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NMPEAMCAOBMHE

[IPEAUCAOBUE

HE OKMAAA, YTO MOs1 HAY9HO-TIONTYAsIpHAst KHUTa «KpaTkas ncropust

BpeMeHH» OyAeT UMeTh TakoM ycrieX. OHa MPOAEPIKAAACh B CIHCKE

Gecrceaaepos London Sunday Times Goabllie H4eThIpeX AET, TO €CTb
AOABIILIE BCEX TIPOMMX KHHI, YTO YAMBUTEABHO AASl HAYYHO-TIOITYASPHOM
paboTel, KOTOpas He Tak-TO Aerko uuraercs. [locae 3toro meHs Bce
CIIPaIlMBaAK, He COOMPAIOCH AU 51 TTMCATD ITPOAOAKEHME. 51 COMPOTUBASAACS
3TON MAee, NOCKOABKY He XOTeA mucath «ChiHa Kparkoi MCTopun» MAN
«YAAMHEHHYIO MCTOPMIO BPEMEHM» M K TOMY K€ OBIA 3aHAT Hay4HbIMU
MCCACAOBAHMAMM. HO MOTOM s MOHSIA, YTO MOrY HAIUCaTh APYIYIO
KHUTY — BeposATHO, 6oaee mpocTyio 1 nousaTHywo. Crpykrypa «Kparkon
MCTOPUN BpeMeHM» OblAd AMHEITHOI, ¥ TAaBbl 0OBIMHO MPOAOAYKAAU APYT
Apyra, O0Opa3OBBIBAAM ~AOTMHECKYI) TIOCAEAOBATEABHOCTb. MHOMMM
YUTATEASM 3TO HPaBUAOCh, OAHAKO HEKOTODBIE YBS3AW B IEPBBIX rAABaX
M TaK 1 He AOOPaAKCh A0 60Aee MHTEPECHOTO MATEPUAAA, PACTIOAOKEHHOTO
OAVDKE K KOHIIy. B oTAMuYMe OT mepBoi, 3Ta KHMTAa yCTPOEHA MHade, OHa
TOXOXkKAa Ha AepeBO: TAaBbl 1| U 2 — 3TO OCHOBHOWM CTBOA, OT KOTOPOIO
OTBETBASIOTCS OCTAABHBIE FAABBI.

BeTBu nouTH He 3aBUCAT APYT OT APYTa, M OCBaMBATh UX MOXKHO B AlO-
OOM TIOpPSIAKE TIOCAE OCHOBHOrO CTBOAA. OHM COOTBETCTBYIOT 0OAACTAM
HayKM, B KOTOPBIX 51 pab0TaA MAM O KOTOPBIX AyMaA YK€ TIOCAE BBIXOAQ
B cBeT «KpaTtkoit ncropun Bpemenn». To ecTb KHMra MOKa3bIBaeT, B Ka-
KMX MMEHHO OOAACTAX MCCAEAOBAHMSI HMAYT CETOAHSI aKTMBHEE BCETO.
4l nocTapaacs yuTH OT AMHEMHOW CTPYKTYPBL 1 B IPEAEAAX KaXKAOM TAa-
Bbl B OTAEABHOCTH. KaK 1 B MAAIOCTPUPOBAHHOM repensaanum «Kparkoit
MCTOPUH BPEMEHM», KOTOPOE BBIIAO B 1996 roAy, pUCYHKM U TIOATIUCH
K HUM TIOMOTAIOT T10-HOBOMY B3TASIHYTb HA TO, YTO CKa3aHO B TEKCTe,
a BPE3KU U PAMKM AAIOT BO3MOXKHOCTb Pa3o0paThCst B HEKOTOPBIX BOIPO-
cax rnoApoOHee, YeM M03BOASET OCHOBHOM TEKCT.

B 1988 roay, Koraa BbIILIAO MepPBOe M3AaHMe «KpaTKOW MCTOpUM Bpe-
MEHW», Ka3aA0Ch, 4TO A0 «Teopum Beero» GykBaabHO pyKoit 1oAath. Kak



O BCEAEHHOWM B ABYX CAOBAX

M3MEHMAOCH [10AOXKeHME AeA? [Tpubausuanch an mbl K ean? Kak pac-
CKA3aHO B 3TOI KHUTE, MBI ITPOLIAM C TEX MOP AOATHI TIyTh. Ho on emme
AAAEKO He 3aBepIlieH, 1 KOHeYHas 1IeAb 110Ka He BUAHA. OAHAKO, KaK IrAd-
CHUT HAPOAHAsE MYAPOCTb, MATH M HAAEATBCS NPUATHEE, YEM OKOHYATEAD-
HO TIpuiATI, KOTAa MBI CTPEMHMMCSI K OTKDBITHSM, 9TO YAYYIIAeT HAIIM
TBOPUECKHUE CTIOCOOHOCTH, TIPUYEM He TOABKO B HayKe, a BO BceX o0Aa-
cTax. Ecam Obl Mbl AOCTUTAM KOHEYHOM TOYKM, AYX YEAOBEUECKMI 3a4ax
Obl 1 yrac. Ho st COMHEBAIOCh, YTO Mbl KOTAA-HMOYAb OCTAHOBUMCS: €CAU
MCCACAOBAHMS W HE CTAHYT rAyGxKe, MX CAOKHOCTb HEM30EKHO BO3PAC-
TET, U Mbl BCeTAa OyAeM B CaMOM I1IEHTPE PaCIIMPAIOIIErocs TOpU30HTa
BO3MOKHOCTEM.

A paAy10Cch CA€AAHHBIM OTKPBITUAM U CKAABIBAIOILENCS KaPTUHE Pe-
AABHOCTH U XOYY [TOACAUTBCA ITOM PAAOCTBIO € YnTaTeAaMu. YToObl ycu-
AWTB OLIYIIIEHUE COTTPUYACTHOCTH, 51 COCPEAOTOUMACS Ha 00AACTSAX, B KO-
TOpBIX paBoTaa cam. TexHiueckue TOAPOGHOCTH MOMX MCCACAOBAHMIL
O4eHb CAOJKHBI, HO sl YBEPEH, YTO OCHOBHBIE MAEM BIIOAHE MOXHO Tiepe-
Aatb 6e3 0co00i MaTeMATUYECKON HATPY3KU. YIIOBAIO HA TO, YTO Y MEHs
3TO TOAYYHAOC.

B paboTe HAA 5TOM KHUTON MHE MHOTO TIoMoTaAn. OCo6eHHO 5 XOTeA
6wl ynomsiHyTe Tomaca Xeprora m Huaa Illepepa, KOTOpbie romoraau
MHE C PUCYHKaMU, TIOATTMCAMM K HUM 1 paMKamu, IHH Xappuc u Kuttu
DepriocoH, KOTOPble PEAAKTHPOBAAW PYKOMUCH (TO4HEe, KOMIIbIOTep-
Hble (parabl, 5 JKe MUY BCe B 9IAEKTPOHHOM BUAe), U Duanra AaHHa 13
Book Laboratory u Moonrunner Design, KOTOpble [TOATOTOBHAN MAAIOCTPA-
n. Ho noMumMo 3Toro s Xxouy 1no0AaroAapuTh Beex Tex, KTo odecrieyn-
BAET MHE BO3MOXKHOCTDH BECTH OTHOCMTEABHO HOPMAABHYIO JKU3Hb 1 3a-
HUMATLCA HAYKOM. be3 Hux s He Harucaa Obl 3Ty KHUTY.

CtnBeH XOKMHT,
Kem6pudac, 2 mas 2001 zoda
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%

ABBEPT ~ DUWHIUTEMAH, ABTOP  CIELUMAABHOM W OBLUEA  TEOPHI

OTHOCHUTEABHOCTH, poauaAcst B 1879 roay B lepmanum, B ropoae

YAbMe, HO uepe3 ToA cembsl repeexara B MioHXeH, rae otell
SitninreitHa Tepman 1 Asia KOG OCHOBAAK HEOOABIIYIO U HE CAMIIKOM
ITPOLIBETABILYIO (PUPMY TIO TOProBA€ SAEKTPUYECKUM OOOPYAOBAHMEM.
B AetctBe AAbOGepT He ToAaBaA OCOOBIX HAAEIKA, OAHAKO CAYXM, YTO OH
AOXO YUMACS B IIKOAE, TIOXOJKE, BCe-TakK npeypeAndenbl. B 1894 roay
oT1OBCKAs MpMa TPOropeaa, M CeMbs Tepeexara B Muaan. Poaurtean
PeLIMAM, YTO AABOEPT AOAKEH OCTAThcA B MIOHXeHe ¥ OKOHYMTD 1IIKOAY,
HO TaKOl ACCIIOTM3M €My He TOHPABHMACA, W He TPOIIAO M HECKOABKIX
MeCAIIeB, Kak OH OPOCHA 1LIKOAY M NPUeXaA K poauTeAsm B Muaan. [losanee
SitHImTeH 3asepima odpaszosanue B Lilopuxe — B 1900 roay oH OKOHYMA
npectiwkiblil [oanTtexunkym (Bbicityto TexHuuecKylo mKoay). [1o Harype
AAbGEpT ObIA CMIOPIIMK 1 HE TPU3HABAA aBTOPUTETOB, IO3TOMY HE CHUCKAA
oco60i1 Al00BM TIperioaaBateAeit B [ToANTEXHUKYME, 1 eMY HE [IPEAAOKHAN
OCTaThCsl TaM B Ka4ecTBe aCCHUCTEHTA, YTO CTaAO Obl HAYAAOM HAYYHOI
Kapbepbl. Yepes aBa roaa AAbGEpT Bee JKe MOAYYMA HeOOABLIYIO AOAYKHOCTh
B LlIBefnapckom nateHTHoM 610po B bepre. K B stoi1 AconxkuocTr B 1905
FOAy OH HANKUCAA TPU CTATbW, KOTOPbIE CACAAAM €0 OAHMM W3 CaMBIX
BBIAQIOIIIMXCS YUEHBIX COBPEMEHHOCTU U MOAOXKMAM HAYaAO CPasy ABYM
MOHATUIHBIM PEBOAIOLIMAM — PEBOAIOLIMSM, KOTOPbIE M3MEHMAM Hallle
NIPEACTABAEHME O BPEMEHH, TTPOCTPAHCTBE U PEaAbHOCTH KAK TAKOBOM.

K konny XIX Beka y4exble ObIAM yOE€XKAEHBI, YTO BOT-BOT CyMEIOT
[IOAHOCTBIO ommcath BceaeHHyo. OHM TIPEATIOAATAAM, YTO MPOCTPAH-
CTBO 3aTIOAHEHO CPEAOT TIOA Ha3BaHueM «3up». CUNTar0Cch, GYATO CBe-
TOBbIE AYHW U PAAMOCUTHAADBL — 3TO BOAHBL B acbmpe, TIOAOOHO TOMY KdK
3BYK — 9TO BOAHBI CKATHUA B BO3AYXe. AASl 3aBEPILEHUSI TEOPUM HE XBA-
TAAO CAMOW MAAOCTH: TOMHO M3MepUTh yrpyrocTs acupa. boaee Toro,
KOraa B [apBapAcKoM yHMBEpCHTETE CTPOMAM AabOpaTOPUIO MMEHH
Akeddepcona, ee HAPOUHO CACAAAM Ge3 EAMHOIO JKEAE3HOTO IBO3AMA,
9TOOBI B TIEPCTIEKTUBE MOXKHO OBIAO IPOBOAMTH TOYHbIE MATHUTOMETPH-
YecKue uccaeaoBanus. [IpaBaa, apxuTeKTopbl 3a0bIAM, YTO KPACHO-KO-
PUYHEBBIE KUPIMYM, U3 KOTOPHIX BBICTPOEHO M 3AaHME AaOOPaTOpHH,
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Puc. 1.1. (Beepxy)
TEOPWA HEMOOBWUXKHOIO
QOUNPA

Ecnu 6kl cBeT 6kin BONHOM B yrpyroin

cpefe nof HassaHvem adup,
CKOPOCTL CBETA Kazanach Ol
BonbLue CKOPOCTU KOCMUYECKOrO
Kopabna, NeTALLEro HaBcTpe-y
noToky CBeTa (a), M MeHbLLe

CKOPOCTW KOCMWHecKkoro kopabns,
NETALLEro B TOM Xe HanpasneHuu,

41O W NoTok ceeta (b).

Puc. 1.2 (cnpasa)

He BLISBNEHO HUKaKOW pasHWLb!
MEX [y CKOPOCTLIO CBETA

B HanpasneHuu opbuTel 3emnin
1 NEPNEHOVKYNAPHO eiA.

14

Caer, guxyLmics ckBoss admp

v [I0YTH BeCh [apBapA, coaepsKaT MHOTO jKeAe3a. 3AaHMeM TOAb3YIOTCS
AO CHIX 110D, XOT# B [apBapAe U ceil4ac He yBepeHbl, AOCTATOMHO AU I1PO-
4eH MOA OMOAMOTERM, TIOCTPOEHHbIN 0€3 JKEeAE3HbIX TBO3ALH.

Ho K KOHIly BeKa B KOHLIETILINM Be3Aecy1ero 3¢upa 00HapyKUAKCH
nporusopeunst. OKMAZAOCH, YTO CBET IPOXOAUT CKBO3b 3PUP € MOCTO-
AHHO¥ CKOPOCTBIO, HO €CAM ABUTAThCSL CKBO3b 3(DUP B TOM JKe Harpas-
AEHUU, YTO U CBET, er0 CKOPOCTD TIOKAYKETCs MEHBIIIE, 4 €CAM ABUTAThCS
B [IPOTUBOIOAOXKHOM HarpasaeHun — OGoabmie (puc. 1.1).

OAHAKO NPOBEACHHEIE IKCTIEPUMEHTHI 3TY THTIOTe3Y He TIOATBEPAHAU.
CaMbIM TIIATEABHBIM U TOYHBIM ObIA 3KCTepuMeHT AAabOepra MaiikeAn-
cona u Sasapaa Mopam u3 [lIkoabl mpuraasHO# Hayku um. Keisa
B KauBaenae, mrar Oraio. B 1887 roay Maitkeabcon u Mopau cpasHU-
AW CKOPOCTHM ABYX Ay4Yel CBETa, MEePHeHAUKYASIPHBIX APYT APYTY. 3eMAs
BpAIAeTCsl BOKPYT CBOEI OCH M ABIDKETCs 110 opbute Bokpyr CoaHlla,
TI03TOMY M3MEPUTEABHBIN IIPUOOP ABIKETCS CKBO3b 3(PUpP C pasHOM CKO-
pocthio U B pasHom HanpapaeHun (puc. 1.2). Oanako Maikeabcon
1 Mopan He 0OHAPYKMAKM HUKAKOW Pa3HULIBI CKOPOCTEN Y ABYX Aydeil
CBeTa — OHa He HAKOIMMAACh HU 32 A€Hb, HU 3a TOA. Kak 6yATo cBeT Bcer-
Ad ABUTAACH C OAHOM M TOM JKe CKOPOCTBIO OTHOCUTEABHO HAaOAIOAATEAS,
B KaKOM Obl HATTPABAEHMM U C KAKO! OBl CKOPOCTBIO 3TOT HAOAIOAATEAD
HM Auraacs (puc. 1.3).

Ha ocnoBanum skcriepymenTta MaiikeAbCOHa—MOpPAN MPAGHACKHIT
dusuk Akopak PuIAKepaAbA U TOANAHACKMI PU3MK XeHAPHUK AopeHIl
TIPEATTOAOMKHA, YTO T€AQ, ABMIKYIIHMECH CKBO3b 3(131/‘[[), CKUMATCA, a4 4Ya-
Chl 3ameAAsiioTest. (KaThe M 3aMEAACHME YacoB TAKOBO, YTO CKOPOCTh
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Puc. 1.3. UBMEPEHWE CKOPOCTW CBETA

B untepdepometpe MainkenscoHa-Mopnu CBET M3 UCTOMHK-
Ka pacllenn\eTcs Ha ABa ny4a npy NoOMoLLKW Nonynpo3pa4Ho-
ro sepkana. [lga ny4a HanpasneHsl NepneHaMKynapHO apyr
ApYry, a 3atem npu noMoLLy apyroro NonynpospayHoro sep-
Kkana ceofaTcA B oguH. Ecnu Bkl CBET pacnpocTpaHancs
B pasHble CTOPOHLI C Pa3sHON CKOPOCTHLIO, 3T0 npueeno Obi
K TOMY, 4TO MakcWMyMbl CBETOBOIN BOMHLI NEPBOro ny4a npu-
6biBanyt Obl B KOHEYHYIO TOYKY B TOT XE MOMEHT, 4TO MUHKUMY-
Mbl CBETOBOI BOMHLI BTOPOrO Ny4a, ¥ 3TW BONHEI racunu Bkl

apyr gpyra.

Cripasa: cxema SKCNEpUMEHTa, PEKOHCTPYMPOBaHHAR MO pU-

CyHKy 8 xyprane Scientific American (1887 .).
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—
o Monet ¢ 3anaga Ha BOCTOK ~

[MoneT c BOCTOKA Ha 3anaf

CBeTa BCETAA OyAET OAHOM M TOM JKe C TOUKM 3peHMsl AI000ro HabAloAaTe-
Asl, B KAKOM Obl HalpaBAEHUM OTHOCUTEABHO 3dUpa OH HU ABUTAACA (1
DurakepaibA, 1 AopeHil 6biAn yOesKAeHBI B CyllecTBOBaHMM upa).
OaAHako IJMHIITENH B cTaThe, HanucaHHoi B mione 1905 roaa, ykasaa,
YTO €CAM HAOAIOAATEAb HE MOXKET OTIPEACANTD, ABMKETCSI OH MAM HET, TO
naest apupa M3OBITONHA. DUHIITENH MCXOAMA M3 YTBEPXKACHHS, 4TO 3a-
KOHbI (PM3MKHM AOAJKHBI OCTAaBAThCSl OAMHAKOBBIMU AASL BCEX CBOOOAHO
ABIDKYTIUXCS HaOAtoAaTeAeit. B 4acTHOCTH, OAMHAKOBOM AAsL BCEX AOAXK-
Ha ObITh U U3MepsiemMasi CKOPOCTh CBETA, HE3aBUCUMO OT CKOPOCTU ABM-
KeHMs caMux HabatoaareAein. CKOpOCTh CBETA He 3aBUCUT OT MX ABMIKe-
HIS 1 OAMHAKOBA BO BCEX HAIPABACHMUSIX.

AAst 3TOTO HY>XXHO OBIAO OTKA3aThCst OT MPEACTaBACHUS1 00 YHUBEPCAAb-
HOM BPEMEHM, KOTOPOe M3MEpSIOT BCe vachl. Bpems ke y KakAoro csoe.
Bpemst y AByX 4eAOBEK COBIIAAAET, €CAM OHM 00a HAXOAATCS B MOKOE OTHO-
CUTEABHO APYT APYT4, U HE COBITAAAET, €CAU OHU ABUTAIOTCSL.

ITO OBIAO ITOATBEPIKACHO 1EABIM PSAOM IKCTIEPUMEHTOB, B YICAO KO-
TOPBIX BXOAWUT OIBIT C AByMsl TOYHBIMH 4aCaMH, KOTOPble 0OAETAIOT BO-
KPyT CBETa B TIPOTUBOTIOAOKHOM HATIPABACHUY 1 T10 BO3BPAIIEHUY MOKa-
3BIBAIOT HEMHOTO pasHoe Bpems (puc. 1.4). To ecth ecan Xouenib 1npo-
KUTh AOABIIE, HAAO CTApaTbCsl AETETh HA BOCTOK, 4TOOBI CKOPOCTb
CAMOAETA CKAAABIBAAACH CO CKOPOCTBIO Bpalenua 3eMaun. Bripouem, Bbi-

Yacbl B caMoneTe, NeTALLEM
Ha 3anaf, nokassiBaioT Honblue,
YEM TOYHO Takue e 4acbl B TOHHO
TAKOM e camoneTe, neTawem
B NPOTUBONONCMKHOM

+ HanpasneHuu.

Bpewms ¢ To4kM 3peHun
naccaxupos camonera,
NeTALLEero Ha BOCTOK, OTCTaeT
OT BPEMEHW € TO4KW 3peHua
naccaxwpos caMmonerta,
NeTaLLero Ha 3anag.

Puc. 1.4.
OpHa 13 Bepcui napapokca bnusHe-
uoB (puc. 1.5) npoeepeHa aKcnepu-
MEHTalbHO: OAWHAKOBbIE TOMHbIE Yachl
obneteny BOKPYr NNaHeTsl B NPOTHBO-
NONOMHBIX HANPABNEHUAX.

Korga wx cpasHwnu nocne nonera,
0Ka3anock, 4TO Y4ackl, NeTeBllMe Ha
BOCTOK, HEMHOTO OTCTanu.
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Puc. 1.5 (cneea)
MAPAOOKC BIMM3HELOB

CornacHo Teopuy OTHOCMTENbHO-
CTW, Kaxasli Habnopatens uame-
pAET BPEMA No-ceoemy. Ma atoro
cnefyer Tak HasbiBaeMmeld napa-
[10KC B3Heos.

OnwmH 13 napsl 6nvadeLos (a) oT-
NPaBnAeTcA B KOCMOC W NyTelue-
CTBYET CO CKOPOCTbIO, BNU3KONA
K CkopocTtw ceeta (c), a ero Bpar
(b) ocTaeTca Ha 3emne.

Na-aa pewkeHns (a) Bpems
B KOCMW4ECKOM kopabne wger
MEANEHHEE, YeM C TOYKW 3PeHus
ocTasuwerocsa Ha Semne bnnsreua.
Tak 4TO NO BO3BPALLEHWA KOCMM-
YECKMI MyTellecTeeHHuK (a2) ob-
HapyxuT, 4T0 ero Gpar (b2) Teneps
cTaplue ero camoro.

Ha nepselit B3rNAg 370 NPOTUBO-
PEeMWT 3APABOMY CMBICTY, OOHAKO
Uensift PR SKCNepUMEHTOB Moka-
3an, 4T0 NPV TAKOM CLeHapuu
Gnu3HeL-NYTeLEeCTBEHHIK 1 B Cca-
MOM [ENe OKaMEeTCR MONOKE.

Puc, 1.6 (cnpasa)

Kocmudeckuin kopabris NpoxoauT
MUMO 3eMNnU Cnesa Hanpaso Cco
CKOPOCTBIO B YeThIPE NATLIX CKOpO-
ctv ceeta. C 0fHOro KoHua kabu-
Hbl MCTYCKaeTca WMMynkC CBeTa
W OTpaKaeTCs Ha [APYroMm KoHue
(a). Ceet BugsT niogn Ha 3emne
1 Ha kopalbne. M3-3a OBMXEHWUA KO-
pabna niogn Ha 3emne W Ha Kopa-
6ne [genawT pasHbie BbIBOAbI
O TOM, KaKoe paccTofHue NpoLuen
ceeT no otpaxeHws (b). Cneposa-
TENbHO, OHW AONMHLI CAeNaTh pas-
Hble BbIBOObl M O TOM, 3a Kakoe
BPEMA CBET NPOLUeN 3T0 paccTos-
HWE, NMOCKOMbKY, COMMACHO MOCTY-
naty QWHLITENHA, CKOPOCTL CBETA
OOVHAKOBA ONR BCex CeoBOaHO
[OBUXYLLUMXCA HabniopaTtensi.

B e e

roAd B MUKPOCKOITMYECKYIO AOAIO0 CEKYHABL C AUXBOM KOMIIEHCUPYETCs
BPEAHOW CAMOAETHOM €AON.

[TocTyaar SUHIITENHA O TOM, YTO BCE 3aKOHBI TPUPOABI AOAKHBL
ObITh OAMHAKOBBL AASL BCeX CBOOOAHO ABVDKYIIMXCS HAOAIOAATEAEN, AeT
B OCHOBY Te€OPMH OTHOCHUTEALHOCTH, HA3BAHHOW TaK, IOCKOABKY OHA
[TPEATIOAATAET, YTO KAKYIO-TO POAb MIPAET AHIIbL OTHOCHTEALHOE ABM-
xenue. Kpacora u 1IpoctoTa TeOpUM OTHOCUTEABHOCTH YOEAMAM MHO-
IMX MbICAUTEAEH, OAHAKO Y Hee HALIAUCH U [POTUBHUKK. DNHIITENH
arcuomy o0 abcoAloT-

OTIPOBEPT ABE HepylIMMble akcuoMbl XIX Bexa
HOM I10KO€, [IPUMEPOM KOTOPOTO CAYKUA 3pUp, 1 akcoMy 00 yHUBED-
CaABHOM BPEMEHU, KOTOPOe M3MEpsIOT BCe Yachbl. OTO MHOTUM IIPU-
[IAOCH He TI0 Ayme. OHM CTIpalliiBaAm, He CACAYET AU U3 TeOpUr DH-
LITEMHA, YTO BCE OTHOCHTEABHO W HAa CBETE HET AaXKe abCOAIOTHBIX
HPaBCTBEHHBIX CTAHAAPTOB. COMHEHUS B TEOPUU OTHOCUTEABHOCTH He
ocaabeBaAr HU B ABAALIATbIE, HY B TpUALAThie roAbl. B 1921 roay Dun-
TeiH roayuna HobeaeBckyro rpeMuio 1o pusnke — 3a APyrylio, Toxe
BAJKHYIO, HO (110 MepKaM caMoro JHILITeNHa) He TaKyl0 3HAYUTeAbHYIO
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O BCEAEHHOM B ABYX CAOBAX

Puc. 1.7

20

CTaThIO, TaksKe BoimeAlryio B 1905 roay. Teopus OTHOCUTEABHOCTH B MO-
TuBarmn HoOGeAeBCKOro KOMUTETa He YIIOMUHAAACh, TIOCKOABKY €€ CHIl-
TaAM CAMILIKOM MPOTHBOpeunBoil. (MHe A0 CHX 1Op ABa-TPH Pasa B HeAe-
AI0 TIPUXOASIT TIMCbMA, YTBEPKAAIONINE, YTO DWHINTEHH ObIA He 1pas.)
Tem He MeHee ceroaHst Hay4HOe COOOIIECTBO TIOAHOCTBIO TIPUHAAO TEO-
PHIO OTHOCHTEABHOCTH, @ €€ MPEACKA3aHUs TPOBEPEHbl CAMBIMU Pa3HbI-
MU 5KCHEPUMEHTAMU U UCIIOAB3YIOTCSl B COBPEMEHHOM TEXHUKE.
BakHeitiiee CAGACTBHE U3 TEOPUM OTHOCHTEABHOCTH — 3TO COOTHO-
IIeHne Macchl U 3Heprum. M3 moctyaata DMHIITENHA O TOM, YTO CKO-
POCTb CBeTA MOCTOSIHHA HE3aBUCUMO OT HAOAIOAATEAS!, CACAYET, HTO ABH-
ratbcsi ObICTpee CBeTa HeBO3MOXKHO. M BOT roveMy: KOraa KTO-TO pacxo-
AyeT 3HePruio, 4ToObl Pa3orHaTh KAKOe-TO TeAO, OyAb TO 3AeMeHTapHasd
YaCTHIA MAN KOCMUHECKMil KOpabAb, Macca 3TOr0 Teaa pacTer!, oT4yero
PasroHATh €r0 CTAHOBUTCS Y€M AaAbllle, TeM TpyAHee. PasorHarh wacTu-

B nacrosmee BpeMs MPHHATO CHUTATh, HTO MACCa TEAd HEM3MEHHA, d PacTeT TOALKO
€r0 MMITYABC, YTO, BITPOYEM, HE BAMSET HA BBIBOABI aBTopa. — ITpum. ped.



KPATKAA MCTOPUA TEOPHUH

11y AO CKOPOCTHM CB€TAa HEBO3MOXKHO, TOCKOABKY AAf 3TOTO TpelyeTcs
HeCKOHEYHO MHOTO IJHEPTHHA. Maccan JHEPTHA IKBUBAACHTHDI, 4TO H T10-
Ka3aHO B 3HAMEHWTOM ypaBHeHun DitHtenHa E = mc? (puc. 1.7). Bepo-
ATHO, 3TO €AMHCTBEHHOE ypaBHeHMe B (PU3MKe, KOTOpOE BCE Y3HAIOT
G HGPBOFO B3TrASAAQ. c.\e.&CTBI*IEM ITOTO )"p‘aBHEHI'lﬂ ABAAETCA U TO, YTO
€CAM SIAPO ypaHa pacraAdeTcst Ha ABa fApa, o0las Macca KOTOPhIX He-

MHOTO MeEHbIIle, BHICBOOOKAAETCS
(em. puc. 1.8).

B 1939 roay, B npeaasepun Bropon MUpPOBOM BOMHBI, HECKOABKO yde-
HBIX, IOHMMABIINX, K YeMY 3TO MOXKET IPUBECTH, YOeAUAN DHMHIITENHA
OTKa3aTbCsl OT NMAIM(UCTCKUX YOeIKACHU W M3AMIIHEN MIETIe TMABHOCTH
1 TOCTABUTDH CBOIO TIOAIMCH MOA OOpallieHUeM K TPe3MAeHTY Py3BeAbTy,
B KOTOPOM TOBOPHAOCH, 4TO CLLIA AOAXKHBI 3a1TyCTUTE TIPOTPAMMY SAEP-
HbIX MCCACAOBAHUIN. ABTOPUTET DUHINTEMHA IIPUAAA 3TOMY 0OpalleHUIO
0co0bIf Bec.

B pesyabrare ObiA 3arymied MaHX3TTEHCKMI ITPOEKT, a TAKXKE CO3Aa-
Hbl OOMOBI, KoTOpBle cOpocnan Ha Xupocumy U Haracakm B 1945 roay.

OTPOMHOE KOAMYECTBO 3IHEPrUH

OTHOCHUTEABHOCTH |

[MPOPOMECKOE MUCHMO SWHLLITEVHA
nPEaUOEHTY Pyagensty. 1939 rog

Enaropmaps Tpynam Kommo Bo ||
®paHuMM, a Takxe depmu

u Cunapna B Amepiuke

B NoclenHMe 4YeTHpe Mecsaua
CTano ACHO, YTO MOXHO
3anyCcTHTeE UENHYD AOEPHYD
peaxump B Oonbmol Macce
ypaHa, B peaynbTare 4ero
SyneT npoM3BeNeHO OYeHb
MHOT'O 3HepruM ¥ GCoabmoe
KONMYECTBO HOBHX
SIEMEHTORE, NOOOGHEX
panup. Ceidac nodTH
HECOMHEHHO, HTO 3TO
YAACTCA OCYMEeCTBUTE

B Ommxarmen Oynymem. 3IToT
HOBEN! (QEHOMEH NpPUEENEeT
Takxe K cosnaHuo OomB,

M MOXHO NPeNnonoXMTE,
XOTA C KyOa MeHBIEHR
YBEPEHHOCTEK, HTO TaKMM
oOpasoM GOymyT COSHaHH
KpaiHe MolHse OoMGH
HOBOT'O THNA.

21



O BCEAEHHOMW B

ABYX CAOBAX

VYpaH (U-235)

(n)

-

:f;.’

Puc. 1.8
3HEPIMsa CBA3W A0PA

finpa atoMoOB COCTOAT M3 NPOTO-
HOB W HEWTPOHOB, KOTOPbIE
yoepxusaetr BMeCTe CuneHOE
B3aMMOOenCTBKHE. OﬂHaKO Mac-
ca fOpa BCErda MeHblue, Yem
CyMmMa Macc COCTaBnakLLmMx ero
NPOTOHOB W HEATPOHOB MO OT-
gensHocTy.  Pasmuua  mexay
Maccamu CryuT Mepoil SHep-
MK CBA3W AQpa, CKPennaiLen
AApo. 3Ty 3HEPIMI0 MOXHO pac-
cHMTaTh MO hopmyne DRHLLTENR-
Ha: aHeprvsA cesau agpa = Amc?,
rae Am — pasHoCTL MEeXMy Mac-
COW fAfpa KU CyMMOW Macc co-
CTaBNAIoLWAX ero YacTuu.

flfepHbie B3pbIBHBIE YCTPOIA-
cTBa 06nafaloT Takon paspyLun-
TensHOM CWMNOA WMEHHO W3-3a
BbICBOGOKAEHUA 3TOR NOTEHLM-
ansHoM aHeprun.

CoynapeHue c HernTpoHom [n]

VpaH (U-236)

Famma-ny4

CocrasHoe agpo (U-235)
OCUMNNUPYET U HecTabunbHo'

CoctaBsHoe agpo
(Ba-144) ocumnnupyer
W HecTabunbHO

MHoraa B 3TOM 0OBUHSIOT DWHINTENHA, TOCKOABKY NIMEHHO OH 0OHAPYKHA
CBA3b MEKAY Maccon u 3Ht‘pﬂi€l‘1, HO 3TO BCE PABHO 4TO ob6BuHATH Hbl0TO-
Hd B TOM, UTO CaMOAETHI TIAAAIOT, TIOCKOABKY 3TO OH OTKPBIA TPABUTALIMIO.
IVHINTENH AMYHO HE y4aCcTBOBAA B MaHX3TTEHCKOM ITPOEKTE M IMPUILEA
B y’KaC, KOTAa y3HaA 00 aToMHOM OoMOapAMpOBKe.

[Tocae pesoatonmonHbIX cTatenn 1905 roaa y SiHmITENHA CAOKUAACH
NpOYHas penyTalus B HaAy4HbIX Kpyrax. OAHaKO AOAKHOCTH B Lliopux-
CKOM YHUBEPCUTETE eMy IPEAAOKMAM Aunlib B 1909 roay, n ToapKO TOTAQ
on cmor yitn u3 [lIseiinapckoro natentHoro 6iopo. Yepes ABa roaa oH
nepeuteA B Hemenxuin ynusepcurtet B [lpare, Ho B 1912 roay sepHyacs
B Lllopux — Ha cent pa3 B [ToanTexnukym. HecMoTpst Ha aHTHCEMUTH3M,
pacrpocTpaHenHblil Toraa B EBporne, Aake B yHMBepCUTeTax, DWHIITENH
CTaA Terepb HapacxXBaT B akaAeMuueckoil cpeae. Ero 3saam m B Beny,
¥ B ¥TPEXT, OAHAKO OH PelIMA 3aHATh AOAKHOCTE UCCAeAoBaTeAs B [1pyc-
CKOM aKaAeMMM HayK, MOCKOABKY 3TO OCBOOOXKAJAO €ro OT IIPeroAaBa-
TeAbCKMX oOa3aHHOCcTen. B anpeae 1914 roaa on nepeexaa B bepaun, rae

' [paBuabnee narmeats «Cocrasroe sapo (U-235) + n». — [pum. ped.
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CocrasHoe agpo (Kr-89) YpaeHerue uHwmelina,
CORNY T “easvléarowee aHepzuio (E)
W HecTabunikHO ¢ < ) Wee shepei 4
Maccy (m) u ckopocmb cée-
Pacriag Aeet 8 cpenHem ma (0), maxoeo, 4mo daxce
2,4 HETPOHA 1 3HEPIUI0 HeOOMLWOT Macce coom-
E215 M8 semcmeyem 0zpoMHas
aHepeus: E=smc?.

CeAsaHHbIA HEWTPOH

MpoToH

CeobofHeIn HERTPOH

00

[(n) HeRTPOHLI MOryT
3anNYCTUTEL LiENHYH
peakuuo

Famma-nyy

\ -.:\.-‘

AN

LIENMHAR PEAKLINA ‘. ‘
\\

HewTtpoH, pogueluwiica npu pacnage agpa U-235, cran-

KMBAETCA C APYrvM sapom. B peaynstare 310 aOpo Toxe '\ P e ™Y
pacnagaeTca W 3anycKaeTcA LenHan peakuws nansHen- ° 5 ;]
LLIMX CTONKHOBEHWIA. vl
Ecnw peakuws nognepxweaer cama ceba, oHa Hadbl-
BAETCA «KPWUTU4ECKOM», a Macca U-235 — «KpuTude- ‘ °
CKOW Maccoi» b
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Puc. 1.9

Hafnoparens 8 3aKphIToi KabuHe
HE NOHWUMAET, MO OH HAXOAUTCA —
TO N B HEMDABWXHOM NdoTe Ha
3emne (a), 70 W B yCKOpRIOLLENCH
pakete B kocmoce (b). Ecrm
ABWratens pakeTsl BLIKMIOYeH (C),
y Habnioparena ByayT Takue xe
OLLYLLIEHWS, KaK 1 B ndhTe,
KoTOpLIW ceBoBodHO napaer

Ha AHO waxTsl (d).

24

K HEMY BCKOPE MPUCOCANHUAMCDH JKEHA U ABOE CbIHOBEN. OAHAKO OTHO-
LIEHMs CYTIPYTOB YK€ AABHO HE AJAMAWCH, U BCKOPE CeMbsl JMHIITEHA
BepHyAach B LI0pnx. DUHIITENH MHOTAA UX HABEIlaA, HO B KOHLIE KOH-
LIOB pa3BeAcs ¢ KeHOon. BrocaeacTsum SUHINTENH JKEHUACH HA CBOEIl
ABOIOPOAHOM CecTpe DAb3e, KoTopas kuaa B bepanne. He uckawoueno,
4TO TOABI [lepBOit MUPOBOI BOMHBI CTAAW AASL HETO TAKUMMU TTAOAOTBOP-
HbIMHM C HAYYHON TOYKHU 3PEHUSA, B YACTHOCTH, TIOTOMY, YTO OH BEA TOTAA
XOAOCTALKYIO XKM3Hb ¥ He OblA 0O0peMeHeH AOMAITHUME XAOTIOTAMM.
XOTsl TeOpHsl OTHOCUTEABHOCTH XOPOIIO COBMEMIAETCH C 3aKOHAMMU,
YTIPABASIHOIIMMU IAEKTPUYECTBOM M MArHETM3MOM, OHA TIPOTUBOPEYUT



KPATKAA UCTOPUA TEOPUMU OTHOCHUTEABHOCTH

Puc. 1.10

3aKOHY BCeMUPHOTO TsiroteHust Hoiotona. CoraacHO 3ToMy 3aKOHY, €CAM
M3MEHUTD PACIPEACACHHE BEIIECTBA B KAKOM-TO 00AACTH TTPOCTPAHCTRA,
M3MEHEHUs IPABUTALIMOHHOTO MOAS OUIYIIAIOTCA MTHOBEHHO TTOBCIOAY BO
BceaeHHOM. A 3TO He TOABKO O3HAYaeT, YTO MOXKHO PACTIPOCTPAHSATH CHUT-
HaAbl ObICTpee cBeTa (YTO 3ampeliaeT TeOPHsi OTHOCHTEABHOCTH), HO
1 Tpebyet, 4TOOBI CYLIECTBOBAAO aOCOAIOTHOE, YHUBEPCAAbHOE BpeMms
(MHaYe HEMOHATHO, YTO TAKOE «MIHOBEHHO»), OT KOTOPOTO TeopHs OT-
HOCHTEABHOCTY OTKA3bIBAETCs B MIOAb3Y AOKAABHOTO BPEMEHHU.

006 3TOM OCAOKHEHWN SUHIITENH AOrasaAcsa B 1907 roay, Koraa eie
paboTaa B naTeHTHOM 610pO B bepHe, 0OAHAKO BCEPbe3 3aAyMAACS HAA 3TOM

Puc. 1.11

Ecnu 661 3emna Bbina nnockon (pwc.
1.10), MoxHO Owino Obl CKasats, 4TO
AGNOKO ynano Ha ronosy HelOTOHY MNK
1A3-3a rPaBUTALMK, UMK NMOTOMY, 4TO 3eM-
ns U HewToH yckopanuces eeepx. [OnA
cheprHecKoit 3eMnK 3Ta 3KBUBANEHT-
HOCTL HapyLuaeTcs (puc. 1.11), nockone-
Ky MIOOW Ha NPOTWBONOMNOXHBIX CTOPOHAX
3EMHOTO Wapa ypananuck Okl apyr oT
npyra. SHHLWITERH Nnpeogonen aTy Tpya-
HOCTb, NPennonoXuB, YTO NPOCTPAHCTBO
1 BpEMSA MCKPWBEHB.
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O BCEAEHHOW B ABYX CAOBAX

Puc. 1.12
KPUBLIE
NPOCTPAHCTBA-BPEMEHW

VCKopeHWe W rpaeqTaumMs MoryT BbiTh
3KBMBANEHTHbI, TONLKO ECNA MACCHE-
HOE TEeno WCKPWMBNSET NpPOCTPaH-
CTBO-BPEMS, @ CNefoBaTtensHo, U Tpa-
BKTOPUM  [ABWXEHWA Tern B CBOEen
OKPECTHOCTH,

26

3aaaven Aumib B 1911 roay, koraa yxe nepeexaa B [1pary. On nossia, uto
MEXAY YCKOPEHMEM U I'PABUTALIMOHHBIM IOAEM eCTh OAM3KOE POACTBO.
Habaroaareas B 3akpbITOi KabuHe, Harpumep B Audyre, He 3HAET, TOKOWT-
csl AW KaOKHa B IPaBUTALIMOHHOM TIOA€ 3€MAM MAM YCKOPSIETCS! PAKeTOl
B KocMoce. (9710, pasymeeTcst, GbIAO AO 3MOXH «3BE3AHOTO Ty TH», TI03TO-
My DUHIITEAH MPEACTAaBAAA cebe He KOCMUuecKue KopaOAmn, a AndTbl.)
OAHAKO PasroHATbCA MAM CBOOOAHO TAAATh B AMGTE MOXKHO AMIIL HEAOA-
ro, MHaue rpousoiaet Karactpoda (puc. 1.9).

Ecamn 6v1 3emMAst OblAa TIAOCKON, MOXKHO OBIAO OB C OAMHAKOBBIM
YCIIeXOM 3as1BUTh, 4TO I0AOKO yTaA0 Ha roAoBy HbioToHa u3-3a rpasu-
TALMN MAK TIOTOMY, 4TO HBIOTOH BMECTe € TIOBEPXHOCTBIO 38MAM YCKO-
psaacs Beepx (puc. 1.10). OAHako Ha Kpyraoi 3eMae yCKOpeHue 1 rpa-
BUTALIMSl HE 3SKBUBAACHTHBI: AIOAM HA TPOTUBOMOAOKHBIX CTOPOHAX
3€MHOrO 1Iapa AOAXKHBI ObIAM Obl YCKOPSTHCS B MPOTMBOIIOAOMKHBIX
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KPATKAAd UCTOPUSAd TEOPHUWN OTHOCHUTEABHOCTH

Prolessn Ewilarn

HaTPaBACHMAX, OCTABASACH MPU 3TOM HA MOCTOSHHOM PaCCTOAHUM APYT
ot apyra (puc. 1.11).

