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Kuura noceamaercs /[>xeiin

S pewnn nonpoOoBaTh HamucaTh MOMYJIAPHYIO KHUTY O MPOCTPAHCTBE M BPEMEHM IOCIE
TOro, KaKk mpountain B 1982 r. kypc JIE6oBckux nekmuii B 'apBapae. Toraa yxe ObU10 HEMAllO KHUT,
IIOCBAILICHHBIX paHHEW BceneHHOM M 4epHBIM JAbIpaM, KaKk OYEHb XOPOIIMX, HAaIpUMEpP KHHTa
CruBena BaiinGepra «llepBble Tpu MUHYTBI», TaK U OUY€Hb IUIOXUX, KOTOpPbIE 3/1€Ch He3aueM
Ha3piBaTh. HO MHE Ka3alock, YTO HU B OJTHOW M3 HUX (PaKTHUECKU HE 3aTParuBalOTCs T€ BOIPOCHI,
KOTOpbIE MOOYIMIIN MEHS 3aHATHCS N3yYEHUEM KOCMOJIOTUU U KBAaHTOBOW TEOPUM: OTKYJAA B3sJ1ach
Bcenennas? kak u modeMmy OHa BO3HHKJIA? MPHUAET JIM € KOHEI, a €CIU MPHUAET, TO Kak? DT
BOIIPOCHI MHTEPECYIOT BeeX Hac. Ho coBpeMeHHas Hayka OYeHb HACBIIEHA MATEMAaTUKOM, U JIMILIb
HEMHOT'OUHCJIEHHbIE CHEUAIUCThI TOCTATOYHO BIAACIOT MOCIEAHEN, YTOOBI pa300paThCsi B 3TOM.
OnHako OCHOBHBIE MPEACTABIECHUS O POXKACHUU U JAajbHeWIed cynpbe BceneHHON MOXHO
W3JI0KHUTh W 0e3 TOMOIIM MAaTeMAaTWKH TaK, YTO OHU CTaHYT TOHSATHBI JaXke JIOIsIM, HE
MOJTyYMBIIUM HAayYHOT'O 00pa30oBaHus. JTO sl ¥ MBITAJICA clenaTh B MOel KHUre. YuTarento cyauTh
0 TOM, HaCKOJIbKO S IIpeyCIIedL.

MHe cka3anM, 4TO KaKAas BKIIOYEHHas B KHUTY (GopMysia BJBOE YMEHBIIUT YHUCIIO
nokymnateneii. Torma s pemmn BooOme ooxomutbes 6e3 dopmyi. IlpaBna, B KOHIE s BCE-Taku
HamucaJl OJHO ypaBHEHHE — 3HAMEHUTOE ypaBHeHHe OWHIuTeiiHa E=mc”2. Haneroch, oHO He



OTIYTHET MMOJIOBUHY MOUX MOTCHIUAJIBHBIX qUTaTENCH.

Ecnu He cuuTath TOTO, 4TO 5 32007€7 OOKOBBIM aMUOTPO(YUUECKUM CKIIEPO30M, TO IOUYTH BO
BCEM OCTaJILHOM MHE COIYTCTBOBaJa yaada. [lomome u noanep:xka, KOTOpble MHE OKa3bIBAIH MOS
xeHa Jxeitn um peru Pobepr, Jltocu m Tumoru, oOecmedynam MHE BO3MOXXHOCTh BECTH
JIOBOJIBHO-TAaKU HOPMAaJIbHBIA 00pa3 *KU3HU U JOOUThCA yCIeXoB B pabore. MHe MOBE3JIO U B TOM,
4TO s BBIOpan TeopeTHyeckyro ¢(usuky, mO0 oHa Bcs BMmemiaercs B rosoBe. [lostomy Mmos
(bu3nyeckas HEMOIIb HE CTaja CepPbe3HBIM MUHYCOM. Mou Hay4HbIe KOJJIETH, Bce 0€3 UCKIIIOUEHHUS,
OKa3bIBAJIM MHE BCET/1a MAaKCUMaJIbHOE COJICHCTBUE.

Ha nepBoM, «kiaccudeckom» 3Tane Moed paboThl MOMMH ONMKaHIIMMKM MOMOIIHUKAMHU U
corpyanukamu Obutn Pomkep Ilenpoys, Pobept I'epok, bpennon Kaprep u Ixopmx Dmmc. S
OsarozlapeH MM 3a MOMOUIb U 3a COBMECTHYIO paboTy. DTOT 3Tal 3aBEPLIMJICS U3JaHUEM KHUTU
«KpynHomacmrabHast CTpyKTypa MpOCTPAaHCTBA-BPEMEHN», KOTOPYIO MBI ¢ DJUIMCOM HAIUCAlU B
1973 r. (Xoxkunr C., Ommc [x. KpynmHoMacmtabHast CTpyKTypa mpocTpaHcTBa-BpeMenn. M.: Mup,
1976).

S Obl He coBeTOBaJ YMTAIOIIMM CIEAYIOLIME Jajee CTpaHMIbl OoOpamarbCsi K HEl 3a
JIOTIOJTHUTEIbHON HH(OpMaIMeii: oHa eperpy>keHa MaTeMaTHKON U Tsbkena it yreHus. Hanerocs,
YTO C TeX HOp g HAYUYHICS MUCaTh 00Jiee JOCTYITHO.

Ha BTOpOM, «KBaHTOBOM» 3Tame Moeil paboTbl, HadaBmemcss B 1974 r., s B OCHOBHOM
paboran ¢ ['apu ['u660ouCcOM, Jlonom IDritmkem u Jxxumom Xaptiom. 51 oueHb MHOTUM MM 00sI3aH,
KaK M CBOMM acCIUPaHTaM, KOTOPHIE OKa3bIBAIM MHE OIPOMHYIO MOMOIIL U B «(HU3MYECKOM», U B
«TEOPETHYECKOM» CMBICIIE 3TOro cioBa. HeoOXoauMocTh He OTCTaBaTh OT ACIUPAHTOB ObLIA
Ype3BbIUAHO BAXKHBIM CTUMYJIOM H, KaK MHE Ka)KeTCs, He MO3BOJIsIa MHE 3aCTPSTh B O60J0TE.

B paboTte Hag KHUTO# MHE OYeHb MHOTO moMorail bpaiieH YuTT, onuH U3 MOUX CTyJIeHTOB. B
1985 r., HaGpocaB nepBbIii, IPUMEPHBINA TUIAH KHUTH, 5 3a00J1e) BocnaieHneM Jerkux. [lpurmmiock
JeYb Ha OINEpalMIo, U IOCJIEe TPAXCOTOMHH s IIEPECTaa FOBOPUTH, & TEM CaMbIM MOYTH JIMIIUJICS
BO3MOKHOCTH oOmiarbesi. S gymal, yTo He cMOry 3aKkoH4YHMTh KHUTY. Ho BpaiieH HC Tonpko momor
MHE €€ nepepadoTaTh, HO M HAYUYWJI MOJIb30BATHCS KOMIIBIOTEPHOM MporpamMMoi obmenus Living
Center, xoTopyto MHe nogapui Yont Younrom, cotpyaHuk ¢pupmsl Words Plus, Inc., Cannuseiin
(wt. Kamudopuus). C ee nmomouipio s MOTy IHUCATh KHUTU M CTaTbU, a TaKXKe pa3roBapuBaTh C
JIOIBMU TIOCPEJCTBOM CHHTE3aTOpa peud, MOAAPEHHOTO MHE JAPYrod CaHHUBEHJICKON (upmoin
Speech Plus. [IpBua MoiicOH yCTaHOBHIJI HA MOEM KPECJIE-KOJISICKE 3TOT CHHTE3aTOp W HEOOJBIION
NepCOHAIBHBIN KoMmbioTep. Takas cucrema Bce M3MEHWIIA: MHE CTAJIO Jake Jierde oOIIaThCs, 4YeM
JI0 TOTO KaK s IOTEPsUI TOJI0C.

MHOTrUM U3 Te€X, KTO 03HAKOMMJICS C MPEABAPUTEIbHBIMA BapHaHTaMH KHUTH, s OJlarofapex
3a COBETHI, Kacarolluecsi TOro, Kak ee MOXHO Obuto Owl ymyumuth. Tak, Ilerep I'azzapmu, moit
penakrop usgarenbcTBa Bantam Books, cimanm MHe mnHcbMO 3a MUCBMOM C 3aMEUaHUSMH U
BOIPOCAMU IO TEM MeCTaM, KOTOpbIE, IO €ro MHEHUIO, ObUIN II0X0 OOBsCHEHBI. [Ipu3Hatbes, s
ObUT CUJIBHO pa3/ipaskeH, MOJIyYHB OTPOMHBIN CIIMCOK PEKOMEHIyEeMbIX MCIPaBICHUN, HO ['a33apau
OKa3aJICsl COBEPILEHHO MpaB. S yBepeH, KHUra crana jyudiie Oiarofaps ToMy, 4to ['a33apau Teikai
MEHS HOCOM B OIIMOKH.

S BeIpakaro TIyOOKyro OmaromgapHocTh MouM momontHukaMm Komway Ywmmesmcy, 3Bumy
Tomacy u Poiimonny JIapnemmy, moum cekperapsm JDxyau Pemne, Oun Paned, Illepun
bunnuarron u Ceto Mbaiicu m MouM mezacectpaMm. 1 Obl HUYEro HE CMOT JIOCTHYb, €CIH OBl BCE
pacxo/ipl Ha Hay4YHbIE HUCCIICIOBAHUS U HEOOXOIMMYIO MEIUIIMHCKYIO ITOMOIIb HE B3SUIM Ha cels
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INonBumn-sua-Kaiftoc-komnenx, CoBeT MO HayyHbIM UM TEXHUYECKUM MCCIEAOBAHUSAM U (OH[BI
Jlesepxynma, Mak-Aprypa, Hypdunna u Panspa Cmura. Bcem um s ouens 6iaronapes.

CruBen XokuHr. 20 okTs6ps 1987 r.

Npeaucnosue

MpbI KHBEM, MOYTH HAYETO HE MOHMMAs B yCTpoilcTBe mupa. He 3amymbiBaeMcsi Hal TeM,
KaKoi MEXaHH3M MOPOXKIACT COJIHEUHBI CBET, KOTOPHIN O00ECrieurnBaeT Halle CyIIeCTBOBAaHUE, HE
JyMaeM O TpaBUTAllMW, KOTOpas YIEpKUBaeT HAc Ha 3emiie, HE JaBas el cOpOCUTb Hac B
npoctpancTBo. Hac He MHTEpeCyIOT aTOMBI, U3 KOTOPBIX Mbl COCTOUM M OT YCTOMYUBOCTH KOTOPBIX
MBI CaMH CYILECTBEHHBIM OOpa30oM 3aBUCHM. 3a UCKJIIOYEHHEM JAETel (KOTOpBIE €IlIe CIUIIKOM
MaJjo 3HaIT, YTOOBI HE 3a/1aBaTh TaKHWE CEPbhEe3HbIE BOMPOCHI), MAIO KTO JIOMAET TOJIOBY HaJ TeM,
MovyeMy MpUpoJia TaKOBA, KAKOBa OHA €CTh, OTKYJa TMOSIBUJICS KOCMOC W HE CYIIECTBOBAJ JIM OH
Bcerna? He MOXET M BpeMs OJHaXAbl MOBEPHYTh BCISATH, TaK 4YTO CIEACTBHE Oyaer
MPEAIIeCTBOBATh MPUUUHE? €CTh JIM HETPEOJAOTUMBIN Mpeen YeioBeuecKoro nmo3Hanus? beiBaroT
Jake Takue JIeTH (s UX BCTpeyas), KOTOPHIM XOYeTCsl 3HaTh, KaK BBITJISIIUT YepHasl JbIpa, KaKoBa
camasi MaJleHbKas 4acTH4YKa BellecTBa? MOYeMy Mbl IIOMHUM TMPOILIOEC U HE MOMHHUM Oymyiiee?
€CJIM paHblle U MpaBAa ObUI XaoC, TO Kak MOJIYYWJIOCh, YTO TENEpb YCTAaHOBWIICS BUIMMBIN
nopsnok? u nouemy Bcenennas BooOIe cymecTByeT?

B Hamewm oOmiecTBe MpUHATO, YTO POJIUTENN U YUHUTENS B OTBET Ha 3THU BOIMPOCHI OosbIIeH
YacThIO MOXUMAIOT IUIEYaMU WM MNPU3BIBAIOT HA IMOMOIIb CMYTHO COXPaHUBIIUECS B IMAMSITH
CCBUIKM Ha PEIUTHO3HbIE JIereHAbl. HEKOTOPBIM HE HPABATCS TAaKUE TEMBIL, [IOTOMY YTO B HUX KHBO
00HAPYKUBAETCS Y30CTh YEJIOBEUECKOTO TOHUMAaHUSI.

Ho pasButue ¢unocopun M ecTeCTBEHHBIX HAyK IPOJBHUrajioCh BIEPEl B OCHOBHOM
O6marozmapsi mooOHBIM BompocaM. Bce Gombllie B3pOCHBIX JIOAEH MPOSIBISIOT K HUM HMHTEpEC, U
OTBETHI MHOTJA OBIBAIOT COBEPUICHHO HEOXHUAAHHBIMU A1 HUX. OTinyasch Mo MacitabaMm Kak oT
aTOMOB, TaK M OT 3BE€3Jl, MBI Pa3JBUIaeM TOPU30HTHI MCCIEAOBAHUN, YTOOBI OXBATUTh KaK OYEHb
MaJleHbKHUE, TaK U OY€Hb OOJIbIINE OOBEKTHI.

Becnoit 1974 r., mpumepHO 3a JBa Troja 10 TOro, Kak KOCMHYECKUH ammapar «BuKuHI»
JIOCTHT TIOBEPXHOCTH Mapca, s Obul B AHTIIMM Ha KOH(EPEHIIMH, OpraHn30BaHHON JIOHIOHCKHM
KOPOJICBCKAM OOIIECTBOM M TIOCBSIIIIEHHOW BO3MOXKHOCTSIM IMOMCKA BHE3EMHBIX ITUBMIIM3AIMA. Bo
BpeMsi TiepepbiBa Ha Kode s oO0paTwyl BHUMaHWE Ha ropas3fo 0Oojiee MHOTOIOAHOE COOpaHHeE,
MIPOXOJIUBIIIEE B COCEAHEM 3alie, U M3 JIOOOIBITCTBA BOIIET TyAa. Tak s cTaja CBHIETENIEM JaBHETO
puTyasa — mpueMa HOBbIX wieHOB B KopoieBckoe oOIIeCTBO, KOTOpPOE SIBISETCS OAHUM U3
CTapelIIuX Ha IulaHeTe OOBEAMHEHWH Yy4YeHBIX. Brepean Moionoil YesloBeK, CHIACBIIMN B
WHBAJIWJIHOM Kpeciie, OY€Hb MEIJIEHHO BBIBOAWI CBOE€ MMs B KHUI€, NPEABLAYLIHME CTPAHULBI
Kotopoi xpanunu noanuch Mcaaka Heiorona. Korga oH, HakoHel, KOHYWI PacHUCHIBAThHCS, 3ajl
paspaswics oBanueil. CTuBeH XOKHHT yKe TOT/1a ObUT JIETCH/IOM.



Ceiiuac XokuHr B KeMOpUHKCKOM YHUBEPCUTETE 3aHUMaET Kadeapy MaTeMaTHKH, KOTOPYIO
korga-to 3anuMman Heroton, a mozxke II. A. M. [lupak — aBa 3HAMEHUTHIX HCCIIEOBATENS,
W3y4YaBIIMe OJMH — camoe OOIbIIoe, a JPYro — caMoe MaleHbKoe. XOKHUHT — UX JTOCTOWHBIH
MPEeEeMHUK. JTa TiepBas MOIYJsIpHAs KHUTa XOKHUIITa COIEPKUT MacCy TMOJIE3HBIX BeIIeH IS
WUPOKOH ayauTopuu. KHrra MHTEpecHa HE TOJIBKO LIMPOTOM CBOETO COJIEp KaHMsl, OHA MO3BOJISET
YBUJIETh, KaKk paboTaeT MbBICTh €€ aBTopa. Bbl HaliieTe B HEW SICHBIE OTKPOBEHHUS O TpaHHUIIAX
(hU3HKH, ACTPOHOMHH, KOCMOJIOTUU U MY>KECTBa.

Ho »t1o Takxe xuura o bore... a Mmoxet ObiTh, 00 orcyrcTBumM bora. CnoBo «bor» udacto
MOSIBIISIETCA HAa €€ CTpaHHUIaX. XOKUHI OTIPABIISIETCS HA MOMCKUM OTBETAa HA 3HAMEHUTBIN BOIPOC
DWHITEHA 0 TOM, ObLT 1 y bora kakoi-HuOy1b BBIOOpP, KOTIa OH co3aaBasl BeenmeHHyro. X OKUHT
MBITAeTCSA, KaK OH caM MHUIIET, pa3raaarh 3ambiced bora. Tem 6ojee HEOXKHIAaHHBIM OKa3bIBACTCA
BBIBOJI (TI0O MEHBIIIEH Mepe BPEMEHHBIH), K KOTOPOMY MPHUBOIAT 3TH MOUCKU: Beenennas 0e3 kpasi B
MPOCTpaHCTBE, O€3 Hauaa U KOHIAa BO BpeMeHH, 0e3 kakux-1ubo nen mist Co3marens.

Kapn Caran, Kopuemickuii yausepcutet, Mraxa, mr. Hero-Hopk.

1. Hawe npeacrtaBneHue o BceneHHoun

Kak-To onuH u3BeCTHbIM ydeHbll (roBopsT, 3T0 Obl1 beprpan Paccen) uuran myOanuHyio
nexuuio 06 actpoHomuu. OH pacckasbiBall, Kak 3emist oopamraercst Bokpyr Comnnia, a ConHie, B
CBOIO Ouepe]b, oOpalaeTcs BOKPYI LIEHTpa OIPOMHOIO CKOIUIEHHUS 3Be3], KOTOPO€ Ha3bIBAIOT
Hame ['amaktukoil. Korpa jexkuus moaonmia K KOHIY, M3 MOCIEIHUX PANOB 3aja IMOJHSIIACH
MaJIeHbKasl MOKUIIas JIeAn U ckaszana: «Bce, 4To Bbl HaM roBopuiu, — yenyxa. Ha camom nene Haiu
MHp — 3TO IUIOCKasl Tapelika, KOTOpasl CTOMT IIa CHUHE TMraHTCKOM uepenaxu». CHUCXOAUTEIHHO
yJIBIOHYBIIHCh, YUEHBIH CIPOCHIT: «A Ha 4eM JAep)KUTCs uepenaxa?» — « Bbl oueHb yMHBI, MOJIOJOU
YeJI0BEK, — OTBETUIIA MOXKMIIas Jeau. — Yepenaxa — Ha Ipyroi yepernaxe, Ta — TOKE Ha Yepernaxe, v
TaK BCE HUXKE U HHUXKEM.

Takoe npezcrasienue o BeeneHHol kak 0 OeCKOHEUHO OalrHe U3 yepenax OONbIINHCTBY U3
Hac MOKaXeTCsl CMEIIHBIM, HO MTOYEMY MBI TyMaeM, 4TO caMH 3HaeM jyuine? UTo HaM H3BECTHO O
Bcenennoi, u xak MbI 310 y3Hau? OTKyaa B3siiack Beenennasi, u uto ¢ Helt cranercsa? beuto nmu y
Bcenennoii Havaso, a ecinu ObUIO, TO YTO MPOUCXOAMIIO 10 Havyana? KakoBa cymHOCTh BpeMeHH?
Konuntcst mn oHO Korma-HUOyb? JlocTHKEHUST (PU3UKHU TTOCIEAHNUX JIET, KOTOPBIMH MBI YaCTHYHO
00s13aHbl (paHTACTUYECKOM HOBOI TEXHMKE, MO3BOJISIOT HAKOHEI[ MOJY4YHThb OTBETHI XOTS Obl Ha
OTJENbHBIC U3 TAKHX JaBHO IMOCTABJICHHBIX BOMPOCOB. [IpoiieT BpeMs, i 3TH OTBETHI, MOKET OBITh,
CTaHyT CTOJb € OYEBUAHBIMM, KaK TO, yTO 3emilsl Bpamaercs Bokpyr CoiHIa, a MOXET OBITb,
CTOJIb K€ HeJICTIBIMHU, KaK OanrHs u3 yepenax. ToabKo Bpems (4eM Obl OHO HU OBIJIO) PEIINT 3TO.

Eme B 340 r. 10 H. 3. rpedeckuit ¢punocop Apucrorensd B cBoeit knure «O Hebe» mpuBen /1Ba
BECKHMX JI0OBOJIa B MOJb3y TOr0, 4TO 3€MJii HE IUIOCKas Tapesika, a Kpyriblil map. Bo-mepsbix,
Apucrorens A0rajgajics, yTo JIyHHbIE 3aTMEHHs MPOUCXOIAT TOrJa, Koriaa 3eMiisl OKas3bIBaeTcs
mexay Jlynoit u ConnueM. 3emiisa Bcerga oropachiBaeT Ha JIyHy KpyIilylo T€Hb, @ 3TO MOXKET OBITh
JMIIb B TOM CiIy4ae, eciau 3emiis uMeeT popMy 1mapa. by 3emiis II0CKUM TUCKOM, €€ TeHb UMela
Ob1 (OpMy BBITSHYTOTO JJIIHMIICA, €CIH TOJBKO 3aTMEHHE HE MPOHMCXOJHUT BCErJa MMEHHO B TOT
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MOMeHT, korjga CosiHIle HaxOAUTCS TOYHO Ha OCH JucKka. BoO-BTOpBIX, MO OIBITY CBOUX
MyTEIIECTBUN TPEKH 3HANHU, YTO B IOKHBIX paiioHax [lomsipHas 3Be3na Ha Hebe pacrosaraercs
Huxe, yeM B ceBepHbIX. ([Tockonbky IlonsipHast 3Be3na Haxoautcs Hajg CeBEpHBIM IMOJIIOCOM, OHA
OyneT mpsMO Haj ToJoBoi Habmromatens, crosmero Ha CeBepHOM MONIOCE, a YENOBEKy Ha
9KBATOpE MOKAXKETCSA, YTO OHA HA JIMHUM TOPU30HTA). 3HAS PA3HUIYy B KaXYyIIEMCs TOJIOKCHUH
[Tonsapnoii 383161 B Erunte u ['peninn, ApuctoTens cyMen Jake BRIYUCIUTD, YTO JJHMHA YKBATOpa
pasua 400 000 cramues. Uto Takoe cTaauii, TOYHO HEW3BECTHO, HO OH OMM30K K 200 mMeTpam, H,
cTano ObITh, OIlEHKAa ApPUCTOTENs MPUMEpPHO B 2 pasza Oombllle 3HAUEHUs, MPUHATOrO ceiyac. Y
I'PEKOB OB €IIe M TPETHH TOBOJI B IMOJIB3Y MIAPO0Opa3HOi GopMbl 3eMitH: eciii 3eMJlst He KpyTJiasi,
TO MOYEMY K€ MBI CHavaja BUAUM Mapyca Kopaldiis, TOJHUMAIONINECS HaJl TOPU30HTOM, U TOJIBKO
ITOTOM caM KopaoiTb?

Apucrorens ayman, 4to 3emus HenoaBwkHa, a Comnne, JlyHa, mimaHeTsl W 3Be3[bl
o0pamrarTcs BOKPYT Hee 1Mo KpyroBsiM opouTaM. OH Tak mosnarai, 100 B COOTBETCTBHH CO CBOMMU
MHUCTHYECKHUMH BO33PEHHUAMH 3eMJII0 CUUTAN [IEHTPOM BcereHHOH, a KpyroBoe JBUKEHHE — CAMBIM
coBepiieHHbIM. [ITonemeirr Bo II Beke paszBuin uaeio ApHUCTOTENS B MOJHYI) KOCMOJOTHYECKYIO
MoOJenb. 3eMisi CTOUT B ILIEHTpE, OKpYKEeHHas BoceMbio cepamu, Hecymmmu Ha cebe Jlyny,
ConHule M nmATh U3BECTHBIX Torjaa IutaHer: Mepkypuii, Benepy, Mapc, Onutep u CatypH (puc.
1.1). Cammu mmanetsl, cuutan [ltomemei, ABMKYTCS IO MEHBIIMM Kpyram, CKpPEIJICHHBIM C
COOTBETCTBYIOIIMMHU cdepamMu. ITO OOBSICHSIO TOT BEChbMa CIIOKHBIA IMyTh, KOTOPBIM, KaK MBI
BUJIMM, COBEpIIAIOT Tu1aHeThl. Ha camoii mocnenneit cdepe pacnonararotrcs HEMOABUKHBIE 3BE3/IbI,
KOTOpBIC, OCTABAsICh B OJJHOM M TOM € TIOJIOKEHUU JAPYT OTHOCHUTEIBHO JPyTa, IBIXKYTCS 10 HEOY
BCE BMECTE Kak euHoe Ienoe. UTo NexuT 3a nocineanei chepoi, He 00BSICHSIIOCH, HO BO BCAKOM
CJIydae 3TO y>Ke He OBUIO YacThIo TOM BceleHHoi, KOTopyro HabII0JaeT YeI0BEYESCTRO.

Frc

Mogens [lTonemes mo3Bosisia HEIUIOXO HpEACKa3blBaTh IOJOXKEHHE HEOECHBIX Tel Ha
HeOOCBOZIe, HO JJIsi TOYHOIO MpeACKa3aHus €My MPUIUIOCh MPHUHSTh, 4TO TpaekTopus JIyHbI B
OJTHMX MeCTaX MOAXOIUT K 3emuie B 2 pa3a Omike, yeM B Jpyrux! JTo O3Ha4aeT, YTO B OJJHOM
nonoxxeHnn JlyHa moipKHa Ka3aThest B 2 pasa Oosnbiieid, yem B apyrom! Iltomemeit 3nam 06 sTom
HE/IOCTaTKe, HO TEM HE MeHee ero Teopus Oblia NMpH3HAHA, XOTS U HE Be3Je. XPUCTHAHCKas
HepxoBs npunsuia IltonemeeBy monens BceneHHol kak He mpoTuBopevamryro bubmmu, nbo sta
MoJieNb OblIa OUeHb XOpollla TeM, YTO OCTaBJIsIa 3a IpeAeaaMu chepbl HEMOIBUKHBIX 3BE3/1 MHOTO
Mecta Juist aaa u pas. Onnako B 1514 r. nmonbekuil cBamenHuk Huxonait KonepHuk npenmoxun
eme Oosnee mpoctyro Mojenb. (BHauane, omacasich, HaBepHOE, TOro, 4To LlepkoBb OOBABUT €ro
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epetukoM, KonepHuk npomnaranaupoBall CBOIO MOJENb aHOHUMHO). Ero uzes cocrosia B TOM, 4TO
ConHIle CTOUT HETOABIKHO B LIEHTpPE, a 3eMiid U IpyrHe IUIaHeThl 00paIiaroTcsi BOKPYT HEro 1o
KpyroBeiM opOutam. [lpomuto moutm cromerwe, mpexzae dyeM uzaeto KomepHHKa BOCHPUHSIIN
cepbe3Ho. JIBa actponoMa — Hemen Morann Kemnep u uranbsuer ['anuneo [Nanuneit — myOnudaHo
BBICTYIWJIM B MOJAEPKKY Teopun KomepHuka, HECMOTps Ha TO 4YTO Ipejacka3zaHHble KonepHukom
OpOUTHI HE COBCEM COBMaAany ¢ HabmonaeMeiMu. Teopun Apuctorens— [ITonemes mpuien KoHel
B 1609 1., korma [anwieit Haganm HaOJIFO1aTh HOYHOE HEOO ¢ IIOMOIIBIO TOJIBKO YTO M300PETEHHOTO
Teneckomna. Hampasus Teneckon Ha miaHety Omurep, [anuneit oOHapy Uil HECKOIBKO MaJTeHbKUX
CIYTHHUKOB, WIHM JIyH, KOTOpble oOpamarorcst Bokpyr lOmurepa. D10 03Hayano, 4yTo HE BCe
HeOecHbIE Tea JIOJDKHBI 00s3aTeTbHO 00paIiaThCs HEMOCPEACTBEHHO BOKPYT 3€MITH, KaK CUHUTAIH
Apucrorens u I[Itonemeit. (Pazymeercs, MOHO ObLIO MO-MIPEKHEMY CUUTATh, YTO 3€MJISl IOKOUTCS
B 1ieHTpe Bceenennoit, a mynsl FOnmuTepa ABUXKYTCS MO OYEHb CIOXKHOMY IYTH BOKPYT 3eMIIH, Tak
YTO JIMITH KaXeTcs, OyaTo oHu obOpamatorcs Bokpyr HOmurepa. Onnako Teopust KomepHuka Obuta
3HauuTeNbHO mpoire.) B 1o xe Bpems Morann Kemnep moaudummponan teoputo KomnepHuka,
UCXOJS U3 NPEANOI0KEHNUS, YTO MIAHETHI IBUXKYTCS HE MO OKPYKHOCTSIM, a I10 3JUTUICcaM (3JLIUIIC
— 9TO BBITAHYTas OKPY>KHOCTh). HakoHen-to Temepp MpelnckasaHHs COBHAIU C pe3yJbTaTaMH
Ha0JIt01eHU .

Uro kacaercs Kemnepa, To ero smiauntuyeckue opOuThl OblTu ucKyccTBeHHOM (ad hoc)
TUIOTE30H, M IPUTOM «HEU3SIIHOI», TaK KakK 3JUIMIIC ropa3 0 MEHEE COBEpIlEHHas (urypa, 4yem
kpyr. Iloutu ciydaifHO OOHapy»XHUB, YTO DJUTUITUYECKUE OPOUTHI XOPOILIO COTJACYIOTCS C
HaOmoneHusaMu, Kemiep Tak M He CyMen NPUMHUPUTH ITOT (PAaKT cO CBOEH HJeed O TOM, YTO
IIaHeTsl obpararotcss Bokpyr ConHIa MOJ JEeWCTBUEM MAarHUTHBIX cuil. OObSCHEHHE MPUIILIO
JUIIb ropasno mno3gHee, B 1687 1., korma Mcaak HplooToH onyOnukoBall CBOIO KHUTY
«MaremaTuueckre Havana HarypajdbHOU ¢unocodum». HploTOH B Hell HE TONBKO BBIABUHYII
TEOPUIO JIBUJKEHUS MAaTEpPHAJIbHBIX TEJl BO BPEMEHHU U MPOCTPAHCTBE, HO U pa3padoTall CIOKHBIE
MaTeMaTHYeCKHe METOJIbl, HEOOXOJUMbIC AJs aHalu3a IBUKEHHUsS HeOecHbIX Ten. Kpome Toro,
HproTOH mnocTynupoBan 3aKOH BCEMUPHOIO TATOTEHHUS, COIVIACHO KOTOPOMY BCSKOE TEJIO BO
Bcenennoli nmputsAruBaeTcs K J000My IPYyroMy Ty ¢ TeM OONBIIeH CHIION, 9YeM OOJIbIIe MacChl
9TUX TEJl U YEM MEHBLIE PACCTOSHUE MEXIy HUMH. JTO Ta caMasl CHJa, KOTOpas 3acTaBIIIeT Tesa
nagath Ha 3emmo. (Paccka3 o Tom, uro HpioToHa BIOXHOBUIIO sI0JI0KO, yraBiliee eMy Ha TOJIOBY,
MOoYTH HaBepHsKa HefocToBepeH. Cam HbpIOTOH ckaszan 06 3TOM JIMIIb TO, YTO MBICIB O TATOTCHUU
MpHIILIa, KOTJa OH CHJIEN B «CO3€pLATEIbHOM HACTPOCHHUM», U «IIOBOJAOM OBLIO MaJieHue A0I0Kay).
[anee HproTOH mokaszaiu, 4To, COTJIACHO €ro 3akoHy, JIyHa moj AelCTBMEM I'PaBUTALMOHHBIX CHUII
JIBUKETCS TO DJUIMITUYECKOM opOuTe BOKpYyr 3emid, a 3emisi U IUJIaHeThl BpaIlaloTcs IO
IUTUNTHYECKUM opouTam BoKpyr CosHIa.

Mopnens Komepuuka momoria u36aButhes oT IlTonemeeBbix HeOeCHBIX cep, a 3a0HO U OT
IIPE/ICTABICHUSI O TOM, YTO BcelleHHas MMeeT Kakyro-TO €CTECTBEHHYIO IpaHully. Ilockonbky
«HETIO/IBIKHBIE 3BE3/IbI» HE U3MEHSIOT CBOET0 MOJIOKEHHUS Ha HeOe, eClIM He CUMTATh UX KPYrOBOTO
JIBMKEHUS], CBS3aHHOTO C BPAIlleHHEM 3eMIId BOKPYT CBOEH OCH, €CTECTBEHHO OBLIO MPEAIOIOKUTD,
YTO HEMOJBMKHBIE 3BE3bl — 3TO OOBEKTHI, MOA00OHBIE HameMy CoJHIly, TOJIBKO ropa3fo Oosee
yIaJECHHBIE.

Hpl0TOH MOHUMaJ, 4TO MO €ro TEOPUU TATOTEHUS 3BE3bl JOJKHBI MPUTATHUBATHCS IPYT K
JPYyTy U IO3TOMY, Ka3aJloCh Obl, HE MOTYT OCTaBaTbCs COBCEM HEMOABIKHBIMU. He HOIKHBI 11 OHU
ynacTh ApYT Ha ApyTa, COMM3UBIINUCH B Kakoi-To Touke? B 1691 r. B mucbme Puuapny bentnu, emne
OJIHOMY BBIJAIOIIEMYCSl MBICIUTENI0 TOTO BpeMEeHHM, HBIOTOH rOBOpHWII, YTO TaK AEHCTBUTEIBHO
JIOJDKHO OBIJIO OBl TTPOM3OMTH, €clii Obl Y HAac ObUIO JUIIhL KOHEYHOE YMCIO 3BE37] B KOHEUHOM
obmactu npoctpanctBa. Ho, paccyxnan HpioToH, ecnu 4rcio 3Be37] OECKOHEUYHO U OHU OoJiee Min
MEHee paBHOMEpPHO pacIlpeaeseHbl M0 OeCKOHEYHOMY MPOCTPAaHCTBY, TO 3TOTO HHUKOIJA HE
MIPOU30MIET, TAK KaK HET IIEHTPAJIbHON TOUKH, Ky/1a UM HY>KHO OBLIO ObI MaJaTh.

OTU pacCyXIeHHs — MpUMep TOro, Kak JIETKO IMOMacTh BIPOCAK, BEAs Pa3roBOPHI O
6eckoHeuHocTH. B Geckoneunoil BeeneHHoit 1100y10 TOUKY MOXKHO CUMTATh IIEHTPOM, TaK Kak IO
00e CTOpPOHBI OT HEE YHCIIO 3Be3]l OeckoHeuHOo. JIWImb ropa3fo Mo3Ke IMOHSIM, 4To OoJee
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MPaBUIILHBIN TIOJIXO/ — B3SITh KOHEYHYIO CUCTEMY, B KOTOPOM BCE€ 3BE3/IbI MAAIOT APYT Ha Jpyra,
CTpeMsACh K LEHTPY, U IOCMOTPETh, Kakre OyAyT M3MEHEHHUs, eCIH J00aBIATh €Ile U elle 3Be3,
pacrpeieNieHHbIX TPUOIU3UTEIHPHO PABHOMEPHO BHE paccMmarpuBaemon oOmactu. [lo 3akony
HproToHa AOMONHUTENBHBIE 3BE3bl B CPEIHEM HHKAK HE MOBIUSIOT Ha MEPBOHAYANBHBIE, T. €.
3Be3/bI OYAYT C TOM e CKOPOCTHIO MaJIaTh B MEHTP BbIAeIeHHONW 001acTH. CKOIBKO OBI 3BE3/1 MBI
HU J00aBUJIM, OHU BCeraa OyayT CTPEeMHUTHCA K IIEHTpY. B Haile Bpemsi u3BeCTHO, UTO OeCKOHEUHAs
cTaTU4ecKas Mojieib BcelleHHOW HEBO3MOXKHA, €CIIM TPaBUTALMOHHBIE CHJIBI BCETJIa OCTAIOTCS
CUJIaMU B3aMHOTO TIPUTSKEHUSI.

WuTepecHo, kakuM OBLIO 00IIEe COCTOSHHE HAYYHOW MBICIH /10 Havyajga XX B.. HUKOMY U B
TOJIOBY HE MPUILIO, YTO BceneHHas MOXET pacuMpaATbes WM CKUMaThes. Bce cuurtamu, 4Tto
Bcenennas nn0o cymiecTBoBajia Bcerja B HEM3MEHHOM COCTOSIHMH, JMOO Oblla COTBOpEHa B
KaKOW-TO MOMEHT BPEMEHHU B MPOIIJIOM MPUMEPHO TaKOM, KakoBa OHa ceiyac. OT4acTu 3TO, MOXKET
ObITh, OOBACHAETCS CKJIOHHOCTBIO JIIOJIEl BEpUTh B BEYHBbIE MCTHHBI, a TaKXKe 0COOOM
MIPUTSTATENBHOCTHIO TOM MBICTH, YTO, ITYCTh CAMU OHHU COCTapsTCs U yMpPYT, BceneHHas octaHercs
BEYHOU M HEU3MEHHOM.

Jlaxke TeM y4YeHBIM, KOTOpbIE TOHSUIM, YTO HBIOTOHOBCKAs TEOpHUS TIATOTCHHS JIelaeT
HEBO3MOXKHOW CTaTHYEeCKyl0 BceneHHylo, HE MPUXOJuja B TOJIOBY THIOTE3a PACIIUPSIOMICHCS
Bcenennoii. OHM TONBITaNUCh MOAM(DHUIMPOBATH TEOPHUIO, CHECNAB TPABUTAIMOHHYIO CHITY
OTTAJKWBAIONIEH HAa OYeHb OOJNBIIMX PACCTOSIHHSX. OTO TPAKTHYECKH HE  MEHSIIO
MPeICKa3bIBAEMOT0 JIBIKEHUS TUTAHET, HO 3aTO TMO3BOJSIO OECKOHEUHOMY pacCIpellelICHUIO 3BE3]
OCTaBaThCS B PABHOBECHH, TaK Kak TMPUTHKEHHUE OJU3KUX 3BE3] KOMIIEHCHPOBAIOCH
OTTaJKMBaHHWEM OT danekux. Ho ceiiuac MBI cuMTaeMm, 4TO TaKkOe PAaBHOBECHE OKAa3alloCh Obl
HeycToiunBbIM. B camom jerne, eciu B Kakoi-TO 00J1aCTU 3BE3/bl UYTh-UyTh COJM3SATCS, TO CHJIBI
MIPUTSDKEHUS. MKy HUMH BO3PACTYT U CTaHYT OOJIbIIE CHJI OTTAJIKMBaHUS, TaK YTO 3BE3/IbI OYIyT
U jganpiie cOmmxaThes. Eciu ke pacCTOsIHME MEXIY 3BE3laMH YYTb-4yTh YBEIUYHUTCS, TO
TIePEeBECST CUIIbI OTTAJIKUBAHUS U PACCTOSIHUE Oy/IeT HApacTaTh.

Eme omaHO BO3pakeHHE MPOTHUB MOJENIH OECKOHEUHOH cTarmueckoil BcerneHHOW 0OBIYHO
MpUIMChIBaeTCss Hemernkomy (uiocody I'ernpuxy Onbepcy, koropeii B 1823 1. omyOmmkoBan
paboTy, TOCBSAIIEHHYIO JTOH Mojenn. Ha camom jeme MHoOrue coBpeMeHHUKH HpioToHa
3aHUMAJIMCh TOW K€ 3amaveit, u ctaths Onbepca Obuta make HE MEpBOM cpeau paboT, B KOTOPHIX
BBICKA3bIBAJUCh CEPhE3HbIE BO3paKeHUA. Ee numbp mnepBod CcTadd IMIHPOKO LUTUPOBATH.
Bo3paxxenne TakoBO: B OECKOHEYHOW cTaTWdyecKkod BceneHHON 000N JIyd 3peHUs HOJKEH
yOHUPAThCS B KaKylo-HUOYIb 3Be3ny. Ho Torma HeOO make HOYBIO JOJIKHO SIPKO CBETUTHCS, KaK
Comnne. Kortpapryment Onbepca cOCTOSIT B TOM, YTO CBET, MAYIIUH K HaM OT JaJIeKHX 3BE3],
JOJKEH OCIIA0NIAThCS U3-32 MOTJIONMICHUS B HAXO/ISIIEMCS Ha €T0 IMyTH BEIIECTBE.

Ho B Takom ciyyae camMo 3TO BEILIECTBO JOJKHO HATPETHCA U SAPKO CBETUTHCS, KaK 3BE3[bI.
EnuHCTBeHHAss BO3MOXKHOCTh M30€kaTh BBIBOJA O sIpKo, Kak CoJHIIe, CBETSIEeMCcs HOYHOM Hebe —
MIPEIOJIOKHUTh, YTO 3BE3/bl CHSUIM HE BCErJa, a 3aropeliuch B KaKOW-TO OMpEeNIEHHbI MOMEHT
BPEMEHH B MpOULIOM. TOraa Mmorioliaroliee BelIeCTBO, BOBMOXHO, €Ie HE YCIEIO Pa3orpeTbes
WIM K€ CBET JAJIEKHX 3Be3]] elle He Jomen 1o Hac. Ho BOo3HMKaeT BOMpPOC: MOYeMy 3aXKIJIHCh
3BE€3/1bI?

Koneuno, mpo0nema BO3HUKHOBEHHSI BceneHHOM 3aHMMana ymbl JTIOACH yKe O4YeHb JIaBHO.
CornacHo psily paHHHMX KOCMOTOHHUU M WYAEUCKO-XPUCTHAHCKO-MYCYJIbMaHCKUM MuQam, Halia
Bcenennass BO3HHMKIA B KAaKOM-TO OIPEACIICHHBIA M HE OYEHb OTAAJICHHBIH MOMEHT BPEMEHU B
npouutoM. OJHUM W3 OCHOBAaHHWM TaKUX BEPOBAaHUU Oblla MOTPEOHOCTh HAUTH «IIEPBOIPUUHHY
cymectBoBaHusi Beenennoii. Jlro6oe coOriTre Bo BeeneHHON 00BSCHAIOT, yKa3bIBask €ro MpUUYHHY,
T. €. JIpyroe coObITHE, MPOU3OMICANIee PaHbIle; MOJO0OHOE OOBSICHEHHE CYIIECTBOBAHHS CaMOM
BcenenHoli BO3MOKHO JHMIIIP B TOM cliydae, €Ciu y Hee Obuto Havaio. J[pyroe ocHoBaHHE
BBIBUHYN braxeHneii ABrycTuH (mpaBociaBHas LlepkoBb cumTaer ABrycTHHa OJIaXCHHBIM, a
Kartonmuyeckas — cBATBIM. — mpuM. pen.). B kaure «I'pax boxwity. OH ykazam Ha TO, 4TO
LUMBWIA3AIUSL TIPOrPECCUPYET, & Mbl IMOMHUM, KTO COBEPIIWJ TO WJIM WHOE JIEIHHE U KTO UTO
n3o0pen. IlosTomy uenoBedecTBO, a 3HAUWT, BEPOATHO, M BceneHHas, Bpsii U OYEHb JIOJITO
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CyIIECTBYIOT. bnakeHHbII ABryCTMH CUMTAl NPUEMIIEMOM JaTy COTBOpeHHMs BceneHHou,
COOTBETCTBYIOIIYI0 KHUre «bbiTus»: npubmusurensuo 5000 rox no Hamei 3psl. (MHTEpecHO, uTo
9Ta JaTa HE TaK YK JlajeKka OT KOHIA MOcCJeIHero JeaHukosoro nepuona — 10 000 ner mo H. 3.,
KOTOPBII apXeoJIoTH CYMTAIOT HAYaJIOM LIMBUIIM3ALINN).

Apucrorento ke W OONBIIMHCTBY JAPYTHX Tpedyeckux ¢GmIocohoB HEe HpPABWIACH HICS
coTBOpeHMsI BeceneHHoi, Tak Kak OHa CBsI3bIBalach ¢ 00KECTBEHHBIM BMelIaTeIbCTBOM. [loaTomy
OHM CUMTAJIM, YTO JIIOAM U OKPY’KAIOLIUMH UX MUP CYIIECTBOBAIM M OyAyT CYyIIECTBOBaTb BEYHO.
JI0BOZ OTHOCUTENIBHO IIPOrpecca HUBUIN3ALUHN YUYEHbIE IPEBHOCTH PACCMATPUBAIN U PELLNIIM, YTO
B MHUpPE NEPUOJANYECKU TNPOUCXOAUIN IMOTONbl M JPYrHe KAaTakJIM3Mbl, KOTOpPbIE BCE BpPEMS
BO3BpAILAJIU YEJI0BEUECTBO K UCXOIHOM TOUKE LIMBUIIN3ALINN.

Bomnpocel 0 TOM, BO3HMKIA JM BcelleHHas B KakoW-TO HayajibHBII MOMEHT BPEMEHHU U
OrpaHUYEHA JIM OHAa B MPOCTPAHCTBE, IO3[HEE BechbMa MPHUCTAIBHO paccMmarpuBail ¢Guiocod
Nmmanyun Kant B cBoeM MOHYMEHTaJIbHOM (M O4€Hb TeMHOM) TpyJae «Kpurrka uucroro pazymay,
KoTOpbIi ObUT M37aH B 1781 1. OH Ha3Bal 3TU BONPOCHI aHTHHOMMAMHU (T. €. POTUBOPEUUSMHU)
YUCTOrO pa3yMa, Tak Kak BHUEI], YTO B PaBHOM Mepe Hesb3sl HU JI0Ka3aTh, HU ONPOBEPTHYTh HU
TE3UC 0 HeOOXOAMMOCTH Hadaja BceneHHOHN, HM aHTUTE3HC O €€ BEYHOM CYyIIeCcTBOBaHUU. Te3uc
KanT aprymenTupoBan tem, 4to ecnu Obl y BcenenHol He ObUIO Hayasa, TO BCIKOMY COOBITHIO
npe/iecTBoBai Obl OECKOHEUHBIN MepHoj BpeMeHH, a 3To KaHt cuntan abcypaom. B mopaepxky
antutesnca Kant rosopui, uro ecnu Obl BeeneHHas mmena Havano, TO €My MHpEIIECTBOBAN Obl
OeCKOHEUHBII Iepuo] BPEMEHH, a TOTla CrpaliuBaeTcs, nouyeMmy BceneHHast BIpyr BO3HUKIA B TOT,
a He npyroii MomeHT Bpemern? Ha camom nene aprymenTsl KaHTa (akTHUeCKH OAMHAKOBBI M IS
Te3uca, U A aHTuTe3nca. OH UCXOAUT U3 MOTYAIMBOTO MPEINONI0KEHHUS, YTO BpeMs OECKOHEUHO
B MPOIIJIOM HE3aBUCUMO OT TOT'0, CYIIECTBOBaja WM HE CyllecTBoBaja BeyHo Bceenennas. Kak Ml
YBUAUM HIXKE, 10 BOSHUKHOBEHMs BCelleHHOM MOHATHE BPEMEHU JIMIIEHO cMblcaa. Ha 3To BepBeie
ykaszan bnaxxennsiii Apryctud. Korza ero crnpammsany, 4eM 3aHUMascs bor 1o Toro, kak cosnan
Bcenennyro, ABryCTMH HUKOI'ZIa HE OTBEYal B TOM JAyX€, YTO, MOJI, bor roToBui ag 1is TeX, KTO
3a/1aeT Mmoj00HbIe BONMPOCKHL. HeT, OH TOBOpWUI, YTO BpeMs — HEOTHEMIIEMOE CBOMCTBO CO3/IaHHOM
borom BcenenHoii u mo3ToMy 710 BOSHUKHOBEHHsI BeeneHHOM BpeMeHH He ObLIO.

Korna GonbImMHCTBO JIOJICH BEpUIIO B CTaTHYECKYI0 M HEM3MEHHYI0 BceneHHylo, Bompoc o
TOM, MM€JIa OHAa Ha4ajo WK HET, OTHOCWICS, B CYIIIHOCTH, K 00JacTu MeTahu3uKu U Teosioruu. Bee
HaOJI01aeMble SIBJICHUS MOYKHO OBUIO OOBACHUTH KaK C IMOMOIIBIO TEOPHH, B KOTOpoil Becenennas
CYLIECTBYET BEYHO, TaK M C IIOMOIIBIO TEOPHUH, COIVIACHO KOTOpOW BceneHHyro coTBOpHiu B
KaKOH-TO OIpeesIeHHBIE MOMEHT BpPEMEHH TakuM 00pa3oM, 4ToObI BCE BBITIISAEIO, KaK €Ciiu Obl
oHa cymiecTBoBajga BedHo. Ho B 1929 r. DaBun Xa001 caeman 3moxaabHOE OTKPHITHE: 0Ka3aloCh,
YTO B Kakoi Obl yacTh HeOa HU BECTU HAONIOJICHUS, BCE TAJICKUE TATAKTUKHA OBICTPO YJAISFOTCS OT
Hac. UapiMu crioBamu, Beenennas pacmmpsiercs. 9To 03HadaeT, 4To B 0ojiee paHHHUE BpeMeHa BCE
00BEKTHI ObLTH Onrke Apyr K APYry, 4eM ceivac. 3HA4MT, ObLIO, MO-BUAUMOMY, BPEMsI, OKOJIO
JECSTH WIN ABaALIATU THICAY MUJUIMOHOB JIET HA3aJ, KOTAAa OHU BCE HAaXOAWINCH B OJHOM MECTE,
TaK 4YTO IUIOTHOCTh BceneHHol Obima OeckoneuHo Oousbmioil. CnenanHoe XaOOIOM OTKpBITHE
IepeBENo BOIPOC O TOM, KaK BO3HUKIA BceneHHas, B 0051aCTh KOMIETEHIIUHN HAYKH.

Habmonenus Xab061a roBOpuiId 0 TOM, YTO OBUIO BpeMsi — TaK Ha3bIBAEMBbIN OOJIBILION B3PHIB,
korga BceneHHas Oblma OECKOHEYHO Maiod W OECKOHEYHO IUIOTHOW. [Ipm Takmx yclIoBHsSIX BCe
3aKOHBI HAyKH TEPSIIOT CMBICI M HE IO3BOJIIOT INpejacKas3biBaTh Oynaymiee. Eciu B eme Gonee
paHHHME BpEMEHAa M NPOMCXOIWIN KaKhe-THMOO COOBITHS, OHM BCE PaBHO HMKAK HE CMOIJIM Obl
MOBIUATH HA TO, YTO MPOMCXOMUT ceifuac. M3-3a OTCyTCTBHA ke HaONIONAEMBIX CIEJICTBUNA HMHU
MO’KHO TPOCTO IpeHeOpeub. bonblioi B3pbIB MOKHO CUMTATh HA4yajlOM OTCYETa BPEMEHU B TOM
CMBICIIE, YTO OoJiee paHHUE BpeMeHa ObuIM OBl MPOCTO HE ompexaeseHsl. [loguepkHeM, 4To Takoe
Hayajo OTCYETa BPEMEHH OYEHb CHJIBHO OTIMYAETCA OT BCEro TOro, YTO Mpeylarajgock 1o Xaboma.
Hauano BpeMenu B HemzMmeHsronencs BeeneHHoN ecTh HEUTO, UYTO JOJKHO ONPENENIAThCA YEM-TO,
CylmiecTByOImmM BHe BcenenHol; s Hadana BceeneHHoW HeT (Qu3MuecKod HEOOXOIUMOCTH.
CotBopenue borom BceneHHOW MOXHO B CBOEM IMpEACTaBICHUH OTHOCHUTH K JIOOOMY MOMEHTY
BpeMeHu B npouuioM. Ecnu xe BcenenHast pacimmpsiercs, To MOTYT CyLIECTBOBAaTh (PU3HYECKHE
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MPUYMHBI 171 TOrO, YTOObl OHAa MMeNa Hayano. MOXKHO MO-IpeXHEMY MPEeACTaBIATh cede, uTo
umMeHHo bor co3man BceneHHylo — B MOMEHT OOJIBLIOTO B3pbIBAa MJIM JaXe MO37Hee (HO Tak, Kak
eciu Obl mpowusoien 0osblIoN B3pbIB). OnHako OblI0 Obl aOCypIHO yTBEp)KIaTh, uTo Bcenennas
BO3HMKJIa paHbllle OobIIOro B3peiBa. IIpeacraBneHue o pacummpsonieiics BceneHHolt He
HCKJIIOYAET CO3JaTelisl, HO HajaraeT OrpaHu4YeHHsl Ha BO3MOXKHYIO JIaTy €ro TpyA0B!

Y100l MOKHO OBLJIO FOBOPUTH O CYLIHOCTH BceneHHOM M 0 ToM, ObUIO JIM y Hee Hayauo U
OyIeT 1M KOHel], Hy>KHO XOpOILIO IPEACTaBIsITh cede, UTO Takoe Hay4dHas Teopus BooOuie. S Oyay
MIPUAEP)KUBATHCSA MPOCTEUIIEH TOYKU 3pPEHMS: TEOPHsl — ITO TeOopeTHYecKas Moenb BceeneHHoM
WIN KakoW-HUOYyJlb €€ YacTH, JOMOJHEHHas HaOOpOM IpaBHJI, CBS3BIBAIOLIUX TEOPETHUYECKHE
BEJIMYMHBI C HAIUMU HAOMIOJICHUSIMU. DTa MOJIeNb CYIIECTBYET JIMIIb Y HAC B TOJIOBE U HE UMEET
Jpyroi peasbHOCTU (Kakod OblI CMBICI Mbl HM BKJIaAbIBAIM B 3TO cloBO). Teopus cuutaercs
XOpOIIeH, €CIM OHa YJOBJIETBOPSET JABYM TpeOOBAaHUAM: BO-TIIEPBBIX, OHA JOJDKHA TOYHO
OINMCHIBATh IIUPOKUI KJAcC HAONIOACHWH B paMKax MOJENH, COJEpKallell JHIIb HECKOJIBKO
IIPOU3BOJIBHBIX DJJIEMEHTOB, M, BO-BTOPBIX, TEOpPHUS [OJDKHA [aBaThb BIIOJHE OIPEICIICHHBIC
MpeICKa3aHusl OTHOCUTENIFHO pe3ysbTaToB Oynymmx HaOmopenuit. Hampumep, Teopus
ApucToTens, COrIacHO KOTOPOH BCE COCTOMT M3 YETBIPEX BJIEMEHTOB — 3€MJIM, BO3/yXd, OTHS U
BOJIbI, — OBLIA JIOCTaTOYHO TMPOCTOM, YTOOBI Ha3BIBATHCSI TEOPHEH, HO C €€ TIOMOIIBIO HEJIb3s OBLIO
MIOJIyYUTh HUKAKUX OINPENEICHHBIX NpeacKa3aHuid. Teopus ke TaroreHus HproToHa mcxoauna u3
eme Oojee TPOCTOW MOAETH, B KOTOPOH Tela MPUTATHBAIOTCA IPYyr K JPyry C CHIIOH,
IPONOPLMOHABHON  HEKOTOPOW  BEJIMYMHE, Ha3blBaeMOM MX  Maccod, M oOpaTHO
MPONOPIMOHATIBHOM KBAaJApATy paccTosiHUA Mexay Humu. Ho teopus HproTOHa BecbMa TOYHO
npenckassiBaet AsrxkeHue ComHua, JIyHbl U niaHer.

JIrobast huzndeckast TEOpHs BCETa HOCUT BPEMEHHBIN XapaKkTep B TOM CMBICIIE, UTO SIBIISICTCS
BCEr0 JIMIIb THIIOTE30M, KOTOPYIO HeNb3s Joka3aTb. CKOJIBKO Obl pa3 HM KOHCTAaTHPOBAJIOCH
COIJIacH€ TEOpUU C HKCHEPUMEHTAIbHBIMU JaHHBIMHU, HEJNb3sl ObITh YBEPEHHBIM B TOM, 4YTO B
CIICAYIOUIMIA pa3 3KCIEPUMEHT He BOMHAET B NpOTHBOpeuHe ¢ Teopuel. B To ke Bpems no0yro
TEOPHIO MOYKHO OINPOBEPTHYTh, COCIABIIMCH HAa OJHO-EAWHCTBEHHOE HAOJIOAECHUE, KOTOpOE He
corjacyeTtcs ¢ ee npeackazanusmu. Kak ykaseiBan ¢uocod Kapn [Tonmep, cneruanuct B odsactu
¢unocopuu HayKu, HEOOXOIUMBIM MPU3HAKOM XOPOIIEH TEOPUH SBISETCS TO, YTO OHA TO3BOJIAET
clenaTh MpeAcKa3aHMs, KOTOpble B NPHUHIMIIE MOTYT OBITh SKCIIEPUMEHTAIBHO ONPOBEPTHYTHI.
Besikuii  pa3, Korja HOBBIE SKCIEPUMEHTHI MOATBEPKIAIOT MNPEACKA3aHUS TEOpUHU, TEOPHUs
JEMOHCTPHUPYET CBOKO XM3HEHHOCTb, M Hallla Bepa B Hee KpemHeT. Ho ecan XOTh OMHO HOBOE
HaOJIOZIGHWE HE corjlacyeTcs ¢ TEOpHel, HaM NPUXOAUTCS JHUOO OTKa3aTbcs OT Hee, JIMOo
nepenenarb. TakoBa 1O KpallHEH Mepe JIOTMKa, XOTs, KOHEYHO, Bbl BCETJa BIIPAaBE€ YCOMHHUTBLCS B
KOMIIETEHTHOCTH TOTO, KTO IPOBOIMII HAOIIOACHUS.

Ha mpakTuke 4acTo OKa3pIBAE€TCA, YTO HOBAsl TEOPHUS HA CAMOM JIEJIE SIBIAETCSA PACIIMPEHUEM
npensiayned Teopuu. Hampumep, yupe3BblYaifHO TOYHbIE HaAOMIOACHUS 3a IulaHeToH Mepkypuid
BBISIBWJIM HEOOJIBbIINE PACXOXKICHHUS MEXIY €€ JBUKCHHEM M IpPEICKa3aHUsIMHM HBIOTOHOBCKOM
Teopuu TaroreHus. CoriacHo oOIIel TeOpUH OTHOCUTENBHOCTH DWHIITEHHA, MepKypuil MOJKeH
JIBUTaThCsl HEMHOI'O MHaue, yeM mnostydaercss B Teopur Herorona. ToT ¢axt, 4ro mpeackasaHus
DOHHIITEiHA COBMAJAIOT C pe3yJbTaTaMu HaOMIONeHUH, a npeacka3zanus HploToHa He COBMAAAIOT,
CTaJl OJHUM M3 PEIIAIOIUX NOATBEPKICHUN HOBOM Teopuu. IIpaBaa, Ha MpakTUKE MBI 10 CHUX IOP
nojib3yeMcs Teopreid HploToHa, Tak Kak B TeX CIydyasX, ¢ KOTOPIMUA MbI OOBIYHO CTaJIKUBAEMCSl, €€
MpPEICKa3aHUsl OYEHb Majl0 OTJIMYAIOTCS OT MPEACKa3aHUH OOIed TEOpUH OTHOCUTEIBHOCTH.
(Teopust HproToHa MMeeT e11ie ¥ TO OTPOMHOE MTPEUMYIIECTBO, YTO € HEH ropas3io mpoiie padboTarsb,
4eM ¢ Teopuel DUHIITEHHA).

KoHneuHo#i 11e7bp0 HAYKH SIBISETCS] CO3/IaHUE €IMHOW TEOpUH, KOTOpas OMHChIBasa Obl BCIO
Bcenennyto. Pemast oty 3agady, OOJBIIMHCTBO YUEHBIX JEJAT €€ Ha ABe yacTu. [lepBas gacte — 310
3aKOHBI, KOTOpbIE JAlOT HaM BO3MOXXHOCTb y3HaTh, Kak BceleHHas HM3MEHSETCS CO BPEMEHEM.
(3Has, Kak BRINIAAMT BeeneHHas B KakoW-TO OJJMH MOMEHT BPEMEHH, MBI C TOMOIIBIO 3THX 3aKOHOB
MOKEM y3HaTh, UTO C HEW MPOU30UIET B JIF000I OoJiee O3AHUN MOMEHT BpeMeHH). Bropast uacts —
npobjieMa HavaJlbHOTO cocTosiHUS Bceenennoit. Hekotopeie mosmararor, 4To Hayka JOJDKHA
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3aHUMATHCS TOJBKO TIEPBOM YACThIO, a BONPOC O TOM, 4YTO OBUIO BHAYayie, CYHUTAIOT JCIIOM
MeTadu3uku u penurur. CTOpPOHHUKY TaKOTO MHEHHUS TOBOPST, 4YTO, MOCKOJIbKY bor Bcemoryi, B
€ro BOJIe OBLIO «3amyCTHTh» BceneHHyo kak yromHo. Ecim onu mpaBel, To y bora Obura
BO3MOXKHOCTh CJIelaTh TakK, 4ToObl BceneHHas pa3BHUBaliach COBEPIICHHO MPOHM3BOJIBHO. bor ke,
MO-BUJIMMOMY, TIPEIIOYeN, YTOOBl OHA pa3BUBAIACh BECbMa PETYJSIPHO, 1O ONPEACIICHHBIM
3akoHaM. Ho Torma cTonp ’k€ JIOTMYHO NPEANONIOKUTh, YTO CYIIECTBYIOT €Il U 3aKOHBI,
YIPABJLIIOLIME HAYAJIBHBIM COCTOSIHMEM BceneHHo.

OxkasbiBaeTcsi, O4YEHb TPYIHO Cpa3y co37aBaTh TEOPUIO0, KOTOpas OMHUChIBala ObI BCIO
Bcenennyro. BMecTo 3Toro mMbl iefium 3a1auy Ha 4acTU U CTPOUM YacTHbIEe Teopun. Kaxmas n3 Hux
OTHCHIBAET OJMH OTPAHUYEHHBIN Kiacc HAOMIOJEHUI U eJaeT OTHOCUTENLHO HEro MpecKa3aHusl,
npeHereraa BJIMAHUCM BCCX OCTAJIBHBIX BCJIMYHMH MWW IPCACTABIAA IOCICAHUC MNPOCTHIMU
HaOopamu uucen. Bo3MOXHO, 4TO Takoil MOAXOJ COBEPIICHHO HempaBuieH. Ecmu Bce BO
BcenenHoli ¢pyHIaMEeHTAIBHBIM 00pa30M 3aBUCUT OT BCETO JAPYroro, TO BO3MOXHO, YTO, UCCIICTYS
OTJIEIbHBIC YaCTH 33JaYd M30JIMPOBAHHO, HEJb3s MPUOIU3UTHCS K TOJTHOMY €€ pelleHuto. Tem He
MCHCC B IPOMIIJIOM Hall IpOrpecc mej MMCHHO TaKUM ITIyTCM. Knaccuueckum MMPpUMCEPOM OIIATH
MOXXET CIYXKUTh HBIOTOHOBCKAsl TEOPHs TSATOTCHMS, COTJIACHO KOTOpPOIl TpaBUTAIIMOHHAs CHUIIa,
I[GﬁCTByIOHI&H MCXKAY AByMA TCJIaMH, 3aBUCUT TOJIBKO OT OI[HOI71 XapaKTCPUCTHUKU KAXKIOTO TECJa, a
MMEHHO OT €ro Macchl, HO HE 3aBUCUT OT TOT'0, U3 KAKOr'0 BEUIECTBA COCTOAT Tena. Clen0BaTeNnbHoO,
JJIs1 BBIYUCJICHUA Op6I/IT, M0 KOTOPBIM IBUIKYTCA COJ'IHIIG MU IIJIAHCTBI, HC HYXHa TCOpUA HX
CTPYKTYpBI U COCTaBa.

Celiuac ecTb 1Beé OCHOBHBIE YaCTHbIE TEOpUHU Jid onucaHus BceneHHoOU — oOmias Teopus
OTHOCUTENLHOCTH W KBaHTOBas MexaHuka. O0e OHM — pe3yJbTaT OTPOMHBIX WHTEIJIEKTYalbHBIX
yCI/IJ'II/Iﬁ YYCHBIX HepBOfI IIOJIOBHHBI HAIIIETO BECKaA. O6HIa$I TCOpHA OTHOCUTCIBHOCTHU OIIMCBIBACT
TpaBUTAIMOHHOE B3aWMOJICCTBUE U KPYMHOMACIITaOHYIO CTPYKTYpy BceneHHoi, T. €. CTpYKTypy
B MacuItade OoT HECKOILKHX KHJIOMETPOB 10 MUJIJIMOHA MUJIJIMOHA MUJIJIMOHA MUJIJIMOHA (GI[I/IHI/ILIa
C IBA/LATHIO YETHIPHbMS MyJISIMH) KHJIOMETPOB, WIH 10 pPa3MepoB HaOmoaaeMoil yactu BeeneHHoi.
KBanToBas MexaHuKa xe UMEET ACJI0 C ABJICHUSIMU B KpaﬁHe MaJIbIX MacmTaGax, TaKHUX, KaK OJHa
MUJUIMOHHASI OHOM MIUIMOHHOM caHTUMeTpa. M 3TH Be TeopuH, K COXKaJCHHIO, HECOBMECTHBI —
OHU HC MOIryT GBITB OOIHOBPCMCHHO IIPAaBUJIbHBIMH. O,Z[HI/IM U3 TJIaBHBIX HaHpaBJIeHI/Iﬁ
HCCTIEIOBAaHUN B COBPEMEHHOM (PM3WMKE W TJIaBHOM TEMOW STOW KHHUTH SIBJISETCS TMOWCK HOBOM
TEOpHH, KOTOpasi 00beIuHIIA Obl 1B NpEAbIAYIINe B OJHY — B KBAHTOBYIO TEOPHIO TPABUTAIUH.
[Toka Takoif Teopuu HET, U €€, MOXKET ObITh, ellle MPUAETCS JOJTO KAaTh, HO MbI YK€ 3HA€M MHOTHE
N3 TEX CBOﬁCTB, KOTOPBIMU OHa OOJIXKHA OGH&H&TB. B cIcayromux riaBax Bbl YBUAWUTC, YTO HaM
y>)K€ HEMaJo U3BECTHO O TOM, KaKHe MpeAcKa3aHUs JOJDKHBI BBITEKaTh M3 KBAaHTOBOM TEOpHH
TpaBUTallHU.

Ecnu BBl cuntaere, yto BeenenHas pa3BuBaeTcsi He IPOU3BOJIBHBIM 00pa3oM, a MOAYUHSAETCS
OIMPCACIICHHBIM 3aKOHAM, TO B KOHIIC KOHIIOB BaM IMPUACTCSA OGBGI{I/IHI/ITB BCC YAaCTHBIC TCOpHUU B
eIMHYIO MOJTHYI0, KOTopas OyneT onuchiBaTh Bce BO Beenennoit. [IpaBma, B mOMCKM Takou eaMHON
TEOPHH 3AJI0KEH OJMH (pyHIaMeHTaJ bHbIN mapagokc. Bece ckazaHHOE BBIE O HAYYHBIX TEOPHUSIX
MIPENIoJIaraeT, YTo Mbl SBJISEMCS pa3yMHBIMU CYIIECTBAMU, MOXEM IMPOU3BOIUTH BO BcenenHoi
KaKue yroAHO HAONIOJACHHUS W Ha OCHOBE JTUX HAOIIOJIEHUH NenaTh JIOTMYECKHe 3akiouyeHus. B
TaKON CXeMe €CTECTBEHHO IMPEAINOJIOKHUTh, YTO B MPUHIMIIE MBI MOTJIK OBl emie Oirke MOJOUTH K
NIOHUMAHHUIO 3aKOHOB, KOTOPbIM MNOAYUHACTCA Hallla Bcenennass. Ho ecimu CAUHasA TCOpUIL
JEHCTBUTENBHO CYIIECTBYET, TO OHA, HABEPHOE, TOXE JOHKHA KaKUM-TO 00pa3oM BJIMSATH HA HAIIH
neiictBus. 1 Toraa cama Teopust 10JKHA ONPENENIATh pe3yIbTaT HallluX IOUMCKOB ee ke! A nmouemy
OHa JIOJDKHA 3apaHee NpedonpeesisiTh, YTO Mbl CAENaeM IMPaBUIIbHBIE BBHIBOJABI U3 HAOMIOAEHUN?
[Touemy OBl €if ¢ TAKMM K€ YCIEXOM He IPUBECTHU HAC K HEBEPHBIM BBIBOJIaM? HJIH K€ BOOOIIE HU K
Kakum?

A MOTY TMpPCAJIOXKUTH BCCTO JIMIOb OJAWH OTBCT Ha O3TH BOIPOCHIL. OH ocHOBaH Ha
JAPBUHOBCKOM MPHHIIUIIE E€CTECTBEHHOro oTOopa. Mosi uaes COCTOMT B TOM, YTO B JIOOOM
nomnyJjrsinuu - OpraHrusMoB, CHOCO6HBIX K CaMOBOCIIPOU3BCACHUILO, HGI/I36€)KHI>I T'CHCTUYCCKUC
BapHallMi M Pa3In4yusl B BOCHUTAHUM OTAENbHBIX WHIUBUAYYMOB. DTO 3HAUUT, YTO HEKOTOpPHIE
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WHIUBUYYMBI 00JIee IPYTUX CIIOCOOHBI JIeIaTh MPaBIIbHBIC BEIBOBI 00 OKPYKAIOMIEM X MUPE U
MOCTYTNAaTh B COOTBETCTBUU C 3TMMHU BBIBOJAMH. Y TaKUX MHIMBHIYYMOB OyneT OOJblIe IIAHCOB
BEDKUTh M JaTh IIOTOMCTBO, a IIOTOMY HUX 00pa3 MbICIied M WX TOBEACHHWE CTaHYT
JOMUHHUPYIOIUMHU. B MPOIIJIOM MHTEIEKT M CIIOCOOHOCTh K HAyYHOMY OTKPBITHIO 0€3yCIOBHO
o0ecrieunBalii MMPEUMYIIECTBA B BEDKMBaHUM. [IpaBaa, coBceM HE OUYEBHIHO, YTO BCE CKa3aHHOE
BEPHO M ceiuac: c/eJaHHble HAaMH Hay4HbIe OTKPBITUS MOTYT Hac )K€ M MOryOuThb, HO JJaXKe eciu
9TOTO HE CIYYHTCS, TIOJHASL €AWHAS TEOPHUsl BPSI JIM CHIIBHO TOBJIMSET HA HAIIW IIAHCHI BBDKUTD.
Tem He MeHee, kosib cKOpo BceneHnHas pazBuBaeTcst peryJsipHbIM 00pa3oM, MOKHO I10JIarath, 4yTo
CIIOCOOHOCTH K PACCyXJI€HHIO, KOTOPbIE MBI MPUOOpENN B pe3yibTaTe MCKYCCTBEHHOTO OTOOpa,
MIPOSIBATCS B MOMCKAX €IUHOM MOJHOM TEOPHH U TIOMOTYT M30€XKaTh HEMPAaBUIIbHBIX BBIBO/IOB.

[TockonbKy yke CYHIECTBYIOIIMX YACTHBIX TEOPHH BIIOJHE JIOCTATOYHO, YTOOBI JeNaTh
TOYHBIE MPEICKAa3aHUsl BO BCEX CUTYyallUsAX, KPOME CAMBIX 3KCTPEMAaJIbHbBIX, TOUCK OKOHYATEIbHON
Teopun BceneHHOW He oTBedaeT TpeOOBaHMSAM MPAKTHYECKOW IesecooOpa3sHocTH. (3aMeTum,
OJTHAKO, YTO AaHAJOTMYHBbIE BO3PAKEHHMS MOXXHO ObUIO OBl BBIABUHYTH IPOTHUB TEOPUHU
OTHOCHTEIIFHOCTH M KBAaHTOBOW MEXaHUKH, a BEb UMEHHO STH TEOPUH TPOU3BEIH PEBOIIOIUIO B
aIepHOi (u3uke U B MUKpOdJeKTpoHHKe!) Takum oOpa3oM, OTKpBITHE MOJHOW €IMHON TEeOopuH,
MOKET OBITh, HE OyJeT CIIOCOOCTBOBATh BBDKHMBAHHMIO M Ja)K€ HUKAK HE IMOBIMSET HAa TECUCHHE
Hamed Jku3Hu. Ho yxe Ha 3ape LUMBWIM3ALMHU JIIOASIM HE HPaBWINCh HEOOBSICHUMBIE U HE
CBSI3aHHBIE MEXY COO0# COOBITHS, U OHH CTPACTHO KEJIAJH MOHATH TOT TMOPSIIOK, KOTOPBIHA JICKUT
B OCHOBE Hamlero mupa. Ilo ceif 1eHb MBI MeUTaeM y3HaTb, I0YEMY MBI 3/1€Ch OKa3alIHUCh U OTKYJa
B3sutMCh. CTpeMIIEHHE 4YeJOBEYeCTBA K 3HAHMIO SIBIISICTCS JJISl HAC JIOCTATOYHBIM OIPaBIaHUEM,
YTOOBI MPOJOJIKATH MOUCK. A Hallla KOHEYHas IeJIb — HUKaK He MEHbIIE, YeM IOJHOE ONUCaHHe
BcenenHoii, B KOTOpOi Mbl 0OUTaEM.

2. MMpocTpaHCTBO U BpeMA

Hamm coBpeMeHHbIE TNpeACTaBICHUS O 3aKOHAX ABWKEHUS TeNl BOCXoAAT K [amwiero u
Herotony. /lo Hux ObITOBasa TOYKa 3peHUsT APUCTOTENS, KOTOPBIA CUWTAJ, YTO €CTECTBEHHBIM
COCTOSTHMEM JII000T0 Tena SIBISETCS COCTOSHHE MOKOS M TEJIO HAYMHAET JABUTaThCS TOJIBKO MOJ
JEUCTBUEM CHJIBI UM UMITyJibca. OTCIO/Ia CIIEI0BAIO, YTO TSDKEIO0€ TEJO JOKHO MaiaTh ObICTpEE,
YeM JIETKOE, TOTOMY YTO €ro CUJIbHEE TAHET K 3eMJIE.

CoriacHo apuCTOTENEBCKOM TpaAHWIIMU, BCE 3aKOHBI, KOTOpBIC YIPaBISIOT BceneHHOM,
MO>KHO BBIBECTH YHCTO YMO3PHUTEIHHO M HET HUKAKOH HEOOXOIMMOCTH MPOBEPSTH MX HA OIBITE.
[TosTomy no lanunes HUKTO HE 3aayMbIBAJICS HaJ TEM, NEHCTBUTEIHHO JIM TEja Pa3HOro Beca
MajJalT C Pa3HbIMU CKOPOCTAMHU. ['0BOpsT, uro [anmwmiieid AEMOHCTPUPOBAN JIOKHOCTh YUECHHS
Apucrotens, 6pocas Tena pa3Horo Beca c najarouieil [lnzanckoit 6amnu. 9To HaBepHsKa BbIIYMKa,
HO [anuneit JeficTBUTENHHO Neiall HEYTO MOJAO0OHOE: OH CKAThIBall MO TIAJAKOMY OTKOCY IIaphl
pazHOrOo Beca. Takoil SKCIIEPUMEHT aHAJIOTMYeH COpachIBAHUIO TSKEIBIX TeNl ¢ OallHW, HO OH
npoie 17 HaOIIoeHHi, TaKk Kak MeHbIle CKOpocTH. M3mepenus ["anumnes nmokasanu, 4To CKOPOCTh
BCSIKOTO T€Jla YBEJIMYUBACTCS TI0 OJTHOMY M TOMY K€ 3aKOHY HE3aBHCHMO OT Beca Tena. Hampumep,
€CJIM B3SITh LIap U MYCTUTh €r0 BHU3 N0 HAKJIOHHOW IJIOCKOCTH C YKIIOHOM METP Ha Ka)ble 1ECATh
METpPOB, TO, KAKMM OBI TSHKEIBIM HH OBLT IIap, €ro CKOPOCTh B KOHIIE MEPBOM CEKYHIBI OyAeT OH
METp B CEKyHAY, B KOHLIE BTOPOM CEKyH[bl — JIBa MeTpa B CeKyHAy U T. 1. KoHeuHO, CBUHIIOBas
rups OyJeT maaarh ObICTpee, YeM MEePHIIIKO, HO TOJIBKO U3-3a TOTO, YTO MEePO CHIIbHEE 3aMeIsIeTCS
CWJION COINPOTHUBIICHUS BO3AyXa, yeMm rups. Eciau OpocuTh ABa Tena, CONpPOTUBICHUE BO3AyXa AJIs
KOTOPBIX HEBEIUKO, HAalpuMep ABE CBUHIIOBBIE THPHU PA3HOTO Beca, TO OHU OyayT MaaaTh ¢
OJIMHAKOBOM CKOPOCTHIO.

HproTOH BBIBEN CBOM 3aKOHBI JIBMKEHHMS, HCXO U3 U3MEPEHH, MpoBeneHHbIX ['anmieem. B
skcnepuMeHTax ['anuiies Ha Teo, Karsdieecs N0 HAKIOHHOM IJIOCKOCTH, BCEI/1a IEUCTBOBAJIA OJJHA
U Ta e cuia (Bec Tena) U B pe3yJibTaTe CKOPOCTh Tella MOCTOSIHHO Bo3pacTana. OTcroia cieaoBalio,
YTO B JCHUCTBUTEIBHOCTH IPWIOKEHHAs K TeIy CHJIA M3MEHSET CKOPOCTh Tejla, a HE IPOCTO
3aCTaBJSIET €ro JBUTaThCA, KaK OyMald paHblle. DTO €Ile O3HAa4yaJlo, YTO €CIU Ha Telo He
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JNEHUCTBYET Cuja, OHO OyJeT ABUTAThCS MO MPSIMOM C MOCTOSHHOM CKOPOCThIO. Takyio MBICITH
BIIEPBbIE YETKO BbICKa3an HbIOTOH B cBoell kHUre «MaTeMaTtnyeckue Hayanay, Beimeameil B 1687
r. DTOT 3aKOH Tenepb Ha3biBaeTcs [lepBhiM 3akoHOM HpbroTOHA. O TOM, YTO MPOUCXOIUT C TEIIOM,
KOorjJa ma Hero ACHCTBYeT cuiia, roBopuTcsi Bo Btopom 3akone HproToHa. OH riacut, 4yTo Telo
OylleT YCKOpSITbCS, T. €. MEHSTh CBOIO CKOPOCTh, MPOMOPIUOHAIBHO BenuunHe cuibl. (Ecmwm,
HampuMep, CUiia BO3pacTeT B 2 pasa, TO U yCKOpeHue B 2 pasa ysenuuutcs). Kpome Toro,
YCKOpPEHHE TEM MEHbIIIE, YeM OoJibiiie Macca (T. €. KOJTUYEeCTBO BemlecTBa) Tena. ([eficTBys Ha Teno
BIBOE OOJIbIIIEH MacChl, Ta K€ CHUjia CO3JaeT BABOE MEHbIIIEE yCKOpeHue). Bcem xopolio u3BecTHo,
Kak OOCTOUT JeJI0 C aBTOMOOWJIEM: 4YeM MOIIHEE J[BHUrareib, TeM OOJBIIE CO3AaBaEMOE UM
YCKOpPEHHUE, HO YeM TsKellee aBTOMOOHIIb, TEM MEHBIIIE YCKOPSIET €ro TOT XKe JIBUraTellb.

Kpome 3akoHOB nBmxeHus: HBIOTOH OTKPBIT 3aKOH, KOTOPOMY MOJYHHSIETCS CUJIa TATOTCHUSI.
DTOT 3aKOH TaKOB: BCSIKOE TEJO MPUTATHUBAET JII0OOE APYyroe Teno ¢ CHUIIOW, MPOMOPIHOHATBHON
Maccam 3Tux Tei. CrieroBaTeIbHO, €CJIM BABOE YBEIMUYUTHh MAacCy OJIHOTO U3 Tel (CKaxeM, Tena A),
TO W CUJja, ACHCTBYIOUIAs MEXIY TE€JIaMH, TOXE yBEIUYMUTCS B 2 pa3a. Mbl Tak CUMTaeM MOTOMY,
YTO HOBOE TEJIO0 A MOXHO MPEACTaBUTH CeOE COCTaBICHHBIM W3 JBYX TEJl, Macca Kaxiaoro w3
KOTOpBIX paBHa MEpBOHAYaIbHON Macce. Kaxmoe u3 3Tux Ten mputsaruBaigo Obl Teno B ¢ cunoii,
paBHOI nepBoHauaibHOU cuie. ClenoBaTenbHO, CyMMapHas cuia, IeHCTBYIOIas MEeXAy TenamMu A
u B, Obua Obl BIBOE OOJbIIE 3TOM MEPBOHAYATBLHOM CHJIBL. A ecu Obl OJJHO U3 Tell HUMEN0 Maccy,
CKa)XeM, BIIBOC, a BTOpPOE — BTpOe OOJIbIIE MEePBOHAYATBHONW MAacCChl, TO CHJIA B3aUMOJCHCTBUS
BO3pocia Obl B 6 pa3. Terneps MOHATHO, MOYEMY BCe TeJa MaJaloT ¢ OJUHAKOBOM CKOPOCTHIO: TEJIO C
YABOCHHBIM BECOM OyJeT TSAHYTh BHU3 YJBOCHHAs T'PAaBUTAIIMOHHAs CHUJIa, HO W Macca Teja MpHu
sToM OyzneT B 2 pasa Gombire. [lo Bropomy 3akony HeioToHa 5Tu 1Ba 3ddekTta KOMIEHCUPYIOT
JpyT IpyTa, U YCKOPEHHE OyIeT BO BCEX CIIyYasiX OJJUHAKOBBIM.

3akoH TAroreHus: HploTOHa roBOpUT, YTO YeM JajiblIe Tela APYT OT Apyra, TEM MEHbIIE Cujia
ux B3auMmojeucTBus. COracHO 3TOMY 3aKOHY, T'paBUTAIMOHHAs CUJIAa TPUTSHKCHUS 3BE3JIbI
COCTaBJISIET POBHO YETBEPTh CWJIbl MPUTSHKEHHUS] TaKOW e 3BE3/bl, HO HAXOJALIEHCS Ha BABOE
MEHBIIIEM paccTOSHUU. 3aKoH HpI0TOHA MO3BOJISIET C OOJBIION TOYHOCTHIO MPEACKa3aTh OPOUTHI
3emnu, Jlynel u maHer. Ecnu Obl 3aKOH BCEMUPHOTO TATOTEHUS OBbUT HMHBIM M CHIIA
TPaBUTAIMOHHOTO TPHUTSHKEHUS yYMEHbIIANAach ObICTpee, YyeM MO 3akoHy HBIOTOHA, TO OpOUTHI
iaHeT ObpTM OBl HE DJJuMIcaMu, a coupaisamu, cxoxsmumucs K Conaimy. Ecnm ke
TPaBUTAIlMOHHOE TPUTSHKCHHE YOBIBAIO OBl C PACCTOSHUEM MEIJICHHEE, TO MPUTSIKCHHE
yAaJeHHBIX 3B€3]1 0Ka3a10Ch Obl CHIIbHEE MPUTSHKEHUS 3EMITH.

[IpencraBnenuss ApUCTOTENsI CYIIECTBEHHO OTIMYAIUCh OT mpexacraBieHuil [anunes u
HeroToHa TeM, 4TO ApHUCTOTEND CUUTANI COCTOSTHUE MOKOS HEKUM MPEAIIOYTUTEIBHBIM COCTOSIHUEM,
B KOTOPOM BCErJla JOJIKHO OKa3bIBAaThCSA TEJIO, €CJIM Ha HEro He JACUCTBYET CUJa WJIM HUMITYJIbC.
ApucCTOTEIb, B YACTHOCTH, CUUTAN, 4TO 3eMiisl mokouTcs. M3 3akoHoB HploTOHA ke clemyeT, 4To
€MHOT0 3TajloHA TOKOSI HE CYIECTBYeT. Bbl MOKeTe Ha paBHBIX OCHOBAaHUSIX yTBEPKIATb, YTO
TEeO0 A HaxXOAUTCS B MOKOE, a Tejo B ABMKETCS OTHOCUTENBHO Tela A € MOCTOSHHOW CKOPOCTBIO
WJIM Ke 4TO Teno B, Hao0opoT, mokouTcs, a Terno A asmxkercs. Eciu, HanpuMmep, 3a0bITh HAa BpeMs
O BpallleHUM Halleil IIJIaHEThl BOKPYT OCH U O €€ JBM)KEHHMH BOKpYT COJIHIIA, TO MOXHO CKa3aTh,
YTO 3eMJIsI IOKOUTCS, a TO0E3]] HECETCS] Ha CEBEP CO CKOPOCTHIO JIEBSIHOCTO KHJIOMETPOB B 4aC WU
K€ UTO TOE3]] CTOMT Ha MECTe, a 3eMJIs M0J HUM yOeraer Ha Ior cO CKOpocThio 90 KHUIOMETpOB B
gac. Ecnu Obl B 9TOM To€3/ie KTO-HUOYIbh IKCIEPUMEHTHUPOBAN C ABWKYIIUMHUCS TelaMHu, TO
oKa3ajoch Obl, UTO Bce 3akoHbl HptoTOHA BhIMOHSAIOTCS. Hanpumep, urpas B moeszie B HaCTOJIbHBIN
TEHHUC, BBl OOHAPYKUIU ObI, UYTO TPACKTOPHS IIApUKa MOTIMHSIETCS 3akoHaM HbIoTOHA, Kak eciu
OBl BbI UTpaJId HA HETMIOJBMKHOM CTOJI€, M BbI HE MOTJIHM Obl CKa3aTh, YTO UIMEHHO ABMXKETCS — O3]
WJTU 3€MJIA.

OtcyTcTBHE aOCOJIIOTHOTO JTaJOHAa IIOKOS O3HA4YaeT, YTO HEBO3MOXXHO OMNPEIENIUTh,
MPOU30ILIN JTM HEKUE JBAa COOBITUS B OJHOW M TOW K€ TOYKE MPOCTPAHCTBA, €CITU U3BECTHO, UTO
OHM MMEJIU MECTO B pa3Hble MOMEHTHI BpemeHH. [lycTh, HampuMmep, Halml TEHHUCHBIA HIAPHUK B
JBIKYIIEMCS TT0€3/1e¢ OTCKAaKMBAET OT CTOJIa BEPTUKAIBHO BBEPX M, Majiasg BHU3, yAapseTcs dyepe3
CEKyHJly O CTOJI B TOM k€ TOuKe. TOMy, KTO CTOUT Y KeJIE3HOAOPOKHOTO MOJIO0THA, TOKAa3a10Ch Obl,
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YTO TOYKU CONPUKOCHOBEHHS IIApUKa CO CTOJIOM Pa3/elIeHbl PACCTOSHUEM OKOJIO COpOKa METPOB,
KOTOpOE TMPOLIEN T0e3]1 3a BpeMsi Mexay nojackokamu. CrieqoBaTenbHO, OTCYTCTBHE a0COIIOTHOTO
COCTOSIHUS TTOKOSI O3HAYaET, YTO HUKAKOMY COOBITHIO HEJIb3s1 IPUIHCATh a0COIIOTHOTO MOJIOKEHUS
B TMPOCTPAHCTBE, KaK ATO Tmoyaranl ApuctoTenb. [lonoxkeHue coOBITHI B TPOCTPAHCTBE U
PacCTOSIHUS MEXIy HUMH JOJIKHBI ObITh pa3HbIMU AJIsi HAOdrOAATens, €QyLero B Mmoesae, u s
HaOmo1aTeNns, KOTOPBIM CTOMT PSAAOM C TPOXOISIIMM IOE37]0M, W HET HHUKAKUX OCHOBAHMIA
CUMTATh, YTO MOJIOKEHUS, PUKCUPYEMBIE OJJHUM M3 ITHX HaOJtoaTene, 6ojaee npeAnoYTUTEIbHBI,
4eM MOJIOKEeHHs, PUKCHpyeMbIe APYTUM.

HpioTOHA CHIIBPHO OECTIOKOMIIO OTCYTCTBHE aOCOJIOTHOTO IMOJIOKEHHS B MPOCTPAHCTBE HIIH,
KaK ero Ha3blBajH, a0COJIOTHOTO MPOCTPAHCTBA, MOTOMY YTO 3TO MPOTHBOPEUMIIO €ro Hiee
abcomorHoro bora. U oH ¢akTHuecKkM OTKa3ajcsi TPHUHATH OTCYTCTBHE aOCOIOTHOTO
MIPOCTPAHCTBA, HECMOTPSL Ha TO, YTO TAKOE€ OTCYTCTBHE BBITEKAIO M3 3aKOHOB, OTKPBITBIX MM
camuM. MHorue pe3ko KpuTtukoBaau HblOTOHaA 3a €ro mppaluoHaIbHOE YIOPCTBO, M B YaCTHOCTHU
enuckon bepkiu — ¢unocod, cunraBuinii, 4To Bce MaTepralibHbIe 0OBEKTHI, a TAKKE MPOCTPAHCTBO
1 Bpems — wutto3ud. (Y3HaB 0 Takux Bo33peHMsIX bepkiu, 3HaMeHuThIN O-p J[>KOHCOH BOCKIIMKHYII:
«S1 ompoBeprato 3To BOT Kak!» — U Tak CTyKHYJ HOTO# 10 OOJBIIIOMY KaMHIO, YTO YyTh HE TOTEPsLI
paBHOBECHE).

U Apucrotens, 1 HpioToH Bepuiu B aOcomoTHOE BpeMs. IHIMU cJTOBaMH, OHH CUYUTAIIU, YTO
BPEMEHHOW MHTEpBAJI MEXKIY JABYMSI COOBITUSIMU MOKHO OJHO3HAYHO M3MEPUTH U YTO pPE3ysbTar
OyIeT OJMHAKOB HE3aBUCHMO OT TOT0, KTO MPOU3BOIUT U3MEPEHHS, JHUIIL Obl Y U3MEPSIOIIEro
ObUIM MpaBWIIbHBIE Yachl. Bpems ObLIO MOJHOCTHIO OTAENEHO OT MPOCTPAHCTBA U CUUTAJIOCH HE
3aBHUCSIIUM OT Hero. TakoBa ObUTa TOYKa 3peHHs OOJBIIMHCTBA, TOUYKA 3PEHUS 3/IPAaBOTO CMBICIA.
Ho nHam npunuioce M3MEHHUTH CBOM IPEJCTABICHUS O MPOCTpAHCTBE W BpeMeHu. IlpencraBienus,
OCHOBaHHBIE Ha «3]I[PABOM CMBICJIE», OTHOCSTCS K CPAaBHUTEIBHO MEIJIEHHBIM O00BEeKTaM (s10710Ko,
IUIaHEeTa), HO OHM OKa3bIBAIOTCS COBEPIICHHO HEYMECTHBIMHU, KOIJIa CKOPOCTH CTaHOBSTCA
OIM3KUMH K CKOPOCTH CBETA.

To, 4TO CBET pacpOCTPAHIETCS C KOHEUHOM, XOTSI M OUY€HBb OOJBIIONH CKOPOCTHIO, YCTAHOBUI
B 1676 1. narckmii actpoHom Ome Xpucrencen Pémep. OH 00HapyX Wi, YTO MOMEHTHI
MIPOXOXKAECHMs cyTHUKOB lOmurepa 3a ero IMCKOM CIEAyIOT OJMH 3a IPYIMM HE Yepe3 paBHbIC
WHTEpBaJIbl, KaK JIOJDKHO OBbITh, €CIM CHYTHHUKHM BpamaioTcs BOKpyr lOmurepa ¢ MmOCTOSHHOM
ckopocTbio. [Ipu Bpamenuun 3emnu u HOnurepa Bokpyr CosiHIIa pacCTOSHUE MEX]Yy 3TUMH JIByMs
1aHeTaMu u3MeHsiercs. Pémep 3amerun, yto 3atmenus ayH Onurepa tem Oosblie 3ama3ablBaioT,
YeM Jajibllie Mbl OT Hero HaxoauMmcsi. OH OOBSICHHUII 3TO TE€M, YTO CBET OT CIIyTHHKOB HMJET 10 Hac
J0JIpllIe, KOrna Mbl Haxoaumcs panpme. OnHako Pémep He OYeHb TOYHO U3MEPSAS N3MEHEHMS
pacctossHus oT 3emuu jno lOmurepa, U MO3TOMY MOJIYYEHHOE MM 3HAUEHUE CKOPOCTU CBETA
okasasiock paBHbIM 140.000 Mumb/c, TOT/Ia Kak cCOBpeMeHHOE 3HaueHne cocrapiseT 186.000 muiib/c
(1 muns = 1,609 km. CoBpeMeHHOE 3HAUEHUE CKOPOCTU CBeTa paBHO 299.792.458 m/c. — mpum.
niepeB.). Tem He MeHee nocTmxkeHue Pémepa ObUTO BBIIAIOIIMMCS, KOO OH HE TOJBKO J0Ka3aj, 4To
CBET pACIPOCTPAHSETCS C KOHEYHOW CKOpPOCTBIO, HO M M3MEpWJ €€, NIpUYeM BCE ITO 3a
OJIMHHAILIATH JIET J0 BbIX0Ja B cBeT KHUTH HproToHa «Maremarnueckue Hadauay.

Hacrosimelt Teopum pacnpocTpaHeHUsi CBeTa HE cyliecTBoBalio 10 1865 1., korna
anrmiickuit  pusuk Jhxeiimc Kmapk MakcBenn cymen oOBEAMHUTH JBE YACTHBIE TEOPHUH, C
MOMOIIIbIO KOTOPBIX TOT/Ia OMHUCHIBAIIUA 3JIEKTPUUECKHE U MarHUTHbIE CUiibl. COTJIACHO YpaBHEHUSIM
MakcBemia, B 3JEKTPOMarHUTHOM TI0JI€, COCTaBJIEHHOM W3 JBYX MOJEH, MOTYT CYIIECTBOBATh
BOJIHOTIO/I00HBIE BO3MYILEHHSI, KOTOPBIE PACTIPOCTPAHSIOTCS C IOCTOSHHONW CKOPOCTBIO, KaK BOJIHBI
Ha MOBepXHOCTU mpynaa. Eciau anmuHa BONHBI (T. €. pacCTOSIHUE MEXIY TPEOHSIMH ABYX COCEIHUX
BOJIH) COCTaBIISICT METpP UM OOJIbIIIE, TO MBI UMEEM JIEJI0 C PAJAMOBOJIHAMU. bosiee KOpOTKHE BOTHBI
HA3bIBAIOTCS BOJHAMHM CBEPXBHICOKOYACTOTHOTO Juama3oHa (ecau uX JUIMHa — [OpsAJKa
CaHTHMETpa) ¥ BOJIHAMHU HH(PAKPACHOTO AMAMa3oHa (0 JECATH THICSYHBIX caHTUMeTpa). [[nuHa
BOJHBI BHJIUMOIO CBE€TAa COCTAaBJISET BCEro JIMIIb COPOK-BOCEMBJAECAT MWIIMOHHBIX JOJEH
cantumerpa. Emie kopoue BOJIHBI yIbTPaQHOIETOBOrO, PEHTTEHOBCKOTO U TaMMa-H3IIy4eHH.

Teopusa MakcBeina mpeackas3blBaia, YTO PaJUOBOJIHBI U CBET JOJDKHBI PACIPOCTPAHATHCS C
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HEKOTOpoi (ukcupoBaHHOH ckopocThio. Ho mnockonbky Teopus HploroHa mnokoHumna c
npejcTaBieHueM 00 abCONIOTHOM MOKOE, Terepb, roBops O (UKCUPOBAHHON CKOPOCTH CBETA,
HYKHO OBIJIO yKa3aTh, OTHOCHTEIBHO YEeTO M3MEpseTcs Ta (UKCHPOBAHHAS CKOPOCTh. B cBs3m ¢
3TUM OBLJIO MOCTYJIUPOBAHO CYIIECTBOBAaHHE HEKOHW CyOCTaHIIMH, Ha3BaHHOU «3(UpPOM», KOTOPOi
HATIOJTHEHO BCE, JIaXKe «ITyCTOE» MPOCTPAaHCTBO. CBETOBBIE BOJHBI PACHIPOCTPAHSIOTCSA B d(UpE TaK
e, KaKk 3BYKOBBIE B BO3JlyX€, U, CIEJOBATEIbHO, UX CKOPOCTb — 3TO CKOPOCTh OTHOCUTEIBHO
s¢upa. HaOmomatenu, ¢ pa3HbBIMH CKOPOCTSMH JIBHIKYIIHECS OTHOCHUTEIHHO 3(PUpa, TOJIKHBI
BUJICTh, YTO CBET UIET K HUM C Pa3HOW CKOPOCTHIO, HO CKOPOCTh CBETa OTHOCHTENHHO 3(upa
JIOJKHA OCTaBaThCsl MPU ATOM HEM3MEHHOM. B yacTHOCTH, KOJIb CKOpO 3eMilst IBUKETCS B 3QUpE IO
cBoeil opbure Bokpyr ComHIAa, CKOPOCTb CBETa, U3MEpPEHHAas B HAMpPaBICHUM JBIKEHUS 3eMIU
(Ipu ABMXKEHHUU B CTOPOHY MCTOYHHMKA CBETa), JOJDKHA MPEBBILIATh CKOPOCTh CBETA, U3MEPEHHYIO
MO/ TPSMBIM YTJIOM K HampaBJICHHUIO IBHXKEHUS (T. €. KOrJa Mbl HE JBIKEMCS K MCTOYHHUKY). B
1887 r. AnbOepr MaiikenbCOH (BHOCIEACTBUM CTAaBIIMKA NEPBBIM aMEPUKAHIIEM, YJIOCTOCHHBIM
HobGeneBckoit mpemun mno ¢usuke) u OaBapa Mopnu noctaBuwin B KiMBIEHICKON MIKoe
NPUKIIAJHBIX HAYK OYEHb TOYHBIA JKCIEpUMEHT. MalkenbCoOH U MoOpiM CpaBHUBAIM 3HAYCHHUE
CKOPOCTH CBETAa, U3MEPEHHON B HANPABJICHUU JIBHJKEHUSI 3€MIIU, C €€ 3HAUCHUEM, U3MEPEHHBIM B
MEpIEeHIUKYJISIPHOM HarpaBieHud. K cBoeMy OrpoMHOMY yAMBIIEHHIO, OHU OOHApYX MU, 4TO 00a
3HAQUYEHMS COBEPIIEHHO OJIMHAKOBBI!

C 1887 mo 1905 r. Obw1 chenaH psa NONBITOK (Haubojiee W3BECTHAs M3 KOTOPBIX
MPUHAUISKUT AarckoMy ¢(usuky Xenapuky JlopeHily) OOBSICHUTH pe3yJbTaT AKCIEPHUMEHTa
Maiikenbcona 1 Mopiiu TeM, 4TO BCE€ IBIDKYIIHECS B 3Upe 0OBEKTHI COKPAIAIOTCS B pa3Mepax, a
BCE€ yachl 3aMemsAoT cBoM xoa. Ho B 1905 r. HuUKOMYy Jocesne HE HW3BECTHBIA CITy KalllHUid
[IBeitiiapckoro mMaTeHTHOTO OIOpPO MO0 UMEHU ANbOepT DUHIITEHH OMyOJIMKOBAI CTaBIIYIO MOTOM
3HAMEHUTOI paboTy, B KOTOPOH OBLIO MOKAa3aHO, YTO HUKAKOTO 3(upa HE HYKHO, €CIIM OTKa3aThCs
OT MOHATHUS a0COTIOTHOTO BpeMeHU. Uepe3 HECKOIBKO HEENb Ty e TOUKY 3pEHUS BbICKa3al OJUH
U3 Beaymwux (¢paHiy3ckux MaremMaTukoB Anpu Ilyankape. ApryMeHThI, BBIABHHYTHIC
OiHIITetHOM, ObUIM OMmmke K (u3MKe, 4eM apryMeHTthl Ilyankape, KOTOpBIH IMOJIOIIEN K 3TOU
3a/1aue Kak K MmateMarndeckord. OO0 DHHIITEHE 0OBIYHO TOBOPAT KaK O CO3/aTelie HOBOM TEOpHH,
Ho u M3 [lyaHkape cBS3BIBAIOT C pa3pabOTKOM BaXKHOM Ce YacTH.

