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OTHOCUTEJIBHO OTHOCUTEJIbHOCTU
HA ITEPBOM KVYPCE

V4eOHO-MeTOTHIeCKOe I0CODIe



Mynpern D#HIITEHH UrpaTh HA CKPUITKE MOT.
Ho cnaBy mpunecsio eMy apyroe:

Teopun ero Moriau MOHATH JIUIIb IBOE —
Ou cam, ga Bpemenamvu Bor.

A.K. Poccemmep

EcrecTBeHHBIE CTOKHOCTH, BO3HUKAIOIINE TIPU 3HAKOMCTBE C OCHOBAMHU TEO-
pPHUM OTHOCHTEIHHOCTH HA TIEPBOM KYPCE, YCYTYOISIOTCS 3aTPY/THEHUSIMHU C TIO]I-
6opom moaxozsiieil aureparypbl. B kypce CuByxuna [1] coorsercrByroimit
marepuan orHecéH B IV tom (Onruka); usnokenne Peiinvana [2] e crmrm-
KOM XOpOIIIO COTJIacyeTcst ¢ mporpaMMmoii kypcea; y Kurrens [3] ek o6bém
paszena, MOCBSIIEHHOTO PEISTUBUCTCKAM BOITPOCAM.

B macrosimmem mocobun cuenaHa MOMbITKA JOCTATOYHO KOMIAKTHO H3JIO0-
JKUTH 3JIEMEHTAPHBIE BOMPochl YacTHOo# mmn CnenuanbHOR TEOPUA OTHOCHTE -
vocru (CTO), usyuaembie B Kypce obrueit dpusuku MockoBckoro dbusuko-rex-
HUYECKOro uHCTUTyTa (B pasnesne MexaHuka, T.e. B IEPBOM CEMECTDE).

B Teopernueckoit 4acTH aBTOP B OMPeIeIEHHON Mepe ClieoBa Toruke Kur-
TeJIeBa U3JIOKEHNST; B MOAOOPE 331849 MCIOIH30BAHBI PA3PA0OTKY KadeIphI.

HekoTopsre BOnpochl, He SABIAIOMUECT 00A3aTETbHBIMA, HO HEPEIKO BBI3bI-
BalOIllMe UHTEPEC Yy aKTUBHBIX CTYAeHTOB (B ToM uucie npeapicropus CTO),
BBIHECEHBI B [Ipuiokenust.



Mexanuka lanumes—HbioTona — Teopust JBUMKEHUST TeJT CO CKOPOCTIMM,
MaJIBIMU TI0 CPABHEHHUIO CO CKOPOCTHIO CBETA. JTO €CTECTBEHHO, TAK KAaK 3Ta,
MEXaHUKa U BO3HUKJIA M3 ODODIIEHUsT PE3yIHTATOB COOTBETCTBYIOIINX HADJIIO-
Jenuit U sKcrnepuMenToB. CrenuanbHas TEOPUsT OTHOCUTETHHOCTH OMUCHIBAET
JBUKEHMSI CO BCEBO3MOXKHBIMHU CKopocTsaMu. OHa Kak Obl gBJseTcs 0000IeHu-
eM MexaHnkn HbIOTOHA, NI KOHKPETHEee — MPUHIIAITA, OTHOCUTEIbHOCTH [aju-
Jlesi, ¥ €€ OCHOBHOI MHCTPyMEHT — mpeobpasoBanus Jlopena — 06001eHme
npeobpasosanmii Fagumes. B arom cmbicie CTO MOXKHO cUuTaTh «MEXaHWIe-
CKOil» Teopueil, T.e. TeOpueil, OTHOCAIIENHCd K MEXaHUKe.

Ucropuuecku, oguako, CTO Bo3HUKIA U3 MOTPEOHOCTEH TEOPUM JIEKTPO-
MArHUTHBIX siByieHui. He caydaiiHo ocHOBOMOJaramomas cratbs DUHIITERHA
(1905) nasbiBasach «K snekrponunaMuke ABUKYIIUXCS TEIT>.

OcHoOBHBIE ypaBHEHUsT IJEKTPOJUHAMUKYE — ypaBHeHus MaxcBemna — He
VIABAJIOCh COTTACOBATDH C MpeoOpa3oBaHusaMu Lasmies.

[TonpiTky U3MeHWTH ypapHeHnss Makcpesmia Tak, 9TOObBI OHH HE BXOIIH
B IPOTHBOpEUne ¢ mpeobpazoBanuamMu Lamnies, oka3aauch decrmogabimu. 11o-
TpebOBAJIOCH U3MEHEHNE MPeoOpPA3OBAHUIA.

OTuM, OJHAKO, AEJI0 He orpaHudmioch. Korma mecro mpeobpazopanuit Ta-
JIAJIesT OKOHYATEIHHO 3aHsIu Tipeobpasosanus Jlopenma (cm. Ipunoxkenne 1),
BBISICHUJIOCH, 9TO HEOOXOINM KOPEHHOI MePeCcMOTP MPEICTABIEHHU O CBONCTBAX
MPOCTPAHCTBA W BpeMeHu. [Ipunuiock orka3arhcst or HbIOTOHOBBIX MPEICTAB-
JIEHUI O CyIIeCTBOBAHUY aOCOFOTHOIO BPEeMeH! U aDCOIOTHOTO MPOCTPAHCTBA,
3aI0THEHHOTO, Kak canTasia ¢pusnka XIX Beka, HEMOABUKHBIM OTHOCHTETHHO
9TOro abCOIIOTHOrO MPOCTPAHCTBA CBETOHOCHBIM 3(DUPOM — CPEJIOit, B KOTOPOit
PaCIPOCTPAHSIOTCS JIEKTPOMATHUTHBIE BOJIHBI, B TOM YHCJIE CBET.

X % %
;’f-:’:.\\ CrenpanbHas TEOPHUS OTHOCHUTEILHOCTH DMHINTEH-
£ QV HA HAYWMHAETCS C MPOBO3MJIANIEHUS JBYX MOCTYTATOB.
Z P IToctynar I. HukakumMu onbITaMU HEBO3MOXK-

T e HO YCTAHOBUTH, KaKasd U3 WHEPIUAIbHBIX CUCTEM
’ HEMOIBUXHa.
] / Famuneit yrBep:KIai TO XKe caMoe, HO TOJIHKO B CBsi-

:3‘?“? 3M C MEXaQHWYECKUMHU OMBITaMU. KECau ke 3TO cripa-

Q{ / \ [ BEJJINBO JJIs JIIOOBIX OMBITOB, TIOHSITUE HEMOIBUKHOMN
CUCTEMBI MTOJTHOCTHIO TEPSIET CMBICT. HbIOTOHOBO HEmo-

JIBAZKHOE, aOCOMOTHOE MPOCTPAHCTBO MOMPOCTY UCUE3a-
er.
3a0HO UCYE32eT BAMOHSIONIAS TO TPOCTPAHCTBO CPEA, CIIYKAIIA Tepe-
JATIAKOM 3JEKTPOMATHATHBIX BOJIH:
«dttaireitn uarnan agup!s



ITo DitarmTeiiny JeKTPOMATHATHBIE BOJHBI (B 9aCTHOCTH, CBET) PacIpo-
CTpaHsioTcs B mycrore. VI oHn ToXe He 0T BO3MOYKHOCTH OTIUIUTEH «abCo-
JIIOTHYIO CUCTEMY OTCUETA>.

IToctrynar II. CkopocTh cBeTa B IMyCTOTe OJHA M Ta »Ke BO BCeX
WHePHUAIBHBIX CHCTEMAaX OTCYéTa: ¢ = inv.

Ecan mepsbrit mocrynar ToabKo pacrmpsier cdepy IefiCTBUS TPUHIUTA,
OTHOCUTENHHOCTH [anniess, To BTOPOi STBHO MPOTHUBOPEUHUT TIPEICTABICHUSIM
KJIACCUYECKO MEXaHWKN O TTPOCTOM BEKTOPHOM CJIOYKEHWH CKOPOCTEA.

Bropoii mocryrar 7aéT BO3MOXKHOCTE TIOJIYYUTH OCHOBHOMN nHCTpyMeHnT Crie-
[MUATBHOM TEOPUU OTHOCUTETHLHOCTH — npeobpasdosanus Jlopenua.

Paccmorpum ase cucrembl koopauHar: K, KOTOpyo uHOra OyaeM Ha3bI-
BaTh HEMOABUKHOM Mn TabopaTopHoil, u K/, ABMKyIIyOCS OTHOCHTENBHO K
co ckopocThio V.

s yno6ersa mampasum ocu x u ' o Bektopy V. IlycTh B HEKOTODHIi
MOMEHT BPEMEHW OCH Y M Y, a TaKKe OCH z W z' coBmagaioT. B aTor MmomenT
MPOUCXOUT BCIIBINIKA B ODIIEM JIjTsi 00EUX CHCTEM HAYAIe KOOPAWHAT, U U3
9TOM TOYKM HAYUHAET PACHPOCTPAHITHCS CBETOBas BOJHA. IIpuMeM MOMEHT
BCIIBITIIKA 38, HAYAJIO OTCUYETA BPEMEHU B 0DENX CUCTEMAaX.

Wrak, BCOBIIKA TPOU30ILIA B MOMEHT BpeMenu ¢ = () B TOUKe C KOOPIUHA-
TaMmu x = y = z = 0, a TakKe B MOMEHT BpeMenn ' = 0 B TOYKe C KOOpIW-
maramu ' = ¢y’ = 2z’ = 0. JIis npon3BOIBLHOrO MOMEHTA BPEMEHH IOJIOKEHIE
cepuyeckoii BoJHBL (370 OuH U TOT ke (Gu3ndecKuil 06HEKT) ONUCHIBACTCS
B JIByX CHCTEMAX yPABHEHUSIMHU

1,2 +y2 +Z2 — CQtQ; (1,/)2 4 (y/)2 4 (Zl)2 — CQ(t/)2. (1)

Ecan cipaBenmmeer mpeobpaszoparns Lammnes v = ' + Vi, y = ¢/, 2 =
=2/, t =1, o oba pasercraa (1) He MOTYT ObITH BBHITOJIHEHBI OTHOBPEMEHHO.
IMo-Buaumomy, (npu Hamem BbIOOpe HAIpaBJEHUs OCeli) paBeHCTBA Yy = y' U
2z = 7’ cOXpaHSI0TCs. Y UUTLIBAsA 3TO 00CTOATEILCTBO, BBIYTEM OJJHO U3 JIPYTOro
pasercTra (1). MbI mosyIaem, 9To JOMKHO OBITH BHITTOJIHEHO COOTHOIMICHUE

1,2 o CQtQ — (JE’)Q o 02(t/)2. (2)

OueBnaHO, HEJIB3sT 0OOUTHCH MTPEOOPA3OBAHNEM T, HAIO TTPEOOPA3OBHIBATH
u t. HoBbie mpeobpa3oBanusi JOMKHBL YAOBIETBOPATH IBYM KPUTEPUSM.

Bo-niepBbix, Tak Kak BCe CHUCTEMBI PABHOIIPABHBI, MEPEX0 U3 HEKOTOPO
CHCTEMBI B JIIOOYIO APYTYIO JOJIZKEH OMUCHIBATHLCS OJHUMU U TeMU Ke Popmy-
gamu (co cBouM 3HadeHweM V), a JBYKpaTHOE MPUMEHEHHe Tpeobpa3oBaHuii
¢ 3aMeHoi Ha BTOpOM Tare +V wa —V [07IKHO BO3BpAIIAThH HAC B WCXOTHYIO
cucremy. TakuMm CBOCTBOM MOTyT OOJIaATh TOILKO JIHHEHHBIE IO T W t Tpe-
0obpa3oBaHUsI.



Bo-Brophix, ipr V/¢ — 0 37n Tpeobpa3oBaHust TOIKHBI MEPEXOINTh B TTpe-
obpaszosanus Lamuies, CIpaBeIuBOCTh KOTOPHIX JJIs MAJIBIX CKOPOCTEH He
MOYKET OBIThH TIOIBEPIHYTa COMHEHUIO.

[Monmpo6yem mpocreitmee: © = =’ + V', ¢t = t' + Ax’. TloncraBum stm
BbIDAYKEeHUsl B JIEBYIO 4acTh (2):

x? — 22 = ()2 42Vt + V()2 — (ct')? — 242"t — 2 A% (—2')%

Ecmu npunsars A = V/c?, re. t =t + (2'V/c?), nonydaum

2 2
2 — 2 = (2)? (1 - ‘0/—2> —A(t)? <1 — ‘0/—2) .

Tenepb HETPYIHO AOTANATHCS, KAK BBINJISIAT «IPABUIbHBIEY TPEOOpa3oBa-
Husi, npeobpaszosarus Jlopenua:

/! th
xzix—’— : =y 2=2; t=—E— (3)

NI 1
= =

7 obpaTHBIE TPEeOOPAZOBAHIST

/ -T_Vt_ / / tic%z

v= = ¥ =y B

ITpeobpasosanus (3) — (4) — vacTHBIA Cay4Yail TAK HA3BIBAEMOI TPYIIIIHI
npeobpa3oBanuii JIOpeHIa, BKIIOYAIOIIEH eIl MOBOPOT CUCTEMBI KOOPIMHAT OT-
HOCHTETBLHO Hada a orcdéra. JlobaBuM K 3TOH rpyTiie mepeHoc Hadaia KOOpIu-
HAT U IOy 9UM TOTHBIH Habop npeobpazosannit CTO — rpynmy ITyankape. Mbt
OTPAHWYIMMCST CIIy9IaeM, OMMCHIBAEMBIM COOTHOIeHusIMY (3) — (4), 1 B naabHeii-
eM UMEHHO UX OyJieM Ha3bIBaTh npeobpasosanusamu Jloperna (TIpJT).

Hawnbomee Bneuarasiomee caencrsue IIpJI — omuocumeavrocms od-
HOBPEMEHHOCTNU PA3HECEHHBIX B IPOCTPAHCTBE COObITHI. Ecau aBa cobbITHs
A u B npowu3onuiu OJHOBPEMEHHO B OHON TOYKe MPOCTPAHCTBA, TO B JOOOM
cucreme KoopawHat t 4 = tp. KoHKpeTHbIe 3HAYMEHN s, HAIPUMED, t 4 1 ti4 MOLYT
OBITH PA3IUIHBIMU, HO B KAYKJIOM CUCTEME OCTAHETCS CIIPABEIINBBIM PABEHCTBO

s = t/y. Ecin e npu t4 = tp OKaxkeTcs, IT0 T4 # T, TO B JIIOOON Apyroit
CHCTEME, KaK 9TO ¢ oueBHAHOCTHIO caexyer u3 [IpJI, ¢y # t/5.

[Mouemy 3TO MaTeMATHYECKH OYEBHIHOE ODCTOATENHCTBO 10 DUHINTEHHA
ocTaBaJiOCh He3aMedeHHbIM? [la BCE Mo TO# Ke MpUYnHe: OJHOBPEMEHHbI COObI-
THST WJIW HET, «PEIaeTcs» B abDCOIOTHOM TPOCTPAHCTBE TIO OTHOIIEHUIO K a0-
COJTFOTHOMY BPEMEHH, a B JIO0OH IPYTOil CUCTEME OHU TOJBKO «KAXKYTCSA» OJI-
HOBDEMEHHBIMU WJIU HEOTHOBpeMeHHbIMU. Ho eciin abCOTIOTHOM CHCTEMBI HET,
HET ¥ aDCOTIOTHON OJJHOBPEMEHHOCTH.

(4)



Ncuesaer He TOIHKO abCOTIOTHOE MPOCTPAHCTBO, MCUE3aeT W abCOTIOTHOR
BpeMsi, KOTOpoe, Mo HBIOTOHY, TEYET «BCETIa OIWHAKOBO, OE30THOCHUTEIHHO
K uemy-nb0 BHemHeMys. Bpems CTO 3aBucur OT cucTeMbl OTCYETA. 3aBU-
CAT OT CHCTEMBI OTCYETA W MPOMEKYTOK BPEMEHU MEXKY JIBYMs COOBITHUSIMIU,
U pacCcTosHne MexKIay aByMsi Toukamu. B mexanmke [amunes—HboToHa KOOp-
IUHATHI TOYEK 3ABUCAT OT CHCTEMbI OTCUETA, HO PACCTOSTHUE MEKIY TOUKa-
M A(xa,ya,z4) v B(zp,ys,28):

(xa— :EB)2 + (ya — yB)2 + (24 — 23)2 =% =inv

— or cucrembl He 3aucut. B mexarnke CTO sra BenmudanHa nepectaér 6bITh WH-
BapuaHToM. He3aBUCUMBIM OT CHCTEMBI OTCUETA, CTAHOBUTCS HHTEDPBAJ MEYKIY
COOBITHSIMU, OTIPeIeIAeMbIit 1yist cOObITHit A(2A, YA, 24,t4) 1 B(zp, Y5, 28,t8)
COOTHOIIIEHUEM

sap = (ta—t5)? — (xa —28)? = (ya —yB)? — (24 — zp)” = inv.
Bpewmsi cramoBUTCS B OOMH Psif, C TPOCTPaH-
CTBEHHBIMH KOOPJIMHATAMU WU, KAK cKa3aa MuH-
KOBCKHI, «IIPOCTPAHCTBO CaMO MO cebe U Bpems
caMo Mo cebe MOrpyrKaloTcd B PeKy 3a0BeHus, a
OCTagTCsl JKUTh JIWIIH CBOEOOPA3HBIN UX COI03».
OTO MPOSBISAETCA OCOOEHHO HATJISAIHO, eCIIH,
crenys Munkosckomy (1908), B KadecTse dYer-
BEPTOIT KOOPAWHATHI BRIOPATH HE t, KAK TAaKOBOE,

a ict. Torna wHTEpBA 3AMUIIETCS B CHMMETPUY-
HO bopme:

e x1 =&, To =Y, T3 = 2, Tq4 = ict.

CymecTByeT JuIIb TO,
YTO MOYKHO U3MEDPHUTh,
B3BECUTH M COCUUTATH.

P. Jlexapm

B nombrrkax onpenesanTh, YTO TAKOE BPEMsI, MbI He CJIMIITKOM JAJIEKO VI

or Braxkennoro Asrycruna: «¢ mpekpacHO 3HaI0, UTO TAKOE BpeMs, TIOKa, He

JyMaio 00 3TOM, HO CTOUT MHE 33/ [yMaTbCs — W BOT s yKe He 3HAI0, U4TO Ke

takoe Bpems.» Jlaxxe HbioToH HE CMOr CKa3aTh O CyNIHOCTH BPEMEHU HUYErO
6oJtee BHATHOTO, Y€M TO, YTO OHO «HMHAYE HA3BIBACTCH IJTUTEILHOCTHIOY.

