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AHHOTaUMA

B cBoen kHure «Kpatkas WCTOpuSi BPEMEHWU» 3HAMEHUTbIN aHIAMUCKMK ¢u3nk CTuBEH
XOKUHI NbITA€TCS OTBETUTH Ha BOMNPOCHI, MHTEPECYIOLLME HAc BCEX: OTKyAa B3siAacb BceneHHas,
KaK M royemy oHa BO3HUKAQ, KaKoB OyAeT ee KOHel (ecAn Booblue 6yaeT) - U AeAaeT 310

HaCTOAbKO yBAEKaTeAbHO M AOCTYMHO, YTO KHMra, HanucaHHas B 1988 roay, fABadetcs
6ecTcerepomM o Ceu AeHb.

CtuBeH XOKUHT
KPATKAA UCTOPUA BPEMEHMW.
OT 60AbLLOrO B3pbiBA AO YEPHbLIX AbIP

BAaaropapHocTH
Knura nocesiuaercs AKerH

A pewna nonpoboBaTth HanMcaTb NOMNYASPHYIO KHUTY O MPOCTPAHCTBE U BPEMEHMU MOCAE TOrO,
kKak npounTtan B 1982 r. kypc NEOBOBCKMX AeKuMi B FapBapae. Toraa yxe ObIAO HEMAAO KHMT,
MOCBSILLIEHHbIX PaHHEN BCEAEHHOW M UYEPHbIM AblpaM, Kak OUYEHb XOPOLUMX, HANPUMEP KHUra
CtuBeHa BanHbepra «[epBble TPU MUHYTbI», TaK M OUYEHb MAOXMX, KOTOPblE 3AECb He3auyem
Ha3blBaTb. HO MHE Ka3an0Cb, YTO HU B OAHOW M3 HUX GAKTUUYECKU HE 3aTparnmBatoTCs Te BOMNPOCHI,
KOTOpPble MOBYAUAM MEHS 3aHATLCA U3YYEHUEM KOCMOAOTMU U KBAHTOBOM TEOPUN: OTKYAA B3SIAACb
BceneHHasa? kKak M MOYEMY OHA BO3HUKAA? MPUAET AU €M KOHEL, a €CAU MPUAET, TO KaK? IOTu
BOMPOCHI MHTEPECYIOT BCEX HAC. HO coOBpeMEHHan Hayka OYE€Hb HaCbILLEHA MaTEMATUKON, U AULLb
HEMHOIrOUYMCAEHHbIE CNELMAAUCTbl AOCTATOUHO BAAAEIOT MOCAEAHEN, UYToObl pa3obpaTtbca B STOM.
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OAHAKO OCHOBHblE MPEACTABAEHUSI O POXAEHUU U AAAbHEWLLIEW cyabbe BceneHHOW MOXHO
M3AOXWTb M 6€3 NOMOLLM MaTEMATUKKU TaK, UTO OHW CTaHYT MOHATHbI AAXE AOAAM, HE MOAYUYUBLUUM
HayyHoro obpasoBaHMs. 3TO A W MNbITAACA CAEAATb B MOEN KHure. Yutatento CyAuMTb O TOM,
HaCKOABLKO S MpeycreA.

MHe cKasaAu, UTO KaxAaasi BKAOYEHHAs B KHUTY ¢OpMyAa BABOE YMEHbLLUMT UYMCAO
nokynatenen. Toraa s pewma Boobule obxopntbca 6e3 dopMyA. MMpaBaa, B KOHUE A BCe-Taku
Hanucan OAHO YpaBHEHME - 3HAaMEHWTOe ypaBHeHWe InHwTenHa E=mc2. Hapetocb, OHO He
OTNYrHET NOAOBMHY MOMX NOTEHLUMAABbHbIX YATATENEN.

EcAn He cuutatb TOro, 4to A 3a6oAen HOKOBLIM aMUOTPOPUUYECKUM CKAEPO3OM, TO MOYTU BO
BCEM OCTaAbHOM MHe COMNyTCTBOBaAa yAaya. [TOMOLLb 1 NOAAEPXKKA, KOTOPbIE MHE OKa3blBaAW MOS
XeHa AxerH 1 petn Pobeprt, Atocu u TumoTn, obecnevyman MHe BO3MOXHOCTb BECTU AOBOAbHO-TAKM
HOPMaAbHbIM 006pa3 XWU3HU U AOOUTLCA ycnexoB B pabote. MHe MOBE3AO M B TOM, YTO S BbiOpaA
TeopeTnyeckyto dusmrky, nbo oHa BcA BMeLLAeTcs B ronoBe. [1oaToMmy mos dusrMyeckass HEMOLLb He
CTana cepbe3HbIM MUHYCOM. MoOM HayuHble KOAAETU, BCe BEe3 UCKAIOUEHWS, OKa3biBaAM MHE BCErAa
MaKCMMaAbHOE COAENCTBHUE.

Ha nepBom, «kanaccuyeckom» atane mMoew paboTbl MOMMU BAMXANLIMMU MOMOLLHUKAMKU U
coTpyAHMKamMKn 6bian Popxep MeHpoys, Pobept lepok, bpeHpoH Kaptep n Axopax Iaauc. A
b6AaropapeH MM 3a NOMOLLb M 3@ COBMECTHYIO paboTy. STOT 3Tan 3aBEPLUMACA U3AAHUEM KHUTU
«KpynHomacwTtabHas CTpyKTypa NpoCTpaHCTBa-BpPEMEHWU», KOTOPYD Mbl C AAMCOM HanucaAu B
1973 r. (XokuHr C., daamnc Ax. KpynHomacwitabHas CTpyKTypa npocTpaHcTBa-BpeMeHu. M.: Mup,
1976).

A O6bl He COBETOBaA YMUTAIOLWMM CAEAYHOLUME AaNee CTpaHuubl obpallatbca K HeW 3a
AOMOAHUTEABHOW MHPOPMALIMEN: OHa NePErpyXeHa MaTeMaTUKOM 1 TaxXeAa AAA YTeHus. Hapetoch,
YTO C TEX MOP A HAay4YMACH NUcaTb BOAee AOCTYMHO.

Ha BTOpOM, «KBaAHTOBOM» 3Tane moen paboTtbl, HauaBwemcs B 1974 r., 9 B OCHOBHOM
pabotan ¢ Mapu M'mMbboHcom, AoHOM [Manpxem 1 AXKUMOM XapTAOM. A o4eHb MHOTMM MM 0653aH,
KakK M CBOMM acnuvpaHTam, KOTOpPble OKa3blBaA MHE OrPOMHYIO MOMOLLb U B «PU3UYECKOM», U B
«TEOPETUUYECKOM» CMbICAE 3TOro0 CAOBa. HeobXxoAMMOCTb He OTCTaBaTb OT acnupaHToB OblAa
ype3BblYaHO BaXHbIM CTUMYAOM U, KK MHE KaXeTCsl, He N03BOAAAA MHE 3aCTpsiTb B 6oAOTE.

B pabote Hap KHUIOM MHE OYeHb MHOFO NomMoran bpaneH YUTT, OAUH M3 MOUWX CTYAEHTOB. B
1985 r., HabpocaB NepBblii, NPUMEPHbIA NAAH KHUTK, A 3a60AeA BOCNAAEHUEM AErKKX. MPULLIAOCH
A€Yb Ha onepaumio, U NOCAE TPaxeoToOMUKU i NepecTan roBOPUTb, @ TeEM CaMblM MOYTU AULLMUACS
BO3MOXHOCTM 0bLwatbes. A Ayman, UTo HE CMOry 3aKOHUMUTb KHUIY. HO bpaleH He TOAbKO momor
MHe ee nepepaboTaTb, HO U HayYMA NMOAb30BATLCA KOMMbKOTEPHOM NporpamMmmon obuieHus Living
Center, KOTOpytO MHE NoAapuA YOAT YOATOW, COTpyAHUK dupMmbl Words Plus, Inc., CaHHWBENWA (LUT.
KannodopHus). C ee NOMOLLBIO A MOTy nucaTb KHUIMM U CTaTbW, @ TakXe pa3roBapmBatb C AHOAbMU
NOCPEACTBOM CHMHTE3aTOpa peyn, MOAAPEHHOr0 MHE APYror caHHUMBENACKOW dupmon Speech Plus.
A3Bna M3COH YCTaHOBUA Ha MOEM KPECAE-KOASICKE 3TOT CMHTE3ATOP U HEOOABLLLIOW NEPCOHAABHbIN
KoMnbloTEP. Takaa cucteMa BCE U3MEHMAA: MHE CTaAO AaXe Aerye obuiatbes, Yem AO TOrO Kak A
noTepsIA roAoC.

MHOIrMM 13 TeX, KTO 03HAKOMMACS C MPEABAPUTEAbHBIMW BapuaHTaMKn KHUMKM, A BAaropapeH
3a COBETbI, Kacatolmecs TOro, Kak ee MOXHO 6bIA0 Obl yAydwnTb. Tak, lNetep Massapaun, mou
pepakTop u3patenbctBa Bantam Books, crnan MHe nUCbMO 3a MUCbMOM C 3aMeYaHUAMU U
BOMpOCamMu Mo TeEM MecCTaM, KOTOPble, N0 €ro MHEHUI, BbIAM NAOXO 0b6bACHEHbI. [pu3HaTheS, A
ObIA CUABHO pasApakeH, MOAYYMB OFPOMHbIV CMIMCOK PEKOMEHAYEMbIX UCNPaABAEHUI, HO [a33apau
OKa3ancsl COBEPLLEHHO NpaB. A yBepeH, KHUra crana Aydlle braropapst ToMy, Uto Fas3apam Tbikaa
MEHS HOCOM B OLLMOKM.

A Bblpaxato rAybokyto 6AaropapHOCTb MOUM MOMOLLHMKAM KOAMHY YuAAbsiMcy, A3BUAY
Tomacy 1 PanmoHay Nadaemmy, MonM cekpeTapsm Axyan deane, SHH Panbd, LLiepnA BUAAMHITOH
n Cbto Mavicn u monm mepcectpam. A Obl HUYEro HE CMOI AOCTMYb, €CAM Obl BCE PACXOAbl Ha
HayyHble WCCAEAOBAHMA W HEOOXOAMMYK MEAMLMHCKYHO MNOMOLWb He B3SIAM Ha cebs
FOHBUAA-3HA-KaKoc-KoAneaK, COBET MO HayYHbIM U TEXHUYECKUM WUCCAEAOBAHUAM U GOHAbI
NeBepxyanma, Mak-Aptypa, Hydduasa n Panbda Cmuta. Bcem um s oueHb BaaropapeH.

CruBeH XokuHr. 20 okts6psi 1987 r.



CruBen Xokunr: «Kparkas ucropusi BpeMeHH...» 3

Mpeaucaosue

Mbl XWBEM, MOUYTU HUUYErO HE MOHMMAas B YCTPOMCTBE MUpa. He 3apymbiBaemMcs Hap TeM,
KaKoM MeXaHW3M MOPOXAAET COAHEUHbIV CBET, KOTOPbIM 06ecrneunBaeT Hallle CyLeCcTBOBaHUE, He
AYMaeM O rpaBuTalMK, KOTOpas yAEpXMBaEeT Hac Ha 3emMae, He paBas el cbpocuTb Hac B
NPOCTPaHCTBO. Hac He MHTepPecyT aToOMbl, U3 KOTOPbIX Mbl COCTOMM W OT YCTOMUYMBOCTU KOTOPbIX
Mbl CaAMW CYLLECTBEHHbIM 00pPa30M 3aBUCKMM. 33 UCKAIOUEHUEM AETEN (KOTOPbIE ELLE CAULLKOM
MaAO 3HatoT, YTOObl He 3apaBaTb TakMe Cepbe3Hble BOMPOCHI), MAAO KTO AOMAEeT rOAOBY HaA TEM,
noyemy NpupoAa TakoBa, KakoBa OHa €CTb, OTKyA@ MOSBUACS KOCMOC M He CyLLECTBOBAA AU OH
BCErpa? He MOXET AU BPEMS OAHaXAbl MOBEPHYTb BCMNSATb, TaK UTO CAEACTBUE Oyper
npeALlecTBOBaTb NPUYMHE? €CTb AU HENPEOAOAMMBIVM NPEAEA YEAOBEYECKOIO NO3HaHMA? bbiBatoT
AQXe Takue AETU (A MX BCTpeYaA), KOTOPbIM XOYEeTCs 3HaTb, Kak BbIFASAWUT YepHas Ablpa, KakoBa
caman MaAeHbKas YacTMUKa BellecTBa? novyemy Mbl MOMHUM MPOLIAOE M HE MOMHUM Byayliee?
€CAM paHblle M npaBpa ObIA Xaoc, TO, KaK MOAYUYMAOCb, UTO Tenepb YCTAHOBUACS BWUAUMBIN
nopsiAoK? 1 nouemy BeceneHHas BoobLle cyllecTByeT?

B Hawem obulecTBe NPUHATO, UTO POAMTEAU U YUUTEAS B OTBET HA 3TWU BOMPOCHI BOAbLLEN
YacTbto MOXMMAOT NAEYAMW UAM MPU3bIBAKOT HA MOMOLLb CMYTHO COXPaHWBLLUMECA B NAMATU
CCbIAKM Ha PEAUTMO3HbIE AereHAbl. HEKOTOPbIM HE HPaBATCA TaKMEe TEMbI, MOTOMY YTO B HUX XUBO
obHapyXMBaeTcs y30CTb YEAOBEUYECKOTO NOHMMAaHUSA.

Ho pasBute OUAOCOPUM U €CTECTBEHHbIX HaAyK MNPOABUraAOCb Bnepes B OCHOBHOM
6raropaps nopobHbIM BonpocamM. Bece HoAbLLe B3POCAbIX AOAEN MPOSBAAIOT K HAM MHTEPEC, U
OTBETbI MHOrAa ObIBAOT COBEPLUEHHO HEOXMAAHHBIMU AN HMX. OTAMYasChb Mo MacluTabam Kak oT
aTOMOB, TakK M OT 3BE3A, Mbl pa3ABUraemM ropu30oHTbl MCCAEAOBAHWUKM, UTOObI OXBATUTb KAk OYEHb
MaAeHbKKE, TaK 1 OUEHb BOAbLLNE OOBLEKTHI.

BecHoi 1974 r., npUMepPHO 3a ABa rOAa AO TOF0, KAK KOCMUYECKWI annapart «BUKUHM poCTUr
noBepxHocTM Mapca, A ObIA B AHIAMM Ha KOHOEPEHLMU, OPraHU3o0BaHHOM /NOHAOHCKUM
KOPOAEBCKMM 0OLLLEECTBOM M NOCBSALLEHHON BO3MOXHOCTAM MOMCKA BHE3EMHbIX LIMBUAM3ALMIA. Bo
BpemMs nepepbiBa Ha Kode A 06paTMA BHUMaHWE Ha ropa3po boree MHOroAropHoe cobpaHue,
NPOXOAMBLLEE B COCEAHEM 3aAe, U 13 AODOMNBITCTBA BOLLEA TyAd. Tak A CTaA CBUAETEAEM AABHETO
putyana - nNpuemMa HOBbIX UYAEHOB B KOpoAeBCKOe 00LIECTBO, KOTOPOE SABASIETCA OAHUM U3
CTapenwmnx Ha nAaHeTe O0ObeAMHEHMIM YueHblX. Bnepean MOAOAOM UYENOBEK, CUAEBLUMIA B
MHBAAMAHOM KPECAE, OYEHb MEAAEHHO BbIBOAMA CBOE WUMS B KHWUIE, MPEAbIAYLLIME CTPaHULbI
KOTOPOM XpaHWAW noanucb Mcaaka HbtoToHa. Korpa OH, HakOHEL, KOHYMA pacnucbiBaTbCs, 3aA
pa3pasnacsa oBaunen. CTMBEH XOKUHT yXe Toraa ObiA AETEHAOMN.

Ceiuac XokuHr B KeMBOPMAXKCKOM YHUBEPCUTETE 3aHMMAET Kadeapy MaTeMaTUKKU, KOTOPYHO
KOrAa-To 3aHMMan HbloToH, a nodxe 1. A. M. Avpak - ABa 3HaMEHMUTLIX UCCAEAOBATEASA, U3yUaBLUNE
OAMH - camoe BOAbLLOE, @ APYroM — CaMOe MaAEHbKOE. XOKMHI — UX AOCTOMHbIN NpeemMHuK. JTa
nepsas nonyaapHasi KHMra XokMHra COAEPXMUT Maccy NOAE3HbIX BELLEN AN LULMPOKOW ayAUTOPUM.
KHWra nHTepeCcHa He TOAbKO LUMPOTOM CBOErO COAEPXAHUSA, OHa NMO3BOASIET YBUAETb, Kak paboTtaeT
MbICAb €€ aBTopa. Bbl HalpeTe B HEW ACHble OTKPOBEHMA O rpaHuuax OU3UMKW, acTPOHOMMUM,
KOCMOAOTMU U MyXeCTBa.

Ho 310 Takxe kHura o bore... a moxeT 6biTb, 06 otcytctBMM Bora. CaoBo «bor» yacTto
NOABASAIETCA Ha ee CTpaHuuax. XOKUMHI OTNPaBASETCA Ha NOUCKWM OTBETA Ha 3HAMEHMUTbIM BONPOC
ANHWTENHA 0 TOM, ObIA AUy Bora kakon-HMbyab BbIOOP, KOrAa OH co3paBan BceneHHy. XOKMHI
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NbiTaeTCA, Kak OH caM MULLIET, pa3rapaTb 3ambicen bora. Tem 6onee HEOXMAAHHBIM OKa3blBaeTCcA
BbIBOA (MO MEHbLLEN MEPE BPEMEHHbIN), K KOTOPOMY NMPUBOAST 3TM NOUCKK: BceneHHas 6e3 kpas B
npocTpaHcTBe, 6e3 Hauana U KOHLA BO BpeEMEHHU, 6e3 Kakux-AMbo Aen aas Co3patens.

Kapa CaraH, KOpHEACKUI YHUBEPCUTET, MTaka, LUT. HbI-O—I;IOpK.

1. Hawe npeactaBaeHUe 0 BceneHHOM

Kak-To OAMH W3BECTHbIM YUYeHbIW (rOBOPSAT, 3TO ObIA BepTpaH Paccen) uutan nybAnUHYHO
AeKUMIo 06 acTpoHoMUK. OH pacckasbiBan, kak 3eMas obpaluaetca Bokpyr ConHua, a CoAHue, B
CBOO ouepeab, oOpallaeTcss BOKPYr LEHTPA OFPOMHOr0 CKOMAEHUS 3BE3A, KOTOPOE Ha3biBatoT
Hawen lanakTMkon. Korpa AEKUMsi MOAOLWIAA K KOHLY, M3 MOCAEAHMX PAAOB 3aAa MOAHSIAAChb
MaAeHbKas NoXuAas AeAU U CKalana: «Bce, uTo Bbl HAM rOBOPUAM, — Yenyxa. Ha camom aene Haw
MWUP - 3TO MAOCKas TapeAka, KOTopas CTOMT na CruHE FMraHTCKon vepenaxm». CHUCXOAUTEABHO
YAbIOHYBLLMCb, YYEHbIA CMPOCUA: «A HA YeM AepPXMUTCH yepenaxa?» — «Bbl 0O4EHb YMHbI, MOAOAOM
UENOBEK, — OTBETUAA MOXMAAA AeAU. — Yepenaxa - Ha APYron uepenaxe, Ta - TOXE Ha Yepenaxe, u
TaK BCE HUXE U HUXE».

Takoe npeacTaBAeHMEe 0 BceneHHOM kak 0 6eCcKoHeYHOoM ballHe M3 Yepenax GOAbLUMHCTBY U3
Hac NOKaXeTCcsA CMELUHbIM, HO NMOYEMY Mbl AYMaeMm, YTo caMu 3HaeM Ay4lle? YTo Ham U3BECTHO O
BceneHHOM, U Kak Mbl 310 y3HaAM? OTKyaa B3sinacb BceaeHHas, 1 uto ¢ Heur ctaHeTca? Bbino AK Y
BceneHHOM Hauyano, a ecAr 6bIAO, TO UTO MPOUCXOAMAO A0 Hauyana? KakoBa CYLLHOCTb BPEMEHWU?
KOHUYMTCS AM OHO KOrAa-HMOBYAL? AOCTUXEHUA GU3MKU MOCAEAHMX AET, KOTOPbIMW Mbl YACTUYHO
06513aHbl GaHTACTUYECKON HOBOW TEXHUKE, MO3BOASOT, HAKOHEL, MOAYYUTb OTBETbI XOTA Obl Ha
OTAEAbHbIE U3 TAKUX AABHO NMOCTABAEHHbIX BONPOCOB. [TPOMAET BPEMS, U 3TU OTBETbI, MOXET ObITb,
CTaHYT CTOAb X€ OYEBMAHBIMMU, Kak TO, YTO 3eMAs BpalwaeTtca BOKpyr CoAHLA, a MOXET ObiTb, CTOAb
Xe HenenbIMK, Kak ballHsa 13 yepenax. TOAbKO Bpems (4em 6bl OHO HM ObIAO) PELLUT 3TO.

Ewe B 340 r. AO H. 3. rpeyeckuint punrocod Apmctotenb B cBoen kKHure «O Hebe» nprMBeA ABa
BECKMX AOBOAA@ B MOAb3Y TOro, 4to 3eMAA He MAOCKaa TapeAka, a KpyrAbii wap. Bo-nepsbix,
ApUCTOTEADL AOraAaACH, YTO AYHHbIE 3aTMEHUA MPOUCXOAST TOTAQ, KOrAa 3EMASI OKa3blBAETCH MEXAY
AyHon 1 ConHueM. 3eMAst Bceraa otbpacbiBaeT Ha /A\yHy KPYTAyHO TEHb, @ 3TO MOXET ObITb AULLb B
TOM CAyyae, ecAn 3eMAa UMeeT GopMy wWapa. byab 3eMAA NAOCKUM AMCKOM, €€ TeHb MMeAa Obl
$OpMy BbITAHYTOrO 3AAUNCA, ECAU TOABKO 3aTMEHUE HE MPOUCXOAUT BCErA@ UMEHHO B TOT MOMEHT,
korpa COAHLIE HAXOAMUTCA TOYHO Ha OCU AMCKa. BO-BTOpPbIX, MO OMNbITy CBOMX NyTELUECTBUW TPEKU
3HaAM, UTO B HOXHbIX paloHax MNorfpHas 3Be3pa Ha Hebe pacnoAaraeTcs HUXe, YeM B CEBEPHbIX.
(MockonbKy MoasipHas 3Be3pa HaxoaMTcs Hap CeBepHbIM NMOAKOCOM, OHa ByAeT NPAMO HaA roOAOBOM
HabAtopaTens, ctosero Ha CeBepHOM MOAKCE, a YEAOBEKY Ha 3KBATOPE MOKAXETCs, YTO OHa Ha
AMHWKU TOPU30HTA). 3HaA pasHuLy B KaxyLLemMcsa NoAoxeHuu MoaspHon 3Be3abl B ErvnTe v peumn,
ApUCTOTEAb CYMEA AAX€ BbIYMCAWUTb, UTO AAMHA 3KBaTopa paBHa 400 000 crapueB. YTto Takoe
CTapMi, TOYHO HEU3BECTHO, HO OH 6AM30K K 200 meTpam, U, CTano ObiTb, OLEHKA ApUCTOTEAS
NPUMEpPHO B 2 pa3a 6oAblUe 3HAUYEHUS, MPUHATOrO cenyac. Y rpekoB ObIA elle U TPETUI AOBOA B
NOoAb3y WapoobpaszHon GopMbl 3EMAU: ECAN 3EMASI HE KPYrAas, TO MOYEMY XE Mbl CHayaAa BUAUM
napyca kopabasi, NOAHMMAaKOLLMECA HAA TOPU3OHTOM, M TOABKO MOTOM caM KOpabAb?

ApucToTEAb AYMAA, UTO 3EMASA HENOABMXHA, @ COAHLE, /\yHa, MAAHETbI U 3BE3AbI 0OpaLLatoTea
BOKPYI HEe No KpyroBbiM opbuTtam. OH Tak noAaraa, Mbo B COOTBETCTBMM CO CBOMMU MUCTUYECKUMMU
BO33pEHMAMMU 3EMAKD CUMTAA LEHTPOM BceneHHOW, a KpyroBoe ABWXEHWE - CaMbIM
coBeplleHHbIM. TlToremern BO Il Beke pasBuA MAEHD APUCTOTEAS B MOAHYHO KOCMOAOTMYECKYHO
MOAEAb. 3EMAS CTOUT B LEHTPE, OKPYXXEHHAA BOCEMbIO ChepamMm, HeCcyLMMU Ha cebe AyHy, ConHue
M NMATb U3BECTHbIX TOrAa NAaHeT: Mepkypui, Benepy, Mapc, HOnutep u CatypH (puc. 1.1). Camu
NA@HETbI, cumTan [ToAeMEN, ABMXKYTCA MO MEHbLUMM Kpyram, CKPenAeHHbIM C COOTBETCTBYHOLUMMM
cdepamn. 310 OOBACHANO TOT BECbMa CAOXHbIM MyTb, KOTOPbIM, Kak Mbl BMAWMM, COBEpLUAOT
nAaHeTbl. Ha camon nocaepHen cdepe pacnosaratotcs HENOABWXHbIE 3BE3Abl, KOTOpble,
OoCTaBasiCb B OAHOM M TOM € MOAOXEHMM APYT OTHOCUTEABHO ApPYra, ABUXYTCSi MO Heby Bce BMecCTe
Kak eAMHOe Lenoe. UTo AeXHT 3a NOCAeAHEN chepol, He 0ObACHSAOCb, HO BO BCAKOM CAy4Yae 3TO
yXe He ObIAO YacTblo TOM BceneHHOM, KOTOpyto HabAtOAQET YEAOBEYECTBO.
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Fue

Mopaenb [Tonemesn NO3BOASIA@ HEMAOXO MPEACKa3bliBaTb MOAOXEHWE HeOECHbIX TeA Ha
HebOCBOAE, HO AASl TOUHOMO MPEACKA3aHUSE EMY MPULIAOCH MPUHATb, UTO TPAEKTOPUS AYHbI B OAHUX
MecTax NOAXOAMT K 3eMAe B 2 pa3a banxe, uem B Apyrux! 310 o3HaYaEeT, YTo B OAHOM MOAOXEHUU
N\yHa pAONMKHa KasaTbes B 2 pasa OoAbLen, yem B Apyrom! MTonement 3Han 06 3Tom HepocTaTke, HO
TEM He MeHee ero Teopus Bbina NPU3HaHa, XOTA U He Be3ae. XpUCTMaHcKasa LlepkoBb nNpuHSAAa
MTornemeeBy MopeAb BCeAeHHOM Kak He npoTMBopevallyto bubamm, nbo ata mMopeAb Bbina OUYEHD
Xopolla TeM, YTO OCTaBAsIAa 3a npeperamu chepbl HEMOABUXHBIX 3BE3A MHOIMO MecTa AAS apa U
pas. OaHako B 1514 r. NOAbCKMI CBALLEHHUK HKoAa KonepHMK MPEANOXUA ellle BoAee NPOCTYHO
MoAeAb. (BHauvane, onacasicb, HaBepHoe, Toro, 4Yto LlepkoBb 0ObABUT €ro epeTMkom, KonepHuk
nponaraHAMpPOBaA CBOKO MOAEAb aHOHMMHO). Ero maes coctodna B TOM, 4TO0 COAHUE CTOUT
HEMOABWXHO B LEHTPE, a 3eMAs U ApYyrMe nAaHeTbl 0bpaluatoTca BOKPYr HEro no KpyroBbiM
opbutam. MPOLLAO NOUTU CTOAETME, NPEXAE YeM MAED KonepHuka BOCMPUHAAM Cepbe3Ho. ABa
acTpoHoma - Hemel, MoraHH Kenaep v utanbsiHel Faanaeo Faamaen - nybAMUHO BbICTYMWAW B
NOAAEPXKY TEOPUU KonepHUKa, HECMOTPSA Ha TO YTO NpeACkaldaHHble KonepHUKOM OpbuTbl He
COBCEM COBMapaAu ¢ HabaopaeMmbiMn. Teopun Apuctotens— MTtonemes npuiuen koHeu, B 1609 r.,
koraa Faanaen Hayan HabaropaTb HOUHOE HEDBO C MOMOLLIbHO TOABKO UTO M30OPETEHHOIO TEAECKONA.
HanpaBuB Teneckon Ha nAaHety KOnutep, FanMaen obHapYyXMA HECKOABKO MAAEHbKMX CMYTHUKOB,
WAW AYH, KOTOpble obpaulatoTcss BOKpyr HOnutepa. 310 03HaAuano, 4YTO He Bce HebecCHble Tena
AONXHbI 0683aTeAbHO 06paLLaTbCA HEMOCPEACTBEHHO BOKPYr 3eMAU, KaK CUYUTaAM APUCTOTEAb U
Mronemen. (Pasymeetcsi, MOXHO ObIAO MO-NPEXHEMY CUMTaTb, UTO 3EMAA MOKOUTCA B LIEHTPE
BceneHHOWM, a AyHbl KOnuTepa ABMXYTCS MO OYEHb CAOXHOMY MYTM BOKPYr 3eMAM, Tak YTO AULLb
KaxeTtcs, byaTo oHM obpaluatotcs Bokpyr Konutepa. OaHako Teopus KonepHuka bbina 3HaYUTEAbHO
npouwe.) B 10 Xe Bpema WMoraHH Kenaep mMopuPUUMpPOBaAA TEOPUIO KONEPHUKa, UCXOAA U3
NPEANOAOXEHUS, UTO MAAHETbl ABUXYTCSH HEe MO OKPYXHOCTSIM, a MO 3AAMNCAM (3AAMMC - 3TO
BbITAHYTAs OKPYXHOCTb). HaKOHeu-To Tenepb MNPEACKasaHWs COBMaAM C  pesyAbTaTamu
HabAOAEHWN.

Uto kacaetca Kenaepa, TO €ro 3anAMnNTMYeckue opbuTbl ObiAM MCKycCTBEHHOW (ad hoc)
rMNOTE30U, U NPUTOM «HEUSALLHOM», TAK KaK SAAMUMC FOPa3p0 MEHEEe COBEpPLUEHHAas Ppurypa, 4yem
Kpyr. oyt cAy4ariHO OOHaApPYXWB, UYTO I3AAMMTUYECKME OPOUTbI XOPOLLUO COrAacytoTcsl C
HabAtoAEHUSIMU, KenAep Tak U He CyMeA NMPUMUPUTL 3TOT GaKT CO CBOEN MAEEN O TOM, UTO NAAHETHI
obpaluatotrcs BOKpyr COAHLA NOA AEACTBMEM MArHUTHbIX CUA. OOGBbSACHEHWE MPULLAO AWLLIb FTOPA3A0
nosaHee, B 1687 r., korna Mcaak HbtOTOH onybAMKOBAA CBOK KHUTY «MaTemaTuyeckue Hauvana
HaTypaAbHON GUAOCODUM». HBIOTOH B HEM HE TOAbKO BbIABMHYA TEOPUIOD ABMXEHUS MaTepUanbHbIX
TEA BO BPEMEHWM M MNPOCTPAHCTBE, HO W pa3paboTan CAOXHble MaTeMaTUUYECKME METOAbI,
HEobXoAMMbIE AN aHaAM3a ABUXEHUS HeBeCHbIX Ten. Kpome Toro, HbtoTOH MOCTYAMPOBAA 3aKOH
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BCEMMPHOIO TArOTEHUSA, COrAACHO KOTOPOMY BCSAAKOE TEAO BO BceneHHOM nputarnBaeTcs K Aobomy
APYromy Teay ¢ TeM 6OAbLUEN CUAOW, YeM BOAbLLE MACChbl 3TUX TEA U YEM MEHbLUE PaCCTOsiHUE
MeXAy HUMK. ITO Ta camMas CUAa, KOTopas 3acTaBAAET TeAa NapaTb Ha 3eMAID. (Pacckas 0 TOM, UTo
HbloToHa BAOXHOBMAO SIGAOKO, ynaBLUEE €My Ha FOAOBY, MOUYTUM HaBepHsKa HepocToBepeH. Cam
HbloTOH ckaszan 06 3TOM AMWb TO, YTO MbICAb O TAFOTEHUM MPULLAA, KOTAA OH CHUAEA B
«CcO3epLaTeAbHOM HaCTPOEHUW», U «NTOBOAOM ObIAO NaaeHKe SbA0Ka»). Aanee HbIOTOH nokasaa, uto,
COrAACHO €ro 3akoHy, /\yHa MoA AEWCTBMEM TPaABUTALMOHHBLIX CUA ABMXXETCSH MO 3AAMMTUYECKOM
opbute BOKPYr 3eMAM, a 3eMAS U NAAHETbl BPALLAKOTCA MO 3AAMMNTUUYECKUM OpbUTAM BOKPYr
ConHua.

Moaenb KonepHuka nomoraa M3baButbest oT NTonemeeBbix HEBECHbIX cdep, a 3a0AHO U OT
NPEACTAaBAEHUA O TOM, yTOo BceneHHas MMEET KaKyk-TO €CTeCTBEHHYH rpaHuly. [MOCKOAbKy
«HEMOABUXHbIE 3BE3AbI» HE M3BMEHAIT CBOEr0 NOAOXEHUA Ha Hebe, ECAU HE CUMTATb UX KPYroBOro
ABWXEHUSA, CBSA3AHHOIMO C BpalleHneM 3eMAM BOKPYr CBOEW OCM, €CTECTBEHHO ObIAO
NPEANOAOXNTb, UYTO HEMOABMXHbIE 3BE€3Abl — 3TO 0ObEKTbI, NOAOOHbIE HalleMy COAHLY, TOAbKO
ropaspo bonee ypaneHHble.

HbIOTOH NOHMMAA, YTO MO €ro TEOPUN TAFOTEHMSA 3BE3AbI AONKHbI NPUTATMBATLCA APYT K APYTY
M NO3TOMY, Ka3aAoCb Obl, HE MOIYT OCTaBaTbCSl COBCEM HEMOABUXHbLIMU. HE AOAXHbBI AM OHUM yNacTb
APYr Ha Apyra, COAM3MBLLUNCHL B KAKOW-TO Touke? B 1691 r. B nucbme Pruuapay beHTAaM, ele oaHOMyY
BbIAQHOLLLEMYCA MbICAUTEAD TOFO BPEMEHU, HbIOTOH FOBOPUA, UYTO TaK AEACTBUTEABHO AOAKHO ObIAO
Obl NPOM30OMUTU, €CAM Obl Yy Hac ObIAO AMLLIb KOHEYHOE UYMCAO 3BE3A B KOHEYHOM 06AacTu
npocTpaHcTBa. Ho, paccyxaan HbOTOH, €CAM UMCAO 3BE3A BECKOHEYHO M OHM BoAee MAM MeHee
PaBHOMEPHO pacnpeAeneHbl N0 6ECKOHEYHOMY NPOCTPAHCTBY, TO 3TOr0 HUKOrAA HE NMPOMU3OMAET,
TaK Kak HeT LUEeHTPaAbHOM TOUKHK, KyA@ UM HYXXHO BbiAO Obl NapaThb.

AT paccyXAeHuMsa - NpuUMep TOro, Kak AErko nonacTb BNpocak, BEAA pPa3roBOpbl O
6ecKkoHeuYHOCTU. B 6eckoHeuHoM BeceneHHOM AOBYHO TOUKY MOXHO CUMTaThb LIEHTPOM, Tak Kak no obe
CTOPOHbI OT HEE YMUCAO 3Be3A BECKOHEYHO. \MLLIb rOpa3A0 No3Xe MOHAAKU, UTO BoAaee NpaBUAbHbIN
MOAXOA — B3ATb KOHEYHYH CUCTEMY, B KOTOPOM BCE 3BE3AbI MAAAOT APYr Ha Apyra, CTPEMSCb K
LEHTPY, M MOCMOTPETb, Kakue OyAyT WM3MEHEHUs, €eCAM A0DaBASITb €lle U elle 3Be3p,
pacrnpeAeneHHbiX NPUOAU3UTEABHO PaBHOMEPHO BHE paccMaTpuBaemon o6AacTu. 10 3aKOHy
HbloTOHa AOMOAHWUTEAbHbIE 3BE3AbI B CPEAHEM HUKAK HE MOBAMSIOT Ha MepBOHAYaAbHble, T. €.
3BEe3Abl OYAYT C TOM X€ CKOPOCTbIO NaAaTb B LEHTP BbIAEAEHHOM 06AacTU. CKOAbKO Obl 3BE3A Mbl HU
AODaBMAM, OHKU Bcerpa OyayT CTPEMUTLCA K LIEHTPY. B Halle Bpems M3BECTHO, UTO BeckoHeuHas
cTatMyeckass MoAeAb BceneHHOW HEBO3MOXHA, €CAM TPaBUTALMOHHbIE CUAbI BCErAa OCTAOTCA
CUAAMM B3AUMHOTO MPUTSXKEHUS.

NHTEpECHO, KaknMm Bbin0 06LLEE COCTOAHME HAyYHOM MbICAM A0 Hayana XX B.: HUIKOMY U B
rOAOBY HE MPULLAO, UYTO BceneHHas MOXET pacliMpaTbCa UMAM CXMMaTbes. Bce cumtanm, uto
BceneHHass AMbBO cyllecTBOBana BCerpa B HEM3MEHHOM COCTOSIHMM, AMOO Oblna COTBOPEHA B
KaKOW-TO MOMEHT BPEMEHMU B MPOLLAOM NPUMEPHO TakOM, KakoBa OHa ceryac. OT4acTn 310, MOXET
ObiTb, OOBACHAETCA CKAOHHOCTbIO AOAEM BEPUTb B BEUHbIE WCTMHbI, @ Takxe 0Ccob0oM
NPUTATaTEAbHOCTBIO TOM MbICAW, UTO, MYCTb CaMM OHW COCTAPATCA U YMPYT, BceneHHas octaHetcs
BEYHOW N HEM3MEHHOMW.

Aaxe TeM yuyeHbiM, KOTOPble MOHSAW, YTO HbIOTOHOBCKAsi TEOPUA TAMOTEHUS AEAAET
HEBO3MOXHOM CTaTUYECKYD BCEAEHHYyl, HE MPUXOAMAA B TFOAOBY TMMoOTE3a pPacCLUMPAOLLENCS
BceneHHOW. OHM  noOMNbITaAUCb  MOAMOULMPOBATL TEOPUK, CAEAAB TPABUTALIMOHHYKD  CUAY
OTTAaAKMBAIOLLEW HA O4YeHb OOAbLUMX  PACCTOAHUAX. ITO MNPAKTUYECKU HEe  MEHANO
NPEACKa3bIBAEMOTr0 ABUXEHWS NMAAHET, HO 3aTO NO3BOASINO BECKOHEYHOMY pacnpeAEAeH IO 3BE3A
OoCTaBaTbC B PaBHOBECUM, TaK KakK MNPUTSXEHUE OAM3KMX 3BE3A KOMMEHCUMPOBAAOCH
OTTAaAKMBaAHMEM OT AAAEKMX. HO ceruac Mbl cuMTaem, UYTO Takoe pPaBHOBECWUE OKa3aAoCb Obl
HeycToMuMBbIM. B camMom Aene, eCAU B KakOW-TO 0OAACTU 3BE3Abl UyTb-UyTb COAM3ATCH, TO CUAbI
NPUTSKEHUS MEXAY HAMU BO3PACTYT U CTaHYT OOAbLLIE CUA OTTAaAKMBAHMS, Tak UTO 3BE3AbI OYAYT U
AanbLLe conmxaTbes. ECAM e pacctosiHne Mexay 3Be3paMu UyTb-U4yTb YBEAUYUTCH, TO NEepeBecaT
CWUAbI OTTaAKMBaHUSA U paccTosiHne byaeT HapacTaTb.

Ewe opHO BO3paxeHWe NPoTMB MOAEAM OECKOHEYHOM cTaTuyeckon BceneHHoW 06blUHO
npunucbiBaeTcs Hemeukomy dunocody FeHpuxy Onbepcy, kotopbin B 1823 r. onybankoBan pabory,
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MOCBSLLEHHYH 3TOM MOAEAWU. Ha caMoM Aene MHOTrMe COBPeEMEHHUKM HbtoTOHa 3aHMMaAUCh TOM Xe
3apaven, 1 ctatbsst Onbepca Obina pAaXe He MepBon cpear paboT, B KOTOPbIX BbICKa3blBAAUCH
cepbes3Hble BO3paXeHus. Ee AMWwb NnepBOM CTaAW LLUMPOKO LMTMpOBaTb. Bo3paxeHue TakoBoO: B
H6ECKOHEUYHOW cTaTUYeckon BceneHHOM AOOOM Ayd 3PEHUSI AOAKEH YNMPATbCS B KaKyto-HUOYAb
3Be3Ay. Ho Toraa HebO paxe HOUbKO AOAKHO APKO CBETUTLCS, Kak ConHLe. KoHTpaprymeHT Onbepca
COCTOSIA B TOM, UYTO CBET, UAYLLIMI K HAM OT AQAEKUX 3BE3A, AONKEH OCAADASTLCA M3-32 NOTAOLLEHMS
B HAxX0AALLEMCA Ha ero nyTu BeLlecTBe.

Ho B TakoOM cAyuyae camMo 3TO BELLECTBO AOAKHO HarpetbCsa U APKO CBETUTLCH, Kak 3BE3AbI.
EAMHCTBEHHAA BO3MOXHOCTb M36exaTb BbiIBOAA O IPKO, kak CoAHLE, CBETALLEMCS HOYHOM Hebe -
NPEANOAOXMTb, UTO 3BE3AbI CUSAM HE BCErAA, @ 3aropeAMCb B KaKOW-TO OMPEAEAEHHbIM MOMEHT
BPEMEHU B MpoLWAOM. Toraa noraoLllarollee BelwecTBo, BO3MOXHO, elle He YCNeAO pa3orpetbcs
MAU Xe CBET AAAEKMX 3BE3A elle He AOLIeA A0 Hac. Ho BO3HWMKaET BOMPOC: MoYemMy 3aXrAUCb
3Be3AbI?

KoHeuHOo, npobAemMa BO3HMKHOBEHUA BceneHHOM 3aHMMana yMbl AFOAEN YXXE OUYEHb AABHO.
CornacHo psiny paHHUX KOCMOTOHWU U WYAEUCKO-XPUCTMAHCKO-MYCyAbMaHCKMM Mudam, Halla
BceneHHasi BOBHUMKAA B KaKOW-TO OMNPEAEAEHHbIM U HE OYEHb OTAAAEHHbIM MOMEHT BPEMEHU B
npowAoM. OAHMM M3 OCHOBAHWW TakMX BEPOBaHWM Obina MOTPEOHOCTb HAWTK «NEPBOMPUYMHY»
cylwecTBoBaHUA BeceneHHON. Atoboe cobbiTe BO BceneHHOM 0OBbSACHSIOT, ykadbiBasi Ero NPUUKHY, T.
e. Apyroe cobbiTve, npousolleallee paHblue; NopobHoe 06bACHEHWE CyLLEeCTBOBaHWUS CamMoMu
BceneHHOM BO3MOXHO AWLLb B TOM CAyYae, eCAM Yy Hee BbIAO Hayano. Apyroe OCHOBaHWE BbIABUHYA
BraxeHHbIM ABryCTUH (MpaBocAaBHas LlepkoBb cuntaeT ABrycTMHa 6AaXeHHbIM, a Katoanueckan -
CBATbIM. — MPUM. pPeA.). B kKHure «fpap boxuinr. OH yka3an Ha TO, UTO LMBUAM3ALMA NPOrpPeCCUpYET,
a Mbl MOMHMM, KTO COBEPLUUA TO MAU MHOE AESIHWE U KTO YTO M306peA. [ToaToMy ueroBeYecTBo, a
3HauuT, BEPOATHO, U BceneHHas, BPAA AU OYE€Hb AOATO CYLLIECTBYHOT. BA@XEHHbIM ABryCTUH CUMTaA
NPUEMAEMON AATy COTBOPEHWSI BCEAEHHOM, COOTBETCTBYHOLLYHD KHUrE «BbITUSI»: NPUOAMIUTEABHO
5000 roa A0 Hawen 3pbl. (MHTEPECHO, YTO 3Ta AaTa He TaK YX AAAeKa OT KOHLA MOCAEAHEro
AepHuKoBoro nepropa — 10 000 AET AO H. 3., KOTOPbIM apXEOAOTU CUMTAIOT HAYAAOM LIMBUAMU3ALUN).

ApUCTOTEAID XXEe W OOABLLUMHCTBY APYrMX rpeyeckux ¢UMAOCOGOB HE HpaBMAACb MAEA
COTBOPEHUA BceneHHON, Tak Kak OHa CBA3biBaAaCb C 60XECTBEHHbIM BMeELLATeAbCTBOM. o3Tomy
OHM CYMUTAAM, YTO AFOAW U OKPYXAKOLMK UX MUP CYLLECTBOBAAM M BYAYT CyLLECTBOBATL BEUHO. AOBOA
OTHOCUTEALHO Nporpecca UMBUAN3ALIMKU YYEHBIE APEBHOCTU paccMaTpuBaAm U PELLNAK, UTO B MUPE
NePUOANYECKM MPOUCXOAMAM MOTOMbI U APYrMe KaTakAM3Mbl, KOTOPblE BCE BPEMS BO3BpalLanu
4YEeAOBEYECTBO K MCXOAHOM TOUKE LIMBUAU3ALNN.

Bonpocbl 0 TOM, BO3HMKAA AM BceneHHass B KakOW-TO HayaAbHbld MOMEHT BPEMEHU W
orpaHW4yeHa AM OHa B NPOCTPAHCTBE, MO3AHEE BecbMa MPUCTAAbHO paccmaTpuBan GUAOCOD
MMMaHyuUA KaHT B CBOEM MOHYMEHTAAbHOM (M OYEHb TEMHOM) TPyAe «KpUTUKa YMCTOro pasymar,
KOTOPbIM BbIA M3paH B 1781 r. OH Ha3BaA 3TM BOMPOCbI aHTUHOMUAMMU (T. €. MPOTUBOPEUNSMMU)
YMUCTOro pasyma, Tak Kak BMAEA, UTO B PAaBHOM Mepe HeAb3sl HW AOKa3aTb, HWU ONPOBEPrHYTb HU
Te3nc 0 HeobXxoAMMOCTM Hayana BceneHHOW, HM aHTUTE3UC O ee BEYHOM CYLLECTBOBaHWUW. Te3nc
KaHT aprymeHTMpoBaA TEM, YTO €CAM Obl Y BceneHHOM He BbIA0 Hauyana, TO BCAKOMY COObITUIO
npeALlecTBOBaA 6bl BECKOHEYHbIN NEPUOA BPEMEHMU, @ 3TO KaHT cumTtan abcypaoM. B nopsepxky
aHTMTEe3nca KaHT roBopua, Uuto ecan Bbl BceneHHass Mena Havyano, TO eMy MpeALLlecTBoBaA Obl
H6EeCKOHEUHbIW NEPUOA BPEMEHMU, a TOTAA CnpalLMBaEeTcs, nouemMy BceneHHas BAPYr BO3HMKAQ B TOT,
a He Apyro MOMEHT BpeMeHn? Ha camom pene aprymMmeHTbl KaHTa pakTMuyeCKM OAMHAKOBbI U AAA
Tesunca, U AAA aHTUTe3nca. OH MCXOAUT M3 MOAYAAMBOTO NPEANOAOXKEHUSA, UTO BpeMs BECKOHEYHO B
MPOLIAOM HE3AaBUCMMO OT TOrO, CyLLLeCTBOBaAa MAM He CcyllecTBoBaAa BeYHO BceneHHas. Kak Mbl
YBUAMM HUXE, AO BO3HUKHOBEHUA BcCeneHHOM MOHATME BpPEMEHM AULIEHO CMbicAa. Ha 3To
BnepBble yka3aA baaxeHHbIM ABryCTUH. Koraa ero cnpalumBanu, Yem 3aHMMancs bor po Toro, kak
co3pan BceneHHyto, ABIyCTMH HUKOTA@ HE OTBEYaA B TOM AyXe, UTO, MOA, BOr roToBUA aa AAA TEX, KTO
3apaeT NopobHble BOMpoCkl. HeT, OH roBOpUA, UTO BPEMS — HEOTbEMAEMOE CBOMCTBO CO3AAHHOM
bBorom BceneHHOM 1 NO3TOMY A0 BO3HWMKHOBEHUA BCceneHHOM BpeMeEHU He BbIAo.

Koraa GOAbLLUMHCTBO AOAEW BEPUAO B CTATMUECKYHO M HEM3MEHHYIO BceneHHyt, BONpoc O
TOM, MM€eAa OHa HauyaA0 UAM HET, OTHOCUACS, B CYLLHOCTH, K 06AaCTU MeTadU3NKKN 1 Teonornn. Bee
HabAtOAQEMbBIE ABAEHUA MOXHO ObINO 0OBACHWUTL Kak C MOMOLLbIO TEOPUK, B KOTOPOM BceneHHasn
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CYLLECTBYET BEYHO, TaK M C MOMOLLbK TEOPUKU, COTAACHO KOTOPOM BCEAEHHYO COTBOPUAU B KAKOWU-TO
ONpPEeAENEHHbIN MOMEHT BPEMEHU TaknuMm 06pa3oM, uToObl BCE BbITASAEAO, Kak eCAM Obl OHa
cyluectBoBana BeyHo. Ho B 1929 r. 3aABMH XabbA caenan 3noxaAbHOE OTKPbITUE: OKa3aA0Ch, YTO B
Kakow Obl YacTM Heba HU BECTU HAOAIOAEHUS, BCE AAAEKME TanaKTUKK BbICTPO YAAAAKOTCA OT Hac.
MHbIMKM cAnoBamK, BceneHHan paclumMpsieTcsa. ITo 03Havaet, uto B Honee paHHME BpemeHa Bce
06BbEKTbI BbIAM BAMXKE APYT K APYTY, YEM ceryac. 3HaUuT, 6bIAO, NO-BUAMMOMY, BPEMS, OKOAO AECATU
MAM ABAALIATM TbICAY MUAAMOHOB AET Ha3ap, KOTA@ OHWM BCE HAXOAWMAMCb B OAHOM MECTe, Tak UTo
NAOTHOCTb BceneHHoW Obina H6eckoHeuHo 6oablion. CaenaHHoe XabbAoM OTKpbITUE MEPEBENO
BOMPOC O TOM, Kak BO3HWKAA BceneHHas, B 06AaCTb KOMMNETEHLIMU HaYKW.

HabatopeHns Xabbaa roBOpuAKM 0 TOM, YTO BbINO BpeMsi — TaK Ha3biBaeMblit BOAbLLOW B3PbIB,
korpa BceneHHas Obina HECKOHEUYHO MaAOM U BECKOHEUYHO MAOTHOW. [Mpu TaKMx YCAOBUAX BCe
3aKOHbI HAYKKW TEPSKOT CMbICA U HE MO3BOAAKOT NPEACKa3biBaTb byayliee. EcAu B elle boaee paHHKE
BPEMEHA 1 MPOUCXOAMAN KaKne-AMbO cobbITUSA, OHM BCE PABHO HUKAK HE CMOMAW Obl MOBAUSITb Ha
TO, UTO NMPOMUCXOAMT cenuac. M3-3a OTCYTCTBUSA Xe HabAOAAEMbIX CAEACTBUMI UMUK MOXHO MPOCTO
npeHebpeub. BOAbLLOM B3pPbIB MOXHO CUMTaTb HauyaAOM OTCYeTa BPEMEHW B TOM CMbICAE, UTO
6onee paHHMe BpeMeHa BbiAK Bbl MPOCTO HE ONpeAeAeHbl. [opYepKHEM, YTO Takoe HauyaAo oTcueTa
BPEMEHMU OYEHb CUABHO OTAMYAETCA OT BCErO TOr0, YTO NPeAAaranocb A0 Xabbaa. Hauano BpeMeHu
B HEU3MeEHAKLWENCA BCeAeHHON eCTb HEUTO, UYTO AOAXKHO OMPEAEASITbCA YEM-TO, CYLLECTBYHOLLUM
BHe BceneHHON; AAst Hauana BceneHHOM HeT ¢uanueckon HeobxopnumocTu. CotBopeHue Borom
BceneHHOM MOXHO B CBOEM NPEACTAaBAEHMM OTHOCUTb K AtOOOMY MOMEHTY BPEMEHU B MPOLUAOM.
Ecan xe BceneHHasa pacuimpsieTcs, TO MOryT CyLLECTBOBaTb PUINYECKUE NMPUUMHBI AAS TOTO, YTOObI
OHa MMeAa Hauyano. MoXHO no-npexHemy NpeAcTaBAsiTb cebe, UuTo MMeHHO bor co3aan BeceneHHyto
- B MOMEHT HOAbLLOIO B3pbiBa MAM AaXe MO3AHEe (HO TaK, Kak ecAu Obl npousolen HOAbLLON
B3pbIB). OpAHaKO 6bIAO Obl abCcypAHO yTBEPXAATb, UTO BceneHHass BO3HUMKAA paHblile BOAbLLOro
B3pbiBa. [peacTaBAeHME O paclumpsaroencas BceneHHOM He MCKAKOYAET CO3AaTeAsi, HO HaAaraet
OrpaHUYeHnss Ha BO3MOXHYHO AaTy ero TpyAoB!

Uto6bl MOXHO BbINO FOBOPUTL O CYLLIHOCTM BCEAEHHOM 1 0 TOM, BbIAO AM Y HEE Hauano U ByaeT
AM KOHEL, HY)XHO XOpOLLO MpeAcTaBAATb cebe, UTo Takoe HayuyHas Teopusi Boobuie. A 6Byay
NMPUAEPXMBATLCA NPOCTENLLEN TOUKM 3PEHUA: TEOPUA — 3TO TEOpPETUYECKan MoAeAb BceneHHOM nAn
KaKOM-HMOYAb e€e YacTu, AONOAHEHHAsA HABOPOM NpPaBUA, CBS3bIBAOLLMX TEOPETUUECKME BEAUYUHDI
C HaWKWMKU HabAIOAEHMAMU. ATa MOAEAb CYLLECTBYET AULLb Yy HAac B FOAOBE U HE MMEET APYrom
PEaAbHOCTHU (KaKoM Bbl CMbICA Mbl HY BKAAAbIBAAW B 3TO CAOBO). TeOpUsi CUMTAETCA XOPOLLIEN, ECAU
OHa YAOBAETBOPSIET ABYM TpeboBaHWAM: BO-NEPBbIX, OHA AOAKHA TOYHO OMWUCLIBATb LLUMPOKUM
KAACC HAaBAOAEHUI B paMKax MOAEAU, COAEPXKALLEN AWLLb HECKOAbKO MPOM3BOAbHbIX SAEMEHTOB,
W, BO-BTOPbIX, TEOPUSA AOAXKHA AaBaTb BMOAHE OMNPEAEAEHHblE MNPEACKA3aHUA OTHOCWUTEAbHO
pe3yAbTaToB OyaylInx HabAoaeHun. Hanpumep, Teopus ApUCTOTEAS, COrAACHO KOTOPOW Bce
COCTOUT M3 YETbIPEX INEMEHTOB - 3EMAM, BO3AYXa, OMHA U BOAbl, — OblAa AOCTATOYHO MPOCTOW,
4T0Obl Ha3blBaTbCS TEOPUEN, HO C €€ MOMOLLBI HEeAb3S BbIAO MOAYYUTb HUKAKUX ONpPeAeAEHHbIX
npeackasaHuit. Teopus Xe TAroteHUss HblOTOHA MCXoAMAa U3 elle 6oaee MPOCTOM MOAEAU, B
KOTOPOM TeAa MPUTArMBAKOTCA APYr K APYry C CWMAOW, MPOMOPLUMOHAABHOW HEKOTOPOW BEAUYMHE,
Ha3bIBAEMOW MX Maccor, U 06paTHO NPONOPLUOHAABHON KBaApPaTy PacCTOAHUA MeXAY HUMKU. Ho
Teopusi HbtoTOHa BECbMa TOYHO NpPeACKasbiBaeT ABMXeHKUe CoAHLa, AyHbI U NAGHET.

N\tobas dpr3rMueckan Teopma BCErAa HOCUT BPEMEHHbIN XapaKTep B TOM CMbICAE, YTO SIBASIETCSA
BCEr0 AWLLUb TUMNOTE30M, KOTOPYHD HEAb3A AOKa3aTb. CKOAbKO Obl pa3 HM KOHCTATMPOBAAOChb
COrnacue Teopuu C IKCNEPUMEHTAAbHbIMU AQHHbIMU, HEAb3S ObiTb YBEPEHHbIM B TOM, YTO B
CAEAYIOLIMI pa3 3KCMEepPUMEHT He BOMAET B NMpoOTMBOpeuYre ¢ Teopuei. B To xe Bpemsa Aobyto
TEOPUIO MOXHO OMPOBEPrHYTb, COCAABLUMCb Ha OAHO EAMHCTBEHHOE HabAloAEHME, KOTOpOoe He
coranacyetcs ¢ ee npeackalaHuaMK. Kak ykasbiBan ¢uaocod Kapa MNonnep, cneumanmct B obracTm
durocodun Hayku, HEOOXOAMMbBIM MPU3HAKOM XOPOLLEN TEOPUN ABASIETCS TO, UTO OHA MO3BOAAET
CAEAaTb MPEACKa3aHWsl, KOTOpble B MPUHUMNE MOMYT ObiTb 3KCNEPUMEHTAABHO OMPOBEPrHYTHI.
Bcaknii  pa3, Koraa HOBble 3KCMEPUMMEHTbI MOATBEPXAAKT MPEeACKasaHua Teopuu, Teopust
AEMOHCTPUPYET CBOK XM3HEHHOCTb, M Halla Bepa B Hee KpenHeT. Ho ecAM XOTb OAHO HOBOE
HabAIOAEHWE He coraacyetcs ¢ TeOpuer, HaM MPUXOAUTCA AMBO OTKasaTbCA OT Hee, AMDOO
nepeaenatb. TakoBa, N0 KpaliHel Mepe, AOTMKa, XOTA, KOHEYHO, Bbl BCErAa BNpaBe YCOMHWUTLCS B
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KOMMETEHTHOCTU TOr0, KTO MPOBOAUA HAOAIOAEHMS.

Ha npakTrke 4yacTo oOKa3blBaeTcs, UTO HOBasi TEOPUSA Ha CaMOM AEAE ABAAETCS pacluMpeEHUEM
npeAblayLlen Teopun. Hanpumep, 4pe3BblYaiHO TOYHblIE HABAOAEHUA 3a MAaHeTorM Mepkypui
BbIABUAM HEOOABLLME PACXOXAEHUSA MEXAY €€ ABUXEHMEM U NpPeACKasaHUAMW HbHOTOHOBCKOM
Teopun TaAroteHnsa. CornacHo obuler Teopun OTHOCUTEAbHOCTU SUHLWTENHA, MepKypuin AOAXKEH
ABUraTbCA HEMHOIO MHaye, YeM MnoAyvyaeTcsa B Teopum HbtoToHa. TOT daKT, 4To npeackadaHus
ANHLWTENHA COBMAAAIOT C pe3yAbTaTaMu HabAOAEHUI, a NpeAcka3aHua HbloToHa He coBnaAatorT,
CTaA OAHMM U3 pellatoWwmnX NOATBEPXKAEHU HOBOM Teopuu. [paBaa, Ha NpaKkTMke Mbl AO CUX NOP
NoAb3yemcs Teopuent HbloTOHA, Tak Kak B TEX CAyYasiX, C KOTOPbIMU Mbl 06bIYHO CTAAKMBAEMCS, ee
NPeACKasaHWsi oYeHb MaAO OTAMYAOTCA OT MPEACKasaHWW oblen Teopun OTHOCUTEABHOCTM.
(Teopus HbtOTOHA MMEET eLLe U TO OrPOMHOE NPENUMYLLIECTBO, YTO C HEW ropasAo npotlle paboTartb,
yem C TEOPUEN INHLITENHA).

KOHEUYHOM LEAbID HayKU ABASIETCA CO3AAHUE EAMHON TEOPUM, KOTOpaa onucbiBara Obl BCHO
BceneHHyto. Peluas aty 3apauy, O0AbLLUMHCTBO YUEHbIX AEASIT €€ Ha ABE YacTu. [lepBas yacTb — 310
3aKOHbI, KOTOpPble AQOT HaM BO3MOXHOCTb y3HaTb, Kak BceneHHas M3MEHSETCA CO BPEMEHEM.
(3Has, Kak BbIrAAAUT BceneHHan B KAKOW-TO OAMH MOMEHT BPEMEHU, Mbl C MOMOLLIbHO 3TUX 3aKOHOB
MOXEM Yy3HaTb, YTO C HEW MPOU30ONAET B AtoOOM Boaee No3AHUIK MOMEHT BpemeHu). Bropas vacTtb —
npobAemMa HauyaAbHOrO COCTOSIHUS BceneHHOM. HekoTopble noaaratoT, UTO Hayka AOAXHa
3aHUMaTbCA TOAbKO NEPBOM 4YacTbio, a BOMPOC O TOM, 4TO ObIAO BHauyaAe, CUMUTAIOT AEAOM
MeTadU3MKN 1 peAnrnn. CTOPOHHUKM TaKOro MHEHUSA FOBOPAT, UTO, MOCKOAbKY Bor Bcemorylil, B ero
BOAE ObINO «3anyCTUTb» BCEAEHHYHO KaK YyroaHO. ECAM OHM npaBbl, TO Y bora 6biAa BO3MOXHOCTb
cAenaTb Tak, uTobbl BceneHHasa pa3BUMBaAACb COBEPLLUEHHO NMPOM3BOAbHO. Bor Xe, no-BMAMMOMY,
npeanoyen, utobbl OHa pasBMBaAACb BECbMa PEryAsipHO, NO OMpPeAeAeHHbIM 3akoHam. Ho Toraa
CTOAb XE AOMMYHO MPEAMNOAOXWTb, UTO CYLLECTBYIOT €LLUE W 3aKOHbI, YyNPaBAAIOLLME HaYaAbHbIM
cocTtosiHuem BceneHHoOM.

Oka3sblBaeTcs, O4YeHb TPYAHO cpa3dy co3paaBaTb TEOPMUIO, KOoTopas onucbiBana Obl BCHO
BceneHHyo. BMeCTo aToro Mbl AEAMM 3apady Ha YacTu U CTPOUM YacTHble Teopun. Kaxaasa U3 HMX
OMUCbIBAET OAMH OrPaHUYEHHbIN KAaCC HabAIOAEHUI U AEAAET OTHOCUTEABHO HEMO NMPeACKa3aHus,
npeHebperas BAUMAHUMEM BCEX OCTAAbHbIX BEAMUMH WAM MNPEACTABAAS MOCAEAHWE MPOCTbIMU
Habopamu umcen. BO3MOXHO, UTO TakOW MOAXOA COBEPLUEHHO HenpaBuAeH. EcaM Bce BO
BceneHHOM dyHAAMEHTaAbHbIM 06pa30M 3aBUCUT OT BCEFO APYroro, T0 BO3MOXHO, YTO, MCCAEAYSA
OTAEAbHbIE YaCTK 3apayM U3OAMPOBAHHO, HEABL3SA MPUOAU3UTLCA K MOAHOMY €€ peLleHuto. TeM He
MEHee B MPOLLUAOM Hall MPOrpecc WeA MMEHHO TakuM nyteM. KAacCUYeCcKMM NMPUMeEPOM OnATb
MOXET CAYXWTb HbIOTOHOBCKAA TEOpPUSI TArOTEHWSI, COrAACHO KOTOPOW rpaBUTALMOHHAs CUAQ,
AENCTBYIOLLAA MEXAY ABYMSI TEAAMU, 3aBUCUT TOAbKO OT OAHOM XapaKTEPUCTUKU KaXAOro Teaa, a
MMEHHO OT ero Macchl, HO He 3aBUCUT OT TOr0, U3 KaKOro BeLlecTBa cOcToAT Tena. CAepAOBaTEAbHO,
AASI BBIUUCAEHUS OPOUT, NO KOTOPLIM ABMXYTCA COAHLE M MAQHETbI, HE HY)XHA TEOPUS UX CTPYKTYPbI
M cocTaBa.

Ceiuyac ecTb AB€ OCHOBHbIE YaCTHble TEOPUN AN OonucaHua BceneHHoW - obwasa Teopus
OTHOCUTEABHOCTU W KBaHTOBasi MexaHuka. Obe OHWM - pe3yAbTaT OrPOMHbIX WMHTEAAEKTyAAbHbIX
YCUAWUM YUYEHbIX MEPBON NMOAOBWMHbLI Hallero Beka. ObLias Teopua OTHOCUTEABHOCTU OMWUCbIBAET
rpaBUTALMOHHOE B3aUMOAENCTBUE U KPYMHOMACLUTAOHYO CTPYKTYpY BceneHHOoW, T. e. CTPYKTypy B
MacluTabe oT HECKOABKUX KUAOMETPOB AO MUAAMOHA MUAAMOHA MUAAMOHA MWUAAMOHA (EAMHMLA C
ABaALATLIO YETbIPbMS NYASIMW) KUAOMETPOB, MAU A0 Pa3MepoB HabAopAaeMOM YacTu BeceneHHOM.
KBaHTOBas MexaHMKa Xe MMEET AENO C ABAEHUSIMU B KpalHe MaAblx Maclutabax, Takmx, Kak OAHa
MWAAMOHHAs OAHOWM MWAAMOHHOMW caHTUMeETpa. U 3Tn ABE TEOPUU, K COXAAEHUID, HECOBMECTHbI —
OHM He MoryT OblTb OAHOBPEMEHHO NpPaBUAbHbIMU. OAHUM U3 TAABHbIX HanpaBAEHWM
MCCAEAOBAHUM B COBPEMEHHOW OU3MKE U FTAABHOM TEMOW 3TOM KHUTKU SBASETCS MOWMCK HOBOW
Teopun, kotopas obbearHMAa Obl ABE NMPEAbIAYLLME B OAHY — B KBAHTOBYIO TEOPUIO rpaBUTaLIUM.
Moka TakoM TEOPUUN HET, U €€, MOXET ObiTb, ELLE NPUAETCA AOATO XAATb, HO Mbl Y)X€ 3HAEM MHOIUe
13 TeX CBOMCTB, KOTOPbIMM OHa AOAKHA 0OAaAaThb. B cAeayoLIMX rAaBax Bbl YBUAWUTE, UTO HAM yXe
HEMaAAO M3BECTHO O TOM, KakuMe MNpPeACKa3aHWUsi AOAKHbI BbITEKATb W3 KBAHTOBOW TeOpWU
rpaBuTaLIMK.

EcAn Bbl cuntaete, 4to BceneHHan pa3BUBaETCs HE NPOUM3BOAbHBIM 06pa3oM, a NOAYMHSETCA
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OnpeAeNeHHbIM 3aKOHaM, TO B KOHLIE KOHLIOB BaM MPUAETCA 0ObEeAMHUTb BCE YaCTHbIE TEOPUN B
€AMHYI0 NMOAHYH, KoTopas ByaeT onuckiBaTb Bce BO BceneHHow. MNpaBaa, B NOUCKKU TaKOW €AMHOM
TEOpUM 3aAOXEH OAMH dyHAAMEHTaAbHbIM NapapOKe. Bce ckazaHHOE Bbille O Hay4YHbIX TEOPUAX
npeAnoAaraeT, UTo Mbl IBAAEMCA Pa3yMHbIMWU CyLLLECTBAMMK, MOXEM MPOM3BOAWUTL BO BceneHHOM
Kakue YroAHO HabAHOAEHMA M HaA OCHOBE 3TUX HAabOAOAEHMI AeAaTb AOTMYECKUE 3aKAKOUEHMS. B
TaKoW CXeMe eCTECTBEHHO MPEAMOAOXMUTb, YTO B NPUHLMMNE Mbl MOTAM Obl elle BAMXE MOAOWTH K
NMOHUMAHUIO 3aKOHOB, KOTOPbIM MOAYMHAETCA Halwa BceaeHHaa. Ho ecan epnHasa Teopus
AEWCTBUTEABHO CYLLIECTBYET, TO OHA, HABEPHOE, TOXE AOAKHA KaKUM-TO 06pa3oM BAUATb Ha HaLUM
AencTBuA. U Torpa cama Teopust AOAKHA ONPEAEAATb Pe3yAbTaT HalLUMX NMOUCKOB ee Xe! A nouemy
OHa AONXKHA 3apaHee NPeAOnpPeAEAsiTb, UTO Mbl CAEAAEM NPaABUAbHbIE BbIBOAbI U3 HAOAOAEHUIA?
Mouemy 6bl el C TAKUM Xe YCNEXOM He NPUBECTU HAC K HEBEPHbIM BbIBOAAM? MAKM Xe BOObLILE HU K
Kakum?

A Mory npeANOXWTb BCEMO AMLLb OAMH OTBET Ha 3T BONPOCbl. OH OCHOBaH Ha AaPBMHOBCKOM
NPUHUMNE eCTeCTBEHHOro oTbopa. Mosi UAESI COCTOUT B TOM, YTO B AOOOWM NOMYyAAILIMKM OPraHU3MOB,
CMOCOBHbIX K CaMOBOCMNPOU3BEAEHUIO, HEWU3OEXHbI TEHETUYECKME Bapuauun U pPasAvunsa B
BOCMUTAHUN OTAEAbHbIX MHAMBUAYYMOB. 3TO 3HAUUT, UTO HEKOTOPbIE MHAMBUAYYMbI BoAee APYrmX
CnocobHbl AeAaTb MPaBUAbHbIE BbIBOALI 00 OKpYXatOLLEM MX MUPE U NOCTynaTb B COOTBETCTBUU C
3TUMU BbIBOAAMU. Y TaKUX UHAMBUAYYMOB OyAeT 6OAbLUE LIAHCOB BbDKWMTb M AaTb MOTOMCTBO, a
NoTOMYy MX 06pa3 MbICAEW M UX MOBEAEHWUE CTaHYT AOMMUHUPYIOWMMWU. B NPOLIAOM MHTEAAEKT M
CNocOBHOCTb K Hay4yHOMY OTKPbITUIO 6e3yCAOBHO obecneurMBasn NPEVMYLLECTBA B BbIXXMBAHWUW.
MNpaBaa, COBCEM HE OYEBMAHO, YTO BCE CKa3aHHOE BEPHO WM cenyac: CAEAaHHble HaMW Hay4uHble
OTKPbITUA MOTYT HacC Xe W NorybuTb, HO AaXe €CAM 3TOTO HE CAYUYMUTCA, MOAHAA eAMHANA TEOPUS BPSA
AV CUABHO MOBAMAET Ha HaLLM LWIAHCbI BbIXXWUTb. TEM HE MEHEE, KOAb CKOPO BceneHHas pa3BuBaeTca
PEryAapHbIM 00pa3oM, MOXHO MoAaratb, 4YTO CMOCOOHOCTM K PACCYXAEHWIO, KOTOPbie Mbl
nprobpenn B pe3yAbTaTe UCKYCCTBEHHOIO 0THOpa, MPOABATCA B MOMCKaX €AMHOM NOAHOW TEOPUUN U
nomoryT nsbexarb HeNpPaBUAbHbIX BbIBOAOB.

MOCKOABbKY YX€ CYLLIECTBYHOLLMX YACTHbIX TEOPUIA BMOAHE AOCTATOUHO, UTOObI AEAATb TOUHbIE
NPeACKa3aHWs BO BCEX CUTyaUMsIX, KOOME CaMbiX 3KCTPEMAAbHbIX, MOUCK OKOHYATEAbHOW TEOPUK
BceneHHOM He oTBevaeT TpeboBaHUAM NPakTMUYeCcKon LearecoobpasHocTh. (3amMeTnM, OAHAKO, UTo
aHAAOTMUHbIE BO3PaXEHUA MOXHO ObIn0 Obl BbIABUHYTb MPOTUB TEOPWUM OTHOCUTEABHOCTU W
KBAaHTOBOW MEXaHWKK, a BEAb MMEHHO 3TW TEOPUM MPOU3BEAN PEBOAIOLIMIO B AAEPHON GU3KKE U B
MUKPO3INEKTPOHMKE!) Takum 06pasom, OTKPbITUE MOAHOW €AMHOM TEOPUKU, MOXET ObiTb, HE ByaeT
cnocobCcTBOBaATb BbKMBAHUIO U AAXE HUKAK HE MOBAMSAET Ha TeUeHWe Halen XM3HU. Ho yxe Ha
3ape UMBUAU3ALIMK AOAM HE HPABUAUCb HEOOBACHUMbIE U HE CBSI3aHHbIE MeXAy cobon cobbITUSA,
M OHW CTPACTHO XEAAAM MOHATb TOT MOPSIAOK, KOTOPbIM A€XMUT B OCHOBE Hallero mupa. o cev AeHb
Mbl MeUYTaeM y3HaTb, MOYEMY Mbl 3AECb OKA3aAUCh U OTKyAa B3SIAUCh. CTpEMAEHME YUEAOBEYECTBA K
3HAHUIO ABASIETCS AAAl HACc AOCTATOYHbIM OnpaBAaHMEM, 4TOObI MPOAOAXATb MOWUCK. A Halua
KOHEYHas UeAb — HUKAK He MEHbLLIE, YeM NOAHOE onucaHne BceneHHOM, B KOTOPOW Mbl OOUTaEM.

2. [pocTpaHCcTBO U BpeEMS

Hawn coBpemMeHHblE MPEACTABAEHWA O 3aKOHAx ABWXEHMS TEA BOCXOAST K laAuaeto w
HbtoToHy. A0 HUX OblTOBana TOYKa 3peHUs APUCTOTEASl, KOTOPbIM CYMTaA, YTO E€CTECTBEHHbIM
COCTOSIHUEM AODOro Tena ABASETCS COCTOSIHME MOKOS M TEAO HAUMHAET ABUraTbCA TOABKO MOA
AEVCTBMEM CUABbI MAM MMMYAbca. OTCIOA@ CAEAOBAAO, UTO TSXKEAOE TEAO AOAKHO MapaTb bbicTpee,
yeM Aerkoe, MOTOMY YTO Ero CUAbHEE TAHET K 3eMAE.

CornacHoO apuCTOTeAEBCKOW TpaAMLMK, BCE 3aKOHbI, KOTOPbIE YNPaBAAOT BceAeHHOMN, MOXHO
BbIBECTW YNCTO YMO3PUTEABHO W HET HUKAKOM HEOBXOAMMOCTM NPOBEPATL MX Ha onbiTe. [1oaToMy A0
FaAMAESt HUKTO HE 3aAyMbIBAACS HAA TEM, AEMCTBUTEABHO AW TeAA Pa3HOro Beca NaaatoT C Pa3HbIMU
cKopocTAMU. FTOBOPSAT, UTo FAAMAEN AEMOHCTPUPOBAA AOXHOCTb y4eHUst ApUctoTenst, bpocasi Tena
pasHOro Beca C napatowen [lM3aHckoM 6awHW. 3TO HaBEpPHSKa BblAyMKa, HO [aAuaewn
AEVCTBUTEABHO AEAaA HEYTO NOAODHOE: OH CKaTbiBaA MO FAAAKOMY OTKOCY LLapbl pa3HOro Beca.
TakoW 3KCNEPUMMEHT aHaAOTMUYeH cOpacbiBaHUIO TSXEAbIX TeA € 6allHW, HO OH Mpouwe AAS
HabAOAEHWI, TaK KakK MeHbLle CKOPOCTU. M3MmepeHua ManmMaess nokasanm, UYTO CKOPOCTb BCAKOrO
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TeAa YBEAMUMBAETCH MO OAHOMY U TOMY X€ 3aKOHY He3aBUCMMO OT Beca Tena. Hanpumep, ecau
B3ATb LWap U MyCTUTb €ro BHW3 MO HAKAOHHOW MAOCKOCTU C YKAOHOM METP Ha KaXAble AECHATb
METPOB, TO, KaknM Obl TAXEAbIM HU ObIA AP, Er0 CKOPOCTb B KOHLLE MEPBOM CEKYHAbI BYAET OAMH
METP B CEKYHAY, B KOHLE BTOPOM CEKYHAbI — ABa MeTpa B CEKYHAY M T. A. KOHEUHO, CBMHL0Bas rmps
OyAeT Nnapatb 6bICTpeE, YEM NEPDILLIKO, HO TOABKO M3-3a TOTFO, YTO NEPO CUAbHEE 3aMEAASETCH CUAOM
COMPOTMBAEHUSI BO3AYXA, YeM rupsi. EcAM 6pocuTb ABa Teaa, COMPOTUBAEHME BO3AYXa AAA KOTOPbIX
HEBEAUKO, Hanpumep ABE CBWMHLIOBbIE TMPW Pa3HOro Beca, TO OHW ByAyT nNapaTb C OAMHAKOBOM
CKOPOCTbIO.

HblOTOH BbIBEA CBOM 3aKOHbI ABUXKEHUSA, UCXOAA U3 U3MEPEHUI, MPOBEAEHHbIX MaAnaeem. B
aKcnepumeHTax FaAMaes Ha TeAO, KaTALLeecs N0 HAKAOHHOW NMAOCKOCTH, BCEraa AEMCTBOBaAa OAHa
W Ta Xe CUAa (BEC TeAa) U B pe3yAbTaTe CKOPOCTb TeAa MOCTOAHHO Bo3pacTtana. OTCloAa CAeAO0BaNo,
4YTO B AEWUCTBUTEABHOCTU MPUAOXEHHAs K TEAy CUAQ M3MEHSET CKOPOCTb TeAa, a He MNpocTo
3aCTaBASET €r0 ABMIraTbCH, Kak AyMaAK paHblule. ITO eLle 03HaYaN0, YTO ECAM Ha TEAO HE AEUCTBYET
CUAa, OHO ByaeT ABUraTbCs MO MPSIMOM C MOCTOSAHHOM CKOPOCTbIO. Takytd MbICAb BNEPBbIE YETKO
BblCka3aA HblOTOH B cBOeW KHUre «Matematnyeckue Havaca», Bblweawen B 1687 r. ITOT 3aKOH
Tenepb HasbiBaeTcs [lepBbiM 3aKOHOM HbloTOHa. O TOM, UTO MPOUCXOAMUT C TEAOM, KOrAa na Hero
AEVCTBYET CUAQ, FOBOPUTCS BO BTopom 3akoHe HbtoToHa. OH raacuT, yto Teno ByaeT yCKopsiTbCS, T.
€. MEHATb CBOKO CKOPOCTb, NPONOPLUMOHAABHO BEAUUYUHE CUABIL. (ECAM, HAaNnpUMep, CMAa BO3pacTeT B
2 pasa, T0 U yCKOpeH1e B 2 pa3a yBEAUUUTCA). Kpome Toro, yCKOpeHWe TeM MeHbLUE, YeM BOAbLLE
Macca (T. €. KOAMYECTBO BeLLLECTBa) Tena. (AencTBys Ha TeAO BABOE BOAbLLEN MacChl, Ta Xe CuAa
CO3AaeT BABOE MeEHbLLEe yCKopeHue). Bcem XopoLo M3BECTHO, Kak 0OCTOUT AEAO C aBTOMOOUAEM:
4yem MOLLHeEe ABUraTenb, TeM BOAbLLE CO3AaBAEMOE UM YCKOPEHUE, HO YEM TXKEAEE aBTOMOOUAD,
TEM MEHbLUE YCKOPSIET €ro TOT Xe ABUraTeAb.

Kpome 3aKOHOB ABWXEHUA HbIOTOH OTKPbIA 3aKOH, KOTOPOMY NMOAYMHAETCH CUAA TATOTEHUS.
OTOT 3aKOH TaKOB: BCAKOE TEAO MPUTArMBaeT Atoboe Apyroe TenO C CUAOM, MPOMOPLUOHAABHOM
Maccam aTnx Ten. CAepoBaTEABHO, ECAU BABOE YBEAUYUTL MacCy OAHOIO U3 TeA (CKaXeM, Teaa A), To
M CUAQ, AEUCTBYIOLLAA MEXAY TeAaMU, TOXE YBEAMUUTCA B 2 pa3a. Mbl Tak cuMtaemMm MOoTOMy, 4TO
HOBOE Ten0 A MOXHO MPEACTaBUTb cebe COCTaBAEHHbIM M3 ABYX TEA, Macca KaXAOro M3 KOTOPbIX
paBHa NepBoOHauYaAbHOWM Macce. Kaxaoe U3 aTux Tea nputaruBano bbl Ten0 B ¢ cuAoW, paBHOM
nepBoHavyaAbHOM cune. CaepoBaTeENbHO, CyMMapHasa CuAa, AeUCTBYrOLLaa Mexay tenamu A un B,
6bina Obl BABOE OOAbLUE 3TOM MepPBOHAYaAbHOM CUAbL. A €CAM Obl OAHO M3 TEA MMEAO Maccy,
CKaxeM, BABOE, a BTOpoe - BTpoe 6oAblle nepBOHAYaAbHOM MacChbl, TO CUAA B3aUMOAENCTBMUSA
BO3pocAa bbl B 6 pas. Tenepb NOHATHO, NOYEMY BCE TEAA NMaAAOT C OAMHAKOBOW CKOPOCTLHO: TEAO C
YABOEHHbIM BECOM OYAET TAHYTb BHU3 YABOEHHAsA rpaBWMTALMOHHAs CMAQ, HO M Macca Tena Mpu
3TOM byAeT B 2 pasa 6oabLue. Mo Bropomy 3akoHy HbtoToHa 3Tn ABa addekTa KOMMNEHCUPYHOT APYT
Apyra, 1 yckopeHue byaeT BO BCEX CAyUYasix OAMHAKOBbIM.

3aKOH TAroTeHWss HblOTOHa rOBOPMT, UTO YEM AaAbLUE TeAa APYr OT Apyra, TEM MeHbLUE CUAa
nx B3auMmopaencTBus. COrnacHO 3TOMYy 3aKOHY, rpaBUTAUMOHHAA CUAA MNPUTSXKEHWUS 3BE3AbI
COCTaBASIET POBHO YETBEPTb CUAbI MPUTAXEHUS TaKOM Xe 3Be3Abl, HO HAxXOASLLENCA Ha BABOE
MEHbLUEM PACCTOAHUKU. 3aKOH HblOTOHA NO3BOASET C BOABLLOM TOUYHOCTLIO MPEACKa3aTb OpPOUThI
3eMAun, AyHbl 1 NAaHET. EcAM 6Gbl 3aKOH BCEMUPHOTO TArOTEHUS ObIA MHBIM M CMA@ FPABUTALMOHHOTIO
NPUTSXXEHMA YMEHbLLaAacb ObiCcTpee, YeM NO 3akoHy HbtoTOHa, TO OpbuTbl NAAHET ObiAM Obl He
3AAMMCaMK, a cnupanaMmu, cxopswmmuca k CoaHuy. Ecan xe rpaBuUTaUMOHHOE NPUTAXEHUE
ybbiBano Obl C paCcCTOAHMEM MEAAEHHEE, TO MPUTSXKEHMUE YAGAEHHbIX 3BE3A OKa3aA0Cb Obl CUAbHEE
NPUTKEHUS 3EMAN.

MpeacTaBAeHMA ApPUCTOTEAS] CYLLECTBEHHO OTAMYAAUCL OT NpPEACTaBAeHUMW [aamaes W
HbloTOHa TEeM, UTO APUCTOTEADL CUMTAA COCTOAHME NOKOS HEKUM NPEANOYTUTEABHBIM COCTOAHUEM, B
KOTOPOM BCErpa AOAKHO OKa3blBaTbCHl TEAO, €CAM Ha HEero He AEWCTBYeT CUAa WMAM MMMYABLC.
ApPUCTOTEAb, B YAaCTHOCTWU, CUMTAA, UYTO 3eMAS MOKOUTCA. M3 3akOHOB HbIOTOHA Xe CAeAyeT, 4To
€AMHOro 3TaAOHa NOKOSA HE CyLLEeCTBYeT. Bbl MOXeTe Ha paBHbIX OCHOBaHUSAX YTBEPXAATb, YTO TEAO
A HaxoAMTCA B NOKOE, a TEAO B ABMXETCA OTHOCUTEABHO TEAa A C MOCTOAHHOW CKOPOCTBIO UAM XE YTO
Teno B, HaobopoT, nokoutces, a Teno A ppmxetcs. Ecan, Hanpumep, 3abbiTb Ha BPEMSA O BPaLLEHWUU
Haller NAaHeTbl BOKPYr OCM U O ee ABWXEHUU BOKpPYr COAHLA, TO MOXHO CKa3aTb, UTO 3eMASA
MOKOMUTCSH, @ NOE3A HEeCeTCH Ha CEBEP CO CKOPOCTbIO AEBSIHOCTO KMAOMETPOB B YacC WMAMU XeE 4UTO
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noesA CTOUT Ha MeCTe, a 3eMASI NOA HUM yberaeT Ha tor co CKopocTbio 90 KMAOMETPOB B Yac. Ecan
6bl B 3TOM NOE3AE KTO-HUOYAb SKCNEPUMEHTUPOBAA C ABMXYLLLUMUCA TEAGMM, TO OKa3aA0Chb Obl, UTO
BCE 3aKOHbl HblOTOHA BbINOAHAKOTCA. Hanpumep, urpas B Noe3ae B HACTOAbHbIA TEHHWUC, Bbl
06HapYXMAK Bbl, UTO TPAEKTOPUSA LLAPMKA NOAUYNHAETCS 3akOoHaM HbiOTOHA, Kak eCAM Obl Bbl UTPaAU
Ha HEMOABWXHOM CTOAE, U Bbl HE MOTAM Obl CKa3aTb, YTO UMEHHO ABUXETCS — MOE3A AU 3EMAS.

OtcytctBME aBCOAKOTHOTO 3TaAOHA MOKOSi O3HA4yaeT, uUTO HEBO3MOXHO OMNpPeAeAuTb,
NPOU30LIAU AU HEKUE ABA COObITUSA B OAHOM M TOM Xe TOUKE NPOCTPAHCTBA, ECAU U3BECTHO, YTO OHU
UMEAU MECTO B pa3Hble MOMEHTbl BpeMeHu. [lycTb, Hanpumep, Hall TEHHWUCHbIA LapuK B
ABUXYLLEMCS NMOE3AE OTCKaAKMBAET OT CTOAA BEPTUKAALHO BBEPX WU, Najaa BHWU3, yAapsAeTca yepes
CEKYHAY O CTOA B TOM Xe Touke. TOMy, KTO CTOUT Y XXEAE3HOAOPOXXHOIO MOAOTHA, MOKA3aA0Ch Obl, UTO
TOYKU COMPUKOCHOBEHUA LUApMKa CO CTOAOM pPa3AEAEHbl PacCTOSSHUEM OKOAO COPOKa METPOB,
KOTOPOE NPOLLEA NOE3A 3a BPEMA MEXAY MOACKOKaMU. CAeAOBaATEAbHO, OTCYTCTBME abCOAKOTHOMO
COCTOSIHMA MNOKOSA 03HAYAET, UTO HUKAKOMY CODbITUIO HEAB3S MPUNUCAaTb aBCOAOTHOIO MOAOXKEHUSA B
NPOCTPAHCTBE, Kak 3TO MoAaran ApuctoteAb. NonoXeHUe cobbiTUIM B MPOCTPAHCTBE M PACCTOAHUSA
MEXAY HUMU AOAXKHbI ObiTb pa3HbIMKU AN HABAOAATEASA, EAYLLETO B MOE3AE, U AAA HaDAOAATEAS,
KOTOPbIA CTOUT PSAOM C MPOXOAALUMM MOE3A0M, WU HET HUKAKMX OCHOBAHWK cuMuTaTb, 4TO
MOAOXEHUS,, OUKCUPYEMbIE OAHMM U3 3TUX HabAopaTeEAEW, OOAee NPEeANnOUTUTEAbHbI, YEM
NMOAOXEHUSA, PUKCUPYEMDbBIE APYTUM.

HbloTOHa CMABHO HECNOKOUAO OTCYTCTBME aBCOAOTHOIO MOAOXEHMS B MPOCTPAHCTBE UAK, KaK
ero HasblBanM, abCOAOTHOIO MNPOCTPaAHCTBA, MOTOMY U4TO 3TO MNPOTUBOPEYMAO €ro UAee
abcontoTHOro bora. M oH dpakTMueckr oTkasancs NPUHSATb OTCYTCTBUME abBCOAKOTHOrO MPOCTPAHCTBA,
HECMOTPS Ha TO, UTO TAaKOE OTCYTCTBUE BbITEKAAO M3 3aKOHOB, OTKPbITbIX MM caMUM. MHOrmMe pe3ko
KPUTMKOBaAM HblOTOHa 3a ero uppauMoHaAbHOE YMOPCTBO, M B YACTHOCTU enuckon bepkan -
drnocod, CUMTABLUMM, YTO BCE MaTEpUaAbHble OOLEKTbI, @ TakKXe MPOCTPAHCTBO U BpeMs -
UAAO3MS. (Y3HAB O TakuX BO33PEHUAX BepkAn, 3HAMEHWUTbIM A-p AXOHCOH BOCKAMKHYA: «f
onpoBepratd 3T0 BOT Kak!» — U TaK CTYKHYA HOror no 6OAbLUOMY KaMHIO, YTO YyTb HE MOTEPSA
paBHOBECHKE).

N ApuctoTtenb, U HblOTOH BepuAM B abBCOAOTHOE BpeMs. MHbIMKU CAOBAMM, OHU CUMTAAMU, YTO
BPEMEHHOM MHTEPBAA MEXAY ABYMS COObITUSIMU MOXHO OAHO3HAYHO M3MEPUTb U UTO pPe3yAbTaT
6yAET OAMHAKOB HE3ABMCUMO OT TOT0, KTO MPOU3BOAUT M3MEPEHUS, AWLLb Obl Y U3MEPAOLLETO BbIAK
npaBuAbHblE 4Yacbl. Bpemsa ObIAO MOAHOCTbIO OTAEAEHO OT MPOCTPAHCTBA M CUMTAAOCb He
3aBUCALWMM OT Hero. TakoBa Bblna TOUKa 3peHMsT BOAbLLMHCTBA, TOYKA 3PEHUSA 3APABOro CMbICAQ.
Ho Ham NpULIAOCL M3MEHWUTb CBOM NPEACTABAEHUS O NPOCTPAHCTBE U BpeMeHU. MNpeacTaBAeHUS,
OCHOBAHHbIE Ha «3APABOM CMbICAE», OTHOCATCA K CPABHUTEABHO MEAAEHHBIM 06bekTaM (SOA0KO,
NAaHeTa), HO OHW OKa3blBalTCHA COBEPLUEHHO HEYMECTHbIMMU, KOrAa CKOPOCTU CTaHOBSATCA
OAM3KMMKU K CKOPOCTU CBETA.

To, UTO CBET PACNPOCTPAHAETCH C KOHEYHOM, XOTA U OUEHb BOALLLON CKOPOCTbIO, YCTAHOBMA B
1676 r. patckuit actpoHoM One XpucteHceH Pémep. OH 0BHapPYXMA, UTO MOMEHTbI MPOXOXAEHWUS
CnyTHUKOB KOnutepa 3a ero AMCKOM CAEAYHOT OAMH 3@ APYrMM HE Yepe3 paBHble MHTEPBAAbI, Kak
AOAKHO ObITb, €CAM CMYTHUKM Bpallatotca BOKpyr HOnuTepa ¢ NOCTOAHHOW CKOPOCTbO. [Mpu
BpaweHun 3eman n HOnutepa BOkpyr COAHUA paccTosiHUE MEeXAY STUMMKW ABYMS NMAAHETaMM
nameHseTca. PEmep 3aMeTuA, UTo 3aTMeHUA AyH Konutepa Tem 6oAbLLE 3ana3AblBatoT, YEM AaAbLLE
Mbl OT HEro HaxoaumMcs. OH 06bACHUA 3TO TEM, UTO CBET OT CMYTHUKOB MAET AO HAC AOAbLLE, KOTAA
Mbl HaxoaMmcs panblie. OpHako PEmep He ovyeHb TOUHO M3MEPSIA UBMEHEHUSI PacCTOSIHUS OT
3eman po HOnutepa, U MO3TOMY MOAYYEHHOE UM 3HAUYEHWE CKOPOCTU CBETa OKa3aAOCb PaBHbIM
140.000 muAb/C, TOrAa Kak coBpemMeHHoe 3HaueHue coctaBasieT 186.000 muab/c (1 MUAS =
1,609 kM. CoBpeMeHHOe 3Ha4YeHMe CKOPOCTU cBeTa paBHO 299.792.458 m/c. - NpuUM. nepes..).
Tem He MeHee AOCTUXeHMe Pémepa Obin0 BblpatoLMMCHA, MOO OH HE TOAbKO AOKa3aA, UTo CBET
pacrnpoCcTpaHAeTCs C KOHEYHOW CKOPOCTbIO, HO U UBMEPUA €€, NPUUYEM BCE 3TO 3@ OAMHHAALATb AeT
AO BbIXOAA@ B CBET KHUIM HblOTOHA «MaTemaTtnyeckme Havanar.

Hactoawen Teopum pacnpoCcTpaHEeHUss CBETa He CylwecTtBoBano A0 1865 r., Koraa
AHIAMUCKUI dU3nK Axernme Knapk MakeBean cymen 06beAUHUTb ABE YaCTHbIE TEOPUM, C MOMOLLIbHO
KOTOPbIX TOFA@ ONUCbIBAAU INEKTPUYECKME U MArHUTHbIE CUABI. COrAaCHO ypaBHEHUAM MaKCBEAAa,
B 9AEKTPOMArHMTHOM MOAE, COCTAaBAEHHOM M3 ABYX MOAEW, MOTYT CyLLECTBOBaTb BOAHOMNOAOOHbIE
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BO3MYLLIEHWS, KOTOPbIE PACNPOCTPAHAIOTCH C NOCTOSSHHOW CKOPOCTbIO, KaK BOAHbI HA NOBEPXHOCTH
npyaa. ECAM AAMHA BOAHBI (T. €. pacCTosiHMe MexAy rpebHAMKM ABYX COCEAHWX BOAH) COCTaBAAET
METP UAM OOAbLLIE, TO Mbl UMEEM AEAO C PAAMOBOAHAMMU. Bbonee KOPOTKME BOAHbI Ha3biBaOTCA
BOAHAMU CBEPXBbICOKOUYACTOTHOIO AMana3oHa (ECAM UX AAMHA — NOPSIAKA CAaHTUMETPa) U BOAHAMM
MHPpPaKpacHOro AManasoHa (A0 AECATU TbICAYHbIX cCaHTUMeTpa). AAMHA BOAHbI BUAMMOIO CBETa
COCTaBASIET BCENO AULLb COPOK-BOCEMBAECAT MUAAMOHHbBIX AOAEN CaHTUMETPA. ELlle Kopoue BOAHDI
YAbTPA®MOANETOBOIO, PEHTTEHOBCKOIO U raMMa-U3AYYEHUMN.

Teopua MaKkcBeAra NMpeACKasbiBana, UTO PAAMOBOAHbBI M CBET AOAXHbI PacrnpoCTPaHATbCA C
HEKOTOPOW (UKCMPOBAHHOW CKOPOCTblD. HO NOCKOAbKY Teopua HbHOTOHA MOKOHYMAA C
npeacTtaBAeHUMEM 06 abCOAOTHOM MoOkoe, Tenepb, roBOpPsi 0 GUKCMPOBAHHOM CKOPOCTU CBETA,
HY)XHO ObINO YKa3aTb, OTHOCUTEABHO Yero M3MepsieTcsa ata GUKCUPOBAHHAA CKOPOCTb. B ¢BA3M ¢
3TUM ObIAO MOCTYAMPOBAHO CYLLLECTBOBAHME HEKOW CybCTaHUMW, Ha3BaHHOM «3GUPOM», KOTOPOM
HaMOAHEHO BCe, AAXe «MyCToe» NPOCTPaHCTBO. CBETOBbIE BOAHbI PACMPOCTPAHSAOTCA B adUpe Tak
Xe, KaK 3ByKOBbl€ B BO3AYXE, U, CAEAOBATEABHO, UX CKOPOCTb — 3TO CKOPOCTb OTHOCUTEABHO adupa.
Habatopatenn, ¢ pasHbIMU CKOPOCTAMMU ABUXYLUMECH OTHOCUTEABHO 3dUpa, AONKHbBI BUAETb, UTO
CBET MAET K HUM C pa3HOM CKOPOCTbIO, HO CKOPOCTb CBETA OTHOCUTEABHO 3dMpPa AOAKHA OCTaBaTbCS
NpW 3TOM HEU3MEHHOW. B 4aCTHOCTM, KOAb CKOPO 3eMASl ABUXETCA B apupe no cBoen opbute
BOKpyr CoAHLA, CKOPOCTb CBETA, UIBMEPEHHAA B HAnpaBAEHUU ABMXEHUS 3eMAK (NPU ABUXKEHWUN B
CTOPOHY UCTOUYHMKA CBETa), AOAKHA NPEBbILLIATL CKOPOCTb CBETA, MUBMEPEHHYIO NOA NPSAMbIM YTAOM
K HanpaBAEHUIO ABWXEHUSI (T. €. KOrA@ Mbl HE ABUXEMCA K WUCTOUHUKY). B 1887 r. Aabbept
ManKkeAbCOH (BMOCAEACTBUM CTaBLUMK MNEPBbIM aMeEpPUKaHLEM, YAOCTOEHHbIM HobeneBckown
npemMunn no d¢manke) u IaBapa Mopan noctaBUAKM B KAMBAEHACKOM LLIKOAE MPUKAAAHBIX HAYK OUYEHb
TOYHbIV 3KCNEPUMEHT. MankeAbCcoH U MOpPAK CpaBHUBAAU 3HAUEHUE CKOPOCTU CBETA, U3MEPEHHOM
B HanpaBAEHWW ABUXEHUA 3eMAM, C €€ 3HauyeHWeM, U3MEPEHHbIM B MNEepPrneHAUKYASPHOM
HanpaBAeHWW. K CBOEMY OFpOMHOMY YAMBAEHWIO, OHW OOHapyXWAM, uto 06a 3HauyeHus
COBEpPLIEHHO OANMHAKOBBLI!