@yHIAMEHTAIBHBINA NOCTYJIAT 3TOM TEOPUU OTHOCUTEIBHOCTH, KaK CTalM HA3bIBaTh HOBYIO
TEOPHIO, COCTOSUI B TOM, YTO 3aKOHBI HAyKH JOJDKHBI OBITh OJMHAKOBBIMU JUISI BCEX CBOOOTHO
JOBUKYLIUXCA HaOIrofaTenell He3aBUCHUMO OT CKOPOCTH HMX JIBIXKEHHUS. DTOT MOCTyJaT Obul
CTpaBeJIUB Uil 3aKOHOB JABIKeHHS HbIOTOHa, HO Temeph OH OBLI PAacIpOCTpaHEH Ha TEOPHUIO
MakcBesia 1 Ha CKOPOCTb CBETa; CKOPOCTh CBETa, M3MEPEHHas JII0ObIMH HAOII0AaTeNsIMU, JODKHA
OBITh OJJMHAKOBAa HE3aBUCHUMO OT TOTO, C KaKOW CKOPOCTBIO ABIKYTCS camMu HaOmronartenu. U3
3TOr0 MPOCTOrO MPUHIUIIA BBITEKAET PAJl 3aMEUYaTEIbHBIX CleACTBHIM. CaMble U3BECTHBIE U3 HUX —
9TO, HABEPHOE, KBUBAJEHTHOCTh MACChl M SHEPrUM, Halleaulas CBOE BBIPAKEHUE B 3HAMEHUTOM
ypaBHeHnuu JiHmTeriHa E = mc”2 (rae E — sHeprus, m — macca, a ¢ — CKOpPOCTh CBETa), M 3aKOH,
COIJIACHO KOTOPOMY HHUTO HE MOXKET JIBUTaThCsl ObICTpee cBeTa. B cuily SKBHBaJICHTHOCTH MacChl U
SHEPTUU SHEPIus, KOTOPO o0iagaeT IBUKYIIUICS OOBEKT, OJKHA Temeph J00aBIATHCA K €ro
Macce. [Ipyrumu ciioBamu, 4yem OOJIbIIe SHEPTHs, TEM TPyAHEE YBEIUUUTh CKOpocTh. [IpaBaa, 3ToT
3 dexT cymecTBEHEH UMb MPH CKOPOCTAX, ONM3KHX K CKOpPOCTH cBeTa. Ecim, Hampumep,
CKOpOCTh Kakoro-HuOyap o0bekTa cocranisieT 10% ckopocTu cBeTa, To ero macca nuib Ha 0,5%
00JbIlIe HOPMAJIBHOM, TOTAa KaK MpHU CKOPOCTH, paBHOM 90% CKOpOCTH cBeTa, Macca yxke B 2 pasa
MpeBbIIIACT HOpMabHYI0. [Io Mepe Toro Kak CKOpocTh 00BEKTa MPUOJIMKAETCS K CKOPOCTH CBETa,
Macca pacTeT Bce ObIcTpee, Tak YTo JJIsl JaIbHEHIIIET0 YCKOPEHUS TpeOyeTcst Bce OOJbIIE U O0IbIIe
sHepruu. Ha camom sene ckopocTh 00beKTa HUKOTJa HE MOXKET JOCTHYh CKOPOCTH CBETa, TaK Kak
TOTJIa €r0 Macca crajga Obl OECKOHEYHO OOJIBIION, a MOCKOJIBKY Macca SKBUBAJICHTHA YHEPTHUH, TS
JOCTIDKEHHSI TAKOM CKOPOCTH MOTpedoBanack Obl OecKoHeuHO Ooubiast sHeprus. Takum oOpazom,
110001 HOpMAaJIbHBIM 00BEKT B CHITY MPUHIUIIA OTHOCUTEIBHOCTH HABCEr/1a OOpeUueH JBUTAThCS CO
CKOpOCTBIO, HE TPEBBIIIAIONIEH CKOPOCTU cBeTa. TOJIBKO CBET M JPyTrHe BOJHBI, HE 00Janaromme
«COOCTBEHHOW» MAaCCOM, MOTYT JIBUTAThCS CO CKOPOCTHIO CBETA.
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Jlpyroe 3ameuaTelbHOE CJICICTBHE M3 IMOCTYJIaTa OTHOCHTEIHLHOCTH — PEBOJIONHUS B HAIIMX
MPEJCTaBICHUAX O TPOCTPAHCTBE M BpeMmeHHU. [lo Teopum HpIOTOHA, €CliM CBETOBOW HMMITYJIBC
IIOCJIaH U3 0I[HOI>1 TOYKHU B npyry}o, TO BperI €ro HpOXO)KI[GHI/Ifl, I/I3MepeHHOC pa3HBIMI/I
HaOroAaTes MU, OyJIET OJMHAKOBBIM (TIOCKOJIbKY BpeMsi aOCOJIIOTHO), MO TPOWJICHHBIH UM MYyTh
MOXXET OKa3aTbCi pa3HbIM Yy pa3HbIX HaOdrogarenedl (Tak Kak IPOCTPAHCTBO HE SBISIETCS
a0comoTHBIM). W TIOCKOJIbKY CKOPOCTh CBETa €CTh MPOWICHHOE CBETOM PACCTOSHHE, JCJICHHOE Ha
BpeMs, pasHble HaOmogarenu OyayT TOJIy4daTh pasHbIE CKOPOCTH CBeTa. B Teopum
OTHOCHUTEIILHOCTH JK€ BCE HAOJIOMATEeNM JOJDKHBI OBITH COTJIACHBI B TOM, C KaKOW CKOPOCTBIO
pacnpocTpaHnsieTcsi cBeT. M KoJIb CKOPO Y HUX HET COTJIACHS B BOIIPOCE O PACCTOSIHHH, POUICHHOM
CBETOM, y HHUX HE JOJDKHO OBITh COTJIaCHsi U B TOM, CKOJIBKO BpeMeHH Ien cBeT. (Bpems
MIPOXOXKACHHUST — 3TO TPOMJICHHOE CBETOM PACCTOSIHHE, OTHOCUTEIIEHO KOTOPOTO HET COTJIACHUs Y
HaOJroaTeNnel, JelIeHHOe Ha CKOPOCTh CBETa, OTHOCHTEIBHO KOTOPOM Bce coriacHbl). MHbIMU
CJIOBaMH, T€OpHsI OTHOCHTEILHOCTH MOKOHYMJIA ¢ TOHATHEM abcomroTHOTO BpemeHu! Oka3anoch,
4TO y KaXJIOTO0 HAOIIOAATENs JOJDKCH ObITh CBOW MacHITad BPEMEHHU, U3MEPSIEMOro C MOMOIIBIO
NMCHOIIIUXCS y HET0 YaCoOB, M YTO IIOKa3aHUs OAHMHAKOBBIX YaCOB, HaXOIALIMWXCA y pa3HI)IX
HaOJroaTeNnel, He 0053aTeNIbHO COTJIACYFOTCS.
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Pacemoasmie o walnodamean Pise. 2.1

Beskuii HaOmoiaTenbs MOXKET ONPEeAEUTh, 1€ M KOTJa MIPOU301LUI0 KaKoe-HUOYb COOBITHE,
METOJIOM DAaJMOJIOKAllMU, IOCJIaB CBETOBOM HMMIIYJbC WIM HUMIIYJbC paguousnydeHus. Yactb
MOCJTAHHOTO CUTHANa B KOHIIE MYTH OTPA3UTCs Hazaj, U HAOJIOAaTelb U3MEPUT BpeMsl BO3BparTa
9X0-cuTHaJa. BpemeHnem coObiThst OyAeT cepeirHa MHTEpBaja MEXIy MOCBUIKOM CHUTHalIa M €ro
BO3BPALICHUEM: pPACCTOSHUE IO COOBITHS paBHO TIIOJIOBUHE BpPEMEHM, 3aTpaue€HHOro Ha
MPOXOXKAEHUE TyAa M 00paTHO, yMHOXXeHHOM Ha ckopocTh cBera. (Ilox coObiTeM 37aech
IIOHMMAETCA HEUYTO, NPOMCXONAIIEE B OIPEAEICHHON TOYKE NPOCTPAHCTBA B OINPEACICHHBIN
MOMEHT BpeMeHH). Bce ckasaHHOe NOSICHSETCS MPOCTPAHCTBEHHO-BPEMEHHOM JIuarpaMMmoi,
npeacraBieHHol Ha puc. 2.1. IIpu u3noXXeHHOM MeToje HaONoJaTenH, NepeMellaronmecs
OTHOCHUTEJILHO JAPYT ApYyra, NPUIHUIIYT OJHOMY U TOMY K€ COOBITHIO pa3HOE BPEMsI U TIOJIOKEHUE B
npoctpaHcTBe. Hu ogHO M3 M3MepeHMi, NMPOM3BEIECHHBIX pa3HbIMU HaOMIOJATENsIMH, He OyIer
MpaBUJIbHEE JPYTUX, HO BCE OHM OYIyT CBSI3aHBI MEXIy co0oil. Kaxaplii HaOmomaTens MOXKET
TOYHO BBIYHUCIIUTh, KAKOE BPEMsI U KaKO€ MOJIOKEHHUE B MPOCTPAHCTBE MPUIUIIET COOBITHIO JIF0OOH
IpyTroi HabI0AaTENb, €CIIM N3BECTHA CKOPOCTh BTOPOTO HAOIIOAATEINSI OTHOCUTENIFHO TIEPBOTO.

JU1s TOYHOrO ONpEeNENeHUs PAcCTOSHUN celdac MOJb3YKOTCS HUMEHHO TaKMM METOOM,
IIOTOMY YTO BpE€Ms MBI YMEEM H3MEpATh TOYHee, yeM uHy. [laxke MeTp ompenensieTcs: Kak
paccrosinue, kotopoe cBeT npoxoaut 3a BpeMs 0,000000003335640952 cekyHbl, U3BMEPEHHOE NPU
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MIOMOIIM 11€3UeBBIX 4acoB. (CaMo 3TO YMCIO COOTBETCTBYET UCTOPUUYECKOMY OINPEIEIICHUIO METpa
KaK pacCTOSIHUA MEXIY ABYMS OTMETKaMH Ha CIELUAJIbHOM IIATUHOBOM CTEpXKHE, XPaHSIIEMCS B
[Tapwxe). Mbl MoOkeM MOJIb30BaThCsl U Oosee ynOOHOM HOBOM €AMHMLIEH HJUHBI, KOTOpas
Ha3bIBA€TCSl CBETOBOM CEKYHJIOHM. DTO MPOCTO PaCCTOSHUE, KOTOPOE CBET MPOXOIUT 32 OJHY
CeKyH1y. B Teopuum OTHOCHUTENBHOCTH PACCTOSHUE TENEPh OMPENEICHO Yepe3 BpeMs M CKOPOCTh
CBETa, OTKy/Ja aBTOMATHUYECKHU CJEIyeT, YTO, U3Mepss CKOPOCTh CBETa, KaXAbld HaOIogaTenb
MOJIYYUT OJIUH U TOT K€ pe3yipTaT (1o onpeaenenuto 1 metp 3a 0,000000003335640952 cexyHabl).
Teneps He HYXXKHO BBOAWTH O3(QHUp, MPUCYTCTBUE KOTOPOrO, KCTAaTH, KaK T[OKa3al OIBIT
MaiikenscoHa-Mopiy, 1 HEBO3MOKHO 00HApYX HUTh. OTHAKO TEOPHUsI OTHOCUTEIIEHOCTH BBIHYKIAET
Hac K (pyHIaMEHTaIbHOW CMEHE MpPEJCTaBICHH O MPOCTPaHCTBE W BpeMeHH. Ham mpuxomurcs
MPUHSTH, YTO BPEMsl HE OTJEICHO MOJHOCTHIO OT MPOCTPAHCTBA U HE HE3aBUCHMO OT HEro, HO
BMECTE C HUM 00pa3yeT equHbI 00BEKT, KOTOPBIN Ha3bIBACTCS MPOCTPAHCTBOM-BPEMEHEM.

W3 nmoBcesHEBHOTO OMBITa MBI 3HA€M, UTO IMOJIO)KEHHUE TOUKU B IMPOCTPAHCTBE MOXKHO 33/1aTh
TpeMsi YUCJIAMH — €€ KOOpAWHaTamMHu. MOXHO, HampuMmep, CKa3aTh, YTO HEKas TOYKAa B KOMHATe
HaXOJUTCS B IBYX METpax OT OJHOW CTEHBI, B METPE — OT JPYIOM U B MOIyTOpa METpax oT moia. A
MOXHO TaKXe 3a7aTh €€ MOJI0)KEHHE, YKa3aB LIUPOTY, NOJITOTY U BBICOTY HaJl ypOBHEM MOps. Bbl
MOJKETE TI0JIb30BATHCS JIIOOBIMH TPEMsI MOAXOIAIINMH KOOPIUHATAMH, XOTS OHU BCErJa MMEIOT
JUIIb OTPaHUYEHHYI0 00JacTh MPUMEHHUMOCTH. HHMKTO He cTaHer, 3ajmaBas moyiokeHue JIyHbI,
yKa3bIBaTh PacCTOSHUE B KWJIOMETpPax Ha CeBep M Ha 3amaj oT miomany [Tukaaguinm u BeICOTY Haj
ypoBHEM Mopsi. BMecTo 3TOro MoxHO yka3ath paccrosinue 10 CoJIHIIA, pacCTOSIHUE 10 IIOCKOCTH,
B KOTOPOM JieaT OpOUTHI IJIAHET, U YroJ MEXay mpsmoit, coeaunstomend Jlyny ¢ Comnnem, u
npsiMoid, coeaunsitomieit ConHile ¢ Kakoi-HUOyIb OMM3KOM 3Be310H, ckaxkeM, ¢ anbdoii LlenTaBpa.
[IpaBaa, U 3T KOOpAMHATHI BpAJ JIM MOAXOAAT A 3adaHus nosokeHus CosHLA B Hamieu
lanakTuke WM NOJIOKEHUs Haled ['anakTUKU cpeiM OKpPY’KalIIMX Hac Apyrux raizaktuk. Ho
MO>KHO BClO BceneHHyro pa3OuTh Ha NEPEKPHIBAIOLINECS «KYCKU» U IS KaXKJIOTO «KyCKa» BBECTH
CBOIO CHCTEMY KOOPAMHAT, YTOOHI 3371aBaTh B HEM IMOJIO)KEHHUE TOYKH.

CoObiTHE — 3TO HEUYTO, NPOUCXOMSINIECE B OINPENEJICHHOW TOYKE MPOCTPAaHCTBA H B
orpezieieHHbId MOMEHT BpeMeHU. CieoBaTeNbHO, COOBITHE MOKHO XapaKTepU30BaTh YETHIPHMS
YHUCcIaMM, WIM KoopauHatamu. BwiOop koopauHaT OyneT OmsTh MPOU3BOJIBHBIM: MOXKHO B3SIThb
ar00ble  TPU YETKO OIpeleieHHble KOOpAWUHAThl U JI0Oyro Mepy BpeMeHu. B Teopum
OTHOCUTEJIBHOCTH HET PEAJbHOTO pa3iuuus MeEXAy IPOCTPAHCTBEHHBIMU M BpPEMEHHBIMU
KOOpJIUHATaMM, KaK HET pa3iuuus MeXIy JBYMS JIIOOBIMH MPOCTPAHCTBEHHBIMH KOOpPAUHATAMH.
MOXHO IEepeldTH K HOBOM CHCTEME KOOPAMHAT, B KOTOPOM, CKaXkeM, IepBasi IIPOCTPAHCTBEHHAS
KoopauHata OyaeT KoMOHMHAIMed MepBoil M BTOPOM CTapbhlX HPOCTPAHCTBEHHBIX KOOPJIUHAT.
Hanpumep, BMecTo TOro 4roObl 3a/1aBaTh MOJOKEHHE TOYKH HA TMOBEPXHOCTH 3€MIIM, U3MEpPss B
KHJIOMETpaxX paccTOsHUE J0 Hee K CeBepy U K 3amany oT Iuiomanu [Mukagunmm, MoXHO ObLIO OBl
OTKJIaJpIBaTh pAcCTOSHUE OT TOW XKe Iomanu IIukaaumum, HO K CEBEpO-BOCTOKY U K
ceBepo-3anaay. AHAJOTUYHBIM 00pa3oM B TEOPUHM OTHOCUTEIBHOCTH MOXHO BBECTH HOBYIO
BPEMEHHYIO KOOpPJHMHATy, KOTOpas Oblia Obl paBHa CyMME CTaporo BpeMEHH (M3MEpEHHOIO B
CEKYHJIaX) U PacCTOSIHUS (B CBETOBBIX CEKYHJIax) K ceBepy oT [Tukamausmm.
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Puc. 22 Paccmosmme om Conwya, 000000000000 sems

YeTplpe KOOpPAMHATBHI KaKOro-aM0O0 COOBITHUS MOXHO paccMaTpUBaTh Kak KOOPJIUHATHI,
OTIPENICNIAIONINE TOJIOKEHHE DJTOTO COOBITUS B  YETHIPEXMEPHOM MPOCTPAHCTBE, KOTOPOE
Ha3bIBAETCSl TMPOCTPAHCTBOM-BpEeMEHEM. YeTblpexMepHOEe MPOCTPAHCTBO MpPEACTaBUTh cede
HEBO3MOXHO. JIMYHO s ¢ TpyAOM TmpeacTaBisio cebe naxke TpexmepHoe mpoctpancTBo! Ho
HETPYHO H300pakaTh rpaduuecku IByMEpHbIE MPOCTPAHCTBA, HAIIPUMEpP, MOBEPXHOCTh 3E€MIIH.
(IToBepxHOCTh 3emild JIByMEpHA, MOTOMY YTO IOJOKEHUE 000N TOUKM MOXKHO 3a/aTh JIByMs
KOOpAMHAaTaMU — MIMPOTOW M joarotoif). Ha nuarpammax, KOTOpbIMH s Oydy, Kak IpaBHIIO,
[0JIb30BAaThCA, OCh BPEMEHM HallpaBl€Ha BBEpPX, a OJHAa W3 MPOCTPAHCTBEHHBIX OCEH
rOpU30HTalIbHA. /IBa APYrHX MPOCTPAHCTBEHHBIX MU3MEPEHUs JINO0 OyIdyT OTCYTCTBOBATH, JIUOO XKe
OJTHO M3 HUX 51 OyAy WHOT/Ia n300pakaTh B nepcnekTuse. (Takue auarpaMmebl, Kak quarpaMma puc.
2.1, Ha3bIBAIOTCS MPOCTPAHCTBEHHO-BPEMEHHbIMM auarpamMMamu). Hampumep, Ha puc. 2.2 ock
BpEMEHH HarpapjieHa BBEPX U OTCUET Ha HEHl BeAeTcs B rojax, a pacctosiHue oT CosiHLa 0 3BE3/Ibl
anb(a LleHTaBpa OTJIOKEHO MO FTOPU3OHTANBHOM OocH U u3MepsieTcst B MUIsX. Tpaekropuu ConHua
u anbdbl LlenTaBpa, BO3HUKAIOMIKE NP X MMEPEMEIICHUN B TIPOCTPAHCTBE-BPEMEHH, ITOKA3aHbl HA
JMarpaMMe BePTUKaJIbHBIMU JIMHUAMU: T€pBasi — ClIeBa, a BTopas — crnpasa. Jlyu cBeta ot ConHua
pacrpocTpaHseTcs 1Mo JuaroHaind, 1 oH qoxoaut ot ConHna 1o anbdsl LlenTaBpa 3a ueTsipe roja.

Hipwad 7

TEKD RETCHLE N TMNE

—_— -
L

Ms1 Buaenu, 4to ypaBHEHHMsT MakcBeiuia INpeACKa3blBalOT IOCTOSHCTBO CKOPOCTH CBETa
HE3aBHUCHUMO OT CKOPOCTM HCTOYHMKA M O3TH MpEACKa3aHus MOATBEPKAAIOTCS TOYHBIMH
n3MepenussMu. OTcrojla CleyeT, YTO CBETOBOW MMIYJIbC, UCIYIIEHHBIM B HEKOTOPBIH MOMEHT
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BPEMEHHU U3 HEKOTOPOW TOYKH MPOCTPAHCTBA, C TEUEHUEM BpPEMEHHU OyNeT pacHpOCTPaHATHCS BO
BCE CTOPOHBI, MPEBpAILAsCh B CBETOBYIO cdepy, pasMepbl U TMOJ0KEHHE KOTOPOHW 3aBUCAT OT
CKOPOCTH HCTOYHMKA. Uepe3 0Hy MHJUIMOHHYIO JOJIIO CEKYHJBI CBET 0OpasyeT chepy paanycoM
300 MeTpoB; yepe3 ABE MUIUTMOHHBIC JOIH CEKYHABI paauyc cdepbl yBenuuutcs 10 600 MeTpoB u
T. A. Kaprtuna Oyner HamoMuHaTh BOJHBI Ma BOJAE, PAaCXOJSIIMECS MO MOBEPXHOCTU Mpyaa OT
OpOILIEHHOTO KaMHS. DTH BOJHBI PacXolsTCs, KaK KpyT, pacHIMpsoIuiicss co BpemeHeM. Ecnu
MIPE/ICTaBUTh ce€0€ TPEXMEPHYIO MOJEIb, ABa U3MEPEHUS KOTOPOM Ha MOBEPXHOCTHU MPYyJa, a OJAHO —
OCh BpPEMEHH, TO B TaKOH MOJENIN PACXOJAIIMICI MO BOAE Kpyr OyIeT «clieoM» KOHyca ¢
BEpIIMHOM, HAaXOJMBIICHCS B MOMEHT MaJeHUs KaMHS B TOW TOYKE HAa MOBEPXHOCTH IpyJa, B
KOTOpOM KaMeHb KOCHyJcs Boabl (puc. 2.3). TouyHO Tak ke CBET, PacHpOCTPaHssICh U3 HEKOETO
COOBITHSI B YETHIPEXMEPHOM IPOCTPAHCTBE-BPEMEHHU, 00pa3yeT B HEM TPEXMEPHBIH KOHYC. DTOT
KOHYC Ha3bIBaeTCs CBETOBBIM KOHYCOM OyAyIIEro JUisl JaHHOTO COOBITHS. MOXXHO HapucoBaTh U
JPYroi KOHYC, KOTOPbIN HAa3bIBAETCSl CBETOBBIM KOHYCOM MPOILJIOT0 M MPEJICTaBISIET MHOXKECTBO
COOBITH, U3 KOTOPBIX CBETOBOM MMITYJIbC MOKET IMONACTh B TOUKY, COOTBETCTBYIOILIYIO JTaHHOMY
coObITHIO (pHC. 2.4).

T
{umr e o

———

Pue. 2.4 Pue 2.5

CBeroBble KOHYChl HpOILIOro M Oyaymiero Juis JAaHHOro coObitust P pmemsr
MIPOCTPAHCTBO-BpeMs Ha TpH obnactu (puc. 2.5). AGcomoTHOe Oyayliee JaHHOTO COOBITHSI — 3TO
00J1aCTh, 3aKJIIOYEHHAs! BHYTPU CBETOBOI'O KOHyca Oyaymiero coOobITist P. DTO COBOKYNHOCTH BCeX
COOBITHUH, Ha KOTOpbIE B NMPHUHIUIE MOXKET MOBIUATH TO, YTO MpoucxXoauT B Touke P. CoObiTus,
JeKallue BHE CBETOBOIO KOHyca COOBITUS P, HENOCTMKUMBI JUI CUTHAJIOB, UAYIIUX U3 TOYKH P,
TaK KaK HUYTO HE MOKET ABUraThcs ObicTpee cBeTa. Clie10BaTeNbHO, HA HUX HUKAK HE CKa3blBaeTCs
npoucxojsiiee B Touke P. AbGcomoTHoe mpouuioe coObiTHe P IeXXUT BHYTpH CBETOBOIO KOHYCa
MPONIIOr0. DTO MHOXECTBO BCEX COOBITHH, CHTHAJIBI OT KOTOPBIX, PAaCHpPOCTPAHSIONIUECS CO
CKOpPOCTBIO CBETa MJIM C MEHbIIEH CKOpOCThIO, MOTYT momacTtb B Touky P. Takum oOpaszom, B
KOHYCE IIPOLUIOTO JIE)KUT MHOYKECTBO BCEX COOBITHM, KOTOPbIE MOTYT BJIMSTH HA COOBITUE B TOUKE
P. 3Has, 4yTO MPOUCXOAUT B KAKOH-TO MOMEHT BPEMEHHU BCIOJYy B TOW 00JacTH NMPOCTPAHCTBA,
KOTOpast OrpaHIYeHa CBETOBBIM KOHYCOM IIPOLIIOTO COOBITHA P, MOXHO TpeicKas3arb, 9YTo JOJKHO
npou3oitu B camoil Touke P. OGmacTh MpOCTpaHCTBA, HE JIEXKAIlyl0 BHYTPH CBETOBBIX KOHYCOB
npouuioro u Oyaymiero, Mbl OyJeM Ha3biBaTh BHEIIHEW. CoOOBITHS, MpUHAAJIEKAIINE BHEITHEH
o01acTH, HE MOTYT HU CaMH BJIMATH Ha cOObITHA B Touke P, HM OKa3zaTbCs MOJ BIUSHHEM
npoucxoamux B P co6prtuii. Eciiu, Hanpumep, CounHile npsiMo ceifuac BIPYT NEPEeCTaHET CBETHUTD,
TO B HACTOSIIIMII MOMEHT 3TO HUKAK HE MOBJIMAET Ha 3€MHYIO XH3Hb, TaK KaK Mbl BCe elle OyaeM
HaXOJUThCSI B 00JIACTH, BHEUTHEW HO OTHOLIEHHIO K TOM TOYKe, B KoTopoil CoiHIle MOTyXJIo (pHC.
2.6), a y3HaeM 000 BCeM JHIIb 4Y€pe3 BOCEMb MHUHYT — Bpems, 3a KoTtopoe cBeT oT CoiHua
nocturaer 3emid. TOJIBKO TOTJA MPOUCXOAIINE HAa 3emile COOBITHS MOMAIyT B CBETOBOW KOHYC
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Oynymiero Toil Touku, B KoTtopoi Comnie motyxio. [lo To#l ke mpuuMHEe MBI HE 3HAEM, YTO B
JAHHBIII MOMEHT MPOMCXOAUT AAJIEKO BO BceneHHOM: nomenmmii 1o HaC CBET NAJEKUX rajakTHUK
OBUT CIYIIICH MUJUTHOH JIET Ha3a/l, a CBET OT CAMOT0 JAJIEKOTro HaOIr01aeMoro 0OBeKTa mIes K HaM
8 ThICAY MWUIMOHOB JIET. DTO 3HAYUT, 4YTO, BCMAaTpHUBasChb BO BcelleHHyl0, Mbl BUIUM €€ B
MIPOILIJIOM.

Boguap mpu

Puc. 2.6

Ecnu npereOpeus rpaBUTAllMOHHBIMU Y dekTaMu, Kak 310 caenand B 1905 r. DitHmTedH u
[Iyankape, TO MBI mTpuIEeM K TaK Ha3blBAEMON CHEIUATBHOM (WM YaCTHON) TEOpHH
OTHOCUTENLHOCTH. J[s1 KaKIoro coOBITHS B TMPOCTPAHCTBE-BPEMEHH MBI MOXEM IOCTPOUTH
CBETOBON KOHYC (TIPEACTABJISIIONINI COOOW MHOMXECTBO BCEX BO3MOXKHBIX MYTEH, MO KOTOPBIM
pacipoCTpaHseTCsl CBET, UCIYIIEHHBIA B pacCMaTpPUBAeMON TOYKE), a MOCKOJIBKY CKOPOCTH CBETa
OJIMHAKOBA [JIsi JIIOOOTO COOBITHS W B JIFOOOM HaINpaBJICHUH, BCE CBETOBBIE KOHYCHI OYIyT
OJIMHAKOBBI U OPHUEHTUPOBAHBI B OJHOM HampaBjieHuH. KpoMe TOro, 3Ta TE€OpHsi TOBOPHUT HaM, YTO
HUYTO HE MOJKET JIBUTaTbCs OBICTpEE CBETa. DTO O3HAYAET, YTO TPAEKTOPHS JI0OOTO 00BEKTa BO
BpEMEHH U B IPOCTPAHCTBE JOHKHA MPEACTABISATHCS JIMHUEH, JICKAIeH BHYTPH CBETOBBIX KOHYCOB
JUTSL BCEX COOBITHI Ha Hel (puc. 2.7).

My,
§ P HYasd
L AnE MECCUE
| HOEO MR ;,y'f
T L

i

Hpesme

L

Al

Puc. 2.7

CrniennanbHasi TEOpUsI OTHOCUTENBHOCTH MO3BOJIMIIA OOBSICHUT IIOCTOSHCTBO CKOPOCTH CBETA
Ui Bcex HaOmrogartened (YCTaHOBJIGHHOE B ombiTe MaiikenbcoHa ¥ MoOpiau) M NpaBUIBHO
OIHCHIBANIA, YTO IPOUCXOAMT MIPU JIBUKEHUHU CO CKOPOCTSAMH, OJIM3KUMHU K CKOpocTu cBeTa. O1HaKo
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HOBasi TEOPHsI MPOTUBOPEUMIIA HHIOTOHOBCKON TEOPHM I'PABUTALIUU, COTJIACHO KOTOPOM OOBEKTHI
NPUTATUBAIOTCSA JAPYT K JPYry € CHJIOW, 3aBHUCSIEH OT paccTosiHUA Mexnay Humu. Ilocnennee
O3HaYaeT, 4TO, €CIM CABUHYTh OJUH M3 OOBEKTOB, CHJIA, NICHCTBYIOIIAs HA APYroi, M3MEHHUTCS
MI'HOBEHHO. VIHa4ye roBopsi, CKOPOCTb paclpoCTpaHEHHs IPABUTALIMOHHBIX () (HEKTOB T0JKHA OBITH
OECKOHEUHOW, a He paBHON (WM MEHbBIICH) CKOPOCTH CBETa, KaK TOro TpeboBaja Teopus
otHocuTenbHOCTH. C 1908 mo 1914 r. DHHIITEHH npeAnpuHsI psja Oe3yCHelIHbIX MHOIBITOK
MIOCTPOUTH TaKyI0 MOJENb I'paBUTALlMU, KOTOpas COIjacoBajlach Obl CO CIELHUAIbHON TeopHuel
otHocuTenbHOoCcTH. Hakonen B 1915 r. oH omyOinukoBall TeOpuio, KOTOpas ceifuac HasbIBaeTcs
o01eit Teoprueit OTHOCUTEIILHOCTH.

Puc. 2.8

Gombisoll i

OWHIITENH BbICKa3all MPEIIOJIOKEHNE PEBOJIIOLMOHHOIO XapakTepa: rpaBUTalMs — 3TO HE
oObIYHasl CHUJIa, a CJIEACTBHUE TOTO, YTO MPOCTPAHCTBO-BPEMsI HE SIBJISIETCS IUIOCKUM, KaK CUHUTAJIOCh
paHbIlle; OHO MCKPUBJIEHO PACIpENeICHHBIMU B HEM Maccol M aHeprueil. Takue Tena, kak 3emis,
BOBCE HE NPHHYXJIAIOTCS JBUTAThCSA MO MCKPUBJIEHHBIM OpOMTaM I'paBUTALMOHHOM CHUJION; OHHU
JBUXKYTCS IO JIMHUSAM, KOTOpbIE€ B HMCKPUBIEHHOM IPOCTPAHCTBE OO0Ji€€ BCETO COOTBETCTBYIOT
IpPSIMBIM B OOBIYHOM NPOCTPAHCTBE M HA3bIBAIOTCS I'e0Ae3MuecKUMHU. ['eoe3ndeckas — 3TO caMblit
KOPOTKMH (WM caMblil JUIMHHBINA) IyTh MEXIy JBYyMs COceIHUMH Todukamu. Hanpumep,
MIOBEPXHOCTh 3€MJIM €CTh HCKPHBIICHHOE ABYMEPHOE IPOCTpaHCTBO. I'eomesmueckas Ha 3emiie
Ha3bIBAETCsl OOJBIINM KPYTOM M SIBJISIETCA CaMbIM KOPOTKHM ITyTE€M MEXIy ABYMs TOUKaMH (pHC.
2.8). IlockonbKy camblii KOPOTKHH IMyTh MEXIY MABYMS adpolopTaMu — MO Te0Je3UYEeCKOM,
JUCIEeTYepbl BCEr/la 3aJaloT MUJI0TaM MMEHHO Takol MapuipyT. CornacHo oOumieil teopuu
OTHOCUTEJIBHOCTH, Te€la  BCErJa  IEpEeMElIaloTCs IO  MPsAMBIM B YETBIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHH, HO Mbl BUJIUM, UTO B HAILIEM TPEXMEPHOM MPOCTPAHCTBE OHU JABHXKYTCS IO
UCKpUBIEHHBIM TpaekTopusM. (ITonabmonaiite 3a camoneToM Haja XOJIMHUCTON MecTHOCThIO. Cam
OH JIETUT IO MPSIMOM B TPEXMEPHOM IPOCTPAHCTBE, a €r0 TEHb IMEpPEMEIaeTcs M0 KpUBOM Ha
JIBYMEPHOU MOBEPXHOCTH 3E€MJIH ).

Macca CoiHla Tak UCKPUBJISIET IPOCTPAHCTBO-BPEMS, UTO, XOTS 3eMJISL IBUKETCS 11O MPSIMON
B YETBIPEXMEPHOM IIPOCTPAHCTBE, MBI BHJIWM, YTO B HAlIEM TPEXMEPHOM IPOCTPAHCTBE OHA
JBIDKETCST 1O KpyroBod opOute. OpOUTHI MJaHET, MpeacKasbiBaeMble o0OIe Teopuen
OTHOCHUTEJIBHOCTH, IOYTH COBIANAIOT C IPEACKA3aHUSMU HBIOTOHOBCKOM TEOPUU TATOTCHHS.
Opnnako B cimydae Mepkypus, KOTOpbIH, Oyayun Ommxkaiinield k CONHILY TUIAHETOW, MCTIBITHIBACT
camMoe CWIbHOE JEWCTBUE I'paBUTAllMM M HUMEET JOBOJBHO BBITAHYTYIO OpOMTy, oOmias Teopus
OTHOCHUTEIIFHOCTH TPEJCKa3bIBAET, YTO OOJbIIAs OCh AJUIMICA JOJDKHA MOBOPAYUBATHCS BOKPYT
ConHila MpUMEpHO Ha OAMH Tpajyc B JIecsATh ThicAd jeT. HecMoTpst Ha ero mManocTh, 3TOT 3G ¢deKT
ObU1 3aMedeH eme A0 1915 r. u paccmaTpuBacs Kak OJHO U3 MOATBEPKACHUN Teopun DHHIITEHHA.
B nocnepHue roapl paguoNOKalMOHHBIM METOAOM OBUIM HM3MEPEHBI €Ile MEHbIINE OTKIOHEHHUs
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OpOUT IPYTUX IUIAHET OT TpeAckazanuii HpioToHa, U OHHM COTJIaCyIOTCS € MPEICKa3aHUsIMH OOIIeH
TEOPUHU OTHOCUTEIHHOCTH.
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Puc. 2.9 Jdesng

Jlyun cBera TOXE [IOJDKHBI CIIEJIOBaTh T€OJE3WYECKUM B TMPOCTPAHCTBE-BPEMEHHU.
HckpuBIEHHOCTh MPOCTPAHCTBA O3HAYAET, YTO CBET YXKE HE PACIPOCTPAHSETCS MPSMOJIMHEHHO.
Takum 00pazoMm, COrIacHO OOIIEH TEOPUU OTHOCUTEIILHOCTH, JIyd CBETa JIOJDKEH M3THOAThCS B
TPaBUTAIMOHHBIX TOJSAX, M, HAPUMEp, CBETOBbIE KOHYCHI TOUEK, Haxoxsmuxcs BOnu3u ComHila,
JOJDKHBI OBITh HEMHOTO Je()OPMUPOBAHBI MO JeiicTBHeM Macchl CoHIA. JTO 3HAYUT, YTO JIYU
CBEeTa OT JalieKoi 3Be3/bl, npoxoaaumil psaom ¢ ConHIeM, JOHKEH OTKIOHUTHCS Ha HEOONIbIION
yroj, U HaOJI0aTeNlb, HAXOMSAIIMICS Ha 3eMiie, YBUAWT 3Ty 3BE3Ay B JApyroil touke (puc. 2.9).
Koneuno, eciu Obl CBET OT JaHHOM 3Be3/bI Beeraa mpoxoaui psaoM ¢ ConHIleM, Mbl HE MOTJIU OBl
CKa3aTh, OTKJIOHSAETCS JIM JIy4 CBETa WJIM K€ 3Be3/la JCHCTBUTEIHHO HAXOIUTCS TaM, TJe MBI €€
BuauM. Ho BcrienctBue obOpaiieHus 3emiid Bce HOBBIE 3BE3/Ibl 3aXOMAT 32 COMHEUHBIA TUCK, U MX
CBET OTKIOHsETCA. B pe3ynpraTe MX BHAMMOE TOJIOKEHHE OTHOCHUTEIBHO OCTAJIBHBIX 3BE3]
MEHSIeTCSl.

B HOpManbHBIX YCIIOBUSAX 3TOT 3PQPEKT OYCHb TPYICH JUIsl HAOIIOJIEHUS, TaK KaK SPKUAN
COJTHEYHBIH CBET HE MO3BOJISIET BUJIETh 3BE3/1bI, HaxoasAuecs Ha HeOe psinom ¢ Comunem. Ho Takas
BO3MO>KHOCTH TIOSIBJISIETCSI BO BPEMsI COJTHEUHOT'O 3aTMEHHMs, Korja JIyHa mepeKkpbiBaeT COJIHEUHBII
ceeT. B 1915 r. HUKTO He cMoOr cpa3y NpOBEPUTH MPEACKA3aHHOE DUHIITEHHOM OTKJIOHEHHE CBETA,
notomy uto nuia IlepBas mupoBas BoitHa. Jlumb B 1919 1. anrnuiickas skcrnenunusi B 3anagHoi
Adpuke, HabmomaBIIas TaMm COJHEYHOE 3aTMEHHE, I[IOKas3ala, 4YTO CBET JCHCTBUTEIHHO
otkionsiercsi COJIHIIEM Tak, Kak W MpelcKa3biBaia Teopus. To, 4TO aHTJIMKACKUE YUEHBIC TOKa3aJIn
MPaBWIBHOCTh TEOPHH, POJUHOM KOTOpoil Obuta ['epMaHus, MPHUBETCTBOBAJOCH KaK €IIe OAHMH
BEIUKUN aKT TPUMHPEHHUS O0CHX CTpaH Tociie BOWHBL. HoO, XOTS 3TO BBITJIAIUT HPOHHYHO,
MIPOBEJICHHBIN TO3AHEee aHanu3 ¢Gororpaduil, MOTYYSHHBIX ITOW AKCIEAUINEH, MoKa3al OMIHOKH
M3MEpEHUS TOTO K€ MOPSIKA, 9TO U U3MepsieMblid 3pdext. Pesynprar aHrmyan ObUT JIMOO YUCTHIM
BE3CHHUEM, TUOO TeM HEpPEAKUM B HayKe CllydaeM, KOTJa MOJIY4yaloT TO, YTO XOTEIOCh MONYYHTh.
[IpaBna, orknonenne ceera CoNHIIEM OBLIO BIOCIEACTBUM TOYHO TMOATBEPXKICHO IEIBIM PSIOM
HaOJIIOJEHUA.

Eme omHO mpenckazanue oOMmIEH TEOpHH OTHOCHUTEIBHOCTH COCTOMT B TOM, YTO BOJIH3U
MAaCCHBHOIO Te€jla TUIA 3eMJIM BpeMs JOJHKHO TeUb MEJJIEHHEE. DTO CIEIYET U3 TOTO, YTO JOJIKHO
BBITIOJIHSITHCSI OTIPEICTICHHOE COOTHOIIICHUE MEX]y PHEprued CBeTa U €ro 4acTOTOM (T. C. YHCIOM
CBETOBBIX BOJIH B CEKyHAy): 4YeMm OoJbllle SHEprus, TeM BbIIIE dYacToTa. Ecnu cBer
pacrpocTpaHseTcs BBEpX B TPABUTALMOHHOM I0JI€ 3€MJIM, TO OH TEPSET SHEPTHIO0, a MOTOMY €To
4acToTa yMeHbaeTcs. (JTO O3HA4YaeT, YTO YBEIWYUBACTCS MHTEPBAJ BPEMEHH MEXIY T'PEOHIMHU
IBYX cocelHUX BOJIH). Habmomarenro, pacmoiokeHHOMY Ha OOJIBIION BBICOTE, TOJDKHO Ka3aThCs,
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YTO BHU3Y BCE MPOUCXOJUT MEJIEHHEee. DTO MpecKa3aHue ObLI0 MpoBEepeHo B 1962 r. ¢ mOMOIIBIO
JBYX OYEeHb TOYHBIX YacOB, PACIOJOKEHHBIX: OJHM HA CAMOM BEpXy BOJOHAMOPHON OaliHu, a
BTOpBIE — Y €€ TIOJHOXKbS.

Oxkazasioch, 4YTO HWKHUE Yachl, KOTOpbIe ObUIM ONivKe K 3emiie, B TOYHOM COOTBETCTBHH C
oOuieil Teopueil OTHOCUTENBHOCTH 1IJIM MeJIeHHee. Pa3HuIla B X0/1€ 4acoB Ha pa3HOM BBICOTE HAJl
MOBEPXHOCTHIO 3eMJIM Tpuodpena ceiyac OrpoMHOE TMPAKTHUYECKOE 3HAYCHHE B CBS3H C
MOSIBJICHUEM OYEHb TOYHBIX HABUTALMOHHBIX CHCTEM, pa0OTAIOLIMX HA CUTHAjaX CO CIIyTHHUKOB.
Ecniu ©He mnpuHuMaTh BO BHUMaHUE TMpelICKa3aHW oOOIIel Teopuu OTHOCUTEIBHOCTH, TO
KOOPAMHATHI OyIyT PACCYMTAHBI C OIMIMOKON B HECKOJIBKO KHJIOMETPOB!

3akoHbl ABMKEHHUA HbBIOTOHA MOKOHYMIM C aOCONIOTHBIM IOJIOKEHHEM B TPOCTPAHCTBE.
Teopus OTHOCUTENBHOCTH OCBOOOAMIIA HAC OT aOCOTIOTHOTO BpeMeHU. Bo3bMmeM mapy OMM3HEIOB.
[Ipeanonoxum, 4TO OJMH M3 HUX OTHPABUWICS XUTh HA BEPUIMHY TOpbL, a APYrol ocrajics Ha
ypoBHe Mopsi. Toraa nepselil cocTapuTcst ObICTpee, YeM BTOPOM, U IIO3TOMY IpU BCTpEUE OAUH U3
HUX OyZeT BBIVIANETH cTapiie Apyroro. IlpaBna, pa3nuiia B Bo3pacTe Obuta Obl COBCeM Mala, HO
OHA CWJIbHO yBEJIMYMJIACh Obl, €cli Obl OJUMH U3 OJM3HELOB OTIPABUIICS B JIOJIFO€ IMyTEIIECTBUE HA
KOCMUYECKOM Kopabie co CKOpOCThIO, OIM3KO0M K ckopocTu cBeTa. [1o Bo3BpallleHuH OH OKa3zaycs
OBl 3HAYUTEIHLHO MOJIOXKE CBOETO OpaTa, KOTOPBIA OCTaBajICs Ha 3emiie. JTO TaK Ha3bIBACMbIH
napasokc OJM3HEI0B, HO OH MapajJOKC JHIIb AJS TOTO, KTO B TNTyOWHE AYIIM BEPUT B aOCOMIOTHOE
Bpems. B o0mieil TeopuH OTHOCHUTEIFHOCTH HET €IUHOTO a0COJIOTHOTO BPEMEHHM; KaKIbIH
WHANBUAYYM HUMEET CBOMl COOCTBEHHBIM MacimiTad BpEMEHH, 3aBHCAIIUN OT TOro, TOAE STOT
WHIWBUIYYM HaXOAUTCS M KaK OH JBUKETCSI.

Jo 1915 r. mpocTpaHCTBO U BpeMsl BOCIIPUHUMAIUCH KaK HeKasl )KeCTKas apeHa sl COOBITUI,
Ha KOTOPYIO BCE IPOUCXO/SINEE Ha HEM HUKAK HE BIMSIET. Tak 00CTOSIIO JIE0 Jaxe B CIeUaIbHON
TEOPUH OTHOCUTEIBHOCTH. Tena ABUTalMCh, CHJIbI MPUTATUBAIM W OTTAJIKUBAIM, HO BpeMs M
MPOCTPAHCTBO IMPOCTO OCTABAIMCHh CAMHMHU CO0OH, MX 3TO He Kacaioch. M OBUIO ecTecTBEHHO
JyMaTh, 4TO MPOCTPAHCTBO U BpeMsi OECKOHEYHBI 1 BEUHBI.

B 001eii sxe TeoprH OTHOCUTEIBHOCTH CUTYaIUsl COBEPILIEHHO MHas. [IpocTpaHCcTBO U BpeMs
TEleph JUHAMUYECKHE BEIMYMHBL: KOTJa IBHUKETCS TEJIO WIM JEUCTBYET CHJIA, 3TO H3MEHSET
KpUBH3HY NPOCTPAHCTBA U BPEMEHH, & CTPYKTypa IIPOCTPAHCTBA-BPEMEHH B CBOIO OUEPENb BIMSIET
Ha TO, KaK JBHKYTCS TeJla U IEUCTBYIOT CUibl. IIpocTpaHCTBO M BpeMs HE TOJBKO BIUSIOT Ha BCE,
YTO NPOHUCXOAUT BO DBceneHHOW, HO W CcaMU U3MEHAIOTCA MOJ BIHMSHUEM BCEr0 B HEW
npoucxoasmiero. Kak 06e3 mpeacraBieHHl O NPOCTPAHCTBE M BPEMEHHM HENb3s TOBOPUTH O
coOBITHSIX BO BceneHHoW, Tak B 00IIEH TEOPUHM OTHOCHTEIBHOCTH CTaJO OECCMBICICHHBIM
TOBOPUTH O IPOCTPAHCTBE U BPEMEHH 3a peaeaaMu BeeneHHOM.

B nocnenyromue necATuineTuss HOBOMY NOHMMAaHMIO NPOCTPAHCTBA U BPEMEHU MPEACTOSIIO0
MIPOM3BECTH IMEPEBOPOT B HAIIMX B3MIsnax Ha BceenmeHHnyro. Crtapoe NMpeACTaBIEHUE O MOYTH HE
MeHstomeicss BeeneHHol, KoTopas, MOXKeT ObITh, BCErJa CyIIecTBOBajla U OyIeT CylIecTBOBATb
BEYHO, CMEHWJIOCh KApTUHOW JIMHAMUYECKOW, pacmupswouieiics BcenenHoil, KoTopas,
[I0-BUJIUMOMY, BO3HMKJIAa KOIZIa-TO B IPOIUIOM M, BO3MOYKHO, 3aKOHYHUT CBOE CYILECTBOBaHME
Korga-to B OyaymieM. DTa peBOJIONMs B HalleM CO3HaHUU (€ OyneT MOCBSIICHA CIEAyroIas
rJlaBa) SBWJIACh OTIPABHOW TOYKOH MOMX WCCIIEOBaHUM B TeopeTHueckoi ¢usuke. Mbl ¢
Pomxepom Ilenpoy3om mokazanu, 4TO, COTJIACHO OOIIEH TEOPHUH OTHOCHUTEIBHOCTH DWHINTEIHA,
Bcenennas 1oKHa UMETh HA4ajlo, @ MOXKET ObITh, U KOHEIL.

3. Pacwumpsowanca BceneHHas

Ecnu B sicHyto 0O€3/yHHYI0 HOYb ITOCMOTpPETh Ha HE0O, TO, CKOpee BCEro, CaMbIMH SPKHUMHU
00BEKTaMu, KOTOpBIE BBl yBUIUTE, OyAyT miuaHeTsl Benepa, Mapc, FOnutep u Carypn. Kpome Toro,
Bbl YBUAMTE OTPOMHOE KOJUYECTBO 3BE3J, NOX0XkHX Ha Haule CojHIe, HO HaXOIALIMXCS ropaszo
naneiie ot Hac. [Ipu oOpamenun 3emiin Bokpyr CoJHIIAZ HEKOTOPBIE U3 ATHUX «HETOIBMIKHBIX»
3BE3/l YyTh-4yTh MEHSIOT CBOE IOJIO)KEHUE OTHOCHUTENIBHO APYT Apyra, T. €. Ha CaMOM Jelie OHU
BOBCE HE HenoABWXHBI! JIes10 B TOM, 4YTO OHM HECKOJIBKO OJIKe K Ham, ueM apyrue. [Tockonbky xe
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3emis Bpamjaercss Bokpyr ConHia, OnM3Kue 3Be3[bI BUIHBI BCE BpPEMs B pa3HBIX TOYKax (hoHA
0oJjee yaaneHHbIX 3Be3/. biarogaps 5ToMy MOKHO HEMOCPEICTBEHHO U3MEPUTH PACCTOSHUE OT HAC
710 ATHX 3BE3]]: YeM OHH OJIKe, TeM CHIIbHEe 3aMeTHO MX mnepemernieHune. Camas Onm3kas 3Be3fa,
HasbiBaeMas [Ipokcumoii LleHTaBpa, HaXOAUTCA OT HAC HA PACCTOSHUU MPUOIU3UTEIHFHO YEThIPEX
CBETOBBIX JIET (T. €. CBET OT HEE MJET JO 3e€MJIM OKOJIO YEThIPEX JIET), WU OKOJIO 37 TPUIJIMOHOB
kunomeTpoB (37*1012). bonpmmHCTBO 3BE3/], BUAMMBIX HEBOOPY>KEHHBIM TJ1a30M, YJAJICHBI OT HAC
Ha HECKOJBKO COTEH CBETOBBIX JeT. CpaBHHTE 3TO C paccrosHueM 1o Hamero ComHila,
COCTaBIISIIOLINM BCEr0 BOCEMb CBETOBBIX MUHYT! BuanmMble 3Be3/bl pacchlliaHbl HO BCEMY HOUHOMY
HeOy, HO OCOOCHHO T'yCTO B TOH IOJIOCE, KOTOPYIO MBI Ha3biBaeM MiueunbiMm [Tytem. Eme B 1750 1.
HEKOTOpBIE aCTPOHOMBI BBICKA3bIBATM MBICIB, UTO CyllecTBoBaHHe Mieunoro [lyTu oObscHseTcs
TeM, 4TO OOJBIIas YacTh BHIMMBIX 3Be3]l 00pa3yeT OJHY AWCKOOOpa3HyI KOH(PHUTypaIHio —
MpUMep TOro, YTO celuac Ha3bIBae€TCs CIHMPANbHON TalakTHKOW. JIWIb Yepe3 HECKOJIBKO
JNECATHIICTAN acTpOHOM YWIbsAM [epmiens TOATBEPAWI JTO MPEANOIOKCHHUE, BBIOJHUAB
KOJIOCCaTbHYI0 pabOTy HO COCTaBJICHHIO KaTajora MOJIO)KEHHWH OrpOMHOIO KOJIUYECTBa 3BE3] U
paccrosiHuit 10 HuX. Ho maxke mocie 3Toro mpeacTaBieHHUE O CHUPATBHBIX TrajakTUKax ObLIO
MIPUHSITO BCEMU JIMIIH B HAYAJIEe HAIIETO BEKa.

CoBpeMenHasi kapTuHa BceneHHol BoO3HUKIA TOJIBKO B 1924 r., Korjma amMepHKaHCKHUI
acTpoHoM OnBuH Xa0O0m mokasan, 4Tto Hama [amakThka He eAMHCTBEeHHas. Ha camom nerne
CYIMIECTBYeT MHOTO JAPYTHX TaJaKTUK, pPa3felieHHBIX OrPOMHBIMH OOJIACTSAMU  ITyCTOTO
npoctpancTBa. Jlns gokazatenbctBa XaO0imy TpeOOBalIOCh OMPENENIUTh PACCTOSHUS A0 STUX
TJIaKTHK, KOTOPBIE HACTOJBKO BEJIHKH, YTO, B OTIUYHE OT IMOJIOKCHUN OJM3KUX 3BE3JI, BHIUMBIC
MOJIOKEHUS TallaKTUK JCHCTBUTENHHO HE MeHsIOTCs. [loaTomy /s u3mepeHus paccrossHuii Xad0m
OBUT BBIHYXJICH NMPUOETHYTh K KOCBEHHBIM METOAAaM. BuamMas sIpKOCTh 3BE37bI 3aBUCHT OT JBYX
(hakTOpOB: OT TOr0, KAaKOE KOJIMYECTBO CBETA M3IIy4aeT 3Be3/a (€€ CBETUMOCTH), M OT TOT0, 1€ OHA
HaxouTcsl. SIpPKOCTh OMM3KHUX 3BE3J U PACCTOSIHHE O HUX MBI MOXXEM H3MEPHUTh; CJICIOBATEILHO,
MBIl MOKEM BBIUHCIHTh M HMX CBETUMOCTb. M HaoOOpOT, 3Has CBETUMOCTh 3BE3]l B JIPYTHX
raJIakKTUKaX, Mbl MOTJIH ObI BEIYUCIIUTH PACCTOSIHUE IO HUX, U3MEPHUB UX BUIAUMYIO SIPKOCTh. Xa0b0
3aMETUJI, YTO CBETMMOCTh HEKOTOPBIX THUIIOB 3BE3J BCEI/la OJIHA M Ta K€, KOIJla OHU HaXOAsSTCs
JOCTATOYHO OJIM3KO I TOTO, YTOOBI MOXXHO OBLIO MPOU3BOAUTH M3MepeHus. ClenoBaTenbHO,
paccyxaan Xa00, eciii Takue 3Be3/1bl 0OHAPY’KATCS B IPYrOl rajlakTHKE, TO, IPEINOI0KUB Y HUX
TaKyIO )K€ CBETUMOCTh, MBI CYMEEM BBIUHCIIUTH PACCTOSIHUE JO ATOW rajakThku. Eciu momoOHbIe
pacyeThl s HECKOJIbKMX 3Be37] OJHOW M TOM ’K€ TajJlaKTUKH NaayT OJMH U TOT XK€ Pe3yJbTar, TO
MOJTyYCHHYIO OLIEHKY PACCTOSIHHSI MOXHO CYMTATh HAICKHOM.
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Takum nmytem Xab01 paccuuTal pacCTOSIHUS 10 JEBATH Pa3HbIX ralakTHK. Tenepb U3BECTHO,
4yTO Hama ['ajakTuka — oJlHa U3 HECKOJbKUX COTEH THICSY MIJITHOHOB TaJaKTUK, KOTOPBIE MOXHO
Ha0JII0/1aTh B COBPEMEHHBIE TEJIECKONbl, a KaX/Jas U3 3TUX TaJaKTUK B CBOIO OYEpPEIb COAEPIKUT
COTHU ThICSIY MUJUIMOHOB 3Be3l. Ha pwuc. 3.1 mokaszaHo, kakoil yBuaen Obl Hamry [amakTuky
Ha0Jto1aTeNb, KUBYIIUNA B KakoM-HUOYIb npyroi rajaktuke. Hama ["anakTuka nMeeT okojo cta
THICSIY CBETOBBIX JIET B momnepedyHnke. OHAa MEIJICHHO BpallaeTcs, a 3Be3[bl B €€ CIHPAIbHBIX
pyKaBax Ka)K[pleé HECKOJBKO COTEH MUJUIMOHOB JIET JENAI0T MPUMEPHO OJUH O0OpPOT BOKPYT €€
nentpa. Hame Connie mnpencraBisieT coOoi OOBIUHYIO JKENTYIO 3BE3y CpEeAHEW BeJIHYWHBI,
pAacMoJIOKEHHYIO HA BHYTPEHHEW CTOPOHE OJHOTO M3 CHOUPAIbHBIX pyKaBoB. Kakoil k€ OrpOMHBII
MyTh MBI TponLIu oT Apucrortens u [Itonemes, korna 3emis cunTanach HeHTpoM BeeneHHoid!

3Be3/bl HAXOAATCS TaK JAJIEKO OT HAC, YTO KaXKyTCsl MMPOCTO CBETSALIMMUCS TOUYKaMu B HeOe.
Mp1 He pa3nuyaeM HH UX pa3MepoB, HU GopMbl. Kak ke MOKHO TOBOPHUTH O Pa3HBIX TUMAX 3Be31a?
Jia mojaBistoniero OOJBIIMHCTBA 3BE3Jl CYHIECTBYET TOJIBKO OJHO XapaKTEpPHOE CBOMCTBO,
KOTOpO€ MOKHO HaOII0JaTh — 3TO LBET HIYIIETO0 OT HUX cBeTa. HhIOTOH OTKpBLI, YTO, MPOXOS
yepe3 TPEeXTpaHHbId KyCOK CTEKJIA, Ha3bIBAEMBIM MPU3MOM, COJIHEUHBIM CBET pa3jiaraercs, KaKk B
paayre, Ha IBETOBbIe KOMIIOHEHTHI (cmekTp). HacTpouB Tenmeckon Ha Kakylo-HHUOYAb OTIEIHHYIO
3BE3y WM TaJaKTHKY, MOXHO aHAJOTUYHBIM 00pa3oM pa3jokUTh B CIIEKTP CBET, UCITyCKAaEMBbIi
9TOW 3BE3MI0M WM TaJakTUKOM. PasHble 3Be37pl MMEIOT pa3HbIE CIEKTPhl, HO OTHOCUTEIbHAS
SPKOCTh Ppa3HbIX LIBETOB BCErjJa B TOYHOCTH Takas »e€, Kak B CBETE, KOTOPbIM H3Iy4yaeT
KaKoW-HUOYb pacKaleHHbIM JokpacHa mpenmeT. (CBeT, M3MydaeMblil pacKaJeHHBIM JIOKpacHa
HENpPO3payHbIM MPEIMETOM, HMEET OYEHb XapaKTEpHbI CHEKTp, 3aBUCSIIUNA TOJBKO OT
TEMIEpaTypbl TpeaMeTa — TemioBod crekTp. [losToMy MBI MOXXKEeM OMpeNelnuTh TeMIepaTypy
3BE3/Ibl IO CHEKTPY M3Iy4yaemoro ero cBeta). Kpome Toro, Mbl 00HapyXHM, YTO HEKOTOPHIE OYEHb
cnerguUecKre 1BeTa BOOOIIe OTCYTCTBYIOT B CIIEKTpax 3Be3[l, MPUYEM OTCYTCTBYIOIIHE IIBETa
pasHble [uid pa3HbIX 3Be3[. [1oCKONbKY, KaK Mbl 3HA€M, KaKJbli XUMUYECKUN 3JIEMEHT MOTJIOIAET
CBOM OmNpeeNeHHbII Ha0op XapaKTEpHBIX ILIBETOB, MBI MOXXEM CpPaBHUTh UX C TEMH IIBETaMHU,
KOTOPBIX HET B CIEKTPE 3BE3/bl, U TaKUM 00pa3oM TOYHO ONpPEICTUTb, KaKUe 3JIEMEHTHI
MIPUCYTCTBYIOT B €€ aTMocdepe.

B 20-x romax, korza acTpOHOMBI Haydajau UCCIIEJOBAaHHE CIEKTPOB 3BE3] JPYTUX TajaKTHUK,
00HapyXWJIOCh HEYTO eIie 0ojee CTpaHHOE: B Hallel COOCTBEHHOHM [ajmakTHWKe OKa3alucCh TE JKE
caMmble XapakTepHble HAOOPbI OTCYTCTBYIOIIMX IIBETOB, YTO M Y 3B€3[, HO BCE OHU ObUIN CABUHYTHI
Ha OJHY U Ty JX€ BEJIMYMHY K KpPaCHOMY KOHIly creKkTpa. UToObl MOHATH CMBICI CKa3aHHOTO,
ciemyeT cHauyana pa3zoOparecs ¢ 3ddexkrom lomnepa. Kak Mbl yxe 3HaeM, BUIUMBIA CBET — 3TO
KojeOaHus, WIM BOJHBI AJIEKTPOMArHuTHOro mojs. Yactora (YMCIO BOJIH B OJHY CEKYHIY)
CBETOBBIX KOJI€OaHUN YPE3BBIYAWHO BBICOKA — OT YETHIPEXCOT J0 CEMHUCOT MIJIJITMOHOB MHJUIMOHOB
BOJIH B CeKyHAy. YenoBeueckuil Trja3 BOCHPUHUMAET CBET Pa3HBIX YacCTOT KaK pa3Hble IIBETa,
IIPUYEM CaMbl€ HU3KUE YACTOThl COOTBETCTBYIOT KPAaCHOMY KOHILY CIEKTpa, a CaMble BBICOKHE —
¢uoneroBomy. IlpeacraBum ceGe WCTOYHHMK CBETA, PACIIOJIOKEHHBIM Ha (UKCUPOBAHHOM
paccTOsHUM OT Hac (HapuMep, 3BE3AY), U3JIyHarOMUi ¢ IOCTOSIHHON 4acTOTON CBETOBBIE BOJIHBI.
O4eBHIHO, YTO YACTOTA MPUXOJSALINX BOJH OyJET TakoH e, Kak Ta, C KOTOPOH OHU H3Iy4YaroTCs
(mMycTp TIpaBUTALMOHHOE II0JIE TAJAKTHUKUM HEBEIMKO M €ro BIMSIHHME HECYIIECTBEHHO).
[Ipennonoxum Tenepb, YTO MCTOUHHWK HAYMHAET JIBUraThCsl B Hally CTOpoHy. llpu mcmyckanun
CJICAYIOUICH BOJIHBI HCTOYHHUK OKa)KeTCs OJKE K HaM, a IOTOMY BpeMsl, 3a KOTOpoe IpedeHb 3Ton
BOJIHBI JI0 Hac JoWaeT, OyJeT MEHblIe, YUeM B cllyyae HENmoJBHMKHOW 3Be3Nbl. CTano ObITh, BpeMs
MEXIy TPEOHSIMH JIBYX MPUIICIIINX BOJH OyJET MEHbINE, a YUCIO BOJH, MTPUHUMAEMbIX HAMHU 32
OJIHY CEeKyHIy (T. €. yacToTa), Oymet OoJiblie, YeM KOr/1a 3Be3/1a Oblia HenoaBrokHA. [Ipu yaanennn
e HMCTOYHMKA 4YacTOTa MNPUXOMAUIMX BOJH OyJIeT MeHbIIe. OTO O03HA4aeT, 4YTO CIEKTPHI
yAansSoumxces 3Be3n OyIyT CIABHMHYTHI K KpacHOMY KOHIy (KpacHO€ CMEIEHHUE), a CIEKTPHI
NPUOIMKAIOIIUXCS 3B€3]] JOJDKHBI HCIBITHIBATh (DHOJETOBOE CMEIICHHE. Takoe COOTHOILICHHE
MEXIy CKOPOCTBIO M 4acTOTOW HasbiBaeTcs dddexrom Jomiepa, u 3T0T 3hPexT oObueH naxe B
Hallled MOBCEIHEBHOU ku3HU. [Ipuciymaiitech kK TOMy, Kak MAET IO II0CCE MallMHA: KOrja OHa
puOIIKaeTcs, 3ByK JIBUraTelis BbIIE (T. €. BBILIE YaCTOTA MCITyCKAEMBbIX UM 3BYKOBBIX BOJIH), a
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Korja, MpoexaB MHUMO, MallliHA HAYMHACT YAAJISATHCS, 3BYK CTAHOBUTCSA HUKE. CBETOBBIEC BOJIHBI U
pPaAMOBOJIHBI BeIyT ce0si aHamoru4HbIM o0pazoM. Oddexkrom Jlomiepa monb3yercs MOTUIUS,
ompeeNsis n31alieka CKOPOCTh ABMKEHHUSI aBTOMAIIIMH 10 YaCTOTE PAJMOCUTHAIOB, OTPAKAIOIINXCS
oT HuX. /loka3aB, YTO CyIIECTBYIOT ApYTue rajJlakTUKH, Xa00i Bce MOCIeqyoNue roJsl MOCBATHII
COCTaBJICHHUIO KaTaJOroOB PACCTOSIHUN J0 3THX TaJIAKTHK M HAOJIIOJEHUIO UX CIIEKTPOB. B To Bpems
OOJIBIIMHCTBO YYCHBIX CYHUTANHU, YTO ABM)KCHHE TallaKTUK IMPOUCXOIUT CIy4dailHBIM o0Opa3oM u
MOATOMY CTIEKTPOB, CMEIIEHHBIX B KPAaCHYIO CTOPOHY, OJDKHO HAaOIIOJATHCS CTOIBKO )K€, CKOJIBKO
U CMeIIeHHBIX B (hroneroByro. KakoBo ke ObUIO yauBJIeHHE, KOTJa y OOJNbIICH YacTH TajJakTUK
00OHapyXWJIOCh KpaCHOE CMEIIEHHWE CIEKTPOB, T. €. OKa3ajloCh, YTO IOYTH BCE TAJIAKTUKU
ynanstorest ot Hac! Eme O6onee yauBUTEIbHBIM OBLJIO OTKPBITHE, OMyOIrKoBaHHOE Xab010M B 1929
r.. Xab0ys OoOHapyXwi, 4TO Jake BEIUYHMHA KPACHOTO CMEIICHUS HE clydaiiHa, a MpsMo
MPONOPLUMOHAIbHA PACCTOSAHHUIO OT HAC JI0 TAJIAKTUKU. MIHBIMM CIIOBaMH, 4eM AaJibllleé HAXOAUTCS
rajJjlakTuka, TeM ObicTpee oHa ypamsercs! A 3To o3Hayano, uyro BceneHHas HE MOXET OBITh
CTaTUYECKOM, KaK JyMaju paHblIe, YTO HA CAMOM JeJIe OHAa HENPEPbIBHO pacUIUpsieTcsl U
pPACCTOSTHUSI MEXK/y TaJlaKTUKaMHU BCE BpEMs PacTyT.

OtkpeiTe pacmmpsitolieiicss BceneHHoil ObUIO OJHUM W3 BEIMKUX HWHTEIJIEKTYalbHBIX
MEePEBOPOTOB JIBA/IIIATOTO BEKA. 3aJTHUM YHMCIOM MBI MOXEM JIUIIb YAUBISATHCA TOMY, YTO 3Ta UACS
HE MpUIILIa HUKOMY B TOJIOBY paHblie. HpI0TOH U Apyrue y4deHble JOJDKHBI ObLITH ObI COOOPA3HTh,
9TO cTaTU4eckas BceleHHas BCKOpe 00s3aTeIbHO Havajla OBl CXKUMAThCS TIOJ JCHCTBHEM
rpaButaiiuu. Ho nmpeamnonoxum, uto Beenennas, Hao00poT, pacmmpsieTcs. Ecnu Obl pacimiupenue
MPOUCXOAMIO JOCTATOYHO MEIJIEHHO, TO TOJ JCMCTBHEM TPABUTALIMOHHON CHJIBI OHO B KOHIIC
KOHIIOB NpPeKpaTWiochk Obl U mepenuio B cxkartue. OmHako ecnu Obl CKOPOCTh PaCIIMPEHUS
MPEBBIIIAIa HEKOTOPOE KPUTHUECKOE 3HAYCHHE, TO TPABUTAIIMOHHOTO B3aUMOJICUCTBUSI HE XBATHIIO
Obl, 4yTOOBI OCTAHOBUTH pacCIIUpPEHHE, U OHO MPOAOJIKaIoCch Obl BeuHO. Bce 3T0 HeMHOTrO
HarlOMUHAET CUTYAIlMI0, BO3HUKAIOIIYI0, KOTJa C TMMOBEPXHOCTH 3€MJIM 3aIyCKalOT BBEPX PaAKETY.
Ecau ckopocTh pakeTbl HE OUeHb BEIMKA, TO U3-3a TPAaBUTALIUUA OHA B KOHIIE KOHIIOB OCTAHOBUTCS U
Ha4yHeT majaath oOpartHo. Ecim ke CKOpOCTh pakeThl OONbIlIe HEKOTOPOH KPUTHYECKOUW (OKOJIO
OJIMHHA/LATHA KUJIOMETPOB B CEKYHAY), TO TPaBUTAI[MOHHAs CUJIa HE CMOXET €€ BEpHYTh, U paKeTa
OyZIeT BEYHO MPOJOJKATh CBOE NBIDKEHHE OT 3emnn. Pacmmpenue BceeneHHoil Morio ObITh
MpeJICKa3aHO Ha OCHOBE HbIOTOHOBCKOWM Teopuu TsaroteHus B XIX, XVIII u naxe B xonue XVII
Beka. OJIHAKO Bepa B CTAaTUYECKYI0 BceneHHyIo Oblia CTONh BEJIHMKA, YTO KHJIA B yMax eIle B
Hayaje Hamero Beka. Jlake OWHmTeHH, paspabateiBas B 1915 1. o0myro Teopuro
OTHOCHUTEIILHOCTH, OBLIT YBEpEH B CTaTUYHOCTH BceneHHoi. UToOBI HEe BCTYMaTh B MPOTHBOPEUHE
CO CTaTUYHOCTHIO, OUHITEHH MOIU(UIIMPOBAT CBOI TEOPHIO, BBEIS B YPaBHCHHUS TakK
Ha3bIBAEMYI0 KOCMOJIOTHYECKYIO0 MOCTOSHHYI0. OH BBEJI HOBYIO «aHTUTPABUTALMOHHYIO» CHITY,
KOTOpasi B OTJIMYKE OT APYTUX CHJI HE MOPOXKAAIACh KaKUM-JINOO0 HCTOYHUKOM, a Obljla 3aJI0’KEHa B
caMy CTPYKTYpy MPOCTPaHCTBa-BpEMEHU. DUHIITEHH yTBEp:KAall, YTO MPOCTPAHCTBO-BPEMSI CaMo
1o ce0e Bcerja pacuMpsercs U 3TUM PaclIMPeHHEM TOYHO YPaBHOBEIIMBAETCS MPUTSIKEHHE BCE
OCTAJILHOM MaTepuu BO BCelleHHOH, Tak 4TO B pe3ysbTrare BeeraeHHas OKa3bIBacTCsl CTaTUYECKOM.
[To-BunuMoOMy, JUIIb OAMH YEJIOBEK MOJIHOCTHIO MOBEPUS B OOIIYI0 TEOPHUIO OTHOCUTEIHbHOCTHU:
noka DWHIUTEHH M Apyrue (U3MKWA TyMaidd HaJ TeM, Kak OOOHTH HecTaTHYHOCTh BceneHHOi,
MpeACKa3bIBAEMYI0 ATOM Teopuer, pycckuii ¢u3mk m Marematuk A. A. ®puaman, Ha00OpOT,
3aHSIICS €€ OOBSICHCHHUEM.

®puamal clenan JBa OYEHb IMPOCTBIX MCXOJHBIX MPEANONOKEHHS: BO-NIEPBbIX, BceneHHas
BBITJISIIUT OJIMHAKOBO, B KakoM OBl HAmpaBlICHWW Mbl €€ HHU HaOJIOJajdd, U BO-BTOPBIX, ITO
YTBEPKACHHUE JIOJDKHO OCTaBaThCS CIIPABEAJIUBBIM M B TOM Ciy4ae, eciid Obl Mbl MPOU3BOJIUIH
HAOMIOACHUST M3 KakKoro-HuOyap Jpyroro wmecra. He mpuberas HM K KakuM  JIpyruM
npeanooxeHusmM, @puaMan mokasai, uro Beenennas He moipkHa ObITh cTatrdeckoit. B 1922 r., 3a
HECKOJIBKO JIET /IO OTKPBITUS Xa00ma, @punMaH B TOUHOCTH MPEICKA3all €ro pe3yabTar!

[Ipeanonoxxenre 00 OaMHAKOBOCTH BceneHHONW BO BceX HaIpaBiICHUSX Ha CaMOM Jielie,
KOHEUYHO, He BbInonHseTcss. Kak Mbl, Hanpumep, yKe 3HaeMm, Apyrue 3Be3[bl B Hailel ['amaktuke
00pa3yroT YeTKO BBIICISIONIYIOCS CBETIIYIO IOJIOCY, KOTOpash MAET MO BceMy HeOy HOYBbI0 —
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Mueunsiii [Iyts. Ho eciii roBOpUTh O JAJIEKHUX rajakTHUKAaX, TO MX YHCIO BO BCEX HANPAaBJICHUSX
puMepHO ojuHaKoBo. CrnenoBatenbHO, BceneHHas NEHCTBUTENBHO «IIPUMEPHO» OAMHAKOBA BO
BCEX HANpABJICHUSAX — MPH HAONIOJCHUM B MacmTade, OOJBIIOM IO CPAaBHEHUIO C PACCTOSHHEM
MEX/1y TaJaKTUKaMH, KOTJIa OTOPaChIBAIOTCS MEIKOMACIITa0HbIEe Pa3IHyusl.

Jonroe Bpemst 3T0 OBIJIO €IMHCTBEHHBIM 00OCHOBAaHUEM THIOTE3bI PprMaHa Kak «Ipy0ooro
npuOMKeHus K peanbHol Bceenennoit. Ho morom mo Hekoeil cimydyallHOCTH BBISICHHIIOCH, UTO
runore3a @puaMaHa U B CaMOM JI€JI€ 1aeT yAUBUTEIBHO TOYHOE ONIMCaHNe Hanlel BeeneHHoi.

B 1965 r. nBa amepukanckux ¢usuka, ApHo Ilensuac u Pobept Bunbcon, paboraBimx Ha
¢upme Bell Laboratories B 1mr. Hplo-J[)epcu, WCHBITHIBAIM OYEHb YYBCTBUTEIBHBIN
«MHKPOBOJIHOBBII», T. €. cBepxBbicokouacToTHbIN (CBY), nerexkrop. (MUKPOBOIHBI — 3TO TO XK€,
YTO U CBETOBBIE BOJHBI, HO MX YacTOTa BCETO JIMILIb JECATh THICSAY MWIJIMOHOB BOJH B CEKYHIY).
[len3nac u BunbCoH 3aMeTHIIN, UTO YPOBEHb LIyMa, PETUCTPUPYEMOIO X JAETEKTOPOM, BBILIE, YEM
JOJDKHO OBbITh. DTOT UIyM HE OBLI HANpaBiICHHBIM, MPUXOASIIMM C KAaKOW-TO ONpeesIeHHOU
ctoponbl. CHayana Ha3BaHHBIE HCCIIEIOBATETM OOHAPYXKWIM B JETEKTOpEe NTHYUN TMOMET U
MBITATACE OOBSICHUTH 3(P(EKT APyrumMHu NpHUUYMHAMH TOJOOHOTO pOja, HO TIOTOM BCE TaKHe
«paxTopsD» ObLTH UCKItOUeHBl. OHM 3HAIH, YTO OO0 LIyM, MPUXOIAIIMMA U3 aTMOCcdEpbl, BCeraa
CWJIbHEE HE TOrJa, KOrja JETEKTOp HaIpaBJIEH NMPSMO BBEPX, a KOTJIa OH HAKJIOHEH, MOTOMY YTO
Jy4d CBETa, WAYIIME H3-32 TOPH30HTA, MPOXOIAT dYepe3 3HAUMTEIbHO Oo0Jiee TOJICTHIE CIIOH
aTMocQepsbl, 4YeM JIy4H, MMOMAaJaloIne B IETEKTOp NMPSIMO CBepXy. «JIMIIHMIT» ke IIyM OJIMHAKOB,
Kyqa Obl HM HampaBisaTh AeTekTop. CreaoBareiabHO, UCTOYHUK IIyMa JOJKEH HaXOIUTHCS 3a
npenenamu atMocgepsl. Lllym ObUT OMMHAKOBBEIM M JIHEM, W HOYBIO, M BOOOINE B TEYECHHE Troja,
HECMOTpPS Ha TO 4TO 3eMJIsl BPALIAETCs BOKPYI CBOEH OCH M MPOJOJIKAET CBOE BPAILEHUE BOKPYT
ConHua. 910 03Hay4asI0, YTO UCTOYHUK M3ITYUYEHHs] HaxoauTcs 3a npeneiaamu COTHEUHON CUCTEMBI
U Jaxe 3a npeaenamu Hameil ["anaktuku, n60 B MPOTHBHOM Clly4ae MHTCHCUBHOCTH HM3IYYCHHUS
M3MEHSUIach OBbI, TIOCKOJIBKY B CBSI3M C JIBIKCHHEM 3€MIIM JIETEKTOP MEHSIET CBOIO OPHEHTAIHIO.
Kak mMbI 3HaeM, 1Mo MyTH K HaM U3JIy4eHHE MPOXOTUT MOYTH Yepe3 BCIo HabmonaeMyto BeeneHHyto.
Kosb ckopo e 0HO 0AMHAKOBO BO BCEX HAIIpaBJICHHUSX, TO, 3HAUUT, U caMa BceneHHas onMHaKkoBa
BO BCEX HAmMpaBIICHUSX, IO KpailHEW Mepe B KpymHOM MacmTtabe. Termephr HaM H3BECTHO, 4YTO, B
KaKoM Obl HaIlIpaBJICHUH Mbl HU TIPOU3BOIMIN HAOIIOIECHHS, STOT IIyM U3MEHSETCS He OO0JIblIIe, YeM
Ha OAHY JecATUThICAYHYy10. Tak Ilen3nac u BunbcoH, HU4Ero He mMoao3peBasi, AW YAUBUTEIBHO
TOYHOE MOATBEPAKACHNE NIEPBOTIO MPEAIO0I0KEeHNsT Ppuamana.

[TpuOan3uTENILHO B 3TO K€ BpeMs JBa aMEPUKAHCKUX (U3MKa U3 PACIOJIOKEHHOTO I10
cocenctBy IlpuHcroHCKOrO yHUBepcutera, boO Jlukke u J[xum [Iubmnc, Toxke 3aHUMAIUCH
ncciaeoBaHUEM MUKpOBOJIH. OHU TpoBepsuid mpenrnonoxenue Jlxopmka ['amoBa (ObIBIIETO
yueHnka A. A. ®puamana) o ToMm, yTo paHHssI BceneHHas Obuta OoueHb TOpsSYEH, MIIOTHOH U
packaneHHoi nobena. Jlukke u [IuGnc BbICKa3anu Ty MBICIb, YTO MBI MOXEM BHJETh CBEUCHHE
panHeii BcenenHolt, 100 cBeT, HCITYIICHHBIN OYEHb JaIEKUMH €€ 001acTsIMH, MOT OBl IOMTH 710 HaC
ToibKO certyac. Ho u3-3a pacmmpenust BeeneHHoM KpacHOE CMEIIEHUE CBETOBOIO CIIEKTpa JOJKHO
OBITh TaK BEJHKO, YTO JOLICAIINI 10 Hac CBET OyAeT yke MUKpoBOJHOBBIM (CBY) nznyueHuem.
Jukke u [Inbsc TOTOBUIUCH K TOMCKY TaKOTO W3NydeHwus, korna Ilensnac u BuibcoH, y3HaB 0
pabote Jlukke u [Tubnca, cooOpa3uiam, 4To OHU €ro yXe HalUIM. 3a 3TOT dKcnepuMenT llensuac u
Bunbcon Obumn yaoctoensl HobGeneBckoit mpemuun 1978 1. (4TO0 OBUIO HE COBCEM CIPaBEIJIMBO,
ecyu BcrioMHUTH 0 Jlukke u [Tubnce, He roBops yxke o ['amose!).

[IpaBna, Ha miepBbIi B3MIsAA, TOT (PakT, uTo BceneHHas KakeTcs HaM OJIMHAKOBOM BO BCEX
HaIpaBJICHUSAX, MOXKET TOBOPUTh O KAaKOH-TO BBIJEIEHHOCTH HAIIEr0 MECTOIOJOXKEHUS BO
Bcenennoii. B wactHOCTH, pa3 Mbl BUOUM, YTO BCE OCTaJbHbIE TIIAKTUKHA YAAIAIOTCS OT Hac,
3HAYUT, MBI HaxoauMcsi B nieHTpe Bceenennoit. Ho ecth u apyroe oOwsicHeHue: Bceenennas Oyaer
BBIIVISIETh OJMHAKOBO BO BCEX HANPABICHHUSAX W B TOM Cly4ae, €Clid CMOTPEThb Ha HEE W3
KaKOH-HUOYIb JPyroM rajakTHKH. DTO, KaK MBI 3HaeM, BTopas rumore3a ®punmana. Y Hac HeT
Hay4HbIX JOBOJOB HU 3a, HU MPOTUB 3TOT0 NPEAINOIOKEHNS, U Mbl IIPUHSIN €0, TaK CKa3aTbh, U3
CKPOMHOCTH: ObUIO OBl KpaiiHe cTpaHHO, ecinu Obl BceneHHas ka3aiach OJMHAaKOBOM BO BCEX
HaIpaBJIEHUSAX TOJIBKO BOKPYT HAC, a B IPYTUX €€ TouKax 3Toro He 0bu10! B Monenu ®@puamana Bce
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TaJIaKTUKK yIAJSIOTCS IPYT OT Apyra. To BpoJe Obl Kak HaJyThli IIapHK, HA KOTOPbI HaHECEHBI
TOYKH, €CIM €ero Bce OoJblle HaayBaTb. PaccTosHue MeEXIy JIOOBIMM JIByMs TOYKaMHU
YBEJIMYUBAETCS, HO HU OJHY U3 HUX HENb3s Ha3BaTh LIEHTpOM paciuupenus. [Iputom yem Gomblie
paccTosiHUEe MEXIY TOYKaMH, TeM ObIcTpee OHM yAausiioTcs Apyr oT apyra. Ho u B Mozenu
@puamaHa CKOpPOCTb, C€ KOTOpOH Jro0ble [B€ TalaKTHKU YAAIAOTCA JApyr OT JApyra,
NPONOPLMOHANIbHA  PACCTOSHUIO MexAy HuMmu. Takum oOpasoM, wMonens Ppuamana
MIPE/ICKa3bIBAET, YTO KPACHOE CMEIICHHE TaJlaKTUKHU JTOJKHO OBITH MPSIMO MPOIOPLHOHAIBHO €€
yIAJIEHHOCTH OT HAac, B TOYHOM COOTBETCTBUHU C OTKphITHEM XabOma. HecmoTpst Ha ycmex sToi
MOJICTIU ¥ Ha COTJIacHe €€ MpecKa3aHuil ¢ HaOmoaeHnssMu Xab0ia, padora @puamana octaBaiach
HEeu3BeCTHOH Ha 3amaze, ¥ auib B 1935 r. amepukanckuit pusuk 'oBapa PobepTcon u aHrauiickuit
MaTeMaTuK ApTyp Y oJIKep MPeaIoKIIN CXOJHBIE MOJEIH B CBS3H C OTKPBITHEM Xab0ua.

Prcemamnue memily
Dayms oo mantmumd My

Boomeumod sapeis  Soureind raomon
Puc. 3.2 B s

Poccmopxus  mewdy
Capaa eamanmin gy

Bomsmol  83pea
Pitc. 3.3 ey

Bomprol sapwis

Poccmg Ane ke iy
Bt B ST H TR M

Bhdnes

Pnc. 34

Cam ®puaman paccMaTpuBall TOJIBKO OJHY MOJEINb, HO MOKHO yKa3aTh TPU pa3Hble MOJEIH,
JUISL KOTOPBIX BBIMONHAIOTCA 00a (yHIaMeHTanbHBIX mpeanoioxenuss Ppuamana. B monenu
nepsBoro tumna (otkpeitoi camum ®dpuamanom) BceeneHHas paciimpsieTcsl 10CTaTOYHO MEIJIEHHO
JUIsL TOTO, 4TOOBl B CHUJy TPaBUTALIMOHHOTO TMPUTSIKEHHUS MEXIY Ppa3IWYHBIMU TallaKTHUKaMH
pacmpenue BeeneHHol 3aMeuIanoch U B KOHIE KOHLIOB Npekpaianock. Ilocae aToro ranaktuku
HayWMHAIOT TpHOJIMXKATBCA IpPYyr K Apyry, W BcemeHHnas HaumHaeT ckumathes. Ha puc. 3.2
II0OKA3aHO, KaK MEHSETCA CO BPEMEHEM DPACCTOSIHUE MEXIY ABYMS COCEAHMMHM ranakTukamu. OHO
BO3pacTaeT OT HyJIs JO HEKOEro MakCMMyMa, a IMOTOM OIIATh MajaeT 10 Hyjls. B Mozenu BTOoporo
THUIA paciiupenue BeeneHHol mpoucxoauT Tak ObICTPO, YTO TPABUTALMOHHOE NMPHUTSKEHUE XOTh U
3aMeJIJISIeT pACIIMPEHUE, HE MOKET €ro ocCTaHOBUTh. Ha puc. 3.3 nmokazaHo, Kak H3MEHSIETCS B 3TOU
MOJIENIN PACCTOSIHUE MEXIY rajakTukaMu. KpuBasi BBIXOOUT U3 HyJIS, @ B KOHLIE KOHLIOB T'aJIAKTUKH
YAQUIAIOTCSA APYT OT Apyra C MOCTOSSHHOM CKOPOCThIO. ECTh, HAKOHEI, U MOJENb TPETHETO THUIA, B
KOTOPOW CKOPOCTh pacHIMpeHusi BCeleHHOW TONBKO-TOIBKO JOCTaTOYHA JJIsi TOTO, YTOOBI
n30exarb ckaTtus 10 Hynls (koJutarca). B aToMm ciydae paccTosiHue MeXy TalaKTUKaMH TOXe
cHauana paBHO Hymo (puc. 3.4), a moToM Bce BpeMs Bo3pacraeT. [IpaBma, rajgakTHUKU
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«pazberaroTcs» BCe C MEHbILIEH U MEHbIIEH CKOPOCThIO, HO OHA HUKOTJa HE MaJaeT 10 HYJI.

Mopnens @puamMaHa MEepBOro TUIA YAUBUTENbHA TEM, YTO B Heil BeeneHnast He 6eckoHeYHa B
MIPOCTPAHCTBE, XOTSI IMPOCTPAHCTBO HE HUMEET TIpaHull. ['paBUTanusi HACTOJIBKO CHIJIbHA, YTO
MIPOCTPAHCTBO, MCKPUBJISSACH, 3aMBIKAETCS C CAaMHUM COOOM, ymomoOMssiCh 36MHOW MOBEPXHOCTH.
Benp, nepemenasicb B ONpPEECIIEHHOM HANpaBiICHUM MO MOBEPXHOCTU 3€MJIM, Bbl HHUKOTJAa HE
HATOJIKHETECh Ha abCOJIIOTHO HEMPEOJOTUMYIO Mperpaay, HE BBHIBAIUTECh Yepe3 Kpail M B KOHIIE
KOHIIOB BEpHETECh B Ty JK€ CaMyl TOUYKY, OTKyJa BbIIUIM. B mepBoil momenu ®dpuamana
MIPOCTPAHCTBO TAKOE €, HO TOJIBKO BMECTO JIBYX HU3MEPEHHH, MOBEPXHOCTh 3€MJIM HUMEET TPHU
n3MepeHus. UerBeproe HM3MEpEHHE, BPEMsI, TOKE HMEET KOHEUHYIO MPOTSHKEHHOCTb, HO OHO
MoJ0OHO OTpe3Ky MPsAMOH, MeroleMy Hadano U KoHell. [IoToM MBI yBUAMM, YTO €Cld OOIIYIO
TEOPUIO OTHOCHUTEJILHOCTH 00BEAMHUTD c KBaHTOBO-MEXaHUYECKUM MPUHITUTIOM
HEOMpeAeNIEeHHOCTH, TO OKAXKETCS, YTO M MPOCTPAHCTBO, U BPEMS MOTYT ObITh KOHEUHBIMU, HE UMES
IIPY 3TOM HU KpaeB, HU IPAHULL.

MsIcib 0 TOM, YTO MOKHO O0ONTH BOKPYT BceneHHOM 1 BEpHYTHCS B TO K€ MECTO, TOAUTCS
JUIsT Hay4HOM (DPaHTAaCTUKH, HO HE MMEET MPAKTUYECKOTo 3Ha4yeHHs, MO0, KaKk MOXHO I0Ka3aTb,
Bcenennas ycneer cikaTbes 10 HYJIS 10 OKOHUaHUsI 00x0/1a. UTOOBI BEpHYTHCS B HCXOAHYIO TOUKY
710 HACTYIUICHUsI KOHIIA BceneHHoi, mpunuiock Obl IEpeABUTaThCS CO CKOPOCTHIO, MPEBHIIAIONICH
CKOPOCTb CBETA, a 3TO HEBO3MOXHO!

B mnepBoit Momenu ®puamana (B kortopoil BceneHnas pacmupsieTcss U CKUMAeTcs)
MPOCTPAHCTBO HUCKPHBIISIETCS, 3aMbIKasChb caMO Ha ce0s, Kak MOBepXHOCTh 3Jemin. [loaTomy
pa3Mepsl ero KoHeuHbl. Bo BTOpoii e mMozenu, B KoTopoit BeenenHas pacuupsiercss 6€CKOHEUHO,
MPOCTPAHCTBO MCKPUBIIEHO HMHAYe, KaK MOBEPXHOCTH ceania. TakuMm oOpa3oMm, BO BTOPOM Ciydae
npoctpancTBo OeckoHeuHo. Hakownen, B Tpetheid Monenu @puamana (C KpUTUUECKONW CKOPOCTHIO
pacimupeHusi) MPOCTPAHCTBO TUIOCKOE (U, CIIEIOBATEIbHO, TOKE OECKOHEYHOE).

Ho xakas e u3 moneneit ®puamana rogutcs nns Hamed Bceenennoit? Ilepecraner nu
Bcenennas HakoHeN pacIIUPSATHCS M HAYHET COKMMATHCA WJIM K€ OyJeT paclIupsATbCS BEYHO?
UroObl OTBETUTH HA 3TOT BOIPOC, HY’KHO 3HATh HBIHEIIHIOI CKOPOCTh paciiMpeHus BceneHHol u
€€ CpEeIHIOI IUIOTHOCTh. ECIM IIOTHOCTh MEHBIIE HEKOTOPOrO KPUTHYECKOIO 3HAYEHMS,
3aBUCSAIIETO OT CKOPOCTH PACIIMPEHHUs, TO TPABUTALMOHHOE MPUTSDKEHHE OyAeT CIHMIIKOM Mallo,
9TOOBI OCTAHOBUTH paciupeHue. EciM ke MIOTHOCTh OOJIbIlIe KPUTUYECKOH, TO B KaKOMU-TO
MOMEHT B OyIyIlleM K3-3a TPaBUTALMU paciiupenue BeeneHHoil npekpaTuTes u HaYHeTCsl CKaTHe.

CeroaHsIIHIOI CKOPOCTh paciIupeHus BceneHHON MOXHO OmpeneianTh, u3Mepss (1o
sbdexty Jlomnepa) CKOpOCTH yJaleHUs OT HAC JPYTUX TalakTUK. Takue W3MEpPEeHUsT MOKHO
BBIIIOJIHUTh OY€Hb TOYHO. HO paccTosiHus A0 APYyruX rajlakTUK HaM IUIOXO M3BECTHBI, IOTOMY YTO
UX HEJIb3sl U3MEPUTH HEMOCPEACTBEHHO. MBI 3HaeM Jnlib, YTO BeeneHHas pacmmpsercs 3a KaKayro
THICSIYY MWIIMOHOB JieT Ha 5-10%. OqHako HeonpeneIeHHOCTh B COBPEMEHHOM 3HAYEHUU CpeaHEN
wIoTHOCTH Beenenuoi ee 6onbire. Eciv ci10XUTh Macchl BCeX HAOMIOIaEMBIX 3BE3] B HAIEH U
JPYTUX rajakTUKax, TO Ja)Xe MPHU CaMOM HU3KOM OLEHKE CKOPOCTH PaCIIMPEHUs] CyMMa OKa)eTCs
MEHbBILIE OJHOM COTOM TOW IJIOTHOCTH, KOTOpas HEoOXoauma IJisi TOTro, 4TOOBI pacIIMpeHHe
Bcenennoii mpekpatmwiock. OMHaKO W B HAIIed, U B APYTUX TAJIAKTUKAX JOHKHO OBITH MHOTO
TEMHOW MaTepHuH, KOTOPYIO HEJb3s BUJIETh HENOCPEACTBEHHO, HO O CYLIECTBOBAHMHM KOTOPOH MBI
y3HaeM MO0 TOMY, KaK €€ I'pPaBUTAllMOHHOE NMPUTSHKEHHUE BIMSET HAa OpOUTHI 3BE3]] B TalaKTHKaX.
Kpome Toro, ralakTuki B OCHOBHOM Ha0JII0JJAI0TCS B BUJIE CKOTUICHHM, M MBI MOYKEM aHAJIOTHYHBIM
o0pa3oM czenaTh BBIBOJ O HAJIWYUU elle OOJbIIETO KOJIMYECTBA MEXKIalaKTUYeCKOW TeMHOMN
MaTepUU BHYTPHU OTUX CKOIUIEHMH, BIUSIOLUIETO Ha JBWKEHHUE rajakTHK. CloKuB Maccy Bcel
TEMHOM MaTepUU, Mbl TIOJYUYUM JIMIIb OJHY JECATYIO TOrO KOJIUYECTBA, KOTOPOE HEOOXOIUMO IS
IpeKkpameHuss pacmpenus. Ho Henb3s UCKIOYUTH BO3MOXHOCTH CYIIECTBOBAHMSI U KAaKOW-TO
Ipyroil ¢GopMbl MaTepHM, pacIpeAcICHHOW paBHOMEPHO IO Bcel BceenenHolr u eme He
3apeTUCTPUPOBAHHOM, KOTOpas Morjia Obl JOBECTH CpPEIHIOI IJIOTHOCTh BceeneHHoit 1o
KPUTHYECKOTO 3HAYCHHS, HEOOXOIUMOTO, YTOOBI OCTAHOBHTH pacIIUpeHHe. Takum o0pa3om,
UMEIOIIMECs JaHHBIE TOBOPAT O TOM, uTO BceneHHas, BeposSTHO, OyAeT pacHIMpSATHCS BEUYHO.
EauncTBeHHOE, B 4eM MOXKHO OBITh COBEPILIEHHO YBEPEHHBIM, TaK 3TO B TOM, YTO €CJIH CXKaTHe
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Bcenennoli Bce-Taku MpoU30UIET, TO HUKAK HE PaHbIIE, YEM Yepe3 JIeCATh ThICSY MUJUIMOHOB JIET,
100 1o KpaifHell Mepe CTOIBKO BpEMEHH OHa yKe pacimpsieTcs. Ho 3To He JOKHO Hac CIUIIKOM
CUJIBHO TPEBOXKUTBH: K TOMY BPEMEHH, €CJIM MBI HE Mepeceaumcs 3a npeesibl COTHEYHON CUCTEMBI,
YelI0BEYECTBA JaBHO yKe He OyJeT — oHO yracHeT BMecTe ¢ ComHiem!

Bce Bapmantel mogenun dpuaMaHa UMEIOT TO 00IIEe, YTO B KaKOW-TO MOMEHT BpPEMEHHU B
MPOLUIOM (JIeCSATh-ABAALATh THICAY MHIIMOHOB JIET Ha3aJ) pacCTOSHUE MEXIYy COCEIHHUMH
TaJTAKTUKAMH JOJKHO OBUIO PaBHATHCS HYJIO. B 3TOT MOMEHT, KOTOpBIM Ha3bIBa€TCS OOJIBIINM
B3pHIBOM, IUIOTHOCTh BceneHHOW W KpHBH3HA NPOCTPAHCTBA-BPEMEHHM JOJKHBI ObUIM OBITH
OCCKOHEYHBIMH.

[TockonpKky MaTeMaTUKH pealbHO HE YMEIOT oO0pamarbcsi ¢ OECKOHEYHO OONbIIUMU
BEJIMYMHAMHU, 5TO O3HAYaeT, YTO, COTJIACHO OOIIeHl TEOpHH OTHOCHUTENBHOCTH (HAa KOTOPOU
ocHOBaHbI pemieHust ®puamana), Bo BeeneHHol nomkHA ObITh TOUKA, B KOTOPOW cama 3Ta Teopus
HenmpuMeHHMa. Takas TOYka B MaTeMaTHUKE Ha3bIBaeTCs 0C000H (CuHTYIsipHOW). Bce Hamm
Hay4yHbl€ TEOPHUH OCHOBAaHBI Ha MPEIINOJIOKEHUH, YTO MPOCTPAHCTBO-BPEMS TJIAJIKOE U TMOYTH
IIJIOCKOE, & TIOTOMY BCE 3TH TE€OPUU HEBEPHBI B CUHTYJISIPHOM TOYKE OOJBIIOTO B3PHIBA, B KOTOPOI
KpUBH3HA MPOCTpPAHCTBa-BpeMeHU OeckoHeuHa. CremoBaTeNbHO, axe ecau Obl mepea OONbIIMM
B3PBIBOM TPOUCXOJWIM KaKHEe-HUOYb COOBITHS, 110 HUM HENB3s ObUIO OBl CIPOTHO3UPOBATH
Oynyliee, Tak Kak B TOYKE OOJIBIIOTO B3phIBa BO3ZMOXKHOCTH TMpPECKa3aHHs CBEIUCH Obl K HYIIIO.
TouHO Tak e, 3Has TOJIBKO TO, YTO MPOU3OIIIO TTOCIIe OOJIBIIOTO B3PHIBA (2 MBI 3HAEM TOJIBKO 3TO),
MBI HE CMOXEM Y3HAaTh, UTO MPOUCXOIWIO 10 Hero. CoObITHS, KOTOPBIE MIPOU3OILIN 10 OOJIBIIOrO
B3pbIBa, HE MOTYT HMMETh HHKAaKHX ITOCJIEICTBHM, KacaloUUXCsl HAac, W TMOITOMY HE JOJIKHBI
¢dburypupoBaTh B HayuHOU Monenu Beenennoit. CrnenoBarensHO, HY)KHO UCKIIOYUTh UX U3 MOJENU
Y CYUTATh HAYAJIOM OTCUETAa BPEMEHU MOMEHT OOJIBIIIOTO B3PHIBA.

