BBenenue

B pa3BuTMM HaydyHOTO 3HaHHS 00 OKpYXKAIOUIEM MHUPE MOXKHO BBIJICIUTH
HECKOJILKO OCHOBHBIX 3TAIOB:

1. HaGmonenue BUIUMBIX € 3eMJIM KOCMUYECKMX Tel U (OpPMUPOBAHUE
MPEACTABIEHUN O CTPOCHUH BCEIIEHHOM.

2. CTaHOBJIEHHE KJIACCUYECKOH MEXAaHHKHU, OOBSICHSIONIICH 3aKOHBI JIBMKCHHS
3eMHBIX MPEIMETOB.

3. PacnpocTpaHeHHe 3aKOHOB KIIACCMYECKOM MEXaHUKHM Ha BCE Tela BO
BCEJICHHOMM.

4. TlombITKK pa3pelieHus: MPOTUBOPEUUN MEX Y HAOIIOJaeMbIMU SIBIICHUSIMU U
3aKOHAMHM KJIaCCHYECKOM MEXaHUKH.

5. Co3pgaHue TEOpUHU OTHOCHUTEIBHOCTH KaK paclIMpeHus KJIaCCUYECKOU
MEXaHHUKH.

6. IlonbiTku coznanusa Teopun Beero Cymero

1. ®opMupoBaHuE NPEICTABICHUN O CTPOCHUH BCEJIEHHOM.

B npeBHOCTH cpen BceX OKPY’KAIOIIMX YeJIOBEeKa MPEeIMETOB 3eMJIs 3aHUMasa
0c000€ TOJIOKEHHE — OHAa MPEACTABISUIACh HEMOJBHXKHBIM LIEHTPOM BCEJIECHHOM
BOKPYI' KOTOPOT0O BpallaiuCh BCE OCTaldbHble HeOecHble Tena. CyllecTBOBAHUIO
TaKOW KapTHUHBI MUpa CIIOCOOCTBOBAIN

1) moBcenHEBHBI OMNBIT, KOTOPBIM €O BCEM OUYEBHMIHOCTHIO YyKa3blBall Ha
HEMOJABM)XHOCTD 3eMJIH.

2) MOJOXKEHHE O TJIABEHCTBYIOIIEH pojiu YelioBeuecTBa B mMupe. JBmxyiascs
3emusi mepectaBajia ObITh HEMOJBMXKHBIM LEHTpoM BcenenHol, MW Kak
pe3yNbTaT HTOrO0 YEJIIOBEYECTBO OKAa3bIBAJIOCh CBEPTHYTHIM CO CBOETO
LIEHTPAIBHOI'O MECTA B CIIOKUBIICUCS CUCTEME IIPEACTABICHUN.

BrniepBrie npeamnosioxkeHue o ABMXKYLIEHCsS 3emie, ObLIO

BBICKA3aHO B 3alHCAX MpejcTaBuTeNs nudaropeickon
s . mkoiael ®umonas (V' Bexk g0 Hamed spwi). CormacHo
Ounonato, chepuyeckas 3emist ABUKETCS IO KPyroBon

’ 2 * opbuTe, coBepiiasi OIMH 000POT B CYTKH, PUYEM TaK, UYTO K
LHEHTPY MHUPO3JaHMs TOBEpHYTa BCErja OJHA M Ta K€
ctopoHa. [Ipy 3ToM OH STOM HCXOIWUJI U3 YYEHHUS O
rapMoHun HeOecHbIX cep. 3eMis, Kak U OKPYXKaIoIUl ee
HEOOCBOJI JOKHBI OBITh TAPMOHUYHBIMU, COBEpIIEHHbIMU TenamMu. Haumbonee
COBEpIIEHHBIM TEJIOM CYHUTAJCS IIap, Y KOTOPOrO OTCYTCTBOBAIM YIJIBI H
HEpPOBHOCTH, HauOoJiee COBEpPUICHHBIM JBUKEHHUEM - KpPYTOBOE. st
nugaropeiilieB 0OCHOBOM Bcero cyuiero osuin ynciaa. OcoOEHHO OHU YTHIIA YUCIIO
10, cymMy niepBbIX YeThIpEX HaTypajdbHbIX uucen 1, 2, 3 u 4, kotopble rpaduuecku
MPEACTABIUIUCH C TOMOIIBIO TOYEK MAarm4eckoro TpeyrojbHuka (puc. 1) —
CUMBOJIa, Ha KOTOpPOM IMpHUHOCHJIACh KisiTBa mudaropeiues. Cucrema Mupa
®dunonas Bkirovana B ce0st 9 o0bekToB: 3emito ¢ JIynoi, ConHile, U NSATh TJIaHET

puc. 1



KOTOpbIC BpaIlAJINCh BOKPYTI IIEHTPAIBLHOIO OTHS, SBJISIIONMIETOCS IEHTPOM
MHUPO3/IaHHsI U HEMOABMXKHBIH HeOocBoM. Uncno 9 HUKAK HE acCOIMUPOBAIOCH C
Maru4eckuM TPEyroJbHUKOM M3 JIecsaTH Touek. [loatomy dunonait mpenmoaoxu,
yTo cymectByeT IIpotuBo3zemiisi, KoTopas JBHMIXKETCS Tak, 4YTOOBI Bcerja
HaxonuThcsl Mexay LlenTpanbHbiM OrHeM W 3emiiei, 3aclIOHsAsI €€ OT MPSMOTo
BO3JICHCTBUS OTHSA (pHC. 2).

Cucrema ®duiosnas BO3HHKIA B TO JaJIEKOE BpeMs, KOIJIa HayKa TOJIBKO-TOJBKO 3apokaaiack. 1
KaKk Obl MPHUYYIIMBO 3Ta CHUCTEMa MHpPa HU BBITJIAAENA, OHA, HECOMHCHHO, 3aCiy)KHBAaeT HAICro
BHMMaHUSA M yBakeHUs. 3emist y Duionas IBUKETCS JTOBOJIBHO CTPAHHBIM 00pa3oM, HO OHA 6ce dice
osudicemcsi!

Mnawxera

UenTpanbHsii
OroHb

puc. 2

B III Bexe no Hamieil »psl — OoJjiee TOUHAs JaTa HEU3BECTHA — TPEUYECKUI
MareMaTtuk Apucrapx ¢ octpoBa Camoe, poaunsl camoro Iludaropa, BeIIBUHYI
uaer, yro He 3emisi, a CoJiHIE SIBISETCS HEMOABMKHBIM LIEHTPOM BceneHHOM.
3emiis ke oOpaaercs Bokpyr CosHIa, coBepias OAUH MOIHBINA 000pOT 3a rofl, U
IIPYU STOM €lI€ BpaIlaeTcs BOKPYT CBOEH OCH, Jeasi OAMH 000POT B CYTKHU.

[Ipopoueckue uaen Apucrtapxa HE HAlLJIM OTKIMKA Y €r0 COBPEMEHHUKOB. JTO
OBLJIO YaCTUYHO OOYCJIOBJICHO CIEAYIOIUMH IpuunHaMmu. Bo-nepBbix, B IV Beke
710 HaIllel 3pbl IpeBHErpeueckuit punocod ApucToTenb 00paThiI BHUMAaHHUE HA TO,
YTO TPEeIMEThl, OpPOLIEHHbIE BEPTUKAIBHO BBEpX, MaJalOT OOpPATHO HAa 3EMHYIO

38e3AbI

NY \YJ
oS G e
/
©
Y

N
Benepa

Meprypuit
Q
Nyna
@

puc. 3

IMOBCPXHOCTH B TOM K€ CaAMOM MCCTC, OTKyIda HX 6pOCI/IHI/I. Ecnun 3emns nBmokercs,
CHpallliBaJl OH, TO HE JOJ/DKHBI ObUIM OBl MOJOPOIICHHBIC BBEPX MPEAMETHI 32 BpeMs CBOErO IojieTa

BBEPX M BHU3 OKA3aThCs «I103aJIi» TOYKH, U3 KOTOPOH OHU OBLTH OpOIIeHbI? BO-BTOpBIX, BO II Beke
710 HAIlIeH 3pbl aJeKcaHApUicKuid actpoHoM Iltonemel mokaszan, 4Tto ecinu 3emMis



€KECYTOYHO COBEpPUIAET OAMH OOOPOT BOKPYI CBOEHW OCH, TO €€ IOBEPXHOCTb
JNOJDKHA TpU TaKOM Bpall€eHUWU JBUTAThbCS CO CKOpocThio mopsaka 2000

KHJIOMETPOB B 4acC. Takue ckopocTH, Ka3anoch Obl, JOIKHBI IPUBOIUTH K HEBEPOSTHOI cuie ypa-
TaHHBIM BETPaM W MbUICBBIM OypsiM, KOTOpbIE ObI TOMIIN KOpaOiH, YHUUTOXKAIH Jieca, KPYIIUIH TOpoja
Y OIyCTOIIATTH 3eMITIO.

Takoro poja JOBOIBI BecbMa YOCTWTENbHBI, a Ui JIIOJed, 3apaHee HACTPOCHHBIX BEPUTH B
HEMOBMKHOCTD 3€MJIH, OHU JOJDKHBI Ka3aThCs U HEOTPOBEP KMMBIMH.

['unore3e 0 HEMOABMXKHOCTH M O KPYrOBBIX OpOMTaxX IUIAHET 3€MJIM MeIaj TO
(dakT, 4yTo XOTS BCE IUIAHEThl MEepeMEeNlaNCh B BOCTOYHOM HANpaBJiICHUH, B
JIBMKEHUM KaXJOW W3 HUX ObUI psii CTaaui, Ha MPOTSXKEHUHM KOTOPBIX OHHU
cMenaiuch Ha (poHe HEMOJBMIKHBIX 3Be3] K 3amaay. lTakoe ABM)KEHHE ObLIO
o0BbsicHeHO B counHeHuu lItonemess «AnbmarecT», Tlie OH OOBACHSII 3TH
JIBUKEHUS TEM, YTO TUIAHETHI JBUXKYTCS IO AMUIUKIAM, TO €CTh M0 OKPY>KHOCTSIM,
HEHTPbl KOTOPBIX CaMM JBHXKYTCSI IO JIPYTUM OKPY>KHOCTSIM. B pe3ynbrare 3Toro
OBUIO JOCTUTHYTO XOpPOILEE COIIacue ¢ HaOJIIOICHUSAMH, TaK YTO IPEICTABICHUE O
HENOJBMKHON 3eMJIe MOJIyYHJIO CEPbE3HOE MOJKpeIuieHne u cuctema Iltonemes
(puc. 3) npocymiecTBoBajga MHOTHE BEKa.
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puc.4

Crnenyrolee CyIIeCTBEHHOE pPa3BUTHE acTpOHOMHH Ipomsomio B XVI Beke
Osarogaps UCCIEI0BaHUAM IISITH YEIOBEK.

Havyano HoBOMYy 3Tanmy pa3BuThsa acTporomuu nojoxun Hwukomait KonepHuk
(1473, nonbckuit r. Topynu). Bonpeku odunpaibHoMy MHeHHIO PuMckoil iepkBu
0 nokoseicsa 3emiue B ueHTpe Beenennon. KonepHuk 3asBWI U MAaTEMAaTUYECKU
o0ocHoBasl, uTo He 3emis, a CollHLE SBJISETCS HEMOJABUKHBIM LEHTPOM
MUpPO3AaHUs U 4TO chepuyeckas 3emiisd, Bpallasich BOKPYT CBOEH OCH U coBepIias
OJIMH 000pOT B CYTKH, oOpaiaeTcst BOKpyr CojHIa ¢ IEpUoAOM B OAMH roJl. JTO B
TOYHOCTH COBIAJAET C MAeAMHU ApHcTapxa.

Cucrema Konepuuka (puc. 4) uMeer siBHble TPEUMYILIECTBA NIEPE] CUCTEMOM
mupa [ltonemes. Hanpumep, nBrKeHHE KaXX0M U3 MATH TUIAHET BKIIIOYAET B ce0s
BpallleHue, Ha KoTopoe Tpedyercss poBHO ofuH roa. C touku 3penus [ltomemes,
ATO BCEro JIMIIb MSATUKPATHOE COBMAJCHHE, HEOObsICHUMAs cCiy4dailHOCTh. B
cucteme xe KonepHuka 3TO CTajlo NATUKPATHBIM OTpa)k€HUEeM (pakTa roJUYHOTO

oOparenust 3emsin BOKpyr CosHIa. Kpome toro, cucrema KomepHuka MO3BONAIA PACCUUTATH
OTHOCUTCIIBHBIC PACCTOAHNA PA3JIMYHLIX IIJIAHET OT COHHHa.

U Bce ke, B cucteme KonepHuka 3emMis TUIIMIACH CBOEH LIEHTPAIbLHOU POJIU HE
nosiHocThi0. HenmoasmxHoe CoHIle pacnonarajioch He IEHTPE 36MHOM OpOUTHI, a
OBLJIO HECKOJIKO CMEIIEHO, TaK YTO TOYKOM, BOKPYI KOTOpOW Bpallaiuch




raHeTsl, Obuto He CoHIle, a MyCToM, OecTenecHbId eHTp opouTsl 3emiu. bomee
Toro, cucrema mupa KonepHuka, Tak sxe kak u 'y [ltonemes s onvcanus opOUT
IIaHeT TpeboBalia BBEACHUS MHUIIMKIOB.

BropsiM B msATepke Obu1 gatckuil actpoHoMm Tuxo bpare (1546—1601). Ero
3aciyra COCTOUT B cOOpe OOIIMPHBIX JTaHHBIX O JBMXKEHUU HeOecHbIX Ten. C
MIOMOIIBI0 MIEAPON MOAAEPKKM BIacTh mMymux Tuxo bpare moctpowun actpo-
HOMUYECKYIO0 oOcepBaTopuio (a 3aTeM W paboTall B HEM), KOTOopas, XOTid U He
uMena Teneckona (UX Toraa mpocto He ObLIO) JUIsl CBOEro BpEMEHH caMOil TOUHOM
U3 BCEX UMEIOIINXCS.

Tperbum Obu1 Morann Kemnnep pabortaBuinii BMecte ¢ TUXO U MONTYYUBIIMN OT
HEro pe3yJabTaThl BCEX aCTPOHOMUYECKMX HaOmoaeHuid. Ilpu BeIUMCICHUU
nBmxeHus Mapca Kemnnep npeAamnonoxuil, 4To OH JBMXKETCS 10 KPYroBoil opOuTe,
LEHTP KOTOPOM HECKOJIBKO CMelleH Mo oTHomeHuto K ConHily. M3 naHHBIX,
nonydeHHbIx Tuxo bpare, Kemnep mnomsiTancs moiayuuTb pasmep OpOUTHI U
nosioxkeHue ee 1neHTpa. Ilocne Oonee 70 MOMBITOK OH HalleN KPYroBYIO OpOUTY,
OTBEUAIOIIYI0 HAOMIOJATEIbHBIM JAHHBIM C TOYHOCTHIO MOPSAKA 8 MUHYT OYTH
(3TO cocTaBIsIeT MPUMEPHO YETBEPTh LIMPUHBI BUAUMOTO ¢ 3eMiid aucka JIyHbI).
Jlist Toro BpeMeHM 3TO Oblia Xopolas TO4HOCTh, HO Kemnep 3Han uro bpare
omnbuthcss He Mor. [loaxBaTUB WaEl0 aHTIIMKWCKOro (U3MKa W Bpada YuibsiMa
['unbbepra, Kemsep mnpeanoniokuii, 4YTO JBHXKEHUE IUIAHET MPOUCXOJUT MO
neiictBueM cuiibl npuTsxkeHus CoiHIa, KOTOpOe M SBIAETCS LEHTPOM OpOUT
mjaaHeT. PyKoBOACTBYSICh 3TOM runote3oi, Kemiep nocie npogomkutensubix BoIUUCTEHHT
(Tonbko Ha Mapc OH moTpaTWi wiecTh JeT), YCTAHOBUJI TPU 3aKOHA JIBWKEHUS IJIAHET,
KOTOPBIE UCMOJIB3YIOT U B HAILIM THU

1) mpnaHeTsl ABUXKYTCS MO DJUIMOTHYECKUM OpOUTam, B OAHOM U3 (HOKYCOB
KOTOpbIX HaxoauTcs ComnHIE;

2) mnpsimas, nipoBeneHHass oT CoiHIa K 3aJaHHOM TUIaHETE, 3a paBHBIC IIPO-
MEXYTKH BpPEMEHHM OXBaTbIBa€T paBHble IUomanu (puc. 5) (maHeTa
JBUKETCS C IOCTOSTHHOM CEKTOPaIbHOM CKOPOCTHIO);

3) ecnu pa3fenuTh KBaAPaT BPEMEHHU MOJHOT0 000pOTa MIAHEThl BOKPYT COJIHIIA
Ha KyO CpeJHEero paccTOsHUS OT IUIAHETHl /0 COJIHIA, TO MOJy4YHBILIEECS
qyuciio OyaeT OAMHAKOBO i BceX MulaHer. T M a — BpeMs U CpelHee

paccTossHUE. Takyroo dopmynupoBky Tperuii 3akoH Kemmepa Oyner MMeTb TOIBKO B TOM
cllydyae, €Clii MacChl pacCMaTPUBAEMBIX IIJIaHET MPEHEOPEKHMO Mallbl 10 CPABHEHHUIO C MacCod
Conuna M. Eciu 310 He Tak (kKak, HampuMmep, B ciayyae Omurepa), To Tperuii 3akon Kemnepa
cienyer nucath B Buae T2 (M+m,)/T,2(M+my)=a,’/a,’, Tie m—Macca IIaHeThl.




CornacHo BropoMy 3akoHy Keruiepa, ecinu miomanu ¢uryp SAB u SCD paBHbI, TO IJTaHETa MPOXOIUT
nyTs oT A 10 B 3a 10O ke Bpems, uro u nytsh u3 C B D. Takum 00pa3om, CKOpOCTh IUIAHETHI MPH
JIBYDKEHHH TI0 OpOMTE HE OCTAETCs TIOCTOSHHOM: 4eM oHa Ommke K COIHILY, TeM OOJNbIIe ee CKOPOCTb.

Csoumu 3akoHamu Kemuiep coBepimn nepeBopot B actponomun. Kanymu B JIeTy Kpyru U 3NUIUKIIHI,
Hapymasime rapmonuto Hebec [Iromemes m KomepHuka. VX MecTo 3aHsIM yOUBHTEIBHO MPOCTHIE H
TreOMEeTPUYECKH COBEPIICHHbIE TEHN OKPYKHOCTEH.

PaCCMOTpI/IM A0Ka3aTcJIIbCTBO 2 3aKoHa. BYJICM CUHUTATh COJIHOC U IIJIaHCTBI
TOYCYHBIMHU MAdCCaMH, KOTOPBIC ABUIKYTCA IIOI I[CﬁCTBHCM CHJIBI, HaHpaBHCHHOﬁ
BOOJIb JIMHUA COCI[I/IHSIIOI_HCI‘/’I, COJIHIE€ U IIJIaHCTHI. B sTom ClIydac CIIpaBCainBa
TCOpCMa 00 U3MEHEHHUHU KHNHETUUYECKOTO MOMEHTA AJIs1 MaTepHaHBHOﬁ TOYKMU.

. d d, y dr  dmvu
K=rxmv; —:—(rxmu):—xmu+rx
dt dt dt dt
HepBoe ciaaracmMoc B HOCHCHHCﬁ CYMMC pPAaBHO HYJIO H3-3da KOJUIMHCAPHOCTHU

dr o
BEKTOPOB X 1 mu. B paccmaTpuBaeMoii 3aj1aue BTOpOE cjaaraeMoe Tak ke Oyner

mo

dt
chopMyIHpoBal ropaszio Mo3x e, HO ero GU3NYeCKuil CMbICT OBLIT U3BECTEH paHee.
Takum o6pa3zoM, mosydaeM, 4YTO TIPU JBHKEHUU IUJIAaHETHI BOKPYT COJHIIA
dK

— =0=>K =const.
dt

paBHO HYNIO, TOCKOJBKY

=F|r 1o YyCIOBHIO. 2 3akoH HprloTOH

dr
C Bektop K MOXHO mpenctaBuTb B BHUIE K:fxmd—, qTO0 HMEET
t

ICOMCTPHUUYCCKYIO0 HHTCPIPCTANNIO TUIOMIAJAN IIapaJlICJIorpaMmMa, 06p330BaHHOF0

- dr
BEKTOpaMH TH m-— (puc 5a).

Puc. S5a
PaccmatpuBas BMecto nuddepeHIHasioB Majble KOHEUHBIE MpHUpaIeHUs
_ _  TXmAT
BbIpakeHue i K MOKHO nepenucarh B Buae K~ -
t

HOCKOJIBKy IMPONU3BCIACHUC KOHEYHOM M MaJIOd BEJIMYUHBI AacT MaJyro

. 2Ac
BCJIMYHMHY IIOCJICAHEE BBIPpA)KCHHE MOXKHO IIEpEnucaTh K~T, rie Ac =TxmAT
t

BCIIMYHMHA, HpOHOpHI/IOHaJIBHaH N3MCHCHHNIO BCJIINMYHNHBI CCKTOp&HBHOﬁ IJIomanam,
o 2Ac
oMeTaeMoi paguycoM BekTopoM. Torjma, B mpejesne mpu At — 0 OTHOIICHUE e
t

aacT BCJII/ILII/IHy, I/IMCIOH_IYIO (I)I/ISI/ILICCKI/Iﬁ CMBICJI CKOpOCTB N3MCHCHU

CEKTOpPAJIbHOM IUIOINAJU WM CEKTOpalbHOM CcKOpocTH. Ilockonbky K =const u

— 2Ac o o
K~ T TO CCKTOpaJIBHaH CKOpOCTB TOUKHU 6YI[CT BCIIMYHNHOU ITIOCTOJAHHOM.
t



2. CtaHOBJIEHHUE 3aKOHOB KJIACCUYECKON MEXAHUKHU

qCTBepTBIM B IDITCPKE HepBOOTKpBIBaTCHCﬁ OBLI1 BEIUKHUHI UTAJIbAHCH, —

IN'anuneo I'anunen. Poxuncs on B Iuse B 1564 roay. Fanuneii 6611 Ha cemp et crapiue Kemepa,
HO Mepekui ero Oosiee ueMm Ha necstuierne. OHUM HUKOrAa He BeTpedanuch. O0a cumTtaim, 4yTo 3eMilst
JBWOKETCS, HO, KaK HU CTPaHHO, ['anuiei, ocTaBasch KOIEPHHKAHIIEM, TaK M HE CTaJl IOCJCI0BATEIEM
Kemnepa. Ymep on 81642 rony, B TOT rog Korja poausics HpeioToH.

Pe3ynbTaThl CBOMX Hay4YHBIX HcclenoBaHuil [ammwiei, yxe B TOXUIOM
Bo3pacte 1637 romy, omyOnukoBal B KHure «beceapl W MmareMartudeckue
J0Ka3aTeIbCTBA, Kacalwlluecs [BYX HOBBIX OTpaciied Hayk». B dacTtHOCTH
lanuneit aHaMUTUYECKW JTOKa3al M 3aTeM ASKCIEPUMEHTAIbHO TOATBEPAMII, YTO
JIETKUE Teja MaJaroT TaK K€ OBICTPO KaK M TSIKEIIbIE, €CJIM MpeHeOpedh BIUSHUEM
BO3IyXa.

JlomycTrM, YTO TSXKEIbIM KaMeHb TagaeT ObIcTpee Jerkoro. Torga T0JBKHO
BO3HUKHYTh cieaymoliee npotuBopedune. [IpeacrtaBum kaMeHb A COCTOSIIIUM M3
IBYX KyckoB B u C, uMeronux oAnHaKoBble Macchl. Tak kak B u C jnerue, 4em 4,
OHM JIOJDKHBI MaJaTh ¢ OJIMHAKOBOM CKOPOCTHIO, HO MeJIeHHee, yeM A. Torga B u
C coobma Toxe AOMKHBI Manath meayeHHee, Hexxenu A. Ho B u C BmecTte
COCTaBIIAIOT kameHb A. CnenoBaTenbHO, KaMEHb A JOJDKEH MajaTh MeJJIeHHee

caMoro CC6$I, YTO HEBO3MOXHO.

CymiecTByeT JiereHja, 4TO OH MPOM3BOJMI O4YeHb 3(dekTHbie OnbITH, cOpachiBas ¢ HAKIOHHOM
[Mu3anckoit OamHu 1Be chepbl COBEPIICHHO Pa3IMUYHON MACChI, YTOOBI JIFOJIU CAMH MOTJIM Obl YOSTUTHCS,
410 cephl B IpoIlecce MaJICHHs BCE BPEMsI OCTAIOTCS PSIOM U IMAJaf0T Ha 3eMITI0 OJTHOBPEMEHHO.

Heo0xonuMo OTMETUTh, UTO B ATHX PACCYKIEHUSX BIIEPBbIE HCIOJIb30BAIUCH
UJeaNM3UPOBAHHBIE OOBEKTHI ISl OMUCAHUSl peajbHBIX MPEIMETOB U MPOIECCOB.
AGcTparupoBaHue: OTOPOLIEHbI BCE XapaKTEPUCTUKH KaMHS KpOME Macchl,
OTOpOIIEHBl XapaKTEPUCTHUKU Ipoliecca MajeHHs (HEBaAXKHO Kyda, C Kakou
CKOPOCTBIO M CKOJBKO BpPEMEHUM KaMHM [MaJaloT), MNpPEeHEOpPEeKeHHE CUJIOH
COMPOTHUBIICHUS BO3/JyXa W apXuUMeEJoBOW cuioil). B nanHoMm cnydae peanbHbIE
O00BEKTHI U TPOIIECC CHAayYajla UACAITU3UPYETCS, UCCIEIYIOTCS, a 3aT€M PE3YJIbTaThI
UCCJIeI0BaHUS PUMEHSIOTCSI CHOBA K peaslbHbIM 00BEKTAM U MpOoIleccaM.
[TockonbKy cBOOOJHO OpOILIEHHBIE TeNa MaJaloT CIUIIKOM ObICTpo, ['anmuneit ans
«ocabaeHus» TPaBUTALIMOHHOTO BIMSHUS MTyCKal 1Pkl MO CIErka HaKIIOHEHHBIM
OpyckaM, MocepelnHe KOTOPBIX ObLT BBIAOJOJEH MPOJOJbHBIN kenob. ["amumneit
MPEANOJIONKUI, YTO OCTAETCS ITOCTOSIHHBIM TEMIT HM3MEHEHUSI CKOPOCTH CO
BPEMEHEM, U JOKa3aJl YTO B 3TOM CJIydae IyTh, IPOMAEHHBIN IaPOM OT HayaJbHOU
TOYKH IOKOsI, IPOIMOPIIMOHAJTIEH KBaApaTy 3aTPAY€HHOTO BPEMEHH.

v~k*t; s~u¥t~k*t*,

[lpr odKCrepUMEHTANBHOW TIPOBEPKE CBOEr0 TPEANONOXKEHHs [anuies OCHOBHas mpodieMa
3aKIfovajach B JIOCTATOYHO TOYHOM H3MEPEHHHM IPOMEXKYTKOB BpeMeHH. Torma Bemb He OBLIO
COBPEMEHHBIX CEKYHJOMEpPOB, a yAapbl Myjbca — IUIOXas UM 3aMmeHa. [amunied Ay u3MepeHus
OIMHAKOBBIX IMPOMEKYTKOB BPEMEHH, MCIIOJIB30BaJI COCYJIOM 3aIllOJITHCHHBIM BO):[OfI C Y3KHM TI'OpJIBIIIKOM
B HIDKHEM dYacTth. B Hauaze OKCIICPUMEHTA OTBCPCTHUEC B TOPJBIIIKE OTKPBLIBAJIOCh, @ B KOHIIC

3akpbiBaiiock. CoOupasi BCIO BOJY, BBITEKIIYIO M3 COCyJa Ha KaXIOM JaHHOM 3Tare, W TIIATENbHO
B3BEIMBAA e¢, | anmuiei u3MepsuT BpeMs, 3aTpadeHHOe Ha 3TOT 3Tarn. Pa3zymeercs, OH u3MepsiT BpeMs HE B



CTaHJAPTHBIX E€IMHMIAX, HO 3TO, KOHEYHO €, HE IIOMEIajJ0 €My IPOBEpPUTh YTO 3a JABOWHOMN
MPOMEXYTOK BpEMEHH IIap MPOHAET B YeThIpE pa3a OOIbIINA MyTh H T. 1.

KpoMme TOro, OH BBIBENI TEOPETHUYECKYIO (OPMYIY, CBS3BIBAIOLIYIO YCKOPEHHUE
mapa ¢ yrioM HakioHa Opycka. Ilpuuem korma oHa Oblla IpoBepeHa
OKCMIEPUMEHTATBHO TPH Pa3HBIX MalbIX yIilaxX HakiaoHa, [amuieidl BBIABUHYI
NPENoNI0KEeHHEe, YTO OHA CIpaBeIuBa M Ui cBOOOAHO manatommx Tena. OH
paccMaTpuBal Majaroife Tena Kak HeKMe aHAJIOTH [IapoB, KATSAIIMXCS 110 YEMY-TO
BepTuKaiibHOMY.  XoTs  lammneit  ommbanics,  WTHOPUpPYS — BpallleHUE,
COITyTCTBYIOIIIEE KAUCHUIO, TEM HE MEHEe MPUIIE K MPaBIUILHOMY BBIBOIY O TOM,
9T0 CBOOOAHBIE TeNa, TMOAOPOUICHHBIE BBEpPX, JMODKHBI TaaaTh BOJIU3U
MOBEPXHOCTH 3€MJTH C MOCTOSIHHBIM YCKOPEHHUEM, OAMHAKOBBIM IS BCEX ITUX Tel
BHE 3aBHCHMOCTH OT X MacChl U MaTepuaa, U3 KOTOPOTO OHU U3TOTOBJICHBI (€CITU
npeHeOpeysb COMPOTUBICHUEM BO3/1yXa U HEKOTOPBIMU JAPYTUMHU (PaKTOpaMu).

JIns OLEHKM MOTpeHIHOCTH B pacyeTax [amuies paccMOTpuM 3ajady o
WIMHJPE, CKATHIBAIOMIEMYCSl MO HAKIOHHOW IJIOCKOCTH 0€3 MPOCKalb3bIBAHUS.
BBenem cuctemy KOOpAauHAT, TA€ OChb X HalpaBleHa B CTOPOHY JIBHXKCHUS
MWIMHIPA, & OCh Z — BIOIb OCU IUIUHApA. J[BHKYIIUIiCS HWIMHAP COBEPIIACT
IUIOCKOTIApaJllieIbHOE  JIBIDKEHHE, KOTOPOE€  MOXKHO  TPEJCTaBUTh  Kak
MOCTYNATEeNFHOE JBI)KCHHE TONIOCAa W BpamlaTebHOE ABIKCHHE Tella BOKPYT
nojroca. [IpyHMMas 3a MOMIOC TOYKY HAa OCH LMJIMHApPA, MOJIYYUM CIEAYIOLIHNE
ypaBHEHHMsI, ONMCHIBAIOIIKE €ro JBUXKEeHuE (puc. 50):

X :zEX =-F, +mg-sina,

(1)

rae J- 0CeBOl MOMEHT MHEPLIH.

Puc. 56
VYcnoBue OTCYTCTBUE CKOJBKEHHS MaTEMaTUUECKH TMPEJCTaBIseT CcoOoM
[IPOIIOPIIMOHANBHOCTE IIEPEMEIIECHN L[EHTpa LWIWHIPA U W3MEHEHUSA yIjia €ro
IIOBOPOTA:
x=R-0@
Bripazum u3 BTOporo ypaBHeHUs cuctembl (1) F,, ¥ TOJICTaBUM €T0 B TICPBOE

YpaBHCHHUEC, C YYCTOM TOI'0, 4TO ¢ =—, TOrJga IOoJIy4um
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Cnydaii p=0 COOTBETCTBYET CKOJBKCHHUIO IWIMHApa Oe3 BpaimieHus. [lpu
o =mn/2, MOJIy4aeM, 4YTO OTHOIIEHHE YCKOPEHUM MAJAIOLIETO TEla U KaTAIIErOCs

10 BEPTHUKAIBHON CTEHKE OyIeT paBHO /2 +1. (Ilpu orBere Ha SK3ameHe mpoBecTH Gonee
nopoOHBIN BBIBOJ POPMYI)

puc.6

[Naymnen mokasan Tak ke, YTO CKOPOCTh KaTSIIETOCs IO HAKIOHHOM IUIOCKOCTH
miapa, CTapTOBABIIETO M3 COCTOSHHS TOKOS, 3aBHCUT MCKIIOUHUTENBHO OT
BEPTUKAIBHON COCTABIISIOLIEH NMPONMAECHHOTO myTH. Jluist qokasarenbeTBa [anuiein
npoBen cieayomuid onbT (puc. 6). OH chenan MasTHUK, MOABEHICHHBIA Ha
TOHKOW HUTH K TBO3/110, BOUTOMY B cTeHY B Touke O.

OTtnyckas rpy3 B Touke A, ["anuneit 0OHapyKui1, YTO MPU KaYaHUU MAsITHUKA OH
BCErJa OXOAWJ N0 TOYKHM, HaXOMSUIEHCA Ha TOW K€ BBICOTE, YTO M TOYKa A, MO
Kakoil ObI TPaeKTOpUU HE e (PacCTOSHUSA MO FOPU3OHTAIN Pa3HbIE, MO BBHICOTE
OJIMHAKOBBIE). TO MOIJIO CIYKUTh IKCTIEPUMEHTAIbHBIM OCHOBAHUEM JJIS BHIBOJA
0 TOM, YTO COOTBETCTBYIOLIEE SIBJIEHUE OyAEeT UMETh MECTO U B CIydae KaTAUIUXCS
mapoB. [lo kakomy Obl kenoO0y HM KaTWicd IIap, MO MNPSIMOMY WU IO
HUCKPHUBJIEHHOMY, OH  BCErjaa

A Py y C E
e\ ’_//Q?/._\\\\\ __-=-| Oyzer BO3BpamiaTbcsi Ha Ty XKe
——— e —— ~
& ; D BBICOTY, C  KOTOpOHM  ObLI
ucC.
P OTITYIIIEH.

[lamuien mpuBen €e OJWH YUCTO JIOTUYECKUMUW ApPTYMEHT B IOIIEPIKKY ATOTO
BbIBOJIA. [IpeHeOpekeM BceMU CHIIaMU COTIPOTUBIICHUS, BKIIFOYAs CONPOTUBIICHUE
BO3/1yXa, W MPEIOI0KUM, YTO map (puc. 7), CTapTOBABIINN U3 COCTOSIHUS TTOKOS
B TOUKE A, IIOCJIE TOr0 KaK OH CKaTUJICA BHU3 BAoJib AB n nmoguumercsa Baois BC,
npuxoauT B TouKy C ¢ OTIIMYHON OT HyJd CKOPOCThIO. Teneph MO3BOJIMM IIapy
MPOAO0JKATH KAaTUTHCS BAOJIb BCE HOBBIX U HOBBIX Konui kpuBoid ABC, Takux, Kak
CDE. B koHIle KaXJI0r0 HOBOT'O dTara JBWXKEHUSI CKOPOCTH Ilapa JOJKHA Oblia




OBl HapaCTaTb, HO 3TO O3HAYaAJIO OBl CyYHICCTBOBAHNUEC BCYHOI'O ABHUIATCIIA, YTO
INanunen BCPHO CHUHTAJI HCBO3MOJKHBIM. Takum 06p330M, map., CTapTOBaBHIHﬁ n3
COCTOSAHMHA ITOKOA B TOYKCEC A, HE MOI' OBl MMETh OTIIMYHYIO OT HYJIA CKOPOCTH B
MOMCHT AOCTHXXCHHUSA TOYKHU C (pa?)YMeeTCSI, eciu Touku A u C HaxoAATCsA Ha
OJHOM ypOBHC). TCHCpB MMPCAIIOIOKUM, 4YTO IIap, CTapTOBaBH_II/Iﬁ N3 COCTOAHMUA

puc.8

MOKOSI B TOUKE A, HE JOKAThIBAeTC 10 TOUKU C M JOCTEraeT JUIIb TOUKH X.

Kak momaran Tanmunedt, IBWXKEHHE BIIEBO JOJDKHO OBITh 3€pKAIBHBIM
OTPaXCHUEM COOTBETCTBYIOLIETO JIBMJKCHHS BIPAaBO, W IO3TOMY COTJIACHO
BBILICIIPUBEICHHOMY IIPUMEPY 1IAp, CTAPTOBABIIUK U3 COCTOSAHUS ITOKOSI B TOUYKE
X, HE MOXET B TOYKE A HMMETh CKOPOCTh, OTIMUHYKO OT Hyas. Ho Torma miap,
ctapToBaBIni U3 TOUkH C (pacmoyioKEHHBIN BbIIIE TOUYKU X), JOJKEH MPU CBOEM
JBIDKCHUH TIPUOOPECTH CTOJIb OOJBIIYI0 CKOPOCTh, YTO MPUOYIET B TOUKY A, HE
ycuepnaB ee MOJHOCTBhI0. A 3TO, KaK ObIJIO MOKAa3aHO B MPEIbIAYIIEM MpUMepe,
HEBEPHO, ¥ TTOATOMY HEBEPHBIM OBLIIO MPENOJI0KEHHUE, YTO IIap, CTAPTYIOUTUN U3
COCTOSIHMS TOKOSI B TOUKE A, IOCTHUTHET MPHU CBOEM JBHKEHUM TOJBKO TOUKY X.
CrnenoBarebHO, B OTCYTCTBHE COINPOTUBICHHS BO3AyXa M TOMY TOJOOHBIX
TOPMO3SIIIMX CHJI, IIap, CTAPTOBABIINKA U3 COCTOSIHUS MOKOSI B TOUKE A, TJOCTUTHET
nMeHHO Toukd C U1 B MOMEHT BPEMEHH, KOTrJja €ro CKOPOCTh OyJIeT paBHA HYIIIO.
[IpryeM mpuBEEHHOE NOKA3ATEIBCTBO OCTAETCS B CUJIE KaK ISl UCKPUBJIICHHBIX,
TaK ¥ JJIsl IPSIMOJIMHEHHBIX JKETT000B.

OH mpuMEHMJI ATOT BBIBOJA (KaXAbl pa3 mpeHeOperas TpeHUEM U JIPYTUMHU
TOPMO3SIIUMH BO3JCHCTBUSIMHU) K aHAJIU3y CUTyallud, U300paKeHHON Ha puc. §,
rae Toukud A, C, D, E u T. 1. HaXoAsATCsA Ha OJHOM U TOM K€ BHICOTE HaJ TOUKOM B.



B npenensHOM ciydyae, Korjna mpaBblii >KeJ00 CTaHOBUTCS TOPU3OHTAIIBHBIM,
BBICOTA IlIapa CTAHOBWUTCS, CJIEIOBAaTEIBHO, IIEPECTAET MU3MEHATHCA  €r0
TOPU30HTAIBHAS CKOPOCTb.

B pesynbprare ['anuneil npuiien K BIBOAY O TOM, YTO €CTECTBEHHOE JABUKEHHE

CBO6OIIHOﬁ qacTUulbl ABJEICTCA PABHOMCPHBIM U HpHMOHHHCﬁHBIM. K anamormunomy
BBIBOJLY, HCXOJIsl U3 COBEPIIICHHO IPYIHX COOOpakeHuH, npuiien Gpaniy3ckuii puaocod Pene Jlexapt.

OTO 3aKIIOYCHHE H3MCEHHJIO BCE OCHOBHBIC MNpCaACTABJICHUA B MCXAHUKE,
OIIpaBIOIMUCCA Ha HOBCGHHCBHBIﬁ onbIT. PanHee onurpasACh Ha 3TOT OIIBIT, ApI/ICTO-
TCJIb WU MHOI'UC Cro IIOCJIICHOBATCIN YTBCPXKIAJIN, YTO ABHIXYHICCCIA CBO6OI[HOC

TeJa, JOJDKHO ObLIO OBl MPUNUTH B COCTOSTHUE TTOKOSI.

Kornma MbI BUIUM YTO-TO IBHXKYIEeCs paBHOMEPHO (HampuMep, paBHOMEPHO JBIIKYLIHICS MOe31.),
TO OOBIYHO 33J]aeMCsl BOIIPOCOM: «A UTO 3a CHJIa YIEpKHUBAET 3TO TENO B JABMXKEHUU?» U Takoil Borpoc
Ka)KEeTCsl €CTECTBEHHBIM U 04eBUAHBIM. Hy a kak OBbITh CO CTperol, BBIMYIIEHHOH 13 tyka? [IBrkeHue ee
WIH JTI000r0 Jpyroro cCHapsija B 9TOM CMBICIE 03aJaduBaeT. YTO 3acTaBisieT ABHTaThCs CTpENy, KOraa
oHa nokuaaet nyk? [locnenoBarenn ApUCTOTENS AaBajld BECbMa XUTPOYMHBIN OTBET: HA4aJIbHBIN TOIYOK
TETHUBHI MTPOAOIIKAET IepeIaBaThCs CTPENe BO3AYXOM.