Oanaxo 1o posspamiennu B Lliopux B 1912 roay SitHiureitna oceHu-
AO: OH TIOHSIA, YTO YCKOPEHME M TPaBUTALMs Ha cepe OCTaHyTCA SKBU-
BAACHTHBIMHU, €CAM F€OMETPUs NMPOCTPAHCTBA-BpeMeHH OYAET HE IAO-

CKOI1, KAK AYyMaAu paHbllle, a UCKPUBACHHOHM. Albert Einstein™
[To mbicAM DfHINTENHA, MACcCa W HEPTHsl UCKPUMBAAIOT TPOCTPaH-
CTBO-BpeMs — @ KaK MMEHHO, ellle MPEACTOAAO onpeaeAnTh. Bee Teaa — Lo

1 1I0AOKM, 1 TIAHETbl — CTAPAIOTCsl ABUTAThCS B IIPOCTPAHCTBE-BPEMEHH
MO TIPAMO#, OAHAKO MX TPAEKTOPMM MCKPUBASIIOTCS TPAaBUTALIMOHHBIM
TIOAEM, TIOCKOABKY IPOCTPAHCTBO-BpeMst MCKpuBAeHO (puc. 1.12).
3apyuMBIINCE TIOMONIBIO CBOEro Apyra Mapceaa Ipoccmana, DiH-
IITENH M3YYUA TEOPUIO MCKPUBAEHHBIX MPOCTPAHCTB U TIOBEPXHOCTEH,
KOTOpYyl0 paszpabotaa eme B cepeanHe XIX Beka [eopr @puapux Pumas.
Oanako Puman AymaA TOABKO 00 MCKPUBAEHHOM NpocTpaHcTBe. Hysken
OblA DAHINTENH, YTOObI OHATH, YTO UCKPUBAEHO BCE MPOCTPAHCTBO-BPe-
ms. B 1913 roay Sitnmrenn u [poccMan BMECTe HAIrmMCaAn CTaThio, B KO-
TOPOW BBIABMHYAM TMIIOTE3y, YTO Mbl NPUHUMAEM 33 TPaBUTALIMOHHbBIE
CHMABI BCErO AMIIb NPOSIBACHWE KPUBM3HbI MPOCTPaHCTBa-Bpemern. Ho
OUHLITENH B OAHOM MECTe AOTYCTHA OIIMOKY (4€AOBEKY CBOWCTBEHHO
ounbaThest), MOITOMy UM ¢ [POCCMAHOM He YAAAOCh BBIBECTH YPABHEHUS,
KOTOPBIE CBSI3aAM Obl KPUBHU3HY MIPOCTPAHCTBA-BPEMEHH C MACCOM 1 IHEP-

27



B

AEHHOMW B

CE




KPAT

KAA

M C

o
TOPMA TEOPHUHN OTHOCHUMTEABHOCTH e

Pwuc. 1.13
WCKPUBIEHWE CBETOBOIO Ny4A

CeeT oT 3Be3fib!, NPoXoasLLmiA Mumo ConHua, oTKNOHAETCH, Nockonkky macca ConHua uckaxa-
eT npocTpaHcTeo-Bpema (a). MoatoMy C To4kW 3peHna Habniogatens Ha 3emne nonoxexwe
3Be3abl Ha HebOCKNOHe HeckonbKo MeHAeTCA (D). MNoaobHble ABNeHwWs HabNI[AaTCA BO BPpeMa
COMHEYHBIX 3aTMEHIWA',

rMer, 3aKAIOUEHHON B HeM. DWHIITENH TTPOAOAKHA padoTaTh HAA 3TOH
3aaavent B bepAnHe — BOMHA €ro MoYTH He 3aTPOHYAA, @ OT AOMAllIHUX
00s13aHHOCTeN OH OblA M30aBAeH — M B HOsiOpe 1915 roaa Bce ke BbiBeA
Hy>KHble popMyAbL. AeToM 1915 roaa on no6kIBaA B [€TTMHTEHCKOM yHI-
BEpCUTETE, TA€ OOCYAMA CBOM COOOP@KEHMSA C MaTeMaTMKOM AIBHMAOM
[nabGeproM, 1 0Kasaroch, 4To [MAGEPT HE3aBMCUMO BbIBEA T€ JKe ypaBHe-
HUSI HA HECKOABKO AHeM paHblie JixmreitHa. OAHAKO, KK MPU3HAA CaM
[MAGepT, 4eCTb OTKPBITHS HOBOM TEOPUN NMPUHAAAEKUT BCE-TAKM DiH-
mTeitHy. BeAb 3TO OH MPEAAOKMA CBA3aTh IPABMTALIMI) C MCKAKEHHUEM
rnpocrpaHcTBa-BpeMenn. K yect [epmannmn HAAO OTMETUTD, YTO B Te TO-
Abl 3TO OBIAA CTPAHA OYEHD LIMBUAM30BAHHASA, Pa3 AAKE B BOEHHOE BPEMS
FOCYAAPCTBO HE IPEIATCTBOBAAO MOAOOHBIM HAYYHbIM AMCITYTaM ¢ 00111e-
HMIO yueHbIX. Kakoil KOHTPACcT ¢ (ammcTCKON AMKTaTypOH, HACTYIIUB-
1€ ABAALIATH AET CITYCTA!

Hogast Teopust NCKPUBAEHHOTO [MPOCTPAHCTBA-BPEMEHH TIOAYYHMAA Ha-
3BaHUE «001Ias TeOPUst OTHOCUTEABHOCTH », YTOOBI OTAUYATH €€ OT TIep-
BOHAYaAbHON TEOPUU, TAE€ O FPABUTALIMM HUYETO HE TOBOPHAOCH, — MBI
HA3bIBAEM €€ «CrlellnaAbHas Teopust OTHOCUTEABHOCTH» . Obmas Teopus
OTHOCUTEABHOCTHM TIOAYMMAA APKOE MOATBEpXKAeHME yke B 1919 roay,
KOraa OpUTaHCKas IKcrieAnvs B 3anasHoi Apuke mpoHabAI0AaAa AeT-
KO€ MCKPUBAEHME CBETA 3BE3AbL, TPOXOAMBIIEro MuMo COAHIIA BO BpeMsl
sarvenus (puc. 1.13). 310 OBIAO TPAMOE AOKA3aTEABCTBO MCKPUBACHMS
MPOCTPAaHCTBA M BPEMEHW, KOTOPOE 3aCTABMAO HAC PAAMKAABHO Iepe-
CMOTPETb CBOE BOCNIpUATHE BceaeHHOM, YTO MOKHO CPaBHUTHL PasBe YTo
C [E€PEeBOPOTOM B CO3HAHMM, KOTOPOE IMpou3BeA EBKAMA, KOraa OKOAO
300 roaa Ao H.3. HanMcaa cBon «Havaaa reomerpum».

Cpoeft 00i1efl Teopueil OTHOCUTEABHOCTH SVHIITEH TIPeBpaTHA
[IPOCTPAHCTBO ¥ BPEMsl U3 TIACCUBHBIX AEKOPALINIL, B KOTOPBIX ITPOUCXO-
AAT pasAM4HbIE COOBITHA, B AKTUBHBIX YYACTHUKOB BCEACHCKON AMHAMM-

[MpenmyniecTBO HAOAIOACHN BO BPEMSt 3aTMEHIS COCTOMT B TOM, 4TO TOALKO B 3TO
BpEMs MOMKHO PErHCTPUPOBATh AY4M CBETA OT 3BE3A, MPOXOAANINE B HEMOCPEACTBEHHOMN
6amzoctn or COAHIA, TAe MCKAKEHME [TPOCTPAHCTBA-BPeMeHH HauboAee CHABHO. —
[Tpum. ped.

29



O BCEAEHHOWM B ABYX CAOBAX

Puc. 1.14

HabniofeHns ranakTvk nokaskiBaioT,
4YTo BeceneHHas pacluvpsieTcs: pac-
CTORHKWE MEXOY NPaKkTH4ecKi moBeiMK
[BYMA ranakTukamu pacTer,
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KM. JTO MOABEAO HAC K MAacCIITaOHON 3aAa4e, KOTOpasi 3aHMMaeT 1leH-
TpaabHOe MecTo U B usuke XXI Beka. BceaeHHasi I0AHA BellleCTsa, 1 Be-
IECTBO WCKPUBASIET IIPOCTPAHCTBO-BPeMsi TaKuUM 00pa3oM, 4TO Teaa

MPUTATUBAIOTCA APYT K APYTY. SUHIITENH OOHAPYXKUA, |TO Y €ro ypaBHe-
HUI HET PEIIeHNsT, KOTOPOE OMMCHIBAAO Obl CTATHYECKYIO BCEACHHYIO, HE
MEHSIOILIYIOCS CO BpeMeHeM. TeM He MeHee OH He OTKAa3aAcs OT MOA0D-
HOI BEYHOW M HEM3MEHHOM BCEACHHOM, KOTOPYIO MPeACTaBAsiA cebe OH
caM ¥ OOABIIMHCTBO €r0 COBPEMEHHMKOB, d TOAIPABUA YPaBHEHMSI —
AOD@BMA CAATaeMoOe TIOA Ha3BaHUEM «KOCMOAOTMYECKasl IMOCTOSHHAS,
KOTOPOE WCKPHUBASAO TIPOCTPAHCTBO-BPEMS B TIPOTMBOTIOAOXKHOM Ha-
MPABAEHMU, TaK YTOOBI T€Ad OTTAAKMBAAMCH. OTTAAKMBAIOIIEE BO3AET-
CTBME KOCMOAOTUYECKOM IOCTOSHHOM AOAXKHO OBIAO YPaBHOBEIIWMBAThH
MPUTSKEHUE BEIIECTBA — M TOTAA Y YPAaBHEHHH TIOSABASIAOCH pellleHue,
AOITyCKaBlIIee CYLIeCTBOBAHME CTATHHYECKON BCEAEHHOW. IJTO OblAd 0AHA
13 BEAMUANIINX YIIYIIEHHBIX BO3MOKHOCTEN B UICTOPUN TEOPETHUHECKOM
dusuku. Ecan 6p1 DMHINTENH TPUAEP)KUBAACS TIEPBOHAYAABHBIX YPaBHE-
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HUI, OH NpeAcKasaA Obl, uTo BceaeHHas ambo pacmmpsietcs, anbo co-
KpataeTcsi. Tak AW MHA4e, HUKTO HE BOCTIPUHMMAA BCEPbE3 TMIOTE3Y
0 BceaeHHO, KOTOpast MEHSIETCSL CO BPEMEHEM, HO YKe B ABaAllaThle TO-
AbI TIPOHIAOTO BEKA HA CTOAIOMIMOBOM TEAECKOTIE B L'![/)C(EPBSTOPHI-I «Ma-

yHT-BuACOH» OBIAM CA€AAHBI CEHCALIMOHHBIE HAOAIOACHMS.

It HAOAIOAEHVIS TIOKA3aAM, YTO 4eM AAAbIIIE OT HAC HAXOAATCS APY-
rMe TAAAKTUKK, TeM ObICTPEe OHM YAAASIOTCA OT Hac. Beeaennas paciim-
PAETCS, TIPMYEM PACCTOSAHNE MEXKAY AIOObIMUA ABYMS TaAaKTHKaAMM T10-
CTOSIHHO yBEAWYMBAETCA CO BpeMeHeM (puc. 1.14). 3To 0TKpbITHE CAEAA-
AO KOCMOAOTMYECKYIO TIOCTOAHHYI0 HEHYKHOW — OKa3aAoCh, 4YTO
y ypaBHeHUI DUHIITEHHA U He AOAKHO ObITb CTATUYECKOTO PelleHMs.
B AaapHeiIeM SUHINTEH Ha3BaA KOCMOAOTMYECKYIO [TOCTOSHHYIO BEAU-
qaiei ommuoOKon B cBoei xu3Hu. OAHAKO B HAIIM AHU TIPEACTABAACTCS,
4TO 3TO, BEPOATHO, OblAa BOBCE He OIMOKA: HeAaBHUe HaOAOAEHWS,
0 KOTOPBIX PACCKA3aHO B FAABE 3, MOKA3bIBAIOT, YTO HEOOABIIIAsA KOCMOAO-
rivecKast oCToAHHAsA, BO3MOXKHO, BCe JKe HYXKHa.

Cmodiotimoentii meneckon Xykepa

8 o6cepsamoputt «Maynm-Bunaconn.
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Puc. 1.15

Korpa MaccueHas 3ee3fia CKxUraeT Bce
CBOE AQEepHOe TOMNWBO, ee Temnepa-
Typa napgaeT v 3Be3fa CxuUMmaercs.
MpocTpaHcTBO-BpeMs  MCKPUBMNABTCH
TaK CMNBHO, 4YTO BO3HWKAET YepHas
Oblpa, OTKYAa He MOXET BbIPBATLCA
paxe ceeT. Bpema BHyTpWM 4YepHon
Ablpbl OCTAHABNUBAETCS.
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OO6mas Teopusi OTHOCUTEABHOCTH TMOAHOCTBIO M3MEHUAA XOA AMCKYC-
CHM O TMTPOMCXOKAEHMH 1 CyAbOe Beeaennon. CtaTuuHas BceAeHHas MOr-
Aa CyIIeCTBOBATh BCETAQ, 4 MOTAA ObITh CO3AAHA B HBIHEIITHEM BUAE B Ka-
KOM-TO MOMEHT B MpomAoM. Ho ecan raAakTmku pacxoasarcst ApyTr OT
ApPYTa, 3HAYUT, KOTAA-TO OHM HAXOAMAMCH OAVDKE APYT K ApyTy. [Tpumep-
HO 15 MMAAMApAOB AeT Ha3aA OHM OyKBAABHO TPOMOBAMAMCH APYT Ha
APY’KKe W TIAOTHOCTh Bceaennon OblAa oveHb BeAnMKa. Karoanmveckuit
cBsALleHHUK JKopsk AeMeTp, KOTOPBIN NMEPBbIM NCCACAOBAA ITO HAYAADL-
HOe cocToanue BceaeHHOI, Ha3BaA €ro «MepBOHAYaAbHBII aTOM», a Te-
niepb OHO Ha3bIBAETCS «BOADBIIION B3PbIBY.

ONHIITENH, MOXOXKe, HUKOTAA HE OTHOCMACA K Teopum Boabiioro
B3pbiBa Cepbe3Ho. OUeBMAHO, OH CUMTAA, YTO TIPOCTask MOACAb PABHO-
MEPHO PacIIMpsAOIIencs BceAeHHON PyXHET, €CAM TTPOCACAUTD ABHIKE-
HUE TAAAKTUK B OOPaTHOM MOPAAKE, M YTO TAAAKTUKU ABMTAAUCH €111e
M B CTOPOHBI C HEOOABILION CKOPOCTBIO, YTO TMO3BOASAO MM u30ekKarTh
croakHosenust. OH Aymaa, uto y BeceaeHHO#, BeposTHO, Oblaa ¢asa cxa-
THsA, @ PHIBOK K HBIHEIIHEMY PACIIMPEHMIO MIPOM3ONIEA TIPH yMEPEHHOI
NAOTHOCTH. OAHAKO Celvac Mbl 3HAEM, YTO AAS TOTO, YTOOBI SIAEPHBIC
peakumu B paHHen BeeAeHHOM BIPadOTAAM TO KOAMYECTBO AETKUX JAe-
MEHTOB, KOTOPO€ Mbl HAOAIOAZEM B OKpPYJKAIONIEM MHPE, MAOTHOCThH
AOMKHA OBIAA COCTABASITH KAK MUHMMYM AECATh TOHH HAa KyOMUeCKMIl
AIOIM', a TeMIiepaTypa — AECATh MUAAMAPAOB rpaAycoB. boaee Toro, uc-
caeAOBaHMS (POHOBOTO KOCMUYECKOTO MUKPOBOAHOBOTO M3AYHEHMS! T10-
Ka3bIBAIOT, YTO KOTAA-TO MAOTHOCTb, BEPOSITHO, COCTABASIAA TPUAANOH
TPMAAMOHOB TPMAAMOHOB TPMAAMOHOB TPMAAMOHOB TPHMAAMOHOB
(1 1 72 nyas) ToHH Ha KyOudeckuit AloiM. Kpome TOro, Terepn Mbl 3Ha-
eM, 4To o0mas Teopust OTHOCHTEABHOCTM DWHIITENHA He AOTYyCKaerT,
uToObI BeeAeHHast PHIBKOM Tiepeinaa ot (hasbl CKaThs K HbIHEIIHel ¢ase
pacuimpenns. Kak pacckazano B raase 2, mbl ¢ Poakepom [Tenpoysom
CYMEAM TI0Ka3aTh, 9TO 00mIas TeOPUs OTHOCHTEABHOCTH TTPEACKA3bIBACT
3apoxaenne BeceaenHon B xoae boAbioro s3pbisa. Tak uto Teopust DiH-
IITeNHa U B CaMOM AEA€ TPEATOAAraeT, YTO Y BPeMeHU OBIAO HAYaAO,
XOTsl CaMOMy DTHIITENHY 3TO HE HPaBUAOCD.

Eme mMenbie emy XoTeAoch Npu3HaBaTh, YTO 0011ast TEOPUsI OTHOCH-
TEABHOCTH TIPEACKA3bIBA€T W TMOEAb MACCHBHBIX 3BE3A — KOTAA OHU
K KOHILY JKU3HK YK€ He MOTYT BbIpabaThiBaTh AOCTATOYHO TETAQ, HTOObI
YPaBHOBECUTb CHAY COOCTBEHHOW TPaBMTAalIMK, KOTOpas CTapaeTcs Mx
CKaTb. DMHIITENH CYUTAA, YTO TAKHME 3BE3AbI BIIAAAIOT B KAKOE-TO CTa-

! Oroao 600 kr va kyGuuecknil cantiumerp. — IMpus. ped.
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6uAbHOe (PUHAABHOE COCTOSHME, HO CErOAHS Mbl 3HAeM, YTO Y 3BE3A
¢ maccom 6oaee AByx Macc COAHIIA HUKAKOTO (PMHAABHOTO COCTOSIHMSE He
ObiBaet. Takue 3Be3Abl IIPOAOAXKAIOT CKMUMATLCS 1 TTPEBPAIIAIOTCS B Yep-
HbIe AbIPbl — OOAACTH MPOCTPAHCTBA-BPEMEHH, MICKPUBAEHHbIE HACTOAb-
KO, 4TO OTTYAQ HE MOJKET BbIPBAThCs Aaxke cBeT (puc. 1.15).

Mpi ¢ [TeHpoy30M MoOKa3aau, 4To u3 06LIeR TEOPUH OTHOCUTEABHOCTH
CAEAYET, UTO BHYTPH Y€PHOM AbIPbI BPEMs OCTAHABAMBALTCA — M AASl Ca-
MO 3BE3AbL, M AASl 3A0CHACTHOTO aCTPOHABTA, KOTOPHBIH TyAd ynaa. OaHa-
KO ¥ HA4aA0, U KOHEll BpeMEHN — TOYKHM, B KOTOPHIX ypaBHeHUs 00111ei
TEOPUM OTHOCHTEABHOCTM He pabotaioT. Takum obpasom, Teopusi He
MPEACKA3bIBAET, YTO MMOAYYUTCA B pe3yAbTate boabiioro s3pesa. Komy-to
B 3TOM BUAWTCS ITpOsBA€HUE OOKECTBEHHON BOAM (Mmoa, Bor 3axoren —
1 co3AaA BeeaeHHY10), HO €CTb 1 TaKue, B TOM HMCAE 1 SI, KOMY KaXKeTcs,
4TO M 3apoKAeHME BCeAeHHON AOAKHO MOAYMHSTHCS TEM JKe 3aKOHaM,
KOTOpble ACHCTBYIOT B OCTaAbHOE BpeMsl. Mbl AOCTHTAM OTIPEACACHHOTO
Mporpecca B 3TOM HANpPaBACHUM, O YeM HANMCAHO B TAABe 3, HO BCE JKe
elle He MOHUMAaeM A0 KOHIIA, KaK MMEHHO 3apoAnAack Beeaennas.

Obmas Teopus OTHOCHMTEABHOCTH A2eT cO6oM B MOMEHT boabuioro
B3PBIBA TIOTOMY, YTO MIPOTUBOPEYNT KBAHTOBOM IMIIOTE3e — BTOPOM Be-
AVIKOW TOHATUIHON peBoAtoIMM HavaAa XX seka. [lepsblil wmar k cosaa-
HUIO KBaHTOBOM rurioresbl ObiA caeAad B 1900 roay B bepaune, koraa
Makc Ilaank OOHapy>XuA, YTO M3AyveHHe OT AOKpPACHa PacKaA€HHOTO
TeAA MOXKHO OOBSCHUTb TOABKO B TOM CAy4Yae, €CAM CBET M3AydaeTCH
W MOTAOIIAETCS AMUIb OTAEABHBIMHI [MOPHIUAMM, TIOAYHUBIINMM Ha3BaHMe
KBAHTOB. DVHIUTENH B OAHOM M3 CBOMX (PyHAAMEHTAABHBIX CTATell, Ha-
mucanHbx B 1905 roay Bo Bpemsi paGoTsl B IaTeHTHOM 6I0pO, TIOKa3aa,
4TO KBaHTOBad rurnotesa [1aaHka, BepoATHO, OOBSCHSET TaK Ha3biBae-
M1t (hOTO3(h(PERT: HEKOTOPBIE METAAABL TIOA BO3ACHICTBUEM CBETA UCITY-
CKaloT 3AeKTpPOHBL. Ha ¢oToacbderre ocHOBaHbI COBpeMeHHbIE CBETO-
MPUEMHUKNA W TEAEKaMepbl, U UMEHHO 33 3TOT TPyA DilH-
mTeiH noayunA HobGeaeBcKyio npemMuio 1o pusmke.

OUHINTENH TPOAOAXKAA pa3pabareiBaTh TUIIOTE3Y
O KBAHTAX W B ABAALIAThIE TOABI, OAHAKO €r0 OYeHb Tpe-
BOXMAM pabothl Beprepa [eitsentepra B Konenrarene,
[Toas Aupaka B KemGpuaxe u Ipsuna lllpeaunrepa
B Lliopuxe, B pe3yAbTate KOTOPHIX CKAAABIBAAACH HOBAs
KapTHHA PEaAbHOCTH — KBAHTOBAsA MEXaHWKA. DAEMEH-
TAPHbIE YACTHULIBl AWIIMAMCH OIPEAEAEHHOIO MeCT?
1 CKOpOCTH. Yem ToYHee yAaBaAOCH ONPEAEAUTD [OAO: o
JKEHME HYacTUlbl, TeM Xy’Ke OINPEAEAsAach ee CKO-
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pOCTb — 1 HA0GOPOT. DTa CAYHANHOCTb, HETIPEACKA3YeMOCTh (hyHAAMEH-
TAaAbHbIX 33aKOHOB TIPUPOABI TTyraAa DWHINTEHA, ¥ OH TaK HUKOTAA M He
NPUMUPUACH C KBAHTOBOM MEXAHMKOM OKOHYaTeAbHO. CBOM YyBCTBA OH
BbIPa3UA B 3HameHMTOM acopusme «bor He urpaer B Koctu». OAHAKO
GOABIIMHCTBO YYEHBIX BCE K€ TIPU3HAAO CIIPABEAAMBOCTD HOBBIX KBAHTO-
BBIX 3aKOHOB, TIOCKOABKY C MX TIOMOIIBIO YAABAAOCh OOBACHWUTH LIEABIT
PAA 3araAOYHBIX ABACHUM, K TOMY YK€ OHM IPEKPACHO MOATBEPIKAAAMCE
HAOAIOACHUAMM. 3aKOHBI KBAHTOBOM MEXaHWKM A€XKaT B OCHOBE COBpe-
MEHHBIX ITPEACTABAEHMI B XUMUN, MOAEKYASPHON OGMOAOTHM 1 IAEKTPO-
HUKE M AAAM CTaPT TEXHUYECKOMY ITPOTPeCCy, KOTOPBIA TIPeoOpasua Mup
B CAEAYIOIIME TTOABEKA.

B aexabpe 1932 roaa, noHumMasi, 4TO HALMCTHI BO rAase ¢ [uTaepom
BOT-BOT TPHMAYT K BAACTH, DUHINTENH MOKMHYA [epManmio, a yepes YeThl-
pe Mecslla OTKa3aACsl U OT HEMELIKOTO IPAXKAAHCTBA U IMOCAEAHUE ABAA-
LIaTh AT CBOEN JKU3HU MPoBeA B MHCTUTYTe NepCrieKTUBHBIX UCCACAOBA-
Huit B [TpuHcrone, mtat Heio-Akepen. Tem Bpemenem B Tepmanun ca-
IIUCTHL  Pa3BePHYAM  KAMIAHUIO [POTUB  «EBPEHCKON  HayKu»
1 PEnpeccMpoBaAr MHOTHX YYEHBIX-€BPEEB; 0TIACTH No3ToMy [epmanns
TaK 1 He CMOTAA CO3AaTh aTOMHY10 60MOy. OAHOI 13 TA@BHBIX IeA€i 3TOT
KaMIaHuM ObIA DVHINTENH 1 ero TeopHs OTHOCHTeAbHOCTH. Koraa DitH-
IITENHY COOOIIMAM, YTO B CBET BbIIIIAA KHUTA TOA HasBaHueM «CTo aBTo-
POB TPOTUB DIHINTENHA», OH 3aMETUA: «A 3ayeM Tak MHOro? Ecan 0wl
s1 OBIA He TIpaB, XBATUAO Obl U 0AHOrO». [Tocae Bropoit MUpOBOI BOITHEL
DUHIITENH yOeKAAA YACHOB AaHTUITUTAEPOBCKOM KOAAMIIMM CO3AATh BCe-
MUPHOE TIPABUTEABCTBO AASL KOHTPOASL HAA SIACPHBIM BOOPY>KEHUEM.
B 1948 roAy SUHIITENHY TTPEAAOKUAM TIOCT MPE3UACHTA TOABKO 9TO 00-
pasoBanHOTO [ocyaapctsa M3apaunab, HO OH oTKasaAcs. Kak-to pa3 oH 3a-
MetHA: «IToAanTrKa cnioMmuHyTHA, a GOpMyABl BedHbl». DopMyAbl 00LLIei
TEOPUM OTHOCUTEABHOCTHM — Aydiast anuTadus INHIITEHY 1 Aydiuas
namaTh 0 HeM. OHM NPOXKUBYT CTOABKO e, CKOABKO caMa Bceaennas.

HMcropus ele He 3HaAA MEPUOAA, KOTAA 3a CTO AT MUP U3MEHHACS Obl
HACTOABKO CHABHO. M A€AO HE B HOBBLIX MOAMTIKOHOMMYECKUX YUEHISIX,
a B CTPEMMTEABHOM HAyYHO-TEXHMUYECKOM IIPOrpecce, KOTOPbIT CTaA
BO3MOJKHBIM OAAroAapst AOCTIDKEHMSIM B (DYyHAAMEHTAAbHOM (PU3HKE.
A camblil TOAXOASIIIIMT CUMBOA 3TOTO nporpecca — AAbOepT DUHIITEeH.
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(DOPMA BPEMEHU

Obuwyas meopus omuocumensHocmu JiHwmelina npudaem spemenu Gopmy.
Kax npusecmu amo 6 cooméemcmeue ¢ KeaHmoeol meopueii?
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Metnu BpeMEHW D4eHb CNOXHbI
“nw NpocTo HEBO3MOXHbI?

gz

h,

OcHoeHas xen €3H0O0p0OXHanA BeTKAE,

-
BeyLLan 13 npolunoro B ByayLiee - Q7o

7 ’Iu 1')3‘“
X®

MaoxeT n Bpems.nonTu
= no JONONHWUTENLHOW BETKE,
e /"’f = KOTOpan CBopaquBaer Hasagn?

Puc. 2.1, MOLENb BPEMEHW KAK >KENE3HOW OOPOMMA

Ho kak ycTpoeHa 31a kenearan fopora? Kak opraHv3osaHo ae-
HEeHWe — CTPOro B OfHY CTOPOHY, TO 8CTh B BYAYLLEe, U1 MOXHO
CBEPHYTh Ha JOMOMHUTENLHYIO BETKY, NPOEXaTk HA3ALM W BEPHYTLCA
Ha OCHOBHYIO BETKY Ha Yoke NPOMAEHHOM CTaHLIAN?
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POPMA BPEMEHMH

TO TAKOE BPEMA? HenpepbIBHBIN TMOTOK, YHOCANMI B TPOLIAOE
BCE MEYTHl, KaK MOoeTcs B cTapoil necHe? Mam urto-to Bpoae
JKEAE3HOU AOPOTH? A BAPYT Y HETrO €CTh I1€TAU U OTBETBACHMS —
TOTA2 MOXKHO ABUTATBCS BIIEPEA, HO TIPU 3TOM CHOBA IOIACTh HA yXe
TIPOMAEHHYIO CTaHIIMIO HA TOM Xe BeTKe (puc. 2.1)?

Anrauiickuil o3t Yapas3 Asm, xkusmmn B XIX Bexke, mucaa: «Aas
MeHs HeT HU4ero 0OoAee 3araA0vHOro, 4eM MPOCTPaHCTBO U Bpemsi. OA-
HAKO TPOCTPAHCTBO M BpeMsi 3a00TAT MeHsl MEHbIlle BCETO, BEAb 5l O HMX
HUKOTAA He AyMaio». Mbl Bce Bpemst (4TO Gbl 3TO HY 3HAYMAO) 3a0bIBaeM
O TIPOCTPAHCTBE M BPEMEHM, HO MHOTAA BCE JK€ 3aAaeMCsl BOIIPOCOM, YTO
TAaKOe BpPeMs, C Yero OHO Ha4aAOCh M KyAa OHO HAC BEAET.

MHe KaKeTcst, 4TO B OCHOBE AIOOOM JKM3HECTIOCOOHOM HAyYHON Teo-
pun, He 0643aTEABHO TEOPUM BPEMEHM, AOAXKHDI A€KaTh MPUHLIMITbI Ca-
MO HAAEXKHON ¥ KOHCTPYKTUBHOM (purocodun HayKu — MO3UTHBUCT-
ckoro noaxoaa Kapaa Iommepa u Apyrux ¢puaococos. CoraacHo ux Mu-
POBO33pPEHUIO, HAy4YHAs TeOpus — 3TO MaTEMaTUYeCKas MOAEAb,
OTMCHIBAIOMIAs 1 KOAM(UIMPYIOIas HAOAIOAEHWS!, KOTOPBIE Mbl ACAAEM.
Xopoas Teopus ONMCHIBAET MMPOKUI AMATIA30H ABAEHUI [IPU TTOMOLIN
HECKOAbKHUX MPOCTHIX TIOCTYAATOB U A€A2eT KOHKPETHbIE MPEACKA3aHus,
KOTOPble MOXKHO MPOBEPUTL. ECAM NpeAcKasaHus COTAACyIOTCs C HabAIO-
AGHUSIMM, TeOpUsi IPOXOAUT MPOBEPKY, OAHAKO AOKa3aTh, YTO OHa Ipa-
BUABHA, HeBO3MOXKHO. C APYTO# CTOPOHBIL, €CAM HAOAIOACHMS HE COTAACY-
IOTCS C TIPEACKA3aHUSMM, HY)KHO AMOO OTKa3aThCsl OT TeOpHUM, AMOO BU-
aousmeHnts ee. (Ilo kpaiiHel Mepe, Tak AOAKHO ObiTb. Ha mpaktuke
TEOPETUKM 4acTO COMHEBAIOTCS B TOYHOCTH HaOAIOAeHMIl U, GoAee TOTO,
B HAACKHOCTH ¥ MOPAABHO-3THHYECKIX KayecTsax HabAloaateaent.) Ecan,
MOAOGHO MHE, IPUAEPKMBATbCH TIO3UTHBUCTCKOTO TIOAXOAA, HEBO3MOXK-
HO CKa3aTh, KOTOPHIN ceiyac yac. MoXKHO AMIIb NMPUBECTH KaKyIO-HU-
OyAb MaTeMaTUYeCKyl0 MOAEAb BPEMEHM, KOTOPYIO Yy4eHble CYMTAiOT
OYeHb XOPOILIeil, ¥ CKa3aTh, KAKME TIPOTHO3bI OHA AJeT.

[lepByio MaTeMaTU4ECKYI0 MOAEAb MIPOCTPAHCTBA ¥ BPEMEHN BbIABU-
HyA Mcaak Heioton B coem Ttpyae Philosophiae Naturalis Principia
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Hcaax Heiomon onybaukosan céow
MamemMamuueckyio moders
NpoCMpaHcmsa u epemenu 6onee
300 aem nasad.
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Puc. 2.2. MNo HeoToHy,
BREMS OTAENEHO

OT NPOCTPaHCTEa

1 npefcTaenset cobon
OOHY NPAMYIO TMHWIO —
CNOBHO XenesHas aopora,
6ecKOHEYHO TaHyLLaACH

8 ofie CTOpOHLI.

Mathematica («MaremaTnyeckne Havaaa HaTypaabHO# puaococbmm»),
yBuAeslleM cseT B 1687 roay. Heioton 3anmmaa B KemOpnake Kpecao
(to ectb KaceApy) AyKacoBcKoro rpocpeccopa MaTeMaTMKH — TO Camoe,
KOTOPOE Ceivac 3aHUMAIO 51, XOTs TOTAa, KOHEYHO, OHO He ObIAO 000pYy-
AOBAaHO BCEBO3MOXKHON 3AeKTpOoHMKON. CoraacHo Moaeam Hwbiotona,
BpPEMS1 1 [IPOCTPAHCTBO CAYKAT AWILIb (POHOM AASL TIPOMCXOASIIINX COObI-
THI1, KOTOpblE HUKAK MX HE 3aTparusaioT. Bpems He 3aBucut oT rpo-
CTPaHCTBA ¥ CYMTAETCA OAHOM AMHMEN — JKeAe3HOAOPOXKHOM BETKOM, —
GeckoHeYHO TsHyllencs B 00e ctoponsl (puc. 2.2). CaMo Bpemsi Bed-
HO — B TOM CMBICA€, YTO OHO BCeTAa ObIAO U BCeraa OyAeT. BOABIIMHCTEO
coBpeMeHHNKOB HbIOTOHA CUMTaAM, HANPOTHB, 4TO pusnieckas Beeaen-
Has OblAa co3aaHa 6oAee AWM MeHee B HbIHEIIHEM COCTOSIHMM BCETO He-
CKOABKO ThICAY AT Ha3aA. ITO HECOOTBETCTBME TPEBOKUAO MHOTHMX (PH-
A0cod0OB, B TOM YMCAE Y HEMELIKOTO MbicAMTeAss MiMManymaa Kanra. Ec-
an BceaenHast v BripaBay OblAa CO3AaHa, 3a4eM ObIAO KAATh OECKOHEHHO
AOATO, TIPEXKAE ueM ee co3aaBaTh? C APYroil CTOpPOHbI, ecan BeeaeHnas
CYIIECTBOBAAA BCETAA, TIOUEMY BCE, YTO AOAXKHO ObIAO CAYUMTBHCS, HE CAY-
YUAOCH AO CHX T10p — TIO¥eMY MCTOPHMM He HAacTaA KoHell? B wactHocTh,
royemMy BO BceaeHHO#M He HACTYIMAO TENAOBOE PaBHOBECHE — TO €CTh
BCE MPEAMETbI HE CTAAM OAHOW M TOW e TeMIlepaTypbi?
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Puc. 2.3. ®OPMA W HAMPABNEHWE BPEMEHW

SHHWTERHOBCKAA TEopWA OTHOCUTENb-
HOCTW, KOTOpad NOOTBEepMOaETCHA MHO-
MECTBOM SKCNEPWMEHTORB, NOKa3biBAeT,
4TO BPEMA 1 NPOCTPAHCTBO HepaspbIBHO
B3aUMOCBA3aHbl. Henba®  WCKPUBUTL

NPOCTPAHCTBO, HE 3aTPOHYE W Bpems.
3Ha4uT, y BpemeHn ectb thopma. Ogxa-
KO, CyZs N0 BCEMY, ABUraThCs BO BpeMe-
HIA BCE E MOXHO NWLLIL B OHOM Harpas-
NEHUN — KaK NapoBO3VKW Ha PUCYHKE.
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Puc. 2.4. AHANOI A
C PE3VMHOBbLIM NTUCTOM

BonbLuoh Wwap B LeHTpe — 3T0 Kakoe-
HWBYOb MAaccuBHOE Teno, Hanpumep
aseapa. Ceoei Maccoil OHo WCKpUBNA-
€T Pe3uHoBLIA NUCT BOKPYT cebq. Tpa-
EKTOPWA MAaneHbKUX LUEapWKOB, Kats-
LUMXCSA NO NUCTY, M3-3a2 3TOTO WCKPW-
BNEHWA WCKaXaeTCA W 3amblkaeTch
BOKPYr BONblWOro Lwapa — Tak Bpa-
walTes no opbuTe nnadeTs! 8 rpasu-
TaUMOHHOM None 38e3fs!.
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Ity npobaemy KaHT Ha3BaA «aHTMHOMMEN YMCTOTO pasyma», I1o-
CKOABKY BUAEA 3A€Ch AOTMYECKOE MPOTMBOPEUMe, KOTOPOE HE YAABAAOChH
paspemmTh. OAHAKO TaKoe MMPOTUBOPEYME MMEET MECTO TOABKO B paM-
KaxX MaTeMaTu4ecKoin MOAeAM HbIOTOHA, COraacHO KOTOpPOM Bpems —
GeCKOHeYHAsl AMHMSA, HE 3aBUCAINAs OT ITPOMCXOAANIETO BO BeeAeHHOI,
MesKay TeM 13 TAaBbl 1 Mbl 3HaeM, 4TO B 1915 roAy DUHIITENH BBIABUHYA
NPUHIMNMAABHO HOBYIO MaTEMaTW4eCKYl0 MOAeAb — OOIIYI0 Teopuio
OTHOCHMTEABHOCTHM. 3a TOABI, MPOUIEAIIIME TOCAE IMyOAMKAlMKU CTaTbH
SWHIITENHA, Mbl YKPACUAN €70 TEOPHIO PA3AMMHBIMU OaHTUKAMU M 3d-
BUTYIIKAMH, HO BCE PaBHO Hallla MOAEAb IPOCTPAHCTBa-BPEMEHM OCHO-
BaHA HA TOM, YTO MPEAAOKHA DVHIITENH, B 3TOM 1 B AAAbHENIINX rAaBax
OIMCAHO, KaK Pa3BUBAAWCH HAIIW ITPEACTABACHMS TIOCAE BBIXOAA B CBET
PEBOAIOLIMOHHOM CTaThb¥ SUHIUTENHA. ITO UCTOPUS yCIieXa MHOXKeCTBA
YHEHBIX, U 5l TOPXKYCh TEM, YTO 3ACh €CTh M MOH CKPOMHbII BKAAA.

Ofmasa Teopusi OTHOCUTEABHOCTH TIPUOaBAAET K TPeM IPOCTPaH-
CTBEHHBIM U3MEPEHUAM OAHO BPEMEHHOE, 1 TIOAYYAeTCs TAK Ha3bIBAeMOe
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MpocTpaHcTBO-BpeMst (cM. puc. 2.3). Dta Teopus ormceBaeT U adert
rPaBUTAlMM: PACTIPEACACHHME BEIIECTBA M 3HEPruM BO BceaeHHom ncka-
KAeT ¥ CBOPAauMBaeT IPOCTPAHCTBO-BPeMsl, KOTOPOE B Pe3YABTATe OKa3bl-
BAeTCs He TAOCKMM. OOBEKThI B TAKOM ITPOCTPAHCTBE-BPEMEHM CTPEMSIT-
Csl ABUTATBCS 110 TPSIMOM, HO TIOCKOABKY ITPOCTPAHCTBO-BPEMS UCKPU-
BACHO, MX TPAEKTOPUM OKa3bIBAIOTCS M30THYTBIMUA U OHM ABVDKYTCSA TaK,
CAOBHO Ha HUX BAMAET IPABUTALIMOHHOE TIOAE.

[Tpubernem K rpy6oil aHaAOTUM — He BOCIIPUHMMAiTe ee OYKBAABHO.
[TpeacTaBbTe cebe Pe3MHOBBINA AUCT. Terepb IMOAOXKUM HA AUCT OOABILION
Ms14 — 370 y Hac 6yaeT Coante. [Toa BeCOM MsMa AMCT TIPOTHETCS U MC-
KpuBntcst BOKpYr Coanna. Ecam Teneprb MoKaTtuTh MO AUCTY MAAEHBKHE
IIAPVIKK, HATIDUMEDP U3 TOAIIMITHMAKA, OHM HE TOKATATCS TPAMO 4epe3
AWICT, 4 3aKPYKaTCsl BOKPYT TSKEAOTO MPEAMETA — KaK IMAdHEThI BOKPYT
Coanna (puc. 2.4).