Mpsicib 0 TOM, YTO Y BpEMEHH ObUIO Hayallo, MHOTHM HE HPaBHUTCS, BO3MOXHO, TEM, 4YTO B
HEl ecTb HaMEK Ha BMEILIATEeNIbCTBO O0XKeCTBEHHBIX cuil. (B To ke Bpems 3a Monenab OOJBLIOrO
B3phIBa yxBatuiach Karonnueckas LlepkoBs u B 1951 r. oduimanbHO npoBo3riacuia, YT0 MOAEIb
0OJBIIOTO B3pbIBa corjacyercs ¢ bubnueit). B cBs3uM ¢ 3TUM H3BECTHO HECKOJIBKO TIOIBITOK
oboiiTrck 06e3 Oosbimoro B3phiBa. HambomnbIyro MOIAEPKKY MOTydYWa MOJENTb CTallMOHAPHOU
Bcenennoii. Ee aBropamu B 1948 r. 6pimi X. bonau u T. 'oynn, OexaBiine U3 OKKyIMPOBAHHOU
HanucTamMu ABCTpuM, W aHraudaHuH @D. X0, KOTOpBId BO BpeMsl BOWHBI paboTan ¢ HUMU HaJ
npobieMoit paguonokamuu. X waes cocTosyia B TOM, YTO MO Mepe paz0Oeranus ralakTHK Ha
OCBOOOJMBIINXCA MeECTaX M3 HOBOTO HEMNPEPHIBHO POKIAIONIETOCs BEIIeCTBA BCE BpeMs
o0Opa3yroTcsi HOBBIE ramakTuku. CremoBarenbHO, BceneHHas MOMKHA BBHITJISACTH MPUMEPHO
OJIMHAKOBO BO BCE MOMEHTHl BpEMEHHM U BO BCeX TOYKax IMpocTpaHcTBa. KoHeuHo, ais
HEMPEepPBIBHOTO  «TBOPEHHUsS» BEIIecTBa TpedoBajlach HEKOTOpas MoIU(UKANHS — TEOPHH
OTHOCHUTENIHOCTH, HO HYXHasl CKOPOCTh TBOPEHMS OKa3bIBalach CTOJb Majod (OJHA YacTUIa Ha
KyOM4YecKHii KHJIIOMETpP B TOJ), YTO HE BO3HUKAJIO HUKAKHX MPOTHUBOPEYHIA C IKCICPUMEHTOM.
CranuonapHas MOJEIb — 3TO IPUMEP XOPOIIEH HAYYHOW TEOPHH B CMBICIE KPUTEPUEB IJIaBbl 1:
OHa TMpoCTass W JaeT OINpEICICHHbIE MPEACKA3aHUs, KOTOPHIE MOXHO MPOBEPITh MYTEM
HaOmoneHuit. OQHO U3 ee MpeAcKa3aHui TaKOBO: JOJIKHO ObITh MOCTOSHHBIM YHCJIO TaJakTHK U
JIPYTHX aHATOTHYHBIX OOBEKTOB B JIIOOOM 3aJaHHOM 00BEME MPOCTPAHCTBA HE3aBUCHUMO OT TOTO,
Korga W rae Bo BcemenHoit mpousBomsTcs HaOmoaeHus. B konme 50-x-Hawame 60-x TOI0B
acTpoHoMbl 13 KemOpumkckoro ynusepcutera noj pykooactsom M. Paiina (KoTopblil Bo BpeMs
BoriHbI BMecTe ¢ bonmu, [oymmom m XoiloM Toxe 3aHUMAaiCS pa3padOTKOM paJUOIOKAIiH)
COCTaBWJIM KATaJlOI HMCTOYHUKOB PAJMOBOJIH, MPUXOASIIMX M3 BHEIIHEr0 NPOCTpaHCTBA. JTa
KeMOpHIXKCKas rpyIna noka3ania, YTo 0OoJbIIasi 4acTh ATHX PaIMOMCTOYHUKOB JI0JKHA HAXOAUTHCS
BHe Hamied [amakTuky (MHOTHME HUCTOYHUKHM MOXHO OBLIO OTOXIECTBUTH JaXe C JIPYTHMH
TaJIaKTUKaMH) M, KpOME TOTO, YTO CIa0BIX MCTOYHHMKOB ropaszio Oosblie, yeM CHIbHBIX. Cralbie
WCTOYHUKHA MHTEPIPETUPOBAIUCH KaK Oojiee yJIaleHHbIE, a CHIbHBIE — KaK TE€, YTO HAXOMAATCA
ommxe. Jlanee, okazaloch, 4TO YHMCIO OOBIYHBIX MCTOYHUKOB B €IMHUIE 00bEMa B YJAJIEHHBIX
obnactsx Oojblie, 4eM BOIM3W. DTO MOTJIO O3HAYaTh, YTO MBI HAaXOJAMMCS B IIEHTPE OTPOMHOMU
obnactu BceneHHoM, B KOTOPOM MEHBIIIE HCTOYHUKOB, YeM B Apyrux mectax. Ho, BO3MOXXHO, OBLIO
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U Jpyroe OOBSCHEHHE: B MPOILIOM, KOT/Ia PAaTMOBOJIHBI HadalW CBOW IMyTh K HaM, UCTOYHHKOB
Obuto0 Oousbiie, yem ceifuac. O0Ga ST OOBACHEHUS MPOTUBOPEUYAT IMPEACKA3aHUSIM TEOpUU
craimoHapHort Bcenennoii. Kpome Toro, MUKpOBOJTHOBOE H3ITydeHHE, OOHapy>keHHOe B 1965 T.
[Tensuacom u BunbcoHOM, TOXE yKa3blBajo Ha OOJBIIYIO TIIOTHOCTh BceneHHOW B mpomuioM, u
IIO3TOMY OT MOJIEIH CTallMOHAPHON BceneHHON NpHIIIOCh OTKA3aThCs.

B 1963 r. nBa coBetrckux ¢uzuka, E. M. JInbmmn u M. M. XanatHukoB, cienany eme oaHy
MOTIBITKY HMCKIIIOYUTH OOJBIIONW B3pHIB, @ C HUM M Hadano BpeMmeHH. Jludpmmn n XamaTHHKOB
BBICKAa3aJM TMPEINOI0KEHUE, UYTO OONBIION B3pBHIB — OCOOCHHOCTH JHIIL Mojnene dpuamana,
KOTOpbIE€ B KOHIIE KOHIIOB JarOT JIMIIb NPUOJMKEHHOE omnucaHue peanbHo Bcenennoi. He
WCKITIOYEHO, YTO M3 BCEX MOJENeH, B KaKOi-TO Mepe OMUCHIBAIOIINX CYIIECTBYIONYI0 BeeneHnyto,
CHHTYJISIPHOCTh B TOYKE OOJIBIIIOTO B3phIBAa BO3HUKAET TOJNBKO B Mojensix Ppuamana. CoriacHO
OpuamaHy, Bce TATaKTHKU yAAISIOTCS B MPSMOM HampaBlIeHUH APYT OT APYyTra, U MO3TOMY BCE OHU
HaxOJWJIMCh B OJHOM MecTe. OJTHAKO B peajibHO CYIIECTBYIOIICH BceneHHOM ralakTHKyW HUKOTIA
HE PAacXOJIATCSl TOYHO IO MPSMOi: OOBIYHO Yy HUX €CTh elle ¥ HeOOBIINE COCTABISIONINE CKOPOCTH,
HampasJieHHbIe 1o yriioMm. [loaToMy Ha camMoM jefie rajJakTUKaM He HY’KHO HAaXOJIUTHCS TOYHO B
OJIHOM MECT€ — JOCTaTOYHO, YTOOBI OHU OBLIN PACIIONOKEHBI OYeHb OMU3KO ApPYyT K apyry. Torma
HBIHEIIHSS pacimpsitomascs BceneHHas Moryia BOSHUKHYTh HE B CHHTYJIIPHOW TOYKE OOJIBLIOrO
B3pbIBa, @ Ha Kakoh-HHOyAb Oojee paHHeW ¢aze cxaTusi; MOXKET ObITh, MPHU CxkaTHH BceneHHOU
CTOJIKHYJIUCh APYT C JAPYroM He Bce yacTulpl. Kakas-To 10yig MX MOrja MpoJIeTeTh MUMO APYT
Jpyra U CHOBa PA3OHTHCh B pa3HbIE CTOPOHBI, B Pe3yJbTaTe YEro W MPOUCXOAUT HAOII0IaeMoe
ceituac pacmmpenue Bcenennoit. Kak Torna ompenenuts, ObUT U HayaioM BceneHHOW OOMbINOMN
B3pbIB? Jludmui n XanaTHUKOB 3aHSIIUCh U3YYEHUEM MOJENEH, KOTOpble B OOIIMX YepTax ObLIn
Obl MOXoXu Ha Mojenu PpuamMaHa, HO OTIMYAINCH OT (PPUIMAHOBCKUX TEM, YTO B HHX
YUUTHIBAIUCH HEPETYJSIPHOCTH M CIIy4alHBIM XapakTep peajbHBIX CKOPOCTEHl TalaKTUK BO
Bcenennoii. B pesynprare Jlupmun m XanraTHUKOB MMOKa3ald, YTO B TaKHX MOJEISX OOJBIION
B3pBIB MOT OBITh Ha4alloM BceneHHoil nake B TOM cllydae, €ClI FaJlaKTHUKH He BCera pa3derarorcs
[0 MOPSIMOM, MO 3TO MOTJIO BBIMOJHATHCA JUIIL JJII OYEHb OIPAHMYEHHOIO Kpyra Mojesiei, B
KOTOpBIX JBUKEHHE TaJakTHUK IMPOUCXOIUT olpeAeseHHbIM o0pa3oM. Ilockonbky ke Mmojeneit
(pUIMaHOBCKOTO THIIA, HE COAEPIKALINX OOJBIION B3PHIB, OECKOHEUHO OOJIBIIIE, YEM TEX, KOTOphIE
COJIep’KaT TaKyl0 CHUHTYJSPHOCTb, Jlndmui m XanaTHUKOB yTBEpXKIalHM, YTO HAa CaMOM Jelie
6osb1IOrO B3phIBa HE ObUTO. OMHAKO MO3JHEE OHM HAILIM ropas3fo Oonee oOmMHA Kiacc Mojenen
(pUIMaHOBCKOTO THUIA, KOTOPbIE COAEPKAT CUHTYJSPHOCTU U B KOTOPBIX BOBCE HE Tpedyercs,
YTOObl TAJTAKTUKU JBUTAIMCh KAKHUM-TO 0COObIM oOpazom. I[losromy B 1970 1. JIudmmm u
XaJIaTHUKOB OTKA3aJIMCh OT CBOEH TEOPHUH.

Tem He MeHee uX paboTa MMeNa OYEHb BaXXHOE 3HAYCHME, MO0 IMOKazajia, YTO €CIU BEpHa
oO1m1asi TeOpusi OTHOCUTENLHOCTH, TO BeenenHast Moryia uMeTh 0co0yro TOUKy, 001b1110# B3phiB. Ho
9Ta paboTa He JaBaJjia OTBETA Ha TJIaBHBIM BOIPOC: CIENyeT JIM U3 O0IIel TEOpUU OTHOCUTEILHOCTH,
yTo y BeenenHo# 1oymkHO ObUTIO OBITH Hayajao BpeMeHU — 00JbInoN B3phIB? OTBET HA 3TOT BOIPOC
ObUT TOJIy4eH TMPH COBEPIICHHO IPYroM TOAXOAe, MpemioxkeHHoM B 1965 r. aHrmuiickum
MatemaTukoM U ¢uszukoM Pomxepom Ilenpoy3om. Mcxons u3 moBeneHHs] CBETOBBIX KOHYCOB B
o01iell TeOpUM OTHOCUTEIBHOCTH M TOTO, YTO I'PAaBUTAIIMOHHBIC CHIIBI BCErJa SIBISIOTCS CHUJIAMHU
nputsbkenus, [lenpoy3 mokasan, 4To KOrja 3Be3fa CKUMAaEeTCsl MOoJ JEeHCTBHEM COOCTBEHHBIX CHII
IpaBUTALlM, OHA OTPAHUYMBACTCS O0JIACTHIO, MOBEPXHOCTh KOTOPOW B KOHIIE KOHIIOB CKUMAeTCs
N0 HyJsS. A pa3 NOBEPXHOCTh 3TOM 00JacTH CHKUMAeTcs A0 HyJs, TO JXK€ caMoe JOJIKHO
MIPOUCXOIUTH U ¢ ee 00beMOoM. Bce BeecTBo 3Be3/1b OyIET CKAaTO B HyJIEBOM 00BbEME, TakK UTO €e
IUIOTHOCTh M KpPUBHU3HA MPOCTPAHCTBA-BPEMEHU CTaHYT OECKOHEYHBIMHU. WHBIMH clioBamH,
BO3HUKHET CHHTYJIIPHOCTb B HEKOEH 00JIaCTH MPOCTPAHCTBA-BPEMEHH, Ha3bIBaeMasl YePHOM JIBIPOH.

Ha nepBs1it B35, 3Ta Teopema [leHpoy3a OTHOCUTCA TOJIBKO K 3BE€3/laM: B HEH HUYETO HE
TOBOPHUTCS O TOM, WCIIBITANa JIU BCsi BceneHHas B mponuioM OoJbInoi B3phIB. B To Bpems, kormaa
[lenmpoy3 nokazan CBOIO Teopemy, 51, OyIydu acmUpaHTOM, OTUYAsSHHO MCKaJl KaKyro-HUOYb 3a7auy,
YTOOBI 3AIIUTUTH JUCCEPTALMIO. 3a BA T0/a 70 3TOr0 Bpayd MOCTABHIN MHE JUArHO3 «OOKOBOU
aMUOTPO(PHUUECKHI CKIIEPO3», WK MOTOpHAs 00J1€3Hb HEMPOHOB, U JAJIM MOHSATH, UTO S IPOTSHY HE
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Oonbiie ogHOTO-IBYX JeT. Ilpu Takux obcrosTenbcTBaXx HE OBLIIO 0COOOTO CMBICIa paboTaTh Hal
JUccepTaiueil, noo s He HaJAesICcs T0KUTh J0 ee 3aBepiieHus. Ho mpomuio 1Ba roga, a Xyxe MHe
He cTano. Mou Jiena 1M nNpeKkpacHo, U s ObUT IOMOJIBJIEH C 0YapOBaTENbHOM JEBYIIKON 0 UMEHU
Jhxeitn Yainn. s xkeHuThObl MHE TpeOoBajach paboTa, a 4TOOBI €€ IMOJIyuuTh, Hy)KHa ObLIa
JOKTOPCKas CTETEHb.

B 1965 r. s mpountan o teopeme IleHpoysa, cormacHo KOTOpoil no0oe Teno B mpoiecce
IPaBUTALIMOHHOIO KOJUIAICa JOJKHO B KOHIIE KOHIIOB CXKaThCSl B CHHTYJISIPHYIO TOUKY. Bckope s
MOH:UI, 4TO eciu B Teopeme [leHpoy3a M3MEHUTh HalpaBiIeHHE BPEMEHH Ha 00paTHOE, TaK, YTOOBI
c)KaThe Tepeluio B pacllupeHHe, TO 3Ta Teopema Toke OyAeT BepHa, Koyib cKopo Bcenennas
ceifuac XoTst OB Tpy0O MPUOTMKEHHO OMUCHIBAETCS B KPYMHOM Maciitade mozaensio dpuamana.
[To Teopeme IleHpoy3a KOHEYHBIM COCTOSTHHEM JFO0OM KOJUIANICUPYIOMIEH 3BE3/bI TOJDKHA OBIThH
CUHTYJISIPHOCTB;, TpPH OOpalleHHH BpPEMEHU 3Ta Teopema YTBEpKIaeT, 4To B 000N Mojenu
(GpUIMAHOBCKOTO THITA HAYAJILHBIM COCTOSTHHEM paciuupsirorieiicss BeenenHol Toxxe T0KHA OBITh
CUHTYJISIpHOCTD. 1o cooOpakeHHsM TEXHUYECKOTo Xapakrepa B Teopemy [leHpoysa ObUIO BBEACHO
B Ka4ecTBE ycCloBUs TpeboBaHue, uToObl Beenennas Obuia OeckoHedHa B mpocTpaHcTBe. [loatomy
Ha OCHOBAaHUHU 3TOH TEOPEMBI sI MOT JI0Ka3aTh JHIb, YTO CUHTYJSPHOCTh JOJKHA CYIIECTBOBATh,
eci pacmmpenue BceneHHOW MPOUCXOJUT JTOCTATOYHO OBICTPO, YTOOBI HE HAYAIOCh MOBTOPHOE
cxarue (100 TonbKO Takue PpUAMAHOBCKHE MOAETH OECKOHEUHBI B IPOCTPAHCTBE).

[lotoMm s Heckoiabko JeT pa3palOaThiBajl HOBBIM MAaT€MaTUYECKUIl ammapar, KOTOPBIN
MO3BOJIUI OBl YCTPAaHUTh 3TO M JPYrHe€ TEXHUYECKUE YCJOBHUS W3 TEOPEMbl O HEOOXOIWMOCTH
cuHryssipHoctd. B urore B 1970 r. Mol ¢ IleHpoy3oM Hamucany COBMECTHYIO CTaTbio, B KOTOPOU
HaKOHEI[ JOKa3aJld, YTO CHUHTYJISIpHAs TOYKa OOJBIIOTO B3phIBA JIOJDKHA CYIIECTBOBATH, OMUPASChH
TOJILKO Ha TO, YTO BEpHa 00Ilas TEOpHs OTHOCUTEIBHOCTH U 4YTO BO BceneHHOHN coaepkurcs
CTOJIbKO BEIIECTBA, CKOJIBKO MBI BuAMM. Harma paboTta BbI3Baia mMaccy BO3Pa)KEHUI, YACTUYHO CO
CTOPOHBI COBETCKHX yUEHBIX, KOTOPBIC M3-32 MPUBEPKEHHOCTH MapKCUCTCKON (pumocoduu Bepuim
B HAay4yHBIM JETEPMHUHU3M, & YaCTUYHO M CO CTOPOHBI T€X, KTO HE MPUHUMAI CaMy HUJEH0
CUHTYJSIDHOCTEH Kak HapylIalollyl0 KpacoTy Teopuu OiHIUTelHa. Ho ¢ MaremaTmueckoit
TEOpEMO He OUEHb MOCIOPHIIIb, U TO3TOMY, KOr/1a paboTa Obula 3aKOHUYEHA, ee MPUHSUIIH, U ceifdac
MOYTH BCE CUMTAIOT, 4TO BcereHHas BO3HMKIA B 0CO0ON Touke Oojbiroro B3peiBa. Ilo mponun
CyZIbOBI MO TPEJCTABICHUS WU3MEHWINCH, U TENeph 5 MbITaloch yOeauTh (pU3MKOB B TOM, YTO Ha
caMoM JieTie TIpH 3apoKAeHUH BceeleHHON HUKaKkoil 0co0oi Touku He OblIo. B ciemyromumx riaBax
s IOKaXXy, 4TO MPHU yUYeTe KBAHTOBBIX 3(h(HEKTOB CHHTYIISIPHOCTh MOXKET UCUE3HYTh.

B sroii rmaBe Mbl BUAEIH, KaK MEHEE 4Y€M 3a IOJICTOJETUS U3MEHWINCH MPEICTaBICHUS
arofel o nmpupoae, popMupoBaBIIMecs HE OHY ThICsuy JieT. Hagano 3TuM u3MeHeHHSIM TOJI0KUIH
oTKpbIToe Xa006s0M paciupenrne BeeneHHoM U co3HaHWE HE3HAYMTEIbHOCTH Halle cOOCTBEHHOU
IJIAaHEThl CpPed OrpPOMHBIX mpocTtopoB Bcenennoi. I[lo Mepe Toro Kak MHOXUIIUCH
HKCIEPUMEHTAIbHbIE M TEOPETUYECKHUE pe3yJbTaThl, CTAaHOBUJIOCH Bce Oojee SICHO, 4YTO Y
Bcenennoli nowkHO ObITh Havasio Bo BpeMenu. Hakonery B 1970 1. mui ¢ [lenpoy3om mokaszanm 370,
MCXOJs U3 OOIIel TEOPUH OTHOCUTEIBHOCTH DiHIITeHHA. V3 Halero mokasarenscTBa ClIe0Balo,
YTO 00IIasi TeOpUsI OTHOCUTEIBLHOCTHU IMPEACTaBIseT cO00M HEIMOJIHYI0 TEOPHUIO; B HEW HET OTBETa
Ha BOMPOC, KaKk BO3HUKIA BceneHHas, MOTOMY 4YTO, COIVIACHO TEOPUU OTHOCHUTEIIBHOCTH, BCE
(u3nyeckre Teopuu, B UX YHCIE U OHA cama, HapyLIAIOTCsS B TOYKE BO3HHMKHOBEHUs BceneHHOI.
Opnnako o01masi TeopHsi OTHOCUTEIBLHOCTH M HE MPETEHAYET Ha POJb MOJHON TEOPUHU: TEOPEMBI O
CUHTYJISIPHOCTH Ha CaMOM JIeJie yTBEPKIat0T JIUIb, YTO Ha HEKOEH OYEHb PaHHEH CTauu PA3BUTHS
pasmepsl BceneHHoli ObUTM OYEHb Maibl, HACTOIBKO, YTO TOTJAa MOTJIH OBITh BeEChbMa
CYILIECTBEHHBIMU MeJIKOMaclITaOHbIe 3PPEKThI, KOTOPHIMU 3aHUMAETCs YK€ JApyras Beludaiiias
Teopust XX Beka — KBaHToBasi MexaHuka. Mtak, B Hauanme 70-x roJ0oB HaM MPUIIOCH B CBOUX
rccaeaoBaHusIX BCelleHHON MepeKIIIOUUThCS ¢ TEOPUH YPE3BBIYATHO OOJIBIIIOT0 HA TEOPHIO KpaitHe
Majoro. JToi TEOpHH, KBAHTOBOW MEXaHHKe, OyJeT MOCBAIICHA CIEeAyIOIas IJiaBa, a 3aTeM MBI
nepensieM K OOCYXXKIIEHHUIO TOTO, KaK 3TH JIBE€ YaCTHBIC TEOPHH MOXKHO OBLIO OBl OOBEIWHUTH B
€MHYI0 KBAaHTOBYIO TEOPHUIO IPaBUTAIUU.
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4. MpuHUMN HeonpeaeneHHOCTU

[Ton BnAMsAHMEM ycnexa Hay4yHbIX TEOpPHH, OCOOCHHO HBbIOTOHOBCKOH TEOpUHU TATOTEHUS, Y
(panmysckoro yueHoro ITeepa Jlamnaca B mHavane XIX B. BeipaboTaiics B3MIIsAI Ha BeelneHHYI0 Kak
Ha TOJIHOCTBIO JAETePMUHUPOBAHHBIN 00beKT. Jlammac monarai, 4To JOJDKEH CyLIecTBOBAaTh Habop
HAy4YHBIX 3aKOHOB, KOTOpBIC TIO3BOJSIM OBl TpEACKa3aTb BCE, YTO MOMKET MPOHM30HTH BO
BcenenHol, eciy TOJIBKO U3BECTHO IIOJHOE ONHMCAHUE €€ COCTOSHUA B KaKOM-TO MOMEHT BPEMEHH.
Hampumep, eciu 661 Mbl 3Hanu nosnoxenus: CojHIA U TUIaHET, OTBEYAIOIINE KAaKOMY-TO MOMEHTY
BPEMEHH, TO C IOMOIIBI0 3aKOHOB HpIOTOHAa MBI MOIVIM Obl BBIYHUCINTH, B KaKOM COCTOSIHUU
okazanach Obl ConHeuyHas cucTeMa B JIOOOW Jpyroi MOMEHT BpeMeHH. B maHHOM ciydae
JETEPMUHU3M JIOBOJBHO OYEBHUJACH, HO Jlamac momien panepnie, yTBEp)KIas, 4TO CYLIECTBYIOT
AQHAJOTUYHBIC 3aKOHBI JUUISl BCErO, B TOM YHMCJIE U JUIS TIOBEICHMS YEI0BEKA.

JIOKTpHa Hay4HOTO JETEPMUHU3MA BCTPETHJIA CHJIBHOE COINPOTUBICHHE CO CTOPOHBI
MHOTHX, TTO9yBCTBOBABIINX, YTO 3TUM OTPAaHMYMBACTCS CBOOOJHOE BMEMIATENIhCTBO bora B Hamr
MHUp; TEM HE MEHee 3Ta Hjes OcTaBajach OObIYHOW HayyHOW TMIOTE30M elle B caMOM Hauaie
Hamiero Beka. OJHUM M3 MEPBBIX YKa3aHUI Ha HEOOXOAMMOCTh OTKa3a OT JIETEPMHUHH3Ma CTaIH
pE3yNbTaThl paCYETOB JIBYX aHIIHICKUX Qu3nkoB, [IxxoHa Panes u [lxeiimca JIkuHca, U3 KOTOPBIX
CJIEIOBAJIO, YTO rOpsSYMil OOBEKT TUIIA 3BE3/Ibl TOJKEH BCE BPEMsSI M3yyaTh OECKOHEUHO OOJIBIIYIO
sHepruto. CorylacHO M3BECTHBIM TOI'ZIa 3aKOHAM, ropsdee TEJNO JOHKHO B PaBHOM Mepe M3iIydarb
3JIEKTPOMAarHUTHBIE BOJIHBI BCEX YacTOT (HaIpUMEpP, PaJUOBOIHbBI, BUAUMBIN CBET, PEHTTEHOBCKOE
u3Iy4YeHue). ITo 03HAYaeT, YTO JOJDKHO M3JIydaThCsl OJMHAKOBOE KOJMYECTBO SHEPIMU U B BUJE
BOJIH C YaCTOTaMH OT OAHOTO JO JBYX MWIJMOHOB MWJUIMOHOB BOJIH B CEKYHIy, U B BHJE BOJIH,
4acTOThl KOTOPBIX HaxXOZATCS B MHTEpPBalE€ OT JABYX 0 TPe€X MWUIMOHOB MWIJIMOHOB BOJIH B
CEKyHZy. A MOCKOJIbKY pa3HbIX 4acTOT OECKOHEYHO MHOTO, MOJIHAs U3JydaeMas SHEeprusi JO0JKHa
OBITH OECKOHEYHOM.

Uto0b! M30aBUTHCS OT 3TOTO SIBHO aOCYpAHOIO BBIBOAA, HEMELKHUI yueHbld Makc [lnaHk B
1900 r. mpuHSII TUIIOTE3Y, COITIACHO KOTOPOU CBET, PEHTTEHOBCKUE JIy4H U APYTHUE BOJIHBI HE MOTYT
HCIIyCKATbCSl C IPOU3BOJBHOM HMHTECHCUBHOCTBIO, a JOJDKHBI HCIIyCKAThCS TOJBKO HEKHMMH
nopuusMH, koropsle IImank Hazean kBanTamu. Kpome toro, IlnaHk mpeamonokuii, 4To KaskIblid
KBaHT M3JIy4EHUs HECET ONPEENIEHHOE KOJUYECTBO HHEPrHH, KOTOpPOE TeM OOJblle, YEM BbIIIE
9yacToTa BOJH. TakuM o0pa3oM, Ipu JOCTATOYHO BBICOKOW YacCTOTE SHEPTUsl OJHOTO KBAaHTA MOXKET
IIPEBBIIATh MMEIOIIECECS KOJWYECTBO DHEPIMM H, CIIEOBATEIbHO, BBICOKOYACTOTHOE H3JIyYEHHUE
OKa’KeTCsl MOJIaBJICHHBIM, @ HHTEHCUBHOCTh, C KOTOPOH TEJIO TepsieT SHEPIrHIo, OyeT KOHEUHOM.

['mnmore3a  KBaHTOB  MPEKpPAcCHO  corjlacoBajiaCch € HAOJMIOJAeMbIMH  3HAYCHHUSIMU
MHTEHCUBHOCTH M3JIyY€HHs TOPSYMX TN, HO YTO OHA O3HAYaeT JAJs JeTepMUHM3MA, ObUIO HESCHO
1o 1926 r., xorga apyroil Hemenkuii yueHsld, BepHep ['eiizenOepr, chopMynupoBas 3HaMEHUTHINA
MPUHIUI HEeoNpeaeaeHHOCTH. YToOb! peacKa3aTh, KakuM Oy1eT MOJI0KEHHUE U CKOPOCTh YaCTHIIbI,
HYHO yMETb NMPOU3BOJINUTH TOYHBIE U3MEPEHUS €€ MOJIOKEHHUS U CKOPOCTH B HACTOSIIIIMA MOMEHT.
O4eBUIHO, YTO UIsl 3TOTO HAJO HANpPAaBUTh HAa 4YacTULy cBeT. YacTh CBETOBBIX BOJH HAa HEHU
pacceercs, U TakMM OOpa3oM Mbl ONpPEIEIMM IOJOXKEHHE YacTUIbl B IpocTpaHcTBe. OgHAKO
TOYHOCTbh 3TOr0 M3MepeHMsI OyJeT He BBIIIEC, YEM PACCTOSHUE MEXIY I'pPEOHSMHU JIByX COCEIHHUX
BOJIH, U MO3TOMY JUIsl TOYHOT'O U3MEPEHMs MOJIOXKEHHUSI YaCTUIbl HEOOXOIUM KOPOTKOBOJIHOBBIM
ceeT. CormacHo ke runorese [ImaHka, cBeT HEBO3MOYKHO HCIOJB30BaTh MPOU3BOJIBHO MajbIMU
NOpPIMSIMHM, M HEe OBIBaCT MEHbBIIEH IOPIUH, YeM OJMH KBaHT. JTOT KBAaHT CBETa BHECET
BO3MYILICHHE B JIBMJKEHUE YaCTHULBI U HENPEACKA3yeMO M3MEHUT €€ CKOpoCcTb. Kpome Toro, yem
TOYHEE M3MEpseTCS IOJIOKEHHE, TEM KOpOouYe JOJDKHBI OBITh JJIMHBI CBETOBBIX BOJH, a
CJIEZIOBATENIbHO, TeM Ooiiplle OyAeT SHEeprus OJHOr0 KBaHTA. DTO 3HAYUT, 4YTO BO3MYIICHHE
CKOPOCTH 4YacTUIbl CTaHeT Oosblie. MHBIMH CllOBaMH, Ye€M TOYHEE BBl IBHITAETECh W3MEPHUTH
MOJIOKCHUE YaCTUIBl, TEM MEHee TOYHBIMH OyayT H3MEpPEHHs €€ CKOPOCTH, U HaoOOpOT.
leilizenOepr mokasan, dYTO HEONPEACICHHOCTh B IIOJIOKEHHMH YacTULBl, yMHOXXEHHas Ha
HEOIIPEICIEHHOCTh B €€ CKOPOCTH U Ha €€ MaccCy, HE MOYKET ObITh MEHbIIE HEKOTOPOro 4ucia,
KOTOpOE Ha3bIBaeTcs ceifuac nmoctosHHoM [1anka. To 4yMCcIo He 3aBUCUT HU OT CIOc00a, KOTOPBIM
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U3MEPSIETCS TOJO0KEHUE WIM CKOPOCTh 4YacTHUIbl, HM OT THUIIA 3TOM YaCTHULBI, T. €. NPHHIUI
HeornpeeneHHocTH [eiizenoepra sBisiercs QyHIaMeHTaIbHBIM, 00s3aTeIbHBIM CBOWCTBOM HAIIIETO
MHpa.

[TpyHLMII HEONPENEIEHHOCTH MMEET AAJEKO UAYLIME CIEACTBHS, OTHOCALIUECS K HaIleMy
BOCHPUATHIO OKpy’Kamolero mupa. Jlaxe mno mnpomecTBuu 0Oojee MATHAECATH JET MHOTHE
¢unoco(bl TaKk OKOHYATENIBHO U HE COMIACHIIUCH C HUMH, U 3TU CIEACTBUS 10 CUX MOP OCTAIOTCA
npeamMeToM cnopoB. [IprHIMN HEONpeneneHHOCTH O3Hadal KoHel Medram Jlammaca o HaydHOHR
TEOpHH, KOTOpast AaBaja Obl NOJHOCTHIO AETEPMUHUPOBAHHYIO MOieb BeeneHHol: B camoMm fere,
KaK MOXXHO TOYHO MpeJCKa3bIBaTh Oyjayliee, HE yMmesl Jake B HACTOSIIMA MOMEHT IPOU3BOAMTH
TOYHBIE H3MepeHus coctosiHus Bceenennoit! KoneuHo, Mbl MoxeM cebe NpeACTaBiIsATh, YTO
CYIIECTBYeT HEKHl Ha0Op 3aKOHOB, MOJHOCTHIO OMNPEICISIONIMA COOBITUS JUISI KaKOTO-TO
CBEPXbECTECTBEHHOI'O CYIIECTBA, KOTOPOE CHOCOOHO HAOMI0JaTh COBPEMEHHOE COCTOSIHHE
BcenenHnoii, Hukak He Bo3Mmymas ee. OpHako Takue Mojenu BceneHHOW He NpeacTaBisOT
MHTEpeca Ul HaC — MPOCTBIX CMEPTHBIX. Jlydie, mokanayil, BOCIOIb30BAaBUIMCh TEM IPUHIUIIOM
«OKOHOMHUM», KOTOpBIA Ha3piBaeTcsi mpuHOUNIOM «OpuTBbI Okkama» (Y. Oxkam /1285-1349/ —
anrnuiickuit punocod. CyTb npuHmna «OputBel OKKaMa»: MOHATH, HE NOJAA0LIMecs POBEpKe
B OIIBITE, JIOJDKHBI OBITh yAaJ€Hbl U3 HAyKU.— MPUM. PEI.) B3SIThb U BbIpE3aTh BCE IOJIOKECHUS
TEOpUHU, KOTOpble He mojaatoTrcsa Habmogenuto. llpunas Takoil momaxon, Bepuep ['eitzentepr,
OpsuH peaunrep u [ons dupak B 20-X rogax Hamiero BeKa NepecMOTPENN MEXaHUKY M HPULILIN
K HOBOH TEOpHMM — KBAaHTOBOM MEXaHHMKE, B OCHOBY KOTOpPOH ObUI MOJIOKE€H MPUHIIMII
HEOIpeeIeHHOCTU. B KBaHTOBOI MeXaHMKE YacTULbl OOJIbIIIE HE UMEIOT TaKUX OINpPEAEICHHBIX U
HE 3aBUCAIIMX ApPYr OT Jpyra XapaKTEpPHUCTUK, KakK IIOJIOKEHHE B IIPOCTPAHCTBE M CKOPOCTH,
HEJOCTYNHBIX JUIsl HaOmroAeHus. BMecTo 3TOro oHM XapakTepu3ylOTCS KBAHTOBBIM COCTOSTHHEM,
KOTOpOE MpeCTaBIsgeT COO0 HEKYI0 KOMOMHALINIO MTOJIOKEHUS U CKOPOCTH.

KBantoBas MexaHuka, BooOILIe TOBOps, HE MPEJICKA3bIBAET, UTO HAONIOIEHNE JHOKHO UMETh
KaKOH-TO €IMHCTBEHHBIH ompezeneHHbI pe3ynbraT. HaoOopoT, oHa mpenckas3blBaeT HEKUU sl
Pa3HBIX pE3yJbTAaTOB U JAET BEPOATHOCTH KaXJI0I0 U3 HUX. DTO 3HAUUT, YTO, BHIIIOJIHUB OJHO U TO
K€ MU3MEPEHUE [UIsl MHOTUX OJMHAKOBBIX CHCTEM, HAYaJIbHBIE COCTOSHHSA KOTOPBIX COBIAAAIOT, MBI
ObI OOHAPYKHUIIM, YTO B OJHOM UYHUCIIE CIIy4aeB pe3yIbTaT U3MEPEHUs paBeH A, B ipyrom — b u T. 1.
MBI MOXeM NpencKas3aTh, B CKOJIBKUX MPUMEPHO Cly4asx pe3yibTaT Oyaer paBHAThCS A u b, HO
OTIPENICNIUTh PE3yJbTaT KaXKAOr0 KOHKPETHOTO W3MEpEHHs HEBO3MOXKHO. TakuM obOpazom,
KBAHTOBAas MEXaHMKa BHOCUT B HayKy HEH30€XHBIH SJEMEHT HENpeAcKa3yeMOCTH WIH
CIIy4alHOCTH. OMWHINTENHH BBICTYNHJI OYEHb PE3KO IPOTHUB 3TOH KOHLUEMNIMM, HECMOTpS Ha Ty
OTPOMHYIO POJIb, KOTOPYIO CaM CBhITpaJl B €€ Pa3BUTUH. 3a OTPOMHBIN BKJIaJ B KBAHTOBYIO TCOPHIO
DiiHmTelHy Oblia npucyxaena HobeneBckas mpemusi. Ho OH HUKOTIa HE MOT COTJIACUTHCS C TEM,
yTto BcenenHoit ympapisier ciiydail. Bce yyBcTBa DWHINTEHHA HAIIA CBOE BBIPAXEHUE B €rO
3HaMEHHUTOM BBICKa3bIBaHUU: «bor He urpaer B kocti». OHAKO OONBIIMHCTBO OCTABHBIX YUCHBIX
ObUIM CKJIOHHBI IIPUHATh KBAaHTOBYIO MEXaHHUKY, MOTOMY 4YTO OHAa IPEKPAcHO COIacoBajach C
JKcIepuMeHTOM. KBaHTOBasi MEXaHUKa B CaMOM JI€JIe SIBISIETCS BBIAAIOLIEHCS Teopuel U JIEXKUT B
OCHOBE IIOYTH BCEH COBPEMEHHOM HAYKH M T€XHHUKH. [[pMHIIMIIBI KBAHTOBON MEXaHUKHU ITOJO0XKECHBI
B OCHOBY paOOTBHI MOJYNPOBOAHUKOBBIX M MHTETPAIBHBIX CXEM, KOTOpbIE SIBIISIOTCS Ba)KHEUIIEH
4acTbI0 TaKMX OJJIEKTPOHHBIX YCTPOMCTB, KaK TEJIEBU30Pbl M 3JIEKTPOHHO-BBIYHACIUTEIbHBIC
MamvHbel. Ha KBaHTOBON MeXaHMKE 3MXKAETCS COBpPEMEHHass XMMHA U Ouosorus. EnuHCTBEHHBIE
obnacti (GU3MKH, KOTOPbIE MOKA HE MCIOJB3YIOT JOKHBIM 00pa30M KBAaHTOBYIO MEXAHUKY, — 3TO
TEOpHsI IPAaBUTALIMU U TEOPUs KPyTHOMACIITaOHO! CTPYKTYpbl BeeneHHOi.
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Puec. 4.1

HecmoTpss Ha TO 4YTO CBETOBOE M3IYyYEHHE COCTOMT M3 BOJH, TEM HE MEHEE, COINIACHO
runotese [lnanka, cBeT B KAKOM-TO CMBICIIE BeJleT ce0s Tak, Kak Oy/ATO OH 00pa30oBaH YaCTUIAMU:
M3JIy4eHHUE U MOIVIOLICHUE CBETA MPOUCXOINUT TOJBKO B BUJE MOPLMM, WX KBAHTOB. [IpuHuum xe
HeolpeesleHHOCTH [ eii3eH0epra roBOpUT O TOM, YTO YACTHIIbI B KAKOM-TO CMBICIIE BEyT ce0s Kak
BOJIHBI: OHM HE MMEIOT OINPEICIICHHOIO IOJIOKEHUS B IIPOCTPAHCTBE, a «pa3Ma3aHbD) IO HEMY C
HEKOTOPBIM DPACIpEACICHUEM BEPOSTHOCTU. B KBaHTOBO-MEXaHWYECKOW TEOPUM MCIIONb3YyETCA
COBEPILIECHHO HOBBIM MaTEMaTUYECKUH aIrapar, KOTOPBIM YK€ HE OIMCBIBAECT CaM PEaJIbHbI MUD HA
OCHOBE NPEJCTABJICHUN O YaCTHLIAX W BOJHAX; 3TH MOHITHS MOXXHO TENEpb OTHOCUTH TOJBKO K
pe3yibTataM HaONIONEHWH B 3TOM MHpe. TakuM 00pa3oM, B KBAaHTOBOH MEXaHHKE BO3HUKAECT
YaCTUYHO-BOJIHOBOW JyalM3M: B OJHHMX CIIydasX YacTHLbl YJOOHO CUMTaTh BOJHAMH, a B APYTUX
Jy4dll€ CYMTATh BOJHBI YacTUOaMH. M3 3TOro ciemayer OIMH BaKHBIM BBIBOA: MBI MOXEM
HaOJII0AaTh TaK Ha3blBaeMYI0 MHTEP(EPEHLNI0 MEXy IBYMs BOJIHAMU-yacTHLAMH. ['peOHM BOJIH
OJIHOM M3 HUX MOTYT, HallpuMep, COBIIAIATh CO BHaguHamMu Apyrou. Torga 1Be BOJHBI racsiT Apyr
Jpyra, a He YCWJIMBAIOT, CyMMHUPYSCh, KaK MOXHO ObLIO OBl 0XKHZIaTh, B 0OJee BBICOKHE BOJIHBI
(puc. 4.1). Bcem u3BecTHBII npuMep HHTEP(EPEHIINN CBETA — MEPEITUBAIOIINECS PAa3HBIMU [[BETAMHU
panyru MbUIbHBIE ITy3bIpHU. OTO SIBICHHE BO3HMKACT B PE3YJbTaTe OTPAKEHHUSA CBETAa OT JIBYX
MOBEPXHOCTEH TOHKOM IUJIEHKW BOJbI, KOTOpas o0pa3yeT My3bIpb. benblii CBET COAEPKUT
BCEBO3MOXKHbIE JUIMHBI BOJH, OTBEYAlOIIME pa3HbIM I[BeTaM. [peOHM HEKOTOPHIX BOJH,
OTPaKEHHBIX OT OJHOW M3 NOBEPXHOCTEH MBUIBHOW IUIEHKH, COBIAJAOT CO BIAJUHAMU BOJH TOU
e JJIMHBI, OTPAKEHHBIX OT BTOPOW IMOBEPXHOCTU Iy3blps. Torna B OTpaX€HHOM cBeTe OyIyT
OTCYTCTBOBATh IIBE€TA, COOTBETCTBYIOIIME 3THM JUIMHAM BOJH, U OTPAKCHHBIA CBET OKAXKETCA
Pa3HOLIBETHBIM.
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Wrak, Gmaromapss BO3HUKIIEMY B KBAaHTOBOW MEXAaHHKE IyalM3My YacTHI[bl TOXE MOTYT
UCHBITBIBaTh HHTEpGepeHuuto. [IIupoko n3BecTHbIN mpuMep Takoi HHTep(HEePEHIIMH YACTHIL — OTBIT
Cc JByMs IensiMH B dKpaHe (puc. 4.2). PaccMoTpuM 3KpaH, B KOTOPOM HpOpe3aHbl JIBE y3KHE
napajiensueie menu. [lo ogHy CTOpoHY OT 3KpaHa CO MIEISIMH TOMEIIEH HCTOYHUK CBETa
KAaKOT0-TO OINpPEAENIEHHOro 1IBeTa (T. €. ONPEIeIeHHOMN JUIMHBI BOJIHBI). CBET B OCHOBHOM IOMNAJAeT
Ha MOBEPXHOCTh 3KpaHa, HO HEOObIIAsk €ro YacTh MPOUIET CKBO3b Iemu. Jlanee mpeactaBum cebde
9KpaH Juid HaOJIOJEHUs, YCTaHOBJICHHBIM MO APYryl0 OT HMCTOYHMKA CBETa CTOPOHY AJKpaHa Co
mensmu. Torma B m00yr0 TOUKY dKpaHa AJs HaOmroAeHUs OyIyT MomajaTh CBETOBBIC BOJHBI U3
obeux menerd. Ho paccrosiHue, mpoiieHHOE CBETOM Yepe3 eI OT UCTOYHHKA J0 dKpaHa, OyIeT,
BOOOIIIE TOBOPS, pa3HbIM. JTO 0O3HAYAET, YTO BOJIHBI, MPOILIEIINE Yepe3 MU, MOMayT Ha SKpaH B
pasHOl (haze: B OJHUX MecTax OHM OyIyT ocnalisaTh Opyr Apyra, a B JAPYyTUX — yCWIMBaTh. B
pe3ynbTare Ha SKpaHe MONYYHUTCS XapaKTepHas KapTHWHA, COCTAaBIIEHHAs W3 TEMHBIX M CBETJIBIX
T0JIOC.

Y IMBUTENBHO, YTO B TOYHOCTH TaKHE K€ MOJOCH BO3HUKAIOT MPH 3aMEHEe MCTOYHHKA CBETa
HMCTOYHUKOM YaCTHIl, CKa)XE€M, 3JIEKTPOHOB, BBUICTAIOLIMX C ONPEAEICHHON CKOPOCTBIO (3TO
03HAYaeT, YTO UM COOTBETCTBYIOT BOJHBI ONpeAeNeHHON MnHbl). OnrcaHHoe sBIeHHE TeM Oolee
CTPaHHO, YTO MpPH HAJTUYMU TOJIBKO OJHOM ILEIM HHUKAKHWE IMOJIOCHl HE BO3HUKAIOT W Ha DKpaHe
MOSIBJISIETCS. TIPOCTO OJHOPOAHOE paCHpeeieHne 3NIEKTPOHOB. MOKHO ObUIO ObI MPEAIOIOKHTD,
YTO €Il€ OJHA IIEJb MPOCTO YBEJIUYUT YHUCIO AIEKTPOHOB, MONAAAIOIINX B KaX/AyI0 TOUKY KpaHa,
110 Ha CaMOM JIeJie U3-3a MHTeP(HEPEeHIIMH YUCIIO0 ITHX JIEKTPOHOB B HEKOTOPBIX MECTaX, HA00OPOT,
yMeHbm1aercs. Ecinm npomyckars depes3 IMeiar HO OJHOMY 3JIEKTPOHY 3a pa3, TO MOKHO ObLIO OB
OKUJaTh, YTO KKIBIA U3 HUX MPOHAET TUO0 uepe3 OAHY Ienb, 0o uepe3 ApYryro, T. €. Oyaer
BECTU ce0sl TaK, Kak OyJITO Ta LIelb, Yepe3 KOTOPYIO OH MPOILEN, €IMHCTBEHHAs!, U TOT/1a HA DKpaHe
JOJKHO BO3HHKHYTH OJIHOPOAHOE pacmpeneneHue. OIHAKO Ha caMOM JeJie MOJIOCHI TOSBISIOTCS
Ja)ke B TOM Ciy4ae, KOIJa 3JIEKTPOHBI BBIyCKalOTCs HO oxHoMy. CrenoBaTellbHO, KaKIbli
ANEKTPOH JIOJDKEH MPOXOAUTH Cpa3y uepes ooe mienu!

SBnenne wHTEPHEPEHIIUH YACTHI] CTAIO PEMIAIONINM JJI HAIIETO MOHWUMAHUS CTPYKTYPBI
aTOMOB, T€X MEJIbYANIINX «KHUPIUYUKOB», KOTOPbIE PACCMAaTPUBAIOTCS B XUMUU U OUOJIIOTHH U U3
KOTOPBIX MMOCTPOEHBI MBI CAMH U BCE BOKPYT Hac. B Hauaje Beka CYMTANIOCh, YTO aTOMBI TOJJOOHBI
ConHEeYHOU CUCTEME: JIEKTPOHBI (YaCTHUIIBI, HECYIIHE OTPUIIATCIBHBIN AJICKTPUICCKUN 3apsi), Kak
wianeTsl Bokpyr CoiHIIa, BpalarOTCs BOKPYT PACIOJIOKEHHOTO B IIEHTPE sifipa, 3apsHKEHHOTO
nosioxkutenbHo. [lpeamomaranock, 4YTO AJIEKTPOHBI yAEPXKUBAIOTCS HA OpOMTAaX CHJIAMH
MPUTSDKEHUS. MEXKIY TOJOXKHUTECIbHBIMA M OTPHUIATENIbHBIME 3apsSaMH aHAJIOTUYHO TOMY, Kak
rpaBUTALlMOHHOE NpUTsDKeHNEe MeKay COJHIIEM U TUIaHeTaMU He J1aeT IUIaHeTaM YWTH ¢ opOuT. IT1o
OOBSICHEHHE HATAIKHUBAJIOCh HA CIEAYIONIYI0 TPYAHOCThH: JO TOSBICHHS KBAaHTOBOW MEXaHUKU
3aKOHBI MEXAHUKU U JIEKTPUUECTBA MPE/ICKA3bIBAIHN, YTO AJIEKTPOHBI JOJDKHBI TEPSATH SHEPIHUIO, a
M3-32 TOTO JBUTATHCS IO CIHUPAIHA K IEHTPY aroMa W MajaTh Ha sSApo. DTO O3HA4Yajao Obl, 4TO
aTOMbI, a C HUMH, KOHEYHO, ¥ BCS MaTepus JOJDKHBI OBICTPO CKOJUIANICUPOBATH B COCTOSIHHUE C
OYEHb BBICOKOH MIOTHOCTHIO. YacTHOE peieHne 3Toil npobiemsl Hamen B 1913 r. naTckuil yueHsli
Hunsc Bop. Bop mocTtynupoBal, 4TO 3JIEKTPOHBI MOTYT JBHUTaThbCsl HE IO JIFOOBIM OpOWTaM, a
TOJILKO O TEM, KOTOPBIC JIeKAT HA HEKOTOPBIX OMPEICICHHBIX PACCTOSHUAX OT IEHTPaIHHOTO
snpa. Eciu Ob1 OBLIO CIENIaHO W TIPEANOJIOKEHHE O TOM, YTO Ha KaXJAOW TaKOW OpOUTE MOTYT
HaXOJUTHCSI TOJNILKO OJUH WJIM J[Ba 3JIEKTPOHA, TO MpolieMa Kojulanca aroma Oblia Obl pelieHa,
MOTOMY YTO TOTJA 3JEKTPOHBI, JBUTASCh MO CHHPAIM K LEHTPY, MOIJIM OBl JHIIb 3alOJHUTH
OpOUTHI C MUHUMATTBHBIMU PAINyCaMH U SHEPTUSIMHU.

Orta MoJenb MPEKpPacHO OOBACHANIA CTPOCHHE MPOCTEHINEro aromMa — aromMa BOJOpOJa, Y
KOTOPOro BOKPYT fJipa BpallaeTcsi BCETO OJIMH 3JEKTPOH. bbulo, 0IHAKO, HEMOHSTHO, KaK TOT e
MOJAXO0Jl PacIpoCTpPaHUTh Ha OoJjiee CclOKHbIe arombl. Kpome Toro, mnpeamnosnoxeHue o6
OTPAaHMYEHHOM YHCJI€ Pa3pelICHHBIX OpPOUT BBHITISAICIO BEChbMa IMPOU3BOIBHBIM. DTy TPYIHOCTH
paspeminiaa HoBasi TeOpUsl — KBaHTOBas MexaHuka. OKa3aloch, YTO 3JIEKTPOH, BpallaroIIMiics
BOKPYT Sipa, MOXHO MPEJICTaBUTh ceOe KaK BOJHY, JJIMHA KOTOPOU 3aBHCHUT OT €€ CKOPOCTH. Boib
HEKOTOPBIX OpPOMUT YKIAIbIBaeTCS Ieoe (a He APOOHOE) YKCIIO JUIMH BOJIH JJeKTpoHa. [lpum
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JBUKEHHUHU 10 3TUM OpOUTaM TpeOHU BOJIH OKaXKYTCS B OJJHOM U TOM K€ MECTE Ha Ka)KJIOM BUTKE, U
MO3TOMY BOJHBI OYIyT CKIAIbIBATHCA; TaKHE€ OPOUTHI OTHOCATCS K OOPOBCKHUM pa3pelieHHBIM
opbutaM. A s TeX OpOUT, BJIOJIb KOTOPHIX HE YKJIAIBIBAETCS 1I€JI0€ YUCIIO JUIMH BOJH DJIEKTPOHA,
KKl TpeOeHb 10 Mepe 00pallleHus SIEKTPOHOB PaHO HIIM MO3THO CKOMIIEHCUPYETCS BIAIHMHOM;
TaKue OpOUTHI HEe OYAYT pa3peuIeHHBIMH.

AMepukaHckui yueHblii Puuapn ®eilHMaH mpuayman KpacuBBIM croco0, KOTOpBIM Aaer
BO3MOXXHOCTh HArJIIHO TpEACTaBUTh cebe Jyanu3M BojHa-yacThua. @OelHMaH BBEN Tak
Ha3bIBAEMOE€ CYMMMPOBAaHUE IO TPAeKTOpHsM. B 3ToM moaxoae B OTIMYME OT KJIACCHYECKOM,
HEKBAaHTOBOM TEOpUM HET NPEANOJOXKEHUS O TOM, UTO 4YacTHlla JOJDKHA HMMETh
OJIHY-€TUHCTBEHHYIO TPACKTOPHIO B MPOCTPAHCTBE-BPEMEHH, a HA0OOPOT, CUUTAETCA, UTO YaCTHIIA
MOXeT nepemMeniatbest U3 A B b no moOomy BozMokHOMY nyTH. C Kax10i TpaeKTOpUEH CBsI3aHBbI
JIBa YUCJIA: OJJHO U3 HUX OMHUCBHIBAET pa3Mephl BOJHBI, & APYrOo€ OTBEYAET €€ MOJOKEHUIO B IIUKJIE
(rpebenp wnu BnaauwHa). UTOOBI OMpenenuTh BEPOSTHOCTH repexona u3 A B b, Hamo cioxuth
BOJIHBI JUIsl BCEeX OTUX TpaekTopuil. Ecnu cpaBHUTH Mexay coOOW HECKOIBKO COCEIHHX
TPAEKTOPH, TO WX (a3bl, WIN MOJOKEHUS B IIUKJIE, OYyIyT CHIBHO pa3indarbcs. ITO 3HAYUT, UTO
BOJIHBI, COOTBETCTBYIOIIME TAaKUM TPACKTOPHSIM, OyIyT MOYTH MOJHOCTHIO TacHTh JPYr Ipyra.
OpHako UIsT HEKOTOPBIX CEMEWCTB COCEIHUX TPACKTOPHU (a3bl MPHU MEPEeXoJie OT TPACKTOPHH K
TPAeKTOPUH OyIyT Majo MEHSTHCS, U COOTBETCTBYIOIIME UM BOJHBI HE CKOMIIEHCHUPYIOT IpPYT
npyra. Takue TpaeKTopuu OTHOCATCS K OOPOBCKUM pa3pelieHHbIM OpOUTaM.

OCHOBBIBasAICh HAa TaKUX IMPEACTABICHUSAX, 3aNMCAHHBIX B KOHKPETHOM MAaTeMaTH4YE€CKOM
BHUJIC, MO’KHO OBLIIO TIO CPAaBHUTEILHO MPOCTOM CXEMe BBIYHMCIUTH Pa3pelieHHbIe OpOUTHI 1Jis Oosee
CJIOKHBIX aTOMOB U )K€ JJI MOJIEKYJI, COCTOSIIIIMX U3 HECKOJBKHUX aTOMOB, KOTOPBIE JEpiKATCA
BMECTE 32 CUET JICKTPOHOB, YbH OPOHUTHI OXBATHIBAIOT 0OJIBIIE OJHOTO sipa. [I0CKOIBKY cTpoeHHe
MOJIEKYJI M MPOUCXOIAIIME MEXKIYy HUMHU PEaKUUU SBISIIOTCS OCHOBOM BCEM XUMUU U BCell
OMOJIOTMH, KBAaHTOBas MEXaHUKa B MPUHLUIE MO3BOJSET MPEACKA3aTh BCE, UYTO Mbl BUAUM BOKPYT
cebst, ¢ TOYHOCTBIO, KOTOPYIO JAOMyckaeT mpuHuMI HeompeaeneHHocTu. ([IpaBma, Ha mpakTuke
pacyeTbl CUCTEM, COAEPIKAIIMX MHOIO 3JIEKTPOHOB, OKa3bIBAIOTCS HACTOJBKO CIOKHBIMM, YTO
MIPOU3BECTH UX MPOCTO HEBO3MOXKHO).

Kpynnomacmrabuas crpykrypa BceneHHOW, MO-BUAMMOMY, MOAYMHSETCS OOLICH Teopuu
OTHOCUTEILHOCTH OMWHILNTEWHA. JTa TEOpPUA HA3bIBACTCS KIIACCUYECKOW, MOTOMY YTO B HEW HE
YUUTBIBAETCSI KBAHTOBO-MEXAaHMUECKUI TNPHHLUI HEONPEACTCHHOCTH, KOTOPBIA HE00X0IUMO
YUMUTBIBATH JUISI COTJIACOBAHUA C JIPYTMMH TeOopusMH. MbI ke HE BCTyHnaeM B MPOTHUBOpPEUHE C
pe3yibTaTaMu HAOMIOACHUN M3-32 TOTO, YTO BCE T'PABUTAIIMOHHBIC MOJS, C KOTOPHIMH OOBIYHO
MPUXOAUTCA MMETh JIeJ0, SIBJIAIOTCS OuyeHb ciabbiMu. OpAHAKO, COTJIaCHO TeopemMaMm o
CUHTYJISIPHOCTH, O KOTOPBIX TOBOPUJIOCH BBIIIIE, TPABUTALMOHHOE T10JI€ JOJKHO CTAHOBUTBCS OUYEHb
CWIBHBIM M0 KpailHel Mepe B ABYX CUTYallUAX: B Cllydae YEpHBIX JbIp U B ciayyae OOJIBIIOrO
B3pbIBa. B Takux CHIBHBIX TOJSIX JOJDKHBI OBITh CYHIECTBEHHBIMH KBAHTOBBIE 3((EKTHI.
CrnenoBarenbHO, Kilaccuyeckas oOmiasi Teopuss OTHOCUTENIBHOCTH, MPEACKa3aB TOYKH, B KOTOPBIX
IUIOTHOCTh CTAHOBHUTCS OECKOHEYHOM, B KaKOM-TO CMBICIIE CaMa IpeIpeKiia CBOE IMOpPaXCHUE B
TOYHOCTH TaK e, Kak Kiaccuueckas (T. €. HEKBAHTOBas) MEXaHWKa OOpekyia ceOsi Ha MmpoBaj
3aKJIFOYEHUEM O TOM, 4YTO aTOMBbl JOJDKHBI KOJUIAIICHPOBATh, IOKAa WX IUIOTHOCTh HE CTaHET
OCCKOHEYHOM. Y Hac emie HEeT MOJHOM TEOpHH, B KOTOPOW 00Iasi TeOprsi OTHOCUTEILHOCTH ObLia
Obl HEMPOTHBOPEYMBO OOBEIMHEHA C KBAHTOBOM MEXAaHUKOH, HO 3aTO MbI 3HAaeM KOE-KaKue
cBoiicTBa Oymymieit Teopun. O TOM, 4TO BBITEKAET U3 3TUX CBOWCTB B OTHOIICHWUW YEPHBIX JIBIP H
OOJBIIOrO B3pbIBa, MBI IIOTOBOPUMM B IMOCIEAYIOMIMX TJaBax. A ceifuac 3aiiMeMcs CaMbIMU
MOCJICHUMHU MONBITKAMHU 00bEIMHEHUS HAIIUX MPECTaBlIeHU 000 BCeX APYTrUX CUIIaX MPUPOIBI B
OJIHY, €IUHYIO KBAaHTOBYIO TEOPHIO.

5. 3nemeHTaprle YyactTuubl U Cunbl B npupoae

ApHUCTOTENIb CUMTAJ, YTO BEHIECTBO BO BCEIEHHOW COCTOMT U3 YETHIPEX OCHOBHBIX
3JIEMCHTOB — 3€MJIU, B03z[yxa, OrHd U BOJAbI, HA KOTOpBIe IlefICTBYIOT JABC CHIJIbI: CHJIa TsXKCCTHU,
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BJIEKYyIllasi 3€MJII0 M BOJY BHM3, M CHJA JIETKOCTH, IMOJ JEHCTBHEM KOTOPOH OrOHb M BO3JYyX
cTpemsaTcss BBepX. Takoil moaxoa K CTpoeHuto BceneHHOHM, Korja Bce JENUTCS Ha BELIECTBO U
CHUJIBI, COXPAHSETCS U 110 CEH eHb.

[To ApuctoTento, BEIIECTBO HEMIPEPHIBHO, T. €. JI0O0H KyCOK BEIIeCTBa MOKHO OECKOHEYHO
JIpoOUTH HA BCE MEHBLINE U MEHBIINE KyCOUKH, TaK U HE JIOMAs O TaKOM KpOIIEYHOW KPYNHUHKH,
KOoTOpas Janbiie Obl yxke He aenunack. OnHAKO HEKOTOpbIE JApyrue rpedeckue (uiocogsl,
HanpuMmep [IeMOKpUT, NpUAEpPKUBAIUCh MHEHHS, YTO MaTepusi IO CBOEH MpHUPOAE HMEET
3epHUCTYIO CTPYKTYpPY M BCE B MHUPE COCTOHMT M3 OOJBIIOrO YHCIa Pa3HBIX aTOMOB (IpeyecKoe
CIIOBO «aTOM» O3HayaeT HeaenuMsblid). IIpoxoaunu Beka, HO cHOp HPOAOIDKAICS 0e3 BCAKHX
pEeaNbHBIX JI0Ka3aTeJIbCTB, KOTOpBIE MOATBEPXKAANU OBl MPABOTY TOH WM JAPYroil CTOPOHBI.
Hakonen, B 1803 r. anrnwmiickuii xumMuk u Qusuk /xoH JlanbToH mokasas, 4To TOT (PAKT, YTO
XMMHYECKHE BEIECTBA BCETJa COCTUHSIOTCS B OMPEICIICHHBIX MPOMOPIUIX, MOKHO OOBSICHHUTD,
MIPENIIOJIOKHB, YTO aTOMbl OOBEANHSIIOTCS B IPYIIIbI, KOTOPbIE HAa3bIBAIOTCS MoJieKyaamMu. OqHaKo
JI0 HayaJla Hallero BeKa CIop MEXy AByMs IIKOJIaMU TakK U HE ObUT pEIIeH B MOJIb3y aTOMUCTOB. B
paspelieHre 3Toro Cropa O4eHb BAXHBIM BKJIAJ] BHeC DUHINTEHH. B cBOel cTaThe, HAaMmMCaHHOUN B
1905 r., 32 HECKONBKO HENIEb 10 3HAMEHUTON pabOoThl O CHEIHATBFHON TEOPUU OTHOCUTEIBHOCTH,
OWHINTEHH yKa3al Ha TO, YTO SBJCHHE, HOCSIIEE Ha3BaHWE OPOYHOBCKOTO JIBUKCHUS, —
HEpEryJsipHOE, XAa0TUYECKOE [BM)KCHHE MEJbYaWIIMX YaCTHUYEK, B3BEIIECHHBIX B BOJE, — MOYKHO
OOBSICHUTH yJapaMy aTOMOB KHJIKOCTH 00 3T YaCTUYKH.

K ToMy BpeMeHHU yKe HUMENHChb HEKOTOpPbIE OCHOBAHMS MOJYMBIBATH O TOM, YTO M ATOMBI
Toxke He Henenumbl. Heckompkumu rogamu pasbiine JIk. k. TomMcoH u3 TpuUHUTH-KOIUIEIKA B
KemOpumke OTKpBLI HOBYIO YacTHIly MAaT€PHH — JJIEKTPOH, Macca KOTOPOTO MEHBIIE OJIHOM
TBICSSMHOM Macchl CaMOro JIErKOro aToMa. OJKCIEpUMEHTalbHas yCTaHOBKAa TOMCOHAa HEMHOIO
HarlOMUHaja COBPEMEHHBIM TEJIEBU3MOHHBIM KHHECKom. PackajeHHas JoKpacHa MeTalInyecKas
HUTh CIIy’KHJIa UCTOYHUKOM 3JIEKTPOHOB. I10CKOIBKY 3JIEKTPOHBI 3apsDKEHbI OTPHULIATEIBHO, OHU
YCKOPSUIUCh B 3JEKTPUYECKOM II0JIE W JBUTAINUCh B CTOPOHY 3KpaHa, IOKPBITOrO CIOEM
momuHOGoOpa. Koria s1ekTpoHsl majanyd Ha 5KpaH, HA HEM BO3HUKAIM BCIBILKKA cBeTa. Bekope
CTaJIO TIOHATHO, YTO ATH AJICKTPOHBI IOJDKHBI BBIJIETaTh U3 aTOMOB, U B 1911 . anrnuiickuii pusuk
OpHer Pesepdopa HakoHeI] J0Ka3all, 4TO aTOMBI BEIIECTBA JACHCTBUTEIHHO 00J1a/1al0T BHYTPEHHEH
CTPYKTYpOM: OHM COCTOAT M3 KPOLIEYHOI'O MOJIOKHUTEIBHO 3apsKEHHOIO sipa M BPAILAIOIIMXCSA
BOKPYI' TEro 3JeKTpoHOB. Pesepdopa mpuien K 3TOMY BBIBOAY, HM3ydas, KaK OTKIIOHSIOTCS
anb(a-yacTHUIbl (TIOJOKHUTEIBHO 3apsyKEHHbIE YAaCTULIbI, UCITyCKAaeMble aTOMAMH PaJHOaKTUBHBIX
BEILECTB) NIPU CTOJIKHOBEHUH C aTOMaMHU.

Brauane mgymanu, 4ro SApO aTOMa COCTOMUT W3 3JEKTPOHOB M IOJIOKUTEIBHO 3apsKEHHBIX
4acTHIl, KOTOpPBIE Ha3BAJIA IPOTOHAMMU (OT IPEUECKOI0 CIOBO IIPOTOC) — NEPBUUHBIN), TOTOMY UTO
MIPOTOHBI CYUTATIUCH TEMH (PYHIAMEHTAIbHBIMU OJIOKaMH, U3 KOTOPBIX COCTOUT MaTepusi. OAHaKo B
1932 r. [Ixeiimc Yensuk, komiera Pesepdopaa nmo KemOpumKckoMy yHHUBEpPCUTETY, OOHAPY KU,
YTO B SJpE€ MMEIOTCS €lle U APYrue YacTULBl — HEMTPOHBI, Macca KOTOPBIX MOYTH PaBHA Macce
MPOTOHA, HO KOTOpBIE HE 3apspKeHbl. 3a 3To OTKpbiTHEe Yensuk Obu1 yaoctoeH HobeneBckoit
npemMud W BbIOpaH raBoil KonBmmi-sua-Kaityc-xommemka KemMOpuKCKOro yHUBEpCUTETA
(KoJuTeK, B KOTOPOM $ ceifuac paborato). I[IoToM eMy NpHIUIOCh OTKA3aThCs OT ATOTO MOCTa U3-32
pa3HoIIacuii ¢ COTpyAHUKaMH. B KoJiemke MOCTOSHHO MPOMCXOAWIA OXKECTOYEHHBIE CIIOPBI,
KOTOpBIE HAYAJIUCh C TEX IOp, KaK MOCJe BOMHBI TPYMIa BEPHYBIIEHCS MOJIOAEKH IIPOroja0coBaa
MIPOTUB TOTO, YTOOBI CTapble COTPYIHUKH OCTABaJUCh HA CBOUX IOJDKHOCTSX, KOTOPbIE OHU YK€
MHOTO JIeT 3aHuMaiu. Bee 3To mporcxoauiio emie 1o MeHs; sl Hayall paboTarh B Koyiemxke B 1965 T.
M 3acTajl caMblii KOHeI[ O0phOBI, KOT/a APYroi IriiaBa KOJUIeIka, HOOCIEBCKUMA Jaypear HeBwin
MoTT, BbIHYX/IeH OBbIII TO)KE YUTH B OTCTaBKY.

Eme ner nBaanare Ha3aJa MNPOTOHBI U HEUTPOHBI CUUTAIUCH «IJIEMEHTAPHBIMUY» YaCTHUIAMU,
HO S3KCIIEPUMEHTHI MO B3aUMOACUCTBHIO NPOTOHOB M 3JEKTPOHOB, JBHXKYLIMXCS C OOJNBLIIMMHU
CKOpPOCTSIMH, C MMPOTOHAMHM TOKa3aJIM, YTO Ha CAMOM JieJie TPOTOHBI COCTOAT U3 elle OojIee MEJIKIX
gactul. Mioppeit ['emn-Mann, Teopetuk u3 KanudopHHHCKOTO TEXHOJIOTMYECKOTO HHCTUTYTA,
Ha3BaJ ATH YacTHUIkl kKBapkamu. B 1969 r. 3a nccrnenoBanue kBapkoB ['emn-MaHH ObLT yI0CTOCH
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HobGenesckoit nmpemun. Ha3zBaHue «kBapk» B34TO W3 3ayMHOW CTHXOTBOpPHOW cTpoku JIxeiimca
Jxoiica: «Tpu kBapka st Mmactepa Mapka!». Ilo unee, cnmoBo quark JOMKHO MPOM3HOCUTHCS TaK
ke, Kak ciloBO quart (KyopT), B KOTOpoil OykBa t Ha KOHIIE 3aMeHeHa OykBOil k, HO OOBIYHO €ro
MIPOU3HOCST TaK, YTO OHO prdMyeTcs co ciaoBoMm lark.

M3BECTHO HECKOIBKO PA3HOBHUIHOCTEM KBApKOB: MPEAIOJIAralT, YTO CYLIECTBYET IO
KpaiiHell Mepe IIecTh «apoMaToB», KOTOPHIM OTBEYAIOT U-KBapK, d-KBapK, CTpaHHBIA KBapK,
OYapOBAHHBIM KBapK, b-kBapk M t-kBapK. KBapk KakIoro «apomara» MOXET OBITh eme M Tpex
«IIBETOB» — KPACHOTO, 3eNeHoro u cuHero. (CienyeT moa4epKHyTh, UTO 3TO MPOCTO 0003HAUCHUS,
TaK Kak pa3Mep KBapKOB 3HAYUTEJILHO MEHBIIE JJIMHBI BOJHBI BUAMMOIO CBETA U MMO3TOMY I[BETa B
OOBIYHOM CMBICTIE CJIOBa Y HHUX HeT. J[emo mpocTo B TOM, YTO COBPEMEHHBIM (PU3MKaM HPABUTCS
MPUIYMBIBATh HAa3BaHHWS HOBBIX YAaCTHI[ M SIBICHWH, HE OrpaHWYMBas OOJIbIIE CBOIO (haHTA3ZHIO
rpedeckuM andaButom). [IpoTOH M HEHTPOH COCTOST U3 TPEX KBAPKOB Pa3HBIX «IIBETOB». B
IIPOTOHE COJIEP>KUTCS JIBa U-KBapKa U oJuH d-KBapK, B HEUTpoHE — ABa d-KBapKa M OJMH U-KBapK.
YacTuiibl MOKHO CTPOHUTH U M3 JIPYTUX KBApKOB (CTPAaHHOTO, OYapOBAaHHOTO, b U t), HO Bce ATH
KBapKu 00JaJaloT ropasfo OonblIeld Macco M OuYeHb OBICTPO pPACHaNAIOTCs HAa TPOTOHBI U
HEUTPOHBI.

Mpl yxe 3HaeM, YTO HU aTOMbl, HU HaXOJsIIKecs BHYTPU aroma IPOTOHBI C HEUTPOHAMH HE
SIBJISIFOTCA HEJENMMBIMM, @ MOTOMY BO3HHMKA€T BOIPOC: YTO K€ TAKOE HACTOSIIME 3JIEMEHTapHbIC
YacTULIBl — T€ UCXOAHBIE KUPIUYU, U3 KOTOPHIX Bce cOCTOUT? ITOCKONMBKY JJIMHBI CBETOBBIX BOJIH
CYILIECTBEHHO OOJIbIIIE pa3MEpoOB aToMa, Y Hac HET HaJeXKJbl «yBUIETHY» COCTaBHBIC YACTH aTOMa
OOBIYHBIM crocoOoM. [[Is 3TOM Ienu HeOOXOAWMMBbI 3HAYMTCIBHO MEHBIIHME JJIUHBI BOJH. B
NpeAbIAYyIIEH TJ1aBe Mbl Y3HAJIH, YTO, COTJIACHO KBAHTOBOM MEXaHUKE, BCE YACTHUIbl HA CAMOM JIEJIe
SIBJIAIOTCS €1I€ U BOJIHAMU M YEM BBILIE SHEPrUsl YaCTHUIbI, TEM MEHbIIE COOTBETCTBYIOLIAs JJIMHA
BOJIHBI. TakuM 00pa3oM, Halll OTBET Ha MOCTABIEHHBIN BOMPOC 3aBUCUT OT TOTO, HACKOJIBKO BBICOKA
SHEPTHsl YaCTUll, UMEIOLIUXCS B HAILIEM PaCHOPSKEHUH, IOTOMY 4YTO €10 ONPEAEISIETCS] HACKOJIBKO
Man macmTad TeX UIMH, KOTOpble MBI CMOXXEM HaOmonaTh. EIUHUIBL, B KOTOPBIX OOBIYHO
M3MEpPSIETCSl SHEPTUSl YaCTHUII, HA3bIBAIOTCA 2JIEKTPOHBOJIbTaMU. (TOMCOH B CBOMX 3KCIEPHUMEHTaX
JUISl YCKOPEHHSI 3JIEKTPOHOB HCIIOJIB30BAN JJIEKTPUUYECKOE IOJ€. DIEKTPOHBOJIBT — ATO JHEPIHS,
KOTOPYIO MPUOOpPETaeT JIEKTPOH B ANMEKTpUdecKkoM moiie BenuuuHou 1 BombT). B XIX B., Korma
yMEIM UCHOJIb30BaTh TOJIBKO YAaCTHIBI C DSHEPIMSMHU B  HECKOJIBKO  3JIEKTPOHBOJBT,
BBIACIISIOIIMMUCS B XUMUYECKUX PEAKIUSAX TUIA TOPEHUS, aTOMbl CUMTAIUCH CAMBIMU MEJIKHMH
yacTsiMu Matepuu. B skcnepumentax Pesepdopaa sHepruu anbda-4acTuil COCTaBISIN MUJUTHOHBI
AJEKTPOHBOJIBT. 3aT€M Mbl HAYYWJINCH C TIOMOILBIO JIEKTPOMArHUTHBIX OJIEH Pa3TOHATH YaCTHUIIBI
CHayaJia J0 SHEPruii B MUJUIMOHBI, & TIOTOM M B THICSIYM MWJUIMOHOB 3JIEKTPOHBOJIBT. Tak Mbl
y3HaJIM, YTO YaCTULIbI, KOTOPbIE ABAALATH JIET HA3aJ CUMTAIUCh 3JIEMEHTAPHBIMM, HA CAaMOM JIENe
COCTOSIT M3 MEHBIIUX YacTUIl. A 4YTO €clM NpU MepexoAe K eule Oosiee BBICOKUM SHEPrusiM
OKa)XETCs, YTO U ITH MEHBILINE YaCTULIBI B CBOIO OUYEPEAb COCTOAT U3 elle MeHbnXx? KoHeuHo, 3To
BIIOJIHE BEpOSITHAsI CUTyallusl, HO Yy Hac Celyac €CTh HEKOTOpPbIE TEOPETHUYECKHE OCHOBAHMS
CUMTaTh, YTO MBI YK€ BJIaJI€eM WIJIM TMOYTH BJIAZICEM CBEICHHSIMH 00 MCXOAHBIX «KUPIHYUKAX», U3
KOTOPBIX IIOCTPOEHO BCE B IIPUPOJE.

Bce, uto ecth BO BcenieHHOM, B TOM YKCIIE CBET U I'PABUTALIMIO, MOXKHO OMHUCHIBATH, HCXO
W3 NPEJCTABICHUS O YACTUIIAX, C YYETOM YaCTHYHO-BOJIHOBOIO TyaJIn3Ma, O KOTOPOM MbI TOBOPHIIN
B MpebIayIIel riaBe. YacTHIIbI )K€ UMEIOT HEKYIO BpaIlaTeIbHYI0 XapaKTepUCTUKY — CIIUH (Spin —
BpaIaThCs, KPyTUTHCS (aHTIL.). — IPUM. TIEPEB. ).
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[TpencraBum cebe yacTHIIBI B BUJE MAJIEHbKHX BOJYKOB, BpAILlAIOIIUXCS BOKPYT CBOEH OCH.
[IpaBna, Takas KapTHHAa MOKET BBECTH B 3a0NyKIEHHE, NOTOMY 4YTO B KBAaHTOBOW MEXaHUKE
YacTULIBI HE MMEIOT BIIOJIHE OIpe/esieHHONW ocu BpauieHus. Ha camom Jene cvH 4acTUIBl AaeT
HaM CBEJICHMS O TOM, KaK BBITJISAUT 3Ta YacTHUILla, €CIM CMOTPETh Ha HEE ¢ pa3HbIX cTOpoH. YacTuia
co cnimHOM () TIOX0a Ha TOYKY: OHA BBITJISIIUT CO BCEX CTOPOH OAMHAKOBO (puc. 5.1, I). Hactuiry co
CIIMHOM | MOKHO CPaBHMUTB CO CTPEJION: C Pa3HBIX CTOPOH OHA BBITJISAUT NO-pasHomy (puc. 5.1, 1)
W TPUHUMAET TOT € BUJ JHIIb TOC]e MoiaHoro odopora Ha 360 rpax. Yactuiy co criuHOM 2
MOKHO CPaBHHUTH CO CTPEJIOH, 3aTOYEHHOW C 00eMX CTOpPOH: J000€ €€ MOJOKEHHUE MOBTOPSIETCS
nocie moiayobopota (180 rpaxa.). AHanornyHeiM 00Opa3oM dYacTuia ¢ 0ojiee BBICOKMM CITHHOM
BO3BpallaeTcs B MEPBOHAYAIBHOE COCTOSIHME IPU MOBOPOTE HA €ILE€ MEHBIIYI YacTh IOJHOTO
o0opoTa. T0 Bce JOBOJBHO OYEBUIHO, a YAUBUTEIHHO APYTO€ — CYLIECTBYIOT YaCTHUIIbI, KOTOPBIE
ocyIe MOJIHOTO 000POTa HE MPUHUMAIOT MPEKHUM BHII: X HYKHO JBAXK/bI MOJTHOCTHIO TIOBEPHYTh!
['oBOpsT, 4TO TakKMe YACTHUIIHI 00TAIA0T CITMHOM 1/2.

Bce u3BecTHBIe yacTuibl BO BceeneHHONM MOXKHO pa3lienuTh Ha ABE IPYIIBL: YacTUIBI CO
CrHOM 1/2, U3 KOTOPBIX COCTOMT BemIeCTBO BO BcenenHoit, u vactuisl co cnuaoMm 0, 1 u 2,
KOTOpBIE, KaK Mbl YBUJUM, CO3JAI0T CHJIbI, JEHCTBYIONIME MEXIY YaCTHLIAMU BellecTBa. YacTuiiel
BEIIECTBA MOJYMHSIOTCS TAaK Ha3blBaeMoMy MpuHUMMY 3anpera [laymau, oTkpeitomy B 1925 T.
aBcTpuiickuM ¢uszukom Bonbdranrom Ilaymu. B 1945 r. [laynu 3a cBoe OTKpbITHE OBUT YJIOCTOCH
HobGeneBckoit mpemun. OH BT cOOOM MAcaNbHBIA TpUMEP (PU3UKA-TEOPETHKA: TOBOPST, UTO
OJIHO €ro NPHUCYTCTBUE B TOpOAE Hapyllago XoAa BcexX 3kcnepuMmeHToB! Ilpunnun Ilaynu raacwur,
YTO JIB€ OJIMHAKOBBIE YACTHUIIBI HE MOTYT CYIIECTBOBaTh B OJIHOM U TOM K€ COCTOSIHUU, T. €. HE
MOTYyT HMEThb KOOPIMHAThl M CKOPOCTH, OJMHAKOBBIE C TOM TOYHOCTBIO, KOTOpas 3aJacTcs
npuHIMIOM HeomnpeneiaeHHocTH. [Ipunnun [laynu umeer kpaiiHe BakHOE 3HAUYEHHE, TaK KaK OH
MO3BOJIMII OOBSICHUTB, TIOYEMY MO JEHCTBHEM CHII, CO3/1aBaeMbIX yacTHLaMu co cnuHoMm 0, 1, 2,
YacTULIBI MAaTepUU HE KOJUIAICUPYIOT B COCTOSIHME C OY€Hb BBICOKOW IUIOTHOCTBHIO: €CIIU YaCTHUIIBI
BEIIECTBAa UMEIOT OUEHb OJIM3KUE 3HAUCHUS KOOPJIUHAT, TO UX CKOPOCTHU JOJKHBI ObITh PA3HBIMHU, U,
CJIEIOBATEIbHO, OHU HE CMOTYT JOJI0 HaXOAWUThCSA B TOUKAaX C ITUMH KoopauHaTamu. Eciou Obl B
COTBOPEHMHM MHpa HE ydacTBOBan mnpuHIUN [laynaw, kBapku HEe MOTIU Obl OOBEIUHUTHCS B
OTJIENIbHBIE, YETKO ONpPEEIICHHbIE YaCTUIBl — IPOTOHBI U HEUTPOHBI, KOTOPHIE B CBOKO OYEpE/b HE
cMoriu Obl, OOBEIMHHUBIINCH C AJIEKTPOHAMH, O0Opa30BaTh OTIENbHBIC, YETKO OINpeaelicHHbIC
aToMbl. be3 npunnuna [1aynu Bce 3TH yacTULIBI CKOJIIAICUPOBaJI OBl U IPEBPATHIIUCH B OoJiee Win
MeHee OJTHOPOJIHOE U MJIOTHOE KEIe).

[IpaBunpHOE TpeACTaBIeHHE 00 DSJIEKTPOHE W JPYTWX YacTHIIAX CO COuHOM  1/2
orcyTcTBOBano a0 1928 r., korna Ilons Jlupak mpemsiokun TEOPUIO IS OMHCAHUS 3TUX YACTHIL.
Bnocnencreun Jlupak nomyumn kadenpy MaremaTuku B KemOpumke (KOTOPYIO B CBOE BpeMs
3aHuMan HpIOTOH U KOTOpYyIO ceiiyac 3aHuMaro s1). Teopusi J{upaka Obuta mepBoil Teopuel Takoro
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pona, KoTopas corjlacoBajlaCb M C KBAaHTOBOM MEXAaHMKOW, M CO CIEIUAJIbHOW TEOpHUEH
OTHOCHUTENLHOCTU. B Hell JaBanock MareMaTH4ecKoe OOBSICHEHHE TOTO, IOYEMY CIHH 3JIEKTPOHA
paBeH 1/2, T. e. mouemMy MpH OJHOKPATHOM TIOJTHOM 00OPOTE JIEKTPOHA OH HE MPHHUMAET MPEKHUH
BUJ, a MpU JIBYKpaTHOM mnpuHuMmaeT. Teopus Jupaka mpenckasbiBaja TakKe, YTO y 3JIEKTPOHA
JIOJDKEH OBITh TMapTHEP — aHTHRJICKTPOH, WM, WHAade, NO3UTpoH. OTKpeITHE To3uTpoHa B 1932 T.
noaTBepauiio Teoputo Jupaka, u B 1933 r. on nonyunn Hobenesckyro npemuto o gusuke. Celiuac
Mbl 3HAE€M, YTO KaXJOM dYacTHUlle COOTBETCTBYET AaHTUYACTHIA, C KOTOPOM OHa MOXET
aHHUTUINPOBaTh. (B ciydae dactui, obecrneynBarOnnX B3auMOICHCTBHE, YACTUIA U aHTUYACTHIIA
— OIHO U TO >€). Mornmu Obl CyIIECTBOBATh ILIEJbIE AHTUCIOBA M AHTWJIIOJU, COCTOSILIHE U3
anTnyactull. Ho BcTpeTuB aHTHCeOs, HE B3AyMailiTe MO3J0pOBaThCSA C HUM 3a pyky! BosHukher
OClIeNUTENIbHAsL BCIIbIIIKA CBETa, M Bbl 00a ucue3Here. UpesBblYailHO Ba)K€H BOMIPOC, MOYEMY
BOKPYT Hac ropa3zio 0OJbIlle YacTHIl, YeM aHTUYACTHUIl. MBI K HEMY ellle BepHEMCS B ATOH TJaBe.

B kBaHTOBOIl MexaHHMKE MpeArnoiaraeTcsi, YTO BCE CUJIbI, MJIM B3aUMOJEHUCTBUS, MEXKIY
YaCTULAMHU BELIECTBA MEPEHOCITCS YAaCTULIAMM C LEJIOYMCICHHBIM CIIMHOM, paBHbIM 0, 1 wnm 2.
Yactuna BemiecTBa, HalpuMep 3JIEKTPOH WM KBapK, HMCIYyCKAaeT 4YacTUIly, KOTopas SBIsSETCS
MEPEHOCUYUKOM B3aUMOJIEUCTBUs. B pesynbpTaTe OTIayum CKOPOCTh YaCTUIIBI BEIECTBA MEHSETCS.
3aTeM 4YacTULA-NEPEHOCUMK HaJeTaeT Ha JAPYTyl YacTHUIy BEIIECTBA U IOIJIOLIAETCS €10. JTO
COoyJapeHue U3MEHSAET CKOPOCTh BTOPOH YaCTHUIbI, KaK OyATO MEXIy 3THUMU JBYMS YacTHUIIAMU
BEIIECTBA JICUCTBYET CUJIA.

YacTulpI-MepeHOCYNKN B3aUMOJCHCTBUS 00Jaal0T OJHUM Ba)KHBIM CBOMCTBOM: OHU HE
MOMYUHSIOTCS NpuUHLMIY 3ampera [laynu. OTo O3HAayaeT OTCYTCTBME OTIpaHMYEHUN I 4uCIia
00MEHHBaEeMBbIX YaCTHII, TAK YTO BO3HUKAIOIIAs CUJIA B3AaMMOJICHCTBHS MOKET OKa3aThCsl OOJBIION.
Ho ecnu macca yacTHII-IIEpEHOCYMKOB BEJIMKA, TO HAa OOJIBIIMX PACCTOSHUAX UX POXKJIEHUE U OOMEH
OynyT 3aTpyAHeHbl. Takum 00pazoMm, MEPEeHOCUMBbIE UMM CHIIBI OYIyT KOPOTKOJAEHCTBYIOIIMMH.
Ecoun ke wyacTunpbl-mepeHocUMkn He OyAayT o0manatb CcOOCTBEHHOM Maccoi, BO3HHKHYT
JAIbHOACUCTBYIONINE CUJIBL.  YacTHIIBI-TIEPEHOCUYUKH, KOTOPHIMH OOMEHUBAIOTCS  YaCTHUIIBI
BEIIECTBA, HA3BIBAIOTCSI BUPTYyAIbHBIMH, I[OTOMY 4YTO B OTJIMYME OT PEAIBHBIX HUX HEJb3d
HEIMOCPEACTBEHHO 3apEruCTPUPOBATh IMPHU MOMOIIM JeTeKkTopa yacTul. OIHAKO MbI 3HAeM, 4TO
BUPTyaJIbHbIE YAaCTHULBI CYLIECTBYIOT, IMOTOMY 4YTO OHH CO3Hai0T 3(PQEKThl, NOAAI0NIHecs
W3MepeHulo: Onarojapsi BUPTYyaJbHbIM YacTUI[AM BO3HUKAIOT CHJIBI, JCUCTBYIOUIME MEXKIY
yacTULIaMHU BelecTBa. [Ipyn HEKOTOpBIX yClIoBUAX YacTHULbI co cnuHamu 0, 1, 2 CcyliecTBYIOT U Kak
peanbHbIe; TOI/Ia UX MOKHO HENOCPEACTBEHHO 3aperucTpupoBaTh. C TOUKHM 3pEHUS KIACCUYECKON
(U3MKN TaKMe YacTHIIbI BCTPEYAIOTCS HaM B BHJIE BOJIH, CKa)KEM CBETOBBIX HJIM I'PAaBUTAIIMOHHBIX.
OHu UHOTAA UCITYCKAIOTCA MPU B3aMMOECHCTBUM YaCTHUI] BEIIECTBA, MPOTEKAIOIIEM 3a CUeT 0OMEHa
yacTULIAMU-TIEpEHOCUUKaMK  B3aumojeicTBusa. (Hampumep, snexkrtpuueckas cuiaa B3aUMHOTO
OTTaJIKMBAHUS MEX]y IBYMs 3JEKTPOHAMHU BO3HHMKAET 3a c4eT 0OMeHa BUPTYyaJlbHBIMH (DOTOHAMU,
KOTOpBIE HEJIB3s HETIOCPEICTBEHHO 3aperucTpupoBarb. Ho eciiu a51eKTpoHbI IPOJIETAIOT APYT MUMO
Jpyra, TO BO3MOYKHO HCIIyCKaHHME peajbHbIX (DOTOHOB, KOTOpble OYIyT 3aperucTpUpPOBAHBI Kak
CBETOBBIC BOJIHBI).

YacTULBI-TEPEHOCUUKN MOXHO Pa3[eiIuTh HA YEThIPE TUIIA B 3aBUCHUMOCTU OT BEIUYMHBI
MIEPEHOCUMOr0 UMH B3aUMOJEHCTBUS U OT TOTO, C KaKUMHU YacCTHIAMHM OHU B3aMMOJEHCTBOBAIIH.
[TomuepkHeMm, 4YTO Takoe pa3JelieHue COBEPIIEHHO HCKYCCTBEHHO; 3TO CXeMa, YAOoOHas [yis
pa3paboOTKM YaCTHBIX TEOpHid, HHUEro OoJiee CEpbe3HOr0 B HEW, BEPOSTHO, HET. BONBIIMHCTBO
(hU3HUKOB Ha/EeeTCs, YTO B KOHIIE KOHIIOB YJIAaCTCsl CO3/1aTh €IMHYIO TEOPHUIO, B KOTOPOW BCE YEThIpe
CWJIBI OKa3aJIMUCh OBl PAa3HOBUIHOCTSIMH OIHOW M TOH kK€ CWIbl. MHOTHE JaXe BHIAT B ITOM
TJIaBHYIO 1I€JTb COBPEMEHHOH (u3uku. HenaBHO yBeHUANUCh yCIEXOM HOMBITKH 00BEAMHEHUS TPEX
cui1. B aT0i1 raBe 4 emie codbuparoch 0 HUX pacckazaTh. O TOM, Kak 0OCTOHT JeJI0 ¢ BKJIIOYCHUEM B
Takoe 00beIMHEHUE TPaBUTALIMH, MBI IOTOBOPUM HEMHOTO MO3XKE.

Wrak, nepBasi pa3HOBUIHOCTb CHUJI — IpaBUTAllMOHHAs cuja. ['paBUTAllMOHHBIE CHJIBI HOCAT
YHUBEpCAIbHBIM XapakTep. OTO O03HA4YaeT, 4YTO BCSAKAas YaCTULA HAXOAWUTCS IMOJ JEWCTBHEM
I'PaBUTALlMOHHOM CUJIbI, BEIMYMHA KOTOPOM 3aBHCHUT OT MacChl MJIM SHEPTUM YacTULL. ' paBuTanus
ropaszio ciadee KakXI0i M3 OCTABIIMXCSA TPEX CHJI. DTO OYEHb cilabasi CHiia, KOTOPYIO MBI BOOOIIE
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HE 3aMeTHJIH OB, eciii ObI He /IBa €€ Cenn()UIeCKUX CBOMCTBA: TPaBUTAIIMOHHBIE CHJIBI ICHCTBYIOT
Ha OONBIINX PACCTOSHUSX W BCErla SBISIOTCS cuilaMu NpuTshkeHus. CrenoBaTeNnbHO, OYEHb
ca0bble TPABUTAMOHHBIC CHJIBI B3aMMOJCHCTBHS OTACIBHBIX YACTHI[ B JIBYX TelaX OOJBIIOTrO
pasMepa, Takux, Hampumep, kak 3emist 1 ColiHIle, MOTYT B CYyMME JIaTh OU€Hb OOJbIIyI0 cuily. Tpu
OCTaJbHBIX BHJIAa B3aWMOJCUCTBHS JHOO JEHCTBYIOT TOJIBKO HA MAaJbIX PACCTOSHHUSAX, JHOO
SIBJIAIOTCS. TO OTTAJIKUBAIOIIMMU, TO MPUTITUBAIOIIMMH, YTO IPUBOAMUT B OOIIEM K KomIeHcanuu. B
KBaHTOBO-MEXaHUYECKOM TOJXOJI¢ K T'PAaBUTAIMOHHOMY ITOJIFO CYHTACTCS, YTO TPAaBUTAI[MOHHAS
CWia, JEHCTBYIOMIAs MEXAY IBYMs YacTUIAMU MaTepuu, NMEPEHOCHUTCS YacTHUIEH CO CIUHOM 2,
KOTOpasi Ha3bIBacTCS T'PABHTOHOM. [ paBUTOH He OO0JNamaeT COOCTBEHHOH Maccod, W TO3TOMY
MepeHoCcuMas UM CuJjia SBIISETCS JAalbHOJEHCTBYIONICH. [ paBUTAIIMIOHHOE B3aMMOJEHCTBIE MEXKIY
ComanieM u 3emiieli OOBSICHSICTCS TEM, YTO YaCTHIBI, M3 KOTOPBIX coctost 3emus u ColHIle,
oOMeHHuBaroTCA TpaBUTOHaMH. HecMoTpss Ha TO 4TO B OOMEHE y4YacTBYIOT JIUIIb BHUPTYyajbHbIC
YaCTHIIBI, CO3/ITaBAEMbIid MU dPPEKT O€3yCIOBHO MOTACTCS H3MEPEHHUIO, TOTOMY YTO 3TOT AP PEKT
— Bpamenue 3emuu BOkpyr ConHia! PeanbHble TpaBHUTOHBI PacHpOCTPAHSIOTCS B BUAE BOIH,
KOTOPBIC B KJIACCHYICCKOW (PH3MKE HA3BIBAIOTCS TPABUTAIIMOHHBIMY, HO OHU OYEHB CJIa0bIe, U MX TaK
TPYJIHO 3apETUCTPUPOBATH, YTO MOKA 3TO HUKOMY HE YJAJIOCh ClIENaTh.

Crnenyromuii THIT B3aUMOJCHUCTBHS CO3JACTCS DJICKTPOMATHUTHBIMUA CHJIAMH, KOTOPBIE
JEHCTBYIOT MEXIY DJIEKTPUUECKH 3apsHKEHHBIMU YaCTHUIIAMU, KaK, HAIPUMEp, JIEKTPOHBI U KBapKH,
HO HE OTBEUAIOT 3a B3aWMOJCWCTBHE TaKWX HE3aPSHKCHHBIX YACTHI, KAaK T'PABUTOHBI.
DNEeKTPOMarHUTHBIE B3aUMOJICHCTBUSL TOPa3f0 CHIIbHEE TPABUTAIMOHHBIX: AJIEKTPOMArHUTHAs
CWIa, MEHCTBYIOIIAs MEXKIY IBYMS JJICKTPOHAMH, MPUMEPHO B MIIIMOH MHJUTHOHOB MWLIHOHOB
MUJUIMOHOB MUJUTHOHOB MWJIJTMOHOB MUJUTMOHOB (€AMHMIIA C COPOKA ABYMs HYJSIMH) pa3 Oolblie
TPaBHTAIMOHHON CHJIbl. HO CyIIECTBYIOT JBa BHIA AJICKTPUUICCKOTO 3apsijia — MOJIOKHUTEIbHBIA H
OTpUIATENbHBIA. Mexay IByMsl TMOJOXKUTEIbHBIMH 3apsiaMd Tak >XKe, KaK M MEXIy JByMs
OTPUIATEILHBIMH, JCUCTBYET CHJIa OTTATKUBAHUSA, & MEXIY IMOJOXKHUTCIBHBIM U OTPHIIATEIHHBIM
3apsaamMu — cuia mpuTshkeHus. B Oonpmiux Tenax, Hanpumep B 3emiie win ComHIE, coAepKaHHUe
MOJIOKUTEIBHBIX ¥ OTPHIATEIBHBIX 3apsiIOB TMOYTH OJWHAKOBO, H, CJIEIOBATEIIHO, CHIIBI
MPUTSDKEHUS. U OTTAJKUBAHUS MOYTH KOMIEHCUPYIOT APYT ApPYyra, U OCTAeTCs OUYEHb Majasi YUCTO
anekTpoMarHuTHas cwia. OIHAKO B MallbIX MacmTabax aTOMOB W MOJIEKYJ JJIEKTPOMAarHUTHBIC
cuiibl TOMUHHPYIOT. [lox neiicTBHEM 3IEKTPOMArHUTHOTO MPUTSDKEHUS MEXIy OTpULIATEIbHO
3apsHKCHHBIMU DJICKTPOHAMHU M TIOJIOKHUTENIBHO 3apsHKEHHBIMUA MPOTOHAMHU B SIApE DJIEKTPOHBI B
aTOMe€ BpAIAIOTCS BOKPYT SApa B TOYHOCTH TaK JK€, KakK MOJ JEHCTBHEM TIpaBUTALMOHHOIO
NpUTsDKEeHUsT 3emutst Bpamaercss BOKpyr CoiHIa. DJNeKTPOMArHUTHOE MPUTSKEHHE OIMUCHIBACTCS
KaK pe3yslbTaT OOMEHa OOJbIIMM YHCIOM BUPTYyAJIbHBIX 0O€3MacCOBBIX YaCTHUI[ CO CIUHOM I,
KOTOpBIC Ha3bIBalOTCS poToHamu. Kak 1 B ciydae rpaBUTOHOB, (DOTOHBI, OCYIIIECTBIISIONINE OOMEH,
SBIISIIOTCSA BUPTYaJIbHBIMU, HO MIPH MEPEXOE 3JIEKTPOHA C OAHON pa3pelieHHONH OpOUTHI Ha IPYTYIO,
PacONOKEHHYIO OJIKE K SIIPY, OCBOOOXKIACTCS SHEPTHS, U B PE3yJIbTaTe UCIYCKACTCS PeallbHBIM
(hOTOH, KOTOPBIM MpHU MOIXOIAIICH JJTMHE BOJIHBI MOXHO HaOJIIOAAaTh YEIOBEUYECKHM IJIa30M Kak
BUJIMMBII CBET, WK K€ C TIOMOIIbIO KAKOTO-HUOY (b IETEKTOpa (POTOHOB, HApUMep (POTOIIICHKH.
AHaJIOTMYHBIM 00pa30M MPHU COyAAPEHUH PeaTbHOro (JOTOHA C AaTOMOM MOKET MPOU30MTH Mepexoa
JNIEKTPOHA C OJIHOW OpOMTHI Ha APYTYIO, OoJiee AANEKyI0 OT sapa. DTOT MEPEXO]l MPOUCXOTUT 32
cyeT HHepruu (¢HOTOHA, KOTOPBHIM TOTJIOIMIAETCS aTOMOM. B3auMoOIeWCTBHE TPEThErO THIA
HasbIBaeTcs cnabbiM B3auMoercTBueM. OHO OTBEYAET 3a PaJOaKTUBHOCTh U CYIIECTBYET MEXKIY
BCEMH YaCTHI[AaMH BEIIECTBA CO CIIMHOM 1/2, HO B HEM HE Y4acTBYIOT YacCTHIlbI co cimHoMm 0, 1, 2 —
¢dorons! u rpaBuToHbl. Jlo 1967 1. cBoiicTBa c1a0BIX CHII OBUIM MJIOXO M3YyYeHBL, a B 1967 r. AGayc
Camam, Teopetuk u3 Jlonmonckoro Mmmnepuan-komnemka, u Ctuen BaitHOepr u3 [MapBapickoro
YHHUBEPCUTETA OJJHOBPEMEHHO MPEATIOKUIH TEOPHUI0, KOTOopasi 00beIUHsIA cllad0e B3aNMOCICTBHE
C DJIGKTPOMAarHUTHBIM aHAJOTMYHO TOMY, KaK Ha CTO JeT paHblle MakcBeml OObeIUHIIT
ANEKTPUYECTBO M MarHeTusM. BaitHOepr m Canam BBICKa3aau MPEAINOJIOKEHHE O TOM, YTO B
JIOTIONIHEHHE K (DOTOHY CYLIECTBYIOT €Illeé TPHM YacTHIbl CO CIIMHOM 1, KOTOpbhIE BCE BMECTE
HA3BIBAIOTCS TSDKEIBIMH BEKTOPHBIMH 0030HAMH U SBISIOTCA TEPEHOCUYMKAMU  CIIA00T0
B3aUMOJICHCTBHUA. DTH 0030HEI ObLIM 0003HaYeHbl cuMBodamMu W+, W— u Z0, Macca Kaxxaoro u3
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Hux cocrapmsuia 100 B (I'®B  o3HauaeT THUra’jaeKkTpOHBOJIBT, T. €. ThICSYa MHJUIMOHOB
3eKTpoHBONBT). Teopus BaitnOepra-Canama o01azaeT CBOMCTBOM TaK HAa3bIBAEMOTO CIIOHTAHHOTO
HapyuieHus: cuMMeTpuu. OHO 03HAYAET, YTO YACTHUIIBI, COBEPIIEHHO Pa3HbIC IPH HU3KUX DHEPTHUSX,
IIPU BBICOKUX SHEPTUSIX OKAa3bIBAIOTCS HA CAMOM JIeJIe OJHOW U TOM K€ YaCTULIEH, HO HaXOAsIIecs
B pa3HBIX COCTOSHHSIX. DTO B KaKOM-TO CMBICIIC IOXO0K€ Ha IOBEJCHUE IIapHKa IMPU UTPE B
pynetky. [Ipu Bcex BBICOKHX SHEPrusix (T. €. Mpu OBICTPOM BpaIIeHUH KOJieca) IIaphK BeAET ceOs
BCerJia MOYTH OJMHAKOBO — 0E€30CTAaHOBOYHO BpamaeTcs. Ho xoraa Kojeco 3aMemIuTces, SHEPTUs
IapyKa yMEHBIIAETCs, U B KOHIIE KOHIIOB OH MPOBAJIMBAETCS B OJHY W3 TPUALATH CEMU KaHABOK,
HMEIOIIMXCS Ha Kojiece. IHbIMU clloBaMU, MPU HU3KUX SHEPTUSX IIAPUK MOXKET CYIIECTBOBATH B
TPHUILATH CEeMH COCTOsSHUAX. Eciau Obl MBI modyeMy-Iu00 MOTTH HAaOJIIOAATh MIAPUK TOJBKO MPH
HU3KUX YHEPTHUAX, TO CYUTAIH ObI, YTO CYIIECTBYET TPUIIIATh CEMb PA3HBIX THIIOB IIAPUKOB!