C 1887 no 1905 r. 6bIA cAEAaH PAA NOMNbITOK (HAMBOAEE U3BECTHANA M3 KOTOPbIX MPUHAANEXUT
AQTCKOMY GU3NKY XEHAPUKY \OPEHLY) OOBSCHUTL Pe3yAbTaT akcnepumeHTta MavikenbcoHa u Mopan
TEM, UTO BCE ABWMXYLLMECS B aPUpPe 0ObEKTbI COKpaLLAIOTCA B pa3mepax, a BCe Yacbl 3aMEANSOT
cBOM x0A. Ho B 1905 r. HUKOMY AOCEAE HE U3BECTHbIN CAyXaLLmi LLIBeMuapckoro nateHTHOro 61opo
No UMeHU AAbBEPT INHLLITENH OMYyOAMKOBAA CTaBLUYIO NOTOM 3HAMEHUTON paboTy, B KOTOPOKH BbIAO
NOKa3aHO, YTO HUKAKOro apupa He HYXHO, ECAM OTKa3aTbCA OT MOHATUA abBCOAOTHOrO BPEMEHM.
Uepe3 HECKOAbKO HEAEAb Ty Xe TOUKy 3PEHMUS BbICKA3aA OAMH W3 BEAYLUMX GpaHLy3CKUX
MaTemaTukoB AHpK MyaHKape. ApryMeHTbl, BbIABUHYTbIE QNHLUTEMHOM, ObiAM OAMXKE K GU3UKE, YEM
aprymeHTbl [lyaHkape, KOTOPbIA NOAOLLEA K 3TOM 3apayve Kak K matemaTtnyeckon. 06 SnHwTenHe
006bIYHO FOBOPAT Kak O co3paTENE HOBOW TEOPUM, HO U UMS lNyaHkape CBS3bIBalOT C pa3paboTkom
Ba)XHOW €€ yacTu.

dyHAAMEHTAAbHbIM MOCTyAAT 3TOM TEOPUW OTHOCUTEAbHOCTWU, KaK CTaAW Ha3biBaTb HOBYHO
TEOPUID, COCTOSAA B TOM, YTO 3aKOHbl HAyKM AOAXKHbI OblTb OAMHAKOBbLIMW AASI BCEX CBODOOAHO
ABUXYLLIMXCS HabAtOAATEAEN HE3ABMCUMO OT CKOPOCTM WX ABWMXEHMSA. ITOT NOCTyAaT ObIA
CMpPaBEAAMB ANl 3aKOHOB ABMXEHMA HblOTOHA, HO Tenepb OH ObIA PACNPOCTPAHEH HA TEOPUIO
MakcBeAAa U Ha CKOPOCTb CBETa; CKOPOCTb CBETA, U3MEPEHHAs AOObIMU HabAOAGTEAAMM, AOAKHA
ObITb OAMHAKOBA HE3ABUCKMMO OT TOFO, C KAKOM CKOPOCTbIO ABMXYTCA camMu HabatoaaTean. U3 atoro
NPOCTOro NPMHUMNA BbITEKAET PSAA 3aMeyaTeAbHbIX CAEACTBUI. Camble U3BECTHbIE U3 HUX - 3TO,
HaBEpPHOE, 3KBUMBAAEHTHOCTb MAacCCbl U 3HEPrvu, HalleAllass CBOE BblpaXeHne B 3HaMEHMWTOM
ypaBHEHUU AnHLWTENHa E=mc2 (rae E - aHeprua, m - macca, a ¢ — CKOpPOCTb CBETA), U 3aKOH,
COTMAaCHO KOTOPOMY HMYTO HE MOXET ABUraTbCsl BbiCcTpee cBeTa. B CMAY SKBUBAAEHTHOCTM MaccChl U
SHEPrUN 3HEPrusa, KOTOPOn obAapaeT ABMXYLLMICA OOBLEKT, AOAKHA Tenepb A0BaBAATLCS K €ro
mMacce. Apyrumu cAoBamMu, YemMm BOAbLLIE IHEPTUA, TEM TPYAHEE YBEAMUUTb CKOPOCTb. [paBaa, aToT
30 dEKT CyLLECTBEHEH AMLLIb MPU CKOPOCTAX, BAM3KMX K CKOPOCTU cBeTa. Ecamn, Hanpumep, CKOpPOCTb
KaKoro-HMbyab obbekta coctaBaseT 10% CKOpPOCTM CBeTa, TO ero macca Aulb Ha 0,5% 6onblue
HOPMaAbHOW, TOTAQ Kak MpW CKOPOCTW, paBHOM 90% cKopoCTM CBeTa, Macca yxe B 2 pasa
npeBblWaeT HOpMaAbHyt0. 10 Mepe Toro kak CKopoCTb 0O6bEKTa NPUBAMXKAETCA K CKOPOCTU CBETA,
Macca pacTeT Bce ObICTpee, Tak UYTo AA AAAbHEWNLLIETO YCKOPEHUA TpebyeTca Bce HoabLLe U BoabLLe
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aHeprnu. Ha camMom Aene CKOPOCTb 0ObEKTA HUKOTAA HE MOXET AOCTUUb CKOPOCTU CBEeTa, Tak Kak
TOrAQ €ero Macca crana 6bl 6ECKOHEUHO BOAbLLION, a MOCKOAbKY MacCa 3KBUBAAEHTHA HEPTUU, AAA
AOCTUXEHMA TakoW CKopocTH notpeboBanach Hbl 6eckoHeuHo 6oAbLLas aHeprus. Taknum obpasom,
AOOOW HOPMaAbHbI OObEKT B CUAY MPUHLIMNE OTHOCMTEABHOCTU HaBceraa obpeyeH ABUraThbcsa CO
CKOPOCTbIO, HE MPEeBbILLaOLEN CKOPOCTU CBETA. TOAbKO CBET U APYrMe BOAHbI, HE 0OAaAatoLLmne
«cOHCTBEHHOM» MACCOM, MOTYT ABUraTbCsi CO CKOPOCTbIO CBETA.

Apyroe 3ameyaTenbHOe CAEACTBME W3 MOCTyAaTa OTHOCUTEABHOCTU — PEBOAIOLMS B HaLLMX
NMPEACTAaBAEHUAX O MPOCTPAHCTBE M BpemMeHu. Mo Teopur HbHOTOHA, €CAM CBETOBOM WMMMYALC
MOCAGH W3 OAHOM TOUKM B APYIyl0, TO BPEMSA €ro MPOXOXAEHMA, U3MEPEHHOE PasHbIMU
HabAtopAaTEAAMM, OYAET OAMHAKOBbLIM (MOCKOABKY BpemMsa abCOAOTHO), MO MPOWAEHHbIA UM MyTb
MOXET OKas3aTbCA Pas3HbiM Yy pasHbiX HabAopaTeAel (Tak Kak MPOCTPAHCTBO HE SBAAETCS
abCOALOTHBIM). M MOCKOAbKY CKOPOCTb CBETA €CTb MPOMAEHHOE CBETOM PacCToAHWUEe, AEAEHHOE Ha
BpeMs, pasHble HabaopaTeAr ByAyT NOAYyUYaTb Pa3Hble CKOPOCTM CBETa. B TEOPUM OTHOCUTEABHOCTH
X€e BCe HabAoAATEAU AOAXHbBI BbITb COFAACHbI B TOM, C KAKOW CKOPOCTbIO PacnpoCTpaHAeTcs CBeT.
M KOAb CKOPO Y HUX HET COTAGCHA B BOMPOCE O PACCTOAHWUM, MPOMAEHHOM CBETOM, Y HUX HE AOAXKHO
OblTb COrAACUA U B TOM, CKOAbKO BPEMEHW LLEA CBET. (Bpemsa NpoxoXAEHUA — 3TO MPOMAEHHOE
CBETOM pPAacCTOSIHUE, OTHOCWUTEAbHO KOTOPOrO HET COoraacus y HabAlopaTeAnel, AEAeHHOe Ha
CKOPOCTb CBETA, OTHOCMTEABHO KOTOPOM BCE COTAACHbI). MHBIMU CAOBaMMU, TEOPUA OTHOCUTEABHOCTU
MOKOHUMAG C MOHATUEM aOCOAIOTHOIO BpemMeHKu! OKasanoCh, UTO Y KaXAOro HabAoAATEAS AOAXKEH
6biTb CBOW MacluTab BPEeMeHW, U3MEPSAEMOro C MOMOLLBbIO MMEIOLUMXCA Y HEro 4acoB, WU 4TO
NMoKasaHWA OAMHAKOBbIX YacOB, HAXOAALMXCA Y pasHbiX HabAopaTenel, He o06a3aTenbHO
COrAACYIOTCS.
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Pacemoamie do melsodamean Puc. 2.1

Bcsiknuin HabAropaTEAb MOXET OMPEAEAUTb, TAE U KOTAA MPOM3OLIAO Kakoe-HUbyab cobbITUE,
METOAOM PaAMOAOKaLMK, MOCAAB CBETOBOM MMMYAbC WMAM WMMMYAbC PaAMOM3AYYeHMs. YacTb
MOCAQHHOIO CMrHaAa B KOHLE MyTW OTpasuTCs Hasap, M HabaopaTeAb M3MEPUT BPpeMA Bo3BpaTa
9X0-cUrHana. BpemeHem cobbiTns ByaeT cepearMHa MHTepBana MEXAY MOCbIAKOM CUIHaAa M ero
BO3BpALLEHMEM: pPaACCTOAHME A0 COObITUS pPaBHO MOAOBMHE BPEMEHM, 3aTPAUYEHHOrO0 Ha
NPOXOXAEHWE Typaa M 0OpaTHO, YMHOXEHHOM Ha CkopocTb cBeTa. ([loa cobbiTieM 3Aecb
MOHUMAETCA HEeYTOo, MPOUCXOAALLEE B OMNPEAEAEHHOM TOYKE MNPOCTPAHCTBA B OMNPEAEAEHHbIN
MOMEHT BpeMeHM). Bce ckazaHHOEe MNOSICHAETCA NPOCTPaHCTBEHHO-BPEMEHHOW AMArpamMmmon,
NPeACTaBAEHHOM Ha puc. 2.1. lNpu MU3AOXEHHOM METoAe HabAopaTeAu, nepemMellaroLmecs
OTHOCUTEABHO APYT Apyra, NPUIMLIYT OAHOMY M TOMY Xe COObITUIO pa3HOe BPEMS U MOAOXEHME B
npocTpaHcTBe. HM OAHO M3 U3MEPEHWI, MPOU3BEAEHHbLIX Pa3HbIMU HabAOAQTEASIMM, HE OyaeT
NpaBUAbBHEE APYIMX, HO BCE OHM ByAyT CBSAI3aHbl MeXAy cobon. Kaxabl HabAoAaTEAb MOXET TOUHO
BbIYMCAWTb, KAKOE BPEMS U KaKoe NMOAOXEHME B MPOCTPAHCTBE NPUNMLLET COOLITUIO AHOOOWN APYroM
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HabAtOAaTEAb, ECAM U3BECTHA CKOPOCTb BTOPOro HabAKOAATEAS OTHOCUTEABHO NEPBOTO.

AAS TOYHOTO ONPEAEAEHUS PACCTOSTHUIK cernyac NOAb3YOTCA UMEHHO TakKMM METOAOM, MOTOMY
4TO BPEMS Mbl YMEEM U3MEPSATb TOUHEE, YEM AAMHY. AaXe METP ONpPeAensieTca Kak paccTosHue,
KOTOpoe CBET NpoxoAuT 3a Bpema 0,000000003335640952 cekyHAbl, UIBMEPEHHOE NPXU MOMOLLN
ue3neBblx YyacoB. (CamO 3TO UMCAO COOTBETCTBYET MCTOPUUECKOMY OMPEAEAEHUI0 MeTpa Kak
PaCCTOAHUA MEXAY ABYMSI OTMETKaMW Ha ChneuuMarbHOM NAATUHOBOM CTEPXHE, XpaHsWwemcs B
Mapuxe). Mbl MOXeM MoAb30BaTbcsl U 6oaee ypOOHOM HOBOM €AMHULEW AAMHBI, KOTOpas
Ha3blBaeTCsi CBETOBOWM CEKYHAOW. ITO MPOCTO pPacCTOsiHUE, KOTOPOEe CBET MPOXOAWUT 3@ OAHY
CEKYHAY. B Teopun OTHOCUTEABHOCTU PaCCTOSIHUE TEMepb OMNPEAEAEHO Yepe3 BPEMS U CKOPOCTb
CBEeTa, OTKyA@ aBTOMAaTMUYECKM CAEAYET, UTO, M3MEPSIA CKOPOCTb CBETA, KaXAblM HabAoAaTEAb
MOAYUYMT OAMH M TOT Xe pe3yabtat (no onpepeneHnto 1 metrp 3a 0,000000003335640952
CEKyHAbI). Tenepb He HYXHO BBOAWUTb 3UP, NPUCYTCTBUE KOTOPOro, KCTaTW, Kak nokasaA onbIT
MavikeAnbcoHa-MopAK, U HEBO3MOXHO 0B6HapYyxMTb. OAHAKO TEOPMA OTHOCUTEABHOCTU BbIHYXAAQET
Hac K dyHAAMEHTaAbHOW CMEHE NPEACTaBAEHWK O MPOCTPaHCTBE M BPeMeEHU. Ham npuxoautcs
NPUHATb, YTO BPEMSA HE OTAEAEHO MOAHOCTbIO OT MPOCTPAHCTBA U HE HE3aBUCUMO OT HEro, HO
BMeECTe C HUM 06pa3yeT eAMHbIN 0ObEKT, KOTOPbIM Ha3biBAeTCS NPOCTPAHCTBOM-BPEMEHEM.

N3 noBCeAHEBHOrO OMblTa Mbl 3HAEM, UYTO MOAOXEHUE TOUKM B MPOCTPAHCTBE MOXHO 3aAaTb
TPEMS YNCAAMU - ee KoopaMHataMmu. MOXHO, HanpumMmep, ckaldaTb, UTO HEKAs TOYKa B KOMHaTe
HaXxOAMTCA B ABYX MeTpax OT OAHOM CTEHbl, B METpe - OT APYrol U B MOAyTOpa MeTpax OT noAa. A
MOXHO TakxXe 3apaTb €€ NOAOXEHUE, yKal3aB LUMPOTY, AOATOTY U BbICOTY HaA yPOBHEM Mops. Bbl
MOXETe MOAb30BaTbCS AObIMU TPEMS MOAXOASLLMMU KOOPAMHATAMM, XOTA OHW BCErAa MMET
AVLUb OFPaHUYEHHYrO 0B6AaCTb MPUMEHMMOCTU. HUKTO He CTaHeT, 3apaBas MOAOXEHWE /yHbl,
yKa3blBaTb PacCTOAHWE B KUAOMETPAxX Ha CeBep U Ha 3anaa OT nAowaaur MUKaAUAAK U BbICOTY HaA
YypOBHEM MOpS. BmecTo 3T0ro MoXHo yka3aTb pacctosiHne Ao CoAHLa, pacCTOAHUE AO MAOCKOCTH, B
KOTOPOW AexXaT OpOUTbI NAAHET, 1 YTOA MEXAY NPAMOK, coeAnHsoLLEen AyHY ¢ COAHLIEM, U NPSMON,
coepmHstoLLer ConHue ¢ Kakon-HMbyab BAM3KOM 3BE3A0M, CKaxeM, ¢ anbdor LieHTaBpa. MNpasaa, v
3T KOOPAMHATbl BPSA AWM MOAXOASAT AASI 3apaHMA NoAoXeHust COAHUa B Hawen anakTuke WAK
MOAOXEHUSI Hawen [anaKTUKU CPEeAM OKPYXaloWMX Hac APYrMx ranaktuk. HO MOXHO BCHO
BceneHHyo pa3butb Ha NEPEKPbIBAIOLLMECA «KYCKU» U AN KAXXAOTO «KyCKa» BBECTM CBOO CUCTEMY
KOOPAMHAT, YTOObl 3apAaBaTb B HEM MOAOXEHWE TOUKM.

CobbiTve - 3TO HEeUTO, MPOMCXOASILLEE B OMPEAEAEHHOM TOUKE MPOCTPAHCTBA U B
onpeAeNeHHbIM MOMEHT BpeMeHU. CAep0BaTEAbHO, COBbITUE MOXHO XapaKTepu3oBaTb YETbIPbMS
ynucAamMu, MAM KoopAMHaTamu. Bblbop KoopaMHaAT OyAeT onATb MPOM3BOAbHLIM: MOXHO B3fTb
AOOble  TPU UYETKO OMPEAEAEHHbIE KOOPAMHATBI U AOYHO Mepy BpemMeHu. B Teopuu
OTHOCUTEABHOCTM HET PEeaAbHOro pPasAvuMa  MeXAYy MNPOCTPAHCTBEHHBIMU W BPEMEHHbIMU
KOOPAMHATaMM, Kak HET pasAnuMa MexAy ABYMS AOObIMW NPOCTPAHCTBEHHbLIMU KOOPAMHATAMM.
MOXHO NEPENTU K HOBOW CUCTEME KOOPAWHAT, B KOTOPOW, CKaXXeM, nepBas MPOCTPaHCTBEHHASA
KoopaMHaTa OyaeT kKoMOWHauMen nepBOM M BTOPOM CTapblX MPOCTPAHCTBEHHbIX KOOPAMHAT.
Hanpumep, BmecTo Toro utobbl 3apaBaTb NOAOXKEHWE TOUKM HA MOBEPXHOCTU 3eMAMU, U3MEPSAA B
KUAOMETPAX PacCTOAHUE AO HEE K CEBEPY M K 3anapy OT NAoWwaAn MNMUKaAUAAKM, MOXHO ObIAO Obl
OTKAQAbIBaTb PacCTOSTHUE OT TOW Xe NAoLaar NMUKaAnAAK, HO K CEBEPO-BOCTOKY U K CEBEPO-3anaay.
AHanorMyHbiM 06pa3omM B TEOPUU OTHOCUTEABHOCTM MOXHO BBECTM HOBYHO BPEMEHHYHO
KOOPAMHATY, KoTopasa Obina Obl paBHa CyMME CTaporo BPEMEHW (M3MEPEHHOrO B CEKYHAAX) W
paccTosiHUA (B CBETOBbIX CEKYHAAX) K ceBepY OT [MTMKaAUAAK.
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Puc.2.2 Paecmonsue om Comvyn 1000000000000 sems

YeTbipe KOOPAMHATbl KaKoro-AMbo cobbiTUA MOXHO paccMaTpuMBaTb Kak KOOPAMHATHI,
ONpeAensitoLME MOAOXEHME 3ITOr0 COObITUA B YETbIPEXMEPHOM MPOCTPAHCTBE, KOTOpOEe
Ha3bIBAETCA MNPOCTPAHCTBOM-BPEMEHEM. UYETbIPEXMEPHOE MNPOCTPAHCTBO MNpPEACTaBUTb cebe
HEBO3MOXHO. AMUYHO S C TPYAOM NPEACTABASAIO cebe paxe TpexmepHoe NpocTpaHcTBo! Ho HETPyAHO
n3obpaxarb rpaduyeckn ABYMEPHbIE MNPOCTPAHCTBA, HaNpPUMep, MNOBEPXHOCTb 3EeMAM.
(MoBepxXHOCTb 3eMAM ABYMEPHA, MOTOMY UYTO MOAOXEHWE AOOOW TOUKM MOXHO 3apaTb ABYMS
KOOPAMHATAMM - LUMPOTOM M AOAroTOM). Ha aAmarpammax, KOTopbiMM A Oyay, Kak MpaBWAO,
NOAb30BaTbCA, OCb BPEMEHM HanpaBAEHA BBEPX, a OAHA W3 MNPOCTPAHCTBEHHbIX OCEWN
ropu3oHTaAbHa. ABa APYrMx NMPOCTPAHCTBEHHbIX U3MepPeHUsT AMBO ByayT OTCyTCTBOBaTb, AMBO Xe
OAHO U3 HUX A Byay MHOrAG M30b6paxaTb B nepcrnektuse. (Takne aAarpaMmebl, Kak AMarpaMmma puc.
2.1, Ha3bIBAOTCA MPOCTPAHCTBEHHO-BPEMEHHbBIMKU AMarpammamu). Hanpumep, Ha puc. 2.2 0oCb
BPEMEHU HanpaBAEHa BBEPX M OTCUET HA HEW BEAETCA B roAax, a pacctosiHne ot CoAHLa A0 3BE3AbI
anbda LleHTaBpa OTAOXEHO NO rOPU3OHTAABHOM OCU U U3MeEPSAETCH B MUASIX. TpaekTopmun ConHLa U
anbobl LieHTaBpa, BO3HMKaOLWME NPU UX NEpEMELLEHUN B NPOCTPAHCTBE-BPEMEHU, NOKa3aHbl Ha
AMarpamMme BepTUKaAbHbIMU AMHUSIMU: NEpBasi - CAeBa, a BTopas - cnpaBa. /\yd ceBeTa oT ConHua
pacnpocTpaHSaeTcs No AMaroHaAn, M oH AOXOAMUT OT CoAHLa A0 anbdbl LieHTaBpa 3a YeTbipe roaa.

Horwam
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L - - TR ROCEMUE NTMKE Puc 23

Mbl BuMAEAM, UTO ypaBHEHUA MakcBeAna MPEACKA3bIBAOT MOCTOAHCTBO CKOPOCTU CBETa
HEe3aBMCMMO OT CKOPOCTM WCTOYHMKA U 3TU MNpPEACKas3aHUA MOATBEPXKAAKTCA TOYHbIMMU
namepeHuamun. OTCIoAa@ CAEAYEeT, UTO CBETOBOM WMMMYAbC, MCMYLLEHHbIM B HEKOTOPbIM MOMEHT
BPEMEHM M3 HEKOTOPOW TOYKM NMPOCTPAHCTBA, C TEYEHUEM BPEMEHU ByAET PacnpoCTPaHSATLCS BO
BCE CTOPOHbI, NpeBpallascb B CBETOBYHO chepy, pa3mepbl U NOAOXKEHWE KOTOPOW 3aBUCAT OT
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CKOPOCTU UCTOYHMKA. Yepes3 0AHY MUAAMOHHYHO AOAKD CEKYHAbI CBET obpasyeT coepy paamycom 300
METPOB; Yepe3 ABE MUAAMOHHbIE AOAU CEKYHADBI paanyc chepbl yBeanuntcs Ao 600 MeTpoB U T. A.
KaptmHa 6yAaeT HanomMuHaTb BOAHblI Na BOAE, PACXOAALIMECH MO MOBEPXHOCTM Mpyaa OT
OPOLLUEHHOrO KaMHSl. AT BOAHbI PACXOAATCH, KaK KPyr, paclUMpsoLWMKCa co BpeMeHeM. Ecan
NPEeACTaBUTb cebe TPEXMEPHYHO MOAEAb, ABa UBMEPEHMST KOTOPOW Ha MOBEPXHOCTM NPYAA, @ OAHO -
OCb BPEMEHW, TO B TAKOW MOAEAU PACXOAALLMICSA MO BOAE Kpyr OYAET «CAEAOM» KOHyca C
BEPLLUMHOW, HAXOAMBLUENCS B MOMEHT MAAEHMA KaMHSA B TOW TOYKE Ha MOBEPXHOCTU MNpyaAa, B
KOTOPOM KaMeHb KOCHYACH BOAbl (puc. 2.3). TOYHO TaK Xe CBET, PacnpOoCTPaHASACb U3 HEKOEro
COObITUA B YETbIPEXMEPHOM MPOCTPAHCTBE-BPEMEHU, 06pPA3yET B HEM TPEXMEPHbLIN KOHYC. ITOT
KOHYC Ha3blBaeTCsi CBETOBbIM KOHYCOM OyAyLLEro AAA A@HHOrO cobbiThA. MOXHO HapucoBaTb U
APYrOM KOHYC, KOTOPbIM Ha3blBAaeTCs CBETOBbIM KOHYCOM MPOLLAOIO U NPEACTaBASET MHOXECTBO
COObITUI, U3 KOTOPbIX CBETOBOM MMMYAbC MOXET MOMAacTb B TOYKY, COOTBETCTBYHOLLYHO AAHHOMY
cobbITUiO (puc. 2.4).

d o

(T e

Pue. 2.4 Prc 25

CBEeTOBbIE KOHYCbI MPOLLAOTO 1 BYAYLLIErO AN AQHHOTO COObITUA P AEAAT MPOCTPAHCTBO-BPEMS
Ha Tpu obaactu (puc. 2.5). ABCoAOTHOE Byayllee AQHHOTO COBbITUA — 3TO 06AACTb, 3aKAKOYEHHASA
BHYTPU CBETOBOIr0 KOHyca byayuiero cobbitnsa P. 9T0O COBOKYNHOCTb BCEX COObITUIM, HA KOTOPbIE B
NPUHLUMMNE MOXET MOBAUATb TO, UTO MPOUCXOAMT B Touke P. CobbITvA, AeXalluMe BHE CBETOBOrO
KOHyca cobbITMA P, HEAOCTUXUMbI ANl CUTHAAOB, MAYLUMX M3 TOUKM P, TaK Kak HUYTO HE MOXET
ABUraTbca bbicTpee cBeTa. CAepAOBaTEABHO, HA HUX HUKAK HE CKa3blBaeTCA NPOMCXOAALLEE B TOUKE
P. A6CcoAOTHOE NpoLWAOEe COObITUE P A€XWUT BHYTPU CBETOBOIO KOHYCa MPOLLAOro. 3T0 MHOXECTBO
BCEX COObITUIM, CUTHAALI OT KOTOPbIX, PACNPOCTPAHAKLLMECA CO CKOPOCTbIO CBETA UAU C MEHbLLIEN
CKOPOCTbIO, MOTYT NonacTb B TOUKy P. Taknm 06pa3om, B KOHYCE NPOLLAOTO AEXMUT MHOXECTBO BCEX
COObITUI, KOTOPbIE MOTYT BAUATb Ha COObITUE B TOUKe P. 3Has, UTO NPOUCXOAUT B KAKOW-TO MOMEHT
BPEMEHM BCHOAY B TOM 06AACTM NPOCTPAHCTBA, KOTOPAs OrpaHMUYeHa CBETOBbIM KOHYCOM MPOLLAOTO
cobbITns P, MOXHO NpeAcKasaTb, UTO AOAKHO MPOU30UTU B camMor Touke P. ObAacTb NPOCTPaHCTBa,
He AeXalllyt BHYTPW CBETOBbIX KOHYCOB MPOLLAOro M Byayuiero, Mbl ByAeM HasbiBaTb BHELLHEMN.
CobbITHA, NpUHAAAEXALLME BHELLHEN 0OAACTU, HE MOTYT HU CaMK BAUATb Ha COObITUA B TOUKE P, HU
0Ka3aTbCA MOA BAMAHUMEM MPOUCXOASLLMX B P cobbitnin. EcAn, Hanpumep, CoaHLEe npsAMO ceryac
BAPYI NepecTaHeT CBETUTb, TO B HACTOALLMIA MOMEHT 3TO HUKAK HE MOBAUSIET HA 3E€MHYHO XU3Hb, Tak
Kak Mbl Bce elle byaeM HaxoAUTbCA B 0OAACTW, BHELUHEW HO OTHOLUEHMIO K TOM TOUKE, B KOTOPOM
CoAHLIe NOTYXAO (puc. 2.6), a y3HaeM 0060 BCEM AWLLb YEPE3 BOCEMb MUHYT — BPEMS, 3@ KOTOPOE
ceeT oT ConHua pocTuraeT 3eMAn. TOAbKO TOrAa MPOMCXOASiLME Ha 3emMae cobbiTMa MonapyT B
CBETOBOM KOHYyC OyAylUero Tor TOYkW, B KOTOpon CoAHLE NOTyxAo. o TOM Xe MpUUMHE Mbl He
3HaeM, YTO B AQHHbIM MOMEHT MPOUCXOAUT AQAEKO BO BCEAEHHON: AOLLIEALLIMIA AO HAC CBET AAAEKMX
ranakTuK ObIA UCMYLLEH MUAAMOH AET Ha3aA, a CBET OT CaMOro AAAeKOro HabAaropaemMoro obbekTa
LIEeA K HaM 8 TbICAY MUAAMOHOB AET. ATO 3HAUMT, UTO, BCMATPMBAsCb BO BCEAEHHYIO, Mbl BUAUM €€
B MPOLLAOM.
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Puc. 2.6

EcAn npeHebpeyub rpaBUTaLMOHHBIMU 3ddeKTaMu, kak 310 caenanr B 1905 r. QWHLWITENH U
MyaHkape, TO Mbl MNPUAEM K TakK Ha3blBaeMOM CMeuMarbHOW (MAM  YaCTHOW) Teopwuu
OTHOCUTEABHOCTU. AAA KaXAOro COObITUS B MNPOCTPAHCTBE-BPEMEHU Mbl MOXEM MOCTPOUTb
CBETOBOM KOHYC (NPEACTaBASIOLLMIA COOOM MHOXECTBO BCEX BO3MOXHbIX MyTEW, MO KOTOPbIM
pacnpoCcTpaHAETCA CBET, UCMYLUEHHbIM B pacCMaTpMBaEMOMN TOUKE), @ MOCKOAbKY CKOPOCTb CBETA
OAMHaKoBa AAA AOOOro cobbiTMA M B AOOOM HanpaBAEHMM, BCE CBETOBbIE KOHYCbl OyAyT
OAVMHAKOBbI 1 OPUEHTUPOBAHbI B OAHOM HanpaBAEHUU. Kpome Toro, ata Teopuss rOBOPUT HaM, UTO
HUUYTO HE MOXET ABWUraTbcsl ObiCTpee cBeTa. ITO O3HAYAET, YTO TPAEKTOpPMA AO6Oro obbekTa BO
BPEMEHU 1 B NPOCTPAHCTBE AOAKHA MPEACTABAATLCA AMHUEN, AeXaLLEN BHYTPU CBETOBbIX KOHYCOB
AR BCEX COObITMI Ha Hel (puc. 2.7).
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Puc. 2.7

CneumnanbHas Teopuss OTHOCUTEABHOCTM MO3BOAMAA OOBACHUTL MOCTOAHCTBO CKOPOCTW CBETA
ASA Bcex HabaopaTenen (yCTaHOBAEHHOe B onbiTe MankeAbcoHa M MopAM) M MPaBUABHO
onucbiBaAa, YTO MPOUCXOAMT NMPU ABUXEHWUK CO CKOPOCTAMMU, BAU3KMMU K CKOPOCTH cBeTa. OpHaKo
HOBas Teopusi NMPOTMBOPEYMAA HBIOTOHOBCKOM TEOPUM TPaBUTaALMKU, COMAACHO KOTOPOM OObLEKTLI
NPUTATMBAIOTCA APYr K APYry C CMAOW, 3aBUCALLEN OT PacCTOAHUS MeXAYy HUMU. [locrepHee
O3HayaeT, 4To, €CAM CABMHYTb OAMH U3 OOBLEKTOB, CMAA, AEWCTBYKOLLAS Ha APYrow, U3MEHUTCSH
MrHOBEHHO. MHaue roBops, CKOPOCTb PACMNPOCTPAHEHWS rPaBUTALMOHHBIX 3PPEKTOB AONKHA ObiTb
OECKOHEUYHOW, a He paBHOM (MAM MEHbLLEN) CKOPOCTU CBeTa, kKak Toro TpeboBana Teopus
oTHocuTenbHOCTM. C 1908 no 1914 r. OWHWTENH NpeAnpuHAA psaap 6e3ycnellHbiX MOMbITOK
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NMOCTPOWUTb TaKytd MOAEAb FpaBuTaLMK, KOTOpas coraacoBanacb Obl CO CMeLMaAbHOW Teopuen
oTHOCUTEABHOCTU. HakoHel, B 1915 r. oH onybAMKOBAA TEOPMUIO, KOTOpas Cenvyac HalblBaEeTCs
obLern Teoprert OTHOCUTEAbHOCTH.

Puc. 2.8

ONHLWTENH BbICKa3aA NPEANOAOXEHWE PEBOAOLMOHHOIO XapaKrepa: rpaButaums — 3T0 He
06blYHanA cuAa, a CAEACTBME TOTO, YTO MPOCTPAHCTBO-BPEMSA HE SIBAAETCA NMAOCKMM, Kak CYMTAAOCh
paHblLE; OHO UCKPUBAEHO PacnpeAEAeHHbIMKU B HEM MacCoM U aHepruen. Takue Tena, kak 3eMAas,
BOBCE HE MPUHYXAAKTCA ABUIaTbCs MO MCKPUBAEHHbIM OpOUTAM rPaBUTALIMOHHOWM CUAOW; OHM
ABWXYTCA MO AMHUAM, KOTOPblE B WCKPMBAEHHOM MPOCTPaHCTBE OOAee BCero COOTBETCTBYHOT
NPSIMbIM B 0ObIYHOM MPOCTPAHCTBE M HA3blBAKOTCH reoAe3MUYeCKMMU. Feope3nyeckas — 3T0 caMbli
KOPOTKUI (MAK CaMbli AAMHHBIN) NyTb MEXAY ABYMS COCEAHMMM TOUKaMK. Hanpumep, NOBEPXHOCTb
3eMAM eCTb UCKPMBAEHHOE ABYMEPHOE MPOCTPaHCTBO. [eope3nuyeckas Ha 3emMAe HalbliBaeTcs
OOABbLUMM KPYrOM M ABASIETCA CaMbiM KOPOTKMM MyTEM MeEXAY ABYMS Toukamu (puc. 2.8).
MOCKOAbKY CaMblii KOPOTKMI NMyTb MEXAY ABYMS a3pornoptamMu — Mo reoAe3nYeCcKon, AUCNEeTYEphI
BCEraa 3aAatoT MMAOTAM UMEHHO Takon MapLupyT. COrnacHo obLen TeEoOpun OTHOCUTEABHOCTH, TEAA
BCEraa nepemellarotca no npAMbIM B YETbIPEXMEPHOM NPOCTPAHCTBE-BPEMEHU, HO Mbl BUAUM,
4YTO B HalEeM TPEXMEPHOM MNPOCTPAHCTBE OHWU ABUXYTCA MO WUCKPUBAEHHbLIM TPAEKTOPUSM.
(MoHabAopanTe 3a CaMOAETOM HaA XOAMWCTOM MECTHOCTbo. CaM OH AeTUT Mo NpsiMON B
TPEXMEPHOM MPOCTPAHCTBE, @ €ro TeHb NepPeMeELLAETCa N0 KPUBOW Ha ABYMEPHOM MOBEPXHOCTU
3eMAn).

Macca CoAHU@a Tak UCKPUBASIET MPOCTPAHCTBO-BPEMS, UTO, XOTA 3EMASI ABUXETCA MO NPSIMOM
B YETbIPEXMEPHOM MPOCTPAHCTBE, Mbl BMAMM, UTO B HalleM TPEXMEPHOM MPOCTPAHCTBE OHa
ABWXETCA MO KpyroBon opbute. OpbuTbl NAAHET, NpPeACKasbiBaeMble 060Wen Teopuen
OTHOCUTEABHOCTH, NOYTU COBMAAAIOT C NPEACKa3aHUSAMM HBIOTOHOBCKOMW TEOPUU TAroTeHus. OpHaKo
B cAydyae Mepkypusi, KOTopbir, byayun OAmxanwen K COAHUY NAQHETOM, MCMbITbIBAET CamMoe
CUAbHOE AEWCTBME T[paBuTaLMM W KMMEET AOBOAbHO BbITAHYTYO 0pbuTy, o06was Teopus
OTHOCWUTEABHOCTU MpPEACKa3blBaeT, UTO OOAbLLIAA OCb 3AAMMCA AOAKHA MOBOpPAYMBATLCA BOKPYT
COAHU@ NPMMEPHO Ha OAMH rpapyc B AECATb TbiCSAY AET. HECMOTPA Ha ero MaAoCTb, 3TOT 3PPEKT
O6bIA 3aMeveH ewe A0 1915 r. M paccmaTpMBaACA KakK OAHO W3 MOATBEPXAEHUN Teopuu
ONHWTEeNHa. B nocaepHWE rOAbl PAAMOAOKALMOHHBIM METOAOM ObIAM M3MEPEHDI ele MeHbLLMe
OTKAOHEHUA OpOUT ApPYrMX MNAAHET OT MpeAckasaHui HbloToHa, M OHM  coraacytotca ¢
NpeACcKasaHus MK obLLEeN TEOPUN OTHOCUTEABHOCTMU.
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Ayun cBeTa TOXE AONKHbI CAEAOBATb FEOAE3MYECKMM B MPOCTPAHCTBE-BPEMEHMW.
NCKPUBAEHHOCTb MPOCTPAHCTBA O3HAYaET, UYTO CBET YXXE HEe pacnpoCTpaHSeTca NPAMOAUHENHO.
Takum o06pas3om, cornacHo oblien TeopuuM OTHOCUTEABHOCTM, Ayd CBETa AOANKEH M3rnbatbes B
rPaBUTALIMOHHbIX MOAAX, W, HAaNPUMepP, CBETOBbIE KOHYCbl TOUEK, HaxoAdaLWwmMxcs BOAM3N CoAHUA,
AOAXHbI ObITb HEMHOIO AEPOPMMPOBAHbI NOA AEMCTBMEM Macchl COAHLA. 3TO 3HAUMT, UTO AyY
cBeTa OT AAAEKOW 3BE3Abl, MPOXOAALLMIA PSAOM C COAHLIEM, AOAKEH OTKAOHWUTLCHA Ha HEOOAbLLIOM
YroA, U HabAoAaTEAb, HAaxXOASALLIMKCA Ha 3eMAae, YBUAUT 3Ty 3BE3AY B APYrov Touke (puc. 2.9).
KoHeuHo, ecAn Bbl CBET OT AAHHOW 3BE3Abl BCErAa MPOXOAUA PAAOM ¢ COAHLEM, Mbl HE MOTAK Obl
CKasaTb, OTKAOHAETCS AU Ay4 CBETA UAU XE€ 3BE3AA AEMCTBUTEAbHO HAxXOAWUTCS TaM, FA€ Mbl ee
BMAMM. HO BcAaeacTBME 0bpallieHnsa 3eMAM BCE HOBbIE 3BE3Abl 3aXOAST 3@ COAHEYHbINM AUCK, U KX
CBET OTKAOHAETCH. B pesyabtate uX BUAMMOE MOAOXEHWE OTHOCUTEAbHO OCTAAbHbIX 3BE3A
MeHseTcs.

B HOpMaAbHbIX YCAOBMAX 3TOT 3PPEKT OUEHb TPYAEH AN HADAIOAEHMS, TaK Kak SPKUM
COAHEUYHbIN CBET HE NMO3BOASIET BUAETb 3BE3AbI, HAX0ASLLMeCA Ha Hebe paaom ¢ ConHuem. Ho Takas
BO3MOXHOCTb NOSIBASIETCA BO BPEMSA COAHEYHOIO 3aTMEHUSA, KOrAa /\AyHa NepeKPbIBAET COAHEUYHbIN
cBeT. B 1915 r. HUKTO He cMOr cpasy NPOBEPUTb NPEACKa3aHHOE SNHLLUTEMHOM OTKAOHEHUE CBETa,
noToMy uTo WAa MNepBas mupoBas BoMHA. Avlb B 1919 r. aHrAMCKas akcneanuma B 3anapHOM
Adpuke, HabAopaBlIAA TaM COAHEUYHOE 3aTMEeHMe, Mokas3ana, UYTO CBET AEWCTBUTEAbHO
OTKAOHAETCA COAHUEM TakK, Kak U NpeAckasdbiBana Teopus. To, UTO aHTAMMCKMUE yYeHblE AOKA3aAM
NPaBUAbHOCTb TEOPUKU, POAMHOM KOTOPOW Obina [epmaHus, NPMBETCTBOBAAOCb Kak elle OAMH
BEAUKWUMA aKT NMPUMUPEHUA 006erx CTpaH NOCAe BOWHbI. HO, XOTA 3TO BbIFASAUT WMPOHWUYHO,
NPOBEAEHHbIVM NO3AHEE aHaAM3 GOTorpaduin, NOAYYEHHbIX ITON IKCMEAULMEN, NOKA3AA OLLUMOKK
M3MEPEHMUA TOrO Xe NOoPsAAKA, UYTO U U3MepsieMblit 3GdeEKT. Pe3yAbTaT aHrAMUYaH ObIA AMOO YUCTbIM
BE3EHUEM, AMOO TEM HEPEAKMM B HayKe CAydaeM, KOrAa MOAYYatoT TO, YTO XOTEAOCb MOAYYMTb.
MpaBaa, oTkKAOHEHUE cBeTa COAHLEM ObIAO BMOCAEACTBUMU TOUYHO MOATBEPXKAEHO LIEABIM PAAOM
HabAOAEHUN.

Ewe opHO npeackasdaHue o06uen Teopun OTHOCUTEABHOCTM COCTOUT B TOM, 4TO BOAM3U
MaCCUBHOIo Tena Tuna 3eMAM BPEMS AOAKHO Te€Ub MEANEHHEE. ATO CAEAYET M3 TOTO, UYTO AOAKHO
BbINOAHATLCA OMNPEAEAEHHOE COOTHOLLEHUE MEXAY SHEPTMEN CBETA M €ro YacTtoToM (T. C. YUCAOM
CBETOBbIX BOAH B CEKyHAY): 4yemM 0oablle 3Heprus, Tem Bbllle u4actota. Ecam cBer
pacnpocTpaHaeTcs BBEPX B rpaBUTALMOHHOM MOAE 3EMAU, TO OH TEPSIET SHEPIUIO, @ NOTOMY €ro
yactoTa yMeHbluaeTcs. (3T0 03HAYaET, UTO YBEAMUMBAETCS MHTEPBAA BPEMEHU MEXAY FPEOHAMMU
ABYX COCEAHWUX BOAH). HabArOAQTEAD, PACNOAOXEHHOMY Ha BOABLLONM BbICOTE, AOAKHO Ka3aTbCs, UYTo
BHWU3Y BCE MPOUCXOAUT MEAAEHHEE. ITO NpeackasaHue 6bIA0 NpoBepeHo B 1962 r. ¢ NOMOLLbO
ABYX OUYEHb TOUHbIX YaCOB, PACMOAOXEHHbIX: OAHM Ha CaMOM BEPXYy BOAOHaAMNOpHoW 6allHu, a
BTOPbIE — Y €€ NOAHOXbS.

OKa3anocb, YTO HMXHMWE Yacbl, KOTOpble ObiAM BAMXE K 3emMAe, B TOYHOM COOTBETCTBUM C
06LLEeN TEOpHUEN OTHOCUTEABHOCTU LLIAU MEAAEHHEE. Pa3HuLa B XOAE YaCOB Ha Pa3HOM BbICOTE HaA
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NMOBEPXHOCTbIO 3eMAM npuobpena ceryac OrpoMHOE MpPaKTUYECKOEe 3HauyeHMe B CBS3UM C
NOABAEHMEM OYEHb TOUHbIX HAaBUIALUMOHHbIX CUCTEM, PabOTalOLIMX HA CUrHaAAaX CO CMYTHUKOB.
EcAM He npMHMMaTb BO BHUMaAHUKE NPEACKa3aHui 06LLen TEOPUN OTHOCUTEABHOCTU, TO KOOPAMHATHI
6yAYT paccumTaHbl C OLUIMOKOM B HECKOAbKO KUAOMETPOB!

3aKoHbl ABMXEHMA HbHOTOHA MOKOHYMAM C aBCOAIOTHbIM MOAOXEHWEM B MPOCTPAHCTBE.
Teopusa OTHOCUTEABHOCTM 0CBOOOAMAA HAc OT abCOAOTHOro BpeMeHu. Bo3bmeM napy 6AM3HELOB.
MpeAnOAOXMM, UTO OAMH M3 HUX OTNPABUACH XMWUTb HA BEPLLMHY FOpbl, @ APYror OCTancsi Ha YPOBHE
Mops. Toraa nepBbivi cOCTapuUTcs BbICTpee, YeM BTOPOM, M MOITOMY NPU BCTPEYE OAUH U3 HUX ByaeT
BbIFASIAETb CTaplue apyroro. MpaBaa, pa3Huua B Bo3pacte 6bina bbl COBCEM MaAa, HO OHA CUABHO
yBeAMUMAacCb Obl, ecAM Obl OAMH M3 OAM3HELOB OTNPaBUACA B AOArO€ MyTelecTBUME Ha
KOCMMWUYECKOM KOpabAae CO CKOPOCTbO, BAM3KOM K CKOPOCTM cBeTa. o Bo3BpalLleHWM OH OKa3aAcs
6bl 3HAUMTEABHO MOAOXE CBOEero 6para, KOTOpblM OCTaBaAcs Ha 3eMae. ITO TaK Ha3blBaeMbli
napapokc 6AM3HELIOB, HO OH MAapPaAOKC AMLLIb AASI TOTO, KTO B FAYOMHE AyluM BepUT B abBCOAOTHOE
Bpemsa. B obuen Teopunm OTHOCUTEABHOCTM HET EAMHOro abCOAOTHOMO BPEMEHU; KaXAbIM
MHAMBUAYYM MMEET CBOM COOCTBEHHbIM MacwTab BpeMeHu, 3aBWUCSLWMK OT TOro, rae 3toT
MHAMBUAYYM HAXOAUTCHA N KaK OH ABMXXETCS.

Ao 1915 r. NpocCTpaHCTBO M BPEMSA BOCMPUHMMAAUCh KaK HeKas XecTKkasd apeHa AAA
COObITUI, HA KOTOPYHD BCE MPOUCXOASLLEE HA HEW HUKAK He BAMAET. Tak 0OCTOSINO AEAO AaXe B
cneumanbHOM TEOPUN OTHOCUTEAbHOCTU. Tena ABWUIAAUCb, CUAbl MPUTATMBAAM U OTTAAKMBAAU, HO
BPEMA W MNPOCTPAHCTBO MPOCTO OCTaBaAUCb CaMMMK COBOM, MX 3TO He Kacanocb. M 6bino
€CTECTBEHHO AyMaTb, YTO NPOCTPAHCTBO U BPEMSI BECKOHEUHbI 1 BEYHBbI.

B obuien xe Teopmum OTHOCUTEABHOCTU CUTyaLMss COBEPLLEHHO MHas. [poCTpaHCTBO 1 BPEMS
Tenepb AMHAMWUYECKUE BEAWYMHbBI: KOTAAQ ABUXETCA TEAO WAM AENCTBYET CUAQ, 3TO WU3MEHSET
KPUBU3HY MPOCTPAHCTBA U BPEMEHMU, a CTPYKTypa NPOCTPAHCTBA-BPEMEHW B CBO OUEPEAb BAUAET
Ha TO, KaK ABMXYTCSl TeAa U AEMCTBYHOT CUABI. [TPOCTPAHCTBO M BPEMSA HE TOABKO BAUSIIOT Ha BCE, UTO
NPOUCXOANT BO BceneHHOM, HO U caMKn U3MEHSIOTCS NOA BAMAHWMEM BCEro B HEM MPOUCXOASILLIETO.
Kak 6e3 npeACTaBAEHWI O NPOCTPAHCTBE U BPEMEHU HEAL3A TOBOPUTL O COObLITUSAX BO BCceneHHOM,
Tak B 00Llen TeopuMM OTHOCUTEABHOCTM CTAnO OECCMbICAEHHbIM TFOBOPUTb O MPOCTPAHCTBE M
BpEMEHMU 3a npeaeramn BeceneHHom.

B nocaeayrouime AeCATUAETUS HOBOMY MOHWMMAHWIO MPOCTPAHCTBA M BPEMEHWU NMPEACTOSIAO
NPOM3BECTM NEPEBOPOT B HALUMX B3rAsiAax Ha BceneHHyto. CTapoe npeacTaBAEHME O MOUTU He
MeHsaAoLwencs BceneHHOW, koTopas, MOXET ObiTb, BCEraa cyllecTBoBana U OYAEeT CyLUEeCTBOBaTb
BEYHO, CMEHWMAOCb KapTMHOM AMHAMMWYECKOW, pacluMpsalowenca BceneHHOW, KoTopas,
No-BUAMMOMY, BO3HWKAA KOTAQ-TO B MPOLIAOM M, BO3MOXHO, 3aKOHYMT CBOE CyLLECTBOBaHWE
KOrAQ-TO B ByayLleM. 3Ta PEBOAOLMA B HAlLEM CO3HAHUK (el ByAET NOCBALLLEHA CAEAYHOLLLASA TAaBa)
AAIBUAACb OTNPaBHOM TOUYKOM MOMX UCCAEAOBAHWM B TeopeTnueckon o¢usmke. Mbl ¢ Popxepom
MeHpoy30M Mokas3aAM, 4YTO, COrAACHO 06LWEN TEOPUM OTHOCUTEABHOCTM JWHLLUTENHA, BceneHHasn
AONKHA MMETb Hauyano, a MOXET ObiTb, U KOHEL.

3. PacwupstoLlasnca BceneHHas

EcAn B AICHYtO 6E3AYHHYIO HOYb MOCMOTPETb Ha HebO, TO, CKOpee BCEro, CamMbiMMU SIPKUMMU
obbekTaMu, KOTOPblE Bbl yBUAUTE, ByayT NAaHeTbl BeHepa, Mapc, HOnutep 1 CatypH. Kpome Toro,
Bbl YBUAWUTE OFPOMHOE KOAMYECTBO 3BE3A, NOXOXMX Ha Hawe COAHUE, HO HaxOAALLMXCA ropas3po
AaAbLUe oT Hac. Mpu obpalweHnr 3eman Bokpyr COAHLI@ HEKOTOPbIE M3 3TUX «HEMOABMXHbIX» 3BE3A
UyTb-UyTb MEHAIOT CBOE MOAOXEHWE OTHOCUTEAbBHO APYT Apyra, T. €. Ha CaMOM AeAe OHU BOBCE He
HEMNOABWXHbI! AEAO B TOM, UTO OHM HECKOABKO BAMXE K HaMm, uem Apyrmne. NMOCKOAbKY xe 3eMAs
BpawaeTca Bokpyr ConHua, 6BAM3KME 3BE3AbI BUAHbI BCE BPeMS B pa3Hbix Toukax ¢poHa bonee
YAQAEHHbIX 3Be3A. braropapsa aTOMy MOXHO HEMOCPEACTBEHHO U3MEPUTb PACCTOAHME OT Hac A0
3TUX 3BE3A: YEM OHU BAMXKE, TEM CUAbHEE 3aMETHO WX nepemelleHne. Caman 6AM3Kas 3Be3pa,
Ha3blBaemas lNpokcumon LieHTaBpa, HaXxoAUTCS OT HAc Ha PacCTOSHUKU NPUOAM3UTEABHO YETbIPEX
CBETOBbIX AET (T. €. CBET OT Hee UAET A0 3EMAU OKOAO YETbIPEX AET), UAU OKOAO 37 TPUAAMOHOB
KMAOMETPOB (37*1012). BOAbLUMHCTBO 3BE3A, BUAMMbBIX HEBOOPYXXEHHBIM rAa30M, YAGAEHbI OT Hac
Ha HECKOAbKO COTEH CBETOBbIX AeT. CpaBHWUTE 3T0 C pacctoaHMem A0 Hawero CoAHua,
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COCTaBAAIIOLLMM BCEFO BOCEMb CBETOBbIX MUHYT! BUAMMbIE 3BE3AbI PacCbiNaHbl HO BCEMY HOYHOMY
Heby, HO 0COBEHHO rycTo B TOW NOAOCE, KOTOPYHO Mbl Ha3biBaeM MaeuHbiM Mytem. Ewe B 1750 r.
HEKOTOPbIE AaCTPOHOMbI BbICKa3blBaAM MbICAb, UTO cylLLlecTBOBaHME MaeuHoro MNytn obbacHaeTcs
Tem, UTo 6OAbLLIAS YaCTb BUAMMbIX 3BE3A 00Pa3yeT OAHY AUCKOOOPA3HYIO KOHOUIYpaLUUIO — NPUMEP
TOro, YTO0 Cenvyac HasblBAE€TCA CMUPAAbHOW TAAAKTUKOW. NAMLLb 4Yepe3 HECKOAbKO AECATUAETUM
acTPOHOM YuAbsAM [eplLueAb NOATBEPAUA 3TO NPEANONOXEHUE, BbIMOAHUB KOAOCCAAbHYIO paboTy HO
COCTaBAEHUIO KaTaAOora NoAOXEHW OFPOMHOI0 KOAMYECTBA 3BE3A M PACCTOAHMI A0 HUX. HO paxe
MOCAE 3TOr0 MPEACTABAEHWE O CMMPAAbHbIX FAAAKTUKaxX ObIAO MPUHATO BCEMU AWLUb B Hauvane
Hallero Beka.

CoBpeMeHHasas KapTMHa BceneHHOW BO3HWMKAA TOAbKO B 1924 r., kOoraa amMepuKaHCKUI
aCTPOHOM JABUH Xabba nokasaa, uto Hawa [anakTMka He eAMHCTBEHHas. Ha camom pene
CYLLECTBYET MHOIO APYIMX FaAaKTUK, Pa3AEAEHHbIX OFPOMHbLIMU 0BAACTAMK NYCTOro MPOCTPAHCTBA.
AAS AOKa3aTenbcTBa XabbAay TpeboBaAOCb ONPEAEAUTb PACCTOAHUSA AO 3TUX FAAAKTUK, KOTOpblE
HACTOAbKO BEAUKM, YTO, B OTAMUME OT NMOAOXKEHUN OAM3KUX 3BE3A, BUAUMbBIE MOAOXKEHUS FrAraKTUK
AEWCTBUTEABHO HE MeHSTCA. [03TOMYy AASl M3MEPEHUSA PACCTOAHUM XabbA ObIA BbIHYXAEH
NPUBErHyTb K KOCBEHHbIM METOAAM. BruanMas apKocTb 3BE3AbI 3aBUCUT OT ABYX GaKTOPOB: OT TOrO,
KaKoe KOAMYECTBO CBETa M3AYyYaET 3BE3AA (€€ CBETUMOCTU), U OT TOr0, FAE OHa HaxoAUTCA. APKOCTb
OAU3KKMX 3BE3A M PACCTOSHUE AO HUX Mbl MOXEM U3MEPUTL; CAEAOBATEABHO, Mbl MOXEM BbIUMCAUTb
M UX CBETMMOCTb. M HaobopoT, 3Has CBETUMOCTb 3BE3A B APYIMX ranakTUkax, Mbl MOFAU Obl
BbIYMCAUTb PACCTOSTHUE AO HUX, UBMEPUB UX BUAMMYKO APKOCTb. XabbA 3aMeETUA, YTO CBETUMOCTb
HEKOTOPbIX TUMOB 3BE3A BCErAA OAHA U Ta Xe, KOrAa OHM HAXOAATCS AOCTAaTOUYHO BAM3KO AASA TOTO,
4yToObl MOXHO ObINO MPOU3BOAWUTL M3MeEPEHU. CAeAOBaATEABHO, paccyXxapan Xabba, ecan Takue
3Be3Abl 0OHapyXaTtca B APYron ranaktvke, TO, NMPEAMOAOXMB Y HUX TaKyto Xe CBETMMOCTb, Mbl
CYMEEM BbIYMCAUTb PACCTOAHUE AO 3TOM ranakTUKWU. EcAn nmopobOHble pacuyeTbl AAST HECKOAbKMX
3B€3A OAHOWM M TOW Xe TaAakTUKU AAAYT OAMH U TOT XK€ Pe3yAbTaT, TO MOAYYEHHYHO OLUEHKY
PaCCTOAHUA MOXHO CUMTATb HAAEXHOM.

Takum nytem XabbA paccumMTan pacCcTOsTHUA A0 AEBSITU Pa3HbIX raAakTUK. Tenepb U3BECTHO,
4TO Hawa [anaKTMKa - OAHA M3 HECKOAbKMUX COTEH ThbICAY MWAAMOHOB raAaKkTUK, KOTOPbIE MOXHO
HabAtOAQTb B COBPEMEHHbBIE TEAECKOMbI, @ KaXAan M3 3TUX FAaAaKTUK B CBOK OYEepeAb COAEPXMUT
COTHM TbICSlM MWAAMOHOB 3Be3A. Ha puc. 3.1 noka3aHo, kakon yBuMAEA Obl Halwy [anakTUky
HabAloAaTENb, XMBYLLMMN B KaKOM-HUOYAb APYroM ranaktvke. Hawa [anakTMka MMEEeT OKOAO CTa
TbICAY CBETOBbIX AET B nonepeyHnke. OHa MEANEHHO BpalLaeTcs, a 3BE3Abl B €€ CnMpanbHbIX
pyKaBax KaXAble HECKOAbKO COTEH MWAAMOHOB AET AEAAOT MPUMEPHO OAMH 0BOPOT BOKPYr ee
ueHTtpa. Hawe CoaHue npeacTaBAfieT cOO0M OObIUHYHO XXEATYIO 3BE3AY CPEAHEN BEAMUMHDI,
PacrnoAOXEHHYIO Ha BHYTPEHHEW CTOPOHE OAHOIO M3 CrMPaAbHbIX PYKaBOB. KakoW e OrpOMHbIn
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NyTb Mbl MPOLWAK OT Apuctoteas 1 lNtonemes, koraa 3emMast cumMTanach LEHTPoM BeceneHHoM!

3Be3Abl HAXOAATCS Tak AQAEKO OT HacC, YTO KaXyTCsl MPOCTO CBETALMMUCA TOUKkamu B Hebe.
Mbl HE pas3AMyaeM HU UX pa3MepoB, HU GOPMbI. Kak e MOXHO roBOPUTb O pasHbIX TUNax 3BE3A?
AAA nopaBASitOLLETO BOABLLIMHCTBA 3BE3A CYLLIECTBYET TOABKO OAHO XapaKTepHOEe CBOMCTBO, KOTOPOe
MOXHO HabApaTb - 3TO LBET MAYLLEro OT HMX CBeTa. HbIOTOH OTKPbIA, YTO, MPOXOAS yepe3
TPexrpaHHbIM KyCOK CTEKAA, Ha3blBaeMbli NMPU3MOKM, COAHEYHbIN CBET pa3AaraeTtcs, Kak B paayre,
Ha LIBETOBblIE KOMMOHEHTbI (CNEKTP). HacTpomnB TEAECKON Ha Kakyto-HUOYAb OTAEAbHYHO 3BE3AY UAU
raAaKTMKy, MOXHO aHaAOrMYHbIM 06pa3oM Pa3n0XUTb B CMEKTP CBET, UCMyCKAEMbI 3TOM 3BE3AOM
AW TaAaKTMKOW. Pa3dHble 3BE3Abl MMEKOT pa3dHble CNEKTPbl, HO OTHOCUTEAbHAs APKOCTb Pa3HbIX
LIBETOB BCErAa B TOUHOCTM TaKas Xe, kak B CBETE, KOTOPbIN U3AYyUYaeT KakoW-HUOYAb PaCKaAEHHbIN
AOKpacHa npeamMert. (CBeT, U3AyYaeMbl packaAeHHbIM AOKpacHa Henpo3payHbiM NPeAMEeToM,
MMEET OYEHb XapaKTePHbIN CNEKTP, 3aBUCALLMK TOABKO OT TeMnepatypbl NpeAMeTa - TENAOBOM
cnektp. MoatoMmy Mbl MOXeEM ONpeAeAuTb TeMNepaTypy 3BE3Abl MO CMNEKTPY M3AYyYaeMOro ero
cBeTta). Kpome TOro, Mbl OBHApPYXXMM, UYTO HEKOTOpble OYEeHb cneuMduyeckne LBeTa BoobLle
OTCYTCTBYIOT B CMNeKTpax 3Be3a, MPUUEM OTCYTCTBYHOLLUME UBETa pa3Hble AAA Pa3HbIX 3BE3A.
MOCKOABbKY, Kak Mbl 3HAEM, KaXXAbIM XMMUYECKWUIA SAEMEHT MOTAOLLIAET CBOM ONpeAeAeHHbIM Habop
XapaKTepHbIX LLBETOB, Mbl MOXEM CPaBHUTb UX C TEMU LIBETAMM, KOTOPbIX HET B CMEKTPE 3BE3AbI, U
Taknm 06pa3oM TOUHO OMPEAEAUTb, KAKME INEMEHTbI MPUCYTCTBYHOT B €€ aTMochepe.

B 20-x ropax, korpa acTpoHOMbl HayaAM UCCAEAOBaHWE CNEKTPOB 3BE3A APYIMX ranakTuk,
06Hapy>XMAOCb HeYTo elle Bonee CTpaHHOEe: B Haller COOCTBEHHOW [anaKTUKe OKa3aAUCb Te Xe
caMble xapaKTepHble Habopbl OTCYTCTBYHOLLMX LIBETOB, UTO M Y 3B€3A, HO BCE OHM ObIAM CABUHYTbI Ha
OAHY U Ty X€ BEeAMUMHY K KPaCHOMY KOHLY cnektpa. Utobbl MOHATb CMbICA CKa3aHHOro, CAeAyeT
CHavana pa3obpatbea ¢ adpdpektom Aonaepa. Kak Mbl yxe 3HaeM, BUAMMbIN CBET — 3TO KorebaHus,
MAW BOAHbI S3AEKTPOMArHWTHOro NoAs. YacTtota (UMCAO BOAH B OAHY CEKYHAY) CBETOBbIX KOAeDAHUM
4ype3BblYaHO BbICOKA — OT YETbIPEXCOT A0 CEMWUCOT MUAAMOHOB MUAAMOHOB BOAH B CEKYHAY.
YenoBeyecKkni rna3 BOCMPUMHMMAET CBET pa3HblX YacTOT Kak pasHble LBeTa, NpUMYemM camble
HU3KWE YaCTOTbl COOTBETCTBYIOT KPACHOMY KOHLY CMeKTpa, a camble BbICOKME — (GUOAETOBOMY.
MpeactaBuMm cebe MCTOYHMK CBETa, PACMOAOXEHHbIM Ha GUKCMPOBAHHOM PACCTOAHWM OT Hac
(Hanpumep, 3Be3Ay), M3Ay4YalOLWMKA C MOCTOAHHOW 4YaCTOTOW CBETOBble BOAHbl. OQUEBMAHO, 4TO
yacTota MPUXOAALLMX BOAH OyAeT TakoW Xe, Kak Ta, C KOTOPOW OHWM M3Ay4daroTca (NyCTb
rpaBUTALMUOHHOE MMOAE TaAaKTUKM HEBEAUMKO M €ero BAUAHWE HECYLLECTBEHHO). [1peAnoroXnm
Tenepb, YTO UCTOYHUK HAUMHAET ABUraTbCsl B Hally CTOPOHY. MNpKU MCNYyCKaHUU CAEAYHOLLEN BOAHbI
MCTOYHMK OKaxeTca OAMXe K Ham, a NoToMy BpeMms, 3a KoTopoe rpebeHb 3TOW BOAHbI A0 Hac
AOVAET, BYAET MeHbLLE, YEM B CAyYae HEMOABMXHOM 3Be3Abl. CTano ObiTb, BPEMSI MEXAY rPeOHSAMM
ABYX MPULLEALLMX BOAH BYAET MEHbLLIE, @ UNCAO BOAH, MPUHMMAEMbIX HAMK 3a OAHY CEKYHAY (T. €.
yacTtoTa), byaeT 6oAblle, YeM KOrpa 3Be3pa Obiaa HenoABWXHA. MpU yaAaAeHUU Xe UCTOYHMKA
yacToTa NPUXOAALLMX BOAH ByA€T MeHbLLE. ITO 03HAYAET, UTO CMEKTPbI YAAAAIOLLMXCA 3BE3A OyAyT
CABWMHYTbl K KPAaCHOMY KOHLY (KpacHO€ CMELLEHME), @ CNEKTPbl NPUOAMXKAIOLLMXCA 3BE3A AOAXKHDI
MCNbITbiIBaTb (GUOAETOBOE CMeLLeHME. Takoe COOTHOLUEHWE MEXAY CKOPOCTbO M 4acTOTOM
Ha3biBaeTcs apdektom Aonaepa, U 3ToT IGPEKT 0OblUEH AaXe B HaLLEeW NMOBCEAHEBHOW XM3HW.
MpucaywanTecb K TOMY, Kak MAET MO LLIOCCE MallMHa: KOrAa OHa npubAmxaeTtcs, 3ByK ABUraTens
Bbllle (T. €. Bblle YacToTa UCMNyCKaeMblX UM 3BYKOBbIX BOAH), @ KOraa, Npoexas MMMO, MalluHa
HauMHaEeT YyAaAITbCHl, 3BYK CTAaHOBMTCSA HuUxXe. CBETOBble BOAHbl M PaAMOBOAHbI BepyT cebs
aHaAOrMYHbIM 06pa3oM. AddekTom Aonaepa MOAb3YETCA NOAULIMSA, ONPEAENS U3AANEKA CKOPOCTb
ABWXEHWS aBTOMalLUMH MO 4acToTe pPaAMOCUITHaAOB, OTpaxarowmxca OT Hux. AoKasaB, 4To
CYLLLECTBYIOT Apyrve ranaktiku, Xabba Bce nMocAeayroLmMe roAbl MOCBATUA COCTABAEHUIO KaTaAOroB
PACCTOSHUM A0 3TWUX FAAAKTUK M HABAIOAEHUIO MX CMEKTPOB. B TO BpemMsa GOAbLUMHCTBO YYEHbIX
CUMTaAM, UYTO ABMUXEHME TaNaKTUK MPOUCXOAUT CAyYarHbiIM 06pas3oM M MO3TOMY CMEKTPOB,
CMELLUEHHbIX B KPACHYH CTOPOHY, AOAKHO HabAOAATbCS CTOAbKO X€, CKOAbKO M CMELLEHHbIX B
¢duroneToByto. KakoBo e ObInO YAMBAEHME, KOrAa Y OOAbLLUEN 4YacTW ranakTMK OBHapy>XMAOCb
KpacHoe CMeLLEeHWEe CNEKTPOB, T. €. 0Ka3aA0Cb, YTO NOYTU BCE FaAaKTUKK yaaAatoTca OT Hac! Ewe
6onee YAMBUTEABHBIM BbINO OTKPbITHE, ONybAMKOBaHHOE Xabbaom B 1929 r.: Xabba 06HapPYXMA,
YTO AAXE BEAMUMHA KPACHOIO CMELLEHUA HE CAyYalHa, a NPsiMO NPONOPUMOHAAbHA PAaCCTOAHUIO OT
Hac AO TaAaKTMKU. MHbIMWU CAOBaMMK, YEM AaAblLUE HAXOAMTCS FaAakTMKa, Tem ObicTpee OHa
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ypaansetcal A 310 03Hayano, uto BceneHHan He MOXET ObiTb CTaTUUECKOW, Kak AyMaAW paHbLLEe, YTO
Ha CaMOM AeAe OHa HEernpepbIBHO PacLUMPSETCA U PACCTOAHUSA MEXAY rarakTMkaMu BCe BpPeMs
pacTyT.

OTKpbITUE paclMpstollenca BceneHHON ObIA0 OAHUM M3 BEAMKUX UHTEAAEKTYaAbHbIX
nepeBOpOTOB ABAALIATOro BeKa. 3aAHUM UMCAOM Mbl MOXEM AULLL YAUBAATLCA TOMY, YTO 3Ta MAeS
He npuLAa HUKOMY B FOAOBY paHbLUe. HbIOTOH U Apyrue yueHble AOAXHbI ObiAK Bbl CO0OPa3NUTb, UTO
cTaTMyeckan BceneHHas Bckope oba3atenbHO Havana bbl CXXMMATbCA NOA AEMCTBUEM FpaBUTALLUMN.
Ho npeanonoxum, uto BeceneHHasi, HaobopoT, paclimpsetcs. Ecan Obl pacluMpeHne nponUcXxoAnAO
AOCTATOYHO MEANEHHO, TO MOA AEWCTBMEM TpPaABUTALMOHHOWM CUAbI OHO B KOHLE KOHLOB
npeKpaTMAOChb Obl M Nepewno B cxatue. OAHAKO ecAM Obl CKOPOCTb PaCLUMPEHUs] NPEBbILLIAAA
HEKOTOPOE KPUTMUECKOE 3HAUYEHUE, TO FPaBUTALMOHHOIO B3aMMOAENCTBUS HE XBATUAO Obl, UTOObI
OCTaHOBMUTb pPacCLUMPEHME, U OHO MPOAOAXKAAOCb Obl BeyHO. Bce 3T0 HEMHOro HanomMuHaeT
CUTyauMIo, BO3HMKAIOLLYHO, KOrAa C MOBEPXHOCTU 3EMAM 3anyckaroT BBEPX paKkeTy. EcAn ckopocTb
pakeTbl He 0YeHb BEAMKA, TO U3-3a rpaBUTaLLMM OHa B KOHLIE KOHLLOB OCTAHOBUTCH M HAUHET NapaTb
obpatHo. EcAM xe cKopoCTb pakeTbl OOAblLUE HEKOTOPOW KPUTUUYECKOW (OKOAO OAMHHAALATU
KUAOMETPOB B CEKYHAY), TO rpaBUTaALMOHHANA CUA@ HE CMOXET ee BEPHYTb, U pakeTa byaeT BeYHO
NPOAOAXKATb CBOE ABMXeHMe oT 3eMAU. PacwupeHue BceneHHOM MOrAo ObiTb MPeACkasaHo Ha
OCHOBE HbIOTOHOBCKOM Teopuu Tarotenus B XIX, XVIII n paxe B KoHue XVII Beka. OpHako Bepa B
cTaTMyeckyto BceneHHyto Bbina CTOAb BEAMKA, UTO XMAA B YMaX €LLE B HAaYaAe Hallero Beka. Aaxe
ANHWTENH, padpabatbiBas B 1915 r. 06u1yt0 TEOPUIO OTHOCUTEABHOCTH, BbIA yBEPEH B CTAaTUYHOCTH
BceneHHoW. YT0bbI HE BCTynaTb B MPOTMBOPEYME CO CTAaTUUHOCTbIO, INHILUTEMH MOAUDULMPOBAA
CBOIO TEOPUID, BBEAA B ypaBHEHUS TakK HasblBAeMyH) KOCMOAOTMMYECKYtO NMOCTOSIHHY0. OH BBEA
HOBYIO «@HTUIpaBUTALMOHHYIO» CUAY, KOTOpasi B OTAMUYME OT APYrMX CUA HE MOpOXAaAacb
KaKUM-AMOO UCTOUYHMKOM, @ ObiAa 3aA0XEHA B CaMy CTPYKTYPY NPOCTPAHCTBa-BPEMEHW. INHLITENH
YTBEPXAAA, UTO NPOCTPAHCTBO-BPEMSA caMo no cebe Bceraa paclumMpsaeTca U 3TUM pacluMpeHUeEM
TOYHO YpaBHOBELLMBAETCA MPUTAXEHWE BCEW OCTaAbHOM MaTepuu BO BceneHHOW, Tak uto B
pe3ynbTaTe BceneHHas Oka3blBaeTca cTaTMyeckou. Mo-BMAMMOMY, AWLLb OAMH YEAOBEK MOAHOCTbIO
NOBEPUA B 00OLLYIO TEOPUIO OTHOCUTEABHOCTU: NOKA IVHLUTENH U APYrMe GUIUKKU AYMaAU HaA TeM,
Kak O0OOMTM HEeCTaTMYHOCTb BceneHHOW, NpeacKasbiBaeMytd 3TOM TEOPUEN, PYCCKUM OU3UK U
MaTtemaTtuk A. A. DpruamaH, Haob0poT, 3aHANCA ee 0ObACHEHMEM.

®pruaMaH caenan ABa OYEHb MPOCTbIX MCXOAHbIX MPEANOAOXEHUSA: BO-NepBbIX, BceneHHasn
BbIFASIAUT OAMHAKOBO, B KakOM Obl HanpaBAEHWM Mbl €€ HU HabAOAAAM, U BO-BTOPbIX, 3TO
YTBEPXKAEHWE AONKHO OCTaBaTbCA CNpaBEAAMBbLIM M B TOM CAyyae, €CAM Obl Mbl MPOM3BOAMAU
HabAlOAEHMS U3 KaKoro-HMbyab Apyroro Mecta. He npuberas HM K KakMM  APYrUM
npeAnoAoXeHuam, OpruamMaH nokasana, uto BceneHHan He AOAKHA ObITb cTaTueckon. B 1922 r., 3a
HECKOABKO AET A0 OTKPbITUA Xabbaa, DpraMaH B TOUHOCTU NPEACKA3aA ero pesyabrar!

MpeanonoxeHne 06 0AMHAKOBOCTM BCeAeHHOM BO BCEX HaMpPaBAEHUSIX HA CaMOM AEAe,
KOHEYHO, HE BbINOAHAETCA. Kak Mbl, Hanpumep, yXe 3HaeMm, Apyrue 3Be3abl B Hallen fanakTuke
006pa3ytoT YETKO BbIAEASIHOLLYHOCS CBETAYHO MOAOCY, KOTOPast MAET N0 BCeMy Heby HOUbO — MAEUHbIN
MyTb. HO ecAM roBopuUTb O AGAEKUX FaAaKTUKax, TO UX UMCAO BO BCEX HaNpPaBAEHUAX MPUMEPHO
oAMHaKkoBo. CaepoBaTeAbHO, BceneHHas AEWCTBUTEAbHO «MPUMEPHO» OAMHAKOBa BO BCEX
HanpaBAEHUSIX — NPU HaOAIOAEHMM B MacLuTabe, 60AbLLIOM MO CPAaBHEHUIO C PACCTOSHUEM MEXAY
ranakTUKaMu, KOraa oTbpachbiBatoTC MEAKOMAacCLUTabHble pasAUUmS.

AoAroe BpeMs 310 6bINO EAMHCTBEHHBIM 0O0CHOBAHWEM rUnoTe3bl PpraMaHa Kak «rpyboro»
NPUBAMXEHUS K peanbHOW BceneHHOW. Ho noToM NO HEKOEW CAyYaMHOCTM BbISICHUMAOCH, 4UTO
rmnote3a ®prMaMaHa 1 B CaMOM Aene AAeT YAUBUTEAbHO TOYHOE ONMncaHue Hallen BceneHHOoMN.

B 1965 r. ABa amepuKaHCKuXx dusnka, ApHo MNMeHamac n PobepTt BMAbCOH, paboTaBLUMX Ha
¢évpme Bell Laboratories B wWwT. HblO-AXepcH, UCNbITbIBAAM OYE€Hb  YYBCTBUTEAbHbIN
«MUKPOBOAHOBbIW», T. €. CBEPXBbICOKOYACTOTHbIM (CBY), aAeTekTop. (MUKPOBOAHBI — 3TO TO X€, UTO U
CBETOBbIE BOAHbI, HO MX YacCTOTa BCErO AULLb AECATb TbICAY MUAAMOHOB BOAH B CEKYHAY). [TeH3unac u
BWABCOH 3aMeTUAM, UTO YPOBEHDL LUyMa, PErUCTPUPYEMOrO UX AETEKTOPOM, BbIlLE, YEM AOAXHO
ObITb. ITOT WYM He ObIA HaNpPaBAEHHbIM, MPUXOAALLUMM C KaKOM-TO OMPEAEAEHHOW CTOPOHBbI.
CHauyana Has3BaHHble WCCAEAOBATEAM OOHAPYXMAM B AETEKTOpPE MNTUYMK NMOMET W MbITAaAUCh
06BbACHUTb 3GDEKT APYTUMU NPUYMHAMM NOAOBHOrO poAa, HO NOTOM BCE Takue «pakTopbl» ObiAK
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MCKAKOUYEHbI. OHM 3HAAM, UYTO AHOOOK LYM, MPUXOASLLMI U3 aTMOCHEPDI, BCEMAA CUABHEE HE TOTAa,
KOrA@ AETEKTOP HanpaBAEH NPSAMO BBEPX, @ KOrAA OH HAKAOHEH, MOTOMY UTO AyuM CBETa, UAYLLME
M3-3a FOPM30HTA, MPOXOAAT Yepe3 3HAUUTEAbHO OoAee TOACTblE CAOM aTMOChEpPbI, YEM Ay4W,
nonaparoLlne B AETEKTOP NPAMO CBEPXY. «AULLIHUN» Xe LYyM OAMHAKOB, Kyaa Obl HU HanpaBASTb
AeTeKTOP. CAepoBaTENBHO, UCTOYHMK LIYyMa AOAKEH HAxXOAWUTbCA 3a npeaeraMun atmocdepsl. LLym
ObIA OAMHAKOBbIM M AHEM, M HOYbI, M BOODOLLE B TeYeHUE ropa, HECMOTPSA Ha TO UTO 3eMAf
BpallaeTcs BOKPYr CBOEM OCU M NPOAOAXKAET CBOE BpalleHue BOKpyr CoAHUa. 3TO 03Ha4aAo, uTo
MCTOYHUK U3AYUEHUSI HAXOAMTCS 3a NpepernamMm COAHEYHOM CUCTEMbI U AaXe 3a MPeAeAaMU HaLlen
[anaKTUKK, MO0 B MPOTUBHOM CAyYae WMHTEHCUBHOCTb M3AYYEHMSA U3MEHSIAACb Obl, MOCKOAbKY B
CBA3KU C ABUKEHUEM 3EMAU AETEKTOP MEHSAET CBOK OpUeHTauuto. Kak Mbl 3Haem, No Nyt K Ham
N3AYUYEHUE MPOXOAMT NOYTH Yepes BCO HabAtoAaeMyo BceneHHyo. KoAb CKOPO e OHO OAMHAKOBO
BO BCEX HaMpaBAEHUSX, TO, 3HAUWUT, U cama BceneHHass opAMHAKoBa BO BCEX HaMpaBAEHUSAX, MO
KpalHen mepe B KpynHoM Maclutabe. Tenepb HaM M3BECTHO, UTO, B KAKOM Obl HanNpPaBAEHUU Mbl
HU NPOU3BOAMAM HABAOAEHMS, STOT LIYM U3MEHAETCA He HOAbLLE, YEM Ha OAHY AECATUTBLICAUHYHO.
Tak MNeH3nac U BWUAbCOH, HMUYErO HE MOAO3PEBAst, AAAM YAUBUTEABHO TOYHOE MOATBEPXAEHME
nepBoro NPeAnoAoXeHusa GpuamaHa.

MPUOAU3UTEABHO B 3TO XXE€ BPEMSA ABa aMEpPUKAHCKMX OM3MKa U3 PACMOAOXEHHOro Mo
coceacTBy [IpUHCTOHCKOrO yHuBepcuteTa, Bob Aunkke u Axum TMOAC, TOXe 3aHMMaAUCH
MCCAEAOBAHMEM MUKPOBOAH. OHW MNPOBEPSIAM MpPeANnoAOXeHne Axopaxa lamoBa (BbiBLErO
yyeHuka A. A. OpuamaHa) 0 TOM, 4TO paHHAA BceneHHas Obiaa OYeHb ropsaven, MAOTHOW U
packaneHHoM aobena. Avkke U MUOAC BbiCKa3aAn Ty MbICAb, YTO Mbl MOXEM BUAETb CBEYEHUE
paHHen BceneHHOM, M0 CBET, UCMYLLEHHbIM OYEHb AQAEKMMU €€ 0OAACTAMMU, MOT Bbl AOUTU AO HAC
TOAbKO cenyac. Ho n3-3a pacumpeHusa BceneHHOM KpacHOe CMeLLLEHWE CBETOBOTO CMEKTPa AOAKHO
ObITb TAaK BEAMKO, UTO AOLLEALLMIA A0 Hac CBET BYAET y)Xe MUKPOBOAHOBbIM (CBY) nanyueHuem.
Avikke 1 MMBAC rOTOBUAUCH K MOUCKY TAKOTO M3AYYEHUS, KOrAa MeH3nac 1 BuabCcoH, y3HaB o pabote
Avkke 1 Mnbaca, coobpasnAn, UTO OHU Ero yXKe HaLlAW. 3a 3TOT IKCNePUMEHT lMNeH3nac 1 BUALCOH
6blAM ypocToeHbl HobeneBckon npemun 1978 r. (UTo ObINO HE COBCEM CMPaBEAAMBO, ECAU
BCNOMHUTb 0 AMKKe u Mnbace, He roBops yxe o Nfamose!).

MNpaBaa, Ha NepBblK B3rAsfiA, TOT GakT, UTo BceaeHHasa Kaxercss HaM OAMHAKOBOW BO BCEX
HanpaBAEHUSX, MOXET TFOBOPUTb O KaKOMW-TO BbIAEAEHHOCTM HALIEro MECTOMOAOXEHUSA BO
BceneHHoOW. B yacTHOCTH, pa3 Mbl BUAMM, UTO BCE OCTaAbHbIE FAAAKTUKKU YAQASIFOTCA OT HAC, 3HAUUT,
Mbl HAXOAMMCS B LieHTpe BceneHHOM. Ho ecTb 1 aApyroe obbsicHeHue: BceneHHan ByAET BbIFASAETb
OAMHAKOBO BO BCEX HANpaBAEHUSAX U B TOM CAyYae, ECAY CMOTPETb Ha HEE U3 KaKOM-HUBYAb APYrov
raAnakTuKK. 310, Kak Mbl 3HaeM, BTopas runote3a PpuamaHa. Y Hac HET Hay4HbIX AOBOAOB HU 3@, HU
NPOTUB 3TOrO NPEANOAOXEHUS, U Mbl NPUHAAKU €r0, TaK CKa3aTb, U3 CKPOMHOCTU: BbIAO Obl KpaliHe
CTpaHHO, ecAr bbl BceneHHasa ka3anacb OAMHAKOBOW BO BCEX HAMpaBAEHMSIX TOAbKO BOKPYT Hac, a
B APYIMX ee ToUkax 3Toro He 6bin0! B mopean dpramaHa Bce rarakTUKKU YAAAAKOTCS APYT OT Apyra.
3710 BpoAe Obl Kak HAAYTbIW LWAPKK, HA KOTOPbIM HAHECEHbI TOUKK, ECAM ero Bce BoAblLLE HaAyBaTb.
PacctosiHue mexay AtoObIMU ABYMSA TOUKAMKU YBEAMUMBAETCH, HO HU OAHY M3 HUX HEAb3SI HA3BaTb
LLEHTPOM paclmnpeHus. NMputom yem OOAbLUE PACCTOSTHUE MEXAY TOUKaMM, TeM ObICTpee OHMU
YAQASIKOTCS APYT OT Apyra. Ho u B moaean ®pruamMaHa CKOPOCTb, C KOTOPOW AtOOble ABE ranaKTUKK
YAQASIKOTCS APYr OT Apyra, NponopuUMOHaAbHA PACCTOAHUIO MEXAY HUMU. Takum 06pa3om, MOAEAb
®puaMaHa MPEACKa3bIBAET, UYTO KPACHOE CMELUEHME TaNaKTUKM AOAKHO ObiTb  NPSAMO
NPOMOPLMOHAABHO €€ YAAAEHHOCTM OT Hac, B TOYHOM COOTBETCTBUMM C OTKPbITUEM Xabbaa.
HecmoTpsi Ha ycnex 3T0M MOAEAM U Ha COrAnacue ee npeackasaHui ¢ HabAtoAeHUAMKU Xabbaa,
pabota ®puamaHa ocTaBanaCb HEM3BECTHOM Ha 3anaae, U AvLlb B 1935 1. aMepuUKaHCK1it GU3MK
FoBapa POHEPTCOH M aHTAMMCKUI MaTeEMATUK APTyp YOAKEP NPEANOXUAM CXOAHbIE MOAEAW B CBA3U
C OTKpbITUEM XabbAa.
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Pocemomue semby
DEyME oo MO MY

Fomeumod sapeds Sootend xaomoe

Puec. 3.2 Hpe st

Poccmagus sewdy
Japae B manmMuREMY

DATannd  83pen
Puc. 3.3 s

Pocomganie kel
BApME BTSN MUY

Boampuwold aapure

Bdpesy

Puc. 34

Cam ®pmnamaH paccmaTpmBan TOABKO OAHY MOAEAb, HO MOXHO YKa3aTb TPU Pa3Hble MOAEAM,
AN KOTOPbIX BbIMOAHAOTCA 006a dyHAAMEHTaAbHbIX NpeanoAoxeHus dPpuamaHa. B mopeau
nepBoro tMna (oTKpbITon camum PpramaHom) BceneHHan paclumMpsieTca AOCTaTOMHO MEAAEHHO
AN TOTO, 4TOObl B CWUAY TPABUTALMOHHOIO MNPUTSXKEHUS MEXAY Pa3AMUHBbIMKU TaAaKTUKaMMU
pacliMpeHne BceneHHON 3aMEANANOCH U B KOHLIE KOHLIOB NpeKpaLlanoch. [TocAe 3TOro raAakTukm
HauYyMHaT NPUBAMXKATBLCA APYT K APYTY, U BceneHHan HaumMHaeT cxmnmatbes. Ha puc. 3.2 nokasaHo,
KakK MEHSIETCA CO BPEMEHEM PaCCTOSTHUE MEeXAY ABYMSA COCEAHUMU ranaktukamu. OHO Bo3pacTaer
OT HYAl AO HEKOEero MakcMmyma, a MnoToM OnATb NapaeT A0 Hyas. B moaeAn BTOporo tuna
paclMpeHne BCEeAeHHOM MPOMCXOAWUT TaK ObICTPO, UTO rPaABUTALUMOHHOE MNPUTIXKEHUE XOTb W
3aMeAAsleT pacluMpeHne, HE MOXET ero octaHoBUTb. Ha puc. 3.3 noka3aHo, Kak M3MeHSIeTCA B
3TOM MOAEAU PACCTOAHUE MEXAY rarakTMkamu. KprBas BbIXOAUT M3 HYASl, @ B KOHLIE KOHLIOB
raAaKTUKK YAQAAHOTCA APYr OT Apyra ¢ NOCTOSSHHOW CKOPOCTbHO. ECTb, HAKOHEL, U MOAEAb TPETbETO
TMNa, B KOTOPOW CKOPOCTb PacLUMPEHUss BCEAEHHON TOAbKO-TOABKO AOCTaTOuYHa AAS TOrO, 4YTOObI
n3bexartb CXaTuss A0 HyAs (KOAAanca). B 3ToM cAyyae pacCTofiHME MEXAY FaAakTUKaMu ToxXe
CHauyana paBHO HyAalo (puc. 3.4), a notom BcCe Bpems Bo3pacTaer. [lpaBaa, raAaKTUKK
«pasberaroTcsi» BCE C MEHbLUEN M MEHbLLEN CKOPOCTbHD, HO OHA HUKOTAA HE NAAAET AO HYAS.

Moaenb OpuamaHa NepBoro TMna yaAMBUTEAbHA TEM, UTO B HeW BceneHHas He 6eCKoHeYHa B
NPOCTPAHCTBE, XOTA MPOCTPAHCTBO HE WMMEET rpaHuul. [paBuTauua HACTOAbKO CWAbHA, 4TO
NPOCTPAHCTBO, UCKPUBASASICb, 3aMbIKaeTca C caMuM COb0M, ynopobAAasiCb 3EMHOW MOBEPXHOCTHU.
Beab, nepemellascb B ONPEAEAEHHOM HarnpaBAEHUU MO NOBEPXHOCTU 3eMAM, Bbl HUKOrAQ He
HaATOAKHETECb HA aBCOAIOTHO HEMPEOAOAMMYIO Mperpapy, He BbIBAAUTECH YEPE3 KPpal U B KOHLE
KOHLOB BEpHETECb B Ty Xe& CaMyl TO4YkKy, OTKyA@ BbllIAW. B nepson mopean dpuamaHa
MPOCTPAHCTBO Takoe Xe, HO TOAbKO BMECTO ABYX M3MEPEHUH, MOBEPXHOCTb 3EMAU UMEET Tpu
n3MepeHus. YetBeproe M3MepeHue, BPeMS, TOXE UMEET KOHEUHYH MPOTAKEHHOCTb, HO OHO
NoAOBHO OTPE3KY NPAMOKN, UMEHLLEMY Havyano U KOHel. MOTOM Mbl YBUAUM, UTO €CAM OOLLYHO
TEOPUIO OTHOCUTEABHOCTH 06bEAMHUTD c KBaHTOBO-MeXaHUYECKUM NPUHUUNOM
HEeonpPeAeAEeHHOCTH, TO OKAXETCSH, UTO U NPOCTPAHCTBO, U BPEMSA MOTYT ObITb KOHEYHbIMW, HE UMES
Npu 3TOM HU KPaEB, HU rpaHuL,

MbICAb O TOM, YTO MOXHO 060MTU BOKPYr BCEAEHHOM M BEPHYTLCA B TO XE MECTO, TOAUTCS AAS
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Hay4YHOM GaHTAaCTMKU, HO HE MMEET NPaKTMUYECKOro 3HauyeHus, nbo, Kak MOXHO MoKa3sartb,
BceneHHasi ycneet cxatbCsi A0 HYyA AO OKOHUYaHMA 06xoaa. UToObl BEPHYTLCS B UCXOAHYHO TOUKY AO
HaCTyNAEHUsI KOHLA@ BceAeHHOM, NMPULLAOCH Obl NEPEABUIaTbCA CO CKOPOCTbHO, MPEBbLILIAOLEN
CKOPOCTb CBeTa, a 3T0O HEBO3MOXHO!

B nepBon mopenn OdpuamaHa (B KOTOpouM BceneHHaa pacwupsercs U CKMMaetcs)
NPOCTPAHCTBO MCKPUBASIETCSl, 3aMblKasiCb CaMO Ha cebsl, kak MOBEPXHOCTb 3eMAu. [loaTomy
pa3mMepbl ero KoHeuHbl. Bo BTOpoi xe MoaeAn, B KOTOpor BceneHHas paclumpsieTcs 6eCKOHEYHO,
NPOCTPAHCTBO UCKPUBAEHO MHA4ye, Kak NMOBEPXHOCTb cepna. Takum 06pa3om, BO BTOPOM CAyvae
NpPocTpaHCTBO 6eckoHeuHo. HakoHel, B TpeTber Mopenr OpruaMaHa (C KPUTUUYECKOW CKOPOCTbIO
pPacLUMPEHNST) NPOCTPAHCTBO NAOCKOE (M, CAEAOBATEABHO, TOXXE BECKOHEYHOE).

Ho kakasa xe 13 mopenen OpuamaHa roauMtca AAA Hawewn BceneHHon? [llepectaHer Au
BceneHHasi HakoHel, paclIMPSTbCA M HAYHET CXMMATbCA MAM Xe OYAET pacluMpATbCA BEYHO?
Utobbl OTBETUTb HA 3TOT BOMPOC, HYXXHO 3HATb HbIHELLIHKOK CKOPOCTb pacLUMpPeHUss BceneHHoN 1 ee
CPEAHIOK NAOTHOCTb. ECAM MAOTHOCTb MEHbLLIE HEKOTOPOrO KPUTUUECKOrO 3HaYeHU s, 3aBUCALLETO
OT CKOPOCTM pacLUMPEHUSA, TO TPaBUTALMOHHOE NPUTSXEHWE OYAET CAULLIKOM Mano, 4TOObI
OCTaHOBUTb pacluMpeHne. ECAM Xe MAOTHOCTb BOAbLLE KPUTUUECKOW, TO B KAKOW-TO MOMEHT B
6yAyLLEM M3-3a FPaBUTaLIMK pacluMpeHre BceneHHOM NPeKPaTUTCa M HAYHETCA CxaTue.

CeropHsILLHIO CKOPOCTb pPacLUMpPeHUss BCEAEHHOM MOXHO ONpepeAuTb, M3Mepsas (Mo
apopekty Aonaepa) CKOPOCTU YAAAEHUA OT Hac APYrMx ranaktvk. Takve U3MepeHUA MOXHO
BbIMOAHUTb OYE€Hb TOYHO. HO pacCTossHUA A0 APYTMX raA@KTUK HaM MAOXO M3BECTHbI, MOTOMY YTO UX
HEeAb3sl UBMEPUTb HENOCPEACTBEHHO. Mbl 3HAaeM AULLb, YTO BceneHHas paclunpsaeTca 3a KaxAayto
ThICAYY MUAAMOHOB AeT Ha 5-10%. OAHAKO HEONPEAEAEHHOCTb B COBPEMEHHOM 3HAYE€HUN CPEAHEN
NAOTHOCTM BceneHHoM elle 6oablie. ECAM CAOXMTb MaccChl BCex HabAIOAQEMBbIX 3BE3A B HALUEN W
APYTMX ranakTUKax, TO AaXe NMpyv caMOM HU3KOM OLEHKE CKOPOCTU pacLUMpPEHUs] CYMMa OKaxeTcs
MEHbLUEe OAHOM COTOW TOM MAOTHOCTM, KOTopas HeobxoanMMa AAs Toro, 4ytobbl pacliMpeHue
BceneHHoM npekpaTuAoch. OAHAKO M B HaLLIEW, U B APYTMX FAAAKTUKAX AOAKHO ObiTb MHOIO TEMHOM
MaTepuK, KOTOPYHO HEAb3S BUAETb HEMOCPEACTBEHHO, HO O CyLLLECTBOBAHUN KOTOPOKW Mbl Y3HAEM MO
TOMY, KaK ee rpaBuUTaLMOHHOE NPUTAXXEHUE BAUSAET Ha OpOUTbI 3BE3A B ranakTukax. Kpome Toro,
raAaKTMKM B OCHOBHOM HaOAKOAQIOTCA B BMAE CKOMAEHUW, U Mbl MOXEM aHaAOrM4YHbIM 0bpa3om
CAeAaTb BbIBOA O HaAMUMM elle OOAbLUENO KOAMUYECTBA MEXraraKTUUECKOW TEMHOM MaTepuu
BHYTPU 3TUX CKOMAEHWHW, BAMSAIOLLErO0 Ha ABWMXEHME ranaktuk. CAOXMB Maccy BCeW TEMHOM
MaTepuu, Mbl MOAYYUM AULLIb OAHY AECATYIO TOr0 KOAMYECTBA, KOTOPOE HEOOXOAMMO AAA
npeKpaLwleHns paclunpeHns. Ho HeAb3s MCKAKOUUTb BO3MOXHOCTb CYLLECTBOBAHUA U KAKOW-TO
Apyron ¢opmbl Matepuu, pacnpepeneHHOM paBHOMEPHO Mo Bcen BceneHHOW M ewe He
3aperncTpmMpoBaHHOM, KoTopasa MorAa Obl AOBECTUM CPEAHKOKD MAOTHOCTb BceneHHOM Ao
KPUTUUYECKOrO 3Ha4yeHuss, HEeobXxoAMMOro, utobbl OCTAHOBWUTL pacluMpeHue. Takum obpasom,
MMEIOLLIMECS AAHHbIE TOBOPAT O TOM, 4yTO BceneHHas, BEPOATHO, OyAeT paclMpsATbCA BEYHO.
EAMHCTBEHHOE, B YEM MOXHO OblTb COBEPLUEHHO YBEPEHHbLIM, Tak 3TO B TOM, UTO €CAM CXaTue
BceneHHOM Bce-Taku NPOMU30MAET, TO HUKAK HE paHblLe, YeM Yepe3 AECATb ThiICAY MUAAMOHOB AET,
nbo No KpanHEN Mepe CTOABKO BPEMEHM OHA yXe paclumpserca. Ho 3T0 He AOAXHO HaC CAMLLKOM
CUABHO TPEBOXMUTb: K TOMY BPEMEHMU, ECAU Mbl HE NepeceArmcsa 3a npeaenbl COAHEYHOW CUCTEMbI,
yeAoBeYEeCTBa AABHO YXxe He ByaeT — OHO yracHeT BmecTe ¢ CoaHuem!

Bce BapuaHTbl Mopaenr dprvamMaHa MMERT TO 06LUEe, YTO B KAKOW-TO MOMEHT BPEMEHU B
MPOLIAOM (AECATb-ABaALATb ThbICAY MWAAMOHOB AET Halaph) pPacCTosiHUE MeXAY COCEeAHWMU
raAaKTMKaMM AOAKHO ObINO PaBHATLCA HYAKD. B 3TOT MOMEHT, KOTOPbIM Ha3biBAaeTcA OOAbLLUWM
B3PbIBOM, MAOTHOCTb BCEAEHHOM W KpUBU3HA NPOCTPAHCTBA-BPEMEHU AOAXHbI ObIAM ObITh
6ECKOHEUHbIMMU.

MOCKOAbKY MaTeMaTUKM peanbHO He YymerloT obpawatbcd ¢ O6ECKOHEUYHO OOAbLIMMU
BEAMUYMHAMM, 3TO O3HAYAET, YTO, COrAACHO 00LLIEN TEOPUN OTHOCUTEABHOCTM (Ha KOTOPOW OCHOBAHbI
peweHna ®PpuamaHa), BO BceneHHOM AOAXKHA ObiTb TOUKa, B KOTOpPOM cama 3Ta Teopus
HenpumeHMMa. Takas Touka B MatemMatuke HasbiBaetcsa ocobon (CMHIyAsipHoW). Bce Haluu
Hay4yHble TEOPMM OCHOBAHbI Ha MPEANOAOXEHWUWU, UTO MPOCTPAHCTBO-BPEMSA TFAAAKOE WU MOYUTU
NMAOCKOE, a MOTOMY BCE 3TU TEOPUM HEBEPHbI B CUHIYASIPHOM TOUKE GOABLLIOrO B3pbiBa, B KOTOPOM
KPMBM3HA NPOCTPaHCTBA-BpeMeEHU beckoHeuHa. CaepoBaTEAbHO, AaXe ecAn Obl nepea 6OAbLLUM
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B3PbIBOM MPOUCXOAUAN KaKME-HUOYAb COObITUSI, MO HUM HeAb3si ObIAO Obl CMPOrHO3MPOBATb
byayllee, Tak Kak B TOUKe OOAbLIOrO B3pbiBa BO3MOXHOCTM MPEACKA3aHWUsi CBEAUCH Obl K HYAHO.
To4YHO TakK Xe, 3Hast TOAbKO TO, UTO MPOMU3OLLAO NOCAE BOABLLLOIO B3PbiBa (@ Mbl 3HAEM TOABKO 3TO),
Mbl HE CMOX€EM Y3HaTb, UTO MPOUCXOAUAO AO Hero. CobbITUS, KOTOPblE MPOMU3OLIAU A0 BOABbLLIOIO
B3pblBa, HE MOIMYT MMETb HWUKAKWMX MOCAEACTBUM, KacaloLMXCA Hac, U NO3TOMY HE AOAXHbI
durypupoBaTtb B HayuyHOM Mopenn BeceneHHoW. CAepA0BaATEABHO, HYXXHO UCKAKOUUTb MX U3 MOAEAU U
cuuTaTb HaYaAOM OTCUYETa BPEMEHU MOMEHT BOABLLLOIO B3PbIBaA.

