcaoMaM ...” [1,
c.531].

Hanee Dfpmrrelin cuATaeT, 910 NpeacTasnenne 00 orpeske
OpsMOM, KaK KpardalineM pacCTORHEH MCKAY JByMA 3aRaHHBI-
MH TOYKAMH, 4 TAKKC BO3MOXKHOCTE NPOEKIHA TpeX To4YeK Nps-
MOH Ha NepnesHKYNSpHYIO0 5ToH NpiMOH NAOCKOCTH B OMRY
TOYKY F1yOOKO KOPEHSATCH B HABWKaX HAlIero MBIIDICHHA.

“HomonsenHyo TakuM 00pa3oM IeOMETPHIO, - YTBEPXKAACT,
DRHIITEHH, - CleAYeT paccMaTpHRaTh Kak onacts ¢usuku. Te-
NEPh YK€ C HOJNHLIM NPaBOM, - TOBOPUT OH, - MOXHO NOCTABHTH
BOIIPOC 06 “UCTHHHOCTH® TIeOMETPHUYECKHX TeopeM, ..." [1,
¢.532].

Taxum ofpasoM, npuass reomerpmo Epkmmzaa 3a ofniacts
¢u3nky, Jitaurrelin npumen K ee oTpERAAMO. B coppemensoit
du3MKe MAPOKO PACHPOCTPAHEHO MHERME, UTO0 KHHEMATHKE
CTO cootsercreyer reomeTpus Munxosckoro, Opuaxo, Hobe-
nepckull naypear semenkui ¢miux Makc bopr B KknEATC
“OHHIMTeAHOBCKAA TEOPHS OTHOCHTENLHOCTA” TOBOPHT, TO JUIA
TEOPHH OTHOCHTEIBHOCTH 3aMEHA ONHOH NEOMETPHU HA APYIYIO
— 310 “3aMeHa ommol Gemnl Ma apyrywo” [3, c.402]. On yreep-
XAACT, 910 TEOPHAA OTHOCHTEILHOCTH OTpHIacT Hobyio reoMer-

14



pato. Kak BuM, BOXIPOC O TEOMETPUH HEJIB3A CHHTATH OKOHYAE-
TEILHO peImeHHRM. ‘

Apyras 0coOEHHOCTL TCOPHH OTHOCHTENFHOCTH COCTOMT B
COOTHOIIEHHM CHCTEM OTCHeTa H CHCTEM KOOpDAMHAET, B cnenm-
ANBHOH TEOPRM OTHOCHTEIHHOCTH ¢ Kaxaol U3 CHCTEM OTCYeTa
S, S, 8", .., HBATaIOMMXCA OTHOCHTENHHO APYT APYTA NHpS-
MOJIHHEHHO H PaBHOMCPHO, CBA3HIBRCTCK OHPCACNCHHAN CHCTe-
Ma roopauaar OgHAKO YETKOr0 PaziHdHf MCXNYy CHCTEMaMH
OTCYETa M CHCTEMAMH KOOpAHHar He aenacrcd. B nayudol mu-
Teparype, mocsdmieHHON CTO, TR CHCYeMH Ha3nBaoTCA
HHEpLEANGHEIMA CHCTEMAMH KOOPNHHAT, LBPOCTO CHCTEMAMH
KOOPJHHAT, TeNaMH OTCYCTd, HHEPIUANBHEIMH CHCTEMAMH OT-
cYeTa, MPOCTo CHereMamu orcdera. Ho gakTageckn nonx sce-
MH ITEMH HAHMEHOBRRRSMHA (QHIYPHPYET OXHO — CHCTEMBI
woopaunar. [lepBeIM Ha 310 OOparnn BruManue ¢panmysckait
¢usux J1. bpunmosn. B xaare “Hosgilt B3rs Ha TEOPHIO OT-
HOCHTEIEHOCTH OH IMINET:

“CHCTeMRI KOOPJMHAT — XECTKHE, He HMCIOT MACChl, pac-
CMaTPHBAIOTCA B TEOMETPHH;

Cucremsr oTcyeTa — GeckOBeTHad Macca, pacCMaTpHERAIOTCS
B AMHAMHKE.

Ilpy wrennn pabor Jitnmreiina HETPYOHO 3AMETHTD, OH HE
AeNaeT YKalaHHOTO HAMM Pa3lTHYAd H NPHNECHBACT CHCTCMAM
KOOPAAHAT, HE HMCIOUMM MacCH, CBOHCTBE, KOTOpEMH ofsa-
HAIOT TOABKO TAXEJEIE CHCTEMH oTcuera” [4, ¢.75].

Kax cxazano, B CTO ¢ xaxnoit oguol ¢u3rueckol cHcTe-
Mot oTcuera CBA3aHa TOJLKO OfHA CHCTEMA KOOPAMHAT. JTO HO-
noxenne B CTO mepeHeceno w3 xnaccuueckod ¢usmxn. Ho 8
CTO, B orimume oT KIaCCRIECKOH (PHIMKA, KOOPAUHATA BpeMe-
HH HTPAeT poib H TapaMetpa, B QYHKIAH, ¥T0 CYIECTBEHHO
MeaseT Aeno. Boobme, CBA3L CHCTEMEI OTCYETA ¢ OHpeeNeHHON
CECTEMOH KOOpIMHAT A@ke B KuacCHIeckod duamke npuusra
YenosHo, s YROGCTBA MATeMaTHIECKOTO ONMHCEHUA (H3Mue-
.gikux mpoueccos. Ha camoM Hene, mobylo cHCTeMy OTcqeTa
MOSKHO A300pa3HTh ¢ MOMOMIBIO HEOrPAHHYEHHONO KONHYECTBA
MATEMATHICCKEX CHCTEM KOOPIHEET. OHH MOTYT HMETH PasHEe
Hauana, pasHoc HanmpaRNCHHE OCEH KOOPDOMHAT M PasHKE Mac-
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mrrabni ocelf. OOBLCKTH B peansHOM NPOCTPAHCTBE MEI pasMe-
maeM B BoofpakaeMhIX CHCTEMAX KOOPIHHAT, KOTOPLIE IIEPEHO-
CHM HA YICPTEXK, T. €. Ha paboyne, HACTOABHEIC CHGTEMBI KDOD-
Juaar. Peanhable paccTOSHEA B IIPOCTPaHCTBE ¢ H300paxkaio-
IHMHE HX OTPE3KAMH HA Jepreke CBfsanm Macmrabamu. Ocp
BpeMEeHH, KOTOPas BBOJMTCA YIPH HCOOXOMMMOCTR, ATPACT YECTO
MATCMATHYCCKYIO pOUth H B IPUPOAE He CYIIECTRYCT.

B npuwromermu I k pabore “O cnemmansuod # obwed
TEOPHEH OTHOCHTENBbHOCTH” {1, ¢.588] mpu BuBORe npeobpaso-
paauif Jloperua JHnmrelH aemt coOBTAEA (IBIKSHHE CBETO-
BOIO CHTHANR, €r0 NMPUOKITHE B OupEMeleHAYI0 TOUKY) Ha JBa
BO3MOXHBIX CIYIad: Ha COGLITAS Ha ocH X # Ha cOGMTHN BHE
oc X . He nienag ynomatyroro BpramosHoM pasiiauad MEXY
CHCTEMaMHU OTCHETA M CHCTCMAMH KOOPHMHAT, JHHIITCHH, BBO-
A8 0Ch X, HMeJ B BHAY PeaihbHOE NMPOCTPAHCTBO C PEalTbHRIMH
paccrosmaamB. Ero cucrema xoopamnar OXYZ Muicawnach HM
KAaK CYIECTBYIOIMAS,

CoxpaguM BBefleRHOe DinmorelinoM aeneane coObrRil na
coObrTaA Ha ocH X H Ha cobmTHA BrE ocH X. D10 HOBOIAET Hid
OMHCaHHs SRNEHHH B pPCATbHOM NPOCTPAHCTBE HCIONB30BATH
NpeUIOKCHHNIC  DPRILTIODHOM  reOMETpHYECKHe  CHCTEME
koopiuHar, O003HaTHM CHCTEMB KOODAMHAT B IPOCTPAHCTBE
xax OXYZ, O'XYZ, O'X'Y'Z', .. . Nlyers OXYZ
HenmopBHEXHA orHocHressHo S, O'XYZ w O'X'Y'Z -
orHocuTensgo S . Pasummna mexpy O°X'YZ u O'X'Y'Z
ompeacinTes  nosxe. Kpome toro, ofosnadmaMm  paGoune
(RACTONTEHAIC HIIH KAMEPANbHERIC) CHCTEMBI KOOPAHMHAT Kak Oxyz,

x & ¢ &

O'xyz, Ox yz . OciH KaMEpaIbHBIX CHCTEM KOOpIMHAT
MOTyT ORITH [IPOrpaAyHpPOBAHE! B JIIOOKX EAAHHUAX HIMEPEHHS
(MB! DpHEMEM IPANAIHIO B CANTHMETPAX) H CEA33HBI, KAaK YXe
ckazaHo, ¢ ocaMm cmcteM OXYZ, O'XY'Z, O°X'Y'Z
onpeseleHHpIME Macorrabama. C  nepexomoM ot ogaol
KaMepaIbBOR CHCTEMEI KOODAMHAT K APYIOH, HaopuMep Ot

* ¥ ¢ =

O'xyz, x Ox y z , Macmrabnl ocelf KOOPAMHAT MOIYT
MEHATBCA.
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2. CKOPOCTb CBETA, ONJHOBPEMEHHOCTD,
BPEMA, PACCTORHUA

OnnospemennocTh cobnrraii. Jlo Stamrredina cYHTANIOCH
OYEBHIHEIM, 9TO ONHOBPEMEHHOCTH IBYX COoORrruit abcomorHa
H He 34BHCHT OT CHCTEMH OTCcYeTa. 3TO O3HAYaeT, YTo IABa CO-
OsITHS, OPOH3OLICAINE OJHOBPEMEHRO (B OJHH MOMEHT Bpe-
MEHH) B MOKOAIMSHCS CHCTEME OoTcdera S, TOYHO TaKKe
HPOH3OLLH OJHOBPEMEHHO (B TOT Xe MOMEHT BPEMEHH) B CHC~
T€Me OTCYeTa S , IBATAIOmENCS OTHOCHTENHHO S €O
CKOpocTEio v # (. ABCONOTHOCTL ONHOBPEMEHHOCTH CODRITHIA
OBHMTEHH OTHEC K OMHOMY H3 Rauboyee BaAHEIX *“‘ROMyIIeHHM
KnaccHiecko# usaxu”, OH yrBepXHaer, ¥I0 3T0 JONYIICHHE
“crano cocTaBHOR YacThio Hamero crnocoba Munmnenas”. Abco-
JHOTHOCTE OAHOBPEeMeHHOCTH ONHIITEHH NMPOTHBONOCTARIACT
€€ OTHOCHTENHHOCTb, KOTOpYI0 OOOCHOBRIBAET ¢ HOMOHIBIO
MBICICHHOI'Q 3KCHEpHMeHTa. B 3TOM IKCHEPHMEHTE Kaxmoe
IPOHCXOAAIMEE COOLITHE COIPOBOXAACTCH HAIYYEHHEM CBETO-
BOTO CUTHAaNA, H COONTHS A B B cUnTaloTCH OMHOBPEMECHHRIMH,
€CJIH CHTHANEI M3 To4eK A H B 0/{HOBpEMEHHO JTOCTHTAIOT Cpell-
Bel Toukn C orpesxa AB.

HanoxuM yraszanBsili skenepaMent no kaure I1.1 . Beprmana
“Beezienue B TEOPHIO OTHOCHTENLHOCTH, H3JaHHOH MoX pe-

Jakiuedt A.DiHmTelna,

“PaccmoTpuM, - roropsT Jiirmrrelin » beprman, - aBe crc-
TEMBI OTCHETA: OJ{HY, CR3aHHYI0 ¢ 3eMieit (), B APYryio, ¢BA-
3aHHYIO ¢ JUTAHHBIM 10e3ioM (S ), IBIKYIAMCH DPIMOTMEEH-
HO ¢ NOCTOARHCH, pasHOMepHOH ckopocTeio. TIpeicrasum cefe
Asyx Habmoparenedt, oqHOTO Ha 3eMne (Jlanee Ha IEPpOHE, -
JLK.) okono nyTH cliemoBaNEs 1oessia, Apyroro - B noeszne” [5,
" £.51]. JUmmy noesma S° coctapnser orpesox A°B°, airny nep-
' poHR S Ha 3emte - oTpe3sok AB. CxopocTs ABIKEHAS HOC3A V
' CONOCTaBAMa CO CKOPOCTHIO cBera. HaGmogpatems S
HAXOo/MTCE B cepeqmHe moesma B T.C (A'C' =B'C"),
nabmonarens S — 8 cepenmne neppora 8 .C (AC=BC). B
t=0 1.4" comnanaer ¢ T4, T.B - ¢ 1.B (310 o3paaer, 910 B

17



t=0 AB=A'B"), 1.C" - ¢ 1.C. B conagaiompse Touxa A, A
u B,B’ B t=0 ynapmior momumuu (pac.1a), u u3 4,4" u B, B
BRIXOZAT 2MCKTPOMArHHTHLIS CHrHamki B Banparnenay C,C" .

a) A° c’ B’

d)

Prc. 1. Jla coburus, nporcxonsume 8 A, A" »
B,B®, xaxyTcs OXHOBPEMEHBRIMY HACMONaTeMO, HO-
KOATIEMYCA OTHOCHTENILHO 3eMiE (S ), HO He Habmo-
Aarenio, DOKOMIEMYCS OTHOCHTEIbHO moe3na (S°). B
(a) co6urua cepmarorcs, B (b) ceeroBolt CHrHAN,
pumenmuit uz A, A", nocruraer C', B (€) CBETOBRIE
curEaNns or oboux cobrmuil npuxomar 8 C, B (d) cpe-
TOBOMY curHan w3 B,B* nocruraer C.

“BosmoxHo JH,- 3anai0T Bompoc Jitnmreiin u Beprman,-
YTO CBETOBEIC CHIHANLL, aoxomamue uz 4, 4" u B, B’ n npuxo-
InAe ofHOBpeMenHo B C, BPUXOMAT TAKXKe OAHOBPEMEHHO H
BC™Y

18



M otsenatot:

*“HUa-3a Toro, 9ro Tpebyercd KOHEIHOE BpeMa ANA AOCTIOKE-
rds cBeTospM curtanoM C B C°, Touka C yeneer nepemec-
THTECH BneBo (puc. 1b,c,d). Hosromy carman, Hexomsnmit 3
A, A", noctaraer C Tonsko noche npoxoxnerus C” (pHe. 15,¢),
B TO BpeMf Kak curuan u3 B,B" pocturaer C pamemie, 9eM oH
nonanzer 8 C” (puc. 1¢,d). B pesynnrare mabmogatens B moes-
fie OOHADYKHBaeT, Y10 CHUTHAT i3 4, 4" HOCTHraeT ero perucy-
pupyiomefi annapaTypsl pameinte, weM cursan a3 B,B" (puc.
15,d)” [5, ¢. 52].

CxrnaxnBacTcd BnedaTacHne, aro Dinmreitn 1 Beprman u3-
NAraioT MpHMED HA CHOXEHRE CKOpocTel m3 sneMeRTapHoi dn-
suky. O TpHHMHANE TOCTOSHCTBA CKOPOCTH CBETA B 3KCIEPH-
MeHTe peun Het. [loaToMy NponoIDKeHHe H BRIBOX HE COOTBET-
CTBYIOT CKa3aHHOMY HMH BAIIIE,

“H3 aroro He clieAyeT, - TOBOPAT Aance Jipmredin H Bepr-
MaH, - 970 3eMiIX obnazaeT cpoOHCTBAMHA, HE IPHCYIJAMM IOE3-
Ay. Moneus MOXeT YNAapETL B TaK, 9TO CBETOBRIC CHTHAIH
IpHIYT OXHOBPEMEHHO B ToUKy C' . B 3T0M clydae curaans u3
A, A" npuxonsr B C mozxe, veM carsaisl u3 B, B . Omuako He-
BO3MOXKeH Takoif ciyjait, urofst oba npubopa-B Cu C* - yxa-
3aJI4 HA ONHOBPEMEHHOCTh YRapa MOJIHUM.

H1 3Toro cirenyer 3aKAMHETE, YTO AB2 COORITHS, OXHO-
BpeMeHHBIE B OXHOM cHCTeMe OTCYeTa, Boofmie romops, we
SIBJIFIOTCHE OJHOBPEMEHHLIMH B Jpyro#f cucreme orcders”
{emneneno muol, - JLK; [5, ¢.53]}.

3ameHAM B 3KCUCPHMCEHTE OSJICKTPOMANHMTHEIE CHTYHEIL
AByMA Ommnmaprasivu mapamu. [Iycts wapsl OyxyT onHoBpe-
merHO Opomenst A3 4,4’ B B,B" M KardIca HaBCTpewy ApYr

HpyTy 1o HeppoHy co ckopoctsio w{>|v|. Jas maccaxmpa no-
e3ma ckopacTs mapa 83 4,4 pasHa (w+ V), CKOPOCTS miapa H3
B,B’ pasua (w—v). “B peaymrtare HalmoOAaTENns B NOEINE
ofuapyxmuBaer, yro map u3 A,4° AOCTHTaET €r0 DPETHCTIPH-
.pylbmeﬁ anmapaTypsl paHbie, 4Yem CHrEan u3 BB’
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(puc.15,dy’.Cnosa u cMmuicr ToT xe. Cofepxkanye dKXcOepHMEH-
Ta Jfinmrelika, B TOM uHcHe ero m3obpaxeHue Ha PHCYHKE 1,
IIDH 3aMEHE OJNECKTPOMATHHTHEIX CHIHAJIOB MEXAHAYCCKHMH

(imapamu) He MeHsercd. Kak H CBETOBRE CHTHAAK, IDAPH
BCTPEYAIOTCH ONHOBPEMCHHO Ha mneppore B T.C M He
ONHOBpEMERHO B noesze B 1.C ..

a)

Cobrrrug B S” B ¢ B’
CoGrrraa B S 8 4 A C B
b) o, €

CobutusB " B L. ﬂ

Coberrua s S B 1. A

Puc.2.

Ecrmu maps1 6pocats m3 Touek 4 1 B' B noesje u oHu 6y-
IyT KATHTHCK CO CKOPOCTHIO W OTHOCHTENBHO NOE3AA, TO OHM

OQHOBPEMEHHO NpuAyT B T.C" (B I0€37€) K He OTHOBPEMEHHO B
T.C (Ha neppone). 310 ToT caywait, 0 KoTopoM SHEIITERH H
beprMan rosopar {cm. ¢.19), yro “MonHuE MOIYT ymapurh H
TaK, YTO CBETOBBI¢ CHTHANE OPHAYT OTHOBPEMEHHO B TOYKY
C"™ u ge oaHospeMento B C. Ho 310 Moxer GBITH TONBKO B
TOM ¢AMHCTBEHHOM CIIy38e, KOrja8 CKOpocTs cursana, Gyas To
INEKTPOMArHATHOE H3JTyJcHue, MM O0ORKHOBCHHEIN OMmmapn-
HEIH map, 3aBHCAT OT CKOPOCTH HCTOYHHKa, B nepBoM BapuaH-
T¢ HCTOYHHK HEMOABH)EEH BMECTE. C IEPPOHOM, BO BTOPOM HC-
TOMHHMK HMEET CKOpPOCTh noeiga. O OpHHHHIIE MOCTOSHCTRA
CKOpPOCTH CBETA, KaK YKe CKa3aHO, B dKCIepuMenTe JDifmmreiina
peYd HeT. DKCHEPHMEHT HOJHOCTHIO COOTBETCTBYET KAaHOHAM
KiaaccHaeckol GH3uKH,

IlepeBemeM 3KCHEPHMEHT B DAMKM CHELBaNBHOH TeOpHH
OTHOCHTENBHOCTH. [l 2T0ro CKOPOCTh HBHXRCHHS CHIHAIOB
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OyneM paccMaTpHBaTh B COOTBETCTRHE C INPHRBIMNOM TOCTOSH-
CTBA CKOPOCTH CBET4, T. €. paBroii ¢,

B atoMm ciryuae ameeM:

B crcreme orcuera S touku A, B g C noroarca. Caraans
Jo C opoxogar pasHule paccrosnma (AC = BC) ¢ pasHO#
CKOPOCTSIO ¢ 3a Bpems (puc.1c; puc 2b, cobumui B SB £.)