STa aHAAOTUs He TIOAHA, TTOCKOABKY B HEM UCKPUBASIETCS AMIIb ABY-
MepHast 4acTh MPOCTPAHCTBA (MOBEPXHOCTb PE3NHOBOTO AUCTA), @ BpeMsi
OCTAeTCsl He3aTPOHYThIM — Kak B Teopun Heiotona. OAHAKO COrAacHO
of11el1 TeOpUM OTHOCUTEABHOCTHM, KOTOpas TOATBEPIKAAETCS MHOXKe-
CTBOM 3KCTIEPUMEHTOB, BPEMS M IPOCTPAHCTBO HEPA3PbIBHO CBS3aHbI.
HeBO3MOXXHO MCKPMBUTBL MPOCTPAHCTBO, HE 3aTPOHYB BPEMS. 3HAYMT,
y BpeMeHH ecThb hopMa. VICKpuBAsis IPOCTPAHCTBO M BpeMst, 0011as Teo-

pYsi OTHOCHTEABHOCTH MpPEBpalllaeT UX M3 NacCUBHOrO oHa, HA KOTO- Baaxcennniii Aszycmun, guso-
POM pa3sBOpPaYMBalOTCs COOBITUSA, B AKTUBHBIX, AMHAMUYHbBIX Y4aCTHUKOB cog, xcuswuii o V seke, komo-
[POHUCXOASALIETO. ITo TMOBOAY TEOPHH HeioToHa, rae BpeMsi CYLLECTBOBAAO petil noaazan, wmo do comeope-
HE3aBUCHMO OT BCErO OCTAABHOrO, Pe30HHO OBIAO OBl CIIPOCUTD, YeM 3a- HUA MUPA BPEMEHLL HE CYUe-
HuMaAcs bor Ao Toro, Kak co3aaa Beeaennyiwo. 1o caoBam baakenHoro cmeoeano. Cmpanuya us
ABryCcTHHA, 3TO HE TIOBOA AASL IIYTOK BpoAe «Co3aasan AA A TEX, KTO De Civitate Dei («O Ipade
CAMIIIKOM TAYOOKO KOTlaeT», DTO Cepbe3Hblil BOIPOC, MHOTHE CTOAETHA Boxcwemn), X1 8, Bubruomexa
CAYKUBIIMIH TTPEAMETOM AASL pasmbliiiaeHni. CoraacHo baakenHomy Ag- Aopenyo Meduuu, @aopenyus.

ryctuny, [ocroas, pexae yeM co3aaBath HebGo 1 3eMAlo, He AeAAA HU-
uero. B cymmHocTy, 310 04eHb OAM3KO K COBPEMEHHBIM ITPEACTABAEHMSIM.
C Apyroil CTOPOHBI, COrAACHO 0011le¥ TeOPUM OTHOCUTEABHOCTH, Bpe-
Msi ¥ TIPOCTPAHCTBO 3aBUCAT U APYT OT APYTa, U 0T BceAeHHOM, B KOTOPOM
OHU Ccyl1ecTBYIOT. OHU ONPEACASIIOTCS HA OCHOBE M3MEPEHNIN HEKOTOPBIX
napaMeTpoB BceAeHHON — HANpUMep, KOAMYECTBA KOAeOaHUIl B KpU-
CTaAAE KBapIIEBbIX YaCOB UAV AAWHBI AMHEWKH. AeTrKo MpeACTaBUTh cede,
YTO MPU TAKOM OMPEACAEHUN BPEMEHU B TIpeAeAax BceAeHHOI OHO AOAK-
HO UMeTh MUHWMAABHOE MAM MaKCUMaAbHOE 3HA4YeHHe, TO eCTbh HAYaA0
uAM KoHell. Cripammsath, 4T0 OBIAO AO Ha4yaAa MAW TIOCAe KOHIA, Oec-
CMBICAEHHO, HOCKDAbe 3TO AEKHWUT BHE Of)ABCTH OHPE'AEAEHHS{ BpeMEHH.
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OueBHAHO, UTO GBIAO BAXKHO TIOHSATD, [TPEACKA3bIBAET AM MaTeMaTuye-
CKast MOAEAb 001eN TeOPUN OTHOCUTEABHOCTHM HAYdaA0 MAM KOHell Bee-
AEHHOM M CaMOro BpeMeHu. B 1ieAoM PU3MKKU-TEOPETUKM, B TOM YMCAE
M caM DWHINTEINH, UCXOAUAN U3 YOeXKAEHMsl, YTO BpeMs TAHeTCs OGecKo-
HEYHO B 00e CTOPOHEL VHave HAYMHAAMCH HETIPUSATHBIE BOTIPOCHL O CO-
TBOpeHun BceaeHHON, 110 BCEM BUAMMOCTH BBIXOASATIINE 3a PAMKI HAYKU.
BBIAM M3BECTHBI pelleHust ypaBHEeHUI DHHILITeMHA, TPEANOAaraBIlIne,
YTO Y BPEMEHM €CTh Ha4aA0 MAN KOHELl, HO BCE 9TO CBOAMAOCH K Cyry0o
YACTHBIM CAYYasM, AASL KOTOPBIX TPeOOBAAOCH MHOTO cuMmMeTpun. Cum-
TAAOCh, YTO B HACTOSIILIEM MATEPUAABHOM TEA€, KOTOPOE KOAAATCUPYET
TIOA AETICTBMEM COOCTBEHHOMW IPABUTALIMN, AABAEHUE UAN OOKOBBIE CKO-
POCTH He TIO3BOASIIOT BCEMY BELIECTBY CXAOMHYTHCSA B OAHY TOUKY € Oec-
KOHEYHOM MAOTHOCTBIO. [T0A0OHBIM Ke 00pa3oM, eCAM TPOCACAUTh Pac-
mmpenne BeeaenHoN B 0OpaTHOM HalpPaBAEHUM 110 BPEMEHU, BEIIECTBO
BO BceaeHHOI He AOAKHO OBIAO BOZHMKHYTh U3 TOYKM C OECKOHEYHON
MAOTHOCTBIO. Takylo TOUKY CTAAM HA3BIBATH CUHIYASPHOCTBIO, H UIMEHHO
OHa MOrAa Obl OBITH HAYAAOM AW KOHIIOM BPEMEHM.

B 1963 roay ABoe cOBETCKMX ydeHbIx — Eprennit Aucpumi u VMcaax
XaAaTHMKOB — 3asBUAY, YTO UM YAAAOCh AOK@3aTh, YTO PelleHNs ypaB-
HeHMI DUHIITENHA C CUHFYASPHOCTBIO TPeOyl0T 0C000r0 COOTHOIIEHMS
BEITeCTBa M CKOpOCTei. BeposTHOCTD, UTO pellierme, onmckiBaiomiee Bee-
AEHHYIO, YAOBAETBOPSET UMEHHO TAKOMY COOTHOIIEHMIO, ObIAA TIPAKTH-
ueckn HyAeBoil. [loutn Bce pemenusl, KOTOpble MOTAW Obl OTIMCHIBATH
BeeAeHHYI0, T03BOASIAM M30€KATh CUHIYASPHOCTM GECKOHEYHOM MAOT-
HOCTH: AO 3Pbl paciunpenns BeeaeHHOM AonkHA Oblaa ObITh asa cxa-
TUSL, BO BpeMst KOTOPO# BEIECTBO CTYIIAAOCh, HO HE CKUMAAOCh GecKo-
HEYHO, @ 3aTeM CHOBA HAYMHAAO PA3AETATHCS, YTO M [TOAOKUAO Obl HAYa-
AO HblHe1Hen dase pacimpenns. A B TAKOM CAydae BPeMsl AAMAOCH Obl
BEYHO — U3 OECKOHEYHOTO IPOIIAOTO B OeCKOHeuHOe OyAyllee.

OaAHako AOBOABI Andiniia 1 XaAaTHMKOBA yOeAMAM He BCeX. Mbl
¢ Poakepom [enpoysom npuberan K ApyroMy rOAXOAY, OCHOBAHHOMY He
Ha TIOAPOOHOM MCCACAOBAHUMN PELIEHUI YPABHEHMI, 2 HA NCCAGAOBaHMHN
rAOGAABHOM CTPYKTYPBL IPOCTPaHCTBa-BpeMeHu. B pamkax obmen Teo-
PUM OTHOCHTEABHOCTU IPOCTPAHCTBO-BPEMA MCKPUBASIETCS HE TOABKO
TMOA BO3AEHCTBMEM MAacCHBHBIX TEA, HO U [10A BAUSIHUMEM COAEPIKaIlencs
B HEM 3HEPrun. JHEPrus BCETAA TTOAOKHUTEAbHA, TIOITOMY OHA IPUAAET
MPOCTPAHCTBY-BPEMEHM KPUBH3HY, M3-32 KOTOPOW TPAEKTOPUM CBETO-
BBIX Ayueil M3rM0aI0TCA HABCTPEYY APYT APYTY.

A Temepb paccMOTpUM OOpAlllEHHbIA B IMPOIIAOE CBETOBOW KOHYC
(puc. 2.5), 00pa3oBaHHbIN B [TPOCTPAHCTBE-BPEMEHN TPAEKTOPUAMHU CBe-

)

Habniogatens, cMOTPALLMA

B npowinoe

Kak BbIrnsagaT ranakTukm cenvac ———

Kak BbIrNAOENW ranakTukn
5 MUNNapnoe NeT Ha3apg

oHOBOE N3NYHEHNE ———

Hab6nopatens

TPaHCTBEHHDE

Puc. 2.5. CBETOBOW KOHYC
HALWErO NPOLWNOro

Koraa Mbl CMOTPMM Ha flanexkune ranax-
TWKW, TO Ha camom fpene suaum Bee-
NEHHYIO TAKOK, Kakon oHa Bbina paHb-
LLIe, NOCKONLKY CBET pacnpocTpaHaeT-
CA C KOHEYHOW CKOPOCThIO. ECnu Mbl
OTNOXWUM BPEMA MO BepTUKansHOW
OCH, a iBa V3 TPeX NPOCTPaHCTBEHHbIX
W3MEpEHWA — N0 FOPU3OHTANbHEIM
ocAM, TO 06nacTb NPOCTPaHCTEA-BPE-
MEHM, KOTOPYIO Mbl MOXEM Habnoaats,
Byner mets chopMy KoHyca.
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CMNEKTP KOCMWHECKOIO MUMKPOBOJMHOBOIO WM3MYYEHWA MO OAHHbIM CNYTHUKA COBE
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APKOCTbL (1107 BT M2 cp! cm)

Teopus u naémodenus coomeemcmeyiom dpyz dpyzy

ONUHA BOMHBI / mm

Puc. 2.6. NBMEPEHUE CMEKTPA
MWKPOBOMHOBOI0O ®OHOBOIO
W3NYHEHWA

CrekTp MWKDOBOMHOBOIO KOCMU4E-
CKOro (hOHOBOrO Manyy4eHus — pac-
npegeneHue WHTEHCMBHOCTU MO Ya-
CTOTE — xapakTepeH [N1A Harpetoro
Tena. Y1obbl uany4eHwe NpULLNO B Te-
NNOBOE PABHOBECWE, OHO [OMKHO
BblN0 MHOrOKPAaTHO paccesThCs Ha
BellecTBe. A CNefoBaTensHo, B Ha-
WeM CBETOBOM KOHYCE HaBepHaka
6bINO OOCTATOMHO BELUecTEa, 4To6bI
CBETOBLIE Ny4M WCKPWBNANWCE Ha-
BCTPEHY APYT APYTY.
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TOBBIX Ay4ell M3 AdAEKMX TdAaKTHK, KOTOPble AOCTUIAlIOT HAC B HACTOsI-
1111 MOMEHT. B cucTeMe KOOPAMHAT, TA€ BpPeMsi OTKAAABIBAETCS TI0 BEp-
TUKAABHOI OCH, @ IPOCTPAHCTBO — M0 TOPU3OHTAABHBIM, 3TO KOHYC
C BEPIIMHOI B TOYKE, TA€ HAXOAMMCSI Mbl. KOrAa MBI ABVDKEMCSL B TIPO-
HIAQE — BHM3 OT BE’.pLL[HHbI K OCHOBAHUWIO KDHYC&, — TO BMAUM, KdK Bbl-
FASIAAN TAAAKTUKU BCe paHblile 1 paxbiue. [Tockoabky BceaenHnas pac-
LIMPSETCS M KOTAQ-TO BCe OOBEKTHI B Hel ObIAM TOpPasA0 OAmKe ApyT
K APYTY, MBI, TASIAL B TIPOIIAOE, 3aTASIAbIBAEM B OOAACTH, TA€ BELIECTBO
nMeAo GoAee BBICOKYIO MAOTHOCTb. Mbl Takke 3amevaeMm caaboe GpoHO-
BOE€ MUKPOBOAHOBOE M3Ay4eHHe, KOTOPOe MONAAdeT K HaM 10 CBETOBOMY
KOHYyCy M3 paHHMX BpeMeH, Koraa BceaeHHast Oblaa TOPa3A0 TIAOTHee
1 ropstiee, YeM Terepb. EcAn HACTPOMTD IIPUEMHUKI Ha pa3sHble YaCTOTbL
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MUKPOBOAHOBOTO M3AYHYeHMsl, MOKHO U3MEPUTh €ro CIekTp (pacripese-  Puc. 2.7. UCKPUBIEHWE
A€HIEe MOIIHOCTY T10 YaCTOTe) ¥ yBUAETH, YTO 3TO CeKTp, xapakrepubiit — POCTPAHCTBA-BPEMEHW

AASL MI3AYHYEHUS TeAa TIpU Temnepatype 2,7 rpasyca Bblille a0COAIOTHOTO  [lockonsky rpasutaums NpuTsrvsaer,

HyAs. Takoe M3AyHeHME THILILY He PasMOPO3NT, OAHAKO TMOCKOAbKY erp — BEWECTBO BCerna WCKPUBNAGT Mpo-
CTPAaHCTBO-BpEMS, W CBETOBbLIE My4u

LT!t.’KTp TaK TOYHO COOTB@TCTB}"QT MOAEAMN IIZ’:;’\)"iL’HMSl TEeAd l'lpH '['C.\«][I(ip'd— )
CXOAATCH ApYr K Apyry./

rype 2,7 rpaayca, 3T0 TOBOPUT HAM O TOM, YTO M3Ay4€HHE MIPUILIAO U3
obaacTent MPOCTPAHCTBA, HETIPOHUIIAEMBIX AAS MUKPOBOAH (puc. 2.6).

Takum o6Gpa3soM, MOKHO CAEAATh BBIBOA, YTO HAlll CBETOBOM KOHYC,
00palleHHBIN B TIPOLIAOE, AOAYKEH ObIA ITPONTH CKBO3b KAKOE-TO KOAWYEe-
CTBO BellecTsa. 91'01'0 BEIIECTBA XBATAET, qTOOHI I1CKpHB,’\HTb I'[pDCTpEiH-
C'I'BU-BPB-_\«I}I. IlO.’-)TL‘!M)" ;\}-"‘EH CBETA B HAlllEM CBETOBOM KOI-I)-'CC I'IPOII.L-’\OI"D
WCKPUBASIIOTCS 1 cxoastTest (puc. 2.7).
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[To mepe yraybaeHus B IPOLIAOE CEUEHMs HAIIEro CBETOBOTO KOHYyCa
AOCTUTAIOT MAaKCMMAaABHOTO pa3Mmepa, a 3aTeM CHoBa ymeHbluatorcst. Ha-
e rpormaoce umeet Gpopmy rpymm (puc. 2.8).

YeM Aaabie yxoAuuib B NPOLIAOE 110 CBETOBOMY KOHYCY MPOMIAOTO,
TEM CHUAbHEE TIOAOKMTEAbHAA TIAOTHOCTh SHEPIUM BEIeCTBA 3aCTaBASET
CBETOBbIE Ay4M CXOAMTHCA. CedeHne CBeTOBOTO KOHYCA CY3UTCS AO HyAs
33 KOHEYHOE BpeMs. JTO 3HAYMT, YTO BCE BELIECTBO BHYTPU CBETOBOIO
KOHYyCa OKaXKeTcs B 00AACTH, TPAHULIbI KOTOPOIT CY>KaloTCst A0 Hyast. [lo-
3TOMY HE MPUXOAUTCS YAMBASITBCA, YTO Mbl ¢ [leHpoy3oM cymean Aoka-
3aTh, YTO B MaTEMaTUYECKON MOAEAM OOlIeN TeOpUM OTHOCHUTEABHOCTH
BPEMA AOAKHO MMETb HA4aA0 B pe3yAbTare BoAbloro 3pbisa. AHAAO-
TUYHO MOXKHO AOKA3aTh, YTO Y BpeMeHM OyAeT KOHell, KOTAA 3Be3Abl U ra-
AGKTHKM CXAOITHYTCA MOA BO3AENCTBUEM COOCTBEHHON IrPaBUTALINN U 00-
Pa3yloT YepHbie AbIpbl. Mbl 000MIAM aHTHHOMMIO YUCTOTO pasyMa KauTa,
OTKA3aBIIMCh OT AEXABIIETO B €€ OCHOBE TTPEATIOAOKEHUS, UTO BpeMsi
MMEET CMBICA He3aBuCMMO oT Bceaennoit. Hama craths, rae AokasaHo,
4TO Y BpeMeHM ObIAO HAYaA0, 3aHsAQ BTOPOE MeCTO B KOHKypce MoHaa
MCCAEAOBaHMI rpaBuTaii B 1968 roay, u Mbl ¢ Poakepom Ha ABOMX
MOAYYMAM HECABIXaHHO 11eApPYIo Harpaay B 300 aoaaapos. CoMHEBaOCh,
4TOOBI APYT'HE CTAThU, ITOAYYUBILINE TIPU3BL B TOT FOA, UIMEAU XOTb KaKy10-
HUOYAb HAY4YHYIO LIEHHOCTb.

OT3biBBL HA Hally paboTy GbIAM MPOTMBOpeunBbiMU. OHA OrOpuMAA
MHOTUX (PM3UKOB, 3aTO TIPUBEAA B BOCTOPT PEAMIMO3HBIX AESTEAEH, KO-
TOpblE BEPMAM B COTBOPEHME MUpa M PEIIMAM, YTO BOT TOMYy Hay4dHOe
AOKa3aTeAbCTBO. Mexkay Tem Ancpmmil u XaAaTHUKOB OKAa3aAMCh B He-
AOBKOM moAOKeHMU. MM Heuero GbIAO BO3pa3sUTh MPOTHUB MaTeMaTHHe-
CKMX TEOPEM, KOTOPbIe Mbl AOKA3aAH, HO TIPU COBETCKOM PeXXUME OHU He
MOIAU [IPU3HATD, YTO OLMOANCH, A Ipasa ObiAa 3anaaHas HayKa. OAHAKO
OHM HALIAM BBIXOA: OOHApy:kuAnl Ooaee oOlIee CeMENCTBO PENIeHWMI
C CHUHIYASPHOCTBIO, KOTOpPBlE He TpeOOBaAM TaKMX OCOOBIX OTOBOPOK,
KaK MpexHue petenust. 1o Aaa0 Audumily 1 XaAaTHUKOBY BO3MOXK-
HOCTb YTBEPKAATh, YTO CUHIYASPHOCTH, @ C HUMHM ¥ HA4AAO M KOHEIl Bpe-
MEHM — OTKPBITHE COBETCKUX Y4EHbIX.

Puc. 2.8. BPEMA MMEET ©@OPMY PYLLIA

Ecnv BepHyTLCS NO HALLEMY CBETOBOMY KOHYCY B NPOLUMOE, OKEXETCH, HTO OH UCKDWBNEH Be-
LecTeoM B paHHer BecenexdHon, Bea Habnogaemas BeeneHHan 3akniodeHa 8 06nacti, HeW rpa-
HULE! B MOMEHT BOMLLUOTO B3pbiBa CHUMAIOTCH [0 HYNA. 3TO U CTh CUHTYNAPHOCTE — MECTo,
rAe NIoTHOCTS BellecTsa DECKOHeYHa, a 3aKOHb! KNacCU4ecKom 06LLEeR TEOPUM OTHOCKUTENEHO-
CTH HE OENCTBYIOT,
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NPUHLUWMN HEONPEOENEHHOCTU

WAA g

Hwako4acToTHLIE BOMHBL!I MEHBLLIE BAWAKOT
Ha8 CKOpPOCTbL 4acTuLibl

Yem Bonblue AnvHa BOMHbI, NPU NOMOLLW
KOTDPOPl Haﬁnmnam'r HacTuuy,

Tem Bonblue HeonpeneneHHoCTL
MECTONONOXEHWA YacTUUbI

AXHbLIM LLAroM B OTKPbITUM KBAHTOBOW TEOPUW CTano

npeanonoxeHWe, KOTopoe BbiABUHYN Makc MnaHk
B 1900 rogy. CBeT QUCKpeTeH W COCTOWT M3 KPOLUEYHbIX
GnoKoB — KBaHTOB. Ho XOTA KBaHTOBas runoTesa [1naH-
Ka, 04eBuaHO, 0ObACHANA HAONIOOEHWA M3NY4YeHUs Ha-
rpeTbiX Ten, seck maclTtab CnegcTeny M3 Hee cTan no-
HATEH NULLb K CepeauHe ABanuateix rogoe XX sexa, kor-
fia HemeLkuit yyerblit Beprep MeAsenbepr cchopmynupo-
Ban CBOW 3HAMEHMTBIA NPWHUWN HeOoNpeaeneHHocTy,

A
' 4

‘

BbICOKO4aCTOTHLIE BONHLI CUNEHEE BAVAKDT
Ha CKOpPOCTL 4acTuubl

4

-

Hem KOpO4Ye AnvHa BONHbI, NpY NOMOLLX
KOTOpOW HabniogatoT 4acTtudy, Tem ToHHee
onpeaenfeTcA MECTONONOXEHWE YaCcTuLb!

leisenbepr OTMETUN, Y4TO M3 runoTessl Mnaxska cneagyer,
4TO 4eMm TOYHEeE NbITaelbCq N3MEPUTL MECTOMONOXEHWE
HacTuubl, TEM XYXXE M3IMEPAETCA ee CKOPOCTL — W Ha-
oboporT.

A TouHee, Meisenbepr nokasan, YTo NPOU3BEAEHVE He-
ONpefeneHHoOCTH NONOXEHWA YaCTULL! U HeornpegeneHHo-
CTI ee MMMYNLCa A0MKHO BbiTb GonbLUe NOCTORHHOM MnaH-
Ka — BEeNUYWHbI, TECHO CBA3AHHOW C KOMM4ECTBOM 3Hep-
vn, CONEepaLLeMCH B OAHOM KBaHTe caeta.

20
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HeonpepeneHHocTe HeonpepeneHHocTs cKopocTH
NONOXEHWA YacTuLib! YacTuLbl

YPABHEHWME HEOMNPEQENEHHOCTW MEM3EHEBEPTA

x v e x ([ = e

Macca
YacTUub!

BoabmmHCTBY (PM3MKOB OblAa He IO Ayllle MBICAb O HavaAe
1 KOHIle BpeMeHU. [103ToMy OHM yKa3bIBaAM, YTO HEAb3sl OXKU-
AdTh, YTO TaKash MATEMATU4ECKash MOAEAb XOPOIIO OIMILET IIPO-
CTPAHCTBO-BPEMsl B OKPECTHOCTSIX CHHTYASPHOCTH. AeAO B TOM,
MTO, KaK Mbl OTMEYaAM B rAase 1, o01as Teopust OTHOCUTEABHO-
CTH, OTMCHIBAIONIAS TPABUTALIMOHHOE B3aUMOAEHMCTBUE, — 3TO
KAACCHYeCKad TeOpUs, a OTOMY OHa He yYUThIBAeT HEOTIPEACACH-
HOCTb, KOTOPYIO BHOCUT KBAaHTOBAsl TEOPUSI, YTIPABASIONIAs BCeMM
OCTAABHBIMH M3BECTHBIMI HAM B3AMMOACHCTBIAMM. DTO HECOOT-
BETCTBUE HE UIPAeT HUKAKON POAM TOYTH YTO HUTAE M HUKOIAQ BO
BceaenHoit, 1ockoAbKy wmacimiTabbl, Ha KOTOPBIX IPOCTpaH-
CTBO-BPEMsl UCKPUBASIETCS!, O4€Hb BEAVKM, @ MacIuTabbl, Ha KOTO-
PBIX HY>KHO YYUTHIBATH KBAHTOBbIE 9¢eKThl, 0OueHb Maabl. OAHA-
KO B OKPECTHOCTSX CUHIYASPHOCTH 3TH MacITabbl COTIOCTABMMBI,
no3ToMy 3(eKTbl KBaHTOBOW TI'DABUTAIMM HAYMHAIOT WIPATh
BaXKHYIO0 pPoAb. Tak 4to Hamm ¢ [leHpoy30M TeopeMbl CHHIYASIP-
HOCTM Ha CAMOM AEA€ YCTAHOBHMAM, YTO KAACCHHECKas 0OAACTb
MPOCTPaHCTBAa-BPEMEHN HEPA3PBIBHO CBA3aHA C MPOILABIM, a BO3-
MOKHO, U € OyAYHINM TIOCPEACTBOM 00AACTeM, B KOTOPBIX KBAHTO-
BYIO IPaBUTALIMIO HY>KHO YYUTHIBATh. YTOObBI pasoOpaTbest B IIPo-
MCXOKAEHMM BeceaeHHOM 1 y3HATD, YTO ee JKAET, Hy)KHa KBaHTOBas
TEOPUs TPAaBUTAIINM, M 3TOMY B OCHOBHOM M TIOCBAIIEHA KHUTA,
KOTOPYIO Bbl AEPXKUTE B PyKax.

KBaHTOBbIE TEOPUU CHCTEM BPOAE aTOMOB, COCTOSAIIMX U3 KO-
HEYHOTO YMCAQ 4acTull, chOPMYAMPOBAAM B ABAALIATHIE TOAbL [€il-
sen0epr, [lpeannrep n Aupax. (Kcrati, Aupax Toxke ObIA B umnc-
A€ MOMX TIPEAIIECTBEHHUKOB Ha KeMOPUAKCKOM Kpecae, HO 0Co-

MNONE MAKCBENIA?

B 1865 rogy 6putaHckuin thuank [renmc
Knepk Makcsenn npvsen B COOTBETCTBUE
8CE W3BECTHLIE 3AKOHLI ANEKTRUYECTEE W
marHetmama. Teopus Makceenna onvpa-
eTCA Ha CYLLecTBOBaHWe «nonei», nepe-
fawolmx gercTBue M3 OfHOrO MecTa
B Apyroe. Makcsenn noHsn, 4To Nons, ne-
pefalolme 3NeKTPUHECKME W MarHTHbIe
BO3MYLLIEHMS, — 3TO OMHAMUHECKME CYLL-
HOCTH, CNoCcOoBHbIE OCLMNNMPOBATL K Ne-
pemeLLaThCa B NpocTpaHcTee.
Mony4MBLUMIACA B peaynerate Takoro
CHHTE3a BNIEKTPOMArHETHIM MOXHO OMut-




[nvHa BoNHbI — 3T0 PACCTORAHWME MEXAY
nUKamuy BONHbI

6oe 06opyaoBaHue, UTOObI €ro 3aHUMATh, TPeOyeTcs TOABKO MHE.)
OAHAKO KOTAQ Y4eHBbIE I1OIBITAAMCH PACIIPOCTPAHUTL MAEHM KBAHTOBOW
MeXaHWKKM Ha ypaBHeHMs: MakcBeAAa, OIMCHIBAIONIME IAEKTPUYECTBO,
MAarHeTUsM M CBeT, Y HUX CTIePBa HUYEro He BHILIAO.

B 1865 roay Opuranckuit pusmuk Askeinve Kaepk MakcseaA mnpusea
B COOTBETCTBUE BCE M3BECTHBIE 3aKOHBI 2AEKTPUYECTBA 1 MATHETU3MA. Teo-
pust MakcBeAAa OIUPaeTcs Ha CYIIECTBOBAHKE «IIOAEH», IEPEAAIOIIINX AT~
CTBHE W3 OAHOTO MeCTa B ApyToe. MakCBeAA TIOHSIA, YTO TTOAS, TIEPEAAIOLIIE
SAEKTPUYECKIE M MarHUTHBIE BO3MYIIIEHHS, — 3TO AMHAMMYECKME CYIIHO-
CTH, CI1OCOOHbBIE OCLIMAAMPOBATH 1 TIEPEMEIIATHCS B ITPOCTPAHCTBE.

[MoAyuuBIIMICA B pe3yAbTaTeé TaKOTO CHHTE33a SAEKTPOMArHeTU3M
MOKHO OTIMCATh BCETO ABYMSI YPABHEHUAMM, OTIPEAEASIOIIMMI AMHAMU-
Ky Takux moaeil. Cam MakcBeAA BbIBEA [€PBOE BEAMKOE CACACTBUE W3
9TUX YpaBHEHWM: 3ACKTPOMATHUTHBIE BOAHBI AKOOBIX YacCTOT PacIpo-
CTPaHAIOTCS B TPOCTPAHCTBE C OAHOM M TO! K€ MOCTOAHHOM CKOPO-
CTbIO — CKOPOCTBIO CBETA.

a2

Hanpaenexue konebaxwi
MaATHUKa

Hanpaenexwe
pacnpocTPaHeHUs BOMH.I

Puc. 2.9. PACNPOCTPAHEHVE
BONHbI U KONEBAHWA
MAATHUKA

3NeKTPOMArHUTHOE  M3ny4eHue Dac-
NpOCTpaHAeTCA B MPOCTPAHCTBE Kak
BOMHa, a ANeKTPUHECKOe U MarHWTHOE
none npwv 3TOM OCUMNNWPYIOT, Nogod-
HO MAATHWKY, B HaNpasneHwWax, nep-
NEHAWKYNADHLIX HanpasneHuio  pac-
NPOCTPaHeHus BONHbl. Manyyenne mo-
HKET COCTORTE M3 HECKOMBKWX Monei
C paaHbIMK ANWHaMKU BOMH,
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h —
PacnpepeneHue BepoATHOCTH

—Jp Hanpasneqve

MOHO TIpEACTaBUTDH cebe, YTO IAEKTPOMATHUTHOE TIOAE COCTOUT M3
Habopa KoAeGaHuil C pa3HON AAMHON BOAHBI (AAMHA BOAHBI — 3TO pac-
CTOSIHME MeXKAY TPeOHAMM COCeAHMX BOAH). [ToAe B BOAHE KOAeOACTCS OT
OAHOTO 3HAY€HHs. K APYTOMY, CAOBHO MasiTHUK (puc. 2.9).

CoraacHo KBaHTOBOWM TEOPUH, MASATHUK HE MOJKET HAXOAMTBCS B OC-
HOBHOM COCTOSIHUM, OHO K€ COCTOSIHMe C MUHMMAAbHOW 3IHeprue,
B TOM MOAOKEHMH, KOTAA OH HAIIPABAEH MPSAMO BHU3 M 00AAAAET MUHU-
MaAbHOW 3HEpPrueu, MmoToOMy YTO B 3TOM CAy4ae y MasATHUKA ObIAO Obl
OAHOBPEMEHHO M OIIPEACACHHOE TOAOXKEHME, W OIPEACAEHHAsA CKO-
POCTb — HOAB. DTO OBIAO Obl HAPYLIEHNEM TPUHLIUIA HEOTIPEACAEHHO-
CTH, KOTOPBIA HE TO3BOASET TOYHO ONPEAEAUTh OAHOBPEMEHHO M CKO-
poCTh, U TIOAOXKeHMe. [TpousBeseHHe HEOTIPEACACHHOCTH TOAOXKEHMS
1 HeOTIPEAEAEHHOCTH MMITYAbCa AOAXKHO BCerAa ObITb OOAbILIE BEANYU-
Hbl, U3BECTHOM Kak noctosiHHas [1aanka. Kakaviit pas 3anuceiBaTh 310
YHCAO CAMIIKOM AOATO, 1O3TOMY Mbl 0603Ha4YaeM nocTosHHyo [1aanka
CMEMAAbHBIM CUMBOAOM: Hi.

O

Puc. 2.10. MAATHWK
W PACMPEOENEHWE
BEPOATHOCTU

CornacHo npuHumny [enaeHbepra,
ManTHUK He MOXeT ObiTh Hanpasned
aBCoMOTHO TOMHO BHW3 W OBWraTbCH
C HYNeBOW CKOPOCTLIO. KBaHToBasA
TEOPUA NPeAckasbiBaeT, YTO [axe
B CaMOM HU3KOM BHEPreTMHECKOM
COCTOAHWW Y MAATHWKA AOMKHEI BbiTh
KaKWe-TO  MUHWManbHble nyKTya-
LMW — TaK Ha3blBAEMbIE HYNEeBbIe KO-
nebanusg,

CnenosaTtensHo, NONOKEHWe MasT-
HUKa MOXeT BbITh 3aaH0 Kak pacnpe-
[EeneHue BEpPOATHOCTW, B OCHOBHOM
COCTORHUM CaMOE BEDOATHOR MONoXe-
HMEe — MaATHWK HanpasneH CTporo
BHM3, HO BCTb HEKOTOpas BEepoAT-
HOCTb, YTO OH OTKIOHUTCH OT BEpPTUKa-
N1 Ha HeGOoNLLLOK yron.
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MTak, BOTIpEKN OKMAAHMAM, IHEPTUS MASITHUKA B OCHOBHOM COCTOS-
HUM, MAU B COCTOAHUM MUHUMAABHOM 3HEPIUM, HEe paBHA HYyAlD. Aaxe
B OCHOBHOM COCTOSIHUM MasTHMK, KaK M Al00asi ApyTas OCLHMAAMPYIOILast
CUCTEMA, AOAXKEH 0OAAAATh KAKUM-TO MUHMMAABHBIM KOAMYECTBOM Tak
HA3bIBAEMbIX HYAEBBIX KOA€OAHMN. DTO 3HAYMT, YTO MAATHUK He 00s3a-
TEAbHO HAIIPABAEH IIPAMO BHU3, — €CTh HEKOTOPAsk BEPOSITHOCTD, YTO OH
HEMHOTO OTKAOHSieTcsl oT BepTukaan (puc. 2.10). IToao6HbIM ke obOpa-
30M AQKE B BAKyyMe B COCTOSSHUM MWUHMMAABHOM SHEPIMM BOAHBI IAEK-
TPOMAarHMTHOTO TIOASl HE PaBHBI HYAID — Y HMX MOTYT ObITh KakKue-TO
HeOOAbIIIME AMITAUTYABL. YeM Bblllle 4acTOTa KOAeOaHNN MasTHUKA AN
4aCTOTa BOAHBI (KOAMMECTBO KOAeOAHMI B MUHYTY), TEM Bblllle OKAKeTCsl
3HEPIUsA OCHOBHOIO COCTOSAHMS.

Takum obpasom, NPAMOAMHENHASI OLIEHKA HEPIUM HYAeBbIX KoAeOa-
HU SAeKTPOMArHUTHOI'O TIOAS U TIOASl 9A€KTPOHA T1OKA3bIBAET, YTO 3aPAA
M MACCa IAEKTPOHA GECKOHEUHbBI, @ 3TO MPOTMBOPEYUT HAGAIOACHMSM.
Oanaxo B copokosbie roabl XX Bexa pusukn Puuapa ®eitaman, Akyan-
an UIsunrep u Cunsutupo TomoHara paspadoTaan MeTOA, KOTOPbIi 110-
3BOASIA TIOCAEAOBATEABHO M30aBASATHCS OT MOAOOHBIX «OeCKOHEYHOCTE M,
«BBIMUTATh» UX U pabOTaTh TOABKO ¢ KOHEYHBIMHM HAOAIOAAEMbIMU 3HAYE-
HUSIMU MACCHI 1 3apsiAd. TeM He MeHee HyAeBble KOAeGaHMs TI0-TIPexKHe-
My Bbi3bIBaAM HeOOAbIME 3PEKTHI, KOTOPblIE MOKHO OBIAO M3MEPUTh
1 KOTOpbIE XOPOIIO COrAdCOBBIBAAMCH C AAHHBIMU 3KCIIEPUMEHTOB. [a-
KHE K€ «CXeMbl BHIMMTAHUAY, TIO3BOASIBIIINE M30€KaTh GECKOHEYHOCTE,
ACHUCTBYIOT M B ToAe SlHra—Muaaca, Teopuio KOTOPOTO BBIABUHYAN
PYrsubHuH SHr n Pobept Muaac. Teopust Aura—Muaaca — 310 Aorude-
CKOe paciiMpeHne Teopun MakcBeaaa: oHa OOBEAMHSIET ABA APYTMX
(byHAAMEHTAABHBIX B3AMMOACTICTBISL — TaK HasbiBaeMble CAA60€ 1 CHAb-
HOE SAEPHBIE B3AUMOAEHCTBUSL.

OaHako HyAeBble KOAeOaHMSI UIPAiOT TOPAa3’A0 0OAee BaKHYIO POAb
B KBAHTOBOM TEOPUM I'PABUTALIMUA. 3AECh CHOBa KaKAOW AAMHE BOAHBI
COOTBETCTBYET IHEPIus HyAeBbIX KoAeOaHui. [TOCKOABKY AAMHBI BOAH
MAKCBEAAOBCKOTO T10Ast' MOTYT GBITh CKOAb YTOAHO MaABbl, B K&XKAO#M 00-
AaCTH MPOCTPAHCTBA-BPEMEHN COACPKMTCS OECKOHEYHOE KOAMYECTBO
PAa3HBIX AAMH BOAH U 0€CKOHEYHOE KOAMYECTBO 3HEPTMM OCHOBHOTO CO-
cTostHus. [TOCKOABKY MAOTHOCTb 3HEPIUM, KaK U MAOTHOCTH BEIIECTBa,
CAY>)KUT MCTOYHMKOM TIPaBUTALIMM, GECKOHEYHAs MAOTHOCTb 3HEPruu
AOAJKHA 03HA4aTh, 4TO BO BCeAGHHOM AOCTATOYHO TIPABUTALIMOHHOIO

'3AeCh MOA «MAKCBEAAOBCKMM TIOAEM» dBTOP NOAPA3YMEBAET IPABUTALIMOHHOE TOAE, HO
[THIIET ¢«MAKCBEAAOBCKOE» AAA COXPAHEHWA obero XapakTepa YTBEDKACHUA, — ﬂpwu ]’Jta
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[nvHbl BONH BHE NNacTUH
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Konuyectso anuH
BOMH, KOTOPbIE MOTYT
CyLLIeCTBOBaTL
Mexay nnacTuHamu,
CHWUXEHO

MnoTHOCTL 3HEpPrum HynesbIx KonebaHuin MNOTHOCTE 3HEPrW HyNEeBkIX
MEXAY NNacTUHaMK MEHbLLE, Yem KonebaHWi cHapyXu NNacTuH
CHapYXW, OTHEero NnacTuHbl BbilLe

NPUTATMBAIOTCA APYT K ApYry

Puc. 2.11. DOOEKT KASUMUPA

CyllecTBoBaHWe Hynesbix konebaHui
NOATBEPAOEHD  SKCNEPWMMEHTANBHO.
O Hux cBuaeTensCTBYeT Tak Halblieae-
Mblid athipext Kaawmupa — cnafoe
npuTAXEHWEe, BO3HWKAKOLLEE Mexay
napannensHbIMK MeTannu4ecKuMmin
nNacTUHamu.
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Puc. 2.12. CMNKH

yacex 4YacTul, ecTh CBOWCTBO, KOTOPOE HasblBaetcs
CNWH, OHO OnpepenseT, Kak Yactuua BoimaguT ¢ pas-
HBIX CTOROH, 370 MOXHO NPOUNMICTPMPOBETE Ha NpUMepe
KOnogdbl KapT. Boaemem TY38 NUK. Y706l OH CHOBA BbIMMA-
[Een Kak paHblle, HY)XHO NOBEPHYTL €ro MonHoOCTsI0 — Ha
360 rpanycos. [oaToMy rOBOPAT, YTO Yy HEro CnuH pasex 1.

C [Opyroi CTOpOHLI, faMa HYepBeit HapuCoBaHa cuMMe-
TPUHHO — C ABYMA ronosamn. Moatomy, 4Tobbi OHa BeIMMARE-
na TaKk Xe, KaK paHblue, OOCTATOYHO MOBEpHYTh €e Ha

“Yactuua co cnvHom 1

YHactuua co cnvHom 2

Yactuya co crnivdom 1/2

180 rpanycos — Ha nonoswHy o6opoTa. ToBOPAT, YTO Y Hee
CMuH paeeH 2, AHanorv4HbiM 06pasoM MOXKHO NPeacTasuTs
cebe npeameTsl co criHoM 3 1 Gonblle, KoTopele ByayT Bbi-
MANeTsL OAMHAKOBO AaXKe npu HebonLLLIOM NoBOpOTE,

Hem DonkLue CrvH, TeM MeHbLLIe Aona nonHoro obopoTa, Ha
KOTOPYIO HY»KHO MOBEPHYTL YacTuLly, HYTOOLI OHa CHOBA BbIrns-
[ena TaK Xe, Kak npexae. BaxHo 0TMETUT, YTO BbIBAIOT YacTw-
HbiX 0BOPOTOB. [OBOPAT, 470 Y TKWX YACTHLL CTIMH PaseH 1/2.
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Yactuua co cnnHom 2

Yactuua co cnvHom 1/2

NPUTSDKEHNS, YTOObI CBEPHYTh MPOCTPAHCTBO-BPEMSI B OAHY TOUKY, —
a 3TOrO, OYEBMAHO, HE [IPOM3OLIAO.

Kazaaoch Obl, MOKHO TIOMBITATLCS PEITUTH TTPOOAEMY MHMMOTO TIPO-
TUBOPEUMsI MEJKAY TEOpHeN 1 HAOAIOACHUEM, 3asIBUB, YTO HYAEBbIE KOAE-
0aHMsl He OKA3bIBAIOT IPAaBUTALIMOHHOIO BO3AEHUCTBUS, HO 3TO HE MOMO-
JKET. JHEPIUIO HyAEBbIX KOAeOaHII MOYKHO 3aPErUCTPUPOBATh ITPU TIOMO-
uwm scdekra Kasvmmpa. Ecan nomecTuts napy MeTaAAMHecKuX TAACTHH
Ha HeOOABIIIOM PaCCTOSIHUY MAPAAAEABHO APYT APYTY B BaKyyMe, OKaKeT-
€A, YTO KOAMYECTBO AAMH 3A€KTPOMArHMUTHBIX BOAH, BOSHUKAIOIINX MeX-
Ay TIAACTMHAMM, OyA€T HEMHOTO MeHbIIIe, YeM CHapyKu'. DTO 3HAYMT, YTO
[MAOTHOCTb SHEPIMU HYAEBBIX KOA€OAHMI MEXKAY TAACTMHAMM, OCTABASICh
0eCKOHEYHOM, OKA3bIBAETCS MEHbIIE, YeM 0eCKOHEeYHAs MTAOTHOCTb JHEp-
MM CHapy>ku, ¥ pa3sHUlla MeXXAy HuMM KoneuHa (puc. 2.11). Pasamua
B TIAOTHOCTH 3HEPruu 00eCcreyuBaeT CHUAY, MPUTATUBAIONIYIO MAACTIHBL
APYT K APYTY, ¥ 3Ty CHAY MOYKHO M3MEPHTh IKCTIePUMeHTaAbHO. CoraacHo
ob1ed TeOpUM OTHOCHTEABHOCTHM CHABL — 3TO TaKOM K€ MCTOYHUK I'pa-
BUTAlIMK, KaK U BELIECTBO, NOITOMY OBIAO O6b1 HEAOTHYHO MTHOPUPOBATh
IPaBUTALIMOHHOE BO3AEHCTBYE TAKON Pa3HMIIbI B 3HEPIUSX.

Ectb u Apyroe BO3MOXKHOE pellleHHe POOAEMBI: TPEAIOAOKUTD, YTO
CYLIECTBYET KOCMOAOTMYECKAs KOHCTAHTA BPOAE TOHM, KOTOPYK) BBEA
B CBOM ypaBHEHMS DHHIUTEH, KOTAA IBITAACS CO3AaTh CTATUMHYIO MO-
AeAb BCeAeHHOM. Ecan 3HaueHMe 3TON KOHCTaHTHI OyAeT PaBHO MUHYC

370 MpoMCXOAUT M3-33 TOTO, YTO MAACTUHEL OOPA3YIOT CBOErO POAA PE3OHATOP, TAE
MOTYT BO30Y>KAATbCS 3AeKTPOMATHUTHbIE BOAHBI TOABKO ONPEACACHHBIX AAMH. — [Tpust. ped.

OBbIYHLIE YKCNA
AxB=BxA
[ PACCMAHOBbLI YUCIA

AxB=-BxA
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B030HbI — 4acTULbI C LieNbIM CIMHOM
(Hanpumep O, 1, 2), cooTBeTCTBYIOLLME
cyneprpasutauum c N = 8. Sxeprua
OCHOBHOIQ COCTOAHWA Y HUX NONOXUTENBHE.

Puc. 2.13

Bce M3BECTHLIE YacTUUbLI BO BcenenHol aenatca Ha nea
TMNa — Ha hepMUoHbl 1 BO30HL!. DepMHOHLl — YacTK-
Ukl C NONYUENsIM crivHoM (Hanpumep 1/2), U3 HUX COCTOWT
06bI4HOE BELLECTBO. SHEPrus OCHOBHOMO COCTOSHUA Y HUX
oTpULETENLHE.

B0o30HbLI — YacTuLbl © UensiM crnHom (Hanpuwep 0, 1, 2),
oHW oBecne4yuBalnT B3auMofencTene Mexay depmuoHa-
MU, HanpuMep CBET WK rPaBuTauuio. SHepra OCHOBHOO
COCTOAHWA Y HAX NONOXUTENBHA. Teopus cyneprpasuTalmm

CYMNEPMNAPTHEPGI

DepMUOHbI C NOMYLIENLIM CNIMHOM
(Hanpumep, Co CIMHOM] COCTaBNAOT
06bI4HOE BELLECTBO. SHEPriA OCHOBHOMO
COCTOAHUWA Y HAX OTpULETENBHA.

nubo Ha 1/2 meHblue. Hanpumep, y doToHa (310 6030H)
cnWH paeed 1. Ero SHeprus OCHOBHOTO COCTORHIA NONOXK-
TensHa. CynepnaptHep toTtoHa — choTuHo — obnagaet
CMUHOM, TO eCTb NpeAcTasnaeT coboi thepmuoH. Cneposa-
TENbLHO, 8ro 3HEPrA OCHOBHOIO COCTOAHWA OTpMUATENEHA.