Ecam BcTath Ha IIO3NIIUU Fannnesl, TO BBIICHHUTCA, YTO KOI'JJa TCJIIO HaXOIUTCA B COCTOIHUH
PaBHOMEPHOI'O U HpHMOHHHeﬁHOFO ABHUKCHHA, TO BOBCC HET HYXABI BBIACHATH, YTO YACPKHUBACT €0 B
JBHKCHHHM, KaK HCT CMBICJIa B 06’b$ICHeHI/II/I HJIM KaKOM-TO OITpaBJAaHWM TaKOI'O ABHXKCHHA. HaO60p0T,
o0bsicHeHre TpedyeTcsi Kak pa3 Torja, Korjaa Teino 3aMeIsieTcs], a 3aTeM M BOBCE OCTaHaBlMBacTcs. B
O9TOM ClIy4dac HpH‘IHHOﬁ OTKJIIOHCHUA [OBUKCHUA TE€la OT CCTCCTBEHHOI0 pPAaBHOMCPHOTO U
MPSIMOJIMHEHHOTO ABJISIETCA HEKOTOpasi CUjla, BO3MOYKHO, CHIIa TPEHUSI.

[IpaBna moaxon, ¢ MOMOILIBIO KOTOpOro l'ajmuien crienian cBoe OTKPBITUE, BEIET K BBIBOJAM, IIPSIMO
IIPOTUBOIIOJIOXHBIM €T'0 y6e)KI[eHI/I$IM. BCHOMHI/IM, 49TO, COIrjiaCHO FEUII/IJ'ICIO, IIpyu OTCYTCTBHU COIIPOTUB-
JICHWs BO3AyXa M CHJ TPEHUs CBOOOTHBIN INap, KaTALIMKCS MO TOPH30HTAIBHOMY Xenoly, Oyxaer
0€30CTAHOBOYHO JBUTAThCSI C TOCTOSHHOW CKOpOCThIO. HO  «ropM3oHTANBHBIN»  O3HAYaeT
«pacmoJ0KEHHBI BCIOy Ha OJJHOM M TOW K€ BBICOTE». A Ha cepudeckol 3emiie JHHHUS, TPOBEICHHAS
Ha TIOCTOSHHOH BEICOTE, HE MOXKET OBIThH NpAMOA U HMETh 6eCKOHeqHyIO JUIMHY — OHAa JOJDKHA
OTOSICHIBATH 3EMJTIO, TO €CTh OHA JIOJDKHA OBITh OKPYXKHOCTBIO. [103TOMY MOXKHO OBIITIO OBI CKa3aTh, YTO
lanuneit mokaszan cienytoniee. ECTeCTBEHHBIM ABM)KEHUEM CBOOOTHON YACTHIIBI SIBIIICTCS HE paBHOMEp-
HOE U TIPSAMOJMHEWHOE IBUKEHHE, a PaBHOMEPHOE JIBI)KEHHE 10 OKPYKHOCTH, KOHIIEHTPHYECKOW €O

cepryeckoll MOBEPXHOCThIO 3eMitd. ["anuiieii Tak v He y3HaII,

A H, H, Hy  H, KaKylo IYTKy ChITpajia ¢ HUM Cy/ib0a.
Vli_~ C ? @lr' i?" [loMrMO OMNBITOB C IIapamu, Fannfeﬁ
o _____1_\1.5 : ‘ 3aHUMAJICA TIPUIIOKCHHUCM CBOUX OTKPBITUU K
CZ\‘ ‘l TCOPHUN TIOJICTAa IMMYHICYHBIX AOCP, ABUKCHHC
V3('>— _________ _é | KOTOPBIX OO 3TOI0 HHUKTO HC MOI' IIPaBHUIIBHO
G E OOBSICHUTB. Jlaxxe oOpa3oBaHHBIC JIIOAU CYHUTAIH, YTO
‘ HecylIeecsi CO CBUCTOM SIPO MPOJIOJIKAET CBOM MONET TOMBKO
T - JI0 TeX Mop, Moka He Oy/IeT UcuepraHa ero CKopocTh, a 3aTeM
“\ najaeT BEPTUKAILHO HA 3EMHYI0 MOBEPXHOCTh. | AJIMJICH
pc.9. 3a4BWI, YTO IIOJCT AApa IMPCACTABIIACT co0oit

KOMOWHAIIMIO JIBIDKEHWH TIO TOPU3OHTAIH W
BEePTUKAIN, KaXJ0€ M3 KOTOPBIX MM Obulo yxke wm3ydeHo (puc.9). [lpmuem
TOPU30OHTATBHOE JIBHJKEHHE JIOJDKHO OBITh pPaBHOMEPHBIM, IIOCKOJIBKY B
TOPU30HTATHFHOM HAMpAaBICHUH Ha AP0 HE JCWCTBYIOT HUKAaKHE CHIIBI (L=const,
X~t), a BEPTUKAIBbHOE — MPOUCXOAUTh C HANPABICHHBIM BHHU3 TIOCTOSHHBIM
yekopernem(u=kt, y~t°). B KOMOMHALIMK 3TH BIKCHHS MPUBOIAT K TPACKTOPHUH,
uMeronier hpopmy napadosbl.

x=X(t) ; y=y(t) — 3aKOH ABMXKEHUS Tena, y=y(X) — TpaeKTOpHs Tela.



[IsaThIM B msATepKe nepBoOTKpbIBaTeneil Obu1 Mcaak HploTOH, KOTOPBIN poauiics

B roa cMmeptu l'anmumesi. Pomuncs om 25 nmexabpst 1642 roma B Mmecreuke Byicropn, 6nus
aHrnmiickoro ropoja ['panTs>-ma. DTa 1aTa ycTaHOBJIEHA COBEPIIEHHO TOYHO, HO T€M HE MEHEe OHa
TpeOyer moscHeHus. OJHAKO 3TO BhI3BaHO MeTamopdo3amMu BpeMEHH OTHIOb HE PEISITUBUCTCKOTO
xapakrepa. [lemo B TOM, 9TO IpOTECTaHTCKass AHTJINS HE OYECHB-TO TOPOIIIIACH CMEHUTH FOJIMAHCKHIA
KaJICHJaph Ha COBPEMEHHBIN TPUTOPHAHCKUHN, a M0 TPUTOPUAHCKOMY KaJICHIApIo, KOTOPBIA yXKe Tornaa
HCIIONB30BAJICS B cTpaHax MaTepukoBoit EBpomnbl u naxe B lllotnanauu, Hetoron pommics He B 1642, To
ecTb B rog cMeptu ["amunes, a 5 saBaps 1643 rona.

Kak-1o B mucbMe k 0HOMY M3 Kojuter HploTOH cka3an o cebe cioBamu craporo adopusma: «Ecnu st
BHJIEJ AAJIbIIIe, TO JIMIIB TTOTOMY, YTO CTOSAJ Ha IJIeYax TMTAaHTOBY. B muckMe muia peds o ero paborax 1o
OIITHKE, HO 3TH CJIOBa CleAyeT MoHMMaTh mupe. HpioToH passun noctmxenus [anmunes u Kemnepa, u
Ja)ke TIPEB30IIeN UX.

3ansatus oHOro HpIOTOHA B MIKOJE BPSI JIM MOXKHO CUMTATh yCIENIHBIMH. HekoTopoe Bpemsi oH
BOOOIIIE OBLT cCaMbIM MOCIETHUM B Kiiacce. K cyacThbio, OJJMH MallbuuK, KOTOPBIA B TO BpeMsi ObLT POBHO
Ha Kiacc Briepenu Mcaaka HeloToHa, TOBONBHO OOIBHO yIapui ero B )HUBOT. «K c4acThio» MOTOMY, 4TO
nocie modespl, OJiep)KaHHON B IOCIIEIOBaBILEeH Apake, HpI0TOH peln mpeB30HTH CBOETO MPOTUBHUKA
elle W MHTEUIEKTyalbHO. M1 OH 310pOBO B 3TOM IpeyCIell, CTaB B BBIMYCKHBIX KJaccaxX IEpPBBIM
YYICHHKOM B IIIKOJIC.

B 1661 rony Heroton yxke 0bu1 B KemOpumke. Ho B 1665 rony crpaiHas yyma o0pyliniach CHadaa
Ha JloHmoH, a Bckope nokatwinack u 1o KemOpumxka, uro 3actaBmiio HpioToHa IpoBecTH JiBa 3JI0BEIINX
rojga B TUXOM U Oe3zomacHoM Byncropne. MmenHo Torma HeloToH Hawanm co3gaBaTh HCUYHCIICHUE
0OCCKOHEYHO MaJIbIX, YSICHUJ HPUPOIY I[BETa M, KaK OH YTBEPXKIaJd, OTKPbUI MaTEMaTHYECKHI 3aKOH,
MTO3BOJSIIONTUN HANTH BEMTWYMHY TPaBUTAIIMOHHOTO B3aMMOICUCTBUS MEXIy Tenamu. B 1667 romy
Heroton BepHyncs B KemOpwmxk, a 1ByMs rogaMu mosxe ero yuutenb Mcaak bappoy, 3aHnMaBmmit
HEJIaBHO CO3JIaHHYIO JIyKaCOBCKYIO Kadeapy MaTeMaTHKH, CAeNal HEYTO M3 psijia BOH BBHIXOJIIEE.
OtnaBasi TOKHOE HBIOTOHOBCKOMY I'€HMIO, OH OTKa3aycs OT Kadeapbl, 4TOOBI HA €ro MECTO MOI' OBbITh
Ha3HauveH JBajlaTuiiecTuiaeTronii HproToH.

UYepes mHoro ner, B 1684 romy, KemOpummk mocerwn aHrimmickuid ydeHeldt OamyHpn [ammeid,
MOJMYYMBIIMN IUPOKYIO U3BECTHOCTH OJlaroiapst komeTe, Hocsimel ero umst. OH 3axX0Ten y3HaTh MHEHHE
HreroToHa 110 mMoBoy 0IHOT'0 HAYYHOTO CIOpa U O4YEHb OBICTPO MOHSUI, 4T0 HHIOTOH MPOABHHYICS JAJIeKO
BIIEpel B TMOHUMAHUM JAMHAMUKA M JBWXKEHMs IulaHer. M, HecMorps Ha Tsary HeloToHa CKpBIBaTh
MOJTy4eHHbIE pe3yabTaThl, [ aieit Bce ke yoenu Benmukoro (u3nka onyoJIMKOBaTh CBOM HCCIICIOBAHHS.

OTpeIIMBIIKCEH OT BCET0, YTO MPOUCXOIUIIO BOKPYT HEro, MOYTH 0€3 CHa U JIMIIb U3PEIKa MPUKACAsICh
K ezie, HproToH Havan paboTaTh ¢ HEBEPOSITHOW MHTEHCHUBHOCTHIO0. EMy moHan00mock Beero 18 mecsiies,
YTOOBI 3aBEPIIMTh OOJBIIYI0 YacTh OJHOH M3 CaMbIX BBIJAIONIMXCA KHUT B HCTOPHHM HAyKH:
«Maremarnyeckie Hayana HaTypaJlbHOH (QHUIOCOMUN», KOTOPYIO ceiddac OOBIYHO HAa3BIBAIOT IMPOCTO
«Hayanay. D10 counHeHue ObLI0 HamedaTtaHo B 1687 romy.

Kornma kHura Obuta 3akoHuYeHa, HbIOTOH BBITJISAEN COBEPIICHHO M3MOTAHHBIM M OONBHBIM. B 1696
rofly, MOJyYUB Ha3Hau€HHE Ha IIOCT CMOTpPUTENS MOHETHOIO [BOpa, OH OTKa3ajcsi OT CBOEro
KeMOPHJDHKCKOT0 3aTBOPHUYECTBA M pelni BecT B JIoHI0HE Oosiee CBETCKUI 00pa3 KU3HU, IPUCYIINH
M3BECTHOMY 4elloBeKy. Tpu roaa ciycTs HploToH cTan yxe Ha4aJlbHUKOM MOHETHOI'O JABOPA M 3aHUMA
3TOT TOCT BCIO OCTaBIIyIOCS XH3Hb. YMep HwioroH B 1727 romy B Bo3pacte 84 jJer W MOXOpPOHEH B
BectmuncTepckom abbaTcTBe.

[Ipemanme Tmacut, 4TO KakK-TO pa3, BO BpEeMEHA SMUIEMHU YyMbl 1665—1666 TOM0B, MOIOMOMN
HeroTon, cuas B THINM cBoero cajvka B Byscropre Bapyr oOpaTui BHUMaHHE Ha Tajaroiee s0JI0Ko U
riy0oko 3amymaincsi: «Bemp BIMsSHWE CHIIBI TATOTEHHUs, YBJIEKAIOIIee SOJIOKO K 3eMiie, HECOMHEHHO,
MPOCTUPACTCS 10 BBICOT, MHOTO OOJBIINX, YeM BBICOTA SIONOHH. 3HAYHUT, OHO MPHUCYTCTBYET JaXKe HaJ
BEpIIMHAMU BBICOKHX I'Op M, KOHEYHO e, TaM BHE3aITHO He hcye3aeT. A 4TO eciid OHO AgocTuraeT JIyHb1?
Toraa obpamatornyrocss BOKpyr 3emin JIyHy u majpatoriee ss0J0K0 MOXXHO OBbLIIO ObI CUMTATh OJAMHAKOBO
HaxomsmuMucs B TuieHy TsroreHus 3emnn. Jla m ComHile Morio Obl JiepikaTh «B y31€» BCE CBOE
MJIAHETHOE CEMENCTBO C MOMOIIBIO CBOEH CHUITBI MIPUTHKEHUS, UMEIOIIEH Ty YK€ IPUPOIY».

Pe3ynbTaThl CBOMX HAy4HBIX OTKpHITUA HBIOTOH oOmyO0iauMKoBal B Tpyle
«MareMmaTtnueckre Hauajaa HaTypaibHOU puiiocopum» uium npocto «Hauvanay



B »sToii xHure HBIOTOH, Bocmonb3oBaBmmich BaxkHOM mojckaskoil ceoero kosiern PobGepra
I'yka, pa3BuJ ydeHue [anmmmes o moieTe MymiedHbIX saep. [Ipeamonoxkum s
MPOCTOTHI, YTO COMPOTUBICHHEM BO3JyXa MOXHO mpeHeOpeub. llpemamonoxum
TaKXKe, YTO HCIIOJIb3yeMasl IMyIIKa OOJBIION MOIIHOCTH, M CTpenbda BeAeTcs B
rOPU30HTAIBLHOM HarpaieHuu (puc. 10).

Yem Oomplie HavyalbHash CKOPOCTH sipa, TeM Jalblle OHO OJDKHO MaaaTh, C
APYroil CTOPOHBI, 3eMHasl IIOBEPXHOCTH JOJDKHA MIOCTOSTHHO YXOAHUTH H3-TIOJ SIpA.
[Tpu oueHb OONMBIIMX HAYAIBHBIX CKOPOCTSIX SIAPO, OOOTHYB 3€MITI0, MOXKET BHOBb
JOCTUYb TOYKH BBICTpEIa HA TOH e BBICOTE U MPOJOJDKUTH JBIKEHHE TIO0 TOH Ke
TPAeKTOPHH, HECMOTPS HAa TO, YTO OHO BCE BpEeMs C yCKOpPEHHEM TajaeT Ha
chepuueckyro 3emo. Takum 00pazom, Ha MEPBBINA B3I MOTYyYaeTCs MapagoKc:
C OIHOW CTOPOHBI SIAPO JABUTAETCS HA OJHOW BBICOTE M COTJIAcHO [ ammiero c
MIOCTOSTHHOW CKOPOCTBIO, C JIPYTOi CTOPOHBI SAPO SBISETCS CBOOOIHO MaIaloluM
TEJIOM U JIBUTACTCS C YCKOPEHUEM, HAIIPABJICHHBIM K IICHTPY 3eMJIH.

Ha camom nene BBICKa3bIBaHUS O TOM, YTO SAPO MagacT Ha 3eMJIO, U SIPO
HaXOJWTCSA  Ha  TIOCTOSIHHOW  BBICOTE,  HE
NpOTUBOpEYAT Jpyr apyry. Kak u3BecTHO CKOPOCTH
UMEET HE TOJIbKO BEIWYMHY, HO W HalpaBlCHUE.
Hanpumep, y Tena, IBHKYIIETOCS 10 OKPY>KHOCTH C
MOCTOSTHHOW BEJIMYMHOW CKOPOCTH, HETPEPHIBHO
MEHSIETCSl €€ HampaBlieHHe. A pa3 CKOpocTh (ee
HaIpaBlIeHUE) MEHSIETCS CO BPEMEHEM, TO Y TeJa, IO
OTIPE/ICTICHUI0, €CTh YCKOpPEHHUE, MPUYEeM B JaHHOM
cllyuae YCKOpPEHHE BCETJa HaIpaBIIEHO K ICHTPY
OKpPYKHOCTH KaK TpeJieJIbHOe HalpaBJICHHE BEKTOpa
dv mpu cTpeMiIeHHH €ro JUIMHBI K HYJTIO.

[Tonyunm ¢opMyiny A BEIMYMHBI CKOPOCTH W YCKOPEHHsS] TOYKH TIpU ee
IBW)KCHUU TIO OKPY)XHOCTH C TIOCTOSTHHOHW CKOpOCTBIO. PaccmoTpum paamyc
BEKTOP TOYKH P, KOTOpBIH B TMOJNSPHON CHCTEME KOOpIMHAT XapaKTepU3yeTCs
JUIMHOW U YTJIOM HaKIJIOHAa (0 OTHOCHUTENBHO TJIABHOW OCH. TPU ABUKCHUH TOYKH 110
OKPY)KHOCTH JJIMHA BEKTOpa IMOCTOSSHHA M €ro MOXKHO TPEJICTaBUTh Kak

CKaJIApHYI0 (GYHKIHUIO yriaa ¢: r=r(¢). Jas coxpaHeHus pa3MepHOCTEN BMECTO

puc. 10.

yria (¢ COMOCTABIIAOT JJIUHY AYTU OKPYKHOCTU JJIi KOTOPOH (¢ - LEHTPaJbHbBIN

yroi s=r¢. [loiHas npou3BoiHas 1O BpEMEHH OT pajuyca — BEeKTopa TOuku P ecThb
€€ CKOpOCTb podr_drds_ de_ ous puc. 11 BugHo, uto npu dt—0; de—0;
dt dsdt dt

dr—ds. [IpousBogHas OT LIEHTPAIBHOTO yria MO BPEMEHHM HA3bIBACTCS YIIIOBOM
CKOPOCTBIO (®, KOTOpasi XapakTepHU3yeT OBICTPOTY BpaIlEHUsI U U3MEpseTCs paj/c
wiu npocto 1/c.

Paccmotpum BekTOop ckopoctd L U L’. Ilpu dt—0 BekTOpa MOXXHO CUHUTATh
UCXOSUIMMU U3 O0JHOM Toukd M dv=vd@ (Yroa Mexay L U L’ Tak K€ paBeH ),

TOoraa
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L= =V —=VO=TO" =—. I/IHIICKC n O03Ha4YacT, 4YTO MOJaHHOC YCKOPCHHUC
dt dt r
HAIpPaBJICHO IO PAaWyCy K ILEHTPY M SBISCTCSA HOPMAaJbHOW COCTABIISIONICH
ITOJIHOT'O BCKTOpPA YCKOPCHMU:.
Jlns Toro, 4yToOBI TEJIO B CBOEM JBM)KCHHH OCTAaBaJlOCh BCE BpEeMs Ha OJHOM
BBICOTE, HEOOXOAMMO, YTO OBl LEHTPOOEkKHAas CHIa yPAaBHOBEHIMBAIA CHITY
TSKECTH:
2
F=mor=F=mg—o=.g/r Wi v=,g 93T0, TaK Ha3bplBacMas IepBas

KOCMHYCCKaA CKOPOCTh.

HpyruM BaxXHBIM OTKpbITHeM HplOTOHAa OBUT 3aKOH M3MEHEHUS CHJIBI
MPUTSKEHUS B 3aBUCUMOCTH OT PACCTOSIHUSA A0 3eMJIM. HBIOTOH 1moKasas, 4yTo cuia
TATOTEHUS CMaJaeT 00paTHO MPOMOPIIMOHATIEHO KBaApaTy PaCCTOSHHUS.

Paccmorpum mmanety, oOpamaromyrocs Bokpyr CosiHIIAa 10  KpyroBoi
opbute. Maccy conHIla OyaeM CUuTaTh COCPEJOTOYCHHOM B €€ IIEHTpeE.
O6o3HaunM 4vepe3 R pamuyc ee opOuthl, a uepe3 T - mepuo, TO €CTh BpeMms,
HCO6XOIII/IMOC IJIA COBCPHICHHA ITOJITHOTO 060p0Ta BOKpYT COJ'IHI_Ia. CormnacHo 3
3akony Kermepa

T~ R’ )

CkopocCTh TUIAaHETHI L MPOMOPIMOHANIPHA OTHOIICHUIO pajguyca OpOUTHI K

MepUoay, TO €CTh
v=0R[M/c]~R/T. 3)

[Tepuon T cBsA3aH ¢ yrioBoit ckopocThio hopmyon ow=27/T.

[lycts mepuon BpalleHus paBeH 2C, TO €CTh TEIO COBEpIIAET OAMH O0OPOT 3a 2 CEKYHIbI WU
BpaIIlaeTcsl C YacTOTOM 27 pajnaH 3a 2 CeKyH/Ibl MU T paJviaH B ceKyHay. [IoHATHS YacToTa BpalieHus u
yriioBasa CKOPOCTH SABJIAIOTCA CHHOHUMAaMHu, T.K. 0603HaanOT OOAMH M TOT XE€ MNpoHeCC U HMEIOT

OINHAKOBYIO Pa3MEPHOCTh, TO €CTh B JaHHOM ciy4dae o=n. CienoBaTenbHo, T=0/21 1 Ipu MOACTaHOBKE
3TOTO BEIpaXkeHUs B (3) moirydaeM yxxe U3BeCTHYIO popmyny u~moR

Kak Obu10 g0Ka3aHO paHee, YCKOpPEHHE, ¢ KOTOPbIM IIaHETa «IaJaeT» Ha
Connrie, paBHO a=v°/R. HbIOTOH yTBepXIal, 4TO YCKOPEHHE MPOIOPIHOHAIBHO
cune TsaroteHus: (Il 3axon a=kF), ¢ xoropoit ComnHIile AeHCTBYeT Ha IUJIAHETY.
O603HaunM oty cuty 4epes F. Torna F~0?/R wnm, npuHnMas Bo BHuMaHHE (2),
F~R /T
Orcroza mpu yuere (3) ciaexyer, uro F~1/R?

J1Jist IpoBEpKU OTKPHITOro 3akoHa HbIOTOH, 3Hast yCKOpEHHUE, C KOTOPHIM MaJaeT
A0JI0KO, M, 3Has 3aKOH YMEHBIICHUS CUJIbI TATOTEHUS C PACCTOSIHUEM, BBIYMCIHII
YCKOpEHHE, ¢ KOTOPBIM JIOJKHA majnath JlyHa, ecnu ee Ha opOUTE yJIep KUBaeT
nputspkenre 3emn. Ho HplOTOH Mor Taxke HalWTH 3TO YCKOpPEHHE W HEMO-
CPEIICTBEHHO, MCXO/sl U3 M3BECTHOTO PAcCTOSIHUS OT 3eMiu 10 JIyHbl U U3 TOro
¢dakra, yTo noJHbI 000poT Bokpyr 3emuin JlyHa coBepiiaer 3a onuH mecsil. Ilo
cinoBam HproToHa, 3TM ABa pe3yibTaTa «BEChbMa XOPOILIO COOTBETCTBYIOT IPYT
apyry» (3Ta ¢pasza B3siTa M3 BOCIHOMHHAHMWI, HANMMCaHHbIX UM moutu 50 Jer
CIyCTS).
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Meronuka U3MEpEHHs PACCTOSHHUS OT 3€MJIH JIO JIyHBI. Pajgmyc 3eMHOH OpOMTBHI MOXKHO HaWTH
HEToCpeaCcTBeHHO. 3Has paccrostHus AB, AA’, A’B’, moxHo, mpuasaB Touky C 3a Hadajgo KOOpAWHAT
BBIYMCIUTHh ypaBHEHHE OKPYKHOCTH Tpoxonsiuiei depe3 Touku BCB’, u, coorBercTBEHHO, ee paauyc.
OpHako, 3TOT )K€ paguyc MOXKHO ONPENeTUTh U3MEpPss KPUBU3HY 3€MHON TEHU Ha JyHEe. 3Has YIJIOBYIO

BEITMYMHY 36MHOT'0 PAJANYCa, MOKHO BBIUUCIUTE PACCTOSHHE OT 3€MJIH O JIYHBI.
Pucl2

Kpome »srtoro, B cBoeM coumHeHHMHM HBIOTOH ChOpMYIUpOBall TpU 3aKOHA
JIBUKCHUS, a 3aTeéM Ha OCHOBAaHWW AITUX 3aKOHOB M Ha 3aKOHE BCEMHUPHOTO
TATOTCHHSI YCTAaHOBWJI, YTO Ha 3emJiec W BO BceJeHHOW IapsT OJHU U TE JKe
(bU3UYeCcKUe 3aKOHBI.

[lepBbIii 3aKOH JIBH)KCHHS, YaCTO HA3bIBAGMbIH 3aKOHOM HHEPIIMH, TJIACHUT, YTO
KaKJI0€ TEJIO COXPAHSET COCTOSHUE JTUOO TMOKOsI, JITMOO PAaBHOMEPHOTO M TIPSIMOJIH -
HEHWHOTO JBMKCHHUS 10 TEX IOp, MTOKa BHEIIHHUE CHUJIbI HE BBIHYAAT €r0 U3MCHUTH
9TO cocTostHuE. [TOHATHS «IIOKOW» M «PaBHOMEPHOE JIBIIKEHHE)» IOJIPa3yMEBalOT
HaJIMYHUe HEKOTOPBIX 3TAJIOHOB, OTHOCHTEIIBHO KOTOPBIX MOKHO MX ONPEIeIsATh. B
peaTbHOM MHpE TaKUX 3TAJIOHOB HE CYIIECTBYET, T.K. BCE Teja, BKIIOUYas 3BE3/Ibl U
IUTAHETHI, JBWXKYTCS [0 HEKOTOPHIM KpUBBIM. JIJIS MpeogoscHUs MTPOOIeMBbI
HbIOTOH HWCKYCCTBEHHO BBEJI B PAacCMOTPEHHE YHHMBEPCAJIBbHOE aOCOIIOTHOE
MIPOCTPAHCTBO, KOTOpPOE, IO OMPEICICHUIO, BCETJa M BCIOJIY OJMHAKOBO U
HETO/IBM)KHO, ¥ a0COJIFOTHOE BpeMsl, KOTOpOE «caMo Io ce0e M Mo caMOi CBOeH
CYITHOCTH, O€30THOCUTEIBHO K YeMY-THOO0 BHEIIHEMY, IPOTEKAcT PaBHOMEPHO U
WHAYe HA3BIBACTCS JTUTEILHOCTHIO». AOCOIIOTHOE MPOCTPAHCTBO TO3BOJISIIO, KaK
MHUHHUMYM, pPacCyXaaTh JMOO O COCTOSHHHM ITOKOS HEKOTOPOTO Teia, JU00 O
JBUKCHUHU TI0 OTHOIICHUIO K ATOMY IMPOCTPAHCTBY, NMPUYEM B COCTOSIHHUH JTHOO
a0COIIOTHOT'O MOKOS, JINOO a0COJIFOTHOI'O JBHIKECHHS.

AOCOIOTHOE BpEeMS IO3BOJISIIO OTMEPSTH pPaBHBIC MPOMEKYTKH BPEMCHH M
paccykaaTh O paBHOMEPHOCTH JIBF)KCHHS, 32 PaBHBIC MPOMEKYTKH BPEMEHH TEJIO

IMPOXOOUT PABHBIC PACCTOAHMUA.

VT1BepxIeHUE, YTO aOCONIOTHOE BpeMs Te4eT paBHOMEPHO, — 3TO TaBToNOrus. 1160 kak eme MOXXHO
ObLTO OBl IPOBEPUTH PABHOMEPHOCTh TEUEHHS aOCONIOTHOTO BPEMEHH, €CJIM HE MO OTHOLIEHHIO KO BCE
TOMY k€ a0COJIIOTHOMY BPEMEHH, M MOXKET JIM OHO B 3TOM ClIy4yae BOOOIIE TeUb KaK-TO HHaue?

C nomourpio abCOTIOTHOTO MPOCTPAHCTBA U aOCOIIOTHOTO BpeMeHu HproToH
CyMeJl M0Ka3aTh, 4YTO B KOCMOCE M Ha 3eMJie JEHCTBYIOT OJHU U Te€ )K€ (PU3NUECKUe
3akoHbl. Teneph 1 3akoH HploToHa MOXHO TEepe@opMyIHpOBaTh. DTOT 3aKOH
YTBEPKJAET, YTO B OTCYTCTBUU CHJIBI YACTULA Oy/I€T MOCTOSIHHO HAXOAUTHCS OO0
B COCTOSTHUU a0COJIFOTHOT'O TIOKOSI IO OTHOLIEHUIO K a0COIIOTHOMY MPOCTPAHCTBRY,
JM00 B COCTOSIHMM JBMXKEHUS BIOJb MNPSIMOM, (PUKCUPOBAHHONW B aOCOJIIOTHOM
npoctpaHcTBe. Ilpuuem nBuUraThcs dacTHiia OYIET CO CKOPOCTBIO, KOTOpas
OCTaeTCs MOCTOSIHHOM 1O Mepe TeueHUs a0CONIOTHOTO BPEMEHH.

Bropoii ero 3aKoH roBOPUT O BIMSHUU CHJIBI HA ABMKEHHE YacTHIlbl. Ero yacto
dbopmynupyoT B Buiae oaHOW ¢pasbl: «Cuia paBHa Macce, YMHOKEHHOM Ha
yckopenue»: F=ma. W13 storo 3akoHa ciienyet, 4to yeM OoJbllle Macca Teia, Ha
KOTOpOe ACHCTBYeT Jrobas Hamepesa 3aJaHHas CHila, TEM MEHbIIE YCKOpEHHE,
BBI3bIBAEMOE 3TOM CHIJION, U Ha00OpOoT. BrIpakeHne ma MOXHO paccMaTpHUBaTh
KaK CHIIy UHEpILMH, a F — Kak BHEIIHIOIO CUITY.
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Haxonen, tpetnit 3akoH HproTOHa riacur, 4yro cuia, ¢ KOTOPOW OJIHO TEJO
JNEUCTBYET Ha APYroe, paBHA IO BEJIMYMHE, HO IIPOTUBOIIOJIOKHA 110 HAIIPABIICHUIO
CUJIe, C KOTOPOM BTOPOE TEJIO AEUCTBYET HA IIEPBOE.

puc. 11.

Hna nokazarenbcTBa 3TOro 3akoHa HpioToH mpoBen crnenyrounmii onbiT. OH paclofoXuil Ha
MOBEPXHOCTH BOJIBI TpW moruiaBka. Ha omHoM moruiaBke HBIOTOH pa3menian MarHuT, a Ha JIPYroMm
KyCOUeK Jkene3a. TpeTHil MOIUIaBOK MCIIOIB30BAJICS B KA4YECTBE IMEPETOPOAKH MEKAY MEPBBIMH JBYMSI
(puc. 11). Ecnu cuna, neiicTByIOIIasi co CTOPOHBI MarHuTa, MOIIHEE, TO BCSI CUCTEMAa JOJDKHA Oblia OBl
[epeMelaThCcsl B €r0 CTOPOHY; €CIIH K€ MOIIHEe CHJla, ACHCTBYIOIAasl CO CTOPOHBI JKejle3a, TO cucTeMa
Jo/DKHA Obuta OBl IBUTaThCSl B CTOPOHY MOIUIaBKa ¢ KycKoM jkene3a. [IockonbKy cucreMa octaBajach B
MOKOEe TI0 OTHOIICHHUIO K Bojie, HBIOTOH chenan BBIBOM, YTO CHIIA, C KOTOPOW MArHUT NPHUTATHBACT
’KeJe30, ypaBHOBEIIMBACTCS CUIION, C KOTOPOM JKeJIe30 MPUTSATMBACT MarHUT.

N3 3axkoHOB JBM>KEHUS HBIOTOH BBIBEI NMPUHLMI OTHOCUTEIBHOCTH «3aKOHBI
NBW)KCHUS TeJl, HAXOMALIMXCSA B JAHHOM IIPOCTPAHCTBE, OJUHAKOBHI BHE
3aBUCUMOCTH OT TOI'O, IOKOUTCS 3TO IPOCTPAHCTBO WIJIM JBUIKETCA B OJHOM
HaIpaBJICHUU PABHOMEPHO M MPSAMOJMHENHO, 0e3 Kakux Obl TO HHU OBLIO
IBWKEHUM 1O OKpYXHOCTW». CIJIOBO «IPOCTPAHCTBO» 3IECh OTHOCUTCA HE K
a0COJIIOTHOMY MPOCTPAHCTBY, a K MPOCTPAHCTBY BHYTPHU JaOOpaTOPHUH.

Kpome Toro, HptoToH moKasal, 4To €CiiM Cujia TATOTEHHs] MEHSETCS 00paTHO
MPONOPLUMOHAIIBHO  KBajpaTy paccrosHuss or CoiHoa, TO  TpaeKTOpUs
JIBUKYILIErocsi CBOOOAHOTO Tejla MOXKET ObITh TOJBKO KOHMYECKHMM CEYEHHEM, B
OJTHOM U3 (POKYCOB KOTOPOro pacnoyioskeHo CoJHIe.

Hcxonss u3 BceX OTUX OTKPBITUH, MOXHO CGHOPMYJIHpPOBAaTH 3aKOH
BCEMHUPHOTO TAroTeHus: (caM HBIOTOH MOJHOCTBIO 3TOr0 HE cheiai): Kaxzaas
yacThlla BO BceneHHOW NpUTATrMBaeT BCAKYIO IPYryr0 4YacTully Bo BceeneHHoM
Oyaroyiapsi B3aUMOJICMCTBUIO, MTHOBEHHO PACHpPOCTPAHSIONIEMYCS Ha JIOObIE
paccrosiHua. Ecim Macca onHOM yacTuibl m, a Apyrod M u eciu paccTosiHue
MEKly HUIMH PaBHO I, TO OHHU NPUTATUBAIOTCA APYT K APYTY C CHIOH, POMOPIINO-
HANBHOM BenuumHe F~mM/r’, IIpUYEM HJTa CuUjla pajualibHas, TO €CThb OHa
JNEUCTBYET BJIOJIb IIPAMOM, COCAUHSIOIIEA YACTHULIBI.

Ota popMyra oObACHSIET ToydeHHbIN ["anmieem 3akoH majaeHus Teia. HeloToH
MpUNKUcall Macce JIBOSKYIO pOJib: C OJHOM CTOPOHBI, OHAa JOJI)KHA OBITh MEpOU
IPaBUTALIMOHHOTO B3aWMOJEHCTBUA (TpaBUTALlMOHHAs Macca) mg, a ¢ JpYyro —
Mepoil uMHepuuu Tena (MHepTHas macca)ma. PaccmorpuMm Tena macchl m U 2m.
VY nBoeHHne mMacchl O3HAYAET cienymwllee. Bo-nepBbix, 3eMisl MPUTIATUBAET TEIO B
I1Ba pa3a CUJIbHEE, a BO-BTOPBIX, Y 3TOTO Te€Jla B J[BAa pa3a BO3pacTacT UHEPLHUs, TO
€CTh €r0 «HEKeJaHue» ObITh YCKOPEHHBIM CUJION TATOTeHHs. B pe3ynbrare nepBoe
Teno OylleT UMETh TO K€ CaMOe€ YCKOPEHHUE, YTO U BTOPOE.

B teopun HproTona Obutn u cBoM HenocTaTku. [lepBbIM HeOCTaTKOM OBUIO TO
YTO 3aKOH BCEMHUPHOIO TATOTEHUS W 3aKOHBl JBH)KEHHUS IUIAHET IOJYYEHBI B



MPCAIIOJIOKCHUN, YTO TI'PABUTAITMOHHOC BBaHMOHCﬁCTBHe nepeaacTca MIraoHoOBCHHO

Ha JII0ObIE PACCTOSIHUS.

Bor uro 00 stom mmcan cam HeiotoH: «To, YTO TATOTEHHME MOMKHO OBITH BPOXKICHHBIM,
O65[3aTeJIBHBIM M HEOTHEMJIEMBIM CBOMCTBOM Mareépuu, IMIpUYCM TaKHM, 4YTO OAHO TECJIO0O MOXET
AefCTBOBAaTh HAa JPYroe Ha PACCTOSHUH Yepe3 IyCTOTy 0e3 MOCPEACTBA Yero-TO TaKoro, YTO MOIJIO Obl
HEPEHOCUTD 3TO BO3/ICHCTBUE OT OHOTO K IPYroMY, HPEICTaBISIeTCs MHE TAKUM 320y K/ICHUEM, 4TO, 110
MoeMy YOeKICHWIO, HE HaWJeTcsi dYenoBeka, O0JaJalomero crocoOHOCTIMH K (HIOCOPCKIM
paccyKIeHHUSIM, KOTOPBI MOT ObI B HET'O BIIACTHY.

Bropas mnpobGinema kacaercs aOcomoTHoro mnpoctpaHctBa. B XIX Beke
aBcTpuiickuil pustocod u puzuk IpHcT Max ykaszan Ha IPOTUBOPEUUST KOHLICTILIMU
abCOJIIOTHOTO IIPOCTPAHCTBA C TPEThUM 3aKOHOM HbloTOHA.

[IycTh Ha Tenmo AeMcTBYeT HEKOTOpasl CHJia, MPU 3TOM HEU30€KHO BO3HUKAET
OTBETHAsl CWJa WHEPUUMU KAK COIPOTUBICHUE YCKOPEHHUID OTHOCUTEIIBHO
aOCONIOTHOTO IIPOCTPAHCTBA U MOXKET pacCMaTpUBATBLCS, COIVIACHO TEOPHUH
HeroroHa, Kak BIUSHHUE DTOrO MPOCTPAHCTBA HA TEJIO. Toraa, COrilacCHO TPEThEMY
3akoHy HbIOTOHA, MOJKHO BO3HHKHYTH M OOpaTHOE BO3JIEWCTBHE Tela Ha
abcomtoTHoe mpocTpaHcTBO. Ho Benp 1o camMoMy ONpeNeneHHI0 a0COJIIOTHOE
MPOCTPAHCTBO COBEPIIEHHO HE 3aBUCHUT (TO €CThb HE MOJBEP>KEHO BIUSHUIO) OT

BCCTO TOT'O, YTO B HCM IMPOUCXOIOUT.

OtBeprasi KOHIIETIIHIO a0COTIOTHOTO TPOCTPAHCTBA, a BMECTE ¢ Hell M abCONIOTHOrO JIBHKEHUS. Max
3asiBHJI, YTO MHEPIIHS YaCTULIBI €CTh Pe3yIbTaT HEKOEro B3aUMOJCHCTBHS MEXKIY ATOM YacTHIIEH U BCEM
OCTaJIbHBIM BEIIECTBOM BO BceneHHOW W, B 4acTHOCTH, HauOoiee ynaleHHBIM (K HeMy Max OTHOCHI
BEIIIECTBO «HEMOIBUKHBIX» 3BE31).

Haubonee MMPOTUBOPCUYUBBIM M3 BCCX 3dKOHOB, OTKPBITBIX HproTonom siBisiics

IMPpUHOUIT OTHOCUTCIIBHOCTH.

B Heckonmbko MHOH ()OPMYNUPOBKE HBIOTOHOB TPUHIUI OTHOCHTEILHOCTH TJACHUT, YTO BHYTPH
nabopaTopuu, IBHXKYIIEHcs Oe3 BpallleHWs, pPaBHOMEPHO W NPAMOJHMHEHHO 110 OTHOIICHHIO K
a0COJFOTHOMY TPOCTPAHCTBY, HUKAKMMH MEXaHUYECKUMH SKCICPHUMEHTAMU HEBO3MOKHO OOHApPYKUThH
ec JIBIKCHHE: BCe MEXaHUYECKHE TPOLIECCH BHYTPH J1a00paTOPHU MPOTEKAIOT TaK ke, KaK eclii Obl OHa
MTOKOUJIacCh.