[IpocrpancTBo u Bpems — Haumbosiee OOII¥e MOHATUS (DUBUKU, UX HEBO3-

MOKHO OTMpPeNeIuTh o Apucrorenio — ykasaTh 6oJee o0Iee MOHITHE U OTIIU-

YUTEJIbHBIE IPU3HAKY OMpeaesseMoro. Ou3nuecKuii SHIUKIIONEIUIECKU CIT0-

Baphb [7] oupezensier BpeMst Kak OCHOBHYIO (hOPMY CYIIECTBOBAHMS MaTEPUH,



BBIPAZKAIONLYIO TOPATOK CMEHBI ABJICHWIA. YBBI, KAK Mbl YBAIAM YyTh TO3KE,
B Mupe CTO maxke «MOpSIIOK ABIEHUIT» MOYXKET 3aBUCETH OT CUCTEMbI OTCUETA.

Cnenyst nyxy dekapra, monpoOyeM <«ONpeIenuTb» BPEMsS U PACCTOSHUE
(mpocTpaHCTBO) Yepe3 NpOoLeLyPbl UX U3MEPEHHUS.

Henonumaromue 1101y 3asBASIOT:
O3BOJIBTE, BBl IIEPEBEPHYJINA HAIIA
TOHATUA O BpEMEHU U TIPOCTPAHCTBE.
41 6B1 ckazaa HAOOOPOT: y BaC He ObI-
JIO Y€TKUX U OMMpeaeIeHHbIX TTOHATHI
BPEMEHU 1 MPOCTPAHCTBA.

OUHmMTENH UX JaJT.

JI.U. Mandeavumam

Ha mnepBbrit B3I, TPEICTABISIETCS JOCTATOYHO OYEBUIHBIM, KaK HAJIO0 W3-
MEpSITh MPOMEXKYTKU BPEMEHH W paccTosinus. «HawpHOMY» DHUHIITEHHY 3TO
HE Ka3aJI0Ch OYEBWJIHBIM. AHAIN3 TPOIELYPhl U3MEPEHUN — OHO 13 BarKHEI-
mux goctuxkennii Ditaimnreiina. [TompobyeM BOCIPOU3BECTH €ro paccyKIeHus,
WCIMOJB3YS, OJTHAKO, COBPEMEHHBIE ITATOHBI €TUHUIl BPEMEHN U JIJTUHDI.

Nrak, HauuéM C TOro, 9TO «BO3bMEM» M30TOI IE3WsI C ATOMHOM MAacCCOi,
paenoit 133. Bynem mHabmogars ero uzmayderue. «OrcautaeMs 9IyTh OOJbIIE
JeBaTd MusLnapaos (touno — 9192631 770) «uepuojos usJydeHus, COOTBET-
CTBYIOIIETO MEPEXO/TY MEXKY JIBYMS YPOBHSIMHU CBEPXTOHKOM CTPYKTYPHI OCHOB-
HOTO COCTOSIHUSI aToMay (CJII0BAJIO OBl OTMETUTh — IMOKOSIIErOCS aTOMa), U
CKaxKeM, 9TO MPOIJIa eJUHUIla BpEeMeHW — CeKyHaa. PaccraBuMm mo cucreme
OTCYETa YACHI U BBIBEPUM KX XOJ II0 STOMY STAJIOHY.

Hamo emé corsacoBarh HAYaI0 OTCYETA BPEMEHUW — CHHXPOHH30BATDH Ha-
cel. [Tpumem 3a oOpaserr, HAPUMED, JACHI, HAXOISIIIECS B HAYAJIEe KOOPINHAT.
Kaxaprit «XxpaHuTesh» BpeMeH!s MOIIIET OT CBOMX YaCOB CBETOBOM CUTHAJ B Ha-
9aJ10 KOOPAWHAT, MPUMET OTPAXKEHHBIN OT HAYAIa KOOPINHAT CUTHAI U 3aUK-
cupyer Bpems 060uX COObITUil (OTIPAB/IEHUS CUTHAIA U er0 BO3BPAIIEHHUS) 110
conM dacaMm. Korma Oymer mosydena nHGOPMAIUs O BDEMEHU TTPUXO0/Ia, 3TOTO
CUTHAJIA B HAYAJIO KOOPAUHAT (MO HAXOMSIIMMCS TaM TAJOHHBIM YacaM ), MOXK-
HO OyJeT COrIacoBaTh MOKA3AHUS YACOB, T.K. B COOTBETCTBUH C MOCTyIaToM 11
BpeMs PACIPOCTPAHEHUsI CUTHAJIA K 00pa3ily U OOPATHO OIHO U TO XKe.

3aMeTrM, 4TO MPOIEIYPA, MTPEIYyCMATPUBAIOIIAA CHHXPOHU3AINIO YACOB IO
BpPEMEHN TPUXOJA CUTHAJIA U3 TOYKU, HAXOJAMIEHCS HA Cepe/InHe OTPe3Ka, CO-
€IMHSIONIETO CUHXPOHU3YEeMbIE YaChl, HAM He TIOJIXOJINT, TAK KaK MBI eIé «He
HayJIUIACH U3MEPSATH paccrosiauss. [loctymar I moMmokeT HaM 3TOMY HayIHTh-
cd.

Tax Kak MBI y2Ke 3HAEM, YTO TaKOe CEKYHIA, OTMETUM TOYKU, PACCTOTHUE
MEKIy KOTOPBIMU CBET ITPOXOINUT POBHO 3 OJHY CEKYHIY, ¥ OyIeM CUUTATH 3TO
paccrogrue paphbiM 300 Mumonam (Togno — 299 792 458) equHuILL IJIUHBL —



METPOB.

Ternepn B Hareil cucTeMe UMEIOTCS HEMOABIYKHBIE YaChl U JuHeikn. B Jro-
0oit Ipyroii cucremMe MOKHO TPOBECTH TY YK€ MPOIEAYyPY, W YaChl U JIMHEHKU
BTOPO# CHCTEMBI OTCUETA JOTXKHBI OBITH HEMOJABUKHBIMIA OTHOCUTETHHO CBOEHt
CHUCTEMBI.

Torma, corjacHO MEPBOMY TOCTYJIATY, BCE COOBITHS, TTPOUCXOISIINE BO BTO-
poii cucreme, OyAyT MPOUCXOOUTH TOYHO TAK JKe, KAK MPOUCXOISAT B aHAJIO-
CUYHOM CUTYAIlUN COOBITHS B TIEPBOM CUCTEME, €CJIH H3MEPEHHST TPOH3BOISITCS
«CBOHMHI» YaCcaMH H JIHHEHKAMH, T.e. HEIIOABUKHBIMIA OTHOCHTETLHO BBIOPAH-
HOM CHCTE€MBI OTCUYETA.

Henonsuzkable auHEMKHA Jal0T BO3MOXKHOCTD Q3>
MPOW3BOIUTH BIPAMYIO OOMEPHI TOJBKO HEIMO- \

IOBWKHBIX TIpeaMeToB. Kak ke W3MepuTh HJIn- /L::::_@

HY JIBHXKYIIErocs CTepxKkH#A? Bexkarb ¢ JnmHeldKon

B PyKax PsiOM CO CTEPXKHEM HEIb3s: TEM CAMbBIM
MbI OBbI (PAKTHIECKHU MEPEITN B APYTYIO CHCTEMY OTCUéTa, MMEHHO B Ty, B KO-
TOPO#t CTepKeHb HEMOABUKEH.

OWHINTEHH MpeIIaraeT CIeAYIOIIYI0 MPOIeaypy. 3adUKCUpyeM OIHOBpE-
MeHHO (t4 = tp) MOJIOKEHUS KOHIIOB CTEPIKHS; TTOJIAraeM, 9TO CTEPKEHb OPUEH-
THPOBAH IO OCH X, BJIOJIb KOTOPOH HAIIPABIEHA €0 CKOPOCTh. Torma x4 —xp =
= [ eCcTh JJIMHA CTEPKHSA B CUCTEME, OTHOCUTETLHO KOTOPOi OH ABmKercs. [Ipn
9TOM €ro JJIMHA B «CBOEil» cucreMe (IJIMHA HEIOJBUKHOIO CTEPXKHs) PABHA

’ TA—IB

rae OyKBamMu «raMMas ODO3HAUEHBI DeNSaTHBUCTCKUE MHOKUTEH (Jlopenuy-
daxmopwi): T = (1 — V?/c?)~Y/2 nna meuskymeiicss cucTeMbr OTCuéTa, M 7y =
= (1 —-v2%/c?)~1/2 nna camoro crepskus (B JAHHOM CIIyHYae COBMAJAIONITE, T.K.
ckopocru cucreMbl V u crepzkas v paBabl). O6bruHO, 0603HaYas Yepes [y AIuHy
HEIOIBUKHOIO CTEPXKHs, MHAYE HA3bIBAEMYIO €r0 «coO6CmeeHHou» 0AuHOoU,
[OJTyYEHHOE COOTHOIIIEHUE 3AIMCHIBAIOT B BUJIE

Ormerum Tpu 06CTOSATENHCTBA. BO-TIEPBBIX, MOMEHTHI (DUKCAIMH TIOJIOXKE-
HUs KOHIIOB CTepzKHs B cucTeMe K’ He coBmamaior: t/y # t3. 1o, ogHako, He
UrPaeT POJIH, T.K. B 9TOH CHCTEMe CTEPKEHb HEIOIBIDKEH, T'y U T’y He 3aBHCAT
OT BPEMEHH.

Bo-BrOphIx, T.K. I' 1 7y Bcerma 60bIT1e e TMHUIIBI, COOCTBEHHAST JITIHA CTePIK-
HSI MakKCHMaJbHA. VI3MepeHusi ero JJIMHBI B JII000# Ipyroil cucreme majayT
MEHBITIYI0 BeINInHy. ITOT 3P dEKT HOCUT HA3BAHNE PEAATNUBUCTNCKO20 CO-
kpawerus daun (cokpainenue Jlopenna—®@uriprepaibia).



B-tperbux, mimHa IBUKYMIErOCS CTEPYKHSI, W3MEPEHHAS MO JUHINTENHHY,
HE COBHAJAET C €ro «BUAMMOM» IJIMHOHN, ¢ TOW AJINHON, KOTOPYIO MBI MpPHU-
mucaau OBl CTEPIKHIO TIPU HENOCpencTBeHHOM Habiomennn. Korma Mbr cMoT-
PHUM Ha CTepKeHb, TO OLIEHWBAEM €ro JIIMHY [0 IOJ0KEHUIO KOHIIOB CTEepPXKHS,
omnpezendeMoMy CUTHAJaMU, OJHOBPEMEHHO HPHIIEIIAMA K HaM; IPOIEe/ypa
Qituireiina TpedyeT, YTOOBI IJINHA OIEHUBAJIACH C TTIOMOIIBIO CUTHAJIOB, OJHO-
BPEMEHHO HCXOJSIIINX N3 TOYEK, PACCTOTHNUE Me¥Ky KOTOPHIMU MBI M3MepseM.
PaccmoTrpum 310 paznuyne Ha mpuMepe.

Bamaua 1. (8.3 [6]) Crepxenn qymub [ (B 71a00paTOpHOil crncTeMe KOODIH-
HAT) JBUYKETCS BIOJb HEMOJBUKHONW MACIITAOHON JIMHEHKN CO CKOPOCTBHIO .
doroanmaparoM, HAXOISIIUMCSA Ha TOM Ke JuHEeHKe, TPOU3BOIUTCS (HOTOrpa-
dbupoBanue crepxkus (¢ npeHeOPEKUMO MAJIBLIM BPEMEHEM BbLIepKKH ). Kakoit
OKayKeTCs IJINHA, CTePXKHA Ha (doTorpadun?

HMuapivu cioBavu: kakoBa OyjieT pa3HOCTh 3HAYEHHIH T HA JIHHEHKe BO3Jie
u300parkeHuii IByX KOHIIOB CTepxKHs1? Bejb 910 u ecrb «BuanMasiy («KaxKyma-
SICST» ) JITHHA CTEP>KHSI.

Vv Paccmorpum 18 ONpeaeéHHOCTH Ciydail, KOrja CTep>KeHb JIBUKETCS
kK (orokamepe. CpaBHUM TPOLEIYPHI MOJIyUeHUsT (DOTOCHUMKA B IBYX CHCTE-
Max OTCYETa: JTADOPATOPHON M CBSI3AHHOMN CO CTEPIKHEM.

AU B o
A B i
~ ~ ~ C ~N O~~~ A~ A~
L | | | | | | | ‘
T zp X
Hagano orcuéra Bpemenn B obenx cucremax (t = t' = 0) BbIOepeM B Mo-

MEHT BBIXOJ/Ia U3 TOYKU A CUrHAIa, KOTOPBIH MOMagEéT B OTKPBIThI OOLEKTHB 1
co3mact n3obparkenune 310 TouKu. CUTrHAJ, BRIXOIAIIAN B 3TOT MOMEHT U3 TOY-
KU B, monamér Ha eIné 3aKphIThiii 00beKTHB. B OTKPBITHIN 00HEKTUE MOMAIET
CUTHAJ, UCIYIIEHHBIH TOYKON B B MOMEHT, KOT/Ia MUMO He€ TTPOXOJIUT CUTHAJT,
coIAoIIMii n300parXKeHue TOYKU A: Jabiie UM IPEICTOUT OJUHAKOBBIN My Th,
¥ OHW OJHOBPEMEHHO MOJOUAYT K Kamepe u 00a MOmaayT B OTKPBITHIA O0ObHEK-
TUB.

[Tycrs magama KoopauaaT obenx cucreM © = ' = 0 B MOMEHT HMCILyCKAHUS
TOUKON A «HyKHOi» nopiuu u3aydenus (¢t = ¢’ = 0) HAXOAATCSA KaK pa3 B TOY-
ke A. Eciin cobcTBeHHAsT IJTMHA CTEPXKHSA PABHA lg, TO B CUCTEMe, CBSI3aHHOMN
CO CTepIYKHEM, TTPOXOXKIEHUE ITOM MOpIneil TOUKN B 1 U3IydeHue «HY>KHO»
MOPITAN W3JIyYeHWsT TOYKOi B Mpon30iaéT B Touke ' = [y B MOMEHT BPEMEHN
t' = ly/c. Koopauuary 3roro cobbiTus B Jab0OpaTOPHOI CHCTEME MOaydaeM U3
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nepsoit dpopmynt (3):

lo + 21 1
a0 F el g 1t

)
N 1=

Tak Kak KOOpauHATa TOYKKA A Ha CHUMKE paBHA HYyJIIO, IOJy4YeHHOe 3Hade-
HUE Tp W eCTh BUAMMAs JJIMHA JBUXKYIIErOCs CTEPKHs (3TO MOMXKHO IUCATH U

> (')

ole|ale

6e3 KaBblYeK, T.K. MMEHHO TAKUM MbI €r0 yBHUJUM ), U OHA GOJIbIIE ero COBCTBEH-
HOM JIJIMHBI, YErO HUKAK HE MOYKET MOy YUThCS TPYU U3MEPEHUH TI0 DWHINTEHHY.
J71s1 yIAJISTIOIIErocst CTepyKHsI TOCTATOYHO TIOMEHSITh 3HAKM Tepest v/ ¢ o KOp-
HEM, W MbI TOJIYYIUM JJIUHY MEHBIIE [g, HO ONSTh-TaKW He COBMAIAIONIYIO C [.
A

CoxkpaliieHue JIjIiH — sIBJIEHHE B3aUMHOE. B CBSI3U € 9TUM BO3HHUKAIOT Ka-
JKYIIUecs: mapajgoKchl. PaccMoTpum OauH U3 HUX.

Bamaua 2. (cm. [18]) Uepes «menan» jyuebl | = 8 cB. ¢ (CBETOBBIX CEKYH])
mpoJieTaer co ckopocThio v = 0,6¢ «KapaHmar», COGCTBEHHAs ITINHA KOTOPOTO
paBHa lg = 10 cB. c.

Mozker i BeCh KapaHIaIll OKa3aThCst BHYTPH TIeHAa?

K K’

] L, d .
¢ E——> D ¢l e——=>>»
1 1 x

%)

Vv Paccvorpum coObiTusi B cucrteme OTCYéra, CBsA3aHHON c meHasom. [lenan
HEIOIBUKEH, U KOOPAUHATHI ero KOHIoB x4 = 0, zp = | = 8 cB. c. auna
JIBUKYIIErOCS KAPAHIAIA PABHA

Kapannmamn kak pa3 MOXKeT «BTUCHYThCsS» B IieHaJ. Byaem BecTr KWHOCHEM-
Ky cOOBbITHI Kamepoii K , pacroao:KeHHONR CMMMETPUYHO OTHOCUTEILHO TOYEK A
u B, 9TOOBI Ha, KAyKIOM KaJIpe MOKA3AHUS YaCOB {4 U tp ObLIN ONMHAKOBBI. T0-
I3 B HEKOTOPBHIA MOMeHT BpemeHu { = () MBI MOXKEM 3aKpPbITh 3aCIOHKH A
n B u nogyuuTh KaJap, HA KOTOPOM JIUHHBIN KapaHIAIl HAXOMUTCS BHYTPH
KOPOTKOTO MeHasa. 3aCIOHKY B HaJ0 TYT YKe CHOBAa OTKPBITh, YTOOLI B HEE
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HE Bpe3ajics rpudesb, ¥ HaM He TPUIILIOCh PACCMATPUBATHL HEPABHOMEDPHOE
JBUZKEHWE.

Terrepn coTorpadupyem mporiecc mposéra KapaHaara depe3 meHa B CH-
cTemMe, CBA3aHHOM C KAPAHIAIIOM.

Kamepa K' nsmkercss BMeCTe ¢ KAPAHJAIIOM — TAK 3TO BBITISIAT B «CH-
creMe merasay>. B HOBOI cncTeme kamepa K’ HemomBWiKHA, HETIOABUIKEH M Ka-
PaHIAI, KOOPAWHATHI €r0 KOHIIOB

e =0, ap=Ilp=10cs.c.

Ha xapammaimn «HaJgeBaercs» MeHas, JJIUHA KOTOPOTO Terneph pasHa | =
=1/vy = 6,4 cB. c. IlycTh B MOMEHT cpabaThIBaHWs 3aCAOHKN A 9achl, yKper-
JIEHHBIE HA «XBOCTE» KAPAHIAINA, T.e. B HAYaJe KOOPIMHAT HOBOH CHCTEMBI,
[OKA3BIBAIOT BpeMs ty, = 0. Torma cupasemausser IIpJI B dbopme (4). Baxpsl-
THe 3aCOHKU B — coObITHe, onuchiBaeMoe B cucreme K 3HadeHusMA

$BOZZZ8CB.C tOZO.

