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AHHOTaUuusA

B ceoeti knuce «Kpamxas ucmopus epemenuy 3HAMEHUMbLI
anenuvckutl Qusuxk Cmueen XokuHe nvlmaemcs omeemums HaA
80NPOCHL, UHMeEPeCyIowUe HAC 8cex. OMKYOa 83s1ace Becenennas, kax
U nouemy OHA B0O3HUKIA, Kakoe 0Oydem ee KoHey (eciu 6000we
bydem) — u Oenaem 5mMoO HACMOIBLKO YBIEKAMeNbHO U OOCHYNHO,
umo kHuea, Hanucaumnas 6 1988 200y, saensemca becmcennepom no
cell OeHb.
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BnarogapHocTu
Knuea nocesawaemces [Jocetin

S pemmn monpoOoOBaTh HamMKMcaTh MOMYJSIPHYIO KHUTY O
IIPOCTPAHCTBE M BPEMEHU MOCIE TOrO, KaKk mpountan B 1982 1. kypc
JI€ooBckux nexkuuit B I'apBapae. Tornma yxe ObulO HEMallo KHM,
MOCBAILECHHBIX paHHEW BceneHHOW W 4YepHBIM AbIpaM, KAaK OYEHb
xopomnx, Hampumep kHura Crtuena BaiinGepra «llepBbie Tpu
MUHYTBI», TaK ¥ OYEHb IUIOXHX, KOTOPHIE 3/I€Ch HE3a4ueM Ha3bIBaTh.
Ho wmue kazanoch, 4To HM B OJHOM M3 HHX (AKTHUYECKU HE
3aTparuBalOTCs T€ BOMPOCHI, KOTOPHIE MOOYIWIM MEHS 3aHATHCS
M3YyYE€HUEM KOCMOJIOTMM W KBAHTOBOW TEOPHM: OTKYJa B3s1ach
Bcenennas? kak u moyemMy oHa BO3HHKJA? MPUJIET JIM €Ml KOHEI, a
€clM TpHUIET, TO Kak? DTH BOIpPOCH HUHTEpecyloT Bcex Hac. Ho
COBpEMEHHAsi HayKa OYEeHb HACHIIIEHA MaTEeMaTHUKOW, W JIHIIb
HEMHOT'OYHMCJIEHHBIE CIEUATUCTBI TOCTATOUYHO BIIAJICIOT MOCIEHEH,
4TOOBl pazobparbcs B 3TOM. OJHAKO OCHOBHbBIE INPEACTABICHUS O
POKIIGHUM U JanbHEHIe cynpoe BcenmeHHONH MOXXHO H3JIOXKUTH U
0e3 MoMOIIM MaTeMAaTUKH TaK, YTO OHHM CTaHYT NOHSATHBI JaXke
JIOJSIM, HE TMOJIYYMBIIUM HAYyYHOTO 0Opa3oBaHUs. JTO s U MBITAJICS
clenaTb B MO€W KHure. Yurareinro CyIuTb O TOM, HACKOJBKO s
npeycrned.

MHe ckaszanu, 4TO KaKJaas BKIIOUEHHAass B KHUTY (opmyra
BJIBO€ YMEHBIIUT 4YMCIO MoKymareneil. Torma s pemua BooOie
o0bxomuThes 6€3 popmyi. [IpaBna, B KOHIIE st BCE-TaKHU HAMTUCAT OJHO
ypaBHEHHE — 3HAMEHHUTOE YypaBHeHUe OiHmTerHa E=mc"2.
Hanetocb, OHO HE OTIYTHET TMOJOBHHY MOUX TMOTEHIMAIBHBIX
YUTaTENICH.

Ecim He cumrare TOro, 9ro s 3a00iel  OOKOBBIM
aMHOTPO(PUUECKUM CKJIIEPO30M, TO MOYTH BO BCEM OCTAJIBHOM MHE
conmyTtcTBoBasia ynaya. [loMompb W mojgep:kka, KOTOpPbIE MHE
okazpiBayin Mos >keHa J[xeitn m getm Pobepr, Jlrocu m Tumotw,
obecrevrmiii MHE BO3MOXXHOCTh BECTH JIOBOJIbHO-TaKH HOPMAaJIbHBII
0o0pa3 KHU3HHU U TOOUTHCS YCIEeXoB B paboTe. MHe MOBE3NIO U B TOM,
YTO 51 BBIOpA] TEOPETUUECKYIO (H3MKY, HOO OHA BCS BMEIIACTCS B
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ronoBe. [losToMy Most ¢u3myeckas HEMOIb HE CTaja Cepbe3HBIM
MUHYcOM. Mou Hay4yHbI€ KOJUIETH, Bce 0€3 UCKIIOUEHUS, OKa3bIBAIU
MHE BCErJla MaKCUMaJIbHOE COJICHCTBUE.

Ha mnepBoM, «kiaccuueckoM» 3Tarne Moed paboThl MOUMHU
OmIKalIIMMU  TIOMOLTHUKAMH W COTpyAHMKaMu Obutn Pomxep
ITenpoys, Pobept I'epok, bpenmon Kaprep u Jxopmx Dmmmc. A
OnarogapeH MM 3a TIOMOIb M 32 COBMECTHYIO padoTy. DTOT dTam
3aBepminiics wu3naHueM KkHuru «KpynHomacmitabHas CTpyKTypa
IIPOCTPAHCTBA-BPEMEHI», KOTOPYIO MbI ¢ DJUIMCOM Hanucaiu B 1973
r. (Xoxkunr C., Dmmc [x. KpynHomacmrabHasi CTpyKTypa
npocTpaHcTBa-BpeMenu. M.: Mup, 1976).

51 Obl HE COBETOBA YMTAIOUIUM CIIEAYIOIINE Jjajiee CTPAHUILIBI
oOpamiatbcss K HeEH 3a JONOJHUTENBbHOW HH(pOpMalMen: oOHa
Ieperpy>keHa MaTeMaTUKOW M Tspkena Ui ureHus. Hagerock, uTo ¢
TeX MOp sl HAYYWIICS IHcaTh 0oJiee TOCTYIHO.

Ha BTOpoM, «kBaHTOBOM» 3Tame Moeil paboThl, HAUaBLIEMCS B
1974 1., 5 B ocHoBHOM pabotan c¢ [apu I'mG6onCcOM, JloHOM
[hitmxem u xumom Xaptiaom. S o4eHh MHOTUM UM 00s513aH, KaK U
CBOMM acCIIMpaHTaM, KOTOPbIE OKa3bIBAJIM MHE OTPOMHYIO MOMOILb U
B «(pu3nMUeCKOM», U B «TEOPETUYECKOM)» CMBICIE ATOrO CIIOBA.
Heo0xonumMocTe He OTCTaBaTh OT ACHHPAHTOB ObLIAa Ype3BBIYANHO
BaKHBIM CTUMYJIOM M, KAK MHE Ka)K€TCs, HE TI03BOJIsJIa MHE 3aCTPSTh
B OoutoTe.

B pabore Haj kHuroif MHe oueHb MHOTO nomoran bpaiien
YutT, oguH M3 Moux cryaeHToB. B 1985 r., HaOpocaB mnepBbIi,
NPUMEpPHBIA TMJaH KHUTH, S 3a00Jiell BOCHAJIEHHUEM JIETKHX.
[Tpuniock jeup Ha ONEpalMIo, U MOCIE TPAXEOTOMMHM s IepecTal
rOBOPUTH, & TEM CaMbIM IOYTH JIMIIUIICS BO3MOKHOCTH o0marbes. S
JyMmall, 4TO H€ CMOry 3akoHuuTh KHuUry. Ho bpaiieH HC Toibpko
OMOI' MHE ee mepepadoTratb, HO UM HAay4YWJ TOJb30BaThCS
KOMITbIOTEPHOI mporpammoii obmmenus Living Center, KOTOpyto MHE
nonapun Yonr Yonartow, corpynHuk ¢upmsl Words Plus, Inc.,
CannuBeiin (wr. Kamudopuus). C ee moMompio s MOTY THUCATh
KHUTM U CTaTbM, a TAaKXK€ pa3roBapuBaTh C JIIOJAbMH IOCPEICTBOM
CHUHTE3aTOpa pEuYd, IOJAPEHHOIO0 MHE JpPYrol CaHHMBEWICKON
¢upmoit  Speech Plus. [IpBuag MpoiicoH ycTaHOBUI Ha MOEM
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KpECJIe-KOJSICKE JTOT CHHTE3aTOp M HEOONBIIONW MepCOHAIBHBIN
KoMIbtoTep. Takas cucTteMa Bce M3MEHWJIA: MHE CTalO JAXKe JIerde
00IIaTHCS, YeM JI0 TOTO KakK 5 TIOTEePsLT roJI0C.

MHorum M3 TeX, KTO O3HAKOMWICS C NpeIBapPUTEIbHBIMU
BapHaHTaMM KHUTH, 51 OJIar0/1apeH 3a COBETHI, KACAIOIINECs TOr0, KaK
ee MOXKHO ObuTO OBI yimyumuTh. Tak, [letep "a33apam, Mol pegakTop
n3garenscTBa Bantam Books, cimanm MHE HHCBMO 3a IMHCEMOM C
3aMEYaHMSIMU U BOIPOCAMH IO TEM MECTaM, KOTOpbIE, IO €ro
MHEHHIO, ObUIM TIOXO OOBsicHEeHBI. Ilpu3HaThCs, s ObUI CHIIBHO
pas3gpakeH, IOJlyddB  OTPOMHBII  CIHUCOK  pPEKOMEHAYEMBIX
ucnpasiieHul, HO ['a33apau okasancs coBeplIEHHO IpaB. S yBepeH,
KHUra craja jyuuie Onarojgapst Tomy, uto ['a3zapam Thikanm MeHs
HOCOM B OILIMOKH.

S BeIpakaro riayO0OKyro OJarogapHOCTb MOUM IOMOIIHHMKAaM
Konmuny VYumnesamcy, IeBuny Tomacy u Poaiimonny JIadgnemmy,
MouM cekpetapsam Dxyau ®emne, OuH Paned, Hlepun bunnunrron
u Cpro Mbiicu 1 MmouM MezacecTpaM. S Obl HUYEro HE CMOT JI0CTUYb,
eciii Obl BCE pacxo/pl HA HAYYHbIE HCCIEIOBAHUS U HEOOXOIUMYIO
MEIULMHCKYIO IIOMOIIb HE B35UIH Ha cels
INonBmmn-aua-Kaittoc-komnemk, CoBeT 1Mo HAyYHBIM M TEXHUYECKUM
uccienoBanusiM u Gouasl JleBepxynma, Mak-Aptypa, Hypdunna u
Pansda Cmuta. Becem um st oueHs OiiaromapeH.

Cmusen Xokune. 20 oxmsops 1987 e.
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MpeaucnoBue

Mpb1 xHMBEM, IMOYTH HUYETO HE MOHWMAas B YCTPOWCTBE MHpA.
He 3amymeiBaemcs Haag TeM, KakOd MEXaHU3M MOPOXKIAECT
COJIHEUHBIN CBET, KOTOPBIM 0OCCIICUMBAET HAII€ CYIICCTBOBAHUE, HE
JlyMaeM O TpaBUTALIMM, KOTOpas yAepKUBAET HAC Ha 3eMJie, He JaBast
eil cOpocuTh HAcC B MPOCTPaHCTBO. Hac He MHTEpecyloT aToMbI, U3
KOTOPBIX MBI COCTOMM W OT YCTOMYMBOCTH KOTOPBIX MBI CaMH
CYyIIECTBEHHBIM 00pa3oM 3aBUCHUM. 3a HCKIIOYCHHEM JICTEH
(KOTOpBIE eIle CIUIIKOM Majo 3HAaKT, 4TOObl HE 3aJaBaTh TaKHE
CEpbE3HBIE BOIPOCHI), MAJIO KTO JIOMAET TOJIOBY HaJ TE€M, MOYEMY
MpUpPOJa TaKOBA, KAKOBA OHA €CTh, OTKYyJa MOSBHICS KOCMOC U HE
CyIIECTBOBAJI JM OH Bcerga? HE MOXKET JIM BpPEeMs OJHAXKIBI
MOBEPHYTh BCISITh, TaK 4YTO CIEACTBHE OyJIeT TMPEIIIecTBOBATh
NpuUYrHE? €CThb JIM HENPEOJOTUMBIM TMpeaeT dYeIOBEUYECKOro
no3HaHusA? bbIBaloT naxke Takue AETH (s UX BCTpedan), KOTOPHIM
XOUeTCs 3HaTh, KaK BBITJSAUT 4YepHas JbIpa, KakoBa camas
MaJieHbKasl YaCTUYKa BeIIeCcTBa? MOYeMy Mbl IOMHHUM IPOLLIOE U HE
nmoMHUM Oyaymiee? eciau paHbllle W MpaBaa ObUI Xaoc, TO Kak
MOJIyYWJIOCh, YTO TEMEpPb YCTAHOBWJICS BHUJUMBIA TMOPSAOK? U
nouemy Bceenennas BooOI1e cyecTByeT?

B namem oO0miectBe MPUHATO, YTO POAMTENIM M YUUTENs B
OTBET Ha ATH BOIPOCHI OOJBIIEH YACTHIO MOKUMAIOT TUICYaMH WA
MPU3bIBAIOT HA MOMOIIb CMYTHO COXPAHUBILIUECS B MaMSTH CCHUIKH
Ha pEJIUTHO3HBIC JIeTeHIbl. HEKOTOphIM HE HPABATCS TaKUE TEMBI,
MOTOMY 4YTO B HHUX XHBO OOHAPYXHBAECTCS y30CTh UYEIOBEUECKOTO
[MOHUMAaHUSs.

Ho passutne gunocodhun u eCTECTBEHHBIX HAYK MPOJIBUTAIOCH
BIIEpE]l B OCHOBHOM OJyiarogapsi moaoO0HBIM BompocaMm. Bee Gombiie
B3pPOCIIBIX JIOJCH TPOSBISIOT K HUM HMHTEPEC, U OTBETHl HMHOTIA
OBIBAIOT COBEPIIEHHO HEOXKUIAHHBIMU 1Jis1 HuX. OTIuYasce 1o
MacmrabaM Kak OT aTOMOB, TaK W OT 3B€3/, Mbl pa3JIBUTaeM
TOPU3OHTHI UCCIEAOBaHUM, YTOOBI OXBATHTh KaK OYCHb MaJICHbKHE,
TaK U OYCHb OOJIBIINEC OOBEKTHI.

Becnoit 1974 r., mpumepHo 3a JBa roja 10 TOro, Kak
KOCMUYeCKHil ammapar «BukuHr» moctur moBepxHocTH Mapca, s
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Obul B AHMVIMKM Ha KOH(EPECHIIMH, OPraHU30BaHHOW JIOHIOHCKUM
KOPOJICBCKUM OOIIECTBOM M TOCBSIIICHHOW BO3MOXKHOCTSIM ITOMCKA
BHE3EMHBIX IUBHIW3aNUi. Bo Bpems mepepbiBa Ha Kode s oOpaTui
BHHMaHHEe Ha ropa3mo 0ojee  MHOTOJIOMHOE  coOpaHwe,
NPOXOJIMBIIEE B COCEJHEM 3alie, U U3 JIIOOOMBITCTBA BOILICH TYAA.
Tak 51 cTaj CBHIETENIEM JaBHErO PUTyaia — MpHeMa HOBBIX YJICHOB
B KoposieBckoe 0011ecTBO, KOTOPOE SIBJISIETCSI OJHUM M3 CTApSHIITHX
Ha IUlaHeTe OOBbCIMHEHHH YYEHBIX. Briepemu MoJo[0il dYesoBek,
CHJICBIIMI B MHBAJIUIHOM KpEClie, O4eHb ME/JICHHO BBIBOJIUII CBOE
UMSI B KHHTE, MPEIBIIYIIHE CTPAHUIBI KOTOPOH XPaHWIHA TOIKHCH
Hcaaka Hetorona. Korna oH, HakoHeIl, KOHYHMJI PACIHChIBATHCS, 3all
paspasmics oBanueil. CTUBEH XOKHUHT YK€ TOT/1a ObLI JIETeHI0M.

Ceituac Xokunr B KeMOpHDKCKOM YHUBEPCUTETE 3aHUMAET
Kadeapy MaTeMaTHUKH, KOTOpPYIO Korjga-to 3aHuMman HbploToH, a

nozxke II. A. M. Jlupak — JBa 3HAMEHHUTBHIX HCCIEIOBATENS,
M3y4YaBIllke OJIMH — caMmoe O0JIbIloe, a APYTol — caMmoe MaJIeHbKOE.
XOKMHI — HMX JOCTOMHBIA TpPEeeMHUK. JTa mepBas MNOMyJsipHas

KHUra XOKHUIIra COJIEPKUT MACCy TMOJIE3HBIX BEIICH I IIMPOKOM
ayautopuu. KHura wuHTEpecHa HE TOJIBKO IIHUPOTOM CBOETO
COJICp)KaHUs, OHA TIO3BOJIIET YBHUACTh, KaK paboOTaeT MBICIL €€
aBTOpa. BBl HaiineTe B Hell sSICHBIE OTKPOBEHHS O TpaHHIAX (DU3MKH,
aCTPOHOMHUH, KOCMOJIOTUH B MY>KECTBA.

Ho »T0 Takke xuura o bore... a MoxeTt ObITh, 00 OTCYTCTBHH
bora. CnoBo «bor» yacTto mosiBisieTCsl Ha €€ CTpaHUIlaX. XOKUHT
OTHPABIISIETCST HA T[OUCKM OTBETa Ha 3HAMEHUTBIM BOIPOC
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OifHireliHa o Tom, Obul U y bora kakoil-HHOyb BBIOOpP, KOT/Ia OH
coznaBan BcenmeHHyro. XOKHMHI TbITaeTCs, Kak OH CaM IHILET,
pasraziath 3ambicen bora. Tem Ooliee HEOKUIAHHBIM OKa3bIBACTCS
BBIBOJI (TI0O MEHBIIEH Mepe BPEMEHHBII), K KOTOPOMY MPUBOJAAT 3TH
noucku: Beenennas 6e3 kpas B IpocTpaHCTBE, 0€3 Hadana U KOHIA
BO BpeMeHH, 0e3 kakux-nmu6o aen ans CoznaTens.

Kapn Caean, Kopmnennckuii yumusepcumem, Hmaka, wim.
Huio-Hopk.
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1. Hawe npeactaBneHue o BceneHHou

Kaxk-To onuH w3BeCTHBIN y4eHBINH (roBOpAT, 3T0 ObUT beptpan
Paccen) wuwran myOmmuHyro Jieknuio 00 actpoHomuu.  OH
pacckasbiBai, kak 3emisi oOpamaercss Bokpyr Connna, a Conuie, B
CBOIO Ouepe/b, 00paIaeTcsi BOKPYT LEHTpa OTPOMHOIO CKOIUICHUS
3B€3/], KOTOopoe HasbiBatoT Hamied [amaktukoi. Korgma nexums
MOJI0IIA K KOHILY, U3 MOCIEAHUX PAIOB 3aja MOJHATIaCh MaleHbKas
MOKWJas Ieau U ckaszana: «Bce, 4To Bbl HaM TOBOPUIIH, — YeMyXa.
Ha camom nene Ham Mup — 3TO IUIOCKas Tapeiika, KOTopasi CTOUT na
CIIUHE TUTaHTCKOM uepenaxu». CHHUCXOIUTENBHO YJIBIOHYBIIHUCH,
YUEHBII crpocuil: «A Ha 4eM JiepkuTcs yepenaxa?» — «Bbl oueHb
YMHBI, MOJIOJION YeNIOBEeK, — OTBETHJIA MOXMIIas Jequ. — Yepemnaxa
— Ha Jpyroy yepemnaxe, Ta — TOXKE Ha Yepenaxe, U TaK BCE HUXKE U
HUXKE».

Takoe mnpexacraBienue o BceneHHolt kak o OeCcKOHEUHOM
OamrHe U3 yepenax OOJBIIMHCTBY M3 HAC MOKAXKETCS CMEIIHBIM, HO
[IOYEMy MBI AyMaeM, 4TO caMM 3HaeM Jyuuie? UTo HaM M3BECTHO O
Bcenennoit, n kak Mbl 3T0 y3Haiu? OTKyaa B3suiack Bcenennasi, u
4TO ¢ Hel cranercs? beuto nu y Beenennoit Hayano, a ecinu ObU1O, TO
4yTo Tmpoucxogwio A0 Havana? KakoBa cymHocTh BpeMeHU?
Konunrtes mu oHo korma-aHuOyap? JlocTmkeHus: GU3UKU TOCIESTHUX
JIET, KOTOPBIMH MbI YaCTUYHO 00s3aHBl (haHTACTUYECKOW HOBOM
TEXHUKE, MO3BOJISIOT HAKOHEIl TMOJYyYUTh OTBEThl XOTA OBl Ha
OTIIeNbHbIE U3 TaKUX JAaBHO IOCTaBIEHHBIX BompocoB. [Ipoiiger
BpPEMSI, H OTH OTBETHI, MOXKET OBITh, CTAHYT CTOJIb K€ OYCBUIHBIMH,
Kak TO, 4TO 3eMJIs BpamaeTcsi BOkpyr ComHIla, a MOXKET ObITh, CTOJIb
K€ HeNleNmbIMU, Kak OaliHsa u3 yepenax. Toabko BpeMs (4eM Obl OHO
HU ObUIO) PEIINT 3TO.

Eme B 340 r. 1o H. 3. rpedyeckuil ¢uinocod ApHCTOTENb B
cBoeil kuure «O HeOe» MpuBeN ABa BECKUX JOBOJA B IOJIb3Y TOTO,
yTOo 3emJid HE IUIOCKas Tapeika, a Kpyribelii map. Bo-mepsbix,
ApucToTenb noranaics, 4To JyHHBIE 3aTMEHHUSI MPOUCXOIAT TOT/A,
koraa 3emuist okasbiBaeTcss Mexy JlyHoit u Connuem. 3emiis Bceraa
oTOpackiBaeT Ha JIyHy KpyTayr0 T€HB, @ 3TO MOXKET OBbITh JIMIIb B
TOM ciy4ae, ecinu 3emiis umeet Gopmy mapa. byap 3emiis miockum
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JTUCKOM, €€ TEeHb uMena Obl (OpMy BBITSHYTOTO DJUIMIICA, €CIIU
TOJIbKO 3aTMEHHE HE MPOMCXOAUT BCErja MMEHHO B TOT MOMEHT,
korga ConHIE HAXOAMTCS TOYHO HA OCH JUCKa. BO-BTOpBIX, MO
OTMBITY CBOUX MYTEUIECTBHM TPEKH 3HAIHU, YTO B IOKHBIX pailloHax
[TonsipHast 3Be31a Ha HeOE pacmoJyiaraeTcsi HUKE, YEM B CEBEPHBIX.
(ITockonbky IMonspHas 3Be3qa HaxoauTcs Haa CeBepHBIM MOTIOCOM,
oHa Oyaer mnpsMO HaJa TOJOBOW HAOMIOAATENs, CTOSIIETO Ha
CeBepHOM MOJIOCE, A YEJIOBEKY Ha SKBATOPE MOKAXETCs, UTO OHA Ha
JUHUM TOPU30HTA). 3HAs pasHULy B KaXyLIEMCS IOJOKEHUU
[Tonspuoit 3Be3asl B Erunte m I'penumn, Apucrorens cymen gaxe
BBIYMCIIUTD, UTO JuiHa skBaTtopa paBHa 400 000 cragues. Uto Takoe
CTaJuii, TOYHO HEM3BECTHO, HO OH OnM30K K 200 meTpam, u, cTajo
OBITh, OIlEHKAa ApPHUCTOTENsT MpUMEpPHO B 2 pa3a OoJbllle 3HAYCHUS,
MPUHATOTO ceifuac. Y rpekoB ObLI elle M TPETH JOBOJ B MOJIb3Y
mapoo6paszHoit opmbl 3emiu: ecnu 3emist He Kpyriasi, TO MoueMy
K€ MBI CHavalla BHJMM Tapyca KopalOusi, TMOJHUMAIOIIMECS Hal
TOPU30HTOM, U TOJILKO TOTOM caM Kopabib?

Apwucrotens aymai, 4To 3emisi HemoaBwkHa, a Connie, JIyHa,
TUTAHETHI U 3Be3/bl 0OpAIIatOTCsl BOKPYT HEe MO KPYTrOBBIM OpOUTaM.
OH Tak mojarai, u00 B COOTBETCTBHH CO CBOMMH MHUCTUYECKHUMH
BO33pEHUSIMU 3€MJII0 CUMTall LEHTpoM BceneHHOU, a Kpyrosoe
JIBIDKEHWE — caMbIM coBepiieHHbIM. [Itosmemeit Bo II Beke paszBui
e ApPHUCTOTENST B TMOJHYK) KOCMOJIOTMUECKYIO MOJENb. 3eMIIs
CTOUT B LIEHTPE, OKPY’KEHHasl BOCEMbIO chepamMu, HECYILIMMU Ha cebe
Jlyny, ConHule ¥ nsATh M3BECTHBIX TOrAa IUIaHeT: Mepkypui,
Benepy, Mapc, IOnutep u Carypn (puc. 1.1). Camu TmuiaHeTsl,
cumutain llTonemeil, ABMKyTCS IO MEHBLIUM KPYraM, CKPETJIEHHBIM C
COOTBETCTBYIOITUMU chepaMu. ITO 0OOBACHSIIO TOT BEChMa CIIOKHBIH
MyTh, KOTOPBIA, KaK Mbl BUJMM, COBEpIIAIOT MiaHeTel. Ha camoit
nmocyieHel cdepe pacrhoararoTCs HETOBIKHBIE 3BE3/IbI, KOTOPEHIE,
OCTaBasICh B OJJHOM M TOM € MOJIOKEHUU APYT OTHOCUTENBHO JIpyra,
IBUXKYTCS 10 HeOy Bce BMECTE Kak eluHoe 1enoe. UTo JexuT 3a
nocneAaHei cdepoit, He 0OBACHATIOCh, HO BO BCIKOM CIy4ae 3TO YkKe
He ObUl0O dacThio TOW BceneHHO#, KOTOpyl HaOmOgaeT
YEJI0BEUYECTBO.
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Mognens Iltonemes mno3Bosisyia HEIUIOXO IPEACKa3bIBaTh
MOJIO)KEHHE HeOEeCHbIX Tel Ha He0oCcBoJAe, HO Ui TOYHOIO
IpecKa3aHus €My NPUIUIOCh HPUHATH, 4TO Tpaekropus JIyHel B
OJIHMX MecCTaxX MOJAXOAMT K 3emie B 2 paza Onmxe, 4ueM B Ipyrux!
OTO 03HAYaEeT, YTO B OAHOM NojoxkeHuH JIyHa noikHa Ka3aThes B 2
pasa 6ombineit, yem B Apyrom! IlTomemeii 3Ham 06 ’TOM HEJOCTATKE,
HO TeM HE MEHee ero Teopus Obula NMpH3HAHA, XOTA U HE Be3Je.
Xpucrtnanckas LlepkoBp npunsina IItonemeeBy monens BceeneHHon
Kak He mnporuBopedauryro bubmum, nbo sta mMojens Obula OYEHb
XOopollla TeM, 4TO OCTaBiisja 3a MpeaenaamMu cepbl HEMOJBHKHBIX
3B€37, MHOro Mecrta [uid aaa u pas. Oanako B 1514 r. monbckuit
cesmeHHnK Hwukomait KonmepHuk mpennmoxxkui eme 0osee MpocTyro
mojenb. (Brauane, onacascek, HaBepHOe, TOro, 4To LlepkoBb 0OBABUT
ero eperukoM, KomepHuk mnpomaraHaupoBajll CBOIO  MOJENb
aHoHUMHO). Ero wupmes cocroszia B ToM, 4ro ConHIlE CTOMUT
HENOJIBYKHO B LIEHTpE, a 3eMisl U Jpyrue IUIaHeThl oOpaliaroTcs
BOKPYI' HEro MO KpyroBbIM opOutam. [Iponuio moyru crosertue,
npexxae yem wujero KomepHuka BOCHpUHAIM —cepbe3Ho. [IBa
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actpoHoma — Hemen, HMorann Kemnep u wuranesnen ['anmneo
lamuneit — nyOnMYHO BBICTYNWIM B HOJAEPXKKY TEOPUHU
Komnepnuka, HecMOTpss Ha TO 4YTO mnpenckasaHHele KonepHukom
OpOMUTBI HE COBCEM COBNAJaNu C HaOmogaeMbIMH. Teopuu
Apucrorens— IItonemes npuien xkonen B 1609 r., korna I'anueit
Hayajl HaOmoJaTb HOYHOE HEOO C  IOMOIIBIO TOJBKO UTO
n300peTeHHOro Tejeckona. HampaBuB Tenmeckonm Ha IUIAHETY
IOnutep, I'anuneil oOHapy U HECKOJIBKO MAaJE€HbKHX CILyTHHKOB,
WIN JIyH, KOTOpble oOpamatorcsi Bokpyr IOmurepa. D10 03Hawano,
YTO HE BCE HEOECHBIC Telna IOJDKHBI 0053aTelbHO 00pammarbest
HEIIOCPEACTBEHHO BOKPYr 3€MJM, KaK CUMTaaud ApHUCTOTENIb U
[ITonemeit. (Pazymeercsi, MOKHO OBLIO MO-TIPEKHEMY CUUTaTh, YTO
3emiis IOKOUTCS B LIeHTpe BcenenHoi, a myHsl HOnuTepa aBmxyTCs
[0 OYEHb CJIO)KHOMY IYTH BOKPYT 3€MJIM, TaK YTO JIMIIb Ka)KeTcs,
Oyaro oHu oOpamatorcs Bokpyr IOmwurepa. Opnako Teopus
Konepnuka Obwia 3HauMTenbHO mpomie.) B 1o ke Bpemss Morann
Kemiep momuduuupoBan teoputo Komephuka, wucxons u3s
MIPEOJIOKEHHUS, YTO TUIAHETHI ABMXKYTCSI HE TI0 OKPY>KHOCTSIM, a I10
AIUIMIICAM (3JUTUIIC — 3TO BBITAHYTas OKPY>KHOCTh). HakoHeu-To
Ternepb MpeacKa3aHusi COBIAIY C pe3ysbTaTaMu HaOII0CHHH.

UYro kacaercs Keruepa, To ero sinunruyeckue opoOUThl ObLTH
nuckycctBeHHoM (ad hoc) rumore3oi, U MPUTOM «HEU3SAIIHON», TaK
KaK 3JUIMIIC TOpa3o MeHee coBeplleHHas ¢urypa, yem kpyr. [loutu
ClIydyailHO OOHApy>XHMB, YTO DJUIUNTHYECKHE OPOUTHI XOPOIIO
coriacyrorcs ¢ HabmogeHusaMu, Keruiep Tak 1 He cymes IPpUMHUPHUTD
3TOT (haKT co CBOEH Ueei O TOM, UTO IJIaHEThl 0OpaIatoTCsl BOKPYT
ConHna mox AeilcTBUEM MAarHUTHBIX cuil. OObsICHEHHE MPHILIO
aumb  Topasmo mo3gHee, B 1687 1., korma WMcaak Heioton
OIyOJIMKOBAJ CBOIO KHHUTy «MaTeMaTHuecKue Hauyanaa HaTypalbHOU
¢unocopun». HpOTOH B HEH HE TOJIBKO BBIIBUHYJI TEOPUIO
JBUKEHUSI MaTepUaNIbHBIX TEJI BO BPEMEHM M MPOCTPAHCTBE, HO U
pa3paloTall CJIOKHbIE MaTEMaTUYECKHUE METOJbl, HEOOXOIUMBIE ISt
aHanu3a JBWKeHUs HeOecHbix Ten. Kpome Ttoro, HeroTon
MOCTYJIMPOBAJl 3aKOH BCEMHUPHOI'O TATOTEHHUS, COIJIACHO KOTOPOMY
BCSIKOE TeJI0 BO BceneHHo# npuTsaruBaeTcs K 1000My ApYyroMy Teiy
¢ TeM OOJbIIEH CUIOM, YeM OOJBIIE MACCEI OTHX TEI U YEM MEHDIIIE
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paccTosiHue MeXAy HUMHU. JTO Ta camasl CHia, KOTOopas 3acTaBiIseT
Tesa najnaTh Ha 3emmo. (Pacckas o Tom, yto Hpl0TOHA BIOXHOBMIIO
g0J10K0, yTaBlllee €My Ha IoJIOBY, IIOUYTH HAaBEPHSIKA HEJOCTOBEPEH.
Cam HproTOH ckazan 00 3TOM JIMIIb TO, YTO MBICAb O TATOTEHUHU
IpUIUIa, KOTJa OH CHJAEI B «CO3€pLATEIbHOM HACTPOECHUN», U
«IIOBOJIOM ObLTO NasaeHue s6moka»). [lanee HproToH mokasai, yto,
COIJIaCHO €ro 3akoHy, JlyHa moa NeHCTBHEM I'paBUTALMOHHBIX CHJI
JBYDKETCSl 10 SJUIMIITHYECKOM opOuTe BOKpYr 3emiu, a 3eMis U
MJIAHETHI BPAIAIOTCS 110 AJUIUNITUYECKUM opOuTam Bokpyr ColHIa.

Mopens Konepuuka momoria m30aBuThCsi OT IlTOnmeMeeBbIx
HeOecHBbIX cdep, a 3a0qHO M OT MPEACTaBICHUS O TOM, UTO
Bcenennast umeeT Kakyloo-TO €CTECTBEHHYIO rpaHully. llockoibky
«HETOJIBU)KHBIE 3BE3/Ib» HE M3MEHSIOT CBOETO IMOJIOKEHHs Ha Hebe,
€CJIM HE CUUTATh UX KPYTOBOT'O JIBUKEHUS, CB3aHHOTO C BPALLEHUEM
3eMJIM BOKPYT' CBOEH OCH, €CTECTBEHHO ObLJIO HPEINONI0XKUTh, YTO
HETOABUKHBIC 3BE3/bI — ATO 00BEKTHI, T0100HBIC Hamemy CoJHITY,
TOJILKO ropa3zio Oosiee yaajaeHHbIE.

HploTOH moHuMMan, 4YTo MO €ro TEOpUU TATOTEHUS 3BE3JIbI
JOJDKHBI IPUTATUBATHCS APYT K JIPYTy M MO3TOMY, Ka3ajloch Obl, HE
MOTYT OCTaBaTbCs COBCEM HEMOJBWKHBIMU. He MOKHBI I OHU
yhacTh ApYyT Ha Apyra, cONM3MBIINCH B Kakoil-To Touke? B 1691 r. B
nuceMe Puyapny beHtnu, eme onHOMY BBIAAIOIIEMYCSI MBICIIMTEIIO
TOro BpeMeHu, HbpIOTOH roBopmi, 4To Tak AEMCTBUTEIBHO IOJKHO
ObUIO OBl TPOU30MTH, eciu Obl Y Hac ObUIO JIUIIb KOHEUYHOE YHCIIO
3Be3]l B KOHEUHOM obmactu mpoctpancTBa. Ho, paccyxxaan HetoToH,
€CJIM YMCIIO 3Be3]l OECKOHEUHO U OHU 0oJiee UM MEHEe PaBHOMEPHO
pacripesienieHbl 10 0ECKOHEYHOMY MPOCTPAHCTBY, TO 3TOTO HUKOTIA
HE MPOU30UIET, TaK KaK HET IEHTPAJIbHOM TOYKH, KyJa UM HYKHO
ObL10 OBI A/ATh.

OTu paccyXlIeHuss — IMpUMEp TOro, Kak JIerko MOoMacThb
BIIPOCAK, BEIs pasroBopbl O OeckoHeYHOCTH. B OeckoHeuHOH
Bcenennoit mo0yro TOUKy MOKHO CUMTATh LIEHTPOM, TaK Kak Mo 00e
CTOPOHBI OT HEE YHUCIIO 3Be3]l OeckoHe4HOo. JIumib ropaszo mosxe
MOHSUIM, 4YTO Oosee MNpaBUWIbHBIA MOAXOJ — B3STh KOHEUHYIO
CUCTEMY, B KOTOPOM BC€ 3BE€3/lbl NAAAIOT APYT Ha ApYyra, CTPEMICH K
LHEHTPY, U MOCMOTpETh, Kakue OyayT U3MEHEHUs, ecid 100aBIsATh
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elle W eIie 3Be3Jl, paclpeieiICHHBIX MPUOIU3UTEIHLHO PaBHOMEPHO
BHe paccMmarpuBaemon  obOmactu. Ilo  3akony  HproTona
JOTIONIHUTEIbHBIE 3BE3/lbl B CPEJHEM HHUKAK HE TMOBJIMSIOT Ha
NepBOHAYallbHbIC, T. €. 3Be3/bl OyAyT C TOHM € CKOPOCThIO MaAaTh B
HEHTp BbIAeNeHHONH 00nactu. CKOMbKO OBl 3BE31 MBI HU J100aBUIIH,
OHM Bcerja OyIyT CTpeMHUTbCA K LEHTpY. B Halle BpeMs HU3BECTHO,
yTo OECKOHEUHAs CTaTU4YeCKas Mojelb BceleHHOW HEBO3MOXKHA,
€CJIM TPAaBUTALIMOHHBIE CUJIBI BCETJa OCTAIOTCA CHJIAMH B3aUMHOIO
MIPUTSKECHUSL.

WHuTepecHo, kakuM ObLIO 00Iee COCTOSIHHME HAay4YHOH MBICIH
10 Havana XX B.. HUKOMY U B IOJIOBY HE MpUILIO0, yTOo Bcenennas
MOJKET pacUIMpATHCS WIK CKUMaThes. Bee cumtanu, uto Beenennas
a100 cyliecTBOBajla BCErla B HEM3MEHHOM COCTOSIHUM, JIMOO Oblia
COTBOpPEHa B KaKOH-TO MOMEHT BpPEMEHU B IMPOILUIOM MPUMEPHO
TaKOM, KakoBa oHa ceifuac. OT4acTH 3TO, MOXKET ObITh, 0OBACHICTCS
CKJIOHHOCTBIO JIIOJICHI BEPUTh B BEUHbIE MCTHHBI, & TaKKe 0CO00M
IIPUTATATENIBHOCTBIO TOM MBICIIH, YTO, IIyCTh CAMU OHH COCTapsITCs U
yMpyT, BcenleHHast octaHeTcs BEYHOM M HEU3MEHHOM.

Jlaxxe TeM YYeHbIM, KOTOpBIE IOHSIM, YTO HBIOTOHOBCKAs
TEOpHUA TATOTEHUS JIeJIaeT HEBO3MOKHOM CTaTHYECKyl0 Bcenennyto,
He MPUXOAMJA B TOJIOBY TMIIOTE3a pacluupsouieiics BceneHHOM.
OHu MOMBITAJIUCh MOAUUIIUPOBATH TEOPHIO, crenaB
IPAaBUTAIIMOHHYIO CHJIy OTTAJIKUBAIOUIEH Ha OYeHb OOJIBIINUX
paccTosHUAX. OTO NPAKTHUECKU HE MEHSJIO MpPelICKa3bIBaeMOIo
JBIDKEHUS  IUIAHET, HO  3aTO  NO3BOJSUIO  OECKOHEYHOMY
pacrlpe/ieieHuI0 3BE3/1 OCTaBaThCsi B PABHOBECHM, TaK Kak
NPUTSHKEHUE OJM3KUX 3BE37] KOMIIEHCHUPOBAJIOCH OTTAIKMBAHUEM OT
nanexkux. Ho ceiluac Mbl cunTaeM, 4TO TaKOE€ PaBHOBECHE OKa3aJIOCh
Obl HeycTOIuUMBEIM. B camoM fierne, eciam B KakoH-TO 00J1aCTH 3BE3/1bI
YyTh-4yTh COJNU3SITCS, TO CHJIbI IPUTSHKEHUS MEXy HUMHU BO3pacTyT
U CcTaHyT OOoJbllleé CUJl OTTAJKUBAHMS, TaK YTO 3BE3Ibl OyIyT U
nanplie commkathes. Ecnnm ke paccTosHME MEXAy 3Be3laMu
YyTh-UYyTh YBEJIWYUTCS, TO TIEPEBECAT CHIJIbI OTTAJKUBAHUS U
paccTosiHue OyJIeT HapacTaTh.

Eme onxHo BO3pakeHHWE NPOTHB MOJETH OECKOHEUHOU
cTtaTuueckoi BceneHHONW OOBIYHO TNPUIUCHIBAETCS HEMELKOMY
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¢unocodpy I'enpuxy Onbepcy, koTopeiii B 1823 1. omyOmukoBai
pa0oTy, NHOCBAlLIEHHYIO 3TOM Monenu. Ha camom pene MHorue
COBpeMEHHUMKM HbBIOTOHA 3aHMManuCh TOW K€ 3aJa4eil, U CTaTbs
OnbGepca Oblma gaxxke He MepBOW cpeau paboT, B KOTOPBIX
BBICKA3bIBAINCh CEPbE3HBIE BO3pa)keHHdA. Ee nump nepBod cranu
HIUPOKO LUTUPOBaTh. Bo3paxkeHune TakoBo: B OECKOHEUHOH
cTatndyeckoil BceneHHoil m000# my4 3peHus JOJDKEH YHNUpaThCs B
Kakylo-HHOy b 3Be3ay. Ho Torma HeOo gake HOYBIO JOJKHO SIPKO
cBetuthes, kak Connie. Korrpapryment Onbepca cOCTOSIT B TOM,
YTO CBET, UAYLIMI K HaM OT JaJleKUX 3Be3[l, OJDKEH OCialisaThCs
13-32 MOTJIOLIEHUS B HAXOAAILEMCS Ha €r0 Iy TH BEILIECTBE.

Ho B Takom ciryyae caMo 3TO BEIIECTBO JIOJKHO HAarpeThes U
SPKO CBETUTbHCSA, KaK 3Be3/1bl. EAMHCTBEHHAs BO3MOXKHOCTh M30€XaTh
BbIBOJla O spko, kak CoyHLe, cBeTsAIIEeMCS HOYHOM Hebe —
IIPEIOJIOKNUTh, YTO 3BE3[bl CHSUIM HE BCETJa, a 3aropeiuch B
KaKOW-TO ONpPEAE]ICHHbII MOMEHT BPEMEHHM B MpOIUIOM. Toraa
MOTJIOILAIOIIEE BEIIECTBO, BO3MOXKHO, €IlI€ HE YCIEIO Pa3orperbes
WM K€ CBET JAJEKUX 3Be3]l elle He jomen 10 Hac. Ho Bo3HHKaeT
BOIPOC: MOYEMY 3aKIJIUCH 3BE3/1bI?

Koneuno, mpo6GiieMa BO3HHMKHOBEHHUs BcenenHoil 3anumana
YMBI JIIOZIEN yK€E 04eHb 1aBHO. COIIacHO psily paHHUX KOCMOIOHUU
U HUyJCHCKO-XpUCTHAHCKO-MYCYJbMaHCKUM  MudaMm,  Hama
BcenenHass BO3HUKIA B KakOW-TO OIPENEICHHBIH W HE OYEHb
OTJIaJIEHHbII MOMEHT BpeMeHU B mpouuioM. OJHUM U3 OCHOBaHUU
TAaKUX BEpPOBaHUM OblJa MOTPEOHOCTh HAMTU «IIEPBOIMPUUHHY
cymectBoBaHusi Bcenennoit. Jlro6oe coObiTie BO Bceenennoit
OOBSICHAIOT, YyKa3blBasg €ro MpUYUHY, T. €. JpPyroe CoOBbITHE,
MPOM3OIIEIIEE paHbIe; MOJA00HOE OOBSICHEHHE CYIIECTBOBAHUS
camoii BceneHHOM BO3MOXHO JIMILB B TOM clydae, €ciau y Hee ObLIo
Hayano. /[Ipyroe ocHOBaHW€ BBIABUHYJN biaxeHHbII ABryCTHUH
(mpaBocnaBHass llepkoBb cuMTaeT ABryCTHHa OJaXK€HHBIM, a
Karonnueckass — cBATbIM. — MHpUM. pell.). B KHure «I'pan boxwuii».
OH ykasan Ha TO, YTO IMBUJIM3ALUS IPOTPECCUPYET, @ MBI [IOMHUM,
KTO COBEpIIWI TO WIM MHOE JesiHHuEe W KTo 4To u3o0pein. [loatomy
4eJI0BEYECTBO, a 3HAYUT, BEPOSITHO, U BceneHHas, Bpsax IU O4YEHb
JIOJITO CYUIECTBYIOT. biakeHHbIH ABIyCTUH CUMTAl NPHUEMIIEMOH
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JlaTy COTBOpPEHUs BcCeneHHOH, COOTBETCTBYIOIIYIO KHUIE «bbITH»:
npudmusutTenbHo 5000 rox mo Hamei spel. (MHTEpecHO, 4TO 3Ta
JaTa HE Tak YK JajeKa OT KOHIa MOCJIEAHEr0 JIEAHUKOBOTO Meproia
— 10 000 ner mo H. 3., KOTOPBIA APXEOJOTH CUUTAIOT HAYAIOM
UBUJIU3AITIN ).

ApucroTento ke ¢ OONBIIMHCTBY JAPYTUX T'PEUECKUX
¢unocopoB He HpaBWIACH UJES COTBOpPEHHS BcelneHHOM, Tak Kak
OHa CBs3bIBaJach ¢ 0OKECTBEHHBIM BMeEIIATEIbCTBOM. [l03TOMY OHU
CUHTAJIH, YTO JIFOJH ¥ OKPYKAIOIIUNA UX MUP CYIIECTBOBAIN U OyayT
CyllecTBOBaTb ~ BeyHO.  JlOBOA ~ OTHOCHTENBHO  Iporpecca
LUMBWIN3AIMU YUYE€HbIE JTPEBHOCTH pacCMaTPUBAIM U PELIWIIHU, YTO B
MHUpPE MEPUOANYECKU MPOUCXOIUIHN MOTOMBI U APYTHE KaTaKIU3MBI,
KOTOpbIE BCE BPEMsl BO3BpAILAIM YEJIOBEUYECTBO K MCXOJHOW TOUKE
[IMBHUJIA3AITUH.

Bomnpocsl 0 TOM, BO3HMKIA U BceneHHas B KakoOH-TO
HavyaJIbHBI MOMEHT BPEMEHHU U OTPaHWYCHA JIU OHA B MPOCTPAHCTRE,
MO37HEE BeChbMa MPUCTANBHO paccMmaTpuBan ¢unocod HMmmanyun
KanTt B cBOeM MOHYMEHTaILHOM (M 0YeHb TeMHOM) Tpyle «Kpurnka
YHCTOTO pa3dymay», KOTopbld Obin m3maH B 1781 r. OH HazBan 3TH
BOIIPOCHl AHTHHOMMSIMHU (T. €. MPOTUBOPEUUSIMH) YHCTOTO pasyma,
TaK Kak BHUJEJN, YTO B pPaBHOW Mepe HEeNb3s HHM JO0Ka3aTb, HU
OTNPOBEPTHYTh HU TE3WC O HEOOXOIMMOCTH Havayia BceneHHou, HU
aHTUTE3UC O €€ BEeYHOM cymiectBoBaHuu. Te3uc  Kanr
apryMEeHTUPOBAJl TeM, 4TO eciu Obl y BcenenHoil He ObUlO Hauana,
TO BCSKOMY COOBITHIO TPEIIECTBOBAT Obl OCCKOHEUYHBIA MEPUOT
BpeMeHH, a 3To KaHTt cuurtan abcypmom. B momnepkky aHturesmca
Kant roBopui, uro ecnu Obl BceneHHas mMmena Hayano, TO eMy
MpEAMeCTBOBAI Obl OECKOHEYHBIM TIEPHOJ BPEMEHH, a Toraa
CIipaliMBaeTcsi, rnouemMy BceneHHass BApPYTr BO3HUKIA B TOT, a HE
npyroii momeHT BpemeHu? Ha camom pnene aprymentsl Kanta
(dakTUYeCKu OJMHAKOBBI W JUIg Te3uca, W Ans antutesuca. OH
HCXOJIUT W3 MOJTYAIUBOTO MPEINOJIOKEHUS, YTO BpeMsi OECKOHEUHO
B IPOLUIOM HE3aBUCUMO OT TOrO, CYLIECTBOBajia WU HE
cyuiectBoBaiia BeyHO Bcenennas. Kak Mbl yBUIMM HMXKE, [0
BO3HUKHOBEHHUs BceneHHoM nmoHATHe BpeMEeHM JuIeHo cMbicna. Ha
9TO BIHEpBble yKasan bmaxenneli AsryctuH. Korga ero
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CIIpalllvBalM, 4eM 3aHumancs bor go toro, kak co3gan Bcenennyto,
ABTYCTHH HUKOTJa HE OTBEYaJl B TOM JyXe, 4To, MOJ, bor roroBui
aj Ui TeX, KTO 3aJaeT MoJ00HBIe BOIPOCH. Her, oH ToBOpwMI, 4TO
BpeMsi — HEOThEMJIEMOE CBOMCTBO co3/aHHOW borom Bcenennoit u
MOSTOMY JI0 BOHUKHOBEHUS BceneHHoi BpeMeHH He ObLIo.

Korga OoOnBIIMHCTBO JIOAEH BEPWIO B CTaTHYECKYI0 U
Hen3MeHHYy0 Bcenennyro, Bompoc O TOM, MMella OHAa HAdajlo WU
HET, OTHOCHWJICS, B CYIIHOCTH, K 00JlacTh MeTaU3UKU U TEOJOTHH.
Bce nHaOmomaembie SBICHHS MOMKHO OBUIO OOBSICHHUTH KakK C
IIOMOILIBIO TEOPUH, B KOTOPON BceneHHas CylecTByeT BEYHO, TaK U
C MOMOIIBI0 TEOPHUH, COIMNIACHO KOTOpOoi BceneHHyro coTBOpuin B
KaKON-TO OMpeEeTICHHBIA MOMEHT BPEMEHH TaKHM 00pa3oM, YTOOBI
BCE BBHITTISACIIO, KaK eciu Obl OHa cyliecTBoBana BeuHo. Ho B 1929 r.
OnuH Xab0n caenman 3MOXalbHOE OTKPBITHE: OKa3ajioch, YTO B
Kakoi OBl YacTH He0a HM BeCTHM HAOIIOICHHUS, BCE JaJCKHUC
TIAaKTUKHA OBICTPO yAalsitoTcs OT Hac. MapiMu ciioBamu, Beenennast
pacmupsieTcs. JTO O3HauyaeT, 4To B Ooyiee paHHHE BpeMEeHa BCE
00BeKThl ObUIM OMMKE APYr K ApPYyry, yeM cedvac. 3HauuT, ObLIO,
MO-BUAMMOMY, BpEMs, OKOJIO JECATH WM JBaAUATH ThICSY
MHJIJIHOHOB JIET Ha3aJl, KOT/Ia OHM BCE HAXOJWINCh B OJTHOM MECTE,
TaK 4YTO IUIOTHOCTH BcenaeHHONW Obuta OECKOHEYHO OOJIBIIOH.
Cnenannoe XaOO0JOM OTKpBITHE IEPEBENO BOMPOC O TOM, Kak
BO3HUKJIA Beenennasi, B 0071aCTh KOMIIETEHIIUU HAYKH.

Ha6mtonenuss Xa606m1a roBOpuUianM O TOM, YTO OBbLIO BpeMs —
TaKk Ha3bIBaeMblii OONBINONW B3phIB, Korja Bcenennas Obuia
OeckoHeYHO Majoi M OeckoHeyHO IMIoTHOM. [Ipu Takux ycnoBusx
BCE 3aKOHBI HayKH TEPSIOT CMBICI U HE IMO3BOJIAIOT MPEACKA3bIBAThH
Oynymee. Ecnum B eme Oojiee paHHHE BpEeMEHA M MPOUCXOIMIIH
Kakue-muo0 coOBITHS, OHU BCE pPAaBHO HUKAK HE CMOTJIM ObI TIOBIHUSThH
Ha TO, YTO MPOUCXOAUT cerdac. M3-3a oTcyTCTBUA k€ HAOIII01aeMBIX
CJIEICTBUH UMH MOXHO MPOCTO MpeHeOpeub. bonbiiioil B3pbIB MOKHO
CYMTaTh HAYaJIOM OTCYETa BPEMEHHW B TOM CMBICIE, 4TO Oosee
paHHHE BpeMeHa ObUiM OBl MPOCTO HE ompeneneHbl. [loguepkHem,
YTO TaKO€ HA4yajo OTCYETa BPEMEHH OYEHb CHIIBHO OTJIMYAETCS OT
BCEro TOro, 4YTO Mpeiaranock a0 Xab0ma. Hawamo Bpemenu B
HeM3MCEHsIoNnecss  BceneHHolt  ecTh  HEYTO, YTO  JOJIKHO
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OIPENEIATHCA YEM-TO, CYIIECTBYIOIIMM BHEe BeeneHHOM; 11 Hadana
Bcenennoii Het ¢uzmueckoit Heooxoaumoct. CoTBopeHue borom
Bcenennoii MOKHO B CBOEM NPEICTABICHUM OTHOCHTH K JIOOOMY
MOMEHTY BpeMeHH B mpouuioM. Ecnu xe Bcenennas pacumpsercs,
TO MOTYT CYIIECTBOBAThH (PM3NYECKHE MPUUUHBI JJISI TOTO, 9YTOOBI OHA
uMena Hayano. MOXXHO TO-IIpeKHEMY TMpeACTaBlsATh cebe, 4To
uMeHHO bor co3nan BeeneHHyo — B MOMEHT OOJIBIIOTO B3pbIBA WIIN
JlaXke To3Hee (HO Tak, KaK eciau Obl Ipou3oIIea OOJbIION B3PHIB).
Opnnako ObUTO OBI a0CYypIHO YTBEpKIaTh, yTO BceneHHas BO3HUKIIA
panblie Oosbimoro B3peiBa. [IpencraBieHne O pacHIMPSIOIICHCS
BceneHHoOl HE MCKIIIOUAET CO3[aTellsl, HO HaJlaracT OrpaHUYEHUs Ha
BO3MOKHYIO JIaTy €T0 TPYIOB!

YroObl MOXXHO OBLJIO TOBOPUTH O CYHIHOCTH BcenenHoil u o
TOM, ObUIO JIM y Hee Havajlo U OyJeT Ju KOHEel, HyXKHO XOpOIIO
NpeCTaBATh ceOe, YTO Takoe Hay4Has Teopusi BooOme. S Oymy
MIPUACPKUBATECS MPOCTEUIIEH TOYKHM 3pEHUS: TEOpUs — ITO
TeopeThyeckass Mojeiab BceneHHON Wiu Kakoil-HUOyab ee 4acTw,
JIOTIONIHEHHAss HAO0OpOM TpaBUJI, CBSI3BIBAIOIIMX TEOPETUUYECKUE
BEJIMYMHBI C HAIUMHU HAOJMIOJEHUSAMHU. OTa MOJENb CYIIECTBYET
JUIIb y HAC B TOJIOBE U HE MMEET JAPYroil peasbHOCTH (KakoW Obl
CMBICII Mbl HHU BKJAJIbIBaJM B 3TO CJIOBO). Teopus cuuTaercs
XOpOILEH, eClIi OHAa YAOBJIETBOPSAET IBYM TpeOOBaHUSIM: BO-IIEPBbIX,
OHa JIOJDKHA TOYHO OIHKCHIBATh IIMPOKUN KiIacc HAaOMIOJIEHHH B
pamMKax MOJENH, COJEpKalled JUIIb HECKOJbKO IPOU3BOJIBHBIX
JJIIEMEHTOB, M, BO-BTOPbIX, TEOpUs [OJDKHA JaBaTb BIIOJIHE
OIpezieNIeHHbIE MPeICKa3aHusl OTHOCUTEIBHO PE3YyJIbTAaTOB Oy IyIINUX
HaOmonenuil. Hanpumep, Teopus ApHCTOTENs, COINIACHO KOTOPOH
BCE COCTOMT W3 YETBIPEX JJIEMEHTOB — 3€MJIM, BO3/yXa, OTHSA U
BOJIbl, — OblJIa TOCTATOYHO MPOCTON, YTOOBI HA3bIBATHCS TEOpUEil,
HO C €€ MOMOIUIbIO HEJIb3s1 ObUIO MOJYYUTh HUKAKUX ONpPEAEICHHBIX
npenckasanuil. Teopus ke Tarorenuss HploToHa mcxonuna w3 eme
Ooree MpocTOM MOJENTH, B KOTOPOHM Tena MPUTITMBAIOTCA APYr K
Ipyry ¢ CHJIOW, IpONOPLUOHAIBHOM HEKOTOPOM BEIUYMHE,
Ha3bIBAEMOM MX Maccod, U 00paTHO MPOMOPIMOHATIBLHON KBaaApaTy
paccrosiHus Mexay HuMHA. Ho Teopus HploToHa BecbMa TOYHO
npeckasbiBaet AsmxkeHne Connua, JIyHsl U M1aHer.
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Jlrobass ¢usnmyeckass TEOpUS BCErAa HOCUT BPEMEHHBIH
XapakTep B TOM CMBICIIE, YTO SBJIAETCA BCETO JIMIIb THUIOTE30H,
KOTOPYIO Henb3sl AokazaTh. CKONBKO OBl pa3 HU KOHCTATHPOBAJIOCH
COoIJIacue TEOPUM C HKCIEPUMEHTAIbHBIMU JAHHBIMU, HEJb3s1 OBITH
YBEPEHHBIM B TOM, YTO B CIEAYIOLIUI pa3 SIKCIEPUMEHT HE BOUJET B
IpOTUBOpEUHe ¢ Teopuel. B To ke Bpems 100y TEOPHIO MOKHO
OINPOBEPTHYTh, COCIABIINCH HAa OJHO-CAMHCTBEHHOE HAONIOJICHHE,
KOTOpOE HE corjlacyerca C ee npeiackasaHusaMu. Kak ykasbiBan
¢dunocod Kapn [Monmep, cienuanuct B odnactu punocopuu HAYKH,
HEOOXOUMBIM IPU3HAKOM XOpOILIEH TEOpUHU SIBISIETCS TO, YTO OHA
MO3BOJIAET CHEJIaTh IpPEACKa3aHWs, KOTOPbIE B IPHUHLMIE MOTYT
OBITh 3KCIIEPUMEHTAJIBHO OMpPOBEPIrHYThl. Beskuii pa3, Kkorja HOBbIE
OKCIEPUMEHTHl IOATBEPXKAAIOT TPEICKA3aHUA TEOPUH, TEOPHs
JIEMOHCTPUPYET CBOIO KU3HEHHOCTb, M HAllla BEpa B HEE KPEMHET.
Ho ecnu X0Th 01HO HOBOE HAOJIIOJICHUE HE COTJIAcyeTcs C TeOpHUei,
HaM MPUXOIUTCS JINOO OTKA3aThCs OT Hee, JIMOO0 mepeaenarb. TakoBa
[0 KpaiiHEd Mepe JIOrMKa, XOTs, KOHEYHO, BBl BCEIr/la BIIpaBe
YCOMHUTBCS B KOMIIETEHTHOCTH TOTO, KTO ITPOBOAMIT HAOIIOIEHUSI.

Ha npakTuke 4yacTo oka3pIBaeTcs, UTO HOBAsl TEOPUS HA CAMOM
Jlene SBISIETCS paclIMpeHueM mnpenapinyniel teopur. Hampuwmep,
Yype3BbIUAiHO TOYHbIE HAOMIOACHUS 3a IUIaHeTol Mepkypuit
BBISIBWIM HEOOJIbIIME PACXOXKIEHUS MEXAy €€ JBHKCHHEM U
IIPEICKAa3aHUsIMU  HBIOTOHOBCKOM Teopuu TAroreHus. CoriacHo
oOuieil Teopur OTHOCUTENBHOCTH OMNHIITEHHA, MepKypHil 1oiKeH
JIBUraThCsl HEMHOT'O MHAue, 4eM Ioirydaercst B Teopur Herotona. Tor
¢dakT, yTo mpeAckKazaHus ONHINTEHHA COBHAAAIOT C Pe3yJbTaTaMH
HaOmroieHuil, a npeackasanus HploTOHA He COBMAAloOT, CTal OAHUM
U3 pEIIAIIMX NOATBEpKACHUM HoBoW Teopuun. IlpaBma, Ha
IIPAKTHKE MBI 10 CUX IOp Mosb3yeMcs Teopueil HploToHa, Tak Kak B
T€X CIOy4yasX, C KOTOPbIMH Mbl OOBIYHO CTaJIKUBaeMcs, ee
Ipe/cKa3aHus OYeHb Majo OTIMYAIOTCA OT MpeicKa3zaHuil oOrien
teopun oTHocutenbHOCTH. (Teopus HproToHa umeer eme U TO
OrpOMHOE MPEUMYIIECTBO, YTO C HEll ropasno mpoiie padboTaTh, 4eM
¢ Teopueil DUHIITEIHA).

KoHe4HOH Lienblo HayKu SBISIETCS CO3JaHUE €IMHOM TEOpHH,
KoTopasi omuchiBana Obl Bcio Bcenennyro. Pemas 3ty 3amauy,
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6OHBIJ_II/IHCTBO YUYCHLIX ACIIAT €€ Ha IBC YaCTH. HepBaﬁ qaCcTb — 2TO
3aKOHBI, KOTOpBIE JAI0T HAaM BO3MOXKHOCTh Yy3HaTh, Kak BceneHHas
U3MEHsIeTCs cO BpeMmeHeM. (3Has, Kak BHITIAIUT Bcenennas B
KaKOW-TO OJIMH MOMEHT BpPEMEHHU, MBI C TOMOIIBIO 3THUX 3aKOHOB
MOXKEM Y3HaTh, 4TO C HEW Mpou3oiAeT B Jt000I Oolee MO3THUI
MOMEHT BpeMeHHu). Btopas uacte — mpoOiema HayalbHOTO
coctosHus Bcenennoin. Hekoropele mosararor, 4To Hayka JOJKHA
3aHUMAaThCS TOJBKO MEPBOM YACThIO, a BOIPOC O TOM, YTO OBLIO
BHAYaje, CUMUTAIOT AeIoM MeTahpu3uku U penurud. CTOpOHHUKH
TaKOro MHCHUS TOBOPAT, 4YTO, ITIOCKOJIBKY bor BCEMOryui, B €ro BoJie
ObUTO «3amycTuThy» Bceenennyro kak yroaHo. Ecnu oHu mpaBbl, TO y
bora Obl1a BO3MOXKHOCTH CAE€IaTh Tak, 4YToObl BcenenHas
pa3BUBajach COBEPLICHHO MPOM3BOJIbHO. bor xe, mo-BMAMMOMY,
MpeArnoyena, 4YToObl OHAa pa3BUBAJIACh BEChbMa PETYJNSAPHO, IO
ompeneneHHbIM  3akoHamM. Ho Torma CcTONB K€  JIOTUYHO
MNPECAIIOJI0XKNUThb, YTO CYHICCTBYIOT CIIC M 3aKOHbI, YIIPABJIAIOIINC
HayaJlbHBIM COCTOSIHUEM BceneHHoi.

OkaspIBaeTcsi, OYeHb TPYIAHO Cpa3dy CO3/1aBaTh TEOPHIO,
KOTOpasi onuchiBana Obl Bclo Bcenennyto. BMecTo 3Toro Mel aenum
3aga4y Ha 4YaCTh W CTPOUM YAaCTHBIC TCOPHH. Ka>1<)1a$1 N3 HUX
OMHCHIBAET OJUH OrPAHUYCHHBIH KIacCc HAOMIOACHWN U JenaeT
OTHOCHUTEIILHO HETO TpEACKa3aHus, MpeHeOperas BIMUSHUEM BCEX
OCTAJIbHBIX BEJIWYMH WJIM TMPEACTaBIsAs IOCIEAHHE MPOCTHIMHU
Habopamu umcel. Bo3MOXHO, 4YTO TakKOW TOIXOJ COBEPIICHHO
HenpaBwieH. Ecnu Bce Bo Bcenennoil ¢yHnaMeHTanbHbEIM 00pa3om
3aBUCHUT OT BCETO JIPYTrOro, TO BO3MOXKHO, YTO, UCCICAYS OTIEIbHBIC
YacTH 3a7aud M30JMPOBAHHO, HENb3Sl MPUOIUZUTHCSA K MOTHOMY €€
pemenuto. Tem He MeHee B MPOIJIOM HaIll MPOTrPecc IIe] UMEHHO
TakuM nyteM. Kilaccuueckum npUMEpoOM OMSTh MOXKET CIIYXUTh
HBIOTOHOBCKAA TCOpHUA TATOTCHUA, COrJjiaCHO KOTOpOI\/’I
IpaBUTAl[MOHHAS CUJIA, JEHCTBYIOLIAs MEXAYy JBYMs TeJlamu,
3aBHUCUT TOJIBKO OT O)IHOI71 XapPaKTCPUCTUKHU KaXXJ0ro Tejia, a MMCHHO
OT €ro Macchl, HO HE 3aBUCUT OT TOTO, U3 KAKOI'0 BEILIECTBA COCTOSIT
tena. CrnemoBaTrenbHO, [JII BBIUMCICHUS OpPOUT, MO KOTOPHIM
nByTcss CONHIIE W TJIAHEThl, HE HY)KHA TEOPUSI UX CTPYKTYpPhI U
COCTaBa.
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Celiyac ecTb JBE OCHOBHBIE YaCTHbIE TEOPUU JUIsI ONMCAHUS
Bcenennoit — oOmasi Teopus OTHOCHUTEIBHOCTM W KBaHTOBAs
MexaHuka. O06e OHM — pe3yJbTaT OTPOMHBIX HHTEJUICKTYalTbHbBIX
YCWIMN YYEeHBIX MEpBOM MOJOBHHBI Hamiero Beka. OOmias Teopus
OTHOCHUTEIIBHOCTH OIIMCHIBAECT I'PABUTALMOHHOE B3aUMOJCUCTBUE U
KpYMHOMAacIITaOHYI0 CTPYKTypy BceneHHoil, T. e. CTpykKTypy B
MacmTabe OT HECKOJNbKUX KWJIOMETPOB 10 MMJUIMOHA MHJUIMOHA
MUJIMOHA MUJUIMOHA (€AMHMIIA C JBAAUATHIO YETHIPbMS ITyJISIMU)
KHJIOMETPOB, WJIK 10 pa3MepoB HabmromaeMod yacTu BceneHHO.
KBaHTOBas MEXaHMKA K€ UMEET JIEJI0 C SBJICHUSIMH B KpallHE MaJIbIX
MmacmTabax, TakMX, KaK OJHa MMJUIMOHHAs OJHOW MUJUTMOHHOU
cantuMerpa. 1 3Tu 1Be Teopuu, K COXKAICHUIO, HECOBMECTHBI — OHHU
HE MOTYT OBITh OJIHOBPEMEHHO MpPaBUIbHBIMU. OJHUM U3 TJIaBHBIX
HaIpaBJIEHUN HCCIEIOBaHUN B COBPEMEHHOH (pU3MKe U TJIaBHOM
TEMOM 53TOM KHUIHM SBIISIETCA IIOMCK HOBOM TEOpHUH, KOTOpas
o0bearHMUIIA ObI IBE MPEAbIAYLINE B OAHY — B KBAHTOBYIO TEOPHIO
rpaButanuu. Iloka Takol Teopuu HET, U ee, MOXKET ObITh, eIle
MPUAETCS JOIT0 KAAaTh, HO MBI y’K€ 3HA€M MHOIHME M3 TEX CBOMCTB,
KOTOPBIMM OHa JOJDKHa o0nazate. B cnepyromux rnaBax Bbl
YBHJIUTE, 4YTO HAM YK€ HEMAJIO U3BECTHO O TOM, KaKH€ MPEACKa3aHus
JIOJIKHBI BBITEKATh U3 KBAHTOBON TEOPUH I'PABUTALIUH.

Ecam BbI cuumraere, uro BceneHHas pasBHBaeTCs He
IPOM3BOJIBHBIM 00pa3oM, a MOJUUHSETCS ONpPEAEICHHBIM 3aKOHaM,
TO B KOHIIE KOHI[OB BaM MpUETCs 00bEAUHUTH BCE YACTHBIE TEOPUU
B €UHYIO IIOJIHYIO0, KOTOpasi OyJeT ONUCHIBaTh Bce BO BceneHHOM.
[IpaBga, B TOWUCKM TakKOW €IWHOW TEOPUU 3ATOKEH OJIHH
¢dbyHIaMeHTalbHBIA Tapajokc. Bce ckazaHHOE BbIIE O Hay4HBIX
TEOPHSX MPEAIONaraeT, YTO Mbl SABISIEMCS Pa3yMHBIMH CYyIIECTBaMH,
MOJKEM IPOU3BOAUTH BO BceneHHOI kakue yrogHo HaOMIoneHUs U
Ha OCHOBE 3TUX HAOJIOJEHWH JAenaTh JIOTMYeCKHe 3aKiroueHus. B
TaKOH CXEME €CTECTBEHHO NPEIIOJOXKUTh, YTO B IPUHLUIE MBbI
Moriu Obl emie OnMkKe MOJONTH K MOHMMAHHUIO 3aKOHOB, KOTOPBIM
nonuuHsercs Hama Bceenennas. Ho eciam  eaunHas  Teopus
JICHCTBUTEIIBHO CYLIECTBYET, TO OHA, HABEPHOE, TOXKE JOJDKHA
KakUM-TO 00pa3oM BJIMATH Ha Hawy aeicTBus. U Toraa cama teopust
JOJKHA ONPENeNsTh pe3yJsibTaT HalluX MOMCKOB ee ke! A mouemy
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OHa JIOJDKHA 3apaHee MpelonpenessaTb, 4YTO Mbl CJIEIaeM
MpaBUJIbHBIC BBIBOJBI W3 HaOmoaeHui? [louemy Obl €if ¢ TakuM ke
YCIIEXOM HE MPHUBECTH HAC K HEBEPHBIM BBIBOAAM? WJIM K€ BOOOIIE
HH K KaKum?

S Mory mpeIoKUTh BCETO JUIIL OJMH OTBET HA 3TH BOIPOCHI.
OH OCHOBaH Ha JAPBMHOBCKOM IPHHIIUIIE €CTECTBEHHOTO OTOOpa.
Most ues COCTOMT B TOM, YTO B JIFOOOW MOIYJISIIIMA OPraHU3MOB,
CITOCOOHBIX K CaMOBOCITPOM3BEIICHUIO, HEM30€KHBI TCHETUUYECKHE
BapuallMd W PA3IM4YUs B BOCIUTAHUM OTACIBHBIX WHJIUBHUIYYMOB.
OTO0 3HAYMT, YTO HEKOTOPbIE UHAUBULYYMbI O0JIee JPYTUX CIIOCOOHBI
JIeNaTh MPaBUIbHBIE BHIBOABI 00 OKPYKAIOIIEM WX MHUPE U MOCTYIATh
B COOTBETCTBUU C STUMHU BBIBOJAAMH. Y TaKUX HHAUBUAYYMOB OyIeT
OoJbllle MIAHCOB BBDKUTH M JIaTh MOTOMCTBO, a MOTOMY HX 00pa3
MBICJIE M WX TOBEACHHE CTAaHYT JOMHUHHUPYIOMMMHU. B mpommom
UHTEIJIEKT U CHOCOOHOCTh K HAYYHOMY OTKPBITHUIO 0€3yCIOBHO
obecrieunBaJIM TIpEUMYyINECTBa B BbDKMBaHHWH. [IpaBnma, coBcem He
OYEBHUJHO, UYTO BCE CKa3aHHOE BEPHO M cCelyac: CAeJIaHHbIE HAMH
Hay4HBIC OTKPBITHS MOTYT HAC K€ U MOryOUTbh, HO JJAXKe €CIIU ITOTO
HE CIYy4YWTCA, MOJHAs €IuHAas TEOpHUs BPSAI JU CHUIbHO MOBIMSIET Ha
Halli IIaHChl BBDKUTH. Te€M HE MEHee, KOJb CKOopo Bcenennas
pa3BUBAaeTCA PETYISPHBIM  OOpa3oM, MOXHO IIoJlarath, 4YTO
CITIOCOOHOCTHM K PacCyXICHHIO, KOTOpPbIE MBI TpUOOpenn B
pe3yJIbTaTe UCKYCCTBEHHOT'O OTOOpA, MPOSBATCS B MOUCKAX EOMHON
MOJTHOW TEOPUU U TTOMOTYT U30€KaTh HEMPABUIIHLHBIX BHIBOJIOB.

[TockonbKy yXke€ CyHIECTBYIOLIMX YacTHBIX TEOPHUIl BIIOJHE
JIOCTAaTOYHO, YTOOBI JeNaTh TOYHBIE TMpEJCKa3aHUs BO BCEX
CUTyalusiX, KPOME CaMbIX SKCTPEMAJIbHBIX, MTOMCK OKOHYATEIbHOU
Teopun BceneHHON He oOTBedaeT TpPeOOBAHUAM MPAKTHUECKON
nenecoodpazHoctu.  (3amMeTHM,  OJHAKO, YTO  AHAJIOTUYHBIE
BO3p@XEHUS MOXKHO ObUIO OBl BBIIBUHYTH IIPOTUB TEOPHUH
OTHOCHUTEIBHOCTA M KBAHTOBOW MEXaHMKH, a BEAb HMCHHO 5TH
TEOPUH TIPOU3BEIM PEBOJIOIUIO B sAEepHOM (U3NKE U B
MUKpodnekTpoHuke!) Takum o00pa3oM, OTKpBHITHE IMOJHON €IUHOMN
TEOPHH, MOXKET OBbITh, HE OyIeT CIMOCOOCTBOBATh BBDKMBAHUIO M
JlaYke HUKAK HE MOBJIMAET Ha TeueHHe Halel xu3Hu. Ho yxe Ha 3ape
[MBHWJIM3AIUH JTIOIM HE HPABIJINCHh HEOOBICHUMBIC U HE CBA3aHHBIC
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MeX1y co0OW COOBITHS, U OHU CTPAaCTHO JKEJadu IOHATb TOT
HOPSIIOK, KOTOPBIH JISKUT B OCHOBE Hamiero mupa. [1o ceil 1eHb Mbl
MEUYTaeM y3HaTh, TOYEMY MBI 3[1€Ch OKA3alHCh U OTKYyJa B3SJIHCh.
CTpemneHne dYelOBEYECTBA K 3HAHMIO SIBISETCA Ui HAC
JOCTaTOYHBIM OIpaBAAHUEM, YTOOBI MPOIOJDKATh MOHMCK. A Hamia
KOHEYHasi Ielb — HUKaK HE MEHbIIEe, YeM IIOJHOE OIMCAHUE
BcenenHnoii, B KOTOpoii MbI OOUTaEM.

2. MNpocTpaHCTBO U BpeMms

Hamm coBpeMeHHBIE IPEACTABICHUS O 3aKOHAX JBWKECHUS TEJ
BocxoaT K ['anunero u Hetotony. Jlo HUX ObITOBana TOYKa 3pEHUS
Apuctorens, KOTOPBIM CUHTal, YTO €CTECTBEHHBIM COCTOSHUEM
T000TO Tena SBISETCS COCTOSHHE TOKOS M TEJNO HAYMHACT
JIBUTaThCs TOJIBKO TIOJ IEHCTBHMEM CHIBl WM umnyisca. Orcrona
CJIEZIOBAJIO, YTO TSDKENIOE TEJIO JIOJDKHO ManaTh ObIcTpee, YeM JIETKOe,
IIOTOMY YTO €r0 CHJIBHEE TSAHET K 3eMIIE.

CornacHo apuCTOTENEBCKOM TpaaulMH, BCE 3aKOHbI, KOTOpBIE
YIPaBIAIOT BeeneHHoN, MOKHO BBIBECTU YMCTO YMO3PHUTEIBHO U HET
HUKaKOH HEOOXOIMMOCTH MpOBEPATh MX Ha ombiTe. Iloaromy no
["anunes HUKTO HE 3aXyMbIBAJCS HaJ TEM, NCHCTBUTEIBHO JIA Teja
pa3HOro Beca MAaJalT C PasHbIMM CKOpOCTAMHU. ['0oBOpAT, 4TO
[Nanuneil neMOHCTpUpPOBaN JOXKHOCTh y4eHUs Apuctoreins, Opocas
Tesa pa3Horo Beca ¢ magaromeil [Tnzanckoii 6amuu. 910 HaBEepHAKA
BbIlyMKa, HO ['anuiel neHCTBUTENBHO Jienaj He4To MoJ0o0HOe: OH
CKaThlBaJ MO IJIAAKOMY OTKOCY IIapbl pa3HOro Beca. Takoit
AKCIIEPUMEHT aHAJIOTUYEH COPACHIBAHUIO TSDKEJBIX TEJ ¢ OalllHu, HO
OH TIpolIe JUIs HaOIIOCHUH, TaK KaK MEHbIIe ckopocTu. Vi3mMepenus
[Nannnes mokasanu, 4TO CKOPOCTh BCSAKOIO Te€jla YBEIWYMBAETCS IO
OJIHOMY M TOMY JK€ 3aKOHY HE€3aBMCHMO OT Beca Teia. Hampuwmep,
€CJIM B3STh IIAP WU IIYCTUTh €r0 BHU3 N0 HAKJIOHHOM IJIOCKOCTH C
YKJIOHOM METp Ha KaXKIble JECATh METPOB, TO, KAKUM ObI TSKEIbIM
HU OBLI 1IAp, €ro CKOPOCTh B KOHILIE MEpPBOIl CeKyHAbl OyaeT oJuH
METp B CEKYH[y, B KOHIIE BTOPOM CEKyH/Abl — JBa METpa B CEKYHIY
u 1. 1. Koneuno, cBuHLOBas rupsi OyneT maaath ObICTpee, 4YeM
MEPBILIKO, HO TOJIBKO M3-3a TOrO, 4TO IIEpO CUJIbHEE 3aMeIIAeTCs
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CHJIOM COTIPOTHBIICHUS BO31yXa, yeM rupsi. Ecim Opocuts 1Ba tena,
CONPOTHUBIICEHWE BO3AyXa /JIs KOTOPBIX HEBEJIMKO, HANPHUMEp [IBE
CBUHIIOBBIE TMPU PA3HOTO BeCa, TO OHU OYIyT MaaaTh ¢ OAMHAKOBOU
CKOPOCTBIO.

HploToH BbIBET CBOM 3aKOHBl JBW)KEHMS, HUCXOAS U3
M3MEpPEeHU, npoBeeHHbIX ['anuneem. B skcnepumentax ["anwies Ha
TEJI0, KaTALIEeCs I0 HAKJIOHHOM IUIOCKOCTH, BCErJa JeHCTBOBaJA
OllHa M Ta e cuia (Bec Tela) U B pe3yJbTaTe CKOPOCTh Teja
IIOCTOSSHHO ~ BO3pacTaja. Orcroga  cienosano, 4TO0 B
JNENCTBUTENBHOCTU MPUJIOKEHHAs K TEIy CUJIa U3MEHSIET CKOPOCTh
T€Na, a He MPOCTO 3aCTaBJISIET €r0 JBUraThCsl, KaK IyMaJld paHbILE.
D70 elle 03Hayaslo, YTO €ClIU Ha TeJIO He AEUCTBYET Cuiia, OHO OyJeT
JBUTaTbCsS MO MPSIMOW C IMOCTOSHHOM CKOpPOCTbIO. Takyro MbICIb
BIEPBBIE YETKO BbhICKa3al HpOTOH B cBoel KHUTe «MaremaTuyeckue
Hayana», Beimeame B 1687 r. DTOT 3akOH Temepb Ha3bIBAETCS
[TepBbiM 3axkoHOM HpioToHA. O TOM, YTO IPOUCXOIUT C TEIOM, KOTJa
Ia Hero AeWCTByeT cuia, roBopurcs Bo Bropom 3akonHe HproToHa.
OH rnmacut, 4yTo TeNO OyIeT YCKOpSAThCS, T. €. MEHSATh CBOIO
CKOPOCTb, IPONOPLUMOHANBHO BenuuuHe cuibl. (Ecin, Hampumep,
CHJIa BO3pacTeT B 2 pa3a, TO U YCKOPEHHE B 2 pa3a YBEITUUUTCH).
Kpome Toro, yckopenue Tem MeHblIe, yeMm Oojblie macca (T. €.
KOJIMYECTBO BemiecTBa) Tena. (JleiicTBys Ha Teno BIBOE OOJbIICH
Macchl, Ta K€ CHJIa CO3[JaeT BIBOE MEHbIIEE YCKopeHue). Bcem
XOpOILIO HU3BECTHO, KaK OOCTOUT JEN0 C aBTOMOOMJIEM: YEM MOIIIHEE
JIBUTaTellb, TeM OOJbllle CO3JaBaeMO€ MM YCKOpEHHE, HO 4YeM
TsKeJee aBTOMOOMIIb, TEM MEHbILIE YCKOPSIET €T0 TOT K€ JABUTaTelNb.

Kpome 3akoHOB nBHkKeHUS HBIOTOH OTKpBII 3aKOH, KOTOPOMY
MNOMYUHSETCSl CHJIa TATOTEHUS. OJTOT 3aKOH TAaKOB: BCSAKOE TEJO
NPUTATUBAET J1I000€ Jpyroe Teao € CHIOH, MPOHOPLHOHATIBLHON
MaccaMm 3Tux Ten. CrenoBaTellbHO, €CIM BJBOE YBEIMYUTH Maccy
OJIHOTO U3 Ten (CKaxeM, Tena A), To U cwia, ASUCTBYIOLAs MEXIy
TeJlaMH, TOKE yBEIMUYUTCS B 2 paza. Mbl Tak CUUTAaEM MOTOMY, YTO
HOBOE TeJ0 A MOXXHO NPEICTaBUTh ce0e COCTABICHHBIM U3 JBYX TeJ,
Macca KaKJI0ro U3 KOTOPBIX paBHA MepBOHavanbHOU Macce. Kaxnoe
U3 O9TUX TeN MpUTAruBasio Obl Tenmo B ¢ cunoil, paBHOHU
nepBoHavyanbHOM  cune.  CrenoBaTesnbHO, CyMMapHas — CHJA,
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neicTByomas Mexay Tenamu A u B, Obia Obl BIBOe O0bIle ATOMH
NEPBOHAYAJIBHOW cHibl. A eciu Obl OJHO M3 Tel UMENO Maccy,
CKa)keM, BJIBOE€, a BTOPOE — BTpoe OO0JIbIIIE MepBOHAYAIBHON MacChl,
TO CHJIa B3aUMOJEHCTBUS Bo3pocia Obl B 6 pa3. Temnepb MOHSATHO,
[oYeMy BCE Tela MaJaloT C OJUMHAKOBOW CKOpPOCTBIO: TEJIO C
YABOCHHBIM BeCOM OYyJET TAHYTh BHU3 yABOEHHAs IPaBUTAIIMOHHAS
CWJIa, HO M Macca Tela mpu 3ToM Oyzaer B 2 pasa Oombiie. I[lo
Bropomy 3akony HproToHa 3TH aBa 3¢ dexTa KOMIEHCUPYIOT ApYyT
JpyTa, 1 yCcKopeHue OyeT BO BCeX CIydyasX OJUHAKOBBIM.