IIpoTHBOPEUMBOCTL  3aKIIOYACTCS B TOM, 4YTO, BBeIsi aOCOJIIOTHOE
IIPOCTPAaHCTBO, HBIOTOH TeM caMbIM Jajl Ty OCHOBY, C IIOMOILBIO KOTOPOU MOKHO
OBLIIO OB MPOBECTU YETKYIO TPAHUILy MEXKY MOKOEM M JBUKeHueM. Ho cormacHo
K€ MpUHLUNAM MeXaHUMKA HpOTOHa IIOKOM W paBHOMEPHOE JABHIKCHHUE
OTHOCUTENbHBI, U 3TO MPOTHUBOPEUYUT «aOCOJIOTHOCTUY», HajlaraeMod Ha HHX
a0COJIIOTHBIM MPOCTPAHCTBOM U aOCOJIOTHBIM BpeMeHeM. J[pyrumu cioBaMu, HET
CIOCOOOB MPOBEPUTh, KaK JBMKETCS HAlle MPOCTPAHCTBO OTHOCUTEIBHO
abCOJIFOTHOTO IIPOCTPAHCTBA.

JUis pemieHuss 3TOM 3aJayM Hy)KHa Obula «TOYKAa OTCUETa», KOTOpas JIubo
IIOKOUJIACh  OTHOCHUTEJIBHO aOCOJIIOTHOIO IPOCTPAHCTBA, JMOO JBUTallach
PaBHOMEpPHO M NpPsAMOJMHENHO. B mouckax 3toii Touku HbOTOH paccmorpen
nBWKeHHs TuiaHeT BOKpyr Connua. OH otMmedan, yto pa3 CoJHIE NPUTITHBAET
IJIAHETHI, TO IUIAHETHI, B CBOK OYEPEAb, NOJKHBI NpUTATruBaTh COJIHIIE, CABUTAs
€ro T0 B OJHY, TO B APYI'YIO CTOPOHY. B TO ke Bpemsi, UTHOPUPYS 3BE31bI, OH
nokasan, 4yto B COJHEYHOM CUCTEME €CTh TOYKAa — €€ LIEHTP MHEPLMH, KOTOpas
OCTAeTCsl HEYCKOPEHHOM. bOJIbIIyI0 YacTh BpEMEHU 3Ta TOYKA HAXOAUTCS BHYTpU
ConHua ¥ HUKOTJa HEe YXOAUT JAJIEKO OT Hero. Tak Kak 3Ta TOYKa HE YCKOPEHa, TO
OHA MOXET JIN0O MOKOUTHCS, MO0 TBUTATHCS PABHOMEPHO U MPSIMOJIMHEHWHO.



Hbl0OTOH JOMOJIHUA CBOM 3aKOHBI THUIOTE30U: yewmp Mmupa (uHepyuu)

Henoosudcen. Tleitasch 060CHOBATH 3Ty Tunore3y, HploToH oOpariaer BHUMaHUE HA TO, YTO MPH3-
HaBaJIOCh TOrJa BCeMH (XOTS OJHM TIOMEIIAM B HEMOABIDKHBIM IeHTp mupa ConHie, a Apyrue —
3emito0). Ho on yke 3Hai1, uto Hu CojHile, HU 3eMJI HE MOTYT IIOKOUThCSI, KOO UX JABMIKCHUS SBJISIOTCS
yCKOpeHHBIMU. EAMHCTBEHHBIM KaHIWIATOM Ha pOJb LIEHTpa Mupa g Teopuu HbioToHa ocraBaics
neHTp uHepuuu CONHEYHOH CHCTEMBI, KOTOPBIH JONKEH ObUT MO0 TOKOUTHCS, JTUOO JIBUTATHCS, HO
PAaBHOMEPHO U IIPSIMOJIMHENHO.

Bce aTH TOBO/IBI TIO3BOJIMITH BBIJICTTUTE HEMOABHIKHYIO TOUKY, & 3TOr0 OKa3aJoch TOCTATOYHO, YTOOBI
KOHIICTIIIMH aOCOIIOTHOTO IPOCTPAHCTBA U a0COIIOTHOTO JIBMYKEHUS OBUTH IPUMEHHUMBI B JIFOO0H Jpyroii
touke. Ho To, uro Hpl0TOH 11 3TOrO moien Ha JOMOJHEHHE CBOMX 3aKOHOB CIIEI[HAIbHOM THIOTE30M,
yKa3plBaeT Ha ero OECHOKOWCTBO MO MOBOAY CBOEro MPHHIMIA OTHOCHTEILHOCTH, HEpa3phIBHO
CBSI3aHHOTO C ATHUMHU 3aKOHAMH.

3. Pa3BUTHE ONTUKU U 3JICKTPOMATHETU3MA
IIpupona u cTpykrypa cBeTa.

Cpenu OKpy>Karomux Hac MPeIMETOB U SBICHUH €CTh OJMH (EHOMEH, KOTOPHIi
COBEpPIICHHO HE MOX0K Ha OCTaJbHBIC. JTO JIy4 CBETA.

B aHTHYHOM mpeACTaBIEHUW [BIKEHHE CBETa MOHMMAJIOCh KaK JIBIDKEHUE
COJTHEYHBIX JIY4eH MO MOBEPXHOCTH 3€MJIM WM JAPYTUX TEJ MPU 3TOM CUUTAIOCH,
YTO peajqbHO CYIIECTBYET TOJNBKO ThMa, a CBET SBISETCS JIHIIb BPEMEHHBIM
nposiBeHrneM 00prObl ConHila ¢ ThMOM. [Ipomo MHOTO BpeMeHH, MPEkKIE YeM
CBET CTaJId CUUTATh CAMOCTOSTEIBHBIM OOBEKTOM, KOTOPBIH JHIIb CBS3BIBACT
HCTOYHHUK C OCBEIIAEMBIM IpeaMeToM. Bo3HUK Bompoc: [IBMKeTcs i CBET U Kak
MO>KHO pacCMaTpUBaTh €TO JIBIKEHUE.

[ToctenenHo chopMHPOBAIOCH IBE TOUKH 3PCHUS Ha ABM)KCHUE CBETA:

1) Cget 31O cyOcTaHIUs, KOTOpass MTHOBEHHO TIOKPBIBACT JTIOOBIE PACCTOSHHUS,
HE 3aTpayMBas Ha O5TO Ja)Xe HE3HAYUTEIBHOTO MPOMEXKYTKAa BPEMEHH.
(Kemiep u 6oJiee paHHHE YUEHBIE).

2) Cser 3TO HEUYTO, OBICTPO, HO BCE K€ MOCTEIEHHO MEPEeMEINatoIeecss OT
TOUYKH K Touke. (BriepBbie 3asBUII 1 TOMBITANICS JOKa3aTh | anumeit)

OTBITHI IO OIIPCACICHUIO CKOPOCTU CBCTA.
INanunen HU3MCPsAJI CKOPOCTh CBCTA C IIOMOHIBKO ABYX ITOMOHOIHHUKOB KOTOPLIC
HaXOOIWJIIMCh Ha PACCTOAHHU IIOJIYTOPA KHIIOMCTPOB U IIO OUYCPCIAN OTKPLIBAJIU

(1)0Hap1/1. CKOpOCTB CBCTA MOJYYAJIACh KaK paCCTOAHUC NCIICHHOC Ha BPCM:I.

[ns onpenenenus BpeMEHHM peaKklMU MOMOIIHUKOB Ha CBETOBOM curHaid, ['anuiei mpoBen ¢ HHUMH,
MHOXKECTBO TPEIBAPUTENbHBIX TPEHHUPOBOK HAa MaibIX paccTosgHuAX. [103ToMy, BO BpeMms OIIBITOB,
lanuneii y)xe 3Hal, CKOJIBKO BpEMEHHU B 3a()MKCHPOBAHHOW 3aJiepKKe CHTHAJA JOJKHO MPUXOAUTHCS Ha
peakiuio HabmonaTeneH, a 3To TaBaJio BO3MOXKHOCTh HAWTH YHCTOE BpeMs PaclipoCTpaHEHUS CBETa.

B pesympraTe okcmepumenta [amuied mpumien K BBIBOAY, YTO CBET MOXHO CUHUTaTh
pacnpoCTpaHsIIOMMMCsS MTHOBEHHO (B KpailHEM ciydae €ro CKOpPOCTh JOJDKHAa OBITh HEBEPOSTHO
OOJIBIIION ).

B cBsi3M ¢ 3THM JIOBONILHO MHTEPECHO ONHO M3 3aMeuaHuii [amwnes. OH 3asBISUL, YTO €CIH OB
YIIAJIOCh MOBTOPUTH 3TOT HKCIIEPUMEHT, HO C JIBYMS HaOIIOaTeIIsSIMU, pa3IeJICHHBIMU B J[Ba, & TO U B TPU
pasza OONBIIMM PaCcCTOSIHUEM, M OKa3aJoch ObI, YTO U MPH PACCTOSHHUH (Tyaa U 0OpaTHO) 9 KHIOMETPOB
HUKaKOro 3aMeTHOro 3ddekra Toxxe He OOHAPYKUBAETCS, TO C IOJHBIM OCHOBAHHEM MOYKHO ObLIO ObI
YTBEpPXKAaTh, UYTO CBET PaCIpPOCTPaHAETCI MIHOBEHHO. (AHaJIOr MaTeMaTH4eCKOW WHIYKIIHUH).



BniepBble OTHOCUTEIBHO TOYHO U3MEPHUI CKOPOCTh CBETA TATCKUN MAaTeMaTUK U
actponoM Ousie Pemep B 70-x rogax XVII Beka, uccienys 3aTMEHHUS OJHOTO W3

CIIYTHHKOB K)HI/ITepa — Ho. Cnyrauxu IOnutepa, kak u Hama JlyHa, cBeTsATCS He COOCTBEHHBIM
CBETOM — OHH OTpaxaroT coiHeuHbli cBeT. Korna FOmuTep okaspiBaeTcss Ha MyTH COMHEYHBIX Jy4Yel K
€ro CIyTHHKaM, OHU 3aTMEBAIOTCSI.

On O6H3pY)KPIJI, yTo B 3aTMeHUAX Mo umeercs OIIpCACJICHHAA HCPLTYIIAPHOCTD:
Pa3HOCTh BPEMEHM 3THX 3aTMEHHU noxoauina g0 22 MuHyT. Uem Onwmxe 3emis
ObUla K IOHI/ITpr, TCM paHbIIC HACTYIIAJIM 3aTMCHUA U HaO60p0T. PeMep
MIPEIOJIONKHUI, YTO ITO MPOUCXOIUT MMOTOMY, UTO CBETY TpeOyeTcs KaK pa3 OKOJIO
22 MHHYT, 4YTOOBI TOKPBHITH pPACCTOSHHE, pPAaBHOE AUAMETPY OpOUTHI 3emiin
(pI/IC12) C YUCTOM HMCBIIUXCSA B TO BPCMA OLICHOK AUAMCTpPaA 36MHOU 0p6I/ITBI,
CKOPOCTb CBeTa JoJIHA Obl1a ObITh opsiaka 214 000 KUJIOMETPOB B CEKYHIY.
CoBpeMeHHBIE HCCIIECOBAHUS TIOKa3aid, YTO
Pemep ommbancs Ha 5 MHUHYT B ONpenencHUH
pa3sHOCTH  BpEMEHHM HACTYIUICHHS 3aTMEHHI.
R=300 mnn. kM. Paznocts 17 MuH.

MoXHO OBUIO IO MajbllaM MEePecYUTaTh JIOACH,
TOTOBBIX TOBEPUTH B TO, YTO CBET, €CIM OH HE
TN pacmpoctpaHsieTcs ~ MTHOBEHHO  (TO  €cTh
Connue (aKTHYECKH HEJBHKHM), MOXET JBHUTAThCS CO

CTOIIb OIPOMHOW CKOpPOCTBIO, M OJHUM M3 HHX

pI/IC.12 Oobu1  HeioroH. Pemep BhICKazalm cBOe Ipel-

nonoxenue B 1675 roxy, Ho IIPOIIJIO ooJsiee

50 ner, mpexAe 4YeM O3TO OTKPBITHE NOATBEPAWIOCH, C COBEPILIEHHO JAPYroi

CTOPOHBI.

3se3na

Opbura 3eman

puc. 13
B XVII Beke cnauana ¢paniy3 XKaun [lukap, a 3aTeM U apyrue acTpOHOMBI,
MMEBIIIIE B CBOEM pACHOPSIKEHUU TEJIECKOIbI, OOHAPYXWJIW HEMOHSATHbIC
TOJAVYHBIE JBHKEHUS 3B€3/. DTO ABMXKEHUE B TeueHHUe psiaa jer B Havane XVIII
BEKA UCCJIENOBAN aHTJIMUCKUM acTpoHoM Jlxerimc bpaien.



[Ipu HaOdOAEHUSAX B TEJIECKON CO3/1aBAJIOCh BIEYATJIEHHWE, UYTO BCE 3BE3JIbI
OJTHOBPEMEHHO JBIKYTCS BJIOJb OYEHb MajbIX 3aMKHYTHIX KOHTYPOB, UMEIOITUX
dbopMmy nsnumica, W 3aTpauyMBalOT Ha MOJHBIA 000pPOT POBHO OAMH roia. Bce
KOHTYPBI OBLITH MapajuieibHbI INIOCKOCTH 36MHOM OpOUTHI, U Y BCeX ObLT OJIMHAKOB

yIJI0BOM pa3mep OOJbIION OCH, COCTaBIISIIONICH Ok0JIo 40 CeKyHZI TYTH. (mpuMepHO

I0JT TAKUM YTJIOM MBI BUJIUM Ha PACCTOSHHUHU BBITSIHYTON PYKH HE OY€Hb TOHKUU BOJIOC).
bpamneldi moHMMas, 4YTO 3TO CKOpPEE BUIAUMOCTb, HEXKEIM PEAIBHOCTh: HE SBISACH ILIEHTPOM

BcenenHoil, 3emis, KOHEYHO jK¢ HE MOIJIa KOMaHaoBaTh HeOecamu. B KauecTBE OIHOM U3
BO3MOJKHBIX IPUYUH ATOTO ABHIKEHUSI MOTJIO OBITH SIBJICHUE TTapajlIaKca.

PaccmoTpumM BuuMBIE TIOJIOKEHUS 3BE3]Ibl, HAOII0jaeMoi ¢ 3eMJid, Korja oHa
HaxomuTcs B Toukax A u B cBoeit opoutsl (puc. 13). [IpoBenennsie oT 3emiid K
3B€3/€ MPAMBIE UMEIOT COOTBETCTBEHHO MpPaBbId W JIEBBIM HAKJIOHBI, TaK 4YTO,
Korja 3emiisi HaXOJUTCS B TOUKE A, 3B€3/1a BBITVISIAUT CMEIICHHOW BIIPaBo, a KOrJaa
3eMJid IPUXOJIUT B TOUKY B, TO 3B€3/1a Ka’KETCsl CMELIEHHOM BJIEBO.

Onnako cmemieHusi, HaOmogaBmuecs bpanneeM, HMeNIn HENpPEABUIACHHOE
HampaBJ€HUE, B TO BpEeMsA KaK MapaUIAKTUUYECKUE CMEUICHUS 3BE3[ JOJKHBI
MPOUCXOJUTh TOJBKO NEPHEHIUKYISAPHO ABMIKEHUIO 3€MJIM IO opOurte. ITO
CBSI3aHO C TEM, YTO HAKJIOHHBIE TpsiMble (puc. 13), ompenenstoniue CMEIICHUS
3B€3/bl, PACIOJOXKEHbI B IUIOCKOCTH CTpPaHMIIbl, MOJA TMPSAMBIMU YIJIaMH K
MTHOBEHHBIM HANpAaBJICHUAM ABWKECHUS 3E€MJIM, IEPICHAUKYISIPHBIM K MIOCKOCTH
ctpanuilel. Cmernenus xe, Habmoaasmmecs bpaaieeM, uMenu B KaxXablid JaHHBIN
MOMEHT BPEMEHHU HaIMpaBJICHUS, COBIAJABIINE C JIBIKCHUEM 3€MJIM IO OpOuTe.
CrnenoBarenbHO, OHM HUKAKOTO OTHOIICHMS K Tapasuiakcy He umenu. (Ilapamnakc
3Be3]1 BIepBhIe HaOMOAANICS TOJAbKO B 1938 romy, korma npouuio 6ojee CToJIeTHs
nocJie uccienopanuit bpanmes.)

OOBsicHeHHE TaKUM JABWIKEHMSIM 3Be3n bpasueit Hamen B centsope 1728 rona,
SIBneHune nMoayunsio Ha3BaHue abeppaluu CBeTa.

Jlnst oObsicHeHUs1 abeppaii, PacCMOTPUM CBET, MNPUXOISANIANA OT 3BE3JbI,
CUAIONIEW TpsIMO HAJ TOJIOBOM MW Majaromieil Ha 3eMJII0  BEPTUKAIBHO.
[Ipennonoxum mjist mpocToThl, 4TO COJIHIIE TOKOWUTCS, U JBUXKCHHE 3EMIIH
COCTOUT TOJIKO M3 €€ OpOUTAIbHOTO JBIXKEHHUS. IJTO MPEANOJI0KEHUE BIIOTHE
JOMYCTUMO, TOCKOJBKY JIOBOJIbHO paBHOMEpHOE JABMKeHHWe CoyHIA JHUIb
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puc.14

CABUTAIO OBl IEHTPHI JJUIAIICOB, KOTOPBIM MABUXKYTCS 3Be3Abl. CyTOUYHBIM

BpalieHrueM 3eMJIM BOKPYT CBOEH OCH TOKE€ MOKHO NpeHeOpeub, MOCKOJIbKY €ro



BKJIaJl B HaOJt0/IaeMbli CABUT 3BE3]] UPE3BBIYAHHO MaJl IO CPABHEHUIO C BKJIAJIOM
OpOUTAIIBHOTO IBUKEHUS.

Paccmotpum Ha puc. 14 BepTukans AB, npoxoasulyto yepe3 Touky B, nexantyto
Ha moBepxHocTH 3emau. Eciu Obl 3eMiiss He JBUTallach, TO IaJarONIUN
BEPTUKAJILHO BHM3 W MPOIIEAIIUN yepe3 TOUYKy A. cBeT ymajq Obl Ha 3eMJI0 B
touke B. Ho mpu 3emie, nBmxymieiics mo opburte, Touka B 3a KopoTkuit
MIPOMEKYTOK BpEMEHH, TPeOyeMOoro CBETY, UTOObI AOJETETh OT TOYKU A 10 3eMJu,
MIPOJIBUHETCS HEMHOIO BIEPEA, TaK 4YTO CBET ymaner Ha 3emito B Touke C,
Jexame 4yyTth mnoszaau B. Ananorom aleppalii MOTYT CIY>XKHUTb J10KJIEBbIE
KaIlly, MaJalole HaKJIOHHO, €CJIM CMOTPETh U3 OKHA JABMKYLIErOCs aBTOMOOWJIS.
Haksnon (Tanrenc yria Hakiona) npsimoil CA, u3mepsieMblil OTHOIIEHUEM JITMHBI
orpeska AB k gmuHe orpe3ka CB, paBeH OTHOLIEHHIO CKOPOCTH CBETa K

OpOUTaTBLHON CKOPOCTH 3EMJIM. D10 OTHOmeHHE cocTaiseT mpumepro 10 000, cpasy
CTaHOBUTCS SICHO, YTO JuTMHA oTpe3ka CB Ha depTexe CHIBbHO MpeyBeIuUcHA.

[lockonbky 3emiis ABMXKETCS MO KPUBOJMHEHHOW oOpOWTEe, HAaNpaBlieHUE €€
JIBUKECHHSI HENPEPBIBHO MEHsETCA. B pe3ynbTaTe CO31aeTCs BIEYATICHHUE, YTO
3Be3/la «BbIYEpUMBAECT» Ha HeOecHOW cdepe MHUHHATIOPHYIO KOIMHUIO OpPOUTHI
3emiu.

bnarogaps Tomy, uTO BenuMuyMHa abeppaluyd 3aBUCUT OT OTHOILEHHS
OpOUTAIBHON CKOPOCTH 3eMJIM K CKOpPOCTU CBeTa, bpamyieil cymen y3HaTh, Kak
obicTpo pacnpocTpansieTcsi cBer. C momolpio OTKpbITON bpanneem abGeppatuu
BpeMsi 3a KOTOpPOE CBET MPEOJI0JIEBACT AUAMETP 3€MHOM OpOUTHI OKa3bIBAETCS
paBHbIM 8 MuHyTaMm U 13 cekynaam (303 000 KuIOMETpPOB B CEKYHIY), YTO Mpe-
KpacHO coryiacyercsi ¢ Oonee mno3nHUMH oneHkamu Pemepa. CoBpemeHHOE
3HaueHue (299 792 kunomerpa B CEKyHY).

[lapamienbHO C ONpENENEHUEM CKOPOCTH CBETa BO3HUK BOIPOC O €ro
ctpykrype. ChopMUpOBaIUChH ABE TOUKU 3PECHHUS.

1) HbtoToH cuMTal, 4ToO CBET COCTOUT W3 YACTHII, TOJTBEPKACHUEM YEMY, IO
€ro MHEHHIO, SBISIOTCA pPE3KHEe TEHU, OTOpachiBa€Mble OCBEIEHHBIMU
npeaMeTaMmu.(KOPIyCKyJIsipHas TEOpHsl)

2) CoBpemennuk HproTona, romnanackuii pusuk Xpuctuat ['oiresc, nojarai,
YTO CBET — 3TO HEKasl Pa3HOBUIHOCTH BOJIH (BOJIHOBAs TEOPHUS).

CHauana npeanoydreHre ObUIO OTAAHO KOPIYCKYJISIPHOM TEOpUHU CBETa M3-3a €e

MIPOCTOTHI.

Tonbko 1800 roxy Tomac FOHT, BBIABUHYJ MPEANOJIOKEHUE, UTO CBET COCTOUT
U3 BOJH. B J0Ka3aTenbCTBO OH MPUBEN IMPUMEP OIBITOB, KOI/Aa OAWH JIy4d CBETa
najaeT Ha JPYroil, W NpPH ONPEACICHHBIX YCIOBHUSIX B PpE3yJIbTaTE MOMKET
MOJIYYUTHCSI TEMHOTAa. OJTO OAHO W3 TPYIIbl SBICHUM, Ha3zBaHHBIX FOHrom
uHTEpPEpEHIINEe cBeTa.

HNuTepdepeniius — HaloKeHue Ipyr Ha Apyra pa3nyHbIX BOJIH.

[Ipumep untepdepeHun.

puc.15
PaccmoTpuM JB€ BOJHBI BBILIEAUIME U3 JIBYX

I
m m pa3HBIX TOYCK HABCTpeuy APYyr Apyry. B Tex
NSA NS

TOYKaX, IJle BCTPEYAOTCs JBa I'peOHS BHICOTA
\/A \/




BOJIHBI (KOJIeOaHMSI) BO3pAacTaeT, a B TeX TOUyKaX, rjae rpebeHb BCTpedaeTcs ¢
BIAJIMHOM, KOJIcOaHUI BOOOIIE HET.

Ecnm paccMoTpeTh Temeph CBETOBBIE BOJIHBI, MPOIICANINE Yepe3 JBE IIEIH B
9KpaHe, TO OKAXETCs, YTO MOJYUYMBIIHICS Y30p U3 CBETJIBIX U TEMHBIX oOJacTei
aHAJIOTUYEH KapTUHE, BOZHUKAIOIIEH B pe3yJbTaTe B3aMMOJICHCTBUSI BOJIH Ha BOJIE.
Takue cBeTOBBIE y30pbl Ha3bIBAIOTCS UHTEP(PEPEHITMOHHBIMU TTOJIOCAMH.

Cuauvana unes lOunra nonsepriack HacMmemkaM. Ho depe3 ueTBepTh Beka OHa
B3siJla BEpPX HaJl KOPIYCKYJISIPHOM Teopueil cBeTa. ITO CTAJI0 BO3MOXKHBIM, B
YacCTHOCTH, OJsiarogapsi uccieaoBaHusiM (ppaHiry3ckoro yudeHoro OrrocTeHa
®peHensd, HayaTbIM UM B 1815 rony.
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Puc. 16

OmnbiT @penens A 10Ka3aTeIbCTBA BOJTHOBOM PHUPOBI CBETA.

Korpa nyu cBera mepexoaut u3 Bo3AyXa B BOAY, OH mpenomisercs (puc. 16).
HeioToH ganm  monpoOHOE  OOBSICHEHHWE JTOMY  SIBICHHIO, TOCTYJIHUPYS
CYILLIECTBOBAHUE HEKOTOPOrO IPUTSIKEHUS, HUCIBITBIBAEMOIO0 YaCTHUIIAMU CBETA,
KOI'/Ia OHHM BIUTOTHYIO MPHUOJIMKAIOTCS K MOBEPXHOCTU BOJBI — BeIllecTBa OoJjiee
IJIOTHOTO, YeM BO31yX, IIOCKOJIBKY Takas cuia NPUTSIKEHUS YCKOPSAET YaCTULBI,
CKOPOCTb CBETa B BOJIE JOJKHA ObITh OOJbIIe, UeM B Bo3ayxe. BoiHoBas Teopus
TOXKE€ TMI03BOJISIET JaTh JIeTaJbHOE OOBSICHEHUE NPEIOMIICHHIO CBETa, HO
COBEPIICHHO JIPYTMM CIIOCOOOM, UCXO0sl M3 3aKOHOB ['tolireHca. B stoit Teopuu
IIPEIIIOIIAaraeTcsi, YTO CBETOBBIE BOJIHBI IIPU IIONAJAHUU B BOAY 3aMEIJISIOTCS, B
pe3yjbraTe 4ero, M MPOUCXOAUT H3MEHEHUE HANPABICHUS PACIpPOCTPAHECHUS
CBETa.

Cornacno npuHnuny ['roiirenca kaxzaas TOYKa BOJIHOBOTO IOJISI, IPUILEAIIAs B
KojeOaHue, CTAaHOBUTCS caMa MCTOYHUKOM BTOPUYHBIX BOJH. Pe3ynbrupytomias
BOJIHA, PAaCHpPOCTPAHSAIOLIAACSA [ajbllle, BO3HUKACT BCJIEACTBUE HANOXKECHUSA W
MHTEPPEPEHIIMHU BCEX BOJIH OT ITUX BTOPUUHBIX IJIEMEHTAPHBIX HCTOUHUKOB.

Ha3oBem  BOJIHOBOM  IIOBEPXHOCTBIO  TIE€OMETPUYECKOE  MECTO  TOYEK,
KojeOomuxcss B oauHakoBo (aze. Torga ¢GpoHT BOJHBI Tak ke SBISETCS
BOJIHOBOM MOBEPXHOCTHIO. C MOMOIIBIO MpHUHIMIA ['FOMreHca MOKHO HaWTH BHJL
(GpoHTa BOJHBI Yepe3 Majblii MPOMEXKYTOK BpEeMEHH At, IJIsi ATOr0 HYXHO
MPOBECTU M3 KaXJOW TOYKH, SBISAIOMIEHCS BTOPUYHBIM MCTOYHHKOM BOJH
MIPOBECTH B HANPABJICHUM PACIPOCTPAHEHUSI CPEPUUECKYIO BOJHY pajanyca r=vAt.
HoBblil (poHT BONHBI MOJydaeTcs Kak orudaromias 3TUX BTOPUYHBIX BOJH. M3
3TOI0 CJIEAYET, 4YTO IUIOCKAas BOJIHA IIPU CBOEM  PACHPOCTPAHEHUU OCTACTCS
IJIOCKOM. JlOKa)kem, 4TO €ClIM Yroj CBETOBBIX JIy4€ld C TOPU30HTAIBIO B BOJE
MEHBIIE YEM B BO3AyXE, TO CKOPOCTb CBETA IIPU NEPEXOJI€ Yepe3 IpaHully pasaesia



cpen ymenbmaerca. IlycTe uMmeeTcss 1Be cpelbl, CKOPOCTh CBETa B NEPBOM cpelie
0003HaYuM L, a CKOPOCTh BO BTOPOM cpene depes v, Paccmorpum ywyactok AB
(dbpoHTa BOJIHBI B TIEpBOit cpene (puc.17).

U1

Puc. 17
[IpoBenem u3 Touek A u B mepnenaukymsipsl BB’ u AA’ x ¢ponram
nagaomeit (AB) u npomenmeit (A’B’) BOOH ~ COOTBETCTBEHHO. YTONI «
Ha3bIBAC€TCA VYIJIOM TMaJeHus. Yroid [3 Ha3bBaeTCs YIJIOM MpelIOMIICHUS.
Tpeyronsnuku AA’B’ u ABB’ sBisitoTcs NmpsIMOYTOJIbBHBIMH M HUMEIOT OOIIYIO

runorenysy. I[loatomy

VAT LAt sinol L,
= ; =— =const

AB'= — . s .
sima sinf sinf v,

13 IOCJIEIHETO COOTHOILIEHUS BUJIHO, YTO IIOCKOJIBKY o >f = v, > v,

Takum 00pa3zoMm, CKOPOCTh CBETa B BOJE COIJIACHO BOJIHOBOW TEOPHM JOJIKHA
ObITh MeEHbIlle, yeM B Bo3ayxe. B 1850 romy ®yko ymamoch OCYIIECTBHUTH
DKCIIEPUMEHT 110 CPABHEHUIO CKOPOCTEH CBETA B BOAE M Bo3ayxe. Oka3anock, 4To
B BOJIC OHA MEHBIIIE, U KaK pa3 Ha BEJIMUMHY, IPEACKAa3aHHYIO BOJIHOBOU TEOPUEH.

HOCKOJIBKy POJIb BOJIH OKa3ajldaCb OYCHb BaXXHOM B ONTHYECKHUX nmponeccax
PacCMOTPUM XAPAKTCPUCTUKU BOJTHOBOI'O ABHIKCHU .
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CymiecTByer aBa TUMa BOJH: | - IpoAoJibHbIE 2 - Tonepeynsie. [IpoaonbHbIe
BOJIHBI MOKHO HaOJI0JaTh, KOTJa Haj MoJieM NIIeHuIbl ayeT Betep. [lo mepe
JIBMKEHUS BO3AyX KOJOCKM OJMH 3a JPYyrdM COBEpIIAIOT KojebaTelbHoe
JIBUKEHUE BIIEpe] — Ha3zajd, T.6. B HAIpaBICHUM JBWKECHHUS BOJHBI WIH B
MpOJ0JIbHOM HarpaBieHuu (puc. 18). Tak xe npuMepoM NPOAOJIBHBIX BOJH
MO>XHO CYUTaTh 3BYKOBbIE€ BOJHBI, KOTJa OOJIACTH TMOBBIINIEHHOTO JABJICHUS U
IUIOTHOCTH  PAcHpoCTpaHsAIOTCS 1O Bo3ayXy. llomepedynble BOJHBI MOKHO
Ha0JII0aTh HA TTOBEPXHOCTH BOJIbI, KOT/Ia BOJIHA UJET TOPU30HTAIBHO, & YaCTUIIbI
KOJIeOJI0TCS BBEPX — BHU3, T.€. B MOINEPEYHOM HampamieHuu. [Ipu 3ToM BakHO
OTMETUTb, YTO TMPU BOJHOBOM JBUKEHUU HE MPOUCXOJMUT IeEepeHoca
KojeOsroerocst BemecTBa. BojHbI TepeAaloT Ha paCcCTOSTHUE DJHEPruio U
uH(pOpMaIHIO.

HOHa‘IaJIy IOur u @penens, xak u [toiirenc Bo Bpemena Hriorona, CBETOBBIC BOJIHBI
CUMTaU TIOXO)KMMH Ha 3BYKOBBIE, TO €CTh MpoOJoJibHbIMU. Ho sBieHue
MOJIAPU3ALIMK JTOKA3aJI0, YTO CBETOBBIE BOJIHBI SIBISIOTCA MOMNEPEYHbIMU. SIBIeHUE
MOJIApU3ALMM  3aKitoyaeTcs B crieayomeM. Eciau nepxkaTh 1Be MOJISPOUJIHBIE
IUIACTUHKW OJHY 3a JpPYrod, Tak 4YTOOBl NOJSPU3ALMOHHBIE TMOJIOCH OBLIU
napajjielbHbl, TO CBET uepe3 HUX OyaeT NPOXOJUTh  COBEPIICHHO
OecnpenaTcTBeHHO. Eciu ke, MOBEpHYTh OJIHY MIACTUHKY Ha 90° 10 OTHOIIEHUIO
K JIpyroil B cCOOCTBEHHOW IUIOCKOCTH, TO Mapa CKPEUIEHHBIX TaKUM 00pa3oM
MOJIAPOUIOB OY/IET MPENSTCTBOBATH MPOXOKICHUIO CBETA.

OpHako y BOJHOBOWM Teopuu ObLI CYIIECTBEHHBIM HemocTaTok. Hamuuue BoJH
MOJIpa3yMEBAaeT CYLIECTBOBAHUE CpEIbl, B KOTOPOH OHM pPACHPOCTPAHSIOTCS.
[lockonbKy aJis cBETa TaKOW Cpelbl — HOCHUTENSI CBETOBBIX BOJH W3BECTHO HE
ObLJIO, YYEHbIE €€ MOCTYJMPOBAJIM W Ha3BajJd CBETOBBIM 3(UPOM WM IPOCTO
apupoM. ITOT 3duUp AOKEH OBLT 3alOiHATH BCE BHIAMMOE B TEJIECKOI
pocTpaHcTBO. Beab eciiv Mbl BUAMM OOBEKT, TO, 3HAYUT, JOHKEH CYIIECTBOBAThH
BCIOJY HENpPEepbIBHBIN 3(up, NEepeHOoCAIIHnid CBETOBBIE BOJIHBI OT OOBEKTa K
Hamemy Tiasy. [loCcKOJbKy B KHMIKOCTSAX M razax paclpOCTPaHSIOTCS TOJIbKO
MIPOJIOJIbHBIE BOJIHBI, & CBETOBBIE BOJIHBI SIBISIOTCS MONEPEUHBIMU 3PUP AOJKEH
BECTU ce0sl KaK rpaHulla JIBYX CpeJ ¢ pa3inyHOM MIoTHOCTHI0. Kpome Toro, adup
JOJIKEH XapaKTepU30BaThCS YPE3BBIYANHO OOIBIINM KO3(P(HUIIMEHTOM KECTKOCTH,
TaK KaKk MHa4Ye B HEM HE MOTIJIA Obl pacIpOCTPaHATHCS BOJHBI, 00JIaat0INe CTOJb
YyJOBUIIIHO OOJIBIION CKOPOCTHIO, KaK CKOPOCTh cBeTa. C pyroil CTOPOHbI 3pup
HE JIOJDKEH OKa3blBaTh HUKAKOTO BO3JIEUCTBHS HA JBU)XKEHHE IJIAHET, MOCKOJIBKY
Jake oYeHb ci1alObiit TopMo3sui 3¢ exT, 00yCIOBIECHHBIN MPUCYTCTBUEM 3(dupa,
OY€Hb CKOPO HAKOIMBILIKCH, ai Obl 0 cebe 3HaTh. [lo100HOE CBOMCTBO MpuUCyIIe
ueanbHON >KUAKOCTU. Takue cBoOWCTBa 3(upa SABISIOTCA MPOTHUBOPEUYUBHIMHU.
OpxHako BOJIHOBasi TEOPHs CBETA Ka3ajlach CIMIIKOM YCHEIIHOM, YTOObI OTKA3aThCs
OT Hee.

Bepuemcs k siBneHuto alOeppallii M pPAacCMOTPUM €€ C TOYKH 3PEHHS
BOJIHOBOM Teopuu. st cymiectBoBaHUs abeppalii He0OX0IUMO, 4TO 3PUpP MOT
CBOOOJIHO MPOXOJUTH Yepe3 BelecTBO. YTOObl yOSTUTHCS B 3TOM, JOIYCTUM, UTO
3emutst ciocoOHa yBJIEKaTh 3a co00il 3hup, HaxXoIAIUNCA B €€ HEMOCPECTBEHHOM



OKPECTHOCTH, T.€. CKOPOCTh 3(upa BOJM3U MOBEPXHOCTU 3€MJIM PaBHA CKOPOCTHU
3emuii. Ho B 3TOM ciydae He Habroganoch Obl HUKAKOW abeppaiuu, MOCKOIbKY
BEJIMUMHA aleppaiuu ONpeaesieTCsl Pa3HOCTbI0 CKOPOCTEH cBeTa U 3eMJud B
HarpaBJIeHUH ee JBKeHus. Ho morpaHuuHbli ciioi adupa, yBiIeKkaembii 3eMeH,
3axBaThIBaj] ObI C COOOM M CBETOBBIE BOJHBI, TAK YTO K PA3HOCTU CKOPOCTEH CBETa
u 3eMJid, UMEBIIEH MEeCTO MpU OTCYTCTBUHU YBJICUCHHS d(]upa, Ternepbp CHOBa
npudaBuiiach ObI CKOPOCTh 3€MJIM, U T€M caMbiM abeppalius Obl HCKII0YaJach.
Takum oOpa3oM, HMEHHO CyIIecTBOBaHME abeppallud CBeTa 3acTaBISIET
npejamnoyiaratb, 4to 3QUp CBOOOMAHO MPOXOIUT YEpPe3 BEIIECTBO, YTO TaK XKe
COTJIACYEeTCsl OTCYTCTBHUEM CONPOTUBIICHUS ddUpa ABUKEHUIO IJIaHeT. BemoMHMM,
ternepb 4To HBIOTOH BBed abCOMIOTHOE MPOCTPAHCTBO M AOCOIIOTHOE BpeMs,
9TOOBI UMETh BO3MOXHOCTH PacCcyXaaTh 00 aOCOIIOTHOM IMOKOE U a0COIIOTHOM
IBIDKEHUH. A eciii 3¢Up HE TOJBKO 3aloOJIHAET BCE MPOCTPAHCTBO, HO €IIE HE
MOABEPKEH BIIMSHUIO JABIKYIIUXCS Yepe3 HEero Tell, 3a MCKIIOUYCHHEM,
pasyMeeTcsi, CBETOBBIX BOJIH, TO €ro BIOJHE MOXHO ObUIO OBl CYUTATh
MOKOSIIUMCSI B a0COJIIOTHOM TIPOCTPAHCTBE W Ja)XX€ paccMaTpuBaTh Kak HEKOE
(hu3nYecKoe BOIIOIIEHUE ATOTO MTPOCTPAHCTBRA.

CrnenoBaTenbHO, BBISICHSS, KaK MBI JBMYKEMCS TI0 OTHOIICHHUIO K 3(DUpy, MOXKHO
ObUTO OBI OTpeeIuTh Halle abcomoTHoe ABMKeHne. C 3TONH HOBOM TOYKU 3PECHUS
HBIOTOHOB MIPUHIIUIT OTHOCUTEILHOCTH MPUMEHUM JIUIIhL B MEXaHUYECKUX DKCIIC-
puUMeHTaxX (BO3MOXKHOCTb ONPEACIUTh CKOPOCTh CHCTEMBI C TOYHOCTBIO JIO
KOHCTaHThI). M3 ONTHYECKUX K€ IKCICPUMEHTOB TOJydyajaach CTOJb >KEJIaHHas
a0COJIFOTHOCTh, KOTOpY0 HbIOTOH mocTynupoBan ¢ camoro Havana. Ilocie aToro
OTKPBITHSI yUEHBIE TOMBITATUCH OMPEACIUTh aOCOMIOTHYIO CKOPOCTH JBHUXKCHUS

3eMJIH (OTHOCUTENBHO A(upa).

Camo co0oii pasymeercsi, 4TO y4YeHbIE TYT JK€ Ha4yall CTaBHTh DKCIIEPHMEHTBI MO HM3MEPEHHUIO
aOCONTFOTHOT'O JIBMDKCHUS 3eMJIM — €€ JBHKCHHS 110 OTHOIICHHIO K 3Gupy. PaHblie, kKoraa o0CyKaanoch
JBWKCHHE OYCHHKH, HAHMW3aHHOW Ha MpAMYK (M, BO3MOXKHO, JBHXKYIIYIOCS) IIPOBOJIOYKY, YiKe
OTMEYasioch, YTO HE CYIIECTBYEeT HHKAKMX BEPCTOBBIX CTOJOOB HJIM KAaKUX-THOO HHBIX OTMETOK,
«BMOHTHPOBAHHBIX» B TPOCTPAHCTBO, MO OTHOIICHHIO K KOTOPHIM MOXXHO OBLIO ObI pacro3HaTh MOKOH.
Her mono6ubIx oTMeToKk U B 3dupe. Ho st Hammx 1ened 3Gpup J0KeH UMETh MPEUMYIIIECTBO Hepe
MPOCTPAHCTBOM: OH SIBJISIETCS HOCHUTEJIEM CBETOBBIX BOJH. Kak Mbl yBUAWM, MOXHO OBUIO BITIOJHE
OKHJATh, YTO 3T BOJIHBI B COCTOSHHMH CBHITPaTh POJb METOK, JABHXKYIIHMXCS, HO BCE JK€ METOK,
MO3BOJISIFOIIMX PACIIO3HABATH COCTOSIHUE a0COTFOTHOTO MOKOSI M M3MEPATh A0CONIOTHOE JBHIKCHHE.