MbICAb O TOM, YTO y BPEMEHM BbINO HAYAAO, MHOTUM HE HPABWUTCHA, BO3MOXHO, TEM, UTO B HEN
€CTb HAMEK Ha BMeLIaTeAbCTBO BOXECTBEHHbIX CUA. (B TO Xe Bpems 3a MOAEAb BOALLLOIO B3PbiBa
yxBaTuaacb Kartoanueckas LepkoBb M B 1951 r. oduuUMarbHO NPOBO3rAACMAQ, HYTO MOAEAb
60AbLLOrO B3pbliBa coraacyetca ¢ bubaven). B cBA3M C 3TMM M3BECTHO HECKOAbKO MOMbITOK
obonTnch 6€e3 6oAbOoro B3pbiBa. HanbOAbLUYIO MOAAEPXKY MOAYYMAA MOAEAb CTaLMOHAPHOM
BceneHHon. Ee aBTopamu B 1948 1. 6biAn X. BoHAM U T. Toyap, 6exaBlune U3 OKKYNnMpoBaHHOM
HaumMctaMn ABCTPUM, U aHIAMYaHUH O. XOMA, KOTOPbIA BO BPEMS BOMHbI paboTan C HUMWU Hap
npobAemMon papnonokauuun. Mx maesa coctosina B TOM, UTO MO Mepe palberaHua ranaktmk Ha
0CBOOOAMBLUMXCS MeCTax M3 HOBOFO HEMNpPepPbIBHO POXAAMKLWIErOCS BeLeCTBa BCE BpeMsA
obpa3sytoTca HOBble ranakTukM. CAepoBaTeAbHO, BceneHHas AOAKHA BbIFASAETb MPUMEPHO
OAMHAKOBO BO BCE MOMEHTbl BPEMEHM W BO BCEX TOYKAxX MPOCTPaHCTBA. KOHEUHO, AAS
HENPepbIBHOrO  «TBOPEHUS»  BellecTBa TpeboBanacb HEKOTOpasa MOAUPUKALMSA  Teopuu
OTHOCUTEABHOCTU, HO HYXHas CKOPOCTb TBOPEHMSA OKa3blBaAaCb CTOAb MaAOW (OAHA yacTuua Ha
KyOMYECKMIN KUAOMETP B TOA), UYTO HE BO3HUKANO HUKAKUX MPOTUBOPEUMIA C IKCMEPUMEHTOM.
CraunoHapHasa MOAEAb — 3TO NMPUMEP XOPOLUEN HAyYHOM TEOPUU B CMbICAE KPUTEPUEB rAaBbl 1:
OHa npocTas M AAET ONpPeAeAeHHble NPEeACKa3aHUs, KOTopble MOXHO NpPOBEPATb MNyTem
HabAtopeHM. OAHO M3 ee NpeACKa3aHUM TakoBO: AOAXKHO ObiTb MOCTOSHHBIM UMCAO FAAAKTUK U
APYIMX aHAAOTMUHbIX 0ObEKTOB B AHOOOM 3apaHHOM 0O6beme NPOCTPaHCTBA HE3ABUCMMO OT TOrO,
KorAa W rae BO BceneHHOM npou3BopsaTcs HabaopaeHuA. B koHue 50-x-Hauane 60-x ropos
acCTPOHOMbI M3 KeMbprAXCKOro yHMBEPCUTETA MOA PYKOBOACTBOM M. Paiina (KOTOpbIi BO BPEMS
BOMHbI BMecTe ¢ boHaM, ToyapomM M XOMAOM TOXE 3aHMMAACs pPa3paboTKoW paAMOAOKaLIMMK)
COCTaBMAM KaTaAOl WUCTOUYHMKOB PAAMOBOAH, MPUXOAALLMX M3 BHELIHEro MnpocTpaHcTBa. JTa
KeMbpuaXCKasa rpynna nokasana, 4to 60AbLLAA YacTb 3TUX PAAMOUCTOUHMKOB AOAKHA HAXOAMUTLCSA
BHe Hallerh [anaKTUKUM (MHOTME WCTOYHUKM MOXHO ObINO OTOXAECTBUTb AaXE C APYTUMM
rarakKTMKamMm) U, KPOMe TOro, 4to CAabbix UCTOUHMKOB ropas3no OO0Ablle, YEM CUAbHbIX. CArabble
MCTOUYHMKN MHTEPNPETUPOBAAUCH KaK BOAEE YAANEHHbIE, @ CUAbHbBIE — KaK Te, UTO HaxoAATCA BAnXe.
Aanee, 0Ka3an0Cb, UTO UMCAO OObIYHbIX UCTOUHMKOB B €AMHULE 0BbeMa B yAAAEHHbIX 0OAACTAX
b6onbLLe, yemM BOAM3W. ITO MOFAO O3HA4YaTb, YTO Mbl HAXOAMMCS B LEHTPE OrpoMHOM 06AaCTU
BceneHHOM, B KOTOPOM MEHbLLE UCTOUHMKOB, YEM B APYrMX MecTax. Ho, BO3MOXHO, 6bIAO U Apyroe
00bSAACHEHUE: B NPOLLAOM, KOTAQ PAAMOBOAHbBI HAYaAW CBOW MyTb K HAM, UCTOYHUKOB ObIAO BOAbLLE,
yem cenvac. Oba 3TM 0OBACHEHMA NPOTMBOPEYAT MNPEACKa3aHUAM TEOPUU CTaLMOHApPHOM
BceneHHOW. Kpome TOro, MMKPOBOAHOBOE M3AyYeHMe, obHapyxeHHoe B 1965 r. lNeH3nacom u
BUAbCOHOM, TOXE YKa3blBaAO Ha BOAbLLIYHO NAOTHOCTb BCEAEHHOM B NPOLLAOM, Y MO3TOMY OT MOAEAU
CcTauMOHapHOW BceneHHOM NPULLIAOCH OTKa3aTbCsl.

B 1963 r. pABa coBeTCKUX du3nKa, E. M. Andwimnuy, u N. M. XanaTHUKOB, CAEAAAU €LLE OAHY
NOMbITKY MCKAKOUMTb OOABbLLOM B3pPbIB, @ C HUM W HayanO BpemMeHU. AudlimL U XaAaTHUKOB
BbICKa3aAW MPEANOAOXEHME, UYTO OOAbLUOW B3PbIB - OCOOEHHOCTb AMLIb MoAener DpuaMaHa,
KOTOPblE B KOHLE KOHLUOB AAQlOT AULIb MNPUOAMXKEHHOE onucaHue peanbHoOW BceneHHow. He
MCKAKOUEHO, YTO M3 BCEX MOAEAEN, B KAKOW-TO MEPE ONUCHIBAKOLLMX CyLLECTBYHOLLYIO BCceaeHHyto,
CUHIYAIPHOCTb B TOUKE OOAbLLOrO B3pbiBa BO3HWKAET TOAbKO B MoAeAsix dpuamana. CoraacHo
dpuaMaHy, BCe ranakTMKU YAQAAIOTCS B MPSIMOM HanpaBAEHUWU APYT OT Apyra, U NO3TOMY BCE OHMU
HaXOAMAUCH B OAHOM MecTe. OAHAKO B peanbHO CYLLECTBYHOLLIEN BCEAEHHON raAnaKTUKKU HUKOTAQ He
PacXoAATCA TOYHO NO NPSAMOM: 0ObIYHO Y HUX €CTb €ellle U HEBOAbLLME COCTaBASIOLLME CKOPOCTH,
HanpaBAE€HHble NoA YrAOM. [103TOMy Ha CaMOM AeAe FanaKTUKaM He HY)XHO HaxOAUTbCS TOUHO B
OAHOM MeCTe — AOCTaTO4YHO, YTOObl OHM ObIAM PACNOAOXEHbI OUEHb OAM3KO APYr K Apyry. Toraa
HbIHELLHASA pacluunpsolascs BceneHHass MOrna BO3HUKHYTb HE B CUHIYASIPHOM TOUKE OGOAbLLOMO
B3pblBa, a Ha KakoW-HMbyab Bonee paHHen dase cxaTusl; MOXET ObiTb, NPU CXXaTUK BceneHHOM
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CTOAKHYAUCb APYT C APYrOM He BCe YacTulbl. Kakas-To AOAS UX MOrAa NPOAETETb MUMO APYT Apyra U
CHOBa pPa30MTUCb B pa3Hble CTOPOHbI, B pe3yAbTaTe 4Yero U NPOMCXOAUT HabAropaemMoe cenyac
paclmnpeHne BceneHHOM. Kak Toraa onpeaeAnTb, 6biA AU Ha4aAoM BceneHHOW BOAbLLON B3PbIB?
AMLINL, U XaAaTHUKOB 3aHSAAUCh U3YUEHUEM MOAEAEN, KOTOPbIE B 0OLLMX YepTax 6bIAK Obl MOXOXM
Ha moaeAr dpraMaHa, HO OTAMYAAMCb OT GPUMAMAHOBCKMX TEM, UTO B HUX YUWUTbIBAAUCh
HEPEryAIPHOCTU W CAyYaMHbIM XapaKTep peaAbHbIX CKOPOCTEW ranakTuk BO BceaeHHoW. B
pe3yabtate AUdLIML U XaAaTHUKOB MOKa3aAW, UTO B TaKUX MOAEASIX OOAbLLOM B3pPbIB MOr ObiTh
HayaAOM BceneHHOM paxe B TOM CAydae, ECAU raraKTUKKW He BCeraa pasberarorcsi Mo NpsiMmon, no
3TO MOTAO BbINOAHATLCS AWULLb AASl OYEHb OFPAHMUYEHHOrO Kpyra MOAEAEN, B KOTOPbIX ABUXEHUE
raAakTUK MPOUCXOAUT ONPeAENEHHBIM 06pa3oM. NOCKOAbKY Xe Moaeneit GPUAMaHOBCKOro Tuna,
He coaepXalinx 60AbLIOW B3pbiB, OECKOHEYHO OOAblLLE, YeM TeX, KOTOpPble COAEPXaT TaKyko
CUHIYAAPHOCTb, AMOLWINL, U XaraTHUKOB YTBEPXAAAW, UTO HA CaMOM Aene BOAbLIOrO B3pbiBa He
6bIn0. OAHAKO NO3AHEE OHM HALIAM ropas3ao bonee 06LLMI Khnace MoAenert GPUAMAHOBCKOrO TMNa,
KOTOPbIE COAEPXAT CUHTYASIPHOCTU U B KOTOPbIX BOBCE He TpebyeTcsi, UToObl raAaKTUKU ABUIaAUCh
KaKMM-TO 0cobbiM 06pasom. Moatomy B 1970 r. Audwnl, 1 XanaTHUKOB OTKa3aAUCb OT CBOEW
TEOPUMN.

Tem He MeHee Mx paboTa MMeAa OYEeHb BaxXHOE 3HauyeHune, MO0 Nokasana, UTo eCAM BepHa
obLlas Teopmsi OTHOCUTEABHOCTH, TO BceneHHass Moraa MMETb 0CoBY0 TOUKy, 60AbLLOW B3pbIB. HO
3Ta paboTa He paBana OTBETA Ha MaBHbIW BONPOC: CAEAYET AU U3 06LEN TEOPUM OTHOCUTEABHOCTH,
yto y BceneHHOM AOAKHO BbIAO ObiTb HAYAAO BPEMEHU — BOAbLLOW B3pbIiB? OTBET Ha 3TOT BONPOC
ObIA MOAYYEH NPU COBEPLLUEHHO APYrOM TMOAXOAE, MPEAAOXKEHHOM B 1965 T. aHIAMUCKUM
MateMatukom u dusmkom Popxepom [leHpoy3om. Ncxopa M3 NOBEAEHUA CBETOBbIX KOHYCOB B
obuen Teopun OTHOCUTEABHOCTU M TOFO, YTO FPaBUTALMOHHbBIE CUAbI BCErAa SABASIFOTCS CUAAMMU
npuTsxxeHus, NeHpoy3 nokasaA, YTo Korpa 3Be3pa CXMMAETCS MOA AEMCTBMEM COOCTBEHHbIX CUA
rpaBUTaLIMK, OHA OrpaHMUMBAETCS 0OAACTbIO, MOBEPXHOCTb KOTOPOM B KOHLIE KOHLIOB CXMMAaETCA
AO HYASL. A pa3 NOBEPXHOCTb 3TOM 0OAACTU CXXMMAETCH AO HYASI, TO XXEe CaMOoe AOAKHO NPOUCXOAUTb U
c ee obbemMoM. Bce BelecTBO 3BE3AbI BYAET CXATO B HYAEBOM 0ObEME, TaK UTO €€ NMAOTHOCTb U
KPUBU3HA MNPOCTPAHCTBA-BPEMEHU CTaHYT OECKOHEYHbIMWU. WMHbIMWM CAOBaMW, BO3HWUKHET
CUHIYASIPHOCTb B HEKOEN 0BAaCTM NPOCTPAHCTBA-BPEMEHMU, Ha3blBaEMan YEPHON AbIPOW.

Ha nepBbIt B3rAsip, aTa TeopeMa NeHpoy3a OTHOCUTCA TOAbKO K 3BE3AAM: B HEM HUYErO He
roBOpPUTCS O TOM, UCMbITana AM BCSi BceneHHasa B npowAomM 60AbLLIOM B3pbIB. B TO Bpems, Koraa
Menpoy3 A0Ka3an CBOLO TeopeMy, A, Byayun acnMpaHTOM, OTYAAHHO UCKaA KaKyto-HUMOYAb 3apaudy,
4yToObl 3aLUMTUTL AUCCEpPTaLMIO. 3a ABa roOAa AO 3TOrO Bpayu MNOCTaBUAM MHE AMArHo3 «60KOBOM
aMUOTPOPUUYECKHIN CKAEPO3», AU MOTOPHAA BOAE3Hb HEMPOHOB, U AAAM MOHATb, UTO A NPOTSAHY HE
60oAbLLIE OAHOTO-ABYX A€T. [pu Takux 0BCTOATEAbCTBAX He ObIAO 0CcOBOro cmbicaa pabotatb Hap
AMCcepTaumen, Mbo A He HaAEANCA AOXMUTb A0 ee 3aBeplleHnsa. Ho NnpoLAo ABa roaa, a Xyxe MHe
He cTano. Mou aena LWAM NPeKPaAcHO, U A ObIA MOMOABAEH C 04aPOBATEALHOM AEBYLLKOM MO MMEHMU
LAxenH Yanap. AAs xeHuTbbbl MHe TpeboBanacb pabota, a utobbl €e MOAYUYMTb, HyXXHa Obina
AOKTOPCKasi CTENEHb.

B 1965 r. a npountan o Teopeme [leHpoy3a, COrnacHO KOTOpor Aoboe Teno B npouecce
rPaBUTALIMOHHOIO KOAAAMNCa AOAKHO B KOHLE KOHLIOB CXaTbCA B CUHIYAAPHYHO TO4YKy. Bckope A
MOHSAA, YTO ecAU B Teopeme eHpoy3a U3MEHWUTb HanpaBAEHUE BPEMEHM Ha 0bpaTHOe, Tak, UTOObI
CXaTve MNepeLwno B pacluMpeHue, TO 3Ta Teopema Toxe OyAeT BepHa, KOAb CKOpO BceneHHas
cenyac xoTa 6bl rpybo NpUBAMXEHHO ONMUCbIBAETCH B KPYNMHOM Maclutabe moaenbto Opuamara. Mo
TeopemMe [leHpoy3a KOHEUHbIM COCTOSIHMEM AOOOM KOAAAMNCUPYHOLIEN 3BE3Abl AOAXHA ObiTb
CUHIYAIPHOCTb; NpW obpalleHMM BPEMEHU 3Ta Teopema YTBEPXAAET, UTO B AOOOM MOAEAM
GPMAMAHOBCKOMO TUNa HauyaAbHbIM COCTOSSHUEM pacLUMpsatoLLEenca BceneHHOM Toxe AOAXKHA ObiTh
CUHIYAAPHOCTb. 0 coobpaeHUAM TEXHUUYECKOrO xapaktepa B Teopemy MeHpoy3a Bbin0 BBEAEHO
B KauecTBe ycAoBuUs TpeboBaHuMe, UTobbl BceneHHan Bbina 6eckoHeuHa B npocTpaHcTBe. [1oatomy
Ha OCHOBaHWW 3TOM TEOPEMbl 1 MOl AOKa3aTb AMLUb, YTO CUHIYAAPHOCTb AOAXHA CYLLECTBOBATb,
€CAM paclunpeHne BceneHHOM MPOMCXOAMUT AOCTAaTOUYHO ObICTPO, UTOObI HE HayaAOCb MOBTOPHOE
cxatue (M60 TOAbKO Takue GpUAMaAHOBCKME MOAEAN BECKOHEYHbI B MPOCTPAHCTBE).

MoTOM 1 HECKOABKO AET pa3pabaTtbiBaA HOBbIM MaTeMaTUYECKUI annapaT, KOTOPbI MO3BOAWA
Obl YCTPAHWTb 3TO U APYrMe TEXHUYECKME YCAOBUS U3 TEOPEMbI O HEODXOAMMOCTU CUHTYASIPHOCTH. B
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utore B 1970 r. Mbl ¢ [TeHPOY30M HanMcanM COBMECTHYHO CTaTbiO, B KOTOPOW HaKOHEL, AOKa3aAH,
YTO CUHIYAAIPHAA TOuka OOAbLUOrO B3pbiBa AOAXHA CYLLECTBOBATb, OMMPAACb TOAbKO Ha TO, 4TO
BepHa o06Llas Teopusi OTHOCUTEABHOCTM U UYTO BO BceneHHOWM COAEPXMTCA CTOABKO BELLECTBA,
CKOAbKO Mbl BUAMM. Halla paboTta Bbl3BaAa Maccy BO3PaXEHWN, YaCTUUYHO CO CTOPOHbI COBETCKMX
YUEHbIX, KOTOPble M3-3a MNPUBEPKEHHOCTU MAPKCUCTCKOM GUAOCOOUM BEPUAM B HAYUHbIN
AETEPMUHMU3M, @ YAaCTUYHO M CO CTOPOHbI TEX, KTO HE MPUHUMAA CaMy MAEHD CUHIYAAPHOCTEN KaK
HapyLlatoLyo KpacoTy Teopuu JuHWTerMHa. Ho ¢ mMatemaTMyeckor TeOpemMor He OuyeHb
NMOCMNOpPWLLb, U MO3TOMY, KOraa paboTa bbira 3aKOHUYEHA, €€ NPUHAAWU, U CEMYaC MNOUTU BCE CUUTAIOT,
yto BceneHHass BO3HMKAQ B 0C000M Touke O0AbLIOrO B3pbiBa. 10 MPOHMM CypbObl MOM
NPEACTaBAEHUSA UBMEHUAUCH, U TENEPD S NbITalOCb YOEAUTb PUBNKOB B TOM, UTO HA CAMOM AEAE NPU
3apOXAEHUN BceneHHOM HMKakon 0coboM ToUKK He BbIn0. B caeayroLlmx rAaBax A MoKaxy, uto npu
yuyeTe KBAHTOBbIX 3QPEKTOB CUHIYAAPHOCTb MOXET UCUESHYTb.

B aToMi rnaBe Mbl BMAEAU, KaK MEHee 4YeM 3a MOACTOAETUS M3MEHWUAUCb NPEACTAaBAEHUSA
AOAEN O NpUpoAe, GOPMUPOBABLLMECS HE OAHY ThiCAUy A€T. Hauano 3TUM U3MEHEHUAM MOAOXUAU
OTKpbIToe XabbAroM paclunpeHre BceneHHOM U CO3HaHWE HE3HAUUTEABHOCTM Hallen cOBCTBEHHOM
NMAQHETbl CPeAM OFPOMHbIX NPOCTOpoB BceneHHoOW. [lo mMepe TOro Kak MHOXWAUCH
9KCMEPUMEHTAAbHbIE U TEOPETUUECKME pPe3yAbTaTbl, CTAHOBWMAOCb BCe OOAee SfCHO, 4To Y
BceneHHOM AOAXHO BbITb Hauano BO BpemMeHW. HakoHel B 1970 r. Mbl ¢ [eHPOY30M AOKa3aAM 3TO,
MCXOAS! U3 0OLLIEN TEOPUM OTHOCUTEABHOCTM AMHLITEMHA. U3 Hallero pookasaTeAbCcTBa CAEAOBANO,
yTo 06LLAs TEOPUSA OTHOCUTEABHOCTU NPEACTABAAET COOOM HEMOAHYIO TEOPUIO; B HEM HET OTBETA Ha
BOMPOC, KakK BO3HWKAA BceneHHasi, MOTOMYy 4TO, COrMAACHO TEOPWUM OTHOCUTEABHOCTW, BCE
dn3nYecKre Teoprmn, B UX UNCAE M OHA CaMa, HapyLLlarTCA B TOUKE BO3HUKHOBEHUSA BCeAeHHOMN.
OaAHaKko 06uan Teopuss OTHOCUTEABHOCTM WU HEe NPETEHAYET HA POAb NMOAHOW TEOPUMK: TEOPEMbI O
CUHTYAIPHOCTM Ha CaMOM AEAE YTBEPXKAAOT AULLIb, YTO HA HEKOEN OUYEHb PaHHEN CTaAUKU Pa3BUTUSA
pa3mMepbl BceneHHOM ObIAM O4YeHb MaAbl, HACTOAbKO, YTO TOraa MOrAM ObiTb BecbMa
CYLLECTBEHHbIMWU MEAKOMACLUTabHble 3G dEKTbI, KOTOPbIMW 3aHUMAETCA YyXEe Apyras BeAndanllas
Teopua XX BEKa - KBaHTOBas MexaHWka. UTak, B Hadane 70-X rOAOB HaM MPULLUAOCb B CBOMX
NCCAEAOBaHUSAX BCEAEHHOM NEPEKAIOUUTLCA C TEOPUM YPE3BblYaiHO BOALLLIOIO HA TEOPUIO KparHe
MaAoro. AToM TeEOPUKN, KBAHTOBOM MexaHWke, ByaeT NocBsiLLeHa CAeAyloLlan raaBa, a 3aTeM Mbl
neperaeM K 0OCY>XXAEHUIO TOrO, KakK 3TM ABE YacCTHble TEOPUM MOXHO ObIAO Obl 06bEAMHWTL B
€AVHY0 KBAHTOBYHO TEOPUIO FPaBUTaLIMK.

4. MNprUHUUN HeonpeAeAeHHOCTH

Moa BAMSIHMEM ycnexa HayuHbIX TEOPWUM, OCOOEHHO HLIOTOHOBCKOM TEOPWUWU TATOTEHUSA, Y
dpaHuy3ckoro yueHoro Mbepa Aanaaca B Hayane XIX B. BbipaboTancs B3rasa Ha BceneHHyo kKak Ha
MOAHOCTbIO AETEPMMHUPOBAHHLIA OOBLEKT. AanAac noAaraa, uTto AOAKEH cyllecTBoBaTb Habop
Hay4YHbIX 3aKOHOB, KOTOPbIE NO3BOAAAK Obl NPEACKa3aTh BCE, UTO MOXET MPOM30MTU BO BceneHHON,
€CAW TOAbKO M3BECTHO MOAHOE OMNUCAHWE ee COCTOAHUA B KAKOW-TO MOMEHT BPpeMeEHU. Hanpumenp,
€CAM Obl Mbl 3HAAK NOAOXEHUSE COAHLIA M MAQHET, OTBEYAOLME KaKOMY-TO MOMEHTY BPEMEHMU, TO C
NMOMOLLbID 3aKOHOB HbIHOTOHA Mbl MOFAM Obl BbIYMCAWTb, B KaKOM COCTOSIHUM OKa3anacb Obl
ConHeuHasn cuctema B AOOOM APYro MOMEHT BPEMEHUW. B AaHHOM cayvae AeTEPMUHU3M AOBOABHO
OueBMAEH, HO Aanaac MoLwIeA AaAblUe, YTBEPXAAS, YTO CYLLUECTBYIOT aHAAOTMUHbIE 3aKOHbl AAS
BCEro, B TOM UUCAE U AN TOBEAEHMWS YEAOBEKA.

AOKTpUHa HayuyHOro AeTepMUHM3MA BCTPETUAG CUABHOE CONPOTUBAEHUE CO CTOPOHbI MHOTUX,
No4YyBCTBOBABLLMWX, UYTO 3TUM OrpaHuuYnBaeTcs cBoOOAHOE BMELLATEAbCTBO bora B Hall MUP; TEM
He MeHee 3Ta MAESA 0CTaBaAaCb 0ObIYHOM HAYYHOW rMNOTE30M eLle B CaMOM HavyaAe Hallero Beka.
OAHUM M3 MNEPBbIX YKa3aHUMM Ha HEOOXOAMMOCTb OTKa3a OT AETEPMMHM3MA CTaAM Pe3yAbTaTtbl
pacuyeTtoB ABYX aHIAMUCKUX GU3UKOB, AKOHa Panesa n Axenmca AXUHCA, U3 KOTOPbIX CAEAOBAAO,
YTO ropsYMn OOBEKT TUMNA 3BE3Abl AOANKEH BCE BPEMSA M3AyuyaTb BECKOHEUYHO OOAbLLIYIO SHEPTUIO.
CornacHO WM3BECTHbIM TOrAa 3akKoHaM, ropsyee TEeAO AOAKHO B pPaBHOW Mepe U3AyyaTb
9NEKTPOMArHUTHbIE BOAHbI BCEX YaCTOT (HAanpumMep, PaAMOBOAHbI, BUAMMbIV CBET, PEHTTEHOBCKOE
N3AyYEHME). ITO 03HAYAET, UYTO AOANKHO M3AYUYATbCH OAMHAKOBOE KOAMYECTBO SHEPIUU U B BUAE
BOAH C YacTOoTaMu OT OAHOrO AO ABYX MUAAMOHOB MWAAMOHOB BOAH B CEKYHAY, U B BUAE BOAH,
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4aCTOTbl KOTOPbIX HAXOAATCA B MHTEPBAAE OT ABYX AO TPEX MUAAMOHOB MUAAMOHOB BOAH B CEKYHAY.
A NOCKOAbKY pasHbiX 4acToT OECKOHEYHO MHOrO, MOAHas M3AyYaemasi 3Heprus AONKHA ObiTb
6ECKOHEYHOW.

Utobbl M36aBWUTLCS OT 3TOrO0 ABHO abCypAHOro BbIBOAQ, HEMELKWUI yueHbld Makc MAaHK B
1900 r. NpMHAA TMNoTE3Y, COrAaCHO KOTOPOM CBET, PEHTTEHOBCKUE AYUYU U APYTME BOAHBI HE MOTYT
MCNYCKaTbCH C NPOU3BOAbHOM MHTEHCUBHOCTbLIO, @ AOAKHbBI UCMYCKATbCA TOABKO HEKMMU NOPLUSMMU,
koTopble [AaHK HasBaA KBaHTamu. Kpome Toro, lNAaHK NPEANOAOXMA, UTO KaXAblM KBaHT
M3AYYEHUSA HECEeT ONpeAeNeHHOe KOAMYECTBO 3HEPTUK, KOTOpoe Tem OOAbLLE, YEM Bbille YacToTa
BOAH. Takum 06pa3om, MNpuv AOCTATOYHO BbLICOKOM YacCTOTE 3HEPrusi OAHOrO KBaHTA MOXET
npeBbIaTh UMEIOLLEECH KOAUMYECTBO 3HEPTUU U, CAEAOBATEABHO, BbICOKOUYACTOTHOE WM3AYYEHUE
OKaXeTcs NOAABAEHHbIM, @ UHTEHCUBHOCTb, C KOTOPOMW TEAO TEPSIET IHEPI IO, BYAET KOHEUHOMN.

[Mnotesa KBaAHTOB MpPEKpacHO CcOraacoBanacb € HabAlOA@EMbIMM - 3HAYEHUAMM
MHTEHCMBHOCTU U3AYYEHUSI TOPSIUMX TEA, HO UTO OHA O3HAYaEeT AASI AETEPMUHU3MA, ObIANO HEAICHO AO
1926 r., KOrpa ApYrom HeMeukui ydeHbl, BepHep lerseHbepr, chopMyAMpoBaA 3HAMEHUTbIN
MPUHUMN HEOMpPEAENEHHOCTU. UTOObI NpeAcKas3aTb, Kaknm ByAET MOAOXKEHME U CKOPOCTb YacCTULbl,
HY)XHO YMETb NPOU3BOAUTb TOYHbIE U3MEPEHUA €€ MOAOXEHUA U CKOPOCTU B HACTOSALLMIA MOMEHT.
OueBMAHO, UTO AAA 3TOrO HAAO HanpaBWTb Ha vacTuly CBeT. YacTb CBETOBbIX BOAH Ha HeW
pacceeTcs, U TakuM 00pa3oM Mbl ONPEAEAMM MOAOXEHME 4YacTuubl B mpocTpaHcTBe. OAHaAKo
TOYHOCTb 3TOr0 U3MepEHUsT ByAET He Bbllle, YEM PACCTOAHUE MEXAY FPebHAMKU ABYX COCEAHMX
BOAH, 1 NO3TOMY AASl TOYHOTO U3MEPEHUSA MOAOXKEHUA YaCTULbl HEOOXOANM KOPOTKOBOAHOBbIM CBET.
CornacHo xe runotese [lnaHka, CBET HEBO3MOXHO WCMOAb30BaTb MPOU3BOALHO MaAbIMU
nopuMAMKU, M He OblBaeT MeHbllerW NOopuUMM, YeM OAMH KBaHT. IJTOT KBaHT CBeTa BHeCeT
BO3MYLLUEHNE B ABUXEHWE YaCTULbl U HEMPEACKA3YyEMO M3MEHUT €€ CKOPOCTb. Kpome Toro, uem
TOYHEEe M3MepSEeTCa MOAOXEHMEe, TeM KOpoye AOAKHbI ObiTb AAMHbI CBETOBbIX BOAH, a
CAeAOBaTEAbHO, TeM OoAblue OyAeT 3Heprusi OAHOTO KBaHTa. JTO 3HAUMT, UTO BO3MYLLEHMWE
CKOPOCTU YacTuupbl CTaHeT 6oAblie. MHbIMWU CAOBaMM, YeM TOYHEE Bbl MbITAETECb M3MEPUTbL
MOAOXEHWE 4YacTWlbl, TEM MeHee TOYHbIMU OyAyT M3MEpeHWss ee CKOPOCTW, M HaoboporT.
len3eHbepr nokasan, 4UTO HEOMPEAEAEHHOCTb B MOAOXEHMM 4acTuubl, YMHOXEHHas Ha
HEONPEAEAEHHOCTb B CE€ CKOPOCTU M Ha ee MaccCy, He MOXET OblTb MEHbLLE HEKOTOPOro YMUCAA,
KOTOpOE Ha3blBaeTCA cemyac NOCTOAHHOM MAaHKa. 3TO YMCAO HE 3aBUCUT HU OT cnocoba, KOTOPbIM
M3MepPSAETCA MOAOXKEHWE WAU CKOPOCTb 4YacCTWubl, HW OT Tuna 3TOM YacCTUubl, T. €. NPUHLMN
HeonpeAeneHHOCTM [en3eHbepra aBaseTcs dyHAAMEHTaAbHbIM, 0083aTeAbHbIM CBOMCTBOM
Hallero mupa.

MPUHUMN HEONPEAEAEHHOCTU UMEET AAAEKO MAYLUME CAEACTBUS, OTHOCALUMECH K Hawemy
BOCMPUATUIO OKPYXatoLLEro Mupa. Aaxe no npoLectsmm bonee NATUAECATU AT MHOTME GUAOCOPbI
TaK OKOHYATEAbHO M HE COMAACUAMCb C HUMM, U 3TU CAEACTBMA AO CMX MOP OCTatOTCA NPEAMETOM
cnopoB. TPUHUMN HEONPEAEAEHHOCTM O3HauyaA KOHeL, MeuyTam /\anaaca O HayyHOW Teopuw,
kKoTopasi AaBana Obl MOAHOCTbIO AETEPMWHUPOBAHHYIO MOAEAb BCEAEHHOW: B CaMOM AeAe, Kak
MOXHO TOUYHO NpeACKasbiBaTb Oyayllee, HE yMesn AaXe B HACTOALWLMIA MOMEHT NPOU3BOAUTb TOYHbIE
n3MepeHns coctosiHMA BceneHHoM! KoHeuHo, Mbl MoxeMm cebe npeacTaBASTb, YTO CyLLECTBYET
HEKWM Habop 3aKOHOB, MOAHOCTbIO OMPEAEASIOLLMI CODbITUS AAST KAKOTO-TO CBEPXbECTECTBEHHOTO
CyllecTBa, KOTOpoe crnocobHO HabAopaTb COBPEMEHHOE COCTOsiHME BCEeAeHHOW, HUMKaK He
Bo3MmyLas ee. OAHAKO Takue MOAEAM BceneHHOM He NMPeACTaBASAIOT MHTepeca AN Hac — MPOCTbIX
CMEPTHbIX. /\ydlle, MOXaAyWh, BOCMOAb30BaBLUIMCb TEM MPUHUMUMIOM «3KOHOMWW», KOTOPbIN
Ha3blBaeTcs NPUHUMNOM «6puTBbl OKKama» (Y. Okkam /1285-1349/ - aHrannckum ¢uaocod. Cytb
npuHuMna «6putBbl OKKama»: MOHATUSA, HEe MOAAAOLIMECH MPOBEPKE B OMNbITE, AOAXKHbI ObiTb
YAAAEHbl M3 HayKW. — MPUM. pPeA.) B3SiTb M Bblpe3aTb BCE MOAOXKEHWS TEOPUWU, KOTOpblE He
nopAatoTcsa HabAaroAeHMo. MprHAB Takor NoAxoA, BepHep lenseHbepr, 3pBuH LpeanHrep u Moab
Avpak B 20-x ropax Hallero BekKa MNepecMoTpeAr MEXaHWKy W MPULLIAM K HOBOW TEOpUU -
KBAHTOBOW MEXaHWKe, B OCHOBY KOTOPOWM ObIA MOAOXEH MPUHLMMN HEONPEAEAEHHOCTU. B KBaHTOBOM
MEXaHUKe 4YacTuupbl BOAbLLE HE MMEKT TaKMX OMPEAEAEHHbIX U HE 3aBUCALUMX APYr OT Apyra
XapaKTepPUCTUK, KaK MOAOXEHWE B MPOCTPAHCTBE M CKOPOCTb, HEAOCTYMHbIX AASI HAOAOAEHUSA.
BMecTo 3TOro OHWM xapaKTepu3ytoTCs KBAHTOBbIM COCTOSIHUEM, KOTOpPOE MNpPEACTaBASET cobow
HEKYH0 KOMOUHALMIO NOAOXKEHUSA U CKOPOCTHU.
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KBaHTOBasi MexaHunka, BooOLLLEe rOBOPS, HE MPEACKA3bIBAET, UTO HABAOAEHWE AONKHO UMETb
KaKOW-TO €AMHCTBEHHbIM OMnpeAeneHHbI pe3yAbTaT. HaobopoT, oHa NpeACcKasbiBAeT HEKUN PSA
pa3HbIX PE3yAbTATOB U AGET BEPOATHOCTb KAaXAOr0 M3 HMUX. TO 3HAYMUT, UTO, BbIMOAHUB OAHO U TO Xe
N3MepeHEe AT MHOTUX OAMHAKOBbIX CUCTEM, HAUYaAbHbIE COCTOSIHUA KOTOPbIX COBMAAAT, Mbl Obl
06HapPY>XMAK, UTO B OAHOM UYMCAE CAYyYaEB Pe3yAbTaT UBMEPEHUS PaBeH A, B Apyrom - b n 1. Ao. Mol
MOXEM MpPEACKas3aTb, B CKOAbKMX MPUMEPHO CAyvasx pe3yAbTaT OyaeT paBHSATbCA A M B, HO
ONPEAEAUTb PE3YAbTAT KaXAOFO0 KOHKPETHOrO WM3MEPEHMA HEBO3MOXHO. Takum obpasom,
KBAHTOBAsi MexaHMKa BHOCUT B HayKy HEM3OEeXHbld SAEMEHT HEMPEeACKa3yeMOCTU WAU
CAYYAMHOCTU. OWHLWITENH BbICTYMUA OYEHb PE3KO MNPOTMB 3TOWM KOHLEMUUM, HECMOTPA Ha Ty
OrPOMHYIO POAb, KOTOPYIO CaM ChIrpaA B €e pa3BUTUKU. 3a OFPOMHbIN BKAAQA B KBAHTOBYH TEOPUIO
ANHWTENHY bbiAa NpuUcyxaeHa HobeneBckasi npemus. HO OH HUKOrA@ HE MOT COrAAcUTbCH C TEM,
yto BceneHHOW ynpaBasieT cAydyan. Bce uyBCTBa OWMHLUTEMHA HALUAM CBOE BblIPpaXXE€HWE B €ro
3HAaMEHWTOM BblCKa3blBaHWU: «bor He urpaet B KOCTU». OAHAKO OOAbLLIMHCTBO OCTaAbHbIX YYEHbIX
ObIAM CKAOHHbI MPUHATb KBAHTOBYKD) MEXaHMKY, MOTOMY 4YTO OHa MNPEKpPacHO COranacoBanacb C
3KCNEPUMEHTOM. KBaHTOBaA MexaHMKa B CAMOM AEAE ABASIETCS BbIAAOLLIENCS TEOPUEN N AEXUT B
OCHOBE MOYTK BCEM COBPEMEHHOM HAYKMU U TEXHUKW. [TPUHLMIMBI KBAHTOBOW MEXaHWKM NOAOXEHbI B
OCHOBY pPaboTbl MOAYMPOBOAHWMKOBBIX WM WMHTErPAAbHbIX CXEM, KOTOPbIE SIBAAKOTCA BaXHEWLLEN
YaCTbH TAKUX INEKTPOHHbIX YCTPOWCTB, Kak TEAEBU30PbI U INEKTPOHHO-BbIYUCAUTEAbHbBIE MaLLWHBI.
Ha KBaHTOBOM MexaHWKe 3UXAETCA COBPEMEHHas XMMUA U Buonornsa. EAMHCTBEHHbIE 0BAaCTU
®OU3UKK, KOTOPbIE MOKA HE MCMOAb3YHOT AOAKHbIM 00Pa30M KBAHTOBYHD MEXaHWKy, — 3TO TeOopus
rpaBUTaLIMK U TEOPUS KPYNMHOMACLLTAaBHOM CTPYKTYpbl BceneHHOM.
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Puc. 4.1

HecmoTps Ha TO UTO CBETOBOE U3AYYEHUE COCTOUT U3 BOAH, TEM HE MEHEE, COrAACHO rMnoTese
MAaHKa, CBET B KAKOM-TO CMbICAE BEAET Cebs TaK, kak ByATO OH 06pa3oBaH YacTMUuaMu: U3AyYEHUE
M NOrAOLLEHME CBeTa MNPOUCXOAMT TOABKO B BWMAE MNOPUMM, WAM KBaHTOB. [lpuHUMN Xe
HeonpeAeAeHHOCTH erdeHbepra roBOpUT 0 TOM, YTO YacTULbl B KAKOM-TO CMbICAE BEAYT cebs Kak
BOAHbI: OHY HE MMEIT OMPEAEAEHHOrO MOAOXEHUS B NMPOCTPAHCTBE, @ «pa3mMasaHbl» M0 HEMY C
HEKOTOPbIM pPacnpeAereHMEM BEPOATHOCTU. B KBAHTOBO-MEXaHWMUYECKOM TEOPUM MCMOAb3YyeTCA
COBEPLLEHHO HOBbIM MaTeMaTMYEeCKMI annapar, KOTOPbIK YXXe HEe ONUCbIBAET CaM peaAbHbI MUP
Ha OCHOBE NMPEACTaBAEHW O YacTULUAX U BOAHAX; 3TU MOHATUSA MOXHO TENEpPb OTHOCUTb TOABKO K
pe3yAbTatam HabAoaeHur B 3TOM Mupe. Taknm 06pa3om, B KBAHTOBOW MEXaHWKE BO3HWKaeT
YaCTUYHO-BOAHOBOW AyaAM3M: B OAHWX CAydasix yacTulbl YAOOHO cuMTaTb BOAHAMMU, a B APYIMX
AyULLIE CUMTaTb BOAHbI YacTUUaMK. N3 3TOro cAeAyeT OAMH BaXXHbIM BbIBOA: Mbl MOXEM HabAOAaTb
Tak Ha3blBAaEMYIO MHTEPPEPEHLIMIO MEXAY ABYMSA BOAHAMMU-YacTMLaMU. FpebHM BOAH OAHOM U3 HUX
MOryT, HanpumMep, coBnapaTb CO BNnapuHamu Apyron. Toraa ABe BOAHbI raceiT Apyr Apyra, a He
YCUAMBALOT, CYMMMPYSCb, Kak MOXHO ObIAO Bbl OXMAATb, B HOAEEe BbICOKME BOAHbI (puc. 4.1). Bcem
M3BECTHbI MPUMEP MHTEPDEPEHUMM CBeTa - MNEPEAUBAIOLLIMECH Pa3HbIMU LBETAMWU pPaAyru
MbIAbHbIE My3bIpKU. ATO ABAEHUE BO3HUKAET B pe3yAbTaTe OTPaXEHMA CBETa OT ABYX NOBEPXHOCTEN
TOHKOM MAEHKK BOAbI, KOTOpaa obpasyeT ny3bipb. BeAbli CBET COAEPXMT BCEBO3MOXHbIE AAMHBI
BOAH, OTBevalolwMe pasHbiM uBeTaM. [pebHM HEKOTOPbIX BOAH, OTPAXEHHbIX OT OAHOW U3
NOBEPXHOCTEN MbIAbHOW NMAEHKM, COBNAAAOT CO BNaAMHAMKU BOAH TOM XE AAWMHbI, OTPAXEHHbIX OT
BTOPOW MOBEPXHOCTU My3blps. Torpa B OTpaXeHHOM cBeTe OyayT OTCyTCTBOBaTb LBETa,
COOTBETCTBYIOLUME ITUM AAMHAM BOAH, U OTPAXEHHbIN CBET OKaXETCA Pa3HOLBETHbLIM.
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Puc. 4.2

Utak, Gaaropaps BO3HUKLIEMY B KBAHTOBOW MEXaHWKE AyaAM3My 4acTUlbl TOXE MOryT
UCNbITbIBaTb MHTEPDEPEHLMIO. LLIMPOKO M3BECTHBIN NPUMEP TaKOW UHTEPDEPEHLMM YACTULL, — OMbIT
C ABYMS LLEAIMU B 3aKpaHe (puc. 4.2). PacCMOTpPUM 3KpaH, B KOTOPOM MNpopesaHbl ABE Y3Kue
napanneAbHble LeAn. 1o OAHY CTOPOHY OT 3KpaHa CO WEeAAMU NOMELLLEH MCTOYHUK CBETA KAKOr0-TO
onpepAeneHHoro ugeta (T. €. ONPeAeNeHHOW AAUMHbI BOAHbI). CBET B OCHOBHOM MOMapaeT Ha
NOBEPXHOCTb 3KPaHa, HO HeboAbLLaA ero YacTb NMPOMAET CKBO3b LLEAU. Aaree npeacTaBuMm cebe
9KpaH AAA HabAOAEHMS, YCTAHOBAEHHbIM MO APYryHO OT MCTOYHWMKA CBETA CTOPOHY 3KpaHa Co
LeAsmu. Toraa B AOOYHO TOUKY 9KpaHa AN HABAOAEHUA BYAYT NonaaaTh CBETOBbIE BOAHbI M3 06enx
LeAen. Ho paccrosiHue, NponaeHHOE CBETOM Yepes LWEeAM OT UCTOYHMKA AO SKpaHa, byaeT, BoobLue
roBops, pasHbiM. 3TO 03HAYAET, UTO BOAHbI, MPOLLEALLME YEPES LLIEAWN, MOMAAYT HA 3KPaH B pa3HOM
dase: B 0AHMX MecTax OHU ByAyT 0CAaDAATb APYT Apyra, a B APYrMX — yCUAMBATb. B pesyabTate Ha
3KPaHE MOAYYUTCA XapaKTepHas KapTUHa, COCTaBAEHHAsA U3 TEMHbIX U CBETAbIX MOAOC.

YAMBUTEABHO, YTO B TOYHOCTU TAKME XE MOAOCbl BO3HMUKAIOT NPU 3aMEHEe UCTOYHWKA CBeTa
MCTOYHMKOM 4acCTUL, CKaXeM, INEKTPOHOB, BbIAETAIOLLIMX C OMPEAEAEHHOW CKOPOCTbIO (3TO
03HA4aeT, UTO UM COOTBETCTBYOT BOAHbI ONPEAEAEHHON AAMHBI). OnMcaHHOEe ABAEHUE TeM bonee
CTPAHHO, YTO NPXU HAAMYUK TOABKO OAHOW LLEAWN HUKAKME MOAOCbI HE BO3HWMKAKT M Ha 3KpaHe
NOAABASIETCA NPOCTO OAHOPOAHOE PacnpPeAEAEHNE INEKTPOHOB. MOXHO ObIAO Obl NPEANOAOXMUTL, UTO
€LLle OAHA WEAb NPOCTO YBEAUYUT YUMCAO SIAEKTPOHOB, NOMAAAIOLLMX B KAXAYIO TOUKY 3KpaHa, No Ha
CaMOM Aene U3-3a UHTEPDEPEHLIMU UMCAO ITUX INEKTPOHOB B HEKOTOPbIX MecTax, HaoboporT,
yMeHblUuaeTcs. EcaM nponyckaTtb yepes WeAn HO OAHOMY SAEKTPOHY 3a pa3, TO MOXHO ObIAO Obl
OXMAATb, UTO KaXAbIM U3 HUX MPOMAET AMOO Yepes3 OAHY LLieAb, AMOO uepe3 Apyryto, T. e. byaeT BeCTu
cebs Tak, Kak OYATO Ta LEAb, YEPE3 KOTOPYHD OH MPOLLEA, EAMHCTBEHHAS, M TOrAA Ha 3KpaHe
AOANKHO BO3HUKHYTb OAHOPOAHOE pacnpepeneHre. OAHaKo Ha caMOM AEAEe MOAOCbI MOSIBASIFOTCS
AQXe B TOM CAyYae, KOrAa 3AEKTPOHbI BbIMYCKAOTCA N0 OAHOMY. CAEAOBATEABHO, KaXAbIi SAEKTPOH
AONKEH MPOXOAUTL cpasdy uepes obe wenn!

ABAreHME MHTEPdEPEHLMM YacTuL, CTaAO PELUAOLWMM AAS HALLEro NOHMMAHWA CTPYKTYpbI
aTOMOB, TEX MEAbYANLLNX «KMPMUYMKOB», KOTOPbIE pacCMaTpMBaOTCA B XMMUU U BUOAOTUN U U3
KOTOPbIX MOCTPOEHbI Mbl CaMW U BCE BOKPYr Hac. B Hauane Beka CUMTAAOCH, UTO aTOMbl MOAOOHbI
COAHEYHOWN CUCTEME: DAEKTPOHbI (YacCTuLbl, HECYLLIME OTPULATEABbHbIN 3AEKTPUUYECKUIA 3apsap), Kak
nAaaHeTbl BOKpYr CoAHL@, BpalLatoTCa BOKPYr PacCrOAOXEHHOro B LEHTPE SIAPA, 3apsXEHHOro
NMOAOXMUTEAbHO. [TpeAnoOAaranoCh, YTO AINEKTPOHbI YAEPXUBAOTCA Ha OpbuUTax CUAAMU NPUTSXKEHUSA
MEXAY MOAOXKMUTEABHBIMU U OTPULATEABHBIMW 3apsiAaMKU aHAAOTMYHO TOMY, Kak rpaBUTaLMOHHOE
nputsxxeHne mexay COAHLEM M NAAHETAMW He AAET NAAHeTaM YWTU C OpbuT. ITO 0O6bACHEHUE
HaTaAKMBAAOCh Ha CAEAYHOLLIYIO TPYAHOCTb: AO MOSIBAEHUS KBAHTOBOM MEXaHMKU 3aKOHbI MEXaHUKU
N INEKTPMUECTBA MNPEACKA3biBaAW, UYTO 3AEKTPOHbI AOAXKHbI TEPATb 3HEPrUO, a K3-3a 3TOro
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ABUIaTbCs MO CMMpPaAU K LLEHTPY aTOMa M NapaTb Ha SIAPO. ITO 03HAYaA0 Obl, YTO aTOMbI, @ C HUMMU,
KOHEYHO, M BCA MaTepusi AONKHbI ObICTPO CKOAAAMNCUPOBATb B COCTOSAHME C OYEHb BbICOKOW
MAOTHOCTbIO. YacTHOe pelleHue 3Tor Npobaembl HaweA B 1913 r. pAaTckuit yueHbii Huabc Bop. Bop
MOCTYAMPOBAA, YTO IAEKTPOHbI MOTYT ABUraTbCs HE MO ALOObIM 0pbUTaM, a TOAbKO MO TEM, KOTOPbIe
A€XaT Ha HEKOTOPbIX ONPEeAENEHHbIX PACCTOAHUSX OT LLEHTPAABHOTO fapa. Ecan Bbl 6bINO CAEAAHO U
MPEAMOAOXEHMWE O TOM, UTO Ha KaXAOM TakoW OpbUTE MOryT HAXOAMTbCA TOAbKO OAMH WAWM ABa
9AEKTPOHa, TO MpobAema Koananca aTtoma 6bina Obl pelleHa, NOTOMYy YTO TOrA@ 3AEKTPOHbI,
ABWIasCb NO CMMPaAU K LLEHTPY, MOTAM Bbl AULLb 3aNOAHUTL OPOUTLI C MUHMMAAbHBIMU Paanycamu
N SHEPTUAMM.

JTa MOAeAb NpekpacHO OObSACHSIAA CTPOEHME MPOCTEMLIEr0 aToMa - aToMa BOAOPOAQ, Y
KOTOPOro BOKPYr fiApa BpalLaeTcs BCEro OAMH IAEKTPOH. BbInO, OAHAKO, HEMOHATHO, Kak TOT Xe
MOAXOA PacnpoCTpaHuTb Ha 60Aee CAOXHble aToMbl. Kpome TOoro, npeanoroXeHue o6
OrPaHUYEHHOM UYMCAE pPa3peLLEHHbIX OPOUT BbIFASAEAO BECbMa MPOM3BOAbHbLIM. 3Ty TPYAHOCTb
paspelurMaa HOBasi TEOPUSI — KBaHTOBas MexaHuka. OKka3anoCb, UTO SAEKTPOH, BpalLaroLMiCs
BOKPYT SAPa, MOXHO MPeACTaBuUTb cebe Kak BOAHY, AAMHA KOTOPOMW 3aBUCUT OT ee CKOPOCTU. BaoAb
HEKOTOPbIX OPOWUT yKAaAbiBaeTca LeAoe (@ He APOOHOE) UMCAO AAMH BOAH 3AEKTpoHa. [lpu
ABWXEHMU NO 3TUM opbuTam rpebHM BOAH OKaXyTCs B OAHOM M TOM X€E MECTE Ha KaXAOM BUTKE, U
MO3TOMY BOAHbI OYyAyT CKAAAbIBaTbCH; Takue OpOWTbl OTHOCATCS K OOPOBCKMM pas3pelleHHbIM
opbutam. A pAst TeX OpOUT, BAOAb KOTOPbIX HE YKAGABIBAETCS LEAOE UMCAO AAMH BOAH 3AEKTPOHA,
KaXAblM rpebeHb Mo Mepe obpalLeHNST SAEKTPOHOB PaHO UAM MO3AHO CKOMMEHCUPYETCS BNAaAUHOWM;
Takue opbuTbl HEe ByAYT paspeLleHHbIMU.

AMEpPUKaHCKMUIA yuyeHblin Puuapa PelHMaH npuaymMan KpacuBbiM crnocob, KOTOpbid AaeT
BO3MOXHOCTb HarAAHO npeacTaBuTb cebe AyaAM3aMm  BOAHa-yactMua. PelMHMaH BBeA Tak
Ha3blBaeMoe CYMMMWPOBaHWE MO TPAEKTOpUsIM. B 3TOM Moaxoae B OTAMUME OT KAACCUUECKOW,
HEKBAHTOBOW TEOPUMN HET MPEAMOAOXKEHMUST O TOM, YTO YacTMua AOANKHA UMETb OAHY-EAMHCTBEHHYIO
TPAeKTOpUIO B  NPOCTPAHCTBE-BPEMEHM, a HaoObOPOT, CUMTAEeTCA, 4TO yacTMua MOXeT
nepemewatbca U3 A B b no Aobomy BO3MOXHOMY NyTU. C KaXAOW TPAEKTOPUEN CBA3aHbl ABa
YMCAQ: OAHO M3 HMX OMMCbIBAET Pa3Mepbl BOAHbI, @ APYroe OTBEYaET €€ MOAOXKEHUIO B LMKAE
(rpebeHb MAM BnaamHa). Ytobbl onpeaeAnTb BEPOSATHOCTM Nepexoaa U3 A B b, HAAO CAOXUTb BOAHbI
AASI BCEX 3TUX TpaekTopuii. ECAM cpaBHUTb MexAy COBOM HECKOABKO COCEAHMX TPAEKTOPUM, TO MX
da3bl, WMAM TOAOXKEHMA B UMKAE, OYAYT CHMABHO pPasAMuaTbCs. 3TO 3HAUMUT, YTO BOAHbI,
COOTBETCTBYIOLUME TAKUM TPaAEKTOPUAM, ByAyT MOUTU MOAHOCTbIO racutb APYr Apyra. OAHaKo AAS
HEKOTOPbIX CEMENCTB COCEAHUX TPAEKTOPWUK dasbl NPU NEPEXOAE OT TPAEKTOPUMU K TPAEKTOPUU
O6yAyT ManO MEHSITbCS, MU COOTBETCTBYHOLLUME MM BOAHbI HE CKOMMEHCUPYIOT APYr Apyra. Takue
TPaEeKTOPUKN OTHOCATCS K BOPOBCKUM pa3peLlleHHbIM opbuTam.

OcHOBbIBasiCb Ha TaKWMX MNPEACTAaBAEHMUAX, 3anMCaHHbIX B KOHKPETHOM MaTeMaTU4yeCKoM
BMAE, MOXHO ObIAO MO CPaBHUTEABHO MPOCTOM CXEME BbIYMCAUTL pa3peLleHHble 0pbuTbl Ana bonee
CAOXHbIX aTOMOB M AaXe AASI MOAEKYA, COCTOSILLMX M3 HECKOAbKMX aTOMOB, KOTOPbIE AepXaTcs
BMECTE 3a CUET INEKTPOHOB, YbM OPOUTLI OXBATbIBAKOT BOAbLLE OAHOIO siAPa. NMOCKOAbKY CTPOEHUE
MOAEKYA U MPOMCXOAALLIME MEXAY HUMU PeaKLUKN ABAAIOTCA OCHOBOM BCEM XMMUK U BCEN BUOAOTUH,
KBaHTOBasi MexaHWKa B MPUHUMMNE MO3BOASIET MPEACKasaTb BCE, YTO Mbl BUAMM BOKpPYr cebs, c
TOYHOCTbIO, KOTOPYK AOMYyCKAeT MPUHUMN HeonpeapereHHOCTU. (MpaBaa, Ha NpakTMKe pacuyeTbl
CUCTEM, COAEPXKALLMX MHOFO SAEKTPOHOB, OKa3blBaOTCA HACTOABKO CAOXHbIMM, YTO MPOM3BECTU MUX
NPOCTO HEBO3MOXHO).

KpynHomacwTtabHaa cTpyktypa BceaeHHOM, no-BUAMMOMY, MOAYMHSIETCA OOLLEN TEeopuu
OTHOCUTEABHOCTU JMHLWITENHA. JTa TEOPUA Ha3bIBAETCS KAAQCCUMUECKOM, MOTOMY 4UYTO B HEW He
YUUTbIBAETCA KBAHTOBO-MEXaHUYECKMMA MNPUHUMM HEOMPEAEAEHHOCTHU, KOTOPbiM HEeobX0AMMO
yuuTbiBaTb AASl COMAGCOBaHUA C APYrMMU TeopusiMu. Mbl e He BCTynaem B MpPOTUMBOPEYME C
pe3yAbTaTaMu HabAOAEHMM M3-3@ TOrO, YTO BCE rPaBUTALMOHHBLIE MOAS, C KOTOPbIMU OBObIYHO
MPUXOAMTCA WMMETb AEAO, HABASIIOTCS 04YeHb cAabbiMu. OpHaKO, COrAAcHO TeopemMam O
CUHIYAAPHOCTH, O KOTOPbIX FTOBOPUAOCH BbllLE, FPaBUTALMOHHOE NMOAE AOAKHO CTAHOBUTLCS OYEHb
CUAbHbIM MO KparHen Mepe B ABYX CUTyaLMSIX: B CAydae YEepHbIX Ablp U B CAyuyae BOAbLLOIO B3pbIBa.
B Takux CWMAbHBIX MOAAX AOAXHbI ObiTb CYLLECTBEHHbIMM KBaHTOBble 3ddeKTbl. CAepoBaTENBHO,
KAaccuuyeckass oblan Teopus OTHOCUMTEAbBHOCTWM, MPEACKa3aB TOUYKWM, B KOTOPbIX MAOTHOCTb
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CTaHOBUTCS BECKOHEYHOM, B KAKOM-TO CMbICAE CaMa NPEAPEKAA CBOE NMOPaXeHUe B TOUHOCTU Tak
Xe, KaK Knaccuuyeckas (T. €. HEKBaHTOBas) MexaHuMka obpekna cebsi Ha NpoBan 3aKAKOUEHUEM O
TOM, UTO aTOMbl AOAXHbI KOAAGNCUPOBATb, MOKA UX NMAOTHOCTb HE CTAHET BECKOHEUHON. Y Hac elle
HET MOAHOM TEOPWUWU, B KOTOPOM 0OLLAA TEOPUS OTHOCUTEABHOCTU ObiAa Obl HEMPOTUBOPEUMBO
06beANHEHA C KBAHTOBOM MEXaHUKOM, HO 3aTO Mbl 3HAEM KOe-KaKkune CBOMCTBa byayuiern Teopun. O
TOM, UYTO BbITEKAET U3 3TUX CBOMCTB B OTHOLLIEHWM YEPHbIX AbIP U BOALLLOIO B3pbiBa, Mbl MOrOBOPUM
B MOCAEAYIOLUMX rAaBax. A cerMuac 3aMMemMcsi caMbiMU NMOCAEAHUMUK MOMbITKAMU 0ObEAUHEHUSA
HalKMX NpeACTaBAEHMI 060 BCEX APYIMX CUAAX MPUPOABI B OAHY, EAUHYIO KBAHTOBYIO TEOPMIO.

5. dAeMeHTapHble YacTULbl U CUAbI B TPUPOAE

ApUCTOTEAb CUMTAA, YTO BELLLECTBO BO BCeAeHHOM COCTOUT U3 YETbIPEX OCHOBHbIX AIAEMEHTOB
- 3eMAM, BO3AyXa, OFHSA U BOAbI, Ha KOTOPblE AEMCTBYIOT ABE CUAbI: CUAQ TSXXKECTU, BAEKYLLAA 3EMAIO
M BOAY BHM3, U CUAA AETKOCTH, NOA AEMCTBMEM KOTOPOM OFOHb M BO3AYX CTPEMATCA BBEPX. TAKOM
MOAXOA K CTPOEHMIO BceneHHOM, Korpa Bce AEAUTCS Ha BELLECTBO M CUAbI, COXPAHSIETCA U MO Cen
AEHb.

Mo ApucToTeAto, BELLLECTBO HEMPEPbLIBHO, T. €. AOOOM KyCOK BELLECTBA MOXHO BECKOHeYHO
APOOUTb Ha BCE MEHbLUME U MEHbLUME KYCOUYKWU, TaK U HE AOMAS AO TAKOW KPOLLEYHOW KPYMUHKM,
KoTopasi Aanblle Obl yXxe He apeamaacb. OAHAKO HEKOTOpble ApPyrue rpeveckue ¢Guaocodbl,
Hanpumep AEMOKPUT, NPUAEPXKMBAAUCb MHEHWA, 4YTO MaTepusi NO CBOEW MNPUPOAE MMEET
3EPHUCTYIO CTPYKTYPY M BCE B MUPE COCTOUT U3 BOABLLLOIO YMCAA Pa3HbIX aTOMOB (Fpeyeckoe CAOBO
«aTOM» O3Ha4yaeT HepeAMMbIn). TTPOXOAMAM BEKa, HO CMOP MPOAOAXKAACA 6e3 BCAKUX peanbHbIX
AOKa3aTENAbCTB, KOTOPbIE MOATBEPXAAAM Obl NPABOTY TOM UAK APYrOM CTOPOHbLI. HakoHew, B 1803 r.
AHIAMUCKUN XUMUK U OU3NK AKOH AAAbTOH NOKasaA, 4To TOT GaKT, YTO XMMUUYECKUE BELLECTBA
BCErAa COEAMHSAIOTCA B ONPEAENEHHbIX MPOMOPLMUAX, MOXHO 0ObACHUTb, MPEANOAOXMB, UTO aTOMbI
006bEAMHAIOTCA B rpynmnbl, KOTOPblE Ha3bliBatOTCA MOAEKyAaMU. OAHAKO AO Havyana Hallero Beka
CMop MexAy ABYMS LLKOAAMW Tak M He OblA pelleH B NOAb3y aTOMUCTOB. B paspellueHue 31oro
cnopa O4YeHb BaXHbIM BKAAA BHEC OWHLWTEWH. B cBoen cratbe, HanucaHHon B 1905 r., 3a
HECKOAbKO HEAEAb A0 3HAMEHMWTOM PaboTbl O cneunarbHOM TEOPUU OTHOCUTEABHOCTU, IMHLUTENH
yKasaA Ha TO, UTO ABAEHWE, HOCALLEEe Ha3BaHWE OPOYHOBCKOrO ABWXEHWS, — HEeperyasipHoe,
Xa0TUUYECKOE ABUXEHWE MEAbYAMLLIMX YaCTUUEK, B3BELUEHHbIX B BOAE, — MOXHO OOBACHMUTb
yAapamMu aTOMOB XUAKOCTU 06 3T YaCTUUKM.

K TOMy BpeMEHM yXXe UMEAUCH HEKOTOPbIE OCHOBAHUA NOAYMbIBaTb O TOM, UTO M aTOMbl TOXE
HEe HeAeAMMbl. HeCKOAbKMMUKU ropamu paHble AX. AX. TOMCOH W3 TPUHUTU-KOAAEAXKA B
KemMmbpuaXxe OTKPbIA HOBYK 4acTuLy MaTEPUM - INEKTPOH, Macca KOTOPOro MEHbLUE OAHOM
TbICAYHOM MacCbl CaMOro AErkoro atoma. JKCnepuMeHTaAbHas ycTaHOBKa TOMCOHa HEMHOro
HanoMWHaAa COBPEMEHHbIN TEAEBU3MOHHbIN KMHECKOMN. PackaneHHan AOKpacHa MeTaAAn4veckas
HUTb CAY)XMAQ WCTOUHMKOM ISAEKTPOHOB. [MOCKOAbKY 3AEKTPOHbI 3apsiXE€Hbl OTPULATEABHO, OHM
YCKOPSAAUCb B 3AEKTPUYECKOM MOAE W ABUIFaAMCb B CTOPOHY 3KpaHa, MNOKPbLITOrO CAOEM
AOMUHOGOpPA. Koraa 3AEKTPOHbI NAaAaAM Ha 3KpaH, Ha HEM BO3HWKAAW BCMbILWKK cBeTa. Beckope
CTaAO MOHSATHO, YTO 3TU IAEKTPOHbI AOAXKHbI BbIAETATb U3 aTOMOB, U B 1911 r. aHIAMICKUK PUBKK
ApHCT Pe3epdopa HAKOHEL, AOKA3aA, UTO aTOMbl BELLECTBA AEUCTBUTEABHO 0OAAAAIOT BHYTPEHHEN
CTPYKTYPOMW: OHM COCTOAT M3 KPOLUEYHOrO MOAOXMTEABHO 3aPSHXKEHHOrO AAPa M BPaLLAOLMXCH
BOKPYr MEero 3AEKTPOHOB. Pe3epdopa npullen K 3TOMy BbIBOAY, M3ydyas, Kak OTKAOHAHTCSA
anbda-vyacTuubl (MOAOXUTEABHO 3apPsSXXEHHbIE YacTULbl, UCMyCKaeMble aToMaMu pPaAMOaKTUBHbIX
BELECTB) MPWU CTOAKHOBEHMWN C aTOMaMMU.

BHauane aymanu, 4to SIAPO atOMa COCTOMT U3 INAEKTPOHOB M MOAOXWUTEABHO 3aPSXKEHHbIX
4yacTuL, KOTOPble Ha3BaAM NPOTOHAMM (OT FPEYECKOr0 CAOBO «MPOTOC» — MEPBUYHbIN), NOTOMY YTO
NMPOTOHbI CYUTAAUCH TEMU GYHAGMEHTAABHBIMU BAOKAMU, U3 KOTOPbIX COCTOUT MaTepusi. OAHAKO B
1932 r. Axenmc YepBuK, konnera Pesepdopaa no KeMOPUAXKCKOMY YHUBEPCUTETY, OOHAPYXMA,
YTO B AAPE MMEIOTCA €ELLE U APYrMe 4YacTUlbl — HEWTPOHbI, Macca KOTOPbIX NOYTU paBHa macce
MPOTOHA, HO KOTOPbIE HE 3apsXKeHbl. 3a 3TO OTKPbITHE YeaBKK ObiA yaocToeH HobeaeBckon npemum
M BblbpaH rAnaBon KOHBUAA-3HA-KaWyc-koAnepka KeMOPUAXKCKOro yHMBEPCUTETA (KOAAEAX, B
KOTOPOM 5 ceryac pabotato). MoToM eMy MPULIAOCH OTKa3aTbCA OT 3TOro NocTa M3-3a pasHorAacui



Crusen Xokunr: «KpaTkasi HCTOPHSI BpeMeHH. ..» 36

C COTpyAHUKaMU. B KoAnepXe MOCTOSAHHO MPOUCXOAUAM OXXECTOUYEHHbLIE CNOPbI, KOTOPblE Ha4YaAUCh
C TeX NOP, Kak NOCAE BOMHbI rpynna BEPHYBLUENCS MOAOAEXHM MPOroAOCOBaAa NPOTMB TOro, YTOObI
cTapble COTPYAHUKU OCTaBaAUCh Ha CBOMX AOAKHOCTSAX, KOTOPbIE OHM YXXe MHOro AeT 3aHUMaAun. Bee
3TO NMPOUCXOAMAO €ELLIE A0 MEHS; A HavaAn paboTtatb B koameaxe B 1965 r. u 3actan caMblit KOHEL,
60pbbbl, KOrAQ APYrOM rAaBa KOAAEAXA, HOBEAEBCKUI AaypeaT HeBUAA MOTT, BbIHYXAEH ObIA TOXE
YWUTU B OTCTaBKYy.

Ewle AeT ABapuaTb Ha3aa NPOTOHbI U HEUTPOHbI CUMTAAUCH «ANEMEHTAPHbIMMW» YaCTULAMM, HO
SKCMEPUMEHTbI MO B3AaMMOAEWCTBUIO MPOTOHOB U  3AEKTPOHOB, ABWXYLUMXCA C OOAbLUIMMM
CKOPOCTAMM, C NPOTOHAMM NOKa3aAK, YTO Ha CaMOM AEAe MPOTOHbI COCTOAT U3 elle boree MeAKUX
yactuu. Mioppen F'enr-MaHH, TeopeTuk n3 KaAMdOopHUNCKOrO TEXHOAOTMYECKOTO MHCTUTYTA, Ha3BaA
3T yYacTuubl KBapkamu. B 1969 r. 3a uccrepoBaHMe KBaApKoB [ear-MaHH ObiA yAOCTOEH
HobeneBckor npemuun. HasBaHue «KBapk» B3ATO M3 3ayMHOW CTUXOTBOPHOM CTPOKM [Axenmca
Axonca: «Tpu KBapka ara mactepa Mapkal». 1o naee, cAoBo quark AOAKHO MPOU3HOCUTLCA TaK Xe,
Kak CAOBO quart (KyopT), B KoTopon OykBa t Ha KOHLe 3ameHeHa 6ykBoW k, HO OObIYHO ero
NPOU3HOCSHT TakK, UTO OHO pUdMyeTca co CAOBOM lark.

MN3BECTHO HECKOABKO Pa3HOBUAHOCTEN KBAPKOB: MPEANOAAratoT, YTO CyLLIECTBYET N0 KpanHew
Mepe LLECTb «apoMaTOB», KOTOPbIM OTBEYAlOT U-KBapK, d-KBapK, CTPaHHbIM KBapK, O4apOBaHHbIN
KBapK, b-kBapk U t-kBapK. KBapk KaXAaoro «apomata» MOXET ObiTb elle U Tpex «UBETOB» -
KpacHOro, 3eAeHOro u cuHero. (Caepayer MOAYEPKHYTb, UTO 3TO MPOCTO OB03HAUYEHUS, TaK Kak
pa3Mep KBApPKOB 3HAYUTEAbHO MEHbLUE AAMHbI BOAHbI BMAMMOIO CBETa W MNO3TOMY LBETa B
06bIYHOM CMbICAE CAOBA Y HMX HET. AeAO NPOCTO B TOM, YTO COBPEMEHHbIM GMU3MKAM HpPaBUTCA
NPUAYMbIBaATb HAa3BaHWSA HOBbIX YacCTULL U ABAEHWM, HE OorpaHMuMBan 6oAblle CBOK GaHTa3uto
rpeyecknum andaBuTom). MPOTOH M HEMTPOH COCTOSAT M3 TPEX KBAPKOB Pa3HbIX «LIBETOB». B NpoTOHE
COAEPXUTCA ABa U-KBapKa M OAMH d-KBapK, B HEUTPOHE — ABa d-KBapka M OAMH U-KBapK. YacTuLbl
MOXHO CTPOWUTb U U3 APYIMX KBApPKOB (CTPaHHOro, oyapoBaHHOro, b un t), HO BCe 3TU KBapKu
obrapatoT ropasno 6oAbLLEN MAcCON M OYEeHb BbICTPO pacnasatoTCs Ha NPOTOHbI U HEUTPOHHDI.

Mbl yxe 3Haem, Uto HM aTOMbl, HU HAXOASLLMECH BHYTPM aTOMa NPOTOHbI C HEUTPOHAMMU He
ABASIIOTCA HEAEAMMbIMW, @ NOTOMY BO3HMKAET BOMPOC: UTO XE Takoe HaCTOsILLME dAeMeHTapHble
yacTulbl — T€ UCXOAHbIE KMPMUYK, U3 KOTOPbIX BCE COCTOUT? MOCKOAbKY AAMHBI CBETOBbIX BOAH
CYLLECTBEHHO OOAbLLE Pa3MepoB aToMa, Y HaC HET HAAEXAbl «yBUAETb» COCTABHbIE YacTU atomMa
00bIYHbIM cnocobom. AN 3TOM UEAM HEOOXOAMMBbI 3HAUYUTEABHO MEHbLUME AAMHBI BOAH. B
NPeAblAyLLIEN TAaBE Mbl Y3HAAW, YTO, COTAQCHO KBAHTOBOW MEXaHUKe, BCE YaCTULLbl HA CaMOM AEAe
ABASIOTCA €lle U BOAHAMW U YEM BbiLLE 3HEPTUA YaCTULLbl, TEM MEHbLLE COOTBETCTBYIOLLLAA AAMHA
BOAHbI. TaknmM 06pa3om, Hall OTBET Ha NOCTABAEHHbI BOMPOC 3aBUCUT OT TOrO, HACKOAbKO BbICOKa
3HEPrUA YacCTuL, UMEIOLUUXCS B HALLEM PaCMOPSXXEHUM, MOTOMY UTO €10 ONPEAEASIETCA HACKOAbKO
MaA MacwTab Tex AAMH, KOTOPble Mbl CMOXEM HabAoaaTb. EAMHWUBI, B KOTOPbIX OObIYHO
N3MEPSIETCA SHEPrnsa Yyactul, Ha3blBaOTCH IAEKTPOHBOALTAMU. (TOMCOH B CBOMX 3KCNEpUMeEHTax
AN YCKOPEHUSI SAEKTPOHOB MCMOAb30BAA IAEKTPUUECKOE MOAE. INEKTPOHBOABT - 3TO SHEprus,
KOTOPYHO NPMOBPETAET INEKTPOH B INEKTPUUYECKOM NOAE BEAMUMHON 1 BOALT). B XIX B., KOraa ymenu
MCMOAb30BaTb TOAbKO 4acCTULbl C 3HEPTUSIMU B HECKOABKO 3AEKTPOHBOALT, BbIAEASIOWMMUCS B
XUMUUYECKUX peaKLMsX TUNa ropeHus, atToMbl CUMTAAUCH CAMbIMWU MEAKMMU YacTAMKU maTepuun. B
aKkcnepumeHTax Pesepdopaa sHeprum anbda-4acTuu, COCTaBAAAM MUAAMOHbI SAEKTPOHBOABLT. 3aTeM
Mbl HAYYUAUCb C MOMOLLIbIO SAEKTPOMATHUTHBIX MOAEW PA3rOHATb YaCTULLbl CHaYana A0 SHEPTUM B
MWAAMOHBI, @ MOTOM U B TbICSAYU MUAAMOHOB 3AEKTPOHBOABLT. TaK Mbl Y3HaAM, UTO YaCTULbI, KOTOPbIE
ABaALATb AET Ha3ap CYUTAAUCb IAEMEHTAPHbIMKU, HA CaMOM AEAE COCTOAT M3 MEHbLLUMX YacTul. A
UTO ECAM MPU NEPEXOAE K ellle BONEE BbICOKMM IHEPTUAM OKAXETCS, UYTO U 3TU MEHbLUUE YacTuLbl B
CBOK OUepeAb COCTOAT U3 ellle MeHbLUMX? KOHEUHO, 3TO BMOAHE BEPOATHAs CUTyaums, HO Y Hac
cenyac ecTb HEKOTOPblE TEOPETUUECKME OCHOBAHUA CUMUTATb, UYTO Mbl YXXE BAAAEEM WMAU MOYTU
BAAAEEM CBEAEHUSIMU 00 MCXOAHBIX «KUPMUYMKAX», U3 KOTOPbIX MOCTPOEHO BCE B NPUPOAE.

Bce, uto ecTb BO BceneHHOM, B TOM YUMCAE CBET U rpaBUTaLIMIO, MOXHO ONUCbIBATb, UCXOAS U3
NPEACTaBAEHMA O YacTuLax, C Y4eTOM YaCTUUHO-BOAHOBOIO AyaAM3mMa, O KOTOPOM Mbl FOBOPUAK B
NPeAbIAYLLIEN TAaBE. YacTULbl XE€ UMEIOT HEKYHD BPaLLATEAbHYIO XapaKTEPUCTUKY — CMUH (Spin -
BpallaTbCA, KPYTUTLCA (aHTA.). — MPUM. NEPEB.).
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MpeactaBum cebe yacTuubl B BUAE MAAEHbKUX BOAYKOB, BPaLLAIOLLMXCA BOKPYT CBOEW OCM.
MpaBpa, Takaa KapTMHa MOXET BBECTM B 3abAyXAeHME, MOTOMY 4YTO B KBAHTOBOM MeEXaHWKe
4yacCTULbl HE MMEIOT BMOAHE ONPEAEAEHHOM OCK BpalleHUsA. Ha camMom pene ChvH yacTuubl AaeT
HaM CBEAEHMS O TOM, KaKk BbITASIAUT 3Ta Yactula, eCAM CMOTPETL Ha Hee C pa3HblX CTOPOH. YacTuua
co cnnHoM O NoxoXa Ha TOUKY: OHa BbITASIAUT CO BCEX CTOPOH OAMHAKOBO (puc. 5.1, ). YacTtuuy co
CMMHOM 1 MOXHO CPaBHWTb CO CTPEAOM: C Pa3HbIX CTOPOH OHa BbIFASIAMT No-pa3Homy (puc. 5.1, 1) n
NPUHUMAET TOT Xe BUA AULLIb NOCAE MOAHOIO 06opoTa Ha 360 rpaa. YacTuuy co CMMHOM 2 MOXHO
CPaBHUTb CO CTPEAOM, 3aTOYEHHOM C 06eunx CTOPOH: Aoboe ee MOAOXEHME MOBTOPSETCA MOCAE
nonyobopota (180 rpaa.). AHaAOrMYHbIM 06pa3omM uactMua ¢ 6OOAee BbICOKMM  CMUMHOM
BO3BpallaeTca B NepBOHAYaAbHOE COCTOSIHME MPW NOBOPOTE Ha €Lle MEHbLUYID YacTb MOAHOMO
obopoTta. IT0 BCE AOBOAbHO OYEBMAHO, @ YAUBUTEABHO APYro€ — CyLLECTBYIOT YacTULbl, KOTOPbIE
nocAe NOAHOro 060poTa HEe MPUHUMAIOT MPEXHUA BUA: UX HYXXHO ABaXXAbl MOAHOCTbIO MNOBEPHYTH!
[0BOPAT, UTO TakMe YacTulbl 06AaAatoT CNMHOM 1/2.

Bce u3BecTHble yacTuubl BO BCeAeHHOW MOXHO pa3peAMTb Ha ABE rpynmbl: YacTuubl CO
cnMHOM 1/2, 13 KOTOPbIX COCTOMT BELLECTBO BO BceneHHOM, M yacTuupbl co cnvHom O, 1 u 2,
KOTOPbIE, KaK Mbl YBUAUM, CO3AALOT CUAbI, AEUCTBYIOLLIME MEXAY YacTUL@AMM BellecTBa. YacTmubl
BELLECTBA MOAYMHSAKOTCA TakK Ha3blBaeMoMy MpuHUMNY 3anpeta [layau, oTkpbitomy B 1925 T.
aBCTPUUCKUM GU3NMKOM BonbpraHrom Mayan. B 1945 r. Mayan 3a cBOE OTKpbITUE ObIA YAOCTOEH
HobeneBckon npemuun. OH ABASA COOON MAEaAbHBINM NPUMEP GUINKA-TEOPETUKA: TOBOPST, YTO OAHO
€ero NpUCyTCTBUE B FOPOAE HapPyLIAAO X0A Bcex akcrnepumeHTos! MpuHumn MayAm raacur, uto ABe
OAMHaKOBbIE YaCTULbl HE MOTYT CyLLLeCTBOBaTb B OAHOM U TOM X€ COCTOSIHUU, T. €. HE MOIYT UMETb
KOOPAMHATbl M CKOPOCTM, OAMHAKOBbIE C TOW TOYHOCTbIO, KOTOpaa 3apaetca MPUHLMMIOM
HeonpeAeAneHHOCTU. TpuHumn MNayan MMeeT KpalHe BaXHOe 3HauyeHue, Tak Kak OH MO3BOAUA
06BbACHUTL, MOYEMY MOA AEMCTBMEM CUA, CO3AABAEMbIX YacTMuaMu co cnuHom O, 1, 2, yactmupbl
MaTepun HEe KOAAAMNCUPYHOT B COCTOSIHUE C OYEHb BbICOKOM MAOTHOCTBIO: €CAM YacTULbl BELLECTBA
MMEIKOT O4YeHb OAM3KME 3HAYEHUA KOOPAMHAT, TO MX CKOPOCTU AOAXKHbI OblTb pPasHbIMU, W,
CA€AOBATEAbHO, OHU HE CMOTYT AOATO HaxOAMTbCSI B TOUYKax C 3TMMM KoOopAMHaTamu. Ecamn 6bl B
COTBOPEHUM MUpPa He yyacTBOBaA NPUHUMN [layAu, KBapkm He MOrAM Obl 0ObLEAMHUTLCS B
OTAEAbHbIE, YETKO ONPEAEAEHHbIE YaCTULbl — MPOTOHbI U HEMTPOHbI, KOTOPbIE B CBOK OYEPEAL HE
CMOTrAM Obl, OObEAMHUBLLUCH C 3AEKTPOHAMM, 0b6pa3oBaTb OTAEAbHbIE, YETKO ONpPEeAEAEHHbIe
aToMbl. be3 npuHumMna MNMayAn BCe 3TW YaCTULbl CKOAAANCUPOBaAK Bbl U NPeBPATUANCH B Bonee UAK
MeHee OAHOPOAHOE U MAOTHOE «KEAE».

MpaBuAbHOE NpeACTaBAEHME 06 INEKTPOHE U APYTMX YacTMLUAx co CMMHOM 1/2 OTCYyTCTBOBAAO
A0 1928 1., Korpa MNMoab Aupak MPearOXUA TEOPUID AAA OMUCAHUA 3TUX yacTuu,. BrnocaeactBum
AVpak NnoAyyrA kadeppy MaTtemaTukm B Kembpuaxe (KOTopyto B CBOE BpeMs 3aHMMan HbHOTOH 1
KOTOPYlO cenvac 3aHMMato ). Teopusa Avpaka Obina MepBOM TEOPUEN Takoro poaa, KoTopas
cornacoBanacb U C KBaHTOBOM MEXaHWKOW, U CO CneunanbHOW TeOpUEN OTHOCUTEABHOCTU. B Hen
AABaNOCb MaTeMaTMyeckoe 06bACHEHWE TOro, NOYEMY CMUH SAEKTPOHA paBeH 1/2, T. €. noyemy
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NPU OAHOKPATHOM NMOAHOM 0H0POTE INEKTPOHA OH HE MPUHUMAET NPEXHUI BUA, @ MPU ABYKPATHOM
npUHMMaeT. Teopusa AMpaka NpepcKkasbiBana TaKXe, YTO Y SAEKTPOHA AOAXEH ObiTb MapTHep -
AHTUINEKTPOH, WAM, MHAUe, NO3UTPOH. OTKPbITUE NO3WUTPOHA B 1932 I. NOATBEPAMAO TEOPUIO
Avpaka, n B 1933 1. oH noAyuna HobeneBckyto npemuto no éusmke. Cernyac Mbl 3HAEM, UTO
KaXXAOW YacTULE COOTBETCTBYET aHTMYACTMLA, C KOTOPOW OHa MOXET aHHUTMAMpPOBaTb. (B cayyae
yacTtul, obecneumBatoLLMX B3aMMOAENCTBUE, YacTULIA U aHTMYACTMLA — OAHO U TO Xe). Morau Obl
CYLLECTBOBATb LIEAblIE aHTUCAOBA M aHTUAIOAM, COCTOSLLIME U3 aHTMYacTUL,. Ho BCTpeTMB aHTUCEDS,
He B3AyManTe No3A0pOoBaThCs C HUM 3a PYKy! BO3HUKHET ocAenuTeAbHas BCMbllLKa CBETa, U Bbl 06a
ncuesHeTe. YpesBbluaHO BaXeH BOMPOC, NMOYeMy BOKPYr Hac ropaspo OoAblle vacTul, Yem
aHTM4YacTUl. Mbl K HEMY elLlle BEPHEMCA B 3TOM rAaBe.

B KBaHTOBOW MEXaHUKE MNPEANOAAraeTcsi, Uto BCE CUAbl, UAM B3aUMOAENCTBUS, MEXAY
yacTMLUAMM BELLECTBA NEPEHOCATCH YacTULAMMK C LEAOUYUCAEHHBIM CMUHOM, paBHbiM O, 1 nam 2.
YacTiua BellecTBa, HanpuUMep I3AEKTPOH WMAM KBapPK, MCMNYyCKAeT uvacTuly, KoTopas ABASeTcA
NePEHOCUYMKOM B3aMMOAENCTBUSA. B pesyabTate OTAaUM CKOPOCTb YaCTULbl BELLECTBA MEHSETCS.
3aTeM 4acTMLA-MEPEHOCUMK HANETAET Ha APYIyt0 yacTvuy BeLlecTBa W MOrAoWaeTcsa er. 310
COyAApeHWE M3MEHSAET CKOPOCTb BTOPOM YacTuLbl, Kak OYATO MeXAy 3TUMWU ABYMSI YacTULAMMU
BELLECTBA AEMCTBYET CUAA.

YacTuubl-nepeHOCUYnKM B3aUMOAENCTBUA 0OAAAQOT OAHMM BaXHbIM CBOWCTBOM: OHW He
NOAUYMHAIKOTCA NPUHUMNY 3anpeTa [layan. 310 O3HA4YaeT OTCYTCTBME OrpaHUYEHUM AAS UYMCAQ
06MeHMBaEMbIX YaCTULL, TaK YTO BO3HMKAIOLLAA CMAQ B3AMMOAENCTBUS MOXET OKa3aTbCst OOABLLOMN.
Ho ecAar macca 4acTuu-NepeHoCUYMKOB BEAMKA, TO HA BOAbLLMX PACCTOAHUAX UX POXAEHUE U 0OMEH
ByAyT 3aTpyAHEHbI. TakuM 06pa3omM, NEPEHOCUMbIE UMW CUAbI BYAYT KOPOTKOAEMCTBYOLLMMU. ECAn
Xe  4YacTuUbI-NEPEHOCYMKM He  byayT obnapaTb  COOCTBEHHOM  MacCOW,  BO3HWUKHYT
AAABHOAEWCTBYHOLLIME  CUAbL.  YacCTULbI-NEPEHOCUYMKKN, KOTOPbIMM  OOMEHMBAKOTCA  YaCTULbI
BELLECTBA, Ha3blBAlOTCA BUPTYaAbHbIMM, MOTOMY 4YTO B OTAMYME OT pPeEaAbHbIX WX HEAb3S
HENOCPEACTBEHHO 3aperncTpupoBatb NpyM NOMOLLM AeTEKTopa Yactuu. OAHAKO Mbl 3HAEM, 4TO
BUPTyaAbHbl€ 4YacTWlbl CYLLECTBYIHOT, MNOTOMY UYTO OHM CO3AaOT 3dPEKTbl, MNoAAAMOLLMECSH
n3MepeHuto: baaropapsa BMPTYaAbHbIM YacTMLUAM BO3HWKAKOT CWUAbl, AEWCTBYIOLUME MEXAY
yacTMuamu BellecTBa. MNpy HEKOTOPbIX YCAOBUAX YacTULpbl co cnHamMmun O, 1, 2 cywecTBYOT U Kak
peanbHbl€; TOrAQ UX MOXHO HEMOCPEACTBEHHO 3aperncTpmpoBaTtb. C TOUKM 3PEHUS KAACCUUECKOM
OUBNKN TaKME YaCTHLIbl BCTPEYAOTCS HAaM B BUAE BOAH, CKaXXEM CBETOBbIX MAU TPABUTALIMOHHDIX.
OHM MHOTrAQ MCNYCKAOTCA NPU B3aUMOAENCTBUUM YaCTUL, BELLECTBA, NPOTEKAOLLEM 3a CHET 0OMeEHa
YyacTMUAMMK-NIEPEHOCUNKAMM B3auUMOAENCTBUA. (Hanpumep, anekTpuueckas cuAa B3aWMHOIO
OTTAAKMBAHUA MEXAY ABYMSI IANEKTPOHAMKM BO3HMKAET 3a cUeT obMeHa BUPTyaAbHbIMKU GOTOHAMM,
KOTOPbIE HEAb3S HEMOCPEACTBEHHO 3aperucTpupoBaTb. HO €CAM IAEKTPOHbI MPOAETAOT APYT MUMO
Apyra, TO BO3MOXHO MCMyCKaHWe peanbHbix GOTOHOB, KOTOpble OYyAyT 3apernucTpMpoBaHbl Kak
CBETOBbIE BOAHbI).

YacTuubI-NEPEHOCUYMKM MOXHO Pa3AEAUTb Ha 4YeTbipe TMna B 3aBUCMMOCTU OT BEAUUMHDI
NepeHoCMMOro MMM B3aMMOAENCTBUA U OT TOTO, C KAKMMMK YaCcTULAMKN OHU B3aMMOAENCTBOBAAM.
MopYEPKHEM, UTO TaKoe pPa3AEAEHWME COBEPLUEHHO WCKYCCTBEHHO; 3TO Cxema, yAobHaa AAA
pa3paboTKM YacCTHbIX TEOPUH, HUUYEro Bonee Cepbe3HOro B HeW, BEPOATHO, HET. BOAbLUMHCTBO
®OU3NKOB HAAEETCS, UTO B KOHLIE KOHLIOB YAQCTCS CO3AATb EAMHYHO TEOPUIO, B KOTOPOKW BCE UETbIPE
CUAbI OKa3aAUCb Bbl PA3HOBUAHOCTAMW OAHOM M TOM Xe CUAbI. MHOTME AaXe BUMASIT B 3TOM FAABHYHO
LleAb COBPEMEHHON GU3MKKU. HEAABHO yBEHUYAAUCb YCMEXOM MOMbITKM 0O6beAMHEHUS TPEX CUA. B
3TOM rAaBe 1 elle cobuparocb 0 HUX pacckasaTtb. O TOM, Kak 0OCTOUT AEAO C BKAKOUEHMEM B Takoe
06beAnHEeHWe rpaBUTaLMK, Mbl MOFOBOPUM HEMHOIO MO3Xe.

UTak, nepBas pa3HOBUAHOCTb CMA — TFPaBUTALMOHHAA CUAA. [PaBUTALUMOHHbBIE CHMAbI HOCAT
YHUBEPCAAbHbIN Xapakrep. 3TO O3HauyaeT, UYTO BCAKAS 4YacTMLA HAXOAUTCA MOA AEWCTBUMEM
rPaBUTALIMOHHON CUAbI, BEAUUMHA KOTOPOM 3aBUCUT OT MACCbl MAW SHEPTMM YacTuLbl. [paBuUTaLMA
ropasno crnabee KaxAOM M3 OCTaBLLMXCS TPEX CUA. ITO OUEHB cAabas CMAa, KOTOPYHO Mbl BOOOLLIE HE
3aMeTuAn bbl, ecAn Bbl He ABa ee cneuudruYecKkux CBOMCTBA: rPaBUTALIMOHHbBIE CUAbI AEMCTBYIOT Ha
OOAbLLMX PACCTOSTHUAX U BCErAa ABAAIOTCA CUAAMU NPUTSXEHUA. CAeAOBATEAbHO, OUEHb CAADbIE
rpaBUTALIMOHHbIE CUAbI B3aMMOAEWCTBUSA OTAEAbHbIX YacTuL, B ABYX Teaax OOAbLLOro pasmepa,
Takux, Hanpumep, kak 3emMast U COAHLIE, MOTYT B CYMME AaTb OUEHb BOAbLLIYIO CUAY. TPU OCTAAbHbIX
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BMAQ B3aMMOAEMNCTBUSA AMOO AEWCTBYIOT TOABKO Ha MaAbIX PacCTOsIHUAX, AMOO SABASIOTCS TO
OTTaAKMBAKOWMMK, TO NPUTATMBAIOLMMMK, UYTO NPUBOAMT B 060WEM K KomneHcauuu. B
KBAHTOBO-MEXaHUYECKOM MOAXOAE K rpaBUTaLMOHHOMY MOAKD CUMTAETCS, YTO rpaBUTaLMOHHAsA
CYAQ, AEWCTBYIOLLAA MEXAY ABYMS yacTMLaMW MaTepuu, NepeHOoCUTCA YacTUUEN CO CMMHOM 2,
KOTOpas Ha3blBaeTCsl rPaBUMTOHOM. [paBWUTOH He obAapaeT COOCTBEHHOM MaccoW, M MO3TOMY
nepeHocnMas UM CUAa ABASETCA AAAbHOAENCTBYIOLWEN. [PaBUTaLMOHHOE B3aUMOAENCTBUE MEXAY
ConHueM M 3eMaelt 06bSICHAETCA TeM, UTO YacTuubl, M3 KOTOpbIX cocTosiT 3emMass U CoAHue,
obmMeHuMBaloTCA rpaBUTOHaMKU. HecmoTpsi Ha TO 4TO B OOMEHE y4yacTBYIOT AULIb BUPTyaAbHblE
4yacTuLbl, CO3AaBaEMbIN UMK IPPEKT BE3YCAOBHO NMOAAAETCS UBMEPEHUIO, MOTOMY YTO 3TOT 3G DEKT
- BpaweHue 3eman BOKpyr CoAaHua! PeaAbHble rpaBMTOHbI PACNpPOCTPaHAKTCA B BUAE BOAH,
KOTOPbIE B KAGCCUYECKOM GU3MKE Ha3blBaIOTCA rPaBUTALLMOHHBIMU, HO OHU OYEHb CAabble, M UX Tak
TPYAHO 3aPErMCTPUPOBATDL, UYTO MOKA 3TO HUKOMY HE YAAAOChb CAEAaTb.

CnepytOLLMM  TUN B3aMMOAEWCTBUS  CO3AAETCA  SAEKTPOMArHWUTHbIMU  CUAGMU, KOTOpPblE
AEWUCTBYIOT MEXAY IAEKTPUYECKU 3aPAXKEHHBIMU YacTULLAMMU, KaK, HANPUMEP, INEKTPOHbI U KBAPKM,
HO He OTBeyaloT 3a B3aUMOAEUCTBME TakMX HE3apPSXKEHHbIX 4YacTul, Kak [pPaBUTOHbI.
INEKTPOMArHUTHblE B3aMMOAEWCTBUS TOPa3A0 CUAbHEE TPaBMUTALMOHHBLIX: IAEKTPOMarHUTHas
CUAa, AEUCTBYIOLLAA MEXAY ABYMSA SAEKTPOHaMW, MPUMEPHO B MUAAUOH MUAAMOHOB MWAAMOHOB
MWAAMOHOB MWAAMOHOB MWAAMOHOB MMAAMOHOB (€AMHMLA C COPOKa ABYMS HYASIMU) pa3 6oAblue
rpaBUTaUMOHHOM CUAbI. HO CyLLECTBYIOT ABa BMAA SAEKTPUUECKOrO 3apsipd — MOAOXMTEAbHbIN U
oTpUUATEAbHbIN. Mexay ABYMA MOAOXMTEABHbIMU 3apsiAaMKU TakK Xe, Kak U Mexay AByMs
OTpULATEABHBIMW, AEUCTBYET CUA@ OTTaAKMBAHWUA, @ MEXAY MOAOXUTEAbHbIM WM OTPULATEABHbLIM
3apsapaaMu - CUAa NpUTaXeHuA. B 6oabLInX Tenax, Hanpumep B 3emMAe UAM COAHLE, coaepXaHue
MOAOXMUTEABHbIX W OTPULATEAbHbIX 3apPAAOB MMOYTM OAMHAKOBO, W, CAEAOBaTEAbHO, CWAbI
MPUTAXEHUA N OTTAaAKMUBAHUA NOUTU KOMMEHCUPYIOT APYr Apyra, U OCTaeTcsi O4eHb Manas UYMCTO
9NEKTPOMarHuTHasa cuaa. OpHako B MaAbix Maclitabax aTOMOB M MOAEKYA SAEKTPOMArHWTHblE
CUAbl AOMWHUMPYIOT. loa AEWCTBUEM SAEKTPOMArHWTHOrO MPUTSXKEHUA MEeXAYy OTpUMUaTEAbHO
3apSAKEHHBIMU INEKTPOHAMU U MOAOXKMUTEABHO 3apPSXKEHHbLIMU MPOTOHAMW B AAPE IAEKTPOHbI B
aToMe BpallatoTCA BOKPYr fApa B TOYHOCTM TaK Xe, Kak NoA AEUCTBMEM TpaBUTaLMOHHOIO
NPUTSXEHUS 3eMAS BpallaeTtca BOKpYr CoAHLA. INAEKTPOMATrHUTHOE MPUTAXEHME ONUCHIBAETCH Kak
pe3yAbTaT 06MeHa BOAbLLUMM YMCAOM BUPTYaAbHbIX HE3MACCOBbIX YacCTWL, CO CMMHOM 1, KOTopble
HasblBaloTCA GOTOHaMM. Kak M B CAyyae rpPaBUTOHOB, (GOTOHbI, OCYLLECTBASIOLLME OOMEH,
ABASIFOTCA BUPTYaAbHbIMUM, HO MPU NEPEXOAE INEKTPOHA C OAHOW pa3peLleHHON opOUTbl Ha APYrYHO,
PaCNOAOXEHHYIO BAMXKE K AAPY, OCBOBOXAQETCA SHEPIUS, U B Pe3yAbTaTe UCMYCKAETCS peanbHbIN
GOTOH, KOTOPbIM MPU MOAXOAALLEN AAMHE BOAHbI MOXHO HabAOAaTb YEAOBEYECKMM FAA30M Kak
BUAMMBIV CBET, UAU XE€ C NOMOLLIbIO KaKoro-HMbyab AeTekTopa GOTOHOB, HanpUmep GOTOMAEHKM.
AHaAOrMYHbIM 06pa30M NPU COyAapPEHUM PEAAbHOro GOTOHA C aTOMOM MOXET MPOU30MTH NEPEXOA
9AEKTPOHa C OAHOM OpbUTbI Ha APYryto, BoAee AAAEKYHO OT IAPa. TOT Nepexoa NPOMCXOAMUT 3a cyeT
3Heprun GoToHa, KOTOPbIM MOrAoLLaeTcs aToMOM. B3anmopencTBue TpeTbero Tuna Ha3blBaeTca
chabbiM B3anmopenctBueM. OHO OTBeYaeT 3a PaAMOAKTMBHOCTb M CYLLECTBYET MEXAY BCEMMU
yacTMuamMu BeLLEeCTBa CO CMMHOM 1/2, HO B HEM HEe y4yacTBYHOT yacTuubl co cnuHom O, 1, 2 -
GOTOHbI M rpaBuUTOHbI. A0 1967 1. cBOMCTBaA CAabbiX CUA BbIAM NMAOXO U3yUeHbl, a B 1967 r. Abayc
Canam, TeopeTnk M3 N\OHAOHCKOro Mmnepuan-konnepxa, u CtuBeH BanHbepr n3 FapBapACcKoro
yHMBEpPCUTETA  OAHOBPEMEHHO  MPEANOXMAM  TEOpUIO, KoTopaa  obbeauHsAa  cnhaboe
B3aMMOAEWNCTBUE C IAEKTPOMArHWTHbIM aHaAOMMYHO TOMY, KakK Ha CTO AeT paHble MakcBeAA
006bEAMHUA SAEKTPUUYECTBO U MarHetnam. BanHbepr n Canam BbiCKa3aAn NPEANOAOXKEHUE O TOM,
YTO B AOMOAHEHME K GOTOHY CYLLECTBYIOT elle TPU YacTuLbl CO CMMHOM 1, KOTOpble BCE BMECTE
Ha3blBalOTCA TAXEAbIMW BEKTOPHbIMM 6030HaMM U SBAAKOTCA NEPEHOCYMKamMK  craboro
B3anMoAENCcTBUA. T 6030HbI ObiAM 0603HauYeHbl cumBoramMu W+, W- 1 Z0, macca Kaxaoro m3
HUX coctaBaana 100 3B (9B o3Hayaer rUrasnekTPoOHBOABLT, T. €. TbiCAYa MUAAMOHOB
3N\EKTPOHBOALT). Teopus BanHbepra-Canama ob6rapaeT CBOMCTBOM Tak Ha3blBAEMOMO CMOHTAHHOIO
HapyLeHUa cummeTprun. OHO O3HAYaEeT, UTo YaCTULbl, COBEPLUEHHO Pa3HbIe€ NPU HU3KKUX IHEPTUSAX,
NPU BbICOKUX IHEPTMUSX OKa3bIBAtOTCA Ha CaMOM AEAE OAHOM U TOM Xe YaCTULEN, HO HaxoASILLLENCA
B Pa3HbIX COCTOAHUAX. ITO B KAKOM-TO CMbICAE MOXOXE Ha NMOBEAEHWE LLAPUKa NPU UTPE B PYAETKY.
Mpun BCeX BbICOKMX 3HEPrMaX (T. €. npu BbICTPOM BpalLEHUM KOAECa) LapuK BeAeT cebs Bceraa
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NMOYTU OAMHAKOBO - 6€30CTaHOBOYHO BpalaeTcsa. Ho koraa KOAeco 3aMeAAUTCS, SHEPrUs LWapuka
YMEHbLUAETCA, U B KOHLE KOHLOB OH MNPOBaAMBAETCS B OAHY W3 TPUALATM CEMMU KaHaBOK,
MMEIOLLIMXCS Ha KoAece. MIHbIMM CAOBaMK, NPU HU3KMUX SHEPIMUSX LUAPUK MOXET CyLLeCTBOBaTb B
TPMALATM CEMM COCTOAAHMAX. ECAM 6bl Mbl MOYeMy-AMO0 MOTAM HaAOAKOAATb LLUAPUK TOABKO MpU
HU3KUX SHEPTUSAX, TO CUMTAAN Obl, UTO CYLLECTBYET TPMALLATL CEMb Pa3HbIX TUMOB LLIAPUKOB!