B atoit cxeme cyneprpasurauvin 6030HOB U (hepMMOHOB
Y Hac scerpa nopoeHy. Ecnu Ha ofiHy Yallly BECOB NMOMECTUTL
NONOXKWTENEHBIE 3HEPTMM OCHOBHOIO COCTORHUA GO30HOB,
a Ha .qpymo c‘rpmamﬂmuaamprm omro cocTo-
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MOJEN MOBEAEHUSE YACTULL

1 « Ecnu Bbl ToueYHble YacTWlbl U Brpasay
CYLLECTBOBANM B BMAE KOHKPETHLIX OOLEKTOB
Bpoae GUNbAPAHLIX LAPOE, TO NPK COYAapEeHUM
fBe 4acTuubl OTpaxanuce Obl Apyr OT Apyra
1 NEepexoauni Ha ABe Apyr1e TPAeKTOPUK.

2 « BoT 41O Ha camoM [ene NpoMcxoauT, korga
B3aUMOAEACTBYIOT ABE 4acTuLbl, x0T 3ddeKT
ropasno Bonee 3penuLLHbIA.

3. CoynapeHue [ByxX 4acTwl, HanpuMep
NEeKTPOHA W ero aHTM4acTWUbl MOo3WTPoHa,
C TOMKW 3PEHUA KBAHTOBOW TeopuW nons. Ya-
CTUULI HEHaOoNro aHHUTWNMPYIOT, NpKU 3TOM
BhICBODOXKAAETCH OrPOMHOE KONWHECTBO 3HEep-
rMu U cospaeTca poToH. 3ateM hOTOH ucHesa-
eT, CO3AaBaf HOBYIO 3NEKTPOH-NO3UTROHHYIO
napy. BeirnaguT 310 Tak, CNOBHO nocne coyna-
peHusa napa pasneTenack no AByM HOBbIM Tpa-
EKTOPMUAM.

4. Ecnn vactuusl npeacraensioT coboi He
TOMKM HYNEBOr0 M3MEpEHWA, a OHOMEPHbIe
CTPYHBI, B KOTOPbIX OCLMANMPYIOLLME NETNK BU-
6pUPYIOT Kak 3NEKTPOH WU NO3UTPOH, TO NPU Co-
YAApeHWW, KOrAa OHU aHHUIMNUPYIOT, OHW CO3-
[aloT HOBYIO CTPYHY, KOTOpas BUOpUpYeT 1Ha-
4e. BeicBoboxaan 3Hepruio, CTpyHa Aenurcs
Haneoe, 1 f18e HOBbIE CTPYHbI TAHYTCA NO HOBbIM
TPaeKTOpHAM.

5. Ecnu npeactaeute cefie nepaoHa4ans-
Hble CTPYHb! HE B BUAE OTAENbHbIX MOMEHTOB,
8 B BWUE HEMNPEPLIBHON BO BPEMEHU UCTOPMM,
TO B pesynbTate nonyyaeTcs MWPOBORA NMCT
CTPYHbI.

Tou4ka coynapeHus
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Touyka B3aumonencTems
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O BCEAEHHOHW B

Puc. 2.14. KOINEBAHWA CTPYH

OcHOBHble 06LEKTEl TEODUW CTRYH —
HE YacTuupl, 3aHuMarnowme onpepe-
NEHHYIO ToYKY B MPOCTPaHCTBE, a of-
HOMEpHbIE CTpyHbl. WMHorga y amux
CTPYH ecTs CBOBOAHbIE KOHLL!, MHOdA
OHW 3aMbIKaoTCA camu Ha cefis, obpa-
3yA Nemnu.

3TV CTPYHBI, NOAOBHO CKPMMMYHBIM,
MOryT BUBPUPOBATL Ha ONpegeneHHbIx
(pe3oHaHCHLIX) YacToTax, Koroa onw-
Hbl BOMH TOYHO BMWCLIBAIOTCA MEMXOY
[BYX KOHLUOB cTpyHbl. OpHako y ckpu-
MUYHBIX CTPYH DPas3Hble PEe30HaHCHLIE
YACTOTEl MOPOMAOAIOT pasHbie My3si-
KanbHble HOThI, @ B TEDPUW CTPYH pas-
Hble KonebaHwA MopoxaalT pasHsle
MACChI ¥ pasHbie 3apsflbl, KOTOPLIE Mbi
BOCMPWHAMAEM KaK OTOENLHbIE OYH-
[AaMeHTanbHele HacTuubl. [pybo roso-
PA, HeM KOpo4Ye ANWHE BOMHLL, TEM
BonbLUe Macca COOTBETCTBYIOLLER Ya-
CTWLbI.
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ABYX CAOBAX

0eCKOHEYHOCTH, OHA MOXKET YPaBHOBECUTh OECKOHEYHOE 3HAUYEHUE JHEP-
UK HYAEBBIX KOA€OAHMI B CBOOOAHOM TPOCTPAHCTBE, HO TAKAsl KOCMO-
AOTHMYECKAsA KOHCTaHTa Bce »Ke OblAa Obl OueHb OOABIION HATAZKKON
1 TpeOoBaAa Obl HEBEPOSITHO TOYHON HACTPOMKH.

K cuactbio, B cemmaecsitbie roabl XX BeKa OblAd OTKPBITA CHMMETPHS
COBEPILIEHHO HOBOTO PoAa, 00€CTIeYBaIONIAs €CTECTBEHHBIN (PU3MYECKUI
MEXaHW3M, TI03BOASIIOIINI YPAaBHOBECUTh OECKOHEYHOCTH, BO3HUKAIOIIIIE
13-32 HyAEBbIX KOAeOaHMI. DTa OCOOEHHOCTh COBPEMEHHBIX MaTeMaTHye-
CKMX MOAEAEN MPOCTPAHCTBA-BPEMEHM HA3BIBACTCA CYNEPCUMMETpPUEil,
1 ee MOJKHO ONHCATh Pa3HbIMU CrIoco0amMu. B 4acTHOCTH, MOJKHO CKa3aTb,
4TO MOMUMO M3MEPEHMI, KOTOPbIE Mbl HAOAIOAAEM, Y TIPOCTPAHCTBA-BPe-
MEHM eCTh AOTIOAHMTEAbHbIE M3MepeHusi. OHM HA3bIBAIOTCS M3MEPEeHNSIMI
[paccmana, MOCKOABKY M3MEPSIOTCS B YUCAAX, M3BECTHBIX KaK IPACCMaHO-
BBl TIEPEMEHHbIE, @ He B 0ObIMHBIX ACMICTBUTEABHBIX YHcAax. Koraa ymHO-
Kaelllb ACTICTBUTEABHBIE YMCAA, X MOXKHO MEHSTh MECTAMH — TO €CTh
HEBAXKHO, B KAKOM TOPSAKE YMHOXKAEIIb, TIOCKOABKY O Ha 4 — 3TO TO e
camoe, 4To 4 Ha 6. A rpacCMaHOBbI IIePeMEHHbIe, KaK TOBOPAT MaTeMaTh-
KM, «aHTUKOMMYTHUPYIOT»: X Ha Y OyAeT PaBHO —y Ha X.

[lepBoHaYaAbHO CYTIEPCHUMMETPHIO PACCMATPHBAAN KaK MHCTPYMEHT,
TIO3BOASHIOIIING M30aBUTHCS OT OECKOHEYHOCTH B MATEPUAABHBIX TTOASX
u noasx fnra-Mwmaaca B NpPOCTPAaHCTBE-BPEMEHM, TA€ M M3MEPEHUs
B AEMICTBUTEABHBIX YMCAAX, M IPACCMAHOBbI U3MEPEHMs MAOCKHE, a He
ncKkpuBAeHHble. Ho Ob1A0 ecTecTBeHHO 0000IIMTD MX 1 HA CAyYan, KOTAA
M3MEPEHUs] B AEMICTBUTEAbHBIX UMCAAX M TPACCMAHOBBI M3MEPEHMS MC-
KPUBAEHBL. DTO MOPOAMAO MHOTO TEOPHil «CyTleprpaBUTalln», Tpedo-
BaBLIMX Pa3sHOr0 KOAMYECTBA CYIIePCUMMETPHH.

B yacTHOCTH, M3 CYNEPCUMMETPUN CACAYET, YTO Y AIOOOTO TOASt UAU
HACTULIbI AOAKEH ObITh «CyTIeprapTHepP» €O CIMHOM AMOG0 Ha 1/2 Hoab-
e, An6o Ha 1/2 mensbiue (puc. 2.12).

OHeprus OCHOBHOTO COCTOSHMSA GO30HOB, MOAEN C LIEAQYUCACHHBIMH
crimHamm (0, 1, 2 1 Tak Aaaee), MoAoKuTeAbHA. C APYTO¥ CTOPOHBI, IHEP-
TSl OCHOBHOTO COCTOSHMA (PEPMUOHOB, TIOACH C TOAYLIEABIMH CITMHAMMN
(1/2, 3/2 n TaK Aaaee), oTpuuateAbHa. [TOCKOABKY B TeOpUsiX cyrieprpa-
BUTalIK PePMHUOHOB 1 HO30HOB TIOPOBHY, BeAMHAiilLIe GECKOHEUHOCTH
B3aMOyHIITOXaloTes (puc. 2.13).

OcTaeTcsi BepOSTHOCTD, YTO ITOCAE ITOTO COXPaHATCA 6€CKOHEYHOCTH
nomexbie. Hu y Koro rnoka He XBaTUAO TepPrieHUs TIOACYUTATh, ACHICTBH-
TEABHO AWM TEOPUM CYTEPrpaBUTALMK TPUBOAAT K KOHEUHBIM YUCAAM,
CuuTaetcs, 9TO CaMOMY TIPUAEKHOMY CTYAEHTY HY’KHO Ha 3TO A€T ABe-
CTH, W TA€ TAPaHTHA, YTO OH He ommbeTcss Ha BTOpon cTpaHutie? M Bce



DOPMA

BPEMEHMHA

Ke A0 1985 roaa GOABIIMHCTBO YHEHBIX OBIAO YOEIKACHO, UTO B LIEAOM
TEOPUU CYTIEPCUMMETPUYMHOM CYTIEPrPaBUTALIMK [TO3BOASIOT M30aBUTHCS
0T BeCKOHEUHOCTel.

TyT MoAa BAPYT M3MEHUAACH. YueHble OOBSBUAM, YTO HET HUKAKMX
[PUYMH AAS YBEPEHHOCTH B TOM, YTO B TEOPUAX CYTEPrPaBUTALIMM A€~
CTBUTEABHO HeT GeCKOHEYHOCTEH, a M3 3TOr0 CAEAdAM BBIBOA, YTO 3TU
TEOPUU B IPUHILIATIE HECOCTOATEABHBI. B3aMeH MPEAAOKNAU APYTYIO Te-
OpUID — CYNEPCUMMETPUYHYIO TEOPHIO CTPYH: CUMTAAOCh, HYTO 3TO
EAMHCTBEHHBI CrOCO0 YBA3aTh TI'PABUTALIMIO C KBAHTOBON TEOPHEH.
Crpynbl (Kak 1 OGbIYHbIE CTPYHBI, K KOTOPbIM MBI TPUBBIKAM) — 3TO
AAVMHHBIE OAHOMepHble 00beKTbl. KpoMe AAMHBL, y HHUX HUYETO HET.
CTpyHBI B TEOPUM CTPYH ABWKYTCSL CKBO3b (DOHOBOE 1TPOCTPAHCTBO-Bpe-
Msi. AposKaHue CTpyHbl MHTEPIIPeTUpyeTcs Kak yactnua (puc. 2.14).

Ecan cTpyHbl, TOMMMO OOBIMHBIX M3MEPEHMUH, 0003HAYAEMBIX YMCAQ-
M1, UMEIOT ellle ¥ TPACCMaHOBBI M3MEPEHUs, TO APOKaHIE COOTBETCTBY-
eT Go30HaM 1 repMMOHAM. B TaKOM cAydae TOAOKUTEAbHAs! U OTpUIla-
TeABHAsi 9HEPTHsi OCHOBHOTO COCTOSHUS B3AMMOYHUYTOXKAIOTCS C TAKOM
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Puc. 2.15. P-bPAHbI

P-GpaHbl — 3T0 00LEKTLI, Y KOTOPbLIX P
namepeHnia. Mix 4acTHbie cny4am —
CTpyHe! (p=1) 1 MembpaHbl (p=2), oa-
HaKo B JECATW- W OfAuHHaAUaTMMEp-
HOM NPOCTPAHCTBE BO3MOMHLI W BO-
nee BbICOKWE 3Ha4eHWA p. YacTo HeKo-
TOPLIE UMW BCE P-U3MEPEHWA CBEPHY-
Tl B TOP.

Met ucxodum u3z moi
camoodeaudHoll ucmumsl,
umo ace p-Opansl co3danml

pasHsmu!
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TOYHOCTBIO, YTO HE OCTAeTCsl HUKAKMX OECKOHEYHOCTe!, AAKe TeX, YTO
riomenbiie. CTOPOHHMKM TEOPUM CYNEPCTpyH OObsiBUAKM ee Teopuen
Beero. :

B Gyaymem mMCcTOpMKaM HAayKy HaBepHAKa OyAeT MHTEPECHO IIPOCAE-
AUTb, KAK MEHSIAVICh MHEHIsI CpeAr (PUBMKOB-TeOPETHKOB. B TedeHue He-
CKOABKMX AT TeOpHsl CTPYH TIPaBrAd Ge3pasAeAbHO, a CYTIeprpaBUTalinio
OTMEAM KaK TEOPHIO CyTyOO0 MPUOAM3UTEABHYIO, KOTOpAsk ONPABABIBAETCH
AMIIDb TIPU HU3KKX 9Hepruax. OcoOeHHO OOMAHO 3BYYdAM CAOBA «HU3KME
SHEPIUM», XOTs B TaKOM KOHTEKCTE HM3KWE SHEPIrMM — 3TO YACTHLIbL,
9HepTsi KOTOPBIX HIDKE, YeM SHEPrusi YaCTHIbl B3OPBABLIETOCA TPUHM-
TPOTOAYOAQ, YMHOPKEHHAsI HA MMAAMAPA MUAAMAPAOB. [TOCKOABKY CyTiep-
rpaBuTalvs OblAa AMIIb TIPUOAVDKEHHEM AAS HU3KUX SHEPTUH, TO He MOT-
Aa TIPeTEHAOBATh HA TUTYA (pyHAAMeHTaAbHOM Teopun Beeaennoit. Cuura-
AOCb, YTO TEOPHMIO BCETO MOKHO TOCTPOWThL AMIIb HA OCHOBE OAHOM M3
[T BO3MOKHBIX TeOpuit cyrepctpyH. Ho KOTOpas M3 HMX ONUCHIBAAA
Hauy Beeaennyio? M Kak copMyAMpOBaTh TEOPHIO CYTIEPCTPYH, €CAM
BBIATH 33 PAMKU TPUOAVDKEHMS], COTAACHO KOTOPOMY CTPYHbI M300paska-
AVICb KaK TIOBEPXHOCTH C OAHMM TPOCTPAHCTBEHHBIM M OAHUM BPEMEHHbBIM
M3MepeHneM, ABIDKYIIMECs: CKBO3b IAOCKOe (POHOBOE TIPOCTPAHCTBO-BPE-
ma? PasBe B TAKOM CAydae CTPYHBI He MCKPHBASIOT (DOHOBOE MPOCTPaH-
CTBO-BpeMs?

[Tocae 1985 roaa mocTeneHHo CTAAO MOHATHO, YTO TEOPUsl CTPYH He
A2eT TIOAHOW KapTWHBL. AAsl Ha4YaAad y4eHble MOHSIAM, YTO CTPYyHbl —
AMIIIb OAUH YAEH OOIIMPHOTO KAacca 0OBEKTOB, KOTOPbIe MOTYT HACYU-
TBIBATh ¥ OOABIIE OAHOTO u3MepeHus. [Toa TayHcenA — Kax u 51, COTPYA-
HUK (haKyAbTeTa TIPUKAQAHON MATEeMAaTUKH M TeOPeTHHYeCcKon (pusmku
B KeMOpuaske, npoaeAaBIINi (PyHAAMEHTAAbHBIE MCCACAOBAHUSL B 3TOM
00AacTH, — Ha3BaA 3T 00beKTHl p-OpaHaMu. P-OpaHa o0AasaeT AAMHOM
B p u3MepeHMsX. lakum obpasom, OpaHa p=1 — 370 cTpyHa, OpaHa
p=2 — TOBEPXHOCTh MAM MeMOpaHa 1 Tak Aaaee (puc. 2.15). Het Huka-




OPOPMA BPEMEHMWM

ITon Tayncend, enasnpiil cneyuanucm no p-6panam

[NpocTpaHeTBEHHaRA CTPYKTYPa Halen BeeneHHom moxeT 1-6paHa, oHa xe 2-6paHa, OHa Xe NUCT,
COAEPXaTh Kak NPOTAXEHHBIE, TaK U CBEPHYTLIE U3MEPEHWS. CBEPHYTaA CTPyHa CBEPHYTBLIN B TOP
MembBpaHs! ny4Lue BUAHEI, KOrAa OHW CBEPHYTHI
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Puc. 2.16. EQWHAR TEOPWRA?

Tunl

Tun |

lerepotuyeckan-0

11-mepHan

letepotuyeckas-E

Bce nate TeopUi CTPYH, 2 Takke 0auHHAALATUMEPHYIO CyneprpasuTaumMio 06beuHAET CETh B3aUMOOTHO-
LUEHWA — Tak HassliBaembix fyanbHocTed. Hanwume OyansHOCTEeR NOKAa3biBEET, YTO pasHLie TEopWn
CTPYH — ML PE3HBIE BEIDEXEHNA OAHOM 1 TOM e 0BLLER TeopuK, NoNy4MBLLER Ha3saHue «M-Teopuas.
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Tun IIB

Tur | . Tun 1A

letepotuseckan-0  etepotuyeckan-E

[o Ha4ana OeBAHOCTLIX Ka3anock,
4TO CYLLECTBYET NATh OTAENbHbIX Te-
OPWUIA CTPYH, HE3aBUCUMBIX U HUKEK
HE CBA3EHHBIX OPYr C OPYrom.

Tun IIB

Tun | Tun A

letepotnyeckas-0  [etepotudeckan-E

M-Teopua. 0BbeaMHAET NATL TEOPUit
CTPYH B Npenenax enuHoi Teopetu-
HECKOW KOHLEMLMKM, OfHaKO MHorve
£€ CROMCTEA eLLe NPEACTOMT NOHATL.

®DOPMA BPEMEHMU X

KMX TIPUYUH [PEATIOUNTATh CAyHail CTPYHBI p=1 BCEM APYTUM 3HaueHU-
am p. HarmpoTus, HaAO cAeAOBaTh NPUHIMITY P-OPaHOBON AGMOKPATHM:
BCe p-OpaHbl CO3AAHEI PABHBIMU.

Bce p-OGpatbl MOTYT CAYKUTH PelleHUIMN YPAaBHEHUI TEOPUR CyTiep-
rpasutauuy 8 10 nan 11 usmepenusx. Kasaaoch 6u1, 10 nau 11 usmepe-
HUI1 — 3TO COBCEM He TT0XO0XKe Ha NPUBbIYHOE HAM MPOCTPAHCTBO-Bpe-
Msi, OAHAKO TA@BHASi MBICAb TYT B TOM, YTO Apyrue 6 vAn 7 usmepeHuit
CBEPHYTHI M TAK MAABL, YTO Mbl UX He 3aMeudeM, 4 3HaeM AMIIb 00 OCTaAb-
HBIX 4, OOABIINX U TIOYTU TTAOCKUX.

AOAKEH MPU3HATHCS, YTO AMYHO MHE OBIAO TPYAHO TOBEPUTH B AO-
MOAHWTEAbHbIE M3MepeHna. Ho s nmosutusucT, mostomy orpoc «I1pasaa
AUl CYIIECTBYIOT AOTIOAHMTEAbHbIE M3MEPEHMSI?» AAs MEHs He UMeeT
cMbicAa. POPMYAMPOBAaTh €r0 CAEAYeT MHA4e: AOCTATOMHO AU XOPOLIO
MAaTeMAaTUYECKNE MOAEAW C AMIIHUMU M3MEPEeHUsAMU ONMCHIBAIOT Bee-
AeHHy10? [ToKa UTO y HAC HeT HUKAKUX HAOAIOACHUIL, AAsI OOBICHEHUs
KOTOPBIX TPeOOBAAUCH Obl AOMOAHMTEAbHBEIE M3Mepenus. OAHAKO ecTh
BEPOATHOCTD, YTO Mbl MOAYMMM HMX Ha BOABIIOM aAPOHHOM KoAAaiaepe
B XKenese!. Tem He MeHee MHOTHX, B TOM HYMCA€ U MEHsl, 3aCTABUAO Ce-
PbE3HO OTHECTUCh K MOAEASIM C AOTIOAHUTEABHBIMU M3MEPEHUSIMU TO 00-
CTOATEABCTBO, YTO MEXKAY MOAEASIMU CYLIECTBYET CeThb HEOKMAAHHBIX
B3aMMOOTHOIEHNI — TaK HAa3bIBAEMbIX AYaAbHOCTEHN. ITH AYyaAbHOCTH
TIOKA3BIBAIOT, YTO BCE MOAEAM, B CYLIHOCTH, SKBUBAAEHTHbI, TO €CTb BCE
OHU — Pa3Hble aCleKThl OAHOM M TOM ke o011ell TeOpUn, KOTOPYIO Ha-
3saan M-teopus. He cuuTaTh ceTb AyaAbHOCTEH 3HAKOM, UTO Mbl Ha Bep-
HOM I1yTH, — BCE PABHO YTO TIOAAraTh, OyATO bor cripsaTaa okaMeHeAOCTH
B TOPHbIE TIOPOABL, YTOOBI HATOAKHYTh AapBUHA HA OLIMOOYHYIO MBICAb
00 3BOAIOITNH.

'K HacTosleMy BpeMeHHU SKCIIePUMeHTbI Ha BOABILIOM dAPOHHOM KOAAATAEPE TAKKE He
MOKA3aAu, 4TO y BeeaeHHOi 0043aTeABHO AOAKHO ObiTh 10 nan 11 namepenuit.— [Mpum. ped.
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MCTDpHFl B JeACTBUTENLHOM BPEMEHN

Puc. 2.17.

MoXHO NOCTPOUTE MaTeMaTUHECKYIO
MOfeNk, B KOTOPOR CYLLECTBYET MHW-
MOE BpEeMs, HanpasneHHoe nepneHaw-
KyNApHO 0OOLIMHOMY, OENCTBUTENLHO-
My BpemeHW. 3aKoHbl TAaKkoW MOAENV
NO3BONAIOT  ONPEOENATL  MCTOPWIO
B MHUMOM BPEMEHM Yepe3 MCTOpuIo
B peansHoM BpeMeHy 1 HaobopoT.
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DPOPMA BPEMEHHU

AyaAbHOCTM TMOKa3bIBAIOT, YTO BCE ITh TEOPUI CYTIePCTPYH OIMUCHI-
BAIOT OAHY M Ty JKe (PUBHKY, a TAaKKe (PU3MIECKHU IKBUBAACHTHBI CYTIEp-
rpasutatmu (puc. 2.16). Heab3si ckasath, 4To cynepcTpyHbt (pyHAAMEH-
TaAbHEE CyTeprpaBuTalMy UAM Hao00poT. Het, 310 pasHbie BhIpaKeHMA
OAHOM M TOW e OO0IIei TEOPUM: KaKAas TMOAXOAWMT AASl BbIYMCAEHWH
B Pa3HOTO poAa cuTyaumsx. [TocKoAbKy B TEOpMSIX CTPYH HeT OeCKOHed-
HOCTeM, OHM XOPOIIM AASl TOTO, YTOOBl COCYMTATh, YTO TIOAYYAeTCs TIPU
COYAAPEHMH M PACCESTHUM BHICOKOIHEPTUYHBIX HacTull. Ho oHM He oveHb
XOPOILIO MOAXOASIT AASL OMMCAHMSI TOTO, KAK SHEPrus OYeHb GOABIIOTO
4MCAA YaCTHIl UCKPUBAsieT BCeAeHHYIO MAM CO3AAeT CBS3AHHOE COCTOS-
HHe, HATIPUMEP YepPHYIO AbIPY. AAsi TAKUX CAy4aeB HY>KHA CyTieprpaBUTa-
1M, KOTOpas, B CyIITHOCTH, OCHOBAHA HA SHHIITEMHOBCKON TEOPUH HC-
KPMBAEHHOTO TIPOCTPAHCTBA-BPEMEHN C HEKOTOPBIMH AOTIOAHWTEABHBI-
MU BMAAMM BEIeCTBA. B AaabHeMIIeM Ha CTpaHMIAX 3TON KHUTH 51 OyAy
B OCHOBHOM ONMUPATbCSl UMEHHO Ha TAKYIO KapTUHY.

YT00B!I OrmMcaTh, KAKUMU CBONCTBAMU KBAaHTOBAS TEOPHSI HAACASIET Bpe-
Msl 11 TIPOCTPAHCTBO, TIOAE3HO BBECTH IOHSTHE MHMMOrO BpemeHu. Kasa-
AOCh Obl, 3TO YTO-TO U3 00AACTH (PAHTACTUKM, HO HA CAMOM AEA€ ITO O011Ie-
TIPUHATOE MaTeMaTU4eCKOoe TOHSATHE: BPeMsi, U3MepsieMOe B TaK Ha3blBae-
MBIX MHHMMBbIX 4mcaax. [lpeactaBbre ceGe 0ObruHbIE (ACTICTBUTEAbHBIE,
BelllecTBeHHble) uncaa — 1, 2, -3,5 1 Tak AaAee — Ha COOTBETCTBYIOIINX
TOYKAX YMCAOBOW OCH, MAYILIEH CAEBA HAMpPaBO: HYyAb — IOCEPEAMHE, 110-
AOJKMTEABHbIE ACFICTBUTEABHBIE YHCAQ — CIIPaBa, OTPULIATEAbHBIE — CAe-
Ba (puc. 2.17).

Toraa MEMMBIE YMCAQ MOXKHO M300pa3uTh Ha BEPTUKAABHOI OCH: HYAb
OTISATh JKE MTOCEPEAVHE, TIOAOYKHMTEABHbIE MHMMbIE YMCAA — HA Ay4e, HAY-
1M BBEPX, @ OTPULIATEAbHBIE — Ha AyHe, MAYIEeM BHM3. TO eCTb MHM-

Puc. 2.18

MHuMble Yucna — mareMatnyeckoe
noHATHE. Henb3s NonoMuTe MHUMYIO
cyMmy feHer Ha BaHKOBCKYIO KapTy.
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HanpaaneHme BpemMeHH

)

Puc. 2.19
B penacteuTEnLHOM
BPEMEHW KnaccuHeckon obwen Teo-

npocTpaHcTee-

PHUA OTHOCKUTENEHOCTKM BPEMA OTNK4a-
ETCH OT NPOCTPAHCTBEHHLIX W3mepe
HWIA, NOCKONLKY TOMBKO YBENUYMBaEeT-
CA € XOAOM ucTOpuW Habnopartens,
B OTNKU41e OT NPOCTPaHCTBEHHLIX W3-
MEPEHWA, KOTORbLIE MOrYT U yBEnn4u-
BaTLCH, W YMEHLLUATECH B XOOe 3ToW
neropu. Ho MeHuMoe BDEMA KBaHTO-
BOW TeOpwK BefeT celbd Kak e
NPOCTPAHCTBEHHOE W3MEepeHne: OHO
MOXET W YBENWYMBATBECA, W YMEHbL-
LaTeCH

|8 OfHO
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WcTopua HabnopaTtens

CBETOBbLIE KOHYChI

MbIe YMCAQ — 3TO TaKasg HOBAs PA3HOBUAHOCTb YHMCEA, MEPIIEHAUKYAAD-
Hast OOBIYHBIM ACTICTBUTEABHBIM HMCAAM.

[TocKOABKY MHUMBbIE YMCAQ — 3TO MaTeMAaTHYECKOE MOHATHE, UM HE
HyKHA (PU3MYeCKast PEaAN3aLIMs: HeAb3s B3ATh MHHMOE KOAMYECTBO A0AOK
MAM TTIOAOKMTb MHUMYIO CYMMY AeHer Ha 0aHKOBCKY10 KapTy (puc. 2.18).

Kasaaoch Obl, U3 3TOTO CAEAYeT, OYATO MHMMBIE YUCAZ — 3TO MPOCTO
MateMaTUyecKas 3abapa, He MMeIOIasi OTHOINEHNs K PEaAbHOMY MUDY.
Ho ¢ TouKM 3peHust NO3NTUBUCTCKON (UAOCODUM HEAb3S OTTPEACAMT,
YTO PeaAbHO, a YTO HeT. MOXKHO AMIIbL MOHATH, KaKne MareMaTu4eckue
MOAEAM OTIMCHIBAIOT BeeAeHHYI0, B KOTOPOit MBI JKUBEM. TaK BOT, OKa3bl-
BAETCSl, MATEMATHYECKAs MOAEAb C Y4aCTHEM MHMMOTO BPEMEHM TIPEA-
CKa3bIBAeT He TOABKO 3(PeKThl, KOTOPBIE MBI Y>Ke HaOAIOAAAM, HO 1 3cp-
bekTbI, KOTOpPBIE MBI e1lle TIOKa He HaOAIOAAAM, OAHAKO y HAaC eCTh MpH-



Puc. 2.20

B MHMMOM NpOCTpaHCTBE-BREMEHM, NPef-
cTasnsawLleM cobon cihepy, MHUMOE Bpe-
M MOXET COOTBETCTBOBATH PACCTOAHWIO
o1 okHoro nonoca. lMpw ABMXEHMM Ha
CEeBep OKPYMHOCTM NOCTOAHHOW LUMPOTLI,
TO €CTh Napanneny, PacrnoNoXeHHbIE Ye-
pPEe3 PaBHLIE NPOMEXYTKN OT HOMHOMO No-
nioca, cradosatcs Oonblue, a cnepgosa-
TENLHO, BCENEHHaA C XOA0M MHUMOTQ Bpe-
meHn paclmpsetcs. OHa gocTuraeTt Mak-
CUManbHbIX PasMEDOB y 3KBaTtopa, a 3a-
TEM CHOBA YMEHbLLAeTCA NPK YBENUHEHUM
MHUMOrO BDEMEHW W B KOHLE KOHLIOB CXO-
LMTCHA B TONKY Ha CeBepHOM nonioce. XoTA
Ha noncax pasMep BCENEHHOW paseH
HYMIO, 3TV TOYKKM HE NpeacTasnaioT coboi
CUHIYIAPHOCTH, TOMHO Tak Xe kak Cesep-
Hellt 1 KOXHBIR nonoca 3emn — camble
00bl4HbIE TOYKWM Ha ee NOBEepPXHOCTH W He
Bonee TOro. A 3HAYMT, BOBHUKHOBEHUE
BCENEHHOW B MHUMOM BPEMEHWM MOXET
ObiTe  0ObIMHOW TOYKOW B NPOCTPaH-
CTEE-BpEMEHW, 8 HEe CUHIYNAPHOCTbLIO.

Puc, 2.21

B npoctpaHcTee-BpeMEeHM, MPeacTaBnsio-
wiem cobon cdepy, HanpasneHue MHUMO-
r0 BPEMEHW MOXET COOTBETCTBOBAThL
W rpagycam aonrotel.

Mockonbky BCE MepuaMaHbl — NUHAK
[ONTOTEl — NEePeceKkalnTcs Ha KKHOM
1 CEBEPHOM NOMKCAX, BPeMs Ha nonicax
HE [BMraeTcs, W YBENUYeHWe MHUMOro
BPEMEHW OCTaBnAeT Habnoparens Ha Tom
HE MECTE, TOHHO TaK Xe Kak Ha CesepHoMm
nonioce 3emnu, ecni noigells Ha 3anag
Nno [AEessHOCTOW napanneny, BCe pasBHO
ocTaHelwscs Ha CeBepHoM Nonce.

POPMA BPEMEHMHU

MHumMoe Bpems B rpagycax LWWpoThl.

MHuMOoe BpemA B rpagycax AonroTel: MEpUAnaHs!
NepeceKalTcs Ha CEBEPHOM W HOXHOM NOMOCaXx.
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0 WHhopmauma napaer
B YEpPHYIO Abipy

@opMmyna, KOTOpas CBA3bIBAET NNOLlanb ropw3oHTa cobbiTud
HEPHOM AbIPbl C €8 3HTPONKWER (KONU4eCTBOM BHYTPEHHWUX COCTO-
AHWIA), nokaskiBaeT, yYTo WHhopMauus obo BoeM, 4TO napaer
B YEPHYIO AbIPY, BOSMOXHO, 3anuckiBaeTcs, OYATO Ha NNacTUHKY,
W BOCMPOW3BOOWTCH, KOrga YepHas fsipa ncnapaeTca,

Wrchopmaumn
nepesanucelBaeTcs
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POFPMA BPEMEHHM

YUMHBI B HUX BEPUTh. TaK YTO JKe MHUMOE, a YTO AeNCTBUTEAbHOE? MoKkeT
ObITh, PA3HUIIA AMIIb Y HAC B TOAOBE?

Kaaccuyeckas (To ecTb HEeKBaHTOBas) MHIITEMHOBCKAs o0Mas Teo-
Py OTHOCUTEABHOCTI COMETAET PeaAbHOE BPeMs 1 TPH MPOCTPAHCTBEH-
HbIX U3MEPEHMsI M PACCMATPUBAET EAMHOE YeThIpEXMEPHOE TPOCTPaH-
cTBO-BpeMs. OAHAKO U3MEPEHUE ACCTBUTEABHOTO BPEMEHN OTAMYAAOCH
OT TPeX MPOCTPAHCTBEHHBIX: MUPOBask AMHUS UCTOPUM C TOUKU 3PEHUS
HaOAIOAATEAS! BCETAA 11IAA B CTOPOHY YBEAMYEHMS ACCTBUTEABHOTO Bpe-
MEHH, TO €CTh BPeMA BCETAA ILIAO U3 NIPOLIAOTO B OyAylliee, HO B Al0OOM
[POCTPAHCTBEHHOM M3MEPEHUM OHA MOTAA MATH KaK BBEpX, TaK W BHU3.
To ecTb B NpOCTpaHCTBE MOXKHO TOBEPHYTh 0OPAaTHO, a BO BPEMEHU
Heab3s (puc. 2.19).

C Apyroil CTOPOHBI, TIOCKOABKY MHHUMOE BPEMsl TEPHeHAUKYASPHO
ACUCTBUTEABHOMY BPEMEHH, OHO BEAET Ce0st KaK YeTBEepTOe MPOCTPaH-
CTBeHHOE u3Mepenne. [103ToMy 1 BO3MOXKHOCTEN y HETO TOPa3A0 O0Ab-
e, YyeM y 0ObIMHOTO AEMCTBUTEABHOTO BPEMEHU C €r0 «JKeAe3HOAOPOXK-
HOW» CTPYKTYPO#, B KOTOPOM €CTh AWIIb HAYAA0 MAW KOHEIl AMOO MOXKHO
€3AUTH [0 KPyry. ¥ BpeMeHHM ecTb opMa MMEHHO B 3TOM, MHIMOM
CMBICAE.

YToO6bl OLIEHUTh HEKOTOPBIE BO3MOXKHOCTH MHUMOIO BPEMEHHM, TIPEA-
cTaBuM cebe MPOCTPaHCTBO-BPEMs C MHHUMBIM BpemeHeM B BuAe C(pe-
bl — BPOA€ MIOBEPXHOCTH 3eMAN. [TPEATIOAOKIM, UTO MHUMOE BpeMst —
310 rpaaycel mmpoTsl (puc. 2.20). Toraa ucropust BceaeHHON B MHUMOM
BPEMEHM HAYHETCS Ha I0KHOM T10AIOCe. HeT HMKaKoro CMbICAa CrIpaiim-
BaThb «YTO OBIAO A0 HAYAAA?». STO BpeMsA MOMPOCTY HE OTIPEACACHO —
TOYHO TaK JKe, KaK He OTPEAeAeHbl TOYKM I0JKHee I05KHOTo noAioca. KOx-
HBI# TIOAIOC — COBEPHICHHO 0ObIYHAs TOYKA HA TOBEPXHOCTU 3eMAM, TaM
AEHICTBYIOT T€ )K€ 3aKOHBI, YTO M B OCTAABHBIX TOYKAX. DTO 3HAYUT, YTO
B MHMMOM BPEMEHM MOMEHT Hayaaa BceaenHoi mMor ObITh caMoul 00bIY-
HOW TOYKOM MTPOCTPAHCTBA-BPEMEHN, U B HEM ACHICTBOBAAM T€ K€ 3aKOHBI,
4TO M BO BCEM OCTAAbHOUM BceaeHHOM (0 KBAaHTOBOM MPOMCXOMKACHUI
11 SBOAIOIINM BCeACHHOM MBI TIOTOBOPUM B CACAYIOLIEH IAaBe).

Apyro# BapuaHT MOBEACHUA MHUMOTO BPEMEHM MOXKHO TIPEACTABUTh
cebe, eCAM TIPEATIOAOXKNTh, YTO MHUMOE BPEMS COOTBETCTBYET TPAAyCaM
AOATOTBL. Bce MepuAMaHbl — AMHUM AOATOTBI — TI€PECEKAIOTCs Ha Ce-
BEPHOM U I03KHOM 110A10ce (puc. 2.21). Toraa BBIXOAMT, YTO BpeMsi Tam
OCTaHABAMBAETCSI — B TOM CMBICAE, UTO TPH YBEAMYEHUM MHUMOTO Bpe-
MEHU, UAU I'PAAYCOB AOATOTBI, OCTA€IIbCs Ha TOM JKe MeCTe.

OTO OUeHb MOXOXKE HA TO, KAK OCTAHABAMBAETCH BPeMsl Ha FOPU30OHTE
YEPHOM ABIpbL. Terepb Mbl TOHMMAEM, YTO OCTAHOBKA MHMMOTO U Aei-

Akc’

4 hG

DOPMYNA SHTPOMAM
YEPHOW [OblPbl

A — nnouane ropusoHTa
coBbITUIA YepPHOW AbIPkI

h — noctoaHHaaA MNnaxka
k — nocroaHHas bonsumada

G — rpaevTaunoHHas
NocTOAHHARA HbIOTOHA

C — CKOPOCTb CBETA

S — sHTPOMKUA
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FONOrPAGUYECKUA
MPUHLIAN

Kama Y4EHLIE MOHANW, HTO Mo-
BEPXHOCTL rOPU3oHTA COBLITUM,
OKPYKAIOLLErD YepHYyIo ObIpy, Chy-
MUT  MEPOR  3HTPONWK  YepHOWR
AbIPbI, 3TO HATONKHYNO MX Ha MBICTb,
YTO MakCMMankHana 3HTPOMNUA Mio-
60 3aMKHYTOIN 0BnacTk NpocTpaH-
cTBa He MOXET ObiTs Bonblue, Yem
YETBEPTbL NMOWAON BHELHER no-
BEPXHOCTW aTor obnacTy. [Mockons-
Ky SHTPOMMA — 3T0 NpocTo mepa
nonHoM WHAopMaLMK, Copepka-
LLEWCH B CUCTEME, W3 3TOrD Crefy-
T, 4TO MHChbopMaLws, CessaHHas co
BCEMW (DEHOMEHAMW TPEXMEPHOTO
MPOCTPAHCTBA, MOMET XpaHWTLCS
Ha ee [BYMEPHOW rpaHule — Kak
ronorpachudeckoe  usobpaxeHve.
B KaKoM-TO CMbICNE MUP OBYMEDEH.
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[axe Kpolwe4HbIn hparMeHT OByMEPHOR
ronorpaHeckol NNacTWHbl  COOERMUT
AOCTATOMHO WHbopMaUWK, 4ToOkI PeKoH-
CTPYWpOBaTh UENLHOE TPexXMepHoe W3o-
BpaeHie abnoka.

CTBUTEABHOTO BpeMeHM (OHM OCTaHABAMBAIOTCSA TOABKO 00a cpa3y) o3Ha-
YaeT, YTO y MPOCTPAHCTBA-BPEMEHM €CTh TeMIIePaTypa, KaK 1 Y YePHbIX
AbIp (TeMIleparypa YepHBIX AbIP — MOE OTKpbITHe). YepHas Ablpa He
[IPOCTO MMEEeT TeMIepaTypy — OHa BeAeT cebsl TaK, CAOBHO y Hee ecTb
napamMeTp, KOTOPbIN MPUHATO HA3bIBATH SHTPOIMEN. DHTPONUs — Mepa
KOAMYECTBA BHYTPEHHUX COCTOSIHUM (CHOCOEJDB OpraHM3aliiil CUCTEMDBI
W3HYTPU), B KOTOPHIX MOXKET HAXOAMTBCS YepPHAsi AbIPAa, HE MEHSACH
C TOYKM 3PEHUsI CTOPOHHETO HAOAIOAATEAS], KOTOPBIN HAOAIOAQeT TOABKO
ee Maccy, BpallleHue W 3apsiA. DHTPOMMs YePHON ABIPbI ONMCHIBAETCS
04eHb MPOCTON (HDOPMYAOH, KOTOPYIO 5 BeIBeA B 1974 roay. DHTporus
PaBHA TIAOIIAAM TOPU30HTA COOBITHI HEPHOM ABIPbl — Ha KAXKAYIO €AM-
HUILY TIAOIMIAAM 3TOTO TOPM3OHTA (BBHIPAKEHHYIO B (PyHAAMEHTAABHBIX
SAMHULIAX MAOLIAAM) TIPUXOAUTCS OUT MHMOPMAIIMK O BHYTPEHHEM CO-
CTOSIHUM YE€PHOM ABIPbL. DTO CBUAETEALCTBYET O TAYOOKOM B3aMMOCBS3N
KBAHTOBOI TpaBUTAlIMM W TEPMOAMHAMHWKH, HAYKHM O TETIAC (I(OTD})EH
B TOM 9HCA€ M3Y4aeT ¥ SHTPOrMio). Kpome TOro, 3T0 03HAYAET, YTO KBaH-
TOBasi TPAaBUTALIMS MOKET TIPOSIBAATBCS B (hopMme ToAOrpaduHeckoro
npuHIMna (puc. 2.22).