DTO MOXHO CHAeNaTh CIACAYIOIUM crocoooM. PaccMoTpum JIoaky Ha o3epe,
Oepera KOTOPOTO CKPBITHI TyMaHOM. JIJIsS ompeneneHus: CKOPOCTH JIOJKH MOYKHO
MOJIOKUTh Ha BOJAY IOIUIABOK, OTOXJACCTBUTh €r0 C HEMOABHIXKHOW BOJOH W
HU3MEPUTH CKOPOCTh OTHOCHUTEIBHO 3TOr0 morriaBka. OqHAKO B 3PUP «IIOJOKHUTH
HUYETO HENb3s, K TOMY K€ OH HE OKa3bIBAaeT BIMSHUC HA JIBIDKYIIHECS Tella U
MO3TOMY PEaJIbHBIN aHaAJIOT MOTUIaBKa HUKOTa HE OCTAaHOBHTCS. JlJIs onpeneneHus
a0COJTIOTHOM CKOPOCTH 3eMJIH, HEOOXOJMMO BOCITOJIB30BAaThCA TeM (DAKTOM, UTO
CKOPOCTb PaclpOCTPaHCHHUS BOJIH HE 3aBHCUT OT CKOPOCTH MCTOYHHKA 3TUX BOJIH.
Ecnu 6pocuTh ¢ HOCAa W KOPMBI JIOAKW JBa KaMHs, TO TIPH MaJeHUNA OHH CO3JaayT
JIBE BOJIHBI, ABWOKYIIUECS C OJMHAKOBOW, HEM3BECTHOW TOKa, CKOPOCTHIO C (pHC.
20). Onna BonHa OyaeT HaOeraTh Ha JIOAKY, a BTOpas — JOTOHATH ee. Ecnu
HU3MEPUTH CKOPOCTH BOJIH C JBIIKYIIICHCS JIOAKH, TO CKOPOCTh HAOETAFOIICH BOJIHBI



OyzeT v;=c+v, a CKOPOCTb JAOTOHSIONICH BOJHBI L;=C-V, TJE L - CKOPOCTh JOJIKH
OTHOCHUTEJIBHO BOJIBI. Takum 00pazoM L=(L1-V;)/2; c=(V14V;)/2

BonHbl, CO3aaHHbIE KaMeLL KaMm!

puc. 20

B cnyuae nBwxeHus B 3(puUpe aHAIOrOM KaMHEW MOTJIU Obl MOCITYXHUTh JIBE
(OTOBCIIBIIIIKM WM KaKWe-HUOYAb JApYyrue MCTOYHUKUA cBeTa. [lockoybKy
HaIlpaBJICHHE HAILEro JBHXKEHUS CKBO3b 3(PHp HEU3BECTHO, TO HYXHO OBbLIO Obl
MIPOBECTH M3MEPEHUs CKOPOCTeH BO MHOTMX HaNpaBleHUAX. A 3aTeM Ha
OCHOBAaHHUU TIOJYYEHHBIX PE3yJbTaTOB HANTH TO €IMHCTBEHHOE HAMpaBlICHUE, B
KOTOPOM CKOpPOCTh L OyJeT HauOoJsbllied — HMEHHO 3TO 3HauyeHue U OyJeT
CKOPOCTBIO HAILIETO JBUKEHUSI OTHOCUTENBbHO 3upa.

Takoil 3KCIEpUMEHT MO U3MEPEHUI0 CKOPOCTU 3eMJIM ObLI MOCTABJIEH B CAMOM
Hayaine 1818 roma ¢paniysckum yuenbiM @pancya Aparo. Takoro poja
HKCIIEPUMEHTHl TOJIYYMJIA Ha3BaHHE DKCIIEPUMEHTOB «IIEPBOTO  MOPSJKay,
MOCKOJIbKY WX YYBCTBUTEIBHOCTH XBaTajgo (JIMIIL HAa TO, YTOOBI OOHAPYXKUTh
s ekt mopsaka 1 BEJIMUMHBI OTHOIIEHWS V/C B TEPBOM CTENMEHH, T V —
CKOPOCTb J1abopaTopuu, a ¢ — CKOPOCTh cBeTa. Ecnu 3a v NpUHATH OpOUTAIBHYIO
CKOpOCTh 3eMiIH, To v/c OyaeT npumepHo pasHo 1/10000.

Wnes skcnepumeHTa Aparo 3akitoyaiach B cieayromeM. OTKIOHEHHE Jyda
CBETa CTEKJISHHOW MPU3MOH, MOMHUMO TIPOYEro, 3aBUCUT M OT I[OKa3aTels
MPEJIOMJIEHUS] CTEKJIa, KOTOPbIM, COTJIACHO BOJHOBOM TEOpPHHM CBETa, pPaBEH
OTHOIIEHHUIO CKOPOCTEW CBeTa B BaKyyMe U B cTekiie. [Ipeanonoxum, yTo B Halliem
pacnopsKEHUU €CTh CTEKIIIHHAS TPU3Ma, KOTOpasi HAXOJUTCS B COCTOSIHUM MOKOS
OTHOCHUTENBHO 3(Hpa, U MycTh JJIs1 IPOCTOTHI CKOPOCTh CBETA BHE MPU3MBI paBHA 3
YCIIOBHBIM €JMHHWIIAM, a BHYTPM — 2 TaKuM €JAMHHUIIAM, TaK YTO ITOKa3aTesb
npesioMyeHusl cTekjia paBeH 3/2. Temepb NOPeAnonoXkdM, 4YTO THpuU3Ma
OTHOCHUTENBHO 3(upa ABUKETCS BIPABO CO CKOPOCTHIO paBHOW 1 yCIOBHOM
eaunuiie. Torga cBeT, NpUXOASIIUNA cripaBa, OyAeT UMETh CKOpocTh 3 + 1 (BHe
npusMbl) u 2+1 (BHyTpu Hee). Torma mokasarenb MpeoMieHUs OyaAeT paBeH YyKe
He 3/2, a 3 + 1)/(2 + 1), o ects 4/3. Jlna cBera, NmpUIIEAIIET0 C IPYTrUX
HaIpaBJIeHUH, TOKa3aTelb MPEIOMIICHUs, KOHEUYHO, OyeT uHbIM. TakuMm o0pazom,
€CTECTBEHHO OXHUJaTh, YTO BEJIMYMHA OTKJIOHEHMSI CBETOBOrO Jiydya MPU3MON Ha
3emuie, 3aBUCUT OT CKOPOCTH 3€MJIM OTHOCUTENBHO 3(upa.

OKCHepUMEHT He Jal HUKaKuX pe3yJbTaToB. Aparo pacckazan 00 3ToM
cBoemy Jpyry @peHero u TOT Jaj clieyroliee HeoObuHOe 00bsicHeHue. DpeHenb
MPEANOI0KUI, YTO CTEKJIO, U3 KOTOPOro M3rOTOBJIEHA Mpu3Ma (MU BoOOIIE JTr000H
MpO3payHblii  Marepuas), Bce BpeMs YBIEKaeT ¢ co0Oil  HEKoTopoe




JOIOJIHUTENIBHOE KoaudecTBO 3¢upa. IIpuuem kommuecTBo 3dupa, yBileKaeMoe
eluHUIe o0beMa BelIeCTBa, 3aBHUCUT OT I[OKa3aTels IPEIOMIICHUS 3TOTO
BelecTBa. Tak 4To BHYTpHM MPU3MBbI JOHKHO OBLJIO OKaszaThecsi Oosblie 3¢dupa,
HEXKEJIM B COOTBETCTBYIOLIEM 00BbEME CBOOOJIHOrO MpocTpaHcTBa. B aTom ciyuae
yBIIEKaeMbIi CTEKJIOM 3(Up ABMKETCS BMecTe ¢ mpu3Moi. Ho maxe eciu Obl OH
[EJIUKOM TIepeMeIancss BMecTe C TMPU3MOH, TO BCE pPaBHO, HU MpHU3MA, HU
3aXBAa4YCHHBIN €10 2Up HE OKa3bIBAIU OBl HU MaJCHINEro BIUSHUS Ha BE3ECYIIUi
U BCIOAY MOKOSIIIUACS U, 3aMONHAIOMUN Bech MUp. DpeHenb yTBEpKAall, 4To
CKOPOCTh CBEeTa [IOJDKHA CKJIQJbIBaThbCd M3 €ro OOBIYHOM CKOpPOCTH B
HETIOJIBUKHOM CTEKJIC U U3 HEKOTOPOW TOTIOTHUTEIbHOW CKOPOCTH, 3aBUCSIIICH OT
TOT'0, HACKOJIBKO CHJIBHO 3(Up YBJIEKaeTCs CTEKJIOM, U Ja)Ke BbIBeN (Gopmyiy s
BBIUMCIICHUSI CKOPOCTH CBETa B ABMKYIIEMCS CTEKJIIE W JAPYTUX TPO3PAdHBIX
cpenax.

Ota rumoTte3a OOBACHSIA HYJNEBOM pe3yiapTaT »JKCIEpUMEHTa Aparo Hu
HeKoTopble H(QeKThl, CBA3aHHbIe C abeppauueil cBera. PaccmoTpum 1Ba
TEJIECKOIIa, OJJUH U3 KOTOPBIX 3aI0IHEH BoI0i. CBET OT 3B€3/Ibl, MIOIAB B TEIECKOII
C BOJOM, OJDKEH 3aMEUINTh CBOM XOJA, MOITOMY abeppauus 3Be3l B 3TOM
TEJIECKOIIE JOJDKHA YBEIMUUTHCS, [0 CPABHEHUIO € TeIecKonoM 0e3 Boabl. OHaKo
@peHenb ¢ MOMOIIBIO CBOEW HOBOM  (opmMynbl MMOKaszad, 4YTO TakKoM
abeppallMOHHBI  DKCIEPUMEHT  MEpPBOTO  TMOpsAKa HE  JIOJDKEH  OBLI
3apEeTUCTPUPOBATh HUKAKOTO BIUSHUS BOJBl Ha BENUYHMHY aOeppanuu. MHOTO
no3xke, B 1871 romy, 3To mpeackasaHue OBLJIO MPOBEPEHO U MOJTBEPIKIECHO
aHTIMICKUM acTpoHoMOoM J[x. Dpwu.

HecmoTps Ha Bce CBOM JOCTHKECHHSI, HA TIPABUIILHOCTD (POPMYJIBI JIJIsI CKOPOCTH
CBETa B JBIDKYIIMXCS Telax, rumore3a DpeHens Oblia COBEPIICHHO HE BEpHA.
CornacHo 3TOH rUnoTe3e KOJUYECTBO YBIEKAEMOro 3(pupa 3aBUCUT OT MTOKA3aTesl
npesnomiienus. OQHAKO caM MMoKa3aTelb MPEeOMIICHHUS 3aBUCHUT, IOMUMO IIPOYETO,
OT LIBETA CBETA, IPOXO/ALIETO YEPE3 paccMaTpUBAEMyIO IIpO3pauHyto cpeny. Taxk,
IPU KPacHOM CBETE€ KOJMYECTBO YBIIEKAEMOI'O Cpenoil 3¢dupa AOIHKHO ObLIO
OTIMYATbCA OT KOIHW4yecTBa 3¢upa, YBICKAEMOro TOH K€ Cpelod, HO Tpu
NPOIYCKaHUH uepe3 Hee cuHero cBera. C Opyroil CTOpOHBI, €y MpeasaraeMblii
MOJIXOJ UMEJT XOTh KaKOW-HUOY/b CMBICI, TO KOJIMYECTBO yBJIEKaeMoro apupa He
MOIJI0 MEHATbCA TakuM obOpa3oM. KoamuecTtBo yBiekaemoro s¢upa Bcerna
JOJHKHO OBITH BIIOJIHE OIpPENEICHHBIM — BeAb OCIbI CBET COJCPIKUT BCE IIBETa
panyru. Ha camom pnene @peHenp okasaics 3aJ0)KHUKOM —KIJIACCUYECKOU
MEXaHUKH, B paMKaxX KOTOPOW YK€ HeNb3sl ObI0 OOBSICHUTH H3ydaeMble UM
SIBIICHMUS.

DJIEKTPOMArHETU3M.

DNeKTpOMarHeTu3M, Kak HayqyHOe HalpaBJIeHHE MOSIBUJICS TOJIBKO B Hauajne XIX
Beka. Jlo 3TOro BpeMeHHU SIBJICHUS AJIEKTPUUECTBA M MarHeTH3Ma CYIIECTBOBAJIU
paszenbHO, XOTS UMeNnu MHoro obmiero. Hampumep, ogHOMMEHHBIE MOJIOCA
MarHuTa OTTaJKHBAIOTCS, a Pa3sHOMMEHHBIE MPUTATHUBAIOTCS, TOYHO TaKXKe Kak
AJIEMEHTapHBIE JIeKTpUUecKue 3apsiabl. Cuiia B3auMOJCUCTBUS MEXIY MOJT0CaMU
MarHuTa, Kak U MEXIY DJJICKTPUYECKUMU 3aps/iaMu SBISETCS pPaJAUaIbHOWU, U



U3MEHsIETCSl 00paTHO MPOMOPLMOHATIBLHO KBaAPATy PACCTOSHUS MEX]Y MOJIOCaAMHU.
Takue cuibl Ha3BIBAIOTCS «IATBHOACHCTBYIOIIMMU» B OTJIMYHME OT CUJI, KOTOPHIE
yOBIBAIOT 1o AKCTIOTCHIIUATBHOMY 3aKOHY u Ha3BIBAIOTCS

((6JIH3KOJICI>1CTBYIOHIHMPI» KaK, HalIpuMCp CUJjia BBaHMOHCﬁCTBHH MOJICKYIJI B T'a3c.
[Ipy HAIMYWK CTONH CXOMHBIX YEPT HE YAWUBUTEIHHO, UYTO YUEHBIEC YIOPHO MBITAUCh HAWTH CBS3b
MEX]ly AJIEKTpUUECTBOM M MarHeruaMoM. Ho co3gaBasioch BreyaTi€HHE, YTO HUKAKOW TaKOH CBSI3U HE
CYILIECTBYET: €CIN AIEKTPUUCCKUHN 3aps]] I MAaTHUTHBIA TOJIIOC TT0 OTHOMICHHIO IPYT K IPYTy MOKOSTCS,
TO MEXy HUMHU HE HaOJII0IaeTCsl HUKaKOro B3auMojeicTBrs. Kak HM cTpaHHO, HO caMa MpUpojia AaBajia
BeChbMa IMPO3payvHbIC HAMEKH Ha CYIIECTBOBAHUE B3aMMOCBSI3U MEXKIY DJIESKTPHUYECTBOM M MarHETU3MOM:
HaIrpuMep, MOJHHS MOXKET HAMarHMIUBaTh KYCKH JKeJle3a M OKa3bIBAeT BIIMSHUEC HA MATHUTHYIO CTPEIIKY.
U, Tem HEe MeHee, 9Ta B3aMMOCBS3b OCTaBajach HEyJIOBHMOW BIUIOTH 10 1820 roma. MenHo Torma
OBLIO YCTaHOBJICHO, YTO DJICKTPHUYECKHE 3apsiibl MOTYT JOBOJILHO CBOOOIHO JIBHIaThCS B METaJlylaX U
JIPYTUX BEIIECTBaX — TaK Ha3bIBAEMBIX NMPOBOJHUKAX (XOTS OOJBIIMHCTBO IMPOBOIHUKOB M SBJISIOTCS
TBEPIBIMH TEIaMH); HAIIPABJICHHOE IBI)KCHUE DJICKTPUUCCKHUX 3aPSIOB HA3BAIU DIEKTPUIECKUM TOKOM.

B 1820 rony narckuii pusuk ['anc Xpuctuan Ipcren, (BCIO KU3HD IPYKUBIIHMA
C BEJMKUM CKa304yHUKOM ['aHcom XpuctuaHom AHAEPCEHOM), YCTAaHOBWJ, YTO
TEKYILIHI 110 NPOBOJOKE INEKTPUUYECKUI TOK MOKET OTKIOHATH CTPEJIKY KOMIIaca.
OnHako B ’TOM BO3/IEMCTBUH JIEKTPUYECTBA HA MArHUT PELIAOIIAM OKA3aJI0Ch HE
MIPOCTO HAJIWYHUE 3apsAA0B B IMPOBOJIOKE, & UX JBWKEHHE, TO €CTh 3TO BO3JICUCTBUE
ABJISIETCS HECcTaTM4YeCKUM. Kpome TOro B OTJIMYHMHM OT M3BECTHBIX PAHEE CHII
MAarHATHOTO JJIEKTPUYECKOTO W TPAaBUTALMOHHOIO B3aUMOJECHCTBUS, BHOBB

OTKpPbITas CHUJIa HeﬁCTBOBaﬂa MNCPINCHANUKYJIAPHO HAIIPABJICHUIO 3JICKTPOTOKA.

[Tycts Ha puc. 21 nenTpanbHbli Kpyx)ok C n300pakaeT MpsIMOM IPOBOIHHUK C IEKTPHUUCSCKAM TOKOM,
HalpaBJICHHBIM OT HAC TMEPIECHIUKYSIPHO TUIOCKOCTH depTeka. Torma MarHUTHBIE CTPEIKH,
MOMEIIeHHbIE B TOUkU P, O, R u S, MOBEPHYTCS TaK, YTO CEBEPHBIM IMOJIOC CTpENKH B P Oymer, Kak
MOKa3aHo Ha PUCYHKE, «CMOTPETH» BIIPABO, CTPEIKU B J — BHU3, CTPEIKH B R — BIIEBO, a CTPENIKH B S —

BBEPX.
OO6paTHO€ sBJICHUE — DJICKTPUUYECKUM TOK, BO3HUKAIONIUNA TOJA JEHCTBUEM
JBIDKYIIETOCsl MarHuTa, — KOTOpoe ObUIO Ha3BaHO JJIEKTPOMarHUTHOU

HHHYKHHeﬁ, OBLI0 OTKPBITO AHTJIMMCKUM (1)I/ISI/IKOM-C-)KCHCPI/IMCHTaTOpOM Maiikiom

MarHnTHbIe CDapaL[eeM B 1831 roay. Yyre paHplle U HE3aBHCUMO OT HETO
anoBble 3TO sIBIICHWE OOHApPYKWJI aMepHKaHCKUi skcniepuMeHTarop [Ixozed

Ienpu. [ogHako myOnukanus apages MO 3TOMY IOBOAY ObLIa
nepBoii. —[Ipum.pen.]. He ouenb orcran or HUX pycckuil pusuk 3.
X. JleHu.

dapanelr  3aciykuBaeT 0c000ro BHHMMaHusA. Kak OTMETHI
OitnmreitH, uccnenopanus dapanes coirpanu g MakcBenia Ty ke
poib, uro st Hetorona pabotbl [ammiies. CeiH Ky3Hena Maiiki
Qapaneit  oTHOCHTCS K YHCIHy  BENIMYaWHX  (DU3HKOB-
skcriepuMenTaTopoB. OH ponuics B 1791 roxy u ¢ 13 ner no 21 roxa
pabotan mneperieTunkoM KHUT. K Hayke ®apaneit mpuoOrmics
CaMOCTOATENbHO, C YIOSHHEM YHTasl MOCTYIAaBIIUE B IMEPEIJIETHYIO

puc 21. MacCTEpCKyI0 HaydyHble KHHTH. XO3SMHOM MacTepCKOM, Tne padoral

Qapayeif, ObUT OYeHb YYTKHA W TPOHUIATENBHBIA UENOBEK,

MPUCTPACTUBIIUI €ro K IMOCEUIEHUIO MOMYIAPHBIX HAYYHBIX JIEKIUN, KOTOpbIE yCTpauBasl MPE3HAECHT
JIoH0HCKOTO KOPOJIEBCKOTO MHCTUTYTA.

Koncnekr atux nexuuii, pasymeercs, B MPeKpacHOM KoxaHOM Meperuiere, Dapajielt, o HACTOSHUIO
CBOET'0 X035IMHA, MTOChUIAET JIEKTOpY. biarogaps 3ToMy KOHCIIEKTY OH BIIEPBBIE MTOJTYYHI paboTy, CBsI3aH-
HyI0 ¢ Haykod. HaudaB ¢ aGopanTta JIOHZOHCKOT'O KOPOJIEBCKOI'O MHCTHTYTA, OH, B KOHIIC KOHIIOB, CTall
ero mupekrtopoM. Ero wucciemoBaHus, MHOTOYHCICHHBIE W OOIIMPHBIC, 3aJOKUIM OCHOBBI BCEH
COBPEMEHHOM D3JIeKTPO- M PAIAUOTEXHUKH, XOTS HAlpacHO HCKaTh B HHUX KaKHe-TO MaTeMaTHYecKHe
BBIKJIAJIKH, TIOMHMO PEIIKUX apu(METHIECKUX PacueToB, Jia U Te, B 00IIEM-TO, OBUTH HU K YeMy, TaK KaK




WX BIIOJIHE MOXXHO OBUIO 3aMEHUTH PACCYKJICHHUSIMH, BEIPAKCHHBIME B UCKITFOUUTENBHO CIIOBECHOH (hop-
Me.

OtcyrcrBue y @apajes MaTeMaTH4ecKUX ClIOCOOHOCTEH MOXKET TTOKa3aThCsl CEPbEe3HBIM HETOCTATKOM,
HO He OyJeM TOpOIUThCA C BBIBOJAMH. OTOT HEJOCTATOK BBIHYKAAN €ro pasMbIIUIATh 00
AJIEKTPOMATHUTHBIX SIBJICHUSX C TIOMOIIBIO HATJIATHBIX 00pa3oB, YTO HE 3aMEUTWIIO CKa3aTbCs, XOTS
JUIIICHHBIE MATEMAaTHYECKOT0 00paMIICHUS €r0 TEOPHH ITOHAYAITY BBITJISICIA HAMBHBIMU.

Bo3smem, Hanpumep, MNOpOCTOM Ciiydyall NPUTSDKEHUS MaJleHbKOM MarHUTHOW CTPENKH K
MOJIKOBOOOpa3HOMy MarHuTy. s ¢usuka, cBenymero B MaTeMaTHKE, 3/1€Ch CaMOE INIABHOE MAarHUTHBIE
MaTepHalbl U 3aKOH 00paTHOTrO KBajpaTa JUIsl CHIIBI B3aUMOJCHCTBUS MEXKITY MAarHUTHBIMH ITOJFOCAMU.
Jus dapajes ke BCce 3TO HE UMEIO 0CO00ro 3HaveHus. Bce 3TM MarHuThI, CTPEIIKH, XOTS MX MOXHO
OBLITO, YTO HAa3bIBAETCS, MOTPOraTh, caMH MO cede ObLIN Il HEero 4eM-TO He3aKOHYCHHBIM, MEPTBBIM.
[MogxoBoOOpa3HbIi MarHUT, HANPHMEp, PUCOBAICA €My OKPY)KCHHBIM MHOXKECTBOM HEBUIHMMBIX H
IIPOHM3BIBAOIIMX BCE IPOCTPAHCTBO IIyHAJlEL, C IOMOIIBIO KOTOPBIX IIOJIFOCA 3TOr0 MarHuTa M
MPUTATUBAIOT K cebe MarHUTHYIO CTPENKYy, W JCHCTBYIOT Ha Jpyrue OOBEKTHl, BOCIPHHMYHBEIE K
MarHUTHBIM cuiaM. [IpuueM 5TH miynaiblia MOXKHO ObLTO OBl YBUIETH C IMOMOIIBIO JKEIE3HBIX OIMUIIOK,
X0Ts, M0 MHeHuto Dapajes, OHH CYIIECTBYIOT OE30THOCHTEIFHO K TOMY, €CTh JH B JIAHHOM MECTe
OIMJIKY WU HET.

dapayeit Ha3bpIBAI WX CHJIOBBIMU JIMHWSMH, M JUIS HErOo OHU ObUIM HaWIepBeHIeld MarHUTHOM
peanbHOCTHIO. OKpyIKarollee MAarHUT MPOCTPAHCTBO HE OBLIO MYCTO: OHO 3allOJTHEHO STHMU MarHUTHBIMU
L{yNaJbLlaMH, BCEr/1a HATSHYTBIMH, BCEra TECHIIIMMU CBOUX COCEIEH U B COBOKYITHOCTH SIBJISIOIIMMMU
co00i1 TO, YTO OH Ha3BaJ MATHUTHBIM IT0JIeM. TOYHO TaK K€ OH CYUTAN, YTO C DIEKTPHUCCKUMHU 3apsiiaMH
CBSI3aHBI DJICKTPHUCCKHE CUIIOBBIC TUHUH. VIMEHHO OHM OBUIH JUIS HETO TEPBUYHBIMHU DIICKTPHUUCCKUMH
peaTbHOCTSAME, 00pa3ysl TO, YTO OH HA3BaJ DIICKTPUIECKUM ITOJIEM.

3axiio4eHa JIM B CUJIOBBIX JIMHUSAX XOTh KaKas-HUOY/b PealbHOCTh MITH ATO JIUIIbL MBICIICHHBIN 00pa3s,
IIO3BOJIMBUIMKI JaleKoMy OT MareMaThku dapajero yJIoBUTh B CBOMX 3KCIEPHUMEHTAX HEKUH CMYTHBIN
TIOPSIIOK?

B cpaBHeHuM ¢ GopMmyliamu, 4TO TaK JIOBKO M K MECTy YMEIOT MucaTh (QU3WKH, pa3Ouparommecs B
MaTeMaTHKe, BCE 3TH IIYNAabla BBIMISAEIN YEM-TO JO HAMBHOCTH IPOCTBIM U HETOYHBIM. Ho, Kak HH
CTpaHHO, 0Ka3aJioCh, YTO B HUX 3aJOKEHO OoraToe MaTeMaTHUYECKOe COJIepKaHHe, KOTOPhIM YETBEPThH
BEKa CITyCTS WM 4yTh Mo3JHee (K cuacThio, Papajeii JOXKUI 10 3TOTOo JHs) OJIECTAIIE BOCIOIB30BAIICS
Makxkcemn. Eciu oTBIIedbCsi OT HEKOTOPBIX MOMEHTOB, TPEOYIONIMX PacdyeToB, TO HE TPYIHO HA IPOCTOM
mpUMepe pa3odpaThesi Kak ¢ MOMOIIBIO KAPTUHBI CUIIOBBIX JIMHUHN, TTOXOKUX Ha HIyIaliblia, MOXKHO OBLIO
OBl MONYYUTh TOYHBIC MATEMATHYECKUE PE3YIIBTATHI.

OtcyrcrBue y ®Dapages MaTeMaTHYCCKOTO OOpa30BaHMS BBIHYKIAIO €ro MpH
pacCyKICHUSAX OIEpUPOBaATh HATVISIHBIMU 00pa3amu. Hanpumep, MarHuTHOE TI0JIe
MPEACTABILIOCh €My MHOXKECTBOM IMIyIMajiell, HEMPEPBHIBHO 3aIOJHSIIOMINX
MPOCTPAHCTBO OKOJIO MarauTa. OH Ha3bIBaJI UX CHIIOBBIMU JUHUSAMH. PaccMoTpum,
KaK C IMOMOIIBI0 TAKUX HATJSIHBIX MPEICTABICHUN MOYKHO, YACTO TCOPETUUCCKH,
BBIBECTH 3aKOH M3MEHEHHUS MarHUTHOM CHIIBI C PACCTOSTHUCM.

[TpenrmonoxuM, 4To yCHIIME, BBI3BIBAEMOE CHJIOBOW JIMHUCH, HE 3aBHCHUT OT €€
mmHbl. W eme, momycTuMm (a 37€Ch KakK pa3 M MOSBISACTCS MaTeMaTHYCCKUH
aCIeKT), YTO CWJIOBBIC JUHUU TaKHUEC TOHKHE, TAK MHOTOYHCJICHHBI M TaK IUIOTHO
yIIAKOBaHbI, YTO MEXJIy HHUMH HE OCTAeTCid HHKAKMX 3a30pPOB, XOTS OHH H
COXPAHSIOT CBOK HMHJIWBUAYAIbHOCTh. Termeph pacCMOTPUM E€AUHCTBEHHBIN
DIICKTPUYECKUIM 3aps)i BMECTE€ C €ro CHJIOBBIMH JIMHUSMH-IIYIATbIIAMHU,
BBIXOJSIIIMMHU W3 3apsja paaudalbHO BO BCeX HampapicHUsAX. CoOBEpIICHHO
OYEBHUJHO, YTO BCE CHJIOBBIC JIMHUHM OYAYyT MEpecekarh 00y BOOOpakaeMyro
cepruvecKyro MOBEPXHOCTh s =4nr’ ¢ IICHTPOM B 3TO 3apsijic.

Haunem co cdepbl enmHUYHOTO paanyca. Ecnu Ha HEKOTOPOM ydYacTKe STOM
cdepbl pacronokeHa TOHKas IJICHKAa ¢ HEOONBIIUM AJICKTPUICCKUM 3apsioM, TO
Ha Hee OyJeT JMeHCTBOBATH OINPEACICHHOE KOJMYECTBO CHJIOBBIX JIMHUW, TPUYEM
MOJTHAST CHJIA, JCWCTBYIOIIAs Ha 3Ty IUICHKY CO CTOPOHBI IIEHTPAJBHOTO 3apsja,



paBHA CyMME WHIWBHIYAJIbHBIX YCHJIMHA BCEX MEHWCTBYIOIIMX HA HEE CHUJIOBBIX
JUHUR. YIBOUM panuyc cdepsl, U IUIONIAIb € MOBEPXHOCTH BO3PACTET B UETHIPE
pa3a, a 3HAYMT, CHJIOBBIC JHHHUH OyAyT Tepecekath ee pexe. Uepe3 enuHUILY
MTOBEPXHOCTH Cephl Terephb OyIeT MPOXOAUTh B YETHIPE pa3a MEHBIIC JIMHUMA, YEM
paHbllie, U, CIEA0BATEIBHO, CHIA, JACUCTBYIOMIAs HA Ty ke 3apsSKCHHYIO TUICHKY
(HO pacmosokeHHYI0 Ha Ooubielt cdepe), OyaeT ToKe B YEThIpe pa3a MEHBIIIE.
CuioBble JIMHUM OKa3bIBAIOTCS J(PQPEKTHBHBIMH W B JAPYIHX CHUTYyaIHsX.

MposonouHoe
KonbUo

puc. 22

Hanpumep, B ciydyae 53yeKTpoMarHuTHOW uWHAyKuuu. llo cymecTtBy, 3akoH
ANEKTPOMArHuTHOM uWHAyKuuu @Papajes riaacuT, 4YTO i1 HWHAYLHPOBAHUSA
AIEKTPUUECKOr0 TOKa B 3aMKHYTOM MPOBOJSIIEM KOHTYpe HEOOXOAMMO, YTOOBI
U3MEHSJIOCHh KOJWYECTBO MArHUTHBIX CHUJIOBBIX JIMHUM, NPOHHU3BIBAIOUIUX 3TOT
KOHTYp (puc. 22). [Ipudyem coBepIIEHHO HE BaXKHO, 10 KAKOW MPUYMHE U3MEHSIETCS
YHUCJIO MPOHU3BIBAIOIINX KOHTYpP CUJIOBBIX JIMHUI: U3-3a IBUKEHUS MarHuTa, u3-3a
YBEIMYEHUs WM YMEHBIIECHUS CO3/1aBa€MOr0 MM MAarHUTHOIO TMOJs, HW3-3a
JIBUKEHUS WK 1epopMaliii caMoro KOHTYpa, a BO3MOXKHO, U B pe3yibTaTe JII000n
KOMOMHAIIMK TakuxX npuyuH. llpuueM cuna Toka MHAYKIUU NPONOPLHOHATIBHA
CKOPOCTM  HM3MEHEHUS qyucia CWIOBBIX  JINHUH, MIPOHU3BIBAKOLIU X
paccMaTpUBaEMbIil KOHTYD.

OObsacHenne @apaneeM sBIEHUI JSJIEKTpOMarHeTH3Ma MMEJIO CTOJIb IKe
00JIBIIOE 3HAYEHUE KAaK U OTKPBITHE B CBOE BpeMs ['anmuieem 3akoHa JIBHXKEHUS
cBoOonHoro tena. Korna Bo Bpemena ["anunes mroau 3apaBanuck BorpocoM «HTto
yIEPKUBAET TeJla B IBWKCHHUM?», l'amuieil 1okasai, 4To Ha CaMOM JEle CIeAyeT
MHTEPECOBAThCS IMPUYMHON, MO KOTOPOW Tejla M3MEHSIIOT COCTOSHHE CBOETO
nBKeHUs. M korma Bce COCPENOTOYMIIM OCHOBHOE BHUMAHHME Ha pPEalbHBIX
MarHuTax, MarHUTHBIX CTpENKaX W TOMY IOJOOHBIX D3JIEMEHTaX MarHUTHBIX
cuctem, dapaneil npusbiBal 3aqyMaTbcsl Haja OOraThlM, HO CKPBITBIM OT IJja3a
COJIEPKUMBIM OKPY>KaIOIIETO MarHUThI IIPOCTPAHCTBA, TO €CTh
ANEKTPOMArHUTHBIM nosieM. M TouHo Tak ke, kak HbI0TOH pa3Bui OCHOBHBIE UIEU

lanmunest, unen dapanest 06061 U pa3Bua MakcBesI.

MakcBemn ponuwics B 1831 rogy B DaunOypre, xorma ®apaneto Obuto 40 ner. Tak 4ro, korma
MakcBerut IpUCTYIHIT K MATEeMaTHIeCKOMY aHaJIM3y ero OTKPBITUH U ujiel, Dapaei ObUT yiKe MOKUIBIM
YEITOBEKOM.

Ha mepBpiii mtypMm mpobnem siiekTpoMmarHetuaMa MakcBella BJIOXHOBHJIA
pabora Tomcona (KenbBuHa) B KOTOpOM OH TMpOBEN aAHAJIOTHIO MEXAY
DIIEKTPUYECKIMH CHJIAaMH M TEIUIOBBIM TIOTOKOM B TBEpPAOM Tene. MakcBemn



pEelInI HAIlYIaTh MATEMATUYECKOE CXOACTBO MEXKAY ANEKTPUUECKUMU CUIIOBBIMHU
JUHUSMU U TUHUSIMHU TOKa B UACAIbHON U OECKOHEUYHO MPOTSXKEHHOMN KUIKOCTH.
s sToro MakcBenl NPEANOJIONKUT, YTO BHYTPH KUAKOCTb H3JIMBACTCS W3
MCTOYHUKA, KOTOPBIA OH OTOXKIECTBUJ C DJIEKTPUYECKUM IOJIOKUTEIbHBIM
3apsAoM, M YXOAUT B HEOBITUE, B CTOK, OTOXKIECTBIEHHBIM C 3apsaaoM
MIPOTHBOMNOJIOKHOTO 3HaKa. B Takod MoJenu NpUTSIKEHUE M OTTAJIKUBAHUE
ANEKTPUUECKUX 3apsiIoB OOBACHSUIUCH C TMOMOILIBIO CO3JAaBAaE€MbIX B >KUIKOCTH
napiaeHuil. Takyio ke KOHCTpYKIMIO MakcBeUl MPeJIoKUI U Il OObSICHEHUS
MarHuTHBIX siBIeHUU. OJHAKO Takas MOJElIb HE OOBSCHSAJIA 3JIEKTPOMArHUTHYIO
uHAYKIUIo. Toraa oH MpocTo IeKJIapupoBall, 4TO €ro JUHUHM TOKa BEAYT ceOsl Kak
pa3 Tak, 4YToObl K HUM ObUIO MPUMEHHUMO mpaBuiio Papajes O CHUIOBbIX JMHUAX,
MIPOHU3BIBAIOIIMX 3aMKHYTBHIM MpoBOAAIIMK KOHTyp. Hecmorps Ha Bce
HEJIOCTAaTKH, OKa3aloCh, YTO HOBBIM MAaTEMaTHYECKHI MOAXOJI, MHOCTPOCHHBIN
MakcBemioM Ha CTOJb NPUYYJIMBOM (PyHIAMEHTe, MPUTOAEH AJid ONUCAHUS

OTPOMHOI'0 KOJIMYCCTBA 3JICKTPOMArHUTHBIX SIBJICHUH.

ITo sTOMy BOmpOCy OH BeCbMa OTKPOBEHHO BBICKA3aJICsi B CTaThe, COJEpKAallel M3I0XKEHHE ero
pabotel: «f He cumTaro, YTO 37ECh COACPKUTCA XOTh KAaKOW-TO HaMEK Ha MPAaBHIBHYIO (PH3HUECKYIO
TEOpHIO; TJIaBHAS 3aciyra MPemIaraeéMoro Imojaxojaa Kak BPEMEHHOTO OpYAMs HCCIEJOBaHMS MMEHHO B
TOM M COCTOUT, YTO OH HUue20 He 00bAcHAem» (BbIIEICHO caMUM MaKCBEIIOM).

BaxxHo oOpaTuTh BHHMaHHE Ha TO, YTO W y MakcBella, 1 B paHHEH paboTe
ToMmcona mpHCYTCTBYeT MaTepualbHas cpeaa — aHaior (apajeeBCKOro MOJs.
dapaneld cyuTAl IOJIE, TO €CTh CHJIOBBIC JIMHHH, TPOHU3BIBAIOIINE BCE
MIPOCTPAHCTBO, TIEPBUYHOW peaTbHOCTBIO. Tak d4To J100asi TEOpus, B KOTOPOH
BBICKa3bIBACTCS TPUBEPIKEHHOCTh Touke 3peHus dapases, 10okHA OBITh TeOpueH
BCETPOHUKAIOIIETO ToJIsl (aHayor 3dupa).

[Tocne co3manus cBoei MaTeMaTHYeCKO Mojenn MaKcBeIlT 3aHsJICs TIOUCKaMHU ee

MEXaHMUYECKOU HHTCPIIPCTAITUN.

B cBoe Bpems Opcren BBIIBUHYI MPEANOI0KEHHE, YTO SJIEKTPUUECKHUM TOK OKPYKEH HEKMM MarHUTHBIM
BHUXPEM, OKa3bIBAIOIIUM BIHMSIHWE HA MAarHUTHBIE CTPENKH. AMIIEp e IOCle TIIATENbHOrO aHajin3a
MpoOIeMbl TIPUIIIEN K BBIBOJY, YTO MarHeTH3M — 9TO BTOPWUYHBIA 3(deKT, co3maBaeMblii KPyroBbIMH
3JEKTPUYECKUMH TOKAMM.

Makcgenn, cnenys npencrasieHusM @apanes nu ToMcoHa, cuMTal MarHeTU3M
HEpPa3pbIBHO CBSI3aHHBIM C HEKMMM BpalllCHUSIMH, KOTOphIE, B paMKax
MEXaHW4YecKkor moxaenu ddupa, NPEACTABISIUCh B  BUJIEC  MAJICHBKHX
«MOJIEKYJISIPHBIX ~BUXpEW», WIM TPOCTO OBICTPO BpAIIAIONIUXCSA KaleleK
xuakoctu. I[lpenmosaranoch, 4TO OCH BpaIllEHUS 3TUX BUXPEH pPacroJiararoTcs

BAOJIb MArdvMTHBIX CHIJIOBBIX JIUHUMN: ecau Obl OKa3aJIoChb, 4YTO 3TH OCH HaIpaBJICHBI B
MPOTHUBOIIOJIOKHBIE CTOPOHBI, TO CHJIOBBIC JINHAW B KOHEYHOM HMTOTE Pa3BEPHYIIH ObI UX TaK, YTOOBI BCe
OHU HMMEIIM OJIMHAKOBHIC HAmpaBlieHWS. TakuM o0pa3oM, OCHOBHBIC TOJOKEHHs TeOpud MakcBelia
OTJINYANIUCh OT TPENCTaBICHUH Dpcrena, COrjJacHO KOTOPOMY BHXPHU ObUIM OONBIIMMU U KPYTHIIUCH
BOKPYT 3JIEKTPHUECKHX TOKOB.



"MapasuTHoe”
Koneco

puc. 23

B mpouecce pa3paboTku cBoeil BUXpeBOM Mojenu y MakcBesia BO3HHUKIH
npobiemMbl ¢ TpeHueM. [leao B TOM, 4TO B OJHOPOJIHOM MArHUTHOM TIOJE BCE
MOJIEKYJISIpHbIE BUXPHU JIOJDKHBI BpalllaTbCsli B OJAHOM  HampaBieHHH. B sTtom
cilydae Kpasi IByX COCEIHUX BUXpEil B TOUKE CONMPUKOCHOBEHHUS OyIyT JIBUTaThCS
B MPOTUBONOJOKHBIX HampaBieHUsAX. [l HCKIIOUeHHs] TPEHUs, BBI3BAHHOTO
KOHTAKTOM COCEIHMX BHXpel, MakcBeiuly NpUIIIOCh BBECTH CHELHAJbHbBIC
chepuuecKue 4acTHUIIbl, PACIIOIOKEHHBIE MEXKAY ABYMSI COCEAHUMU BUXPSAMU. DTH
YaCTHULbI BBICTyNAIN KaK «apa3uTHBIE KOJIECA», IIMPOKO U3BECTHBIE B MEXaHHUKE
(puc 23).