Teopusa BawnHb6epra-Carnama npeackasbiBaaa, YTO NPU 3HEPrUsiX, 3HAYUTEAbHO
npesblwatowmx 100 MB, TpM HOBble yacTMubl U GOTOH AOAXKHbI BECTU cebsi OAMHAKOBO, @ Mpu
H6oAEE HUBKMX SHEPTUAX YaCTuL, T. €. B OOAbLLUMHCTBE 0ObIYHbIX CUTyaLIMI, 3Ta «CUMMETPUA» AOAKHA
HapywaTbcs. Maccbl W+, W- 1 Z0 6030HOB NpeACKa3biBaAUCb BOAbLLIMMM, YTOObI CO3AaBaEMble
UMW CUAbI UMEAW OYEeHb MaAbii paanyc aercTBus. Korpa BanHbepr u Canam BbIABUHYAU CBOHO
TEOPUIO, UM MaAO KTO BEPUA, @ HA MAAOMOLLHbIX YCKOPUTEASIX TEX BPEMEH HEBO3MOXHO ObIAO
AOCTMYb 3HeprMm B 100 M3B, Heob6xoAnMOn AN POXAEHUA peanbHbix W+, W- 1 Z0 yacTtuu. OpHaKo
AET Yepe3 AeCATb NPeACKal3aHuA, NOAYYEHHbIE B 3TOW TEOPUMU NMPU HU3KUX SHEPTUSIX, HACTOAbKO
XOPOLLUO MOATBEPAUMAUCL 3KCMEPUMEHTaAbHO, 4TO BanHbepry n Canamy Obina npuUcCyXAeHa
HobeneBckaa npemusa 1979 r. coBmecTHO ¢ LLlenpoHom Taawwioy (Toxe u3 FapBapaa), KOTOPbIM
MPEANOXMA MOXOXYHD €AMHYIO TEOPUIO INEKTPOMArHUTHbLIX M CAADObIX SAEPHbIX B3aMMOAENCTBUMW.
Komuter no HobeneBcknUM npemusam ObiA M3OABAEH OT HEMPUATHOCTEM, KOTOPble MOTAU Obl
BO3HWKHYTb, €CAM Obl OKa3aAOCb, UTO OH COBEPLUMA OWKNOKY caenaHHbIM B 1983 r. B LIEPHe
OTKPbITUEM TPEX MACCUBHbIX MAPTHEPOB GOTOHA C MPABUAbHbIMUK 3HAYEHUAMW MacCbl U APYrMMU
NpeACKasaHHbIMU Xapaktepuctukamu. Kapao Pybbua, BO3rnaBmMBLLMI FPynny U3 HECKOAbKMX COTEH
$M3MKOB, KOTOPbIM MPUHAAAEXAAO 3TO OTKPbITUE, MOAyYMA HobenesBckyto npemuto 1984 r.,
NMPUCY>XAEHHYIO €My COBMECTHO ¢ WMHXeHepom LEEPHa CumoHom BaH aep Meepom, aBTOpPOM
NPOEKTa HAKOMWUTEAS aHTMYaCTUL, WCMNOAb30BAHHOIO B 3KcnepumeHte. (B Hawe Bpewms
Yype3BblYaMHO TPYAHO OCTaBUTb CBOW CAEA B SKCMEPUMEHTAAbHON GU3MKE, pa3Be YTO Bbl YXe Ha
BepLUUHE!).

CuAbHOE SAEPHOE B3aUMOAENCTBME NPEACTAaBASIET COOOM B3aUMOAENCTBME YUETBEPTOrO TUNA,
KOTOPOE YAEPXWMBAET KBAPKW BHYTPM MPOTOHA WU HEWTPOHA, @ MNPOTOHbl U HEWTPOHbI BHYTPU
aTOMHOro sapa. NepeHOCYMKOM CUABHOIO B3aUMOAEWCTBMA CUMTAETCSl elle OAHa 4acTuua co
CMMHOM 1, KOTOpasn Ha3blBAETCS TAOOHOM.

[AHOOHbI B3aUMOAEWCTBYHOT TOABKO C KBapkamMuv W C APYrMMW TAKOOHaMW. Y CWUABbHOIO
B3aMMOAENCTBUA €CTb OAHO HeobblyallHOEe CBOWCTBO - OHO ob6AapaeT KOHOAWMHMEHTOM
(confinement - orpaHuyeHue, yaepxxaHue (aHrA.). — NPUM. pea.).

KOHpaMHMEHT COCTOMT B TOM, UTO YacCTWubl BCErAa YyAepXuBatoTca B OecuBETHbIX
koMOuHaumsax. OAMH KBapK HE MOXET CyLLLECTBOBaTb caM Nno cebe, NOTOMY UTO TOrA@ OH AOAXEH
O6bIA 6bl MMETb UBET (KPacCHbIA, 3€AEHbIM MAM CUHUMK). T1O3TOMY KpPacCHbIM KBapK AOAXEH OblTb
COEAMHEH C 3€AEHbIM U CUHUM MOCPEACTBOM FAFOOHHOWM «CTPYM» (KPACHbIM + 3EAEHbIM + CUHUK =
b6enbit). Takor TPUMAET OKa3blBAeTcA MNPOTOHOM WAM HeWTpoHOM. CyllecTByeT U aApyras
BO3MOXHOCTb, KOrA@ KBapK WU aHTUKBApPK 0OBbEAMHAIOTCA B Mapy (KpacHblM + aHTUKPACHbIW, UAU
3EeAeHbIN + aHTU3EAEHbIN, UAM CUHUI + @HTUCUHUIK = Benbli). Takne KoMBUHaUMKM BXOAAT B COCTaB
YyacTuLl, Ha3blBAEMbIX ME30HaMMU. ITU YaCTULbl HECTAaOWAbHbI, MOTOMY YTO KBApPK M aHTUKBAPK
MOTYT aHHUTMAMPOBATb APYr C APYroM, obpasys 3AEKTPOHbl U APYrMe 4YacTulbl. AHAAOTUYHBLIM
06pa3omM, OAMH TAKOOH HE MOXET CyLLEeCcTBOBaTb caM Nno cebe M3-3a KOHPaMHMEHTa, NOTOMY YTO
FAFOOHbI TOXe obnapatoT uBeToM. CAepOBaTEAbHO, TAKOOHbI AOAXHbI FPYNMNUMPOBATbCA TaKUM
obpasom, 4Tobbl UX LUBETA B CyMMe AaBaAu 6eAbln UBeT. OnucaHHasa rpynna rAooHOB obpa3syeT
HeCTabUABbHYIO YacTULy — FAHOOOA.
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Puc. 5.2

Mbl He MOXeM HabAtOAaTb OTAEAbHbIN KBapPK MAM TAKOOH M3-3a KOHpaMHMeHTa. He o3Hauaet
AW 3TO, UTO CaMO NPEACTABAEHME O KBapKax U MIOOHAX Kak 0 YacTULaX HECKOAbKO MeTadU3NUYHO?
HeTt, noTOMy 4TO CMAbHOE B3aMMOAENCTBUE XapaKTepusyeTca elle OAHWMM CBOWCTBOM, KOTOPOE
Ha3blBAeTCs aCUMMNTOTMUECKOW CBOOOAOW. Bbaaropaps 3ToOMy CBOWMCTBY MOHSITUE KBAPKOB W
FAFOOHOB CTAHOBUTCSI BMOAHE onpeAeAeHHbIM. [Tpr 06bIUHbIX SHEPTUAX CUABHOE B3aUMOAENCTBUE
AENCTBUTEABHO ABASIETCA CUAbHbBIM WU MAOTHO MPWXMUMAET KBAPKK APYT K Apyry. HO, Kak Nnoka3bliBatoT
9KCMNEPUMEHTblI Ha MOLLHbIX YCKOPUTEARIX, NMPU BbICOKMX IHEPrUsiX CUAbHOE B3aMMOAENCTBUE
3aMeTHO ocnabeBaeT U KBApPKWU M FAOOHbI HaYMHAKOT BECTU cebsi NoUTU Kak CBOBOAHbIE YACTULbI.
Ha puc. 5.2 npeactaBAeH GOTOCHUMOK CTOAKHOBEHUSA NPOTOHA U @aHTUNPOTOHA BbICOKOM 3HEPIUM.
Mbl  BMAMM, UTO HECKOAbKO TMNOYTM CBOOOAHbIX KBApPKOB, POAMBLUMXCS B pe3yAbTarte
B3aMMOAENCTBUS, 0Opa3oBann «CTPYW» TPEKOB, KOTOPbIE BUAHBI Ha doTorpadumn.

NTtorom ycnewHoro o6beAMHEHUSI INEKTPOMArHUTHOrO M CAAboro B3aMMOAEMCTBUIM CTaAM
NOMNbITKW COEAUMHWUTb 3TW ABa BMAQ B3AaUMOAEWCTBUIA C CUAbHbIM B3aUMOAEWCTBMEM, UTOObI B
pe3yAbTaTe MoAyYMAaCh TaK Ha3blBaeMas TEOPUA BEAMKOrO 06beAMHEHUSA. B 3TOM Ha3BaHUKU eCTb
HEKOTOPOE NpeyBeEAUUYEHUE: BO-NEPBbIX, TEOPUN BEAUKOTO OObEAMHEHUSA HE TaKME YX BEAUKKE, a
BO-BTOPbIX, OHW HEe OObEAMHSAIOT MOAHOCTbIO BCE B3aMMOAEWCTBUA, MOTOMY UTO B HUX HE BXOAWUT
rpaButaums. Kpome TOro, BCe 3TW TEOPUM Ha CaMOM AEAE HEMOAHbI, MOTOMY 4YTO COAEpXaT
napameTpbl, KOTOPbIE HEAL3S NMPEACKA3aTb TEOPETUUECKM M KOTOPbIE HAAO BblYMCASITb, CPaBHUBASA
TEOPETUYECKME U IKCMEPUMEHTAAbHbIE PE3yAbTaTbl. TEM HE MEHee Takue TeopuUM MOryT cTaTb
LaroM K MOAHOW Teopun 0BbeAUHEHUS, OXBaTbiBaloLlen Bce B3aMMopaencTBus. OCHOBHasA Maesn
NOCTPOEHMSI TEOPUIN BEAUKOTO 0O bEAMHEHUSA COCTOUT B CAEAYHOLLIEM: KaK y)Xe rOBOPUAOCH, CUAbHbIE
B3aUMOAEWCTBUA MPU BbICOKUX IHEPTMAX CTAHOBATCH cArabee, yuemM npu HU3KKUX. B TO Xe Bpemsa
3NEKTPOMArHUTHbIE U CAabble CUAbI aCUMNTOTUUECKU HE CBOOOAHDI, U MPU BbICOKUX 3HEPTUAX OHU
pactyT. Toraa NpM KakoM-TO OYeHb OOAbLIOM 3HAYEHWUM 3IHEPTUM - MPU 3HEPTMM BEAUKOTO
006beAMHEHMA - 3TW TPU CUAbI MOFAM Obl CpaBHATLCA Mexay cobor M cTaTb NPOCTO
Pa3HOBUMAHOCTSIMM OAHOM U TOW Xe CUAbl. TEOPUU BEAMKOTO 0ObEAMHEHUA MPEACKA3bIBAKOT, UTO
NPW 3TOM 3HEPIUU pa3dHble YacCTULbl BELLECTBA CO CMMHOM 1/2, TakKMe, Kak KBapK1 U SAEKTPOHbI,
TOXe nepecTtanr 6bl pa3AnyaTbcs, UTO ObINO Obl €LLE OAHUM LLIATOM K 0ObEANHEHMUIO.

3HayeHne 3Heprun BEAMKOro 0ObEeAMHEHUSA HE OYEHb XOPOLLO M3BECTHO, HO OHO AOAXHO
COCTaBAATb MO MEHbLUEN Mepe ThiCSYy MUAAMOHOB MUAAMOHOB 3B. B yCKOpUTEAAX COBPEMEHHOIO
NMOKOAEHUSI CTAAKMBAIOTCA YacTUUpbl C 3HepruamMu okono 100 3B, a B bGyayuiMx npoekrax aTta
BEAMYMHA AONKHA BO3PACTU A0 HECKOAbKMX ThicAY 3B. HO AAS yCKOPEHMSI YacTul, A0 3HEPruu
BEAUKOTO OObEAMHEHUNA HYXEH YCKOpWUTeAb pa3mepomM ¢ CoAHeuHyto cucteMy. ManoBeposiTHO,
4TOObl B HbIHELIHEN 3KOHOMMWUYECKOM CUTyaUMKM KTO-HMOYyAb pelinacs ee duHaHcuposatb. Bot
noyemy HEBO3MOXHA HEMNOCPEACTBEHHAA 3SKCNEPUMEHTAAbHAA MPOBEPKA TEOPUM BEAUMKOrO
obbeanHeHMA. Ho 3pecb, Kak M B CAydyae SAEKTPOCAabOW E€AMHOM TeopwM, CyLLEeCTBYHOT
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HU3KO3HEPreTMYECKMUE CAEACTBUS, KOTOPbIE MOXHO MPOBEPUTD.

Camoe MHTEpPECHOE M3 TaKMX CAEACTBMM TO, YTO MPOTOHbI, COCTABASAOLIME BOAbLUYIO YacTb
Macchbl 0ObIYHOrO BELLECTBA, MOTYT CMOHTAHHO pacnaaaTbCs Ha 6OAEe AErk1e YacTuLbl, Takue, Kak
AHTMAAEKTPOHbI. [TpUUMHA B TOM, UTO NPU SHEPTUU BEAMKOrO OObEAMHEHMA HET CyLLLECTBEHHOM
Pa3HULbI MEXAY KBAPKOM M aHTUIAEKTPOHOM. TpU KBapka BHYTPU NPOTOHA 0ObIYHO HE 0bBAapatoT
AOCTaTOYHbIM KOAMUYECTBOM 3HEPTUU AN NMPEBPALLEHWUS B @HTUIAEKTPOHbI, HO OAMH U3 KBApKOB
MOXET COBEPLUEHHO CAyYaMHO TMOAYUYMTb OAHAXAbl 3HEPrUID, AOCTATOUHYID AASl  3TOrO
NpeBpaLleHUss, MNOTOMYy 4YTO B CUAY MPUHUMNE HEONPEAEAEHHOCTM HEBO3MOXHO TOUYHO
3adMKCUPOBaATb SHEPIUIO KBAPKOB BHYTPWM MNPOTOHA. Toraa MNPOTOH AOAXKEH pacnacTbCs, HO
BEPOATHOCTb TOrO, UYTO KBapK OYAET UMETb AOCTATOYHYH 3HEPTUIO, CTOAb MaAa, YTO XAATb 3TOrO
NPUAETCA NO KparHerh mepe MUAAMOH MUAAUOHOB MUAAMOHOB MUAAMOHOB MUAAMOHOB (€AMHMLA C
TPUALATBIO HYAAMM) AET, 4TO ropas3pno OO0AbLLE BPEMEHM, MPOLIEALIEN0O C MOMEHTa OO0AbLLOro
B3pPblBa, KOTOPOE HE MPEBbILIAET AECATU ThICAY MUAAMOHOB AET UAW YTO-TO OKOAO TOTO (EAMHMLIA C
AECATbIO HyAsimK). OTCHOA@ HanpaluBaeTcs BbIBOA, UTO BO3MOXHOCTb CMOHTAHHOMO pacnapa
NPOTOHA HEeAb3A 3KCMEPUMEHTAABHO MNPOBEPUTb. MOXHO, OAHAKO, YBEAWUYUTb BEPOSTHOCTb
HabAtOAEHMST pacnasa NPOTOHa, U3ydyasa ovyeHb BOAbLLOE YMCAO NPOTOHOB. (Habatopas, Hanpumep,
1 ¢ TpMALATBIO OAHUM HYAEM MPOTOHOB B TEYEHME TOAQ, MOXHO HaAEATbCA 0OHAPYXUTb, COTAACHO
OAHOM U3 NPOCTENLLNX TEOPUN BEAMKOTO 06bepnHeHUs, boaee OAHOro pacnaaa NPoToHa).

HecKOAbKO TaKMX 3KCNEPUMEHTOB YXe BbINOAHEHO, HO OHWU HE AAAU ONPEAEAEHHbIX CBEAEHUM
0 pacnapax npoToHa UAU HenTpoHa. OAMH U3 IKCNEPUMEHTOB, B KOTOPOM UCMNOAB30BAAOCb BOCEMb
TbICAY TOHH BOAbI, MPOBOAMACS B COAAHOM LWaxTe wrtata Orano (AAS TOro, utobbl MCKAKUWTH
KOCMUWYECKUE NMOMEXHU, KOTOPbIE MOXHO NMPUHATL 3a pacnaa NPoToHa). [TOCKOAbKY B TEYEHMEe BCEro
3KCnepuMeHTa He ObIAO 3aPErMCTPUPOBAHO HU OAHOTO pacnasa NPoOTOHa, MOXHO BbIYMCAWUTb, UTO
BPEMS XM3HWM MPOTOHA AOAXKHO ObiTb OOAbLLE, YEM AECATb MUAAMOHOB MWAAMOHOB MWAAMOHOB
MWAAMOHOB MWAAMOHOB (EAMHMLA C TPUALQATBEO OAHUM HYAEM) AET. JTOT pe3yAbTaT NpPeBbILAeT
NpeACKasaHust NpocTenlen TEOPUN BEAUKOTO 0ObEAUHEHMUS, HO eCTb U BOAEe CAOXHbIE TEOPUH,
patolme 6Gonee BbICOKYHD OLEHKY. AAS MX NPOBEPKM NoTpebytotca elle OoAee TOuHble
9KCNEPUMEHTHI C elle HOAbLLIMMKU KOAUYECTBAMU BELLECTBA.

HecmoTps Ha TpyAHOCTU HabAOAEHMA pacnapa NPOTOHA, HE WCKAKOUYEHO, YTO caMo Halle
CYyLLECTBOBAHWE €CTb CAEACTBME 0OpaTHOro NpoLecca - 06pasoBaHMA NPOTOHOB UAM, ELLIE NPOLLE,
KBapPKOB HA CaMOM Ha4YaAbHOW CTaAUU, KOTAQ KBAPKOB BbINO He BOAbLLIE, YUEM AaHTUKBAPKOB. Takas
KapTMHa Havana BceneHHOM npeacTaBAsieTca Hauvbonee ecTeCTBEHHOW. 3eMHO€e BEeLIEeCTBO B
OCHOBHOM COCTOMT U3 MPOTOHOB U HEWTPOHOB, KOTOPbIE B CBOD OUEPEAb COCTOAT U3 KBAPKOB, HO B
HEM HET HM aHTUNPOTOHOB, HA AHTUHEWTPOHOB, COCTOSILLIMX U3 AaHTUKBAPKOB, ECAM HE CUMUTATb Te
HECKOAbKO LLUTYK, KOTOpble ObIAM MOAyYEHbl Ha OOAbLUMX YCKOPUTEASIX. IKCMNEPUMEHTbI C
KOCMUYECKUMU AydaMK MOATBEPXKAALOT, UTO TO Xe camMoe CNnpaBeAAMBO U AAA BCErO BELLECTBA B
Hawen anaKTUKe: B HEM HET HW aHTUMNPOTOHOB, HW AHTUHEWTPOHOB, 3a WCKAKOYEHWEM TOrO
HEOOABbLLOrO KOAMYECTBA aHTUYACTWL, KOTOPOE BO3HMKAET B pPe3yAbTaTe POXAEHWS nap
yacTUL@-aHTUYaCTMLA B COYAAPEHUSX YaCTULL, MPU BbICOKUX 3HEpPrusax. Ecan 6bl B Hallen Manaktuke
ObIAM OOAbLUME YYACTKM aAHTUMBELLECTBA, TO MOXHO ObIAO Obl 0OXMAATb CMABHOIO M3AYYEHMA Ha
rpaHuLax pa3paena BELLECTBA M aHTUMBELLLECTBA, FAE BO3HMKAAO Bbl MHOXECTBO COYAAPEHMI YacTUL,
M @aHTUYACTUL, KOTOPblE, aHHUTMAUPYS, UCNYCKAAU Obl U3AYUEHWE BbICOKOM SHEPTUN.

Y Hac HeT NPSIMbIX YKa3aHUM Ha TO, COCTOMT AU BELLECTBO APYrMX FAAAKTUK M3 MPOTOHOB U
HEWTPOHOB WMAM M3 AHTUMPOTOHOB U AHTUHEMTPOHOB, HO OHO AOAXHO COCTOSITb M3 YaCTUL, OAHOTO
TMNa: B Npepenax OAHOW FaAaKTUKWU He MOXET OblTb CMECU 4acTul, U aHTUYaCTWL, MOTOMY uYTO B
pe3yAbTaTe UX aHHUTUAAILMK UCMYCKAAOCh Obl MOLLHOE M3AyuYeHMe. M03TOMY Mbl CUUTAEM, UTO BCE
raAakTUKKM COCTOSIT U3 KBApPKOB, @ HE W3 aHTUKBAPKOB; BPSIA AU OAHW TAAAKTUKU COCTOSIAU U3
BELLEeCTBa, a Apyrme - U3 aHTMBeLLEeCTBa.

Ho nouemy KBapkoB AOAXHO ObiTb HACTOAbKO HOAbLLIE, YUEM AHTMKBAPKOB? [TouemMy YMCAO UX
He OAMHAKOBO? Ham ouyeHb MOBE3AO, UTO 3TO TaK, MOTOMY UTO €CAM Obl KBAPKOB U aHTUKBAPKOB
ObIAO MOPOBHY, TO MOUYTU BCE KBAPKW U aHTUKBAPKU MPOAHHUTMAMPOBAAU Obl APYr C APYrom B
paHHen BceneHHOM, HAanoAHUB ee U3AYYEHUEM, HO eABa AW OCTaBUB XOTb Kakoe-HUbyAb BELLECTBO.
He 6bIAn0 6bl HU raAaKTUK, HYU 3BE3A, HM NAAHET, Ha KOTOPbIX MOrAa Obl pa3BMBaTLCS YEAOBEYECKAS
XW3Hb. C MOMOLLBIO TEOPUN BEAUKOTO OOBEANMHEHUA MOXHO OOBACHWUTb, Novyemy Bo BceneHHoM
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KBapKOB AONXHO ObiTb cenuac 6oAblle, YEM aHTUKBAPKOB, AAXE B TOM CAyyae, ECAM B CaMOM
Hayane ux ObIAO MOPOBHY. Kak Mbl yXe 3HaeM, B TEOPUAX BEAUKOrO 0O6beAMHEHWS NPU BbICOKUX
SHEPrUSIX KBAPKKU MOTyT NpPeBpaLLaTbCA B aHTUIAEKTPOHbI. BO3MOXHbI U 06paTHble MPOLIECCHI,
KOTAQ aHTUKBAPKK NPEBPALLAIOTCS B 3AEKTPOHbI, @ IAEKTPOHbI M1 aHTU3AEKTPOHbI — B @HTUKBAPKU U
KBapKKU. KOorpa-To Ha oYeHb paHHeW CTapAuKu pasBUTUSA BceneHHOM OHa Obiaa TakoW ropsiuen, uto
3HEPrUKn yacTul, OBbINO AOCTATOYHO AAS MOAOOHBLIX NpeBpalleHuin. Ho nouemy xe B pesyAbtarte
KBapKOB CTano BOAblLe, YeM aHTUKBAPKOB? lpuumMHa KPOETCA B TOM, UTO 3aKOHbl GU3UKKU He
COBCEM OAMHAKOBbI AASl YACTUL, M @HTUYACTUL.

Ao 1956 r. cuMTanoCb, UTO 3aKOHbl OU3WKM MHBAPUAHTHbl OTHOCWUTEABHO TPEX
npeobpasoBaHuit cummeTpun - C, P u T. CummeTpura C 03HaAUaeT, UTo BCe 3aKOHbl OAMHAKOBbI AAS
yacTul, U aHTMyactTuu. CummeTpua P o3Hauaer, 4to 3aKOHbl GU3MKU OAMHAKOBBLI AASI AHOBOrO
ABAEHUSA U AASI €0 3€PKAAbHOIO OTPaXeHUs (3epKanbHbIM OTPaXXEeHUEM YacCTULbI, BpaLlatoLencs
Mo YacoBOW CTpPeAke, ByAeT yacTuua, BpallatoLanca NPoTMB YacoBOW CTPEAKK). HakoHel, CMbICA
CUMMETPUM T COCTOUT B TOM, UTO MPU M3MEHEHUU HaMNpPaBAEHUS ABUXEHUA BCEX 4acCTul, WU
aHTMYacTUL Ha obpaTHOe cMCTEMaA BEPHETCA B TO COCTOSIHME, B KOTOPOM OHa HaxOAMAACh PaHbLUE;
MHbIMW CAOBAMM, 3aKOHbl OAMHAKOBbI NPU ABUXEHUW BO BPEMEHU BNEPEA UAW HA3AA.

B 1956 r. ABa amMepukaHCKUX ¢usuka, T3yHpao AU M YUXEHbHUH HAHr, BbliCKa3aAu
NPEANOAOXEHME, UTO crnaboe B3aMMOAEMCTBME HA CaMOM AEAE HE UHBAPWAHTHO OTHOCUTEABHO
P-npeobpasoBaHuit. MHbIMM CAOBaMK, B pe3yAbTate CcAaboro B3aMMOAEWCTBUSA pa3BUTUE
BceneHHOM MOXET MOMTM MHauve, YeM pa3BUTUE ee 3epKaAbHOro M3obpaxeHusa. B Tom xe roay
LanHbcAH By, kKoannera AM u fAHra, cymena AOKa3saTb, UTO WX MPEANOAOXKEHME MNpPaBUAbHO.
PacnonoXrB B MarHMTHOM MNOAE SAPA PAAMOAKTMBHbIX aTOMOB TakK, 4TOObl WX CMWHbI ObIAK
HanpaBAEHbl OAMHAKOBO, OHa MOKa3aAa, 4YTO OAEKTPOHOB BbiAeTaeT 6O0AbllE B OAHOM
HanpaBAEHWUW, YEM B APYroM. B caeayrouiem roay Av u AHr 3a CBO€ OTKPbITUE ObIAM YAOCTOEHDI
HobeneBckon npemun. Okazanochb, UTo cAabble B3aMMOAENCTBUS HE MOAUMHAKOTCA U cUMMETPUK C.
310 03HauyaeT, uto BceneHHan, cocToswas U3 aHTMyacTuu, byaet BecT cebs MHauve, YemM Hala
BceneHHas. BceMm, opHaKO, ka3anocCh, UTO cAaboe B3auMOAENCTBME AOAKHO BCE-TAKWU MOAUMHATLCA
KOMOWHUPOBaAHHOW cuMmeTpun CP, T. €. pa3BuUTMEe BCEAEHHON AOAKHO MPOUCXOAWUTL TaK Xe, Kak U
pas3BUTUE ee 3ePKaAbHOIo OTPaXeHWs, eCAWU, OTPa3nB €€ B 3epKane, Mbl ELLE KaXAyt yacTuuy
3aMeHnM aHTMyactnuen! Ho B 1964 r. ewe ABa amepukaHua, Axermc KpoHuH u Ben Outy,
0O6Hapy>XMAK, UTO B pacnape uvacTul, KOTOpble Ha3biBalOTCA K-Me30HaMW, HapyllaeTca Aaxe
CP-cummeTtpums.

B pesynbtate B 1980 r. KpoHMH U OUTY NOAyuMAM 3a CBOO paboTy HoBeAeBCKyHO NpeMumio.
(Kakoe OrpoMHOE KOAMYECTBO MPEMMUM MPUCYXKAEHO 3a paboTbl, B KOTOPbIX MOKa3aHO, 4TO
BceneHHas He TaK NpocCTa, Kak HaM KaxeTcs).

CyluecTByeT MaTeMaTMyeckas Teopema, B KOTOPOM YTBEPXAAETCcs, uto Atobasa Teopwus,
NOAYMHSAIOLLAACA KBAHTOBOW MEXaHWKE M TEOPUU OTHOCUTEABHOCTWU, AOAXKHA Bceraa ObiTb
MHBApPWUAHTHA OTHOCUTEABHO KOMOWHUPOBAHHOW cummeTpum CPT. ApyruMun cAOBamu, NOBEAEHUE
BceneHHOM He M3MEHUTCH, eCAM 3aMEHUTb YaCTULLbl aHTUYACTULAMU, OTPA3UTb BCE B 3epKane 1
elle U3MEHWUTb HanpaBAeHWE BpPeMeEHM Ha obpatHoe. Ho KpPOHWH u DUTY nokasaaMu, UTO ECAM
3aMEHWUTb YacCTULbl aHTMYaCTULUAMM U MPOU3BECTU 3EPKAAbHOE OTpPaXeHWe, HO MNpU 3TOM He
M3MEHATb HanpaBAEHWE BPeMeHU Ha obpaTHoe, To BceneHHan OyaeT BecTn cebs no-Apyromy.
CnepoBatenbHO, Npy 06palleHUN BPEMEHM 3aKOHbI GU3UKU AOAXKHBbI M3MEHMUTLCH, T. €. OHU HEe
MHBaPUAHTHbI OTHOCUTEABHO CUMMETPUK T.

MOHATHO, UTO B paHHen BceneHHOM Hapylwanacb cMMMETPUS T: KOraa BpeEMSA TeUET BNeEPEA,
BceneHHas paclumpsietcs, a ecan 6bli Bpemsa NowAO Ha3aa, To BceneHHas Hayana Bbl CXxMMaTbes.
A NOCKOAbKY CYLLIECTBYHOT CUAbI, HE MIHBAPWUAHTHbIE OTHOCUTEABHO CUMMETPUK T, TO OTCIOAQ CAEAYET,
YTOo HO Mepe paclupeHuss BceneHHOM nop AENCTBUEM 3TUX CUA AHTUIAEKTPOHbI AOAXKHbI
npeBpallaTbCa B KBAPKU 4valle, YEeM OSAEKTPOHbl B aHTUKBAPKU. 3atem, Korpa BceaeHHas
PacCLUMPSNACh U OXAAXAAAACH, AaHTUKBAPKKU U KBAPKU AOAXKHbI ObIAM aHHUTMAMPOBATb, HO MOCKOAbKY
KBapKOB OKa3anoCb Obl 6OAbLLE, YEM aHTUKBAPKOB, KBapKK OCTaAUCh Obl B HEBOAbLLOM M36bITKE. U
OHW-TO U €CTb T€ CaMbl€ KBAPKK, U3 KOTOPbIX COCTOUT CErOAHSALLHEE BELECTBO, KOTOPOE Mbl BUAUM
M M3 KOTOPOrO COTBOPEHblI Mbl CaMu. TakMm 06pa3om, caMO Halle CylecTBOBaHME MOXHO
paccMaTtpuBaTbh Kak MNOATBEPXAEHUE TEOPUM BEAMKOrOo OOBbEAMHEHWUSA, MNPaBAAd, TOAbKO Kak
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KauyeCcTBEHHOE MNOATBEPXAEHME. HeonpeAaeAeHHOCTU MPOUCXOAAT M3-3@ TOrO, UYTO Mbl HE MOXEM
NpPeACKasaTb, HU CKOAbKO KBAapKOB OCTAHETCA NMOCAE€ aHHUTMASILMU, HU AaXe ByAyT AM OCTaBLuMecs
YacCTULIbl KBApPKaMKU UAM aHTUKBapkamu. (MpaBaa, eCAn Obl B U3AULLKE OCTAAUCh aHTUKBAPKK, Mbl
6bl MPOCTO NEPEUMEHOBAAU MX B KBAPKK, @ KBAPKU — B aHTUKBAPKK).

Teopun BEAMKOrO 0ObEAMHEHMA HE BKAOUYAOT B ceba rpaBUTALMOHHOE B3aMMOAENCTBME.
3T0 HEe CTOAb YX CYLIECTBEHHO, NMOTOMY YTO rPaBUTALMOHHbBIE CUAbI TaK MaAbl, YTO UX BAUSHUEM
MOXHO MPOCTO NpPeHebpeUb, KOrAa Mbl UMEEM AEAO C AINEMEHTAPHbIMU YacTULAMU UAM aTOMaMM.
OAHaKo TOT $aKT, YTo rpaBUTALMOHHbBIE CUABI ABASKOTCA AQAbHOAEMCTBYIOLLMMMU, Ad ELLE U BCErAa
CUAAMU  MPUTAXEHMA, O3HA4YaeT, 4UTO pe3yAbTaTbl WX BO3AEWCTBMA BCErAa CyMMUPYHOTCS.
CaepoBaTeEABHO, €CAM UMEETCH AOCTAaTOUHOE KOAMYECTBO YacTWl, BellecTBa, TO rpaBUTALIMOHHbIE
CUAbI MOTYT cTaTb OOAbLLIE BCEX OCTaAbHbIX CUA. BOT nouemy aBoAouna BceneHHOM onpeaensieTcs
MMEHHO TrpaBuTaunen. Aaxe B CAyyae OOLEKTOB pPas3MepoM CO 3Be3Ay paBUTaLMOHHOE
NPUTSXXEHME MOXET NEPEBECUTb BCE OCTAAbHbIE CUABI U MPUBECTU K KOAAANCY 3Be3Abl. B 70-x ropax
A 3aHUMaACA UCCAEAOBaAHMEM YEpPHbLIX Ablp, KOTOpble MOIYT BO3HWKHYTb B pPe3yAbTaTe Takoro
3BE3AHOI0 KOAAANCa, U OKPYXatOLWMX UX CUABHbBIX rPaBUTALMOHHBIX NOAEN. MMEHHO B XOAE 3TOM
paboTbl Yy MEHA NOABUAUCH MEPBbIE AOrAAKM O TOM, Kak KBaHTOBas MexaHWKa u obluas Teopus
OTHOCHUTEABHOCTM MOTYT BAUSITb APYF Ha Apyra — nepBble NPobAeckr GOPMbI TOM KBAHTOBOM TEOPUM
rpaBuUTaLIMK, KOTOPYHO eLLe NMPEACTOUT pa3paboTartb.

6. YepHble Ablpbl

TepMUH «yepHas Ablpa» MNOSIBUACA COBCEM HepaBHO. Ero BBen B obuxopn B 1969 T.
aMEePUKAHCKMK YyueHbih LAXOH YuAep kKak MeTapopuuecKoe BbipaXKeHue MpeACTaBAEHUS,
BO3HMKLLErO No KpanHen mepe 200 AeT Ha3ap, KOrAa CyLLLEeCTBOBaAM ABE TEOPUKN CBETA: B NEPBOM,
KOTOPOW NPUAEPXMBAACH HbIOTOH, CYMTAAOCh, UTO CBET COCTOUT M3 YaCTUL,, COrAQCHO e BTOPOWM
TEOPUK, CBET — 3TO BOAHbI. Ceryac Mbl 3HaeM, YTO Ha caMoM Aene 06e OHM MpPaBUAbHbI. B cuay
NPUHUMNE YaCTUYHO-BOAHOBOTO AyaAM3Ma KBAHTOBOW MEXaHWKW CBET MOXET pacCMaTpMBaTbCA U
KaK 4yacCTulbl, U Kak BOAHbl. B Teopuun, B KOTOPOW CBET - BOAHbI, ObIAO HEMOHATHO, Kak byaet
AEWCTBOBaTb Ha Hero rpasutaums. ECAM Xe CBeT - MNOTOK 4acTul, TO MOXHO CuuTatb, 4TO
rpaBUTaLMs AEMCTBYET Ha HUX TaK Xe, KakK Ha NylleyHble siApa, pakeTbl U NAaHeTbl. CHavana
yyeHble AyMaAW, 4YTO YacTuLbl CBeTa nepemellatotca ¢ OECKOHEUYHOW CKOPOCTbIO W MO3TOMY
rpaBuUTaLMs HE MOXET UX 3aMeAAUTb, MO Koraa Pémep yCTaHOBUMA, YTO CKOPOCTb CBETa KOHEYHa,
CTaAO SICHO, YTO BAUSIHWE rpaBUTaLLUM MOXET OKa3aTbCs CyLLECTBEHHbIM.

Ucxopa 3 atoro, AXoH Muuen, npenopaBatenb M3 Kembpuaxa, B 1783 r. npeAcTaBuA B
XypHan «®duarocodcekue Tpyabl AOHAOHCKOro Kopoaesckoro obuiectsa» (Philosophical Transactions
of the Royal Society of London) cBoto paboTy, B KOTOPOM OH YKa3blBaA Ha TO, YTO AOCTATOYHO
MaCCWBHasA U KOMMaKTHasa 3Be3Aa AOAKHA UMETb CTOAb CUAbHOE rpaBUTaALMOHHOE HOAE, YTO CBET
He CMOXET BbIMTK 3a €ro NpeAeAbl: Ahbon Ayd CBETA, UCMNYLLEHHbIN NOBEPXHOCTLIO TAKOW 3BE3AbI,
He ycrneB OTOWTU OT Hee, ByAeT BTAHYT 06paTHO ee rpaBUTaLMOHHBIM NPUTSXXEHUEM. MUYeA cumnTan,
YTO TaKMX 3BE3A MOXET ObITb OUEHb MHOM0. HECMOTPSA Ha TO UTO MX HEAL3A YBUMAETb, TaK Kak UX CBET
HEe MOXET A0 Hac AOMTU, Mbl TEM HE MeHee AOAXKHbI OlLyLlaTb UX FrPaBUTALMOHHOE MPUTAXKEHME.
MopobHble 06BLEKTBI HA3blBAlOT CEMYAC YEPHbIMWU AblPaMM, U 3TOT TEPMWH OTPAXaAET WX CyTb:
TeMHble 6€e3AHbl B KOCMWYECKOM MpPOCTpaHCTBE. Yepe3 HEeCKOAbKO AeT nocae Mwuuena W
dpaHLUy3CKMUMA YyuyeHbl Nanaac BbiCKasan, MO-BUAMMOMY, HE3ABUCUMMO OT HEro aHaAOrMuyHoe
npeanonoxeHue. HebesbiHTEPECHO, UTO /AanAac BKAKOUMA €70 AMLIb B MEPBOE M BTOPOE U3AAHMS
CBOEN KHUTK «CucTeMa M1pa», HO UCKAOUMA U3 BoAee MO3AHUX U3AAHMI, COYTS, HABEPHOE, YEPHbIE
Ablpbl  6pepoBor umpeen. (K Tomy xe B XIX B. KOPMNyCKyAsipHasi Teopusa cBeTa notepsina
nonyAsipHocTb. CTano ka3aTbCs, UTO BCE SIBAEHWUSI MOXHO OObSACHWTb C MOMOLLLbIO BOAHOBOMW TEOPUH,
a B Hel BO3AENCTBME MPaBUTALMOHHBIX CUA HA CBET BOBCE HE ObINO OYEBMAHDIM).

Ha camom aene CBET HeAb3A paccMaTtpuBaTb KaK MNylleyHble fapa B TEOPUU TATOTEHUS
HbOTOHa, NMOTOMY 4TO CKOPOCTbL CBeTa ¢ukcupoBaHa. ([lylieyHoe SAPO, BbIAETEBLUEE BBEPX C
MOBEPXHOCTM 3eMAU, U3-3a rpaBuUTaLMKN BYAET 3aMEANATb MOAET U B KOHLIE KOHLIOB OCTAHOBMTCS, a
NOTOM HauyHeT napatb. ®OTOH Xe AOAKEH NMPOAOAXKATb ABUXKEHUE BBEPX C MOCTOAHHOM CKOPOCTLIO.
Kak e Toraa HbIOTOHOBCKasi rpaBUTaLMs MOXET BO3AEMCTBOBaATb Ha CBeT?) lNocaepoBaTeAbHAA
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TEOPUSI B3aUMOAEWCTBUS CBETA WM rpaBuTauuMM OTcyTcTBOBana A0 1915 r., kKoraa OWHLWITEWH
NPEANOXUA 0OLLYHO TEOPUIO OTHOCWUTEABHOCTU. HO Aaxe mocAe 3TOro MPOLWIAO HEMAAO BPEMEHM,
NOKa CTaAO HaKOHelU, fCHO, Kakue BbIBOAbl CAEAYHOT M3 TeOpuM IWHLUTEMHA OTHOCUTEABHO
MaCCHBHbIX 3BE3A.

Utobbl NOHSATb, KAK BO3HUKAET YepHasn Ablpa, HAAO BCTOMHUTb O TOM, KAKOB XXM3HEHHbIM LIMKA
3Be3Abl. 3Be3pa 0bpasyeTcs, Koraa 60AbLLIOE KOAMUYECTBO rasa (B OCHOBHOM BOAOPOAA) HauMHaeT
CXMMaTbCA CUAAMM COBCTBEHHOTO rPaBUTALIMOHHOTO NPUTSXKEHUS. B mpouecce cxaTtusa aToMbl rasa
BCE Yalle W yvalle CTaAKMBaloTCA APYr C APYrom, ABWrascb CO BCe OOAbLIMMU U OGOABLUMMU
CKOpOCTSAAIMU. B pesyabTaTe ra3 pa3orpeBaeTcsa U B KOHLE KOHLIOB CTAHOBUTCS TAKMM FOPSIYMM, YTO
aToOMbl BOAOPOAA, BMECTO TOro YTobbl OTCKaKMBaTb APYT OT Apyra, ByAyT CAMBaTbCS, 06pa3ysa reAri.
Tenno, BblAEASIOLLEECS B 3TOM peaKkumn, KoTopas HanoMUHaET ynpaBAaeMbli B3pbiB BOAOPOAHOM
60MObl, M Bbi3blBAET CBEUYEHUE 3BE3AbI. M3-3a AOMOAHUTEABHOIO TENAA AABAEHME ra3a Bo3pacTaeT
AO T€X MOp, NOKa He ypaBHOBECWUT rpaBUTALMOHHOE MNPUTSXXEHWE, NOCAE 4Yero ra3 nepecraet
CXUMaTbCA. ATO HEMHOMO HanOMWHAET HAaAYTbIM PE3UHOBbLIN LLAPUK, B KOTOPOM yCTaHaBAMBaETCS
paBHOBECUE MEXAY AABAEHMEM BO3AyXa BHYTPWU, 3acTaBASIIOLUMM LWIAPUK paspayBaTbCA, W
HaTAXXEHWEM pPe3WHbI, MOA AEMCTBMEM KOTOPOro LWapuk Cxumaetcs. Nop0bHO Lwapuky, 3BE3ADI
O6yAyT AOATO OCTaBaTbCA B CTAOMABHOM COCTOSIHMM, B KOTOPOM BbIAEASIOWMMCH B SIAEPHbIX
peakumsx TENAOM YPaBHOBELLUMBAETCA rpPaBUTALMOHHOE MNPUTAXEHME. HO B KOHLE KOHLOB Yy
3BE3Abl KOHUMUTCA BOAOPOA W APYrMe BUAblI SSAEPHOMO TONAMBA. Kak HM NMapapOKCaAbHO, HO YeM
6oAblUE HayaAbHbIM 3anac TOMAMBa Yy 3BE3Abl, TEM ObICTPEE OHO MCTOWAETCA, MOTOMY YTO AAS
KOMMEHCaLUMN rPaBUTALMOHHOIO NPUTSXKEHUA 3BE3AE HAAO TEM CUAbHEE PA30rpeThes, YeM BOAbLLE
ee macca. A yem ropsiuee 3Be3pa, TeM ObICTpeEE pPacxOAyeTcsi ee TONAMBO. 3anaca TONAMBa Ha
COAHLE XBaTUT NPMMEPHO Ha NATb ThICAY MUAAMOHOB AET, HO BoAee TAXEAble 3BE3AbI M3PACXOAYHOT
CBOE TOMAMBO BCEr0 3a CTO MUAAMOHOB A€T, T. €. 3a BPeMS, ropasp0 MeHbllee Bo3pacTta
BceneHHoW. N3pacxopoBaB TONAMBO, 3BE3AA HAUYMHAET OXAAXAATLCA U CXMMATbCA, @ BOT YTO C HEN
MPOMCXOANT MOTOM, CTAAO MOHATHO TOAbKO B KOHLE 20-X FOAOB HalLero Beka.

B 1928 r. CybpamaHbsiH YaHApacekap, acnupaHT U3 MHAMK, OTNpaBUACA NO MOPHO B AHTAMIO,
B Kembpuax, UTobbl MPOMTM TaM Kypc 0bydeHMsA y KPYMHENLWEro cneupanmcta B o6aactn obuen
TEOPUN OTHOCUTEABHOCTU ApTypa IAAMHITOHA. (foBOpAT, B Havane 20-X rOAOB OAMH XXYPHAAMUCT
CKasan JAAMHITOHY, UTO OH CAbILLAA, BYATO B MUPE BCETO TPM YEAOBEKA MOHMMALOT 06LLLYH TEOPUIO
OTHOCUTEABHOCTU. DAAMHITOH, MOMOAYAB, CKasaA: «f aAymato — KT0 Xe TpeTtun?»). Bo Bpems cBoero
nyTewectsusa U3 MHAMKM YaHApacekap BbIYUCAUA, KAKOW BEAWYMHBI AOAKHA ObiTb 3BE3AA, UTOObI,
M3pacxoA0BaB LEAMKOM CBOE€ TOMAMBO, OHa BCE Xe Moraa 6bl NPOTMBOCTOSATb BO3AEMCTBUIO
COBCTBEHHbIX FPaBUTALMOHHBIX CUA. YaHApaceKkap paccyxaan Tak. Korpa 3Be3pa yMeHbLLAEeTes,
YyacCTUUbl BELLECTBA OYEHb CUABHO COAMXKAIOTCS APYr C APYromM, M B CUAY MPUHUMNA 3anpeTa
(MCKAoUeHUSA) TayAn MX CKOPOCTU AOAXHbI BCe BoAblUe pas3anuatbesi. CAep0BaTEAbHO, YaCTULbl
CTPEMSATCA pas3ovTUCb M 3Be3pa paclupsietca. Takum o06pa3oM, papuyc 3BE3AbI MOXET
YAEPXMBATbCA NMOCTOSIHHbIM OAAropaps PaBHOBECUIO MEXAY TPaBUTALMOHHBIM MPUTSXEHUEM U
BO3HUKAIOLWMM B CUAY NpUHLUMNA MNayAn OTTaAKMBaAHMEM, TOUb-B-TOUb Kak Ha BoAee paHHEeN CTapuu
pa3BUTMA 3BE3Abl FPABUTALIMOHHbBIE CUAbI YPABHOBELLMBAAUCH €€ TENAOBbLIM PacLUUPEHUEM.

OpHako YaHapacekap NMOHWMMAA, YTO OTTAaAKMBaAHWE, 0BYCAOBAEHHOE MPUHUMMIOM [layAu, He
6ecnpeaenbHO. COrnacHO TEOpUM OTHOCUTEABHOCTM, MakCMMaAbHaa pa3HUL@ CKOPOCTEW vacTul,
BELLLECTBA B 3BE3AE PaBHaA CKOPOCTM CBETA. ATO 3HAUMT, UTO, KOTAQ 3BE3Aa CTAHOBUTCS AOCTATOUYHO
NAOTHOM, OTTAaAKMBaAHWE, OOYCAOBAEHHOE MNPUHUMNOM [layAu, AOAKHO CTaTb MEHbLUE, YEeM
rpaBUTaLMOHHOE NMpUTAXEHME. YaHApaceKkap paccumnTan, Yto eCAM Macca XONOAHOM 3Be3Abl bonee
4yemMm B MOATOpa pas3a npesbliwaetr maccy CoaHua, TO 3Ta 3Be3Aa HE CMOXET MPOTUBOCTOATb
CcObCTBEHHOM rpaBuTauMKn. (AaHHOe 3HauyeHMe MacCbl celyac HasblBalOT MPEAEAOM
YaHapacekapa). MprbAN3UTEABHO B TO XE BPEMS aHAAOTMUYHOE OTKPbITUE CAEAAA COBETCKUI GUIMNK
A. A. NaHpay.

BbiBoabl YaHApacekapa v AaHAQy MMEAM BaXHble CAEACTBUSI OTHOCUTEABHO CyAbObl 3BE3A C
6oAbLIOM Maccor. Ecan macca 3Be3abl MeHbLIe Npeaena YaHapacekapa, TO OHa B KOHLE KOHLIOB
MOXET MnepecTaTb COKpalLaTbCs, NPEBPATUBLUMCL B OEAOr0 KapAMka - OAHO M3 BO3MOXHbIX
KOHEUHbIX COCTOSIHUM 3BE3Abl. BeAbli KApAMK MMEET B pPaaMyCe HECKOAbKO ThICSY KMAOMETPOB,
MAOTHOCTb — COTHM TOHH Ha KyOWUYECKWI CaHTUMETP U YAEPXMBAETCA B paBHOBECUMM Baaropaps
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OTTaAKMBAHUIO SAEKTPOHOB B €ro BELLECTBE, OTTAAKMBAHMWIO, KOTOPOE BO3HUKAET M3-3a NPUHLMNG
Mayan. Ha Hebe BUAHO HeMano Benbix KapAMKoB. OAHUM U3 NepBbIX ObIA OTKPbLIT 6EAbIA KapAKK,
BpaLluatoLLmimca Bokpyr Cupuyca - camMow ApKon 3Be3Abl Ha HOYHOM Hebe.

NaHpay noKasan, 4To 3Be3Aa MOXET OKal3aTbCs M B APYrOM KOHEYHOM COCTOSIHUM,
NpeAeAbHaa Macca KOTOPOro paBHa OAHOM-ABYM MaccaM COAHLA, a pa3Mepbl AaXe MEHbLUE, YeM
y 6enoro Kapauka. 3T 3Be3Abl TOXE AOAXKHbI CyLLeCTBOBaTb BAaropaps BO3HMKAOLLEMY M3-3a
npuHuMna MayAn oTTaAKMBaHUIO, HO HE MEXAY IAEKTPOHAMMU, @ MEXAY NPOTOHAMMU U HEUTPOHAMM.
Moatomy Takme 3Be3Abl MOAYUYMAN Ha3BAHWE HEMTPOHHbIX 3BE3A. MX paanyc He BOAbLLE HECKOAbKMX
AECATKOB KUAOMETPOB, @ NMAOTHOCTb — COTHW MWAAMOHOB TOHH Ha Kybuueckuit caHTUmeTp. Korpa
NaHpay NpeAcKkasan HEMTPOHHbIE 3BE3AbI, HAOAIOAATb X HUKTO HE YMEA, @ peanbHas BO3MOXHOCTb
MX HAaBAOAEHUSA NMOABUAACH 3HAUMTEABHO MO3XE.

EcAan macca 3Be3abl NpeBbIlaeT npeapen YaHapacekapa, T0, KOoraa ee TONAMBO KOHYaeTcs,
BO3HWKAIOT OOAbLUME CAOXHOCTU. UTOObI M36exaTb KaTacTpoPMUECKOro rpaBUTALMOHHOIO
KOAAArMca, 3Be3Aa MOXET B30pBaTbCA MAU KaKUM-TO 06pa3oM BbIOPOCUTb M3 cebsa YacTb BELLECTBA,
yToBbl Macca CTana MeHblue NPeAeAbHOW. TPyAHO, OAHAKO, MOBEPUTb, UTO TaK MPOMCXOAMUT CO
BCEMM 3BE3AAMM HE3ABMCUMMO OT UX pa3MepoB. Kak 3Be3pa y3HaEeT, UTo el nopa TepaTb Bec? A
AQXe eCAM Obl KaXXAON 3BE3AE YAANOCH MOTEPATb B BECE HACTOALKO, YTOObI M3bexaTb KoAAanca, TO
YTO NMPOM3OLWIAO bbl, €CAM Obl Mbl YBEAUUUAM MacCy BEAOTO KapAMKa UAWM HEWTPOHHOM 3BE3AbI TaK,
yTobbl OHa NpeBbicMAa Obl NpepeAn? MoxeT 6biTb, Toraa npousolen Hbl KOAAAMNC U MAOTHOCTb
3BEe3Abl CTana 6ECKOHEUHON? IAAMHITOH ObIA TaK 3TUM MOPAXEH, UTO OTKA3aACs BEPUTb Pe3yAbTaTy
YaHapacekapa. OH cuntan MpoCcTo HEBO3MOXHbIM, YTOObI 3B€3Aa CKOAAANCUPOBAAa B TOUKY. Takow
NO3ULIMKU MPUAEPKUBAAOCL OOABLLUMHCTBO YUYEHbIX: caM JMHLITENH 3afBWA B CBOEM CTaTtbe, YTo
3Be3Abl HE MOIYT CXMMaTbCsi AO HYAEBbIX pa3mMepoB. BpaxapebHOe OTHOLLUEHWE YYEeHbIX, B
0COBEHHOCTM OAAMHITOHA, KOTOPbIM ObiA MNEepBbIM  yuyuTereM YaHApacekapa M TAABHbIM
aBTOPUTETOM B WUCCAEAOBAHWW CTPOEHWSI 3BE3A, BbIHYAMAM YaHApacekapa ocTaBUTb paboTty B
NMPEeXHeM HanpaBAEHUU U NEPEKAOUUTLCA Ha Apyrue 3apavu acTPOHOMWM, TaKUE, KaK ABUXEHUE
3Be3AHbIX ckonaeHun. OpHako HobeneBckas npemusa 1983 r. 6bina, NO KpanHEN Mepe YacTUUHO,
npucyxaeHa YaHapacekapy 3a paHHMe paboTbl, CBA3AHHbIE C MPEAEAbHOM MaCCOM XOAOAHBIX
3BE3A.

OH nokasaa, UTo eCAM Macca 3Be3Abl MPeBbIWIAET nNpepen YaHapacekapa, TO MPUHLMN
3anpeta He MOXET OCTAHOBWTb €€ KOAAAMC, a 3apayy O TOM, YTO AOAKHO MPOU3OUTU C Takow
3BE€3A0M COrAacHo 06Len TeopuuM OTHOCUMTEABHOCTWM, NepBbiM pewnAa B 1939 r. monopom
aMepuKaHCKui dusnk Pobept OnneHrenmep. Ho 13 pesdyabtatoB OnneHrermepa cAeA0BaAo, UTo C
MOMOLLK CYLLECTBOBABLLMUX TOFAA TEAECKOMOB HEAb3A HaOAOAATb HU OAMH U3 MPEACKA3aHHbIX
adpdekToB. Motom Havyanacb Bropas mupoBas BoMHa, U caM OnneHrermep BMAOTHYIO 3aHAACH
pa3paboTKon aToOMHOM 6oMObI. [TocAe BOMHbI O rPaBUTALIMOHHOM KOAAAMNCE COBEPLUEHHO 3abbIAN,
NOTOMY YTO OOABLUMHCTBO Y4Y€HbIX ObIAO YBAEYEHO M3YYEHWEM ABAEHUM ATOMHbIX U AAEPHbIX
MacwTaboB. Ho B WIeCcTUAECATbIX roaax, baaropaps HOBEWLLIEN TEXHUKE, YUCAO aCTPOHOMUYECKMX
HaOAIOAEHWIA CUABHO BO3POCAO, @ WX 00AACTb 3HAUWUTEAbHO pPaCLUMPUAACh, UTO BbI3BAAO
BO3POXAEHWE MHTEPECA K aCTPOHOMWUKU M KOCMOAOTUKU. Pe3yabtatbl OnneHremmepa bbiAv 3aHOBO
OTKPbITbI 1 PA3BUTbl AAA€E MHOTUMKU GUBUKAMM.



Crusen Xokunr: «KpaTkasi HCTOPHSI BpeMeHH. ..» 47

Ban cmma | LG O

B laEa® R ADEA e M

soaarm  caathy

oo SN

Parcmansist SN graino ey IJH_I,'_ H1

B wutore, 6aaropapsi OnneHreMmepy, Mbl MMEEM CeMYaC CAEAYHOLLYIO KapTUHY. WM3-3a
rPaBUTALMOHHOIO MOASi 3BE3Abl Ay4M CBETa B MNPOCTPAHCTBE-BPEMEHW OTKAOHAKOTCS OT Tex
TPaEeKTOPUI, MO KOTOPbIM OHM NepemMeLlanmch bbl B OTCYTCTBUE 3BE€3Abl. CBETOBbIE KOHYCbI, BAOAb
NMOBEPXHOCTM KOTOPbIX PAaCnpOCTPAHAIOTCA MCMYLLEHHbIE M3 WX BEPLLUMH CBETOBbIE AYYM, OKOAO
NOBEPXHOCTM 3BE3AbI HEMHOIO HAaKAOHSIOTCA BHYTPb. ITO NPOABASIETCS B HAOAOAGEMOM BO BPEMSA
COAHEYHOrO 3aTMEHWUS UCKPUBAEHUM CBETOBbIX AyYeW, MAYLLMX OT YAAAEHHbIX 3Be3A. o mepe
CXaTunsi 3BE3Abl YBEAUUMBAETCA rPaBUTaLMOHHOE MOAE Ha €e MOBEPXHOCTU U CBETOBbIE KOHYChI
HaKAOHAKOTCA eLlle CUAbHee. [T03TOMYy CBETOBbIM AyyaM, UCMYLLEHHbIM 3BE3A0M, CTAHOBUTCH BCE
TPyAHEE BbIWTM 3@ MPEAEAbl FPaBUTALMOHHOIO MOAS 3BE3Abl, U YAAAEHHOMY HabOAOAATEAID ee
cBeyeHue ByaeT KasaTbCsl TYCKAbIM M BoAee KpacHbIM. B KOHLE KOHLIOB, KOrA@ B XOAE CXaTus
paaMyC 3BE3Abl AOCTUIHET HEKOTOPOro KPWUTUYECKOrO0 3HAUYEHWS, rPaBUTALMOHHOE MOAE Y ee
NMOBEPXHOCTU CTAHET OYEHb CUABHbIM, U TOrAQ CBETOBbIE KOHYCbl HACTOABKO MOBEPHYTCA BHYTPb, UTO
CBET HE CMOXET BOAbLLE BbIMTM HapyXy (puc. 6.1). Mo Teopun OTHOCUTEABHOCTU HUUYTO HE MOXET
ABUraTbCa ObICTPEE CBETA; a pa3 CBET HE MOXET BbIMTU HAPYXY, TO U HUKAKOW APYrorM 0O6bEKT He
CMOXET BbIMTH, T. €. BCe OypeT BTArMBATbCA Has3ah rPaBUTALMOHHBLIM MOAEM. JTO 3HAUWT, 4TO
CYLLLECTBYET HEKOE MHOXECTBO COObITUM, T. €. HeKas 0b6AaCTb NPOCTPAHCTBA-BPEMEHU, U3 KOTOPOM
HEBO3MOXHO BbIMTU HapPyXy WM AOCTMUb YAAAEHHOro HabaropaTenr. Takas obaacTb HasbliBaeTcs
cenyac YepHoM Ablpor. MpaHULy YepPHOM Ablpbl HA3bIBAKOT TOPMU3OHTOM COObITMIA. OHa COBNAAAET C
NyTAMW TEX CBETOBbIX Ay4Y€el, KOTOPbIE NEPBbIMU U3 BCEX TEPSOT BO3MOXHOCTb BbIMTU 3a NpeAeAbl
YEepPHOW Ablpbl.

Utobbl NOHATb, UTO Bbl YBUAEAK Obl, eCAM Bbl HAOAIOAAAM 3a 0O6pPa30BaHMEM UYEPHOW AbIPbl
MPY KOAAGMce 3Be3Abl, HAAO BCMOMHWTb, YTO B TEOPUM OTHOCUTEABHOCTM OTCYTCTBYET abCOAIOTHOE
BPEMSI M Yy KaXAOro Habaopatens cBosi Mepa BpemeHu. WM3-3a Toro 4yto 3Be3pa MMeeT
rpaBUTaLMOHHOE MOAE, AN HabAOAATEAR Ha 3BE3AE BPeMS BYAET HE TaKUM, Kak AASl YAQAEHHOTO
HabAtopaTens. MpeAnoAOXUM, YTO KAKON-HNMOYAb OTBaXHbIM aCTPOHABT HAXOAUTCA HA NOBEPXHOCTH
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KOAAGMNCUPYIOLLEN 3BE3AbI U KOAAANCUPYET BHYTPb BMECTE C HEW.

MyCTb OH KaXAYyt0 CEKYHAY MO CBOMM 4YacaM MOCbINGET CUrHaAbl Ha KOCMUYECKUIA KOPabAb,
obpaluatowmics No opbuTte BOKPYr 3B€3Abl. B KaKOW-TO MOMEHT BPEMEHM MO €ro Yacam, CKaxxem B
11:00, 3Be3pa COXMETCH A0 papuyca HUXE KPUTUUYECKOrO, MPU KOTOPOM rpaBUTALMOHHOE MOAE
CTAaHOBMUTCSI HAaCTOAbKO CWMAbHbIM, YTO HMUYTO HE MOXET BbIMTU HapyXy, U TOFA@ CUrHaAbl 3TOro
CMeAbUYaka BoAblLLIE HE MOMaAYT Ha KOCMUYECKMI Kopabab. Mpu npubamxeHnn Bpemenn k 11:00
MHTEPBAAbl MEXAY OYEPEAHBIMU CUTHAAAMU, KOTOPbIE aCTPOHABT NMOCLIAGET CBOMM CMYTHMKAM Ha
KOCMUYECKUI KopabAab, ByayT yAAMHATbCA, HO A0 10:59:59 at10T addeKkT byaeT HeBeAnKk. Mexay
CUTHaAaMMu, KOTOpble acTpPoOHaBT MO CBOMM 4acam nowaAeTr B 10:59:58 mn 10:59:59, na
KOCMWUUYECKOM KOopabAae MpoMnAeT UyTb BOAbLLE CEKYHAbI, HO CUrHaAa, NOCAQHHOrO acTPOHABTOM B
11:00, um npuaeTca xaatb Be4YHO. CBETOBbIE BOAHbI, UCMYLLUEHHbIE C MOBEPXHOCTU 3BE3ALI MEXAY
10:59:59 n 11:00 no yacam acTtpoHaBTa, OyAyT, C TOYKM 3PEHMA Nnaccaxmpa KOCMWUYECKOro
Kopabas, pasmasaHbl N0 BECKOHEYHOMY MEPUOAY BPEMEHWU. BpeMeHHOW MHTEpPBAA MeXAY ABYMS
BOAHAMM, MPUXOAALLMMU APYT 3@ APYTOM Ha kopabab, ByAeT BCce BPEMS YBEAUUMBATLCS, U MOITOMY
N3AyYaemMblii 3BE3A0N CBET ByaeT HenpepbiBHO ochabeBaTbh M KasaTbcsi Bce bonee KpacHbiM. B
KOHLIE KOHLIOB 3BE3AAa CTAHET TaKOW TYCKAOW, UTO ee HoAblLLe He YBUAAT ¢ BopTa KOCMUYECKOro
KOpabAsi: OT Hee OCTaHEeTCs AMLLb YepHas Ablpa B NpocTpaHcTBe. [pu 3TOM Ha Kopabab bypet
No-NpexHeMy AEMCTBOBaTb IPaBUTALMOHHOE MPUTSXXKEHWE 3BE3Abl, TAK UTO OH MPOAOAXKMT CBOE
ABWXEHWE N0 0pOUTE BOKPYT YEPHOM AbIPbI.

Ho aTOT cueHapuit He COBCEM PEaAUCTUUYEH MO CAeAyrollen npuumnHe. Mpu ypaaneHun ot
3BE3Abl €€ TrpaBUTALUMOHHOE MPUTAXEHWE OcAabeBaeT, a MO3TOMY HOrMM Halero OTBaXHOro
acTpoHaBTa Bcerapa byayT UcnbiTbiBaTb H0AEE CUAbHOE rpaBUTALMOHHOE BO3AENCTBME, YEM FOAOBA.
PasHuUua B BEAMUMHE CUA MPUBEAET K TOMY, UTO aCTPOHABT AMOO OKaXeTCA BbITAHYTbIM, Kak
crnarettu, AM60 pal3opPBETCA Ha 4YaCTU elle A0 TOro, Kak pa3Mepbl 3BE3Abl COKpPATATCA AO
KPUTUYECKOrO PaAnyca, KOorAa BO3HMKAET rOPU30OHT cobbiTui! Ho Mbl cuntaem, yto BO BeceneHHOM
CYLLECTBYIOT ropa3po 60AbLIME OOLEKTbI, HANPUMeEpP LEHTPaAbHble 0OAACTM FanakTUK, KOTOpble
TOXE MOryT NPeBpaLLaTbCA B YUEPHbIE AbIPbl U3-3a FPABUTALIMOHHOIO KOAAAMCa. TOraa, HaXOAACh Ha
OAHOM M3 TaKMX 0ObEKTOB, aCTPOHABT He ObiA Obl pa3opBaH Ha YacTH eLle A0 06pPa30BaAHMUSA YEPHOM
Ablpbl. Ha camom pene OH 6bl He NOYyBCTBOBAA HUYEro 0COBEHHOIO, KOrAa paamnyc 3BE3AbI AOCTUT
Obl KPUTUUECKOrO 3HAUEHMUS, U BMOAHE MOT Obl MPOMTH, HE 3aMETUB, TOUKY, 3@ KOTOPOW HAaUMHAETCA
obAacTb, OTKYAQ HEAb3S1 BEPHYTbCS Ha3aA. Ho BCEro uepes HECKOAbKO YacoB, KOraa ata obaacTb
Hauyana O6bl KOAAGMNCUPOBATb, Pa3HWLA rPaABUTALMOHHbBIX CUA, AEMCTBYHOLLMX Ha HOTW M Ha FOAOBY,
BO3pocAa Obl Tak CUAbHO, YTO €ro onsiTb pa3opBano Hbl Ha YaCTK.

B pabote, koTopyto Mbl ¢ Popxepom eHpoy3omM BbINOAHWAKM B nepuop ¢ 1965 no 1970 r.,
ObINO MOKA3aHO, UTO, COMAACHO OOLLEN TEOPUM OTHOCUTEABHOCTU, B UYEPHOM AbIPE AOAXHA ObiTb
CUHTYAIPHOCTb, B KOTOPOW MAOTHOCTb U KPMBU3HA NPOCTPAHCTBA-BpeMEHU 6eCKOHeUHbI. CUTyauus
HanoMMHAET 60AbLLON B3PbIB B MOMEHT HayaAa OTCYETa BPEMEHM C TOW TOAbKO Pa3HULEWN, UTO 3TO
03Hayano bbl KOHEL, BPEMEHU AN aCTPOHABTa U AN KOAAGMNCUPYIOLLETO TeAa. B 3TOM CUHIYASIPHOM
TOUKE HapyLllaAUcb bl 3aKOHbI HAaYKW, @ Mbl NOTEPSIAM Bbl CMOCOOHOCTb NPEACKa3biBaTh byayLlee.
Ho ata noteps He kOCHyAacb Obl HM OAHOTMO HaBAKOAATEASI, HAXOAALLETOCA BHE YEPHOM AbIpbI,
NMOTOMY UYTO AO HErO He AoLleA Obl HA CBETOBOM, HU KaKOM-HMOYAb APYrOM CUrHaA, BbILLEALLWUIA U3
CUHTYAAPHOCTU. [ToA BAUSIHUEM 3TOFO YAMBUTEABHOTO dakTa Poaxep MeHpoy3 BbIABUHYA «TUNOTE3Y
KOCMMWYECKON LIEH3YPbl», KOTOPYHD MOXHO CchOpMyAMpoBaTh Tak: «bor He TepnuT roAOM
CUHIYAAPHOCTM». APYTMMW CAOBaAMM, CUHTYASSPHOCTWU, BO3HUKLLWE B Pe3yAbTaTe rpaBUTaLMOHHOIO
KOAAGMCa, MOABASAIOTCA AWULLIb B MECTAX BPOAE UEPHbIX AbIP, TAE€ TOPU3OHT COOBLITUN HAAEXHO
YKPbIBAET UX OT B3rASIAOB U3BHE. CTPOro roBops, 310 rmnotesa cAabort KOCMUYECKON LIEH3YPbI (KaK
€e 1 Ha3blBaloT cenyac): baaropapsa er HabAtoAaTEAWM, HAXOASILLMECS 3a NpeAeAaMU YEPHOW Ablpbl,
3alUMLIEHbI OT MOCAEACTBUI TOro, YTO B CUHIYASIPHOCTU TepsieTcA CnocoOHOCTb NMPeACKasbiBaTb
OyaylLee, HO 3Ta rMnoTe3a Hevyero He AaeT AA CMACeHUss HECYACTHOro acTpoHaBTa, ynaBLUEro B
YEPHYHO AbIPY.

CyLLecTByIOT HEKOTOPbIE peLleHUs ypaBHEHUI obLei TeoOpUUu OTHOCUTEABHOCTU, KOTOPbIE
NO3BOASAIIOT aCTPOHABTY YBUAETb FOAYHO CUHTYASIPHOCTb; OH MOXET YBEPHYTbCA OT CUHIYASIPHOCTU W,
MPOAETEB Yepe3 «KPOTOBYKD HOPYy», BbIWTM B Apyron obaactu BceneHHOW. Takow BapuaHT
NPeAOCTaBUA Obl LUMPOKME BO3MOXHOCTU AASI MYTELLECTBUS B MPOCTPAHCTBE U BPEMEHMU, HO, K
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COXaAEHWI0, BCE 3TU PELLEHUS, NO-BUAMMOMY, CUAbHO HeCcTabuAbHbl. Maanellee BO3MYyLLEHUE,
HanpuMep NPUCYTCTBME aCTPOHaBTa, MOrAO Obl TaK UBMEHWTb PELLEHMS, UTO aCTPOHABT HE YBUAEA
6bl CUHTYASIPHOCTb AO CAMOr0 CTOAKHOBEHMWSA C HEW, KOTAQ €ro CyLLeCTBOBAHUIO NpULLIEA Obl KOHeL,
APyrumu CAOBaMM, CUHTYAIPHOCTb HaXOAMAACh Obl BCeraa B ero 6yayLemM v HUKOrA@ B NMPOLUAOM.
CunbHass  GOpPMyAMPOBKA  FMMOTE3bl  KOCMWYECKOW  LEH3ypbl  TakoBa:  CUHIYASIPHOCTU
PEAAUCTUYECKOTO PELLUEHUSS AOAXKHBbI ObiTb Bceraa AMO0O LEAMKOM B OyayllemM (Kak B CAyvae
rPaBUTaALMOHHOIO KOAAAMca), AM60 LEAMKOM B MPOLUAOM (Kak B cAydae 60AbLLIOro B3pbiBa). OueHb
XOUETCS HaAEATbCSH, UYTO «[MMoTe3a KOCMWYECKOW LEH3YpPbl» BbIMOAHAETCA B TOW WAUM WHOWM
$GOPMYAMPOBKE, MOTOMY YTO MHAye BOAM3WM TOAbIX CMHIYASPHOCTEM MMeAacb Obl BO3MOXHOCTb
nonaaatb B MpoLAoce. 310 ObINO Obl NPEKPACHO AAS NMMUcATEAen-GpaHTacToB, HO 03HA4YaA0 Obl, UTO
HUKOTAQ HeAb3s ObiTb YBEPEHHbLIM B CBOEW 6€30MacCHOCTU: KTO-TO MOXET BOWTU B MPOLUAOE U
AVLLUTb XMU3HU KOrO-HUOYAb M3 BalLMX POAUTEAEN ELLE AO TOTO, KaK OHW YCNEAM AATb XM3Hb Bam!

FOPU3OHT COObITUI, OrpaHUUMBAlOLLMIA Ty 0OAACTb MPOCTPAHCTBA-BPEMEHU, M3 KOTOPOM
HEBO3MOXHO BblOpaTbCa HaAPYXy, MOAODEH HEKOEW MOAYMPOHULAEMON MeMbpaHe, OKpyXatoLLen
YEpPHYHO AbIpy: 0O6BbEKTbI BPOAE HEOCTOPOXHOIO acTPOHaBTa MOMYT ynacTb B YEPHYH AbIpy yepe3
FOPU3OHT CODObITUI, HO HUKaKMe OBbEKTbI HE MOTYT BblOpaTbCA U3 HEe Yepe3 ropPU30HT COObITUI
obpaTtHo. (BcnomHuTe, UYTO FOPU3OHT COBBLITUI — 3TO NyTb, NO KOTOPOMY B MPOCTPaAHCTBE-BPEMEHMU
pacnpocTpaHAEeTCA CBET, KOrAa OH CTPEMMUTCH BbIMTU U3 YEPHOM AbIpbl, @ ObiCTpee CBETa HE MOXET
ABUratbCa HNMYTO). O ropn30oHTE COOBLITUI MOXHO CKa3aTb Tak, Kak CKa3aHo y noata AaHTe O BXOAE B
Ap: «OcTaBb HapeXAy BCAK CHOAA BXOAALWM». Bce M BCS NpoBaAMBLUEECA 3@ FOPU3OHT COObITUI
BCKOpPE NonaAeT B 06nAacTb OECKOHEUHOM MAOTHOCTH, TA€ BPEMSI KOHUYAETCA.

Obwan Teopuss OTHOCUTEABHOCTM MPEACKA3bIBAET, UTO NPU ABUXKEHUU TAXEAbIX OOLEKTOB
AONXHbI U3AYYATbCA FPaBUTALMOHHbIE BOAHBI, KOTOPbIE NPEACTABAAOT COOON NyAbCALIMN KPUBU3HbI
NPOCTPAHCTBA, PacnpoOCTPaHALIMECA CO CKOPOCTbIO cBeTa. U3nyuaemblie npu AOOM ABUXEHWUK
rpaBUTALMOHHbIE BOAHbI OYAYT YHOCUTb 3HEPrUK0 CUCTEMbI. (ITO HANOMWHAET MNOBEAEHWE
OpPOLLUEHHOrO B BOAY MOMAaBKa, KOTOPbIM CHayaAa TO YXOAMT MOA BOAY, TO BblHbIPMBAET Ha
NMOBEPXHOCTb, HO, MOCKOAbKY BOAHbl YHOCAT €ro 3HEpPrutd, B KOHLE KOHLOB 3acCTbiBaeT B
HEMOABWXHOM CTaLMOHAPHOM cocTosiHuK). Hanpumep, npu obpaweHun 3eman Bokpyr CoAHuUA
BO3HMKAIOT rPaBMUTALMOHHbBIE BOAHbI, M 3eMAS TepsAEeT CBOK 3Hepruto. MoTtepa sHeprun Byaet
BAUAITb HA 0pPOUTY 3eMAK, U 3EMAA HAUHET NOCTENEHHO NPUOAMXATLCA K COAHLY. B KOHLE KOHLOB
OHM BOMAYT B KOHTAKT, U 3eMAf, MepectaB ABWUraTbCA OTHOCUMTEABHO COAHLQA, OKaxeTcs B
CTaUMOHApPHOM COCTOAHUK. Mpun BpalleHnn 3eman BOKpyr CoAHua TepsieMas MOLLHOCTb OY€Hb
MaAa - NPUMEPHO TakoBa, KaKyto NOTPeBAAET HEOOALLLON INEKTPOKUNATUABHUK. ITO O3HAYAET, UYTO
3emas ynapeT Ha COAHLE MPUMEPHO Yepe3 ThiCAYY MUAAMOHOB MUAAMOHOB MUAAMOHOB MUAAMOHOB
AET, a NOTOMY NpAMO cenuac becrnokoutbcsa He 0 yem! U3meHeHusa opbuTtbl 3eMAU NPOUCXOAAT
CAMLLKOM MEAAEHHO ANl HAOAKOAEHMS, HO 3@ MOCAEAHME HECKOABKO AET B TOYHOCTU TaKOW Xe
apdpekt Habawopanca B cucteme PSR 1913+16. (PSR o3Hauaer «nyabcap» - ocobas
Pa3HOBMAHOCTb HEMTPOHHOW 3BE3Abl, KOTOpPaa M3AyYaeT NepUoAMUYECKME MMMNYAbCbl PAAMOBOAH).
370 cuCTEMA ABYX HEMTPOHHbIX 3BE3A, BpalLalOLWMXCA OAHA BOKPYr APYrow; NOTEpPU 3HEPruu Ha
rpaBUTALIMOHHOE U3AYUYEHME NMPUBOARAT K UX COAMKEHUIO MO CNUpPan.

Korpa BO BpeMs rpaBUTALUMOHHOIO KOAAAMca 3Be3abl oOpasyercs uepHas Ablpa, Bce
ABVXXEHUSA 3BE3AbI AOAKHBI CUABHO YCKOPUTBCH, U MO3STOMY MOTEPU IHEPTUM TOXE AOAKHbBI CUABHO
Bo3pactn. CAepOBaTEAbHO, KOAAAMCUPYHOLLIAS 3BeE3Aa AOAKHA BCKOPE OKasaTbCA B HEKOEM
CTaLUMOHAPHOM COCTOSIHUU. KakuM xe BYAET 3TO KOHEYHOE COCTOSIHME?

MO>XHO NPEANOAOXMUTb, YTO OHO BYAET 3aBMUCETb OT BCEX CAOXHbIX CBOMCTB MCXOAHOM 3BE3AbI,
T. €. HE TOAbKO OT €€ MacCbl U CKOPOCTU BPaLLEHUSA, HO U OT pasHbIX MAOTHOCTEN Pa3HbIX YacTemn
3BE3Abl M OT CAOXHOIO ABMXXEHMSA ra3oB BHYTPU Hee. Ho ecan 6bl YyepHble Abipbl ObIAM CTOAb Xe
pa3HO0bpasHbIMU, KaK U KOAAAMCUPYIOLLME OOBEKTbI, U3 KOTOPbIX OHM BO3HUKAOT, TO AEAATb Kakue
6bl TO HM BbINO 06LME NPEACKA3AHMNS O YEPHbBIX AblPax 0Ka3aA0Cb Obl OYEHb TPYAHO.

OpHako B 1967 r. KaHaACKMA yuyeHblt BepHep WM3pasanb (OH poaunaca B bepanHe,
BocnuTbiBancs B HOXXHOM APpUKe, a AOKTOPCKYHO AMCCEPTALMIO 3alumian B MpAaHAMK) NPOM3BEA
PEBOAOLMIO B HaAyKe O YepHbIX Ablpax. M3pasnb nokas3an, 4TO, COrAacHO oOOLer Teopuu
OTHOCUTEABHOCTH, HEBpPALLAOLLMECH YEPHbIE AbIPbl AOAKHBI UMETb OUYEHDb NPOCTblIE CBOMCTBA: OHU
AOAXHbBI ObITb MPABUAbHOM CHEPUUECKON GOPMbI, pa3Mepbl YEPHOM AblPbl AOAXHbI 3aBUCETb
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TOABKO OT €€ MacChbl, @ ABE YEPHbIE AblPbl C OAMHAKOBbLIMW MacCcaMu AOAXKHbI ObITb MAEHTUYHbI APYT
APyry. @akTMyeCcKkM MNOAy4YaAOCb, YTO YEPHbIE AbIPpbl MOXHO OMMCaTb YacCTHbIM pPeLleHUEM
ypaBHEHUN JWHLUTENHA, U3BECTHbIM ewe ¢ 1917 r. u HanpaeHHbIM Kapaom LUBapulMAbAOM
BCKOpE NocAe onybAMKOBaHUA obLLen Teopun OTHOCUTEAbHOCTU. CHauyana MHOTMe, B TOM YUCAE U
cam U3pasnb, cuMTanm, Uto, MOCKOAbKY YEPHbIE AbIPbl AOAKHbI ObiTb COBEPLUEHHO KPYrAbIMU, OHU
MOryT 06pa3oBbiBaTbCA TOAbKO B pe3yAbTaTe KOAAAMca COBEPLUEHHO KPYrAOro obbekta. Takum
obpasom, Atobas peanbHasi 3Be3pa - a peanbHble 3Be3Abl He OblBalOT MAEAAbHO CHEPUUECKON
GOPMbI — MOXET CKOAAAMNCUPOBATh, MOPOXAASA TOALKO FOAYHO CUHTYASIPHOCTb.

MpaBaa, H6bina BO3MOXHA M Apyrasa WMHTepnpeTauus noAydeHHoro M3pasnem pesyabTtarta,
KOTOPYIO, B 4YaCTHOCTH, noppepxmBann Popxep lNeHpoy3 U AXOH Yuaep. BbICTpble ABUXEHMUS,
BO3HMKaIOLLME BO BpPeMA KOAAArca 3Be3Abl, 03HA4aloT, ykasblBaAU 3TU yUYeHble, UTO U3AYyYaeEMble
3BE3A0M rpaBUTALMOHHBbIE BOAHbI MOMYT €lle CUAbHEE CKPYrAUMTb €€, U K TOMYy MOMEHTY, KOraa
3BE3AA OKAXEeTCA B CTaLlMOHAPHOM COCTOSIHMM, OHa ByAeT B TOUHOCTU chepuyeckor popmbl. Mpu
TakoOM B3rAfiA€ Ha Bellm Aobas HeBpallatoLlasaca 3Be3aa, Kak bl HUM ObiAna cAOXHa ee dopma U
BHYTPEHHAA CTPYKTypa, NOCAE rPaBUTALIMOHHOIO KOAAAMNCa AOAKHA NPEBPATUTLCA B YEPHYIO AbIPY
NpPaBUAbHOW cdhepryeckon GopMbl, pa3Mepbl KOTOPOK OyAyT 3aBUCETb TOABKO OT e€e Macchl. B
AAAbHENLLEM TaKOW BblBOA ObIA MOATBEPXKAEH pacyeTamMu U BCKOPE CTaA 006LENPUHATLIM.

Pe3ynbTaT M3pasanst kacancsi TOAbKO YeEPHbIX Ablp, 06pa3oBaBLUMXCA M3 HeEBpaLlaLLMXCA
obbekToB. B 1963 r. Por Kepp 13 HoBoW 3enaHAMM HalleA CEMEWCTBO PELLUEHWM YpaBHEHUN
oblen Teopun OTHOCWUTEABHOCTM, KOTOPble OMWCbIBaAM BpaLLAOWMECS YEePHblE  AbIPbl.
KeppoBCKKE YePHbIE Ablpbl BpaLLAOTCA C NOCTOSSHHOW CKOPOCTLIO, a MX GopmMa 1 pasmep 3aBUCAT
TOABKO OT MacCbl U CKOPOCTU BpalleHusa. Ecav BpalleHWe OTCyTCTBYeT, TO YepHas Ablpa UMeEeT
naeanbHyHo WapoobpasHyto GopMy, a OTBeUaloLWee en peLleHne MAEHTUUYHO LWBaPLULLMABAOBCKOMY
pelweHnto. ECAM Xe YyepHan Ablpa BpalllaeTcs, To ee AMaMeTp YyBEAUUYMBAETCA MO 3KBATOPY (TOYHO
Tak Xe, Kak AePOpPMUPYIOTCH BCAEACTBME BpalleHUa 3eMAss U COAHUE), U TEM CUAbHEEe, Yem
6bIcTpee BpaLleHue. Ytobbl MOXHO BbINO NepeHecTH pe3yabTaTt M3pasns U Ha Bpallalowmecs Tea,
ObIAO CAEAAHO MPEAMOAOXKEHUE, UTO AHOOOE BpallatoLLEECH TEAO, KOTOPOE B pPe3yAbTaTe KOAAAMca
obpasyeT YEpHYH AbIPY, AOAKHO B KOHLE KOHLOB OKa3aTbCA B CTALUMOHAPHOM COCTOSIHWUM,
onucbiBaemMoMm pelueHnem Keppa.

B 1970 r. moi acnvpaHT n Koarera no Kembpuaxy bpeHaoH KapTtep caenan nepBbii war K
AOKa3aTeAbCTBY 3TOr0 NMPEANOAOXEHUA. KapTep nokasaa, YTo eCAU CTauMOHapHasa Bpallatolascs
yepHasa Ablpa 0bAapaeT OCblO CUMMETPUK, KaK BOAYOK, TO ee pa3mMepbl U dopma byayT 3aBUCETb
TOABKO OT €€ MacChl U CKOPOCTK BpalueHus. 3atem B 1971 r. A Ao0Kasana, uto Atobas cTaumMoHapHas
yepHasn Ablpa Bceraa byaeT MMeTb Takyto ocb cummeTpun. HakoHel, B 1973 1. AsBuA POOUHCOH 13
KoponeBCKOro Koaneaxa B NOHAOHe, onupanch Ha Hawmn ¢ Kaptepom pesyAabtaTthbl, MOKasaa, uto
BblLLENPUBEAEHHOE MPEANOAOXEHUE NPABUABHO, T. €. YTO CTaUMOHapHas yYepHasa Ablpa BCeraa
bypeT pelleHMeM Keppa. UTak, nocae rpaBUMTALMOHHOIO KOAAAMCA YepHasi Ablpa AOAXHa
0Ka3aTbCA B TAKOM COCTOSIHWMM, YTOObl OHA MOrAa BpallaTbCs, HO HE MOrAa NyAbCcMpOBaTb. Kpome
TOro, pa3mepbl YEPHOM Abipbl BYAYT 3aBUCETb TOABKO OT CE€ MacChbl U CKOPOCTU BPALLEHUS U HUKaK
He ByAyT CBA3aHbl CO CBOMCTBAMM TOrO TeAQ, KOTOPOE CKOAAAMCUPOBAAO B 3Ty UEPHYHO AbIpy. ITOT
BbIBOA CTaA M3BECTEH B GOPMYAMPOBKE: «Y UEPHOM AbIPbl HET BOAOC». Teopema 06 OTCyTCTBUM
BOAOC Y YEPHOM AbIPbl MMEET OrPOMHOE MPAKTMYECKOE 3HAuYeHue, NOTOMYy UTO OHa HaAaraet
CUAbHblE OrpaHMYEeHUA Ha BO3MOXHbIE TWUMbl YEPHbIX AbIp M TEM CaMbiM AAET BO3MOXHOCTb
CTPOWTb AETaAbHblE MOAEAN OOBLEKTOB, KOTOPbIE MOTAK Bbl COAEPXATb YEPHbIE AbIPbIl, U CPABHMBATb
X NPEACKasaHWsi C pe3yAbTaTaMW HaOAOAEHMW. Kpome TOoro, M3 Hee CAEAYeT, uTo npwu
06pa3oBaHUM  YEpPHOW  AbIpbl  AOAKHA  TEPSATbCA  OFPOMHAA  4yacTb  MHOOpMauuMM O
CKOAAAMNCUPOBaBLUEM TEAE, MOTOMY UTO MOCAE KOAAArNca BCe, YTO HaM yAacTCA U3MepPUTb, — 3TO,
MOXET ObITb, AULLIb Macca TeAna Aa CKOPOCTb €ro BpalleHUsA. 3HaUMMOCTb CKa3aHHOMO CTaHEeT AACHa
N3 CAEAYIOLLEN FAABbI.

UepHble Ablpbl - OAMH U3 OYEHb HEMHOTOYUCAEHHBIX NMPUMEPOB B UCTOPUM HAYKMU, KOTAa
Teopusa pas3BMBanacb BO BCEX AETaAsiX KakK MaTemMaTMyeckas MOAEAb, HE UMeS HUKaKKX
SKCNEPUMEHTAAbHbIX MOATBEPXAEHMI CBOEW CNPaBEAAMBOCTU. M 3TO, KOHEYHO, ObIAO FAA@BHbIM
BO3pPaXXEeHWEM MPOTUBHUKOB UYEPHbIX AbIP: Kak MOXHO BEPUTb B PeaAbHOCTb OOLEKTOB,
CYLLECTBOBAHME KOTOPbIX CAEAYET AWLLb U3 BbIYUCAEHUW, OCHOBAHHbLIX HA TAKOM COMHUTEABHOM
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Teopun, kak obluas Teopuss oTHocuTeAbHOCTU. Ho B 1963 r. MaapteH LLMuMAT, acTpoHOM K13
Manamapckor obcepBaTopmm B KaandpopHMr, USMEPUA KpaCHOE CMELLIEHME TYCKAOTO, MOXOXEro Ha
3Be3ay 0O6beKkTa B HanpaBAEHUU UCTOYHMKA PaAMoBOAH 3C273 (MCTOUHUK MoA HOoMepoMm 273 B
TpeTbeM KeMOPUAXCKOM KaTanore pPapMoUCTOUYHUKOB). OBOHapyxeHHoe LmMmuaToM KpacHoe
CMELIEHNE OKa3aNOCb CAUMLLKOM BEAMKO, 4TOObl €ro MOXHO ObIA0 OOBACHWUTb AEWCTBUEM
rPaBUTALIMOHHOIO MOAS: €CAM Obl OHO ObIAO FPaBUTALIMOHHOIO MPOUCXOXAEHUSA, TO CBA3AHHbLIN C
HUM OOBEKT AOAKEH ObIA UMETb TaKyro HOAbLLYIO MAacCy U pacnoAaratbCs Tak 6AM3KO K HaMm, UTO ero
NPUCYTCTBUE M3MEHMAO Obl OpOUTLI BCEX MAaHET COAHeYyHOM cucTtemMbl. HO, MoXeT ObiTb, TOraAa
KpacHOE CMeELLEHME BO3HUKAO W3-3@ paclUMpPeHUss BceneHHOM, M U3 3TOro CAEAYET, 4To
paccMmaTpuBaeMbli 0O6beKT HaxoAUTCH, HA0BOPOT, OUEHb AAAEKO? BUAMMBINA Ha TakoM OOAbLLOM
PACCTOAHUN OOBEKT AOAXKEH ObiTb OYEHb SPKUM, T. €. AOAKEH WM3AyYaTb OrPOMHYHO 3HEPTUHO.
EAMHCTBEHHbBIM MEXaHW3M, C MOMOLLbD KOTOPOro MOMAO Obl M3AyyaTbCA Takoe OoAbLLOe
KOAMYECTBO 3HEPIMU, — 3TO TPaABUTALMOHHBIN KOAAAMNC, HO HE KaKOW-HWMOYAb OAHOW 3BE3AbI, a
KOAAAMC BCEW LEHTPaAbHOM obaact Manaktukn. C Tex nop 6bIAM OTKPbITbI U APYTME aHAAOTUYHbIE
KBa3u3Be3AHble 0ObEKTbI, UAM KBa3apbl, obraparolMe KpacHbiM cMmeleHnemM. Ho mnx 6oabluan
YAAAEHHOCTb CUAbHO 3aTPyAHSAET HAaOAOAEHUE U HE AAET BO3MOXHOCTU CAEAaTb OKOHUYATEAbHblE
BbIBOAbI OTHOCUTEABHO YEPHbLIX AbIp.

B 1967 r. nosiBUACS HOBbIW AOBOA B MOAb3Y CyLLECTBOBAHMA YEpPHbIX Ablp. KEMOPUAKCKUI
acnupaHT AXOCAMH Bean obHapyXua Ha Hebe O0ObLEKTbI, U3AyyaloLMe PEryAsipHble WMMMYAbCh
paAnMOBOAH. CHauyana Bean 1 ero pykoBOAUTEAb SHTOHWU XbHOWLL PELLIUAM, YTO OHW YCTAHOBUAM
KOHTaKT C BHE3EMHbIMW UMBUAU3ALMSAMU Halen ManakTku! A NOMHIO, 4TO, AOKAAAbIBAsi O CBOEM
OTKPbITUX Ha CEMUHApPE, YETbIPE UCTOYHMKA OHU AEUCTBUTEABHO Ha3BaAW COKpalLeHHO LGM 1-4,
rae LGM o3HauaerT «3eneHble uenoBeukn» (Little Green Men). Ho noTom 1 aBTOPbI, U BCE OCTaAbHbIE
MPULIAM K MEHEE POMAHTUYHOMY 3aAKAKOUEHUIO, UTO OOHApPYXEHHble OOLEKTbI, KOTOPblE ObIAU
Ha3BaHbl MyAbCapamMu, MPEACTABAAIOT COO0M BpallaloWMECss HEWTPOHHbIE 3BE3Abl, KOTOpble
M3AYyYaOT UMMYAbCbl PAAMOBOAH M3-3a CAOXKHOIO Xapakrepa B3auMOAENCTBUA UX MarHUTHOMO MOAS
C OKpyXalLlMM BeLWEeCTBOM. 3Ta HOBOCTb OropuyMAa aBTOPOB OOEBMKOB O KOCMMUUYECKMX
NpULLIEABLAX, HO OYEHb BOOAYLLUEBUAA HALL HEMHOTOUYMCAEHHbIN OTPSIA CTOPOHHMKOB YEpPHbIX AbIP,
TaK Kak Mbl BNepPBblE MOAYYMAU MOATBEPXKAEHME TOr0, UYTO HEMTPOHHbIE 3BE3Abl CYLLECTBYHOT.
Paanyc HEMTPOHHOW 3BE3AbI PaBEH MPUMEPHO NATHAALATU KUAOMETPAM, T. €. BCEr0 B HECKOAbKO
pa3 GOAblLE KPUTUYECKOrO paaMyca, No AOCTUXEHWW KOTOPOrO 3BE3AA NPEBPALLAETCS B YEPHYHO
AbIPY. ECAM 3BE3AA MOXET CKOAAANCUPOBATb A0 TAKMX HEOOABLLWX PAa3MepOoB, TO BMOAHE AONMYCTUMO
NPEANOAOXUTb, UTO APYrMe 3Be3Abl B Pe3yAbTaTe KOAAAMNCa CTaHYT elle MeHblle U 0bpasyroT
yepHble AbIpPbl.

Aa, HO KaK MOXHO PacCUMnTbiBaTb HAWUTU YEPHYIO AbIPY, ECAU O CaAMOMY €€ ONPEAEAEHUIO OHa
BOOOLLIE HE U3AYYaET CBET? 3TO BCE PABHO YTO AOBWUTb YEPHOMO KOTa B TEMHOM KOMHaTe. M Bce-Taku
oAMH cnocob ecTb. Ewe AXOH Mutyenn B CBOEW NMUOHEPCKOW pabote, HanucaHHoW B 1783 r.,
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yKasblBaA, UTO YEPHbIE AblPbl BCE XE OKa3blBalOT rpaBUTALMOHHOE BO3AENCTBUE HA ODAU3KME K HUM
06beKTbI. ACTPOHOMbI HabAOAAAM MHOTO CUCTEM, B KOTOPbIX ABE 3BE3AbI 0OpaLLatoTCa OAHA BOKPYT
APYrov MoA AEUCTBMEM TrpaBUTALMOHHOIO MNPUTSXEHUS. HabAaopaloTcs M TakMe CUCTEMbI, B
KOTOPbIX BUAMMA AWLUb OAHA 3Be3pa, obpallatollasics BOKPYr CBOEro HEBUMAMMOrO NapTHepa.
Pasymeetcsi, Mbl HE MOXEM Cpa3y 3aKAKOUKUTb, YTO NApPTHEP M eCTb YepHas Ablpa, NOTOMY YTO 3TO
MOXeT ObITb MPOCTO Uepecuyp Tyckrasa 3Be3pa. OAHAKO HEKOTOPbIE M3 TAKUX CUCTEM, HaANpUMep
Nebepb X-1 (puc. 6.2), ABAAIOTCS elle U MOLLHbIMU UCTOYHUKAMKW PEHTTEHOBCKOTO M3AYYEHUSA. ATO
AIBAEHWE Aydllle BCEro oObACHAETCA NPEANOAOXEHMEM, YTO C MOBEPXHOCTM BUAMMOM 3BE3AbI
«CAyBaeTCs» BELLECTBO, KOTOPOE MapaeT Ha BTOPYH, HEBUAMMYIO 3BE3AY, BpalLaschb Mo Cnupasu
(kak BblTEKaloLWasas W3 BaHHbl BOAA), W, CUAbHO pPa30rpeBasiCb, MCMNYCKAeT PEHTTEHOBCKOE
n3nyueHue (puc. 6.3). AN CyLLLECTBOBAHMS TAKOMO MeXxaHU3Ma HEBUAUMbIN OOBEKT AOAXKEH ObITb
OYEeHb MaAbiIM - 6eAbIM KapAMKOM, HEWTPOHHOW 3BEe3A0M WMAM UYEpPHON AbIpO. Pe3yAbTaThbl
HabAtOAEHWST OPOUTbI BUAMMOM 3BE3AbI MO3BOAAIOT BbIUUCAUTD, KKy HAUMEHbLLYIO Maccy MOXET
UMEeTb HEBUAMMBIN 00beKT. B cayuae Nebepa X-1 ata macca COCTAaBAAET MPUMEPHO LeCTb
COAHEYHbIX Macc, T. €., COrAacHO YaHApacekapy, CAULLIKOM BeAMKa, 4ToObl obAaparolwmnin ero
HEBUAUMBIM O0OBEKT OKa3ancs BeAbiM KapAMKOM. A Tak Kak 3Ta Macca BeAMKa U AASE HEMTPOHHOM
3B€3Abl, 06BEKT, NO-BUAMMOMY, AOAKEH ObITb YUEPHOW AbIPOW.