®OPMA BPEMEHHMU

Puc. 2.22.
lonorpacus — 370, B CYWHOCTH, ABNEHWe WHTepdepeHLMm HOro npeameTa. Habnwparens MoxeT oboNTH 3T0 ronorpadu-
)BbIX BOMH. Y706bl CO3paThL ronorpammy, CBET OOHOro yeckoe wuzobpameHne BCEX CTOPOH W pasrmageTs Bce
: 3epa PACLUENNSIOT HA [Ba pasHbiX ny4a — ( PbIThIE MOBEPXHOCTH, KOTOPLIX HE BUAHO Ha 00bIMHOM hoTO-
1 (b). Ny4 (b) otpaxaetcna ot npeamera (c) Ha STBU CHUMKE
nnacTuHy (d). Iy (a) npoxonuT 4epea nuxay (e) \ 1 NO 5 NNACTHHE €Ba, B OTNK4Me oT

HbIM cBeTOM (b), oT4ero Ha nnactTuHe

HHaR KapTiHa
HYIO




O BCEAEHHOMW B ABYX CAOBAX

Mudopmalins 0 KBAHTOBBIX COCTOSHUAX B HEKOTOPOH 00AaCTH TIPO-
CTPaHCTBa-BPEMEHN MOKeT OBbITh KaK-TO 3aKOAMPOBaHa Ha TPaHuIIe 3Tl
00AaCTH, TO €CTh B POCTPAHCTBE, Y KOTOPOTO HA ABAa U3MEPEHUS MEHb-
e, JTO TOXOXKEe Ha TOAOTPAMMY, KOTOPast COAEPKUT Ha ABYMEPHOI T10-
BEPXHOCTU MH(MOPMALNIO O TpexMepHOM usobpakenun. Ecan KBaHTo-
Basi TPABUTALNS BKAIOHAeT B ceOsi roAorpadpMyecKnil IPUHLINIL, 3TO, Be-
POATHO, O3HAYAET, 4YTO Mbl MOXKEM IIPOCACAUTb 33 OOBEKTAMH,
HAXOAANIMMUICA BHYTPU YePHBIX ABIP. be3 3TOro HEBO3MOXKHO TpPeACKa-
3aTh, KAKOBO OyAET M3AyYeHME YePHBIX ABIP. B CBOIO 04epeAb, 6e3 Takoro
NPEACKa3aHMsl Mbl HE CMOJKEM M PACCYMTHIBAThL OyAylllee TaK TOYHO, KaK
Mol xoTuM. O6 3TOM roBoputcst B raase 4. K roaorpacpuut Mbl BepHeMCst
B raase 7. [loxoske, Mbl JKuBeM Ha 3-OpaHe — YeTbIPEXMEPHOM MOBEPX-
HOCTU (TPM NPOCTPAHCTBEHHBIX M3MEPEHMsl IMAIOC OAHO BPEMEHHOE),
NIPEACTaBASIIONIEN COOOM IpaHuULly MATUMEPHON 00AACTH, a OCTAaAbHBIE
M3MEPEeHMs. CBEPHYTHI 1 OueHb Maabl. CocTosiHMe MUpa Ha 6pane — 310
KOA, KOTOPBIA COAePKMUT MHMOPMAIMIO O COOBITHSIX, TPOMCXOASIINX
BHYTPU MATUMEPHOHN 00AACTH.




I'AABA 3

O BCEAEHHOW B ABYX CAOBAX

Y BcenenHoti MHOXCECMB0 UCMOPUIL, HO KAXCAY10 MOJICHO PAcKoi0mb,
Kaxk opeutex, u nepeckasamo 6 deyx croeax’.

! B opuriiHaAe — Urpa CAOB, OCHOBaHHAs Ha BhIpaKeHun in a nutshell — «B AByx caosax» — 1 GYKBAABHOM CMBICAE CAOBA
nutshell — «cxopayma opexa». — ITpum. nepee.
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O BCEAEHHOW B ABYX CAOBAX

Ce0s 51 AaKe B CKOpPAYTIE Opexa
Cunraa Onl noseanTeAeMm BeceaeHHON. ..

Lexenup, «lamnem», akm II, cuena 2
(nep. H. Camoitrosa)

EPOSTHO, TAMAET MMEA B BUAY, UTO XOTs (PU3MUECKME BO3MOKHOCTH

y HAC, AIOACH1, BeCbMa OTPaHUYeHbl, Halll Pa3yM CBOOOAEH 1 MOXKET

MCCACAOBATH BCIO BCEACHHYIO, OTBAXKHO 3arASIABIBASL ADKE TYAQ,
KyAa 1000SAMCH Obl repoMn «3BE3AHOTO ITyTH», U TIOMEXa eMy pa3Be uTo
AYPHBIE CHBI.

Kakas oHa, Hama Bceaennas, — m npasaa 6€CKOHEYHasi AW TIPOCTO
oueHb OoAbInas? BeyHas MAM NPOCTO AOATOXKMBYIIAs? Kak Hammm orpa-
HITYeHHBIM YMaM IIPEACTaBUTh cebe GeckoHeuHyio Beceaennyio? A MOXeT
OBITh, 3TO CAMIIKOM CAMOHAAESHHO C Halllel CTOPOHBI U HE CTOUT U TIbl-
TaThes? He puckyem An Mbl IOBTOPUTDH CYyAbOY [TpomeTesi, KOTOPBbIN, CO-
FAACHO QHTUYHOM MU(OAOrMHN, YKPAA y 3eBca OTOHb, YTOObI TIOAAPUTD
eT0 AIOASIM M HAYYUTh UX MOAB30BATHCA UM, HO B HAKa3aHWe 3a AeP30CTb
ObIA ITPUKOBAH K CKAA€, TA€ OPEA KAEBAA €ro IeveHb?

HecMOTps Ha 3Ty MOYYUTEABHYIO UCTOPMIO, Si YBEPEH, YTO Mbl MO-
JKE€M M AOAKHBI TIOTIBITAThCA TIOHATH BceAeHHy10. Mbl yyke AOCTUrAM 3Ha-
YUTEABHOTO TIPOrpecca B IOHMMaHUK KOCMOCA, OCOOEHHO B MTOCAEAHUE
roApl. [ToAHOM KapTUHBL y HAC ellle HeT, HO, BO3MOXHO, AO Hee yxke
HEAAAEKO.

Koraa peynb MAET O TPOCTPAHCTBE, CAMOE OYEBMAHOE €r0 Ka4yeCTBO —
TO, 4TO OHO TAHETCS BO BCE CTOPOHBI 04€Hb AAAEKO. ITO MOATBEPKAAIOT
1 COBpPEMEHHBIE M3MEPUTEAbHbIE MHCTPYMEHTbI, HAlpUMep KOCMUYe-
CKHUI TeAecKon MMeHHM Xa00Aa, KOTOPHIM TMO3BOASET HAM 3arASIAbIBATbH
rayboko B KOcMOC. M Toraa Mbl BUAUM MUAAMAPABL TAAAKTHK BCEBO3-
MOXKHBIX opM 1 pasmepos (puc. 3.1). Kaxaas rarakTUKa COAEPKUT
GecunCcAeHHbIe MUAAMAPABI 3B€3A, M BOKPYT MHOTUX M3 HUX BPalIalOTCs
rnaaHeTsl. Mbl JKNBEM Ha MAQHETe, KOTOPasi BPAalllaeTCsl BOKPYT 3Be3Abl BO

Brepxy: [Tpomemetl. Pocnuce

na ampycexoil eaze, VI 6. do 1.3,

CaeBa: IKunai KoCMueckozo
HEAHOKA O0HOBAAEM AUNHIY

u 3{'pK€L1{J {?péumtlﬂbﬂﬂfﬂ meaecKond
um. Xabtna. Buusy sudna

Ascmpanus.
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Cnupansnas zanakmuxa NGC 4414 CnupanbHas zaaakmura ¢ nepemukoil Saaunmuyeckad zanakmuxa NGC 147
NGC 4314

Puc. 3.1. Korpa Mbl 3arnsagsisaem 8 rmy6GuHsl BCceneHHon, To BUAUM MUNNMapsl ranakTvk. ManakTvki GeisaloT pasHsix (hOpM M pasMepos
OHWU MOTYT BbITb W 3NNMNTUHECKUMK, U CNWPANBHBIMK, Kak Halla ranaktuka Mneuxbiv MyTs.
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O BCEAEHHOW B

ABY X

CAOBAX

BHEIIHEM CriMpaAbHOM pykase Maeunoro Ilytu. Coaepxamascs B criu-
PaAbHBIX i]}"Kdl%LlX [MbIAB 3ACAOHAECT HaAM 06'.'50]3 B IMAOCKOCTH I-i’i.\ﬁh“l‘ili\'ll\

1 B 3TOM HAlPABACHMH HaM TPYAHO Pa3TASA€Tb, YTO MPOMCXOAUT B TAY-
OmHax BceAeHHOR, 3aTO B KOHYCax 110 00e CTOPOHBL OT 3TON MAOCKOCTH
HaM BCE TIPEKPACHO BMAHO, ¥ Mbl MOXKEM OITPEACAMTDL MECTOTOAOKEHHE
AaAeKHX TraaakTuk (puc. 3.2). Oka3biBaeTcsi, FTAAAKTUKN PACTIPEAEACHDI
110 TIPOCTPAHCTBY GoAee MAM MeHee PAaBHOMEPHO, HO KOE@-TA€ eCTh AO-
KaAbHBblE CKOTIA€HMS M TyCTOTHI. [IAOTHOCTh TaAaKTHK Ha OYEHb AAAb-
HUX PaCCTOAHMSAX, TIOXOXKE, CHIKAETCs, HO, BO3MOXKHO, ACAO B TOM, 4TO
O4YeHb AAAEKME M TYCKABIE TAaAAKTMKM Mbl TTPOCTO He pasamyvaem. Ha-
CKOABKO Mbl MOKEM CYAMTb, BceAeHHast IPOCTUPAETCs B NIPOCTPAHCTBE
HeckoneuHo (puc. 3.3).

Xotsi BceaeHnasi, roxoxe, Be3ae NMPUMEPHO OAMHAKOBA, CO BpeMme-
HEM OHA OTIPEACACHHO MEeHSIeTCs. DTO HaYaAW TIOHMMATh TOABKO B TIep-

Puc. 3.2

Hawa nnanera 3emna (3) spawjaercs
Bokpyr ConHua BO BHelwHen ofnactu
cnvpansHoi ranaktuki MnedHsia MyTe
3se3aHas Mbinb, CofepXallancs B cnu-
paneHblX pyKasax, 3aCnoHAET Ham 06-
30D B NNOCKOCTM [ANaKTHKK, 38T0 HaMm
BCE XOpOLWO BMAHO No 00e CTOPOHSI

3TOW NNOCKOCTH
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Puc. 3.3.

Ecnu He c4MTath OTAENbHBLIX NOKars-
HiIX CKONNEHWA, BUOHO, 4TO ranakTuki
pacnpegeneHsl B NpOCTPAHCTBE [Ao-
CTaTO4YHO PaBHOMEPHO.
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Bble TOAbl XX BeKa. A0 9TOro CYMTAAOCh, uTO BceAeHHas Hen3MeHHA
M MOTAA CYIIECTBOBATh GECKOHEYHO AOATO, OAHAKO M3 3TOTO CACAOBAAU
abcypAHbIe BbIBOABL. ECAM 3B€3ABI CBETAT BEYHO, OHU AOAYKHBI OBIAU Pa-
3orpeTh BeeAeHHyIO A0 CBOeil TemrepaTyphl. Aaske HOYBIO HEGO CHUSIAO
Obl spKo, Kak CoAHIIE, ITOCKOABKY BCE AYYM 3PEHMs YIIMPAAUCH Obl AM-
00 B 3Be3Ay, AMOO B 0OAAKO TIbIAM, PACKAACHHOE AO TEMIIEPATYPhl 3BE3A
(puc. 3.4).

Bce Mbl 3HaeM, 4To HeGO MO HOYAM TEMHOE, U 3TO OYeHb BAXKHOE Ha-
Oatoaenne. M3 Hero caeayet, uTo BceAeHHast He BCeraa CyIIeCTBOBaAa



\EHHOM

B TOM COCTOAHUM, KOTOPOE Mbl BUAMM CETOAHA. B [MPOLIAOM — KOHEYHOE
BPEMSA Hd3dA — CAYHMAOCH HEYTO, M3-3d HETO 3drOPEAMCDH 3BC3ADL, d 3Ha-
YT, CBET OYEHDb AAAEKHMX 3BE3A €IIIE€ HE YCIIEeA A0 HAC _\L_'H._‘li'hl'l'[uﬁ_’:l. 210
SACHAET, MTOYEMY HOYHOE HeDO He CBETUTCS 11IEAMKOM.,
Ecam 3Be3Abl CMAEAM Ha CBOMX MecTax BEYHO, T10* " OHH f'-,‘\[)_'}'[
CAMCHh HECKOABKO MHAAMAPAOB AET Ha3aA? YTo 3a 4achl CKAa3aAu MM,

HTO I]l_'![')ﬁ CHAT b! Kak Ml \A«k BHMAECAM, 3TO CTABHUAO B TYTIHK TEX ('l"ll.1.\\'1t"t')—

dos, Kro, moao6Ho Mmmanyuay Kanty, cumtaa, uro Bceaennas cyie-

cTBOBaAa BeuyHO. OAHAKO B raazax OOABIIMHCTBA AIOAET 3TO He MpOTHUBO-




B B ©O BCEAEHHOM B ABYX CAOBAX

SOOEKT OOMNMEPA

THOLUEHWE MEX[Y CKOPOCTHIO MCTOYHWKA BOMH U peru-

CTPUPYEMOIN NPUEMHWKOM [/TMHOM BOMHLI — TaK Ha3bl-
Baembli achdexT [onnepa — Mbl Habnogaem NpakTUHecKu
Kawaslin geHs. MNpucnylwiaiTecs, Kak NponeTaeT camonet
Hap ronmeﬁ Korfa oH NpuBnxaeTcs, ryrn ABuratens aay—

MEXIY COCEMHUMMU NiKamu) 1 Bonee BbiCOKasn YacToTa (Ko-
NVYHECTBO KONebaHWi B CeryHay).

[eno B TOM, 41O KOrAa CamoneT ABMKETCHA B BaLLY CTOPO-
HY, OH mm&rwwm@ma Gmxensau
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O BCEAEHHOM B ABYX CAOBAX NI HE

peunAo naee, uto Beeaennas O6biaa co3aana IPUMEPHO B HbIHEIITHEM BH- Puc. 3.5. dbext [lonnepa oTHOCUT-

A€ HECKOABKO TBICSY AET HA3aA. GR. U § GeGIOMM BoraM.. ECm D
paccTosHue oT 3eMni A0 Kakon-To ra-
- : NaKkTUKK BGbINO NOCTORHHO, XapakTep-
BEAN HAOAIOACHUSL, N3 KOTOPBIX CAEAOBAAO, UTO MOAEAb HEM3MEHHOM Bee- e num & ee cnextpe nomxHs!

AEHHOM AOTWYeCKN HecocTosTeAbHa. B 1923 roay Xa66A OTKPBIA, YTO  Gbinv Gbl HAXOAMTCA Ha CTaHAAPTHOM

Ho Bo BTOpOit Aekase XX Beka Becto Caaitdep n Iasun Xab6A npo-

MHOTHE TIATHA TYCKAOTO CBETA, KOTOPHIE HA3bIBAAM TYMAHHOCTSIMM, Ha  MeCTe Ha wwkane anuH BONH. OfHako
eCnK1 ranakthka yaoan\setca 0T Hac,
BOMHb! MOKAXYTCH [NMHHES, PACTAHYT-
KMX Ha Hae COAHLIe, HO O4eHb AAAEKUX. Y1o6B1 OHM KA3aAUCh TAKUMU CA W XapakTepHble NMHWA CMECTATCH

CaMOM A€AE — APYTHE TAAaKTHKH, OﬁIIII‘IprIE CKOTIAEHWA 3BE3A, [MOX0-

MAACHBKUMU MU TYCKABIMH, PACCTOAHUE AO HUX AOAKHO OBIAO OBITH HA- B KpacHylo cTopoHy (cripasa). Ecnm

CTOABKO OTPOMHO, YTO CBET OT HMX IIeA A0 HAC MMAAMOHbBI MAM A@Ke K€ F@naKivka ABXETCA K Ham, CBeTo-
Bbi€ BONHBI COXMYTCH WM NHUHWKW COBW-

AT PROSE A, YRR 5 Agae- v W - . i S A L
MUAAMAPADBL AET. 3710 03HauyaeT, yTo BceAreHHad HUKAK He MOTAA 3dpo HYTCS B GUHIOIO CTOPOHY (cnesa)

AWTBCA BCETO HECKOABKO ThICAY AET HA3dA.
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Hauwia cocedka-zarakmuxa Andpomeda,

deuxeHue mn.‘:)pm’r UIMEPATU

Xab66a u Cratichep.

XPOHOMOMMA OTKPLITUX
CINAW®DEPA 1 XABEIMA
B 1910-1930 rr.

1912 — Cnaitchep npoaHanuanpo-
Ban CBET YeTkipex TyMaHHoCTeil

1 oBHapyXUN Y TPEX U3 HWUX Kpac-
HOE CMeLLeHWe, ay ARIpoMens —
cuHee. Wa atoro oH caenan Bei-
BO[, 4TO AHOpOMENAa ABMKETCA

K HaM, & OCTanbHble TYMaHHO-

CTW — OT HAaC.

1912-1914 — Cnaidep npoaHa-
nuanposar ceert ewle 12 TymaHHo-
cTe. Y Bcex, KpoMe ofHoW, 06Ha-
PY¥UNOCH KPACHOE CMEeLLIeHWe

1914 — Cnaidbep caenan aoknag
0 CBOWX OTKPLITUAX B AMEpPUKaH-
CKOM aCTPOHOMUHECKOM 0bLLe-
cTBe. 3TOT AoKNag creilan
Xa6én.

1918 — Xa66n Toxe Ha4an ueene-
N0BaTh TYMaHHOCTH.

1923 — Xab6n obHapyxun, 410
CNMpanbHbIE TYMaHHOCTH, B TOM
Yucne AHgpomena, — 310 Apyrue
ranakThKu,

1914-1925 — Cnaitcdhep 1 opyrie
YHEHLIe NPOAOMKININ BHANU3NPO-

HEtkG HEIRESCIC GO, A 3atem Xab0A cAeAaA BTOPOE OTKPbITHE — el1le 60Aee 3HAYUTEABHOE.

B 1925 rogy cyeT coctasmn [lpoaHaAn3upoBaB CBET AAAEKUX TFAAAKTHMK, MOMKHO Y3HATh, KyAd OHU

33 TRt CNCUaIR TooTin ABVIKYTCsI, K HaM uAM OoT Hac (puc. 3.5). K BeAnuaiiiieMy M3yMAEHUIO
CUHKX.

aCTPOHOMOB, 0Ka3aA0Ch, YTO [OYTH BCE TAAAKTHUKUN ABIIKYTCS OT Hac. bo-
1929 — lNpoponkue Way4arts fon-
NNepoBCKKE CMELLIeHWA 1 oﬁHapy— e
HUB, UTO Ha BOMBLUMX MacLLTaGax HO Xab0A MOHSA, KaK MOPa3UTeAbHbI BRIBOABL U3 3TOTO OTKPBITHA: HA
BCE ranakTvku pasberaiotca opyr GoABIINX MaclITabax BCe TAAAKTUKM Pa3AeTaloTca APYr oT Apyra. Bce-
oT [pyra, Xat6n u MuntoH Xeioma- S ’

RpyT 0 AeHHas pacumpseTcs (puc. 3.6).

COH OBLABMAN © CBOEM OTKDBITHM! . _
BeeneHHas pacLUMpaeTcs. OTkpbITHe paciivperns BeceAeHHOM — OAMH U3 BeAMYANIINX UHTEA-

AEKTYaAbHBIX IMPOPHIBOB XX BEKa. DTO CTAAO TOAHEMILEN HEOKMAAHHO-

A€e TOrO, Y€M AdADBIIIE OHWU HAXOASTCSH, TEM O BICTPEE PA3AETAIOTCA. Mmen-
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PACCTOAHWME FANAKTIK OT HAC

26

24

22

20

18

16

14

Puc. 3.6. 3AKOH XABBENA

pOaHanM3npoBas CBET OT APYruX ra-
nakTuk, 3aeuH Xabbn B aeaguatsie

rogel OTKPLIN, Y470 NOYTK BCE ranakTukKu
VAANAIOTCA OT HAC CO CKOPOCTHIO V, Npo-
NopUMOHansHoON WX paccToskvio R ot
3emnn: V = H x R. 310 saxHoe Habnioae-
HWe, HaseaHHoe «3akoHom Xabbna», no-
maaf ‘mx Escenemas pacmupner—

Ddeun Xa66n y cmodioiimosozo mereckona é oficepsamoputt «Mayrnm-Buwacor» o 1930 zody

Ha rpadhuvke BHM3Y OTpaMeHsl Hepas-
HWe HBGDDAGHMH KpacHoro cmetleHms
ranakTik, KoTopble MOATEEpMKAAT 3a-
KoH Xab6na Ha o4eHb BoMbLUKMX PACCTOR-
Husx o7 Hac. Ilerkuit uarmb rpadmka
BBEPX Ha Camblx [aNbHWX PacCTORHWMAX
TOBOPUT O TOM, HTO PaclUMpeHne yoKops-
€TCH, YTO, BEPOATHO, BLIABAHO HANMHMEM

0.02

CKOPOCTb YOANEHINA FANAKTUK OT HAC
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rOPA4MIA BOMBLLOK B3PLIB

Ecnu obLuas Teopus OTHOCUTENLHOCTY BepHa, To BeenenHas
Hayanack C CWMHrynspHocTy Bonbuworo e3peiBa npu Becko-
HeYHoW Temneparype 1 NnoTHocTK. Mo Mepe pacluvpeHns Bee-
NEHHOM TEMNEpaTypa M3ny4eHua CHwkanacs, NpuMepHo Yepes
COTYIO [IOMI0 CexyHabl nocne bonslwioro B3pbiBa TeMneparypa
nonxHa Beina Beite okono 100 munnwapnoe rpagycoe, a Bee-
NeHHan copepxana B OCHOBHOM (BOTOHbI, SNEKTPOHbI K HERTPM-
HO (Camble Nerkne YacTuLbl) 1 MX aHTMHACTUL!, & TaKXKe HeKOTO-
poe KONW4ECTBO NPOTOHOB W HeWTpoHos. B cnenywowwe Tpu
MUHYTSI, Korga BcenewHas oCTeiNa NpWMEPHO 00 MUNIuMapna
rpajycos, NPOTOHL! W HEATPOHL! HAYaNW CoBaVHATLECA W 06pa-
30BbIBATHL AAPA renvs, BOOOPOLE W APYTWX NErkix aNeMeHTos.
Ellle yepea coTHM TeiCAY neT, Korga TemMneparypa ynana go
HECKONMbKMX ThICAY PAAYCOB, 3NEKTPOHB 3aMeanununcs Ha-

CTOMLKO, HYTO Nerkue fapa 3axsarthiBany ux M obpasoBsiBani
artombl. OfHako Gonee TAXKENbIE 3NEMEHTbI, U3 KOTOPbIX COCTO-
M Mbl C BaMK, B TOM YUCNEe YIMepon U Kucnopog, cdopMuposa-
MUCb NULLL Yepes MMNuapas! NeT B peaynktare cropaqus re-
nus B Heppax 3eeaf,

MepsbiM 3Ty KapTWHy BceneHHoM, NNOTHOM 1 packaneHHoW
Ha Ha4ankHOM aTane ee CyLLecTBOBaHus, Npeanoxun Meoprui
[amoe B 1948 rogy B cTaThe, KOTOPYKO OH HanNWCan B COasTOp-
ctee ¢ Panschom Anschepom, rae Gbino caenaHo Beigalolleecs
npefckasaHne O TOM, 4YTO W3Ny4eHne, BO3HIKLLEe Ha 370 ro-
pRYei paHHein cTafuW, A0MKHO COXPaHMTLCA [0 HACTOALLero
BpeMeHu. 370 npefckasaHue noaTsepaunocs 8 1965 roay, kor-
na chuankn ApHo lNexanac u Pobept YiuncoH sapervcTpyposa-
¥ KOCMUYECKOE MIKPOBONHOBOE thOHOBOE UanyYeHue.

'To coBpeMeHHBIM [TpEACTaBACHUSIM, BO3pacT BeeAeHHOM coctasaseT okoao 13,8 MMAAMAPAA AeT, TAK HYTO MOCACAHMIT M3
ITPUBEAEHHBIX 3A€Ch MACIITA60B HECKOABKO 3aBhitien. — [Tpum. ped.
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CTBIO ¥ TIOAHOCTBIO M3MEHMAO XOA AMCKYCCHM O NPOUCXOXKAeHMM Bee-
aeHHOM. Ecam raaakTvKu pa3feraioTcs, 3HAYUT, B IIPOLIAOM OHU ObIAK
OAMKe APYT K Apyry. [Ipm HblHElIHeM Temrie PaciIMpeHus, 10 HAINM
OLIEHKAM, ACCATb-TIATHAALIATD MMAAMAPAOB A€T Ha3aA OHM PACIIOAATAAMCE
oueHb TecHO. Kak roBopuAOCH B IPeABIAYIIEH TAase, Mbl ¢ Poakepom
[lerpoy30M CymeAn 1OKa3aTh, YTO M3 3MHIITEHHOBCKOM 0O1IeH Teopuu
OTHOCHUTEABHOCTHM CACAYeT, 4TO y Bceaennou OblAO HAYAAO M HAYAAACH
OHa C MOTIIHENIIero B3priBa. BoT, cOBCTBEHHO, MOUeMy HOUbIO HEOO TeM-
HOE: 3BE3AbI 3AKTAMCH He PaHbIIe, YeM ACCSTh-TIATHAALATD MUAAUAPAOB
AET Ha3aA, He paHbliie boabioro B3phiBa.

Mbl MPUBBIKAM K MBICAM, 4TO HabAIOAAEMBble COOBITHS BbI3bIBAKOTCS
APYTMMH, OoAee paHHUMU COOBITMAMM, a Te — elle OoAee PaHHUMMU.
B ripoiiaoe TAHETCS AAMHHASA 11eTTh IPUYMHHO-CAEACTBEHHBIX cBsidei. Ho
rpeAcTaBbTe cefe, YTo y 3TOM Lenu ecTh HavaAo. [1peactasbre cebe, uTo
6BIAO CaMOe TIepBoe COObITHE. A YTO TOTAA BBI3BAAO ero? K sTomy BOIpo-
Cy yueHble TIOACTYTIAAMCh HEOXOTHO. OHM MBITAAUCH OOONTH €0 — AM-
60, NOAOOHO COBETCKMM Y4€HBIM, 3asBASAM, YTO HUKAKOTO Ha4vaAa y Bce-
A€HHOM He ObIA0, AMOO YTBEPXKAAAM, YTO BOTIPOC O MPOUCXOXKAeHUU Bee-
ACHHOM AeKMT BHE Ccepbl HAyKM M OTHOCUTCS K 00AACTU PEAUTMU MAN
meTapusnky. C MOe# TOUKM 3peHHs, TaKas TIO3UINA He AOCTONHA HACTO-
sero yyeHoro. Ecan 3akoHbl (PU3MKM He ACHICTBOBAAM B CAMOM Hadaae
BeeaeHHOM, TIOUEMy OHU He MOTYT AaTh COOM B AIOOOU APYTOil MOMEHT?
Ecam 3aROH AEMICTBYET TOABKO MHOTAQ, 9TO He 3aKoH. Ham nado nocma-
pamuca noHAMb, Kakum 66110 Ha4ano BeenenHoil, onupascy Ha HayuHble 0aH-
Hble. BoamodicHo, sma 3adaua Ham He no CUtam, Ho NONLIMAMbCA Mbl 00A3AHbL.

13 Teopem, KOTOpbIe AOKa3aAu Mbl ¢ [leHpoysom, caeayer, uto y Bee-
ACHHOM OBIAO Ha4YaAO, HO O MPHUPOAE 3TOTO HAYAAA OHM TOBOPUAM MAAO.

—~y
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DTU TeopeMbl TOKa3blBaAM, 4TO HavaroM Bceaennon Obia Boabmoin
B3PbIB, MOMEHT, KOTAA BCs BeeAeHHas 1 Bee, YTO B Heil COAEPIKUTCS!, OBIAO
CKAaTO B TOUKY OECKOHEUHOMN MAOTHOCTH.

B sTomM mecTe siHIITEMHOBCKas o0mds TeOpHus OTHOCUTEABHOCTH
PacchIIaAach U He MOTAd HUYEro paccKkasaTh 0 HavaAe Beeaennoin. Octa-
BAAOCh 3dKAIOYMTD, YTO MPOUCXOXKACHUE BCeAeHHON, OUEBMAHO, AEKUT
BHe cepbl HAyKH,

Ho yuenble He AOAXKHBI AOBOABCTBOBATBLCS TTOAOOHOTO POAA BBIBOAA-
v, Kaxk Buano us taae 1 n 2, obmas Teopus OTHOCMTEABHOCTI HE AeH-
CTBYeT B MOMEHT bBOABINOro B3phiBa M Cpas3y IOCAE HETO, IOCKOABKY
B HEe He BKAIOYEH MPUHLIAIT HEOIPEACACHHOCTH, CAYUANHBIN 3AEMEHT
KBAHTOBOI TEOPUU, MIPOTUB KOTOPOIO BO3PAKAA DIHIITEINH, YOeKACH-
Hblll, 4TO «bor He urpaeT B KocTU». OAHAKO BCe YKa3blBaeT Ha TO, 4YTO
Bor ToT emte urpox. MoxHo npeactaButh cebe BeeaeHnylo B BuAe Tu-
FAHTCKOTO KAa3UHO, TAE BCE COOBITUS PErYAUPYIOTCS OPOCKOM KOCTEN UAU
sartyckoM pyaetku (puc. 3.7). Kazaaoch Obl, YIIPaBASTb Ka3HMHO — PH-
CKOBAHHbI OM3HEC, BEAb MOXKHO MOTEPATh ACHBIM KaXKAbIN pa3, KOTAa
6pocatoT KOCTH MAN KPYTAT pyAeTKy. Ho mpu oueHs OOABIIOM HHCAe CTa-
BOK IMPOUTPBIIIN W BHIMTPHILLIN YCPEAHSIOTCA 1 AAIOT PE3YABTAT, KOTOPbIN
MOYKHO TIPEACKA3aTh, XOTsA PE3YALTAT KAPKAOW KOHKPETHOM UTPbL YTAAATh
HEBO3MOXKHO (puc. 3.8). BAaAeAblLibl KA3MHO CACASIT, YTOObI CPEAHHUIT pe-
3yAbTAT OBIA B UX 110AL3Y. BOT noyemy onm tak Goratel. lllanc Bemrpars
y Te0sl NOABASETCS, TOALKO €CAM CTABUILL BCE CBOM ACHBIM HA HECKOABKO
OPOCKOB KOCTET UAM 3AITYCKOB PYACTKH.

To sxe camoe 1 Bo Beeaennon. Koraa BeceaenHas BeANKA, KAK CETOAHA,
OPOCKOB KOCTEN O4€Hb MHOTO, N PE3YAbTAThl YCPEAHSIOTCSA, TaK YTO MX
MOJKHO TIPEACKa3aTh. BOT mouemy KAACCHYeCKHe 3aKOHBI ACHCTBYIOT
TOABKO AAst Ooabmx cuctem. Ho Koraa Beceaennas oveHb Maaa, Harpu-
Mep B MOMeHT BoAbIoro B3pbiBa u cpasy rocae Hero, 6pOCKOB KOCTei
MaAO, U TYT BaXKHEMIIYIO POAb UTPAET MPUHLIUIT HEOIIPEACAEHHOCTH.

[Tockoabky BeeaeHHas ocTostHHO OpOcaeT KOCTH, YTOObI Y3HATh, YTO
Teriepb OYAET, y Hee He OAHA UCTOPMsl, KAK MOXKHO OBIAO Obl TIOAYMATb.
Her, Bo BceAeHHOM AOAKHBI COAEPZKATHCA BCE BO3MOXKHBIE UCTOPUNA —
KakAas CO CBOEM BePOSATHOCTBIO. AoakHa ObITh McTOopua BceaeHnoil,
B KOTOPOI1 BCE 30A0Tble MeAaAn Ha OanMnuase noayumaa cbopuas bean-
3a, KK HA MaAa BEPOATHOCTh TOAOOHOTO Pa3BUTHsA COOBITHI.

Mgicab, uTo y BceAeHHON MHOMKECTBO MCTOPUIL, — 3TO, Ka3aAoch Obl,
4TO-TO M3 00AaCTH (PaHTACTUKM, OAHAKO B HAIIW AHM 3TO CYUTACTCS AO-
Ka3aHHbIM Hay4HbIM (aKTOM. STy IUIOTe3y BbIABMHYA Puuapa Dein-
MaH — BEAMKUI (DU3KK 1 OOABIION OPUTHHAA.
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Puc. 3.7 (seepxy), v puc. 3.8 (cnesa)
Ecnu wrpok cTaeuT Ha KpacHoe npu
BONbLIOM YMCNe 3anycKoB PYNeTKW,
MOXHO BRONHE TOMHO Npefckasarh,
4TO OH NONYMUT B UTOE, MOCKONEKY pe-
3yNLTATbl OTAEMNbHBLIX 3aNYCKOB Yopem-
HAKOTCA,

OpHako pe3aynsTaThl KaMOon KoH-
KPETHOW CTaBKW NpefAckasath Heeos-
MOMHO,
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Ecnn 66l rpaHvua BcenenHon 6oina
NpocTO TOYKOA B NMPOCTRAHCTEE-Bpe-
MEHW, Mkl MOrnK Okl BCE BPEMA Nepe-
ceKkaTk WU OTO[BUraTh €.

90

CeroAHst Mhl iJl‘lGUTtlt‘-_\l HaA TeM, YToObI YBA3ATh Ufll].l)’lt" TEOPHIO OTHO-

CUTEALHOCTH DUHIITENHA U FHUIOTE3Y O MHOMKEeCTBEHHOM HCTOpUN Beceaen-
Hon DenHMana B CAMHYIO TIOAHYIO TEOPHIO, KOTOPAs OINMCbIBAAA On1 BCe
[IPONCXOAsILIEE BO BceaeHHOI. DTa MOAEAD BEAUKOTO OOBEAMHEHMS AACT
HaM BO3MOXNHOCTb PACCHUTATD, KadK 6}-31(:"!' PasBUBATBLCA BceAaeHHAs, €CAU Mbl
3HaeM, KaK HavaAnCh €€ MCTOPHH. OaHako cama 1o cebe MOAEAb BEAMKOTO
00 beAMHEeHMA He CKaKeT, Kak 3apOAAACH Bceaennast m KakiM OBIAO ee rnep-
BOHAYAAbHOE COCTOSHME. AASL 3TOTO HAM HY>KHbI TdK Ha3bIBAEMbIE IDAHIMH-
HbI€ YCAOBUA — IIpaBUAd, KOTOPBIE YCTAHABAMBAIOT, YTO TIPOUCXOAWUT HA
[PaHLax Bceaennon, Ha camom KPao MpOCTPaHCTBA U BPEMEHM.



O BCEAEHHOWM B ABYX CAOBAX

Hocka B Kantexe B geHs cmeptn MenHmanda 8 1988 rogy

®EVNHMAHOBCKUE WUCTOPKWU

PL-‘I‘-I&DJ] ®DeiHMad poaunca B Hbio-Wopke, B Bpyknume,
B 1918 rogy w 2alMTUN QUCCEPTALMIO NOA PYKOBOACTEOM
IbkoHa Yunepa 8 MpuHCTOHCKOM yHUBEpcuTeTe B 1942 ropy.
Bckope nocne aToro ero npuenexknun K pabore Hap MaHxat-
TEHCKMM NPOEKTOM. Tam OH npocnasuncs 1 BypHLIM XapakTe-
POM, W CKNOHHOCTBIO K PO3birpbilliaM, HanpuMmep oH oboxan
B3aNambiBATL CBEPXCEKPETHLIE ceidbl B naboparopuax Iloc-
Anamoca, a Takxe HesaypaaHLIMK HayHHBIMA JOCTUKEHUSMM:
OH CTan OHUM W3 OCHOBHbIX aBTOPOR TEOPUWM aTOMHON BoMGbI.

Cawmoin cyTeio xapaktepa ®enHMana Ooina HeyemHan nio-
GoaHarensHocTe. OHa He TONBKO CRyXKuna ABWKYLLE Cunoi
€ro Hay4HblX YCrexos, HO U BAOXHOBNANA Ha CamMbie yavsw-
TenbHbIe aBaHTIOPs!, B TOM YMCne — Ha AelMdpoBKY NWUCh-
MEHHOCTM Mais.

Mocne BTopoit MupOBO# BOMHLI DeiHMaH Halen NpuHLK-
NAansHO HOBLIA M OYeHb NEPCNEKTUBHBIA NOAXOA K KBaHTOBOH
MexaHWke, 33 KOTOphlA ¥ nomy4mn Hobenesckylo MPemuio
8 1965 roay. DeHMaH YCOMHWNCA B (DYHAAMEHTANEHOM Knac-
CHHECKOM NPEeOnonoXeHn O TOM, YTO Y K&KAOW YaCTULbI ECTh

Pudapn ®eiHmaH

TONBKO oaHa ucTopua. OH NPeanonoXnn, 4To YacTuls! Nepe-
MELLIAIOTCH C MECTa Ha MECTO N0 BCEM BO3MOXHbLIM TPAEKTOPM-
AM B NpocTpaHcTee-epemeHy. Kaxayio TpaekTopuio MedHmaH
XapaxkTepuaosan [IByMs BENMHYMHAMK, 0Ha — Pa3Mep, TO 8CTh
amnnuTyaa BoNHel, BTopas — ee ha3a, T0 8CThb MUK Uk MUHM-
MyM. BEpOSTHOCT, 41O HacTMLa NEPEAAET U3 TOHKK A B TOHKY
B, paccunTbiBaETCH MCXOAR U3 CYMMbI BOMH, ACCOLMMPYEMbIX
C KXKOO0N M3 BOMOXHbIX TPAEKTOPWIA Mexay A 1 B,

TEM HE MEeHee NOBCEeAHEeBHbIA OnbiT YHAT, HTO npegMeTsl
MEXY OTNPaBHON U KOHEYHOR TOHKOM NPOXOAAT MO KAKOW-TO
OOHOWM TpaekTopun. 3T0 cooTBETCTBYET rvnoTese PeitHMana
O MHOXECTBEHHOW MCTOPUMW (UMK CYMME UCTOPWA), NOCKOMLKY
anA 60nbLLKMX 0BLEKTOB €r0 3aKOH, MPUMUCHIBAIOLLIWIA K2XO0M
TPAEKTOPUM YUCNEHHBIE XAPaKTEPUCTMKMA, NPUBOAMT K TOMY,
HTO NPW y4eTe BCel COBOKYNHOCTI TPAEKTOPWIA BCE OHM, KPO-
Me OAHORN, B3anMOoyHWTOXaoTCH. Py ABMKEHWA MEKDOCKO-
NWHECKMX TEN POMb UIPaeT N1LLL OaHa U3 6ECKOHEYHOD MHO-
MECTBA TPASKTOPUIA, M 3TO UMEHHO Ta TPAEKTOPWA, KOTOPYIO
3a0al0T KNACCHHECKUEe 3aKoHsl HeloToHa.

Ecan Op1 rpanuiia Beceaennon Gpiaa oOBIMHON TOYKOW B NpocTpaH-  Knaccuyeckas

CTBE M BPEMEHM, Mbl Obl MOTAM TIEPENTH €€ U OOBABUTL TEPPUTOPUIO 32
Hell yacTbio Beeaennoit. C Apyroit cTOpoHsl, ecan Ob1 rpanuna Beeaen- '
HOW ObIAZ HEPOBHBIM KPaeM, TAE TIPOCTPAHCTBO M BPEMsl CHKAThl U TIAOT- Al

TpaekTopws
4acTULbI

HOCTb OeCKOHeYHa, OTIPEAEANTDL OCMBICACHHBIE TIOIPAHUYHBIE YCAOBUA @ Vo, " s

OBIAO OBl OYEHDB TPYAHO.

OAHaKO MbI ¢ KOAAETON AKUMOM XapTAOM TIOHSIAM, YTO €CTh U Tpe- SR .

TUI1 BapuaHT. MoxeT GpiTh, y BceAeHHON HeT rpaHMIL B MPOCTPAHCTBE
1 BpeMeHn. Ha nepsblil B3rAsiA 3TO NIPAMO NIPOTUBOPEYUT TEOPEMaM, KO-
TOPbIE AOK43aAW MBI C nCHpO}'I‘lO!\-{I W3 HUX CAEAYET, HTO Y Bceaenton

CornacHo dheiiHMaHoBCKOMY WHTErpa-
ny No TPAeKTOPWAM, YacTUUa Mpoxo-
[WT BCE BO3MOXHBIE TDAEKTOPUM.
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Puc. 3.9. UICTOPWI BCENEHHOW

Ecnu uctopun BO BCeneHHOW yXOAAT B GECKOHEYHOCTh, Kak Ha
CENNOBUOHOM MOBEPXHOCTW, ONPENENWTh, KaKoBbl BYayT rpaHuud-
Hele yenoews Ha BeckoHewHocT, He yaaeTtcs. Ecnu xe sBce ncto-

O BCEAEHHOW B ABYX CAOBAX

puv 8o BeeneHHoM B MHAMOM BPeMeHW NpeacTaBnaioT cobon 3am-
KHYTbIE MOBEPXHOCTW BPOOE NOBEPXHOCTWM 3eMnu, onpeaenirs
rpaHn4HbIE YCNOBUS HE NPUXOQWTCS,

3AKOHbI 3BOMOUMA M HAHANBHBIE YCNOBWUA

Haqaanoe COCTOAHWE CUCTEMBblI MEHRETCA CO BREMEHEM
B COOTBETCTBUM C 3aKoHamu huaukn, Hanpumep, ecnu
HUﬂﬁpOCHTb KameHb, ero gansHemllee OBMKeHne TOHHO Onu-
LLIYT 3aKOHbI rpasuTaliin.

OnHako Ha OCHOBaHWW 3TUX 38KOHOB HEBO3MOMHO TO4HO
npegckasarte, rge NPpU3eMniTCa KaMmeHb., ,D,ﬂﬂ STOMO HaM Hyx-
HO 3HATb, C KAKOW CKOpPOCTLIO W B KAKOM HanpasneHuy OH
Obin BpoweH. WHaye roeops, HAAO 3HATL HadanbHeIe Yeno-
BUH — rPaHk4HbIe YCNOBWA — [OBMMKEHMA KaMHA.

KocMonorus nelTaeTca Ha OCHOBaHWM TEX e 3aKOHOB CbH-
3MKW onucaTtk 3BOMOUMID Bcel BeenenHol, Ho gna atoro
Ham HYKHO 3a0aTbCA BONPOCOM, KaroBbl 6biNK HavankHbLle
ycnoewa Bo BeenexHoi, 4ToO6l B6IN0 K H4eMy NPUMEHSTE 3TH
38KOHbI.

Ha4ansHoe coctosHre, BEPOATHO, oKa3ano rybo4aiiuee
BO3MEACTBNE HA OCHOBHbIE HepThl BceneHHoM, a MoXeT BhiTh,
W Ha CBOWCTBA ANEMEHTAPHbIX HacTWU W B3aMMOOENCTRIA,
HEOBXOMMBIX N9 BO3HMKHOBEHUR BUONOrMHECKON KU3HN.