AC BC
t T m—— .
¢ ¢ < (2 1)

] &
B ¢acreme orcera S° Touxa A, B u C’ HoKoICS B ZBH-
TAKOTCA BMECTE ¢ HeHl OTHOCHTENLHO CHCTEMEI S BIIEBO CO CKO-

poctrsio v (pac.1b,c,d; puc.2b, coGrires 8 S° B £ ). ITosTomy B
S" paccrosuns {4 C=B'C"), xoropuie npoxonsr cArEATH B
“rioesze”, OCTAIOTCH HeH3MeHHBIMU. OTCIONA BpeMS NBHKCHHA
curnanos 3 S* 20 7.C” pano (pac.2b, cobumus B S” B 1))
- AC _BC 02
c c

Taxum ofipasoM, kpu HHBAPHAHTHOCTH CKOPOCTH CBeTa,
nprHaToll B CTO, curnams ua A,A H B,B B 0DeHUX CUCTeEMax
OFCYeTa MPOXOAAT PABHLIC PACCTONHNS C PABHON CKOPOCTRIO H
OIHOBPEMEHHO NPHOKBAIOT B cpemaie 104xy Cu C . Bonpexu
yTBepXICHHIO OJHHINTe##a, 00a Habmonarend ONpeAEIIOT
ONIBOBPEMEHHOCTD yAapos moynuli B Toukax 4,4°, u B, B’'.
OTMeTHM, Y10 TEMIT BpEMEHE B .S M TeMI BpeMenu B8 S° oxasan-
CA OIMHRKOBLIM, H TIEPMON !, OKa3aiCi PABHEIM IEPHOMY /..
My onare NpEHUM K AZCKBATHOCTH NPEMEpa ¢ 3JIEKTpOMAr-
HHTHRIMHA CHIHAIEMM H npnMepa ¢ OHUmMApAHLIME IIapaMH.
Crpemsienne 3Sitnmrrelina HoKa’aTh OTHOCMTENRHOCTh OJHO-
. BPEMCHHOCTH H€ 1I03BOJIAET €My 3aMETHTH 310. [103TOMY OH He-
. BONB3YeT B CBOEM MBICIEHHOM 3KCICPHMCHTE ZBA B3AHMOMC-
wuoqazomux OpHHOUNE: OPHHIAN HE3aBHCHMOCTH CKOPOCTH
” ¢BETA OT CKOPOCTH HCTOUHHKA H IPHHOHIN 3aBHCHMOCTH CKOPO-
€T CPera OT CKOPOCTH HCTOYHUKa. B cway  »roro
“Icoepument” DitHmTeEa POBHO HHYEIO He JOKa3LIBALT,
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Hinoxenroe rosopur o6 omubourocTe BrBoxa JitumTe-
Ha 00 OTHOCHTE/IBHOM XapaKTepe OJJHOBPEMEHHOCTH COOERITHE K
ABJISETCA JOKA3ATEIbCTBOM TEOpEMAT 1.

Teopema 1.
OnuospeMenrocTh ABYX B Gonee cobbirmi mmeer abeo-

MIOTHEIE XADAKTED B HE 3ABYUCAT OT KAKHYX - K00 ycaoBHii.
AbconoTHoCTs OHOBPEMEHHOCTH cOOBITHI onpenensiercy
00BEKTHBHOCTLIO MATEPHANLHLIX ABICHHHA, TPOHECXOASIIRX .
B KOKILIH MOMEHT BPEMeHH, RX HE3ABHCUMOCTRLIO OT cIoco-
6or H3Mmepenua.

Caepcrene.

Bpemenn nprcyme croifcTBO oZHOMEPBOCTH, KMKABIH
MOMEHT RpPEMEHH MOoXeT ObITL oIpedeNeH TOALKO OAHUM

THCIOM.
Dopmymsr (2.1), (2.2) HOKAWBAIOT Taxkke. OIMHOOYHOCTH

DDHHI(HIIA NOCTOSHCTBA CKOPOCTH CBETA H KCKIIOYAET CaMy
BO3MOKHOCTE MHBAPHARTHOCTH CKOPDOCTH CBETA B PasIHYHBIX
cucTeMax oTcueTa (KOOpAARAT).

Teopema 2. _ |

Ecan ckopocTs Kakoro - Aabo cureaia pasma onpege-
JienHol BeIHYHHE B OAHON CHCTEME OTCYETA, TO OHA HAKO-
raa me Oyaer pasHa >Tol BexHUMNE B 00O Apyroi cacre-
M¢ OTCYETR, JRHrawomedicd W0 OTHODIEHHIO K HepBOoH co
cxopocTeio V= (0, -

Hanoxenusilt sxcoepuMent Jitgmrreiina XOCTATOYHO Ciio-
xew s pocnpustusi, Ho on Heoﬁxomm yT0bE1 YATATENE TTO-
HSUI TO3HORIO DHRIMTEHHA.

[Ipusenem npocroe moxa3aTenbCeTso abCOMOTHOCTH OAHO-
BpeMEHBOCTH cobnTRY, Jlng 5TOro ycTaHoBHM B NMOE3Je B TOY-
xax 4 , B' ¥ Ha 3emze B Toukax A, B, KOHTaKTHEIE YCTpPOHi-

cTBa - aBTeHALL B ¢ =0 npn cosnazenmy Toqek 4 ¢ 4°, B ¢

B’ apodcxomET KOHTAKT AHTEHH M BCOLRNKHE famu (puc.3).
OueBnHO, YTO €ciM X0TX OBl B OfHOM CACTeMe orcqe'ra, B

S wm B S KOHTAKTH 8HTEHH B COBMEIIEHHAIX TOUKAX A A u

BB’ NMPOH3OWNY OZHOBPEMEHHO, TO OHH OJHOBPEMEHHO

TPOHM3ODUTA H B JAPYIOH CHCTeMe orcyera. [loatomy
22



abcoynoTHOCTh OZHOBPEMEHAOCTH O3HAYAET, 410
ONHOBPEMEHHOCTSH COOLITHH, Bpaspes ¢ yraepxacaneM CTO, ue
orpaHydIMBacTes Xakol-nuGo omuo cmcreMo¥ oTcyers wnH
KOOPIOMHAT, & PacIIPOCTPABAETCA HA BCE BOBMOXHEIE CACTEME]
orcaera B MEpe. Muaue rosops, oqHOBpEMEHHOCTh COOLITHIA
pacnpocTpaHicTca Ha BCK Beenennyio. 31o, B CBOKO oYepens,
AOKA3HIBACT aGCOMOTHOCTh KAXAONO MOMCHTA BpeMeHH (B -

HAIlleM CIydae 3TO MOMERT Jy,f;), B XoTophii Bo Beenennolf
HPOHCXOAAT GecKoHedHOe MHEOXECTBO ONHOBPEMEHHRIX COORI-
THIA.

v__  moey
4 g 5 B
Al B
KOHTAKTHAIC _neppos | KOHTAKTHEIC
aHTCHHH, AHYCHHH,
BCIIRIMIKA JAMIIEI BCHBIIKS JAMITH
Prc.3

Teopema 3.
Kamaotii MomesT BpemenR abcosmored. B xamcansit mo-

MeHT BpemenH 80 Beerennoii npoucxonuT GecxoHeMnoe Ko-
JHYECTBO ONHOBPEeMERHLIX CobnITRIL

AGCoIOTHOCTD NEpHOIon Bpemenn. AGComoraant xapax-
TEP ONHOBPEMEHHOCTH O3HAYACT, IO BCe COOKNTHR, Npos30-
menmue B Kakol-m60 MOMCHT BpeMeHH, HAIIPHMED, B MOMEHT
{,, » OHHOBPEMEHHH, JT0 03HAYAET TAKKE, 10 KKMIH MOMEHT

BpEMCHM ABASCTCA CHHCTBEHHEIM, B KOTOPEIH ¢BEPIIHMECE BCE
OnHOBpeMeHHbIe Bo BeeneHRO# coOLITHY HIIH, YTO KAXABIH MO-
MEHT BpeMeHH abcomoreH. Bee nponecchl, HAYABITHECH B MO-
MeHT BPEMEHH f,, M 3aKOHYHBIUAECA B MOMEHT BDEMEHH /,,

OyxyT mMeTs 06y abCOMOTHYIO JUTATENBHOCTS £, .
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Ipy OfMHAKOBEIX TEXHHYECKHX BOIMOXKHOCTSX Habmroga-

L]
TEAb S ONPEHENHT, YTC NEPHOX BPEMEHH f,, HavaNcd B MO-
MCHT {,, B 38KOHYAICS B MOMCHT f,_, ECIH 3TO ONpe/cIMT Ha-

dmonatens S, HE3ABHCHMO OT HX CHCTEM OTCUYETA.
Teopema 4.

+ JIoGoit nepuon BpeMeww, orpaHWYEHHAIN OnpencseH-
HLIME HATAJILHLIM A KOHEYHLIM MOMEHTAME BPeMEHH, HMe-
er abcoaoTHOE 3HAMEHHE, KOTOpoe HE 3ABHCAT OT KaKhX-
Jab0 yeaopuit.

Anuna xecroro crepxus. Kak paccMarpusaer 5ToT BO-
IpOC TCOPHA OTHOCHTCIILHOCTH?

“J{Ba cTepxui, NOKOAMMECS B OJHOM CUCTEME OTCYETA, CYH-
TAIOTCA PaBHBIMH 1O JUIHEE, ©CA¥ BO3MOXNO ONHOBPEMEHHO

coBmecTaTs uX KoHusl E ¢ £ u F ¢ F*. JIpa orpeska, oT™e-
YCHHLIC HA TeNaX, ABEKYIIHXCA OTHOCHTENLHO APYr APyTa, Mo-
IYT CPaBHHBATLECH TEM XK€ CIIOCOOOM, €CIIH OHM NapaNNCIbHbI
JApYr OpyTY H OEPHEHAUKYNIPHL HAIPABJICHHIO HX IBHKCHMS.
Opnako eclm 5TH OTPE3KH pacHONIOXCHBI HA OAHOH M ToH Xe
NpAMOH, KOTopas mapauiefibHa HAIPABIEHHIO HX OTHOCHTEIE-
HOINO JBHXKEHHS, WX COOCTBEHHLIC KOHIB! MOFYT COBH&JATL
TOXBKO B ONPEACNCHHLIT MOMERT BpeMeHR, Jipa orpesxa AB u

A°B" cuwrarorcs pPaBHBIMH B TOM Ciydae, Koraa ytu copnage-
HHS OPOUCXOMST ONHOBPEMEHHO, OfHOBPEMEHHOCTH XE 3THX
cobriTuit 3aBHCHT OT cycTeME oTcueTa Habmonarens” [5, ¢.53].

Brimne Mul AOK23aIH, 9TO OJHOBPEMEHHOCTE ABIeHHH abco-
niotHa. llostomy coBmajenue KoHIIOB ABYX OTpe3xoB AB u

A’ B ue 3aBucHT oT cHCTEMHMI OTCuUETA Habmonarens. Orcroza,
*_*
€CITH OKaXeTcd, 4To Jipa oTpeska AB n A B pasum nnd Ha-

Omoparenst S Ha 3eMJe, TO, DPH PAaBHBEIX TEXHHYECKHX BO3-
MOXHOCTSX M3MEPCHUE, OHH OYAyT papHbI H [y Habiooaarens

S” B moesne. TarkuM 06pasoM, B HPOTHRONONOKHOCTH YTBEp-
XeHmio DHHImTeNRa, pe3yIETATE H3MEPEHHUS IITHH HE 3aBHCAT
OT BBIOOpa CHeTEMES oTcdera HabmoaaTens.
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Teopema 5.

Jhoboe paccrosnne My ABYMS TOUxAME (IJAHA Ae-
CTKOro CYePXKHSN), HIMEPEHHOE B ompeles eHHLIA MOMeHT
BpeMeHH, HMeeT A6CO/NOTROE JHATCHAE, KOTOPOE He 3ABACHT
o7 Kaxux-yabo ycnopmii,

Kaxaeii Texymmit MOMSHT BpeMEHH HENPEPHBHO H He3po3-
BPATHO YXOMHT B IIPOIWIOS, Niepexons B ciexyiommid. Jra He-
OpepLIBEAS CMEHA MOMCHTOB CONPOBOXNAETCH TRKOK Xxe He-
npeprBHON W O¢3Bo3BpaTHON CMerOl opporo GeckoHeuHOro
MHOXCCTB2 OJJHOBpeMeHHEIX coOnTHH BO Beesenmol apyrum.
TIpomnoe, sacTosmee B Oynymee cBszanst MOKRY co0o¥ TakuMm
ofpazoM, 4TO OHH HE MOFYT NOMEHSTsCS MecTamH. Pyccxnit
drmocod u Gorocnos A. BreaeHckuil zan TeueHHIO BpeMeHy
tbopMynupoBKy, KOTOPYIO, OIMpasch Ha PE3yNbTATH Bailero
MBLICIEHHOr0 3KCIEPHMEHTA, MOXHO MIIOKHTh B BHJE Teope-
mil. ITo cytw nena, oH X8R OTBET Ha BOHPOC: “‘9TO TaKoe Bpe-
Ma7” HasopeM 5Ty TEOpeMy €ro HMCHEM.

Teopema 6 A. Baenenckoro.

«Pef/ILHO CYyMECTBYET TOBKO RACTONIIEE, H CAMO Bpems
€cTh He IT0 MHOE, KaK Hepensomee cefig H3 MOMEHTa B MO~
MEHT BETHO BOIPOAKAAIOIeccd nacToumiee» [6, ¢.10].

Cheacrsne.

Bpemenn npacyDa CBOHCTBR OAHOHANPABICHHOCTH H
neobparamocTn.

HokasaremseTso abCOMOTHOCTH ORHOBPEMEHHOCTH CoOH-
THH, XaKI0ro MOMEHTA H KRXZOIO NEPHOZA BpeMEHH Bo Bee-
neHRoH NOATBEPXAACT HeobpaTAMocTh DPAYAHEHO-
CHEACTBEHHEIX CB3EH M SRIETCH NOKA3ATENECTBOM EHIE¢ OXHOH
TEOpeME.

Teopema 7,

b, - ABCOMOTHOCTE MOMEHTOB H HEPHOJOB BPEMEHH, OXHO~
pemenRocTH cobbrTaii, B paccTosmit ofycIaBTHBaET He-
HMOCTH HPHIHAHRO-C/IE/ICTBCHHLIX CBR3elH.

HNIYe MBI YCTANOBHIIH, YTO GHOBPEMEHHOCTD COORITHI aﬁco—
moria. Ecmy 3a MoMeRT BPEMCHH NPHHNTH DECKOHEYHO — Ma-
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JIBIHA NIEepHOA BPEMEHH, TO B KaXKIH{ Tako# MOMEHT B MHpE CO-
BepuraeTC GecKOREHHOE MHOXKECTBO ORHOBDPEMEHHBIX COOBI-
THH, pajJieNeHHEIX CKOJb YroAHO GOJBIZHMH PacCTOSHMAMH.
Jho6oit dr3ptecknit pomece B PasIMUHEIX YCHOBHSX MOXET
HPOTEKATE C PAUTHIHOH CKOPOCTBIO. Ho 3to o3ragaer He ycko-
PEHHE HIH 38Me[UICHHE BPEMEHH, 8 JIOb YCKOPCHHME KW 33-
MEUICHHE BO BPEMEHM CaMOT0 (PH3HIECKOro IpOecca.

Onpenenenne 1.

ABCOmOTHOCTS KAXKZOI0 MOMEHTa H KAXKIOTQ NepHosa Bpe-
MEHH, HEOPEPRIBHAA MX CMEHA MOCJICHYIOUHMMH, abCONOTHOCT
ONHOBPEMEHHOCTH COOLITHI, MPOUCKONAUDIX B KaXKABHI MOMEHT
RPEMEHHM, COCTABNKKIT B MPHPONE €HHYI0 MHPOBYIO CHCTEMY
BPEMEHH, OTPAMKAEMYIO HAIMAM COIHAMHEM.

He Menee BaXHEIM ABJISETCH BOIPOC 00 aGCOMOTHOCTH H
OTHOCHTEJBHOCTH IUTHBEI JXECTKOTO cTepxEs. JItoboe Teno B
KK ONPGAC/ICHHbIN MOMCHT BPEMCHH HMeeT alCOoNFOTHRIC
pasMepsl ¥ abCOMmOTHEIN 00BEM, KOTOpEIE HE 38BHCAT OT YCI0-
BHi, B KOTOPEIX HaXOAWTCE HAOMOZATENb, MTPOH3BOASIIHA MX
A3MepERuUe.

Onpenenenne 2.

ABGCOMOTHOCTS JUTHHBI JXECTKOIO CTEPXKHS B KaXIkli onpe-
NENEHHBIA MOMCHT BPEMEHH, €€ He3aBUCHMOCTE OT KAKHX-JHO0
YCJIOBHH, pacHpoOCTpaHseTcs Ha BCe pasMeEphl TEX M COCTABNIEET
B IIPHPOAE EXHHYI0 MEDPOBYNW) CHCTeMY HIMEDEHHS pPACCTOH-
HHH, oTpaXKaEeMY10 HAMMMM CO3HAHHEM.

Epuasie CHCTEMBI BDEMEHH H H3MEPEHHS PAaCCTOSHHE 3TO He
YTO-TO OCH3aEMOE, KOTOpOE MOXHO TOTPOrarh HAH YBHIACTb.
Onn - HEOTHEMAEMEIE COCTABIAIOIINE IPOCTPAHCTBA H BpEMe-
HH, KOTODhIE SBIAIOTCH, roBopst cnopamu Jioymsara Pelfepbaxa,
“KOpEHHBIMH YCIOBUAMH Onrrus’”.
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3. PENMATUBUCTCKUE
NMPEOBPA3OBAHUA KOOPAUHAT

~

IpeoGpazosanun Jlopenma. B cneumansHo# Teoprum
OTHOCHTEIBHOCTH NEPEeXON 0T OAHON CHCTEeMM KOOPOMHAT K
APYrofl OCYIIeCTB/IACTCE B COOTBCICTBHH ¢ YDABHCHHAMHA
npeobpasopanuit Jlopenua., g adammsa npeoGpasopadmii
- Jlopenua kpaTxo H3noXnM UX BeIBOA. [IpH 31OM onATH BOCOONS-
Jyemcs KaHroii beprmMana “Beenenne B TEOPHIO OTHOCHTENLHO-
CTH”,

B orolf xmure mix Bemofa npeobpasosanuii JlopeHia
Ofinmrelin H beprMan 8 KaYeCTBE OCHOBARUSA BPHHRBMAIOT:

1. IlpuHumn OTHOCMTENBHOCTE, B COOTBETCTBHR C
KOTOPHIM “ypaBHeHHA IpeobpazoBaHHs He JOKHEI COAEPKATh
HHWYEro Takoro, Yro BeAeNnano Onl OXHY HHREPUBAILHYIO
CHCTEMY KOOPAMHAT 110 CPABHEHHUIO € IpyruMu” [S, ¢, 53],

2. TlpwHimAn MOCTOAHCTBA CKOPOCTH CBETA.

3. QTHOCHTENBHOCT:E  ONHOBPEMEHHOCTH  COOBITHIH,

HOPHOJIOB BPEMEMM, DPACCTOSHAN (OTHOCHTENLHOCTh JUTHHEI
HKECTKOIO CTEPKHA).

. Kax # paupme, Jtunrreffr ® BeprMaH pacCMAaTpHEBAIOT XBE
HBepUMaNBHBle CHCTeMB! S (ofo3HadmM €€ KaK CHCTeMY
. goopmanar x0t ) H S (0bo3HauMM €e KaK cuCTeMY KOODIHHAT
¥ 0°t"). Cucrema S’ npuxtercs oraocuTenbEo S BAOL ocH X ¢
{PARBOMCPHEOH MOCTOAHHOHK CKOPOCTEIO V. B MoMenT BpemeHH
4 no wacaM, NOKONMEMCH B CHCTEME S, HATAJIR KOOPAHHAT
A §" copmaxawt. Ocs X° mapamressua m GaxTHaecku
IAET ¢ 0chbio X,

I8 ofocHoBaHHA YypasHCHHDB TpeoOpazomamubi, Kpome
RUCICHHEIX BhINE, MPHHAMACTCH Cllie HECKOMBKO YCAOBH.
HEIM U3 HUX, ONPEACIMONIAM OCTATRHEIE, IRIAETCA YCIO-

JE ONHOPOIHOCTH NPOCTPAHCTBA.
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“Ypapuenust npeobpasosanms, - rosopsT DiAmTEHH M
beprman, - cOXpansior ORHOPOAHOCTD HPOCTPAHCTBA: BCE TOYKH
NPOCTPAHCTBA H BPEMEHH ¢ TOYKH 3peHAS NpeoOpa3oBaHHs
JODKHBI ORITh 2KBHBaNeHTHH” [5, ¢.55]. Kak saamM, 3o ycio-
BHE BMeeT TTybokoe B dasmaeckoe, B Pprnocodckoe 3HaICHHE.
Jlpyrue ycnosus SRIMOTCA CICACTBHAMYE HTOTO IJIABHOIC YCIIO-
BHA H HPeACTABIOT cobok creayiomee:

1. Vpasnerus npeobpazosaHdil AomKHH ORTE JHHEHHEI-
MH,

2. Paccrosmre 4 C’ paso B'C’ mcucreme S, ecnu AC
paBrO BC B cucreme S. |

3. Touxd, NOKOAITMECH OTHOCHTENLHO S, JBHXYTCH CO
CKOPOCTBIO v B HANpaRICHHH OCH X OTHOCHTENBHO S.

4. IlpsMax, nepoeHAMKYIAPRAA K OCH X , NepHEH/HKYIIAp-
Ha TaKke Koch X ,ocH Y u Z,ataxxe ocd ¥* ® Z° opro-
rOHANBHEL ¢ TOYKH 3PEHMA JHOBG0H CHCTEMEL. ‘

5. JimaHbI AREKYINHXCS OTHOCHTEIBLHO APYT HpYyra mapai-
NEABHEIX OTPE3KOB CpaBHMBAIOTCA corxacHo crocoby CTO,

ONACAHHOMY Ha CTp. 24.