/ Yepros Oupa

Penmeeson - -
cHOE YINyNENLR

Budumar daeada

CyLLLECTBYIOT U APYyrMe MOAEAU, OObSCHAIOLWME pe3yAbTaTbhl HabAoaeHUn Nebeps X-1 6e3
NMPUBAEYEHUA YEPHbIX AbIP, HO BCE OHW AOBOABHO MCKYCCTBEHHbLI. YepHasa Ablpa NpeACcTaBASETCA
€AMHCTBEHHbIM COBEPLUEHHO €CTECTBEHHbIM OObACHEHWEM HabAopeHMI. HecmoTps Ha 3Tto, A
3aKAOUMA napu ¢ KnHom TopHOM M3 KaAMPOPHUMCKOTO TEXHOAOTMYECKOrO MHCTUTYTa, 4TO Ha
camoM apene B Nebepe X-1 HET uepHOM Ablpbl! AAS MEHS 3TO Napu — Hekas CTpaxoBKa. A o4yeHb
MHOIO 3aHMMAaACS YEPHbBIMU AbIPaMM, U BCS MOsi paboTa NOMAET HACMapKy, ECAU BAPYT OKaxeTcs,
YTO YEPHbIE AbIPbl HE CyLLECTBYIOT. HO B 3TOM CAyvae yTelleHnemM MHe ByAeT BblMrpaHHOE napu, a
MO ero yCAOBUAM Sl B TEUEHME YeTbipex AeT byay becnaatHO noAyyaTb XypHaa «Private Eyer. Ecan xe
YyepHble Ablpbl BCE-TAKWM CyLLECTBYIOT, TO Kun OyAeT ueAbld roa noAyyaTb XypHan «Penthouse».
3akntouas napu B 1975 r., Mbl 6biAv Ha 80% yBepeHbl B TOM, 4To \ebepb X-1 ABASIETCS YepHOM
Ablpor. Ceryac Halla yBepeHHOCTb BO3POCAa, A Bbl cka3an, A0 95%, HO Napu OCTaeTca B CUAE.

Mbl pacrnoraraem AaHHbIMM O eLLE HECKOAbKMX YEPHbIX Ablpax B cucTeMax Tnna Aebeas X-1 B
Hawen lanakTMKe W ABYX COCEAHWX ranaKkTUKax, KOTOpble Ha3blBatoTcsi BoAbwnvM M Manbim
MareanaHoBbiMK Obrakamu. Ho YepHbIX Ablp NOYTU HABEPHSIKA ropas3ao BOAbLLE: Ha NPOTAXEHUN
AOATOM UCTOpUKM BceneHHOM MHOrme 3Be3Abl AOAKHBI ObIAM M3PACXOAOBATb A0 KOHLIA CBOE SIAEPHOE
TOMAMBO U CKOAA@MNCUPOBaTb. YUCAO YEPHBIX AbIP BMOAHE MOXET AaXe MPeBbIWaTh YUNCAO BUAMMBIX
3BE€3A, KOTOpOe TOAbKO B HalweW [anakTMKe COCTaBASET OKOAO CTa TbICAY  MUAAMOHOB.
AONOAHWUTEABHOE TPaBUTALMOHHOE MPUTSKEHUE CTOAb BOABLLOIO KOAMYECTBA YEPHbIX AblP MOFAO
6bl 6bITb MPUUMHOM TOTO, MOYEMY Halla anaKTMKa BpaLLaeTca MMEHHO C TakoW CKOPOCTbIO, a He C
KaKOM-HMOYAb APYron: Maccbl BUAMMbBIX 3BE3A AN OOBSICHEHWSI 3TOM CKOPOCTM HEAOCTaTOYHO.
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CyLLecTBYIOT M HEKOTOPbIE AA@HHbIE B MOAb3Y TOrO, UYTO B LEHTPE Haller ManakTMKKM eCcTb YepHas
Ablpa ropas3po 60AbLLUErO pasmMepa C MacCcon MPUMEPHO B CTO Thicsy mMacc CoaHua. 3Be3Abl,
OKazaBluMecs B [anaKTUKE CAMLLKOM OAM3KO K 3TOM YEepHOW Ablpe, pa3AeTatoTCsl Ha YacTu M3-3a
Pa3Hu1Lbl rPaBUTALMOHHbIX CUA Ha BAMXKHEN U AaAbHEN CTOPOHaXx 3Be3Abl. OCTaTKM pa3AeTatoLLMXCS
3BE3A M ras, BblOPOLEHHbIN APYTMMK 3BE3AaMU, ByAyT NapaTb MO HaAMPaABAEHMIO K YEPHOM AbIpe.
Kak n B caydyae Nebepa X-1, ra3 byaeT 3akpyumBaTbCs MO CMMpPaAU BHYTPb W pasorpeBatbes,
npaBAa, He TakK CUAbHO. PasorpeB OyAeT HEAOCTATOYHbIM AASl UCMYCKaAHWS PEHTTEHOBCKOIo
M3AYYEHUSA, HO UM MOXHO OOBACHWUTb TOT KPOLUEYHbIM WUCTOUYHWK PAAMOBOAH U MHOPaAKPaCHbIX
AyY€en, KOTOpbI HabAIOAQETCA B LeHTPe ManaKTUKM.

He MCKAlOUYEHO, UTO B LEHTPaxX KBaA3apoB €CTb TaKMe Xe UYepHble Ablpbl, HO elle GOAbLLMX
pa3MepoB, C MaccaMmn OKOAO CTa MUAAMOHOB Macc CoAHUA. TOAbKO NaAEHUEM BELLECTBA B TaKyHo
CBEPXMACCUBHYIO YEpPHYIO AblIpy MOXHO ObiIAO Obl OOBACHUTb, OTKyAa Oepetcs 3Heprus
MOLLHENLIErO M3AYYEHUA, KOTOPOE UCXOAUT M3 YEPHOW Abipbl. BellecTBO napaer, Bpalwancb no
CMMpaAu, BHYTPb YEPHOWM AbIPbl M 3aCTaBASET €€ BPaLLATLCA B TOM X€ HanpaBAEHUU, B pe3yAbTaTe
yero BO3HWKAET MarHWTHOE MOAE, MOXOXee Ha MarHutHoe none 3eMau. [laparoulee BHYTPb
BeLEeCTBO HYAET POXXAATb OKOAO YEPHOM AbIPbl YACTULbI O4EHb BbICOKOM 3HEPTrMK. MarHMTHoe noae
O6yAET HACTOAbKO CUAbHbIM, YTO CMOXET CPOKyCMpPOBaTb 3TU YacTuLbl B CTPyW, KOTOpble OyayT
BbIA€TaTb HApPyXy BAOAb OCWM BpPALLEHUA YEPHOW AbIPbl, T. €. B HanpaBAEHUW €€ CEBEPHOrO U
FOXKHOIO NMOAKOCOB. Y HEKOTOPbIX FAAGKTUK U KBa3apoB Takue CTPyM AEUCTBUTEABHO HabAOAaOTCA.

MOXHO paccMOTPETb U BO3MOXHOCTb CyLLLECTBOBAHMA YEPHbIX AblPp C MaccaMu, MEHbLUMMMU
Maccbl ConHUA. Takue YepHble AblPbl HE MOTAK Bbl 06pa3oBaThCA B pe3yAbTaTe rpaBUTALIMOHHOIO
KOAAAMCca, NOTOMY 4YTO MX MacCbl A€XaT HUXe npepena YaHapacekapa: 3Be3Abl C HEOOAbLLOW
MacCcol MOryT NPOTUBOCTOATb rPaBUTaLIMM AAXE B TOM CAyYae, ECAUM BCE UX SAEPHOE TOMAMBO yXe
M3pacxoA0BaHO. YepHble Abipbl MaAOM Maccbl MOryT obpas3oBaTbCA AULIb MPWU YCAOBWUM, YTO
BELLECTBO CXATO AO OrPOMHbIX MAOTHOCTEM YpPE3BbIYAMHO BbICOKMMMW BHELIHUMU AQBAEHUSIMM.
Takne ycAOBWUSI MOTYT BbIMOAHATLCS B OYEHb OOAbLLOWM BOAOPOAHOM Bombe: du3nK AKOH Yuaep
KaK-TO BbIYMCAMA, UTO €CAM B3ATb BCHO TAXEAYHO BOAY M3 BCEX OKEAHOB MMPaA, TO MOXHO CAEAaTb
BOAOPOAHYO 60MOy, B KOTOPOM BELLECTBO TaK CUAbHO COXMETCS, YTO B €€ LEHTPE BO3HUKHET
yepHaa Ablpa. (PasymeeTtcsa, BOKPYr He OCTaHEeTCAa HMKOro, KTo Mor 6bl 310 yBupeTb!) bonee
peanbHas BO3MOXHOCTb - 3TO 06pa3oBaHME HE OUYEHb MACCWMBHbIX YEPHbIX AbIP C HEOOABLLIOM
MacCOM Mpu BbICOKUX 3HAUEHUSIX TEMNEepPaTypPbl U AGBAEHWUS HA BECbMA PaHHEN CTaAMKU Pa3BUTUSA
BceneHHoW. YepHble Ablpbl MOMAM 06pa3oBaThCA AULLb B TOM CAyYae, ECAM paHHASA BceneHHas He
OblAa MAEAABHO TAAAKOM U OAHOPOAHOM, MOTOMY UTO AWLLb KaKyto-HUOyAb HEGOAbLLYIHO obAACTb C
NAOTHOCTbIO, MPEBbLILLAOLLEN CPEAHIOK MAOTHOCTb, MOXHO TakK CXaTb, UTOObI OHa NpeBpaTUAAch B
YepHyHo Ablpy. HO Mbl 3HaeMm, 4to BO BceneHHOM AOAXHbBI BbIAM NPUCYTCTBOBATb HEOAHOPOAHOCTH,
MHauye BCe BELLECTBO He cOMAOCb Obl B KOMKM, 00pa3dys 3BE3Abl M FAAaKTUKKM, @ PaBHOMEPHO
pacnpeAeAMAoch Hbl Mo Bcell BceneHHON.

MOrAn AWM 3TM HEOAHOPOAHOCTM, CYLLECTBOBAHWEM KOTOPbIX OOBACHSETCS BO3HUKHOBEHME
3BE3A W ranakTUK, MPUBECTU K 0OpPa30BaHUIO NMEPBUYHBIX YEPHbIX AblP, 3@aBUCUT OT TOr0O, Kakow
6blna paHHASA BceneHHasn. CAepOBaATEABHO, ONPEAEAMB, KAKOE KOAMUYECTBO NEPBUYHBIX YEPHbBIX AbIP
cenyac CyLLLEeCTBYET, Mbl CMOTAM Obl MHOIO€E Y3HaTb O CaMbIX PAHHMX CTAAMAX Pa3BUTMA BceneHHOMN.
MepBUYHbIE YEPHbIE AbIPbI, MacCa KOTOPbIX MPEBbILWAET TbiCAYY MUAAMOHOB TOHH (Macca 60AbLLON
ropbl), MOXHO ObIAO Obl 3apPErncTPUPOBaATb TOABKO MO BAMSIHUIO WX TPABUTALMOHHOIO MOAS Ha
BUAMMYIO MATEPUIO UAM XE Ha MPOLECcC paclumMpeHus BceneHHOW. HO B caeaytollen rnaBe Mbl
y3HaeM, 4To Ha CaMOM AEAE YEPHbIE AblPbl BOBCE HE YEpPHbIE: OHWU CBETATCS, Kak pacKaAeHHOoe
TEAO, U YEM MEHbLLE YepHas Ablpa, TEM CUAbHEE OHa CBETUTCA. Kak HW NapapOKCaAbHO, HO MOXET
oKa3aTbCsl, UTO MaAEHbKME YEPHbIE AblpPbl MPOLLE PEMMCTPUPOBATL, YeM BOAbLLME!

7. YepHble AbIpbl HE TaK YX YepPHbI

Ao 1970 . 7 B CBOMX UCCAEAOBAHMAX MO 06LLEN TEOPUMU OTHOCUTEABHOCTU COCPEAOTOUMBAACS
B OCHOBHOM Ha BOMPOCE O TOM, CyLLIECTBOBAAA MAM HET CUHIYASIPHAA ToYka H6OAbLLOro B3pbiBa. Ho
KaK-To Beuepom B Hosibpe 1970 r., BCKOPe NOCAE POXAEHUS MOer podepu AHOCK, AOXacCh cnaTb, S
3aAyMancs O YepHbIX Ablpax. M3-3a cBOEW HEMOLLHOCTM 1 OYEHb MEAAEHHO FOTOBAKOCb KO CHY, U
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NoO3TOMYy Yy MeHSI ObIAO MHOFO BPEMEHM AAA Pa3MbIUAEHUH. Toraa eue He ObIA0 TOUYHOro
OMNPEAENEHUS, KaKWe TOUYKM MPOCTPAHCTBA-BPEMEHU AeXaT BHYTPWM UYEPHOM AbIPbl, @ Kakue -
cHapyxu. Ho mbl yxe obcyxaanm ¢ Poaxepom [eHpoy30oM OnpeAeneHMe UYEPHOW Abipbl Kak
MHOX€eCTBa COObITUI, U3 KOTOPOro HEBO3MOXHO YWTM Ha BOAbLLOE pacCcTosiHue. ATO OnpeAeneHne
cTano cenvac obLienpuHaTbiM. OHO O3HAYaeT, YTo rPaHuLly YEpPHOM AblPbl, FOPU3OHT COObLITUN,
06pa3ytoT B MPOCTPAHCTBE-BPEMEHU NYTU AyY€el CBETA, KOTOPbIE HE OTKAOHSIOTCSA K CUHTYASIPHOCTH,
HO M HEe MOIYT BbIMTU 3a NPEAEAbl YEPHOW AbIPbl U 0OpeveHbl BeYHO BanaHCUMpoBaTb HA CamMoM
Kpato (puc. 7.1). 310 Kak ecaun bbl, yberas oT NOAUMLENCKOrO, AEPXaTbCa Ha Lwar Bnepeau, He byayuun
B CMAAX COBCEM OTOPBATbLCS OT HETO.
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BApyr S MOHAA, UTO NyTU Ay4yelr CBETA Na ropM30HTE COObITUI HUKOTAA HE CMOTYT COAM3UTBLCA.
EcAmn 6bl 3TO MPOM3OLLAO, TO AyYM B KOHLE KOHLIOB MEPECEKAUCH Obl.

Kak ecAn Obl HaTKHYTbCS Ha KOro-TO APYroro, Toxe yberarowero oT NOAMUENCKOro, HO B
NPOTUBOMNOAOXHOM HanpaBAEHUU, — TOraa 06a ByayT noMmaHsbl. (MAM Xe, B HaLLEM CAydae, ynaayT B
YyepHYHo Ablpy). Ho ecan 6bl 3TU Ayun cBETA NOTAOTMAA YEPHAS Ablpa, TO OHU HE MOTAM Bbl AeXaTb Ha
rpaHuue 4yepHon Abipbl. CAeAOBATEABHO, Ha TOPM3OHTE COObLITUM AyuM CBETa AOAXHbI BCErpa
ABWUraTbCA NapasneAbHO APYT APYry, T. €. NOOAAAb APYT OT Apyra. MHaue roBops, ropn3oHT CobbITUI
(rpaHMLa YepPHOWM Abipbl) MOAODEH Kpato TEHU — TEHU rPsAAYLLEN TMBeAn. ECAM MOCMOTPETb Ha TEHD,
co3paBaemMyro KaKVIM-HM6yAb O4Y€Hb YAAAEHHbIM UCTOYHUKOM, HaNnpumep COAHLI,eM, TO Bbl yBNAUTE,
YTO Ha Kpato TEHM AyUM CBETA HE NPUBAMXAIOTCA APYT K APYTY.
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Ecan Ayumn cBeTa, 0b6pasytolmMe ropu3oHT COBbITUI, T. €. TPaHULY YEPHOW AbIPbl, HUKOTAA HE
cMoryT cbAM3UTbCA, TO NAOLLAAbL FOPU3OHTa COBOBLITMM MOXET AMBO OCTaBaTbCA TOM Xe camMoun, AMbOo
YyBEAUYMBATLCA CO BPEMEHEM, HO HUKOrAa He ByAeT yMeHbLLaTbCs, MOTOMY YTO €€ YMEHbLUEHWE
03Hayano Obl, UTO MO KPaWHEW MepPe HEKOTOPbIE AyyM CBETA HA MPaHULE YEPHOM AbIPbl AOAXKHbI
cbamxatbesa. Ha camom aene 3Ta nAoLLaAb ByaeT BCEraa yBEAUUMBATLCS NPU NMAAEHUU B YEPHYHO
AbIPY BELLECTBA UAU U3AyYEeHUA (pUC. 7.2). ECAM Xe ABEe YepHble AbiPbl CTOAKHYTCS U COAbIOTCS B
OAHY, TO MAOLLAAb FOPU30HTa COObITUI AMBO BYAET BOABbLLIE CYMMbI MAOLLAAEN TOPUIOHTOB COObLITUM
MCXOAHbIX UYEPHbIX AbIp, AMBO ByAeT paBHa 310K cymme (puc. 7.3). To, UTo NAOLWAAb FOPU30OHTA
COObITMM He YMEHbLLAETCS, HanaraeT BaXXHOe OrpaHMyYeHMe Ha BO3MOXHOE NOBEAEHME YEPHbIX
AbIP. A1 ObIA Tak BO36YXXAEH CAEAAHHbBIM OTKPbITUEM, UTO MOYTM HE cnaA B Ty HoUb. Ha caeaytoLLmii
AeHb 51 N03BOHUA Poaxepy MNMeHpoy3dy. OH cornacuMACa ¢ MOMMU pacCyXAeHUAMKU. A Aymato, YTo Ha
CaMOM AeAe 3TO CBOMCTBO naowaaer MeHpoy3y BbIA0 yXe M3BECTHO. HO OH MCXOAMA M3 HECKOABKO
MHOTO OMpPEAEANEHUST YEepPHOM Ablpbl. OH He NOHAA, uTo 0ba OonpeAeneHUs AaOT OAMHAKOBbIE
rPaHULbl YEPHOM AbIPbI U, CAEAOBATEABHO, OAMHAKOBbIE MAOLLAAM MPU YCAOBUM, UTO YEePHas Ablpa
HaXOAMTCA B COCTOSIHUW, HE UBMEHSIIOLLLEMCSI CO BPEMEHEM.

To, YTO NAOLLAAb YEPHOM Ablpbl HE YMEHbLUAETCHA, OYEHb HANMOMWHAET NMOBEAEHWE OAHOM
$M3MUECKOM BEAMUYMHBI — IHTPOMKUK, KOTOPAs ABASIETCA Mepon becnopsaaka B cucteme. Mo cBoemy
NOBCEAHEBHOMY OMbITY Mbl 3HaeM, UTo 6eCnopsAOK BCErAa yBEAUUMBAETCH, €CAM NYCTUTb BCE Ha
camortek. (MonpobynTe TOAbKO NPeKpPaTUTb AOMa BCAKUMN MEAKUIA PEMOHT, U Bbl ybeAUTECH B 3TOM
Booumnto!) becnopsinAOK MOXHO MpeBpaTUTb B MNOPSAOK (Hanpumep, MNOKpacuB AOM), HO 3TO
noTpebyeTt 3aTpaTbl YCUAUK U 3HEPTUU WU, CAEAOBATEABHO, YMEHBLLWUT KOAMYECTBO MMENLLENCA
«yMOPSIAOYEHHON» IHEPTUMN.

TouHaa ©GOPMyAMPOBKA MNPUBEAEHHbIX PACCY)XAEHWUMA Ha3biBAE€TCA BTOPbIM 3aKOHOM
TEPMOAMHAMUKKU. ITOT 3aKOH FAACKT, YTO SHTPOMNUSA U3OAMPOBAHHOM CUCTEMbI BCETAA BO3PACTaET U
4yTo NpPU O0BbEAMHEHWWU ABYX CUCTEM B OAHY 3HTPOMUSA MOAHOM CUCTEMbl BOAbLLE, YeM cymma
SHTPOMUIM OTAEABHbIX MCXOAHbBIX CUCTEM. B KauecTBe npumepa pacCMOTPUM CUCTEMY MOAEKYA rasa
B KOpobke. MOXHO MpeacTaBUTb cebe, UYTO MOAEKYAbl — 3TO MaAeHbKME OWAbAPAHbIE LLAPbI,
KOTOpblE BCE BPEMS CTAAKUMBAOTCH APYT C APYIOM U OTCKaKMBAKOT OT CTEHOK KOPOOKK. Yem Bbilwe
Temnepatypa rasa, Tem 6bICTpee ABUXYTCA MOAEKYAbI U, CAEAOBATEAbHO, TEM YaLLE U CUABHEE OHM
YAQPSAIOTCA O CTEHKM KOPOOKW, M TeM BOAbLLE CO3AaBAEMOE MMM U3HYTPU AABAEHME HA CTEHKM
KOpOoOKMU. MMyCTb CHauana BCe MOAEKYAbI HAXOAATCA 3@ NEPETOPOAKON B A€BOM YaCTn KOPOOKU. Ecan
BblHYTb NEPETOPOAKY, TO MOAEKYAbI BbIMAYT M3 CBOEW MOAOBWHbI M PACMPOCTPAHATCS No obenm
yacTaM KopobkK. Yepe3 HEKOTOPOE BPEMS BCE MOAEKYAbI MOTYT CAy4alHO OKa3aTbCsi ClpaBa UAK
ONsiTb CAEBa, HO, BEpOsiTHEEe BCEro, B 0OEWX MOAOBMHAX KOPOOKM UYMCAO MOAEKYA OKaxXeTcs
NPUMEPHO OAMHAKOBbIM. Takoe COCTOSHME MEHEE YNOPSAAOYEHO, T. €. ABASETCA COCTOSHUEM
6oAbLLEro 6ecnopsaaka, YeM UCXOAHOE COCTOSIHWE, B KOTOPOM BCE MOAEKYAbI HAXOAMAUCH B OAHOM
MOAOBMHE, U NO3TOMY FOBOPSAT, YTO 3HTPOMMUSA ra3a BO3pocAa. AHAAOITMUYHO NpeacTaBUM cebe, uTo
BHauyaAe MMEOTC ABE KOPOOKM, B OAHOWM W3 KOTOPbIX MOAEKYAbl KUCAOPOAA, @ B APYronm -
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MOAEKYAbl BOAOPOAA. ECAM COEAMHUTL KOPOBKM M BbiHYTb 0OLLYID CTEHKY, TO KUCAOPOA U BOAOPOA
CMeLLatoTCa APYr ¢ Apyrom. Hanbonee BEPOSITHO, UTO Yepe3 HEKOTOPOE BpeMs B 06enx kopobkax
6yAET HAXOAUTLCS AOBOABHO OAHOPOAHASt CMECb MOAEKYA KUCAOPOAA U BOAOPOAA. ITO ByAeT MeHee
ynopsiAOYEHHOE COCTOsIHME, 0bAaAatoLLLee, CAEAOBATEABHO, OOAbLLIEN SHTPOMNMUEN, YEM HAUYaAbHOE,
oTBevatolLlee ABYM OTAEAbHbIM KOPOOKaM.

BTopoi 3akoH TepMOAMHAMWKM 3aHUMAET HECKOAbKO 0CO00€e MOAOXEHME CPeAn APYrMX
3aKOHOB HaykW, TakuX, Hanpumep, Kak HbIOTOHOBCKMW 3aKOH TAMOTEHWA, MOTOMY 4TO OH
BbINOAHSAETCA HE BCErAQ, @ TOAbKO B NOAABAAOLLEM OOAbLUMHCTBE CAyYaeB. BepoaTHOCTb TOro, UTo
BCE MOAEKYAbI ra3a B NepBOM KOPOOKe Yepe3 HEKOTOPOE BPEMSI OKaXyTCsi B OAHOWM MOAOBMHE 3TOM
KOPOOKMK, paBHa eAnHULE, AEAEHHOM HA MHOTO MUAAMOHOB MUAAMOHOB, HO Takoe cobbiTE BCE Xe
MOXET NpPou3onTh. EcAM e nobAM30CTM €eCTb uYepHas Ablpa, TO HapyLWTb BTOPOM 3aKOH,
No-BUAMMOMY, €lle MpoLwe: AOCTAaTOYHO OpOCUTb B UYEPHYHD AblpY HEMHOrO BELLECTBA,
06AapatoLLLErO BOALLLOW 3HTPOMUEN, HANPUMEP KOPOOKY C rasom.

Toraa NOAHasi 3HTPONUSA BELLECTBA CHAPYXXM UEPHOWM Ablpbl YMEHbBLUUTCA. PasymeeTcs, MOXHO
BO3Pa3uTb, UTO MOAHASA 3HTPOMNUSA, BKAKOUAS SHTPOMUIO BHYTPU YEPHOM AbIPbl, HE YMEHbLLWAACh, HO
pa3 Mbl HE MOXEM 3arAfHyTb B UYEPHYK AbIPYy, Mbl HE MOXEM M Yy3HaTb, KakoBa 3SHTPOMMUS
coAepxallerocs B Hel BelwlectBa. 3HaUMT, ObIAO Obl HEMAOXO, €CAM Dbl UepHan Abipa 0bAapana
KaKOM-HUOYAb TAKOW XapaKTEPUCTUKOM, NO KOTOPOM BHELLHWE HAabAIOAATEAM MOTAK Obl ONPEAEAUTD
€e 3HTPOMUIO U KoTopas Bo3pacTara Obl BCAKMM pa3 NpuM NapEHWW B YEPHYHO AbIPy BELLECTBa,
obrapatollero aHTponuen. Mocae Toro Kak ObIAO OTKPbLITO, UTO NPU MAAEHUU B YEPHYIO AbIpY
BeELleCTBa MAOLLAAb TFOPM3OHTA COObITUM yBeAMumBaetcs, AXeKob6 BWMKEHCTMH, acnupaHT u3
MpPUHCTOHA, MPEAAOXMA CUMTaTb MEPOM SHTPOMUKU YEPHOM AblPbl MAOLLAAL FOPMU30HTa COOLITUN. MpK
NaAE€HUU B YEPHYLO Ablpy BellecTBa, 0bAapaloWEero 3HTPONMEW, MAOLLAAb FOPU30HTa COObITUH
YEpPHOM AbIpbl BO3pacTaer, M MO3TOMy CyMMa 3HTPOMMM BELLECTBA, HAXOAALLErocs CHapyXwu
YEepPHbIX AbIP, Y MAOLLAAEN TOPUIOHTOB COOLITUI HUKOTAA HE YMEHbLLAETCS.

Kaszanocb Obl, nNpuM TakoMm noaxope B OOAbLUMHCTBE CAyvyaeB OyAeT MpeAoTBpaLLeHOo
HapyLleHMe BTOPOro 3akoHa TepMoAMHaMUKKU. OAHAKO eCTb OAHO CeEpPbE3HOEe BO3paxeHue. Ecan
yepHas Ablpa 0bAaAaET SHTPOMUEN, TO Y HEE AOAXKHA ObITb M TEMNepatypa. Ho Teno, y KOTOporo ectb
HekoTopas Temnepatypa, AOAKHO C KakOW-TO MHTEHCMBHOCTbIO MCMyCKaTb M3AYyYeHWe. Bce Mbl
3HAEeM, YTO ECAU CYHYTb B OrOHb KOYEPry, OHa pacKaAUTCA AOKpacHa U ByAeT CBETUTLCS, HO Tena
M3AyYaloT U Npu Bonee HU3KUX TemnepaTtypax, TOAbKO Mbl 3TOro obblYHO HEe 3amMevyaeM M3-3a
cAaboCTM U3AYUEHUS. ITO U3AYYEHME HEODXOAMMO AASI TOFO, YTOOblI HE HapyLlaAcs BTOPOM 3aKOH
TEPMOAMHAMUKNU. UTaK, YUepHbIEe AblPbl AOAKHbI MCNYCKaTb U3AyYEeHUEe. HO MO caMoMy MX MOHATUIO
YepHble AbIPbl — 3TO TakMe OObEKTbl, KOTOPblE HE MOryT WCNyckaTb MW3AyveHus. [loatomy
CO3AaBaAOCb BMEYaTAEHWE, 4TO MNAOWAAb T[OPUM3OHTA COOLITUA  UYEPHOW AblPpbl  HEAb3S
paccMmatpuBaTtb Kak ee aHTponuto. B 1972 1. mbl ¢ BpeHaoHOM KaptepoMm W Hawum
aMEPUKAHCKUM KOAAETroM AXuMomM bBapAnMHOM HanucaAM COBMECTHYHO paboTy, B KOTOPOM
rOBOPMAOCbH, YTO, HECMOTPS Ha OOAbLUOE CXOACTBO MEXAY SHTPOMMEN WM NAOLLAABIO FOPU3OHTA
COObITWI, BblLEYNOMSAHYTasi TPYAHOCTb CyLLECTBYET WM MNPEACTABASETCA HEeyCTPpaHMMOW. AOAXEH
NPU3HaTbCSA, YTO 3Ta CTaTbsl MMCAAACh OTYACTU MOA BAUSHUEM Pa3ApPaXeHWs, BbI3BAHHOIO paboTon
BMKeHCTUHA, KOTOPbIN, KaK 1 CUMTAA, 3A0YNOTPEOUA OTKPBITbIM MHOK POCTOM NMAOLLL@AM FTOPU3OHTA
CcO6bITMI. HO B KOHLLE KOHLIOB OKa3aA0Cb, UTO BMKEHCTUH B npuHUMne ObiA NpaB, XOTA HAaBEPHSKa
AaXe He npeacTaBAsA cebe, Kakum obpasom.

Byayun B MockBe B ceHTabpe 1973 r., 1 6ecep0Ban O YEPHbIX Ablpax C ABYMSI BEAYLLMMMU
COBETCKUMM yuyeHbIMU — A. B. 3enbpoBruem n A. A. CtapobuHcknm. OHU yBeAUAM MEHS B TOM, UTO B
CUAY KB@HTOBO-MEX@HWYECKOro MpPMHUMMNE HEONPEeAEAEHHOCTM BpallatoWMecs 4YepHble Ablpbl
AONKHbBI POXAATb M M3AyYaTb YacTuubl. A COrAacUACA C OU3UYECKMMU AOBOAAMMU, HO MHE He
NMOHPABUACS MX MaTemMaTMuyecKui cnocob pacueta uanydyeHus. NoaToMy A 3aHANCA pa3paboTKoM
AYULLEro MaTeEMaTMUYECKOro MOAXOAQ WM pacCkasaA O HEM Ha HeopUUMAAbHOM CeMWHape B
Okcdopae B KOHUe Hosbps 1973 r. Toraa A ele He NMPOBEA pacyeTbl CAMOW MHTEHCUMBHOCTU
M3AYYEHUA. A OXMAAA MOAYUMTb AMLIb TO M3AyUYeHWe, KoTopoe 3eAbpoBMY M CTapOObUHCKUM
NpeACckasanu, paccMmaTpuBasl BpallaloWMecss YepHble Ablpbl. HO, BbIMOAHMB BbIUMCAEHUS, f, K
CBOEMY YAMBAEHUIO W AOCaAe, OOHapyXMA, 4YTO AaXe HeBpallaloLMecs YepHble Ablpbl,
NO-BUAMMOMY, AOAXKHbBI C MOCTOAHHOM MHTEHCMBHOCTLIO POXAATb M M3AyYaTb YacTuubl. CHauana A
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PELLMA, YTO, BEPOATHO, OAHO M3 UCMOAB30BAHHbBIX MHOWM NPUBAMXEHWI HENPABUABHO. A BOSIACS, UTO
€CcAM 00 3TOM y3HaeT BUKEHCTMH, TO OH 3TUM BOCMOAb3YETCH AAA AAAbHENLLIETO0 060CHOBAHUA CBOMX
coobpaxxeHW 06 IHTPOMMUM YEPHbBIX AblP, KOTOPbIE MHE MO-NPEXHEMY HE HPpaBUAUCL. OAHAKO YeMm
6oAblLE A Pa3MbIWASIA, TeM 60AblLe ybexaancs B TOM, UTO MOM MPUOAMXKEHUS HA CaMOM Aene
NpaBWAbHbl. HO MEHSI OKOHYaTEAbHO YOEAMAO B CYLLECTBOBAHUM M3AYYEHMA TO, YTO CMEKTP
MCMYCKAEMBbIX YaCTULL AOAKEH ObITb B TOYHOCTM TAKMM Xe, Kak CNEKTP U3AYYEHUS TOPSIYErO TeAa, U
4TO YepHas Ablpa AOAKHA M3AyYaTb YaCTMLbl B TOYHOCTU C TOM MHTEHCUBHOCTBIO, NPU KOTOPOW He
HapyLwancs 6bl BTOPOM 3aKOH TEPMOAMHAMUKK. C TEX HOP MHOTME CaMbIMKU pa3HbIMKU cnocobamu
NMOBTOPUAM MOM PaACUETbl U TOXE MOATBEPAUAM, UTO YEPHAs Ablpa AOAXKHA MCMyCKaTb YacTuLpbl U
M3AyYEHUE, KaK ecAn Obl OHa Obliaa rOpAYMM TEAOM, TEMMNepaTypa KOTOPOro 3aBUCUT TOAbKO OT
MacCbl YEPHOM AbIpbl — YeM BOAbLLE Macca, TEM HMUXE TeMneparypa.

Kak Xe uepHas Ablpa MOXET UCMyCKaTb YaCTULbl, ECAU Mbl 3HAEM, UTO HUUTO HE BbIXOAUT U3
Hee 3a ropM30HT COObITMI? AeAO B TOM, TOBOPWUT HAM KBaHTOBas MEXaHMKa, YTO YacCTuLbl BbIXOAST
HEe M3 CaMOM YEepHOW Ablpbl, @ W3 «MyCTOro» NPOCTPAHCTBA, HAXOASLLErocs nepeas ropu3oHTOM
cob6bITHI! BOT Kak 3TO MOXHO MOHSATb: TO, UTO Mbl NPEACTABASEM cebe Kak «MycToe» NPOCTPAHCTBO,
He MOXeT OblTb COBCEM MYyCTbIM, TaK Kak 3TO O3HayaAo Obl, YTO BCe MOAfl, Takue, Kak
rpaBUTALMOHHOE U SAEKTPOMArHUTHOE, B HEM TOYHO paBHbl HYAD. HO BEAMUMHA NOAS U CKOPOCTb
€ro U3BMEHEHUA CO BPEMEHEM aHAAOTUYHbI MOAOXKEHMUIO U CKOPOCTU YacTULbl: COrAACHO NPUHLMMY
HEONpPeAEAEHHOCTU, YeEM TOUYHEE M3BECTHA OAHA M3 3TUX BEAMUYMH, TEM MEHEe TOYHO M3BECTHa
BTOpas. CAep0BaTEAbHO, B «MYCTOM» MPOCTPAHCTBE MOAE HE MOXET UMETb NOCTOAHHOIO HYA€BOIO
3HAUYEeHUS, TaK Kak TOrAa OHO UMEAO Obl M TOYHOE 3HAUYEHWE (HYAb), M TOUYHYH CKOPOCTb U3BMEHEHUSA
(Toxe HyAb). AOAKHA CyllecTBOBaTb HEKOTOpasi MMHWMaAbHAs HEOMPEAEAEHHOCTb B BEAMUMHE
NMOAA — KBAHTOBblE PAYKTyaUMU. TN GAYKTYyaLMK MOXHO cebe NpeACTaBUTb Kak Napbl YacTul, CBeTa
VAW TPaBUTaLUK, KOTOPbIE B KAKOW-TO MOMEHT BPEMEHU BMECTE BO3HUKAIOT, PACXOASITCA, @ NOTOM
OnsiTb COAMXAIOTCA U @aHHUTMAMPYIOT APYT C APYroM. Takue YacTuubl ABASIKOTCS BUPTYaAbHbIMU, Kak
YyacTulbl, NEepeHoCcALUME rPaBUTALMOHHYIO CUAY COAHL@: B OTAMUYME OT pPeaAbHblIX BUPTYaAbHble
YyacTULbl HEAb3A HabAKOAATb C MOMOLLbIO AETEKTOPA peanbHbIX YacTul,. Ho KocBeHHble 3QdEKTDI,
NPOWU3BOAMMbBIE BWUPTYaAbHbIMWM  YacTUL@MMW, HanNpUMep HEeOOAbLUME W3MEHEHUA 3HEPruu
3SAEKTPOHHbIX OPOUT B aTOMax, MOXHO M3MEPUTb, U Pe3yAbTaTbl YAUBUTEABHO TOUHO COrAACYHOTCS C
TEOPETUYECKMMU  MPEeACKasaHUAMKU. [puHUMN  HEONPEeAEAEHHOCTM MPEACKa3blBaeT Takxe
CyLLEeCTBOBAHME aHaAOTMYHbIX BMPTYaAbHbIX Map 4acTul, MaTepuu, TakuX, Kak IAEKTPOHbl WAM
KBapkM. HO B 3TOM cCAyyae OAMH UAEH Napbl OyAeT 4yacTMuen, a BTOPOM - aHTMYacTUMLEM
(@aHTMYaCTUUbI CBETA M rpaBUTaLMK — 3TO TO XE CaMoe, YTO U YacTuLbl).

[MOCKOAbKY 3HEpPruto HeAb3 CO03AaTb M3 HWYEro, OAMH M3 UYAEHOB Mapbl 4actvua -
aHTMYacTUua ByAeT MMETb MOAOXKMUTEABHYIO SHEPTULO, @ BTOPOM — OTPULATEAbHYHO. TOT, Ubs SHEPTUS
oTpuuatenbHa, MOXET ObiTb TOAbKO KOPOTKOXMBYLLEW BUPTYaAbHOM 4YacTUUEW, MOTOMY 4YTO B
HOPMAaAbHbIX CUTyaLMAX SHEPrMa pPeanbHbIX YaCTWL, BCErAa MOAOXMUTEAbHA. 3HAUMT, OH AOAXKEH
HaWTKU CBOEro naptHepa U C HUM aHHUrMAMPOBaTb. HO, HaxoAACb PAAOM C MAaCCUBHbBIM TEAOM,
peanbHas yactvua obAapaeT MEHbLLEN SHEPrUEn, YEM BAAAM OT HEro, Tak KaK AAA TOro, yutobbl
NPEOAOAETb FPABUTALMOHHOE MPUTSXKEHUE TEeAa U yAepXaTbCA BAAAM OT HEro, HyXXHa 3Heprus.
O6bIYHO 3HEPrMA YacTuuUbl BCE-TAKM MOAOXMUTEAbHA, HO TFPaBUTALMOHHOE MOAE BHYTPWU YEPHOM
AbIpbl TaK BEAMKO, UTO AaXe peaAbHas yacTMua MOXET MMETb TaM OTPULATEAbHYHO 3HEPTUIO.
MoaTomy, ecAM UMEETCA YepHana Ablpa, BUPTyaAbHaAs YacTULUa C OTPULATEAbHOM SHEPruern MOXeT
ynacTb B 3Ty YEPHYIO AbIPY M NPEBPATUTLCH B PEAAbHYIO YacTULy UAKM aHTUYacTuLy. B aTom cayuae
OHa yxe He 06s3aHa aHHUTMAMPOBATb CO CBOMM MAPTHEPOM, @ MOKUHYTbIM NapTHEP MOXET AMOO
ynacTb B Ty X€ YEpPHY0 Ablpy, AMBO, €CAM €ro 3HEPrMs NOAOXKMUTEAbHA, BbIMTU M3 0OAACTM BOAM3M
UEepHOM AbIPbl KaK peanbHast YacTMLa MAM Kak aHTUYacTuUa (puc. 7.4). YaaneHHOMy HabAatopaTeAto
NOKaXEeTCA, UTO STOT NAPTHEP UCMYLLEH M3 YEPHOM Ablpbl. YeM MEHbLLE YepHan Abipa, TEM MEHbLLE
paccTosiHMEe, KOTOPOE MPUAETCS MPOUTM YaCTULE C OTPULATEABHOW 3HEPTMEN A0 NPEBPaLLEHMA B
PEaAbHYlO 4acTuly, W, CAeAOBaTEAbHO, TeM OO0AbLUE CKOPOCTb WM3AYYEHMA W KaXyLlasacs
Temnepartypa YepHOW AbIPbl.
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Puc. 7.4

MoAOXMTEABHAS 3HEPIUA MUCMYCKAEMOro M3AYYEHMA AOANKHA YPaBHOBELLUMBATLCA MOTOKOM
YyacTuL, C OTPMLATEABHOM SHEPruemr, HanpaBAEHHbIM B 4YepHYt Ablpy. COranacHO ypaBHEHWIO
AnHwTerHa E = mc2 (rae E - 3Hepruss, m - macca, a C - CKOPOCTb CBETa), SHEpPrus npsiMo
nNPonopuUnoHaAbHa Macce, a No3TOMY MOTOK OTPULATEAbHOM 3HEPIUU, BXOAALLMA B YEPHYHO AbIPY,
yMeHbLUaeT ee maccy. Korpa uyepHas Ablpa TepsieT Maccy, NAOWaAb €€ FOpu30oHTa CobbITUM
YMEHbLLAETCA, HO 3TO YMEHbLLUEHNE SHTPOMUU YEPHOM AbIPbl C AMXBOM BO3MELLLAETCA 3HTPOMUEN
MCNYLLEHHOIO U3AYUYEHUS, TaK UTO BTOPOM 3aKOH TEPMOAMHAMUKM HUKOTA@ HE HapyLlaeTcs.

Kpome Toro, 4em MeHbLLE Macca YepPHOW AbIPbl, TEM BblLLE €€ Temnepatypa. [loatomy, Koraa
yepHaa Ablpa Tepser Mmaccy, ee Temrnepatypa W CKOPOCTb M3AYYEeHMA BO3pacTatoT, M,
CAeAOBaTEAbHO, NOTEPSI MacChl MAET elle bbicTpee. MNMoka elle He COBCEM ACHO, UTO MPOMCXOAMT,
KOrA@ Macca YEpPHOM Ablpbl B KOHLE KOHLOB CTAHOBWTCHA 4pe3BblualMHO MaAOKW, HO Haubonee
AOTUYHbIM MPEACTABASIETCA, YTO YepHask Ablpa MOAHOCTbIO UCUYE3AET B TMIAHTCKOWM MOCAEAHEN
BCMbILLUKE U3AYYEHUS, IKBUBAAEHTHOW B3PbIBY MUAAMOHOB BOAOPOAHBIX HOMO.

TemnepaTypa YepHON AbIPbl C MAacCOMW, PaBHOM HECKOAbKMM MaccamM COAHLA, AOAXKHA ObiTbh
paBHa BCEro OAHOM AECATUMWUAAMOHHOWM rpaayca Bbille abCOAOTHOIO HyAsl. 9TO ropa3A0 MeEHbLLE,
yem TemnepaTtypa MUKPOBOAHOBOIO U3AYUYEHUSA, 3aMOAHAOLLETO BCceneHHyo (OKOAO 2,71 Bbllle
abCoAOTHOrO HyAsl). CAepOBaTeAbHO, YEPHbIE AbIPbl AOAXKHbI M3AYYaTb AQXE MEHbLUE, YeM
noraowatb. Ecan BceneHHOW CyXAEHO BEYHO paclUMpSTbCA, TO Temnepatypa MWKPOBOAHOBOIO
M3AYYEHUSA B KOHLLE KOHLIOB YNAAET HUXE TeMMNepaTypbl TAKOW UEPHOM AbIPbl U UEPHANA AblPa HAYHET
TepaTb Maccy. Ho 1 Toraa ee tfemnepatypa 6yAeT HACTOAbKO HU3KOM, UTO OHA MOAHOCTbIO MCMAPUTCS
AYLLb Yepe3 MUAAUOH MUAAMOHOB MWAAMOHOB MWAAMOHOB MWAAMOHOB MWAAMOHOB MWAAMOHOB
MWAAMOHOB MUAAMOHOB MUAAMOHOB MUAAMOHOB (EAMHULA C LUECTBIOAECATBIO LLIECTBIHO HYASIMU) AET.
37O 3HAUUTEABHO MPEBbILAET BO3pacT BceneHHOM, KOTOPbIM paBEH BCEr0 AECATU MAM ABaALATH
TbiICAYaM MUAAMOHOB AET (EAMHULA UAU ABOMKA C AECATbIO HyAMMK). HO, Kak rOBOPMAOCH B TA. 6,
MOIAM CyLLECTBOBATb NEPBUYUHbBIE YEPHbIE AbIPbI C TOPA3A0 MEHbLLIEN Maccor, 06pa3oBaBLLVECA B
pe3yAbTaTe KOAAAMNCa HeperyaAapHOCTEM Ha OYEHb PaHHUX CTaAMsIX pa3BuTUS BceneHHoW. Takue
YyepHble AbIPbl AOAKHBI UMETb ropa3po BoAee BbICOKYHD TEMMEpATypy M UCNyCKaTb M3AYyYEHUE C
ropasao 60AbLLEN MUHTEHCMBHOCTbLIO. BpemMs XM3HM NePBUYHOM YEPHOM AbIPbl C HAYaAbHOM Maccom
TbiCAYa MUAAMOHOB TOHH AOAXHO ObiTb MPUMEPHO pPaBHO Bo3pacTy BceaeHHoW. [MepBUYHbIE
YepHbIE AbIPbl C MEHBLUMMW HaYaAbHbIMU MaccamMmm AOAXHbI BbIAK Obl YK€ MOAHOCTBIO UCNAaPUTLCS,
a Te, Y KOTOPbIX HayaAbHble MacCbl 4YyTb-UyTb OOAbLLUE, AOAXHbI MPOAOAXATb WCNyCKaTb
PEHTTEHOBCKOE M FaMMa-u3AydeHue. 3T BUAbI M3AYYEHUSA aHAAOTMUHbI CBETOBbIM BOAHAM, HO
UMEIOT ropas3A0 MEHbLUYKD AAMHY BOAHbl. K MOAOOHBIM AblpaM eABa AWM MOAXOAWT Ha3BaHWE
YyepHbl€: Ha CaMOM AEAE OHU pacKaneHbl Ao0BeAa U U3AYYAOT SHEPTMIO C MOLLHOCTbIO OKOAO AECSITH
TbICAY Merasar.
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OAHa Takas yepHas Ablpa Moraa 6bl obecneuntb paboTy AECATU KPYMHbIX SAEKTPOCTAHLUM,
€CAW Obl TOAbKO Mbl YMEAU UCMOAB30BaTh €€ 3HEPTUI0. A 3TO AOBOABHO TPYAHO: Halla YepHas Ablpa
nvena 6bl MaccCy, paBHYHO MaccCe ropbl, CXaTtyro npuMepHo AO OAHOI71 MUAAMOH MUAAMOHHOM
(eAMHMLI,a, AeneHHaA Ha MWUAAMOH MMAAMOHOB) CaHTUMETPa, T. €. AO Pa3MeEPOB aTOMHOIo FIApa!
Ecau 6bl OAHa N3 TaKMUX YePHbIX AblP OKa3aAaCb Ha MNOBEPXHOCTHU 3e|v|/\m, TO Mbl HUKaK He MOTrAU Obl
NPeAOTBPaTUTb €€ NapEHNUE CKBO3b MOA K LEHTPY 3emaun. OHa Konebanach bbl B3aA-BlNepeaA BAOAb
3EeMHOW oCHU AO TE€X NOp, NOKa B KOHUE KOHUOB HE OCTaHOBUAACHb 6bl B LEeHTpPeE. CAeAOBaTeAbHO,
€AMHCTBEHHOE MECTO AAl 3TOM UYEPHOW AbIPbl, TAE U3AYYAEMYIO €0 3HEPrU0 MOXHO ObIAO Obl
MCMNOAb30BaTb, — 3TO 0p6MTa BOKpyr 3eM/\M, a eAMHCTBeHHbIﬁ cnocob npnBAeYyb YEPHYHO AbIPYy Ha
3Ty 0pbUTY - BYKCUPOBATb NEPEA HEW OTPOMHYIO Maccy, Kak MOPKOBKY NepeA caMbiM HOCOM OCAQ.
Takoe nNpPeANOXEeHMEe BbITASAMT HE CAULLIKOM peanbHbiM, MO KpanHerh mepe B OAnXanLLem
OyayLLEM.
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Seepreun homarse, Mal

Ho aaxe ecAnm Mbl HE CMOXEM MCMOAb30BaATb U3AYUYEHWUE ITUX MEPBUUHBIX YEPHBIX AbIP, TO
BEAMKA AV BOBMOXHOCTb MX YBUAETH? MOXHO ObIAO Obl MCKaTb raMMa-U3AyYeHUE, KOTOPOE YEepHbIe
AbIPbl UICNYCKAIOT Ha NPOTAXEHMM OOAbLLEN YaCTU CBOEM XU3HU. HECMOTPA Ha TO UTO YEPHbIE AbIPbI
B OCHOBHOM HaxOASITCSI AQAEKO W MO3TOMY AQKOT OUEHb cAaboe M3AyUYeHWUE, CYMMaPHOE U3AYUEHUE
BCEX YEPHbIX Ablp MOMAO Obl NoppaBaTbCA perucTpaumu. Mbl AEMCTBUTEABHO HabAopaeM QOH
Takoro raMmMa-uM3Ay4YeHUA: Ha pUc. 7.5 NokaszaHo, Kak MHTEHCMBHOCTM HabAOAGEMbIX FaMMa-AyYen
pa3AMUatoTCsa NPKU PasHbIX YacToTax (YacToTa — 3TO YMCAO BOAH B CEKYHAY). HO MCTOUHMKOM 3TOro
dOoHa MOram bbiTb, @ MOXET ObITb, M ObIAU HE NEPBUYHBIE YEPHbIE AbIPbl, @ Kakue-HUbyab Apyrue
npoueccol. Ha puc. 7.5 NnyHKTMPOM npeACTaBAEHA BblYMCAEHHAS 3aBUCMMOCTb MHTEHCUBHOCTM OT
4acToTbl raMMa-U3AYYEHUSA, UCMYCKAEMOTO NEPBUUHBIMU YEPHBIMWU AblPpaMu, MPU NAOTHOCTM 300
YepHbIX Ablp Ha KybMUYECKWUI CBETOBOM roA. Ha ocHoBaHMM rpadmrka MOXHO CAEAATb BbIBOA, UTO
namepeHre ¢oHa ramMma-u3AyyYeHUs He AAEeT HUKAKOM MNOAOXMTEABHOM UHOOPMALMK O
CYLLECTBOBAHUMN NEPBUYHBIX YEPHbIX AbIP, HO YKa3bIBa€eT Ha TO, UTO BO BceAeHHOM He MOXET ObITb B
cpeaHeMm 6oablue 300 yepHbIX AbIP B KaXAOM KyBMUECKOM CBETOBOM rOAY. STOT NPEAEA O3HAYAET,
YTO NEPBUYHbIE AblPbl MOTAM Obl COCTABAATb MAaKCMMyM OAHY MUAAMOHHYHKO BCEro BellecTBa BO
BceneHHoM.

Mpy TaKOM CKYAHOM KOAMYECTBE YEPHbIX AbIP MOTFAO Obl MOKa3aTbCsi HEMPABAOMOAOOHbIM,
yToObl KaKas-HMOYAb M3 HUX OKA3aAaCb 0YEHb BAM3KO OT HAC U ee MOXHO BbIAO Bbl HABAOAATL KAk
HEKUA OTAEAbHbIM WMCTOYHMK ramma-u3aydeHuss. Ho NOCKOAbKY MOA AEWCTBMEM rpaBuTaLUK
NMepBUYHbIE YEPHbIE AblPbl AOAKHbBI MPUTAMMBATLCS K AOOOMY BELLECTBY, MX AOAKHO ObiTb FOPa3A0
60oAbLLE BHYTPU U BOKPYr raraktuk. CAepoBaTeAbHO, XOTS BbIUMCAEHHbIM GOH raMma-u3nyveHus
rOBOPUT O TOM, YTO B OAHOM KyOMUYECKOM CBETOBOM oAy HE MOXET ObiTb B cpeaHem Hoablue 300
NEPBUYHbIX YEPHbIX AbIP, OH HE AQET HUKAKOW MHGOPMALMK O TOM, HACKOABKO YacTO NepPBUYHbIE
YyepHble Ablpbl BCTpevaloTcA B Halwen cobctBeHHOM anaktnke. Ecam Bbl X ObIAO, CKaXem, B
MWUAAMOH pa3 6oAbLLe, TO BAMXKaWLLAA K HaM YepHas Ablpa MOIrAa OKa3aTbCsl Ha PACCTOSTHWUM ThICAUM
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MWAAMOHOB KMAOMETPOB, T. €. NMPUMEPHO Ha ypoBHe [lAyTOHa, camMoOM AAAEKOW U3 U3BECTHbIX
nAaHeT. Ha Takom pacCTosHUMKM BCE paBHO OYEHb TPYAHO 3aperncTpMpoBaTb NOCTOAHHOE U3AYUYEHUE
UYEPHOM AbIPbl, A@XE €CAM €ro MOLLHOCTb paBHa AECATM ThicAuYam MeraBaTtr. AAS HabAoAeHMS
NepBUUYHON YEPHON AbIPbI TPEBYETCHA 3aPErMCTPUPOBATL HECKOABKO raMMa-KBaHTOB, MPULLEALLUX C
OAHOW U TOM Xe CTOPOHbI, B TEYEHME KAKOro-HMbyab pasyMHOro MHTEpBaAa BPEMEHU, CKaXeM 3a
HEeAeAn. MHaue OHM MOryT oKkasaTbCsl MPOCTO 4YacTbto ¢GoHa. Ho no 3akoHy [MAaHKa KaXAbii
raMMa-KBaHT 0bAapaeT HBOAbLLION IHEPTUEN, TAK KaK raMMa-U3AyuYeHUEe UMEET BbICOKYHO YacToTy,
CAEAOBATEAbHO, AAA MBAYYEHMA AaXe AECATM ThicAYy MeraBatT noTpebyerca He O4YeHb MHOro
KBAHTOB. A AN HAabOAOAEHMSA 3TUX HECKOABKUX KBAHTOB, MPULLIEALUUX C PACCTOAHWUS, PaABHOMO
PacCTOAHWUIO A0 MAYTOHA, HYXEH ObIA Obl AETEKTOP raMMa-M3AyYEHUS HAMHOIO 6OAbLLLErO pasmepa,
yem AOOM M3 HbIHE CYLLECTBYHOLLMX. KpOME TOro, 3TOT AETEKTOP HYXXHO ObiAO Obl MOMECTUTb B
KOCMOCe, MOTOMY UTO raMMa-M3AyYEHME HE NPOXOAUT Yepes aTmochepy.

Pasymeetcsi, ecAn Obl UepHas Ablpa, HAXOAALLLASICS HA PacCTOAHUKU [AyTOHA, 3aKOHUMB CBOM
XW3HEHHbIA UMKA, B30pBaAaCb, NMOCAEAHWA BCMAECK M3AYYEHMUS MOXHO ObIAO Obl C AETrKOCTbHO
3aperncTpmpoBatb. Ho ecan yepHas Ablpa NPOAOAXKAET U3AYyYaTb B TEUEHME MOCAEAHUX AECATU UAU
ABaALATU ThICSY MWAAMOHOB A€T, TO LLAHChbl Ha TO, 4TO ee rmMbeAab NPUAETCA Ha OAMXaKnLune
HECKOAbKO AET, @ HEe Ha T€ HECKOAbKO MWAAMOHOB AET, UTO YXe MPOLIAW WAW €eLle HacTynsr,
AEWCTBUTEABHO OY€Hb MaAbl! 3HAuuT, UTOOblI MMETb PEeaAbHYH) BO3MOXHOCTb YBUAETb B3PbIB AO
OKOHYaHUA GUHAHCUPOBAHUA 3IKCMEPUMEHTA, Bbl AOAXHbI MPUAYMaTb, KaK PEructpupoBathb
B3PbIBbl, MPOMUCXOAALLME HA PACCTOAHUM NOPSAKA OAHOrO CBETOBOrO ropa. Bam Bce paBHO ByaeTt
HY>XeH BOAbLLON AETEKTOP raMMa-U3AyUYEHWUS], YTOObI 3aPErMCTPUPOBATh HECKOABKO raMMa-KBaHTOB
13 Tex, uto 0bpas3ytoTcs Npu B3pbiBe. HO B 3TOM cAyyae oTnapaetr HeEOOXOAMMOCTb MPOBEPSTh, UTO
BCE raMMa-KBaHTbl MPUXOAAT C OAHOM U TOM XE€ CTOPOHbI: AOCTAaTOYHO OYyAET 3HaTb, YTO BCE OHWU
3apPErucTpmpoBaHbl B TEYEHME OUYEHb KOPOTKOTO MPOMEXYTKA BPEMEHM, UTOObI ObITb YBEPEHHbLIM B
TOM, UTO UX UCTOUHMKOM SIBASIETCA OAHA M Ta Xe BCMbILLKA.

OAVH U3 AETEKTOPOB raMMa-U3AyYEHUS, C MOMOLLbIO KOTOPOro MOXHO 6bIAO Bbl ONO3HABATb
NepBUYHbIE YEPHbIE AbIPbI, — 3TO BCS aTMocdepa 3eman. (Bo BCAKOM cayuae, BPAA AU HAM yAacCTCA
NOCTPOUTb AETEKTOP 6OAbLLErO pa3mepa!) Koraa ramma-KBaHT, 06AaAatOLLIMA BbICOKOM 3HEPTUEN,
CTaAKMBAETCA B 3eMHOM aTMochepe ¢ aToMaMu, POXAAOTCA Napbl U3 IAEKTPOHOB U MO3UTPOHOB
(QHTMAAEKTPOHOB), KOTOpPble B CBOK OYEPEAb CTAAKMBAKOTCS C aTtoMaMu U 06pasytoT HOBble
9AEKTPOHHO-MO3UTPOHHbIE Napbl. BO3HMKAET Tak Ha3blBAEMbIN AINEKTPOHHbIM AMBEHb. CBA3aHHOE C
HUM U3AyYEHUE MPEACTaBAAET COOOM OAMH M3 BUMAOB CBETOBOIO U Ha3blBAETCS UYEPEHKOBCKUM.
Mo3ToMy BCMNbILKM raMMa-U3AYYEHUA MOXHO PErMCTPUPOBATh, CAEASt 3@ CBETOBbLIMU BCMbILLIKAMM B
HOYHOM Hebe. CyLLLECTBYHOT, KOHEUHO, U APYI1E ABAEHUS (TAKME, KaK MOAHWUS U OTPaXXeHWe CBETa OT
KPYTALLMXCA CNYTHUKOB M obpaLlatoLLIMXca Mo opbutam CTyneHem pakeT-HoCUTEAEN), KOTOPbIE TOXEe
COMPOBOXAAKOTCS BCMNbILKaMK Ha Hebe. Benbillki, 00yCAOBAEHHbIE FaMMa-U3AYYEHNEM, MOXHO
OTAMYUTb OT 3TUX ABAEHWW, NMPOBOAA HAOAOAEHUSA OAHOBPEMEHHO M3 ABYX MAM BOAbLLETO UYMCAA
MYHKTOB, CUAbHO YAQAEHHbIX APYT OT Apyra. TakuMe NOUCKU NPEANPUHSAU B APU30OHE ABOE YUYEHbIX U3
AybanHa, Hua Moptep u Tpeop YuKc. C MOMOLLBIO TEAECKOMOB OHW OBHApPYXWMAM HECKOAbKO
BCMbIWIEK, HO HU OAHY M3 HUX HeAb3A ObIAO C OMPEAEAEHHOCTbIO NpPUNUCaTb BCMAECKaM
raMma-u3ny4YeHUs NePBUYHbBIX YEPHbIX AbIp.

Aaxe eCAU NOUCK NEPBUYHbBIX YEPHbIX AblP AACT OTPULATEAbHbIE PE3YAbTaTbl, @ OH MOXET UX
AQTb, Mbl BCE PaABHO MOAYYMM BaXHyt0 WMHPOPMALMIO 06 OueHb PaHHUX CTAAUSAX Pa3BUTUA
BceneHHown. Ecam paHHSAs BceneHHast Obina XaOTUUECKOW, UAU HEPETYASIPHOW, UAU ECAU AABAEHUE
Matepuu ObINO MaAO, MOXHO ObIAO Obl OXMAATb 06pPa30BaHUA 3HAYUTEABHO OOAbLLEFO 4MCAQ
YEPHbIX AbIP, YEM TOT MPEAEA, KOTOPbIM HaM AAaAM HaOAIOAEHWST GOHA TraMMa-U3NYUYEHMUS.
O6bACHUTbL, MOYEMY YEPHbBIE AbIPbI HE CYLLIECTBYHOT B TAKOM KOAMYECTBE, B KOTOPOM MX MOXHO ObIAO
6bl HabAOAATb, MOXHO AWLLb B TOM CAy4Yae, €CAM paHHAS BceneHHasi Obina OUYEHb TAAAKOM M
OAHOPOAHOWM, C BbICOKMM AQBAEHWEM BELLIECTBA.

BbIBOA O TOM, UTO YEPHbIE AbIPbl MOTYT UCMYCKaTb U3AyYEHME, ObIA NEPBbLIM NPEACKA3aHUEM,
KOTOPOE CYLLECTBEHHbIM 0O6Pa30M OCHOBbLIBAAOCb Ha OOEUX BEAUKUX TEOPMUAX HALLIEro Beka -
obLen Teopun OTHOCUTEABHOCTU M KBAHTOBOW MeXaHWKe. BHauane 3T10T BbIBOA BCTPETUA CUAbHOE
NPOTUBOAEMNCTBME, TaK KaK LLUEA Bpa3pe3 C pacrnpocTpaHEeHHbIM NpeacTaBAEHMEM: «KaK yepHas
AblPa MOXET UTO Obl TO HM BbINO M3AYyYaTb?» Korpa s BnepBble 0ObABUA O CBOMX pe3yAbTaTax Ha
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koHdepeHUun B PesepdoppoBckon AabopaTtopumn nop OKCPOPAOM, BCE K HUM OTHECAWUCH
HEAOBEPUMBO. B KOHLE AOKAAAG NPEACEAATEAb CEKLMN AXOH TEMAOP 3 KOPOAEBCKOTO KOAAEAXKA B
NOHAOHE 3asBUA, 4TO BCe 3T0 venyxa. OH AaXe Hanmcaa cTaTbio, YTobbl AOKa3aTb, UTO 51 He nNpaB. Ho
B KOHLIE KOHLIOB OOABLLUMHCTBO, B TOM UMCAE U AXKOH TENAOP, MPULLAK K BbIBOAY, UTO YEPHbIE AbIPbI
AONXKHbBI M3AYyYaTb Kak ropsiuee Teno, ECAU TOAbKO BEPHbI BCE OCTaAbHbIE NMPEACTAaBAEHMA 00LLen
TEOPUMU OTHOCWUTEABHOCTM U KBAHTOBOM MEXaHWKU. TakuMm o0Opa3oM, XOTA HaM U He YAAAOChb
OTbICKaTb MEPBUYHYIO YEPHYIO AbIPY, HO €CAM Obl BAPYr 3TO YAAAOCb, TO, MO AOBOAbHO 06LLEMY
ybeXAEHWUI0, YepHas Ablpa AOAKHA Obina Obl MCNyckaTb MOLLHOE FaMMa- WM PEHTTEHOBCKOE
U3AyYEHHUE.

BbiBOA O CyLLIECTBOBAHWUWU W3AYYEHUS, UCMYCKAEMOr0 YEPHbIMU AblpaMu, MNO-BUAMMOMY,
O3HAYaeT, UTO rPaBUTALIMOHHBIA KOAAAMNC HE Tak Y)X OKOHYaTeAEH M HeobpaTuM, Kak Mbl AyMaAK
paHblue. EcAM acTpoHaBT ynaAeT B YEpHYH Ablpy, TO €e Macca yBEAMUUTCA, HO B KOHLE KOHLOB
KOAMUYECTBO 3HEPIUK, SIKBUBANEHTHOE 3TOM NprMbaBke Macchbl, BepHeTca BO BceneHHyto B dopme
n3nyyeHuss. CAepoBaTeAbHO, B KAKOM-TO CMbICAE aCTPOHABT ByAET «pereHepupoBaH». AT0, KOHEUHO,
He caMbli Aydlnii BUA BeccmepTus: COOCTBEHHOE NPEACTaBAEHWE O BPEMEHMW Y acTPpOHaBTa NOYTU
HaBEepHAKa NPOMNAaAET, KOrAa OH PA3AETUTCS Ha KAOYKW BHYTPWM YEPHOWM Abipbl! Aaxe vacTuupl,
MCNYLLIEHHbIE YEPHOM AbIPOM AN KOMMEHCALUMK MacCbl acTpoHaBTa, ByAyT HE TEMM, U3 KOTOPbIX OH
COCTOSIA: EAMHCTBEHHOE CBOMCTBO aCTpOHaBTa, KOTOPOE COXPaHUTCSH, — 3TO Er0 Macca UAU SHEPTUS.

MpUbAMXEHUA, KOTOPbIMU A MOAb30BAACA B pacyeTax M3AYUEHUA UYEPHbIX AblpP, AOAXHbI
XOPOLIO BbIMOAHATLCA, KOrAQ Macca YEepHOW Ablpbl MNPEBbLIWAET AOAM TPaMMa, HO OHU
HENPUMEHMMbl B KOHLE XW3HW UYEPHOW AbIPbl, KOrA@ €e Macca CTaHOBWUTCA OYE€Hb MaNOW.
Mo-BuAMMOMY, Hanbonee BEPOATHbIA UCXOA — 3TO MPOCTO UCUYE3HOBEHWE UYEPHOM Ablpbl, MO
KparHen mepe M3 Hawen obnactu BeceneHHoW. McuesdHyB, oHa yHeceT ¢ cobor M acTpoHaBTa, U
AOOYIO CUHIYASIPHOCTb, KOTOpas MorAa Obl B HeW okasaTbCs. ITO ObIAO NMEPBOE yKalaHWe Ha
BO3MOXHOCTb YCTPAHEHWUSI KBAHTOBOWM MEXaHWKOW CUHIYASIPHOCTEW, NMPEeACKa3blBaeMbIX 06LLEN
TEOPUEN OTHOCUTEABHOCTU. OAHAKO TE€ METOAbI, KOTOPbIMU U A, U APYTME yYeHble NOAb30BAAUCH B
1974 r., He MOTrAW AQTb OTBEThLI Ha TakWe BOMPOCHI, Kak, Hanpumep, NosiBATCA AU CUHTYAAPHOCTU B
KBaAHTOBOW rpaBuTaumu. Moatomy HaunHasa ¢ 1975 r. g 3aHANCA pa3paboTkor 6oaree AEMCTBEHHOMO
NOAXOAQ K KBAHTOBOW rpaBuTaLMKM, OCHOBAHHOIO Ha (GENHMaAHOBCKOM CYyMMWPOBAHMK MO
nuctopusam (tpaektopmsam). OTBETbl, MNOAyYEHHbIE MPU TaKOM MOAXOAE, Ha BOMPOCbI O
NMPOUCXOXAEHUU U cyabbe BCeneHHOM M TOro, YTO B HEM HAXOAUTCH, HaNpUMep acTPOHABTOB, HByayT
M3NOXEHbI B ABYX CAEAYIOLLMX rAaBax. Mbl yBUAMM, UTO XOTSI NPMHLMN HEONPEAEAEHHOCTM HaAaraet
OrpaHUYEHNA Ha TOUYHOCTb BCEX HalUMX MPEACKa3aHWW, OH 3aTO YCTpaHAET GYHAAMEHTAAbHYHO
HEeNpPeACKasyeMOCTb, BOZHMKAIOLLYH B CUHIYAIPHOCTU NPOCTPaHCTBa-BPEMEHMU.

8. PoxaeHue n rubens BceneHHOM

B obuwen Teopun OTHOCUTEABHOCTM JMHLUTEWHA, camon no cebe, AeNaeTca BbIBOA, UTO
MPOCTPAHCTBO-BPEMSI BO3HWMKAO B CUHIYASIPHOM TOUKe OOAbLIOTO B3pbiBa, @ CBOW KOHEL, OHO
AONKHO HAXOAUTb B CUHIYASIPHOM TOUKe OOAbLLIOIO XAOMKa (E€CAM KOAAANCUpyeT BeA BeceneHHas) n B
CUHTYASIDHOCTM BHYTPW YE€PHOW AbIPbl (ECAM KOAAGMNCUPYET Kakasi-HMOYyAb AOKaAbHaa obAaacTb TMna
3Be3Abl). A\toboe BellecTBO, ynaBLEEe B TaKyl AbIPY, B CUHIYASIPHOCTM AONKHO PaspyLUMTbCS, U
CHapyxu 6yaeT ollylaTbCA AWLIb FpaBUTALMOHHOE BO3AEWCTBME €ro macchbl. Korpaa xe ObiAu
yuTeHbl KBaHTOBble 3ddEKTbI, TO OKA3aAOCb, UTO MacCa U 3HEPrUsA BELLECTBA B KOHLE KOHLIOB
AONXHbI, MO-BMAMMOMY, BO3BpaLLaTbCs OCTaBLlenca Yyactn BceneHHON, a yuepHas Ablpa BMeCTe CO
CBOEW BHYTPEHHEW CUHIYASPHOCTBIO AOAKHA MCNAapUTbCA M MOAHOCTbIO MCUYE3HYTb. ByAeT AU CTOAb
Xe OOAbLIMM BAUSAHWME KBAHTOBOW MEXaHWMKW Ha CUHIYAPHOCTM B TOYKax OOAbLIOrO B3pbiBa WU
6OAbLLOIO XAOMKa? Y10 B AEMCTBUTEABHOCTM MPOMCXOAMT HA OYEHb PAHHUX M OYEHb MO3AHMX
CTapusX pasBuUTUS BCeneHHOW, KOorpa rpaBUTALMOHHbIE MOAS HACTOAbBKO CUAbHbI, YTO HEAb3S
npeHebperaTb KBaHTOBbIMU 3ddekTaMn? ECTb AU AEUCTBUTEABHO Y BCEeAeHHOM Hauyano 1 KoHeu? A
€CAU €CTb, TO KAKOBbl OHU?

Ha npoTtsXeHun CEMUAECATLIX TOAOB i B OCHOBHOM 3aHUMAACH UCCAEAOBaHUEM UYEPHbLIX AbIP,
HO B 1981 r., Korpa s 6bIA Ha KOHOEPEHLUMM MO KOCMOAOTMU, OpraHn3oBaHHOW B BaTtukaHe
OTLUAMU-MEe3yuTamMu, BO MHE OMATb MPOCHYACA MHTEPEC K BOMPOCY O BO3HWKHOBEHWW W rMbean
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BceneHHon. Katoamueckan LlepkoBb coBepLUMAa BOAbLLYHO OLLIMOKY B CBOMX B3AaMMOOTHOLLIEHMAX C
lanMAeeM, Koraa, nbiTasiCb NOAYMHWUTL 3aKOHY BOMPOC Hayku, 06bsABKMAG, uTo ConHLEe obpallaerca
BOKpyr 3emAun. Tenepb, yepes Beka, LlepkoBb peLliraa npuraacuTb CNELMAAUCTOB U MOAYYUTb Y HUX
KOHCYAbTALMIO MO KOCMOAOTMKU. B KOHLIE KOHDEPEHLMU YUYACTHUKU ObIAU YAOCTOEHbI ayAMEHLMK
Manbl. OH CKka3an, YTO 3BOAKOLMIO BceneHHOM nmocae GOAbLLIOrO B3pbiBa M3ydaTb MOXHO, HO He
CAEAYeT BTOpratbCsi B camM OOAbLLOM B3pbiB, MOTOMY 4YTO 3TO ObIA MOMeEHT COTBOPEHWS MU,
CAeAOBaTEAbHO, BOXECTBEHHbINM akT. A ObIA OUYeHb pap, uTo [lana He 3HaA TEeMbl TOAbKO YTO
CAEAaHHOI0 MHOW AOKA@A@ O BO3MOXHOCTM TOrO, YTO MPOCTPAHCTBO-BPEMS KOHEUHO HE MMeeT
rpaHuL, T. €. UTO OHO HE UMEET Ha4yaAa, a 3Ha4uT, HET U MoMmeHTa CoTBopeHUs. MHe He XOTeAoCb
pa3penaTb cyabby Manmaest, ¢ KOTOPbIM, MHE KaXeTcs, Y MEHSI eCTb UTO-TO 0obLLee, XoTs Obl TO, UTO MO
CTPaHHOMY COBMaAEHUIO 1 POAUACA TOYHO yepe3 300 AeT nocae ero cmepTu!

YT06bl OBLINO SICHO, KAKUMW ObIAU MOW MbICAM U MbICAM APYTMX O BO3MOXHOM BAWMSIHUK
KBAHTOBOW MEXaHWKM Ha HalUK B3rAsiAbl HA POXAEHWE U TMBeAb BceneHHOM, He0OX0AMMO CHavana
HaANOMHWUTb OBLUENPUHATYIO KapTUHY WMCTOPUM BCeneHHOW, OCHOBAHHYO Ha TaK Ha3blBaeMOM
ropsiuen moaeAr 6oAbLLOrO B3pbiBa. B Hen cumtaetca, uto BceneHHas OT Hawux AHER AO BOAbLLOIO
B3pblBa OMWCbIBAETCA OAHOM M3 Moaener PpuamMaHa. B nop0OHbIX MOAEASIX OKa3bIBAETCS, UTO MO
Mepe paclupeHus BceneHHOM BEeLLECTBO M U3AyYeHME B Hel oxaaxaatorcs. (C yABOEHWEM
pa3mepoB BceneHHOW ee Temnepatypa CTaHOBUTCSA BABOE HUXe). [TOCKOAbKY Temnepatypa - 3710
NPOCTO Mepa 3Heprun (T. €. CKOPOCTM) YacTul, OXAaXAEHWe BceneHHOW AOAKHO CUABHO
BO3AENCTBOBATb Ha BELLECTBO BHYTPU Hee. Npu 0UeHb BbICOKMX TEMMNepaTypax YacTuLibl ABUXYTCA
Tak BbICTPO, YTO MOTYT MPOTUBOCTOATb AOOOMY B3aMMHOMY MPUTSHKEHUIO, BbI3BBAHHOMY SIAEPHbIMU
AW INEKTPOMArHUTHbIMKU CUAGMU, HO MPU OXAAXKAEHUN MOXHO OXMAATb, UTO HEKOTOPbIE YACTULLbI
OyAyT NpuUTArMBaATbCA APYr K APYry W HauyHyT CAMBaTbCsl. boaee TOro, paxe TUMbl 4YacTul,
CyLLecTBYytOLMX BO BceneHHOM, AOAXKHbBbI 3aBUCETb OT TemnepaTtypbl. [py AOCTATOYHO BbICOKMX
TemnepaTtypax 3Heprusa Yactul, CTOAb BEAMKA, YTO NMpu AOOOM CTOAKHOBEHWM 06pa3yeTcs MHOMo
pasHblIX MNap 4acTuMua-aHTUYacTMUa, M, XOTA HeKoTopas AOAA 3TUX 4YacTWUl, aHHUIUAMPYET,
CTaAKMBasiCb C aHTMYaACTULAMM, UX 06pas3oBaHME NPOUCXOAMT BCE PABHO ObICTPEE aHHUTUASALIMW.
Ho npun 6onee HU3KMX TemnepaTtypax, KOrAa 3HEPrus CTAaAKMBAMOLLMXCS 4acTUL, MeHbLLE, napbl
yacTtMua-aHTMyactTMua OyayTt o6pas3oBbiBAaTbCA MEAAEHHEE W aHHUTUMAAUMA YacTuy, byaet
MPOWCXOANT ObICTPEE POXAEHMS.

Cuuntaetcs, UTo B MOMEHT BOAbLLOIO B3pbiBa padmepbl BceneHHOM BbiAM paBHbI HYAKD, a camMa
OHa bbina 6eCKOHEYHO ropsayer. Ho no mepe pacluMpeHua TemnepaTtypa U3Ay4YeHUA NOHUXAAACh.
Uepe3 ceKkyHAy nocAe OOAbLLIOro B3pbiBa TemnepaTtypa ynana MPUMEPHO AO AECATU TbiCAY
MWAAMOHOB FPAAYCOB; 3TO NPUMEPHO B ThicAYy pa3 BoAblle Temnepatypbl B LeHTpe COAHUA, HO
TakMe TemnepaTtypbl AOCTUratoTCs Npu B3pbiBax BOAOPOAHOM 60MObLI. B 310 Bpemsa BceneHHas
cocTosiAa U3 GOTOHOB, 3AEKTPOHOB, HEUTPUHO (HEMTPUHO - AEryamiimMe YacTulbl, y4acTBylOLLIME
TOAbKO B CAABOM U rpaBUTALMOHHOM B3aUMOAENCTBUSX) U UX @aHTUUYACTHUL, @ TaKXe U3 HEKOTOPOro
KOAMYECTBA NPOTOHOB M HEMTPOHOB. 0 Mepe Toro Kak BceneHHass NnpoaOAXana paclumMpsaTbes, a
TemnepaTtypa napatb, CKOPOCTb POXAEHUSA SAEKTPOH-aHTUIAEKTPOHHbIX Nap B COyYAApPEHMAX CTaAa
MEHbLUE CKOPOCTU WX YHUUTOXEHMA 3a CUYET aHHUIMAAUMKU. Tlo3TOMY NOUTU BCE IAEKTPOHbLI U
AHTUAAEKTPOHbI AOAXKHbI BbIAM @aHHUTUAMPOBATL APYT C APYroM, 06pa3oBaB HOBblE GOTOHbI, TaK UTO
OCTaAOCb AMLIb YyTb-4yTb M3ObITOUHbIX SAEKTPOHOB. HO HEWTPUHO U AHTUHEUTPUHO He
AHHUTMAMPOBAAU APYT C APYrOM, MOTOMY YTO 3TW YacTWLbl OYEHb CAAOO B3aMMOAENCTBYHOT MEXAY
cob0M 1 ¢ APYrMMU YacTMuamu. MoaTomMy OHM A0 CUX HOP AOAKHbI BCTPEYaTbCS BOKPYT Hac. Ecam 6bl
MX MOXHO ObINO HabAOAATb, TO Y HAc NOABMACA Obl XOPOLLMIA CNOCOO NMPOBEPKU MOAEAU OYEHb
ropsiuen paHHen BceneHHOW. K coXaneHUto, UX SHEPTUKU CEMYAC CAULLIKOM MaAbl, YTOObl UX MOXHO
6bINO HEMOCPEACTBEHHO HabAtoAaTb. OAHAKO ECAM HEUTPUHO He IBASETCA 6e3MacCOoBOM YacTULIEN,
a obhapaer HeboAbLIOWM COOCTBEHHOM MACCOM, OOHAPYXEHHOM B HEMOATBEPXAEHHOM
3KCNEPUMEHTE COBETCKMX YUeHbIX 1981 r., TO Mbl CMOTrAM Bbl 0OHAPYXUTb MX KOCBEHHO: OHWU MOTAU
6bl Oka3aTbCA OAHOW M3 GOPM TEMHOM MaTepuu, YNOMWHABLUEWCS paHee, rpaBUTALMOHHOE
NPUTAXEHME KOTOPOM AOCTATOYHO AAS TOro, UTOObl MpPekpaTuTb pacliupeHue BceneHHOW u
3aCTaBUTb €€ OMATb CXXMMATbCS.

MprMepHO yepe3 CTO CEKYHA Mocae OOAbLIOrO B3pbiBa Temmnepatypa ynana A0 TbiCAYM
MWAAMOHOB TPaAyCoOB, UYTO OTBEYaeT TeMnepaTtype BHYTPU CaMbIX Fopsaunx 3Be3A. [pu Takon
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Temnepartype 3Heprum nPOTOHOB U HEWTPOHOB YXE& HEeAOCTAaTOUYHO AASI CONMPOTUBAEHWUS CUAbHOMY
AAEPHOMY MPUTSHKEHUIO, U OHU HAUMHAIOT OOBbEANHATLCS APYT C APYrom, obpasys fapa AenTtepus
(TAXKEeAOr0 BOAOPOAA), KOTOPblE COCTOAT M3 MNPOTOHAa W HEeWTpoHa. 3aTteM saApa Aentepus
MPUCOEAMHSAIOT K cebe ellle NPOTOHbI M HEWTPOHbI M NPEBPALLAIOTCA B IAPA reAusi, coaepXXallme
ABa MNPOTOHA WM ABa HEWTPOHA, a Takke o006pa3ytoT HeboAblUME KOAMYECTBA OoAee TAXEeAbIX
9AEMEHTOB - AUTUA U BepuAAMA. BbluMCAEHMA MOKa3blBatOT, UYTO, COFAACHO ropsver MOAEAM
6OAbLLOro B3pbiBa, OKOAO YETBEPTOM YaCTU NPOTOHOB M HEMTPOHOB AOAXHO ObIAO MPEBPATUTLCS B
aTOMbl reAust 1 HEOOABLLLOE KOAMYECTBO TSHXKEAOTO BOAOPOAA WU APYruMx anemeHToB. OcTaBluMecSs
HEWTPOHbI pacnaAnCb Ha NPOTOHbI, MPEeACTaBAsoLLIME cOboM Aapa 0BbIUYHbBIX aTOMOB BOAOPOAQ.

OnucaHHas kapTMHa ropsven BceneHHOM Ha paHHEn CTapMy pa3BUTUS Obina NPEAAOXEHA
yyeHbIM Axopaxem (I. A.) TamoBbiM B 3HaMeEHUTON paboTte, KoTopyto FamoB Hanucan B 1948 r.
BMECTEe CO CBOMM acnupaHTom Panbdom Aabdepom. ObAapasi MpekpacHbIM YyBCTBOM HOMOPA,
lamoB yroBopuA dusMKa-apeplumka FaHca bete po6aBUTb CBOKO GaMUAMIO K CMWUCKY aBTOPOB,
ytobbl MOAyYMAOCH «AAbdep, bete, FamoB», UTO 3BYUMT, Kak Ha3BaHUA NEpPBbIX Tpex OykB
rpeueckoro andpaButa - anbda, 6eta, ramMma, U Upe3BblYANHO MOAXOAWUT ANl CTaTbM O Havyane
BceneHHow! B aToM cTtatbe HbINO CAEAAHO 3aMeyaTeAbHOE NPEACKA3aHWe O TOM, YTO M3AyUYEHHME (B
BMAE GOTOHOB), UCMNYLLEHHOE HA OYEHb PaHHUX CTAAMUSIX Pa3BUTUA BCeAeHHOW, AOAXKHO AO CUX MOpP
CylLlecTBOBaTb BOKPYr Hac, HO 3a 3TO BpeMs ero temrnepatypa ynana W paBHa BCEro AWLUb
HECKOABKMM FpapycaM Bbllle abCOAOTHOrO HyAA. 3TO MMEHHO TO M3AYYEHMUE, koTopoe B 1965 r.
obHapyxuan MNMenanac n BuabcoH. Korpa Aabdep, bete n NamoB nucaau cBoo paboTty, AAepHble
peakUmMn ¢ yyaCTMEM MPOTOHOB U HEMTPOHOB ObIAM MAOXO U3yUeHbl. [103TOMY NpPeACKasaHHbIE UMK
COOTHOLUEHUSI MEXAY KOHLEHTPaUMAMW pasHbIX 3AEMEHTOB B paHHen BceneHHOW oka3aAucb
BECbMa HETOUYHbIMW, OAHAKO, ByAyYM NOBTOPEHBI B CBETE HOBbIX MPEACTABAEHUI, BCE BbIUMCAEHUSA
AAAW PEe3yAbTaTbl, MPEKPACHO COrAACYHLIMECA C COBPEMEHHbIMU HaBAOAEHUAMU. Kpome Toro,
OYeHb TPYAHO OOBACHUTb KaK-TO MHauye, NoyemMy BO BCeAeHHOW AOAXKHO ObiTb TaK MHOIO reAus.
Mo3ToMy Mbl COBEPLLUEHHO YBEPEHBI B TOM, UTO 3Ta KapTUHa NpaBWAbHA, NO KparnHen mepe cnycra
CEKYHAY NocAe BOAbLLOIO B3pbiBa U MO3XE.

Bcero uepe3 HECKOAbKO 4acoB MocAe O0AbLLIOro B3pbiBa 06pasoBaHWE TFeAus U APYIUX
9AEMEHTOB MNPEKPATUAOCh, NMOCAE YEr0 B TEYEHWUE MPUMEPHO MWUAAMOHA AET BceneHHasa npocTo
NPOAOAXAAA PACLUMPATLCA M C HEW He MPOUCXOAMAO HMuero ocobeHHoro. HakoHel, Koraa
Temneparypa ynana AO HECKOAbKWUX TbICAY [PaAyCOB U 3HEPrUM 3AEKTPOHOB U AAEP CTaAO
HEAOCTATOUHO AASI MPEOAOAEHUA AEUCTBYHOLLETNO MEXAY HUMWU SAEKTPOMArHUTHOIO MPUTSXEHUS,
OHW Hayaan OObeAMHATBCH APYr C Apyrom, obpasys atombl. Bca BceneHHas Kak LeAoe Morna
NPOAOAXATb PACLUMPATLCA M OXAAXAATbCA, HO B TEX 0OAACTAX, MAOTHOCTb KOTOPbIX ObiAd HEMHOIO
BblllE CPEAHEW, pacliMpeHMe 3aMEAAIAOCb  M3-3@8  AOMOAHUTEABHOTO  FPaBUTALMOHHOIO
nNpuTsxeHns. B pesyabtate HeKOTOpble 0O6AACTU NepecTar PaclIMPATbCA U HayaAu CXUmatbes. B
npouecce cxatua MoA AEWCTBUEM [PaBUTALMOHHOIO MPUTSXKEHUS MaTepuu, HaxXOASLLENCa
CHapyXu 3Tnx obAacTen, MOrAO HauyaTbCA UX MeAAEHHOe BpalleHue. C yMeHblLIEHWEM pa3MepoB
KOAAGMCUPYOLLLIEM 0BAACTU ee BpalLeHUE YCKOPSAAOCh, MOAOOHO TOMY, Kak YCKOPSIETCA BpalleHue
durypucta Ha AbAy, KOrAa OH NPUXUMAET PyKU K Teny. Koraa HakoHel, Koanancupyrolas obaactb
CTana AOCTaTOYHO MaAOW, CKOPOCTU €€ BPaLLEHMA AONKHO ObINO XBaTWUTb AASl YPABHOBELLMBAHUS
rPaBUTALMOHHOIO MPUTAXEHMA — Tak 06pa3oBaAMChb BpallatoLmMecsas AMCKOOOPa3HbIe ranaKTUKMK.
Te obaactn, KOTOpble HE HaYaAu BpaLLATbCA, NPEBPATUAUCL B OBAAbHblE 0ObEKTbI, HAa3blBAaEMble
SAMMNTUYECKUMU TanaKTUKaMK. Koananc 3TMx obAaacTer Toxe NpekpaTUACcs, MOTOMY 4To, XOTS
OTAEAbHbIE YaCTW FaAaKTMKM CTabUAbHO BpalLlaAMCb BOKPYr €€ LEHTpa, rarakiuka B LEAOM He
Bpallanach.

CocTosiLMi 13 BOAOPOAA U FreAUsl ra3 BHYTPU FaAaKTUK CO BPEMEHEM pacnaAcsi Ha ra3oBble
obraka MeHbLUero pasmepa, CXMMalOLWMECH MNOA AEWUCTBMEM COOCTBEHHOW rpaBuTauuun. lMpu
cXatum 3TUX 0OAAKOB aTOMbl BHYTPU HUX CTAaAKMBAAMCb APYr C APYrom, Temnepartypa rasa
MoBbIWAAAChb, U B KOHLIE KOHLIOB ra3 pasorpencs Tak CUAbHO, YTW HaAYaAUCb peakLuu SAEPHOro
cuMHTEe3a. B pesyabTate aTMX peakumit M3 BOAOPOAA 06pa3oBanOCb AOMOAHUTEABHOE KOAMYECTBO
reAvsi, a u3-3a BbIAEAMBLUErocA TenAa BO3POCAO AABAEHME U ra3oBble ObAaka nepectasu
cxmMmatbes. Obraka AOATO OCTaBaAUCb B 3TOM COCTOSIHWMM, MOAOOHO TakMM 3Be3AaM, Kak Halle
ConHLe, NnpeBpaLlas BOAOPOA B reAMK U M3AyYasn BbIAEASIIOLLYHOCS SHEPIUIO B BUAE TEMAA U CBETa.
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bonree MaccuBHbIM 3BE3AAM AAA YPABHOBELUMBAHWUS CBOEro 6OAEe CUAbHOIO rPaBUTALMOHHOMO
NPUTSKEHMSA HYXXHO ObINO Pa30rpeTbCs CUAbHEE, U peakUuUn AAEPHOro CMHTE3a NPOTEKAAU B HUX
HaCTOAbKO ObICTpeE, YTO OHWM BbIXIAM CBOM BOAOPOA BCEr0 3a CTO MUAAMOHOB AET. 3aTeM OHMU
CAErka CXaAWCb, W, MOCKOAbKY HarpeB MPOAOAXKAACA, HAYaAOCb MpeBpalleHWe reavs B bBoaee
TSKEAbIE SAEMEHTbI, TAKME KaK YIAEpPOA M KUCAOPOA. HO B MOAOOHbBIX NpoLeccax BbIAEASETCA He
MHOTIO 3HEPIUK, U MOTOMY, KaK y)Ke TOBOPMAOCH B FA@BE O YEPHbIX AblPax, AOAKEH ObIA pa3pas3untbes
KpU3nc. He coBcem ACHO, UTO MPOU3OLIAO MOTOM, HO BMOAHE MPaABAOMNOAOOHO, UTO LIEHTPAAbHbIE
obAracTu 3BE3AbI KOAMAMNCUPOBAAM B OYEHb MAOTHOE COCTOSIHWE BPOAE HEMTPOHHOM 3BE3AbI WMAM
YyepHoOW Ablpbl. BHelHWe obAacTu 3Be3Abl MOMYT BPEMSA OT BPEMEHW OTPbIBATbCS M YHOCWUTbCA
YYAOBULLHbIM B3PbIBOM, KOTOPbIM Ha3blBaeTcA B3PbIBOM CBEPXHOBOMW, 3aTMEBAIOLLEN CBOUM
OAECKOM BCe OCTaAbHble 3Be3Abl B CBOEW ranaktuke. Yactb 6onee TAXEAbIX IAEMEHTOB,
o6pas3oBaBLUMXCA Nepea rMbenbto 3Be3Abl, Obina oTOPOLIEHaA B 3aMOAHAIOLWMI TaAaKTUKY ras U
NpeBpaTMAaCh B Cbipbe AAA MOCAEAYIOLLMX MOKOAEHMI 3BE3A. Hawe COAHLE COAEPXXMUT OKOAO ABYX
NPOLIEHTOB YNOMSIHYTbIX BOAEE TAXEAbIX INEMEHTOB, MOTOMY UTO OHO SIBASIETCA 3BE3AOM BTOPOro
MAM TPETbEr0 MOKOAEHUA, 06pa30BaBLUENCA OKOAO NATU MWUAAMAPAOB AET Halap M3 obaaka
BpalUatoLLLeroca ra3a, B KOTOPOM HaxOAMAMCb OCKOAKM HoAee paHHWMX CBEPXHOBbIX. @3 M3 3TOro
obraka B OCHOBHOM MolleA Ha obpa3oBaHue COAHUA MAM ObIA YHECEH B3PbIBOM, HO HEDOAbLLOE
KOAMYECTBO BOAEE TAXKEABbIX INEMEHTOB, COBpPaBLUMCL BMECTE, MPEBPATUAOCH B HEDECHbIE TEAA -
NAQHETbI, KOTOPbIE Cernyac, Kak 1 3emMas, obpaLuatorcs Bokpyr CoAHLUA.

CHauvana 3emas bbina ropaver M He umena atmocdepbl. CO BpeMEHEM OHa OCTbiAa, a
BCAEACTBME BbIAEAEHUS Fa3a U3 FOPHbIX MOPOA BO3HUKAA 3eMHasa aTmocdepa. PaHHsa atmocdhepa
OblAa HENPUTOAHA AASI HALLIEW XMU3HW. B HEM He BbINO KUCAOPOAE, HO BbIAO MHOIO APYTUX, SAOBUTbIX
ANSI Hac ra3os, HanNpuMep CEPOBOAOPOAA (3TO TOT ras, KOTOpbIM NpUAAET cneumdpuyeckuin 3anax
TyXAbIM siiLam). MNpaBaa, eCTb U APyrue, MPUMUTUBHbIE GOPMbI XMU3HWU, KOTOPbIE MOTYT NPOLBETATb
B TakMX YCAOBMSX. [lpeanonaratrot, yTo OHW Pa3BMAMCb B OKeaHax, BO3MOXHO, B pe3yAbTaTte
CAyYalHbIX OObeAMHEHWI aTOMOB B OOAbLUME CTPYKTYpbl, Ha3blBaeMble MaKPOMOAEKYAAMM,
KoTopble 06AaAaAn CMOCOBHOCTLIO FPYNNMPOBaTh APYrMe atoMbl B OKEaHe B TaKuUe Xe CTPYKTYPbl.
Takum 06pa3omM OHM CaMOBOCMPOU3BOAMAUCH U MHOXMAMCb. MHOrA@ B BOCNPOU3BEAEHUN MOTAU
Npon3onTH cboun. 3Tn cbon 6oAbLLEN YACTbIO COCTOAAU B TOM, UTO HOBAsi MakpOMOAEKYAQ HE MOTAa
BOCMPOM3BECTM cEOA N B KOHLIE KOHLIOB pa3spyllaracb. Ho MHOraa B pesyAbTate c60eB BO3HUKAAM
HOBblE MaKpPOMOAEKYAbI, Aaxe 6onee CnocobHble K CaMOBOCMPOM3BEAEHWUIO, UTO AABAAO UM
NPEVMYLLECTBO, U OHU CTPEMWAUCH 3aMeHUTb COOOM nepBOHauYaAbHble. Tak HayaAcs NpoLece
3BOAKOLMK, KOTOPbIM MPUBOAMA K BO3HUMKHOBEHUIO Bce Bonee U Bonee CAOXHbIX OpraHWM3MOoB,
CcnocobHbIX K camoBocnpoudBeaeHUto. Camble nepBble MPUMUTMBHBLIE XWBblE OPraHU3Mbl
noTpebAAaAn pasAMuHblE BELLECTBaA, B TOM YWUCAE CEPOBOAOPOA, M BbIAEAAM KUCAOPOA. B
pe3yAbTaTe MPOUCXOAMAO NMOCTENEHHOE M3MEHEHME 3EMHON aTMOCHEPbI, COCTAaB KOTOPOM B KOHLE
KOHLOB CTaA TakUM, Kak ceryac, U BO3HUKAM MOAXOASILLME YCAOBUSA AASI Pa3BUTUSE BOAEE BbICOKMX
bOPM XM3HU, TaKKX, KaK Pblbbl, PENTUAMKU, MAEKONUTAIOLLME U, HAKOHEL, YEAOBEYECKMI POA.

KaptnHa, B koTopoW BceneHHasi cHayana Obiaa OYEeHb ropsiuer M OXAaXparacb Mo Mepe
CBOETr0 pacLUMpPEHUs, Na CEroOAHSILLHUI AEHb COrAACYeTCs C pe3yAbTaTaMu BCex HabaoaeHUI. Tem
He MeHee LEeAbIM psA BaXHbIX BOMPOCOB ocTaeTca 6e3 oTeeTa.

1. Nouemy paHHAA BceneHHas bbina Takon ropayen?

2. Mouemy BceneHHas Tak opHOpoAHa B 6oAbliMX MacwTabax? MoyemMy OHa BbITASAWT
OAMHAKOBO BO BCEX TOYKax MPOCTPAHCTBA M BO BCEX HaMpaBAEHUAX? B uyacTHoCTH, nouyemy
Temnepatypa KOCMWUYECKOro ¢pOHa MWKPOBOAHOBOIO M3AYYEHUA MPAKTUUECKU HE MEHSIETCS Npwu
HabAOAEHMAX B pPa3HbiXx HanpaBAeHWMSX? Korpaa Ha 3k3aMeHe HECKOAbKMM CTyAEHTaM MOAPSAA
3aAa€eTCsA OAMH M TOT e BOMPOC U MX OTBETbI COBMAAAIOT, Bbl MOXETE ObITb COBEPLLUEHHO YBEPEHbI B
TOM, UTO OHWM COBETOBAAMCb APYr ¢ ApyroM. OAHaKO B ONMUCAHHOM MOAEAM C MOMEHTa BOAbLLOrO
B3pbIiBa Y CBETa He ObIAO BpeMeHHU, UToObl NONacTb U3 OAHON YAQAEHHOM 0OAACTM B APYTYHO, AAXe
€CAM 3TV 06AacCTM pacnoraraAMcb 6AM3KO APYT K APYry B paHHen BceneHHow. CornacHo xe teopuu
OTHOCUTEABHOCTW, ECAU CBET HE MOXET NonacTb U3 OAHOM 0BAACTU B APYIYHO, TO U HUKaKana Apyras
MHPOPMaLMS TOXe He MOXeT. [oaToMy pasHble 0bAacT paHHEW BCeAeHHOM HUKaK He MOTAM
BbIPOBHSITb CBOWM TEMMNEPATypbl APYr C APYTOM, €CAM Y HUX He OblAM OAMHAKOBbIE MO KaKOW-TO
HEMOHATHOM NPUUYMHE TeMnepaTypbl MPAMO C MOMEHTA POXAEHMS.
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3. MNouemy BceneHHas Havyana pPacLIMPATLCA CO CKOPOCTbO, CTOAb ODAN3KOM K KPUTUUYECKOW,
KOTOpasi pa3pensieT MOAEAU C MOBTOPHbLIM CXAaTUEM M MOAEAU C BEUYHbIM PaCLUMPEHMEM, TaK UYTO
AaXe cenvac, yepes3 AecATb TbICAY MUAAMOHOB AET, BceneHHass NPOAOAXKAET pacLUMPSTbCA CO
CKOPOCTbIO, MPUMEPHO pPaBHOM KpUTUUYECKON? EcAmM Obl uepe3 cekyHAy NMocAe GOAbLLIOro B3pbiBa
CKOPOCTb pacCLUMPEHMA OKa3anaCb XOTb Ha OAHYy CTO ThbiCAYa MMWAAMOH  MWAAMOHHYHO
(1/100.000.000.000.000.000) MmeHbLLE, TO NPOM30LLAO Bbl NOBTOPHOE CxXaTne BceneHHoM 1 oHa
HWKoraa Obl HE AOCTUIA@ CBOEr0 COBPEMEHHOIO COCTOSAAHMS.

4. HecmoTpsas Ha KpynHOMacLUTabHyt0O OAHOPOAHOCTb BceneHHOM, B Hen CyLlecTBYOT
HEOAHOPOAHOCTHM, TakMe, Kak 3Be3Abl M ranaktuku. Cumtaetcs, 4yto OHM 0Opas3oBaAMCb U3-3a
HeBOAbLUMX Pa3AMYMIA B MAOTHOCTU paHHeN BceneHHOM oT 0bAacTu K 06AacTu. UTo BbIAO MPUUMHOM
3TUX GAYKTYaL MM NAOTHOCTU?