O,D.Ha W3 TMNOTE3 — «MMNOTE3a OTCYTCTBMA rpaHuL» — rna-
CWT, 4TO BPEMA N NPOCTPAHCTBO KOHEYHEI, OGD&SYIOT SaMKHY-
TYIO NOBEPXHOCTb Gea rPaHul, TOYHO TaK Xe Kak NoBepx-
HOCTL 3EMNK KOHEYHA MO pasmepy, Ho BearpaHu4Ha. «[uno-
Te3a OTCYTCTBMA rpaHil» OCHOBaHa Ha MbICNK delHmana
0 MHOMECTBEHHOW MCTOPKWK, HO Tenepbs BMECTO MCTOPWK 4a-
CTuubl B cymme DelHMada dwrypupyer Bce npocTpax-
CTBO-BpEMd, OTpaxatoLLiee ucTopuio ecei BeenexHon. Yeno-
Bue «6es rpaHunLl» Kak pas3 v No3eonseT orpaHuynTs BCe BO3-
MOXHbIe MeTopuK BeeneHHoW Temi BapuaHTamn npocTpaH-
CTBA-BPEMEHN, Y KOTOPLIX HET rPaHull B MHAMOM BPEMEHMW,
WHbIMA CcrioBamW, rpaqiyHbie ycnosua BoceneHHoW cocToaT
B OTCYTCTBUW rPaHuL.

Cei4ac KOCMOnory UCCNeayioT, He MOXeT Nt ObITk TaKoro,
YTO HaYanbHble KOHUTypaLwi, NpeanoYTUTensHsIe cornac-
HO «rMNOTE3e OTCYTCTBMA rPaHML» , BOSMOXHO C Y4EeTOM cna-
ﬁemmrpmmm__ DMHLAP -me*rm Bee-
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AOMKHO ObITh HavaAo, rpaHuia Bo BpeMeHM. OAHAKO, KdK PaccKa3aHo
B raaBe 2, €CTh U APYTO€ BpEMSH, TAK HA3BIBAEMOC MHUMOE, TIEPTIEHANKY-
AsIpHOE OOBIMHOMY ACHICTBUTEABHOMY, XOA KOTOPO-
ro Mbl ouryinaem. Mcropust BeceAenHo# B AeiiCTBU-
TEABHOM BPEMEHM OIPEAEASIET €ro UCTOPUIO
B MHMMOM BpPEMEHM M HAOOO0POT, HO 3TO MOTYT
ObITh ABE COBEPIIEHHO pPasHble UcTopun. B vactHo-
cTi, BeeaeHHON B MHMMOM BPEMEHN He HY’KHbI HU
HAYaA0, HU KOHell. MHuMoOe Bpems BeaeT ceds
[MPOCTO KaK €UIe OAHO IMPOCTPAHCTBEHHOE M3ME-
penue. 3HAYUT, UCTOpUM BCeAeHHON BO MHMMOM
BPEMEHU MOXKHO [MPEACTABUTh Ce0e KaK MCKPUBAECHHDIE

MOBEPXHOCTH — MY, MAOCKOCTb MAU CEAAO, — HO HE C AByMS
M3MEPeHUAMH, a ¢ YeTsIpbMst (puc. 3.9).

Ecam ncropun BeceaeHHOM yXOAAT B 0eCKOHEYHOCTh — KaK ObIBAeT HA
[AOCKOCTH MAN CEAAOBUAHOM TOBEPXHOCTH, — TPYAHO OTIPEAEANTD, Ka-
KOBbI HA OeCKOHEYHOCTH 'PaHU4HbIE YC-
aosus. Ho moxkno m oboutn 310 mpe-
MATCTBAE U BOOOIIE HE ONPEACASITh I'pa-
HUYHBIE YCAOBUS, €CAM BCE MCTOPUM
BcereHHOM B MHUMOM BpeMEHM — 3TO
3AMKHYTbIE TTOBEPXHOCTH BPOAE T10-
BEPXHOCTH 3eMAHU. Y TIOBEPXHOCTH
3eMAM HeT HU TPpaHuLl, HU Kpaes. Bpoae
Obl C Hee HUKTO HUKOTAA He TIAAdA.

Ecan wmcropum BceaenHomn B MHUMOM
BPEMEHM U B CAMOM AEAE TPEACTABASIIOT CO-
00N 3aMKHYTbIE TIPOCTPAHCTBA, KaK TIPEAIO-
AOXKMAM MBI ¢ XapTaoM, 310 TpedyeT pyHAAMEHTAaABHOTO TIepecMoTpa
durocodur ¥ HAMNX TPEACTABAEHUI O COOCTBEHHOM TTPOUCXOXKAE-
Huu. B Takom cayuae BceaeHHasi TOAHOCTBIO CAMOAOCTATOYHA, €M He

HY’KHbl HUKAKHME BHEITHWE BO3AEMCTBIA, 4TOOBI 3aBeCTU U 3a-
NyCTUTh ee MexaHu3mbl. HampoTtus, Bce Bo BceaenHon
OTIpeAeAsieTCsl 3aKOHaMM (PU3MKN 1 GPOCKaMU KO-
cTeit B rnpeaeaax camon Beeaennon. Kax Obl

HH CAMOHAAESHHO 3TO 3BYHdAO0, HO UMEHHO
TAKON BUAMTCH KdpTUHa MHpa W MHE,
M MHOTMM APYTMM YY€HBIM.

Aaxe ecAM rpaHM4Hble ycAOBUs Beeaen-

HOM B TOM M COCTOAT, YTO Yy HEE HET IPaHMIL,

Y NoBepxHOCTM JEMNU HET HW rpaHnu,
HW Kpaes. Bce pacckasel 0 TOM, Kak
C Hee KTO-TO CBaNWNCH, — Xyaome-

CTBEHHOE NMpeyBenuyeHne,

93



O BCEAEHHOW B ABYX CAOBAX
A
|\_. { =
= : PN 2 3 e
L, i o B A e o i - | - " o
A g B . _(__ III.’IJ' i ¥ | § - <
o 7 £ i i L 2 v
AT A b kY e W W
os S Z / ! .-’;’ ;‘ T e S
S BE= 7 e e e S S R R A LR
_l’_/fg ” 4 L / _( }{_/ / F 0 J' ¥ AR S S | T O LU T T T L U S L \\\\\\\\\\\‘ \"n\\.\\\ \‘- ‘\.\\ e,
L / / l L i } WL W W O R W OO0 "V W W 5,
2% PSS / i )’ !.l'!f!)’ " O AV 47 S A | 1 B | OO O O A W, O . s \\'\\\ \\ \\ \\\\1\\\\\\\\\\\\ \\ .
7 T W Y
m Pl ///f,/f,/r’ll)"f!a’ !Fr.flfr-f(f!]rfl'fl | O O T 0 A 0 R, S0 0, 0, T T O ':x\

BENWHHA PACLLMPEHA

AHTPOMHbLIA MPUHUWN

py60 roBOps, aHTPOMNHbIA NPUHLWMN [MACKT, HTO Mb! BUAUM

Bcenennyio UMEHHO TakoOR — MO KpailHen mepe, oT4a-
CTW, — MOTOMY 4TO Mbl CyLLIECTBYEM. 3Ta TOYKA 3PEHMA OWa-
METparnkHO NPOTUBOMNONOXHA MEYTE O EWHOW TEOpUM, OO-
HO3Ha4YHO NpeacKasbLIBaoLLen BCe Ha CBeTe, B paMKax KoTo-
PORA 3aKOHBI NPUPO/EI COBEPLLEHHbI, 8 MAD TaK0oB, KaKoW OH
€CTb, MOCKONMbKY WHaYe ObiTb HEe MoxeT. ECTb Heckoneko
BEPCWI aHTPONHOrO NPUHLMNE — ofHW cnabkl 40 TpUBMANG-
HOCTW, Apyrie cunbHel o abcyppa. BonbLUMHCTBO YHeHbIX
HE CMeLNT NPU3HaTE CHMNBHYIO BEPCWI0 aHTPONHOMS NPUHLK-
na, OfiHaKo HeKoTopble cnabbie aHTPOMHbIE apryMEeHTL! Tak
NONeaHbl, 4T0 WX eaBa N CTaHyT ocnapuears,

Cnafbiit aHTPONHBIA NPUHUMN CBOAMTCA K OBLACHEHWIO
TOro, B KAKKE SNOXM W B KaKux YacTax BeeneHHoM Ml Mornu
Gl #UTb. Hanpyumep, npu4KnHa, No KoTopol BoNLLLOK B3pLIB
NPOW3O0LLIEN OKONO OeCATW MUNNWAapaos NeT Hasamd, CoCTouT
8 TOM, 4TO C MOMEHTE BOZHWKHOBEHWS BCeneHHoW AomkHo
ObiNo NPOMTM [OCTATOMHO BPEMEHW [NA 3aBEPLUEHWA 3BO0-

MIOUMKM HEKOTOPbIX 3BE3A, MHA4YE OHW He Bbipabarbieany Obl
XMMUYeCcKue anemeHTsl BpOode Kucnopopa v yrnepopga, ym3
KOTOPLIX Mbl CO30aHbl, OOHAKO BcenenHan [OmxHa BbiTh
eLle OTHOCUTENLHO MONO4a, MHa4e He oCTanoCh Obl 3Be30,
obecneyvBaloLLIMX IHEPIUIO XKU3HW.

B pamkax «Teopui OTCYTCTBMA rPaHul» MOXHO OnepeTs-
CH Ha npaswno DenHmaHa NPUNUCEIBAHWA BENW4YUH Kamaon
ncTopun BGeneHHoM M NoHATL, Kakue kadectea BoenexHon
Gonee BepoATHLI. B 3TOM KOHTEKCTE aHTPOMHLIA MPUHLKN
MPUMEHRAICT B TOM CMLICAE, 4YTO 3T MCTOPUK QOMKHEI Y4UThI-
BaTh Pa3yMHYI0 XWU3Hb. PAsymMeeTcs, K aHTpONHOMY NpUHLW-
My MOXHO ObiNo Gkl OTHOCUTLCA C BOMbLUMM JOBEPUEM, ECNN
Bkl ynanock NokasaTk, YTO HECKOMLKO PasHbiX HaYanbHbIX
KOHCDUrypaumin BceneHHon Mornu B peaynstate 380MoLUmMKI
NPHUBECTH K BOSHWKHOBEHWIO ﬂpHﬁﬂHSﬂTﬂanO TOW Beenew-
HOM, KOTOPYIO Mbi Habniofaem. M3 atoro cneposano Bbl, HTO
Ha4anekHoe COCTofHMEe Tol 4acTu BceneHHORn, roe Mbl xu-
BEM, HE Hy»HO Oblro NOABMPATE O4eHb TOYHO W TLLaTensHO.
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Puc. 3.10 (Ha cocegHewn cTpaHvUe)
Cnesa Ha pUCyHKe — BCeneHHble (a),
KOTOPbIE CXNONHYNMCL W CTANW 3aM-
KHyTeiMK. Crpaea — OTKPbITbIE BCE-
nenHble (b), kotopeie GyayT pacluw-
PATECA BEYHO.

BaxHble AnA Hac BCENeHHbIe, KOTo-
pele BanaHcUpyioT MeXay KOnnancom
M BEYHBIM pacluvpesHueM (c1) wnm
ABOMHOM wHbnAumen (c2), cnocobHsl
NOAAePXKAaTE Pa3YMHYIO KU3Hb.

Hawa cobcteenHas BeenewHan (d)
noka 410 cnocobHa paclMpPATLECH
nansiue. [BoHan MHNAUWMA MOXeT Hawa cobereenHan BeeneHHan noka 4To

0BecneynTs PasyMHYyID XU3Hb. cnocobHa paclwmnpATLCA AanbLue.

ucropus y BceAeHHO# He OAHA. Y Hee MHOXKECTBO MCTOPHIA, KaK IPEATIO-
A0KUA DentHMaH. KaKAOW BO3ZMOXKHOM 3aMKHYTOM MOBEPXHOCTH BO Bee-
AEHHOWN COOTBETCTBYET MCTOPHS B MHUMOM BPEMEHM, A KayKAask HCTOPUS
B MHUMOM BPEMEHH OTIPEAEASeT UCTOPUIO B AEMCTBUTEALHOM BPEMEHHU.
Takum o6pasom, Bo BceaeHHOM HaAMIIO 1epen30OBLITOK BO3MOKHOCTEM.
Y70 Ke BhIACASIET TY KOHKPETHYI0 BceaeHHY10, B KOTOPOIl Mbl JKMBEM,
13 MHOXKECTBA BCEX BO3MOXKHBIX BCEACHHBIX?

Bo-1iepBrIX, MOKHO OTMETUTH, YTO MHOI'ME BO3MOKHBIE UCTOPUN
BceAeHHOM He MPOIIAKM CTaAMIO0 (POPMUPOBAHMS TAAAKTHK M 3BE3A,
0e3 KOTOPO# Mbl C BaAMM HE MOTAM BO3HMKHYTb. XOTH, KOHEYHO,
HEAb3sl UICKAIOYNTD, YTO PasyMHbIe CYLIECTBA MOTYT BO3HMKHYTb
1 3BOAIOLIMOHMPOBATH (€3 raAaKTUK U 3BE3A, BCE XK€ 3TO MAAOBe-
positHO. To ecTh MCTOpMsl, B KOTOPOM Mbl JKMBEM, 33Aa€TCH,
B Y4CTHOCTH, YK€ TeM, YTO B Heil eCTh Mbl — CYyIIeCcTBa, Cro-
cobHble 3aaath Bonipoc «[loyemy Beeaennas umeHHO Takas?y.
CA€AOBaTEABHO, OHA TIPUHAAAEKUT K MEHBIINHCTBY MCTO-
Wi, TA€ €CTh FAAAKTUKU U 3BE3ABI.

[lepea HamMm 06pa3yMK TaK HA3BIBAEMOTO aHTPOITHOTO
NPUHLMIE. AHTPOIHBIA TTPUHLIMIT TAACUT, 4TO Beeaennas
AOAKHA OBITh TIPUMEPHO TAKOM, KaK Mbl HaOAIOAZEM, TMOTO-
MY YTO MHa4e HeKoMYy OblAO Obl ee HabAoAaTh (puc. 3.10).

MHoOruM ydyeHbIM AHTPOITHBIN MPUHLINIT HE HPAaBMTCH, T10-
CKOABKY He CAMIIKOM CTPOT U, TOXOXKe, He 00AaAaeT TIPeACKasa-
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Puc. 3.1
TpyBo4ka ans KOKTEANA uananexa
Kamercs OAHOMEPHOW NUHWER.
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TEABHOM CHAOH. 3aTO OH M0AAAETCS TOYHOM (POPMYAMPOBKE, a 6e3 3ToT0,
[1OXO’Ke, HEBO3MOXKHO OTBETUTh Ha BOMPOC O NMPOUCXOKAeHNN Beeaen-
HOM. M-Teopusi, orMcaHHas B raaBe 2, AOMYCKAeT O4eHb MHOIO BO3MOK-
HbIX ncTOpuil BceaeHHOM. BOABIIMHCTBO 3TUX UCTOPUI HE TIPEATIOAATAeT
BO3HUKHOBEHMUA PA3yMHON JKM3HI: TAKUE BCEACHHBIE AMOO 1yCThbl, AMOO
KUBYT COBCEM HEMHOTO, ANDO CAMIIKOM HCKPHBACHBI‘ AMOO HE TIOAXOANT
elre 1o KakuM-To napamerpam. OAHako, coraacHo Puuapay Deitnmany
1 ero MAee MHOKeCTBEHHON MCTOPHM, HeOOMTaeMbie UCTOPUM, BEPOSIT-
HO, 0OAQAQIOT BHICOKO# BEPOATHOCTHIO (puc. 3.9).

boaee TOro, He OYeHb BaKHO, CKOABKO MMEHHO BO3MOXKHO MCTOPHIT,
B KOTOPBIX HET MeCTa pasyMHbIM cyniecTsaM. Hac untepecyet TOAbKO TO
[IOAMHOKECTBO MCTOPHIA, B KOTOPBIX MOABMAACH PasyMHasi JKu3Hb. [Tpu-
4eM pasyMHast JKU3Hb — 3TO He 00A3aTeAbHO YTO-TO MOX0Kee Ha AIOAEH.
ToAsiTCSl 1 MAaA€HDBKUE 3eAeHbIE TIPUIEABLIBL. MOXKET, OHM AaKe 1 Ay4llie.
A10AN, KaK NPABUAO, BEAYT ceOst He O4eHb-TO PasyMHO.

B kavecTBe mpuMmepa aHTPOINHOIO MPUHIMUIA PACCMOTPUM KOAUYE-
CTBO NMPOCTPAHCTBEHHBIX M3MepeHuil. [10BCeAHEBHBIN OMBIT YUUT, YTO
Mbl JKMBEM B TPEXMEPHOM IMPOCTPAaHCTBE. TO €CTh MBI MOJKEM OIHMCATh
MOAOXKEHME TOYKHM B TIPOCTPAHCTBE TPEMSi YUCAAMH — HY, Hanpumep,
LIMPOTO, AOATOTOM M BBICOTOM HaA yposHeM mops. Ho nouemy ono
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VicTopvs B MHUMOM BREMEHW

VcTopus B ABACTBUTENLHOM BPEMEHU

Pue, 3.13

Camas npoctan MCTOPWA B MHUMOM
epemern Ge3 rpanuy — aTo chepa.
Oxa onpenenseT UCTOPUIO B AEACTBK-
TENLHOM BPEMEHW, KOTOpas PacLUMps-
eTCA N0 VHPNALUMOHHOMY CLEHaPWIO.
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TpexmepHoe? [ToueMy B HEM He ABA, He YeTBIPE, HE ellle CKOABKO-TO M3-
Mepenuil, Kak B HayuHo# (antacture? CoraacHo M-Teopum, y 1po-
CTPAHCTBA AEBATb MAM AECATH M3MEPEHUM, OAHAKO MIECTb MAW CEMb W3
HUX CBEPHYTBI M OY€Hb MaAbl, TAK YTO OCTAeTCSl BCETO TPW, OGOAbIIVE
1 TIPaKTI4eCKy raockue (puc. 3.11).

[Touemy Mb1 KUBEM HE B TOW NCTOPUHM, B KOTOPO# BOCEMb M3MEPEHMI
CBEPHYTBI, M 3aMEYa€M Mbl TOABKO OCTABHIMECS ABa? ABYMEPHOMY KM-
BOTHOMY OBIAO OBl TPYAHOBATO TiepeBapvBarh numty. [uiesapureAbHbIi
TPAaKT TIPOXOAMA Obl Y HETO TIPSIMO HACKBO3b, M OEAHOE CO3AAHME Pa3Ae-
AMAOCH Obl HAIOTIOAAM W Pa3BaAMAOChH. [103TOMY ABYX TIAOCKMX U3Mepe-
HUII MaAO AASl TAKOTO CAOJKHOTO OpPraHM3Ma, KaK pasyMHas >KU3Hb.
C Apyroit CTOpPOHBI, ecAM OBl y HAC OBIAO YeTHIPe MAM e11ie GOABIIe TOYTH
NAOCKMX M3MEPEHMI, IPABUTALIMOHHAS TSITa MEXKAY ABYMsl TeAaMu Obl-
CTpee YCMAMBAAACH Obl ITpH UX cOAVDKeHUH. To eCTh y mAaHeT He OBbIAO Obl
CTabMABHBIX OPOUT BOKPYT 3Be3A. OHM MAM 1aAaau Obl HA CBOE COAHIIE
(puc. 3.12A), nau BbiAeTaAK OBL B XOAOA M TEMHOTY MEK3BE3AHOTO TIPO-
crpascrsa (puc. 3.12B).

[ToaoGHbBIM ke 00pa3oM He OBIAO Obl CTAOMABLHBIX OPOUT Y 3AEKTPO-
HOB B aTOMax, TaK 4YTO He CyHIeCTBOBAAO Obl BEIIECTBA B TOM BUAE, B Ka-
KOM MBI €10 3HaeM. Takum 06pa3oM, XOTs TeOpHsi MHOKECTBEHHBIX UCTO-
PVl AOTTYCKaeT Al060€ KOAMYECTBO MOYTH MAOCKMX MU3MEPEHUM, PasyM-
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Puc. 3.14 3JHeprva BellecTea 3JHeprua rpaBuTaLmMm

HblE CYILECTBA MOTYT JKUThb AWIIb B MCTOPUAX C TPeEMs TMAOCKMMU
u3MepeHusiMU. TOABKO B TaKMX MCTOPUSAX €CTh KOMY 3aAaTh BOIIPOC!
«[loyeMy y MpOCTpaHCTBA TPU M3MEPEHMsA?»

Camas nipocras uctopusi BceAeHHOM B MHIMOM BpeMeHH — 3T0 cde-
pa BpOAE TIOBEPXHOCTH 3€MAM, HO emle C ABYMsl M3MepeHusMu (puc.
3.13). Ona ornpeaeAsieT BOT TAKYI0 UCTOPHIO BCeAeHHOM B peaAbHOM Bpe-
MEHM, KOTOPOE Mbl BOCTIpMHUMaeM: Bceaennas oamHakosa B AI0OOW TO4-
K€ [IPOCTPAHCTBA ¥ PACIIMPSETCs BO BpeMeHU. B 3TOM cMbiCAe OHa TTOX0-
Ka Ha Ty BceaeHHylo, rae Mbl kuBeM. Ho mipu 5ToM TeMr pacmvpeHns
[IOAYYAETCA O4€Hb OOABILIMM 1 CO BPEMEHEM ellle ycKopseTcs. Takoe pac-
IIMPEHNE C YCKOPEHUEM HA3BIBACTCSH «MH(AAIMSAY , TOCKOABKY 3TO TIOXO-
Ke Ha TO, KaK PacTyT LIeHbl, — BCE BPeMsl U YeM AaAbllle, TeM ObICTpee.

[TpuHATO CYMUTATh, YTO LEHOBAS MH(AALMSA — 3TO MAOXO, OAHAKO
B cAyuae BeeaeHHOM MH(DAALINSA — 9TO OUeHb MOAe3HO, CHABHOE PacIim-
peHMe CrAXKUBAET BCe yXaObl 1 HEPOBHOCTH, KOTOPbIE, BEPOATHO, ObIAK
B paHHeit Bceaennoi. Pacmmpsisich, BceAeHHast 3aMMCTBYeT SHepruio
Y TPABUTALIMOHHOTO TIOASl, YTOObI CO3AATh AOTIOAHUTEABHOE BEIIECTBO.
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PA3MEP BCENEHHOW

-»
OEVNCTBUTENBHOE BPEMA

Puc. 3.15. MHONMAUWOHHAA BCENEHHARA

COITIaCHO mopenu ropaqerc boneblioro B3peiea, y Tenna
B paHHe BeceneHHon He Gbino BpeMeru, HTobbl nepeTe-
KaTk W3 OAHOW 0BNacTh B ApYryto. Tem He MeHee Mbl Habnio-
[aeM, 4To, Kyaa Bkl Mbl HU NOCMOTPENK, Temneparypa oHo-
BOTO MWKPOBONHOBOTO M3NYYEHWA OAWMHAKOBA. 3TO 3HAYMT,
YTO B HaYanbHOM COCTOAHWM TemnepaTypa BcenexHon Bes-
ne Bbina B TOYHOCTM OOHAa W Ta Xe,

B noneitke HalTK MOLENs, ME MHOIO PA3HbIX HA4aNbHBLIX
KOHDUrypaumid passnsaniich Obl BO YTO-TO NOXOXEE Ha Hbl-
HewHow BeeneHnyio, GbiN0 BeINBUHYTO NPEanonoKeHue,
YTO paHHA" BceneHHas, BeposATHO, NPoLUINa Nepuon o4eHb
GLICTPOro paclumpexus, TaKoe pacluMpeHne Has3bIBaloT MH-
OAALUMOHHLIM, NOCKOMLKY Er0 TEMN NOCTORHHO YCKOPAETCA,
a He 3aMennsieTcs, Kak nokasslBaloT CerofHalHWe Habno-

-

PA3MEP BCEINEHHOW

=
OENCTBUTENBHOE BPEMA

feHva 3a pacluuperuenM Beenennoi'. Hanwyve nopoGHom
WHADNALUMOHHOR hadel nomorno Bkl OTBETWTE HA BOMPOC
O TOM, na4emy BcenenHas BbIrMAOMT OAMHAKOBO BO BCEX Ha-
npasneHusx, NOCKONLKY Y cBeTa B paHHein BcenenHow xsa-
TUNo Bkl BpeMeHK, 41006l NepemeLLaTbcs U3 ofHoin o6nacTi
B Opyryto.

Wctopus Becenendoin, KoTopas NOCTOAHHO paclumpReTcs
C YCKOPEHUEM Ha WHPNALMOHHLIA MaHep, B MHUMOM BpemMe-
HW COOTBETCTBYET MaeansHon cchepe. Ho B Halwei Beenew-
HO MHDNRUMOHHOE PACLLMPEHWE YEepes AOMNI0 CEeKyHAbI No-
cne bonblwloro B3peiBa 3aMeanunocs, U cmornu ofpaso-
BATLCH MANAKTUKK, A 3HEYWT, 8 MHUMOM BpeMeHW Halla Bee-
neHHas — 370 chepa ¢ HyTb-YyTb NPUIMIOCHYTBIM OXHbLIM
NONCOM.

! CoBpemMeHHbie AAHHBIE O PACIIPEACACHHH W CBETUMOCTH CBEPXHOBBIX Tuna [a nepmmmmpﬁrommma

BoeAeHHaA 1 CETOAHA PACIIMPAETCA € YCKOpeHHeM. 3a 310 oTkphrtie B 2011 rosy am

Priccy u apcrpanwiitty Bpaitaity LLIMiaTy Gbixa nprcysaetia HoGeaesckas npewsst. — Ilpui. ped.
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oAb 1914 roaa — 1,0
Ausapp 1919 roaa— 2,6
Mioas 1919 roaa — 34

Ausapb 1920 roaa— 12,6

Ausapp 1921 roaa — 14,4
ioas 1921 roaa — 143
SlnBapp 1922 roaa — 36,7
Mioab 1922 roxa—  100,6

SuBaps 1923 roaa — 2785,0
Hioan 1923 roaa— 194 000,0

Hos6ps 1923 roaa — 726 000 000 000,0

WMHOEKC ONTOBBIX LEH — WH®NALUWA W TUNMEPUH®NALIAA

OpHa Hemeukan mapka 1914 roga

HecsaTs Thicay mapok 1923 ropga

[sa munnvoHa mapok 1923 ropa

[Hecats munnuoroe mapok 1923 ropa

Munnwapa mapok 1923 roga

[ToAokUTeABHAS SHEPTUS BEIIECTBA MACAAbHO yPAaBHOBEIIEHA OT-
PHIIATEABHOW 3HEPTHUEN TPABUTALINK, TaK 4TO 0011as IHepPrus paBHa
Hya10. Koraa pasmep BceaeHHOW yABaMBaeTCs, YyABAUBAIOTCA U SHEP-
TUH BEIECTBA U TPABUTAIIUM, HO ABRJKAbI HYAb BCE PABHO HyAb (pucC.
3.14). Ecam 661 TOABKO B GaHKOBCKOM AeAe Bee OBIAO Tak MpocTo!

Ecan Ob1 ucropus BeceaeHHOM B MHUMOM BpeMeHM ObIAA MAEAABHO
KPYTAO# Chepoit, COOTBETCTBYIONIAsi MUCTOPUA B AEMCTBUTEALHOM
BpeMeHN TpeAcTaBAsra Obl coboi BeeaeHnylo, KOTopas BEYHO pac-
LINPSETCSE ¢ YCKOPeHneM Ha MHASIMOHHBIN MaHep. [Toka BeeaeH-
Has MHQAAIIMOHHO PacIIMPAETCs, BENIECTBO HE MOYKET CTyMIaThCs
B TAAAKTHMKK W 3BE3AB1, 1 JKU3Hb — HE TOBOPA YK€ O Pa3yMHOM JKU3-
HUI BPOAE HAC — HE Pa3BUBAETCA. TaK YTO XOTA MAES MHOKECTBEH-
HOW WCTOPUM BIIOAHE AOTTyCKaeT ucrtopum BceaeHHO# B MHMMOM
BPEMEHU, TIPEACTABASIIONINE COOOM MAeaAbHBIE Cephbl, OHM HAC He

Puc. 3.16
BEPOATHO, MHONALMA —
3TO 3AKOH MNPUPOOLI

WHbnauws 8 lepMadug pocna nocne OKoH4a-
HWA BOMHGLI, W K dhespanio 1920 roga ypoeeHs
LeH Bbln B NATL pas Boille, 4eM B 1918 rogy.
Mocne wiona 1922 roga Havanace hasa rv-
nepuHnaumKn, [eHbram oKoH4arTensHo ne-
pectany [OBEpSTb, W MHLOEKC LUeH poc Bce
fricTpee W ObICTPEE Ha NPOTHKEeHWW rofa
1 TPEX MECHLIEB, OOrOHAA NeYaTHsIe CTaHKu,
KOTOPbIE HE yenesanu 3a oBecueHVBaHvuemM
perer. K koHuy 1923 ropga 300 tvnorpacdbui
patoTani Ha nonHoi MoLLHocTy, 2000 cTaH-
KOB, npuHagnexasLinx 150 neyatHeiM Kom-
NaHuAM, He BbIKMIOYANWCE KPYITIBIE CYTKW
1 GecrnepeboitHo NOCTABNANM KyMopb!.
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Puc. 3.17. BEPOATHbIE
M HEBEPOATHBLIE MCTOPUM

Imapkwe vcTopuy Bpoge (a) — camele
BEPOATHLIE, HO WX 04EHL MANo.

Kaxnas w3 cnerka HenpaewnbHbIX
ucTopuin Tuna (b) 1 (c) MeHee BEpPOAT-
Ha, DOHAKO WX Tak MHOro, 4TO camble
BEPOATHLIE CTOPUK BeenerHoi GyayT
He BNOnHe rnagkumu.
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O4YeHb MHTEPECyIOT. A BOT MICTOPUM B MHMMOM BPEMEHU, KOTOPBIE MPEeA-
CTaBASIOT cO00i1 chephl, CAETKA TIPUTIAIOCHYTHIE C I03KHOTO TIOAIOCA, AAS
Hac TopasAo 6oaee akTyaabHsl (puc. 3.15). B aTOM cay4ae cooTBeTCTBY-
tol1as UCTOPHA B AEMCTBUTEABHOM BpeMeHM OyAeT CHA4aAa pacIlIUpPsIThCs]
C YCKOpEHHEM — TO eCThb 10 UHMAALIMOHHOMY CLICHAPHIO. A 33aTeM pac-
LIMPEHNE 3AMEAASIETCS, M MOTYT OOpPa30oBbIBATLCS TAAAKTUKH. YTOOBI
pa3BUAACH Pa3yMHast JKU3Hb, IPUIIAIOCHYTOCTD Ha H0YKHOM MOAIOCE AOATK-
Ha ObITb O4eHb MaAeHbKOM. OHa O3HA4aeT, YTO MoHavaAy Beeaennas pac-
IIMPUTCS HEBEPOATHO CHMABHO. PEKOPA ACHEKHON MHQAAIINM 3aperv-
CTpUpOBaH B [epMaHuUM B TEPUOA MeXKAY MUPOBBIMM BOMHAMM, KOTAQ
LIeHbl BBIPOCAM B MHUAAMAPABL Pa3, HO MHGAsLMS B paHHell BceaeHHOI
AOAKHE ObIAA ObITh KAK MUHUMYM B MUAAMAPA MUAAMAPAOB MUAAMAPAOB
pa3 cuabHee (puc. 3.16).

baaroaapsi npuHLMITY HEOTIPEAEAEHHOCTH Pa3yMHas K1U3Hb BO Bce-
A€HHOW MOrAa BO3HMKHYTb B XOA€ HE OAHOW, @ HECKOABKMX MCTOPHIL.
Cpean nctopui B MHUMOM BPEMEHM €CTh 11€AO€ CeMEMCTBO CAerKa Ae-



O BCEAEHHOW B ABYX CAOBAX

dbopmupoBaHHbIX cep, KaKaas U3 KOTOPHIX COOTBETCTBYeT NCTOPUM
B ACTICTBUTEABHOM BpeMeHH, rae uHdasauus BeeAeHHON TPONCXOAUT
AOATO, HO BCe JKe He DecKOHe4 HO. Ternepb MOXKHO 3aAaThCsl BOIIPOCOM,
Kakue 13 3TUX AOIYCTUMBIX UCTOpPUI Hauboaee BepoaTHbL. OKasbiBa-
€TCs, YTO CaMmble BEPOSTHBIE UCTOPUM HE COBCEM TAAAKNE, HA HUX €CTh
HeGoAbIIMe OYyropku u BraanHku (puc. 3.17). Byropku Ha caMmbIx Be-
POSITHBIX MCTOPUSIX TIPSIMO-TAKN MUKpPOCKOTMYecKre. OTKAOHEHUE OT
FAGAKOCTU COCTaBASIET MOPSIAKA OAHOM CTOTBICAYHOW AoAM. Ho mpu
BCENl MX MUHMATIOPHOCTU Mbl CYMEAU 3aperMcTpUpOBaThb UX B BUAE
MEeAKHX BapHaunil (GOHOBOIO MUKPOBOAHOBOIO M3AYYEHUS, TIPHXOAS-
Ier0 K HaM C Pa3HBIX CTOPOH Kocmoca. B 1989 roay Owia 3arylieH
cinytHuk COBE, koTopbiil cocTaBuA KapTy HeOa B MUKPOBOAHOBOM AU-
arazoHe. PasHbIM 1IBETOM HA 3TO KapTe OTMEYeHbl pa3Hble TemIlepa-
TYPbl, OAHAKO BECh AMATIa30H OT KPACHOTO AO CMHETO COCTABASIET BCETO
OKOAO OAHOW AECATUTHICAYHON Tpasyca. Ho sTux Bapmanuil mMexay
pasHbIMU obAacTAMM paHHen Bceaennoi aoctatouno, 4tobnl B Goaee

Pr

Kapma neba, epinoanenHas

paduomempom DMR Ha cnymmuke

COBE. Ha neit 6udnbt « MOPUUHKL

BPEMEHUY.
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Puc, 3.18 (Beepxy)

OpvH 13 BapwaHToB KoHUa Bcenen-
Holm — «BonblUoe cxatver, Korga ece
BELLECTEO 3aCOCETCH B CrpOMHYIO KaTd
CTPOMIMHECKYIO MPaBUTALUMOHHYIO AMY

Puc. 3.19 (cnpasa)

Honroe xonogHoe yracaHwe: Bce Ma
NO-NOMany OTKIIYAETCH, FAacHYT Mo-
cnegHve 3eesfsl, M3PacxoooBas BCe
CBOE TONNUBD
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MNAOTHBIX 00AACTAX BO3HUKAA AOTIOAHUTEABHAA TPABUTALIMOHHAS TATA,
KOTOPas B KOHLIE KOHIIOB HE MO3BOAAET UM PACIIUPATHCA W 3aCTaBASACT
CXAOTIBIBATBCA MOA COOCTBEHHON TSIKECTBIO, B PE3yAbTaTe 4ero 1 obpa-
3YIOTCA TAAAKTUKM M 3BE3ABL. TaK 9TO — XOTs OBl B IPUHIIUIE — Kap-
Tta COBE mnpeactaBasieT cofoi OTe4aToOK BCEX KPYMHOMACIITAOHbIX
cTpyKTYp Beeaennoi.

Kax ke moBeAyT ce0s B OyAyllleM camble BEPOSITHbIE MCTOPUKM BeeaeH-
HOM, COBMECTMMBIE C TMOSBACHMEM Pa3yMHBIX cylects! BapuanTos, 1o-
XO¥Ke, MHOTO, M BCE 3aBMCUT OT KOAMYECTBA BelllecTsa BO BceaeHHoil.
Ecan oHO GoAblie OTIPEAEAEHHON KPUTUYECKON BEAWUYMHDL, TO IPaBUTA-
LMOHHAsL TATA MEXKAY TdAAKTUKAMW 3aMEAAMT MX W B KOHIIE KOHIIOB HE
AACT Pa3sA€TaThbCs. 3aTeM OHM HAYHYT MAAaThb APYT Ha APYra W B KOHILE
nctopuu BceaeHHON B AGMCTBUTEABHOM BPEMEHMW TIOAYHMTCs Kyda-Ma-
a2 — «boabmoe cxxatuer (puc. 3.18).
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Ecam naoTHocts BeeaeHHON HIDKE KPUTUYECKOr 0 3Ha4Y€HNA, I'paBrTa-

LM CAMIIKOM CcAab6a M He MOXeT IOMeIaTh raAaKTUKaM pa3AeTaTbest || S —

Be4HO. Bce 3Be3Abt BbIropsT, BeeaenHasi GyaeT CTaHOBUTbCs Bce Goaee

XOAOAHO# ¥ mycToit. Ho moTtom onsith ke BCe KOHYMTCS — NpocTo He || KOCMOAOTMYECKAS

raK 3peAninHo. Tak mAu uHade, BceAeHHOM XBATHT ellle Ha AOOPBIX He- o s

CKOABKO MUAAMAPAOB AeT (puc. 3.19). Ak
BepositHO, BceAeHHas!, MOMUMO BELIECTBA, COACPIKUT ellle 1 TAK HaA3bl- MOEI BEAMYAFILLEN

BAEMYIO IHEPIUI0 BAKyyMa — 3HEPIUI0, KOTOpas MPUCYTCTBYET Aake

B TIyCTOM Ha TepBblfl B3rASA mpocTpaHcTBe. COrAaCHO 3HAMEHUTOMY OWMUBEKOMN?

ypasHeHMio DitHurTeitHa E = mc?, y sHeprum Bakyyma ectb Macca. 1o

SHAYMT, YTO OHA OKA3blBaeT Ha pacimpenne BceAeHHON rpaBUTALIMOH-

Hoe Bo3AencTBre. OAHAKO [IPUMEYATEABHO, YTO BO3AENCTBHE IHEPTUN LibGepm Sinwmeiin

BaKyyMa MPOTHUBOTIOAOKHO BO3BAEMCTBHIO BelllecTBa. BelllecTBo 3amMeans-

€T pacuipeHne BceaeHHON M B KOHEYHOM WTOTE CTIOCOOHO OCTAHOBUTH
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B aton obnactu Puc. 3.20

FanaxynKiA He MOryT AHTRONEEA DMHIA ECnu coveTars HABMIONEHUs [aneKix
00pB30BLIBHATLCH CBEPXHOBbLIX, KOCMMYECKOr0 MWKPO-
BOMHOBOTO M3Ny4eHWs W pacnpepene-
HUF BellecTBa BO BCeneHHoW, MOXKHO
OUEHUTE BHEPIUMI0 BakyyMa W nnot-
HOCTb BellecTea Bo BeenedHon ¢ go-
CTATOYHOM TOYHOCTHIO,

10 CeepxHoBbie

I
I
!
v

08

06 &

3HEPTA BAKYYMA

®oHoBoE
3 MWKPOBONHOBOE
. N3ny4eHve

04

Ckonnenuns
ranaxkTuk

022

02 04 086 08 1.0

MNOTHOCTL BELLIECTBA
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ero 1 06paTUTh BCISATh. A 3HEPTrUs BAKyyMa, HallPOTUB, BbI3BIBAET YCKO-
peHue pactpenus — MHQAALMIO. B CyIIHOCTH, SHEprus BAKyyMa Aeil-
CTBYET KaK KOCMOAOTMYECKAs KOHCTAHTa, O KOTOPOI1 Mbl TOBOPUAHM B TA@-
Be 1, — Ta camas, KOTOPYIO DWHINTENH AOOaBMA B IEPBOHAYAABHbBIE
ypasHeHus B 1917 roAy, KOrAa MOHSAA, 4TO OHU He AOIIYCKAIOT PEIIeHUS,
oTpaxaroutero cratnyHylo Beeaennyro. Koraa Xa66a otkpsia, uto Bee-
A€HHAsl PACIIMPAETCs, OTIAaAd HEOOXOAMMOCTb AOOABASITh B YPaBHEHMS
ellle OAMH YAeH, U IUHIITEHH OTKA3aACsA OT KOCMOAOTHYECKOH KOHCTaH-
Tbl, PElIMB, 4TO OmmodCs.

Ho moxer crartbest, uto OH BOBCe He ommbaacs. Kak pacckaszano
B rA@Be 2, Terepb Mbl IOHMMAEM, YTO U3 KBAHTOBOI TEOPUM CAEAYET, HTO
MPOCTPAHCTBO-BPEMS TMOAHO KBAHTOBBIX (bayKTyarmit. CoraacHo cyriep-
CUMMETPUYHON TeOpuH, 6ECKOHEUHbIE TIOAOKMTEABHBIE U OTPULIATEAb-
Hble SHEPTUM HYAEBbIX KOAeOAHMI YaCTHUIL C Pa3HbIMU CIIMHAMM B3aUMO-
yHUYTOXKAOTCA. HO HeAb3s 0)KnAaTh, 4TOObBI MOAOKUTEAbHbBIE 1 OTPHLIA-
TEeAbHblE IHEPIUM B3AUMOYHMYTOXMAMCH C TAKOW TOYHOCTHIO, YTO He
OCTAAOCh HM MAAEMILIEr0 KOHEYHOIO KOAMYECTBA IHEPIrMM BAKyyMa: CO-
cTosHne BeceaeHHOM He cyrepcuMMeTpuyHO. EAMHCTBEHHAS HEOXKMAAH-
HOCTb — 3HEpPIrusl BaKyyMa Tak OAM3Ka K HYAIO, YTO HEKOTOPOe BpeMsi
Ha3aA ee CyllecTBOBaHMe ObIAO He3ameTHO. BeposiTHO, 3TO elle OAMH
MpHUMep aHTPOMHOTO NPUHLIMIIA. B ncTopum, rae sHeprum Bakyyma 60Ab-
e, He (POPMUPYIOTCS TAAAKTUKHM, TIOITOMY TaM HET CYLIECTB, KOTOpbIE
3aaaau Obl Bonipoc: «IToveMy Mbl HaOAIOAAEM UMEHHO TAKOE KOAMYECTBO
IHEepPruu Bakyyma?l»

KoanuecTso BelecTsa ¥ 3HEPruM Bakyyma Bo BceAeHHOI MOXKHO M3-
MEPUTb HA OCHOBAHMM PAa3AMYHBIX HAOAIOACHMI. Pe3yabTaTel MOXKHO
TMPEACTaBUTb B BUAE rpaduika, Ha KOTOPOM TMAOTHOCTb BEIlleCTBA OTAOKe-
Ha 110 TOPU30HTAABHOM OCH, a 3HEPrus BaKyyMa — [0 BEPTUKAAbHO.
[TyHkTpOoM 0003HaueHa rpanuila OOAACTH, TA€ BO3MOXKHO pa3BHTHE
pasymuoi xusuu (puc. 3.20).

PesyabraTbl HaOAIOACHMI CBEPXHOBBIX 3BE3A, CKOTIAGHUI TAAAKTMK
1 (POHOBOTO MUKPOBOAHOBOTO M3AyYeHMsl TOKA3aHbI HA 3TOM rpaduke
Kak 06AacT cAOKHOM hopmbl. K cuacTeio, Bce onm nepecexatorcst. Ec-
AW TIAOTHOCTDb BEIIIECTBA M 3HEPIUs BAKyyMa MOMAAAIOT B 3TO Tiepecede-
HUe, 3HAYUT, pacimpenue BceaeHHON CHOBA HA4YaAO YCKOPATHCS TIOCAE
AAMTEABHOTO MepuoAa 3ameAAeHust. loxoxke, MHAALINS — 3TO 3aKOH
[PUPOABL.