Teopuss BaitnOepra-Canama mpeackasbiBajia, uYTO TPH  DHEPrUsAX, 3HAYUTEIHBHO
npepimaronux 100 9B, Tpu HOBbIe YacTUIBI U (POTOH JODKHBI BeCTH ceOsi OJMHAKOBO, a TIPH
0ojiee HU3KHX SHEPTUAX YacTHIl, T. €. B OOJNBIIMHCTBE OOBIUHBIX CHUTYyaIHil, 3Ta «CHUMMETPHSD)
NoJbKHAa Hapymatbes. Maccst W+, W— u Z0 0030HOB TPEICKa3bIBATUCH OOJIBITUMH, YTOOBI
CO3/aBaeMble MMHU CHUJIBI MMENU O4YeHb Malblii pamuyc aeiictBua. Korma BaiinGepr m Canam
BBIJIBUHYJIM CBOIO TEOPUIO, UM MaJI0 KTO BEpPWJI, a HA MaJIOMOIIHBIX YCKOPHUTENISIX T€X BPEMEH
HEBO3MOXKHO ObLT0 AocTHub 3Hepruu B 100 5B, Heobxoaumoit s poxkaeHust peanbHbix W+, W—
u Z0 gactun. OgHaKo JeT 4yepe3 ACCATh MpeACKa3aHus, MOJyYeHHbIE B 3TOW TCOPUU MPHU HUZKUX
SHEPTUSX, HACTOIBKO XOPOIIO MOATBEPAWIMCH 3KCIEpUMEHTalbHO, uTo BaitHOepry u Camamy
obuta mpucyxnaeHa HoOenesckas npemus 1979 r. coBmectHo c lllengonom I'mdmioy (Toke u3
lapBapaa), KOTOpBIM MPENIOkKUIT TOXOXKYI E€IUHYI0 TEOpPHIO0 DJIEKTPOMArHUTHBIX U CIaObIX
snepHbIX  B3amMopeiictBuu. Kommrer 1o HoOeneBckuM mpemusM  Obul  M30aBIEH  OT
HEMPUITHOCTEH, KOTOPhIE MOTTU ObI BO3HHUKHYTb, €CJIM OBl 0Ka3aJ0Ch, YTO OH COBEPIIHI OIIUOKY
caenanHbiM B 1983 r. B IEPHe oTkpbITHEM TpeX MacCUBHBIX MAapTHEPOB (POTOHA C MPaBUIBHBIMU
3HAYEHUSIMU MacChl U JPYTUMH TpeACKa3aHHbIMH Xapaktepuctukamu. Kapio PyG6wua,
BO3MJIABHMBIIUN TPYIITY U3 HECKOIBKUX COTEH (PU3UKOB, KOTOPBHIM MPUHAIICKAIO 3TO OTKPHITHE,
noyuun HobeneBckyto nmpemuro 1984 r., mpucyxaeHHyr0 eMy COBMeCTHO ¢ mHxeHepoM [[EPHa
CumonoM Ban nep MeepoM, aBTOpOM NpOEKTa HAKOMUTEIS AHTUYACTHUI], UCIOJIb30BAHHOTO B
skcriepumenTe. (B Haimre BpeMst upe3BhIYaliHO TPYAHO OCTAaBUTH CBOM CJieJ] B AKCIIEPUMEHTATLHOMN
¢u3uke, pazBe uTO BHI YK€ Ha BepIinHe!).

CuiibHOE SIZICPHOE B3aMMOJICHCTBHE MPEACTABISET CO00M B3aMMOICHCTBHE YETBEPTOTO THUIIA,
KOTOPOE€ YAEP>KUBACT KBApKH BHYTPHU NMPOTOHA W HEUTPOHA, a MPOTOHBI M HEHUTPOHBI BHYTPHU
aTOMHOro sfpa. IlepeHOCUMKOM CHJIBHOIO B3aUMOJCHCTBUS CUMTAETCA €II€ OJHA YacTHUIa CO
CIIMHOM |, KOTOpasi Ha3bIBAETCS TJIFOOHOM.

['71'00OHBI  B3aMMOJEHCTBYIOT TOJBKO C KBapKaMH W C APYTMMHU I[JIHOOHaMHU. Y CHIJIBHOTO
B3aMMOJICHCTBHA €CTh OJHO HeoOblyailHOE CBOWCTBO — OHO oOyajgaeT KoH(paiHMEHTOM
(confinement — orpanudenue, yaepkanue (aHrL.). — IPUM. Pel.).

KoH(palilHMEHT COCTOMT B TOM, YTO YAaCTHIBl BCErjla YICPKUBAIOTCI B OECIBETHBIX
koMOuHanmsix. OMH KBapK HE MOXKET CyIIeCTBOBATh caM 10 cebe, IOTOMY YTO TOT/ia OH JOJIKEeH
Obul OBl UMETh LBET (KpacHBIM, 3eseHbld Wiu cuHHit). [loaTOMy KpacHBIN KBapK JOJDKEH OBITh
COCIMHEH C 3€JIEHBIM U CHHUM TTOCPEJICTBOM TIFOOHHOM «CTpyH» (KpacHBIA + 3€JIEHBbIN + CUHHUHA =
Oenbiit). Takoil TpumIeT oOKa3bIBaeTCs NPOTOHOM WK HelitpoHoMm. CymiecTByer M Jpyras
BO3MOXXHOCTh, KOTJIa KBapK M aHTUKBapK OOBEIMHSIOTCS B mapy (KpacHbI + aHTHUKPACHbBIN, WM
3CJICHBIN + aHTH3EJICHBIN, WU CUHUN + aHTUCUHUI = Oenblii). Takne KOMOMHAIIMKM BXOJIAT B COCTaB
YacTHll, Ha3bIBAEMbIX ME30HAMHU. DTHU YaCTHIbl HECTAOMJIBHBI, IOTOMY YTO KBapK M aHTUKBAPK
MOTYT aHHUTHIIMPOBATH APYT C IPYroM, 00pa3ys AJIEKTPOHBI M JPYTHE YAaCTUIbI. AHAIOTHYHBIM
00pa3oM, OJIMH TJIIOOH HE MOXXET CYIIeCTBOBAaTh caM IO cebe M3-3a KOH(paWHMEHTa, TOTOMY YTO
TJIIOOHBI TOKE 00yamaroT mBetoM. ClieqoBaTeNnbHO, TIIOOHBI JOJDKHBI TPYHIHPOBATHCS TaKUM
o0pa3zoM, 4ToOBI MX I[BETA B CyMMe JaBayi Oenblii 1BeT. OnucaHHas TPyIa TIII00OHOB 00pa3yeT
HECTaOMIILHYIO YaCTHUILY — TITFO00.
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Puc. 5.2

MpsI HEe MOKeM HaOJIroIaTh OTICNBFHBIN KBApK WJIH TITFOOH M3-3a KoH(aitHMeHTa. He o3HadaeT
JIM 3TO, YTO CaMo IMPEJICTABICHUE O KBapKaX U INIIOOHAX KaK O YaCTHIAX HECKOJIbKO MeTapU3U4HO?
Her, noromy u4TO CuJIbHOE B3aWMOJAEWCTBHUE XapaKTEpU3YETCs €Ile OJHUM CBOMCTBOM, KOTOpOE
Ha3bIBAETCS ACUMIITOTHYECKOH cBOOOAOM. biaromapss 3ToMy CBOWCTBY MOHSTHE KBapKOB W
[JIFOOHOB CTAaHOBUTCS BIIOJIHE ONpeeieHHbIM. [Ipy OOBIYHBIX SHEPrUsAX CUIBHOE B3aHMMOJEICTBHE
JNEHCTBUTENBHO SBISETCS CWIBHBIM M IUIOTHO IPW)KMMAeT KBapku Ipyr K apyry. Ho, kak
MIOKA3bIBAIOT JKCIEPUMEHTHl Ha MOIIHBIX YCKOPHUTENSX, IpPHU BBICOKUX DSHEPrUsiX CHIBHOE
B3aMMOJICHCTBHE 3aMETHO OcCJla0eBaeT M KBapKU M IJIIOOHBI HAYMHAIOT BECTH ceOs MOYTH Kak
cBoOomHble dacThmbl. Ha puc. 5.2 mpencraBieH (OTOCHMMOK CTOJKHOBEHHUS TPOTOHA U
aHTUIIPOTOHA BBICOKOW HHEPruu. MBI BHIUM, YTO HECKOJBKO MOYTH CBOOOJIHBIX KBapKOB,
pOIMBIINXCA B PE3yJIbTaTe B3aUMOJCHCTBUS, 00pa3oBal «CTPYW» TPEKOB, KOTOPHIE BHUJHBI Ha
¢dotorpadun.

Htorom ycremHoro oObeAMHEHUs 3JIEKTPOMArHUTHOTO W CJIA0OTO B3aUMOJCHCTBUI CTaH
MOTBITKM COEIMHHUTH 3TH J[Ba BUAA B3aMMOJEHCTBMHA C CHJIBHBIM B3aUMOJEHCTBHEM, YTOOBI B
pe3ynbTare Nnojydniach Tak Ha3blBaeMas TEOPUs BEIUKOIro oObeAMHEHHUs. B 3ToM Ha3BaHUM ecTb
HEKOTOpOEe MpeyBeIUYeHHE: BO-TIEPBbIX, TEOPUU BEIUKOI0 OObEIUHEHUS HE TAaKue YXK BEJIMKUE, a
BO-BTOPBIX, OHM HE OOBEIUHSIOT MOJHOCTHIO BCE B3aUMOJICHCTBUS, IIOTOMY YTO B HUX HE BXOJHT
rpasuranusa. Kpome TOro, Bce 3TH TEOPHUM HAa CAMOM [€EJI€ HEIOJIHBI, IIOTOMY 4YTO COJAEp>KaT
rapaMmeTpsl, KOTOpPbIE HENb3sl MPEICKa3aTh TEOPETUUECKH U KOTOPbIE HAJ0 BBIYMCIATH, CPABHUBAS
TEOPETUYECKHE U IKCIEPUMEHTAJIbHBIE pe3yibTaTbl. TeM HE MeHee Takue TEOPHUM MOTYT CTaTh
[IaroM K TIOJTHOM TEOpWH OOBEIUHEHHS, OXBATHIBAIOIIEH Bce B3amMmojeiicTBusa. OCHOBHas uuaes
MIOCTPOEHHsI TEOpUIl BEJIMKOTO OOBEJUHEHHUS COCTOUT B CIEAYIOLIEM: KaK YK€ TI'OBOPUIIOCH,
CHJIbHBIE B3aUMOJICHCTBUS TPH BBHICOKHUX SHEPTHSX CTAHOBSATCS cilabee, 4eM NpH HU3KUX. B TO ke
BpeMsl DJIEKTPOMAarHuUTHbIE W cjabble CWJIBI ACUMITOTUYECKH HE CBOOOJAHBI, M IpPH BBICOKUX
SHEPrusix OHM pacTyT. Toraa mpu KakoM-TO OYEHb OOJBIIOM 3HAYEHMU DHEPIMHU — IPU SHEPIHU
BEJIMKOr0 OOBEIMHEHHUS — 3TU TPU CHJIBI MOTJIM Obl CPAaBHATHCA MEXIY cOOOM M CTaTh MPOCTO
Pa3HOBUIHOCTSIMH OJJHOM M TOW ke CWibl. Teopuu BeNIMKOro oOBbeIMHEHMs MPEICKa3bIBAIOT, YTO
IIPU 3TOW SHEPrMM pa3Hble YACTHUIBl BELIECTBA CO CIMHOM 1/2, Takue, Kak KBapKH M 3JIEKTPOHBI,
TO’KE TIEPECTaTH OBl Pa3IMYaTHCS, YTO OBLIO OBI €Ie OJHUM IIAaroM K 00beAMHEHUIO.

3Ha4yeHUEe HHEPIUU BEIMKOro OOBbEIUHEHHS HE OUYEHb XOPOILIO M3BECTHO, HO OHO JOJKHO
COCTABJIAITH [0 MEHBIIEH Mepe ThICA4y MWUIMOHOB MWIIMOHOB [3B. B yckopurensx
COBPEMEHHOTO TIOKOJICHHSI CTAJIKMBAIOTCSI YacTUIBI ¢ 3HeprusmMu okojo 100 B, a B Oymymux
IIPOEKTAax 3Ta BEJIMYMHA JOJDKHA BO3pPAcTH A0 HECKOJIBKUX Thicsd I'3B. Ho ansa yckopenus yactui
70 SHEPIHM BEIMKOro OOBEIMHEHMS HYXEH YCKOpuUTesnb pasmMepoM ¢ CONHEYHYIO CHUCTEMY.



44

ManoBepoaTHO, 4YTOOBI B HBIHEIIHEHM SKOHOMHMYECKOW CHUTyalldd KTO-HUOYIb pelIuics ee
¢uHaHCUpOBaTh. BOT modyemMy HEBO3MOKHA HEMOCPEACTBEHHAs SKCIIEpUMEHTAlbHAs MPOBEpKa
Teopuil Benukoro oOwveauHeHus. Ho 3xmech, kak M B ciydae 3J€KTpociadoil ennHoll Teopuw,
CYLIECTBYIOT HU3KOIHEPT€TUYECKUE CIEACTBHS, KOTOPbIE MOXKHO IPOBEPHTb.

Camoe MHTEpEeCHOE M3 TaKUX CJIEACTBHHU TO, YTO MPOTOHBI, COCTABIIAIONINE OOJBIIYI0 YacTh
Macchl OOBIYHOTO BEIIECTBA, MOTYT CIIOHTAHHO pachagarhcs Ha Oosiee JIErKue 4acTHUIlbl, TaKHe, KakK
AQHTUAJICKTPOHBI. [IprunHa B TOM, YTO MPHU DHEPTUU BEIUKOTO OOBEIWHEHHUS HET CYIIECTBEHHOMU
Pa3HUIBI MEXy KBAPKOM M aHTHAJIEKTPOHOM. Tpu KBapKa BHYTPH MPOTOHA OOBIYHO HE 00JaAal0T
JIOCTAaTOYHBIM KOJIMYECTBOM SHEPIUU [IJISl MPEBPAIECHUS B aHTUAJICKTPOHBI, HO OJUH M3 KBApPKOB
MOXXET COBEPIIEHHO CIy4ailHO TMOJNY4YUTh OJHAXKIBl DSHEPTUI0, JOCTATOYHYIO HJsi 3TOTO
MpeBpalieHusi, MOTOMYy UYTO B CWIy MPHUHIMIA HEONPEASICHHOCTH HEBO3MOXXHO TOYHO
3aUKCUPOBATh HHEPTUI0 KBAPKOB BHYTPH MPOTOHA. Torma MpPOTOH [JOJDKEH pacmacThes, HO
BEPOSITHOCTH TOTO, YTO KBapK OyJET UMETh IOCTATOYHYIO SHEPTUIO, CTOJIb MaJla, YTO YK/IaTh 3TOTO
MIPHUAETCS M0 KpaitHell Mepe MUJUTHOH MUJUIMOHOB MIJIJTMOHOB MUJUIMOHOB MIJIJTHOHOB (€AMHHUILIA C
TPHUIIATBIO HYJSIMH) JIET, YTO TOpa3fo OOJbIIe BPEMEHH, MPOMICANIETO C MOMEHTAa OOJBIIOro
B3pbIBa, KOTOPOE HE MPEBBIIIAET JECATH THICSY MIJIJTMOHOB JIET UM YTO-TO OKOJIO TOTO (€AMHHUIIA C
necsaThio HyssiMu). OTCrOfa HaIpaliMBaeTCs BBIBOJ, YTO BO3MOXXKHOCTH CIIOHTAHHOTO pacraja
MPOTOHA HENb3S SKCIEPUMEHTAIBFHO MPOBEPUTh. MOXKHO, OJHAKO, YBEIWYHTh BEPOATHOCTH
HaOJIIOJICHUs pacraja MpoToHa, U3ydasl O4eHb 0OJbIIoe Yncio npoToHoB. (Habmronas, Hanmpumep,
1 ¢ TpUALATHIO OTHUM HYJIEM MPOTOHOB B TE€UEHHUE TOAA, MOKHO HAACSIThCSI OOHAPYKUTh, COTIIACHO
OJTHOM M3 MPOCTEUIITNX TEOPUH BEIIMKOTO 00BEAMHEHHUS, OOJICe OHOTO paciaja MPOTOHA).

Heckonbko Takux SKCIEPUMEHTOB YK€ BBIIOJHEHO, HO OHHU HE JalM OMNpPEeIesIeHHBIX
CBEJICHWH O pacmajax TMpoToHAa WM HeWTpoHa. OIWH U3 JKCIEPUMEHTOB, B KOTOPOM
WCIOJIb30BaJIOCh BOCEMbB THICSY TOHH BOJIBI, IPOBOJMIICA B COJITHOM 1mIaxTe mTata Oraiio (as Toro,
9TOOBI HUCKIIOUYUTh KOCMHUYECKHE TIOMEXH, KOTOpbIE MOXHO TPHUHITH 3a pacrhaj IpPOTOHA).
[Tockonbky B TEUEHHE BCEro SKCIEPUMEHTa He OBbUIO 3aperHCTPHUPOBAHO HHU OIHOTO pacmajaa
MPOTOHA, MOKHO BBIYMCIUTH, YTO BpEMS >KH3HH IMPOTOHA MIOJDKHO OBITH OOJNbBIIE, YeM AeCAThb
MWJUTHOHOB MIJUTMOHOB MWJUIMOHOB MHJIJTMOHOB MWUIMOHOB (€AWHHIIA C TPHUALATHIO OJHUM
HyJeM) JieT. OTOT pe3yJbTaT MPEBBIMIAET MPEACKa3aHusl NPOCTEUIIEH TEOpUU BEIIUKOTO
o0beIMHEHNs, HO €CTh W 0oJiee CIIOXKHBIC TEOPHH, NalIHMe 0oJjiee BBHICOKYIO OIEeHKY. Jlms mx
MPOBEPKU TMOTPEOYIOTCS eImie 0ojiee TOYHBIE SKCIEPUMEHTHI C €Ile OOJBIIMMH KOJIUYECTBAMHU
BEIIECTBA.

HecMmotpst Ha TpyaHOCTH HaAOMIOJAEHHS pachaja MPOTOHA, HE MCKIIOYEHO, YTO CaMO Haille
CYIIECTBOBAaHHUE €CTh CIIEJCTBHE OOpATHOTO Tpoliecca — 00pa3oBaHUs MMPOTOHOB WIIH, €IIe TPOIIIE,
KBAapKOB Ha CaMOW HayaJlbHOW CTaJMM, KOT/Ia KBapKOB ObLIO He OOJble, YeM aHTUKBapKoB. Takas
KapTUHAa Hayana BceneHHoW mpeacTaBiseTcss HamOoJjee eCTECTBEHHOH. 3e€MHOE BEIIECTBO B
OCHOBHOM COCTOUT U3 MPOTOHOB M HEUTPOHOB, KOTOPHIE B CBOIO OUYEPE/Ib COCTOSIT U3 KBAPKOB, HO B
HEM HET HU aHTUIIPOTOHOB, HU AHTHHEHTPOHOB, COCTOAIINX M3 AaHTUKBAPKOB, €CJIM HE CUUTATh TE
HECKOJIBKO INTYK, KOTOpble OBLTM TIOMYyYEHBI Ha OOJBIIUX YCKOPUTENSX. ODKCHEPUMEHTHI C
KOCMHYECKUMH JTydaMH TIOJITBEPXKAAIOT, YTO TO YK€ CaMOe€ CIPABEIJIMBO W ISl BCETO BEIIECTBA B
Haule ['ajlakTuKe: B HEM HET HU AHTUIIPOTOHOB, HU AHTUHEWTPOHOB, 3a HCKIIOYEHHEM TOIO
HEOOJIBIIIOTO KOJMYECTBA AHTHYACTUIl, KOTOPOE BO3HHMKAET B PE3YyJIbTaTe POXICHUSA Tap
YaCTHUIIA-aHTUYACTUIIA B COYJAPEHHUSAX 4YaCTHIl TpPHU BBICOKMX OSHeprusx. Eciu Obl B Hamiei
lamakTuke ObLTH OONBINME YYaCTKH AHTHBEIIECTBA, TO MOXKHO OBUIO OBl OXKHUIATh CHJIBHOTO
W3ITyYeHUs Ha TPaHUIAX pa3liela BEIIeCTBA M AHTUBENIECTBA, TJE BO3HUKAIO Obl MHOMXECTBO
COyJIapeHU# YacTUIl M aHTUYACTHUIl, KOTOPbIC, aHHUTHINPYS, UCITyCKaH Obl M3Tyuye€HHUE BBICOKOU
SHEPTUH.

Y Hac HET NpsSMBIX yKa3aHUW Ha TO, COCTOMUT JIM BEIIECTBO JIPYTHUX TajakKTUK U3 MPOTOHOB U
HEUTPOHOB WJIM M3 aHTUIPOTOHOB U AHTUHEUTPOHOB, HO OHO JIOJKHO COCTOSITh M3 YAaCTHI] OJHOTO
TUTIA: B TIPe/ieJIaX OJHOM TaJJaKTHKW HE MOXET OBITh CMECH YaCTHIl U aHTHYACTHII, TIOTOMY YTO B
pe3yNbTaTe UX aHHUTWISIIMYA UCITyCKAIOCh OBl MOIIIHOE U3My4yeHue. [[oaToMy MBI cCUUTaeM, 4TO BCE
TATAKTUKA COCTOAT M3 KBAPKOB, a HE M3 aHTUKBAPKOB; BPSJ JU OHU TAJIAKTUKH COCTOSIIN W3
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BEILIECTBA, a APYTUe — U3 aHTUBELIECTBA.

Ho nouemy KBapKkoB J0JIKHO ObITh HACTOJBKO OOJIbINE, UeM aHTUKBApKOB? [loueMy uucio ux
He oaMHaKoBO? HaM odeHb MOBE3JO, YTO ATO TaK, MMOTOMY YTO €CJIM OBl KBAPKOB M aHTHUKBAPKOB
ObUIO MOPOBHY, TO MOYTH BCE KBAapKH M aHTUKBAPKH MPOAHHUTHIIMPOBAIU Obl JPyr C JPyroM B
paHHell BeeneHHO, HAMOMHKUB €€ U3Iy4eHHEM, HO €/1Ba JIW OCTaBUB XOTh KaKoe-HUOYAb BEIIECTBO.
He 6bu10 OBI HU ralakTUK, HYU 3BE3]], HU IUIAHET, Ha KOTOPBIX MOTJja Obl pa3BUBAThCS YeIOBeUeCcKas
xu3Hb. C MMOMOIIBIO TEOPUH BEITHKOTO OOBEIMHEHUS MOKHO OOBSICHUTH, TIOYeMy BO BcemeHHoMU
KBAapKOB JIOJDKHO OBITH ceifdac Oolbllle, YeM aHTHUKBApKOB, JaK€ B TOM Cllyyae, €ClIM B CaMOM
Hayasie ux Obu1o MOpoBHY. Kak MblI yke 3HaeM, B TEOpUAX BEIMKOTO0 OObEIMHEHUS IMPU BBICOKUX
SHEpPrusx KBAPKU MOTYT IPEBPAIIATHCS B AHTUAJIEKTPOHBI. BO3MOXXHBI M OOpaTHBIE MPOILECCHI,
KOI'/Ia aHTUKBAPKHU MIPEBPALLAIOTCS B 3JIEKTPOHBI, & AIEKTPOHBI U aHTUAJIEKTPOHBI — B AHTUKBAPKU U
kBapku. Koraa-to Ha oueHb paHHeW cTaauu pa3BuTHs BceeneHHOM oHa Oblia Takod ropsiuei, uyto
SHEPIUU YacTHIl OBUIO TOCTATOYHO JUIsl MOJMOOHBIX mMpeBpamieHuii. Ho mouemy ke B pesynbrare
KBAapKOB CTajio Oouible, yeM aHTUKBAapKoB? IlpuumMHa Kpoercs B TOM, YTO 3aKOHbI (PM3UKU HE
COBCEM OJIMHAKOBBI JIJISl YaCTUI M AHTUYACTHII.

Jo 1956 r. cuuranoch, YTO 3aKOHbl (U3UKM MHBAPUAHTHBI OTHOCHTEIBHO TpPEX
npeoOpazoBanuii cummerpuu — C, P u T. Cummerpus C o3HauaeT, 4To BCE 3aKOHBI OJUHAKOBBI IS
gactul U aHTuyactul. Cummerpus P o3Hauaer, 4To 3aKOHBI (U3UKU OAMHAKOBBI JUIS JIIOOOTO
SIBJIIGHUSL U JUISI €70 3€PKAJIbHOIO OTPaXKEHMsI (3€pKaJIbHbIM OTPa’KEHHWEM YacTHIIbI, Bpallaroiecs
10 4acOBOM CTpelike, OyaeT yacTula, Bpallarouascs IpoTUB 4acoBol cTpenku). HakoHen, cMbIc
cummeTpud T COCTOMT B TOM, YTO NpPU HU3MEHEHMM HANpaBICHUS IBUKEHMS BCEX YaCTUI[ U
aHTUYacTUI] Ha 00pPaTHOE CHCTEMAa BEpHETCSA B TO COCTOSTHHE, B KOTOPOM OHA HaXOAMJIAch paHbIIIE;
WHBIMH CJIOBAMM, 3aKOHBI OJJMHAKOBBI IIPU JBMKEHUH BO BPEMEHHU BIIEpE]] WM Ha3al.

B 1956 r. nBa amepukanckux ¢usuka, T3ynmao Jlu u UxkeHpHUH SIHT, BBICKa3alu
MIPENIOJIOKEHNE, YTO ci1aboe B3aUMOJAEWCTBHE HA CaMOM J€Jieé HE MHBAPUAHTHO OTHOCHUTEIHHO
P-npeoOpa3zoBanuii. WHpIMH cioBamu, B pe3yjbTare ciaboro B3aWMOJICHCTBUSA pa3BUTHE
BceneHHol MOXET MOWTH MHAYe, YeM pPa3BUTHE €€ 3epKaJbHOro m300paxeHus. B Tom xe romy
[[3unbcsin By, komtera Jlu m fHra, cymena mokaszaTh, 4TO HX MPEANOJOKEHUE MPABUIBHO.
PacnonokuB B MarHMTHOM TMOJIE siipa PAJMOAKTHBHBIX aTOMOB TaK, YTOObI MX CIUHBI OBUIM
HalpaBJIeHbl OMHAKOBO, OHA [T0KAa3aJa, YTO 3JEKTPOHOB BBUIETAET OOJBIIE B OJJHOM HalpaBJICHUH,
4yeM B Apyrom. B ciemyromem rogy Jlu u SHr 3a cBoe oTkpbiTHE OBbLIH yaocToeHbl HobeneBckoit
npemun. Okaszaoch, 4YTO Cia0ble B3aUMOJACHCTBUS HE MNOMUMHAIOTCS U cummerpun C. OT1o
O3HayaeT, yTo BceneHHas, cocrosias W3 aHTHYAcTUL, OyJIeT BecTH ceOs MHaye, YyeM Haila
Bcenennas. Becem, ogHako, Ka3ajaoch, YTO ¢JIad0€ B3aMMOJICHCTBHUE TOKHO BCE-TAKU MOOUHMHATHCS
KoMOuHupoBaHHOH cummeTpun CP, T. e. pa3Butue BeeneHHON JOKHO MPOUCXOIUTH TaK XKe, Kak U
pa3BUTHE €€ 3€PKAIBHOIO OTPaKCHHUsA, €CJIHM, OTPA3UB €€ B 3€pKalie, Mbl €II¢ KAKIYI0 YaCTUILY
3ameHuM aHtHuactunei! Ho B 1964 r. eme nBa amepukanua, [[xeitmc Kponnn u Ben ®wury,
oOHapy’XKWiId, 4YTO B pacHaje 4acTull, KOTOpble Ha3blBaroTCs K-Me30Hamu, Hapymaercs Iaxe
CP-cummertpus.

B pesynbrare B 1980 1. Kponun u @uta nosry4wim 3a cBoio paboty HobeneBckyio mpemuro.
(Kakoe orpoMHOE KOJMYECTBO MPEMHH MPUCYKICHO 3a pabOThl, B KOTOPHIX MOKAa3aHO, YTO
Bcenennas He Tak npocTa, Kak HaM Ka)eTcs).

CymecTByeT MareMaTHyecKasi TeopeMa, B KOTOpPOW YyTBEp)KOaeTcs, 4To Jodas Teopus,
MOJYMHAIOLIAsICS KBAaHTOBOM MEXAHHMKE M TEOPHMM OTHOCUTEIBHOCTH, JOJDKHA BCerga ObITh
WHBapUaHTHA OTHOCUTENIbHO KoMOuHUpoBaHHOH cummerpun CPT. JIpyrumu cioBamu, IOBeJCHHUE
BcenenHol He M3MEHMTCA, €CJIM 3aMEHUTh YaCTHUIBI aHTHYACTHLAMM, OTPA3UTh BCE B 3€pKANE U
elle M3MEHUTh HampaBiieHHe BpeMeHH Ha oOpatHoe. Ho Kponun m ®dutd mokasanu, 4To eciu
3aMEHHUTh YaCTUIBl AHTUYACTULAMH W TPOM3BECTU 3EPKAJIBHOEC OTPAXEHHE, HO IIPH 3TOM HE
M3MEHATHh HalpaBlCHUE BpEeMEeHM Ha oOparHoe, To Bcenennas Oynmer BecTH ceds HO-APYromy.
CrnenoBarenbHO, MpH OOpaIlEHUN BPEMEHM 3aKOHBI (PU3MKH TOJKHBI U3MEHUTBCS, T. €. OHM HE
VMHBapHaHTHBI OTHOCUTEIBHO cUMMeTpuH T.

[TonarHo, yTo B paHHed BceneHHol Hapymanach cumMeTpusi T: korma Bpemsi T€UEeT BIEpe],
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Bcenennas pacmmpsiercsi, a eciiy Obli BpeMs TONII0 Ha3aa, To BeenenHast Hagana Obl CKMMAThCS. A
IIOCKOJIBKY CYILECTBYIOT CHJIbI, HE WHBAPUAHTHBIE OTHOCUTEJIBHO cuMMmeTpuun T, TO oTcrozna
CJIeTyeT, YTO HO Mepe pacuirpeHus: BeeneHHol noj AefcTBUEM 3THUX CHJI AaHTUAJIEKTPOHBI JOJIKHBI
IIpEeBpaIaTbCsl B KBAapKM 4Yalle, 4YeM OJJIEKTPOHBI B AaHTUKBApKHW. 3aTeM, Korjga Bcernennas
pacmypsiiach M OXJaXJanach, AHTUKBApKW W KBApKU JOJDKHBI OBUIM AaHHUTHIMPOBATH, HO
MIOCKOJIBKY KBapKOB OKa3ajoch Obl 0OJbIlE, YeM aHTHUKBAPKOB, KBAPKU OCTAJIMCH Obl B HEOOIBIIOM
n30biTKe. I OHM-TO M €cTh T€ camble KBAPKU, U3 KOTOPBIX COCTOMT CErOJHSIIHEE BEILIECTBO,
KOTOpO€ Mbl BUAMM U U3 KOTOPOIO COTBOPEHBI MbI caMH. Takum o0pa3oMm, camMo Haile
CYILLIECTBOBAaHME MOKHO paccMaTpuBaTh Kak IOJTBEP)KICHUE TEOPUU BEJIUKOIO0 OOBEAMHEHUS,
IIpaB/a, TOJIBKO KaK Ka4eCTBEHHOE MOATBEpkAeHue. HeompeneneHHOCTH MPOUCXOAAT M3-3a TOTO,
YTO MBI HE MOKEM IPEJCKa3aTh, HU CKOJIBKO KBAPKOB OCTAHETCS MOCJIE€ aHHUTWISALMHM, HU Jaxe
OyAyT JM OCTaBIIMECS YacTUIbl KBapkamM Wiu aHTHkBapkamu. (IIpaBma, ecnu Obl B M3IMILKE
OCTaJINCh AHTUKBAPKH, MbI ObI IPOCTO MEPEUMEHOBANIN UX B KBapKH, & KBAPKU — B AHTUKBAPKH).

Teopun BenMKOro oObEAMHEHHs] HE BKIIOYAIOT B ce0sl TPaBUTALMOHHOE B3aUMOJACHUCTBUE.
DTO HE CTONb YK CYLIECTBEHHO, [IOTOMY YTO IPAaBUTALMOHHbBIE CUJIBI TaK MaJlbl, YTO MX BIHUSHUEM
MO’KHO MPOCTO MpeHeOpeyb, KOrja Mbl UMEEM JEJIO C 3JEMEHTApHbIMU YacTUI[AMH WM aTOMaMH.
OpHako TOT (aKT, 9TO TPABUTAIIOHHBIE CHIIBI SIBIISTIOTCS AalTbHOJACHCTBYIOIMMH, J1a €IlIe U BCerna
CWIaMH TIPUTSDKEHHUS, O3HA4aeT, 4YTO PE3yJbTaTbl MX BO3JCHCTBHUSA BCETAa CYMMHUPYIOTCH.
CrnenoBaTrenbHO, €CIM UMEETCSI JOCTATOYHOE KOJMYECTBO YACTHIl BELIECTBA, TO IPABUTALMOHHbBIE
CHJIBI MOTYT CTaTh 0OJIbIIE BCEX OCTAIBbHBIX cUiI. BoT moyemy sBomonus Beenennoii onpenensiercs
MMEHHO TpaBuTanueil. Jlaxe B ciayyae OOBEKTOB pa3MepoOM CO 3BE3[y TIpaBUTALMOHHOE
IIPUTSDKEHUE MOJKET IEPEBECUTh BCE OCTAIbHBIE CHJIBI M NPUBECTH K KoJulamcy 3Be3abl. B 70-x
rojax s 3aHUMAaJICsl UCCIEA0BAHUEM YEPHBIX JAbIP, KOTOPHIE MOTYT BO3HUKHYThH B PE3YJIbTATE TAKOTO
3BE3HOIO KOJUIAICA, U OKPY’KAIOIUX UX CUIBHBIX IPaBUTALlMOHHBIX MoJIel. FIMEHHO B X01€ 3TOH
paboThl y MEHsl TOSBWIIMCH TIEPBBIC JOTAIKH O TOM, KaK KBAaHTOBas MEXaHWKa M OOIIast TEOPHS
OTHOCUTEJIBHOCTU MOTYT BIMATH JIpyr Ha Jpyra — IepBble MpoOieckd (HOpMbl TOH KBaHTOBOU
TEOPHU TPABUTALIMH, KOTOPYIO €IlIe MPEACTOUT pa3padboTath.

6. HYepHble AblpbI

Tepmun «d4epHast AbIpa» MOsBUICA coBceM HenaBHo. Ero BBen B oOuxox B 1969 .
amepukaHckuil yueHbli JIkoH VYwuiep kak MeTadOpUUYECKOE BBIPAKEHUE NPECTaBICHHUS,
BO3HMKILIETro 1o kpaitHel mepe 200 jeT Ha3aj, KOr/ia CyIIeCTBOBAIM JIBE€ TEOPHH CBETA: B MEPBOH,
KOTOpO mpunaepxuBaics Hpl0TOH, CUUTANIOCh, YTO CBET COCTOUT M3 YACTHII; COTJIACHO K€ BTOPOM
TEOpHH, CBET — 3TO BOJHBI. Ceifuac Mbl 3HaeM, YTO Ha caMOM Jiene 0o0e OHU NpaBWiIbHBL. B cuiy
MIPUHIIMIIA YaCTUYHO-BOJIHOBOI'O Ayajin3Ma KBAHTOBOM MEXaHMKU CBET MOXKET pPacCMaTpHUBAThCS U
KaK 4acTullbl, U KaK BOJHBL. B Teopuu, B KOTOpOW CBET — BOJIHBI, ObLIO HEMOHSTHO, KaK OyJer
JeiicTBOBaTh Ha HEro rpaBuTanus. Ecin ke cBET — MOTOK YacTHIl, TO MOXXHO CYHMTaTh, YTO
rpaBUTalMsl JEMCTBYeT Ha HUX TaK K€, KaK Ha IylIeyHble spa, pakeTsl W IutaHeTbl. CHauana
yUeHBbIE IyMaJd, YTO YaCTHUIIBl CBETa IEpPEMEMAOTCI C OECKOHEYHOH CKOPOCTBIO H TIOATOMY
rpaBUTaLlds HE MOXET UX 3aMeUINTh, 10 Koraa PéMep ycTaHOBWII, 4TO CKOPOCTh CBETAa KOHEYHa,
CTaJIO SICHO, YTO BJIMSIHUE TPABUTAL[MN MOXKET OKa3aThCsl CYIIECTBEHHBIM.

Hcxonsa u3 storo, hxon Muuen, npenogasarens u3 KemOpumka, B 1783 r. mpencraBui B
xypHan «®Dunocopckue Tpyasl Jlommonckoro Koporiesckoro obmectBa»  (Philosophical
Transactions of the Royal Society of London) cBoto pabory, B KOTOpOil OH yKa3bIBaJl Ha TO, YTO
JIOCTaTOYHO MAacCCHBHAs M KOMIIaKTHas 3Be€3[a JOJDKHA HMMETh CTOJIb CHUJIBHOE TPaBUTALIMOHHOE
HOJI€, YTO CBET HE CMOJKET BBIITH 3a €ro MpeJelibl: J000H JIyd CBETa, UCITYLIEHHBIH OBEPXHOCTHIO
TaKOW 3Be3/bl, HE YCIEB OTOWTH OT Hee, OyIeT BTAHYT OOpaTHO €€ TPaBUTALMOHHBIM
NpUTSDKEHHEM. Muden cumuTa, 4To TaKUX 3Be3]] MOXKET ObITh 04eHb MHOT0. HecMoTps Ha TO uTO MX
HeNb3s YBUAETD, TAK KaK UX CBET HE MOXET /10 HAC JOMTH, Mbl TEM HE MEHEE JOJIKHBI OLTYIATh UX
rpaBUTALlMOHHOE MpUTsHKeHHE. [10100HbIe 00BEKTHI Ha3bIBAIOT CEHYacC YEPHBIMU ABIPAMH, U 3TOT
TEPMUH OTPAXXKAET UX CyTh: TEMHbIE O€31HBI B KOCMUYECKOM MPOCTPAHCTBE. Yepe3 HECKOIBKO JIeT
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nocie Mwuuena u ¢GpaHIly3CKHil yueHbl Jlammac BbICKa3al, MO-BUIUMOMY, HE3aBUCHUMO OT HETO
aHaJiornyHoe mpeanonoxkenue. HebespiHTepecHo, yTo Jlamiac BKIIIOYWI €ro JUIIb B TEPBOE U
BTOpOE M3NIaHus cBoel KHUTH «CHcTeMa MHUpay, HO HCKITIOUMIT U3 0oJiee MO3THUX U3IaHMA, COUTS,
HaBepHoe, YepHbIe IbIpbl OpenoBoil uaeei. (K tomy ke B XIX B. KOpmycKyisipHas Teopus CBeTa
MoTepsia MOMyJIApHOCTh. CTallo Ka3aThCs, YTO BCE SBJICHUS MOXHO OOBSICHUTH C IOMOIIBIO
BOJIHOBOM TeOpuH, a B HEHl BO3JEUCTBHE TPABUTAIMOHHBIX CHUJ Ha CBET BOBCE HE OBLIO
OYEBUIHBIM).

Ha camom pene cBeT Henb3s paccMaTpuBaTh Kak MYIICYHBbIE siApa B TEOPUU TATOTEHUS
HrroToHa, IOTOMY 4YTO CKOpOCTh cBeta ¢ukcupoBana. ([lymieuHoe sapo, BBUICTEBIIEE BBEPX C
MOBEPXHOCTH 3EMIIH, U3-3a TPaBUTAIMH OyIeT 3aMEeJISATh MOJIET U B KOHIIE KOHIIOB OCTAaHOBUTCS, a
MOTOM HayHeT manatb. DOTOH ke MOMKEH MPOJOJDKATh JABUKEHHUE BBEPX C IOCTOSHHOM
ckopocThio. Kak ke Torma HBIOTOHOBCKAash TpaBUTAIMsl MOKET BO3JEHCTBOBaTH Ha CBET?)
[TocnenoBarenbHast TEOpHUsl B3aUMOJICHCTBUS CBETA U IPaBUTAIMU OTCYTCTBOBaa 10 1915 r., korma
DUHIITEHH NPeIoKUIT 00IIyI0 TEOPUI0 OTHOCUTENBHOCTH. Ho Jake mociie 3Toro mpoIuio HeMaino
BPEMEHM, TIOKa CTaJl0 HAKOHEI[ $ICHO, KaKWe BBIBOJABI CIEAYIOT W3 TEOPUU OWHINTEIHA
OTHOCUTEJIbHO MaCCUBHBIX 3BE€3/I.

UToOBbI MOHSTH, KaK BO3HUKACT YepHas JbIpa, HAI0 BCIIOMHUTH O TOM, KaKOB >KU3HEHHBIN
LUK 3Be31bl. 3Be3a obOpasyeTcs, Korga OOJbIIOe KOJIMYECTBO Ta3a (B OCHOBHOM BOJOPOA)
HAaYMHAET C)KMMATHCS CHJIAaMH COOCTBCHHOTO TPAaBUTAIMOHHOTO MPUTSDKEHUS. B mporecce cxarus
aTOMBI ra3a BCE€ Yalle W Yalle CTAJIKUBAIOTCS APYT C JPYroM, JBUTAsCh CO BCE OONBIIMMH U
OONBIIUMHU CKOPOCTAMH. B pesynbrare ra3z pa3orpeBaercs W B KOHIIE KOHIIOB CTAaHOBUTCS TaKUM
TOPSTYMM, YTO aTOMBI BOJIOPOa, BMECTO TOT'O YTOOBI OTCKAKUBATh APYT OT ApPYyTa, OyAyT CIUBATHCS,
oOpasys renuit. Teruio, BbAENSIONICECS B 9TOM pPEAKIMU, KOTOpas HAMOMUHAET YIPABIISIEMbIN
B3pBIB BOJOPOIHOW OOMOBI, M BBI3BIBAET CBEUEHHE 3Be3Nbl. [I3-3a MOMOTHUTENHHOTO TeEIUIa
JIaBJICHUE ra3a BO3pacTaeT A0 TeX 0P, OKa HE yPABHOBECUT I'PABUTALMOHHOE NPUTSKEHUE, I10CTIE
Yero ra3 MepecTtaeT CKUMAThCS. OJTO HEMHOI'O HAllOMUHAET HAIyThl pPE3UMHOBBIM IIAPUK, B
KOTOPOM YCTAHaBJIMBAETCS PABHOBECHUE MEXKAY JJABICHUEM BO3AyXa BHYTPHU, 3aCTaBIISIOIINM
IApUK pa3lyBaTbCs, M HATSIKEHUEM pE3UHBI, MOJ JEHCTBHEM KOTOPOIO IIAPUK CHKUMAETCS.
[Momo6HO mmIapuKy, 3Be3apl OyAyT AOJITO OCTAaBaTbCS B CTAOMIBLHOM COCTOSIHHHM, B KOTOPOM
BBIJCIISIIOIIUMCS B SIAEPHBIX PEAKIUAX TEIUIOM YPaBHOBEIIMBAECTCS I'PABUTALMOHHOE MPUTSKEHUE.
Ho B KoHIIE KOHIIOB y 3Be€3/1bl KOHUYUTCS BOJIOPOJ M JpPYrue BHIBI siAepHOro TommBa. Kak HU
napajgokcaibHO, HO 4eM OoJibllle HavajdbHBIM 3amac TOIUIMBA Yy 3BE3/bl, T€M OBbICTpee OHO
HCTONIAETCS, TIOTOMY 4YTO JUIsi KOMIIEHCAllUM TPaBUTALMOHHOTO MPUTSKEHUS 3BE3/l€ HAI0 TeM
CUJIbHEE pa3orpeThes, yeM Oolbllie ee Macca. A 4eM ropsiuee 3Be3Jia, TeEM OBICTpee pacXodyercs ee
TOIUTMBO. 3amaca TorumBa Ha CONHIIE XBaTUT MPUMEPHO HA MATH THICSY MUJUTMOHOB JIET, HO OoJee
TSKEJIbIE 3BE3/bl U3PACXOAYIOT CBOE TOIJIMBO BCETO 3a CTO MUJUIMOHOB JIET, T. €. 3@ BpEMs, Fopaszio
MeHblIee Bo3pacta BcenenHoi. M3pacxogoBaB TOIUIMBO, 3B€3Ja HAYMHACT OXJAXKIATHCSI U
CKUMAThCA, a BOT YTO C HEW MPOUCXOIUT IMOTOM, CTAJIO IMOHATHO TOJBKO B KOHIE 20-X romos
HaIlIero Beka.

B 1928 r. CyOpamanwsin Yanmpacekap, acnupaHT w3 WMHIWM, OTOpaBWICS MO MOPIO B
Anrnmio, B KemMOpumk, 4roObl MpOWTH TaMm Kypc OOy4YeHHMsS y KpYIMHEHIIEro crernuaincra B
obnactu o0mie Teopun OTHOCUTENBHOCTH ApTypa DmmuarroHa. (I'oBopsaT, B Hadane 20-X roaos
OJIMH JKYPHAIHCT CKa3zaldl DJAWHTTOHY, YTO OH CHbBIIIal, OyITO B MHpE BCEro TPU YelIOBEKa
MMOHUMAIOT OOIIYI0 TEOPUIO OTHOCUTENIHOCTH. DITUHITOH, TIOMOJTYaB, cka3al: «S Jymaro — KTO ke
Tpetuii?»). Bo Bpems cBoero nyremectsus u3 Muauu Yanapacekap BBIYUCIINI, KAKON BEIMUYUHBI
JOJKHA OBITh 3Be3/la, YTOOBI, M3pAacXOJOBaB IIETMKOM CBOE TOIUIMBO, OHa BCE € MOrya Obl
MIPOTUBOCTOSATH BO3JICHCTBUIO COOCTBEHHBIX T'PAaBUTAIMOHHBIX cHJ. YaHIpacekap paccyaal Tak.
Korna 3Be3na yMmMeHbIIaeTCsl, YaCTHUIIbI BEIIECTBA OUYEHb CHUJIBHO CONMKAIOTCS APYT C IPYTOM, U B
CWIIy MpUHIMNA 3anpeTta (McKarodeHus) [laynm ux CKOpPOCTH JTOJDKHBI BCe OOJBIIE pa3TUdaThCs.
CrnenoBaTeTbHO, YACTHUIIBI CTPEMSITCS PA30MTUCH U 3BE3/la pacIiupseTcs. TakuM oOpa3oM, paauyc
3BE31bI MOXET YACPKHUBATHCS MOCTOSHHBIM OJiarofapsi paBHOBECHIO MEXAY TPaBUTAIIMOHHBIM
MPUTSHKEHUEM M BO3HUKAKOLIUMM B CWily npuHnuna llaynm orrankuBaHueM, TOYb-B-TOYb KaK Ha
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0osee paHHEH CTaAMM Pa3BUTHUS 3BE3/lbl TPABUTALIMOHHBIE CHJIbI YPABHOBEUIMBAINCH €€ TETJIOBBIM
pacuIMpeHueM.

Opnako YaHapacekap MOHUMA, YTO OTTAJIKUBaHUE, 00yCIIOBIeHHOE MpuHIUIOM [laymnu, He
oecnipenensHo. COrIacHO TEOPUM OTHOCHUTENIBHOCTH, MaKCHMMallbHasl pa3sHHUIA CKOPOCTEH YacTHIl
BEIIECTBA B 3BE€3/I€ paBHA CKOPOCTH CBETAa. JTO 3HAYMT, YTO, KOT/Ia 3B€3/1a CTAHOBUTCS JOCTATOYHO
IUIOTHOM, OTTaJKWBaHUE, OOYyCIOBJIEHHOEe mNpuHIMNOM [laynu, AOMKHO cTaTh MEHbBIIE, YeM
IpaBUTALlMOHHOE MpUTSKEHHE. YaHapacekap paccuMTai, YTO €ClIM Macca XOJIOIHOM 3Be3/bl Ooee
yeM B MoOJTOpa pa3a npesbimaer Maccy CoyHIIA, TO 3Ta 3Be3Ja HE CMOXKET MPOTUBOCTOSTH
coOcTBeHHOM TpaBuTanuy. (JJaHHOe 3HaYeHHE MacChl ceiuac Ha3bIBAIOT MpeeaoM YaHapacekapa).
[TpuOIM3UTENHHO B TO e BpeMs aHATOTHYHOE OTKPBITUE crenan copetckuil pusuk JI. [1. Jlannay.

BriBoabl Yannpacekapa u Jlannay uMenu BaKHbIE CIIEACTBUS OTHOCUTENBHO CyAbOBI 3BE3] C
OombIoit Maccoii. Ecam macca 3Be3abl MeHblle mpenena Yanapacekapa, TO OHa B KOHIIE KOHIIOB
MOJKET TEepecTaTbh COKpAIaThCs, NMPEBPATUBLINCH B O€JOro Kapiuka — OJHO W3 BO3MOXKHBIX
KOHEUYHBIX COCTOSIHUM 3Be3/bl. benblil Kapauk MUMeEeT B paJnyce HECKOJIBbKO ThICSY KHUJIOMETPOB,
TUIOTHOCTh — COTHH TOHH Ha KyOMUYECKHI CAaHTHMETp W YJCpXKHBAETCS B PaBHOBECHH Ojaromaps
OTTAJIKUBAHUIO JIEKTPOHOB B €r0 BEIIECTBE, OTTAIKWBAHHUIO, KOTOPOE BO3HUKAET M3-3a MPUHIIMIIA
[Maynu. Ha HeOe BumHO Hemamno Oenbix KapiaukoB. OTHUM W3 TEPBHIX ObLII OTKPHIT OCJBIN KapIuK,
Bpatnaromuiicss Bokpyr Cupuyca — caMoi SipKoif 3B€3/1bl HA HOUHOM Heoe.

Jlanmay mnoxazan, 4YTO 3Be€3Ja MOXET OKazaTbCi M B JPYrOM KOHEYHOM COCTOSIHUH,
npezesbHas Macca KOTOPOTo paBHa OJIHOM-ABYM MaccaM CouHIla, a pa3Mephl Jake MEHbIIE, YEM Y
0enoro Kapyiuka. OTH 3B€3/bl TOXKE JOJKHBI CYIIECTBOBAaTh Oyiarojapsi BO3HUKAIOIEMY H3-32
npuHuuna [laynn oTTankuBaHUIO, HO HE MEX]Y 3JIEKTPOHAMHU, @ MEXAY MPOTOHAMU U HEUTPOHAMU.
[TosToMy Takue 3Be3lbl MONYYMIM Ha3BaHWE HEUTPOHHBIX 3Be3A. Mx pamuyc He Oobiie
HECKOJIbKUX JECSITKOB KHJIOMETPOB, a IUIOTHOCTh — COTHH MUJUIMOHOB TOHH Ha KyOHUYeCKUM
cantumerp. Korga Jlannay mpesickaszan HEHTpOHHBIE 3BE3/bl, HAOJIOJATh UX HUKTO HE yMel, a
peasnbHasg BO3MOKHOCTh MX HAOIOICHUS TOSBUIACH 3HAUUTEIHHO MO3KE.

Ecnn macca 3Be3npl IpeBblIAcT npeaen Yanapacekapa, TO, KOrja €€ TOIUIMBO KOHYaeTcs,
BO3HHUKAIOT OOJBIINE CIOKHOCTH. UTOOBI u30ekaTh KaTacTpO(PUUECKOTro T'paBUTAIMOHHOTO
KOJIJIarca, 3Be3/1a MOXET B30PBAaThCs WM KaKUM-TO 00pa3oM BBIOPOCUTH U3 ceOsl 4acTh BEIIECTBa,
4yTOOBI Macca cTajla MEHbIIe NpeAenbHOu. TpyaHO, OlHAKO, MOBEPUTh, YTO TaK MPOUCXOAUT CO
BCEMH 3B€37jaMM HE3aBUCUMO OT X pa3MepoB. Kak 3Be3/1a y3HaeT, uTo el mopa TepsTh Bec? A naxe
ecu OBl KaXI0H 3Be3/le YJaIOoCh MOTEPSTh B BECE HACTOJIBKO, YTOOBI M30eKaTh KoJlarca, To 4YTo
MPOU301UIO Obl, €ciii Obl MBI YBEIMYMIM Maccy O€Joro Kapjuka WM HEHTPOHHOM 3Be3/bl Tak,
yTOOBI OHA TMpeBbIicKa Obl Tipeaen? MoxkeT ObITh, TOTJA MPOU30IIET Obl KOJUTAC M TUIOTHOCTH
3Be3/1bl cTana OEeCKOHeUHOW? DINMHITOH OBUI TaK A3TUM IOpPaKeH, YTO OTKa3ajcs BEPHUTH
pesynbraty Yannpacekapa. OH cuMTaiz MpOCTO HEBO3MOKHBIM, YTOOBI 3B€3/la CKOJIAIICUPOBANa B
TOYKy. Takoi MO3UIMU NPUACPKUBATIOCH OOJNBUIMHCTBO YUEHBIX: caM DWHIITEHH 3asBUJI B CBOCH
CTaThe, YTO 3BE3/bl HE MOTYT C)KMMATBHCA /IO HYJIEBBIX pa3MepoB. BpaxneOHoe OTHOLIEHHE YUEHBIX,
B 0COOEGHHOCTH OJIJIMHITOHA, KOTOPBIA OBLT TepBbIM yuuTenem Yanapacekapa M TJIaBHBIM
aBTOPUTETOM B HCCIEIOBAHHWU CTPOEHHUS 3Be3[, BBIHyAWIM YaHapacekapa OCTaBUTh paboOTy B
IIPE)KHEM HAIIPaBJIIEHUU U NEPEKIIOUYUTHCA HA JPYTUE 3aJaud aCTPOHOMMHM, TaKHe, KaK JBUKECHHE
3Be3HbIX cKoruieHui. OgHako HobGenesckas npemust 1983 r. Obuta, Mo KpailHEW Mepe 4acTHYHO,
npucyskaeHa Yanapacekapy 3a paHHue paOoThl, CBS3aHHBIE C MPEIEIbHON MAaCCON XOJIOIHBIX 3BE3/.

OH noka3aj, 4TO €ClIM Macca 3Be3/bl IpeBbIIaeT npeaen Yanapacekapa, TO NPUHIUI
3ampeTa HE MOYKET OCTaHOBUTH €€ KOJUIAIC, a 3a7ady O TOM, 4TO JOJDKHO IIPOM3OMTH C Takou
3BE3/I0M corjlacHO OOIeld TeopuH OTHOCHUTEIBHOCTH, MepBbIM pemmin B 1939 r. mMomnomoit
amepukaHckuil pusuk Podept Onnenreiimep. Ho u3 pesynbraTtoB OmnmneHreiimepa ciiezioBaio, u4To ¢
MOMOIIBIO CYIIECTBOBABIIMX TOI/Ia TEJIECKOINOB HENb3sl HAOMIOAAaTh HU OJMH U3 NpPEICKa3aHHbBIX
s dexrtoB. [lorom Hauamace Bropas mMupoBas BoifHa, u cam OmnmeHreidMep BIUIOTHYIO 3aHSUICS
pa3paboTkoii aToMHOU O00MOBI. [lociie BOMHBI O TPAaBUTAIIMOHHOM KOJUIAICE COBEPIICHHO 3a0bLIH,
MOTOMY YTO OOJBIIMHCTBO YYEHBIX OBUIO YBJIEYCHO H3yUCHHEM SIBJICHUH aTOMHBIX H SAEPHBIX
MacmtaboB. Ho B mectuaecsTix rofax, Oigaroaapsi HOBEHIIe TeXHUKE, YUCIO aCTPOHOMUYECKUX
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HaOJMIOACHUN CUJIBHO BO3pOCIO, @ MX 00JacTh 3HAYUTENIBHO pPACHIMPUIACH, YTO BBI3BAJIO
BO3POXKJCHUE MHTEepeca K aCTPOHOMHMM U KocMmojoruu. PesynbraTsl Onnenreiimepa ObUld 3aHOBO
OTKPBITHI ¥ Pa3BUTHI ajie€ MHOTUMH (PU3UKAMHU.
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B wrore, Onaromaps OmmenreiiMepy, Mbl HMEEM ceHYac CleAymrlylo Kaptuhy. W3-3a
TPABUTAIMOHHOTO TIOJISI 3BE3[bl JIyYd CBETa B MPOCTPAHCTBE-BPEMEHU OTKIIOHSIOTCS OT TEX
TPAEKTOPHIi, IO KOTOPBIM OHH MEPEMEIIANINUCh Obl B OTCYTCTBUE 3Be3/1bl. CBETOBBIE KOHYCHI, BIOJb
MIOBEPXHOCTU KOTOPBIX PACIpOCTPAHSIOTCS HCIYILEHHBIE U3 MX BEPIIMH CBETOBBIE JIyYd, OKOJIO
MMOBEPXHOCTHU 3BE€3/Ibl HEMHOT'O HAKJIOHSIOTCA BHYTPh. JTO MPOSBISETCS B HAOII0JaeMOM BO BpeMsI
COJIHEYHOI'O 3aTMEHHUS MCKPUBIEHUM CBETOBBIX JIyd4eW, MIAYIIUMX OT yJIaleHHbIX 3Be3l. Ilo mepe
CKaTUs 3BE3]Ibl YBEJIMUYMBACTCS I'PABUTALIMOHHOE IOJIE HA €€ MOBEPXHOCTH U CBETOBBIE KOHYCHI
HAaKJIOHAIOTCS elle cuwibHee. [103TOMy CBETOBBIM JydaM, MCIYILEHHBIM 3BE310W, CTAHOBUTCS BCE
TpyJIHEe BBINTH 3a NIpeleNbl IPaBUTALIMOHHOTO TOJS 3BE3/bl, U yJaJlEHHOMY HAOJIOAATeNIo ee
cBeueHHe OyJeT Ka3aTbes TYCKIBIM M Oosiee KpacHbIM. B KOHIIE KOHIIOB, KOTJa B XOJ€ CXKaTus
paauyc 3Be3lbl JTOCTUTHET HEKOTOPOrO0 KPUTHYECKOrO 3HAYEHHMs, I'PABUTALMOHHOE IIOJIE y €€
MOBEPXHOCTU CTAHET OYEHb CHIIbHBIM, U TOTJAa CBETOBbIE KOHYChI HACTOJILKO MOBEPHYTCS BHYTPb,
YTO CBET HE CMOXKET OOJIbllle BHIATU Hapyxy (puc. 6.1). Ilo Teopun OTHOCHUTEIHLHOCTH HUYTO HE
MOXKET IBUTAThCS OBICTpPEE CBETAa; a pa3 CBET HE MOXKET BBINTU HAPYXKY, TO U HUKAKOH APYroiu
O0OBEKT HE CMOXXET BBIMTH, T. €. Bce OyJeT BTATMBATbCA Ha3aJ TPaBUTALIMOHHBIM MOJIEM. DTO
3HAYMT, YTO CYLIECTBYET HEKOE MHOXECTBO COOBITHH, T. €. HeKas 00J1acTh MPOCTPAHCTBA-BPEMEHH,
13 KOTOPOH HEBO3MOXKHO BBIWTH HapyXy M JOCTUYb yJalleHHoro HaOmroparens. Takas oOmactb
Ha3bIBAETCs ceifuac 4YepHOM JbIpoil. ['paHuIly YepHOM AbIpBI Ha3bIBAIOT TOPU3OHTOM cOObITHI. OHa
COBIAJAET C IMYTAMHM TE€X CBETOBBIX Jy4yed, KOTOpBIE MEPBBIMH W3 BCEX TEPAIOT BO3MOXKHOCTH
BBIWTH 3a MPEJEIIbl YEPHOU JIBIPBI.
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UT0oOB! MOHATH, YTO BBl YBUIENU Obl, €cau Obl HaOMOJaIM 32 00pa30BaHUEM YEPHOW JIBIPHI
IIPU KOJIJIATCe 3BE3/1bl, Ha/10 BCIIOMHUTh, YTO B TEOPUH OTHOCUTEIBHOCTH OTCYTCTBYET aOCOJIIOTHOE
BpeMssi M Yy Kaxzaoro HaOirogarenss cBOs Mepa BpeMeHu. M3-3a TOro 4rto 3Be3a HMMEET
IpaBUTALIMOHHOE IT0JIe, [l HaOJroaTelNs Ha 3Be3/ie BpeMs OyJeT He TaKuM, Kak Ui yJIaJleHHOTO
HaOmonatens. [lpeamnonoxum, uYTo KakoH-HMOYAb OTBaKHBIM aCTpPOHABT HAXOAMUTCA Ha
MOBEPXHOCTHU KOJUIANICUPYIOIIEH 3Be3/Ibl M KOJIAIICUPYET BHYTPb BMECTE C HEH.

[lycTh OH KaXXIyr0 CEKyHIy MO CBOMM YacaM IOCHUIAET CUTHAIBI HA KOCMUYECKHN KOpalIb,
oOpararomuiicst 1o opouTe BOKPYT 3Be3/bl. B Kakoi-TO MOMEHT BpEMEHHM I10 €ro 4acaM, CKakeM B
11:00, 3Be3nga coxxmercs O paauyca HUKE KPUTHUECKOIO, IPU KOTOPOM TpPaBUTALIMOHHOE IOJIE
CTAaHOBHUTCS HACTOJBKO CHJIBHBIM, YTO HUYTO HE MOJKET BBIWTH HapyXXy, U TOT/Ia CUTHAJBI 3TOTO
cMerbYaKa OoJibllle HE TOMaayT Ha KOCMUYEeCKUd kopadib. [Tpu mpubnmxenun Bpemenu k 11:00
UHTEPBAJIbl MEXJly OUYepeJHBIMU CUTHAJaMU, KOTOPbIE aCTPOHABT MOCHUIAET CBOMM CIIyTHHUKaM Ha
KOCMHYECKUH Kopalib, OyayT yamuHATECs, HO A0 10:59:59 stotr addexr Oyner HeBenuk. Mexay
CUTHAJIAMH, KOTOpPbIE aCTPOHABT MO cBOMM 4acaM nouwieT B 10:59:58 u 10:59:59, na kocMuueckom
KopalJie TpoiieT 4yTh OOJbIIE CEKYHIbl, HO CHTHaja, MocjaHHOro actpoHaBToM B 11:00, um
npuaeTcs *aaTh Be4Ho. CBETOBbIE BOJIHBI, CIYIIIEHHBIE C TOBEPXHOCTH 3Be3/1bl Mex 1y 10:59:59 u
11:00 mo wacam acTpoHaBTa, OYyAyT, C TOYKH 3PEHHs I[accakupa KOCMHUYECKOIro Kopalis,
pa3ma3zaHbl 110 OECKOHEYHOMY NEpHOAY BpeMeHU. BpeMeHHOW MHTepBan MeXAy IBYMs BOJHAMH,
MPUXOASIIMMHU APYT 3a JpYyroM Ha Kopabib, OyJeT Bce BpeMs YBEIMUMBATHCA, U MOITOMY
U3Ty4YaeMblil 3Be30i cBeT OyJeT HeNpephlBHO ociabeBaTh M KazaThCsl Bce Oosee KpacHbIM. B
KOHIIE KOHLIOB 3B€3/]a CTAHET TaKOW TYCKJIOH, 4To ee OoJiblIe HE YBUIAT C OOpTa KOCMHUYECKOIO
KOpalOJisi: OT Hee OCTAHEeTCs JUIb 4YepHasl Jplpa B npocTpaHcTse. IIpu 3ToM Ha kopabmip Oyner
MO-TIPE)KHEMY JIEWCTBOBAaTh T'PaBUTAIIMOHHOE NPUTSHKEHHUE 3BE37bl, TAK YTO OH MPOJOJIKUT CBOE
JIBYDKEHUE 110 OpOMTE BOKPYT YEPHOM JIBIPHI.

Ho sToT cueHapuii He COBCEM pEANMCTHYEH MO cienyromed npuuuHe. [Ipu ynaneHnn or
3Be3/Ibl €€ TPaBUTALMOHHOE NPUTSDKEHHE ociadeBaeT, a IMO3TOMY HOTM HAIIEro OTBa)KHOTO
acTpoHaBTa Bceraa OyIyT UCIBITHIBATh O0JIee CHIIbHOE IPaBUTAIIMOHHOE BO3/ICHCTBHE, YeM TOJIOBA.
PazHuna B BeNMYMHE CHUJI MPHUBEAET K TOMY, YTO ACTPOHABT JHMOO OKAXKETCS BBITSHYTHIM, Kak
CmareTTd, Ju0O pa3opBETCS Ha YacTH €IIe [0 TOro, Kak pa3Mepbl 3BE3Jbl COKPATATCS 0
KPUTHYECKOTO pajnyca, Korja BOZHHKAET ropu3oHT coObITHii! Ho MBI cunTaem, uto Bo Beenennoit
CYLIECTBYIOT ropaszio OojblIue O0O0BEKThI, HAPUMEpP LEHTPAIbHbIE 00JACTH TaJlaKTHK, KOTOpBIE
TOKE MOTYT IPEBpallaTbcs B YEPHBIE JBIPBI W3-3a IPAaBUTALIMOHHOTO KoJutarnca. Torna, Haxoasch
Ha OJIHOM U3 TakUX OOBEKTOB, aCTPOHABT He ObUI OBl pa30pBaH Ha YaCTH €IIe J0 0Opa3oBaHUs
yepHOU IbIpbl. Ha camoM fene oH Obl HE TOYYBCTBOBAJ HUYEr0 0COOEHHOI0, KOTJa paJuycC 3BE3/Ibl
JOCTUT OBl KPUTHUYECKOTO 3HAYEHUS, U BIIOJIHE MOT OBl MPOWTH, HE 3aMETUB, TOUKY, 32 KOTOPOU
HauMHaeTcsa 00JacTh, OTKYJa Hellb3s BEpHYThCs Hazad. Ho Bcero depes HECKOJIBKO 4acoB, KO/
9Ta 06JacTh Havana Obl KOJJIAICHPOBATh, Pa3HUIIA IPABUTAIIMOHHBIX CHJI, IEUCTBYIOIIMX HA HOTH U
Ha roJIoBY, BO3pOciia Obl TaK CHIIBHO, YTO €r0 ONATh Pa30pBajio ObI HAa YaCTH.

B paGore, xotopyto mMbl ¢ Pomxepom Ilenpoy3om Beimonumiu B nepuof ¢ 1965 nmo 1970 r.,
OBUIO NOKA3aHO, 4TO, COIJIAaCHO OOLIeH TEOpUU OTHOCHUTEIBHOCTH, B UYEPHOH AbIpe NOJKHA OBITh
CHUHTYJISIPHOCTh, B KOTOPOH IUIOTHOCTb M KPHBH3HA MPOCTPAHCTBA-BPEMEHH OECKOHEUHHBI.
Cutyanuss HanmoMUHAaeT OONBLIONW B3pbIB B MOMEHT Hayajla OTCUeTa BPEMEHU C TOW TOJIBKO
pasHUIICH, 4TO 3TO 03HAUYAIO ObI KOHEI] BpEMEHH ISl aCTPOHABTA U JIJIsl KOJUIANICHpYIoIero Tena. B
9TOM CHHTYJSIPHOM TOYKE HapylIaJuch Obl 3aKOHBI HAyKH, a Mbl MOTEpsUId OBl CIIOCOOHOCTH
npenckaspiBath Oyaymiee. Ho 9sTa moTteps He KocHymach Obl HU  OJHOTO HaOIIOIATENs,
HaxXOJALIErocs BHE YEPHOM MbIpbl, MOTOMY 4YTO JO HEro He Jouiea Obl HU CBETOBOM, HHU
KaKOH-HUOYJb JIpyroil CHUTrHAjJ, BBILEAMUN u3 cuHTynapHocTH. Ilox BimsHHMEM 3TOrO
yauButensHoro ¢axkrta Pomxep IleHpoy3 BBIABHHYJ «THIIOTE3Yy KOCMUYECKON LIEH3YpPbD», KOTOPYIO
MOXHO c¢opMyarpoBath Tak: «bor He TepmuT rojoi CHHIYJspHOCTHY. Jlpyrumu cioBamu,
CHHTYJIIPHOCTH, BO3HHUKIIME B pPE3YyJbTaTe€ TIPABUTALMOHHOIO KOJUIAICA, MOSBISIIOTCA JIMIIb B
MECTax BpOJIE YEPHBIX IbIP, TJI€ TOPHU3OHT COOBITUN HAIEKHO YKPHIBA€T MX OT B3IJISI0B HM3BHE.
Ctporo roBopsi, 3TO THUIOTE3a CIa00KW KOCMHUYECKON IEH3yphl (KaK €€ W Ha3bIBAlOT Ceidac):
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Omarojmapss ed HaOnIoAaTenw, HaxOsAIIMecs 3a NpeaelaMd YEepHOW JbIpbl, 3aIIMILIEHBI OT
MOCIIEACTBUI TOTO, UTO B CHHTYJISIPHOCTH TEPSIETCs] CIOCOOHOCTH MpeACcKa3bIBaTh Oyayllee, HO 3Ta
TUIOTE3a HEYEro He JaeT Ui CIIaceHUs] HECUACTHOI'O aCTPOHABTA, YIABLIETO B UEPHYIO JBIPY.

CyI1ecTBYIOT HEKOTOPbIE pEUICHHs] YpaBHEHHUH OOIIEe TeOpuH OTHOCHTEIHHOCTH, KOTOPHIE
MIO3BOJISIFOT ACTPOHABTY YBUJETH T'OIYIO0 CUHTYJIIPHOCTD; OH MOXKET YBEPHYTHCS OT CUHTYJISIPHOCTH
U, TMPOJIETEB 4Yepe3 «KPOTOBYIO HOPY», BBIUTU B Jpyroil obmactu Bcenennoi. Takoil BapuaHT
MPEeJOCTaBMII OBl MIMPOKHE BO3MOYKHOCTH ISl IyTEIIECTBHS B NPOCTPAHCTBE M BPEMEHH, HO, K
COKaJICHHIO, BCE ATH PELICHHs, MO-BUIUMOMY, CHJIBHO HecTaOuiabHBL. Mareiiiiee BO3MyIIeHHE,
HampuMep NMPUCYTCTBUE aCTPOHABTA, MOTJIO Obl TaK U3MEHUTh PELIEHUS, YTO aCTPOHABT HE YBUJIEIN
OBl CHUHTYJISIPHOCTD IO CAMOTO CTOJIKHOBEHHSI C HEl, KOT/J]a €ro CyIIECTBOBAHUIO MPUIIIET ObI KOHEII.
Jlpyrumu cioBaMu, CHHTYJISIPHOCTh HaXOIMIJIach ObI BCETAa B €ro OyylieM W HUKOTA B IPOILIOM.
CunpHass  (QoOpMyITUpOBKA THUNOTE3bl KOCMHUYECKOM IIEH3yphl TaKOBa: CHHTYJSPHOCTU
PEATMCTUYECKOTO PEIIeHHUs MOJDKHBI OBITH BCerjga JMOO LEeNMWKOM B OyaymeM (Kak B ciydae
TPaBUTAIMOHHOTO KOJIIATNCa), THO0 LETUKOM B MPOILIOM (KaK B ciaydae O0iblIoro B3psiBa). O4eHb
XOYETCsl HAJEAThCS, UYTO «IHUIOTE3a KOCMHUYECKOW LEH3ypbl» BBINOJHSAETCS B TOW WJIM HHOU
(GhopMynHUpOBKE, TOTOMY UYTO MHaue BOJHM3U TOJBIX CHUHTYJISIPHOCTEH HMMeNIach Obl BO3MOXKHOCTH
ronaziaTe B Ipoluioe. 1o ObIO0 OBl MPEKpacHO AJs mucarenei-QpaHTacToB, HO O3HAYajIo Obl, UTO
HUKOT/Ia HENb3s ObITh YBEPEHHBIM B CBOEH OE30MACHOCTH: KTO-TO MOXKET BOWTH B MPOIIOE H
JMILIUTH )KU3HU KOTO-HUOYIb U3 BallIMX POJUTENEH €llie A0 TOro, KaK OHU YCIIENH JaTh KU3Hb BaMm!

['opu30HT COOBITUH, OTpaHUUYMBAIOIIUN Ty OOIACTh MPOCTPAHCTBA-BPEMEHH, U3 KOTOPOH
HEBO3MOXXHO BBIOPATBCS HAPYXKy, MOJ00CH HEKOCH MONyNpPOHHUIIAEMON MeMOpaHe, OKpYIKaromieH
YEepHYIO ABIPY: 0OBEKTHI BPOAE HEOCTOPOKHOTO aCTPOHABTA MOTYT YINAacCTh B YEPHYIO ABIPY depes
TOPHU30HT COOBITHIA, HO HUKAaKHE OOBEKTHI HE MOTYT BHIOPATHCSA W3 HEE Yepe3 TOPU30HT COOBITHI
oOpartHo. (BcomHUTE, YTO TOPU3OHT COOBITUI — 3TO MYTh, 10 KOTOPOMY B MPOCTPAHCTBE-BPEMEHU
pacipoCTpaHsAETCsl CBET, KOI/Ia OH CTPEMUTCS BBIMTHU M3 YEPHOH JBIPBI, a ObICTpEEe CBETA HE MOXKET
nBuratbes HUUTO). O Topu30HTE COOBITHII MOKHO CKa3aTh TaK, Kak Cka3aHo y modTa J[aHTe o Bxoze
B An: «OcTaBb HaJeXK Iy BCAK CIOJIa BXOIAIIHI. Bee U Besl mpoBaniuBIieecs 3a TOPU30OHT COOBITHIA
BCKOpE MOMaJeT B 00J1aCTh O0ECKOHEUYHOH MIIOTHOCTH, I/I€ BpeMsl KOHYAeTCS.

OOmrast Teopusi OTHOCUTEIBHOCTH MPEICKA3bIBAET, YTO NPU JABWKCHHU TSDKEIBIX OOBEKTOB
JOJKHBI M3ITy4aThCS TPAaBUTALMOHHBIE BOJIHBI, KOTOpPBIE MPEJICTABISIIOT CcO0O0M MyJbcaluu
KPUBHU3HBI NPOCTPAHCTBA, PACIIPOCTPAHSIOIIMECS CO CKOPOCThIO cBeTa. M3myuyaemble mpu JIt0OOM
JIBUKEHUM TPaBUTAIIMOHHBIE BOJHBI OyAyT YHOCUTh JHEPrui0 cucTteMbl. (DTO HalOMHHAET
MOBeJICHHE OPOIIEHHOTO B BOJIy MOIJIaBKa, KOTOPBIN CHavaia TO yXOAUT MO BOAY, TO BBIHBIPHBAET
Ha IOBEPXHOCTb, HO, MOCKOJBbKY BOJHBI YHOCAT €r0 HEPrUI0, B KOHLE KOHIIOB 3aCTHIBACT B
HETOJIBIDKHOM CTaIlMOHapHOM cocTosiHuu). Hampumep, npu oOpamenun 3eminn Bokpyr CoiHia
BO3HUKAIOT T'PaBUTALIMOHHBIE BOJHBL, M 3eMilsd TepseT cBoro sHepruto. Iloteps sueprum Oyzaer
BIIMSTH HA OpOUTY 3eMJiH, U 3eMJIs HAYHET TOCTeneHHo mpubnmxkarbes K ConHiyy. B KoHIIe KOHIIOB
OHM BOMAYT B KOHTAaKT, M 3€MJId, IEPECTaB JBUraTbCi OTHOCUTENBHO (COJIHLA, OKaXeTCs B
cTaniMoHapHoM cocTtossHuU. [Ipu Bpamenunn 3emnm Bokpyr CosiHLa TepsieMass MOIIHOCTb OY€Hb
Maja — MPUMEPHO TaKOBa, KaKylo MOTPeOsieT HEeOONbIION IMEKTPOKUIIATUIBHUK. DTO O3HAYaeT,
yro 3emus ynager Ha CoslHLE NPUMEPHO 4Yepe3 ThICSYYy MUJUIMOHOB MMWIIMOHOB MUJUIMOHOB
MUJUTHOHOB JIET, @ TIOTOMY TPsIMO ceifdyac OecrokouThess He 0 dyem! M3MeHeHus: opOUTHI 3eMiu
MIPOUCXOJIAT CIUIIKOM MEJUICHHO JUIs HAaOMIOJCHHUS, HO 3a MOCJEIHIE HECKOJBKO JIET B TOYHOCTU
takoi ke 3Pdexr Habmomancs B cucteme PSR 1913+16. (PSR o3nauaer «mynbcap» — ocobas
Pa3HOBUAHOCTh HEWTPOHHOM 3BE3/bl, KOTOPAsl M3IydYaeT MEPUOJUUYECKHE HMMITYJIbChI PaJMOBOJIH).
OTO cucTeMa JIBYX HEUTPOHHBIX 3BE€3]l, BPAILIAIOIINXCSA OHA BOKPYT APYTOW; MOTEPU SHEPIUH Ha
I'PaBUTALIMOHHOE U3ITyYeHHE MPUBOJAT K MX COIMKEHHIO 110 CIIUPAIIH.

Kornma BOo Bpemsi TIpaBUTAallMOHHOTO KOJUIamca 3Be3/bl oOpa3yeTcs 4YepHas [blpa, BCe
JBUKEHMSI 3B€3]1bl TOJIKHBI CUJIBHO YCKOPUTHCS, U IOATOMY IOTEPU SHEPTUU TOXKE TOJKHBI CUIIBHO
Bo3pactu. (CrenoBaTenpHO, KOJUIANCUPYIOIAs 3BE€3[a JIOJDKHA BCKOPE OKa3aTbCi B HEKOEM
CTAIlMOHAPHOM COCTOSTHUH. KakuMm ke OyJeT 3T0 KOHEYHOE COCTOSTHUE?

MOXHO TPEANOoIOXHUTh, YTO OHO OyJET 3aBUCETh OT BCEX CJIOXKHBIX CBOWCTB HCXOJIHOM
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3BE3/bl, T. €. HE TOJIBKO OT €€ MacChl U CKOPOCTU BPALLEHUS, HO U OT Pa3HbIX IUIOTHOCTEN pa3HbIX
yacTell 3Be3bl U OT CIOXKHOTO JIBHXKEHHUs Ta3oB BHyTpu Hee. Ho eciam Obl uepHble AbIpbl ObUIH
CTOJIb € Pa3HOOOpPa3HbIMHU, KAK U KOJUIAINICUPYIOIINE OOBEKTHI, U3 KOTOPBIX OHM BO3HUKAIOT, TO
JienaTh Kakue Obl TO HU ObUIO O0IMe MpeICKa3aHus O YEPHBIX AbIPAaX 0Ka3ajaoch Obl OU€Hb TPYIHO.

Opnako B 1967 r. kanaackuii ydenblii Bepnep W3pasne (o poawncs B bepnune,
BocnuThiBasics B FOxHON Adpuke, a TOKTOPCKYIO TUccepTaluio 3amuimai B Mpnananm) npoussen
PEBOJIIOLIMIO B HAayKe O YEpHBIX AbIpax. M3pasnbp mMmokaszan, 4TO, COMIACHO OOIeld TeopHuH
OTHOCHUTEJIBHOCTH, HEBPAIIAIOLIUECS YEPHbIE ABIPhI JOJKHBI HMETh OUEHb IPOCThIE CBOMCTBA: OHU
JOJDKHBI OBITh TPAaBWIIBHON CQeprueckoil (GopMbl, pa3Mepbl YEpHOH AbIPHI TOJDKHBI 3aBUCETH
TOJILKO OT €€ MAacCChl, a JIB€ YEPHBIEC AbIPHl C OJMHAKOBBIMM MaccaMHu JOJDKHBI ObITh MIEHTHYHBI
apyr apyry. dakTuuecku Mosydasaoch, YTO YEPHbBIE ABIPHI MOXKHO OMNMCATh YaCTHBIM pELICHHEM
ypaBHEHUI DWHINTENHA, n3BeCTHHIM ele ¢ 1917 r. n HaiinenHsm Kapiom IIBapummnsiom Bckope
rocJie onyoOJuKoBaHusl oOuIed Teopuu oTHOcUTenbHOCTH. CHavala MHOTHE, B TOM YHUCIE U CaM
W3pasnb, cuuTaniu, 4To, MOCKOJBKY YEpHbIE JBIPBI JOJKHBI OBITh COBEPILIEHHO KPYTJIBIMH, OHU
MOTYT 0Opa30BBIBAThCS TOJBKO B PE3YyJIbTaTe KOJUIACa COBEPILIEHHO KPYIJoro oobekTa. Takum
oOpa3om, mo0as peanbHas 3Be34a — a peajbHble 3Be3bl HE OBIBAIOT HIEAIbHO chepuueckont
(OpPMBI — MOXKET CKOJIJIAIICHPOBATH, MMOPOKAAst TOIBKO TOIYIO0 CHHTYJISIPHOCTb.

[lpaBna, Obuta BO3MOXHA M JIpyras HHTepHpeTanus mnoixydeHHoro M3pasiem pesynbrarta,
KOTOPYIO, B 4aCTHOCTH, nojaepxkusain Pomxep Ilenpoys u [xon Yuuep. beictpeie nBuxeHus,
BO3HMKAIOIME BO BpeMs KOJUIAIca 3Be3/bl, 03HAYAIOT, YKa3bIBAJIM 3TU yY€HbIE, YTO U3JIydaeMble
3BE37]0 T'PaBUTAL[MOHHBIE BOJHBI MOTYT €Ill€ CHJIbHEE CKPYIJIUTh €€, U K TOMYy MOMEHTY, KOrIja
3Be3/1a OKaKETCs B CTALIMOHAPHOM COCTOSIHUM, OHa OyAeT B TOUHOCTU cepuueckoil Gpopmsl. [Tpu
TAKOM B3IJIAJIC HA BEIIW JTF00asl HEBpAIIAMOIIAsACS 3Be3/a, Kak Obl HU ObLIa CIOXHa ee dopMma H
BHYTPEHHSS CTPYKTYpa, IOCIe TPaBUTALMOHHOIO KOJIJIATca JOJDKHA IPEBPATUTHCS B YEPHYIO JBIPY
MPaBUIBHON Ceprudeckoil GopMbl, pazMepsl KOTOpOil OyIyT 3aBHCETh TOJBKO OT €€ Macchl. B
JanbHeHIeM Takoi BbIBOJ ObLT MOATBEP)KICH pacyeTaMu M BCKOPE CTall OOILENPUHATHIM.

PesynbraT W3pasns kacajics TOJIBKO YEPHBIX JAbIp, 00pa30BABIIMXCS M3 HEBPAILAIOIIUXCS
o0wsekToB. B 1963 1. Poit Kepp u3 Hopoii 3enananu Haiien ceMEHCTBO PEIICHUH YpaBHEHUN 001IIei
TEOPUU OTHOCHUTEIBHOCTH, KOTOpPBIE OIMCBHIBAJIM BpallAOLIUMecs] 4epHble IbIpbl. KeppoBckue
YepHbIE JbIPbI BPAILAIOTCS C MOCTOSIHHOM CKOPOCTBIO, @ UX (opMa M pa3Mep 3aBHCAT TOJIBKO OT
Macchl M CKOPOCTH BpalleHus. Eciu BpallleHne OTCYTCTBYET, TO Y€pHas Ablpa UMEET HICaTbHYIO
1mapoo0paszHyto (opMy, a OTBeUarollee el peleHne UASHTUYHO MIBAPIILIBIOBCKOMY PELICHHUIO.
Ecnu xe uepHas plpa Bpamaercs, TO €€ AMaMETP YBEJINYMBAETCS 0 IKBATOPY (TOUHO TaK XK€, KaK
nedopmupyroTcst BeieacTsue BpamieHuss 3emuss u CofnHIIE), W TeM CHIbHEe, 4eM ObIcTpee
BpameHre. UToObl MOXHO OBLIO MEpeHecTH pe3ynbTaT M3pasns u Ha Bpamiarounmecs tena, ObLIo
C/IEJaHO MPEIIOJI0KEHNEe, YTO JII000e Bpallarolieecs Telo, KOTOpOe B pe3ylbTare KoJularca
o0pa3yeT YepHyIO IbIpy, JODKHO B KOHIIE KOHIIOB OKAa3aThCSl B CTAllMOHAPHOM COCTOSTHHH,
onucsiBaeMoM pereHueM Keppa.

B 1970 r. moii aciupanT u kosera no Kem6pumky bpennon Kaprep cnenan nepsblii mar k
JI0Ka3aTeNIbCTBY 3TOr0 MpeanosnoxeHus. Kaprep mokasai, 4To eciy CTallMOHApHAs BpalllaroIiascs
YyepHast JbIpa 001aJaeT OChbl0 CUMMETPUH, KaK BOJUYOK, TO €€ pa3Mepsl U ¢opma OyayT 3aBUCETh
TOJIBKO OT €€ MAacChl U CKOpOCTH BpamieHus. 3arem B 1971 r. s mokazan, 4to a0basi cTalimoHapHast
YyepHast JbIpa Bcernaa OyZeT UMeTh Takyto ock cummerpun. Hakonen B 1973 r. [I3Bun PoOuHcoH u3
Koponesckoro xomnemka B JIoHoHe, onupasch Ha Hamu ¢ KaprepoM pe3ynbTaThl, TOKa3aj, YTO
BBILICTIPUBEACHHOE NPEANOI0KEHUE MPABUIbHO, T. €. YTO CTAallMOHapHas 4epHas JAbIpa BCErzaa
Oyner pemenueM Keppa. Mrak, mocne rpaBUTallMOHHOTO KoJulalica YepHas JbIpa [JOJDKHA
0Ka3aTbCs B TAKOM COCTOSHHM, YTOOBI OHA MOTIJIa BpalllaThCs, HO HE MOIJIa MyJbcupoBaTh. Kpome
TOTO, pa3Mepbl YUEPHOM AbIpbl OyIyT 3aBUCETh TOJBKO OT CE€ MAacCChl U CKOPOCTH BpAIIEHUS U HUKAK
He OyIyT CBSI3aHBI CO CBOMCTBAMU TOTO TeJa, KOTOPOE CKOJUIAIICHPOBAJIO B ATY YEPHYIO ABIPY. DTOT
BBIBOJ] CTaJl U3BECTEH B (OPMYJIMPOBKE: «Y YEpHOU IbIPBI HET BOJOCY». Teopema 00 OTCYTCTBUU
BOJIOC Yy YEPHOH JABIPHl MMEET OIPOMHOE IPAKTHMUYECKOE 3HAYEHHME, MIOTOMY UYTO OHAa Hajaraer
CWJIbHBIC OTPAaHMWYEHHUS HAa BO3MOXKHBIE THUIBI YEPHBIX JAbIp U TEM CaMbIM JaeT BO3MOYKHOCTb
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CTPOWUTH JIETANBbHBIE MOJEIH OOBEKTOB, KOTOPBIE MOTJHM OBl CONEpXKAaTh 4YepHBIC MABIPBI, WU
CpaBHUBATh MX MpeACKa3aHus ¢ pe3yibTaTaMu HabmoaeHuid. Kpome Toro, U3 Hee cienyerT, yTo npu
oOpa3oBaHMM YEpHOM  JbIpbl  JOJDKHA  TEpPAThCS  OrpoMHas 4acTb  MH(pOpMauud O
CKOJUTAIICUPOBABILIEM TeJle, IOTOMY 4YTO TOCJIE KOJIarca Bce, YTO HaM YJacTCs U3MEpUTh, — 3TO,
MOJKET OBITh, JIMILb Macca Tejla Ja CKOPOCTh €ro BpallleHHs. 3HAYMMOCTh CKAa3aHHOT'O CTAHET SICHA
U3 CIIEIYIOLIEH IIaBbl.

UepHble IbIpbl — OJUH U3 OYE€Hb HEMHOTOUYHMCIIEHHBIX NPUMEPOB B UCTOPUU HAYKH, KOI/a
TEOpHsl pa3BUBAJaCh BO BCEX JETAlAX Kak MaTeMaTHyeckas MOJeib, HE HMes HHMKaKuX
9KCIIEPUMEHTAJIbHBIX MOJATBEPXKJIEHUN CBOEH crpaBeyIMBOCTH. U 3TO, KOHEUHO, ObUIO TJIaBHBIM
BO3PaXCHHEM MPOTHMBHUKOB YEpHBIX JbIp: KAaK MOXHO BEpPUTh B pEAJbHOCTh OOBEKTOB,
CYILLIECTBOBaHHE KOTOPBIX CIEAYET JIUIIb U3 BBIUMCICHUH, OCHOBAaHHBIX HAa TaKOW COMHHUTEIbHON
TEOpHM, Kak obOmas teopusi oTHocutenbHocTH. Ho B 1963 r. Maapren IlImuar, actpoHom u3
[Tanmamapckoit o6cepBaropuu B KanudopHuu, u3mMepusl KpaCHOE CMEIEHHE TyCKIIOTO, TTOX0KETo Ha
3Be3/ly O0ObEKTa B HANpaBICHWU UCTOYHUKA paguoBosiH 3C273 (MCTOUHHK moJ HOoMepoMm 273 B
TpeTbeM KeMOpHIDKCKOM Karajiore paauoucTouyHukoB). OOHapykenHoe IlImumarom kpacHoe
CMEILEHHE OKa3aJoCh CJIMIIKOM BEJIMKO, 4YTOObI €ro MOXHO ObIJIO OOBACHHUTH JE€HCTBHEM
IPaBUTALIMOHHOIO MOJIS: €cU Obl OHO OBLIO TPaBUTALIMOHHOTO MPOMCXO0XKJIEHUS, TO CBSI3aHHBIN C
HUM OOBEKT JOJDKEH OBbLIT UMEeTh TaKylo OOJBIIYIO MAaccy M pacrojaraTbCsi Tak OJIM3KO K HaM, YTO
€ro TPUCYTCTBHE M3MEHHMJIO Obl OpOuTHI Beex muiaHer ConHeyHOW cuctembl. Ho, Moxer OBITb,
TOI/Ia KPacHOE CMELIeHHWE BO3HUKIIO H3-3a pacliupeHuss BceneHHOW, M M3 3TOro ciemyer, uTo
paccMaTpuBaeMblii 00BEKT HaXOJHUTCS, HA00OPOT, OYCHH Jayieko? Buaumblii Ha TakoM OOJIBIIOM
paccTosiHUM OOBEKT JOJDKEH OBITh OYEHb APKUM, T. €. JOJDKEH M3JIydyaTb OTPOMHYIO SHEpPTHIO.
EavHCTBEHHBIT MexaHM3M, C IOMOLIBI0 KOTOPOrO MOIJIO OBl M3IIy4aTbCs Takoe OoJblIoe
KOJINYECTBO IHEPIUH, — 3TO I'PAaBUTAILIMOHHBIM KOJIIANC, HO HE KaKOW-HUOyab OAHOHM 3Be3bl, a
KoJulanc Bcell ueHTpanbHOW oOnactu ['amaktuku. C Tex mop OBUIM OTKPBITBI M JIpyrue
aHaJIOTUYHBIE KBA3U3BE3/IHbIE OOBEKTHI, MJIM KBa3apbl, o0agaromue KpacHbIM cMerienueM. Ho ux
OonblIasi yNAJIEHHOCTh CWJIBHO 3aTpyJHsEeT HaONIOJeHHEe M HE JaeT BO3MOXKHOCTHU CJHIENaTh
OKOHYAaTeJIbHbIE BBIBOJbI OTHOCUTEIBHO YEPHBIX JBIP.

B 1967 r. mosiBUICS HOBBIM JOBOA B IOJIb3Y CYLIECTBOBaHMS YEPHBIX JAbIp. KeMOpHKCKuii
aciupadT JIxociuH bemn oOHapyxun Ha HeOe OOBEKTHI, M3Iy4arollde PETYJISIPHbIE MMITYJIbChI
paauoBosiH. CHauana bemn u ero pykoBoguTenbs DHTOHM XbIOMII PEHIMIIM, YTO OHU YCTAaHOBUIIM
KOHTAaKT C BHE3EMHBIMH IUBHIN3AIUIMK Hamel ["amakTuku! S moMHIO, 9TO, JOKIAABIBas O CBOEM
OTKPBITMM Ha CEMHHAPE, YEThIPE UCTOUHHUKA OHM JEHCTBUTENIBHO Ha3BaliM cokpameHHo LGM 1-4,
rie LGM o3nauvaer «3enmenbie yenoBeukw» (Little Green Men). Ho motom m aBTOpBHI, U BCE
OCTaJIbHBIE MTPUIIUIA K MEHEe POMaHTHYHOMY 3aKJIIOUEHHIO, UTO OOHApy>KEHHbIE 00BEKTHI, KOTOPBIE
ObUIM Ha3BaHBbI ITyJIbCapaMU, MPEACTaBIAIOT cO00M Bpallarolirecs HEHTPOHHBIE 3BE3/bl, KOTOphIE
U3JTy4aroT MMITYJbChl PaJMOBOJIH M3-32 CJIOXKHOTO XapaKTepa B3aWMOJAEWCTBUS HUX MarHUTHOIO
MOJISl C OKPY’KAalOIIMM BELIECTBOM. JTa HOBOCTh OrOpYMiIa aBTOPOB OOEBUKOB O KOCMHMYECKHX
MpUILIEIbIaX, HO OYE€Hb BOOAYIIEBUIIA HAlll HEMHOTOUYMCIIEHHBIN OTpsJ CTOPOHHUKOB YEPHBIX ABID,
TaK KaK Mbl BIEPBbIE MOJIyYWIM MOATBEP)KICHHE TOTO, YTO HEUTPOHHBIE 3BE3/lbl CYLIECTBYIOT.
Pannyc HEHTPOHHOU 3BE3/bl PaBEH NPUMEPHO IATHAALATH KHIOMETPAM, T. €. BCETO B HECKOJIBKO
pa3 0ojbllle KPUTHUYECKOTO paauyca, Mo JOCTHKEHHMH KOTOPOro 3B€3Jla MPEBPAILACTCs B YEPHYIO
aeipy. Ecnm 3Be3ga MOXET CKOJUIAlCMpOBAaTh J0 TaKUX HEOOJBIIMX pa3MEepoB, TO BIIOJHE
JIOIyCTUMO HPEINONI0XKNUTh, YTO APYTHE 3BE3/bl B pe3yJbTaTe KOJUIANCA CTAHYT €Ille MEHbIIE U
00pa3yIoT YepHBIE ABIPHI.
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Jla, HO KaK MO>XHO PacCUMTBIBATh HAWTHU YEPHYIO JBIPY, €CIU IO CAMOMY €€ ONPEICIICHUIO
OHa BOOOIIE HE M3Iy4yaeT cBeT? DTO BCE PaBHO YTO JIOBUTH YEPHOTO KOTa B TeMHOM kKoMHarte. U
Bce-Taku oauH cnocol ecth. Eme J[oH Mutdemn B cBoeil mUOHEpCKOM paboTe, HANMCaHHOHN B
1783 r., yka3piBaj, 4YTO YEPHBIC IbIPbl BCE K€ OKa3bIBAIOT T'PABUTALIMOHHOE BO3JCHCTBHE HA
ONMu3Kue K HUM OOBEKTH. ACTPOHOMBI HAONIOAATd MHOTO CHCTEM, B KOTOPBIX JBE 3BE3IbI
oOpartaroTcs 0JJHa BOKPYT JIPYroi MoJ JeHCTBUEM IpaBUTALMOHHOTO NpuTshkeHus. Habmonarores
W TaKkhe CHUCTEMBI, B KOTOPHIX BHJMMAa JHIIb OJHA 3Be37a, OOpamaroniasics BOKPYT CBOETO
HEBUJIMMOTO NapTHepa. Pasymeercs, Mbl He MOKEM Cpasy 3aKJIFOUHTh, YTO NAPTHEP U €CTh YEpHAs
JbIpa, TOTOMY 4YTO 3TO MOXET OBITh NMPOCTO uepecuyp Tyckias 3Be3na. OJHAKO HEKOTOpBIE U3
Takux cucreMm, Hanpumep Jlebeapr X-1 (puc. 6.2), SABIAIOTCS €IIe W MOIIHBIMH HCTOYHHUKAMH
PEHTTEHOBCKOTO H3IyYeHHUs. DTO SIBICHUE JYYIlIe BCETO OOBSCHSICTCS MPEANOJIIOKECHHEM, UTO C
MMOBEPXHOCTH BUAMMOW 3BE3/bl «CAYBAETCS» BEIECTBO, KOTOPOE MAaJaeT HAa BTOPYHO, HEBUIUMYIO
3BE€3]ly, Bpallasch IO CHUpalH (KaK BBITEKAIOIlas M3 BaHHBI BOJA), U, CHUJIBHO Pa30rpeBasCh,
WCITyCKAaeT PEHTTCHOBCKOe wu3iydeHue (puc. 6.3). Jlmsg cymecTBOBaHHMsI TaKOro MeXaHH3Ma
HEBUIUMBIA OOBEKT JOJHKEH OBITh OYE€Hb MaJbIM — O€JBIM KapJIMKOM, HEUTPOHHOM 3Be3/10i min
YepHOU JbIpoi. Pe3ynbTaTel HaOMIOICHUS] OPOUTHI BUIMMOMN 3BE3/1bI TTO3BOJISIOT BBIYUCIUTH, KAaKYIO
HAaMMEHBIIYI0O Maccy MOXET HMMETh HeBHIUMBIH 00BekT. B cmywae Jlebens X-1 sra macca
COCTaBJISIET IPUMEPHO LIECTh COJHEYHBIX Macc, T. €., COINIACHO YaHpacekapy, CIHIIKOM BEJIHKa,
9TOOBI 00JANAIONMINK €10 HEBUAMMBIN OOBEKT OKa3alics OeNbIM KapiIMKOM. A Tak Kak 3Ta macca
BEJIMKA ¥ JIJIs HEUTPOHHOM 3BE3/IbI, 00BEKT, MO-BHIUMOMY, JTOHKEH OBITh YEPHOM JBIPOM.
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/ Yepros dupa

Penmeenos-
CcHOE LaNyNENUR

Budumar daeada

CyIIecTBYIOT U JpyTrHe MOJENH, OOBICHSIONME pe3yabTarhl HaOmoaeHu Jlebens X-1 6e3
MIPUBJICYEHUS] YEPHBIX JbIP, HO BCE OHU JOBOJIBHO MCKYCCTBEHHBI. UepHas IbIpa MPEACTaBISETCS
€/IMHCTBEHHBIM COBEPIIECHHO €CTECTBEHHBIM OOBsicCHEHHeM HabmoaeHuil. HecMmoTpss Ha 37O, 5
3akmounn mapu ¢ Kuanom TopHom u3 KamudopHUHCKOTO TEXHOJIOTHYECKOTO MHCTUTYTA, YTO Ha
camom aene B Jlebene X-1 Her yepHoi Ibipbl! [ MeHsT 3TO mapu — HeKas cTpaxoBka. I odueHb
MHOTO 3aHMMAJICSl YepHBIMU JIbIpaMH, U BCA MOs paboTa MoieT HacMapKy, €CIH BAPYT OKaXeTcs,
YTO YepHbIE IBIPHI HE CYIIECTBYIOT. HO B 3TOM ciydae yTemeHueM MHe Oy/ieT BBIMTpaHHOE TapH, a
[0 €ro yCJIOBUSIM S B T€UEHHE YeThIpex JeT Oyny OecruiaTHO mosydarh kypHan «Private Eyey.
Ecnu ke uepHble ABIPBI BCE-TaKW CYIIECTBYIOT, TO Kum OyaeT memnblii TOj IMoiydarh KypHaT
«Penthouse». 3akmouass mapu B 1975 r., mbl 6bitn Ha 80% yBepensl B Tom, uto Jlebear X-1
ABIsieTcs 4epHOU abIpoii. Ceifuac Hala yBepeHHOCTb BO3pocia, s Obl ckaszal, 10 95%, HO mapu
OCTaeTCs B CUJIE.