Kpome Toro, MakcBemn OTBEN 3THM YacTHIAM €II€ OAHY LEHTPAJIbHYIO H
COBEPIIEHHO HOBYIO pOJib, 3a8BUB, YTO «HX IMOCTYIATEIBHOE IBH)KEHHE CO3JaET
ANEKTPUYECKUI TOK» M 4YTO OTU «Iapa3UTHBIE»
HIECTEPEHKH «HUTPAIOT pOJIb HOCUTENEN
AIEKTPUUYECTBAY. B ciydae OJTHOPOJHOTO
MarHUTHOTO TOJII BCE MarHUTHBIE BUXPH BpallatOTCs
B OJIHYy CTOPOHY H, CJEAOBATENbHO, CpepUuecKue
YyacTHUIbl HEmoJABWXHBI (puc. 24 Bepx). B cayuae
HEOJHOPOJHOCTH MAarHUTHOTO TIOJsl, BBI3BAHHOM
MIPUCYTCTBUEM 3aMKHYTOTO KOHTYPA, «CJIOW» BUXPEN
OyIyT BpalaThCs B pa3Hble CTOPOHBI, YTO MPHUBEAET
K TOsIBJICHHIO Toka (puc.24 Hu3). BepHo u oOpaTHoe.
DONEeKTpUYECKUd TOK pACKpy4YMBAeT MAarHUTHBIE
BUXpH, CO3JaBas MarHuTHoe mnojae. Ilpudem
MarHuTHbIE JIMHUM CBEPXYy U CHHU3Y DJIEKTPOTOKa

puc 24. HaIpaBJICHbl B pa3Hble CTOPOHBI (K HAM U OT HAC).

MakcBesut He CKphIBall CBOET'0 OTHOIICHHUS K «BOOOpakaeMOH CHCTEME MOJICKYIISIPHBIX BUXpei». OH
mucajg B craThe, IJie ObUIa M3JIOKEHA ero Teopus: «KOHIENIUs 4YacTUIbl, IBM)KEHHE KOTOPOM
06YCJIOBJ'IeHO NACAJIBbHBIM POJIMKOBBIM KOHTAKTOM C BHUXPEM, MOXKET IMOKa3aTbCA JOBOJILHO CIIO)KHOM U
Heykitokell. Ho s BOBce He BBIIBUTAI0 €€ B KaUECTBE MOJEIM MCTUHHBIX CBS3EH, CYIIECTBYIOIIHUX B
IIpupoac, N JaxXe B KAUYCCTBC MMOJIOKCHHA, KOTOPOC 1 C TOTOBHOCTHLIO Ha3Ball OBl SHeKTqueCKOﬁ THUIIOTC-
30ii. I TeM He MEHee 3TO BCE K€ MOJIECIbh — MOJIENb CBS3M, MBICIUMONM YHCTO MEXaHHMYSCKU M JICTKO
MOJIAIONIEHCST aHANM3y M, KaK MHE Ka)XEeTCs, MO3BOJIONICH OOHAPYXHUTh peajibHble MEXaHUYECKHE
B3aMMOCBA3U MECXKAY M3BECTHBIMU 3JICKTPOMArHUTHBIMU ABJICHUSAMHU, TaK YTO I OCMEIIIOCH YTBCPIKOAATh,
YTO BCSAKUM, TOHUMAIOUIUI NPEABAPUTENBHBINA U BPEMEHHBIA XapaKTEp STOW TMITOTE3bl, HAUJET €€ CKOpee
IIOJIE3HOM, HEXENU MPENSATCTBYIOIIEH B €r0 IOMCKAX NMPaBUIbHOW HHTEPIPETALUH 3TUX SIBICHUW.

C nomompro cBoed Monaenn MakcBeul MNOJYy4YW CHCTEMY YpaBHEHHI,
OMKCHIBAIOIIMX 3JEKTPOMArHUTHOE TOJE, KOTOPbIE MO3BOJIAIOT OOBSICHUTH BCE
OCHOBHBIE CBOMCTBa M3BECTHBIX B TO BPEMS DSJIEKTPOMATHUTHBIX SIBIICHUM.
IlocTpouB cBOM ypaBHEHMs TOJII, MakcBeI TMONOXKWI KX B OCHOBY
pa3paboTaHHON UM TEOPHH.

” o
Monekynaptue MapaauThele’” Koneca

BUXpU




Huddepenuunansuas hopma

VYpaBHenuss MakcBeiia npeicTaBlIsiOT cO00i B BEKTOPHOW 3alMCH CUCTEMY U3
YETBIPEX YPABHEHU, CBOJSIIYIOCS B KOMIIOHEHTHOM IMPECTABICHUHN K BOCBMU
(1Ba BEKTOPHBIX YpaBHEHHUS COAEPKAT MO TPU KOMIIOHEHTHI KaXK/10€ TUTIOC JIBa
CKaJISIpHBIX ) JINHEWHBIX 1udPepeHnaTbHbIX YPABHEHUN B YACTHBIX
IPOU3BOJIHBIX 1-r0 mopsika ass 12 KOMIIOHEHT YeThIPEX BEKTOPHBIX (PYHKIUH (

D, E H B).
Ha3zpanue Ccrc cu IIpumepHoe C/IOBECHOE BhIPpAsKEeHH e
3akon I'aycea _ - Z
3akon I'aycca V.D = dap V-D=p DIIEKTPUYECKU 3apsit ABIACTCA
HNCTOYHUKOM JJICKTPUYICCKOU MHIYKIIHH.
3akon I"'aycca nas . He CyIIecTByeT MATHUTHBIX 3apsyioB.
V . B = U v - B = Ll
MATHUTHOIO T0JIsI
3aKoH MHAYKIHHA 1 OB OB M3MeHeHre MarHuTHOM MHIYKLIINHT
Dapanes VxE=——— V x E= ——— | mopokgaer BUXPEBOE JIEKTPUIECKOE
c ot ot =1
oJe.
Teopema o 4r 10D 9D ONeKTpUYeCKUi TOK U U3MEHEHHE
UMPKYJIAIUA VxH=—j+ ol VxH=j+ o 3IIEKTPUUECKON MHIYKIIUU TOPOXKAAOT
C C A S

MAarHuTHOI'O 110JIsA

BUXPEBOC MAarHuTHOC 10OJIC

>KI/IpHBIM H_IpI/I(i)TOM B I[aHBHeﬁIlIeM 0003HaYaI0TCS BCKTOPHLIC BEJIMINHEI,
KYPCUBOM — CKAJIAPHBIC.

BBenéHubie 0003HAUECHMS
e /P — IUIOTHOCTH CTOPOHHETO MJIEKTPUYECKOro 3apsa (B enuaunax CU —

Ka/v®);

e J— IJIOTHOCTBH DJICKTPUYECKOTO TOKA (TNIOTHOCTh TOKA MPOBOJIUMOCTH) (B

eqununiax CU — A/M?); B mpocTeiiiieM ciiydae - ciiydae ToKa,
MOPO’KIAEMOT0 OJHUM THIIOM HOCUTEJICH 3apsijia, OHa BEIPAKAETCS MPOCTO
kak J = UP1, rae u— (CpeaHsis) CKOPOCTh ABUKEHHUS ITHX HOCUTEICH B
OKPECTHOCTH JaHHOW TOYKH, P| - TUIOTHOCTH 3apsijia 3TOTO THUIIa HOCUTEICH
(oHa B 00LIeM CITydae He COBIAIACT ¢ p)=; B 06LIEM CIydae 9TO
BBIPKEHUE HAJI0 YCPEIHHUTH 10 Pa3HBIM THIIAM HOCHTEJICH;

e (- — CKOPOCTb cBeTa B Bakyyme (299 792 458 m/c);

o E — nanpswEénnOCTh 25ekTprdeckoro nois (B enuaunax CU — B/m);

o H — nanpsox€unocts MarautHOro moss (B equauinax CU — A/m);

o 1) — snexrpuyeckas unnykuus (B eqununax CU — Kn/m?);

o« B — marautHas uanykims (B equaunax CU— Tu = Bo/M? = Q-Q_Z-A_l);

o V — nudpdepennmanbHblil oneparop Hada, Py 3TOM:
V x K = rot i o3nauaer porop BekTopa,
V - E = div E o3navaer guBepreHImo BEKTOpa.
IIpuBenénnble BblIE ypaBHEHU MakcBeiuia He COCTABIIAIOT €€ MTOJTHON
CUCTEMBI YPaBHEHHH JICKTPOMArHUTHOTO MO, IIOCKOJIBKY OHH HE COJIepKaT
CBOHCTB Cpe/ibl, B KOTOPOI BO30YKIEHO dIeKTpoMarHuTHoOE 1oJie. COOTHOIIEHMS,
cespBaromue Benmuunusl B, B, D, H u Ju yunTeiBaonume uHIMBAIyaIbHbIC
CBOWCTBA CpeJibl, Ha3bIBAIOTCS MAaTEepHUAIbHBIMHA YPABHEHUSIMHU.




[mpaButh | MHTETpanbuas dhopma
[Tpu momoru dhopmyn Octporpajgckoro—Iaycca u Crokca nuddepeHanbHbIM
ypaBHEeHUSIM MakcBesia MOKHO Npuiath GOpMy UHTETPAIbHbBIX YPABHEHUN

Ha3zsanue

Crc

cn

IIpumepHoe
CJ10BECHOE
BbIPajKeHHE

3aKoH
TI'aycca

fD-dSZJi?TQ

D.ds=Q

2

IToTok
3IIEKTPUYECKOU
WHIYKLHHU 4epe3
3aMKHYTYIO
TIOBEPXHOCTH §
MIPOTIOPIIHOHATICH
BCIIMYNUHEC
CBOOOHOTO
3apsna,
HaxXoOsgIIerocsa B
00BéMe v,
KOTOPBII

OKpyXaeT
MTOBEPXHOCTB .

3akoH
TIaycca s

MAarHuTHOI'O

1oJIs1

B-ds =0

B-ds=10
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IIOBEPXHOCTh

paBeH HYIIO
(MarHuTHBIE
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CYIIIECTBYIOT).
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HN3menenue
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MarHUTHOM
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MPOXOSALIETO
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HE3aMKHYTYIO
MOBEPXHOCTS §,
B34TOE C
00paTHBIM
3HaKOM,
MPONOPLUHOHAIBH
0 LUPKYJSIUN
3IIEKTPUYECKOr0
MoJIs Ha
3aMKHYTOM
KOHTYpe /,
KOTOPBII
SIBIIIETCA
rpaHULIEN
TOBEPXHOCTH .

Teopema o
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MHIYKLUU Yepe3
HE3aMKHYTYIO
IIOBEPXHOCTH S,
[IPONOPLIMOHAIBH
bl LUPKYJISAIUU
MarHUTHOTO OIS
Ha 3aMKHYTOM
KOHTYpe /,
KOTOPBII
SIBJISIETCSA
rpaHULEN
IIOBEPXHOCTH .
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[ToTOK 3JIEKTPUUECKOro Mo Yepe3 3aMKHYTYIO MOBEPXHOCTh

BBenéunrie 0003HaUEHUS

e 5 JIByMepHas 3aMKHYyTas B cllydae TeopeMbl [ aycca moBepXHOCTh, OTpaHUYMBAIOIIAs 00BEM T/
, ¥ OTKPBITasl IOBEPXHOCTH B ciIydae 3akoHOB Dapases u Ammnepa — MaxkcBemia (e€ rpaHurieit

SIBIISICTCSE 3aMKHYTBIH KOHTYD ).

Q= [ par

nmoBepxHocThi0 4(B enuHunax CU — Ki);

I=[j-ds

— DIIEKTPUYECKUH 3apsiy, 3aKTFOUEHHBINH B 00bEMe 1!, OrpaHnYEHHOM

. 5 — DJIGKTPUYECKUHN TOK, TIPOXOISIIUNA Uepe3 MOBEpXHOCTh &(B enuanmax CU —

A).

[Ipu MHTErpUPOBAHKUH IO 3aMKHYTON TTOBEPXHOCTH BEKTOP JIEMEHTA IJIONIAU (S
HanpasJiieH U3 00bEMa HapyxKy. OpueHTanus (SIpu UHTETPUPOBAHUU IO
HE3aMKHYTOW IMOBEPXHOCTU ONPEAEIISIETCS HAPABICHUEM [IPABOrO BUHTA,
«BKPYUYHMBAIOMIETOCS» MPU MOBOPOTE B HAIIPABICHUH 00X0/1a KOHTYPHOTO

unHTerpana mo dl.

CrnoBecHoe onucaHue 3akOHOB MakcBesuia, Halpumep, 3akoHa dapanest, HecéT
OTIIEYATOK TPAJIULIKH, TOCKOJIbKY BHAYAJIe IPU KOHTPOIUPYEMOM U3MEHEHUU
MarHUTHOTO MOTOKA PETUCTPUPOBAIOCH BOSHUKHOBEHUE AJIEKTPUUECKOTO MOJIS
(TouHee AIEKTPOABMIKYIIEH cuiibl). B 001ieM ciydae B ypaBHEeHUsAX MakcBeiia
(xak B nudpepeHraibHON, TaK U B UHTErPalibHOM (hopMe) BEKTOPHBIE (PYHKIIUU




E.‘ B! D! HHBJIHIOTCSI PaBHOIIPpABHBIMHU HCU3BCCTHBIMU BCIIMUNHAMMU,
OIIpCACIIKICMBbIMHA B PC3YIILTATC PCUHICHUA ypaBHeHHﬁ.

OIIHI/IM N3 pllIaromux maroB OBLIO BBCACHUC MakcBeioM B €ro YpPaBHCHHA
TaK Ha3bIBAEMOI'0O TOKa CMCUICHHA. PaCCMOTpI/IM BEIICCTBO, CKaXEM, CTCEKIO,
KOTOPOC HC IMPOBOIAHUT 3JI€KTpI/I‘I€CKI/Iﬁ TOK, TO €CThb CHJIa NPUTAKCHUA MOJICKYJI
YACPIKUBACT 3apPsKCHHBIC YaCTUIBI OT  JABHIKCHUA. Ecnu crexio momMecTUTh B
SJICKTPHUYCCKOC II0JIC, TO 3apsaabl CICIrKa CMCCTATCA U3 CBOCrO IICPBOHAYATIBHOIO
ITOJIOKCHMUA. KpaTKOBpeMCHHBIC ABWIKXCHUS, IMMPUBOIAIINEC K CMCIICHUAM 3JICKTPH-
YCCKHUX 3apsaa0B, MPCACTABIIAOT coboit HCHpOI[OH)KHTCJIBHBIﬁ, HO HaHpaBHCHHBIﬁ
ITOTOK JJICKTPHUYCCTBA, TO CCTh C-)J'ICKTpI/I‘IeCKI/Iﬁ TOK, KOTOpBIﬁ U IMOJIYYNJI Ha3BAHUC
TOKa CMCIICHU:. [lo MeTkomy 3amedaHuio MakcBesia, «T€ CMEIIEHUsI — 3TO €11l€ HE TOK B TIOJHOM
CMBICJIC DTOr'O CJIOBA, HO DTO HA4YaJI0 3apOXKICHUS TOKa. MeHss BHeIIHee SJICKTPUICCKOC
II0JIC, MOZKHO ObLIO OBI HCIIPCPBIBHO U3MCHATL CMCHICHUC JJICKTPHUYCCKHUX 3aps-
J0B, a 3HA4YuT, H CO34aBaTb HCpCMCHHBIfI TOK CMCUICHUA HpOHSBOJ’IBHOfI

JIUTCIIBHOCTH.

Bunnble ydeHble — COBpeMEHHHMKH MakcBemia, BKIIIOYas €ro HacTaBHUKAa W jpyra TomcoHa, c
OONBIINM TPYJOM BOCIIPHHHMAJH ero cMmenbie uien. Ocoboe OecroKONUCTBO TOCTABISI TOK CMEIICHHS:
MOCKOJIBKY CTEKJIO MIPAJio BO BCEM BBHIIIIECKA3aHHOM KITIOYEBYIO POJIb, OBLIIO BEChMa HE MPOCTO MPUHSATH
yTBepKJeHHe MakcBesia, 4TO TOKH CMEIICHUS MOIVIM Obl CYIIECTBOBATH M B ITyCTOM (B CMBICIE
BEIIIECTBA) MMPOCTPAHCTBE, 3aNOJIHEHHOM OJHUM 3¢upoM. He momormo naxe To, 9To MakcBemT HaIenui
CBOM 3(pHp pa3NmUYHBIMH (U3MYECKHMHU CBOWCTBAMH, HO BPSI JIM MOXHO OBLIO CEPhE3HO BO3PaXKaTh
MPOTHB JEKIAPUPOBAHHON MakcBeuioM crnocoOHOCTH d(hupa MPOBOAUTH TOKH cMerlenus. Cosmaercs
BIIEUATJICHHE, YTO HamOoibliee OECrOKOMCTBO Y COBpEMEHHMKOB MakcBe/ula BBI3bIBaja pONib TOKa
CMEIICHUST KaK HACTOSIIEro Toka. Hampumep, B CBS3HM C TeM, YTO TOJHBIA TOK (OOBIYHBINA TOK + TOK
CMEIICHUS) BCEr/ia TeYeT MO 3aMKHYTBIM KOHTYpaM, y y4YeHBIX BO3HHKall Bompoc: «Kakum oOpazom
Teopus Makcsesia Moria Obl OOBSICHUTB JIOKAITbHBIE CKOTIIICHHUS JIEKTPHUECKHUX 3apsIoB?»

Breuto Takoe omrynieHue, 4TO TOK CMEHICHUS HE cOo0pa3yeTcs C OCTAIbHBIMH MAaKCBEIOBCKUMH
KOHIICTIIIMSIMH JICKTPHUYECKOTO 3apsiia ¥ Toka. OIEHUTh B OOIIUX YepTax BCE CIIOKHOCTH, CBSI3aHHBIE C
uaesMu MakcBenia, TIO3BOJISIOT CIEAYIONIE CI0Ba HEMEIKOTO (hHU3UKA-IKCIIEPUMEHTATOpa U TEOPETHKA
I'enpuxa ['epua (ocoOeHHO ecnu y4uecThb, YTO MakcBem1 ObUT ISl HEro KyMupoMm): «K coxkaJeHuto, cJI0BO
«QJIEKTPUYECTBO» B pabore MakcBella SIBHO HMMEET IBOWHOM CMBICHI... ECIM mpu 3HAKOMCTBE C
00BsICHEHUSIMU MaKCBEIUIOM TEX WIIM HMHBIX SIBICHWH Ka)Iblii pa3 WHTEPIPETUPOBATH CMBICT CIIOBA
(QIIEKTPUYECTBOY» MOAXOJSIINM K JAHHOMY CIy4ar0 00pa3oM, TO MOYTH Bce MOHAYANy TaK MOPaKaroline
MPOTUBOPEUHNSI MOTYT OBITh UCKIIIOUCHBI. XOTS JIOJDKECH MPU3HATH, YTO JIMYHO ST HE TIPEYCIIeT B 3TOM JIelie
B MOJTHOM Mepe UK XOTs OBl B TOH CTENeHH, YTOOBI 00PECTH BHYTPEHHEE YIOBICTBOPCHHE.

Bcenomuanm, uto cam MakcBesu BOBCe He HACTauBall HA PEaIbHOCTH M a0CONOTHON HEMOrpenmMOCTH
CBOCGH MOJIEKYIISIPHO-BHXPEBOW MOJIENN 3JCKTPOMAarHUTHOTO 3(pupa u mepecTan e Molb30BaThCs, Kak
TOJILKO OHA IPHBENA €ro K YpaBHEHHSM JJIEKTPOMArHUTHOTO moiisi. Hedro moxoee MPOH3OILIO U C
MBICIIGHHOM KOHCTPYKIIMEH, TpeTHa3HAUYCHHOW sl OOBSCHEHHS TaKoro HOBOI'O TOHSTHS, KaK TOK
cmenieHus. Korna mosiBuiiach Teopusi OTHOCUTENBHOCTH, CTAJIO SICHO, YTO 0€3 WiieHa, OMMMCHIBAIONIETO TOK
CMEIICHUS, ypaBHEHHS MakcBemjaa NPOTUBOPEUMIIM Obl CHEIUANbHOW TEOPHH OTHOCHUTEIHHOCTH.
Bxnrouenue 3Toro uieHa NpuBOIUT ypaBHEeHHE MakcBemia B IIOJIHOE COOTBETCTBUE € 3TOM Teopueil. Tak
YTO KOHCTPYKIIUS, TIPUAyMaHHas Ui OOBbSICHEHHS TOKAa CMEIEHHS, HECMOTpPS HA BCE CBS3aHHBIC C HEi
MpO0JIeMBI, BBITIOIHMIIA CBOIO 3aJ1a4y M MOTJIa OBbITh OTOPOIIICHA.

MakcBem, pazyMeercsi, He MOT' 3HaTh O BCEX dTHX COOBITHSX, KOTOPBIE IPOU30MIyT MHOTO TIO3/THEE.
On Hamen Hedro Ooyiee 3HAYUTENBLHOE, YeM AyMall, H0O TMOIYYCHHBIE UM YpPaBHEHHS IPEBOCXOIHO
BITMCAITUCh B PEISTHBHCTCKYIO TEOPHIO MPOCTPAHCTBA U BPEMEHH, TPUILIE/ANIYIO0 Ha CMEHY HBIOTOHOBOM,
XOTsI Bce CBOM paboThl MakcBerul, Kak J0 Hero u ®peHenb, BBIOIHWI HA OCHOBE mocieanel. Tak 4ro
HUYEro yJIMBHUTEIHLHOTO, YTO B PaMKaX HBIOTOHOBBIX MPEICTABICHHH 00 aOCONOTHOM MPOCTPAHCTBE M



a0COJIIOTHOM BPEMCHM TEOpHUS M ypaBHeHHS MakcBeiia ObUIM HE OYEHB-TO TMOHATHBIMU U MOAYAC MPH-
BOJIMJIN €0 COBPEMEHHUKOB B 3aMEIIATEIHCTBO.

brnaromapst BBeIEHHIO TOKa CMEIICHUS ypaBHEHHUs MakcBeia MOTYT OBITh
3amucaHbl B TakoW (opme, KOorja CHUMBOJIBI, OTHOCAIIUECS K AJIEKTPUYECTBY U
MarHeTu3sMy, BXOJAT B HHUX IIOYTH COBEPUIEHHO OJWHAKOBO, IIOPOXKAas
dbopmanpHylo cumMmeTrpuro. C 3TOM CHUMMETpHEH MEXIy OJJIEKTPUUYECTBOM U
MarHeTU3MOM HEPA3pPbIBHO CBS3aH OJWH IIPUMEYATEIIbHBIM MAaTEMaTUYECKUU
pe3yiabpTaTr, CyThb KOTOPOIrO COCTOUT B TOM, 4YTO JOJDKHBI CYIIECTBOBATH
AJIEKTPOMArHUTHBIE BOJHBI, IIPUYEM 3TU BOJIHBI JOJDKHBI OBITh MONEPEUYHBIMH.

YUrto kacaercsi CKOPOCTH pPACHPOCTPAHEHUS ITUX BOJH, TO M3 YPaBHCHUU
MakcBemia  cienyer, 4YTO OHa  JOJDKHA  ObITh  paBHa  OTHOILECHUIO
BJIEKTPOCTATUYECKON U DBJICKTPOMATrHUTHOW €IWHUL] U3MEPEHUS BJICKTPUUECKOTO
3apsaga. v=q, /q,,

ITepBas, q.; onpenensercs CUION B3aUMOJIEUCTBUSA IBYX TOUYCUHBIX TOKOSIINXCS
3apsAloB, a BTOPAs, (yr CWIOW B3aUMOJIEHCTBUS IBYX DJIECKTPUYECKUX TOKOB, TO
€CTh JBWXYIIUXCS 3apsaAoB. B mpenenax MOrpemrHOCTH HKCIIEPUMEHTa 3Ta

CKOPOCTb OKa3aJIaCb paBHOﬁ BCIIMYMNHC CKOPOCTH CBCTA.

BenuurHa 3TOro OTHOIIGHWS Oblla IOJAy4YeHa M3 KIACCHMUECKOro J3KcrepuMeHTa BebOepa wu
Konbpayma. N uto npuMEYaTeIbHO, HU CBE€T, HU BOJHBI HHUKAKOI'O CYIICCTBEHHOI'O OTHOLICHUA K
skcniepuMenTy Bebepa — Konbpayma He umenu. [1o aTomy moBoay xopomio ckazan cam Makcsemi: «B
3TOM DKCIIEPHMEHTE CBET HCIOJNB30BAJICA HMCKIIOUUTENBHO Ui TOr'0, YTOOBI BUAETh NPUOOpBD». TOT
¢akt, uro 3kcriepuMenT Bebepa — Komppayma maBan CKOPOCTh CBETa, MHOTHE IOCYHTAIM MPOCTO

Hlkana 3nNeKTPOMErRUTHBIX BOMH
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COBIIaJICHUEM.

MakcBemi, MCXOIsl M3 3TOro, 3asBWJ, YTO CBET HMMEET DJICKTPOMATrHUTHYIO
npupony. CornacHo Teopuu MakcBesia 3J€KTPUYECTBO U MAarHETU3M CTOJIb TECHO
Y CUMMETPUYHO B3aUMOCBSI3aHbI, YTO MOTYT PacCCMaTPUBATLCA MPOCTO KaK pa3HbIC
NPOSABJICHUSA OJHOW €IUHOM CYIIHOCTH. TO €CTh CBET 3TO YXKE HE YTO-TO
OTJIEJIbHOE, a BCEro JIMIIb CHelnu(UIecKoe TMPOSBICHUE JJIEKTPOMArHeTu3Ma
(pcu.25). B pesynbrare MakcBem WASHTUOUIMPOBAT 3JIEKTPOMArHUTHBINA 3uUp

CO CBC€TOBBIM — HOCHUTCJIIEM CBE€TOBBIX BOJIH.

Teopust MakcBesia IPEBOCXOAHO OOBENMHUIIA B €IWHOE IIENIOC ONTHKY U AJIEKTPOMArHEeTH3M, HO
cTpacTH OyIleBaJid BOKPYr Hee elle He oAuH roj. Makceemt ymep B 1879 roay, 49 ner or poxy —
CIIMIIKOM PaHO, YTOOBI MCIBITATh PAJOCTh MPU3HAHHSA CBOEH Teopuu. JIMIIb MOYTH Yepe3 ACBATH JIET
nocie cMepTH MakcBeuia ObUT OCYIIIECTBIICH MPSIMOM DKCIIEPUMEHT, HEONPOBEPIKUMO TTOATBEP IUBIINH
€ro Teopuro. BeImosHUI ero yxe 3HakoMblid HaMm ['eHpux ['epr, KOTOpBIN cO3/1a1 reHepaTop HEBUIMMBIX



SHeKTPOMaFHI/ITHBIX BOJIH M IIOKasaJl, YTO OHH Be)Z[YT C66$I B ITOJIHOM COOTBCTCTBHUU C HpC}lCKaSaHI/IHMI/I
Makcsemia. M ToibKko mociie 3Toro Teopus MakcBenia 3aHsuia 1mo1o0aroliee eif MecTo B Hayke.

Kpome Toro, MakcBenna COBEPLIIEHHO BHE BCSKOW CBS3U C YpaBHEHUSIMU
AJIEKTPOMArHUTHOI'O TOJII MHTEPECOBAI BOIPOC O JABMKEHUHU 3eMJIM depe3 3pup.
OH BBICKa3aJl NMPEIOJNOKEHUE, YTO CKOPOCTh

3TOIr0 ABMXCEHHSA MOKHO ObLIO OBl HaﬁTH,
O O HU3MCpssd BpCMCHaA 3aTMEHUN CIIYTHHUKOB
IOHI/ITepa. Pemep, kak Mbl TOMHUM, YK€ TMBITAJICS

Semma Fomutep IOnuTep Semma MCIONB30BATH OTH 3aTMEHHMS JUIS ONPEACNCHHS CKOPOCTH
cBera. MaKcBeI JKe Halllel MM HHOE IPHMEHEHHE.

[IpeanonoxxuM a8 MOPOCTOTBI,  YTO
ConHeyHasi cucTeMa JBIKETCS 110 OTHOIIEGHHIO K 3¢upy BOparo. B cinydae, koraa
3emiia u FOnuTep pacnonoxkarcs, Kak Ha puc. 25 a, CBETOBOM CUTHAJ, HECYIIIUI Ha
3eMJII0 BECTh O 3aTMEHHH, OYJIET JIETETh K 3eMiie, IBIKYIIEHCS K HEMY HaBCTpeuy,
a moroMy npuOyAeT paHbllie OXuaaeMoro mMomeHrta. OjHako Korja 3emis u
KOnutep pacnonoxarcsi, kak Ha puc. 26 6, curHaji o 3aTMEHUH OYZET JIETETh BCIIe]
3a yAajusolecss oT Hero 3emiield, a 3HauyuT, NpulyneT MO3JHEe OKUIAEMOTO
MOMEHTa BpeMeHH. Tak uro, HaOmomas ¢ 3eMyiM 32 H3MEHEHUSMH pHUTMa
3aTMEHUN, MOXKHO OBLIO OBI ONIPeeIUuTh CKOpOCTh COJIHEUHOM CUCTEMBI, a C HEH U

3eMJIu 110 OTHOIIEHUIO K 3upy.

B 1879 rony amepuxanckwuii actponom /[l. I1. Tomn, cocraBuBmImii AeTambHEHIIIE TAOIUITBI 3aTMEHUN
cnyTHUKOB lOmmTepa, mocnman OIuH 3K3eMIUIAp MakcBelly, KOTOpPhIM B OTBET Hamucall MoapoOHOe
MACBMO C BBIpakeHHeM OjaromapHocTH. Heckonbko MecsieB cmycts Makcemn ymep. Torma Tomn,
MOHSIB, YTO MUCHbMO MakcBeluia Ternepb npuodperaer ocoboe UCTOPUYECKOEe 3HAYCHUE, HANIPABUII €ro B
Jlononckoe koponeBckoe ob0mectBo. OHO OBUIO ONMYONIMKOBAaHO B TPyJax 3TOTO OOIIECTBa, a 3aTeM
repereyaTaHo B IIMPOKO M3BECTHOM KaK TOT/A, TaK U CeYac aHIIMHACKOM Hay4dHOM KypHale «Hanuyp»
(«ITpupomnay). bnaromaps myOIUKaIuy MACHMO TTOIAJI0 Ha IJ1a3a ¥ MPHUBIIEKIIO BHUMaHHE aMEPUKAHCKOTO
¢uznka AnpOepra MaiikenbcoHa.

B cBoem muceMe MakcBemur oTMeuall, 4TO TEOPETHUECKH CYIIECTBYET BIHMSHUE JNBMKECHHUS 3eMIIM Ha
nabopaTopHbIe SKCIIEPUMEHTHI 110 H3MEPEHHIO CKOPOCTH CBETA, PACIPOCTPAHSIONIEroCs Ty/la B 00paTHO
BJIOJIb TPSIMOM, HO Ha MpakTHKE 3TOT 3(PdekT HeBO3MOXKHO OBUIO OBl UCIONB30BATh IS M3MEPECHUS
CKOPOCTH JIBMDKEHHS 3eMJIM OTHOCHTEIILHO 3upa, 100, Kak mucai caM MaKCBeIUl, OH «CIHUIIKOM cIial,
YTOOBI €ro MOXKHO ObUTO HaOmoAaTh». TOYKy 3peHus MakcBeia HETPYAHO MOHATh, €CIIH Y4eCTh, UYTO
JUISL  ONPEJIeTICHUsT 3TUM METOJO0M OpOUTANBHONH CKOpOCTH 3eMiid HEoOXOIMMO YMETh H3MEpSTh
VMHTEPBAJbl BPEMEHU NOPAIAKA OJHONM MWUIMOHHOM MHMJUIMApIHOM nonu cekyHabl. Ho mpu »TOoM He
YUUTBIBAIUCH M300pETATENFHOCTh U CMENOCTh MalikenbcoHa - skcnepuMeHTaropa. OH OOBSBUI 3TOT
3G PEKT «WIerko N3MEpUMBIMY) W HEMEJICHHO 3acel 32 TNIAHMPOBAaHUE SKCIIEPUMEHTA, KOTOPBIH ITO3BOJIHI
OBl 3TO CIIENaTh.

Maiikenbcon, poauiuiics B 1852 rony B Ilonbire, smurpuposan B CIIHA erie peOeHKOM BMeCTe CO
CBOMMH POAHBIMH. 37ech oH cTtai JiekiTeHantoM BBC CIIIA, a 3aTeM HHCTPYKTOPOM BOECHHO-MOPCKOTO
VUWINIIA, TJE CO BpEMEHEM IPEBpaTHIICS B KIACCHOTO (M3WKA M KPYIMHOTO CIEIHaliiucTa B 00JacTh
JKCIIEpUMEHTAIBHOTO HccaenoBanusa ceera. B 1880 rogy MaiikenbcoH moexana Ha HEKOTOPOE BpeMs B
Bepnun, tne w3obpen mpubop, o0NManaBIIMK MCKIIOYMTEIHHON YYBCTBHTEIBHOCTBIO (Celyac Takue
npuOoOpbl  HasbiBatoTcsl MHTEepdepomerpamu). C ero NOMOMBIO OH PACCUMTHIBAI  BBITIOIHUTH
YIIOMHHABIIHHCS MaKCBEIIOM SKCIIEPUMEHT M TEM CaAMBIM HU3MEPUTH a0COIOTHYIO CKOPOCTh 3EMITH.

I[lpu cozmanmm  uHTepdepomerpa MaiikenbcOHa  YYHUTHIBAIOCH, YTO, BO-TIEPBBIX, CBET
pacnpocTpaHsieTcs ¢ Ype3BBIYaiiHO OTPOMHONM CKOPOCTHIO, & BO-BTOPBIX, JJIMHA BOIHBI BUIAUMOTO CBETA
odeHb manma — okosio 1/20000 canTmMerpa. Kak yxke TOBOpPHIIOCH, B TNMPEIJIOKEHHOM MaKkCBeIOM
SKCIIEPUMEHTE TPEOOBaJIOCh U3MEPATh HHTEPBAIIBI BPEMEHH TOPSIKA OJHONH MWIIHOHHOW MHJUTAAPHOM
JOJIM  CeKyHABl. Takoil HEBEpOATHO Majblii MHTEpBAT BpeMEHH ObLIO OBl HEBO3MOXKHO HW3MEPHUTH
HEMOCPEICTBEHHO, U MallKebCOH pelIiyl BMECTO 3TOTO U3MEPUTh PACCTOSHHE, TPOXOANMOE CBETOM 32
310 Bpems. Takoe paccrosHue TNPUOTU3UTENBHO paBHO JJIMHE BOJIHBI BHIMUMOrO CBeTa. B
uHTepdepomerpe MalikenbcoHa B pe3yiabTaTe HaJOXKEHHWsl JIBYX JIyded cBeTa BO3HHKala

puc. 26 a puc. 26 6



WHTepPEpPEHIIMOHHAS KapTHHA W3 CBETIBIX M TEMHBIX IOJIOC, KOTOpas (GakTHUeCKd W MO3BOJISIIA
M3MEPSTh CTOb Majble PACCTOSHISI, UCIIONB3Ys B KAYeCTBE MacIITada JUIMHY BOJTHBI BHIUMOTO CBETA.
Takasg BbICOKash UYyBCTBHTEIBHOCTH HMEET M CBOM HeratuBHble cTOpoHBL. Korma Maiikenbcon
pa3sMecTHJI CBOIO ammaparypy B saboparopun Pusmueckoro MHCTHTYTa B bepiuHe, 0ka3ajaoch, 4TO
HUKAKUX M3MEPEHHI TaM MPOBOAMTH HENb3s, TaK KaK BBI3BAHHBIC YIMYHBIM JBH)KCHWEM BHOpamuu 10
HEY3HABAEMOCTH HCKa)Xxalld HCKOMYIO WHTepepeHIMOHHYIO KapTHHY. [1o3TOMy OH moexal B Topoj
nomennuie, B IlorcnaMm, M yCTaHOBUJ amnmapaTtypy B THXOM ITOA3EMHOM KOMHATE, IOCTPOCHHOW B
OCHOBaHWM OammHW Juisi Teneckoma. M Bce paBHO, CTOMJIO KOMY-HHUOYIb TPOHTH IO TpPOTyapy,
pacnionoxenHomy B 100 MeTpax oT OalllHu, ¥ YCTAaHOBKY HY>KHO OBLIO HACTpauBaTh 3aHOBO.

MakcBenn yMep He YCIEB OCYIIECTBUTh 3TOT KCIIEPUMEHT, OJTHAKO €ro HUJIEeH
3auHTEpecoBaics AnpOepT MalikenbcoH. XOTs MakcBel cuuTal, 4YTO s
AKCTIIEPUMEHTA HE CYIIECTBYET IMOKa JOCTATOYHO TOYHBIX MpuOOpoB Maiikencox
pa3paboTan YCTAaHOBKY CHOCOOHYIO H3MEpSATh JaKe HUYTOKHOE H3MEHEHUE
CKOPOCTH CBETa Ha OCHOBE BOJIHOBOU MHTepdepenuun. Maes onsita MalikenbcoHa
3aKJIF0YAJICS B CIEAYIOLIEM:

Aeuxylanca

Veramoara [Iycts mmeun wunreppepomerpa OA u 0B

12 00 (puc. 27) uMEOT OJMHAKOBBIE [JIMHBI U
e pacHon0oKEHbl II0J IIPSIMBIM YIJIOM JpYyr K
npyry. Ecnu sdupHoro Berpa HeT, TO CBETy

yTo0Bl W3 TOukHM O JOJETeTh 10 3€epKal B
R Toukax A U B u BepHyThCs 00paTHO HYXHO
o onuHaKkoBoe Bpems,. Temepb NPEANOIOKUM,
) | uro 3emulst ABUXKETCS MO OTHOILICHUIO K 3Pupy
. BIIpaBo. B 3ToM ciydae 4ToOBI CBET IOmNaj Ha

nyt JBIDKYIIIEECS 3€pKaio A, HY>)KHO HalICJIUTh JTy4

npuxoanT

B

Mz HE TePIEeHANKYIApHO K Tuieyy OA, a HEeMHOTO

R BIiepell (9TO OYEHb TIOXOKE Ha SBICHUE

. abeppanuu). Ho BpeMs mnpoxokaeHusi cBera
—_ orpe3ka OA yBenM4YHMBaeTCs, a 3TO O3HAUAET,

12 405 mun
Nyw2
APUXoAUT
80

YTO BpPEMEHA JABWIKECHHS CBETa BIOJb IUIEY
A uHTep(epoMeTpa Tenepb OyayT pa3HBIMH.
WN3mepsiss Ty pa3HULly BO BpPEMEHUM MOYKHO

OMPENENIUTh CKOPOCTh 3eMJIM OTHOCUTEILHO
aupa. OgHako Moa00HAs YCTAaHOBKA JA€T BO3MOXKHOCTh OMPENEIUTHh TOJIBKO
JIMHUIO BW)KCHUST 3€MJIM, HO HE HaNpaBJICHUE, TTOCKOJIBKY B OJHOM cllydae OyaeT

puc. 28



3aTpadeHo Oosiplie Bpems Ha myThb 0T O 10 A, a eciM YyCTaHOBKY pa3BEepHYTb Ha

180°, To yBenmunTCs Bpems Ha myth AO.