Hcxons n3 3THX yenopwnit, Difamreiin ¥ beprman monygaior
ypasHenus npeobpazoranpsii, KoTOphie HMEIOT HOpMY:

X = apen) B XY
> } (3.2
z =2z,

' =ft+yx. (3.3)

rae a, B, y —OnpelensioTca HuKe,

TpemonoXmB Aanee, 9T0 cepHUECKas HIEKTPOMArHUTHAS
BOJIHA, PaCHPOCTPAaHAIONIAAcH BO BCEX HAIPABICHHAX CO CKOPO-
CTEI0 ¢, H3NY4aeTea B MOMEHT { =0 H3 coBIARAIOIMHX Hava
xoopmuaar xOt m x O't’, Diinmreiin H Beprman npennaraor
B4 YPABHEHHS JUI OIHCAHHSA PAacHPOCTPAREHMA BOJHLI B CHC-
Temax Koopauaar xOf ¥ x O't (cucTeMax orcuera Su § ):
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2+ y 4z =ct?, : (34

24yt t =t (3.5)
3arem, pemas ypasaerzd (3.1), (3.2), (3.3), (3.4), (3.5), onn
HONy4al0T NOCTOSHARIE &, B, 7

I

a=fi= . (3.6)

31 -t

1 4

y=-f%. (3.7
c

Iloncrasus sHaderms o, 4, y 8 (3.1), (3.2), (3.3) =

ONpeJeNUB 3HAYCHNA X , { depe3 X, J, Z, HOMYUAM YPaBHEHUS
npeobpazosamnit Jlopenna 3anpineM MX UL KOODAWHAT TOYKH
A(x,.1,) ¢ MEPEXONOM OT CACTEMBI KoOpAHHAT x(f X CHCTEMe

KOOpmHHaT x Ot :

. X, -V, |
K eyes
I1-v'/i
Yo =Va
, 3.8
Za =zﬂ' r ' ( )
ool —vx /c?
d -— .
J!-—v’/c‘? ‘

Tipeo6pasopanns KOOPHMHAT X. K f, COOTBEICTBEHHO B
KOOPOHHATH X, W {,, HWCXomEEe X1 ypassenu#t (3.8), ¢

TEPEXOJIOM OT CUCTEME! K0oOpAHHAT X O'f" K cHcTeMe KOOpUn-
Har xOf AMEIOT CAeIYIOmmiE BRI

X, +vt, |
x, = ,
;l---vz/f:2
Ya = y," P (3.9)
z, = z,,
- 1, + v /e’
’ 31—-192/(.'2 .J
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Hetpymuo yOenuThes, 910 “OJHOPONAHOCTS® HNPOCTPAHCTBA H
BBITEKAIOMME M3 HEr0 OCTANBHAIC YCJAOBHA, NPAHATHIC A
npeobpaloparuit, MPOTHBOPEYAT YpaBHEHHSM IpeobpasoBanui
(3.2). deficraprensHo, OQHOPOAHOCTE [IPOCTPAHCTBA IPEATIONa-
raet, 410

==t ={,
=1, =t =t,.
Onaaxo cornacuo NPHHIKILY NOCTOAHCTBA CKOPOCTH CBETa
X=0l,y,=cl,2, =ct,
X =y, =¢,z,=ct,.
PaccMorpum cimyqait, xorzma y, =z, =x,_.
TakKaK y, = ¥,, Z, = Z,,8 X, # X, 1O

] » L
cf, =ct,=ct,=ct_=cl_#ct,, (3.10)
HITH
1, =t, =t =t =1 #1t,. (3.11)

®Gopmyna (3.11) moxassmaet, wTo Bpema /. Ha ocH X 10
CPABHEHHIO ¢ BpEMeHeM £, H £, pa ocsix ¥, Z° 1ODKHO HATH B

ApyroM paTme. Takum oOpasoM, npr npeobpasopanusx Jlopen-
a OpoCTPaHCTBO, BOIPEKH YCjoBUAM npeobpaizoBasnii m yT-
BEPXKACHHIO S#HINTeHHa, HEONMHOPOAHO: IKBUBANEHTHOCTE TO-
YeK IIpOCTPAHCTBA H BpeMeHu yrpavmsaercs. HauGonee npo-
CThIM, Ha NICPBLIA B3IVIAI, BBIXOAOM H3 3TOTO IIONOMEHHS IIpea-
CTaBJIZETCS BBECTH YCIIOBHE:

=y =0,
y=y (3.2a)
z=z =0, :

Onnuaxo, B 3T0M cnyuae obnacTs NpEMEeHeRUA npeobpasosa-
Huit Jlopenua orpanaaMsaeTcd TOJIEKO OZHOMH ockio X, Benencr-
BHE 3TON0 OCTAgTCH OXHO: NPA3HATH, YTO I ONHOPOAHOCTH
NPOCTPAHCTBa AO/IKHO codmonaTecs paBeEHCTBO

t=t (3.12)

B 370M cilyuae 3aBRCAMOCTE KOOPAMNST X, , 7, , X, , {; OT
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CKOPOCTH V ABHMKCHBSN CHCTEMBl S OTHOCHTEIBLHO CHMCTE-
MBI S He CYmEecTBYeT.
N3 sroro cexyer, 410 OpH ONHOPONHOCTH NPOCTPAHCTBA
npeofpasosanns Jlopenna pazEUecKor0 cCMEIC/IA HE AMEIOT.
Ha stom anamms Jl-npeobpasopasmit Moxno Onuio 6n 3a-
KOHYATS, HO OH Oy#eT HeHONMEM, €CTH HE OCBETHTS eIne paj
BOTIPOCOB, CBA3AHHKIX ¢ ITHMH TpcoOpajoBaHHIMH.

S-npeoGpazopanns. BeexeM cHeTemy woopmusar xO't, y
KOTOpPON Ha9aNo KOODAHHAT COBIAZACT ¢ HAYAIIOM KOOPUHHAT
cucreMst x Ot , ock x ¢ ochio x. Cacrema x O't noxomTcs 8
CHCTEME OTCYETa S W JBHTaeTcd BMECTe ¢ Helt OTHOCHTEIHHO
S €O CKOPOCTBIO v. T4 CHCTEMA M e JBHKEHHE OTHOCHTENLHO
CHCTEMBl S MOTYT OWTH ONHECAHK ¢ NOMOLIBIO réoMeTprH EBk-

nraa.  [eficTBRTE/NBHO,  YPaBHEHHA  pACHpOCTpaHCHHS
IMEKTPOMATHHTHOIO CHrHada BAOML ock X Oynyr EMeTs BAX

(puc.4):
x=ztct (3.13)
x =ztet (3.14)

Puc.4
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B (3.13), (3.14) 3gax «+» yKaselpaeT Ha PacHpOCTPaAHEeHUE
CHIHAJA B NONOXATCIBROM HalPABICHHH OCHM X, 3HAK «-» - B
orpruarensioM. [Ipeobpasomamms ¢ mepexomoM' ot xOf X

x Ot cocrassr (puc.4):

X, =x,—V,,
1, =t —vx/c?, (3.8a)

e w, /cd = lc=t, —t,.

HpeoGpasopannn (3.8a) oﬁecnetmnalo'r NEPEXOR OT CHCTEME
orcgera S K cHcreMe orcuera S . Jina mepexona ot S° k S
BBEJIeM CHCTeMy koopmunar x Ot , noxosmrytocs 8 S . ITepe-
xonor §° ¥ $ ODHCEIBaeTCH YpaBHeHHAMM (pHC.5)

X, = x, +v,, }
1

t.

=t,+vw /o’ (%)

Cpaenenue (3.8a) ¢ (3.8), (3.9a) ¢ (3.9) mossosser x, u f,,
X, H {, BEIDAIHTE YEPE3I X, H I,

x -xJ —v¥e?,
._,d [
% (3.16)

1=t~ ’/c"

B (3.15)

Vpasuerna (3.8a), (3.9a) obecneunpator NEPeXof OT CHCTEMEL
orcuera § K cucreMme orcdera S , M HaoGopor. VpasneHus

(3.15), (3.16) nokasmiBaloT, YTO Bmipawense I -v3/® B
npeofpazopandgx Jlopenna smasercs cpeamercoMerpuge-
ckoii BeymumH (I-we) w (I+vwc) B wurpaer YHCTO
MATeMATHIECKYI0 poas. IipanacriBaeMoro eif pr3ageckoro
CMBIC/IA 3T2 BeJIHYHHA HE EMeEeT. JTO KOKashLIBACT, YTO IIpu-
wmoe B CTO orpaudeHHe, HAKIAANBAEMOE BEIMYHHOMN
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V1-v?/c? Ha cxopocTs ABEKeRHS 0GBEKTOB B APHPONE CXOPO-
CTBIO CBETA C, HC COOTBETCTBYET ACHCTRATENLROCTH,

TEOPEMA 8. .
Cxopocrs marepHANLHLIX 00LEKTOB HE BMeeT OTpanB-
genHld Ho BeMYRNE.

- X. X
[ ’ » i o
Xa Xi 4 X 4 4
‘ l ************************* rom e ,—— N
{ i
] f
t i
t ]
{ I
[ i
] ]
' fl | {
' x=cf : 3
xa " ” i E
x= ; :
[ l '
Xy E H
! |
\ oo
; hHiy t
] |
] i
] 1
I Il
i i
t 1
: L] n'. "
|id f; |
tg' VX, ;"(:2
* [+ 4
f] "
] 2 -

PHc.5
Vpasuenna (3.8a) npexncranmmor <o0ol  ypaspenms
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npeobpasosannit Jlopesna (3.8) xoopzmnar 1.4, ofe wacTu
KOTOPEIX YMHOXeHL! Ba v1-v7/¢? .

VYpasuenns (3.92) npencrasmmor cofoit  ypaBHeHHA
npeoGpasosasnii Jlopenna (3.9) xoopmanar T.4 (x,,;), oGe
YaCTH KOTOpEX ymMAokensl Ha (1-v* /c?). ITosromy ypaBrenus
(3.8a) pasHoCcHIRHEEI ypasHeHMsM (3.8), ypaBHeHHA (3.9a) pap-
HOCHIBEBI ypaBHeHRsM (3.9).

Toaxa A(x,,t) jdcKHT HA upaMolt x = c¢f (prc.d4), T0uKa
A(x,,t,)- ua npaMolt x =ct (puc.4,5), Touxa A (x,,t) - Ha
npamolt x =cf (puc.5). 310 OIWANAET, IO NPHBLMM
TOCTOSHCTBA CKOPOCTR cBera B ypasHeHHAX (3.8a) u (3.9a)
coxpaagerca. Cucrema xoopmuxar XOT (xO¢) moxoures B S,
crcTemsr koopmunar X O'T (xO't), X O'T" (x'0°t") noxo-
arcs B § . Cropocts csera mpu S-mpeoGpasopammsx (3.8a),
(3.9a) Tax Xe HHBapHAHTHA, KAK OpH npeobpasosanuax JlopeH-
ua (3.8), (3.9). Ilpn npeolpaszosarmsx (3.83), (3.9a) Tak xe, kak
npH (3.8), (3,9) m3MeHmoTCA KoopauKaThl BpeMedr. Ho aMecro

CHCTEMEI koopaumar x O't°, npa mpeoGpasopanmax (3.8a) mu
DONYBUIM CHCTeMY KoopwHar X ('f, BMECTO CHCTEMB! KOOD-
mauar xOf npu npeobpaszosannax {3.9a) - CHCTEMY KOOPIMHAT
xOt.

B npocrpanctee ToukH X,, X,, X. - 370 OfH& H Ta xe
TOYKR Ha OCH X , HO COOTBETCTBCHHO B MOMEHTR! BpeMerE 7,
T,, T, . B xaMepaiHLIX cHCTEMax KoOpAKHAT T.X, 0603Hadena
xak T.X,, TX, - K&k T.x,, T.X, - KaK T.X,, BPEMEHHHE
xoopaunarst T, -kak £, T, wax ¢, I, ~kax f,, T,-Kkax ;, T,
- Kax ¢, , [Ipu stom (puc.4)

£=t, (3.17)
t,=t, =t ~vx/c’. (3.18)

CrenoBare/msEo!
T, =T, (3.17a)



T, =T,. (3.18a)

310 03ra4acT oxHOBPEMEHAOCTS MoMenToB T,{f.) ¢ T.(1,),
T,(t,) ¢ T,(t,). Taxmu ofpasom, pasesctra (3.17), (3.17a),
(3.18), (3.182) nmoarsepxaArOT CACTAHBEIA pDaHee HAM# BLIBOJ
00 abCOMOTHOCTE OXHOBPEMEHHEOCTH ARICHHE B CHCTEMax OT-
cieraSu S .

Ypasuenns (3.8a) 1 (3.92) nazosem S-npeobpasosannamy,

3amueM ypasaenHe (3. 15) KaK

x,-vt,
; = i r - (3.19)
_t --vx!c :
J 1% 3 /e |

IMonygennrie ypaBHeHHA (3.19), - 310 npeoGpazosanny
Jlopertia g coObrrut Ha ocH X, HO MOAYIEHN OHH, B OTHHYHE
or ypasnenuii (3.8), nenermuem (3.8a) 5a ¥1-v?/¢?, Te. qucro
MATEMATHYECKHM NyTeM. O3T0T BapHasT BuBoxaa JI-
npeoOpasosaEnii oTROWEHNS K (u3uxe He uMeer. IToaromy B
HaleM H3IOXKeHMM ypaBHCHER (3.19) umeior nAm:
AEMOHCTPANHOHABIH xapakTep. Tak KaK HEPEXOHR OT CHCTEME!
oTCYeTa S K CHCTEME OTCHETA S NPOHIOIIEN IPH BHHONHEHUHH
(3.8a), To B mnpeoOpazopanaax Jlopenmia (3.19) ang 3toro
Heobxoqumocty Het. Ho B Haimmem Hecrenopadny OHH, TEM HE
MEHee, HIPaioT CYWECTBEHHYIO pOfib, VIMEHHO YypaBHEHHS
(3.19) noxasumsaior, 310 npeobpazosanns Jlopenna, soapexn
yreepaneansm, opuagysiM B CTO, moryT Gmare omacanni
cpeacTBaMA reoMerpim Enwinpa.

JleticTauTensHo, koraa B (3.19) MBI JeTEM KOOPRHHATH X, ,

t, Ha ¥I-v¥/c? | 1o omuoBpeMeRrEo MEI Aemum Ha 1 —-v /e’

PacCTOAHME B NEPHO] BPEMEHH, KOTOPHE OHH H300paxalor Ha
geprexe. [Ipy 3ToM B OTROMIEHAH N1-vi/e? YBEJIAUHBRIOTCS
ne peansunie X, B T, a MacmtabH oceli xoopauuar. Kaxmei

peampHaiit naxe (1 nake =300000 kv, egHHHRA HIMCPEHUA
N
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paccrognuif, sBegeHnad K.[slopemuiom) moboe peaihnoe
paccToSHHE B LENOM MBI MOKA3LIBACM HA HEPTEXKE B APYroM
macnrrabe. To xe caMoe OTHOCHTCE ¥ K ONHCAHHIO Ha UepTee

KaXKZOH CeKYHIN M Kakzoro nepuoza bpeMmenn. Iloatomy
H3IMEHSIOTCY HE PECCTOSHASA H IIPHOXE! BPEMEHH, - H3MECHAIOTCH
MacmTabr ocell KOOpAHHAT.

3TO MOATBEPRAACTCH PABROCHABHOCTHIO YpaBHEHHHE (3.19)

1 (3.8a). Cacremsl xoopmurar x O H xO't HeNONBMKHE
OTHOCHTENbHO S M OTIMYAIOTCK OAHA OT APYrolt TONBKO
MaciTabame ocCel KOOpAHHAT.

MacmTa6ei, cea3sBalomne orpeska Ox, © O'x, Ha yepTe-
Xe C peabHEIME paccToaguami OX, 1 O X, KOODAHHATH X,
HX C mt}pmaramn){,, X BIPOCTPAHCTBE COCTARNAIOT

M=M= M, = M, = M,=M, =lca/lraxc. (3.20a)

Peanbnr TiepuomaM BpeMenH 1, u T, GymyT
COOTBETCTBOBATh OTpe3kn Of, m O'f,, 2 TAKKE KOOpJAHATHI /,,
£, caasannsie ¢ T, u T, TaloKe MacTrrabamu oceli KOOPIHHAT

M, =M, =lcm/lcex. (3.20b)

B cucTeme xoopmuHar x O't MacirrabH oceif KOOpXHMHAT

GyZyT paBHBI :

. , (3-20¢)
M, = M, = f cM/Icex,

e a=f=1: Vi-v/c? .
* C yuerom MacwraGoB ocelt xoopammar X, ! peanbHoe
PacCTOSEHE B MPOCTPAHCTRE H BPeMA NPOXOXAEHHS CHIHANA OT

r0" 20T, Gymyr pasms

M, =aM =g« cm/lnaxc,}

. x.c ' .
X, nake = -* f‘= x“cf"=X,naxc,
) Mx
teM  feM - G2D
Tjeex=-4 =4 =T ce
! M‘ J
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Puc.6

Takam opasom, peansHoe paccrosaue O X, (O'x,) pasno
paccrosnmo O°X, (O'x,), nepuon mpemenn O'T, (O'L,) pa-
sen mephony O 1, (0L, ) (pac.6).

IT0 NOATBEPKIACT SMHHLIK TCMII TEYCHHA BpeMeHH B CHC-
Temax xoopautar x Ot , ¥ O't" . RelicraaTensno, obe cHCTe-
MBI ¥MCIOT 00Imee Ha9aNo KOOPXHHAT B HENOABHRHH OTHOCH-
TeILHO JpYT APYTa B CHCTeMK oTcuera S . IToaromy, Bpend B
Toukax O, x,, X, Teuer B OAHOM pATME Aaxe B pamxax CTO.
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3T0 IOATBEPXAZET OAHOBPEMEHHOCT: MOMEHTOB £, C £, .
M3 OXHOBpeMEHHOCTH MOMEHTOR f,C f, M 1, C 1, [cM.
(3.18), (3. 18a)] creayeT ONHOBPEMEHAOCTE MOMEHTOB £, C MO-

MEHTOM {,. JTO NOKa3kBaeT, Y10 mpn npeobpazoeanusnx Jlo-

PeHI& OAHOBPEMEHHOCTH CoDBLITHI alcomoTHA TaK XKe, KaK
npx npeobpazopaunax Insumines.

O pemuumne vx/c’. B JI- m S-mpeo6pasoBanAsx GEIypHpyeT
pemuumna vx /¢’ . B CTO TpaxTyeTcs, 9mo T8 BeNMUMHA CBA35I-
BAcT HPOCTPAHCTBO ¢ BpemeneM. Oanaxo:

v, 1¢? = f-z-’;‘i =21, (3.22)

B (3.22) Ml HMeeM TO %e [IOCTOSHHOE COOTHOILEHHE v/ ¢, KO-
TOpoe CAyXHT Oe3pasMepHBIM KOMDMPHIIMEHTOM MIPONOPIHO-
HJILHOCTH MEXXY OCAMH KOODAHHGT x H ! B YpPaBHCHHAX
(3.13), (3,14). Taxnm obpasom, renuansa vx /¢’ B npeobpaso-
BaHHAX JIopeHIIa HEMeeT MMCTO MATEMATHYECKOE, A HE IIPUNHCHI-
Baemoe e B CTO ¢u3ngeckoe 3HaUCHNE,

IIpeobpazosamms Jlopenna 1 S-npeobpazoBarHa HMEIOT eIe
ABe 0COBCHHOCTH, RA KOTOPLIE HYXHO 00paruTs BHEMaHME.
Omma ¥3 HHX COCTOMT B TOM, YT0 B MEICJICHHOM 3KCIICDH-

MenTe JiumTelina BpeMd H MecTe COOMTHA (YHAap MOJIHHH) B
CHCTEME OTCYETA OLpeENeNTeTcs 110 BpeMeHr npHORITHA CHIHAla
8 npr6op. KpoMe Toro, M1 onpeennmm, 910 0653aTENBEHBIM yC-
JaoBACeM s npeobpasopanuii Jlopenna ssnserca Hynesoe 3Ha-
YeHHE KOOpOAHaT y ¥ z . M3 31010 CcnepyeT, 94TO Kaxzas TOIKa
Ba ocH X B CTO momkHa HMETE CBOIO CHCTEMY KOODAHHAT CO
CBOMM HAY4AIOM, H KOOPJHHATH BPEMCHH CBA3AHEI C KOOPAWHA-
TAMH pacCTOSHHM COOTHOWICHHSMH f=x:c, f =X :cC.
Hanpamep, Touxa B mMeer ¢ Touxoit 4 ofmyro koopauHary
BPEMCHM [, H pa3HbIe KOOpZMHATH X, H x,. Beneactsre (3.13)

T. B(x,,t,) DOIDKRA UMETh CODCTREHHYIO CACTEMY KOODHHHAT, B
KOTOpO# €€ KOOPAHHATH! OTBEYAIOT YCIOBHIO X = ¢f , IlycTs Ta-
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kot cHcTeMol xoopauHar Gyuer cucrema X,0,7, (x,0/t,) u ee
xoopauHaramu T. B 6ynyr x,,, ¢, (x, =ct, ). 310 nporusope-
unt mpuasToMy B CTO pacmpoctpanesmio obnacte mpuMene-
nes npeobpazopandit Jlopesia va MWIOCKOCTL M MPOCTPARCTBO,
HO NOJHOCTHIO COOTBETCTBYET YCNOBHAAM, NPHHATEIM DlHrarel-
HOM JUI NOKA3ATeNECTRA OTHOCHTEIRHOCTH OHHOBPEMCHHOCTH
COOBITHIA.