3akoH TAroteHus: HpioTOHA rOBOPHUT, YTO 4YeM Janblie Teja
JIpyr OT Apyra, TEM MEHbIIE cuila uX B3aumojeicTBus. CoriacHo
3TOMY 3aKOHYy, TIpaBUTAllMOHHAs CHJIAa TPUTSDKEHUS  3BE3JIbI
COCTaBJISIET POBHO YETBEPTH CUJIbI PUTSHKEHUSI TAKOW XKE 3BE3/1bI, HO
HaxXOJsIIelcs Ha BJABOE MEHbIIEM paccTosiHMM. 3akoH HprloToHa
MO3BOJISIET € OONIBLION TOYHOCTBIO MpEJCKa3aTh OpOUTHI 3eMIIH,
Jlyns! u nnanetr. Ecian Obl 3aKOH BCEMUPHOTO TATOTEHHS ObLIT MHBIM
U CHUJIa TPABUTAIIMOHHOTO MPUTSHKEHUS YMEHbIANAch ObICTpee, YeM
1o 3akoHy HbroTOHa, TO OpOUTHI MIaHET ObUIM Obl HE AILIUICAMHU, a
cnupansamu, cxopsmmmucsa k ConHuy. Eciam ke rpaBUTallMOHHOE
NpUTsDKeHUEe yObIBaJlo OBl € PacCTOSHUEM  MEAJIEHHee, TO
NPUTSDKEHUE YIACHHBIX 3BE3Jl 0Ka3aJIoCh Obl CHJIbHEE MPUTSKEHUS
3emin.

[IpencraBnenuss ApuCTOTENs] CYLIECTBEHHO OTJIMYAIUCh OT
npeactainenuii ['anmunes u HeroToHa TeMm, 4T0 ApHUCTOTENH CUUTAT
COCTOSIHUE IIOKOSI HEKHMM MpEANOYTUTEIbHBIM COCTOSIHUEM, B
KOTOPOM BCerja JOJDKHO OKa3blBaTbCA TENO, €CIM Ha HEro He
JENCTBYET CWJIa WIM HUMITYJIbC. APUCTOTENb, B YAaCTHOCTH, CUUTAII,
yto 3emust mokoutTcsa. M3 3akoHoB HproToHa ke ciemyeT, 4TO
€IMHOTO0 3TaJOHAa IMOKOS HE CYIECTBYET. Bbl MO)keTe Ha paBHBIX
OCHOBaHUSX YTBEP)KIaTh, YTO TE€JIO A HaXOAWUTCA B MOKOE, a Teso B
JIBUKETCSI OTHOCUTEJIBHO Tela A € IMOCTOSHHON CKOPOCTBIO WM K€
yTo Teno B, HaoOopor, mokoutcs, a Temo A aBwkercsa. Ecnwm,
Harpumep, 3a0bITh HA BpeMsl O BPALICHUU HAIIEH IJIaHEThl BOKPYT
OCH U 0 ee IBUKeHUuH Bokpyr CoJiHIa, TO MOKHO CKa3aTh, YTO 3€MJIS
IIOKOUTCSA, a IOE3J, HECETCSl Ha CEBEP CO CKOPOCTHIO JEBSHOCTO
KUJIOMETPOB B Yac WJIM K€ YTO MOE3J CTOUT Ha MECTE, a 3eMJIs MOJ
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HUM yOeraeT Ha or co CKOpocThio 90 xumomeTpoB B yac. Eciu Obl B
TOM I0€3/le KTO-HUOYIb HKCHEPUMEHTUPOBAI C JABHKYLIMMHUCA
TEJIaMH, TO 0Ka3aJoCh Obl, UYTO BCE 3aKOHBI HBIOTOHA BBIMOIHSIIOTCS.
Hanpumep, urpast B noeszie B HaCTOJIbHBIA TEHHUC, Bbl OOHAPYKUIN
ObI, 9TO TPACKTOPHS IIapHKa MOJUMHSETCA 3aKkOHaM HproToHa, Kak
eciy Obl BBl MIpajM Ha HEMOABMKHOM CTOJI€, M Bbl HE MOIJIM OBl
CKa3aTb, YTO UMEHHO JABMXKETCA — IOE3] WU 3EMIISL.

OtcyTcTBHE aOCOJIOTHOIO 3TaJoOHa IIOKOS O3HA4yaeT, YTo
HEBO3MOXXHO OIIPENICNIUTh, MPOU3OILIN JIM HEKUE JBa COOBITHS B
OAHOM W TOW K€ TOYKE MPOCTPAHCTBA, €CIM H3BECTHO, YTO OHH
MMENIHM MECTO B pa3Hble MOMEHTHI BpeMeHHU. IlycTh, HanpuMep, Hail
TEHHUCHBI IIApUK B JBIKYIIEMCS MO€3]leé OTCKAaKUBAaeT OT CToJia
BEPTHUKAJIBHO BBEPX U, MaJas BHU3, yIapseTcs Yepe3 CEKyHAY O CTOI
B TOH k€ TOYKe. TOMy, KTO CTOHUT y KEJIE3HOJOPOKHOIO IMOJIOTHA,
MOKa3aJloch Obl, YTO TOYKH CONPHUKOCHOBEHHUS IIAPHKA CO CTOJIOM
pa3/esieHbl PAacCTOSIHUEM OKOJIO COpOKa METPOB, KOTOPOE IPOIIEN
1oe3J 3a BpeMs Mexay noiackokamu. ClieoBaTenbHO, OTCYTCTBUE
aOCOJIIOTHOTO COCTOSIHUS TOKOSI 03HAYaEeT, YTO HUKAKOMY COOBITHIO
HEeJb3s MPUIKCATh aOCOJIIOTHOTO MOJIOKEHHUS B MPOCTPAHCTBE, Kak
310 moiaran Apucroteinb. [lonoxenue coObITUH B MPOCTPAHCTBE U
paccTOsIHUS ~ MEXAY HHUMHU  JIOJDKHBI  OBITh  pasHbIMH  JUIA
HaOmrogaTeNns, eaylero B moe3ie, W il HaOmomaTess, KOTOPBIM
CTOUT PAZIOM C INPOXOSIIMM IIOE3/10M, U HET HUKAKUX OCHOBAaHUU
CUMTaTh, YTO TOJIOXKEHUS, (PUKCUPYEMbIE OJHUM U3 OITUX
HaOmromarenedf, Ooiee  MPENNOYTHTENbHBI, YEM  IOJOKCHHMS,
bukcupyeMble Ipyrum.

HpioToHa CcHIBbHO O€CHOKOMJIO OTCYTCTBHE aOCOJIFOTHOTO
MOJIO’KEHUSI B MIPOCTPAHCTBE WJIM, KaK €ro Ha3bIBalIM, aOCOJIFOTHOTO
IIPOCTPAHCTBA, MOTOMY 4YTO 3TO IPOTUBOPEUMIIO €ro Hjee
abcomotHoro bora. W oH QakTuueckun oOTKazajics MPUHATH
OTCYTCTBHE a0COIOTHOIO MPOCTPAHCTBA, HECMOTPS Ha TO, YTO TaKOE
OTCYTCTBHE BBITEKAJI0O M3 3aKOHOB, OTKPBITBIX UM caMuUM. MHorue
pe3ko KpuTHKoBaid HpIOTOHA 3a €ro mppanuoHaIbHOE YIOPCTBO, U
B YacTHOCTU emuckon bepknu — ¢unocod, cuutaBmuii, yTo BCE
MaTepuaibHble OOBEKTBI, a TaKXe IMPOCTPAHCTBO M BpeMs —
wuto3us. (Y3HaB 0 TakuX BO33peHusx bepkiu, 3HaMeHUTHIH A-p
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JI>KOHCOH BOCKJIMKHYJI: «SI ompoBeprairo 3To BOT Kak!» — U Tak
CTYKHYJ HOrod 1O OOJbIIOMY KaMHIO, YTO 4YyThb HE MOTEpsUI
paBHOBECHE).

N Apucrorenp, u HploTOH Bepuiau B aOCONIOTHOE BpeMs.
NHbiMu cioBaMu, OHM CUMTANIM, YTO BPEMEHHOW HHTEPBA MEXKIY
JIBYMSI COOBITHSIMH MOKHO OJHO3HAYHO M3MEPUTh M YTO PE3yJbTaT
OyZeT OJMHAKOB HE3aBUCHMO OT TOTO, KTO MPOHU3BOJUT M3MEPEHUS,
UG Obl Yy M3MEPSIOUIET0 ObUIM MpaBUiIbHBbIE Yachl. Bpems Obuio
MOJIHOCTBIO OT/EJIEHO OT IPOCTPAHCTBA M CUUTAIOCH HE 3aBUCALIUM
ot Hero. TakoBa OblIa TOYKa 3peHUs OOJBIIMHCTBA, TOYKA 3PEHUS
3npaBoro cMmbiciia. Ho HaM  npunuioch  M3MEHUTh  CBOM
IpEJCTaBICHUsT O TMPOCTpAaHCTBE M BpeMeHU. IlpeacraBnenus,
OCHOBAHHBIE Ha «3APAaBOM CMBICIIE», OTHOCATCA K CPaBHUTEIBHO
MeJIEHHBIM OOBbeKTaM (s0JI0KO, IJIaHEeTa), HO OHM OKa3bIBAIOTCS
COBEPIICHHO HEYMECTHBIMH, KOT/Ia CKOPOCTH CTAHOBSTCS ONU3KUMU
K CKOPOCTH CBETa.

To, 4TO CcBET pacHpocTpaHseTcs C KOHEYHOH, XOTS U OYEHb
OOJBIIION CKOPOCTHIO, YCTAaHOBUI B 1676 1. natckuii actpoHoMm Oure
Xpuctencen Pémep. OH 0OHapy KW, 4TO MOMEHTHI MPOXOXKIECHUS
cnyTHUKOB FOmuTepa 3a ero IucKoM cieayloT OJUH 3a JPYIMM He
4yepe3 paBHbIE HWHTEpBAbl, KaK JOHKHO OBITh, €CIH CITyTHHKHU
Bpamarorcs BOKpyr lOmurepa ¢ TOCTOSHHOW CKOpocThio. [lpum
BpauieHuu 3emuin U lOnutepa Bokpyr CoiHIIA pacCTOSHUE MEXKIY
STUMHM JABYMs IUIaHETaMu u3MeHserca. Pémep 3amerun, dTo
3aTMeHus JyH KOmurepa Tem Oonbliie 3ama3plBaloOT, YeM JajIbIlIe MbI
oT Hero Haxoaumcsi. OH OOBSICHUI 3TO TEM, YTO CBET OT CITyTHHUKOB
UIET 10 Hac J0JblIe, KOrjaa Mbl Haxoaumcs jaanbiie. OgHako Pémep
HE OYEHb TOYHO H3MEPSI M3MEHEHHUS PACCTOSIHUS OT 3eMJId J10
IOnurepa, 1 MOATOMYy MONY4YEHHOE MM 3HAUYEHUE CKOPOCTU CBETA
okazajoch paBHbiM 140.000 Muib/c, TOrma Kak COBPEMEHHOE
3HaueHue coctabusger 186.000 mmns/c (1 mumma = 1,609 kwm.
CoBpeMeHHOE 3HaueHHEe CKOPOCTH CBeTa paBHO 299.792.458 m/c. —
npuMm. TmiepeB.). Tem He wMeHee pocTwxkeHue Pémepa Obuio
BbIAIOIIMMCS, MO0 OH HE TOJNBKO JOKa3al, 4TO CBET
pacnpoCTpaHsAETCsl C KOHEYHOW CKOPOCTbIO, HO M H3MEpUI €€,
IIpUYeM BCE 3TO 3a OJMHHAALATH JIET J0 BbIXOAA B CBET KHUTH
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Hprorona «MaremaTuueckue Hayasay.

Hacroseit Teopuu pacnpocTpaHeHHs CBETa HE CYIIECTBOBAJIO
mo 1865 r., xorma anrmmiickmii ¢usuk Jhxerimc Kiapk Makcsemn
CyMenl OObEIWHUTH [BE YaCTHbIE TEOPHH, C IMOMOIIBI0 KOTOPBIX
TOTJa OIHUCHIBAJIN IEKTPUYECKUE M MarHuTHble cuibl. CoriacHo
ypaBHEHUSIM MakcBea, B 3J1eKTPOMarHuTHOM T0JI€, COCTaBJICHHOM
U3 IBYX MOJIEH, MOTYT CyIIECTBOBATH BOJIHOIMOIOOHBIE BO3ZMYIIICHHS,
KOTOpBIE PACHPOCTPAHSIOTCA C MOCTOSIHHOM CKOPOCTBIO, KaK BOJIHBI
Ha NOBepxHOcTH npyaa. Eciu 1uHa BOJHBI (T. €. paccTosHUE
MEXay TpeOHSMHU JIByX COCEIHUX BOJIH) COCTaBIIIET METP WIIHU
Oosbllle, TO MBI MMEEM JIeJI0 C pajuOBOJHaMHU. bonee KopoTkue
BOJIHBI HAa3bIBAIOTCSI BOJHAMM CBEPXBBICOKOUACTOTHOTO JMaria3oHa
(ecmu WX gAnTMHA — TOpAIKAa CAHTUMETpa) M BOJHAMH
MH(ppaKpacHOro Juamna3zoHa (0 JAECATH THICSUYHBIX CAHTUMETPA).
JlnnHa  BOJHBI  BHJUMOIO CBETa COCTAaBJSIET BCETO  JIMIIb
COpPOK-BOCEMbJIECAT MWUIMOHHBIX Josei caHtumerpa. Emie kopoue
BOJIHBI YJIBTPa(UOIETOBOTO, PEHTTE€HOBCKOT'O ¥ raMMa-U31y4eHUH.

Teopuss MakcBenna npeAcka3biBajia, 4YTO PaguOBOIHBI U CBET
JOJDKHBI ~ PAaCIpOCTPAHAThCA € HEKOTOPOH  (PMKCHPOBAHHOM
ckopocthio. Ho mockonpky Teopuss HbproToHa nOKOHYMIIA C
npefcTaBieHueM 00 aOCOJII0THOM MOKOe, Temepb, TOBOPS O
(UKCUPOBAHHOM  CKOpPOCTH  CBE€Ta, HYXXHO OBUIO  yKa3aTh,
OTHOCUTEJIBHO 4Y€ro M3Mepsiercs 3Ta (PUKCUPOBAaHHAs CKOPOCTh. B
CBA3M C OTUM OBLJIO TOCTYJUPOBAHO CYIIECTBOBAaHHE HEKOM
cyOCTaHIIMM, Ha3BaHHOW «3(UpPOM», KOTOPOI HAINOJIHEHO BCE, Jaxe
«IyCTOE» MpOCTpPaHCTBO. CBETOBBIE BOJHBI PACIPOCTPAHSIIOTCS B
apupe Tak K€, KaK 3BYKOBbIE B BO3IyX€, U, CIEIOBAaTEIbHO, MX
CKOPOCTh — 3TO CKOPOCTh OTHOCHTENBHO 3¢upa. Habmomarenu, ¢
pPasHBIMU CKOPOCTSIMH JIBUXKYIIHECS OTHOCUTENBHO 3(upa, JOHKHBI
BUJIETh, YTO CBET MJIET K HUM C Pa3HOMl CKOpPOCTHbIO, HO CKOPOCTh
CBETa OTHOCHTENbHO »3(upa [OHKHA OCTaBaTbCcs IPU  ITOM
HEU3MEeHHOH. B yacTHOCTH, KOJIb CKOpO 3eMilst IBUXKETCS B Adupe 1o
cBoell opbure BOkpyr ConHIIa, CKOPOCTb CBETa, HU3MEpPEHHas B
HanpaBJIEHUU JBWKEHHs 3emiu (IpU JBWKEHUH B CTOPOHY
UCTOYHUKA CBETa), [JOJDKHA IIPEBBIIATh CKOPOCTh  CBETA,
M3MEPEHHYIO TOJ MPSIMBbIM YIJIOM K HaIllpaBJICHUIO JABIKEHUs (T. €.
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KOrJa MBI HE JBWXKEMcsS K HCTOYHUKY). B 1887 r. Annbept
MaiikenbcoH (BIOCNEICTBUU CTaBUIMM MEPBBIM aMEpPHUKaHIIEM,
ynocroeHHbIM HoOeneBckoit npemun no ¢gusmuke) u IaBapa Mopiu
noctaBuiaM B KiMBIEHACKON IIKOJE MNPUKIAIHBIX HAayK OYEHb
TOYHBIN SKCNIEPUMEHT. MaliKenbCOH 1 Mopiau CpaBHUBAJIM 3HAYCHUE
CKOPOCTH CBETa, U3BMEPEHHON B HAIPABJICHUH JBUXEHUS 3EMIIH, C €€
3HAYEHHEM, U3MEPEHHBIM B MEPIEHIUKYJISIpHOM HarpaBieHuu. K
CBOEMY OrpPOMHOMY YJUBJICHHIO, OHH OOHApYy>KWJIH, dYTO 00a
3HAYEHUS COBEPIIEHHO OJMHAKOBBI!

C 1887 mo 1905 r. Obun1 chmenaH psa MONBITOK (Hambosee
M3BECTHAs U3 KOTOPBIX MPHHAICKUT JaTCKoMy (DU3MKy XeHAPUKY
JlopeHiry) OOBSICHUTH pe3yJbTaT SKcnepuMeHTa MaiikenbCoHa |
Mopiu TeM, 4To Bce ABMXKYIIMECS B d3pUpe 00bEKThI COKPALIAIOTCS B
pa3mepax, a Bce Jachl 3aMeIaoT cBoil xoA. Ho B 1905 r. Hukomy
Jocelie He U3BeCTHBIN ciysxamuil LlIBeiiapckoro mareHTHOro Gr0po
no uMeHH AnpOepT OHHIUTEHH OMyOJUMKOBal CTaBLIYI0 IOTOM
3HAMEHUTOW paboTy, B KOTOpPOW OBUIO TOKAa3aHO, YTO HHKAKOTO
sbupa HE HYXHO, €CIM OTKa3aTbCs OT IMOHATHUS aOCOJIIOTHOTO
BpeMEHHU. Yepe3 HECKOIbKO HENENb Ty K€ TOYKY 3PEHHs BbICKA3ail
OIMH M3 BeaymMx QpaHiy3ckux marematukoB AnHpu Ilyankape.
ApryMeHTHl, BBIIBUHYTHIE DUHIITEHHOM, ObUIM Omike K (QU3UKE,
yeM aprymeHThl [lyankape, KOTOpbIN MOJOIIEN K 3TOM 3a7a4ye KaK K
maTteMaTudeckoil. O6 DiHIITeiHE 0OBIYHO TOBOPSAT KaK O CO3/aTelie
HOBOW Teopuu, HO M uMs I[lyaHkape cBS3bIBalOT € pa3pabOTKOH
BAKHOM CE YacCTH.

@yHIAMEHTAIBHBIN TOCTYJIAT 3TOM TEOPUU OTHOCHUTEIBHOCTH,
KaK CTajJd Ha3blBaThb HOBYIO TEOPHUIO, COCTOSI B TOM, YTO 3aKOHBI
HAayKd JIOJDKHBI OBITh  OJMHAKOBBIMU JJIsi BCeX CBOOOAHO
IBUKYIIUXCA HaOmojaTeneld HE3aBUCMMO OT CKOPOCTH  HX
JBUKEHHSI. DTOT MOCTYJIAT ObLI CIIPaBEeAIUB JUUISl 3aKOHOB JIBUYKEHUS
HrloToHa, HO Tenepb OH OBLT PacpPOCTPAHEH Ha Teoputo MakcBea
U Ha CKOpPOCTb CBETa; CKOPOCTb CBETAa, HM3MEpEHHas JIOObIMU
HaOMIOIaTENSIMH, JOJDKHA OBITh OJIMHAKOBAa HE3aBUCHMO OT TOTO, C
Kakol CKOpOCTBbIO JBMXKYTCS caMu HaOmroparenu. W3 a3rtoro
MPOCTOr0 MPUHIIMIA BBITEKAET psAJ 3aMeYaTelIbHbIX CJEICTBUI.
Camble H3BECTHBIE M3 HUX — OTO, HaBEPHOE, SKBUBAJICHTHOCTb
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Macchl M JHEPruH, Halle[IIas CBOE BBIPAKEHHE B 3HAMEHHUTOM
ypaBHeHnuu DitHmTeitHa E = me”2 (roe E — sHeprus, m — macca, a
C — CKOPOCTh CBETA), U 3aKOH, COTJIACHO KOTOPOMY HHYTO HE MOXET
JIBUTAThCsl ObICTpee CBeTa. B cuily SKBMBAJEHTHOCTH MAacChl U
SHEPTUH SHEPTHUs, KOTOPOH 00JagaeT ABMKYIIHICS 00BEKT, TOJDKHA
Tenepp A00aBIATHCS K ero Macce. [Ipyrumu cioBamu, yem OoJibliie
DHEPTHUs, TEM TPYAHEE YyBEIMYUTH CKOpocTb. [IpaBnaa, 3TOT 3 ekt
CYLIECTBEHEH JIUIIb MPU CKOPOCTAX, OJM3KMX K CKOPOCTH CBETA.
Ecnu, Hampumep, CKOPOCTh KaKOTrO-HMOYAb OOBEKTa COCTaBIISIET
10% ckopoctu cBeta, To ero macca Jumb Ha 0,5% Oombie
HOpMaJIbHOM, TOTAAa Kak IHpH CKOpocTH, paBHOM 90% cxopocTu
CBETa, Macca yke B 2 pa3a IpeBbllIacT HOpMalbHY0. [1o Mepe Toro
KaK CKOpPOCTh OOBEKTa MpUOJIMKAETCS K CKOPOCTH CBETa, Macca
pacteT Bce ObICTpee, Tak 4YTO JUIS JAIbHEHIIEro YCKOPECHHUS
Tpebyercs Bce Oombie u Oombiue 3Hepruu. Ha camom zene ckopocTb
00BEKTa HUKOTIa HE MOYKET JIOCTUYh CKOPOCTH CBETA, TaK KaK TOT/Ia
ero macca crajga Obl OeCKOHEYHO OOJBIIOH, a MOCKOJBKY Macca
DKBUBAJICHTHA DHEPTUHW, U1 JIOCTWKECHHS TaKOH CKOPOCTH
norpeboBanach Obl OeCKOHEYHO OouiblIas sHeprus. Takum obpazom,
0001 HOpMaNIbHBIA OOBEKT B CHJIYy NPHUHIMIIA OTHOCHUTEIHHOCTH
HaBcerJga oOpedyeH JABHUraThbCs CO CKOPOCTbIO, HE MpPEBbIIIAIOIIEH
CKOpOCTH cBeTa. TOJBKO CBET W ApPYrue BOJHBI, HE 00JaNaloNIne
«COOCTBEHHOI» Maccoi, MOTYT JBUTaThCs CO CKOPOCTBIO CBETA.
Hpyroe  3aMeuaTenbHOE€  CIEACTBHE M3  IOCTyJaTa
OTHOCHUTEIIBHOCTH — PEBOJIIOLMS B HAIIMX HPEICTABICHUAX O
npoctpaHcTBe W BpeMeHH. [lo teopum HproTOHA, e€cii CBETOBOM
UMIIyJIbC TIOCJIAH M3 OJHOW TOYKM B JPYrylo, TO BpeMs €ro
MPOXOXKACHUS, HW3MEPEHHOE pa3HbIMU HaOmonaTeNnsIMu, OyJeT
OJIMHAKOBBIM (IIOCKOJIbKY BpeMs aOCOJIIOTHO), MO MPOWICHHBIH UM
MyTh MOKET OKa3aThCsl pa3HbIM y pa3HbIX HaOmrojaTeneid (Tak Kak
IPOCTPAHCTBO HE SBJIAETCS aOCOMIOTHBIM). M MOCKOIBKY CKOPOCTH
CBETa €CTh NPOIIEHHOE CBETOM DPACCTOSHUE, JIEJICHHOE Ha BpEMS,
pasHble HaOmogaTenu OyOyT MOJydaTh pa3Hble CKOPOCTH cBeTa. B
TEOpUU OTHOCHUTEIBHOCTU K€ BCe HaOIIOAaTeNu JIOJKHBI ObITh
COIJIaCHBI B TOM, C KaKOW CKOPOCTbIO pacmpocTpansercs cser. U
KOJIb CKOpPO y HHX HET COIJIacusi B BOIIPOCE O PACCTOSHHH,
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HpOfII[CHHOM CBCTOM, Yy HHUX HC OOJDKHO OBITH COIIacus U B TOM,
CKOJIBKO BpeMeHM 1Iuen cBeT. (Bpems mpoxoxiaeHuss — 3To
NpOIIEHHOE CBETOM PACCTOSHHE, OTHOCHUTEIBHO KOTOPOTO HET
corylacusi |y HaOmroznateneil, JAeJI€HHOE HAa CKOPOCTb CBETa,
OTHOCHUTEJIBHO KOTOpPOM BcCe corylacHbl). MIHBIMU clOoBamMH, TEOPHs
OTHOCHUTEJIBHOCTU TOKOHYMJIA C MOHSATHEM a0COJIOTHOrO BpeMeHH!
Oxkazajioch, 4YTO Yy KaXKIOro HAONIOAaTeNsl JOJDKEH OBITh CBOM
MaciTad BpEMEHH, U3MEPSEMOro C MOMOIIBIO UMEIOIUXCS Y HEro
JaCOB, W YTO IIOKa3aHHUd OJHWHAKOBBIX Yd4COB, HAXOAAIIUXCA Y
pa3HbIX Habr0gaTeNel, He 00s13aTENIbHO COTJIaCyHOTCS.
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Beskuit  HabOmromatenb MOXET OIpEAeInTh, TAC W KOraa
MPOM30IUIO KaKoe-HUOyAh COOBITHE, METOJOM pPaJUOJIOKAINH,
MOCJIaB CBETOBOM HMMITYJIbC MM HMMITYJIbC Paarou3aydeHus. YacThb
MOCJAaHHOTO CHUTHAJa B KOHIE MyTH OTPa3HTCA Hazald, u
HaOIoaTeN b M3MEPHUT BpPEMsi BO3BpaTa 3XO-CHIHala. BpemeHem
coObITHs OyNeT cepelrHa WHTEpBalla MEXIy IMOCBUIKOW CHUTHAJIA U
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€ro BO3BpAIlEHUEM: pacCTOSHUE 10 COOBITHS pPaBHO IIOJOBHUHE
BPEMEHH, 3aTPAayeHHOr0 Ha MPOXOXKAEHUWE Tyaa U 0OpartHo,
YMHOXEHHOW Ha cKopocTh cBeTa. ([Tox coOpITHEM 3/1€Ch MOHUMAETCS
HEUYTO, MPOUCXOASIIEE B ONPEIENCHHONM TOUYKE IMPOCTPAHCTBA B
ONpe/IeTICHHBII MOMEHT BpeMeHH). Bce ckazaHHOe TMOsSCHSETCS
IPOCTPAaHCTBEHHO-BPEMEHHON JMarpaMMoON, NpeJCTaBICHHOM Ha
puc. 2.1 I[Ipu  u3mOKEHHOM METOE Habmronareny,
HepeMeIlaloInecss OTHOCUTEIbHO APYT ApYra, NPUIULIYT OAHOMY U
TOMY € COOBITHIO pa3HOE BpEMs U MOJIOXKEHHE B MpocTpaHcTBe. Hu
OJIHO U3 U3MEPEHUi, MPOU3BEIEHHBIX PAa3HbIMHU HaOII0IATEISIMU, HE
Oyzaer mpaBWiIbHEE IPYTruX, HO BCE OHU OyIyT CBSI3aHBI MEXIY
coboii. Kaxnpli HaOmI0gaTenb MOKET TOYHO BBIYMCIHTH, KAaKOE
BpeMs U KaKoe I0JIOKEHHE B MPOCTPAHCTBE MPUITUIIET COOBITHIO
mo0oi Apyroil HaOdroAaTenb, €CIM HM3BECTHA CKOPOCTbh BTOPOTO
HaOJr01aTeNs OTHOCUTENIBHO MEPBOTO.

JIns TOYHOrO OMpENENICHHs] PACCTOSIHUWA CeWYac MOJb3yHTCS
UMEHHO TaKUM METOJIOM, IIOTOMY YTO BpPEMS Mbl YMEEM H3MEPSATh
TOYHEe, 4eM JUIMHy. Jlake MeTp omperensercs Kak pacCTOSHUE,
koTopoe cBeT npoxoaut 3a BpeMs 0,000000003335640952 cexyHapl,
U3MEpPEHHOE NpU MOMOIIM Le3ueBbIX yacoB. (CaMo 3TO 4YHUCIO
COOTBETCTBYET  HMCTOPMUYECKOMY  OIpEAEICHUI0  MeTpa  Kak
paccTOsSHUS MEXY ABYMs OTMETKAaMU Ha CHELMaJIbHOM IJIATUHOBOM
cTepkHe, xpansmemcs B Ilapuxe). Mbl MOkeM MNOJIb30BAaThCA U
Oonee ymoOHOW HOBOW E€OWHUIICH [JIMHBI, KOTOpas Ha3bIBACTCS
CBETOBOW CEKyHIOH. OTO MpPOCTO PpAaCCTOSHUE, KOTOPOE CBET
IPOXOJUT 3a OJIHY CEeKyHOy. B Teopunm OTHOCHUTEIBHOCTH
paccTOsiHUE TENEpPh ONPENEICHO 4epe3 BpPEMs M CKOpPOCTb CBETA,
OTKyJla aBTOMAaTHYECKU CJENyeT, 4YTO, U3MEepss CKOPOCTh CBETa,
KaX/bplii HaOIoAaTenb MOJYYUT OJMH M TOT K€ pe3ynbraTr (Io
onpenenenuto 1 metp 3a 0,000000003335640952 cexyHnnasi). Tenepb
HE HYXXHO BBOJAWUTH 3(Up, NPUCYTCTBUE KOTOPOr0, KCTAaTH, Kak
nokasajn onelT MaiikeiabcoHa-Mopiy, U1 HEBO3MOXKHO OOHApY’KUTh.
Opnako  Teopuss ~ OTHOCUTEINBHOCTH  BBIHYXJAeT  HAac K
(GbyHIaMEHTaIbHON CMEHE TMpeACTaBIE€HUN O MPOCTPAHCTBE U
BpeMeHH. HaMm mnpuxoauTcss NpUHATb, YTO BpPEMS HE OTIEIECHO
MOJIHOCTBIO OT MPOCTPAHCTBA U HE HE3aBUCUMO OT HET0, HO BMECTE C



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 33

HUM  oOpa3dyeT  enuHBId  OOBEKT, KOTOpPbIM  Ha3bIBaeTCA
IIPOCTPAaHCTBOM-BPEMEHEM.

W3 noBceTHEBHOTO ONBbITA MBI 3HAEM, YTO I10JIO)KEHUE TOUYKH B
IPOCTPAHCTBE MOXHO 33/1aTh TPEMs YUCIaMH — €€ KOOpAMHATaMH.
MoxHo, HanpuMmep, cKa3aTh, YTO HEKas TOYKA B KOMHATE HaXOJUTCS
B JIBYX METPax OT OJHOM CTEHBI, B METpe — OT APYIoi U B MOJIyTOPa
METpax OT Ioyla. A MOKHO Take 3a/JaTh €€ I0JIO)KEHUE, yKa3aB
HIMPOTY, JAOJIOTY M BBICOTY HaJ YpPOBHEM Mops. Bel Moxere
MOJIb30BATHCS JIIOOBIMU TPEMs MOAXOIAIMIUMU KOOPAMHATAMHU, XOTS
OHM BCET/la MMEIOT JIMIIb OIFPaHUYEHHYI0 00JacTb MPUMEHHUMOCTH.
Hukto He craHer, 3amaBas mnojoxeHue JIyHbI, yKa3bIBaTh
paccTosiHMe B KWJIOMETpax Ha CeBep M Ha 3amaj OT IUIOIIAJu
[Iukagunam U BBICOTY HaJ YPOBHEM Mops. BmecTo 3TOro Mo>xHO
yKazatb paccrostHue A0 ConHua, paccTOSHUE [0 IUIOCKOCTH, B
KOTOpPOH Jie)XaT oOpOUTHl IUIAaHET, U Yroidl MEXAy HpsSMOi,
coenunstomeit JIyny ¢ Conniem, u npsmoit, coeausstonieir ComHie
C KakoW-HMOYyIb ONM3KOM 3Be370H, ckaxeM, ¢ anbgoii Llenraspa.
[IpaBma, W ST KOOPAMHATHI BPSJ M MOAXOAAT ISl 3aJaHUs
nonoxenus ConHua B Hamied [amakTHKe WM TOJOXKEHUS Hallen
["anakTuku cpenu OKpYKaloIUMX HAc ApPYrux rajaktuk. Ho mMoxxHo
BCI0 BceneHHyro pa30UTh Ha NEpPEKPHIBAIOIIMECS «KYCKW» W IS
KQKIOIO0 «KYyCKa» BBECTH CBOK CHCTEMY KOOPAMHAT, YTOOBI
3a[1aBaTh B HEM IOJIOKEHHE TOUKH.

CoObITHE — 3TO HEYTO, IPOUCXOASILEE B ONPEACIECHHON TOUKE
IIPOCTPAaHCTBA W B ONPEACIEHHBIW  MOMEHT  BpPEMEHHU.
CnenoBaTenbHO, COOBITHE MOMHO XapaKT€pU30BaTb YETHIPbMs
YyuCIaMM, WM KoopauHaTamu. Bpibop koopauHat OyneT omsTh
IIPOU3BOJIBHBIM: MOKHO B35ITh JIIOOBIE TPU UYETKO OIpPEJIEICHHbIE
KOOPJMHATHI U JII00YI0 Mepy BpeMEeHH. B T€opuHM OTHOCHTEIbHOCTU
HET PEaJbHOr0  pPA3JIMYUsl MEXAy MPOCTPAHCTBEHHBIMH U
BPEMEHHBIMU KOOpPJMHATAMH, KaK HET pa3Iuyusl MEeXIy IBYMs
J00BIMU TIPOCTPAHCTBEHHBIMU KOOpAMHATaAMH. MOXKHO Nepeltu K
HOBOW CHCTEME KOOpAMHAT, B KOTOPOW, CKaXeMm, IepBas
MPOCTPAHCTBEHHAs] KOOpAMHATA OyneT KOMOWHAIMed TIepBOH H
BTOpPOI CTapbIX MPOCTPAHCTBEHHBIX KoopauHaT. Hampumep, BmecTo
TOr0 4YTOOBI 3ajjaBaTh IOJIO)KEHHE TOYKM HA MOBEPXHOCTH 3EMIIH,
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u3Mepssd B KUJIOMETPaxX PACCTOSHUE 10 HEE K CEBepy U K 3amagy oT
riomaau [ukaaumnm, MoxHO ObUTO Obl OTKJIAABIBATh PACCTOSIHUE OT
Tol ke omanu [Iukagumm, HO K CEBEpO-BOCTOKY U K
ceBepo-3anaay. AHAIOTHYHBIM 00pa30M B TEOPUU OTHOCUTEIBHOCTH
MOKHO BBECTH HOBYIO BPEMEHHYIO KOOpIMHATY, KOTOpas Obuia OBl
paBHa CyMM€ CTaporo BpeMEHU (M3MEPEHHOI0 B CEKyHJIax) H
paccTosiHus (B CBETOBBIX CEKyHAaxX) K ceBepy ot ITukammimm.
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Puc. 22 Paccmansue om Connyo, 000 000000000 pems

Yerblpe  KOOpAMHATHI  KAKOTO-IMOO  COOBITHS  MOXHO
paccMaTpuBaTh KaK KOOPAMHATHI, ONPEAEISAIONINE [T0JI0KEHUE 3TOT0
COOBITHSI B YETBIPEXMEPHOM IPOCTPAHCTBE, KOTOPOE HA3bIBAETCS
IIPOCTPAHCTBOM-BPEMEHEM. YertbipexmepHOE IIPOCTPAHCTBO
IPEJCTaBUTh ce0e HEBO3MOXKHO. JIMUHO s ¢ TpyIOM MNpPEICTaBIISIO
cebe nmaxke TpexmepHoe mpoctpaHcTBo! Ho HeTpynHo m3o0paxarb
rpaduyecKku JBYMEpHbIE MPOCTPAHCTBA, HAIpPUMEpP, MOBEPXHOCTh
3emin. (IToBepxHOCTh 3eMiM JBYMEpHA, MOTOMY 4YTO MOJOXKEHHE
JT000W TOYKM MOXKHO 33aTh JBYMs KOOpPAMHAaTaMu — IIMPOTOHN U
nonroroif). Ha nmarpammax, kKoTopbiMM s Oyny, Kak HpaBHIIO,
I0JIb30BAThCS, OCh BPEMEHM HalpaBlIeHAa BBEPX, a OJHA U3
IIPOCTPAHCTBEHHBIX ~ OCEed  Tropu3OHTalbHAa.  J[Ba  Apyrux
IIPOCTPAHCTBEHHBIX M3MEpPEHUs 100 OyayT OTCYTCTBOBATh, JINOO ke
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OHO M3 HHUX 5 Oyay uHornma m3oOpaxkarb B mepcrnektuse. (Taxue
qUarpaMMbl, — Kak =~ amarpaMMa  puc. 2.1,  Ha3pIBaroTcs
NPOCTPAHCTBEHHO-BPEMEHHBIMU uarpaMMamu). Hampumep, Ha puc.
2.2 ochb BpEMEHM HamlpaBlieHa BBEpX M OTCYET Ha HEil BemeTcs B
rogax, a paccrosaue ot ComHma 1m0 3Be3asl anbgpa lLlentaspa
OTJIIOKEHO TI0 TOPU3OHTAIBHON OCH W U3MepsieTcss B MHILX.
Tpaekropun Comana u anb(dbel LleHTaBpa, BO3HUKAIONIME TPH UX
HepeMelIeHNH B IPOCTPAaHCTBE-BPEMEHH, MOKa3aHbl Ha JHarpaMme
BEPTUKAJIbHBIMH JIMHUAMU: TIepBasi — CJIE€Ba, a BTOpas — CIIpaBa.
Jlya cBera or ComHIla pacmpoCTpaHsSETCs IO AWAroOHAld, W OH
noxoaut ot ConHna 1o anb@sl LlenTaBpa 3a yeTsipe roja.

1
!
L ) TN ROCCMLE NTMNE Hi ' .'n

Msb1 Buzenu, 4TO ypaBHEHUs MakcBeia MPeACKa3bIBAKOT
IIOCTOSIHCTBO CKOPOCTHU CBETA HE3aBUCUMO OT CKOPOCTH UCTOYHUKA U
9T TMPEACKA3aHUuA IMOATBECPKAAOTCA TOYHBIMHU H3MCPCHUSAMMH.
Orcroga cienyer, 4YTO CBETOBOM MMILYJbC, MCIYIIEHHBIM B
HEKOTOPBII MOMEHT BPEMEHU U3 HEKOTOPOW TOYKH MPOCTPAHCTBA, C
TEYEHUEM BpEMEHUM OyAeT pacHpOCTPaHATHCS BO BCE CTOPOHBI,
IPEBpAIasiCh B CBETOBYIO c(epy, pa3Mepsl U IOJ0XKEHHUE KOTOPOH
3aBUCAT OT CKOPOCTH UCTOYHHKA. Uepe3 OIHY MUIUIMOHHYIO JOJIIO
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CeKyH/IBI CBET obOpasyer cdepy pammycom 300 MeTpoB; uepe3 IBe
MUJUJIMOHHBIE JIOJU CEKyHAbl paauyc cdepbl yBenuuutcs ao 600
MeTpoB U T. A. Kapruna Oyaer HanmoMuHaTh BOJHBI Ia BOJE,
pacxoAsiuecs: o MOBEPXHOCTU MpyAa OT OpPOILIEHHOTO KaMHA. JTH
BOJIHBI PAaCXOJATCS, KaK KPyT, pacIIupsonuiics co BpemerneM. Eciu
MPEJICTaBUTh ceOe TPEXMEPHYIO MOJIENb, IBa U3MEPEHHUsI KOTOPOil Ha
MOBEPXHOCTH TPYJa, a OJHO — OCh BPEMEHH, TO B TAKOH MOJEIN
pacxXoAsIuics Mo Boje Kpyr OyAeT «clIeaoM» KOHyca C BEPIIUHOM,
HaXOAUBILIEKHCS B MOMEHT MaJcHUA KaMHS B TOW TOYKE Ha
MOBEPXHOCTHU MpyJa, B KOTOPOH KaMEeHb KOCHYJICS BOIbI (puc. 2.3).
To4yHO Tak »€ CBET, PacHpOCTPAHSAACH W3 HEKOEro COOBITUS B
YEeTBIPEXMEPHOM  TIPOCTPAHCTBE-BpeMEeHH, 00pa3yeT B  HEM
TPEXMEpHBI KOHYC. DTOT KOHYC Ha3bIBaeTCsl CBETOBBIM KOHYCOM
Oyaylero aiasi AAaHHOTO coObITHA. MOXKHO HapucoBaTh U APYroi
KOHYC, KOTOpBI Ha3bIBAE€TCS CBETOBBIM KOHYCOM IPOLUIOTO U
MPEJCTAaBIISIET MHOXKECTBO COOBITHIA, U3 KOTOPHIX CBETOBOIM MUMITYJIBC

MOJKET IOMNacTh B TOYKY, COOTBETCTBYIOIIYIO TAHHOMY COOBITHIO
(puc. 2.4).

T p e

Pue, 2.4 Puc. 2.5

CBeToBbIC KOHYCHI TPOIUIOTO W Oyaymiero s JaHHOTO
coObITHs P nensaT mpocTpaHcTBO-BpeMsi Ha Tpu objacTtu (puc. 2.5).
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AOcomoTHOoe Oyaymiee JaHHOTO COOBITUS — 93TO  O0JacCTh,
3aKJIIOUEHHasi BHYTPH CBETOBOrO KOHyca Oynayiiero coositust P. 910
COBOKYITHOCTh BCEX COOBITHH, Ha KOTOPHIE B MPHUHIUIEC MOXKET
MOBJIUATH TO, YTO MPOUCXOTUT B Touke P. CoOblTus, jnexaniie BHE
CBETOBOTO KOHYyca COObITUsI P, HEIOCTHKMMBI JJii CHUTHAJIOB,
UAYLIMX U3 TOYKU P, Tak Kak HUYTO HE MOXKET JBUTaThbcs ObICTpee
ceera. (CrenoBarenbHO, Ha HUX HHMKAaK HE  CKa3bIBAeTCA
npoucxosiiee B Touke P. AGcomoTHoe mpouuioe coObitue P nexxut
BHYTPU CBETOBOTO KOHYCa MPOLUIOr0. IDTO MHOXECTBO BCEX
COOBITUH, CHUTHAJIBI OT KOTOPBIX, PACIPOCTPAHSIONIUECS CO
CKOPOCTBbIO CBETa WJIM C MEHbILEH CKOPOCThIO, MOTYT IOMNACTh B
touky P. Takum 00pa3zom, B KOHyCE MPOLUIOTO JIEKHUT MHOXKECTBO
BCEX COOBITHI, KOTOPbIE MOTYT BIMATH HAa cOObITHE B TOUKe P. 3Has,
YTO MPOUCXOUT B KAKOM-TO MOMEHT BPEMEHH BCIOJIy B TOM 00JacTH
MIPOCTPAHCTBA, KOTOpasi OrPAHMYE€HA CBETOBBIM KOHYCOM IPOIIOTO
coObITHsI P, MOXHO TIpeacKas3aTh, YTO JOKHO MPOU3OUTH B CaMOM
Touke P. OOmacTe mpoCTpaHCTBA, HE JEXKAIYI) BHYTPU CBETOBBIX
KOHYCOB TPOIUIOr0 U Oyaymiero, Mbl Oy/neM Ha3bIBaTh BHEITHEH.
CoObITHs1, TpUHAANIEKAIIME BHEIIHEW 0OIacTH, HE MOTYT HU CaMH
BIIUATh HA COOBITHS B TO4Yke P, HM oOKa3aTbCsd TOA BIUSHHEM
npoucxonsmux B P coObrtwii. Ecnu, manpumep, ConHile mpsMo
ceiyac BAPYT TEPECTaHET CBETUTh, TO B HACTOSAIIUNA MOMEHT 3TO
HUKaK HE MOBJIMSET HA 3€MHYIO JKU3Hb, TAK KaK Mbl BCE eIe Oyaem
HaxOJIUThCS B 00JIACTH, BHEIIHEH HO OTHOIIECHWIO K TOH TOYKE, B
kotopoit ComHile moTyxio (puc. 2.6), a y3HaeM 000 BCEM IIHUIIb
yepe3 BOCEMb MHUHYT — Bpems, 3a koTtopoe cBeT oT ComHia
nocturaet 3emid. TOJBKO TOT/Ia MPOUCXOASIINE Ha 3eMile COOBITUS
MOMagyT B CBETOBOM KOHyC OyayIIero TOW TOYKH, B KOTOPOM
Connue notyxio. [1o To# ke mpuurHEe MBI HE 3HA€M, YTO B JaHHBIN
MOMEHT MPOUCXOIUT AAIEKO BO BeenmeHHoM: qomenmuii 40 Hac CBET
JMANEeKNX TaJakTUK ObUT MCHYIIEH MUJUIMOH JIeT Ha3ad, a CBET OT
caMoro JajeKkoro HaOJtoJaeMoro OoObeKTa Iiel K HamM & ThICcAY
MUJUTMOHOB JIET. JTO 3HAYUT, YTO, BCMAaTPUBAasACh BO BeceneHHyto, Mbl
BHUJIUM €€ B MPOIILIOM.
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Puc. 2.6

Ecmu mpeneOpeub rpaBUTAlMOHHBIME 3((deKkTamu, Kak 3TO
caenanu B 1905 r. DiHmTeH u Ilyankape, To Mbl IpUAEM K Tak
Ha3bIBAEMOM CTIeIMAIbHON (MJIM YaCTHOM) TEOPUU OTHOCUTEIBHOCTH.
JUis  Kaxzmoro coObITHS B IPOCTPAHCTBE-BPEMEHU MBI MOXKEM
MOCTPOUTH CBETOBOW KOHYC (TIPEACTABIISAIONINI COOOW MHOKECTBO
BCEX BO3MOXHBIX IyTeH, MO KOTOPBIM paclpOCTpaHSETCs CBET,
UCHYILIEHHBIH B paccMaTpuBaeMOIl TOUKE), a MOCKOJIBbKY CKOPOCTh
CBETa OJIMHAKOBA JJIs JIIOOOr0 COOBITHS U B JIIOOOM HAaIpaBlICHUH,
BCE CBETOBBIE KOHYChI OYAyT OJJMHAKOBBI U OPUEHTUPOBAHBI B OJTHOM
HanpasieHuu. Kpome toro, ata Teopusi TOBOPUT HaM, YTO HUYTO HE
MOJKET JIBUraThbCsl OBbICTpee CBeTa. DTO O3HAUYACT, YTO TPACKTOPUS
mo0oro 00bEKTa BO BpPEMEHM H B MPOCTPAHCTBE JOJKHA
IIPEJICTaBIIATHCS JTMHUEH, JIeXkKalllell BHYTPU CBETOBBIX KOHYCOB IS
Bcex coObITHH Ha Hel (puc. 2.7).
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Puc. 2.7

CrennanbHasi TEOpUsI OTHOCUTEIBHOCTH MO3BOJINIA OOBSICHUTD
IIOCTOSIHCTBO ~ CKOPOCTM  CBeTa  JUIsl  BceX  Habmoparenei
(ycTaHoBneHHoe B omblTe MaiikenbcoHa U Mopnu) U IpaBUIBHO
ONKCHIBANA, 4YTO TNPOMCXOAUT NPHU ABMXKEHHMH CO CKOPOCTSIMH,
OMM3KUMH K cKopocTu cBeTa. OJTHAKO HOBasi TEOpUs MPOTUBOPEUMIA
HbIOTOHOBCKOM TEOpPHM TPaBUTALMHM, COTJIACHO KOTOPOM OOBEKTHI
MPUTATUBAIOTCS APYT K APYTy C CHIIOW, 3aBUCSIIECH OT PacCTOSHHS
Mexnay Humu. [locnenHee o3Havaer, 4To, €CIM CABUHYTH OAWH W3
00BEKTOB, CUia, ACUCTBYIOLIAsl HA JPYro, U3MEHUTCSI MTHOBEHHO.
WNHaye Tr0BOpsA, CKOPOCTb pAacCHpOCTPAHEHUS T'PABUTALMOHHBIX
3¢ (deKToB n0oKHA OBITh OECKOHEYHOM, a HE paBHOM (MJIM MEHbILEH)
CKOpOCTH CBeTa, Kak TOro TpeboBajia Teopusi oTHocuTenbHOCTH. C
1908 mo 1914 r. DHHWITEHH NpeanpHHSIT pPsi Oe3yClenIHbIX
IOMBITOK  TOCTPOUTh TAaKyK MOJENb TPaBUTALUU, KOTOpas
corjacoBajgach OBl CO CIEUHMATBHONH TEOpHUeld OTHOCHUTEIHLHOCTH.
Hakonerr B 1915 1. oH omyOinukoBan TEOpHIO, KOTOpasl ceifuac
Ha3bIBACTCsI OOIIEH TeOprel OTHOCUTEIHLHOCTH.
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Pue. 2.8

Gofbiral Moy
CHTBEL i

OHWHIITEWH BBICKAa3aJl IMPEIIOJIOKEHUE PEBOJIOLUOHHOIO
XapakTepa: rpaBUTalMsg — 3TO He OObIYHAs CHJIA, @ CJIEJCTBHUE TOTO,
YTO NPOCTPAHCTBO-BpEMsl HE SIBISIETCA IIOCKMM, KaK CUMTAJIOCh
paHbllle; OHO HCKPUBJIIEHO pACIpE/eICHHBIMH B HEM Maccoil u
sHeprueil. Takue Tena, kak 3emiisd, BOBCE HE MPUHYKIAIOTCS
JIBUTAThCS 110 UICKPUBIIEHHBIM OpOUTaM I'paBUTALMOHHOM CHJION; OHU
JBUXKYTCS IO JIMHUSAM, KOTOPbIE B HCKPUBJIEHHOM IIPOCTPAHCTBE
0osiee BCEr0 COOTBETCTBYIOT MPSMBIM B OOBIYHOM IPOCTPAHCTBE U
Ha3bIBAIOTCS TIe€OJEe3WdYeCKUMH. ['eonmesnueckas — 3TO caMblil
KOPOTKUN (MM caMblil JUIMHHBIM) IyTh MEXAY IBYMSI COCETHUMU
Toukamu. Hanpumep, noBepXHOCTb 3€MJIM €CTb HCKPUBJICHHOE
JBYMEpPHOE IPOCTpaHCTBO. l'eoneznueckas Ha 3emile Ha3bIBacTCA
OOJIBIIMM KPYyroM M SIBISI€TCS CaMbIM KOPOTKHUM IIyTEM MEXIY
nBymsi Toukamu (puc. 2.8). IlockonbKy caMblii KOpPOTKHH MyTh
MEXJy JBYMs a’polopTaMM — IO TI€OJE3UYECKOM, IUCIIETYEPHI
BCEr/la 3aJal0T MUJI0TaM UMEHHO Takoi mapupyT. CoryiacHo oOuieit
TEOpUU OTHOCUTEIIBHOCTH, TE€NIA BCETAA MEPEMEIIAIOTCS M0 IPSIMbIM
B YETHIPEXMEPHOM IPOCTPAHCTBE-BPEMEHHU, HO MbI BUJIUM, YTO B
HalleM  TPEXMEPHOM  IPOCTPAHCTBE  OHU  JBHXKYTCS IO
UCKpUBJIEHHbIM TpaekTopusiM. ([lonaOmromaiiTe 3a camoseToM Haj
XOJIMHMCTOM MeCTHOCThIO. CaM OH JIETUT IO IPSIMOM B TPEXMEPHOM
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IIPOCTPAHCTBE, a €r0 TEHb MEPEMEIACTCs 110 KPUBOM HA BYMEPHOU
MOBEPXHOCTU 3€MJIN).

Macca ConHlla Tak HCKPHUBISIET IPOCTPAHCTBO-BPEMs, UTO,
XOTs 3eMJIsl ABUKETCS O IMPSIMOM B YETBIPEXMEPHOM MPOCTPAHCTBE,
MBIl BUJIUM, YTO B HAIlIEM TPEXMEPHOM MPOCTPAHCTBE OHA JIBUKETCS
no KpyroBoil opourte. OpOUTHI MIaHET, MpeacKa3biBaeMble 0OIIei
TEOpUEH OTHOCUTEIBHOCTH, MOYTH COBNAJAIOT C MpeACcKa3aHUsAIMU
HBIOTOHOBCKOM Teopun TAroteHus. OgHako B ciyuyae Mepkypus,
KOTOpbIH, Oyayun Ommwkaimed k CONHIYY IJIaHETOM, WCIBITHIBACT
caMoe CWIbHOE JEWCTBUE TIpaBUTAlMd M HMEET JOBOJIBHO
BBITSIHYTYIO opbury, olmas  Teopus OTHOCHUTEJILHOCTH
MIPEJICKa3bIBAET, YTO OOJIbIIASL OCh AJUIUIICA JOKHA TOBOPAYMBATHCS
Bokpyr CojHIla IPUMEPHO Ha OAMH TpaayC B JECATHh ThICSY JIET.
HecmoTtps Ha ero manoctb, 3ToT 3¢ dekT Obut 3ameueH emie 10 1915
I. W paccMaTpuBajiCs KaK OJHO M3 MOATBEPKACHUM TEOPUHU
OiHmTeliHa. B mocnennue TOMBI paandONIOKAIIMOHHBIM METOJ0M
ObUIM M3MEPEHBI €Ille MEHBIINE OTKJIOHEHUS OpPOUT APYrHX IJIaHET
OT npeackasanui Hel0TOHA, M OHM COTIacyroTCs € MPEICKa3aHUsAMHU
o011el TeOpUn OTHOCUTEIBHOCTH.

wodeeada
: Budumot pomowenue
T LTI

Coem -
T i) s

Puc. 2.9

Jesne
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Jlyun cBeTra TOXE€ [OJKHBI CIEIOBaThb I'€OJE3UYECKUM B
MIPOCTPAHCTBE-BpeMEeHH. VICKpUBIEHHOCTh MPOCTPAaHCTBA O3HAYaET,
YTO CBET YK€ HE pPACOPOCTPAHIETCA NPAMOIUMHEWHO. Takum
0o0pa3oM, COrJIacHO OOIIell TEeOpuu OTHOCHUTENBHOCTH, JIyd CBETa
JOJDKEH M3rubaThCsi B TPABUTALMOHHBIX TMOJISAX, M, HANpPHMED,
CBETOBBIE KOHYCBI TOYEK, Haxonasmuxcs BOmu3u ConHIA, AOIKHBI
ObITh HEMHOTO JeOpPMHPOBAaHBI MOJA JeiicTBUeM Macchl CoiHIa.
DTO 3HAYMT, YTO JIy4 CBETA OT JaJIEKON 3BE3/Ibl, IPOXOIALINI PSIOM
¢ ComHnem, [OMKEH OTKIOHHUTHCS Ha HEOOJBIIOW yrom, u
Ha0JI01aTelNb, HAXOAAIIMKCA Ha 3emiie, yBUAMT 3Ty 3BE31ly B APYToil
Touke (puc. 2.9). Koneuno, ecnu Obl CBET OT JaHHOM 3BE3/bI BCErIa
npoxoawn psagom ¢ ComHilemM, MBI HE MOIJIM OBl CKa3aTh,
OTKJIOHSIETCS. JIM JIyd CBeTa WIM JK€ 3Be3Ja JEHUCTBUTEIBHO
HaxXoAMWTCs TaMm, Irzae Mbl ee BuauMm. Ho BcienctBue oOpaiieHus
3eMJIi BCE HOBBIE 3BE3/bl 3aXOMAST 3a COJHEYHBIM IOUCK, U UX CBET
OTKJIOHSieTCs. B pe3ynbrare ux BUIMMOE MOJOKEHHE OTHOCUTEIBHO
OCTaJIbHBIX 3BE€3]l MEHSETCS.

B HOpManbHBIX YCIOBUSIX 3TOT 3(PQPEKT O4YEeHb TPYAEH IS
HaOJIOICHUS, TaK KaK SIPKUN COJIHEUHBIM CBET HE MO3BOJISET BUICTD
3Be3Mbl, Haxoxsmmuecs Ha HeOe psaom ¢ Comunem. Ho Takas
BO3MO>XHOCTb HOSIBIISIETCS BO BPEMsl COJIHEUHOI'O 3aTMEHMs, KOrja
Jlyna nmepexppiBaeT conHeuHbll cBeT. B 1915 r. HUKTO HE cMoOT cpazy
IIPOBEPUTHh MPEICKA3aHHOE ONHIITEHHOM OTKIOHEHHE CBETa,
notomy uro mma Ilepsas mwmpoBas BouHa. Jlumbs B 1919 1.
aHIMKCcKas sKcnenuuus B 3anmaaHoil Adpuke, HaOmonaBIIas Tam
COJIHEYHOE 3aTMEHHUe, IIoKa3ajga, 4YTO CBET JIEHCTBUTEIBHO
oTksoHsieTcss CoNHIIEM Tak, KaK M IpeackaspiBasia Teopus. To, 4uro
aHTJIMIICKUE YYeHble J0Ka3alld MpPaBWIBHOCTb TEOPUH, POJUHOMN
KOTOpoil Obuta ['epMaHus, NPUBETCTBOBAIOCH KaK e€Ile OAMH
BEJIMKUHN aKT MpUMHUpEHus: o0enx cTpaH mnocie BoiHbl. Ho, xoTs 310
BBIIJIITUT UPOHUYHO, MPOBEACHHBIA MO3/Hee aHanu3 (oTorpaduii,
MOJTyYEHHBIX TOW AKCIEAUINEH, MOKa3ad OIIMOKU U3MEPEHUS TOTO
Ke MOpsAIKa, YTO M u3MepsieMblil 3¢ ¢dekt. Pesynabprar anrnuyan Obu1
aM00 4YMCTHIM BE3€HUEM, JIMOO TEM HEpPEIKUM B HAyKe CIIydaeM,
KOI'Zla IoJIy4aroT TO, YTO XOTEJIOCh Mony4uTh. [IpaBaa, oTkiIoHEHHE
ceera ConHueM ObUIO BIOCIEICTBUU TOYHO MOATBEPKICHO IEJIBIM
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PSAAOM HAOIIOICHUH.

Eme onHo mpexacka3zanue oOIIeld TEOPHUH OTHOCHUTEIBHOCTH
COCTOUT B TOM, YTO BOJM3W MAcCCHUBHOTO Tella TUMA 3eMJIU BpEeMs
JIOJKHO Teub MeAJieHHee. JTO cleAyeT M3 TOro, 4YTO JOJDKHO
BBITIOJTHATHCS ONPEICIICHHOE COOTHOIIICHHUE MEXKIY JHEpPrHei CBeTa
U €ro 4acTtoTod (T. C. YMCIOM CBETOBBIX BOJIH B CEKYHIY): 4YeM
OoJbIlie PHEPrHs, TEM BHIIIE YacToTa. Ecim cBeT pacmpocTpaHsieTcs
BBEpX B I'PAaBUTALMOHHOM I0JI€ 3€MJIM, TO OH TEpsieT HHEpPruio, a
MOTOMY €ro 4actora yMmeHbllaercs. (DTO O3HaYaer, u4To
YBEIMYMBACTCSI MHTEPBAJ BPEMECHH MEXIY I'PEOHSIMU JIBYX COCEIHHX
BoyiH). HaOmromarenro, pacmoioXeHHOMY Ha OONBIION BBHICOTE,
JOJDKHO Ka3aThCs, YTO BHU3Y BCE IMPOHWCXOJUT MEJICHHEe. DTO
npenckasanue ObUTo mpoBepeHo B 1962 r. ¢ moMoIIpl0 ABYX OY€Hb
TOYHBIX YacoOB, PACIOJIOKCHHBIX: OJHH Ha CaMOM BEpXYy
BOJIOHATIOPHOM OalllHU, @ BTOPbIE — Y €€ MOTHOXKbS.

Oxkazanoch, UTO HUKHUE Yachl, KOTOPBIC ObUTH OJHKE K 3eMIie,
B TOYHOM COOTBETCTBHUU C OOIIECH TEOopUell OTHOCUTEIHHOCTH IILITU
MemsieHHee. Pa3Huila B XoJ€ 4YacoB Ha pa3HOW BBICOTE HaJ
MOBEPXHOCTHI0 3eMIIM MpHOoOpesa celyac OrpoOMHOE MPAKTHUECKOE
3HAYCHUE B CBS3M C TOSBIICHUEM OYCHb TOYHBIX HABUTAMOHHBIX
CHUCTeM, paboTalluX Ha CHUTHajJaX co CIOyTHUKOB. Ecimu He
NPUHUMATh BO BHUMaHWE MpeJACKa3aHWU  oO0mmeld  Teopuu
OTHOCHUTEIILHOCTH, TO KOOPJAMUHATHI OYyT pacCUUTAHbI C OIIMOKON B
HECKOJIBKO KHJIOMETPOB!

3akoHbl JBIWKEHUS HBIOTOHa TOKOHYWIM C aO0CONIOTHBIM
MOJIO)KEGHHEM B TPOCTPAHCTBE. Teopus  OTHOCHUTEIBHOCTH
ocBoOonuia HAc OT abcomTHOTO BpeMeHu. Bosbmem mapy
onmu3HenoB. [IpeanonoxkuM, 9TO OJMH M3 HUX OTHPABHIICS KHUTh HA
BEpIIHHY TOPBI, a APYroi OCTaycs Ha ypoBHE Mops. Toraa mepBblil
COCTapuTCs OBICTpEE, YeM BTOPOH, U MOATOMY IIPU BCTPEYE OJIUH W3
HuX OyJeT BHITISAETH cTapie Apyroro. [lpaBna, pa3sHuia B Bo3pacrte
Obuta OBl COBCEM Malla, HO OHAa CHUJIbHO YBEIMYMJIACh Obl, €ciid Obl
OIWH u3 OJIM3HENOB OTHPAaBWICA B JOJroe MYyTEIIECTBUE Ha
KOCMHYECKOM Kopabiie CO CKOpPOCTBIO, ONM3KOW K CKOPOCTH CBETA.
[To BO3BpalieHWH OH OKa3ajics Obl 3HAYUTENHLHO MOJIOXKE CBOETO
Opara, KOTOpBIA oOCTaBajcsi Ha 3emie. OJTO TaK Ha3bIBACMBIN
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napagokc OJIM3HEIOB, HO OH MapajgoKC JHUIIb I TOro, KTO B
rnyOuHe Iymu BepuT B aOcoitoTHoe BpeMs. B oOmel Teopun
OTHOCHUTEIIBHOCTH HET €JWHOT0 a0CONIOTHOTO BPEMEHH; KaXIIbIi
UHIUBUAYYM MMEET CBOM COOCTBEHHBIH MaciiTad BpEeMEHH,
3aBUCSIIUN OT TOTO, II€ 3TOT WHJIMBUIAYYM HAXOJIUTCS M KaK OH
JBUKETCS.

o 1915 r. mpocTpaHCTBO U BpeMsI BOCIIPUHUMAIIUCH KaK HEKast
JKECTKas apeHa A COOBITHM, Ha KOTOPYI BCE MPOUCXOASIIEE Ha
Hel HUKaK He BiuseT. Tak OOCTOSIIO Jeno Jaxe B CreHUaTbHOU
TEOpUU OTHOCUTENBHOCTH. Tena MBUTalUCh, CHIIbI MPUTITUBATIU U
OTTaJKWUBaJI¥, HO BpeMs M MPOCTPAHCTBO MPOCTO OCTABAIUCH
camMuMu co0oif, UX 3TO He Kacajioch. M ObUIO €CTECTBEHHO OyMaTh,
YTO NMPOCTPAHCTBO U BpeMsi OECKOHEYHBI 1 BEYHBI.

B o6mieii sxe Teopur OTHOCUTEIBHOCTH CUTYallUsl COBEPILIEHHO
uHas. IIpocTpaHcTBO M Bpems Tenepb NMHAMUYECKUE BEIUYMHBI:
KOI'Jla IBUYKETCS TEJIO0 WK JIEUCTBYET CHIIa, 3TO U3MEHSET KPUBU3HY
IIPOCTPAHCTBA M BPEMEHH, a CTPYKTypa NpPOCTPaHCTBA-BPEMEHU B
CBOIO Ouepe/lb BIUSET Ha TO, KaK JBUXKYTCS TeJla U AEHCTBYIOT CHIIBI.
IIpocTpaHCcTBO M BpEMS HE TOJBKO BIIMSAIOT HAa BCE, YTO MPOUCXOIUT
Bo BcenenHoi, HO U caMH W3MEHSIOTCS O] BIIMSIHHEM BCETO B HEH
npoucxonsmero. Kak 0e3 mpeinctaBieHH O MPOCTPaHCTBE U
BPEMEHH HEJb3s1 TOBOPUTH O COOBITUAX BO BceneHnHoil, Tak B o0mieit
TEOPHUH OTHOCUTEIBHOCTH CTal0 OECCMBICIEHHBIM T'OBOPUTH O
MPOCTPAHCTBE U BPEMEHM 32 MpeiesiaMu BeeneHHoi.

B  nocnemyromme — necATWIETHS ~ HOBOMY — ITOHMMAHHIO
MIPOCTPAHCTBA W BPEMEHM IMPEACTOSUIO MPOM3BECTU MEPEBOPOT B
HaIMX B3risAax Ha Beenennyro. Crapoe npencTaBieHUe O IOYTH He
MeHsronieiicss  Bcenenno, kortopas, Moxer ObITh, Bceraa
CylecTBoBasia M OyJIeT CyIeCTBOBAaTh BEUHO, CMEHMUJIOCh KapTUHON
JUHAMHAYECKOH, pacumpsIromencs Bcenennoi, KOTOpas,
[I0-BUJIMMOMY, BO3HHMKJIA KOTJa-TO B INPOIUIOM M, BO3MOXHO,
3aKOHYUT CBO€ CYLIECTBOBaHHWE KOrja-To B Oyaymem. Orta
PEBOJIIONMS B HalleM CO3HAaHUM (el OyaeT MOCBsIIEHA ClEAyIoLIast
rJlaBa) SBWIACh OTIPABHOM TOYKOM MOUX HCCIEAOBaHUN B
Teopernyeckoil ¢usuke. Mol ¢ Pomxepom Ilenpoy3om nokasanu,
YTO, COTJIAaCHO OOIIeHl TEOpUU OTHOCUTEIBHOCTH OWHINTEIHA,
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Bcenennas noinpkHa UMETh HA4ajo, a MOXKET ObITh, M KOHEII.

3. Pacwuupsowanca BceneHHas

Ecnu B sicHyto Oe3myHHYI0O HOYb MOCMOTpPETb Ha HE0O, TO,
CKOpEE BCEro, CaMbIMHU SIPKUMH OOBEKTaMHU, KOTOPbIE Bbl YBHJMUTE,
OynyT maneTsl Benepa, Mapc, IOnutep u Caryps. Kpome Toro, Bb
YBUIUTE OTPOMHOE KOJMYECTBO 3BE€3[, MOXO0KUX Ha Haumie ConHue,
HO HaXOASIIUXCS Topa3fo fanblie oT Hac. Ilpu obpamenun 3emaun
BOKpyr CoslHIa HEKOTOpbIE€ U3 OTUX «HEMOJABUKHBIX» 3BE3]
YyTh-4yTh MEHSIOT CBOE MOJIO’KEHNUE OTHOCUTENILHO APYT Apyra, T. €.
Ha CaMOM JIeJie OHU BOBCE HE HemoABWXHBI! Jleno B TOM, 4TO OHHU
HECKOJIbKO Onmke K HaMm, deMm Japyrue. llockonbky ke 3emis
Bpamaercss Bokpyr CoiHia, ONM3KUE 3BE37bl BUIHBI BCE BpeMs B
pasHbIX Toukax (oHa Oosyiee yAaleHHBIX 3Be3l. bmaromapst stomy
MOKHO HEMOCPEICTBEHHO HM3MEPUTh PACCTOSHUE OT HAC 10 3TUX
3Be3/: YeM OHHU OJIbKe, TeM CUJIbHEEe 3aMETHO UX IepeMEIlleHUE.
Camass Omm3kast 3Be3na, HasbiBaemas [Ipokcumoii IleHTaBpa,
HAaXOAUTCS OT HAC Ha pPACCTOSHUM NPUOIU3UTENBHO YEThIpex
CBETOBBIX JIET (T. €. CBET OT HEE UAET 10 3€MJIM OKOJIO YETBIPEX JIET),
uin okosio 37 TpuuMoHOB KmiioMeTpoB (37*1012). bBonasmmHCTBO
3B€3/, BUAMMBIX HEBOOPYXEHHBIM IJIa30M, yAaj€Hbl OT Hac Ha
HECKOJIbKO COTEH CBETOBBIX JieT. CpaBHUTE 3TO C PACCTOSHUEM JI0
Hamiero CoJIHILIA, COCTaBISIOLIMM BCETO BOCEMb CBETOBBIX MHUHYT!
Bunumbie 3Be3nbl pacchllaHbl HO BCEMY HOYHOMY HeOy, HO
0COOEHHO TYCTO B TOHW IOJIOCE, KOTOPYIO MBI Ha3blBaeM MIeuyHbIM
ITytem. Emie B 1750 r. HEKOTOpBIE aCTPOHOMBI BBICKA3bIBAJIN MBICIIb,
4yTo CcyliecTBoBaHue Mieunoro Iyt oOBsCHAETCS TeM, UTO
Oonblllass 4acTh BUAMMBIX 3Be37 00pa3yeT OJHy IUCKOOOPa3HYyIo
KOHQUTYypali0 — TMpUMep TOro, 4YTO celyac Ha3bIBACTCS
CIIMpAJIbHOW TajakTUKOW. JIMmp dYepe3 HECKOIbKO JECATUIIETHI
acTpoHOM YwuibsaM ['epmiens NoATBEpAWSI 3TO MPEIOIOKEHUE,
BBIMIOJIHUB  KOJIOCCAJIbHYIO pabOTy HO COCTaBJIEHUIO Kartajora
MI0JIO’KEHUI OTPOMHOIO KOJIMYECTBA 3BE3]] U paccTosiHUM 10 HuX. Ho
Jlake IMOCJie ATOr0 MPEICTaBICHUE O CIIUPAJIbHBIX TaJlakKTUKaX ObLIO
MIPUHSATO BCEMU JIMILIb B HaYaJie HAIIETO BEKa.
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CoBpemenHnas kapTuHa Beenennoit Bo3HUKIIA TONBKO B 1924 1.,
KOTJja aMepUKaHCKUH acTpoHOM OaBMH XaOO0Js mokasaj, 4ToO Halla
lNanaktuka He enuHCTBEHHas. Ha camMoM jene CyliecTByeT MHOIO
JpYTUX TaJaKTUK, Pa3/elEeHHBIX OIPOMHBIMM 00JAcTAMHU IyCTOTO
npoctpancTBa. Jlms  mokasarenbcTBa  Xab0imy — TpeOOBaIOCh
OINPENIeIUTh PACCTOSIHUA /0 3THX TaJIAKTUK, KOTOpbIE HACTOJIBKO
BEJIMKH, YTO, B OTJIMYME OT IMOJIOKEHHH ONM3KUX 3BE3J, BUAUMBIC
MOJIOKEHUS TaJaKTHK JIEHCTBUTENBbHO He MeHsoTcs. IloaTomy s
U3MEpEHusi paccTosHWi XabO0s ObLT BBIHY)XICH NPUOETHYTH K
KOCBEHHBIM MeToJaM. Bumumasi spkoCTh 3Be3Ibl 3aBUCHT OT JIBYX
(bakTOpOB: OT TOro, Kakoe KOJMYECTBO CBETa M3IydaeT 3Be3la (ee
CBETHMOCTH), ¥ OT TOTO, TJ€ OHAa HAaXOIUTCS. SIPKOCTH ONM3KHX
3BE3]l U PACCTOSHUE J0 HUX MBI MOXKEM H3MEPUTH; CIIEOBATEIBHO,
MBI MOXKEM BBIYHCIHTh W HMX CBETHMOCTb. W Haobopor, 3Has
CBETHMOCTb 3B€3] B JIPYI'MX TaJaKTUKaX, Mbl MOIJIM Obl BBIYMCIHUTH
paccTosiHue J0 HHUX, H3MEPUB HUX BHIUMYIO SIPKOCTb. Xab0i
3aMeTHJI, 4YTO CBETHUMOCTh HEKOTOPBIX THUIIOB 3BE3]] BCErJa OJJHA U Ta
e, KOTJa OHU HaXOIATCS JTOCTATOYHO OJU3KO MJISI TOTO, YTOOBI
MOKHO OBLIO MPOM3BOIUTH M3MepeHus. CienoBaTeabHoO, paccysxaall
Xabbm, ecnu Takue 3Be3bl OOHApy)KaTcs B JAPYroil rajakTuke, ToO,
IPENOI0XKHUB Y HUX TaKyIO K€ CBETUMOCTb, Mbl CYMEEM BBIYMCIIUTH
paccrosiHue 10 3Toi rajmaktukd. Ecnm mogoGHble pacuersl ams
HECKOJIbKUX 3B€3]] OJTHOW U TOM k€ raJJakTUKU JaxyT OJUH U TOT )K€
pe3yabTaT, TO IOJNyYECHHYIO OIICHKY PACCTOSIHHUS MOXKHO CUUTATh
HAJIC)KHOU.
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Takum nytem Xab0a paccuuTan pacCTOSHUS 10 JACBSTH
pasHBIX raJlakTUK. Tenepb U3BECTHO, YTO Hama ['anakTuka — ojHa
U3 HECKOJIBKUX COTEH ThICAY MUJUIMOHOB T'aJIaKTUK, KOTOPHIE MOXKHO
HaOJI0/1aTh B COBPEMEHHBIE TEIECKOIbI, a KAKAAsd U3 ITHX TaJlaKTHUK
B CBOIO OY€pe/lb COJIEPKUT COTHH ThICSY MUJUTMOHOB 3Be3/. Ha puc.
3.1 noka3zaHo, kakoil yBuzen Obl Hamy [amakTuky HaOmrOnaTens,
JKUBYIIUHA B KakoW-HUOyIp apyroi ramaktuke. Hama ['amaxtuka
MMEET OKOJIO CTa ThICAY CBETOBBIX JIeT B nonepeyHuke. OHa
MEJIEHHO BpallaeTcs, a 3Be3/Ibl B €€ CIUPAJIBHBIX PyKaBaX Kaxable
HECKOJIbKO COTEH MHJUIMOHOB JIET AENAl0T NPUMEPHO OJUH 000pOT
BOKpyr ee uentpa. Hame Comnue mpencraisieT co0oil 0ObIUHYIO
JKENTYI0 3BE3ly CpeQHEM BEIWYMHBI, pPAaclOJOXKEHHYIO Ha
BHYTPEHHEH CTOPOHE OJHOTO U3 CIMPAJIbHBIX pykKaBoB. Kakoil ke
OTPOMHBIM IyTh MbI mpouuiu oT Apucrorens u Iltonemes, xorna
3emutst cunTanack eHTpom Beenennoii!

3Be31bpl HaXOIATCS TaK AAJIEKO OT HAC, 4TO KaXyTcs MPOCTO
CBETSIUMHUCS TOYKaMH B HeOe. MBI HE pazIryaeM HU UX Pa3MepoB,
HU (opMbl. Kak ke MOXKHO TOBOPHUTH O pa3HbIX Tumax 3Be3n? s
MOJABJIAIONIETO OOJBIIMHCTBA 3BE3J CYLIECTBYET TOJBKO OJIHO



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 48

XapakTepHOE CBOMCTBO, KOTOPOE MOXKHO HAOIMIOAAaTh — 3TO LBET
UAYLIEr0 OT HUX cBeTa. HBIOTOH OTKpBUI, 4TO, NMPOXOAsS Yepe3
TPEXTPAHHBIM KYCOK CTEKJa, HAa3bIBAEMbIM IPU3MOM, COITHEYHBIN
CBET pas3laraercs, Kak B pagyre, Ha IBETOBbIC KOMIIOHEHTHI
(ciextp). HacTpouB Tenmeckon Ha KakKyro-HUOYb OTACIBHYIO 3BE3y
WIN TaJlakTUKY, MO’KHO aHAJOIMYHBIM 00pa3oM pas3yiokUTh B CHEKTP
CBET, UCIyCKAEMBIA 3TOM 3BE3[10M WIM TaJlaKTUKOW. Pa3zHble 3Be31bI
MMEIOT Pa3HbIe CIIEKTPBI, HO OTHOCHUTEIIbHAS SIPKOCTH Pa3HbIX LIBETOB
BCEr7la B TOYHOCTM Takas K€, KaK B CBETE, KOTOPBIA H3IydyaeT
KaKkoOM-HUOYyJb  pacKaJeHHBIM  JokpacHa  mpeameT.  (Caer,
U3JIy4aeMblil pacKaJ€HHbIM JOKpacHa HEMPO3pauyHbIM MPEIMETOM,
MMEET O4YEeHb XapaKTEepPHBIM CHEKTP, 3aBUCALIMH TOJBKO OT
TEMIIEPATYPBI IIpeaMETa — TEII0BOM cnekTp. [loaTomy MBI MOkeM
ONpPENEIUTh TEMIIEPAaTypy 3BE3/bl IO CIEKTPY H3IIy4aeMoro €ro
ceeta). Kpome TOro, Ml OOHapy>KUM, 4YTO HEKOTOpPbHIE OYEHb
crnenuguUecKkre I[BeTa BOOOIIE OTCYTCTBYIOT B CIEKTpax 3Be3[,
IIpUYEM OTCYTCTBYIOIIME LIBETa pa3Hble M Pa3HbIX 3BE3N.
[TockonbKy, Kak MbI 3HA€M, KaXIbld XUMHUYECKHWA DSIEMEHT
MOTJIOIIACT CBOW ONpeAETIeHHBbIH HAa0Op XapaKTepHBIX IIBETOB, MbI
MOKEM CpPaBHUTh HUX C TE€MU LIBETAMM, KOTOPHIX HET B CIEKTpE
3BE3/lbl, U TaKUM OOpa30M TOYHO OIPENENINUTh, KaKUE 3JIEMEHTHI
MIPUCYTCTBYIOT B €€ aTMocdepe.

B 20-x rogax, korgja acTpOHOMBI Hauyajad HCCIEI0BaHHUE
CHEKTPOB 3BE3]] IPYTUX rajlakTUK, OOHAPYKUJIOCh HEUTO emle Oosee
CTpaHHOE: B Hallel coOCTBeHHOM ['amakTHKe OKa3aauch Te Ke caMble
XapaKTepHble HA0OPbl OTCYTCTBYIOIIMX IIBETOB, YTO U Yy 3BE3[, HO
BCE OHM ObUIM CIABUHYTHI Ha OJHY U Ty XK€ BEIMYHHY K KPaCHOMY
KOHITy crieKTpa. YToOBI MOHATH CMBICT CKAa3aHHOTO, CJIEYyET CHavaja
pazobpatscs ¢ 3pdexrom [lomnepa. Kak Mbl yxe 3HaeM, BUAMMBIiA
CBET — 3TO KoyieOaHUs, WJIM BOJIHBI 3JEKTPOMAarHUTHOTO IOJIS.
Yactora (YMCIO BOJIH B OJHY CEKYHJIY) CBETOBBIX KojeOaHHA
Ype3BbIYAfHO BBICOKA — OT YETBIPEXCOT JI0 CEMHUCOT MHIIMOHOB
MUJJIMOHOB BOJH B CeKyHAy. UenoBeueckuil I1a3 BOCIHPUHUMAET
CBET pa3HbIX YaCTOT KakK pa3Hble 1IBETa, MPUYEM Camble HU3KHE
4acTOTBl COOTBETCTBYIOT KpPAacHOMY KOHIly CIEKTpa, a CaMble
BbIcOKMEe — (uoneroBomy. IlpeacraBum cebe HCTOYHMK CBeETa,
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pacroyio)KeHHbII Ha  (UKCUPOBAHHOM  PAacCTOSHUM OT  Hac
(HampuMep, 3Be3ly), U3IYYAOLUIMH C TOCTOSHHOW 4acTOTOH
CBETOBBIE BOJHBI. OYEBHIHO, YTO YACTOTA MPUXOAAIINX BOJH OyAeT
TakOM ke, Kak Ta, C KOTOpOW OHHM Hu3IyyaroTcs (IMycCTb
IPaBUTALlMOHHOE I10JI€ TaJaKTUKU HEBEIMKO M €ro BIUSHUE
HECyllecTBEeHHO). [Ipennonoxum Tenepb, 4TO MCTOYHMK HAuMHAET
JIBUTaTbCA B Hamy CTOpoHy. Ilpyu McmyckaHuu CleAyroleld BOJHBI
UCTOYHUK OKa)keTcs OJke K HaMm, a MOTOMY BpeMs, 3a KOTOpOe
rpe0eHb 3TOM BOJHBI JI0 HAC AOWET, OyJIeT MEHbIIE, YeM B Cllydae
HEenoJBHHOU 3Be3/1bl. CTano ObITh, BpeMsI MEXAY TPeOHAMU JABYX
OPULIEIIINX BOJH OyJeT MEHbIIE, a YHUCIO BOJH, MPUHUMAEMbIX
HaMHM 3a OJHY CEKyHIy (T. €. JactoTa), Oyaer Ooiblie, 4eM Koraa
3Be3/a Obula HemojaBWKHA. [Ipu ynaneHuu ke MCTOYHMKA 4acToTa
IPUXOJAIIMX BOJH OyAeT MeHbIIe. DTO O3HA4aeT, YTO CIEKTPbI
yAQISIOIUXCs 3Be3/1 OyIyT CIBUHYTHI K KPacCHOMY KOHIy (KpacHoe
CMEIIEHHUE), a CHEKTPhl MNPHUOIMKAIOMUXCS  3B€3]  JOJKHBI
UCTIBITHIBATh (PHOJIETOBOE CMeEIleHue. Takoe COOTHOIIEHHE MEXIY
CKOPOCTBIO M 4acTOTOM HazbiBaeTcs s>pdexrom Jlomepa, U 3TOT
sbdekr o00bMeH Jaxke B Halled TMOBCEAHEBHOW  IKH3HHU.
[Ipucnymaiitech K TOMy, KaKk WAET IO HIOCCE MAallMHA: KOTJa OHa
npubnukaercsi, 3BYyK JBUratens Bblle (T. €. BbIIIE YacToTa
HCIyCKaeMbIX UM 3BYKOBBIX BOJIH), @ KOTJa, IPO€XaB MUMO, MallliHa
HAa4YMHAET yAAIATHCS, 3BYK CTAHOBUTCS HMKE. CBETOBBIE BOJIHBI U
paZvoOBOJIHBI BeAyT ce0si aHajloruuHbiM oOpa3zoMm. OddexkTom
Jomnepa nonp3yeTcss MNONMLHKSA, ONpEAENsas H3JaleKa CKOPOCTh
JBUKEHMSI aBTOMAIIMH M0 YacTOTE PaAHOCUTHAJIOB, OTPaXarOIINXCS
oT HuxX. Jloka3aB, 4TO CYLIECTBYIOT ApyIue rajakTuku, Xab0ma Bce
MOCJIEAYIOIIUE TO/Ibl TOCBATUI COCTABIIEHUIO KaTaJlOrOB PacCTOSHUMN
JIO 3TUX TaJaKTUK M HaONIOJEHHI0O HMX CIEKTpoB. B To Bpems
OOJNBIIMHCTBO YYEHBIX CUMTAIM, YTO JBWKEHHE TaJlaKTUK
IPOUCXOTUT CIy4alHBIM 00Pa30M M IMO3TOMY CIIEKTPOB, CMELIEHHBIX
B KPacHYIO CTOPOHY, JOJDKHO HAOJIOJaThCsl CTOJIBKO K€, CKOJIBKO U
CMeIleHHbIX B (puoneroByto. KakoBo e OblUIO yAMBICHHE, KOTAA Y
Oonblllell YacTU TajakTUK OOHAPYXWJIOCh KpAacHOE CMELICHHE
CIEKTPOB, T. €. OKA3aJIOCh, YTO MOYTH BCE TAIAKTUKHU YJAJIAIOTCS OT
Hac! Eule Gonee yniuBUTENbHBIM OBLIO OTKPBITHE, OMYOIMKOBAHHOE
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Xab6mom B 1929 r.: Xab0m oOHapyXWi, 4YTO JaKe BEIHMYMHA
KpacHOrO0 CMEIECHHsA HE Ciy4aiiHa, a NpsAMO IPONOPLUOHAIbHA
pPacCTOSHUIO OT HAac J10 TajakTHKU. VIHBIMM cloBamMM, 4eM JaJiblie
HaXOJIUTCs TajaKkTHKa, TeM OblcTpee oHa ypamsgerca! A 3To
03Hauaso, yTo BeenenHas He MOKET ObITh CTATUYECKOH, KaK AyMasu
paHbIlle, YTO HA CaMOM JeJ€ OHA HENPEPBIBHO pACIIUPAETCS U
paccTOsSHUS MEX]ly FaJaKTUKaMU BCE BPEMsI pacTyT.