Uro kacaercs mTOApOOHOCTEW YCTPOMCTBA DKCIIEPUMEHTAIBHOW YCTAaHOBKHM, TO OHA COCTOsIIA U3
MOJTYTIPO3PaYyHOro 3epKaja, paciojioxkeHHoro B Touke O, st ABYX OOBIYHBIX 3epKasl B Toukax A s B (puc.
28). B akcnepuMeHTe Tyd CBeTa OT MCTOYHHKA S PacCIICIUISUICS MOTYNpOo3pavdHbiM 3epkasiom O Ha 1Ba:
OJIMH TPOXOJIMIJI CKBO3b 3TO 3€PKAJIO M MOCIIEe OTPAKEHHS OT 3epKaia A Bo3Bpalaics o0paTHO, a BTOPOii
JIy4 OTpaskajics OT MOIYIIPO3paYHOro 3epKaiia, JoJeTal 10 3epkaia B u Bo3Bpamancs obpatHo. Ecian atu
JIy4Hd IpOXOAnJIM OANHAKOBBIC PACCTOAHMNA, TO CBETOBLIC BOJIHEI BO3BpaIllajInCh, TaK CKa3aTb, «B HOI'Y» U
BO3HHKAJIa HHTEPEPEHIIMOHHAS KapTHHA, TPEICTaBISIBIIAsS cOOOH SPKYIO IIEHTPAIBHYIO MOJIOCY, OKPY-
JKCHHYIO C 06e1/1x CTOPOH YCPECAYIOIMMHUCA TEMHBIMUA U CBCTJILIMU ITOJIOCAMMU. Ota KapThHa J0JIDKHA 6I)IJ'Ia
HaAOI0IaThCsI Yepe3 TpyOy, pacnoiokeHHyko B Touke T. Eciu myTh omHOro U3 Jydei cran Obl JJTMHHEE,
4eM y JPYyroro, TO BcS WHTepEepEeHIMOHHAS KapTHHA CABHUHYJIACh OBl B CTOPOHY. DTO TPOIIE BCETO
IMOHATH, €CJIN PaCCMOTPETh CHGHI/I&J’ILHBHZ cnyqaﬁ, KOraa IyTb OAHOIO Jiyda Ha IIOJBOJIHBI JJIMHHEC
npyroro. Tereps Ha MecTe OBIBIIEH SPKOW MOJIOCKHL, KyJa 00a Jiyda MPUXOAWIH «B HOTY», OyJaer TeMHas
mojoca, ©00 CBETOBBIC BOJHBI MPHUIYT CIOJa COBEPIICHHO «HE B HOTY»: KOTJa y OJHOrO JIyda B JTOMH
TouKe Oyner rpebeHb, y Apyroro Oyner BnajnHa, ¥ HA000pOT, TaK YTO OHM YHHYTOXKAT ApYr Apyra. Ilo
TOW K€ MpUYMHE Ha MEeCTe TEMHOW MOJOCH Terepb Oyler cBerias. Takum oOpa3oMm, B Hamiem
CTIeUAILHOM ciTydae MHTep(epeHIIMOHHAs KapTHHA CIBHHETCS HA TIOJIOBUHY PACCTOSIHUS MEXKIY JBYyMS
6HH)K3ﬁIHI/IMI/I CBCTJIBIMH I10JIOCAMU.

OpnHako B 3KCIIEPUMEHTE HE OBLIIO OOHAPYKEHO HMKAKHMX MPU3HAKOB TOTO, YTO
3emutsl IBIKETCSI TI0 OTHOIICHUIO K 3upy. DkcriepuMenT Malikenbcona—Mopiu
OBLT SKCIEPHUMEHTOM BTOPOTO TMOPSJKa, TO €CTh IO3BOJISI 3apeTHCTPUPOBATH
3¢ bexTs! mopsiaka He v/c, a (L/c)’, TO eCTh MHOTO MEHBIIHE YeM Te, Ha KOTOPHIX

Obl1a ocHOBaHa Teopusi OpeHernsi.

MaiikenbCoH ormyOIuKoBall oTueT 00 skcrepuMenTe 1881 roja, riae ¢ yBepeHHOCThIO YTBEPXK AN, U4TO
M3 DTOr0 SKCIEPHMEHTa HE CIeNyeT HUKaKUX YKa3aHWil Ha JBMXKEHUE 3EMIIM OTHOCHUTENBHO 3(upa.
OnHako 0OKa3aloch, YTO OH JOIYCTHJ B CBOMX pacdeTax OMIMOKY M ObUI BBIHYXKJIEH IEPEeCMOTPETh
BEIIMYMHY OXXHJAEMOT0 BIUSHUS OpPOUTANBHOTO JABHIKCHHS 3eMJIM Ha TIOKa3zaHHs HHTepdepoMeTpa.
[IpaBmibHOE 3HAUEHHE COCTABIIUIO JIMIIH TTOJIOBHHY OIMIMOOYHO MOTYYEHHON BEJIMYMHBI, TAK YTO DKCIIE-
PUMEHT oOKazaicsi Oe3/oka3atenbHbIM. Ho uzest skcneprMeHTa Oblla BEpHa UM HE OCTaBIsUIa HUKAKUX
COMHEHHWH, YTO MpH HEOOJIBIIOM YBEIHMYEHHH YYyBCTBUTEIHHOCTH MOXKHO OYyJeT HaleKHO yCTAaHOBUTH
a0COJIOTHOE JIBYDKEHHE 3EMITH, €ClTi OHO, KOHEUHO, CYIIECTBYET.

B 1887 romy MaiikenbCOH COBMECTHO C MPHCOCIMHUBIINMCA K HEMY XUMHUKOM JnBapaoM Mopiau
MpoBeNnu B IKose mpukiagabix Hayk Keiiza B Kmmenenne (mrat Oraiio) MOBTOPHBIA AKCHIEPUMEHT, B
KOTOpOM amnmaparypa ObUla 3HAYMTENFHO YyBCTBUTEIBHEE MO CPABHEHHUIO C MPENBIIYIIHM, H TTO3TOMY
OTCYTCTBHE B O3TOT pa3 BIHSIHHSA IBIKCHHs 3eMIIM Ha MOKa3aHUs HHTepdepoMerpa ObLIO BCEMH
MPU3HAHO 0E€30rOBOPOUYHO. XOTs CYIIECTBOBaHME adeppalliy CBeTa Bpojie Obl YKa3bIBaJIO Ha TO, YTO IPHUP
JOJDKEH ObLT CBOOOTHO MPOXOAHMTH CKBO3b BemlecTBO. CliemoBaTenbHO, KOT/Ia MBI BMecTe ¢ 3emiieit
JIBMDKEMCSI CKBO3b D(Hp, HAC JIOJDKEH «00JyBaTh» 3(QUPHBIA BETep, OT KOTOPOTO HUYEM HElb3s 3acio-
HUTHbCSA. BCEBO3MOXKHBIE SKCIEPUMEHTHI TEPBOTO MOPSIKA HE CMOTIIN 3aPETUCTPUPOBATH 3TOT H(PUPHBIN
BETEpP, HO ITO MOXHO OBUIO OOBSCHUTH ¢ ToMomIbio uiaen @DpeHens O CyIIeCTBOBAaHHM Hapsay cO
CBOOOIHBIM 3(HUPOM elile U 3PUpPa, YBIEKAEMOT'0 BEIIIECTBOM.

[Ipu3HaHue OTPULATENIBHOTO pe3ynbTaTa »JKclepuMeHTa MaiikenbcoHa —
Mopnu nopoauao HOBYIO NpoOiemMy. COIIacHO TEOpHUU abeppaluy CBETa 10JKEH
Obl1 OBl CyllecTBOBaTH HS(PUPHBIA BeTep, TOrJa Kak U3 OSKCIEpPUMEHTa
Maiikenbcona—Mop:u ciaen0Baio, 4To €ro Ha CaMoM JIeJe HET.



OO61mast Teopusi OTHOCUTEIBHOCTH.

[IpeobpazoBanue Jlopenna.

B 1902 romy, uepe3 mATHAALATH JIET MOCTE SKCIIEPUMEHTA, MPOBEACHHOIO COBMECTHO ¢ Mopiu,
MaiikenbCoH mucai: «ITOT SKCIIEPUMEHT WHTEPECEH MHE JIUIIh B IUIAHE YHCTO UCTOPHUUIECKOM, J1a U TO
MOTOMY, UTO OH ObL7 TIOCTABJIEH B CBS3H C MPOOIEMO JIBIKEHHS Yepe3 dGUp, U PEHIeHUs] KOTOPOH ObLT
npuayman uHTepdepomerp. Ilo-BHOAMMOMY, CleAyeT MNpPHU3HATH, 4YTO BBI3BAHHOE JTOH MPOOIEMOIt
n3zobpereHre HHTepQepoMeTpa BIIOJTHE KOMIICHCUPYET TOT (PaKT, YTO SKCIIEPUMEHT Jall OTPHUIIATEIbHBIH
pe3yabTaT»

MoOXHO TOHATH MNPUYMHY pa3oudapoBaHusi MaiikenbcoHa. OH paccUMThIBAI
NEePBbIM OOHAPYXKUTH JIBUKEHHUE 3E€MJIM OTHOCHUTEIBHO 3(pUpa, HO €IUHCTBEHHOE,
4ero OH JOOMJICS, KaK 3TO €My IpPEeCTaBIsUIOCh, — BCEIrO JIMIIb J10Ka3aTh, YTO
3¢up HE NPOXOAUT CBOOOJHO CKBO3b BELIECTBO, a IEPEHOCUTCSI BMECTE C HUM.

Bckope mocne skcnepumenta Maiikenscona - Mopau upnanackuit Gusmk
Jixopmx @uTLkepanbl BbICKA3adl B CBOMX JIEKUUAX MPEANOIOKEHUE, YTO
OTPULIATEIBHBIA PE3YJIbTAT ITOTO SKCHEPUMEHTa MOXKHO ObLIO ObI MOHATH, €CIH
OBl 0Ka3aJ10Ch, YTO JBM)KEHUE O00BEKTa uepe3 3(up BEAET K COKPAILECHUIO JUIMHBI

00bEKTa B HANPABICHUH €T0 JABWXKEHHS B 1/~4/1—v*/c® pas, rae v — CKOpOCTh €ro
JIBUKEHUS OTHOCUTENbHO 3(upa, a ¢ — ckopocTh cBeta. Eciu ¢ - miuHa

Js
C

JI0Ka3aTeIbCTBA ATOTO YTBEPXKJECHUS BBIUMCIUM BpeMs MPOXOXKIACHHS JIyda CBETa
BJIOJIb IUJIeY MHTepeMOMETpa C y4eTOM JABIKEHHS uepe3 3hup U morpedyem,
YTOOBI OHU OBLIIN PABHBI.

PaccMoTpum miteyo neprneHauKyIsipHOE JBUKEHUIO
Paccrosnue 0’-0=vt* rae t* - Bpemss HeoOXoAMMOE JIydy CBETa,
yToOBl mpolTH pacctosHue L=0L’ B mnoaBukKHOW cuCTeMe

koopauHar. JlamHa ~ oTpe3ka  OL'=/L° +(vt*)> =ct*, OTKyda
L L'
o k= — =
0 o x Jel—ovy: ¢
710 3epKajia U 0OpaTHO OyAET B JBa paza OoibIuM t’=2t*,
PaccMoTprM Tj1€40 MapajuiesbHOS IBMIKEHUIO depe3 dhUp, BpeMs MPOXOKIACHUSI
Jyda BJOJIb 3TOTO TUIeYa J0 3epKaia i 00paTHO OyACT pa3HBIM:
ti: cti=L+vt;=> t,=L/(c-v); t: ct,=L-vt,=> t,=L/(ct+Vv); oTkyna obiiee Bpems

C 21"
t"=t, +t, =—5——2L =",
c-—v c

[TockonbKy CKOPOCTh CBETA MOCTOSIHHA, TO 32 OJIMHAKOBBIE MTPOMEKYTKHA BPEMEHU
OH JIOJDKEH IIPOXOAUTH OJIMHAKOBBIE paccTosiHus. To ecth eciu t’=t”, Torma L’=L".
UYtoObl 3TH pacCTOSHUS COBHAIM BBeAEM KOIP(GUIMEHT CXKaTus o, TOraa
npupaBHuBas L’'u L nonyyaem

(e? —v?
HEMOJBUKHOIO Tena, a ¢ — JJIMHA JABWXKyIIerocs Tteina, 10 ('=————

L - L

. COOTBCTCTB@HHO, BpCMsA Ha IIYTb OT HMCTOYHHKA

c c
al"=a L= L=L'
C2 _V2 C2 _V2

2 2
c -V
O‘{eBI/IIIHO, 4dTO €CJIN CPCAHCC PABCHCTBO BBIIOIHACTCA TO O = . To ecTb

C
U1l OOBSICHEHUS PE3YJIbTATOB AKCIIepUMeHTa Maiikenbcona — Mopau HeoOX0IUMO



MIPUHSATH, YTO MPHU JABUKEHUU depe3 dbup JmHa L’ 1omKHA U3MEHUTHCS B 0L pas,
YTO COBIIAJIAET C HAYAJIBHBIM YTBEPKICHUEM.

JInsi OOBIYHBIX CKOPOCTEH, C KOTOPBIMU MBI CTaJIKHMBAEMCSI B TOBCEIHEBHOM
KU3HU, 3TO COKpauleHue Oyner npeHeOpexumo ManbsiM. Jlaxke 3emuis, KoTopas
JIOBOJIBHO OBICTPO JBIDKETCS MO cBoeil opoute Bokpyr CoJHIla, U Ta COKPATUTCS B
HaMpaBJIECHUM CBOETO JBHKEHHUS BCETO HA 6 CAHTUMETPOB WJIM YTO-TO OKOJIO 3TOrO,
TO €CTh Ha JUIMHY TpaBUHKH. Ho miis ckopocTeid, OJUM3KUX K CKOPOCTH CBETa, ITO
COKpalieHue Oy/1eT 3HaUMTEeIbHBIM, HY a TIPU JBUKEHUU CO CKOPOCTBIO CBETa BCE
JUTMHBI B HAIIPABJICHUU JBUKEHUS JOJKHBI ObUTH ObI COKpATUTHCA 10 HYJA. Takoe
COKpalieHue JJIMH TOYHO M IOJHOCTHIO KOMIIEHCHPOBAJIO Obl 3((ekT BTOpPOro
MOpsi/Ika, IOUCKKM KOTOPOTO U CTUMYJMPOBAJIM IPOBEICHUE HKCIECPUMEHTA
Marikenbcona—Mopim. Ho k Bemnuanmemy oropueHuto Duripkepanbia,
OOJIBIIIMHCTBO €T0 KOJUIET MOJCMEUBATIUCH HAJl UJIEeH COKpAIIeHUS JJTUHBI.

Bckope »Toit mpoGnemoit 3amnTepecoBasics Jlopenn. OnH  Obul  TOTIA
KPYIMHEHIIUM B MHUPE CIEIUAIUCTOM MO 3JIEKTPOMArHUTHOW Teopuu MakcBeiia.
OH uccienoBai BONPOC, KaKMe U3MEHEHUS MpeTeprenu Obl ypaBHeHUsT MakcBesia
MpU Tiepexojie K JabopaTopuu, KOTOpask PaBHOMEPHO JBMIKETCS OTHOCHUTEIIHHO
a¢upa.

PaccMoTpuM aBE cUCTEMBI KOOPAMHAT HEMOABHXXHYIO X,Y,Z, U TOJBUKHYIO
x’.y’,z’, KOTopas JIBH)XETCS PAaBHOMEPHO B IMOJOKUTEIBHOM HANPaBICHUU OCU X
co CKopocThio V (puc.29). byaeM Takxke cuMTarh, YTO B HaudaJbHBIH MOMEHT
BPEMEHHU 3TU CUCTEMBI COBIAAaIN.

Yy
oo V

vt B x*

puc. 29

[Ipn nepexome OT OAHOW CHUCTEMBbI KOOPJAMUHAT K JPYrod BBIOJIHAKOTCS
COOTHOIIIEHHS, KOTOPBIE Ha3bIBaeTCs MpeodpazoBanusimu ["anues:

X'=x-vt, y'=y, z'=z, WJin, 4TO SKBUBAJIEHTHO,

x=x"tvt, y=y', z=z'. Ilpu sTomM mnpeanonaraercs, yro t’=t. IIpeanonoxum
nanee, 4To HaOJIoAaTelb B HEMOJBHKHOW CHCTEME OTCYeTa YCTAaHOBUJI 3aKOH
JIBM)KEHUS HEKOTOPOM 4YacTUllbl X=y. Torjga B MOJABMYKHO CHUCTEME OTCYETa 3TO
ypaBHEHHUE TMOcIe MpUMEHeHHs TipeoOpa3oBanuii ['amumes npeodpa3yeTcs K BUAY
X'+ vt=y'.

I[ToMruMO MITPUXOB, COOTHOUICHHE X'+Vi=)' OTIMYAETCA OT «3aKOHa» X=y
HAJIMYUEM YICHA VI, COACPM AIIETO BEIUUYUHY V, a 3TO 0O3HAYAET, UYTO OHO 3aBUCHUT

OT OTHOCHUTEIBHOU CKOpPOCTH ABUKCHUA ABYX CUCTCM OTCUCTA.

HOCKOJH)Ky vV HC BXOJUT B HCHITPUXOBAHHOC YPAaBHCHHE, TO HCIITPHUXOBaHHasA CHCTEMa OTCUCTA
OKa3bIBA€TCA B HCEKOTOPOM CMBEICIIC HpHBHHeFHpOBaHHOﬁ, n ec O6LI‘IHO cuuTain HOKOS[H.[efIC;I B
aOCONMOTHOM TpoCcTpaHcTBe WiM B 3¢dupe. Torma mTpuxoBaHHAs CHCTEMa OTCYETa PaBHOMEPHO
JIBUYKETCS] OTHOCHUTENIBHO a0COJIIOTHOI'O MPOCTPAHCTRA HIIH 3(Hpa.




JlomycTum, 4To HaOIIOAaTelb, HAXOASIIUNACS B MOJBUKHOM CUCTEME OTCUETA,
BBITIOJTHSIET SKCIEPUMEHT MO U3MEPEHUIO0 KOOPAUHAT X' U y' CBOOOJIHON YaCTHUIBI B
HEKOTOpbI MOMEHT BpeMeHH . [Ipeanonoskum, HabIt01aTe b HalIelN, yTo npu t=1
YacTUIA HAXOIMTCS B TOUKE ¢ KoopauHaramu X'=4 u y'=10. Torna, noxcrasmnss
TH 3HAYEHUS B IITPUXOBAHHOE YypaBHEHHWE, HaOM0/aTeldb, HAXOASIIMICST B
IITPUXOBAHHON CHCTEME OTCYETa, IONYYUT paBeHCTBO 4+v=10, U3 KOTOpOTO
cienyer, uro v=6. Takum o0pa3om, H3Mepsisi HUCKIIOUUTEIBHO IITPUXOBAHHBIC
BEJIMYMHBI, HAOIIOJATENb, HAXOIALIMNCA B IITPUXOBAHHON CHUCTEME OTCYETa,
MOKET HalTH a0COJIIOTHYIO CKOPOCTh MOJIBMYKHON CUCTEMBI.

Paccmorpum Temneph 3akoHbl HbioToHa. X MOKHO 3amucaTh C MOMOILBIO
KOOpJMHAT X, y, Z W t, NpUHAMJIeKANIUX HEIITPUXOBAHHOM CHCTEME OTCUeTa,
KOTOPYIO Mbl OyZieM CUHMTaTh MOKOsIIeicss B abCOMOTHOM MpocTpaHcTBe. Ecnu
BOCIIOJIb30BaThCs MpeoOpa3oBanusiMu ['anumes, 4ToObl HaTH BUJl ypaBHEHHH (a
3HAYUT, U (PU3UYECKUE 3aKOHBI) B PABHOMEPHO JBIXKYILEHCS CUCTEME OTCUeTa, TO
OKaXeTCsl, YTO IITPUXOBAHHbIE YPAaBHEHHMS B TOYHOCTH TaKHE K€, KaK H
HEHITPUXOBaHHBIE (T.K. MpH AU depeHIIMPOBaHNH t TPOTAIAET).

[lockonbKy V B IITPUXOBAHHBIE YPAaBHEHUS HE BXOJUT, HUKAKHE
HKCIIEPUMEHTATbHBIE U3MEPEHUS IITPUXOBAHHBIX BEJIMUYMH HE MO3BOJIST HAUTH

3HAYCHUEC BCIIMYUHBI V.

C ToukH 3peHwus maccaxupa MIaBHO JIETAIIEr0 caMoJieTa, HeT HUYEro yAUBUTENBHOTO B TOM, 4TO B
PaBHOMEPHO JBHIKYIICHCS INITPUXOBAaHHOM CHCTEME OTCYETa COBEPIICHHO OTCYTCTBYIOT KakKHe-IIMOO
yKa3aHUS Ha ee JBW)KEHHME CO CKOpPOCThIO V. B 3ToM m cocrout MaTtemarmueckas (hopMyaupoBKa
MIPUHIINIIA OTHOCUTENFHOCTH, MOTy4eHHass HpI0TOHOM 13 ero 3aKOHOB.

Ecnu ypaBHeHHs, BbIpaXkaronue 3aKoHbI HbIOTOHA, SBISIOTCS OCHOBOU
MEXaHUKHA, TO ypaBHCHUS MakcBeuia SBISIIOT COOOM OCHOBY 3aKOHOB
AJICKTpOMarHeTu3ma. Ecim ToaBeprHyTh WX mpeoOpa3zoBaHmsM [ amwmiies, To
OKa)XETCsI, YTO IITPUXOBAHHBIC YPaBHEHHUS COJEPXKAT V B BUIC KOMOHMHAIIMHA KaK
epBoro v/c, Tak u Broporo (v/c)’ mopsimkoB. Torna HaGIIOAATENb, HAXOISIIUICS B
JBUKYIIEHCS CUCTEME OTCYETa, OKA3bIBACTCS B COCTOSIHMM HAWTH V, BBITTOJIHSISA

QJICKTPOMArouTHLIC (BKJIIOLIEUI n OHTI/ILICCKI/IC) OKCIICPUMCHTEIL.

Wnade roBopsi, oH criocoOeH 0OHApYKUTh d(DUPHBIA BETEp, BOZHUKAIOIIUKN TPH €ro JBHKEHUU
gyepe3 a¢up. OnHako, Kak HaM YK€ U3BECTHO, BCE DKCIEPUMEHTHI MEPBOTO MOPSAKA, MPEAIPUHSITEIE C
LEbI0 PETUCTPALuK AIPUPHOTO BETPa, MOTEPIIENIN HEYAAdy.

JlopeHir BHeC U3MEHEHUsI B TipeoOpazoBaHus [ anwes, 3aMEHUB paBEHCTBO t'
= t GoJee CIIOKHBIM COOTHOMICHHEM t'=t-vx/c’ (BTOpOE CaraeMoe TaKkkKe HMeeT
pa3MepHOCTh BpeMeHH). Tak Kak B IMEPBYI0 YacTh 3TOIO0 COOTHOIICHHUS BXOIUT
KOOpJIMHATA X, TO HOBas BEJIWYHMHA ¢’ 3aBUCHT OT MecTomnojiokeHus. [loaTomy u
YTOOBI OTJIMYATh €T0 OT KUCTUHHOTO» YHHUBEPCAIBHOTO BpEMEHH ¢, JIopeHIl Ha3Bajl
t' «MeCTHBIM» BpeMeHeM. 3aTeM OH IOKa3all, YTO ypaBHEHHs MakcBelia, Tocie
npeoOpa3oBaHUid MO HOBBIM (opMysiaM, COXpaHSIOT ¢GOpMy, H OCTAIOTCS
cllaraeMble, CoAepIKalllie v JIMIIb B BUAC KOMOMHAIMI v7/c .

[TockonbKky B TpeoOpa3oBaHHBIX YpaBHEHUSAX MakcBelllla OTCYTCTBYIOT
yIeHbl (V/C), HEBO3MOXHO C ITOMOIIBIO 3JICKTPOMArHUTHBIX 3KCIIEPUMEHTOB
MEPBOTO TOPSAJKA OINPEACIUTh CKOPOCTh JBMXKYIICHCS CHCTEMBI OTCUeTa
OTHOCHUTEIHHO HETIOBHUKHOM.



Taxum 06pa3zom, 117151 00BICHEHHS OTPULIATEIBHBIX PE3YJIHTATOB SKCIIEPUMEHTOB
NEepPBOro TMOpAJIKa, IOCTABICHHBIX C LEJIbI0 OOHApYXuTh S(UPHBIA Betep,
ucroJyib3oBasiach rumnore3a DpeHens, a [ OOBICHEHUS pE3YyIbTAaTOB DKC-
NEePUMEHTOB BTOpoOro mnopsnaka (MaiikenbcoHa—Mopin), UCToNIb30Bajgach TMIIO-

T€3a O COKpalICHHUH IJIHNH OOBCKTOB B HANpPaBICHHH HX IBIKCHMA. TaKoH <JIOCKYTHBII
MOJXOJl KPUTHUKOBANl BBLIAIONMIMNCS (paHIy3cKuii MaTtemMaTHk, Qu3uk-teopetnk Anpu I[lyankape,
KOTOpBII CUUTAII, YTO CYIIECTBYET o0Iee OOBsICHEHUE BCEM HEyJauaM B SKCIIEPUMEHTaX. JTa KPUTHKA
OKasaJla cepbe3Hoe BiIMsiHUE Ha JlopeHna

B 1904 r., B ctatbe «INEKTPOMArHUTHBIC SIBIICHUS B CUCTEMAX, JABUKYILUXCS C
MPOU3BOJIBLHON CKOPOCTBHIO, MEHBIIEH CKOPOCTH cBeTay JIopeHIl mpeaoKul
oOIIMiA MOAX0/I, OOBSICHSIOMIMI HEyIaud SKCIEPUMEHTOB | U 2 pojaa ¢ MOMOIIbIO
CIIEAYIOIIMX MPeoOpa3OBaHMIA:

X'=B(x-vt),y'=y,z'=zt'=p(t—vx/c?), 20e p=1/+1-v*/c*
PaccmoTpum BeIBOJ 3THX MPE0Opa30BaHMIA.
[lycTh MMEIOTCS JIB€ CHUCTEMBI KOOPJIMHAT: HEMOABWXKHAS S(X,Yy,Z) U MOJIBUKHAs
S’(x’,y’,’z’), OCM KOTOPBIX COBMAJAlOT B HayaJlbHbIH MOMEHT BpeMeHH. Jliis

OIPCACICHHOCTU IIYCTh IOABUKHAA CHUCTCMAd KOOPAWHAT ABUKCTCS BIAOJIb OCH X

HETIOABIKHON CO CKOpOCThI0 “o. PaccMOTpuM CBETOBYIO C(EpUYECKYIO BOJHY,

KOTOpasd HAYMHAs C HAYAJIbHOI'O MOMCHTA BPCMCHH PACIPOCTPAHACTCA M3 Hadajla
HCHOHBHX(HOﬁ CUCTCMBI KOOpAHWHAT. YPaBHCHI/IC (I)pOHTa 9TOM BOJHBI B
HCHOHBHX(HOﬁ CUCTCMC KOOpANHAT 6YI[CT HUMCTb BU:
x*+y*+z*-R*=0
aB HOI[BI/I)I(HOﬁ CHUCTCMC
x?4+y?+2? =R =0
HpI/IpaBHI/IBaH IMpaBbIC YdCTHU ypaBHeHHﬁ, moJIydyacm:
x*+y*+zP —R=x"+y"+z"-R (1)
I[aHO COOTHOIICHHC ITOJIYUCHO B IIPCAIIOJIOKCHUN 9YTO BPEMA BO BCCX CUCTCMAX
OTCUCTA TCUCT OAMHAKOBO, TO €CTb BBIIIOJHACTCA YCIIOBUC!
t=t

Panuyc BoJHBI yBETMYMBAETCSA 110 3aKOHY R = ¢t ,lI0O3TOMY cooTHomIeHue (1)
MOJKHO IICPCIIUCaTh B BUJIC:

P4yt 4zt —(et) =x?+y 427 ~(ct)? (2)
MC)KIIy KOOpANHATaAMH HOI[BH)KHOﬁ n HCHOHBHX(HOﬁ CHUCTCMBI, COTJIACHO
HpCO6pa3OBaHI/IHM INanunes CymieCTBYCT Clicayroniasa 3aBUCUMOCTD.

X'=x;y'=y;'=z-vt;t =t

HOIICT&BJIHH BBIPAKCHUC IJIA IITPUXOBAHHBIX KOOPAHWHAT B IIPABYIO 94aCTb (2)
IMoJIy4dacm.

Xyt —(ct) =x?+ ¥ +(z—v,t) —(ct)? 3)
I[JISI TOT'O YTOOBI PAaBCHCTBO COXPAaHUIIOCH HCO6XOI[I/IMO IIPHUHATD, YTO  # t', TO

CCTh BPEM:A TCUCT MO-pa3HOMY B pa3HbIX CUCTEMAX OTCUETA U TOT/A BBIIOJIHSIOTCS

paBeHCTBa
R=ct R=ct'



I[JISI CUMMCTpPHUHU 3alIUCH MTPCACTABUM MHUHYC IICPC MMOCIICAHUM CJIaraCMbIM KaK

KBaapar MHHMOM CAUHUIIBI. Torz[a MMOJIYyUYHUM
x2+y2+zz+(wﬁ2=xﬂ+yﬂ+zﬂ+ﬁa)2=cmwt

[TocnenHee paBeHCTBO 03HAYAET JIMHEHHOCTH MPEOOPa30BaAHUI METPUUECKUX

KOOPpANHAT OTHOCUTCIIbBHO KOOPpAWHAT U BPCMCHU.
O6H.IPII>1 BHU] JIMHEMHOTO Hp606p330BaHI/I${ MpCaACTABJICH BBIPAKCHUCM

'

X X
V' |=4y 4)
z' z

JlopeHuy mpemsioKuil, BPEMEHHYIO KOOPAMHATY, TIOCKOJIBKY OHa HMEET
pa3MepHOCTh JJIMHBI, MpeoOpa3oBbIBaTh IO TakKuM K€ QopMynaMm, 4YTO U
MPOCTPAHCTBEHHBIE KOOPAUHATHI, T.€.
ict'=b, x+b,y+b,z+b,t
B nocnenHem paBeHCTBE B JIEBOM YaCTH CTOUT BBIPAXKEHHE, KOTOPOE UMEET TOJIBKO
MHHUMYIO 4acTh. Torjga Koap@UIUEeHTHl b, Tak ke JOJKHBI ObITh MHUMBIMH. YUTO
Obl HE BBOAUTH B IEUCTBUTEIbHYIO MaTPUIly MIPeoOpa30BaHUsl CTPOKY ¢ MHUMBIMU
K03 pUIIIeHTaMH TPOBEIEM 3aMEHY

U B pe3yJbTaTe MOJYyYUM
t'=ayx+ay,y+agzz+ay,t

JloGaBisisi TOMOJHUTEIIBHYIO CTPOKY B MaTpUIly 3aKoHa (4), moydaem
X X

}1 — 4 y (5)
z
4

!
Takum o0pa3om, Bpems B mpeoOpazoBaHusX JIopeHIIa MOTUMHSACTCS TEM XKe
3aKOHaM, 4TO U IPOCTPAHCTBEHHBIE KOOPAUHATHI.

PaccmoTpum uacTHbIM ciiyuaid mpeoOpasoBaHus JIopeHila mpu mocTynaTeabHOM
JIBUKCHUU TIOABHKHOW CHCTEMBI KOOpPAMHAT BIOJb OCUH Zz. B »3TOM ciydae
BBITIOJTHSIOTCSL COOTHOIICHUS x'=x;)'=)', T. €. B Marepuiie A BbIpaxeHus (5) B
MEPBbIX JBYX CTPOKaXx Ha TJIABHOM JHArOHaJM PAacCIOJIOKEHbl E€IUHUIBI U
OCTaBIIUMUCS HEHYJEBBIMH KOMIIOHEHTAMH OyayT KOA()PUIIMEHTHI CBA3BIBAIOIINE
Zut.

(6)

W3 anreOpbl U3BECTHO, YTO cUCTeMa (6) ONMCHIBACT MTOBOPOT MOIBMKHOW CHCTEMBI
KOOpAHWHAT B TJI0CKOCTH Z,t (puc. 30)

_ .
{z—agz+aﬂwt

ict'=a,z+ayict



Tl ict

Puc. 30
Cornacno puc. 30
=0A=0C’+C’A, OC'=0Ccos¢ =2z, cos®, C'A = PCsin ¢ = (ict ), sin ¢
(ict),=BO=D"0-D”B=D"0-OC”, mnockoinbKy Tpeyrojbuuku DD’P u OCC”
PaBHBI.
D"O =DOsin@ = (ict)l, cosp, OC"'=CC'=0Csinp=z,cos@.
OKOHYATENBHO MOJTyYaeM
Z'=zcos@+ictsin @
{ict': —zsin @ +ict cos @ )
Takxum 06pazoM, ko3 PUITMEHTH MAaTPHUIBI TPEOOPA30BAHMSI ONIPEACIICHBI C
TOYHOCTBIO J10 yria ¢ . JIjs onpeneneHus 3Toro yriia pacCMOTPUM TOUKY,
HaxOSIIYIOCS B Ha4aJie MOJBUKHOW CUCTEMBI KOOpAUHAT. [{J11 HEe BBIMOJIHAECTCS
yCIIOBHE
Z'=0=>z=v,t
[loncrasinss 3T0 ycioBUE B EPBOE ypaBHEHUE cUcTeMBI (7), MoaydyaeM
0=v,tcosp+ictsin@.
Cokpamias Ha t, MOTy4YUM BBIPAXKEHUA IS tg(): tg(e) = —% = % .

Bocnonb3yemcst CBSA3bI0 MEKIY TPUTOHOMETPHUUECKUMU (DYHKLIUAMHU

C

1 1 . ( ui] 1
= = ; sin(@)=| — |-——.
J1+tg*(0) oY c o)’
1— -
C
HOIICT&BJIHSI HOJIY‘ICHHBIC BBIpa)KeHI/ISI B (7) HpI/IXOI[I/IM K OKOH‘IaTeHBHOMy BI/II[y
npeobpazoBanuii JlopeHla 18 OJHOMEPHOTO TMPSMOJUHEHMHOTO JIBHYKEHUS

HOIIBI/I)I(HOﬁ CUCTCMbI KOOpAWHAT.

z+ict(vi/c)  z—vut e —z(ol/c)+1ct o t—z(v/c?)

T

B 1905 rony Aupu Ilyankape Ha3bBaTh ux npeoOpazoBanusmu Jlopenua. OrpanudeHne Ha CKO-
pocTh OBLIO BBEAECHO, B OCHOBHOM, M3-3a TOT'0, YTO IIPU CKOPOCTH CBETA JUTMHBI COKPAIIAIOTCS 10 HyJIS.

Ecim «k YPAaBHCHHAM  MAKCBEIJIA IIPHUMCHUTH OTH Hpeo6pasoBaHH51,
onpcacIromuce 1nmepexoa 0T HCHOI[BH)I(HOﬁ CUCTCMbI KOOPpAWHAT K HOHBHH(HOﬁ, TO

L




OKa)XETCsI, UTO B HOBBIX NTEPEMEHHBIX OTCYTCTBYIOT HE TOJBKO CllaraeMble MopsiiKa
2

v/c kak B mpeoOpazoBaHusix ["amues, HO u (v/c)” U 0oJiee BBICOKUX TOPSIIKOB.

Takum 00pazoM, JTHOOBIE MEXaHUYCCKHUE U DJICKTPOMArHUTHBIC SKCIICPUMEHTHI, HE

IMMO3BOJIAIOT OIIPCACIINTD PABHOMCPHOC IBUIKCHUC 3CMJIM OTHOCHUTCIIBHO :—)(1)1/Ipa.

Paccmorpum pesynbTaThl dKcriepuMeHTa Maiikenscona — Mopinu ¢ y4eToM TpeoOpa3oBaHHM
Jlopenna.

B nabopaTopuu, TOKOSIIEHCS OTHOCHTEIBLHO 3(upa, OH JODKEH [aBaTh OTPUIATEIbHBIH
pesynbratr. JlpyruMu cioBaMH, B TakoW Ja0OpaTOpuH JBa Jiyda, COBEpPIIMB B HHTepdepomerpe
MaiikenbCoHa CBOH «ITYTEIIECTBUS» TyJla B 00paTHO, JTOKHBI ObLIH ObI BEPHYTHCS B UCXOIHYIO TOUKY B
OJTMH U TOT K€ MOMECHT «HMCTHHHOTO» BpeMeHH. B ABmKymielics 1a00paTopuu SKCIIEPUMEHT Jail OBl Te
K€ pe3yJbTaThl, €CIU TOJIB30BATHCS «MECTHBIMY» BPEMEHEM M COKPAILICHHEM [UTHH.

OZIHaKO IIpru PpPaBHOMCPHOM JBM)XXCHHUHN OJWHAKOBLIM IIPOMEXKYTKAM «MECTHOI'0» BpPEMEHU
COOTBETCTBYIOT OJIMHAKOBBIC TPOMEKYTKH «HUCTHHHOT0» BPEMEHH.

[Ipumep myu cBera BbuIeTaeT U3 ToUku 0

Bamep 1 Xpor=L, t;=L/(c-V), ty=t,-vL/c’.

3amep 2 Xpo=2L, t,*= 2L/(c-v)=2t,, t,*=2t,-v2L/c’=2t,,

Taxum 00pa3omM, gaxe B paBHOMEPHO IBUXKYIICHCS JabopaTopru 000MM JIydaM Ha UX
«IYTEUISCTBHS Ty/la B 00paTHO TOHA00ATCS OJAMHAKOBBIC TPOMEKYTKH «HCTHHHOT0» BPEMEHHU, TO €CTh
He OyzeT o0OHapyKEHO JBHKECHUE 3eMIIHM OTHOCUTENBHO d¢upa. [logo0HbIH criocob paccyxaeHur
MPUMEHHUM K JIFOOOMY IKCIIEPUMEHTY, B KOTOPOM «MECTHBIE» BpEeMEHa CPAaBHHBAIOTCS B (PUKCUPOBAHHBIX
TOYKax JIabOpaTOpUHU.

C yderoM OTpHUIATENbHBIX PE3yJIbTATOB MPOBEIECHHBIX AKCIEPUMEHTOB U
MHTEPIIPETALNIO, JaHHYIO0 UM JIopeHleM, BO3HUKAET c00JIa3H PacpOCTPaHUTh Ha
00J1aCTh 3JEKTPOMATHUTHBIX SIBIEHUN HBIOTOHOB MPUHIUI OTHOCHUTEIIBHOCTH,
KOTOPBIN UCIOJIB30BAJICS JJISI ONKUCAHUS TOJIBKO OTHOCUTEILHOCTH MEXaHUYECKOTO
TBYOKCHUS.

OpHako Bce HE TaK MPOCTO, MOCKOJBKY ISl OOBSICHEHHS HEBO3MOKHOCTHU
OOHapy>XUTh CKOPOCTb TIOJIBMJKHOM CHCTEMbl BHYTPU HEE B MEXaHHYECKUX
HKCIIEPUMEHTAX UCIOJIB3YIOT MpeoOpa3zoBanus ["anunes, a B 3J€KTPOMArHUTHBIX -

npeobpazoBanus JlopeHia.

U BoT Tenepr B HamieM MOBECTBOBaHUH MosiBIseTcs AnbpOept DitnmreliH. OH pomwiics 14 mapra
1879 roma (MMEHHO B 3TOT Toja He crano Makceemia) B ['epmanuu, B HEOOIbIIOM ropoae Yinme. B
paHHEM JIETCTBE OH HE OTIMYAJNCS HHUYEM TaKHM, 4Yero MOXHO OBbUIO Obl OXKHIATh OT 4YeIOBEKa,
MPUHAUIEKAIIET0 K YUCITy BEIUYalIlIiX y4eHbIX B HICTOpUH Hayku. Korna eMy MUHYIO TpU TOfa, OH BCe
elle He yMen pasroBapuBath. [1o3ke eMy mpeTwiu HapyBIINE B HEMEIKUX LIKOJaX MOPSAKH M METOJbI
00y4eHns: — HeoOXOIUMOCTb COOJIOJICHNUS JKECTOUANIIIEH UCIUTUIMHEI U 3yOpekka. M yduTens Kak-To
cKaszajn AJbOepTy, YTO HMYEro IMYyTHOI'O M3 HEro HE IOJAYYHMTCsA. B KOHIIE KOHIIOB, DWHINTEHH OpOCHI
IIKOJYy M pPeWMI TOCTYNaTh B Ifopuxckoe denepaabHOE BBICIIEE IMOJUTEXHUYECKOE YUHIIUIIE, HO
MPOBAJIMIICA Ha BCTYMUTENBHBIX dK3aMeHax. Korma ke oH, HaKOHEI, MOCTYNHJ, TO Hadyajl YacTEHBKO
MPOMYCKaTh 3aHATHA, YeM BBI3bIBAJI CEPhE3HOE HEJOBOIBCTBO MpEnoaBaTeeil, MpuieM ¢ HEKOTOPBIMU
W3 HUX OH TNpocTo KoH(mukToBan. K cuacTeio, DHHINTEHH KpenmKo TMOAPYXKUICI CO CBOUM
ofHOKaHuKoM Mapcenem ['poccmanom, n60 eciii OBl He ero KOHCIEKTHI JIGKIIUH, KTO 3HAeT, CMOT JIH
Obl DHHINTEIH BOOOIIE 3aKOHYUTh 3TO YUHJIMIIIE.