MeI pacrioniaraeM JaHHBIMHE O €lle HECKOJIBKHX YEPHBIX JIbIpax B cucTemax tumna Jlebens X-1
B Hallel ['amakTuke M JByX COCEIHMX rajakTHKaX, KOTOpble Ha3bIBalOTCs bonpmmm m Manbim
MaremnanoBeiMu O6nakamu. Ho 4epHBIX bIp MOYTH HaBEPHSKA TOPA3a0 OOJBIIE: HA MPOTIKCHUH
nonroi ucropun BceneHHONW MHOTME 3BE3/bl JOJDKHBI OBLIM M3pPacXoJoBaTh O KOHLA CBOE
SIIEPHOE TOIUTMBO M CKOJUIANICUPOBATh. YUKCIIO YEPHBIX ABIP BIOJIHE MOXET JAaXKE MPEBBIIIATh YHCIIO
BUJIUMBIX 3B€3]l, KOTOPOE TOJBKO B Hallel ['ajakTWKe COCTaBISET OKOJO CTa ThICSY MUJUIMOHOB.
JloTIOTHUTETPHOE TPABUTAIIMOHHOE TPUTSIKEHHUE CTOIb OOJIBIIOT0 KOJIMYECTBA YEPHBIX JBIP MOTJIIO
OBl OBITH TPUYMHON TOTO, MMOYEMY Halla ['ajakThKa BpaliaeTcsi UMEHHO C TaKOM CKOPOCTBIO, a HE C
KaKOH-HUOYb JAPYrod: Macchl BUAMMBIX 3BE3J JUI OOBSCHEHHMS 3TOW CKOPOCTH HEIOCTATOYHO.
CymecTByIOT U HEKOTOpPBIE JaHHBIE B MOJIb3Y TOTO, YTO B LIEHTPE Hallel ['aJakTUKU eCTh 4YepHas
IpIpa ropa3fo OONBIIEr0 pa3Mepa ¢ Maccod MpUMEpHO B cTo Thicay Mmacc CoiHua. 3Be3jbl,
okazaBIiMecs: B ['aJlakTUKe CIMIIKOM OJM3KO K 3TOH YEpHOW JbIpe, pasiIeTaloTCs Ha YacTH U3-3a
pa3HUIBI TPABUTAIMOHHBIX CHJI Ha ONWKHEW W JanbHed cTopoHax 3Be3dbl. OcrtaTku
pasieTaromuXCcs 3B€3/ U ra3, BHIOPOIIEHHBIH IPYTrUMH 3B€3/1aMu, OyyT MajaTh 110 HAIPaBJIECHUIO K
yepHoil apipe. Kak u B ciyvae JleGenss X-1, raz Oyaer 3akpyduMBaTbCs MO CHHPATH BHYTPh H
paszorpeBaThCs, INpaBla, HE TaK CHUIbHO. Pa3zorpeB OyJeT HEAOCTATOYHBIM Ui HUCILYyCKaHMS
PEHTTEHOBCKOTO M3JIYYEHUS, HO UM MOXXHO OOBSICHUTH TOT KPOIICYHBII HCTOUYHUK PATUOBOIH U
nH(ppaKpacHbIX Jyuyel, KOTOpbIil HaOmoaaeTcs B eHTpe ["anakTuky.

He uckmrodeHo, 9To B LIEHTpaxX KBAa3apoOB €CTh TAKHE kK€ YEPHBIC JBIPBI, HO €Ille OOJbIINX
pa3MepoB, ¢ MaccaMy OKOJIO cTa MIJLUIMOHOB Macc ConHua. Tonbko majgeHHueM BELECTBa B TaKylO
CBEPXMACCUBHYIO YEpHYIO JbIPY MOXKHO ObLIO Obl OOBSICHUTH, OTKyJa Oepercs SHeprus
MOIIHEWIIIETO M3JIyYEHHs, KOTOPOE MCXOJHUT M3 YEpPHOM IbIpbl. BemiecTBo mamaer, Bpamasch 1o
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CIIMpaJIM, BHYTPb YEPHOM JBIPHI U 3aCTABIISIET €€ BPAIAThCA B TOM )K€ HAIIPaBJICHUU, B PE3YJIbTATE
Yero BO3HMKAaE€T MAarHUTHOE II0J€, MOXO0)Kee Ha MarHuTHoe mnoje 3emuud. [lagaromee BHYTpb
BEILIECTBO OyAET pOXKIaTh OKOJO YEPHOM IBIPHl YACTHUI[BI OYEHb BBICOKOW SHEpruu. MarHuTHOE
nosie OyJeT HACTOJNBKO CHUJIBHBIM, YTO CMOXET C(OKYCHPOBATh STH YACTUIBI B CTPYH, KOTOPHIE
OyIyT BBUIETAaTh HApY’Ky BJOJb OCH BPAILLEHUS YEPHOU ABIPHI, T. €. B HANPABJICHUH €€ CEBEPHOIO U
F0’KHOTO TOJIOCOB. Y HEKOTOPBIX FATAKTHK M KBAa3apOB TaKHe CTPYU ACHCTBUTEIHLHO HAOIIOIAI0TCA.

MOXHO paccMOTPETh U BO3MOYKHOCTB CYLIECTBOBAHUS YEPHBIX JBIP ¢ MACCAMH, MEHBIIUMU
Maccel Connia. Takue yepHble OpIpbl HE MOTTU ObI 00pa30BaThCs B Pe3yJibTaTe TPaBUTALIMOHHOTO
KoJIJIarca, MoToOMy 9YTO MX MacChl JIeaT HIDKe mpenena Yannmpacekapa: 3Be3/bl ¢ HEOOIBIION
Maccoi MOTYT MPOTUBOCTOSITh TPABUTALIMH AaKE€ B TOM CIIy4ae, €Cu BCE UX AJIEPHOE TOILIUBO YXKe
M3pacxofoBaHo. YepHble ObIpbl Majoid MacCchl MOTYT 00pa3oBaThCsl JHIUb IPU YCIOBHUH, UTO
BEILECTBO CXKATO JO OTPOMHBIX IUIOTHOCTEM YpPE3BBIYATHO BBICOKMMM BHEIIHMMH JIaBJICHUSMH.
Takue ycIoBUS MOTYT BBITIOJHATHCSA B OYCHB OOJIBIION BOJOPOAHON O0oMOe: ¢usuk J[xoH Yumep
KaK-TO BBIYMCIIHII, YTO €CJIM B35Th BCIO TSKEIYIO BOAY M3 BCEX OKEAHOB MHPA, TO MOXKHO CHENATh
BOZIOPOJHYI0 O0MOY, B KOTOpPOM BEIIECTBO TaK CHJIBHO COKMETCS, UTO B €€ I[EHTPE BO3HUKHET
yepHas awipa. (Pasymeercsi, BOKpyr He OCTaHETCS HUKOro, KTo Mor Obl 3T0 yBuueTh!) bonee
peaibHass BO3MOXXKHOCTb — 3TO 00pa30BaHUME HE OUYEHb MAaCCHBHBIX YEPHBIX AbIP C HEOONBIION
Maccoi MpU BBICOKMX 3HAYEHUSX TEMIIEpaTypbl U JABICHUS HA BeCbMa PaHHEH CTaguu pPa3BUTHS
Bcenennoii. YUepHbie ObIpbI MOTJIM 00pa30BaThCs JIMIIL B TOM Cllydae, eciu paHHss Bcenennas He
ObL1a UAEaTbHO TTAJAKOW M OJHOPOJHOM, MOTOMY YTO JIMIIb KaKyl-HHOYIb HEOOIBIIYIO 00IaCTh ¢
IJIOTHOCTHIO, MPEBBIIIAIONIEH CPETHIOI MIIOTHOCTh, MOYKHO TaK CKaTbh, YTOOBI OHA IPEBPATHIIACh B
4yepHyto Abpy. Ho MbI 3Haem, 4yTo Bo BceneHHoi T0KHBI ObLITH MPUCYTCTBOBATH HEOJHOPOIHOCTH,
MHa4Ye BCE BELIECTBO HE cOMIOCHh Obl B KOMKH, 00pa3ys 3Be3Abl M TalaKTHKH, a PaBHOMEPHO
pacnpenenuiaoch Obl 1o Beeit BeeneHHOM.

Mornu 11 3TH HEOAHOPOJHOCTH, CYIIECTBOBAHHEM KOTOPBIX OOBSCHIECTCS BO3HHKHOBEHHE
3Be3]] U TaJaKTUK, MPUBECTH K OOpa30BAHMIO MEPBUYHBIX YEPHBIX JBIP, 3aBUCUT OT TOTO, KaKOM
Obuta panHss Beenennas. CnenoBateiabHO, ONPECTUB, KAKOE KOJINYECTBO NMEPBUYHBIX YEPHBIX JIBIP
ceiluac CyIIeCTBYeT, Mbl CMOIVIM OBl MHOIO€ Yy3HaTh O CaMbIX pPAaHHUX CTagusX pPa3BUTHUS
Bceenennoii. IlepBuuHble uepHbIE IBIPBHI, MAacca KOTOPHIX IPEBBIIIAET THICAYY MHWUIMOHOB TOHH
(Macca OOJBIION TOPBI), MOXHO OBLUIO OBl 3apEeTUCTPUPOBATH TOJBKO TIO BIUSHHIO MX
IPABUTALMOHHOIO I10JI1 HA BUIMMYIO MaTEPUIO MIIU K€ Ha mpouecc pacmupenus Beenennon. Ho B
CJIEYIOIEH IJ1aBe Mbl Y3HAEM, YTO HA CAMOM JI€JI€ YEPHBIE AbIPHI BOBCE HE YEPHBIE: OHU CBETSTCH,
KaK packaJeHHOE TeJ0, U 4YeM MEHbIIE 4YepHas [blpa, TEM CUiIbHee OHa cBeTuTcs. Kak Hu
rapagoKcanbHO, HO MOET OKa3aThbCsl, YTO MAJIEHbKHUE YEPHBIE JBIPHI MPOILE PETUCTPUPOBATH, YEM
Oompime!

7. YepHble AbIpbl HE TaK YXX YepPHblI

Jo 1970 r. s B CBOMX HCCICIOBAaHUSAX IO OOIIEH TEOPHUH OTHOCUTEIHLHOCTH
COCPEIOTOYMBANICS B OCHOBHOM Ha BOIIPOCE O TOM, CYIIECTBOBAJIA MJIM HET CHUHTYJSApHAs TOYKa
Oouspmioro B3peiBa. Ho kak-To BeuepoM B HOsiOpe 1970 r., BCKOpe Mmocje poXACHUS MOEH Jouepu
JIrocu, 10XKach CHaTh, s 3a{yMajcs O YePHBIX JIbIpax. V3-3a cBOE HEMOIIHOCTH 51 OY€Hb MEJICHHO
TOTOBIIIOCh KO CHY, M TIO3TOMY y MEHs ObLJIO MHOTO BPEMEHHM JUIsS pa3MbIlUIeHUi. Toraa emie He
OBLIIO TOYHOTO OMPE/EICHUS, KAaKUe TOYKH MPOCTPAHCTBA-BPEMEHH JICKAT BHYTPU YEPHOUH JBIPHI, a
kakue — cHapyxku. Ho MbI yxxe oOcyxnanu ¢ Pomxepom [lerpoy3om ompeneneHue 4epHON TbIPHI
KaK MHOXECTBa COOBITHH, W3 KOTOPOrO HEBO3MOXXHO YWTH Ha OOJBIIOE paccTOsHUE. ITO
oTpeieNieHue cTajo ceituac odmenpuHAThiM. OHO 03HAYAET, YTO TPAHUILY YEPHOH ABIPHI, TOPHU3OHT
COOBITHI, 00pa3yIOT B MPOCTPAHCTBE-BPEMEHH IyTH Jy4eil CBETa, KOTOPhIE HE OTKJIOHSAIOTCS K
CHHTYJISIPHOCTH, HO WM HE MOTYT BBIUTH 3a TpeAeNbl YEPHOW IBIpl W OOpEeueHBl BEYHO
OamaHCUpOBaTh HA caMoM Kparo (puc. 7.1). DTo kak ecnu Obl, yoeras OT MOJUICHCKOTO, IePKATHCS
Ha IIar BIepeu, He Oy IyYd B CHIIaX COBCEM OTOPBATHCS OT HETO.
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Paccrmosnue om cuneyasproc Puc. 7.1

Bropyr s moHsn, 4TO TMyTH JIy4eld CBeTa IMa TOPHU30HTE COOBITUH HHUKOT/Ia HE CMOTYT
comm3uTbes. Eciau Ol 3TO MPOU30IILIIO, TO JIyUd B KOHIE KOHIIOB MEPECEKIUChH Obl.

Kak ecnm ObI HATKHYTBCS Ha KOTO-TO JPYTOT0, TOXE YOETaromero OT MOJHUIEHCKOTO, HO B
IIPOTUBOIOJIOKHOM HampaBjieHUHU, — Toraa oba OyayT moiimanel. (Mim ke, B Hamem ciyuae,
ynaayT B 4epHyto blpy). Ho eciu Obl 3Tu Jyun cBeTa MOrJIOTWIIAa YEpHAs AbIpa, TO OHU HE MOTJIH
Obl JexaTh Ha TIpaHUIle 4YepHOM nbIpel. ClenoBaTeabHO, HAa TOPU3OHTE COOBITUH Jy4yM CBeTa
JOJKHBI BCETa ABUTAThCS MapajliesibHO ApYT APYyTY, T. €. HooAalb Ipyr oT Apyra. lHade rosops,
TOPU30HT COOBITUH (TpaHMLIAa YEPHOW JBIPBI) MOA00EH Kparo TeHU — TeHM Tpsiayiueit rudenu. Ecnu
MMOCMOTPETh Ha TEHb, CO3[AaBACMYIO0 KaKMM-HUOYAb OYCHb YyJAJIEHHBIM HCTOYHHKOM, HAIpUMEp
ComnHuieM, TO Bbl yBUUTE, YTO HA Kparo TEHH JyYH CBETa HE NPUOIMKAIOTCS APYT K IPYyTY.

Puc. 7.3

Ecnu nmyun cBera, 00pa3yroIiye TOPU30HT COOBITUH, T. €. TPAHUIlY YEPHOU JIBIPHI, HUKOT/Aa HE
CMOTYT CONHM3UTHCS, TO IJIOMIAJb TOPU30HTA COOBITHHA MOXKET MO0 OCTaBaThCS TOW K€ CaMOM,
nub0 YBENUYMBATBCSI CO BpEMEHEM, HO HHUKOrjJa He OyJeT YMEHbIIAThCs, MOTOMY 4TO €€
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yMEHBIIIEHWE O03Hauajao Obl, YTO MO KpailHEW Mepe HEKOTOphIE Jy4Yd CBETa Ha TPAHUIIC YEPHOM
JBIPBl JOJDKHBI cOmmkaThes. Ha camom nene sTa miom@aab OyIeT BCerja yBEIHMYMBATHCA MPH
MaJeHUM B YEPHYIO JbIPY BellecTBa WM u3nyudeHus (puc. 7.2). Eciu ke 1Be 4epHbIE IbIPHI
CTOJIKHYTCSI U COJNBIOTCSA B OJIHY, TO IUJIOLIAJb FOPU30HTA COOBITHI MO0 OyAeT OoJblle CyMMBI
TUTOIIAJIe TOPU30HTOB COOBITHI MCXOAHBIX YEPHBIX ABIP, JIMOO OyAeT paBHA 3TOi cymMMme (pHC.
7.3). To, uTo MIOIIaas TOPU3OHTA COOBITHI HE YMEHBIIAEeTCs, HajJaraeT BaKHOE OrpaHUYCHHE Ha
BO3MOKHOE MOBE/IEHNE YEPHBIX JbIP. S ObUT Tak BO30YXk/AEH CIEIaHHBIM OTKPBITUEM, YTO TIOYTH HE
cnai B Ty Houb. Ha crnenyromuii aens s no3sonun Pomxkepy Ilenpoy3y. OH cornacuiics ¢ MOUMH
paccyxaeHusMH. S Tymaro, 4TO Ha caMOM Jelie 3TO CBOMcTBO Iutomanei Ilenpoysy Oblio yxe
n3BecTHO. Ho OH MCXO0MI U3 HECKOJILKO HHOTO OMpeieeH s YepHOoi AbIpbl. OH HE MOHSII, YTO 00a
olpezesieHus JatoT OJUHAKOBBIE IPAHULIBI YEPHOMU JBIPHI U, CIEI0BATENLHO, OAMHAKOBbBIE TUIONIAIN
MIPU YCJIOBUU, YTO YEPHAsI IbIpA HAXOAUTCS B COCTOSIHUU, HE U3MEHSIOIIEMCS CO BPEMEHEM.

To, yTo miowmaas 4epHOW IbIpbl HE YMEHBIIAETCS, OYEHb HAIlOMUHAET MOBEIECHUE OJHOMN
(bu3MUecKoil BEMUYMHBI — SHTPOMUU, KOTOpas sIBIsieTcs Mepoit Oecniopsiika B cucteme. [lo cBoemy
MIOBCE/THEBHOMY OIIBITY MBI 3Ha€M, YTO OECHOPSAOK BCErJa YBEIUUMUBAETCS, €CJIMU MyCTUTh BCE HA
camorek. ([TompoOyiiTe TOMBPKO MPEKPATUTH IOMa BCAKHIM MEJIKHI PEMOHT, M Bbl YOSAUTECh B 3TOM
Boounto!) becrnopsanok MOXXHO NpeBpaTUTh B MOPSIOK (HAampUMeEp, MOKPAaCHUB JIOM), HO 3TO
noTpedyeT 3arpaThl YCHWIMKA U SHEPTUU U, CJIEIOBATENbHO, YMEHBIIUT KOJIMYECTBO HMEIOMICHCS
«yNOPSAI0YEHHOW» SHEPTUH.

Tounas ¢opMynupoBKa TMPUBEACHHBIX PACCYXKICHUI HA3bIBA€TCS BTOPHIM 3aKOHOM
TEPMOAMHAMMKHU. DTOT 3aKOH IJIACUT, YTO SHTPOIUS U30JIMPOBAHHOMN CUCTEMBI BCETJja BO3PACTAET U
YTO MpU OOBETUHEHHH ABYX CHUCTEM B OJIHY SHTPOMHS MOJHOW CUCTEMBbI OOIbIIE, YeM CyMMa
SHTPONUI OTAEIBHBIX UCXOAHBIX CUCTEM. B KauecTBe npumepa pacCMOTPUM CUCTEMY MOJIEKYJI rasa
B KOpoOKe. MOXHO MpencTaBuTh cede, YTO MOJIEKYJIbl — 3TO MaJieHbKHE OWIbAPAHBIC IaphI,
KOTOpBIE BCE BpeMs CTAJIKUBAIOTCA APYT C APYTrOM U OTCKAaKHUBAIOT OT CTEHOK KOpOoOKH. UeM Bblle
TEeMIepaTypa rasa, TeM ObICTpee IBUKYTCS MOJIEKYJIBI U, CJIEI0BATEIBHO, TEM Yallle U CHIIbHEE OHH
yIapsIoTCs O CTEHKH KOPOOKH, U TeM OOJIble CO3/1aBaeMO€ MMM W3HYTPH JaBJIEHHE HA CTEHKU
kopoOku. ITycTh cHavasia Bce MOJIEKYJIbI HAaXOJATCS 3a MEPETOPOJKON B JICBOM YaCTH KOPOOKH.
Ecnu BBIHYTH NEpPEropoaxy, TO MOJEKYJIBI BBIMIYT U3 CBOEH IOJIOBUHBI U PACHPOCTPAHATCS IO
o0euM yacTsaM KopoOku. YUepe3 HEKOoTOpoe BpeMsi BCE MOJIEKYJIbl MOTYT CIIy4ailHO OKa3aThCs
CrpaBa WIM OISTH CJieBa, HO, BEPOSITHEE BCETO, B 00EMX MOJOBHHAX KOPOOKM YHCIO MOJICKYIJI
OKaXETCS TMPUMEPHO OJIMHAKOBBIM. Takoe COCTOSHHME MEHee YMNOpSAJO0YEHO, T. €. SBIAETCA
COCTOSIHMEM OoJbliero Oecnopsiika, 4eM HCXOJHOE COCTOSHHE, B KOTOPOM BCE MOJIEKYJIbI
HaxOJWJIMCh B OJIHOM IOJIOBHHE, M IIO3TOMY I'OBOPSAT, YTO SHTPONMS raza BO3pocia. AHAJIOTHYHO
npeacTaBuM ce0e, 4TO BHayalle HMMEIOTCS JBE KOPOOKH, B OJHOH M3 KOTOPBIX MOJIEKYJIbI
KHCIIOpO/ia, a B APYrod — MOJEKyJbl Bojopona. Eciau coeanHUTh KOpPOOKM M BBIHYTH OOUIYIO
CTEHKY, TO KHCJOPOJ M BOJOPOJ CMEINATCs ApYyr ¢ apyrom. HambGonee BeposTHO, 4TO yepes
HEKOTOpoe BpeMsi B 00eux KopoOkax OyaeT HaXOAMTHCS JOBOJBHO OJHOPOAHAS CMECh MOJIEKYI
KHCIOpOAa W Bojopoja. OTo OyneT MeHee YIOpSAAOYEHHOE COCTOsIHME, oOJagaroniee,
ClIeIoBaTeNbHO, OOJIBIICH SHTPONHEH, YeM HayalbHOE, OTBEYAIOIIee BYM OTAEIbHBIM KOPOOKaM.

Bropoii 3aKk0oH TEpMOIMHAMHMKH 3aHMMAaeT HECKOJIBKO 0CO00€ TMOJO0KEHUE CPeIaH IPYTHX
3aKOHOB HAyKH, TakKHMX, HalpuMep, Kak HbIOTOHOBCKHWA 3aKOH TATOTEHMs, MOTOMY YTO OH
BBITOJIHSICTCS] HE BCET/1a, a TOJBKO B MOJABJISIONIEM OOJIBIIMHCTBE ciiyyaeB. BeposaTHOCTh TOTO, 4TO
BCE MOJIEKYJIBI Ta3a B MIEPBOM KOPOOKE Yepe3 HEKOTOPOE BPEMsS OKaXYyTCSI B OJTHOM IMOJOBUHE TOM
KOpOOKH, paBHa €IMHUIIC, JIEJICHHOW Ha MHOTO MHJUIMOHOB MUJJTMOHOB, HO TaKOE COOBITHE BCE XK€
MOXET Tpou3olTH. Ecnu ke MmoOJM30CTH €CTh 4YepHas JbIpa, TO HAPYIIMTh BTOPOH 3aKOH,
MO-BUAMMOMY, €IIE€ TPOIIE: JOCTATOYHO OpOCHUTh B UEPHYIO JBIPY HEMHOTO BEILECTBa,
obnagaromiero OOJBIION YHTPONUEH, HAIPUMEP KOPOOKY € razoMm.

Torpa mosHas 3HTpONUS BEIECTBA CHApY>KU YEPHOM IbIpbl yMeHbIIUTCA. Pasymeercs,
MOXHO BO3Pa3uTh, 4YTO IIOJIHAS SHTPONMS, BKIIOYAs OSHTPONMIO BHYTPH UYEPHOM IBIPbI, HE
YMEHBIINIIACh, HO Pa3 Mbl HE MOKEM 3aIJIIHYyTh B YEPHYIO JIbIPY, Mbl HE MOXKEM U y3HaTh, KAKOBa
SHTPONUS COAepXkallerocs B HEll BellecTBa. 3HAUYMUT, ObUIO ObI HEIJIOXO0, €CM Obl YepHas AbIpa
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obnagana KakoH-HUOYIb TAaKOW XapaKTEPUCTHKOM, MO0 KOTOPOW BHEIIHWE HAOIIOAATEIIM MOTJIA OBl
OTIpPENIeNIUTh €€ PHTPOIMIO M KOTOpasl Bo3pacTaysa Obl BCAKUN pa3 MpH MaJEHUU B YEPHYIO JBIPY
BelECTBa, obaatomiero sHTponuei. Ilocne Toro kak ObIJI0 OTKPBITO, UTO NPU MAJEHUU B YEPHYIO
JBIPY BEILECTBa IUIOIIA b TOPU30HTA COOBITHH yBennuuBaercs, /kekod bukeHCTHH, acMpaHT U3
[IpuHCTOHA, NPEIOKIIT CUUTATh MEPON SHTPONMHM YEPHOM JABIPHI IUIOLIA[b TOPU30HTA COOBITHM.
[Ipu mageHuu B 4epHYIO JbIPY BEIIECTBa, 00Jaa0Iero SHTPONUEH, IO lb TOPU30HTA COOBITUI
YEpHOHN JbIpbl BO3pPACTacT, W IO3TOMY CyMMa SHTPONMUHM BEILECTBA, HAXOMASILIErOCs CHapyXH
YEepHBIX JbIP, U IJIOLIA/Iell TOPU30HTOB COOBITHI HUKOT'/Ia HE YMEHBIIAETC.

Kazanoce Obl, mpu TakoM MOAXOAE€ B OOJBIIMHCTBE CIy4yaeB OyJeT NIpeIoTBPALICHO
HapylLICHHE BTOPOIO 3aKOHAa TEpMOAMHAMUKH. OJHAKO €CTh OJHO CEephe3HOE Bo3paxkeHue. Ecnm
4yepHas JpIpa 00JIafacT SHTPOMHUEH, TO y Hee MoJDKHA ObITh M Temneparypa. Ho Teno, y kKoToporo
€CTb HEKOTOpasi TEMIIEpaTypa, JOJDKHO C KaKOW-TO MHTEHCUBHOCTBIO MCIyCKaTh M3iayudeHue. Bee
MBI 3HaeM, 4YTO €CJIi CyHYThb B OIOHb KOYEpry, OHa pacKaJUTCs JOKpacHa M OyAeT CBETUTHCS, HO
TeJla U3Iy4yaroT U MpH 0oJiee HU3KUX TeMIepaTypax, TOJIbKO MbI 3TOIO OOBIYHO HE 3aMedaeM H3-3a
CJIa00CTH U3ITYYCHHUS. DTO MU3ITyYeHHE HEOOXOAMMO UIS TOTO, YTOObI HE HapyIIaics BTOPOH 3aKOH
TEPMOAMHAMMKH. MTaK, yepHbIE ABIPHI JOJKHBI UCITyCKaTh n3iaydeHue. Ho mo caMomy MX MOHATHIO
YepHBIE ABIPHI — 3TO TaKHEe OOBEKTHI, KOTOpbIE HE MOTYT HCIYyCKaTh H3IydeHus. lloaTomy
CO3/1aBAJIOCh ~ BIICYATJIEHHWE, YTO IUIOMAAb TOPU30HTA COOBITMUH YEpHOW JbIpbl  HEJb3s
paccmatpuBaTh Kak ee sHTponuto. B 1972 r. mbl ¢ bpennonom Kaprepom u HammM aMepukaHCKUM
komerol Jxkumom bapauHoMm Hamucamum COBMECTHYIO paOoTy, B KOTOPOM T'OBOPMIIOCH, 4TO,
HECMOTpPsST Ha OOJBIIOE CXOJACTBO MEXAYy OSHTPONHEH W IUIOIAABI0 TOPU30HTA COOBITHH,
BBILLIECYTIOMSAHYTasi TPYAHOCTb CYLIECTBYET U IIPEICTABIISIETCA HEYCTPaHUMOM. [oykeH npu3HaThbes,
YTO 3Ta CTAThs MUCATIACH OTYACTH IO/ BIUSHUEM pa3/IpaskeHsl, BBI3BaHHOTO paboToil bukencTuHa,
KOTOPBIH, KaK s CUMTAl, 3JI0yHOTPEOMSI OTKPHITBIM MHOK POCTOM IUIOIIAAM TOPU30HTA COOBITHM.
Ho B koHIIE KOHIIOB OKa3ajioch, YTO BUKEHCTHH B NMpUHIMIIE OBUT MIPaB, XOTS HABEPHSKA JaKe HE
MIpeICTaBIsI cebe, KaKuM 00pa3oM.

Byayun B MockBe B centsiope 1973 r., s GeceoBan 0 4EpHBIX IbIpax C JBYMs BEIyIIUMH
coBerckumH yueHbIMU — SI. B. 3enpnoBuduem u A. A. CrapoOunckuMm. OHU yOenuian MEHsI B TOM,
YTO B CHJIy KBaHTOBO-MEXaHMUYECKOTO IPUHIIMIIA HEONPEAEICHHOCTH BPALLAIOLINECS YEPHBIE IBIPBI
JOJKHBI POXAATh M M3IydaTh 4yacTUlbl. S cormacuics ¢ (U3MYECKUMH J0BOJAMH, HO MHE HE
MOHPABHJICS MX MaTeMaTH4eCKUH crocod pacuera uzinydeHus. [losromy s 3aHsuics pa3paboTKoH
JTy4IIEero MaTeMaTHYecKOro MOAXOJa M pacckazal O HEeM Ha HEeOo(QUIMAIbHOM CEMHUHape B
Oxcdopne B konie HosOpst 1973 1. Torma s emie He MPOBEN pacdyeTbl caMOl WHTEHCHUBHOCTH
m3ydeHus. I ougan TOJMyYHTh JIMIIb TO HW3JIydeHHe, KoTopoe 3enbnoBud U CTapoOHMHCKHI
IIpe/icKa3ald, pacCcMaTpuBas Bpallaroliuecs 4yepHble AbIpbl. Ho, BBINOJHUB BBIYMCIEHUS, S, K
CBOEMY YIMBIEHHIO MU Jocajae, OOHAapyKWi, 4YTO JaKe€ HEBpAIIAIOLUECs YEpHbIE JbIPHI,
[10-BUJIUMOMY, JJOJDKHBI C IOCTOSTHHON MHTEHCUBHOCTBIO POKJIATh U U3Iy4aTh yacTulpl. CHavana s
peLIn, YTO, BEPOSTHO, OJJHO U3 MCIOJb30BAaHHBIX MHOW MpHOIMKEHUH HenmpaBUIbHO. 5 Gosics,
YTO €ClIi 00 3TOM y3HaeT BUKEHCTHH, TO OH 3THUM BOCIIONIB3YeTCs sl AajbHEeHero 000CHOBaHUS
CBOUX COOOpaK€HMH 00 HSHTPONUHU YEPHBIX IbIP, KOTOPbIE MHE IMO-NPEKHEMY HE HPaBUIMCH.
Opnnako 4yeMm Ooublie s pa3MBIIUILI, TeM OoJblIe YOeKIancss B TOM, YTO MOM HPUOIMKEHHUS Ha
camMoM jeje npaBuwibHbl. Ho MeHs OKOHYaTenbHO yOenniIo B CyLIECTBOBAaHMM M3IIyY€HHs TO, YTO
CHEKTpP MCIyCKaeMbIX YaCTHUIl JOJDKEH ObITh B TOYHOCTH TAaKHM K€, KaK CIEKTp W3Iy4YeHHUs
ropsi4ero Teja, M 4To YepHasi AbIpa JODKHA U3JTy4aTh YaCTULBl B TOYHOCTH C TOM HHTEHCUBHOCTBIO,
IpU KOTOPOHM He Hapymajics Obl BTOPOM 3akoH TepMmoanHamMuKkH. C TeX HOp MHOTHE CaMbIMU
pa3HbBIMU CIIOCOOAMU MOBTOPWIIM MOM PACYETHI U TOXE MOATBEPAMIIM, YTO YEpHas Jplpa JOJDKHA
UCITyCKaTh YaCTHUIIBl U U3TyYCHHE, KaK eclii Obl OHa ObljIa TOPAYUM TEJIOM, TeMIIepaTypa KOTOPOro
3aBUCUT TOJIBKO OT MacChl YEPHOM JbIPBI — YeM OOJIbIlIE Macca, TEM HUXKE TeMIIepaTypa.

Kak e uepHast 1bIpa MOXKET MCITyCKaTh YaCTULIbI, €CJIM Mbl 3HAEM, UTO HUUYTO HE BBIXOIUT U3
Hee 3a TOPU30HT cOObITUI? J[e10 B TOM, TOBOPUT HaM KBAHTOBAsl MEXAHUKA, YTO YACTHUILIbI BBIXOAST
HE U3 CaMOM YEpHOH ABIPbI, @ U3 «IIYCTOr0» MPOCTPAHCTBA, HAXOMASILErocs MEpea FOPU30HTOM
coObITHii! BOT Kak 3TO MOXHO MOHATH: TO, YTO MbI IPEACTaBIAEM cebe KaK «IIyCTOe»
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MIPOCTPAHCTBO, HE MOXKET OBITH COBCEM IYCTBIM, TaK KaK 3TO O3HA4ajo ObI, YTO BCE TOJSI, TaKHe,
KaK TPaBUTALIMOHHOE M AJIEKTPOMArHUTHOE, B HEM TOYHO paBHBI HyI0. Ho BenmuumHa mons u
CKOPOCTb €r0 MU3MEHEHMS CO BPEMEHEM aHAJIOTMYHBI MOJIOXKEHNUIO U CKOPOCTH YaCTHUI[bl: COTJIaCHO
MIPUHIIMITY HEOMPEIEICHHOCTH, YeM TOYHEE M3BECTHA OJIHA M3 3TUX BEIWYHH, TEM MEHEE TOYHO
n3BecTHa BTopas. CieaoBaTenbHO, B «IIyCTOM» IIPOCTPAHCTBE I0JIE€ HE MOXKET UMETh IIOCTOSTHHOTO
HYJIEBOTO 3HAUEHUS, TaK KaK TOTJIa OHO MMeJNo Obl U TOYHOE 3HaueHHUE (HyJb), 1 TOYHYIO CKOPOCTb
M3MEHEHHUs (Toxke HyJib). JIoJKHA CyIecTBOBaTh HEKOTOpask MUHHMMAajbHas HEONPEJECIEHHOCTh B
BEJIMUMHE TOJISl — KBAaHTOBBIE (DIYKTyaluu. DTH (DIyKTyalud MOXKHO cebe MpeACTaBUTh KaK Maphbl
YyacTUIl CBE€Ta WIM TIPaBUTALMM, KOTOpPbIE B KAaKOM-TO MOMEHT BPEMEHHM BMECTE€ BO3HUKAIOT,
pacxomsTcsi, a MOTOM OISATh CONMKAIOTCS W aHHUTWIUPYIOT IPYr ¢ ApyroM. Takue 4YacTHIlbI
SIBJIIOTCSI BUPTYaJIbHBIMH, KaK YacCTULIbI, IEPEHOCALINE TPaBUTAIMOHHYO0 ciily CoJlHLA: B OTJINYHE
OT pealbHbIX BUPTyaJIbHbIC YAaCTHUIIBI HEJIb3s HAOMI0AaTh C MOMOIIBIO IETEKTOPA PeabHBIX YACTHII.
Ho xoceennbie 3((dekTbi, Mpou3BOAMMBIE BUPTYyaJbHBIMH YaCTHIIAMH, HAmpuUMep HeOOJbIIHe
W3MEHEHHUS SHEPTUH ANEKTPOHHBIX OPOUT B aTOMaX, MOKHO U3MEPUTh, U PE3YIbTaThl yAUBUTEIHHO
TOYHO COIJACyIOTCSd C TEOPETHUYECKMMM TNpeacKa3aHusMH. lIpuHIMD HeompeneseHHOCTH
MPE/ICKa3bIBACT TAKXKE CYIIECTBOBAHWE aHAJIOTUYHBIX BUPTYAIbHBIX Map YacCTHIl MaTEpUH, TaKuX,
KaK JJIGKTPOHBI WM KBapku. Ho B 3TOM city4ae OIMH WieH mapbl OyJIeT 4acTHUIICH, a BTOPOH —
AHTHYACTHUIICH (aHTUYACTHUIIBI CBETA U TPABUTAIIMH — 3TO TO K€ CaMO€, YTO U YACTHIIBI).

[TockonbKy »HEpPrur0 HENb3sl C€O34aThb W3 HUYEro, OJWH M3 YJIEHOB Mapbl 4YacTula —
aHTHYacTula OyJeT MMEeTh MOJOXKUTEIbHYIO SHEPruio, a BTOPOM — OTpuIaTenbHyro. TOT, ubs
SHEPrusl OTPULIATENIbHA, MOXKET OBITh TOJIBKO KOPOTKOXKMBYIIEH BHUPTyalbHOM YacCTHUIIEH, OTOMY
YTO B HOPMAJBHBIX CHUTYallUSX SHEPTUsl pealbHBIX YAaCTHIl BCETr/a MOJOXKUTENbHA. 3HAYUT, OH
JIOJKEH HAWTH CBOEro MapTHEpa U ¢ HUM aHHUTHIMpoBaTh. Ho, Haxonmsch psiioM ¢ MacCHUBHBIM
TEJIOM, pealibHas yacTulla 007ajaeT MEHbIEH SHepruei, 4eMm BAAIM OT HEro, TaK Kak JUIsl TOTo,
YTOOBI MPEOJOJIETh TPAaBUTALMOHHOE MPUTSDKEHUE Tella W yJIep)KaTbCs BIAIM OT HEro, Hy)KHa
sHeprusi. OOBIYHO PHEPIHsi YaCTUIIBI BCE-TaKU IMOJIOKHUTETbHA, HO TPABUTAIIMIOHHOE TOJIe BHYTPH
YEpHON ABIpBl TAaK BEIMKO, YTO JaXE€ peajbHas 4YacTHIA MOXKET HMMEThb TaM OTPHULATEIbHYIO
sHepruto. [loaTomy, ecru umeeTcs uepHas Jpipa, BUPTyalibHAs 4YacTUIA C OTPULIATEIbHON IHEPrUe
MOXKET YNAacTh B 3Ty YEPHYIO AbIPY M IPEBPATUTHCS B PEAIbHYIO YaCTUIy WIM aHTH4YacTuly. B
3TOM Cy4yae OHa yke He 00s3aHa aHHUTHIIMPOBATH CO CBOMM IMAapTHEPOM, a MOKUHYTHIN MapTHEP
MOJKET MO0 YNacTh B Ty K€ YEPHYIO JbIpYy, JHO0, €CIH €ro HEPrus MOJIOKUTENbHA, BBIUTH U3
obnmacTi BOJM3M YEpPHOM HBIPHl KaK peanbHas dYacTHIla WIM Kak aHTudactuma (puc. 7.4).
VYnaneHHOMy HaOMIOAATENIO TOKAXETCs, YTO ATOT HapTHEp HWCHYIIEH W3 YepHOH abIpel. YUem
MEHbIIe 4YepHas JAblpa, TEM MEHbIIE pACCTOSHUE, KOTOpPO€ TMPHUIETCS MPOWTH YaCTUIE C
OTPHLIATENILHOW PHEPTUeH 10 MpeBpalleHusl B peajbHyI0 YaCTHILy, U, CIIEOBATEIbHO, TeM OOJIbIIe
CKOPOCTb M3JIyYeHUS U KaXXyIIasicsl TeMIepaTypa YepHOU JbIPHI.
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Puc. 7.4

[TonoxuTenbHass dHEPrUsl HUCIyCKAEMOTO H3JIyYEHHMs JOJDKHA YPAaBHOBEIIMBATHCS MMOTOKOM
YaCTHUI[ C OTPUIATEIbHOW HHEpruel, HaAmpaBJICHHBIM B YEpHYIO JbIpy. COrjacHO ypaBHEHHUIO
Oitamrerina E = mc*2 (rme E — sHeprus, m — Macca, a ¢ — CKOPOCTh CBETa), SHEPTHS MPIMO
MPONOPIHOHAIbHA MAcCe, a MOATOMY MOTOK OTPUIIATEIbHON HEPTUU, BXOASAIINI B YEPHYIO JBIPY,
yMeHbIlaeT ee maccy. Korga depHasi nplpa TepseT maccy, IUIOLIaJb €€ TOpU30HTa COOBITHIA
YMEHBIIAETCS, HO 3TO YMEHBILICHUE HTPOINUU YEPHOU JBIPHI C JIMXBOM BO3MEIIACTCS SHTPOMHUEH
HCITYIIEHHOTO U3JIy4Y€HHUs, TaK 4TO BTOPOM 3aKOH TEPMOJAMHAMUKHA HUKOTJa HE HAPYLIAETC .

Kpome toro, uem meHbIIe Macca 4epHOU ABIPBI, TEM BhIIIE ee TeMreparypa. [loaromy, koraa
yepHass Jplpa TepsieT Maccy, €€ TeMIepaTypa M CKOPOCTh H3JIy4Y€HHUsl BO3pPACTAIOT, W,
CJIeZIOBaTeNIbHO, IOTEPsS Macchl uAeET eme ObicTpee. [loka emie He COBCEM SCHO, YTO MPOHMCXOINT,
KOTrJa Macca 4YepHOW JAbIphl B KOHIIE KOHIIOB CTAHOBUTCS YPE3BBIUAWHO Majioi, HO Haumbojee
JIOTUYHBIM TPEJICTABISAECTCA, YTO 4Y€pHasi Jblpa MOJHOCTHIO HMCUE3aeT B THMTAHTCKOM mMocieaHei
BCIIBIIIKE U3JIy4YEeHUS, SKBUBAJIEHTHON B3PbIBY MUJUIMOHOB BOJOPOJIHBIX OOMO.

Temneparypa 4epHOU IBIPBI C MAaCCOM, paBHOW HECKOIbKUM MaccaMm COJHIIA, TOKHA OBITh
paBHa BCETO OJTHOM AECITUMUIUIMOHHOW Tpajayca Bbllle a0COIIOTHOTO HyJIs. TO TOpa3fo MEHBbIIIE,
YeM TeMmIepaTrypa MUKPOBOJHOBOIO M3IIy4YEeHHs, 3amoiiHstoniero Beenennyio (okoiyio 2,711 Bblle
abcomoTHOro Hyussg). CrienoBaTelbHO, YEpHBIE ABIPHI JOKHBI HM3JIy4aTh Ja)e MEHbIIEe, YeM
noryomars. Eciu BeeneHHOM CyXKI€HO BEYHO pacuIMpsThCs, TO TEMIIEPATYpa MHUKPOBOJIHOBOIO
M3JIy4eHUs] B KOHIIE KOHIIOB YNaJeT HWXKE TEeMIEepaTypbl TaKOH YEpPHOM IbIpbl U 4YepHas Ablpa
Ha4yHeT TepsATh Maccy. Ho u Torma ee Temmneparypa OyaeT HaCTOJNBKO HU3KOW, YTO OHA TMOJTHOCTHIO
WCIIApUTCS JIMIIb YE€Pe3 MWUIMOH MWUIMOHOB MWUIMOHOB MWIUIMOHOB MWIIMOHOB MHWIIMOHOB
MUJUIMOHOB MIJUTHOHOB MUJUTMOHOB MUJUTHOHOB MIJIJTHOHOB (€MHHUIIA C MIECTHIOACCATHIO IIECTHIO
HYJISIMH) JIeT. DTO 3HAYUTEIBHO TMPEBBIIIACT BO3pacT BceneHHOM, KOTOPBI paBeH BCETO JECITH
WU JBAJALATH ThICSYaM MUJUIMOHOB JIeT (€AUMHUIA WIM JBOMKAa ¢ JecsAThio HyjsiMu). Ho, kax
TOBOPUJIOCH B TJI. 6, MOIJIM CyIIECTBOBATh MEPBUYHBIEC YEPHBIE ABIPHI C TOPA310 MEHbIIEH Maccoi,
oOpa3oBaBIecs B pe3yibTaTe KOJIarica HEPEryJIsIpHOCTEH Ha OYeHb PAHHUX CTAIUSAX Pa3BUTHUS
Bcenennoii. Takue uepHble ABIPHI JOJDKHBI UMETh TOpa3lo Oosiee BBICOKYIO TEMIEpaTypy H
UCIyCKaTh M3JIyueHHE C ropas3fo Ooibllell MHTEHCHMBHOCTHIO. Bpems KM3HM NEpBUYHOIN yYepHOU
JBIPBl C HAYaJIbHOM Maccol ThICSYa MUJUIMOHOB TOHH JOJDKHO OBITH MPUMEPHO PAaBHO BO3PACTY
Bcenennoii. [lepBuuHbie YepHBIE IBIPHI ¢ MEHBITUMHI HAYATBHBIMU MaCCaMH JTOJKHBI OBLITH OBl yiKe
MOJIHOCThIO HCIIAPUTBCS, a T€, y KOTOPBIX HayaJlbHbIE MAaCChl UyTh-4yTh OOJIBIIE, OJKHBI
MPOJIOJKATh UCIYCKAaTh PEHTIC€HOBCKOE M raMMa-u3JIydeHHe. DTH BUAbl U3TYyUYECHUS] aHAJTIOTMYHBI
CBETOBBIM BOJIHAM, HO MMEIOT IOpa3/io MEHbBIIYIO JUIMHY BoJHBL. K mogoOHBIM Iblpam eaBa Jiu
MOAXOUT HAa3BaHWE YEpHBIC: HA CaMOM JIelie OHU pacKajJeHbl no0ena W HM3Iy4arT JHEPTHI0 C
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MOIIIHOCTHIO OKOJIO JICCSITH THICSIY METaBaTT.

Opna Takast yepHas JpIpa Moryia Obl 00ecneunuTh padoTy AECATH KPYMHBIX AIEKTPOCTAHIINMN,
ecii OBl TOJBKO MBI YMEJH HCIIOJIb30BaTh €€ SHEPTHi0. A 3TO JOBOJIFHO TPYJHO: HAllla YepHas
JpIpa UMesa Obl Maccy, paBHYIO Macce ropbl, CKAaTYH MPUMEPHO JI0 OJJHOW MUJUTUOH MUJUTHOHHOU
(emuHMIA, JENEHHAs HAa MWIUIMOH MHJUIMOHOB) CaHTHMETpPA, T. €. 0 pa3MepoB aTOMHOTO spa!
Ecnu Ob1 o1Ha U3 TaKKMX YEPHBIX JBIP OKa3anach Ha MOBEPXHOCTU 3€MJIM, TO Mbl HUKAK HE MOTJIH
OBl TIPEOTBPATUTh €€ MAaJCHHE CKBO3b MOJ K IeHTpy 3emum. OHa Koyiebaiack Obl B3aJ-BIIEpE.
BIOJb 3EMHOW OCH JIO TEX IOp, MOKa B KOHIIE KOHIIOB HE OCTAaHOBWJIACh ObI B IICHTpE.
CrnenoBarenbHO, €IMHCTBEHHOE MECTO ISl 3TOW YEpHOW IBIPBI, T/I€ HM3Iy4aeMylo €l0 SHEPTHI0
MOXXHO OBUTO OBl UCTHOJB30BaTh, — 3TO OPOUTA BOKPYT 3eMIIH, a €IWHCTBEHHBINA CIIOCOO MPUBIECYD
YEpHYIO JBIPY HA 3Ty OpOUTYy — OyKCHUpPOBATh IMEpe]l Hel OTPOMHYIO MacCy, Kak MOPKOBKY TIepe]
caMbIM HOCOM ocJja. Takoe NpeyIo’KeHHE BBITJISIIUT HE CIIMIIKOM PEajibHBIM, M0 KpaiHel Mepe B
OmkaiieM Oy ayIieMm.
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Ho naxe ecnu Mbl HE CMOXKEM HCIOIb30BATh M3IYUYEHUE STUX NEPBUUYHBIX YEPHBIX JBIP, TO
BEJMKa JIM BO3MOXHOCTh WX YBUAETH? MOXHO ObUIO OBl HCKaTh raMMa-U3JIydeHHE, KOTOpOe
YepHbIE BIPHl UCIYCKAIOT HA MPOTSHKEHUU OOJIbIIeH YacTH cBOoeW ku3HH. HecMOTps Ha TO 4TO
YepHble JbIphl B OCHOBHOM HaxOJATCS AalieKO M IMOATOMY Jal0T OYeHb cjaboe Hu3IyyeHHe,
CyMMapHO€ W3JIy4eHHE BCEX YEPHBIX [bIp MOIJO OBl TMOANABATHCA perucTpanuu. Mol
JNEUCTBUTENLHO HaOmomaeM (OH Takoro TaMMa-u3JIydeHHs: Ha pHC. 7.5 TOKa3aHoO, Kak
WHTEHCUBHOCTH HAO0JIIO/IaeMbIX raMMa-IIydeld pa3indaloTcs MPU Pa3HBIX 4acToTax (4acToTa — 3TO
YUCJIO BOJH B CeKyHAy). Ho mcrounmkom storo ¢oHa Moriau ObITh, a MOXET OBbITh, U OBLIM HE
NEpBUYHBIC YEpHBIC IBIPbI, a Kakue-HUOyap Apyrue mnporeccel. Ha puc. 7.5 myHKTHpOM
MPEACTABICHA BBIUHUCIECHHAs 3aBUCHUMOCTh MHTEHCUBHOCTHM OT 4YacTOTbl TaMMa-U3JIy4eHMUs,
HCITyCKAeMOT0 TEPBUYHBIMHU YEPHBIMH JIbIpaMu, MPpU MWIOTHOCTH 300 YepHBIX IbIp Ha KyOUYECKHiA
ceetoBoi roa. Ha ocHoBanuu Trpaduka MOXKHO cHelaTh BBIBOA, 4YTO H3MepeHue (¢oHa
raMma-u3JIy49eHUs He JaeT HUKAKON MOJOKUTEIbHON HHPOPMAIMK O CYIIECTBOBAHUU MEPBUYHBIX
YEPHBIX NIBIP, HO YKa3bIBAaeT HA TO, YTO BO BceneHHOW He MoXeT ObITh B cpemHem Oosbmie 300
YEPHBIX JBIP B KaXJIOM KyOHMUECKOM CBETOBOM T'OJy. DTOT MPEeN 03HAYAET, YTO IEPBUYHBIC JIBIPBI
MOTJIH ObI COCTaBJIATh MAaKCUMYM OJIHY MUJUIMOHHYIO BCETO BelllecTBa BO BceneHHoil.

[Ipu TakoM CKyAHOM KOJMYECTBE YEPHBIX JIBIP MOIJIO OBl MOKa3aThCs HEMPABIOMOAO0HBIM,
yTOOBI KaKkas-HUOY/Ib U3 HUX OKa3ajach OUYCHb OJM3KO OT HAC U €€ MOYKHO ObLIO OBl HAOMIOaTh KaK
HEKUW OTHAEJbHBIM MCTOYHUK TraMMa-u3iaydeHus. Ho DnoCkonpKy mnoa AEHCTBUEM TIpaBUTALUU
MIepBUYHBIE YEPHBIE ABIPHI JOKHBI MPUTATUBATHCS K JIIOOOMY BEIIECTBY, UX JOJKHO OBITH FOpa3io
0oJIbIlIe BHYTPHU U BOKPYT TanakTuk. ClenoBaTeNnbHO, XOTS BBIYUCICHHBIM (OH ramMma-u3IydeHus
TOBOPHUT O TOM, YTO B OJJHOM KyOMYECKOM CBETOBOM IOy HE MOXET ObITh B cpefHeM Oobiie 300
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MEPBUYHBIX YEPHBIX ABIP, OH HE JaeT HUKAKOH MH(OpMAIMHA O TOM, HACKOJIBKO YacTO IEPBUYHBIC
YyepHbIe JBIPbl BCTpedaroTcss B Hamlel coOcTBeHHOM [amaktuke. Ecnu Obl uX ObLIO, CKaxeM, B
MUJUIMOH pa3 0oJiblile, To Onrrkaiinas K HaM YepHast Iblpa Morja 0Ka3aTbCsl Ha pacCCTOSIHUU ThICSUH
MUJUINOHOB KHMJIOMETPOB, T. €. NPUMEPHO Ha ypoBHe [lnyToHa, camoll Hanexkodl M3 HM3BECTHBIX
mia"eT. Ha TakoM paccTosiHuM Bce paBHO OYEHb TPYAHO 3apETUCTPUPOBATh MOCTOSIHHOE U3TyYeHHE
YepHOU IBIpbI, Ja)K€ €CIU €ro MOILIHOCTb paBHA JEeCATH ThicsdaM MeraBatrT. [y HaOmoneHus
MIEPBUYHON YEPHOH ABIPHI TpeOyeTCsl 3aperuCTPUPOBATh HECKOJIIBKO TaMMa-KBAaHTOB, TIPUIIC/IINX C
OJTHOM M TOM e CTOPOHBI, B TE€UCHHUE KAKOTrO-HUOYAb Pa3yMHOI'0 MHTEpBaJla BPEMEHH, CKaKEM 3a
Hezmenmro. VMHaue OHM MOTYT OKa3aThesi MpocTo 4YacThio (ona. Ho mo 3akony Ilmanka kakmerid
ramMMa-KBaHT o0JiafiaeT OOJbIION SHEpruel, Tak Kak raMma-u3iaydeHHe UMEET BBICOKYIO 4acToTy,
CIIEZIOBATENIbHO, IS W3IYYCHHs JaKe AECATH THICSY MEraBaTT MOTpeOyeTcsi He OYeHb MHOTO
KBAaHTOB. A s HaOJIOACHUS 3THUX HECKOJIBKMX KBAHTOB, NPUILEAIINX C PACCTOSHHS, PaBHOTO
paccrostauto 1o IlmyToHa, HyXeH OBUT OBl JETEKTOpP TaMMa-H3JIy4eHUS HAMHOTO OOJBIIETo
pa3mepa, 4eM J1000H U3 HbIHE CyIlecTBYoUMX. KpoMe TOro, 3TOT JETEKTOp HY>KHO ObLIO OBl
MIOMECTUTDH B KOCMOCE, IOTOMY YTO F'aMMa-U3JIyuye€HUE HE MPOXOIUT uepe3 aTMochepy.

Pazymeercs, ecau Obl uepHas AbIpa, HaxoAsmascs Ha paccTosHUM [I1yToHa, 3aKOHYMB CBOM
KU3HEHHBIA 1MKJI, B30pBajlach, MOCIEAHUM BCIUIECK H3IYYEHHS MOKHO OBLIO OBl C JIETKOCTBIO
3aperucTpupoBaTh. Ho ecnu yepHas aplpa NpoJoJKAEeT U3JIy4aTh B TEYEHUE MOCIEAHUX AECATH WIH
JBaUATH THICSY MIJUIMOHOB JIET, TO IIAHCHI Ha TO, YTO €€ THOeNb MpHIETCS Ha OivKaumme
HECKOJIBKO JIET, @ HE Ha T€ HECKOJIBKO MWUIMOHOB JIET, YTO YK€ IPOLUIM WM €€ HACTYIIAT,
JNEHUCTBUTENBHO OY€Hb Malibl! 3HAYUT, 4TOOBI UMETh PEajbHYI0 BO3MOXKHOCTh YBUIETH B3pBIB 110
OKOHYaHUs (UHAHCUPOBAHMS SKCIEPUMEHTA, Bbl JOJDKHBI IMPHIyMaTh, KakK pPErucTpUpPOBATH
B3pbIBbI, MPOUCXOJISAIINE Ha PACCTOSIHUU TMOPsIIKa OJJHOTO CBETOBOTo roja. Bam Bce paBHO Oyzer
Hy)XeH OOJbLIOW  JETEeKTOp TIaMMa-M3JIyd4eHHUs, 4YTOObl  3aperucTpUpOBAaTh  HECKOJIBKO
raMma-KBaHTOB M3 Te€X, UTO 00pa3yroTcs npu B3pbiBe. Ho B 3TOM cilydae oTnasaer He0OX0IMMOCTb
MIPOBEPATH, YTO BCE TaMMa-KBaHTbl MPUXOAAT C OJHOM M TOH K€ CTOPOHBI: JTOCTaTOYHO OyJIeT
3HATh, YTO BCE OHU 3aPETUCTPUPOBAHBI B TEUCHHE OYEHb KOPOTKOTO MPOMEKYTKAa BPEMEHH, YTOOBI
OBITh YBEPEHHBIM B TOM, YTO UX UCTOUYHUKOM SIBJISIETCS OJJHA U TA € BCIIBIIIKA.

OnvH U3 IETEeKTOPOB raMMa-U3JIy4eHHUs], C TOMOIIBI0 KOTOPOT0 MOXKHO OBbLTO ObI OMTO3HABATH
NEPBUYHBIE YEPHBIE JIBIPBI, — 3TO B aTMocdepa 3emin. (Bo BesikoM ciydae, Bpsi 1M HaM yJaacTes
MOCTPOUTH JeTeKTop Oonbiiero pasmepal!) Korga ramma-kBanT, 00nagaromuii BBICOKOW 3HEprueii,
CTAJIKUBAETCS B 3€MHOH atMoc(epe ¢ aToMaMM, POXKIAIOTCS Hapbl U3 AJIEKTPOHOB M MO3UTPOHOB
(aHTUANIEKTPOHOB), KOTOPHIE B CBOIO OYEpe/lb CTAJIKHBAIOTCA C aTOMaMH M 00pa3yloT HOBBIC
3JIEKTPOHHO-TIO3UTPOHHBIEC TTaphl. BO3HUKAET Tak Ha3bIBAEMBIN AJIEKTPOHHBIN JIMBEHb. CBs3aHHOE C
HUM U3JIy4€HUE NpECTaBIseT co00il OMUH M3 BUIOB CBETOBOTO W HA3BIBACTCS UYCPEHKOBCKHUM.
[To3TOMY BCIBIIIKM raMMa-U31y4YeHHs] MOXKHO PETUCTPUPOBATH, CIENS 32 CBETOBBIMU BCIIBIIIKAMHU
B HOYyHOM HebOe. CyIlecTBYIOT, KOHEYHO, M JIpyrue sBJIeHUs (Takue, KaK MOJIHUS U OTPaKCHHE
CBETa OT KPYTSIUUXCA CIyTHUKOB M OOpallaroIuxcs M0 opOUTaM CTyNEeHeH pakeT-HocuTeneil),
KOTOpbIE TOXKE€ CONPOBOXKIAIOTCS  BCHBIIIKaMH Ha HeOe. Bcembimku, 00yciOBICHHBIE
raMMa-Hu3J1y4eHUEM, MOXKHO OTJIMYUTh OT 3THX SIBJICHUH, IPOBOJSI HAOIIOJEHNUS OJHOBPEMEHHO U3
JBYX WM OOJBIIEro YHWCla IYHKTOB, CHJIBHO YJIAJIEHHBIX Jpyr OT japyra. Takue mNOUCKU
npeAnpuHsid B Apu3oHe nBoe yueHblx u3 [yomuna, Hunm Iloptep u TpeBop Yukc. C momomibio
TEJIECKOTIOB OHM OOHApY>KWJIM HECKOJIBKO BCIIBIIIEK, HO HHM OJHY M3 HHUX HENb3s ObUIO ¢
OIIPEAEIEHHOCTBIO NIPUIHUCATh BCINIECKAM I'AMMA-N3JIy4YEHUS IEPBUYHBIX YEPHBIX JIBIP.

Jlaxxe eciy MOMCK NEPBUYHBIX YEPHBIX ABIP JACT OTPHULIATEIbHBIE PE3YJIBLTATHI, @ OH MOYKET UX
JaTh, Mbl BCE€ PaBHO MOJYYHM BaXXHYI0 HH(OpManuio 00 OuYeHb PaHHUX CTaausAX DPa3BUTHA
Bcenennoii. Ecnu panssist Beenennast Obuta XaOTH4ECKOM, MITM HEPETYJISIPHON, WM €CIIH AaBJICHHUE
MaTepuu OBUIO Mayo, MOXKHO OBbUIO OBl 0XKHAATh OOpa30BaHUS 3HAYUTEIHHO OOJIBIIETO YHCIIa
YepHBIX JABIP, YEM TOT TMpened, KOTOphId HaM jaanu HaOmroneHus (oHa TaMMa-u3ITyueHHs.
OOBsACHUTB, MTOYEMY UYEpHBIE JIBIPbl HE CYIIECTBYIOT B TaKOM KOJIMYECTBE, B KOTOPOM HMX MOYKHO
6610 ObI HAOMIOIaTh, MOXKHO JIMIIb B TOM ClIydyae, eciii paHHsst BceneHnnas Obliia OYeHb IIIaJKON U
OJTHOPOJHOM, C BBICOKMM JIaBJICHUEM BEILECTBA.
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BrIBO 0 TOM, 9TO YepHBIE ABIPHI MOTYT UCITYCKaTh M3IIy4eHHE, ObUT MIEPBBIM MPEICKa3aHUuEM,
KOTOpOE CYIIECTBEHHBIM 00pa3oM OCHOBBIBAJIOCH Ha 00EMX BEIMKHX TEOPHUSAX HAIIEro BeKa —
oOu1eil Teopur OTHOCUTEIBPHOCTH U KBAaHTOBOW MeXaHUKe. BHauane 3TOT BBIBOJ BCTPETUII CUIIBHOE
IIPOTUBOAEHUCTBHE, TaK KakK ILEJ Bpa3pe3 C paclIpOoCTpPaHEHHBIM IpenacraBicHueM: «Kak uepHas
IBIpa MOXET 4TO OBl TO HU OBbUIO M3mydaTh?» Korna st BiepBbie 00BSBHII O CBOMX PE3yJbTaTax Ha
KoH(pepeHimu B Pesepdopmosckoit mabopatopum nox OkxkchopioMm, Bce K HHM OTHECIHMCH
HEJI0BEpUMBO. B KoHIEe noknana npencenarens cekuuu xon Teimop n3 KoposneBckoro komiemxa
B JloHnoHe 3asBui, 4TO Bee 3TO yenyxa. OH Jaxke Hamucall CTaThlo, YTOOBI Jl0Ka3aTh, UYTO S HE
npaB. Ho B KOHIle KOHIIOB OOJNBIIMHCTBO, B TOM uuciie U JIxoH Teinop, npulluiM K BBIBOIY, YTO
YEpHBbIE JbIPBl JOJDKHBI H3JIydaTbh KaK IOpsdee TeJNo, €CIM TOJIBKO BEPHBI BCE OCTAJIbHBIC
Mpe/icTaBiIeHMs O0IIe TEOpUH OTHOCUTEIBHOCTU M KBAaHTOBOM MeXaHMKH. Takum oOpa3om, XOTs
HaM M He yJaJoCh OTHICKaTh MEPBUYHYIO YEPHYIO JBIPY, HO €ciu Obl BAPYT 3TO yAAJIOCh, TO, MO
JIOBOJIEHO 00mIeMy yOeXIeHHI0, YepHast IpIpa JTOJDKHA ObUTa OBl MCITyCKaTh MOIHOE TaMMa— U
PEHTTEHOBCKOE U3JIy4YEHHUE.

BbiBoa 0 cyliecTBOBaHMM H3JIyYEHHUs, MCIIyCKa€MOTO YEPHBIMH [JbIpaMH, IO-BHANMOMY,
O3HayaeT, YTO IPABUTALIMOHHBIN KOJUIAINC HE TaK YK OKOHYATEJIEeH U HeoOpaTUM, Kak Mbl JyMaiu
panbiie. Ecnu acTpoHaBT ynaseT B UYEpHYIO JbIpy, TO €€ Macca YBEJIUYMUTCS, HO B KOHIE KOHIIOB
KOJINYECTBO HHEPI'UH, SKBUBAJICHTHOE 3TOW NpubOaBKe Macchl, BepHETCs BO Bcenennyo B ¢gopme
m3nydeHusi. CreaoBaTeNbHO, B KaKOM-TO CMBICIIE acCTPOHABT OyleT «pereHepupoBaH». ITO,
KOHEYHO, HE caMblii Jy4iiui Buj OeccMepTHs: COOCTBEHHOE IPEACTaBICHUE O BPEMEHH Y
acTpOHaBTa MOYTH HAaBEpHSKA IMPOIAJET, KOI/Ia OH Pa3JIETUTCS Ha KJIOYKU BHYTPU YEPHOU JbIpHI!
Jlaxke 4acTUllbl, UCIYIIEHHbIE YEPHOW IBIpOW ISl KOMIIEHCAlUM MAacChl acTpOHaBTa, OyIyT He
TE€MH, U3 KOTOPBIX OH COCTOSUI: €IMHCTBEHHOE CBOMCTBO aCTPOHABTA, KOTOPOE COXPAHUTCS, — 3TO
€ro Macca Ui dHEprusl.

[IpubnmxeHus, KOTOPpIMU 5 TOJB30BAJICS B pacueTax M3JIyUEHHUS UYEPHBIX IbIP, TOJIKHBI
XOpOILIO BBIMOJNHATBCS, KOTJa Macca 4YEpHOM MbIpbl IPEBBIMIAET JOJM TIpaMMa, HO OHH
HENPUMEHUMbBl B KOHIIE JKM3HM YEpPHOM MBIPbI, KOIJa €€ Macca CTaHOBUTCS OYEHb MaJIOM.
[To-BugumMomy, Hanboyiee BEpPOSTHBIM HCXOJ — OTO IMPOCTO HCYE3HOBEHHE YEPHOU IBIPHI, IO
KpaifHell mepe u3 Hameil obmactu Bcenennoii. McyesHyB, oHa yHeceT ¢ co0o0il U acTpoHaBTa, U
o0y CHUHTYJISIPHOCTh, KOTOpask MOTJia Obl B HEH OKa3aTbcs. DTO OBLIO MEpPBOE yKa3zaHWE Ha
BO3MOKHOCTh YCTPAaHEHHs] KBAaHTOBOM MEXaHHMKOW CHHTYJISIPHOCTEH, MpPEICKa3bIBAEMBIX OOIIeH
TEOpUEN OTHOCUTENIBHOCTH. OIHAKO T€ METOABI, KOTOPBIMHU U $1, U JPYTHE YUYCHBIE NTOJIB30BAIIUCH B
1974 r., HEe MOIJIM 1aTh OTBETHI HA TAKUE BONPOCHI, KaK, HAIIPUMED, MOSABSTCA JIU CUHTYJISIPHOCTH B
KBaHTOBOW rpaBuTaruu. [losTomy HaumHas ¢ 1975 r. s 3aHsuICs pa3pabOTKoOi Oojiee IeHCTBEHHOTO
MOJX0Aa K KBAaHTOBOW TpaBUTALMM, OCHOBAHHOTO Ha (PeHHMAHOBCKOM CYMMHPOBAaHHH IO
uctopusaM (Tpaextopusim). OTBETbI, IOJyYEHHbIE @PU TaKOM [OAXOJE, Ha BOMNPOCHI O
MIPOUCXOXKACHUU U Cyap0e BceneHHO# M TOro, uTo B HEW HAaXOAMTCS, HapUMep acCTPOHABTOB,
OyAyT U3J10KEHBI B IBYX CIEAYIOIIUX IJ1aBax. Mbl YBUIUM, YTO XOTS HPUHIUI HEONPEAEICHHOCTH
HajaraeT OrPaHWYEHHs Ha TOYHOCTh BCEX HAIIMX MpEeAcKa3aHui, OH 3aTo YCTpaHseT
(GyHIaMEHTaIbHYIO HENPECKa3yeMOCTb, BO3HUKAIOLLYI0 B CUHTYJISIPHOCTH
IIPOCTPAHCTBA-BPEMEHH.

8. PoxpeHune u rmbenb BceneHHoOM

B o0mieit Teopun OTHOCHTENBHOCTH DUWHINTEHHA, camMoil mo cebe, aemaeTcsi BBIBOJA, UTO
MIPOCTPAHCTBO-BPEMsI BO3HUKIO B CHHTYJSIPHOW TOYKe OOJNBIIOTO B3phIBA, a CBOW KOHEI OHO
JIOJDKHO HaXOJUTh B CHHTYJIIPHOM TOUYKE OOJBIIIOTO XJIOMKa (€C/Id KoJutarcupyeT Best Beenennas) u
B CHHTYJISIPHOCTH BHYTPH YEpPHOM IBIPHI (€CNIM KOJUJIANICHUPYET Kakas-HUOyAb JIOKalbHasi 00JacThb
Tuma 3Be31bl). JIto0oe BemecTBo, ynasiiee B TaKyI0 JbIPY, B CHHTYJISIPHOCTH JOJIKHO Pa3pyIIUThCS,
U CHapyu OyJeT OUlylaThCs JUIIb TPAaBUTAIMOHHOE BO3JEHCTBUE ero macchl. Korma ske Obutn
YYTEHBI KBAaHTOBBIE A()(PEKTHI, TO OKA3aJIOCh, YTO Macca M DHEPrus BEIIECTBA B KOHIIE KOHIIOB
JOJDKHBI, HO-BI/II[I/IMOMy, BOSBp&H.[ElTI:CSI OCTaBmeﬁCH qacTu BCGHGHHOﬁ, a qepHaﬂ I[blpa BMECTEC CO
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CBOEH BHYTPEHHEH CHUHIYJSPHOCTBIO JOJDKHA MCHAPUTHCS M IOJHOCTBIO HCYE3HYTh. byner s
CTOJIb K€ OOJIBLIMM BIIMSTHHE KBAaHTOBOW MEXAaHUKU HA CHHTYJISIPHOCTH B TOUKaX OOJIBIIOTO B3pbIBa
u 6ompuioro xsnonka? Yro B JEHCTBUTENBHOCTH NMPOUCXOJUT HA OUYEHb PAHHUX U OYEHb MO3THUX
CTanuAX pa3BUTUs BceneHHOW, Korna IpaBUTALIMOHHBIE IOJII HACTOJIBKO CHJIBHBI, YTO HEJb3S
npeHedperath KBaHTOBBIMU Y dextamu? EcTh nm aelicTButensHO y BeenenHoi Hadano M KoHer?
A ecnu ecThb, TO KAaKOBbI OHU?

Ha npoTtskeHnn ceMuIecsaThIX FOI0B 1 B OCHOBHOM 3aHUMAJICS MCCIIEIOBAHUEM YEPHBIX JbIP,
HO B 1981 1., xorma s Obul Ha KOH(EpPEHUUH MO KOCMOJIOTHH, OpraHM30BaHHOM B Batukane
OTLIaMU-UE3YUTAMH, BO MHE OIATH MPOCHYJICS MHTEPEC K BOMNPOCY O BO3HUKHOBEHUH M THOenn
Bcenennoii. Katonnueckas LlepkoBb coBepimia 605b1IyI0 OMKUOKY B CBOMX B3aMMOOTHOUICHUSX C
lanuneem, Korja, MBITAsCh OJYMHUTH 3aKOHY BOIIPOC HAayKH, 00bsBmiIa, yTo ConHIle oOpamaercs
BOKpyr 3emun. Teneps, yepe3 Beka, LlepkoBp pemnia NpUINIACUTh CIIELUATMCTOB U MOJIYYHUTh Y
HUX KOHCYJBTAllMIO TI0 KOCMOJIOTHH. B KOHIlE KOH(QEpEHIHMH YYaCTHUKH OBUIM YIOCTOCHBI
aymueHuuu Ilanmbl. OH ckasan, 4To 3BOJNIONMIO BceneHHON mocne 60jbLIOro B3pbiBa HU3ydaTh
MO>XHO, HO HE CJeayeT BTOprarbCsi B caM OOJIbLIOW B3pbIB, MOTOMY 4YTO 3TO ObUI MOMEHT
CotBopeHus u, ciepoBaTenbHo, boxkecTBeHHbIN akT. 51 ObuT odeHb paj, uro [lama He 3HaAN TeMbl
TOJIBKO YTO CJI€JJaHHOTO MHOM JOKJIaJa O BO3MOXXHOCTH TOI'O, YTO IIPOCTPAHCTBO-BPEMS KOHEUYHO
HE MMEET IPaHMmll, T. €. YTO OHO HE MMEET HayaJja, a 3Ha4uT, HeT U1 MoMeHTa CoTBopeHus. MHe He
XOTEJN0Ch pa3lenaTh cyap0y ['anmunes, ¢ KOTOpbIM, MHE Ka)K€TCs, Y MEHSI €CTh YTO-TO OOIlEe, XOTs
ObI TO, YTO 110 CTPAaHHOMY COBIIAJICHUIO 5 pojuiicsa TouHo uepe3 300 neT mociue ero cmepTH!

UroObl OBUTO SICHO, KAKUMHU OBUIM MOHM MBICIIM W MBICTH JPYTHX O BO3MOXXHOM BIIMSIHUU
KBAaHTOBOM MEXaHUKHU Ha HAllM B3MJIAJbl HA POXKJEHHE U TuOenb BeeneHHol, He0OX0MMO cHavana
HAaTllOMHUTH OOIIENPUHATYI0O KapTUHY HCTOpUHM BceneHHOW, OCHOBaHHYIO Ha TaK Ha3bIBaeMOU
ropsiueii Monenau OoNbIIOrO B3phiBa. B Hell cumTaercs, uro BceneHnas oT Hamux JHEH 10
00JBIIOrO B3pbIBA ONKUCHIBaE€TCS OAHOW u3 Moxenedt @Dpuamana. B momoOHBIX Monemnsx
OKa3bIBAETCsl, YTO IO MEPE paclIupeHus BeceneHHoN BEeNIeCTBO U M3JIyYEHHE B HEM OXJIAXKIar0TCA.
(C ynBoenuem pa3zmepoB BceneHHoll ee TeMiieparypa CTaHOBHUTCS BIBOo€ HMXKe). Ilockosbky
Temreparypa — 3TO HPOCTO Mepa 3Hepruu (T. €. CKOPOCTH) 4acTull, oxJaxJeHue BceneHHoi
JIOJDKHO CWJIBHO BO3JIEHCTBOBATHh HA BEIECTBO BHYTpU Hee. [Ipn O4eHb BBICOKMX TeMIlepaTypax
YacTUIBl ABMKYTCA TaK OBICTPO, YTO MOTYT NPOTHUBOCTOATH JHOOOMY B3aUMHOMY MPHUTSKEHHIO,
BBI3BAHHOMY SIICPHBIMU WJIM JIEKTPOMATHUTHBIMU CUJIAMH, HO IIPU OXJIAXKICHUHM MOKHO OKUJATh,
YTO HEKOTOpbIE YaCTHIbI OyIyT MPUTATMBATHCS OPYT K APYry M HauHyT ciauBaTbes. boree Toro,
JlaXKe THIIBI YaCTULl, CYLIECTBYIOIIUX BO BCeleHHOM, NOJDKHBI 3aBUCETh OT Temmeparypsl. IIpu
JOCTaTOYHO BBICOKMX TEMIIepaTypax JSHEpPrusi 4YacTUIl CTOJIb BEJIMKa, YTO TMpH JIIOOOM
CTOJIKHOBEHHH O00pa3zyeTcs MHOTO Pa3HbIX Map 4YacTHIa-aHTUYAacTUIA, M, XOTsS HEKOTOpas JI0Jis
9TUX YaCTHUL] aHHUTWIMPYET, CTAJKHUBAsACh C aHTMYACTULAMH, MX OOpa30BaHHE MPOUCXOAMUT BCE
paBHO ObicTpee aHHUTWIIIMA. Ho mnpum Oojee HHU3KUX TeMIeparypax, KOrja SHEpPrus
CTAJIKMBAIOIIMXCS YAaCTULl MEHBIIIE, Tapbl YaCTUI[a-aHTUYACTULIA Oy1yT 00pa30BbIBATHCS MEAJICHHEE
Y aHHUTWJISIIHS YacTUI] OyIeT MPOUCXOAUT ObICTpEe POXKICHHS.

Cumnraercs, 4T0 B MOMEHT OOJIBLIOTIO B3pbIBA pa3Mepbl BeeneHHol OblN paBHBI HYJIIO, a caMma
oHa Obuta 6eckoHeuHo ropsiueil. Ho mo mepe pacimmpenus: Temneparypa U3Iy4eHUs] TTOHMKAIach.
Yepes cexyHOy mociie OOJBLIOrO B3pblBa TEMIEpaTypa ylaja MNPUMEPHO A0 JAECATH ThICAY
MWJIJTMOHOB T'PagyCoB; 3TO IMPUMEPHO B THICSUYy pa3 Ooiblne Temneparypsl B neHTpe CoiHia, HO
TaKUe TEMIIEPATyphbl JOCTUTAIOTCSA MpPH B3pbIBaX BOAOPOAHOH O0MOBI. B 310 Bpems Bcenennas
cocTosya U3 (POTOHOB, JIEKTPOHOB, HEUTPUHO (HEUTPUHO — JIEryaiIliie 4acTHIbI, Y4acTBYIOIINE
TOJILKO B CJJa0OM M IPaBUTALIMOHHOM B3aUMOJCHCTBUAX) U UX aHTHUYACTHLL, a TAKIKE U3 HEKOTOPOTO
KOJIMYECTBA IIPOTOHOB U HEUTPOHOB. 110 mMepe Toro xak BceenenHas mpoposkaia paclupsThes, a
TEeMIIEpaTypa NajaTh, CKOPOCTb POXKACHUS DICKTPOH-aHTUAIIEKTPOHHBIX IIap B COYAAPEHUSIX CTalla
MEHBIIIE CKOPOCTU MX YHMUYTOXKCHMS 3a CUeT aHHMruiasauuu. [losTomy modtu Bce DIEKTPOHBI U
AHTUIEKTPOHBI TOJDKHBI ObUIM aHHUTHIIMPOBATh APYT € APYroM, oOpa3oBaB HOBbIE (DOTOHBI, TaKk
YTO OCTAJIOCh JIUIIb YYTh-4yTh M30BITOUHBIX 3JIEKTPOHOB. HO HEHTPUHO M aHTHUHEHTPUHO HE
AHHUTHJIMPOBAJIN APYT C IPYrOM, IOTOMY YTO 3TH YaCTHIIbI OYEHb CJ1a00 B3aUMOJICHCTBYIOT MEKIY
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co0oif u ¢ Apyrumu yactuuamu. [103ToMy OHU 71O CUX HOp JOJIKHBI BCTpedaThesi BOKpYT Hac. Ecin
ObI X MOKHO OBLIO HaOJIOATh, TO Y HAC MOSABUWICS Obl XOPOIIMKA cIOCO0 MPOBEPKHU MOJIEIH OUYEHb
ropsiueit panHeit Beenennoit. K coxxalieHnto, MX SHEPTHH cedac CIUIITKOM Majibl, YTOOBI UX MOYHO
ObUIO HEMOCPEeACTBEHHO HabmoaaTh. OJJHAKO €CIM HEUTPUHO HE sIBJIsAETCs 6€3MaccOBOM YacTHULIEH,
a o0Omamaer HeOONBIION COOCTBEHHOW Maccoi, OOHapyXCHHOW B  HEMOJITBEPKICHHOM
HKCHEPUMEHTE COBETCKHUX Yy4eHbIX 1981 r., To MBI cMorim Obl OOHApYKUThb MX KOCBEHHO: OHHU
MO OBl OKa3aThCsl OJHOM M3 POpPM TEMHON MaTepuy, YIOMUHABILIEHCS paHee, TPaBUTAIMOHHOE
INPUTSDKEHUE KOTOPOM JOCTaTOYHO Ui TOrOo, YTOOBI MpEeKpaTuTh paciiupeHue BceenenHoil u
3aCTaBUTh €€ OIATH CXKUMAThCS.

[TpumepHO uepe3 CTO CEeKyHA Mociie OONBLIOro B3phlBa TeMIepaTypa ynajla A0 ThICSYU
MUJUIMOHOB T'PaTycoB, YTO OTBEUYAET TEMIIEpaType BHYTPH CaMblX ropsuux 3Be3f. llpu Taxoii
TEMIIEPATYPE YHEPTUU MPOTOHOB M HEUTPOHOB YK€ HENOCTATOYHO AJIS CONPOTHUBIICHUS CHIIBHOMY
SICPHOMY TIPUTSDKEHHUIO, M OHH HAYMHAIOT O0BEIUHATHCS APYT C APYToM, 00pa3ys siapa nerTepus
(TsDKENIoro  BOAOpOAa), KOTOpPbIE COCTOST M3 MPOTOHA W HEWTpoHa. 3areM sapa jaeWTtepus
MIPUCOEANHSIOT K ce0e elle MPOTOHbl U HEUTPOHBI U MPEBPALLAIOTCS B SApa Ieiusl, CoAeprKalinue
JBa MpPOTOHA M JBa HEUTpOHA, a Takke 00pa3yroT HeOOJbIIME KOJUYeCTBa Oojee TSHKENbIX
JJIEMEHTOB — JIMTUS U Oepwiuins. BprumcineHus moka3bplBarOT, YTO, COIJIACHO Tropsyell MoJenu
OO0JIBLIIOTO B3pbIBA, OKOJIO YETBEPTON YaCTH MPOTOHOB M HEUTPOHOB TOJIKHO OBLIO MPEBPATUTHCS B
aTOMBI Teliis U HeOONbIIOEe KOJIMYECTBO TSKEJIOr0 BOAOPOJA M JIpYyrux snemeHToB. OcraBuinecs
HEHTPOHBI pacnaiyuch Ha MPOTOHBI, IPEACTABIIOIINE COO0H s1/ipa OOBIYHBIX AaTOMOB BOJOPO/IA.

OnucanHasi kapTuHa ropsiueid BeeneHHOW Ha paHHeN cTaiuu pa3BUTHUS ObUIa MPEAJIOKEHA
yueHbIM [[xopmkem (I'. A.) 'amoBeIM B 3HaMeHUTOI paboTe, koTopyto ['amoB Hamucan B 1948 r.
BMeECTE CO CBOMM acmupanTtoM Pambdom Anbdepom. OOmagas mpeKkpacHBIM YyBCTBOM HOMOpa,
I'amoB yroBopuin ¢usuka-saepumka ['anca bere n10o0aBuTh CBOIO (paMmIMIO K CHHCKY aBTOPOB,
9T00BI TONy4minochk «Ainbdep, bere, ['aMmoB», 4TO 3By4HT, Kak Ha3BaHHs TEPBBIX TpeX OYyKB
rpedeckoro aindasura — anbga, 6era, raMMa, U Ype3BbIUANHO MOAXOAMT JUIsl CTaThU O Hayaye
Bcenennoii! B 310ii crathe ObUIO cAETAHO 3aMevaTeNbHOE NMpeAcKa3aHue O TOM, YTO U3Ny4yeHHe (B
BUJ€ (POTOHOB), UCIYIIEHHOE HA OYEHb PAaHHUX CTAIUSIX pa3BUTUS BcelleHHOM, T0MIKHO 10 CHUX 1Op
CYILLIECTBOBaTb BOKPYI HAac, HO 3a 3TO BpeMs €ro TeMIepaTypa ylajga W paBHa BCEro JMIIb
HECKOJILKMM TpajrycaM BBIIIE aOCOTIOTHOTO HyJsl. DTO UMEHHO TO M3JydeHHe, Kotopoe B 1965 r.
obHapyxwunu Ilensuac u Bunscon. Korna Anegep, bere u 'amoB nucanu cBoro paboty, saepHbIe
pEaKIMy ¢ y4yacTHEM IPOTOHOB U HEUTPOHOB OBLIM MJI0X0 M3y4deHsbl. [loaToMy npenckazaHHble MU
COOTHOLICHUSI MEXIY KOHILICHTPAaLUsAMHM PAa3HBIX JJIEMEHTOB B paHHEH BceleHHON oOkas3aiuch
BECbMa HETOYHBIMHU, OJIHAKO, Oy Ty4d IIOBTOPEHBI B CBETE HOBBIX MPEICTABICHUH, BCE BBIYUCICHUS
Jany pe3yibTaThl, MPEKPACHO COTJIACYIOIIMECs] ¢ COBpPEMEHHbIMHM HaOmoneHusMu. Kpome Ttoro,
OUYCHb TPYJHO OOBSICHUTH KaK-TO MHaye, NoYeMy BO BceneHHOM M0JIKHO ObITh TaK MHOTO TeNHS.
ITosTOMY MBI COBEPILEHHO YBEPEHBI B TOM, YTO 3Ta KapTHHA MIPAaBUIIbHA, [10 KpaHEN Mepe CILyCTs
CEKYH/y Iocie GOMBIIOro B3pbIBaA U MO3XKE.

Bcero uepe3 HeckoJIbKO 4acoB Mocje OOJBLIOrO B3phiBa O0Opa3oBaHHE TeNus U JIPYTHX
JJIEMEHTOB IIPEKPATUIIOCH, MOCIE YEero B TCUYEHHWE NMPUMEPHO MWUIMOHA JeT BceneHHas mpocTto
MpoJoIDKAlla PACIIUPATBCS M C HEH He MPOUCXOMWJIO HHUYero ocobenHoro. Hakonen, korna
TEMIEpaTypa ynaja A0 HECKOJBKHMX ThICAY TPaayCOB M DHEPrUM DJIEKTPOHOB M sIEp CTajo
HEJ0CTAaTOYHO ISl IPEOAOJIEHHS AEUCTBYIOLIETO MEXIy HUMH DIEKTPOMATHUTHOIO MPUTSIKEHMUS,
OHU Hayvalau OOBEAMHATHCS APYTr C ApyroMm, obpasys atomsbl. Bes Beenennas kak menoe morua
MIPOJOIDKATh PACIIUPATHCS M OXJIKIATHCSA, HO B TEX 00JIACTAX, INIOTHOCTh KOTOPBIX OblJIa HEMHOT'O
BBIIIE CPEIHEH, pacUIMpEeHuEe 3aMeUIIOCh H3-3a  JOMNOJIHHUTEIBHOTO  I'PABUTALIMOHHOTO
NpUTSDKEeHUs. B pesynbrate HEKOTOpBIE 00IaCTH NMEPECTaTU PACHIUPATHCS M HAYaIld CKUMAThes. B
IIpoLecCe CKaTUs I0J JNCHCTBHEM TIPAaBUTAMOHHOTO TPUTSHKCHHWS MATE€PUM, HaxoIsIIencs
CHApY>KH 3THUX OOJIaCTeH, MOTJI0 HAa4yaThCs UX MeuleHHOoe BpamieHne. C yMEHbIIEHHEM pa3MepoB
KOJIJIarcupyrouied o01acTu ee BpallleHHe yCKOPsUIOCh, NOJOOHO TOMY, KaK yCKOpsSIeTCs BpallleHHe
¢burypucTa Ha JIby, KOT/1a OH MIPKUMAeET pyKu K Tery. Korga HakoHel Koancupyiomas 001acTh
CTajia I0CTaTOYHO MaJIO, CKOPOCTH €€ BpallleHUs JOJIKHO ObUIO XBAaTHTh Ui ypaBHOBEUIMBAHUS
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IPaBUTALIMOHHOTO MPHUTHKEHHUS — TaK 00Pa30BaICh BPAIIAIONINECs JUCKOOOPa3HbIe TalakKTUKU. Te
00J1acTH, KOTOpblE€ HE HAYald BpalIaThbCs, MPEBPATUINCh B OBAJbHbIE OOBEKTHI, Ha3bIBaeMble
AIUTMNITHYECKUMHU TalakTuKaMu. KoJutamc 3Tux o0macTeil ToXKe MPEeKpaTHiIcs, TOTOMY YTO, XOTS
OT/eNIbHbIE YaCTH TaJlaKTUKKA CTAaOWJIBHO BpAIAJIMCh BOKPYI €€ LEHTpa, FaJlakTUKa B IEJIOM HE
BpaIaiacs.

Cocrosmuii U3 BOAOPOAA U Telus I'a3 BHYTPHU TalakTUK CO BPEMEHEM pacrajicsi Ha Ta30Bble
o0laka MEHBIIIETO pa3Mepa, CHKUMAIOIIUECS TIOJ JeHCTBHEM COOCTBEHHOW rpaBuTanmu. [lpu
CKaTUM 3TUX OOJAKOB aTOMbl BHYTPHM HHMX CTaJKHBAIMCh IPYyT C JIpyroMm, TemmepaTypa rasa
MOBBIIIATACh, ¥ B KOHIIE KOHIIOB T'a3 pa3orpesicsi TaK CHIBHO, YTH HAYAIHCh PEAKIUH SICPHOTO
cUHTe3a. B pesynprare 3THUX peakuuii U3 BOAOPOAa 00pa30BalOCh JOMOJHUTEIBHOE KOJIMYECTBO
TeNusl, a W3-32 BBIIENMBIIETOCS TEIUIa BO3POCIO JaBJICHHWE M Ta30oBble oO0NaKka IepecTand
cxuMmaTbes. Ob6naka J10JIr0 OCTaBaJIUCh B 3TOM COCTOSIHUH, MOJOOHO TakKuMM 3Be3[aM, Kak Harle
ComnHrie, peBparias BOJOPO B TEIHI M M3JTydasi BEICISIIOILYIOCS SHEPTUIO B BHJIE TETIa U CBETA.
bonee maccuBHBIM 3Be3llaM JUIsl YPaBHOBELIMBAHMS CBOErO 0Oojiee CHIBHOIO TPaBUTALMOHHOTO
MPUTSDKEHUST HY)KHO OBUIO pa3orpeTbesi CHIIbHEE, W PEAKIMU SACPHOTO CHHTE3a MPOTEKAId B HUX
HAaCTOJIBKO ObICTpee, YTO OHM BBDKIJIM CBOM BOZOPOJA BCEro 3a CTO MWJIJIMOHOB JET. 3aTeM OHHU
CJIETKa CXaJMCh, W, MOCKOJBbKY HArpeB IMPOIOJDKAJICSA, HAYalloCh NMpEBpalleHHe Tenus B Oosee
TSDKEJIblE 3JIEMEHTBI, TaKHe Kak yriaepon U kuciopol. Ho B momoOHBIX mpoleccax BbIICNIAETCS HE
MHOTO JHEpPITUH, W TOTOMY, KaK YXe TOBOPWJIOCh B TJIaB€ O YEPHBIX [IbIpax, MOJHKEH ObLI
pa3pa3utbcst kpusuc. He coBceM sICHO, 4TO MPOM30LUIO MOTOM, HO BIIOJIHE MPABJONOA00HO, YTO
[EHTpaJIbHBIE 00JacTH 3BE3/Ibl KOJUIATICHPOBAIN B OYEHBb IUIOTHOE COCTOSHHE BpOJIE HEHTPOHHOU
3Be3/1bl WIM YEepHOH IbIpbl. BHenHMe o6nacTu 3Be3/bl MOTYT BpeMs OT BPEMEHHM OTPBIBAThCS U
YHOCHUTBCSI UyJIOBHIITHBIM B3pPBIBOM, KOTOPBIH Ha3bIBACTCS B3PHIBOM CBEPXHOBOMW, 3aTMEBAIOIICH
CBOMM OJIECKOM BCE€ OCTaJIbHbIE 3B€3/lbl B CBOEH ranaktuke. Yacte Oosee TSHKENBIX 3JIEMEHTOB,
oOpa3oBaBIIMXCSl Mepea THOenbio 3Be3/bl, Oblla OTOpOIIEHA B 3allOJIHAIOIIMN TalaKTHKy Ta3 U
IIpeBpaTUIIach B ChIphE JUIs MOCIEAYIOMHNX MoKoaeHui 38e31. Hame ConHile conepKuT OKOJIO IBYX
MIPOIICHTOB YHOMSIHYTBHIX 00JIee TSKENBbIX 3JEMEHTOB, TIOTOMY YTO OHO SIBJSIETCS 3BE3JI0H BTOPOTO
WIA TPEThEro IMOKOJEHMs, 0Opa30BaBUICHCA OKOJO ISITH MWIIMAPAOB JIET Has3al U3 olJsaka
BpAIAIOIIErocs ra3a, B KOTOPOM HaXOJWJIMCh OCKOJKH 0oJiee paHHUX CBEPXHOBBIX. ['a3 m3 3Toro
obOyaka B OCHOBHOM Tiomies Ha oOpa3oBanue CoJiHIIA WM ObUT YHECEH B3PBIBOM, HO HEOOJBIIIOE
KOJINYECTBO OoJiee TSKEIBIX 3JIEMEHTOB, COOpPABIINCH BMECTE, NMPEBPATHIIOCH B HEOCCHBIE Tela —
IJIAaHETHI, KOTOPBIE ceivac, Kak u 3eMJsi, oOparraroTcst BOKpyT CoJHIa.

Crauvana 3emnsa Obiia ropsyei m He umena armochepsl. Co BpeMeHeM OHa OCThLIa, a
BCJIEJICTBHE BBIJIEICHUS I'a3a U3 FOPHBIX MOPOJ BO3HUKIA 3eMHas aTMocdepa. PanHsas atmocgepa
Obula HENpUrojaHa ajs Hamled *ku3HU. B Heil He ObUIO KUCIOpona, HO OBIO MHOTO JpPYTHX,
AZOBUTBIX JJIsl HAc Tra30B, HANpuUMep CcepoBojgopoja (3TO TOT ra3, KOTOpBIA IpHUIAaeT
cneun(puyeckuil 3anmax TyxJbIM siinam). [IpaBna, ecTb W Apyrue, NpUMHUTUBHBIE (HOPMBI KHU3HH,
KOTOpbIE MOTYT IPOLBETAaTh B TaKMX YCIOBUAX. [Ipeanonararor, 4To OHM Pa3BWINCh B OKEaHax,
BO3MOJKHO, B pe3yJbTaTe CIy4allHBIX OOBbEJUHEHUN aTOMOB B OOJIBLINE CTPYKTYpHI, Ha3bIBa€MbIC
MaKpOMOJIEKYJIaMH, KOTOpbIE 00JaJaii CIIOCOOHOCTBIO IPYNIMPOBATh JPYTrUe aTOMbI B OKEaHE B
TaKkue e CTPYKTypbl. Takum 00pa3oM OHM CaMOBOCIIPOM3BOAMIMCH U MHOXWINCH. MHOrma B
BOCIIPOU3BEICHUH MOIJIM ITPOU30UTH cOOM. DTU cOOM OOJIBIIEN YaCThIO COCTOSAIN B TOM, YTO HOBast
MaKpOMOJIEKyJla HE MOTJIa BOCIIPOM3BECTH ce0s U B KOHIIE KOHIIOB paspymianack. Ho uHorma B
pesyapTate cOOEB BO3HHWKAIM HOBBIE MaKpPOMOJICKYJbI, Jaxe Ooyiee  CIOCOOHBIE K
CaMOBOCIIPOM3BEJICHUIO, YTO JaBajlo0 UM MPEUMYIIECTBO, M OHU CTPEMHIUCH 3aMEHHUTH COOOMU
nepBoHayayibHble. Tak Hayajcs MPOLECC IBOJIOLUM, KOTOPHIM MPUBOAMI K BO3HMKHOBEHMIO BCE
Oonee u Oosiee CIOXKHBIX OPraHU3MOB, CIIOCOOHBIX K caMoBOcmpou3BeneHHIo. Camble TepBbIe
IIPUMUTHBHBIC J)KUBbIE OPraHU3MBbI OTPEOJISIIA PA3JINYHbIE BELIECTBA, B TOM YUCIIE CEPOBOJOPO, U
BBIICJISTN KUCJIOPOA. B pe3ynbTare MpoMCXOAMIO MOCTENEHHOE M3MEHEHHE 3€MHOM aTMocgepsl,
COCTaB KOTOPOW B KOHIIE KOHIIOB CTaJ TaKWUM, KaK ceiyac, U BOSHUKIIHU MOAXOSAIINE YCIOBUS IS
pa3BuTHs Ooyiee BBICOKMX ()OpPM KHM3HM, TaKuX, KakK pBIOBbI, PENTHIUH, MIICKONUTAIOIUE W,
HAKOHEII, YEJIOBEYECKUHN POI.
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Kaptuna, B xotopoii Bcenennasi cHayana Obula O4YeHb ropsiyeil M oXjaxjaaizach IO Mepe
CBOETO pacIUpPEHUs], Ia CErOAHAIIHUN IEHb COIJIaCyeTCs ¢ pe3yJbTaTaMu Bcex HaOmroneHuil. Tem
HE MEHee LIEJbIN PsiJi BaXKHBIX BOIIPOCOB OCTaeTcsi 0€3 OTBETA.

1. [Touemy panusisi Becenennast Obliia Takoii ropsiueit?

2. Tlouemy Bcenennas tak omgHOpojgHa B Oonbmux MacmTabax? [loyemy oHa BBITJISIUT
OJIMHAKOBO BO BCEX TOYKAaX IMPOCTPAaHCTBA M BO BCEX HampaBileHUAX? B gacTHOCTH, mouemy
TeMIepaTypa KOCMHUYECKOTr0 ()OHa MHUKPOBOJIHOBOTO HM3IY4YEHHsI IMPAKTUYECKU HE MEHSETCS INpU
HaOMIOACHUAX B pa3HbIX HampasieHHAx? Korja Ha 3Kk3aMeHE HECKOJBKUM CTYAEHTaM OIS
3a/1aeTcsl OIMH U TOT YK€ BOIPOC U UX OTBETHI COBIAJAIOT, BBl MOYKETE OBITh COBEPILIEHHO YBEPEHBI
B TOM, YTO OHU COBETOBAJIUCH APYT ¢ ApyroM. OHAKO B OMMCAHHON MOJIENIN ¢ MOMEHTa OOJIBLIOr0
B3pBIBA y CBETA HE OBLIO BPEMEHH, YTOOBI TIOMACTh U3 OJHOU YJaJIe€HHOW 00JIaCTH B APYTYIO, Jaxe
€ClIM 3TH 00JacTH pacHojiarajuch ONM3KO APYr K Jpyry B paHHeil Bcenennoii. CoriacHo xe
TEOPUU OTHOCHUTEIBHOCTH, €CJIM CBET HE MOXKET IOMAacTh M3 OJHON 00yIacTU B JPYrylo, TO H
HUKakas Jpyras uHdopmaius Toxke He MoxkeT. IlosTomMy pasHble obnactu paHHeil Bcenennoit
HUKAK HE MOIJIM BBIPOBHATH CBOU TEMIIEPATYpPhl APYT C IPYIOM, €CJIU y HUX HE ObUIM OJIMHAKOBBIE
10 KaKOM-TO HETIOHATHOW IPUUMHE TEMIIEPATYpPBhI IIPSIMO C MOMEHTA POXKICHUS.

3. [louemy Bcenennas Hadana pacmdpsATbCS CO CKOPOCTBIO, CTONBh OJU3KON K KPUTHYECKOMH,
KOTOpasi pa3fesseT MOZCIN C IMOBTOPHBIM C)KaTUEM M MOJEIN C BEUHBIM PACIIMPEHUEM, TaK UTO
JaXke cerdac, yepe3 JEecCATh ThICSY MWIIMOHOB JIeT, BceneHHas NpomonKaeT paclupsThCs CO
CKOpOCTBIO, IPUMEPHO PAaBHOM KpuTuueckoil? Eciau Obl yepe3 ceKkyHIy mociie OOJbIIOro B3pbIBa
CKOPOCTb pacCIIMpEHHUs] OKa3ajlacb XOTb Ha OJHYy CTO ThiCSYa MWIUIMOH MWIJIHOHHYIO
(1/100.000.000.000.000.000) meHbIe, TO MPOHU30LULIO OBl MOBTOPHOE CKaTHe BceneHHON U oHa
HUKOTr/1a Obl HE JIOCTUIJIA CBOETO COBPEMEHHOTO COCTOSHUS.