ITonygaem mosokeHne 3acIOHKH B B MOMEHT eé cpabaTbIBaHWsI B HOBOI CH-
creme x'’p, = vl = 10 cB. c. Baciaonka B «méaxkaers npu moamére K rprdesto
kapaugama! Ho Befph Tak M JOJIKHO OBITh: CPaOATHIBAHNAE 34CIOHKU W COBIIA-
JIeHVEe €€ TOJIOXKEHUS C TIOJIOYKEHUEM COOTBETCTBYIOIIETO KOHIA KAPAHIAIIA —
coOBITUST ABCOMIOTHO OTHOBPEMEHHbIE, T.K. OHU IIPOUCXOIAT (IO JIAHHBIM CUCTE-
Mbl K) He TOJIBKO OJHOBPEMEHHO, HO U B OJHO TOYKE IIPOCTPAHCTBA.

Ho 9uT0 B 9TOT MOMEHT TTOKa3bIBAIOT achl D7

T _UTBo\ _ ,U_l — |
tDO*tBO*'Y(tBO = )7(0 02> 6 c (1.

Bor rae cobaka 3apeiral 3a 6 cekyHz 10 cpabarbiBaHUs 3aCTOHKA A MBI
yCTIeBaeM <«IepeJi HOCOM» KapaHIaIna MEIKHyTh 3acaonkoir B. Konern kapan-
JIAIa, B 3TOT MOMEHT €Il «BBIMJISILIBACT> U3 MeHaaa. depe3 6 CeKyHI, KOrma
rpudesib yKe He HAXOIUTCS B MeHaje, cpabarbiBaer 3aciaonka A. B sToit cu-
cTeMe 3aC/IOHKH MIEIKAIT He OJHOBPeMEeHHO. Tak W J0IKHO OBITH: COOBITHS,
OJTHOBPEMEHHBIE B OJHON U3 CUCTEM, HO MPOUCXOJSIINE B PA3HBIX TOYKAX ITOM
CHCTEMBbI, B IPYTO#l CUCTEME JJOKHBI ObITh HEOTHOBPEMEHHBIMH. A

Bpewmst B pa3HBIX crcTeMax MIET TO-PA3HOMY, MO-PA3HOMY YT «TTPABUIE-
Hble» Jachl. IIycTh B HEKOTOPBIT MOMEHT BpeMeHHu t; 1O JacaMm 1abopaTopHOit
CHUCTEMbI YacChl, JIBUKYIIUECS CO CKOPOCTBIO v, ToKazasu t). Uepes nekoropoe
BPEMs T CHOBA CBEPUM TOKA3AHUS 9ACOB. I1yCTh 3TH MOKA3AHUS TEMEPD to U th.
B cBoeii cucreMe wachl HEMONBIDKHEL T.e. x4 = x). Torma to — t1 = ~y(th — t).
ITo maRMKymmMCsT gacaM MPOIIIO BPeMs

ty—t == . (6)
v
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Onsre BCIOMHUM, 9TO <y > 1, ¥ NPUAEM K BBIBOIY, 9TO COOCTBEHHOE
BpeMs Bcerga MUHUMAaJIbHO.

Harnsamerit mpuMep T0Ka3aTelbCTBA 3aMeITeHI XOAa BPEMEHU [JIsI JBH-
JKYIHIUXCs 00bEKTOB — OOHADPY2KEHHUE y TIOBEPXHOCTU 3eMJIU TUOHOB (7T-ME30HOB ),
POKIAEHHBIX KOCMUYIECKUMU JTYIaMU B BEPXHHUX CJTOSX aTMocdepnl. Bpemst xKu3-
1 mora — 2,6-1078 ¢. Ecin naske ero cKOpocTh GJIM3KA K CKOPOCTH CBETa, 33
TaKO€ BpeMsA OH MOZKET IPOJIETETh MEHeEe IECATKa METPOB. SHHFII/IT, «C TOYKHU
3peHus NUOHA» (TO eCTb B CUCTEME OTCUETA, CBA3AHHOMN C IIMOHOM ) TOJIIIUHA Jie-
TAMEH eMy HaBCTPedy aTMocdephbl COCTABIISIET BCEr0 HECKOIBKO MeTpoB. Ecin
T€ Ke COOBITHST PACCMOTPETH B JTaBOPATOPHOI CHCTEME, TO OKAYKETCs, YTO TPU
CTOJIb DOJIBINTON CKOPOCTH THOHA, 34 €ro COOCTBEHHOE BPEMsI >KH3HH Ha 3eM-
JIe TPOXOJUT <«TPOMaJHOE» BpEeMdA — COTHU MUKPOCEKYHI, W MUOH yCleBaeT
MPEOIOJIEeTh IECATKA KUJIOMETPOB.

Herpyaso moHATH, 9TO € 9TOI TOYKH 3PEHHST IE€TOBEKY B TEUEHUE eTr0 YKU3-
HU, B IPpUHIUTIE, JOCTYTTHBI CKOJIH YTOJHO ,ILa,JIéKI/Ie My TEeITeCTBUA. CTOI/IT TOJIb-
KO KaK CJIeIlyeT pa3oTHATKCS, JIETIIas HaM HaBcTpedy Bceemennas TyT e co-
KMETCSA, M OKaYKeTCH, YTO «J0 CaMO¥ MAJEKON MIaHeThl He TaK YK, JIpy3bd,
TATEKO».

OdderT 3amensieHUsT BPEMEHU TOXKe, KO-

! /

Ze} tp
HEYHO, B3aWMeH. HamoMHWM, YTO Hemocpen- @ - @ 2
CTBEHHO CBEPUTDH YaChl PA3HBIX CHUCTEM OTCUE- >
Ta MOYKHO TOJILKO TOT[IA, KOTJA OHUW TPOJIETa- @ @ =

0T OZHU MUMO Apyrux. omyctum, Mbl CBepsi-

s gacel C, IBUXKYIIAECS OTHOCUTETHHO CHCTE- ta tp
™Mbl K, mocienoBarenbHo ¢ yacamu A u B.

B mowmenT, korga mbr cepsiiin dackl A u C, gacel B, Tak ke, Kak u A, 1mo-
Ka3biBaau Bpems t1. OJHAKO CBEPUTH UX MOXKHO OBLIO TOJIBKO C HEKOTOPBIMU
gacamu D, koopauHara KOTOpbIX (B cucreme K) HA BEJMYUHY UT [PEBbIIIAIIA
suadenune koopjauuarhl dacoB A (u C). Herpyauo noxacumrarb, dro dacer D

B 9TOT MOMEHT BpeMeHW Tokaseisain tp = t; — y(vr)v/c?. Jlo Berpeun va-
cos C' m B nmo wacam B mponuio Bpems T, a mo gacam cuctembl K/ — Bpems
70 + v(Tv)? ? = 7. Homyuaercs, uto u B cuctemMe K’ ABWKyIIHecs 4achl

(renepb 51O yackl cucreMbl K) uayr MejeHHee.

Db dexThI, CBSI3aHHBIE C 3aMEIJIEeHNEeM BPEMEHU, OOBIYHO PACCMATPUBAIOT
Ha TTpUMepe KOCMWYECKHUX TyTeIeCTBeHHNKOB. VIHOTIa TP 9TOM MPUBOASATCS
MPUMEPHO TaKMe PACCY KIEHUST: KarXKIbIif KOCMOHABT B CBOEI CHCTEME JTOJIPKEeH
CYUTATH JPYroro IBUXKYIIUMCS; 3HAYUT, KAXKIbIH U3 HUX cauTaer cebs crap-
me. Kak mpaBmio, mogoOHbIE Tapa 0KChl BOSHUKAIOT M3-3a 3a0BEeHHS (PAKTa
OTHOCUTEIbHOCTH OTHOBPEMEHHOCTH.

Bamaua 3. (8.11 [6]) CreroBoii curHa, MOCHIIAEMBIH Ha 3eMIIIO C TIIIAHETHI
Capakiir, Bo3Bpaimmaercsd ua Capakin gepe3 Bpems 27 = 30 ger. CKopocTh 1mia-
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HETBI OTHOCUTEIHLHO 3eMJIN MPEeHEOPEKUMO MaJIa, U €€ KAJEeHIAPh COTJIACOBAH
C 3eMHBIM. 3BE3I0JIET JIETUT MO HAmpaseHnto K COHEYHONH CHCTeMe CO CKO-
pocthio v = 0,6c. B mewnn, korma on nposieraer muMmo Capaxkima, Ha 3Be310J16Te
poxaerca Manbauk Baug. B ToT ke seHb (M0 capakiicKo-3eMIISIHCKOMY Ka-
JeHgapo) Ha 3emiie poxiaerca Maabauk Ilers. Ckonbko sier Gyner Bane u
[Tere, korma 3Be3M0ET OyIET MPOJETATH MUMO 3EMJIH?!

Semis Capaxmr

) O

[0 > — — L B ]

‘ lo

Vv C rouku 3penus Ileru Bcé sicho. Paccrosaue or 3emmm g0 Capakia lg =
= T/c = 15 cB. ser. Baua npuierur yepes spems Ty = lo/v = 25 ger. U aro
oyner Bo3pact Ileru mpu Bcrpeue. Ilockonnky Bams msurajics, ero Bo3pacrt
6yzner nomenbine: Tp = T /v = To /v = 20 ner. A

Ho kak 3T0 BCe BBITVISIIUT ¢ TOYKH 3peHnss Banm?

TyT oueHb BayKHO «KPEMKO» CECTh B ero cucteMy orcuéra. Tenmepsr Bamio,
€ro CUCTEMY W CEeTh «ar€HTOB», KOTOPBIMU €My CJIelyeT 003aBEeCTHUCH, MbI CYH-
TaeM HEMOJBUKHBIMUA. Jachl Ar€HTOB CHHXPOHU3OBAHBI ¢ BaHuHbIME 11O DifH-
mITeiiny.

Vv Hagscrpeuy Bane serur cBsizka Capakin-3emiist JJIHHBI, KCTATH, yXKe He 15,
a Tonbko | = lp/y = 12 cm. mer. IIposeraer ona mMumo Bauu 3a Bpemst [/v =
= 20 ner. Koreuno, Bemn 310 Bpems mposéra Baun or Capakina 10 3emin mo
CODCTBEHHBIM YacaM.

Ho ITers 3a sro Bpems crapeer (B3pocieer)
roapko Ha 16 mer(!). Ou Temeph aBWIKETCS, W
y HEro 9achl uAyT (BpeMsi TEUET) MeJJIeHHee, deM
y Bawuu. Ho korma e on pommiicsa? OQmpocum aren-
ToB. TOT areHT, KOTOPBIA PACIONOXKEH B 12 cBe-
TOBBIX IOfaX «Brepenn» Bawnu, ckaxer: «20 jer
HA3aJ, MUMO MEHsI MPOJIeTana 3eMiisd, U Kak pa3
B 3TOT MOMEHT, KaK § Y3HAJ MMO3¥Ke, poauics Ba-
ua. A ma Bemne g sugen Iletio, u OH cKa3aj, 4To
emy (1o ero, [Terunomy, KajeH ap0) IEBATD JIET.»

A xTo ke Buzgen poxaenue Ileru?

ITo cBoemy kamengapio Ilerss Berperun Banio B Bo3pacte 25 ser. Ho Ilers
JIBUTAJICS, U N0 «Hamemys> (BaHuHOMY) KaJeHIApIo, €ro BO3pacT T = To Y =
= 31,25 roga. 3a Bpemst T OH mIpoJieTes paccrosguue L = 7v = 18,75 ¢B. roga, u,
3HAYNT, B MOMEHT €r0 POXKIEHUsI 3eMJIsT TIPOJIeTAIa MUMO TOYKN BaHuwHoii cu-
crembl, HaxosIelcst B 18,75 ¢B. roga or Banu, MUMO COOTBETCTBYIOIIErO areH-
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ta. VImMenHO 310 paccrosiane B IletnHoit cucreme paBHo L/y = [y = 15 cB. Jer.
A

Bamycrum emé ogun 3Be3106T. OH mposieraer MUMO 3eMIIH 110 HAIPABIIE-
uuio Kk Capaxiiy ¢ To# e 1Mo BeInunHe cKopocThio — 0,6¢, ¥ B 9TOT MOMEHT
Ha HEM poxkaaercs Pens.

VvV Tlers u @eng — «IOKyMEHTAIbHBIE» POBECHUKW: OHU POJIUIUCH B OTHO Bpe-
Msi B omHOM Mecte. Ha moamyTu ot 3emun k Capakiny @ens serpeuaer Bamio,
U OHW TOXKE POBECHUKW — UM B OJHO BPEMsI, B OJTHOM MECTE HCIOJHUIOCH TIO
10 set. Ho B 3TWX yCIOBUSX MOHSITHE, CBOHCTBO «POBECHUKU» HETPAH3WUTUBHO:
Oens c Ilereit — posecunku, Bansa ¢ @eneit — posecuuku, a Ilers ¢ Bameit —
HET...

«[lognmuuubIes Ke OIN3HeIhl, KOHEYHO, HE MOTYT, OJHAYKIbI PACCTABIINCH,
BCTPETUTHCST BHOBB, €CJIM HW OJWH W3 HUX HE WCIBITAJ YCKOPEHWH. DTOT BO-
MPOC — «HACTOSIIWIY MapaJOKC OJIU3HEIOB — HEJIb3sT PACCMATPUBATH, HE Ka-
CasiCh TIOBEJIEHNST YACOB B YCKOPEHHBIX CHCTeMax OTcuéra. I KoCMOHABT Beeraa
okaxkercd Mosoxke «gomocenas (cum. Ilpnnoxkenue 2). A

O6paTnM BHUMaHWE Ha, €Ié 0aH0 0bcToATeahcTBO. B cucreme @emn Bans
JIBUTAJICS, & BO3PACT UX IIPU BCTPEYe OJUHAKOB: 3HAYUT, 10 MHeHuto Penu, Ba-
Hsl poauics panbine. B cucreme Banu te »xe paccyk1eHus IPUBOAAT K BBIBOALY,
qTo panbIne poaniacs Peng. Kak Mbl 1 00eImaim, gaxe MOPSII0K CJIeTOBAHMIS
COOBITHIT 3aBUCUT OT CUCTEMBI OTCUETA.

Tak ke, KaK HEMOCPEICTBEHHOE HADIIONEHNE IBUKYIIErOCsS CTEPIKHS U TPa-
MOTHOE, 10 DUHIITEAHY, U3MEPEeHNEe JA0T Pa3Hble 3HAYEHUS €ro IJIUHBI, Ips-
MOe HaOJIIOIEeHNEe IBUXKYIIUXCS YaCOB Jal0T HE TO, YTO UX CBEPKa IIOC/IeI0Ba-
TEJIbHO C IBYMS <HEIOIBUKHBIMHY» JaCAMU.

Bamaua 4. (cm. 729 [5], 8.29, 8.30, [6]) Ipa KocMUYECKHX KOPAOIIst IBUXKYTCHA
o OJHOHN mpsAMOit co ckopocTbio v = 0,6 ¢ orHOCUTENBbHO ApyT Apyra. Ha kax-
oM Kopabite HabTIOJAI0T IPIMOe TETEBU3UOHHOE N300PAKEHNE IaCOB IPYTOro
Kopabns. Kak cBsa3aHbl moKa3zaHus COOCTBEHHBIX YaCOB W MOKa3aHWs M300pa-
SKEHUST «TYKUX» JacOB?

Vv Jlonycrum, Habm0gaTe b A B HEKOTOPBIH MOMEHT BPEMEHU MOCTABHI HA
CBOUMX YaCaX TO YK€ MOKA3aHWe, KOTOPOE OH BUIEJ HA TEIEIKPAHE, n300parkaro-
meM Jackl B, nampumep to. Ormernm, 9To nepegaTank B mocaal n300parkeHne
CBOHUX 4aCOB, Ha, KOTOPBIX OBLIO 3TO MOKa3aHue — tg, C HEKOTOPOI'O PACCTOSHUS
Lo, v MbI Ha gacax A Bpems g yCTAHOBUJIM Yepe3 MPOMEeXKYyTOK Bpemenu Lg/c
[IOCJIE TOTO, KAK 3TO BPeMs IIOKA3aJH 4achl B.

IToka mo wacam B mpoigéT HEKOTOPOE BPEMS T(y, IO «HETIOIBUKHBIM > UACAM
cucreMbl A mpoiiaér yxe Bpemsi T = v 79. OIHAKO HAIO yUIECTh, YTO KOpabis B
JIIBUKETCS, ¥ er0 CUTHAJIBI IPUXOIAT W3 pas3Hbix Touek cucrembl A. Ecau xo-
pabiu cOMUKAIOTCS, IIyTh CUTHAIA BO BTOPOM CIydae MEHbIIe Ha BeJTHIHHY
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vt, .e. L = Ly —vt. Yepes Bpemsi L/c = Lg/c— vT/c mocie Toro, Kak dackl B
ToKa3aJn tg + 7o, CATHAJ 00 3TOM IOHIET 10 HabmomaTens A.

Urak, Habmaromarens A yBUIAT HA TEJIEBU3UOHHOM dKPaHe MOKa3aHue tg—+ 7
TOT/Ia, KOT/JIa ero Jachl MOKAYKYT BpeMs

vT v
to+T—?:to+770(1*E):to+T = to + 0,570.

Ha tenesxkpane mporia MunyTa, a M0 9acaMm A TOJBKO MOJIMUHYTHI. dach
HA YKpaHe TeJeBu30pa uayT ObicTpee, YeM dachl B Kabune kopabis (!).

Touno Takue Ke paccyKIeHus IPUMEeHUMbI, KOHEYHO, I K KOCMOHAaBTYy B:
y HEero TOyKe Jachl HA dKpaHe, nm3obpaykawieMm Kopabiab A, 6yayT uaru BIBoe
OBICTpee COOCTBEHHBIX.

ITocse Toro, Kak KOCMOHABTHI PA3MUHYJIUCH, YACHI HA SKPAHE TIOUIYT MEI-
JIeHHee JacoB B Kabune. HeTpyaHo MOHATH, 94TO Tenepb MIPOMEXKYTKH BPEMEeHH
OyAyT CBS3aHbI COOTHOIIIEHHEM

ol

—_
|
[SY[S]

B mamem ciydae gachr Ha 9KpaHe MOWIYT BABOE MeJjieHHee cOOCTBEHHBIX. OT-
METUM, YTO 3TO OTHOINEHWE He PABHO 7y W B CJAydYae yIAJIeHusl Kopabmieil apyr
OT JIpyra. A

YacToTa CUTHAJIOB — BEJIMYWHA, OOpATHAS MPOMEXKYTKAM BPEMEHU MEXKIy
JIBYMsl TIOCTE0BATEIBHO IPpUXoAdiumMu curdaiamu: v = 1/T. Buaqur, 1ja u3-
MEHEHUS YaCTOTHI B 3TUX YCAOBUAX MOJIYIUM: B CIydae COMMKEHN NCTOIHUKA
¥ TPUEMHUKA

MbI oy peaaTUBACTCKEE POPMYIBI 1Tt 9P PEKTa, KOTOPDIH OTKPBLT
Homnep (1842), — cMeleHns 9acTOTHI CUTHAJA MTPUA OTHOCATETHHOM JBUKEHUN
MCTOYHUKA U HADJIIONATENS.