HeoOxomumocTh 3yOpeXKM B TIEPHOJA  CIAYM  KypPCOBBIX OK3aMEHOB OblIla €My CTOIb
OTBpaTHUTEIbHA, YTO DHHINTSHH MMOYTH IISJIBIA T'OJ] MTOCIIe 3TOr0 HE MOT ce0s 3aCTaBUTh CHOBA 3aHATHCS
pasMBIIUICHUSIME O Hay4YHbIX Mpobnemax. [locie OKOHYaHHMS YYWIHMIIA OH HE CMOT IIOJYYUTh
aKaJEMHUYECKYI0 JOJDKHOCTh, TaK YTO €My MPHUIIUIOCh HEKOTOpOe BpeMsi IepeOMBAThCS YaCTHBIMH
ypOKaMu U TIpenofaBaHHUEM MaTeMaTHKH B TeXHHKyMe ropoga Bunteprypa. Jlumps B 1902 ronmy
OWHImTelH, ¢ moMoIpio ['poccMaHa, MOMYyYMI MECTO TEXHHYECKOro JKCIepTa TPEeThero Kiacca B
[IBeitrapckom maTeHTHOM OIOPO.

Ho aror moptper OiiHmTeliHa, KOHEYHO e, HEMOJIHBIM U OJHOCTOpOHHMI. Hampumep, MOXXHO
OBLTO OBl OTMETUTH, YTO B ISATHIETHEM BO3PACTE OH MOJYYMJ B MOAAPOK OT OTIA KAPMAaHHBIA KOMIIAC.
Bun MarHuTHON CTpENKH, COBEPLICHHO H30JIMPOBAHHOW OT BHELIHErO0 MHpPa KOPILYCOM U CTEKJIOM
KoMmIiaca u 0e3 Kakoil Obl TO HM OBLJIO BUIMMOM MPUYUHEI BCE BPEMsI YKa3bIBAIOIIEH HA CEBEP, IIPUBEN €T0



B COCTOSIHME TAKOI'0 BOCTOPra M U3yMJIEHHMSI, KOTOPOE COXPAaHMIIOCh HA BCKO OCTABUIYIOCS XU3Hb. [103xke.
B JIBEHAJIIATH JICT, IIOTPsICAOIIEe BIleUaTIeHHe Ha AllbOepTa MPOU3BEIl CIIy4aiHO MONMABIINN €My B PYKH
Y4eOHUK reoMeTprH. BriomHe BepoSTHO, YTO 3HAKOMCTBO C MHOYKECTBOM 3aMeuaTelbHBIX TEOPEM, BhIBE-
JICHHBIX M3 HEOONBIIOr0 YHWCIA MPOCTBIX AaKCHOM, MOCIYXWJIO €My BIIOCIEACTBHHM YKa3aHHEM Ha
HEOOXOJJMMOCTh TMOCTPOCHUSI HAYYHBIX TEOPH Ha OCHOBE IMPOCTHIX W YHUBEPCAIBHBIX TMPHHIIUIIOB,
WTPAKOLIUX POJb, AHAIOTHUHYIO AKCUOMAaM B T€OMETPHH.

OWHImTelH ynopHo npomyckan 3aHsTuss B DenepanbHOM — BhICIIEM
MOJIMTEXHUYECKOM YUMIIMIIE, MPEANOYUTasi CAMOCTOATEIBHOE M3YyYEHHE HAyK U
MIPOBEJICHUE IKCIIEPUMEHTOB B JIA0OpATOpUsAX yduiuiia. Tak 4To B HEKOTOPOM
cMBbIciie OH Obul camoyukoil. B mepuoj pa®oTel B mareHTHOM OOpo DUHIITEHH
MPOJOJKal C YBJICYEHHWEM 3aHUMAThCS HayKoW. Benuualimero pacusera €ero
reauit goctur B 1905 roay. BecnoMmHuM, HeuTo MmomoOHOE yxke ObUIO B UCTOPUU
HAayKU: B TOJbl CTpallHOM 4YyMbl, OOpyuuBIIeiics Ha AHrauio, HploTOH,
YKPBIBIIKUCH OT Hee B TUIIM ByscTtopmna, morpysuicsi B CBOM pa3MbIIIJIEHUST 00
yctpoiictBe Mupa. IlepBbie ke cTaTbu OWHIITEHHa, omyOnukoBaHHbie B 1905
roay, ObUIM OJMHMUMHU U3 Haubojee cMmenblx ero padbor. OHHU, KaK U JAPYrue ero
CTaTbM TEX JIeT, ObUIM OMyOJUKOBAaHbI B U3BECTHOM HEMEIKOM HAay4YHOM >KypHaje
«Annanen nep @usuk». Korma B 1921 rogy OiHmITEliHY ObUIa MpHUCYXKACHA
HoOeneBckass mpemus mo (Qu3MkKe, TO €AUHCTBEHHBIM ITYHKTOM €ro paloThl,
yIIOCTOCHHBIM 0CO0OTr0 BHUMaHUs, OblIa popMyJia, BEIBEJECHHASI B MIEPBOM KE €ro
cratbe 1905 roma. Ho sTa crarhs HE HMMeENa HUKAKOTO HOUIEHUS K TEOPUU
OTHOCHUTEJIBHOCTH.

OHHIITelHA 3aMHTEepecoBaia cTaTbcsl HeMeukoro ¢usuka Makca Ilnanka,
KOTOPBIN CTOJKHYJICS C TPYAHOCTSIMU OOBSICHEHUS HOBBIX DKCHEPUMEHTATBHBIX
JAHHBIX, KACAIOUIMXCS HU3IYYEHHs] CUJIIBHO Harperbix Tei. YToObl OOBSICHUTH
PE3yNbTAThl ATUX IKCIIEPUMEHTOB, OH BBIABUHYJ MPEANOIO0KEHHUE, YTO IHEPrus
MOTJIONIAETCA M M3JIy4aeTCs BEIIECTBOM HE HENPEPBIBHO, a JIHCKPETHBIMU
(oTAenbHBIMU) TOPLUUSIMU, KOTOpBIe [IMaHK Ha3Bal KBaHTAMH.

[ToHATH BCIO HEOOBIYHOCTh W PEBOJIIOIMOHHOCTH 3TOTO IIara HaMm MOMOXKET
aHaJorus ¢ IeTCKUMH KauensiMu. Maes [1naHka B HEKOTOPOM CMBICIIE aHAJIOTUYHA
YTBEP)KJEHHUIO, UTO pa3Max MOXeET ObITh paBeH 1 MeTpy, 2 meTpam, 3 MeTpaMm u

TaK JaJIeC, HO HU B KOCM CJIy4aC HC IMMPOMCIKYTOYHBIM 3HAUYCHUSAM.
EnnHCTBEHHBIM YeOBEKOM, BOCITPHHSIBIIMM 3Ty T'HIIOTE3y BCEPhE3, ObIT MATEHTHBIN SKCIEPT

AnpOepT DUHIITEHH. ITonHOCTBIO CO3HABAs HCOIIPOBCPIKUMOCTL CBUACTCIILCTB B
3alIUTy BOJIHOBOM TCOpPUH CBCTA, OUHIITESHH IIPUBCII Y6CIII/IT6JIBHBIC JOBOJBI B
IMOJIb3Yy TOT0, YTO CBCT, TCM HC MCHCC, NOJIKCH paCCMATPUBATHLCA KAaK HCYUTO,

COCTOMIIICC U3 YAaCTHULI. [Iponuio okono JABaALATH JIET, IPEXKE YEM ITa yIMBUTENbHAS UIEs
MOJTy4YHJIa BceoOIiee NpU3HAHUE YUCHBIX.

Bo emopoti pabome Diimwumeiina, onyoruxosannou 6 1905 200y, 6vin npednodicer HOBbl CHOCOO
onpeodenenust pasmepos Monekyi. Tpemvs Kacaiach noedenus NbLIUHOK U NOOOOHBIX UM 00pa308aHull 6
arcuoxkocmu. Ecnu, xax ymeepocoaem MONEKYISPHAS KUHEMUYEeCKas meopus, JHCUOKOCHb COCIOUmM U3
Xaomuuecku 08UNCYUUXC MOTEKYT, MO OOMOAPOUPOBKA UMU YACIMUYEK NbLAU OOANCHA BLIHYHCOAMb IMU
NBUIUHKY COBEpUIAmMb HenpepbiHble becnopsaoounsie U 3ue3a2000pasnvie 0sudcenus. Taxoe dsudicenue
oonapyoicun ¢ 1827 200y womaanockuti 6omanux Pobepm bpoyn. Koeoa oce hopmyna Diinwmerina,
onucvisaiouias OpoyHoeckoe Osudicenue, oOviia 6 1908 200y npoeepena u noomeepicoeHa
IKCHEPUMEHMATLHO Dpanyy3ckum yuenvim Kanom Ileppu, muocue sedywjue yuenvle, Komopvle moeoa
6ce ewe COMHEBANUCH 8 PedlbHOCIU AMOMO8, OblIU HAKOHEY GbIHYHCOEHbl NPUSHAMb, YMO amoMyvl HA
camom oene cyuecmsyiom.



B1905 rony, B )xypHane «AnHaneH aep Ouzuk» Obl1a onyOaukoBaHbl 4
paboThl DUHIITEHA, TTOCIEAHS U3 KOTOPHIX Ha3zbiBasIach «K anexkTpoanHamMuke
JBIDKYIIUXCS Te». B Helt ObLIO U3JI0KEHO KaK pa3 TO, YTO TEMEeph HA3hIBAIOT

CHCLIPIEUIBHOﬁ TeOpHeﬁ OTHOCHUTCIIBHOCTH.

[TouyTn oJHOBpEMEHHO HAIPaBWII B TIeYaTh CBOIO 00beMUCTYIO cTaThio AHpH [lyankape. [Ipuiem B
HEHU COIEPKAINCH HE TOJIbKO MHOTHME MaTEMaTUYECKUE PE3YJIbTAThl, H3JI0KEHHBIE B SUHIITECHHOBCKON
pabore, HO U PAJ JPYTrHUX MaTeMaTHIeCKUX BBIBOIOB, KOTOphIC y DHHINTEHHA OTCYTCTBYIOT. U Bee ke
MIPHOPUTET B CO3JaHIH TEOPHUH OTHOCUTENFHOCTH MPUITHCHIBAIOT DWHIITEHHY.

Hano ckasate, yto Jlopenn u Ilyankape onupaince B CBOUMX PACCYXKICHUIX Ha
TEOPUIO DJJIEKTPOMATrHETU3Ma, M MX pPe3yJIbTaThl CIEAYET paccMaTpuBaTh Kak
IIPOAYKT 3TOU TEOPHUH.

OWHIITEH BbIBEN B HeW mnpeoOpazoBaHus JlopeHua, wucxoas U3 JBYX CBOMX
(GyHIaMEHTaJIbHBIX MPHUHIMIIOB, U TakKUM OOpa3oM I[I0Ka3zaj, YTO HMEHHO IpeoOpa3zoBaHUs
Jlopenmia, a He mnpeoOpa3oBanus [anmuimes ONMUCHIBAIOT YHUBEPCAJIBHBIE B3aMMOCBS3H,
OTpaXkarolue OCOOEHHOCTU MPOCTPAHCTBA U BPEMEHH, M MOATOMY IpeoOpa3oBaHus JlopeHia

IPUMEHUMBI HE TOJIBKO B OIICKTPOJMHAMHUKE, HO W BO Bcedl ¢usuke BooOme. lIepBbIi
NPUHLUN, KOTOPbIA OH Ha3BaJl MPHUHIMUIIOM OTHOCHUTEIBHOCTHA TJIACHT:
HEYCKOpPEHHOE JIBI)KCHUE JTa0OpaTOpUU HHUKAK HE BIUSET Ha 4TO Obl TO HU OBLIO
npoucxojsiiee BHyTpu Hee. B ornuuue ot HpioTOHA, DUHIITENH pacnpoCTpaHul
NPUHIUAI OTHOCHUTEIBHOCTA HE TOJBKO HAa MEXAHWYECKHE, HO U Ha BCE ApPYyrue
SIBJICHUS, BKJIFOYAs JJIEKTPOMAarHUTHbIE W onTuueckue. llo-apyromy mnpuHLUIT
OTHOCHUTEJIbHOCTH TJIACUT: 3aKOHBI (DM3WKU OJIMHAKOBBHI BO BCEX HEYCKOPEHHBIX
CUCTEMAX OTCYETA.

Bropoit u3 nByx chopMynMpOBaHHBIX B CTaThe OWHIITEHHA NPUHIIUIIOB
YTBEPAKIAECT, UYTO pACIHPOCTPAHCHUE CBETAa HE 3aBUCUT OT JBHXKEHHUS €ro
ncroyHuka. To ecTh, OyAydn OJHAXKIbl UCIYIICHBI, CBETOBBIC BOJIHBI YK€ HUKAK
HE CBS3aHBl CO CBOMM HCTOYHHKOM U CYIIECTBYIOT camMu 10 ce0e,
PacIpOCTPaHSSACh CO CKOPOCTHIO, OMPEIEIIEMON YIIPYTrUMU CBOMCTBaMHU dupa.

[Io moBomy BTOPOr0 MNPUHLMIIA MOKHO BBICKa3aTb MHOYKECTBO Pa3HbIX
CYXICHUW W 3aMeyaHud. Tak, HampuMmep, €CiIuM CBET COCTOUT W3 YaCTHI], Kak
MPENON0KNT DUHIITEHH B CBOEH MEpPBOM CTAThE, TO 3TOT MPUHLMI BBITJSIUT
COBEPIICHHO a0CYypAHO, MOCKOJBKY CKOPOCTh YaCTHIIbl 3aBHUCUT OT JBHIKCHHS
UCITYyCTUBIIIETO €€ 00BhekTa. K TOMy ke ecliM cuuTaTh, UYTO CBET COCTOUT U3
YaCcTHULl, IMOJUYMHAKOIIMXCSA 3aKOHaM HbpIOTOHA, a TeM CaMbiM W HBIOTOHOBOMY
MPUHIIAITY OTHOCHTEIHHOCTH, TO 3TOTO BIIOJHE JIOCTATOYHO, YTOOBI OOBSICHUTH
OTPULATEIIBHBIN PE3YIbTAT KCIIEpUMEeHTa MalikenbcoHa—Mopiu, He aneyuupys

K COKpAIIICHUSIM JIJTUH, KMECTHOMY» BpEMEHU U npeodpazoBanusim JlopeHiia.

Wnest cBeToBBIX BOJH B d(Hpe MOCTyXiia DUHIITSHHY JHIIb OTIIPABHON TOYKOH, TaK KaK yXe B
caMoOM Hadyalie CBOGH CTaThu OH 3asBHII: «BBeneHue cBeroBoro 3dupa sBISETCS HINMUMIHAMY. Takoit
BBIBOJI, KOHEYHO,— TMPOAYKT OKCTPAOPJMHAPHON WMHTYyHIMH. Pa3Be He JOCTOWHA YIUBJICHUS
CIOCOOHOCTh DUHINTEWHA HAWTH Mapy (yHAaMEHTAIBHBIX MPUHIIMIOB, KAXKIBIA U3 KOTOPBIX BBITIISIAT
COBEpILIEHHO 0€300MIHO, HO BMECTE O0pa3yIOIIMX B3PHIBYATYIO CMECh, CIIOCOOHYIO MOKOJIE0aTh CaMble
OCHOBBI HAyKH?

PaCCMOTpI/IM CICACTBHUA 3TUX ITPHUHIIHUIIOB.

CnenctBue 1. IIpenen ckopocTu.

IIpumep 1. Paccmorpum [B€ pakeTbl OKOJO HEKOTOPOM  3BE3JBI.

[Ipennonoxum, 4To ofaHa NpUOIMKAETCs K Hel co CKOpocThio 0,2 CKOPOCTH CBETa,



a BTOpas HenoABWXHA. [lyCTh Ternepp B 3TUX pakeTax BBIIOJIHEHBI OJUHAKOBBIE
AKCHEPUMEHTHI MO M3MEPEHUIO CKOPOCTH cBeTa. llociie BKIIOUEHHS] MCTOYHHMKA
CBETAa B MEPEIHEN YaCTU PAKETHI 3AMEPSIETCA BPEMS ITPOXOKAECHUS CBETOBBIX BOJIH
10 3aaHel yacTi. OHU TOJKHBI 1aTh OJJMHAKOBBIE PE3YJIbTATHI.

CornacHo BTOpPOMY NPHUHIUIY OWHIITEHA CBETOBBIE BOJHBI MOWIYT C
OJIMHAKOBOW CKOPOCTBIO KaK OT 3BE€3/1bl, TAK M1 OT UICTOYHHUKOB B pakerax. [lorTomy
B JBIKYLIEHCS PAKETE SKCIIEPUMEHT JIOJKEH MoKa3aTh 1.2¢, HO 3TO 3ampemiaet 1
NpuHUKN OWHINTEWHA. [I0CKONBKY BBINIOJHEHBI OJMHAKOBBIE 3KCIIEPUMEHTHI, U
pakKeTa JIETUT HE YCKOPEHO Pe3yJIbTaThl SKCIEPUMEHTOB JOJKHBI COBIIA1ATh.

MosxeM paccMOTpeTh 3Ty CHUTYyalUIO C JAPYrod Touku 3peHus. Ecmu Obl
yJ1aJloCh YCTAaHOBHUTH, YTO CKOPOCTh HaOerarwlux BOJH paBHa 1.2c, TO CKOpOCTh
JOTOHSIIONIMX BOJH JOJbKHAa ObITh paBHa 0.8c, a cleaoBaTenbHO MOXKHO
ONpENENUTh CKOPOCTh JIBIDKEHMsSI pakeTbl B 3Qupe, 4YTO 3ampeuiaet
OTPULIATENIBHBIN PE3yJIbTAT dKCIIepuMeHTa Makenbcona — Mopiu.

[Ipumep 2. Pa3HOCTH CKOPOCTEN JBYX PAKET HE MOXKET ObITh OOJIbIIE CKOPOCTH
CBETA.

IlycTh pakeTsl A 1 B B HauanbHBIIE MOMEHT BPEMEHH HAXOAWIMCH HA OJHOM
JIMHUU U ¢ 00enX pakeT B nepej ObUIH MOCIaHbl CBETOBbIE BOJIHBL. I1ycTh LA™V,
LA,Lp=const. [IocKoNbKY BBIITOTHEHBI OJJUHAKOBBIE DKCIIEPUMEHTHI CKOPOCTh CBETA
OTHOCHUTENBHO 00enX pakeT OyJieT 0OIMHAKOBA, CJIEIOBATEIBHO JaXke paKkeTa C
OO0JIBIIEH CKOPOCTHIO HE CMOXKET IOTHATh CBETOBYIO BOJIHY, T.€. VA<LE<C => Lp -
VA<C.

B Teopur OTHOCUTENBHOCTHM CKOPOCTH CBETa SBISETCS MPENEIbHON
BEeJIMYMHOU. [IpruemM CBET 3/1eCh paccMaTpUBAETCA KAK HOCUTENb B3aUMOJCUCTBUS
MEXKy IBYMS TEJIaMHU.

[lepedopmynupysi yTBep:KJIeHHUE O CKOPOCTH cBeTa moiyuuM: «Hukakoe terno
HE MOJKET JIBUTaThCs OBICTPEE YEM paCIpOCTpPaHsETCS BO3JECHCTBUE ITOTO Tejla Ha
OKpYyXarolee MpocTpaHcTBO» Ecnu Obl yaaloch yCTaHOBHUTH, UYTO CYILIECTBYET
B3aUMOJICHCTBUE, KOTOpOE TMepenaeTcss ObicTpee cBera (TpaBUTAIuUs), TO

npeesbHoM Obl1a OB CKOPOCTH ATOTO B3aUMOJIEHCTBUS.

KocBenunie BO3PAXCHUA — CBEPX3BYKOBBIC ITOJICTBI BO3MOXKHBI, XOTS OHU OIMCBIBAIOTCA APYTUMHA
YpaBHCHUAMHU, HCEKECIN JO3BYKOBLIC (3ByK — YUCTO BOJIHA, CBET IIOTOK KBAHTOB — JAPYIru€ 3aKOHBbI
CYIIIECTBOBAHUS ).

CnenctBue 2. OTHOCUTENIBHOCTh OJTHOBPEMEHHOCTH (BPEMEHH).

PaccMoTpuM n1Be pakeTbl ¢ HaOJI0aTeNsIMU, OJIHA U3 KOTOPBIX JIBHXKETCS CO
CKOPOCTBIO V, a Jpyras HemoJBWkKHAa. B HadanpHBII MOMEHT BpeMeHH (Koraa
pakeThl MOPaBHSIMCH) B IEHTPaX pakeT BKIIOYWIN UCTOYHUKHU cBeTa. JlocTikeHne
CBETOBBIX BOJIH IMEpEJAHEN CTEHKU IBMXKYIICHCS pakeThl Ha30BEM COOBITHEM A, a
3amHel cTeHKu — coObiTueM b. IlockonbKy CBET OTHOCUTENIBHO HCTOYHHKA
pacnpocTpaHseTCsl BO BCE CTOPOHBI ¢ OAMHAKOBOM cKOpocTh ¢ (ci.1 mpum.1), To ¢
TOYKM 3peHus HaOmoaarens B JBWXKyIeWcs pakere coobitus A u b
oJlHOBpeMeHHBI. PaccmoTpuM Temnepp HenmoaBukHOro Habmonarens. C ero Touku
3pEHUs CBET OT UCTOYHHMKA B TIOJIBU’KHOM pakeTe Tak >K€ paclpoCTpaHsIeTCs BO BCE
CTOPOHBI €O CKOpPOCTbIO C. ClenoBaTeNbHO, JyYyd CBETa JOCTUTHYT NEpeIHEd U
3aJlHe CTEHOK paKeThl B pa3Hble MPOMEXYTKH BPEMEHH, MOCKOJIBKY CKOpPOCTh



BOJIHBI JIBFDKYIICHCS OTHOCHTEIBHO MOJABUKHOW PaKEeThI BIEPE - C-V, Haszaj c+v.
To ectb coObITuss A 1 b He oqHOBpeMeHHBI. Takol ke mapa okc BO3ZHUKHET, CCIIH
paccMaTpuBaTh TOT JK€ OJKCIIEPUMEHT B HEMOJBIKHOW pakeTe TIJia3aMu
MMOABMKHOI'0 HAOJIIOIaTE.

C moed Toukm 3peHnA

paBHOIpaBHbL. Henw3s cuWTaTh, YTO OJMH SBISETCS HEKOTOPHIM ATaJIOHOM.
Ortcroma cneayer BBIBOJ, UTO €CIIM JBa HAOMIOAATENsl JBHXKYTCS OTHOCHUTEIHLHO
Ipyr Jpyra paBHOMEPHO, TO TPOCTPAHCTBEHHO pa3/ICICHHbIC COOBITHSA,
OJTHOBPEMEHHBIC ISl OJHOTO M3 HHUX, B OOIIEM cllydae HE OJHOBPEMEHHBI IS
JIpyroro, 1 HA00OPOT.

O6patuTe BHUMaHHME Ha TO, KaK OTHOCHUTEIBHOCTh OJHOBPEMEHHOCTH
pa3pyliaeT HBIOTOHOBBI TpejcTaBiieHus. Onepupys MOHATHEM aOCOIIOTHOTO
BPEMEHHM MOXHO OBUIO Obl pa3 M HaBCETJa PElIUTh, OJHOBPEMEHHBI HJIM HET
MIPOU3OIIUIA T€ WK UHBIE COOBITHS, JTaXKe €CJIM OHU MPOCTPAHCTBEHHO Pa3/IeieHBbI:
OHM OJTHOBPEMEHHBI €CJIM TMPOU3ONUIM B OJMH U TOT XK€ MOMEHT aOCOJIFOTHOE
BpeMeHU. B Teopum Ke OTHOCUTEIBHOCTH, TMPUHMMAsT BO BHHUMAaHUE
OTHOCHUTEJIBHOCTh OJTHOBPEMEHHOCTH, MOXKHO CKa3aTh, YTO OTHOCHUTEIBHO CaMO
BpeMsl.

OTHOCUTENTBFHOCTh OJHOBPEMEHHOCTH HE TMPOCTO HHU3BEPraeT HbIOTOHOBBI
MPUHIIMIIBI, OHA OMNPOKHUIBIBAET BCE HAIM TOBCEIHEBHBIC MPEACTABICHUS O
CMBICJI€ W TOBEJICHUU BPEMEHH U MPUBOJUT, KA3aJIOCh Obl, K HEMPaBIOMO 00HBIM
CUTyaIlusIM, C HEKOTOPBIMU M3 KOTOPBIX, HO JAJIEKO HE CO BCEMHU, MBI YKe
CTOJIKHYJIUCH.

Cnenctue 3. 3ameyieHUE BPEMEHH.

— Paccmorpum IBa

napajyieIbHbIX 3epKania

i " I YCTAHOBJICHHBIX JPyT TPOTHUB

HENOOEHXHAT OoOEHEHAA pakeTa apyra, MCXKOY KOTOPbIMHA
parETa «Oeraer» CBETOBasl BOJIHA. JTY

KOHCTPYKIIMIO MOKHO paccMaTpuUBaTh KaK CBETOBBIE YaChl, MMOCKOJIBKY BpEMEHa
MPOXOXKJEHUSI BOJIHBI MEXAY 3€pKajaMu «Tylna» U «oOpaTHO» OyayT
onrHakoBbIMU. CoOBITHIO «THK» COOTBETCTBYET KacaHUeE Jiyda OJHOIrO 3epKaia, a
coobiTnio  «Tak» — gpyroro. IlycTe OIHM Takue 4dYachl pACIOIOKEHBI B
IBUKYILIEHCS pakeTe, a Jpyrue B HEMOJBI)KHOM TaK, YTO CBETOBBIE BOJIHBI
JBUTAIOTCS MEPIEHAUKYIISIPHO ABMKCHUIO PAKEThI.

C ToukM 3peHUs HEMOABMKHOTO HaOMoaTedsl CBETOBbIE BOJHBI Ha
IBUKYIIEHCS pakeTe OyAyT HE BEpTUKAJIbHBIMM, a MaJalOIIMMH Ha 3epKajia MoJ




HEKOTOPBIM yIJIOM. TO €CTh pacCTOAHHUS MPOXOJMMOE CBETOM MEXKIY 3€pKajiaMu
Oyner Oonbllle yeM B HENMOABMX HOM pakeTe. Ho cBeT mo oTHOmIEHUIO K 000UM
HaOJIIOAATENsAM JIBHXKETCS C OJJTHOM M TOM K€ CKOPOCThIO ¢. ClieI0BaTeIbHO MEXY
«Tuk» u «Tak» OyayT OoJiblIMe MPOMEXKYTKH BPEMEHH U MOXHO CKa3aTh, YTO
yachkl B JBIKYILIEWCS pakeTre OyAyT OTCTaBaTh C TOYKH 3PEHHS HEMOABUKHOTO

C
Ha0monarens. [Ipuyem kodpdunreHT orctaBanus Oyaer = ———>1.
2 2
cC -V

JlonmycTuM, YTO pPaKeThl JABKMIKYTCS OTHOCHTEIBHO JpYyr JApyra co ckopocTbio, 4c¢/5. Torna,
InpuHUMas BO BHUMaHUEC, YTO + MOXHO CKa3aThb, 4TO IIOKa B HeHO}:[BH)KHOﬁ PAaKETC 4acChl «TUKAJIN» NATH
pa3 B MOABHIKHOM - Bcero Tpu pasa. Koadduument 3amejicHus 3 IMEET CMBICI OTHOILICHUIO PaCCTOSHUM
HeO6XOIII/IMBIX CBCTY I NPOXOXKACHHUA MEKIAY MNOJABUIKHBIMHU M HCIIOJABMIXHBIMU 3C€pKaJlaMH. Me)Kle
HEMOJBMKHBIMU 3€pKalaMH CBET MpoxoauT paccrosare OY, a MeXIy MOABMKHBIMH (C TOUKH 3pEHHS
HeroBIKHOro Habmomatens) — OM. TTockolbKy CKOpOCTh CBETa MOCTOSIHHA, BPEMsI 3aTpaucHHOE Ha
nyte OM Oyner Gosbine. M3 MOCTOSHCTBA CKOPOCTH CIIEAYeT YTO OTHOIIECHHE BpEMEH OyIeT paBHO
OTHOIIICHUIO paCCTOiIHHfI, KOTOPBIC CBA3aHbI KaK KaT€T W THIIOTCHY3a B IIPAMOYT'OJIbHOM TPCYTOJIBHHKE
(puc.). Otcrona BeITEKaeT Gopmysaa s .

[TockonbKy HabMIO1aTENN PaBHONPABHEI, TO U MOABWXHBINA HAOIIOAATENb
H OTMCTHUT 3aMCIAJICHUC BPCMCHHA HCHOHBHX(HOﬁ PaKeTEC.

OddexT 3aMensieHus: BPEMEHHU HUKAK HE CBS3aH C
YCTpOﬁCTBOM CBETOBBIX 4acoB. YTOOBI YAOCTOBCPUTHCS B
9TOM, OOIIYCTUM, YTO KBAPLECBBIC YaACbl CTOAT PAAOM CO
CBCTOBBIMHU B HOI[BH)KHOﬁ pakeTe W OTCHHUTBIBAIOT
OJHWHAKOBBIC IPOMCIKYTKU BPCMCHU. C ToukHM 3PpCHHUA
IIOABMYKHOTI'O Ha6JIIOIIaTCJISI IMOKa3aHusA YdaCOB COBIAAYT
npu 7000 CKOPOCTH. 3HAYUT, U C TOYKH 3pPEHUS
X s HCITIOABHUXKHOI'O Ha6HIOI[aTCH5{ IIOKa3aHUud 4YaCOB TaKXKEC
© v s COBIIAAYT, U, CJICOOBATCIbHO, HNX XOI 3aMCIJINTCA
OJHUHAKOBO. To ecThb sIBJICHUE 3aMCIJICHUC BPCMCHU CYHNICCTBYCT 0€30THOCUTEIIHLHO
K KOHCTPYKIHUHU YaCOB UJIU CaAMO I10 ceOe U ABJISIETCS CBOMCTBOM CaMOT0 BPCMCHHM.

MoxHo oOpaTuTh BHUMaHUE Ha cienyrommuii ¢akTt. [IocKoabKy CKOpPOCTh
CBCTa ITOCTOAHHA BO BCCX CHUCTCMaAX OTCUCTA, TO MOKHO 3allMCaTb COOTHOIICHMUC
c=s/t=s’/t’, roe mTpuxamMu OOO3HAYEHBI PACCTOSHHE M BpeMsi HU3MEpsieMoe B
MOJBIXKHOU cucTeMe oTcuera (pakere). M3BectHo, urto t' 3amenisercs
OTHOCUTEJIBHO t B B pa3, To ecTh t=Bt’. CaemoBaTeabHO, YTOOBI MOJIYUYUTh TYXKE
CKOPOCTh, HEO0OXOAUMO, YTOOBI W pacCTOSiHUE S' B JBUXKYIICHCS cHCTEME
COKpaTujoch B 3 pa3 —s=Ps’.

[Tpu 3TOM HEOOXOIUMO MOMHHTBH, YTO CJIOBA «3aMEIUIACTCS» WU «yMEHbIIACTCs» 0003HAYAIOT
yBEIMYCHHUE eIUHUI] u3MepeHus. Kak Obuto ykazaHo mpu v=4¢/5 3 CeKyHAbl B JIBIIKYIICHCS pakeTre

paBHBI 5 cekyHAaM B HemoABumxHOW. Tak >xe 3 MeTpa B ABWXKYIIEICS pakere paBHBI 5 MeTpaM B
HEIOABMKHOM.

OTO0 BO3BpaIaeT Hac K cokpaienuro duriypkepansaa—IIopenna, Beap naxe
BEIMYMHA COKpAllleHHd Ta ke camasd. Ho ecTb M CyIIeCTBEHHOE OTJIMYHE.
IlonyyeHHOE COKpalleHuEe JJIMH, TaK )K€ KaK M 3aMEIJICHUE BPEMEHH SIBIIACTCS
B3aUMMHBIM 711 000uX HabmoaaTenel, Toraa kak y @utiypkepanbaa, Jlopenua niu

HyaHKape, OHO BO3HHUKACT BCJIICACTBUEC ABUKECHUSA OTHOCUTCIIBHO 3(1)Hpa. [Tpuuem 31t
yUYeHbIE COBEPUICHHO OOOIUIA MOYaHHEM 3aMe/JIEHHE X0Jja BPEMEHH, a 9TO MOKAa3bIBAET, YTO, XOTS OHU
OIEPUPOBAIA TeMHU ke (HOopMyJaMH, YTO W ODHHINTCHH, Uaesd O B3aMMHOM OTCTaBaHHWU 4YacOB OblLia
COBEPIIEHHO YyXkJa UX IPEICTaBICHUSIM.
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JlokakeM Tenepb, YTO MOJIyYeHHOU COKpalleHUe JJIMH Oy1eT HaOI0aaThCs
TOJILKO B HAaMPaBJICHUU OCH JBUKCHHUS.

[Ipeanonoxxum, 9To Jyd cBeTa ABUKEeTcs u3 Touku O Baoib ocu y. B
MOJABMKHON CUCTEME KOOPIMHAT Ha MPEOJI0JICHNE MEPHOTO OTPE3Ka - paCCTOSTHUS
OY'=y’ BHOJIb OCH Y ATOMY JIydy TpeOyeTcs Bpems t’ M BBITOJHSICTCS PABEHCTBO
y'=ct’. B HEMOJABM)XHOM K€ CUCTEME, TOT ke JIyd HACT BIOJb HAKIOHHOW JIMHUU
OM co ckopocThio ¢ (puc.) U BHIMOJHAIOTCS cooTHomeHuss OM=ct. Cunyc yria

mexay OM u ochio X paBeH sin(0)=SM/OM =+1-v’/c¢* =1/B. Pacctossuue SM -
JUTMHA MEPHOTO OTpe3Ka B HETMOJIBI)KHON CHCTEME KOOPIMHAT, MPOUICHHOE JTy4OM
paBHo SM=0OMsin(8)=(1/B)ct=y. Kpome TOro, cymecTByeT 3amMeJICHUE BPEMEHHU
t=Bt’. Cobupas Bce dhopmyibl BoeanHO, noiydaeM y’=ct’=c(1/B)=(1/B)ct=y.
3amedarenbHOe TOATBEPKIACHUE CIEIUAIBHON TEOPUHM OTHOCHUTEIIBHOCTH

OOHapYXUJIOCh W3 PE3YJIbTATOB HAOJIOACHUI 3a MIOOHAMH — 3JIEMEHTApHBIMU
YacTHUIIaMH, KOTOpble 00pasyroTcs (B

o pe3yibTare B3aMMO/JICHCTBHUS
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Puc. «Touka 3pCHU» MIOOHOB. M1oOHBI ABUIKYTCA IIBI/I)KyTCH K Heﬁ C OKOJIO CBETOBBIMHU
CTOJIb OBICTPO, YTO BBICOTA TOPHI Uil HUX B 15 pa3

CKOpPOCTAMMU. 3ateM »STH qaCTUIbI
MCHBIIIC, YEM OJIA Ha6fHOZ[aTeJI5[, CTOsALICI O HA 3emiie

pacmajarorcss,  NOpUYeM  Bpems
OKHU3HHN» MIOOHAa (OT POXKIACHUA OO paCHaI[a), IMOJTYYCHHOC M3 3KCIICPUMCHTOB HaA
3CMIJIC CTOJIb MAJIO, UYTO MIOOHBI TCOPCTUYUCCKU HC JOJIKHBI JOCTUTATh 3EMIJIN, XOTA
Ha IIPAKTHKC 3TO BCC KC IIPOUCXOAUT.

PaCCMOTpI/IM 9TO ABJICHHUC C TOYKU 3PCHHUA TCOPHU OTHOCHUTCIBbHOCTH. I[J_IH
Ha6HIOIIaTeHH, CTOAIICTO Ha 3€EMJI€E H3-3a OOJIBIIION CKOpOCTH OBUIKCHUA
3aMECIJISACTCA BpCMA CymecCTBOBaHUA HJaCTHUIIBI, T.C. 3aMCIJIAOTCA  4aChbl
«YCTAHOBJICHHBIC Ha MIOOHC)» W TAdKUM O6p330M YBCIIMUHUBACTCA BPCMS UX KU3HU,
4dTO MO3BOJIAACT EMY IIPOJICTCTH OoJbllee PaCcCTOAHUC U NOCTUYb 3CMIJIU. C Touku
3PCHHUA Ha6HIOI[aTeHH ABUTAaOICTOCA BMCCTC C MIOOHOM COKpallaroTCia BCC
PACCTOAHUA B HAIIPABJICHUU OBUKXCHUS, B TOM YUCJIC U PACCTOAHUC OO 3EMIIU, YTO

1 IMMO3BOJIACT HCKOTOPBIM YaCTUIIAM JOCTUTATH €C.

MIOOHHBIN 3KCIEepUMEHT MHororpaneH. OH MOATBEP)KIAeT LENbIX TPU MpencKa3aHus TEOPUU
OTHOCHUTENBHOCTH: 3aMEIUICHHE XOJa BPEMEHH, COKpallleHWE IJIMH U CXONHOE pPEISTUBHUCTCKOE
MOBEe/IEHUE YacOB BCEX THUIIOB. 3aMeTbTe, YTO OH, KPOME TOro, MPOAEMOHCTPHPOBAT MPUMEHHMOCTH
TEOPUH OTHOCUTENBHOCTH K SBJIICHHMIO pacliajla MIOOHOB, HE OTHOCSIIEMYCS IO CBOEH CyTH HHU K
MeXaHHUKe, HU K 3JIeKTPOMarHeTu3my.

O6paTI/ITe BHUMAHHUC, YTO Mbl IIOJYYHIIN CCpBCSHCﬁHIHC PEIITUBUCTCKHC
PE3yIbTaThl HCIIOCPCACTBCHHO H3 ABYX IIOCTYJIATOB OWHIITEHHA U JIUIIb Ipu
MUHHMMAJILHOM HCII0JIb30BaHUM MaTeMaTuku. 1 TO, YTO MBI CYMCIIN IIPOABUHYTHCA
CTOJIb HAaJICKO, IIOYTH HC Hpn6era51 K MAaTCMaTHYCCKHUM BBIKJIaJAKaM, €CTb
CJICACTBUC HOTpHC&IOH_Ieﬁ MOIIA U ITPOCTOTHI 3TUX ITOCTYJIATOB.

CBs13b Macchl TeJIa C €ro SHCPFHCﬁ.

PaCCMOTpI/IM YTBCPIKACHUC, COIIACHO KOTOpPpOMY HH OIWH MaTepI/IaHBH]':Jﬁ
00BEKT HE MOJKET ABHUTAaTbhCA 6BICTpee CBCTa.




OO6cynuMm ero cHayajia ¢ HBIOTOHOBBIX To3uiuil. Bropoii 3akoH HeroToHa
[JJACUT: «CUJa paBHAa Macce, YMHOXEHHOW Ha yCKOpeHuey». JlomycTum, 4TO K
HEOONBIIOMY OOBEKTY (CKaxeM, KaMHIO), KOTOpPbIA BHaudajlie IOKOMWJICS
(OTHOCHUTENIBHO HAc), MPUJIOKEeHA MOCTOSIHHAS CHiia. Torja coriacHO HbIOTOHOBOM
MEXaHUKEe KaMEHb MPUOOPETET MOCTOSHHOE YCKOPEHHUE, T.€. €ro CKOpOCTh OyaeT
BO3pacTaTh B MOCTOSIHHOM Temme. M ecnu nelicTBue CUiibl OyneT MpooKaThCs,
TO HACTYIIUT MOMEHT, KOT/Ia KaMEeHb CTAHET JIBUTAaThCsl ObIcTpee cBeTa. [lockombKy
COIJIACHO TEOPHUHU OTHOCHUTEIIBHOCTH 3TO HEBO3MOYKHO, TO BO3HUKAET BOIPOC, YTO
TYT HEBEPHO.

B Tteopum orHOocutenbHOCTH Tpu (GopmyiaupoBke 2 3akoHa  HberoToHa
HEOOXOJUMO TOJb30BaThCSI OTHOCUTEIBLHON MAaccoi, KOTOpash BBIYUCIACTCS IO

bopmye
m=m,/yc’ -V’
rJie My - Macca HeMOABM)KHOTO KaMHsI, V — €r0 CKOpOCTh. TakuM o0pa3om mpejed,

CKOPOCTM  KaMHA  MOXHO  BBIYHCIIHTH a=F/m;v'=fc’ -v* /m, -

muddepeHnrasbHOE ypaBHEHHE.

dv f . v f . f
———=—dt; arcsih—=—1t v=c-sin(—t) KpOME TOT0 HEOOXOJUMO MOMHHUTh
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0 3aMeJICHUH BPEMEHH, KOTOPOE HE TO3BOJIMT CKOPOCTH MPUHITH OTpULIATEIbHbIE
3HAYCHUS.

A 4YTO MOXHO CKa3aTb 00 SHEPTrUH, COOOIIEHHOW KaMHIO MPUIIOKEHHOU K
HEMY CHUJION?