B 3TOi raaBe Mbl YBHACAH, KAK MOXKHO TIOHAThH TIOBEACHHE OTPOMHOM
BceaeHHOM ¢ TOYKM 3peHMs ee UCTOPUM B MHHUMOM BPEMEHM, KOTOpas
TIPEACTABASIET COOOM KPOIIEYHYIO, YyTb-4yTb IPHUIAIOCHYTYIO cchepy.
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CoBceM Kak CKOpAYTIA opexa, 0 KOTOPOU TOBOPUT [aMAaeT, mpocTo B Hel
3ElI.I.II-I¢)pOB€lHO BCE, 4TO TMPOHUCXOAWUT B ACTICTBUTEABHOM BPEMEHH. Tak
4to [amaer OblA COBEPIIEHHO MPaB. AayKe B CKOPAYTIE Opexa Mbl MOJKeM
cumnrarh cebst noBeAnTeAssMU OecKoHeYHOM Beeaennoit.

Ce0s s A@Ke B CKOPAYTIE Opexa
Cuwnraa 0ol noseanTeAeM BeeaeHHOI. ..

Hlexkcnup, «[amremy», akm 11, cyena 2

(nep. H. Camotinosa)




I'ANABA 4

KAK TTIPEACKA3ATDH BYAYILEE

TMouemy uepHbie dvlpbl, NozAOWAR UHPOPMAULIO,
Mewaiom Ham npedckasvieams Oydywiee.




AEHHOMN




KAE HPEACKAZATE BYAYHIEE

IOAAM MCIIOKOH BEKY XOTEAOCH YITPABAATD BYAYLIIMM MAM T10 KparHen

Mepe MpeACcKasbiBaTh ero. Bor mowemy acTtpoaormsi Tak

MOTyAsSpHA. ACTPOAOTMS YTBEPJKAAET, YTO COObITUA Ha 3eMmae
CBSA3aHbI C ABIDKEHHEM NAQHET 110 HeOy. DTy TMIIOTe3y MOXKHO MPOBEPUTD
HAy4YHO, TO4YHEe, MOXHO OblAO Obl, ecAM Obl acTpoAorn HaOPaAMCh
XpabpocTu AeAaTh YETKME I[TPEACKA3aHMsl, TOAAAIOLIMECs] TIPOBEPKe.
OAHAaKO OHM TOCTYTAIOT OCMOTPUTEABHO M (OPMYAMPYIOT CBOM
[TPOTHO3bI TAK PACTIABIBYATO, YTO OHU ITPUMEHMMBI K ADOOMY PE3YABTATY.
YTBEpPIKACHUA BPOAE «BO3MOXHA HANPSUKEHHOCTh B OTHOLIEHMSX
¢ OAM3KMMH» MAM «HE YMyCTUTE BO3MOXKHOCTM [OMPAaBUTh CBOE
(PMHAHCOBOE TIOAOYKEHME» HEAb3Sl OTIPOBEPTHYTh.

OAHAKO TIOAAMHHASA MIPUYNHA, 110 KOTOPO# OOABILIMHCTBO Y4eHbIX He
BEPAT B aCTPOAOTMIO, — HE Hay4YHble AAHHBIE MAWM UX HEAOCTATOK, a He-
COOTBETCTBME C APYTUMM TEOPUAMU, KOTOPbIE ITPOBEPEHbI 3KCIIEPUMEH-
TAABHO.

Koraa Konepuuk u [aanaeit 06HapyKUAM, YTO TIAAHETHI ABWXKYTCS TIO
op6utam He BOKPYT 3eMan, a BOKpyr CoaHIa, a HploTOH OTKpBIA 3aKO-
HbI, YIIPABASIOIINE UX ABVDKEHMEM, ACTPOAOTMsA CTPEMUTEABHO YTPaTUAA
npasaonoao6ue. C Kako# CTaTH MOAOKEHNE TAaHeT Ha PoHe Heba ¢ TOY-
KW 3PEHMs 3¢eMHOTO HaOAIOAATEAs AOAYKHO MMETh KaKylO-TO CBsi3b C Ma-
KPOMOAEKYAAMM HA OAHOH TAZHETKE, KOTOPbIE Ha3bIBAIOT Ce0s pasyMHON

Puc. 4.1

Habnioparens ¢ 3emnu (ronyGoi wa-
puK), BpawlaoLencs sokpyr ConHua,
CMOTPUT Ha Mapc (po3oBbiit LLIAPUK)
Ha (hoHe CO3Be3ani.

Habniopaemoe OBWXEHWE nnNaHet
no HeBOCBOAY TOMLKO KEXKETCA CNoX-
HbIM, @ Ha CaMOoM fiene onpegenaeTcs
3aKoHamW HbloTOHa W HWKaK He BrinAeT
Ha CyabOb! KOHKPETHLIX NMofen.

«B Gauncaiiwui mecay Mapc 6y-
dem & cossesduu  Cmperbua,
u dig eac Hacmynum epems ca-
MonosHaxwa. Mapc seaum »ums
mak, Kak CHumdeme HyMcHbM
abl, d He okpyxaowue. U mak
u Gydem.

Asadyamozo wucra Camypu oka-
HeMeA 8 Mol Hacmu eduiel kap-
Mbl  COMHEHHOZO  BOIBPAWEHUA,
KOmopas omeevaem a NOCMOosH-
CMeo U Kapbepuetil pocm, uw 6bl
Haysumecn Gpamv Ha cebs om-
BEMCMBEHHOCME U NPABILILHO
BeCTU Ce0A NPU CI0HCHOCMAX 60
B3AUMOOMHOWEHUAX.

Odnako & noanoaynue eac xdem
wydecHoe o3apewle, U bl CyMee-
me no-HoBoMy nocMompems Ha
CB0I0 HCU3HL, MO NOAHOCMbK
npeofpazum sac»,




Puc. 4.2

Ecnu 3Haelub, OTKyAa W C Kakok Crkopo-
cTui0 Gpocunv BerchoNbHLIA MAY, MO-
¥ellb NPEACKAa3aTh, KyOa OH MoneTuT.

Puc. 4.3
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20 meTtpos
B CEKyHAY

-

-"];--

AM3HBIO (puc. 4.1)? OAHAKO MMEHHO B 3TOM y0€KA@eT HAC aCTPOAOTHS.
DKCIIEPUMEHTAABHBIX AOKA3aTEABCTB B TTOAb3y HEKOTOPBIX TEOPHIl, OTIH-
CaHHBIX B 3TOM KHUTE, He OOAbIIE, YEM B TI0Ab3Y aCTPOAOTHH, OAHAKO Mbl
B HUX BEPUM, TIOCKOABKY OHM COOTBETCTBYIOT APYTHM TEOPUSAM, MPOLLIEA-
VM TIPOBEPKY.

Yeriex 3akoHOB HbioToHa M Apyrnx (PM3MHMeCKMX TEOpHil IPUBEA
K MA€e Hay4yHOrO ACTePMMHU3MA, KOTOPYIO MepBbiM cHOpMyAHPOBAA
B Hauare XIX Beka paHIly3CKMil yueHbIl MapKus Ae Aaraac. Aarnaac
MPEATIOAOKMA, YTO eCAM Obl Mbl 3HAAM TIOAOXKEHUE M CKOPOCTh BCEX Ya-
cThll BO BceAeHHOM B AAHHBIN MOMEHT BPEMEHH, 3aKOHBI (PU3MKH TT03BO-
AMAM Obl HaM ONPEACAUTH COCTOsHME BeeaenHom B At060M ApyTOit MO-
MEHT U B TIPOLIAOM, 1 OyAytiem (puc. 4.2).

Wuave roBops, €CAN HaAyYHBIN ACTEPMUHNU3M Ce0sl OTIPABABIBAET, Mbl.
B TPUHLIMIIE, AOAKHBI YMETb TIPEACKas3biBaTh OyAylliee 0Oe30 BCAKON
actpoaormu. Ha npaktuke, pasymeercs, AaKe caMas HECAOXKHAs Teopisi
BPOA€ HBIOTOHOBA 3aKOHA BCEMUPHOTO TATOTEHMUS AAeT YPaBHEHMsI, KOTO-
pble Mbl HE MOXKEM PEIIUTh AASL CUCTEMBI, COCTOSIIEHN OOABIIE YeM M3
ABYX 4acTHil. boAee TOro, 3a4acTyio y ypaBHEHMI TIOSIBASIETCSL KAUeCTBO,
KOTOPOE Mbl Ha3blBAEM «XAOTU3AIMA», KOTAA KPOILIEYHOE M3MEHEHIEe
B MOAOKEHMM MAM CKOPOCTH B OAMH MOMEHT BPEMEHM MOXKET TPHBeCTH



KAK ITPEACKA3ATDb BYAYIWMEE

40 meTpoB 90 meTpos

K OTPOMHBIM M3MEHEHMSAM B MOBEACHUN CHCTEMbI

B TIOCACAYIOIIME MOMEHTHI. Besikui, KTO BHAEA  BBOD |
«[lapk KOpckoro nepuoaa», 3HaeT, 4YTO KpomIey-
HOE M3MEHEHNE B OAHOM MeCTe TTOPOKAAeT KOAOC-
CaAbHble TiepemMeHbl B Apyrom. baGouka, B3MaxHys-
11as KPbIABILIKAMHM B TOKMO, MOJKET BBI3BAaTh AOKAD
B HbIO-MIOPKCKOM LlenTpaabHOM mnapke (puc. 4.3).
beaa B TOM, 4TO 3Ty MOCAEAOBATEABHOCTb COOBLITUM
HEBO3MOXKHO 1OBTOpUTh. Koraa 6ab0yuKa B3AMAXHET KPBIABIIIKAMA B CAE-
AYIOIIMT Pa3, MHOKECTBO APYTHX (PaKTOPOB OKAKYTCSt MHBIMI 1 TTOBAN-
AIOT Ha TIOTOAY COBCEM I1O-APYTOMY. Bort MoYeMy IMpOTrHO3bI MOTOABL TAK
HEHAAEIKHBL.

Takum 0Opas’oM, XOTS 3aKOHBI KBAHTOBOI AEKTPOANHAMUKK B [TPHH-
LTAITE AOAYKHDL TTO3BOASTb HAM PACCHUTBIBATH B XMMHH 1 Oroaornm Petm-
TEALHO BCE, Mbl He AOOMANCH OCOOBIX YCIEXOB B MPOTHO3aX YeAOBEHeCKO-
rO MOBEACHUs C TTOMOUIbIO MATEMAaTUYECKUX ypaBHEeHUM. TeM He MeHee,
HECMOTPA Ha TMPAaKTUYECKHE CAOXKHOCTH, OOABIIMHCTBO YYEHBIX yTeElld-
I0TCS MBICABIO, UTO OYAy1ll€e — OTIATh K€ B [MPUHIINIIE — TTPEACKA3YeMO.

Ha riepsblil B3TASIA TTPEACTABASIETCSI, YTO TPUHLIMIT HEOTIPEAEACHHO-
CTH — 3TO YIpo3a AAA ACTEPMHUHM3MA, TTOCKOABKY OH TAACHT, YTO Mbl HE

v
=

=

»
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BOMHOBAA ®YHKLIA
C PE3KWM MUKOM ¥

BEPOATHOCTHOE PACTIPEQENEHWE
CKOPOCTW HACTWLLBI

BOMNHOBASA OYHKLINA
MOCNEOOBATENbHOCTU BOMNH W

BEPOATHOCTHOE PACNPEAENEHNE
CKOPOCTW HACTULIBI

Puc. 4.4

BonHosas hyHKUMA ONpeaenseT Bepo-
ATHOCTR TOTO, 4TO Y YaCTWLLI ByOyT He-
KOTOPbLIE NONOXEHWA W CKOPOCTW, HO
TaKKE, 4TO X WV NOAYUHAKITCA NMPUH-
LNy HeorpeneneHHocTy,

114

MNonoxeHne
-9 >

CkopocTe

>

MonoxeHve

CkopocTs

>

MOJKEM TOYHO M3MEPUTH W TMOAOKEHHE, 1 CKOPOCTh YaCTHLIBI OAHOBPE-
MEHHO. YeM TOuHee Mbl U3MEPSIEM TOAOKEHUE, TEM C MEHBIIIEN TOYHO-
CTBIO U3MEPsieM CKOPOCTb — K HA000POT. AArAACOBCKAst BEPCHs HAYHHO-
TO AeTEPMMHU3MA TAACHAQ, YTO €CAM MBI 3HAeM MOAOKEHHE M CKOPOCTh
YaCTUIl B AQHHBIFI MOMEHT, TO MOYKEM OIIPEACANTb UX TTOAOKEHUE 1 CKO-
pocThb B A1060# MOMeHT B Oyayiem. Ho ¢ uero, cob6cTBeHHO, HAYATD, €C-
AW TIPUHIIUIT HEOTTPEAEAEHHOCTH He TMO3BOASIET TOYHO Y3HATh OAHOBpE-
MEHHO W TIOAOKeHMe, W CKOpocTh? Kakum Obl MOIIHBIM HU OblA HAll
KOMTIBIOTED, €CAM BBECTH B HETO HETOAHBIE AAHHBIE, [IOAYUATCSl HETOAHbBIE

IMPOTHO3bI.
OaHako AETEPMHUHH3M BOCCTAHOBUAM B TpaBax, HECKOABKO BUAOHM3-
MEHHB, B paMKax HOBOM TEOpHUKH — KBAaHTOBOM MEXaHWKHW, KOTOpa#d

VYUTHIBAET M TIPUHIINI HEOMPEACACHHOCTU. [pybo roBopsi, B KBaHTO-
BOW MeXaHHWKe MOYKHO TOYHO TIPEACKa3aTh TIOAOBMHY TOTO, YTO obelia-
eT HaM KAAQCCHYeCKasi AaTIAaCOBCKasl TOUKa 3peHus. B kBaHTOBOI1 Mexa-



KAK IMTPEACKA3ATDB BEYAYUEE m

HHUKE y YaCTUIlbl HET TOYHO OTIPEAEA€HHOrO TIOAOXKEHUsI U CKOPOCTH,
3aTO ee COCTOSAHME MOJKHO 33AaTh TAK HA3bIBAEMOW BOAHOBOW (DYHKIIH-
e (puc. 4.4).

Boanopast (yHKIIMs — 3TO YHUCAO B KA’KAOW TOYKE TIPOCTPAHCTBA, CO-
OTBETCTBYIOIIIee BEPOATHOCTH TOTO, YTO B 3TOM MecTe OyAeT oOHapysKeHa
vactuia. TeMr M3MeHeHUs! BOAHOBOM (DYHKIIMM OT TOYKHM K TOYKE TOBO-
PUT, HACKOABKO BEPOSITHBI Pa3Hble CKOPOCTH YacTHil. HekoTopsie BOAHO-
Bble (DYHKIINM B KAKON-TO TOYKE IIPOCTPAHCTBA MMEIOT Pe3Kuil MuK. B ta-
KMX CAy4asix HeOTPeAeAeHHOCTb ITOAOXKEHMs YacTHUIIbl oueHb maaa. Ho
elile Ha rpadpuKe BUAHO, YTO B TAKMX CAY4asiX BOAHOBast (PyHKLIMS TOOAN-
30CTH OT 3TOM TOYKM O4eHb OBICTPO MEHAETCSA — BBEPX C OAHOW CTOPO-
Hbl M BHU3 C APYTOM. 9TO 3HAYMT, YTO PACITPEACACHHE BEPOSTHOCTH AASK
CKOPOCTH uMeeT OOABIIION AMAra3oH. To ecTb HEOTIPEAEACHHOCTh CKOPO-
CTH BBICOKA. A Terepb PacCMOTPUM HETIPEPbIBHYIO MOCAEAOBATEABHOCTE
BOAH (BOAHOBOW TIaKeT). 3A€Ch BbICOKA HEOIPEACACHHOCTD TIOAOXKEHWS,

Puc. 45
YPABHEHWE LUPEOWHIEPA

QBOHIOLLHH BO BpeMeHK
BONHOBOW d]yHKLl,HH
onpepenseTca raMunsTOHMaHoM
H, onepaTopoM, accoUMMpyemsiM
C 3Hepriei paccMarpusaeMoin
hU3NHECKOH CUCTEMBI.
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Puc. 4.6. B nnockoMm npocTpaHcTee-
BpEMEHM CNeuwansHOW TEOpWW OTHO-
cuTensHoCTU Habnoparend, ABWrak-
LLWMECHA C PA3HON CKOPOCTLIO, M3MEPS-
OT pa3Hoe BpemA, HO NP NOMOLUW
ypaeHeHua LUpéguHrepa kamobiia 13
HKX MOXeT B Niobon 3 MOMEHTOB Bpe
MEHW onpenennTs, kakon Oyder son-
HOBas (hyHKUMA B DyayLLem.
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3aTO HEBEAMKA HEOTIPEAECACHHOCTE CKOPOCTH. Tak 4TO onMcaHue 4acTu-

116l TIPY TIOMOIIM BOAHOBO# (PYHKIIMK HE TIPEATIOAAraeT TOYHOTO OTHCa-
HUSL €€ TIOAOKEHUSA MAM CROPOCTU. OHO YAOBAETBOPSIET TIPUHLIMITY He-
OTIPEACACHHOCTH. Teriepb Mbl TIOHMMAaeM, YTO XOPOLIO OTMPEACAMThH Mbl
MOYKEM TOABKO OAHO — BOAHOBYIO (DYHKIIMIO. MBI HE MOYKEM AQKe TIPEA-
[TOAOKMTb, YTO Y YACTHLIbl €CTh [IOAOKEHME U CKOPOCTh, M3BECTHBIE bory,
HO CKPBITbIE OT HAC. TaKue TeOpUn «CKPBITOM MepeMeHHON» TIPEACKa3bI-
BAIOT PE3YABTAThl, HE COOTBETCTBYIONIME HabAoAeHUsIM. Aake bor noa-
YUHAETCS TTPUHIINITY HEOTIPEAEACHHOCTH U HE 3HAET OAHOBPEMEHHO CKO-
POCTh M TIOAOKeHHe YacTuibl; OH 3HAET TOABKO BOAHOBYIO (DYHKIIMIO.
Temn n3meHeHWs BOAHOBOM (PYHKIIMM CO BPEMEHEM 33Aa€TCsl TAK Ha-
3bIBaeMbIM ypaBHeHHeM LlIpéannrepa (puc. 4.5). Ecan mMbl 3HaeM BOAHO-
BYIO (DYHKIIMIO B AAHHBIF MOMEHT, TO MOXEM IPU TIOMOIIM yPABHEHMS
[LIpéannrepa BHIMMCAUTD €€ B AI0OOI APYTOfl MOMEHT B TIPOIIAOM WAM
Oyayuiem. [ToaToMy ¥ B KBaHTOBOW TEOPMM €CThb ACTEPMMHU3M, ITPOCTO
PeAyLIMPOBAaHHbIN. Mbl MOXKEM MPEACKa3aTh TOABKO BOAHOBYIO (DyHK-
LU0, @ He TIOAOYKEHME ¥ CKOPOCTh OAHOBPEMEHHO. A 3TO A2eT BO3MOXK-
HOCTh TIPEACKA3aTh AMOO MOAOKEHUE, AMOO CKOPOCThb, HO HE U TO, U ADY-
roe TO4HO. To eCTh B KBAHTOBOM TEOPUM CTMOCOOHOCTb AEAATh TOUHbIE
[TPOTHO3bl — POBHO MOAOBMHA OT TOTO, YTO IMPEANOAAraeT KAACCUYeCKOe
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AR

BPEMA

BPEMA

Touka crarHaumm

-
o

MPOCTPAHCTBO MPOCTPAHCTBO

AQrAaCOBCKOE MUPOBO33peHMe, Ho M B 3TMX pamMKax Bce paBHO MOXKHO
YTBEPIKAATD, YTO CYILECTBYET ACTEPMUHU3M.

Tem He menee mpuMeHeHue ypaBHeHus LlIpéanHrepa AAsi Bbramcae-
HIS 3BOAIOLIMHM BOAHOBOW (PYHKIIMM BO BpeMeHHM (TO eCTb AAS TIPEACKa3a-
HMS, YTO TIPOM30MAET B OyAyIieM), TIO CYTH AeAQ, TIPEATIOAAraeT, YTo Bpe-
Msl BE3A€ Te4eT TAAAKO M BEeYHO. B HBIOTOHOBCKOM U3MKe, HECOMHEHHO,
TaK M eCTb. Bpemsi aGCOAIOTHO, TO €CThb KaKAOMY COOBITHIO B MCTOPUU
Bceaennon npunucana MeTKa, KOTOpas Ha3bIBAETCA BPEMS, 1 YepeAa Ta-
KHMX METOK TAABHO Te4deT M3 OeCKOHEYHOTO TPOIIAOTO B OeCKOHEeYHOe
Oyayiiee. Kasaaoch Obl, MMEHHO TaK BBITASAUT BPeMsl C TOYKM 3PEHUA
3APAaBOTO CMBICAA, U MMEHHO Takash KapTWHA BPEMEHM IIPHUCYTCTBYeT
B CO3HAHMM GOABIIMHCTBA AIOAET U AaKe OOABIIMHCTBA Pusnkos. OaHa-
KO, KaK MBI yke 3HaeM, B 1905 roay nonsitue abcoAl0THOro BpemMeH# Obl-
AO OINPOBEPrHYTO CTIELIMAABHON TeOpueil OTHOCUTEABHOCTH, TA€ BPeMst
nepectan0 ObITh HE3aBUCHMON BEAUYMHOIL, a TIPEBPATUAOCH TIPOCTO B OA-
HO M3 M3MEPEHWIl YeThIPEXMEPHOTO KOHTMHYYMa IOA Ha3BaHUEM I1pO-
CTPaHCTBO-BpeMsA. B crenmMaAbHOM TEOpMM OTHOCMTEABHOCTH pa3Hble
HaOAKOAATeAM, TIEPEMEIAIONINECS C Pa3HbIMH CKOPOCTSIMU, ABVDKYTCS
CKBO3b TPOCTPaHCTBO-BPEMS 110 Pa3HbIM TPAaeKTOPUAM, M KaXKABIN M3
HUX T10-CBOEMY M3MEPAET BPEMs HAa CBOEH TPaeKTOpPUM, MPUYeM Y pas-

Puc. 4.7
BPEMA OCTAHABNMBAETCH

Mpwn namepenun BpemeHn obssarens-
HO JOMKHb! ObITs TOYKKU CTarHaumm, rae
pyYKa BXOAWT B rMaBHbIA UMNMHAP, —
TOYKK, FAE Bpems cTouT. B 3tix Toukax
BPEMS HE YBENMUYMBAETCH HM B KAKOM
HanpaeneHuy, NoaToMy HEeBO3MOXHO
paccHuTaThk BONHOBYIO (PyHKUMIO B By-
OyLLUEM NPK NOMOLLM ypaBHenus LLpé-
OMHrepa.
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’\,{_

CeeT, ucxopaLumm oT 3seans! CgeeT, 3axBa4eHHbI MBCCUBHON 3BE3101

Puc. 4.9

HBIX HAOAIOAATeA€H TIOAYHYATCs pasHble MPOMEXKYTKH BPEMEHN
MEKAY OAHUMHU 1 TeMH ke coObIThamu (puc. 4.6).

Takum 00pas’oM, B CIELIMAABHOW TEOPUM OTHOCUTEABHOCTH

HEeT eAMHOT0 a6COAIOTHOTO BPeMEeHH, NPY IOMOIIU KOTOPOTO Mbl

MOYKeM CTaBUTh METKU Ha cOObITHA. OAHAKO MIPOCTPAHCTBO-BPEMS]

CIieum AABHOM TEOPHH OTHOCUTEABHOCTH ITAOCKOE. A 3HA4UMT, B pi:iM.-

Puc. 4.8

Kax CIIelMaAbHOM TEOPUM OTHOCUTEABHOCTH BpeMsi, M3MepsemMoe
cBOOOAHO ABWZKYIIMMCAH H36AEOA&TE}\€M, MAABHO YBEAMHYUBACTCH
B POCTPAHCTBE-BPEMEHM OT MHUHYC GECKOHEYHOCTH B OECKOHEYHOM
TIPOLIAOM AO TIAIOC GECKOHEYHOCTH B OecKoHedHOM OyaymieM. Bce 5tu
Mepbl BpEMEHU Mbl MOXKEM IPUMEHATh B ypaBHeHuM [LIpéannrepa, uto-
Obl TIPOCACAUTb M3MEHEHMsi BOAHOBOHM (yHKIMM. Tak ¥TO B pamKax
CTENNAABHON TEOPUM OTHOCUTEABHOCTH MbI [O-TIPEXKHEMY pacrioAaraem
KBAaHTOBOV BEPCHEN ACTEPMUHU3MA.

B o6mieil TeOpuM OTHOCUTEABHOCTH BCe 0OCTOSAO MHAYE, [IOCKOALKY
TaM MPOCTPAHCTBO-BPEMSL HE TIAOCKOE, d MCKPUBACHHOE M UCKAKEHO CO-
AGPKAITIMUCA B HEM BeIeCTBOM U 3Heprueit. B nameit CoaneuHomn cu-
CTEME€ MCKPHUBACHMNE TIPOCTPAHCTBA-BPEMEHHM COBCEM HEBEAMKO, I10
KpalHell Mepe, HAa MaKpPOCKONMYeCKOM Macmtabe, MO3TOMY OHO He
BAMsIET HA Hallle TIPEACTaBAEHUe O BpeMeHn'. B 3TO# cuTyaumu Mbl MO-

! Tem He MeHee UCKPUBAEHHE TIPOCTPAHCTBA-BPEMEHH B OKOAQ3IEMHOM TIPOCTPAHCTEE
C HEOOXOAMMOCTREO YHUUTHIBAETCA B pafm‘re HIMPOKO HCTIOAB3YEMBIX B HALLE BPEMSH CUCTEM
nosutonuposanus, ckakem GPS n TAOHACC. — lpuw. p(’@.
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NPOAEMOHCTPUPOBArNa, YTO 8CNU Macca 38e3flb!l COCPEaoTo-
4eHa B IOCTATOMHO ManeHbkol oBnacTu, rpaBuTauvoHHoe
none Ha NOBEepPXHOCTU 38e3Mbl CTAHOBUTCA HACTONLKO CUMb-
HbIM, HTO OTTYAA He MOXET BLIPBATLCA Aaxe CBeT. MMeHHo
370 Mbl TENEpPb Ha3bIBEEM H4EPHON AbIPOIA, 0BNACTLIO Npo-
CTpaHCTBa-BPEMEHM, OrPaHNYEHHYIO Tak HasbiBaeMbIM ropu-
30HTOM COOBLITUIA, OTKYA HE MOXET BbIPBATLCH HUYTO, B TOM
4ucne CBET, W Aanexkui HabniopaTens ee He BUANT.

[onroe Bpema BONMLLUMHCTBO YHEHLIX, B TOM YMCNE W Cam
OMHLLTEIH, CKENTUHECKM OTHOCKIUCH K TOMY, 4TO NOA0GHsIe

0. HO Ternepi Mbi NOHMMAEM, 4TO KOr-

'aa#oﬁan mmmm HeBpallaiowlance 3sesga —

HE33BMCHMO OT CNIOMHOCTH 8 (OpMbI U BHYTPEHHER CTRYKTY-
pbl — NEPEeXWraeT Boe CBOE AAEPHOE TONMMBO, OHA HeM3BeX-
HO CXMOMbIBAETCA B MOEANLHO CDEPUHECKYIO YEPHYIO ObipY
LWsapumneaa. Panuyc ropuaoHTta cobbimiin YepHoi asipsl R
33BUCKT TONMBKO OT €6 Macch! W 3aaeTcs (hopMynon

R = 2GM/c?

B aron chopmyne ¢ — 310 cKopocTs ceeta, G — rpaemta-
LMOHHasA NocTosHHaR HeiotoHa, M — Macca HepHoi akipsl,
YepHan aeipa ¢ Takon xe Maccon, kax y ConHua, umena Bbl
panuyc BCero Tpu kunometpa!

KeM TO-TIPeXKHEMY ONMPaThCsA Ha 3TO BpeMs B ypasHeHuu Llpéaunre-
pa, 4TOObI TIOAYHaTh A TEPMUHHUCTCKYIO IBOAIOLIMIO BOAHOBOM (DYHKLINH.
Ho kak TOABKO MBI AOITYCTHM, YTO MPOCTPAHCTBO-BPEMs NCKPUBAEHO,
TO OTKPOEM ABEPHM BO3MOXXHOCTH, 4TO Y IPOCTPaHCTBA-BPEMEHH €CTh
CTPYKTYpa, KOTOpasi He AOIyCKaeT, YTOObl BPeMsl MMAABHO YBEANYMBA-
AOCH B AI0OOH CHCTeMe OTCYeTa, KaK HaM XOTeAoCh Obl Aymats. Hanpu-
Mep, TIPEATIOAOKMM, YTO MPOCTPAHCTBO-BpeMs umeeT (opMy BepTH-
KaAbHOTO LIMAMHApPa (puc. 4.7).

[To BBICOTE NUMAMHAPA OTKAAABIBAETCS BPEMs, YBEANYMBAIOIICECS
C TOYKM 3PeHMUst AI0OOTO HAOAIOAATEAS! U MAYIIIEe OT MUHYC OECKOHEYHO-
CTM A0 TAKOC GeCKOHeYHOCTH. A Tenepb INpeacTaBbTe cebe, uTO MpO-
CTPaHCTBO-BpeMsi UMeeT (POpMy LIMAMHAPA C PYHKO# («KPOTOBOWM HO-
poi»), KOTOpast OTXOAUT OT HEro, a TIOTOM BXOAUT 00paTtHO. Toraa ato6oe
M3MepeHne BpeMeHn 0043aTeAbHO AACT TOYKM CTArHALIMK TaM, TA€ PyyKa
BXOAMT B TA@BHBIN LIMAMHAD, — TOUYKU, TA€ BpeMst CTOUT. B 3TuX TOUKax
BpeMsi C TOUKM 3peHus AIOOro HaOAI0AATEAS He yBeAuunBaeTca. B Takom
NPOCTPAHCTBE-BPEMEHN HEBO3MOKHO AETEPMUHUCTCKN PACCUMTATh BOA-
HOBYI0 (DyHKLIMIO B OyAylleM Ipu MoMOIM ypasHeHus llIpéannrepa.
OcteperanTech KPOTOBBIX HOP, HUKOTAA He 3Haelllb, YTO M3 HUX BblAe3eT!

[Tpuumna, o KOTOPO Mbl CYNTAEM, YTO BPEMS He AAA BCEX HAOAIOAA-
TeAeH YBEAMYNBAETCS, — 3TO YePHbIE AbIPbL. Briepsble 0 HUX 3aroBOPUAU
B 1783 roay. AvkoH Mu4eAA, B MPOLIAOM KeMOPHAXKCKHUI1 [PETIOAABATEAD,
paccy»®aaa caeayroumM o6paszoM. Ecam sanycTuth Kakoe-TO TeAO, Ha-
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Puc. 4.10
Kpaszap 3C273,
KBA3n3BesHblit PagnoMCTOMHWK, Bbl-
pabarsiBaet
B HEbBONLWOM obnactu, MNoxoxe, Ta-
KYIO BBICOKYHO CBETUMOCTE MOXET 0be-
CNEYWTL TOMbKC BELIECTBO, Napgan-
LUEE B YepHYIO ObIDY.

ABY X

BCEAEHHOM B

NepBebi  OTKPLITLIA

O4eHb MHOMo  3HEepriuM

CAOBAX

IKOH YWUNEP

#oH Apynbansg Yunep pogunca 8 1911 rogy Bo @nopu-
'Dne, B ropope xekconsine. B 1933 rogy oH nony4un
AOKTOPCKYIO CTeneHb B YiuBepcuteTe [DroHca XonkuHea 3a
WCCNenoBaHWe pacCceaHWs ceeTa atoMom renwnA. B 1938
rogy Yunep sMecte ¢ patckum chuavkoM Hunbcom Bopom
paboTtan Hag Teoprei pacllennenmns aroma. Hepes HeKoTo-
poe Bpems Yinep BMECTE CO CBOWM CTyAEeHTOM-CTaplue-
KypcHUKOM Pudapoom @eiHmaHoM COCpPemoToqMncs Ha
vccnefoeaHuax 8 o6nacTu 3NeKTROAMHAMUKK, HO BCKOpe
Amepwvika sctynuna so Bropyio muposyio BoiHy, v oba —
1 Yunep, v @eifHmaH — Obinv NpuBneHeHsl K paboTe Han
MaHX3TTEeHCKUM NPOEKTOM,

B Hayane natMaecaTeix rogos Yunep, BAOXHOBNEHHLIW
crareen Pobepta OnneHreivepa o rpasuTaunoHHOM Kof-
nance MaccvBHoi 3seagbl, onybnukosadHon B 1939 rogy,
‘3aHANCA AMHLUITEAHOBCKOM OBLLEMN TEOpWen OTHOCUTENLHO-

cTi. B 1O Bpems BONbLUMHCTBO (DU3MKOB Tak WNu WHa4e 3a-
HUMaNWCL MCcnenoBaHuaAMI B obnacTtu ANEepHOM CbMSVIK'A.
a Oﬁll.laﬂ TEOpPMs OTHOCUTENBEHOCTK CHUTaNack He CNWLWLIKOM
BakKHBIM HanpasneHuem nccnegosaHnin g QJL‘JSHKG. OpHarxo
Wmep NpaxkTu4eCk B OOWMHO4YKY M3MEHWMN NOnaxeHwe Be-
el — Kak CBOMMM WMCCNefoBaHuAMM, Tak W npenopaea-
TENLCKOW AeRTENsHOCTBIO: OH YuTan B [pUHCTOHE nepsbii
Kypc NeKuWn no TEOPWUH OTHOCUTENBHOCTK.

3HauuTensHo noagHee, yke 8 1969 rogy, OwoH Yunep
BBENB Oﬁan.I,EHHe TEPMUWH «4epHan ablpa», Tak oH Haablean
BELLECTBO B COCTORHUM KONNANCE, OAHAKO TOTAa NoMTM Hiu-
KTO HE BEPWN, 4T Takoe BbisaeT. BooxHoBNeHHLIN paboTamm
BepHepa Wcpaang, Yunep 3akmioHun, YTO «y YepHbiX Obip
HET BONOC», TO ecTh Nban HeBpalLaoLLancs MaccuBHan
3BE3/1a B COCTORHMI KOMNanca MoXeT GbiTh orMcana peLle-
Huew Lsapuwmnega.
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MpUMEp TyIIEYHOe SAPO, BEPTUKAABHO BBEPX, €r0 TOABEM 3aMEAAUTCS
13-3a TPABUTALIMK, 1 B KOHLIE KOHIIOB TE€AO TIE€PeCTaHeT ABUIAThCs BBEpPX
1 yraset o6patHO BHM3 (puc. 4.8). Ho ecan nepBoHavYaAbHast BEPTHKAAb-
Hasl CKOPOCTb OOAbLIIE KPUTUIECKOTO 3HA4YEHWsI — BTOPOI KOCMUYECKOM
CKOPOCTHM, — CHAbI TPaBUTAlIMKM HE XBAaTUT, 4TOObl OCTAHOBUTb TEAO,
1 OHO yAeTUT. Bropasi KocMMYecKas CKOpOCTb (CKOPOCTD yOeraHus1) AAs
3eMAN COCTaBASET OKOAO 12 KMAOMETpPOB B CeKyHAy, a Aast CoaHLIA —
OKOAO 618 KMAOMETPOB B CEKYHAY.

OTH CKOPOCTH yOeraHmsi TopasA0 Bblllle CKOPOCTH HACTOSILLIETO ITy-
[LIEYHOTO SIAPA, HO OY€Hb MaABI 110 CPABHEHUIO CO CKOPOCTBIO CBETd —
300 000 kuaoMeTpOB B ceKyHAY. To ecTb cBeT yaeTaeT ¢ 3eMam 6e3 oco-
ooro tpyaa. OAHaKO MuYeAA OTMETHA, YTO HABEPHSKA CYIIECTBYIOT
3BE3AbI TOPa3sA0 MaccupHee COAHNA, y KOTOPBIX BTOpas KOCMMYeCKast
CKOpoCTh GoAblie ckopocTH ceTa (puc. 4.9). M 9TuX 3Be3A Mbl He yBU-
AVM, TIOCKOABKY BECb CBET, KOTOPbIN OHM MCITYCKAIOT, IIPUTSATUBACTCS 00-
PaTHO rpaBuUTalMel 3Be3Abl. Takue 3Be3Abl MuueAA HA3BaA TeMHBIMU
3BE€3AAMU, d Mbl HA3bIBAEM MX Y€PHBIMU AbIPAMHU.

[unoresa Muyeaaa o TeMHBIX 3Be3AaX ObIAd OCHOBaHA HAa HBIOTOHOBOM
¢usrKe, B ROTOPON BpeMst aGCOAIOTHO M WIAET BIIEPEA HEB3Wpas HU Ha
uto. [ToaToMy B KAACCHYECKOI HBIOTOHOBOW KapPTHHE TeMHbIE 3BE3ABI He
MeIlIdaAr HaM TPeACKasbiBaTh OyAyiiee. OAHAKO B 0OLIEN TEOPUM OTHOCH-
TEABHOCTH, TA€ MACCUBHBIE TeAd MCKPUBASIOT TPOCTPAHCTBO-BPEMsi, BCe
COBCEM MHA4e.

B 1916 roay, Bckope 1ocae TOTo, Kak DAHINTEHH BBIABUHYA CBOIO TEO-
puio, Kapa HIpapiimnmabA (HE3aA0ATO AO CMEPTH — OH yMep OT 00Ae3HH,
KoTopon 3a6oaeA B Poccun Bo Bpemsi [1epBoil MUPOBOIT BOMHBI) HallleA
pelieHue ypasHeHU o011eit TeOPUKM OTHOCUTEABHOCTH, KOTOPOE OTTHChI-
BAAO YEPHYIO AbIPY. MHOTO AeT yueHble He TIOHMMAAW HU CYTH, HU BaXKHO-
cti OTKRpbiThs [IBapuimmabaa. Cam SMHINTEAH TaK M HE TOBEPHA B Yep-
Hble ABIPBI, 1 €r0 OTHOUIEHWE PABAEASAO OOABIIMHCTBO CTAPOU TBAPANU
CIEIMAANCTOB 110 001Ie TEOPUK OTHOCHTEABHOCTU. [TOMHIO, Kak OAHAK-
Abl s Tiprexaa B [Taprok, 4TtoObl pacckasaTh Ha CeMUHApe O CBOEM OTKpbI-
TUU, KOTOPOE COCTOSIAO B TOM, YTO M3 KBAHTOBOWN TEOPUM CAEAYET, YTO

HePHbBIE ABIPBI HE COBCEM HYEPHBIE. Moit CEMHHAD, B CYIIHOCTH, TIPOBAAMA- -

Csl, TIOCKOABKY B TO BpeMsi B [lapioke B uepHbIe ABIPEI TIOUTH HUKTO He
BepuA. K ToMy e (panity3bl cCanTaAm, 4TO B MepeBOAE — «LTOU NOir» —
Y CAOBOCOYETAHUSL «9ePHAsL ABIPA» TIOABASIOTCS COMHUTEAbHbIE CEKCYAAb-
Hble KOHHOTALIUM, IIO3TOMY €r0 CAEAYeT 3aMEeHWUTb TePMMHOM «asire
occlu» — «ckpwiTast 3Be3aa». OAHAKO HE 9TO BBIPaKEHME, HU [POYne
BAPUAHTHI HA3BAHWA He OYAOPAKUAN BOOOpakeHMe MyOAMKHN, PaBHO Kak

g

Puc. 4.11

3eeznpl hopMypyiloTCR W3 obnakos
raza W Meiny, HanpuMep Bpone Tex,
KOTOPLIE HAXOOATCA B TYMaHHOCTW
OpuoH.
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Puc. 412,  TpocTpaHcTeEO-Bpems

B OKPECTHOCTSX HEKONNancupyroLlen
3se3fbl. [Ty cBeTa BLIXOAAT C NOBEPX-
HOCTW 38E30b! (KPacHbIe BEPTUKANbHLIE
niHiv), Boanu OT 3Be3fbl CBETORbIE
ny4n oBpasyloT C BEPTUKANbLIO yron
45 rpagycos, HO B6NW3W 38e30kl UCKa-
KeHWe NpoCTpaHCTBa-BpeMeHn Maccom
3B63[bI 33CTARNAET Ny4K CBETA OTKNO-
HATLCA OT BERTWKANA HA MEHLLLIMIA Yromn.

Puc. 4.13. Ecnuv 3se3na enafaer B Kon-
nanc (KpacHsle NWHUKW, CXOAALUMECs
B OfIHOW TOMKE), MCKEXKEHWE CTAHOBWT-
CH TaKkM CUNbBHBIM, HYTO CBETOBLIE IMy4K,
McxodaLve C NosepxHoOCTH, BO3Bpalla-
loTca obpatHo, OBpazyetca YepHas
Oblpa — 0brnacts NPOCTPaHCTBa-Bpe-
MEHM, OTKY[1@ CBET HE MOXET BbIDBATLCH.
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Puc. 4.12 PACCTOAHIE Puc. 4.13

1 TEPMUH «4epHas AbIPa», KOTOPbIN MpUAyMaA AKOH Apumnbaaba Yuaep,
AMEPUKAHCKUI (PU3MK, CTOSBIINI Y UCTOKOB TOYTH BCEX COBPEMEHHbIX
VICCAEAOBAHMI1 B 3TON 0OAACTH.