Bropas 0co0eHHOCTS 3aK/TIONaETCR B TOM, 9TO IpH npeolpa-
30BaHMAX (3.8) Touka O 3a BpeMs 7, IPOXONHT OTHOCHTEMBHO
Touxd O paccrosmue (puc.4)

00" =vt, 0 (3.23)

npr npeofpasopammax (3.9) Touka O mpoXomET 3a BpeMA f,

otHocETeNbHO Toaxr O paccTosume (pucs)
00 =w,. (3.24)
Tax kax #, >1,, 70 |
00 >0'0 (3.25)
Cneposaressio, opu npeobpazopaunux Jopesuma 1.0
HPOXOMHNT OTHOCHTEILHO T.0 paccrosHEe, xoropoe Goabnme
pAcCTOSIHNES, KOTOpoe NPoxoANT T.0 OTHOCHTE LHO T.0 .
IIpn S-ppeobpasoBalmax 70 NPOTHBOPETAS COXPAHACTCA.
Hoxazadusie Bsame abCcOMOTHOCTE  ONHOBPEMEHHOCTH
coOBITHH, HEPHOROB BPEMEHH H PAcCTOSHAN, OTKIOHERHE pe-
IyIsTareB npecOpasosaHudt Jloperna or peaJsHOCTH BHOCHT
MIMEHCHAS B HAMH B3NN HA JAPYTHE MATeMETHICCKHE
CPEACTRA TEOPHH OTHOCHTENEHOCTH.
Caoxenne cxopocreli. Ecmu cucrema orcuera S gsiker-
CA OTHOCRTENLBO CHCTEMBI OTCHETA § €O CKOPOCTRIO V, CACTEMA

.
orcgeTa S OTHOCHTEABHO CHCTEME! oTCdYeTa S - CO CKOpPO-

*h
CTRI0 W, TO CKOPOCTh CHCTEME! orcyera S OTHOCHTEIBLEO

CHCTEMBI OTCYeTa S B HampaBNeHHH ocy X Gyner papag

u, =(v+w:(l+ ":,“’). (3.26)
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B cinyuae, ecnmm w = .Jwﬁ + wf, ,» TO y-COCTAB/IAIOLIAS CKOpO-
c1® u Oynet uMeTs BUAL:

u, = w,,s)l —viet i1+ v:zw)_ (3.27

U3 orxnomenus pesynsraron npeobpasosannii Jiopenna or
PEAIBHOCTHE CHeAyeT OMMOOYHOCTE PENATHBHCTCKHX (OpMYN
CIONKEHHA ckopocTed. HepeambrocTe amax dopMy)t npossaser-
cq 0coOEHHO HeTKD, eCITH B HAX BRecTH Macurrabbl ocell koop-
JHHAT.

Marepsan. Otpunarne abCOMOTROCTH paccTosHuii u me-
PHOAOB BpeMeRH OpHBeio K o6semuuenmio B CTO npocrpanct-
BA H BPEMCHH B OAHY OON{yIO KATEeropmio, HA3BaHHYIO Npo-
CTPaHCTBOM-BpeMeHeM. Benen 2a > G5ina BeeieHa HOBAY xa-
pakTepHCTHKa, KoTOpas No3Boania Ox ompesensTs NONOKERHE
0OBEXTOR B IPOCTPAHCTEBE - BpeMeHH. Tako# xapakTepucTHKOM
cran uuTepsan. [Ipu y = z =0 mrepsan umeer Bux;

s=Vx* —cl’ (3.28)

Cunraercd, YT0 OH HHBAPAAHTEH OTHOCHTEABHO PA3IAYHbIX
cHCTeM oTcuera, B HamieM cnywiae TAKUMH CHCTEMaM¥ ABIAIOT-

c# Su S . B xuure “ChenpansHas TeopHs OTHOCHTETLHOCTH H
PEANLHOCTL” MHOIO HOXPOOHO paccMOTpEH BORPOC O PENfTHBH-
CTCKHX MHTepBanax. C/BpefeHreM MacmraboB ocell koopauaar
HHTEpBaN MEXIY OBYMA COOBITHAME TCpAeT HMHBAPHAHTHOCTD
OTHOCHTSNIFHO CHCTEM OTCYeTa MW CTAHOBHTCH  UHCTO
MaTeMaTH9eckoit, a He ¢rsnveckoi xareropuel. Iloaromy mpo-
CTPAHCTBEHHO-BPEMEHHOH MHTEPBA)T (PH3HYECKOTO CONEpRAHMAY
HE HMEET.

[MoxseneM wTOT. AHanm3 npeobOpazopammii Jlopenna
DOKAIAL:
1. Xlpeobpazopannn Jlopeana He 0YBEYANT ONHOPOIHO-

CTM HpPOCTPAHCTRA.
2. Tlpn npeoGpazopanusx Jlopeana oamOBpeMEHHOCTH

conrruit aGcomoTna,



3. Hpu xaxabix gpeobGpazosanmsux Jlopetma (3.8) m
(3.9)] anrebpamueckue pesyabTaThl OpccOpazosanmii yBe-
JIRYHBRIOTCH 110 CPABHEHWIO ¢ PeAJbHBIMH BE/IHYRHAME B
otuomennn v I —v?/c? :1. Iro oriIonennme Momer GuITHL He-
K/0YeHO NpAMeHeHEeM MacmTabop oceli KoopNENSAT, KOTO-
prie B CTO ue yanThBaIOTCS.

4. Paccrosmme OO0, KorTopoe UPOXONNT CHCTeMa
oTcuera S OTHOCHATENLHO CHCTeMBl OTCdeTa S, Goubime
paccrosnus O O, KoTopoe OPOXONHT CHCTEMA OTCHeTR S
OTHOCHTEIBHO CHCTEMBI OTCTeTa 5

5. Bpems aBwwenwa  cHCTeMm  orcuera S
OTHOCHTE/IbHO CHCTeMBI oFcdera S Ooinme BpeMeHd
ABHAKCHHS CHCTEeMBbl OTCHET2 § OTHOCHTENBHO CHCTEMBI
orcaera S .

6. Beamamua vx/c’ umeer uncTO MaTeMaTHUecKkoe 3HA-
qenue. [ipenacnipaemoro et 8 CTO ¢minveckoro copepxa-
HMSI OHA He UMeeT.

7. Beamwmuma vI1-v>/’ » npeobpasossuuax Jlopeana

SBJISETCA CpeHEreOMETPHYECKOH BEAHYMHOH COMBOXKHTE-
aell (I-wc) B (I1+v/c) n HIMeHSET PeIYALTATHI KAKILIX

ipeobpasopamnii B ormomenmr +I-v’/c’ ;1. Ipamucs-
BaeMoro eit B CTO ¢puipgecxoro copepkanus oHA He AMECT.
8. PeaaTuBacTckan dopmyna ciokeHHS CKOpPOCTeHR He
AaeT PeaNbHbIX Pe3yabTATOB.
9. Ilpocrpancrsenno-ppeMennoli wrtepsan d¢mipde-
CKOFO COePXARAY He HMECT.

OBIIIHTH BRIBOX:

Croennaipuas TeopHS OTHOCHTCILHOCTH M €€ MATEMAa-
THYECKHIH ANNAPAT He COOTBETCTBYT peaNbHBIM PHIWIE-
CKHM HBJICHEAM, [UIS ONHCAHAR KOTOPLIX OHH CO3RAHBL
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4. K-NMPEOBPA3OBAHUS KOOPOAUHAT

B cnenmansHOl TeOPHH OTHOCHTENLHOCTH CKOPOCTH CBETO-
BOTQ CHATHAIA SBJACTCS YHHBEpCanbHON IMOCTORHHOH, KOTOpas
HEH3McHER B 000l HHEpIHANEHOM cacTeMe oTcueTa. BmecTe ¢
TeM BemMunHa we 8 Jl-npeoGpazoBaHMsX HE HMeer
pasMepHOCTH B ofeammieHa. I03TOMY ¢ TeM ke YCHEXOM B HEX
moxer ¢urypuposars ckopocrs moloro carmana. Bo Bropoi
r7aBe MBl HOKa3alH, YTO CHTHAlaMH B 3KCOCPHMEHTE
Qitsnrreiina Moryr 6611y OOMKHOBEHHRE 18pH. DTO B mONHON
Mepe OTHOCHTCA H X npedbpazopammnm Jloperna. Ioxakem, 1o
aa nepexona or § k S, kpome Jl-npeoGpasosammii B S-
npeodpazopanmi, Mower OBTH, NUpSHIONKER Ipyroli BUE

1peoCpasoBanHit,
ITpumem, yTo cpena (CHCTEMa OTCIETa) BIIHACT HA CKO-

POCTh CHTHAIA, HO IPH 3TOM B KaxA0H cpejie (cucremMe oTcae-
TA&) CHTHER BHracTCH ¢ ONHHAKOBOH CKOPOCTHIO ¢ . JT0 03Ha-
4aeT, YT0 B Ka4eCTBEC HHBAPHAHTHOHR CKOPOCTH MBI NPHHHMACM
CKOPOCTh ¢ HEpEMElICHAR OOBCKTOB - CHIHANOB B CHCTEMAX

orcyera S, S, ABIKYIOEXCA OTHOCHTENBHO APY pyTa TpS-
MOJIMHSHHO ¢ TOCTORHHOH, paBHOMEPHOH cKopoCEic v. Kaxnag
3 YKa3aHHHX CHCTeM o0nagaer 8 OTHOIEHHHM OOBEXTOR-
CHTHaNOB croiicTeaMe duanaeckol cpemsl. YToORI npescTaBHTSH
cefe 310, MOXKHO 38 HSIIOABHXHYIO CHCTEMY S NPHHATHL HENoj-
BHKHYIO BOJTY, 38 CHCTEMY S - BOJY, ABMFAIOPIYIOCS CO CKO-
poctsio v. Torza 3a cHrEaibkl MOXKHO NPHHATL JBe JOAKH, JBH«
FaloMMecy OTHOCHTENLHO cBOel CHCTEME! ¢ OXWHAKOBOU CKO-

pocteio g>v. CHrman, AsEralomuiica OTHOCHTENIsHO S €O
CKOPOCTRI0 ¢, IO OTHOIIEHMIO K S JBHUraeTCs €O CKOPOCTHIO
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g +v. Caraan, ABUrafouMics co CKOPOCTRIO ¢ OTHOCHTEIIBHO
S, O OTHOWIEHMIO K S~ JBUIACTCH CO CKOPOCTHIO g-v .
Ipimen, 910 ¢ S cBi3ana cacTeMa KoopmuHar xOf, ¢ S -
cACTeMd XoopmuHar x O7t". Ock x ® Xx* 10 RanpamieHRAIO
COBNAJAIOT, ochb ' npapamnensua ocH ¢ (pue.7). B
COOTBETCTBHY ¢ TeOpeMOM 8 32 cKopocTs CHTHAAA MoxeT OLITh
npuHATa Mobag cKOpocTh, He paBHas Hymo. Ho Tak xak Mu
paccMaTpuBaeM BOIIPOCHI, CBAZAHHBIC ¢ TEOpHEH
OTHOCHTENBLHOCTH, TO LeaecoofpasHo DPHHATE ¢ =C.
Ipumen, wro NpH npepiardcMbX Hamu npeobpasoBaHAsX
JCHCTBYIOT CIEAYIONAE IIPHAHIIHIIERE:
1. Ilpoctpancteo omEdposEO W He obnamaeT QEIHYECKUMH

CBOHCTBAMH.
2. Bpems Teuer paBHOMEpHC M He 00iamaeT QHIMZECKAMH

cBolicTBaMy,

OxsospemerHocTs coORITAIL abcomioTaa.

4. Kpargadimee paccrodHBe MeXAy ABYMS TOUKaMH (IUTHHA
KECTKOTO CTEpIKHA) B ONPEACICHHLIN MOMEHT BpeMeHH ab-

COJIIOTHA.
5. IlepHon BpeMeHH, HIIH HPOMEKYTOK BPEMEEH MEXAY ABYMA
MOMEHTaM# abcormoTes. . :
6. CxopocTh CHrHANA OTHOCHTENLHO CHCTEM Koopauaar xOt ¥

x*0"t" nuBapranTRA B paBHA g =C.

7. PaccTofHHA, NPOXOAHMBIC 33 PABHKEC NEPHOAL! BPEMCHH
cHcTeMaMH OTCUeTa S H S OTHOCHTENEHO APYr Apyra,
paBHBL.

I'u

Lad

YpaBsHeHps, OCHOBAHHKE Ha 3THX OpHHINNAX, Ha3oBeM K-
npeobpazosanusMy. ONpesie/lMM COOTHOUICHHE KOOPAHHAT T.4
B xOt ¢ koopimuaramu T.4° B x'O°t" (puc.6). Ilpr srom
Oynem HCXOAMTL H3 METOMMKH, NPARATOH ODHHIITEHHOM B €ro
SKCITEPHMEHTE, a HMMCHHO, B KMKAOH cHcreMe KOOpaHHAar
PacCTOSHHE, MPOHACHHOE CHTHANOM, AQEKHO OHITh PaBHO €ro
HHBADHAHTHOH CKOPOCTH, IOMHOXERHON HA BPEMS B UYTH.
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a)x, =ct

ot

bx, =ct,

clx, =(c+vt,,

| (.1

e, =1, t; =1,.]

Hcxops w3 (4.1), ypapserns K-npeobpasoBatuif xoopanaar -
T.4 B KoopEHRATH T.A* (puc.7) GyayT aMeTs BALX; ‘

vl

- |

xi=x -
¢ 1+v/c'

- (4.2)
= -2

o vx, |
L4 EX)

H ng coOrrTHii Ha ocr X°
RS
" l+v/e
S (4.2a)
rrete
& 1+v__/c )

K-npeobpasosanus npu nepexope or S kS Oynyr uMeTh
BHX;

X, =x, +vi,,
: 4.3)
vx' .
l, =t; +—,
c

B ans coOpITHi Ha ocH X*

X, =x(1+ v/c),}
(4.3a)

L=1(1+v/c).
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Cpasnenne (4.2a) ¢ (3.8) H ¢ (3.8a) nokassmaeT, Ir0

x+ - xa. xa
Y Yy ] vi/e? ? @)

vx,/c”

1+v/e
Puc.7

Ypasuerua (4.4) nokasuBalor cB3b K-npeoGpazoBanuif ¢
S-npeoOpazoBannamu (3.8a) u JI-npeoOpazoparuamm (3.8) npr
nepexone or § k S . Cucrema xoopausar x*O't* Tak xe, Kax
cucTembl KoopuHEar x0t w  xO'f, HenomBama
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OTHOCHTENBHO CHCTeMH! otcuera S . IloaToMy BpeMs Bo BoeX
3THX CHCTEMaX KOODIHMHAT B NOXHOM coorserctBHH ¢ CTO

TegeT OAHHAKOBO. MOMEHT ¢, OXHOBpeMEHeH C MOMEHTaMH !,

L] +
4 /,. MOMEHT f, O/IHOBPEMEHEH ¢ MOMEHTaMH /, H .

Towu A(x,.t,), 4'(x;,1;), A(x,.1,) 4 (x,,1;)), nexa
OIHe HAOPAMEIX X =gt , Xx* =ct*, x =¢f (x =ct’)—- 310 oma
R TR Xe TOUKA COOTBETCTBEHHO B MOMCHTH BPEMERHE /,, 17, I,

t; (BAIOMAWM, ITO MOMEHT £, OJHOBDEMEHER & MOMEHTOM I, ).
Eme oxma ocobennocrs K-npeoGpazosaumtt (4.2) u (4.3)
COCTOHT B TOM, FT0

v, .,
Tooe =i, 4.5)

Orciona paeeHCTBO paccTofHAS OQ", KOTOpOe IPOXORMT
S* ormocarensHa S, paccrosruA (0, KOTOPOE MPOXOAHT
S orsochTensHO S'. B 3TOM COCTOHT €mme OAHO NPMHIHMIH-

ansgoe orTmuuue K-npeoGpatoBanm#t ot npeobpasopanmuii
Jopenna ¥ S-opeobpazosaHnii.

Macmralsr ocelt KOOPAHAT COOTHOCATCS KaK

r

+ o T Mx - |
szMx —-M,-W-—ICWMC,
+ ! M‘
M,=M, =M,ﬂm?=ICMfCEK.
IpuMennm B ypasaennax (4.4) MacorraGsr ocelt koopHuar,
DOITYYHM

X, (C:d) = X*naxc (4.63)
M) (cf[) =T cek, | (4.6b)
M,
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B (4.6a), (4.6b) wmm mnonyysmnu pesynsratil K-
npeoGpasoBanuif B peanbHBIX EAUHHIIAX HIMEPCHHUA.

Teneps onpememaM  cBwss  K-npeoGpasoBamnii ¢
JI— npeobpasosanmamu nipu nepexone or S x S. Bife npasyio
9acTh ypannenm: (39)= mme HBYX CHIATAEMBIX, HOMTYHM

X, = =X, +vt = X Jnakc
31 vzfc 3 -vz/c | 47

vx, /c? VX,

=1+ -——"— =T ce
1-1»5'/'«:2 J /4 )
Ypasuenns (4.7) mokasuiBaroT, 910 JI-npeoﬁpasoBam (3.9)
npH mepexole or S x S mpemrwunm K-nmpeoSpasonamusm
(4.3).

K-npeobpasoBanns numeHn xnHemarwdecknx 3¢ dexros
CTO. Oun Bim0TCY DPOMEXYTOIHBIMA MeXAy mpeolpa3ona-
wusm¥ [anmunes 1 npeobpasopanmamn Jloperia u MOTYT IipH-
MEHATHECS IPH PEIICHHH ONPEACJICHHBIX (DHIHYCCKAX 3a7avu.
Tem e menee, K-npeobpasoBarmaM Tax xe, Kak H npeobpaso-
BanmsM JIopeHna, Heb3g NpHNHCHBATh Kakod—mabo dusave-
ckul CMEICH, KOTOpBIH onpenenda Oul X0 IpoNecCOB B NPREpPO-
ne. B opormeononoxsocts Jl-mpeobpazoparmam e K-
npeobpazosaluit XxapaKTepHo, 9T0 OHH MPHMEHMMBL I Opeob-
pa3oBAHHH TPEXMEPHAIX OPTONOHANLHEIX KOOPAKHAT,

PaccMotpum aBskenue cucreM xoopmuHatlOy v 'Ot
ITycts cucrema I"O’t* apmxkerca orsocuresnsBo 10! co cKopo-

crpio v. CarHamry otHocHTensso /Of » [YO°t* HMmelor cKo-
pocth ¢. KooparHaThl TOYKE H BEIHYHHBI CKOPOCTEH ¢ M v
OPOEKTHPYIOTCH HA COOTBETCTRYIOINHE CUCTEMR! KOODHH-
narxOr,, yOt , zOt,. B cooTsercTeaHu ¢ abCOIMOTHOCTHIO OX-

HOBPEMEHHOCTH COGLITHH M NEPHOIOB BPEMCRA JUIA TOYKH
A(l,.t,) cobmonaoTcs yeIoBUs:

L=yxl+yl+z?, (4.8)
=JaZ v+l +q?, (4.9)
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v= Jvﬁ +vi+vl, (4.10)

1’_="x zvr =V: , (4.11)
q9 Q,t qy q; -
b=t = =l 413

=gl X, =q.t,; ¥, =qt,; 2,=qt,. (414)

I'nasusimu  ocobennocramr  K-npeobpasosanmii  usns-

oTcH?
1.

2.

3.