4. HecmoTpss Ha KpynHOMacIITaOHYIO OJHOPOJHOCTb BceneHHOW, B HeHl CylecTBYIOT
HEOJIHOPOJAHOCTH, TAaKHE, KaK 3B€3/lbl M TajakTuku. CuuTaeTrcsi, 4TO OHM O0pa30BaJUCh HU3-32
HEOOJBIINX pa3IWYUil B TUIOTHOCTH paHHed BcenenHoit ot obGmactu k obmactu. Yto ObLIO
MPUYMHON 3TUX (IIyKTyalui MI0THOCTH?

OO6mias Teopusi OTHOCUTEIHHOCTH caMa M0 ce0e HE B COCTOSTHUU OOBSICHUTH NIEPEUUCICHHBIE
CBOMCTBA WJIM OTBETUTHh HA IOCTaBJICHHBIE BOIIPOCHI, TaK KaKk OHAa TIOBOPUT, 4TO BceneHHas
BO3HHUK/IA B CHHTYJISIDHOW TOUYKE OOJBIIOrO B3pblBAa U B CaMOM Hadaje MMeJda OECKOHEUHYIO
IUIOTHOCTh. B CHHTYISIpHOI jk€ Touke 0011ast Teoprsi OTHOCUTEIBHOCTH U BCE (PU3UUECKUE 3aKOHBI
HEBEPHBI: HEBO3MOXKHO INPEACKA3aTh, YTO BBIMAET U3 CUHTYJAPHOCTH. Kak MBI y>Ke TOBOPHIIH, 3TO
O3HayaeT, YTO OOJIBIION B3PHIB U BCE COOBITHS 0 HETO MOXHO BBHIOPOCUTH M3 TEOPHH, TIOTOMY YTO
OHU HHMKAK HE MOTYT IOBIUATH Ha TO, 4YTO Mbl HaOmtonaeM. CienoBaTenbHO, IPOCTPAHCTBO-BPEMS
JIOJDKHO UMETh I'PaHMIly — Ha4aJlo B TOYKE OOJIBIIOTO B3pHIBA.

Hayxa, mo-BmaumMoMy, OTKpbUIa BCE T€ 3aKOHBI, KOTOpPBIE B IPEAENax HOTPEIIHOCTEH,
HaJaraeMplX MPUHIMIIOM HEONPEIEIIEHHOCTH, IT03BOJISIIOT IIPE/ICKa3aTh, Kak BceneHHas nu3MeHuTces
CO BPEMEHEM, €CIIM M3BECTHO €€ COCTOSIHME B KaKOW-TO MOMEHT BpeMeHu. MoxkeT ObITb, 3TH
3akoHBl ObUIM JaHbl borom, HO ¢ Tex mop OH, cyIas mo BceMmy, HpeAocTaBui BceneHHoin
pa3BUBATBCA B COOTBETCTBMM C HUMHU M TEIEph HE BMEIIMBACTCA B €€ KM3Hb. HO Kakumu OH
BbIOpall HayaJbHOE COCTOSHUE W HavyallbHYI0 KoHGurypamuio Bcenennoit? Kakue «rpaHuuHbIe
yCIIOBHsI» OBLIM B MOMEHT «Hayajia BpEMEHU»?

OnavH U3 BO3MOXHBIX OTBETOB — 3TO CKa3aTh, YTO IMpPHU BHIOOpPE HAYaIbHOM KOH(UTryparuu
Bcenennoli bor pykoBOJICTBOBaJICS COOOpa)XEHUSIMH, IOHSATH KOTOpPhIE HaM HE JaHo. OTo,
6e3ycioBHO, ObLIO BO BiacTH bora, HO modyeMy, BBIOpaB Takoe cTpaHHoe Hadano, OH Bce ke
pemm, yToObl BeeneHHnas pas3BuBajach HO HOHATHBIM HaM 3akoHam? Bes ucropus Hayku Oblia
MOCTENICHHBIM OCO3HAaHWEM TOT'0, YTO COOBITHS HE NPOHMCXOIAT NPOHM3BOJIBHBIM 00pa3oM, a
OTPaXKalOT ONPEIEICHHBIM CKPBITBIA MHOPSIOK, KOTOPBIH MOI MIM HE MOI OBITh YCTaHOBJIEH
00’KECTBEHHBIMH CHJIAMH. bBbIJIO OBl JIMIIb €CTECTBEHHO NPEANOJIOKUTh, YTO ATOT MOPSIOK
OTHOCHUTCSI HE TOJBKO K 3aKOHAM HAayKH, HO M K YCJIOBHSIM Ha I'DAHHLE IPOCTPAHCTBA-BPEMEHH,
KOTOpBIE OMNpPENeAIOT HadyallbHOE COCTOsIHME BceneHHoil. B03MOXXHO 0O0MBIIOE YHCIO Pa3HBIX
Mozene BceneHHOW C MHBIMM HadajabHBIMU YCJIOBHAMHM, NOJYHHSIOIIMUXCS 3aKOHAM HAyKH.
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JloKeH CyIecTBOBaTh KaKOW-TO MPUHIMI ISl OTOOpa OJHOTO HAYaJbHOTO COCTOSIHUS U, CTAJIO
OBITh, OJHOM MOJEIH [IJI ONMMCaHus Hallell BeeleHHo.

OnHy W3 TakMX BO3MOXKHOCTEH HA3bIBAIOT XAOTUYECKUMH TPAaHUYHBIMU YCIOBUAMH. B HUX
MOJIYAIUBO TpHUHUMaeTcs, b0 uTto BceneHHas OeckoHeYHa B MPOCTPAHCTBE, JHOO UTO
CyIIECTBYeT OECKOHEYHO MHOTrO BCeJeHHBIX. COrjacHO XaOTHYECKUM TPAHUYHBIM YCIOBHSIM,
BEPOATHOCTH TOTO, UTO JIF00Aast BBIICICHHAs 001acTh MPOCTPAHCTBA Cpa3y Mocie OOIBIIOro B3phIBa
OKa)XETCs B JTIOOOM 3aJJaHHOM COCTOSIHUM, IPUMEPHO PaBHA BEPOSTHOCTH TOTO, YTO OHA OKAXKETCS B
JI000M JPYroM COCTOSHUM: HaudajdbHOE COCTOSHUE BceneHHON BbIOMpaeTcs COBEPILIEHHO
MPOU3BOJILHBIM 00pa3oM. JTO O3Havano Obl, 4TO paHHsS BceneHnHas Obuia, BEpOSTHO, OYCHB
Xa0TUYHON M HEPETYISIPHOM, MOTOMY YTO XaOTHYECKHX U OeCMopsI0YHBIX COCTOsIHUM BcenenHoi
ropaszio OoJbliie, 4eM THaAKkux W ynopsigodeHHbIX. (Ecnum Bce cocTosHUST paBHOBEPOSITHBI, TO
Bcenennas ¢ GonpIoi BEpOSTHOCTHIO BO3HHMKIA B OJHOM M3 XAOTHYECKUX MU OECTOPSIOYHBIX
COCTOSIHMIM MPOCTO MOTOMY, YTO TaKMX COCTOSHUM ropa3fo Oombiie). TpyaHO ckas3aThb, Kak
MOI0OHBIE Xa0THYECKHE HAYalIbHBIE YCIOBUS MOTJIH MOPOJUTH TaKylO TTAAKYI0 U OJHOPOAHYIO B
OonpiIux Macirabax Beenennyto, kak Hama ceifyac. MOKHO TakyKe 0KHAaTh, YTO B TAKOW MOJIECIH
(bIyKTyaluu MIOTHOCTH MPUBEAYT K 00OpPa30BaHHIO rOpa3/io OOJNBIIETO YMCiIa MEPBUYHBIX YEPHBIX
JIBIp, YEM BEPXHUH Mpeiell, BRITEKAOMNNA U3 Ha0mo1eHni (oHa raMMa-u3I1ydeHHUs.

Eciu Bcenennas B camom jene OecKOHEYHa B NPOCTPAHCTBE MM €CIU CYIIECTBYET
OECKOHEYHO MHOT'O BCEJIEHHBIX, TO I'JIe-TO MOTJIM Obl CYIIECTBOBATh JOBOJIBHO OOJbIINE 00JacTH,
BO3HMKIINE B IJIAJIKOM U OJHOPOJHOM COCTOSIHUM. BCIOMHHMM XOpOIIO M3BECTHBIA IPHUMEP CO
ctaei 00e3bsiH, OapabaHANIMX HA MUIIYIIMX MAaIIWHKaX: OOJibIIasg 4acTh MX PAOOTHI MOWIECT B
KOp3MHY, HO B MPUHIMIIE OHM MOTYT COBEPILIEHHO CIIy4allHO Hamedatatb OAWMH M3 COHETOB
[Hexcnupa. Tak u 31ech — HE Moria U o0JacTh BceneHHOo#, B KOTOPOM MBI JKMBEM, CIIy4ailHO
OKa3zaTbCsl TJIAAKOW U oaHopoaHoW? Ha mnepBbld B3I 3TO MOXKET I[IOKa3aThCs KpaiiHe
MaJIOBEPOSTHBIM, MOTOMY 4YTO TaKUX TJAAKUX OOJacTed JOHKHO OBITh HAMHOTO MEHBINE, YeM
Xa0THYECKUX U HEOAHOPOAHBIX. HO Mpenmnonoxum, 4To TajmakTHKH U 3BE3Abl 00Pa30BHIBAIHCH
TOJILKO B TJIAJIKUX OOJIACTSAX M TOJBKO TaM yCIIOBUS OBUTH MPUTOIHBI JJISI PA3BUTHSI TAKUX CIIOKHBIX
CaMOBOCITPOU3BOISIIMXCS OPraHU3MOB, KaK MbI, CIIOCOOHBIX 331aTh Bompoc: «[louemy Bcenennas
Takas TJagkas?» OTO INpUMep MPUMEHEHHs] TaK HAa3bIBAEMOTO aHTPOMHOrO MPHUHIIUMA, KOTOPBII
MOXKHO C(OpMYJUPOBAThH CleayIOINUM 00pa3oM: «Mbl BUauM BceeneHHylo Tak, Kak Mbl €€ BUIHM,
MIOTOMY YTO MBI CYIIIECTBYEM).

AHTpOTHBI NPUHIMIT CYIIECTBYET B JBYX BapuaHTax — ciabom u cuibHOM. CrnaObiit
AQHTPOITHBIA TPUHIUII YTBEPXKIACT, YTO BO BceneHHOW, KOTOpas BelMKa WM OCCKOHEYHa B
MIPOCTPAHCTBE WJIK BO BPEMEHHU, YCIOBHUS, HEOOXOAUMBIE IS Pa3BUTHs Pa3yMHBIX CYILIECTB, OyIyT
BBITIONTHATBCS. TOJNBKO B HEKOTOPBIX OONACTSIX, OTPAaHUYCHHBIX B TPOCTPAHCTBE M BPEMEHH.
[ToaTomMy pa3ymHblE CyIIecTBa B 3THX OO0JIACTAX HE JOJDKHBI YAMBIATHCSA, OOHApyXHUB, 4YTO Ta
00JacTh, IJIe OHU XHUBYT, yIOBJICTBOPSET YCIOBHUSIM, HEOOXOIUMBIM JJIsi UX CYIIECTBOBaHUA. Tak
Oorad, )KUBYIIIMH B OOTaTOM paiioHe, HE BUIUT HUKAKON OCTHOCTH BOKPYT ceOsl.

OnuH U3 MpUMEPOB MPUMEHEHHS C1a00T0 aHTPOMTHOTO MPUHIIUIA — «OOBSICHEHHE» TOTO, YTO
00JIbIION B3pBIB MPOU3OLIEN OKOJO JECATH ThICSY MUJUIMOHOB JIET Ha3aJl: MPUMEPHO CTOJBKO
BpeMeHH TpeOyeTcs pa3yMHBIM CYIIECTBAM JUIsl X pa3BUTHs. Kak yke roBOpUIIOCH, MIPEKE BCETO
JOJKHO ObLIO  00pa3oBaThbCs paHHEE IIOKOJEHHE 3Be3/1. OTH 3BE3[lbl IMpeBpallajyd 4acTb
MEPBOHAYAIIBHOTO BOJOPOJA U TEIUsl B 3JEMEHTHI TUIA YIJIepoAa U KUCIOPOAA, U3 KOTOPBIX MBI
COCTOMM. 3aTeM 3Be3/bl B3PbIBAJIUCH KaK CBEPXHOBBIE, a U3 UX OCKOJIKOB 00pa30BBIBAINCH APYTHE
3BE€3/Ibl U IUTAHETHI, B TOM YHUCJe M BXojsiue B Hamly COJHEUYHYIO CHUCTEMY, BO3pacT KOTOPOM
OKOJIO MATH ThICSY MHUJUIMOHOB JIeT. B mepBele OJHY WJIM JBE THICSYM MHIUIMOHOB JIET
CYIIECTBOBaHMS 3eMJIM Ha HEH OBUIO CIIMIIKOM >KapKO MJisi Pa3BUTHS Kakux OBl TO HU OBLIO
CIOXHBIX OpraHu3MoB. OcTajabHblE MNPUMEPHO TPHU THICSYM MHUJUIMOHOB JIET IPOUCXOAUT
MEJUICHHBIN TPOIIeCcC OMOIOTUYECKOTO Pa3BUTHS, B PE3YJITATE KOTOPOTO MPOCTEUIIINE OPTraHU3MBI
NPOLLIM IyTh A0 Pa3yMHBIX CYIIECTB, YMEIOIIUX H3MEPITh BpEMs, MPOILIECANIEE C MOMEHTa
00JIBLIIOTO B3pHIBA.

Mano KTo BO3pa)kaeT MPOTHUB CIPABEAJIMBOCTH M MPUMEHHUMOCTH CJIa0Or0 aHTPOIHOTO
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npuHiuna. Hekoropele ke WAyT 3HAYMUTEIBHO Najblle, Mpejjaras ero CWiIbHbIM BapuaHT. OH
3aKJIIOYAeTCs B TOM, YTO CYIIECTBYET JIMOO MHOTO Pa3HBIX BCEIEHHBIX, JMOO MHOTO Pa3HbIX
oOmacTeil OIHON BCENEHHOW, KaXkgas W3 KOTOPBIX HMMEET CBOIO COOCTBEHHYIO HaYaJbHYIO
KOH(UTYpaIio U, BO3MOKHO, CBOW COOCTBEHHBIN HaOOp HAay4YHBIX 3aKOHOB. B OGonbliel yactu
STUX BCEJICHHBIX YCJOBHUS OBUIM HETNPUTOAHBI IS PA3BUTHs CIOXKHBIX OPraHU3MOB; JIUIIbL B
HECKOJIBKMX, IMOXO0KHUX Ha Hally, BCEJICHHBIX CMOTJIM Pa3BUBAThCS Pa3yMHBIE CYIIECTBA, U Y 3THUX
pPa3yMHBIX CYIIECTB BO3HHMK Borpoc: «llouemy Hama BcenenHas Takas, Kakoil Mbl €€ BHIUM?)
Torma otBet npoct: «Ecnu 661 Beenennas Obi1a Ipyroid, 31ech He ObLIO OB HAC!»

3aKkoHBl HAyKM B TOM BHJE, B KOTOPOM MBI HMX 3HaeM celyac, colepkaT MHOTO
(yHIaMeHTaNbHBIX BETUYMH, TaKUX, KaK SJCKTPUUYECKUN 3apsij AJEKTPOHA U OTHOIICHHWE MacChl
IIPOTOHA K Macce DJJeKTpoHa. Mbl HE yMmeeMm, HO KpalWHEeHW Mepe cerdac, TEeOpPEeTHYECKH
Mpe/ICKa3bIBaTh 3HAUCHUS 3TUX BEIMYUH — OHU HAXOJATCS TOJIBKO U3 dKCIIEpUMEHTa. MOXKeT ObITh,
MPUACT JIeHb, KOTJIa MBI OTKPOEM TIOJHYIO E€IUHYI0 TEOpPHIO, C TOMOIIBI0O KOTOPOW BCE ITH
BEJIMYMHBI OyAyT BBIYHCIEHBI, HO MOXET OKa3aTbCsi, YTO HEKOTOpbIE W3 HHX, a TO U BCE
U3MEHSIOTCS MPU IEpeXoJie OT BCEJICHHOW K BCEICHHOM WIM M IpeJenax OJHOM BCEJICHHOM.
Y AUBUTENbHO, YTO 3HAUEHUS TAaKUX BEJIUYUH OBUIM, MO-BUIUMOMY, OY€Hb TOYHO MOAO0OpaHBI,
yTOOBI 00€CIEUYNTh BO3MOXKHOCTh pPa3BUTHs ku3HU. Ecnu Obl, Hampumep, 3JIEKTPUUECKHUIN 3apsi
ANEKTpOHa OBLI YyThb-4yTh JIPYTHM, 3Be3Abl JTUOO HE CHKHUraimu Obl BOJOPOA M Tenui, Tub0 He
B3pBIBATHCH. Pazymeercs, MOryT OBITh U Ipyrue (GOpMBI pa3yMHOM KH3HHU, O KOTOPBIX HE TPE3UIH
naxke mucarenu-gaHTacTel. [Jia moaaepkaHus 3TOM KU3HU HE TPEeOYIOTCS HU CBET 3BE3[Ibl, Kak,
ckaxkeMm, Hame CoiHIlE, HH TSDKEJbIE DSJIEMEHTHI, CHHTE3UPYIOUIUECS BHYTPH 3BE31 W
pasiieraromuecss M0 KOCMHUYECKOMY IPOCTPAHCTBY IIpHM B3pbIBE 3Be3lbl. [eM HeE MeHee,
MO-BUUMOMY, SICHO, YTO BEJIMYHMHBI, O KOTOPHIX MBI TOBOPUM, MUMEIOT CPAaBHHUTEIHLHO HEMHOTO
oOracTeii 3HaUEHUH, MPU KOTOPHIX BO3MOKHO Pa3BUTHE KaKoil Obl TO HU OBUIO Pa3yMHOM >KHU3HH.
Bonpias sxe 9acTh 3HAUCHUH OTBEYAET BCEIICHHBIM, B KOTOPBIX, KAK ObI OHM HHU OBUTH TPEKPACHBI,
HET HUKOTO, KTO MOT Obl UMHU BOCXHINATHCA. ITO MOKHO BOCIIPUHUMATH JHOO KaK CBUACTEIHCTBO
00XXECTBEHHOTO TPOBHUJICHUS B COTBOPCHHHM BcCelneHHON W BBIOOpPE 3aKOHOB HAyKH, JIMOO Kak
MOATBEPKICHUE CUIIBHOTO aHTPOITHOTO MTPUHIUIIA.

MOXHO BBIIBUHYTh HECKOJIBKO BO3PaXKCHHUI MPOTUB MPUBJICUCHUS] CUIBHOTO aHTPOITHOTO
MpUHLMIA ISl 00bsICHEHHU HalMogaeMoro coctosinusi Beenennoil. Bo-nepBbIX, B KaKOM CMBbICIIE
MOHO TOBOPUTb, YTO BCE 3TH BCEJICHHBIEC CYIIECTBYIOT? EcCiu OHU AEHCTBUTEIBLHO M30JMPOBAHBI
JIpyr OT JApyra, TO COOBITHS, TPOUCXOMISIIHME HE B Hamed BceneHHOH, HE MOTYT HMETh
HaONIoIaeMbIX CIIEACTBUI B Hamiedl Bcenmennoil. IlosTromy Ham cleayeT BOCIOJIB30BAThCS
MPUHIUIIOM 3KOHOMHMHM WU UCKIIIOUYHUTh UX U3 TEOpUHU. Ecim ke 3TU BCEJIEHHBIE — MPOCTO Pa3HbIE
o0JacTv OJHOW W TOW K€ BCEIIEHHOW, TO Hay4YHbIE 3aKOHBI JOJDKHBI OBITH OAMHAKOBBI B KaXKIOH
00J1aCcTH, TTOTOMY 4YTO WHa4Ye ObLI Obl HEBO3MOXXCH HEMPEPBIBHBIA MEPEX0]] M3 OJHON 00JacTH B
npyryto. Torma obmacTu OTIMYAIUCh OBl APYT OT Jpyra TOJBKO HAYaTbHBIMU KOH(UTYpAIUSIMHU H
CUJIBHBIM aHTPOTHBIA MPUHIIATI CBOJUIICS OBI K cl1a00i GopMyTHpPOBKE.

BTopoe Bo3paxeHue MpoTUB CHIILHOTO aHTPOITHOTO MPHUHIHUIIA — 3TO TO, YTO OH HAIpaBIIECH
MIPOTHB XOJAa BCEM HCTOpPUM HayKd. Pa3BuTue HayKu LIIO OT TIEOLICHTPUYECKHX KOCMOJIOTHMH
[Itonemess u ero mpealIEeCTBEHHUKOB 4Yepe3 TelMOLEHTPUYECKylo KocMonoruio KomepHuka u
lanuness kK COBpeMEHHOW KapTUHE MHpPA, COTJACHO KOTOPOW 3eMilsl SIBJISETCS MJIAHETOW CPEIHEro
pasMepa, oOpalaromielics BOKPYr OOBIYHOM 3Be3/bl BHYTPH OOBIYHOW CIUPATBLHOW TaTaKTHKH,
KOTOpasi B CBOK) OYEpEAb SIBIISIETCS BCEro JMIIb OJHOM W3 MWIIMOHA MWIUIMOHOB TajakTUK B
HaOmonaemoit yactu Beenennoii. Tem He MeHee, COTTIACHO CHIILHOMY aHTPOITHOMY TPUHITUITY, BCE
3TO TMTAHTCKOE COOPYKEHHE CYyLIECTBYET IPOCTO paau Hac. B 310 oueHb TpyaHO noBeputs. Hama
ConneuyHas cuctema 0€3yCIOBHO SIBJIIETCS HEOOXOIMMBIM YCIOBHEM HAIIIETO CYIIECTBOBAHUS; TE
e caMble pacCyJIE€HHs MOXKHO PaclpoOCTPaHUTh Ha BCIO Hainy ['amakTuKy, 4TOOBI yUecTh 3BE3/IbI
paHHEToO TMOKOJICHUs, Onaromapss KOTOPHIM MPOM3OMIEN CHHTE3 TSDKENBIX dJeMeHTOoB. Ho,
MO-BUJIMMOMY, HET HUKAaKOW HEOOXOJUMOCTH B TOM, YTOOBI BCE ATH APYTHE TaIaKTUKH, J1a U BCA
Bcenennas ObUTM TakKMMH OJHOPOAHBIMH M OJMHAKOBHIMH B OONBIIMX MacmTabax B IOOOM
HaIlpaBJICHUU.
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MoxHO ObUTIO OBl HE OECITOKOUTHCS HACUET aHTPOITHOTO MPHUHIUIIA, OCOOEHHO B €ro ciadboun
(hopMyIHpOBKE, €ciy ObI yAal0Ch OKA3aTh, YTO U3 PA3HBIX HadaJIbHBIX KOH(pUryparuii Beenennoi
JMIITB HEKOTOPBIE MOTJIM Pa3BHTHCS BO BceneHHyro, Kak Ta, KOTOpYO Mbl HaOmogaem. Eciu 310
IIpaBWIBHO, TO Bcenennas, BO3ZHUKINASA U3 CIly4alHbIX HadyajbHBIX YCIOBHH, TOJDKHA COAEPXKATh B
cebe I1aJKkue U OJHOPOJHBIE 00JACTH, IPUTOAHBIE JIUISl pa3BUTHUS pa3yMHOU ku3HU. Eciau xe ans
TOro, 4TOOBI MOJYYWJIOCH TO, YTO MbI BHJIUM BOKPYT, TpPeOOBAaJCS YpPE3BBIYAWHO TIIATEIbHBIN
BBIOOP HAYaJILHOTO COCTOsIHUS BceneHHol, To Bps M B HEMl oKa3anack Obl XOTh OJHA 00J1acTh, B
KOTOPOH MOTIJIa 3apOaUThCs KU3Hb. B ropsyeil Mozenu G0ibLIIOro B3pbIBa ObUIO CIHMIIKOM Majo
BPEMEHH JIJIs TIepeaun Teria U3 OJHOM 00JacTH B APYTYI0. DTO 3HAUUT, YTO ISl OOBSICHEHHS TOTO
¢akTa, 4TO TEMIepaTypa MUKPOBOJIHOBOI'O (pOHA OJMHAKOBA B JIIOOOM HalpaBiICHUU HAOIIOJCHHUS,
HE00X0IMMO, YTOOBI B HAYaJIbHOM COCTOSIHUM BceneHHoii ee Temneparypa Obljia Be3e B TOYHOCTH
onuHakoBoil. Kpome Toro, TpeGoBascst 1 o4eHb TOUHBIA BHIOOp HAYaIbHON CKOPOCTH PACHIMPEHHUS,
MOTOMY 4YTO JAJisi M30eraHusi MOBTOPHOIO CKaTUS CKOPOCTb PACIIMPEHMsI JOJKHA OCTaBaThCs
JOCTaTOYHO OJIM3KOM K KpUTHYECKOMY 3HadeHuto. ClieoBaTeNIbHO, BBIOOP HA4alIbHOTO COCTOSIHUS
BcenenHoll n1okeH NMPOU3BOAUTHCSA OYEHb TIIATEIBHO, €CIU ropsdas MoJieidb OOJBIIOrO B3phbIBA
IIPUMEHMMA JI0 CaMOT0 MOMEHTA Haudaja orcyera BpeMeHH. [louemy Hauano BceneHHON NOIKHO
ObUTO OBITh MMEHHO TaKWM, OY€Hb TPYIHO OOBSCHUTH HMHAde, Kak AesHueM bora, xotopomy
3aX0TEJI0Ch CO3JaTh TAKUX KHUBBIX CYLIECTB, KAK MBI.

[TonbiTkM TOCTpOUTE MOAENb BCelleHHOH, B KOTOPOM MHOECTBO DPa3HbIX HaydalbHBIX
KoH(pUrypaiuii Morio Obl pa3BUThCS BO 4YTO-HHOYAb BpOJE Hallel HbIHEIHeW BceneHHoi,
npuBenn  Anana ['yra, ydeHoro u3 MaccauyceTckoro TEXHOJOTUYECKOTO UWHCTUTYTa, K
MPENOI0KEHUIO O TOM, UYTO paHHss BeeneHHas nmepexusia nepuo 04eHb ObICTPOTO PaCIIMPEHHSL.
OTO paclIMpeHHE Ha3bIBAIOT pa3jlyBaHUEM, IOApa3yMeBas, UYTO KaKOE-TO BpEeMs pacUIMpeHue
BcenenHoli mporcxoansio co Bce BO3pacTarolieil CKOPOCThIO, a He ¢ yObIBarollel, kak ceivac. [yt
paccuuTal, 4Tto paauyc BceneHHON yBeNMUNBAICA B MAJIJIMOH MUUIMOHOB MIJIJIMOHOB MUJUIMOHOB
MUJIJTMOHOB (€IMHUIIA ¢ TPUALATHIO HYJISIMU) pa3 BCETO 3a KPOLIEYHYIO JIOJI0 CEKYH/IbI.

I'yT BbICKa3as mpeanonoxkeHune, uTo BeeneHHas BO3HUKIIA B pe3ysibTaTe OOJBIIOrO B3phIBa B
OYEHb TOPSIYEM, HO JOBOJBHO XAaOTUYECKOM COCTOSHMHU. BBICOKHME TeMIepaTypsl 03HA4aroT, 4TO
YyacTuIlsl BO BeeneHHo# 10mKHBI ObUTH 04eHb OBICTPO ABUraThCs U UMETh Oonbline 3Hepruu. Kak
y’K€ TOBOPWJIOCH, NPH TaKUX BBICOKMX TEMIIEpaTypax CHJIbHbIE M cialble SAE€pHbIE CWIIBI U
9JIEKTPOMArHUTHAs CUJa JIOJDKHBI ObUTM Bce OOBEOUHHUTHCS B onaHy. [lo Mepe pacmmpeHus
BcenenHoii oHa oxnaxaangach M SHEPTUM YaCTHUI] YMEHbIIATUCh. B KOHIlE KOHIIOB 10OJIKEH ObLI Obl
MIPOM30WUTH TaK Ha3bIBa€MBbIN (PAa30BBIA Mepexo] U CUMMETpHs CU Obula Obl HapylleHa: CHIIbHOE
B3aUMOJICHICTBHE Hadyano Obl OTJIMYATHCSA OT CJIA0Oro M IEKTpOMarHuTHOro. M3secTHslil npumep
¢da3zoBoro mepexoma — 3aMep3aHHe BOABI TPU OXJAXAEHUH. JKuaKoe COCTOSHUE BOJBI
CUMMETPHUYHO, T. €. BOJIa OIMHAKOBA BO BCEX TOYKAX U BO BCEX HampasiieHusX. OOpa3zyromuecs xe
KPUCTAJIJIBI JIbJa UMEIOT OIIPEJIEIICHHBIE TIOJI0KEHUS U BBICTPAUBAIOTCS B HEKOTOPOM HAIllPaBJICHHH.
B pesynbrare cuMMeTpus BOABI HAPYIIAETCS.

Ecnu oxnaxnaars BOLy OYEHb OCTOPOJKHO, TO €€ MOJKHO «IEPEOXJIAIUTH», T. €. OXJIAIAUTh
Hwke Touku 3amepsanust (0 rpan. Llenwcust) 6e3 oOpaszoBanmsi dbaa. ['yT NpeANoONOXHII, YTO
Bcenennas Morna ce0si BeCTH MOXOXHM OOpa3oM: ee TemIepaTypa MOIjla YNacTh HIKe
KPUTHUYECKOI0 3HaUeHUs1 Oe3 HapyleHus cummerpun cui. Ecnu 6b1 3T0 ipousonuio, To Beenennas
oKasaJyiach Obl B HECTaOMJIBHOM COCTOSIHUU C SHEPTUEH, MPEeBbIIIAIONIel Ty, KOTOPYIO OHA MMesa Obl
IPU HapyUIEHUU CUMMETpUHM. MOXKHO MOKa3aTh, YTO 3Ta 0c00as JOMOJHUTENIbHAs SHEPIus
MIPOU3BOAUT AHTUIPABUTALMOHHOE [JEHUCTBHE AHAJOTMYHO KOCMOJIOTMYECKOM IOCTOSIHHOM,
KOTOPY!0 DHHINTEHH BBEJN B OOIILYI0 TEOPHUIO OTHOCUTEIBHOCTH, MBITASICh TOCTPOUTHh CTATUYECKYIO
Mozenb Bceenennoil. IlockonbKy, Kak M B ropsiueid Mojenu OOJBIIOTO B3pbiBa, BceneHHas yxe
Bpalianach, OTTAJKMBAaHUE, BHOCUMOE KOCMOJIOTHYECKON MOCTOSITHHOM, 3acTaBuiio Obl BcenenHyro
pacuMpsATeCS €O BCE BO3pacTarollel ckopocThio. Jlaxke B Tex oOmacTsaxX, Te YHCIO YaCTHIL
BEIIECTBA NPEBBIIIAIO CpEAHEE 3HAYEHUE, TPABUTALMIOHHOE MPUTSHKEHHUE MaTepuu OblIo Obl
MEHbBILIE  OTTAJKUBaHHUA, BHOCUMOTO  3()(EKTUBHOW  KOCMOJIOTUYECKOH  MOCTOSHHOM.
CrnenoBarenbHO, Takue 00JaCTU JOJKHBI OBLIM TOXKE PACLIMPATBHCS C YCKOPEHHEM, XapaKTEPHBIM
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U1 MoJienn pasayBarouneiicss Beenennoid. [lo mepe pacmmpeHus 4acTUIbl MAaTEPUH PACXOIUIIUCH
Obl Bce Jaiblle Apyr OoT Apyra, U B KOHIIE KOHIIOB pacuiMpsiomiascs BceneHHas okaszanach Obl
moutu 0€3 YacTHIl, HO BCE €llle B MEPEOXTaKICHHOM COCTOSIHUU. B pesynbpTaTe pacuipeHust Bce
HEOJHOPOAHOCTH BO BceneHHOM MOMKHBI ObUIM MPOCTO CIIIQAMUTHCS, KaK pasriakuBAIOTCS HpU
HaJyBaHUH MOPILMHBI HA PE3UHOBOM Iapuke. CieqoBaTeabHO, HBIHEIIHEE I1aIKOE U OJJHOPOJIHOE
cocTosiHuEe BceneHHOM MOro pa3BUThCS U3 OOJBIIOTO YMCIA PA3HBIX HEOJHOPOAHBIX HauyalbHBIX
COCTOSIHUI.

Bo Bcenennoit, CKOpOCTh pacIiIMpeHuss KOTOPOU pacTeT U3-3a KOCMOJIOTHYECKOM MMOCTOSHHOU
ObICTpee, YeM 3aMeUIIeTCsl M3-3a TPaBUTALMOHHOTO TPUTSHDKEHUS MAaTEpUH, CBETY XBaTWIIO OBl
BpPEMEHHU /IS IIepexo/ia U3 OAHOM obnactu paHHel BceeneHHol B 1pyryro. 3To ObLI0 OBl peleHreM
paHee IIOCTABJICHHOM 3aJadyud O TOM, IMOYEeMy pa3Hble 0o0lacTh paHHeHd BcelneHHOH HMEroT
OJIMHaKoOBbIe cBoiicTBa. Kpome Toro, ckopocts pacimupenus BceneHHo# crana Obl aBTOMaTHYECKU
OueHb OJIM3Ka K KPUTUYECKOMY 3HAUEHUIO, ONPEAEIEMOMY IUIOTHOCTHIO SHEpruu Bo BceneHHoi.
Torna takyro OIM30CTh CKOPOCTH PACIIMPEHUS K KPUTHUECKOW MOXHO ObLIO ObI OOBSCHHUTH, HE
Jieias MpearnoyIoKeHNs O TIATEIbHOM BbIOOpE HauaabHOW CKOPOCTH paciivpeHus: BeeneHHOM.

PaznyBanunem BceeneHHo#l MOkHO ObLIO ObI OOBSICHUTH, ITOYEMY B HEH TaK MHOT'O BEIECTBA.
B noctynnoit nHabmomenusiMm oOmactu  BceneHHOW comepKUTCS TOpsSAKa CTa MHJUTHOHOB
MUJUINOHOB MMJUIMOHOB MWIJIMOHOB MWJUJIMOHOB MHUJUIMOHOB MWIJIMOHOB MWJUJIMOHOB MUJUIMOHOB
MUJUIMOHOB MWJIJIMOHOB MWUIMOHOB MUJUIMOHOB (€IMHHUIA C BOCBMbIOAECATHIO HYJIIMU) YACTHII.
Otkyna Bce oHM B3such? OTBET COCTOMT B TOM, YTO B KBAHTOBOW TEOPUM YACTHULBI MOTYT
POXIaThCsl U3 SHEPrUM B BUJE Nap yacTHIa-aHTH4actuua. Ho Tornma cpasy BO3HHMKAeT BOIPOC:
oTkyaa Oepercsa sHeprua? OtBer TakoB. IlomHast sHeprus BceneHHOM B TOUHOCTH paBHa HYJIIO.
BemectBo Bo Beenennoil 00pa3oBaHo U3 MOJIOKUTENbHON sHEpruu. Ho Bce BelecTBO camo ceds
NPUTATUBAET TMOJA JAEHCTBHEM TIpaBUTaUuU. JlBa OJM3KO pacClONIOKEHHBIX KyCKa BelecTBa
o0JasaloT MEHbIIEH S3HEPTUEN, YEM Te K€ JBa KyCKa, HaXOAsIUecs JaJleKo ApYT OT Apyra, HOTOMY
YTO JJI Pa3HECEHUs UX B CTOPOHBI HY)KHO 3aTPaTUTh YHEPTUIO Ha MPEOJOJIEHNE TPaBUTALIMOHHON
CHJIBI, CTpeMsIILENCs UX coequHUTh. ClleJ0BaTEIbHO, SHEPTHS TPABUTALIMOHHOIO HOJISI B KAKOM-TO
CMbICTIE OTpHULaTelbHAa. MOXHO IMOKa3aTh, YTO B ciydae BceneHHO#, MpUMEPHO OJHOPOAHON B
IIPOCTPAHCTBE, ATa OTPULIATENbHAsI TPaBUTALIMOHHAS DSHEPIUs B TOYHOCTH KOMIIEHCHPYET
IIOJIO’KUTEIIBHYIO SHEPTHIO, CBSI3aHHYIO ¢ BelecTBOM. [loaToMy mosiHas sHeprus BeeneHHoM paBHa
HYJIIO.

[TockonpKy ABaKIabl HYJIb TOXKE HyJb, KOJUYECTBO IMOJOXKUTECIBHON DHEPIUU BELIECTBA BO
BceneHHON MOXKET yIABOUTBCS OJHOBPEMEHHO C YJABOCHUEM OTPULIATEIBLHOM TI'PaBUTALIMOHHOMN
SHEpPIUU; 3aKOH COXPAHEHUs HHEPrUU IpU 3TOM HE HapyumuTcs. Takoro He ObIBaeT mpu
HOPMAaJIbHOM paclIupeHuu BceneHHoM, B KOTOPOH IUIOTHOCTh HEPIMH BEILECTBA YMEHBIIACTCS 110
Mepe yBeJIn4YeHHs pasMepoB BceeneHHo. Ho MMEHHO Tak NPOMCXOAMT MPH pa3lyBaHUH, IIOTOMY
YTO B AITOM ciy4ac BceneHHas yBEIWYMBAETCS, a IUIOTHOCTb HHEPrUM IMEPEOXJIAKIECHHOIO
COCTOSIHMS OCTAacTCs MOCTOSTHHOW: KOrza pasMepbl BeeneHHON yIBOATCS, MOJIOKUTEIbHAS DHEPIUs
BEIIECTBA U OTPULIATENbHAS IPABUTALIMOHHAS SHEPTUS TOKE YJBOSTCS, B PE3yJbTaTe YETO IMOJIHAS
SHEPTHsl OCTaeTCs paBHOW Hym0. B dasze pasmyBanus pasmepsl BceleHHOW OYEHb CHIIBHO
Bo3pacratoT. CremoBaTenbHO, OO0IIEee KOJUYECTBO HSHEPrMH, 3a CUET KOTOPOW MOTYT
00pa30BbIBATHCS YaCTHIBI, TOXKE CHJIBHO YyBeIUYMBaeTcs. I'yT MO 3TOMy MOBOLY 3aMETHII:
«I"oBopAT, yTO HE OBIBAET CKATEPTU-CAMOOPAHKH. A He Be4Has M camoOpaHKa cama Beenennas?»

Ceituac Bcenennas pacmmpsiercst 6e3 pa3ayBaHus. 3HAUUT, JOHKEH CYIIECTBOBATH KaKOM-TO
MeXaHu3M, Ojaronaps KOTopoMy Oblla yCTpaHeHa oueHb Oouibinas 3¢ (heKTUBHAs KOCMOJIOTHYECKast
IIOCTOSIHHAs, @ CKOPOCTh PACIIMPEHUs IMepecTalla pacTH M IOJ ACHCTBHEM I'DAaBHTAlMM Hadala
YMEHBILIATHCS, KaK MPOJI0JDKAET YMEHBIIATLCSA U ceiiuac. MOXXHO 0XHAaTh, YTO IPU pa3lyBaHUU B
KOHIIE KOHIIOB HAPYIIUTCS CUMMETPHUS CHJI, TaK JK€ KaK NEPEOXJIAXICHHAsA BOJAa B KOHIC KOHIIOB
3amep3HeT. Torga JIMIIHAS DBHEPrusi COCTOSHUSA C HEHapyLIEHHOM CHUMMETPHUEW JOJDKHA
BBIICIIUTBCS, U 34 CUET 2TOro BeenmeHnHas pazorpeercst 10 TeMIEpaTyphl, 4yTh-4yTh MEHBIICH, YEM
KpUTHYECKasl TeMIlepaTypa, Ipu KOTOPOM CUMMETPHS CHJI €llle He Hapylaercs. 3ateM BceneHHas
OIATh HAYHET PACIIUPATHCS U OXJIAXKIATHCS, TaK K€ KaK B ropsueid MoAeau OONbIIOro B3pbIBa, HO
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TENEepb MbI YXKE CMOXEM OOBICHUTH, MOYEMY CKOPOCTh €€ pacIIMpeHUs] B TOYHOCTH paBHA
KPUTHYECKON M 1oueMy pa3Hble 0bnacTu BeeneHHON MMEIOT 0JIMHAKOBYIO TEMIIEPATYPY.

B rumoteze I'yra a3oBei mepexox MpOUCXOIWII OY€Hb OBICTPO, KaK BO3HUKAIOT BJAPYT
KpUCTaJIJIBI JIbJIa B OUeHb XosnoAHou Boxe. Mnes ['yra 3akmrouanack B TOM, 4TO BHYTPU CTapou
¢da3pl 00pa3yroTcsi «ITy3BIPHKH» HOBOHM (pa3bl HAPYHNICHHOW CHMMETPHH, NMOJOOHO TOMY, Kak B
KUITSIIEH BOJE 3apOKIAIOTCS Iy3bIPbKU Mapa. ['yT NMpenanosiokuil, 4To Iy3bIpHU PACIIUPSIOTCS H
CIIMBAIOTCS APYT C APYTroOM JI0 TeX IOop, Moka Bcsi Beenennas He okaxketcst B HOBOM (pase. Ho BoT B
yeM Oena: BeeneHHasi, Ha 4TO yKa3aliu S M €lle HECKOJIBKO YEJIOBEK, TaK OBICTPO pacIIUpseTcsi, YTO
Jla’ke ecyr OBI ITy3bIPH POCIIM CO CKOPOCTBIO CBETA, OHM BCE PABHO YIAISUIMCH OBI IPYT OT JApyTa U
MI03TOMY HE MOTJIM OblI CIMBaThCs. BeenenHas ocraBanach Obl B O4EHb HEOJAHOPOIHOM COCTOSIHUM,
M B HEKOTOPBIX 00JIACTSIX CHMMETPHSI MEXIy CHIIaMU coxXpaHsiach Obl. Takas monens BcenenHoi
HE COOTBETCTBOBAJIa ObI TOMY, YTO Mbl BUAUM.

B oxTs6pe 1981 r. s mpuexan B MockBy Ha KOH(EPEHIMIO 10 KBaHTOBO# rpaBurtanun. [locie
KOH(epeHIIMH s claenaid JOKJIaa O MOJAEIM paszayBarolleiics BceneHHONW M CBS3aHHBIX ¢ HeH
npobiiemax B ActpoHoMudeckoMm mHCTUTYTE M. [lITepHOepra. Cpenu ciymarteneid ObIT MOJIOIOM
coBerckuil ¢pusuk Anapeit Jlunge, corpynnuk dusndeckoro uHctutyTa uM. Jlebenena. OH ckasai,
YTO TPYJAHOCTb, CBSI3aHHAsI C HEBO3MOXKHOCTBbIO OOBEIMHEHMSI ITy3bIpEHl, OTIAAAET, €CIH pa3Mephl
My3bIpel CTOJb BEJIMKH, YTO BCS Hamla o0siacTh BceneHHOI copep)kuTcst BHYTPU OJHOTO IMY3BIPSL.
Jis Toro 4ToOBl ATO MPEANOJIOKEHUE BBINOJIHAIOCh, COXPAHEHUE CUMMETPUU BHYTPH IIy3bIps
JIOJDKHO OYEHb MEJUICHHO NIEPEXOJUTh B €€ HapyLIEHHE, YTO BIIOJIHE BO3MOXHO B TEOPUH BEJIIMKOIO
oObeauHeHnsa. Mpicnb JIMHIE O MEIJIEHHOM HApyIIEHWHM CHUMMETPHM Obljla OY€Hb XOpOIlla, HO
[IOTOM MHE CTajlo SICHO, YTO €ro Iy3bIpu JOJDKHBI ObITh OoJjblie HblHeIHed Bcenennoit! 51
J0Ka3aja, 4YTO CUMMETpUs JOJDKHA HapyllaTbCsl BCIOAY OJHOBPEMEHHO, a HE TOJBKO BHYTPH
my3bipedi. Tonbko 3TO mpuBeno Obl K TOW OgHOponHOW BcenmeHHOW, KOTOpyro MBI ceifdac
HaOmomaeM. Sl ObLT CHIIBHO BO30OYXKACH CBOEM HIeeld W TONETWICS €10 C OJHUM U3 CBOUX
aciupanToB SIHOM Moccom. ITonpyxusmmcs ¢ JIunzae, s oka3ajics B HEKOTOPOM 3aMEIIaTENbCTBE,
KOTJla Mo3/iHee MOJIYYHJ U3 HAy4YHOTO JKypHaia MpejacTaBieHHyIo JIuHae craThio ¢ mpock0oil oT
pelaKkLuuu 1aTh OT3bIB O €€ MPHUIOJHOCTH Ul MyOnaukanuu. B cBoeM oTBeTe s Hamucall, 4TO B
CTaThe €CTh OJHA OIMOKa (My3bIpU JTOJDKHBI OBITH Oosble BceeneHHoit), HO 4TO OCHOBHAs Haes
MEJUICHHOTO HAapyILIEHUs CUMMETPUU COBEPIICHHO INpaBuibHA. Sl pEKOMEHIOBanI CTaThIO I
nyOnuKanMu B TOM BHUJAE, B KOTOPOM OHa ObUIa, MHa4Ye HUCHpaBieHUs 3aHsuu Obl y Jluuze
HECKOJIBKO MECSIIEB, IOTOMY UTO BCE€ pyKomucH, oTnpasisiemble n3 Coerckoro Coro3a Ha 3amnaj,
JOJDKHBI OBLITM TPOXOIUTH YEpe3 ammapar JUTepaTypHOW ILIEH3ypbl, KOTOPBIH B TO BpeMs He
MIPOSIBJISLT HU 0CO00M KBaM(UKALIMK, HU CKOPOCTH B OOPAIIEHNU C HAYYHBIMH CTaTbsIMU. MBI Xke ¢
SlHoM MoccoM mociany B TOT K€ KypHall HeOOJbIIYIO CTaThio, B KOTOPOH yKa3aJid Ha CIIOKHOCTH,
BO3HUKAIOIINE C OOJIBIINM ITy3bIpEM, U IIOKA3aJIU, KAK UX MOXKHO NTPEOAOIIETb.

UYepe3 naeHp mocie BO3BpalieHUs U3 MOCKBBHI s oTnpaBwics B Puianenbpuio, rae MHE
JOJDKHBI  ObTM  BpyuuTh Meaanb HMuctutyta @panknunHa. Mou cexperapp xynu Denna,
UCTIOJB30BaB BCE CBOE HeMainoe obasHue, yOeausa BO3IYIIHOE areHTCTBO BenmkoOpuTanun
IpojaTh HaM JBa Ousera Ha «KoHKopa», MIPUrpo3uB B MPOTUBHOM ciiyuyae orjackoi. Ho o gopore
B a3pOIOPT MEHS 3acTajl 4yJOBMILIHBIA 10K/b, U s ON03]aJ]1 Ha caMoJieT. TeM He MeHee s BCe-Taku
nonan B PunanensPuio v nmonydmn menanb. [forom MeHs mompocumiM pacckasaTb O MOJENH
pasayBatonieiicss Bcenennoit Ha cemunape B YHuBepcurere [pekcena B @unanensduun. bonpuryio
4acTb BPEMEHHU $, Kak 1 B MOCKBe, IIOCBATUI 3a7a4aM, CBSI3aHHBIM C 9TOM MOJEIIBIO, HO B KOHIIE
ynomMsiHya1 o0 wuaee JIMHAEe MEUIEHHOTO HapylIeHHs CHMMETPUM M O CHCNAaHHBIX MHOMU
ucrpaBienusx. Ha cemmHape mnpucyrctBoBan Ilonm Crelinxapar, wMomomo mpodeccop
[lencunbBaHckoro ynusepcutera. Ilocie cemuHapa Mbl ¢ HUM 00CYyXKJalld MOZETh pa3ayBaHus. B
(deBpare OH NIpuUCIaT MHE CTaTbi0, HAIMCAHHYI0 MM COBMECTHO CO CTYJEHTOM AHJIpeacoM
AnOpexToM, B KOTOPOH COAEPKAIOCh HEYTO OuYeHb IMOXOXee Ha ujaelo JIMHAae MeIIeHHOro
HapymeHust cummeTpur. [lo3ke CTelHXapaAT cka3aja MHE, 9TO OH HE TIOMHUJI MO# pacckas o pabote
Jlunne u yBHUJEN €e, JIUIIh KOT/la OHU MOYTH 3aKOoHYMWIH cBor. Ha 3amane Creiinxapar u Andpext
pa3nenroT celyac 4ecTh OTKPBITHS MOJENH, KOTOpas Ha3blBACTCS HOBOM MOJECIIBIO pa3lyBaHUs U



74

OCHOBaHa Ha wujee MeIJICHHOro HapymieHus cumMmerpun. (CTapoil MOAENBIO pa3lyBaHUS
BcenenHoii Ha3bIBaIOT MpeUioKeHHOe ['yToM OBICTpoe HapyllleHHEe CUMMETPHH C 00pa3oBaHHEM
y3bIpeit).

HoBass Momens pa3nyBanus BcenenHoil Oblia yJayHOW MOMBITKOM OOBSCHUTH, MOYEMY
Bcenennass craza MMEHHO TakOM, Kakasg oHa ceiyac. OIHAaKo s MU e€lle HECKOJILKO HYeJIOBEK
MOKa3aJM, 4TO 3Ta MOJENb, 10 KpailHEll Mepe B MEepBOHAYAIBHOM BHUJIE, MPEACKa3bIBAIa TOPa3Io
OoJbIIMEe BapHWAlMK TEeMIepaTypsl (OHA MHUKPOBOJHOBOTO W3JIY4YCHHS, YeM HaOJIf01aeMbIe.
[Mocnenyromue pa®oOTHl TOXKE BHYIIATU COMHEHHUS MO TMOBOAY TOTO, MOT JIU B OYEHb paHHEH
Bcenennot mpomsoiitu momxomsauiuii ¢azoBbiii mepexon. Cam s cuMTard, YTO HOBAask MOJIEIb
pa3iyBaHMs KaK HayuyHas TEOpHUsl YK€ MEpTBa, HECMOTPSA HA TO YTO MHOTHE, MO-BUAMUMOMY, HE
CIBIIATN O €€ KOHYMHE M MPOJOJKAIOT MUCAaTh CTaThU, Kak OyaTo ObI 3Ta MOJENbh BCE €IIe
xu3HecriocobHa. B 1983 r. JIunae npenioxu 6onee yI1auHy0 MOJIENb, HA3bIBAEMYIO Xa0TUYECKOM
MOJICNIbIO pa3nyBaHus. B Held Her HHM (a3oBoro mepexoia, HU TEPEOXTKICHUS, a B3aMEH
MIPUCYTCTBYET OECCIMHOBOE MOJE, KOTOPOE M3-3a KBAHTOBBIX (IYKTyalllii MPUHUMAET OOIbIIIHE
3HaYEHUs] B HEKOTOpBIX obOsacTsx paHHell Bcenennoil. B Takux obnacTsx sHeprus monst Oyaer
BECTH ce0s Kak KOCMOJIOTMYECKas TMOCTOsiHHas. Pesynbrarom geiictBus monst  Oyzer
TPABUTAIMOHHOE OTTAJIKMBAHUE, TOJI BJIUSHUEM KOTOPOTO BBHINICYKa3aHHbIE OOJACTH HAYHYT
pasznyBatbes. [lo Mepe yBenuyeHHs ITHX 0ONacTeil 3HEpPrust Mojs B HHUX OyJIeT MeEUICHHO
YMEHBIIATHCA, TIOKa pa3ayBaHUE HE TEPEHIET B TaKOe XK€ pacIIUpeHue, Kak B TOpsdeill MoIenn
Oonbiioro B3peiBa. OaHa U3 obnactedt Moryia Obl IPEBPATUTHCS B COBPEMEHHYIO HAOII0IaeMyIO
Bcenennyro. Monens Jluane obnagaer BceMH MPEHMYIIECTBAME paHHEH MOJIENH pa3ayBaHHs, HO
He TpeOdyeT COMHHUTENBHOTrO (ha30BOT0 Mepexofa U, KpOMe TOro, MOXKET JIaTh PealbHYI0 OICHKY
daykryanuii Temmnepatypbsl (OHa MHUKPOBOJIHOBOTO M3JIYUYCHHS, COTJIACYIOMIYIOCS C pe3yIbTaTaMu
HaOJIIO JEHU.

[IpoBeneHHbIe MCCIENOBaHUS MOJENEH pa3lyBaHUs MOKA3ald, YTO COBPEMEHHOE COCTOSHUE
BcenenHoli MOrJIo BO3HUKHYTh W3 OOJBIIOTO 4YMCIA Pa3HBIX HAYaIbHBIX KOH(UTyparuii. 1o
BaKHBIN BBIBOJ, KOO M3 HETO CIEAYET, 9YTO BEIOOP HAYAIBHOTO COCTOSIHUS TOM YacTu BeeneHHoid, B
KOTOpPOM MBI JKMBEM, MOT OBITh HE OYEHb TIIAaTeIbHbIM. HO BOBce HE M3 BCSIKOTO HA4aJbHOTO
COCTOSIHMSI MOTJIa MOJYy4YUThCs Takas BeeneHHas, Kak Hala. 9TO MOXKHO J0Ka3aTh, MPEANOI0XKHUB,
yto BcenenHas ceifyac HaxOJUTCS B COBEPLIEHHO IPYrOM COCTOSIHMM, KaKOM-HUOYIb OYEHb
HEperyJasipHOM M KOMKOBAaTOM. BOCIoJIb30BaBIIMCh 3aKOHAMU HAYKHU, MOXKHO MPOCIIEIUTh Pa3BUTHE
Bcenennoli Ha3aag BO BPEMEHHM M ONPENCIHTh €€ KOH(pUTypanuio B OoJsiee paHHue BpeMeHa. Ilo
TEOpeMaM O CHHTYJISPHOCTH KJIACCHYECKOW OOIIel TeOpUH OTHOCUTEIHHOCTH CHHTYJISPHOCTH B
TOUKE OOJIBILIOTO B3phIBA BCE PaBHO JOJKHA ObLTa cyliecTBoBaTh. Ecnu Takas Bcenennas Oyzaer
pa3BUBAThCs BIEpe] BO BPEMEHU B COOTBETCTBUM C 3aKOHAMU HAyKH, TO B KOHIIE MBI MPUIEM K
TOMY KOMKOBaTOMY M HEPETYJISIPHOMY COCTOSHHIO, C KOTOporo HauumHaiau. ClenoBaTenbHoO,
JOJKHBI CYIIECTBOBATh HadallbHbIE KOH(MUTYpAIMHM, U3 KOTOPHIX HE MOXET IMOJYYUTHCS TaKas
Bcenennasi, kako# ceiiuac Mbl BUAMM HaIllly. 3HAYUT, 1aK€ MOJENIb Pa3lyBaHUsI HUYETO HE TOBOPUT
0 TOM, MOYeMy HaudaldbHas KOH(UTypalus oOKaszalach HE TOH, MPU KOTOPOH MONydHIach Obl
Bcenennas, cwibHO oTMUaromiascs OT Habmomaemon Hamu. CremyerT U oOpaTUThCSA IS
OOBSICHEHHSI K aHTPOMHOMY NpHHIUIY? bBbUIO 7M1 Bce mpowuciieaniee MPOCTO CYUACTIMBOU
ciy4yaitHOCThIO? Takoil OTBET BBHITIIANET Obl KaK BBIpKEHHWE OTYASTHUS, OTPUIIAHHWE BCEX HAIIUX
HAJICK/]I IOHATh, KAKOH e MOPSAAOK JIEKUT B OCHOBE BCelleHHOM.

Jlnga mpenckazaHus TOro, KakuM JIOJDKHO Obulo ObITh Hauanao BceneHHO#, HEO0OXOAMMBI
3aKOHBI, CIpaBeUIMBBIE B Hayalle oOTcueTa BpeMeHU. Ecim kiaccudeckas oOmias Teopus
OTHOCUTEIBLHOCTH BEpHAa, TO U3 J0Ka3aHHbIX Pomxkepom IleHpoy3oM u MHOM TeopeM o
CUHTYJIIDHOCTH CIEAYyeT, 4TO B TOYKE Hayajga OTCYeTa BPEMEHMU IUIOTHOCTh U KPHUBU3HA
MIPOCTPAHCTBA-BPEMEHH MPUHUMAIOT OECKOHEUHble 3HaueHHs. B Takoil Touke HapylIalOTCs Bce
W3BECTHBIE 3aKOHBI MPUPOABL. MOKHO OBLITO OBI IPEANOI0KUTE, YTO B CHHTYJISIPHOCTSIX JEHCTBYIOT
HOBBIE 3aKOHBI, HO UX TPYAHO (HOPMYIHPOBATH B TOYKAX CO CTOJIb HEMTOHITHBIM MOBEJACHUEM, U MBI
HE 3HaIM Obl, KaKk U3 HAONIOJEHUI BHIBECTH BHUJ ATHX 3aKOHOB. Ho Ha caMoM jene U3 Teopem o
CUHTYJIIPHOCTH CIJIEAYET, YTO TPABUTALMOHHOE II0JIE HACTOJIBKO YCWJIMBAETCS, YTO CTAHOBATCA
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CYIIECTBEHHBIMU KBAaHTOBBIC TPAaBUTALMOHHBIC YPPEKTHI: KIacCHUeCKas TEOPHs MEPecTaeT AaBaTh
xopowee onucanue Bceenennoil. Iloaromy mnpu H3y4eHMM OYEHb DPAHHHUX CTaJuil pa3BUTHSA
BcenenHoli nmpuxoauTcs MpUBIEKaTh KBAHTOBYIO TEOPUIO rpaBuTanvu. Kak Mpl moTOM yBUAMM, B
KBAaHTOBOM T€OpHUU OOBIYHBIC 3aKOHBI HAYKH MOTYT BBINIOJHATHCSA BE3JE, B TOM YHCIIE U B Hayaie
OTCYeTa BPEMEHH: HET HEOOXOIMMOCTH TOCTYJIMPOBATH HOBBIC 3aKOHBI IS CHHTYJISAPHOCTEH,
MIOTOMY YTO B KBAHTOBOH T€OPUU HE JOJKHO OBITh HUKAKUX CUHTYJISPHOCTEH.

[loka y Hac eme HET IMOJHOW W COTJIACOBAHHOW TEOpPUH, OOBEAMHSIONICH KBAaHTOBYIO
MEXaHUKy M rpaBuTanuio. Ho Mbl COBEpIIEHHO YBEpEHbI B TOM, YTO MOAO0OHAs €AMHAs TEOpHUs
JIOJKHA UMETh HEKOTOpBIE OIpesesieHHbIe CBOWCTBA. Bo-mepBhiX, OHAa JOHKHA BKIIOYATh B ceOd
(eltTHMaHOBCKHMI METOA KBaHTOBOI TEOPHH, OCHOBAHHBI HAa CyMMax I10 TPAEKTOPUSAM YacTULBI (U
o «uctopusim» Beenennoit). [Ipu Takom MeTozie B OTIMYHE OT KJIACCUYECKOW TEOPHUH YaCTHUIIA YKE
HE paccMmaTpuBaeTcs Kak oOyajamomas OJHOM-eIUHCTBEHHOW Tpaekropueil. Hampotus,
MpearoyiaraeTcs, 4YTO OHAa MOXET NepeMelaTbcsi IO BCEM BO3MOXHBIM IyTAM B
MIPOCTPAHCTBE-BPEMEHHU U JII000H ee TpaeKTOpUHM OTBEYaeT IMapa YHMCed, OJHO W3 KOTOPBIX JaeT
JUTMHY BOJIHBI, @ JIPyTroe — MOJ0XKEeHNE B TIepro/ie BOHEI ((azy). Hampumep, BepoITHOCTB TOTO, YTO
4acTHULIA MPOMAET Yepe3 HEKOTOPYIO TOUKY, MTOJIy4aeTCsl CYMMUPOBAHUEM BCEX BOJIH, OTBEUYAIOLINX
Ka)KJI0M BO3MOYKHOHM TPACKTOPHH, MPOXOAAIIEH depe3 3Ty TOUKY. HO MONBITKM IMPOU3BECTH TAKOE
CYMMHUpPOBaHHME HATaJKHBAIOTCS Ha CEPbE3Hble TEXHUYECKHE 3aTpylHEeHMs. VX MokHO 000iiTH,
JMILIb BOCHOJB30BABIIUCH CIEAYIOIIMM CHEHUAIbHBIM  PELENTOM: CKJIAJIbIBAIOTCS  BOJIHBI,
o0pasyolye Te UCTOpUHU (TPAeKTOPUHM) YACTHIL, KOTOPbIE NMPOUCXOASAT HE B OILIYIAeMOM HaMHu
peasibHOM (I€MCTBUTEIBLHOM) BPEMEHHU, a B TaK HAa3bIBAEMOM MHUMOM BpeMeHH. MHHMOe Bpems
3BYYMT, BO3MOXKHO, Hay4yHO-(aHTaCTUUECKH, HO Ha CAMOM JIeJIE 3TO CTPOro ONpECICHHOE HayuYHOe
MOHATHE. YMHOXXHUB OOBIYHOE (WM JEHCTBUTENIBHOE) YHUCIO caMO Ha ce0s, Mbl IOJIYyYUM
nojoxurenbHoe uucio. (Hampumep, uucno 2, ymMHOXXeHHOe Ha 2, naeT 4, U TO e caMoe
MOJTy4aeTcsi mpu yMHOXEHHMH —2 Ha —2). Ho cymiecTByloT ocoObie uuciaa (OHH Ha3bIBAIOTCS
MHHUMBIMH), KOTOPbIE NPH YMHOXEHHUU caMM Ha ceOs JaroT OTpHUIATeNbHbIM pe3ynabTar. (OnHO U3
TaKUX YKCEN, MHUMAs €IUHMLIA 1, IPU YMHOXEHUU caMo Ha ce0st Jaet —1, uncio 2i, yMHOKEHHOE
camMo Ha cebs, maer 4 u T. a.). Bo u3bexaHue yCIOKHEHHH TEXHMUYECKOTO XapakTepa MpH
BBIUUCIICHUH (PEHHMAHOBCKUX CYMM IO TPAaEKTOPHIM CIEeIyeT MepPeXOqUTh K MHUMOMY BPEMEHH.
OTO 03HA4YaeT, 4TO IPHU pacdyeTax BpeMs Hal0 U3MEPSATh HE B JNCHCTBUTEIBHBIX €IUHMIAX, a B
MHUMBIX. Torgja B NIpOCTpaHCTBE-BpEMEHHM OOHAPYKMBAIOTCSI WHTEPECHbIE W3MEHEHMS: B HEM
COBEPUICHHO MCUYE€3aeT pa3iIM4ve MEXIy BPEMEHeM M IpocTpaHcTBOM. IIpocTpaHcTBO-Bpems, B
KOTOPOM BpEMEHHasi KOOpAWHATa COOBITHH MMEeT MHHMMbIC 3HAU€HUs, HAa3bIBAIOT €BKIHUIOBBIM, B
4eCTh JIPEBHETPEYECKOro ydeHoro EBknmaa, OcHoOBarenss y4eHHs O TE€OMETPHM JIBYMEPHBIX
nosepxHocred. To, 4TO MBI celyac Ha3blBaéM EBKIUIOBBIM IIPOCTPAHCTBOM-BPEMEHEM, OYECHb
IIOX0’KE Ha IEPBOHAYAJIBHYI0 T€OMETPHIO EBKINIA U OTIMYAETCS OT HEE JIUILb YUCIOM U3MEPECHUMN:
4YeThIpe BMECTO ABYX. B €BKJIMIOBOM IIPOCTPAaHCTBE-BPEMEHU HE JIENAETCS Pa3INYUil MEXIY OCBIO
BPEMEHH W HANpaBICHUAMHM B IPOCTPAHCTBE. B pealbHOM k€ NPOCTPaHCTBE-BPEMEHU, T
COOBITHSIM OTBEYAIOT JACUCTBUTEIbHBIC 3HAUECHUS KOOPIUHATHI BPEMEHH, ITH Pa3IU4Hs BHJIHBI
cpasy: Ul BCeX COOBITUH OChb BPEMEHH JIC)KUT BHYTPH CBETOBOIO KOHYCa, a IMPOCTPAHCTBEHHBIE
ocH — CHapyxu. B mro0oM ciydae, moka Mbl UMEeM JieJI0 ¢ OOBIYHON KBAHTOBOM MEXaHHMKOW,
MHHUMOE BpeMs H €BKIMIOBO IPOCTPAHCTBO-BPEMs MOXHO pacCcMaTpUBaTh IIPOCTO Kak
MaTeMaTHYECKUI IIpUEM TUIS pacuera BEJIMYMH, CBSI3aHHBIX C peaJIbHBIM
IIPOCTPAHCTBOM-BPEMEHEM.

Bropoe ycnoBue, KoTopoe J0OJDKHA BKJIIOYATh B ceOs Jrobas 3aBeplleHHass TEOpHs, — 3TO
MPEINONI0KEeHHEe OWHINTEHHA O TOM, YTO TPAaBUTAIMOHHOE II0J€ TMPEJACTABISIETCS B BHIE
HCKPUBJIEHHOTO IIPOCTPAaHCTBA-BPEMEHM: YAaCTHULIBI CTPEMSATCS JBHUIaTbCs IO TPAaCKTOPHSIM,
3aMEHAIOIIMM B MCKPHMBIEHHOM  IIPOCTPAaHCTBE-BPEMEHM  IIpPsIMBIE, HO,  IIOCKOJIBKY
MIPOCTPAHCTBO-BPEMS HE IUIOCKOE, 3TU TPACKTOPUU MCKPUBISAIOTCS, KaK OyITO HAa HUX JEHCTBYeT
rpaBUTallMOHHOE Tmosie. Ecnu (peiHMAaHOBCKOE CYMMHpPOBAaHHE IO TPAEKTOPUSAM COEAMHUTH C
IIpeCTaBICHUEM OWHIITEHA O TpaBUTAllMM, TO TOTJAa AaHAJOrOM TPAECKTOPHUHM OIHON YaCTHUIIBI
CTaHET BCE HCKPHBIIEHHOE MPOCTPAHCTBO-BPEMs, KOTOPOE IPEJICTaBIsAET COOOH MCTOpHIO BCeH
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Bcenennoii. st Toro 4ro0Obl n30€XaTh TEXHUUECKUX 3aTPYJHEHUH, KOTOPBIE MOTYT BCTPETHTHCS
IIPU  KOHKPETHOM BBIYHMCIEHHUH CYMMBI TI0 HCTOPHSIM, MCKPUBJIEHHBIE UEThIPEXMEPHBIC
MIPOCTPAHCTBA HAJ0 CUUTATh EBKJIMJIOBBIMU. JTO O3HAYaeT, YTO OChb BPEMEHU MHHMMAs U HE
OTJIMYAETCS OT NPOCTPAHCTBEHHBIX oOcCeH. [l BBIUMCIEHUS BEPOSTHOCTH TOrO, 4YTO
JEHCTBUTENIFHOE TPOCTPAHCTBO-BPEMs O0JIaJ]aeT HEKOTOPHIM CBOMCTBOM, HANpUMED BBITJISIHUT
OJIMHAKOBO BO BCEX TOYKAX U BO BCEX HAIPaBJICHUSX, HAJO CJIOKUTb BOJHBI, COOTBETCTBYIOILINE
BCEM TEM HCTOPUSIM, KOTOpPbIE 00J1aat0T 3TUM CBOMCTBOM.

B kmaccuueckoil o0miel TEOpPUU OTHOCHUTEIHLHOCTH MOXKET CYIIEeCTBOBaTh MHOTO Pa3HBIX
BUJIOB HCKPHUBJIECHHOI'O IPOCTPAHCTBAa-BPEMEHM, M BCE OHU OTBEYAIOT pa3HbIM HadaJbHBIM
coctosiHUSAM BcenenHoil. 3Hasi HauanbHOE COCTOSHUE Haliel BceneHHOM, MbI 3HaIM ObI IENUKOM
BCIO €€ HCTOpHIO. AHAJOTMYHO B KBAaHTOBOW TEOPHM TPaBUTALMU BO3MOKHO MHOI'O Ppa3HbIX
KBaHTOBBIX COCTOSIHMI BceneHHOW, M TOYHO Tak >Ke, 3Has, Kak Beldu ce0s B paHHHE BPEMEHa
HCKPUBJICHHbIE €BKJIUJOBBI YETHIPEXMEPHBIE MPOCTPAHCTBA B CYMME 10 UCTOPUSIM, MBI MOTJIH OBl
ONpEJIETUTh KBAHTOBOE COCTOsIHUE BeeneHHo.

B KJIACCUYECKOU TEOpUHU rpaBUTALUY, HCIIONIb3YOIIEH JIEHCTBUTEIILHOE
MIPOCTPAHCTBO-BPEMSI, BO3SMOKHBI JIUIIb JBa THIMA MOBeAeHUs BeenenHoli: mnbo oHa cyiiecTBoBaia
B TEYCHHE OECKOHEYHOTO BpEMEHH, JHOO ee HayaloM Oblla CHUHTYJISpHAs TOYKAa B KaKOW-TO
KOHEUYHBII1 MOMEHT BPEMEHH B MPOLLIOM. B KBaHTOBOM € TEOpHUU rPaBUTALMN BOZHUKAET U TPEThs
BO3MOXXHOCTh. [IOCKOJIBKY MCIOJB3YIOTCSI €BKJIMIOBBI MPOCTPAHCTBA, B KOTOPBIX BpPEMEHHAs U
MIPOCTPAHCTBEHHBIE OCH PaBHOMPABHBI, TPOCTPAHCTBO-BpEMs, OyJIy4d KOHEYHBIM, MOXET TEM HE
MEHEe HE WMETh CHUHTYJSIPHOCTEH, O0Opa3yrommx ero rpanHuily wuwiud kpail. Torma
MPOCTPAHCTBO-BPEMsI HATMIOMUHANIO Obl TIOBEPXHOCTh 3€MJIM C JBYMS JIOTOJHUTEIbHBIMU
n3MepeHusiMu. [loBepxHOCTh 3eMJIM UMEET KOHEUHYIO MPOTSHKEHHOCTb, HO Y HEE€ HET HU I'PaHULBL,
HU Kpasi: NOIUIBIB IO MOPIO B CTOPOHY 3aKaTa, Bbl HE BBIBAJINTECH Yepe3 Kpail M HE MOomajeTe B
CUHTYJISIPHOCTSH (51 3TO 3HaK0, caM 00bexai BOKpYT cBeTal).

Ecnu eBKIIMIOBO MPOCTPAHCTBO-BPEMs MPOCTUPAETCS Ha3aJ IO MHUMOMY BpPEMEHHU [0
OECKOHEUYHOCTH WJIM HAYMHAETCS B CHUHIYJSIPHOM TOYKE MHHUMOTO BpPEMEHH, TO, KaKk U B
KJIACCUYECKOW TEOpPHUH OTHOCUTENBHOCTH, BO3HHUKAE€T BOMPOC 00 ONpeNesieHHHd HadajabHOro
cocrosiHus BeenenHolt — bory, MoxkeT ObITh, U M3BECTHO, KAKMM OBLIO Hadayio BceneHHOH, HO Y
Hac HET HUKAKUX OCHOBAaHUM MBICIMTH ITO HA4YaJI0 TaKUM, a He MHbIM. KBaHTOBas ke Teopus
IpaBUTAllMM OTKpbUIA OJHY HOBYK) BO3MOKHOCTH: IPOCTPAHCTBO-BPEMSI HE HMMEET TPaHMIbI, U
M03TOMY HET HEOOXOMMOCTH ONpPEeNATh MOBEJACHNE Ha TpaHulle. Torja HeT U CUHTYJISIPHOCTEH, B
KOTOPBIX HapylIaJuch Obl 3aKOHBI HAyKH, a MPOCTPAHCTBO-BPEMs HE MMEET Kpas, Ha KOTOPOM
MIPUIIUIOCH OBl MpUOeraTh K MOMOIIH bora uim kakoro-HuOy1b HOBOTO 3aKOHA, YTOOBI HAJIOKHUTH Ha
MIPOCTPAHCTBO-BPEMs TPaHUYHBIE YCIOBUSA. MOKHO ObUIO OBl CKa3aTh, YTO TPAHUYHOE yCIOBUE IS
Bcenennoii — orcytctBue rpanuil. Toraga BcemeHnnas Oblia ObI COBEpPIIEHHO CaMOCTOSITENIbHA
HUKaK HE 3aBHCeNa Obl OT TOTO, YTO NMPOUCXOAUT cHapyku. OHa He ObUIa OBl COTBOPEHA, €€ HeNb3s
Ob110 ObI YHUUTOXHUTh. OHA MPOCTO CyIIECTBOBAIA OBI.

51 yxe ynomuHan panee o Barukanckoii konpepenu. IMEHHO Ha Hel 51 BIEpBBIC BBICKA3all
Ty MBICJIb, YTO TIPOCTPAHCTBO U BpeMsi, BO3MOKHO, 00pa3yIloT BMECTE HEKYIO TTOBEPXHOCTh, KOTOpas
MMEET KOHEYHYIO0 NPOTSHKEHHOCTh, HO HE MMEET IpaHull U KpaeB. OIHAKO MOsl cTaThs HOCHIIA
MaTeMaTHYeCKUi XapakTep, U B Ty HOpY, B 00IeM, HUKOMY (Tak ke, Kak ¥ MHE) He MPUILIO B
roJOBY, YTO M3 JTOr0 IIOJOXKEHUS MOTYT CJEI0BaThb BBIBOABI O poiu bora B cOTBOpeHHM
Bcenennoii. B To Bpems, korga npoucxonuia Batukanckas koHbepeHIUs, s HE 3HAI eIe, Kak
MOKHO HCIIOJIb30BaTh YCJOBHUE OTCYTCTBHS TPAaHUI], 4YTOOBI CHENaTh BBIBOJBI OTHOCHUTEIHHO
Bcenennoii. Ho crnenyromee nero s mposen B KanudopHHIICKOM YHUBEPCUTETE, HAXOISAIIEMCS B
Canta-bap6ape. Tam oaun Moil apyr u xosutera, Jxum XapTi, UccieoBal NPpU MOEM yYacTHU
BOIIPOC O TOM, KAKUM YCJIOBHSIM JOJKHA yJOBIETBOPATH BeeneHHas, eciin mpoCTpaHCTBO-BpEMsI HE
umeer rpanull. B KemOpumke s mponomkuna 3Ty paboTy ¢ JABYMS CBOMMH aclHpaHTaMH,
Hxynunanom Jlartpenom u J[xkoHataHOM XOJUTHY3JIIIOM.

Xo4dy NOJYEpKHYThb, UYTO JAHHOE IOJIOKEHHE O TOM, YTO BPEMSI M MPOCTPAHCTBO JOJIKHBI
ObITh KOHEYHBI 0€3 TpaHMll, €CTh BCEro JMIIb TEOPETUUYECKHI MOCTyJaT:. OHO HE MOXET ObITh
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BBIBEJICHO M3 KaKOro-au0o Jpyroro mpuHIumna. Kak M BCSKOE TEOPETHUECKOE ITOJIOKEHHUE, OHO
MO’KET OBbITh IEPBOHAYAJILHO BBIIBUHYTO M3 3CTETUYECKUX WIN MeTahU3NIECKHX COOOpakeHH, HO
3aTeM JOJDKHO IPOWTH pPEAIBHYIO IPOBEPKY — IIO3BOJSET JM OHO JeNaTh IPEACKa3aHwus,
coryacymouecs ¢ HaOmoJeHusAMU. B cilydyae KBAaHTOBOM TeopHM TpaBUTALMM Takas MPOBEpKa
3aTpy/lHEHa 1o JBYyM IpuurHaMm. Bo-nepBbix, kak Oy1eT MOKa3aHo B CIEAYIOLIEH I1aBe, Mbl €lIe He
UMeeM TEOpUH, KOTOopasi YCIEIIHO 00beuHsAIa Obl OOILYI0 TEOPHI0 OTHOCUTEIBHOCTH ¢ KBAHTOBOM
MEXaHHMKOM, XOTSd HaM BO MHOIOM H3BeCTHa (popma, KOTOPYIO JIOJDKHA HUMETh Takas TEOpHs.
Bo-BTOpBIX, BCAKas MoOJelNb, JeTaJbHO OMNMCBhIBaroOIas BCO BceneHHyro, HECOMHEHHO, OyneT B
MaTEeMaTHYEeCKOM OTHOIIEHUH CIIHIIKOM CIJIO’KHA, YTOOBI MOYKHO OBUTO Ha €€ OCHOBE BBITIOJHSTH
TOuHble BbluucieHUs. lloaToMy B pacyerax HEM30€XKHbBI YNPOLIAIOIUE MPEANONI0KEHU U
NpUOMIDKEHUs, M Jake NpH ATOM 3ajadya M3BJIEUYEHMs NpPEJCKa3aHUM OCTAaeTcs 4yJOBHIIHO
CJI0’KHOM.

Bcesikas uctopust B cymme 1o UCTOpusiM OyZIEeT ONMMCHIBATh HE TOJBKO IPOCTPAaHCTBO-BPEMS,
HO U BCE B HEM, B TOM 4YMCJE BCE CIOXHBIE OpraHU3MbI, MTOJJOOHBIC YEIOBEYECKHUM CYIIECTBaM,
KOTOpBbIE MOTYT ObITh HaOmojaTesnsMu ucropun BceeneHHoW. B 3TOM MOXHO BHAETH €€ OJHO
OllpaB/laHU€ AHTPOITHOI'O MpPHUHLUMA, W00 €ClIM BCEe UCTOPUM BO3MOXKHBI, TO, KOJIb CKOPO MbI
CYILLIECTBYEM B OJHOM M3 HHMX, Mbl UMEEM IPABO UM I0JIb30BATHCS sl OOBSICHEHUS IPUYUH TOTO,
YTO MUP TaKOB, KAKOB OH €CTb. HesICHO NuIlb, KaKOW CMBICII CJIEYET BIOKUTH B APYTHUE UCTOPUH, B
KOTOpBIX Hac HeT. Ho Takas kapTWHa KBaHTOBOH TEOpWHU TpaBHTalWHU Oblia ObI ropasno Ooiee
YIIOBJIETBOPUTEIBHOM, €CIIM OBl MOKHO OBLIO MOKa3aTh, YTO MPU METOJIE CYMM I10 UCTOPUSM Hallla
Bcenennast orBe4aeT He IPOCTO OJHOM M3 BO3MOXHBIX HCTOPHIA, a OTHOW U3 Hanbosee BEPOSTHHIX.
JUigs 3TOro Mbl JOJDKHBI BBINOJIHUTH CYMMHPOBAHME HO MCTOPUSAM JJIsl BCEX BO3MOXKHBIX
€BKJIMJIOBBIX IIPOCTPAHCTB-BPEMEH, HE UMEIOLIUX IPAHULI.

Lerepuwi

froe
Parey s

2, SRR R ©

kS [t T T ]

ER L

&
‘*#
£3
2 §7
FesTmoy % fr TR T
3 pasming
+
Forsmsp Boemesnod
- LS EETCR
i o POCTROM RTMLARRET
Tephizier wdpampe \ e RN
Meneal Bz i
ROmRE AR
e Bomnewwar Pre, 51

Eciy npuHATH yCIOBHE OTCYTCTBMSI TPaHMI], TO OKa3bIBA€TCS, YTO BEPOSTHOCTb PA3BUTHS
Bcenennoli HO OOJBIIMHCTBY BO3MOXKHBIX HMCTOPUN TNPEHEOPEKUMO Maja, HO CYIIECTBYET
HEKOTOpPOE CEMEHCTBO HMCTOPUM, 3HAYUTENHHO OoJiee BEPOSATHBIX, YEM OCTajbHbIC. DTU HUCTOPHUH
MOXHO HM300pa3uTh B BHAC KakK OBl MOBEPXHOCTH 3eMJd, MpU4eM pacctosHue 10 CeBepHOro
MOJIFOCA COOTBETCTBYET MHUMOMY BPEMEHH, a pa3Mepbl OKPY>KHOCTEW, BCE TOYKH KOTOPBIX PaBHO
yaasienbl oT CeBEepHOTro IMOII0Ca, OTBEYAIOT MPOCTPAHCTBEHHBIM pasMepaM Bceenennoit. Beenennas
HaumHaeTcs Kak Touka Ha CeBepHoM mnomtoce. [Ipu ABMKEHMM Ha IO TakUe€ LIMPOTHBIE
OKPY’KHOCTH YBEIMYMBAIOTCA, YTO OTBEYAET pACUIMPEHHMIO BCEIIEHHONM ¢ TE€YeHWEeM MHHMOIO
BpemeHHu (puc. 8.1). Bcemennas gocTturaer MakCHMMalbHOTO pa3Mepa Ha HKBATOpE, a 3aTeM C
T€YEHHEM MHHMMOI'O BPEMEHHU CxHUMaeTcs B Touky Ha IOxxHoMm nomtoce. HecMmoTps Ha TO, 4TO Ha
Cesepuom u IOxxHOM momtoce pazmep BceeneHHol paBeH HYJIO, 3TU TOUYKH OyAyT CHHTYJISPHBIMU
He Oonee, yeM CeBepHblii u FOXHBIA TOMIOC HAa TOBEPXHOCTH 3eMiId. 3aKOHBI HAyKH OymIyT
BBIMIOJIHATHCS B HUX TaK €, KaK OHU BbINOJHAIOTCSA HAa CeBepHOM u FOxHOM nonrocax 3emiu.

Ho B nelicTBUTENBHOM BpEMEHH UCTOpHs BCEneHHON BBITVIAINT COBEPIICHHO MHade. JlecsaTs
WY ABAAUaTh ThICSY MWIJIMOHOB JIET Ha3ajd pa3mep BceneHHON nmen MUHUMAalbHOE 3HAYEHUE,
paBHOE MaKCHUMaJbHOMY paJuyCy UCTOPUM B MHHUMOM BpPEMEHH. 3aTeM, C TEYEHHEM
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JIEHCTBUTEIBHOTO BpEMEHH, BceneHHas pacmmpsnack B COOTBETCTBHHM C XaOTHYECKOM MOJECIIBIO
pasayBaHus, mpeanokeHHoi JluHae (HO Temepb y)ke HET HEOOXOAMMOCTH MpenrnoyiaraTtb, 4YTO
Bcenennas Oputa KakuM-TO 00pa3oM coO3/1aHa B MPAaBUIBHOM COCTOSIHWH). BceeneHHas mocTuria
OuYeHb OOJBIIMX Pa3MEPOB, a MOTOM JOJHKHA OISThH CXKAThCS B HEUTO, UMEIOIIEE B IEHCTBUTEIHLHOM
BpEMEHH BUJI CUHTYJIIpHOCTHU. [103TOMY B KaKOM-TO CMBICIIE BCE MBI OOpEUEHbI, JaxKe eciid OyaeM
JepKaThCsl MOAANBINE OT YepHBIX Nblp. CHUHTYIIpHOCTEH HE OyJeT JHIlb B TOM CIydyae, eciu
MIPEJICTaBIATh ceOe pa3BuTHEe BeeneHHO B MHUIMOM BPEMEHHU.

Ecnu Beenennas Ha caMoM Jiefie HAXOAUTCSI B TAKOM KBAHTOBOM COCTOSIHUH, TO €€ UCTOPUS B
MHHUMOM BpeMeHHU He Oy/JeT MMETh HUKAaKUX CHUHTYJspHOCTeH. [lo3ToMy MOXeT mokasarbes, UTO
MOHMMH MOCJIETHUMHU pabOTaMU O CUHTYJISIPHOCTSIX MOJIHOCTHIO 3a4ePKHYTHI MOH K€ CTapble pabOThI
0 cuHryJsipHocTsax. Ho, kak yxke OoTMe4aloch, IJIaBHOE 3HA4YEHHE TEOPEM O CHHIYJISPHOCTIX
TAKOBO: OHM IOKa3bIBAIOT, YTO TPABUTALIMOHHOE HOJIE JOHKHO CTaThb OYEHb CHIIBHBIM, TaK 4YTO
HeNb3si OyJeT mpeHeOpedb KBAHTOBBIMH T'PaBUTAIIMOHHBIME ¢ ¢dektamu. VIMEHHO 3TO BeIeT K
BBIBOJIy, YTO B MHHMOM BpeMEHHM BceneHHas AobkHa OBITh KOHEUHOH, HO Oe3 TpaHull U
cuHryssipHocreil. Ilo Bo3BpamieHMMm Ke B pealbHOE BpeEMsA, B KOTOPOM MBI JKHBEM,
00HaApYKUBAETCS, YTO CHHTYJISIPHOCTHU MOSBISAIOTCA OMSITh. ACTPOHABT, YMABIIUN B YEPHYIO JBIPY,
BCE PaBHO MPHUAET K TParnyecKoMy KOHILy, U TOJIbKO B MHHMOM BPEMEHU y HEro HE ObLIO OBl
BCTPEYM C CHHTYJISIPHOCTSAMH.

Mosxer ObIThb, clieOoBajio OBl 3aKIIOYMTb, YTO TaK HA3bIBAEMOE MHHMOE BpEMs — 3TO Ha
CaMOM JIeJI€ €CTh BPEMS PEaJIbHOE, & TO, UTO Mbl Ha3bIBAEM pe€albHbIM BPEMEHEM, — MPOCTO IIOA
Halrero BooOpakeHHs. B jgelicTBUTENTbHOM BpeMeHH y BceleHHOW ecTh Havano W KOHeIl,
OTBEUAIOIINE CUHTYJISIPHOCTSIM, KOTOpPBhIE 00pa3yloT IPaHUIly MIPOCTPAHCTBA-BPEMEHH U B KOTOPBIX
HapylLIaroTCsl 3aKOHbl HAyKH. B MHHUMOM kK€ BpEMEHM HET HU CHHTYJISIPHOCTEW, HM IpaHull. Tak
YTO, OBITh MOXXET, UMEHHO TO, YTO MbI HA3bIBAEM MHHMBIM BpEMEHEM, Ha caMoM Jiene Oorsee
(yHIAMEHTAIBHO, @ TO, YTO MBI HA3bIBAEM BPEMEHEM pEaJbHBIM, — 3TO HEKOE CYOBEKTHBHOE
MpeACTaBICHUE, BO3ZHUKIIEE Yy HAC MPHU MOMBITKaX ONMHCATh, KAKOW Mbl BUAUM Bcenennyro. Benp,
COIIACHO CKa3aHHOMY B TIUN. 1, Hay4Has Teopus €CTh IPOCTO MareMaTH4ecKas MOJEIb,
MOCTPOCHHAs HaMU JUIsl OMMCAHUS PE3yJbTaTOB HAONIOJCHUN: OHA CYHIECTBYET TOJBKO y HAac B
rojose. [loaToMy He MMeeT cMbIcia CIpalIMBaTh, YTO K€ PEAIBHO — AEHCTBUTEIBLHOE BpEMs WM
Bpemsi MHUMOe? BaxkHo nuIlib, Kakoe U3 HUX 0oJiee MOJXOAUT ISl OITHUCAHMUS.

MBs1 MOXEM Tenepsp, MOJb3YsACh METOJIOM CYMMHPOBAHHS HO UCTOPUSAM U MPENIOJIOKEHNEM
00 OTCYTCTBMM TpaHMI, IOCMOTPETh, KaKUMH CBOHCTBaMU BceneHHas MoxkeT o0ianath
OJIHOBpeMEHHO. Hanpumep, MO>KHO BBIYHMCIUTH BEPOSITHOCTH TOTO, YTO BceneHHas pacmmpsercs
MIPUMEPHO C OJIMHAKOBOW CKOPOCTBKO BO BCEX HAIPABICHUSAX B TO BPEMs, KOrjga IUIOTHOCTb
BceneHHON MMeEET COBPEMEHHOE 3HA4CHHUE. B yIIPOILIEHHBIX MOJENAX, KOTOPBIMU MBI J0 CHX IIOP
3aHMMAJIUCh, 3Ta BEPOATHOCTh OKA3bIBAETCS BECbMa 3HAYUTENIbHOM; TakuM 0Opa3oM, YCJIOBHE
OTCYTCTBMSI TPaHUI[ IPUBOJUT K BBIBOAY O UPE3BBIUAHHO BBICOKON BEPOATHOCTH TOIO, YTO
COBPEMEHHBII TeMI paclIMpeHuss BceneHHOM NouTH OJMHAKOB BO BCEX HAIPABICHUSAX. IJTO
CorJiacyercsi ¢ HaOMIoJeHUAMHU (pOHAa MHUKPOBOJIHOBOTO M3IY4YEHHUs, KOTOPHIE MOKA3bIBAIOT, YTO €r0
MHTEHCUBHOCTh BO BCEX HAIpaBJICHMUSIX MOYTH oJauHakoBa. Ecnu Obl Bceenennass B onHux
HaNpaBJICHUAX pACIIMPsUIach OBICTpEe, YeM B JPYIHX, TO MHTEHCHBHOCTb M3IIyY€HHs B O3THX
HaIpaBJICHUSAX YMEHbIIAIACh ObI 32 CUET JAOMOJHUTEIBHOTO KPACHOTO CMEIIIEHHUS.

Ceifuac um3y4aroTcs W JpyTue€ CIEICTBUS W3 YCIOBUS OTCYTCTBHs TpaHul. OcobeHHO
MHTEpPECHA 3aJa4a O MAaJbIX OTKJIOHEHHAX IUIOTHOCTH OT OJHOPOAHOW IUIOTHOCTH pPaHHEN
BcenenHoli, B pe3ynbTare KOTOPhIX BO3HMKJIM CHayala TFaJlaKTHKH, IOTOM 3BE3/bl U HAKOHEL] MBI
camu. B cwiy mpuHIMna HeonpeaeneHHOCTH paHHss BceneHHas He MOeT ObITh COBEpPUICHHO
OJTHOPOJHOH, IIOTOMY YTO JIOJKHBI 0053aTEIbHO MPUCYTCTBOBATH HEKOTOPHIE HEONPEIEICHHOCTH B
MOJIOKEHUAX M CKOPOCTAX 4dacTul — (iaykTyauuu. Mcxons u3 ycioBUsi OTCYTCTBHSI TPaHMII, MBI
HalileM, dYTO B HAYaJIbHOM COCTOSHHM BO BceleHHOM [OeHCTBUTEILHO MOODKHA OBITH
HEOAHOPOJAHOCTh, MUHUMAJILHO BO3MOXKHAsl C TOYKU 3PEHUs NMIPUHIUIIA HEONPEAEICHHOCTH. 3aTeEM
Bcenennas mepexuia mepuoj; ObBICTPOrO paclIMpeHHs, Kak B MOJENSIX pa3ayBaHus. B TeueHue
3TOr0 NEpPHOJia HaydalbHblE HEOJHOPOAHOCTH YCHUJIMBAJIUCH, IIOKA HE JOCTUIJM pPa3MEpoB,
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JIOCTAaTOYHBIX, YTOOBI OOBSICHUTH MTPOUCXOKICHHUE TEX CTPYKTYP, KOTOPHIE Mbl BUJUM BOKPYT ceOsl.
B Takoii pacmupsironieiics BeeneHHol, B KOTOPOii TNIOTHOCTh BEIIECTBA cl1ab0 MEHSETCA OT MecTa
K MECTy, pacIIupeHue 0oJiee TUIOTHBIX 00JIACTEH MO/ IEHCTBUEM IPaBUTAIIMH MOTJIO 3aMEIITUTHCS U
MepelTu B ckaTue. ITO MOJKHO MPUBECTH K 0Opa30BaHUIO TallaKTHUK, 3BE3]l W, HAKOHEIl, Jaxe
TAaKUX HE3HAYHUTEIBHBIX CYIIECTB, KaK MbL. TakuM 00pa3oM, BO3HHKHOBEHHE BCEX CIIOKHBIX
CTPYKTYp, KOTOpbIe MBI BUAUM BO BceneHHON, MOXXHO OOBSICHHTH YCIOBHEM OTCYTCTBHUSI y Hee
TPaHMI] B COUYETAHUHU C KBAHTOBO-MEXAaHWYECKUM MPUHIIUIIOM HEOTIPEACTIEHHOCTH.

W3 mpeacTaBneHuss 0 TOM, 4TO MPOCTPAHCTBO M BpeMs 0Opa3zyIOT 3aMKHYTYIO MOBEPXHOCTb,
BBITEKAIOT TAKXKE OYEHb BAKHBIE CJEACTBHS OTHOCUTENIBHO posin bora B xu3Hu Bcenennoii. B
CBSI3M C YCIEXaMH, JOCTUTHYTHIMH HAyYHBIMH TEOPHUSMH B ONHUCAHUU COOBITUH, OOJIBIIMHCTBO
YYEHBIX MPUILIO K yOexkaeHuro, uro bor mo3possier BceneHHON pa3BUBaThCS B COOTBETCTBUU C
ONPEJIETICHHON CUCTEMOM 3aKOHOB U HE BMELIMBAETCA B €€ Pa3BUTHE, HE HApYIIAeT 3T 3aKOHbI. Ho
3aKOHBI HUYETO HE TOBOPAT HaM O TOM, KaK BhITJIAAEa Beenennas, korga oHa TOJIbBKO BO3HHKIIA, —
3aBECTH 4achl M BBIOpATh HAdajao BCe-TaKW MOIIO ObITh nenoM bora. Iloka Mbl cuuTaem, 4To y
Bcenennoii 6bu10 Havano, MBI MOKEM JTymaTh, 4To y Hee Obu1 Cosmatens. Ecnu xe Bceenennas
JEACTBUTEIBHO MOJIHOCTBIO 3aMKHYTA M HE UMEET HU IPaHUI], HU KPaeB, TO TOTJa y HEE HE JOJIKHO
ObITh HM Hayasa, HU KOHIIA: OHa MPOCTO e€cTh, U Bce! Ocraercs nu Toraa Mecto it Co3parens?

9. Ctpena BpeMeHu

B npenpinymux riiaBax Mbl BUJENH, KaK MEHSJIMCh HAIIM B3IVISIABI HA NPUPOAY BPEMEHU C
Te4eHHEM JieT. Jlo Havaya HBIHEIIHEro BeKa JIIOAU BEPUIN B aOCOJIOTHOE BpeMs. DTO 3HAUUT, UTO
KaX10e COOBITHE MOXKHO €AMHCTBEHHBIM 00pa30oM MOMETUTh HEKMM YHCIIOM, KOTOPOE Ha3bIBaeTCs
BpEMEHEM, U BCE TOYHO UAYIIME Yachl OyIyT MOKa3bIBaTh OJMHAKOBBII MHTEPBAJl BPEMEHU MEKIY
IByMsl coObITUsIMU. HO OTKpbITHE, YTO CKOPOCTh CBETa OJHA M Ta ke JJIs Jr0oro HaOmromaTens
HE3aBHCHMO OT TOTO, KaK OH JIBUXKETCSI, IPUBEJIO K CO3/IaHUI0 TEOPUU OTHOCUTEIBHOCTH, KOTOpas
OTBEpIJIa CYIIECTBOBAHUE €AMHOr0 abCOMIOTHOro BpeMeHM. Kaxkaplii HaOiromatess MMeeT CBOE
BpeMs, KOTOpPOE OH M3MEpSAET CBOMMHM 4YacaMd, M IOKa3aHUs 4YacoB pa3HbIX HaOmojaTeneil He
o0s13aHbI coBNaaTh. Bpemst ctano 6osiee cyOBbEKTUBHBIM MOHATHEM, CBSI3aHHBIM C HAOJIOJAaTENeM,
KOTOPBIN €ro U3MepsierT.

[TonpITkKM O0BETUHUTH TPABUTALIMIO C KBAHTOBON MEXAaHUKOM MPUBEIH K MOHATHIO MHUMOTO
BpeMeHH. MHUMOE BpeMsl HUUeM He OTJIMYaeTcs OT HalpaBlieHuHM B mpocTpaHcTBe. Vs Ha cesep,
MO>KHO IIOBEPHYTb Ha3aJ M NOWTH HA IOI. AHAJIOTMYHO, €CIM KTO-TO HJAET BIEpPE] B MHUMOM
BpEMEHH, TO OH MOXET MOBEPHYTh U MONTH Ha3ad. DTO 03HAYAET, YTO MEXAY NMPOTHUBONOIOKHBIMU
HaIIpPaBJICHUSIMA MHHMOTO BPEMEHM HET CYyIIECTBEHHOM pa3Huubl. Ho Korma Mbl mmeem Aeno ¢
pEeaIbHBIM BPEMEHEM, TO Mbl 3HA€M, YTO CYLIECTBYET OIPOMHOE PA3IUYUE MEXITY JIBUKEHUEM BO
BpeMeHHU Brepen M Hazal. OTkyna ke OepeTcs Takas pa3HUIA MEXKAY MPOIUIbIM U Oyaymmm?
[Touemy MBI TOMHUM TPONLIOE, HO HE TOMHUM OyIyIero?

3aKOHBl HAyKH HE OTJIMYAIOT MpOHUIoro oT Oyxyumiero. TouHee roBops, 3aKOHbI HAyKH HE
MEHSIOTCS B pe3yJIbTaTe BHIMOJHEHHSI Onlepalyii (WM CUMMeTpHii), 0003HadaemMbix OykBamu C, P u
T. (C — 3ameHa vacTuubl aHTHYacTULed, P — 3epkanbHOEe OTpaskeHHe, KOrJa JIEBOE U IpaBoe
MEHSIOTCSI MECTaMu, a T — I3MEHEeHUe HaNPaBICHHS IBIKEHHS BCEX YacTUIl Ha 00paTHOE).

3aKkoHbl (PU3MKH, YNPABIAIOLIME TOBEACHUEM MaTepUM BO BCEX OOBIYHBIX CHUTYaLUsX, HE
M3MEHSIOTCS M MOCIIe BBIIIOJIHEHUs TOIbKO ABYX omnepauuii C u P. Jlpyrumu cioBaMu, Ku3Hb OyAeT
OJIMHAKOBAa M Ul Hac, M AJs oOWTaTenedl Opyroil IUIaHeThl, €CIM OHH, BO-NEPBBIX, SBISIOTCA
HalIMM 3€pKaJbHbIM OTPaXEHUEM U, BO-BTOPBIX, COCTOSIT U3 aHTUMATEPUH, a HE U3 MaTepuu. Eciu
3aKOHBI HAYKH HE U3MeHsieT komOuHarus onepanuii C u P, a Takke TpoitHas komOunanus C, P u T,
TO 3TU 3aKOHBl HE JOJDKHBI M3MEHATHCA U IIPU BBINOJIHEHMHM ofHOW omepauuu T. OnHako B
OOBIYHOM JKU3HU CYLIECTBYET OTPOMHOE pa3IMyue MEX/1y JBUKEHUEM BIIEpE] U Ha3al BO BPEMEHH.
[IpencraBbre cebe, yTO cO CTOJNA MaJaeT M pa30MBaeTCA HAa KYyCKH yalika ¢ Bojoi. Ecnu cHATE 31O
NaJIicHue Ha IUIEHKY, TO MHpH NpOCcMOTpe (uiabma cpazy CTaHeT SICHO, BIEpe] WIM Ha3al
IIPOKpYy4YMBaeTCs MiIeHKa. Eciiv oHa IpoKpyunBaeTcs Ha3all, TO Mbl YBUAMM, KakK JIEKaIUE Ha MOy



80

OCKOJIKH BJIPYT COOMPAIOTCS BMECTE M, CJIOXHBIIMCH B IIEJIYIO YaIlIKy, BIPHITUBAIOT Ha CTOJI. Bl
MOXKETE€ YTBEPkAaTh, UYTO (PUIBM MPOKPYUUBAETCS HA3ad, TOTOMY UYTO B OOBIYHON KU3HU TAKOTO HE
ObiBacT. lHaue MpUIuIocs Obl 3aKPHITH (PasTHCOBBIEC 3aBOJIBI.