B 1963 roay GblAn OTKpBITHI KBA3aphl, YTO BBI3BAAO AABMHY TEOpPETHIe-
CKMX paboT 110 YePHBIM ABIPAM M 3KCTIEPUMEHTAABHBIX MOIBITOK NX TTPOHA-
6atoaats (puc. 4.10). U BOT Kakast CAOXKUAACH KApTHHA. PacCMOTPIM 3BOAIO-
110 38e3Ab1 ¢ Maccoit B 20 pa3 Goabine Maccest Coannia. Takue 3Be3Abl Pop-
MUPYIOTCS 13 OOAAKOB ra3a BPOAE TeX, YTO HAXOAATCS B TyMaHHOCTH OpuoH
(puc. 4.11). O6aaxa rasa CKUMAIOTCS TIOA BO3AEHCTBIEM COOCTBEHHOM IPa-
BUTALIAM, T3 HATPEBAETCS U B KOHLIE KOHIIOB PACKAASIETCS! TAK CMABHO, HTO
B HEM 3alIyCKaeTCsl Peakiis TePMOSAEPHOTO CUHTE3a, NIPEeBPAIlaioNas BO-
AOPOA B TeAni1. BeipabaTbiBaemMoe B 3TOM MPOIIECCE TETIAO CO3AACT AABACHUE,
KOTOPOE NMOMOTaeT 3BE3A€ COMPOTUBAATBLCS COOCTBEHHOM IPABUTALIMN 1 HE
AJET CKMMAThCS €Il CHAbHee. B 3TOM COCTOSIHMM 3Be3Aa MOXKET HAXOAUTHCS
AOATO, CKUTas BOAOPOA M MCTTYCKast B IIPOCTPAHCTBO CBET.
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[paBuTalInOHHOE TTOAE 3BE3ABI BAUSET Ha TPAEKTOPUM UCXOASIIMX 13
Hee CBeTOBBIX Ayueil. MoKHO HapucoBaTh rpauk, TA€ TI0 BepTUKAABHON
OCH OTAOKEHO BpeMmsl, a 10 TOPU3OHTAAbHOW — pacCTosiHMe OT LieHTpa
3pe3Abl (cM. puc. 4.12). Ha stom rpadmke NOBEpXHOCTb 3BE3AbL [TOKA3a-
Ha ABYMS BePTUKAABHBIMU AMHUAMM 10 06€ CTOPOHSBL OT LieHTpa. Aoro-
BOPHUMCH, YTO BPEMSA M3MEPAETCA B CEKYHAAX, a4 PACCTOAHUE B CBETOBLIX
CeKyHAaX (Takoe paccTOsHME CBET TMPOXOAWT 33 OAHY CekyHAy). Koraa
MOAb3YeUIbCA TAKMMU EAMHMLIAMU, CKOPOCTb CBeTa paBHa 1, To ecTb CKo-
POCTb CBETAa — OAHA CBETOBAS CEKYHAA B CEKYHAY. ITO 3HAYUT, YTO BAAAM
OT 3BE3Abl M €€ TPABUTALIMOHHOIO TOAS TPAEKTOPHsA CBETOBOTO Ayda Ha
31OM TpaduKe MPEACTaBASIeT COOOM AMHMIO TIOA YTAOM B 45 rpaAycos
K BepTHKaAu. OAHAKO OAVMDKE K 3BE3Ae KPUBU3HA ITPOCTPAHCTBA-BpEMe-

! Tounee, yXOA IOBEPXHOCTH 3BE3ABI TIOA TOPU3OHT COOBITHIL — [Tpum. ped.
* Haa dotoccpepoit. — ITpum. ped.

[OpWU3OHT — BHELWHAA rpaHvua 4Yep-
HOW Obipbl — (OPMWDYETCA CBETOBLI-
M Ny4amu, KOTOPLIM HE YAAeTcs Bbl-
pBaThCs U3 YEPHOIA ObIPbl, M OHW 38BM-
caloT Ha MOCTORHHOM PACCTOSHUW OT
LIEHTPa 3BE3[b!.
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Puc. 4.15
HYEPHASA [ObIPA B LIEHTPE
FTANTAKTKIA

MaobpaxeHme ranaktukn NGC 4151

MONY4EHHOE C NOMOLUBID  LUMPOKO-
yronsHoh kamepel WFPC Ha opbu-

TansHOM TEneckone uMeHn Xabbna,
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Puc. 4.14

HU, BbI3BAHHAS MACCOW 3BE3Abl, MEHSET TPACKTOPUM CBETOBBIX AyYeH,
M YTOA K BEPTUKAAM CTAHOBUTCS MEHBIIIE,

MaccuBHbIE 3BE3ABI [IEPEKUTAIOT BOAOPOA B T€AMM TOpPa3A0 ObICTpee,
yeM CoAHIIe. DTO 3HAUUT, YTO BCETO YEPe3 HECKOABKO COTEH MUAAMOHOB
AET BOAOPOA Y HuX KOHUMTCA. [locae 3TOro Takue 3Be3Abl OKA3bIBAIOTCS
B KPM3UCHOW cuTyaumu. OHM MOTYT CKWraTh CBOM TeAWi W MpeBpallarhb
ero B 00Aee TSDKeAbIe SAEMEHTbI, HATIPUMEP B YTAEPOA U KHCAOPOA, OAHAKO
B XOAE TAKUX AAEPHBIX PeaKLINi BbICBOOOKAAETCSI MEHbILLIE SHEPIUU 1 3B€3-
Abl TEPSAIOT TEIAO, d C HUM U TEMAOBOE AABA€HHE, KOTOPOE ITOMOTaeT MM
COMNPOTUBAATLCA rpaBuTaliiu. [Tostomy onm ymensiarores. Ecan nx macca
Goaee yeMm BABOE TpeBbllaeT Maccy COAHLIA, AABACHUSI He XBATWT, YTOOHI
OCTAHOBUTD CXKAaTHe. Takue 3Be3Abl CXAOITHYTCS AO HYARBOTO pazmepa u Gec-
KOHEYHOM MAOTHOCTH, ¥ 00Pa3yeTCs TAK HasbIBaeMast CHHTYASIPHOCTS (puic.
4.13). Ha anarpamme, rae 10Ka3aHa 3aBUCUMOCTb BPEMEHH OT PacCTOSTHs
OT LIEHTPA 3BE3Abl, BUAHO, YTO KOTAA 3BE3AA COKAMAETCS, TPAEKTOPHH CBETO-
BbIX Ay4el C ee TIOBEPXHOCTH MCXOAAT TMOA MEHBIIMMU YTAAMU K BEPTHUKA-
an. Koraa 3Be3aa AOCTMTAeT OTIPEAEACHHOTO KPUTHYECKOro paauyca, Tpa-
eKTOopys Ha rpacdvKe CTAaHOBUTCS BEPTUKAABHOM, @ 3HAYUT, CBET 3aBUCHET
Ha [TOCTOAHHOM PACCTOSHUM OT LIEHTPA 3BE3AbL, HO HAPY’KY HE BbIPBETCH.
KpuTtrdeckas TpaeKTopusi CBeTa 3aMeTaeT MOBEPXHOCTb — TaK Ha3bIBae-
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I_l a 3TOM PUCYHKE NoKasaHa UCTOPWA acTPOHABTA, KOTO-
pbiit caauTes Ha konnancupyoLlyio 3se3any & 11:59:57
1 NonafaeT Ha Hee Kak pas Torga, Korfa oHa CXuMaeTca
A0 pasMepa MeHbLUe KDUTUYECKOro paauyca, rae rpasura-
LA TaK CUNbHA, YTO He BEINYCKAET Hapy»Ky HUKaKWX curHa-
NOB. ACTPOHABT LUNET CUrHasbl CO CBOMX Hacos Ha KOCMM-

4eCKWil kopabnb, KOTOPLIA € NOCTOAHHLIM NEPWOAOM Bpa-
LiaeTcA BOKpYr 38e3asl. Janekuin Habnioparens He yBuauT,
KaK MOBEpXHOCTb 3BE3Mbl MEepeceyeT ropW3oHT COoBLITMIA
1 ronageT B YepHyto abipy. C ero To4kM 3peHus, 38e3na 3a-
BMCHET Ha CaMOI rpaHvLe KPUTUMECKOro paauyca, a Yacs!
Ha NOBEPXHOCTH 3BE3Mb! 3AMEL/IATCH 1 OCTAHOBATCS,
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«H nem sonoc!»

TEMIMEPATYPA YEPHOW
[OblPbI

L_I epHan [blpa Many4aer Kak
HarpeToe Teno C Temnepary-
poi T, koTOpasi 3aBUCHT TOMNbKO
OT ee Macchl. TouHee, Temnepa-
Typa 3ajaeTcA  CregdyloLlen
hopMynoit:

_ _hc®
8nkGM

B atoin dopmyne ¢ — cko-
pOCTe CBETA, i — NOCTOAHHAS
Mnaxka, G — rpaBuTaUMOHHaRA
nocTosHHas HetotoHa n kK — no-
cToAHHan bornkumMana.

A M — 310 Macca YepHon
[bIpbl, @ 3Ha4WUT, 4eM MEeHbLue
4epHan Oblpa, TEM BhILLE ee Tem-
neparypa. V13 310in hopMynb! Ml
MOXEM Y3HaTb, YTO TeMneparypa
YEpHOW [Obipbl Maccod B He-
ckonsko macc ConHua coctas-
NAET BCEro OKONO OQHOM MWANK-
OHHOW Oonu rpagyca Beiwe ab-
CONMIOTHOTO HYNA.
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MBIl FOPU30HT COOBITUM, — KOTOPAsA OTAEAsIET 00AACTh IIPOCTPAHCTBA-BPE-
MEHM, OTKYAA CBET €lI1€ MOXKET BbIPBATLCA, OT 00AACTH, OTKYAA OH YKe He
MCXOANT. A1000M CBET, KOTOPBIN MCITYCKAeT 3Be3Ad, AOCTUIaeT rOpU30HTa
CoObITHI, HO TaM KPUBU3HA MPOCTPAHCTBa-BPeMeH! 3arudaeT ero o0parHo
K 3Be3Ae. Takas 3Be3Aa MPEBPAlllaeTCsl B TEMHYIO 3Be3Ay Mudeaaa — uan,
KaK Mbl TOBOPMM CETOAHS1, B YEPHYIO ABIDY.

Kak sxe 3apervicTpupoBaTh YEPHYIO ABIPY, €CAM OTTyAA HE MOXKET Bbi-
pBatbcst cBeT? OTBET COCTOMT B TOM, YTO Y€PHASA ABIPA CAYKMT UCTOYHHMKOM
TAKOW JKe TPaBUTALIMOHHON CHUABI, KAKOM 00AdAdAd CXAOTIHYBILASCS B Hee
3BE3A3, M 3TA CUAA BAMSIET Ha coceaHre o0bekThl. Ecam 6b1 CoaHlie npespa-
THAOCh B YEPHYIO ABIPY M TIPH 3TOM YMYAPUAOCH HE TIOTEPSTh YACTh MACChl,
TMAQHETHI BPAIAAMCH Obl BOKPYT HETO TOYHO TaK >Ke, KAK BPaILAIOTCs Ceiiac,

[TosTtomy, 4ToOBI pa3sbiCKaTh YEPHYIO ABIPY, MOXKHO, B 4aCTHOCTH, I10-
MCKaTh BEIECTBO, KOTOPOE BPAIAeTCs M0 OpOUTe BOKPYT HEBMAMMOTO
KOMIAKTHOTO MACCHBHOTO 00beKTa. YueHble HaOAIOAAAH LIEABLiT PSIA 110-
A0OHBIX cucTeM. [Toxkaayil, caMoe CMAbHOE BIIeYaTACHUE ITPOU3BOAST I'H-
raHTCKUE YepPHbIE ABIPBI, BCTPEYAIOIINECH B LIEHTPAX aAaKTHK M KBa3a-
pos (puc. 4.15).

Bce cBoicTBa YEPHBIX ABIP, KOTOPbIE Mbl OOCYKAAAM AO CHX T10p, He
CO3AQIOT OCOOBIX MPETSITCTBUI AASL AeTEPMUHM3MA. AASI aCTPOHABTA, 110-
TIABIIETO B Y€PHYIO ABIPY M HATOAKHYBILETOCsl Ha CHUHIYASIDHOCTD, BpeMsi
octanoBuTC. OAHAKO B 06111e#l TEOPUM OTHOCUMTEABHOCTH MOXKHO M3Me-
PATb BpeMs TI0-Pa3HOMY B Pa3HbIX MecTax. [103TOMy MOXKHO yCKOPUTb
4achl ACTPOHABTA, KOTAA TOT NPUOAM3UTCA K CUHIYASPHOCTH, ¥ OH HaMe-
psieT GeckoHeuHoe Bpemsi. Ha Amarpamme BpemMeHu U paccTostamst (puc.
4.14) NOBEPXHOCTH TIOCTOSHHOTO 3HAYEHUS TAKOTO BPEMEHU CKOTIMANCH
B LIEHTPE, HIDKE TOUKM, TA€ TIOABASETCSA CUHIYAAPHOCTh. Ho oHmM coraa-
CYI0TCS ¢ OOBIYHBIM U3MEPEHMEM BPEMEHM B IOYTU MAOCKOM IPOCTPAH-
CTBE-BPEMEHU BAAAM OT YEPHOM AbIPBI.

MoskHO BBECTH 3TO Bpems B ypasHeHue LlIpéannrepa u paccumrars
SBOAIOIIMIO BOAHOBO# (DYHKLMM. 3HAUMT, ACTEPMUHU3M MO-TIPEKHEMY
HaAandecTByeT. HO OT HEro HeT HMKAKOM MOAb3bI, TOCKOABKY B AdAbHEI-
111eM 9aCTh BOAHOBON (PyHKIMHM OYACT 3aKAIOUEHA BHYTPH YEPHOI AbIPbI
1 ee HeBO3MOXKHO OyaeT HaOAIOAATH CHapyku. To ecTb HAaOAIOAATEAD,
y KOTOPOTO XBaTUT 3APABOTO CMbICAA HE CBAAMTBCSL B YEPHYIO ABIDY, He
CMOXKeT C NOMOIIBIO ypaBHeHnsa LlIpéanHrepa orpeAeAnTs, Kakoi Obiaa
BOAHOBas! (PyHKIIMA B NPOIIAOM. AASL 3TOTO eMy TOHAAOOMTCS Ta 4acThb
BOAHOBOM (DYHKLIMM, KOTOPasi 3aKAIOYEHA BHYTPH YePHO# ABIPBL. TaM co-
AepRUTCSE HHGOPMALIMSL O TOM, YTO YTAAO B HePHYIO AbIPY. [ToTeHtmann-
HO 3TO OYeHb MHOTO MH(OPMAIINK, TTIOCKOABKY YepPHast AbIPa C KOHKPET-
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Puc. 4.17 (eBepxy)

BupTtyaneHble 4acTulsl MOABNSIOTCS
W aHHUIMNMPYIOT Opyr ¢ Opyrom nob-
MM30CTU OT TOPU30HTA COBLITHIA Yep-
HoW Abipsl. OfiHa YacTuua U3 napbl Na-
[aet B HEpHyO Owipy, a ee GnuaHel
octaerca Ha ceoboge v ynetaet. CHa-
PYW, M3-2a ropmacHTa cobbiTuit, Ka-
HKETCH, 4TO YepHan Ablpa uany4yaer ya-
CTWLUBI, OCTaBLIMECs Ha ceobope.

Puc. 4.16 (cneea)

B nycTOM NPOCTPaHCTBE BO3HWKAKOT
napsbl H4acTWLl, HO XWBYT OHW HEAONTO,
a 3aTem aHHUMNUPYIOT ADYT C ADYIroM.
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CobbiTvs, KOTOpbLIX HabnopaTtens HUKOrha He YBUOUT

[opwaoHT cobbimm
Habnwopatena

Puc. 4.18.

Pewenwe ypasHerwid obliein Teopum
OTHOCWTENLHOCTH, KOTOpOE npeano-
#un ne CwTTep, COOTBETCTBYET WH-
thnAuMoHHO  pacluvpsioweincs  Bee-
neHHon. Ha rpaduke BpemMs OTNoXeHo
no BepTWKanbHOR ocK, a paamep Bce-
NEHHON — MO ropu3oHTansHoi, Npo-
CTPAHCTBEHHbIE W3MEDPEHUS  PaCTyT
TaK GbICTPO, HTO CBET fanekux ranax-
TWK He [I0XOOWT A0 HAC, W NOABNAETCH
rOpUacHT coBbiTwit — rpaxuua obna-
CTW, KOTORYIO Mbl HE MOXEM Habmo-
Oark, Kak HepHyto gbipy
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cTopua
HabnogaTena

['opuaoHT cobbiTin
HabnogaTens

MoBepXHOCTL NOCTOAHHOMD
BPEMEHW

HOI MAcCol ¥ CKOPOCTBIO BpAllleHUss MOKeT (hOPMHUPOBATHCSL U3 OYEHb
OOABIIIOTO YMCAA Pa3sHbIX HAOOPOB HACTULL: YEPHAsS! AbIPa HE 3aBUCUT OT
MIPUPOABI T€Ad, N3 KOTOPOro OHa 00pa3’oBarach B Pe3yAbTATe KOAAATICA.
[To aTomy mosoay AXKOH YuAep CKaszaa: «Y 4YepPHOI ABIPBI HET BOAOCH.
MpaHILy3bl YKPEUANCH B CBOMX [1OAO3PEHMSIX.

TpyAHOCTH C AETEPMUHM3MOM HAYAAMChH, KOTAQ 51 OTKPBIA, YUTO Ye€pPHbIe
ABIPBI He COBCEM YepHble. Kak Mbl y3HAAM U3 TAABbL 2, KBAHTOBAA TEOPIs
YTBEPKAAET, UTO [10ASl HE MOTYT ObITh B TOYHOCTH PaBHBI HYAIO, AdKe
B Bakyyme. Ecan b1 oHM GbIAM paBHBI HYAIO, TO Y HUX ObIAO OBl TOMHOE
[OAOMKEHME — HYAb — W TOYHAsA Mepa U3MEHEHMS MAU CKOPOCTH — TO-
Ke HyAb. A 9TO HapymaAo Obl NPUHLIKI HEONPEAEACHHOCTH, COTAACHO
KOTOPOMY HEAb3fl TOYHO OIPEAEAUTD U IMOAOKEHHUE, 1 CKOPOCTh. Y BCex
[TOA€I AOAYKHO OBITh BMECTO 3TOIO OIPEAEACHHOE KOAMYECTBO TAK HA3bI-
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BaeMbIX HyAEBBIX KOAeOGAHWI (TOYHO TaK e, KAK y MAsiTHUKA B TAGBe 2
AOAKHBI ObIAN ObITh KOAeGaHMs B HyAeBOM TOuKe). HyAesble KoAeGaHMs
MOKHO TOAKOBATh HECKOABKUMH CTIOCOOAMU, HA TNEPBbII B3TASJA Pa3HDI-
MU, OAHAKO C MaTeMaTUYeCKON TOYKM 3peHMUs OHU 3KBUBaAeHTHbI. C Tou-
KU 3peHMs TTO3UTUBUCTCKOMN (PUAOCOPHUN MOJKHO TMOAB3OBATBLCS AIOOON
KapTUHOM, €CAM OHA AyHIIIE€ BCEX TIPOYUX TOMOTAET PEIINUTh TY HAM UHYIO
3aaady. B TakoM cayudae roae3HO CYMTATh HyAeBble KoaeOaHMs rapamu
BUPTYaAbHBIX YdCTHLL, KOTOPbIE TIOABASIOTCA OAHOBPEMEHHO B KAKOM-TO
TOYKE IPOCTPAHCTBA-BPEMEHU, PACXOAATCS, A 3aTeM CHOBA BCTPEYaloTCs
11 aHHUTHAMPYIOT. BUPTYaAbHBIME MX HA3BIBAIOT IIOTOMY, YTO MX HEBO3-
MOKHO HaOAIOAATh HETIOCPEACTBEHHO, 3aTO MOXKHO M3MEPUTh UX KOCBEH-
HOE BO3ACHMCTBUE, N PE3YABTaThl 3TUX U3MEPEHNI COOTBETCTBYIOT Teope-
THHECKMM TIPEACKA3AHMAM C 3aMevaTeAbHON TOMHOCTBIO (puc. 4.16).

B npucyTcTBum 4epHOit ABIPBI OAHA M3 MApbl YACTULL MOXKET YIacThb
B YEPHYIO ABIPY, 4 BTOpas OCTAHETCs HA CBOOOAE W YAETUT B OeCKOHeY-
HOCTD (puc. 4.17). C TourM 3peHnst HAOAIOAATeAsT, HAXOASIIETOCS AAACKO
OT YepHON ;M.ﬂphl, YAETEBIINE YaCTULILI M3AYYAIOTCS YePHOM ABLIPOIL.
CrekTp 4epHOM ABIPbI B TOYHOCTH TAKOM JKe, KAKOM Mbl O’KUAQEM YBUAETh
¥ A1I000TO HarpeToro TeAa ¢ TeMreparypoi, 00paTtHO IPONOPIIMOHAABHOMN
IPaBUTAIIMOHHOMY TIOAIO HA TOPU3OHTE, TO €CTh HA IPAHMULIE YEPHOM Abl-
pbl. MiHave ropops, TeMrieparypa YepHOM AbIPbI 3aBUCHUT OT €€ pasMepa.

YepHasi Ablpa MAcCoOi B HECKOABKO Macc COAHILIA UMeeT TeMIeparypy
MPUMEPHO B OAHY MUAAMOHHYIO TPAAyca Bbillie aGCOAIOTHOTO HYASL, 4 €CAU
yepHasi Abipa O0AbILEe, TO TEMIIEpATYpa y Hee elle HipkKe. Takum o0pasoM,
A1000€ KBAHTOBOE M3AYYEHUE M3 TAKUX YEPHBIX ABIP TIOAHOCTHIO TIePeKpbl-
BAETCSI M3AYIEHUEM, OCTABIIMMCS T10CA€ BOABIIIOTO B3phIBA, O KOTOPOM Mbl
FOBOPMAM B I'AABE 2, MIOCKOABKY €ro Temrieparypa — 2,7 rpaayca. Bepost-
HO, MOXKHO OBIAO OBl YAOBUTb M3AYYEHUE OT 3HAYUTEALHO OOAEE TOPAIMX
11 MAAEHBKHX YEPHBIX ABIP, HO MX, TIOXOXKE, HE TaK YK MHOT0. A JXaab. Ecan
Obl KTO-HMOYAb OTKPBLIA TAaKYI0 YEPHYIO ABIPY, MHe AaAu Obl HobGeaes-
CKy10 1ipeMuio. OAHAKO Y HAC €CTh KOCBEHHbIE AAHHbIE, CBUACTEAD-
CTBYIOUIME O HAAMMMY TAKOTO M3AYYEHMs], U 3TU AAHHbBIC OTHOCAT-
¢4 K panHeil Bceaennon. Kak pacckasaHo B raase 3, CUMTaeTCs,
YTO Ha O4eHb PAHHMX CTaAMsAX Bceaennas mpomiaa dasy un-
(hASILIMOHHOTO PACIIMPEeHUsi, KOTAA TEMIT PaCIIMPeHus 110~
CTOSIHHO YBeAUMMBAACS. PaCIIMpPeHIe B STOT NIEPHOA Obl- ey
AO TAKUM CTPEMUTEABHBIM, YTO HEKOTOPbIE OOBEKTHI IE
OTAAASIAMCh OT HAC HACTOABKO, YTO MX CBET HE AOLIEA
Ob1 AO HAC, TOCKOABKY BO BPeMsl €ro PacripocTpaHeHus
BceaenHas pacimpsAach Obl CAUIIIKOM CUABHO UM CAMIII-
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Puc. 4.19

MonoxutensHas 3Heprvs, yHoOCUMan
TENNOBLIM MSﬂyHEHHEM C ropuW3cHTa
CODBITWW, YMEHLLUAET Maccy HepHow
ablpst. [Npy notTepe Maccel TeMnepary-
pa YepHOW AbIpsl PACTET, TEMN U3NyYe-
HWA YBENWYWMBAETCA W YepHas Aslpa
TepsaeT maccy Bce ObicTpee u Obl-
cTpee. Yo Byner, Korga Macca cTaHer
0O4eHE ManeHsKoW, Mbl HE 3HaeMm, Ho,
BEpOATHEE BCEro, YepHan Ablpa non-
HOCTBIO MCHESHET.
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KoM ObIcTpO. To ecth BO BeeAaeHHOM CyIIECTBOBAA TOPU3OHT COOBITHI, KaK
B YEPHOM ABIPE, 1 OH OTACASIA 00AACTb, OTKYAA AO HAC AOXOAMA CBET, OT
06AACTH, OTKYAd OH He A0XOAMA (puc. 4.18).

OueHb MOX0OXKKME PACCY’KACHUS TIOKA3BIBAIOT, YTO OT ITOTO TOPHU30HTA
AOAKHO OBIAO MCXOAMTD TETIAOBOE M3Ay4YEHME, KaK U OT TOPM3OHTA COObI-
TUI YEPHOI AbIPBL. MBI y)Ke 3HaeM, YTO y MCTOYHMKA TETAOBOIO M3Ay4Ye-
HUSL AOAKEH ObITh XapaKTePHbIN CrEKTP KoAeOaHMi NMAOTHOCTH. B Takom
cAy4ae KoAeOaHUsl IAOTHOCTM paciupsaAnCh Obl BMecTe ¢ Beeaennon. Kor-
Aa nx MaciTad craa Goablle pasMepa ropusoHTa COObITUI, OHU AOAJKHbBI
OblAn OBl 3aMOPO3UTBCA, U CETOAHSA Mbl MOTAM Obl MX HAaOAIOAATH B BHAE
HeGOABILIMX BAPHALINFL TeMIepaTypbl (POHOBOrO MUKPOBOAHOBOI'O KOCMM-
YeCKOTO M3AYUEHUSs], OCTABLIETOCs 1ocae 3apoykaenus Beeaennoit. U B ca-
MOM A€A€, PE3yAbTaThl HAOAIOACHUT 3THX BapHALMil OYeHb TOYHO COTAACY-
IOTCS C TIPEACKA3aHHON BEAMYMHON TETNAOBBIX KOAOaHWM MAOTHOCTH.

Ho aaxke ecam AaHHble HAOAIOACHMI M3AYY€HWSI YEPHOM ABIPHI He
COBCEM TIpsAIMbIE, BCE, KTO 3aHMMAACs 3TON ITPOOAEMON, COTAACHBI, YTO
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U3AYHEHME BCE JK€ AOAKHO OBITh, MHAYE BO3HUKHYT PACXOKACHUS
C APYTHMH HALIMMU TEOPUAMM, ITPOLIEANINMH TIPOBEPKY HAOAIOACHMS-
MH. A U3 3TOTO CAEAYIOT CYIIECTBEHHbBIE BEIBOABL C TOYKK 3PEHUS AeTep-
MUHU3MA, M3AydeHMe 13 YepHOMl AbIPbl YHOCUT IHEPruio, a 3HAYUT,
4yepHast Ablpa 00A3aTEABHO TEPSIET MACCy M YMEHBIIAETCS. DTO, B CBOIO
O4€PeAb, 3HAYMT, YTO TEMIIEpaTypa YePHOI ABIPBI PACTET U TEMIT U3AY-
YeHUsl yBeAMYMBaeTCA. PaHO MAM TO3AHO Macca 4epHOM ABIPHl YMEHb-
LIATCA AO HYAsl. MBI He 3HaeM, KaK BBIYMCANTD, YTO TIPON3OMAET B 3TOT
MOMEHT, OAHAKO MIPEACTABASACTCSI AOTUYHBIM U €CTeCTBEHHEIM, YTO Yep-
Hasl AbIPA MIPOCTO UCYE3HET. A YTO TOTAA OYAET C TOM YacCThi0 BOAHOBOM
(DYHKLIMM BHYTPM YePHOM ABIPBI U ¢ MH(OPMALIMEH O TOM, YTO YHAAO
B YEPHYIO ABIPY, KOTOpas Tam coAepxkurcs? [lepsoe, 4TO mpUXOANT
B TOAOBY, — KOTAQ HepHas AbIpa HAKOHELl UCUYE3HET, 3Ta YaCTh BOAHO-
Boit pyHKIMK 1 MHPOPMALINS, KOTOPYIO OHA HECeT, MOSBUTCS CHOBA.
OAHaKo 33 nepeHoc MHGPOPMALIMKA HAAO TIAATUTH, YTO OYE€BUAHO XOTs
Obl 13 C4eTOB 3a TeAeOH.

Puc. 4.20

B MbiCneHHOM axkenepuMeHTe SiHLLTeR-
Ha — [Noponsckoro — PoaeHa Habnio-
fnarenb, U3MEepPUBLLMIA CNWH OLHON Ya-
CTWLbI, Y3HAeT HanpasneHwe CcruHa
BTOPOR 4acTHLb.
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Mapa eupTyansHLIX YacTvy obnapaet
BOMHOBOW hyHKUWEN, NPENCKA3LIBAD-
e, 410 y 4actuy ByayT npoTUBONO-
NOXHbIe CNWHLI, HO ecnv oaHa M3 atux
YacTuL ynageT B YepHYIOo Oblpy, CruH
OCTaBLUEACA YacTulel OyneT Hesoa-
MOXHO ONpeaenvTs,
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Aast iepeHoca MHGOPMALIMI HY)KHA SHEPIHsi, 4 HA TOCACAHHX 3TATax
JKI3HU YEPHON ABIPBI SHEPTMN OCTAETCs COBCEM MaA0. Tak uto y nxopma-
LMK B YEPHOM ABIPE €CTh TOABKO OAMH HAAEKHBII CTIOCO0 BBIOPATHCS HAPY-
KY — HE AOXKMAATBCSI TIOCACAHEN CTAAMHM, @ TIOCTETNIEHHO UCTTYCKAThCS BMe-
cte ¢ uayueHreM. OAHAKO COTAACHO KapTUHE, B KOTOPOM OAHA YacTHI1IA U3
BUPTYaAbHOM T1aPbl TTAAZET B YEPHYIO ABIPY, @ APYTast OCTAaeTCsA Ha CBOOOAE,
HEAB351 OJKMAATH, YTO CBOOOAHAs YACTMIIA KAK-TO CBSA3aHA C yTIaBIleil 1 He-
ceT Kakyio 61 TO HM ObIA0 MHGOPMAIIMIO O Hell. Tak YTO eAMHCTBEHHBbII
oTBeT — MH(OPMALIMsl, 3aKAIOHEHHAs B TOM 4aCTH BOAHOBOM (hyHKIIMHM,
KOTOpast O4yTHAACh B YEPHOI1 AbIpe, yTpaueHa HaBceraa (puc. 4.19).

[ToaobHasi yrpara mHMOPMAIIMM CHABHO BAMSET HA ACTEPMIHI3M.
[Tpeskae BCEro, Mbl OTMETHAM, YTO A@KE €CAW 3Haelllb BOAHOBYIO (DyHK-
LMIO TIOCAE MCYE3HOBEHUSI YePHOM AbIPbI, HEBO3MOXKHO 00paTuTh ypas-
Henue llIpéaunrepa v BEIYNCAWUTD, Kakoil ObiAd BOAHOBAsH (PYHKIIMS AO

! B pesyabrate MHOTOAETHEH AMCKYCCHM, B KOTOpo#l yuacTsosaa u C. XokuHr, GbiA0
MPU3HAHO, ¥TO MH(OPMAIMA HE YHUMTOKAETCA B HePHOM AbIPe, @ BRIXOAMT HApYK)
C €€ TENAOBbIM HM3IAYHEHHEM. l_lo,xpoéncc 00 3TOM MOXHO Y3HATh, HANpUMEDP, W3 KHUT
A. Caccknnaa «butsa npm wepHoi Anpe» u « Kocmudeckuit aanamad» — IMpum. ped.
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TOro, Kak 00pasoBaAach YepHas AbIpa. JTO 3aBUCUT OT TOro (pparmMeHTa
BOAHOBO# (DYHKIIMH, KOTOpasi CrUHYAA B YepHOM Ablpe. Mbl pUBBIKAN
CUMTATD, YTO TOYHO 3HAeM rpomace. Ho ecan nugopmarms nponasaet
B YEPHBIX ABIPAX, 3TO He TaK. MOrAO MPOM30MTH BCE YTO YTOAHO.

OAHAKO B 11AOM AIOAW BPOAE ACTPOAOTOB M MX KOHCYABTAHTOB OOAb-
1€ 3aMHTEPECOBaHbl B IIPEACKA3aHNN OYAYIIETO, 4eM, eCAM MOXKHO TaK
BbIPA3UTbCA, B [OCT-CKA3aHUM TPOMIAOTO. Ha mepBbiil B3rAsIA KaXKeTcst,
YTO YTpaTta 4aCcTH BOAHOBOM (DYHKIIMM B YePHOI AbIPE He [IOMeILdeT HaM
[IPEACKA3ATh, KAKOM OyAeT BOAHOBAs (DYHKIINS BHE YePHOI AbIpbl. OAHA-
KO OKA3bIBAETCS, YTO 3Ta MOTePs BCe-TAKM TPEIsITCTBYeT [IPEACKA3aAHM-
SIM, YTO CTAHOBUTCA ACHO, ECAU PACCMOTPETH MBICACHHBLN SKCIIEPUMEHT,
KOTOPBIA MTPEAAOKMAMN DitHiITeiH, bopuc TNoaoasckuin u Haran Pozen
B TPUALIATHIE TOABI.

[IpeactaBbre ceGe, YTO PAAMOAKTUBHBIN aTOM PACIIAAQeTCsl U UCILy-
CKAEeT ABE YaCTHLIbl B IPOTMBOTIOAOKHBIX HATIPABACHUAX U C TIPOTUBOTIO-
AOKHBIMU crinHamMu. HabAioAaTeAb, KOTOPBIL CMOTPUT TOABKO HA OAHY
HACTHMILy, HE MOXET IPEACKa3aTh, KyAa OHA 3akpyueHa (Kakoil y Hee
CIIMH) — BAPaBO UAU BAeBO. HO €CAM OH ONIpeAeAUT, UTO OHA 3aKpyyeHa

Mepecekaolmecs Gpadsl

YepHas gvipa

Puc. 4.22

YepHole Jbipel MOXHO npegcTaEnTb
cebe kak nepecedennn p-Gpad B Ac-
NOMHUTENLHBIX U3MEPEHWAX NPOCTPaH-
cTea-epemenn. Wndopmauws o BHY-
TPEHHEM COCTOAHWKM YEPHLIX [blp, BE-
POATHO, XPaHWTCA B BWOE BOMH Ha
p-OpaHax.
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Puc. 4.23

HacTuuy, NagaloLlyio B HYepHYIO gwipy
MOXHO NPefcTaenTs cebe B Buae 3am-
KHYTOW NETNX Ha CTpyHe, yoapAloLLen-
¢ 0 p-Gpany (1). 310 BO3GYAUT BONHLI
B p-6pane (2). BonHel MoryT cobpars-
CH BMECTE W 3aCTaBWTb YacTb p-OpaHsb!
OTAENWTLCH B BULE 3aMKHYTON CTPYHbI
(3). 310 » Bygert YacTuua, ucnyckae
Mas YepHoR AbIpon
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BIIPABO, TO CMOXKET TOYHO CKA3aTh, YTO BTOPAs YACTHLA 3aKPy4eHa BAE-
BO, 1 Ha000pOT (puc. 4.20). SNMHIITENH AyMaA, YTO 3TO AOKA3bIBAECT He-
AETIOCTb KBAHTOBOW TEOPUH: BEAb BTOPas YacTHULA MOXKET K 3TOMY Bpe-
MEHMW OUYTHUTbCS HA APYTOM KPalO FAAaKTHKHM, HO HA0OAIOAATEAb MIHOBEH-
HO Y3HaeT, B KaKyl0 CTOPOHy OHa 3akpydeHa! Tem He MeHee Apyrue
yueHble B OOABLIMHCTBE CBOEM COTAACMAMCBH, YTO OTIAOMIAA 3AeCh CaM
OUHIITENH, a He KBAHTOBas TeOpwus. MBICAEHHBIN IKCIEPUMEHT DiiH-
mrerHa—IloaoabcKoro—Po3eHa He 1OKa3biBaeT, YTO MOXKHO I1E€PeAaBaTh
nH(opMaIMio GpicTpee CKOPOCTH cBeTa. 1o ObIAO Obl HeAeno. Heabss
pewums, 9TO TBOA YaCTHULIA 3aKPY4€HA BIIPABO, W [O3TOMY 3as1BUTh, 4TO
4ACTHIIA AAAEKOTO HAOAIOAATEAS 3aKPYY€HA BAEBO.

Ha camoM AeAe 3TOT MBICAEHHBIN 3KCIEPUMEHT OIMUCHIBAET MMEHHO
TO, YTO TMPOUCXOAUT C U3AYYEHUEM YepPHOM AbIpbl. [lapa BUPTYaAbHBIX
qacTuil 00AaAaeT BOAHOBOW (DYHKIIMEN, KOTOpas MPEACKA3bIBAET, YTO
y HUX AOAKHBI ObITh IIPOTUBOIOAOXKHbBIE crinHbl (puc. 4.21). Ham xore-
AOCb OBl IPEACKA3aTh CIIUH 1 BOAHOBYIO (DYHKIIMIO CBOOOAHOM HaCTHIIbI,
YTO Mbl MOTAM OBl CAEAATb, €CAM Obl HAOAIOAAAM YACTWILY, YTABLIYIO
B YE€PHYIO AbIPY. OAHAKO Terepb 3Ta YaCTHIIa HAXOAUTCSI BHYTPH YePHOI
ABIPBI, ¥ TaM €€ CIMH ¥ BOAHOBas (DYHKIIMsI He TIOAAEXKAT M3MEPEHMUIO.
[To3TOMY HEBO3MOMKHO MPEACKA3aTh HU CIIMH, HU BOAHOBYIO (DyHKIINIO
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criacuieics yactuibl. OHa MoXkeT 00AaAaTh PasHbIMH CITMHAMM M PA3HbI-
MK BOAHOBBIMH (b)"!-lRLLl'I}IMl-I K pa3.xwmoﬁ1 BEPOATHOCTBIO, HO Y HEE HET

CBOETO YHMKAABHOTO CITMHA MAM BOAHOBOH (yHKIMK. TO eCTh MOXKET I10-
Kaszarbest, OYATO Halla CroCOOHOCTb IpPeACKasbiBaTh Oyayliee ypesaHa
ele cuabHee. Kaaccuueckue rpeactaBAeHus Aaraaca 0 ToM, YTO MOXKHO
MPEACKA3aTh OAHOBPEMEHHO M MOAOYKEHMe, ¥ CKOPOCTb YaCTHIIBI, TIPU-
IIAOCH BUAOU3MEHUTE, KOTAA TIPUHIIUIT HEOTIPEAEACHHOCTH TIOKA3aA, UTO
5TOTO CAEAATh HeAb3sl. Ho BOAHOBYIO (yHKIIMIO BCe PAaBHO MOXKHO M3Me-
puTh U NIpU TIoMoIK ypasHenus LlpéAnHrepa rpeAckasath, Kakoil oHa
AOAKHA ObITh B OyAy1ieM. To eCTh MOXKHO TOYHO IPEACKA3aTh OAHY KOM-
OMHALIMIO CKOPOCTU U TOAOXKEHUsI, POBHO TOAOBUHY TOIO, YTO MOXHO
Ob1AO OBl 3HATH 110 MbICAM Aariaaca. Mbl CriocoOHBI TOYHO IPEACKA3aTh,
UTO Y YaCTHILI POTUBOMOAOXKHbIE CIIMHBI, HO €CAM OAHA YaCTULIA YI1aAad
B YEPHYIO ABIPY, Mbl HUYETO HE MOXKEM YTBEPIKAATH C OTIPEACACHHOCTBIO
00 ocTaBiIeics. 3HAUYNT, BHE YEPHOM ABIPBl HET HUKAKNUX M3MEPeHMI,
KOTOpbIE MOXXHO OTIPEAGAWTH TOYHO: Hallla CrOCOOHOCTh A€AATh KOH-
KPETHbIE TPOrHO3bI CBOAMTCS K HYAIO. BHIXOAUT, aCTPOAOTMSI ITPEACKA3bI-
BaeT OyAylllee HUMYTh He Xy’Ke 3aKOHOB (PU3MKH.

Muorum pusnKaM MPUIIAOCE He TIO AyIlle TaKOe ype3aHue AeTep-

MHUHM3MA, 1 [TO3TOMY OHU MPEATIOACXKHAN, YTO K3 LIE’PI'{DITI ABIDEL BCe
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K€ MOXKHO AOOBITH MH(POPMALIMIO O TOM, YTO HAXOAMTCSI BHYTPH.
Muorue roAbl 3T0 GbIAA BCETO AMIIL CTPACTHAS HAAEIKAA, UTO YAACTCS
HaNTH KaKOM-TO criocod coxpanuth nHdopmarmio. Ho sot 8 1996 ro-
Ay 2uapio Ctpomunaxkep u Kampan Bada caeaaam cymiecTseHHbIN
mar K petieHuio 3Toi 3aaaun. OHU NPEACTaBHAM ceOe YepHYIO ABIPY
B BUA€ KOHCTPYKITMH U3 MHOYKECTBA COCTABHBIX YaCTell MOA Ha3BaHUEM
p-Opansl.

Bernomumm, uTO p-OpaHbl MOXKHO, B YaCTHOCTH, IPEACTaBASTH cebe
KaK AMCTbL, KOTOPbIE ABMIKYTCSI HE TOABKO CKBO3b TPH TIPOCTPAHCTBEH-
HbIX M3MEPEHNS, HO 1 CKBO3b CEMb CBEPHYTBIX AOTIOAHUTEAbHBIX U3Mepe-
HUT, KOTOPBIX Mbl He 3ameydaeM (puc. 4.22). B HEKOTOPBIX CAY4asiX MOXK-
HO AOKAa3aTh, YTO KOAMYECTBO BOAH B p-OpaHaX PaBHO KOAMYECTBY WH-
chopmarum, KOTopasi, COrAaCHO HAIUM PACYeTaM, COACPIKUTCS B YePHOI
Abipe. CoyAapsisich ¢ p-OpaHaMK, YaCTHIIbI BO3OY/KAQIOT B HUX AOTIOAHH-
TeAbHbIe BOAHbBL IT0AOGHBIM JKe 00Pa30M, €CAM BOAHBI, ABIDKYIINECS Ha
p-OpaHax B pasHbIX HATIPABACHMSAX, CXOAATCA B KAKOM-TO TOYKE, BO3ZHU-
KaeT TMMK TAKON BEAMYUHBI, YTO YacTh p-OpaHbl OTAGASCTCH U yAeTaeT
B BUAC vacTuibl. [loayuaeTcs, uyTo p-6paHbl MOTYT TIOTAOMIATL U W3AY-
4aTh YACTHUIIBI TIOAOOHO YepHBIM Ablpam (puc. 4.23).

MOJKHO 3aKAI0UMTH, YTO p-OpaHbl — 3T0 3(pPeKTUBHAS TeOpust, TO
€CTh, XOTS HAM He 00513aTeAbHO MPEACTAaBASATh CeOe TOHEHbKHE ANCTBI,
ABIDKYIIIMECS B TIAOCKOM MIPOCTPAHCTBe-BPEMeHH, U BEPUTh B HUX, Yep-
HbIE Ahlphl MOIYT BECTH cebst TAK, CAOBHO COCTOAT M3 TaKUX AMCTOB.
DTO KaK BOAA: AQ, OHA COCTOUT M3 MMAAMAPAOB MHAAMAPAOB MOAEKYA
H,O, BCTynaommx B CAOKHbIE B3AUMOACHCTBIS, HO €CAM MBI TIPEACTa-
BUM ee ceOe KaK OAHOPOAHYIO JKHMAKOCTB, 3TO OyAeT TipeKpacHas 3¢-
pexTuBHAS MOAeAb. MaTeMaTHUeCKask MOAEAB, COTAACHO KOTOPOIl uep-
HbIC ABIPBI COCTOST M3 p-OpaH, A2eT IMPUMEPHO Te 5Ke Pe3yAbTAaThl, YTO
M BBIIEOTIMCAHHASA TUIOTe3a Nap BUPTYAABHBIX HacTHIl. A 3HAYMT,
C MO3WTUBMCTCKO# TOUKM 3PEHMS 9Ta MOACAL HUYEM He XyiKe, 110 Kpail-
HEM Mepe AAsl OTIPEACACHHBIX KAACCOB YePHBIX ABIP. AAsl ITHX KAACCOB
MOA€ADb p-OpaH MPEACKA3bIBAET B TOUHOCTH Ty JK€ CKOPOCTD M3AYHeHM,
4T