Ob6uias Teopusas OTHOCUTEABHOCTU camMa Nno cebe He B COCTOSAHUM 0ObACHUTb NEPEUYNUCAEHHbIE
CBOMCTBA WAM OTBETUTb Ha MNOCTABAEHHblE BOMPOCHI, TaK Kak OHa roBopuT, uto BceneHHas
BO3HWKAQ B CUHIYASIDHOM TOYKe OOAbLLOrO B3pbiBa M B CaMOM Hauyane MMeAa OECKOHEYUHYHo
MAOTHOCTb. B CHMHIyASIpHOM Xe Touke obLlan Teopma OTHOCUTEABHOCTM U BCE GU3UUYECKME 3aKOHbI
HEBEPHbI: HEBO3MOXHO MPEACKa3aTb, UTO BbIMAET U3 CUHTYAAPHOCTU. KaK Mbl yXXe rOBOPUAMU, 3TO
O3HayaeT, UTo 6OAbLLOKN B3PbIB U BCE COOLITUS AO HEFO MOXHO BbIOPOCUTL M3 TEOPUK, NOTOMY YTO
OHW HUKAK HEe MOTyT NOBAMATb Ha TO, YTO Mbl HabAaopaeM. CAepA0BaTEABHO, MPOCTPAHCTBO-BPEMS
AONKHO MMETb FPaHMLY — Ha4yaA0 B TOUKE BOABLLLOMO B3pbiBa.

Hayka, no-BMAMMOMY, OTKpblA@ BCE T€ 3aKOHbl, KOTOpble B MPEAeAax MNOrpeLlHOCTEN,
HaAaraembiX MPUHLMMNOM HEONPEAEAEHHOCTH, MO3BOASAKOT MPEACKa3aTb, Kak BceneHHasa M3MeHUTCA
CO BpPEMEHEM, €CAU M3BECTHO €€ COCTOAHME B KakOW-TO MOMEHT BpemMeHW. MoxeT ObiTb, 3Tu
3aKOHbl 6bIAM pAaHbl Borom, Ho ¢ Tex nop OH, CyAas MO BceMy, NpeAoCTaBUA BceneHHOM pa3BrBaTbCa
B COOTBETCTBMM C HUMM U TENEPb HE BMELLMBAETCA B €€ XU3Hb. HO KaknMK OH BbIBpan HauaAbHOE
COCTOSIHME U HauyaAbHYO KOHOUIYpaLmMo BceneHHON? Kakue «rpaHUUHbIE YCAOBUS» ObIAM B MOMEHT
«Havyana BpeMeHU»?

OAMH M3 BO3MOXHbIX OTBETOB - 3TO CKas3aTb, UTO NMpu BblIOOpPE HauyaAbHOM KOHOUIrypauuu
BceneHHOM bBor pykoBOACTBOBAACA COOOpPaXeHUsIMMU, MOHATb KOTOpPble HaM He AaHo. 3JTo,
6e3ycAOBHO, ObINO BO BAACTU bora, HO noyemy, BbibpaB Takoe cTpaHHOe Havano, OH BCE Xe PeLLKA,
yTobbl BceneHHas pasBMBanacb HO MOHATHbIM HaM 3akoHam? Bcsa uctopusi Hayku Obiaa
NMOCTEMEHHLIM OCO3HAHWMEM TOrO, UYTO COObLITUA HE MPOUCXOAAT MPOM3BOAbHLIM 06pa3om, a
OTpaXatoT OMNPEAEAEHHbIN CKPbITbIA MOPAAOK, KOTOPbIM MOF WAM He MOr ObiTb YCTAHOBAEH
60XXECTBEHHbIMW CUAGMMU. BbINO Bbl AULLIb ECTECTBEHHO MPEAMOAOXMTb, UTO 3TOT MOPAAOK OTHOCHKTCA
He TOAbKO K 3aKOHaM HayKW, HO M K YCAOBMAM Ha TpaHuLE NPOCTPaHCTBA-BPEMEHW, KOTOPbIE
ONPEeAENtOT HauyaAbHOE COCTOAHME BceneHHOW. BO3MOXHO 6OAbLLIOE UYMCAO Pa3HbIX MOAEAEW
BceneHHOM C MHbIMWM Ha4YyaAbHbIMU YCAOBUSIMM, MOAYMHAIOLMXCS 3aKOHAM Hayku. [AOAXKEH
CYLLECTBOBATb KAKOW-TO NMPUHLMN AAA OTOOPA OAHOINO HAYaAbHOTO COCTOSAAHWUS U, CTAAO ObiTb, OAHOM
MOAEAU AN OMUCAHUSA Hallen BceneHHOMN.

OAHY M3 TakuMx BO3MOXHOCTEM Ha3blBAKOT XaOTUYECKUMMK TPaAHUUYHbIMU YCAOBUAMU. B HUX
MOAYAAUBO NPUHUMAaETCH, AMDO UTo BceneHHan BeCKoHeYHa B NPOCTPAHCTBE, AMBO UTO CyLLLECTBYET
6ECKOHEUYHO MHOr0 BCEAEHHbIX. COrAaCHO XaOTUUYECKMM FPaHMUUHBbIM YCAOBUSAM, BEPOATHOCTb TOTO,
yTo At0b6an BblAEAEHHAs 0OAACTb NPOCTPAHCTBA Cpady NocAe HOALLLOIO B3pbiBa OKaXeTCsA B AOOOM
3aA@HHOM COCTOSIHWK, MPUMEPHO PaBHA BEPOATHOCTM TOrO, UTO OHA OKaXeTcs B AOOOM APYrom
COCTOSIHMM: HavyaAbHOE COCTOsAHME BceneHHOM BbIOMPAETCA COBEPLUEHHO MNPOU3BOAbHbLIM
obpasom. 310 03Hauano Obl, UTO paHHAS BceneHHas Obina, BEPOATHO, OYEHb XAOTUUYHOW U
HEepPeryAsipHoOW, MOTOMY UTO XaOTMYECKMX M 6ecnopsiAOYHbIX COCTOSHWMM BceneHHOW ropas3po
6oAbLLE, YEM TAAAKMX M YNOPSAAOUYEHHbIX. (ECAM BCce cocTosiHMA paBHOBEPOATHLI, TO BceneHHas ¢
6OAbLLIOW BEPOSATHOCTHHO BO3HMKAG B OAHOM M3 XaOTMUYECKMX U BECMOPSAOUHBIX COCTOAHUI NPOCTO
NMOTOMY, YTO TakKMX COCTOSIHWMM ropa3po 6oablue). TPyAHO CkalaTb, Kak NOAOOHbIE XaoTUYEeCKUe
Ha4yaAbHblE€ YCAOBMA MOTAM MOPOAWTb TaKyl0 FAAAKYHD M OAHOPOAHYHO B OOAbLUMX MacluTabax
BceneHHyto, Kak Halla cenyac. MOXHO TakxXe 0XMAATb, UTO B TAKOM MOAEAU GAYKTyaLMKU NAOTHOCTU
npuBeAyT K obpa3oBaHWMiO ropa3pa0 OOAbLLETNO YMCAA MEPBUUHBLIX YEPHBIX AbIP, YEM BEPXHUM
NPeAen, BbiITEKAIOLLMI M3 HAOAOAEHWUI GOHA raMMa-U3AyYEHUS.

Ecan BceneHHass B camoM pene OGecKOHeYHa B MPOCTPAHCTBE WMAM €CAM  CyLLEeCTByeT
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6ECKOHEUYHO MHOMO BCEAEHHbIX, TO TAE-TO MOMAM Obl CyLLECTBOBATb AOBOAbHO BOAbLLME 06AACTH,
BO3HWKLLUWE B TAAAKOM M OAHOPOAHOM COCTOSIHUWM. BCMOMHMM XOPOLLO WM3BECTHbIM MPUMEpP CO
cTaen obesbsiH, HapabaHALMX HA NULLYLIMX MalLUMHKaX: 6oAblIas yacTb MX PaboTbl MOMAET B
KOP3MHY, HO B MNPUHLMNE OHW MOIYT COBEPLUEHHO CAy4YaMHO HaneyaTaTtb OAMH W3 COHETOB
Llekcnupa. Tak n 3pecb — He Moraa AM obaacTb BceneHHOM, B KOTOPOW Mbl XWUBEM, CAyYaMHO
OKasaTbCA [AAAKOM W OAHOPOAHOM? Ha nepBblid B3rASiA 3TO MOXET MNOKasaTbCs KpanHe
MaAOBEPOATHbIM, MOTOMY UYTO TaKWMX TFAAAKMX 0OAAcTEM AOAXHO OblTb HAMHOIMO MeEHbLUE, Yem
Xao0TUYECKMX M HEOAHOPOAHBIX. HO MPEeAnoOAOXWMM, UTO FanakTMKM U 3Be3Abl 0O6pPa30BbIBAAUCH
TOABKO B FAGAKMX 0OAGCTAX U TOABKO TaM YCAOBUSA OblIAM NMPUTOAHbI AASI PA3BUTUSA TAKUX CAOXHbIX
CaMOBOCMPOU3BOASILLIMXCS OPraHM3MOB, Kak Mbl, CNOCOOHbIX 3aaaTh Bonpoc: «[louemy BeceneHHas
Takasa rnapkaa?» 310 npumep NPUMEHEHUS TaK Ha3bIBAEMOIO aHTPOMHOMO MPUHLUMNAG, KOTOPbIN
MOXHO CHOPMYAMPOBaTb CAEAYIOLMM 06pa3oM: «Mbl BUAMM BCEAEHHYHO Tak, Kak Mbl €€ BUAWM,
NMOTOMY UTO Mbl CYLLECTBYEM>.

AHTPOMHbIA NPUHUMN CYLLECTBYET B ABYX BapuaHTax - cAabom M cuAbHOM. Chabbii
AHTPOMHbLIN MPUHLMN YTBEPXAAET, UTO BO BCeAeHHOW, KOTopas BeAMKa WAM OEeCKOHeuyHa B
NPOCTPAHCTBE MAM BO BPEMEHMU, YCAOBUSA, HEOOXOAUMbBIE AN PA3BUTMSA PA3yMHbIX CYLLECTB, OyayT
BbIMOAHATLCA TOABKO B HEKOTOPbIX 0OAACTSIX, OFrPAHUUYEHHbIX B MPOCTPAHCTBE U BPEMEHU. [103ToMy
pa3yMHble CyLLIECTBA B 3TMX 0OAACTAX HE AOAXKHbI YAUBAATLCS, 0OHAPYXUB, UTO Ta 0OAACTb, FAE OHU
XWUBYT, YAOBAETBOPSAET YCAOBUSIM, HEODXOAUMbBIM AASI MX CYLLIECTBOBAHUA. Tak 6oray, XmByLLIMI B
6oratom panoHe, He BUAUT HUKaKoM 6eAHOCTU BOKPYT ceobs.

OAMH 13 NPUMEPOB NPUMEHEHUST CAABOro aHTPOMHOIO NPUHLUMMNE — «OObACHEHUE» TOTO, UTO
O6OAbLLOM B3PbIB MPOU3OLUEA OKOAO AECATM ThbICAY MUAAMOHOB AET Ha3aA: NMPUMEPHO CTOAbKO
BpeMeHU TpebyeTcs pa3yMHbIM CyLLECTBAM AAA UX PA3BUTUS. KaK y)Xe roBOPMAOCH, NPEXAE BCErO
AOAKHO ObInO 0bOpasoBaTbC paHHEEe MOKOAEHWE 3Be3A. IATM 3BE3Abl MpPeBpallaAn vacTb
NnepBOHAYaAbHOIO BOAOPOAA M TEAUSI B SAEMEHTbI TUMa YIAEPOAa U KUCAOPOAA, M3 KOTOPbIX Mbl
COCTOMM. 3aTeM 3BE3Abl B3PbIBAAUCH KaK CBEPXHOBbIE, @ U3 UX OCKOAKOB 006pa3oBbIBAaAUCH Apyrve
3B€3Abl U NMAAHETbI, B TOM UNCAE U BXOAALLME B Hally COAHEUYHYHO CUCTEMY, BO3PACT KOTOPON OKOAO
NATM TbICAY MWAAMOHOB A€T. B nepBble OAHY MAM ABE ThICAYM MWUAAMOHOB AET CyLLECTBOBaHUSA
3eMAM Ha Hel BbINO CAULLIKOM XapKo AAA Pa3BUTUS KakuX Obl TO HU BbINO CAOXHbIX OPraHU3MOB.
OcTanbHble MNPUMEPHO TPU ThICAYM MWUAAMOHOB AET MPOUCXOAUT MEANEHHBLIM MNPOLECC
OMONOTMYECKOTO Pa3BUTUS, B Pe3yAbTaTe KOTOPOro MPOCTEMLLME OPraHM3Mbl MPOLUAM NyTb AO
pa3yMHbIX CYLLECTB, YMEIOLIUX U3MEPATb BPEMS, NpoLleAlliee ¢ MOMeHTa HOAbLLOro B3pbiBa.

Mano KTO BO3paxaeT NpPOTUB CMNPaBEAAMBOCTM U MPUMEHUMOCTM CAABOro aHTPOMHOro
npuHUMNa. HekoTopble Xe WAYT 3HAYMTEABHO AdAblle, MPeaAarasi ero CUAbHbIM BapuaHTt. OH
3aKAKOYAETCA B TOM, UTO CYLLUECTBYEeT AMOO MHOrO pPa3sHbIX BCEAEHHbIX, AMOO MHOro pasHbix
obracTerl OAHOM BCEAEHHOM, KaXAana M3 KOTOPbIX MMEET CBOK COOCTBEHHYIO HayaAbHYHO
KOHOUIypaUuIo U, BO3MOXHO, CBOM COBCTBEHHbINM HAOOP HayUHbIX 3aKOHOB. B B0AbLLIEN YACTU ITUX
BCEAEHHbIX YCAOBUA ObIAM HEMPUTOAHBI AN PA3BUTUA CAOXKHbIX OPraHM3MOB; AULLIb B HECKOABKMX,
MOXOXMUX Ha Hally, BCEAEHHbIX CMOIAM Pa3BMBATbCA Pa3yMHble CYLLECTBA, U Yy 3TUX PadyMHbIX
CyLLecTB BO3HMK Bonpoc: «[loyuemy Hawa BceneHHasa Takasi, Kakon Mbl ee BUAMM?» Toraa oTBeT
npocT: «Ecan 661 BceneHHasn Bbina Apyron, 3aecb He 6bIn0 Bbl Hacl

3aKOHbl HaykM B TOM BUAE, B KOTOPOM Mbl WX 3HAEM Celyac, COAEepPXaT MHOro
bGYHAAMEHTAAbHbIX BEAMUMH, TaKUX, KaK IAEKTPUUECKUI 3apsip SAEKTPOHA M OTHOLLEHWE MacChl
NPOTOHA K MaccCe O3AEKTpoHa. Mbl He yMeeM, HO KpaunHeW Mepe cenvac, TEeOPEeTUYECKHU
NPeACKa3blBaTb 3HAYEHUA STUX BEAMUMH — OHU HAXOAATCHA TOAbKO M3 3aKcnepumeHTa. MoXeT ObiTb,
NMPUAET AEHb, KOTA@ Mbl OTKPOEM MOAHYHO EAUHYHO TEOPUIO, C MOMOLLBIO KOTOPOM BCE 3TU BEAUUYMHDI
OyAyT BbIUYMCAEHbI, HO MOXET 0Ka3aTbCH, UTO HEKOTOPbIE M3 HUX, @ TO U BCE M3MEHAIOTCA NPU
nepexoAe OT BCEAEHHOW K BCEAEHHOW WAUM U MPEAEAaxX OAHOW BCEAEHHOW. YAWMBWUTEAbHO, 4TO
3HAYEHUS TaKUX BEAMYMH OblAM, MO-BUAMMOMY, OYEHb TOYHO MNOAOOpPaHbI, uYTOObI 0bBEecneunTb
BO3MOXHOCTb Pa3BUTUA XU3HU. EcAan Obl, Hanpumep, INEKTPUUECKUN 3apsp SAEKTPOHA ObIA
YyTb-UyTb APYrMM, 3BE€3Abl AMOO He CXWUraaM Obl BOAOPOA W TreAni, AMBO He B3PbIBAAUCH.
PasymeeTtcsi, moryt ObiTb U ApyrMe GOpMbl Pa3yMHOM XU3HU, O KOTOPbIX HE TFPE3UAM AaXe
nucateAn-daHTacTbl. AN NOAAEPXKAHUA 3TOM XU3HU He TPEDBYIOTCA HWU CBET 3BE3AbI, KaK, CKaXeM,
Hawe COAHLE, HU TAXEAble 3NEMEHTbl, CUHTE3UPYIOLLMECA BHYTPU 3BE3A WM pasAeTatolmMecs no
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KOCMMWYECKOMY MPOCTPAHCTBY MNPV B3pPbiBE 3BE3Abl. TEM HE MeHee, MO-BUAMMOMY, ACHO, 4TO
BEAMUYMHbI, O KOTOPbIX Mbl FTOBOPWMM, MMEKT CPaABHUTEABHO HEMHOro obAacTer 3HauYeHui, npu
KOTOPbIX BO3MOXHO pPasBUTUE KaKOM Obl TO HU ObINO pa3yMHOM XW3HW. BoAblLas Xe uacTb
3HaUYeHUN OTBEYaeT BCEAEHHbIM, B KOTOPbIX, Kak Obl OHW HU BblAM NPEKPACHbI, HET HUKOTO, KTO MOT
6bl MMM BOCXMLLATLCA. ITO MOXHO BOCMPUMHMMATb AMBO KaK CBUAETEALCTBO OO0XECTBEHHOrO
NPOBUAEHUS B COTBOPEHUM BceneHHOW U BbibOpe 3aKOHOB Hayku, AMBO Kak MOATBEPXAEHUE
CMABHOTO @aHTPOMHOro NPUHLUMNA.

MOXHO BbIABUHYTb HECKOAbKO BO3PaXXe€HWM NPOTUB MPUBAEYEHUA CUABHOIO @HTPOMHOro
NPUHLUMNA AASE OOBSCHEHWST HAOAOAGEMOrO COCTOAHUA BceneHHON. Bo-nepBbiX, B KAKOM CMbICAE
MOXHO FOBOPUTb, UTO BCE 3TW BCEAEHHbIE CYLLECTBYIOT? ECAM OHM AEWUCTBUTEABHO WU3OAMPOBAHbI
APYT OT Apyra, TO COObITUS, MPOUCXOASLLIME HE B Hallen BceneHHOM, He MOryT UMeTb HabAoAaEMbIX
CAEACTBUM B Hallier BceneHHONM. [103TOMy Ham CAeAYET BOCMOAb30BATLCA MPUHLIMMOM 3KOHOMUU U
NCKAOUUTb UX U3 TEOPUU. ECAM Xe 3TM BCEAEHHbIE — MPOCTO pas3Hble 06AACTM OAHOM U TOM Xe
BCEAEHHOW, TO Hay4Hble 3aKOHbl AOAXHbI ObiTb OAMHAKOBbI B KaXXAOW 06AACTW, MOTOMY UTO MHAYe
O6bIA Obl HEBO3MOXEH HENpepbiBHbIA NEPExoA M3 OAHOM 0BAACTM B ApPyryto. Torpa obaactu
OTAMYAAUChb Obl APYr OT ApYyra TOAbKO HauaAbHbIMW KOHQUIypauUMsIMM U CUAbHbBIA aHTPOMHbIN
NMPUHLMN CBOAUACS Obl K cAab0 GOPMYAUPOBKE.

BTopoe Bo3paxeHue NpOoTUB CUABHOIO @aHTPOMHOrO NPUHLUMNA — 3TO TO, YTO OH HanpaBAEH
NPOTUB XOAa@ BCEW WCTOPUW Hayku. PasBUTME HAyKU LIAO OT TEeOLEHTPUYECKUX KOCMOAOTUU
Mtornemesn U ero nNpeAecTBEHHUKOB 4Yepe3 FeAMOLEHTPUUYECKYIO KOCMOAOTMIO KonepHuka U
[anMAess K COBPEMEHHOW KapTMHE MUpPa, COrAACHO KOTOPOU 3eMAS IBASIETCS MAQHETOM CPEAHETO
pa3mepa, obpallarollenca BOKPYr 0OblYHOM 3BE3Abl BHYTPU OObIYHOWM CMMPAAbBHOW FaAaKTUKM,
KOTOpasi B CBOK O4YepeAb ABASIETCS BCEro AWlLb OAHOW M3 MWAAMOHA MWAAMOHOB TAAaKTUK B
HabAtoAaeMOM YacT BeceneHHOW. TeM He MeHee, COTAACHO CUAbHOMY @aHTPOMHOMY MPUHLMMY, BCE
3TO TMraHTCKOE COOPYXEHME CYLLECTBYET MPOCTO paAM Hac. B 310 oueHb TpyaHO noBepwuTb. Halua
ConHeyHas cuctema 6e3yCAOBHO ABASIETCA HEOOXOAMMbIM YCAOBMEM HaLLEro CyLlecTBOBaHUSA; Te
Xe CaMble PacCyXAEHMA MOXHO pacnpoCTPpaHWUTb Ha BCHO Hally [anaKTUKy, 4ToObl yUeCTb 3BE3AbI
PaHHEro MOKOAEHUA, OAaropapsi KOTOPbIM MPOMU3OLLIEA CUHTE3 TAXKEAbIX 3AeMeHToB. Ho,
No-BUAMMOMY, HET HUKAKOM HEOOXOAMMOCTM B TOM, UTOObI BCE 3TU APYrMe rarakTukK, Aa UM BCS
BceneHHass ObIAM TAKMMKU OAHOPOAHBIMU U OAMHAKOBbIMM B OOAbLUMX MacliTabax B AO6OM
HanpaBAEHWMW.

MoXxHO 6bIA0 Bbl HE BECNOKOUTLCA HACUYET aHTPOMHOro NPUHUMNA, 0COOEHHO B ero canabom
bOpMYyAMPOBKeE, eCAM Obl YAAAOCh NMOKa3aTb, UTO M3 Pa3HbIX HAUYaAbHbIX KOHOUIYpaLUmMin BceneHHOM
AVLUb HEKOTOPbIE MOTAW Pa3BUTbLCA BO BCEAEHHYHD, Kak Ta, KOTOpPY Mbl HabaopaeM. Ecan ato
NpaBWUAbHO, TO BceneHHas, BO3HUKLLAA M3 CAYYarHbIX HaUYaAbHbIX YCAOBUIM, AOAXKHA COAEPXaTb B
cebe rnapkue M OAHOPOAHbIE 0OAACTU, MPUTOAHBIE AAR PA3BUTMS PA3yMHOM XU3HWU. ECAM Xe ans
TOro, utoObl MOAYYMAOCH TO, YTO Mbl BUAMM BOKPYT, TpEOOBAACH Ype3BbIYAMHO TLATEALHbIN BbIOOP
HauyaAbHOro COCTOAHMA BceneHHON, TO BPSAA AWM B HEW OKa3aAach Obl XOTb OAHA 0OAACTb, B KOTOPOW
MOIA@ 3aPOAUTLCA XU3Hb. B ropsauein mopeAn 6OAbLIOTO B3pbiBa ObIAO CAULLKOM MaAO BPEMEHMU
AASI IEPEAAUN TEMAA U3 OAHOM 0BAACTU B APYTYHD. ATO 3HAUMT, UTO AASE OOBACHEHUA TOr0 dakTa, uTo
Temnepatypa MUKPOBOAHOBOIO ¢OHa OAMHAKoBa B AOOOM HanpaBAEHUM HaBAOAEHUSA,
Heobx0AMMO, UTobbl B HAYaAbHOM COCTOSIHMM BceneHHOM ee TemnepaTtypa Obina Be3AE B TOUHOCTU
OAMHaKoBOW. Kpome Toro, TpeboBancsa U oueHb TOUHbIN BbIOOP HAYAAbHOM CKOPOCTU pacLUMpPEHus,
NOTOMY 4YTO AAA M3OEeraHWs MOBTOPHOIO CXAaTWUA CKOPOCTb PAaCLUMPEHUS AOAXKHA OcCTaBaTbCs
AOCTATOYHO BAM3KOM K KPUTUUYECKOMY 3HaudyeHWto. CAepoBaTEAbHO, BbIDOP HAYaAbHOIO COCTOSIHUSA
BceneHHOM AOAXEH MPOM3BOAMTLCA OUYEHb TLATEABHO, ECAM ropsiyas MOAEAb BOAbLLOrO B3pbiBa
NPUMEHMMaA A0 CaMOro MOMEHTa HayaAna oTcyeTa BpeMeHU. MNouemy Havyano BceneHHOM AONKHO
ObIAO ObITb MMEHHO TakUM, O4YeHb TPYAHO OOBACHUTbL MHaue, Kak AedAHuem Bora, kotopomy
3ax0TEeAOCb CO3AAaThb TAKUX XMBbIX CYLLECTB, KaK Mbl.

MonNbITKM MNOCTPOUTbL MOAEAb BCEAeHHOW, B KOTOPOM MHOXECTBO pPa3HbIX HauyaAbHbIX
KOHOUIypauuin Morano bbl pa3BUTbCA BO UTO-HUBYAb BPOAE HalLEn HblHELWHEN BceneHHON, NpuBEAn
AnaHa lyTa, yueHoro 13 MaccauyCeTcKoro TeXHOAOrMYECKOro MHCTUTYTA, K NPEANOAOXEHUIO O TOM,
UyTO paHHAs BceneHHasi nmepexuaa Nepumoap O4YeHb ObICTPOro paclUMpeHus. 3TO pacluuMpeHue
Ha3blBAlOT pa3AyBaHWEM, MNOAPA3YMEBAs, UTO KaKoe-TO BpPeMs pacluMpeHne BceneHHOM
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NMPOMCXOAMAO CO BCE BO3PACTalOLLEN CKOPOCTbIO, @ He C yObiBaloLWEN, Kak cernyac. [yT paccuunTan,
yTo paanyc BceneHHoM yBeAMuMBaACA B MUAAMOH MUAAMOHOB MUAAMOHOB MUAAMOHOB MWUAAMOHOB
(eAMHMUA C TPMALATBIO HYASIMM) pa3 BCErO 3a KPOLLEYHYH AOAKD CEKYHADI.

'yT BbiCKa3aA NPEANOAOXEHUE, UTO BceneHHan BO3HUKAQ B pe3yAbTaTe BOAbLIOro B3pbiBa B
OYeHb ropsiyemM, HO AOBOABHO XaOTMUYECKOM COCTOSIHMKW. BbiCOKMe TemnepaTtypbl 03HaYaroT, YToO
yacTuLbl BO BceneHHOM AOAXHbBI ObiAM OY€Hb BbICTPO ABUraTbCst U MMETb BOAbLUME SHEPTUU. Kak
y>XX€ TOBOPUAOCb, MPU TaKMX BbLICOKMX TemnepaTtypax CWAbHble W cAabble SIAEPHbIE CUAbI U
9AEKTPOMArHuTHas CuAa AOAXKHbI OblAM BCe OOBLEAMHUTLCS B OAHY. o Mepe paclunpeHus
BceneHHOM OHa OXxAaXAanacb M 3HEPTMM YaCTUL, YMEHbLLAAUCH. B KOHLIE KOHLIOB AOAXEH ObiA Obl
MPOU30MTM TaK Ha3blBaeMbli Ga30BbIM MEPEXOA U CUMMETPUS CUA Bbira Bbl HapylLLEHA: CUAbHOE
B3aMMOAENCTBUE Hauyano Obl OTAMYATLCS OT CAABOro U SNEKTPOMArHUTHOro. M3BECTHbLIM Npumep
$a30BOro mnepexopa - 3amMep3aHue BOAbl MPU  OXAAXAEHMU. XKMAKOE COCTOSIHWME BOAbI
CMMMETPUYHO, T. €. BOAA OAMHAKOBA BO BCEX TOUKaX M BO BCex HanpaBAeHusax. Obpasytomecs xe
KPUCTaAAbI AbAQ UMEIOT OMPEAEAEHHDIE MOAOXEHMS U BbICTPAMWBAOTCA B HEKOTOPOM HaMpaBAEHUM.
B pesyAbTate cMMMETPUS BOAbI HapyLLIAEeTCS.

EcAn oxnaxaaTb BOAY OYEHb OCTOPOXHO, TO €€ MOXHO «NEePEeOXAaAUTb», T. €. OXAAAUTb HUXE
ToukKn 3amep3aHusa (O rpaa. Lleabcus) 6e3 obpasoBaHUsA Abpa. YT NPEANOAOXMA, UTO BceneHHas
Morna cebsi BectM Noxoxum o6bpasom: ee Temnepatypa MOrAa ynactb HWXE KPUTUYECKOrO
3HauyeHus 6e3 HapyLlEHUST CUMMETPUKN CUA. EcAm Bbl 3TO NPOU30LLIAO, TO BceneHHas oka3anach Obl
B HeCTabMAbHOM COCTOSIHUM C 3HEpPruen, MNpeBbIlAaloWEen Ty, KOTOPYyHD OHa uMeAa Obl npu
HapyLeHUM CUMMETPUU. MOXHO NokasaTb, UTO 3Ta 0coban AOMOAHUTEAbHAS SHEPTUSA MPOU3BOANUT
aHTUIrpaBUTALMOHHOE AEWCTBME @aHAAOTMUYHO KOCMOAOTMUYECKOM NOCTOAHHOMW, KOTOPYIO DWHLLTENH
BBEA B 0OLLYyO TEOPUKD OTHOCUMTEABHOCTM, MbITAAChb MOCTPOUTb CTAaTUYECKYIO MOAEAb BceneHHOoMN.
MOCKOAbKY, KakK M B Tropsyer MOAeAn OOAbLIOrO B3pbiBa, BceneHHaa yxe Bpallanacs,
OTTaAKMBaHWE, BHOCMMOE KOCMOAOTMYECKOM NMOCTOSIHHOM, 3aCTaBUAO Obl BCceAeHHY0 pacLLUMpATLCS
CO BCe BO3pacTatollen CKOpoCTbio. Aaxe B Tex 06AaCTAX, FAE YUMCAO YaCTUL, BELLECTBA NPEBbILLIANAO
CPeAHEEe 3HAUYEHWE, TPaBUTALMOHHOE MPUTAXEHME MaTepuu ObIAO Obl MeHblLEe OTTaAKUMBAHUSA,
BHOCUMOIO 3GHEKTUBHON KOCMOAOTMUYECKOM NOCTOAHHOW. CAeAOBaATEABHO, Takne 0O6AaCTU AOAXKHbI
ObIAM TOXE PaCLUMPATLCA C YCKOPEHMEM, XapaKTePHbIM AN MOAEAM pasayBatoencs BceneHHOMN.
Mo mepe paclUMpPeHUs YacTuLibl MaTEPUMN PACXOAMAUCH Obl BCE AAAbLLE APYT OT APYra, U B KOHLE
KOHUOB pacwupsiolasacs BceneHHas okalanacb 6bl noutv 6e3 vacTviu, HO BCe elle B
nepeoxAraXXAEHHOM COCTOSIHMKU. B pesyabTate pacluMpeHua Bce HEOAHOPOAHOCTM BO BceneHHoM
AOMNXHbI ObIAM NPOCTO CFAGAMTBLCS, KaK PasrAaXmnBatoTca Npu HapyBaHUUM MOPLLMHbBI HA PE3MHOBOM
wapuke. CAepOBaTEAbHO, HbIHELLHEE TAAAKOE M OAHOPOAHOE COCTOsiHME BceneHHOW MOrAo
pPa3BUTLCA M3 BOALLLOIO YMCAA Pa3HbIX HEOAHOPOAHbIX Ha4YaAbHbIX COCTOSAHUMN.

Bo BceneHHOM, CKOPOCTb pacLUMpPeHUss KOTOPOW pacTeT n3-3a KOCMOAOTMUYECKOW NOCTOAHHOM
ObICTpEE, YEM 3aAMEANAETCA M3-3a IPaBUTALMOHHOIO MPUTSXXEHWUA MATEPUU, CBETY XBaTUAO Obl
BPEMEHU AASI EpPEXOAa M3 OAHOW 0OAaCTU paHHeN BeceneHHOM B Apyryto. 310 BbIA0 Obl pelleHnem
paHee MOCTaBAEHHOW 3apayM O TOM, NoyemMy pasHble obaacTM paHHen BceneHHOW umeroT
OAMHaKOBble CBOMCTBA. KpomMme TOro, CKOpOCTb paclunMpeHus BceneHHoM ctana Bbl aBTOMATUUYECKM
oyeHb OAM3KA K KPUTUUECKOMY 3HAUYEHUIO, ONPEAEASEMOMY MAOTHOCTBIO 3HEPTMM BO BCeAeHHOMN.
Torpa Takytd GAM30CTb CKOPOCTU PACLUMPEHUA K KPUTUYECKOM MOXHO ObINO Obl OOBACHUTbL, HE
AEAasi NPEANONOXEHMA O TWATEABHOM Bbl6OpE HauaAbHOM CKOPOCTM pacLuMpeHua BceneHHoM.

Pa3ayBaHuMeM BceneHHOM MOXHO 6bIAO Bbl 06BACHWTL, MOYEMY B HEM Tak MHOIO BellecTBa. B
AOCTYMHOW HabAtoAeHMSIM 0BAacTM BCceneHHOM CopepXMTCS MopsAka cTa MUAAMOHOB MUAAMOHOB
MWAAUOHOB MWAAMOHOB MUAAMOHOB MUAAMOHOB MWUAAMOHOB MWAAMOHOB MWAAMOHOB MUAAMOHOB
MWAAMOHOB MUAAMOHOB MUAAMOHOB (€AMHMLA C BOCbMbIOAECATBIO HYASIMU) YacTuu,. OTKyA@ BCE OHM
B3sIAMCb? OTBET COCTOMT B TOM, UTO B KBAHTOBOM TEOPMM YACTULIbI MOTYT POXAATbCA U3 SHEPTUN B
BMAE Map yacTuua-aHTMYacTMua. Ho Ttoraa cpaldy BO3HMKAET BOMPOC: OTKyAa BepeTcsi aHeprua?
OtBeT TakoB. [MoAHas aHeprusa BceAeHHOM B TOUYHOCTM paBHa HyAl. BewectBo Bo BceaeHHOM
06pa3oBaHO M3 MOAOXMTEABHOM 3Heprun. Ho Bce BelwecTtBO camMo cebs npuTarMBaer MNoA
AEWCTBMEM rpaBuTauMu. ABa OAM3KO PaACMOAOXEHHbIX KyCKa BellectBa 0OAaAatOT MEHbLUEWN
SHEpPruen, Yem Te Xe ABa KyCKa, HaxOAALLUMECA AAAEKO APYT OT Apyra, NOTOMY UTO AASi pa3HECEHUSA
WX B CTOPOHbI HY)XXHO 3aTpaTuTb 3HEPIUIO Ha NPEOAOAEHUE TPaBUTALMOHHOM CUAbI, CTPEMSILLENCA



Crusen Xokunr: «KpaTkasi HCTOPHSI BpeMeHH. ..» 69

NX COeAMHUTb. CAeAOBATEABHO, SHEPTUSI TPABUTALMOHHOTO HOASA B KAKOM-TO CMbICAE OTPULIATEABHA.
MOXHO nokasaTb, 4TO B CAydyae BceneHHOM, NpUMEPHO OAHOPOAHOWM B MNPOCTPaHCTBE, 3Ta
oTpuuateAbHasa rpaBUTaUMOHHAs SHEPIrUS B TOYHOCTU KOMMEHCUPYET MOAOXKMTEABHYHO SHEPTUIO,
CBA3aHHYIO C BELLEeCTBOM. [103TOMY NOAHasA aHeprua BceAneHHOM paBHa HyALO.

MOCKOAbKY ABaXAbl HYyAb TOXE HYAb, KOAMYECTBO MOAOXMWTEABHOM 3HEPrMM BeELLECTBA BO
BceneHHOM MOXET YABOWUTbCA OAHOBPEMEHHO C YABOEHWEM OTPULATEABHOW TpPaBUTALMOHHOM
SHEPrUU; 3aKOH COXPAHEHMA 3HEPruM MNpu 3TOM He HapywuTca. Takoro He ObiBaeT mnpu
HOPMaAbHOM pPacLUMPeHM BceneHHON, B KOTOPOW MAOTHOCTb SHEPTUU BELLLECTBA YMEHbLLAETCS NO
Mepe yBeAUYEeHUA pa3mepoB BcereHHOW. HO MMEHHO TaK MPOMCXOAWUT MpU paspyBaHWKU, NOTOMY
4YTO B 3TOM CAyyae BceneHHas yBeAMUMBAETCH, @ MAOTHOCTb 3HEPrMKM NEPEOXAAXAEHHOro
COCTOSIHMA OCTAeTCs NOCTOSTHHOM: KOrAa pa3mMepbl BceneHHOM yABOATCA, MOAOXKUTEAbHASA SHEPTUA
BELLECTBA W OTpULATEAbHAA FPaBUTALMOHHAA SHEPTUSA TOXE YABOSITCS, B pe3yAbTaTe Yero NoAHas
3Heprusi octaeTcs paBHOM HyA. B dase pasayBaHus pa3mepbl BceneHHOM OYeHb CUABHO
Bo3pacTtatoT. CnaepoBaTeEAbHO, 060LlEE  KOAMUYECTBO 3IHEPrMM, 3a CYET KOTOPOM  MOryT
06pa30BbIBATLCA YACTULIbI, TOXE CUABHO YBEAUUYMBAETCA. [yT MO 3TOMy NOBOAY 3aMeETUA: «[OBOPST,
4ToO He OblBAET ckaTepTU-camobpaHku. A He BeuHan AM camobpaHka cama BceneHHaa?»

Cenuyac BceneHHan paclumnpsietcs 6e3 pa3ayBaHUSA. S3HAUNUT, AOAKEH CYLLLECTBOBATb KAKOW-TO
MexaHu3M, Oaaropapa  KoTopomy  ObiAa  yCTpaHeHa o4yeHb 6oabwas  3PpPeKTMBHaAA
KOCMOAOTMYECKas MOCTOAHHAsA, a CKOPOCTb PaCLUMPEHUs NepecTtara pacTt U MOA AEUCTBUMEM
rpaBUTaLMM Hayana yMEHbLLATbCA, Kak NPOAOAKAET YMEHbLLATbCA U cenyac. MOXHO 0XMAATb, UTO
Npu paspyBaHWM B KOHLIE KOHLIOB HAPYLLMTCS CUMMETPUS CUA, TAK XE KaK NePEOXAaXAEHHAA BOAA
B KOHLE KOHLIOB 3aMep3HEeT. Toraa AULLIHAS 3HEPrus COCTOSHMA C HEHAPYLUEHHOW CUMMETPUEN
AONKHA BbIAEAUTBCS, M 3a cuyeT 3Toro BceneHHas pasorpeercsa A0 TemnepaTtypbl, YyTb-yyTb
MEHbLLEN, YEM KpPUTUYECKasa TeMnepatypa, Npu KOTOPOM CUMMETPUS CUA ELLE HE HapyllaeTcs.
3atem BceneHHas onATb HAUYHET PACLUMPSATLCA M OXAAXAATbCA, TaK XE Kak B ropsiuen MOAEAU
6OAbLIOrO B3pbiBa, HO TENEPb Mbl YXX€ CMOXEM OOBACHWUTb, MOYEMY CKOPOCTb €€ PacCLUMPEHUS B
TOYHOCTM paBHA KPUTMUECKOM WM MOYeMy pasHble obaacTM BceneHHOM WMMEKT OAMHAKOBYHO
Temneparypy.

B runotese lyta ¢a3oBbli Nepexos MPOMCXOAMA OYEHb ObICTPO, KaK BO3HWKAOT BAPYr
KPUCTaAAbI AbA@ B O4YE€Hb XONOAHOM BoAe. Maes TyTa 3akaouanach B TOM, UTO BHYTPU CTapor ¢asbl
obpa3sytoTca «ny3blpbKKM» HOBOM dasbl HAPYLUEHHONW CUMMETPUU, MOAOOHO TOMY, Kak B KUNALLEN
BOAE 3apOXAAQIOTCA Ny3blpbKW Napa. [yT NPeAnoAOXMA, UTO My3bIPU PACLLUMPAOTCS U CAMBAKOTCS
APYr C APYrom A0 Tex nop, Noka BcA BceneHHana He okaxeTtca B HoBoW ¢ase. Ho BoT B uem bepa:
BceneHHas1, Ha UTo YKa3aAu f U eLLe HECKOAbKO YENOBEK, TaK ObICTPO PaCLLUMPSETCS, UTO AAXE ECAU
6bl Ny3bIPpKU POCAM CO CKOPOCTbIO CBETA, OHM BCE PaBHO yAAAAAUCH Obl APYT OT Apyra M MO3TOMY He
MOrAM 6bl cAuBaTtbcA. BceneHHas ocTaBanacb Obl B OY€Hb HEOAHOPOAHOM COCTOSIHUWM, U B
HEKOTOPbIX 0OAACTAX CUMMETPUA MEXAY CUAAMU COXPaHSAAachb Obl. Takasa MOAEAb BceneHHON He
cooTBeTcTBOBaAa Obl TOMY, UTO Mbl BUAMUM.

B okta6pe 1981 r. A npuexan B MOCKBY Ha KOHGEPEHLMIO NO KBAHTOBOW rpaBuTaumu. lNocae
KOHOEPEHUMN 51 CAEAAA AOKAAA O MOAEAM paspyBatollencs BceneHHOW M CBA3aHHbIX C HEW
npobAaemax B ACTPOHOMMYECKOM MHCTUTYTE UM. LLTepHbepra. Cpean cayliatener GbIA MOAOAOM
COBETCKUN GU3NK AHAPEN AMHAE, COTPYAHUK DUBNYECKOro MHCTMTYTa UM. NebepeBa. OH ckasan,
YTO TPYAHOCTb, CBSI3aHHAA C HEBO3MOXHOCTbIO 0ObEANHEHUSA NMY3bIPEN, OTNAAAET, ECAU Pa3MepbI
ny3blpen CTOAb BEAUKM, YTO BCA Halla 06AacTb BCceAeHHOM COAEPXXMUTCSA BHYTPU OAHOTO Ny3bips. AAA
TOro Yto6bl 3T0 NPEANOAOXEHMUE BbINOAHANOCH, COXPAHEHUE CUMMETPUM BHYTPU Ny3bipsi AOAKHO
OYeHb MEAAEHHO MEPEXOAUTb B €€ HapyleHWe, 4TO BMOAHE BO3MOXHO B TEOPUM BEAMKOIO
obbeprHeHUA. MbiCAb AMHAE O MEAAEHHOM HapyLEeHUM CUMMETPUM OblAa OY€Hb XOpolla, HO
NMOTOM MHE CTaAO AICHO, UTO €ro ny3bIpu AONKHbI ObiTb BOAbLLE HbIHELIHEW BeceneHHoM! A pokasan,
YTO CUMMETPUA AOAKHA HapyLLaTbCS BCIOAY OAHOBPEMEHHO, @ HE TOAbKO BHYTPU Ny3biper. TOAbKO
3TO NpMBeAO Obl K TOM OAHOPOAHOM BceneHHOWM, KOTOPYHO Mbl ceryac Habaopaem. A BbIA CUABHO
BO3OYXAEH CBOEW MAEEN W MOAEAMACS €K C OAHMM M3 CBOMX acnupaHTtoB HAHOM Moccom.
MoaApyXMBLUUCL C AMHAE, 1 OKa3aACsi B HEKOTOPOM 3aMellaTenbCTBE, KOrAa NO3AHEE MOAYUYMA U3
Hay4YHOro XXypHana MPEACTaBAEHHYIO AMHAE CTaTbio C MPOCbOOM OT pepakuMn AaTb OT3bIB O €e
NPUrOAHOCTM AN NyOAMKaLMK. B cBOEM OTBETE A HAnMMcaA, 4YTo B CTaTbe €CTb OAHA OLWMbKa (Ny3blpK
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AONXKHbI ObITb 60OAbLLE BCEAEHHOM), HO UTO OCHOBHAasA MAES MEAAEHHOrO HapyLIEeHUA CUMMETPUU
COBEPLUEHHO MpaBKAbHA. A PEKOMEHAOBAA CTaTbio AAA MyOAMKaALMKM B TOM BUAE, B KOTOPOM OHa
6blAa, MHAYe UCNPaBAEHUS 3aHAAM Obl y AMHAE HECKOABKO MECALEB, MOTOMY YTO BCE PYKOMUCH,
otnpaBasieMmble 13 CoBeTckoro Coto3a Ha 3anap, AOAKHbI ObIAM MPOXOAWMTb uepe3 annapar
AUTEPATYPHOM LIEH3YPbI, KOTOPbIX B TO BPEMSA HE MPOABASAIA HM 0COO0MN KBaAUPUKALMK, HA CKOPOCTH
B obpalleHMM C HayyHbIMM cTaTbaMW. Mbl Xe ¢ AHOM MoccoM mnocAanM B TOT Xe€ XypHaA
HebOAbLLYIO CTaTblO, B KOTOPOM YKa3aAW Ha CAOXHOCTW, BO3HMKalOWME C BOAbLUMM My3bIPEM, U
nokasaAu, Kak UX MOXHO MPEOAOAETb.

Uepe3 AeHb nocAe BO3BpalleHuss M3 MocCKBbl A oTnpaBuAcA B DuAapenbdUto, rae MHe
AONXKHbI ObIAM BPYyUUTb Mepanb MHCTUTYyTa ®paHkAnHa. Mow cekpetapb Axyan Denna, MCNOAb30BaB
BCe CBOe Hemanoe obasHue, ybeanna BO3AYLLHOE areHTCTBO BeAnkobpuTaHun Npoaatb HaM ABa
6uneta Ha «KOHKOpPA», MPUIPO3MB B MPOTUBHOM CAyuyae OrAnackoin. Ho no popore B asaponopT MeHs
3aCTan YyAOBMLUHbIM AOXAb, M 5 ONO3AAA Ha CaMOAET. TeM He MeHee 51 BCe-Taku nonan B
durrapenbOUIo 1 MOAYUMA Mepanb. [TOTOM MeHA MONPOCUAM pacckaldaTb O MOAEAU pa3ayBatoLencs
BceneHHOM Ha cemuHape B YHuBepcutete Apekcera B Ourapenbdumm. BoabLLyO YacTb BPEMEHMU 1,
Kak M B MocKBe, MOCBATUA 3aAa4vaM, CBSI3AHHbIM C 3TOM MOAEAbIO, HO B KOHLE YNOMSIHYA 06 naee
AVMHAE MEAAEHHOMO HapylleHUs CUMMETPUN U O CAEAAHHbIX MHOW McNpaBAeHUAX. Ha ceMmuHape
npucytctBoBan [lon CTerMHxapAT, MOAOAOW npodeccop leHcMAbBaAHCKOro yHuBepcuteta. [locae
CEMUHapa Mbl C HUM OOCYyXAaAM MOAEAb paspyBaHus. B deBpane OH NpPUCAAA MHeE CTaTblo,
HanMCaHHYO UM COBMECTHO CO CTYAEHTOM AHApPeacoM AAOPEXTOM, B KOTOPOW COAEPXAAOChb HEUTO
OYEHb MOX0Xee Ha UAed AMHAE MEAAEHHOrO HapyLlLleHUs cUMMETPUK. MNo3xe CTEMHXapAT Ckal3an
MHE, YTO OH HE MOMHMA MOM paccka3 0 pabore AMHAE U YBMAEA €€, AUllb KOTA@ OHW MOYTU
3aKOHUYMAK cBOtO. Ha 3anape CtenHxapAT U AAOPEXT pa3AeAAtoT cernyac YecTb OTKPbITUA MOAEAM,
KOTOpas Ha3blBaeTcs HOBOW MOAEAbIO pa3pyBaHMA M OCHOBaHa Ha MAEE MEAAEHHOTO HapyLLEHUS
cummetpun. (Ctapor MOAEAbIO pa3ayBaHWs BceneHHOM Ha3biBakOT NpeANOXeHHOe yTom BbicTpoe
HapyLleHMe CMMMETPUN ¢ 0bpaszoBaHMEM MNy3bipen).

HoBass mopenb paspyBaHust BceneHHOM 6Obiaa yAQUHOM MOMBbITKOM OOBACHUTL, MOYEMY
BceneHHasi ctana MMEHHO TakoMW, Kakas oHa cenvac. OAHAKO 1 U elle HECKOAbKO YeAOBEK
noKasaAu, 4YTo 3Ta MOAEAb, MO KparHeN Mepe B NepBOHaYaAbHOM BUAE, NPEACKa3biBaAa ropasa0
6oAblUME BapuauMuM TeMnepatypbl GOHA MUKPOBOAHOBOIO M3AYYEHMS, YEM HaOAOAAEMBIE.
Mocnaeayrouime paboTbl TOXE BHYyLWIAAM COMHEHMA MO MOBOAY TOro, MOIr AM B OYE€Hb PaHHEM
BceneHHOM NPOM30MTU MOAXOASALIMK Ga30BbiM nepexoA. Cam A cuutaro, YTo HOBas MOAEAb
pa3AyBaHUA Kak HayyHas Teopus yxe MepTBa, HECMOTPA Ha TO YTO MHOrue, no-BMAMMOMY, He
CAbILLAAM O €€ KOHUMHE U MPOAOAXKAKT NMucaTb CTaTbM, Kak OyaTO Obl 3Ta MOAEAb BCe elle
XU3HecnocobHa. B 1983 r. AMHAE NPEeAAOXUA BOAeEe YAQUHYHO MOAEAb, Ha3biBAEMYO XaOTUUECKOM
MOAEAbIO pa3ayBaHMA. B HeW HeT HM $al30BOro nepexopa, HU MEPEOXAAXAEHWUS, a B3aMeH
npucyTcTBYET BECCNMHOBOE MOAE, KOTOPOE M3-3a KBAHTOBbIX OAYKTyaLMW NPUHMMAET BOoAblLLME
3HauYeHUsA B HEKOTOPbIX 0BAACTAX paHHeW BceneHHOW. B Taknx 0baacTax aHeprusa noas ByaeTt Bectu
ceba KaK KOCMOAOTMYEeCcKan MOCTOsHHaA. Pe3yAbTaToM AEMCTBMA MNOAS OyAeT rpaBuTaUMOHHOE
OTTaAKMBaHKWE, NOA BAUSHMEM KOTOPOTrO BbllleyKa3aHHble 0OAACTM HauYHYT pasayBaTbes. Mo mepe
YBEAUYEHUA 3TUX 0OAACTEN SHEPTUA MOASI B HUX BYAET MEAAEHHO YMEHbLLATLCSA, MOKa pa3ayBaHWe
He nepenaeT B TakOEe Xe pacluMpeHue, Kak B ropsyer mMoaeAar 6oAbworo B3pbiBa. OpHa U3
obracTen moraa 6bl MPeBPaATUTLCSA B COBPEMEHHYHD HabaopaeMyto BceneHHyo. Moaenb AnHAE
obrapaeT BCEMU NPEUMYLLECTBAMMU PaHHEN MOAEAW pa3AyBaHWUSA, HO HE TpebyeT COMHUTEABHOIO
$a30BoOro Nnepexoaa 1, KPOMe Toro, MOXET AaTb PeanbHYO OLEHKY GAYKTyaUuui Temnepatypbl doHa
MWUKPOBOAHOBOIO M3AYYEHUS, COTAACYIOLLYHOCA C pe3yAbTaTaMu HabAOAEHU.

MpoBeAEHHbIE UCCAEAOBAHUA MOAEAEN Pa3AyBaHWUS NOKa3aAK, YTO COBPEMEHHOE COCTOAHUE
BceneHHOM MOMAO BO3SHUKHYTb M3 BOALLLOIO YMCAA Pa3HbIX HAYAAbHbIX KOHOUIypaLMi. ITO BaXKHbIN
BbIBOA, MO0 M3 HErO CAEAYET, UTO BbIOOP HAYAAbHOIO COCTOAAHWUS TOM YacTn BceneHHON, B KOTOPOM
Mbl XXMBEM, MOTI ObiTb HE OY€Hb TLlATEAbHbIM. HO BOBCE HE M3 BCAKOIO Ha4aAbHOIO COCTOSIHMSA
MOrA@ MOAYUMTbCA Takaa BceaeHHan, Kak Hawa. 3T0 MOXHO AOKa3aTb, MPEAMNOAOXMB, UTO
BceneHHasi celuyac HaxoAMTCA B COBEPLUEHHO APYrOM COCTOSIHWM, KakOM-HUOYAb OYeEHb
HEPEryAAPHOM W KOMKOBATOM. BOCMOAb30BaBLIMCbL 3akOHaAMW HaykW, MOXHO MPOCAEAUTb
pa3BuTMe BceneHHOM Hal3ap BO BPEMEHW UM ONMPEAEAUTb €e KOHdWrypauuto B 6onee paHHMWe
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BpemeHa. 1o TeopemMam O CHHIYAAPHOCTM KAACCUYECKOW 06len Teopur OTHOCWUTEABHOCTU
CUHIYAAPHOCTb B TOUke OOAbLLOro B3pbiBa BCE PaBHO AOAXHA Obina cyllecTtBoBaTb. EcAn Takas
BceneHHas 6ypeT pa3BrBaThCcs BNepea BO BDEMEHW B COOTBETCTBMM C 3aKOHAMMW HayKH, TO B KOHLIE
Mbl MPUAEM K TOMY KOMKOBaTtOMy W HeEPEryAapHOMY COCTOAHMIO, C KOTOPOro HauvyuvHaAW.
CnaepoBaTenbHO, AOAXKHBI CyLLECTBOBATb HayaAbHble KOHOUIypauuu, U3 KOTOPbIX HE MOXeT
NOAYUMTbCA Takan BceneHHasn, Kakow cenyac Mbl BUAMM Hally. 3HauuT, AaXe MOAEAb pa3ayBaHUA
HWUYEro He roBOPUT O TOM, MOYEMY HauyaAbHaA KOHOUrypaumsi okasanaCb He TOW, NPU KOTOPOWM
noAyunmnacb Obl BceneHHasi, CUMABHO OTAMYatOWAnca OT HabAaropaemon Hamu. CaepyeT Au
06paTUTbCst AAA OOBACHEHUS K aHTPOMHOMY MPWMHUMNY? BbIAO AM BCE NPOUCLLEALLEE MPOCTO
CUYaCTAMBOM CAYYaHOCTbIO? TaKoM OTBET BbIFASIAEA Obl Kak BblpaXeHWe OTYasiHUSA, OTpULAHWE BCex
HaLUWX HAAEXA MOHATb, KAKOW Xe MOPSAOK AEXWUT B OCHOBE BCceneHHOM.

AAS MPEACKa3aHWst TOTO0, KakUM AOAKHO ObIAO ObiTb Hauyano BceneHHOM, HeobXxOoAMMbI
3aKOHbl, CMpaBeAAMBble B Havyane oTcyeTa BpemMeHu. Ecanm knaccuueckass obuiaa Teopus
OTHOCUTEABHOCTM BEpHa, TO M3 AOKasaHHbix Poaxepom [leHpoysoM W MHOW Teopem O
CUHTYASIPHOCTU CAEAYET, 4YTO B TOYKE Havyana OTCYeTa BpPEMEeHM MAOTHOCTb W  KPWUBWU3HA
NPOCTpaHCTBa-BpeMeEHW NPUHUMAIOT BECKOHEUYHbIE 3HAYeHUsA. B TakoM Touke HapyllatoTcs Bce
M3BECTHbIE 3aKOHbI NPUPOAbLI. MOXHO ObIAO 6bl MPEANOAOXUTb, YTO B CUHTYASPHOCTAX AEWUCTBYIOT
HOBbIE 3aKOHbI, HO UX TPYAHO GOPMYAMPOBATb B TOUKAX CO CTOAb HEMOHATHbIM NOBEAEHUEM, U Mbl
He 3HaAM Obl, Kak U3 HabAOAEHMI BbIBECTU BMUA 3TMX 3aKOHOB. HO Ha caMoM Aene U3 TEOPEM O
CUHTYAAPHOCTU CAEAYET, UTO rpaBUTALMOHHOE MOAE HACTOAbKO YCUAMBAETCA, YTO CTAHOBATCSH
CYLLLECTBEHHbIMW KBAHTOBbIE FPaBUTALMOHHbIE 3QPEKTbI: KAaCCUYECKan TeOpUa NepectaeT AaBatb
xopolwliee onucaHuve BceneHHOW. [lo3TOMy nNpU M3yYEHUU OYEHb PAHHUX CTaAMK pPa3BUTUSA
BceneHHOWM NPUXOAUTCA NPUBAEKATb KBAHTOBYKO TEOPUIO rpaBuTauMu. Kak Mbl NOTOM YBUAUM, B
KBAHTOBOW TEOPUM 0ObIYHbIE 3aKOHbI HAYKU MOTYT BbIMOAHATLCS BE3AE, B TOM UMCAE U B Havane
oTCYeTa BPEMEHU: HET HEOOXOAMMOCTU MOCTYAMPOBATb HOBbIE 3aKOHbl AA CUHIYASIPHOCTEW,
NOTOMY UYTO B KBAHTOBOW TEOPUU HE AONKHO BbITb HUKAKUX CUHTYASIPHOCTEMN.

Moka y Hac eLle HET MOAHOM 1 COrAAaCOBaHHOM TEOPUU, OOBEAMHSIIOLLIEN KBAHTOBYHO MEXaHUKY
1 rpaBuTaLmMio. Ho Mbl COBEPLLEHHO YBEPEHbLI B TOM, UTO NOAOOHAA eAuMHAA TeEOPUS AOAKHA UMETb
HEKOTOPbIE ONpeAeAeHHble CBOMCTBA. Bo-nepBbix, OHa AOAXHA BKAKOYATb B ce65 perMHMaHOBCKUN
METOA KBAHTOBOM TEOPWUM, OCHOBAHHbIM Ha CyMMax Mo TPaeKTopuaM 4YacTuubl (M NO «UCTOPUAM»
BceneHHOM). lpyM TakoMm MeToAe B OTAMUME OT KAGCCUUYECKOM TeopuM 4acTvua YXe He
paccMatpuBaeTcs  Kak  obhapalollas OAHOW-EAMHCTBEHHOW  Tpaektopuen.  Hanpotus,
npeAnoAaraeTcs, 4Yrto OHa MOXET [MepemMelaTbCs N0 BCEM BO3MOXHbIM  NyTAM B
NPOCTPAHCTBE-BPEMEHM U AHOOON €e TpaeKTopMM OTBEYAET Mapa UYMCEA, OAHO M3 KOTOPbIX AAET
AAMHY BOAHBI, @ APYroe — NoAOXeHUE B NEPUOAE BOAHbI (Pa3y). Hanpumep, BEPOATHOCTb TOr0, UTO
yacTuLa NPOMAET YePE3 HEKOTOPYHO TOUKY, MOAYYaETCS CyMMMUPOBAHMEM BCEX BOAH, OTBEUYAROLLMX
KaXXAOM BO3MOXHOW TPAEKTOPUKU, MPOXOASLLEN Yepeld 3Ty TOUKy. HO MonbITKM NPOU3BECTU TaKoe
CYMMWPOBaAHWE HaTaAKMBAIOTCA Ha CEPbE3HbIE TEXHUUYECKME 3aTPyAHEHMUA. UX MOXHO 060WTH,
AVLlLb BOCMOAb30BaBLUMCb CAEAYIOLLMM  CneunasbHbIM  PeuenTtoM: CKAAAbIBAKOTCA  BOAHbI,
obpasytollne Te UCTOPUK (TPAEKTOPUKU) YaCTUL, KOTOPbIE MPOWUCXOAAT HE B OLLyLIAEMOM HaMu
pearbHOM (AEUCTBUTEABHOM) BPEMEHHU, a B TaK Ha3blIBAEMOM MHUMOM BpeMeHU. MHMMOe Bpems
3BYUMT, BOBMOXHO, Hay4YHO-paHTaCTUUECKH, HO HA8 CaMOM AeAe 3TO CTPOro onpeAeAeHHoe Hay4yHoe
NOHATME. YMHOXMB OOblUHOE (MAM AEMCTBUTEABHOE) UYMCAO CaMO Ha cebsi, Mbl MOAyYMM
NMOAOXUTEABHOE UMCAO. (Hanpumep, YUUCAO 2, YMHOXEHHOE Ha 2, AaeT 4, 1 TO XXe caMOe MNoAyYaeTcs
NPY YMHOXEHUN -2 Ha —-2). HO CyLLecTBYOT 0CObble YMCAA (OHU HA3bIBAOTCA MHUMbIMU), KOTOPbIE
MPU YMHOXEHUN camMK Ha cebsa patoT oTpuuaTeAbHbIM pe3yAbTaTt. (OAHO M3 TaKMX YMCEA, MHUMas
€AMHMLA i, MPU YMHOXEHWM CaMo Ha cebs paeT -1, YMCAO 2i, YMHOXEHHOE caMo Ha cebs, paeT -4
M T. A.). BOo n3bexaHume yCAOXHEHUM TEXHUYECKOrO XapakTepa Mpu BbIUMCAEHUN GENHMAHOBCKUX
CYMM MO TPAEKTOPUSIM CAEAYET NEPEXOANTb K MHUMOMY BPEMEHW. ITO O3HAYAET, UTO NPU pacyeTax
BpEMA HapAO0 WM3MeEpPSATb HE B  AEUCTBUTEAbHbIX €AMHMLAX, a B MHWMbIX. Toraa B
NPOCTPAHCTBE-BPEMEHM 0OHAPYXMUBAKOTCA MHTEPECHbIE UBMEHEHUSA: B HEM COBEPLLUEHHO UCUYE3aeT
pasAMune Mexay BpeMeHeM W MpoCTpaHCTBOM. [1pOCTpaHCTBO-BPEMS, B KOTOPOM BpeEMEHHas
KOOpPAMHATa COObITUA WMMEEeT MHMMble 3HAYeHWs, Ha3blBalOT EBKAMAOBBIM, B YeCTb
APEBHErpPeYeckoro yueHoro EBkAnaa, ocHoBaTeAs! yYeHUA O reOMeTPUM ABYMEPHbIX MOBEPXHOCTEN.
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To, UTO Mbl Cenyac Ha3blBaEM EBKAMAOBbLIM MPOCTPAHCTBOM-BPEMEHEM, OYEHb MOXOXE Ha
nepBOHaYaAbHYO reOMeTPUI0 EBKAMA@ M OTAMYAETCS OT HEE AULLb YUCAOM M3MEPEHUN: YeTbIpe
BMECTO ABYX. B €BKAMAOBOM MPOCTPAHCTBE-BPEMEHU HE AEAAETCSH PA3AUUMIK MEXAY OCbIO BPEMEHH
M HanpaBAEHMAMW B MNPOCTPaHCTBE. B peanbHOM Xe NpoCTpaHCTBE-BPEMEHM, A€ CODObITUAM
OTBEYaloT AEMCTBUTEAbHbIE 3HAUYEHUA KOOPAUHATbI BPEMEHU, 3TU Pa3ANUYMNSA BUAHBI CPa3y: AASI BCEX
CObObITUI OCb BPEMEHU AEXMT BHYTPM CBETOBOIO KOHyCa, @ NPOCTPAHCTBEHHbIE OCU — CHaApyXW. B
AOBOM CAyyae, noka Mbl UMeemM AeA0 C OOblYHOM KBAHTOBOW MEXaHWKOW, MHMMOE BPEMS U
€BKAMAOBO MPOCTPaAHCTBO-BPEMS MOXHO pacCcMaTpmuBaTtb MPOCTO Kak MaTeMaTUYECKUM MPUEM AAS
pacyeTa BeAMYMH, CBA3AHHbIX C PeaAbHbIM MPOCTPaHCTBOM-BPEMEHEM.

Bropoe ycnoBue, KOTOpPOE AOAXHA BKAKOUYATb B ceba Atobasi 3aBeplueHHas Teopus, — 3TO
NPEANOAOXKEHME OJWHWTEMHA O TOM, 4YTO rpPaBUTALMOHHOE TMOAE TMPEACTAaBASIETCA B BUAE
UCKPUBAEHHOIO MPOCTPaAHCTBA-BPEMEHU: YaCTULbl CTPEMATCA ABUraTbCA MO TPaAEKTOpUAM,
3aMEHAIWNUM B WUCKPUBAEHHOM  MNPOCTPAHCTBE-BPEMEHM  MpPAMblE, HO,  MOCKOAbKY
NPOCTPAHCTBO-BPEMSA HE MAOCKOE, 3T TPAEKTOPUM UCKPUBARAIOTCSH, KaK BYATO Ha HUX AEMCTBYET
rpaBuTaUMOHHOE MoAe. EcAn denHMaHOBCKOE CyMMMpPOBaHWE MO TPAEKTOPUSIM COEAUHUTb C
npeAcTaBAEHMEM JWHLWITEMHA O rpaBUTaLMKM, TO TOrA@ aHAAOrOM TPAEKTOPUM OAHOW YacTuLbl
CTaHET BCE UCKPUBAEHHOE MPOCTPAHCTBO-BPEMS, KOTOPOE MPEACTABASET COOOM MCTOPUIO BCEW
BceneHHoW. AAS TOro UToObl M3bEXaTb TEXHUYECKUX 3aTPYAHEHWIA, KOTOPbIE MOTYT BCTPETUTLCS NPU
KOHKPETHOM BbIYUCAEHUM CYMMbI MO UCTOPUAM, UCKPUBAEHHbIE YETbIpEXMEPHbIE NPOCTPAHCTBA
HaAO CuMTaTb €BKAMAOBBIMUW. JTO O3HAYaeT, YTO OCb BPEMEHM MHUMasA U He OTAMYaeTcs OT
MPOCTPAHCTBEHHbIX 0OCeW. AAS  BbIYUCAEHUSI BEPOATHOCTM TOrO, YTO  AEWUCTBUTEAbHOE
NPOCTPAHCTBO-BpeMSA 0OAapaeT HEKOTOPbIM CBOMCTBOM, HanpuMep BbIrASAUT OAMHAKOBO BO BCEX
TOUKaxX M BO BCEX HaMpPaBAEHWUSX, HAAO CAOXWUTb BOAHbI, COOTBETCTBYIOLLUME BCEM TEM UCTOPUAM,
KOTOPble 06AAAAKOT 3TUM CBOMCTBOM.

B knaccuueckon 06u1en Teopun OTHOCUTEABHOCTU MOXET CyLLIECTBOBATb MHOMO Pa3HbIX BUAOB
MCKPUBAEHHOIO NPOCTPaHCTBA-BPEMEHU, U BCE OHW OTBEYALOT Pa3HbIM HayaAbHbIM COCTOSIHUAM
BceneHHOW. 3HaA HauyaAbHOE COCTOSIHWME Hallew BceneHHOM, Mbl 3HaAM Obl LEAMKOM BCHO ee
NCTOPUIO. AHAAOTMUYHO B KBAHTOBOW TEOPUM FpaBUTaLMKM BO3MOXHO MHOIO pPasHbIX KBAHTOBbIX
COCTOSIHMM BceneHHOM, M TOUHO TaK Xe, 3Hasl, kak BeAn cebsi B paHHME BPEMEHA UCKPUBAEHHbIE
€BKAMAOBBI UYETbIPEXMEPHbIE MPOCTPAHCTBA B CyMME MO MCTOPMAM, Mbl MOTAM Obl ONPEAEAUTb
KBaHTOBOE COCTOAHME BCceneHHOM.

B Knaccuueckomn Teopmn rpaBrTaLLMm, MCNOAL3YHOLLEN AEMCTBUTEABHOE NPOCTPAHCTBO-BPEMS,
BO3MOXHbl AMWb ABa Tuna noBeaeHUMAa BceneHHOM: AMOBO OHa cCyllecTBOBaAa B TeUYEHUE
6ECKOHEUHOro BpemMeHW, AMBO ee HauvyanoM ObiAa CUHIYASIPHAA TOYKA B KAKOW-TO KOHEYHbIN
MOMEHT BPEMEHM B MNPOLAOM. B KBAHTOBOM X€ TEOpWUW TrpaBUTALMU BO3HUKAET WU TPETbSA
BO3MOXHOCTb. MOCKOAbKY WMCMOABL3YHOTCA E€BKAMAOBbLI MPOCTPAHCTBA, B KOTOPbIX BPEMEHHAA U
NPOCTPAHCTBEHHbIE OCU PaBHOMPABHbI, MPOCTPAHCTBO-BPEMS, OYAyUM KOHEUHbIM, MOXET TEM HE
MEHee He WMETb CUHIYASIPHOCTEW, O0Opasytolmx €ero rpaHuuy WAM  Kpaw. Toraa
NPOCTPAHCTBO-BPEMSA HAMOMMHAAO Obl MOBEPXHOCTb 3EMAM C ABYMSA  AOMOAHUTEAbHLIMMW
n3mepeHmamMun. NMoBepxHOCTb 3EMAN UMEET KOHEUHYIO NMPOTAXKEHHOCTb, HO Y HEE HET HWU rPaHuLpl,
HW Kpas: NOMNAbIB MO MOPKO B CTOPOHY 3aKaTa, Bbl HE BblBAAMTECb Yepe3 Kpal M He nonapeTe B
CUHIYAAPHOCTb (51 3TO 3Hato, cam obbexan BOKpyr ceetal).

EcAM eBKAMAOBO MpPOCTPAHCTBO-BPEMSA MPOCTUPAETCA Haszap MO MHMMOMY BPEMEHM AO
OECKOHEUYHOCTU WAM HAUYMHAETCA B CUHIYAAPHOM TOYKE MHWUMOIO BPEMEHMU, TO, KAk U B
KAACCUYECKOW TEeOpPUM OTHOCUTEABHOCTM, BO3HWMKAET BOMPOC 00 OnpepeneHWMM HayaAbHOro
cocTtosHMA BceneHHon - bory, MOXeT 6bITb, M U3BECTHO, KAKUM ObIAO Ha4yano BceneHHOM, HO Y Hac
HET HUKAKMX OCHOBAHWW MbICAUTb 3TO HayaAO TakMM, a He WHbIM. KBaHTOBas Xe Teopus
rpaBUTaLMM OTKPbIAA OAHY HOBYHO BO3MOXXHOCTb: MPOCTPAHCTBO-BPEMSI HE WUMEET rpaHuubl, U
NO3TOMY HET HEOBXOAMMOCTHM OMPEAEASTb MOBEAEHWE Ha rpaHuue. Toraa HET U CUHIYAAIPHOCTEN, B
KOTOPbIX HapyllaAucb Obl 3aKOHblI HaykW, a MPOCTPAHCTBO-BPEMSA HE MMEET Kpas, Ha KOTOPOM
NPULLIAOCH 6bl Npuberatb K NomMoLLM bora MAM Kakoro-HMbyaAb HOBOrO 3aKOHa, UTOObI HAAOXUTb Ha
NPOCTPAHCTBO-BPEMSA TPaHUUYHbIE YCAOBUA. MOXHO 6bIAO Obl CKa3aTb, UTO rPaHUUYHOE YCAOBUE AAA
BceneHHOM - oTcyTcTBME rpaHuu. Toraa BceneHHas 6bina 6bl COBEPLUEHHO CaMOCTOATEAbHA U
HUKaK He 3aBUceAa Obl OT TOrO, UTO NPOUCXOAMT CHapPYXK. OHa He Bbina Obl COTBOPEHA, €€ HEeAb3S
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6bINO Obl YHUUTOXKUTb. OHa NPOCTO cyLLecTBOBaAa Obl.

A y>xe ynoMmnHaA paHee o BatnkaHckon KoHdGepeHUMn. MMEHHO Ha HeW 51 BNEPBbIE BbICKA3aA
TY MbICAb, YTO MPOCTPAHCTBO M BPEMS, BO3MOXHO, 06pa3ytoT BMECTE HEKYHO MOBEPXHOCTb, KOTOPas
MMEET KOHEUHYIO MPOTAXEHHOCTb, HO HE MMEET rpaHul, U KpaeB. OAHAKO MOSA CTaTbl HOCWMAA
MaTeMaTUUYECKMI XapaKkTep, U B Ty Nopy, B 06LEM, HUKOMY (Tak Xe, Kak U1 MHE) He MPULLAO B
FOAOBY, UTO M3 3TOIO MOAOXEHMA MOTYT CAEAOBATb BbIBOAbI O POAM bora B coTBOpeHUn BceneHHoM.
B 10 Bpems, Korpaa npoucxopMna BaTuMkaHCkana KOHOepeHuMs, 8 He 3HaA elle, Kak MOXHO
MCMNOAb30BaTb YCAOBME OTCYTCTBUS FPaHUL, YToObl CAEAaTb BbIBOAbI OTHOCUTEABHO BceneHHoM. Ho
CAeAyloLLEeE AETO A NMPoBeA B KaaMpopHUICKOM yHUBepcUTeTe, Haxoaswemcs B CaHTa-bapbape.
Tam 0AMH MOW APYT U KOAAETa, AKUM XapTA, UCCAEAOBAA NPU MOEM YYaCTUM BOMPOC O TOM, KAKUM
YCAOBUAM AOAXKHA YAOBAETBOPATb BceneHHasn, ecAM NpOCTPaHCTBO-BPEMSA HE MMEET rpaHul. B
Kembpuaxe a NpoAOAKMA 3Ty paboTy ¢ AByMS CBOMMMK acnupaHTaMmu, AKyAnaHoM NAaTTpeAoM U
A>KOHATaHOM XOAAMY3AAOM.

Xouy NOAYEPKHYTb, YTO AGHHOE MOAOXKEHWE O TOM, UTO BPEMS M MPOCTPAHCTBO AOAXHbI ObITh
KOHeYHbl 6e3 rpaHuL, eCTb BCErO AMLLb TEOPETUUECKMI NOCTYAAT:. OHO HE MOXET ObITb BbIBEAEHO U3
Kakoro-AMbo Apyroro npuvHUMna. Kak u BCSIKOE TEOPETUUYECKOE MOAOXEHWE, OHO MOXET ObITb
NnepBOHAYaAbHO BbIABUHYTO W3 3CTETMYECKUX WAM METadU3UUYECKUX COOOpaxeHur, HO 3aTem
AOMNXKHO MPOWTH peanbHyH NPOBEPKY — NMO3BOASIET AU OHO AeAaTb MPEACKA3aHMA, COrAACyHOLLMECS C
HabAoAEHUAMWU. B cAydae KBAHTOBOW TEOPUM FpaBUTaLMK Takaa NpoBepka 3aTpyAHEeHa Mo ABYM
npuvunHam. Bo-nepBbix, kak BYAET NMokKaszaHO B CAEAYHOLLEWN TAABe, Mbl €lle HE UMEEM TeOpUH,
KOTOpas ycnewHo o6beAnHANa Obl 06LLYH TEOPUD OTHOCUTEABHOCTU C KBAHTOBOW MEXAHUKOM, XOTA
HamM BO MHOrom M3BecTHa ¢opma, KOTOpytd AOAKHA MMETb Takas Teopusi. Bo-BTOpbIX, BcsAkas
MOAEAb, AETAaAbHO OMMUCbIBatoWan BCHO BceneHHyto, HECOMHEHHO, ByaeT B MaTemMaTMyeCcKoMm
OTHOLLIEHUWN CAULLIKOM CAOXHA, UTOObI MOXHO ObIAO Ha €€ OCHOBE BbINOAHATL TOUHbIE BbIUMCAEHUS.
Moatomy B pacuetax HensbexHbl ynpollatolmne MPEANOAOXKEHUS U NPUBAMXEHUA, U AaXE MPU
5TOM 3apaya U3BAEYEHMA NPEACKA3aHM OCTAETCH YYAOBULLIHO CAOXHOW.

Bcsikas uctopumsa B cymmMe no Uctopusim ByaeT onmcbiBaTb HE TOAbKO NMPOCTPAHCTBO-BPEMS, HO
M BCE B HEM, B TOM UYMUCAE BCE CAOXHbIE OpraHu3Mbl, MOAOOHbIE UYEAOBEUYECKMM CYLLECTBAM,
KOTOpble MOryT ObiTb HAabAIOAQTEASIMM UCTOPUKM BceneHHOM. B 3TOM MOXHO BWMAETb €llle OAHO
onpaBAaHWME AHTPOMHOro NpUHUMNAG, MO0 €CAM BCE UCTOPUMM BO3MOXHbI, TO, KOAb CKOPO Mbl
CYLLECTBYEM B OAHOWM M3 HUX, Mbl UMEEM NPABO MM NMOAb30BATbCA AAA OObACHEHWS MPUYUH TOTO,
YTO MUP TaKOB, KAKOB OH €CTb. HEAACHO AMLLb, KAKOM CMbICA CAEAYET BAOXWTb B APYrMe UCTOPUH, B
KOTOPbIX Hac HeT. Ho Takas KapTMHa KBaAHTOBOW Teopuu rpaBuTaumm Bbina 6bl ropas3po b6onee
YAOBAETBOPUTEABHOM, ECAM Bbl MOXHO BbINO NOKa3aTb, YTO NPU METOAE CYMM MO UCTOPUAM Halla
BceneHHasi oTBeYaeT He NPOCTO OAHOM M3 BO3MOXHbIX UICTOPUI, @ OAHOW M3 Hanbonee BEPOSTHbIX.
AAS 3TOr0 Mbl AOAXHbI BbIMTOAHUTb CYMMMUPOBAHUE HO UCTOPUSAM AAS BCEX BO3MOXXHbIX €BKAMAOBbIX
NPOCTPAHCTB-BPEMEH, HE UMEIOLLIMX TPAHMWLL.
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EcAM MpUHATL yCAOBME OTCYTCTBMA TPaHWL, TO OKa3blBAeTCs, YTO BEPOATHOCTb Pa3BUTUSA
BceneHHOM HO OOAbLUMHCTBY BO3MOXHbIX WCTOPUMA MNPEHEDBPEXUMO MaAa, HO CyLlecTByeT
HEKOTOPOE CEMENCTBO UCTOPMI, 3HAUUTEABHO BOAEE BEPOATHLIX, YEM OCTaAbHbIE. ITU UCTOPUU
MOXHO M300pa3nTb B BUAE KakK Obl MNOBEPXHOCTU 3eMAM, Npuyem pacctosiHne Ao CeBepHOoro
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MOAKOCA COOTBETCTBYET MHUMOMY BPEMEHU, @ pa3Mepbl OKPYXXHOCTEN, BCE TOUKMU KOTOPbIX PaBHO
yAaAeHbl 0T CeBepHOro NoAkoca, 0TBeYatoT NPOCTPaHCTBEHHBIM pa3mMepam BceneHHoW. BceneHHas
HauMHaeTCs Kak Touka Ha CeBepHOM noAtoce. Mpu ABUXEHUKU Ha HOT TaKWUE LLUMPOTHbLIE OKPY>XHOCTH
YyBEAUMYMBALIOTCA, YTO OTBEYAET pacluMpeHuto BceneHHOM C TeYeHMeM MHUMOrO BPEMEHM (puc.
8.1). BceneHHasa AOCTUraeT MakCMMaAbHOIO pa3mepa Ha 3KBatope, a 3aTeM C TeYHEHUEM MHUMOIo
BPEMEHU CXMMaeTCA B TOUKY Ha HOXXHOM noatoce. HecmoTpsi Ha T0, uto Ha CeBepHOM 1 KOXXHOM
noAtoce pasmep BceneHHOM paBeH HYAHD, 3T TOUYKM OYAyT CHUHIYASIPHBIMW He 6onee, Yem
CeBepHbI M KOXHbIM MOAKOC HAa NOBEPXHOCTU 3eMAK. 3aKOHbI HAYKK BYAYT BbIMOAHATLCA B HUX Tak
Xe, KaK OHU BbIMOAHSAOTCA Ha CeBepHOM 1 KOXXHOM NoAtOCax 3EMAMU.

Ho B AEACTBUTEABHOM BPEMEHU UCTOPUA BCEAEHHOW BbIFASIAUT COBEPLLEHHO MHa4Ye. AecaTb
WAW ABaALATb TbICAY MUAAMOHOB AET Hasap pa3mep BceneHHOW MMeA MUHUMMaAbHOE 3HauvyeHue,
paBHOE MaKCMMaAbHOMY pPaAuycy WCTOPUM B  MHUMOM BpeMeHW. 3atem, C TeyeHUem
AEWCTBUTEABHOTO BpeMeHMW, BceneHHas paclumpsinaCb B COOTBETCTBMM C XaOTUUECKOM MOAEALIO
pa3ayBaHUA, NMPEANOXEHHOM /AMHAE (HO Tenepb yXe HEeT HeobXOAMMOCTM MpeAnoAaratb, 4TO
BceneHHas 6bina KakMM-TO 06pa3oM co3paHa B NMPaABUMAbHOM COCTOSIHUKM). BceaeHHas AoCTUrAa
O4YeHb BOAbLLMX Pa3MepoB, a MOTOM AOAXKHA OMATb CXATbCA B HEYTO, UMEKOLLEE B AEMCTBUTEABHOM
BPEMEHU BUA CUHTYAAPHOCTH. [MO3TOMY B KAKOM-TO CMbICAE€ BCE Mbl OBpPEUEHDI, AaXE eCAN BypeM
AEPXATbCA MOAAAbLLE OT YepHbIX Ablp. CUHIYAAPHOCTEM He OyAeT AuMlb B TOM CAyyae, eCAu
npeAcTaBAATb cebe pa3BuTne BceneHHOM B MHUMOM BPEMEHW.

Ecan BceneHHas Ha caMOM Aene HaXOAUTCA B TaKOM KBAHTOBOM COCTOSIHWUK, TO €€ UCTOPUSA B
MHUMOM BPEMEHU HE OYAET MMETb HUKAKUX CUHIYASPHOCTEN. [03TOMYy MOXET nokasaTbCs, UTO
MOMMM NOCAEAHUMU PaboTaMmn O CUHTYASPHOCTSIX MOAHOCTbLIO 3a4€PKHYTbI MOW Xe CTapble paboThbl
O CUHTIYASIPHOCTAX. HO, Kak y)Xe 0TMeyaAoCb, FAaBHOE 3HaUYEHUE TEOPEM O CUHTYASIPHOCTAX TaKOBO:
OHM NOKa3bIBakOT, UTO rPaBUTALMOHHOE HOAE AOAKHO CTaTb OUYEHb CUAbHbIM, TaK UTO HEAL3A ByaeT
npeHebpeub KBAaHTOBbIMW IPaBUTALMOHHbIMU 3ddekTaMn. MMEHHO 3TO BEAET K BbiBOAY, YTO B
MHUMOM BpeMeHn BceneHHasi AOAXKHA ObiTb KOHEUYHOW, HO 6e3 rpaHuL, U CUHTYAAPHOCTER. [o
BO3BpPALLEHUU XE B peanbHOE BPEMS, B KOTOPOM Mbl XXMBEM, OOHAPYXMBAETCSA, YTO CUHTYASPHOCTU
NOSIBASIFOTCA OMATb. ACTPOHABT, yNnaBLIMKA B YEPHYHO Ablpy, BCE PaBHO MPUAET K TparMyeckomy
KOHLLY, U TOAbKO B MHUMOM BPEMEHMU Yy HEFO HE ObINO Obl BCTPEUMN C CUHTYAAPHOCTSMM.

MoxeT b6bITb, CAEAOBANO Obl 3aKAOUUTb, UTO TaK Ha3blBaEMOE MHWMOE BPEMSA - 3TO Ha
caMOM Aene eCTb BPEMS peanbHOE, a TO, UTO Mbl Ha3blBAEM pPeaAbHbIM BPEMEHEM, — NPOCTO MAOA
Hawero BoobOpaxeHuss. B AeWCTBUTEABHOM BpeMeHM Yy BCeAeHHOM ecTb Hayano M KOHel,
OTBEYAlOLLME CUHTYAAPHOCTAM, KOTOPble 06pa3ytoT rpaHuLy NPOCTPaHCTBA-BPEMEHU U B KOTOPbIX
HapyLlaroTCA 3aKOHbl HAYKU. B MHUMOM € BPEMEHW HET HU CUHTYAAPHOCTEN, HU rpaHuL,. Tak uTo,
OblTb MOXET, UMEHHO TO, YTO Mbl Ha3blBAEM MHWMbIM BPEMEHEM, Ha camMoM pene Bonee
dGYyHAAMEHTAAbHO, @ TO, YTO Mbl Ha3blBAEM BPEMEHEM pPEaAbHbIM, — 3TO HEKOE CYyObEKTUBHOE
NpeACTaBAEHME, BO3HUKLLEE Y HAC Mpu NonbITKax OnucaTtb, Kakou Mbl BUAMM BceneHHyto. Beap,
COrAaCHO Cka3aHHOMY B TA. 1, HayyHas Teopua €CTb MPOCTO MaTtemMaTMyeckas MOAEAD,
NOCTPOEHHAss HaMKU AAA ONMMUCAHUA PEe3yAbTaToB HabOAIOAEHMI: OHa CyLLEeCTBYET TOAbKO Y HacC B
ronose. [103TOMy HE UMEET CMbICAA@ CNpallnBaTh, UTO XE PearbHO — AEUCTBUTEAbHOE BPEMS UAM
BPeEMSA MHUMOE? BaXHO AWLLIb, KAKOE N3 HUX BOAEE MOAXOAUT AN OMUCAHMS.

Mbl MOXeM Tenepb, NOAb3YACb METOAOM CYMMUPOBAHUS HO UCTOPUAM U MPEAMNOAOXKEHUEM
06 OTCYTCTBMM T[paHuWL, MNOCMOTPETb, KaKUMW CBOMCTBaMM BceneHHas MoxXeT obaapatb
OAHOBpPEMEHHO. Hanpumep, MOXHO BbIYMCAUTb BEPOATHOCTb TOro, UYTO0 BceaeHHas pacwupsaertcs
NPUMEPHO C OAMHAKOBOW CKOPOCTbIO BO BCEX HaMpaBAEHWSIX B TO BPEMS, KOraa MAOTHOCTb
BceneHHOW MMeeT coBpeMEHHOE 3HaueHne. B ynpoLEeHHbIX MOAEASX, KOTOPbIMW Mbl AO CUX MOP
3aHMMaAKCb, 3Ta BEPOATHOCTb OKA3bIBAETCA BECbMa 3HAUYMTEAbHOW; TakMM 06pa3oMm, yCAOBME
OTCYTCTBUA TPaHUL, MPUBOAUT K BbIBOAY O YpPE3BblUaMHO BbICOKOW BEPOATHOCTM TOrO, 4TO
COBPEMEHHbIN TEMN paclunpeHnus BceneHHOW NoYTM OAMHAKOB BO BCEX HanpaBAEHMUAX. ITO
cornacyeTcs ¢ HabAAEHUSIMU GOHA MMKPOBOAHOBOIO M3AYYEHUS, KOTOPbIE MOKa3blBAIOT, UTO €ro
MHTEHCUBHOCTb BO BCEX HaMNpaBAEHWUSIX MOYTM OAMHAKoBa. Ecan Obl BceaneHHass B OAHMX
HanpaBAeHWAX paclMpsaracb ObiCTpee, YeM B APYrMX, TO MHTEHCMBHOCTb WM3AYYEHUSA B 3TUX
HanpaBAEHMAX YMeHbLUAAACh Obl 3@ CYET AOMOAHUTEABHOIO KPACHOI0 CMELLEHMS.

CeWuac n3ydatotcs U Apyrme CAEACTBMA U3 YCAOBUS OTCYTCTBUSA rpaHml. OcCOB6EeHHO MHTEpPECHa
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3apav4a O MaAbIX OTKAOHEHMSIX MAOTHOCTM OT OAHOPOAHOM MAOTHOCTM paHHeW BceneHHoOM, B
pesyAbTaTe KOTOPbIX BO3HUKAM CHauaAa ranakTMKK, MOTOM 3BE3Abl M HAKOHEL, Mbl camu. B cuay
NPUHLMNA HEONMPEAEAEHHOCTU paHHAA BceneHHass He MOXeT ObiTb COBEPLUEHHO OAHOPOAHOW,
NMOTOMY UYTO AOAXHbI 0683aTEABHO MPUCYTCTBOBATb HEKOTOPbLIE HEOMPEAEAEHHOCTM B NMOAOXKEHUSIX U
CKOPOCTAX yacTul, — OAyKTyaumn. Mcxopst M3 YCAOBUSI OTCYTCTBMSA TPaHUL, Mbl HAaWAEM, 4TO B
HayaAbHOM COCTOSSHUW BO BCeAeHHON AeMCTBUTEABHO AOAXKHA ObITb HEOAHOPOAHOCTb, MUHUMAAbHO
BO3MOXHas C TOUKU 3PEHUSA NMPUHLUNA HEONPEAEAEHHOCTU. 3aTeM BceneHHana nepexuaa nepuoa
ObICTPOro pacLUMPEHUS, KaK B MOAEASIX pa3pyBaHuA. B TeueHue 3TOro nepuvopa HaudaAbHble
HEOAHOPOAHOCTU YCUAMBAAMCb, MOKA HE AOCTUIAM Pa3MEPOB, AOCTATOYHbIX, YTOObI OOBACHWUTH
NMPOUCXOXAEHUE TEX CTPYKTYP, KOTOPble Mbl BUAMM BOKPYr cebsi. B TakoW paclumpsirouencs
BceneHHOM, B KOTOPOM MAOTHOCTb BELLECTBa cAabo MeHAeTcs OT MecTa K MecCTy, pacliMpeHue
H6onee NAOTHbIX 0BAACTEN NOA AEMCTBMEM rPaBUTaLIMK MOTAO 3aMEAAUTLCS U NEPENTH B CxaTtne. 1o
AOAXKHO NMPUBECTU K 00pa3oBaHUIO FaAaKTUK, 3BE3A WM, HAKOHEL, AaXe TakuX HEe3HAUUTEAbHbIX
CYLLECTB, Kak Mbl. Takum 06pa3om, BOSHUKHOBEHME BCEX CAOXHbIX CTPYKTYP, KOTOPbIE Mbl BUAUM
BO BceneHHOW, MOXHO OOBbACHUTb YCAOBMEM OTCYTCTBMSI Y HEe TrpaHuL, B COYeTaHWU C
KBaHTOBO-MEXaHUUYECKUM MPUHLUUMTOM HEONPEAEAEHHOCTH.

M3 npepcTaBAEHUA O TOM, YTO MPOCTPAHCTBO U BpeMs 06pa3ytoT 3aMKHYTYHO MOBEPXHOCTb,
BbITEKAIOT TAKXE OUEHb BaXXHbIE CAEACTBUSA OTHOCUTEABHO POAM bora B Xxu3Hu BeceneHHou. B cBA3K
C ycnexamu, AOCTUIHYTbIMW Hay4YHbIMW TEOPUAMM B OMUCAHUU COOBITUIM, BOABLUMHCTBO Y4Y€HbIX
NPUWIAO K YybexaeHuto, uto Bbor no3BoaseTr BceneHHOM pa3BMBaThCA B COOTBETCTBUU C
ONpPEeAEAEHHOW CUCTEMOWN 3aKOHOB M HE BMELLUBAETCH B €€ pa3BUTME, HE HapyLLAET 3T 3aKOHbI.
HO 3akoHbl HMYEro HEe rOBOPSAT HAaM O TOM, Kak BbIrASAena BceaeHHasi, Koraa oHa TOABbKO
BO3HWKAQ, - 3aBECTM 4Yacbl M BbibpaTb Ha4yaAO BCe-TakM MOFAO ObiTb AeAoM bora. oka Mbl
cuutaem, 4to y BceneHHoM BbInO HaYano, Mbl MOXEM AymMaTb, UTO y Hee bbin Co3patenb. Ecan xe
BceneHHasi AEMCTBUTEABHO MOAHOCTbIO 3aMKHYTa M HE UMEET HU IPaHUL, HYU KpaeB, TO TOrAa Y Hee
HEe AOAKHO ObiTb HM Hauyana, HU KOHLIA: OHa MPOCTO ecTb, M Bce! OcTaetca AWM TOrpa MEecTo AAS
Cosparens?

9. Crpena BpeMeHu

B npeablaylUmMx raaBax Mbl BUAEAM, KaK MEHAAUCb HalUW B3rASAbl HA MPUPOAY BPEMEHM C
TeyeHrMeM AeT. A0 Hayana HbIHELIHEro BeKa AOAM BEPUAM B aBCOAOTHOE BpeMs. ATO 3HAUUT, 4To
KaXA0€ cobbITME MOXHO EAMHCTBEHHbBIM 00Pa30M MOMETUTb HEKMM UMCAOM, KOTOPOE Ha3blBaeTcsA
BPEMEHEM, U BCE TOYHO MAYLLME Yacbl ByAyT NOKa3biBaTb OAMHAKOBbIM MHTEPBAA BPEMEHU MEXAY
ABYMS1 cOObITUAMU. HO OTKpbITME, UTO CKOPOCTb CBETa OAHA M Ta Xe AAA Aoboro Habatopatean
HEe3aBMCUMMO OT TOr0, Kak OH ABMXETCSH, NPUBEAO K CO3AAHWUIO TEOPUM OTHOCUTEABHOCTH, KOTOpPas
OTBEPrAa CyLLECTBOBAHME €AMHOrOo abCoOAKOTHOrO BpeMeHW. Kaxablt HabAaropaTeEAb UMEET CBOE
BPEMS, KOTOPOE OH M3MEPSET CBOMMM YacaMu, M MOKa3aHUS YacoB pPa3Hbix HabAlopaTenen He
06513aHbl coBNaaaTtb. Bpemsa ctano 6oaee cybbeKTMBHBIM NOHATUEM, CBA3AHHBIM C HabAOAaTENEM,
KOTOPbIV €ro u3mepser.

MonbITkK 06bEAMHUTL TPABUTALMIO C KBAHTOBOM MEXAHUKOM MPUBEAU K MOHSATUIO MHUMOIO
BpeMeHW. MHMMOe BpeMS HUYEM HE OTAMYAETCA OT HanpaBAEHWI B NpOoCTpaHCcTBe. MasA Ha cesep,
MOXHO MOBEPHYTb Ha3ap M MOWTU Ha tor. AHAAOIMUYHO, ECAM KTO-TO MAET BNEPEA B MHWUMOM
BPEMEHU, TO OH MOXET NOBEPHYTb M MOWTU Ha3aa. ATO 03HAYAET, UTO MEXAY NPOTUBOMOAOXHbLIMMU
HanpaBAEHUSIMU MHUMOIO BPEMEHWU HET CYLLECTBEHHOM pasHUUbl. HO Koraa Mbl UMEEM AEAO C
peanbHbIM BPEMEHEM, TO Mbl 3HAEM, YTO CYLLLECTBYET OFPOMHOE pa3AMune MeXAY ABUKEHUEM BO
BpemMeHu Bnepea M Hasap. OTkypa xe beperca Takaa pasHuua MeXAy MPOLAbIM U ByAyLLIMM?
MoyemMy Mbl MOMHUM MPOLLAOE, HO HE MOMHKM ByAyLLErO?

3aKOHbl HayKM He OTAMYAOT MPOLUAOTrO OT byayulero. TouHee roBopsl, 3aKOHbl HAayKU He
MEHSIOTCS B pe3yAbTaTe BbIMOAHEHWS onepaumi (AU CUMMETPKUI), 0603HavaeMbix bykBamu C, P u
T. (C - 3ameHa yacTvubl aHTMYacTUMLEN, P - 3epkanbHOE OTpaXeHue, Korpa AeBOEe U npaBoe
MeHStoTCA MecTamMu, a T - UBMEHEeHWe HanpaBAEHUSA ABUXXEHMA BCEX YACTUL, Ha obpaTHoe).

3aKoHbl QU3UKK, yNpaBAAIOLLME MOBEAEHMEM MaTePUM BO BCEX OObIYHbIX CUTyaUMUAX, He
M3MEHSIOTCS U NMOCAE BbINOAHEHMSA TOAbKO ABYX onepauuit C n P. ApyrMmu cAOBamu, XU3Hb ByaeT
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OAMHAKOBa U AN HaC, U AAA obuTaTeNelr APYron MAAHETbI, ECAM OHU, BO-NEPBBIX, ABASIOTCS HALLUM
3epKanbHbIM OTPaXEHWEM U, BO-BTOPbIX, COCTOST U3 aHTUMATEPUH, @ HE U3 MaTepun. ECAM 3aKOHbI
HayKn He U3MeHSeT koMbUHaums onepaumi C 1 P, a Takke TponHas kombuHaums C, P n T, To 3T
3aKOHbl HE AOAXKHbI UIBMEHATLCS U MPU BbINOAHEHUWU OAHOM onepauun T. OAHAKO B 0ObIYHOM XU3HU
CYLLECTBYET OTPOMHOE PasAMuMe MeXAY ABMXEHUEM BMEPEA W Ha3ah BO BpeMeHMU. NpeacTaBbTe
cebe, UTO CO CTOAA NapaeT M pa3bMBaeTCs Ha KyCKM Yallka ¢ BOAOW. ECAM cHATb 3TO napeHue Ha
MAEHKY, TO MPW MPOCMOTpe ¢GUAbMa Cpaldy CTaHeT SACHO, BMEPEA MAM Has3ap MpPOKpy4vMBaeTcs
nAeHKa. EcAn oHa npokpyunBaeTcsa Hasap, TO Mbl YBUAMM, KaK AeXaLUMe Ha MOAY OCKOAKU BAPYT
cobupatotca BMECTE W, CAOXMBLUMCb B LIEAYHD YallKy, BMPbIrMBalOT Ha CTOA. Bbl MoxeTe
YTBEPXAATb, UTO GUABM MPOKPYUMBAETCHA Ha3aA, MOTOMY UTO B 0ObIYHOM XU3HW TAKOro He ObIBaET.
MHaue npuwAoch 6bl 3aKpbiTb GasHCOBbLIE 3aBOAbI.

YT06bI 0O6BACHUTBL, NOYEMy pPa3dbuTbie Yallkn HUKOTAQ HEe BO3BpaLLAOTCA LieAbIMKU 0OpaTHO Ha
CTOA, 0ObIYHO CCbIAAIOTCA Ha TO, UTO 3TO MPOTUBOPEUMAO Obl BTOPOMY 3aKOHY TEPMOAMHAMMKKU. OH
rAacuT, uto B AOOOM 3aMKHYTOM cucTeMe 6ecnopsipoK, MAM SHTPOMWUSA, BCErAa BO3pacTaeT co
BpemMeHeM. ApyruMn CAOBaMM, 3TO NOXOXE Ha 3aKOH Mepdu: BCe B HaLLIEM MUPE MPOUCXOAUT HE
Tak, Kak Hapo. Llenas yallika Ha CToAe - 3TO COCTOSIHME BbICOKOIo NMopsiAka, a pa3buTasn, Aexallas
Ha MOAY, HAXOAMUTCS B COCTOSIHMM Becnopsiaka. HeETpyAHO NMPOWTH NyTb OT LEAOWM YallKW Ha CTOAE B
NPOLUAOM A0 Pa3bUTOM Ha MOAY, HO 06pPaTHbIN XOA COObITUIA HEBO3MOXEH.