[Ipy yBenmMYEeHUU CKOPOCTHM KaMHsI pacTeT HE TOJbKO €ro OTHOCUTEIbHas
Macca, HO M SHeprus (HarmpuMep KMHETUYEecKas) MOATOMY MOKHO paccMaTpHUBaTh
CBS3b MEXKIY OTHOCHUTEIBHO MAaccoil M IHEpruer, KoTopas M MOATBEPKIACTCS

3HAMEHHTOH (hopMyIoii DitnmTeitna E=mc’.

B cBoeii padore 1905 roma oH, MCXOAS M3 YpaBHEHHH JJIEKTPOMArHUTHOTO IIOJISl, BCETO JIMIIb
MoKa3aj, 4TO €CIM TeNO H3JIydaeT B BHJE CBETa JHEPrui0 L TO OHO JODKHO MOTEPSTh Maccy B
xonmuectBe Lc’. OGHAPYKHB, UTO TO CIPABEIUINBO IS SHEPTHH B OpME CBETa, OH 3asBHUII, UTO CaM I10
ceGe (I)aKT CyHI€CTBOBaHMA SHEPIru UMCHHO B Q)opMe CB€Ta, KOYCBUIHO, HC UMECCT HUKAKOI'O 3HAYCHU A .
biaronapst TakoMy cMesIoMy IPUEMY OH BHOBB MPEBPATHJI YAaCTHBIM CIIy4ail B YHMBEPCAJbHBIM 3aKOH.
Ecnu snepruto BMecto L 0003HAYUTh 4epe3 £, TO BBIBEACHHOES DHHIITCHHOM COOTHOIICHUE TIPUMET BUI
E/c’=m, 9T0 MOXHO IeperucaTh B yxe 3Hakomoil popme E=mc’. Ho 310 eme He Bce, n60 B 1905 roay
Takoe PaBeHCTBO IOJArajloch YUTaTh TOJNBKO CJeBa HANpaBO, TO €CTh MPEAnojarajoch, YTO UMEHHO
SHEPTHs SKBUBAJICHTHA Macce, HO He Ha00OPOT.

B 1907 romy DitHiuTeiiH 3aBepiimia 3Ty padoTy. OH paccMOTpen OOBEKT, MpUOOpETarOIIHit
JOOIOJHUTCIbHYIO MAacCCy 3a CUCT IOTJIOIICHUA U3JIYYCHHA, U IIPUIICIT K BRIBOAY, YTO HEPA3YMHO ACIAaTh
pasauurie MEXAy TOW Maccoi, KoTopas y HEro yxe ObUia, M JONOJHUTEIBHON MacCOi NMPHBHECEHHOMH
n3nyyenrneM. Ho TOCKONBbKY MOCIEqHss CBA3aHAa C DHEPrueil COOTHOIIEHHWEM JKBHUBAJEHTHOCTH TO,
3asgBHJ OWHINTEHH, C DHEprued cBs3aHa W WCXomHas Macca. TakuM o0pa3oM, Jaxe macca TOKOS
OKazajiach SKBUBAJICHTHOW SHEPTHM, a 3TO 03HAYACT, UYTO KKl O0JaNaromuii Maccoi 0OBEKT (JTaxke
Takye, KaK MEeCYMHKa WM IMYyIIMHKAa) B COOTBETCTBHH C (POPMYIIOi E=mc’ sBnsercs BMECTHIIHILEM
CPaBHUTEIIBHO OIPOMHOI0 KOJHYEcTBa dHepruu. Hampumep, HamepcTOK CBHHIIA COAEPIKUT CTOIBKO XKe
9HEpruu, cKonbko Beensercd npu cropanuud 100 000 tonn yrns. Takas cTpamiHa Belb, Kak sIepHOE
opyue, 00s13aHa cBoel (paHTacTa YECKOM pa3pylIUTEIbHOM CUION SHEPTUH, «3aKII0YCHHOM» B Macce.

B 1907 roay mpodeccopy I'erTmHreHckoro yHupepcutreTa B ['epMaHuu
I'epmany MUHKOBCKOMY yAQJIOCh MOKa3aTh, YTO MAaTEMaTUUYECKHUH almapat TEOpUU
OTHOCHUTEJIBHOCTH  XOPOILO  BIHCHIBACTCA  CTPYKTYpPy TakK  Ha3bIBAEMOTO



YETBIPEXMEPHOTO TIPOCTPAHCTBA — BPEMEHHW. B  3TOM TpOCTpaHCTBE IS
BBIYHCIICHUS PACCTOSHUN (MHTEPBAJIOB) MEXIYy JABYMS IPOCTPAHCTBEHHO —
BPEMEHHBIMU COOBITHSIMH, OJHO M3 KOTOPBIX HAXOJIUTCS B Havalle KOOPJWHAT,
UCITOJIb3yeTcst popMyIia, BRITEKAOIIas U3 peoOpa3oBanuii JlopeHa.
s?’=x"+y’+z’—(ct)> - BeEIMYMHA OCTAMOIIASCA  IMOCTOSHHOM  TIpH

npeoOpa3oBanusix Jlopenna. B HameM OOBIYHOM MPOCTPAHCTBE MOXOXKYIO POJIb
Urpaetr OOBIKHOBEHHBIA pauyc BEKTOP HEKOTOPOIl TOUKH, KOTOPBIA HE MEHSETCS
IpU OBOPOTaxX oceil koopauHat. M3 Bcell cka3aHHOrO MOXHO ClI€NIaTh BBIBOJ, YTO
npeoOpa3oBanusi JlopeHlla ecTh HEKOTOpBI  aHalor MpeoOpa3OBaHUM,
OMKCHIBAIOIIMMH MMOBOPOTHI CUCTEMBI KOOpAMHAT. TakuM 00pa3oM, yMEHbIICHHE
JUIMHBI MEPHOT0 OTpe3Ka B HAIMpPABICHUU €ro JBUXKEHUS MOXHO paccMaTpHUBaTh
KaK MOBOPOT CBSI3aHHOM C HHUM CHCTEMbl KOOpPAMHAT Ha HEKOTOPBIA Yroi
OTHOCUTEIBHO HEMOJBWKHOTO HaOmrogaTens (CUCTEMbl KOOpPJIMHAT). ITOT

IIOBOPOT 6YIICT B3auMHBIM JIs1 00€UX CUCTEM KaK U COKpalIcHueC JIJINH.

[Tpumep ucmonb30BaHUs MPOCTPAHCTBEHHO — BPEMEHHOT'O0 MHTEpBaJIa.

PaccMoTpum aBe pakersl ofHa U3 KOTOPBIX HEMOABIM)KHA, a Apyras OBUXKeTCS co ckopocThio 1000
KkM/c. B mBmKyIeiicss pakere Ha MaxMaTHOW JTOCKE TiepecTaBisiercs nemka e2—e4. DTOT X0J] BKIIoYaeT
B ce0sl 1Ba COOBITHS — IMOJbEM KOPOJIEBCKOW TIEHIKH C KIETKH €2 W pa3MelleHue ee Ha kierke e4. J{is
MOJIBM’KHOTO HAOIIOJATENS 3TH JIBA COOBITHS pa3/ielieHbl IPIMEPHO 6 CAHTUMETPAMHU B MIPOCTPAHCTBE U
CeKyH/JIOM BO BpeMeHd. /[l HemomBwkHOro HaOmromaTens 3TH ke coOwbiTusi pasaeneHsr 1000
KAJIOMETPaMHU B MPOCTPAHCTBE M (IIOCKOJNBKY BAIllM Yachl, II0 MOUM HAOIIOJCHHUSIM, OTCTAIOT) IIPUMEPHO
1,0000056 cekynapl BO BpeMeHH. Kak u ciaemoBano okuaaTh, MHCHUS HaOIroAaTeNIel pacXoasaTcs U 10
IMoBOAY IMPOCTPAaHCTBCHHBIX MHTCPBAJIOB U IO MOBOAY BPEMCHHBIX. HO, HECMOTpsA Ha 3TO, €CJIN Ka)KI[bIﬁ
13 HUX NOACUUTACT BCIIUYNHY YCTRIPEXMCPHOI'O MHTEpBAjIa MCXKAY ABYMS CO6BITI/I$[MI/I, HUCXoa4A TOJBKO U3
COOCTBEHHBIX U3MEPEHUH PACCTOSTHUH M MPOMEKYTKOB BPEMEHH, TO TOJTy4aTcsl OJHU U TE K€ 3HAYCHUSI.

ot IIoCKONIBKY HEBO3MOKHO MPEICTABUTH BCE YETHIPE
Baws wposn U3MepeHus, OOBIYHO OTOpachIBAIOT JIBA U3  TpeX
MIPOCTPAHCTBEHHBIX W3MEPEHUM, paccMaTpuBas JHIIb Ty
L Renposan t 00JacTh MPOCTPAHCTBA, TJI€ V ¥ Z PaBHBI HYJIO (TO €CTh OCh
X), 4TO TO3BOJISIET BMECTO YETHIPEXMEPHOTO HCCIIE0BATh
IBYXMEPHOE MPOCTPAHCTBO-BPEMS C KOOPAWHATAMH X,i.
Y100HO BMECTO BpPEMEHHOW KOOPIMHATHI t MOJIb30BATHCA
B KOOPAMHATOM Ct, JaroIIeil pacCTOsIHUE, MPOUJAEHHOE CBETOM
3a BpeMms t, TaK 4TO TENephb X U Ct — 3TO PACCTOSIHUS.
| Ha auarpamme MMHHOBCKOTO HaOII0AaTelNb,
Haxofsumiics B Touke Xx=0 OyaeT n3o0paxkaTbCcsi HE TOYKOW, a MPsIMOMl JTMHUEH,
MTOCKOJIbKY €r0 KOOpJAMHATa ¢t HEIPEPBIBHO BO3pAcTaeT. DTOT OTPE30K HA3BIBAETCS
MUPOBOM JIMHUEH ISl JaHHOTO Halmronarens (puc). |
Ecnu xe HaGmropaTenb ABUKETCS BAOJIb OCH X C HEKOTOPOM MOCTOSHHOM
CKOPOCTBIO V, TO €r0 MUpPOBas JIMHUA OyAeT HAKJIOHHOW JTMHUEH, TAHT€HC HAaKJIOHA
KOTOpOHM OyJeT XapaKTepu30BaTh OTHOIIEHHE CKOPOCTEH CBeTa M HaOJIOAaTes.
OcobGoe MecTo Ha JTOM JuUarpaMme NOPUHAMJIEKUT MHUPOBBIM  JIMHUSM,
HAKJIOHEHHBIM MO yriioM 45°, KoTopble SIBIAIOTCS JIMHUSAMH CBETOBBIX CHUI'HAJIOB
pacnpoCTpaHsSIOIUXCS B 00€ CTOPOHBI OCH X. J{Jist 1I0OBIX COOBITUH, JIekKAIINX Ha
ATUX JIMHUAX 4X MEpPHBIM MHTEpBal OT Hadajla KOOpJIMWHAT OyAeT paBeH HyJio. B
ATOM ClIy4ae X=ct u

s”=(ct)*-(ct)*=0



Paccrosinue oT 1000W TOYKM HA 3TUX JUHUAX J0 Hayaja KOOPJIHWHAT PaBHO
HYJII0, XOTSI 3TO ¥ IPOTUBOPEUUT YEPTEKY.

OTOT NpUMep XapaKTepU3yeT UCKAKEHHsI, KOTOPbIE BHOCUT YIPOIIEHHOE
npe/cTaBlieHne 4X MEpHOTO IPOCTPAHCTBA — BPEMEHH.

JUist Ten KOHEYHOM Macchl, JBHUTAlOIUXCsi ObICTpee cBeTa, 4X MEpHbIN
MHTEpBAI S  OKA3bIBACTCS OTPHIATENbHBIM. B Takmx ciydasx OyiaeM
paccMaTpHuBaTh €ro MOAYJIb, OTOpAaChIBas 3HAK

Paccmorpum  oTtpe3ok OP mpsMON  MUPOBOM JIMHUM HEYCKOPEHHOTO
HaOmoaarensa. Eciau 3ToT HabnrogaTenb BCe BpEM OCTaeTcsl B TOUKE, T/I€ X, )V U Z
paBHBI HYNIO, TO €0 MHpOBas JHHUS JEKHT Ha OCH ct W Qopmyna 1Ii s
NPUBOJNTCS K BHAY S =c't, win s=ct. TakuM 06pa3oOM, €CIH 3abbiTh O ¢, TO
UHTEpBAI § Mexay coObITusIMU O U P onpeensieT TeueHne BpEMEHN MEXIy 3TUMU
COOBITHSIMHU, U3MEPEHHOT0 YacaMM, KOTOPbIE CBSA3aHbl C HAOJIOAaTENEM, a 3HAUUT
MO3BOJISIET y3HATh, KaK CWJIBHO TOCTapes 3TOT HabroJaredb MpU MEepexoje M3
touku O B Touky P. Bce 3T paccyxneHus BepHbl U ISl YCKOPEHHOTO
HaOmoarens U Il COOBITUM HE HAXOIAIIMXCS B Hayaie koopauHat. [lo stoi
MPUYMHE YEThIPEXMEPHBIM MHTEpBa, JEJICHHbII Ha ¢, Ha3bIBAETCS COOCTBEHHBIM
BpeMEHEM Ha0IroAaTes.

seomomos PaccmoTpum Teneps Mup MUHKOBCKOTO, KOT/1a paBHA

b omyueero HYJIIO OJIHA JIMIIb KOOPAWHATA Z, TO €CTh KOIJa UMEIOTCS
e JIBa TPOCTPAHCTBEHHBIX M OJHO BPEMEHHOE H3MEpPEHHUE
YEeThIPEXMEPHOTO MPOCTPAHCTBA-BpeMeHU. B 3TOM ciydae
MupoBble TuHUA OL n OL' «pa3BOpaunBarOTCsS» B KOHYC,

ymmemos o TIOBEPXHOCTH ~ KOTOPOrO ~ 0Opa3oBaHa  OECUHCICHHBIM

5 oTHoWeHuw K O

5 MHOXXECTBOM MHPOBBIX JIMHUH, MPOXOIANINX dYepe3
AbconioTHoe
rounoeno cobbiTie O W COCTAaBISIONIUX C OChIO ct yroi B 45°. OH
HA3bIBACTCS CBETOBBIM KOHYCOM, M MOYKET OBITh Pa30UT Ha
JIBE YaCTH — KOHYC OYJYIIIETr0o M KOHYC MPOIILIOTO.

Bcerna ects HaOMOMaTENH, MUPOBAsS TUHUS KOTOPOTO
JSKUT Ha OocH ct. Uem OO0JbIIe CKOPOCTh YACTHUIIBI 1O OTHOIICHUIO K TaKOMY
HaAOJIFOIATeII0, TEM JaJlbIlle OHA MOJXKET YJIeTeThb OT HEro 3a JaHHOE BpeMs, a
3HAYUT, TeM OOJIBIIIE YToJl, KOTOPHI MUPOBAs JTUHHUS 3TOH YaCTHUIIBI COCTABIISCT C
ocbio ct. IIocKONIbKY HU OJIHAa YacTHIla HE MOJYKET JABUTAThCS OBICTpPEE CBETA, TO W
HU OJTHA YaCTHIIA HE MOXKET 3a JaHHOE BPEMs IMEPEMECTUTHCS IAJIbIIIE, YeM CBET, a
CJIeIOBATEIbHO, MHUPOBBIC JIMHHH JIFOOBIX (DU3UYECKUX YACTHII, IPOXOAIINE Yepes3
coObITe O, MOTYT JICKaTh TOJIBKO BHYTPH WJIM Ha CBETOBOM KOHYyce (puc. 65).
JIroGoe coOwiTHE, TOAOOHO P Jexaiiee BHYTPU WM HAa CBETOBOM KOHYCE
OyayIero, MOXeT OBITh JTOCTUTHYTO M3 COOBITHS O 0€3 MPEBBIMICHUS CBETOBOTO
Oapbepa, U Bce Habmomarenn OyayT €AMHOAYIIHBI B TOM; "4To P IpoHu301LIOo
no3aHee coObiTus O. Ilo 3To# mpuunMHE Bcs 00JacTh BHYTPU W HA CBETOBOM
KOHYCE OyIYIIEero Ha3bIBAeTCsA aOCOIOTHBIM OYAYyIIUM TI0 OTHOIICHHUIO K COOBI-
tuto O. Ilo aHaJOTMYHOW TPHYHMHE BCSA 00J1acCTh BHYTPH M Ha KOHYCE MPOIILIOTO
Ha3bIBACTCS a0COFOTHBIM IMPOIILIBIM IO OTHOIIEHUIO K COOBITHIO O.

CoObITHE BHE CBETOBOr0 KOHyca (Hampumep, coObiTue Q) HE MOXKET OBITh
JOCTUTHYTO W3 CcOOBbITHS (O HUKAKMM OOBEKTOM, IBIIKYIIUMCS CO CKOPOCTBIO,




MEHbIIEH WIM paBHOW CKOpPOCTHU cBeTa. Takum oOpa3oMm, coObiTHe () HE MOXKET
ObITh BBI3BAHO cOObITUEM (), U TOCKOJbKY TpPUYMHA BCEeraa JOoJKHA
MPEAIIEeCTBOBATD CJIEJICTBHIO, TO 3TO BIIOJHE YBSA3BIBACTCS C TEM (PaKTOM, YTO JJIs
OJIHUX HaOmojaTenel coobiTie () MPOUCXOAUT Mo3ke, yeM O, Torga Kak Jis
Ipyrux (pacrojoKeHHBIX 0KoJo Q) OHO mpoucxoauT panbiie, yeM O. OOnacTh
BHE CBETOBOIO KOHYyCa Ha3bIBaeTCsl a0COJIIOTHO YJAJICHHOW MO OTHOUICHUIO K
coObITHiO O.

HbI0TOHOBBI MPOCTPAHCTBO M BpPEMSI MOKHO pacCMaTpUBaTh KaK YacCTHBIN
Clly4yall MpOCTPaHCTBA-BpeMEHN MHUHKOBCKOI0, €CJIA PUHSATH, YTO CKOPOCTH CBETA
paBHa OeckoHEYHOCTHU. [Ipu 3TOM CBETOBOM KOHYC YIUIOHIAETCS TakK, YTO 00JIaCTh
a0COJIIOTHO yJIaJIEHHOTO MCYE3aeT BOBCE, a OCTAIOTCA JIMIIb 00J1aCTH a0COIIOTHOTO
Oyayiiero u abCoOJIIOTHOIO MPOLIIOro, pa3/ieIeHHbIE MTHOBEHHBIM a0COIIOTHBIM
HACTOSIIIIMM, YTO HAXOJUTCSA B MOJIHOM COOTBETCTBHM C aOCOJIOTHBIM BpPEMEHEM
HprotoHa.

Kak yxe Obulo mokazaHo, mpeoOpazoBanusi JlopeHua mogaoO0HBI MOBOPOTY
oceit koopauHat. C B3aMMHBIM OTCTAaBaHHEM YacOB MOXHO pa3o0parbcs
aHAJIOTMYHBIM 00pa3oM. PaccMOTpuM 3HAMEHHUTYIO PEISTUBUCTCKYIO 3ajadyy —
TaK Ha3bIBaeMbIi mapagokc 6mmu3HenoB. OAuH U3 6JIM3HELOB OcTaeTcs y ceds JoMa
Ha 3emile, a APYrod OTHPABISAETCS B KOCMHUYECKOE MYTEIIECTBUE CO CKOPOCTHIO,
OJIM3KOM K CKOpocTH cBeTa. BepHyBIIMCh 4epe3 JBa roja M BCTPETUBIIHUCH CO
CBOMM OpaToOM-I0MOCEAOM, OH OOHApY>KUBAET, YTO TOT MOCTApEN Ha MATHIECCAT
JIeT.

OOBICHATH ATO SIBJICHUE 3aMEIJICHUEM BPEMEHH HE OY€Hb YAOOHO, MOCKOJbKY
3TO 3amemsieHne B3auMHO. C TOUKHM 3peHus OpaTa — MyTEelIEeCTBEHHUKA JTOJIKEH
ObicTpee crapeTh OpaT- JoMocel, a ¢ TOYKM 3pEHUs TMOCIEIHEro —
nyTemecTBeHHUK. Ha camom Jniene OpaTheB HeNb3s CUMTATh AOCOJIOTHO
pPaBHONPABHBIMU, MMOCKOJIBKY MyTEIIECTBEHHUKY PUAETCS U3MEHSATh HAMpPaBICHUE
JIBUKEHUE, YTO Obl BEpHYThCS Ha3ad. B 3TOT MOMEHT Ha Hero Oyner AeicTBOBaTh
HEKOTOpas CUjia, 0 KOTOPOH HUYEro He 3HAET ero Opar Ha 3emiie.

A Termepp pacCMOTPUM Ty K€ MPOOJIEMY, HO C MPOCTPAHCTBEHHO-BPEMEHHOMN
TOYKHU 3peHHs. 3/1eCh, NMPEXKIE BCETo, CleayeT oOpaTUTh BHMMaHHE Ha TO, YTO
OJIM3HEeI-ITyTEIECTBEHHUK BOBCE HE CTapeeT MeJjieHHee, ueM ero Opat. O0a oHu
CTapeloT COBEPIIEHHO OJAMHAKOBO. Ecin Obl MBI CTOJKHYIUCH C OJM3HEAMH,
CTapeloIMMH B pa3HOM TEMIIE, TO BOBCE HE ObLIO Obl HUKAKOW HY Kbl MOCHIIATh
OJIHOTO M3 HUX B JAJIEKOE MyTellecTBUE, OO0 OHU U TaK CTapeiu Obl MO-pa3HOMY,
Jaxe CUas psSaoM JAPYT C IPYTrOM.

Yem ke TOrAa OOBSICHUTH, YTO OJIM3HEU-NMYTEIIECTBEHHUK OKa3ajcs NpU

4 BCTpede MOJIOkKe cBoero Opata-momocena? Ilpexnae uem
JaTh OTBET HAa JTOT BOIPOC, PACCMOTPUM HABOIAIIAN
npumep. [lycts onun BoauTens" pemmi exatb U3 NyHkTa A
B nyHKT C HanmpsMyro, TOTJla KaKk BTOPOM MO€Xaj CHadala
U3 MyHKTa A B MyHKT B, a 3areM u3 nyHkra B B nyHkt C (puc. 68). Torga npu
CpPaBHEHMHM CBOMX CUETUMKOB KWJIOMETpa)ka OHM OOHapyKaT, 4TO XOTS U TOT, U
Ipyroi crapToBaJii B NyHKTE A W mpuObIM B nmyHKT C, TeM HE MEHee OHU
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S - BauzHey-aoMocen

T - BnuaHeu-NyTeLLECTBEHHUK

MIPEOI0JIEN pa3Hbie paccTosiHusl. VI HUKTO U3 HUX HE OYJEeT MpU dTOM HUCKOJIBKO
HU YAUBJIEH U HU 00ECKYpaXKeH.
A Temepb JaBaiiTe HaYEPTHUM MHUPOBBIE JIMHUU OJIM3HEIIOB
Ha JuarpaMmMme MuHKoBckoro (puc. 69). OHU BBIXOIAT U3
COOBITHS A, COOTBETCTBYIOIIETO CTAPTy KOCMUYECKOT'0 KOpaois,
W 3akaHYuBarOTCiA B coObiTUM C, KOTOPOE COOTBETCTBYET
MPU3EMIICHUIO KOpabisi W BCTpeue OJM3HeNa-ioMocena ¢
OpatoM-myTeniecTBeHHUKOM. «CyeTyuKkaMu» B JaHHOM cllydae
v SBJISIIOTCS CaMHM  OJU3HEIbI JUOO WX Yachl, OTCTYKHBAIOIIUE
/ COOCTBEHHOE BpEMsi, a 3HAYMT, U BO3pACT Kaxaoro u3 Hux. AC
— 9TO MHUpoOBas JUHUS Onu3Hena-gomocena, a ABC— mupoBas
TuHUA ONU3HENa-myTelleCTBeHHUKA. BuaHo, 4To cOOCTBEHHOE
BpeMst it AC oTiimdaeTcst oT coOCTBeHHOro BpemeHnu st ABC.

» OpHako KOe-4TO 3/1eChb MOXKET I10Ka3aThCsl CTPaHHBIM.
Ucxoas u3 toro, yto Mupoas auHus ABC niunHee, yueM AC, Bpoje clie0Baio Obl
OKHJIaTh, YTO B MOMEHT BCTPEUM NYyTEIIECTBEHHUK OyAeT CKopee cTapuie, 4YeMm
MOJIOKe, cBOero Opara. Bce neno 37ech B TOM, UTO MpPH MOMBITKAX HAYEPTUTh
auarpaMMy MUHKOBCKOTO Ha MPOCTOM JIMCTE OyMaru Mbl, KaKk yXe OTMEYaJsioCh,
00s3aTENIbHO TMPUBHOCUM HCKa)XKEHHUs, O KOTOpPhIX HE ClIeAyeT 3a0bIBaTh.
BcnoMuuM, Hanpumep, 4Tro 4yeM OoJbllle CKOPOCTh MYyTEIIeCTBEHHHKA (Yro
HakiaoHa AB Gmmke k 45°) Tem MeHblre 4X MEpHbIH HHTEpBAN, a COOCTBCHHBIC
BpEMEHa BJI0JIb MUPOBBIX JIMHUH, JIEkKAIINX HA CAMOM CBETOBOM KOHYCE, BOOOIIE
paBHBI HYJII0. B TaHHOM ke cilydae OKa3bIBaeTCs, YTO MPHU JTOCTATOUHO OOJIBIION
CKOPOCTH B pe€aJbHOM IPOCTpaHCTBe-BpeMeHH uHTepBal ABC Ha camom nene
kopoue, ueM AC.

PaccmoTpeHHOE HaMu npeAcKa3aHue CleuanbHON TEOPUN OTHOCUTEIBHOCTH
OBUIO MOATBEPXKACHO SKCIEPUMEHTAIBHO, NPaBaa, IPU HECKOJBKO OoJiee 00IMX
oOcTOsITENbCTBAX — MPU HAIWYUM TAroTeHus. B oOmux uyeprax wuuaes
HKCIEPUMEHTA 3aKIoYyalach B CICAYIOIIEM: OJHM MHCKIIOUUTEIBHO TOYHbIE
aTOMHBIE Yachl OCTABIISUIA HA 3eMiie, a BTOpPbIE, UICHTUYHbIE MTEPBbIM, pa3Mellain
Ha OOpTy pEaKkTUBHOIO CaMoJieTa, COBEpLIABIIETr0 KpyrocBeTHbIM moiet. Korna
aTOMHBIH XPOHOMETpP - MYTEIIECTBEHHUK «BCTPETUJICS» CO CBOUM OJIM3HELOM-
JOMOCE/IOM, TO OKa3ajloCh, YTO OHMU «OTCTYKAJIW» MEHbIIE BPEMEHHM, IPUYEM Ha
BEJIMYMHY, B TOYHOCTH COIJIACYIOUIYIOCS C  TPEACKa3aHUsIMH  TEOpUU

OTHOCHUTCIBbHOCTH.

Xoporieii HILTIOCTpaIell XapaKTepHbIX OCOOCHHOCTEH OOJBIION HAayKH SIBISIETCS CIICAYFOIIUA
ciydyaif C OJHUM 3KCIIEPUMEHTOM. MBI y)Ke BUAENH, KaKk OWHIUTEHH MOCTPOMJI CBOIO CHEIHAIbHYIO
TEOPUI0 OTHOCHUTEIBHOCTH, OIUPASICh BCETO JULIb HA JBA IOPA3UTEIBHO IPOCTBIX U CMEIBIX MTOCTYJAaTa.
B 1905 romy oH momyuua pENTSITUBHCTCKHE YpPAaBHEHHUS, ONMCHIBAIOIIME JBI)KEHHE D3JIEKTPOHA
3JIEKTPOMAarHuTHOM mnose. [Ipuyem ero BBIBOABI COBIIAJANM C pe3ysbTaTamMu uccienoBaHuil JlopeHua,
BBITIOJIHEHHEBIX B 1904 Tomy.

B 1906 roay Hemerkuii sxcriepuMmentatop BansTep KaydmanH onmyOnnkoBaia HE3a0/ro 10 3TOr0
MOJyYEeHHBIE PE3yNbTaThl CBOErO JKCIIEPUMEHTa, Pa3pabOoTaHHOTO M TOCTABICHHOT'O CIHEIHAabHO IS
MIPOBEPKHU MpeACcCKa3aHul, cIelaHHBIX M OWHITeiiHOM, u Jlopenuem. IIpsmMo B camoM Hawane cBoOeif
crate KaypmaHH 3asBHJ, YTO €ro «pe3yibTaThl H3MEPEHWH HE COTJacyloTcss C OCHOBHBIMH
MOJIOKEHUSIMH TeopuH DiHmTeliHa—Jlopeniiay. Jlangee ObUTo CKa3aHO, YTO U3 €ro Pe3yJbTaToOB CICAYET
MPEANOYTUTENBHOCTh ABYX JpYrMX Teopuil. JIopeHL, NOTPSICEHHBIM CTOINb HEABYCMBICICHHBIM
MPUTOBOPOM, BBIHECEHHBIM 3KCIIEPUMEHTOM, yXKe PEIIvI ObLIIO OTKA3aThCs OT CBOUX JTOOBITHIX HENETKHM



TPY/ZIOM ypaBHEHUH. DUHINTEHH K& COBEPIIEHHO CIOKOWHO Bo3pasui: «[lo-MoeMy, obe apyrue Teopuu
HUMEIOT JIOBOJILHO MAJIO IIAHCOB OKA3ambCs BEPHBIMH, MO0 Jexallde B UX OCHOBE MPEATOIOKEHUS,
Kacarolyecss Macc JBIDKYIIMXCSI JIEKTPOHOB, HE MOAJAIOTCS OOBSCHEHUIO B paMKaX TEOPHid, OXBaThIBa-
FOIIUX 3HAYUTEIHHO OOJIBIINI KOMIUIEKC SABICHUIY.

OTtcroa BUAHO, YTO DHHINTCHH MpUaBaj Oojbllice 3HAYCHUE CTPOHHOCTH M KPAcoTe TCOPHH,
HEKENIW pe3yNibTaTaM JKCIIEpUMEHTa. A 4TO Kacaercst pe3ynbraToB KaydmanHa, TO, KaK BBISCHHIIOCH
BIIOCJIE/ICTBUH, OHW OBUIM OIIMOOYHBIMHU, U MPOBEJCHHBIC MO3/IHEE OONee TIATENbHBIE YKCIICPHUMEHTEI
OKa3aJIMCh B MOJIHOM COTJIACHH CO CIICCTBUSAMH ypaBHEHHH JlopeHIta—OWHIITeHA.

B Ttom pmamekom 1905 roay, korma OWHINTEHH TMPEUIOKUIT BHUMAHHIO (DU3UKOB CBOIO
CTIEUANILHYIO TEOPHIO OTHOCHUTEIBHOCTH, YKCIIEPUMEHTHI C YacTUIAMH, OONaJaroIMH 3KCTPEMATBHO
BBICOKMH CKOPOCTSIMH, OBIITM HCKIIIOYHTENLHONH peakocTbio. CeromHs e TaKUMH DKCIIepUMEHTaMH
HUKOTO He yIuBHUIIb. OHU TO3BOIHITU

IIOIBEPTHYTh BBIBOJBI TEOPUM OTHOCHUTEIBHOCTH BCECTOPOHHEH M OYEHb CEPhE3HON IIPOBEPKE,
KOTOPYIO OHA C 4YeCThi0 BBIAepXkana. M dro camoe 3amedarenbHOE, TEOPHS OWHINTEHHA CTaia
HEOOXOJJMMBIM HHCTPYMEHTOM BCEi COBPEMEHHOM SKCIIEPUMEHTAILHON (DU3UKH, KOTOPasi C €€ TTIOMOIIBIO
JoOHIach MHOTOYMCIICHHBIX M ITO4AC TIOPa3UTENBHBIX TTOOEI.

U Bce ke HanOOIBIIIETO ycIiexa OHa JOCTUTIIA He B CTEHAX J1a00paTOpHii, a B TPyJaX TEOPETHKOB.
[lpumep TEOpPHM OTHOCHTENBHOCTH BJOXHOBHJ MHOTHUX (DPH3MKOB-TEOPETHKOB Ha HOBBIC CMEINbIE
HayMHaHWA. Belmaronmiics aHrauiickuii  ¢usuk-teoperuk I[loms  Jlupak mMOCTPOMI  KBAHTOBYIO
PENSATHUBUCTCKYIO TEOPHIO IBUKEHHUSI DJIEKTPOHA, IIOJYUYHBIIYIO 3aCIYyKEHHOE IPU3HAHNE KAK 32 KPacoTy,
TaK ¥ 3a BEIHUKOJIEIHOE Coryiacue ¢ 3KcrnepuMeHToM. [y DifHIuTeiiHa e crennanbHas TeOpHsl OTHOCH-
TENFHOCTH ObUIa TPEXKAE BCEr0 HEOOXOAWMOW M BaKHOW CTYIEHBIO HA MYTH K €ro OOIIeH Teopuu
OTHOCUTENIBHOCTHU.

B 3aximodyeHne 3TO# TIaBbl BCIIOMHUM €lle pa3 YAMBHTENBHYIO CyAh0y, BBHIMABIIYIO Ha JIOJTIO
HBIOTOHOBA TMPUHIIMIA OTHOCHUTENBHOCTU. J[Is1 ABIEHMI, OTHOCSIIMXCS K KOMIIETEHIIMHM HBHIOTOHOBOI
MEXaHWKH, 3TOT MPHHIUI ObUT HEMOCPEACTBEHHBIM CIIEICTBHEM 3HAMEHHTHIX 3aKOHOB HbIOTOHA,
HECMOTpsSI Ja)ke Ha TO, YTO CaMH STH 3aKOHBI (POPMYIUPOBAIUCH HCXONS M3 TIPEICTABICHUS 00
abconroTHOM TpocTpaHcTBe. OJHAKO C TOSBICHAEM BOIIHOBOM TEOpUHM CBETa W HJAEH 3(Qupa STOT
MPHHINI, Ka3auochk Obl, ObUT OOpedeH, XOTA MO-TPEKHEMY OCTAaBAJICS CIPABEITUBBIM ISl YUCTO
MEXaHUYECKHUX SBJICHHH (B ONTHUKE 5K€ OH ObLT HEPUMEHHMBIM ).

Heoxunannple Heyqauud ONTHYECKMX Ja M JIPYTMX D3KCIIEPHUMEHTOB, C TIOMOIIBIO KOTOPBIX
MBITATNCH OOHAPYKUTh XOTh KaKUE-TO TPOSBICHUS PAaBHOMEPHOIO JBMXKEHHS OTHOCHUTEIBHO 3(upa,
npuBenu [lyankape u DiHIITEHHA K MBICTTH 0 HEOOXOAUMOCTH BBEICHUS MPUHIIUIA OTHOCUTEILHOCTH B
KauecTBe (DyHIaMEHTAIBHOrO (pr3uueckoro 3akoHa. M TyT DWHIITEHH, JONOIHUB 3TOT MPHHIIUAII CBOUM
BTOPBIM MOCTYJIATOM H OTKa3aBIIMCh OT aOCONIOTHOW OJHOBPEMEHHOCTH, IMONy4aeT MpeoOpa3oBaHUs
Jlopennia He MPOCTO KaK YacTHBIA MaTeMaTHYECKUH CHOCOO OMUCAHUS OTHOCHUTEIBHOTO JIBMYKEHUS B
ANEKTPOMHAMUKE, HO KaK YHHBEPCAIbHBIA METO]] ONMCAHUS, TPUTOAHBIA BO BCEX 00JIACTAX (PH3HKHL.

Onmnako ecnu  ypaBHeHMs MakcBeisia HJIealbHO — BIIMCHIBANICH B pa3pabaThIBAEMYIO
PETSTUBHUCTCKYIO TEOPHIO, TO ¢ 3akoHamu HpioToHa meno obcrosuio cioxkHee. Ecnu K ypaBHEHHUsIM
BTOpOro 3akoHa HploTOHa mpuUMeEHHTH mpeoOpasoBaHus JlopeHna, To B mpeoOpa3oBaHHbIC YpaBHEHHUS
00s13aTeNbHO BOMIET 4JIEH, COJCPXAIIUH OTHOCHUTENBHYIO CKOPOCTh V, M3 Yero CIemyeT, 4YTO OTH
YpaBHEHHUSI HE YJOBIETBOPSIOT SHHINTEHHOBY NPHHIMIYY OTHOCHTEIbHOCTH. Ho mpu ycmoBuu, 4TO
npeoOpa3oBaHus JlopeHia crpaBemIMBhI I JIFOO0Or0 pasaena (U3MKH, HENb3S BElb OTICIBHO IS
3akOoHOB HbloTOHa BO3BpamaTthcs K mpeoOpaszoBanusiM [amunes. Henb3st 31ech OTCTymaThcst U OT
SUHINTEHHOBA MPUHIINTIA OTHOCUTEIBHOCTH — (PYHIAMEHTAIBFHOTO MOCTYJIaTa TEOPUU OTHOCUTEILHOCTH.

Wrak, noruka pendaruBu3Ma BBIHY)KIAeT HAC INPUBECTH 3aKOHBI HBIOTOHOBOW MEXaHHMKH B
COOTBETCTBHE C IIPUHIUIIOM OTHOCHUTEIBHOCTH, OIIMPAIOIIMMCS HE HA HBIOTOHOBBI, 4 HA PEIIATUBUCTCKUE
IIPENCTABIICHUS O IPOCTPAHCTBE U BPEMEHU — APYTMMH CIIOBAMH, IIPUBECTH 3T 3aKOHBI B COOTBETCTBUE
¢ mpeobpazoBanusMu JlopeHIa, MPHINEIIIMME Ha CMEHY npeoOpa3zoBanusM [amunes. HenzbexHbim
CIIEICTBUEM BBIIIOJHEHUS 3TOM MPOrpaMMbl, IOMHMO IPOYErO, SBISIFOTCS BO3PACTAHUE OTHOCUTEIBHOMN
Macchl 'efla MPU YBEIUYEHHH €ro CKOPOCTH W COOTHOIIEHHE -*KBHBAJIEHTHOCTH MEXKIy Maccod H
JHEepruen, MaTeMaTHYeCKUM BBIpaKEHHEM KOTOPOro SBJSETCS 3HAMEHHTOE YypaBHEHHE OWHINTEHHa
E=mc’. U 410 BaXKHee BCEro, MPUXOAUT HOBOE NMOHMMAHHE CBOICTB M IOBEACHHS NPOCTPAHCTBA H
BPEMEHU.

EIII/IHCTBeHHBIM SABJICHHUCM, HC IIOAdAaBIIUMCA TCOPHUU OTHOCHUTCIBHOCTH,
OKa3aJjiCd HbIOTOHOB 3aKOH BCEMUPHOTO TATOTCHUA C €TI0 MI'HOBCHHBIM HeﬁCTBHCM



Ha paccTossHUM. Benb Teopusi OTHOCUTENBHOCTH CTABUT 3ampeT Ha CKOPOCTU
OobllIe CKOPOCTU CBETA, M 3TOT 3aAlPET PACIpPOCTpaHseTCcs Ha Jto0ble (OPMBI
Matepuu. [1ocKoIbKYy e OCHOBHOM XapaKTepUCTUKOW MaTepuH SIBIISIETCS mMacca, a
OHa, KaK HaM TeNepb W3BECTHO, HEPA3PHIBHO CBA3aHA C HHEPrUed, TO MOMKHO
CKa3aTh, YTO 3TOT 3alpPeT pacIpOCTPAHIETCS U Ha JII0ObIE (JOPMBI SHEPTUH.

Ecnu Obl TArOTEHHME W B CaMOM Jiejie MOTJIO MTHOBEHHO IepenaBaThCs Ha
JMOOBbIE PACCTOSHUSA, TO TEM CaMbIM OblUla Obl MOJTHOCTHIO MOJOpPBaHA BCS Ta
OCHOBA, HA KOTOPOM 3MKIETCA TEOpUs OTHOCUTEILHOCTH, OO B3Maxa pyKHu ObLIO
OBl JOCTATOYHO JJIi U3BMEHEHMSI CUJIbI TATOTEHUS] — BEJb MPU B3Maxe CMEUIAeTCs
Macca pykd U HE TOJIBKO PSAJIOM C BaMHM, HO MOMEHTaJIbHO M B JI000U npyroi
touke Bcenennoit. C NOMOIIBI0O TaKMX MTHOBEHHO pacCHpOCTPAHSIOMIUXCS
CUTHAJIOB MOXHO ObUIO ObI B OAMH U TOT € MOMEHT BpPEMEHH, TO €CTh
OJIHOBPEMEHHO, CUHXPOHHU3UPOBATh BCE Yachl M MOBCIOAY BO BceneHHON, yTo
NO3BOJMJIO OBl CAENaTh OJHOBPEMEHHOCTh AOCOIIOTHOM, a 3TO NPOTUBOPEUUT
BBIBOJIAM T€OPUH OTHOCUTEIBHOCTH.