OtkpeiTHE pacmupsitonieiics BcenmeHHolt ObBUIO OJHUM U3
BEIMKUX MHTEJUIEKTYalbHbIX II€PEBOPOTOB  JIBAJLIATOTO  BEKa.
3alHUM YHUCIIOM MBI MOXEM JIMILIb YAUBIATHCA TOMY, YTO 3Ta UIes
HE MpUIIa HUKOMY B TOJIOBY paHblle. HblOTOH U Ipyrue ydeHble
JOJKHBI ObUTH OBl COOOpa3uTh, YTO cTaTHueckas BceneHHast Bckope
00s13aTesIbHO Havaja Obl CXKMMAThCS 1O/ JelicTBueM rpasuranuu. Ho
MpeanonokuM, uro Beenennas, HaobopoT, pacumupsiercs. Eciu Ob1
pacllUpeHre TMPOUCXOAMIO JOCTATOYHO MEIJIEHHO, TO IIOJ
JNEHCTBHEM TPaBUTALMOHHOW CHJIBI OHO B KOHIIE KOHLIOB
IpeKpaTUIoch Obl U mepenuio B cxatue. OnHaKo ecinu Obl CKOPOCTh
paciiMpeHus] IpeBbIIajla HEKOTOPOE KPUTHUYECKOE 3HAYEHHE, TO
IPaBUTALIMOHHOTO B3aMMOJEHCTBHSI HE XBaTWJIO Obl, YTOOBI
OCTaHOBUTH PACUIMPEHUE, U OHO MPOJI0JIKAIOCH Obl BeuHO. Bee 310
HEMHOIO HAllOMMHAET CHUTyallUIO, BO3HHUKAIOLIyl0, KOrja ¢
MOBEPXHOCTH 3€MJIM 3allyCKaloT BBEpPX pakery. Eciu ckopocTh
pakeThl HE OUEHb BEJIMKA, TO U3-3a TPAaBUTALMM OHA B KOHLIE KOHLIOB
OCTAHOBUTCSI M HaYHET MajiaTh o0paTHO. Eciu ke CKOpOoCTh pakeThbl
OoJiblIle HEKOTOPOU KPUTHUECKOM (OKOJIO OJUHHAJIATH KHUJIOMETPOB
B CEKyHJy), TO IPaBUTALlMOHHAsI CHJa HE CMOXET €€ BEpPHYTb, U
pakera OyaeT BEYHO MPOJOJKATh CBOE JBHXXKEHHE OT 3eMJIH.
Pacimpenune BceneHHoit Morio ObITh NpeAcKa3aHO Ha OCHOBE
HBIOTOHOBCKOM Teopuu Tarorenus B XIX, XVIII u paxe B KoHIE
XVII Beka. OgHako Bepa B cTaTudeckyio BceneHHyro Oblia CTONb
BEIMKA, YTO JKWja B yMax e€Ille B Hauyaje Hamero Beka. Jlaxke
OliHmTeH, paspabareiBas B 1915 1.  oOuyro  Teopuro
OTHOCUTEJIBHOCTH, OBbUT yBepeH B cTaTHuHOCTU Bcenennoil. YToOb
HE BCTyNaTh B TMPOTHBOPEUYHME CO CTATHYHOCTHIO, ODUHIITCHH
MOIUGHUIMPOBAT CBOIO TEOPHMIO, BBEAS B YpaBHEHHUS Tak
Ha3bIBAEMYI0 KOCMOJIOTHYECKYI0 NOCTOsIHHY!0. OH BBEJI HOBYIO
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«AHTUIPAaBUTALMOHHYIO» CHILy, KOTOpas B OTIMYHE OT IPYTHUX CHII
HE MOPOXKJaIach KAKUM-THO0 UCTOYHUKOM, a ObLIa 3aJI05KEHA B caMmy
CTPYKTYpPY MNPOCTPAHCTBA-BpEMEHU. OWHINTEHH YTBEpPXKIald, 4YTO
IPOCTPAHCTBO-BpEMsI caMO 10 cebe Bcerja paciiupsercss U 3TUM
pacUIMpeHHEM TOYHO YPABHOBELIMBACTCS  INPUTSIKEHUE  BCEH
OCTaJIbHOM MaTepuu BO BceneHHOH, Tak 4YTO B pe3yJsbTare
Bcenennas okaseiBaercs crarndeckou. [lo-BuaumMomy, nvine OJUH
YEJIOBEK MOJIHOCTBIO MOBEPUII B OOLIYIO TEOPUI0 OTHOCHTEIBHOCTH:
noka DWHIITEWH W Apyrue (U3MKM Tymaiad Haj TeM, Kak 000MTh
HECTaTUYHOCTh BCEJIeHHON, MpeacKa3plBaeMyl0 3TOHM TEOpHUEH,
pycckuit pusuk u marematuk A. A. @puaman, Ha000POT, 3aHSICS ee
00BSICHEHUEM.

@puamaH  coenan  ABa O4EHb  MPOCTBIX — MCXOJHBIX
IIPEANOIOKEHHS: BO-IIEPBBIX, BceneHHas BBIIAIUT OJMHAKOBO, B
KakoM Obl HalpaBJICHUU Mbl €€ HU HaOJIIOJAJId, U BO-BTOPBIX, 3TO
YTBEPXKACHHUE JOJDKHO OCTaBaTbCs CIPABEUIMBBIM U B TOM CIIyd4ae,
eciy Obl MBI MPOU3BOAMIIN HAOMIOACHUS U3 KaKOro-HUOYIb IPYroro
mecra. He mnpuberas HM K KakuM JpyrMM IIPEAINIOJIOKEHUSM,
®punmMan nokasai, yTo Beenennas He 1oKHA OBITh cTaTHdecKkoi. B
1922 r., 3a HECKOJbKO JIeT 10 OTKphiTUi XaObna, Ppuaman B
TOYHOCTH IIpeCcKa3al ero pe3yJprar!

[Ipeanonoxxenne 00 onuHakoBocTH BceeneHHoO BO Bcex
HaIpaBJICHUAX Ha CaMOM JeJie, KOHEYHO, He BbInoaHsaeTcs. Kak Mbl,
HalpuMmep, YK€ 3HaeMm, JApyrue 3Be3lbl B Hamed [anaktuke
00pa3yIoT YETKO BBIJCISAIOUIYIOCS CBETIIYIO MOJIOCY, KOTOpas HIET
no BceMy HeOy Houbto — Muieunsiif Ilyte. Ho ecau roBopuths o
JAJIEKUX raJJakTUKaX, TO UX YHMCIIO BO BCEX HAIPABIEHUSAX IPUMEPHO
OJIMHAKOBO. CnepnoBarenbHo, Bcenennas JIEHCTBUTEIILHO
«IIPUMEPHO» OAMHAKOBA BO BCEX HANpaBICHUSAX — IpHU
HaOJ0/IeHuN B MaciuTade, O0JIbIIOM MO CPAaBHEHUIO C PACCTOSTHUEM
MEXIYy TaJakTHMKaMM, KOI/Ia OTOpachIBAIOTCS MeEJIKOMAacIlTaOHbIe
paznnuusl.

Jlonroe Bpemsi 3TO ObUIO €IMHCTBEHHBIM OOOCHOBaHUEM
runote3bl dpuaMana Kak «rpy0oro» MpHOIMKEHHS K pealibHOM
Bceenennoi. Ho moToM mo HEKOEH CIly4alHOCTH BBIACHWIOCH, YTO
runoresa @puaMaHa U B CaMOM Jelie JaeT YAUBHUTEIBHO TOYHOE
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omnucaHue Haulel BeeneHHoi.

B 1965 r. nBa amepukanckux ¢(usuka, ApHo Ilensmac u
PoGept Bunbcon, paboraBmmx Ha ¢upme Bell Laboratories B mit.
Hero-JIxepen, HCIIBITHIBAJIN O4YEHb 4yBCTBUTEIIbHBIN
«MHKpPOBOJIHOBBII», T. €. CBEpXBbIcOKO4YacTOTHbIN (CBY), netexrop.
(MuKpOBOJIHBI — 3TO TO €, YTO U CBETOBbIE BOJIHBI, HO UX 4acTOTa
BCEr0 JIULIb JECATh THICSIY MUJJIMOHOB BOJIH B ceKyHAY). [leH3unac u
BunecoH 3ameTWiM, 4YTO YPOBEHb IIyMa, PETUCTPUPYEMOIO HX
JNETEKTOPOM, BBIIIE, YeM JOJDKHO OBITh. JTOT IIyM HE ObUI
HAIpPaBJICHHBIM, MPUXOSAIIUM C KaKOH-TO ONpPEEICHHON CTOPOHBI.
CHauvana Ha3BaHHBIE MCCJIEIOBATENM OOHAPYXUIM B JETEKTOpE
NTUYUNA TOMET U MBITATUCH O0BSACHUTH 3(PPEKT APYruMU IPUUUHAMU
noJOo0HOrO pojAa, HO TOTOM BCe Takue «(akTopb» ObuIK
uckiatoyeHsl. OHM 3HaMM, 4YTO JHOOOM WIyM, HOPUXOIALIMN U3
aTMocQepsl, Bcerja cuibHee He TOrJa, KOrja JETeKTOp HalpaBiieH
IpsIMO BBEpPX, a KOTJa OH HAKJIOHEH, MOTOMY 4YTO JIy4d CBETa,
UAyIIMe H3-32 TOPU30HTA, IMPOXOAAT uepe3 3HAYMTENbHO Oolsee
TOJICTBIE CJIOM aTMoc(dephl, YyeM Jy4yH, NOMaJarolife B JIETEKTOp
opsMo CBepxy. «JIumHui» ’xe 0IyM OAMHAKOB, Kyna OBl HHU
HanpaBATh jAerekTtop. CrenoBaTeslbHO, WCTOYHUK IIyMa JIOJKEH
HaXoIuThCs 3a mpenenamu atMocdepsl. lllym ObuT 0JMHAKOBBIM U
JTHEM, ¥ HOYbIO, U BOOOIIE B TEUEHUE TojJja, HECMOTPS HA TO 4TO
3emIsl BpalllaeTcsl BOKPYT CBOEHM OCH U MPOAOJIKAET CBOE BpalllEHUE
Bokpyr ComHna. DTO o03HA4ajo, YTO WCTOYHUK U3ITyYCHHS
HaxoauTcs 3a npenenamu CoHEYHOM CHUCTEMBI M Jaxe 3a
npeaenaMu  Hamed [amakThku, WOO B TPOTUBHOM  Cllydae
MHTEHCUBHOCTh U3JIyYECHUS M3MEHSIAach Obl, TIOCKOJIBKY B CBSI3H C
JIBUKEHUEM 3€MJIM JETEKTOpP MEHSIeT CBOIO opueHTanuio. Kak Mbl
3HaeM, MO0 IMyTH K HaM HU3JIyYEHUE MPOXOIUT IOYTU YEpe3 BCHO
HaOmonaemyto Beenennyro. Koab ckopo ke 0HO OJJMHAKOBO BO BCEX
HaIpaBJICHUAX, TO, 3HAUYUT, U cama BceneHHas oAMHAaKOBa BO BCEX
HaIpaBJICHUSX, 10 KpaiiHel Mepe B KpynmHoM MaciuTade. Teneps Ham
U3BECTHO, YTO, B KAaKOM Obl HAmpaBlICHUHU Mbl HH HPOM3BOIWIN
HaOIO/IEHUs, 3TOT ILIYM H3MEHsIeTCs He OOoJjbllle, YeM Ha OJHY
necatutbicsiuHyro. Tak Ilensunac u BunbcoH, HUYETrO HE MOA03peBasd,
Janu YAUBUTEIBHO TOYHOE MOJITBEPK/ICHUE MIepPBOro
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npeanonoxenus Opuamana.

[TpuOaM3UTENBHO B ATO K€ BpPEeMsl IBa aMEPUKAHCKUX (U3MKa
U3 PaCIIOJIOKEHHOTO 10 cocencTBy IIpMHCTOHCKOrO yHMBEpCHUTETA,
bo6 [Iukke u JDxum IIuOic, ToXe 3aHUMAINCH HCCICAOBAHHEM
MUKpOBOJIH. OHHU mpoBepsuin mpennoioxkenue Jxopmxa I'amosa
(6p1BImIETO YueHuKa A. A. @puamana) o TOM, 4To paHHss Beenennas
ObUTa OYEHBb TOpsYeH, TUIOTHOW W pacKaleHHOW mobena. Jlukke u
[Tubnc BBICKA3aJIM Ty MBICIb, YTO MBI MOXEM BHJIETh CBEUCHHUE
panHeil BcenenHoii, n00 cBeT, MCHYIICHHBIA OYCHb TAICKHUMH €€
oOjacTaMH, MOT OBl JOWTH OO HAac TOAbBKO cekdac. Ho wu3-3a
pacuMpeHyss BceneHHOM KpacHOE CMEIIEHHE CBETOBOIO CIEKTpa
JOJIKHO OBITh TaK BEJIMKO, YTO JOMIECIAIIMH 10 HAC CBET OyIeT yxke
MUKpOoBOJHOBBIM (CBY) nznyuenuem. Jlukke u [Iubac roroBmincs k
IIOMCKY TakKoro usiaydeHus, kornga [lensmac m BunbCcoH, y3HaB 0
pabote Jlukke u Ilubrnca, cooOpa3uiam, 94TO OHU €ro y>Ke HaluIi. 3a
3TOoT 3KcrnepuMeHT [leHsumac u BuibcoH ObBTM  yAOCTOEHBI
HoGenesckoit nmpemun 1978 r. (4To OBLIO HE COBCEM CHPABEIJIUBO,
ecyii BcrmoMHUTD 0 Jukke u [1ubince, He roBops yxke o ['amose!).

IIpaBna, Ha mepBbIii B3I, TOT BakT, 4yTo BeeneHnas kaxercs
HaM OJMHAKOBOM BO BCEX HAINpPABICHUSIX, MOXET TOBOPUTH O
KaKOW-TO BBIIEJICHHOCTH HAIIEr0 MECTONOJIOKEHUsI BO BceneHHOM.
B wactHOCTH, pa3 Mbl BHMJIUM, UYTO BCE OCTAJbHbIE TaJAKTUKHU
YAAIAIOTCS OT HAc, 3HAYUT, Mbl HaX0AUMcs B ieHTpe Beenennoil. Ho
€CTb U Jpyroe o0ObsicHeHue: Beenennas OyeT BhIVIAIETh OJJUHAKOBO
BO BCEX HAIIPaBJIICHUSAX U B TOM CIy4yae, €CJIM CMOTPETh Ha HEe W3
KaKoW-HUOYJb ApYroil TrajakTUKU. OTO, KaKk Mbl 3HaeM, BTOpas
runore3za @puaMana. Y Hac HET HAyUHBIX JOBOJOB HU 33, HU IPOTUB
ATOr0 MPEANOJOKEHUs, W Mbl MNPHUHSUIM €ro, TaK CKa3aTb, W3
CKPOMHOCTH: ObLTO OBl KpaiiHe cTpaHHO, eciau Obl Bcenennas
Ka3ajach OJIMHAKOBOW BO BCEX HAIPABJIECHUSAX TOJIBKO BOKPYT HAc, a
B JpYyrux ee Toukax »3Toro He Obuio! B mozenu ®dpunmana Bce
rajJlakTUKH YJAJISIOTCs APYT OT Apyra. OTo Bpoje Obl Kak HaTyThId
IIapUK, Ha KOTOPbI HAHECEHbl TOYKH, €CIM €ro Bce Ooiblie
HaayBaTh. PaccrosHue MeXIy JIOOBIMH  JIByMS  TOYKaMu
YBEIMUMBAETCS, HO HU OJHY W3 HHMX HEJIb3d HA3BaThb LIEHTPOM
pacmupenus. [IputoMm yem OojblIe paccTOSHUE MEXKIY TOUYKAMH,
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TeM OBICTpee OHHU YyAAISIOTCA ApYyr OT apyra. Ho m B Moxenu
®puamaHa cKOpOCTb, C KOTOPOM JIIOObIE BE TaIAKTUKH YIAJISIOTCS
Jpyr OT Apyra, IpONOpLUOHAIbHA PACCTOSHUIO MEKIY HUMU. Takum
obpa3zom, wmogens Opuamana mnpeackaszbBaeT, UYTO KpacHOE
CMEILICHHE TANTAKTUKU JOJDKHO OBITh MPSIMO MPONOPIHMOHAIBHO €€
YAaJEHHOCTH OT HAC, B TOYHOM COOTBETCTBUU C OTKpbITHEM Xab0ua.
HecMotps Ha ycnex 3TOM MOJENM U Ha COIJIacUe €€ MPEICKa3aHul C
HaOmofeHussMu ~ Xab0Oma, pabora  @puamaHa  OCTaBaIach
HEM3BECTHOM Ha 3amaze, u aumb B 1935 r. amepukaHckuil (UMK
I'oBapn PobGeprcon u aHrnmuiickuii matemMaTuk Aptyp Youkep
MPEIOKUINA CXOHBIE MOJICTH B CBSI3U C OTKPBhITHEM Xab0:a.

—

Pocemomuue snewly
Cayme Lo manTruNd My

Bomewrod sapeia  Boovpand raomon
Puc. 3.2 Bpests

Paccmagyus ey

Japaes T FanmunT My

Bomeimol a3 pea
Pic. 33 g

Pocomganue sl sy
BApME BT STHTLEE MY

Banperod sapuin

B aesy

Puc. 34
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Cam @punMaH paccMaTpuBall TOJIBKO OJIHY MOJEIb, HO MOXHO
yKa3aTb TpPU pa3Hble MOJEIM, AJ KOTOPBIX BBINOJHSIOTCS 00a
dbyHIaMeHTalbHBIX Tpennonoxenus Opuamana. B Mmoxenu nepsoro
tuna (oTkpelToit camuMm Ppunmanom) Bceenennas pacmmpsercs
JIOCTaTOYHO MEIJICHHO AJI TOTO, YTOOBI B CHJIY T'PaBUTAIMOHHOIO
NPUTSDKEHUS MEXJy pa3IuyHbIMM TaJaKTUKaMU  pacUIMpeHue
BceneHHoll 3ameuIsiIOCh U B KOHLIE KOHIIOB Ipekpamanock. [locne
ATOr0 TaJaKTUKM HA4YMHAIOT MNpUOIMXKaTbcs Ipyr K Jpyry, H
Bcenennas HaumHaer cxkumatbed. Ha puc. 3.2 mokaszaHo, Kak
MEHSETCS CO BPEMEHEM pACCTOSIHUE MEXKIY [BYMS COCEIHUMH
rajakTukaMu. OHO BO3pacTaer OT HyJs 10 HEKOEro Makcumyma, a
IIOTOM OIATh NAAAET 10 HyJsi. B Monenu BTOporo Tumna pacupeHue
BcenenHolt mpoucxoauT Tak ObICTpO, YTO TIPaBUTALMOHHOE
IPUTSDKEHUE XOTh M 3aMEUIAeT pPAcIIUpPEHHE, HE MOXKET €ro
octaHoBUTh. Ha puc. 3.3 moka3aHo, KaKk U3MEHSAETCS B 3TOH MOJEIN
paccTositHue Mexay rajaktukamu. KpuBas BBIXOJUT U3 HYyJId, a B
KOHIIE KOHIIOB TajJakTHUKU yAAJISIOTCA JPYr OT Apyra ¢ MOCTOSHHOMN
CcKOpocThl0. EcTh, HaKOHEL, U MOJEIb TPETHETO THUIMA, B KOTOPOH
CKOpPOCTh pacliupeHusi BCemeHHOM TOJIbKO-TOJIBKO TOCTATOYHA JIsS
TOTr0, 4TOOBI U30€KaTh CxKATUA 10 HYJA (koianca). B aTom cinyyae
paccTosiHue MEXIy TajJakTUKaM{ TOXE CHadalla paBHO HYIO (puc.
3.4), a mnorom Bce Bpemsa Bo3pacraeT. lIpaBna, rajlakTHKU
«pazberaroTcs» BCE C MEHbIIEH U MEHbBIIEH CKOPOCThIO, HO OHA
HUKOI'JIa HE MMaJaeT 10 HyJIs.

Mopnens ®@punMaHa MepBOro TUIA YIUBUTEIbHA TEM, YTO B
Heil BeenenHast He 0eCKOHEYHA B IPOCTPAHCTBE, XOTS MPOCTPAHCTBO
HEe wuMeeT TpaHull. ['paBuTanusi HACTOIBKO CHJIbHA, 4YTO
IPOCTPAHCTBO, MCKPUBISACH, 3aMbIKaeTCs C caMHM  co0oii,
ynoaoOisisick  3eMHOM mHoBepxHOCTH. Benb, mnepememiasch B
ONPECIIEHHOM HAIPaBJICHUU MO0 MOBEPXHOCTH 3€MJIM, Bbl HUKOTJA
HE HATOJKHETeCh Ha a0COJIOTHO HEMPEOAOIMMYIO Mperpaay, He
BBIBAJIUTECh YEPE3 Kpail U B KOHLE KOHIOB BEPHETECH B Ty XKE
caMyl0 TOYKYy, OTKyJa BblIuM. B mnepBoit moxenn Ppuamana
IIPOCTPAHCTBO TAaKO€ K€, HO TOJBKO BMECTO JBYX W3MEpPEHUH,
MOBEPXHOCTh 3eMJIM UMEET TpHU H3MepeHus. UeTBepToe U3MepeHue,
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BpEMsl, TOKE€ MMEET KOHEUHYIO NMPOTSIKEHHOCTb, HO OHO IOJ00HO
OTpE3Ky IpPSIMOMW, UMEIOLIEMY Hadajao U KoHel. [lotoMm MBI yBHIUM,
YTO €cClii OOLIyI0 TEOpUI0 OTHOCHUTEIBHOCTH OOBEIUHHUTH C
KBAaHTOBO-MEXaHUYECKUM  IPUHLUIIOM  HEOINPEAEICHHOCTH, TO
OKa)XKeTCs, YTO M IMPOCTPAHCTBO, U BPEMS MOTYT OBITh KOHEUHBIMHU,
HE MMesl IPU 3TOM HU KpaeB, HU TPaHMIL.

Mpeicnip 0 TOM, YTO MOXXHO 00OWTH BOKpYr BceneHHoll u
BEPHYTbCS B TO XK€ MECTO, FOJUTCA JUId HAy4YHOU (paHTacCTUKH, HO HE
UMeeT TMPAKTHYECKOro 3HaueHHs, MO0, KaK MOXHO I[OKa3aTh,
Bcenennas ycneer cxxaTbCs 10 HyJsl 10 OKOHYaHUs 00xoxa. UToObl
BEPHYTbCS B MCXOJHYIO TOUKY O HAcTyIUIEHHs KOHLA BceneHHOM,
OpUILIOCH OBl TMEpeABUTaThbCsi CO CKOPOCTHIO, IPEBbIIIAIONIEH
CKOPOCTB CBETA, & 3TO HEBO3MOKHO!

B nepsoii momenu ®puamana (B koropoil Bcenennas
paclIupsieTcsT M CXKUMAETCs) IPOCTPAHCTBO  MCKPUBIIAETCA,
3aMBIKasiICh caMO Ha ce0s, Kak MOBEpXHOCTh 3emuH. l[loaTomy
pa3Mepbl €ro KOHEe4YHbl. Bo BTOpoH k€ Mozenu, B KOTOpOH
Bcenennas pacmmpsiercss 6€CKOHEYHO, MPOCTPAHCTBO HCKPHUBIIEHO
MHaue, KaK MOBEPXHOCTh ce/uia. TakuM oO6pa3oM, BO BTOPOM ciydae
IpOCTpaHcTBO OeckoHeuHo. HakoHel, B TpeTheil Monenn Opuamana
(c KpUTHYECKOH CKOPOCTBIO PACHIMPEHMsI) MPOCTPAHCTBO ILUIOCKOE
(4, cieoBaTeNbHO, TOXKE OECKOHEUHOE).

Ho kakas xe u3 mozpenert dpuamaHa rogurcs Ui Hallen
Bceenennoit? Ilepectaner nau BceneHHass HakoHEll pacHIMpSATHCS U
HAuyHeT CXKMMAThCS WM Ke OyAeT pacmupstbes BedHo? YUToObI
OTBETUTh Ha 3TOT BOINPOC, HY>KHO 3HATh HBIHEIIHIOK CKOPOCTh
paciinpenusi BceneHHO M ee  CcpeAHIO IUIOTHOCTh. Ecmm
IUIOTHOCTh ~ MEHbIIE  HEKOTOPOro  KPUTUYECKOTO  3HAueHUS,
3aBHUCSIIETO OT CKOPOCTH pACIIMPEHHs, TO TI'PaBUTALMOHHOE
OpUTSDKEHUE  OyJeT  CIMIIKOM — Majlo, 4YTOObl  OCTaHOBUTH
pacumpenue. Ecnu ke IUIOTHOCTH Oouibllle KPUTHYECKOH, TO B
KaKOW-TO MOMEHT B OyJylieM H3-3a TpaBUTALUUA PpacUIMpEeHue
BcenenHol npekpaTUTCs U HAYHETCSl CKATHE.

CeromHsIIHIOI CKOPOCTh pacmupeHus BceneHHOW MOXHO
onpenenuts, udmepss (no 3¢dexry Jlomnepa) cKopocTH yaaieHus
OT HAcC JPYruX TajakTHK. Takue U3MEpeHHs] MO>KHO BBIIOJHUTH
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oueHb TOyHO. Ho paccTosHus 10 Apyrux TajakTUK HaM IUIOXO
U3BECTHBI, IOTOMY YTO UX HEJb3s U3MEPUTh HEMOCPEICTBEHHO. MBI
3HaeM JMIlb, 4TO BceneHHas pacmupsieTcss 3a Kaxayl ThICSIUy
MWIIMOHOB JeT Ha 5-10%. OnpHako HEONmpeaesieHHOCTh B
COBPEMEHHOM 3HA4YCHUU CpeJHEH IUIOTHOCTH DBcenenHon emie
Oonbuie. Eciu clioxuTh Macchl Bcex HaOMIIOJaeMbIX 3BE3/ B Halllel U
JIPYIUX TaJaKTUKax, TO JaXe NPU CaMOW HU3KOW OLICHKE CKOPOCTH
paclIMpeHusi CyMMa OKaXeTcs MeEHbIe OJHOH cOoToi  Toi
IUIOTHOCTH, KOTOpas HeoOXonuma Jjisi TOro, YTOOBI pacUIMpeHHe
Bcenennoit mpekpatmwiocs. OgHako W B Hamled, U B JApPyTUX
rajakTHKax JOJDKHO ObITh MHOTO TEMHOW MaTepUH, KOTOPYIO HEJb3s
BUJIETh HEMOCPEJCTBEHHO, HO O CYIIECTBOBAaHHUM KOTOPOM MBI
y3HaeM IO TOMY, KaK €€ I'PaBUTALlMOHHOE IPUTSIKEHUE BIMSET Ha
opOUTHI 3Be3/1 B rajaktukax. Kpome Toro, rajakTMKd B OCHOBHOM
HaOJII0al0TCS B BUJE CKOIUIEHUHM, W MBI MOKEM aHaJOTMYHBIM
o0pa3oM cpenaTh BBIBOJ O HaJUYMUU elle OOJBIIEro KOJIMYECTBa
MEXTaJaKTUYeCKOH TEMHOM MaTepuu BHYTPH 3THUX CKOIUIEHHUH,
BIIMSIIOUIET0 Ha JBWKeHHe rajakTHK. CIoKuB Maccy Bcell TeMHOM
MaTEpUH, MBI MOIYYUM JIMLIb OJHY JECATYH0 TOrO KOJIMYECTBA,
KOTOpO€ HEOO0XOAMMO JUIsl MpeKpamieHus pacuipenus. Ho Henb3s
UCKJIIIOYUTh BO3MOXKHOCTH CYIIECTBOBAaHUS M KaKOH-TO Apyrou
dbopmbl MaTepun, pacrpeaesiCHHON paBHOMEPHO 10 Bcel BeenenHoi
U elle He 3aperucTpUpOBAHHOM, KOTOpas Morja Obl JIOBECTH
CPEIHIOI0 IUIOTHOCTh BceneHHOW 10 KpPUTHYECKOro 3HauyeHus,
HE00X0IMMOro, YTOObI OCTAaHOBUTH paciupeHue. Takum obpazom,
UMEIOLIMECs] JaHHbIE TOBOPAT O TOM, uTO BceneHHas, BEpOSTHO,
OyzaeT paciupsATbCs BEYHO. ENMHCTBEHHOE, B YeM MOXHO OBITh
COBEpLICHHO YBEPEHHbIM, TaK 3TO B TOM, YTO €CIU C)KaTue
BcenenHoli Bce-Taku MPOU30MAET, TO HUKAK HE PaHbILE, YEM 4YEPE3
JeCSATh THICSY MUJUIMOHOB JIET, MO0 MO KpalHEeH Mepe CTOJBKO
BPEMEHM OHa yxke pacuupserca. Ho 3To He NOIKHO HAac CIHIIKOM
CHWJIBHO TPEBOXKUTh: K TOMY BPEMEHHM, €CJIM Mbl HE MepeceuMcs 3a
npeznensl COTHEYHON CHUCTEMBI, YeJIOBEYECTBa JTaBHO YK€ He Oyer
— oHo yracHeT BMecTe ¢ CosnHiiem!

Bce Bapuantel mozpenu ®puaMana uMmeroT To olliee, 4TO B
KaKOW-TO MOMEHT BPEMEHHM B IPOIUIOM (JIeCATh-ABAALATh ThICAY
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MUJJIMOHOB JIET Ha3aJ]) pAaCCTOSHUE MEXKIY COCEIHUMU raJlaKTUKaMH
JIOJKHO OBLIO paBHATHCS HYyJIIO. B 3TOT MOMEHT, KOTOpBIN
Ha3bIBaeTCsl OOJIBLIMM B3pbIBOM, IJIOTHOCTh BeeneHHOW U KpUBH3HA
MIPOCTPAHCTBA-BPEMEHH JOJIKHBI ObLITH OBITH OECKOHEUHBIMH.

[TockonbKy MaTeMaTUKH peajbHO HE yMEIOT oOpamarbes c
O0ecKOHEYHO OONBIIMMHU BETMYMHAMHU, 3TO O3HAYAET, YTO, COIJIACHO
o011ell TeOpUM OTHOCUTENILHOCTH (Ha KOTOPO OCHOBAHBI PEUICHUS
®punmana), Bo Beenennoit 1omkHa OBITH TOUKA, B KOTOPOM cama 3Ta
Teopusi HempuMmMeHuMma. Takas Todka B MaTEMaTHKE Ha3bIBAETCs
oco0oit (cuHrysspHOi). Bece Hamm HaydHBIE TEOpUM OCHOBAHBI Ha
IIPEIIOJIOKEHNH, 4YTO IIPOCTPAHCTBO-BpEMs TIJIAJKOE U IIOYTH
IUIOCKOE, a MOTOMY BCE 3TU TEOPHH HEBEPHBI B CUHTYJISIPHON TOYKE
OOJIBLIIOTO B3pBIBA, B KOTOPOW KPHUBH3HA IPOCTPAHCTBA-BPEMEHU
o0eckoneuna. CremoBaTeiabHO, JaXe €clid Obl Teped  OOJIbIIUM
B3pPBIBOM IPOUCXOJMIN KaKUe-HUOYIb COOBITHS, N0 HHUM HEJb3s
ObLTI0O OBl CIPOTHO3MPOBATH Oyiyiiee, TaKk KaK B TOYKE OOJBIIOTO
B3pbIBa BO3MOXKHOCTH IPeJICKa3aHus CBEUCH Obl K HYJI0. TOUHO Tak
e, 3Has TOJBKO TO, YTO MPOU3OILIO MOcJie OOJIBIIOrO B3pbIBa (a8 MbI
3HAa€M TOJIBKO 3TO), Mbl HE CMOXEM Y3HaTb, YTO IPOUCXOIWIO J10
Hero. CoObITHS, KOTOpPHIE MPOW3OUUIH 10 OOJIBIIOTO B3pHIBA, HE
MOTYT UMETh HUKAKHX MOCJIEACTBUMN, KACAIOIIMUXCS HAC, U MOITOMY
HE JOJDKHBI (UTYpUpOBaTh B HaydyHOM Mojaenu BceneHHOM.
CnenoBaTenbHO, HYXHO MCKIOYUTh HX M3 MOJEIM M CUMTATh
HA4yaJIoM OTCYETa BPEMEHH MOMEHT OOJIBLIOrO B3pPhIBA.

MpbICb O TOM, YTO y BpeMEHH ObUIO Hayajgo, MHOTHUM He
HPaBUTCSI, BO3MOXHO, TEM, UTO B HEM €CTh HAMEK Ha BMEILATEIbCTBO
OoxecTBeHHBIX cuil. (B To ke Bpems 3a Mojenb OOJBIIOTO B3phIBA
yxBatunach Katonmueckass LlepkoBr u B 1951 r. odunumanbHo
NpOBO3IJacuia, YTO MOJENb OOJbIIOr0 B3pbIBa COIJacyercs ¢
bubnueit). B cBsi3u ¢ 3TUM U3BECTHO HECKOJIBKO MOMBITOK OOOUTHUCH
6e3 Oosbiioro B3peiBa. Haubonplyto noaaepx Ky noxydusaa MoJenb
craronapHoit Beenennoit. Ee aBropamu B 1948 r. Obutn X. bonnu u
T. loynn, GexaBiive U3 OKKYMHPOBAaHHOW HAIMcTaMu ABCTpUH, U
anrnuyanuH @. Xoil, KOTOpblii BO BpeMs BOMHBI paboTall ¢ HUMHU
Haja npobiemoil panuonokauuu. VX uaest cocrosia B TOM, YTO MO
Mepe pazOeraHus rajJakTUK Ha OCBOOOJMBILUXCS MECTaX W3 HOBOT'O
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HETPEPHIBHO POXKIAIOIIETOCsT BEIECTBA BCE BpeMs 00pasyroTcs
HOBbIe TanmakTuku. CienoBaTenbHO, BeeneHHas M0OKHA BBITIISIETh
IIPUMEPHO OJMHAKOBO BO BCE MOMEHTHI BPEMEHHM U BO BCEX TOUKAX
npoctpancTBa. KoHeuHo, /Uisi HEMPephIBHOIO «TBOPEHUS BELIECTBA
TpeboBaach HEKOTOpas MOAM(PHUKAIUS TEOPUU OTHOCUTEIHLHOCTH,
HO HY’)KHasi CKOPOCTb TBOPEHHS OKa3blBalach CTOJb Malioi (oaHa
YacTUIla Ha KyOWMYeCKWd KHUJIOMETp B TOX), YTO HE BO3HHUKAJIO
HUKaKHX MPOTHUBOpPEUM ¢ dKcrepuMeHTOM. CTaloHapHas MOJEb
— 3TO IIPpUMEP XOPOILIEH HAay4YHOH TEOPUH B CMBICIE KPUTEPHUEB
rmaBbl 1: OHa mpocTras W JlaeT ONpeleleHHbIE IpeacKa3aHus,
KOTOpbIE MOXXHO TIpPOBEpsATh IyTeM HaOmoneHuil. OpHo u3 ee
Mpe/ICKa3aHUi TaKOBO: JOJKHO OBITh MOCTOSIHHBIM YHCJO TaJlakKTUK
U JpYTruX aHAJIOTUYHBIX OOBEKTOB B JIIOOOM 3aJaHHOM OOBeMe
IIPOCTPAHCTBA HE3aBUCHUMO OT TOro, Korja MU rie Bo BceneHHoit
npou3BoATcs HaOmoaeHus. B konume 50-x-Haganme 60-x rojoB
acTpoHOMbI U3 KeMOpHKCKOro YHUBEPCUTETA IOJ PYyKOBOJCTBOM
M. Paiina (koTopslii BO BpeMms BoiHBI BMecTe ¢ bonau, I'oynnom u
XOUIOM TOXE 3aHUMAJICA Pa3pabOTKON pPaTUOJIOKAIMK) COCTABUIU
KaTajor HWCTOYHUKOB pPAaJMOBOJIH, MPUXOAAIIMX M3 BHELIHETO
MPOCTPAHCTBA. JTa KEMOPHDKCKAs TPyIINa mokasajna, 9YTo OobImast
4acTh 3TUX PAJAUOMCTOYHHMKOB JOJDKHA HAXOAMTHCS BHE Hamlei
[ManakTuku (MHOTHE UCTOYHUKU MOKHO OBLIO OTOXIECTBUTH J1aXe C
OPYTUMH TaJaKTHKaMH) U, KPOME TOr0, 4YTO CIa0bIX HMCTOYHUKOB
ropa3no  Oombmie, 4em  CuWiIbHBIX.  (CrmalGble  MCTOYHUKH
MHTEPIPETUPOBATINCH KaK Ooyiee yJlaleHHbIE, a CUIbHbIE — KakK Te,
yTo HaxomdaTcs Ommke. Jlamee, okaszajaoch, YTO YHCIO OOBIYHBIX
UCTOYHUKOB B €AMHHUIIE 0O0BbeMa B yJaJIEHHBIX OONacTsaX Oouiblie,
yeM BOJIM3M. DTO MOIJIO O3HA4aTh, YTO MBI HAaXOJIWMCS B IICHTPE
OTpOMHOI oOsiactu BceneHHOHN, B KOTOpPOW MEHbIIE HWCTOYHUKOB,
4yeM B Jipyrux Mectax. Ho, Bo3M0kHO, ObUIO U Ipyroe 00bsCHEHUE: B
MPOILJIOM, KOTJ]a PaIMOBOIHBI HAYaIM CBOM MyTh K HAM, ICTOYHUKOB
Obut0 Oombiie, yem ceifuac. O6a 3TH OOBSCHEHUS MPOTUBOpPEUAT
IIpeJCKa3aHusIM Teopuu craunoHapHoil Bcenennoi. Kpome toro,
MUKPOBOJHOBOE M3iIydeHHue, oOHapyxeHHoe B 1965 r. Ilensunacom u
BuibcoHOM, TOXe yKa3bIBao Ha OOJIBIIYIO IIOTHOCTh BeeneHHoil B
MPOLIJIOM, M TMO3TOMY OT MOJAEIN CTalMOHApHOM BceneHHoi
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IIPUILLIOCH OTKAa3aThCsl.

B 1963 r. nBa coerckux ¢usuka, E. M. Jlupmun u U. M.
XanaTHUKOB, CAENAIN €LI€ OAHY IONBITKY MCKIIOUUTH OOJBIION
B3pbIB, & C HUM U Havano BpemeHH. Jludmun u XamaTHUKOB
BBICKA3aJI TPEAIOIOKEHHE, YTO OOJBIION B3PHIB — OCOOCHHOCTD
b Mozened dpuamana, KOTOpblE B KOHLE KOHLIOB JAOT JIMIIb
npuOIMKeHHOE omKcaHue peanbHo Bceenennoil. He uckiroueno,
YTO M3 BCEX MOJENEH, B KaKOW-TO Mepe OMNMCHIBAIOLIUX
CyHIECTBYIOIIYIO BcelleHHyl0, CHUHTYISPHOCTh B TOYKE OOJBIIOrO
B3pbIBa BO3HHMKAeT ToOJbKO B Mozensax @Ppuamana. CornacHo
®puamany, Bce rajJakTUKU yAAISIOTCS B IPSIMOM HAlpPaBJICHUH APYT
OT JIpyra, 4 I03TOMY BCE€ OHU HaXOAMWJIUCH B 0JIHOM MecTe. OHAKO B
peanbHO cyllecTByrouled BceneHHONM ranakTMKM HHUKOrAa HeE
pacxoAsTcs TOYHO IO MpsAMOW: OOBIYHO y HHX €cTh e€lle u
HEOOJIBIIIME COCTABISIONIME CKOPOCTH, HAlpaBJICHHBIE IOJ YIJIOM.
[ToaToMy Ha camMOM Jiesie rajlakTUKaM He HyKHO HaXOAUTbCS TOUYHO B
OJTHOM MECT€ — JOCTaTO4YHO, YTOObI OHU OBUTH PACHOIO0KEHbI OYECHb
Onu3ko Jpyr K Jpyry. Torga HBIHEUIHSSI —pacIIUpSIIOIIasics
Bcenennast Moria BO3HUKHYTh HE B CHHTYJISIPHON TOYKE OOJBIIOTO
B3pbIBa, a Ha KakoH-HMOynab Oojee paHHEl (asze cxaTusi; MOXKET
ObITh, IPU C)KaTUM BceneHHOH CTOJNIKHYJINCH APYT C APYrOM HE BCe
yactuubl. Kakas-To 101 uX Morya mpoJjieTeTb MUMO APYT Jpyra u
CHOBA pa30WTUCh B pa3HblE CTOPOHBI, B pe3yabTare 4Yero u
MPOUCXOANT HaOMogaemMoe ceivyac pacmmpenue Bceenennoit. Kak
TOTJa OMpEeNeNIuTh, ObUT T HavyalioM BceneHHOW 00bINON B3PHIB?
JIudpmun n XanaTHUKOB 3aHSJIMCh U3YUYEHUEM MOJIEJEH, KOTOpPhIE B
oOmmx ueprax ObutM OBl TOXOXKM Ha Moxaenun @Dpuamana, HO
OTJIMYAJUCh OT (PPHUIMAHOBCKUX TEM, YTO B HHUX YUYUTHIBAIUCH
HEPETyJSIPHOCTA W CIIy4YallHBIM XapakTep peajbHbIX CKOpPOCTEH
rajakTuk Bo Bcenennoil. B pesynbrare Jludpmmn u XamaTHUKOB
MOKa3aJ, YTO B TAKUX MOJENSIX OOJBIION B3PHIB MOT OBITH HAYalIOM
BcenenHoli paxxe B TOM Cily4yae, €CJIM TaJaKTUKA HE BcCerja
pa3beraroTcs MO MPSAMO, MO 3TO MOIJIO BBINOJHATHCSA JIHIIb IS
OY€Hb OrPAHMYEHHOTO0 Kpyra Mojeneil, B KOTOPBIX JIBU)KEHUE
rajJakTHUK TPOUCXOAUT oOmpeAeseHHbIM o0pa3oM. [lockoibky ke
Mojienel ppuaIMaHOBCKOrO THUIA, HE COJEPKalIX OOJBIION B3pBHIB,
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OeckoHeyHO OombpIIe, 4YeM TeX, KOTOpbIe COAEpKaT TaKylo
CUHTYJISIpHOCTb, Jlupmmn u XanaTHUKOB yTBEpXKAald, 4YTO Ha
camoM jene Oosbmioro B3pbiBa HE ObUTO. OIHAKO MO3THEE OHU
HalM ropa3no Oosiee oOmmii kiacc mojened (pUIMaHOBCKOTO
TUTIA, KOTOPBIE COJIEPKAT CHHTYJSPHOCTH U B KOTOPHIX BOBCE HE
TpeOyeTcsl, 4YTOObl TalaKTHUKU JBUTAINCh KAaKUM-TO OCOOBIM
obpazom. [Tostomy B 1970 1. JIndmmn n XanaTHUKOB OTKAa3aJIUCh OT
CBOEH TEOpHUH.

Tem He MeHee ux paboTa UMena OYeHb BaKHOE 3HAUCHHE, KOO
mokaszajia, 4TO €CJIM BepHa oOmas TeopHus OTHOCHUTEILHOCTH, TO
Bcenennas moriia uMeTh 0coOyi0 TOuKy, Oonbmioit B3pbiB. Ho sTa
paboTa HE JaBaia OTBETA Ha TJIABHBIA BOMPOC: CIAEAYET JIU U3 oOmIe
TEOpUU OTHOCUTEIHHOCTH, YTO y BceneHHOW AOMKHO ObLIO OBITH
Hayajo BpeMeHU — O0oJbIIoN B3pbIB? OTBET Ha 3TOT BOMPOC OBLI
MOJTy4YeH MPHU COBEPIUICHHO IPYTOM MOJXOAE, MPEAIOKeHHOM B 1965
I. aHJIMKUCKUM MateMaTtukoM U ¢uzukoM Pomkepom Ilenpoyszom.
Hcxons w3 moBeneHUS CBETOBBIX KOHYCOB B 0OmmIel Teopuu
OTHOCUTEIILHOCTH W TOTO, 4YTO TpaBUTAIIMOHHBIC CHJIBI BCETIa
SBIIAIOTCS cUaMu NpuTshkeHus, [leHpoy3 mokasain, 4To Korja 3Be3/ia
CXKMMaeTcs IOJ JICWCTBHEM COOCTBEHHBIX CHJI TpaBUTAIMH, OHA
OTpaHHYMBACTCS 00JACTHIO, TOBEPXHOCTh KOTOPOI B KOHIIE KOHIIOB
CKUMAETCA 10 HYJsI. A pa3 MOBEPXHOCTb 3TOM 00JIACTU CIKUMAETCS
JI0 HyJIs, TO )K€ caMoe JOJDKHO MPOUCXOAUTh U ¢ ee o0bemoM. Bee
BEIIIECTBO 3Be3/bl OyJEeT CXKAaTO B HYJEBOM O0BEME, TaK 4YTO €e
IUIOTHOCT W KPHBH3HA  TMPOCTPAHCTBA-BPEMEHU  CTAHYT
OeCKOHCYHBIMU. VHBIMU CIIOBaMHU, BO3HHKHET CHHTYJISIPHOCTh B
HEKOell 00IacTH MPOCTPAHCTBA-BPEMEHH, Ha3bIBacMas YEpHOU
JIBIPOIA.

Ha nepBeriii B3risin, 5ta TeopeMa IleHpoy3a OTHOCHUTCS TONBKO
K 3Be3JlaM: B HEW HUYEr0 HE TOBOPUTCS O TOM, HCIBITANIA JIM BCS
Bcenennas B mpomnuiom Oonbmioi B3peiB. B TO Bpems, koraa
[lenpoy3 mokazan CBOIO TeopeMmy, s, OyAy4dH aclipaHTOM, OTYASTHHO
UCKaJl KaKyro-HHOyAb 3aqady, 4yTOOBI 3alIUTHTh IUCCEepTAINio. 3a
JBA Troja 1O O3TOT0 Bpayd IIOCTAaBWIM MHE AHMAarHo3 «OOKOBOWM
aMHOTPO(PUUECKHI CKIEpO3», WIM MOTOpHAst OOJE3Hb HEHPOHOB, U
T TIOHATh, YTO sI MPOTSAHY HE OONbIIe OJHOrO-IBYX JieT. [lpu
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TaKUX OOCTOATENhCTBAX HE OBUIO 0CO00TrO CMbICTa paboTaTh HaJl
nuccepranueii, uobo s He Hajesuica J0XKHUTh J0 ee 3aBepiueHus. Ho
IIPOLLIO /iBa IO/, a Xy’K€ MHE He cTajio. Mou Jena Ui peKpacHo,
U s ObLT MMOMOJIBJIEH C 0YapOBaTEIbHOM JEBYIIKON M0 UMeHH J[eitH
Vaiing. [lng sxeHutsObl MHE TpeboBanack pabora, a 4TOOBI ee
MOJTyYUTh, Hy’Ha Obll1a JOKTOPCKAas CTETEHb.

B 1965 r. s mpouunTan o Teopeme llenpoysa, coriiacHoO KOTOpoi
m000e Teno B MpOLEecce TPaBUTALMOHHOIO KOJIarca JOJKHO B
KOHIIE KOHIIOB CXKaTbCsl B CHHTYJISIPHYIO TOUKY. Bekope s moHsI, 4To
ecmu B TeopeMe [leHpoy3a W3MEHHWTH HalpaBlIeHHE BpPEMEHH Ha
oOpaTHoe, Tak, yTOOBl CXKaTWe MEpelulo B paCHIMpPeHHe, TO 3Ta
Teopema Toke OyJIeT BEepHa, KOJIb CKOpo Bceenennas ceituac XoTs Obl
rpy0o NpHOIMKEHHO ONMUCHIBAETCS B KPYIMHOM MaciuTabe MOJEINbIo
@®punmana. [lo teopeme IleHpoy3a KOHEUHBIM COCTOSIHUEM JIO0OI
KOJIJTAIICUPYIOMIeH 3Be3Abl JOJDKHA OBbITh CHHTYJISIPHOCTB, HpHU
oOpalieHuu BpPEMEHHM 53Ta TeopeMa yTBEP)KAaeT, 4TO B JHO00M
Mojenu  (pUAMAHOBCKOIO  THUIIA  HAYaJbHBIM  COCTOSIHUEM
pacuupsitonieiicss BeeneHHol Toxke M0KHA OBITh CHHTYJISPHOCTb.
[To cooOpaskeHHsIM TEXHHYECKOTo Xapakrepa B Teopemy lleHpoysa
ObUIO BBEIEHO B KauecTBEe yclloBUsl TpeOoBaHue, 4ToObl BeenenHas
Obuta GeckoHeuHa B mpocTpaHcTBe. IlosToMy Ha ocHOBaHMHU 3TOH
TEOPEeMBl S MOT JOKa3aTh JHIIb, YTO CHHTYJISAPHOCTH JOJDKHA
CyILIIeCTBOBaTh, €CIM  pacuipeHue BceneHHOM  mpoucxoaut
JIOCTaTOYHO OBICTPO, YTOOBI HE HAyajoCh MOBTOpPHOE cxkartue (MO0
TOJNBKO  Takue  (pUIMAHOBCKHE  MOJeNu  OECKOHEYHbl B
IIPOCTPAHCTBE).

ITorom s  HeCKONIbKO  JIeT  pa3pabaTbiBal  HOBBIH
MaTeMaTHUYECKUH armapar, KOTOPBIA TO3BOIMI ObI YCTPAHUTH 3TO U
JIpyTue TEXHUYECKHE YCIOBUS U3 TEOpeMbl O HEOOXOAMMOCTU
cunryisipaoctu. B utore B 1970 r. Mb1 ¢ [leHpoy3om Hammcamu
COBMECTHYIO CTaTbi0, B KOTOPOW HAKOHEL JOKa3ald, YTo
CHUHTYJISIPHAsE TOYKa OOJIBIIIOrO B3phIBa JIOJDKHA CYIIECTBOBATb,
OINHUPAsiCh TOJIKO Ha TO, YTO BEepHA 0OIIast TEOpUsi OTHOCUTEIBHOCTU
1 4TO BO BCeneHHON CONEpKUTCS CTOJBKO BEHIECTBA, CKOJIBKO MBI
BuauM. Hama paGoTa BbI3Bana Maccy BO3paXXEHHUH, YAaCTHMYHO CO
CTOPOHBI COBETCKMX YYEHBIX, KOTOPBIE H3-32 TIPUBEPKECHHOCTU
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MapKCUCTCKOW (mIocopuu BEpWIM B HAyYHBIA JETEPMUHHU3M, a
YaCTUYHO MU CO CTOPOHBI Te€X, KTO HE MNPUHUMAI CaMy HJIEIO
CUHTYJISIPHOCTEH KakK HapyILIAIOUIyl0 KpacoTy TEOpUM ONHINTEHHA.
Ho ¢ Mmaremarnueckoil TeOpeMOl HE OYEHb MOCIOPUILb, U TO3TOMY,
Korja paborta ObUTa 3aKOHYEHA, €€ MPUHSIN, W Ceiyac MOYTH BCE
cyuTalT, 4To BceneHHas Bo3HHMKIA B 0c000il TOYKe OOJIBIIOTO
B3pbiBa. [lo MpoHMM CyapOBI MOU NPECTABIECHUS W3MEHWINCh, U
TEMnepb s MbITal0Ch YOeauTh (PU3UKOB B TOM, UTO Ha CaMOM Jieje Mpu
3apoKIeHUM BceneHHON HUKakoW oco0oil Touku He Obuio. B
CJIEIyIOIIMX IJIaBax sl MOKaXy, YTO NP yuyeTe KBAaHTOBBIX 3PPEKTOB
CUHTYJISIPHOCTb MOXKET UCYE3HYTh.

B »r1o0i1 T1aBe MBI BuAEnHM, KaK MEHEE YEM 3a IIOJICTOJICTHS
U3MEHWINCH MPECTaBICHUs JIIoJe o nmpuponae, GopMHUpOBaBLIMECS
HE OAHY TbICcAuy JieT. Hadano 53THUM M3MEHEHMSIM ITOJIOKUIU
OTKpeIToe  XabbiaoM pacumpenue BceeneHHol u co3HaHMe
HE3HAYUTEJIbHOCTH Hallell COOCTBEHHOW IJIAHETHI CPEAU OIPOMHBIX
npoctopoB  Bcenennon. Ilo Mepe TOro Kak MHOXWIHCH
JKCIIEPUMEHTAIIBHBIE M TEOPETUYECKHUE PE3yJbTaThl, CTAHOBUIIOCH
Bce Oonee sicHO, 4To y BceneHHON MOKHO OBITH HaAdaao BO
Bpemenu. Hakonen B 1970 r. mber ¢ IleHpoy3oMm nokazanu 3To,
ucxoAs u3 oO0Iell Teopur OTHOCUTENBHOCTH OiHIITeHHa. W3
HaIIero  JI0Ka3aTejabCTBa  CJIENOBAJIO, 4YTO  oOmas  Teopus
OTHOCHUTEJIBHOCTH MPEJCTaBIsET cOO0I HEMOJIHYI0 TEOpHUIO; B HEH
HET OTBETa HAa BOIIPOC, KaK BO3HMKJIA BceneHHas, moToMy dTO,
COIJIACHO TEOPUHM OTHOCUTEIBHOCTH, BCE (PU3UUYECKHE TEOPUH, B MX
yuclie M OHA caMma, HapylWarwTcsd B TOYKE BO3HUKHOBEHHS
Bcenennoil. OpnHako o0mas Teopusi OTHOCHUTENBHOCTH M HE
IIPETEHAYET Ha POJIb MOJHON TEOPHUH: TEOPEMBI O CUHTYJIIPHOCTH Ha
caMOM [ieJIe YTBEPXKAAIOT JIMIb, YTO HA HEKOEH OYEHb paHHEH
CTaauu pa3BUTHs pa3Mepsl BceneHHOW OBLIM  OYEHb Mabl,
HACTOJIBKO, 4YTO TOTJAa MOIJM OBITh BeChbMa CYyIIECTBEHHBIMU
MenkoMacTaOHble 3((EKThl, KOTOPHIMU 3aHUMAETCS YXKE Ipyras
BenMuaiias teopuss XX Beka — KBaHTOBas MexaHuka. Mrak, B
Hayaime 70-X TOJOB HaM IMPHUIUIOCH B CBOMX HCCIEIOBAHMIX
BcenenHol MepeKIoYUThCs ¢ TEOPUM YPEe3BbIYAHO OOJBILIOrO Ha
TEOpHIO KpailHe Manoro. OToi TeopuH, KBAaHTOBOW MeXaHuKe, OyaeT
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IOCBAIIICHA CIEAyOIlas IJlaBa, a 3aTeM Mbl IEpEeHieM K
0OCY’K/IEHUIO TOTO, KaK 3TH JIBE€ YACTHbIE TEOPUH MOXKHO ObLIO OBl
00BETMHHUTD B €IMHYIO KBAHTOBYIO TEOPHIO TPABUTALIHH.

4. MpunHUMN HeonpeaeneHHOCTU

Ilon BaMAHMEM ycmexa Hay4YHbIX TEOpHH, OCOOEHHO
HBIOTOHOBCKOW TEOPUH TATOTEHMS, Y (paHIy3ckoro ydenoro [Isepa
Jlannaca B Hauane XIX B. BeIpaboTasncs B3rsia Ha BeeneHHyro kak
Ha TIOJHOCTBIO JIETEPMUHHUPOBAHHBIA 00BbeKT. Jlarumac monarai, 4To
JIOJDKEH ~ CYyILIecTBOBaTb HAa0Op HAy4YHbIX 3aKOHOB, KOTOpBIE
no3BOJIAIM  Obl Ipelacka3aTb BCE, YTO MOXET NPOU30HTH BO
BceneHHol, eciiu TONBKO U3BECTHO MOJIHOE ONMUCAHUE €€ COCTOSTHUS
B KakOW-TO MOMEHT BpeMmeHU. Hampumep, eciu Obl MBI 3HAIU
nosiockeHuss CoJIHL@ M IIJIaHET, OTBEYAIOUIME KaKOMY-TO MOMEHTY
BPEMEHH, TO C TIOMOIIbIO 3aKOHOB HpIOTOHa MBI MOTIH OB
BBIUUCIIUTh, B KAKOM COCTOSIHMM OKa3anach Obl CoJHEYHasl cuctema
B JIIOOOM JPYyroil MOMEHT BpeMEHU. B TaHHOM cityyae eTepMUHU3ZM
JIOBOJIBHO OYEBUICH, HO Jlammac momen nanblue, yTBEp:KIas, 4To
CYILIECTBYIOT AHAJIOTMYHBIE 3aKOHBI JUIS BCEro, B TOM YHUCIE U IS
MOBE/ICHNUS YEJIOBEKA.

JIOKTpYHa HAy4YyHOTO JETEPMHUHHM3Ma BCTPETHJIA CHIIBHOE
CONPOTHUBIIEHUE CO CTOPOHBI MHOTHX, IIOYYBCTBOBABILUX, YTO 9THUM
OTpaHUYMBACTCSI CBOOOTHOE BMEUIATENbCTBO bora B Ham Mup; Tem
HE MEeHee 3Ta MJiesl OcTaBajach OOBIYHON HAayyHOM TMIIOTE30M elle B
caMOM Haudaje Hamero Beka. OJHMM M3 MEpPBBIX YKa3aHUM Ha
HEOOXOJUMOCTh OTKa3a OT JETEePMUHU3MA CTald pPe3yjibTaThbl
pacueToB ABYX aHrnuiickux ¢usukoB, [[xoHa Panes u [Dxeiimca
JIkuHCa, U3 KOTOPBIX CJIEI0BAO, YTO TOPSYU OOBEKT THUIIA 3BE3/bI
JOJDKEH BCE BpeMs H3JIydaTh OECKOHEYHO OOJbIIYI0O SHEPTHIO.
CornacHO H3BECTHBIM TOTJa 3aKOHaM, ropsiuee Teao JOJIKHO B
paBHOM Mepe H3ydaTb 3JIEKTPOMAarHWTHBIE BOJHBI BCEX YacTOT
(Hampumep,  pagUOBOJHBI, BUAUMBIA  CBET, PEHTTEHOBCKOE
U3IydyeHue). JTO O03HAYaeT, YTO AOJDKHO M3IIydaTbCs OAMHAKOBOE
KOJIMYECTBO SHEPTUU U B BUJE BOJH C YACTOTAMH OT OJHOTO J0 JIBYX
MUJJINOHOB MWJIJIMOHOB BOJIH B CEKyHAY, U B BUJE BOJIH, YaCTOTHI
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KOTOpPBIX HAaXOASTCS B HMHTEpBaJE OT JBYX N0 TPEX MHLJIHOHOB
MUJUIMOHOB BOJH B CEKyHIY. A TIOCKOJbKY pa3HbIX YacTOT
OCCKOHEYHO MHOTO, TOJHAsl H3Jydaemasl SHEpPTus IOJKHA ObITh
0EeCKOHEYHOM.

YroObl u30aBUTBCA OT OSTOr0 SBHO aOCYypAHOTO BBHIBOJA,
HeMmenkuil ydenoslidi Maxkc Ilmank B 1900 1. mpussin rumoresy,
COTJIACHO KOTOPOM CBET, PEHTI'€HOBCKUE JIyYd M JPYTUe€ BOJIHBI HE
MOTYT HCIIyCKAaThCSl C IPOU3BOJIBHOW MHTEHCHUBHOCTBIO, & JOJIKHBI
UCITyCKAaThCsl TOJBKO HEKUMHU MOpLUMSIMHU, KOTopble [lmank Ha3zBan
kBaHTamu. Kpome toro, Ilnank mpenmnonoxui, 4TO KaKAbld KBAHT
M3JIyYEHHsS] HECET OIMpPEAENIEHHOE KOJIMYECTBO YHEPTUU, KOTOPOE TEM
Oosbllie, YeM BBIILLIE YacTOTa BOJH. Takum 00pa3zom, Mpu JOCTaTOUYHO
BBICOKOM YacTOTE SHEPrusi OJHOTO KBAaHTa MOXET IMPEBBIIATH
MMEIOIIIEECs KOJIUYECTBO SHEPTHUH u, CJIEIOBATEIBHO,
BBICOKOYACTOTHOE  M3JIyYEHHUE  OKaXeTCs  MOJABJICHHBIM, a
WHTEHCHUBHOCTD, C KOTOPOH TEJIO TEPSET YHEPTHUI0, OyIeT KOHEUHO.

'unoresa KBaHTOB MIPEKPACHO corjacoBajiach c
HaOIOJaeMBbIMU 3HAYEHUSIMH WHTCHCHUBHOCTH H3JIYUEHHUS TOPSIUUX
TEJ, HO YTO OHA O3HaYaeT JJis AeTepMUHU3MA, ObUTO HesicHO 110 1926
r., Korja npyrod Hemeukuid yuenblii, Bepuep [Ieiizen0epr,
chopMynUpoBall 3HAMEHUTHIN MPUHIUI HEOMpeAeNeHHOCTH. YTOObI
MpeACKa3aTh, KAKUM OyI€T MOJOKEHHE U CKOPOCTh YaCTHIIBI, HYKHO
YMETb MPOU3BOAUTH TOUHBIE U3MEPEHUS €€ MOJIO0KEHU U CKOPOCTH B
HacTosIIMi MOMeHT. O4EeBUAHO, YTO JJIsi STOTO HAJO0 HAMPABHUTH Ha
yacTUIy cBeT. YacTb CBETOBBIX BOJIH Ha HEW pacceercsi, U TaKUM
00pa3oM MBI OMNpENETUM TOJIOKEHUE YaCTHUIBI B TMPOCTPAHCTBE.
OnHako TOYHOCTH JTOTO H3MepeHuss OyAeT He BbIIIE, YeM
paccTosTHUE MEXAYy TPEOHSIMH BYX COCETHUX BOJIH, U TIOITOMY IS
TOYHOTO U3MEpPEHUS MOJIOKEHUS YaCTHIIbI HEO0XO0IUM
KOpPOTKOBOJIHOBBIN cBeT. CormacHo ke rumote3e [lmanka, cBeT
HEBO3MOKHO HCIIOJIb30BaTh MPOU3BOJIBHO MalbIMU MOPLUSMH, U HE
ObIBa€T MEHBINECH TMOPIIMH, Y€M OJMH KBAaHT. JTOT KBaHT CBETa
BHECET BO3MYUICHME B JIBIDKEHME YACTHUIIBl U HENPEICKa3yemMo
U3MEHUT €€ CKOpocTh. Kpome TOro, 4em TOUHEE U3MEPSIETCS
MOJIOKEHUE, TEM KOpO4Ye JIOJDKHBI OBITH JTMHBI CBETOBBIX BOIH, a
CJIeIOBATENIbHO, TeM OoJibilie OyJeT SHEpPrusi OJHOTO KBaHTA. JTO
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3HAQYHUT, YTO BO3MYIICHHE CKOPOCTH YAaCTHULBI CTaHET OoJblIe.
WHbIMU CIIOBaMHU, Y€M TOYHEE BbI NBITAETECh U3MEPHUTH MOJIOKEHHE
YaCTHUIIBl, TEM MEHEE TOYHBIMH OyIyT H3MEpEHHsS €€ CKOPOCTH, U
HaoOopoT. [I'elizeHOepr moka3ajg, 4YTO HEOIPEACIEHHOCTh B
MOJIO)KEHUU YacTHIbl, YMHOXEHHasi Ha HEONpPEAEIEHHOCTh B C€
CKOPOCTM U Ha €€ Maccy, He MOXXET ObITb MEHbIIE HEKOTOpPOIro
quciia, KOTOPOE Ha3bIBaeTCs ceiuac nocrosiHHoU [1nanka. 3to uucno
HE 3aBUCUT HU OT croco0a, KOTOPBIM H3MEpSIETCs MOJIOKEHUE WIN
CKOPOCTb YacCTHUIbl, HU OT THUMNA 3TOM 4YacCTHLbI, T. €. MPUHIUI
HeomnpeaeneHHoctu ['eiizeHOepra sBnsercs (yHAaMEHTaIbHbIM,
00s13aTeJIbHBIM CBOMCTBOM HAIIET0 MHUpA.

[IpyHUMIT ~ HEONpENEeIeHHOCTH HUMeeT JallekKo  HIyIIue
CJIEJICTBUS, OTHOCAILIMECS K HAIIeMy BOCIPHUATHIO OKPY’KAIOLIETO
mupa. Jlaxke mno mnpomiecTBUM Oosee NATUAECATH JIET MHOTHE
¢miocopsl Tak OKOHYATEIBHO M HE COIJIACUIMCh C HHUMH, U 3TH
CJIEJICTBUS [0 CUX TMOp OCTalTCA NpeaMeToM cropoB. [IpuHimn
HEOIpEAEIEHHOCTH O3Haudajd KoHel MedraMm Jlamnaca o HaydHOH
TEOpUH, KOTOpas JaBaja Obl IOJHOCTHIO JETEPMUHUPOBAHHYIO
Mozens BceneHHoil: B camMoM  Jene, Kak MOXHO TOYHO
IpeJcKa3blBaTh Oynyliee, HE yMmes Jake B HACTOSALIMN MOMEHT
IIPOU3BOJUTH TOYHBIE M3MepeHUs cocTosiHUus Beenennoil! Koneuno,
Mbl MOXEM cebe MpencTaBiIsATh, YTO CYIIECTBYET HEKUH Habop
3aKOHOB, IOJHOCTBIO ONPEIENSAIONIMNA COOBITUS sl KaKOro-TO
CBEPXBECTECTBEHHOI'O CYILECTBA, KOTOPOE CHOCOOHO HabOI01aTh
COBPEMEHHOE COCTOSIHUE BceneHHOM, HUKAaK HE BO3Myllas ee€.
Opnako Takue Mozenu BceeneHHON He MpeCcTaBiIAIOT UHTEpeca JUIs
Hac — IIPOCTBIX cMepTHBIX. Jlyuiie, moxaiyi, BOCIOJIb30BaBIIUCH
TEM MPUHIUIOM «3KOHOMHM», KOTOPBIM Ha3bIBAETCS MPUHIUIIOM
«OoputBel  Oxkama» (Y. Oxkam /1285-1349/ —  auramiickuit
¢unocod. Cyrtp mnpuHmuna «OpuTBbl OKKaMa»: TMOHATHSA, HE
NOJ/Ia0Iecs MPOBEpKE B OMbITE, JOJDKHBI OBITh YAAJCHbl U3
HayKd. — TPUM. pel.) B35Th M BBIPE3aTh BCE IMOJIOXKEHUS TEOPUH,
KOTOpble He mojfaiorcs HabmoneHuro. IlpuHsAB Takoil moaxon,
Bepuep T'eitzen6epr, OpBun llpeaunrep u Ilons dupak B 20-x
rojjax Hallero BeKa MEPECMOTPENN MEXaHWKY M INPUILIM K HOBOH
TEOpUU — KBAHTOBOW MEXaHHKE, B OCHOBY KOTOPOH ObLI MOJIOKEH
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IIPUHIUII HEONPEIEICHHOCTH. B KBAaHTOBOM MEXaHUKE YaCTHULIbI
Oousibllle HE MMEIOT TAKUX OINpPECNICHHBIX M HE 3aBUCSILUX JAPYI OT
JIpyra XapakTepUCTUK, KaK II0JIOKEHUE B IPOCTPAHCTBE U CKOPOCTD,
HEIOCTYNHbIX  Juisi  HaOmoneHus.  Bwmecro  storo  oHu
XapaKTEPU3yIOTCd KBAHTOBBIM COCTOSIHUEM, KOTOPOE IPEACTABIISIET
c000#i HEKY10 KOMOMHAIHIO MTOJIOKEHUSI U CKOPOCTH.

KBanToBas MexaHuKa, BOOOIIE TOBOPS, HE MPEICKA3bIBAET, YTO
HaOro1eHue JIOJIKHO UMETh KaKOH-TO €IMHCTBEHHBIN
ompesieNieHHbId pe3ynbrar. Hao0opoT, OHA MpeacKa3biBacT HEKUI
PSA pa3HBIX PE3yNbTAaTOB U JAAET BEPOATHOCTh Ka)JA0ro U3 HUX. DTO
3HAYUT, 4YTO, BBIIOJIHMB OJHO U TO KE€ HM3MEPEHHUE [UII MHOTUX
O/IMHAKOBBIX CUCTEM, HadaJbHbIE COCTOSHHSA KOTOPBIX COBHAAAIOT,
Mbl Obl OOHApYXWJIM, YTO B OJHOM YHCIIE CIy4yaeB pe3yJbTar
U3MepeHus paBeH A, B 1ipyrom — b u 1. 1. MbI MOeM Ipeckasars,
B CKOJIBKHX NPHUMEPHO ClIydasix pe3yiapTaT Oyaer paBHAThCA A u b,
HO ONPENEIUTh pe3yibTaT KaXKJIOrO0 KOHKPETHOTO HW3MEPEHHUS
HEBO3MOXXHO. TakuM 00pa3oMm, KBaHTOBasi MEXaHUKa BHOCHT B HAyKy
HEW30EKHBI DJIEMEHT HEMPEJACKAa3yeMOCTH WIH CIy4YailHOCTH.
OWHIITEHH BBICTYNWI OYEHb pE3KO IPOTUB OSTOW KOHLEMNIUH,
HECMOTpPSI Ha Ty OIPOMHYKO pOJIb, KOTOPYIO CaM ChITpal B €€
pa3BUTUHU. 3a OTPOMHBIA BKJIJ B KBAaHTOBYIO TEOpPUI0 DWHIITEHHY
obma mpucyxaeHa HoGenesckas mpemusi. Ho oH Hukorga He Mor
COTJIaCUTBHCA C TeM, YTO BeeneHnHoi ynpasiser cinyyai. Bee uyBcTBa
OWHIITeHa HAILIM CBOE BBIPAXKEHHWE B €ro 3HAMEHUTOM
BbIcKa3biBaHUM: «bor He urpaer B koctu». OgHAKO OOJBIIMHCTBO
OCTaJIbHBIX YUYEHbIX OBLIN CKIOHHBI IPUHATH KBAHTOBYIO MEXaHUKY,
[IOTOMY 4YTO OHa IIPEKPaCHO COIJIACOBAIACh C HKCIEPUMEHTOM.
KBaHTOBas MexaHMKa B CaMOM JeJi€ SIBJIAETCS BbIIAIOUIEHCSA TEOPUEH
U JICKUT B OCHOBE IIOYTH BCEH COBPEMEHHOM HAYKH U TEXHHUKHU.
[IpyHUMIIBI KBAaHTOBOM MEXaHMKHU IOJIO)KEHbI B OCHOBY pabOThI
MOJIyIPOBOJHUKOBBIX M HMHTETPAJIBHBIX CXEM, KOTOPBIE SIBIISIFOTCS
BAKHEUIIEH 4YacThl0 TaKMX JJEKTPOHHBIX  YCTPOMCTB, Kak
TEJIEBU30pbl U  JIEKTPOHHO-BBIUMCIMTEIbHBIE MamuHbl. Ha
KBaHTOBOM MEXaHUKE 3MKJIETCS COBPEMEHHAas XUMHUS U OHOJOTHs.
EnuncTBeHHBIE 005aCTH (PU3MKH, KOTOpBIE MOKAa HE HCIOJb3YIOT
JTOJDKHBIM ~ 00pa3oM  KBaHTOBYIO MEXaHUKY, — 3TO  TEOpus
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rpaBUTALIMU M TEOPHSI KPYITHOMACIITA0OHOH CTPYKTYphl BeeneHHOi.

B pae He o gurae

Moefivy v anaduse U goana - Mpefu npomrur engilu, soasa sacem

finom, smaL poususgom Jpge dpges doya dpyaa

He d. 1

HecMmoTpst Ha TO 4TO CBETOBOE M3IIy4EHHE COCTOMT M3 BOJIH,
TE€M HE MEHee, COIIacHO rumnote3e [lnanka, cBeT B KAKOM-TO CMBICIIE
BeZIeT ce0d Tak, Kak OyATO OH 00pa3oBaH YaCTULAMH: M3JIyYeHHE U
MOTJIOUIEHUE CBETa NPOUCXOAMT TOJBKO B BHJAE MOPLUUNA, WU
kBaHTOB. [IpuHuMD *e HeompezneneHHOCTH ['eif3eHOepra roBopuT o
TOM, YTO YaCTHULIBI B KAKOM-TO CMBICIIE BEAYT C€Osl KaK BOJIHBI: OHU
HE HMEIOT OINpEAENEHHOrO0 TIOJIOKEHUST B IPOCTPAHCTBE, a
«pa3MaszaHbl» 110 HEMY C HEKOTOPBIM PacIpeleICeHUEM BEPOSTHOCTH.
B KBaHTOBO-MEXaHMYECKOW TEOPUU UCIOJIB3YETCS COBEPIIEHHO
HOBBIII MaTEMaTUUYECKUI anmapar, KOTOPbIN YK€ HE ONMCBIBAET caM
peasIbHbII MHp Ha OCHOBE IPEICTAaBICHUM O YacTULIaX U BOJHAX; 3TU
MOHATHS MOXXHO TENepb OTHOCUTh TOJBKO K  pe3ysbTaTaM
HaOMroZeHU B 3TOM Mupe. Takum o0pa3oM, B KBAHTOBOM MEXaHHUKE
BO3HUKAET YaCTUYHO-BOJIHOBOM AyalM3M: B OJHUX CIIy4asX YaCTHULIbI
yA0OOHO cyuTaThb BOJIHAMHU, a B JPYTUX JIydllle CYMTATh BOJHBI
gacTuuaMu. M3 3TOro cienyer OoJuH BaKHBIM BBIBOJ: MBI MOXEM
HAOMIOIaTh TaK Ha3blBaeMyI0 MHTEPPEPEHLUI0 MEXIY IBYMs
BOJIHAMH-4acTUllaMU. [ peOHU BOJIH OHOM M3 HUX MOTYT, HallpUMep,
COBIIAJaTh CO BHAAUHAMU Apyroi. Torma gBe BOJHBI raciT Apyr
Jpyra, a He YCWIHBAIOT, CYMMHPYSCh, KaK MOXHO ObLIO OBl
OXHJaTh, B Oojee BbIcOKHE BOJHBI (puc. 4.1). BceM wu3BecTHbIN
npuMep HMHTEeppEepeHMH CBeTa — TEepEIMBAIOLIMECS Ppa3HBIMU
[BETaMU pPaJyTd MbUIbHBIE MY3bIpU. OTO SBICHHE BO3HHUKACT B
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pe3yJibTaTe OTpaXEHUs CBE€Ta OT JBYX ITOBEPXHOCTEW TOHKOM
IUIGHKH BOJbI, KOTOpas oOpa3yeT my3bIpb. benblil cBeT comaepKuT
BCCBO3MOJKHBIC NJIMHLI BOJIH, OTBCYAIOIIMEC PA3HBIM LIBCTAM. FpeGHH
HEKOTOPBIX BOJH, OTPAXXEHHBIX OT OJHOW M3 IOBEPXHOCTEHN
MBIJIBHOM IIJIEHKH, COBITQJAIOT CO BIIAAWHAMHM BOJIH TOM K€ JJIWHEI,
OTPa)KEHHBIX OT BTOPOM MOBEPXHOCTH Iy3bIps. TOrna B OTpaKeHHOM
cBeTe OyIyT OTCYTCTBOBAThH I[BETA, COOTBETCTBYIOIINE 3TUM JITUHAM
BOJIH, U OTPAKEHHBIN CBET OKAYKETCS PA3HOLBETHBIM.
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Puc. 4.2

Wrak, Onaromapss BO3HHMKIIEMY B KBaHTOBOW MEXaHUKE
Qyaqu3My YacTHIBI TOXXE MOTYT HCIBITBIBATE HHTEPQEPEHIIHIO.
[Ilupoko H3BECTHBIH HpHUMEp TaKOH HMHTEp(EepeHLUH YacTHL —
ONBIT C AByMs LIEIsIMH B 3kpaHe (puc. 4.2). PaccmoTpum skpaH, B
KOTOPOM IIpOpe3aHbl JiB€ Y3KHe mNapamienbHele menu. Ilo ogny
CTOPOHY OT 2KpaHa CO LIEISIMH IOMELIEH HCTOUYHUK CBETa KAKOT0-TO
OIpEeNIeIEHHOro0 1BeTa (T. €. ONpe/eIeHHON JUIMHBI BOJIHBI). CBET B
OCHOBHOM II0MAJacT Ha MOBEPXHOCTb JKpaHa, HO HEOOJbIIAs €ro
4acTh Hpoiiner ckBo3b enu. [lanee mpexacraBum ceOe dKpaH Jis
HAOJIIOJICHUS, YCTAaHOBJEHHBIM MO JAPYryld OT HCTOYHUKA CBETa
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CTOpPOHY 3KpaHa cO mensMu. Torna B J0OYI0 TOYKY JKpaHa st
HaOroeHus OyAyT MOIajaTh CBETOBBIE BOJIHBI U3 00eux menei. Ho
paccTosiHue, NMPONIEHHOE CBETOM Yepe3 WLIENM OT HWCTOYHHUKA J10
9KpaHa, Oy1eT, BooOIIe TOBOPsl, Pa3HbIM. DTO 03HAYAET, YTO BOJIHBI,
NPOILEAIINE Yepe3 e, MOMaayT Ha SKpaH B pa3Hou (aze: B OJHUX
MecTax OHHU OyayT OciadiATh APYT Apyra, a B JPyTUX — yCUIIMBATb.
B pesynmprare Ha DJKpaHE TONYYUTCS XapaKTepHas KapTHHA,
COCTaBJIEHHAs! U3 TEMHBIX U CBETJIBIX I10JIOC.

VY IMBUTENBHO, YTO B TOYHOCTH TaKHE K€ IMOJIOCHI BOSHHUKAIOT
Opd 3aMEHE WCTOYHHMKA CBETa WCTOYHUKOM YACTHIl, CKaXeM,
AJIEKTPOHOB, BBUICTAIOIIUX C OIpPEIEJIEHHOW CKOPOCTBIO (3TO
03HAYaeT, YTO UM COOTBETCTBYIOT BOJIHBI OIPEIEICHHOW JIJIHHEI).
OnucanHoe siBJI€HUE TeM 0osiee CTPAHHO, YTO MPU HAJIMYUU TOJIBKO
ONHOW WIETM HHUKAKHE II0JIOCHI HE BO3HUKAIOT M Ha DKpaHe
HOSABISIETCS MNPOCTO OAHOPOJHOE pACHpEeNCHHE 3JIEKTPOHOB.
MosxHo ObUTO OBl MPEANoJIOKHUTh, YTO €Ile OJHA IIEedb MPOCTO
YBEJIIMYUT YHUCIO HJIEKTPOHOB, MOMAJAIOMIUX B KAXKIYI0 TOUKY
9KpaHa, 10 Ha CaMOM JieJe€ H3-3a HUHTEpPPEpEeHIUH YHCIO 3TUX
AJIEKTPOHOB B HEKOTOPBIX MecTax, Hao0OpoT, yMeHblnaetrcs. Eciu
MPOIYCKaTh Yepe3 ILIENIU HO OJHOMY AJIEKTPOHY 3a pa3, TO MOXKHO
ObUTO OBl OXKMIATh, YTO KaXKIBIH U3 HUX MpoiineT Jubo yepe3 oaHy
IeJTb, JIMOO Yepe3 APYTyIo, T. €. OyJeT BeCTH ceds Tak, Kak OyaTo Ta
11€JIb, Yepe3 KOTOPYIO OH MPOIIeN, €TMHCTBEHHAs, U TOT/1a Ha SKpaHe
JOJKHO BO3HUKHYTh OJHOpOAHOE pacnpezaeneHue. OpHako Ha
caMOM Jielleé TOJIOChl MOSBISIOTCS Jake B TOM Ciydae, Korja
AIIEKTPOHBI BBIMYCKAIOTCS TO omHOMY. CremoBaTenbHO, KaXkKIbId
AJIEKTPOH JI0JIKEH MPOXOAUTH cpa3y dyepes o0e mienn!