YroObl 00BACHUTH, TOUEMY pa3OUThIC YAIIKKM HUKOTZIA HE BO3BPAIIAIOTCS LEIBIMU 0OpaTHO
Ha CTOJI, OOBIYHO CCHUIAIOTCS HA TO, YTO 3TO MPOTUBOPEUMIIO OBl BTOPOMY 3aKOHY TEPMOIUHAMHUKH.
OH rnacuT, 4yTo B JMO0OM 3aMKHYTON cuUcTeMe OecropsIoK, WK YHTPOIHSI, BCETAa BO3PACTaeT CO
BpeMeHeM. [IpyruMu cioBaMH, 3TO TOXO0XKE Ha 3aKoH Mepdu: Bce B HAIlleM MUPE MPOUCXOIUT HE
Tak, Kak Hajxo. Llenas gaimika Ha cTOJIe — 3TO COCTOSIHHUE BBICOKOTO TMOPSIZIKA, a pa30ouTasi, JexKarias
Ha T0JTy, HAaXOJUTCSl B COCTOSIHMU Oecropsika. HeTpyiHO poWTH My Th OT LIE€TIOM Yallki Ha CTOJIC B
MIPOLIIOM /10 pa30UTOM Ha MOy, HO OOPATHBIN X0 COOBITUI HEBO3MOKEH.

VYBenuuenue 6ecropsiika, Wik SHTPOIHUH, C TEUEHUEM BPEMEHH — 3TO OJHO W3 ONpeleeHUui
TaK HA3bIBA€MOW CTpENbl BPEMEHH, T. €. BO3MOXKHOCTH OTIWYHTH MPOLUIOE OT Oyaymiero,
ONPEIEINTh HANPABICHUE BpeMEHU. MOXKHO TOBOPUTh MO KpaWHEH Mepe O TPeX Ppas3IMYHBIX
cTpelax BpeMeHH. Bo-mepBhIX, cTpena TepMOJMHAMHUUYECKas, YyKa3blBaroUlasi HalpaBIICHHUE
BpEMEHHM, B KOTOPOM BO3pacTaeT OeCHopsaoK, WM OJHTpomnus. Bo-BTOpbeIX, cTpena
MICUXOJIOTMYECKasi. DTO HaIpaBJi€HUE, B KOTOPOM MbI OIIYLIA€M XOJl BPEMEHHU, HANpaBIECHUE, TPU
KOTOPOM MBI MIOMHHMM TIpolUIoe, HO He Oyaymiee. M B-TpeThux, CTpesia KOCMoJorhudeckas. ITo
HalpaBJIeHUE BPEMEHHU, B KOTOpOM BcenenHas paciupsiercs, a He COKMMaeTcsl.

B nanHoOM rnaBe g IOKaxy, 4TO, UCXOJS U3 YCJIOBHSI OTCYTCTBHUS IrpaHul] y BceneHHOM U U3
c1aboro aHTPOMHOIO TPUHIUIA, MOXKHO OOBSCHUTH, MOYEMYy BCE TPH CTpPeIbl BPEMEHU
HarpaBJieHbl OJIMHAKOBO U, 0oJjiee TOro, rmo4yemMy BOOOIIE TOJDKHA CYIIECTBOBATH OIpPEICICHHAS
CTpelia BpeMeHH. S TOKaxy, 4TO MCUXOJIOTHYECKash CTpesia ONpeAeseTcsl TEPMOJUHAMUYECKON U
00e 3TU CTpesbl BCeria HampaBJIeHbl OAMHAKOBO. [Ipeamnomnoxus, uro it BeenenHol cripaBeyinBo
YCJIOBHE OTCYTCTBMSI TPaHHUI, Mbl YBHJIUM, UYTO JOJIKHBI CYIIECTBOBATh XOPOIIO OIpPEIEIICHHbIE
TEPMOJMHAMHYECKAS U KOCMOJIOTHICCKAs CTPEJIbl BPEMEHH, XOTsI OHH HE 00s3aHBI OBITh OJJMHAKOBO
HalpaBJIEHHBIMU Ha MPOTSLKEHUM Bcell nctopuu Bceenennoil. Ho, kak s mokaxy, JHIIb B TOM
cllyyae, KOrJla HampaBJIEHUs 3TUX CTPENl COBMAIAIOT, MOTYT BO3HHMKHYTh YCIOBHUS ISl Pa3BUTHUS
pa3yMHBIX CYyIIECTB, CIIOCOOHBIX 3a/1aTh TaKOM BOIPOC: MOYeMy OeCIOpsI0K YBEIMUYMUBAETCS B TOM
YK€ HAIpaBJICHUS IO BPEMEHH, B KOTOPOM paciuupsiercs: Beenennas?

ChHavyana paccMOTpPUM  TEPMOJMHAMHYECKYIO  CTpelly BpeMeHUu. Brtopol  3akoH
TEPMOJMHAMHKHU BBITEKA€T M3 TOTO, YTO COCTOSIHMI O€cropsiika BCerjaa ropas3io OoJblie, 4eMm
cocTosiHUI mopsnka. Bo3dbMeM, Hanpumep, KapTUHKY Ha JIETCKUX KyOukax. MiMeercs TOJIBKO OAHO
B3aMMHOE PACIONIOKEHUE KyOUKOB, IPH KOTOPOM COCTaBIISIETCS HY)KHAsi KapTUHKA. B To ke BpeMs
€CTh OYeHb MHOTO Pa3HbIX OECHOPSIOYHBIX PACIOJIOXKEHHH, KOT/a KapTHHKAa HE COCTaBIISETCS
BOOOIIIE.

[Ipeanonoxum, 4To Kakas-To CUCTEMa BHA4YAJIe HAXOAUTCS B OJJHOM M3 HEMHOTHUX COCTOSIHUI
nopsinka. C TEYeHHEM BPEMEHU COCTOSHHE CHCTEMBbI OyJeT M3MEHSTHCS B IOJHOM COTJIACHUU C
3aKOHaMU HaykKu. Yepe3 HEKOTOpoe BpeMsl CHCTEMa M3 COCTOSHHSA NOpAJIKa, CKOpPEE BCEro,
MepeiIeT B COCTOsIHUE OecropsiKa, TMOCKOIbKY COCTOSIHUN Oecropsiaka Oounbiie. CrienoBaTenbHO,
€CJIM cHCTeMa BHayaJle HaxOUJIach B COCTOSTHUM BBICOKOTO MOPSAIKA, TO CO BpeMeHeM OyJeT pacTu
oecriopsiok. Tak, ecnu mammy KyOMKHU CIIOKEHBI B KAPTUHKY, TO MPH MEPEMEIINBAHUNA W3MEHUTCS
UX pacIoJIO’KEHUE M CTaHET, CKOpee BCEero, OecrnopsA0YHbIM, IOTOMY YTO COCTOSHUII Oecropsaka
OMSATh TOpa3lo OoIbIlle, YeM COCTOSHUN Tmopsaka. KapThHka, KOHEYHO, MpU OSTOM OyAer
paspyuena. Hekoropele kyOuku eme OyayT yJep>KUBaThCsS BMecCTe, 00pa3ys KyCKH KapTUHKH, HO
geM OoJIbIie MBI OYJIEM HX TIepeMeIINBaTh, TEM C OOJNbIIEH BEPOSATHOCTHIO 3T KYCKU PACCHITUTIOTCS
U Bce enle 0oJblle nepemyraeTcs. B KoHIle KOHIIOB HUKAKOH KapTHHKHU y HaC HE OCTaHeTcs. TakuM
oOpa3om, Oecriopsaok OyIeT pacTé CO BpPEMEHEM, eClIM B Haydaie OBbLJIO COCTOSHHUE BBICOKOTO
MOPSAKA.

[Ipennonoxum, ogHako, 4yTo bor moBenen, 4ToObl pa3BuTHe BceneHHOW HE3aBHCHMO OT
Ha4yaJbHOIO COCTOSIHHSI 3aKaHYMBAJIOCh B COCTOSHHM BBICOKOro mnopsiaka. Ha paHHuMX cragusix
Bcenennas, BeposTHee BCET0, HAXOAMJIACh ObI B COCTOSHUM Oecrmopsiika. JTO 03HA4Yaso Obl, 4TO
OecropsIOK YMEHbIIIAeTCs CO BpeMeHeM. Toraa Bbl BUaeIU Obl, KaKk pa3OUTHIE YAkl COOUPAIOTCS
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13 OCKOJIKOB M BIPBITMBalOT Ha cToil. Ho moau, kotopble Buaenu Obl Takue MpbIraroliue YalllKHy,
JIOJDKHBI OBITh JKUTENISIMU BCEJIEHHOM, B KOTOPOHM OecropsioK yMeHbIIAeTcs cO BpeMeHeM. Sl
YTBEPKAAI0, YTO NICUXOJIOTMUYECKas CTpesia BPEMEHHU 3THX JII0JIel JobKHA ObITh HalpaBjieHa Ha3as,
T. €. OHU JOJDKHbl IOMHHUTHb COOBITHS B OynaymieMmM, HO HE JOJDKHbI IIOMHHUTb COOBITHS,
MIPOMCXOJUBIINE B MPOLUIOM. YBUJEB pa30UTYIO YallIKy, OHM BCIIOMHHUJIM Obl, KAK OHa CTOUT Ha
CTOJIE, HO KOT/Ia OHa OKa3bIBAaeTCsl HA CTOJIE, OHU HE TIOMHMIIU Obl, 4TO OHa ObLjIa Ha MOy .

PaccyxnaTe 0 YenoBedeckoil MmaMsTH — BeChbMa HENpPOCTOE 3aHsATHE, MO0 MBI HE 3HAEM BO
BCEX JeTajsX, Kak paboTaeT Hall MO3r. 3aTO Mbl 3HaeM BCE O TOM, KaK JEHCTBYeT HaMsATh
koMmIbtoTepa. [Toaromy s Oyly rOBOPUTH O IICMXOJIOTMYECKOM CTpesie BpEMEHU ISl KOMIIBIOTEPOB.
MHe KaxeTcsi BIIOJIHE JIOTUYHBIM IIPEAINOJIOKHTh, YTO M Yy KOMIIBIOTEPOB, H Yy JIOACH
NICUXOJIOTHYECKasl CTpena ofHa U Ta xe. Eciu Obl 3TO OBIIO HE TaK, TO, UMEsI KOMIIBIOTEP, KOTOPHIH
MIOMHUJT OBl 3aBTPALIHUN KypC aKIMi, MOXKHO ObLIO OBl MPEKPACHO UIpaTh HA OUpIKe.

[MamsaTh KOMIBIOTEPA — 3TO, TPyOO TOBOPS, YCTPOWCTBO, COZIEPIKAIIEE AIIEMEHTHI, KOTOpPbIC
MOTYT HaXOJIUThCS B OJHOM M3 JBYX cocTosHuM. IIpocToil mpumep Takoro ycrtpoiictBa — abak,
IpeBHUE cyeThl. B mpocteiiiieM Buje 3TO HAOOp TOPU3OHTAIBHBIX MPOBOJIOYEK, HAa KAXKIYIO U3
KOTOpbIX HacakeHa OycuHka. Kaxxnas OycHHKa HaXoIUTCs B OJHOM M3 JIBYX mHoioxeHui. [lo tex
Mop TMOKa B MaMATh KOMIIBIOTEpa HUYEr0 HE BBEACHO, OHAa HAXOOUTCA B OECHOPSIOYHOM
COCTOSIHUHM, B KOTOPOM 00a BO3MOXHBIX PacIOJIOKEHUsI OyCHHOK PaBHOBEPOSITHBI (OyCHHKH Ha
MIPOBOJIOYKAX pacIpeesieHbl CirydaifHpIM 00pa3om). Tlocie Toro xak namsTh MpOB3aUMOICHCTBYET
C CHUCTEMOM, COCTOSIHME KOTOPOM HaJ0 3allOMHUTh, €€ COCTOSHUE CTAHET BIIOJHE ONPEACICHHBIM,
3aBHCSAIIMM OT cocTosiHUs cucteMbl. (Kaxxnas OycuHka Ha cderax Oyner OO B MpaBoM, JIMOO B
JeBOM KOHIle CBoed MpoBosioukH). MTak, mamsTh KOMIIBIOTEpa Iepenula M3 Oecropsaka B
ynopsigodeHHoe cocrosinue. Ho aist Toro, 4To0b! OBITH YBEPEHHBIM B TOM, YTO NaMSITh HAXOAUTCS B
MIPaBUIBHOM COCTOSHMM, HAaJ0 3aTpaTUThb HEKOTOPOE KOJIMYECTBO SHEPruM (Hampumep, s
nepeOpacbiBaHuss OyCMHOK WJIM MHUTAaHUSA KOMIBbIOTEpA). DTa 3HEPrus MNeperaer B TEII0 U TeM
caMbIM YBEJIHMUYHUT CTeleHb Oecropsika Bo BceeneHHoil. MOXHO MOKaszaTh, 4TO 3TO YBEIMUYCHHE
Oecriopsiika Oyner Bcerga OoJjblie, YeM YBEIHMYEHHE YMOPAJOYCHHOCTH CaMOMl MaMSTH.
Heo6xoauMocTh 0XaXJ€HUs KOMIIBIOTEPa BEHTUIATOPOM TOBOPHUT O TOM, YTO, KOT1a KOMIIBIOTED
3aIMCBIBAET YTO-TO B MaMSATh, 0O Oecriopsok Bo BeeneHHOI Bce-Taku yBeIUYHBAETCS.

Hanpasienue BpeMeHH, B KOTOPOM KOMIIBIOTEP 3alIOMUHACT MPOIJIOE, OKa3bIBACTCS TEM K€,
B KOTOPOM pacTeT OeCropsiIoK.

CrnenoBartenbHO, Hallle CyObEKTUBHOE OLYIIICHUE HAPaBJIEHUS BPEMEHU — IICUXO0JIOTHYeCcKast
CTpeja BPEMEHM — 3a/JaeTcsi B HAIleM MO3ry TEepMOJMHAMHUYecKol crpenoil Bpemenu. Kak u
KOMIIBIOTEP, MBIl JOJDKHBI 3allOMHHATH COOBITHSL B TOM JK€ IOpAAKE, B KOTOPOM BO3PaCTaeT
SHTponus. BTOpolf 3aKOH TEpPMOAMHAMUKHM CTAHOBUTCS IPH O3TOM IIOYTH TPHUBHAIBHBIM.
becniopsaiok pacTeT co BpeMeHEM, IIOTOMY YTO MBI U3MEPSEM BPEMs B HAIIPABJICHUHU, B KOTOPOM
pacrtet Oecniopsiiok. TpyAHO CIIOPUTH C TAKOW JIOTUKOH!

Bce xe, mouemy TepMoaMHAMHYECKasi CTpeJia BpEMEHH JI0JKHA BOOOIIIe cymiecTBoBaTh? Wi,
JpPYTMMH CJIOBaMHM, IOYEMY Ha OJHOM M3 KOHIIOB BPEMEHH, Ha TOM €ro KOHIIE, KOTOPBIH MBI
Ha3blBa€M IpOLLIBIM, DBcelleHHas  OJDKHA  HAaxOOUTBCS B COCTOSSHUM € BBICOKOM
ynopsaodyeHHocTbi0? [louemy Obl eff He OBITh B COCTOSIHMM MOJHOTO Oecropsaka? Beap 310
BBIIJIsIZIENI0 OBl OoJiee BeposTHBIM. Kpome Toro, mouemy OecrniopsioK pacTeT BO BPEMEHH B TOM K€
HaIpaBJIEHUH, B KOTOPOM pacuupsercs Beenennas?

Knaccudeckas o0miasi Teopusi OTHOCHUTEIIBHOCTH HE IMO3BOJSET BBIYMCIMTH, KaK BO3HHUKIIA
Bcenennasi, mOTOMy 4YTO B CHHTYJISIDHOW TOYKE OOJBIIOrO B3pbIBa BCE M3BECTHBIE HAM 3aKOHBI
IIPUPOABI JOJDKHBI HApYyIIaThCs. BeeneHHas Moriia BOSHUKHYTh B KAKOM-TO OJHOPOJHOM, CHIIBHO
YIOPSIOYCHHOM COCTOSIHUM. DTO TPHUBENO OBl K YETKO OINpPENEICHHBIM CTpeliaM BpPEMEHH —
TEPMOJMHAMHYECKON W KOCMOJIOTMUECKOM, Kak 3To Habmromaercs ceidac. OgHAKO HadaabHOE
coctosinue BceneHHoil BosHe MOTJIO ObI OBITH U OYEHb HEOJHOPOAHBIM, U HEYNOPAJOYCHHBIM. B
9TOM citydae BceneHHas yke Haxo[uiach Obl B COCTOSTHUM TOJIHOTO Oecropsiika U Oecropsiiok He
Mor OBl YBEIMYHMBATHCSA cO BpeMeHeM. OH Mor Obl OCTaBaThCS HEM3MEHHBIM, TOTJa HE OBbUIO OB
OIIPENICNIEHHON TEPMOAMHAMHUYECKOM CTpenbl BpeMEHH, JuM00 MOr Obl yMEHbIIATbCA, M TOrza
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TEPMOJIMHAMHYECKAs CTpesia BpeMeHH Obl1a Obl HaIllpaBlieHa HABCTPEUy KOCMOJIOTUYECKOH CTpere.
Hu ogHa W3 3THX BO3MOXKHOCTEW HE COTjacyercsi ¢ TeM, 4To Mbl HaOmogaeM. Kak Mbl, ogHaKo,
BUJIENH, KJIaccudeckasi olIiasi TeOpHsl OTHOCUTEIBHOCTHU Ipe/CcKa3bIBaeT cBoe HapyumieHue. Korma
KpUBH3HA MPOCTPAHCTBA-BPEMEHU CTAHOBUTCS OOJIBIION, CTAHOBATCS CYIECTBEHHBIMU KBAaHTOBBIC
rpaBUTAMOHHBIC d()(HEKTHI, U KJIacCHYecKas TEOPHs TMEePECTaeT CIYKUTh HAJC)KHBIM OCHOBaHHEM
s onucanus BeenenHnoil. UToObl MOHSTH, Kak BO3HUKIA BceneHHas, HeoOX0IuMO 0OpaTUThCS K
KBaHTOBON Teopuu TrpaBuTanuu. Ho, 4ToOBI OmpeneianuTb B KBAHTOBOM TEOpUU TIpaBUTALMU
cocrosiHue BceneHHoil, HeoOXoauMo, Kak Mbl BUACIM B MPEIbIIYIIMX TIJaBaX, 3HATh, Kak
BO3MOXXHbIE HCTOpUM BceneHHO! Benu cedsi Ha rpaHMIle MPOCTPAHCTBA-BPEMEHH B IPOIILJIOM.
HeobOxonumMocTh 3HaTh TO, UTO MBI HE 3HA€M M 3HATh HE MOXKEM, OTHAJAeT JIUIIb B TOM Ciyd4ae,
€CJIM TPOLUIbIE UCTOPUHM YJIOBIETBOPSIIOT YCIOBUIO OTCYTCTBHUSI T'PAaHHUIl: OHM MUMEIOT KOHEUHYIO
MPOTSHKEHHOCTh, HO Y HUX HET HU TPaHHIl, HU KpaeB, HU ocobeHHocTei. Torma Havano orcuera
BpPEMEHHU JIOJIKHO OBbLIO OBITh PETyJISIPHOM, I1aJKOM TOYKOM B MPOCTpaHCTBE-BpeMEHU U Beenennas
Hayana Obl CBOE pacIIMpEHHE U3 BEChbMa OJHOPOJHOTO U YMOPSAOYEHHOTO cocTosiHusA. OHO He
MOTJIO OBl OBITH COBEPIICHHO OJHOPOJHBIM, TMOTOMY 4YTO OJTHM Hapymaics Obl TPUHIIMII
HEOMpeJeNIEHHOCTH KBAHTOBOM TEOPUH. DTO 3HAUUT, YTO JOJDKHBI CYyIIECTBOBAaTh HEOOIBIIHE
(GIIyKTyanuu TUIOTHOCTH M CKOpocTed uacTui. Ho B Cuily yclnoBHsS OTCYTCTBHSI TPaHHIl 3TH
(bIyKTyauu T0JKHBI ObLTH OBITH MaJlbl, YTOOBI COTIIACOBATHCS C MPUHIIUIIOM HEOMPEIeIEHHOCTH.

Buauane Bcenennas Morna Obl SKCIIOHEHIMAIBbHO PpaCIIMPATHCSA, WIM pa3dgyBaTbCs, B
pe3ynbTare uero ee pa3Mepbl YBEIUUUIUCH Obl BO MHOTO pa3. DoyKTyaluu MIOTHOCTH, OCTABAsICh
cHayvaja HeOOJIbLIMMHU, TIOTOM Havaiu Obl pacTu. Paciiupenue tex 0baacTei, B KOTOPBIX INIOTHOCTh
ObUIa 4yTh BBIIIE CpEIHEH, MPOUCXOAMIO Obl MEAJCHHEee W3-3a TPABUTAIMOHHOTO MPHUTSKEHUS
JUIIHEH Macchl. B KOHIlE KOHIIOB Takue 00JACTH MEPECTaHyT PacCIIUPSATHCS U KOJIAICUPYIOT, B
pe3ynbTare 4ero o0paszyroTcs TallakTUKH, 3BE3/Ibl U )KHUBBIC CYIIECTBA BpoJe Hac. TakuM oOpa3om, B
MOMEHT BO3HUKHOBeHHs BceneHHass Morjia HaxXoAMTbCS B OJHOPOAHOM U YIHOPSJOYEHHOM
COCTOSIHUM M TIEPEUTH CO BPEMEHEM B COCTOSIHUE HEOJHOPOJHOE M HEynopsiaodeHHoe. Takoi
MOJIX0/ MOT ObI OOBSICHUTB CYLIIECTBOBAaHUE TEPMOJIUHAMUYECKOM CTPEIbl BpEMEHHU.

Ho urto mpou3zonuio Ob1, korga Beenennas nepectania Obl paciupsATbHCS U CTana CKAMATHCS?
[ToBepHynachk Obl MpH 3TOM TepMOAUHAMUYEcKas cTpeia BpemeHu? Hawanm Obl yMeHbLIATHCS CO
BpeMeHeM Oecniopsanok? Ilepen Temu, KoMy MOCYACTIMBWIIOCH OBl MEPEKHUTH Mepexon u3 (asbl
pacmupenus B Ga3y CxKaThs, OTKPBUTUCH ObI caMmble (DAHTACTUYECKHE BO3MOKHOCTH. MOXKET OBITh,
OHU yBUJENIU Obl, KaK OCKOJIKM pa3OUTHIX YallleK cOOMpAIOTCs Ha MOy B LeNble Yallku, KOTOphIe
BO3BpAIAIOTCS 00paTHO Ha CTOA? A MOXeT ObITh, OHM Obl IOMHMJIM 3aBTPAIIHUN KypC aKIM{ U
yaadHo wurpanu Ha Oupke? IlpaBma, OeCOKOWCTBO MO TMOBOAY TOTO, YTO CIYYHTCS, €CIH
Bcenennas onaTh HaYHET KOJUIAIICUPOBATH, KAKETCSI HECKOJBKO MPEKIEBPEMEHHBIM — CXKaTHs HE
Oyner emie 1Mo KpailHEel Mepe JAecATh ThICSY MILIMOHOB JeT. OIHaKo y3HaTh 00 3TOM MOXKHO
ropazno Owictpee. [lyis 3TOro Hajo0 MPOCTO NPHITHYTH B uepHyro Ablpy. Kosmamc 3Be3nbl B
COCTOSTHUE YEPHOM JBIPHI aHAJIOTMYEH IMOCIEIHUM CTaausiM Kosuiarnca Bced Bcenennoit. [loatomy
eci 6ecropsIoK JOJDKEH YMEHbIIAThCA HA CTaauK cxxaTus BeeneHHoi, To OH OyeT yMeHbIIaThCs
Y BHYTpHU YepHOH AbIpbl. Toraa acTpoHaBT, yHaBIIUK B YEPHYIO IbIPY, MOT ObI TaM Moa3apaboTarh,
urpas B pyJeTKy. Beap emie He cienaB CTaBKM, OH OBl yXe TOMHMJ, IJIe OCTAHOBHUTCS ILAPHK.
(ITpaBna, urpa Obuta Obl OUYEHb HEIOJTOW, JUIIb A0 TEX IMOp, IOKA caM acTPOHABT HE MPEBPaTHIICS
Ob1 B crarerTd. He ycneB cooOIIUMTh HaM O MOBOPOTE TEPMOJAWHAMHUYECKOW CTpENbl U JaXKe HE
TTOJTYYUB BBIUTPHIII, OH UCYE3 OBl 32 TOPU3OHTOM COOBITHIA YEPHOM JIBIPHI).

Brauane s cumran, 4ro mpu Kkoiutarnice BceeneHHON OecropsIoK TOMDKEH YMEHBIIATHCS,
MOTOMY 4YTO, CTaB OMSATh MaJIeHbKOU, Becenennas nomkHa Obuia Obl BEPHYTHCS B HCXOIHOE TTIAAKOE
U YHOPSIIOUYEHHOE COCTOSIHUE. DTO 03Hauyasno Obl, 4To (paza cykaTHsl SIKBUBAJIEHTHA OOpPAICHHOH BO
BpemeHH (aze pacumpenus. Ha craguu cxaTust ®HU3HB JOJDKHA T€4b B OOpaTHOM HampaBiCHHH,
TaK YTO JIIOJM YMHUPAIH ObI O CBOETO POXKICHUS M MO Mepe CxkaTHs BceneHHoW CTaHOBUIUCH Obl
BCE MOJIOKE U MOJIOXKE.

[IpuBneKaTeTbHOCTh TAKOTO BBIBOJIA — B KPACHBOM CUMMETpHUU MeXay (hazoil pacimmpeHus u
¢dazoit cxatus. OnHaKo €ro Henb3sl paccMaTpuBaThb caM 1O ce0e, HE3aBHUCHUMO OT JPYrHuX
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npeacTaBieHu 0 BeeneHHoN. Bo3HMKaeT BONPOC: CIeAyeT U 3TOT BBIBOJ U3 YCIOBHS OTCYTCTBHS
TPAaHMI] WM K€, HAIPOTHUB, C 3TUM YycCJIOoBHUEM HecoBMecTUM? Kak yxe roBOpwIOCh, s cuMTal
BHayajle, 4TO YCJIOBHE OTCYTCTBHsI TPaHMIl B CaMOM JI€JI€ O3HA4aeT, YTO OECHOpSAOK IOJIKEH
YBEIMYUBAThCS Ha cTaauu cxartusg. OTd4acTh MeHs BBela B 3a0Ny)KIEHUE aHAJOTusl C
noBepxHocThio 3emiu. [lomoxkum, urto Hauyano BcenenHoil coorBeTcTByeT CEBEpHOMY MOJIOCY.
Torma koner Beenennoil nomkeH ObITH MOX0XK HA Haydajao Tak ke, kKak HOXKHBII MOMIOC MOX0XK Ha
Cesepubiii. Ho CeBepublit 1 FOxHBINH TOTIOCH COOTBETCTBYIOT Hadaly M KoHIy BceneHHoil B
MHHUMOM BpEeMEHU. B peanbHOM ke BpEMEHM Hayajlo M KOHELl MOTYT CKOJb YIOJHO CHUJIBHO
OTIMYAThCA APYT OT Apyra. MeHs eiie BBena B 3a0yKAeHHEe paboTa, B KOTOPOH s paccMaTpuBall
OJIHy TMPOCTYIO0 MOJIeTh BeenenHnol, rae ¢aza komanca Obuia moxoxka Ha oOpalleHHY0 BO BpeMEHU
¢daszy pacmmpenus. Ho wmoii komtera, Jlon Ileiimx w3 YHuBepcutera mrara [IeHCHIbBaHUSA,
MOKa3aj, 4YTO YCJIOBHE OTCYTCTBHUS TpaHMI] BOBce He TpeOyeT Toro, uTtoObl (ha3a ckatus ObuLia
oOpareHHOW BO BpeMeHH (a30oil pacmmpeHus. 3aTeM OJMH W3 MOWX aclHpaHTOB, PeiMoHI
JlepmemMM, yCTaHOBHJ, YTO B HECKOJBKO OoJee CIOXKHOW MOJenu Koiularnc BcerneHHON CHUIbHO
OTJIMYAETCS OT €€ pacIIMpeHus. S MOHsUI, YTO OMMUOCS: U3 YCIOBUS OTCYTCTBUSI I'PaHUL] CIEIYET,
YTO BO BpeMs C)KaTusi OECHOpSIOK JOKEH MPOJIOIDKATh YBEIMYUBATHCSA. TepMOAMHAMUYECKAS U
MICUXOJIOTMYECKasl CTPENIbl BPEMEHHU HE M3MEHSIT CBOErO HAIPaBJIEHUS HA MPOTUBOIMOJIOKHOE HU B
YEpHOU AbIpe, HU BO BceenleHHOM, HauaBlIen COKPAIaThbCsl BHOBB.

Uro Obl BBl caenand, OOHapyXuWB y ce0s Takyro ommOKy? Hekoropbie HuKOrga He
MPU3HAIOTCA B CBOEW HEMpPaBOTE M MPOAOKAIOT IMOUMCKU HOBBIX, YacTO COBEPLIEHHO
HEOOOCHOBAHHBIX, apryMEHTOB B MOJb3y CBOMX uAe. Tak mocTynuna OAJUMHITOH, BBICTYIHB
MIPOTUBHUKOM TEOPUHU YEPHBIX AbIp. [pyrue 3adBisitoT, YTO OHM HUKOT/Ia U HE MOAJEPKUBAIHN Ty
HETNPAaBWIBHYIO TOYKY 3pEHHUS, a €CIM W TOMJIEPKUBAIM, TO JHIOb JUISI TOTO, YTOOBI
MIPOJIEMOHCTPUPOBATH €€ HECOCTOSITENIbHOCTh. MHE Ka)eTcsl, 4TO TOpa3zo MpaBUIIbHEE BBICTYHUTh
B IIeYaTu ¢ NpU3HAHMEM CBOEH HempaBoThl. [IpexkpacHblil mpuMep ToMy — DifHIITENHH. O BBEICHUH
KOCMOJIOTUYECKON TOCTOSIHHOM, KOTOpas TMOHAJA0OWIach €My IMpH TMOCTPOSCHUH CTaTUYECKOM
Moienu BceneHHol, OH TOBOPHMIT Kak O CBOEH caMoil Cepbe3HOM OIMOKE.

BepHemcst k cTpene BpeMeHHM. Y HAac OCTaJICS OJIMH BONPOC: MOYEMY, KaK IOKa3bIBAIOT
HaOJIIO/IEHUs, TEPMOJUHAMHUYECKAass U KOCMOJIOTUYECKasi CTPENbI HaIpaBlIeHbl OnWHAKoBO? Wiwm,
JPYTUMH CJIIOBaMH, Io4yeMy OecropsiJOK BO3pacTaeT BO BPEMEHHU B TOM € HaIlPaBJIEHHWHU, B KAKOM
pacuupsiercsi Beenennas? Ecnu cuurats, yto BeeneHHast mocie paciiupeHusi HAYHET CHKUMAThCH,
KakK, MO-BUJIUMOMY, CJIEAYET U3 YCIOBHS OTCYTCTBHUS I'PAaHMUII, TO HAIll BOMNPOC 3BYYHUT TAK: IIOYEMY
MBI JTOJDKHBI HAXOAUThCS B (pa3e pacimpenus, a He B (haze cxaTus?

OTBeT Ha ASTOT BONPOC JaeT CJIa0bIi AHTPOINHBIA MPUHIMIT: YCJIOBHS B (aze CHKaTHs
HEMPHUTOJHBI JUISl CYIIECTBOBAHMS TaKHX Pa3yMHBIX CYIIECTB, KOTOPHIE MOTJIH OBl CIPOCHTH,
noueMy OecHnopsiloK pacTeT B TOM JK€ HaIlpaBJIEHUH BO BPEMEHH, B KOTOPOM paclIupsieTcs
Bcenennas. YcnoBue OTCYTCTBUSL TpaHULl MPEICKA3bIBAeT pas3lyBaHue BcCelleHHONW Ha paHHUX
CTaIuSX PAa3BUTHS. OTO O3HAYAET, 4YTO pacliupeHue BceneHHOW MOMKHO MPOUCXOAUTH CO
CKOpPOCTBIO, OY€Hb ONU3KON K KPUTHUECKOW, MPH KOTOPOM KOJUIAINC HCKIIOYACTCA, a IMOTOMY
KoJutarica He Oyner oyeHb joiro. Ho Torma Bce 3Be3[bl yCHEIOT CropeTh, a oOpasyrollue ux
MPOTOHBl W HEUTPOHBI pacmamyTcs Ha Oojiee JeTrKhe dYacTUIbl. BceleHHas ocrtamack Obl B
COCTOSIHUHM TIPAKTHMYECKH TIIOJHOTO Oecropsiika, B KOTOPOM He ObUl0 OBl  CHJIBHOM
TEPMOJMHAMHYECKON CTpesibl BpeMeHH. becnopsgok He MOr CHJIBHO YBEIMYMBATHCS, BEOb
Bcenennas u Tak Haxoauiach Obl B COCTOSIHUM TOYTH TojdHOro Oecropsanka. Ho s
CYIIECTBOBAHMS pPa3yMHOW KH3HU HEOOXOAMMAa CHIIbHAS TEepPMOJIMHAMHUYEcKas cTpena. UToObl
BBDKUTD, JIIOAM JIOJDKHBI MOTPEONSITh MUIMY, KOTOpas BBICTYNMAET KaK HOCUTENb YIOPSAI0UYEHHOM
(dbopMBI SHEPrHUM, W TpeBpallaTh €€ B TEIUIO, T. €. B HEYNOPSA0YEHHYIO (OpMY SHEpPIHH.
CrnenoBaTenbHO, HAa CTAUU CKATHSI HUKAKOW pa3yMHOM KU3HHU OBITH HE MOTJIO. DTUM OOBSICHSIETCH,
novyeMy [Uisi Hac TEpMOAMHAMUYECKAass M KOCMOJIOTUYECKAsl CTpPEJIbl BPEMEHHM HAaINpaBIICHBI
onnHakoBo. HeBepHo cumtaTh, OyATO OECHOpsIOK pacTeT u3-3a pacmmpeHus Bceemennoit. Becemy
NPUYMHON ycIOBHE OTCYTCTBHSA TIpaHull. M3-3a Hero pacrer OecnopsioK, HO TOJBKO B (haze
paclIMpeHus CO3AAK0TCS YCIOBHS IS CYyIIECTBOBAHUS Pa3yMHOM )KU3HU.
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[loxBenem wuror. 3akoHBI HAyKW HE JENAIOT Pa3IMuMsl MEXIY HalpaBiICHUEM «BIEpen» U
«Ha3azn» BO BpeMeHU. Ho cymiecTByIOT 110 KpailHEH Mepe TP CTPEJIbl BpEMEHH, KOTOPHIE OTIMYAOT
Oynayiuee OT MPOLUIOro. JTO TEpMOJMHAMUYECKas CTpena, T. €. TO HalpaBlICHHE BPEMEHH, B
KOTOpPOM BO3pacTaeT OecrnopsoK; ICHXOJOrMyeckass cTpella — TO HalpaBlIeHHE BpPEMEHM, B
KOTOPOM MbI IOMHHM IIPOLUIOE, a HE OyAyllee; KOCMOJIOrHUecKasl CTpelia — HallpaBJIeHUE BPEMEHH,
B KOTOpoM BceneHnast He ckuMaercs, a paciuupsiercs. S mokasasu, 4To ICHUXOJIOTMYEcKas CTpelna
MPAKTUYECKH HKBUBAJICHTHA TEPMOJUHAMUYECKOH CTpeie, Tak 4ro 00e OHHM JOJDKHBI OBITh
HaIpaBJIEHbl OAWHAKOBO. I3 yclnoBHsI OTCYTCTBUS TIPaHUI] BBITEKAET CYIIECTBOBAHME YETKO
OTIPENICTICHHON TEPMOJMHAMHUYECKONW CTpeNbl BPEMEHHU, MOTOMY 4TO BceeneHHas moipkHa Obuia
BO3HUKHYTh B TJAJAKOM U  YHOPSAOYEHHOM  COCTOSHHMHM. A  TIpUYMHA  COBIAJCHUSA
TEPMOJMHAMMUYECKON U KOCMOJIOTUYECKOW CTpEsl KPOeTCsl B TOM, UYTO Pa3yMHBIE CYIIECTBA MOTYT
KHUTh TOJBKO B (haze pacmmpenus. dasza cxartus AAS HUX HE MOJIXOAWUT, NMOTOMY YTO B HEH
OTCYTCTBYET CHJIbHAsl TEPMOJMHAMHYECKasl CTPeia BPEMEHHU.

[Tporpecc uenoBeka Ha MyTH NMO3HaHUS BcelleHHOW NpHBEN K BOZHUKHOBEHHUIO MAJIEHBKOTO
yToJIKa nopsiJka B pactyiieM Oecriopsake Beenennoil. Eciu Bbl 3alIOMHUTE Ka)KJ0€ CJIOBO U3 3TOM
KHIKKH, TO Balla MaMATh MOJyYUT OKOJO JBYX MUJUIMOHOB €IMHUI] MHPOpPMALUH, U MOPSIOK B
Ballleil TOJ0BE BO3pACTET MPUMEPHO Ha JBa MUJUIMOHA eAUHUL. HO moka BbI YMTaIu 3Ty KHUTY, IO
KpaliHell Mepe ThICsiua KaJIOpUi yHOpsSAOYEHHON YHEPrUH, KOTOPYIO BbI MOJYYHMIU B BHUJE IUIIH,
MIPEBPATUINCH B HEYNIOPSIOUEHHYIO SHEPIUI0, KOTOPYIO BbI MIEpEail B OKPY KAIOIIUKA Bac BO31yX
B BHJE TEILIAa 32 CUET KOHBEKIUHU U INOTOBbIACIEHUA. becniopsinok Bo BceneHHON Bo3pacTeT npu
9TOM NPUMEPHO HAa JABaJALATh MWIIMOHOB MHIJIMOHOB MHWIIMOHOB MHWIJIMOHOB €IMHHUI, YTO B
JECSITh MWIJIMOHOB MUJUIMOHOB MWIJIMOHOB Pa3 IPEBBINIACT YKAa3aHHOE yBEIMUYEHHUE IOpSAAKA B
BallIEeM MO3TY, — M 3TO IIPOU30MAET JIUIIb B TOM CIIy4ae, €CJIU Bbl 3aIOMHHUTE BCE U3 MOEH KHMKKH.
B cnenyroieii riaBe st oNbITalOCh HABECTH y HAC B FOJI0BAaX elle 00IbIINI MopsAaoK. S pacckaxy o
TOM, KakK JIIOAM TBITAIOTCSI OOBEIMHUTH APYT C APYrOM T€ OTAEJIbHBIE TEOPUU, O KOTOPBIX
pacckasall, cTapasch CO3[aTh IOJIHYI0 €AMHYIO TEOpHUIO, KOTOpas oOXBaTbiBaja Obl BCE, 4TO
MIPOUCXOAUT BO BeeneHHOM.

10. O6beanHeHue pn3unkn

Kak yxe roBopuiocs B ri1. 1, coBceM HE MPOCTO Cpa3y CTPOUTH MOJHYI €IUHYIO TEOPUIO
BCEro, 4To mpoucxoautT Bo Bcenennoi. IloaTomy mMbl mpoaBuraemcsi BOepena, co3/1aBas YaCTHBIC
TEOpUH, OIMUCHIBAIONINE KaKylO-TO OrPaHUYEHHYIO O0JacTh COOBITHI, M MO0 mpeHeOperaem
ocTabHBIMU 3 (hekTamu, JTMO0 MPUOTIKEHHO 3aMeHsieM UX HeKoTopbiMH unciaamu. (Hampumep, B
XUMHUHU MOKHO pacCUUTHIBaTh B3aUMOJEHCTBUS aTOMOB, HE 3Hasl BHYTPEHHEIO CTPOEHHUS aTOMHOTO
snpa). Ho MOXHO HamesTbcss Ha TO, YTO B KOHIIE KOHIOB OyJeT HaiieHa TMoJHasl,
HEMPOTUBOPEUNBAs €IUHAs TEOpHUs, B KOTOPYIO BCE YAaCTHBIE TEOPHH OYIyT BXOIHUTHh B KaueCTBE
MPUOIIKEHU M KOTOPYIO HE HYXKHO OyJeT MOATOHATH MOJI SKCIEPUMEHT MOA00pOM 3HAYCHHI
BXOJSIINX B HEE MPOU3BOJIBHBIX BeMWYUH. PaboTa mo cO3JaHHMIO TakoW TEOpPUHM Ha3bIBAaeTCs
obbenuuenueM ¢usuku. Ilocrnenuue roapl CBOCH KM3HU DUHIITEHH IMOYTH HETUKOM MOCBSITHI
MOMCKAM €IMHOM TEOpUH, HO BpeMsl JUJI 3TOr0 TOIZa €Ule HE MPUIIO: CYHIECTBOBAIM YaCTHBIE
TEOPHUH TPABUTAIIUU U AJIEKTPOMATHUTHBIX B3aUMOJCHCTBUM, HO O SACPHBIX CHUJIaX OBLIO MaJIO YTO
n3BecTHO. K Tomy ke OWHIITEHH OTKa3bIBajlCs BEPUTh B PEATbHOCTh KBAHTOBON MEXaHHUKH,
HECMOTpSl Ha Ty OTPOMHYIO pPOJib, KOTOPYIO OH caM Chirpaid B €€ pa3BuTuu. Ho mnpuHImn
HEOTpPEENIEHHOCTH SIBJISETCS, MO-BUAMMOMY, (YyHIAMEHTAIbHBIM CBOWMCTBOM BceneHHoil, B
KOTOpPO# MBI kuBeM. [109TOMy OH 00S3aTENBHO MOJIKEH OBITh COCTABHOW YaCTHIO MPAaBUILHOM
€IMHOW TEOPUH.

Jlanpiie s mOKaxy, 9TO HaJIeXkIbl Ha TIOCTPOSHUE TaKOW TEOPHUU CHUIIHLHO BO3POCIH, KOO MBI
ceiyac 3HaUMTENTHHO OoJibiie y3HaIM O BcenenHoit. Ho He HYXHO OBITh uepecuyp yBEPEHHBIM —
MBI YK€ HE pa3 CTAIKUBAIKCh ¢ Mupaxamu! Hanpumep, B Havalie BeKa CUMTAIOCh, YTO BCE MOKHO
OOBSICHUTH C MOMOIIBIO0 CBOMCTB, XapaKTePU3yIOIINX HEMPEPhIBHOE BEIIECTBO, CKAXKEM, TaKUX, KaK
YOPYrocTh M TEIIONPOBOJHOCTh. OTKpBITHE CTPOEHUS aToMa M MPUHIUIIA HEONpPEIeIEeHHOCTH
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HaBcer/Ia TOKOHYMIIO C MOAOOHBIM moaxoaoM. 3ateMm B 1928 r. ¢umsmk, maypear HoOeneBckoii
npemun Makc bopH, BeicTynas nepes roctsiMu [ € TTHHTe€HCKOT0 YHUBEpCHUTETa, cKaszal: «Dusuka B
TOM CMBICJIE, B KOTOPOM MBI €€ IIOHMMAaeM, 4epe3 MoJIro1a KOHIUTCs». B cBoelt yBepeHHoCcTH bopH
OCHOBBIBAJICS Ha HENABHO OTKPHITOM JlMpakoM ypaBHEHHMH ISl 3JIeKTpoHa. Bce mymamu, 4To
AQHAJIOTUYHOE YPAaBHEHHE JOJKHO CYIIECTBOBATH W JUIsl MPOTOHA — BTOPOM W3 JBYX M3BECTHBIX
TOTJIa YACTHII, — M TOTJla TeopeTHueckas pusnka koHunTcsa. Ho OTKpbITHE HEUTPOHA U SEPHBIX CHIT
pasBesyIo M 9TU Ipencka3zanus. M Bce e s yBepeH, uTo cedyac eCTh OCHOBAHUS JIJIsSi OCTOPOYKHOTO
ONTUMHU3MA: MBI, MTOXKAITyH, OJM3KU K 3aBEPIICHHUIO TTOMCKOB OKOHYATENIBHBIX 3aKOHOB IPUPOIBI.

B npenpinymux rmaBax s ropopuwsi 00 oOmed TEOpHUM OTHOCHTEIBHOCTH, KOTOpas
MIPEICTaBIsAET COOON YaCTHYIO TEOPHUIO TPABUTAIIUH, U O YACTHBIX TEOPHSIX, OMUCHIBAIONINX CIa0bIe,
CHWJIBHBIE W DJIEKTPOMarHUTHBIE B3aumojaeucTBusi. [locmennue Tpu TEOpuHM MOTYT OBITH
0o0BEMHEHbl B TaK HAa3bIBAEMbIE TEOPUU BEITUKOTO OOBEAMHEHHUS, KOTOpPbIE HENb3sl CUYHUTATh
JIOCTAaTOYHO YIOBJIETBOPUTEIBHBIMH, IMOTOMY YTO OHU HE BKJIIOYAIOT T'PABUTAIMIO U COAEpXKAT
BEJIMUMHBI, HANpUMEp OTHOCUTENIbHbIE MAacCChl PAa3HBIX YaCTHIl, KOTOpPbIE HE BBIYHUCISIOTCS
TEOPETUUECKH M JODKHBI MOAOMPATHCS W3 YCIOBUSI HAWIYYIIETO COTJacusi ¢ AKCIIEPUMEHTOM.
OcHOBHasl TPYAHOCTh MOCTPOCHUSI TEOPHH, KOTOpas 00beAuHsIa Obl TPABUTAIIUIO C OCTAIbHBIMU
CWJIaMH, CBSI3aHA C TEM, YTO OOIIasi TEOPHUS OTHOCUTEIBLHOCTH TIPEJCTABIISICT COOOM KIACCHUECKYIO
TEOpHIO, T. €. HE BKJIIOYAET B ce0sl KBAHTOBO-MEXaHMUECKHUI MPUHIUI HeomNpeaeieHHOCTH. [Ipyrue
)K€ YaCTHBIE TEOPHHM CYIICCTBEHHO CBS3aHBI C KBAaHTOBOM MexaHUKOW. [loaTomy mpexae Bcero
OOIIYI0 TEOPHIO OTHOCHUTENBHOCTH HEOOXOAUMO OOBEAMHUTH C MPHUHIIUIIOM HEOMNPEIeIEHHOCTH.
Me1 3HaeM, 9TO pe3yJIbTaTOM TaKoro OObEIWHEHUS CTAHET PSJ YAUBUTEIBHBIX CICICTBUN: YEPHBIE
JBIPBI TIEpecTaHyT ObITh YEPHBIMHU, a U3 BCENEeHHON HCUe3HyT CHHTYISPHOCTH, M OHA CTAaHET
MOJTHOCTBIO 3aMKHYTOM W He wuMmeromied rpanuil. Ho, kak yke OOBSICHSUIOCH B TUI. 7, 3/1€Ch
BO3HUKAIOT 3aTPYyAHEHHUS, CBSI3aHHBIE C TE€M, YTO B CHUJy MPUHIUIA HEOINPEACTCHHOCTH Iake
IyCTO€ TMPOCTPAHCTBO 3allOJIHEHO MapaMH BUPTYaJbHBIX YaCTUI[ W AaHTHUYACTHUII. OTH Mapbl
o0nanaoT OECKOHEUHOH HSHepruel, a MOTOMY B COOTBETCTBUHM CO 3HAMEHUTBHIM ypaBHEHHUEM
Oninmreiina E = mce”2 ux Macca Toxke IomKHa ObITh OeckoHeuna. CienoBaTenbHo, 04 IEHCTBUEM
CO3/1aBa€MOT0 MMHU  TPaBUTAIMOHHOTO TpPUTSDKeHUS BceeneHHas IOMDKHA, HMCKPUBIAACH,
CBOpAYMBATHCS 10 OECKOHEYHO MAJIbIX Pa3MEPOB.

Takue >xe Henenble 0ECKOHEYHOCTH BO3HHUKAIOT U B IPYTUX YaCTHBIX TEOPHSX, HO X BCEraa
MOXHO YCTPaHUTh C IOMOIIBIO MPOLEIYpPbl, KOTOpas Ha3bIBAECTCS MEPEHOPMHUPOBKOM. Meton
MEPEHOPMHUPOBOK TPEANUCHIBAET BBEICHHWE HOBBIX OECKOHEYHOCTEH NJIsi KOMIIEHCAIIUU CTapbIX.
HecMoTpss Ha CBOIO HEIMOJHYIO MaTEeMaTHYECKyl0 OOOCHOBAHHOCTH, OSTOT METOJl YCIICITHO
MIPUMEHSIETCA, U MOJyUYEHHBIE C €r0 MOMOIIBIO MPeICKa3aHus YaCTHBIX TEOPUH YPE3BBIYAHO TOYHO
COTJIACYIOTCS ¢ pe3yibTaramu HabmoaeHuit. OTHAKO B TUTAHE TIOMCKA 3aBEPIICHHON TEOPUU METOT
MEPEHOPMHUPOBOK 00Ja1aeT OJAHMM CEpPHE3HBIM HEJAOCTAaTKOM: OH HE TO3BOJISIET TEOPETHYECKH
npecka3aTh JeHCTBUTENbHBIC 3HAYCHUS MAacC M CHIT, UX MIPHUXOJUTCS MOAOUPATh MyTeM MOJTOHKH
K SKCIIEPUMEHTY.

[Tpu mompITKaX BKIIOYUTH MPUHIIAIT HEOMIPEIETICHHOCTH B OOIIYI0 TEOPUI0 OTHOCHUTEIHFHOCTH
UMEIOTCSA TOJBKO J[BA YHUCIA, KOTOPbIE MOXHO TMOATOHSTH: BEJIMYMHA TPABUTALMOHHOM CHIBI U
KOCMOJIOTUYECKasl MOCTOsIHHASA. HO MX M3MEHEHHEeM HEBO3MOXKHO YCTPAHUTh BCE OECKOHEYHOCTH.
3HAYUT, Mbl MMEEM TEOPHIO, COTJACHO KOTOPOW HEKOTOpbIE BEIWYHHBI, HAalpUMEp KPUBU3HA
MIPOCTPAHCTBA-BPEMEHH, TOJIKHBI OBITh OECKOHEYHBIMU, HECMOTPS Ha TO YTO 3TU BETUYUHBI MOXKHO
HaO01aTh, U U3 U3MEpPEHUHN BBITEKAeT, YTO OHU KOHeuHbl! DTa mpobiema, BO3HUKAIOLIAS IMPU
00BeTMHEHNH O0IIEH TEOPHH OTHOCUTEIHHOCTH C MPUHITUTIOM HEOMPEIeIEHHOCTH, KAKOe-TO BpeMs
cuMTajgach COMHHMTEIbHOW, HO B KOHIIE KOHIIOB €€ PEaJbHOCTh OblLIa, HAKOHEL, MOATBEpXICHA
JeTalbHBIMM pacuetamMu B 1972 1. Yepe3 yeTblpe roja MOSBUIOCH OJHO M3 BO3MOYKHBIX €€
penieHui, Ha3BaHHOE TeopHel cyneprpaButanuu. CyTh 3TOH TEOPUU B TOM, YTO TPABUTOH (YacTHIlA
CO CIIUHOM 2, SIBISIONIASICS TIEPEHOCUYMKOM TPABUTAIIMOHHOTO B3aMMOJICHCTBUS) OOBEIUHICTCS C
HEKOTOPHIMH HOBBIMH YaCTHUIIAMH, UMeIomUMU ciivHbl 3/2, 1, 1/2 u 0. Torga Bce 3TH YacTHIIBI B
KaKOM-TO CMBICJIE MOYKHO pacCMaTpuBaTh KakK pa3Hble BUIbl OJHOW M TOM kK€ «CYMEpPUYACTHUIIBIY,
OCYIIIECTBUB TaKHUM 00pa3oM OOBEIMHEHHE YaCTHI] MAaTepUU, MUMEIOMUX crmuHbl 1/2 u 3/2, c
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YaCTUI[AMU — TIEPEHOCUYMKAMHU B3aUMOJICHCTBUSI, CIIMHBI KOTOPBIX paBHbl 0, 1 u 2. BupTyanbHbie
napbl 4aCcTUIA-aHTUYACTHIIA CO CIMHOM 1/2 u 3/2 06nafaroT mpu 3TOM OTPHUIATEILHONW YHEPrHUeil,
KOMITCHCUPYIOIIEH TOJIOKHUTEIIBHYIO SHEPTHIO BUPTYaJIbHBIX TIap co ciuHoM 2, 1, 0. B pesynbraTe
MHOTHE OECKOHEYHOCTU OYIyT YCTPaHEHBI, HO €CTh MOJ03PEHUs, YTO KaKasi-TO UX 4acTh MOXKET BCE
e octarbcsi. OHAKO BBISICHEHHWE TOTO, BCE JIM OECKOHEUHOCTH YCTPAaHEHBI, TPeOOBajIO CTOJIh
TPOMO3JIKHX U CIOKHBIX pPacyeToOB, UTO MU HHUKTO He coOupaics 3aHuMaThesi. OLIEHKH MOKa3aiH,
YTO JaXKe C MOMOIIBI0 KOMIIbIOTEpa paboTa 3aHssia Obl HUKAK HE MEHBIIE YETBIPEX JIET, U MPU STOM
OUeHb BEJIMKA BEPOATHOCTh XOTh pa3 omuOuThes. ClemnoBaTeNbHO, B OTBETE MOXKHO OBITh
YBEPECHHBIM JIMIIHL B TOM CIllydae, €ClId KTO-HUOYIb APYroil MOBTOPWI Obl BCE BBIYHCICHUS H
MOJTy4HJI TOT JK€ Pe3yJIbTaT, a Ha 3TO TPYAHO PACCUUTHIBATH.

— - —_ij ]
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Puc. 101 Puc. 10.2

HecmoTpss Ha Bce 3Tu mpoOieMbl M Ha TO, YTO YAacTHULbl B TEOPUAX CyleprpaBUTaLUM,
MO-BUAMMOMY, OTJIMYAJIHCh OT HAOJIOJAaeMbIX YacTHI, OOJBIIMHCTBO YYEHBIX CUUTANO, YTO
CyIleprpaBUTalds MOXKET MPUBECTH K MPaBHWIBHOMY PELICHUIO 3a/a4d 00 00bEeIUHEHUU (DU3HKH.
Ho B 1984 r. ofmee yueHoe MHEHHE CHUJIBHEHWIIMM O0pa3oM HU3MEHHJIOCh B CTOPOHY Tak
Ha3bIBAEMBIX CTPYHHbIX Teopuil. OCHOBHBIMH OOBEKTAMU CTPYHHBIX TEOPUH BBICTYNAIOT HE
YaCTUIIbl, 3aHUMAIOLIIE BCETO JIUIIb TOYKY B IPOCTPAHCTBE, @ HEKHE CTPYKTYPHI Bpojie 6ECKOHEUHO
TOHKHMX KYCOUYKOB CTPYHBI, HE UMEIOIIUX HUKAaKUX U3MEPEHUH, KpoMe JUIMHbL. KOHIBI 3THX CTpYH
MOTYT OBbITh THOO CBOOOJHBI (TaK HAa3bIBAEMBIE OTKPBITHIE CTPYHBI), JINOO COEIUHEHBI JIPYT C
apyrom (3amkHyThle CTpyHBI) (puc. 10.1 m 10.2). Yactuma B KaXIblii MOMEHT BpPEMEHH
MPEJCTaBIsETCA OJHON TOUKOM B mpocTpaHcTBe. CienoBaTeiabHO, €€ HCTOPHIO MOKHO M300pa3HuTh
JUHUEH B NPOCTPAHCTBE-BpeMeHM (MHUpoBas JuHMA). Ho cTpyHe B KaXKIbpli MOMEHT BpPEMEHH
OTBEUaeT JIMHMSA B  TpPEXMEpHOM mpocTpaHcTtBe. (ClenoBaTelbHO, €€  HUCTOpUS B
IIPOCTPAHCTBE-BPEMEHN  M300pakaeTcsi JBYMEPHOM IOBEPXHOCTBIO, KOTOpasi Ha3bIBaeTCs
«MHUPOBBIM JIUCTOM». (JIF0OyI0 TOYKY Ha TaKOM MHPOBOM JIMCTE€ MOXKHO 33JaTh JBYMs YHCIaMH,
OJIHO M3 KOTOPBIX — BpeMs, a JApyroe — MoJI0KEHHE TOUKU Ha CTpyHe). MUpOBOIl JINCT OTKpPHITON
CTPYHBI TpEJACTaBIsAeT COOON MOJOCY, Kpas KOTOpOW OTBEYAarOT IyTSM KOHLIOB CTPYHBI B
npoctpancTBe-BpeMeHH (puc. 10.1). MupoBoil TUCT 3aMKHYTON CTPYHBI — 3TO LWJIMHAP WK TpyOKa
(puc. 10.2), ceyeHHeM KOTOpPOW SBISETCS OKPY)KHOCTh, OTBEYAIOLIas IOJIOKEHHIO CTPYHBI B
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orip CHGHGHHBIﬁ MOMCHT BpCMCHHU.
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Puc. 10.3 Puc. 10.4

JIBa KycKa CTPYHBI MOTYT COCJUHHUTHCS B OJHY CTPYHY; B CIy4dae OTKPBITHIX CTPYH OHH
IPOCTO CMBIKatoTcd KoHumamu (puc. 10.3), a coenMHEeHME 3aMKHYTBIX CTPyH HAlOMUHAeT
COeIMHEHUE JBYX INTaHWH B Oprokax (puc. 10.4). AHaIOTHYHBIM 00pa3oM KyCOK CTPYHBI MOXKET
pasopBaTbcs Ha JABE CTPyHbL. TO, YTO paHbIIE€ CUUTAJIOCH YAaCTULAMH, B CTPYHHBIX TEOPUSX
n300pakaeTcs B BUJE BOJH, OETYIINX IO CTPYHE TaK e, KaKk OCTyT BOJIHBI 110 HATSIHYTOH BEPEBKE,
ecliu ee JEepHyThb 3a KoHel. lcmyckaHue M MOIJIOIIEHHE OJHOM YacTuIbl APYrod OTBEYaeT
COEIMHEHUIO M pas3aeneHuto cTpyH. Hampumep, rpaBurtanumonHHas cwia, ¢ kotopoir CoiHue
JeicTBYeT Ha 3eMIl0, B TEOPUAX YaCTHIl M300paxanach Kak pe3yJbTaT HCITyCKaHUs KaKoi-HUOY b
yactuueid Ha CoJHIE IpaBUTOHA M MOCIEAYIOLIETO €ro MOIJIOMEHUs] KaKoW-HUOy b YacTUllel Ha
3emie (puc. 10.5). B Teopum cTpyH 3TOT mporecc nzobpaxkaercs H-oOpa3HbIM coennHEHHEM
TpyOoK (puc. 10.6). (Teopust CTpyH B KAKOM-TO CMBICIIE IMOA00HA TEXHHUKE BOJOMPOBOIIHKA). J[BE
BEPTUKAJIbHBIE CTOPOHBI COOTBETCTBYIOT yacTulaMm, Haxoasmmumcs Ha ConHue ¥ Ha 3emie, a
TOPU30HTAJIbHAS TIOTIEPEUNHA OTBEYAET JIETAIIEMY MEXLy HUMU I'PaBUTOHY.
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Pue. 105 Puc. 10.6

Teopust cTpyH HMeeT O4eHb HEOOBIYHYIO MCTOpHIO. OHa BO3HMKIIA B KOHIE HIECTHIECATHIX
rOZIOB TP TMOMBITKAX MOCTPOUTH TEOPUIO CHIIBHBIX B3auMMOJACHCTBHM. Mnes Oblia B TOM, YTOOBI
YaCTHULbl TUIIA TPOTOHA U HEUTPOHA PACCMATPUBATh KAK BOJIHBI, PACIPOCTPAHSIOIIUECS 10 CTPYHE.
Torma cunbHbIE CHIIBI, AEMCTBYIOIIME MEXKIY 4YacTULIAMU, COOTBETCTBYIOT OTpe€3KaM CTpYH,
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COCAMHAIONINM MEXIy CO0OH, Kak B TAayTHHE, JAPYTHe Yy4YacTKu CTpyH. st Toro uToOBI
BBIYMCIICHHAS B 3TOM TEOPHUM CUJia B3aUMOJICUCTBUS HMEJa 3HAUCHHUE, OTBEYAIOIIEE IKCIIEPUMEHTY,
CTPYHBI JIOJKHBI OBITh SKBUBAJIEHTHBl PE3MHOBBIM JIEHTaM, HaTSHYTHIM C CHJIOM OKOJIO JAECATH
TOHH.

B 1974 r. mnapwkanun J[xoone Illepk wu [xon IlIBapn w3 Kamudopuwuiickoro
TEXHOJIOTHYECKOr0 MHCTUTYyTa OMyOJMKOBalu paboTy, B KOTOPOHM OBLIO MOKAa3aHO, YTO TEOpUS
CTPyH MOJKET ONMCHIBaTh T'PABUTALIMOHHOE B3aUMOJICHCTBUE, HO TOJBKO INPU 3HAUYUTEIHHO
00JIbIlIeM HATSDKEHUU CTPYHBI — MOPSIIKA THICAYU MUJUTHOHOB MUJUIMOHOB MUJTMOHOB MUJTHOHOB
MWIJTHOHOB MWJITMOHOB (€IMHUIIA C TPUALATHIO JIEBATHIO HYJSIMU) TOHH. B OOBIYHBIX MacmTabax
Mpe/cKa3aHusl TaKkoW CTPyHHOW MOJAENH W OOIed TeopuH OTHOCUTENBLHOCTH COBMAJalld, HO
HAaYMHAJIM pa3nyaTrbcs HAa OYEHb MAJbIX PACCTOSHUAX, MEHBLIMX OJHOM ThICS4Ya MUJUIMOH
MUJUIMOH MUJUIMOH MMJUIMOH MWJUTMOHHOW JOJM CaHTUMeETpa (OAMH CAHTHUMETp, JEJCHHBIN Ha
eIMHUILYy C TPUIAIATHIO TpeMs HyssiMu). OHaKo 3Ta paboTa He MPUBJIEKIAa 0COOCHHOTO BHUMAaHMUS,
MIOTOMY YTO KaK pa3 B TO BpPEMs MHOTME OTKa3ajuCh OT IMEPBOHAYAIILHOM CTPYHHOW TEOPUHU
CHWJIBHOTO B3aUMOJCHCTBUS, OOpPAaTUBIIMCh K TEOPUM KBApPKOB M TJIIOOHOB, PE3yJbTaThl KOTOPOM
3HAYUTENBHO JIy4Ille COTJIacOBAIUCh C 3kcrmepuMeHToM. lllepk Tparmuecku ymep (y mero Obul
nuabeT, U BO BpeMsi KOMBI PSIOM HE 0Ka3ajloCh HUKOIO, KTO Obl clieiall eMy YKOJ HMHCYJIMHA), U
[IBapiy ocTasncs MOYTH €AMHCTBEHHBIM CTOPOHHUKOM CTPYHHOM TEOPHH, HO CO 3HAUUTEIHHO Ooliee
CUJIbHBIM HATSDKCHUEM CTPYH.

B 1984 r. unTepec K CTpyHaM HEOXHUIAaHHO Bo3poawica. Ha To Oblio, MO-BUIUMOMY, JBE
MPUYXHBL. BO-TIEpBBIX, HUKTO HE MOT HHYETO JOOHWTHCS, MBITASCH MIOKA3aTh, YTO CYNEPTrPaBUTAILINAS
KOHEYHA HJIM YTO C €€ MOMOIIBI0 MOXHO OOBSICHUTH CYIIECTBOBAHUE BCEX Pa3HOOOPA3HBIX YACTHII,
KOTOpBbIe MBI HaOromaeM. Bropoii mpuunHoii Obuta myonukanus crateu xona [IBapua n Maiika
I'puna u3 Jlongonckoro KyuH-Mbopu-komiemxa, B KOTOpoil ObUIO MOKa3aHO, YTO C MOMOIIBIO
TEOPUU CTPYH MOXKHO OOBSICHUTH CYLIECTBOBAHME YACTHUI] C JIEBOM CHUPAJIbHOCTHIO, KakK Y
HEKOTOPBIX W3 TE€X YacTHIl, YTO Mbl HaOmonaeM. Kakumu Obl HU ObUTHM MOOYAUTENHHBIE MOTHUBBI,
BCKOpE OYEHb MHOTHE OOpaTHINCh K TEOPHHM CTPYH, B PE3yJibTaTe Yero IMOsBHJIACH €€ HOBas
Pa3HOBUJIHOCTh — TEOpHUsl TaK HA3bIBAEMOM TI'€TEPOTHYECKON CTPYHBI, KOTOpas JaeT HaAeXKIy Ha
00BsICHEHHE Pa3HOOOPA3Us BUIOB HAOIIOJAEMBIX YaCTHII.

Kparwatwed myms o2 A q 8 Mpamyaiumd ngme ot Aa B
§ dayx BIMepentRX & MIEK LIMENEHERT
‘ ’

Puc. 107

B Teopusix cTpyH TOXe BO3HMKAIOT OECKOHEYHOCTH, HO €CTh HaJeX[]a, YTO B TE€X WM HMHBIX
TEOpUSAX TE€TEPOTUYECKOM CTPYyHBI 3TH OECKOHEUHOCTH COKpATATCS (XOTSA IOKa 3TO €Ile He
u3BecTHO). Ho cTpyHHBIE Teopuu cojepaT 3HAUYUTENIBHO Ooyiee Cepbe3Hyl0 TPYIHOCTb: OHHU
HENPOTUBOPEUYMBBI,  MO-BUAUMOMY, JIMIIb B  JECSATH  WIM  JBaALATULIIECTUMEPHOM
IIPOCTPAHCTBE-BPEMEHH, a HE B OOBIYHOM 4YeThlpexmepHoM! JIMIIHME M3MepeHus — 3To 00bIYHOE
JIeJI0 B HAy4YHOH (paHTacTuke; TaM 0€3 HUX U B CAMOM JieJie ITOYTH HEBO3MOKHO 0OONTHUCH, IOTOMY
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YTO WHAue, U3-3a TOTO YTO, COTJIACHO TEOPUH OTHOCHUTEILHOCTH, HEJIb3s IBUTAThCsl OBICTpEE CBETA,
MYTEIIECTBUSl CPEAN 3BE3]l M TAJTAKTUK MPOMCXOAWIN OBl HEMBICIMMO J0iTo. Mies HaydHOI
(aHTACTUKU 3aKIIOYAETCSl B TOM, YTO MOKHO KAaKTO COKpPATHTh IyTh, MPOMIsS depe3 JIHIIHEe
U3MepeHue. DTy MBICIb MOXHO CIEIYIOLUMM 00pa3oM MOSCHUTH Ha pucyHke. IIpeacraBbTe cebe,
YTO MPOCTPAHCTBO, B KOTOPOM MBI JKUBEM, UMEET TOJIKO J[BA M3MEPEHHUS M HCKPUBJICHO, Kak
MOBEPXHOCTh OyOnmka, wiau topa (puc. 10.7). Ecnum BBl HaxoauTech B KakOW-TO TOYKE Ha
BHYTPEHHEH CTOPOHE TOpa M XOTUTE IOMACTh B IMPOTHBOIOIOKHYIO TOUYKY, BaM MPHUIETCS 000MTH
TOp MO BHYTPEHHEMY KOJbIly. A eclii Obl BBl yMEIH NEepeMEIIaThCs B TPETHEM W3MEPEHHH, BBI
MOTJIH OBl Cpe3aTh, MOW/IS HAIIPSIMUK.

Ho mowemy »e MBI He 3aMedaeM BC€ OTH JIONIOJHHUTENBHBIC HM3MEPEHHs, €CIH OHH
NEHCTBUTENBHO CYIIECTBYIOT?

[loueMy MBI BUAWM TOJBKO TPH TPOCTPAHCTBEHHBIX W OJHO BPEMEHHOE H3MepeHHe?
Bo3MoXHO, TIpUYMHA KpOETCS B TOM, 4YTO JAPYTHE€ HM3MEPEHHsS CBEpPHYTHl B OUYEHb Malioe
MPOCTPAHCTBO Pa3MEPOM MOPSIKAa OJHOW MWIUIMOH MWUIMOH MWIUIMOH MWUIMOH MHJUTMOHHOM
nonu cantumerpa. OHO Tak Mayio, YTO MBI €T0 MPOCTO HE 3aMeYaeM: MBI BUIUM BCETO JIUIIb OJTHO
BPEMEHHOE W TPH NPOCTPAHCTBEHHBIX H3MEPEHHUS, B KOTOPBHIX MPOCTPAHCTBO-BPEMS BBITIISIIUT
JIOBOJIBHO TIIOCKUM. TO e caMoe MPOUCXOAWT, KOTAa MBI CMOTPUM Ta TIOBEPXHOCTh arejbCHHA:
BOJIM3M OHA BBITVISAUT MCKPUBIICEHHON M HEPOBHOW, a M3Jainy Oyropkd He BUIHBI U allelIbCHH
Ka)XeTcs TTIAJAKUM. Tak jke ¥ MPOCTPAHCTBO-BPEMS: B OUEHb MAJIBIX MACIITa0ax OHO JIECATUMEPHO U
CHJIbHO HCKPHBIICHO, a B OONBIIMX MacumTa0ax KpHUBU3HA M JIOMOJHHUTEIBHBIC H3MEPEHUS He
BUAHBL. Ecnm 3TO mpencTraBieHHe BEPHO, TO OHO HECET JYPHBIE BECTH OyAyIIUM TOKOPHUTEISIM
KOCMOCA: JOTIOJHUTENbHbIE HM3MEPEHUs OyAyT CIHMIIKOM Malbl JUIS TPOXOJa KOCMHYECKOTO
kopabist. Ho Bo3HmMkaeT m apyras cepbe3Has mpoOusiema. [louemy nummb HEKOTOpBIE, a HE BCe
BOOOIIIE M3MEpEeHHs JOJDKHBI CBEPHYThCS B MajeHbKuil mapuk? Ha odeHs paHHel cTagum Bce
n3MepeHus Bo BceeneHHOUW ObUIHM, MO-BUAMMOMY, OYEHb CHIIBHO HMCKpHBIIEHBI llodemy ke ogHO
BPEMEHHOE M TP MPOCTPAHCTBEHHBIX M3MEPEHUS Pa3BEPHYIIUCH, & BCE OCTAIBHBIE OCTAIOTCS TYTO
CBEpHYTBHIMU?

Pue. 108

OauH U3 BO3MOXHBIX OTBETOB JA€TCS AHTPOIHBIM HPUHLMIIOM. J[ByX HpPOCTPaHCTBEHHBIX
U3MEPEHUH, MO-BUAMMOMY, HEJOCTaTOYHO JUIS TOrO, YTOOBI MOTJIM PAa3BUTHCA TAKHE CIIOXKHBIE
cyliecTBa, kak Mbl. JKuBs, Hampumep, Ha oJHOMEpHOU 3emiie, ABYMEpHBIE KMBOTHBIE, YTOOBI
pa3oUTUCH NPH BCTpeue, ObLTN Obl BBIHYKAEHBI Nepesie3aTh Ipyr yepes apyra. Eciau 61 AByMepHOe
CYILLIECTBO MUTAJIOCh YEM-HUOYb TaKUM, YTO HE MEPEBApPUBAETCS 10 KOHIA, TO OCTATKU JOJIKHBI
Obull OBl BBIBOJUTHCS MO TOMY JK€ MYyTH, IO KOTOPOMY BXOJHT MHINA, TaK KaK MPH HAJIUYUU
CKBO3HOI'O IIPOXOJa 4epe3 BCE TEJIO0 KMBOTHOE OKa3aJloch Obl Pa3/IeIeHHBIM Ha JIBE OT/EIIbHBIC
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MIOJIOBHHBI, ¥ HAIlle IByMEPHOE CYIIECTBO pa3Bajiiioch Obl Ha nBe yacTH (puc. 10.8). TouHo Tak xe
TPYJHO MIPEICTaBUTh cee, Kak y IBYMEPHOTO CYIIECTBA MPOUCXOAna Obl HIUPKYIALNS KPOBH.

TpyaHocTu Bo3HUKaNIHM Obl U B TOM Cilydae, €Ciau Obl YHCIO MPOCTPAHCTBEHHBIX M3MEpPEHUN
ObUT10 Oonble TpeX. ['paBUTAlMOHHAS CHJIa MEXAY JABYMs TelaMH ObICTpee Bo3pacTana Obl ¢
paccTosiHueM, yeM B TpexmepHoM ImpoctpaHcTBe. (Korma paccrosiHue ynBamBaercs, TO B Tpex
W3MEPEHUSX TPABUTALMOHHAS CHJIA YMEHBUIAETCS B YETHIPE pa3za, B YETHIPEX HU3MEPEHUSIX — B
BOCEMb pa3, B IISTH — B IIECTHAJATh pa3 U T. M.). DTO 3HAYMT, YTO OPOUTHI IUIAHET, HAIIPHMED,
3emnu, Bpamarommxcs BOkpyr ComHia, ObTM OBl HECTAOWMIBHBI: Maleiliee OTKIOHEHUE OT
KpyTroBOil OpOMTHI (BO3HHUKILIEE, TOMYCTUM, M33a IPABUTALMOHHOTO MPUTSKEHUSI JPYTUX IUIAHET)
MIpUBEJIO OBl K TOMY, 4TO 3emiisl cTaja Obl JBUTaThCs HO cniupainu 1u6o ot ConHia, 1160 k ConHiy.
Mb1 Ob1 Torma smbo 3amep3nu, Jaubo cropenmu. Ha camom geme, ecnu Obl  3aBUCUMOCTH
TPaBUTAIMOHHOMN CUJIBI OT PACCTOSHUSA ObLJIa OIMHAKOBOM B MPOCTPAHCTBAX C PA3MEPHOCTHIO BHIIIIE
TpeX, To CouiHIle HE MOIJIO Obl CyIIECTBOBAaTh B CTAOMJILHOM COCTOSIHUH, B KOTOPOM COXpaHsieTcs
paBHOBECHE MEXIy JaBieHHeM u rpasButanueid. OHo nuOO pacmamoch Obl Ha YacTH, JHOO,
CKOJUTAIICUPOBAB, MPEBPATHIIOCh B YEPHYIO ABIpY. B 00oux ciaydasx oT Hero yxe Obuto ObI Majio
MOJIb3bl KaK OT HCTOYHHMKA TEIUIa WM CBETa s NOAJICPXKKHM XM3HM Ha 3emiue. Ha MeHbmunx
MaciTabax AJIEKTPHUUECKUE CHIIBI, TMOJ JCHCTBHEM KOTOPBIX SJIEKTPOHBI OOpAIIaloTCs B aToMe
BOKPYT si/ipa, BeJn Obl ceOsl Tak ke, Kak rpaBUTalMOHHBIC. CleI0BaTeNbHO, SJIEKTPOHBI TUO0 BCe
BMECTE BBUJIETENIM OBl U3 aToMa, JTMOO 1O CIHUpau yraiau Obl Ha Aapo. B ToM u Apyrom ciydae He
CYILIECTBOBAJIO ObI TAKMX aTOMOB, KaK ceiyac.

Torpa, xa3zasoch OB, OYEBHAHO, YTO KH3Hb, MO KpalHEH Mepe Tak, KaKk Mbl ee cede
MIpPE/ICTaBIsIEM, MOXKET CYIIECTBOBATh JIUIIb B TAKMX O0JIACTAX MPOCTPAHCTBA-BPEMEHH, B KOTOPHIX
OJIHO BpPEMEHHOE M TPHU HIPOCTPAHCTBEHHBIX HM3MEPEHHS HE OYEHb CHJIBHO HCKPUBJIEHBI. JTO
03HAYaeT, YTO Mbl UMEEM MPABO MPHU3BATh HA TIOMOIIb CIa0bIil aHTPOHHBIN MPUHIIUI, €CIIA CMOKEM
[0Ka3aTh, 4YTO CTPYHHas Teopusi MO KpallHEll Mepe pomyckaer (a OHa, M[O-BUAMMOMY,
JEHCTBUTENHHO JOMYCKaeT) CyllecTBOBaHUE BO BceneHHoi oOmactei ykazaHHoro Buaa. Bmomne
MOTYT CyIIECTBOBaTh U Apyrue obiactu BeeneHHoi uinu apyrue BceseHHbIE (4TO ObI O ATUM HU
MO/Ipa3yMeBaIOCh), B KOTOPBIX JHOO BCE M3MEPEHUS CHUIBHO HCKPHUBIEHBI, JHOO pachpsMiIeHO
OoJblIIe YeThIpeX M3MEPEHUH, HO B MOJOOHBIX 00JAcTAX HE OyAeT pa3yMHBIX CYIIECTB, KOTOpBIC
MOTJIU ObI YBUJETH 3TO pa3HOOOpa3ue NeUCTBYIOMIMX HU3MEPEHUH.

Kpowme omnpenenenus uncina u3MepeHuii, KOTOpsIMU 00JIaZiaeT IPOCTPAHCTBO-BPEMS], B TECOPHH
CTPYH €CTh €LI€ WU JAPYTHE 3aJlayd, KOTOPbIE HAJ0 PELIUTh, MPEXKAEC YEM IMPOBO3IIIAMIATE TEOPHUIO
CTPYH OKOHYATEJbHOW eAuHOM Teopued (u3uku. Mbl MOKa HEe 3HaeM, BCe JU OCCKOHEYHOCTHU
KOMIIEHCUPYIOT JIpyT Jpyra, ¥ HE€ yMEeM TOYHO HAXOJWUTh COOTBETCTBHE MEKJy BOJHAMH Ha
CTpYHE U OIpEeeICHHBIMHI TUIIAMH YacTHUI], KOTOpPbIE Mbl HaOIr01aeM. TeM He MeHee OTBEThI Ha 3TU
BONIPOCHI OYyIyT, MO-BUIUMOMY, HaWIeHbl B OJMKailliue HECKOJIbKO JIeT, U K KOHIy BEKa MBI
y3HaeM, SIBJISETCS JIM TEOpUsi CTPYH TOHM JTONTOXIAHHON eTUHOM Teopueit pu3nk.

Ho Moxer nu enuHasi TeOpusi peaibHO CyIIEeCTBOBaTh? Miaum MBI MPOCTO TOHsSIEMCS 3a
MupaxoM? Bo3MOKHBI, 10-BUIUMOMY, TPU BapHaHTA.

1. [lonHasg enuHas TeopHsl AEWCTBUTEIBHO CYIIECTBYET, U Mbl €€ KOTJa-HUOYIb OTKPOEM,
€CJIM [TOCTapaeMcsl.

2.  OxoHuaTtenpHOM Teopuu BceeneHHoi HET, a eCcThb MNPOCTO  OECKOHEYHAsS
MOCTIeI0BATEIbHOCTh TEOPHIA, KOTOpPBIE Jat0T Bee Ooiiee u Gojiee TOUHOE onucanue BeeneHHoi.

3. Teopum BceneHHOW He CyIIECTBYET: COOBITHS HE MOTYT OBITh NpEICKa3aHbl Jajee
HEKOTOPOTO IpeJieNia U MPOUCXOAAT IPOU3BOIBHBIM 00pa3oM U 6eCIOPSI09HO.

B mnonp3y TpeTeero BapHaHTa HEKOTOPBIE BBIABUIAIOT TOT JIOBOJ, YTO CYIIECTBOBAHHE
MOJTHOM CHCTEMBI 3aKOHOB OrpaHM4miio Obl cBoOoxy bora, ecnmu Obl OH mepexyman M peLIn
BMeIIaThes B Hall Mup. CUTyalusi CpOAHHU CTapoMy 100pOMY MapaoKCy: MOXKET Ju bor coTBOpUTH
TaKoW KaMmeHb, KOTOpbli OH cam He cmor Obl mogHsATh. Ho Mbicie 0 TOM, uto bBor moxer
nepenrymarhb, — 3TO MpUMep 3a0Iy:KJIeHus, Ha KOTOpoe yKasbiBai enie biakeHHbI ABTryCTHH; OHO
BO3HHUKAET, €CJIM CUUTaTh bora cymiecTBoM, JKUBYIIIMM BO BPEMEHU; BPEMsI K€ — CBOWCTBO TOJIBKO
Bcenennoii, kotopas co3aana borom. 3anyckas Beenennyto, bor, BeposaTHO, 3Han 4TO Aenaet!
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C nosiBneHHMEM KBAaHTOBOW MEXaHUKHU MPUILIO MOHHMMAHHUE TOTO, YTO COOBITUE HEBO3MOXKHO
IpeJCKa3bIBaTh a0COIIOTHO TOUHO U B JIIOOOM MpEICKAa3aHUU BCET/Ia COAEPIKUTCSI HEKOTopas 10Jis
HeomnpeneneHHOCTH. [Ipu >kemaHuM 3Ty HEOMpPEAEIEHHOCTh MOXXHO OBLUTO OBl OTHECTH Ha CYET
BMeNlaTenscTBa bora, HO BMEIIATENbCTBA, HOCSIIErO OYEHb CTPAaHHBIM XapaKTep: HET HUKAKUX
CBHUJIETEIILCTB €r0 XOTh KaKOW-HUOYAb LEJNeBOM HampaBIeHHOCTH. Pa3ymeeTcs, OKa3aBIIHCh
HaIpaBJICHHBIM, OHO 110 CBOEMY IOHATHIO HE ObUIO Obl Cay4aiHbIM. B Hamr BeK Mbl IPaKTHYECKU
HCKJIFOYWJIA TPETUH BO3MOKHBIA BAPHUAHT, NPENONPEACIUB LEb, CTOSIIYIO IIEpe] HAYKOW: HAaUTH
CHCTEMY 3aKOHOB, KOTOpbIE JaBajii Obl BO3MOXHOCTb IpEACKa3bIBaTh COOBITHS B IHpeaenax
TOYHOCTH, YCTAHABIMBAEMOMN IIPUHIIUIIOM HEOIIPEICICHHOCTH.

Bropast BO3MOXHOCTb, CBSI3aHHAs C CYIIECTBOBAaHUEM OECKOHEYHOH MOCIIe0BAaTEILHOCTH BCE
0osee u OoJiee TOYHBIX TEOPUMA, TOKA IIETMKOM COIJIACYETCs C HAlllUM OIBbITOM. Bo MHOTHX citydasix
MBI NOBBIIIAJIIM YyBCTBUTEJIBHOCTh amllapaTypbl WJINM NPOU3BOAMUIM DKCIEPUMEHTHI HOBOI'O THIIA
JHIIb IS TOTO, 4YTOOBI OTKPHITH HOBBIC SBJICHHS, KOTOpBIE e€Ile He OBUIM MpeacKa3aHbl
CYLIECTBYIOIIEH Teopueil, M Ui MX MpeACKa3aHus NPUXOAWIOCH CO37aBaTh HOBYIO, Oolsee
cioxHyto Teoputo. [loaTomy He Oyner HUYEro OCOOEHHO YAMBUTEIBHOTO, €CIU OKaKeTCs
HEBEPHBIM IIpeJICKa3aHue, CIIJIaHHOE B paMKaX COBPEMEHHBIX TEOPHH BEIMKOro OObEIUHEHUS, O
TOM, YTO HE JOJDKHO OBITh HHKAKMX CYHIECTBEHHO HOBBIX SIBIICHHH B IMPOMEXKYTKE OT 3HAYCHHUS
sHepruu ssekrtpociaadoro odbenuHeHus 100 3B no sHeprum Benukoro oObeIMHEHMS, paBHOU
IIPUMEPHO THICSYE MWIJIMOHOB MWIJIMOHOB TMIa’IeKTPOHBOJIBT. Ha camMoM Jiene MOKHO OXKUIaTh,
910 OyAyT OTKPBITBI KaKHE-TO HOBBIE CIIOM CTPYKTYpBbI, Oojiee 3JeMEHTapHbIe, YeM KBapKu U
3JIEKTPOHBI, KOTOPBIE MBI CEMYAC CYUTAEM DIEMEHTAPHBIMHU.

Ho rpaBuranus MoxeT, M0-BUANMOMY, HAJIO)KUTh OTPAaHUYECHHUE Ha OTY MOCIEN0BATEIbHOCTD
BJIO’)KEHHBIX OJHA B JpYrylo «marpemiek». Eciu Obl cyliecTBoBana 4acTUIA, SHEPTUs KOTOPOM
IpeBbIIana Obl MJIAHKOBCKOE 3HAYCHHUE — JAECATh MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB (€AMHHUIIA C
JEBATHAALATHIO HYJSIMU) TMTaJIEKTPOHBOJBT, — TO €€ Macca Obljia Obl CTOJIb CHJIBHO CXaTa, YTo
yacTulla BblJaBWiIack Obl U3 BceneHHoil, o0pa3zoBaB dYepHylo aAblpy. Takum oOpazom,
MOCTIeIOBATEIbHOCTh BCE 00Jiee TOYHBIX TEOPUN [OJKHA, MO-BUIUMOMY, HMETh Ipenel Ipu
nepexoze Ko Bce 0osee U 0ojiee BHICOKMM SHEPIHsIM, a MOTOMY IPU KAKMX-TO SHEPTUsAX IOJKHA
CyILIECTBOBAaTh OKOHYATEIIbHAS TeOpHs BeeneHHoi.

[InaHKOBCKass »HEpPrus, KOHEYHO, OTHEJIICHA IIPONACTbl0 OT OJHEPrUil MOpsAKa COTHU
THradJIeKTPOHBOJIBT — TOIO MaKCHMMyMa, KOTOPBIA ceiiuac MOXHO JOCTHYbL B J1a0OpaTopuu, U C
MIOMOILBIO YCKOPHUTENEH Bps JIM yNAacTcs BO3BECTH MOCT 4Yepe3 3Ty MponacTb B 0003pMMOM
Oyaymem! Ho cTonb BBICOKME HHEPTUM MOTJIHM BO3HHKHYTh Ha OYE€Hb PAaHHHMX CTaJUAX PAa3BUTHUS
Bcenennoii. MHue kaxercs, 4TO M3ydeHUE paHHEeW BceneHHOW M TpeOOBaHMS MaTeMaTHYECKOM
COTJIACOBAaHHOCTHU IIPUBEAYT K CO3JAHMIO IIOJTHOW €AWHOW TEOPUH, U NMPOU30HIET ITO €IIe IPU
AKHU3HHU KOT'0-TO U3 HAC, HbIHE )KMUBYILHX, €CJIM, KOHEYHO, MBI JIO 3TOTO caMu ce0s1 HE B30PBEM.

Uro OBl 3TO O3HA4ajo, ecad Obl HaM JEHCTBUTENBHO YJAIOCh OTKPHITh OKOHYATEIbHYIO
teopuro Beenennoii? Kak yxe roBopusioch B TJ1. 1, Mbl HUKOT/Ia HE MOTJIA ObI OBITh YBEPCHHBIMU B
TOM, YTO HalJeHHas Teopus JEHCTBUTEIBHO BEpHA, MOTOMY YTO HMKAaKyl TEOpPHUIO HEJb34
nokazate. Ho ecnm oTkpblTas Teopus Obula Obl MaTeMaTHYECKHM HENPOTHBOpPEUMBA U €€
MpeJCKa3aHsl BCET/la COBMAJAlU C JKCIIEPUMEHTOM, TO MBI MOIJIM Obl HE COMHEBAThCS B €€
NPaBUIBHOCTH. OTUM 3aBeplIwiiack Obl JUIMHHAs W yJUBHUTEIbHAas IJIaBa B HCTOPHUHU
MHTEJUIEKTyalIbHOH OOphObI yenoBeyecTBa 3a mo3Hanue Beenennoii. Kpome Toro, oTkpsiTHE Takon
TEOPHUH NPOU3BEJIO OBl PEBOIOLMIO B MPEACTABIECHUSAX OOBIUHBIX JIIOJIEH O 3aKOHAX, YIPaBJIAIOIUX
Bcenennoii. Bo Bpemena HpioToHa 00pa3oBaHHBIM YellOBeK MOr, MO KpailHel Mepe B 0O0IIuX
4yepTax, OXBaTUThb BECh O00BEM 3HAHMU, KOTOPBIMU pacronarajio yeigoeuecTBo. Ho ¢ Tex mop
pa3BUTHE HAYKH MPOUCXOAUT B TAKOM TEMIIE, YTO MOJOOHBIA OXBAT CTal HEBO3MOXHBIM. Teopuu
HENpPEepbIBHO BHUJOU3MEHSIOTCS JAJIS COIVIACOBAHUS C pe3yibTaTaMHM HAONIOJIEHHH, U HUKTO HE
3aHUMAaeTcs NepepadOTKOM W YIPOIIEHHEM TEOPHM Ui TOro, YTOOBl HMX MOIJM TOHSTH
HecrienuanucTsl. Jlake OyIyuu CHEIMAIMCTOM, MOXHO HAJESThbCs MOHATH JIMIIb MAJyl 4acTb
Hay4yHbIX Teopuil. Kpome Toro, pasButue wjeT Tak OBICTPO, YTO BCE, UMy ydyaT B ILIKOJIE WU
YHHMBEPCUTETE, BCErla HEMHOTO ycTapenoe. JIMIb eInHUIBl MOTYT JBHUraThCsl BIIEPE] HapaBHE C
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ObICTpO pacTymuM o0beMoM uHpopmaruu. M npuxoauTces MOocBSIaTh 3TOMY BCE CBOE BpeMs U
CHEIMATM3UPOBAThCS UMb B KaKOM-TO y3K0# o6nactu. OcTaibHble Malo 4TO 3HAIOT O TOM, YETro
JIOCTHTJIA HayKa M KaK 3TO MEPEKUBAIOT yueHbIie. Ecii BepuTh DIIUHTTOHY, CEMBAECIT JIET Ha3all
JUIIb JBa YeJOBEKa MOHMMANIU OOIIYI0 TEOPHUI0O OTHOCUTENbHOCTH. Celyac ee 3HAIOT JIECATKU
TBICAY BBITYCKHUKOB YHUBEPCUTETOB, & MHOTHE MUJIJIMOHBI JIIOJIEH MO KpalHEW Mepe 3HAKOMBI C
Jexamieil B ee ocHoBe wuzaeeil. Eciam Obl Oblla OTKpHITA TONMHAS €OUHAs TEOpHUsS, TO €€
CHUCTEMaTH3aIlis U yIpPOIIECHUE, a TOTOM M TMpenojaBaHuE B IIKOJE, M0 KpailHel mepe B OOIIMX
yeprax, OKa3aJluch Obl MPOCTO AENOM BpeMeHU. Torga Bce CMOTIM Obl MOMYYUTh HEKOTOPOE
MPEJICTABJICHUE O 3aKOHAX, YIPABISAIOMMNX BCceneHHONW U OTBETCTBEHHBIX 3a HAllE CYIIECTBOBAHUE.
Ecniu Ham JeicTBUTENHHO yNACTCS OTKPBITH MOJHYIO €IMHYIO TEOpPHIO, TO 3TO HEe Oyner
03HaYaTh, YTO MBI CMOXKEM TWIPEICKa3bIBaTh COOBITHA BooOmEe. Ha TO ecTh JaBE TPHYMHBL
Bo-nepBeiX, HamM nOpencka3aTeabHble BO3MOXKHOCTM OTPAHUYEHBl KBAHTOBO-MEXAHUYECKUM
MPUHIIMIIOM HEOMPEAECICHHOCTH, U C 3TUM HHYEro He mojenaeuib. [IpaBaa, Ha MpakTUKE BTOPOE
OTpaHUYECHUE CUJIbHEE NIEpBOro. BTopoe orpaHnyeHue CBA3aHO C TEM, YTO, €CJIM HE CUUTATh OYEHb
MPOCTBIX CIYy4aeB, Mbl HE YMEEM HAXOAUTh TOUYHBIC PEUICHUS] YPABHEHUH, ONMKUCHIBAIOIINX TEOPHIO.
(MbI HE B COCTOSIHUM TOYHO PEIIUTH JaKe YPAaBHEHUS JBUKCHUS TPEX TEJ B HBIOTOHOBCKOM T€OpUU
rpaBUTallMM, a C POCTOM 4YHClIa Tl U YCIOKHEHHEM TEOpUM TPYAHOCTH ele Oonee
YBEIMYUBAIOTCS). MBI y)ke 3HaeM Te 3aKOHBI, KOTOPBIM MMOAYMHSETCS TTOBEICHNE BEIIECTBA BO BCEX
YCJIOBHUAX, KPOME IKCTPEMaNIbHBIX. B 4aCTHOCTH, MBI 3HaeM CaMble Ba)KHBIE 3aKOHBI, JICKAILHUE B
OCHOBE XMMHH M Ouonornu. TeM He MeHee Mbl, KOHEYHO K€, HEe MPUYHCIAEM ST HAyKH K
pelIeHHBIM MpoOJieMaM; Mbl TIOKa HE JOOMJIMCh TOYTH HUKAKUX YCIIEXOB B MPEJCKa3aHUU
MOBE/ICHUA YeIOBEeKa Ha OCHOBE MaTeMaTuyeckux ypaBHeHuil! Takum oOpa3om, ecinu Mbl U HaliieM
TOJTHYIO CUCTEMY OCHOBHBIX 3aKOHOB, ME€pe] HaMW HAa MHOTO JIET BIiepes] OyJIEeT CTOSATh BHI30BOM
HaIlleMy MHTEJIEKTY 3aJlaya pa3pa0OTKH HOBBIX MPUONMKEHHBIX METOJIOB, C MOMOIIBI0 KOTOPBIX
MBI MOTJIU OBl YCTIEITHO MPEACKA3bIBATh BO3MOXKHBIC PE3YJIHTATHI B PEATBHBIX CIOKHBIX CUTYAIUsX.
[TonHas, HEmpoTUBOpPEUYMBaAsl €QUHAs TEOPUs — ITO JIMIIb MEPBBIM IIAr: HAalla LEdb — IOJIHOE
MMOHMMAHHE BCETO MPOUCXOISIIETO BOKPYT HAC M HAIIIETO COOCTBEHHOTO CYIIECTBOBAHMUSI.

11. 3aknyeHue

M1 kHMBEM B yIUBUTENbHOM MHpe. HaM Xouercss MOHATH TO, YTO MBI BUJUM BOKpYT, U
CIIPOCUTH: KaKOBO MIPOUCXOKIeHHE BeeneHHoi? kakoe MecTo B HEM 3aHMMAaeM Mbl, U OTKYJla Mbl U
OHa — BCE 3TO B35J10Ch? IOYEMY BCE TPOUCXOJUT UMEHHO TaK, a HE UHa4e?

Jlns oTBETa HAa ATH BOIPOCHI MBI IPUHUMAEM HEKYH0 KapTHHY Mupa. Takoi KapTHHOW MOKET
ObITh Kak OallHd W3 CTOALIMX JAPYT Ha Apyre ueperax, HeCyIlHX Ha ceOe INIOCKYI0 3eMIIto, Tak U
Teopusi cymnepctpyH. OO0e oHM sBISIOTCA TeopusiMu BceeneHHOW, HO BTOpas 3HAYUTEIHHO
MaTeMaTH4Hee M TouHee nepBod. Hu onHa M3 3TUX Teopuil He MOATBEpXKJeHa HAOJIOJCHUSAMU:
HUKTO HUKOIJIa HE BHUJEJ TUTAaHTCKYI0 uepernaxy ¢ Hameill 3emyiel Ha CIHMHE, HO Belb H
CYNEpPCTPyHY HHUKTO HUKOrza He Buaesn. OIHAako MoOJenb depenax HeNb3s Ha3BaThb XOPOILIEH
Hay4YHOW TEOpHEH, IOTOMY YTO OHA IIPEACKA3bIBAET BO3MOKHOCTH BBINAJICHUS JIFOACH depe3 Kpai
mupa. Takasg BO3MOXHOCTb HE MOITBEP)KIEHA JKCIEPUMEHTAIbHO, Pa3B€ 4YTO OHA OKa)XeTcs
MPUYMHON MPEIO0JIaracMoro UCYE3HOBEHUS Jitoiei B bepmyickom TpeyronpHuke!

Camble mepBble MOMBITKM ONUCAaHUA M OO0bACHEHHs BceneHHONH OBUIM OCHOBaHBI Ha
NPEJCTaBICHUM, YTO COOBITHSAMU U SBJICHUAMHU NPUPOABI YIPABIAIOT HyXH, HaJCJICHHBIC
YeJIOBEUECKUMHM SMOLMSIMHM M JACHCTBYIOIIME COBEPIIEHHO Kak JIOAM U abCOJIOTHO
HEIPEICKa3yeMo.

OTH JNyXW Hacelsuld Takue INPUPOJAHbIE OOBEKTHI, KaK PEKH, Iropbl U HeOecHble Tena,
Hanpumep, Connne u Jlyny. [Tonaranocs 3a1a0puBaTh X U 100MBATHCS UX PACIIONIOKEHHS, YUTOOBI
o0ecrneunTs IIOJOpOJUE MOYBBI U CMEHY BpeMeH rojga. Ho mocreneHHO roaM JTOJKHBI ObUIM
MIOIMETUTH OIpe/ieTIeHHbIE 3aKOHOMepHOCTH: COJIHIIE BCErJa BCTaBaJIO HA BOCTOKE M CaJWIOCh Ha
3amajie He3aBUCUMO OT TOro, ObUIa WK He Obu1a mpuHeceHa »xepTBa 6ory Connua. ConHue, JlyHa u
IUTAHETHl XOAMJIM 1O HeOy BAOJb COBEPIICHHO ONPEACNCHHBIX IMyTeH, KOTOpble MOXXHO OBLIO
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npescKas3aTh Harepes ¢ xopoiuei ToyHocThio. ConHue u JIyHa Bce ke MOTJIM OKa3aThCsl 00oramMu, HO
60oraMu, KOTOpbI€ MOAUUHSIOTCS CTPOTUM, ITO-BUIMMOMY, HE JIOMYCKAIOIINUM HUCKIIIOUCHUN 3aKOHAM,
€CJIM, KOHEYHO, OTBJEYbCS OT POCCKa3HEW Bpojae JereHapl o ToM, Kak paau Hucyca HaBuna
ocraHoBuiiock ColHIe.

CHavana 3aKOHOMEPHOCTH M 3aKOHBI OBUTM OOHApy»XEHbI TOJBKO B aCTPOHOMHUHU U €Ile B
CUMTAHHBIX ciyyasx. Ho mo Mepe pa3BUTUS LMBWIM3ALKU, U OCOOEHHO 3a MOCJeIHUE TPUCTA JET,
OTKpBIBAJIUCh BCE HOBHIE U HOBBIE 3aKOHOMEPHOCTH M 3aKOHBI. YCHEIIHOE NPUMEHEHHE ITHX
3akoHOB B Havane XIX B. mpuseno Jlamnaca Kk JOKTpUHE HAYYHOTrO AeTepMHHM3MaA. Ee cyTh B TOM,
YTO JOJDKHA CYIECTBOBaTh CHCTEMa 3aKOHOB, TOYHO OMNPEIENSAIOIINX, KaKk OyJeT pa3BUBAThCS
Bcenennas, 1o ee COCTOSHUIO B OAMH KaKOH-HUOYb MOMEHT BPEMEHH.

JlanmacoBCKUM J€TEpMUHU3M OBbLT HENOJHBIM HO JBYM INpu4YMHaM. B Hem HHUuYero He
TOBOPWJIOCH O TOM, Kak CIEAyeT BbIOMpAaTh 3aKOHBbI, M HUKAaK HE OIpPEeNsoCh HayalbHOE
cocrosinue Beenennoii. Y To u npyroe npenocrasisiiock peuath bory. bor nomkeH Obl1 pemurs,
KakuM OBbITh Hayalmy BceneHHOM M KakuM 3aKOHaM el IMOJYMHATHCS, HO C BO3HUKHOBEHHEM
BceneHHoi ero BMEmIAaTeNbCTBO NMpeKpaTwiioch. [Ipaktuueckn bory ObUIM OCTaBIIEHBI JUIIb TE
o0jacTu, KOTopble OBLIN HEMOHATHBI Hayke XIX B.