CoorBercTBEe anrepamveckux PeIyALTATOR Ieo-
METPAYECKHM H PUIHIECKHM BEIHIHAAM.
Ipamenamocth. K-npeofpaszosannit anxa ycaonni,
NpHEATHIX A1x npeobpazorannit Jlopenua.
Bosmoxaocrs npamencann K-npeofipasosaunit pue
Apeofpa3oBaHEl TpeXMepHLIX OPTOTOHANBHBIX KO-
OpAMHAT.

IlpaMeqanme: B HACTOSMEH paboTe CIOXCHHME CKOpO-
creli npa K-npeobpasopanniax ne H3arasrcs.
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5. KWHEMATUYECKUE 3O®EKTHI
CTO

KunemaTageckue 3¢¢em CTO nopasmmm Booﬁpamenne
noAcH aBaguaroro Bexa. OHH CTaMH HACTEH) MBINICHHAS
¢U3AKOB A YIEHBIX CAMEIX paszHLIX HanpapiacHud. Ha ux ocHope
MITYTCA HAYYHMIC TPYAR M Hay4HO-(PAHTACTUICCKAC POMAHLI.
[TosToMy Ha HAX HEOOXOIMMO OCTAHOBETECA 0C060.

B xmure Beprmana [5] xunemarnveckme sddexrni CTO
JaHsl B cregyiomeil hopmyanpopxe:

we “Uachl, INOKORMUECH OTHOCHTEILHC Hab/DOIaTens,

KaOXKyTca eMy BAYMHME ¢ Hanboasmed cxopecrnio. Ecan
OHH JBHKYTCA OTHOCHTEJIbHO HaG/HOAATEIA €O CKOPOCTHIO

¥, HX X0[ KRXKETCH eMy 3aMeLI¢HHHIM B 1-v /4 pas.
Trepaoe Teao HMeeT ¢ TOYKH 3peHHN HAGHIOJATEIN HAM-
GoubHIyI0 AIHHY, KOT/I2 OHO HO OTHOINCHMIO K HEMY IIOKO-
HTCA, [IBrkymeecs TeI0 KAXETCH COKpamesHbiM B Ma-
NpABJICHAR /ABHACHUS NPONOPNHOHAALHO MHOKHTENO

VI-v/e? , B TO BpemMs KaK paiMepHl ero B HepHeHAHKY-
JISIPHLIX HANPABJEHHKX OCTAITCR HEHIMEeRHBIMA” [S ¢.63].

OcCHOBaHMEM IS JTHX HpaBHA cAyXkar npeobpa3zoBaHHS

Jopenna.
“Ilycts yackl, - FOBOPHT beprMan, - pacoyioXeHBl B HEKO-

® ¥ * *
TOpOH TOYKE (X, , ¥, ,Z,) B cucreme S . CpapunM BpeMs, moxa-
3LIBAGMOC ITHMH YacaMH, CO BPEMEHEM [, HIMEPEHHRIM B CHC-

teme S. CornacHo ypasaeruo (3.9) (Hymepanus dopmyn Ha-
ma,- JLK.) umeem:

2 * ¥
Ve xx, +t | G.1)
1-vi/e?
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Iosromy BpeMernso¥ HHTEpBan f,~f#, B cHCTeMe §
BHIDaXAETCH Wepe3 ITOKAIAHMA HacoB ¢, W {, CIEXYIOMHM
ofpazoM:

t,—t, = - ): 1=/ . (52)

Taxam oﬁpazou, C TOYUKH 3PeHHA CACTCMH S X0J Y2COB OKA-
3ancs 3aMezyienusM B 1 -v'/¢! pas” [5, ¢.61]. Hanee Beprman
MOKASBIBAET, ITO ¢ TOYKH 3PESHUSA CHCTEME! .5 ' HEepAC)] BpeMEeRH

f, —1, B cucTeme oTC9eTa § 1O CPABHCHHIO C IIEPHONOM t;~1
TAKKC OKAISIBACTCH 3aMEUTCHHBIM B TOH e NPONOpPIRY, T.€, B

N1-v/e? pas:
“O-t =(t,—-1,):N1-V/ " (53) [3,c.62]
Vpasrenud (5.2), (5.3) naus! A8 KAMEPAILARIX CHCTEM KO-
opaunat. Pasnenum obe qacTd ypasmenns (5.2) ma macurraGsl
BpeMEHHRIX OCEH KOOPHHHAT H MONYIAM PCANHHRIC NEPHOLRI
Bpemenn 7, —T;:

2
h=t -4 :NT=v?/¢?
M, M,

rac M, =M, :JI-v?7¢? . Tipu ucronssosanun MaciTraGos
ocell HyXHO HMETH BBHAY, YTO IPH JeNeHuy Ha MaciTabnl ocelt
dopMymet (5.3) M, = M :NJ1-v*/c? .

H3z (5.4) Icne,uyeT, YTO NEPHOJI BpEMeRH f, —f, B KaMepanb-
HOM CHCTeMe KOOpAMHAT X Of H NEPHOX BpeMEHH l,~t, B

KaMepanbHoj cucreMe xoopausar x(Of 03HAYA0T ONUH W TOT
ke peanbHbli uepnon speMenn 7, ~7,. Huage rosops, BpeMs

" po wacam S ¥ BpeMms ¢ 1O yacam S TEUET B OHOM PHTME,

L
@uspueckuli nporecc, HAawHHAOmMMECE B ¢, "
3JaKAHIMBAIONIMHC B /, N0 uacaMm S , HAYMHACTCA B {, H 3a-
KaHuMBaercs B f, o wacaM S. Taxum obpasoM, xuHeMaTHue-
ckue pdextsi (5.2) 1 (5.3) puanvecKr HE peAIbHEL

30

=T, -1 (5.4)



Ects ente oauH acnexT B 3ToM Bonpoce. IIpeobpasopanme
Kaxoif BpeMernHo#f kxoopmuHatel To4kH B CTO HepaspnmHo
CBA3&HO C NpeolpasoBanneM ee JuHeHKHO| KoopaAHaTh. B aamn-

HOM CIIy9ae TaKoll KOOPIMHATON ABAAETCA X, B MOMEHTH [, H
¢’ . Bunomsus npeoGpasopanms JIOpeHIa KOOPEMHAT X, B
t=1, HB { =1, , HOTYIRM

X, + vt
X, = , (5.6)
. JI —vi/?

x = *
. :J-l — v/t

Tak xaK [0 YCIIOBHIO 334a%H r; #1;, TO X,; # X, . BMecro
OJAHOMN TOYKH (x; , y; , z;) npeobpasopanus Jloperna (5.6}, (5.7)
JalOT ABe TOMKH, (Xp;.¥,,Z,) H (Xy,Yp.2%). Onmomy
MaTEepPHAIPHOMY 00BEKTY, PACNONOXKEHHOMY B OAHOH TOUKe B

® ¥ "
cHcTeME KoopadHar x Ot , CcOOTBETCIBYCT ABa 00BeKTa,
PacHONIOXCHHEIX B JBYX TOYKAaX HAa OCH X B CHCTEME KOOPIHHAT

- | -
xOt . BMeCTO OfIHMX PEANBHEIX 4ac0B B TOUKe (X4, ¥y, 2p ), NO-
Ka3bIBAIOIIWX B CHCTEME KOOpIMHAT X O ¢ CHAYANA BpeMA 7, ,

32TEM BpeMd t; , B cHcTeMe koopmuuar xOt , ecnu Bepats CTO,
AOJDKHO HAXOAHTHCH ABOE PEANBHBIX 94COB, HOKAIBIBAIOMHX B
TOUKE ( Xy, Vp>2y) BPEMA I,, H B TOUKE (X,,,V,,2,) BpEMA £,;.
M3 oamoro matepuansHOro oOBeKTa UpH NpeoGpasoBaHHAX
Jlopenna nomyqaerca asa. ¥, HaoOOpOT, 33128 ONMpEICHCHHBIC
yciosus, B CTO H3 AByX OOBEKTOB MOXHO WONYHHTb OIHMH.

TaK, BEIIOHEB MpeoGpasoBaund X, U X, B X,, HOAYIHM OJEY
TOYKY (x;, y; ,z; ), B KOTOpOM HAaXOASTCH BCEro JIHIIL OXHHA 44~

CHL
3T0T HOHCEHC €mEe pa3 NoKaskBacT omMOOTHOCTE XOon4a
paccyxzenmsi’ OfinmmeiiHa B noarsepxzacT abGCOMOTHOCTH

JUIHTEILHOCTH TIEPHOAA BPEMEHH.
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Kax obcrorT neno ¢ mu3MeHeHMEM MMEHEL  KECTKOro
crepauas? ObparuMcs onars x Jitamrreliny 7 Beprvany.

“Toepaui MacurTal, ~ TOBOPAT OHH, - NCPHEHNHMKYIAPHELH
HANPABICHUIO JBRKCHAN, UMCET OAMHAKOBYI0 LIHHY B 000HX

HanpasienHsX. Ecim ke MacmTal NapamiencH ocsaM x H X,

HRZO OroBOPHTL, YTO ME! PACCMATPHBACM €10 B MBUXYMEHCR
HIR nokosnelica cHcreme, PaccMOTpHM CTepmeHb, TBEpHO

CBsdaHMEE ¢ S, KOHNEI KOTOPOr0 HMMEIOT KOODIMHATH
(x5,0,0)u(x,,0,0). Ero ymmas S pasua
I’ =x; —x:. (5.8)
Habmonaress S onpepenser aMuy CTEpXKHEA KaK pasHOCTD
KOOpAMHAT (X, —X,) €r0 KOHIIOB B ONHH M TOT XKE MOMEHT
BpeMeHH { KOODIAHATHI X, H X, CBA3AHEI C KOOPJAHHATAMH
X,,%, H { yPABHCHHAMM

-

X, = ,
2 JI-v’/‘c2 P (5.9)
. Xy -Vt )
x =T!==-====.
bod=vie ]

Orciofia pasHOCT: KOOPAWHAT

. . Xy=-X
—v*/c .

O6o3nayas (x, — x, ) wepes /, moryamm

[=1"xJ1-v/c2. (5.11)

CrepxeRb KaKeTcs YKOPOYCHHBIM NPOUOPLEOHANLHO MHO-

waremo v1-v' /¢’ . 3107 2ddeKT HaIHBALTCA JIOPEHIOBEIM
cokpamenueM™ 5, ¢.63].

B ypasrenunsx (5.11), xax u B ypaBaennn (5.2), He IpHHH-
MAETCH BO BHAMaHRAE HCOOXomMMOCTS rrpeofpasonauus BTOPOH,
B JAaHHOM Clydae BpeMEHHOH, KOOPAAHATH KX IOH H3 TOYEK X,

H x}.
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Oummboyrocts CTO B Bonpoce o kuHemaTHIeckux 3¢dex-
TAX, HX HEPEAILHOCTH XOPOIN0 BUAHA Ha CleAYIOmeM apHMepe:
B MOMeHT BpemeHH I, =0 BOIBMEM MATEPHANLHEI JKeCT-

xuti crepxent (puc.8a)
|} | L ] -
) ' * *
B cuacreme kxoopausar x(Of KOOpAMHaraM x, H X,

COOTBETCTBYIOT KOOpAMHaTH Xx,, X, (puc.8b), Momenty -
BpeMeny 1, (puc.8a) - MOMEHTH BPEMEHE £, u 1, (puc.8b).

[=x, -Juc,=(Jr;—x,'):-o.il—vz."f::2 (5.12)
+vx2/c +vx,/c (5.13)

JI — v/ 1-v4

W3 HepasencTsa x, > X, ClEeAyer [,>1,.

»

X X

X3 Fecmmrccmce e r-ﬁ(xzﬂtd
Y
4
e
s
x f——4___ i Ax,1)
0 i, 4
a) b)
Puc.8
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Ilpu npeobpazopansx ‘JIopeHua (5.13) onEOBPEMEHHOCTD
t,=0 TDepemia B HEOGHOBDEMEHHOCTL f, M I,.

OnuoBpeMeHHOe COBRANCHHE KOHIOB OTpe3koB / # I, Touex
L4 ]
X, € X;, X, € X; OKa3anoch HeposMoxmuM. Ho riaBHOe

3AXUTIOYALTCE B TOM, YTO OTPE30K 4 B ¢ NEPEXOIoM B CHCTEMY
xKoopaudar x(Ot mnepecranl OHTh OTPEIKOM H MPEBPATHIICE B
HCKAY MATCpAAILHEH TOYeYHL OOBEKT, KOTOPHM JBHraercs
1o ocH X €O ckOpocTSIO V. B ¢, 97a TouKa cosuapaer (pac.8b)

c Touxo#t A(x,,%), B t, OB - ¢ Touko# B(x,,t,). Ha geprexe
NyTH 3TOro 00BeKTa ONHCHBacT NYHKTRp AB . U3 Bcex Touek

crepxnsi A B* B cAcreme S B XaxIuif peansHEl MOMEHT Bpe-
MeHH, Baaeaag ¢ 7, u komqas 7, CymecTayer Tonbko ogua. B

CHNY CKasaHHOTO OTpesoK A'B’ comocrapists He © 9eMm,
Cnenosarensuo, B CTO npw npeoGpazopansax Jopenna co-
DOCTABIEHME OTPE3KOB, KPOMEe NEePUEHAHKYIRPHBIX OCH X,

HEBO3MUKHO.
Bo3M0OXHOCTh CONOCTABNEHHEA HOCACAHHX GOBRCHACTCA TEM,

970 OTPEe3KH, NePHCHAYKYIAPELIE OCK X, Ha INTOCKoCTAX xOf H
x O°t" TIPoeKTHPYIOTCS B BH/IE TOUKH H HMEIOT B 06¢HX cHeTe-
MaX KOOPIHHAT TONLKO OAHY KOOPAHHATY BPEMCHH. '

BLIBOARL.

Kuaematumeckne >¢pextst npm  npeolGpasosarusix
JIOpeHIA ~ Pe3yNLTAT GAMCTO MATEMATHIECKWX AeHcTapi,
. PeanbHOTO BOBIOmMENNS B OPAEPOAe OHA He HMEIOT.

Hps npeebpasosanusx JlopeHna conocrasacHBc oTpes-
KOB JJINHAI B PRIIMIELIX CHCTEMAX KOOPRHHEAT, KPOMe Uep-
HEBARKYJASPULIX 0CH X, HEBOIMOXKRO.
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6. MPOBEPKA PENATUBUCTCKUX
3AKOHOB

OnEuMM U3 NIaBHBIX JOBOAOB N4 NPU3HAHHA CrIELMATLHON
TEOPHM OTHOCHTENBHOCTH HOCAYXHIO AOKAa3aTeNkCTBC JiH-
mTedHa PEATABUCTCKAX 38KOHOB COXpAHeHHE, 38BHCHMOCTH
PEASTHBECTCKON MAcCH H PENTHBHCTCKOH SHCPrEH OT CKOPO-
CTH IBHXXCHHA TEJIa ¥ SKBHBATEHTHOCTA MacChl B SHEPTHHE.

310 noxazarenscteo 3 CTO Bmmomusercd Ha MpHMEpe
CTOJIKHOBCHHA ABYX YACTHI. 34 HPEAMCPOM ONATH oﬁpamucn K
kinre [1.17. BeprMana “Brenenne B TEOPHIO OTHOCHTENBHOCTH .

“CocTonHMe OBEXEHMS TodeuHod Maccsl (T, €. TaK
Ha3pBaeMoO# MaTepHATSHON TOUKH) ITOJHOCTHIO ONpPEHENseTCS
ee MaccOH m M cxopocrblo . EciH, “pesaTHBHCTCKHH
HMITYNbC™ TOYECHHOH MACCH!, - roBopaT JfnmTeHn # beprmay, -
npd  mpeoOpasoBasW®  MPOCTPAHCTBEHHBIX  KOODAMHAT
npecbpasyercs Kak BEKTOP, B ©CAH J3TOT HMIYALC 3aBHCHT
TOJIBLKC OT COCTOSHHA ABHMKCHHA MacChl, TO BEKTOP KMITyNLCA

NOIDKEH GEITh NAapa/LIeNieH CKOPOCTH #', T8K KaK CKOPOCTH
SIB/IACTCA CAHHCTBCHHBIM BEKTOpPOM, HMCIOIIAMCA B HaIneM
pPacHOPSKCHHH, HHAYE TIOBOPN, XOJHMYECTBO  JBRHIKCHHA
TOYEYHOH MacCH JOTDKHO 3aNBCHIBATHCE B BHICS
= u(mwu’ (6.1)

(3meck n manee Hymepaiis ¢GopMyi Bama,~ JLK.),
rae # - abcomoTHag BEINUEHA CKOPOCTH, a 4 - QyHKUMS OT m
M ¥, KOTopas ele NoJDKHA OBITh onpejenena (NOAYCPKHEM, 9T0
3Ta PYHKUHOHAIBHAA 3ABHCHMOCTH SB/ACTCA BCErO JHMIID anpH-
OpPHEIM HpEATIONoKeHHeM, -JLK.).

ITo rem xe coolpaxenaaM 3IHEPrun nomxHa OmTe Takixe
HEKOTOpo# ¢yHKnue# OT m H u (IO TaKKe AUPHOPHOE
npeanonoxkenre, - JLK)). Ora byuxumg ceazaHa ¢ u Tem
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YCJIOBHefM, 9T0 M3MCHCHHC 3HCPIHH SBIACTCH OpOHIBRENCHACM
M3MEHCHAA MMIYIECA BO BPEMEHH HA NMpoiligeHusli IMyTh, T.C.
CKANAPHLIM [OPOU3BEACHAEM MNIMCHCHHA HMIYJhCca Ha
CKOPOCTS:

dE =dpxu=d(uu)xu= d(ﬂu’)—yudu=ud(pu)

Win
dE d
—=Y— . 6.2
o Y (1w (6.2)
Ecmm ¢ymamas u mssecrsa, pemas ypasHesue (6.2), MOXHO
onpeaennTs gyrxnmo E” [5, ¢.124).

B m3naraeMoM npuMepe CHCTeMa OTCueTa (KOOPHEHAT) S
JBUI2ETCS. OTHOCHTEALHO CHCTEMH orcdera (KOOpAMHAT) S ¢
NOCTORHHON PARBHOMEDHOM CKOPOCTRIO v=-—q. B S BemuMBh:
X-KOMOOHEHT CKOPOCTeH YacTHI COOTBETCTBEHHO PaBHEl +a,
~- @ , y-KOMIIOHEHT COOTBETCTBEHHO - + b ,~ b (puc.9).

“ITycts mBEe paBHBIe TOYCYHbIC Macchl M, ~ TOBOpHT Bepr-
MaH, - OpEGmOKAloTCH K HA"aTy KOOPAHHAT CHCTEME S ¢ npo-
THBONONOXKHBIX RaNpap/icHEil H JOCTHTAIOT €ro B MOMEHT
t = . X ckopoCTH COOTBETCTBEHHO HMEIOT KOMINOHSHTE

ﬁ

U, =d=-u,,

1 2 ’

uy =b=:“}"’ 4 (6f3)
! 7

u, =0= u,.

I 2

.. TIpennonoxaM, 4910 HOCHE CTONKHOBEHHA X-KOMITOHCHTHI
CKopocTEH OCTAIOTCHS HEM3MEHHHIMH, 4 Y-KOMIIOHEHTE MCRAIOT
3gaK” [5, ¢.124]). OrMeTHM, IT0 TaKOE OPESATOIOKEHHEE OTPaKA-
€T ONHCHIBACMEI HpHMep HeToMHO. Jg Toro, 9ToOk CTOJNKHO-
BEHME PCAbHRIX MACTHI, HMEJOMMEX ONpefClCHHKE pasMepsl,
OPOH30NLIO B ONPEACICHAON TOYKE, B TOM YHCIE, B Haqalle KO-
OpAWHAT, ¥X UCHTPH Macc B f=(0 (B MOMERT CTONKHOBEHHI)
JOJDKHBI HAXOMUTHCA Ha THANH ynapa. B cedasm ¢ TeM, uro pe-
aNbHRIE YacTHIb], B OTNHYHAC OT MaTepHantLHOH TOUKH, MMEIOT
ONnpeneIcHHbIe pa3sMEphl, Pedb MOXKET HATH TONRKO O LeH-
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TPANLHOM cTonkHOBeHHH. [To3TOMY nOCNe CTONKHOBEHHS H X-
KOMITOHEHTE], H y-KOMIIOHEHThI CKOPOCTEH H3IMCHAT 3HaXH Ha
MPOTHBONOJIONHBIC. B paccMaTprBaeMoM mpHMepe 310 HE YuH-
THIBACTCH. Tem He MEHee, NpeANONOXKCHHE, NpHHNTOS ifH-
mTeHEOM 7 BeprMasom, XoTd B 3aTPYAHSET NOHHMAHHC MATE-
pHanga, HO Ha KOHEYHOM De3yinLTare He orpaxaercs. Iloaromy
[IPOLOIDKMM H3iOKEHHE “IKCIEPHMENTa”, OCTABUE 3HAYCHMA X-
KOMIOHCHT H V-KOMIOHEHT CKOpPOCTEH, NpHHSTHE JHBmTeH-
HOM ¥ beprManoM. “Taxmam ofpasoM, - roBopHT nance beprmas,
- CKOPOCTH MECC HOCJE CTOJIKHOBEHHS Gy AyT paBHKL:

it

i

a,
"'"'bs ; (6.4)
= (),

il
1

IRV S EWR S
!