HamomuuM, 9To mpu pacnpoCTpaHeHWH BOJH B MATEpUAILHON Cpele Besu-
9UHA, JTOITEPOBCKOTO CABHUTa YACTOTHI 3aBUCHAT OT TOTO, KTO HMEHHO IBUKETCS.
[Ipu gBUKEHNM UCTOTHUKA




MpU IBUXKEHUU HADJIIOIATEIS
v
V=1 (1 + —) ,
s

rIe S — CKOPOCTh, HATIPUMED, 3BYKA B BO3AYXe, M B 00enx (hOpMy/Iax BEPXHUI
3HAK OTBEYAET YMEHBINEHUIO, & HUKHUN — YBEIUYEHUIO PACCTOSHUS MEXKIY
HCTOYHUKOM U HabmomareneMm. U, koHedHo, 06e 3T POPMYIbI CIIPABEITUBBI
TOJILKO B HEPESITUBUCTCKOM MPUDIMKEHUH.

ITpu Maabix (M0 CPABHEHUIO CO CKOPOCTHIO CUTHAJA) CKOPOCTAX BCE PA3JIH-
UNST CKPAIBIBAIOTCS, ¥ CABUT YACTOTHI MOYKHO MPUHSATH PaBHBIM Av = Fvgv/c
(nmm £ v/s).

Bce Tonmbko uro mpuseféHHbIe (DOPMYIHI OTHOCITCA K TAK HA3BIBAEMOMY
nponoibaoMy 3bdexrry Jomepa (Tesa cOIMKaOTCA WM YAAISIOTCI APYT OT
JIpyra, UX CKOPOCTU HAIPABJIEHBI 10 COEIUHSIONIEH TeIa MPSAMOIL).

Paccmorpum mapyroit kpaiinuii cirydaii: CKOpOCTh TIEPIEeHINKYAIPHA, COeTN-
HOIIeH Tema mpsmoit. Hampumep, omHO M3 paccMaTpuBaeMbIX TeJl Obpala-
eTcst BOKPYT APYroro mo KpyroBoii opbure. C TOYKM 3pEHUST KJIACCHIECKOM
MEXAHWKHU B JJAHHOM CJIy9ae JOMIEPOBCKOTO CABUTA YACTOTHI HE JOTKHO ObITh.
Paccrosinue MexXay MCTOYHUKOM U TPUEMHUKOM HE MEHSIETCsI, BpeMs PaCIpO-
CTpaHEeHVsI CUTHAJIA OT UCTOYHUKY, K MPUEMHUKY TaKKe He MEHSIETCS, CUTHAJIBI
MPUXOAAT POBHO YEPe3 TAaKWe MPOMEKYTKH BPEMEHH, Uepe3 KAKUe OHU U3JIY-
YAFOTCH.

CTO, onHako, yTBEPKIAET, YTO YACHI HA [IEHTPATBHOM Tee» W Ha «CILyT-
HUKEe» UAyT mo-pa3uHomy. [Ipuémunk 3adurcupyer 6o1ee HU3KYIO 9aCTOTY, IPH-
9éM OTHOMIeHHe YacToT pasHo v/vy = 1/v = (1 — (%)'/2 u, xoneuno, me 3a-
BUCHUT OT TOTO, TJIe PACIIOJIOKEH UCTOYHUK, a Tae TPpuEMHUK. COOTBETCTBEHHO
MPU MAJIBIX CKOPOCTSIX OTHOCUTEIHHBIN CIBUT YACTOTHI B MOTIEPEIHOM 3P erTe
Toniepa pasen Av/v = —v?/(2¢?), To ecTb UMeeT BTOPOil HOPAIOK MAJOCTH
no v/c (cM., OIHAKO, IPUJIOKEHUE 2, B TOM 4ucye 3aia4dy 10).

B obiem cioydae, eciaum CKOpPOCTh HUCTOYHUKA, W3MYYAIOMIEr0 YacTOTy Vg,
COCTaBJISIET YTOJI (¢ C HAMPABIEHUEM Ha MCTOYHUK, HAOJIONATEH BOCIPUMET

JaCTOTY
P

S Bcosyp’

Bsugy Toro, uro 1o Jlopeniy (B ormume or Lanuies) npeobpasyercs, Kpo-
Me KOODJWHAT, eIé W BPeMs, 3AMeTHO MEHSIeTCsT 3aKOH CJIOXKEHWsST CKOPOCTEi.
Ecnun B cucreme K Temo ABUKETCS CO CKOPOCTHIO U, MMEIOIIEH COCTABIISIONTNE
0 OCSM KOOPIHHAT Uy, Uy H U, a cucTeMa K’ npurkercs co ckopocTbio V'
BIOJB OcH X, IS COCTABISAIONAX CKOPOCTHU Tena B cucreme K’ momydaem:

, dr’  T(dx—Vdt) vy —V
Vo = pr = = ;
© W T T[d—YGde] 1Lz

V=
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, dy vy/1- & (1)
v, = = ;

Y T [dt — %da] 1— Y

, dz vz 1= ‘5/_22

T d - Gda] T 1- L

c2

Xors koopauHATHL Y’ U 2/ pABHBI COOTBETCTBEHHO Y U Z, COCTABJISIONIAE CKO-
POCTH MO ITUM OCSIM B PA3HBIX CUCTEMAX PA3TUYHbBI, T.K. PA3TUIAIOTCS TEMITbI
TEYEHUS BPEMEHU.

He nmpencrasisiercss HEOKUIAHHBIM (HAKT, ITO €CIN U, MO MOIYJIIO0 PABHA
CKOPOCTH CBETA C, TO 3TA BEJINYNHA HEe W3MEHNUTCS TIPH TIePexXoie B JII0OYIO Ipy-
ryo cucreMy orcuéra. Beap MMEeHHO MHBAPUAHTHOCTH CKOPOCTH CBETA SABJISETCS
KPUTEpUEM CIIpaBeIuBOCTH npeobpa3oBanuii JIopeHa.

Ecnu ckopoctr cBera paBHA, HAIPUMeD, COCTABISIONAS Uy (Up = U, =
= 0), To v, He GyzeT paBHa ¢, HO MOIYJTh MOJHOH CKOPOCTH KaK pa3 OKayKeTcs
PaBHBIM CKOPOCTH CBETA.

3aKOH COXpPAHEHUST UMITYJIHCA, — OJUH W3 OCHOBHBIX 3aKOHOB TTPUPOILI; OH
OTPAXKAET OJHOPOIHOCTH MPOCTpaHCTBA. B Mupe MUHKOBCKOTO OIHOPOIHOCTH
MIPOCTPAHCTBA COXPAHIETCs. BUAUMO, TOMKEH ObIThH TO-TIPEKHEMY CIIPABE]ITUB
3aKOH COXPAHEHUST UMITYJIhCA B 3aMKHYTOI cucreme. Oa1HAKO 3TO Tpedyer ompe-
JIeJIEHHOM KOPPEKTUPOBKY BBIPAYKEHUS ISl UMITYJIHCA TEJIA.

Paccmorpum wacTHbIi crydaii. J[Ba 0UHAKOBBIX TeJia (Macca KaxKI0ro paB-
HA M) JBUKYTCA HABCTPEUY APYT APYLY, UMesi B HEKOTOPOIi cucreme orcuéra K
paBHBIE CKOPOCTH. TO eCTh Up4 = —VzB, Vya = —Uyp. lIpn cTOMTKHOBEHNUN Te-
712 OObEeIUHSIOTCS B €IUHOE [EJI0e — CIUMAITCA. B COOTBETCTBUU ¢ 3aKOHOM
COXPAHEHUs] MMITYJIbCA 0DPA30BABIIEECs TEIO ITOJKHO MOKOUThCS. B dacTHO-
CTH, ero KOOPJWHATA Y TErnephb TOJIXKHA OBITh HEeM3MeHHOH. B 060t apyroit
cucreme K', coOBITHA B KOTOPOH CBA3AHBI C COOBITUAME B cucTeMe K mpeobpa-
soBanusimu (3) — (4), KoopauHaTa Yy’ TOXKe JOMKHA CTATh HOCTOSHHOMN.

Pacemorpum curyanmio no cronkaosenns B cucreme K'. Cormacro dhopmy-
JIaM mpeobpa3oBanus ckopocreii (7) momydaem:

A
UyB =
V2
UyA 1 c2? VyB 1 oz
UyA - 1 ~ Vwga - 1 + Vouen

Mogynu y-coCTaBASIONINX CKOPOCTEN Terneph OKA3bIBAIOTCS PA3TUIHBIMH,
¥ eCIM MBI TONMPOOYyeM COXPAHWTH KJIACCHIECKOE BBHIPAYKEHWE I UMITYIbCA,
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B YACTHOCTM D, = MUy, CyMMapHas Y-COCTABJILAMONIAS WMITYJIbCa IBYX dYa-
CTHI] OKayKeTCsT He paBHO# Hysio. Toraa mocsie canmanist 06pa30BaBITEECs TETO
JTOJIZKHO UMETh OTIIUIHYIO OT HYJS COCTABISIONIYI0 CKOPOCTH 1O OCH Y.

Bunmo, HaT0 U3MEHATh BbIpaskKeHUe JITsi UMITYJIbCA TeTA.

st Toro 9ToOBI IOragaThCs, KAK UMEHHO €ro HaJg0 W3MEHUTh, PACCMOT-
PHUM CJIEIYIONLY IO TPOIEAYPY. YCTAHOBUM Ha KaxKJI0M u3 Tes dachkl. OHu OymyT
TOKA3bIBATh COOCTBEHHOE BpEMs JAHHOIO Tesa. lemepb OyaeM (PHUKCHPOBATH
KOODJIMHATY Tea Y B PA3MUIHBIX CHCTEMAX U3 HADOPA, CBA3AHHOTO COOTHOIIIE-
musivu (3) — (4), m orMeuyaTh COBCTBEHHOE BpeMs ty, KOTOPOE COOTBETCTBYET
9TOMY 3HAYEHWIO Y. SammiieM «THOPHIHYI0» CKOPOCTh U, = dy/dty. Tak Kak
KOODJIMHATA Y He TTPeodpa3yeTcst K Mepexoie OT CHCTEMBI K CHCTEME, a BPeMst
MbI (DUKCHPYEM TIO COOCTBEHHBIM YacaM Teja, BO BCEX CHCTEMAaX MbI JOJIKHbBI
NOJTY9IATh OHO U TO K€ 3HaIenHue vy. Mbl 3HaeM, 9T0 MPOMeKyTKH BpeMeHn di
M0 YacaM CUCTEMBI, B KOTODPOM TeJO ABUIKETCS, U MPOMEXKYTKU dty, OTCUM-
TAHHbIE M0 COOCTBEHHBIM YacaM, CBA3aHbl cooTHormenneM (6). [IpumenuTensHo
K Hamemy cayuaio dtg = dt/7.

CrnenoBaresibHO, BO BCEX CHCTEMAax Hallero Habopa BesmuuHa v dy/dt =
= dy/dty GyzeT uMeTh OZIHO M TO JKe 3HAUYEHNE.

¢lcHO, 9TO pABEHCTBO HE HAPYIIHUTCS, €CIH 0De ero 4acTh YMHOMKHUTH Ha
OZIHY ¥ Ty Ke BesinauHy m. [IpumenurenbHo K Haieli 3a1ade (0 CAUnanuu IByX
TeJI) 9TO O3HAYAET, YTO KOMOMHAINY MUy ¥ ABYX IaCTHI OYIyT PABHBIME IO
MOJIYJIIO B JIFOOO# CHCTEME OTCUETA.

EcrecTBeHHO UMEHHO 3Ty BETUYUHY NPUHSATH 34 Y-COCTABIISIOILY IO UMITYTh-
ca. O600IIast, OnpeeuM PEeTaTUBUCTCKIN UMITYIHC BhIPAYKEHIEM

mv
pP=mv = ———, (8)

TJIe ¥ — CKOPOCTh TeJjla B TOM cHCTeMe, B KOTOPOif MBI BBIUUCISAEM UMITYIbC.

OnbIT MOKA3BIBAET, YTO ONMPEACTEHHBIN TAKAM 0OPA30M UMITYJIHC 00IaJAeT
OCHOBHBIMM CBOWCTBAMMU, TPUCYIIIUMU BEJININHE My B MexaHuke HnioToHa: on
COXPAaHSIeTCS B 3aAMKHYTBIX CHCTEMaX TeJ, & CKOPOCTh €ro M3MEHEHWS PaBHA
cuiie, IeUCTBYIOIIEH Ha Teso.

[Ipex e yem mepeiTu K OIMpeeIeHni0 CBA3U YCKOPEHUs Tena ¢ AefiCTBYIO-
meit Ha Hero CHUJIoi, obpaTnM BHUMAHWE Ha, ABa 0OCTOATEIHLCTBA.

Bo-niepBbix, 1 B KJIaCCUYECKOI MEXaHWKE CHJIa B ODIIEM Ciiydae paBHA He
MIPOU3BEIEHIIO MACCHI HA YCKOPEHUE, & HMEHHO CKOPOCTH U3MEHEHU S UMITYIbCA.

Bo-BTOpbIX, XOTS B 3HaMeHarese (8) CTOUT KBAJAPAT MO/ CKOPOCTH, Ca-
Ma o cebe CKOPOCTh — BEJIUYNHA BEKTOpHAs, © 00 TOM HEJIb3s1 3a0bIBATH,
B 9aCTHOCTH, ipu 1udHepeHIMPOBAHNN BhIPAYKeHus 1ist uMitynbca. C yaérom
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3TUX 3aMEYaAHUN UMeeM:

dp dv ol
F =X _— bl 27
a = T
_om T 1 | 2vde
e dt 2(1- %)3/2 2 dt

F =mya + c@’ygv(va), (9)

rae a = dv/dt.
3 5T0OT0 BHIpAKEHUST SICHO, YTO B ODIIEM CJIyUae HANPABJIEHNE YCKOPEHUS @
He COBIAaeT C HampaBaeHneM cubl F'.
YMuO)KUB 00e yacTu paBeHCTBa (9) CKAJISPHO HA U, IOC/IE HECTOXKHBIX [IPe-
00pa30BaHUI TOTYIUM
vF = my?(va).

HUcnons3ys 310 cooTHorenue, mpeodpasyem (9) K Bumy
mya =F — %(vF) (10)
C

IIpu 3amucu CBSI3M CHJIBL M YCKOPEHHsI B TakOi popMe HArJISIHO BHIHO, U9TO
YCKOPEeHHe B OOIIEM CIIydae UMEET [ABE COCTABJISIOIIME: IO HAIIPABJICHUIO CH-
JIBL U TIO HATIPABJIEHUIO CKOPOCTH (WJIM MTPOTUBOIOJIOKHO 3TOMY HAIIPABJICHUIO,
eciu vF > 0). HampaBiieHue yCKOpeHUWsI COBIAQJAET C HAMPABICHUEM CUJIBI
TOJIBKO B IBYX YACTHBIX CJIYUASX:

F =my*a, ecu F || v; (11)
F =mvya, ecmu F 1. (12)

SIcHO, YTO HUKaKas JaCTHIA KOHEYHOW (HEHyJIeBOH) MAcChl HU TIPH KaKOM KO-
HEIHOM MMITyIbce cuibl ([ F'dt) He MosKeT GBITh pa3OrHaHa 0 CKOPOCTH CBETA.
CKOpOCTh CBETA SIBJISIETCST MPEIEIbHOM CKOPOCTHIO it Test. st cucreM OT-
C4éTa 3TO MOXKHO OBLIIO YCMOTPETH yiKe u3 hopmys npeobpaszoBanuii JIopeHa
(3) — (4) (cm. rakzxke ITpunoxenue 3).

s paboThI CUJIBI, TO €CTh [IJIsT U3MEHEHUS KUHETUIECKON SHEPIUH TEea,
COXpaHsAeTCA BbIpayKeHne

dA = dK = FdS = Fuvdt.

OrpannunBasch ciay9daeM JefCTBHUST CHJIBI BIOJh HANPABJIEHUS CKOPOCTH,
¢ yuérom (11) monygaem

dK = Fudt = m~3vadt = m~y3vdv.
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Torma st KUHETHYECKON SHEPTUN NMeeM:

K—JE md(v?) _T chd( _2_2)_
N _ 332 | 2 2 3/2
0 21- ) 0 (1-%)
2
= = (y—1)mc®.  (13)

Ji-g

Bripaskenne (13) TpaxTyercs Tax: sueprus Tena E = ymc? craraercsa n3
KUHETHIeCKOH SHePIud U SHeprun mokosa Fg = m c?.

3aKOH COXpaHEeHUs YHEPTUU CIPABEIJNB UMEHHO I Beauduasl F. TTpu-
YEM 3TO BEPHO KaK IJIs YIPYTUX, TaK W IJIis HEYIPYTUX B3aUMOACHCTBUN, KO-
rJla IOTEPU KUHETHYIECKON SHEPIrUU KOMIEHCHPYIOTCS POCTOM SHEPIUH MOKOS
B3aMMOJIEHCTBYIOIINUX YACTHIL UK SHEPTUEil U3TydaeMbIX [IPU B3AUMOIEHCTBIY
doronoB. B bosee obmeM caydae, Ipu pOXKICHUHA B IPOIECCE B3ANMOIEHCTBHS
MACCHUBHBIX YACTHI], HEOOXOAUMO, KOHEUHO, YIUUTHIBATH U KUHETUUECKYIO IHEP-
THUIO, ¥ SHEPTHUIO MOKOS BCEX YACTHUIL KAK 0 B3ANMOIEHCTBYS, TAK U ITOCJIE HETO.

Hns sueprun E ¢ momombio hopmyssr (8) MOXKHO TOMYIHTH COOTHOIIEHUE
E? = (pc)2 + (ch)Q. (14)
CBA3b UMIMYILCA C SHEpruei MPUHIMAET BUT,

Fv
pP=5 (15)

Bres obosnauenns M = mc?, P = pc, 3 = v/c, MOKeM 3alicaTh COOTHO-
[IEHNST MEXKTy MAaCCOil, UMITYJTbCOM M SHEPrHuei B HECKOJIBKO 06016 KOMIIAKTHOM
dopwme:

M?+P?=FE* P=EB; P=myBc=M~yg.

Qakrrdecku 31a HPOPMa COOTBETCTBYET HESIBHO-
MY BBEJEHUIO CHUCTEeMbl €JIUHHUI], B KOTOPO#H c =
= 1, a macca, UMIOYTbC U 3IHEPTUS UIMEPSIOTCS
B OJMHAKOBBIX enumHunax. Hampumep, B aTOMHOM
U sIepHOM (PU3MKEe B KAYECTBE TAKON yHUBEPCAJb-
HOU eqVHUIBI N3MEPEHNS MACChl, UMITYJILCA U SHEP-
CUU OOBIYHO MCIOJIB3YETCsT 3JIEKTPOHBOJIBT: 1 3B =
=1,6-10"19 Ixx = 1,6-10~'2 spr.