YBeAnueHue becnopsinka, MAM SHTPOMKUK, C TEYEHUEM BPEMEHU — 3TO OAHO M3 OMPEAEAEHUN
Tak Ha3blBAEMOMN CTPEeAbl BPEMEHW, T. €. BO3MOXHOCTM OTAMYMTb MpowAoe oT Oyayllero,
ONpPeAeAnTb HanpaBAEHUE BpeMeEHW. MOXHO rOBOPWUTb MO KpPanHEM Mepe O TPeX PasAMUHbIX
cTpenax BpemeHW. Bo-nepBbix, CTpeAa TepMOAMHAMMUYecKas, YKasbiBatlollas HanpaBAeHWe
BPEMEHW, B KOTOPOM BoO3pacTtaeT 6ecrnopsian0K, WAM  3HTponusA. Bo-BTOpbIX, CTpeAa
NMCUXOAOTMUYECKas. ATO HanpaBAEHUE, B KOTOPOM Mbl OLLYLLIAEM XOA BPEMEHMU, HanNpaBAEHUE, NPU
KOTOPOM Mbl MOMHWM MPOLUAOE, HO He bOyayuiee. N B-TpeTbUx, CTPeEAa KOCMOAOrMyeckas. 1o
HanpaBAeHWE BPEMEHHU, B KOTOPOM BceneHHast paclumpseTcs, a He CXXMMaEeTCs.

B pAaHHOWM rAnaBe A AOKaXy, UTO, MCXOAR M3 YCAOBMSA OTCYTCTBUSI FpaHuL, y BceneHHoM U 13
cAaboro aHTPOMHOro NPUHLUMNA, MOXHO 0ObACHUTb, MOYEMY BCE TPU CTPEABI BPEMEHW HaNpaBAEHbI
OAMHaAKOBO U, bonee Toro, nouemMy BoobLLe AOAKHA CyLLECTBOBATb ONPeAEAEHHanA CTpeAa BPEMEHM.
A AOKaXy, UTO MCUXOAOTMUECKAS CTPEAa OMPEAENSIETCA TEPMOANMHAMMWYECKON U 0Oe 3TU CTPEAbI
BCEraa HanpaBAEeHbl OAMHAKOBO. [PEeANOAOXMB, UTO AN BCEAeHHOM crnpaBeAAMBO YCAOBUE
OTCYTCTBMSA TpaHuL, Mbl YBUAMM, UTO AOAXHbI CYLIECTBOBATb XOPOLUO OMPEeAEAEHHble
TEPMOAMHAMUUYECKAS WM KOCMOAOTMYECKass CTPeAbl BPEMEHMW, XOTA OHM He 00f3aHbl ObiTb
OAMHAKOBO HanpaBAEHHbIMW Ha NPOTAXEHUU BCEN UCTOPUM BeceneHHOM. Ho, Kak 1 NOKaxy, AULLIb B
TOM CAyYae, KOrAa HanpaBAEHUSI 3TUX CTPEA COBMAAAOT, MOMYT BO3HUKHYTb YCAOBUSI AN PA3BUTUS
pa3yMHbIX CYyLLECTB, CNOCOOHbIX 3aAaTb TAKOW BONPOC: noyemy 6ecnopsaa0K yBEAUUMBAETCA B TOM
Xe HanpaBAEHUA N0 BPEMEHMU, B KOTOPOM paclunpseTcs BceneHHan?

CHauyana paccMOTPUM  TEPMOAMHAMMUUECKYHO  CTPEAy BpeMeHW. BTopor  3aKoH
TEPMOAMHAMUKM BbITEKAET M3 TOrO, YTO COCTOSIHWMM BGecnopsirAka Bcerpa ropaspo 6oablie, Yem
COCTOSIHMM NopsiAKa. Bo3bMeM, Hanpumep, KapTUHKY Ha AETCKUX Kybukax. Mmveetca TOAbKO OAHO
B3aMMHOE PaCMOAOXEHME KYOMKOB, NPU KOTOPOM COCTaBASIETCH HY)XHas KapTUHKa. B To xe Bpems
€CTb OYeHb MHOr0 pasHbix HECNOPAAOUYHBLIX PACMOAOXEHUU, KOTAA KapTMHKA He COCTaBASieTCs
BooOLLe.

MpPeAnoOAOXUM, UTO KaKasn-TO CUCTEMA BHAYaAe HAXOAMTCA B OAHOM M3 HEMHOMMX COCTOSIHUM
nopsiaka. C TeyeHMeM BPEMEHM COCTOSIHUE CUCTEMbl BYAET M3MEHSTLCA B MOAHOM COTFAACUMMU C
3aKOHaMM HayKu. Yepe3 HekoTopoe BpPeEMA CUCTEMA M3 COCTOSHUSA MOpPsiAKa, CKOpee BCEro,
nepemnaeT B cocTosiHME Becnopsiaka, NOCKOAbKY COCTOSIHUI Becrnopsiaka 6oabLue. CAep0BaATEABHO,
€CAU CUCTEMA BHAYaAe HaxOAMAACh B COCTOSIHUKM BbICOKOTO NMOPsiAKa, TO CO BPpeMeHeM ByAeT pacTu
6ecnopsapok. Tak, eCAU NaLln KYOUKKU CAOXEHbI B KAPTUHKY, TO NMPU NepemMeLlMBaHUM U3MEHUTCA UX
PacrnoAOXEHWE M CTaHET, ckopee Bcero, 6ecnopsAoYHbIM, MOTOMY YTO COCTOSHMIM Becrnopsaka
onsiTb ropa3po H6oAbLLE, YeM COCTOSIHWUIA NOPAAKA. KapTMHKa, KOHEUHO, Npu 3ToM ByAeT paspyLueHa.
HekoTopble KyOuKK ele ByayT yaepXuMBaTbCs BMecCTe, 06pa3ysi KYCKU KapTUHKKU, HO Yem BoAblle
Mbl ByAEM MX NepemMeLlmnBaTh, TEM C OOAbLLIEN BEPOSATHOCTbIO 3TU KYCKW PACChINAKOTCA M BCE eLle
6oAbLLEe nepenyTaeTcs. B KOHLE KOHLIOB HUKAKOM KapTUHKK Y HAac He ocTaHetcs. Takum obpasom,
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b6ecnopspnok ByAET pacTv CO BPEMEHEM, ECAM B HaYane ObINO COCTOSIHUE BbICOKOIO MOPSIAKA.

MpeAnoAOXKM, OAHAKO, 4To Bor noBenea, uTobbl pa3BuTME BceneHHOW He3aBUCMMO OT
Ha4YyaAbHOrO COCTOSIHUA 3aKaHUMBAAOCb B COCTOSIHMM BbICOKOrO MopsiAka. Ha paHHMX crapusax
BceneHHasi, BepoaTHee Bcero, HaxoaMAacb Obl B COCTOSIHUMM Hecnopsiaka. 3To 03Ha4vano Obl, 4ToO
H6ecnopsiAOK YMEHbLLAETCS CO BpeMeHeM. Toraa Bbl BUAEAU Obl, Kak pasbutbie Yalkn cobupatoTcs
M3 OCKOAKOB W BMPbIrMBAOT Ha CTOA. HO AOAM, KOTOPbIE BUAEAU Obl TaKWe MpPbIratolMe Yallky,
AONKHbI ObITb XXUTEASIMWU BCEAEHHOW, B KOTOPOM 6EeCcrnopsAOK YMeEHblUaeTca co BpemeHem. f
YTBEPXAAIO, YTO MCUXOAOTMUECKAN CTPEAA BPEMEHU ITUX AHOAEN AOAKHA ObiTb HaMpaBAEHa Ha3ap,
T. €. OHWM AONKHbI MOMHUTb COObITUA B BYAYLLIEM, HO HE AOAXKHbI MOMHUTb COObLITUSA, MPOUCXOAMBLLNE
B MPOLUAOM. YBMAEB Pa3buTyto YallKy, OHW BCMIOMHUAM Obl, KAK OHa CTOMT Ha CTOAE, HO KOTAQ OHa
OKa3blBaeTCH Ha CTOAE, OHU HE MOMHUWAM Obl, UTO OHa BbiAa Ha MOAY.

PaccyxaaTb 0 YEAOBEUECKOW MaMATU — BECbMa HEMPOCTOE 3aHATME, MO0 Mbl HE 3HAEM BO
BCEX AETansiX, Kak pabotaeT Haw MoO3r. 3aT0 Mbl 3HAaeEM BCE O TOM, Kak AEMCTBYeT MamsTb
kKoMnbtoTepa. Moatomy a 6yay roBOPUTb O NMCUXOAOTUYECKOW CTPEAE BPEMEHU AN KOMMbKOTEPOB.
MHe KaxeTcsi BMOAHE AOTMYHBIM MPEAMOAOXUTb, UYTO W Y KOMIMbIOTEPOB, W Y AKAEN
MCUXOAOTMUYECKANA CTPEAa OAHA M Ta Xe. EcAn 6bl 3TO BbINO HE Tak, TO, UMEeSs KOMMbIOTEP, KOTOPbIN
NMOMHMA Obl 3aBTPALLHWUI KYPC aKLMK, MOXHO BbIAO Obl MPEKPACHO UrpaTh Ha BUpXe.

MamaTb KOMMNblOTEPA — 3TO, rPybO roBOPS, YCTPOMCTBO, COAEPXKALLEE INEMEHTbI, KOTOPbIE
MOTIYyT HaXxOAWTbCS B OAHOM M3 ABYX COCTOSIHMM. [lpocToM nmpumep Takoro ycTpoictBa - abak,
APEBHUWE cueTbl. B npocTeiiiem BUAE 3TO HABOP rOPU3OHTAAbHbLIX MPOBOAOYEK, HA KaXAYH W3
KOTOPbIX HacaxeHa 6ycuHKa. Kaxaas 6yCMHKa HAaXOAMTCS B OAHOM M3 ABYX MOAOXEHUI. AO TEX NOP
NMoka B MaMsiTb KOMMbOTEPA HUYEro He BBEAEHO, OHA HAXOAWUTCSt B 6eCnopsiAOYHOM COCTOSIHUK, B
KOTOPOM 06a BO3MOXHbIX PaCrMoAOXeHUS BYCMHOK PaBHOBEPOATHbI (BYCMHKM Ha MPOBOAOYKAX
pacnpeaeneHbl CAydanHbiM 06pa3om). MNocae Toro Kak namsaTb NPOB3aUMOAENCTBYET C CUCTEMON,
COCTOSIHME KOTOPOWM HAAO 3aNOMHUTb, €€ COCTOSHWUE CTAHET BNOAHE ONPEAENEHHbIM, 3aBUCALLIMM OT
coCTOsIHMA cuUcTeMbl. (Kaxpan BycuMHKa Ha cuetax byaeT AMH6O B npaBoM, AMO0O B AEBOM KOHLE
CBOEN NPOBOAOYKM). UTaK, MamaTb KOMMbKOTEPA nepelra u3 becnopsipka B YNopsAOUYEHHOE
cocTosiHMe. Ho ana Toro, utobbl ObiTb YBEPEHHBIM B TOM, YTO MaMATb HAXOAUTCA B MPaABUABHOM
COCTOSIHWM, HAAO 3aTPaTUTb HEKOTOPOE KOAMYECTBO 3HEPrMM (Hanpumep, AAA nepebpacbiBaHUA
OYCUHOK WMAM MUTAHUSA KOMMbIOTEPA). ATa 3HEPrUs NEeperAeT B TEMNAO U TEM CaMbIM YBEAUUMUT
cTeneHb b6ecnopsinka Bo BceneHHoOW. MOXHO nokasaTb, UTO 3TO yBeAuueHue becnopsinka byaert
Bcerapa 6oAbLLe, YeM yBEAMYEHUE YNTOPAAOYEHHOCTU caMolr NamMsaTU. HeobX0AMMOCTb OXAQXAEHUS
KOMIMbOTEpPa BEHTUASITOPOM FOBOPUT O TOM, UYTO, KOFA@ KOMMbIOTEP 3anMCbiBAET YTO-TO B NaMSATh,
06wmin becnopsinAok Bo BceneHHOM BCe-Taku YyBEAMUYMBAETCS.

HanpaBAeHWe BpeMeHW, B KOTOPOM KOMMbIKOTEP 3aNOMMHAET NPOLUAOE, OKa3blBAETCS TEM
Xe, B KOTOPOM pacTteT 6ecnopsipokK.

CnaepoBaTeNbHO,  Halle  CYObEKTMBHOE  OUlylLEHWE  HanpaBAEHWUSI  BPEMEHU -
MCUXOAOTMUYECKASA CTPEAa BPEMEHM - 3apaeTcsl B HalleM MO3ry TePMOAMHAMMUYECKOM CTPeAoM
BpeMeHU. Kak U KOMMbOTEP, Mbl AOAXHbI 3aNOMWHATb COObITUA B TOM Xe MOPSIAKE, B KOTOPOM
BO3pacCTaeT 3HTPONUS. BTOpon 3aKOH TEPMOAMHAMMUKM CTAHOBUTCS MPWU 3TOM MOUYTU TPUBUAABHbIM.
bBecnopsaaok pactet co BpeEMEHEM, NOTOMY UYTO Mbl UBMEPSEM BPEMS B HaNpaBAEHWUWU, B KOTOPOM
pacTeT 6ecnopsapoK. TPYAHO CNOPUTb C TAKOW AOTMKOM!

Bce xe, nouyemy TepMOAMHaAMMUYECKass CTpeAra BPEMEHM AOAXKHA BOOOLLE CylLLIeCcTBOBaTb?
NAKn, ApyruMu CAOBaMM, MOYEMY HA OAHOM M3 KOHLOB BPEMEHM, HA TOM €ro KOHLE, KOTOPbIX Mbl
HasblBaeM MNPOLWAbIM, BceneHHasa AOAXHA  HaXOAMTbCA B COCTOSIHUM C  BbICOKOM
ynopsiA0ueHHOCTbIO? [louemy Obl el He ObiTb B COCTOSSHMM MOAHOro becnopsipka? Beab 310
BbIFASIAEAO Obl Bonee BeposATHbIM. Kpome Toro, nouyemy 6ecnopsipnOk pacteT BO BDEMEHU B TOM Xe
HanpaBAeHWW, B KOTOPOM paclunpsietcs BceneHHan?

Kaaccuueckan obLuan Teopus OTHOCUTEABHOCTM He MO3BOASIET BbIYMCAUTb, KaK BO3HUKAA
BceneHHasi, NOTOMYy UTO B CUHIYASIDHOM TOUKe OOAbLLOrO B3pbiBa BCE M3BECTHblE HaM 3aKOHbI
NPUPOABI AOAKHbBI HapyllaTbecs. BceneHHass MOrna BO3HWKHYTb B KAKOM-TO OAHOPOAHOM, CUABHO
YNOPSIAOYEHHOM COCTOSIHUM. 3TO NMPUBEAO Obl K UYETKO OMPEAEAEHHbIM CTPeAaM BPEMEHU -
TEPMOAMHAMMYECKOM U KOCMOAOTMYECKOW, KaK 310 HabatopaeTcs cenuvac. OpHaAKO HavyanbHoe
cocTosiHe BceneHHOM BNoAHe MOTAO Obl ObiTb MU OUEHb HEOAHOPOAHbBIM, M HEYNOPSIAOUYEHHbIM. B
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3TOM cAyyae BceneHHas yxe HaxoanAaach 6bl B COCTOSIHMM NMOAHOTO 6ecnopsiaka n 6ecnopsipok He
Mor 6bl yBeAnunBaTbCsl €O BpemeHeM. OH mor Obl ocTaBaTbCA HEM3MEHHBIM, TOrAa He ObIAO Obl
ONPEAENEHHON TEPMOAMHAMMUYECKON CTPEeAbl BPeMeHW, AMB0 Mor Obl yMeHbluaTbCA, U TOrAa
TEpMOAMHAMMYECKas CTpena BpPeMeHW Obina Obl HampaBAeHaA HaBCTPeYy KOCMOAOTMYECKOM
cTpene. Hu opHa M3 3TMX BO3MOXHOCTEM HE COrAacyeTcsl ¢ TeM, YTO Mbl HabAatopaemM. Kak mbl,
OAHAKO, BMAEAM, KAaccuuyeckass obuas Teopus OTHOCWUTEAbHOCTM MpPEeACKasblBaeT CBOe
HapylleHve. Korpa KpuMBM3HA MPOCTPAHCTBA-BPEMEHW CTAHOBMTCA OOAbLLOM, CTAHOBATCA
CYLLLECTBEHHbIMU KBAHTOBbIE TPaBUTALUMOHHbIE 3PPEKTBbI, M KAACCUUYECKaa Teopus nepectaer
CAYXWTb HaAEXHbIM OCHOBAHWEM AN OnucaHusa BceneHHoW. UTOOblI MOHATb, Kak BO3HMKAA
BceneHHasi, He06X0AMMO 06PaTUTLCA K KBAHTOBOW TEOPUM rpaBuTaumn. Ho, utobbl onpeaeAnTs B
KBAQHTOBOW TEOPWUW TrpaBUTaUMM cocTosiHMe BceneHHOW, HeobxO0AMMO, Kak Mbl BUAEAM B
MPeAbIAYLLUMX TA@Bax, 3HaTb, Kak BO3MOXHble MCTOpuM BceneHHOM Bean ceba Ha rpaHuue
NPOCTpaHCTBa-BpeMeHM B NPOLIAOM. HeobX0AMMOCTb 3HaTb TO, YTO Mbl HE 3HAeM W 3HaTb He
MOXEeM, OTMapaeT AWMlWb B TOM CAyYae, €CAM MNPOLUAbIE WUCTOPWUM YAOBAETBOPSHOT YCAOBMIO
OTCYTCTBMSA FPaHULL: OHWU UMEIOT KOHEUYHYO NMPOTAXKEHHOCTb, HO Y HUX HET HU FPaHWLL, HU KpaeB, HU
ocobeHHocTeln. Torpa Hayano oTcUYEeTa BPEMEHU AOAKHO ObIAO ObITb PETYASIPHOM, TAAAKOM TOYKOM B
MpoCTpaHCTBE-BpEMEHM U BceneHHan Havana Obl CBOE pacClUMpeHUe U3 BeCbMa OAHOPOAHOIO U
ynopsiAOYEHHOro cocTosAHMA. OHO HE MOTAO 6bl ObITb COBEPLLIEHHO OAHOPOAHbBIM, MOTOMY UTO 3TUM
Hapywaacsa Obl NPUHUMN HEOMPEAEAEHHOCTU KBAHTOBOM TEOPWUWU. ITO 3HAUMT, UTO AOAXKHbI
cywecTBoBatb HebOOAbLLUME OAYKTyaLMW MAOTHOCTM M CKOPOCTEM 4yacTuu. Ho B cuAy ycAoBuMS
OTCYTCTBMSA FPaHKLL 3TU GAYKTyaLUMKU AOAXKHbI BbIAM BbITb MaAbl, YTOObI COrAQCOBATLCS C MPUHLMMOM
HEeonpPeAENEHHOCTH.

BHauane BceneHHass mMoraa 6bl 3KCMOHEHUMAAbHO PacLUMPSATbCHA, WAM paspAyBaTbCs, B
pe3yAbTaTe Yyero ee pa3mepbl yBeAMYUMAUCH Obl BO MHOMO pa3s. ®AyKTyauumn NAOTHOCTH, OCTaBasAChb
CHayana HebOAbLLMMM, NOTOM Hayaau Bbl pacTu. PaclumpeHne Tex obaactem, B KOTOPbIX MAOTHOCTb
OblAa UyTb BbllLEe CPEAHEN, MPOUCXOAUAO Obl MEANEHHEE WK3-3a PaBMUTALMOHHOIO MPUTSKEHMUS
AVLUHEN Maccbl. B KOHUE KOHLOB TakvMe 0bAacTM mepecTaHyT pacLUMPSTbCA M KOAAAMCUPYHOT, B
pe3yAbTaTe yero 06pasytoTcs raAakTMKK, 3B€3Abl M XMUBbIE CYLLECTBA BPOAE Hac. Taknm obpasom, B
MOMEHT BO3HMKHOBEHMSA BceneHHass Morna HaxOAUTbCS B OAHOPOAHOM U YNOPSAOYEHHOM
COCTOSIHMM U MEPEWTU CO BPEMEHEM B COCTOSIHUE HEOAHOPOAHOE M HeymopspOvYeHHoe. Takow
MOAXOA MOT 6bl 06bSACHWUTb CYLLLECTBOBAHUE TEPMOANMHAMUYECKOW CTPEAbI BPEMEHM.

Ho uto npou3soLwno 6bl, koraa BeceneHHas nepectana 6bl paclUMpPATLCS M CTaAa CKUMATbLCA?
MoBepHyAacb 6bl NPU 3TOM TEPMOAMHAMMUUECKasa cTpera BpeMeHn? Hauan 6bl ymeHbLllaTbCs Co
BpeMeHeMm becrnopspok? Nepea TeEMM, KOMY NOCUYACTAMBUMAOCH Obl MEPEXUTb Mepexop M3 dasbl
paclMpeHns B pasy cxaTus, OTKPbIAUCL Bbl camble paHTaCTUUECKNE BO3MOXHOCTU. MOXET ObITb,
OHM yBUAEAU Obl, KAK OCKOAKM pa3buTbiX Yallek cobuparoTcsl Ha MOAY B LiEAbIE YallKW, KOTOpble
BO3BpaLLatOTCA 06paTHO Ha CTOA? A MOXET ObiTb, OHM 6bl MOMHUAM 3aBTPALUHUN KYPC aKLMK U
YAQUHO urpanu Ha 6upxe? MNMpaBpa, 6€CNOKOMCTBO MO MOBOAY TOr0, YTO CAYUMTCA, ECAM BeceneHHas
ONATb HAYHET KOAAAMNCUPOBATb, KaXEeTCA HECKOABKO NPEXAEBPEMEHHBIM — CXaTua He ByAeT elue
Mo KpalHeW Mepe AeCATb TbicAY MUAAMOHOB AeT. OAHAKO y3HaTb 06 3TOM MOXHO ropa3ao bbicTpee.
AAA 3TOr0 HAAO MPOCTO MPbITHYTh B YEPHYIO Ablpy. KoAranc 3Be3Abl B COCTOSIHUE YEPHOM AbIPbl
aHaAOTMMYEH NOCAEAHWM CTaAMSIM KOAAaMca Bcen BceneHHOW. MoatoMy ecar 6ecnopsap0oK AOAKEH
yMeHbLUATbCA Ha CTaAMK CXaTuss BceneHHOM, TO OH ByAeT yMEHbLLATLCA M BHYTPWU YEPHOM AbIPbI.
Torpa acTpoHaBT, yNaBLWKWK B YEPHYHO Ablpy, Mor 6bl Tam nopsapabortatb, Urpan B PyAeTky. Beab
elle He CAeAaB CTaBKM, OH Obl Y€ MOMHUA, TAe OCTaHOBUTCS wWwapuk. (MpaBaa, urpa 6bina 6Obl
OY€Hb HEAOATOM, AULLIb AO TEX MOP, NMOKa CaM acTpOHaBT He nNpeBpaTUAca bbl B cnarettu. He ycnes
COO0bLLMTb HaM O MOBOPOTE TEPMOANMHAMMUYECKOWN CTPEABI U AaXe HE NMOAYUYMB BbIMIPbILL, OH MCYE3
6bl 32 rOPMU3OHTOM COObLITUI YEPHOW AbIPbI).

BHauane s cumtan, uto npu Koanance BeceneHHoM 6ecnopsaa0k AOAKEH YMEHbLLATLCS, NOTOMY
4To, CTaB OMATb MaAeHbKOW, BceneHHas pAOAXHaA Obina Obl BEPHYTbCS B MCXOAHOE TFAAAKOE M
ynopsiAOYEHHOE COCTOsIHME. ITO 03Havano Obl, UTO dasa cxXaTusa 3KBMBAAEHTHA 06paLLEHHOW BO
BpeEMEHU ¢ase paclumpeHus. Ha ctapumn cxaTtma XU3Hb AOAKHA TeUb B 0OpPATHOM HanpaBAEHUM,
TaK YToO AOAM YMUpPaAU 6bl AO CBOETO POXAEHMA U N0 Mepe cxaTtns BceneHHOM cTaHOBUAKCH Obl BCE
MOAOXE U MOAOXE.
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Mp1BAEKATEABHOCTb TAKOr0 BbIBOAQ — B KPAaCUMBOW CUMMETPUK MexXAy ¢a3on paclumpeHns u
dason cxatna. OpAHAKO ero HeAb3s paccmatpuBaTb cam no cebe, HE3aBUCUMO OT APYrux
npeAcTaBAeHUI 0 BceneHHOM. BO3HMKaeT BONPOC: CAEAYET AU 3TOT BbIBOA M3 YCAOBMUSA OTCYTCTBUSA
rPaHUL, UAM Xe, HanpoTMB, C 3TUM YCAOBMEM HECOBMECTMM? Kak yxe roBOpPUAOCb, i CUMTAA
BHa4yaAe, 4TO YCAOBWME OTCYTCTBMA TPaHWUL, B CAMOM AeAe O3HavyaeT, uto 6ecrnopsiAOK AOAXKEH
YBEAMUMBATLCS Ha CTaaMM cxaTtusa. OTyacT MeHsa BBEAA B 3abOAY)XAEHWE aHAAOTMA C MOBEPXHOCTbIO
3eman. Tonoxum, yto Havano BceneHHoW cootBeTcTBYeT CeBepHOMY MOAKOCY. Toraa KoHel,
BceneHHOM pAOAXEH ObiTb MOXOX HA HAvyano Tak Xe, kak KOXHbIM noAtoc noxox Ha CeBepHbin. Ho
CeBepHbIn 1 KOXHbIM NOAKOCbI COOTBETCTBYIOT HauyaAy U KOHLY BceneHHOM B MHMMOM BpemMeHu. B
peaAbHOM € BPEMEHW HayanO M KOHEL, MOTMYT CKOAb YTOAHO CMAbHO OTAMYATbLCA APYr OT Apyra.
MeHs elle BBena B 3abAayxaeHue paboTta, B KOTOPOW S paccMaTpuBaA OAHY MPOCTYHO MOAEAb
BceneHHoM, rae pasa Koananca bbina noxoxa Ha obpalLeHHY BO BpeMeHU dpasy paclumpeHus. Ho
MOM KoAanera, AoH [enpx M3 YHuBepcuteTa wWTata [leHCMAbBaHUA, MOKa3aA, UTO YCAOBME
OTCYTCTBMSA rpaHuL, BOBCE He TpebyeT Toro, utobbl dpasa cxatua 6bira 06pallleHHON BO BPEMEHM
$a3on paclmMpeHmns. 3ateM OAMH M3 MOWX acnmpaHToB, PenmoHp Aedaemm, yCTaHOBUA, YTO B
HECKOAbKO Honee CAOXHOM MOAEAU KOAAANC BceneHHOM CMABHO OTAMYAETCH OT ee paclunpeHus. A
MOHSIA, UTO OLWIMOCS: M3 YCAOBMA OTCYTCTBMA TPaHWULL CAEAYET, UYTO BO BpPeMS cxaTua 6ecrnopsasok
AONXKEH MPOAOAXKATb YBEAMUMBATLCA. TEPMOAMHAMMYECKAA M MCUXONOTMUYECKasa CTPEAbl BPEMEHH
He WU3MEHSIT CBOEro HanpaBAEHWUSI Ha MPOTUBOMOAOXHOE HWU B YEPHOMW AbIpe, HU BO BceneHHOM,
HayaBLUEN COKpaLLaTbCA BHOBb.

Uro 6bl Bbl caenanun, obHapyxuB y cebn Takyto olnbky? HekoTopble HUKOrAa He MPU3HAatoTCA
B CBOEW HENpaBoTE M MPOAOAXKAKOT MOWCKM HOBbIX, 4YacTO COBEPLUEHHO HEOBOCHOBAHHbIX,
apryMeHToB B MOAb3y CBOMX MAEW. Tak MOCTyNnUA SAAMHITOH, BbICTYMMB MPOTUBHUKOM TEOPUU
YEepHbIX AbIp. Apyrve 3asBASAIOT, UTO OHU HUKOFAA M HE MOAAEPXMUBAAU 3Ty HEMPABUAbHYHO TOYKY
3pEHMA, @ €ECAU U TMOAAEPXMBAAM, TO AMLIb AAA TOro, 4YTOObI MPOAEMOHCTPUPOBATL €€
HECOCTOATEAbHOCTb. MHE KaXeTCsi, YTO ropa3a0 MPaBUAbHEE BbICTYNUTb B NeyaTu C NPU3HaAHMEM
cBOen HenpaBoTbl. lpekpacHbii nNpumep ToMy - IOUHWTEMH. O BBEAEHUMU KOCMOAOIMYECKOMU
NMOCTOSIHHOM, KOTopas NoHapobuAacb eMy Npu NMOCTPOEHUM CTAaTUUECKOM MOAEAM BceneHHOM, OH
rOBOPUWA Kak O CBOEW CaMOM CEPbE3HOM OLLIMBKE.

BepHemca K cTpene BpemeHW. Y Hac OcCTanca OAMH BOMPOC: MOYEMY, KaK NOKa3blBatoT
HaOAIOAEHWS, TEPMOAMHAMMUYECKAs U KOCMOAOTUYECKAsa CTPeAbl HanpaBAEHbl OAMHAKOBO? UAM,
APYrMMUK CAOBaMK, NnouemMy 6ecrnopsaaok BO3pacTaeT BO BPEMEHU B TOM X€E HanpaBAEHUU, B KAKOM
pacwupsietcs BceneHHas? Ecan cumtaTtb, UTo BCceneHHan nocAe pacluMpPEHUst HAYHET CXUMaTbCS,
KakK, NO-BUAMMOMY, CAEAYET U3 YCAOBUS OTCYTCTBUSA FPaHULL, TO Hall BOMPOC 3BYYMT Tak: MOYEMY Mbl
AONKHbI HAXOAMTLCA B Ppase pacluMpeHus, a He B dpase cxatna?

OTBET Ha STOT BOMPOC AAeT CAabbli aHTPOMHbLIA MNPUHUMN: YCAOBMA B dase cxatus
HEMPUIOAHbI AASl CYLLLECTBOBAHUSA TAKUX Pa3yMHbIX CYLLECTB, KOTOPbIE MOTAM Bbl CNPOCUTL, NOYEMY
6ecnopsAOK pacTeT B TOM Xe HanpaBAEHUW BO BPEMEHW, B KOTOPOM paclumpsietca BceneHHas.
YcnoBME OTCYTCTBMA TpaHuL, MNPEACKasbiBaeT paspyBaHMe BCeAeHHOM Ha paHHMX  CTaAMAax
pa3BUTHA. ITO O3HAYAET, UTO pacluMpeHne BceneHHON AOAKHO NMPOMUCXOAUTb CO CKOPOCTbHD, OUYEHb
OAU3KON K KPUTUUECKOW, NMPU KOTOPOI KOAAANC UCKAKOUYAETCH, a NOTOMY KOAAANCa He ByAeT OUYeHb
AOATO. Ho Torpa Bce 3Be3Abl YCNEKT CropeTb, a 06pasytolime Ux NPOTOHbI M HEUTPOHbI pacnaayTca
Ha 6Oonee Aerkue uvacTuubl. BceneHHas octanacb 6bl B COCTOSSHUM MPAKTUUYECKM MOAHOMO
6ecnopsaka, B KOTOPOM He BbIAO 6bl CUABHON TEPMOAMHAMMUUYECKOM CTPEALI BpEMEHU. Becnopsaaok
He MOr CUAbHO YBEANUYMBATLCS, BEAb BceneHHan u Tak HaxoAuAach Bbl B COCTOSTHUM NOYTU MOAHOTMO
becnopapka. Ho  aAAs cywecTBoBaHMA  pas3yMHOM  XM3HM  HEOOXOAMMA  CUAbHas
TepMOAMHaMMYecKas cTpena. Ytobbl BbXXWUTb, AOAM AONKHBI MOTPEDASTb NULLY, KOTOpasi BbICTynaeT
KaK HOCUTEAb YMOPSAAOYEHHOM GOPMbI 3HEPrun, M npeBpallaTb ee B Tenao, T. €. B
HeynopsaAOUYEHHYO GopMy aHepPrnn. CAeAOBaATEABHO, HA CTAAMK CXATUA HUKAKOM Pa3yMHOM XU3HU
6bITb HE MOTAO. ATUM OOBACHAETCSH, NOYEMY AN HAC TEPMOAMHAMMYECKass 1 KOCMOAOrMYecKas
CTPeAbl BPEMEHW HanpaBAEHbl OAMHAKOBO. HeBepHO cuutatb, ByATO O6ECMOPSIAOK pacTeT M3-3a
pacwupeHns BceneHHoOW. Bcemy npuUUMHOM YCAOBWME OTCYTCTBMA rpaHuu. WM3-3a Hero pacrtet
6ecnopsapoK, HO TOAbKO B $a3e paclUMpPEHMA CO3AAIOTCA YCAOBUS AN CYLLECTBOBAHWUSI pa3yMHOM
XWU3HW.
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MoaBeaeM MTOr. 3aKOHbl HAayKU HE AEAAlOT PasAMuMsa MEeXAY HamnpaBAEHUEM «BMEPEA» U
«Ha3ap» BO BpeMeHU. Ho CcyLLLecTBYOT N0 KpanHen Mepe TpU CTPEAbI BPEMEHU, KOTOPbIE OTAMYAKOT
Oyaylllee OT MPOLUAOTro. 3T0 TEPMOAMHAMMUUYECKAA CTPeAa, T. €. TO HanpaBAEHWE BPEMEHU, B
KOTOPOM BO3pacTaeT 6ecrnopsAOK; MCUXOAOTMUYECKas CTpeAa - TO HamnpaBAEHWE BPEMEHM, B
KOTOPOM Mbl MOMHMM MNPOLLUAOE, a He Oyayllee; KOCMOAOTMYECKas CTpeAa - HanpaBAeHWe
BPEMEHMU, B KOTOPOM BceneHHan He CXMMAETCs, a paclimpaeTcs. A nokasan, uYto NCMXOoAOrMyeckas
CTpeAa NPaKTMUYECKM SKBUBAAEHTHA TEPMOAMHAMMUUYECKOM CTPEAE, TaK UYTO 06e OHU AOAXKHbI ObITb
HanpaBAEHbl OAMHAKOBO. M3 YyCAOBMA OTCYTCTBUSI TPaHWL, BbITEKAET CYLIECTBOBAHWE YETKO
ONPEeAENeHHON TEPMOAMHAMMUUECKON CTPEeAbl BPEMEHM, NOTOMY 4TO BceneHHass pAOAXHa Obina
BO3HUKHYTb B TAQAKOM M YMNOPSIAOYEHHOM  COCTOSIHMM. A NpUMUYMHA  COBMNAAEHUSA
TEPMOAMHAMMUUYECKOM M KOCMOAOTMUYECKON CTPEA KPOETCHA B TOM, UTO pa3yMHble CyLLECTBa MOryT
XWUTb TOAbKO B dase pacwupeHus. Pasa cxatusa AN HUX He MOAXOAMT, MOTOMY 4UTO B HeM
OTCYTCTBYET CMAbHAA TEPMOAMHAMUYECKAS CTPeEAA BPEMEHM.

Mporpecc yenoBeKa Ha NMyTM NO3HaHUA BceneHHOW MpMBEA K BO3HUKHOBEHWMIO MAAEHbKOIO
Yyronka nopsiAka B pactyliem becnopsiake BceneHHOM. EcAn Bbl 3aMOMHUTE KaXA0€ CAOBO M3 3TOM
KHWXKMK, TO Balla NamsaTb MOAYYMT OKOAO ABYX MUAAMOHOB €AMHWL, MHOOPMALIMKU, U NOPSAAOK B
Balller ronoBe BO3pacTeT MPUMEPHO Ha ABA MUAAMOHA €AMHUL,. HO NOKa Bbl YMTAAU 3Ty KHUTY, NO
KparvHen mepe Tbicsiua KanOpui YNOPSIAOUEHHOM 3HEPTUKU, KOTOPYHO Bbl MOAYYMAU B BUAE MULLIM,
nNpPeBpPaTUAUCh B HEYNOPSAAOUEHHYO 3HEPTUIO, KOTOPYHO Bbl MEPEAAAM B OKPYXaOLLIMIA BaC BO3AYX B
BUAE TEMNAA 3a CUET KOHBEKLMKU U NOTOBbIAEAEHUA. Becnopsaaok Bo BceneHHOM BO3pacTeT Npu 3TOM
NPMMEPHO Ha ABaALATb MUAAMOHOB MWAAMOHOB MWAAMOHOB MUAAMOHOB €AMHML, UYTO B AECHATb
MWAAMOHOB MWAAMOHOB MWAAMOHOB pa3 MPEBbILLIAET YyKa3aHHOE YBEAMUYEHME MOPsSAKa B BalleM
MO3ry, — U 3TO NMPOU3OMAET AULLb B TOM CAy4Yae, €CAM Bbl 3aMOMHUTE BCE M3 MOEN KHUXKU. B
CAEAYIOLLIEV TA@BE A MOMbITAKOCb HABECTU Y HAC B FOAOBax elle OOAbLLMIA NOPSAAOK. H pacckaxy O
TOM, KaK AFOAM NbITatOTCA 0ObEAUHUTB APYT C APYTOM T€ OTAEAbHbIE TEOPUM, O KOTOPbLIX A PaCCKa3an,
CTapasiCb CO3AaTb MOAHYHO €AMHYHD TEOPMUID, KOTopas oxBaTbiBana Obl BCE, YTO MPOUCXOAWUT BO
BceneHHoOW.

10. O6bearHeHUe GU3NKU

Kak yxe roBopuMAOCb B FA. 1, COBCEM HE NPOCTO Cpaldy CTPOWUTb MOAHYID EAMHYIO TEOPUIO
BCEro, 4YTo NMPOUCXOAUT BO BceneHHOW. T103TOMy Mbl MPOABUraeMcs BNepea, Co3paBasi YacTHble
TEOPUU, OMUCHbIBAIOLLME KAKyH-TO OrpaHMUYEHHyt0 0bAacTb COObITMH, U AMBO npeHebperaem
OCTaAbHbIMK 3ddekTamn, AMOO NPUOBAUXKEHHO 3aMEHAEM UX HEKOTOPbIMU Yncramu. (Hanpumep, B
XMMUKU MOXHO pacCunTbiBaTb B3aMMOAENCTBUS aTOMOB, HE 3HaA BHYTPEHHENO CTPOEHUS aTOMHOIO
fAapa). Ho MOXHO HapesiTbCs Ha TO, UYTO B KOHUE KOHUOB OyAeT HaWAeHa MoAHas,
HENpPOTMBOPEUNBas €AMHasA TEOPUS,, B KOTOPYHO BCE YaCTHble Teopun OyAyT BXOAUTb B KauyecTBe
MPUBAMXKEHUI U KOTOPYIO HE HYXHO OYAET MOATOHATb MOA 3KCMEPUMEHT MOAOOPOM 3HAUYEHUM
BXOASLLMX B Hee MPOM3BOAbHbIX BEAMUYMH. PaboTa Mo CO3AaHMIO TakOM TEOpUWM Ha3biBaeTCs
obbepAnHEHMEM OU3UKK. [TOCAEAHUE TOAbl CBOEM XM3HU OWHLUTEMH MOUTU LEAMKOM MOCBATUA
NOUCKaM E€AMHOW TEOPUU, HO BPEMS AASl 3TOTO TOrAa €LLe He MPULUAO: CYLLEeCTBOBAAW YacTHble
TEOPUN TPaBUTALMU U INEKTPOMArHWUTHbIX B3aMMOAENCTBUIN, HO O SSAEPHBIX CUAAX BbIAO MAAO UTO
M3BECTHO. K TOMy Xe OMHLITEWH OTKa3blBaACA BEPUTb B PEAAbHOCTb KBAHTOBOW MEXaHWKM,
HECMOTPS Ha Ty OrPOMHYK) POAb, KOTOPYKO OH CaM Cbirpan B ee pasButun. Ho npuHumMn
HEONPEeAEAEHHOCTU SIBASIETCH, NO-BUAMMOMY, GyHAAMEHTaAbHbIM CBOWCTBOM BceaeHHOW, B
KOTOPOW Mbl XMBEM. [M0o3TOMy OH 0653aTE€AbHO AOAXKEH ObiTb COCTABHOM YaCTbO MPaBUAbHOM
€ANHOW TEOpUN.

Aanblue s Nokaxy, UTO HaAEXAbl Ha MOCTPOEHME TakKoW TEOPUM CUABHO BO3POCAU, MOO Mbl
cenyac 3Ha4yMTeAbHO BOAbLLIE y3HAAM O BceneHHON. HO He HyXXHO ObITb Yepecuyp yBEPEHHbBIM — Mbl
yX€e He pa3 CTaAKMBaAUCb C Mupaxamu! Hanpumep, B Hayane BeKa CYMTAAOChb, YTO BCE MOXHO
06BACHUTbL C MOMOLLIbIO CBOMCTB, XapaKTepU3yHoLLIMX HEMPEPbIBHOE BELLECTBO, CKAXEeM, TaKMX, Kak
ynpyroctb U TENAONPOBOAHOCTb. OTKpbITUE CTPOEHMA atoMa WM NPUHUMNA HeonpeAeAeHHOCTU
HaBCeraa MOKOHYMAO C NOAOOHbIM noaxoaoM. 3atem B 1928 r. ¢u3mk, naypeaT HobeneBckomn
npemun Makc BopH, BbicTynasa nepea roctamu FETTMHIEHCKOro YyHMBepcuTeTa, ckasan: «Pu3nka B
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TOM CMbICAE, B KOTOPOM Mbl €€ NOHMMaEM, Yepes NOAropa KOHUUTCS». B cBoen yBepeHHOCTU BopH
OCHOBbIBAACA Ha HeAaBHO OTKPbITOM AMPaKOM YpaBHEHUU AAS SAEKTPOHa. Bce aymanu, uto
aHaAOTMMYHOE ypaBHEHWE AONKHO CYLLECTBOBATb M AASI MPOTOHA — BTOPOM M3 ABYX M3BECTHbIX TOFAA
yactul, — M TOrAa TeopeTuMyeckana ¢Uu3anka KOHUMUTCA. HO OTKpbITUE HEWTPOHA M AAEPHBIX CUA
pa3Besno U 3TU NpeAcKasaHus. N Bce xe A yBEPEH, YTO cenyac eCTb OCHOBaHUA AASE OCTOPOXHOIO
ONTUMU3MA: Mbl, MOXaAYH, OAU3KU K 3aBEPLLEHUIO MOMCKOB OKOHYATEAbHbIX 3aKOHOB NMPUPOABI.

B npeablayLIMX rAaBax s rOBOPUA 06 06LLEN TEOPUU OTHOCUTEABHOCTH, KOTOPAA NPEACTaBASIET
cob0M YaCTHYO TEOPUIO FPaBUTALIMM, M O YACTHbIX TEOPUAX, OMUCHIBAIOLLMX CAabble, CUAbHbIE U
9AEKTPOMArHUTHbIE B3aUMOAENCTBUA. locrepaHMEe TpU TEOPUM MOTYT ObiTb OOBbEAMHEHBI B TaK
HasblBAeMble TEOPUM BEAMKOTO OObEAMHEHUS, KOTOpPble HEeAb3s CuMTaTb  AOCTATOYHO
YAOBAETBOPUTEABHBIMW, MOTOMY UYTO OHM HE BKAKOYAKOT FpaBUTALMIO U COAEpXaT BEAWYMHDI,
HanpuMmep OTHOCUTEAbHblE MacCbl PasHbIX YaCTWL, KOTOPbIE€ HE BbIUMCAAKOTCA TEOPETUYECKU WU
AONXKHbI MOABMPATLCA M3 YCAOBUSI HAUAYYLLETO COrAacusl ¢ akcnepumeHToM. OCHOBHaA TPYAHOCTb
NMOCTPOEHMSI TEOPUU, KOTOpasi 06beAnHANA Obl rpaBUTaALMIO C OCTAaAbHbIMU CUAAMMU, CBA3AHA C TEM,
yto obuwaa Teopuss OTHOCWUTEABHOCTM MNPEACTAaBASET COOOM KAACCUMUECKYHD TEOpUHD, T. €. He
BKAOYAET B cebs KBAHTOBO-MEXaHWUYECKMI MPUHLMIN HEOMPEAEAEHHOCTU. ApyrMe Xe 4acTHble
TEOPUM CYLLECTBEHHO CBA3AHbl C KBAHTOBOW MeXaHUKOW. M03TOMy nNpexae BCEro 06LLyto TEOPUIO
OTHOCUTEABHOCTU HEOBXOAMMO OObEAMHWUTb C MPUHLMNOM HEOMPEAEAEHHOCTU. Mbl 3HaeM, 4To
PE3yAbTAaTOM TaKoro OObEAMHEHWS CTAHET pPSAA  YAUBWUTEAbHbIX CAEACTBUA: UEPHbIE AbIpPbl
nepectaHyT ObiTb YEPHbIMK, @ U3 BCEAEHHOW MCYE3HYT CUHIYASPHOCTU, U OHA CTAHET MOAHOCTbIO
3aMKHYTOM W He uMmerwen rpaHul. Ho, Kak yxe 0ObACHANOCb B TA. 7, 3AECb BO3HUKALOT
3aTpPyAHEHUS, CBfA3a@HHble C TeM, 4YTO B CWAY MNpPUHUMNA HEOMNPEAEAEHHOCTU Aaxe [MycToe
NPOCTPAHCTBO 3aMOAHEHO MNapamMu BMPTYaAbHbIX YacCTWUL, M aHTMYacTUU. ITM napbl obAapatoT
6ECKOHEUHON 3HEPrnuen, a MOTOMy B COOTBETCTBUW CO 3HAMEHWUTbIM YypPaBHEHMEM JWHLUTENHA
E=mc2 nx macca Toxe AOAXKHa b6biTb 6eCkoHeuYHa. CAep0BaTEABHO, NOA AEMCTBMEM CO3AABAEMOro
UMW TPaBUTALMOHHOIO MNPUTAXEHUA BceaeHHas AOAXHA, WCKPUBAASICb, CBOPaYMBaTbCA AO
H6ECKOHEUYHO MaAbIX Ppa3MepoB.

Takue Xxe Henenble 6ECKOHEUYHOCTU BO3HWKAKOT M B APYTMX YaCTHbIX TEOPUSIX, HO UX BCErAa
MOXHO YCTpaHUTb C MOMOLLBIO MPOLEAYPbl, KOTOpash Ha3biBaeTcsa MepeHopMUPOBKOW. Metop
NepPeHOPMUPOBOK MPEANUCHIBAET BBEAEHME HOBbIX BECKOHEYHOCTEN AN KOMMEHCALUMKU CTapbiX.
HecmoTpss Ha CBOKO HEMOAHYHD MaTeEMaTUUYECKyld O0OOCHOBAHHOCTb, 3TOT METOA YCMELHO
NPUMEHAETCA, U MOAYYEHHbIE C €r0 MOMOLLbIO NPEACKA3aHUSA YAaCTHbIX TEOPUM UPE3BbIYAMHO TOYHO
COoraacyroTcs ¢ pesyAbTaTtamMmu HabaoaeHUn. OAHAKO B NAAHE NMOUCKA 3aBEPLUEHHOW TEOPUM METOA
NepeHoOPMUPOBOK 0BAAAAET OAHUM CEPbE3HbIM HEAOCTATKOM: OH HE MO3BOASIET TEOPETUYECKMU
NpeAckasaTb AEMCTBUTEAbHbIE 3HAUYEHMS MACC U CUA; UX NPUXOAMTCS NOABMpPaTb NyTEM NOAFOHKM K
9KCMEPUMEHTY.

Mpu nonbITKax BKAKOUYUTb NMPUHLUN HEONMPEAEAEHHOCTM B 0OLLYHO TEOPUKD OTHOCUTEABHOCTU
MMEKTCHA TOAbKO ABA YMCAQ, KOTOPbIE MOXHO MOAFOHSITb: BEAMYMHA TPABUTALMOHHOM CUAbI U
KOCMOAOTMYeckasa NoCToAHHaA. HO MX MBMEHEHWEM HEBO3MOXHO YCTPaHUTb BCe HECKOHEYHOCTHU.
3HaunT, Mbl UMEEM TEOPUID, COrAACHO KOTOPOW HEKOTOPblE BEAWMUMHbI, HAaNpUMep KPWUBU3HA
NPOCTPaHCTBa-BPEMEHU, AOAKHbI ObITb 6ECKOHEUHBIMW, HECMOTPS Ha TO UTO 3T BEAUYMHbBI MOXHO
HabAtOAaTb, U M3 U3MEPEHUN BbITEKAET, UTO OHMU KOHEuYHbI! 3Ta npobaema, BO3HUKatoLLas npu
06beAMHEHMM 00LLEV TEOPUN OTHOCUTEABHOCTM C MPUHLMNOM HEONPEAEAEHHOCTH, KAKOE-TO BpeEMS
cuMTanacb COMHWUTEAbHOW, HO B KOHLE KOHLIOB €€ peanbHOCTb ObiAa, HAKOHEL, MOATBEPXAEHA
AeTaAbHbIMW pacyeTamu B 1972 1. Yepes ueTbipe ropa NOABMAOCH OAHO M3 BO3MOXHbIX €€
peLleHn, Ha3BaHHOe Teopuen cyneprpasutaunn. CyTb 3TOM TEOPUKU B TOM, YTO FPaBUTOH (YacTuua
CO CMMHOM 2, ABASIOLLANACS NEPEHOCUYMKOM FPaBUTALMOHHOIO B3aMMOAENCTBUSA) 0ObeAMHAETCA C
HEKOTOPbIMW HOBbIMUW YacTULAMMK, UMELWMMK cnuHbl 3/2, 1, 1/2 n 0. Toraa BCe 3TM YacTULbl B
KaKOM-TO CMbICAE MOXHO pacCcMaTtpuBaTb Kak pasHble BUAbI OAHOM W TOW Xe «CyrnepyacTulpbl»,
OCYLLECTBUB TakuM 006pa3omM OOBbEAMHEHME 4YacTUL, MaTEPUM, UMERLWMX cnuHbl 1/2 n 3/2, ¢
yacTMuamu - nepeHocuYnMkamum B3aMMOAENCTBUSA, CMIMHBbI KOTOPbIX paBHbl O, 1 1 2. BupTyaAbHble
napbl YacTMUa-aHTUYacTULUa co cnMHom 1/2 n 3/2 obrapatoT Npu 3TOM OTPULIATEAbHOM 3HEPTUEN,
KOMMEHCUPYIOLLEN MOAOXMUTEABHYHO SHEPTUIO BUPTYaAbHbIX Nap co cnuHom 2, 1, 0. B pesyabtate
MHOrne 6eCKOHEUYHOCTU ByAYT YyCTPaHEHbI, HO €CTb MOAO3PEHMS, UTO KakKasi-TO MX YacTb MOXET BCe
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xe ocTatbcA. OAHAKO BbIACHEHME TOro, BCE AU OECKOHEUYHOCTU YCTPaHEeHbl, TpebOoBaAO CTOAb
FPOMO3AKMX U CAOXHbIX PACUETOB, UTO UMW HUKTO He cobupancsa 3aHumaTbcs. OUEHKM NOKasaM,
YTO AQXe C MOMOLLbIO KOMMbtOTEPa padoTa 3aHsANA Obl HUKAK HE MEHbLLIE YETbIPEX AET, U MPU ITOM
OYeHb BEAMKa BEPOATHOCTb XOTb pPa3 owunbutbcs. CAeAOBATEAbHO, B OTBETE MOXHO ObITb
YyBEPEHHbIM AULLb B TOM CAyYae, ECAU KTO-HUOYAb APYroin NOBTOPUA Obl BCE BbIUMCAEHUA U MOAYUUA
TOT Xe Pe3yAbTaT, a Ha 3TO TPYAHO PACCUMUTbIBATD.

e ,;*:_—__-"'F_'_ )

OmphiThar CMpiHa MMM HE RS CITPLRE

Spesia

Mupoaod sucm Muponod Auem
OTTEDBEMED ST H Jasnvgmol cmpgen

Puc. 101 Pue. 10.2

HecmoTtpsi Ha Bce 3TM NpobAemMbl M Ha TO, YTO YacTULbl B TEOPUSIX CyneprpaBuTaLuu,
Mo-BUAMMOMY, OTAMYAAUCb OT HaOAIOAAEMbIX YacTul, OOAbLUMHCTBO YYEHbIX CYMTAAO, 4TO
cyneprpaButauma MOXET NPUBECTU K NPaBMAbHOMY PELUEHMIO 3apayun 00 06beANMHEHWUU DUIUKMU.
Ho B 1984 r. obuiee yyeHOE MHEHWE CUAbHENLIMM 06pa3oM M3MEHUAOCb B CTOPOHY Tak
Ha3blBAEMbIX CTPYHHbIX TeOpPUW. OCHOBHbIMW OOBLEKTAMW CTPYHHbIX TEOPUM BbICTYNalOT He
4yacTuLbl, 3aHUMAtOLLME BCErO AMLLb TOUYKY B MPOCTPAHCTBE, @ HEKME CTPYKTYPbl BpoAe BECKOHEUHO
TOHKMX KYCOYKOB CTPYHbl, HE UMEIOLLUMX HUKAKUX U3MEPEHWIN, KPOME AAMHbBI. KOHLbI 3TUX CTPYH
MOryT 6bITb AMBO CBOOOAHbI (TaK Ha3blBaeMbl€ OTKPbITbIE CTPYHbI), AMBO COEAMHEHbBI APYT C APYTrOM
(3aMKHyTble cTpyHbl) (pnc. 10.1 n 10.2). YacTvua B KaXAblM MOMEHT BPEMEHU MPEACTaBASIETCA
OAHOM TOYKOM B npocTpaHcTBe. CAeAOBATEAbHO, €€ WCTOPUID MOXHO M300pasutb AMHWEW B
NPOCTPAHCTBE-BPEMEHU (MUPOBaAA AMHUSA). HO CTpyHE B KaXXAbli MOMEHT BPEMEHU OTBEYAET AUHUSA
B TpexMepHoM npoctpaHcTBe. CAepOBaTeAbHO, €€ UCTOpUA B NPOCTPaHCTBE-BPEMEHM
n3obpaxxaetcsi AByMEPHOM MOBEPXHOCTbIO, KOTOPAasi Ha3blBAeTCH «MWPOBbIM AMCTOM». (A0OyLO
TOUKY Ha TakOM MWPOBOM AMCTE MOXHO 3apaTb ABYMS UMCAAMM, OAHO M3 KOTOPbIX — Bpems, a
APYroe - MOAOXEHMEe TOUKM Ha CTpyHe). MMPOBOWM AMUCT OTKPbITOM CTPYHbl NPEACTaBASiET coboM
MOAOCY, Kpasi KOTOPOM OTBEYatoT MyTAM KOHLOB CTPyHbl B MpocTpaHcTBe-BpemeHu (puc. 10.1).
MWPOBOM AWUCT 3aMKHYTOW CTPYHbl — 3TO UMAMHAP WAM Tpybka (puc. 10.2), ceyeHMeM KOTOpPOM
ABASIETCS OKPYXXHOCTb, OTBEUatoLLast MOAOXKEHUIO CTPYHbI B ONPEAEAEHHbBI MOMEHT BPEMEHM.
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Puc. 10.3 Puc. 10.4

ABa KycKa CTpyHbl MOTYT COEAMHUTLCS B OAHY CTPYHY; B CAydae OTKPbITbIX CTPYH OHW NPOCTO
CMblKatoTcA koHUamu (puc. 10.3), a coepAMHEHWE 3aMKHYTbIX CTPYH HanoMUHaEeT COEAUHEHUE ABYX
LWITaHWH B bptokax (puc. 10.4). AHaAOTMUYHBIM 06pPa30M KyCOK CTPYHbl MOXET pa3opBaTbCs Ha ABE
CTPYHbI. TO, YTO paHbLLE CYMTAAOCh YaCTMLAMM, B CTPYHHbIX TEOPUAX M30OpaxaeTca B BUAE BOAH,
6eryLimx no CTpyHe Tak Xe, kak 6eryT BOAHbl MO HATAHYTOW BEPEBKE, ECAU €€ AEPHYTb 3a KOHeLl,.
NcnyckaHne 1 NorAoLLEHME OAHOM YacCTULbl APYror OTBEYaeT COEAMHEHUIO U PA3AEAEHUIO CTPYH.
Hanpumep, rpaButaumoHHas cuaa, ¢ kotopor COAHUE AEWCTBYET Ha 3EMAKD, B TEOPUAX YacTul,
n3obpaxanacb Kak pe3yAbTaT WUCNYyCKaHWUA KaKoOW-HUOyAb vacTvuen Ha COAHLE rpaBUTOHA W
MOCAEAYIOLLErO €ro MOrAOLWEHUA KaKOM-HUBYAb YacTuuen Ha 3emae (puc. 10.5). B Teopun CTpyH
3TOT npouecc n3obpaxaerca H-o6pa3HbiM coearHeHMeM Tpybok (puc. 10.6). (Teopuss CTpyH B
KaKOM-TO CMbICA€ MOAODHA TEXHWKE BOAOMPOBOAYMKA). [ABE BEPTUKAAbHbIE CTOPOHbI
COOTBETCTBYIOT YacTuuam, Haxoaswmmes Ha CoAHUe 1 Ha 3eMAe, a ropM30oHTaAbHas nonepeynHa
OTBEYAET AETALLEMY MEXAY HUMW rPaBUTOHY.
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L2 g T Yaomud Wrcmuiga Yocmuna

HiT H L) AET
JEALTe CITHLE WA CORNILE
Puc. 105 Pue. 106

Teopusi CTPYH MMEET OYeHb HEOObIUHYHO MUCTOPUIO. OHa BO3HUKAA B KOHLE LUECTUAECATbIX
roAOB MPWU MOMbITKAxX MOCTPOUTb TEOPUID CUAbHbIX B3auMOAEUCTBMIA. Maes Bbina B TOM, 4YTOObI
yacTuLUbl TUMA NPOTOHA U HEUTPOHA PaCcCMaTPMBATb Kak BOAHbI, PACMPOCTPAHAOLIMECH MO CTPYHE.
Toraa CHUAbHbIE CUAbI, AEWCTBYHOLLME MEXAY YacTUMLaMMK, COOTBETCTBYHOT OTpPE3KaM CTPYH,
COEAMHSAOLLMM MeXAy coboi, Kak B NayTMHe, APYyrue y4acTKu CTPYH. AASt TOrO UTOObl BbIYMCAEHHASN
B 3TOM TEOPMMU CUAA B3aUMOAEWCTBMS MMeEAa 3HA4YEHUE, OTBEYaLEee 3KCMNEPUMEHTY, CTPYHbI
AOAXHbI ObITb 9KBUBAAEHTHbI PE3MHOBbLIM AEHTaM, HATAHYTbIM C CUAOM OKOAO AECATU TOHH.

B 1974 r. napuxaHuH Axoanb LUepk u  AxoH LWBapu 13 KarMdopHUMCKOro
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TEXHOAOTMUECKOTO MHCTUTYTa OnybAMKOBaAM paboTy, B KOTOPOW OBbINO NOKa3aHO, UTO TEOPUST CTPYH
MOXET OMWCbIBaTb FPaBUTALMOHHOE B3aWMOAEMCTBME, HO TOABKO MPWU 3HAYUTEABHO OOAbLLEM
HaTAXXEHWUW CTPYHbI — NOPSIAKA ThICAYU MUAAUOHOB MUAAMOHOB MUAAMOHOB MUAAMOHOB MUAAMOHOB
MWAAMOHOB (EAMHULA C TPUALLATBIO AEBATHIO HYAIMW) TOHH. B 06bIUHbIX MacLiTabax npeackasaHus
TakoW CTPYHHOW MOAEAM M 06LLEN TEOPUU OTHOCUTEABHOCTU COBMAAAAM, HO HAYMHAAM pa3AMUaTbCA
Ha OYEHb MaAblX PACCTOSIHUSX, MEHbLUNUX OAHOW TbiCAYa MWUAAMOH MWAAMOH MWUAAMOH MUAAMOH
MWAAMOHHOW AOAM CaHTUMETpPa (OAMH CAHTUMETP, AEAEHHbIM Ha E€AUHULY C TPUALATbIO Tpems
HyAaMK). OpHakKo 3Ta pabota He MpUMBAEKAA OCOBEHHOro BHMMAaHMUSA, MOTOMY UTO KaK pa3 B TO
BPEMS MHOIMe OTKa3aAMCb OT MepBOHAYaAbHOM CTPYHHOW TEOPWUU CUABHOIO B3aMMOAEWCTBUSA,
06paTUBLLUNCL K TEOPUM KBAPKOB W TAHOOHOB, pPE3yAbTaTbl KOTOPOM 3HAUYUTEABHO Ayullie
COrAaCcoBaAMChb C aKcnepuMeHToM. LLiepk Tparnueckun ymep (y nero 6bin AnabeT, U BO BPEMSA KOMb
PSAOM HE O0Ka3aAOCb HUMKOro, KTO Obl CAEAAA eMY YKOA WHCYAMHa), W LLBapu octanca noutu
€AVHCTBEHHbIM CTOPOHHUKOM CTPYHHOW TEOPUK, HO CO 3HAUUTEABHO BOAEE CUABHBIM HATSIXXEHUEM
CTPYH.

B 1984 r. uHTEpEC K CTPYHAM HEOXWMAAHHO BO3POAMACHA. Ha TO 6bIAO, NO-BUAMMOMY, ABE
NPUYUHBI. Bo-nepBbIX, HUKTO HE MOT HUYEero AobUTbCA, MblTasCb NOKa3aTb, UTO CyneprpaBuTaLma
KOHEYHa MAM UTO C €€ NOMOLLLbIO MOXHO 0ObACHUTbL CYLLECTBOBAHUE BCEX PA3HOOOPA3HbIX YacTul,
KOTOpble Mbl HabAopaeM. BTopoi npuumHom 6bina nybankauma ctatbu AxoHa LBapua n Malika
P1Ha M3 NOHAOHCKOIO KynH-M3pu-KOAAeAXa, B KOTOPOM BbINO NOKA3aHO, UTO C MOMOLLbIO TEOPUHN
CTPYH MOXHO 0ObACHUTL CYLLLECTBOBAHUE YaCTUL, C A€BOM CMMPANbHOCTbIO, KaK Y HEKOTOPbIX U3 TeX
YyacTuL, YTO Mbl HabAtOAaEM. Kaknmu 6bl HY BbiAM NOBYAUTEABHBIE MOTHUBLI, BCKOPE OYE€Hb MHOTUE
06paTUAUCL K TEOPMK CTPYH, B pe3yAbTaTe Yero nosiBUAACb €e HoBasi Pa3HOBUAHOCTb — TEOPUSA TaK
Ha3blBAEMOW reTepoTUUECKON CTPYHbl, KOTOpas AaeT HaAeXAy Ha obbAcHeHue pa3Hoobpasus
BMAOB HaOAKOAQEMbIX YaCTHL.

Kparmuaiived nyms w2 A g 8 Mparmyafwed agme ot Aa B
8 dayx mEMEpeNLUX & MPek udsMeeHTEx
b ra

Pue. 10.7

B Teopusax CTPyH TOXe BO3HMKAT HECKOHEYHOCTU, HO €CTb HAAEXAA, UTO B TEX UAWU MHbIX
TEOPUSIX FETEPOTUUECKON CTPYHbI 3TM BECKOHEYHOCTU COKPATATCA (XOTS MOKa 3TO ellle He U3BECTHO).
Ho cTpyHHble Teopun copepxaT 3HauUUTEAbHO BoAee CEPbE3HYIO TPYAHOCTb: OHM HENPOTUBOPEUUBHI,
MO-BUAMMOMY, AWULLIb B AECATM WAM ABAALATUMLLECTMMEPHOM MNPOCTPAHCTBE-BPEMEHW, @ He B
006bIYHOM YeTbipexMmepHOM! AULLIHME U3MEPEHUS — 3TO 0ObIYHOE AEAO B Hay4HOW GaHTaACTUKE; TaM
6e3 HUX U B CAMOM AeAe NOUYTU HEBO3MOXHO 0OOMTMUCh, MOTOMY YTO MHAYEe, U3-3a TOTO YTO, COFAACHO
TEOPUN OTHOCUTEABHOCTH, HEAB3SI ABUraTbCs ObICTPEE CBETa, NyTELLECTBUA CPEAN 3BE3A U FANAKTUK
MPOUCXOAUAN Bbl HEMBICAMMO AOATO. Maes HayyHOM GaHTaCTUKKM 3aKAKOUYAETCA B TOM, YUTO MOXHO
KaKTO COKPATUTb MyTb, NPOMAS Yepe3 AULLIHEE U3MEPEHUE. ITY MbICAb MOXHO CAEAYHOLLMM 06pa3om
MOSACHUTb Ha pUCYHKe. MpeacTaBbTe cebe, UTO MPOCTPAHCTBO, B KOTOPOM Mbl XXMBEM, UMEET TOAbKO
ABa M3MEPEHMA U UCKPWMBAEHO, Kak NMOBEPXHOCTb OybAauka, vamM Topa (puc. 10.7). EcAav Bbl
HaxO0AMTECb B KAKOWM-TO TOUKE Ha BHYTPEHHEN CTOPOHE TOpa U XOTUTE MOMNacTb B MPOTUBOMOAOXHYHO
TOUKy, BaM NpuaAeTcst 060MTU TOP MO BHYTPEHHEMY KOAbLY. A eCAu Obl Bbl yMEAU NepemMeLLaTbcs B



Crusen Xokunr: «KpaTkasi HCTOPHSI BpeMeHH. ..» 85

TPETbEM U3MEPEHUU, Bbl MOTAU Obl Cpe3aTb, MOMAA HANPAMMUK.

Ho nouemy Xe Mbl He 3amMeuyaeM BCE 3TU AOMOAHUTEAbHbIE W3MEPEHWS, €CAU OHWU
AEVCTBUTEABHO CYLLECTBYHOT?

MoyemMy Mbl BMAMM TOABKO TPW MPOCTPAHCTBEHHbIX U OAHO BPEMEHHOE U3MepeHue?
Bo3mOXHO, MpuWuMHa KpOETCS B TOM, YTO APYrMe W3MEPEHWS CBEPHYTbI B O4YEHb Manoe
MPOCTPAHCTBO pa3MepoM MOPAAKa OAHOW MUAAMOH MUAAMOH MUAAMOH MUAAMOH MUAAMOHHOMN AOAM
caHTMMeTpa. OHO Tak MaAo, YTO Mbl €ro NPOCTO He 3aMeyaeM: Mbl BUAMM BCEro AWllb OAHO
BPEMEHHOE W TPW MPOCTPAHCTBEHHbIX U3MEPEHUSA, B KOTOPbIX MPOCTPAHCTBO-BPEMSA BbITAAAUT
AOBOABHO MAOCKUM. TO Xe camoe MPOUCXOAMT, KOTAa Mbl CMOTPMM Ma NOBEPXHOCTb aneAbCUHa:
BOAM3M OHA BbITAAAUT UCKPUBAEHHOW M HEPOBHOW, a M3AAAU OYropkM He BUAHbI U amneAbCUH
KaXxeTca rhapkuM. Tak e 1 NPOCTPaHCTBO-BPEMSA: B OUEHb MaAbIX MacLLTabax OHO AECATUMEPHO U
CUABHO UCKPUBAEHO, @ B BOAbLLUX MacLUTabax KpUBU3HA U AOMOAHUTEAbHbIE U3MEPEHUA HE BUAHDI.
EcAn 310 npeacTaBAEHME BEPHO, TO OHO HECET AyPHble BECTU OyAyLLMM NMOKOPUTEAM KOCMOCa:
AOTOAHUTEABHbIE U3MEPEHUsI BYAYT CAMLLKOM MaAbl AAA MPOXOAA KOCMWYECKOro Kopabaa. Ho
BO3HMKAET U Apyrasi cepbe3Has npobaema. [oueMy AMlIb HEKoTopble, a He Bce BoobOLLe
N3MEePEHUA AOAXKHbI CBEPHYTLCS B MAAEHbKUI LWApUK? Ha oueHb paHHElN CTapAun BCE U3MEPEHUS
BO BceneHHOM 6bIAW, MO-BUAMMOMY, OUYE€Hb CUABHO MCKPUBAEHDI. [louemy e OAHO BPEMEHHOE U
TPU MPOCTPAHCTBEHHbIX U3MEPEHUS PAa3BEPHYAUCH, @ BCE OCTaAbHbIE OCTAOTCA TYrO CBEPHYTHIMU?

Pue. 108

OAMH M3 BO3MOXHbIX OTBETOB AAQETCA aHTPOMHbIM MPUHUMNOM. ABYX MPOCTPAHCTBEHHbIX
M3MEpPEHUN, NO-BUAMMOMY, HEAOCTATOYHO AAS TOro, YTOObl MOFAM Pa3BUTLCSA TakME CAOXHbIE
CyllecTBa, Kak Mbl. XnBs, Hanpumep, Ha OAHOMEPHOW 3eMAe, ABYMEpPHbIE XWBOTHbIE, UTOObI
pa3onTUChb NPKU BCTpeUe, ObiAK Obl BbIHYXAEHbI NEpene3atb APYr uepes apyra. Ecan 6bl ABymepHoe
CYLLECTBO MUTAAOCb YEM-HUOYAb TaKMM, YTO HE NepeBapuBaEeTCa A0 KOHLA, TO OCTaTKM AOAXHDbI
6bIAM 6bl BbIBOAMTLCSI MO TOMY XeE MyTU, NO KOTOPOMY BXOAMT NULLA, TaK Kak MPYU HAaAMYMUKM CKBO3HOIO
NPOX0Aa Yepe3 BCe TEAO XMBOTHOE OKa3aAoCb Obl Pa3AEAEHHBIM Ha ABE OTAEAbHbIE MOAOBUHbI, U
Halle ABYMEpPHOE CyLIEeCTBO pa3BaAMAOCb Obl Ha ABe 4acth (puc. 10.8). TOYHO TaK Xe TPYAHO
NpeAcTaBuUTb cebe, Kak Yy ABYMEPHOIO CyLLLEeCTBa NPOUCXOAMAA Obl LMPKYASLMSA KPOBW.

TPYAHOCTM BO3HMKaAW Obl U B TOM CAy4yae, eCAM Obl YMCAO MPOCTPAHCTBEHHbLIX U3MEPEHUI
6bIN0 GoAblIE Tpex. [paBWUTAaUMOHHAs CUAA MeEXAY ABYMS Tenamu ObicTpee Bo3pactana Obl ¢
PacCTOAHMEM, YEM B TPEXMEPHOM MpPOCTpaHCTBE. (Korpa paccTosHue yaBauBaeTcs, TO B TPeX
M3MEpPEHUAX PaBUTaLMOHHAA CUMAA YMEHbLUAEeTCA B YeTblpe pa3a, B YETbIpeX U3MEPEHUSX — B
BOCEMb pa3, B MATM — B LUECTHAALATb pa3 U T. A.). ATO 3HAUMT, UTO OpPOUTLI MAAHET, Hanpumep,
3emaun, Bpawarowmxca BOKpyr CoAHUA, ObiAM Obl HECTAOBWAbHbI: MaAeWllee OTKAOHEHWE OT
KPYroBon opbuTbl (BO3HMKLLEE, AOMYCTUM, U333 IPaBUTALMOHHOIO MPUTSXKEHWUS APYTMX MAQHET)
npuBeno 6bl K TOMY, UTO 3eMAA cTana 6bl ABMraTbCa HO cnvpann AMbo ot CoaHua, AM60 K ConHLy.
Mbl 6bl Toraa Ambo 3ameps3nm, Anbo cropean. Ha camom pene, ecau Obl 3aBUCUMOCTb
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rpaBUTALIMOHHOWM CUABI OT PAcCTOsIHMUSA ObiAa OAMHAKOBOW B MPOCTPAHCTBaX C Pa3MepPHOCTbIO BbilLe
Tpex, To CoAHLEe He MOrAO Obl CylwlecTBoBaTb B CTaBMAbHOM COCTOSIHUM, B KOTOPOM COXpaHSAeTCA
paBHOBECUE MEXAY AaBAeHWEM W rpaBuTaumen. OHO AMBO pacnanocb 6bl Ha 4acti, AMOO,
CKOAAAMNCUPOBAB, NPEBPATUAOCH B YEPHYHO Abipy. B 060MX CAydasix OT Hero yxe 6biAo Hbl Mano
MOAb3bl Kak OT MCTOYHWKA TEMAA M CBETa AAA MOAAEPXKM XM3HM Ha 3emae. Ha MeHbLiunx
MacwTabax 3NEKTPUUYECKME CUAbI, NMOA AENCTBMEM KOTOPbIX 3AEKTPOHbI ObpallatoTcs B atome
BOKPYr SiAPa, BeAn Obl cebsl Tak Xe, Kak rpaBUTaUMOHHbIe. CAeAOBATEABHO, SAEKTPOHbI AMOO BCe
BMecCTe BbIAeTEAU Obl M3 aTOMa, AMBO NO cnupaAu ynaau 6bl Ha SAPO. B TOM U Apyrom cayyae He
CyLLLECTBOBAAO Obl TaKMX aTOMOB, Kak cenuac.

Torpa, kasanocb Obl, OYEBMAHO, UTO XXM3Hb, MO KpaWHEW Mepe Tak, Kak Mbl ee cebe
NPeACTaBASIEM, MOXET CYLLECTBOBATb AWLLUb B TaKMx 0OAACTAX NPOCTPAHCTBA-BPEMEHMW, B KOTOPbIX
OAHO BPEMEHHOE W TPWU MNPOCTPAHCTBEHHbLIX U3MEPEHWUS HE OYEHb CUABHO MCKPUBAEHbI. ITO
O3Ha4aeT, YTo Mbl MMeeM NpaBO MNpPM3BaTb Ha MOMOLLb CAAObIA @HTPOHHbLIA MPUHLMM, €CAU
CMOXEM MOoKasaTb, YTO CTPyHHas TEOpUA NO KpamHEW Mepe AOMNyCKaeT (a OHa, No-BUAMMOMY,
AENCTBUTEABHO AOMYCKaeT) cyllecTBoBaHWe BO BceneHHOM obaacter ykasaHHOro Buaa. BrnoaHe
MOTyYT CyLLECTBOBaTb U ApyrMe obaact BceneHHOM MAM Apyrve BCeAeHHble (Y4TO Obl MOA 3TUM HU
NOAPa3yMeBaAOCb), B KOTOPbIX AMBO BCE M3MEPEHUSA CUABHO MCKPUBAEHbI, AMBO pPacnpsMAEHO
6oAbLLE YETbIPEX U3MEPEHUIM, HO B MOAOOHbIX 0OAACTAX He ByAeT pas3yMHbIX CyLLECTB, KOTOpble
MOrAM Obl yBUAETb 3TO pa3HOObpa3ne AEMCTBYIOLLMX UBMEPEHUN.

Kpome onpeaeneHns YucAa M3MEPEHUH, KOTOpbiMKM 0b6AapaeT MNpOCTPaHCTBO-BpEMS, B
TEOpUU CTPYH €CTb elle U ApyrMe 3apayu, KOTOpble HaAO PeLUUTb, NMPEXAE YEM MPOBO3rAallaTh
TEOPUID CTPYH OKOHYATEAbHOW €AMHOM Teopuen OU3MKKU. Mbl Noka He 3HaeMm, BCe AU
H6ECKOHEUYHOCTU KOMMEHCUPYHOT APYr APYra, U He yMeeM TOYHO HaXOAWTb COOTBETCTBUE MEXAY
BOAHAMMW Ha CTPYHE M ONMpPEAEAEHHbIMU TUNAMK YacTul, KOTopble Mbl HabAtopaeM. TeM He MeHee
OTBETbI HA 3TW BOMPOCHI ByAyT, MO-BUAMMOMY, HAMAEHbI B BAMXKAMLLME HECKOABKO AET, U K KOHLY
BEKA Mbl y3HAEM, ABASIETCS AU TEOPUS CTPYH TOM AOATOXAQHHOW EAMHON TEOPUEN DUBUKN.

Ho MOXeT AWM eAMHast Teopua peanbHO cyllectBoBaTb? WMAM Mbl MPOCTO FOHAEMCH 3a
MUpaxom? BO3MOXHbI, MO-BUAMMOMY, TPU BapuaHTa.

1. MNoAHas epnHas Teopusa AEMCTBUTEABHO CYLLLECTBYET, U Mbl €€ KOrAa-HUOYAb OTKPOEM, ECAK
noctapaemcs.

2. OKoHYaTeAbHOM TEOPUK BeceneHHOM HET, a eCcTb NPOocTo BecKoHeuHas NOCAEAOBATEAbHOCTb
TEOPUN, KOTOPbIE AQKOT BCe Bonee n Boree TOUHOEe onncaHne BeceneHHOM.

3. Teopun BceneHHOM He cyllecTByeT: CoObITUA He MOryT ObiTb MPEACKasaHbl Aanee
HEKOTOPOro NPeAena U NPOUCXOAAT MPOU3BOAbHbIM 06pa3omM 1 6ecnopsAOUHO.

B noAb3y TpeTbero BapmaHta HEKOTOPbIE BbIABUIAKOT TOT AOBOA, YTO CyLLECTBOBaAHME NOAHOM
CUCTEMbI 3aKOHOB OrpaHMUUAO Bbl cBOBOAY Bora, ecan Bbl OH nepeayman U peLunA BMeLlaTbesa B
HaLl Mup. CUTyauma CpoAHM CTapoMy AOBPOMY NapaAOKCy: MOXET AU Bor COTBOPUTb TaKOM KAMEHD,
KoTOpbI OH cam He cMor 6bl NOAHATb. HO MbICAb O TOM, UYTO BOr MOXeT nepeaymaTb, — 370 NpUMeEp
3abAyXAEHMS, HA KOTOPOE YKa3sbliBaA elle bAaXeHHbIn ABryCTMH; OHO BO3HWKAET, €CAW CUMTaTb
bora cyuwectBom, XUBYLLMM BO BPEMEHW; BPEMSA XE - CBOWCTBO TOAbKO BceneHHOM, koTopas
co3paHa borom. 3anyckas BceneHHyto, bor, BEpPOATHO, 3HAA UTO AenaeT!

C NnoABAEHMEM KBAHTOBOW MEXaHUKM MPULIAO NMOHWUMaHWE TOro, Yto CObbITUE HEBO3MOXHO
npeAckasbiBaTb aBCOAKOTHO TOUHO U B AOBOM NpeACKa3aHUK BCErAA COAEPXKMUTCA HEKOTOPAS AOAS
HeonpeAeAeHHOCTU. TpU XeAaHUU 3Ty HEOMNPEAEAEHHOCTb MOXHO ObIAO Obl OTHECTM Ha CUeT
BMelwaTeAbCcTBa bora, HO BMellaTtenbCTBa, HOCALLLErO OYEHb CTPAHHbIM XapakTep: HET HUKaKMX
CBMAETEABCTB €0 XOTb KaKOM-HMOYAb LEAEBOM HampaBAEHHOCTWU. PasymeeTcsi, OKa3aBLUMCb
HanpaBAEHHbIM, OHO MO CBOEMY MOHATUIO He BbIAO Obl CAydalHbIM. B Hal BEK Mbl MPAKTUYECKM
WUCKAKOUMAM TPETUM BO3MOXHbIA BapuUaHT, NPEAONPEAEANB LIEAb, CTOSILLYHO NepeA HayKon: HauTu
CUCTEMY 3aKOHOB, KOTOpble AaBaAM Obl BO3MOXHOCTb MPEACKa3biBaTb COObITMA B npepenax
TOYHOCTH, yCTaHaBAMBAEMOMW NPUHLMNOM HEONPEAEAEHHOCTMH.

BTopana BO3MOXHOCTb, CBA3AHHAA C CyLLECTBOBAHMEM OECKOHEUHOW MOCAEAOBATEABHOCTM
Bce Bbonee u Bonee TOYHbIX TEOPUM, MOKa LEAMKOM COrAacyetcsi C HallMm OnbiIToM. Bo MHOrmx
CAyYasix Mbl NOBbILAAM YYBCTBUTEABHOCTb annapaTypbl MAU MPOU3BOAUAM SKCMEPUMEHTbI HOBOIO
TMNa AWWb AASI TOTO, YTOObl OTKPbITb HOBbIE SIBAEHUS, KOTOpble euwe He OblAM MpeACKasaHbl
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CYLLECTBYIOLLEN TEOPUEN, N ANl UX NPEACKA3AHUSA MPUXOAMAOCH CO3AaBaTb HOBYHD, BOAEE CAOXKHYHO
Teoputo. [oatomy He OyaeT HMYero 0COBEHHO YAMBUTEABHOIO, €CAM OKaXETCS HEBEPHbIM
NnpeAckasaHue, CAEAaHHOE B paMKax COBPEMEHHbIX TEOPUI BEAMKOTO 0OBbEAMHEHUS, O TOM, UTO HE
AOAKHO OblTb HUKAKMX CYLUECTBEHHO HOBBIX SIBAEHUI B MPOMEXYTKE OT 3HAUEHWUS] SHEPruUu
anekTpocraboro obbepnHeHns 100 3B A0 aHEpPrun BEAUKOro 06beAnMHEHUS, PaBHOW NPUMEPHO
ThiC Y€ MUAAMOHOB MWAAMOHOB TMradAEKTPOHBOALT. Ha caMoM AeAe MOXHO OXWMAATb, UTO OyayT
OTKPbITbl KakMe-TO HOBblE CAOU CTPYKTypbl, BOAEE 3NEMEHTApPHbIE, YEM KBAPKU WU IAEKTPOHBI,
KOTOPbIE Mbl CEMYAC CYUTAEM INEMEHTAPHbBIMMU.

Ho rpaButauusa Moxet, No-BUAMMOMY, HAAOXWUTb OrPaHUUYEHUE HA 3Ty NMOCAEAOBATEAbBHOCTb
BAOXEHHbIX OAHA B APYryl0 «maTpellek». EcaM 6bl CyllecTBOBaAa 4acTula, 3HEPrMs KOTOPOM
npeBblilwana 6bl NNAAHKOBCKOE 3HAYeHWE — AECATb MUAAMOHOB MUAAMOHOB MUAAMOHOB (€AMHMLIA C
AEBATHAALATBIO HYASIMM) TUTa3aAEKTPOHBOABLT, - TO €e Macca bbina 6bl CTOAb CUMABHO CXaTa, UTo
yacTMua BblpaBMAACb Obl M3 BceneHHOW, 06pa3oBaB  YepHy Ablpy. Takum obpasom,
NMOCAEAOBATEAbHOCTb BCE OOAee TOUHbIX TEOPUM AOAXKHA, MO-BUAMMOMY, MMETb MPEAEA MNPU
nepexoae Ko Bce H6onee 1 Bonee BbICOKMM SHEPTMUSIM, a NMOTOMY NMPU KAaKUX-TO SHEPTUAX AOAXKHA
CYyLLECTBOBATb OKOHYATEAbHAA Teopua BceneHHOM.

lMAAHKOBCKasi 3HEPrusi, KOHEUYHO, OTAEAEHa MponacTbld OT 3SHEPrU MOPSAKA COTHM
TMrasaneKTPOHBOALT - TOrO0 MakKCUMMyMa, KOTOPbIM Cervyac MOXHO AOCTMUb B AabopaTtopuu, U C
MOMOLLBIO YCKOPUTEAEW BPSIA AWM YAACTCA BO3BECTM MOCT uepe3 3Ty nponactb B 0603pMMOM
byaywiem! Ho CTOAb BbICOKME 3HEPTMU MOFAM BO3HUMKHYTb Ha OYE€Hb PAHHWUX CTAAMSAX Pa3BUTUA
BceneHHOW. MHe KaxeTcsi, UTo M3yuyeHWe paHHen BceneHHOM M TpeboBaHMA MaTeEMATUYECKOM
COrAacOBaAHHOCTM NPUBEAYT K CO3AAHUIO NOAHOM EAUHON TEOPUK, U MPOUIOMAET 3TO ELLE NPU KU3HU
KOrO-TO U3 HAC, HbIHE XUBYLLUX, ECAU, KOHEYHO, Mbl A0 3TOr0 camMu cebss He B30PBEM.

Uto 6bl 3TO 03HAYaAN0, ECAM Obl HAM AEUCTBUTEABHO YAAAOCh OTKPbITb OKOHUYATEABHYH TEOPUHD
BceneHHOM? Kak yxxe roBOpMAOCH B TA. 1, Mbl HUKOTA@ HE MOTAK Obl ObITb YBEPEHHbBIMUW B TOM, UTO
HaWAEHHan TeopUa AEMCTBUTEABHO BEPHA, MOTOMY UTO HUKAKYHO TEOPUIO HEAb3SI AOKa3aTb. Ho ecau
OTKpbITaa Teopusi OBbina Obl MaTemMaTMUYECKM HEMPOTMBOPEYMBA M €€ NpPEeACKal3aHua BCeraa
coBMapaAv C 3KCMEPUMEHTOM, TO Mbl MOFAM Obl HE COMHEBATbCA B €€ MPaBUAbHOCTU. ITUM
3aBeplunaacb Obl AAMHHAA M YAMBWUTEAbHAA [AaBa B UCTOPUM  WUHTEAAEKTYaAbHOM 60pbObI
yeAoBeYyecTBa 3a No3HaHWMe BceneHHOW. Kpome TOro, OTKpbITUE TakKOW TEOPUU NMPOU3IBEAO Obl
PEBOAOLIMIO B MPEACTABAEHUAX OObIUHbIX AKOAEM O 3akKoHax, ynpaBAsAlolMx BceneHHoW. Bo
BpemMeHa HbioToHa 06pa3oBaHHbIM YEAOBEK MOT, MO KparHen mepe B 0OLIMX yepTax, OXBaTWUTb
BeCb 0O0bEM 3HAHWW, KOTOPbIMU pacrnoAaran0 4YenoBevyecTBo. Ho ¢ Tex nop pasBUTUE HAYKK
NMPOWUCXOAUT B TaKOM TEMIME, YTO MOAODOHbLIM OXBaT CTAA HEBO3MOXHbIM. TEOPUW HEMPEPbLIBHO
BUAOM3MEHSIIOTCA AASl COrAACOBaHUSA C pe3yAbTaTaMu HAOAKOAEHWW, U HUKTO HE 3aHMMaeTca
nepepaboTKon U ynpoLLEHUEM TEOPUM AAA TOTO, YTOObI MX MOFAM MOHATb HECNELUMAAUCTbl. Aaxe
6yAyuM CNELMAAMCTOM, MOXHO HAAEATLCA NMOHSATb AULLIb MAAYHO YaCTb Hay4HbIX TEOPUI. Kpome Toro,
pa3BUTME MAET Tak ObICTPO, YTO BCE, YEMY y4yaT B LLUKOAE MAWM YHUBEPCUTETE, BCErA@ HEMHOIO
yctapenoe. N\ullb €AMHWULBI MOTYT ABUraTbCs BMNEpeA HapaBHE C ObICTPO pacTylmmMm 06beMoMm
MHPopMaLmn. UM NpuUXoAUTCA NOCBSALLATL 3TOMY BCE CBOE BPEMS U CNELMAAM3UPOBATLCS AWLLb B
KaKOM-TO y3kon obaacTn. OCTaAbHble MAAO UTO 3HAKT O TOM, YEro AOCTMIA@ Hayka M Kak 3TO
nepexuBatoT y4yeHble. ECAM BEpUTb IAAMHITOHY, CEMBAECAT AET Ha3ap AWLLb ABa 4YenOBeEKa
NOHUMaAM OOLLYIO TEOPUIO OTHOCUTEABHOCTWU. Cenuac ee 3HalT AECATKU TbICSAY BbIMYCKHUKOB
YHUBEPCUTETOB, @ MHOTME MUAAMOHbI AFOAEW NO KPanMHEN Mepe 3HAaKOMbI C AeXallleh B ee OCHOBE
naeen. Ecam 6bl Gbina OTKPbITa NOAHAA €AMHAA Teopus, TO ee cucTeMatu3auma 1 ynpouleHue, a
NOTOM U NPEnoAaBaHWE B LLIKOAE, MO KPanMHEN Mepe B 00LLMX YepTax, OKa3aAnCb Obl MPOCTO AEAOM
BpeMeHU. Torpa BCe CMOMAW Obl MOAYUMTb HEKOTOPOE NMPEACTABAEHWE O 3aKOHaX, YNPaBAAHLLMX
BceneHHOM 1 OTBETCTBEHHbIX 3@ Halle CyLlecTBOBaHUE.

EcAv Ham AENCTBUTEABHO YAACTCA OTKPbITb MOAHYKO E€AMHYIO TEOPUIO, TO 3TO He Oypet
O3HauaTb, UYTO Mbl CMOXEM MNpeACKasbiBaTb COObITMA Booblle. Ha TO ecTb ABE NPUUMHBI.
Bo-nepBbiX, HaluM nNpeAcKkasaTeAbHble BO3MOXHOCTM OrpaHMUYeHbl KBAHTOBO-MEXaHUUYECKUM
NMPUHLMMNOM HEONPEAEAEHHOCTH, U C 3TUM HUYEro He nopenaellb. [paBaa, Ha NPaKTUKe BTOPOE
OorpaHUYeHne cMAbHee NepBoro. Bropoe orpaHnyeHne CBsI3aHO C TEM, UYTO, ECAM HE CYMTATb OUYEHDb
NPOCTbIX CAy4a€B, Mbl HE YMEEM HaXxOAUTb TOUHbIE PELUEHMA YPAaBHEHWUIM, ONMUCIBAOLLIMX TEOPUIO.
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(Mbl HE B COCTOSIHUM TOYHO PELUWUTb AGXEe YPaBHEHUSI ABUXKEHMA TPEX TEA B HBIOTOHOBCKOM TEOPUM
rpaBUTaLMK, @ C POCTOM YMCAA TEA U YCAOXHEHUEM TEOPUM TPYAHOCTU ellle boaee YyBEAMUMBALIOTCSA).
Mbl yXXe 3HaeM Te 3aKOHbl, KOTOPbIM NMOAYMHAETCS NOBEAEHUE BELLLECTBA BO BCEX YCAOBUSAX, KpOME
SKCTPEMAAbHbIX. B 4aCTHOCTU, Mbl 3HAEM CaMbleé BaXHbl€ 3aKOHbI, A€XallMe B OCHOBE XMMWU U
6ronornn. Tem He MeHee Mbl, KOHEYHO Xe, HE MPUUUCASEM 3T HAYKU K pPelleHHbIM npobaemMam;
Mbl NOKa HEe AOBMAUCH MOYUTU HUKAKUX YCMEXOB B NMPEACKA3aHUN NOBEAEHMA YEAOBEKA HA OCHOBE
MaTeEMaTUUYECKUX ypaBHEeHUN! Taknum obpa3omM, eCAU Mbl U HANAEM MOAHYHO CUCTEMY OCHOBHbIX
3aKOHOB, NepeA HaMu Ha MHOTO AeT Brniepea BYAET CTOATb BbI30BOM HalLEMy MHTEAAEKTY 3apava
Pa3paboTKMU HOBbIX MPUOAMXKEHHbBIX METOAOB, C MOMOLLBIO KOTOPbIX Mbl MOFAM Obl yCMeLHO
NPeAcKasblBaTb  BO3MOXHbIE  pPe3yAbTaTbl B PEaAbHbIX  CAOXHbIX  cuTyaumsx. [oAHas,
HENpPOTMBOPEUUBaA eANHaA Teopua — 3TO AMLLIb MEPBbIN LWar: Halla LUeAb — MOAHOE MOHUMaHWe
BCEro NPOMCXOAALLErO BOKPYr HAC U HalLero CO6CTBEHHOrO CyLLLECTBOBAHUS.

11. 3akaoueHue

Mbl XUBEM B YAMBUTEABHOM MWpe. Ham Xouyercsa MOHATb TO, UTO Mbl BUAMM BOKPYr, W
CMPOCUTb: KAKOBO NPOUCXOXAEHNE BCEAEHHON? KaKoe MECTO B HEW 3aHMMAEM Mbl, U OTKYAa Mbl U1
OHa - BCE 3T0 B3SIAOCb? NoYeMy BCE NMPOUCXOAUT UMEHHO TakK, a He MHaue?

AAsi OTBETa Ha 3TW BOMPOCHI Mbl MPUHUMAEM HEKYIO KApTUHY MUpa. Takon KapTUHOM MOXET
ObITb Kak OallHS U3 CTOSLWMX APYT Ha Apyre yepenax, HecylumMx Ha cebe NAOCKyto 3eMALD, Tak U
Teopusa cynepctpyH. Obe OHM ABAAKOTCA Teopusamu BceneHHOW, HO BTopas 3HAUUTEABHO
MaTeMaTMUyHee M TouyHee nepBon. HM oAHaA M3 3TUX TEOPUM HE MOATBEPXKAEHA HAOAFOAEHUSIMMU:
HUKTO HUKOTAQ HE BUAEA TMIAHTCKYHO Yepenaxy ¢ Halen 3eMAen Ha CriMHe, HO BEAb U CYyNepCTPyHY
HUKTO HUKOTAQ He BuAeA. OAHAKO MOAEAb Yepenax HeAb3s Ha3BaTb XOPOLUEN HAyYHOM TeOopueN,
MOTOMY 4YTO OHa MNpPeACKa3blBaeT BO3MOXHOCTb BbIMAAEHUS AHOAEM yepeld Kpal mupa. Takas
BO3MOXHOCTb HE TMOATBEPXAEHA OSKCMEPUMEHTAAbHO, pPa3Be YTO OHA OKaXeTcA MNPUUMHOM
npeAnoAaraemMoro UCYe3HOBEHUS AOAEN B BEpMYACKOM TpeyroAbHUKe!

Camble nepBble MOMbITKK ONUCaHUA U O0ObACHEHUA BceneHHOM ObiAM OCHOBaHbl Ha
NPEACTABAEHUU, UYTO COOLITUAMU U SABAEHUSIMU MPUPOAbI  YNPABASIOT AYXM, HAAEAEHHble
YEAOBEYECKUMU  3SMOLMAMM U AEWCTBYIOLLUME COBEPLUEHHO Kak AOAM U abBCOAKOTHO
HenpeAckasyemo.

3TN AYXM HACENIAU TAKME NPUPOAHBIE OOBEKTbI, KaK PEKM, FOPbl M HEBECHBIE TEAA, HAMPUMED,
ConHue n N\yHy. MNMoaaranock 3apabpuBatbh X U AOOMBATLCA MX PACMOAOXKEHMUS, YTOObI 0becneunTb
NAOAOPOAME MOUBbI MU CMEHY BpeMeH ropa. Ho MmocteneHHo AAM AOAXKHbBI ObIAM MOAMETUTb
onpeaeneHHble 3aKoHOMepHOCTU: COAHLE BCerpa BCTaBaAO Ha BOCTOKE WM CaAMAOCb Ha 3anaae
He3aBWCUMO OT TOro, BbiAa UAK He Bbina NpuHeceHa xepTBa 6ory ConHua. CoaHue, AyHa U NAQHETHI
XOAMAM MO Heby BAOAb COBEPLLUEHHO OMPEAEAEHHbIX MyTEM, KOTOPble MOXHO ObIAO NpeAckasaTb
Hanepea € Xopollen ToUHOCTbio. CoAHLE M AyHa BCE Xe MOrAM okasaTbcs boramu, HO Boramu,
KOTOPbIE MOAUYMHAOTCA CTPOrMM, NO-BUAMMOMY, HE AOMYCKAKOLIUM MCKAIOUEHWUI 3aKOHAM, €CAM,
KOHEYHO, OTBAEULCS OT POCCKA3HEN BPOAE AereHAbl 0 TOM, Kak paar Mucyca HaB1MHa 0CTaHOBMAOCH
ConHue.

CHauyana 3aKOHOMEPHOCTM M 3aKOHbl ObIAM OBHAPYXEHbI TOAbKO B aCTPOHOMWM U elle B
CUMTaHHBbIX CAyYasx. Ho no mepe pa3BUTUSA LMBUAM3ALIMKU, U OCODEHHO 3a MOCAEAHUE TPUCTA AE€T,
OTKPbIBAAUCb BCE HOBbIE U HOBblE 3aKOHOMEPHOCTU U 3aKOHbI. YCNELWHOe MNPUMEHEHUE ITUX
3aKOHOB B Hauyane XIX B. npuBeAo Aarnaaca K AOKTPUHE HayuyHOro petepMuHmMsMa. Ee cytb B TOM,
YTO AOAXKHA CyLLEeCTBOBaTb CMUCTEMA 3aKOHOB, TOYHO OMNPEAEAAIOWMX, KaK OyaeT pa3BuBaTbCA
BceneHHas, No ee COCTOSHUIO B OAUH KAKOW-HUOYAb MOMEHT BPEMEHMW.

NanAacoBCKUA AETEPMWUHU3M ObIA HEMOAHbIM HO ABYM MpWYMHaAM. B Hem Huuero He
rOBOPMAOCb O TOM, Kak CAeAyeT BblOMpaTb 3aKOHbl, U HUKAK HEe OMPEAEAIAOCb HaudyaAbHOE
cocTosiHMe BceneHHOW. M TO M Apyroe npeaocTaBAsINOCH peluaTtb bory. bor AoOAKeH ObIA peLLunTb,
KakMM ObiTb Hauany BceneHHOM M KaKMM 3aKOHaM €M MOAUMHATBCA, HO C BO3HUKHOBEHWEM
BceneHHOWM ero BMELLATEAbLCTBO MPEKPATUAOCh. lpakTMuecku bory ObiAM OCTABAEHbI AWLLb TE
06AacTU, KOTOPbIE BbIAM HEMOHATHBI Hayke XIX B.

Celyac Mbl 3HaeM, 4To MeuTbl AanAaca 0 AETEPMUHU3ME HepeaAbHbl, MO KpanHEN Mepe B
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TOM BMAE, Kak 3TO0 nNoHMMaA ANanaac. B CUAy KBaAHTOBO-MEXaHMUYECKOro npuHuMna
HEOMPEAEAEHHOCTU HEKOTOPbIE Mapbl BEAUUYUH, HAMPUMEP, NOAOXKEHWE YaCTULbl U €€ CKOPOCTb,
HeAb31 OAHOBPEMEHHO abCOAOTHO TOUHO NPEACKa3aThb.