4
... Takce gBmxkenne m3oOpaxkeno Ha ¢ur.7 (Aam puc.9,-JLK.).
Benmarna cxopocteii B pesynbTare CTOIKHOBEHHA HEe MCHAETCH,
CKOPOCTH 00€HX YaCTHIl OCTAIOTCA OIHHEAKOBEIMHE™ [, €.125].

? 34

Puc.9. CTonkHOBCHHE ABYX YACTHIL C pABHOH,
umeromwux (8 S, - JLK.) oaunaxossie

MBCCH! H CKOPOCTH.
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st nonyseHns 3aBHCHMOCTE 4 OT U

Bepruan

PacCMATDHBAET MOBSHCHHE YACTHI B CHCTEME S , HCHONB3YA
bopmym cnoxenus cxopocreli CTO. [ina ynpomesns ow
IPHHHMACT OTHOCHTEIRHYIO CKOPOCTS RBHMKEHHS CHCTEMBL S
OTHOCHTEIBHO § v=-g B upeolpasya ypasnenus (6.3), (6.4),

MoJyaaeT ypaBHEHRA CKOpOCTel B CHCTEME oTcdeTa § .
Ho CTOANKHOBEHHS OHH COCTARIMIOT

_ 2a
1+a%/¢

Ji-ad/ct

1+a@*/?

b,

¥ ]
u, =0, u_
1 p
o = b »
y o r 8y ™
1 1-a%/c? 2
u = b
~ F]
! 31 ~a*fet 2
H IOCIE CTOJIKHOBEHAS ~
. -
i, =0, u,
i 2
. b
i, =
i
5" = e
- s
1 1-a/e? 2

e J4a® +b(1-a/c?)

_ a_t - 'Jj"azﬁ/cz
Ji—aid 7 1+d/?

o -Ja‘a? +b2(1-a°/c)

¥

14+ a°/c*

N 2a
I+a*/e®’

b,

1+a’/c?

(6.5)

(6.6)

J

“Henoneays Bripaxkenus (6.5) ¥ (6.6) —rosoput beprMan, —
MOXHO COCTABHTD YPABHCHHA VIS HMIYJNLCOB, COREPKAIIHE

HEH3BECTHYIO  (YHRIO

OTACHBHLIX Y8CTHI] Yepe3 p
1

HMIIYTBC”, Yepes p.
Ho CTONKHOBEHRS HMEeM

H-
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. . . . 2a
= r+ . ={- mu )——
P f’ f #0 2 )l+a2/c2

» ¥ E ] &* b
P, =p,+p, =pmu )—pm———— 6.7)
SR v eatse? r
. e’
—umu }————=>b,
u 2 )l-l-a’/cz )
H IIOCNE CTO/IKHOBEHHS
] . 2a )
p, =0-umu )})———mo,
Px o 2 )1+a’/c’
. . b 1-at/e? | ©8)
P, = —pu(mi )+ g(Mm, it )b
y = Hmi) l-a%/c? A )1+az/c2 J

34KOH COXpaHEHHS U P, YAOBICTBOPREICH, €C/H ;4' pas-
HO zz?', B 3TOM CIIy9ac BeMYHHA y(m,z{) paBHA ;z(m,zg'). C

) - -t & _
APYFOR CTOPOHSI, €CIM 1~ PaBHO #,70 p, OTARYRCTCA OT P,

TOABKO 3HakoM. OTcIONa cnexyer, Yro 3aKOH COXpPaHeHHs I
», Tpebyer, urobn p, obpamanoct B Hyns. Taxmd obpazom,
MBI JoNy4aeM QYHKIHOHANBHAIC YPaBHERHS /i :

ulmu’ )= [(1-a2/c*):(1+ a%/c% )] pim” ) =0,

u' = h:Nl-a’/c?, r (6.9)

u --\/ia +b*(1-a*/c? ) (1 + a/c?).

Hepexonﬂ K npefeny b — 0, noxynm Goree npocroe ypaBHe-
HHE:

1-a’/ 2a

HmO) = == pm—= (6.10)

2/ 2)
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Yxe GrUI0 oTMeueHo, wr0 4(m,0) passo m . Jna nomyde-
HHAS MHOIO BAJA QGYHKUMEA 4 BBCACM B KAYECTBE BTOPOrO apry-
MCHTR 4 DepeMeHHylo u (TakmMd ofpasom, JHBmTe#H H
BeprmMag BO3ppamatoTcZ K anpaopHOH  QyBERUHOHAILHOH
3aBACAMOCTH MacChi 0T CKOpocTH,-JI.K.):

2 ]
a u-—--—2~g——- a=f;[1:t\/1-u’/c’],

T 1+al/?’
La/® S
b) — =Vt
I+a‘/

TOraa ypasaerue (6.10) opumer eax;

m ,
pimuy) = W (6.12)

LpyTAME ClIOBaMR, eci poobme CYmecTBYeT NOPeHil — Ko-
BapHAATHLIC 33KOHEl COXPaHCHHN, 70 BCEpeQmiOniHecs B HHX
BEKTOPHBIC BEIWUHHK JOMKHS! HMETh BRI

mf’
Ry €19

I7T0 BRPANKCHHC HAIBBAOT “DEAATHBACTCKAM™ HMITYILCOM,
9106 OT/MYATS €10 OT KHACCHYECKON0 BEKTOpa” |9, ¢.130].
PenaTuBBCTCKas 3HCPIHA OFHOHN TOUCTHOH MACCH W 3aTeM

PETLITHBHCTCKAA KHHETHIeCKaN PHEPrasg HaxoasTes a3 (6.2);
2

E=—ie +E,, . (6.14)
i-1/c?
rae £, - NoCTOAHHAS HHTETPHPOBAREA.
“... INepseili wien ypasnesnn (6.14), - nponomxaer beprMas, -
H23nIBaeTCA NOMHOM (peisTHRHCTCKOM) aHeprueit vacTuiel. B
CHNy CBOHX TpaHCQOPMAHOHMBIX CBOHCTB OH XOIDKEH pac-
CMATPHBATLCA KAK QYHAAMCHTANLHOC BRIDAKCHAE /14 YHCPIHH.

Tax xax 310 poipaxcHne ge oOpamaercd B Hyns npa ¥—0, To

€0 JaCTO PA3ACNAIOT HA ABaA BLIPDAXKCHHA. mc‘? H

T =m[(1-42/c?) " -1 (6.15)
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Benuamaa mc’ HasmmaeTcs “sHeprucH nokod” YacTHEL, a
T - e¢ “peaTHBHCTCKOM KHHETHYECKOH sHeprueh”™ [5, ¢.130].

Hanee Dfipurrelin n beprMad oNpeHENNOT CBSA3EL MEXAY
aHepruci m Maccod. “Benudnny 4, BHIPAXKAIOMYIO 3aBHCH-
MOCTE HMITYNBC3 OT MACCHI, HaCT0 HASKIBAIOT “PENATHBHECTCKOM
Maccoll” JacTHII, 3 m - COOTBETCTBEHHO “Maccol mokos”. Pe-
JNISTHBACTCKAs MACCa PaBHA MONHOHA SHEpraH, neleHHON HA ¢,
MAacca ke JIOKOZ B ¢ pa3 MeHbINe DHEPrEM NOKOK. ... TaxuM
ofpasoM, MBI MPHXOAMM K 3aK/IOYCHHIO, TIO BCe (OpMM
JHCPIHH CBABAHBI C MACCOH COOTHOIICHHEM

AdE=c’dm. (6.16)

YcTaHORNCHHE SKBHBAICHTHOCTH JHEPTAM M MACCH, -
ropopar Jipmrelit # DeprMan, - #ABasercd, no Beel
BEPOATHOCTH, BAXKHCHIIEM ROCTHXCHMEM pEJISTHBHCTCKOH
Mexasukn” [§, ¢.132].

Kak suguM, it 060CHOBAHHS PEISTHBHCTCKIX, 38KOHOB CO-
XpaHCHHS KOJMYECTBA ABHAKEHHA PACCMATPHBAIOTCH ITQUIHELS
AMITYJIBCH CHCTEME], COCTOAMICH U3 JBYX PaBHEIX Macc, B ABYX
cHCTEMaX OTCYera. X-COCTaBNsMiomEe CKOpocTell Mace B CHCTe-
Me oTcYeTa S pasHW +a KaX A0 CTOAKHOMCHWN, TAK M IOCHE

CTONKHOBEHMUS, B CHCTeMe oTcueta S* X-COCTARNAIOMAY CKOPO-
CTH OHOH MAaCChl paBHA HYMIO, Y~COCTARIOIIME CKOpOCTeH
ofeux macc cTpeMATCs K BY/HO. Takne yciaosna 3apanee npe-
AONPENELRNIOT, IT0 B HIIOMECHHOM IKCHCPHMEHTe IONHRE
AMITYIB€ CHCTeMB B S , KRK X0 CTOAKHOBEHUS, TAK H HOCTe
CTOJIKHOBEHHS $AKTHIECKH UPLICTABANET coboli HMIyabe
TOJALKO OAHRON M3 ABHTAIMHXCT ¢ OXHRAKOBOH CKOpPOCTRIO
paBHBIX mMace. [I03TOMY paBEeHCTBO MONHBIX MMITYIBCOR CHC-
TEeM JI0 CTOIKHOBEHHS U IOCIE CTOAKHOBCHHH 00eCleYHBacTCs
cCaMHMM¥ HCXOXHBIMH YCNOBHSMM npHmepa. B nelicrsurensno-
CTH 3TOT NPUMEP ABMICTCA JUMIb YacCTHRIM cry4aeM. [loaromy
obocHOBaHMEM VIS PEATBHOCTH PENMTHBMCTCKMX 3aKOHOB CO-
XpAaReHHA KONUYIECTBA NBHKEHHEN OH CIIYXRTh HE MOXET. TouHo
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TaKKe ITOT NIPHMED He MOXeT cuMTarkcs ofoCHOBaHHeM I
ypaprenu#t (6.12), (6.14), (6.15), (6.16). Tem me menee, 3TH
YPaBHCHHA NPH3HAHHL KaK 3aKoHN (m3nkn, Orcioga YKOpeHH-
I0Ch OMMB0YHOE MBEHHE, YT QYHKUHOHATILHAS 33BHCHMOCTE
MaCChl ¥ 3HEPTHH OT CKOPOCTH HBHOKCHHA Tena sKo0nI uMeeT
TeopeTRdeckoe obocHosanue. Ha camom zene, 3to obocropa-
HHE OCHOBaHO Ha OOMGoYHBIX mpemnochUKAX — GopMynax
(6.1), (6.2). 310 B monuol Mepe OTHOCHTCE U K (opMyIIe

E=mct.

IIpoBepky BhBOROB DHHIITEHHA BRITOTHAM HE KOHKPETHOM
OpAMEpe CTOJKHOBEHHS ABYX TSI ¢ PasHEIMH MaccaMi, IBH-

ralOMHXCA ¢ PasHEIME cKopocTsMit. ITycts cuctema otcuera S°
JBUTAETCA OTHOCHTENBHO CHCTEME! OTcHYera § €O CKOPOCTBIO
v=-0,4c. B cucreme S B nonoxknrensaoM BRUpABNEHAH 0CH X

€O CKOPOCTBIO ,, =+0,6¢c IBIKeTCH wRCTHIR ¢ Maccolt oKoA

m,. B oTpuuarensBOM HallpaBJACHHH OCH X co CKOPOCTbIO
u,, =~0,2¢ NBAKETCS TENO, MACCE HOKOX KOTOPOTO COCTABIACT
M, =3m,. B MOMEHT Bpemeru f=! =0 B Hagale KOOPAMHAT
IIPOMCXOMUT UX CTONKHOBCHHE. Y-KOMIIOHEHTH CKOPOCTER Mace
paBEH Hymo {puc.10a).
PenstuBHCTCKHE MACCHI YACTHIB H TN COCTABIIIOT
m

‘m = mmyu, )= & =1,25m,. (6.17.1)
N e '

M=MM,u,) W 3,062an (6.17.2)
TTonaLI penITHBACTCKAH HMAYIIHC OyAET COCTABIAT
p.=mu,+Mu,=0,13T6my. (6.18)
Ilocne CTONKHOBEHHAS CKOPOCTH PENATHBHCICKHX Macc B §
cocrassT (pHc.10b)
. (m-kM Ju, + M (1+ Ku,,
" m+M

=-0,536c, (6.19.1)
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_ m (14 ku, +(M -km Ju,,
o m+M
rae k=1, ~ xo>pPENueHT BOCCTAHOBNCHHA A [CHTPAIHHO-
O ynpyroro ynapa.

=+0,2638¢, (6.19.2)

Cobrrrug 8 S
8) MO CTONKHOBEHHA 4

u

> o W7,

V¥

b) nocite CTONKHOBEHNA %v

T

Cobrmua B S

C) A0 CTONKHOBEHHS 4 y'

* x
m_uy lM >

L e
um Ups
4 4

e Vi

d) nocne cTONKHOBEHHS T y

puc.10
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Bemramye pensiTHBHCTCKMX MACC OC/IE CTOMKHOBCHMS B
COOTBETCTBHYM ¢ ypaBHeHAEM (6.12) HOMYIAIOT HOBBIC 3HAYCHUS
B CTAHOBATCH PAaBHBIMK

",

W =m(my,u, )= =1,185m,, 6.20.1)
3m,

M=MMnm,u, )= m =3,1lm,. (620.2)
-4, |

Iomapi pPENATHBACTCKHME HMIYNBC CHCTEMBI [OCHE
CTOJNKHOBCHHSA COCTARHT

p, =i, + M, =0,185mec. (6.21)
P.# P, C(622)
-*?-;'—.&mm 235%.  (622a)

OrMeTeM, ¥YTO HpHM pPEISTHBACTCKBX E3MCHCHAX Mace
BONPOC O COXPaHCHHH HMINYJIbCa BOIHMK YXRE HA ITalc ero
pacCMOTpEHMs B CHCTeMme xoopmuaar  xOf. Ummymsc nocne
CTOJKHOBEHHM HE PABEH HMIYILCY A0 CTONKHOBCHHAA. 3JTO
03HAYaeT, YTO B cHcTeMe S ypasHerHe (6.12), onpenensoniee
3aBMCHMOCTE MACCH! TeJla OT CKOPOCTH €r0 ABKKEHHS HE I0J-
TBEPARJIOC.

MpeoGpazosa mo dopmyaam cromerus cxopocref CTO
CKOPOCTH #,,, U, , MBI TIOYIHM CKOPOCTH MACC JI0 CTONKHOBE-

HUS B cHCTeMe S (pHc.9¢)

* v+Uu
m_——_-—!'__=0’263lﬁc, 6.23.1
T u Vel ( ‘

* v+ Uy
= = -0,55556¢. 6.23.2
“m 1+ HMW’C? ’ ( )

Crenys TpeOOBRHHSM TEOPHH OTHOCHTCIBHOCTH, Qmpene-
muM B " BETHUMHEI PENATHBACTCKAX MACC 0 CTONKHOBEHHA.
Oxnu Oyayt paBHEIL:
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m = (g1, ) = e = 1,037m,, (6.24.1)
0 (4]

1l e

M,

M =M, M,u, )= J—_==3,608 m,, (6.24.2)
Luy, /o

H HONULI PeASTHRHCTCKHMN mym CHCTEMEL
piem ul + M, =112me.  (625)

ITocne CTONKHOBeHHS CKOpOcTH Mace B S Gyayr
COCTAB/IATH (pnc.9d)'

g =—tetY o7, (6.26.1)
1+, we!
— u” +vV
= =.0,1523¢, 6.26.2
“u 1+, v/ic? ( )
PEJISTHBHCTCKHE MACCHI:

™

r—t s, ] mO
m =M (my,i, )=—fenmm—=15Tm,, (6.27.1)
-\/l-i /et

Im

M ' =M'(M,u, )= =3,035m,, (6.27.2)
;! "2 /c?

H TIOJHEBIN penx'rnnncrcmﬁ lmnym.c CHCTEMAL:
p, ‘= g, +M u,=1,619mec.  (6.28)

CpaBsHenue (6 28) ¢ (6.25) noKa3sIBaET, 9T0 B S TAK XKe,
EaX B S, MNORHLIH pPengTHBACTICKHN HMOYIEC HOCHES
CTOIXHOBEHHS He PaBeH NOJHOMY PEISTABHCTCKOMY EMIY/BCY
HO CTONKHOBEHMA.

p. *p. . (6.29)

PiPs (100%)=32%  (6.298)

Hepasencrsa (6.22) u (6.29) noaTeepxaaior, YT0 MPeAsio-
JIOXCHHE O PENATHBHCTCKOM 3aBUCHMOCTH MAacChl M 3HEPTHA OT
cKOpoCTH 06bexTa [eM. (6.1), (6.2)], Ha xOTOpRIX DfHiITelNOM
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OCHOBAH BHIBOJ PCIATHBUCTCKHX 3aKOHOB COXpaHCHHS HC noa-

TBEPOHIIHCH

K Bonpocy 0 COOTHOUIEHHH MacChl H SHEPTHH, BRIpaKacMo-
ro gopmyioli E = me’ . Boiog yroro saxona B CTO taxxe oc-
HOBHIBAETCA HA TeX Xe¢ omMOouHbIX npeanocsunkax.. IosroMy,
K TEODHH OTHOCHTCIBHHOCTH OH TIPAKTAYECKH OTHOINCHHS HE
HMEeT. B cleayomell rnase MOKAKEM, WT0 OH BHBOIMICA B
paMkax Kknaccudgeckodf ¢m3mxu. BrBog  NpRHAALIEKHAT
A.Ditaurreiiny.

BriBoak::

PelsTHBRHCTCKAE 3IAKOHAL COXPAHCHHS B HPHpONE He
AeHCTBYIOT; ‘

PeassTaBHCTCKEX H3IMCHEHHR MACCHI H HEPrHR B 3aBH-
CHMOCTH OT CKOpDOCTH Asikends of6bexTa B mpmpojxe He
NPORCXOART.

BriBol 3aKoBA IKBHBAJICHTHOCTH MACCHI H JHEPTrHH
(bopmynz E =mc’) v TeOpHR OTHOCHTEALHOCTE OCHOBAH
Ha omAGOMHLIX OPEINOCHIKAX.

66



7. GOPMYJIA E =mc?

B mpememmymel riiaBe MB TIPHBENH ONEHKY Jifmnrelina
sHaueHAe QGopMymst E=mc’ P pPENSTHBHCTCKOM MEXaHEKe.
Cagraercsa, 910 312 dopMyna A ONHACHBAEME! €10 3aKOH HMEET
IIHPOKO H3BECTHEIE 3KCHIEpHMEHTATBHEE NoaTBepxnenud. On-
HAaKo, eCTH €meé OXRO JoKazaTenbeTso arolt ¢opmymsr. Owo
TAXKE NPHHAIEKAT DHAMTCHHY ¥ BHIIONHEHO B BAAE MEIC-
JTEHHOTO DKCIEPEMENTA ¢ npeobpasoBanyeM dHeprau F B Maccy
m. [Ipusenem nosonsl, seickazaHanie Jlaypearom Hobemepckoit
upeMud MaxcoM BopHOM B HO:1L3Y 2TOTO BRIBOJA.

“OHo (310 AokazarenpeTpo,- J1.K.) onupaerca Ha Tor daxr, -
TOBOPHT DOPH, - UTO AYUHCTAA pajHanMi OKG3HBAcT JaBliCHHE.
M3 Maxcse/iobokux ypasHesM HON4, JOTONHEEHHIX TeopeMni
Hotizrvara (1884r.), cregyer, 910 cBETORAS BOJHA, MARalONas
Ha HOTAOMAIOUIYIO ITOBEPXHOCTH, OKASKIBACT HA 3TY NOBEpX-
HOCTH HaBIICHHE. YCTaBOBIACHO, JTO HMITYIEC, HEpeNaBacMbiit
KOPOTKOH BCHBIIKOM CBeTa NOrJIoIHatomeMy ey, pasesa £/¢,
tae E - sHeprus cseroso#i ersiuka. 3707 dakr ... Obur nox-
TBEpEJeH 3kcnepaMenTaibno JleGencpnim (1890r.) m nosanee,
¢ Gonee BRICOKOI TouHOCTEIO, HEKONMECOM H Xomtom (1901r.) m
IpYraMi. ToyHO Takoe Xe AABNCHHE HCIHITEIBACT 10, A3NY-
gaiomee CBeT, NoJ00HO TOMY, KaK pyXbe HCIBITEIRACT OTNAYY
TIp¥ BRICTpEJIE. -

Wraxk, npencrasimM cebe AMuHHYIO TPYOKY, Ha KOHIAX KOTO-
poH pacrosoXeHn! JBa Teia A ¥ B, COpePINCHEO OEHHAKOBRIC H
CHIEIaHHBIE H3 OXHOI'O H TOIO K¢ MaTcpHana, T.€. ABa Tena, co-
ITI8CHO OOBIYHLIM ITPEACTABNCHARM, HMCIOT OJHY H Ty Xe Maccy
(puc.10, Aymepamus pucyrxoB Hama,-J1.K.). Ho nycrs Teno 4
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HMeeT H30LITOK 3Heprkn £ N0 CPABHEHHIO C TelloM B, ckaxem,
B (OpMe TEMNOTHL, M WYCTL CYMIECTBYET HEKOE YCTPOHCTBO
(CkaxeM, BOTHYTOE 3€PKAN0 HIH 9TO-HHOYIAb B 3TOM AyXe), ©
IOMOIBIO KOTOPOFO 3Hepraio £ MOXHO HANpasHTh B dopme

nw3nyqeraus K ey B. [lycrs npocrpancTsenHad DpoTSKeHHOCTE
TAKOH ¢BeTOBOR BCILIMKM GYAST MaNa O CPABHEHWIO ¢ JUIHHOH

TpYOKH (pac.11).