SIBnenne WHTEP(EPEHIMM YAaCTUI[ CTAO PEHIAIONINM IS
HAIllero [OHMMAaHMUS CTPYKTYpbl aTOMOB, T€X MeJbYalIInx
«KHPIHYUKOBY», KOTOPBIE PACCMATPHBAIOTCS B XUMUHM U OWOJIOTHH U
U3 KOTOPBIX IMOCTPOEHBI Mbl CAMU M BCE BOKpYT Hac. B Hauase Beka
CUMTAJIOCh, YTO aTOMbI MOAOOHBI CONHEYHOU CHUCTEME: JIEKTPOHBI
(yacTULBl, HECYIIUE OTPHULATENIBHBIA SJICKTPUUYECKUN 3apsn), Kak
rutaHeTsl BOKpyr CoiHIIa, BpAIIalOTCs BOKPYT PACIOIOKEHHOTO B
LEHTpe spa, 3apsDKEHHOro MojokuTenbHo. [Ipennonaranoch, uTo
AIIEKTPOHBI YACPKUBAIOTCS HAa OPOUTAX CHIIAMH TPUTDKEHHUS MEKIY
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MOJIOKUTEIBHBIMU U OTPULIATEILHBIMU 3apsilaMi aHAJIOTUYHO TOMY,
KaK TpaBUTAIIMOHHOE MpUTshKeHHEe MKy COJHIIEM U IUIaHeTaMUu He
JAeT TUTAaHeTaM YUTH ¢ OpOHT. DTO OOBSCHEHHE HATAIKHBAIOCH Ha
CIEIyIONIYI0 TPYAHOCTb: JO TOSBICHUS KBAHTOBON MEXaHHUKH
3aKOHBI MEXAHUKH U AJIEKTPUUECTBA MPECKA3BIBAIH, YTO 3JIEKTPOHBI
TOJIKHBI TEPATh SHEPTHUIO, a M3-3a 3TOTO JABHUraThCS MO CIUpAIU K
[EHTPY aToMa U MaJaTh HA AAPO. DTO O3HAYAIO Obl, YTO aTOMBI, a C
HUMHU, KOHEUHO, U BCSI MaTepusl JOKHBI OBICTPO CKOJIJIANICUPOBATh B
COCTOSIHME C OYE€Hb BBICOKOM IUIOTHOCTBIO. YaCTHOE pEIIEHUE ITOU
npobsnembl Hamen B 1913 r. garckuit yuensii Hunbce bop. Bop
MOCTYJIMPOBAJI, YTO AJIGKTPOHBI MOTYT JBUTaThCS HE TO JIIOOBIM
opOuTaM, a TOJIBKO TIO TEM, KOTOpBIE JieKaT Ha HEKOTOPHIX
OTIpEICNIEHHBIX PACCTOSHUAX OT LIEHTPAIbHOTO siapa. Ecnu Ob1 6bU10
CICaHO W TIPEIIOJIOKEHHUE O TOM, YTO Ha KaKJOW TaKol opouTe
MOTYT HaXOAMTHCA TOJBKO OJWH WIIU JBA 3JEKTPOHA, TO Mpobdiema
KoJtanca aroma Opiia Obl pellieHa, MOTOMY YTO TOT/A AJIEKTPOHBI,
JBUTASICh TIO CIIUPATIU K LIEHTPY, MOTJIH ObI JIUIIb 3aMIOJIHUTH OPOUTHI
C MUHUMAJIbHBIMU PaJINyCaMH U SHEPTHSIMHU.

OTa MOJAENb MPEKPacHO OOBACHANIA CTPOSHUE MPOCTEHIIero
aToMa — aToOMa BOJIOpPOJia, Y KOTOPOTO BOKPYT siipa BpallaeTcs
BCEr0 OJMH DJIEKTPOH. bBbIIO, OJHAKO, HEMOHSATHO, KaK TOT K€
MOAXOJ PACTIPOCTPAHUTH Ha OoJiee ClIoXKHBIE aToMbl. Kpome ToroO,
MPEINoNoKeHne 00 OrpaHUMYEHHOM YHCIE Pa3pelieHHBIX OpOUT
BBITJISZICTIO BECbMa TPOW3BOJIBHBIM. Ty TPYAHOCTH pa3peninia
HOBasi TEOpUsi — KBaHTOBasg MexaHuka. OKaszalloch, UYTO 3JIEKTPOH,
BpaIIAIONIUNCA BOKPYT s/Ipa, MOXKHO TPEJICTaBUTh ce0e Kak BOJIHY,
JUTMHA KOTOPOHM 3aBHCHT OT €€ CKOPOCTH. BIIONIb HEKOTOPBIX OpOUT
YKJIQJbIBAeTCs 1esioe (a He APOOHOE) YHCIIO JUTMH BOJIH JJIEKTPOHA.
[Tpu MBMXKEHUU IO STUM OpOUTaM IpeOHU BOJIH OKAXXKYTCS B OTHOM U
TOM JK€ MECTE€ Ha KaXIOM BHUTKE, M TI03TOMY BOJHBI OyIyT
CKIIQJIBIBAThCS;  Takue  OpOUTHI  OTHOCATCA K  OOPOBCKUM
paspenieHHsIM opOuTamM. A s TeX OpOUT, BIOJb KOTOPBIX HE
VKJIQBIBAETCS 1EJI0€ YHCTIO JUTHH BOJH AJIEKTPOHA, KaXKIbI rpeOeHb
no Mepe oOpaleHus:  IEKTPOHOB  PaHO WM  IO3JHO
CKOMIICHCHpYETCSl ~ BHNAAMHOW; Takue opOuTel HE  OyayT
pa3penieHHbIMH.
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AmepukaHckuid  yueHsld Puuapny  ®elinmMaH  nmpuayman
KpacuBbIi  CIOCOO, KOTOpBIM JaeT BO3MOXHOCTh  HArJsAHO
NpeACTaBUTh cede ayanu3M BojHa-dacTuia. PDeilHMaH BBEN Tak
Ha3bIBAEMOE CYMMHUPOBAHHME IO TpaeKTopusiM. B »Tom moaxozae B
OTJIMYME  OT  KJACCHYECKOM, HEKBAaHTOBOW  TEOpUM  HET
NPEANOJOXKEHHsT O  TOM, YTO YacTHIAa JIOJDKHAa  HUMETh
OJIHY-€JUHCTBEHHYIO TpPAaeKTOPUIO B IPOCTPAHCTBE-BPEMEHH, a
HA00OpOT, CYMTAETCA, YTO YacTUIIA MOXKET mepemMeniarbes u3 A B b
no J000My BO3MOXHOMY TyTH. C KaXXI0M TpaeKTOpHel CBsI3aHbI
JIBa YHCIA: OJHO M3 HHUX OIMCBHIBAET pa3Mepbl BOJHBI, a JPyroe
OTBEYAET €€ MOJOXKEHUIO B LUKIE (rpebeHb Wi BhaauHa). YToObI
ONPEAEIUTh BEPOSTHOCTU Nepexoa u3 A B b, HaJl0 CIIOKUTH BOJTHBI
JUI BCEX ITHX TpaeKTopuid. Eciu cpaBHUTH MEXIy cOOOH HECKOIBKO
COCEJTHUX TPAEKTOPUM, TO X (pa3bl, UM MOJOKEHUS B IIUKIE, OyayT
CWJIBHO pa3iuyarbCsi. OTO 3HAYUT, YTO BOJIHBI, COOTBETCTBYIOILIUE
TaKUM TPAaEeKTOPHSIM, OyIyT MOYTH IMOJIHOCTbIO TacUTh APYr Jpyra.
OpHako JUIsl HEKOTOPBIX CEMEHCTB COCETHUX TPaeKTOpUi ¢a3bl mpu
Nepexo/ie OT TPACKTOPUM K TPAEKTOPUHU OYyIyT Majio MEHSThCS, U
COOTBETCTBYIOIIIUE UM BOJHBI HE CKOMIICHCUPYIOT Ipyr Jpyra.
Takue TpaeKTopuH OTHOCATCS K OOPOBCKUM pa3pelIeHHBIM OpOUTaM.

OcCHOBBIBasICb Ha TaKWX NPEACTABICHUSX, 3alUCaHHBIX B
KOHKPETHOM MAaT€MaTH4YE€CKOM BHUJE, MOXKHO OBLIO TIO CPAaBHUTEIBHO
IOPOCTOIl CcXeMe BBIYMCIUTH pa3pelieHHble OpOuTHl Ui Oosee
CJIOKHBIX aTOMOB U JaXe I MOJIEKYJI, COCTOSIIIIUX M3 HECKOJIBKUX
aTOMOB, KOTOpBIE JEp)KaTcid BMECTE 3a CYET OJJIEKTPOHOB, YbH
opOUTHl OXBaThIBalOT Oosblie oAHOro sjapa. Ilockonbky crpoeHue
MOJIEKYJI W TPOUCXOIAIIME MEXAY HUMU PpEaKUUU SBISAIOTCS
OCHOBOM BCEW XMMHH M BCEH OHOJIOTMH, KBAaHTOBas MEXaHHKA B
NPUHIUIE TO3BOJIAET MPEJCKa3aTh BCE, YTO Mbl BUJUM BOKPYT ce0s,
C TOYHOCTBIO, KOTOPYH) JONYCKAaeT MNPHUHIMI HEONPENEICHHOCTH.
(ITpaBma, Ha mpaKTUKE pacyeTbl CUCTEM, COJEPKALIMX MHOIO
AIIEKTPOHOB, OKa3bIBAKOTCS HACTOJIBKO CJIOKHBIMH, YTO IPOU3BECTH
UX IIPOCTO HEBO3MOXHO).

Kpynnomacmrabnas crpykrypa Bcenennoif, mo-Buaumomy,
MNOJUUHSETCS OOIIeH TEOpHUHM OTHOCUTENBHOCTH OHHIUTEHHA. OTa
TEOpUA Ha3bIBAETCA KJIACCUYECKOM, MOTOMYy 4YTO B HEW HeE
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YUUTHIBAETCS KBAaHTOBO-MEXaHUYECKHUI IPUHLIAIT
HEOIPECIEHHOCTH, KOTOPbIi  HEOOXOAMMO  YYMTBHIBATh IS
COrJIacOBaHUsl C JPYIMMHM TeopusMH. Mbl K€ He BCTyHaem B
IPOTUBOPEUYHE C pe3yJbTaTaMH HAOJMIOACHUN M3-3a TOTrO, 4YTO BCE
IPaBUTALIMOHHBIE TIOJIS, C KOTOPBIMH OOBIYHO MPUXOAMTCS HUMEThH
JIeN0, SBNAIOTCA O4eHb ciadbiMu. OJHaKO, COIJIaCHO TeopeMaM O
CUHTYJISIPHOCTH, O KOTOPBIX TOBOPWJIOCH BBIIIE, I'PAaBUTALMOHHOE
I10JIE JOJKHO CTAHOBUTBCSI OUYEHBb CHIIBHBIM 110 KpailHEW Mepe B IBYX
CUTYyaIMsIX: B CIIy4ae YEpHBIX JIBIP U B CiIy4ae O0JbIIOro B3pbiBa. B
TaKUX CHJIBHBIX MOJSX JOJKHBI OBITh CYIIECTBEHHBIMH KBAaHTOBbBIE
spdexTel.  CnemoBaTenbHO,  Kilaccuyeckas — oOmias — Teopus
OTHOCUTENIbHOCTH, TMpEACKa3aB TOYKH, B KOTOPHIX IUIOTHOCTh
CTaHOBUTCS OECKOHEYHOM, B KAKOM-TO CMBICJIE cama IMpeJipeKsia CBOe
MOopaXeHHWEe B TOYHOCTH TaK XKe, Kak Kiaccuuyeckas (T. e.
HEKBAHTOBAs) MEXaHUKa oOpekya cebsi Ha MpoBaj 3aKIIOYCHHUEM O
TOM, YTO aTOMbI JOJKHBI KOJUJIAIICUPOBAaTh, MOKA UX IJIOTHOCTH HE
cTaHeT OeCKOHEYHOH. Y Hac ele HeT MOJHON Teopuu, B KOTOPOH
oOmiasi Teopuss OTHOCUTEIBHOCTH Oblla Obl HENPOTUBOPEUUBO
00beIMHEHa C KBAHTOBOM MEXaHUKOM, HO 3aTO Mbl 3HA€M KOE-KaKHe
cBoMcTBa Oyaymiel Teopur. O TOM, 9TO BBHITEKAET M3 ITUX CBOICTB B
OTHOLLICHUM YEPHBIX JbIp U OOJIBIIOrO B3pPbIBA, Mbl IIOIOBOPUM B
MOCHEAYIONX riaBax. A cedyac 3aiMeMCS CaMbIMH TOCIEIHUMH
HOMBITKAMU O0BETMHEHUSI HAIIUX IMPEJICTaBIeHHH 000 BCeX APYrux
CUJIaX IPUPOJIBI B OJIHY, €AUHYIO KBAHTOBYIO TEOPHUIO.

5. dnemeHTapHbIe YacTUubl U cunbl B Npupoae

ApucroTenb cuuTali, 4YTo BEeWEeCcTBO BO BceneHHol cocTout u3
YEThIPEX OCHOBHBIX 3JIEMEHTOB — 3€MJIM, BO3/lyXa, OTHS M BOJIbI, Ha
KOTOpBIE JEUCTBYIOT JBE CWIbL: CHJIA TSDKECTH, BIEKYILUAs 3EMIIKO U
BOJly BHU3, M CHJIAa JIETKOCTH, MOJ ACHCTBUEM KOTOPOW OrOHb M
BO3AYyX CTpeMsATCA BBepX. TakoW moaxoa K CTpoeHuro BceneHHow,
KOrJja BCE AEJMUTCSA Ha BELIECTBO M CHUJIbI, COXPAHSETCA U MO CEu
JICHb.

[To ApucroTento, BEIMIECTBO HEMPEPHIBHO, T. €. JIIOOOH KyCOK
BelIeCTBa MOYKHO OECKOHEYHO JPOOHTH HAa BCE MEHBIIINE U MEHBIITUE
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KYCOYKH, TaK U HE JOUASA A0 TAKOM KPOIIEYHON KPYNUHKH, KOTOPAs
nanplie Obl yke He aenuiack. OIHaKo HEeKOTOpbIe JPYTrHUe rpeyecKue
dunocodrl, Hanpumep JeMOKPHUT, MPUACPKUBAIUCH MHEHHS, YTO
Marepusi 0 CBOEW MPUPOJE UMEET 3€PHUCTYIO0 CTPYKTYpy U BCE B
MHUPE COCTOUT U3 OOJIBIIIOTO YHCIIA PA3HBIX aTOMOB (TPEYECKOe CI0BO
«arom» o3HavyaeT HexenuMmsblif). Ilpoxomunu Beka, HO cmop
npojobKancss 0e3 BCAKHX pEaTbHBIX JOKAa3aTeNIbCTB, KOTOPHIE
MOJATBEpKIainu Obl MPAaBOTY TOW WU Apyroi croponsl. Hakoner, B
1803 r. anrnuiickuii xumuk u ¢uszuk J[>xoH JanbTOH MOKa3ai, 4To
TOT (aKT, YTO XMMHUYECKHE BEIIECTBA BCErAa COCAMHSIIOTCA B
OTIPEICNIEHHBIX MPOMOPIHIX, MOXKHO OOBSICHUTD, MPEANOIOKHUB, YTO
aTOMBl ~ OOBCNMHSIIOTCS B  TPYNIBI, KOTOPHIE  HA3BIBAIOTCS
MosiekysiamMu. OJHAKO 10 Hayaja Hallero BeKa CIOp MEXAY ABYMs
IIKOJIAaMH TaK U HEe ObUI PEIICH B TOJb3Yy aTOMHUCTOB. B pa3penienue
ATOr0 CIOpa OYEHb BAXKHBIN BKIJIAJl BHEC DUHILITENHH. B cBOEil cTaThe,
HanucaHHo! B 1905 r., 32 HECKOIBKO HEJENb 10 3HAMEHUTON paboThI
0 CIIELHUATILHOM TEOPUH OTHOCUTENIBHOCTH, DUHIITEHH yKa3al Ha To,
YTO SIBJICHHE, HOCSIIEe Ha3BaHWE OPOYHOBCKOTO JIBYDKCHHS, —
HEPETYJSIPHOE, XaOTUYECKOE JBWKCHHE MEJbYaWIIUX YaCTHUEK,
B3BCIIEHHBIX B BOJIE, — MOXKHO OOBSICHUTH yJapaMH aTOMOB
KUAKOCTU 00 ATH YACTHUKH.

K Tomy BpemMeHH yxke HMEIHCh HEKOTOPhIE OCHOBAHHUS
MOAYMBIBAaTh O TOM, YTO M aTOMBbI TOKE HE HeleluMbl. Heckonbkumu
rogamu pasnbmie Jx. Jxk. Tomcon w3 TpuHuTH-KOIIETXa B
KeMOpuke OTKpBUI HOBYIO YACTHUIy MAaTepUH — dJEKTPOH, Macca
KOTOPOTO MEHBIIIE OJHOW THICSTYHOM MACChl CAMOIO JIETKOTO aToMa.
DKcnepuMeHTalbHasi yCTaHOBKAa TOMCOHa HEMHOr0 HamoMHUHaa
COBPEMEHHBIN TEJIEBU3UOHHBI KHMHECKOI. PackalleHHas nokpacHa
METAJUINYECKasl HUTh CIIY>KWJIa ICTOYHUKOM 3JIEKTPOHOB. I1oCcKkoIbKy
AJEKTPOHBI  3apsHKEHBbl  OTPHUIATEIBHO, OHHM  YCKOPSUIUCh B
AJEKTPUYECKOM MOJIE M JBUTAIUCH B CTOPOHY 3KpaHa, MOKPBITOIO
cioem momuHOQopa. Korma snexTpoHsl majgaivd Ha SKpaH, HA HEM
BO3HMKAQJIM BCHBIIMIKA CBeTa. BCKOpe CTajlo NOHATHO, 4YTO 3THU
AJIEKTPOHBI TOJHKHBI BBUIETAaTh U3 aTOMOB, U B 1911 r. anrnmiickuii
¢busuk OpHCT Pesepdopn HakoHel AoKaszal, YTO aTOMBI BEIIeCTBA
JIEHCTBUTENILHO 00JIa/Ial0T BHYTPEHHEH CTPYKTYpPOM: OHU COCTOSIT U3
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KPOILLEYHOI'O MOJIOXKUTEIBHO 3apsSHKEHHOIO Apa U BpAIIAIOIIUXCS
BOKpPYI' I€ro eKTpoHOB. Pe3epdopa mpuien Kk 3TOMY BBIBOLY,
u3ydas, KaKk OTKJIOHSIOTCS  anb(a-4acTUIbl  (MOJIOKUTEITHEHO
3apsSOKCHHBIE YaCTUIBl, HUCILyCKa€MbIE aTOMaMHU pPaJUOAKTHBHBIX
BELIECTB) [IPU CTOJIKHOBEHUHU C aTOMaMH.

Baauane nymanu, 4to sOpoO aromMa COCTOUT U3 DIIEKTPOHOB U
MIOJIO’KUTENBHO 3apsyKEHHBIX YaCTHIL, KOTOPHIE Ha3BaJld NPOTOHAMH
(OT Ipedeckoro CjlIOBO «IPOTOC» — MEPBUYHBINA), MOTOMY 4YTO
NPOTOHBl CYHTAIUCh TEMH (YHAAMEHTAIBHBIMU OJIOKAMH, U3
KOTOpBIX cocTouT Mmartepus. Omgnako B 1932 1. [Ixeitmc YenBuk,
koitera  Pesepdpopna mno  KemOpumkckomMy — yHUBEpPCHUTETY,
OOHapy»WJ, 4YTO B SIp€ HUMEIOTCS €lle M Jpyrue 4YacTUlbl —
HEHUTPOHBI, Macca KOTOpBIX IOYTH paBHa Macce IPOTOHA, HO
KOTOpBIE HE 3apsKeHbl. 3a 3TO OTKpbiTHE YenBuk ObUT yI0CTOEH
HoGenesckoii [IpeMHUH u BBIOpaH [JIaBOU
KouBmwmn-aaa-Kaityc-xomnemka  KeMOpumKCKOro  yHHUBEpPCHUTETA
(komemx, B KOTOpOM s ceiiuac paborato). [lorom emy mpuiiock
OTKa3aThCsl OT ATOTO MOCTa U3-3a Pa3HOINIAcUil ¢ COTpyaHUKaMH. B
KOJUIEJPKE  TIOCTOSHHO IPOMCXOAWIM  0’KECTOYEHHBIE  CIIOPBI,
KOTOpbIE HauyalWChb C TEX TMOp, Kak Tocjie BOHHBI Ipymmna
BEPHYBILEHCS MOJIOAEKH IPOrojocoBaja IMPOTUB TOr0, YTOOBI
CTapble COTPYAHMKH OCTABAJIMCh HAa CBOUX JOJDKHOCTSIX, KOTOPbIE
OHHM YK€ MHOTO JIET 3aHUMaJIH. Bce 3To mporcxoauio eue 10 MEeHs;
s Havyay padoTaTh B Koyuiemxke B 1965 T. m 3actay camblii KOHEIT
00opbOBI, KOTJa JApYroi rIjlaBa KoJulelka, HOOENIEeBCKHH Jaypear
Hesut MoTT, BeIHYX/I€H ObLT TOXKE YITH B OTCTaBKY.

Eme ner aBanuate Ha3aj MPOTOHBI M HEHUTPOHBI CUHUTAIKCH
«3JIEMEHTAPHBIMU» YacTULIAMU, HO 9KCIIEPUMEHTHI 1o
B3aMMOJCHCTBUIO IIPOTOHOB U  DJIEKTPOHOB, JABIDKYIIMXCSH C
OO0JBIIMMHU CKOPOCTSIMH, C MPOTOHAMU MOKAa3aJH, YTO Ha CAMOM JIeJie
IOPOTOHBl COCTOAT M3 eme Oosiee MEIKUX dYacTul. Mioppei
I'enn-Mann, Tteopetuk u3 KanupopHulcCKOro TeXHOIOIMYECKOTO
WHCTUTYTa, Ha3BaJl »d3TU 4YacTUlbl KBapkamu. B 1969 r. 3a
uccienoBaHue kBapkoB [emn-Mann Obutl ynoctoeH HoOeneBckoit
npemud. Ha3Banue «xBapk» B34TO U3 3ayMHOM CTUXOTBOPHOH
ctpoku Jlxelimca Jlxoiica: «Tpu kBapka i mactepa Mapka!». Ilo



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 76

uzee, ciaoBo quark TOMmKHO MPOU3HOCUTHCS TakK ke, Kak CIOBO quart
(kyopT), B KoTOpoii OykBa t Ha KOHIIe 3aMeHEHa OykBoW k, HO
0OBIYHO €T0 MPOU3HOCAT TaK, YTO OHO pupmyeTcs co cioBoM lark.

N3BectHO HECKOJIBKO Pa3HOBHIHOCTEN KBapKOB:
MpEaIonaraoT, 4YTO CYLIECTBYeT [0 KpallHEed Mepe MLIECTh
«apoMaToB», KOTOPBIM OTBEYAIOT U-KBAapK, d-KBapK, CTpaHHBIH
KBapK, OYapOBAaHHBIA KBapK, b-kBapk M t-kBapk. KBapk Kakmoro
«apomarta» MOXXET OBITh eIle M TPeX «IBETOB» — KpPacHOTo,
3eneHoro u cuHero. (CnegyeT MNOAYEPKHYTb, UYTO ATO MPOCTO
0003HaueHHs, TaK KaKk pa3Mep KBAPKOB 3HAUYNTEILHO MEHBIIE JITHHBI
BOJIHBI BUJTUMOI'O CBETA U MOITOMY I[BETa B OOBIYHOM CMBICIIE CJIOBA
y HHX HeT. [lemo mpocto B TOM, YTO COBPEMEHHBIM (pH3HKaM
HPaBUTCSl MPUAYMbIBaTh Ha3BaHUS HOBBIX YaCTHUI] U SIBJICHUH, HE
orpaHuuuBas Oo0Jbllle CBOIO (AHTA3UI0 TPEUECKUM alpaBUTOM).
ITpoTOH M HEHTPOH COCTOAT M3 TpeX KBApKOB pa3HBIX «LBETOB». B
MPOTOHE COJIEPIKUTCS JIBa U-KBapKa U OAWH d-KBapK, B HEUTpOHE —
nBa d-kBapka M OJIMH U-KBapK. YacTuibl MOXXHO CTPOMTb M U3
JIpYruX KBapKoOB (CTPaHHOIO, O4yapoBaHHOro, b u t), HO Bce 3Tu
KBapKu 005a7al0T ropaszqo Oosbliedl Maccoil W O4eHb OBICTPO
pacmnagarTcs Ha TPOTOHBI U HEUTPOHBI.

Mpbl yXe 3HaeM, 4TO HHM aTOMbl, HHU HaXOJIIUECs BHYTPH
aToMma IMPOTOHBI C HEUTPOHAMH HE SIBIISTIOTCS HEJISIMMBIMU, a TIOTOMY
BO3HMKAEeT BOIPOC: YTO K€ TAaKOE HACTOSIIUE 3JIeMEHTapHbIE
YacTUIBl — TE€ WCXOJHBIC KUPIHUYH, M3 KOTOPBIX BCE COCTOMUT?
[TockonbKy AJIMHBI CBETOBBIX BOJIH CYIIECTBEHHO OOJIbIIE Pa3MEPOB
aToMa, y Hac HET HAaJCKIbl «yBHIETH» COCTAaBHBIE YacTH aToMa
0OBbIYHBIM criocoOoM. [y 3TOH 1enu HeoOXOAMMBI 3HAUYUTEIHHO
MEHBIIIUE JUTUHBI BOJNH. B mpenpimymiei TiaBe Mbl y3HAIHW, 9TO,
COIVIACHO KBAHTOBOM MEXaHMKE, BCE YACTHMIIbI Ha CaMoOM Jiene
SBIISTIOTCSI €Ile M BOJHAMU W YEM BBIIIE DHEPTUS YaCTHUIIBI, TEM
MEHbIIIE COOTBETCTBYIOIIAS JUIMHA BOJHBL. Takum oOpa3oMm, Hall
OTBET Ha IIOCTABJICHHBIA BOMPOC 3aBUCUT OT TOTO, HACKOJIBKO
BBICOKA DSHEPrUsl YacTUL, HMMEIOIIMXCS B HAIleM pacHOpsDKEHHH,
MOTOMY YTO €0 ONpeeNsieTcss HACKOIBKO Maj MacmTald TeX JJIHH,
KOTOpbIE MBI CMOKe€M HabOmoAaTb. EAMHUIBI, B KOTOPBIX OOBIYHO
U3MEPSETCS DJHEPrHsl YacTUIl, HAa3bIBAIOTCS AJIEKTPOHBOJBTAMH.
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(TomcoH B CBOMX OJKCHEPUMEHTax MJs YCKOPEHHUS 3JIEKTPOHOB
HCIIOJIB30BaJ 3JEKTPUUYECKOE MOJIE. DIEKTPOHBOJIBT — 3TO 3HEPIus,
KOTOPYIO MIPHOOPETAET AIIEKTPOH B AIEKTPUUECKOM T10JI€ BETUIUHON
1 BosbT). B XIX B., KOTJIa yMENHM KCIOIB30BaTh TOJBKO YACTHUIIBI C
SHEPrUsIMU B HECKOJIBKO 3JIEKTPOHBOJIBT, BBIICISIOUIUMUCS B
XUMUYECKUX PEaKIUSAX TUIA TOPEHUsS, aTOMbl CUHUTAJIUCh CaAMBIMHU
MEJIKMMH YacTsMHu MaTepuu. B skcniepumentax Pesepdopaa sneprun
anb(a-yacTHll COCTABJSUIM MWJUTMOHBI DJIEKTPOHBOJBT. 3aTE€M MBI
HAayuyWINCh C IIOMOULIbIO 3JEKTPOMAarHUTHBIX TOJEH pPa3roHATh
YacTULIbl CHAayala 0 SHEPruil B MWUIMOHBI, a MMOTOM U B THICSAYHU
MUJUTMOHOB 3JIEKTPOHBOJIBT. Tak MbI y3HaJu, 4YTO YACTHULbI, KOTOPBIE
JBajlaTh JET Ha3aJl CUMUTAINCh AJIIEMEHTAapHBIMU, Ha CaMOM Jelie
COCTOST M3 MEHBIIMX YacTUL. A 4YTO €CIIM IpU NEPEXo]e K elle
0oJiee BBICOKUM HHEPrHUsIM OKa)KeTCsl, YTO U 3TU MEHbIINE YaCTUIIbI B
CBOIO OYEpEIb COCTOAT M3 elle MeHbluX? KoHedHo, 3TO BHOJHE
BEpOATHAs CHUTyallus, HO y Hac ceddac ecTb HEKOTOpbIe
TEOPETUUYECKUE OCHOBAHUSI CUUTATh, YTO Mbl YK€ BIIAJeEM WIHU
MOYTH BJIAJCEM CBEACHHSIMU 00 HCXOJHBIX «KUPIUYUKAX», W3
KOTOPBIX IIOCTPOEHO BCE B IIPUPOJE.

Bce, uto ecTh Bo BeceneHHoM, B TOM 4KCII€ CBET U TPAaBUTALUIO,
MOHO OIHUCHIBATh, UCXO/I U3 MPEICTABICHUS O YACTULAX, C YUETOM
YaCTHUYHO-BOJIHOBOTO Jyaiu3Ma, O KOTOPOM Mbl TOBOPWIM B
npeablaymield riaaBe. YacTUipl k€ MMEIOT HEKYI0 BpallaTelIbHYIo
XapaKTepUCTUKY — CIHH (Spin — BpallaThCs, KPyTUTHCA (AHTIL.). —
IIPUM. IIEPEB. ).
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[IpencraBuM cebe YacTUIbl B BHJAE MAaJCHbKUX BOJIYKOB,
BpalaroIuxcs BOKpyr cBoeil ocu. IlpaBna, Takas kapTuHa MOXET
BBECTH B 3a0ily’KJIeHHE, IMOTOMY YTO B KBAHTOBOM MeXaHHKE
YacTULIbI HE HUMEIOT BIIOJIHE OIpPENEICHHOM ocu BpameHus. Ha
CaMoOM JieJIe CIIMH YacTHIIbI JaeT HaM CBEJICHUS O TOM, KaK BBITJITUT
3Ta 4acTula, €CJIM CMOTPETh Ha Hee ¢ pa3HbIX cTopoH. Yactuua co
cnuHoM (O moXoka Ha TOYKY: OHA BBITJIIAUT CO BCEX CTOPOH
onuHakoBo (puc. 5.1, I). Yactuiyy co cnuHoM 1 MOKHO CpaBHUTH CO
CTpEJION: C pa3HbIX CTOPOH OHA BHIMVIAAUT MO-pazHoMmy (puc. 5.1, II)
U IPUHUMAET TOT K€ BUJ JIMIIb IOcie NOoJHoro obopora Ha 360
rpag. Yactuiy co COMHOM 2 MOXHO CpPaBHUTb CO CTpENOH,
3aTOYEHHOH ¢ 00eux CTOpOH: Jr000e ee MOJOXKEHHE MOBTOPSETCS
nocie noiayobopora (180 rpaza.). AHalOrHYHBIM 00pa30M YacTHLA C
Ooslee BBICOKMM CIIMHOM BO3BpAlllaeTcsi B IEpBOHAYAIbHOE
COCTOSIHUE TIPH TIOBOPOTE HA €I1Ie MEHBIIYIO YacTh MOJIHOTO 000poTa.
OTO BCe JOBOJBHO OYEBUIHO, a YAUBUTEIBHO Jpyroe —
CYILIECTBYIOT YAaCTHIIBI, KOTOpbIE IIOCJIE MOJHOro 00opoTa He
OPUHUMAIOT TPEKHUH BHJ: HUX HYXHO [JBaXIbl IOJHOCTBIO
noBepHyTh! ['0BOPSAT, 4TO Takue 4acTHIbI 00Ja1at0T cliuHOM 1/2.
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Bce usBecTHble yacTullbl BO BCEIEHHON MOXKHO pa3[eiauTh Ha
IBE TPYIIBL: YacTULBI CO CHHHOM 1/2, W3 KOTOPBIX COCTOUT
BelecTBO Bo Beenennoit, n yactuipbl co cnuuoMm 0, 1 u 2, koTopsle,
KAaK Mbl YBUJHMM, CO3JAI0T CWJIbI, JEHCTBYIOIINE MEXAY YACTULIAMH
BenlecTBa. YacTUIbl BEIIECTBA MOJUYUHSAIOTCS TaK Ha3blBAEMOMY
npuHnuny 3anpera Ilaynu, orkpeitomy B 1925 1. aBcTpuiickum
¢usukom Bonbdranrom [Taymm. B 1945 r. Tlaynu 3a cBOe OTKpBHITHE
Ob11 ynocroeH HobGeneBckoit mpemuun. OH sIBJISUT COO0H MaeanbHBIN
npuMep (GHU3NKa-TEOPETHKA: TOBOPST, YTO OIHO €ro MPHUCYTCTBUE B
ropoje Hapymano xoa Bcex skcrnepumeHToB! Ilpunnun Ilaymm
IJIACUT, YTO JIB€ OAMHAKOBBIE YACTHULIBI HE MOTYT CYILIECTBOBaTbh B
OJIHOM U TOM K€ COCTOSIHUH, T. €. HE MOTYT UMETb KOOPAWHATHI U
CKOPOCTH, OJMHAKOBbIE C TOM TOYHOCTBIO, KOTOpas 3aJaeTcs
npuHUMIoM HeomnpeneneHHoctu. Ilpunnun Ilaynm umeer kpaitHe
Ba)XHOE 3HAU€HHE, TaK KaK OH MO3BOJIUI OOBACHUTH, MOYEMY O]
JIEHUCTBHEM CHII, CO3JaBaeMbIX dYacTtumamMu co crmaoM 0, 1, 2,
YacTULIbI MATEPUN HE KOJIAIICUPYIOT B COCTOSIHME C OYEHb BBICOKOM
IUIOTHOCTBIO: €CJIM YacCTHUIbl BEIECTBA MMEIOT OYEeHb OJM3Kue
3HAYEHUsI KOOPJMHAT, TO UX CKOPOCTH JOJKHBI ObITH Pa3HBIMHM, H,
CJIeI0OBATeNIbHO, OHU HE CMOTYT JI0JIT0 HAXOAUTHCS B TOUKAX C STUMH
KoopauHaTamMu. Eciaum Obl B COTBOPEHMHM MHpAa HE Y4acTBOBAJ
npuHuun [laynu, kBapku He MOTJIM Obl OOBEIUHUTHCS B OTIEIbHBIE,
YETKO OIIPEJEICHHBIE YACTULIBI — IIPOTOHBI U HENTPOHBI, KOTOPBIE B
CBOIO OdYepelb HE CMOIJU Obl, O0OBEAWHUBIIUCH C 3JEKTPOHAMH,
00pa3oBaTh OT/AEIbHbIE, YETKO OIpeJieIeHHbIe aTOMBbl. be3 npuHImna
[Taynu Bce ATH 4YacCTHIBI CKOJUIAIICUPOBAIM Obl U MPEBPATUIUCH B
OoJiee MM MEHEEe OHOPOIHOE U TNIOTHOE <GKENIe».

[IpaBuibHOE MpeacTaBiieHne 00 ANEKTPOHE U IPYTHX YacTHULIAX
co cnuHoMm 1/2 otcyrctBoBasio a0 1928 r., korma Iloms [lupak
NPEUIOKUIT TEOPUIO JUIsl OMMCAaHMsS AITHX vacTll. Brocnenctsuu
Hupak nomyuun kadenpy marematuku B KemOpuike (KOTOpyio B
cBoe BpeMs 3aHMMald HbIOTOH M KOTOpyIO ceiiyac 3aHuMaro f).
Teopus Jlupaka Oblna mHepBOMl Teopuell Takoro poaa, KoTopas
corjacoBajach M C KBAaHTOBOM MEXaHMKOW, M CO CIEIUaJbHOMN
TEOpUEH OTHOCUTENBHOCTH. B Hel pJaBalioch MaTeMaTHYeCKOe
00BSICHEHHE TOTO, TTOYEMY CIIUH 3JIEKTPOHA paBeH 1/2, T. €. mouemy
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MIPH OJHOKPATHOM TIOJHOM O0OpOTE 3JICKTPOHA OH HE MPUHHUMAET
NpPEeKHUI BUI, a NPU JABYKpaTHOM MnpuHuMaer. Teopus Jupaka
Mpe/ICKa3bIBalia TAKXKE, YTO y DJEKTPOHA JTOJKCH OBITh MapTHEpP —
AHTUPJICKTPOH, WU, UHAYe, MO3UTPOH. OTKpbITHE MO3UTpOHA B 1932
r. noarBepawio Teoputo [upaka, m B 1933 r. oH mnomyuun
HobGeneBckyto npemuto no ¢usuke. Celiyac MbI 3HAEM, YTO KaXKIOH
YacCTUIIE COOTBETCTBYET AHTHUYACTHUIA, C KOTOPOM OHa MOXKET
agHurwinpoBat. (B chmywae  wactun, — o0ecrneunBaroOmInX
B3aUMOJICHCTBUE, YACTUIA U AHTHUYACTULIA — OJHO U TO *ke). Moriu
OBl CyIIECTBOBATH IIENbIC AHTHUCIOBA M AHTHIIIOJM, COCTOSIINE W3
anTryacTtuil. Ho BcTpeTuB anTHCEOs, HE B3AyMaiiTe MO30pOBATHCS C
HUM 32 pyKy! BO3HHMKHET ocnenuTenpHas BCIBIIIKA CBETA, U BBl 00a
ucyezHere. YpesBblUalHO BaXEH BOMPOC, IMOYEMY BOKPYI Hac
ropazno OoJbllle YacTHUIl, YeM aHTU4YacTUIl. MBI K HeMmy eIe
BEpHEMCS B 3TOH TJIaBe.

B kBaHTOBOW MEXaHUKE MPEANOJIAraeTcsi, 4YTO BCE CHJIbI, WU
B3aUMOJICMCTBUS, MEXJy YacTULUAMU BELIECTBA MEPEHOCATCA
YaCcTHUI[AMU C [EJIOYUCICHHBIM CITIUHOM, paBHbIM 0, 1 wim 2. Yactuna
BEILIECTBA, HAIPUMEP DSJIEKTPOH WJIM KBapK, HCIYCKAET YacTUILy,
KOTOpasi SIBJISIETCS TIEPEHOCYMKOM B3aUMOJCHCTBUS. B pesynbrare
OTJaul  CKOPOCTh  4YacTHIbl  BEHIECTBA  MEHSETCS.  3aTeM
YaCTHUIIA-TIEPEHOCUMK HaJIeTaeT Ha APYTYI YacTUIly BeHIeCTBA M
MOTJIOIIAETCS. €10. DTO COYAApEeHHE HU3MEHSET CKOPOCTh BTOPOM
YaCTHUIIBI, KaK OyITO MEXAy STUMH JABYMS YacTHUIIAMU BEIIECTBa
JIEUCTBYET CHUJIA.

YacTHUIIBI-TIEPEHOCUUKH B3aUMOJICUCTBUSL  00JIAAIOT OJHUM
BAKHBIM CBOMCTBOM: OHM HE MOJUMHSIOTCA MPUHLUITY 3aIpeTa
[Taynu. D10 oO3HA4aeT OTCYTCTBHE OTPAaHUYCHHM I YHWCTa
oOMEHMBaEeMbIX  4YacTUI, TaK dYTO  BO3HHUKAIOIas  CHJa
B3aMMOJICHCTBUS MOXKET OKazaTrbcs Oonbimoi. Ho ecnm macca
YAaCTULI-NIEPEHOCUYUKOB BEIUKA, TO Ha OONBIINX PACCTOSHUSIX HX
poxaeHue U oOMeH OyayT 3aTpyAHeHbl. Takum  oOpaszom,
MEPEHOCUMbIE UMH CUJIBI OYAyT KOPOTKOJEHCTBYrOmMUMU. Ecmu ke
YaCTHUIIBI-TIEPEHOCUNKN HE OyayT 00samaTh COOCTBEHHOM Maccoi,
BO3HUKHYT JIaJbHOACUCTBYIONIME CHJIbI. YacTHUIIbI-IEPEHOCUUKH,
KOTOPHIMA ~ OOMEHHBAIOTCS  YaCTHIIBI  BEIECTBA, HA3BIBAIOTCS
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BUPTYQJIbHBIMH, IIOTOMY YTO B OTJIMYME OT PEAIBHBIX UX HEIb3s
HEIOCPEACTBEHHO 3apeTrMCTPUPOBATh IPH  IMOMOILUM  JETEKTOpa
gactull. OpHako Mbl 3HaeM, 4YTO BUPTyalbHbIE YaCTHUILIbI
CYLIECTBYIOT, TIOTOMY 4YTO OHH cO34al0T 3((eKThl, moanarommecs
U3MEpeHUIo: Onaroaapsi BUPTYaJbHBIM YacTULAM BO3HHUKAIOT CHUJIBI,
JEUCTBYIOIIME MEXKIAY dacTuuamu BemecTsa. [Ipy  HeKOTOpBIX
ycioBUsAX dYactuupl co cnuHamu 0, 1, 2 cymecTByloT U Kak
pealIbHBIE; TOTAA UX MOXHO HEIOCPEICTBEHHO 3aperucTpuposars. C
TOYKU 3PEHUs KIACCHYECKON (PU3MKHM TaKHe YacTHIbI BCTPEYAIOTCS
HaM B BHUJE BOJIH, CKQ)XE€M CBETOBBIX WJIM I'PaBUTALMOHHBIX. OHU
WHOIZla HCIyCKAlOTCA IIPpU B3aUMOJEHUCTBUM YACTHI[ BEIIECCTBA,
IpoTeKarmeM 3a c4eT oOMeHa YacTHIAMH-NIEPEHOCUHKAMU
B3aumozeiicteus. (Hanpumep, snexTpuueckas cuia B3aUMHOIO
OTTAJIKUBAHHS MEXAY JBYMsS OJJIEKTPOHAMM BO3HHMKAeT 3a CYET
oOMeHa BUPTYaJIbHBIMU ¢doronamu, KOTOpBIE HENb34
HEIOCPEACTBEHHO  3aperucrtpupoBarb. HoO  ecam  3JIEKTpOHBI
[IPOJIETAIOT IPYI MUMO ApPYyra, TO BO3MOXHO MCILyCKaHUE PEAIBbHBIX
($OTOHOB, KOTOpBIE OyIyT 3apErUCTPUPOBAHBI KaK CBETOBBIE BOJIHBI).

YacTuLbI-NTEPEHOCYMKN MOYKHO Pa3lelIUTh Ha YETHIPE TUIA B
3aBUCUMOCTH OT BEJIMYMHBI IIEPEHOCUMOTO MMM B3aUMOJACUCTBUSA U
OT TOro, C KakMMM 4YaCTUL@MU OHM B3aUMOJCHCTBOBAIHU.
IloguepkHeMm, 4TO Takoe pa3JeieHUE COBEPIICHHO HCKYCCTBEHHO;
3TO cxeMa, y1o0Has a7 pa3pabOTKU YacTHBIX TEOpHil, HUUero 6oiee
CEpPBhE3HOTO B HEW, BEPOATHO, HET. BOombIMHCTBO (PU3KMKOB HajeeTCH,
YTO B KOHIIE KOHLIOB YIACTCS CO3/aTh €AMHYIO TEOPHUIO, B KOTOPOM
BCE€ YEThIpE CHUJIbI OKA3aJIUCh Obl pa3HOBUIHOCTSAMHU OJIHOM U TOH ke
cunbel. MHOrMe naxxe BUIAT B OTOM TJIaBHYIO L€lIb COBPEMEHHOM
¢usukn. HenaBHO yBEHYANUCh YCIEXOM IIOMBITKU OOBEIUHEHUS
Tpex cuil. B 3Toii rnaBe 5 emie coduparock 0 HUX pacckazath. O ToMm,
KaK OOCTOUT /I€JI0 C BKJIFOUEHUEM B TaKO€ 00BEIMHEHNE IPaBUTALIUH,
MBI [IOTOBOPUM HEMHOTO ITO3KE.

Wrak, nepBas pasHOBUIHOCTb CWJI — TPAaBUTALIMOHHAs CHJIA.
I'paBUTAalIMOHHBIE CHUJIBI HOCSAT YHHUBEPCAJIbHBIM Xapakrep. OTO
O3HAa4yaeT, 4YTO BCAKAsA YaCTULA HAXOOUTCA TMOJ JEHCTBHEM
IPAaBUTALlMOHHOMN CWJIbI, BEIUYMHA KOTOPOM 3aBUCUT OT MacChl MU
SHEpruM 4vacTtulibl. ['paBuTamus ropaszgo ciabee KaxIoW U3
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OCTaBIIUXCSI TpeX CWiI. OJTO OuYeHb ciabas cuila, KOTOPYH MBI
BOOOIIE HE 3aMeTWId Obl, eciu Obl HEe JBa €€ crenuuaecKkux
CBOWCTBA: TPAaBUTALMOHHBIC CHJIBI JEHCTBYIOT Ha OOJBIIMX
pacCTOSIHUAX M BCEerAa  SBIAIOTCS  CHJIAMH  IPUTSDKEHHS.
CnenoBarenbHO,  O4YeHb  cina0ble  TPAaBUTAlMOHHBIE  CHJIBI
B3aUMOJICHICTBUSA OTHENbHBIX YacTUI[ B JBYX TeJax OOJbLIOro
pa3Mmepa, Takux, Hanmpumep, kak 3emiiss U ConHIle, MOTYT B CyMMeE
JlaTh OY€Hb OOJIBLIYIO CHITy. TpH OCTalbHBIX BUAA B3aUMOJEHCTBUS
7100 IEHCTBYIOT TOJIBKO HAa MAJIBIX PACCTOSHUSAX, THOO SIBISIOTCS TO
OTTAJIKHBAIOIIUMH, TO MPUTATHBAIOIIUMHE, YTO TIPUBOIUT B OOIIEM K
KOMIIEHCAIlMM. B KBaHTOBO-MEXaHMYECKOM  MOAXOAE K
IPaBUTALIMOHHOMY TIOJIIO CYMTAETCS, YTO TPAaBUTAIIMOHHAS CHIIA,
JecTByOIas MEXIy IBYMs YacTULAMH MaTepuu, MEPeHOCUTCS
YaCTULEN CO CIIMHOM 2, KOTOPAasi Ha3bIBA€TCsA TPaBUTOHOM. [ paBUTOH
He 0051aaeT COOCTBEHHOW MAaccoi, M IMO3TOMY NEpEeHOCHUMAas UM
cuia SIBIIACTCS JAIbHOICHCTBYOIIIEH. I'paBuTanimonnoe
B3auMoJieiictBue Mexay ConHueMm u 3emiiell 0ObSACHAETCS TEM, UTO
YacTULbI, U3 KOTOpPbIX cocTosAT 3emiss U ConHue, 0OMEHMBAIOTCS
rpaBuToHamMH. HecMoTps Ha TO 4TO B OOMEHE YYacTBYIOT JIMIIb
BUPTyaJIbHBIC YaCTHUIBI, CO3/aBaeMbli UMM dS(PeKT O0e3yCcI0BHO
MOJ/IAETCSl U3MEPEHUI0, MOTOMY 4YTO 3TOT 3(PQPEeKT — BpalleHHue
3emiuin Bokpyr Connua! PeanbHble rpaBUTOHBI PACIIPOCTPAHSIIOTCS B
BUJEC BOJH, KOTOpble B KJIACCHYECKOM (U3HMKEe Ha3bIBAIOTCA
IPaBUTAIMOHHBIMHA, HO OHH OYEHb CJIa0ble, W WX TaK TPYIHO
3aperucTpUpPOBaTh, UTO MOKA 3TO HUKOMY HE YJaJIOCh CAEAaTh.
Crnenyrommmit THUII B3aUMOJICHCTBHUS co3zaercs
AIIEKTPOMArHUTHBIMM ~ CHJIAaMH,  KOTOpbIE  JIEHCTBYIOT — MEXIY
DIIEKTPUYECKH  3apsHKCHHBIMH — YaCTHIIAMH, Kak, HalpuMep,
AJIEKTPOHBI M KBAapKH, HO HE OTBEYAIOT 3a B3aUMOJCHCTBUE TaKHX
HE3apsHKEHHBIX YacTHIl, KaK TPAaBHTOHBL. DJIEKTPOMATrHUTHBIC
B3aUMOJICHCTBUS ropasuo CHJIbHEE IPaBUTALMOHHBIX:
DIIEKTPOMArHUTHAs  CWJIA,  JIEHCTBYIOMIAas  MEXIy  ABYMS
AJIEKTPOHAMM, TNPUMEPHO B MMJUIMOH MHIIMOHOB MHJUIMOHOB
MWIIHOHOB MIJUTHOHOB MHJUTMOHOB MUJUTHOHOB (€IMHHIIA C COPOKA
JOBYMsS HyJIAMH) pa3 Oosblie TpaBUTalMOHHOW cuibl. Ho
CYIIECTBYIOT JIBa BU/A AJIEKTPHUYECKOTO 3apsijia — TIOJO0KUTEIbHBINA



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 83

U OTpULATENbHBIN. Mexay IByMs HOJOKUTEIbHBIMU 3apsaaMH TaK
KE, KaK M MEXIy JAByMs OTPULATENIBHBIMH, IEHCTBYET CHIa
OTTAJKWUBAaHUSA, & MEXAYy I[OJIOKUTEIbHBIM U OTPULIATENIbHBIM
3apsilaMid — CHJIa NMpUTsDHKeHUsA. B Oonbluux Tenmax, HalpuMmep B
3emuie  win  ConHue,  COAEp)KAaHUE  TOJOXKHUTEIBHBIX U
OTPULATEIBHBIX 3apsA0B [IOYTH OJUHAKOBO, U, CJIE0BATEIbHO, CHIIbI
IPUTSDKEHUS U OTTAJKUBAHUSA MOYTH KOMIIEHCUPYIOT IpYyr Apyra, u
OCTaeTCsl O4YEHb Majlas 4YHMCTO WIEKTpoMmarHuTHas cuia. OpHako B
MaJblX MacliTadax aTOMOB M MOJEKYJ 3JEKTPOMAarHUTHBIE CHIIbI
noMuHUpyroT. llox nefcTBHEM 3IEKTPOMArHUTHOTO MPUTSKEHUS
MEXly OTPULIATENIBbHO 3aPSKEHHBIMU 3JIEKTPOHAMU U TIOJIOKUTEIBHO
3apsOKEHHBIMU MPOTOHAMU B AJIpE AJIEKTPOHBI B aTOME BpaLIalOTCs
BOKPYI sApa B TOYHOCTH TakK K€, Kak IO0JA JEHCTBUEM
IPaBUTALMOHHOTO NPUTsKEHUs 3emisi Bpamaercss Bokpyr CosHua.
DJEKTPOMarHuTHOE MPUTSHKEHUE ONMCHIBAETCS KAk Pe3yJbTaT
oOMeHa OOJIBIIMM YHUCJIOM BHUPTYaJbHBIX 0€3MacCOBBIX YacTHUI[ CO
cnuHoM 1, Koropele HasbiBatoTcsi (poToHamu. Kak u B ciydae
IPaBUTOHOB, (DOTOHBI, OCYLIECTBISAIOIIME OOMEH, SIBIISIFOTCS
BUPTYaJbHBIMHU, HO IIPU MEPEXOE NIEKTPOHA C OJHOU pa3pelIeHHON
opOUTBl Ha  JApPYTylO, PpAaCIOJIOKEHHYI0 Ommke K s1py,
O0CBOOOXKJAaeTCsA PHEPIus, U B PE3yjibTaTe MCIYCKAETCS peaslbHbIN
($OTOH, KOTOPBIN MPU MOAXOASIEH JUIMHE BOJIHBI MOKHO HaOII01aTh
YeJIOBEYECKUM IJIa30M KaK BHUIUMBIA CBET, MU XK€ C IOMOUIBIO
KaKoro-HuOyJp Jerekropa (OTOHOB, Hampumep (OTOIICHKH.
AHaJOTMYHBIM 00pa3oM MpH COYAApPEHUH peanbHOro (OTOHA ¢
aTOMOM MOXET MPOU30UTHU MEPEeX0]] JIEKTPOHA C OAHON OpOUTHI HA
JIpyTyto, Oornee AajeKkylo OT sapa. DTOT MEpPexo] MPOUCXOAUT 3a
cyeT dSHepruu  (QOTOHA, KOTOPHIA  MOTJIOLIAETCS  ATOMOM.
B3aumopeiicteue TPETHETO THIA Ha3bIBACTCS ciabbIM
B3aumozeiicteueM. OHO OTBe4aeT 3a PpPaJUOAKTHUBHOCTH U
CYIIIECTBYET MEK/y BCEMU YaCTHIIaMHU BEILECTBA CO CIMHOM 1/2, HO
B HEM HE y4YacTBYIOT 4yacTuilbl co cnmHoMm 0, 1, 2 — ¢doToHBI U
rpaBuToHbI. J[o 1967 r. cBoiicTBa c1a0bIX CHJI ObUIM IUIOXO M3YYEHBI,
a B 1967 r. AGmyc Camam, Tteopetuk u3 JIoHIZOHCKOTO
WNmnepuan-komnemka, u  CruBen BaiinObepr u3 I'apBapickoro
YHUBEPCUTETAa OJHOBPEMEHHO TMPEAJIOKWIN TEOpHI0, KOTopas
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oObenuHsIa ciaboe  B3aUMOJCHCTBHE C  3JIEKTPOMArHUTHBIM
aHAJIOTMYHO TOMY, KaK Ha CTO JIeT paHblie MakcBeml oObeIuHUI
AIIEKTPUYECTBO M MarHetusMm. BaitnOepr um Canam BbICKa3aiu
HPEINONI0KEHHE O TOM, YTO B JIONOJIHEHHE K (DOTOHY CYILIECTBYIOT
€llle TPU YacTHULIBl CO CIMHOM 1, KOTOpbIE BCE BMECTE Ha3bIBAIOTCS
TSOKEJIBIMU BEKTOPHBIMU OO030HaMU U SIBJIAIOTCA NEPEHOCUMKAMU
ciaboro B3auMOACHCTBHA. OTH 0030HBI ObUIM  00O3HAUEHBI
cumBosamu W+, W— u Z0, macca kaxxaoro n3 Hux cocrasisia 100
I>B (I'’B o3HawyaeT rura’jaekTpoOHBOJIBT, T. €. ThICS4Ya MHIJIMOHOB
aeKTpoHBOJIbT). Teopus BaitnOepra-Canama o6iamaeT CBOMCTBOM
TaK Ha3bIBAEMOr0 CIOHTAHHOIO HapyuleHus cummerpun. OHO
03HA4yaeT, YTO YaCTHUIIbl, COBEPILIEHHO Pa3HbIE IPU HU3KUX DHEPTUsX,
IIPU BBICOKUX DHEPIUAX OKa3bIBAIOTCA HA CaMOM JE€JI€ OJHOM U TOU
K€ YacTUlleld, HO HaxoJflIeics B pa3HbIX COCTOSHUSX. OTO B
KaKOM-TO CMBICJIE IIOXOK€ Ha IOBEJEHUE LIapuKa IpU HIPE B
pyierky. Ilpu Bcex BBICOKHMX OdHeprusix (T. €. IpuU OBICTPOM
BpAlLlEHUH KoJieca) IIapuK BeJeT cedsl Bcerja MoyTH OAMHAKOBO —
6e30cTaHOBOYHO BpaiaeTcs. Ho koraa xoneco 3aMeaInTCs, SHEPTHs
IIapUKa YMEHBIIAETCSA, U B KOHIIE KOHIIOB OH NPOBAJIMBAETCSA B OJIHY
W3 TPUALATH CEMU KaHABOK, HMMEIIMXCS Ha Kosece. HHpiMu
CIIOBaMH, NPU HU3KUX DHEPIUsSX IIAPUK MOXKET CYLIECTBOBATH B
TPUALATH CceMH cocTosHusAX. Eciu Obl MBI mouemy-iau0o Moriu
HaOJI01aTh IAPUK TOJBKO MPU HU3KUX SHEPrUsiX, TO CUUTANU Obl,
YTO CYILIECTBYET TPUALATh CEMb Pa3HBIX THUIOB LIAPUKOB!

Teopuss BaiinOepra-Canama npezackasbiBaia, dTO IpHU
SHEprusix, 3HauuTenpHO mpesbimatrommx 100 5B, Tpu HOBBIE
4acTUIbl U (OTOH JTOJDKHBI BECTH ceOsi OJMHAKOBO, a MpH Oosee
HU3KHUX SHEPTUAX YacTHll, T. €. B OOJBIINHCTBE OOBIYHBIX CUTYaLUH,
Ta «CUMMETpPUsS» AODKHAa Hapywarbes. Maccet W+, W— u Z0
0030HOB TPENICKA3bIBATUCH OOJBIIMMH, YTOOBI CO3AaBAEMbIE HWMH
CWJIBI MMEJIHM OYeHb Manblii paauyc aedctBus. Kornma BaitnOepr u
Canam BBLABHUHYJM CBOIO TEOPHIO, UM Majlo KTO BEpWUJ, a Ha
MaJIOMOIIIHBIX YCKOPHUTENISIX T€X BPEMEH HEBO3MOKHO OBLJIO JOCTHYb
sHepru B 100 5B, HeoOxomumoil 1uist pokaeHUs] peanbHbIX W,
W— n Z0 yactuu. OpHako ner dyepe3 JHecATh MNpeACKa3aHus,
IIOJIyYEHHBbIE B JTOM TEOPUM NPH HU3KUX HHEPTUSAX, HACTOJIBKO
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XOpOIIO TOATBEPAMWINCH AKCIEPUMEHTANbHO, 4TO BaitHOepry u
Canamy Ob1a ipucysxaeHa Hooeneckas nmpemust 1979 r. coBMecTHO
¢ llennonom I'mamoy (toxke u3 I'apBapaa), KOTOPBIH NPEATIONKUT
MOXO0XYIO0 €IUHYIO0 TEOPHIO 3JIEKTPOMArHUTHBIX U CIA0BIX SIEPHBIX
B3aumoseiicteun. Komurer mno HoOeneBckuM mpemusiMm  Obul
n30aBJIeH OT HEMPUATHOCTEN, KOTOPbIE MOTJIM Obl BOBHUKHYTh, €CIIH
ObI OKa3aJI0Ch, YTO OH COBEPUIMJ OIIMOKY crenaHHbiM B 1983 1. B
IHIEPHe oTkpbITHEM TpeX MAaCCHUBHBIX NapTHEPOB (OTOHA C
[IPABWIBHBIMM 3HAYEHUSAMHM MACChl M JIPYTUMHU IPEICKa3aHHBIMU
xapakrepuctukamu. Kapmo PyO0ua, Bo3riaBuBLIME Tpynmy u3
HECKOJIbBKUX COTeH (PU3MKOB, KOTOPBIM MPHHAJIEKAIO ITO
oTKpeITHE, ToTy4umst HoGenerckyro npemuro 1984 ., mpucyx1eHHY10
emy coBmecTHO ¢ nHxkeHepoMm [IEPHa Cumonom Ban nep Meepowm,
aBTOPOM IIPOEKTAa HAKOMUTENS AaHTUYACTHUL, HCIIOJIb30BAHHOTO B
skcrepuMeHTe. (B Hamie BpeMs upe3BbIUaliHO TPYIHO OCTaBUTh CBOM
ciell B OKCIEpPUMEHTaIbHOW (U3MKE, pa3Be UYTO Bbl YK€ Ha
BepIIUHE!).

CunbpHOe sAJepHOE B3aUMOJEMCTBHE MpPEACTaBIseT COOOM
B3aMMOJECMCTBHE YETBEPTOrO THUIIA, KOTOPOE YAECPKHUBAET KBapKHU
BHYTpU MPOTOHA W HEUTpOHA, a MPOTOHBI M HEUTPOHBI BHYTPHU
aTOMHOro  sanpa. llepeHocuMKOM CHIBHOTO  B3aMMOJEHCTBUS
CUMTAETCs €Ie OJIHAa YacTHIla CO CIMHOM 1, KOTOpas Ha3bIBaeTCs
TJIFOOHOM.

['1r00HBI B3aUMOJIEHCTBYIOT TOJBKO C KBApKAMU U C JIPYTUMHU
[JIIOOHaMU. Y CHUJIBHOTO B3aMMOJEHCTBHS €CTh OJHO HeoOblYaliHOe
CBOIICTBO — OHO oOnanaer koH(paiiHMeHTOM (confinement —
OrpaHUYEHUE, yAepKaHUe (aHIIL.). — IPUM. pea.).

KondaitanmenT coctouT B TOM, YTO YacTHIBI BCeraa
yAEPKUBAIOTCS B O€CIBETHBIX KOMOMHAIMAX. OMH KBapK HE MOXKET
CyIIECTBOBATh CaM IO cebe, MOTOMY YTO TOTJa OH JIOJDKEH ObLT ObI
UMETh LBeT (KpacHbIi, 3eieHblii win cuHuif). [loaTomMy KpacHbIH
KBapK JIOJKEH ObITh COEIUHEH C 3€J€HBIM U CHHUM IOCPEICTBOM
TIIIOOHHOM «CTpyW» (KpacHbIi + 3eneHblid + cuHui = Oenblif). Takoi
TPUILIET OKAa3bIBAETCA MPOTOHOM MKW HelTpoHOM. CyllecTByeT u
JpyTas BO3MOXHOCTb, KOTJ]a KBapK U aHTUKBAPK OOBEIUHSIOTCS B
napy (KpacHbIN + aHTUKPACHBIN, UK 3€JICHBIN + aHTH3EICHBINA, UITH
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CUHUI + aHTUCUHUI = Oeinblil). Takre KOMOWHAIIUY BXOJISIT B COCTaB
YacTHUL], HAa3bIBA€MbIX ME30HaMHM. OTHU 4YacTUIbl HECTaOWIIbHBI,
MOTOMY 4YTO KBapK M aHTHUKBApPK MOTYT aHHHUTHIJIMPOBATH IPYr C
JpyroM, o0pa3ysl 3JIEKTPOHbl M JAPYTU€ YacTHUIbl. AHAJIOTUYHBIM
00pa3oM, OJUH TJIIOOH HE MOXET CYIIECTBOBATh caM MO cebe m3-3a
KOH(palHMEeHTa, MOTOMY 4YTO IJIIOOHBI TOXE O0O0JaJal0T LBETOM.
CrnenoBatenbHO, TIIOOHBI IOJDKHBI TPYTIIAPOBATHCS TAKHMM 00pa3zoM,
4yTOOBI MX LIBETa B CyMMe JaBanu Oeiblii 1BeT. OnucaHHas rpymnna
TJIIO0OHOB 00pa3yeT HeCTaOMIIbHYIO YaCTUILy — TITF000JI.

Puc. 5.2

MpbI HEe MOXkeM HaOI0aTh OTJENbHBIA KBAPK WM INIIOOH M3-3a
KoH(paiiHMeHTa. He o3HauaeT mu 3TO, YTO caMO TPEACTaBICHUE O
KBapKax M IJIFOOHAX KaK O YaCTHUIAX HECKoJbKo MeTaduznyno? Her,
IMOTOMY YTO CHUJIBHOC BBaHMOI[efICTBHe XapaKTCPU3yCTCA CUIC OAHHUM
CBOWMCTBOM, KOTOpPO€ HAa3bIBAETCS aCHUMIITOTUYECKOH CBOOOMIOM.
bimaromapss 3TOMy CBOMCTBY IIOHATHE KBAapKOB M  IJIFOOHOB
CTAaHOBUTCS BIIOJIHE ONpeAeiaeHHbIM. [IpyM OOBIYHBIX SHEPrHsX
CHJIBHOC B3aHMOHeﬁCTBHe I[GﬁCTBI/ITGJIbHO SABJIICTCA CHJIIBHBIM U
IUIOTHO MpPWKMMaeT KBapKu Apyr K Apyry. Ho, kak mokaselBaroT
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AKCIIEPUMEHTHl Ha MOIIHBIX YCKOPHUTENSAX, IPU BBICOKUX SHEPrUsAX
CHJIbHOE B3aMMOJICHCTBUE 3aMETHO OcllabeBaeT U KBAPKU M TIIFOOHBI
HAYMHAIOT BECTU ceOsl MOYTH Kak cBOOOHBIC YacThilbl. Ha puc. 5.2
npescTaBieH (POTOCHUMOK CTOJKHOBEHHUS MPOTOHA W aHTHIPOTOHA
BBICOKOW SHEpruu. Mbl BUAMM, YTO HECKOJBKO MOYTH CBOOOIHBIX
KBAapKOB, POAMBIIMXCS B pe3yJbTaTe B3aUMOJECHCTBUS, 00pa30Baiu
«CTpyH» TPEKOB, KOTOPBIE BUIHBI Ha (poTOrpadum.

HUtorom ycnemHoro oOBEAMHEHHUS JIIEKTPOMATHUTHOTO U
cJ1ab0ro B3aMMOJICHCTBUN CTaH MOMBITKH COSIAWHUTH TH J[BAa BUA
B3aUMMOJICHCTBUI C CUJIBHBIM  B3aUMOJICMCTBHEM, 4YTOOBI B
pe3yibpTaTe MOJy4YWIach TaK Ha3blBaeMas TEOpUS  BEJIHMKOTO
o0bearHeHusa. B 3TOM Ha3BaHMM €CTh HEKOTOpPOE MpeyBeIHYEHUE:
BO-TIEPBbIX, TCOPHU BEITUKOT0 OOBEAMHEHUS HE TaKUE YK BEJIHKHE, a
BO-BTOPBIX, OHM HE OOBEIUHSIOT MOJIHOCTHIO BCE B3aUMOJICHCTBUS,
IIOTOMY 4YTO B HMX HE€ BXOAWT rpaBurauusa. Kpome toro, Bce 3T
TEOpUHU HAa CAaMOM JIeJie HEMOJIHbBI, TOTOMY YTO COJEpKAT MapaMeTphl,
KOTOpBIE HENb3s INPEICKa3aTb TEOPETUUYECKM U KOTOpbIE HAauo
BBIUUCIISATh, CpaBHMBAas TEOPETHUUYECKHE M IKCIEPUMEHTaIbHbIE
pe3ynbTaTel. TeM He MeHee Takue TEOpUM MOTYT CTaTh IIAroM K
MIOJIHOM TEOpUHU 00bEeIMHEHNS, OXBAaTBIBAOLIEH BCE
B3auMozeiicTBus. OCHOBHas HUAEsl INOCTPOEHUS TEOPUHM BEIUKOIO
00BEAMHEHHUS COCTOMT B CJEAYIOUIEM: Kak YK€ TOBOPUJIOCH,
CUJIbHBIE B3aMMOJECHCTBUSA IMPU BBICOKUX SHEPIUsIX CTAHOBATCS
cinalbee, yeM IpHU HU3KUX. B TO ke Bpems 3JI€KTpOMarHUTHBIE U
ciabble CUJIBI ACUMIITOTUYECKM HE CBOOOJHBI, M IpPHU BBICOKHX
SHEpPrusix OHMU pacTyT. Torma mnpu KakoM-TO OYEHb OOJBILIOM
3HAYEHUU PHEPruM — IPHU SHEPIHU BEIMKOr0 O0BbETUHEHUS — 3TU
TPU CHJIBI MOIVIM OBl CpPaBHATHCA MeXAy cO0OH M CTaTh MPOCTO
Pa3sHOBUAHOCTSAMH OJHOM M TOW >K€ CHIbl. TEOopuH BEIUKOIO
00BeAMHEHUS TPEACKA3bIBAIOT, YTO MPU ATOW HHEPrUM pas3HbIe
YaCTHUIIBI BEIIECTBA CO CIMHOM 1/2, Takue, Kak KBapKU U AJIEKTPOHBI,
TOKE TIEPeCTau Obl Pa3INYaTHCS, YTO OBLIO OBI €Ie OJTHUM IAaroM K
00BbETMHEHHUIO.

3HaueHue IHEPrHH BEIMKOro OOBEAMHEHUS HE OYE€Hb XOpOILO
W3BECTHO, HO OHO JOJDKHO COCTaBJIATh IO MEHBILIEH MEpPE ThICSIUY
MWIJIMOHOB MWUIMOHOB [»B. B  yckoputensix CcOBpEMEHHOro
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MOKOJICHUS] CTAJIKUBAIOTCS YacTUIIbI ¢ 3HeprusaMu okojo 100 3B, a
B OyAyumMx mMpoeKTax »5Ta BeJIMYMHA JOJDKHA BO3pacTd 0
HecKonbkuX ThicsAd IB. Ho i yckopeHus yacTuil 1O dHEpruu
BEJIMKOT0 00BbEeIMHEHUS HYKEH YCKOpUTENb pazMepoM ¢ CoTHEUHYI0
cucteMy. MayioBepOSTHO, 4YTOOBI B HBIHEIIHEH SKOHOMHYECKOMN
CUTyallul KTO-HUOYIb pemwics ee (uHaHCHUpOBaTh. BoT mouemy
HEBO3MO)KHAa HEINOCPEACTBEHHAs JKCIIEpUMEHTaJbHasl IMpOBEpKa
Teopuil Benukoro ooObenuHeHus. Ho 37ech, kak M B ciydae
AEKTPOCIA00M eAMHON TEOPUH, CYIIECTBYIOT HU3KOIHEPT€TUUECKHE
CJIEJICTBUS, KOTOPbIE MOKHO IPOBEPUTH.

CaMoe MHTEpEeCHOE M3 TaKuUX CIEACTBUM TO, YTO IPOTOHBI,
COCTaBJIsAOLIME OOJIBIIYIO YAaCTh MAacChl OOBIYHOTO BEILIECTBA, MOTYT
CIIOHTAHHO pacmajathcs Ha Ooyiee JerKhe YacTHIbl, TaKue, Kak
AHTUAJICKTPOHBI. [lprunHa B TOM, YTO TIPU DHEPTUU BEIUKOTO
00BeMHEHNUS HET CYIIECTBEHHON pa3HUIbl MEXIY KBapKOM U
aHTUAJIEKTPOHOM. Tpu KBapka BHYTpPH HPOTOHAa OOBIYHO HE
00712/1at0T TOCTATOYHBIM KOJTUYECTBOM SHEPTUU ISl IPEBPAIICHUS B
aHTHURJIEKTPOHBI, HO OJIUH U3 KBAPKOB MOXKET COBEPILIEHHO CIIy4aiiHO
MOJIYYUTh  OJHAXKABl  DHEPrui0, JOCTATOYHYHO 1 3TOrO
MpEeBpaLIeHHs, TOTOMY YTO B CHUJIy MpPHHIIMIIA HEOIpPENeICHHOCTH
HEBO3MOXXHO TOYHO 3a(pUKCHpPOBATH DJHEPTHI0 KBAPKOB BHYTPHU
nportoHa. Toraa NpoToH JOMKEH pacnacTbes, HO BEPOSITHOCTh TOTO,
YTO KBapK OyJeT MMETh JOCTAaTOYHYIO DHEPTHI0, CTOJIb Malld, 4TO
KJaTh ATOr0 HPUJIETCS MO KpailHe Mepe MMJUIMOH MHIIHOHOB
MUJJIMOHOB MWJUIMOHOB MUJUIMOHOB (€AMHHMIIA C TPUILATHIO
HYJIIMH) JIET, 4YTO Tropa3fo Oousbllie BpeMEHH, MpPOMIEJIIEro ¢
MOMEHTa OOJBIIIOTO B3pPhIBA, KOTOPOE HE MPEBBIIIACT IECATH THICSY
MUUJIMOHOB JIET WJIM YTO-TO OKOJIO TOro (€AMHMLIA C JECSThbIO
Hynsmu). OTcCrofla HampamivMBaeTcs BBIBOJA, YTO BO3MOXKHOCTh
CIIOHTAHHOTO  pacraja MPOTOHA HENb3sl  AKCIEPUMEHTAIBHO
MPOBEPUTHh. MOXKHO, OJIHAKO, YBEIMYUTH BEPOATHOCTh HAOIIOICHUS
pacmaza NpOTOHA, H3y4yas OYEHb OOJIBIIOE YHCIO MPOTOHOB.
(Habnromas, nanpumep, 1 ¢ TpuaaThio OAHUM HYJIEM MPOTOHOB B
TEUEHHUE ToAa, MOKHO HAACIThCS OOHAPYKUTh, COTJIACHO OJIHOW W3
IOPOCTEUIINX TEOPHM BEJIMKOTO OObenuHEeHHs, Oojiee OIHOTrO
pacraja nIpoToHa).
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HeckonbKo TakMX SKCIEPUMEHTOB YK€ BBINMOJIHEHO, HO OHH HE
Jlany OTpeJIeNIeHHBIX CBEACHUN O pacmajiax MpoTOHA WM HEUTpOHA.
OnuH U3 HKCIIEPUMEHTOB, B KOTOPOM HCIIOJIB30BaJIOCh BOCEMb THICSY
TOHH BOJbI, MPOBOJMJICS B COJIIHOM maxTte mrara Oraio (ass Toro,
4TOOBI UCKITIOUYUTH KOCMHUECKUE MTOMEXH, KOTOPbIE MOYXHO MPHUHSTH
3a pacnaj npotoHa). [lockonbKy B TeueHHE BCETO HKCIIEPUMEHTa HE
ObUIO 3aperMCTPUPOBAHO HHM OJHOTO pacmaja MPOTOHA, MOMKHO
BBIUUCIIUTD, YTO BPEeMsl KU3HU MPOTOHA JOJHKHO OBITH OOJbIIE, YEM
JeCSATh MIJUIMOHOB MUJUTMOHOB MUJUTHOHOB MUJIJTHOHOB MHJUTHOHOB
(emMHMIIA C TPUAUATHIO OJHUM HyJEM) JIeT. OTOT pe3yJibTaT
NPEBBIIACT  MPEACKa3aHusl  NPOCTEUIIed  TEOPHUH  BEIMKOTO
00beIMHEHUSI, HO €CTh U 00Jiee CIIOKHBIC TEOPHH, narolue Oosee
BBICOKYIO OLIEHKYy. [l ux mnpoBepku mnoTpeOyroTcs eme Oosee
TOYHBIE SKCIIEPHUMEHTHI C elle OOJIBITNMH KOJTHYECTBAMH BEIIECTBA.

HecMmotpst Ha TpyaHOCTH HaONIOACHUS pacmaja MpPOTOHA, HE
UCKJIIOYEHO, 4YTO CaMO Halle CYUIECTBOBAHHWE €CTh CIIEJCTBUE
o0OpatHOro mporecca — 00pa30BaHUs MPOTOHOB WM, €Il MPOLIE,
KBapKOB HAa CaMOW HayaJbHOM CTaguu, KOTrJa KBapKOB OBUIO HE
Oonpllle, yeM aHTUKBApKoB. Takas kapTuHa Havana BceneHHOM
npejcTaBisieTcss Haubojiee eCTEeCTBEHHOM. 3eMHOE BEIEeCTBO B
OCHOBHOM COCTOMT W3 IPOTOHOB M HEUTPOHOB, KOTOpHIE B CBOIO
ouepelb COCTOSAT M3 KBApKOB, HO B HEM HET HH AHTUIPOTOHOB, HU
AHTHHEUTPOHOB, COCTOSIIIIMX M3 AHTHUKBAPKOB, €CIU HE CUUTATh TE
HECKOJIbKO ~TITYK, KOTOpbIE OBLTM TMOJNydeHBl Ha  OOJBIINX
YCKOPUTENSIX.  ODKCIOEPUMEHTHI €  KOCMHUYECKUMH  JTydaMu
MOJATBEPXKJAIOT, YTO TO K€ CaMO€ CHPAaBEUIMBO U JUIsl BCETO
BellecTBa B Hameidl ['amakTuke: B HEM HET HH aHTHIPOTOHOB, HU
AHTUHEUTPOHOB, 332 MCKJIIOYEHHEM TOTrO HEOOJBIIOr0 KOJUYECTBA
AQHTHYACTHUI], KOTOPOE BO3HHKAET B pe3yjbTaTe pOXKICHUS TMap
YacTUIa-aHTHYACTUIIAa B COYJNApEHUSX YacTUI[ TPH BBICOKHX
sHeprusix. Ecnu Ob1 B Hameil ['amaktuke ObUTH OOMNBIIME YYacTKH
AHTHBEIIECTBA, TO MOXKHO OBUIO OBl OKUJATh CHIIBHOTO W3ITyYCHUS
Ha TpaHUIaX pasJiena BEIIeCTBa U AaHTUBEIECTBA, TJI€ BOZHUKAIO ObI
MHOXECTBO COYJAapeHWH YacTHIl W aHTHYACTHIl, KOTOpPHIE,
AHHUTUINPYSI, UCITyCKAIH OBl U3ITyUYEHUE BBICOKOM SHEPTHUU.

Y Hac HET mpsAMBIX YKa3aHWM Ha TO, COCTOMUT JIM BELIECTBO
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JIPYIUX TajJakTUK U3 IPOTOHOB U HEWTPOHOB WM U3 aHTUIIPOTOHOB U
AHTUHEUTPOHOB, HO OHO JOJDKHO COCTOATH U3 YaCTHILl OJHOTO THIIA: B
npefenax OJHOM TallakKTUKM HE MOXKET OBITh CMECH 4YacTul U
aHTUYaCTHL], IIOTOMY YTO B pe3yJbTaTe WX aHHUTWISALUU
UCITyCKaJIOCh Obl MOIIHOE H3iydeHue. [103ToMy MBI cUMTaeMm, 4TO
BCE TaJIAKTUKHM COCTOAT M3 KBAapKOB, 4 HE U3 AHTUKBApKOB; BPSI JHU
OJIHM TaJaKTHKH COCTOSUIM M3 BEILIeCTBa, a JApyrue — U3
aHTHUBEILECTBA.

Ho mouemy KBapkoB JODKHO OBITH HACTOJIBKO OOJNBIIE, YeM
anTukBapkoB? Ilouemy umcno ux He oauHakoBo? Ham oueHb
MIOBE3JI0, YTO 3TO TAK, IOTOMY YTO €CJIU Obl KBAPKOB U aHTHUKBApKOB
ObUIO TMOpPOBHY, TO TIOYTH BCE KBapKM M  aHTUKBApKH
IPOAHHUTUIIMPOBAIKM OBl APYr C ApPyroM B paHHed Bcenennoi,
HAIOJIHUB €€ M3JIy4YeHHEM, HO €/IBa JIU OCTAaBUB XOTb KaKOe-HUOYIb
BemiecTBo. He Obu1o OBl HM rajlakTHUK, HM 3B€3/, HHU IUJIAHET, Ha
KOTOPBIX MOIJIa Obl pa3BUBAThCs yesloBedecKas ku3Hb. C MOMOIIbIO
TEOPUM BEIMKOr0 OOBEAUHEHUS MOXKHO OOBICHUTH, IOYEMY BO
Bcenennoit kBapkoB JOKHO OBITH  ceiiyac  Qosblie, dYeM
aHTHUKBAPKOB, Jake€ B TOM CIJIyyae, €ClId B CAMOM Hauajie UX ObLIO
nopoBHy. Kak MbI yXe 3HaeM, B TEOpHUSX BEJIUKOrO0 OObEIUHEHUS
IPU  BBICOKMX DJHEPrHSAX KBapKM MOTYT IpeBpamiarbcs B
aHTUAJIEKTPOHBL. BoO3MOXHBI U oOOpaTHble Mpolecchl, Koraa
AHTUKBAapKu IIPEBPALLAIOTCA B  OJIEKTPOHBI, a DJIEKTPOHBI U
aHTUAJIEKTPOHbI — B aHTUKBApKU U KBapku. Kornma-to Ha oueHb
paHHel craauu pa3BuTus BeeneHHOM oHa Obliia Takoi ropsueit, 4ro
SHEPruM YacTull ObUIO JOCTATOYHO Ui MOJOOHBIX MpEeBpallleHUi.
Ho mnouemy e B pe3yibTare KBApKOB CTajo Oojblle, YeM
anTukBapkoB? IlpuumHa KpoeTcsi B TOM, YTO 3aKOHbI (PU3UKU HE
COBCEM OJMHAKOBBI JJI YACTULl U AHTUYACTHII.

o 1956 r. cumtanoch, 4TO 3aKOHbI (PU3UKH HHBAPHUAHTHBI
OTHOCUTENIBHO Tpex mnpeoOpasoBanuii cummerpun — C, P u T.
CummMmetpust C 03HayaeT, YTO BCE 3aKOHBI OJMHAKOBBI JJISl YACTUL U
antnyactul. Cummerpuss P o3Hauaer, 4TO 3aKOHBI (UMKU
OJIMHAKOBBI /17151 JTF0OOT0 SIBJICHUS U JIJISl €r0 3€pKaIbHOI0 OTPaXKEHUS
(3epKajJbHBIM OTPAXKEHUEM 4YaCTHUIIbl, BpAIIAIOLICHCS MO YacoBOU
CTpeJiKe, OyJeT 4acTHIla, BPAIIAIOIIAsICs MPOTUB YaCOBOW CTPENIKH).
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Hakomnern, cmpicn cumMMerpun T cOCTOUT B TOM, YTO IIPU U3MEHEHUU
HalpaBJIeHUs JBI)KEHHUS BCEX YaCcTUI[ M AHTMYACTUI[ Ha oOpaTHOe
CUCTEMa BEPHETCS B TO COCTOSIHHE, B KOTOPOM OHa HaXoAWJach
paHbllle; UHBIMU CJIOBAMH, 3aKOHBI OJMHAKOBBI IIPU JBHJKEHUU BO
BPEMEHHM BIEpPE]] UM Ha3as.