KBaHTOBasi MexaHMKa B MOAOOHbLIX CUTyauuMax obpallaeTcs K LEAOMY KAAcCy KBAHTOBbIX
TEOPUN, B KOTOPbIX 4aCTULbl HE MMEIT TOYHO OMPEAEAEHHbIX MOAOXEHWM U CKOPOCTEHW, a
NPEACTaBAAIOTCA B BUMAE BOAH. TakMe KBaHTOBbIE TEOPUWU ABASAIOTCS AETEPMUHUCTCKUMU B TOM
CMbICAE, YTO OHW YyKa3blBalOT 3aKOH W3MEHEHUA BOAH CO BpemMeHeM. [loaTomy, 3Has
XapaKTePUCTUKN BOAHbI B OAMH MOMEHT BPEMEHU, Mbl MOXEM pacCyMTaTb, KAKMMWU OHU CTaHYT B
AOOOM APYron MOMEHT BPEMEHWU. INEMEHT HEMPEACKA3YEMOCTU U CAYYAMHOCTU BO3HUKAET AWLLIb
NP NONbITKax MHTEPNPETaLMM BOAHbI HA OCHOBE NPEACTABAEHUI O MOAOXEHUN U CKOPOCTU YaCTULL,
Ho B 3TOM-TO, BO3MOXHO, U 3aKAKOUYAETCA Halla OlKMbOKa: MOXET ObiTb, HET HU MOAOXEHUMN, HU
CKOPOCTEN YacTuL, a CYLLECTBYIOT OAHU TOAbKO BOAHbI. M oLLMOKa MMEHHO B TOM, YTO Mbl NbITAEMCSH
BTUCHYTb MOHATUE BOAHbl B HallW 3aCKOPY3Able NPEACTABAEHUSI O MOAOXEHMAX U CKOPOCTAX, a
BO3HMKaKOLLEE HECOOTBETCTBME M ECTb MPUUNHA KaXYLLENCA HEMPEACKA3yEMOCTH.

N BOT Mbl MOCTAaBUAM MHYHO 3apauy MEpPeA HaykoW: HAMTU 3aKOHbI, KOTOPbIE MO3BOAAAU Obl
NnpeAcKasblBaTb COObITUSA C TOYHOCTLIO, AONYCKAEMOW MPUHLIMNOM HeonpeAeneHHOCTU. OAHAKO Bce
paBHO ocTaeTcs 6e3 OTBETa BOMPOC: Kak U MoYeMy NpPOU3BOAUACA BbIOOP 3aKOHOB M HAUYaAbHOMO
cocTosiHuA BeceneHHOM?

B 3101 KHUrE 1 0c060 BbIAEAUA 3aKOHbI, KOTOPbIM MOAYMHAETCA rpaBUTaLMs, MOTOMY YTO, XOTS
rPaBUTALMOHHbIE CWUAbI CaMble CAabble M3 CYLLECTBYHOLLUMX YETbIPEX TUMNOB CUA, MMEHHO MOA
AEWCTBMEM TpaBuUTaLMK  GOPMUPYETCA KpynHOMaclwTabHaa CTpyktypa BceneHHOW. 3akoHbl
rpaBuTaLMM BbIAM HECOBMECTMMbI C €LLle HEAABHO ObITOBaABLLEN TOUKOM 3pEHKSA, UTO BceneHHan He
M3MEHSAETCA CO BPEMEHEM: M3 TOro, UYTO rpPaBUTALMOHHbIE CUAbI BCErpa ABAAKOTCA CUAAMM
NPUTSXXEHWSA, BbITEKAET, UTO BeceneHHasa AOAKHA AMBO paclumnpsatbes, AMO0 cxrMmaTtbesi. CornacHo
0o6LIeENn TEOpUM OTHOCUTEABHOCTM, B MPOLIAOM AOAKHO ObINO CYLLECTBOBATb COCTOSIHUE C
6ECKOHEUYHON MAOTHOCTbIO - OOAbLLOW B3pPbiB, KOTOPbIA U CTaA 3GPEKTMBHO HAYaAOM oOTcyeTa
BPEMEHU. AHaAOTMYHbIM 00pa3oM, ecAn BCSi BceneHHas MCMbiTaeT MOBTOPHbIM KOAAAMC, TO B
OyAyLLEM AOAKHO OOHAPYXMUTbCA €LLEe OAHO COCTOSHME C BECKOHEUYHOW MAOTHOCTbIO - OOAbLLOWM
XAOMOK, KOTOPbIA CTAHET KOHLLOM TeYEHUS BpEMEHU. AaXKe eCAM BTOPUUHbIN KOAAANC BceneHHON He
NMPOMU3OMAET, BO BCEX AOKAAM30BaHHbIX 00OAACTAX, M3 KOTOPbIX B pe3yAbTaTe KoAAamnca
06pa3oBaAnCb YEPHbIE AbIPbl, BCE PABHO BO3HWUKHYT CUHTYAAPHOCTU. ITW CUHIYASIPHOCTU OyAyT
KOHLIOM BPEMEHU AN AHODOTO, KTO YMAAET B YUEPHYIO AbIpy. B TOUuke B0OAbLLIOIO B3pbiBa U B APYIMX
CUHIYAIPHOCTSIX HApPYLLAKOTCA BCE 3aKOHbI, @ NO3TOMY 3a borom coxpaHsietcs noAHas cBobopa B
BblBOpE TOro, UTO MPOMUCXOAUAO B CUHIYASIPHOCTAX M KakMM ObIAO Hauano BceneHHoM.

Mpn 06bEAMHEHUN KBAHTOBOM MEXaHWKU C 06LEN TeopuMer OTHOCUTEAbHOCTM BO3HMKAET,
Nno-BMAMMOMY, HOBas, AOCEAE HEM3BECTHAA BO3MOXHOCTb: NPOCTPAHCTBO M BPEMS MOIYT BMECTe
obpa3oBaTb KOHEYHOE UYETbIPEXMEPHOE NMPOCTPAHCTBO, HE UMEIOLLIEE CUHTYASIPHOCTEN U TPaHUL, U
HanoOMWHatloLEee NOBEPXHOCTb 3EMAMU, HO C BOAbLLMM YUCAOM M3MeEPEHUI. C MOMOLLLIO TAKOro
NnoAxoAa YAAAOCb Obl, HaBepHoe, OObACHUTbL MHOrMe M3 HabAroAaeMbIX CBOWCTB BceaeHHOW,
HanpumMep, €ee OAHOPOAHOCTb B 6O0AbLIMX MaclTtabax M OAHOBPEMEHHO OTKAOHEHMSA OT
OAHOPOAHOCTH, HabAIOAGEMbBIE B MEHbLLUMX MaclwTabax, Takue, Kak raAakTUKKW, 3BE3Abl U AaXe
yenoBeyeckre cyulectBa. C NOMOLLBD 3TOr0 MNOAXOAQ MOXHO OblA0 Obl 0OBACHWUTL Aaxe
CyLLECTBOBAHWE HAOAHOAAEMON HAMK CTPEABI BpEMEHU. HO ecAn BceneHHan NOAHOCTbIO 3aMKHYyTa
M HE UMEET HU CUHIYASIPHOCTEW, HWU FPaHUL, TO OTCHOAA BbITEKAOT OYEHb CEPbE3HbIE BbIBOAbI O
poan bora kak Co3paTtenas.

OpHaxAbl JMHLWITEMH 3apan Bonpoc: «Kakon Bblbop Obian y bora, Korpa OH co3paBaa
BceneHHy0?» EcAM BEPHO NPEANOAOXEHME 006 OTCYTCTBMM rpaHul, To y bora Boobule He 6binO
HUKaKON CBOOOAbI BblOOpa HauyaAbHbIX YCAOBUW. Padymeetcsi, y Hero elue octaBanacb cBoboaa
BbibOpa 3aKOHOB, KOTOPbIM MOAUMHAETCS BceneHHas. HO MX HA caMOM AeAe He TaK yX MHOrO;
CYLLECTBYET, BO3BMOXHO, BCEr0 OAHA MAM HECKOAbKO MOAHbIX EAMHBIX TEOPUIK, HAaNPUMeEpP, TeopPHUS
reTepoTUUYECKON CTPYHbI, KOTOPblE ObIAK Obl HEMPOTUBOPEUMBDI U AOMYCKAAU CYLLIECTBOBAHME TAKMUX
CAOXHbIX CTPYKTYP, Kak YeAOBEeUYEeCKUe CyLLlecTBa, CnoCOOHbIX MCCAEAOBATb 3aKOHbl BCeAeHHOM U
3apaBaTb BOMPOCHI O cylHOCTH bora.

Aaxe ecAv BO3MOXHa BCEro 0OAHa eAnHaN TeEOPUSA — 3TO NPOCTO Habop NPaBUA U yPaBHEHWN.
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Ho uTo BAbIXaeT XW3Hb B 3TW YpPaBHEHUA W CO3AAET BCEAeHHyt0, KOTOpPYHD OHW MOTAM Obl
onucbiBatb? OObIYHbIM NYTb NAYKW — NMOCTPOEHUE MATEMATUUECKON MOAEAM — HE MOXET MPUBECTU K
OTBETY Ha BOMPOC O TOM, MOYEMY AOAXKHA CYLLECTBOBATb BceneHHas, KoTopyto ByAeT onucbiBaTb
NnocTpoeHHaa MoaeAb. louemy BceaeHHasa MAET Ha BCE XAOMOTbl CyllecTBOBaHWMA? Heyxean
eAMHan Teopus Tak BCECUAbHA, YTO camMa ABASIETCA NPUUMHOM CBOEW peaAm3aumn? MAn en HyxeH
CO3AATEAb, @ ECAU HYXEH, TO OKa3bIBAET A OH elle Kakoe-H1byaAb BO3AeNCTBME Ha BeceneHHyo? U
KTO CO3AaA ero?

Moka GOAbLLUMHCTBO YUYEHbIX CAULLKOM 3aHSTbl Pa3BUTUEM HOBbIX TEOPUI, OMMUCHIBAIOLLIMX, YTO
ecTb BceneHHas, U UM HEKOrAa CnpocuTb cebs, noyemy oHa ecTb. PUAOCOodbI Xe, Ubsa paboTa B TOM
M COCTOUT, UTOObI 3aAaBaTb BOMPOC «MOYEMY», HE MOTYT YrHaTbCA 3@ Pa3BUTUEM HayuUHbIX TEOPU. B
XVIII B. dMAOCODDBI CUMTAAM BCE YEAOBEUYECKOE 3HAHWE, B TOM UMCAE W HAyKy, MOAEM CBOEW
AESITEABHOCTU U 3aHUMAAUCb 0OCYXXAEHWEM BOMPOCOB TUNa: H6bIA0 AWM Yy BceneHHOM Hauvano? Ho
pacyeTbl U MaTeMaTUUYECKUI annapat Hayku XIX 1 XX BB. CTaAW CAULLKOM CAOXHbI AAS GUAOCODOB U
BOOOLLE ANSI BCEX, KPOME CMEeLUManUcToB. DUNOCOPBI HACTOABKO CY3UAM KPYr CBOMX 3anpocoB, UTO
CaMbli  M3BECTHbIK ®UAOCOD HalLEero Beka BUTITEHWTEMH MO 3TOMy TMOBOAY CKa3aA:
«EAMHCTBEHHOE, UTO elle ocTaeTrca GUAOCOPUU, - 3TO aHaAU3 a3blkar. Kakoe YHUXEHUEe AAS
dUAOCOPUN C €€ BEAUKUMU TpaAUUUAMU OT ApucTtotenst Ao KaHtal

Ho ecAn Mbl AEUCTBUTEABHO OTKPOEM MOAHYHO TEOPUIO, TO CO BPEMEHEM €€ OCHOBHbIE
MPUHLMMbI CTAHYT AOCTYMHbI MOHUMAHMWIO KaXAOro, @ He TOAbKO HECKOAbKMM crieuuanmctam. U
TOorpa Bce Mbl, GUAOCOODBI, yYEHble U MPOCTO OObIYHbIE AOAM, CMOXEM MPUHATL yyacTue B
ANCKYCCUW O TOM, MOYEMY Tak MPOM30LLAO, YTO CyLLECTBYEM Mbl U cyllecTByeT BceneHHas. U ecan
OyAeT HaMAEH OTBET Ha TakoM BOMNPOC, 3TO BYAET NOAHbIM TPMYMBOM YEAOBEUYECKOrO pasyma, nbo
TOrA@ HaMm CTaHeT NOHATEH 3aMblicen bora.

BeArkue pusnku

AAbGepT UHLITENH

Kak ObIA cBA3aH JWHLWTENH C MOAMTUKOW, OCHOBAHHOM Ha AAEPHOM OpPYXWMW, XOPOLLO
M3BECTHO: OH MOAMUCAA 3HAMEHMUTOE MUCbMO K MNPE3NAEHTY Py3BEAbTy, KOTOpPOE 3acTaBWAO
CoepnHeHHble LLTaTbl cepbe3HO OLEHWUTH NOAOXKEHWE, @ MOCAE BOWHbI OH BKAKOUMACA B ABUXEHUE
3a NpeAoTBpalLEeHME SAEPHON BOMHbI. 3TO HE ObINO OTAEAbHbIMWU 3MU30AAMMU B XM3HU YUEHOTO,
BTAHYTOrO B MOAUTUKY. )XM3Hb OWHLUTEMHA, HO €ro COOCTBEHHbIM CAOBaM, «A€AMAACb MEXAY
NMOAUTUKOW U YypaBHEHUAMM».

PaHHAA noAMTUYECKas aKTMBHOCTb JMHLUTEMHA BO3HUKAA elle BO Bpems [1epBor MUPOBOM
BOWHbI, KOTA@ OH BbIA Npodeccopom U bepanHe. YOUTbIM TEM, UTO OH CYMTAA HaNpPacHOW NnoTepen
4eAOBEYECKUX XMU3HEN, OH MPUMKHYA K aHTUBOEHHbBIM AEMOHCTPaUMAM. Ero BbICTyNAEHUA B 3aLUmTy
rPaXXAQHCKOrO HEMOBWMHOBEHUS M MybAMUYHOE 0A0DpEHME Tex, KTO OTKa3biBaACA OT CAYXObl B
apMWK, HE MOTAM CHUCKaTb eMy MOMYAAPHOCTU CPEAN KOAAET. NocAe BOMHbI AUHLITENMH HanpaBuA
CBOM YCUAUSA HA NPUMUPEHUE CTOPOH WU YAyYLLEHUE MEXAYHAPOAHbIX OTHOLIEHWW. Takoro poaa
AEATEABHOCTb TOXE He CMocobCTBOBaAa MOMYASIPHOCTM JWHLUTEMHA M Yepe3 HEeKOTOPOoe BpeMs
NpMBEAa K TOMY, UTO EMY CTAAO TPYAHO noceluatb CoeaMHeHHble LLUTaTtbl AaXe AAA UTEHUI AEKLUHA.

BTopbiM BaXHENLIUM AEAOM B XM3HWU JMHLUTENHA ObIA CUOHM3M (B TO BPEMS 3TO 03HA4YaAO
60pbby 3a rocypapcTBEHHOE 06beAMHEHME eBpeeB, NoaaepxaHHoe OOH, u B yactHoct, CCCP. -
NPUM. PeA.).

Byayun cam eBpeem Nno NPOUCXOXAEHUIO, IUHLLTENH OoTpuuan bubaenckyto naeto bora. Ho
HapacTalowaa BOAHa aHTMCEMMUTU3MaA Kak nepep lepBo MMPOBOM BOMHOW, TakK U MOCAE Hee
MOCTENEHHO MpMBeAa JMHLIUTEMHA K OTOXAECTBAEHMIO cebsi C eBpercKon OOLLUMHOM, M OH
NPEBPATUACS B MOAHOIO CTOPOHHMKA CUMOHM3Ma. B KOTOpbIM pa3 MapeHWe MNOMNyAsipHOCTU He
OCTAaHOBMAO JWHLWTENHA nepeap OTKPbITbIM BbICKa3blBAHWEM CBOMX B3rAdpoB. Ero Teopuu
NMPecAeAOBaAUCh; BOSHUKAA AaXe aHTUIMHLUTEMHOBCKAA opraHu3aumsa. OANH YenoBeK ObiA NpeaaH
CYAY 3a NMOACTPEKATEALCTBO K YOMMCTBY AMHLWITENHA (M owTpadOBaH BCEro Ha WECTb AOAAAPOB). Ho
ONHLITENH COXPaHSIA CMOKOMCTBME, @ KOTAQ BbllAa KHUra «CTo aBTOPOB NPOTUB JMHLUTEMHA», OH
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3aMeTUA: «XBaTUAO Bbl M OAHOTO, ecAu A BbiA Obl Henpas!»

B 1933 r. kK BAacTK npuen TMTaep. SNHLWITENH, KOTOPbIM ObIA B 3TO BpemMsi B AMepuKe,
3asBUA, YTO He BepHeTca B lepmaHuio. Korpaa HauUCTCKME BOWMCKA OKPYXWAM €ro AOM, a €ero
OaHKOBCKUN cUEeT ObIA KOHOUCKOBAH, B OAHOM W3 OEPAUMHCKUX Tras3eT MOSABUACA 3aroAOBOK:
«XOpPOLUME HOBOCTU — IUHLUTEMH He BepHeTcs». [epep AMUOM HaUUCTCKOW Yrpo3bl JWHLUTEWH
oToweA OT naumduama M B KOHLE KOHLOB, OnacasiCb TOro, Yto HEMELKUE y4yeHble CO3AaAYT
aToMHyt0 6omby, npearoxun CoeamHeHHbIM LLTatam pa3pabaTbiBaTb CBOKO COOCTBEHHYIO HOMOY.
Ho elle A0 B3pbiBa NepBOin aToMHOM 60MObI OH NYBAUYHO NpeaynpexaAan 06 onacHOCTAX SAEPHOM
BOWVHbI U Npeararan co3AaTb MEXAYHAPOAHbIN KOHTPOAb 3a SSAEPHBIMU BOOPYXEHUSAMMU.

Ha npotaXeHun Bcer XWM3HU OHUHIUTEWHA €ro MWUPOTBOPUYECKUE YCUAUSI HE AABaAMU,
No-BMAMMOMY, MPOYHbIX PE3YALTATOB U Y)XX BO BCAKOM CAyUYae He npubaBasiav emy apy3ein. OaHaKo
nyOANYHbIE BbICTYNAEHUSA JWHLUTENHA B 3aLLMTY CUOHU3MA ObIAM NO AOCTOMHCTBY OLleHeHbl B 1952
r., KOrAa emy 6bIAO MPEANOXKEHO CTaTb NPE3UAEHTOM U3panas. IMHIWITENH OTKA3aACS, 3aABUB, UTO,
Mo €ero MHEHWIO, OH CAMLUKOM HauBEH B MNOAUTUKE. HO AENCTBUTEABHOM MNPUYMHOM OTKa3a,
HaBepHoe, bbina apyras. Mpountrupyem ero eule pas: «AMs MeHS BaXHee ypaBHEHWS, NOTOMY YTO
NOAWUTMKA HYXHa HacTOSILLEMY, @ YPaBHEHUS — 3TO AAS BEUHOCTU».

Faauneo Mannnen

FanMael, noxany, GOAblLE, YEeM KTO-AMBO APYrorM M3 OTAEAbHbIX AKOAEW, OTBETCTBEH 3a
POXAEHME COBPEMEHHOM HayKu. 3HamMeHuTblM crnop ¢ Katoanueckon LlepkoBbto 3aHMMaA
LLeHTpaAbHOEe MecTo B duaocodmn Manmaes, 6o OH OAHMM M3 NepPBbIX 0OLABKA, UTO Y YEAOBEKA
€CTb HAAEXAA NOHSATb, KaK YCTPOEH MUP, U, BOAee TOro, UTO 3TOr0 MOXHO AOBUTLCS, HAOAKOAAS HaLl
peanbHbl MUP.

[aAMAElr ¢ caMoro Hayana BEPUA B TEOPUIO KonepHuKka (0 TOM, YTO NAaHEeTbl obpaluatorcs
BOKpyr COAHUA), HO Hayan ee nybAMYHO MOAAEPXKMBATL AWLLb TOrAQ, KOTAQ HalLleA ee
NoATBEpPXAEHUSA. PaboTbl, NOCBALLEHHbIE TeOpUK KonepHuka, FaAMAen Nncan No-UTaAbsAHCKU (@ He
Ha NPUHATON akapEMMUUYECKOM AATbIHW), U BCKOPE €ro NpeACTaBAEHUA pacnpoCTPaHUAUCH AGAEKO
3a npeaAeAbl YHUBEPCUTETOB. ATO HE MOMNPAaBUAOCH NMPUBEPXKEHLAM YY4eHUA APUCTOTEAR, KOTOPbIE
06beAMHMAKCH NPOTUB FaAMAes, NbiTasACb 3acTaBUTb KatoAamueckyto LlepkoBb npeaatb aHademe
yueHune KonepHuka.

B3BOAHOBaHHbIN MPOUCXOAALWLMM, TaAMaen otnpaBuAca B Pum, utobbl nMOCOBETOBATLCS C
LlePKOBHbIMK aBToputeTamMu. OH 3assBUA, UTO B LUEAU BUOAMK He BXOAWUT Kakoe Obl TO HU ObIAO
OCBELUEHNE HayYHbIX TEOPUIM U UTO HAAO MPUHMMATL 3a aAAEroputo Te MecTa B brubanu, kotopble
BCTyNnatoT B NPOTMBOPEUMNE CO 3APaBbiM CMbICAOM. Ho, 60ACb CKaHAaAa, KOTOPbIA MOT NoMeLLaThb
ee bopbbe c nportectaHTamu, LlepkoBb Nepelna K penpeccuBHbiM Mepam. B 1616 r. yueHue
KonepHuka 6bIAO NPOBO3rAALLEHO «AOXHbBIM M OLLUMOOYHbIM», @ FaAMAeto BbINO HAaBEKU 3anpeLLEHO
BbICTyNaTb B 3aLUMTY UAM NPUAEPXKMBATLCA 3TON AOKTPUHbI. [aAMAEN cAancs.

B 1623 r. oaAMH 13 cTapbix Apy3en Faanaea ctan Pumckum Manon. Maanaen cpasy Hauvaa
pOOMBATLCA OTMEHBI YKasa 1616 r. OH notepneA Heypauy, HO 3aTO CyMeA MOAYYUTb Pa3peLleHne
HanuMcaTb KHUTY, 0BCYXAQIOLLYO Kak Teoputo ApUCTOTEAR, Tak M Teoputo KonepHuka. Emy 6bino
NOCTaBAEHO ABA YCAOBUSA: OH HE MMEA NpaBa NPUHMMATb HY OAHY M3 CTOPOH U AOAKEH ObIA CAEAATb
BbIBOA, UTO UYEAOBEK HUKOrAA HE CMOXET Y3HaTb, KaK YCTpOeH MWp, notomy uyto bor ymeer
Bbl3blBaTb OAHM U T€ Xe 3aPPeKTbl cnocobamu, He AOCTYNHbIMKU BOOOPaXEHMIO YEAOBEKA, KOTOPbIN
He MOXEeT HaAaraTtb orpaHU4YeHUs Ha BCeMoryLlecTso bora.

KHura Maavaes «Avanor o AByx rAaBHEMLLMX CUCTEMax MUpa» Obina 3aBepLUEeHa U U3paHa B
1632 r. npu NOAHOM OAO0BpPEHMU LEH3Ypbl U Obira cpaldy Xe OoTMedyeHa no Bcer EBpone kak
AUTEPATYPHbIK U dUAOCODCKUIM LiepeBp. Bckope, opHako, [lana nNoHAA, 4TO 3Ta KHUra
BOCMPUHUMAETCA Kak ybeauTeAbHAs NOAAEPXKA Teopumn KonepHUka, M NOXaAeA, UTo pa3peLLmrA ee
n3paTtb. Mana 3aaBuA, 4YTO, HECMOTPA Ha opUUManbHOe BAarocAoBeHME LEeH3ypbl, FaAnAen Bce xe
HapywuA yka3 1616 r. FaaMaen npeacTan nepep CYAOM WMHKBU3WMUMKM M ObIA MPUTOBOPEH K
MOXM3HEHHOMY AOMaLLHEMY apecTy M NyOAMUYHOMY OTPEeYEHMIO OT yueHuss KonepHuka. Fanmaeto
NPULLAOCH MOKOPUTLCA OMATD.
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OctaBasicb NpepaHHbIM  KaTOAMKOM, [aaMAen He nokonebancas B CBOEW Bepe B
HE3aBUCUMOCTb HayKW. 3a YeTbipe ropa A0 CMepTH, B 1642 r., HAXOASICb BCE eLUe NOA AOMALLIHUM
apecTtoM, OH TaMHO MepenpaBUA B FTOAAAHACKOE M3AATEALBCTBO PYKOMWCb CBOEW BTOPOW KPYMHOM
KHUTKU «AB€ HOBble HaykuW». MMeHHO 3Ta pabota, B OOAbLUEN CTENEHM, YEM €Ero MOAAEPXKA
KonepHuka, Aana POXAEHME COBPEMEHHOW HayKe.

HUcaak HbloToH

Mcaaka HblOTOHA HeAb3Aa Ha3BaTb CUMMATUYHbIM YEAOBEKOM. LLIMPOKYO M3BECTHOCTb
MOAYUUAM €70 NAOXME OTHOLLIEHUS C APYTUMU YHEHBIMU, U NOCAEAHUE TOAbI CBOEWN XU3HU OH NPOBEA
B OCHOBHOM B pe3Kkux crnopax. MNocae nspaHua KHUrM «Matematnyeckne Havyanar», OKasaBLuencs,
6e3yCAOBHO, CaMOM BAMATEABHOM M3 BCEX KOrpAa-AMO0 HanMCaHHbIX KHWUM No ¢u3uke, HbtOTOH
6bICTPO Npuobpen obliecTBeHHOe noAoxeHue. OH ObiA Ha3HauYeH npe3npeHToM KopoaeBCKoro
obLiecTBa M1 CTaA NEPBbIM YYEHBIM, NOCBALLEHHLIM B PblLAPCKOE 3BaHME.

Bckope HbOTOH NOCCOPUACS C KOPOAEBCKMM aCTPOHOMOM AXOHOM DAIMCTMAOM, KOTOPbIN
paHblle cHabxan HblOTOHA AaHHBIMM AAA «MaTemaTMyeckux Havan», a Tenepb 3aAepXUBaA
MHPOPMaLMIo, KoTopaa TpeboBanacb HbOTOHY. HbIOTOH HE NOTEPNEA TAKOro MOAOXEHUSA U cam
BKAIOUMA cebsa B PYKOBOACTBO KOPOAEBCKOM obcepBatopuu, a 3aTeM Hayan AobuBatbcs
HEMEANEHHOW MybAMKaLMKM pPe3yAbTaToB. B KOHLIE KOHLOB €My YAAAOCb 3anoAy4uTb paboty
dAsamCcTMAQ M AOTOBOPUTLCA O €€ M3AAHUM CO CMepPTEeAbHbIM Bparom ®asmctaa IAMOHAOM
Fanneem. OpHako OAIMCTUA Nepepan AEAO B CYA, U CYA YCMEA NPUHSTb PeLleHWE B €ro NnoAbay,
3anpeTrB pacnpocTpaHeHe yKpaaeHHOW paboTbl. HblOTOHa pa303AMAO Takoe peLleHne, U, UTobbI
OTOMCTUTb DAIMCTUAY, OH CUCTEMATUYECKM CHUMaAA B Bonee Mno3pHMX M3paHMAX «Hauan» Bce
CCbIAKM Ha paboTbl PAamcTUAA.

bBonee cepbe3Hbi cnop pasropencs y HbloToHa ¢ Hemeukum ¢uaocodom [oTTdpraoM
NenbHUuem. NenbHUU, U HbOTOH HE3aBUCMMO APYr OT Apyra pas3BUAM 0OAACTb MaTeMaTWKW,
Ha3biBaeMyl0 AUPPEPEHLMANBHBIM UCUYUCAEHUEM, COCTaBAAIOLLYHO OCHOBY OOAbLUEM YacTH
COBPEMEHHON OU3MKKU. XOTS, KaK Mbl Tenepb 3Haem, HbIOTOH OTKPbIA 3TO WCYMCAEHME Ha
HECKOAbKO AET paHblue NAenbHuua, cBO paboTy OH OnybAMKOBAA 3HAYMTEABHO NO3Xe. Bo3HMK
rPAHAMO3HbIM CNOP MO MOBOAY TOro, KTO Xe ObiA NepBbiM. YUEHble PbAHO 3alUMLLAAM 060MX
CONepHUKOB. 3amMeyaTeAbHO, YTO MOYTK BCe CTaTbM B 3aLLUMTY HbOTOHA ObIAM HanucaHbl UM CaMKM
M AMLWb onybAMKOBaHbI Noa MMeHamu ero Apysen! Cnop pasropancs, u TyT AerbHUL, COBEPLLMA
oLnbKy, 06paTUBLLNCL B KOPOAEBCKOE 06LLECTBO C NPOCLOOM pa3peLlnTb NPoTMBOpeYre. HbIOTOH,
6yAyuMn Npe3naeHToM 06LLLeCTBa, Ha3HAUMA AAST pa3bopa Aena «HE3aMHTEPECOBAHHYHO» KOMUCCHUIO,
«CAYyYaMHO» COCTaBAEHHYHO LIEAUKOM M3 Apy3er HbtoToHa! Ho 310 6bIAO elle He Bce: 3aTeM HbHOTOH
caM Hanucan OTYEeT KOMUCCUM M 3acTaBUA OOLLECTBO ero onybAMkoBaTb, OdGULUMAABHO O0OBUHMB
Takum obpas3om NenbHMUA B naarnate. Bce elue He 4yBCTBYA cebsa yAOBAETBOPEHHbIM, HbHOTOH
aHOHUMHO OnybAMKOBAA CXaTbli Mepeckas 3TOro oTyeTa B rasere KoponeBckoro obuiecTsa.
FoBopAT, UTo NocAe cmepTh AerbHMua HbOTOH 3asiBMA, UTO OH MOAYUMA BOAbLLOE YAOBAETBOPEHUE
OT TOrO, UTO EMY YAAAOCH «pa3butb cepaue NernbHuuar.

Moka wAK oba aucnyTta, HbtoTOH NOKMHYA 1 Kembpuax, U kadeapy. OH NpMHMMAA akKTUBHOE
yyacTMe B aHTUKATOAMYECKOM ABWMXEHUM CHauyana B KeMOPUAXCKOM YyHUBEpPCUTETE, a 3aTeEM B
napAamMeHTe U ObIA BO3HArpaxAeH 3a 3T0 Ha3HAaYeHUEM Ha AOXOAHYH) AOAKHOCTb XPaHWUTEAR
KopoAeBCKOro MOHETHOrO ABOpa. 3AEChb OH HalleA boaee coumManbHO onpaBAaHHOE NPUMEHEHWE
CBOEMY KOBApPCTBY M XEAUYHOCTH, YCMELLIHO NPOBEAS LUMPOKOMAcLUTabHYO KamnaHuto no bopbbe ¢
banbLUIMBOMOHETUMKAMMU U AAXKE OTNPABMB HECKOAbKMX YEAOBEK Ha BUCEAMLLY.

CnaoBapb TEPMUHOB

ABGCOAOTHbIN HYyAb Temneparypbl - CaMoO€ HU3KOE U3 BCEX BO3MOXHbIX 3HAYEHNN
Temneparypsl. [pu abCOAOTHOM HyA€e BELWLECTBO HE obrapaeT TENAOBOM 3Hepr|4el71.

AHHUTMAALMA - NpoLEecC, NPM KOTOPOM YacTula U ee aHTUYacTMUa, CTaAKMBasiCb, B3aUMHO
YHUUTOXAlOT APYI Apyra.
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AHTMYACTMLA - Y KaXAOM 4YacTuuUbl MaTepuu eCTb COOTBETCTBYHOWAA aHTuyactuua. lpwu
COYAAPEHWUM YaCTULbl M aHTMYACTMLUbI MPOUCXOAMT WX AHHUTUAALMS, B pe3yAbTaTe KOTOPOMU
BbIAEASIETCA SHEPIUS U POXAAIOTCA APYyrue YacTuubl.

AHTPOMHbLIM NPUHLUMM - Mbl BUAMM BCEAEHHYHO TakoM, Kak OHa ecTb, NOTOMY 4TO, ByAb OHa
APYrom, Hac 6bl 3pecb He ObIAO U Mbl Bbl HE MOTAM ee HabAoAaTb.

ATOM - HauMMeHblLasa 4yacTMua obblyHOro BellecTBa. ATOM COCTOWMT M3 KPOLLEYHOro fiapa
(COCTaBAEHHOI0 M3 NPOTOHOB M HEMTPOHOB) M 0OpPaLLAOLLMXCA BOKPYT HEFO SAEKTPOHOB.

Benbll KapAMK - cTabuAbHas XOAOAHAA 3BE3Aa, HAXOAALWANACA B paBHOBECUM Oaaropaps
TOMYy, 4YTO B CUAY MNPUHUMNA WCKAKOYEHUA [layam MexXAy 3AEKTPOHaMMU AEWCTBYIOT CUAbI
OTTaAKMBaHMUA.

BoAbLLOWM B3pbIB — CUHTYASIPHOCTb B MOMEHT BO3HUKHOBEHUA BCEAeHHOMN.

BOABLLIOM XAONOK — CUHIYASIPHOCTb B KOHEYHOM TOUKE CYLLECTBOBAHUA BceneHHOM.

Bec - cuaa, ¢ KOTOPOKW Ha TEAO AEMCTBYET rpaBUTaLMOHHOE NoAe. Bec Tena NnponopuMoHaneH
Macce TeAa, HO He COBMAAAET C HEMN.

BupTyanbHass uyacTMua - B KBAHTOBOM MEXaHMKE - 4acTuua KOTOPYH) HEBO3MOXHO
3aperucTpmpoBaTb HEMOCPEACTBEHHO, HO CyLLLECTBOBaAHME KOTOPOW MOATBEPXAAETCS addektamu,
NOAAAOLLIMMUCA U3MEPEHMIO.

FamMMma-M3AyYEeHUE - OIAEKTPOMArHUTHOE MW3AYYEHWE C OYEHb MAAOW AAMHOW BOAHBI,
ncnyckaemoe npu paAMoakTMBHOM pacnaAe MAKM MPU COYAAPEHMSX SAEMEHTaPHbIX YacTuL,.

leope3nyeckas ~ caMbli KOPOTKMIA (MAM CaMbli AAMHHbBIN) NYTb MEXAY ABYMS TOUKaMMU.

[OA@f CUHIYAIPHOCTb — CUHIYASIPHOCTb B MPOCTPAHCTBE-BPEMEHMU, HE HAXOAALLASACA BHYTPU
YEepPHOU Ablpbl.

[OPM30OHT COBBLITUIM — rpaHMLA YEPHOW AbIPbI.

[paBWTAaLUMOHHOE B3aUMOAEMCTBME - camMoe chaboe U3 udeTbipex GyHAAMEHTAAbHbIX
B3aMMOAENCTBUN, 0bOAapatollee  OOAbLUMM  PaAMyCOM  AEWCTBMA. B rpaBUTAUMOHHOM
B3aMMOAEWCTBUMN YYaCTBYIOT BCE YaCTULLbl MaTEPUN.

AAVHA BOAHbI — PACCTOSIHUE MEXAY ABYMS COCEAHUMM FPEBHAMM BOAHbI AU MEXAY ABYMS €€
COCEAHUMMU BMAaAUHAMM.

3aKOH COXPaHEHWUS SHEPTUKN — 3aKOH HAyKW, COFAGCHO KOTOPOMY SHEPIUs (MAM ee MaCCOBbIN
9KBUBAAEHT) HE MOXET HM CO3AaBaTbCA, HU YHUUTOXATbCS.

KBaHT - MMHMMaAbHasA NOPLMSA, KOTOPOM U3MEPSAETCA UCMYCKAHWE UAU MOTAOLLIEHUE BOAH.

KBaHTOBass MexaHuWka - Teopus, pa3paboTaHHanA Ha OCHOBE KBAHTOBO-MEXAHWYECKOro
npuvHumna MNMaaHka 1 npMHUMna HeonpeaeAeHHoCTU MernseHbepra.

KBaHTOBO-MeXxaHUYeCKUI NpUHUMN [AaHKa (3aKOH M3AyYeHUs [TAaHKa) — COCTOMT B TOM, YTO
cBeT (MAM AOOblE APYrME KAACCUUYECKME BOAHbI) MOXET MCMYCKaTbCS WMAM MOFAOLLATbCA TOAbKO
AMCKPETHBIMUW NOPUMAMU — KBAHTAMMK — C 3HEPIrMen, NPONOPLMOHAABHOM MX YacCToTe.

KBapk - aneMeHTapHas (3apsixeHHas) yacTvua, y4acTBYHOLAa B CUAbBHOM B3aUMOAENCTBUMN.
MPOTOHbI U HEMTPOHbI COCTOAT KaXXAbIM M3 TPEX KBAPKOB.

KOHpaNHMEHT - HEBbINETAHWE, YAEPXaHWE LBETHbIX KBAPKOB M TAFOOHOB BHYTPU aAPOHOB.

KoopAWHaTbl — UMCAQ, OMPEAEASIOLLME NMOAOXKEHUE TOUKM B MPOCTPAHCTBE U BO BPEMEHM.

KocMuueckas LeH3ypa — NPEeANOAOXEHME O HEAOMYCTUMOCTU FOAbIX CUHTYASPHOCTEN.

Kocmonornueckas NOCToOAHHaA — MaTeMaTMyeckan BCnomMoraTteAbHas BeAMUMHa, BBEAEHHAs
INHLWITENMHOM AASI TOTO, YTOObI MPOCTPAHCTBO-BPEMS NPUOOPEAO TEHAEHLMIO K PACLLUUMPEHMUIO.

Kocmonorust - Hayka, 3aHMMatroLWancsa nlydeHnem BceneHHOM Kak Lienoro.

KpacHoe cmelleHne - BbidBaHHOE adpdpekToM Aonaepa NOKpacHEHWE CBETa, UCMYCKAeMOoro
YAQASIIOLLLEMCA OT HaC 3BE3AOM.

MarHuTHoe noae - rMoAe, CO3AAlOWEE MarHUTHble CUAbl. Ceryac MarHUTHOE MNoAe U
SNEKTPUYECKOE MOAE OOBEANHAIOTCA B SIAEKTPOMArHMTHOE MOAE.

Macca - KOAMYECTBO BELLECTBa, COAEPXalleeca B Tene. Mepa MHEpUMU TeAa UAU CTENEHDb
€ro COnpoTUBAEHWST YCKOPEHMUIO.

MHUMOe BpeMsA — BPeEMS, UBMEPSEMOE B MHUMbIX EAMHULAX.

HentpuHo - Aeryanimas (BO3MOXHO, 6e3amaccoBasi) aAeMeHTapHas 4yacTuvua BeLlecTBa,
y4yacTBYHOLLAA TOAbKO B CA@bbIX M FPaBUTALIMOHHbIX B3aUMOAENCTBUSIX.

HentpoH - He3apshkeHHas yactuua, oyeHb BAM3Kasi N0 CBOMCTBAM K NPOTOHY. HEMTPOHbI
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COCTaBASAOT 60A€e MOAOBMHbBI YACTULL, BXOASALLMX B COCTaB BOAbLUMHCTBA aTOMHbIX SAEP.

HenTpoHHasa 3Be3pa - XOAOAHAA 3Be3Aa, CyLLECTBylOWAA BCAEACTBME OTTaAKMBaHWA
HEWTPOHOB, 06YCAOBAEHHOIO NPUHLMNOM MayAu.

Obuwasa Teopuss OTHOCUTEABHOCTM - CO3AAHHAA IUHLITEMHOM TEOPUS, B OCHOBE KOTOPOW
AEXWUT TMPEAMOAOXEHME O TOM, UYTO 3aKOHbl HAyKM AOAKHbI OblTb OAMHAKOBbI AAA  BCEX
HabAtoAaTENEN HE3ABMCUMO OT TOTO, Kak ABWMXYTCA 3TM Habatopatean. B OTO cyuiectBoBaHWe
rpaBUTaALIMOHHOIO B3aUMOAENCTBUA 06bsICHAETCS UCKPUBAEHUEM UeTbIPEXMEPHOro
NPOCTPaHCTBa-BPEMEHMN.

MNepBUUHaAnA YepHasa Ablpa — YepHasa Ablpa, BO3HMKLLASA HA OYE€Hb PaAHHEW CTaAuM Pa3BUTUA
BceneHHoOMW.

MO3UTPOH - aHTUYACTMLA (MOAOXUTEABHO 3apsXXEHHANA) SAEKTPOHA.

MNone - HeuTo, CyllecTBylOLlee BO BCEX TOUYKax MPOCTPaHCTBA WU BPEMEHW, B OTAMUME OT
YyacTuLbl, KOTOPas CyLLLECTBYET TOAbKO B OAHOM TOUKE B KaXAbld MOMEHT BPEMEHMW.

Mpeaen YaHapacekapa - MakCMMaAbHO BO3MOXHAA Macca CTabMAbHOW XOAOAHOWM 3BE3Abl,
BbllLIE KOTOPOW 3BE3Aa AONKHA CKOAAAMNCUPOBATb B UEPHYIO AbIPY.

MpuHUMN UCKAOYEeHUS [layau - ABE OAMHAKOBBLIE 4YacTWlbl CO CMHOM 1/2 He MoryT (B
npeaAenax, KOTOpble AAKTCA MNPUHUMNOM HEOMNPEAEAEHHOCTM) obAapaTb OAHOBPEMEHHO M
OAMHAKOBbIMMW MOAOXEHUAMU B NPOCTPAHCTBE, U PaBHbIMWU CKOPOCTAMMU.

MponoOpPUMOHAABHOCTE - YTBEPXAEHWE «X TMPOMOPLMOHAABHO Y» O3HAuaeT, uTto MpU
YMHOXEHUU Y Ha Kakoe-HUBYAb YMCAO X YMHOXAETCA Ha 3TO Xe UYMCAO. YTBepXAeHME «X obpaTHO
NPOMNOPLMOHAABHO Y» O3HAYAET, UTO NPU YMHOXEHMMU Y Ha Kakoe-HUBYAb YMCAO X AEAUTCA Ha 3TO Xe
UUCAO.

MpocTpaHCTBEHHOE M3MepeHne — AbBoe M3 Tpex MPOCTPAHCTBEHHO-MOAOOHbBIX U3MEPEHUN
NPOCTPAHCTBa-BPEMEHMU, T.€. AOOOE U3MEPEHUE, KPOME BPEMEHHOTO.

MpoCTpaHCTBO-BpEMS - YETbIPEXMEPHOE MPOCTPAHCTBO, TOUKM KOTOPOro OTBEYatoT
cobbITAM.

MPOTOH - MOAOXMTEABHO 3apsXeHHaa yactuua. MPoToHbI 06pa3ytoT NPUMEPHO MOAOBUHY
BCEX YaCTuL, BXOASILLMX B cOCTaB IAEP OOAbLLMHCTBA aTOMOB.

PaAMOaKTMBHOCTb — CaMOMNPOU3BOAbHOE NPEBpPALLEHME OAHOITO aTOMHOIO SAPa B APYroe.

CBeToBas CekyHAa (CBETOBOM MOA) — pacCcTosaHMe, NPOXOAMMOE CBETOM 3a OAHY CEKyHAY (3a
OAMH rop).

CBETOBOM KOHYC - MOBEPXHOCTb B MNPOCTPAHCTBE-BPEMEHW, KOTOpas OrpaHuunBaet
BO3MOXHbI€ HAaMpPaBAEHUSA CBETOBbIX Ay4€El, MPOXOASLLMX YePE3 AQHHOE COObITHE.

CuAbHOE B3aMMOAEWCTBME — CaMO€ CUABHOE M CaMOe KOPOTKOAEWCTBYHOLLLEE M3 YeTblpex
bOYHAAMEHTAAbHbIX  B3aUMOAEWCTBMW.  baaropapsa  CUAbBHOMY  B3aMMOAEWCTBUIO  KBAPKM
YAEPXMBAKOTCA BHYTPU MPOTOHOB M HEWTPOHOB, @ MPOTOHbI M HEWTPOHbI, COOPaBLUMCL BMECTE,
06pa3ytoT aTOMHbIE AAPa.

CUHIYAAPHOCTb — TOYKa MNPOCTPAHCTBA-BPEMEHU, B KOTOPOM KPWMBU3HA €ro CTaHOBUTCH
H6ECKOHEUHOMN.

Cnaboe B3anmMopencTBUE — BTOPOE Mo cAaboCTU U3 YETbIPEX U3BECTHbIX B3aUMOAENCTBUMN.
0ObAapaeT OUEHb KOPOTKUM PaAUyCOM AEMCTBUSA. B chaboM B3aMMOAENCTBUU NPUHMMALOT yyacTve
BCE YaCTuLbl MaTEPUMK, HO B HEM HE YYaCTBYHOT YACTULLbl — MEPEHOCUYMKM B3aUMOAENCTBUSA.

CobbiTve - TOuka B MNPOCTPAHCTBE-BPEMEHMW, KOTOPAs OMPEAEASETCS MOAOXEHUEM B
NPOCTPaAHCTBE U BO BPEMEHMU.

CnekTp - pacLLenAeHne BOAHbI (HanpumMep, INEKTPOMarHMTHOM) Ha YaCTOTHbIE KOMMOHEHTbI.

CneunanbHas TeEOPUA OTHOCUTEABHOCTU — TeOpust DWHLLTENHA, OTNPaBHAA TOYKa KOTOPOM
COCTOWUT B TOM, UTO 3aKOHbl HAyKW AOAXHbI ObITb OAMHAKOBbI AASI BCEX CBOOOAHO ABMXYLLUMXCS
HabAOAaTEAEN HE3ABUCMMO OT UX CKOPOCTEN.

CnuH (spin - BpalLatbcsl, BEPTETbCA) — BHYTPEHHEE CBOMCTBO 4YacCTULbl, CBA3AHHOE C ee
BpaLLEHMEM BOKPYr COOCTBEHHOM OCH.

CraumMoHapHOE COCTOSAHME — COCTOSTHUE, HE U3MEHSIOLLIEECS CO BPEMEHEM: BPALLAIOLLMNCS C
NMOCTOAHHOM CKOPOCTbIO LUAp HAaxOAMTCA B CTaLUMOHAPHOM COCTOSIHMM, MOTOMY 4YTO, HECMOTPS Ha
BpalLEHWE, B KaXAblM MOMEHT OH BbIFASIAUT OAMHAKOBO.

Teopema O CHMHIYASIPHOCTM — TEOPEMA, B KOTOPOW AOKA3bIBAETCH, UTO MPU ONPEAEAEHHbIX
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YCAOBUAX CUHIYAAPHOCTb AOAKHA CYLLECTBOBATb M UYTO, B YACTHOCTU, HA4YaAOM BceneHHOM AOAKHA
ObITb CUHTYAAPHOCTb.

Teopusi BEAUKOTO 0ObEAMHEHUA — TEOPUS, OObEAUHSIOLLIAA SAEKTPOMArHUTHbIE, CUABHbIE U
cAabble B3aMMOAENCTBHUS.

YckopeHue - CKOPOCTb U3MEHEHUSI CKOPOCTU KaKOoro-Anbo obbekTa.

YCKOPUTEAb YaCTULL — YCTPOMCTBO, KOTOPOE C MOMOLLbIHO 3IAEKTPOMArHMTOB AQeT BO3MOXHOCTb
YCKOPSATb ABUXYLLIMECS 3apPSXKEHHbIE YaCTHLbl, MOCTOAHHO YBEAUUMBAS UX SHEPTUIO.

YcAOBME OTCYTCTBUS FPAHUL, — NPEACTaBAEHME, COTAACHO KOTOPOMY BceneHHasa KoHeuHa, HO
He UMeeT rpaHuL, (B MHUMOM BPEMEHMN).

da3a - AN BOAHbI — NMOAOXEHME TOUKM B LIMKAE B OMPEAEAEHHBIM MOMEHT BPEMEHU: Mepa
TOro, HAXOAMTCA AW TOUYKa Ha rpebHe, BO BMNAAMHE UAM TAE-HUOYAb B MPOMEXYTKE.

®DOH MUKPOBOAHOBOIO U3AYYEHUS — U3AYUYEHWE, BOSHUKLLEE NPU CBEUYEHUN rOpAYEN PaHHEN
BceneHHOM (Ha3biBaeTcs PEAMKTOBbIM). OHO celvac MCMbITbIBAET TaKOe CUAbHOE KpacHoe
CMELLEHNE, UTO PETUCTPUPYETCA HE B BMAE CBETa, @ B BUAE BOAH MUKPOBOAHOBOIO AMana3oHa
(PAAMOBOAHBI C CAHTUMETPOBBLIMU AAMHAMW BOAH).

®DOTOH - KBaHT CBeTa.

YacTMUHO-BOAHOBOM AyaAM3M — Aexallee B OCHOBE KBAHTOBOW MEXaHWKKU NPeACTaBAEHME O
TOM, UTO HE CYLLECTBYET Pa3AUUMa MEXAY YacTULAMMU U BOAHAMM, YacCTMLbl MOTYT MHOTAA BECTU
cebsa Kak BOAHbI, @ BOAHbI — Kak YacCTULibl.

Yactota - AAS BOAHBI 3TO YMCAO NMOAHbBIX LIUKAOB B CEKYHAY.

UepeHKOBCKOE M3AYUYEHUE - U3AYYEHUE CBETA 3aPSKEHHOM YaCTULEN NPU €€ ABUXEHWUU B
BELLECTBE C MOCTOAHHOM CKOPOCTbIO, MPEeBbILIAOLLIEN CKOPOCTb PACMpPOCTPaHEHUSI CBETa B 3TOM
BELLECTBE.

UepHas Abipa — 0b6AacTb NPOCTPAHCTBA-BPEMEHMU, U3 KOTOPOM HUUTO, AAXE CBET, HE MOXET
BblOpaTbCA HAPYXy, MOTOMY YTO B HEW UPE3BbIYAMHO CUABHO AENCTBUE FPaBUTALIMW.

INEKTPUUYECKMI 3apsiA — CBOWCTBO 4acTulbl, BAaropaps KOTOPOMY OHa OTTaAKMBAET (MAM
NPUTATMBAET) APYrMe YacTULbl, UMEIOLLME 3aPSA TOTO Xe (MAM MPOTUBOMOAOXHOMO) 3HAKA.

INEKTPOMArHUTHOE B3aWMOAEWCTBUE - B3aWMMOAEWCTBUE, KOTOPOE BO3HUKAET MEXAY
yacTMuamu, ObOAaAQlOLWLMMKM  INEKTPUYECKMM  3apsinAoM. BTtopoe no cuae M3 yeTbipex
dyHAAMEHTaAbHbIX B3aUMOAENCTBUN.

ANEKTPOH - yacTuua, obhapatollasi OTPULATEAbHbIM  SAEKTPUYECKUMM  3apPSAOM WU
obpallatoLasncsa B aToMe BOKPYr AApa.

AAneMeHTapHas YactTmua - Yactuua, KoTopasi CYMTaeTca HEAEAUMOMW.

JHEeprusa Teopun BEAMKOTO OObEAMHEHUA — 3HEPIUS, BbllLE KOTOPOW 3AEKTPOMArHWUTHbIE,
cAabble U CUAbHbIE B3aUMOAENCTBUS NPEANOAOXUTEABHO AOAXKHbBI CTaTb HEPA3AUYUMbIMU.

AHeprua anekTpocrabon Teopun - 3aHeprua (okono 100 3B), Bbille KOTOPOM McuesatoT
Pa3AUUUA MEXAY INEKTPOMArHUTHbIMWU U CAaObIMU B3aUMOAENCTBUAMM.

AddekT Aonaepa - UBMEHEHWE YaCTOTbl BOAH NMPU ABUXEHUU MX UCTOUHMKA U HabAoAaTEAS
OTHOCUTEABHO APYT Apyra.

AAEpHbIN CUHTE3 — MPOLECC COYAAPEHMUA ABYX SIAEP M MOCAEAYHOLLETO MX CAMSAHWUS B OAHO
bonee Taxenoe AAPO.

AApo - UEeHTpaAbHasA 4YacTb aToMa, KOTopasi COCTOWUT TOAbKO M3 MPOTOHOB W HEWTPOHOB,
YAEPXUBAEMbIX B AIAPE CUAbHbIM B3aUMOAENCTBUEM.

MocaecnoBUeE

KHura C. XokuHra BbiwAa opHOBpeMeHHO B KaHape u CLLUA B anpene 1988 r. B mae
MOSIBUACS B MPOAAXE €e UTaAbSIHCKUI nepeBoA. B AHranm pata Gbina obbsBAeHa 3apaHee - 18
MIOHA. K 3TOMy BpPEMEHM YyXe MNOABUAUCH MEPBbIE PeUEH3UU. Tak, uMTaTteAn aMepuKaHCKOro
exeHepenbHUKa «Newsweek» 13 UIOHS ObIAM OMOBELLEHbI, YTO «MPUKOBAHHbLIA K MHBAAMAHOMY
KPECAY, AMLLEHHbIV Aaxe Aapa peun, Gr3nK CTUBEH XOKMHT ULLET TEOPUIO BEAMKOTO 06beANHEHNS,
KoTopasa 06bSCHWUT BceneHHylo...»

A B KOHLE UIOHS XOKMHT npuexan B A€HUHIPaA Ha KOHGEepPEHLMIO, NocBsALWEHHY0 100-AeTnto
CO AHA poxaeHusa A. A. ®puamaHa, U NpMBE3 CBOKO HOBYHO KHUTY, OAMH U3 3K3EMMAAPOB KOTOPOU
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noaapuA MHe.

B AeHWHrpape XOKWMHI MPOSBAAA HEOOblYaMHYHD aKTMBHOCTb - BbICTYMUA C AOKAGAOM,
yyacTBOBaA B AUCKYCCUM, MPOYEA AEKUMIO B AOME YUYEHbIX, AAA KOPOTKOE MHTEPBbLIO AAA XypHaAa
«Mpnpoaa». Mpu 3TOM XOKUHT HE FTOBOPUA: 3a HEFO YETKUM, HO AULLEHHBIM YEAOBEYECKOW TEMAOTbI
FOAOCOM TOBOPUA CUHTE3ATOP peyn. To, YTO OH MNPOMU3HOCUA, XOKMHI Habupan Ha AucCnAee
MaAEHbKOI0 KOMMNbOTEPA, NPUKPENAEHHOTO K €r0 MHBAaAMAHON KOASCKE. AKTMBHOCTb XOKUHra BHe
dU13nKKM BblAa CTOAb Xe nopasuTenbHa. OH COBepLLAA 3KCKYPCUM MO FOPOAY, E3ANA B CBOEM KpPECAe
no Apmutaxy, obanca ¢ Apy3bamu. M ctapancsa BnmTtaTtb B cebsa Bce, UTO ero OKpyXano.

XOKMHI MHOTO MyTELLEeCTBYET, HE pa3 OH NpUe3XaA B Hally CTpaHy U obpen 3aech Apy3en. Bea
€ro Xu3Hb — HeobblYanHbIA NPUMEP TOro, KAK MHOIO MOXET COTBOPWUTb MO3T, AaXe TOrAa, Koraa
KaHaAbl €ero CBfA3u C BHELUHUM MWPOM CBEAEHbLI A0 MUHUMYMa.

KHura XoknHra HeobbIKHOBEHHAs, ee TeEMa — pacCcka3 0 BbI6Ope LIeAU Ero XXM3HU 1 O TPYAHOM
MyTW ee AOCTUXKEHMS], PACCKa3 O NMOMCKax peLLeHUs camMoi BOAbLLIONM 3arapky, KOTOpas CTOMT Nepea
ectecTBoucnbITateneM. «Mos LUeAb - AOOUTbCA MOAHOrO MOHMMaHWA BceneHHOW, noyemy oOHa
Takas, Kakasi OHa ecTb, M NOYEMY OHa BOOOLLE CyLLECTBYET», — MULLET OH O CBOUX UCKAHUSAX.

Takue BONpoCbl YEAOBEK 3apaBan cebe AaBHO. BapnaHTbl OTBETOB €CTb B MUdax MouTH BCex
HapoAOB. MOXeET ObiTb, M PACCYXAEHMA YUEHbIX HALLEro BEKa TakKxe Korpa-Hubyab ByayT cuutatb
AereHpamu. Y HOBbIX MWUGOB €CTb aBTOpbl, OAMH M3 HWUX XOKWMHI. Ero Xu3Hb yxe cenvac
NPeACTaBASETCA AereHAOW. ATO AereHAa O YEAOBEKE, CUAOWM MbICAM NOBEXAAIOLLEM HEMOLLLb.

XokuHry cenuac 48 netr. B Hauane 60-x ropoB, KOrpAa OH YXE KOHYaA YHMBEPCUTET B
OKkcdopae, NOABUAUCL NEPBbIE NPU3HAKKM TPO3HOM 6GOAe3HM - BOKOBOro amMmoTPOOUUECKOrO
CKAepo3a. HacTpoeHue CTaHOBMAOCH MpayHbiM, A@ WU HayyHble ycnexu ObiAM B 3TO BpeMs He
CAMLWLKOM BrieyatasitolwmMmu. A. Cuama, U3BeCTHbIM GU3KNK, PYKOBOAUTEAL €r0 AUNAOMHOW PaboThl,
3aMETUA, UTO «BOKPYI OKa3aAOCb HE TaK YXX MHOro npobAem, AOCTOMHbIX YEAOBEKA C TaKUMWU
cnocobHocTaMM». K cuacTbto, NpobaemMa BCe Xe HaliAaCb - 3TO ObiAa TEOPUA UYEPHbIX AbIp,
KOTOPYIO XOKMHI YBUAEA B HOBOM CBETE MOCAE NOSIBAEHUA paboTbl P. MNeHpoy3a 06 0cobeHHOCTSX
YPaBHEHUMN TATOTEHUS.

B 310 Bpems M3MEHMAACb W AMUYHAA XM3Hb XOKWMHra. B 1965 r. OH XEeHUACA Ha
CTyAEHTKe-dUAOAOTE AKEMH YanAa (M OH NOCBATUA 3TY KHUIY). Y HUX €CTb AOYb U ABa CblHa.

1985 rop npuHec HoOBoe HecyacTbe. [Tocae onepauumn Ha ropae XOKUHT NOTEPSAA CNOCOOHOCTb
roBOpuTb. Ha MmomoLlb NPUXOAAT APY3bSA, U OAHA KaAMbOpHUUCKaa dupmMa MPEenoAHOCUT emy
KOMMYHUKAUMOHHYO CUCTEMY KOMMbIOTEP + CUHTE3aTop. 06 3TOM XOKMHI caM paccka3sbiBaeT BO
BBEAEHUWN K KHUTE, XeAas Bblpa3uTb BAAropapHOCTb TEM, KTO MOMOraeT eMy XUTb. «JTa cuctema
M3MEHMAA BCE: MHE AAXe CTaAO Aerye obuaTbes, YeM AO TOFO, Kak 1 NOTEPSIA FOAOC», — MULLIET OH.

CylwiecTBoBaHWE B TaKMX YCAOBUAX TPEOYET HE TOABKO BOAM K XXM3HU, HO M UYyBCTBa HOMOpA.
XOKUHI pacckasdblBaeT MHOro UCTOpuK. Tak, 3aHMMasiCb YepHbIMU AblpaMM, HO HE MMEA MNoka
HaOAHOAATEABHOTO AOKa3aTeAbCTBA MX CYLLECTBOBAHWMA, XOKUHI 3akAtOUYaeT napu ¢ TOpHOM.
YcAoBMA Napu NOAYMHAAMCH M3bICKAHHOW AOTMKE. XOKWUHT, BEPS, UTO BO BCEAEHHOM AOAXKHO ObiTb
MHOI0 YepHbIX AblpP, AEAAET CTaBKy NPOTUB MX CyllecTBoBaHUA. ECAM Ablp HE Okaxetcs, TO B
KauecTBe KOMMEHCALMN 3a NOTEPIO CMbICAA TAABHOM CBOEN PaboTbl OH MNOAYYAET YETbIPEXAETHIOO
MOAMUCKY Ha aHTAMUCKUIA FOMOPUCTUUECKUI XypHaA «Private Eye». ECAM Xe uepHble Ablpbl €CTb,
TOpH NOAyYaeT ropoBytO MOANMUCKY Ha «Penthouse», a XOKWHI (BMOAHE BEPOATHO) HobeneBCKyto
npemuto.

Cenuac XokumHr - npodeccop Kembpupxckoro yHuBepcuteta. OH 3aHUMaET kKadeapy,
KOTOPYK KOrAa-To 3aHMMaA HblOTOH, @ B Hawe Bpems - Aupak. C 1974 1. XOKMHI YAeH
NOHAOHCKOTO KoponeBCKoro obLuecTsa.

Urtobbl HauaTb, HAKOHEL, Pa3roBOp O KHWUre, MOAE3HO MPUBECTU CAOBa acTpoHoMa K. CaraHa,
HanucaBsllero npeaucnaosue: «KHura o bore... a Moxet 6biTb, 06 oTCcyTCTBMM Bora». CroBo Bor
NOBTOPSAETCA YaCTO. XOKUHT OTNPaBAAETCS Ha MOUCKM OTBETa Ha 3HAMEHUTLIM BONPOC DNHLITENHA,
6bIA AWMy Bora kakon-HMOyAb BblIOOP, KOrAa OH co3paBan BceneHHyto. XOKMHI CTPEMMTCA - OH
roeoput 06 3TOM NPAMO - MOHATb 3ambicen bora. TOMCKM NPUBOAAT K HEOXMAAHHOMY
3aKAOUYEHUIO, MOXET OblTb, HE OKOHYaTEAbHOMY: «..BceneHHas 6e3 Kpaa B npocTpaHcTee, 6e3
HavyaAa M KOHLU@ BO BPeMEHM, 6e3 Kaknx-Ambo pen aaa Cospatensi». PaccyxaeHust o bore, KoHe4YHo,
He HOBbl. BcmomHMMm NAanaaca, KoTopbli ByATO 6bl OTBETUA HAanoAeoHy, UTO HE HYXAAEeTCs B 3TOM
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rmnoTese.

MocTteneHHo pacKpbiBatoLancs ncropus BceneHHoM BCErapa N3yMAAAa
€CTeCTBOMUCMbITaTEAEN. INHLUTENH Bblpa3uA 3TO B CBOEN 0ObIYHOM NapaAOKCanbHOM popme: «Korpa
A paccyXAaato 0 GU3NYECKOM TEOpUK, A cnpallmBato cebsi, co3paBan AU Obl 1 BCEAEHHYIO TaKUM Xe
nyTem, ecAanm 6bl Borom 6biA f?» Ero BeuHblt onnoHEeHT HuAbC Bop OoTBETUA Tak: «9TO COBCEM He
Hallle AEAO NPEeANUChIBaTb bory, Kakum 06pa3oM OH AOAXEH YNPaBASTb MUPOMD.,

Bonpoc Tak 1 octaetcs 6e3 oTBeTa: CAyYamMHO AWM UCTOpPUSA BCEAEHHOM OKa3anacCb TaKoMW,
KaKoM OHa MOCTEMNEHHO pacKpbIBAETCA nepeas YenoBEKOM? BO3MOXHO AM, uToObl UCTOPUA ObiAa
APYron, UAM UCTOPUA ONPEAEAETCA OAHO3HAUYHO U3 NPUHLMMNOB, KOTOPbIX Mbl €lle He 3Haem? U
HaKOHeL, «elle He 3HaeM» UAU Mbl U HE MOXEM WX y3HaTb, NGO OTBET MOXET A€XaTb 3a NPeAeAaMU
Nno3HaHWsa YenoBeKa. M Bce e uemM raybxxe B NPOLLAOE U YUEM AaAbLLE B Byaylilee NPOHMKAET HayKa,
TEM MEHbLLE AeAa OCTAETCH AA MUDUUECKUX CHUA.

MocAe Toro Kak runotesa 0 POXAeHWU BceneHHOM B 60AbLLOM B3pbIBE MPEBPATUAACH B NMOYTU
06LEeNnpPUHATYO, BOMPOC O TOM, YTO BbINO A0 POXAEHMA BceneHHOM, cTan Kak 6bl HE3aKOHHbIM. B
3TOM CMbICAE Hayka MPUOAM3MAACH KO MHOTUM MuUdaM, B TOM YUCAE U K BUBAEMCKOMY BapuaHTy
co3paHus BceneHHOM. MNMopa3utenbHbIM BbINO BOOOPaXeHWe APEBHUX, CO3AABABLLMX MUBI.

Mpountaem B NnepBon rnaBe bubamu: «<M Ha3Baa bor cBeT AHEM, a TbMY HOUbLO. U BbIA Beuep,
M BbINO YTPO: AEHb OAMH». MHOrAQ NEpPeBOAAT: «A€Hb MNEPBbIM». ITO HEBEPHO. KOMMeHTaTopbI
KaHOHWYECKOro TEKCTa CYMUTAOT, YTO HE MOTFAO ObiTb CKA3aHO «AEHb NEpPBbIM», TaK Kak He ObIAO
nocaeaytowlero. No-BMAMMOMY, MAESA, UTO BPEMS TakXe AOAKHO ObIAO ObiTb CO3AAHO, 3aHMMaAA
aBTOpoB BbnbAMW. He TOAbKO CO3p@HME BPEMEHW, HO U KOHEL, BPEMEHM NPEACTABASACA B
OCMbICAEHHOM MOHATUKU. B 3akAOUMTEABHOM KHUre Bubann, otkpoBeHuMM MoaHHa (10:6), aHrea,
006bABASAA O FPSAYLLEM KOHLIE MUPA, TOBOPUT: «...Mu BPEMEHU YXE He ByaeT».

MpobremMa BpPEMEHU MNPUBAEKAAA BHUMAHWE U XPUCTMAHCKUX GUMAOCOGOB pPaHHEro
CpepHeBekoBbs. B «McnoBean» bBaaxeHHOro ABryCTMHa Mbl yMTaeM: «EcaM e paHblie Heba u
3eMAM He BbINO BPEMEHMU, 3a4eM cnpalumBaTh, UTo Thl AeAaA TOrAa. Koraa He OGbINO BpEMEHU, He
6bIAO M TOTAQY.

Haw Bek Tpebyet, utobbl MUdbI 0bpeAr matemaTtnyeckoe obanume. 3TO CBEPLUMAOCHL B
NeHuHrpaae, koraa nosiBuAacb paborta A. A. ®puamaHa. BceneHHasas PprvamaHa HauMHaETCs C
«0COOEHHOCTM» — MUPOBOM TOUKK, B KOTOPOM obpallaeTca B OECKOHEYHOCTb KPMBU3HA, @ C HEHO U
NAOTHOCTb BELLECTBA. B 3TOM TOUKE TEPAIOT CBOKO CUAY PUINYECKUE 3aKOHbI, U, OCTaBasiCb B paMKax
06bIYHON MopaeAM BceneHHoM DpuamMaHa, HEAb3sI MOHATb, UYTO MPOUCXOAMAO B CaMOM Hauane
BPEMEHMU, KAK BO3HUK BOABLLON B3PbIB.

JT0 yTBEPXAEHUE NPABUABHO, U GUBNKU HE OLLUMOAMCH, CUUTast, UTO HE UMEET CMbICAA CaM
BOMPOC O MPOAOAKEHUM KOOPAMHATHI BPEMEHM 3@ «OCOOEHHOCTb». AEWCTBUTEABHO, NPOBAEMY
HeAb3sl Aaxe CHOPMYAMPOBATb aKKypaTHO Ha fA3blke MaTeMaTUKW, ECAM OCTaBaTbCH B pPaMKax
KAACCUUYECKON TEOPUU TArOTEHUA IUHLWTEMHA. AOKa3aHO, YTO B 3TUX paMKax He CyLlecTByeT
peLleH ypaBHEHUN OBLLEN TEOPUU OTHOCUTEABHOCTM — ypaBHEHWUM IUHLWTEWHaA - [MAbDepTa,
KOTOpPbIE Obl HE UMEAU «OCODEHHOCTEN.

«OcobeHHOCTM» NOABASILOTCA HE TOABKO AASI BCEV BCEAEHHOM, HO 1 ANl 3BE3A, MacCa KOTOPbIX
CTOAb BEAWMKA, UTO BELLLECTBO HE MOXET NMPEOAOAETL COOCTBEHHOIO rPaBUTALIMOHHOTO NMOASI U NAAAET
K €€ LEHTPY TaK, YTO MOBEPXHOCTb 3BE3AbI CTATMBAETCA B KOHLIE KOHLIOB B MaTEMaTUUECKYHO TOUKY —
CUHTYAAIPHOCTb. [TPOMCXOAMT KOAAAMNC 3BE3AbI, €€ «CXAOMbIBaHWE». Takaa 3Be3pa M eCTb yepHas
Ablpa, NPUBAEKLIAA BHUMAHWE XOKUHTa.

MpobAemMOr CUHIYAAPHOCTU 3aHMManca P. TleHpoy3, KOTOpbIM MOKasaA, YTo HayaBLUMKCA
KOAAGMNC 3BE3Abl HE MOXET MPEKPATUTbCA. XOKMHI MULLET, YTO OH OYeHb 0BpPapOBaAACA HOBbIM
NAEAM, CUMTasA UX AOCTOMHbIMUK pa3BUTUA. Ero noacTermBanmn n AMUHble 06cTosiTEAbCTBA. [TPOrHO3bI
Bpauen 6bIAM MpPaUHbIMMU.

Pabota Hap AOKTOPCKOM CTEMEHbl Kaszanacb HGecCMbICAeHHOW. Ho mpowao ABa roaa, M
YXYALLEHWUSI HE HACTYNUAO. «HanpoTmB, — TOBOPUT XOKMHT, — A€Aa MOM NOLLUAK 3aMeYaTenbHO. H cTan
XEHUXOM 04YapoBaTEAbHON AEBYLLKK AXeENH Yaraa. Ho UuTobbl XeHUTbCA, HY>XXHa Obina paboTa, Ans
noAyyeHust paboTbl Hy)kHa Bbira AOKTOPCKas cTeneHb. A TyT MOABEPHYAACh XOpOoLLasa TemMar.

XOKMHI YBUAEA, UTO MEXAY 3aAaYein O UepHOW Abipe U 3apavert 0 BOAbLLOM B3PbIBE €CTb
60AbLUOE CXOACTBO. ECAM uepHaa Ablpa KOHYAET CBOE CyLleCTBOBaHME B CWUHIYASPHOCTM, TO,
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NOBEPHYB B €€ MCTOPUU BPEMSA, Mbl MOAYYMM MOAEAb BceneHHOW, KoTopas B CUHIYASAPHOCTU
poOXAaEeTCA. ITO MOATBEPAMAO CTapble npeanoAoxeHusi, U B 1970 r. XokuHr ¢ [leHpoy3om
onybankoBanu paboTy ¢ AOKa3aTeAbCTBOM TOrO, UTO pacluMpstolanca BceneHHan AOAKHA HauaTb
CBOO UCTOPUIO B CUHTYAAPHOCTW.

Mexay YepHOW AbIPOW U BCceneHHOW eCTb NPUHLMNMAAbHANA pa3HULA. TOYHEE, eCTb Pa3Anumne
MEXAY MNOAOXEHWEM HabAlOAaTEASs B OAHOM W APYroM CAydae. Koaaanc 4yepHOM Ablpbl Mbl
HabAOAQEM CHApPYXM, Y TEOPUSI TOBOPUT, UTO AAS HADAIOAATENS], MOKOSILLErOCS HA HECKOHEYHOCTH,
T. €. B 06AaCTH, rae rpaBUTaLMOHHOE MOAE YEPHOWM AbIPbl CKOAb YTOAHO MaAO, BPEMSI MOAHOMO
KOAA@MNCa, BPeEMSA AOCTUXEHUSA CUHTYAAPHOCTHU, BeCcKoHeUYHO BeAanko. CTporo roBops, HabaopaTenb
HUKOTAQ HE YBMAUT KOHLA 3BOAIOLMU YEpHOM Ablpbl. Bo BceneHHOM HabAtopaTeAM HaXoAATCA
BHYTPW, OHWU paldberatoTcs BMECTE C rarakTMkamMu, U MX BO3PAcCT (cuMTan OT HGOAbLLIOrO B3pbiBa)
KOHEYEH.

Ho y obounx 06beKTOB ecTb 06Llaa yepTa: NPOLECC KOAAAMNCa WM pacluMpeHuss BceneHHOM
HeobpaTumbl. EcAM HeobpaTMMOCTb pacluMpeHrMs BceneHHOM NpPeACTaBASIETCS €CTECTBEHHOM
(AMccuMnaTMBHbIE MPOLECCHI CONMPOBOXAAKT 3BOAIOLMIO), TO HEOBPATUMOCTb KOAAANCa - TeopemMa
Mekpoy3a-XOKMHra — He CTOAb MOHATHA. AMCCUMNATUBHbBIE MPOLIECChI NPUBOAAT K HEOOPATUMOCTH, K
POCTY 3HTPOMUU CUCTEMbI. HO MOXHO AWM NPUNUCATb SHTPOMMUIO YEPHOU Ablpe? KaK B AETEKTUBHOM
NCTOPUK, XOKUHI HAXOAUT YAUKY, OHa A€XaAa NoyTh Ha BUAY.

Koraa BewecTBO UAW U3AYYEHWE NAAAET Ha YEPHYIO AbIPY, NAOLAAbL €€ NMOBEPXHOCTU MOXET
TOAbKO yBeAMUMBaTbCA. PapMyc YepHOM Abipbl MPOMOPLUMOHAAEH €e Macce, a NOBEPXHOCTb -
KBaApaTy Maccbhl. Koraa macca pacreT, pacteT U NOBEPXHOCTb. Aanee XOKUHI 3aMeYaeT, UTo eCAU
ABE YepHble AbIPbl CAMBAOTCS B OAHY, TO MOBEPXHOCTb HOBOW AbIPbl CTAHOBUTCA OOAbLLE, YEM
CyMMapHasa NOBEPXHOCTb ABYX MCXOAHbIX. MOXHO OTMETUTb M OUEBUAHDBIN daKT. ECAM Npu KoAnance
Ha YEepHYK AbIPy HMYEro He MNapaeT, T. €. MOBEPXHOCTb (€€ Ha3blBalOT FOPU30HTOM) OCTaeTcsa
NMOCTOAAHHOM — MOBEPXHOCTb OMPEAEAAETCH TOABKO MAaCCOM.

CnepytoMin  Wwar penaetr amepukaHel AX. bukeHCTMH. OH  BbICKa3blBaeT CMeEAoe
NPEAMNOAOXEHUE, UTO AAS YEPHOW AblPbl MOXHO BBECTU MOHATUE SHTPOMUKU U UYTO IHTPOMUS YEPHOM
Ablpbl MPOMNOPLMOHAAbHA €€ MOBEPXHOCTU. NOBEPXHOCTb PACTET (MAM OCTAETCH MOCTOSAHHOWM) CO
BPEMEHEM, XOPOLUO UMUTUPYS NMOBEAEHWE SHTPOMUU. TMNoTE3a, KOTOPas BbIFASAEAA AOBOAbHO
COMHUTEAbHOW, B paboTe XOKWMHra npeBpaTtMAacb B CTPOryd TeopemMy. Kak BbIACHWAOCb, OHa
CAEAOBaNa M3 3aKOHOB KBAHTOBOM MEXaHMKK 1 06LLEN TEOPHUM OTHOCUTEABHOCTH.

OTKpbITUE XOKMHIa NOBAEKAO 3a COOOM LIEeNOYKy HOBbIX YTBEPXAEHWIN. ECAM y UepHOWM Ablpbl
€CTb SHTPONUSA, TO AOAXKHA ObITb U TEMNepaTypa. TeEpMOANHAMMKA NO3BOASIET BbIYUCAUTb, YTO ECAU
SHTPOMUSA OMPEAEASIETCA KBAAPATOM 3HEPIMU U HEe 3aBWUCUT, HaNpuUMep, elle U oT obbema, To
TemnepaTtypa AOAKHa 6biTb 06paTHO NPONOPLUMOHAABHA 3HEPTUK (MAM MACCE) YEPHOM Ablpbl.

HemHOro noaymaB, MOXHO MOHATb, YTO TaKOe 3aKAIOYEHUWE HE OYEeHb COrracyeTcs C
MCXOAHBbIM MPEACTABAEHMEM O UYEPHOM Ablpe. Teno, NapalrolLee Ha YEPHYHO Ablpy, ONUCbIBAETCA
YPaBHEHUAMU MEXaHUKK (KOHEYHO, MexaHUKK OTO), 1 AASE BHTPOMUKU B TAKOM ONUCAHUM HET MecTa.
Ho ypaBHeHMs MexaHWKkK obpaTMMbl BO BPEMEHMU, a 3BE3AA KOAAAMNCUpPyeT Heobpatnmo. B Teopum
AOAXHbBI ObIAM MOABUTLCS IHTPONUSA U TemnepaTtypa. Ho AanblLe NPEAbSBASET CBOM 006A3aTeAbHbIE
TpeboBaHMA TepMoAMHaMKKa. Besikoe Teno, MMmerollee TeMnepaTypy, AOAKHO M3AyYaTb NO 3aKOHY
CredaHa-bonbumaHa (co cnektpoMm [laaHka). 3HauuT, BOMPEKM BCEMY CKa3aHHOMY O
6€3B0O3BPATHOCTU KOAAANCA U HEBO3MOXHOCTM HUUYEMY BbIPBATbCA M3 IPaBUTALMOHHOIO MOAS,
yepHas Ablpa W3AYYaET, U WHTEHCUBHOCTb WM3AYYEHUSI PACTET, Kak 4yeTBepTas CTeneHb ee
Temneparypbl. <Y4epHble AbIPbl HE TaK YXX YEPHbI» — TaK Ha3BaHa CEAbMas raBa KHUTK.

B uem ¢umsnuyeckan npupopaa 3TOro M3Ay4eHUSI? BbIAO ACHO, YTO OTBET Ha HOBbIM BOMPOC
HEAb35l UCKaTb B TEOPMM IMHLUTEMHA M HAAO NPUBAEKATb BTOPYH KOPOAEBY GUIMKKN HALLErO BEKA —
KBAHTOBYIO MexaHWKy. KOHEUYHO, BTOP)XEHUE KBAHTOBOM MeXaHUKKN ObIAO HE TaK YXX HEOXWAAHHO.
Yxe B GopMyAe AASI SHTPOMUU BUKEHCTMHA BO3HUKAA TPYAHOCTb C Pa3MePHOCTbIO KO3ODULNEHTa,
obpallatowero naowaab B 6e3pas3MepHyto SHTponuto. EAMHCTBEHHOW BEAMYMHOW, C MOMOLLbIO
KOTOPOM pPa3yMHO «0be3pasmMepuTb» NAOLLLAAb, ObIA KBAAPAT NAGHKOBCKOM AAMHbBI, paBHOW 10-33
CM W COCTAaBAEHHOW M3 MNOCTOSIHHOM [IA@HKA WM MOCTOAHHOW TArOoTEHMA. He BOBAEKass B Urpy
NocTOAHHYO MNAaHKa, HanucaTb GOPMYAY AAS SHTPOMKUKU HE YAaETCA.

MepBbii BapuaHT pelleHus 6bin npeproxeH A. b. 3eabpoBruem u A. A. CTapoObUHCKUM: eCAU
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yepHasa Ablpa BpallaeTcs, OHa AOAKHA M3AydYaTb. XOKMHI UCCAEAOBAA 3Ty MAEHK NOAPOBHO nocae
TOro, Kak aBTOPbI paccka3anm emy o Her B 1973 r. (XopoLwuri npumep Toro, kak BbICTPO U YETKO
PE30HUPYET XOKMHI Ha HOBble MAEW). BbIACHMAOCH, UTO AAA M3AYYEHUS 3BE3AE HEe 006513aTEABHO
BpalLaTbCA: U3AyYaeT BakyyM, B KOTOPbIM OHa MNOrpyXeHa. ATO MOYTU MUCTUYECKOE CBOMCTBO
Bakyyma - MPOCTPaHCTBa, B KOTOPOM HMUYEro HeT. HO B KBAHTOBOM MEXaHUKE «AaXe €CAU HUYEro
HET, YTO-TO MPOUCXOAUT», KaK 3aMETUA KTO-TO U3 GU3UKOB.

B «nycTtom» Bakyyme e€CTb MOAS, U XOTS BEAMUMHbI MOAEN, HANPUMEP MarHWTHOro, paBHbl B
CPEAHEM HYAK, WX KBaapaTbl (MAM abBCOAIOTHblE 3HA4YyeHMs) B HyAb He obpallatoTcs paxe B
cpeaHeM (xoTa Obl MOTOMY, 4YTO OHWM BCErAa MOAOXWTEAbHbI). BOAM3M uyepHOW Abipbl Takue
OAYKTyaUuMKn  poxaatoT napbl. Macca Takux nap MOYTM paBHa HyA, TakK Kak OOAbLUOWM
(OTpUUATEABHbIN) TPABUTALMOHHBLIM MOTEHUMAA MPAKTUYECKUM KOMMEHCUMPYET Maccy CBOOOAHBIX
3AEKTPOHA U NO3UTPOHA.

Y KOMMOHEHTOB POAMBLUENCA Napbl pas3Hble cyabObl. OpAHA M3 4yacTuu, «NPOBaAMBaETCS» B
UepHYIO AbIPY U MepecTaeT CylecTBoBaTb AAS HAc. Ho yactuua He 3pa OoTpaaAa CBOKO XMU3Hb. Ee
3Heprus nepeparacb BTOPOW YacTULE U AaAa €M BO3MOXHOCTb BblpBaTbCsl U3 rpaBUTALMOHHOIO
NAeHa. JTO U eCTb U3AYYEHUE XOKWHra. BbluMCAeHWe chnekTpa M3AyYEHUA NMPUBEAO K GOpMyAe
MAaHka. Tak BbINO ONPOBEPTHYTO MHEHWE, YTO YEPHbIE Ablpbl BeccMepTHbI. [paBaa, U3AyYEHUE
CYLLECTBEHHO COKpPALLAET XM3Hb TOAbKO MaAEHbKOW UYEPHOM AbIpbl, YEPHAA Ablpa C PaAUyCoOM
npoTtoHa (10E-13 cm), BO3HMKLWIAA B npouecce OOAbLIOrO B3pbiBa, HE AOXMAA Obl A0 HaLero
BpeMeHU. Ho NPOAOAKMUTEABHOCTb XU3HU YEPHOW Ablpbl PACTET, Kak Kyb ee paauyca. AN YEPHOM
AbIPbl C papuMycoM 3 KM (rpaBuTaUMOHHbIM papnyc COAHLA) MPOAOANKMTEABHOCTb XM3HW CTOAb
BEAWKA, UTO HE CTOUT €€ U NOACUUTLIBATD.

Ho Tem He MeHee YyepHOM Abipe NPEACTOUT UCUE3HYTb. Kak 3T0 NPOU30MAET, HayKa He 3HaeT.
MOXHO AMLLb CKa3aTb, YTO KOHEUYHbIX COCTOAAHUN MOXET ObiTb OUEHb MHOIO, U NPEACKa3aTb, Kak
NOrnMBHET UepHan Ablpa, HUKTO CeEMYAC He B COCTOAHUKU. KaK HeAb3SI MPEACKa3aTb, HA KaKMe KYCKM
pa3obbeTca byTbiAKa, ynaBLUas Ha KaMeHb.

O uyepHbIX Ablpax HanMcaHO MHOIO, U Mbl MOXEM He NPOAOAXaTb. HO npexae yem OCTaBUTb
3Ty TEMY, XOTEAOCH Obl AOCKa3aTb UCTOPUID, KOTOPYHO XOKUHT YNIOMMUHAET B KHUTE.

MepBbi pa3 peyb O YEpHOM Ablpe 3aBeA B 1783 r. aHrAMUYaHUH AX. MUUenan, KOTOPbIK
Hanucan, 4to ecAn Hbl TEAO C MAOTHOCTbIO, PAaBHOM NAOTHOCTM CoAHUA, UMeno paauyc B 500 pas
MEHbLLWWA, TO CBET, U3AYUYEHHbIN TAKUM TEAOM, AOAKEH BEPHYTbCS 0OpaTHO U3-3a COOCTBEHHOM
TAXECTU. Muuean pasmMblWAAA 06 3TOM He MpPOCTO Tak. EMy OuyeHb XOTenocb HaWTM cnocob
M3MepeHna Maccbl AaAbHUX 3BE3A. AASI HEFO CBET COCTOSAA M3 KOPMYCKYA, KOTOpble, NPEOAOAEBaS
rpaBMTaLMOHHOE MOAE 3BE3Abl (ONMPeAEA eMOoe ee Maccom), TEPSIOT CBOK CKOPOCTb. MMEHHO Tak
OH M NpULIEA K CBOEMY BbIiBOAY. HO AASt HEro Boaee BaxHbIM BbINO CAEACTBME OOHAPYXEHHOIO UM
ABAEHMS:: uTOObl OMPEAEAUTb MacCy 3BE3Abl, HAAO M3MEPUTb Ha 3eMAe CKOPOCTb CBETa,
NMPUXOAALLETO K HAM OT 3TOM 3BE3AbI.

CeropHsi Mbl MOHUMaEM, YTO U3MEPATb HAAO HE M3MEHEHUE CKOPOCTU CBETA, @ UBMEHEHUE
€ro 4YacToTbl — KpacHoe cMelleHne. Ho aAaa cBOero BpemMeHu naes bbina kpacuBas.

Pa3MbIlLUAEHME O KOHLE YEPHOW AbIPpbl C HEU3OBEXHOCTbHO MPUBOAMT K BbIBOAY, UTO 6€3
KBAHTOBOW MEXaHWKKU He 000MTUCb. C TaKUMU COMHEHUAMMU U pe3yAbTaTaMu XOKUHr B 1981 r.
BEPHYACSI K NOMNbITKe OOBACHWUTL Hayano BceneHHOW. Ho ero 3aHuMmaloT He MaTeMaTuyeckue
BbIUMCAEHUSA (B YME UX AEAATb HEAETKO), @ MOUCKM CaMbIX FTAYOOKUX UCTUH.

Kak yCTaHOBMAUCb HavyaAbHble YCAOBUSA, MPUBEALLME K BCEAEHHOW, KOTOPYHO Mbl BUAUM U B
KOTOPOW OKa3aAncb camu? «OAMH BO3MOXHbIM OTBET — 3TO CKa3saTb, YTO bor Bbi6pan HauyaAbHYyHO
KOHdUrypaumto BceneHHOM M3 coobpaxkeHnin, MOHSATb KOTOPble HaM He AaHO... Ho nouemy, BbibpaBs
Takoe CTpaHHOEe Hayano, OH BCEe Xe peLUuA, 4Tobbl BceneHHas pa3BuBanacb No MOHATHBIM HaM
3akoHaM?» [TOCKOAbKY Xe 3TW 3aKOHbl MOHATHbI, TO «€CTECTBEHHO NPEAMOAOXUTb, UTO 3TOT MOPSAOK
OTHOCUTCA HEe TOAbKO K 3aKOHaM HayKu, HO U K YCAOBWMSIM Ha rpaHuue MpoCTpaHCTBa-BPEMEHMU,
KOTOPbIE ONPEAENAIOT UCXOAHOE COCTOsIHME BCeAeHHOM.

Tak XOKMHI BCTynaet B crnop ¢ borom, oTHMMasn y Hero poab Co3patensi. Maea XOKUHra HocuT
ewe AOCTaTOYHO CMYTHbIM Xxapakrep. B KHUre OH coBCeEM He nuwer GopMyA - U3AATEAb
NPeAynpeAnA ero, YTo OAHa EAMHCTBEHHaA GOpMyAa YNOAOBUHUT TUpax (bopmyna E=mc?2 Bce xe
NPUBOAUTCH, HO 3TO HE NOMELIAAO KHUre cTaTb 6ectcennepom). M CBOKO HOBYHO MAEHD XOKMHI
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nbiTaeTca 06bACHUTL CAOBaMU. KaxeTcs, BCe Xe B ero Mo3ry ecTb bonee YeTkas KapTuHa, KOTOPYH
OH NPOCTO €elle HE MOXET nepepatb KOMMbOTePy. Koraa s roBopto 06 3TOM, MEHA He MOKUAAET
OLLYyLLIEHWE KaKOro-T0 GpaHTaCTUUYECKOrO (MAM CIOPPEAANCTUUECKOrO) pOMaHa, B KOTOPbIM A Monaa.

MouemMy M Kak BO3HMKAA BceneHHas - 0OBACHUTb, OCTaBasiCb B pPaMKax KAACCUYECKOM
MOAEAW, HEAB3S, KaK HEAb3S] OObACHWUTb CBOMCTBA SAEKTPOHA, 3HAsA AULLIb OAHY EAMHCTBEHHYHO €ro
TPaeKTopuio (MAM HeboAbLLOM ee Kycouek). Ho kBaHTOBasi MexaHuMka Oaaropaps npuHUMnY
HEeonpeAeNeHHOCTU WMeeT AEA0 Cpasy CO MHOIMMMWU (MAM AaXe CO BCEMMU) BO3MOXHbIMU
NUCTOPUAMMU.

To, C Yero HauyMHaeT COBpPeMeEHHaa Teopus, — 3TO HEKOTOPbIM 06pPa3oM oOnpeAereHHas
CymMMa Mo BCEM UCTOPUAM, KOTOpble, UHTEPHEPUPYA APYT C APYrOM, CO3AaIOT Hally peanbHyto (B
KaKOM-TO CMbICAE Hanbonee BEPOATHYH) BceneHHyo. Ho matemaTnka OTka3biBaeTca peaAn3oBaTb
Takyto naeto. Ytobbl Teopus Gbina GOpManbHO NMOCAEAOBATEABHOM, HAAO OTKa3aTbCA OT 0ObIYHOIO
BpeMeEHU. AASE ONMUCAHUA BO3MOXHbIX UCTOPUMA BCEAEHHbIX MPUXOAMTCA NEPEXOAUTb OT PEAAbHOMO
BPEMEHM K MHMMOMY, MpeBpawas npoCTPaHCTBO MMUHKOBCKOrO B 0OoAee MOHATHOE
yeTblpeEXMEpPHOE MPOCTPaHCTBO EBKAMAA. B TakOM €BKAMAOBOM YETbIPEXMEPUMN UCUE3AIOT 0COObIE
TOYKM (TaK MOAKOCbI 3EMAM HWYEM TEOMETPUYECKM HC OTAMYAKOTCA OT TOvek akeaTtopa). Y
MOBEPXHOCTM chepbl, Kak MU y AOOOM APYron 3aMKHYTOM MOBEPXHOCTW, «rPaHML, HET». KaBblUKM
3A€Cb MNOCTaBAEHbl MOTOMY, YTO 3TO €CTb HOBOE€ rpaHWuHoe ycroBue. CoBceM MPOCTO, HO, K
COXaAeHUIo, He BMOAHe MOHATHO! Beab UCTOPUA, HAUYMHAKOLWAACHA C CUHTYAAPHOCTHU, pa3BUBaeTCS
BMECTE C HaMU B peaAbHOM BPEMEHM, TaK YTO Halle NCUXOAOIrMYECKOE BPEMS OKa3blBaeTCsl He
TEeM, B KOTOPOM ONMUCbIBaETCS pa3BuTne BceneHHOW. Hapo elle Aoymatb, Kak COBEPLLWTb MEPEXOA OT
MHWMOIO BPEMEHU K peanbHOMY. Maes Kaxercs 3aMaHuMBOM, HO MPOMAET, HaBEPHOE, elle
HEMaAO BPEMEHMW (peaAbHOro), noka (Mbl HAAEEMCS!) OHA CTaHET NOHATHOW. Bcs KHMra XoKuHra
HanucaHa UM C LieAbtO MOABECTU ynTatens K ceoen naee. OH He 04YeHb MHOIO MOXET CKa3aTb B €€
3awuty. OH NpM3bIBAET YUTaTEAS K Pa3AyMbAM O CaMbiX OOLUMX 3aKOHaX, PE3YAbTATOM KOTOPbIX
(CAy4arHbIM AU HEOOXOAMMBIM) CTAAO NOSABAEHUE XMU3HU, YMTaTeAs (M, KOHEUYHO, KHUTN XOKKHTa).

EcTb 1 elle BaxHbIh U, HECOMHEHHO, BEAUKUIA 3aKOH — 3aKOH O HamnpaBAEHWUWM BPEMEHMW.
«CTpena BpeMeHW» — Tak Ha3blBaETCA AEBATAA rAaBa KHUMM. ATa rAaBa — BEAUKOAEMNHbIA Hay4YHbIM
3TIOA. HenpocTtaa A NOHMMaHUA MAES O ABYX COCYLLECTBYIOLLMX YETbIPEXMEPHbIX NPOCTPaHCTBaXx
- EBKAMAOBOM, B KOTOPOM OTOMpaloTCA UCTOPMM, U NpPOCTpaHCTBE MMHKOBCKOro, B KOTOPOM
paboTaloT AMHAMWUYECKUE YPaBHEHWSS M B KOTOPOM MPOTEKAET Halla XW3Hb. Ecan B 3TOM
«CcymMacLleALlen» MAEE ECTb XOTb KPYNMLA UCTUHbI, TO Mbl AGAGEM LUAT K COBEPLLUEHHO HOBOMY 3Tany
NO3HaHWS, HO, MOXET, BCE XE& WMAES HEe HACTOAbKO CyMaclleAlasi, 4ytobbl cTtaTb MCTMHOM (NO
«KpuTeputo» Huabca bopa).

3p€ecb elle YyMeCTHO A0HaBUTb HECKOABKO CAOB O MPUUMHHOCTU. Kaaccuueckass MexaHuka
AQET NPaBO yTBEPXAATb, UTO ByAyLLEE MOXHO NPEACKA3aTb C TOYHOCTbIO U MOAHOTOM HE AYYLLUMM,
yeM TOUYHOCTb M MOAHOTA HauyaAbHbIX AQHHbIX. [TOYTWM K 3TOMY CBOAMUTCA W CMOP O MOAHOTE U
BEPOATHOCTM B KBAHTOBOM MexaHuKe. He nmeer cmbicha 06CyXAaTb BO3MOXHOCTU U3MEPEHUSA C
OOAbLLIMMKU  MOAPOOHOCTAIMM,  €CAM  HauyaAbHble  AAHHblE  OrpaHWYEHbl  MPUHLMUNOM
HeonpeAeAeHHOCTU. MOXHO TOABKO YTBEPXAATb, YTO MHPOPMALMSA, COAEPXKALLAACA B HAaUYaAbHbIX
A@HHbIX (MO KparHen Mepe ANl CUCTEM, Y KOTOPbIX €CTb TOAbKO AUCKPETHbIE YPOBHU), HE UCUe3aeT
CO BpeMeHeM (ECAU, KOHEUHO, B CUCTEME HET TPEHUSA U €CAM CUCTEMA 3aMKHYTa). MMEHHO Takyto
HeonpeAeAeHHOCTb KBAHTOBast MexaHWKa BHOCUT B TEOPUIO rpaBUTaLUMN.

AddpekTHas aAeknapaums Aanaaca o TOM, UTO UCTOPUA NMpeACKkasyema, eCAU TOAbKO U3BECTEH
MOAHbIA HaAbOP HauyaAbHbIX AQHHbIX — KOOPAMHATbl M MMMYAbCbl BCEX TEA (M MOAEW, A0BaBUM
cenuac), BoO BceneHHOM He nMeeT cMbicAa. Heab3si cobpaTb B KOHEUHOE BPEMS BCE 3TU A@HHbIE —
nepeaaya AaHHbIX TpebyeT BpeMeHW (HET CUrHaAOB, PACMPOCTPAHSIIOLWMXCA CO CKOPOCTbIO,
OOAbLUEN CKOPOCTM CBETa), @ KOAMYECTBO HEOOXOAMMBIX AaHHbIX 6eckoHeuHo. Kpome TOro,
TpebytoTcss abCOAKOTHO TOUHbIE AAHHbIE, AAXE OYEHb MAAEHbKME MOrPELUHOCTU MOFYT B KOPHE
M3MEHUTb NPeACKa3aHue byayLLero (kak roBopaT, 3apaya Heyctonumsa). Tak yto npumep Aanaaca
BbIXOAMUT 3@ PaMKKW peaAbHOCTMU.

MHe xoueTcsi 3aKOHUMTb CAOBaMKM aBTopa — HEUCMPABUMOIro onTMMUCTa: «ECAM Mbl OTKPOEM
MOAHYHO TEOPUIO, TO CO BPEMEHEM €€ OCHOBHbIE NPUHLMIMbI CTaHYT AOCTYMHbI MOHUMAHUIO KaXAOro,
a He TOAbKO HECKOAbKMM creuuanuctam. M toraa Mbl Bce, GUAOCODLI, yUYEHbIE U NPOCTO 0ObIYHbIE
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AHOAU, CMOXEM MPUHATb YYacTMe B AMCKYCCUM O TOM, MOYEeMy Tak NMPOU3OLLAO, UTO CyLLECTBYEM Mbl
1 cyllecTByeT BeceneHHas». HaM MOXET HPaBUTbCS MAU HE HPABUTLCS XOA MbICAE XOKUHIa, HO OT
MOCTAaBAEHHbIX UM BOMPOCOB YUTU HEAL3S... B HEKOEM CMbICAE€ Mbl MOAOLLAM K FPaHMLE NO3HAHUS,
M Mbl CMYLLIEHbI CAMOM CyTbtO: MOXET AWM cucTeMa (BceneHHast U Mbl) ObITb YCTPOEHA TaK, UYTO YacTb
ee - yenoBeK - crnocobHa MOHATb BCE ee 3aKOHbl, BKAOUAA 3aKOHbl COOCTBEHHOMO MO3HAHWA.
OCHOBHOE MOAOXEHWE HAyKWU COCTOUT B TOM, UTO MUP PEAAEH U No3HaBaemM. Ho oUeBUAHO AW, UTO
OH No3HaBaeM 4enoBeKOM? COMHEHMWS B 3TOM HEPEAKO NMPUBOAAT K MbICAM O MOTyYMX Pa3ymMoMm,

HaC M3yvyatolmMx MHOMAAHETSHaxX. HyXpaemes A Mbl B 3TOW runotese? Bo3mMOXHO, Ha 3TO OTBETUT
XOKMHT.

f1. A. CmopoamHckui. Aekabpb 1989 r.