B A
O I m
B A
O | Ot 5 v
B A
x B 0
P

Puc.11. TpyOka ¢ A8yMs CAHHAKOBEIME TE-
JaMu A ¥ B na xornax. Teno A4 Hecer 3HEpPrao
E. 3ta 3HEprus nochUTACTCS B BANE CBECTOBOH
BCIBINIKKM CO CKOPOCTRIO ¢ K Teny B; ornava
BBI3bIBACT IBHUXCHAE TPYOKHA CO CKOPOCTHIO V.
Korma aneprus E nornomieercs . TenoM B,
TpyOKa CHOBA NPUXOAHT B COCTOAHHE MOKOA,
HO yX€ B CMEIUCHHOM HA PacCTOAHHE X IOJO-
KEHHH.

Torza teno 4 ucnulTeRaeT 0TAAYY, paBEYIo E /c. Tem ca-
MBIM M BCH TpyOKa, ofLryto Maccy KoTopo#t ME GyneM cHATaTE
paBHOH M, npHOOpPETAET CKOPOCTE v, HAPARIEHHYIO B IPOTH-
BOTIONOXHYIO OT CBETOBOH BCILINIKH CTOPOHY H ONMPEAEIIeMYIO

COOTHOWIEHMEM MEXIY HMITYIbCaMy
Mv=FE/c.

1
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Hpaxenue TpyOKu NPOJOIKACTCH HO TONO MOMEHTA, KOIrAA
‘BCTIBIMKA ROCTHTaeT Tena B, koropoe nornomaer ¢e. Ilpu atoM
B ucupITHRaeT JXBHBAACHTHRI TOJNYOK N0 HANPABICHWIO BIle-
PEA M TEM CAMBIM 3ATOPMAXBACT BCIO CHCTEMY JO COCTOSHAN
nokos. CMEImeHMe, KOTOpOE NMpErepueBacT CACTEMA B TEUCHAC
HepRoZAa BPEMEHH | I0Ka HPOXOJHUT PACCTOSHHE MEXAY TeHaMH
A U B, paBHO X = Vv{, ric v HYKHO B3iTh M3 OpeALIXYINEro
ypaBHEHHS; HTaK,

Et

=

Ho Bpems myrenmiecteus onpenensercd (3a HCKMOUCHREM
Manok ommrbxy Bricmero nopaaxa) papeRcraoM [ = ct. Orciofia

CMEIIEHHE PABHO

Forl
Mt

X = (7.1)

(Hymepammsa popMyn rama,-J1.K.)
Teneps Tena A B B MOXHO HOMEHITE MeCYaMM (31O MOXXHO

ocymiecTBETH 063 BHEmMHHX BoaaclicrsHii). IlpemnonoxuM, Iro
B TpyOKe HaxonqTCs ABA JE/JOBEKa, KOTOPHE HEpeCTaniIgioT Te-
%a A ¥ B, a 3ateM BO3BpAIIAIOTCS Ha CBOH npexsHe MecTa. Co-
rnacHo oOnraHOH MexanaKke, TpyOKa Kak 1ienoe, He AOJDKHA IIpe-
TEPIICBATh CMCILCHAA, TaK KAK W3MeHeHHEe e¢ NONONKCHHI MO-
XeT OBITh OCYIIeCTBICHO TONBKO C ITOMONIBIO BHELTHAX CHI.
ITocne Takoro obMena BHyTpH TpYOKM Bce OCTaBAIOCH OB
TaK e, Kak B HaYajxe onsra: 3HepruA £ ocrasaiack Osl B TOM
MecTe, rae oHa Ohuta paneiile, B pacnpeficAeHHE MACCH OCTARA-
nocs Ou B TouHOCTH npexiaM. Ho Tpyfka kak nenoe cmectd-
J1aCk HAa pacCTOSHAE X OTHOCHTEASHO €€ HCXOHOTO NONOKCHANR
B pe3ynbTare ACHCTBHA CBETOBOIO HMMITYJhCA. JTO, KOHCYHO,
NPOTHBOPCUHT BCeM (QYHINAMCHTANLEAIM KAHOHAM MCXAHHKH.
IorTopas npouece, MK MorI¥ Os NpOH3BECTH Joboe npous-
BOJILHOE HIMEHCHHE TIONIOXEHNA CHCTEMM, HE IpMiaras BHEII-
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HEX cmi. Ho aro - meBoaMoxnas semp. EamucTreRBERI BRXON
H3 CO37aBmerocy 3aTpPYAHCHHA ~ MIPHHATE OPEANOJIOKEHRE, 3TO
Korha TeNa A B B MEHAIOTCH MECTAME, OBH MEXAHNYSCKH HE HK-
BHBJICHTHE!, HMCHHO Macca Tela B npepmimser Maccy tena A
Ha BSJIHYIEHY mt Onaronaps HanmHuMIo H365ToMEC#H SHepran E .
B aToM ciiyuae opH o6MeHe CHMMETPHS He COXPAHAETCH, M MAC-
ca m nepeMemaeTcs clieBa Hanpaso Ha paccrossne /. B 1o xe
BpEMA TPYOKa Kak IE/I0c IepEeMEIIAcICH Ha PacCTOSHHE X B
HPOTHBOMOJOKHOM HANPABICHHE. JTO DACCTOSHHE OKpenelns-
eTcA TeM oBCTOSTENRCTBOM, HTO Nponece npoacxoxut Ges Bme-
LIATeMLCTBA BHEIMHMX BO3ZeHCTRAH, BCIeACTBHE 9€ro MONHE
HMITYJIBC, COCTOSIIMIA M3 HMIYIIBCa TPYOKH

Mx/t (1.2)
H MMITYIECA NEPEHOCHMON MaCcCh

-~ m-ﬁ- , (7.3)
paseH Hymo. Torna o

Mx—ml=0, ) (7.4)
OTKyAa CHefyeT, 910
ml
2 e 1.5
Xx=-7- (7.5)

Ho 2710 CMemiene JOJDKHO TOYHO YPABHOBEHIMBATL CMelle-
HHC, BBIBWBACMOEC CBCTOBBIM HMMITYIBCOM; CACHOBATELHO,
JOOIKHO BHITONHATHECH PABEHCTRO

ml El
— — - 7.
x IYaRYE: (7.6)
ORO [O3BONAET BEMHC/IUTE M; HOMydaeM
: E
=~ (7.7)

: ¢
270 H eCTh BJIMYAHA HHEPHHANLHOK MAacCH, KOTOpYIO Clie-

XyeT UpHnHcars dHepray £ mud Toro, ¥roOwl ocTaBanca cnpa-
BEUIABHIM ITPHHIKI MEXAHUKH, YTBEpAaiommii, uto 6e3 BMe-
WATSILCTBA BHCHIHAX CHJI HECBO3MOXKHO WIMECHEHHE TIOI0KEHHY
CHCTEMEL '

Hockoasky mobyio GopMy JHEPrHd B KOHIC KOHLOB BO3-
MOKHO DPEBPATHTH B HATYYCHHE NOCPEACTBOM TOT'O HIIH HHOMO
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nponecca, ST0T 3aK0H A0/DKeH ObITh YHABEPCAILHO CIPABEIUIMB.
Taxam 06pasoM, MEI JOCTHIJIH OrpOMHONO ©AHHEHHS HAHIHX
3HAHKH O MATEepHANEHOM MHApE. MaTepHs B Haubojee MHPOKOM
CMEICNIE 3TOTO ClIoBa (B TOM YHCHE CBET H Apyrue GopMEe! SHC-
TO# SHEprAM Ha S3pIKEC KIacCHYecKol pusnaxyn) meer asa dyn-
AGMEHTANbHBIX KadecTBA: HHEPUHIO, HIMEPIEMYIO €€ MacCoH, H
ctiocoGHOCTE coBepurate paboTy, M3MEpAeMyI0 ee sHepraci”.
[3, ¢.342].

Mu mpueerH ¢ CAaMBIMH MHHHMATHHBIMH COKPAmICHHWAMMU
A0Ka3aTenseTBO PopMynsl E =mc’ B muomenrn Maxca Bop-
ra. OHO TOBOPHT O TOM, 9TO €C/JIH TOT MBICHCHHBIR SKCHCPH-
MeHT DliHmreliHa cOOTBEICTBYET AEHCTBRTEIBHOCTH, TO Ypas-
nenue E =mc’, orpaxaiomee puamgeckuil 3aK0H SKBHBAICHT-
HOCTH 3HCPrHE M BHEPTHOH MAacChi, HMEET CBOE MECTO B Kfac-
CRYeckoil pu3uke.

B 1998-1999 r.r. skcllepHMEHTANLHO HOMYSCHR CKOPOCTH
JBHXCHUS, NPEBRINIGIONTHE CKOPOCTE CBETA. JT0 MONHOCTHIO
cornacyercs ¢ Teopemoii 8 . He mckmogero, 1To B 6maxatinnem
OydywieM 1 caMoO 3CKTPOMArHATHOE HINYYeHHE, H CKOPOCTh
€10 PacIpoCTPaHEHHA MOTYYaT HOBOE HaydHOe ocrelnenne. Kak
3T0 COOTHOCHTCS C QopMynol Dfumrrettna £ = mc? ?

MOXHO IPEANONOXATE, YTO CO BPEMEHEM NOCTOSHHEM Hay-
K¥ CTAHYT BN JHEPIAR CO CKOPOCTSMM DACIIPOCTPRHEHHS,
[PERLIMIAIONTHMA CKOPOCTH CBET4. TOrka, BOIMOXHO, NOABATCS
HOBHIE ARHHLIC O COOTHOIICHHH Macch H Heprud. He mcxmo-
4eHO, UTO JHEpreTHdecKuil ypoBeHs QOPMHPOBAHUS MACCH pe-
aNLHO HE OTPAHHIMBAETCH YPOBHEM SJICKTPOMArHRTHRIX KOJE-
bapmii. TToaromy BO3MOXHO, 9T0 CHATE3 MACCH | IpeofpasoBa-
HHE €€ B APYTHE BHJH MATEePHH HPOHCXOJMT ¢ yYACTHEM SHEp-
ruii Oolee BLICOKHX YPOBHEH.
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8. YCioBusa LOCTOBEPHOCTM

[ipopefennpii amamM3 OCHOBHLIX NOIOXKCHHE TECOPHE
OTHOCHTEIILHOCTH, OTKAOHEHHE ¥X OT PeadbHOCTH HO3BOJIAIOT
chopMyIHpoBaTE “YCI0BHSA JAOCTOBEPHOCTH BAYMHOrO NOHCKA”,
OCHOBAaHHEC Ha abCOMOTHOCTH OZHOBpPEMEHROCTH SBICHMIA,

IIMH B OTPE3KOB BPEMCHHY.

YCJIOBMSI JOCTOBEPHOCTH
HAYYHOT'O IIOHCKA

Ioaomense I

[IpocrpancTBo 86COMXOTHO, HENMPESPHIBHO, H3OTponHO. OHO
ABNACTCE MECTOM JAcHCTBHA BCETO  NPOACXONFINEIO  BO

Bceneanoit.

Hoaoxenne II

Bpemsa abcomoTHO, HENpepLBHO, pasHOMEpHO. Ono
XapakTCpH3yeT MIHTCILHOCT: BCEIO  IPOHCXOUARIEN0  BO
Beenensoft.

TTonoxenne II1
Ecnme coOnrrue, spiepue mpoM3omuio i sHabmonarensd,

opubopa, obbexkra, CHCTEMBI OTCYETa S, OHO TOYHO TaKXKe
INPOM30IIO Anst Habmonarens, npuOopa, o0GBEKTa, CHCTEMBI
orcdera S . B 3TOM 3aKDOYAETCR  PEANBHOCTL  BCErD
CYLICCTBYIOWEIV H nporcxoamueroe 8o BeeneRuoii.

Hoaoxenue IV

Jobol marepHaneHEIl IPONECC COCTOMT H3 IIOCTOSHHO
CMCHAIONMIMXCE IpHYME H chacacreuil. Ilpmymua nopoxnaer
CHEACTBHEE, CIICACTBUE, B CBOIO ONMCPCAb, CTAHOBHICA NPHYMHOH
IUIS HOBOTO CIEACTRHA.
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Teopema 1.

OgaoBpeMeHHOCTE  ABYX M Ooice coﬁhrmﬁ HMEEeT
abCoMOTHEI XapaKTep H BE 3aBHCHT OT KAXHX - 00 yenonmii.
ABCONMIOTROCTL OAHOBPEMEHEOCTH COCWITHE onpeneisercs
OOLEKTUBROCTRIO MATEPHANBHEIX ABJICHAN, NPORCXOAAIOMX B
Kaxjaplif MOMCHT BPDEMEHH, HX HE3aBHCEMOCTHIO OT. cnocobon
mepennn ~

- Cnegcreme.

Bpemend npECyme CBOMCTBO - ORHOMEPHOCTH, KRXHBTH
MOMCHT BPEMCHH MOXeT OHTE OnpeneieH TONBKO ONHHEM
THCIIOM.

Teopema 2.

EciH cxopocTs KaKoro - Jm60 CHHANA paBAa onpeacicHol
BCIIHYAHC B OMHOM CHCTEME 0TCHeTa, TO OHA HUKOrga He Oyner
pasHa sToit Benmurde B Joboft ApyroMf cucreMe orcuera,
ABATAICIECHCH N0 OTHOMECHHIO K NEPBOH CO CKOPOCTHIO Vv # (.

Teopema 3.
Kaxpanit MOMEHT BpemeHH abcomoren. B xaxasili MoMeHT

speMend Bo Bceenensoll npoucxonuT 6eCKOBEIHOE KOMHYCCTRO
OJHOBPEMCHHELX, COOBITHE. ,

Teopema 4.

JhoGoit nepuon Bpeueﬂn OrpaHHYeHHRI OlipenerieHHRIMHE
BAIbHBIM H. KOHCUHEIM MOMCHTAMH BDEMCHH, HMeeT
abCcoMmOTHOe 3HAYEHKE, KOTOpOe HE 3aBHCHT OT Kaxmx-nubo
YCHOBHH,

Teopems 5.

Jhoboe paccrosEme MeKAy ARyMS Toukam# (JmHHaA
#KCCTKOTO CTEPNHA), HIMEPEHHOE B ONpPEACICHHBI MOMEHT
BPEMEHM, HMEET abCONOTHOE 3HACHHE, KOTOPOE HE 33BHCHT OT
Kakux-aubo yenonni,

Teopema 6 A. Beenenckoro.
PeansHO cyniecTByeT TONBKO HACTOKWIEE, H CAMO BPCMA €CTh

HC YTO HHOE, KaK Ucpeaaroee ceOs H3 MOMCHTA B MOMEHT

BEYHO BO3POXAIODICCCS HAaCTOAINCE.
Cnepcrene.
Bpemenn npucymm cpoifcTea onuoaanpamennom u

HeoOpar¥MOCTH, )
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Teopema 7.

A6COMOTHOCTS MOMEHTOB M HEPHOIOB BpeMeHH,
OHOBPEMGHHOCTH coOBITHIL, B paccTogHui obycnasmnsaer
HeoOpaTHMOCTD NPHYAHHO-CIIEACTBEHHAIX cRAsei.

Teopema 8.

Cxopocts MATEPHAIEHEIX OOBEKTOB He AMEET orpaﬂn'{ennﬁ
RO BETHIBHE,

Oupenencane 1.

AGCOIFOTHOCTD KaXIOro MOMEHTA M Kamoro mepAcHs
BPEMCHH, HeNpepaBHa® MX CMEHa  [OCHCRYIOMHAME,
abCOMOTROCTE OAHOBpPEMEHHOCTA COOMTEH, npoMcxoasmmx B
KaXObif MOMEHT BPEMEHH, COCTaBIFIOT B UPHPOAES eZHHYIO
MHDOBYIGC CHCTEMY BpeMeHH, OTPREREMYI0 HADIAM
COIHAHHEM,

Onpexencane 2.

AGCOMOTHOCTE IUMEE MECTKOTO CTEPHKHE B  Kaxasill
onpelneNncHER MOMCHT BPEMCHH, 62 HE3ABHCHMOCTD OT KAKHX-
ne60 YCIOBHM, PACHPOCTDAHACICS HR BCE Pa3sMCPRl TEl K
COCTABMACT B HPHAPOLE CXNHY IO MAPOBYIO CHCTEMY H3MEDEHHN
PACCTONEMH, OTPAKAEMYI0 BANIUM COIHRNHEM.

B ycroBHAX QOCTOBEPHOCTH dBTOP HIIONKHA JaBHO
H2BECCTHEIE HCTHHEI, KOTOpHIE OblnH, B ToH miM HHOB cTeneny,
NOABEPTHYTH COMHEHHAM WIIH JaXKe OTPHUAHKIO NTOJ BITHAHHEM
TEOPHH OTHOCHTEIBHOCTH.

Ycenopas H3NOKEAH B IIONIOKEHHAX TeopeMax H
onpeaeIeHUMX.

Honoxenva — 370 (GOpMY/IPOBKH, paHee IPUHSTHE B
yieOHHKaX [0 JOHANCKTHMECKOMY  MaTepHanasMy Opwn
OCBCUICHEH BONIPOCOR O NPOCTPAHCTBE ¥ BPEMEHH,

TeopeMul ¥ onpeaencHHS — 3T0 OOINENIDUHATHIE HCTHHEL,
KOTOpRIE JIO TEODHHM OTHOCHTEISHOCTM HE IIOZBEPTATHCE
coMHeHHIO. Ha3BaHsl OHM TAK DOTOMY, 9T0 Kakpaa TeopeMa
OCHOBaHA Ha JOKA3ATeNbCTBE, 2 ONpENCNEHHA BRITEKAOT H3
BCETO H3NOKEHHONO BO BTOPOH INaBe B TOATBEPKICHE

CONepXXaHHEM NOCIESAYIONHX.
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8. CTO U PEANLHOCTD

B TeopHun OTHOCHTENBLHOCTH BCErAa NPMCYTCTBYET TPYIHO
YAOBHMAA ABOHCTBEHHOCTH. Jra JpoficTBenHocTs ocoberuo
nposeiasercs B npeobpasopammsx Jlopemma. Cosnaercs
HUNO3ME, YTO Opm 1npeolpasoBaHuaX NapauietsHO ¢
MIEPEXOIOM OT CHCTEMH S K cHCTEME S, OT BEPPOHa K IOS3Y
MDOMCXOJMT TIEPEXOX OT MOMEHTA f, K MOMEHTY 7, OT

BpeMeHH £ K speMent 1 [eM. (3.8), (3.9)]. HuerRo 3ta Tpymmo
onpeaenseMas UOAMEHa UOHNTHA  portpefoBana  CTONB
oonpobHOro aHanH3a paINHYHEIX ACHEKTOB  ChCIHanbRol
TEOPHA OTHOCHTENHLHOCTH, ITPOBEACHHOIO HaMy 'B  KHHTAX
“Crnenpansessg TEOPHE OTHOCHTENBHOCTH H PEAbHOCTS” H
“Omudxa Jitpmreiina”. IInTascs OPEONONSTs BOIHHKAIONIHS
OpOTHBOpeYMd,  DHHmITeHN  NOJNCPAKHBACT  YKA38HHYIO
HIIIO3RIO YTBEPAICHHEM ob OTHOCHTENBHOCTH
OMHOBPpEMCHHOCTH  COOBTHAE H  BBOAMT  OPHHIMD
OTHOCHTENLBOCTH. OBaKe, K8UeCTBEHRBIE H KOJIHYECTBEHHRIE
XapaKTepHCTHAKH, BBEJCHHLIE B MBICICHERI 3KCIICPHMEHT
J#tamTeliHa, MEHMIOT €r0 pe3yjIbTAaThl Ha MPOTHBONOIOKHEIE.
Jaxe B okcuepumente Qifinmrreiina m B npeolpaszopaHHAX
Jloperua oaHOBpeMeHHOCT: ABNeHHid abcomorHa. JToT
IKCIIEPAMEHT TAKOKC DNOKA3aJ, 9T0 JMpPHHIHN IOCTOSHCTBA
CKOPOCTH CBETA HECOBMECTHM C PEANHHOCTHIO ITPOHCXOANHIFX
coOMTHE, H KAk cjJencrsse Tepsior cany ofnmA #
CTICLHANLHEI MPHHEIANL OTHOCHTEALHOCTH FHHMITCHRA.