B 1956 r. nBa amepukanckux ¢uszuka, T3yHmao Jlu u
WkeHbHUH  SIHT, BBICKA3ajdM  TNPEAINOJIOKEHHE, YTo ciaboe
B3aMMOJCICTBHE HA CAMOM [€JIe HE HMHBAPUAHTHO OTHOCUTEIIBHO
P-npeoGpa3zoBanmii. MHbIMH cloBaMu, B pe3yjbTare ci1aboro
B3aUMOJICUCTBUS pa3BUTHE BCeneHHOW MOXKET MOWTH WHA4de, 4YeM
pasBUTHE €€ 3epKajlbHOro n3odpaxkenus. B Tom xe roay Li3unbcsn
By, xomera JIu u SlHra, cymena qokasarh, 4TO MX HMPEATIOI0KEHHUE
IIPaBWIBHO. PacnosioxuB B MarHUTHOM IIOJIE SIApa PaJuOAKTHBHBIX
aTOMOB TaK, YTOOBI WX CIHHBI OBUIM HANpaBi€Hbl OJUHAKOBO, OHA
nokaszajia, 4YTO OJEKTPOHOB BbUIETAaeT OoiblIe B  OJHOM
HaIlpaBJIE€HUH, YeM B ApyroM. B cienyromem rony JIu u SHr 3a cBoe
OTKphITHE OBLIH yaocToeHsl HobeneBckoi mpemun. Oka3anock, 4yTo
cinalble B3aUMOJICHCTBUS HE MOAUUHAIOTCS U cumMmerpun C. D10
O3Hauaet, 4To BceneHHas, cocrosmas U3 aHTUYacTUl], OyJIeT BecTu
ce0s mHade, yeM Hama Bcenennas. Bcem, ogHako, Ka3ajioch, 4YToO
cnaboe  B3aMMOJACWCTBUE  JIOJDKHO ~ BCE-TAaKU  MOAYUHATHCA
koMOuHupoBaHHOU cummeTrpun CP, T. e. pasButue BcenenHoit
JOJDKHO TPOMCXOJWUTh TaK JK€, KaK M PA3BUTHE €€ 3€PKaJIbHOIO
OTpaXKeHHUsI, €CJIM, OTPA3UB €€ B 3epKaje, Mbl €lle KaXIyl0 YacTUILY
3ameHuM aHTtuyactuuei! Ho B 1964 r. eme nBa amepukaniia,
Jxeiimc Kponun un Ben ®uty, oOHapyX uiu, 4To B pacnaje 4acTHll,
KOTOpple  HasbiBaroTcd  K-Me3oHamm,  HapymaeTcst — Jaxe
CP-cummerpus.

B pesynprate B 1980 r. Kponnn u ®uTtd noaydmiu 3a CBOIO
pabotry HobGeneBckyro mnpemmuio. (Kakoe orpomMHoe KOJIUYECTBO
OpeMuil TPUCYXKAEHO 3a paboThl, B KOTOPHIX IIOKAa3aHO, YTO
Bcenennas He Tak mpocTa, Kak HaM KaXeTcs).

CymecTtByeT  MareMarudeckas  TeOpemMa, B KOTOpOM
yTBEp)KIAeTCs, 4YTO Jr00asi Teopus, MOAYUHSIOUIAsICS KBAaHTOBOM
MEXaHUKE M TEOpUU OTHOCUTEIBHOCTH, JOJDKHAa Bcerjga ObITh
WHBapHaHTHA OTHOCUTENIbHO KOMOMHHUpoBaHHON cummerpun CPT.
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[pyrumu cinoBaMu, mnoBeJeHUE BCeleHHONW HE WM3MEHHTCH, €ClU
3aMEHUThH YaCTHULIbI AHTUYACTUIIAMH, OTPA3UTh BCE B 3€pKAJE U CILE
M3MEHHTDH HarmpasiieHHe BpeMeHu Ha oopatHoe. Ho Kponun u ®utu
MOKa3ajd, 4YTO €CIM 3aMEHHUTb YacTHLBl aHTHUYaCcTULAMH U
IIPOU3BECTH 3E€PKAJIBHOE OTPAXKEHUE, HO IPU 3TOM HE WU3MEHATH
HafpaBlIeHUE BpeMEeHM Ha oOpaTHoe, To Bcenennas Oyzaer Bectu
cebs mo-mpyromy. CremoBaTenbHO, IMpH OOpAIIEHUH BPEMEHU
3aKOHBl ()M3UKU JOJKHBI M3MEHHUTHCA, T. €. OHU HE MHBAPHAHTHBI
OTHOCHUTEIIBHO cuMMeTpuu T.

[lonsATHO, YyTO B paHHE! BceneHHON Hapylamack CUMMETPUS
T: xorga Bpems Teuer Brepen, Beenennas pacuupsiercs, a eciiu Obli
BpeMs TMOLUIO Hazad, To BcenenHas Hawyama Obl cxuUMaTbes. A
IIOCKOJIBKY CYLIECTBYIOT CHJIbl, HE WHBAapUAHTHBIE OTHOCUTEJIBHO
cummMmerpun T, TO OTCrOa CiIeQyeT, 4TO HO Mepe pacUIMpEeHHs
BcenenHoll moj JOEHCTBHEM O3TUX CHJI aHTHAJIEKTPOHBI JOJKHBI
IpeBpaliaTbcsi B KBapKH Yalle, YeM DJJIEKTPOHbl B aHTHKBAPKHU.
3areM, koraa BeerneHHas pacmupsaiach U 0XJIaXAaaach, aHTUKBAPKU
U KBapKu JIOJDKHBI ObLIIM aHHUTHJIMPOBATh, HO MOCKOJBKY KBapKOB
OKa3aJoch Obl OOJbILE, YeM aHTUKBAPKOB, KBapKHU OCTAJIHCh Obl B
HeOobIIOM U30bITKE. M1 OHHM-TO M ecTb Te camble KBapKH, W3
KOTOPBIX COCTOUT CErOJHALIHEE BEUIECTBO, KOTOPOE MBI BUIUM U U3
KOTOPOTO COTBOPEHbI MbI caMU. TakuM oOpa3oM, camoO Halle
CYILIECTBOBAaHHE MOYKHO PacCMaTpHUBaTh KaK MOATBEPKICHUE TEOPUHU
BEJIMKOr0 OOBEAMHEHMsI, TpaBla, TOJBKO KaK KayeCTBEHHOE
NOATBEpKAeHUEe. HeomnpeneaeHHOCTH MPOUCXOAAT H3-3a TOrO, 4YTO
MBI HE MOKEM IPEJCKa3aTh, HU CKOJIBKO KBAPKOB OCTAHETCS IOCIE
AHHUTWISLUM, HU Jake OyIyT JIM OCTaBIIMECS YaCTHUIIbl KBapKaMu
win aHTukBapkamu. (IIpaBma, ecnu Obl B M3JIMILKE OCTAJUCh
AHTUKBAPKHU, MBI ObI IPOCTO MEPEUMEHOBAIN MX B KBApKH, a KBAPKU
— B aHTUKBApKH).

Teopun Benukoro oObeAMHEHHs HE BKIOYalOT B cels
IpPaBUTALMOHHOE B3aUMOJEHUCTBHE. DTO HE CTOJb YK CYLIECTBEHHO,
[IOTOMY 4YTO TI'PaBUTALMOHHBIE CWJIbI TaK Majbl, YTO HUX BIUSHUEM
MOKHO TpPOCTO TIpeHeOpeub, Korga Mbl HMEEeM Jelo ¢
AJIEMEHTAPHBIMHM YacTUlaMM Wi aromMamu. OgHako TOT (akrt, yTo
IPaBUTALMOHHBIE CUJIBI SIBJISIFOTCS JAJIbHOACUCTBYIOUIMMHU, Ja €I1e U
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BCEr/la CHUJIaMU NPUTSHKEHUS, O3HA4aeT, 4YTO PE3yJbTaTbl HX
BO3JIEICTBUS Beeraa cymmupytoresa. CieqoBaTeabHO, €ClU UMEETCs
JIOCTaTOYHOE KOJIMYECTBO YACTHUI] BELIECTBA, TO I'PAaBUTALMOHHbBIE
CHJIBI MOTYT CTaTh OOJbIIE BCEX OCTANbHBIX CHI. BoT mouemy
sBoJOIMS Beenennon onpeaensercs UMEHHO TpaBuTauueil. Jlaxe B
cily4ae 0ObEKTOB pa3MepoM CO 3BE3ly IPaBUTALIMOHHOE MPUTSKEHUE
MOJKET MEPEBECUTHh BCE OCTaJbHBIE CUJIBI U MPUBECTH K KOJUIAIICY
3Be3abl. B 70-x ronmax si 3aHUMaJICS UCCIETOBAaHHEM YEPHBIX JIBIP,
KOTOpBIE MOTYT BO3HUKHYTb B pe€3yJbTaT€ TaKOro 3BE3JHOIO
KOJIJIaNica, U OKPYXAlOIIMUX HMX CHJIbHBIX I'DPAaBUTALlMOHHBIX MOJIEH.
VimMeHHO B X0/1€ 3TOM pabOThl Y MEHS MOSBUIIUCH NEPBBIE JOTAJKH O
TOM, KaK KBAHTOBas MEXaHHWKa M 00IIas TEOPHs OTHOCUTEIbHOCTU
MOTYT BIHSTH APYT Ha Apyra — mepBble mpobiecku (Gpopmbl TOi
KBaHTOBOM TE€OpUM TIpaBUTALMU, KOTOPYIO €LIe MPEeACTOUT
pa3paboTaTb.

6. YepHble AblpbI

TepMuH «uepHas npIpa» MOSBUJICA COBCEM HelaBHO. Ero BBen
B obuxon B 1969 r. amepukanckuii yuenslidi J[oH Ywuiep Kak
MeTadOopUYecKOoe BBIPAKEHUE MPEJICTaBICHHS, BO3HUKIIETO I10
kpaiineir mepe 200 neT Hazax, Korja CyIIECTBOBAJIM JIBE TEOPHUHU
CBETa: B MEPBOM, KOTOpOU npuaepxkuBaicsi Hpl0TOH, cCUMTAIOCH, YTO
CBET COCTOMUT M3 YaCTHII; COTJIACHO K€ BTOPOM TEOPHUH, CBET — 3TO
BosIHBI. Celfyac MbI 3HaeM, YTO Ha caMOM Jiejie 00e OHU MPaBUIIbHBI.
B cuny npuHnmMna YacTUYHO-BOJIHOBOTO Jyajii3Ma KBAaHTOBOM
MEXaHUKH CBET MOJXKET pPacCMaTpUBATBCS M KaK YaCTHUIIBI, U Kak
BOJIHBL. B Teopuu, B KOTOpO# CBET — BOJHBI, OBLIO HEMOHATHO, KaK
OyzeT AeiicTBOBaThH Ha HEro TpaBuUTanus. Ecimu ke cBeT — MOTOK
YacTHUL, TO MOKHO CUMUTATh, YTO IPABUTAIUS JEHCTBYET HA HUX TaK
e, KaK Ha IMyIIeYHbIe SApa, pakeThl U miaHeTbl. CHavana ydeHble
QyMalii, 4YTO 4YacTHIbl CBETa IepeMeliaroTcss ¢ OeCKOHEYHOU
CKOPOCTBHIO W TIO3TOMY TPAaBHTAIMS HE MOXKET UX 3aMEIJIUTh, IO
koraa Pémep ycTaHOBUII, UTO CKOPOCTh CBETa KOHEUYHA, CTAJIO SICHO,
YTO BIMSHHUE TPABUTAIIMN MOKET OKa3aThCS CYIIECTBEHHBIM.

Ucxons wu3 oartoro, J[xon Mwuuen, mnpenojgasarens U3
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KemOpumxka, B 1783 r. npencraBui B xkypHai «Puiocopckue Tpyasl
JlonmoHckoro Koponesckoro obmecTBa» (Philosophical
Transactions of the Royal Society of London) coro paboty, B
KOTOpPOM OH YyKa3plBal Ha TO, 4YTO JOCTAaTOYHO MAaCCHUBHasi |
KOMITAKTHas 3Be€371a JOJDKHA UMETh CTOJIb CUIIBHOE IPaBUTALMOHHOE
HOJIE, UTO CBET HE CMOKET BBIWTH 3a €ro mpejebl: 11000 JIyd cBeTa,
WCITYILLICHHBIA MMOBEPXHOCTBHIO TAKOM 3BE3JIbI, HE YCIEB OTOMUTU OT
Hee, OyJneT BTAHYT OOpaTHO €€ TPaBUTAIMOHHBIM MPUTSHKEHUEM.
Muuen cydTan, 4YTo TaKUX 3BE3J] MOXET OBITh OYEHb MHOTO.
HecmoTpst Ha TO 4TO UX HENb3sl YBUAETD, TaK KaK UX CBET HE MOXKET
0 Hac JOWTH, MBI TE€M HE MEHee JOJDKHBl OUlylaTh WX
rpaBuTaliioHHoe nputskeHue. [logoOHble O00BEKTHI HAa3bIBAIOT
cefyac 4YepHbIMU [JblpaMH, U OTOT TEPMHH OTpPaKaeT HX CYTb:
TeMHbIe O€3HBI B KOCMHYECKOM IPOCTpaHCTBE. Uepe3 HECKOIbKO
jger mociae Mwuuena u ¢paHIy3ckuil yudeHblid Jlamuac BbIcKasad,
MO-BUAMMOMY, HE3aBHCHUMO OT HETrO AHAJIOTMYHOE IMPEIIOJIOKEHHE.
Hebe3bHTepecHo, uro Jlamnmac BKIIOYMI €ro JMIIb B MNEPBOE U
BTOpO€ M3AaHusl cBoel KHUru «CHcTeMa MHpay, HO MCKIIIOUWI U3
OoJiee MO3AHUX M3AAHUM, COUTS, HABEPHOE, YEPHBIE AbIPHI Ope1oBOH
uaeeir. (K tomy ke B XIX B. KOpImycKyisipHas Teopusl CBeTa
norepsia nomyJsapHocTs. CTano Ka3aTbCsl, YTO BCE SIBIECHUS MOXKHO
OOBSCHUTH C TMOMOIIBIO BOJTHOBOW TEOpHHM, a B HEW BO3NEHCTBHE
IPaBUTALMOHHBIX CUJI HA CBET BOBCE HE ObLIO OUEBUIHBIM).

Ha camom nenme cBeT Henb3sd paccMaTpyBaTh KAk ITyIIEYHBIE
a1pa B TeopuH TAroteHus HproToHA, MOTOMY YTO CKOPOCTH CBETa
¢ukcuponana. (IlymeyHoe s1po, BeUIETEBIIEE BBEPX C IOBEPXHOCTH
3eMJH, U3-3a rpaBUTalMu OyeT 3aMeJIATh MOJIET U B KOHIIE KOHIIOB
OCTaHOBMUTCS, a IIOTOM HayHeT majgaTte. POOTOH K€ JOKEH
IIPOJOJDKATh JIBJKEHUE BBEPX C INOCTOSHHOHM ckopocThro. Kak ke
TOTJja HbIOTOHOBCKAsl I'pPaBUTAIUSI MOKET BO3/E€WCTBOBATH Ha CBET?)
ITocnenoBarenbHass TEOpUs B3aMMOACHMCTBHSI CBETAa M I'paBUTALUU
oTcyTcTBOBasia a0 1915 r., KOorma DWHINTEHH NPEIIOKUI OOIIyIO
TEOPUI0 OTHOCUTEIBHOCTH. HO nmake mociie 3Toro npouuio Hemayo
BPEMEHH, TIOKa CTAJI0 HAKOHEI| SCHO, KAaKHE BBIBOJIBI CIEAYIOT W3
TEeOpUn DUHIITEHHA OTHOCUTEIBHO MACCUBHBIX 3BE3].

UToObl MOHATH, KAK BO3HUKAET YepHas Jblpa, HaJ0 BCIIOMHUTh
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0 TOM, KaKOB XM3HEHHBI LMKJ 3Be3/bl. 3Be3/a 00pa3yeTcs, Koraa
OosiblIOE  KOJIMYECTBO ra3a (B OCHOBHOM BOJOpOJa) HAYMHAET
C)KMMAThCSI CUJIAMH COOCTBEHHOTO TPABUTALMOHHOTO TMPHUTKCHHUS.
B mpouecce cxxatus aToMbl ra3a BCE 4alle M 4Yallle CTaJIKUBAKOTCS
Ipyr C JpyroM, JBHUTasCh CO Bce OONBIIMMH H  OONBIIUMU
ckopocTsiMu. B pesynbrare ras pasorpeBaercs M B KOHLE KOHLIOB
CTAaHOBUTCA TaKUM TOpPSAYUM, YTO aTOMbl BOJOpOJa, BMECTO TOIO
4yTOOBI OTCKaKuBaTh Jpyr OT Jpyra, OyIdyT ciIuBaTbcs, 00Opasys
requid. Temno, BbLOEHAOIIEECS B OTOM  peakUHMH, KOTOpas
HAIlOMMHAET YIPaBJISIEMbIH B3pbIB BOJAOPOJHOW OOMOBI, M BBI3BIBAET
CBEUYECHME 3Be3lbl. [3-3a JNONOJHUTENBHOIO TEIIa AABJICHUE TIas3a
BO3pacTaeT A0 TeX IOp, NOKa HE YPaBHOBECUT TI'PAaBUTALMOHHOE
IIPUTSDKEHUE, MIOCIIE YEro ra3 MEepecTacT CKUMAThCs. ITO HEMHOIO
HallOMMHAeT  HAJIyTbld  pPE3UMHOBBIM  IIAPUK, B  KOTOPOM
YCTaHABJIMBAETCS PAaBHOBECHE MEXKIY ABICHHEM BO3/yXa BHYTpH,
3aCTaBISIOUIMM IIAPUK pa3fayBaTbCs, U HATSKEHUEM PE3UHbBI, MOJ
JeficTBUEM KOTOPOro MapuK cxumaetcs. [1ogo6Ho mapuky, 3Be3/1bl
OyIyT JOJTr0 OCTaBaThCsi B CTAOMJIBHOM COCTOSIHUM, B KOTOPOM
BBIICISIIOLIUMCS. B SIIEPHBIX PEAKLMIX TEIJIOM YPAaBHOBELIMBAETCS
rpaBUTAllMOHHOE NpuUTsHKeHHe. Ho B KOHIlE KOHLIOB Yy 3BE€3.Ibl
KOHYMTCA BOJOPOA W JpYrue BHJIbl sAAEpHOro TorumBa. Kak HU
napajoKcalbHO, HO YeM OoJibllle HayajlbHBIM 3amac TOIUIMBA Y
3BE3/lbl, TEM ObICTpee OHO HCTOIIAETCS, MOTOMY 4YTO JJIs
KOMIIEHCAIIUM TPaBUTALMIOHHOTO NPUTSKEHUS 3BE37€ HaA0 TEM
CHJIBHEE pa3orpeTbes, ueM OoJblle ee Macca. A ueM ropsdee 3Be3za,
TeM OBbICTpee pacxolyeTcs ee TOIUIMBO. 3amaca TormuBa Ha CoiHie
XBaTUT NPUMEPHO HA MATh THICSY MWUIMOHOB JIeT, HO Oolee
TSDKENbIEe 3BE€3[bl HU3pPacXOAyIOT CBOE TOIUIMBO BCEro 3a CTO
MUJIMOHOB JIET, T. €. 3a BpeMs, Iopa3l0 MEHbIIEE BO3pacTa
Bcenennoit. M3pacxonoBaB TOIIMBO, 3B€3/1a HAUMHAET OXJIAXKIATHCS
U CXKHMMATbCs, a BOT 4YTO C HEH IPOUCXOAMT IOTOM, CTAJIO MOHATHO
TOJILKO B KOHIIE 20-X TOJIOB HAIIIErO BEKA.

B 1928 r. Cyb6pamanbsan Yannpacekap, acnupant u3 WUunumy,
oTnpaBuics 1o Mopio B Anriuto, B KemOpumxk, 4ToObl npoiiTu Tam
Kypc oOyueHHs y KpymHEHIero cnenuaiucra B obiactu oOriei
TEOpUHU OTHOCUTEIbHOCTU ApTypa DanunrroHa. (I'oBopst, B Hauane
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20-X ro10B OJIMH XYPHAJIUCT CKa3ajl DJAUHITOHY, YTO OH CIbIIIAJ,
OyaTO B MHpE BCEro TPH YEIOBEKa MOHUMAIOT OOIIYI0 TEOPHIO
OTHOCHUTENIBHOCTH. DJIMHITOH, IOMOJIYaB, CKa3all: «5 gyMaro — KTo
ke Tperuii?»). Bo Bpemss cBoero myrtemiecTBus w3 MHaum
Yanapacekap BBIYMCIWI, KaKOM BEIMYMHBI JTOJKHA OBITH 3BE3]a,
4TOOBI, U3PACX0/I0BAB LIETTMKOM CBOE TOILUIMBO, OHA BCE YK€ MOTJja Obl
IPOTHBOCTOSTh BO3JACUCTBHIO COOCTBEHHBIX TI'DAaBUTALIMOHHBIX CHIL
Yannpacekap paccyxxnan Tak. Korzna 3Be3ia yMeHbIIaeTCs, YaCTHIIbI
BEIIECTBA OYEHb CHJIBHO COJIDKAIOTCS IPYT C JIPYroM, U B CHIY
npuHLMIa 3anpeta (uckiarodeHus) [laynm ux ckopocTH TOJIKHBI BCE
Oonpmie  pasznuuathes.  CleoBaTENbHO, YAaCTUIBI  CTPEMSATCS
paszoifTuch U 3Be3na pacumpserca. Takum o0pa3zom, paauyc 3Be3zbl
MOJKET YAEp>KUBAThCSl MOCTOSHHBIM OJlarojjapsi paBHOBECHIO MEXKIY
I'PaBUTALMOHHBIM MPUTSHKEHHEM W BOSHUKAIONINM B CHITY TIPUHIIHIIA
[Taynu oTTankuBaHUEM, TOUYb-B-TOYb KaK Ha Oojiee paHHEW cTaauu
pa3BUTHSL 3BE3]bl I'PABUTALMOHHBIE CHJIbI YpPAaBHOBEIIMBAJIUCH €€
TEIUIOBBIM PACIIUPEHUEM.

Opnako  Yanapacexkap MOHMMAJ, 4YTO  OTTAJIKUBaHUE,
oOycnosnenHoe npuHuunoM Ilaynu, He OecmpeaenbHo. CoryiacHo
TEOpUU OTHOCUTEIBHOCTH, MAaKCHMajbHasi pa3HUIA CKOpOCTEeH
YacTHUILl BEIIECTBA B 3B€3/I€ pPaBHA CKOPOCTH CBETA. JTO 3HAYMUT, 4TO,
KOrJa 3Be3Ja CTAHOBUTCS JOCTaTOYHO IUIOTHOW, OTTaJKMBaHUE,
oOycnoBieHHoe npuHUMNoM Ilaynu, HOMKHO CTaTh MEHbIIE, YeM
rpaBUTALlMOHHOE MpUTsDKeHUEe. YaHapacekap paccuuTai, 4To €ciu
Macca XOJIOJHOM 3Be3/bl Oojee 4eM B IMOJITOpa pa3a MPEeBBILIAET
maccy ConHima, TO 3Ta 3Be3a HE CMOXET IPOTHUBOCTOSTh
coOcTBeHHOM rpaButaiuu. (/laHHOe 3HaueHHEe Macchl celdac
Ha3pIBalOT mpenenom Yawapacekapa). [IpubmmusutenbHO B TO JKe
BpeMs aHAJIOTMYHOE OTKpbITHE caenan coBerckuil ¢usuk JI. [l
Jlannay.

BriBoasl Yanapacekapa u Jlanaay umenu BaXKHbIE CIEICTBUS
OTHOCHUTENIbHO CyAbObl 3Be3n ¢ Oombiiod maccodl. Ecnm macca
3Be31bl MEHbLIE Ipenena YaHapacekapa, TO OHa B KOHIE KOHLIOB
MOJKET MepecTaTh COKPAIAThCs, MPEBPATUBILNCH B O€IOro Kapiauka
— OJIHO U3 BO3MOXKHBIX KOHEYHBIX COCTOSHMM 3Be3abl. benblii
KapJIMK UMEET B PaJInyCce HECKOJIbKO THICSY KUJIOMETPOB, MJIOTHOCTh
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— COTHM TOHH Ha KyOWYeCKMH CAaHTHMETp W YAEpKUBACTCA B
paBHOBecHH Oyarojapsi OTTaIKMBAHUIO 3JIEKTPOHOB B €r0 BEIIECTBE,
OTTAJKMBAaHHUIO, KOTOPOE BO3HMKAET M3-3a npuHuuna I[laymu. Ha
HeOe BHIHO HeMano OenbIX KapnukoB. OJHUM M3 TEpPBBIX ObLI
OTKPBIT OeJNblii KapiuK, Bpamaromuics Bokpyr Cupuyca — camoi
SAPKOH 3Be3/1bl HA HOUHOM HeOe.

Jlanmay mokasan, 4TO 3B€3/la MOXET OKa3aTbCsi M B JAPYromM
KOHEYHOM COCTOSIHMM, TpeJielibHas Macca KOTOpOro paBHa
onHoi-nByM MaccaM ConHua, a pa3Mepbl Aak€ MEHbIIE, YeM Yy
Oemoro Kapiuka. OTH 3BE3[bl TOXE JOJKHBI CYIIECTBOBAThH
Onarosapsi BOHUKaroUleMy u3-3a npuHiuna [laynm oTTalkuBaHuIo,
HO HE MEXIy 3JEKTPOHAMH, a MEXJy HNPOTOHaMU U HEUTPOHAMHU.
IToaTomy Takue 3B€31bl MOTYUYWIA Ha3BAaHUE HEUTPOHHBIX 3Be31. Mx
paauyc He 0O0JIbLIIe HECKOJIBKUX JIE€CATKOB KUIOMETPOB, a MIIOTHOCTh
— COTHM MWUJIMOHOB TOHH Ha KyOumueckuil cantumerp. Korna
Jlangay mpenckaszan HEMTPOHHBIC 3BE3[bI, HAOMIOAATh WX HUKTO HE
yMell, a peajbHas BO3MOXHOCTb HUX HaONIOJCHHUS NOSBUIACH
3HAYUTENIbHO MO3KE.

Ecnn macca 3Be3abl npeBbllIaeT npenen Yanapacekapa, To,
KOIJla €€ TOIUIMBO KOHYAeTCsl, BO3HUKAIOT OOJBIIME CIIOXKHOCTH.
YroObl n36ekaTh KaTacTpo(hUUECKOro rpaBUTAIMOHHOIO KOJUIarca,
3Be37a MOXKET B30PBAThCS WM KaKMM-TO 00pa3oM BBIOPOCUTH W3
ceOsd yacTh BeIllecTBa, YTOOBI Macca CTajla MEHBIIE IPeaesIbHOM.
TpyaHo, ofHaKO, MOBEPUTH, YTO TaK MPOUCXOAUT CO BCEMU 3BE3aMU
HE3aBHUCUMO OT uX pasmepoB. Kak 3Be3na y3HaeT, 4To el mopa
TepsaTh Bec? A paxke eciu Obl KaKIOW 3B€3/I€ YJAJIOCh MOTEPATH B
BECE HACTOJIbKO, YTOOBI M30€XkKaTh KOJIAIca, TO YTO MPOU30ILIO OBbl,
eciii Obl MbI YBEJIWYWIN Maccy Oeioro Kapjauka Wi HEUTPOHHOM
3BE3/Ibl TaK, YTOOBI OHA MpeBbIcHIIA OBl Mpeaesn? MoxeT ObITh, TOr/Aa
mpou3o1es Obl KOJUTArC W IUIOTHOCTh 3BE3/IbI CTajda OSCKOHEYHOW?
OAMUHITOH OBLT Tak ATUM TMOPAXKEH, 4YTO OTKAa3aJCsi BEPUTh
pesynbraty Yanapacekapa. OH cUHMTan MPOCTO HEBO3MOXKHBIM,
4yToObl 3B€3[]a CKOJUIAIICMpOBaja B TOYKYy. Takod mno3uuuu
MPUJIEPKUBATIOCH OOJIBIIMHCTBO YYEHBIX: caM ODWHIITEHH 3asBHI B
CBOEH cTaThe, YTO 3BE€3[bl HE MOTYT CXHUMATbCs IO HYJEBBIX
pasmepoB. BpaxneOHoe OTHOIIEHHWE YYEHBIX, B OCOOEHHOCTH
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DOJIMHTTOHA, KOTOpBIA ObUT MEepBBIM yuHTedeM YaHapacekapa u
IJIABHBIM aBTOPUTETOM B MCCIICJOBAHUM CTPOEHUS 3BE3[l, BHIHY MU
Yanapacekapa OCTaBUTh pabOTy B TIPEKHEM HANpaBICHUU H
NEPEKIIIOUNTEC Ha JApyTHE 3aJa4d  acTPOHOMMHM, TaKHe, Kak
JIBUKCHHUE 3BE3MHBIX ckomieHud. Opnako HoOeneBckas mpemus
1983 r. Obula, 1O KpalHEW Mepe YaCTHUYHO, TMPHUCYKICHA
Yanapacekapy 3a paHHUE paOOTHI, CBS3aHHBIC C MPENEIbHON Maccoi
XOJIOJHBIX 3BE31I.

OH mnoka3zan, 4YTO €CiaM Macca 3Be3/lbl IPEBBIIAET IPEIE
Yanapacekapa, TO NPUHLMII 3alpeTa HE MOXET OCTAaHOBUTH €€
KOJIIAIC, a 3aa4y O TOM, YTO JOJDKHO IIPOM30MTH C TaKOH 3BE310H1
COTJIaCHO OOIIEH TEOPUHU OTHOCHTEIBHOCTH, NEPBHIM pemnia B 1939
r. Moyojoil amepukanckuil ¢uszuk Pobepr Omnmenreiimep. Ho u3
pesynbraToB  OmnmeHreiiMepa cjieloBajio, 4YTO C  IOMOIIbIO
CYIIIECTBOBABIIMX TOI'/Ia TEJIECKOIOB HeNb3s HAOMI01aTh HU OJIUH U3
npenckasaHubix 3ddextos. [lotom Hawanace Brtopas wmwupoas
BoiHa, M caMm OmnmneHreliMep BIUIOTHYIO 3aHSJICS pPa3pabOTKON
atoMHOi OoMObI. [locie BOWHBI O TPABUTAIIMOHHOM KOJUIAIICE
COBEPILIEHHO 3a0bLIM, MOTOMY YTO OOJBIIMHCTBO YYE€HBIX OBLIO
YBJIEUEHO U3yUYEHUEM SIBJIEHUI aTOMHBIX U siiepHbIX Maciitabos. Ho
B ILIECTUACCATHIX rojax, Onarojaps HOBEHIIEH TeXHUKE, YHCIIO
aCTPOHOMUYECKUX HaOJIIOAEHUM CHJIBHO BO3pOCIO, a UX 00JacTb
3HAYUTENIBHO PaCLIMPUIAch, YTO BBI3BAJIO BO3POXKIEHUE MHTEpECA K
aCTpOHOMHUU U KocMmojoruu. Pesynbrarel Omnmnenreiimepa ObLIN
3aHOBO OTKPBITHI ¥ Pa3BUTHI J1ajie€ MHOTUMHU (PU3UKaMU.
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B wrore, Onmaromaps OmnmeHreiiMepy, Mbl HMEeM celvac
CIIEIYIOIIYI0 KapTHHY. V3-3a TpaBUTAIIMOHHOTO MOJIS 3BE3/bl Jy4YH
CBETa B IMPOCTPAHCTBE-BPEMEHHU OTKIIOHSIOTCS OT TeX TPACKTOPHH,
M0 KOTOPBIM OHH TIEPEMEIIAUCh Obl B OTCYTCTBHE 3BE3JIBI.
CBeTroBbIe KOHYCBI, BJIOJIb MMOBEPXHOCTHU KOTOPBIX
pacpoCTpaHsIOTCS UCIYIICHHbIE M3 WX BEPIIMH CBETOBBIE JYyYH,
OKOJIO TIOBEPXHOCTH 3BE€3/Ibl HEMHOT'O HAKIIOHSIOTCS BHYTpPb. JTO
MpOSIBJISIETCST B HAOJII0Ja€MOM BO BpEMsi COJIHEYHOTO 3aTMEHHS
WCKPHUBJICHUH CBETOBBIX JIy4eil, UAYIIUX OT yJaleHHbIX 3Be3f. [lo
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Mepe C)KaTHs 3BE3/bl YBEJIMYMBAETCS TPABUTALIMOHHOE II0JIE HA €€
MIOBEPXHOCTU M CBETOBBIE KOHYCHl HAKIIOHSIOTCS €IIE CHJIBHEE.
[ToaToMy CBETOBBIM JIyyaM, UCITyLIEHHBIM 3BE€3/10M, CTAHOBUTCS BCE
TPyJHEE BBINTH 3a NPEIENbl I'PAaBUTAMOHHOTO IOJSA 3BE3Ibl, U
yaJeHHOMY HAOJIOAATENI0 ee CBeueHHe OyIeT Ka3aThCsl TyCKIbIM H
Oosiee KpacHbIM. B KOHIle KOHIIOB, KOTJa B XOJE CXKaTHs Paguyc
3B€31bl  JOCTUTHET  HEKOTOPOrO0  KPUTHMYECKOrOo  3HAuYEHUS,
I'PAaBUTALMOHHOE TI0JIE y €€ IIOBEPXHOCTH CTAHET OYEHBb CHIIBbHBIM, U
TOTJ]a CBETOBBIE KOHYChI HACTOJIKO [TOBEPHYTCSI BHYTPD, UTO CBET HE
CMOXXET Oomplie BbIATH Hapyxky (puc. 6.1). I[lo Teopun
OTHOCHUTEJIbHOCTU HUYTO HE MOXKET JIBUTAThCs OBICTpEe CBETA; a pa3s
CBET HE MOJXKET BBIMTH HApyXKy, TO U HUKAKOH Apyroi oOBEKT HE
CMOXeET BBIITH, T. €. Bce OyeT BTATMBAThCS Ha3a] I'PaBUTALlMOHHBIM
noJjieM. DTO 3HAYUT, YTO CYILECTBYET HEKOE MHOXKECTBO COOBITUH, T.
€. HeKasl o0JIacTh MPOCTPAHCTBA-BPEMEHHU, U3 KOTOPOH HEBO3MOXKHO
BBIITH HapyXKy U JOCTUYb yAalleHHOro HaOmoaarens. Takas o6nacth
Ha3bIBACTCS CeHYyac YEepHOM MAblpoil. ['paHuily 4YEepHOH IBIPBI
Ha3bIBAIOT TOPU30HTOM cOOBITUH. OHa COBMAgaeT € MyTAMHU TeEX
CBETOBBIX JIy4el, KOTOpPBIE NEPBBIMHU U3 BCEX TEPSIOT BO3MOKHOCTh
BBIATH 32 MPEJEIIbI YEPHOU JIBIPHI.

UToObl MOHATH, YTO Bl YBUAETH Obl, ecnu Obl HabmOgaMM 3a
o0pa3zoBaHMEM YEpHOW JAbIpbI MpH KOJIJIANCE 3BE3/bl, HAaJA0
BCIIOMHUTb, UYTO B TEOPUU OTHOCUTEIBHOCTH OTCYTCTBYET
abCONIIOTHOE BpEeMs U y KaKJI0ro Ha0Jto/1aTeNsl CBOSl MEpa BPEMEHHU.
N3-3a TOoro 4Yro 3Be3na MMEET TIPAaBUTALMOHHOE IIOJIE, JUIS
HaOIroaTeINsT Ha 3B€3/1€ BpeMsi OyJIeT He TaKuM, Kak ISl YIAJICHHOTO
HaOmomarensa. [lpeamonokum, 4YTO KakoH-HUOYIb  OTBa)KHBIN
aCTPOHABT HAXOJUTCS Ha MOBEPXHOCTH KOJUIANICHUPYIOIIEH 3BE3/bl U
KOJUTAIICUPYET BHYTPb BMECTE C HEM.

[IycTh OH KaXIyl0 CEKyHJIy IO CBOMM YacaM IOCBLIAeT
CUTHAJIbI Ha KOCMHMYECKHIl KOpalisb, oOpallaroluiics 1mo opoure
BOKpPYT 3Be€3/bl. B Kakoil-TO MOMEHT BPEMEHHM 110 €r0 YacaM, CKaXkeM
B 11:00, 3Be3ma coxmercs OO paguyca HM)KE KPUTHUECKOTO, NpHU
KOTOPOM TPaBUTALMOHHOE I0JIE€ CTAHOBUTCS HACTOJIBKO CHIIbHBIM,
YTO HUYTO HE MOXET BBIUTH Hapy)Ky, U TOrJa CHUTHAJIBI 3TOT0
cMenbuaka Oosbllle HE MONaayT Ha KocMHU4yecKud kopabnb. [Ipu
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npubnmxennn BpeMeHn K 11:00 mHTEpBanmbl MEXAy OYepeIHBIMU
CUTHAJIaMH, KOTOpbIE aCTPOHABT IMOCHUIAET CBOMM CIyTHHKaM Ha
KOCMUYECKHI Kopaldiib, OyayT ymmuHATBCSA, HO 1m0 10:59:59 stoT
s ekt Oyaer HeBenuK. Mex1y curHallaMu, KOTOpble aCTPOHABT I10
ceouM vacaM mnomureT B 10:59:58 u 10:59:59, ma kocMHYECKOM
KopalJje mpoiiieT uyTh Oosblie CeKyHAbl, HO CHTHAla, MOCIAHHOTO
actpoHaBToM B 11:00, um nmpujercs xnate BeyHo. CBETOBBIE BOJIHBI,
WCIYILIEHHBbIE C MOBEpXHOCTU 3Be31bl Mexay 10:59:59 u 11:00 no
yacaM acTpoHaBTa, OyAyT, C TOYKH 3pEHHs Iaccaxupa
KOCMHUYECKOr0 KOpalOuis, pa3MaszaHbl 10 OECKOHEUHOMY IEpUOILY
BpeMeHU. BpemeHHON uHTepBall MeEXAy JBYMs  BOJIHAMH,
NPUXOAALIMMHU ApPYyT 3a APyroM Ha KopaOib, OyJer Bce Bpems
YBEJIIMUMBATBCS, U TIOATOMY H3Iy4daeMblii 3Be30M CBeT OyneT
HEMPEPHIBHO OciabeBaTh M Ka3aThCs Bce Oosee KpacHbIM. B koHie
KOHIIOB 3B€3/1a CTAHET TAaKOM TYCKJIOH, 4yTO ee OOJIbIle HE YBUIAT C
00pTa KOCMHUYECKOT0 KOpaldJis: OT HEe OCTAHETCs JIUIIb YepHasi AbIpa
B mpocTpaHcTBe. [Ipm 3ToM Ha Kopabimb OyJeT Mo-NpexKHEMY
JEHCTBOBAaTh TPaBUTALIMOHHOE TPUTSHKEHHE 3BE3[bl, TaK UYTO OH
IPOJIOJDKUT CBOE JIBMXKEHHUE 110 OPOUTE BOKPYT YEPHOH JIBIPHI.

Ho »ToT cuenapuii HE COBCEM PEATUCTUUYEH MO CIEIYIOLICH
npuunHe. Ilpu  yganeHuu OT 3Be3lbl €€ TPaBUTALMOHHOE
NPUTSDKEHUE ocjabeBaeT, a IMO3TOMY HOTIM HAIllero OTBa)KHOTO
acTpoHaBTa  Bcerga  OyJIyT — HCHOBITBIBaTH — Oojee  CHIIbHOE
rpaBUTAllMOHHOE BO3JEWUCTBUE, YeM TrojoBa. PasHuna B BelIMYMHE
CHJI MIPHUBEJIET K TOMY, YTO aCTPOHABT JIMOO OKAKETCSI BBITSHYTHIM,
KaK CHareTTH, JIN0O pa3opBeTcs Ha YacCTH €IIe JI0 TOro, KaK pa3Mepbl
3BE31bl COKpATATCS A0 KPUTUYECKOTO paguyca, KOrJa BO3HUKAET
ropu3zoHT coobiTuit! Ho wmbl cumraem, 4ro Bo BceneHnnoit
CYILIECTBYIOT ropa3fio 0ojblIne OObEKThl, HAPUMEP LEHTpPaJIbHbIC
00JacTH rajlakTUK, KOTOpPBIE TOKE€ MOTYT IMpPEBpPALAThCsl B YEPHBIE
JIBIPBI M3-32 TPABUTALIMOHHOTO KoJutarnca. Toraa, HaXxoIsCh Ha OJTHOM
13 Takux 0OBEKTOB, aCTPOHABT HE ObUT OBl pa3opBaH Ha YACTH €IIIe
no oOpaszoBaHus dYepHOM Iblppl. Ha camom nene oH Obl He
MOYYBCTBOBAJI HUYETO OCOOEHHOTO0, KOTJa paJuyc 3BE€3/bl JOCTUT Obl
KPUTUYECKOTO 3HAYEHMs, U BIIOJIHE MOT Obl NMPOWTH, HE 3aMETHUB,
TOUKY, 3a KOTOPOW HayumHaeTcsl 001acTh, OTKYAa HEJNb3sl BEPHYThCS
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Ha3aa. Ho Bcero yepes HECKOJIBKO 4acoB, KOTJa 3Ta 00JIaCTh Havania
ObI KOJJIAIICUPOBAaTh, Pa3HUIA TPABUTALMOHHBIX CHJI, AEHCTBYIOLIUX
Ha HOTM U Ha TOJIOBY, BO3pOCia OBl TaK CHJIBHO, YTO €r0 OISTh
pa3opBaio Obl Ha YACTH.

B paGore, kotopyto MbI ¢ Pomkepom IleHpoy30M BBITOIHMIN B
nepuon ¢ 1965 mo 1970 r., 6bUIO0 TIOKA3aHO, YTO, COTJIACHO OOIICH
TEOPHUH OTHOCHTEIBHOCTH, B YEpHOH JbIpe JODKHA OBITH
CUHTYJSIPHOCTb, B KOTOPOM  IUIOTHOCTb W KpHUBH3HA
NPOCTPaHCTBa-BpeMeHH  OeckoHewHbl. CHTyanus HalOMHHAeT
00JIbI1I0I B3pbIB B MOMEHT Hayajua OTCYETa BPEMEHU C TOW TOJIBKO
pasHHILIEH, YTO 3TO O03HAyaJI0 Obl KOHEI BpEMEHHU Il aCTPOHABTA U
JUIl  KOJUIAIICUPYIOIIETO Tejla. B 3TOW CHHTYJSIPHOM TO4YKe
HapyIIAIUCh Obl 3aKOHBI HAyKH, @ Mbl HOTEPSIH Obl CIIOCOOHOCTH
nmpeackaspiBath Oyaymee. Ho sta moreps He KocHymach Obl HH
OJTHOTO HaOMIoJaTeNsl, HaXOAALIerocs BHE YEPHOM IbIPbI, MOTOMY
YTO JI0 HErO HE JIoIe Obl HU CBETOBOW, HU KAaKOW-HUOYIb APyroi
CUTHAJI, BBIIEAMNNA W3 CHUHTYJsipHOCTH. [lox BiMsiHMEM 3TOro
yausButensHoro (axkra Pomxep IleHpoy3 BBIABUHYN «THUIOTE3Y
KOCMHMYECKON LIEH3Yphl», KOTOPYIO MOXHO C(HOPMYIMPOBATH TaK:
«bor He TEpHmUT TOJOM CHHIYJIAPHOCTH». JlpyrMMH cCloBamH,
CUHTYJSIPHOCTH, BO3HUKIIME B pE3yJbTaTe€ I'PAaBUTALMOHHOIO
KOJIJIafica, MOSBISIOTCS JIMIIb B MECTaX BpPOJAE YEPHBIX IbIp, TIE
TOPU30HT COOBITMH HAAEKHO YKpPbIBAET WX OT B3IVIAJOB H3BHE.
Ctporo roBopsi, 3To runoTe3a caadoil KOCMHUYECKOH 1IEH3yphI (Kak ee
U Ha3bIBAIOT ceifuac): O6maronapst el HabIoAaTeNny, HaxosIuecs 3a
npeneaaMu YepHOM AbIPbI, 3alIUIIEHbI OT MOCIEACTBUI TOTO, 4TO B
CHUHTYJIIPHOCTHU TEpSAETCsl COCOOHOCTh NpecKa3biBaTh Oyayliee, HO
Ta THUIOTE3a HEYero He JaeT /s CIHAaceHHs HecYacTHOTO
aCTPOHABTA, YIABIIETO B YEPHYIO ABIPY.

Cy1miecTByIOT HEKOTOPBIC PEIICHHS YPAaBHCHHUM OOIIEeH Teopuu
OTHOCHUTEJIBHOCTH, KOTOPBIE MO3BOJISAIOT ACTPOHABTY YBHUJIETH I'OJIYHO
CUHTYJISIPHOCTb, OH MOJET YBEPHYTbCSI OT CHHIYJISIPHOCTU W,
IPOJIETEB Yepe3 «KPOTOBYIO HOPY», BBIMTH B Jpyroil obiactu
Bcenennoii.  Takoil  BapuaHT mpefocTaBuil  Obl  HIMPOKHUE
BO3MO>XHOCTH JIs1 ITyTEIIECTBUS B IPOCTPAHCTBE U BPEMEHH, HO, K
COKaJeHHIO, BCE OTU  pEIIeHUs, MO-BUIUMOMY, CHJIBHO
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HecTaOunpHBL. Maneiilee BO3MYyIIEHHE, HampuUMep TNPHCYTCTBHE
aCTpOHABTa, MOTJIO Obl TaK M3MEHHUTH PEIIECHHUS, YTO aCTPOHABT HE
yBUIeA Obl CHHTYJISIPHOCTB JI0 CAMOTO CTOJKHOBEHHUS C HEH, Korja
€ro CyIllecTBOBaHHIO Impuiena Obl KoHel. Jlpyrumu crioBamu,
CHUHTYJISIPHOCTb HaXOJMJIaCh OBl BCErzia B €ro OyAyIIeM U HUKOTA B
npouuioM. CunbHas  (QopMyIHpOBKAa THUIOTE3bl KOCMHUYECKOH
IEH3Yphl TaKOBAa: CHHTYJSPHOCTH PEATHCTUYECKOTO PEUICHHUS
JIOJDKHBI OBITH Bcerja JIMOO IMEeNIMKOM B OyaymeM (Kak B ciaydae
IPaBUTAIMOHHOTO KOJUIAIca), JIM0O MEeTUKOM B MpouuioM (Kak B
ciaydae Oompimoro B3pbiBa). OuUeHb XOYETCS HAACITHCS, UTO
«TUNOTEe3a KOCMUYECKOM LEH3yphl» BBINOIHIETCS B TOM WIM MHOU
(GbopMyIHpPOBKE, MOTOMY YTO MHA4Ye BOJM3H TOJNBIX CHHTYISPHOCTEH
uMenach Obl BO3MOXKHOCTh IONAJaTh B Mpouuioe. ITo OblIO Obl
MpEeKpacHo Il mHcarener-(haHnTacToB, HO oO3HAa4dayuo ObI, YTO
HUKOT/Ia HEJb3s1 ObITh YBEPEHHBIM B CBOEH 0€30MacCHOCTH: KTO-TO
MOJKET BOMTH B MPOILIOE M JIMIIUTH KU3HH KOTO-HUOY/Ih M3 BaIINX
poauTENeH ele 10 TOro, Kak OHM yCIIeIH JaTh KHU3Hb BaM!

l'opusoHT  coObITHH,  OrpaHWYMBANOIIMM Ty  00JacTb
IPOCTPAHCTBA-BPEMEHH, W3 KOTOPOM HEBO3MOXKHO BbIOpaThCs
HapyXy, T[OA00EH HEKOoell  MNOoJynpoHHIIAeMONM  MeMOpaHe,
OKpY’Kalolle 4YepHYI0 JbIpy: OOBEKTHI BpOAE HEOCTOPOKHOIO
acTpOHABTa MOTYT YIACTh B YEPHYIO JBIPY Yepe3 TOPH30HT COOBITHH,
HO HHMKaKHe OOBEKThl HE MOTYT BbIOPAThCS M3 HEE yepe3 FOPU30HT
coObITHl OoOpaTHO. (BcmomHuTE, YTO TOPU3OHT COOBITHH — 3TO
NyTh, 10 KOTOPOMY B MPOCTPAHCTBE-BPEMEHM pPACIPOCTpPAHIECTCS
CBET, KOTJIa OH CTPEMUTCS BBIUTH M3 YEPHOH JBIPHI, a OBICTpEE CBETa
HE MOXET JIBUraTbcsi HU4TO). O ropu30oHTE COOBITUI MOXKHO CKa3aThb
TaK, Kak ckazaHo y nosta Jlante o Bxoae B Ax: «OcCTaBb HaIEKIY
BCSAK CIOZIa BXOJiIui». Bce M Besd mpoBanuBIiIeecs 3a TOPU30HT
COOBITHH BCKOpE MOMAJET B 00J1aCTh OECKOHEYHOW IUIOTHOCTH, T/IE
BpeMsI KOHYAeTCsl.

OOmiasi Teopusi OTHOCHUTEIBHOCTH MPEICKA3bIBAET, YTO IpPHU
JBUKCHUH TSKEIbIX 00BEKTOB JTOTKHBI M3ITy4aThCs
IPaBUTALIMOHHBIC BOJHBI, KOTOPHIC TPEACTABISIIOT COO0H IMyJIbCaIluu
KPUBHU3HBI TPOCTPAHCTBA, PACIPOCTPAHSIOUIMECS CO CKOPOCTBIO
cBeTa. M3myyaemble ipy JTF000M JIBHYKEHUH TPABUTAIIMOHHBIE BOJTHBI
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OyAyT YHOCUTH SHEpPrHi0 CUCTeMbI. (DTO HANOMHHAET MOBEACHUE
OpOLIEHHOr0 B BOJY IOIUIaBKA, KOTOPBIM CHayajga TO YXOIMUT IOJ
BOJAY, TO BBIHBIPMBAET Ha IOBEPXHOCTb, HO, MOCKOJbKY BOJIHBI
YHOCSIT €r0 HEpPruio, B KOHIIE KOHIIOB 3aCThIBAET B HEMOIBHKHOM
CTallMOHApHOM cocTostHuu). Hampumep, npu oOpameHnn 3emun
BOKpyr CoslHIIa BO3HMKAIOT T'PaBUTALMOHHBIE BOJIHBL, M 3eMils
TepsieT cBoro sHepruto. lloreps 3Heprum OyneT BIMATH HA OpOUTY
3emun, u 3eMJIsl HAYHET TMOCTENEeHHO npuoOmmkatbes Kk ComHiyy. B
KOHIIE KOHIIOB OHU BOMJYT B KOHTAKT, U 3eMJIsl, IEPECTAB JIBUTaThCs
oTHOocuTeNnbHO COJHIIA, OKaXKETCsl B CTallMOHAPHOM cocTosiHuu. [Ipu
BpaieHnu 3emin Bokpyr CoiHIa TepseMas MOIIHOCTh OYEHb Majla
— T[pPUMEpPHO  TaKoOBa, Kakylo  mHoTpedsseT  HeOOoJbLION
ANEKTPOKUIIATWIBHUK. DTO O3HAa4aeT, 4To 3eMis ynaner Ha CoinHue
IPUMEPHO Yepe3 ThICAYY MWUIMOHOB MIIJIMOHOB MUIJIMOHOB
MWIJIHOHOB JIET, a MOTOMY NpPsIMO ceifdac OecriOKOUTHCS He O yeMm!
W3menenus opOUTHI 3eMJIM MPOUCXOIAT CIUIIKOM MEJUIEHHO JUIs
HaOJI0IeHUS, HO 32 MOCTIeIHUE HECKOJIBKO JIET B TOYHOCTH TAaKOH ke
abpdext nHabmomancs B cucteme PSR 1913+16. (PSR o3nagaer
«IyJbcap» — ocobast pa3HOBUAHOCTh HEUTPOHHOM 3BE3/1bl, KOTOpas
W3IIy4aeT TMEePUOANYECKHUE HMMITYJIbCHl PAaTUOBOJH). JTO CHCTEMa
JIByX HEUTPOHHBIX 3B€37], BpAILAIOIIUXCS OJHA BOKPYI JpYIoi;
MOTEPU HDHEPrMM Ha TPABUTALMOHHOE H3IY4YCHHE NPUBOIAT K HX
CONMKEHUIO 110 CTIUPATIH.

Korma BO BpeMs TIpaBUTallMOHHOTO KoJujarica  3BE3JIbl
oOpa3zyeTcst uepHasi IbIpa, BCE JBWXEHMS 3BE3/bl JOJDKHBI CHIBHO
YCKOPUTBHCS, U MOITOMY IOTEPU SHEPIrUU TOXKE JOJKHBI CUIIBHO
BozpacTH. (Cle0BaTeNbHO, KOJUIANCHPYIOIIAs 3BE3/a  JIOJDKHA
BCKOpE OKa3aTbCsid B HEKOEM CTal[MOHApHOM cocTosiHMH. Kakum ke
OyZeT 3TO KOHEYHOE COCTOsIHUE?

MOXHO TNpeAnonoXKuTb, YTO OHO OyAET 3aBHCETh OT BCEX
CJIOXHBIX CBOMCTB MCXOJHOMN 3BE€3/Ibl, T. €. HE TOJIBKO OT €€ MaccChl U
CKOPOCTH BpalICHMs, HO U OT Pa3HBIX IJIOTHOCTEM pa3HBIX ydacTei
3BE3/lbl U OT CIJIOKHOTO JIBUXKEHMs Ta3oB BHYyTpu Hee. Ho ecnu Obl
YepHble JbIpbl ObUIM CTOJb JK€ pa3HOOOpa3HbIMH, Kak U
KOJIJIANCUPYIOIIHNE OOBEKThI, U3 KOTOPBIX OHU BO3HHUKAIOT, TO JA€JaTh
Kakue Obl TO HU ObUIO 0OlIMEe MpeAcKa3aHus O YEpPHBIX JbIpax
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0Ka3aJI0Cch OB OYEHB TPYIHO.

Onnako B 1967 r. kanaackuii yuensli Bepuep M3pasnbs (oH
pomuncs B bepnune, BocnuteBanics B Oxnoit Adpuke, a
JOKTOPCKYI0 JUccepTauuio 3amuuian B Mpnanauu) npoussen
PEBOJIIOLIMIO B HayKe O 4YEpHBIX AbIpax. M3pasnp mokasan, 4To,
COIJIacHO O0IIel TEeOpuHu OTHOCUTEIbHOCTH, HEBpAILAOLINecs
YepHbIE JbIpbl JOJKHBI MMETh OYEHb IHPOCTHIE CBOWCTBA: OHU
JIOJDKHBI OBITH MPaBUWIIBHOW ceprudeckoit GopMbl, pa3Mepbl YepHOH
JBIPBI TOJIKHBI 3aBUCETH TOJIBKO OT €€ MaccChl, a JIB€ YEPHBIE JIBIPHI C
OJINHAKOBBIMM MacCaMH JOJKHBI OBITh WACHTUYHBI APYT JPYTY.
@DaKkTUYECKH IOJy4Yaroch, YTO YEpPHBIE HbIPHI MOXKHO OIUCATh
YACTHBIM pEIICHUEM YypaBHEHUN OMWHIITEHHA, M3BECTHBIM €IIe C
1917 r. u naiinenneiM Kapmom IIBapmmmiabaoM BcKope mocie
onyOnuKoBaHMs 00IIeH Teopun OTHOCUTENbHOCTH. CHAavYalla MHOTHE,
B TOM uucie u caMm M3pasnp, cuuTaiu, 4TO, MOCKOJIBKY YEpHbIE
IBIpbl  JOJUKHBI ~ OBITh  COBEPIICHHO KPYIVIBIMH, OHHM MOTYT
00pa30BbIBATBCS TOJIBKO B Ppe3yJbTaTe KoOJUIANCa COBEPIIEHHO
Kpyrioro oobekra. Takum oOpa3om, mrobast peanbHasl 3Be3a — a
peanbHble 3BE3/1bl HE ObIBAIOT HEANbHO chepudeckoil (HopMbl —
MOJKET CKOJIJIAIICUPOBATh, IOPOXK/1asi TOJbKO TOIYIO0 CUHTYJISIPHOCTb.

IIpaBma, Obula BO3MOXHA M Jpyras HMHTepIpeTanus
nosyuyeHHoro M3pasneMm pesynbrara, KOTOPYH, B YacTHOCTH,
noanepxkuBanu  Pomxep Ilenpoys u JIxon VYunep. bsicTpeie
JBUKEHMSI, BO3HUKAIOIIME BO BpeMs KoJujgarca 3BE3/bl, 03HAYaIoT,
YKa3bIBaJIM 3TH YYEHBIE, YTO U3Iy4acMbl€ 3B€3/10i PaBUTALlMOHHbIE
BOJIHBI MOTYT €Ill€ CUJIbHEE CKPYTJIUTh €€, 1 K TOMy MOMEHTY, KOTJa
3BE3/la OK&XETCsl B CTALlMOHAPHOM COCTOSIHMM, OHa Oyjaer B
TouHOCTH chepuueckoit popmbl. [Ipu Takom B3risiae Ha BeUy Jrodas
HEBpallaomasics 3Be3qa, kKak Obl HM Oblia ciokHa ee (Gopma u
BHYTPEHHSSI CTPYKTYpa, MOC]e TPaBUTAMOHHOTO KOJIIarca J10JKHA
IPEBPATUTHCS B YEPHYIO JbIpY MPaBUIbHON cdepuueckoil Gpopmsl,
pasMepbl KOTOpoW OyAyT 3aBHUCETh TOJIBKO OT €€ Macchl. B
JabHEeHIIeM Takod BBIBOJ ObLI MOATBEPXKICH pacueTaMH U BCKOpE
cTaJl OOLIEPUHATHIM.

Pesynprar WM3pasns  kacaicsa  TOJNBKO — YEPHBIX  JBIp,
oOpasoBaBmMXcsi W3 HeBpamaronmxcs oobekToB. B 1963 1. Poit



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 106

Kepp u3 HoBoil 3enanaum Hamen ceMeMcTBO pelieHui ypaBHEHUI
oOmeil  TeopuM  OTHOCUTEIBHOCTH,  KOTOpbIE  ONMUCHIBAIU
Bpalaromuecss 4epHsle AbIpbl.  KeppoBckue uepHblE  JIBIPbI
BpalllaloTCd C MOCTOSIHHOM CKOPOCTBhIO, a HX QopmMa U pasmep
3aBHCST TOJBKO OT Macchl U CKOpocTH BpaumieHusi. Ecnu BpaiueHue
OTCYTCTBYET, TO 4YepHas JAbIpa HMMEET HACaJbHYI0 IIapooOpasHyro
dopmy, a OTBEUaloIIee el pernieHue UJCHTHYHO
HIBapLIIMIBIOBCKOMY perieHuto. Ecnu ke yepHas apipa Bpalaercs,
TO €€ AMAMETP YBEIMYMBAETCA IO IKBATOPY (TOUYHO TaK K€, Kak
nedopmupyroTcs Bcienctsue BpamieHus 3emis u ConHIE), U TeM
CHIIbHEe, yeM ObIcTpee BpaiieHue. YToObl MOKHO ObUIO NEpeHeCcTH
pesynbraT M3pasng u Ha Bpamarouigecss Tena, ObLUIO CHEIaHO
OPEANoNoKEeHue, 4YTo Jr00oe Bpallaroleecs Telno, KOTOpoe B
pe3ysbTaTe Kojutanca oOpa3yeT UYepHYIO JbIpy, JOJKHO B KOHIE
KOHIIOB OKa3aTbCi B CTAallMOHAPHOM COCTOSIHUH, OIMCHIBAEMOM
pewmennem Keppa.

B 1970 r. moii acniupanTt u kojutera no Kemopumxy bpennon
Kaprep cpemanm mepBbli  mar K JI0Kas3aTeNbCTBY — 3TOTO
npennosiokeHusd. Kaprep mokasan, YTo eciaM  cTalMOHapHas
Bpalllalolasicss 4epHas [plpa 00JIaJaeT OCbI0 CHUMMETPHH, Kak
BOJYOK, TO ee pa3Mepbl U (opma OyayT 3aBHCETh TOJIBKO OT €€
Macchl U CKOpOCTH BpatieHus. 3atem B 1971 r. s nokazan, yto arodas
CTallMOHApHAs 4epHas JAplpa Bcerja OyneT HMETh TaKyl0 OCh
cummerpuun. Hakonent B 1973 1. I»Bug Po6uncon u3 KopomieBckoro
koitemka B JIonaoHe, onupasch Ha Hamu ¢ KaprepoMm pesyibratsl,
MOKa3aj, 4TO BBIIIECIIPUBEACHHOE MPEIINOI0KEHNE NMPaBUIIbHO, T. €.
YTO CTAallMOHApHAs 4YepHas Jplpa Bcerga Oyzaer pemeHuem Keppa.
Wtak, mocine rpaBUTAMOHHOIO KOJUIarica 4YepHas JAblpa JIO0JDKHA
0Ka3aTbCsid B TAKOM COCTOSHHM, YTOOBI OHA MOTJIa BpallaThCs, HO HE
Morja myjiabcupoBaTh. Kpome Toro, pazmepsl 4epHOU IbIpbl OyayT
3aBHCETh TOJIBKO OT CE€ MAacChl U CKOPOCTH BpAILLEHUS U HUKAK HE
OyayT CBSi3aHBl CO  CBOWCTBAaMH  TOrO  Tela, KOTOPOE
CKOJUIAIICUPOBAJIO B 3Ty YEPHYIO JbIPY. DTOT BBIBOJ CTaJl U3BECTEH B
dbopmynupoBke: «Y dYepHOM HBIPHI HET BOJOCY». Teopema 00
OTCYTCTBUM BOJIOC Y UEPHOM IBIPBl UMEET OTPOMHOE IPAKTHYECKOE
3HayeHWe, MOTOMY YTO OHa HajlaraeT CWJIbHbIE OrpaHUYEHUs Ha
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BO3MOXXHBIE THUIBI YEPHBIX JBIP U TEM CaMbIM J1a€T BO3MOXXHOCTh
CTPOUTH JETallbHbIE MOJEAH OOBEKTOB, KOTOpPbIE MOIJIK ObI
CO/IepXaTh YEpHBbIC [bIPbl, U CPABHUBATH WX IMpPEACKa3aHUS C
pesynbratamu HabmoaeHuil. Kpome Toro, u3 Hee ciemyer, 4To Mpu
00pa30oBaHUM YEPHOH IBIPHI JOJDKHA TEPATHCS OrPOMHAs YacTh
uHbOpMallMU O CKOJUIAIICUPOBABIIEM TeJe, MOTOMY 4YTO TMOCIe
KoJularica BCE, YTO HAM YJAcCTCSl U3MEPUTb, — 3TO, MOXKET OBITh,
JUIIb Macca Tella Jia CKOPOCTh €ro BpalleHHsA. 3HAYMMOCTh
CKa3aHHOI'O CTaHET CHA U3 CJIEIYIOIIEH IIaBhl.

YepHble OBIpBI — OJWH W3 OYCHb HEMHOTOYHCICHHBIX
MPUMEPOB B UCTOPHHM HAYKH, KOTJa TEOpUs pa3BUBAIach BO BCEX
JeTalsX KaKk MareMaThdeckas MoOJeib, HE WMes HUKaKUX
AKCIIEPUMEHTATIBHBIX TOJITBEPKICHUN CBOei crpaBeuBocTH. U
9TO, KOHEYHO, OBLJIO TJIABHBIM BO3Pa)KEHHEM MPOTHUBHUKOB YEPHBIX
IBIP: KaK MOXHO BEPHUTHh B PEATbHOCTh OOBEKTOB, CYIIECTBOBAHUE
KOTOPBIX CJEAyeT JIUIIb W3 BBIYUCICHHH, OCHOBAHHBIX HA TaKOU
COMHHTETIFHOW TEeOpUH, Kak 001as Teopusi OTHOCUTeNnbHOCTH. Ho B
1963 r. Maapren Imunr, actponom u3 [lanamapckoit o0cepBaTopuu
B Kanudopuuu, usmepusn KpacHoe CMEIICHHE TYCKJIOTO, MOXO0MXKETo
Ha 3Be37y O00bEeKTa B HAINpaBICHUU HCTOYHMKA panuoBoiH 3C273
(uctouHuk mox HoMepoM 273 B TpeTbeM KeMOpumkckoMm Kartamore
pagunonctouHukoB). O6HapyxenHnoe llImMuaTom KpacHoe cmerieHue
OKa3aJioCh CIUIIKOM BEJIHMKO, YTOOBI €r0 MOXKHO OBUIO OOBSCHUTH
JNEWCTBUEM TPABUTAIIMOHHOTO TIONA: €ClIM OBl  OHO  OBLIO
IPaBUTAIMOHHOTO TPOUCXOXKICHHUS, TO CBA3AHHBIA C HUM OOBEKT
JIOJDKEH ObUT MMETh TaKylo OOJIBIIIYI0O MAacCy M pacroyiaraTbCs Tak
ONMM3KO K HaM, YTO €ro MPUCYTCTBHE H3MEHWIO Obl OpOHTHI BCEX
maHeT ComHeuHod cucrteMbl. Ho, MoxeT OBITh, TOrJa KpacHOE
CMEIIEHUE BO3HUKIO HM3-3a pacluvpeHus BceneHHO#l, U U3 3TOro
CIeIyeT, YTO paccMaTpUBAEMbIi OOBEKT HAXOIUTCSA, HAOOOPOT,
OueHb Janeko? Buaumblii Ha TakoM OOJIBIIOM PAcCTOSHUU OOBEKT
JIOJDKEH OBITh OYEHb SAPKUM, T. €. JOJDKEH HU3IydaTh OTPOMHYIO
sHepruto. ENMHCTBEHHBI MEXaHU3M, C MOMOUIbI0 KOTOPOr0 MOTJIO
OBl M3TydaTbCsd Takoe OOJBIIOE KOJUYECTBO SHEPIHUH, — OTO
IPaBUTAIIMOHHBIN KOJIJIAC, HO HE KaKOH-HHOyAb OJHOW 3BE3Mbl, a
KOJUTanc Bced ueHTpanbHOU oOnactu ['amaktuku. C Tex mop ObLIn
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OTKPBITBI U JIPyrHe AaHaJOTM4YHble KBa3W3BE3IIHBIE OOBEKTHI, MU
KBa3apbl, oOnajaromue KpacHbIM cmemeHueM. Ho ux Oomblias
YAAJCHHOCTh CHJIBHO 3aTpyIHSCT HAOMIOACHWE H HE Jaer
BO3MOKHOCTH CJI€JIaThb OKOHYATEJIbHBIE BBIBOJBI OTHOCUTEIBHO
YEPHBIX JABIP.

B 1967 r. mosiBWICS HOBBIM OBOJ B MOJb3Y CYILIECTBOBAHUS
yepHbIX ablp. KeMOpumkckuit acnupant Jxocnun bemn o6Hapyxun
Ha HeOe 00BEKThI, U3TYYaloIINe PEryJIsipHbIE UMITYJIbCHI PaJIOBOIIH.
Cnauana benn u ero pykoBoauTeNs DHTOHU XBIOWII PEUIUIHU, YTO
OHM YCTAHOBWJIM KOHTAKT C BHE3EMHBIMHM LUBUIM3ALUSAMU HalIeil
I'anaktuku! 1 nomHrIO, 4TO, NOKIAABIBAasI O CBOEM OTKPHITUM Ha
CeMUHape, 4YeThlpe HUCTOYHMKA OHHU JCHCTBUTEIBHO Ha3Baju
cokpamieHHo LGM 1-4, rne LGM o3Ha4aeT «3efeHble YeI0BEUKU»
(Little Green Men). Ho moToM u aBTOpBI, U BCE OCTAJIbHbIE MPUILLIN
K MEHEee POMAHTUYHOMY 3aKIIOUEHHIO, 4YTO OOHapyXEHHbIE
O00BEKThI, KOTOpbIE ObUIM Ha3BaHbl IyJbCapaMu, HPEICTABISIIOT
co0oii Bpamiamomumecss HEHTPOHHBIE 3BE3[bl, KOTOpBIE H3IIy4aloT
MMITYJIbChl PaJUOBOJIH M3-3a CII0)KHOTO XapaKTepa B3auMOJCHCTBUS
UX MarHUTHOIO IOJS C OKPY’KalOLIUM BELIECTBOM. OTa HOBOCTb
Oropymiia aBTOPOB OOEBUKOB 0 KOCMHUYECKHUX MPUILIENbIIAX, HO OYEHb
BOOJYILIEBAJA HAll HEMHOTOYMCIEHHBIH OTpsl CTOPOHHUKOB
YEepHBIX JIbIP, TAK KaK Mbl BIEPBbIE MMOIYYHIN TOATBEPHKIACHUE TOTO,
YTO HEUTPOHHBIC 3BE3]bI CYLIECTBYIOT. Painyc HEUTPOHHOU 3BE3/IbI
paBeH MPUMEPHO MATHAIUATH KHUJIOMETpPaM, T. €. BCEr0 B HECKOJBKO
pa3 Oonblle KPUTHYECKOTO pajuyca, MO JOCTHXKEHHH KOTOPOTO
3Be37a MpeBpallaercs B uepHyl ablpy. Ecium 3Be3ga  Moxker
CKOJUTAIICUPOBATh 10 TAaKMX HEOONBUIMX pa3MepoB, TO BIOJHE
JOTYCTUMO HPEINONOXKUTh, YTO JpPyrHe 3Be3Abl B pe3yibTare
KOJIJIarca CTaHyT ellle MEeHbIIe U 00pa3yIoT YepHBIE JbIPHI.
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Jla, HO KaK MOXHO PacCUUTBHIBATh HAWTU YEPHYIO IBIPY, €CIIU
[0 caMOMYy €€ OIpe/IeTICHUIO OHA BOOOIIE He U3y4YaeT cBeT? DTO BCe
PaBHO YTO JIOBUTHh YEPHOrO KOTa B TEMHOM KomHare. M Bce-Taku
oquH crnocod ecth. Eme [[)kon Mwurtuemn B CBOEH NHOHEPCKOM
pabore, HantncaHHOH B 1783 T., yKa3bIBajl, 4TO YEPHBIC IBIPHI BCE KE
OKa3bIBAIOT TPABUTAIMOHHOE BO3JCHCTBUE Ha ONM3KHE K HHUM
O00BEKTHI. ACTPOHOMBI HAOJIIOJAIi MHOTO CHCTEM, B KOTOPBIX JIBE
3Be3Abl oOpalaioTcs OfHA BOKPYT Jpyrod moja JeHCTBUEM
IPaBUTALIMOHHOTO MpUTsHKeHUA. HaOnronaroTess 1 Takue CUCTEMBI, B
KOTOPBIX BUJMMa JIULIb OJTHA 3B€3/a, 00paIlaoascs BOKPYT CBOEro
HEBUAMMOIO napTHepa. Pa3zymeercs, Mbl HE MOXEM cpasy
3aKJIIOYUTh, YTO TMAapTHEP U €CTh YepHas Iblpa, MOTOMY 4YTO 3TO
MOKET OBITh MPOCTO yepecuyp Tyckias 3Be3na. OJHAKO HEKOTOphIE
u3 Takux cuctem, Hanpumep Jlebenp X-1 (puc. 6.2), ABIgroTCS emie u
MOIIHBIMM MCTOYHHUKAMM PEHTT€HOBCKOIO U3IY4YEHHUS. JTO SBIICHUE
Jy4Ille BCEro OOBACHSAETCS MPEANOIOKEHHEM, YTO C MOBEPXHOCTU
BUJUMOW 3BE31bl «CIyBacTCs» BELIECTBO, KOTOPOE NaJaeT Ha
BTOPYIO, HEBHAMMYIO 3B€3/1y, Bpalasch IO coupaiu (Kak
BBITEKAIOLIasi U3 BaHHBI BOJA), M, CUJIBHO Pa30rpeBasiCh, UCIyCKAET
peHTreHoBcKoe u3iydeHue (puc. 6.3). Jlns cyuiecTBoBaHUSA TaKOIro
MEXaHU3Ma HEBUIUMBIA OOBEKT IOJKEH ObITh OYEHb MajbIM —
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OenbIM  KapiIUKOM, HEHTPOHHOW 3BE3A0H WM UYEPHOH JBIPOH.
Pesynbrathl HaOmoaeHHs OpOUTHI BUIAMMOI 3BE3Abl IO3BOJISAIOT
BBIUHCIIUTh, KaKy}0 HaUMEHBUIYI0 MacCy MOXET UMETh HEBUIAMMBII
00bekT. B ciyuae Jlebens X-1 3Ta mMacca cOCTaBlI€T MPUMEPHO
LIECTh COJIHEYHBIX Macc, T. €., coracHo Yanapacekapy, CIMILIKOM
BEJIMKA, YTOOBI O0OJajaloNMi €10 HEBUIUMBIA OOBEKT OKa3ajics
OenbIM KapIUKOM. A Tak Kak 3Ta Macca BEJWKa W Il HEHTPOHHOU
3B€3/1bl, 00BEKT, O-BUAUMOMY, JIOJDKEH ObITh YEPHOU ABIPOM.

/ YeprHos vpa

Penmeeson-
CHOS UM YHENUR

Buduamar aasada

CymlecTByIOT M Apyrue MOJEIH, OOBSICHAIOUIME PE3yIbTaThl
HaOmonenuil Jlebenst X-1 Ge3 mpuBieueHus: YEpHBIX JIbIp, HO BCE
OHM JIOBOJBHO HCKYCCTBEHHbI. UepHas JpIpa MpeICTaBIseTCs
CIMHCTBCHHBIM  COBEPIIEHHO  €CTECTBEHHBIM  OOBSCHCHHEM
HaOmonenuil. Hecmotpst Ha 370, s 3akmounn napu ¢ Kunom TopHoM
n3 KanupopHuiickoro TeXHOJIO0rH4€CKOro HHCTUTYTA, YTO Ha CaMOM
nene B JleGene X-1 Het uepHoit apipel! s MEHsI 3TO mapu — HeEKas
CTpaxoBKa. S| 0OueHh MHOTO 3aHMMAJICSI YEPHBIMH JBIPAMHU, U BCSI MOSI
paboTa moiiieT HacMapKy, €ClId BAPYT OKAXKETCS, YTO YEPHBIE JBIPHI
He cymecTByloT. Ho B »TOoM cnmydae ytemeHuemM MHE Oyner
BBIUIPAaHHOE MapH, a M0 €ro YCIOBHSIM s B T€UCHHE YEThIpEX JIET
Oyny OecriaTHoO mosry4aTh KypHau «Private Eye». Ecnu xe uepHbie
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JBIpBl BCE-TaKU CYLIECTBYIOT, To Kum Oyner menblil rox nosydaTh
xypHan «Penthouse». 3akmouas mapu B 1975 r., mb1 6p11u Ha 80%
yBepeHbl B ToM, 4To Jlebens X-1 sBisercss uepHo#t apipoit. Celivac
Hallla YBEPEHHOCTb BO3pocia, s Obl ckaszan, 10 95%, HO mapu
OCTaeTCs B CUJIE.

MBI pacrnioslaraeM JaHHBIMM O €I1€ HECKOJIBKMX YEPHBIX IbIPax
B cucreMax tuna Jlebens X-1 B Hameit ['anakTuke U ABYX COCEIHUX
rajlakTUKax, KOTOpble  HaspBaloTcsad  bompmmM u  Manbim
MarennanoBeiMu OGmakamMu. Ho 4YepHBIX IbIp MOYTH HaBEepHSKa
ropazno OoJsbllie: Ha TPOTSHKEHUW JOJITOM HCTOpuu BceneHHoM
MHOTHE 3B€3/lbl JOJDKHBI OBUIM H3pacxXoJ0BaTh JI0 KOHIIA CBOE
AJIEpHOE TOIUIMBO M CKOJIIANICUPOBaTh. YUCIIO YEPHBIX JbIP BIIOJIHE
MOJKET Ja)kKe MPEBBIILIATh YACIO BUIUMBIX 3BE3], KOTOPOE TOJIBKO B
Hamied [amakThke CoOCTaBiIsieT OKOJO CTa ThICSY MHIIHMOHOB.
JlononHUTENbHOE TPAaBUTALIMOHHOE NPUTSHKEHUE CTOJIb OOJBLIOrO
KOJIMYECTBA YEPHBIX JIbIp MOIJIO Obl ObITh NPUYUHOU TOTO, MOYEMY
Hama ['anakTvka Bpamlaercs MMEHHO C TaKOW CKOpPOCTBIO, a HE C
KaKOW-HUOYb IPYTOi: Macchl BUAMMBIX 3BE3[ AJIsi OOBSICHEHUS 3TOMN
CKOpocTH HenocTaToyHO. CyIIECTBYIOT M HEKOTOpBIE [aHHBIE B
M0JIb3Y TOTO, YTO B LEHTpe Hamieil ['ajakTHUKW ecTh 4epHas Jplpa
ropaszo OOJbIIEro pa3mMepa ¢ MacCOi MPUMEPHO B CTO ThHICSY Macc
Conuna. 3Be3apl, OKa3aBiuecs B |ajJakTHKE CIUIIKOM OJIM3KO K
TOH YEpHOM [JbIpe, pa3JICTAOTCA HA YacTU H3-3a Pa3HULBI
IPaBUTALMOHHBIX CWJI Ha ONMKHEH W JanbHEW CTOPOHAX 3BE3bI.
OcTtatky pas3neTaroluxcs 3Be31 M a3, BBIOPOIIEHHBIH IpyruMu
3Be3gaMu, OyIyT MajaTh MO HAIMpaBJIEHUIO K YepHOU nbipe. Kak u B
ciyuae Jlebens X-1, ra3 Oyner 3akpy4uBaThCs MO CIIUPAIH BHYTPb U
paszorpeBaThCsi, IpaBia, He Tak cwibHO. PasorpeB Oyxer
HEZOCTaTOYHBIM Ul HCIIyCKaHHWsl PEHTI€HOBCKOIO HM3JIy4Y€HHs, HO
UM MOXHO OOBSCHUTH TOT KPOILIEYHBIH HCTOYHHMK PAJAUOBOJIIH U
MH(PaKpaCHBIX JIyuel, KOTOpbIi HaOmonaeTcs B ieHTpe [ anakTHKy.

He wuckmioueHo, 4yTo B IIEHTpax KBa3apoB €CTh TaKue ke
YepHbIE JBIPBI, HO €lle OOJIbIIMX pa3MepoB, C MaccaMH OKOJIO CTa
MumoHoB Macc Connua. Tonbko majgeHHeM BellecTBa B TaKyHO
CBEPXMACCUBHYIO UYEPHYIO JbIpDY MOXHO OBIO OBl OOBSCHHTS,
OTKyJa OepeTcsi DSHEpPrus MOIIHEHWIIEro U3Iy4YeHHUs, KOTOpoe
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UCXOIUT W3 YEpHOM Jplpbl. BemecTtBo nagaer, Bpamasch IO
CIIMpaJi¥, BHYTPb YEPHOW JBIPBI M 3aCTABISIET €€ BpallaTbCsl B TOM
’K€ HaIIpaBJICHUHU, B PE3yJIbTaTe€ 4ero BO3HUKACT MarHUTHOE IIOJIE,
MOX0Xkee Ha MarHutHoe mnosie 3emuu. [lanaromiee BHyTph BEIIECTBO
OyIeT poXXIaTh OKOJIO YEPHOW IbIPhI YACTHUIIBI OYECHb BBICOKOU
sHeprur. MaruutHoe mnosie OyAeT HACTONBKO CHUIIbHBIM, YTO CMOKET
c(OKyCHUpOBaTh 3TH YaCTHIBI B CTPYH, KOTOpble OyAyT BbUICTATH
Hapy’Ky BJIOJIb OCH BpAllleHHs] YEPHOM JBIPHI, T. €. B HAIPABIICHUHU €€
CEBEPHOT0 U F0’KHOI'O ITOJIFOCOB. Y HEKOTOPBIX TJIAKTUK U KBAa3apOB
TaKHle CTPYH JEUCTBUTEIBHO HAOII0at0TC.

MO3KHO PaccMOTPETh U BO3MOYKHOCTH CYLIECTBOBAHUS YEPHBIX
JBIp ¢ MaccaMu, MeHbIIMMH Macchl ConHua. Takue yepHbie JbIpbl HE
Moriu Obl 00pa3oBaThCs B pe3yJibTaTe I'PaBUTALMOHHOTO KOJUIAIcCa,
IIOTOMY 4TO MX MAaccChl JIeKaT HUXKe npezena Yanapacekapa: 3B€3/1bl
¢ HEOOJIBILION MAacCOM MOT'YT IPOTUBOCTOSATH I'PAaBUTALIMH J1a)KE B TOM
Cly4ae, €CM BCE HX sJIEPHOE TOILIMBO YKE U3PAaCX0I0BaHO. UepHble
JBIPBI MAJIOM Macchl MOTYT 00pa30BaThCs JIMIIb HPU YCIOBHH, YTO
BEIIECTBO CXKAaTO JO OIPOMHBIX IUIOTHOCTEH YpPE3BBIYANHO
BBICOKMMM BHEIIHUMHU JaBICHUAMM. Takue yCIOBUS MOTYT
BBITIOJIHATHCS. B OYEHB OONBIION BOAOPOIHON OomOe: ¢usuk J[xoH
Vunep Kak-TO BBIUMCIWI, YTO €CIM B3ATh BCIO TSDKEIYIO BOAY W3
BCEX OKEaHOB MHpa, TO MOXHO CJ€JaThb BOAOPOJHYIO OOMOy, B
KOTOpPOM BELIECTBO TAaK CWIBHO COXMETCSI, YTO B €€ LEHTpPE
BO3HUKHET u4epHas nplpa. (Pazymeercs, BOKpyr He oOCTaHETCs
HUKOTO0, KTO MOT ObI 3T0 yBUAETh!) bosiee peanbHas BO3SMOXKHOCTh —
3TO 00pa30BaHHWE HE OYEHb MACCUBHBIX YEPHBIX JBIP C HEOOIBILOMN
Maccoll INpH BBICOKMX 3HAYEHMSIX TEMIEpAaTypbl M [aBJIEHUS Ha
BECbMa paHHEW cTaguu pa3Butusa BeeneHHoN. YepHble ObIpbI MOTIIN
00pa30BaThCs JIMIIb B TOM Cllydyae, eciiu paHHss BecenenHnas He Obuia
U7eabHO IJIaJ KON U OJTHOPOIHOM, IOTOMY YTO JIUIIb KaKyl0-HUOY b
HEeOOoJIbIIyI0 001acTh C IJIOTHOCTBIO, TPEBBIIAIONUICH CPeIHIO
IUIOTHOCTh, MOKHO TaK C)KaTbh, YTOOBI OHA MPEBPATUIACh B YEPHYIO
nelpy. Ho MBI 3HaeM, uto BOo BceneHHoil JOMKHBI ObLTH
MPUCYTCTBOBAaTh HEOJJHOPOJAHOCTH, MHAUE BCE BEILECTBO HE COMIIOCH
Obl B KOMKH, 0Opa3ys 3Be3Abl M TaJaKTUKH, a PaBHOMEPHO
pacrpeaenuaoch Obl o Bceit Beenennoii.
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Mornu 1M 3TH HEOAHOPOIHOCTH, CYIIECTBOBAHHUEM KOTOPBIX
OOBSICHSICTCS BO3HUKHOBEHHE 3Be37] W TaJaKTHK, I[PUBECTH K
00pa30BaHUIO TEPBUYHBIX YEPHBIX IBIP, 3aBUCUT OT TOTO, KaKOH
Obuta panHss Bcenennas. CrnemoBaTenbHO, OIpeneinB, Kakoe
KOJIMYECTBO TEPBUYHBIX UEPHBIX JbIp CEHYac CyIIECTBYET, MbI
cMOriaM Obl MHOTO€ y3HaTh O CaMbIX pPaHHUX CTagusX DPa3BUTHS
Bcenennoi. [lepBuuHble yepHBIE ABIPBI, MacCa KOTOPBIX MPEBBIIIACT
THICS'YY MHIJIJTMOHOB TOHH (Macca OOJIBIIION TOPBI), MOKHO OBLIO OBI
3apEruCcTPUPOBaATh TOJIBKO MO BIMSHHUIO UX I'PABUTALMOHHOIO IMOJIS
Ha BUAUMYIO MaTE€pUIO WJIU K€ Ha MPOLIECC pacluupeHust BeeneHHoil.
Ho B cienyromeil riiaBe Mbl y3HaeM, YTO Ha CaMOM JI€JI€ UYEpHbIE
JBIPbl BOBCE HE YEpPHbIE: OHU CBETATCS, KaK pacKaJleHHOE TEeJo, U
4eM MEHbIIE 4YepHas AbIpa, TeM CUiIbHee OoHa cBeTuTcd. Kak Hu
MapaloKCaNbHO, HO MOKET 0Ka3aThCsl, YTO MAJICHbKNE YEPHBIE JIbIPbI
IpOILE PEruCTPUPOBATh, YeM OoJbIuue!