Kpome «MacCUBHBIXS HACTHI], & K TAKOBBIM OT-
HOCSITCS B JAHHOM KOHTEKCTE BCE JaCTUIlLI ¢ m # 0,
CYUIECTBYIOT W YACTHUIIBI C HY/1eBOM Maccoii. Cpeau Takux 6e3MacCOBBIX YACTHIL:
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KBAHTHI 3JIEKTPOMATHATHOTO MOJst — (DOTOHBI; KBAHTHI MPABUTAIIMOHHOTO MO-
JIsT — TPABUTOHBI; BEPOATHO, HEHTpUHO. UTO KacaeTcs 3TUX TOCIEIHNX, €CTh
nomo3penwust, uTo Majoi (nopsaka 10 3B) maccoit onn obmanaior. QOmHako sc-
HBIX JIOKA3aTEIhCTB «MACCHUBHOCTH» HEHTPHHO MOKA HET, W BO BCEX 3aJa9aX
[pU TIOJCYETE SHEPIUU UX MACCY CJIEyeT IPUHUMATH PABHON HYIO (CM., TeM
He MeHee, 33139y 9).

Kak #HeTpyaHo moHaTh, 6€3MacCOBbIE YACTUIIBI BCETAA U B JIIOOOI cucreme
OTCYETA JIBUKYTCA CO CKOPOCTBHIO CBETA — WHAYE WX UMILYJIbC W IHEPrUs MPH-
HUMAIOT HyJeBble 3HadeHusi. QUeBUAHBIM OOPA30M [IJIsi OE3MACCOBBIX YACTWIIL
nonydaeM p = E/c (wmm P = E). B uwacrunocrn, y doronos E = hv n p =
= hv/c.

@opwmyaet (8), (12), (15) BHIMVISAAT TOJIHOCTHIO AHAJOTUYIHBIMU COOTBET-
cTByommM (GopMyIaM MexaHukn HbIOTOHA, €CIW 3aMEHUTh MAaCcCy YaCTHUINBI
HA <«DPEJIITHBUCTCKYIO MACCy» Myp = M U HOCTYIUPOBATH IKBUBAJIEHTHOCTD

(B3amMoCBs3b) Macchl u sHeprun: E = my, c?. TIpu 3TOM, KOHEYHO, He/lb3st
3a0bIBaTh, uTO cuaa F' He paBHA He TOJBKO Ma, HO U M@, & TOTBKO W HC-
d(mpv d v
KJIoUuTensHO dp/dt, TO ecTh (mpv) (th ). D10 06CTOATETBCTEO 0COGO

nomuépkuBaercsa gpopmynamu (9) — (11).

3ameruM, 9TO Cpa3y MOCJIE BbIsABIEHUs 3aBUCUMOCTH YCKOpeHus Tesa (npu
(burcupoBaHHOM 3HAUEHNN NEHCTBYIOMIEH HA HETO CUJIBI) OT CKOPOCTH UJIH, UTO
TO ¥Ke, OT IHEPTUH, UMEJIN XOKICHWE TIOHATHS «TOTIepeYHas Macca» — my n
«TTposohHas Maccay — my> (M., kpome Toro, Ilpmaoskenme 4).

Hpome BCETO CUTYyallud BBITJIAIWUT B TOM CJy4Yae, KOrJa Cujia BCe BpeMd
epneHanKyjaIdpHa CKOPOCTH. B sTom CJIy4dae 3Hepruda He MeHdAeTCd, a 3HAYUT,
peHHTI/IBI/ICTCKI/Iﬁ MHOZKUTEJIb 7Y TOCTOAHEH.

3amaua 5. B ombrrax 1974 r., mpoeenénnnix B IIEPHe, Mioons, ckopocTh
KOTOPBIX OTJIMYAIACh OT CKOPOCTH cBeTa Ha 1/3 mpolleHTa, yaepKuBainch Ha
KPyroBoii opbure MarauTHbM nosiem B = 85 klc.

Onpenenure paguyc OpOUTHI; CPABHUTE €r0 3HAYEHHE C TEM, KOTOPOE TOJIK-
HO MOJIYYUThCS, €CIIU TOJB30BATHCS (DOPMYIAMU KIACCUIECKON MEXAHUKH.

Paccuwuraiite cpegree unciio 000pOTOB, KOTOPOE COBEPINHUT JI0 PACIATA «HO-
BOPOKAEHHBI» MIOOH.

Baps1 MIOOHA paBeH dJeMeHTapHOMY 3apsaiy, T.e. e = 4,8:10710 en. CTCE,
macca M = 105,7 M3B, Bpems xuzun 79 = 2,2-1076 c.

v Ilo Heiotony MarauTHas cuia ev B /c gomKkna 6uTh paBHa mov? /R, orciona
R =muc/eB = M/eB = 41,45 cwm.
B penaruBrcTcKOM pacdére HAIO 3aMEHHATDH M HA M, = ym. T.K. v 61u3K0
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K C, MOXXKHO CYUTATH,9TO

- ¢ € _ 1295
T e \Neroe—v)  Va2c—v) T
C2

orciona R = 5,08 M.

ITo Hetorony Bpemsi oxuoro obopora T' = 2w R /v, 3Ha4uT, 4ucio o60poToB
N = ¢79/27R ~ 250. «PensaTuBUCTCKUI pagnycs OpOUTHI GOJIBIE Kaccude-
CKOTO B 7y pa3, HO U BPEMsI KW3HW MIOOHA, B JIADOPATOPHON CUCTEMBI OTCUETA
BO3pacraeT B y pa3. «C TOUKM 3peHus MIOOHA» B -y Pa3 COKPAINAETCS JIJIH-
HA OKPY>KHOCTHU IMKJIOTPOHA. Tak wim mHAYe, 9ucyio 000POTOB, KOHEIHO, HE
MEHAeTCd. A

Kowm6unanus E2 — P2 = M? o4eBUIHBIM 06PA30M SIBIISIETCS HHBAPUAHTOM
(He 3aBUCHT OT CUCTEMBI OTCYETA) [JI OTAEIBHO B3ATON YacTullbl. MeHee ode-
BUJIHO, UTO TaKasi KOMOWHAIMS — MHBAPUAHT U JIJIs COBOKYITHOCTH 9acTutl (CJI1o-
BOCOYETAHHUE «COBOKYIMHOCTH YACTHUI[> BMECTO MPUBBIYHOTO «CUCTEMA, YACTHUIL>
UHOr/IA YA0OHO yIoTpebsaTh BO N30eKAHNE [Ty TAHUIBI C CUCTEMAMU OTCYETA).
Jlokaz3areabCTBO TOTO YTBEPKIEHHUST HE TIPEICTABIISIET OCODBIX TPYIHOCTEH, HO
JIOCTATOYHO rPOMO3aK0. Mexkay Tem, 00paTM BHUMAHKE HA, TOT (DAKT, ITO BCE
TEJIa COCTOAT U3 IBUKYIUXCA OTHOCUTEIBHO IPYT Apyra, (XOTs Obl B IIPOIECce
KOJIE0AHMIT) ATOMOB, ATOMBI — W3 SIZIPA U JIEKTPOHOB, IasKe KAKUe-HUOYIb TIPO-
TOHBI WJIM UOHBI — M3 KBAPKOB (U aHTUKBAPKOB). A 10 OTHOIIEHUIO K 3THUM,
CTPOro TOBOPSI, CUCTEMAM WU COBOKYITHOCTSM YACTHUIL MBI O3 MaJeifiero co-
MHEHHS YBEPEHbl B HHBAPUAHTHOCTH BemwdauHel £2 — P2,

Ucnonp3oBanne 3Toro 00CTOSATEIBCTBA, TOMOTAET YIIPOCTUTE PEIEHNe MHO-
rux 3ajga4 (cM. Takxke [Ipumoxkenue 5).

Bamaua 6. (cm. 8.59 [6]) [Ipn coymapeHnn JOCTATOUHO SHEPTUUHBIX MTPOTOHOR
MOYKET UJITH PEAKIUS POXKICHUS TPOTOH-AHTUITPOTOHHOMN Maphi

p+p—p+p+p+Dp

OHpeﬂeJII/ITe Ha 3TOM MTPUMEPE BBIUTPLINT OT HCIIOJHB30BaHUA PEaKIUU Ha
BCTPEYHBIX MMyYKaX.

Vv Ecau ocymecTBasieTcst peakiysl Ha, BCTPEUYHBIX MYyYKaX, KOTIA JIabOpaTop-
Hag cucrema spisercsa cucremoii neurpa unepruu (CIIU), r.e. cucremoii, B
KOTOPOM CyMMApPHBIH MMIIYTbC YACTHI] PABEH HYJIO, BCSI KHHETHYECKAs dHEp-
IHs IPOTOHOB MOKET MOWTH HA SHEPTUIO MOKOS Tapbl, T.€. MPOTOHBI JTOJKHBI
OBITH PA30OTHAHBI 10 dHeprun Ko = M.

Ecan ke pa3orHaHubIii HA YCKOPUTEJIE TPOTOH CTAJTKUBAETCS C HETOJIBUK-
HBIM, TPeOyeTCsT 3HAUUTEILHO O6IbIas KuHeTHYecKas sHeprusi. Hanbosee BbI-
TOJIEH CJIydai, KOrJaa MPOAYKTHI PEAKINN JBUXKYTCA BMECTE, UTO OUEBHUIHO,
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eciu MbIcieHHO niepececth B CIIU (T.e. BEpHYTHCS K BAPUAHTY HA BCTPEUHBIX
nyukax). B CLIU wnsapuant E? — P? pasen 16M? (Myx = 4M, Py = 0).

VHBAPWAHT JOIKEH WMETh TO YK€ 3HAYEHWE W B JaOOpATOPHON CrCTeMe.
Ho takuM ke OH JOMKEH ObITh U J0 COYJApeHHs, KOrJa OJUH M3 MPOTOHOB
MOKOWJICS, & BTOPOil UMEJT SHEPruio K 1 UMILYJIbC

P=VE2-M?2=./(K+M)?—-M?=KQ2M+K).
Honywaem 16 M2 = (2M + K)? — P2, otkyna K = 6M = 6K,. A

Ecan onma n3 9acTuil, y9acTBYOIMIUX B PEAKITHN, De3MacCOBasi, He 3a0yaeM,
qTo s Heé F = P.

Bamaua 7. (8.46 [6]) B 1984 r. Gbura o6HApyKeHa HOBasg KCH-4acTHra () Kak
OPOAYKT pacnaza mokosimelics uncuon-dactunbl (Y) B peakuun ¥ — & + 7,
TpUYéM IHEpPrus y-KBaHTa OKazajgach papHoit F = 1,072 I'sB. Haiitu maccy

I CKOPOCTb {-9aCTHIBI, eClH Macca IoKos Y-uacTumel paBHa M = mc? =

= 9,46 T'sB.

v CormacHo 3akonHy coxpanenus sueprun Fy = M — E. T.x. uncuion-4acruna
HOKOUJIACH, UMILY/IbC KCH-4acTULpbl Pr PaBeH UMILY/IbCy KBAHTA, T.€. £. SHauur,
Mg = Eg — Pg = (M — E)?* — E?, orkyna Mg = \/M(M — 2F) = 8,32 I'sB.
N3 (15) caemyer, 9To

_ Pk E

ﬂ = E& = m = 0,13 (T.e. v = 0,130)

A

B HekoTOpBIX Ciydasx MOXKHO HE YYUTHIBATH MACCy 9aCTHUIl, T.e. UX IHEP-
TUI0 TOKOsi. B Takmx 0OCTOATENHCTBAX YaCTHUIBI ODBIYHO MPUHATO HA3BIBATDH
YADMPAPEAATNUSUCTNCKUMU.

3agaua 8. B 1974 r. 6pw1a OTKPHITA HOBAs dJIEMEHTAPHAS YACTUIA, HA3BAH-
Hasl YapMOHMEM Win JKelt/mcu-dacrureit (J/¢). B omHOM U3 ONLITOB OLLIH
3apErMCTPUPOBAHBI MPOAYKTHI €€ pacmana «Ha jaery»: J/¢ — e~ + et. Haii-
TH MACCy U CKOPOCTb YAPMOHWSI, €CJTH IHEPTUU HJEKTPOHA U MO3UTPOHA ObLIH
paBubt E = 3,1 ['9B kaxgas, a yron paznéra gacrur cocraBui § = 60°.

Y Dueprus nokos snekTpona pasua 0,51 MasB = 1,65-107*E. YacTuns! g8HO
yabrpapenstuBuctckue. Ho Torma uMmynbe KaxkI0i U3 HUX MOXKHO CIHTATDH
paBHbIM F, U 3HAYUT, CyMMAaPHbIH UMITYJIbC, T.€. UMIYJIbC J/1)-4acTullbl, paBeH
P = \/2F2[1 — cos(m — 0)] = E+/3. Eé sneprus cocrapaser 2E, macca M =
= E = 3,1 I'sB. Ckopocts 3 = v/3/2 = 0,866 (v = 0,866¢). A

Bormpoc 0 ToM, MOXKHO JTi TIpeHeOpedh MacCOil yIbTPapeIsTUBUCTCKON da-
CTHUIIBI, JOJZKEH PeIIaThCsd, KOHEYHO, B 3aBUCUMOCTH OT KOHKPETHON 3a1a4M.
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B crenyromem mpumepe 3TOro ae1arh, 6€3yCI0BHO, HEIh3S.

Samada 9. (cm. 8.23 [6]) Bembinika cBepxHOBOIT 3Be3/1pI B Bosbiom Maresna-
HOBOM Obake 23.02.1987 r. cOMPOBOXKIATACH HA 3eMJTe HEHTPUHHBIM «BCILIEC-
KOM>», 8 TAKZKE CUTHAJIOM I'DABUTAIMOHHON anTeHHbI. [0 yTBEpXK IeHuTo ra3erst
«U3Bectusi» (11.03.1987 r.) 3amasgpiBaHre HEHTPHHO 1O OTHOMICHHUIO K I'Da-
BUTAIMOHHON BOJIHE cocTtaBumo At = 0,1 ¢, OTKyma HOJKHO CIEJOBATH, UTO
HEHTPUHO O0JIATAI0T OTJIIMYHONW OT Hydst Maccoil. [IpmHnMast nHTepmperamo
ra3eTbl, OIEHUTE MACCYy HEHTPUHO.

Paccrosuue no cBepxuoBoii 38e3/161 — 180 ThIC. CB. JIeT; TUIMYHOE 3HAYEHUE
SHEPIrUM HEUTPHUHO, 0OPA3YIOIIUXCS MPHU BCIBIIIKe — 0Koio 12 M3B.

Vv OrHOCHUTETHHOE OTCTABAHNE HEHTPUHO OT TPABUTAIMOHHBIX BOJIH, KOTOPHIE
PaCITPOCTPAHAIOTCSA CO CKOPOCTHIO CBETA, COCTABJISET

At 0,1 ¢ c—v
— = =17610"" = ——.
t 1,8:105 ner ’ c

Orciona g Maccohl MeeM (CPaBHUTE C PEIeHueM 3a0a49u 5):
£ Ae=v) 6B, A
~ c

NB! K uadopmanuu ra3ersl HeJIb3st OTHOCUTHCS CephE3HO0. Bhr3siBaeTr 60/1b-
nmoe COMHEHne (PUKCAIUS PA3INdusl MOMEHTOB BPEMEHM IBYX COOBITHI He3a-
BHCHMBIME H3MEPUTEIHHBIMA CHCTEMAME ¢ TOYHOCTBIO 0,1 ¢; ma m cam dakr
PErucTpanyy rpaBUTAIMOHHBIX BOJH HE BBI3BIBAET JOBEPHSI.

Benms! </é7 (:s\

M=—=FE
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ITPNJIO2KEHN A

1. o DiiHireiina

[Mepen MexaHUKOI K KOHILY ITPOIILIOTO BEKa CTOSLIO (haKTUIECKH OHO 3aTPY/THE-
Hue — oObsicHenune cmerenus (npeneccun) nepuresnust Mepkypus. [lepuresnmit
cMemaercs Ha, 574" B croserue (yriaosas CEKYHIA B CTOJIETHE — TPAIUITHOHHAST
eIMHUIA B aCTPOHOMUM ). BO3MyIIEHUAMEI €O CTOPOHBI IPYTUX MIAHET YIAJI0Ch
obbacauTh 5317, a 43" mmkax mHe MommamaiMch. B KOHEYHOM WTOTE MOIHOE
KOJIm4YecTBeHHoe obbsicuenue 3¢ derra gana OOImas Teopus OTHOCUTETbHOCTH
(OTO) — DitamrreitnoBa Teopust Tsarorenns. Ho k cozgannio kak CTO, tak u
OTO noucku oObsICHEHUI CTPAHHOTO TOBeeHUsT OpOUTHI MepKypusi MpakTH-
YECKU HEe UMEJIU OTHOIIEHSI.

Topasmo Gosiee cephE3Hbie 3aTPYIHEHNST UCITHITHIBAIA OMTHKA.

[To6eauias 6raronaps tpysam T. FOura (1802) u O. ®@penens (1815-1823)
BOJTHOBas TEOPHUs CBeTa MPUBENIA K MPEJCTABICHUIO O CBETOHOCHON cpene —
adupe, 3aM0THAONEM MTPOCTPAHCTBO. VcXomHO 3PP MBICTUICS HEMOIBUK-
HBIM B aOCOJIIOTHOM MPOCTPAHCTBE BEMIECTBOM, B KOTOPOM MOMOOHO yIIPYTUM
BOJIHAM (HATIPUMED, 3BYKOBBIM) PACIPOCTPAHSIETCS CBET.

Hanbueiimuit anamu3 npusén K ugesam o dactuanom (Ppenesb, 1820) win
nosnuaoMm ([Ixx. Crokce, 1845) «yBiedenuns 3pupa ABUKYIIUMUCH B HEM TEIAMU.
Ob6e rumoresnl, OODbACHSS Psij] ABICHWN, MPUBOAUIN K MPOTHUBOPEYUAM MPU
aHaJIM3e IPYyTHX.

IMoce BBIACHEHUSI SJIEKTPOMATHUTHON MPHUPOIBI CBETA (TEOPETUYECKH —
J>x. Maxkcsemm, 1865, mepBble dKCHepuMeHTaJbHbIe apryMeHTsl — [ [epir,
1889) Bompoc o ceoiicTBax u noBeaeHun 3bupa IPUOBPEN HOBbIH 060POT.