Celiuac MbI 3HaeM, 4yTOo MeuThl Jlamuiaca o neTepMHHHU3ME HEpeaibHBl, MO KpaiiHel mepe B
TOM BHIE, Kak 310 mnoHuMan Jlammmac. B cuwly KBaHTOBO-MEXaHMYECKOIO IPHUHIIMIA
HEOMNpPEEeIEHHOCTH HEKOTOPbIE Napbl BEJIMYMH, HAIPUMEp, MOJO0KEHHE YaCTHULIBI U €€ CKOPOCTb,
HEJb3s1 OIHOBPEMEHHO a0COIIOTHO TOYHO MPEICKA3aTh.

KBaHTOBass MexaHWKa B MOJOOHBIX CUTYaIMsIX OOpamaercs K HEeIOMY KIAcCy KBaHTOBBIX
TEOpUH, B KOTOPBIX YAaCTHULBI HE HMEIOT TOYHO OINPEICIICHHBIX IIOJOKEHUH M CKOpOCTEH, a
MIPE/ICTABIISIOTCS B BUJAE BOJH. Takue KBAHTOBBIE TEOPUHU SIBJIAIOTCS JAETEPMHUHHCTCKUMH B TOM
CMBICIIE, 4YTO OHM YKAa3blBAIOT 3aKOH H3MEHEHHMS BOJH €O BpemeHeM. IloaToMy, 3Has
XapaKTEPUCTUKHU BOJIHBI B OJMH MOMEHT BPEMEHHU, Mbl MOKEM pPacCUMUTaTh, KAKUMU OHHM CTAaHYT B
110001 Ipyroil MOMEHT BpeMEeHH. DJIEMEHT HeNpeCKa3yeMOCTH U CIIy4alfHOCTH BO3HUKAET JIUILb
IIpY TIONBITKAaX HMHTEPIPETALMU BOJIHBI Ha OCHOBE IPEACTABICHUM O IOJOXKEHUM M CKOPOCTH
gactu. Ho B 3TOM-TO, BO3MOXKHO, M 3aKJIOYaeTCsl Hamla omuOKa: MOXeET ObITh, HET HHU
MIOJIOKEHH, HU CKOPOCTEH YacTHIl, a CYIIECTBYIOT OJJHH TOJIKO BOJIHBI. M ommOka UMEHHO B TOM,
YTO MBI NIBITAEMCS] BTUCHYTH ITOHATHE BOJIHBI B HAIIA 3aCKOPY3JIbI€ IIPEICTABICHUS O TOJOKEHUAX
U CKOPOCTSIX, @ BO3HUKAIOLIEE HECOOTBETCTBUE U €CTh IPUUMHA KaXYILENCs HENPEACKa3yEeMOCTH.

M BOT MBI NOCTaBWIN MHYIO 3aJjady Nepe] HayKOM: HalWTH 3aKOHBI, KOTOPbIE MO3BOJISIN Obl
MIPEJCKa3bIBATh COOBITUS C TOUHOCTHIO, IOIYCKAeMON MPUHIMIIOM HeonpeaeaeHHocTu. OIHaKo Bce
paBHO ocTaeTcsi 0e3 OTBETa BOIPOC: KaK M MOYEMY IIPOU3BOAMICA BBIOOP 3aKOHOB M HAYaJILHOTO
cocTosiHus Beenennoit?

B aT0ii KHUTE 51 0CO00 BBIAEIMI 3aKOHBI, KOTOPHIM MOAYUHSIETCS I'paBUTALMsA, TOTOMY 4TO,
XOTS TPaBUTAIIMOHHBIE CHIIBI caMble cIa0ble M3 CYIIECTBYIOUIMX YETHIPEX THUIIOB CHJI, UMEHHO O]
JeHCcTBUEM TpaBUTalMK (GOPMHUPYETCS KpymHoOMaciTabHas CTpykTypa BcenenHon. 3akoHBI
rpaBUTALMU OBUIM HECOBMECTHMBI C €Ille HEeJaBHO OBITOBABIIEH TOYKOM 3peHus, uro BeeneHnnas He
U3MEHSETCA CO BPEMEHEM: M3 TOTO, 4YTO TIPABUTALMOHHBIE CWJIbI BCErAa SBISAIOTCS CHUIAMH
MPUTSDKECHUS, BBITEKAaeT, 4To BeeneHHas noymkHa MO0 pacmmpsThes, 100 cxumarbes. CornacHo
o0miell TeopuM OTHOCHUTENBHOCTH, B MPOLUIOM JOJDKHO OBUIO CYLIECTBOBATH COCTOSIHME C
0ECKOHEUHO! IIOTHOCTHIO — OOJBIION B3pBIB, KOTOPHI M CTald 3(PQPEKTHBHO HAYalIoOM OTCYETa
BpEMEHHU. AHAJIOTMYHBIM 00pa3oM, eciau Bcs BceneHHas ucnbITaeT NOBTOPHBIM KOJUIAIC, TO B
OyayIieM JTOJDKHO OOHAPYKUTHCA €IIe OJJHO COCTOSIHHE ¢ OSCKOHEYHOH IIIOTHOCTBIO — OOJIBIION
XJIOTIOK, KOTOPBIA CTAaHET KOHIIOM T€YE€HHSI BpeMeHH. Jlaxke eciii BTOpHYHBIN Koyutanc BceeneHHou
HE MPOU30MIET, BO BCEX JIOKAJM30BAHHBIX 00JACTAX, M3 KOTOPBIX B pe3yjbTaTe KoJUlarca
00pa30BaIUCh YEpPHBIE JIBIPBI, BCE PABHO BO3HUKHYT CHHIYJISIPHOCTH. DTH CHHTYJSIPHOCTH OYyIyT
KOHIIOM BpPEMEHH ISl JII000T0, KTO yMaJeT B YEPHYIO IbIpYy. B Touke 60nbIIOro B3phIBa U B APYTUX
CHHTYJISIPHOCTSIX HapyIIarOTCsA BCE 3aKOHBI, a MOITOMY 3a borom coxpansercs nosnHas cBobona B
BBIOOpE TOTO, YTO MPOUCXOAMIIO B CHHTYJISIPHOCTSIX U KaKUM ObUIO Havaso BeenenHoi.

[Ipn oObenMHEHNH KBAaHTOBOW MEXaHWKH C OOIIEH TEOpHEel OTHOCHUTEIHLHOCTH BO3HHKAET,
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[0-BUJIUMOMY, HOBas, JI0CEJIe HEM3BECTHAs] BO3ZMOXHOCTh: MPOCTPAHCTBO U BpeMsl MOTYT BMECTE
00pa3oBaTh KOHEYHOE YEThIPEXMEPHOE MPOCTPAHCTBO, HE MMEIOIIEe CUHTYJISIPHOCTEH M TPpaHUIl U
HATIOMUHAIOIIEE TIOBEPXHOCTh 3€MJIM, HO € OONBIINM YUCIOM H3MepeHHd. C TOMOIIBI0 TakKoro
MOAX0Jla YJAJoCh ObI, HaBEpHOE, OOBSCHUTH MHOTHE U3 HaOII0JaeMbIX CBONCTB BceneHHoi,
HampuMep, €€ OJHOPOJHOCTh B OOJBIIMX MacmTadax W OJHOBPEMEHHO OTKJIOHEHHUS OT
OJTHOPOJHOCTH, HaOJIOJaeMble B MEHBIIUX MacIiTa0axX, Takhe, KaK TaJaKkTHUKW, 3BE3Ibl U JaXKe
genmoBeyeckre cymectBa. C IMOMOMIBIO 3TOTO TOAXOJA MOXKHO ObUIO OBl OOBSICHUTH JaXKe
CYILIECTBOBaHHE HaOII01aeMoOi HaMu cTpelnbl BpeMeHH. Ho ecnu BeeneHHast moMTHOCTBIO 3aMKHYTa
U HE MMEET HU CUHTYJISIPHOCTEH, HU TpaHMIl, TO OTCIOAA BBITEKAIOT OUYEHb CEPHE3HbIE BHIBOJIBI O
posu bora kak Coznarens.

Omnaxnapl DiHIITEWH 3aman Bompoc: «Kakoir BeiOOp Obl1 y bora, korma oH co3maBan
Bceenennyo?» Ecau BepHO mpenmnoniokeHne 00 OTCyTCTBHH TpaHHIl, TO y bora BooOiie He ObLI0
HUKAKOi CBOOOABI BHIOOpa HAYAIbHBIX YCIOBUH. Pasymeercs, y Hero emie ocraBajach cBoOoxaa
BbIOOpa 3aKOHOB, KOTOPBIM MoguuHseTcs Bcecenennas. Ho ux Ha camMom Jiene He Tak Y MHOTO;
CYILLIECTBYET, BO3MOKHO, BCET0 OJJHA WJIM HECKOJIBKO MOJIHBIX €AMHBIX TEOpUH, HApUMEp, TEOpus
TeTepOTUYECKON CTPYHBI, KOTOpbIE ObUIM Obl HENPOTHBOPEUMBHI M JIOMYCKalld CYIIECTBOBAHHE
TAaKUX CJIO)KHBIX CTPYKTYp, KakK YEJOBEUYECKHE CYIIECTBA, CIOCOOHBIX HCCIEN0BaTh 3aKOHBI
Bcenennoli n 3agaBath BOIIpoCsl 0 CyiHOCTH bora.

Jlaxxe eciiu BO3MOXHa BCEro Of[Ha €AMHAas TEOPHs — 3TO MIPOCTO HAOOP MPaBUI U YpaBHEHUH.
Ho 4ro BnbpIXxaeT *u3Hb B 3TH YpaBHEHHUS U co3laeT BceneHHYI0, KOTOPYIO OHHM MOTIH OBl
onuchiBaTh? OOBIYHBIN MyTh NAYKH — IIOCTPOEHUE MAaTEMaTUYECKON MOJIEIN — HE MOXKET IPUBECTU
K OTBETY Ha BOIIPOC O TOM, [TOUEMY JOJDKHA CYIIECTBOBATh BceneHHas, KOTOpyro OyJeT OMUCHIBATh
nocrpoeHHas mojenb. llouemy BceenenHas uzaer Ha Bce XJIOMOTHI cyuiecTBoBaHusi? Heyxenu
erHasl Teopus TaK BCECUJIbHA, UTO cama SIBIISIETCS MPUYMHOM cBoel peanuzauunu? Wnu el HyxeH
CO3/1aTesb, a €CJIM HY>KEH, TO OKa3bIBA€T JIM OH €llle Kakoe-HuOy1p Bo3/eiicTBre Ha Beenennyio? U
KTO CO3JaJ1 ero?

[Toxa GONBIIMHCTBO YYEHBIX CIIMIIKOM 3aHSATHI PA3BUTHEM HOBBIX TEOPHM, OIMHMCHIBAIOIINX,
YTO €CTh BcesneHHas, 1 UM HeKora ClpoCUTh ce0s1, moueMy oHa ecTh. Puocodbl ke, ubs paboTa B
TOM U COCTOWT, 4TOOBI 33/1aBaTh BOMPOC «IOYEMY», HE MOTYT YTHAThCS 32 PA3BUTHUEM HAYYHBIX
teopuit. B XVIII B. pustocodsr cuntanu Bce 4eroBeUecKoe 3HAHUE, B TOM YUCJIE W HAYKY, MOJIEM
CBOEH JEATENbHOCTH U 3aHUMAIIMCh 00CYXKIEHHEM BOIIPOCOB TUMA: OblIO 1 Y Beenennoii Hauano?
Ho pacuetst m maTtematndeckuii anmapaT Haykd XIX m XX BB. CTajau CIMIIKOM CJIOXKHBI IS
¢dunocodoB u BooOIIE IS BCEX, KpoMe criennaanucToB. @uiaocodsl HACTONBKO CY3WIH KPYT CBOMX
3ampoCcoB, YTO CaMblid M3BECTHBIN (hritocod Hamiero Beka BUTTreHIITEHH M0 3TOMY TOBOTy CKa3al:
«EauHcTBEeHHOE, YTO emie ocTtaercss guiaocopuu, — 3TO aHaNM3 sA3bIKa». Kakoe yHIDKEHHE st
¢dbunocoduu ¢ ee BENMMKUMHU TpaaumusamMu ot Apucrotens 1o Kanra!

Ho ecin MBI IEHCTBUTENBHO OTKPOEM IOJIHYIO TEOPHUIO, TO CO BPEMEHEM €€ OCHOBHbBIE
MPUHLUIIBI CTAHYT JOCTYIIHBI IOHMMAaHHUIO KaXKJI0TO, a HE TOJIBKO HECKOJBKUM crennanucram. 1
TOorga BCe MBI, (UIOCO(BI, YUCHBIE U MPOCTO OOBIYHBIC JIFOJIU, CMOXKEM TMPUHATH y4acTHE B
JUCKYCCHH O TOM, ITI0YEMY TaK IPOU30ILI0, YTO CYLIECTBYEM MBI U cynlecTByeT Beenennas. U ecinun
OyZeT HaiiieH OTBET Ha TaKOH BOIIPOC, 3TO OyAET MOJHBIM TPUYM(POM YeTOBEYECKOT0 pazyma, nbo
TOTJIa HaM CTaHeT NOHATEH 3aMblcen bora.

Benukne pnsunku

Aub0epT JUHIITEHH

Kak Obut cBsi3aH OWHINTEHH C TOJMTHKOW, OCHOBAaHHOW Ha SJACPHOM OPYXXHH, XOPOIIO
M3BECTHO: OH IOANMCAJI 3HAMEHHUTOE IIHCBMO K Ipe3uieHTy Py3BenbTy, KOTOpPOE 3aCTaBUIIO
Coenunennsbie LITaThl cepbe3HO OLEHUTH MOJIOKEHNE, a MOCIEe BOMHBI OH BKJIIOUUJICS B JABM)KEHHE
3a MPENOTBpAICHHUE SAECPHON BOWHBI. JTO HE OBUIO OTACTBHBIMH AMH30/IaMU B JKU3HHU YUEHOTO,
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BTAHYTOr0 B MOJUTUKY. JKu3Hb DWHIITEHHA, HO €ro COOCTBEHHBIM CIIOBAM, <«JIEIHJIACh MEXKIY
MIOJINTUKON U YPABHEHUSIMI.

Pannsis monuTHyeckas akTUBHOCTh DWHINITEHHA BO3HUKIA erie BO Bpems [lepBoit MupoBoit
BOMHBI, KOI/1a OH ObL1 npogeccopoM u bepinne. YOUTHI TeM, YTO OH CUMTal HApacHOM moTepen
YeJIOBEYECKUX JKU3HEH, OH NMPUMKHYJ K AHTUBOEHHBIM JeMOHCTpanusM. Ero BbICTyIJIeHUS B
3alIUTy TPAXKAAHCKOTO HEMTOBUHOBEHUS U MyOJIIMYHOE 0100pEHHE TeX, KTO OTKA3bIBAJICS OT CIIY>KOBbI
B apMUH, HE MOTJM CHHUCKATh €My MOMYJSPHOCTH cpeau Kosuier. [locime BOWHBI DWHIITEIH
HalpaBWJl CBOM YCWJIMS Ha NPUMHUPEHUE CTOPOH U YJYYIIEHUE MEXKIYHAPOIHBIX OTHOLICHWM.
Takoro pona AeSITENBPHOCTh TOXKE HE CIIOCOOCTBOBaJia MOMYJSIPHOCTH OWHINTEMHA W 4yepe3
HEKOTOpOE BpeMs NpUBEia K TOMY, YTO €My cTajlo TpyaHO nocemars Coequnensslie [lTater naxe
JUIST YTEHUM JICKITHAH.

BropeiM BakHEHIIMM /A€70M B KU3HU DMHIITEHHA OB CHOHU3M (B TO BpEMs 3TO O3HAYAJIO
060pr0y 3a rocymapcTBeHHOE 00bennHeHue eBpees, noaaep:xkannoe OOH, u B wactnoctu, CCCP. —
MIPUM. pes.).

Byayun cam eBpeeM 1o MpOUCXOXKAECHUI0, DUHIITEWH oTpulian oubneiickyro uaeto bora. Ho
HapacTamolas BOJIHA aHTUCEMHUTH3Ma Kak nepen I[lepBoil MHpOBON BOMHOW, Tak M IIOCIE HEE
IIOCTETIEHHO TpHUBeNa OWHINTEHHA K OTOXAECTBIEHUIO ce0s ¢ eBpelcKol OOIMHOM, U OH
IIPEBPATUJICST B TOJIHOIO CTOPOHHMKA CHOHM3MA. B KOTOpBIM pa3 mNajcHWE MOIYJSPHOCTH HE
OCTaHOBWJIO OMHINTEHHA Iepel OTKPHITHIM BBICKAa3bIBAHWEM CBOMX B3MIAI0B. Ero Tteopuu
[IPECIeI0BAINCH; BO3HUKIIA JJake aHTHAUHIITEIHOBCKast opranu3anus. OAuH yesloBeK ObLT IpeaaH
CyIly 3a MOACTPEKATEIbCTBO K yOUHCTBY DifHIITeHHA (M omTpadoBaH BCEro HA MIECTh JOJUIAPOB).
Ho DiHIITENHH cOXpaHsul CIIOKOMCTBHE, a KOTia BhlllIa KHUra «CTo aBTOpOB MPOTUB DHHIITEHHAY,
OH 3aMETHJI: «XBaTHUJIO OBI U OJTHOTO, €CITH I OBbLI ObI HEeTIpaB!»

B 1933 r. k Bnactu mpumen ['urnep. DHHIITENHH, KOTOPBIH ObLI B 3TO BpeMsi B AMepHKe,
3asiBWJI, 4TO HEe BepHeTcsl B 'epmanuio. Korjga HanucTckue BOWCKAa OKPYXKHWIM €ro JOM, a €ro
O0aHKOBCKUHM cueT ObUl KOH(HCKOBAaH, B OJHOM U3 OEpIMHCKUX Tra3eT MOSBUIICA 3arojOBOK:
«Xopouie HOBOCTH — DWHINTENH He BepHeTcsa». llepen aMIIOM HAIMCTCKOW Yrpo3bl DHHIUTENHH
oromes OT nanmudusMa U B KOHIIE KOHIIOB, OIAacasch TOrO, 4TO HEMEIKUE YYEHbIE CO3AamyT
aToMHYI0 60MOy, npemtoxkun CoenuHeHHbiM IlITatam pa3zpabaTbiBaTh CBOIO COOCTBEHHYIO OOMOY.
Ho eme no B3pbIBa nepBoii aTOMHO# O0OMOBI OH ITyOJIMYHO TIPEAYIIPEK AT 00 OMACHOCTAX SIICPHOM
BOMHBI U IIpeJyIarai co3aTb MEXAYHAapOAHbIN KOHTPOJIb 32 AEPHBIMU BOOPYKEHUSIMH.

Ha mnpotsokeHun Bceil KU3HM OWHINTEHHA €ro MHUPOTBOPUYECKHE YCUIIMS HE JaBaju,
MO-BUAMMOMY, TPOYHBIX PE3YJbTaTOB M YX BO BCSIKOM CiIy4ae HE MpHUOABISIM eMy Apy3ei.
Onnako mMyOJMYHBIC BBICTYIUICHHS OWHINTEHHA B 3alIUTy CHOHM3Ma OBUIM IO JTOCTOMHCTBY
oueHeHsl B 1952 r., korma emy ObUIO NpPENIOKEHO CTaTh Mpe3uaeHToM W3pawns. DHHIITEHH
OTKa3aJjcs, 3asBUB, YTO, [0 €T0 MHEHUIO, OH CIMIIKOM HAaWBeH B nojuTuke. Ho pelicTBUTEnbHON
NPUYMHON OTKaza, HaBepHoe, Obuta apyras. [Ipomutupyem ero eme pas: «Jlias MeHs BaxHee
YPaBHEHHs, IOTOMY YTO IIOJUTHKA HY)KHA HACTOSIIEMY, 4 YPABHEHHS — 3TO U1l BEYHOCTH.

Taamnaeo I'anniei

lanunedt, nmoxanyi, 6oible, YeM KTO-THOO IpYyrod M3 OTAEIbHBIX JIIOJIEH, OTBETCTBEH 3a
pOXIEHUE COBPEMEHHOM Hayku. 3HaMeHUTHIM cnop ¢ Karonumueckoil IlepkoBbio 3aHMMan
LEeHTpalIbHOEe MecTo B ¢uocopun ["amuies, G0 OH OJHUM M3 MEPBBIX OOBSBUI, YTO Y YEJIOBEKa
€CTh HaJeXJa MOHATh, KaK YCTPOEH MHUp, U, Oojiee TOro, 4YTo 3TOr0 MOXHO TOOUTHCS, HAOMonas
HAalll PeAJIbHBIN MUP.

["anuneit ¢ camoro Havana Bepus B Teopuio KomepHuka (0 TOM, 4TO TUTAHETHI 0OPAIIAIOTCS
Bokpyr ComHia), HO Hayan ee NyOJIWYHO MOJAEP)KMBATh JHMIIL TOI/A, KOTJa Hamel ee
noaTBepkaeHus. PaboTel, mocBsimenasle Teopuu Koneprauka, ["anmmnei mucan mo-uTaabsHCKH (a HE
Ha IPUHATOMN aKaJeMHUUYECKOM JIATBIHU), U BCKOPE €0 NPEACTABICHUS PaCIpOCTPAHWINChH JAJIEKO 32
MpeAesibl YHUBEPCUTETOB. JTO HE MONPABWIOCh NPHUBEPKEHIIAM YYEHUS APHUCTOTENSA, KOTOPHIE
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0o0BeTMHUINCEH TPOTUB [ 'amwies, mpITasch 3acTaBuTh Karommueckyro LlepkoBe mpenath anademe
yueHnne KonepHuka.

B3BonHOBaHHBIN npoucxoasmuM, [anuneil otnpaBusics B Pum, uyToObl MOCOBETOBATHCS C
LIEPKOBHBIMU aBTOpuTeTaMu. OH 3asBWJI, 4TO B 1ienu bubnuu He BXOAUT Kakoe Obl TO HU OBLIO
OCBEILIEHNE HAYYHBIX TEOPUH M YTO HAJIO NMPUHUMAThH 3a aJUIErOpHio Te MecTa B bubnuu, kotopsie
BCTYIAIOT B MPOTUBOpEUUE CO 37paBbiM cMbicioM. Ho, 6osck ckaHziana, KOTOPbI MOT MOMeEIIaTh
ee Ooprbe c mporectantamu, LlepkoBp mepemnia K penpeccMBHBIM MepaM. B 1616 1. yuenwme
KonepHuka OblJI0 IPOBO3IIIALICHO «JI0OXKHBIM U OIIMOOYHBIMY, a ['anuiero OblJ10 HABeKH 3arperieHo
BBICTYNIaTh B 3aIUTy WINA NPUACPKUBATHCS 3TOW NOKTPUHBL. [ anmmnen coacs.

B 1623 r. ogun u3 crapeix apysed ['amunes cran Pumckum Ilanmoi. ['anuneit cpasy Havan
noOuBaThCsl OTMEHBI yKa3a 1616 r. OH moteprien Heyaady, HO 3aTO CyMeJl IOJYyUUTh pa3pelieHue
HamnucaTh KHUTY, 00CYKJAIOIIyI0 KaK Teoputo ApucroTens, Tak 1 Teoputo Konepauka. Emy Obiio
[IOCTABJICHO JBa YCJIOBUS: OH HE HMMeEJ MpaBa NMPUHUMATh HU OAHY M3 CTOPOH U JOJKEH ObLI
CZEIaTh BBIBOJ|, YTO YEJIOBEK HUKOI'/Ia HE CMOXET Y3HATh, KAK yCTPOEH MHp, IOTOMY 4TO bor ymeer
BBI3BIBATH OJTHU U T€ K€ APPEKTH criocobamMu, He JOCTYITHBIMUA BOOOPaXCHUIO YEIIOBEKA, KOTOPBIN
HE MOJKET HaJlaraTb OTpaHUYEHHUs Ha BceMoryuecTso bora.

Kawnra lNamnes «/luanor o ABYX IIaBHEWIINX CUCTEMaxX MHpay ObUIA 3aBepIlicHA W M3aHa B
1632 r. npu moIHOM On0OpEeHMH LIEH3ypbl M OblIa cpa3y e oTMedeHa 1o Bcell EBpome kak
auTepaTypHeld U Qwiocodekuit  mexeBp. Bckope, omnHako, [lama moOHsUI, YTO A3Ta KHUTA
BOCIIPMHUMAETCS Kak yOeauTesbHas nojiep:kka Teopur KonepHuka, u noxarnesn, 4To pa3pemun ee
n3nate. [lamna 3adBui, yTo, HECMOTPS Ha OQUIMANIbHOE OylarocaoBeHHE LEeH3ypbl, ['anumeil Bce xe
Hapymmi yka3 1616 r. Ianuneil mpeacran mepen CylIOM HHKBU3UIMM U OBII HMPUTOBOPEH K
MO’KU3HEHHOMY JIOMAIlIHEMY apecTy W IMyOiauuHOMY OTpedeHuto oT yueHus Konepnuka. ['amuiero
IIPUILIIOCH TOKOPUTHCS OIATS.

OcraBasich pelaHHBIM KaToJIUKOM, ["anuieit He mokosebancs B CBOEH Bepe B HE3aBUCUMOCTh
HayKH. 3a 4YeThIpe rojaa g0 cMeptu, B 1642 r., HAXOAsACh BCE €lI€ MOJ JAOMAallHUM apecToOM, OH
TallHO IIepelpaBUil B NOJUIAHJACKOE M3JATEIbCTBO PYKOIMUCh CBOEM BTOPOM KpYyIHOU KHUTH «/IBE
HOBbIE HaykW». FIMeHHO 3Ta pabora, B O0JbINCH cTeneHu, yeM ero mojaaepkka KomepHuka, mana
pPOKJIEHHE COBPEMEHHOH HayKe.

Hcaaxk HoroTon

Ncaaka HproTOHa Henb3s Ha3BaTh CHUMIIATHYHBIM 4YelOBEKOM. IIIMpOKyr W3BECTHOCTH
MOJIyYHUIT €O IJIOXUE OTHOIICHUS C JAPYTUMHU YYCHBIMH, M TIOCIEIHHE TOJIbI CBOCH >KH3HU OH
MpOBEJl B OCHOBHOM B pe3kux cmopax. llociae u3ganus xHurn «MaTematuyeckue Hadasay,
OKa3aBIIeiics, 0e3yCIOBHO, CaMOl BIUATEIHLHON U3 BCEX KOTA-IM00 HATMCAHHBIX KHUT MO (HU3UKE,
Hprotorn ObicTpo mpuoOpen obOmiecTBeHHOEe TonokeHre. OH ObUT Ha3HAUEH MPE3UIECHTOM
Koponesckoro o0miecTBa 1 cTall IEPBBIM YUEHBIM, TTOCBSIIEHHBIM B PHIIIAPCKOE 3BaHUE.

Bckope HproToH moccopuiicsi ¢ KOPOJIEBCKUM acTpoHOMOM J[xkoHOM DIsMCTHAOM, KOTOPBIN
panbiie cHaOxan HpioroHa maHHBIMU Uil «MareMaTH4ecKuX Hadamy, a Teleph 3aJepKUBAT
nHpopmanuio, koropast TpeboBanack HproTony. Hpl0TOH He moTepmen Takoro MOJOKEHUS U caMm
BKIIOYMI ce0s B PYKOBOJCTBO KOPOJIEBCKOM oOcepBaTopuu, a 3areM Hadal J00HBaThCs
HEMeJIEHHOW MyOJauKanuu pe3ynbTaToB. B KOHIE KOHILIOB €My YJaJloCh 3amloidyduTh padoTy
@PMCTHIA U JIOTOBOPUTHCSA O €€ U3JAaHUM CO CMEPTENbHBIM Bparom @DmdMmcTHAa DAMOHAOM
lanneem. Ognako dadmeTua nepenan aeno B Cyl, U CyJ YCIen NPUHATh pPelieHHe B €ro Mojb3y,
3aMpeTHB PaclpOCTPaHCHUE YKpaJeHHOW paboThl. HpI0TOHA pa3o3nuiio Takoe pelieHue, U, 4TOObI
oToMcTUTh DIAIMCTHIY, OH CHCTEMaTHYeCKH CHMMal B Ooiyiee mo3aHux uinanusx «Hauam» Bce
CCBUIKY Ha paboTel DadMcTHa.

bonee cepwesnsiii crop pasropencs y Hpiorona ¢ Hemenkum dumocopom [Norrdpumom
Jleitonunem. Jlei6uun u HplOTOH HE3aBUCHMMO ApYyr OT Apyra pasBWIM OOJIaCTb MaTEMAaTHUKH,
HaszbiBaeMylo Jud¢epeHInaTbHbIM HCUMCICHUEM, COCTABIISIONIYI0O OCHOBY OoJblled dYacTu
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COBpEMEHHOM (u3uku. XOTs, KaKk Mbl Tenepb 3HaeM, HBbIOTOH OTKpBUI 3TO HCUHUCIEHHE Ha
HECKOJIbKO JieT panbliie JleiiOHuia, cBoo padoTy OH OmyOJIMKOBaJI 3HAYUTENHHO MO3KE. BO3HUK
TPaHINO3HBIN CIIOp IO TMOBOAY TOTO, KTO K€ OBUI MEpPBBIM. YYEHBIC PhSHO 3alIMINAINA 000MX
COTIEPHUKOB. 3aMevaTenbHO, YTO MOYTH BCE CTaThH B 3alUTY HbI0TOHA ObUIM HANMCAHBI UM CAMUM
Y JUIIb OImyOJIMKOBaHBI 1O MMEeHaMu ero npyseit! Criop pasropancs, U TyT JICHOHUIT coBepIIUIT
omnOKy, oopaTuBIHch B KoponeBckoe o0I111ecTBO ¢ Mpock00it pa3peuTh npotuBopeune. HpioToH,
OyAy4d Mpe3uIeHTOM 00IIecTBa, Ha3HAYMII IS pa3dopa Jela «He3anHTEPECOBAHHY0» KOMHUCCHIO,
«CIy4alfHO» COCTaBJICHHYIO LedukoM u3 apyseii Heiorona! Ho sTo Obuio emie He Bce: 3areM
HproTOH cam Hamucaln OT4eT KOMHCCHHU M 3aCTaBWJI OOIIECTBO €ro OIyOJMKOBATH, O(UIIMAIBEHO
0o0BUHUB TakuM oOpa3om JleiiOHuna B minaruare. Bee eme He 4yBCTBYs ceOsi yAOBICTBOPEHHBIM,
HbI0TOH aHOHUMHO OIMyOJIMKOBAJl CXKaThId Tiepecka3d 3TOro ordera B razere KoposieBckoro
obmectBa. ['oBopsT, uTto mocne cMmepTtu JleiOHua HpIOTOH 3asiBHII, YTO OH MOMY4YHJI OOJBIIOE
YIIOBJIETBOPEHHE OT TOTO, YTO EMY YJAJIOCh «pa30OuTh cepaie JleoHmma.

[Toka mmm oba mucnyrta, Heioron mokunyn u KemOpumk, u xadenapy. OH mpuHHMAN
aKTUBHOE yYacTHE B aHTHUKATOJIMYECKOM JIBIKCHHWU CHavaja B KeMOpHIKCKOM yHHBEpCHUTETE, a
3aTeM B MapiaMeHTe U ObUl BO3HArpaKAeH 3a 3TO Ha3HAYEHHEM Ha JOXOJHYIO JIOJKHOCTD
xpanutenss KoponeBckoro MOHETHOTrO J1BOpa. 31ech OH Hamlen 0oJjiee COLUAIbHO ONpPaBIaHHOE
MIPUMEHEHHE CBOEMY KOBApPCTBY U JKETYHOCTH, YCIEIIHO MPOBES MMPOKOMACIITAOHYIO KAMITAHUIO
1o 0opbOe ¢ PanbIIMBOMOHETYUKAMHU U JJa’K€ OTIIPABUB HECKOJIBKUX YEJIOBEK HA BUCEIIHILY.

CnoBapb TepMUHOB

AOCONIOTHBIM HyNb TEMIIEPATypbl — CaMOe€ HHM3KO€ M3 BCEX BO3MOXKHBIX 3HAYCHUU
temmneparypbl. [Ipu abcomoTHOM HyJle BEIeCTBO HE 00JIaaeT TEIIOBOI SHEPTHEMH.

AHHMTUISAIUSA — MPOLIECC, MPU KOTOPOM YaCTHULIA M €€ aHTHUYACTHIIA, CTAJIKUBAsCh, B3aUMHO
YHUYTOXKAIOT IPYT Apyra.

AHTHYACTHLA — y KaXJOM 4YacTULBl MAaTepUU €CTh COOTBETCTBYMOWIas aHTMyactuua. [Ipu
COYJJapE€HUM YaCTHULBI M AHTHUYACTHULBI IPOUCXOJUT WX AHHWTWILLHUSA, B PE3yJbTare KOTOPOU
BBIJICIIIETCS SHEPTHUS U POKAAIOTCS APYTUE YACTULIBI.

AHTpPOIHBIA TPUHLHUI — MBI BUIUM BceneHHylo Takoi, Kak OHa €CTh, IOTOMY 4TO, OyAb OHa
Ipyro#, Hac OBl 3/1eCh HEe ObLITIO U MBI ObI HE MOTJIHM €€ HAaOII01aTh.

ATOM — HaumMeHblIas YacTula OOBIYHOTO BEHIECTBA. ATOM COCTOMT M3 KPOLIEYHOIO Spa
(cocTaBieHHOTO U3 MPOTOHOB U HEUTPOHOB) M OOPAIAIOIINXCS BOKPYT HETO JIEKTPOHOB.

Benprit kKapnuK — cTaOMIbHAST XOJI0JHAS 3BE3/1a, HAXO/AIIAsACSA B paBHOBECUH OJaromaps ToMy,
YTO B CWJIy NpUHLMNA UCKIt0UeHus [laynn Mex 1y 351eKTpOHaMU JE€HCTBYIOT CUJIbI OTTAJIKUBAHMSL.

Bonp10 B3pBIB — CUHTYJIIPHOCTH B MOMEHT BOZHUKHOBEHUS BCeEIeHHOM.

bosb1110¥ XJI0NIOK — CUHTYJISIPHOCTh B KOHEYHOM TOUYKE CyIIECTBOBaHUs BceneHHOM.

Bec — cuna, ¢ KOTOpoil Ha TENO AEUCTBYET rpaBUTALMOHHOE TToJe. Bec Tena nponopuroHaieH
Macce Teja, HO He COBMAJAeT C Hell.

BupryanpHas dyactMia — B KBAaHTOBOM MEXaHUKE — 4YacTULA KOTOPYI HEBO3MOKHO
3aperucTpUpPOBaTh HETOCPEICTBEHHO, HO CYIECTBOBaHHME KOTOPOW MoATBepkaaeTcs shdexramu,
MOAJAFOIIMMHUCS U3MEPEHHUIO.

['amma-u3nydyeHue — D>JIEKTPOMAarHUTHOE W3JIYYEeHHUE C OYEeHb Mallod JJIMHOM BOJIHBI,
HCITyCKaeMOe IIPH paJiMOaKTUBHOM paclaje Uil MpU COyAAPEHUSIX FIEMEHTAPHBIX YACTHII.

['eonesnueckast ~ caMblii KOPOTKHUM (MU CAaMBIM ITTHHHBIN) ITyTh MEXIY JTBYMS TOYKAMHU.

l'onast cHHTYJISIPHOCTH — CHHTYJISIPHOCTH B IIPOCTPAHCTBE-BPEMEHM, HE HAXOAIIAsICS BHYTpU
YEPHOU JBIPHI.

I'opu3oHT coOBITHIT — TpaHKLIa YEPHO IBIPHI.

['paBuTaniioHHOEe B3aMMOJEICTBHE — camMoe ciaboe U3 4eTbipex (PyHIaMEeHTaIbHBIX
B3aUMOJICHCTBHN, oOnajaromiee  OONBIIMM — pagudycoM  JAeWCTBHs. B rpaBUTaniioHHOM
B3aMMOJICIICTBUHU yYaCTBYIOT BCE YACTHUIIBI MATEPHUHU.

JlinHa BOJIHBI — PACCTOSIHUE MEXKIY JBYMS COCEIHHUMH IPeOHSIMH BOJIHBI MIIM MEXIY JIBYMsI
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€€ COCEIHMMHM BIIaJMHAMMU.
3aKOH COXPaHEHHs SHEPTUU — 3aKOH HayKH, COTJIACHO KOTOPOMY SHEprust (MM €€ MacCOBBIN
9KBHMBAJICHT) HE MOKET HU CO3/1aBaThCs, HU YHUUTOXKATHCS.

KBaHT — MMHMMaIbHAs TOPLUS, KOTOPOH U3MEPSETCS UCITyCKaHUE WU TOIJIOIIEHNE BOJIH.

KBantoBas mexaHuka — Teopusi, pa3pabOTaHHas Ha OCHOBE KBAHTOBO-MEXaHHYECKOIO
npuniuna [Tnanka u npuHnMna HeonpeaeneHHoctu I eizenodepra.

KBanroBo-mexannueckuii npuniun Ilnanka (3akoH uznyuyeHus IlnaHka) — cocTOUT B TOM,
YTO CBEeT (WM JIIOOBbIE ApPYrue KIaCCHYECKHUE BOJIHBI) MOXKET HCIyCKaTbCs WM IOTJIOUIAThCs
TOJIBKO AUCKPETHBIMU MOPLUAMU — KBAHTAMH — C 3HEPTUEH, IPONOPLUOHATIBLHON UX YacTOTE.

KBapk — snemeHTapHast (3apspkeHHast) 4acTHUIlA, YYacTBYIOIIAs B CUJIBHOM B3aHMMOJAEHCTBUM.
IIpOTOHBI M HEUTPOHBI COCTOAT KAXKIbIA U3 TPEX KBAPKOB.

KoHdaliHMeHT — HeBbIIETaHUE, YAEP)KaHUE LIBETHBIX KBAPKOB U INIFOOHOB BHYTPH aJPOHOB.

Koopaunatsl — 4ncia, onpeaesnsonme nojI0KeHUe TOUYKH B IPOCTPAHCTBE U BO BPEMEHHU.

Kocmuueckast ieH3ypa — nIpeosIoKeHUe O HEJJOIy CTUMOCTH TOJIBIX CUHTYJISIPHOCTEH.

Kocmonornueckass mocrosiHHas — MareMaTudecKkas BCIIOMOraTeabHas BEJIMYMHA, BBEICHHAs
OUHIITEHHOM JUIs TOT0, 4TOOBI TPOCTPAHCTBO-BPEMS MPUOOPENIO TEHACHLUIO K PACIIUPEHHUIO.

Kocmonorusa — Hayka, 3aHMMaroniascst n3yuyeHueM BeelleHHON Kak 1enoro.

KpacHoe cmemenne — BbI3BaHHOE 3(dexToMm Jlomuepa mokpacHeHHE CBeTa, UCIyCKaeMOro
YIAISIONICICS OT HAC 3BE30M.

MarautHOoEe TmoOJIE — IIOJIE, CO3Jarollee MarHuTHele cuibl. Celyac MarHMTHOE IOJIE U
ANEKTPUYECKOE 110JI€ O0BEAUHSIOTCS B 3JIEKTPOMAarHUTHOE TOJIE.

Macca — KOnM4YeCcTBO BEILIECTBA, COAEpIKalleecs B Tene. Mepa HHepLUM Teja WU CTENEHb €ro
CONPOTUBIIEHUS YCKOPEHUIO.

MHumoe BpeMs — BpeMs, U3MEPSIEMOE B MHUMBIX €INHULAX.

Heilitpuno — neruaiimas (Bo3MOKHO, Oe3MaccoBasi) 3J€MEHTAapHAas 4YacTUIAa BEIIECTBa,
y4acTBYIOLIAs TOJBKO B CIa0BIX M IPAaBUTALIMOHHBIX B3aUMOJCHCTBUSAX.

Heiitpon — He3apspkeHHast yacTuIla, O4Y€Hb OJHM3Kas MO CBOMCTBaM K MpoToHy. HelTpoHsl
COCTaBJIAIOT OO0JI€€ OJIOBUHBI YACTHIL, BXOISIIUX B COCTaB OOJIBIIMHCTBA AaTOMHBIX SIZIEP.

HeiliTponHas 3Be3ga — XoJIoAHAas 3Be3/d, CYLIECTBYIOIIAs BCIEACTBUE OTTAJIKUBAHUS
HEUTPOHOB, 00yCIIOBICHHOTO MpuHIAIoM [Tayu.

OOmrast TeopHst OTHOCHUTEIIFHOCTH — CO3/IaHHasi DWHIITEHHOM TEOpHsi, B OCHOBE KOTOpOM
JEKUT TPEANOJNOKEHHE O TOM, 4YTO 3aKOHbl HAyKH JOJDKHBI OBITh OJMHAKOBBI JJsI BCEX
HaOto1aTeNnel He3aBUCUMO OT TOTO, Kak JIBWXKYTCA ATH HaOmomarenn. B OTO cymiectBoBaHue
IPaBUTALlMOHHOIO B3aMMOJECHCTBUS 00BsICHAETCS HCKPUBJICHUEM YETBIPEXMEPHOTO
IIPOCTPAHCTBA-BPEMEHH.

[lepBuuHas 4epHas AbIpa — 4YepHasl [Iblpa, BO3HMKIIAS HA OYEHb PAHHEH CTaJWUU PA3BUTHS
Bcenennon.

[To3utpoH — anTHYacTUIA (IIOJOKHUTEIBHO 3apsKEHHAs) SJIEKTPOHA.

Ilone — Hedro, CylIECTBYIOLIEE BO BCEX TOYKAX IIPOCTPAHCTBA U BPEMEHHU, B OTIMYME OT
YaCTHLIBI, KOTOPas CYILECTBYET TOJIBKO B OJTHOM TOYKE B Ka)KJ(bIii MOMEHT BPEMEHHU.

[Ipenen Yanapacekapa — MakCHMAalbHO BO3MOJKHAS Macca CTaOMIBHOW XOJOTHOW 3BE3[IBI,
BBIIIIE KOTOPOM 3B€3/1a OJDKHA CKOJUIAIICHPOBATh B YEPHYIO ABIPY.

[punnun uckmouenus Ilaynu — nBe OJUMHAKOBBIE YacCTHIBI CO CIMHOM 1/2 HEe MOryT (B
npejenax, KOTOpble [AarTCsl IPUHIMIIOM HEOINpPEISJIEHHOCTH) 00J1aaTh OJHOBPEMEHHO U
OJIMHAKOBBIMHU TOJIOKEHUSIMU B IPOCTPAHCTBE, U PABHBIMU CKOPOCTSIMH.

[IponopiMOHaTBbHOCTh — YTBEPXKIACHUE «X TMPOMOPIUMOHATIBLHO Y)» O3HA4yaeT, 4YToO IMpH
YMHOKEHUH Y Ha Kakoe-HHOyab 4uciao X yMHOXAeTcs Ha 3TO K€ YHCIO0. YTBEpKIeHHE «X
0o0paTHO MPOTMOPIUOHAIBHO Y» O3HAYaeT, 4YTO MPU YMHOKEHHH Y Ha Kakoe-HHUOyIp umucio X
JIEJIUTCS Ha 3TO K€ YUCIIO.

[IpocTpaHcTBEHHOE M3MEpEHHE — JH00€ U3 TPEeX MPOCTPAHCTBEHHO-NOJOOHBIX M3MEpPEHHUH
MIPOCTPAHCTBA-BPEMEHH, T.€. TI000€ N3MEPEHUE, KPOME BPEMEHHOTO.

[IpocTpaHCTBO-BpEMsT — YETBIPEXMEPHOE IPOCTPAHCTBO, TOYKUM KOTOPOrO OTBEYAIOT
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COOBITHSM.

[TpoTOH — MONIOKUTENBHO 3apsikeHHas 4yacTtuiia. [IpoToHsl 00pa3yloT MPUMEPHO MOJIOBUHY
BCEX YaCTHI], BXOSIIUX B COCTaB si/iep OOJBIITUHCTBA aTOMOB.

PagnoakTHBHOCTH — CaMOMPON3BOJIBLHOE MPEBPAIICHHE OJTHOTO aTOMHOTO Ipa B IPYToe.

CgeToBasi cekyHIa (CBETOBOU T'0J1) — PACCTOSIHUE, MPOXOIMMOE CBETOM 3a OJHY CEKYHIY (3a
OJIMH TOJ).

CBETOBOM KOHYC — TIOBEPXHOCTh B TMPOCTPAHCTBE-BPEMEHH, KOTOpash OrpaHUYHBAECT
BO3MO>KHBIE HAMPaBJICHUS CBETOBBIX JIyUei, MPOXOAIINX Yepe3 JaHHOE COOBITHE.

CunpHOE B3aMMOJEHMCTBHE — CaMO€ CHJIBHOE M CaMO€ KOPOTKOAEHCTBYIOILIEE W3 YEThIPEX
(yHIaMeHTaNbHBIX  B3aUMOJCWUCTBUU. braromaps  CUIbHOMY  B3aUMOACHMCTBHUIO  KBapKu
YACPKUBAIOTCS. BHYTPU MPOTOHOB U HEUTPOHOB, a MPOTOHBI M HEHUTPOHBI, COOPABIINCH BMECTE,
00pa3yroT aTOMHbIE SApa.

CHUHTYISIPHOCTh — TOYKa NPOCTPAHCTBA-BPEMEHU, B KOTOPOM KPUBHU3HA €T0 CTAHOBHUTCS
OCCKOHEYHOM.

Cnaboe B3auMoJeiicCTBHE — BTOPOE IO CIA0OCTH M3 YETHIPEX HM3BECTHBIX B3aMMOICHCTBHIM.
Ob6nagaetr o4yeHb KOPOTKUM PaguycoM JeHCTBUS. B ciaboM B3anMoAeicTBUY MPUHUMAIOT ydacThe
BCE€ YaCTHUIIbI MATEPHUH, HO B HEM HE yYaCTBYIOT YaCTHUIIBI — IEPEHOCUYUKHU B3aUMOICUCTBHUS.

CoObiTHE — TOUYKa B MPOCTPAHCTBE-BPEMEHH, KOTOpas OIpeaesseTcs] MOJNI0KEHUEM B
MPOCTPAHCTBE U BO BPEMEHH.

CriekTp — paciierieHle BOJIHbI (HallpuMep, 3IEKTPOMAarHUTHON ) Ha YaCTOTHBIE KOMIIOHEHTHI.

CrneunanbHasi T€OpUs OTHOCUTEJIBHOCTH — TEOpHsl DWHINTENHHA, OTIpaBHAs TOYKa KOTOPOM
COCTOHMT B TOM, YTO 3aKOHBI HaYKH JOJDKHBI OBITH OJJMHAKOBBI JAJISI BCEX CBOOOJHO ABMKYIIHXCS
HalJro1aTeNnel He3aBUCUMO OT UX CKOPOCTEH.

CnuH (spin — Bpamathbcs, BEPTEThCSA) — BHYTPEHHEE CBOWMCTBO YACTHIIBI, CBS3aHHOE C €€
BpaIlleHUEM BOKPYT COOCTBEHHOM OCH.

CranmoHapHOE COCTOSIHUE — COCTOSIHME, HE M3MEHSIOIIEECs] CO BPEMEHEM: BpAllaloIIUiCs C
MOCTOSIHHOM CKOPOCTBIO IIap HaXOJUTCS B CTAllMOHAPHOM COCTOSTHUH, ITOTOMY UYTO, HECMOTpS Ha
BpallleHue, B KaX/Iblil MOMEHT OH BBITJISAUT OJIMHAKOBO.

Teopema O CHUHTYJISIPHOCTH — T€OpeMa, B KOTOPOM JOKa3bIBAE€TCS, YTO IMPHU OIMPEAEICHHBIX
YCIIOBUSIX CHUHTYJISIPHOCTh JOJDKHA CyIIECTBOBaTH M 4YTO, B YAaCTHOCTH, HaudajgoM BcenenHoi
JOJKHA OBITH CHHTYJISIPHOCTb.

Teopust Benukoro o0beAMHEHUS — T€OpUsi, OOBEAUHSIIONIAS JIEKTPOMAarHUTHbBIE, CUIIbHBIE U
cia0bie B3aUMOJICHCTBUS.

YckopeHne — CKOpOCTh U3MEHEHUST CKOPOCTH KaKOT0-TH00 00BEKTa.

VYckopuTenb 4YacTUIl — YCTPOMCTBO, KOTOPOE C TIOMOLIBIO 3JIEKTPOMAarHUTOB JIaeT
BO3MOYXHOCTh YCKOPSITh IBHXKYIIIMECS 3apsKEHHbBIE YaCTHUIIbl, TOCTOSIHHO YBEJIUNYUBAs UX SHEPTHIO.

VYcnoBue OTCYTCTBUS TPaHUI] — IPEICTABIIEHHUE, COTJIACHO KOTOpoMy BceneHHasi KoHeuHa, HO
HE UMeET IrpaHuI] (B MHUMOM BPEMEHHU ).

®daza — s BOJHBI — MOJOKEHHE TOYKHU B LIMKJIE B ONpPEACIICHHBIH MOMEHT BPEMEHH: Mepa
TOT'0, HAXOJUTCS JIU TOYKA Ha rpeOHe, BO BIIaJUHE WU Te-HUOYAb B IPOMEKYTKE.

DOH MHUKPOBOJIHOBOTO U3JIy4YECHMs — U3JIy4YEHHUE, BOSHUKIIEE IIPU CBEUCHHUH ropsdei paHHEH
Bcenennoii (HasbiBaeTcss penukToBbIM). OHO celiYac WCIHBITBIBAET TaKO€ CHJIBHOE KpacHOE
CMEUIEHUE, YTO PErUCTPUPYETCS HE B BUJIE CBETA, a B BHUJE BOJH MHUKPOBOJIHOBOI'O JIHara3oHa
(paIMOBOHBI C CAHTUMETPOBBIMHU JITTAHAMU BOJIH).

@DOTOH — KBAHT CBETA.

YacTUYHO-BOTHOBOM JTyalu3M — JIEXKalllee B OCHOBE KBAHTOBOW MEXAHUKH MPEACTABICHHUE O
TOM, YTO HE CYIIECTBYET Pa3iuyusi MEXAY YAaCTULAMU U BOJHAMH, YACTHUIIbl MOTYT MHOI/IA BECTH
ce0st KaK BOJIHBI, 8 BOJIHBI — KaK YaCTHIIBI.

YacToTa — 171 BOJHBI 3TO YHUCIIO MOJTHBIX UKIIOB B CEKYHIY.

UepeHKOBCKOE M3IyUYEHHE — M3ITy4YEHUE CBETA 3apsHDKEHHOM YacTUICH NpU €€ JBUKCHUU B
BEILIECTBE C MOCTOSIHHOM CKOPOCTHIO, MPEBBIIIAIONIEH CKOPOCTh PAaCHpOCTPAaHEHHUs CBETa B 3TOM
BEIIECTBE.
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UepHast aplpa — 00J1acTh MPOCTPAHCTBA-BPEMEHH, U3 KOTOPOW HUYTO, JAXKE CBET, HE MOXKET
BBIOPAThCS HAPYXKY, IOTOMY YTO B HEH Upe3BbIYAHO CUJIBHO JIEHCTBHE I'PaBUTALIMH.

DNeKTpUYECKUi 3aps] — CBOMCTBO YacTHIIbI, Ojarojaps KOTOPOMY OHa OTTaJIKUBAaeT (MU
MIPUTATUBAET) JPYTHE YACTHILIbI, UMEIOIME 3apsi]] TOro e (MM IPOTUBOIOIO0KHOI0) 3HAKA.

DONEKTPOMarHUTHOE B3aUMOJECHCTBHE — B3aMMOJEHCTBHE, KOTOPOE BO3HHMKAET MEXKIY
yacTullamMM, OONaJalolMMU  SJEKTPUYECKMM 3apsaoM. Btopoe mo cuie U3 4eThlpex
(byHIaMEHTAIBHBIX B3aUMOJICHCTBUI.

OJeKTpOH — uyacTula, oOjajaromas OTPULATENbHBIM  3JEKTPUUYECKUM  3apsaoM U
oOparmaromnasics B aToMe BOKpYT sjipa.

DreMeHTapHas YaCTHULA — YaCTHIIA, KOTOPask CUNTAETCS HEJICIIUMOM.

OHeprus TEOPUHM BEIMKOTr0 OOBEAMHEHUS — DHEPIHsl, BBILIE KOTOPOMl AJIEKTpOMarHUTHBIE,
cy1abble ¥ CHUIIbHBIE B3aUMOJICHCTBUS PEIONI0KUTEIBHO JOIDKHBI CTaTh HEPA3TUUYUMBIMU.

OHeprus anekTpocnadboit Teopun — 3Heprust (okoio 100 I'sB), Bwime koTOopoil mcuesaroT
pa3nuyMs MEXIy 3J€KTPOMAarHUTHBIMHU U CIa0BIMU B3aUMOCHCTBUSAMH.

D dexr [orrepa — n3MEHEHHE YacTOTHI BOJH MPH JABIKCHUH WX UCTOYHUKA U HAOIrOMaTeNs
OTHOCHUTEJIBHO JPYT ApYyTa.

SnepHblil CUHTE3 — MPOILIECC COYAAPEHUS ABYX sIEp U MOCIEAYIOIIEro UX CIUSHUS B OJHO
Oosee TsHKENOE SIIPO.

SAnpo — ueHTpanbHasg 4YacTh aToMa, KOTOPas COCTOMT TOJbKO M3 NPOTOHOB U HEHUTPOHOB,
yIIep>KUBAEMBbIX B Sp€ CUIBHBIM B3aUMOJCHCTBUEM.

MocnecnoBue

Kuaura C. Xokunra sbinuia ogHoBpeMeHHo B Kanane u CIIA B anpene 1988 r. B mae
MOSIBUJICSL B TIPOJIaXKe €€ UTaNbsSHCKUM nepeBolx. B Anrnum nara Obiia oObsiBieHa 3apaHee — 18
ntoHd. K »ToMy BpemMeHM yke MOSBWINCH IEpBbIE peleH3uH. Tak, uuTaTenu amMepuKaHCKOIro
exeHenenbHUKa «Newsweek» 13 uioHS ObUIM OMOBEIIEHBI, YTO IIPUKOBAHHBIA K MHBAJIUIAHOMY
Kpeclly, JHIIEHHBIM naxe pnapa peud, ¢usuk CrtuBeH XOKHHT WIIET TEOPHUIO BEIHKOTO
o0beIMHEeHNUs, KoTopasi 00bACHUT Beenennyio. ..»

A B KOHIE HIOHA XOKHHI mpHexan B JIeHMHrpajq Ha KOH(EPEHIHIO, TOCBSIICHHYIO
100-neturo co aHs poxnaeHus A. A. dpuamana, ¥ OpuBe3 CBOIO HOBYIO KHHUIY, OAMH U3
9K3EMILIIPOB KOTOPOH MOJapUil MHE.

B Jlenunrpage XOKUHI HpPOSBIST HEOOBIYallHYIO AKTMBHOCTb — BBICTYIWJI C JJOKJIAJI0M,
y4acTBOBAJ B JUCKYCCHHU, ITPOYEI JIEKIHIO B JloMe y4eHbIX, J1al KOPOTKOE UHTEPBBIO JJIS KypHaa
«IIpupona». Ilpu sToM XOKMHI HE TOBOPWJI: 3a HEr0 YETKHM, HO JIMIIEHHBIM 4YeJO0BEYECKOU
TETUIOTHI TOJIOCOM TOBOPHJI CHHTE3aTOp peud. To, 4TO OH MPOM3HOCHI, XOKHHT HaOupan Ha
JHCIIIIee MaJIeHbKOI'O KOMIIBIOTEpPA, MPUKPEIUIEHHOIO K €ro MHBAIWAHON KosscKe. AKTHBHOCTb
XoKuHra BHe (PM3MKH ObLIA CTOJb K€ MopasuTenbHa. OH coBeplIall SKCKYpPCUH IO TOPONY, €31 B
CBOEM Kpeciie o DpMHTaxy, oOmaics ¢ apy3bsimu. M crapasncs BnuraTh B ceOs BCe, U4TO €ro
OKpYyXKallo.

XOKHHI' MHOTO IyTEIIECTBYET, HE pa3 OH IMpHE3Xal B HaIly CTpaHy U 0Opel 31ech Apy3el.
Best ero sxu3Hb — HEOOBIYAMHBIN PUMEP TOTO, KaK MHOTO MOXKET COTBOPUTH MO3T, JaXKe TOT[a,
KOTJIa KaHaJIbl €r0 CBSA3M C BHELIHMM MUPOM CBEJCHBI 10 MUHUMYMa.

Knura XokuHra HEOOBIKHOBEHHAs, €€ TéMa — paccka3 O BBIOOpE LEIH €ro XH3HH U O
TPYAHOM IYTH €€ JOCTHXKEHUs, PacCKa3 O MOMCKaX pelleHHs caMOi OOJbIIONW 3arajku, KOTopas
CTOUT Tepe/ eCTeCTBOMCHBITaTeneM. «Mosi 1enb — JOOUThCS IMOJIHOTO TMOHMMaHus BceneHHoi,
[IOYeMy OHa Takas, Kakas OHa €CTb, U IOYEMY OHa BOOOIIE CYyIIECTBYeT», — MUUIET OH O CBOUX
UCKaHUSAX.

Taxue Bonpocs! uenoBek 3a1aBan ce0e JaBHO. BapraHThl OTBETOB €CcTh B MH(ax MOUYTH BCEX
Hapo0B. MoXKeT ObITh, U pacCy>KICHHUS YUCHBIX HAIllero BeKa Takke Korna-HuOyib OyAyT CUHUTaTh
JereHnaMu. Y HOBBIX MHGOB €CTh aBTOPHI, OAWMH M3 HUX XOKHMHT. Ero >Xu3Hb yke cendac
MIPEJCTABISAETCA JETEHION. DTO JIETeH 1A O YeIOBEKe, CUIION MBICIIU MOOEKAAI0IIEM HEMOITb.
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XokuHry ceriuac 48 ner. B nHauane 60-X rofoB, KOTJa OH YK€ KOHYaJl yHUBEPCUTET B
Oxkcdopre, NoOSBUIKCH TIEpPBBIE MPHU3HAKKA TPO3HOM Oo0Jie3HHM — OOKOBOTO aMHOTPO(HUECKOTO
ckiepo3a. HactpoeHne cTaHOBMIIOCH MpauyHbIM, JJa M HayuyHble yCHEeXW ObUIM B 3TO BpeEMsl HE
cnuimkoM Brieyatistomumu. J[. Cruama, u3BeCTHBIN (DU3HUK, PYKOBOAUTENH €r0 AUILIIOMHON paboThI,
3aMEeTHJI, YTO «BOKPYT OKa3aJoCh HE TaK YK MHOIO IMPOOJieM, JTOCTOMHBIX YelOBeKa C TaKHUMHU
crocobHocTsimuy. K cuacThio, mpobiieMa Bce ke Hamuiach — 3TO Oblla TEOpHsS YEPHBIX JBID,
KOTOpYI0 XOKHUHT yBHJIET B HOBOM CBETE MocJe mosiBieHus: padotel P. [lenpoysa 06 ocoOeHHOCTSIX
YpPaBHEHUH TATOTECHUS.

B 5r0 Bpems wusMeHmnach M JUYHAs JKM3Hb XOkuHra. B 1965 r. oH keHwicd Ha
ctyneHTke-unonore [[xeitn Yainn (el oH MOCBATWI 3Ty KHUTY). Y HUX €CTh JI0Yb U JBa ChIHA.

1985 roxg mnpunec HoBoe HecuacThe. Ilocne omepauuu Ha ropie XOKHUHI TOTEPA
CIIOCOOHOCTh TOBOPUTH. Ha momolls NpuxonsT apy3bs, W OAHAa KanudopHuUiickas ¢upma
MPETIOTHOCUT €MY KOMMYHHUKAIIMOHHYIO CHCTEMY KOMIBIOTEp + cuHTe3aTop. O0 3ToM XOKHHT caM
pacckasbiBaeT BO BBEJIEHHWU K KHUTE, jKejas BbIpa3UTh OJarogapHOCTb T€M, KTO MOMOTAaeT eMy
KUTh. «ITa CUCTEMa U3MEHMJIA BCE: MHE JJaKe CTaJo Jierye oOLaThCesi, 4eM JI0 TOro, KakK s MOTepsil
r0JIOC), — ITUIIET OH.

Cy1iecTBOBaHUE B TaKUX YCJIOBHSX TPeOYET HE TOJIBKO BOJIM K KH3HHU, HO U YyBCTBA IOMOpA.
XOKHMHI PAacCcKa3blBA€T MHOI'O HCTOpHH. Tak, 3aHMMasiChb YEPHBIMHU JbIpaMHU, HO HE HMes IOKa
Ha0JII0/1aTeIbHOTO J0Ka3aTeNbCTBA HX CYIIECTBOBAaHHUS, XOKHHI 3aKiiodaeT napu ¢ TopHOM.
VYcnoBus napu NOJYUHSIIUCH U3BICKAHHOW JIOTUKE. XOKHUHT, Beps, 4TO BO BceneHHo# 10KHO OBITH
MHOTO YEpHBIX JAbIp, JI€JaeT CTaBKy MPOTHUB MX CYyIIECTBOBaHUS. Eciu Ablp HE OKaXKeTcs, TO B
KauecTBE KOMIICHCAIIUU 3a TTOTEPIO CMbICIIA TTIAaBHOUM CBOEH pabOThI OH MOIYYaeT YETHIPEXIETHIOIO
MOAINKCKY Ha aHTJIUICKUI roMopucTUYecKuil )xypHan «Private Eye». Ecnu ke uepHble IbIpbl €CTh,
TopH momyvaet rogoByto noanucky Ha «Penthouse», a Xokunr (BmonHe BeposaTHO) HobeneBckyto
MIPEMHIO.

Ceiiuac Xokunr — mpocdeccop KemOpumxckoro ynHuBepcurera. OH 3aHHMaeT Kadenpy,
KOTOpYyl Koraa-to 3aHuMan HproToH, a B Hame Bpemss — [Qupak. C 1974 1. XOKMHIr 4jeH
Jlonnonckoro Koponesckoro oomiecTsa.

UroObl HaYaTh, HAKOHEII, PA3rOBOP O KHUIE, MOJIE3HO MpUBECTH cioBa actpoHoma K. Carana,
Harnucaiiero npeauciosue: «Kaura o bore... a MoxeT ObITh, 00 orcyTcTBUM bora». Crnoso bor
MIOBTOPSIETCS 4acTO. XOKUHI OTIPABIISETCS HA TIOUCKM OTBETa HA 3HAMEHMTBIN BoIpoc DUHILTEIHA,
Obl1 1 y bora kakoil-HHOyAs BBIOOp, KOTJa OH co3aaBan BceeneHHyr0. XOKHHT CTPEMUTCS — OH
TOBOPUT 00 3TOM TMpsIMO — TMOHATH 3ambicen bora. Ilowcku NPUBOIAT K HEOXKHUIAHHOMY
3aKJTIOYEHUI0, MOXET OBITh, HE OKOHYATEIbHOMY: «...Bcenennas 6e3 kpas B MpOCTpaHCTBE, 0e3
Hayvaja U KOHIIa BO BpeMeHH, 0e3 kakux-mubo nen ans Cozparensy». Paccyxnenus o bore, koHeuHo,
He HOBBI. Bcmomuaum Jlamnaca, kotoperit Oyaro Ob1 oTBeTHs1 Hamoseony, 4To He HY)KIaeTcs B 9TOM
TUIIOTE3E.

[Tocrenenno pacKphIBarOIIascs HCTOpUSA Bcenennoi BCEra n3ymiIsiia
€CTECTBOUCIIBITATENICH. DWHINTEHH BBIpA3Uia 3TO B CBOeH OOBIYHON TapagoKcalbHON dopMme:
«Korna s paccyxmar o Gu3MUeCKOd TEOPHH, sl CIpaIlInBaro ceds, co3aaBai i Obl 1 Beenennyto
TaKuM e myTeM, eciu 061 borom 6wt s1?7» Ero Beunslii onmonent Hunbc Bop orBetmi Tak: «3T0
COBCEM He Hallle JIeJI0 MpeAnuchiBaTh bory, kakuM o0pa3oM OH JI0JKEH YNPaBIsTh MUPOM.

Bonpoc tak u ocraercst 0e3 oTBera: CiydailHO JHM HUCTOpHs BceneHHOH oka3anach Takoii,
KaKoOW OHa TMOCTENEHHO pacKphIBaeTCs mepena denoBekoM? Bo3MOXXHO U, 4TOOBI MCTOpHS Oblia
JpYroM, WIA UCTOPUS ONPENENIeTCs OAHO3HAYHO W3 MPUHIMIIOB, KOTOPHIX MBI €lle He 3Haem? 1
HaKOHEIl, «eIlle He 3HaeM» HJIM Mbl U HE MOKEM UX y3HaTh, OO OTBET MOKET JIEKaTh 3a MpeleaMu
MO3HaHUs 4enoBeka. M Bce ke yeM riy0Oxke B MPOIUIOE W YeM Jalibllie B OyJyliee MpOHHKAaeT
HayKa, TEM MEHBIIIE JIela OCTaeTCs Ui MUDUUECKUX CUJI.

[Tocne Toro kak rumoTe3a o poXAeHUM BceneHHON B OONBIIOM B3phIBE NMPEBPATUIIACH B
MOYTH OOMICIPUHATYIO, BOMPOC O TOM, YTO OBUIO 110 pOXKIeHUs BceneHHOM, cram kKak Obl
HE3aKOHHBIM. B 3TOM cMbIcie Hayka NpUOIM3WIACh KO MHOTUM MH(}aM, B TOM YHUCIE H K
OoubnelickoMmy BapuaHTy cosnanus Bcenennoil. IlopasutenbHpIM ObUIO BOOOpa)KEHHE PEBHUX,
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CO3/1aBaBIINUX MHUBIL.

[Tpountaem B nepBoii riaBe bubnun: «M Hazean bor cBet nHeM, a TbMy Houbl0. 1 ObLI Beuep,
u ObUIO YTpO: JIeHb oauH». MHoraa mepeBonsT: «JieHb NEpBbIN». JT0 HeBepHO. KoMMeHTaTOpHI
KaHOHMYECKOI'0 TEKCTa CYMTAIOT, YTO HE MOIJIO OBITh CKa3aHO «JIeHb INEpBBI», TaK Kak He ObLIO
nocnenyromero. [lo-BuauMomy, uaesi, 9To0 BpeMs TakKe JTOJDKHO ObLIO OBITH CO3/1aHO, 3aHMMAala
aBTOpoB bubnauu. He Tonbko co3maHue BpeMEHM, HO U KOHEI| BPEMEHU IpE/CTaBISAJICS B
OCMBICIICHHOM MOHATHH. B 3axmtountensHoi kuure bubnuu, otkpoBenun Moanna (10:6), anren,
OOBSIBIISAS O IPSAAYIIEM KOHIIE MUPA, TOBOPUT: «...H BPEMEHH yKe He OyleT».

[IpoGnema BpeMeHM TMpUBJIEKana BHUMAHHE M XPUCTHAHCKUX (PUIOCO(POB paHHEro
CpenneBekoBbst. B «McnoBenu» brnaxenHoro ApryctuHa Mbl untaem: «Ecnu ke panbine HeOa u
3emMJid He ObUIO BPEMEHH, 3a4eM ClpaliuBarh, 4yTo Thl fenan torna. Korga He ObUto BpeMeHH, HeE
OBLIO ¥ TOTZAY.

Hamr Bex Tpebyer, uToObl MH(BI 00penn mareMaTHyeckoe oOinyme. DTO CBEPIIMIOCH B
Jlenunrpane, korga mnosiBuiack padora A. A. @punmana. Beenennas @puamaHa HauMHaeTcs ¢
«0COOEHHOCTH» — MUPOBOM TOYKH, B KOTOPO oOpaliaercsi B 06CKOHEYHOCTh KPUBM3HA, a C HEIO U
IUIOTHOCTh BeIlleCcTBa. B 3TOH TOuke TepsoT CBOIO CHIly (DU3MYECKHE 3aKOHbBI, M, OCTaBasCh B
pamkax oOblYHOM Mojenu Bcenennoil ®@puiamana, HEIb3s MOHATH, YTO HPOUCXOAMIO B CaMOM
Hayaje BpEMEHH, KaK BO3HUK OOJIBILION B3pHIB.

OTO yTBEp)KJI€HUE MPABUIBHO, U (U3UKH HE OMIMOIMCH, CUUTAsL, YTO HE UMEET CMBICIIA caM
BOINPOC O TMPOJODKEHUH KOOPAMHATBHI BPEMEHHM 3a «OCOOEHHOCTBY. JleHCTBHUTENbHO, Mpobdiaemy
Henb3s Jake c(OpMYyJIHpPOBAaTh AaKKypaTHO Ha S3bIKE MAaTEMaTHKH, €CIM OCTaBaThCS B pPaMKax
KJIACCUYECKON TEOPUM TATOTEHHs OWHINTEWHA. JlOKa3aHO, 4TO B 3TUX paMKax HE CYILECTBYET
pelieHni ypaBHEHUM OOIIed Teopuu OTHOCUTENBHOCTH — ypaBHEHHMM OifHiuTeiiHa — ['mnpOepra,
KOTOpbIE Obl HE UMEIH «OCOOCHHOCTEN.

«OCco0eHHOCTH» TMOSBISIIOTCS HE TOJLKO I Bced BcelleHHOW, HO M JJd 3Be3, Macca
KOTOPBIX CTOJIb BEJIMKA, YTO BEILECTBO HE MOXKET MPEOJ0JeTh COOCTBEHHOTO TPaBUTALMOHHOTO
IoJii U MajaeT K €€ LEHTPY TaK, YTO IOBEPXHOCTh 3BE3/bl CTATMBAETCS B KOHIIE KOHIIOB B
MaTEMaTUYECKYyI0 TOUYKY — CHUHIYJSIPHOCTb. IIpOMCXOIMT KoJuIamc 3BE3Ibl, €€ «CXJIONBIBAHUE).
Taxas 3Be31a 1 €CTb UepHasl Iplpa, IPUBJIEKIIAasi BHUMAHUE X OKUHIA.

[IpobGnemoit cunrynspHoctd 3aHumaics P. IleHpoy3, KOTOpbIN TMOKa3an, YTO HAYaBIIHICS
KOJIJIArC 3Be3Abl HE MOXKET MPEKPaTHThCSA. XOKHUHI MHIIET, YTO OH OYeHb 00pajoBajcs HOBBIM
uaesM, cuuTas MX JOCTOWHBIMU pa3BuTHs. Ero mnojcreruBanu U JIM4HbIE OOCTOSTENBCTBA.
[Iporuo3s! Bpaueii ObLIIM MpayHBIMHU.

PaGoTta Haj MOKTOPCKOM CTEMEHBIO Ka3ajgach OeccMmbiciieHHOW. Ho mpomio nBa roma, u
yXyAleHus He Hactynwio. «Hampotus, — roBoput XOKHHT, — €jla MOU IOIIIN 3aMedaTeabHo. S
CTaJl JKCHMXOM ouapoBaTenbHOW neBymiku Jkeiin VYaina. Ho yToObl sKeHUThCS, HY)XHa ObLIa
pabota, Ui mosydeHus: paboThl HyKHa Obljla JOKTOPCKAs CTENEHb. A TYT MOJABEPHYJIACH XOpoLIas
TEMay.

XOKHHT YBUAET, YTO MEXIY 3ajaueii o0 4epHOW IbIpe W 3ajadyeil 0 OOJIBIIOM B3pPbIBE €CTh
Oonbmioe cxoxactBo. Ecim depHas JpIpa KOHYAET CBOE CYILECTBOBAaHME B CUHIYJISPHOCTH, TO,
IIOBEPHYB B €€ HCTOPUHU BpPEMs, Mbl IOJYyUYUM MOJENb BceneHHOW, KOTOpas B CHUHIYJISIPHOCTH
poxaaerca. DTO MOATBEPAWIO crapblie mnpeanosnoxkenus, u B 1970 r. Xokunr c¢ Ilenpoyzom
oIy OJIMKOBAJIM PabOTy C JAOKA3aTEILCTBOM TOTO, UTO pacIiupsitomascs BeenenHnas 1omkHa HayaTh
CBOIO MCTOPHIO B CHHTYJIIPHOCTH.

Mexny uepHOM nbIpod M BceeneHHOM ecThb NpUHLMIMAIbHAS pasHuua. ToudHee, eCThb
pasnuure MexIy MOJIOKEHUEeM HalOojaress B OAHOM M Ipyrom ciydae. Kosanc depHO AbIpbI
MBI HaAOJIOAaeM CHAapyXH, W TEOpus TOBOPHUT, 4YTO JUId HAOIIOAaTens, IOKOSIIErocs Ha
OECKOHEUHOCTH, T. €. B 00JIaCTH, TJie T'PaBUTALMOHHOE I0J€ YEPHOM IBIPbI CKOJb YTOJHO Mallo,
BpeMsl TOJHOTO KOJUIATiCa, BpeMsl JOCTHKEHUS CHHTYJSIPHOCTH, OeckoHedHO Beiuko. CTporo
TOBOps, HAONIOAATENIb HHUKOTJAa HE YBUAWT KOHIIA 3BOJIONHMH 4YepHOW nbIppl. Bo Bcenennoit
HaOJI0AaTeNN HaXOATCA BHYTPH, OHH pa30eraloTcsi BMECTE C rajJlakTUKaMH, U UX BO3pacT (CuuTas
OT OOJIBIIIOTO B3PHIBA) KOHEUEH.
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Ho y oboux 00BEKTOB ecTh 0OOIIasi 4epTa: MpoIecc Koularca W pacumpeHus BceneHHoOU
HeoOpatumbl. Ecnu HeoOpaTuMocTh pacuivpeHus BceeneHHO# mpencTaBisieTcsi €CTeCTBEHHOU
(nrccunaTUBHBIE MPOLIECCHI CONPOBOXKIAIOT IBOJIIOLMIO), TO HEOOPATUMOCTh KOJUIarica — TeopeMa
Ilexpoy3a-XoKuHra — He CTOJIb MOHATHA. J{MCCUITaTUBHBIE MPOLECCH] IPUBOAAT K HEOOPATUMOCTH,
K POCTY OBHTponMM cucTeMbl. Ho MOXXHO 1M mnpumucarh 3HTponuio d4epHoil awipe? Kak B
JNETEKTUBHOW NCTOpUH, XOKHHI HAXOJAUT YJIUKY, OHA JIe)KaJla IOYTH Ha BULY.

Korna BemiecTBo mim u3inydeHUe NajaeT Ha YEPHYIO IbIPY, MIIOMIAb €€ MOBEPXHOCTU MOXKET
TOJIBKO yBEIM4YUBaThCsA. Paguyc 4YepHON IbIpbl NMPONMOPLMOHAIEH €€ Macce, a IOBEPXHOCTb —
KBagpary maccel. Korma Macca pacrer, pacteT u noBepxHoOCTh. Jlajee XOKHHI 3aMe4aeT, 4To €CIu
JIB€ YEepHBIE ABIPHI CIMBAIOTCSA B OIHY, TO MOBEPXHOCTb HOBOM JBIPHI CTAHOBHUTCS OOJIbLIE, YeM
CyMMapHasi MOBEPXHOCTh [IByX HCXOJHBIX. MOXHO OTMETHTh M OYeBHIHBIN (akT. Ecmu mnpum
KOJIJIaTICe HAa YEpHYIO JbIpYy HUYEro HE MajaeT, T. €. MOBEPXHOCTh (€€ Ha3bIBAlOT T'OPU30HTOM)
OCTaeTCs OCTOSIHHON — MOBEPXHOCTh OMPEEIIAETCS TOJIBKO MacCOM.

Cnepyromuii mar penaer amepukaHenl Jk. buxenctuH. OH BBICKa3bIBaeT CMENOE
MIPENIOJIOKEHUE, YTO U YEPHOM ABIPbl MOKHO BBECTH MOHSTHE SHTPONUU U 4YTO SHTPOIHUS
YepHOH JbIpbl TMPONOpPLUOHANbHA ee noBepxHocTH. IloBepxHocTh pacTeT (WM ocTaercs
IIOCTOSIHHOM) CO BpEMEHEM, XOpOILIO HUMHUTHPYS IMOBEACHME OSHTponuu. [umnoresza, kotopas
BBITJIA/IENIA IOBOJIbHO COMHUTENBHOM, B paboTe XOKHHra MpeBpaTuiiach B CTpOryro teopemy. Kax
BBISICHWIIOCH, OHA CJIEZIOBAJIa U3 3aKOHOB KBAHTOBOW MEXAaHUKH U 0OIIEH TEOPUH OTHOCUTEIBHOCTH.

OTtkpbiTe XOKHHIa MOBJEKJIO 32 COOOM LENOYKy HOBBIX yTBepkaeHui. Ecnu y uepHoi
JBIPBI €CTh SHTPONUS, TO JIOJKHA OBITH M Temmeparypa. TepMoAMHAMHKA MO3BOJISIET BBIYHUCIHUTD,
YTO €CJIM SHTPOIHUS ONpPEeesieTcs] KBaJApaToM SHEPTUU U HE 3aBUCUT, HAlIpUMED, elle U OT oObeMa,
TO TeMIIepaTypa JA0HKHA ObITh 00paTHO MPOTOPIMOHATBHA YHEPTUH (MU MacCe) YSPHOU JBIPHI.

HemHoOro mnomymaB, MOXHO IOHATH, YTO TAKOE 3aKJIIOYCHHE HE OYEHb COIJIACyercsi ¢
HCXOJHBIM Ipe/CTaBICHUEM O 4epHOU aplpe. Teno, magaromiee Ha YEpHYIO JBIPY, OMHUCHIBACTCA
YpaBHEHMSAMHU MeXaHUKU (KoHeuHO, mMexaHuku OTO), u ans >HTPONUM B TaKOM ONMCAHUU HET
Mecta. Ho ypaBHeHHMsS MeXaHUKH OOpaTUMBlI BO BPEMEHH, a 3Be37a KOJUIaricupyer Heobparumo. B
TEOPUM JIOJDKHBI OBUIM MOSIBUTBCSA SHTpONUsA M TemnepaTypa. Ho panbie mpenbsBiseT CBOU
oOs3aTenbHble TpeOOBaHUS TEpPMOAMHAMHKA. Bcskoe Teno, uMmeromee TeMmmepaTypy, JO0JDKHO
m3nydath 1o 3akoHy Credana-bombpnmana (co cnekrpom I[lnmanka). 3Ha4uT, BONPEKH BCEMY
CKa3aHHOMY O 0€3BO3BpaTHOCTHM KOJUIalica M HEBO3MOXKHOCTH HHUYEMY BBIPBAaThCS U3
TPaBUTALlMOHHOIO TMOJsI, 4YepHass [Iblpa H3JIydaeT, W HMHTCHCUBHOCTb H3JIIyYEHHUS pacTeT, Kak
YeTBepTasl CTENEHb €€ TeMIepaTyphl. «HepHble AbIPbI HE TaK YK YEpPHbD» — TaK Ha3BaHa CEIbMas
IJIaBa KHWTH.

B yem ¢usnyeckas mpupoja 3TOro u3iMydeHusi? BbUIo SICHO, YTO OTBET Ha HOBBIM BOMPOC
HEeJb3sl UCKaTh B TEOpUH DIMHINTENHHA U HAJ0 PUBJIEKATh BTOPYIO KOPOJIEBY (PU3MKH HAIIETO BEKa —
KBAaHTOBYIO MeXaHHMKY. KOoHeuHO, BTOpKeHHE KBAaHTOBOW MEXaHHUKH ObUIO HE TaK YK HEOKUIAHHO.
Vixe B hopMyJie UIst SHTpoNUU BUKEHCTHHA BO3HUKIIA TPYAHOCTb C Pa3MEPHOCTBIO KO PHUIMEHTA,
oOpalaromero miomaas B 0e3pa3MepHyI0 SHTPOIUI0. ENMWHCTBEHHONW BETHMYMHOW, C MOMOIIBLIO
KOTOPOH pa3syMHO «00e3pa3MepuTh» IUIOMIAb, ObLT KBAJAPAT TUIAHKOBCKOW JIMHBI, paBHOW 10-33
CM U COCTaBIEHHOM M3 NOCTOsHHOW Ilmanka u moctossHHOW TaAroreHus. He BoBiekas B UIpy
nocrosiHHyo [1nanka, HanucaTh GOpMyITy JUIsl SHTPOIIUU HE yIaeTCH.

[lepBorit Bapuant peutenus Obul npemioxkeH S. b. 3enpgoBuuem m A. A. CTapoOHMHCKHM:
€CJIM YepHasl Ablpa BpallaeTcs, OHa JIOJDKHA M37y4yaTh. XOKUHI HUCCIENOBAN 3Ty UJACK MOAPOOHO
1ocjie TOro, Kak aBTOPHI pacckaszaiu emy o Heil B 1973 r. (Xopomwuii mpumMep Toro, Kak ObICTPO U
YEeTKO pE30HUpyeT XOKMHI Ha HOBBIE HJEH). BBIACHWIOCH, YTO I W3Iy4YeHUs 3Be3A€ HE
00s13aTeNIbHO BpallaThes: U3Iy4YaeT BaKyyM, B KOTOPbIM OHA MOTrpykeHa. DTO MOYTH MUCTHUYECKOE
CBOWCTBO BaKyyma — MPOCTPAHCTBA, B KOTOPOM HUYEro HeT. Ho B KBAaHTOBOW MEXAaHUKE «JIaKe
€CJIM HUYETO HET, YTO-TO NMPOUCXOAUT, KaK 3aMETHII KTO-TO U3 (PU3UKOB.

B «mmycTomM» BakyyMe €CTb IOJIS, MU XOTSI BEJIMYMHBI IT0JIEH, HAIIPUMEP MAarHUTHOTO, PaBHBI B
CpeHEeM HYJIO, MX KBajpaThl (Wi aOCONIOTHBIC 3HAUEHHUS) B HyJIb HE OOpamaroTcs Jake B
cpenHeM (XoTs OBl MOTOMY, YTO OHH BCETJa IOJOKUTEIbHBI). BOMM3M YepHOW ABIPHI TaKHe



104

GiykTyanuu pokIaloT mapbl. Macca TakMX Tap IOYTH paBHA HYJO, TaK Kak OOJbIION
(oTpuLaTeNbHBIN) TPAaBUTALMOHHBIA MOTEHLUAI MPAKTUUYECKH KOMIIEHCHPYET Maccy CBOOOIHBIX
AJIEKTPOHA U MTO3UTPOHA.

Y KOMIIOHEHTOB poAMBLIEHCs Mapbl pa3Hble Cyab0bl. OfHA M3 YacTUI «IPOBAJIUBACTCS» B
YEpHYIO JBIpy M IEpecTaeT CyllecTBoBaTh A Hac. Ho yactuua He 3pst oTnana cBoro ku3Hb. Ee
9HEprus Iepefajlachk BTOPOM YacTHIE M Aajla € BO3MOXHOCTb BBIPBATHCA U3 I'PABUTALIMOHHOIO
IUIeHA. DTO W €CTh M3JIydeHHe XOKHHTa. BBIUMCIIEHHE CHEeKTpa M3IIyYeHHs MPHUBEIO K (GopmyIie
[Inanka. Tak ObIJIO OMPOBEPrHYTO MHEHHE, YTO YepHBIE JbIpbl OeccMepTHBI. [IpaBaa, nzmyueHue
CYILLIECTBEHHO COKpAllaeT *H3Hb TOJIbKO MaJeHbKOM YEpHOM IbIpbl, YepHas Jbplpa C PaginycoM
npotoHa (10E-13 cm), Bo3HUKIIasg B Ipolecce OONBLIOr0 B3pbIBA, HE JOXKMWJIA Obl J0 HAIIEro
BpeMeHHU. Ho npoaomKuTenbHOCTh AKU3HU YEPHOU JBIPBI pacTeT, Kak Kyo ee panuyca. s yepHoit
IBIPBI ¢ paguycoM 3 KM (TpaBUTAaMOHHBIA paauyc CojHLA) NMPOJOKUTENBHOCTh JKU3HU CTOJIb
BEJIMKA, YTO HE CTOUT €€ U MOJACYUTHIBATD.

Ho Tem He MeHee uepHOl apIpe NPEICTOUT NCUe3HYTh. Kak 3TO mpou3oiaeT, HayKka He 3HaeT.
Mo’KHO UL CKa3aTh, YTO KOHEYHBIX COCTOSHUN MOKET ObITh OYEHb MHOTIO, M INpeAcKa3aTh, Kak
MOTrMOHET YepHast AbIpa, HUKTO ceiuac He B cocTosiHMM. Kak Henb3s mpeacka3aTh, Ha Kakue KyCKd
pazo0bercs OyThIIKa, ynaBinas Ha KaMEHb.

O yepHBIX AbIpax HAIMCAaHO MHOTO, U MBI MOKEM He MponoipkaTh. Ho mpexzae yeM ocTaBuUTh
3Ty TEMY, XOTEJIOCh ObI 1I0CKa3aTh HCTOPHUIO, KOTOPYIO XOKHUHI YIIOMHUHAET B KHUTE.

[lepBbIil pa3 peub 0 yepHOU Ablpe 3aBen B 1783 r. anrmumuanuH /x. Muuemn, KOTOpbIit
HaIMcall, 4TO €l OBl TEJIO ¢ TUIOTHOCTHIO, paBHOU mmoTHocTH ComHia, umeno paauyc B 500 pas
MEHBILIUH, TO CBET, U3ITYUYECHHBIH TaKHUM TEJIOM, JOJDKEH BEPHYThCS OOpaTHO M3-3a COOCTBEHHOMU
TSOKECTH. MUYET pasMBIIULLT 00 3TOM HE MpOCTO Tak. EMy OueHb XOTeNoch HalTH crocod
M3MEpPEHUsT MacChl JABHUX 3Be3[. (151 HEro CBET COCTOSI U3 KOPIYCKYJI, KOTOPBIE, IPE010JIEBAs
IpaBUTALMOHHOE TI0JI€ 3B€3/1bl (OIPEIEIIIEMOE €€ MAaCCOil), TEPSIOT CBOKO CKOPOCTh. IMEHHO Tak oH
U mpuuien K ceoeMmy BbiBoAy. Ho 11t Hero Gojee BakHBIM OBLIO ClEJCTBHE OOHAPYKEHHOTO UM
SABJICHHUS: 4YTOOBI OIpPENEeNUTh MacCy 3Be3[bl, HAJ0 M3MEPUTh Ha 3eMile CKOpPOCTh CBeETa,
MPUXOAIIETrO K HaM OT 3TOM 3BE3/bI.

CeroiHs1 Mbl IOHUMA€EM, YTO U3MEPATH HA/I0 HE U3MEHEHHE CKOPOCTH CBETA, @ U3BMEHEHUE €TI0
4acTOThI — KpacHoe cMmeleHne. Ho 11t cBoero BpeMeHu uzest Obuia Kpacupasi.

Pa3mMblnuieHne O KOHLIE YEPHOH JBIPbI ¢ HEM30EKHOCTHIO NMPHUBOJUT K BBIBOAY, 4TO 0€3
KBAaHTOBOW MEXaHHMKH HE 000WTHCh. C TaKUMHU COMHEHHUSMHU U pe3ysibTaramu XOKUHT B 1981 r.
BEpHYJICA K TOMBITKE OOBACHUTH Hayasno Bcenennoii. Ho ero 3aHuMaioT He MaremMaTH4ecKHe
BBIUUCIICHUS (B M€ UX J€JaTh HEJIErKO), a IOUCKU CAMBIX TTTyOOKHMX MCTHUH.

Kak ycTtaHoBUIMCH HayaJIbHBIE YCIIOBUS, IPUBEAIINE K BCeleHHOM, KOTOPYIO MBI BUJIUM U B
KOTOpOH okazanuch camu? «OIMH BO3MOXKHBIH OTBET — 3TO CKa3aTh, YTO bor BHIOpas HaYaIbHYIO
KoHpurypamnuio BcenenHold u3 cooOpakeHMid, MOHATH KOTOphIE HaM HEe JaHo... Ho mouemy,
BbIOpAB Takoe CTPAaHHOE Hayaslo, OH BCE K€ pelw, yToObl BeenenHas pa3BuBanachk 1Mo MOHATHBIM
HaM 3akoHaM?» IIoCKONBbKY k€ 3TH 3aKOHBI MOHSTHBI, TO «ECTECTBEHHO MPEANOIO0KHUTH, YTO 3TOT
MOPAJOK OTHOCHUTCS HE TOJBKO K 3aKOHAM HAayKd, HO M K YCIOBMSAM Ha TpaHMIEC
IIPOCTPAHCTBA-BPEMEHH, KOTOPBIE ONPEAENISAIOT UCXOIHOE COCTOsIHUE BeeneHHom.

Tak XoxkuHr Bctymnaer B crop ¢ borom, otHumas y Hero poib Co3narens. Unes XokuHra
HOCHUT €IIIe JIOCTaTOYHO CMYTHBIM XapakTep. B kHHre oH coBceM He mumieT GpopMmys — H3/AaTellb
Ipeaynpeaul ero, YTo O/IHa-eIMHCTBEHHAas (hopMyJia yIoJIOBUHUT TUpax (dpopmyna E = mc”2 Bce
’Ke TPUBOJUTCS, HO 3TO HEe MOMEIIAJ0 KHUre cTaTh dectceruiepoM). M cBoro HOBYIO Hiet0 XOKUHT
nelTaeTcs 00OBACHUTH ciioBaMU. KaxkeTcs:, Bce ke B €ro MO3ry ecTh OoJiee YeTkasi KapTuHa, KOTOPYIO
OH IIPOCTO €lIe He MOXKET Iepeaats KommbioTepy. Koraa s roBopio 06 3TOM, MEHsSI HE MOKUAAET
OIIYIIEHUE KaKOT0-TO ()aHTaCTUUYECKOTO (MU CIOPPEATUCTUYECKOT0) POMaHa, B KOTOPBIH s IOTIal.

IMouemy u kak Bo3HUKIAa BceneHHas — OOBSCHHUTH, OCTAaBasCh B paMKaxX KJIACCHYECKOM
MOJIENIH, HEJb3sl, KaK Hellb3sl OObACHUTh CBOMCTBA AJIEKTPOHA, 3HAsl JIUIIb OJHY-CIUHCTBEHHYIO €T0
TpaeKkTopuio (Miau HeOoJbIIoNW ee Kycouek). Ho kBaHTOBas MexaHWKa Ojaronaps MpUHLUILY
HEOIPEJICIECHHOCTH HMMEET JelI0 cpa3y CO MHOTUMHM (MM JaXe CO BCEMH) BO3MOXXHBIMU
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HCTOPUSIMHU.

To, ¢ yero HaYMHAEeT COBpPEMEHHAs TEOPHsl, — 3TO HEKOTOPHIM 00pa3oM OMpe/eieHHas cyMMa
M0 BCEM HCTOPHSIM, KOTOpbIe, MHTEpPEepupys Ipyr C IpPyroM, CO3MAIOT HAaIly pealbHyo (B
KaKOM-TO CMbICTie HauboJjee BeposATHYI0) Beenennyro. Ho mareMaTnka OTKa3bIBaeTCs peain3oBaTh
Takyro uaeto. UtoOsl Teopus Obiia (OpMaIbHO TOCIEOBATENBHOM, HAZ0 OTKA3aThCs OT OOBIYHOTO
BpeMeHU. {7151 onrcanusi BO3MOKHBIX UCTOPHUM BCEJIEHHBIX MPUXOJIUTCS MEPEXOAUTHh OT PEATbHOTO
BpEMEHHU K MHUMOMY, IIpeBpalasi IpoCTpaHCTBO MUHKOBCKOT0 B 00Ji€€ IOHATHOE YEThIPEXMEPHOE
npoctpanctBo EBkinpa. B TakoM €BKJIMIOBOM YETHIPEXMEpPUU HCYE3aI0T OCOOble TOYKU (Tak
MOJIFOCH 3€MJIM HUYEM TE€OMETPUYECKHM HC OTIMYAIOTCS OT TOUYEK 3KBaTopa). Y IOBEPXHOCTH
chepbl, Kak W y JO00W HOpPYroil 3aMKHYTOW TOBEPXHOCTH, «TpaHUIl HET». KaBbIUKH 31ech
MIOCTaBJIEHBI TIOTOMY, YTO 3TO €CTh HOBOE IpaHHuHOe ycioBue. CoBCEM MPOCTO, HO, K COXKAJIECHHUIO,
He BIIOJIHE NOHATHO! Benp ucTopus, HAUMHAIOIIASCS C CUHTYJISIPHOCTH, Pa3BUBAETCS BMECTE C HAMH
B peaJbHOM BPEMEHH, TAK YTO HAlIE ICUXOJIOTHYECKOE BpPEMs OKAa3bIBAECTCS HE TEM, B KOTOPOM
onuchiBaeTcs pa3Butue Bceenmennoi. Hano eme aymaTh, Kak COBEPIIMTH MEPEXO] OT MHHMOTO
BPEMEHHU K pealbHOMY. e KakeTcsl 3aMaH4YMBOM, HO NPOMAET, HABEPHOE, €1Ie HEMAJIO BPEMEHHU
(peanbHOrO), MOKa (MBI HAZEEMCSI) OHA CTAHET MOHSATHOM!.

Best kaura XokuHra HanvcaHa UM C LEJIbI0 MOJBECTH YuTaTeNs K cBoei uaee. OH HE OUYEHb
MHOTO MOXET cKa3aThb B ee 3ammury. OH MpHU3bIBACT YHUTATENS K Pa3AyMbsM O CaMbIX OOIIUX
3aKOHAaX, pPe3yJbTaTOM KOTOPBIX (CIly4allHbIM WJIM HEOOXOJIMMBIM) CTajO IOSBICHHUE >KU3HH,
yuTarens (U, KOHEUHO, KHUTH X OKUHTa).

EcTp m eme BaXHBIN W, HECOMHEHHO, BEJIMKMWA 3aKOH — 3aKOH O HAIpPaBJICHHH BPEMEHHU.
«Ctpena BpeMeHN» — TaK Ha3bIBAECTCS JEBATAs IJlaBa KHUTU. JTa IJ1aBa — BEJIMKOJICIIHBIN HAy4YHBIN
stiog. Hempocras pans mnoHuMaHuss uAes O JBYX COCYIIECTBYIOLIUX  YETBIPEXMEPHBIX
MIPOCTPAHCTBAX — EBKJIMIOBOM, B KOTOPOM OTOMPAIOTCS UCTOPHH, U MIPOCTPAHCTBE MUHKOBCKOTO, B
KOTOpPOM paboTaloT IWHAMHYECKHE YPAaBHEHHS M B KOTOPOM IMPOTEKAeT Halla Xu3Hb. Ecim B aTOU
«CyMaclequiei» uaee ecTh XOTh KPyNulLa UCTUHBI, TO Mbl J€IaeM IIar K COBEPIIEHHO HOBOMY
9TaIy MO3HaHUs, HO, MOXET, BCE )K€ Ues HE HACTOJBKO cyMaclleamniasi, YTOObl CTaTh HCTUHOH (110
«xputepuio» Hubca bopa).

3nech emje yMEecTHO J00aBUTh HECKOJBKO CIIOB O MPUYMHHOCTH. Kiaccuueckass MexaHHKa
JaeT TpaBO YyTBEPXkKAaTh, 4TO Oyayllee MOXHO MpeAcKa3aTh C TOYHOCTHIO U TOJTHOTOM He
JYYIIMMH, YEM TOUYHOCTb U IIOJHOTA HAYAJIbHBIX JAHHBIX.

[TouTn K ATOMY CBOJUTCSI M CIOpP O MOJHOTE W BEPOSITHOCTH B KBAaHTOBOM MexaHuke. He
MMEET CMBICIAa O0OCYXIaTh BO3MOXHOCTH HW3MEpPEHUS C OONBIIUMH MOAPOOHOCTSIMH, €CIH
HavyaJbHbIE JAHHBIE OTPAHUYEHBbl NPHUHIIMIIOM HEOMNPENEICHHOCTH. MOXHO TOJBKO YTBEpPKIATh,
4T0 MH(pOpPMAIHs, CoIepIKaIascs B HAUAIbHBIX JaHHBIX (IO KpaitHel Mepe Uit CUCTEM, Y KOTOPbIX
€CTh TOJBKO TUCKPETHbIE YpOBHH), HE HCUE3a€T CO BpeMeHeM (ecCiid, KOHEYHO, B CHCTEME HET
TPEHHUsS. M €CIM CUCTEMA 3aMKHyTa). VIMEHHO Takyl HEOINpEAEIEHHOCTh KBAaHTOBAas MEXaHUKa
BHOCHT B TEOPHIO I'PaBUTALIMH.

D¢ dextnas nexnapanus Jlammaca o ToMm, YTO UCTOPHS TpeAcKa3zyeMa, €ClId TOJIbKO U3BECTEH
MOJIHBIM HaOOp HaydaJdbHBIX JAHHBIX — KOOPAMHATHI M UMITYJIbCHI BceX Tell (M Mosiel, 100aBuUM
ceifuac), Bo Bcenennoii He umeet cmbicia. Henmb3s coOpaTh B KOHEYHOE BpeMsl BCE 3TH JIaHHBIC —
nepenada JaHHBIX TpeOyeT BpeMEHU (HET CHUTHAJIOB, PACHpPOCTPAHSIONIUXCS CO CKOPOCTHIO,
OonblIe CKOPOCTH CBETa), a KOJMYECTBO HEOOXOMUMBIX HaHHBIX OeckoHeyHo. Kpome Toro,
TpeOyIoTCsl aOCONIOTHO TOYHBIE JaHHBIE, J1aXKe OYEHb MaJICHbKHE MOrPEUIHOCTH MOTYT B KOpHE
M3MEHUTH TpesicKa3anue OyayIero (Kak roBopsT, 3aj1a4a HeycToiiunBa). Tak yro npumep Jlamnaca
BBIXOJIUT 32 PAMKH PEAJIbHOCTH.

MHe xo4eTcsl 3aKOHYUTh CIIOBAMHU aBTOpa — HEUCIIPABUMOI0 onTUMHCTa: «Eciu Mbl 0TKpoeM
MOJIHYIO TEOpHUI0, TO CO BPEMEHEM €€ OCHOBHBIC IPUHLHUIIBI CTAHYT JOCTYIHBI [MOHUMAaHHIO
KaX/10T0, a HEe TOJBKO HECKOJIBKUM crienuanuctaM. Y Toraa Mel Bce, puinocodsl, ydeHble U IPOCTO
OOBIUHBIE JIFOJIM, CMOKEM IMPHUHATH YYacTHE B JUCKYCCHUM O TOM, MOYEMY TaK MPOM3OILIO, YTO
CYILLIECTBYEM MBI U CyIIECTBYET BeeneHHasn .

HaMm Mo’keT HpaBHUTBCS WM HE HPaBUTHCA XOJ MbICIed XOKUHIA, HO OT IOCTaBJIECHHBIX UM
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BOIIPOCOB YWTH HEINB3s... B HEKOEM CMBICIIEC MBI TIOJONUIN K TPAHUIIC TO3HAHUS, U MBI CMYIICHBI
caMoii CyThIO: MOKET Jii cucTema (BceneHnHas u MbI) OBITH YCTPOEHA TaK, YTO YaCTh €€ — YETOBEK —
crocoOHa TMOHATH BCE €€ 3aKOHBI, BKIIOYAs 3aKOHBI COOCTBeHHOro Io3HaHusA. (OCHOBHOE
MOJIOKEHHE HAyKH COCTOUT B TOM, YTO MHp peajieH M Io3HaBaeM. Ho oueBHIHO U, YTO OH
mo3HaBaeM denoBekoM? COMHEHHUS B 3TOM HEPEIKO MPUBOIAT K MBICIIH O MOTYYUX pPa3ymMoM, Hac
M3yYaroluX HHOIUTaHeTsHax. Hyxkmaemcs nu mMbl B 3T0# runore3e? Bo3MOXHO, Ha 3TO OTBETHUT
XOKHHT.
A. A. Cmopoaunckuit. Jlexkadbpp 1989 r.
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