7. YepHble AbIpbl HE TaK YX YepHbI

Jlo 1970 r. 5 B CBOMX HCCIEIOBAaHUAX IO OOIIEH TEOpUHU
OTHOCHUTEJIBHOCTH COCPEAOTOUYMBAJICS B OCHOBHOM Ha BOIPOCE O
TOM, CyILECTBOBaJa WJIM HET CUHTYJIIpHAs TOYKA OOJIBLIOTO B3phIBA.
Ho kak-to Beuepom B HOstOpe 1970 T., BCKOpe mociie poskaeHUs: MOer
nouepu Jlrocu, goxack cnate, s 3alyMajcs O YepHBIX Jblpax. M3-3a
CBOCH HEMOIIHOCTH 5 OYEHb MEUIEHHO TOTOBIIOCH KO CHY, U
[O3TOMY y MEHs ObLIIO MHOTO BPEMEHH JUlsl pa3MbliieHuil. Toraa
eme He OBUIO  TOYHOTO  ONPENENCHUs, Kakue  TOYKHU
MPOCTPAHCTBA-BPEMEHH JIeXKAT BHYTPU YEPHOW IBIPHI, a Kakue —
cHapyku. Ho wmbr yxe obcyxnamu c Pomxepom Ilenpoysom
OTIpe/IeICHNE YEPHOM IBIPHI KaK MHOXKECTBA COOBITHH, M3 KOTOPOTO
HEBO3MOXXHO YHTH Ha OOJbIIOE pPACCTOSHUE. DTO ONpeieseHHe
cTaso ceiyac obmenpuHsIThiIM. OHO O3HAYaeT, YTO IPaHUILy YEPHOUN
JBIPBI, TOPU30HT COOBITUH, 00pa3yl0T B NPOCTPAHCTBE-BPEMEHH
MyTH JIy4ell CBETa, KOTOPBIE HE OTKJIOHSIOTCS K CHHTYJISIPHOCTH, HO
U HE MOTYT BBIUTH 3a IpeJesbl YepHOW ABIPbI U OOpEYEHbI BEYHO
OaaHcupoBaTh Ha caMoM Kpato (puc. 7.1). DTo Kak eciu Obl, yoeras
OT MOJHIENUCKOro, JepKaThCsl Ha 1Iar BHOepeau, He OyIydu B cujax
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Puccrosnue om Cuweyaspromu Puc. 7.1

Bapyr st moHsu1, 4TO MyTH Jy4el cBeTa ma ropu30HTE COOBITHIA
HUKOT/Ia HE CMOTYT cONMM3uThCsl. Ecitn ObI 3TO MPOU301ILI0, TO JTyYH B
KOHIIE KOHIIOB TIEPECEKIIUCH OBI.

Kak ecnm Obl HAaTKHYThCS HA KOTO-TO JAPYroro, TOXE
yOeraromiero OT TOJUIEHCKOro, HO B  MPOTHBOIOJIOXHOM
HarpaBJeHUU, — Toraa oba OyayT moimanbl. (Mnm xe, B Hamem
cily4ae, ynaayT B d4epHyro Ablpy). Ho ecnm Obl 3Tu nmyuu cBeTa
MOTJIOTHJIA YepHas AbIpa, TO OHW HE MOTJIM OBl JIeXKaTh HA TPaHHMIIC
yepHOU nbIpbl. ClieJ0BaTeIbHO, HA TOPU3OHTE COOBITHIA Tyuu CBETa
JOJDKHBI BCETIA JABUTATHCS MApajlIeNIbHO IPYT APYTY, T. €. T00AaNb
Ipyr oT Apyra. MlHaye roBopsi, TOPU30HT COOBITUMN (TpaHULIA YSPHOU
IBIpBI) TOAOOEH Kpar TeHH — TEeHHW Tpsanymied rudenu. Ecmum
MOCMOTPETh HAa TEHb, CO3/IaBaeMyl0 KaKUM-HHOyAb OYEeHb
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YIQJICHHBIM UCTOYHUKOM, Hanmpumep COJHIIEM, TO Bbl YBUIUTE, YTO
Ha Kparo TeHU Jy4YH CBETa He MPUOIIKAIOTCS APYT K JPYTY.

Puc. 7.2 Puc. 7.3

Ecnu nyun cBera, oOpasyromue TOpU3OHT COOBITHH, T. €.
IpaHMIly YEPHOW MBIPbI, HUKOTAA HE CMOTYT COJU3UTBCS, TO
IUIONIa/lb TOPU30HTA COOBITUH MOXKET JHOO OCTaBaThCS TOW Ke
camo#, MO0 yBETMYMBATHCS CO BPEMEHEM, HO HHUKOT/a He Oyaer
YMEHBIIATHCS, TOTOMY UYTO €€ YMEHbIICHHE O3Hayano Obl, YTO IO
KpaliHEll Mepe HEKOTOpbIE JyYd CBETAa HAa TPaHMIIE YEPHOU IbIPbI
JIOJDKHBI cOnmmxkaThesa. Ha camom geme sta miomans OyneT Bceraa
YBEJIMYMBATbCA NpPU TMAJEHUUM B YEPHYIO [bIpy BEIIeCTBAa WJIHU
m3nydenus: (puc. 7.2). Ecnm xe nBe uepHbIE ABIPHI CTOJKHYTCA H
COJIBIOTCSL B OJIHY, TO IUIOLIaJb TOPU30HTA COOBITHH MO0 Oyner
OOJIBIIIE CYMMBI IIOIIAIEH TOPU3OHTOB COOBITUN MCXOTHBIX YEPHBIX
IbIp, 1160 Oyner paBHa 31Ol cymme (puc. 7.3). To, uTo 1uromanb
TOPU30HTa COOBITUH HE  YMEHbLIAeTCs, HajJaraer BaKHOE
OTpaHMYEHUE HAa BO3MOXKHOE IMOBEJICHHE YEepHBIX JbIp. S Obul Tak
BO30Y’KJIEH CII€JaHHBIM OTKPBITHEM, YTO MOYTH HE CHall B Ty HOYb.
Ha cnenyromuii nenp s mo3Bonun Pomxepy Ilenpoysy. On
COTJIaCHUJICS C MOMMHU PacCyKJIEeHUsIMU. S| 1ymaro, 4To Ha caMoM Jiefie
3TO cBOMCTBO Muiomazaei I[lenpoysy Obuio yxe u3BectHo. Ho on
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UCXOAWJI U3 HECKOJIbKO MHOIO ompezeseHuss yepHoi Ablpbl. OH He
HOHsJ, 4TO 00a ompeneneHusl JaloT OJUHAKOBBIE I'DAHUIIBI YEPHOU
JBIPBI U, CJIEA0BATEIbHO, OAMHAKOBBIE IJIOUIAN MPU YCIOBUH, YTO
4yepHas JbIpa HAXOAUTCS B COCTOSHUM, HE H3MCHSIOLIEMCS CO
BPEMEHEM.

To, 4TO MIoOmane YEpHOM ABIPHI HE YMEHBLIACTCS, OYEHb
HAallOMUHAET TMOBEIEHHE OJHONW (U3MYECKOH BEIMYMHBI —
SHTPOIUH, KOTopas sBisercs Mepoil Oecmopsika B cucteme. Ilo
CBOEMY IOBCEJHEBHOMY OIBITY MBIl 3HA€M, 4TO OECHOPSIOK BCEraa
YBEITMYMBACTCS, €CITU MyCTUTh Bce Ha caMoTeK. ([Tompolyiite Tonpko
NPEKPaTUTh J0Ma BCSKUI MEIKUIl PEMOHT, U Bbl YOeIUTeCh B 3TOM
Boouuio!) becnopsaok MOXHO MpeBpaTUTh B MOPSAOK (HaIpHUMeEp,
MOKPAcHB JIOM), HO 3TO MOTpeOyeT 3aTparhl YCUJIUH U SHEPTUU H,
CJIEI0BATEIIBHO, YMEHBIIUT KOJIMYECTBO uMeroLeics
«YINOPSAOUYEHHOW» SHEPTUH.

Tounast  QopMyJaupoBKa  NPHUBEAECHHBIX  pPacCyKIEHUI
Ha3bIBAETCSl BTOPBIM 3aKOHOM TEPMOJMHAMHUKU. JTOT 3aKOH IJIACHUT,
YTO SHTPONUS U30JIMPOBAHHOM CHUCTEMBbl BCET/a BO3PACTaeT M 4YTO
npy OOBbEJUHEHUH JIBYX CUCTEM B OJHY SHTPOIUS MOJHOW CHCTEMBI
Oonbllle, 4YeM CyMMa SHTPONHI OTAEIbHBIX HCXOJIHBIX cUCTeM. B
KayecTBe MpHMepa pPacCMOTPUM CHUCTEMY MOJIEKYJ ra3a B KOpOOKe.
MoxHO mnpeacTaBUTh cebe, YTO MOJIEKYJIbl — 3TO MAaJeHbKUE
OUJbSIpAHbIC ILIAPbI, KOTOpPBHIE BCE BpEMs CTAJKMBAIOTCA IpPYyr C
IpyroM M OTCKakuMBalOT OT CTEHOK KOpoOku. Yem Bblle
TemmepaTrypa rasa, TeM ObICTpee JBHXKYTCS MOJEKYJIbl W,
CJEI0BATENIbHO, TEM 4Yallle W CWJIbHEE OHM YJApsIOTCS O CTEHKH
KOpOOKH, U TeM OOJIbllIe CO3/1aBaeMO€ MMHU HM3HYTPU JaBJICHUE Ha
cTeHKH KopoOku. IlycTe cHayama Bce MOJIEKYJIbl HaxoOJIATCS 3a
NEeperopoaKoi B JeBOM yacTu KOpoOKHU. Eciiu BBIHYTh NEPEropoiKy,
TO MOJIEKYJIbl BBIMIYT U3 CBOEH MOJOBHHBI U PACIPOCTPAHATCS IO
o0enuM yacTaM KOopoOku. Yepe3 HEKOTOpoe BpeMsl BCE MOJIEKYJIbI
MOTYT CIIy4ailHO OKa3aThCs CIpaBa WJIM OIATH CJIEBA, HO, BEPOSITHEE
BCEro, B 00€HX TMOJIOBUHAX KOPOOKM YHCIO MOJEKYJ OKaXeTcs
IIPUMEPHO OAMHAKOBBIM. Takoe COCTOSIHHE MEHEE YIIOPSII0YEHO, T. €.
ABIISICTCA  COCTOSIHMEM OoiblIero Oecropsiika, 4YeM HCXOJHOE
COCTOSIHME, B KOTOPOM BCE€ MOJEKYJIbl HaXOJWINCh B OJHOU
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IIOJIOBUHE, W IIO3TOMY TIOBOPST, YTO JHTPONMS rasza BO3poOCia.
AHaJOrM4HO MpecTaBuM cebe, 4To BHAYalle UMEIOTCS IBe KOPOOKH,
B OJHOM U3 KOTOpPBIX MOJIEKYJbl KHUCIOpOAa, a B JApyron —
MOJIEKYJbl BOJIOpoAa. Eciau coeMHUTh KOPOOKH U BBIHYTH OOIIYIO
CTEHKY, TO KHCJIOPOJ M BOJOPOJA CMEMIAIOTCS APYr C JPYroM.
Haubonee BeposiTHO, YTO yepe3 HEKOTOPOE BpeMsi B 00erX KOpoOKax
OyZeT HaxOAWTHCSA JIOBOJBHO OJHOPOJIHAS CMECh MOJIEKYIJI
KHUCIIOpoJla M Bojopoaa. OTo OylneT MeHee YHOpsSA0YeHHOE
COCTOsTHUE, 00JIaaroIiee, CIeI0BaTeIbHO, OONIbIIEH YHTPOIHEH, YeM
HavyaJibHOE, OTBEYAIOIIEe IBYM OTJIEIbHBIM KOPOOKaM.

Brtopoii 3akoH TepMOAMHAMUKH 3aHUMAaeT HECKOJIbKO ocoboe
MOJIOKEHUE CPeU NPYTUX 3aKOHOB HAyKH, TaKWX, HAlpUMeEp, Kak
HBIOTOHOBCKHUH 3aKOH TSATOTEHMSI, IOTOMY YTO OH BBIIIOJIHSETCS HE
BCEr7la, a TOJbKO B IMOJAABIAIONIEM OOJBIIMHCTBE CIy4aes.
BeposiTHOCTB TOTO, YTO BCE MOJIEKYJIbI Ta3a B IEPBOM KOPOOKE uepe3
HEKOTOPOE BpEMsI OKaXyTCS B OJHOW IIOJIOBHHE 3TOW KOPOOKH,
paBHa eQUHUILE, JIEJICHHOM Ha MHOTO MWUIMOHOB MHWLIMOHOB, HO
Takoe COOBITHE BCE Ke MOXKeT mpousonTu. Ecnmm ke mobmuzoctu
€CTh UepHas Ablpa, TO HAPYLIUTh BTOPOM 3aKOH, O-BUAMMOMY, €IIIE
IpoILIe: JTOCTATOYHO OpOCHUTH B YEPHYIO AbIPY HEMHOI'O BEILECTBa,
obnaiaroriero OOIBIION YHTPONUEH, HAPUMEP KOPOOKY C Ta3oM.

Tornma momHas PHTPOMUS BEMIECTBA CHAPYXKU UYEPHOM JBIPHI
yMeHbIIuTCsA. PazymeeTcs, MOKHO BO3pa3UTh, UTO MOJIHASI SHTPOMUS,
BKJIFOYAs SHTPOIHIO BHYTPU YEPHOU IBIPHI, HE YMEHBIIUIACH, HO pa3
MBI HE MOKEM 3arjiisiHyTh B YEPHYIO JbIPY, Mbl HE MOXKEM U Yy3HaTh,
KaKOBa SHTPOMNUS COJEprKaIIerocsi B HEW BellecTBa. 3HAYUT, ObUIO
ObI HEIUI0X0, eciy Obl uepHas AbIpa obsagana KakoW-HHUOYIb TaKoH
XapaKTePUCTUKOM, MO KOTOPOM BHEIIHWE HAOII0IaTeTd MOTJIM Obl
OTIPEICNIUTh €€ PHTPOIHIO U KOTOpasi Bo3pacTaia Obl BCAKUIA pa3 Mpu
NaJeHUd B YEPHYIO JbIpy BEIIECTBA, 00JaJaroIIero 3HTPOIHUEH.
[Tocne Toro xak OBLIO OTKPBITO, YTO MPHU MAJACHUU B UYEPHYIO JBIPY
BEIIIECTBA IUIONIA/Ib TOPU30HTA COOBITHH yBenuuuBaercs, J[xexoo
bukenctun, acnupant u3 IIpuHCTOHA, MPEIOKUI CUUTATH MEPOM
SHTPOIUM YEPHON JBIPHI IUIOMAAh TOPU30HTA CcOObITHI. [Ipu
NMaJeHUd B YEPHYIO JBIpYy BeIIeCTBa, OOJAJArOIIET0 JHTPOIHUEH,
TJI0IAh TOPU30HTA COOBITUN YEPHOU JBIPHI BO3PACTAET, U TIOITOMY
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CyMMa SHTPOIIMU BEIIECTBA, HAXOASILEr0Cs CHAPY KU YEPHBIX JbIp, U
IUIOINAJCH TOPU30HTOB COOBITHIM HUKOTA HE YMEHbILIACTCH.
Kazanoce Obl, Ipu TakoM MoAXoj]e B OOJBIIMHCTBE CIy4acB
Oyzer IPEOTBPALECHO HapylleHHe BTOPOTO 3aKOHa
tepmoarHamMuku. OHAKO €CTh OJHO Cephe3HOoe Bo3paxeHue. Ecnu
yepHasi Jplpa 00JaJaeT 3HTPONMEH, TO y Hee JOoJKHA ObITh U
temneparypa. Ho Teno, y KoToporo ectb HEKOTOpas TeMIeparypa,
JIOJDKHO C KaKOH-TO MHTEHCUBHOCTBIO HCIYCKaThb H3ilyuyeHue. Bce
Mbl 3HaeM, 4TO €CJIIM CYHYyTb B OTFOHb KOYEpry, OHa pPacKaJUTCs
JIOKpacHa M OyJleT CBETUThCSA, HO Teja M3JIy4aloT U mpu Ooiee
HU3KUX TeMIepaTypax, TOJIBKO Mbl 3TOr0 OOBIYHO HE 3aMEYaeM H3-3a
c1a00CTH U3TyUYeHHUs. ITO U3IIyYCHUE HEOOXOIUMO ISl TOTO, YTOOBI
HE Hapyluaics BTOPOM 3aKOH TepMOAMHAMUKU. VITak, YepHBbIE JBIPBI
JIOJIKHBI UCITyCKaTh M3inydeHue. Ho mo caMmoMmy MX NMOHSATHIO YEepHBIE
JOBIpBl — 3TO Takue OOBEKThl, KOTOpble HE MOTYT HCITyCKaTh
u3nyuenus. [loatomy co3naBajgoch BIEYaTI€HHME, YTO IUIOIIATb
TOPU30HTA COOBITMH YEpHOW IBIphl HENb3S paccMaTpuUBaTh Kak ee
sHTpormo. B 1972 r. mel ¢ bpengonom Kaprepom m Hammm
aMepuKaHckuM  koyuierod  JDxumom — bapaunom — Hanmumcanu
COBMECTHYIO paboTy, B KOTOpPOl T'OBOPHJIOCH, YTO, HECMOTpSI Ha
OoJIbIIIOE CXOJACTBO MEXAY SHTpPONUEH M IUIOAAbI0 TOPU30HTA
cOOBbITHH,  BBIIICYNOMSIHYTasi  TPYJHOCTb  CYyIIECTBYeT U
IIPEJICTABIISIETCSl HEYCTpaHUMOW. JlOKeH Ipu3HAThCs, YTO 3Ta
CTaThsl MUCANACh OTYACTH TOJ BIUSHUEM pa3Ipa)K€HUs, BHI3BAHHOTO
paGotoil bukeHCTHHA, KOTOpbIM, Kak s CYHMTal, 3JI0YNOTpeOmI
OTKpPBITBIM MHOIO POCTOM IUIOHIaJM Tropu3oHTa coObiTuii. Ho B
KOHIIE KOHIIOB OKa3aJoCh, YTO BUKEHCTHH B NMpUHIUIE ObUI IpaB,
XOTS HaBEpHsIKa Jake He MpeAcTaBisii cede, KakuM o0pa3oMm.
Bynyun B Mockse B centsiope 1973 r., s 6ecejoBai 0 4epHbBIX
IpIpax C JABYMs BEAYIIMMH COBeTCKMMH YyuyeHbiMu — SI. B.
3enpnoBuueM U A. A. CrapobunckuM. OHU yOequiiu MEHS B TOM,
YTO B CHJIy KBAHTOBO-MEXaHUUYECKOIO MPUHIIUIIA HEOIIPEIEICHHOCTH
Bpallalolliecss 4YepHble [IbIpbl JOJDKHBI DPOXKIATh W HU3JIydarb
gacTuupl. S cornacuwics ¢ (U3MYECKMMH JOBOJAMH, HO MHE HE
NOHPAaBWJICS MX MAaTeMaTH4YeCKUH Ccrocod pacuera M3ITyueHHs.
[ToaTomMy s 3aHsuics pa3paOOTKOM JydIIEro MaTeMaTHYeCKOro
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MOJAX0/a M paccKazal O HEM Ha HEOo(QUIMaJIbHOM CEMUHape B
Oxkcdopne B koH1e HOsI0ps 1973 1. Torma s emie He MPOBEN pacueThl
CaMOM MHTEHCHBHOCTH U3NydeHMs. Sl OXKuJan MOJy4YUTh JUIIb TO
u3nyudeHue, kotopoe 3enbaoBud U CTapoOMHCKHI mpeackasan,
paccMmarpuBasi  Bpallarolivecs dYepHble Ablpbl. Ho, BBINOIHUB
BBIUUCIICHUS, S, K CBOEMY YIUBJICHHIO M J10cajie, OOHApYX I, YTO
Jla)ke HEBpallalolMecs YEpHbIE IbIPbl, MO-BUJIUMOMY, IOJDKHBI C
MOCTOSIHHOW HMHTEHCUBHOCTBIO POXKIaTh W HW3IydYaTh YaCTHIIBI.
CHavana s pemus, 4To, BEPOSITHO, OJIHO U3 HCIOJIb30BAHHBIX MHOM
NpUOIIKEHUH HenpaBUIbHO. S Oosscs, 4TO eciau 00 3TOM y3HaeT
bukeHCTHH, TO OH O3TUM BOCHOJB3YETCS Ui JaJIbHEUIEro
000CHOBaHHS CBOMX COOOpakeHUH 00 HHTPOMHH YEPHBIX JBIp,
KOTOpBIE MHE TO-TIPEeKHEMY He HpaBUIUCh. OJHAKO yeM OombIie s
Pa3MBINIUISUL, TEM OOJIbIIe YOSXKIAICA B TOM, YTO MOW MPUOTMHKCHUS
HAa caMOM Jiele MpaBuUibHBL. HO MeHS okoHuaTenbHO YOeauno B
CYILIECTBOBAaHUM H3TYUYEHUS TO, YTO CIEKTP MCIYCKAEMBIX YaCTHI]
JMONKEH OBbITh B TOYHOCTH TaKUM JK€, KaK CIEKTp H3ITydeHUus
ropsiuero Tejaa, U YTO 4YepHas Ablpa JOJDKHA M3TydyaTh YacTULBI B
TOYHOCTH C TOW MHTEHCHUBHOCTBHIO, MPU KOTOPOU HE HapyIajcs Obl
BTOpOil 3akoH TepMoauHaMuku. C TeX HOpP MHOTHE CaMbIMU
pasHBIMH  CIIOCOOAaMH  TMOBTOPMJIM MOHM  pacdeThl U  TOXKE
MOATBEPAUIIM, YTO YEpHas Ablpa JODKHA HCIyCKaTh YaCTUIBI M
U3IyYeHUe, KaKk eciu Obl OHa ObLIa TOPSYMM TEJIOM, TemrepaTypa
KOTOPOT'O 3aBUCUT TOJBKO OT MAacchl YEPHOM AbIPbl — 4eM Oouiblie
Macca, TeM HUXKE TeMIeparypa.

Kaxk >xe depHas mpipa MOXKET HCIyCKaTh YaCTUIIBI, €CITU MBI
3HaeM, YTO HUYTO HE BBIXOJUT U3 HEe 3a TOpU30OHT coObITuii? Jleno B
TOM, TOBOPUT HaM KBaHTOBAasi MEXaHMWKA, YTO YACTUIIBI BBIXOMST HE
U3 CaMOM YEpHOM [bIpbl, a U3 «IIYCTOrOo» MPOCTPAHCTBA,
HaxXOJIAIIEroCs] Tepea TOPU30HTOM CcoObITHI! BOT Kak 3TO MOXHO
MOHATHh: TO, YTO MBI TPEACTaBIsieM cebe KaK «IIyCToe»
MIPOCTPAHCTBO, HE MOXET OBbITh COBCEM IyCThIM, TaK KakK 3TO
Oo3Ha4anmo OB, YTO Bce IO, TaKhe, KaK TPaBUTALMOHHOE U
AIIEKTPOMArHUTHOE, B HEM TOYHO paBHbI HyJ0. Ho BennunHa nois u
CKOPOCTb €r0 M3MEHEHHUsI CO BPEMEHEM aHAJIOTUYHBI MTOJIOXKEHHUIO U
CKOPOCTH YacCTHIIbl: COIVIACHO IMPHUHIIMITY HEOIpPENEICHHOCTH, YeM
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TOYHEE M3BECTHA OJ[HA M3 ITUX BEIIMYMH, TEM MEHEE TOYHO U3BECTHA
BTOpas. CienoBareinbHO, B «ITyCTOM» IMPOCTPAHCTBE IMOJIE HE MOXKET
UMETh TIOCTOSTHHOTO HYJICBOTO 3HAYEHUS, TaK KaK TOTJIa OHO UMEJIO
Obl M TOYHOE 3HAYEHHUE (HYJb), H TOYHYK) CKOPOCTh M3MCHCHUS
(Toxxe Hynp). JlomkHA CyLIECTBOBAaTH HEKOTOpas MHUHUMAaJbHAs
HEOIPEICICHHOCTh B BEJIMYUHE TIOJISI — KBAaHTOBBIC (IIyKTYaIlHH.
OTH QIIyKTyarii MOKHO ce0e MpeICTaBUTh KaK Maphbl YacTHIl CBETa
WIA TPaBUTAIMU, KOTOPhIE B KaKOW-TO MOMEHT BPEMEHH BMECTE
BO3HUKAIOT, pAcXOAATCA, a TIOTOM OIISATh CONMXKAIOTCS |
AaHHUTWIMPYIOT JAPYyr ¢ JpyroM. Takue YacTHIBI  SIBJISTFOTCS
BUPTYaJIbHBIMHU, KaK YACTHUIIbI, IEPEHOCSIINE TPABUTALIMOHHYIO CHITY
CoyiHIIa: B OTIMYHE OT PEATbHBIX BHPTYaJIbHBIC YACTHIIBI HEIIb3s
HaOMOaTh C TOMOIIBI0 JIETeKTOpa peaibHbIX dYactuil. Ho
KOCBEHHBIC A()(PEKTHI, MPOU3BOANMBIC BUPTYaJIbHBIMH YaCTHUIIAMH,
HampuMep HeOONbIINe U3MEHEHHUS YHEPTUH DIEKTPOHHBIX OpOUT B
aTOMax, MOXXHO W3MEPHUTh, W PE3YJIBTAThl YIUBUTCIBHO TOYHO
COrJacylTCid C TEOPEeTUYECKUMH TMpeackazaHusMu. [IpuHiun
HEOIPEeICHHOCTH  MPEJCKa3blBaeT  TaKKe  CYIIECTBOBaHHE
AQHAJIOTUYHBIX BHUPTYaNbHBIX Map YacTHUIl MAaTEpUHU, TaKUX, Kak
AJICKTPOHBI WM KBapku. Ho B 3TOM ciiydae OfuH 4ieH mapsl OyneT
JacTulled, a BTOPOH — AaHTHYACTHIICH (AaHTHUYACTUIBI CBETa U
IPaBUTAIIUU — 3TO TO JK€ CaMO€, YTO M YACTHIIBI).

[TockonbKy JHEpPrHIO HENb3sl CO3JaTh W3 HHUYETrO, OIUH W3
JICHOB  Tapbl YacTWIla —  aHTHUYacTUIA OyJIeT HWMETh
MOJIOKUTENBHYIO HEPTHI0, @ BTOPON — OTpHIATeIbHY0. TOT, 4bs
SHEPrusl OTPHIATEIbHA, MOXET OBITh TOJBKO KOPOTKOKHBYIICH
BUPTYaJbHOW YacTUIIEH, MOTOMY 4YTO B HOPMAJBHBIX CHUTYalUAX
SHEPrusl pPeaTbHBIX YACTHI[ BCET/Ia IIOJIOKHTEIbHA. 3HAYHT, OH
JOJKEH HAWTH CBOEro MapTHepa W C HUM aHHUTUIUpoBaTh. Ho,
HAXOJMSICh PSJIOM C MacCHBHBIM TEJIOM, peajibHasi YacTHIa o0agaeTt
MEHBIIIeH PHEpPrueid, 4eM BJaIl OT HEero, TaKk Kak JJIsl TOTO, YTOOBI
MPEO0JCTh T'PABUTANMOHHOE TIPUTSHKCHHE Tela W YIepiKaThCs
BJIAJIM OT HETo, HyHa 3Heprus. OObIYHO SHEPTHUs YACTHUIIBI BCE-TaKU
MOJIOKUTENIbHA, HO TPABUTAIMOHHOE T0JIC BHYTPH YEPHOU JBIPBI TAK
BEJIMKO, YTO JaXXe pealbHas 4YacTHIla MOXET WMEThb TaM
OTpHUIATENIbHYI0 dHepruto. [loaToMy, ecinm uMeeTcsl depHast IbIpa,
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BUPTyaJbHasl 4acTULA C OTPULIATENbHON SHEPTrUeil MOKET ynacTb B
3Ty YEpPHYIO ABIPDY M IPEBPATUTBCS B PEAIbHYIO YacTHUILy HIIHU
aHTHYacTuIly. B aTOM ciyyae oHa yxe He 00sd3aHa aHHUTHINPOBATDH
CO CBOMM MApPTHEPOM, a OKUHYTHIM NapTHEP MOXKET JIMOO yNacTb B
Ty e YEpHYIO JIBIPY, JIN0O, €CIIH €r0 YHEPTUsl MOJI0KUTEIbHA, BBIUTH
u3 00slacTH BOJIM3M YEPHOM IbIpbl KaK peajbHas 4acTUlla WIH Kak
agTnyactuna (puc. 7.4). YaaneHHOMY HaOIIOJaTeNo MOKaKeTCs,
YTO HTOT MApTHEP HCIYIIEH U3 YEPHOU IbIpbl. YeM MeHbIlEe YepHas
JbIpa, TEM MEHBILIE PACCTOSIHUE, KOTOPOE NMPUAETCSA MPONTH YacTULe
C OTPULATEIBLHOM 3HEPrUuey A0 MPEBPAIICHNS B PEABHYIO YaCTUILY,
U, CIIeI0BaTEIbHO, TEM OOJbIlIE CKOPOCTh M3ITYUYECHUS M KaXyIIascs
TEMIIEpaTypa YEPHOU JIbIPHI.
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Puc. 7.4

[TonoxxurenpHast dHEPrusi UCIYyCKAEMOI'O M3IY4YEHMs JOJDKHA
YPABHOBCHIMBATLCA ITOTOKOM YacCTHIl C OTpHIIaTeJII)HOfI BHGPFI/IGP'I,
HaIpaBJIEHHBIM B 4epHYIO AbIpy. CoriaacHo ypaBHEHHIO DHHIITEHHA
E = mc”2 (rone E — sHeprus, m — macca, a ¢ — CKOPOCTb CBETa),
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JHEPrus MNpsAMO IPONOPLUUOHAIbHA Macce, a I03TOMYy IIOTOK
OTPULATEIIBHOM SHEPTUH, BXOAAIIUN B YEPHYIO JbIPY, YMECHBILAET €€
Maccy. Kornma gepHas npipa TepseT maccy, IUIOIaab €€ rOpU30HTa
COOBITUI yMEHbIIAEeTCs, HO 3TO YMEHBUICHHE SHTPONMM YEepHOU
JBIPBI C JIMXBOM BO3MEUIAETCS] SHTPONMEN UCIYIIEHHOIO U3JIy4YEHHUs,
TaK YTO BTOPOH 3aKOH TEPMOJMHAMUKN HUKOTJ|a HE HapyIIAeTCs.

Kpome Toro, ueM MeHbllle Macca YEPHOU IBIPHI, TEM BBILIE €€
temneparypa. IloaToMy, korma uepHas ApIpa TepsAeT Maccy, ee
TEMIIEpaTypa U CKOPOCTh U3JIy4EHUs BO3PACTAIOT, U, CIEA0BATEIBHO,
norepsi Macchl uieT euie ObicTpee. [loka emie He coBceM SICHO, YTO
IIPOUCXOIOUT, KOTJa Macca 4YEpHOM JbIpbl B KOHLE KOHLOB
CTAHOBUTCSA YPE3BBIYAMHO Majoi, HO Hauboiee JOTUYHBIM
IIPEJICTABISIETCS, YTO 4YepHas Jblpa TOJHOCTBIO HCYE3aET B
TMTAaHTCKOM TIOCHIEHEH BCIBINIKE M3JIY4YEHUs, SKBUBAJCHTHOU
B3pBIBY MUJUIMOHOB BOJOPOJHBIX OOMO.

TemnepaTypa 4epHOM ABIPHI C MAacCOM, paBHOW HECKOJIBKUM
maccam  ConHua, Jo0/KHa  ObITh  paBHA  BCEro  OJHOHU
NEeCATUMIJIZTMOHHON T'pajiyca BbIIIe a0COTIOTHOTO HYJISA. DTO Topasio
MEHbBIIIE, YEeM  TemrepaTypa MHUKPOBOJIHOBOIO  M3JIy4Ye€HUS,
3anonHsomero Beenennyro (0kos1o 2,711 Bellie aOCOTIOTHOTO HYJIS).
CnenoBaTenbHO, YEPHBIE IbIPBI JOJDKHBI M3JIy4daTh J1aX€ MEHBIIE,
yeMm noryioniats. Ecinu BeeneHHON CyKIeHO BEYHO PacIIMpATHCS, TO
TEMIIEPATypa MUKPOBOJIHOBOTO M3JIyYEHHUS B KOHIIE KOHIIOB yIajaeT
HID)KE TEMIIepaTypbl TaKOM YEepHOMl IbIpbl M YepHas Ablpa HAuHET
Tepath Maccy. Ho u Torma ee temmepaTypa OyAeT HAacCTOJIBKO
HU3KOM, YTO OHA IIOJHOCTBK) HCIIAPUTCS JIMIIb Yepe3 MWIINOH
MUUIMOHOB ~MWUIMOHOB MWIIMOHOB MHJUIMOHOB  MWIJIMOHOB
MUUIMOHOB ~MWJUIMOHOB MWIJIMOHOB MUJUIMOHOB  MHJIJIMOHOB
(emMHMIIA C IIECTBIOJECATHIO INECThIO HYJISAMH) JIeT. ITO
3HAYNTEIIBHO IPEBBIIIAET BO3pacT BCelleHHOM, KOTOPBIN paBEH BCETO
JECATH WIA [BajUaTH ThICSAYaM MWIIMOHOB JeT (€OUHMLA WIN
JIBOMKa C JecsiThio HyJsiMH). Ho, kak roBopmsiock B TJ. 6, MOTIH
CyIIECTBOBaTb IIEPBUYHBIE YEPHBIE IbIPbl C TOpa3fo MEHbIIEH
Maccoii, oOpa3oBaBIIMECs B pe3yJibTaTe KoJularca HeperyaspHOCTeR
Ha OYEHb paHHMX cTaausx pa3Butus Bcenennoil. Takue uepHble
JBIpBl JIOJDKHBI MMETh ropas3fo 0ojiee BBICOKYIO TeMIlepaTypy u
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UCIyCKaTh U3yYeHHUE C ropa3ao Oobllieii HHTEHCUBHOCTHIO. Bpems
KU3HM TEPBUYHONM YEpPHOM MbIPbl C HAYAJIBbHOM MacCOM ThICS4a
MUJUTMIOHOB TOHH JOJKHO OBITh MTPUMEPHO PAaBHO BO3PACTY
Bcenennoii. IlepBuunbie yepHbIe ABIPHl C MEHBUIMMH HayaJbHBIMU
MaccaM¥ JOJDKHBI ObUTH ObI YK€ TIOJHOCTBIO HCIIAPUTHCS, a T€, Y
KOTOPBIX HauyaJdbHbIE MacChl UyThb-4yTh OOJbINE, JOJKHBI
MPOJIOJDKATh HMCIYCKaTh PEHTTEHOBCKOE M TaMMa-U3JIyudeHue. DTH
BUJbl M3JIY4YCHHUS AaHAJIOTUYHBI CBETOBBIM BOJIHAM, HO HMEIOT
ropa3zo MEHBIIYIO IIUHY BOJHBL. K MOMOOHBIM AbIpaM enBa
MOJIXOIUT Ha3BaHUE YEpHBIE: HA CAMOM JIeJie OHU pacKalieHbl 1o0erna
1 U3JIy4aloT YHEPTUIO0 C MOUTHOCTBIO OKOJIO AECSTH ThICSAY MEraBartT.

Opna Takas uepHas Ablpa Morjia Obl oOecrneuyuTh padoTy
JECATH KPYIHBIX AJIEKTPOCTAHLUN, €CIU Obl TONBKO MBI yMENn
HCIIOJIb30BaTh €€ SHEPrui0. A 3TO JOBOJBHO TPYAHO: HAIlla YyepHas
IpIpa uMena Obl Maccy, PaBHYIO Macce rophbl, CXKATyl IPUMEPHO J0
OJIHOW MWJUTMOH MWJUTMOHHOW (eIMHHMIIA, JeJICHHAas Ha MILTHOH
MUJUTMOHOB) CaHTHUMETpA, T. €. 10 pa3smepoB atomHoro snapa! Ecam
OBl O7IHA M3 TaKUX YEPHBIX JBIP OKa3ajgach Ha MOBEPXHOCTH 3EMIIH,
TO MBI HUKaK HE MOTJIU OBl MIPEIOTBPATUTH €€ MaJeHIe CKBO3b MO K
nentpy 3emumn. OHa kosiebanack Obl B3aJa-BIIEpe] BIOJIb 36MHOM OCH
JI0 TeX MOp, MOKa B KOHIIE KOHIIOB HE OCTAHOBWJIACH OBl B LIEHTPE.
CrnenoBaTenbHO, €AMHCTBEHHOE MECTO JUISl 3TOM 4EpHOU NbIpHI, TIe
U3IYyYaeMyl0 €10 DPHEPrHI0 MOKHO ObUIO OBl MCHONB30BaTh, — 3TO
opOuTa BOKpYT 3eMJIH, a €AMHCTBEHHBIN CIIOCOO MPHUBIIEYh YEPHYIO
IBIPY Ha 3Ty OpOUTY — OYKCHpOBATh Mepeia Heli OTPOMHYIO Maccy,
KaK MOpPKOBKY Mepel] caMbIM HOCOM oOcia. Takoe MNpeanoxkeHue
BBITJISIANT HE CIUIIKOM PeajbHBbIM, 0 KpaiHel Mepe B Ommkaiiiem
Oyymem.
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Pue. 7.5

Ho naxxe ecinu Mbl HE CMOXEM HUCIIOJIB30BATh U3JIyYEHHUE 3THUX
MEPBUYHBIX YEPHBIX JbIP, TO BEJIMKA JIM BO3MOXHOCTh UX YBUJIETH?
MoxHO ObIIIO ObI HCKAaTh FAMMa-U3JIy4eHUE, KOTOPOE YEpHBIE JIBIPBI
UCITyCKAIOT Ha TPOTSHKEHUU OOJBIIEH YacTH CBOCH JKHU3HHU.
HecMoTps Ha TO 4TO YEpHBIE ABIPEI B OCHOBHOM HAXOATCS JAJIEKO U
MO3TOMY JIAIOT OuYeHb cjaboe U3IyuyeHHe, CyMMapHOE€ H3yuyeHUe
BCEX YEpHBIX Jblp MOIJIO Obl MOAJaBaTbCA perucTpanuu. Mbl
JefCTBUTENbHO HAaOMI0AaeM (OH TAaKOrO TaMMa-M3JyuyeHHUs: Ha pHUC.
7.5 mNOKa3aHO, KaK HHTEHCUBHOCTH HAOIIOAaeMBIX ramma-iyden
pa3ianyarTcs MpU Pa3HbIX YacTOTax (4acToTa — 3TO YMUCIO BOJH B
cexkyHay). Ho uctounukom storo ¢oHa MOTIH OBITh, & MOXKET OBITH,
u ObUIM HE NEpPBUYHbIE YEpHbIE IbIPbI, a KaKHe-HUOYIb Jpyrue
npoueccsl. Ha puc. 7.5 IyHKTMpOM IIPEACTaBIICEHA BBIYMCIICHHAS
3aBUCUMOCTb MHTEHCHBHOCTH OT 4YacTOTBl TaMMa-U3JIy4eHMUs,
UCITyCKaeMOI'o MEpBUYHBIMU YEPHBIMU JIbIpaMu, IIpu mioTHocTy 300
YEpPHBIX JAbIp Ha KyOuueckuii cBeToBoi roa. Ha ocHoBanuu rpaduka
MOJKHO CZIeNlaTh BBIBOJI, YTO M3MepeHHe (oHa raMMa-u3JIyuyeHHs He
AT HUKAKOW MOJIOKUTENbHOM HHQOpPMAIMK O CYyIIECTBOBAaHUU
MIEPBUYHBIX YEPHBIX ABIP, HO YKA3bIBACT HA TO, YTO BO BceneHHoM He
MokeT ObITb B cpenHeM Oosbmie 300 4YepHBIX AbIp B KaXIOM
KyOWYEeCKOM CBETOBOM T'Ofy. DTOT Mpeiei 03HA4aeT, YTO MEPBUYHBIE
JBIPbl MOTJIM OBl COCTaBJISITh MAKCUMYM OJIHY MHJIJIMOHHYIO BCErO
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BellleCTBA BO BeenleHHOM.

[Ipy TakOM CKyJHOM KOJHYECTBE YEpPHBIX AbIP MOTJIO ObI
MOKa3aTbCsl HEMPaBIONOAOOHBIM, YTOOBI Kakas-HUOYIb W3 HHX
OKazajach OY€Hb OJHM3KO OT HAacC U €€ MOXKHO ObLIo ObI HAOIIOJATh
KAaK HEKUH OTAEIbHBIA MCTOYHMK ramMma-usilydeHus. Ho mockosbky
MOJ JEWCTBUEM TpaBUTAIMHM MEPBUYHbIC YEPHBIE IBIPHI JOTKHBI
MPUTATUBATHCA K JIOOOMY BEILIECTBY, MX JOKHO OBITH TOpasio
Oonbllle BHYTpM M BOKpPYr Tranmaktuk. CremaoBarenbHO, XOTS
BBIYHCIICHHBIH ()OH raMMa-M3JIy4eHHS] TOBOPUT O TOM, YTO B OJIHOM
KyOMUeCKOM CBETOBOM IOy HE MOXET ObITh B cpeaHeM Oosnbiie 300
MEPBUYHBIX YEPHBIX JABIP, OH HE JaeT HUKAKOH MHQOpPMAIHH O TOM,
HACKOJIbKO YacTO MEPBUYHBIC YEPHBIC JBIPHI BCTPEUAIOTCS B HAIICH
cobctBenHoit ["anaktuke. Ecnu Ol ux ObLITO, CKa’keM, B MIJLITHOH pa3
OompIie, TO ONDKalImas K HaM 4YepHas JhIpa MOTJIa OKa3aThCAd Ha
pPacCTOSIHUU THICSYM MUJUIMOHOB KUJIOMETPOB, T. €. NMPUMEPHO Ha
ypoBHe [InyToHa, camoil Janekoil u3 M3BECTHBIX IIaHeT. Ha Takom
paccTOSsHUUM BCE paBHO OYEHb TPYAHO  3apErHCTPUPOBATH
MOCTOSTHHOE W3JTyYeHHE YEPHOW NBIPHI, aXe €CIU €r0 MOIIHOCTh
paBHa JecATH ThIcA4yaM MeraBatrT. J[is HaONOACHHUS TMEePBUYHON
YepHOW  JABIppl  TpeOyeTcss  3aperucTpupoBaTh  HECKOJIBKO
raMma-KBaHTOB, MPUILEIIINX C OJHON U TOH ke CTOPOHBI, B TEUCHUE
KaKOTO-HUOYIb pa3yMHOT'0 MHTEPBaja BPEMEHHU, CKAKEM 3a HEJEIIO.
WNuavye oHM MOTYT OKa3zaThCs MPOCTO 4YacThio (¢oHa. Ho mo 3akoHy
[Inanka kaxaplii ramMMa-KBaHT oOJagacT OOJBIIOW SHEPTHeH, Tak
KaK raMMma-u3JIy4eHHe HMEeT BBICOKYIO 4YacTOTy, CIEJIO0BATENbHO,
JUTISL U3ITY9CHHS JaXKe JCCSATH THICSY MEraBaTT MOTpeOyeTcsl He OYeHb
MHOTO KBAaHTOB. A sl HaOMIOJEHHUS STHX HECKOJIbKUX KBAaHTOB,
MPUIICAIINX C PACCTOSHHS, PAaBHOTO paccTosHuio a0 I[lmyToHa,
HY’)KeH ObUT OBl AETEKTOp raMMma-u3JIy4eHHsT HaMHOTO OOJIBIIETrO
pa3Mepa, 4em Jr000W U3 HbIHE cyulecTByromux. Kpome Toro, tot
JIETEKTOp HYXKHO ObUIO OBl MOMECTUTH B KOCMOCE, MOTOMY YTO
raMMma-u3JilydeHue He IPOXOJUT uepe3 aTMochepy.

Pasymeercsi, ecnm Obl uepHas Jblpa, HaXOASIIAsCS Ha
paccrosaun  IlnyToHa, 3aKOHYMB CBOM  KWU3HEHHBIA  IUKII,
B30pBaach, MOCIEAHUN BCIUIECK H3ITYyUYEHUS MOXKHO ObUIO OBbI C
JIETKOCTBIO 3apeructpupoBaTh. Ho ecnu depHas nplpa mpoAosKaer
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U3Jly4aTb B TEYEHUE IIOCIEIHHUX JECATU WU JBAaAUATH ThICAY
MWIJIMOHOB JIET, TO IIAHCHI Ha TO, YTO ee I'ulenb MpHUIETCs Ha
OmKaiIMe HeCKOJIBKO JIET, @ HE Ha T€ HECKOJIbKO MUJIJIHOHOB JIET,
YTO y’K€ NPOLUIM WU €lIe HACTYIAT, IEHCTBUTEIBHO OYEHb MaJbl!
3Ha4YnT, 4TOOBI UMETh PEATbHYI0 BO3MOXXHOCTb YBHJIETH B3PBIB JI0
OKOHYAaHUS  (DUHAHCUPOBAHUS  OSKCHEPUMEHTa, Bbl  JOJKHBI
IpuaymaTh, KaK pEruCTpUpOBaTh B3pbIBbl, IPOUCXOASAIINE Ha
paccTOsIHUU MOpsKa OJTHOTO CBETOBOIO roja. Bam Bce paBHO Oyner
HYKEH OoubIIOM JETEKTOP ramMma-u3Jy4eHus, 9TOOBI
3apEruCTPUPOBATh  HECKOJIBKO TIaMMa-KBaHTOB M3 Te€X, 4YTO
oOpazytorcss mpu B3pbiBe. Ho B 3TOM ciydae oTmajgaer
HEOOXOJUMOCTh MPOBEPATh, UYTO BCE ramMMa-KBaHThl MPUXOJAT C
OJTHOW M TOW K€ CTOPOHBI: IOCTaTOYHO OyJIeT 3HaTh, YTO BCE OHU
3apErUCTPUPOBAHBl B TEYEHUE OYEHb KOPOTKOIO IPOMEXKYTKA
BPEMEHHU, YTOObI OBITh YBEPEHHBIM B TOM, YTO HMX HMCTOYHHKOM
SBJISIETCS] OJTHA U Ta 7K€ BCIIBIILIKA.

OpvH U3 IETEKTOPOB raMMa-HU3JIy4eHuUs, C IOMOIIbIO KOTOPOIO
MO>KHO OBbLIO OBl OTO3HABATH MEPBUUYHBIE YEPHBIE JBIPBI, — 3TO BCS
atMocepa 3emnu. (Bo BcskoM ciydae, BpA JIM HaMm yJacTcs
MOCTPOUTH JIeTeKTop Oompiiero pasmepal!) Korma ramma-kBaHT,
oOnajgaroluii  BBICOKOM »HEprueil, crajkuBaeTcsi B 3eMHOHU
atMocepe € aromMamH, pPOXKAAIOTCS Napbl U3 DIIEKTPOHOB U
NO3UTPOHOB  (AHTUAJIEKTPOHOB), KOTOpBIE B CBOIO  OdYepelb
CTaJIKABAOTCS c aToMamMu u o0pa3ytoT HOBBIE
ANIEKTPOHHO-NIO3UTPOHHBIE Mapbl. BO3HMKAaeT Tak Ha3bIBAEMBbIN
AIIEKTPOHHBIN JIMBEHb. CBA3aHHOE C HUM HU3JIy4YEHHE IPEICTaBISET
co0Ol OJMH W3 BHJIOB CBETOBOI'O U HAa3bIBAETCS YEPEHKOBCKHM.
[To3TOoMy BCHOBINIKM TaMMa-U3IyY€HUS MOXKHO PpErucTpUpOBaTh,
Clelsl 3a CBETOBBIMU BCHBIIIKAMU B HOYHOM HeOe. CyIliecTBYIOT,
KOHEYHO, U IpyTue sBJIeHUs (Takue, KaKk MOJIHUS U OTPa’KEHUE CBETa
OT KPYTSAIIMXCS CITyTHUKOB M 00palaroImuxcs o opouraM cryneHen
paKeT-HOCUTEJNEH), KOTOPBIE TOXKE COMPOBOKIAIOTCS BCIBIIIKAMU Ha
HeOe. Bcembimku, 0O0yCIOBICHHbIE TaMMa-U3IyYeHHEM, MOKHO
OTJIMYMUTH OT 3TUX SIBICHUN, NPOBOJAS HAONIONEHUS OJHOBPEMEHHO
U3 JIByX WM OOJIBLIETO YMCIIA MyHKTOB, CHJIBHO YJAJIEHHBIX APYT OT
npyra. Takue NMOUCKU TNPEANpPUHSIN B APH30HE IBOE YUEHBIX W3



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 127

Hy6munra, Hun Tloprep u TpeBop Yukc. C moMOIIbIO TEIECKOIIOB
OHU OOHAPY’KUJIM HECKOJIbKO BCIIBIILIEK, HO HU OJHY U3 HUX HEb3s
OBUIO C ONPEAENCHHOCTHIO MPUITUCATh BCIUIECKAM raMMa-u3IydeHuUs
NEPBUYHBIX YEPHBIX ABIP.

Jlaxke ecinM TOWUCK TEPBUYHBIX YEPHBIX JBIp  JACT
OTpHLIATENIbHBIE PE3yJbTaThl, @ OH MOXET UX JaTh, Mbl BCE PaBHO
NOJYYMM BaXHYI0 HMHQOpPMaLui0 00 OYeHb paHHUX CTaIHsIX
pazButus Becenennoit. Ecnm pannss BceneHHas Obliia XaOTHYECKOH,
WIA HEPEeTyJIspHOW, WIM €ClIM JaBJIeHHE Marepuu ObLIO Malo,
MOKHO OBLJIO OBl 0XXHMJATh 0Opa30BaHUS 3HAUYUTEIBHO OOJIBILIETO
yuciaa 4YEepHBIX JAbIPp, YeM TOT THpeies, KOTOpbIi Ham Janu
HaOmoneHus: pona ramma-uznydeHus. OObSICHUTD, IOYEMY UYEpHbIE
JBIPBI HE CYLIECTBYIOT B TAKOM KOJHMYECTBE, B KOTOPOM HMX MOKHO
ObuUI0 OBl HAOMIOAATH, MOXKHO JIUIIb B TOM Ciy4ae, €CIM paHHSI
Bcenennas Obuia OYeHb TJaJKOM M OJHOPOJIHOW, C BBICOKMM
JTaBJICHHEM BEILECTBA.

BbIBOJT O TOM, UTO YepHBIE ABIPHI MOTYT UCIYCKATh U3JIy4YEHUE,
ObUT MEpPBBIM IMPEICKAa3aHUEM, KOTOpPOE CYLIECTBEHHBIM 00pa3zom
OCHOBBIBAJIOCh Ha 00EMX BEIMKUX TEOPHUSIX HAIIEro Beka — oOIien
TEOpUU OTHOCUTEIBHOCTH W KBAHTOBOM MexaHuke. BHawane »TOT
BBIBOJ] BCTPETHJI CUJIbHOE MPOTHBOACHUCTBUE, TaK KaK ILIEJT Bpa3pes ¢
pacrnpocTpaHeHHBbIM mpezcTaBieHueM: «Kak depHas aplpa MOXET
410 OBl TO HU ObUIO M3Ty4aTh?» Koraa s BepBbie 00BSIBUI O CBOMX
pe3ynbraTtax Ha KoH¢epeHuuun B PesepdopaoBckoil mabopaTopuu
nog OxchopaoMm, Bce K HUM OTHECIUCh HEJOBEpuHMBO. B KoHIe
noknaga mnpenceaarens cekuuu Jpxon Telnmop u3 KoposeBckoro
koyiemka B JIoHIOHE 3asBWI, 4TO Bce 3TO uemyxa. OH naxe
Hamycall CTaThlo, 4TOOBI JOKa3aTh, 4To s He mpas. Ho B KkoHue
KOHIIOB OOJBIIMHCTBO, B ToM uucie u J[xon Teitnop, nmpuuwm x
BBIBOJY, YTO YEPHBIC JBIPHI JOJDKHBI M3JIy4aTh Kak ropsdee Tello,
€CIId TOJIBKO BEpPHBI BCE OCTAJbHBIE MPEJCTaBICHUs O0LIei Teopun
OTHOCUTEJIbHOCTH M KBAaHTOBOW MeXaHUKH. Takum o0pa3oM, XOTs
HaM ¥ He YJaJloCh OTHICKAaTh NEPBUYHYIO YEPHYIO JABIPY, HO €l Obl
BIpPYT 3TO YJajiocCh, TO, IO JOBOJILHO OOLIeEMY YOEKICHHIO, YepHasi
Iblpa  JObKHA Oblla  Obl  MCIyCKaThb MOIHOE TaMMa— H
PEHTT€HOBCKOE U3IIy4YECHHUE.
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BrIBOJ 0 CyIIECTBOBAHMM U3JIyYEHHUs, HCITyCKAEMOI0 YEPHBIMU
JpIpaMy, O-BUAMMOMY, O3HAa4aeT, YTO TPaBUTALMOHHBIN KOJUIAIIC HE
TaK y>X OKOHYATEJIeH U HeoOpaTuM, KaKk MBI IyMaju paHblue. Eciu
aCTPOHABT YMAJET B YEPHYIO ABIPY, TO €€ Macca yBEIMYUTCS, HO B
KOHIIE KOHIIOB KOJIMYECTBO YHEPTUH, SKBUBAICHTHOE 3TOU NMprbOaBKe
Macchl, BepHeTcs Bo BceneHHyro B QopMe  H3Iy4YEHHS.
CnenoBarenbHO, B KakOM-TO  CMBICJIE€  acTpOHaBT  Oyjer
«pPEreHepUpOBaH». IJTO, KOHEYHO, HE CaMblil Jy4YIIMA BUJ
OeccMmepTHsi: COOCTBEHHOE MPE/ICTABICHUE O BPEMEHH y acTPOHABTa
IIOYTH HABEPHSIKAa IPOMNAAET, KOrJa OH pa3JIETUTCS Ha KIOYKHU
BHYTpHU 4epHOH AbIpbl! Jla’ke 4yacTULIbI, UCITYLLICHHBIE YEPHOU IBIPOi
JUIsI KOMIIEHCALlUM MAacChl acCTPOHABTa, OyAyT HE TEMH, U3 KOTOPBIX
OH COCTOSJI: €IMHCTBEHHOE CBOMCTBO acCTpPOHABTa, KOTOPOE
COXPaHUTCA, — 3TO €r0 Macca WIHA SHEPIHsl.

[Tpubnuxenns, KOTOPBIMH S TOJIB30BAJICA B pacyerax
U3IIyYEHUs] YEpPHBIX JbIP, JOJDKHBI XOPOILO BBIMOJHATHCSA, KOTJa
Macca UEpHOM JAbIpbl IMPEBHINIAET JOJAM TIpaMma, HO OHHU
HENPUMEHHMbI B KOHIIE >KM3HM YEpPHOM IbIpbl, KOrjJa ee Macca
CTaHOBUTCA O4eHb Maioi. Ilo-Buammomy, Haubojee BEpOSITHBIN
HCXOJl — 3TO NIPOCTO HMCYE3HOBEHUE YEPHOW IBIPBI, MO KpalHeu
Mepe u3 Haiel obnactu Beenennoit. McuesHyB, oHa yHeceT ¢ coboit
U acTpOHaBTa, U JIOOYI0 CHHTYJSPHOCTh, KOTOpasi Morja Obl B HEll
oKazaTbcd. OTO OBUIO IMEpBO€ YKa3aHWE Ha BO3MOXKHOCTb
YCTpaHECHUA KBaHTOBOWU MEXaHUKON CUHTYJIIPHOCTEM,
IpeJcKa3blBaeMBIX 00IIeH Teopuel oTHocuTenbHOCTH. OIHAKO Te
METO/]Ibl, KOTOPBIMU U $I, U APYTU€ YUYEeHbIE MOJIb30BaIMUCh B 1974 1.,
HE MOTJIM JaTh OTBETHI HA TAKUE BOIIPOCHI, KaK, HAIPUMEp, NOSBITCS
JY CUHTYJSIPHOCTH B KBAaHTOBOM rpaBuranuu. [losTomy HaumHas c
1975 1. s 3amsics pa3paboTkoil Oosiee AEMCTBEHHOTO MOAXOAa K
KBaHTOBOM  IpaBUTallM{, OCHOBAaHHOTO Ha  (heliHMaHOBCKOM
CYMMHUPOBaHHH MO UCTOPUSAM (TpaeKkTopusiM). OTBEThI, NOJTyUYECHHbIE
IpU TaKOM MOJXOJAE, Ha BOIPOCHI O MPOUCXOXKJIECHUU U Cyab0e
BcenenHoll U TOro, 4To B HEMl HaXOAMTCS, HAIIPUMEP ACTPOHABTOB,
OyIyT M3JI0KEHBI B IBYX CIIEAYIOIIUX IiIaBax. Mbl yBUJIUM, UTO XOTS
IIPUHLIAII HEOINPEAEIECHHOCTH HajaraeT OrpaHUYEHMs] Ha TOYHOCTh
BCEX HAIIMX Ipe/IcKa3aHuil, OH 3aTO YCTpaHseT (pyHIaMEHTAIbHYIO
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HEMPEACKa3yeMOCTb, BO3HUKAIOILYIO B CUHTYJISIPHOCTH
IPOCTPaHCTBA-BPEMEHH.

8. PoxpeHune u rmbenb, BceneHHoMn

B o0mieii Teopuu OTHOCHTEIHHOCTH JDWHINTEHHA, CaMOW IIO
cebe, Jnemaercs BBIBOJ, 4YTO NPOCTPAHCTBO-BpPEMs BO3ZHHUKIO B
CUHTYJISIPHOM TOYKe OOJIBIIIOTO B3phIBA, a CBOW KOHEI OHO JOJKHO
HAaXOAWTh B CHHTYJSIPHOM Touke OONBLIOrO0 XJIOmKa (eciu
KOJUTAIICUpyeT BCsi BeeneHHas) U B CUHTYJIIPHOCTU BHYTpPU YEPHOU
JBIPBI (€CIH KOJUIACUPYeT Kakas-HUOyAb JIOKajdbHas 0o0JacTh TUIA
3Be3nbl). Jlioboe BemiecTBo, ymaBllee B Takyl Jblpy, B
CUHTYJISIPHOCTH ~ JOJDKHO — pa3pylIUTbCs, W CHapyxu Oyner
OIIYLIATHCS JUIIL TPAaBUTALIMOHHOE BO3/eicTBUE ero macchl. Korma
e ObUIM ydTeHbl KBaHTOBBIE () (EKThI, TO 0Ka3ajaoch, YTO Macca U
SHEPrusi BEIIECTBA B KOHIE KOHIIOB JIOJDKHBI, TO-BUIUMOMY,
BO3BpalllaThcsi OcCTaBlieiicss vactu BceenenHoil, a depHas 1wipa
BMECTE CO CBOEH BHYTPEHHEH CUHTYJISIPHOCTBIO JOJKHA UCIIAPUTHCS
U TOJIHOCTBIO HUCYE3HYTh. byner nu croiib ke OOJIbIIUM BIUSHUE
KBAaHTOBOM MEXaHHWKHM HAa CHHTYJSAPHOCTH B TOYKax OOJBIIOrO
B3pbIBa U OousblIoro xjgonka? Uto B AEMCTBUTEIHLHOCTH MPOUCXOIUT
Ha OYEHb PAaHHUX U OYEHb MO3JHUX CTAAUAX pa3BUTUS BceneHHOM,
KOrJla TpaBUTAIMOHHBIE TIOJII HACTOJBKO CHIIbHBI, YTO HENb3s
npeHeOperaTh KBaHTOBBIME 3 dextamu? ECTb TU ACHCTBUTENHHO Y
Bcenennoii Hayano u koHen? A eciau €CThb, TO KaKOBbI OHU?

Ha npotspkeHnn ceMuecsiThiX ro/IoB i B OCHOBHOM 3aHUMAJICS
WCCTIeOBAaHUEM 4YepHBIX IbIp, HO B 1981 r., xorma s Obul Ha
KOH(EpEeHIIMH 10 KOCMOJIOTUH, OpPraHW30BaHHOW B BaTukane
OTIIaMHU-UE3YUTaMHU, BO MHE OIISATH MPOCHYJICS MHTEPEC K BOMPOCY O
BO3HUKHOBeHMU U rubenu Bcenennoi. Karonnueckas LlepkoBs
coBepimmwia OONbIIyI0 OMMOKY B CBOMX B3aMMOOTHOIICHUSIX C
lNanuneeM, korga, NbBITasCh MOJYUHUTH 3aKOHY BOIPOC HAYKH,
00bsaBuna, uyto ComHile oOparraercs BOKpyr 3eminu. Temeps, depes
Beka, LlepkoBb pemmia mpuUriacuTh CHEUATNCTOB U MOJIYYUTh Yy
HUX KOHCYJBTAIlMI0O MO KOCMOJOTrMU. B KoHIE KoH(epeHmH
Y4aCTHUKHA ObLTH yaocToeHbl aymueHnuu l[lambl. OH ckasan, 4to
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HBOJIOIMIO BeenenHoit mocie 60bIIoro B3pbiBa H3y4aTb MOKHO, HO
HE CJIeyeT BTOPraTrbcs B caM OOJIBIION B3pBIB, MOTOMY UTO 3TO OBLI
MoMeHT COTBOpEHHUsI U, ClieIoBaTeIbHO, boxkecTBeHHbIN akT. S Obu1
Oo4eHb paj, uyto Ilama He 3HAN TeMBbl TOJIBKO YTO CHAEIAHHOIO MHOM
JIOKJIaJla O BO3MOYKHOCTH TOT'O, YTO MPOCTPAHCTBO-BPEMSI KOHEUYHO
HE MMEET IPaHull, T. €. YTO OHO HE MMEET Hayaja, a 3HA4MUT, HET U
MomeHTa CotrBopeHusi. MHE HE XOTENOCh Pa3JeisTh CyIb0y
["anunest, ¢ KOTOPBIM, MHE KaXeTCsl, y MEHs €CTh YTO-TO 00111ee, XOTs
ObI TO, YTO IO CTPAHHOMY COBHAJICHHIO 51 poaWiIcs TOYHO yepe3 300
JIeT 1ociie ero cmepru!

UTo0b! OBLIO SICHO, KAKUMU OBUTH MO MBICITH U MBICITU APYTUX
0 BO3MOXHOM BJIMSTHUY KBAaHTOBOW MEXAaHWKM Ha HAIK B3TJIAIBI Ha
poxaeHue u rudens BceneHHoM, HEOOXOANMMO CHayana HAIOMHUTh
OOIIETIPUHATYIO0 KapTUHY UCTOpHH BceneHHOoM, OCHOBaHHYIO Ha Tak
Ha3bIBAEMOM ropsiyeil Moaenu OOJbIIOTO B3phiBa. B Hel cumrTaercs,
yTo BCenenHas oT Hamux AHEHW 0 OOJBIIOrO B3phIBA OMHMCHIBACTCS
onHOI n3 Moxeneit ®punmana. B mogoOHBIX MOAENAX OKa3bIBaeTCH,
YTO MO MEPE paclIupeHusi BcereHHOM BEeIEeCTBO U U3IyUYCHHE B HEM
oxnaxpaatorcs. (C ynBoeHnuem pazMmepoB BceenieHHol ee Temneparypa
CTAaHOBUTCS BIBOE HIKE). [I0CKONBKY TeMriepaTypa — 3TO MPOCTO
Mepa SHepruu (T. €. CKOPOCTH) YacTHII, OXJaxJIeHue BceneHHoi
JIOJDKHO CHJIBHO BO3JEHCTBOBATh Ha BEIIECTBO BHYTpu Hee. [lpum
OUY€Hb BBICOKUX TEMIIepaTypax 4acTHUIbl ABUXKYTCS TaK ObICTPO, UTO
MOTYT  TPOTHBOCTOSITH  JIIOOOMY  B3aUMHOMY  TPUTSDKCHHIO,
BBI3BAHHOMY SIZICPHBIMU WJIA 3JIEKTPOMAarHUTHBIMHM CUJIAMH, HO TIPU
OXJIAXJACHUM MOXHO OXHUJaTh, YTO HEKOTOPBIC YaCTHIBI OYyIyT
MPUTATUBATHCA IPYT K IPYTy U HAUHYT cauBaThes. boiee Toro, gaxe
TUIBI YACTHII, CYIIECTBYIOIIMX BO BCeneHHOM, JOJKHBI 3aBUCETh OT
temrneparypbl. [Ipy 10OCTAaTOUHO BBICOKUX TeMIEpaTypax 3HEprus
YaCTHI[ CTOJIb BEJIMKA, YTO IPH JIFOOOM CTOJIKHOBEHHUH 0Opaszyercs
MHOT'O pa3HbIX Iap 4YacTUIA-aHTUYACTHIIA, U, XOTS HEKOTOpas J10JIs
ATUX YaCTUIl AHHUTWIMPYET, CTAJKHBAsACh C AHTUYACTUIIAMHU, HX
o0pa3oBaHHEe TPOUCXOAMWT BCE pPaBHO ObicTpee aHHMTWISIIMU. Ho
mpu 0ojiee HU3KUX TEMIIepaTypax, KOrJa YHEPTUsl CTATKHUBAIOIINXCS
YacTHIL MEHbIIIE, napsl YaCTUIA-aHTUYACTHIIA OoynyT
00pa3oBBIBATHCS MEIJICHHEE W AHHUTWISALNUS YacTUIll OyaeT
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MPOUCXOTUT OBICTPEE POXKICHUS.

Cunraercs, 4yTO B MOMEHT OOJBIIOrO B3pbIBA pa3Mephl
BcenenHoli OblTM paBHBI HYJIO, a camMa OHa OblIa OECKOHEYHO
ropsueil. Ho mo wMepe pacummpeHus TeMieparypa W3Iy4YeHUs
noHmxanach. Yepes cekyHay mocie OONbIIOro B3pbIBa TEMIIEpPATypa
ynajga HOpPUMEpPHO 1O JECATH ThICSY MHUIMOHOB TIPagycoB; 3TO
NPUMEPHO B ThICAYY pa3 Ooiblie Temmeparypsl B neHTpe ConHIa, HO
Takue TEMIIEpaTypbl JOCTHralOTCs MPH B3pbIBaX BOJOPOIHON
60oMmOb1. B 3T0 Bpemst Beenennas coctosna u3 (OTOHOB, SJIEKTPOHOB,
HEUTpUHO (HEUTPUHO — JIeTHYAWIIME YacTHIbl, YYacCTBYIOLIUE
TOJBKO B CIabOM W TPaBUTALlMOHHOM B3aUMOJICHCTBHUAX) U HUX
AHTUYACTHUI], a TaKXKe W3 HEKOTOPOTO KOJIMYECTBA IPOTOHOB U
HeiitponoB. [lo Mepe Toro kak BceneHHas mnpojosmkana
pacmmpsThCs, a TeMmIeparypa TIagaTrh, CKOPOCTb POXKICHHS
AIIEKTPOH-AHTURJICKTPOHHBIX Map B COYJapeHHsX CTaja MEHbIIEe
CKOPOCTH WX YHHUTOXXCHHS 32 CUeT aHHWUTWISAIHH. [losToMy modtn
BCE 3JICKTPOHbI U AHTHUAJIEKTPOHBI JOJKHBI ObUIM aHHUTMIMPOBATH
JpyT C Ipyrom, o0Opa3oBaB HOBBIE (DOTOHBI, TAK YTO OCTAJIOCH JIUIIIb
4yTh-4yTh U30BITOYHBIX 3JEKTPOHOB. HO HEHTPUHO U aHTUHEHTPUHO
HE aHHUTWIMPOBAJH JIPYT C APYTOM, TIOTOMY YTO 3TH YaCTHIIBI OYCHb
c1ab0 B3aMMOJAEHUCTBYIOT MEXIy COOOH M ¢ JIPYrMMHU YacTUIAMH.
[TosTOMY OHM 1O CHX HOp JOJDKHBI BCTpe4aTbesi BOKpYT Hac. Ecim
Obl X MOXHO OBLIO HaONOJaTh, TO y HAC MOSBUIICS Obl XOPOIIMUH
crnocob MpoBEpKH MOJEIM O4YeHb ropsuei panneid Bcenennoit. K
COYKAJICHUIO, UX YHEPIUU celyac CIMIIKOM Mallbl, YTOObI X MOKHO
ObUIO HEMOCPENCTBEHHO HabmogaTh. OAHAKO €clIM HEUTpUHO He
aBisieTca  0e3MaccoBOM  yacTHLed, a o0Osagaer HeOOJbIIOH
COOCTBEHHOW Maccoil, OOHApyXEHHOWM B HEMOATBEPKICHHOM
HKCIEPUMEHTE COBETCKUX Y4eHbIX 1981 r., To Mbl cmorin Obl
00HapyXUTh UX KOCBEHHO: OHU MOTJIM Obl OKa3aTbCsl OJHON U3 Gpopm
TEMHOM MaTepuM, YINOMHHAaBIICHCS paHee, TI'PaBUTALMOHHOE
NPUTSHKEHUE KOTOPOH JIOCTATOYHO JUISL TOTO, YTOOBI IMPEKPaTHTH
pacupenue BeeneHHOMN U 3aCTaBUTh €€ OIATh CKUMAThCA.

[IpumepHo depe3 CTO CeKyHJ Iociie OOJIbLIOrO B3phIBa
TeMIepaTypa yrana 0 ThICSYM MUUIMOHOB IPalyCcoB, YTO OTBEYAET
TeMIlepaType BHYTPH CaMbIX ropsumx 3Be3n. Ilpm Takon
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TEMIIEpPAType SHEPTUU MPOTOHOB M HEUTPOHOB yXKE HENOCTATOUYHO
JUIsL CONPOTHBIICHUS CWJIBHOMY SACPHOMY IPUTSOHKCHHUIO, U OHHU
HAUYMHAIOT OOBEAMHATHCS JAPYT C Ipyrom, odpasys sapa Aerrepus
(TsKenoro BOAOPOAA), KOTOPbIE COCTOST M3 IPOTOHA M HEHUTPOHA.
3atem szpa JeWTepusi MPUCOSTUHSIOT K cede elle MNpPOTOHBI M
HEUTPOHBI M NPEBPALIAIOTCA B AApa Teaus, COIEpKallue JIBa
NpoTOHAa MW JIBa HEWTpoHa, a TaKke o0pa3yloT HebobIIme
KOJIMYeCcTBa OoJiee TSDKENbIX IEMEHTOB — JIUTHS U OepHILIMsL.
Bbrluncnenuss MOKa3bIBalOT, 4YTO, COIVIACHO TIopsiued Mojaenu
0O0JIBILIOTO B3phIBA, OKOJIO YETBEPTON YaCTU MPOTOHOB U HEHTPOHOB
JOJDKHO OBUIO IPEBPAaTHTbCA B aTOMbl Telus W HEOOJIbIIOE
KOJIMYECTBO TSXKEJIOT0 BOJOPOJa U APYTrUX 3jeMeHTOoB. OcTaBuiuecs
HEHTPOHBI pacHajuch Ha MPOTOHBI, MPEACTABIAIONIUE COOOU sapa
OOBIYHBIX ATOMOB BOJIOPO/IA.

OnucanHas kapTuHa ropsueld BeeneHHOW Ha paHHEW cTaauu
pa3BuTHs OblIa TIpeaiokeHa yuenbm Jxopmkem (I'. A.) 'amoBeiM B
3HaMEHHUTOH pabote, KoTopyto ['amoB Hammcan B 1948 r. BmecTe co
cBouM acnupaHToM Panbpom Anbdepom. OOmanmas mpekpacHbIM
4yBCTBOM IOMOpa, ['amoB yroBopui ¢usuka-saepmuka ['anca bere
100aBUTh CBOIO (PAMMIIMIO K CHHCKY aBTOPOB, UYTOOBI MOJIYYMIIOCH
«Anbdep, bere, ['amoB», 4TO 3BY4MT, KaK Ha3BaHUsS MEPBBIX TpPeX
OykB rpeueckoro andasura — anbda, 6eTa, raMMa, U Ype3BbIUANHO
HNOJIXOAUT JJsl cTaThM O Havane Bcenennoit! B 3Toii cratee ObLIO
CIeNlaHO 3aMeyaTrelbHOe NpPEeICKa3aHHe O TOM, YTO H3JIydeHue (B
Bujie (POTOHOB), UCIYIIEHHOE HAa OYEHb PAHHUX CTAIUSAX PA3BUTHUSA
BcenenHol, HOMKHO 10 CUX MOpP CYIIECTBOBATh BOKPYT HAac, HO 3a
3TO BpeMs €ro TEMIEpATypa ynajla U paBHa BCETO JIMILIb HECKOIBKUM
rpagycaM BbIII€ a0COJIOTHOTO HYJS. DTO MMEHHO TO H3JIy4YCHHE,
koTopoe B 1965 r. obnapyxwin Ilensumac u Bunbscon. Korma
Anbdep, bere u ['amoB mucanu cBor padoOTy, SAEPHBIC PEAKIIMH C
y4acTHEM NPOTOHOB M HEUTPOHOB ObUIM IUIOXO M3yuyeHbl. IlosTomy
Mpe/ICKa3aHHble MMM COOTHOIIECHHS MEXAy KOHIEHTpaIUsIMU
pa3sHBIX DJJIEMEHTOB B paHHEHl BceneHHON oOkasaiuch BecbMa
HETOYHBIMH, OJHAKO, OyJIydyd TIOBTOPEHbl B CBETE HOBBIX
IIPEJICTaBICHUM, BCE BBIYMCIICHUS JAalU PE3yJIbTaTbl, IMPEKPACHO
corjacyloluecss ¢ COBpeMEHHbIMH HalOmoneHusiMu. Kpome Toro,
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OUYeHb TPYIHO OOBSACHUTH KakK-TO WHaude, moyemy BO BcemenHoi
JOJIKHO OBITH Tak MHOTO Temus. [lo3ToMy MBI COBEpPIIEHHO YBEpPEHBI
B TOM, YTO 3Ta KapTUHA IMPaBWIbHA, IO KpallHEd Mepe CIyCTs
CEKyH/y Tocjie OOJIbIIOro B3pbIBa U MO3KE.

Bcero dyepe3 HECKOIBKO YacoB TMocje OOJIBIIOrO B3phIBA
o0Opa3oBaHHe TeNusl U APYTUX dJIEMEHTOB MPEKPaTUIIOCh, ITOCIIE YEro
B T€UEHUE IPUMEPHO MIWIIMOHA JIeT Beenennas npocTo npoaorKaina
pacidpsTbCsl U C HEH HE MPOUCXOAWIO HUYEro OCOOEHHOTO.
Hakonen, korga Ttemmeparypa ynajla [0 HECKOJIbKHUX ThICAY
IpagyCoOB M SHEPIHMH 3JIEKTPOHOB W sIEp CTAJIO HEAOCTATOYHO IS
IIPEOJOIEHHUST ACUCTBYIOIIETO MEXAY HHUMHU D3JIEKTPOMAarHUTHOIO
NPUTSDKEHUS,, OHU Haydalld OOBEOUHATHCS APYr C ApyroM, oOpasys
aToMbl. Bes BeeneHHas Kak 11€710€ Morvia MpoIoJIKaTh PacIIupsIThCs
U OXJIAXJATbCA, HO B TeX OO0JACTAX, IUIOTHOCTh KOTOPBIX Oblia
HEMHOIO BBIIIE CPEAHEH, pACIIUPEHHE 3aMEUIIOCh  M3-3a
JIOTIOTHUTEIBHOTO TPaBUTALIMOHHOTO NpUTsHKEHUs. B pesynbrare
HEKOTOpbIe 00JIACTH MEPecTaly pacIIUpPATHCS U Hayalld CKUMAThCA.
B mporuecce cxxaTus noa AeiicTBHEM IPaBUTALMOHHOTO MPUTSKEHUS
MaTepUH, HaXOMAIICHCS CHAPYX U ITHUX OOJNacTei, MOIJIO Ha4daTbCs
ux  MemieHHoe  BpameHue. C  yMEHBIIEHHEM  pa3MepoB
KOJIJIAIICUpPYIOIIed 00JIaCTH €€ BpallleHHe YCKOPSIOCh, MOJ00HO
TOMY, KaK YCKOpSieTCsl BpalleHHe (QUrypucTa Ha JbJy, KOTJa OH
OpHXKUMAaET pyKH K Tery. Korga HakoHen Komancupytoiiast 061acTb
CTajla JOCTaTOYHO MajoW, CKOPOCTH €€ BpallleHus JOHKHO ObLIo
XBaTUTh JJISI YPaBHOBEUIMBAHUS TPaBUTALMOHHOTO MPUTSHKEHUS —
Tak 00pa3oBaIMCh BpAIAIOIIMECS TUCKOOOpa3HbIC TaJaKTUKH. Te
obnacTu, KOTOphIE HEe HAYalld BPAIllaThCsl, TPEBPATHIINCH B OBATHHBIE
00BEKThI, Ha3blBa€Mbl€ DJUIMITUYECKUMHU ranaktukamu. Komamnc
ATUX 00NacTeil TOXe MpEeKpaTwiIcs, MOTOMY YTO, XOTS OTIENIbHBIE
YacTH TaJaKTUKW CTAaOMJIBHO BpALAIMCh BOKPYT €€ LEHTpa,
raJIaKTUKa B 11€JIOM HE Bpallajiach.

Cocrosumii U3 BOAOpPOJAa U Telusi ra3 BHYTPU TaJakTHUK CO
BPEMEHEM pacnajcs Ha Ta30Bble o00JaKka MEHBLIET0 pa3Mepa,
CXKUMarolIuecs Moja JeicTBUeM coOCTBeHHOM rpaBuTanuu. [Ipu
CKaTUM ITUX OOJAKOB aTOMBI BHYTPH HHUX CTalKMBAIUCh APYT C
JIpyroM, TemIiepaTypa ra3a MOBbIIIAJach, U B KOHIIE KOHIIOB Tra3
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pasorpesics Tak CUJIbHO, YTH HAYaJUCh PEAKIMH SIACPHOrO CHHTE3a.
B pesynmpraTe OTHX peakumii U3 BoaopoAa 00pa3oBaioCch
JIOTIOJTHUTEILHOE KOJIMYECTBO TEJUs, a U3-3a BBIJICIUBIIETOCS TeIlia
BO3pPOCJTIO JIaBJICHHE M Ta3oBble O0JaKa MEepecTalnd CKUMAThCS.
OOnaka JOAT0 OCTABaJUMCh B 3TOM COCTOSIHUM, IIOJAO0OHO TaKUM
3Be3aM, kak Hamie ColHIle, IpeBpalias BOJOPO B TeIHil U U3Tydas
BBIJICJISIFONIYIOCSI DHEPTHUIO B BUJE TEIUIa U CBeTa. bonee MacCUBHBIM
3Be3aM i1 YpPaBHOBEIIMBAaHHS CBOEro 0Oojiee  CHIBHOTO
IPAaBUTAIMOHHOTO MPUTSHKEHUSI HYXKHO OBLUIO Pa3orperbcsi CUIIbHEE,
Y pEaKINH AIEPHOTO CUHTE3a MPOTEKAJIN B HUX HACTOJIBKO OBICTpEE,
YTO OHU BBIKIJIM CBOM BOJOPOJ BCETO 32 CTO MHJLJIMOHOB JIET. 3aT€M
OHM CJIETKa CXKAJIUCh, U, MOCKOJIBKY HArpeB MPOI0JDKAJICs, Ha4aI0Ch
mpeBpalleHne Tenuss B 0oJee TSKeNble JIIEMEHThI, TaKhe Kak
yriepon u kuciopon. Ho B mogoOHBIX mpolieccax BBIACISICTCS HE
MHOI'O 3HEPIHH, U MOTOMY, KaK Y€ TOBOPUJIOCH B IJaBE€ O YEPHBIX
JbpIpax, JOJDKEH OblT paspasutbest kpusuc. He coBcem sicHO, 4TO
MPOU3OIIIO MOTOM, HO BIIOJIHE MPaBIONOJ00HO, YTO IICHTPATbHBIE
00sacTi 3BE31bl KOJUIATICUPOBAIIM B OYEHHb IUIOTHOE COCTOSIHHE
BpOJIe¢ HEUTPOHHOM 3BE3/bl WJIM YEepHOU IbIphl. BHemiHue obmactu
3B€3/IbI MOTYT BpeMsi OT BPEMEHU OTPBIBATHCS M YHOCHUTHCS
YyJOBHUIIHBIM  B3PBIBOM,  KOTOPBIM  HA3bIBAETCS  B3PHIBOM
CBEPXHOBOM, 3aTMEBAIOIICH CBOMM OJIECKOM BCE OCTAJIbHBIE 3BE3]IbI
B cBoeil ramaktuke. Yacte 0Oonee  THKENBIX  AIEMEHTOB,
00pa3zoBaBImIMXCS Tepes] THOENbIO 3Be37bl, OblIa OTOpOIICHA B
3aMONHAIOIMIMNA TallaKTUKy Ta3 H MpeBpaTHiach B CHIpbE JUIS
MOCJIENYIOMUX TOoKoNeHui 3Be3n. Hame ComHIle COAEpKUT OKOJIO
JIBYX TPOIICHTOB YMOMSHYTBHIX OOJie€ TSIKENBIX 3JIEMEHTOB, MOTOMY
YTO OHO SIBIIIETCS 3BE3I0M BTOPOTO WM TPETHErO IMOKOJICHHUS,
o0Opa3oBaBIlIeiicss OKOJO MSITH MHIIIMAPIOB JIET Haszal uU3 obiaka
BpalIalomerocss rasa, B KOTOPOM HaXOIWINCh OCKOJKH Oosee
paHHHUX CBEpXHOBBIX. ['a3 W3 3TOr0 06/IaKa B OCHOBHOM IIOIIET Ha
obpaszoBanne ComHila win ObUT YHECEH B3PBIBOM, HO HEOOJIBIIOE
KOJIMYECTBO 0Oo0jiee TSDKEIBIX JIIEMEHTOB, COOpPAaBIIMCh BMECTE,
MPEBPATHIIOCh B HEOECHBIE Tela — IUIAHETHI, KOTOphIE ceivac, Kak 1
3emitst, oOpaiatoTcs Bokpyr ConHua.