[Ipencraiisiach COBEPIIEHHO €CTECTBEHHON (MOXKHO CKa3aTh — OYEBUIHO
CIIPABEJIMBOl) TUTIOTE3a WHBAPUAHTHOCTA OCHOBHBIX YDABHEHUI 3JIEKTPOIU-
HaMUKU — ypaBHeHmit MakcBesia, XoTs ObI MOTOMY, UTO OH TOJYyYHI WX He
B abCOJIIOTHOM crcTeMe OTCYETA, & B «CJIAYIaiiHO» TOCTABIMEHCS eMy CHucTeMe,
cea3auuoil ¢ 3emmnéit. Kpome Toro, sKcnepuMeHTanbHO ObLIa TOKA3aHa He3aBH-
CUMOCTh CKOPOCTH CBETa OT JIBUYKEHUs UCTOYHUKA (Wi NpUEMHUKA), hakTu-
YeCcKU eé HHBAPHAHTHOCTD, T.€. HE3aBUCUMOCTb OT CHCTEMbI OTcuéra (peria-
IOIUMU 37eCh ObLn 3KcnepuMenTsl A. Maiikenncona u 9. Mopau, 1887). O6a
st haKTa HE COTJIACOBBIBAINCEH C TpeobpasoBanusamu [aimies.

Bospoxkaennas Tepuem (1893) rumoresa moaHoro ypisedenus >dupa, co-
racysch ¢ pedynbraramu MalikenrbcoHa, MPsSMO TTPOTUBOPEUNIA PEIYTbTATAM
onbiroB A. ®@uzo (1851) no pacnpocTpaHeHHIO CBeTa B JABUXKYIIEHCS Cpee:
®u30 MOTYYUT XOPOIIEee COrIaChe C TeOPUeil YaCTUIHOTO yBJIeUYeHus: 3pupa.

Hawasuch moncku asbrepHaTUBBI Tpeobpa3oBanusaM [annies.

[TepBhIM 11U B 3TOM HAMpaBJIEHWH caeaj, no-sumumomy, O. Xepucaiin,
HO OH CcBOUW pe3ynibrTarhl He onybaukoBast. B 1887 r. B. @oxr omybaukosam pa-
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00Ty, B KOTOPO# OBLIN MPUBEIEHBI COOTHOIIEHUS, CBI3BIBAIOIINE KOOPINHATHI
U BpeMsl B Pa3JIMUHBIX CHCTEMaxX, Mo3¥xe, no npengoxennio A. [lyankape, Ha-
3BaHHbIe Tpeobpasosanusamn Jlopenna. Pabora @oxTa ocrajach He3aMEUIeHHOIM.
k. @urnpkepanb (1892) npenioxui runore3y COKpallieHusi pa3MepoB JIBU-
JKyImxcs resi (Jiopenioso cokpamenue nvt). Hakoner, B 1900 r. Txx. JTapmop
BBITINCAJ TTpeodbpa3oBanns Jlopenra.

Cam T".A. Jlopenn B 1899 r. nmpe1yioxKuI mpeodpa3soBaHUs, HECKOJILKO OTIIU-
qatormmecs ot ¢popmbl @oxra—/Iapmopa. Oarako Kk 1903 . OH HE TOJBKO «WC-
MPaBUJI» WX, HO U CO3/IAJT HA WX OCHOBE CBOIO TAK HA3BIBAEMYIO «3JIEKTPOHHYIO
Teopuioy. [Ipeobpa3oBannsa u3 WHCTPYMEHTa O0bsSCHeHHUs onbiTa Maiikembco-
Ha cragu uHcTpyMeHnToM dbusuku B neiaom. K 1904 r. [Iyankape B ocHOBHOM
3aBepimI co3ganne Maremarndeckoro ammnapara CTO u ero obocHoBamme.

Yero ke HEIOCTABAJIO MIJIT 3aBEPIIEHUS TEOPUU, WJIM YTO OBLIO JIUITHUM?
Bauem moHamOOUICA DUHIITTEHHT

JIutranmu 66111 HBI0TOHOBBI a0COTIOTHOE TPOCTPAHCTBO U ADCOTIOTHOE Bpe-
ms. Jlo DitHmreliHa cauranm, 9TO UMEHHO TaM WJIYT «B JIeHCTBUTETHHOCTH»
MIPOIIECCHI, KOTOPBIE C TOMOIBIO mpeobpa3oBanuii JIOPEHIA TepecanThIBAIOTCS
HA JIIOOYI0 WHEPIUAILHYIO CHCTEMY OTCYETA, T.e. HA JIIOOYIO CHCTEMY, ITBUKY-
IIYIOCST C TMOCTOSTHHOM CKOPOCTHIO OTHOCUTEIHHO aOCOIIOTHOTO MPOCTPAHCTBA.
Tak, Ilyaukape 4yTh pamHblle DHHIITEHRHA MTPOBO3MIACKI 06U (He TOJBKO
MEXaHUYECKUil) IPUHIMIT OTHOCUTEIbHOCTH UMEHHO KAK HEBO3MOXKHOCTH OOHA~
PyXKeHusi ABUXKEHUS OTHOCHUTENIHHO 3upa, CymecTBOBaHWE KOTOPOro, TAKUM
0bpa3oM, BCE e, Bpojie ObI He OTPHUIIATIOCH.

N ronbko DitHmTeiiH, «u3rHaB 3pUp», YCTAHOBWI IeHCTBUTEILHOE PABHO-
MpaBUe BCEX WHEPIMAIBHBIX CUCTEM. JUWHIIITEHH pa3pabOTa JIOTHIECKH TOCTIE-
JIOBATEIbHYIO MPOIEAYPYy U3MEPEHWs PACCTOSHUN U MPOMENKYTKOB BPEMEHH,
HecoBMecTuMyto ¢ HbIOTOHOBBIME aOCOTIOTHBIMU TPOCTPAHCTBOM W BPEMEHEM.

B o6rieM, MOYKHO CKa3aTh, 970 DUHINTEHH BHEAPUI B HAYKY HOBYIO, HEHBIO-
TOHOBCKYO, PEJISTUBUCTCKYIO «UIEOJIOTUIOY, CYIIIECTBEHHO U3MEHUB CAM XapaK-
Tep HAYYIHOTO MBIIIIEHUS.

OcHorubIe 3kciepuMenTababie ocuoBanms CTO orHOcsaTCes K onTuke. Tak,
onbiThl ®u30 n Maiikeabcorna—Mopn cBOAATCS K HAOTIOMEHUIO CMEIeHNsT WH-
TepdepEeHITMOHHON KAPTHUHDL.

1) OmbiT ®@uszo. Ceer OT HCTOY- i |
HEKa S IPOXOJUT €Uepe3 HHTep- 31
depoMeTp, COCTOSIMAIA U3 MOy- l
npo3padHoil wractubl [T 1 Tpéx g HT
3epkaa 31, 32, 33. Yacts myTun s
3aHUMaeT TpyOKa, 3aroJHeHHAS |
Bozoit. nTepdepeHimonHas Kap- T
TUHA HAOJTIOAETCS B 3PUTETBHY IO

X 32
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tpydy T. Ecau BOma mpuBOIUTCS B ABUMKEHWE, JIyd, OOXOISIINi HHTEPGhEPO-
merp no 4acoBoii crpenke (S — I — 3y — 35 — 33 — 1 — T), wacts myTu npoxo-
JIWT TIO HATIPABJIEHUIO TEUYEHUST BOIBI; BTOPOM JIyd, OOXOISIIII nHTepdEpOMeTp
uporus yacoBoii crpesiku (S — I1 — 33 — 35 — 31 — [T — T), sror ke yuacrok
UAET MPOTUB TEYEHUS.

Ecnu sdup yBrexkaercss BOIOM, ONTUYIECKHWE IJIUHBI TYyTeH IJIs ABYX JIydeit
MEHSIOTCS B PA3HBIE CTOPOHBI: NI MEPBOTO MYTh YMEHBIITAETCs, IJIsT BTOPO-
ro — Bo3pacraer. TuTepdepeHmontas KapTuHa, HabIIogaeMas B 3pUTEIHHOM
Tpybe T, momKHa cMenaTbes.

CMelenue KapTUHBL JeHACTBUTEIHLHO HAOII0NA-
JIOCh, OJHAKO BEIWYHHA ITOTO CMEINeHHs B JIBa
¢ HeDOJIBIUM pa3a MEHbBINE, YeM PACCUYUTAHHAS
B TIPEJNOJIOKEHUH TIOJHOTO yBJIeUYeHuss 3DUpa. ITO
nmpekpacHo coryiacyercs ¢ OpemeneBoii Teopueit ga-
CTUYHOTO YBJIEUEHHUsI, COTTIACHO KOTOPOit Koadhdurim-
eHT yBJiedeHus (OTHOIIEHUE CKOPOCTU d(pupa K CKOPO-
CTH yBJIEKAIOIIETO TEJA, T.€. K CKOPOCTH BOIBI) JOJI-
el cocTaBiaTh 1 — 1/n? .e. 0,4375 (115 BOABI N =

=4/3).
2) Onwir Maiikesbcona—Mopau. DiekTporHas Teopust JIopeHna masasia
It K03 PUITHEHTa YBICUeHUsI TO Ke, I9T0 u Teopus PpeHens, paccMarpu-
BaBIIETO CBET KAK YIPYyrue BOMHBI. Tak KaK MOKa3aTelh MPETOMIICHUsST BO3JLY-
Xa MaJio OTJIMYAETCs OT €IUHUIIBL, TP JABUKEHUN 3eMIu 3(DUp MPAKTHICCKH
HE JIOJIKEeH yBJeKarThcs armocdepoit. Takum obpa3oM, TOJIXKEH OIMYMIAThCS
«>dupHbiii BeTepy. OOHAPYKEHNE STOTO «BETPay U OBLIO 3aaadei onbita Maii-
Kenmbcona—Mopin.

////// B Bagaga OCIOXKHAIACH TeM, 4910 3pdekT
MOKHO OOHAPYKUTH TOJBKO BO BTOPOM TOPS/I-
K€ TI0 OTHOIIEHUIO CKOPOCTH 3eMJIU K CKOPOCTHU

- —»‘

S II cBeTa.
* - B wuntepdepomerpe MaitkeIhcoHa CBeT,
- N
JIBUYKEHVe nAymuu 110 IIyTH BAOJIb HallpaBJIEHUA IBUZKE-
o ay— Hus 3emsid (HampuMep, B HEKOTOPBI MOMEHT

T A 570 Moxer 6HITH ayq II-A-IT), npoxoaur myThb

«TyZIa» CO CKOPOCTHIO ¢ — ¥ OTHOCUTEJIHLHO WH-
TepdepoMerpa, a myTh 0OPATHO — CO CKOPOCTHIO ¢+, T ¥ — CKOPOCTH 3eMJIn
orHOcUTETbHO dupa (okono 30 kM/c). Obmiee Bpems:

L L 2Lc 2L 02

c+v c—v 2 —v? c

st myga, npoxozsiero myTh 1I-B-I1, B 310 BpeMs cKOpOCTh paBHA CKOPOCTH
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ceera c. OnHaKoO HAJO y49ecTh, UTO 3a BpeMms myTernecTBust jgyda ot [I k B

u obparHO monynpo3padHasa miractuHa II cMmecturca BMmecTe ¢ 3eMiéit OTHO-

cuTeabHO ddupa Ha paccrosHue v1h. 3HAYUT, NyTh CBETA OKAXKETCA PABHBIM
(2L)2 4 (vT%)?, u MBI NOJIYYUM BPEMS

2L 2L 2
L(v

V1—v2/2 ¢ 2c2
< —)2. ITocne moBopora =Ha 90°

PazmocTs Bpemén, TakuM 00pa3oM, paBHA .
gyun A u B mensincs possmu. Kapruna mosizkHa ObLia CMeIaThCs.

Maiikenbcon mor obuapyxuth cmermenne nopsaka 0,01 momocsr. Ilepsbie
onbiThl (1881) oH cTaBu Ha TPUOOPE, TIE OKUTAEMOE CMEIIEHHE TOIKHO OBIIIO
cocraButh 0,04 mosockl. Onbrrer 1887 1. cTaBUINCH HA MPUOOPE, UMEBITIEM HA3Y
mo0oIbITie, TAK 9TO cMererne oxkumaaock B 0,37 mosocer. Hakowrerr, onbirh
Mopau u Musiepa (1905) ponxabt 6bu1u narh cmemmenue 1,1 nonocsr. Bo Beex
cnydasx cMmernenne (¢ rogrocTbio 10 0,01 momocsr) He ObLTO 3aMEYEHO.

B pamkax Teopun aupa 3T0O CBUIETETHCTBOBAJIO O TIOJTHOM yBJIeUeHNN 3(Du-
pa 3emMHOIt aTMocdepoil, 9TO BXOIUIIO B SBHOE IIPOTUBOPEYNE C JAHHBIMU OITBITA
Du3o.

Mo3KHO CKa3aTh, MOCJIEIHsIS MOMBITKA «CHaceHus: 3pupasy ObLI MPEarTpu-
usra B. PurneM, 00bsCHABIIIMM OTPUIIATENHHBIN pe3yabrar MaiikeabCoHa C mo-
MOIIBIO TAK HA3BIBAEMON «ODaIHCTHIECKOH MHIOTE3bI». ECIN CKOPOCTh CBETA
CKJIAJIBIBAETCS U3 BEJIMIUHBI ¢ U CKOPOCTH UCTOYHUKA, OMBIT MaliKkenbcoHa 101-
JKEeH JIaTh HYJIeBOU pe3ysibraT mpu HemoABu:KHOM ddupe. OIHAKO, KAK MEPBHIM
cpagy ke ykazan B. ge Currep, B TaKOM CJIydae JOJKHbBI ObLin ObI HAGITIO-
IaThCsT CEPhE3HBIE OTKJIOHEHWsT OT 3akoHOB Kerepa B BUIMMOM IBUKEHUH
B CHCTEMAX JIBONHBIX 3BE3I.

2. «WcrunHble 6JaU3HEBI»

ITpomecchbl, KOTOpbIE MPOTEKAIOT B CUCTEMAaX, ABUMKYIIUXCH (OTHOCHUTEIHHO
UHEPIUAJIBHBIX) C yCKOpeHueMm, paccmarpuBaiorcs QOmieil reopuet oTHOCH-
renpaocTH. OHAKO HEKOTOPBIE BOMPOCHI MPHU OMPEJETEHHBIX OMPAHUYEHUIX
MOXKHO TOsICHUTD, pa3suBas ugen CTO.

IMycrs cucrema K’ «crapTyeT» U3 IIOJI0XKEHUs, B KOTOPOM Ha4aJIo eé Koop-
IUHAT COBMAJAET C HAYAJIOM KOOPAWHAT cHUCTeMbl K, B MOMEHT BpeMeHu t =
= t' = 0 ¢ yckopenuem a. Torga wa paccrosuun r = v2/2a CKOPOCTH U3Me-
HeHUsl OKA3aHUs 4acoB to (Xxoz BpeMenu) cucreMbl K U CKOPOCTH U3MEHEHUS
BpEMEHH { IO 9acaM HEMOIBIKHON crcTeMbl K/ CBA3aHBI COOTHOIIEHTEM

gt — o (16)

V1= 2ax/c2
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31ech YMECTHBI B, 3aMEYaHUS.

Bameuanue 1 (ueornocameecsa K geny). @opmyna (16) B cuny mpo-
Bosriamaemoiit OTO 3KBUBAJIEHTHOCTH CHJI TATOTEHHS W CUJ WHEPIUH CIIPa-
BEJJIABA TAKKE U B OJHOPOHOM TIOJIE TSIYKECTH HAMPSIKEHHOCTH g (T.e. B MO,
rie yCKOpeHue CBODOIHOTO MaJeHus paBHO g). BepHee oOpaTHOe yTBEp:Kie-
mue: B OTO nmepBuYHA UMEHHO 3aBHCHUMOCTD XOJa 9acOB OT TOJs TATOTEHUs,
a ¢opmyna (16) monydeHa mepeHOCOM CBONCTB MOJIS TATOTEHWs HA I10JI€ CUJI
WHEPIIWH.

Ecnu BBeCTH IOTEHIMA NOMS TArOTeHUs ¢ = — [g do uan nomns cun uHep-
ouu p = fa dx, MOXKHO 3aIIMCAThL HECKOJIBKO Oosiee obIyio popMyty:

dt = dto/1 — 2A¢/c2. (17)

Bameganue 2. Hago nposBisTh Cyry6yio OCTOPOKHOCTD TIPU UCITOIB30-
Banuu dpopmysn (16) — (17). Bosee uim Menee yBepeHHO MOKHO TPUMEHSThH UX
TOJILKO TIPU BLIOMHEHNH yeIoBus A < ¢2. Boobe e roBops, ToJIe TSyKeCTH
OTO npurnumuansao oTndaercsa ot HeiororoBa (cM. Takxke IIpunoxkenne 4).

He 3abniBast 06 3Tux 00CTOSTENHCTBAX, PA30epEMCs ¢ OIMBHEIIAMM.

[TycTh KOCMOHABT COBEPIALT MTEPENIET € MOCTOSHHOM HA MTPOTIKEHUH TOYTH
BCEro TyTEIecTBUs CKOpocThio v. Torma (ecnmm v < ¢) Ha mytu L, T.e. 3a
spevst T = L/v, ero wacet orcranyT Ha AT = T — T'/1 —v2/c? ~ Tv? /2%
Emg na rakyio ke BeIMIUHY BO3PACTET OTCTaABAHUE HA OOPATHOM MY TH, U BCETO
MBI TOJTy9UM Pa3HHIy BpeMeHH, pasHyio Lv/c?.

OTH paccyKIeHus TPOBENeHbI ¢ TOUKM 3peHns aomocena. Ilo Mmuennio my-
TEIIECTBEHHUKA, TAKOE YKe BPEMS «IKOHOMHUT» JTOMOCE/I.

Oxnako B Tporiecce MoéTa TOIKEH HAJTNTIECTBOBATH YIaCTOK MyTH, HA KO-
TOPOM KOCMOHABT MEHSIET CKOPOCTb C ¥ Ha —v. [lycTh OH 3TOT y4acTOK MpPO-
XOIMT C TMOCTOSHHBIM ycKoperueM a. C TOYKHU 3peHus 36MHOTO HADIIOAATENs
B 9TOT MIPOMEXKYTOK BPEMEHHU JaChl My TENIECTBEHHUKA UIYT B cornacuu ¢ pop-
mysoi dtg = dt/v, W ecin Bpemsi pa3BOpOTa HEBEJIUKO, BO3PACT KOCMOHABTA
MPAKTUYECKN He M3MEHNUTCsI, KOCMOHABT OCTAHETCsT MOJIOYKE TOMOCe/Ia.

Yro e B 9TO BpeMs HAOIIOIAECT B CBOEI crcTeMe KOCMOHABT?