Ocob0 nyXHO CKa38Th O 3aKOHE IKBHBANCHTHOCTH MACCH H

snepran (Gopmyne E = mc’). Drot saxon canTacres Hanbonee

3HATHMEIM TIORTBEPAKACHUEM TEOPHH OTHOCHTEILHOCTH. Brine
6nuto mokasano, ¥ro BHBOA 310H dopmysst B CTO ocHoBaR Ha
omubounpx Opegnocsuikax. IlostoMy, ecom 3ta dopmyna a
3aKOH JKBHBAICHTHOCTH MACCHl H JHOPrHH, BHPKACMAIR >TOH

GopMyNIOH  COOTBETCTBYIOT ACHCTRHTEILHOCTH, TO TCOPHA
OTHOCHTENBLHOCTH K 3TOMY OTHOIICHHA He HMmeeT, Brume (eM

™maBy 7) MEl. . nOpuBenH BeBOZ dopMymt E =mc?,
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BBHUIONHEHHBH B  pamMkax  KIacCHYeckod  ¢uiumkn

MpUHAICKAUE Taxke Dimmrretny. dopmyna E=mc’ e
€/[MHCTBCHHAY, KOTOpPAA XaPaKTepH3YeT CRS3h MACCH C
sneprreit. Ecte dopmyna AbparamMa. OHa mMeer HECKOJIBKO
ApyryIo kordarypauuio, Bebop ¢usikes nam mHa QGopMyiry
Ofinmretina. A mololt BEINOP CONSPMHT HMCTO 'BOJICBLIC
xoMnonente. Ilpoeccop A.A. Jlenucon B kmmre “Mudn
TCOPHH OTHOCHTSHBHOCTH” YTBEpMAaeT, wro E =mc’/2. Tax
910 BOmpoc ¢ dopmyioll E =mc’ nanexo He Tk OgHO3KAYEH,
Kax 3T0 OPHHATO CAHTATE. ~

JApyraM spKeEM TNpHMEpPOM, AKOOH HOATBEPHKAAIOLIAM
TEOPHI0 OTHOCHTENBEOCTH, CYHTAIOTCA ;mmme BBIYACICHHS
cMemieHHS nepdrenns Mepxkypua. Ilo 31oMy  Bompocy
obparEMca k KeHATE Qpasuysckoro ¢usuka JLBprimosma
“Hossllf B3r/IAA HA TCOPHIO OTHOCHTEIILHOCTH”.

“Cmemende nepureans Mepkypus (43" 3a cronerne), -
FOBOPHT BPHILTIONH, - HaskBATHE OAECTIIHM HOATBEPK/ICHHEM
npenckazasus Teopuu - 42,6"; ogmaxo .conutemca Ha Illasy |
KOTOpHI HAmE] PpSa’ ZPYFHX HOPHMEpOs B COJHEIHOH
CHCTeMe, KOrjla mpeackasamss Diimmreliza nporaeBopevar
onnITy (BBIAENeHO MEOH, —JL.K.). Tpyano nosepurs BCEphes B
CORNIGACHHE ¢ TOYHOCTLIO AO OAHOH JOMM CEKYHOH B Caydac
Mepkypus, Korzia B ApPYTHX clydasx TeOpdEs NPHBOJMT K
omubOYHOMY HIIH fAXKe HMCIOECMY IPOTHBOTONOXHBIH 3HAK
pexymsrary. Jlapafite OyneM oOBCKTHRHLRIMA ¥ IIPH3HAECM, YTO
MOTYY CYIOeCTBOBATE H JPyrHe€ HBEH3BECTHRIC CIIOXKHBIC
NPHIHHE! 370r0 ABNeHus” [4, c.131].

CeppesHas KpHTHKa, BHCKA3aHHAd B anApeC TCOPHA
OTHOCHTEJILHOCTH PAa3MIHEIMM ABTOPEMHE, noTpeboBana oT ec
OPUBEPXCHUECE ONPCACINEHHOrO OTBETA. ¥ INONMITKH CIiacTH
TCODHI0O  OTHOCHICIBHOCTH, XOT# H  Gesycmemssre,
nponomkaiorca. Tak, maupumep, I.E. Hsamgeaxo s paGore
«Pusuxa abCOMOTHOTO UPOCTPAHCTBR H  aGCOMOTHOrO
BpEMEHH», 3aMKHIaf CHCIHATBHYIO TCOPHIO OTHOCHTCILHOCTH,
NBITACTCA MIPHMHPHTD €€ ¢ TAANEKTHYECKAM MATEPHATHIMOM H
pACCMATPHBAET dopmMyIkl CrHenEaIbHOM TEOPHH
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OTHOCHTENEHOCTH | B Ka4eCTBE METOAa HccacgosaHud. OH
nuTaeTCs  o0BeMMANTL PENATHBHCTCKYI0 OTHOCHTENBHOCTD
BPeMEHH B JUIMHEL TeNl, EX 38BHCHMOCTD OT CKOPOCTH ABHKCHHA
aabmonarens ¢ aGCOMOTHMM MPOCTPAHCTBOM U BpeMeneM. Jing
31oro HBandenko BBOAHT KOppeKTApyiomuid xo3duunent & x
IJIATEIHOCTH BPpEMEHHA B KOPPEKTRpYIonmit koaddunment & x
HPOTEKECHHOCTH TN MapanensHo ocH X . dakTateck OH, HE
3aMeuas JTOrO, BEORMT MacmTabn Hi3MepeHmsa ocell. Dro
NO3BOJINET B ONpCHENCHHLIX CIYYasX KOPPEKTHPOBaThH H
HPHPABHABATE K PCANGHAD BCAHYMHAM pe3ybTaTs ypasHeHuH
cuenpanbHOl TeopnH otrOcHTENsHOCTA. Ho ToabkO B
oupefeNeHHbLIX cAydaux. MBaHyeHKO COXpaBFeT BENHURHY
CKOPOCTH CBETa KaK HHBAPHAHTY H KAK NPEIETbHYIO CKOPOCTh
ABHXCHES OOBCKTOB. 310 HECH30EXHO BO3BpAMACT €ro Ha
opbuty ¢usudeckorec H  QHIOCOPCKONO  PENATHBHIMA:
«I[lpogonbarie paiMepbl Ten (NICMEHTapDHBRIX 9acTHIT), -
yraepikaaer 1.E. Mpamuenxo, - opeTepnesaloT coOKpameHHe ¢

yBelHueAneM abCcOMOTHOR CKOPOCTE B +/1— /5 pas mo

dopmyne [ =1, /41— B> » [7, saxmouenne, m.14). ¥ pamsme:
«J{THTEIBHOCTD BCEX MATEPHANILHLBIX IIPOLISCCOB YBETHIHBACTCH
¢ BospacTaHEeM abcomorHON ckopocrH 2 1/4f1— A7 pas ‘mo

dbopmyne ¢ =1,/J1- % » (Tam xe, 3axmouenue, r.15). Taxum
obpasoM, HecMOTpE H4 BCEe MNOMBITKA OCBOOOAHTLCH OT
nporusopeduit coemuanbHOd TEOPHM OTHOCHTRALHOCTH, OH
COXPAHNCT  €¢  OCHOBHOE  DPEJIATMBHCTCKOE  KpEHo:
kudemaradeckue 3pdpexret CTO. 310 npuBopMT €10 K
¢opMynaM PpENSTHMBHCTCKOH OSHEprud {raM xe, c.71] =
PeITHBHCTCKOrO EMITy/Ibca [TaM ke, ¢.72]. TlosroMy momsrrka
[LE  Hpangenko npeOOIATE  CHOCIMANLHYIO  TEOPHIO
OTHOCHTENBHOCTH K MAaTepHANMHBIMY, X peambaoll ¢uinke
CoBeplIERHC Ge30cHOBaTeNbHa B TEPIHAT QHACKO.

B nocnemmee BpeMx KpHMTHKAR Teopuu Oftuioredina

pepeMecTHiacs B o0nacth obmeH Teopu® OTHOCHTEIBHOCTH,
Ilpr aToM- coxpaHdAercs pPEINTHBHIM CHCHHANEHON TeOpHH
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OTHOCHTENLHOCTH, 14K, Hanpumep, axaneMux A A, Jloryuos,
BEICTYHOMB NpoTHs 06Ie# TEOPHH OTHOCUTE/IFHOCTH, BEIBHIaET
HOBYIO, KO ONSTL-TEKA PEIIATHBHCTCKYIO, TCOPHIO IPaBHTAlXH.
TaxnM 06pasoM, OH 3aMEHACT OAHY PEJIATHBHCTCKYIO TEOPHIO
ApYTOH.

PezynpTaTsl HINOXCHROIO HAMH ARANN3A KAHEMATHKE H
OCHOB JARAMHKH COCMMAILHOE TEOPHM = OTHOCHTENILHOCTHA
DOKA3BBAIOT, IT0 3Ta TCOPUA HE MOXET CAYXHWTH OCHOBOH It
Oonee mmpoKEX HAYTHRIX H3pckaHu#. Crasammoe nEmIaeT #
o0myl0 TEOpHI0  OTHOCHTCIBHOCTE  JHumrreiina, o
PERSTHBECTCKYIO Teoprno rpasurandd Jlorymosa QyHiaMeHTa,
HA KOTOPOM OHH JIOCTPOESHH. bes OTHOCHTEIPHOCTH
omsoBpeMeHHOCTH, Oe3  npeoGpasopaumit  Jlopemua, Ges
KHACMATUKH H [MHAMHKE OJHdAnrrefiHa TepaioT CcMBICH H
PCNATHBHCTCKME KOCMONOTHYECKHE MOJICNE, TakHe, KAK TeopHA
GONMIOTO B3IPHIBA, TEODHA paclTApRiomedics BeeNeHHOH,
TCOpHA MYNLCApYIOmeHN Bcenersok B p. |

ANRIH3 OCHOBHBIX NOJIORCHNH CcHenEAILEOR TEopHR
OTHOCHTENBHOCTH NOIBOJISET CACHATE OIBOIHAYHLIH BHIBOX:

TeopHs OTHOCHTRILHOCTH He OTBEMRET PeRALHOH
buzaveckoli xaprane mupa, Orserm ®a  Bompocsl,
HOCTRBJICHHBIC HPUPONOH, RYXHO MCKATE TONBKO ¢
HCIonbiopanuem Oorarore ¢yHnaMenTs KianccEueckol
dusrcH.

XapaxkrepHoH  OCODEHHOCTHIO  CHOHHANBHON  TEOPHH
OTHOCHTENBHOCTH  ABIACTCS  OTKNOHEHHE  PE3YJLTaTOB
ypaBHeHH!l OT peansHbIX pBenwauH. ] mpeobpasopanus
Jlopennua, u dopmyna ciaoxenas cxopocreli ofycnaBImBalorT,
4YT0 CKOPOCTh UBHUXCHHA MaTepHd OrpasuydcHa BEIMIMHOH
ckopocT ceera. Ha 210 opHeaTapyercd coBpeMeHHas QH3nKA.
Onacroe 3abnyxaeune. OHO TeM onmacHee, YTO €10 Pa3’fielsmoT
MFOMH, CTOKINHE Y PYJId AaTOMHOH JHEPIeTHKHA.

I'napHLIi Bpea H rIaBHas OHNACHOCTh PJIATHBHCTCKEX
KOHICNORHA AMCHHO B TOM B COCTOHT, ITO B TAKo# onacHoiH
OTPACHE YeIOBeYecKOH AeHTENLHOCTH, KAK ATOMHAN H
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TCPMOSIEPEAS JHEPreTHRA, YTH OWAGOTHLIC KOHWENUHH
BPONO/EKRIOT HIPATL BEAYHYI0 PONL H ONPEREINTE B HHX
TEXHWIECKY0, DKOHOMHYECKYI0 N IOJANTHYECKYIO

Parpnre Bce coberckue, a celivac SONBUIMHCTBO POCCHACKHX
uraxos s punocodos, mpusepRennes Tol Wk HHOH (OPMEI
PCASTHBHCTCKAX (PUIUYCCKHX XOHICINMH, YBERIOT B CBoel
RPHBEPXCHHOCTA MATEpHAIA3MY. UTO H3 9TOT0 HoJIyqaeTcH, Mbl
ybemunuce Ba npaMepe pabors I'.E. Hparuenxo.

Toaske pelicrsurentHo peanucraumnil moaxex x
BOIBHKAIONEM DpofaeMaM Moker aarh HeobxoxEMLIe
OTBCTHI RR BOIXPOCH!, CTOSHINE Hepel eonpemennoﬂ Hayxoh
soolme H nepex Gusmicoll B IRCTHOCTA. -

ABTOp - MATEPHATHCT.

Ho ecnn Bpl, Veaxaemeit gutraresm, nepu're B Bora-
Coanarens, To ¥ B 3TOM ClIydae H3NOXKEHHOe MHON HH B Koel
MEpPe HE NPOTMBOPeYMT BalmM peMHrEosHEM YOOKRDCHANM,
Bor, co3naras MEp, He gonycTAN Orl Takod HEOMPENEICHHOCTH
4 Hepasz0epHxH B NPHUPOAE, KOTOPYIO NPRIHCHBALT ¢ TCOpHA
OTHOCHTENHLHOCTH.

10 B nostrol Mepe oTHOCHTCS B X MEpoBOMY pazyMy, B
CYIECTBOBaHHA KOTOPOIQ HE COMHAEBASTCA SHAYRTEILHAA YACTD
YeJIOBEYCCTBA.

NUTEPATYPA

{1] Otonnrefin A, Cofpaume usydHmx Tpymon. Tom 1. M. msh
"HAYKA", 1965 ., 700 ¢.

[2] Cripapownnx no Ppusuxe. M.: w3, "HAYKA", 1974 r., 942¢.

[3} Bopu M. Sfinmretinoscxas TeopHA OTHOCHTCABROCTH. M.
ma, "Mup" 1964 r, 452 ¢.

[4] Bprimoau J1. Hoshti B3rna B2 TEOPHIO OTHOCHTCALHOCTIL
M.:msn. "Map", 19721, 142 ¢.

{51 Bepruay I1.T". Beenenue s TCOPHIO OTHOCHTEARHOCTH C IIpe
macnoBrem A Ofmurredtua. M.: W1 1947 ., 380 c.

[6] Beeacucknii A. Bpems u sevynocts. Craro-Tpoune-
Ceprresa Jlaspa. 1900 .

[7] Upanuenxo I'.E. Ou3nxa ebcomoTHOTO DpOCTpaHCTEa &
abScosmorRoro spemenn. M.: maa. ACJIAH, 1995 .

79



OTNTABJIEHME
[IpemAcnoBHE HOKTOPA TEXHHYECKAX HayK
B.K. IIaxanosa
[Ipemacnosne apTopa
Baecpenue |
1. Feomerpus, cucremul orcaera u CTO

2, Cxqpoc'm CBETA, O/THOBPEMEHHOCTE, BPEMS, |

PACCTOSHHS
3. Pensrrymemcrekiie npeobpa’oBaHus KOOPAMHAT
4. K-npeabpa3obanus KOOPIHHAT
5. Kmaematuueckue 3¢ dexts CTO
6. [1poBepka peNITHBACTCKMX 3aXOHOB
7. ®opmyaa E=mc’ ,
8. Yenosas #OCTOBCPHOCTH
9. CTO ¥ peansHOCTh

10. Jlareparypa

8O

R R

27
42
49
35
67
72
75
79



«1 H3nareascrso YPCC
w3 CHIEUMaNM3IMPYETCA HA BuIYCKe yJeOHON M HaydHOH JuTeparypbl, B TOM
g uMdcne MOHorpaduH, XypHanmop, TpyldoB yuehhx Poccuiickoit Axamemuu
%'-‘;’*;: H2YK, HAYYHO-HCCNCIOBATENLCKHMX HHCTHTYTOB H YIeOHRIX JaBeAeHME.
?g Yeaxaembie yutarexn! YBaKaemble aBTopbI!
s OCHOBBIBAfACH HA WHPOKOM H FTONOTBOPHOM COTPYIHKYECTRE ¢ Poccuiickum
s (OHIOM dyHAAMEHTANBHBIX MCcrenoBaHHMR W PoccMHCKUM TyMaHWTAPHBIM
o]  HAYUHBIM GOHMAOM, Mb] NpELTAraeM daBTOPAM CBOM YCAYIH Ha BHIFOAHBIX 3KOHOMHYECKMX
e yernopnsax. Tlps atoM mbl OepeM #Ha ce®a BClo paboTy MO IONFOTOBKE H3NAHMA —
sl oT Hadopa, PeraKTHPOBaHUA H BEPCTKH AC THPAXHPOBAHHA H PACHPOCTPAHCHHUA, s
Seag = So A
%’?ﬁ Cpely BbIICANIHX W TOTOBALIHXCH K HIMAHMIO KHHT MId TIpETaraeM BamM CAeIYIOIHE: e
o Cepusn «Relata Referos %*'§
sl Onapun E. I, Ou3Hdeckie ocnobbl HeCTONAHEHOM SHEPreTHKH. e
wzd  Bobownux A. D. Beeaciue & 061yi0 TEOPWIO MIPOILARYS, o
sl Swausun B.JT. Kpantonaa reopus rpasuTanmm, e
w2y Husogyeg B. B. Bpems u mecto duankn XX pexa, i
ey Autoxosekuil B, A. DHIMISCKAE OCHOBH INEKTHOMAHETHIMA 1 DNEKTPOMATHATHBIX ABNEHNA. |0
w"‘}ﬂ 3eepea I. 4. Puauka Ge3 mexannxkn HuloTona w Ge3 Teopuu Didvmreiina, S
‘ Cmeawmaxosuy E. M. IpocTpancTReHnas (TONONOTHYECKAN) CTPYKTYPA MATEPHM. o
w54 [asesxun B, B. Hoporoi Hexapra, wan husuka rmazamu cHCTEMOTEXHHKA. o
-~ Qeoocun C. I Corpemennbie npobaemu pH3nkn, B noHCKaxX HOBLIX NPHHUHAOB. b
av% Epesmun M. A. YpasHeHud BuCIIHX CTeNeHeid. i
A Hoseywmun M. Il DBPACTAUCCKHE METOABL KBANTOBON XHMHH HIIH 0 CMBICTE HAYTHBIX 3auATH. e
¢ ﬁm‘é Tepreyxuti H. A. O noabie w Bpede HIAYIEHHA K19 FKHIHH, T,
o  Baunog B.P. PacTyman Semas. g
) Hiyaoman M. X. Teopua wapogo#l pacumpaoueics Beenentoi. g %
- Xianoe M. 10, Kecmomukpodnznxa. :’;ﬁ
<o’ S Xaonoe M. KO. OCHOBM KOCMOMHKPOQHIMKH, ?ﬁﬁé
= Casxcun M. B, CoBpeMeHEAA KOCMOIOTHA B NONMYTAPHOM HINOKEHHH, ; a
e, baade B. DBomouKA 3Be31 M TATAKTHK. c
s Egpemos K. H. B raytunm Beeaennon. w“:
= Pozenmane H. /., Apxanzervcran M. B. TeomeTpus, amnamika, Beenennasn. S
Kunz A. F. BeelleHHe B KAACCHYECKYIO 3BE3THYIC RHHAMHMKY. ol
Kyauwowckui I1 I, CopaBounsx NobHTeRs aCTPOHOMHM. ﬁ%
e Kononagus 3. B., Moposz B. H. Obumii Kype acTpomomuy. :’;'é“gif
Cypdun B. I. ACTPOHOMHYCCKHE 3384H ¢ PELICHHAMA. )

Peiixenoax I. ©uaocodms npocTpancTea W BpeMeun.

Petixendux [, Hanpagnenne BpeMenn,

NYumpoy fxc. EcTecTrernan Pruaocodun BpemMern.

fpontaym A. Prnocedekue npoGreMbl npOCTPAHCTBA W BPEMEHH,

LTS

o ecem sonpocam Bet moxeTe 00paTHTBCA K Ham:
mea./Paxe (095) 135-44-23, mea. 135~-42-46 || 3mareancTro YPCC

WIH JACKIMPORNGH novmoi urss@urss.ru, Hayunas u yuebnan
IoAnmi KaTanor zaansi npeacTarieH aumepanypa

8 Humeprem-nazazune: http://urss.ru

=
s ’ -
T -
o

wr
LON e



1 e TR
00329 .   .: . N _—

" Ten Idaxc: 7 (095) 135-4246

-

. -