Cuauana 3emns Obuta ropstueit u He umena atmocdepsl. Co
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BPEMEHEM OHA OCTHUIA, & BCJEACTBUE BBIACICHUS Ia3a U3 TOPHBIX
IOpoJ] BO3HUKJIA 3eMHas arMmocdepa. Panuss armocdepa Oblia
HETPUTO/IHA JJIs Hallel xu3Hu. B Hell He ObU10 Kuciopoaa, Ho ObLIO
MHOI'O JIPYTHUX, SIOBUTBHIX Ul HAC ra3oB, HallpUMEp CEpOBOAOPOAA
(3TO TOT Ta3, KOTOPBIM NpPUAAET CHEHUPHUECKU 3amax TyXJIbIM
aiinam). IlpaBma, ecte M Apyrue, NPUMHUTUBHBIE (OPMBI KU3HHU,
KOTOpBIE MOTYT IIPOLBETaTh B Takux ycioBusx. IIpennonararor, uro
OHM DPAa3BWINCh B OKEaHaX, BO3MOXHO, B pe3yJbTaTe CIy4yalHbIX
0o0beIMHEHUH AaTOMOB B OOJBIIME CTPYKTYPHl, Ha3bIBa€MbIC
MaKpOMOJIEKYJIaMH, KOTOpBIE oOnanamu CIIOCOOHOCTBIO
IpyNIupoBaTh JPYrHe aTOMbl B OKEaHE B TaKHUE XK€ CTPYKTYPHI.
TakuMm 00pa3oM OHU CaMOBOCIPOU3BOIMINCH U MHOKWIKNCH. HOT 12
B BOCHPOM3BEAECHUU MOIJIM NMpou3oiiTH cOou. Dt cOou Oosbriei
YacTbI0 COCTOSUIM B TOM, YTO HOBas MaKpOMOJIEKyJia HE MOrJia
BOCIIPOU3BECTH ce0s1 U B KOHILIE KOHIIOB pa3pyluanack. Ho unoraa B
pe3yabTare cOOEB BO3HUKAIM HOBBIE MAaKpOMOJIEKYJbI, Aaxke Ooiee
CHOCOOHBIE K  CaMOBOCIPOM3BEJACHMIO, UYTO  JAaBal0 UM
NpPEeUMYIIECTBO, M  OHU  CTPEMWIMCh  3aMEHUTb  co0oi
nepBOHAayalibHble. Tak Hayajcs MPOLECC HBOJIOLHUH, KOTOPBIN
MPUBOAWII K BO3HUKHOBEHHIO Bce Oosiee u 00Jiee CIOXKHBIX
OpPraHu3MOB, CIIOCOOHBIX K caMOBOCHpou3BeneHut0. Camble TepBble
NPUMUTHBHBIE  JKUBBIE  OpPraHU3MBbl  MOTPEOISUTH  pa3lUYHBIC
BELIECTBA, B TOM 4YHCJIE CEPOBOJOPOA, M BBIAEISUIN Kuciaopod. B
pe3ysbTaTe MPOMCXOIUIO TOCTENEHHOE HM3MEHEHHE 3eMHOMU
aTMOC(epbl, COCTaB KOTOPOM B KOHIIE KOHIIOB CTal TaKHM, Kak
cefiyac, U BO3HUKIM MOAXOJALINE YCIOBHUS UIsl pa3BUTHUSL Ooiiee
BBICOKMX  (OpM  JKM3HH, TaKMX, KaK pbIObl, PENTHIIHH,
MJIEKOMUTAIOLIUE U, HAKOHEL], YeJIOBEUECKUH POJI.

Kaprtuna, B koTopoii Becenennas cHadana Obliia OueHb ropsyeit
U OXJIaJKJAJIach [0 MEpPE CBOETO PaCIIMPEHUs, A CErOIHAIIHUN 1eHb
COIJIaCyeTcsi C pe3ylibTaTaMu Bcex HabOmozeHuil. Tem He MeHee
LEJbIN Pl BaXKHBIX BOIIPOCOB OcTaeTcs 0e3 OTBeTa.

1. ITouemy pannsist Bcenennas 6bu1a Takoi ropsiaeid?

2. [louemy Bcenennas tak ogHOpoHa B OosblIuX MacuiTadax?
[Touemy OHa BBITTIAUT OJJMHAKOBO BO BCEX TOUKAX MPOCTPAHCTBA U
BO BceX HampaBieHusx? B dyactHocTH, mouemy TemmepaTypa
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KOCMHYECKOTO (pOHA MHUKPOBOJHOBOTO H3JIY4YEHHUS MPAKTHUECKU HE
MeHsIeTCSl MpH HAOMIOJEHUsAX B pa3HbIX HampaBienusx? Korma na
9K3aMEHE HECKOJBKHUM CTYyAEHTaM MOJAPsM 3aacTcs OJUH U TOT XkKe
BONPOC M WX OTBETHl COBMAJAIOT, Bbl MOXETE OBITH COBEPIICHHO
YBEPEHBI B TOM, YTO OHM COBETOBAJIUCH JpYr ¢ ApyroMm. OmHako B
OMMCAHHON MOJENHU ¢ MOMEHTa OOJIBIIOrO B3phIBa Y CBETa HE OBLIO
BPEMEHH, YTOOBI IMONACTh M3 OJHOW YAAJIEHHOW OOJIACTH B APYTYIO,
Jake eciau 3TU o0JacTh pacrojiaraiuch ONHM3KO JIpPYr K ApPyry B
panneir Bcenennoit. CornacHo ke TE€OPUU OTHOCUTEIBHOCTH, €CIU
CBET HE MOJKET MONacTh U3 OJHOM 00JacTH B IPYTyl0, TO U HUKAKas
npyras uH(opmManus Toxxke He MoxkeT. Ilostomy pasHble obnacTu
paHHel BceneHHON HMKaK HE MOTIUIM BBIPOBHSTH CBOM TEMIIEPATYyPbI
JOpyT C OpyroM, €clid y HHMX He ObUIM OJMHAKOBBIE MO KaKOW-TO
HENOHATHOM NMPUYHHE TEMIIEPATYPHI MPSIMO C MOMEHTA POKICHHUSL.

3. Ilouemy Bcenennas Hadana pacIIMpATHCS CO CKOPOCTHIO,
CTOJIb ONU3KOW K KpPUTUYECKOW, KOTOpas pas3ieisieT MOJIENIU C
MOBTOPHBIM C)KaTUEM M MOJEIN C BEYHBIM PACUIMPEHUEM, TaK 4TO
JIaxe ceiyac, yepe3 JAecATh ThICSY MUIMOHOB JeT, Bcenennas
IIPOJOJDKAET PACIIUPATBCS CO  CKOPOCTBIO, MPUMEPHO PaBHOM
kputnueckor? Eciam Obl uepes cekyHIy mociie OOJBIIOro B3phIBa
CKOPOCTb pAacCHUIMpEHHUsl OKa3ajachb XOTb Ha OJHY CTO ThIcsA4a
MuutoH MuwmmnoHHyo (1/100.000.000.000.000.000) menbiie, TO
IPOM301UI0 OBl TOBTOPHOE cxkaTue BeenenHol U oHa HUKOT1a ObI He
JIOCTHUTJIa CBOETO COBPEMEHHOI'O COCTOSTHUSI.

4. Hecmorps Ha KpynHOMacITaOHYIO  OJHOPOJHOCTb
BcenenHnoil, B HeWl CyIIECTBYIOT HEOIHOPOAHOCTH, TaKHeE, Kak
3Be3/1bl M ranakTuku. CuMraercs, 4To OHM OOpa30BaIMCh H3-32
HeOOJBIINX pa3IuyMil B MJIOTHOCTU paHHeW BceneHHol oT obimactu
K o0nactu. UTo ObLIO NPUYMHOM ATHX (QIIyKTyalli MIOTHOCTH?

OOmrast Teopus OTHOCHUTEJIBHOCTH camMa 1O cede He B
COCTOSIHUM OOBSCHUTH NMEPEUYMCICHHbIE CBOWCTBA MM OTBETUTh Ha
MOCTaBJIEHHbIE BOMIPOCHI, TaK KaKk OHa TOBOpPUT, 4yTo BceneHHas
BO3HHMKJIA B CHHTYJSIPHOM TOYKE OOJIBIIOrO B3pbIBA M B CaMOM
Hayajie uMena OECKOHEYHYIO IUIOTHOCTb. B CHHIYISpHOI ke Touke
o0miass Teopuss OTHOCUTEIBHOCTM M BCe (PU3MUYECKHE 3aKOHBI
HEBEpPHbI:  HEBO3MOXKHO  MpeJCKazaTh, 4YTO  BBIHAET U3
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cuHrysipHocTH. Kak MBI y’ke TOBOPHIIH, 3TO 03HAYAET, YTO OOJIBIION
B3pbIB M BCE COOBITHS 10 HEr0 MOXHO BBIOPOCUTH U3 TEOpHH,
MOTOMY YTO OHHM HHUKAaK HE MOTYT IMOBJUSATH Ha TO, YTO MBI
HaOmoaeM. CrenoBarenbHO, MPOCTPAHCTBO-BPEMs JOHKHO HUMETh
IPaHUIly — HAYaJlo B TOYKE OOJIBIIIOTO B3PHIBA.

Hayka, mo-BuagumMomy, OTKpbUIa BCE TE€ 3aKOHBI, KOTOpBIE B
npenenax MOTPEUTHOCTEH, HaJjaraeMbIx MPUHIUTIOM
HEONPEIEICHHOCTH, IMO3BOJSIOT INpeackazath, Kak Bcenennas
U3MEHUTCS CO BPEMEHEM, €CJIM M3BECTHO €€ COCTOSHUE B KaKOH-TO
MOMEHT BpeMeHU. MoeT ObITh, 3TH 3aKOHBI ObUTH AaHbl borom, HO
¢ Tex nop OH, cyas o BceMy, npeaoctaBuil BeeneHHol pa3BUBaThCA
B COOTBETCTBMHU C HUMHU U TEMEph HE BMEIIMWBAETCA B €€ ku3Hb. Ho
KaKUMH OH BbIOpajdl HayallbHOE COCTOSHME M  HadalbHYIO
koH(purypamuio Beenennoit? Kakue «rpaHuyHbie YCIOBUS» OBLUTH B
MOMEHT «Hauajia BpEMEHU»?

OnuH U3 BO3MOXKHBIX OTBETOB — 3TO CKa3aTh, YTO IIPHU BHIOOPE
HavalnbHOM KoHGurypamuu Bcenennoit bor pykoBoacTBoBancs
COOOpakKeHUSIMHU, TIOHATh KOTOPhIE HAM HE JaHO. JTO, 0€3yCIIOBHO,
ObuT0 BO BiacTu bora, HO moueMy, BEIOpaB Takoe CTPaHHOE HAyalo,
OH Bce ke pemui, 4ToObl BcenenHast pa3BuBajgach HO MOHSITHBIM
HaMm 3akoHaMm? Bcs rictopus Hayku ObUTa OCTENEHHBIM OCO3HAHUEM
TOTO, YTO COOBITHSI HE TPOUCXOIAT TMPOU3BOJIBLHBEIM 00pa3oMm, a
OTPaXKalOT OMPEAEIICHHBIN CKPBITBIN MOPAIOK, KOTOPBIA MOT WM HE
MOT OBITh YCTAHOBJIEH OOXXECTBEHHBIMU CHJAMHU. BbUIO OBl JHIIH
€CTECTBEHHO MPEAMNON0XHUTb, YTO STOT MOPSJAOK OTHOCUTCS HE
TOJBKO K 3aKOHAM HayKd, HO HM K YCIOBUSAM Ha TpaHUIE
MPOCTPAHCTBA-BPEMEHHM,  KOTOpPBIE  ONPEAENSIIOT  HayalabHOE
cocrosiHue Beenennoil. Bo3aMokHO 00JbII0€ YHCIIO pa3HbIX MOjEe
BceneHHON ¢ MHBIMM HayaldbHBIMHM YCIOBUSIMH, MOAYMHSAIOIINXCS
3aKoHaM Hayku. JIOKEH CyIecTBOBAaTh KAaKOW-TO MPUHIIUI JIst
oTOOpa OJHOT0 HAYAJIbHOTO COCTOSIHHSI M, CTalo ObITh, OJHOMI
MOJEJIH JUIsl OTIUCAHMS Hallew BceneHHou.

Oy u3 Takux BO3MOXKHOCTEH HAa3bIBAIOT XAOTUYECKUMH
TPAaHUYHBIMU YCIIOBUSAMH. B HUX MOJYalIMBO MPUHUMAETCS, JHUOO
4yto BeenenHnas GeckoHEYHa B MPOCTPAHCTBE, TUOO YTO CYIIECTBYET
OECKOHEYHO MHOTO BCeJIeHHBIX. COrIacHO XaOTHYECKUM TPaHUIHBIM
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YCIIOBHSIM, BEPOSATHOCTH TOTO, 4YTO JI00ast BBIJENEHHAs 00JacTb
MIPOCTPAHCTBA Cpa3y Mocie OOJIBLIOro B3pbIBA OKaXETCs B JIIOOOM
3aJJaHHOM COCTOSIHUH, IPUMEPHO PaBHA BEPOSITHOCTH TOT'O, YTO OHA
OKaXXeTcs B JIOOOM JPYroM COCTOSHUHU: HAyajJbHOE COCTOSHUE
Bcenennoii BEIOMpaeTcst COBEPIIEHHO MPOU3BOIBHBIM 00pa3zoM. ITo
o3Hauano Obl, 4TO paHHsAs1 BceneHHass Obla, BEPOSTHO, OYEHB
Xa0THYHOM M HEPETYJSIPHOM, IIOTOMY 4YTO XAOTHUYECKUX U
OecropsIouHbIX cocTossiHui Bceenennoit ropasgo Oombiie, yem
IMIAJKUX U yrnopsiiodeHHBIX. (Eciu Bce cOCTOSHUS paBHOBEPOSITHBI,
To Bcenennass ¢ 0oJbIIoil BEpOSTHOCTHIO BO3HUKIA B OJHOM W3
Xa0THYECKUX U OECHOpSAAOYHBIX COCTOSIHUH MPOCTO MOTOMY, UTO
TaKUX COCTOSIHUU ropaszno Oosnbie). TpyaHO cka3aTh, KakK MOJ00HbBIE
Xa0TUYECKHE HAaYaJIbHbIE YCIOBHS MOIJIM MOPOJUTH TaKyIO TJIAJKYIO
U OJHOpPOAHYIO B Oompmmx Macmrabax BceenenHyro, kKak Hamia
ceiiuac. MOXKHO Takke 0XKHMJIaTh, UTO B TaKOW MOAENU (IyKTyaluu
IUIOTHOCTU MpPHUBERYT K OOpa3oBaHMIO Tropas3io OoybLIero 4vucia
MEPBUYHBIX YEPHBIX JAbIP, YEM BEPXHUN MpeJes, BHITEKAIOMIMN U3
HaO0IeHu pOHa raMMa-u3ITydeHusl.

Ecnu Bceenennast B camoM jene OecKOHEYHA B MPOCTPAHCTBE
WIM €CIH CYIIECTByeT OECKOHEYHO MHOTO BCEJIEHHBIX, TO TJE-TO
MOTJIH OBl CYIIECTBOBATh JJOBOJILHO OOJIBIINE 00IACTH, BOZHUKIINE B
TJIAJIKOM ¥ OJHOPOJIHOM COCTOSTHUHM. BCTIOMHHM XOpOIIO W3BECTHBIN
npuMep co craeil 00e3bsiH, OapabaHANINX HA MUNTYIUX MAaITHHKAX:
OoJbllas yacTh UX pabOThI MOWJET B KOP3UHY, HO B MPHUHIIUIIE OHU
MOTYT COBEpPILIEHHO CIy4YyallHO HameyaraTb OJIWH M3 COHETOB
[llexcriupa. Tak u 3aech — HE Morjia Ju oOiacte BcenmeHnHol, B
KOTOPOW Mbl KMBEM, CIIy4ailHO OKa3aTbCsl TJIAJKOW U OJHOPOIHOU?
Ha nepBelii B3I 3TO MOXKET MMOKA3aThCs KpallHE MaJOBEPOSTHBIM,
MOTOMY 4YTO TaKWX TIJIAaJKUX oO0nacTeld JOKHO OBITh HaMHOTO
MEHbIIIe, YeM XaOTHYEeCKHMX W HeogHopoiHblXx. Ho mpeamomnoxum,
YTO TaJaKTHUKH U 3Be37bl OOpPa30BHIBAIUCH TOJNBKO B TIIATKUX
00yacTsIX M TOJBKO TaM YCJIOBMSI ObLIM NPUTOAHBI AJIS Pa3BUTHS
TaKUX CJOKHBIX CaMOBOCIPOM3BOISAIIMXCS OPraHU3MOB, KaK MBI,
cnocoOHbIX 3a1ath Bompoc: «Ilouemy Bceenennas Takas riagkas?»
DTO npuMep NPUMEHEHHS TaK Ha3bIBAEMOT'O aHTPOITHOTO MPUHIIMIA,
KOTOPBIH MOXXHO C(HOpPMYJIHUPOBATH CIEAYIOMUM 00pa3zoMm: «Mbl
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BUIUM BceneHHylo Tak, Kak Mbl €€ BUAMM, IOTOMY YTO MBI
CYILIECTBYEM).

AHTpPOIIHBIM NPUHLMII CYIIECTBYET B JBYX BapHaHTax —
cnabom u cunbHOM. CaOblil aHTPOMHBINA MPUHLUIT YTBEPXKIAET, YTO
BO BceneHHo#, KoTOpasi BelMKa WIM OECKOHEYHa B MPOCTPAHCTBE
WIK BO BPEMEHHU, YCJIOBUS, HEOOXOIUMBIE NIJISi Pa3BUTHUSL pa3yMHBIX
CylIecTB, OyAyT BBIMOJHATHCS TOJBKO B HEKOTOPBIX O0IACTSX,
OTpaHHYEHHBIX B MPOCTpaHCTBE U BpeMmeHu. [loaToMy pazymHble
CylecTBa B ATUX OONACTAX HE JOJDKHBI yAUBIATHCSA, OOHAPYKUB,
4ro Ta o00JacTb, TJ€ OHU JKUBYT, YAOBJIETBOPSET YCIOBUSM,
HEOOXOIUMBIM JUIsI MX CyIllecTBoBaHUs. Tak Ooray, >KMBYIIUH B
Oorarom paiioHe, He BUAUT HUKAKOW OETHOCTH BOKPYT ceOsl.

OnvH M3 [OpUMEpPOB MPUMEHEHHUs ¢1aboro aHTPOIHOTO
MPUHIUIIA — «OOBSICHEHHE» TOTO, YTO OOJIBIION B3PHIB MPOU30IIEIT
OKOJIO JIECATU ThICSIY MWJUIMOHOB JIET Ha3al: NPUMEPHO CTOJBKO
BpEMEHHM TpeOyeTcsi pasyMHBIM CyllecTBaM IJsl X pa3Butus. Kak
y>K€ TOBOPUJIOCH, MTPEXkKAE BCErO JOKHO ObLII0 00pa30BaThCs paHHEE
MOKOJIEHUE 3B€3/. DTH 3BE3/bl IPEBPALLAIN YACTh IEPBOHAYAILHOTO
BOJOpPOJA M Teius B DJIEMEHTBHl TUNA yIiepoja M KHCIOpona, W3
KOTOPBIX MBI COCTOMM. 3aTe€M 3BE€3/bl B3PhIBATHCH KaK CBEPXHOBBIE,
a U3 UX OCKOJIKOB 00pa30BBIBAIMCH JAPYTUE 3BE3/Ibl U IJIAHETHI, B TOM
yucie U BXojsmne B Haiury COJIHEUHYIO CHCTEMY, BO3PACT KOTOPOH
OKOJIO TISITH THICSY MWIJIMOHOB JIET. B mepBble 0HY WU JBE THICAYU
MUJUTHOHOB JIET CYIIECTBOBAHUS 3E€MJIM Ha HEH OBUIO CIIHIIIKOM
KapKO JJIsl pa3BUTHUs KaKUX Obl TO HU OBUIO CIOKHBIX OPraHU3MOB.
OctasibHblEe MPUMEPHO TPU THICAYM MUJUIMOHOB JIET MPOUCXOJIUT
MEIJICHHbIM Tpouecc OHOJOrMYECKOrO Ppa3BUTHUS, B pe3yJibTaTe
KOTOPOr0 TMPOCTEHUIINE OpPraHU3Mbl MPOLUIM IMYyTh 1O Pa3yMHBIX
CYILIECTB, YMEIOIIMX HU3MEPATh BpEMs, NPOILIEIIIEE C MOMEHTa
00JIBILIOTO B3pHIBA.

Mano KTo  BO3paXaeT MNpPOTHB  CHPAaBEUIMBOCTU U
MPUMEHUMOCTH CJIadoro aHTPOMHOro mnpuHuuna. HekoTopsie ke
UAYT 3HAYUTENBHO Jajbllle, Ipejuiaras €ro CWIbHbIM BapuaHT. OH
3aKJIIOYaeTcsi B TOM, YTO CYIIECTBYeT JIMOO MHOTO pPa3HbIX
BCEJIGHHBIX, JMOO MHOTO pa3HbBIX oOO0JIacTe OJHOM BCEJIEHHOMH,
KaXaasi M3 KOTOPhIX HKMEET CBOI COOCTBEHHYIO HadaJbHYIO
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KOH(UTYpAINIO ¥, BO3MOXXHO, CBOW COOCTBEHHBI HAa0Op HAYYHBIX
3aKOHOB. B Oonbliell 4YacTH 5STUX BCENIEHHBIX YCJIOBHSI OBLIU
HEMPUTOJHBI Il Pa3BUTUSA CJOXKHBIX OPTraHU3MOB; JIHIIb B
HECKOJIbKMX, MOXO0KMX Ha Hally, BCEJIEHHBIX CMOIJIM pPa3BUBATHCS
pa3yMHBIE CYIIECTBA, U Y 3TUX Pa3yMHBIX CYIIIECTB BO3HUK BOIPOC:
«Ilouemy Hama Bcenennas Takas, kakod Mbl ee Buaum?» Torma
otBet npoct: «Eciu Ob1 Beenennas Obia Apyroi, 31echk HEe ObLTO ObI
Hac!»

3aKoHBI HAYKW B TOM BHUJIE, B KOTOPOM MBI UX 3HAaeM cenyac,
colepKaT MHOTO (yHIAMEHTaJIbHBIX BEJIWYWH, TaKWUX, KakK
ANEKTPUUECKUIN 3apsii 3JIEKTPOHA U OTHOIIEHHE MacChl MPOTOHA K
Macce JJIeKTpoHa. MBI He ymeeMm, HO KpalHEeW Mepe cenyac,
TEOPETHUUECKH MPEJCKa3bIBaTh 3HAYEHUSI STUX BEJIMYUH — OHU
HaxXOoJATCSI TOJBKO M3 JKcmepuMmeHTa. MoKeT ObITh, MPUACT ICHB,
KOrla Mbl OTKPOEM MOJHYI0 €AUHYI0 TEOPHUIO, C TOMOIIBIO KOTOPOil
BCE€ OTH BEJMYUHBI OYyAyT BBIYHCIICHBI, HO MOXXET OKa3aThCs, UYTO
HEKOTOpbIE M3 HUX, @ TO U BCE HU3MEHSIOTCA MpPU MEPEeXoae OT
BCEJICHHOM K BCEJIEHHOM WM UM Mpelenax OJHOW BCEICHHOM.
Y AMBUTENHHO, YTO 3HAUEHUS TAKUX BEJIUYUH OBLIH, MO-BHIUMOMY,
OYEeHb TOYHO TMOA00paHbl, 4YTOOBI 00€CIEeYUTh BO3MOKHOCTH
pa3Butusi ku3HU. Ecim Obl, Hampumep, SIIEKTPUUYECKHI 3apsn
ANIEKTPOHA OBLT YyTh-4yTh NPYTHM, 3BE3/bl JIMOO HE COKUTaau ObI
BOJIOPOJ] U Tenuil, TMO0 He B3phIBANIKUCH. PazymeeTcs, MOTYT OBITh U
npyrue (GopMbl pasyMHOW JKHM3HH, O KOTOPBIX HE TPE3WIH JIaxe
nucatenu-ganTacTel. s moanep:kaHus 3TON KU3HH HE TPeOYyrOTCs
HA CBET 3BE31bl, Kak, CkaxeMm, Hamie ConHIE, HU TKEbIC
AJIEMEHThI, CUHTE3UPYIOLIUECS BHYTPHU 3BE3J U Pa3jeTaroUIUecs IO
KOCMHYECKOMY TPOCTPAHCTBY TPH B3pBIBE 3BE37bl. TeM HE MeHee,
MO-BUAMMOMY, SICHO, YTO BEJIMYUHBI, O KOTOPBIX MBI TOBOPHM,
UMEIOT CPaBHUTEIBHO HEMHOrO 00JIacTeil 3HauY€HUM, MpU KOTOPBIX
BO3MOXXHO DPa3BUTHUE KakOoW Obl TO HU OBUIO pa3yMHOW KHU3HU.
Bonpimas jxe 4acTh 3HAYEHUI OTBEYAET BCEJICHHBIM, B KOTOPBIX, KaK
Obl OHM HU OBLIM TPEKPACHBI, HET HHUKOT0, KTO MOT Obl HMH
BOCXMIIATHCS. ITO MOKHO BOCIIPUHUMATDH JINOO KaK CBUICTEIHCTBO
00KECTBEHHOTO TMPOBHUJICHUS B COTBOpPEHHH BceneHHOl u BbIOOpE
3aKOHOB HAyKH, JTUOO KaK TOJTBEPXKICHUE CHJIBHOTO aHTPOITHOTO
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MPUHIUIIA.

MOXHO  BBIIBUHYTh  HECKOJBKO  BO3pPaXEHUH  MPOTHUB
MPUBJICYCHHS] CHIJILHOTO AHTPOITHOTO NPHUHIMUIA I OOBSICHEHUS
Habmo1aeMoro coctossHusa Beenennoii. Bo-nepBbix, B KakoM cMBbICIE
MOKHO T'OBOPUTH, YTO BCE 3TU BCEJECHHBIE CyllecTBYIOT? Ecin oHM
JNEHCTBUTENBHO H30JUPOBAaHbl JIpYyr OT JApyra, TO COOBITHUSA,
IIPOUCXOAAIIME HE B Hamed BceleHHOH, HE MOryT HMETh
HaOMogaeMbIX claeAcTBUH B Hamie Bceenennoit. Ilostomy Ham
CJIElyeT BOCIHOJb30BATHCS MPUHIMIIOM 3KOHOMHMM U HUCKIIIOUUTH HUX
u3 Teopuu. Ecnu ke 3TU BCeJIeHHbIE — MPOCTO pa3Hble 00JaCTH
OJIHOM W TOHW >K€ BCENIEHHOW, TO HAyYHbIE 3aKOHBI JIOJDKHBI OBITh
OJIMHAKOBHI B KaXJ0W OOJAcTH, MOTOMY 4YTO HHaue ObLT ObI
HEBO3MOXKEH HEMPEPHIBHBIN MEpexo]] U3 OJHOW 00JacTU B APYTYIO.
Toraa obnactu oTIMYaIKCh OBl IPYT OT ApPYyra TOJIbKO HAaYaJIbHBIMU
KOH(QUTYpAIMsIMU ¥ CUJIbHBIA aHTPOIHBIA MPUHIUI CBOIWICS ObI K
ciaboii hopmMyIHUpOBKE.

Btopoe Bo3pakeHHe MPOTUB CUIILHOTO aHTPOIHOIO MPHUHIIMIA
— 3TO TO, YTO OH HampaBlieH MPOTHB XOJa BCEH HCTOPUU HAYKH.
Pa3BuTre Hayku 110 OT reoleHTpUUECKUX Kocmoiioruu lltonemes u
€ro MpeAIIeCTBEHHUKOB 4Yepe3 TeMOLEHTPHYECKYI0 KOCMOJIOTHIO
Konepuuka u l'anuness Kk COBpEMEHHOM KapTUHE MHpA, COTJIACHO
KOTOpoWM  3emuis  sABISCTCS  IUIAHETOM  CpeaHero  pasmepa,
oOpaiaromieiicss BOKPYr OOBIYHOW 3Be3[bl BHYTPH OOBIYHOM
CHUPAJILHOM TalaKTHKH, KOTOpasi B CBOIO OYEpEIb SIBISETCS BCETO
JUIIb OJHOW W3 MWIJIHOHA MUJUIMOHOB TaJakTHUK B HaOIrOgaemMoin
yactu BeenenHnoil. TeM He MeHee, COIIACHO CUIIBHOMY aHTPOITHOMY
IIPUHLIAITY, BCE 3TO TMI'AHTCKOE COOPYKEHHE CYIIECTBYET MPOCTO
paau Hac. B 310 ouens TpyaHo noseputh. Hama Conneunas cucrema
0e3yCIIOBHO  sBISETCS  HEOOXOOUMBIM  YCJIOBHEM  HAIEro
CYIIECTBOBaHMs; T€ K€  CaMble  PACCYXIEHUS  MOXKHO
paclpoCTpaHUTh Ha BClO Hamry [anakTuky, 4TOOBI Y4YECTh 3BE3bI
paHHEro IOKOJIEHUs, Ojarojapss KOTOPbIM IPOU3OIIEN CHUHTE3
TSKENbIX  31eMeHToB. Ho, mo-BuamMomMy, HET  HHUKakou
HEOOXOAMMOCTH B TOM, YTOOBI BCE 3TU APYTUE TATAKTHKH, 1a U BCS
Bcenennast ObulM TakMMH OJHOPOJHBIMU W OJWHAKOBHIMH B
0onbIIKX MacTabax B JIFOOOM HaNpaBJICHUU.
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MoxHO ObI0O OB HEe OECHOKOUTHCS HACUeT aHTPOITHOTO
MPUHIMIIA, OCOOCHHO B ero ciabol ¢GOpMyIUpOBKE, €CIu  Obl
yAaJIoCh TI0OKa3aTh, YTO M3 Pa3HbIX HAYaJbHBIX KOH(UTYpaIHi
BceneHHol nuib HEKOTOPBIE MOIJIM Pa3BUThCS BO BceeneHHyto, Kak
Ta, KOTOpPYI0 Mbl HaOmonaeM. Eciu 3T0 npaBuibHO, To Beenennas,
BO3HMKIIAS U3 CIyYalHbIX HayaJbHBIX YCIOBUH, JOJIKHA COAEPKATh
B ceOe IajKue M OJHOPOAHBIE O0JIACTH, MPUTOHBIC AT PAa3BUTHUS
pa3ymMHoOM xu3HU. Ecnu jxe U1 TOro, 4ToObl MOTYYHIIOCHh TO, YTO MBI
BUAMM BOKpPYT, TpeOOBaJICSd YPE3BBIYANHO TIIATEIBHBINH BBIOOD
Ha4YaJIbHOTO COCTOSIHUS BceneHHoi, To Bpsia U B HEW oKa3ajgach Obl
XOTb OfIHa 00J1aCTh, B KOTOPOM MOIJIa 3apOAUTHCS KU3Hb. B ropsueit
Mozeu OOJBIIOr0 B3pbIBa OBUIO CIHIIKOM Majl0 BPEMEHH IS
nepeaayy Teria U3 OJHOW 00JIaCTH B APYTyl0. DTO 3HAYUT, UTO IS
00BbsicCHeHHUsT TOro (pakTa, 4TO TeMreparypa MHKPOBOJIHOBOTO ¢GoHa
OJIMHAKOBAa B JIIOOOM HaNpaBJICHUM HAOIIOJACHUS, HEOO0XOAUMO,
9TOOBI B HAYaJbHOM COCTOsSIHUM BcenenHol ee TemmepaTypa Oblia
Be3JIe B TOYHOCTH OoAMHAKoBoW. Kpome Toro, TpeboBaics U O4YEHb
TOYHBIM BHIOOP HAYaIbHON CKOPOCTU PACIIUPEHHUS, IOTOMY YTO JJIst
n30eraHusi MOBTOPHOTO CXKaTHs CKOPOCTb pPACIIMPEHHs JI0JKHA
OCTaBaTbCAd JIOCTATOYHO OJM3KOM K KPUTHUYECKOMY 3HAYCHHIO.
CrnenoBarenbHO, BEIOOp HaYaJIbHOTO COCTOSIHUS BceneHHol nomkeH
MIPOU3BOJUTHCS OYEHb TLIATENIBHO, €CIIM ropsdas MOJeNb OOJIbIIOro
B3pbIBa IPUMEHMMA /10 CAMOI'0 MOMEHTA Hayajla OTCYETa BPEMEHHU.
[Touemy nauano BcenenHol MO0KHO OBUIO OBITH MMEHHO TaKHM,
OuYeHb TPYAHO OOBSICHUTH HMHAYe, Kak JessHueM bora, koTopomy
3aX0TEeJI0Ch CO37aTh TAKUX JKUBBIX CYIIECTB, KaK MBbI.

IloneiTkM  mocTpouTh MOAEHbL BceleHHOH, B KOTOpOH
MHO’KECTBO Pa3HbIX HaYaJIbHBIX KOH(UTYpaIiil MOIJIO ObI pa3BUTHCS
BO UTO-HUOYIb BpOJAE Hallel HbIHENIHeW BceneHHoW, mnpuBenn
Amana I'yta, ydyeHoro u3 MaccaqyceTcKkoro TEXHOJIOIMYECKOro
MHCTUTYTa, K IPEINOJOKEHHUIO O TOM, 4YTO paHHss Bcenennas
nepekuia MNepuol O4eHb OBICTPOro pacHIMpeHus. ITO pacUIMpeHue
Ha3bIBAlOT pa3lyBaHUEM, MOJpPa3yMeBas, 4YTO KaKoe-TO BpeMs
pacimupenre BceneHHOW NTPOUCXOIWJIO CO BCE BO3pacTarolIeil
CKOpPOCTBIO, a He ¢ yObIBarouiel, kak ceifuac. ['yT paccuuTan, uto
panuyc BceneHHoli yBenmMuYMBAJICSd B < MWUIMOH  MWJUIMOHOB
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MUUJIMOHOB MWJUIMOHOB MWJUIMOHOB (€AMHMLIA C TPUILATHIO
HYJISIMH) Pa3 BCETo 3a KPOIICYHYIO J0JII0 CEKYH/IBI.

I'yr BBICKa3anm npeanosnoxeHwe, 4rto BcelleHHas BO3HUKIA B
pe3yibTare OOJibIIOrO B3pbIBA B OUYEHb IOPSYEM, HO JOBOJIBHO
Xa0THUYECKOM COCTOSIHMM. BBICOKME Temmeparypsl O3HA4aroT, YTO
qacTUllbl BO BceneHHol 10/kHbBI ObUIM OYeHb OBICTPO ABMUIraThCs U
uMeTh Oobine sHeprun. Kak y:xe roBopuiioch, Ipu TaKuX BBICOKUX
TeMIepaTypax CHUJbHbIE W  Cila0ble  sA€pHbIE  CUIBl U
AIIEKTPOMArHUTHAsL CUJIa JOJDKHBI OBLTH BCE OOBEIMHUTHCS B OJHY.
[To mepe pacmmpenuss BceneHHoON oHa oxnaxkzpanach W SHEPTUHA
YaCTHUI] YMEHbIIAINUCh. B KOHIIE KOHIIOB JOJKEH ObUT OblI TPOM30MTH
TaK Ha3bIBaeMbIil (a3oBBIA MEpPexXo] W CUMMETpuUs cui Obuia Obl
HapyllleHa: CHJIbHOE B3aMMOJEHCTBHE Hayalo Obl OTIMYATHCS OT
cinaboro u anekrpomarHuTHoro. M3BecTHblil mnpumep (a3oBoro
nepexosa — 3aMep3aHMe BOABI IpU  oxJaxiaeHuu. Kuakoe
COCTOSIHME BOJABI CHMMETPHUYHO, T. €. BOJAA OJMHAKOBA BO BCEX
TOYKaXx M BO Bcex HampasieHusx. OOpasyroluecs k€ KpUCTaJUIbI
JpJa HMEIOT OINPENEICHHbIE IIOJIOKEHUS W BBICTPAWBAKOTCA B
HEKOTOPOM  HampasleHUWH. B  pesynpTate CcuUMMETpUs  BOIBI
HapyIIaeTcs.

Ecan oxnaxnare BOAy O4YEHb OCTOPOXKHO, TO €€ MOKHO
«TIEPEeOXJIaTUThY, T. €. OXJIAIUTh HUXKE TOUKH 3amep3anus (0 rpam.
Llenbcus) 6e3 oOpazoBanus jabja. ['yT npeanonoxun, uro Beenennas
MorJa ce0si BECTH MOX0KUM 00pa3oM: ee TeMIeparypa Morja yrnacTh
HIDKE KPUTHUYECKOTOo 3HAayeHus 0e3 HapyLIeHUs CHUMMETPUHU CHIL
Ecmm Op1 3T0 mpomsonuio, To Bcenennas okazamach Obl B
HECTaOMJILHOM COCTOSTHMM C 3HEPTUeil, MPeBBIIIAIONIEH Ty, KOTOPYIO
OHa MMena Obl IPU HapYLIEHUH CUMMETPUU. MOXKHO MOKa3aTh, YTO
JTa ocobas JIOTIOJIHUTENbHAS JHEPrus IIPOU3BOJIUT
AHTUTPABUTALIMOHHOE JIEMCTBHE AaHAJIOTMYHO KOCMOJOTHYECKOU
IOCTOSIHHOM, KOTOpYI0 OHHIUTEHiH BBeN B OOIIyI0 TEOPHUIO
OTHOCHUTEIIBHOCTH, MBITAACh IOCTPOUTH CTAaTUYECKYI) MOJEINb
Bcenennoii. Ilockonbky, Kak M B ropsueil Mojenu OOJIbIIOro
B3pbIBA, BcenmeHHas yke Bpamjanach, OTTAJIKMBAHUWE, BHOCHUMOE
KOCMOJIOTUYECKOM  TOCTOSIHHOM, 3acTaBuio Obl  Bcenennyro
pacuIMpsTBCS CO BCE BO3pacCTalOIIed CKOpOCThrO. Jlaxke B Tex
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o0nacTsX, TI/€ 4YHCIO 4YacTHUIl BEUIECTBA IMPEBBILANIO CpeIHEe
3HaYeHHE, TPABUTALIMOHHOE MPUTSHKEHHE MaTepuH ObUIO Obl MEHBIIIE
OTTAJIKMBAHUS, BHOCHUMOTO  3(PQPEKTUBHOH  KOCMOJOTHUYECKOU
noctosiHHOM. CreoBaTeNnbHO, TaKUE O0JIACTU JOJDKHBI OB TOXKE
paciIupsTbCS €  YCKOPEHMEM, XapaKTEepHbIM Uil  MOJAEIU
pazayBatomieiicss Bcenennoi. Ilo wmepe pacuidpeHusi 4YacTHIIBI
MaTEepUH PacXOJWINCh Obl BCE Aajiblle JPYyr OT Jpyra, U B KOHIIE
KOHIIOB pacmmpsitomasicss BceneHnast okazamace Obl moutu 6e3
YacTHULl, HO BCE €Il B MEPEOXIaKICHHOM COCTOSSHUU. B pesynbrare
paciIMpeHusi BCe HEOAHOPOJAHOCTH BO BceneHHOW MOJDKHBI OBLITH
MPOCTO CIIIAUTHCA, KaK Pa3riIaKUBAOTCS MPU HAAyBaHUU MOPIIUHBI
Ha pe3uHOBOM mapuke. CienoBaTeNbHO, HBIHEIIHEE TJaJKoe U
OJITHOPOJIHOE COCTOsIHUE BceneHHON MOrio pa3BUTHCS U3 OOJIBLIOTO
YHCJIa pa3HbIX HEOJHOPOIHBIX HauyaIbHBIX COCTOSHUM.

Bo BcenenHoil, CKOPOCTh pacIIUpeHus KOTOPOM pacTeT u3-3a
KOCMOJIOTHYECKON TIOCTOSIHHOM OBICTpee, YeM 3aMemjisieTcs H3-3a
IPAaBUTAIMOHHOTO TIPUTSKCHHs] MAaTEepPHH, CBETYy XBaTHJIO ObI
BPEMEHHU JUIsl Tepexojia W3 OAHOW obyacTh paHHel BceneHHoil B
IpyTyto. OTo ObUI0 OBl pelIeHHEeM paHee MOCTaBIEHHOW 3aaadd o
TOM, TIOYeMYy pa3Hble o00jacTh paHHEW BceneHHOW HMEOT
OIIMHAKoOBble cBoiicTBa. Kpome TOro, ckopocTs pacMpeHus
Bcenennoit crama Obl  aBTOMaTHYeCKM OuYeHb OnM3Ka K
KPUTHYECKOMY 3HAUEHMIO, ONPEAEIAEMOMY INIOTHOCTBIO SHEPTUU BO
Bcenennoit. Torma Takyro OJM30CTh CKOPOCTH pacCIIMpPEHUS K
KPpUTHYECKOH  MOXKHO ObuI0 OBl  OOBSCHUTH, He  Jeras
MPEIIONIOKEHNU. O THIATEIbHOM BBIOOpE HAayalbHOH CKOPOCTH
pacumpenust Beenennoil.

PaznyBanmem BcenenHoit MO0XHO OBUIO OBl  OOBSCHUTH,
noueMy B HEll Tak MHOTO BemiecTBa. B mocTymHoO#l HabmoaeHUsIM
obnactu BceneHHON colIepKWUTCS TMOpsiiKa CTa MHJIJIMOHOB
MUJUIMOHOB ~ MWUIMOHOB MHJUIMOHOB MWJUIMOHOB  MWJIJTMOHOB
MUUIMOHOB MWJUIMOHOB ~MWIJIHMOHOB MHJUIMOHOB  MHJIJIMOHOB
MUJJIMOHOB MUJIIMOHOB (€MHHUIIA C BOCHBMBIOJIECATHIO HYJISIMHU)
yactuil. OTKyaa Bce OHU B3suMCh? OTBET COCTOMT B TOM, YTO B
KBaHTOBOM TEOPHUM YACTULBI MOTYT POXKJIAThCA W3 SHEPIHMU B BUIC
nap uactuna-antuyactuna. Ho Torjga cpasy BO3HHMKAaeT BOMPOC:
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otkyna o6epercs aueprusi? Orer TakoB. [lomHas sHeprus Beenennoi
B TOYHOCTH paBHa HyI0. BemectBo Bo Bceenennoit oOpa3zoBaHo u3
MOJIOXKHUTEIbHOM 3Heprun. Ho Bce BemecTBo caMo ceds MpUTATHBAET
noJ JAeicTBUEeM rpaBUTalWU. J[Ba OJM3KO pacHOJIOKEHHBIX KycKa
BelIecTBa O0JIAZIAI0T MEHBIIEH »HEprueil, yem Te Ke 1Ba Kycka,
HaXOJSIIKEecs AajJeKo APYT OT Apyra, MOTOMY 4YTO ISl pa3HECEHHs
UX B CTOPOHBl HY)KHO 3aTpaTUTh D3HEPIUI0 Ha IPEOJOJICHUE
rpaBUTAIMOHHON CHUIBI, cTpeMseics ux COCJIUHUTD.
CnenoBaTenbHO, SHEPrusi TPaBUTALMOHHOTO HONSL B KAKOM-TO
CMBICJIE OTpULIaTeabHa. MOXKHO ITOKa3aTh, YTO B ciiydyae BceneHHOH,
IIPUMEPHO OJHOPOJHOM B MPOCTPAaHCTBE, 3Ta OTPULIATEIbHAS
rpaBUTALlMOHHAS SHEprus B TOYHOCTH KOMIIEHCUPYET
IIOJIOKUTENBHYIO DJHEPIUI0, CBA3aHHYIO C BelecTBoM. [loaTomMy
MoJIHas dHeprusa BeeneHHoW paBHA HYJIIO.

Ilockonbky  ABaXObl HyJdb TOXE HyJb, KOJIMYECTBO
MOJOKUTEIBHON HSHEPrUU  BEIIeCTBa BO BceleHHOM  MOXeT
YABOUTBCS  OJHOBPEMEHHO C  YJIBOCHHEM  OTPHULATEIbHON
IpPaBUTALMOHHON SHEPTUH; 3aKOH COXPAHEHUs SHEPTUU MPU STOM HE
HapymuTcs. Takoro He ObIBaeT NpU HOPMAIbHOM PACHIMPEHUU
BceneHnHol, B KOTOPOU IJIOTHOCTh YHEPTUN BEUIECTBA YMEHBIIACTCS
o Mepe yBenuueHus pasMmepoB Bcenennoil. Ho wumeHHO Tak
MPOUCXOAUT TMpU pa3dyBaHUM, IIOTOMY YTO B JTOM Clydae
Bcenennas YBEJIMYUBAETCH, a IJIOTHOCTH SHEPruu
MEPEOXJAKICHHOTO COCTOSHUSI OCTaeTcsi IMOCTOSHHOM: Korja
pa3Mepsl BceneHHOM yIBOSTCS, MOJIOKUTENIbHAs dHEPIUs BEIECTBA
U OTpULATEeNbHAs TpaBUTAIIOHHAS SHEPrusi TOXKE YIBOSTCS, B
pe3yJbTaTe 4Yero IMOJIHAsi SHEprusl ocTaercs paBHOW Hymo. B ¢aze
pasayBaHusl pa3Mepbl BcCeneHHOW O4YeHb CHIBHO BO3pACTaIOT.
CnenoBarenbHO, 00Iee KOJMYECTBO HHEPIUHU, 3a CYET KOTOPOH
MOTYT 00pa30BBIBaThCS YaCTULIbI, TOKE CUIIBHO yBennuuBaetcs. ['yT
no »ToMy mnoBoxy 3ameTwil: «loBopsAT, dYTO He ObIBaer
CKaTepTU-caMOOpaHKH. A HE BeYHas JM CcaMOOpaHKa cama
Bcenennasa?»

Celtuac Bcenennas pacmmpsiercss 0e3 pa3gayBaHUsA. 3HAYWT,
JIOJDKEH CYIIECTBOBATh KAaKOH-TO MEXaHU3M, Oiarogapsi KOTOpomy
Obula ycTpaHeHa OYeHb Oosblias 3(pQexTUBHAs KOCMOJOTHYecKast
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IIOCTOSIHHAsl, @ CKOpPOCTb pAacCIIMpEHMsI IepecTajga pacTH U MOJ
JNEUCTBUEM TIpAaBUTALIMM Hadajga yMEHbBINATHCSA, KaK IPOAOJDKAET
yMEHbIIAThCA U ceiuac. MOXXKHO OXUAaTh, YTO MpPU pa3lyBaHUU B
KOHIC KOHILIOB HapyLIMTCd CHMMETPHsS CHJI, TaK JK€ Kak
NepeoxIaXKIeHHas BOJla B KOHIIE KOHIIOB 3aMep3HeT. Toraa JuHssa
DHEPrusl COCTOSHMA C HEHApYIIEHHOW CHUMMETpUEH JIOJDKHA
BBIIEIUTBCS, WU 3a cyeT JToro Bcenennas pasorpeercs 10
TEMIIEPATYPBI, YyTh-4yTh MEHBIIECH, UeM KPUTHYECKAsl TEMIIEPATypa,
IpU KOTOPOWM CHMMETpHMsI CHJI €IlI€ HE HapylaeTrcs. 3aTeM
Bcenennast onsiTh HAUHET PacIIUPSTHCS U OXJIAXKIATHCS, TaK )K€ Kak
B ropsiueil Mojiesid OOJIBIIOTO B3pbIBA, HO TEHEPh MBI YXKE CMOXXKEM
OOBSACHUTH, MOYEMY CKOPOCTb €€ pacCIIMpPEHUs] B TOYHOCTH paBHA
KPUTUYECKOH W TMoueMy pasHble oOiactu BceneHHoil umeror
OJIMHAKOBYIO TEMIIEPaTypy.

B runoreze I'yra ¢azoBblii mnepexoq MPOUCXOAWIT OYEHb
OBICTPO, KaK BO3HUKAIOT BAPYT KPUCTAILIBI Jb/Ia B OYEHb XOJOIHOMN
Boze. Unes I'yra 3akimrodanack B TOM, YTO BHYTPHU CTapod (asbl
00pa3yloTcsi «Iy3bIpbKU» HOBOM (ha3bl HAPYIIEHHOW CHUMMETpUH,
oJ00HO TOMY, KaK B KUIIAIIEH BOJE 3apOXKIAIOTCS My3bIPHKH Iapa.
I'yT npeanonaoxui, 4To Mmy3blpy PacIIUPSIOTCS M CIUBAIOTCA APYT C
JPyTOM JI0 TeX Mop, oKa Bcsi BeenenHast He okaxkeTcs B HOBOH (ase.
Ho BoT B uem Oena: Beenennasi, Ha 4TO yKkasaiu s U €I1€ HECKOJIbKO
YeJIOBEK, TaK OBICTPO pacIIUpSETcs, YTO Jake eciu Obl Iy3bIpU
POCIIH CO CKOPOCTBIO CBETAa, OHU BCE PABHO YJAJSUIUCH OBl ApYr OT
JpyTa U MO3TOMY HE MOIJHM Obl ciauBaThes. BeeneHHas ocraBanach
Obl B OYEHb HEOJHOPOJAHOM COCTOSIHUH, U B HEKOTOPBIX 00JIaCTAX
CUMMETpHUsS MEXIy CHJIaMH coxpaHsiiack Obl. Takas Monenb
Bcenennoit He cOOTBETCTBOBaIA ObI TOMY, YTO MBI BUIHIM.

B okta6pe 1981 r. s npuexan B MockBy Ha KOH(pEPEHIHIO MO
KBaHTOBOW TpaBuTanuu. [locne koHdepeHmmu s caenan JOKIaa O
MOJIeTH pa3ayBatoleiics BeceneHHON U CBsI3aHHBIX ¢ HEl mpobiieMax
B ActpoHomuueckom wuHcTUTyTe wuM. IlTepunbepra. Cpeau
ciymateneii Obul Mononoi coBerckuil ¢uszuk Anpapeidt Jlunze,
corpynHuk ®Pusnyeckoro uHctuTyTa UM. Jlebenera. OH ckaszan, 4Tro
TPYAHOCTb, CBSI3aHHAsi C HEBO3MOXKHOCTbIO OOBEIMHEHHUs Iy3bIpei,
OTMAJAeT, €CIM pa3Mephl IMy3bIpel CTOJb BEJIMKH, YTO BCS Halla
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obmacte BeceneHHoil conepKuTcs BHYTPH OJHOTO My3bIps. Jist Toro
YTOOBI 3TO MPEANOIOKEHHE BBIMOIHAIOCh, COXpAaHEHHE CUMMETPUHI
BHYTpU TIy3bIps JOJDKHO OYEHb MEJUIEHHO IE€PEXOAUTh B €€
HapylIEHWe, 4YTO BIIOJIHE BO3MOXHO B TEOPUU  BEIUKOIO
o0benuHenus. Mpicib JIuHae 0 MeIEeHHOM HapyIIEHUH CUMMETPUU
ObUTa OYeHb XOpOIIa, HO MOTOM MHE CTaJlo SICHO, YTO €ro IMy3bIpH
JIOJDKHBI OBITH Ooubliie HbIHEHIHelH Bceenennoi! S mokasan, 4rto
CUMMETpHUs JOJIKHA HAPYIIAThCS BCIOJY OJJHOBPEMEHHO, a HE TOJIBKO
BHYTpH Imy3bipeil. Toibko 3TO mpuBeno OBl K TOH OAHOPOIHOU
Bcenennoit, kotopyro Mbl ceiyac HaOmomaem. Sl ObUT CHIIBHO
BO30Y>KJIEH CBOCW HIeed W TMOAETWICA €I C OJHUM U3 CBOUX
acnupanToB fIlHom Moccom. Iloapyxusmmcse ¢ JIunnae, s okasancs B
HEKOTOPOM 3aMEIaTeNbCTBE, KOra MO3HEE MOJyYHsI U3 Hay4YHOTO
KypHaja mpeacTaBieHHyio JIMHAe cTaThio ¢ TPOChOOH OT peaaKiuu
JlaTh OT3BIB O €€ MPUTOAHOCTH Ui nmyOnukauuu. B cBoem oTBete 4
Hamycall, YTO B CTaTb€ €CTh OJHA OLIMOKa (ITy3bIpU JTOJKHBI OBITh
Oonbuie  BceneHHoM), HO 4YTO OCHOBHas WA€d MEJIEHHOTO
HapylUIeHUs] CUMMETPUN COBEPIICHHO IMpaBWibHA. S| pekoMeHa0Bajl
CTaThlO JUI MyOJUKAIMU B TOM BHUJE, B KOTOPOM OHa Oblja, UHAYe
UCIpaBlIeHUs 3aHsIM Obl y JIMHAE HECKONBKO MECALEB, IOTOMY YTO
BCce pykomucH, ortnpasisieMble u3 Coserckoro Coro3a Ha 3amafp,
JOJKHBI ObUIM MPOXOAMTH Yepe3 ammapar JIMTEPaTypHOH LIEH3YpHI,
KOTOPBIM B TO BpeMsl HE MPOSBISI HU OCOOOW KBanM(UKALUU, HU
CKOPOCTH B OOpallieHWH C HAayYHBIMH CTaThIMH. MBI ke ¢ SHoMm
MoccoM mocnanu B TOT e KypHaji HeOOJIbIIYIO CTaThi0, B KOTOPOH
yKa3ajli Ha CJIO)KHOCTH, BO3HUKAIOIIKME C OOJBbIIMM Iy3bIpEM, U
MI0Ka3aJI1, KaK X MOKHO IPEOI0JIETh.

UYepes neHb nocie Bo3BpalleHus: U3 MOCKBBI sl OTIIpaBUIICS B
®unanensduro, rae MHE JOKHBI ObLITM BPY4YUTh Meaanb MHcTuTyTa
@panknuHa. Mol cekperapp [xynn demna, NCHOIB30BaB BCE CBOE
Hemasoe obasiHue, yoeauina Bo31yIIHOE areHTCTBO Bennkooputanuu
npojath Ham JBa Ouiera Ha «KoHKoOpA», MPUTPO3UB B MPOTUBHOM
ciydae oriackod. Ho mo npopore B aspomopT MeHs 3actai
YyJJOBUILHBIA J0XIb, U S OMO3/JaJ Ha caMoyieT. TeM He MeHee s
Bce-Taku nonan B Punaaens@uio v nonydmn menanb. [lorom mens
MOMPOCUJIM PACCKa3aTh O MOJEIM pas3ayBarolieiicss BcenenHoil Ha
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cemuHape B YHuBepcurere [lpekcena B Punanensuu. bonbmryro
4acTh BPEMEHH $1, Kak U B MOCKBE, TOCBATUI 3a/1a4aM, CBSI3AHHBIM C
ATOM MOJETBIO, HO B KOHIIE YIOMSAHYJ 00 uiee JIMHIe MeIIeHHOro
HapyIlICHUsT CUMMETPUU M O CACIAHHBIX MHOW HcrpaBieHusx. Ha
cemuHape npucyrctBoBan [lon CreitHxapar, Monoaol mpodeccop
IlencunbBanckoro ynuBepcurera. l[locne cemuHapa Mbl € HHUM
obOcyxnmanu Mojenb pa3ayBaHus. B ¢deBpane oH mpuciaan MHe
CTaThl0, HANMCAHHYID MM COBMECTHO CO CTYJIEHTOM AHJIpPEacom
AnOpexToM, B KOTOpPOH COAEPKAJOCh HEYTO OUCHb IMOXOXKee Ha
uaero Jlunne MemeHHoro HapyueHus cummerpud.  [lozxke
CreifHXapAT cKa3ajd MHE, YTO OH HE MOMHHJI MOHM paccka3 o pabore
Jlunne u yBuzen ee, JIMIIb KOT/Ia OHU MOYTHU 3aKOHUYMIU cBoro. Ha
3anage CreiiHXapAT U AnOpexT pa3fensioT ceifvyac 4ecTb OTKPBITUS
MOJIESIM, KOTOpas Ha3bIBA€TCSI HOBOM MOJENbIO pa3lyBaHUS U
OCHOBaHa Ha WJee MEJIEHHOro HapyuieHusi cummerpuu. (Crapoit
MOJEJIBIO pa3ayBaHusl BceneHHOW Ha3pIBAIOT MpEUIOKEHHOE ['yToM
ObICTpOE HApYILICHHE CUMMETPUHU C 00pa30BaHUEM ITy3bIpeil).

HoBas momens pasgyBanusi Bceenennodt Obuia  yaadHoi
HOMBITKON OOBSICHUTH, MOYeMy BcesleHHas cTana MMEHHO TaKoOM,
Kakas oHa ceifuyac. OfHAKO s M ellle HECKOJbKO YeJIOBEK MOKa3alu,
4TO 3Ta MOAENb, MO KpalHEHl Mepe B IEPBOHAYAIBHOM BHIE,
IpeJicKa3blBajia ropaszio OOJbIIME BapHallMM TeMmIeparypbl (oHa
MHUKPOBOJIHOBOTO H3JIyyeHMs, ueM Habmogaemsle. [locnemyromiue
paboThl TOXKE BHYIIAIM COMHEHHUS IO MOBOJY TOTO, MOT JIU B OYEHb
panHell BceneHHON npou3oHTH moaxoasmuili (as3oBblii Mmepexo.
CaM s cuuTalto, YTO HOBasl MOJIEJIb Pa3AyBaHUsl KaK Hay4dHas TEOPHs
y>K€ MepTBa, HECMOTpPS Ha TO YTO MHOTHUE, IMO-BUAMMOMY, HE
CIIBIIIANIA O €€ KOHYMHE U MPOJOJDKAIOT MUCATh CTaTbhH, Kak OyATO
Obl DTa MOJENb Bce elle kuzHecrmocoOHa. B 1983 r. Jluune
npeiokul OoJjiee yNadHyl0 MOJEJNb, Ha3bIBAEMYIO XaOTHUECKOH
MOJIENIbIO pa3fayBaHus. B Hell HeT HM (a30BOro mnepexozia, HU
NEepPEeoXJaXICHUs, a B3aMEH IPUCYTCTBYeT OECCIIMHOBOE IOJIE,
KOTOpPO€ M3-3a KBAHTOBBIX (IyKTyauuii NOpuUHUMAeT OoJiblIne
3HaYeHUs] B HEKOTOpPbIX 0OnacTsXx paHHed Bcenennoil. B Takux
oOnactsax »Heprust mnoiyisi OyneT BecTH cedsd Kak KOCMOJIOTHYecKast
nocrosiHHas. Pesynbratom nedcTBus monist OyJaeT IpaBUTALMOHHOE
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OTTAJIKMBAHUE, IO/ BIMSHUEM KOTOPOTO BBHIIIEyKa3aHHbIE 00JacTh
HauHyT pa3nyBaTbes. [lo Mepe yBennueHus 3THX o0sacTel SHeprus
nojsi B HUX OylIeT MEIJICHHO YMEHBIIAThCS, TMOKa pa3lyBaHHE HE
NepelieT B TAKOE K€ pacUIMpeHue, Kak B TOpsS4Yed MOJEIH
Oonpmioro B3peiBa. OxHa M3 obnacTeil Moria Obl MPEBPATUTHCS B
COBpeMeHHY10 Habmonaemyto Beenennyro. Mozens Jlunne obnanaer
BCEMHU [IPEMMYLIECTBAMM paHHEH MOJENHU pa3gyBaHMs, HO HeE
TpeOyeT COMHMTENBHOrO (ha30BOro nepexoaa u, KpoMe TOro, MoKeT
JaTh pealbHYI0 OLEHKYy (aykryanmmuid TtemmepaTypsl  (oHa
MUKPOBOJHOBOI'O H3JIy4YE€HHs, COTJIACYIOLIyIOCS C pe3yJibTaTaMHu
HaOIr01eHU.

[IpoBeneHHble Hccaen0OBaHUS MOJENCH pa3ayBaHUs MOKa3ajH,
YTO COBPEMEHHOE COCTOsIHME BceleHHOW MOIVIO BO3HUKHYTH W3
OO0JIBILIOTO YHCIIa PAa3HBIX HAYAIbHBIX KOHQUIYypauuid. DTO BasKHBIM
BBIBOJI, 0O U3 HETO CIEAYET, YTO BHIOOP HaYaJIbHOI'O COCTOSIHUS TOU
yacTu BceneHHOW, B KOTOpOH Mbl >KMBEM, MOT ObITb HE OYE€Hb
ToiateapHelM. Ho BOBCE HE M3 BCAKOrO HAYaJbHOIO COCTOSHUSA
Morja NOJNyuuThCs Takass BceneHHas, kak Hama. OTO MOXHO
JI0Ka3aTh, IPEIIOJIOKHUB, 4TO BceneHHas celyac HaxoguTcs B
COBEpLIEHHO  JPYrOM  COCTOSIHUM,  KakOM-HMOyIb  OY€Hb
HEpEryJsIpHOM M KOMKOBaroM. Bocnonp3oBaBIIMCh 3aKOHaMH
HayKH, MO’KHO MPOCJIENNTh pa3BUTHE BceneHHol Ha3ax BO BpEMEHU
U OIpeleNuTh ee KoH(purypauuio B Oonee paHHue BpemeHa. [lo
TeopeMaM O CHHTYJSIPHOCTH KJIACCUYECKOW oOmmeld Teopuu
OTHOCHUTEJIBHOCTU CHUHTYJISIPHOCTh B TOYKE OOJIBIIOrO B3pbIBa BCE
paBHO JOJDKHA ObuTa cymiecTBoBaTh. Ecnu Takas Bcenennas Oyxer
pa3BUBATHCA BIEPE] BO BPEMEHHU B COOTBETCTBUM C 3aKOHAMM HAyKH,
TO B KOHIIE MBI IPUJEM K TOMY KOMKOBATOMY U HEPETYJISPHOMY
COCTOSIHUIO, C KOTOporo HaunHainu. CrenoBarenbHO, AOJKHBI
CYILIECTBOBaTh HAdaJibHblE KOH(QUIYpalUH, U3 KOTOPHIX HE MOMKET
NIOJIy4YNThCsl Takas BceneHHas, kKakol ceddac Mbl BHJIMM Hally.
3HAUUT, AaKe MOJENb pa3dyBaHHS HHYErO0 HE TOBOPUT O TOM,
noyeMmy HauaibHasi KOH(QUTrypalus oka3anach He TOH, MpU KOTOPOH
nosyuuiach Obl  BceneHHas, CUIBHO — OTJIMYArOLIasics  OT
HaOmomaemoit Hamu. CremyeT au oOpaTUThbCS Al OOBACHEHHS K
aHTPOMHOMY MpUHIMIY? bbUIO JM BCE MNPOUCHIEAUIEE MPOCTO
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CYACTIMBOW ciydaHOCThIO? Takoli OTBeT BHITJISLAET ObI Kak
BBIPQKCHUE OTYasHUA, OTPUIAHME BCEX HAIUUX HAACK] IOHATH,
KAKOM K€ MOPAAOK JIEKUT B OCHOBE BceeneHHO.

Jlns mpeacka3aHus TOro, KaKUM JIOJDKHO ObLIO OBITH HAyaso
Bcenennoii, He0OXOAMMBI 3aKOHBI, CIIPABEUIMBBIC B Ha4Yalle OTCYETa
BpeMmeHu. Ecnm knaccudeckas oOmias TeopHst OTHOCHTEIbHOCTH
BEpHA, TO U3 J0Ka3aHHbIX Pomxepom IIeHpOy30M U MHOU TEOpPEM O
CUHTYJSIPHOCTH CJIELyeT, YTO B TOYKE Hadajga OTCYETa BPEMEHU
IUIOTHOCTh W KPUBU3HA IPOCTPAHCTBA-BPEMEHM IPUHUMAIOT
OeckoHeuHble 3HaueHMs. B Takoli Touke HapyIIaloTCsl BCE U3BECTHBIE
3aKOHBl MPHUPOJAbl. MOXHO OBUIO OBl MPEANONIOKUTH, 4YTO B
CUHTYJISIPHOCTSIX ~JIEUCTBYIOT HOBBIE 3aKOHBI, HO HX TPYAHO
(bopMyIMpOBaTH B TOYKAX CO CTOJIb HEMIOHATHBIM MOBEJICHUEM, U MbI
He 3HaJIM Obl, KaK U3 HAOIIOACHUN BHIBECTH BHUJI 3THX 3aKOoHOB. Ho Ha
caMOM JieJlé U3 TEOpEM O CHUHIYJSIPHOCTH CIEOYyeT, 4YTO
IPABUTAL[MOHHOE TI0JI€ HACTOJIBKO YCUJIMBACTCA, 4YTO CTAHOBATCS
CYILIECTBEHHBIMU KBaHTOBBIE I'PaBUTALMOHHbIE 3P PeKTHI:
KJIACCHYECKasi Teopus IepecTaeT JaBaTh XOpOUIEe ONMCAHUE
Bcenennoi. IlosToMy npu H3y4YeHMH OYEHb paHHUX CTaAgui
pa3ButTusl BceneHHON MpUXOAUTCS MPUBJIEKATh KBAHTOBYIO TEOPHIO
rpaBuTanuu. Kak Mbl MOTOM YBUJIUM, B KBAHTOBOW TEOPHH OOBIYHBIE
3aKOHBI HAYKH MOTYT BBINOJHSATHCS BE3/J€, B TOM YHCIIE U B Hadaje
OTCYeTa BpPEMEHHM: HET HEO0OXOAMMOCTH TOCTYJIMPOBATh HOBBIE
3aKOHBI JJI1 CUHTYJISIPHOCTEH, MOTOMY YTO B KBaHTOBOM TEOpHH HE
JIOJDKHO OBITh HUKAKMX CUHTYJISIPHOCTEH.

Iloka y Hac eme HET IMOJMHOW M COIVIACOBAHHOW TEOPUH,
o0BbeIMHSAIOIEH KBAaHTOBYI0 MEXaHMKy W TpaBuTauuio. Ho Mmbl
COBEPLICHHO YBEPEHBI B TOM, 4YTO MOAOOHAs €Hasi TeOpusl 10JKHA
UMETh HEKOTOPHIE OIpPEAEIEHHbIE CBOMCTBA. Bo-nepBbiX, OHa
JOJKHA BKJIIOYaTh B ce0d (elHMaHOBCKMN METOJ KBaHTOBOM
TEOPHH, OCHOBAHHBIA Ha CyMMax IO TPaeKTOPHUAM YacTHUIIB (U IO
«ucropusim» Bcenennoit). Ilpum Takom wMerome B OTIWYHE OT
KJIJACCMYECKOM TEOPUM 4YacTHLAa Yy>K€ HE paccMaTpUBAETCs Kak
oOnanaromas OAHOM-eIMHCTBEHHOW Tpaekrtopued. Hampotus,
IpearnoyaraeTcsd, 4Yro OHa MOXKET IIEpeMelaTbCsl 10  BCEM
BO3MOXXHBIM IYTSIM B IPOCTPAHCTBE-BpEMEHH M J1000H ee
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TPAacKTOPUM OTBEYAET Iapa YMCEJl, OJHO U3 KOTOPHIX JAET JUIMHY
BOJIHBI, a Jpyroe — IIOJOXKEHUE B Iniepuoje BOJHBI ((azy).
Hanpumep, BepoATHOCTb TOro, 4YTO YacTUIa NPOHAET uepe3
HEKOTOPYIO TO4YKYy, IOJIy4aeTcsi CyMMHMPOBAaHMEM BCEX BOJIH,
OTBEUYAIOIIMX KaXKJ0M BO3MOYKHOW TPACKTOPHH, MPOXOMSIIEH depes
3Ty TOYKy. HO TDONBITKM INpPOM3BECTH Takoe CyMMHPOBAaHUE
HATaJIKUBAIOTCS HA CEpbE3Hble TEXHUYECKHE 3aTpyAHeHus. Wx
MOXHO  OOOWTHM,  JMIIb  BOCIOJB30BAaBIIUCh  CIEAYIOIIUM
CHEHATBHBIM PELENTOM: CKJIaJIbIBAIOTCS BOJHBI, 0Opasyromue Te
uctopur  (TPAEGKTOPUHM) YACTHIl, KOTOPHIE MPOUCXOIAT HE B
OLIYII]AeMOM HaMH peaJbHOM (IECHCTBUTEILHOM) BPEMEHHU, a B TaK
Ha3bIBAEMOM MHUMOM BpeMEHU. MHHUMOE BpeMs 3BYyUUT, BOZMOXKHO,
Hay4YHO-(aHTaCTMYECKH, HO Ha caMOM JeJe 3TO CTpPOro
OTNpEeNeTICHHOE HAy4YHOE TIOHATHE. YMHOXHUB OObIYHOE (WM
JNEHCTBUTENIBHOE) 4YMCIO camMoO Ha cels, Mbl HOJIYy4YHM
nosioxkurenbHoe uucno. (Hanpumep, umcno 2, yMHOXXEHHOE Ha 2,
JaeT 4, U TO XKe camoe MoJTydaeTcsi Ipu yMHOkeHuu —2 Ha —2). Ho
CYHIIECTBYIOT 0COOBIC YKciia (OHM Ha3bIBAIOTCS MHUMBIMU), KOTOPHIC
IpY YMHOXEHHU CaMU Ha ce0s JaloT OTpHULIATENIbHBIA pe3yJibTar.
(OnHO M3 TakUX yuKcel, MHUMasl €IMHULA 1, IPU YMHOKEHUU CaMO
Ha ce0d naet —1, ymcino 21, yMHOXKEHHOE caMo Ha cels, 1aeT —4 u
T. 1.). Bo uzbexaHue yclnoXKHEHUH TEXHHUYECKOIO XapakTepa Mpu
BBIUUCIICHUH (PEHHMAHOBCKUX CYMM IO TpPAaeKTOPHUIM CIeayeT
NEePEXOIUTh K MHUMOMY BPEMEHH. JTO O3HAYaEeT, YTO MPU pacuyeTax
BpEMs HAJ0 W3MEPATh HE B JECHCTBUTEIBHBIX €IMHULAX, a4 B
MHUMBIX. Torma B MOpPOCTpaHCTBE-BPEMEHH OOHAPYKUBAIOTCS
WHTEPECHBIE M3MEHEHUS: B HEM COBEPUICHHO HCYE3aeT pa3Inuue
MEXIy BpEMEHEM U TMpocTpaHCTBOM. llpocTpaHcTBO-Bpems, B
KOTOPOM BpEMEHHas KOOpAMHATa COOBITUH HMMEET MHHMBIE
3HAY€HMs, HA3bIBAIOT EBKIUIOBBIM, B YECTh JPEBHETPEUECKOIO
yuyeHoro EBkiuzaa, ocHOBaTens yuyeHUs O T€OMETPUU JBYMEPHBIX
noepxHocred. To, 4YTO MBI celyac Ha3bIBAEM EBKJIMJIOBBIM
IIPOCTPAHCTBOM-BPEMEHEM, OYEHb II0XO0XKE Ha IEPBOHAYAIBHYIO
reomerputo EBKinga u  oTiuMyaercs OT Hee JIUIIb YHCIOM
WU3MEpEHMI: 4eThIpE BMECTO JBYX. B €BKJINJ0BOM
MIPOCTPAHCTBE-BPEMEHH HE JIEJAeTCsl pa3iHuuuil MEXIy OChbIO
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BPEMEHM M HaIlpaBICHUSIMHM B MpPOCTpaHCTBE. B peanbHOM ke
MIPOCTPAHCTBE-BPEMEHH, T/I€ COOBITUSM OTBEYAIOT JIEHCTBUTEIbHbBIE
3HAYEHUs] KOOPAMHATHl BPEMEHH, 3TU PA3IM4us BUIHBI Cpasy: IS
BCEX COOBITHII OCh BPEMEHHU JIEKUT BHYTPH CBETOBOTO KOHYcCa, a
IPOCTPAHCTBEHHBIE OCH — CHapyku. B mro0om cimyuae, moka Mbl
uMeeM JIeJI0 ¢ OOBIYHOI KBAaHTOBOW MEXAaHHUKOW, MHHUMOE BpeMs U
€BKJIUI0BO [IPOCTPAHCTBO-BPEMSI MOKHO PacCMaTpUBaTh MPOCTO KaK
MaTeMaTUYECKUl MpUEM [UIsl pacyeTa BEIUYHMH, CBA3AHHBIX C
pealIbHbIM POCTPAHCTBOM-BPEMEHEM.

Btopoe ycnoBue, koTopoe AOMKHA BKIIOYATh B ceOsi rodast
3aBEpUICHHAs] TEOPHs, — 3TO IPEAIOJIOKEHNE ODHHIUTEHHA O TOM,
YTO IPABUTALMOHHOE I0JI€ MPEICTABIAETCS B BUIE UCKPUBICHHOIO
IIPOCTPAHCTBA-BPEMEHM:  YACTHULBl  CTPEMATCA  JIBUTAThbCs  I10
TPaeKTOPUSIM, 3aMEHSIOINUM B HCKPHUBJIEHHOM
IIPOCTPAHCTBE-BPEMEHH IpsIMBIE, HO, IIOCKOJIBKY
IIPOCTPAHCTBO-BPEMsI HE IUIOCKOE, 3TU TPAEKTOPUU HCKPUBIISIOTCH,
Kak OyATO Ha HUX JEWCTBYeT TrpaBuUTaloHHOe mose. Ecmu
(eliHMaHOBCKOE CYMMHPOBAHHME IO TPAECKTOPHUSIM COEAUHUTH C
IIpeICTaBICHUEM OMHIUTEHHA O TpaBUTALMM, TO TOTAA AHAJIOTOM
TPAaCKTOPUM  OJHOM  4YacTULbl CTaHET BCE  HCKPHUBJICHHOE
IPOCTPAHCTBO-BpEMsI, KOTOPOE MpeAcTaBiIsieT co00il ucTopuio Beel
Bceenennoit. J{ns Toro 4ro0sl n306€XaTh TEXHUYECKUX 3aTPyAHEHUH,
KOTOpBIE MOTYT BCTPETUTHCS IPU KOHKPETHOM BBIYMCIEHUU CYMMBbI
[0 UCTOPUSM, UCKPUBIICHHBIE YEThIPEXMEPHBIE MPOCTPAHCTBA HA/I0
CYMTATh E€BKJIMJOBBIMU. JTO O3HAYAET, YTO OCh BPEMEHU MHHUMas U
HE OTJIMYAETCS OT MPOCTPAHCTBEHHBIX oOced. J[Ji1 BBIYMCICHHS
BEPOATHOCTH TOTO, YTO JEHCTBUTEIBHOE IPOCTPAHCTBO-BPEMS
00J1a/1aeT HEKOTOPHIM CBOMCTBOM, HANPUMEP BBHITJISAUT OJUHAKOBO
BO BCEX TOYKax M BO BCEX HANPABIEHUAX, HAJO CIOKUTH BOJIHBI,
COOTBETCTBYIOIIME BCEM TEM HUCTOPHSIM, KOTOpbIE 00JIaat0T 3THUM
CBOMCTBOM.

B kmaccudeckoit o0Immied TEOPUM OTHOCHUTEIBHOCTH MOXKET
CYILIECTBOBATH MHOT0 pa3HBIX BUJIOB HCKPUBJIEHHOIO
IIPOCTPAHCTBA-BPEMEHH, U BCE OHM OTBEYAIOT Pa3HbIM Ha4yaJIbHBIM
cocTosiHUAM BceneHHO#l. 3Has HadalbHOE COCTOSHUE HalIEd
BcenenHnoit, Mbl 3HasIM OBl HEIUKOM BCIO €€ UCTOPUIO. AHAJIOTHYHO B
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KBaHTOBOM TEOpUM TpaBUTALIMA  BO3MOXHO MHOTO  Pa3HBIX
KBAaHTOBBIX COCTOSIHMM BceneHHOW, U TOYHO Tak XK€, 3Has, KaK BEIU
ce0s B paHHHE BPEMEHA UCKPHBIICHHBIE €BKJIMIOBBI YEThIPEXMEPHBIC
IPOCTPAHCTBA B CyMME IO HUCTOPHSIM, Mbl MOIJVIM OBl ONpEAEIUTH
KBaHTOBOE COCTOsiHUE BceeneHHon.

B knaccuueckoil TeopuM TpaBUTALMHM, HCHOJIB3YIOMICH
JNENCTBUTENBHOE IPOCTPAHCTBO-BPEMS, BO3MOXHBI JIMILb JIBa THIIA
noseaeHus BceneHHoi: MO0 oOHa CyllecTBOBaJla B TEUYEHHE
0eCKOHEYHOTI'0 BPEMEHH, JIN0O ee HavaioM Oblla CHHTYJISIpHAs TOYKa
B KaKOW-TO KOHEYHBII MOMEHT BPEMEHM B MpPOLUIOM. B KBaHTOBOM
K€ TEOpUU TPABUTALMM BO3HUKAET U TPETb BO3MOXKHOCTb.
[TockonbKy HCHONB3YIOTCS EBKJIMIOBBI NMPOCTPAHCTBA, B KOTOPBIX
BpEMEHHas u IIPOCTPAHCTBEHHBIE ocH paBHOIIPABHBI,
IIPOCTPAHCTBO-BpeMsl, Oyaydl KOHEUHBIM, MOKET TEM HE MEHee He
UMETb CUHTYJIIPHOCTEH, 00pa3yIoIIMX ero rpaHully win Kpail. Toraa
IIPOCTPAHCTBO-BPEMSI HAIIOMHHAJIO ObI MOBEPXHOCTh 3€MJIU C JBYMsI
JOTIOJIHUTENbHBIMUA M3MepeHusiMu. [loBepXHOCTH 3eMiu HMeEeT
KOHEYHYIO MPOTSKEHHOCTb, HO Y HEEe HET HHU TpaHUIllbl, HU Kpas:
IOILIBIB 10 MOPIO B CTOPOHY 3aKaTa, Bbl HE BBIBAJIMTECH Yepe3 Kpail
U HE MOMNAJETe B CUHTYJSPHOCTH (i 3TO 3HAI0, caM 00bexasl BOKPYT
cBertal).

Ecnu eBkIMI0BO MPOCTPAHCTBO-BPEMS IPOCTUPAETCS HA3A] IO
MHUMOMY BpE€MEHH J0 OECKOHEYHOCTH WIM HAYMHAETCS B
CUHTYJISIPHOM TOYKE MHHMOI'O BPEMEHH, TO, KaK U B KJIaCCHUYECKOMN
TEOPHUH OTHOCUTEIHHOCTH, BO3HHUKAET BOMNPOC 00 OIpeaesieHNH
HavyaJbHOrO cocTosiHusl Bcenennoit — bory, Moxer ObITh, U
U3BECTHO, KaKUM ObLIO Havajao BceraeHHOM, HO y HAac HET HMKAaKHX
OCHOBaHUM MBICIUTH 3TO HAa4yaJlo TaKUM, a He UHbIM. KBaHTOBas e
TEOpUsT TpaBUTALlMM  OTKpbUIA OJHY HOBYK0  BO3MOXXHOCTB!
IIPOCTPAHCTBO-BpPEMsI HE HMEET TpaHUllbl, U TIOITOMY HET
HEOOXOIMMOCTH ONpEeNsaTh MOBEJACHUE Ha TpaHule. Toraa HET u
CUHTYJISIPHOCTEH, B KOTOPBIX HApylladuch Obl 3aKOHbI HAyKH, a
IPOCTPAHCTBO-BpEMsI HE HMEET Kpas, Ha KOTOPOM MpPUIUIOCH Obl
npuleratb K nomomu bora miam kakoro-HuOyJb HOBOTO 3aKOHA,
4TOObl HAJOKUTh Ha MPOCTPAHCTBO-BPEMsI T'PaHUYHBIC YCIOBHUAL.
MosHo Obu1O OBbI CKa3aTh, YTO FPAaHUYHOE ycioBHUE s BeenenHnoit
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— orcyrcTBue rpanull. Torna Bceenennas Obuta Obl COBEPLICHHO
CaMOCTOATENIbHA U HUKAK He 3aBHcesa Obl OT TOTO, YTO MPOUCXOIUT
cHapyxu. OHa He ObUta OBl COTBOpEHA, €€ HENb3sl ObUIO ObI
yHUUYTOXUTb. OHA IPOCTO CyIIeCTBOBAJA OBl

Sl yxe ynoMmuHan paHee O BarukaHckoll KoH(epeHIHH.
VMeHHO Ha HeH s BIEPBbIE BBICKAa3all Ty MBICIb, YTO IIPOCTPAHCTBO U
BpeMs, BO3MOXHO, 00pa3yloT BMECTE HEKYIO MMOBEPXHOCTb, KOTOpas
MMeEET KOHEYHYIO NPOTSHKEHHOCTh, HO HE MMEET I'PAHMIl M KpacB.
OpnHako MOs CTaThsl HOCHJIAa MaTEMaTUUECKUN XapakTep, U B Ty MODY,
B 00111eM, HUKOMY (TakK e, Kak ¥ MHE) He MPHIILJIO B FOJIOBY, YTO U3
3TOr0 TOJOXKEHUS MOTYT CJeI0oBaThb BBIBOABI O poiu bora B
cotBopeHun Bcenennoii. B To Bpems, korga mnpoucxoguia
Barukanckass koH(epeHLHMs, s HE 3Hal ele, Kak MOXHO
HCIOJIb30BaTh YCJIOBUE OTCYTCTBUS TPaHMIL, YTOObI CAEIATh BHIBOJIbI
oTHocuTenbHO Bceenennoit. Ho cnenyromee nero s mposen B
Kanudopuuiickom yHuBepcutere, Haxozsmemca B Canra-bapbape.
Tam onuH MoM Apyr u Koutera, [pxum XapTii, ucciaeaoBall Ipu MOeM
y4acTUU BOIPOC O TOM, KaKUM YCJOBHSIM JOJKHA YAOBIETBOPSTH
Bcenennas, eciaum NpocTpaHCTBO-BpEMs HE HMMeeT IpaHul. B
KemOpumxe s mpogoukuil 3Ty paboTy ¢ JABYMsST CBOMMH
acnupanramy,  JDkymuanoMm — Jlartpenom u [ xoHataHoM
XOJIITNY3IIIOM.