Hanmomuum, 910 1mMoKa, Mo HAINMM pacdéraM, B ero CHCTeMe MOJIoXKe Opar,
KOTOPBIH cuaur noma. OJHAKO BO BpeMs pa3BOpPOTa B CBA3AHHON ¢ KOpabIém
crcTeMe KOOPAWHAT, KOTOPasi CTAHOBUTCST Ha, BPEMsT T YCKOPEHHO, BKITIOYMAeTCs
moJie cuJT MHepItnu. Jachl HAXOSIIErocss B 3TOM MOJie JOMOCEa NIyT ObIcTpee
YacoOB KOCMOHABTA. 3a BPEMsI T CKOPOCTh MEHsIeTCsT Ha 2v, 3HAYNUT, YCKOPEHNe
paBHO a = 2v/T, a paccrosiHue 10 3eMJid, KaK Mbl HOMHUM, paBuo L = vT.
3HauuT, 33 BpeMsi Pa3BOpOTa JOMOCE] YCIeeT MOCTAPETh Ha

2aL al  2Lv
AT:T—T\II—CTQTCT:C—Q.
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B pesysbrare npu BeTpeue, HE3aBUCUMO OT TOTO, B KAKOW CHCTEME MbI BEIEM
paccysKIeHus, cTapiie OyIeT IMEHHO JIOMOCE/, U PA3HOCTH BO3PACTOB COCTABUT
Lv/c?, xak Mbl U TIOJYYHIA B TMepBOM BapHaHTe pacuéra (B 3eMHOI cucTeme
orcuéra).

PacxoxkeHne 3a BpeMs pasroHa IpU CTAPTE U 33 BPEMS TOPMOXKEHUS IIPU
BO3BPAINEHUY Ha 3€MJIIO POJIU HEe UTPAIOT BBUJY MAJOCTH PACCTOSHUS I, BXO-
ngrmero B dbopwmyiy (16).

Koneuno, [ji1 TOro 4To0bl MpaBUILHBIME (B TIlepBoM Topsake 1o v2/c?)
HOJTY9UIACH HE TOMBKO PA3HOCTH BO3PACTOB OJIM3HEIOB, HO U CAMH BO3DACTHI,
HAJI0 y9€CTh, 9TO C TOUKW 3PEHUs KOCMOHABTA [[JIMHA ero myTH pasHa L /7.

BepnréMcsa K 3aMedannio 1, KOHKPETHO, K BOIPOCY O BIUSHUHM IO TAXKECTH
HA, XOJI YaCOB.

3agaga 10. B 1976 r. rpymnmna dbuzukoB MepuneHackoro yHuBepcuTera B Tede-
Hre 15 9acoB BO3WJIa ATOMHBIE YaChl HA CaMOJIETe, KyPCUPOBABIIEM Ha BBICOTE
10 k™M co cropocThio 550 KM /4gac.

HackonbKo 1 B KaKyio CTOPOHY OTJINYIAIIOCH MOKA3aHWe JIETABIITHX YacOB OT
MOKA3aHUs YACOB B TADOPATOPHH B KOHIIE OIbITA?

Vv 3a cuér rpaBUTAIMOHHOTO 3(MdEKTa JaChl JIOMKHBI ObLIN YUTH BIEPEL
na semmuuny At; = t(gh/c®) = 1,1:10712¢t = 6:107% ¢ = 60 nc. Ddbdexr
3aMejTeHnst X0Ja JBIDKYMIUXCA 9acoB JoMkeH gaTh Aty = —t(v?/2c¢?) =
=-1,310"13¢t = —7 mc.

B urore gacer gomkubI ObLu yitTu Brepén Ha 53 HC, 9YTO U ObLIO 3aduKCH-
POBAHO B SKCIMEPUMEHTE C TOYHOCTHIO OKOJIO 1,5%. A

OTMeTuM, 9TO TIPU TAKOH TOYHOCTH U3MEPEHHH (TOTPENTHOCTH OTHOCUTE -
HO IOJIHOrO BpeMeHH nopsaka 10~ — rpummunonnas noss nporenral) sabopa-
TOPHYIO CHCTEMY OTCYETa HeJIb3sl CIUTATH «JIOCTATOYHO WHEPIUATbHOM». O-
HaKO HEMHEPIUAJIbHOCTDb, CBA3aHHad C BPpallleHUEM BGMJH/I, OUHAKOBO CKa3bI-
BAaETCs Ha Jacax jJabopaTOpuu U 4acaX CaMOJIETa.

Yro kacaercs mosst rarorenns CoIHIIA, TO OHO BOODIIE «BHIKIIOUEHO» OJra-
rojaps TOMy, 9To 3emss (a ¢ Helo W JIabOpATOpHUs, W CAMOJIET) <«CBOGOIHO
magaeT» B 3TOM II0JIe, U €rO0 KOMIIEHCHPYET I10J1€e COOTBETCTBYIONIUX CHUJI HHEP-
IAN.

3. Heckosbko ciocob0B «HabJIIOIeHUST» CKOPOCTHU, IIPEBBIMIATOIIEH
CKOPOCTH CBETa B IIyCTOTE

1) Baitunk. Hukakoro mporusopeuns co CTO B TOM, 9TO CONMHEUHBIH 3aiunK
WJIA HEYTO MOIOOHOE UMEET CKOPOCTH BBINIE ¢, KOHEYHO, HET.

HomycTuMm, JIiyd myibcapa <«4UpKaeTs MO TiaHere B cucreme 7 Kwura 3a
MUJLTHCEKYH/TY 70 TOTO, KaK OH HOMAIET HA 3eMITI0. YIKe 94epe3 MUJLTACEKY HITY
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mocsie cobbrTust, cayuusiierocss ua 7 Kura, Ha paccrosaum 11,8 ¢B. roma, MbI
BPOIE OBI MOy YnSIv WH(MOPMAIWIO O HEM.

Ho, crporo roBopsi, Mbl nMeeM MPAaBO CKA3ATH TOJBKO CIEIYIOIIee: XOPOIIO
M3y9UB MOBEIEHUE JAHHOIO IMy/IHCAPA W 3HAsI, YTO B MOCIEIHEE BPEMs C HUM
HUYEro 4pe3BbIYaifHoOro He MPOU30IILIO (TOMY CBUAETEIHCTBO — OYePEHOe PO~
XOKJICHUE JIy4a Yepe3 3eMJIi0), Mbl YBEPEHbI, YTO MUJLTUCEKYHJIy TOMY Ha3a,l
sroT Jiyu mpomrén mo 7 Kura. Kak dusudecknii hakT, 370 MPOXOXKIEHUE COCTO-
stmock. Ho «topuamyeckum dhakToM» OHO craner Jumiib depe3 11,8 roma, korma
MBI TIOJIy9UM TEJIerPaMMy OT TAyKUTSH.

Ormerum aBa 06CcTOSATENHCTBA. BO-TIepBhIX, HA 7 KuTa u Ha 3eMJTI0 TPUIILIHT
pas3ubie (GOTOHBI OT MYJIHCAPA, HET HUKAKOT0 00HEKTA, HUKAKOTO TEJIa, KOTOPOe
TePEeMEeCTHIIOCh 38 MuJtncekyHay ¢ 7 Kura k 3emie. Bo-BTOpHIX, B KOHIIE KOH-
IIOB, MOTJIO CJIYy9YUTbCsI, YTO KAK Pa3 B «HYKHBII» MOMeHT Ha 7T Kurta mpouso-
IO 3aTMEHHUE MyIbCapa, ero 3aropoInio KAKoe-To HeGEeCHOe TeI0, U MbI Yepe3
12 ser mosyuum He MOATBEPIKIEHNE HAIIEH TOraKu, a OMPOBEPXKEHUE.

2) JIunueiinbie ckopoctu 3B&34. B cucreme orcuéra, cBsi3aHHON € Bpalnao-
nieiics BOKpyT cBoeii ocu 3emiiéit, ckopocTu 38E37 (Tem 6ojiee — Ipyrux rajak-
TuK) npesbimaior c. Ho ata cucrema HenuepumaabHas, a takue cucrembl CTO
He pacCMaTpPUBAET.

3) [Be 4acTumbl, PACCTOSHUE MEXKIY KOTOPHIMHW B HEKOTODBI MOMEHT Bpe-
MeHU COCTaBJIsieT 1,6 CB. CEKYHIBI, JIETAT HABCTPEUY APYT APYTY CO CKOPOCTHIO
0,8c kaxgas. Uepes Kakoe BpeMsi OHU BCTPETATCS !

Koneuno, onu BCTpeTsTCs 9e€pe3 OJIHY CeKYHJLY, U CKOPOCTb UX COMUKEHUST,
T.e. CKOPOCTH YMEHBIIIEHUs PACCTOSHUS MEXK Yy HUMHU, B 1TaD0PATOPHON CHCTEME
orcuéra paBHa 1,6c.

SamMernm, 9TO € 3TUM «3(hHEKTOM> MBI y¥Ke BCTpedauch B 3amade 1: Bans
u ®ens 3a 10 ger cOMM3UIUCH Ha 15 CBETOBBIX JIET.

Ho 310 He ecTh CKOPOCTH KAKOTO-THOO TEIa B KAKOH-THO0 CHCTEMe OTCIETA,
9TO HE €CTh CKOPOCTH OHON YaCTHUIIBI OTHOCUTENHHO npyroit B cmbicie CTO.
Hamo mepecects B cucTemy, CBSI3aHHYIO C OIHOM M3 YACTHUIL, U CKOPOCTH BTOPOA
HOJIyYuTCs paBHOi (3meck V' 6epérest 1o MOyJI):

V+V
V= ——5

V2
c2

= 0,9756¢.

A BOT pacuyér BpeMeHM B HOBO# cucremMe Tpebyer cyryboil aKKypaTHOCTH.
TyT Hago He 3a0BITH TPU PAKTOPA:

a) paccTosgHUe MKy JacTulaMu (MeXK/y MyHKTaMU, KOTOPbIE OHU [POJIe-
TAIOT OJHOBPEMEHHO B J1aOOPATOPHON CHCTEME OTCUETa) MEHSETCH;

0) BpeMs TEYET UHAYE;
7 00sA3aTeNTbHO —
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B) B HOBOIi CHCTEME YaCTUIBI HEOJHOBPEMEHHO TIPOJIETAIOT 3TH CAMBIE ITyHK-
ThI, PACCTOAHUE MEKJYy KOTOPBIME paBHO 1,6 cB. ¢ (B J1aDOpaTOpHOil cucTeme
(1) — cM. myHKT a).

Bropouem, MOKHO 3T0 caenarh mpoine (cM. 3amaay 12).

4) BpIGpoCHI 3BE3/1 B HEKOTOPBIX CJIYYasdX IO IPAMBIM HU3MEPEHUAM> UMe-
0T CKOPOCTH Oobiie c. Paccrosinue 10 3Be3/bl U3BECTHO; 3AMEPUIIH YTIIOBYTO
CKOPOCTD JBUKEHUS BBIOPOCA, TOMHOKUIH HA PaccTosuue — Gosbiie c!

Tyr, MoxkHO cKa3aThb, ancras reomerpus. Hu CTO, vu gaxke dusuka Boob-
e — HU [PU Y9eM.

Hampuwmep, Hampagjenue BEIOPOCa COCTABIAET yTrog 45°
C HANpaBJIEHWeM Ha 3eMJTI0, a CKOPOCTh BhiOpoca — 0,8¢
(cm. puc.). Torma 3a cekyHmy cmerenue «BOOK» COCTa-
BUT 0,8/\/5 = 0,57 cB. ¢, HO POBHO HA TaKOE K€ PACCTOsI-
Hue BHIOpoOC Oymer Oimske K 3eMiie, U CUTHAJ U3 TOUKH B
NPUIET Ha 3EMJII0 HE Yepe3 CEeKYH.IY MOC/e MPUX0Ia CHUr-
Hasma u3 To9ku A, a yxke gepes 0,43 c. Orciona momydnm
«ckopocrby — 0,57 cB. ¢/0,43 ¢ = 1,33¢!

Onrudeckue npuMepbl 60JIee YMECTHBI B Y€TBEPTOM CEMECTPe, HO IS UX
MOHUMAHUSI MMKOIbHBIX 3HAHWI BIIOJHE JTOCTATOYHO.

K 3emie

5) ®azoBasi ckopocTb. TyT J0CTATOYHO MPOBO3MJIAIIEHHUsS (DAKTa, 4TO ITO
HE €CTh CKOPOCTH TTEPEHOCA MATEPUAIBHBIX O0HEKTOB.

Ckopocrhb nepeadn CUraaia — TpynnoBast CKOpocThb. B mornormarommeit uwin
YCUJIMBAIOIIEN Cpejie OHa TOXKe MOYKEeT TTPEBBINTATh CKOPOCTH CBETa B MYCTOTE.
Tem He MeHEe TPOTUBOPEUNS C TEOPUEH OTHOCUTETLHOCTH W B 9TOM CJTydae HeT.

6) Nmnynbc B ycmamBaromieil cpeme. Hekoropas coBokynHocTh (hOTOHOB
BXOIUT B TPYOKY (puC. a), 3al0JHEHHYO yCUIUBAIONIEH CPEeJIO, U BHIXOIUT U3
JIPYTOTO KOHIIA TPYOKM.

Yepes Bpemsi L/ ¢ nonoxeHue UMILy/IbCca B IyCToil TPyOKe u306parkeHo cupa-
Ba Ha puc. 0. Eciu cpema nMeer mokaszaressb mpeaoMyieHuss n > 1, HO He ycu-
JINBAET, T.e. TPOCTO CKOPOCTh CBETA B CPENIe MEHBIIE ¢, TIOJYIUM PUC. B.

A renepb cpena ycunuBaer, HO OBICTPO HACBHIMIAETCS, T.€. TOCTE YCUTCHUS
HEKOTOPOIi MOPIUU W3y YeHUs CPeIa UCTOINAETCS U mepecTaér ycuausarhb. [1o-
JIYYUM DUC. T, U €CJIH, KaK 3TO OOBITHO MIEJIAETCS, MTPOXOKICHUE UMITYIhCA (PUK-
CHUPYETCsl TIO0 TIPOXOXKIEHUIO 00JIACTH HAUOOJBINEN KOHIEHTPAIIUMNA W3JTyIeHUST
(4TO COOTBETCTBYET OIPEIETEHHUIO MPYIIOBOI CKOPOCTH), MOXKET ObITh MOJIY-
YeHA CKOPOCTH, MPEBBIMAINIAsT CKOPOCTh cBera B mycrore. OJHAKO U B 3TOM
cryvae HUKAKON MATephUaIbHBIN OObEKT HE MMEET CKOPOCTH, OObIIeH, 9eM c.
O6pasmio roBops, (pOTOHBI, 3aHUMAIOIINE B MOMEHT Bpemenu tg = 0 obactn
Ay, By, Cy, Ha puc. 6 IepeMecTHINCh Ha paccrosiiue L, 1 B MomeHT t = L/c 3a-
HAMAIOT COOTBETCTBEHHO moJioxkenus A1,B1,C1. Ha puc. B (poTOHBI 3aHUMAIOT
nosioxkenusi Ao, By,Co, T.e. OHU MPOILTU PACCTOSHIE, MeHbIiee L, X CKOPOCTb
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MeHbIe, ueM ¢. Ha puc. T COOTBETCTBYIONINE MOPIUU 3AHMUMAIOT MOJIOYKEHUS
As3,B3,C3, vo dorousr mopiuu C' «0Opocany MT00aBOYHBIMEU (DOTOHAMU U Ka-
JKYTCS «UCITOJTHSIOMUMY OOSI3aHHOCTH» (DOTOHOB TIOPIUHU B.

" (D {
Ao Bo CO A3 B3 Cg

Hakowmerr, Hesib3s1 HE YIIOMSHYTH
Q3> — 7) Taxuoubl, x0T Obl IOTOMY, YTO O HUX YIO-
\/Hi - \:’: MUHAETCS] B HEKOTOPBIX MMTKOJLHBIX YIeOHUKAX, HE
f < ~ TOBOPS y2Ke O TIOMyJISApHON JINTepaType, MPUIEM
AW 3a9aCTYIO TPEJCTABIEHUS O HUX W3/TATAI0OTCA BECH-
Ma HEKOPPEKTHO.

HeiictBurensuo, uncro dopmaabao CTO TOMBKO ycTaHABIMBAET TPAHUILY
— CKOpPOCTb CBeTa B IyCcTOTe — «e€ Ke He nepeiigemmns. CyinecrsoBanue 4a-
CTHII, BCEr/[a ABUKYIIUXCsI OBICTPEe CBeTa, OHA HE 3aIlIPelnaer.

Ty, mpaBma, BO3HUKAIOT MHUMBIE MAaCChI, IBUXKEHHE BCISTH BO BPEMEHU U
HEKOTOPBIE MHBIE 3K30THIeCKue cBOicTBa. [lo-BHANMOMY, JOCTATOYHO HEIIPO-
TUBOPEUYNBA JIMIIIh TUMIOTE3d TAXMOHOB, HE B3aMMOIEHCTBYOMHUX C OOBITHBIM
BEIIECTBOM, @ TOT/Ia HEBO3MOXKHO HE JOKA3aTh, HU OMPOBEPTHYTH WX CYIIE-
CTBOBaHME. Brpouem, rumoressl, KOTOPhIE HEJIb3sT OMPOBEPTHYThH, OOBIYHO HE
CUNTAIOTCSA HAYIHBIMU.

4. O gByx maccax

Hexopomro BBOAUTEH TOHATHE MACCHI TeJIa
M =m/\/1—v?/c?, nns KoTOpOrO
HeIb3d JaTh ACHOTO OIpeneseHHsd.
Jlydmre me BBOOUTH HUKAKOM JPYroil MacCHI,
KPOMe «MacCChl TIOKOS» M.

A. Odnwmertin, 1948 r.
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[TogpobHO TIOHSITHE MACCHI B PEISITUBUCTCKON (DU3WKE MPOAHAJIUIUDPOBAHO
B crarbe JL.B. OkyHs [11], n yKemaommm 03HAKOMUTHCST C BOTPOCOM B TTOJTHOM
00bEMe caemyerT OOPaTUThCS K TOM CTATHE.

Ecnu oTBI€UbCA OT IMONMOHATIBHO-3CTETUYECKONH CTOPOHBI Jejia (KOTOPYIO
HeJIb3s CUUTATH He UMEIONIeH 3HaYeHNs ), OCHOBHbIE apryMeHTbl OKyHs UMEIOT
B TIEPBYIO OYepeib NeIarornvaecKuii Xxapakrep.

[Moguépkusanue Toro hakra, 9TO UMILYJIBC MOXKHO 3AIMCATH KAK 1MpV, BbI-
3BIBAET y ODYUAIOIIUXCS HEYAEPKUMOe YKeJTaHUe CIUTATH YHUBEPCATBHBIM CO-
ornomenne F' = mpa.

Bozuukaer mytanuma ¢ yrnorpebIeHreM CIoBa «Maccay : Macca MOKOsT, Macca
JIBUYKEHUST, OHA, K€ «PEJIATHBUCTCKAS MACCa», 8 BCTPEUYAIOTCS €IIE U MPOIOJIb-
Hasl W TIOMIEPEYHAs MACCHI.

Veyry6as10Test CI0KHOCTH, CBSI3AHHBIE ¢ HEAIUTUBHOCTHIO MACChl («Mac-
cBI TIOKOs» ). Hampumep, n1Ba oquHaKOBBIX (bOTOHA, SHEprun E KarKIbiil, pas3-
JIETAIOTCS B TIPOTUBOMOJIOKHBIE CTOPOHBL. VIMITy/IbC paBEH HYIIO, CyMMapHAast
macca oronoB M = 2F. d1o uro? PenstuBucrckas Macca, Macca JIBUKEHUS
UJIH MACCA MOKOsI, KOTOPOH HET y OTAeJHHOrO (hOTOHA?

HawubGosee HEnpusTHO, YTO PEIATUBUCTCKYI0 MACCY YACTO TPAKTYIOT KaK
MOJTHBINM SKBUBAJIEHT TPABUTAIMOHHON Macchl. Mexay Tem, cormacao OTO cu-
Jla, IeWCTBYIOMIAs Ha, TEJIO0 B TPABUTAIMOHHOM I0JIE, CAMa, 3aBUCHAT OT BEJIUYU-
HbI U HAIPABJIEHUS CKOPOCTH TEJIA.

Tak, B KBA3WHBIOTOHOBCKOM CJIy9ae, KOT/a B MOJIe HEMOABUKHOTO TEJIa, MAC-
cbl M NBUXKETCsT 4acTHIA, UMEoIast dHepruio [/, Ha Heé AeiicTByer cuia

F=—GMS(1+ P - ()8l

Ecnu Benomuuts Gopmyny (10), HETPYAHO MOHATH, YTO BTOPasi COCTABIIS-
IOMIAsA CUJIBI BBI30BET YCKOPEHWe, HATpaBJIeHHOEe TI0 CKOPOCTH, 3aTO TepBast Co-
CTABJISIONIAs B OOIIEM CJIydYae W CO3JaET paauaibHOE YCKOPEHUE, U JAET BKIIAT,
B YCKODEHUE, HAPABJIEHHOE M0 CKOPOCTH. DTa CIOKHAS CUTYAIUS OTPAYKAET
TEH30PHBII XapaKTep T'PABUTAIMOHHOTO MOJS U He TOIAETCS UCTOJTKOBAHUIO
C TOYKH 3PEHUs HAJNYHASA Y JACTUILI YHUBEPCATHHOI, HE3aBUCUMON OT HAITPAB-
JIEHUSI CKOPOCTH, TPABUTAIMOHHON Macchl. [y 6e3MacCOBOil 4acTuIlbl (HATPU-
Mep, s bOTOHA) CUJIa B IBYX MPOCTEHINNUX CIydasiX PABHA,

e GME/c*r?*  upur| 3;
2GME/c?r? mpu r L 3.

ECHI/I TPAaKTOBATH 3TU BHIDAXKEHUA KaK MMTPOU3BEICHUE FpaBHTaHHOHHOﬁ Mac-
cet porona Ha MuOKUTETH GM /12, To Macca B oqHOM cayuae pasHa E/c?) a

B apyrom — 2E/c% (!).

35



[TousiTie «pEISTUBUCTCKAST MAccas y»Ke MHOTO JIET He yHoTpebisercs: B
HAY9IHBIX pab0OTax, HE BCTPEUAETCS OHO TaK¥Ke B yUIeOHOI auTeparype Mo Teo-
pernueckoit (puswke, HApUMep, B U3BecTHOM Kypce Jlanmay [10].

B yuebrukax obimero Kypca (GuU3UKKA 3TO MOHITHE MPOIOIKAET IITHPOKO
HCHONIB30BATHCS, XOTS PEryIsAPHO BCTPEYAIOTCH XapaKTePHbIE OTOBOPKH.

B «DeiiHMAHOBCKUX JIEKINAX [0 (BU3UKe» [2] U3T0KEHIE ONMIPAETCs Ha 3a-
BUCUMOCThH MACChI OT CKOPOCTH W T€M HEe MeHee OTMeYaercs, ITo «hopmysa
m = mg/y/1 —v?/c? ouenn penaxo ymorpebisiercs. Bmecro sroro nesamenwu-
MBIMI OKa3bIBAIOTCS [[BA COOTHOIIEHUs» — jaajee ciaeayior dopmyast (14) u
(15) mo Haimeit HyMepaIum.

Bosbioe BHIMaHIE yAEIEHO «PEIATHBACTCKOM Macce» U SKBUBATIEHTHOCTH
Maccer u sueprun B kuure Knrrens [3]. Mexay teM, ua ¢. 404 unraem: «Bume-
cro ypasHennst (9) [r.e. BMecto M (v) = M~y| HrKe OymeT MPUBEIEHO IPYToe
YDABHEHHE, ... KOTOPOE MPOIIE TPUMEHSTH. >

B kypce CuByxuna [1| pendruBucTckas Macca YIOMHHACTCS, HO B HAEHHO
CBSI3aHHOM C y4eOHHKOM 3aJadHuKe Hox pef. fkosiesa [5], oqHUM 13 aBTOPOB
KOTOpOro siBistercst CUBYXWH, XOTSI U yIOTPEOISIOTCS CHHOHUMHUYHO TIPOCTO
«Maccay 6e3 STMUTETOB U «MACCA TIOKOST», CIIEIUAIBLHO OTOBOPEHO, UTO « HUKAKON
JIpyroit Maccel HU B (GOPMYIUPOBKAX 3349, HU B PEIIEHUSX HE BCTPEIALTCSI.

Bugumo, Bcé ke DUHINTEHH MpaB, U «JIydIle He BBOIUTH HUKAKOM JIPyroii
MAaCChI, KDOME «MaCChI TOKOSI» M».

5. HNurepBaj, 4eTHIPEXBEKTOPHI U reoMeTpu3anusa PU3IUKU

MHBapraHTHOCTH MHTEPBAJIA MEXKIY COOBITHSIMHU, OUEBHIHO, O3HAYAET, YTO Be-
MUuMHA $2, B 9ACTHOCTH, HE MOYKET U3MEHATh 3HAK IPU NEPeXojle U3 OJHOMN
CHCTEMBI B JPYTIYI0. TO JEMUT MHOMKECTBO 3HAYEHHI WHTEPBAJIOB HA JBa CY-
IIECTBEHHO OTJIMYAONIUXCS KIACCA.

OrpanHnunmMcst KoopauHaTamMu @ ¥ ¢ (mepexof K 4 KoopIuHaTaM O9YeBHIIEH).
Ecmn s? = ¢2(At)? — (Az)? < 0, MBI TOAXOAAIIM BHIGOPOM CHCTEMbI OTCYE-
Ta MOKEM <«IPUBECTH» [BAa COOBITHS K OJHOMY MOMEHTY BDEMEHH: B TaKOM
cucreme (s')2 = —(Az’)? < 0. [lousTHO, YTO TaKhe COOBITUS HE MOTYT ObITH
CBSI3aHBI IPUYNHHO-CJIEACTBEHHOMN CBA3bI0. Bo-mepBhIX, BO BTOPOIi cHCTEMe OHI
MPOUCXOAST OJHOBPEMEHHO B PA3HBIX TOUKAX MPOCTPAHCTBA, 1, 3HAYNT, CUTHAJ
0 HEKOEeM COOBITHH JJOJIPKEH JOCTHYb MECTa, TJe COBEPIIAETCS €ro CJIEJICTBIE,
MPHOBEHHO. BO-BTODBIX, B 9TOM CJIydae MOXKHO HAfTH CHCTEMY, IJI€ DAHBIIE
coBepiaercs cobbiTre A, HO MOXKHO HafiTw M cucreMmy, rae cobbirne B emy
npeamrectyer. Takne HHTEPBAIBI HAZBIBAIOT NPOCMPAHCMEEHHOTLOO0OHDL-
MU.

B cayuae s? > 0, Ha06OPOT, COOBITIS MOYKHO CBECTH K OJHOMY MECTY, TJIe
OHW TIPOMCXOJSAT B PA3Hble MOMEHTHI BPEMEHW. JTO, B YACTHOCTH, O3HAUAET,
9TO OHO U3 HUX MOXKET OBITH CJIEJICTBHEM JIPYToro. ZICHO, 94TO B 9TOM CIydae
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COOBITHST HEBO3MOYKHO <«TI€PECTABUTh» BO BPEMEHH; B JIIO0OI crcTeMe KOOp.IH-
HAT cOOBbITHE A TpOW3OUIAET paHbIne, ueM B, eCii UMEHHO OHO MPOU3OIILIO
paHbITe XOTs ObI B OfIHOM W3 cnucreM. Takne WHTEPBAJBI HA3HIBAIOT 8PEMEHU-
n00obHbBIMU (LT 8PEMEHHONOJOOHBLMU).

[IpuBeném nBa mpuMepa, KOTJaa UCTOTHL30BAHNE MTOHITHS WHTEPBAJIA, TO3BO-
JIET CYIIECTBEHHO yMPOCTUTH pereHne 3a71ad.

Bamaua 11. CrepkeHb mposeraer ¢ GONBIIONH CKOPOCTHIO MUMO METKH, Pac-
MTOJIOXKEHHOM B JIaboparopHoii cucreme orcuéra K. MI3BecTHO, UTO BpeMms TIpoO-
XOXKIEHNsS CTEp’KHS MAMO METKM paBHO At = 3 HC mo 9acam cuctembl K u
At' =5 uc no wacam cucrembl K', cBs3anHO# co crep:kaem. Onpenenure cob-
CTBEHHYIO JJIUHY CTepxkKHs (T.e. ero jyuny B cucreme K').

Vv PaccMoTpuM ABa COOBITHS — COBMEIEHHE ¢ METKOI MepeJHero W 3a,IHero
KOHIIOB CTEpXKHA — B JABYX CHCTeMaX KOODIMHAT.

B cucreme K 3Tu coOOLITHSA IPOUCXOAAT B OJHOI TOUKE, I HHTEPBAT MEXKIY
HUME onpeienigercs pasencTsoM s2 = (cAt)?. B cucreme K’ paccrosnue Mezk-
NIy TOYKaMH, B KOTOPBIX IPOUCXOIAT 3TH COOLITHS, KaK Pa3 I €CTh COOCTBEHHAT
nmmHa crepxus, T.e. (s')% = (cAt')? — (Ip)?.

B cuny nnBapranTHOCTH WHTepBana s2 = (s')2. VI okoHUaTeIbHO TOTydaem

lo = [(cAt')? — (cAt)?] Y2 — 4 cp.me = 1,2 m. A

3agada 12. BcmoMHUM 9aCcTHIBL, JETSINNE HABCTPEUY IPYT JPYTY CO CKOPO-
cramu 0,8¢ kaxkaas oraocutenbao 3emin (Ilpunoxkenue 3, mpumep 3). B meko-
TOPBLIA MOMEHT BpPeMEHHM OHM HaXONWIKCh HaJ myHKramMu A u B, paccrosHue
Mexky KoropbiMu (B staboparoproil cucreme) cocrasisiio [ = 1,6 ¢B. ¢, u
BCTPETUINCH OHM 4epe3 BpeMsa At = 1 ¢ — mo yacam J1abOpaTOPHOI CUCTEMBL.

Yepes Kakoe BpeMs TOCTIe TPOJIETA, K TPUMEpPY, HAJI TOYKOH A COOTBETCTBY-
IOIAsT YACTUIIA, BCTPETUTCS C IPYTOM — IO CBOUM Yacam?

Vv B naboparopHoil cucTeme pacCTOsTHHE OT TOYKHA A 10 MecTa BCTPedr —
1/2, mpoMeskyTOK BpeMeHu MexIy cobbitusivn — At. B cucreme orcuéra, cBs-
3aHHOI € YacTuilel, COObITUST — MPOXOXKIEHNEe TOUYKN A W BCTpeda 4aCTHIl, —
OIHOMECTHBI. 13 MHBAPUAHTHOCTY WHTEPBAJIA HEMEJIEHHO MOJIy9aeM UCKOMOe
BpeMsI:
Aty = YEEZBMA o6
c

To ke camoe, KOHEYHO, MTOJIYyIAETCS W W3 COOTHOIIEHUST MEKIY «J1abOpaTOp-

HBIM» U COOCTBEHHBIM BpeMeHamu: to = t/7. A

ECJ'H/I BBITTUCATH Hpeo6pa30BaHI/I${ I/IMHyJIbCa %) SHepFI/II/I
P, =T(p. —VE/), p,=py, 1D.=p., FE =T(E—Vp,),
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HETPYAHO YBUIETH MOJHYIO AHAJOTHIO C TPEeOOPA3OBAHUSME JIJIsT KOOPAUHAT U
BPEMEHU MPHU COTIOCTABIEHNMN:

T — Pz, Y = Dy, Z = pa, t— — (nnm ict — i—).
c c
Takwue, npeobpasyembie «mo JIopeHIy», KOMOMHAIINN UMEIOT 00Iee HA3BAa-
HUE — YembLpEreexmops, (TOIBKO YTO MbI BBLITACAIN 4-BEKTOD UMITYJIHCA-3HED-
run win 4-umnyiane). OUeBUIHBIM aHAJOTOM WHTEPBAJIA, WHBAPUAHTOM I
JIAHHOTO 4-BEKTOPA, CIIYKUT BEJIMUWHA, 111.C:

4
(me)® ==},
i=1

A€ pi — Py Pys Pz iE/c.

[Tomo6HBIM 0OPA30M BBOIATCS TaKKe 4-BEKTOPBI CKOPOCTH, YCKOPEHUS, CH-
set. cnonmb3osanue 4-BeKTOpHOrO (hOpMAIM3Ma, MOKET 3aMETHO OBJIErduTh
peleHre MHOTUX 33184, B OCOOEHHOCTH JOCTATOYHO MPOMO3IKUX.

Tak, UCOJIB3YS PUBEIEHHBIE Uy Th BBIMIE TPEOOPAZOBAHUS I 4-UMITY b
ca, cOBCeM HeTPYIHO MOKA3aTh MHBAPHAHTHOCTH Beamdmanl K2 — P? nua cu-
CTeMbI, COCTOSAMIEH U3 JABYX YACTHI, ABMXKYIIMXCH apaJIeJbHo ocu & (U na-
paIensHO T, KOHETHO).

IIycre umvmynbest (P,) w sHeprunm wactun (E) paBHBI COOTBETCTBEHHO
P, P, wn Eq, FEs. B crucTeMe K WHBApPUAHT paBeH
(Ey + E»)? — (P + P,)?. Been@m a1 COKpAIeHHs 3amicn obo3Hadenne B =
= V/c. Torga

PQ/ = F(PQ — BEQ), Eé = F(EQ — BPQ)
HonyqaeM JJId UHBapUAaHTa B CUCTEME K"

(By+ E3)?* = (P + Py)” =
=T?*{[(E; — BP,) + (E1 —BP)]? — [(P» — BE,) + (P, — BE)]*} =
=T*(1 =B)[(Ey 4 E2)* — (Py + P2)*] = (By + E2)* — (P + P»)?,

9T0, KAK TOBOPUTCS, U TPEOOBATIOCH JOKA3ATD.

B o ke Bpems npuMenerue npeobpazoBanus ckopocreii (7) ¢ maabHelmum
pacuéroMm BemmunH E’ m P’ maxke Ij1g 3TOrO mpOCTEAIIEro Ciaydas MPUBOIUAT
K BECHMa TPOMO3JIKUM MPEOOPA3OBAHUSIM.

Paccmorpum emé oqny 3amady.
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3agaga 13. Ilpu 6o0MOapIUPOBKE MPOTOHAMH HETOIBUKHBIX SIIEP W30TOIA,
renus >He cyMMapHAs MOJHAS SHEPrUs IBYX UACTHUI, B CHCTEME WX IIEHTPA
mrepryn pasaa E = my,c? - 24/5. OnpesenmTe cKOPOCTh MPOTOHOB B Tabopa-
TOPHO# cucteMe OTCYETA.

Vv Bgeném obo3nadenusi: CKOPOCTb MPOTOHA — [, €r0 PEIATUBUCTCKUM (hak-

Top — 7, k=3 un=2V5.

NHBapmnaHTHOCTH YHEPTUU TIOKOS TaéT:
(1+K)? =720 = n?

T.x. v%(1— (%) = 1, umeem 1+ 2ky+k? = n?. Orciona v = (n? —k? —1)/2k =
= 5/3 u, nakoner, 3 = 4/5. A

Onanako, Ha B3IV aBTOPa, B paMKax Kypca obieil hbu3nku mepBoro ce-
MEeCTpa BPSA JIU IETeCO00PA3HO YAEIITh YeTHIPEXBEKTOPAM MHOTO BHUMAHUSI.

Yerpipéxmeproe mpocTtpancrBo . MHHKOBCKOINO W YUeThIPEXBEKTOPHBIHN
dopmanuszm CrenuanbHON TEOPUH OTHOCHTEIBLHOCTH — TEepPBbIE MIAMH HA IIy-
™ reoMeTrpusaiuy puzukn. JanbHeiinie marn He 3acTaBUIN ceds KIATh: UC-
KPUBJIEHHOE, PUMAHOBO TPOCTpaHcTBO OOIIEl TeOpun OTHOCUTENHLHOCTH DIH-
mrreitna (1915), nonsitku (IpaBaa, MaJONPOLYKTHUBHbIE) CBEAEHUS 3JIEKTPO-
MarueTu3Ma K reomerpun 5-mepHoro npocrpaucrsa-spemenu (T. Kanyua, 1921;
O. Kueiin, 1925) u tak majiee BIIOTH A0 reomerpoxunaMuku JIxk. Yuiepa
(1960) u COBpeMEHHBIX MOMBITOK cBecTH (bU3MKY K reoMerpuu B 11-mepHOM
MPOCTPAHCTRE.

Ecnu mocnemame okaxkyTcs yAadHBIMU, TOATBEPAUTCS BBI3BAHHBIN 3iio-
pueit or Teopuit DiHmmreiina adopuszm A. Daauarrona: «B Mupe Her Hude-
ro, KpOMe MCKPUBJIEHHOTO MTPOCTPAHCTBAY. BIIpOYeM, «HET HUYErO HOBOTO IO,
conanemy — emé B 1870 r. anrmuiickuit maremaruk Y. Kmuddopa ckazan: «3-
MEHEHUE KPUBU3HBI TTPOCTPAHCTBA, U €CTh TO SBJIEHHE, O KOTOPOM MBI TOBOPUM
KaK O JBUKEHUU MaTEPHU>.
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