Xo4y NOAYEPKHYTh, YTO JAHHOE MOJIOKEHHE O TOM, YTO BPEMS
U MPOCTPAHCTBO JIOJDKHBI ObITh KOHEYHBI 0€3 rpaHMll, €CTb BCETO
JIMIIB TEOPETUUECKUH MOCTYNIAT:. OHO HE MOXET OBbITh BBIBEICHO U3
Kakoro-nubo apyroro mnpuHnumna. Kak u Bcsikoe TeopeTHuecKoe
MOJIOKEHHWE, OHO MOXKET ObIThb IEepBOHAYAILHO BBIIBUHYTO U3
ACTETUYECKUX WM METaQU3UYECKUX COOOpaKeHUH, HO 3aTeM
JIOJIKHO NPOWTHU PEAIbHYIO IIPOBEPKY — IO3BOJIAET JIU OHO JENaTh
IpeJcKa3aHusi, coriacyioumecss ¢ HaOmoaeHusMu. B cioyuae
KBAaHTOBOM TEOpPUM TpaBUTALMMA Takas IMPOBEPKA 3aTpPyAHEHA II0
JIBYyM MpuurHaM. Bo-nepBbIX, Kak OyJIeT MoKa3aHO B ClEAyrolen
rjiaBe, Mbl elle He UMEEM TEOPHUHU, KOTOpasi yCIEIHO 00beAnHsIa Obl
00110 TEOPHUI0O OTHOCUTEITHLHOCTH C KBAHTOBOW MEXAHHKOH, XOTS
HaM BO MHOTOM M3BeCTHa (hopma, KOTOPYIO IOJDKHAa MMETh Takas
Teopusi. Bo-BTOpBIX, BCsIKask MOJIENb, I€TAIBHO OMMCHIBAIOLIAsl BCIO



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 155

Bcenennyio, HeCOMHEHHO, OyAeT B MaTeMaTH4YeCKOM OTHOIICHHUU
CJIMLIKOM CJIO0XHA, 4TOObl MO’KHO OBLIO Ha €€ OCHOBE BBIINOJHSTH
TOYHBble  BbhIUMCIeHHA. lloaToMy B pacuerax  HEU3OEKHBI
YIPOLIAIOIINE MPEANONI0KEHU U MPUOIMKEHNS, U JaXke MPU 3TOM
3aJ1a4ya U3BJICUEHUS NPECKA3aHNUN OCTAETCS UyAOBUIIHO CIOXKHOM.

Bcesikag ucropust B cymMMe 1o UCTOpUsM OyJEeT ONMCHIBaTh HE
TOJIBKO IPOCTPAaHCTBO-BpEMs, HO M BCE B HEM, B TOM 4YHCIIE BCE
CIIO)KHBIE ~ OpPIraHU3MBbl, IIOJJOOHBIE YEJIOBEUECKUM CYILECTBaM,
KOTOpbIe MOTYT OBITh HaOrOAaTENIMU UcTOpHK Beenennoil. B atom
MOKHO BUJIETh €Ille OJJHO OINpaBIaHHE aHTPOIHOIO MpUHIUNA, KOO
€CJIH BCE UCTOPUU BO3MOXKHBI, TO, KOJIb CKOPO MBI CYIECTBYEM B
OJIHOH M3 HUX, MBI IMEEM NPaBO MM I0JIb30BATHCA I OOBICHEHUS
IIPUYUH TOrO, YTO MHUP TaKOB, KAKOB OH €cTbh. HescHO nuib, Kakoi
CMBICT CJIE€IyeT BIOXKHUTh B JPyrHe UCTOPUHU, B KOTOPbIX Hac HeT. Ho
Takas KapTHHAa KBAaHTOBOM TEOpUM TIpaBHUTAlMM Obuia OBl TOpasno
0oJee yIOBICTBOPUTEIBHOM, €CIM ObI MOXHO OBUIO TOKAa3aTh, YTO
IIpY METOJIE CyMM IO MCTOpMsM Hama BceneHHas oTBedaeT He
IIPOCTO OAHOM U3 BO3MOXKHBIX HCTOpUN, a OJHOW U3 Haubosee
BEPOATHBIX. [IJI1 3TOr0 MBI JOJKHBI BBIIOJIHUTH CYMMHUPOBAHHUE HO
UCTOPUSIM JIJIsl BCEX BO3MOXKHBIX €BKJIMJIOBBIX NPOCTPAHCTB-BPEMEH,
HE UMEIOIINX TPaHMIL.
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Ecnau npuHATE ycnoBue OTCYTCTBUS PaHUL, TO OKa3bIBACTCH,
YTO BEpOATHOCTh pa3BUTHA BceneHHoW HO  OOJBIIMHCTBY
BO3MOXXHBIX MCTOpPUM MNpPEHEOpeKUMO Maja, HO CYyIIECTBYET
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HEKOTOPOE CEMEWUCTBO HCTOPHM, 3HAUYUTENIbHO OO0Jiee BEPOSITHBIX,
4YeM OCTajlbHble. DTH HCTOPUM MOYKHO M300pa3uTh B BUAE KaK Obl
MOBEPXHOCTU 3eMJIH, MpUYeM paccrosiHue 10 CeBEepHOro mnoiroca
COOTBETCTBYET MHMMOMY BpPEMEHH, a pa3Mepbl OKpPY>KHOCTEH, BCe
TOYKHM KOTOPBIX PAaBHO yJaneHbl oT CeBepHOro MOJt0ca, OTBEYAIOT
IIPOCTPAHCTBEHHBIM pa3MepaM BceneHHoil. Bcenennas HaunmHaeTcs
kak Touka Ha CeBepHoM mnomoce. [Ipu OBHMKEHMM Ha IOI Takue
LIMPOTHBIE  OKPYXKHOCTHM  YBEJIMYMBAIOTCS,  4YTO  OTBEYAET
pacinpenuto BeeneHnHoil ¢ TeueHMeM MHUMOro BpemeHH (puc. 8.1).
Bcenennast gocturaer MakCMMalbHOTO pa3Mepa Ha 3KBaTope, a
3aTéM C TEYEHHEM MHHMOIO BPEMEHM CHKMMAETCi B TOYKY Ha
Oxxnom momtoce. Hecmotpst Ha 1o, uro Ha CeBepHoMm u OxxHOM
nojgtoce pasmep BcenenHoll paBeH HyJr0, 3TH TOYKH OyIyT
CUHTYJISIpHBIMH He Oonee, yeM CeBepHblii U FOXHBIA momtoc Ha
MOBEPXHOCTH 3eMiid. 3aKOHbI HAyKH OyIyT BBIIOJHATHCSA B HUX TaK
ke, Kak OHM BblnonHsAOTCA Ha CeBepHoMm u IOkHOM momIOCax
3emun.

Ho B neiicTBUTENIBHOM BpeMEHH UCTOpUs BceneHHom
BBITJISIAUT COBEPIIEHHO uHade. JlecaATs wWiIM ABaAuLaTh ThICAY
MUJIMOHOB JIET Ha3aj pa3Mep BceneHHoil umen MuHUMAaNbHOE
3HaYEHUE, PAaBHOE MaKCUMAJIbHOMY paJUyCy HCTOPUUM B MHHUMOM
BpeMEHHU. 3aTeM, C TEUEHUEM JIEHCTBUTEIBHOIO BpeMeHH, Beenennas
pacimpsuiach B COOTBETCTBUM C XaOTHUECKON MOJIENbIO Pa3ayBaHus,
npemioxkeHHod JluHae (HO Temepp YK€ HET HEOOXOAMMOCTH
npeanonarath, yTo BeeneHnas Obuta KakMM-TO 00pa3oM co3/laHa B
MPAaBWIBHOM COCTOsIHMM). BcenenHas gocturia o4eHb OOJIBIINUX
pa3MepoB, a IOTOM JOJDKHA OINATH CXKAThCsl B HEYTO, UMEIOLIEE B
JNEHCTBUTENILHOM BpEMEHM BUJ CUHTYJIspHOCTH. [lostomy B
KaKOM-TO CMBICIIE BCE Mbl OOpEUYEHBI, Jaxke eciu OyleM JepxKaTbcs
nojiajiblie oT YepHbIX Ablp. CUHTYIsIpHOCTEN HE OyJeT JUIIb B TOM
cilydae, eciaM MpeaCTaBiATh cebe pa3BuTHe BceeneHHOM B MHUMOM
BPEMEHH.

Ecin Bcenennas Ha camMoM Jeie HaxoOAMTCd B TaKkoOM
KBaHTOBOM COCTOSIHUH, TO €€ UCTOPHsI B MHUMOM BpeMEHH He OyneT
MMETh HUKAaKUX CUHIYJIsIpHOCTEN. IloaTOMy MOXKET mokasarbesi, 4TO
MOMMH TIOCJIETHUMHU pabOTaMHU O CHUHTYJISIPHOCTSX IOJHOCTBIO
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3a4epKHYTHI MOM € cTapble paboThl O CHHTYJspHOCTsAX. Ho, kak
yKE€ OTMEYaJoCh, IVIABHOE 3HAYCHHE TEOPEM O CHHIYJSPHOCTAX
TaKOBO: OHM IIOKA3bIBAIOT, YTO IPABUTALIMOHHOE HOJIE JOJIKHO CTaTh
OUeHb CHJIBHBIM, TaK 4TO HeJb3sl OyAeT IpeHeOpedb KBAaHTOBBIMU
rpaBUTalMOHHBIMU 3(dekramu. IMeHHO 3TO BEAET K BHIBOAY, YTO B
MHHMOM BpeMeHU BceneHHas no/pkHa ObITh KOHEYHOH, HO 0e3
IPaHMILl U CUHTYJIsIpHOCTEN. [0 BO3BpalleHUH kKe B pealbHOE BpeMH,
B KOTOPOM Mbl JHBEM, OOHAapYyXHBAETCS, YTO CHUHIYJISPHOCTH
HOSIBJISIFOTCSL ONSATh. ACTPOHABT, YNAaBIIMH B UYEPHYIO IbIpY, BCE
pPaBHO MPUAET K TPAaruuecKoMy KOHILY, ¥ TOJIbKO B MHUMOM BPEMEHU
y HEro He ObUI0 ObI BCTPEUYH C CUHTYJISIPHOCTSMH.

MosxeT ObITb, ClieJoBaJIO OBl 3aKJIFOYUTh, YTO TaK Ha3bIBAEMOE
MHHMOE BpPEMSI — HTO Ha CaMOM JIelIe €CTh BpEMs peallbHOE, a To,
YTO MBI Ha3bIBAEM PEAIBHBIM BPEMEHEM, — IPOCTO IUIOJ HAIIETO
BoOOpakeHusi. B nelicTBuTenbHOM BpemeHu y BcenenHoil ectb
HAYaJio ¥ KOHEll, OTBEYAOIINE CUHTYJISIPHOCTSIM, KOTOpble 00pa3ytoT
IpaHulLly IIPOCTPAHCTBA-BPEMEHH U B KOTOPBIX HapyIIAaOTCs 3aKOHBI
HayKd. B MHUMOM k€ BpeMEHU HET HU CUHTYJISIPHOCTEN, HU I'PaHuLl.
Tak 4yTO, OBITH MOXXET, UMEHHO TO, YTO MbI Ha3bIBAEM MHUMBIM
BpEMEHEM, Ha caMOM Jene Oosiee (PyHIaMEHTaIbHO, a TO, YTO MBI
Ha3bIBAEM BPEMEHEM pealibHbIM, — 3TO HEKOe CYObEKTUBHOE
IIPEACTABJICHNE, BO3HUKILEE Yy HAC MPHU IOIBITKAX OMHUCAaTh, KaKOU
Mbl BUIuM Bcenennywo. Benp, coriacHo cka3aHHOMy B TIUL. 1,
Hay4yHas TEOpHs €CThb NPOCTO  MaTeMaTudecKkas  MOJEIb,
MIOCTPOCHHAsT HaMU JJIsl ONHCAHMs pe3yJIbTaTOB HAOIIOACHUM: OHA
CyIIECTBYET TOJBKO y Hac B roisioBe. [loaromy He mmeer cmbicia
CIPAILMBATh, YTO K€ PEAIIBHO — JIEHCTBUTEIILHOE BPEMS UM BPEMS
Mmaumoe? BaxHo aumb, Kakoe HW3 HHUX 0o0Jee IOAXOIUT ISt
ONMCAHUS.

MBb1 MOXkeM Tenepp, MOJb3YysACh METOJAOM CYMMHUPOBAHMS HO
UCTOPUSAM M IPEANONI0KEHHEM 00 OTCYTCTBUU T'PAHHUL], TIOCMOTPETb,
KakMMH CBOMCTBaMH BceneHHass MokeT 007a7aTh OJHOBPEMEHHO.
Hanpumep, MOKHO BBIYMCIUTH BEPOATHOCTH TOrO, 4TO BceneHHas
pacuMpsieTcs:i IMPUMEPHO C OJAMHAKOBOM CKOpPOCTBIO BO BCEX
HaIpaBJIEHUSAX B TO BpeMs, Korja IUIOTHOCTb BceneHHON nmeer
COBPEMEHHOE 3HAaY€HUE. B yIIpOIEHHbBIX MOJENAX, KOTOPBIMH MBI J10
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CUX TIOp 3aHUMAJUCh, 3Ta BEPOSTHOCTh OKa3bIBAE€TCA BeChbMa
3HAYUTENbHOM; TakuM oO0pa3oM, YCJIOBHE OTCYTCTBUSI TpPaHUI]
MPUBOAUT K BBIBOJY O UYPE3BBIYAHO BBICOKON BEPOSITHOCTH TOTO,
YTO COBPEMEHHBIM TEMIT paclIupeHuss BceleHHON MoYTH OJMHAKOB
BO BCEX HANpAaBIICHUSAX. DTO coryiacyercss ¢ HaOmoJaeHusMu (oHa
MUKPOBOJIHOBOTO U3JIy4YE€HHMs, KOTOpbIE IIOKa3bIBAKOT, YTO €r0
WHTCHCHBHOCTh BO BCEX HANpPaBICHUSIX MOYTH OJWHAKOBA. Ecmu ObI
Bcenennast B 0HHMX HampaBlEHUSX pacHIMpsiach ObICTpee, YeM B
JIPYTUX, TO HWHTEHCUBHOCTb M3JYUYEHHUS B OITHX HaIpPaBICHUAX
yMEHbIIIajgachk ObI 32 CUET AOMOTHUTEIHHOTO KPACHOTO CMEIICHHUS.

Ceiluac wu3ydarOTCsi M JApPYyrH€ CIEACTBUS U3  YCIOBHS
oTcyTcTBHS TrpaHull. (OcCOOCHHO WHTEpPECHa 3aJadya O MaJbIX
OTKJIOHEHMSIX IUIOTHOCTH OT OJHOPOJHOM IUIOTHOCTH pPaHHEH
Bcenennoli, B pe3ynbTaTe KOTOPBIX BO3HHUKIIM CHadajla TaJIAKTHUKH,
MOTOM 3Be€3Jbl M HAaKOHE Mbl camu. B cuiny npuHnuna
HEONPEIECTICHHOCTH paHHss1 BeenenHas He MOXKET OBITh COBEPIIIEHHO
OJIHOPOAHOM, MOTOMY YTO JOJDKHBI 0053aTeIhbHO MPUCYTCTBOBATH
HEKOTOPBHIE HEOMPEACICHHOCTH B MOJOKECHHUSIX U CKOPOCTSAX YaCTHI]
— (aykryauuu. Mcxoass W3 yClOBUS OTCYTCTBHSI TPAHHIL, MBI
HaleM, 9TO B HAYaIbHOM COCTOSIHUHM BO BcelleHHOM IeHiCTBUTEIIHHO
JOJIKHA OBITh HEOJAHOPOIHOCTh, MUHHUMAIILHO BO3MOKHAsI C TOYKH
3peHHUs MPUHIIMIIA HEONPEACICHHOCTU. 3aTeM BceneHnnas mepexuina
nepuos ObICTPOro pacHIMpeHHs, KaKk B MOJENSAX pasayBaHus. B
TEUEHHE HTOrO MEepUoAa HadaJbHbIE HEOTHOPOIHOCTH YCUIUBAJINCH,
MOKa HE JOCTUIVIM Pa3MEPOB, JOCTATOYHBIX, YTOOBI OOBICHUTH
MIPOUCXOKICHHUE T€X CTPYKTYpP, KOTOPbIE MBI BUANM BOKPYT cebsi. B
TakoOM paclupsrouencs BceneHHo, B KOTOpPOW IUIOTHOCTh
BEIIECTBA CJIa00 MEHSAETCS OT MECTa K MECTy, pacliupeHue Oosee
IUTOTHBIX 00JacTel Mo/ AeHCTBHEM T'PAaBUTAIIUN MOTJIO 3aMEITUThCS
U TEpPeUTH B CXaTue. OTO JOJDKHO TMPUBECTH K 0OOpa30BaHUIO
TaJIaKTUK, 3B€3/] U, HAKOHEL, JIa)XK€ TAaKNX HE3HAYUTENbHBIX CYIIECTB,
Kak Mbl. Takum 00pa3oM, BOZHUKHOBEHHUE BCEX CIIOKHBIX CTPYKTYD,
KOTOpBbIE MBI BUIUM BO BceneHHOW, MOXXHO OOBSCHUTH yCIOBUEM
OTCYTCTBHSI Y HE€ TPaHHUIl B COYETAHUU C KBAaHTOBO-MEXaHUYECKHM
MPUHIUIIOM HEONPEIEICHHOCTH.

N3 mnpencraBieHuss o0 TOM, YTO MPOCTPAHCTBO M BpeMs
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00pa3yloT 3aMKHYTYH0 IIOBEPXHOCTb, BBITEKAlOT TaKXe OYEHb
Ba)XKHbIE CIICICTBUSI OTHOCUTENIbHO poiu bora B »xu3Hu BceeneHHOM.
B cBa3u ¢ ycnexamu, JOCTUTHYTHIMM HAayYHbIMU TEOPHUSIMH B
ONUCAaHUM COOBITUH, OOJBIIMHCTBO YUEHBIX MPHIUIO K YOSKICHHUIO,
yTo bor mnos3Bossier BceneHHON pa3BUBaTbCA B COOTBETCTBUU C
OIpEe/IeTIEHHON CUCTEMOM 3aKOHOB M HE BMEIIMBAETCS B €€ pa3BUTHE,
HE HapyllaeT 3TU 3aKOoHbl. HO 3aKOHBI HUYETO HE TOBOPAT HAM O TOM,
Kak BbIIVIsAzena BeeneHHas, korja oHa TOJIbKO BO3HMKIIA, — 3aBECTH
Yachl U BBHIOpaTh HAdajo Bce-Taku MOrio OwiTh nenom bora. Iloka
MBI CUMTaeM, 4yTo y BceneHHoO# OblI0 Hayanao, Mbl MOXXEM JyMarh,
yro y Hee Obu1 Cosnmatens. Ecnm xe Bceenennas nelicTBUTENBHO
MOJIHOCTHIO 3aMKHYTa U HE UMEET HHU IPAaHHULl, HU KpaeB, TO TOTAA y
Hee He JIOJDKHO ObITh HM Hayalla, HU KOHLIA: OHAa MPOCTO €CTh, U Bce!
Ocraercs mu Torga mecto ais Cosnarens?

9. Ctpena BpemMeHu

B OpeapIAymux TrjiaBaXx Mbl BHJACIHW, KaK MCHAJIMCH HallW
B3IJISABI Ha TPUPOAY BpeMEeHH ¢ TeueHuem JeT. [lo Hauana
HBIHEIIHETO BEKa JIIOJIU BEPUJIH B aOCOIIOTHOE BpeMs. JTO 3HAYMT,
YTO KaXXJ0€ COOBITUE MOKHO E€IMHCTBEHHBIM O0pa3oM MOMETUTh
HEKUM YHCJIOM, KOTOpPOE Ha3bIBaeTCsI BPEMEHEM, M BCE TOYHO
UAyLMe yackl OyIyT MOKa3blBaTh OJIMHAKOBBIM MHTEpBal BPEMEHU
MEXTy ABYMS cOObITHAMU. HO OTKpBITHE, YTO CKOPOCTH CBETA OJHA
U Ta e Juisg J1o00ro HaOmonaTens HE3aBUCUMO OT TOTO, Kak OH
JIBMDKETCS, TIPUBEJIO K CO3JJaHUI0 TEOPUU OTHOCHUTEIBHOCTH, KOTOPas
OTBEpIiia CyIIECTBOBAHNE €IMHOTO aOCOTIOTHOTO BpeMeHHU. Kaxbrit
HaOJroaTeNlb UMEET CBOE BPEMs, KOTOPOE OH H3MepseT CBOUMU
JacaMu, W TOKa3aHWs YacoB pa3HBIX HaOmrofaTesne He 00s3aHbI
coBmazatb. Bpems craso Oosee CyOBEKTUBHBIM IOHSATHEM,
CBSI3aHHBIM C Ha0OJIt01aTesieM, KOTOPBIN €ro U3MepseT.

[TonpITKM OOBEAVMHUTH TPABUTALIMIO C KBAHTOBOM MEXaHUKOM
MPUBCIIN K IMOHATHUIO MHHUMOI'O BPECMCHMU. Mmuunmoe BpEMs HUYEM HE
OTIIMYAeTCs OT HANpaBlIEHUH B mpocTpaHCcTBe. Vs Ha ceBep, MOXKHO
MOBEPHYTH Ha3ad U MOWTH Ha IOT. AHaJ'[Ol"I/ILIHO, €CJIM KTO-TO HICT
BIIEpe]l B MHUMOM BPEMEHH, TO OH MOKET OBEPHYTh U MOUTH Ha3a/.
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OTO O3Ha4yaeT, 4TO MEXKAY IPOTUBOINOJIOXKHBIMUA HalpaBICHUSIMHU
MHUMOI'O BPEMEHH HET CYLIECTBEHHOM pasHuubl. Ho korma Ml
MMEEM JIEJIO C pealbHbIM BPEMEHEM, TO Mbl 3HAE€M, UTO CYIIECTBYET
OTPOMHOE PpAa3JINYUe€ MEXKIY IBWKEHUEM BO BPEMEHM BIEpel U
Hazan. Otkyna ke Oepercd Takas pasHHULIA MEXAY MPOLUIBIM M
Oyaymum? [louemy MBI TOMHMM MpOIJIOE, HO HE IOMHUM
Oymymiero?

3aKOoHBI HAYKU HE OTJIMYAIOT MPOLUIOro oT Oyaymiero. TouHee
rOBOpsI, 3aKOHbl HAayKH HE MEHSIOTCSI B PE3YJIbTATE BBIIOJHEHUS
onepauuil (uau cumMmeTpuit), o6o3nayaembix OykBamu C, P u T. (C
— 3aME€Ha YaCcTHULbl aHTH4YacTuueil, P — 3epkasbHOE OTpa)keHHe,
KOIJa JIeBO€ U TMpPaBO€ MEHAIOTCS MecTaMHu, a T — Hu3MEeHeHue
HaIlpaBJICHUs JIBWKEHUS BCEX YAaCTHUI] HA 00paTHOE).

3aKkoHbl (PU3UKH, YIIPABISIONIME IOBEIEHUEM MaTepUU BO BCEX
OOBIYHBIX CUTYaIUsIX, HE U3MEHSIOTCS U MOCIE BBIOJHEHUS TOJBKO
nByx onepanuit C u P. Jlpyrumu crioBamu, *u3Hb OyA€T OJIMHAKOBA
U 14 Hac, ¥ A oOurareneidl JIpyrod IJIaHETHl, €CIM OHH,
BO-TIEPBbIX, SBJSIOTCS HAIIUM 3€pKaJbHbIM OTPaKEHUEM U,
BO-BTOPBIX, COCTOST W3 aHTUMaTepuu, a He u3 marepuu. Eciau
3aKOHbI HayKu He u3MeHseT koMOuHaus onepauuii C u P, a takxke
TporiHass komOuHamuss C, P u T, To 3TM 3aKOHBI HE JOJKHBI
U3MEHATbCA M IpPHU BBINOJIHEHMHM ofHOW omepanuu T. OpHako B
OOBIYHOM JKM3HHM CYLIECTBYeT OTPOMHOE Da3IUuue MEXIY
JBUKEHHEM BIIepel U Ha3aj Bo BpeMeHu. [IpencraBbre cebe, 4TO cO
CTOJIa MajaeT U pa30uBaeTcs Ha KyCKH Yamika ¢ Bogoi. Eciu cHATB
3TO MaJieHue Ha IUIEHKY, TO MPH MPOCMOTpe (QuiibMa cpazy CTaHET
JCHO, BIIEpE] WIM Ha3a] IpoKpyuHuBaeTcs IuleHKa. Ecim oHa
IIPOKPYUYMBAETCA Ha3ajd, TO Mbl YBUIMM, Kak JIeKallhe Ha IOy
OCKOJIKM BIpPYT COOMparoTcs BMECTE€ U, CIIOKUBIIMCH B LEIYIO
YallKy, BIPBITMBAIOT Ha CTOJ. Bbl MoXkeTe yTBepkaaTh, 4TO (puibM
INPOKPYYMBAETCS Ha3aJ, HOTOMY YTO B OOBIYHOW >KU3HU TAKOTO HE
Ob1BaeT. MHaue npunuiock Obl 3aKphITh (hasHCOBBIE 3aBO/IBI.

UYroObl OOBACHUTH, MMOYEMY pa30OUThle YaIIKM HUKOIJA He
BO3BpAIIAIOTCS LIEJBIMH OOpaTHO Ha CTOJI, OOBIYHO CCBLJIAIOTCS Ha
TO, YTO 3TO MPOTHUBOPEUMIIO Obl BTOPOMY 3aKOHY TE€PMOAMHAMHKH.
OH ryacut, 4Tto B JI00OM 3aMKHYTOM cucTeMe OecropsiaoK, WU
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SHTPONUS, BCETIa BO3PACTAET CO BPpEMEHEM. [[pyrumMu CioBaMHu, 3TO
MOX0Ke Ha 3aKOH Mepdu: Bce B HaIleM MHUpE MPOUCXOTUT HE Tak,
kak Hano. llemas 4Jamka Ha CTOIE — 3TO COCTOSHUE BBICOKOTO
nopsika, a pa3buras, Jexarias Ha IOJIy, HAXOJUTCS B COCTOSIHUU
Oecriopsinka. HeTpyaHO mpoilTh myTh OT IEJOM YallKyd Ha CTOJIE B
OpOUUIOM JI0 pa30UTOM Ha MOy, HO OOpaTHBIM XOJ COOBITUI
HEBO3MOKEH.

YBenuueHnue O6ecrnopsiika, Wik SHTPOIUH, C TCUCHUEM BpEMEHHU
— 3TO OJIHO M3 ONPENECIEHUN TaK HA3bIBAEMOU CTPEIbl BPEMEHH, T.
€. BO3MOXHOCTH OTJIUYHUTH MPOLUIOE OT OYIyIIEero, ONPEICTHUThH
HaIlpaBJIEHUE BPEMEHU. MOKHO FOBOPUTH MO KpaWHEW Mepe O Tpex
Pa3IMYHbBIX cTpenax BPEMEHU. Bo-nepBrix, cTpena
TepMOJMHAMUYECKAsA, YKa3blBAIOLIAsl HAIpaBJICHUE BPEMEHU, B
KOTOPOM BO3pacTaeT OECHOpsANOK, WA SHTponus. Bo-BTOpHIX,
CTpelia TMCUXOJOTHYECKas. ODTO HalpaBiI€HUE, B KOTOPOM MBI
ONIYIIIAEM XOJI BPEMEHH, HAIpPaBJICHHUE, MPH KOTOPOM MbI TOMHUM
nporuioe, Ho He Oyaymiee. M B-TpeThuX, cTpena KOCMOJIOTHYeCcKasl.
DTO HampaBjieHHE BpEMEHH, B KOTOpOM BceneHHas pacmumpsieTcs, a
HE C)KUMAETCH.

B nanHOM rnmaBe s JOKaxy, 4YTO, MCXOAS W3 YCIOBUSA
OTCYTCTBUSL TpaHul y BcenenHoil u u3 cmaboro aHTpPOMHOTO
MPUHIUIIA, MOXKHO OOBSICHUTBH, TIOUYEMY BCE TPU CTPEIIbI BPEMEHH
HANpaBlIeHbl OJMHAKOBO M, 0Ojee TOro, MmouyeMy BOOOIIE TOJDKHA
CyIIECTBOBAaTh OIPEJCIICHHAs CTpejla BpeMeHu. S JoKaxy, 4To
MICUXOJIOTHYECKas CTpelia ONpeaeNsIeTcs TePMOAMHAMUYECKON U 00e
ATHU CTPEJIbl BCETIa HApaBJIEHbl OAUHAKOBO. [Ipeanonoxus, yTo Ajist
BcenenHolt cripaBelyIMBO YCIIOBUE OTCYTCTBHUS TPAHUL, Mbl YBUAUM,
4TO JTOJ>KHBI CYIIECTBOBATh XOPOILIO OIpEIETICHHBIC
TEpPMOJMHAMUYECKAsA U KOCMOJIOTMYECKAasl CTpPENIbl BPEMEHM, XOTS
OHM HE 00s3aHBI OBITH OJMHAKOBO HANPABICHHBIMH HA MPOTSHKCHUH
Bcell ucropun Beenennon. Ho, kak s mokaxy, JIMIIb B TOM Clly4ae,
KOrJa HampaBJCHHUS OSTHUX CTPENl COBNAJAIOT, MOTYT BO3HUKHYTh
YCIIOBUSL IJIsl Pa3BUTHUSL Pa3yMHBIX CYIIECTB, CIIOCOOHBIX 3a]laTh
TakOM BOINpOC: IMOYeMy O€eCHopsAIOK YBEIUYMBAECTCI B TOM K€
HaIlpaBJIEHUs 110 BPEMEHU, B KOTOPOM paciuupsiercs Beenennas?

CHauana pacCMOTPUM TEPMOIAMHAMUYECKYIO CTPEIy BPEMEHH.
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BTopoii 3aKkOH TEpMOJMHAMUKH BBITEKAET U3 TOrO, YTO COCTOSHHUM
Oecropsiika Bcerjga ropasio OoJbllle, YeM COCTOSIHMM MOpsAKa.
Bo3bmeM, Hampumep, KapTHHKY Ha JAeTcKMX KyOukax. Mwmeercs
TOJIbKO OJHO B3aMMHOE pAaCIOJIOKEHHE KyOHKOB, MPU KOTOPOM
COCTaBJISIETCS HY’KHasl KapTHHKa. B TO ’ke Bpems eCTb 04eHb MHOI'O
pasHbIX OECHOpSAAOYHBIX PACIONOKEHHHM, KOrja KapTHHKA He
COCTaBJIACTCS BOOOIIIE.

[Ipeanonoxum, 4TO Kakas-TO CHCTEMa BHadajle HAXOAMUTCS B
OJIHOM M3 HEMHOI'MX COCTOSHUHM mopsaaka. C TeueHHeM BpEeMEHU
COCTOSIHUE CHUCTE€Mbl Oy/leT HM3MEHSAThCS B IOJIHOM COIJIaCHUU C
3aKOHaMU HayKu. Yepe3 HEKOTOpOe BpPEMsI CUCTEMa M3 COCTOSHUS
MOpsiIKa, CKOpee BCEro, NEepelaeT B COCTOSHUE Oecnopsika,
MOCKOJIBKY COCTOSIHUEM Oecnopsiika Gombiue. CrenoBaTesibHO, €Clin
CUCTeMa BHayaJle HaXOJWJIach B COCTOSIHUM BBICOKOTO MOPSAJKA, TO
co BpeMeHeM OyneT pactu Oecropsiok. Tak, ecnu mamu KyOukd
CJIOKE€HBI B KapTHHKY, TO TpPH TMEPEMEIIMBAHUN HM3MEHUTCA HUX
pAacIoyioO’KEHHE M CTAaHET, CKOpee BCEro, OecrnopsaO4YHbIM, MOTOMY
YTO COCTOSIHUN OecropsKa oniTh Topa3ao OoJblIe, YeM COCTOSHUMI
nopsinka. KapTuHka, KOHEUHO, MpU ITOM OyJeT pa3pylieHa.
Hekoropsie kyOukum emie OyAayT yAep>KUBAaThCs BMECTE, 00pas3ys
KYCKU KapTUHKH, HO 4eM OOJIbIlIe Mbl Oy/IeM UX MEPEeMEeIInBaTh, TEM
c Oounbliell BEpOSTHOCTBIO ATH KYCKHM PAacCHILIIOTCS U BCE €lle
Oornblie nepenyTaeTcs. B KoHIle KOHIIOB HUKAaKOW KApTUHKU y HAC HE
ocraHercs. TakuM oO6pa3oM, OecropsoK OyJeT pacTu cO BPEMEHEM,
€CIIi B Hayajie ObIJIO COCTOSIHUE BBICOKOTO MOPSIIIKA.

[Ipeanonoxxum, ogHako, uro bor moBenen, 4ToOBI pa3BUTHE
BcenenHoll He3aBUCUMO OT HAYaJIbHOT'O COCTOSIHUS 3aKaHUYHUBAJIOCH B
COCTOSSHUM BbICOKOro mnopsnka. Ha panHux cranusx Bcenennas,
BEpOsITHEE BCEro, HaxXoAwjiach Obl B COCTOSHMM Oecropsiaka. ITo
03Ha4yajo Obl, YTO OECMOPSIOK YMEHBIIAETCA CO BpemeHeM. Torma
BBl BUJIETH OblI, KaK pa3OUThIe YaIllKh COOUPAIOTCS M3 OCKOJIKOB U
BIIPHITMBAIOT Ha cToi. Ho maroau, KoTopble BUAENU Obl Takue
MPBITAIOIINE YaIlKH, JOJDKHBI OBITh JKUTENSMH BCEJIICHHOH, B
KOTOpOH Oecrnopsiiok yMEHbIIAeTcsi co BpeMeHeM. Sl yTBepikiaro,
YTO TICHXOJIOTMYECKas CTpelia BPEMEHHU JITHUX JII0JIed JOKHA OBITh
HarpaBJieHa Ha3a/l, T. €. OHU JOJDKHBI IOMHHUTH COOBITHS B OyayIIeMm,
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HO HE JIOJDKHBI IOMHHUTb COOBITHS, MPOUCXOJUBIIME B IPOLLUIOM.
VBuzaeB pa3OUTYIO 4YallKy, OHM BCIIOMHMJIM Obl, KaK OHa CTOUT Ha
CTOJIe, HO KOTJ]a OHA OKAa3bIBAE€TCS HA CTOJIC, OHU HE MOMHWIU OBI,
4TO OHa Oblja Ha MOJy.

Paccyxnate 0 4esnoBedyecKOW NaMsiATH — BECbMa HEIPOCTOE
3aHsATHE, MO0 Mbl HE 3HAaEM BO BCEX JETallsiX, Kak padoTaeT Hall
MO3r. 3aTo Mbl 3Ha€M BCE O TOM, KakK JEHCTBYEeT IaMsATh
KommnboTepa. [ToaToMy st 6y 1y FOBOpUTH O IICUXOJIOIMYECKON CTpesie
BPEMEHM JJIsi KOMIBIOTEPOB. MHE KaKeTCsl BIIOJIHE JIOTMYHBIM
MPEIOJIOKUTh, YTO U Y KOMIIBIOTEPOB, U Y JIIOEH ICUX0J0rudecKas
cTpena onHa M Ta xke. Ecim Obl 3TO OBUIO HE Tak, TO, UMes
KOMIIBIOTEP, KOTOPBIA MOMHUI Obl 3aBTPAIIHUNA Kypc aKUui, MOXKHO
ObL10 OBl IPEKPACHO UIPaTh HAa OUPIKE.

[TamsTh KOMMBIOTEpA — 93TO, TPyOO TOBOpS, YCTPOMCTBO,
COJZIepIKalllee AJIEMEHTBI, KOTOPbIE MOTYT HAaXOJWUTHCA B OAHOM W3
nByXx coctosHui. IIpocToil mpumep Takoro ycrpoiictBa — alak,
JpeBHUE cyeTbl. B mpocTeiiniemM Buje 3T0 HAOOp TOPU3OHTAIBHBIX
IIPOBOJIOYEK, HAa Ka)XAyI0 U3 KOTOpBIX HacaxeHa Oycunka. Kaxmas
OyCHHKa HaxOJUTCS B OJJHOM U3 JIBYX IoJiokeHUH. Jlo Tex mop moka
B NaMsITh KOMIIbIOTEpAa HHUYEro HE BBEJIEHO, OHAa HAXOAWUTCA B
OecropsiIouHOM ~ COCTOSIHUM, B  KOTOpOM 00a  BO3MOXKHBIX
pacnosoxeHus: 0yCMHOK paBHOBEPOSATHBI (OyCHMHKM Ha MPOBOJIOYKAX
pacripenienieHbl  ciydaifHeIM oOpaszom). Ilocie Toro kak mnamsTh
IIPOB3aNMOJIECTBYET C CHCTEMOW, COCTOSHHME KOTOPOW HaJo
3allOMHUTb, €€ COCTOSIHUE CTAaHET BIIOJHE OIpPEACICHHBIM,
3aBUCSIIUM OT cocTosiHusl cuctemsbl. (Kaxxnas OycuHka Ha cuerax
Oyzner nubo B mpaBoM, JUOO B JIEBOM KOHIIE CBOEH MPOBOJIOYKH).
WUrtak, mnamsaTh KOMIbIOTEpa Mepenuia U3 Oecrnopsiaika B
yrnopsiioueHHoe coctosiuue. Ho 171 Toro, yToObI OBITH YBEPEHHBIM B
TOM, YTO MaMsiIThb HAXOJAWUTCS B MPABUIBHOM COCTOSIHUHU, HaA0
3aTPaTUTh HEKOTOPOE KOJIMYECTBO DSHEPruM (Hampumep, Jis
nepeOpacbiBaHusl OyCHMHOK WJIM NMUTAaHUSI KOMIIbIOTEpA). DTa SIHEPIrHsl
HepeiieT B TEIJIO U TEM CaMbIM YBEJIIMYMT CTENEHb Oecropsiaka BO
Bcenennoit. Mo)XHO MMOKa3aTh, YTO 3TO yBeIMUYEHHUE Oecropsaka
Oyzer Bcerna OoJblie, YeM yBETHYEHHUE YMOPAIOYCHHOCTH CaMOH
namsaTd. HeoOXonuMOoCTh OXJIaXIeHUSI KOMIbIOTEpa BEHTHJIATOPOM
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TOBOPUT O TOM, YTO, KOTJa KOMIIBIOTEp 3alMChIBA€T 4YTO-TO B
MaMsTh, o0t Oecriopssmok  BO  BcenenHol — Bce-Taku
YBEITUYNBACTCSI.

Hamnpasnenue BpeMeHH, B KOTOPOM KOMIIBIOTEp 3allOMHUHAET
IIPOLIOE, OKA3bIBAETCS TEM XK€, B KOTOPOM pacTeT OecropsI0K.

CnenoBatenbHoO, HaIe CyOBEKTUBHOE OLIyIIIEHUE
HaIpaBJCHUSI BPEMEHU — IICUXOJOTUYECKAsl CTpelia BPEeMEHU —
3aJaeTcsl B HalleM MO3Ty TE€PMOIAMHAMHYECKOH CTpesol BpeMEHH.
Kak 1 xoMmbprOTep, MBI JOJKHBI 3aIIOMHHATH COOBITHUS B TOM XKE
MOpsIIKE, B KOTOPOM BO3pacraer »JHTponusa. Btopoil 3akoH
TEPMOJUHAMHUKH CTAHOBUTCS TIPU OTOM IIOYTH TPUBUATHHBIM.
becniopsimok pactetr co BpeMeHeM, IMTOTOMY YTO MBI U3MEPSEM BpeMsi
B HaIpaBJICHWHU, B KOTOPOM pacTeT OecropsaoK. TpyaHO CIOPUTH C
TaKOM JTIOTUKOM!

Bce ke, mnouemy TepMoAMHAMHUYECKas CTpejia BpPEMEHU
JOJKHa BooOILEe cymiecTBoBaTh? Mnm, npyrumu cioBamu, Movyemy
Ha OJJHOM M3 KOHIIOB BPEMEHHM, HA TOM €ro KOHIE, KOTOPBIA MbI
Ha3bIBaeM IpOUUTHIM, BceneHHas 10mKHA HAXOIUTHCA B COCTOSHUH
C BBICOKOH ymopsgoueHHOcThIO? [louemy Obl eil He ObITH B
COCTOSIHMM TIOJIHOTO Oecmopsinka? Bens 3T0 BeITIIsAIET0 OBl Oosiee
BepoATHbIM. Kpome Toro, mouemy OecropsiJok pacTeT BO BPEMEHH B
TOM K€ HaMpaBJICHUH, B KOTOPOM paciiupsiercs Beenennas?

Knaccudeckast o01miasi TeOpusi OTHOCUTEILHOCTH HE TO3BOJISET
BBIYHMCIINTH, KaK BO3HMKJIA BceneHHas, moToMy 4TO B CHHTYJISPHOMN
TOYKE OOINBIIOrO B3phIBA BCE HM3BECTHBIE HAaM 3aKOHBI MPUPOIBI
JIOJDKHBI HapymaThes. BceleHHass Moria BO3HUKHYTh B KaKOM-TO
OJIHOPOJHOM, CUJIBHO YTIOPSIOYEHHOM COCTOSIHUU. DTO MPUBEIO ObI
K YETKO OINpEJCICHHBIM CTPEJaM BPEMEHH — TEPMOJIMHAMHYECKOMN
U KOCMOJOTMYECKOW, Kak »93TO HaOmromaercs ceituac. OnHako
HavaJlbHOE cOCTOsiHUE BceneHnHoil BMoHe MOIJIO Obl OBITH U OYEHBb
HEOJHOPOJHBIM, U HEyNOpsAoYeHHbIM. B 3ToM ciyuae Bcenennas
yK€ Haxoaujgach Obl B COCTOSHUM IOJIHOTO Oecrnopsiaika U
OecropsiIoKk He MOT Obl yBEIMYUBATHCS cO BpemMeHeM. OH Mor Obl
OCTaBaTbCsd HEU3MEHHBIM, TOrJa HE ObUIO Obl ONpPEIeNIeHHOMN
TEPMOJUHAMHYECKON CTPENbl BpeMEHH, TH00 MOT Obl YMEHBIIIATHCA,
U TOTJa TEpMOJAMHAMHMYECKas CTpesa BpeMeHU Obuia Obl HampaBiieHa
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HaBCTpedy KOCMOJIOTMYecKoM crpene. Hum omHa M3 3THX
BO3MOYKHOCTEH HE corjacyercs ¢ TeM, 4To Mbl Habmonaem. Kak Mbl,
OJIHAaKO, BHJEIM, KJlaccuueckas o0Ias Teopusl OTHOCHUTEIbHOCTH
IIPEJICKa3bIBACT CBOE HapylLICHHE. Korna KpUBHU3HA
NPOCTPAHCTBA-BPEMEHH  CTAHOBUTCS ~ OOJIBIION,  CTAHOBATCS
CYLIECTBEHHBIMH  KBaHTOBbIE TI'paBUTALUOHHBIE 3(PQEeKTh], U
KJIACCUYECKAasl TEOPUs MEPECTAET CIYKHUTh HAJEKHBIM OCHOBAaHUEM
Juia  onucaHnus BcenenHoll. UToObl MNOHATh, KaK BO3HUKIA
Bcenennas, HeoOXoAMMO OOpaTHTbCA K KBAHTOBOH TEOpUHU
rpaButaiuid. Ho, 4ToOBl ompenenuT B KBAaHTOBOM TeOpUH
rpaBUTALMU cOCTOsIHUE BcenenHol, He0OX0AMMO, KaK Mbl BUJETH B
MpebIIyIIUX IJ1aBaX, 3HaTh, KaKk BO3MOXKHbIE McTOpuu BcenenHoit
BelIM cebsi Ha TpaHMILle MPOCTPAHCTBA-BPEMEHH B IPOILUIOM.
HeoOxoaumocTh 3HaTh TO, YTO Mbl HE 3HAEM U 3HATh HE MOKEM,
OTMaJaeT Jullb B TOM CIydyae, €CIU MpOLLIbIE HCTOPUHU
YAOBJIETBOPSIOT ~ YCJIOBUIO OTCYTCTBUS TpaHMIl: OHHU HMEIOT
KOHEYHYIO IPOTSHKEHHOCTb, HO Y HUX HET HM I'PAaHHUL, HU KpaeB, HU
ocobenHocteil. Toraa Havano orcyeTa BPEMEHH JOKHO ObLIO ObITh
pPETYJISIPHOM, TIJIagKOM TOYKOM B  NPOCTPAHCTBE-BPEMEHH U
Bcenennas Hagyana Obl CBO€ pacIIUpeHHE U3 BeCbMa OJHOPOIHOIO U
YHOPSIIOYEHHOTO cOCTOAHUSA. OHO HE MOTJIO0 Obl OBITH COBEPIIEHHO
OJIHOPOAHBIM, IMOTOMY 4YTO 3TUM Hapywmaics Obl NPUHIUI
HEOIpPEAEIEHHOCTH KBAaHTOBOW TEOPHM. DTO 3HAYMT, UTO JOJIKHBI
CyIlleCTBOBaTh HeOOJbIIME (DIYKTyallud IUIOTHOCTH M CKOpOCTEH
yactull. Ho B cuily yciioBUsL OTCYTCTBHS TI'paHMIl 3TH (DIyKTyauuu
JIOJDKHBI OBLTH OBITH Majibl, YTOOBI COTJIACOBATHCS C TMPUHITATIOM
HEONPEIEICHHOCTH.

Buauane  Bcenmennas  morma  Obl  3KCIIOHEHIMAJIBHO
pacIIupsATBhCS, WIH pa3lyBaThCs, B PE3yJIbTATE YETO €€ pa3Mepbl
YBEIMUYMWINCH Obl BO MHOTO pa3. DIyKTyaluu MIOTHOCTH, OCTaBasiCh
cHauyana HeOOJbIIMMH, TOTOM Havaiau Obl pacTu. Pacummpenue Tex
oOnacTeil, B KOTOpPHIX IUIOTHOCTh ObUIA 4YyTh BBILIE CPEAHEH,
IPOMCXOIMWIO Obl MEJUICHHEE M3-3a T'PaBUTALIMOHHOTO MPUTSKEHUS
JuIIHed Maccel. B KOHIlE KOHIIOB Takue O0OJacTH MepecTaHyT
paclIMpsATbCS U KOJUIANICUPYIOT, B pe3yjbTaTe 4ero ooOpasyroTcs
rajJlakTHKH, 3Be3/bl U JKUBbIE CyIlecTBa BpoJe Hac. Takum oOpaszom,
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B MOMEHT BO3HMKHOBEHMs BceneHHass Moria HaxoauTbcs B
OJTHOPOJHOM U yHOPSIIOYEHHOM COCTOSIHUU U MEPENUTH CO BpEMEHEM
B COCTOSIHHE HEOJHOPOAHOE M HEYNOpsAoYeHHOe. Takod moaxon
MOT Obl OOBACHUTH CYILECTBOBAaHHE TEPMOAMHAMHUYECKON CTpEsbl
BPEMEHH.

Ho uto mpoumszounuto Obl, korna Bcenennas mnepecrana Obl
pacmmpsAThCsl U cTana cxumarbea? IloBepHymnack Obl Mpu 3TOM
TepMOJMHAMHUecKas cTpesa BpeMeHn? Havan Obl yMEHbIIAThCS CO
BpeMeHeM Oecriopsiok? Ilepen TemMu, KOMy MOCYACTIMBUIOCH OBbI
nepexxuTh mnepexon w3 (as3pl pacmpeHuss B a3y cxaTu,
OTKPBLIUCH OBl camMble (PaHTACTHUECKHE BOZMOXKHOCTU. MOXKET OBITh,
OHM YBHJEIH Obl, KaK OCKOJIKM pa30MTHIX 4YallleK COOMpaIoTCs Ha
MOJIy B IIeJIble YAIllKH, KOTOpbIE BO3BpAILAIOTCs 00paTHO Ha cTon? A
MOJKET OBITh, OHM OBl TIOMHHWJIM 3aBTPALIHUNA KypC aKIUd M yIadyHO
urpanu Ha Oupke? IlpaBma, O0ecHOKOHCTBO MO MOBOLY TOTO, YTO
ciIy4uTcs, ecinu BeeneHHast onsiTh HAUHET KOJUIAIICUPOBATh, KaXKETCs
HECKOJIbKO MPEXIEBPEMEHHbIM — C)XaTusi He Oyaer emie 1o
KpailiHeil Mepe AecATh ThICSY MWILIMOHOB JieT. OaHako y3HaTh 00
TOM MOJKHO ropasfo OwicTpee. i 3TOro HaJo MPOCTO MPBITHYTH B
yepHyto aAblpy. Koumanc 3Be3bl B COCTOSIHME YEPHOM JIbIPbI
aHAJIOTMUEH IMOCIEeJHUM CTaJusM KoJjulanca Bceil BceneHHOI.
[ToaTromy ecnu OecnoOpsiiOK JOJKEH YMEHbBIIAThCS Ha CTaauu
cxatusi BceneHHo#, To oH OyneT yMeHbIIATbCS U BHYTPH YEpHOU
neipel. Torga acTpoHaBT, yHaBIIMK B YEpHYIO IBIPY, MOT OBl Tam
noa3apaboraTh, Urpasi B pyJeTKy. Beap emie He cienaB CTaBKH, OH
OBl yxe TOMHIII, T/1e octaHoBUTCs mapuk. (I[IpaBaa, urpa Onu1a ObI
OYeHb HEAOJITOM, JHIIL OO TEeX IOp, IOKa caM acTPOHAaBT HE
npeBpatuics Obl B crarertd. He ycneB cooOmuTh HaM 0 TIOBOPOTE
TEPMOJIMHAMMYECKONW CTpEeNbl M JaXe HE MOJIY4YHMB BBIUTPBILI, OH
ucye3 Obl 32 TOPU30HTOM COOBITHI YEPHOM JBIPHI).

Brauane s cuuran, yTo npu kosuiance BcenenHol 6ecriopsaok
JOJKEH yMEHbIAThCS, IOTOMY 4YTO, CTaB OIMSTh MAaJeHbKOM,
Bcenennas nomkHa Obla Obl BEepHYTHCS B HCXOJIHOE TJIAJKOE U
YIOPSIIOYCHHOE COCTOSTHUE. DJTO O3Ha4yayo Obl, 4To (aza ckaTus
HKBUBAJIEHTHa OOpalieHHOH BO BpeMeHH (a3e pacmupenus. Ha
CTaJUU CXKaTHS KU3Hb JOJDKHA T€4Yb B OOpATHOM HAIPaBIIEHUH, TaK
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9TO JIIOJU yMHUPAIH OBl IO CBOETO POXKICHUS W TIO MEpPEe CIKATHUS
Bcenennoii ctaHOBWINCE ObI BCE€ MOJIOXKE M MOJIOXKE.

[IpuBnekaresbHOCT, TAaKOrO BBIBOJA — B KpPacHUBOM
CHUMMETpUU MeXIy (a3oil pacmpeHuss u ¢aszon cxarus. OmaHAKO
€ro Helb3sl paccMaTpuBaTh caM MO ce0e, HE3aBHUCHMO OT JAPYTUX
npeacrabieHui o Beenennoil. Bo3HukaeT BONpoOC: CIEayeT Ju 3TOT
BBIBOJ] U3 YCJIOBHUSI OTCYTCTBUS TPAaHUIl WU K€, HAIPOTUB, C 3TUM
ycinoBueM HecoBMecTUM? Kak yxe roBOpUIIOCH, sl CUMTANl BHayaje,
YTO YCJOBHE OTCYTCTBMSI TPaHHIl B CaMOM JeJi€ O3HA4aeT, 4To
OecTopsIOK JOHKEH YBEIWYMBATHCA Ha cTaauu cxaTtus. OTdactu
MeHS BBela B 3a0Ny)KI€HUE AaHAJOTHS C TOBEPXHOCTHIO 3eMIIH.
[Tonoxum, dyto Hauyano Bcenennoir cootrBeTcTByeT CeBepHOMY
nomntocy. Torna konen BceneHHOM oMKeH OBITH MOXO0XK HAa HAYaJIo
Tak ke, kak FOxubii nomoc noxox Ha CesepHblil. Ho CeBepHblii 1
HOxHBIN MONIOCKI COOTBETCTBYIOT Haualdy M KOHIy BceneHHoill B
MHHUMOM BpeMeHHU. B peanbHOM k€ BpeMEHH Havasio U KOHEIl MOTYT
CKOJIb YTOJHO CUJIBHO OTJIMYAThCA APYT OT Jipyra. MeHs ele BBela B
3a0yxaeHue pabora, B KOTOPOW s paccMaTpuBaji OJHY IPOCTYIO
Monens Bceenennoii, rae ¢dasa kommanca Oblla MOXOXa Ha
oOpareHHyro Bo BpemeHu (a3y pacmmpenus. Ho moit kostera, [Jon
Ileiimx u3 YHuBepcurera wmrara [leHcwibBaHMS, MOKa3al, YTO
yCIIOBUE OTCYTCTBHUSI T'paHUI] BOBCE He TpedyeT Toro, uytoObl ¢aza
ckarus Oblia oOpalieHHO BO BpeMeHHU (pa3oii pacimupeHus. 3aTemMm
OJIMH M3 MOMX acnupaHToB, Peiimonn Jlednemm, yctaHOBUI, YTO B
HECKOJIbKO 0o0Jiee CII0KHOM MOJICIN KoJulanc BcelaeHHOW CHIBLHO
OTJIMYAETCS OT €€ pacIIMpeHus. S MoHsI, 4TO OmuOCs: U3 yCIOBH
OTCYTCTBHUSI TPaHUI[ CJIEIyeT, YTO BO BpEeMsl CXKaThsi OeCropsaoK
JIOJDKEH TPOAOJKATh yBEIWYMBATHCA. |epMOIUHAMUYECKas U
MICUXOJIOTUYECKasi  CTpeIbl BPEMEHM HE  M3MEHST  CBOETO
HaIpaBJ€HUsT Ha MPOTHUBOIOJIOKHOE HU B YEPHOW MAbIpE, HU BO
BcenenHol, HauaBIlel COKpalaTbCsi BHOBb.

Uto Obl BBl caenanud, OOHApYKUB y ceOs Takyko OIMOKY?
Hekotopsle HUKOrga HE TMPU3HAIOTCA B CBOEW HENpPaBOTE U
MPOJIOJDKAIOT TIOUCKU HOBBIX, YaCTO COBEPIICHHO HEOOOCHOBAHHBIX,
apryMEHTOB B IOJIb3y CBOMX HAed. Tak mnoctynuia DAJUHITOH,
BBICTYIUB TPOTUBHUKOM TEOPHH YEPHBIX IbIp. Jpyrue 3asBIisioT,
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YTO OHM HUKOIJA U HE MOAJEPKUBAIU 3Ty HENPABUIBHYIO TOUKY
3peHMs, a €CIM U MNOJAEP)KUBAIM, TO JHLIb A TOrO, YTOOBI
IIPOJEMOHCTPUPOBATh €€ HECOCTOATEIbHOCTh. MHE KaXeTcs, 4TO
ropasfio NpaBUJIbHEEC BBICTYIUTh B II€YaTH C INPU3HAHUEM CBOEH
HenpaBoThl. IIpekpacHelil mpumep ToMy — OiHIITENH. O BBEIEHUU
KOCMOJIOTUYECKOM IOCTOSIHHOM, KOTOpas IHOHajoOuiaach eMmy Hpu
IIOCTPOEHUN CTAaTUYECKOW MOJEIH BCelneHHOH, OH TOBOPHI KakK O
CBOEH caMO# Cephe3HO OmnoKe.

Bepuemcs k crpene BpeMeHU. Y Hac ocTajicsi OJUH BOMPOC:
oyeMy, KakK IIOKa3bIBAIOT HAONIONEHHUS, TepMOJAMHAMUYECKas U
KOCMOJIOTUYECKAsl CTPEJIbl HalpaBieHbl oauHaKoBo? Mnu, npyrumu
CJIOBaMH, Mo4eMy OecrnopsiloK BO3pacTaeT BO BPEMEHH B TOM K€
HalpaBJIEHUU, B KakoM pacuupserca Bcenennas? Eciu cumrarts,
yro Bcenennas mocie pacHmiMpeHuss HayHET C)KUMAaTbCs, Kak,
M0-BUJIUMOMY, CJIELYET W3 YCJIOBHUS OTCYTCTBUS TIPaHHUL, TO Hall
BOIPOC 3BYYUT TaK: IOYEMY MbI JOJDKHBI HAaXOIUThCA B (pasze
pacupenus, a He B ¢a3ze cxaTus?

OTBeT Ha 3TOT BONPOC JaeT CJIaldblii aHTPONHBIA MPHUHIIMIIL:
ycioBusl B (pa3ze cxKaTus HENPHUTOJHBI JJIsl CYIIECTBOBAHHS TaKUX
pa3yMHBIX CYIIECTB, KOTOPbIE MOIJIM Obl CHPOCUTH, IOYEMY
Oecrops/1I0K pacTeT B TOM K€ HaIllPaBJICHUU BO BPEMEHH, B KOTOPOM
pacmupsiercst  Bcenennas.  YcioBue  OTCYTCTBUSL — IpaHUIL
IIpelCKa3blBaeT pa3AgyBaHue BceneHHOW Ha pPaHHUX CTagusax
pa3BUTHSA. DTO O3HAYAeT, YTO pacHIMpeHre BcemeHHON MTOKHO
IPOUCXOJUTh CO CKOPOCTHIO, OUY€Hb OJM3KOM K KPUTHUECKOW, Ipu
KOTOPOM KOJUIAIIC UCKIIIOYAETCs, a MOTOMY KoJilarca He O0yJ1eT OYeHb
nonro. Ho torga Bce 3Be3abl YCHEIOT CropeTh, a o0pasylolue ux
IPOTOHBI U HEUTPOHBI pacmagyTcs Ha OoJjiee JErKue 4YacTHIIbI.
Bcenennas ocrtamach Obl B COCTOSIHUM MPAKTUYECKH IOJHOTO
Oecriopsika, B KOTOPOM HE OBLIIO ObI CHIIBHOW TE€PMOJIMHAMHYECKON
CTpeJbl BpeMEeHU. becropsaiok He MOT CHMJIBHO YBEJIMYMBATHCS, BEb
Bcenennast m Tak Haxoawiack Obl B COCTOSIHUM IOYTH IOJIHOTO
Oecnopsiika. Ho ast cymiecTBoBaHUS pa3yMHON KU3HU HE00X0aAUMa
CWIbHAsE TepMOAuHaAmMHuueckass crpena. YToObl BBIKHUTH, JIOIAU
JOJDKHBI TIOTPEOJIATh MHUILY, KOTOpas BBICTYNAaeT KaK HOCHUTEINb
YHOpSAA0YEHHON ()OPMBI SHEPTUH, U MpEeBpallaTh €e B TEIIO, T. €. B
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HEYMopsAAoUYeHHYI0 (Gopmy sHepruu. CreaoBaTeNbHO, Ha CTaAUU
cKaTusg HHUKAKOH pa3yMHOW JKHM3HM OBITh HE MOTIJO. OTHUM
OoOBsICHSIETCS, TMOYeMy JUIsi  HAc  TEepMOAMHAMHYECKas |
KOCMOJIOTUYECKass CTpeabl BPEMEHM HANpaBJICHbl OJMNHAKOBO.
HeBepHo cumtarh, OyaTO OECHIOPAIOK pPACTET H3-3a PACHIMPEHHUS
Bcenennoii. BceMy npuunHOW ycnoBUE OTCYTCTBUS rpaHuil. M3-3a
HETO pacTeT OECIOpPsI0K, HO TOJBKO B (ha3e paCHIMPEHUS CO3AAI0TCS
YCJIOBHS JJIs CYLIECTBOBAHUS PA3yMHOM KU3HU.

[lonBeneM utor. 3aKOHbl HAyKU HE JETAIOT Pa3Iudus MEXITY
HaIpaBJIEHUEM «BIIEpea» U «Ha3aa» Bo BpemeHu. Ho cymecTByroT
0 KpailHEel Mepe TpU CTpesibl BPEMEHH, KOTOPBIE OTJIMYAIOT
OyIymiee OT MpONUIOro. DTO TEPMOJIWHAMHYECKAss CTpelna, T. €. TO
HAnpaBlIeHUE BPEMEHH, B KOTOPOM BO3pacTaer OecrnopsoK;
MICUXOJIOTHYECKas CTpeia — TO HAaIpaBlIeHUE BPEMEHHU, B KOTOPOM
MbI IOMHUM TIPOIILJIOE, a He OyayInee; KOCMOJIOTHYecKas cTpena —
HalpaBJieHUE BpEeMEHH, B KOTopoM BceneHHas He ckumaercs, a
pacmmpsiercs. Sl mokasan, 4YTO IICUXOJOTMYecKas  cTpesa
MPaKTUYECKH HKBUBAJICHTHA TEPMOJMHAMHYECKOW CTpelie, TaK YTO
0o0e OHM MOJDKHBI OBITH HAaNpaBICHBl OJWHAKOBO. M3 ycnmoBus
OTCYTCTBUS TPaHMI] BBITEKAET CYIIECTBOBAHUE YETKO OINPE/IEICHHON
TEPMOJAMHAMUYECKON CTpeNbl BPEMEHHM, MOTOMY 4TO Bcenennas
JI0JDKHA ObUTa BO3HUKHYTH B TJIAJIKOM M YIOPSIOYCHHOM COCTOSTHUU.
A mpuyMHa COBHAACHUS TEPMOJUHAMUYECKOW U KOCMOJOTUYECKOM
CTpEJI KPOETCSI B TOM, YTO Pa3yMHBIE CYIIIECTBA MOTYT HUTh TOJBKO B
daze pacumpenus. @aza cxaTus M HUX HE MOAXOJIUT, TOTOMY UTO
B HEHl OTCYTCTBYET CUJIbHASI TEPMOJIMHAMUYECKAs CTpela BpEMEHHU.

[Iporpecc uenoBeka Ha MyTu Mo3HaHUs BceneHHoU mpuBen k
BO3HUKHOBEHHUIO MaJICHbKOTO YTroJIKa TMOpsJKa B PpacTyIIEM
6ecniopsinke Beenennoii. Ecnu BbI 3a1OMHHTE Ka)KJI0€ CIIOBO U3 3TOM
KHIDKKH, TO Ballla MaMsITh TOJYYUT OKOJIO ABYX MUJUIMOHOB €IHHUIT
uH(pOpMaIlMK, U TOPSAJOK B Balllel roJI0OBE BO3pACcTET MPUMEPHO Ha
JIBa MUJUIMOHA eInHML. HO 1Moka BBl 4MTanu 3Ty KHUTY, 10 KpanHen
Mepe ThICsSya KaJIOpUM YHOpSAJOYEHHOW BSHEPruHM, KOTOPYIO BbI
MOJIYYWJIM B BHUJAEC THIIH, MPEBPATHINCh B HEYNOPSAIOYCHHYIO
SHEPTHUI0, KOTOPYIO BbI NMEPEJAIN B OKPY>KAOUIUI Bac BO3AyX B BUE
TEIUIa 3a CYeT KOHBEKIMM M TIOTOBBIIENIEHUsA. becrnopsnok Bo



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 170

BceneHHOI BO3pacTeT MpU 3TOM IIPUMEPHO Ha JBaALATh MUIJIUOHOB
MUUIMOHOB MWUIMOHOB MWUIMOHOB €IWHMIl, 4YTO B JIECATh
MUUJIMOHOB MWJUJIMOHOB MUWJIJIMOHOB pa3 IPEBBIIAET YKa3aHHOE
YBEJIMUEHUE NOPAJIKA B BalleM MO3TY, — U 3TO NPOU30UIET JHILIb B
TOM Cly4yae, €CIM Bbl 3allOMHUTE BCE W3 MOEW KHIXKKH. B
CIIEyIOIIEH IJIaBe s MOIBITAlOCh HABECTH y HAC B TOJIOBAX CIIE
Oompmmii TOpsiOK. S pacckaxy O TOM, Kak JIIOIU TBITAlOTCS
O00BEIMHUTD JIPYr C APYTOM T€ OTIENbHbIE TEOPUH, O KOTOPBIX 5
pacckasai, CTapaschb CO3/1aTh IIOJHYIO €AUHYIO TEOpHIO, KOTOopas
OXBaTbIBasIa ObI BCE, UTO MPOUCXOIUT BO BeeneHnHoi.

10. O6beanHeHne hnU3nku

Kak y»xe roBopuiiocs B 1. 1, COBceM He IPOCTO cpa3y CTPOUTH
MOJIHYK0 €JUHYIO TCOPHI0 BCEro, YTO IPOUCXOAUT BO BceneHHOM.
[ToaTroMy MBI mpoABUraeMcsi BIEpE], CO3AaBas YacTHHIE TEOPUH,
OIKCBIBAIOIINE KAKyIO-TO OIPaHUYEHHYIO 00JacTh COOBITHIH, U MO0
npeHedperaeM ocTalbHBIMUA 3¢ ¢dexramu, JTUO0 TPUOTMKEHHO
3aMeHseM UX HEKOTopbIMHU uuciaamu. (Hanmpumep, B XUMUM MOKHO
paccunThIBaTh B3aUMOJECHCTBUS aTOMOB, HE 3Has BHYTPEHHETO
CTPOEHUs aTOMHOTO sA1pa). Ho MOXHO HaznesTbCs Ha TO, YTO B KOHILIE
KOHIIOB OyJieT HaiifieHa MoJiHasi, HeMPOTUBOPEUNBAs eIUHAsI TEOPHS,
B KOTOPYIO BCE 4YacTHble TEOpUM OyAyT BXOAUTh B KauyecTBe
OpuOIMKEHUH W KOTOPYI0 HE HY)XHO OyJeT TOATOHATH IOJ
HKCIEPUMEHT NOJ00POM 3HAYEHHUH BXOJSIIUX B HEE MPOU3BOJIBHBIX
BelMynH. PaboTa MO CO3MaHMI0O TaKOM TEOpUM Ha3bIBAeTCA
obbenuuenneM ¢usuku. [lociennre roapl CBOSH KU3HU DUHIITCHH
IIOYTH LIEIMKOM MOCBATUJ IIOMCKAM €IMHON TEOpUH, HO BpeMs Ul
ATOr0 TOT/a €Ile HE MPULUIO: CYIIECTBOBAIM YAaCTHBIE TEOPUHU
IPaBUTALMU U IEKTPOMATHUTHBIX B3aUMOAECUCTBUN, HO O SIIEPHBIX
cwiax Oputo Mano 4yrto wu3BecTHo. K Tomy ke OiHIITENH
OTKa3bIBAJICS BEPUTH B PEaJIbHOCTb KBAHTOBOW MEXAaHUKH, HECMOTPS
Ha Ty OFPOMHYIO pPOJib, KOTOPYIO OH caM chirpai B ee pa3zButuu. Ho
IIPUHLIAI HEOIpEAEIEHHOCTU ABIIAETCA, [10-BUIUMOMY,
(GbyHIaMEHTaJIbHBIM CBOMCTBOM BceneHHON, B KOTOPOl MBI KHUBEM.
[TosToMy oOH 00s3aTe€abHO JOJKEH OBITh COCTaBHOM 4YacTbiO
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IIPaBUJILHOM €IMHON TEOPHH.

Janpme s MOKaXxy, 4TO HANEXKAbl HAa IOCTPOCHHE TaKOH
TEOPHH CHJIBHO BO3POCIH, MO0 MBI celdyac 3HAYUTENbHO OOJIbIIIe
y3Hasu o Beenennoii. Ho He HyHO ObITh uepecuyp yBEpEHHBIM —
MBI YK€ HE pa3 CTaJKuBaJIuCh ¢ Mupakamu! Hampumep, B Hauane
BEKa CUUTAJIOCh, YTO BCE MOYKHO OOBSCHUTH C IMOMOIIbIO CBOMCTB,
XapaKTEPU3YIOIIUX HENPEPHIBHOE BEIIECTBO, CKAXKEM, TaKHUX, Kak
YOPYTOCTh W TEIUIONPOBOAHOCTh. OTKpBITHE CTPOCHHUS aroMa u
IPUHLIAIIA HEONPEJEIIEHHOCTH HaBCErJa MOKOHYWIO C MOJO0OHBIM
nonxonom. 3atem B 1928 r. pusuk, naypear HoGeneBckoii npemuu
Makc bopn, BbICTymas 1mepes  TocTsMH [ €TTHHreHCKoro
YHUBEpCUTETA, cKa3al: «Pu3uKka B TOM CMbICIE, B KOTOPOM MBI €€
IIOHMMAEM, 4epe3 Moiroaa KoHYuTcs». B cBoelt yBepenHoctu bopH
OCHOBBIBAJIC Ha HEJIABHO OTKPBHITOM JlMpakoM ypaBHEHUM JUIs
NIEKTpoHA. Bce nymanu, 4TO aHAJOTMYHOE YpaBHEHHE JOJDKHO
CYILIECTBOBATh U I MIPOTOHA — BTOPOH M3 JIBYX M3BECTHBIX TOTJa
YacTHll, — U TOTJa TeopeTnueckas ¢pusuka koHuutcs. Ho oTkpbiTHE
HEUTpOHA U SAEPHBIX CHJI pa3Besuio M 3TU npejackazanus. 1 Bce xe s
YBEPEH, 4TO CEMYac €CTb OCHOBAHMA JUIsl OCTOPOKHOTO ONTHUMH3MA!
MBI, MOXKaJdyW, OMM3KM K 3aBEPILEHUIO MOHCKOB OKOHYATEIbHBIX
3aKOHOB IIPUPOJIBI.

B mpenpimymmx rmaBax s ToBopua 00 oOmiel Teopuu
OTHOCHUTEJIBHOCTH, KOTOpasi MPEACTaBIsAEeT COOOH YacCTHYIO TEOPHUIO
rpaBUTAllMM, W O YAaCTHBIX TEOPHSX, OIUCHIBAIOIIUX cJalble,
CWJIBHBIE M 3JIEKTPOMAarHuTHblE B3auMmonencteus. Ilocnegnue tpu
TEOpPUU MOIYT OBITh OOBEIMHEHbl B TaK Ha3blBaEMblE TEOPUU
BEJIMKOTO OOBEAMHEHUs, KOTOpbIE HENb3s CUUTaTh JOCTATOYHO
YAOBJIETBOPUTENIHBIMH, IOTOMY YTO OHU HE BKJIIOYAIOT I'PaBUTALIIO
U COJIep’KaT BEIMYMHBI, HAIIPUMEP OTHOCUTENIBHBIE MAcChl Pa3HBIX
YaCTHLl, KOTOpPbIE HE BBIYUCIAIOTCS TEOPETUYECKU U JOJIKHBI
noa0UpaTbcs U3 YCIOBUS HAMJIYYIIEro COIJIACHsl ¢ HKCHIEPUMEHTOM.
OcCHOBHas TPYJTHOCTh TIOCTPOCHUSI TEOPUH, KOTOpasi 00beauHsIa Obl
IPaBUTALMIO C OCTAIBHBIMU CHJIAMH, CBS3aHAa C TEM, YTO oOOIas
TEOpUsT OTHOCUTEIBHOCTH TMPEJCTaBISIET COOOM KIACCHYECKYIO
TEOpHIO, T. €. HE BKJIIOYaeT B ce0sf KBAaHTOBO-MEXaHUYECKHN
INPUHLIMAII  HEONpENEeNIeHHOCTU. [Ipyrue ke 4YacTHble TEOpUHU
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CYIIECTBEHHO CBSI3aHbI C KBaHTOBOW MexaHUKOHW. Iloaromy mpexne
BCEro OOIILYI0 TEOPUIO0 OTHOCUTEIIBHOCTH HEOOXOIMMO OOBEINHUTD C
IPUHLIUIIOM HEOINPEAEICHHOCTH. MBI 3HaeM, 4YTO pe3yibTaToM
TAaKOr0 OOBEAMHEHHsI CTAHET Psifl yAUBUTENbHBIX CIEICTBUIL: UepHbIE
JBIppl NIEpECTaHyT OBbITh YEpHbIMH, a U3 BceneHHOW HCYE3HYT
CUHTYJSIPHOCTH, M OHa CTAaHET IOJHOCTBIO 3aMKHYTOH M HeE
umeromeit rpanun. Ho, kak yxke OOBSCHsIIOCH B TJI. 7, 37€ch
BO3HUKAIOT 3aTPYJHEHUs, CBA3AHHBIC C TE€M, YTO B CHJIy IpHUHLUIA
HEOIpPEAEIEHHOCTU JaXKe IyCTOE MPOCTPAHCTBO 3AIOJHEHO Mapamu
BUPTYaJbHBIX YaCTUI[ M AaHTUYaCTHL. OTH Mapsel 00JadaroT
0eCKOHEeYHO! PHEpruel, a MoOTOMY B COOTBETCTBHM CO 3HAMEHUTBIM
ypaBHeHueM OiHmTeitHa E = mc”2 ux macca Toxe JOKHA OBITh
OeckoneuHa. CremoBaTeNnbHO, MOJ JAECHCTBHEM CO37aBa€MOr0 HMMHU
IPaBUTALMOHHOTO NpUTSKeHUs] BceneHHas 10JKHA, WCKPUBIISSACH,
CBOpAYMBATHCS 10 OECKOHEUHO MaJbIX Pa3MEPOB.

Takue jxe Henenble OECKOHEYHOCTH BO3HHUKAIOT M B JAPYTUX
YACTHBIX TEOpHUAX, HO MX BCErZa MOYKHO YCTPAHHUTHb C IIOMOIIbIO
MpOLIEAYyPBl, KOTOpas Ha3bIBAE€TCA IEPEHOPMHUPOBKOW. Merox
NEPEHOPMHUPOBOK IPEIMUCHIBACT BBEACHUE HOBBIX OCCKOHEYHOCTEH
JUIsl  KOMIIEHcaluuu crapbix. HecMoTps Ha CBOI0O HEMOJIHYIO
MaTeMaTUYeCKyl0  OOOCHOBAaHHOCTb, 3TOT  METOJA  YCHEIIHO
NPUMEHSETCA, W TIOJyYEHHBbIE C €ro IMOMOUIbI0 MpeICKa3aHUs
YAaCTHBIX TEOPHUI UPE3BBIUATHO TOYHO COIVIACYIOTCS C PE3yJIbTaTaMu
HaOmoieHuil. OHaKo B IUIaHE MIOMCKA 3aBEPIICHHON TEOPUU METOJ
NEPEHOPMHUPOBOK 00JIaJaeT OJHUM CEpPhE3HBIM HEIOCTATKOM: OH HE
MO3BOJIIET TEOPETHUUECKU IpeacKa3aTh JACUCTBUTEIbHbIE 3HAYCHUS
Macc M CWI; HMX MPUXOJUTCS NOAOUpaTh IMyTeM MOATOHKH K
HKCIIEPUMEHTY .

IIpy mnonbITKax BKIIOYUTH NPUHIUI HEONPEIEICHHOCTH B
OoOLIyI0 TEOPHI0 OTHOCHTEIBHOCTH HMEIOTCA TOJIBKO JBa 4YHCIA,
KOTOpBIE MOXHO IOATOHSTH: BEJIMYMHA I'PAaBUTALMOHHOM CHJIBI U
KOCMoOJIOTHYeCKasi MOCTosiHHasg. Ho uX H3MEHEeHHMEeM HEBO3MOXKHO
YCTPaHUTh BC€ OECKOHEYHOCTHU. 3HAYUT, Mbl HMEEM TEOpHIO,
COrJJaCHO KOTOpPOM HEKOTOpblE BEJIMYMHBI, HANpUMEpP KpHUBH3HA
IPOCTPAHCTBA-BPEMEHH, JOJDKHBI ObITh OCCKOHEUHBIMHM, HECMOTPS
Ha TO YTO 3THU BEJIMYUHBI MOXKHO HAOIIOIaTh, U W3 U3MEpPEHUI
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BBITEKAET, YTO OHM KOHeuHb!! DTa mpolieMa, BO3HUKAIOMIAS NpU
00BeAMHEHUH OOIIel TEOpUH OTHOCUTEIBHOCTH C MPHUHIIUIIOM
HEONPEIETICHHOCTH, KaKOE-TO BPEMsl CUMTAIaCh COMHUTEIBHOM, HO B
KOHIIE KOHIIOB €€ peaJbHOCTh Oblla, HaKOHEel, MOJATBEpKIcHa
JeTanbHbIMU pacueraMud B 1972 r. Uepe3 yeThipe rojia MmosiBUIOCH
OIHO M3 BO3MOXHBIX €€ peIlIeHWuH, Ha3BaHHOE Teopuei
cyneprpaButauuu. CyTh 3TOW TEOPUHU B TOM, YTO TPABUTOH (YacTHIla
CO CIHUHOM 2, SBISIOUIAsCS TEPEHOCUYUKOM TI'PAaBUTAIMOHHOTO
B3aMMOJICHCTBHSI)  OOBEAMHSACTCS C  HEKOTOPHIMH  HOBBIMH
JacTUIaMu, uMeromuMu cnuubel 3/2, 1, 1/2 u 0. Torma Bce 3TH
YacTUIl B KAKOM-TO CMBICJIE MOKHO pPacCMAaTpUBATh KaK pa3HbIE
BUJIBI OJHOW M TOH K€ «CyNepyacTUIb», OCYIIECTBUB TaKUM
o0pa3oM 00beqUHEHHE YacTUIl MaTepUH, UMEIOIIUX CIUHBI 1/2 u
3/2, ¢ dYacTUllaMH — TIEPEHOCUYMKAMHU B3aUMOJCUCTBUS, CITHUHBI
KoTopbiX paBHbl 0, 1 u 2. BupryanbHble napbl YacTULA-aHTUYACTHIA
co cnuHoM 1/2 u 3/2 00nanaroT Npu 3TOM OTPHULIATEIBHON dHEPrueH,
KOMIIEHCUPYIOILIEH MOJOKUTEIbHYI0 SHEPTHIO0 BUPTYalbHBIX Map CO
cnuHoM 2, 1, 0. B pesynbrare MHOrue OeCKOHEYHOCTH OyayT
YCTpaHEHbI, HO €CTh MOJO3PEHUS, YTO KAKas-TO UX YACTh MOXKET BCE
ke octarbcsi. OmHAKO BBISICHEHHWE TOTO, BCE JIM OECKOHEYHOCTH
yCTpaHEHBI, TPEOOBAJIO CTOJb TPOMO3JKUX M CIOXKHBIX PAaCUYETOB,
YTO UMHU HHUKTO HE coOupaiics 3aHuMaThcsi. OIEHKH TMOKa3ald, YTO
JaKe ¢ MOMOIIBI0 KOMITbIOTepa paboTa 3aHsiia Obl HUKAK HE MEHbIIIE
YeThIpeX JIET, U TPHU 3TOM OYEHb BEJIMKa BEPOSTHOCTh XOTh pa3
omubuThes. CremoBaTeNbHO, B OTBET€ MOXHO OBITh YBEPEHHBIM
JUIIL B TOM CIydae, €Clid KTO-HHOYIb NPYroil MOBTOPHII OBl BCE
BBIYMCIICHUSI U TOJIIyYWJI TOT € pe3yJbTaT, a Ha 3TO TPYIHO
pacCYMTHIBATH.
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Hecmotpss Ha Bce 3T mpoOiaemMbl U Ha TO, YTO YAacTULBI B
TEOPUSAX  CYNEPrpaBUTALMHU, IMO-BUANMOMY, OTIUYAIUCh  OT
HAOMIOTaEMBIX YacTUL, OOJBIIMHCTBO YYEHBIX CUHTANO, YTO
CyNeprpaBUTAIlUsl MOXKET NPHUBECTH K TMPABUIBHOMY pPEUICHHUIO
3amaun 00 oObenuHeHnn (u3uku. Ho B 1984 1. oOmee yueHoe
MHEHUE CUJIBHEHIINM 00pa3oM M3MEHWIOCh B CTOPOHY TakK
HA3bIBAEMBIX CTPYHHBIX T€Oopui. OCHOBHBIMH OOBEKTaMU CTPYHHBIX
TEOpUH BBICTYMAIOT HE YACTHUIIBI, 3aHUMAIOIINE BCETO JIUIIh TOUKY B
MPOCTPAHCTBE, a HEKUE CTPYKTYphl BpojAe OECKOHEYHO TOHKUX
KyCOYKOB CTpPYHBI, HE HUMECIONINX HHUKAKUX H3MEPEHUH, Kpome
JuHBL. KOHITBI 3THX CTPYH MOTYT OBITh JHOO CBOOOIHBI (Tak
HA3bIBAEMBIC OTKPBITHIE CTPYHBI), JIMOO COCTUHEHBI JIPYT C APYyTrOM
(3amkHyTBIE cTpYHBI) (puc. 10.1 n 10.2). YacTuna B KaXaplii MOMEHT
BPEMEHH MPEICTABIACTCA OJHOM TOYKOM B  INPOCTPAHCTBE.
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CrnenoBarenbHO, €€ MCTOPHIO MOXHO HW300pasuTh JUHHEH B
IPOCTPAaHCTBE-BpeMEHU (MupoBas juHUSA). Ho cTpyHe B KaKIblif
MOMEHT BPEMEHHU OTBEYAET JHMHHUS B TPEXMEPHOM IPOCTPAHCTBE.
CrnenoBaTenbHO, €€ HMCTOPHA B HPOCTPAaHCTBE-BPEMEHU
n300paXkaeTcs JByMEpHOW TOBEPXHOCTBIO, KOTOpasi Ha3bIBACTCS
«MHUPOBBIM JUCTOM». (JIF0Oyr0 TOYKy Ha TakOM MHPOBOM JIHICTE
MOXKHO 3a/aTh ABYMS YHCIAMH, OJAHO U3 KOTOPBIX — BpeMsd, a
Jpyroe — TOJIOKEHNE TOYKH Ha CTpyHE). MUPOBOM JTUCT OTKPHITON
CTPYHBI TpPEACTABISET COOOW TMOJIOCY, Kpas KOTOPOW OTBEYAOT
INyTSM KOHLIOB CTPyHBI B HpocTpaHcTBe-Bpemenu (puc. 10.1).
MupoBO# JUCT 3aMKHYTOM CTPYHbI — 3TO IWJIMHAP WM TpyOka
(puc. 10.2), ceueHuemM KOTOPOil ABISETCS OKPY’KHOCTb, OTBEUAIOLIAs
MOJIOKEHUIO CTPYHBI B ONPEACTICHHbBII MOMEHT BPEMEHH.

Mg grmss croge

DR GRADF Empyhe

Lty il

\.\I-l,: mp

Dpewms

Bumcarsd

[P T T ————— Mupsesii sutm Says msmegee o,
T L I |'_|?m- credvmnasuren duy ¢ e
Puc. 10.3 Puc. 10.4

JIBa KycKa CTpPyHBI MOTYT COCIMHHUTHCS B OJHY CTPYHY; B
cilydae OTKPBITBIX CTPYH OHHM TPOCTO CMBIKAIOTCS KOHIAMH (pHC.
10.3), a coeauHeHME 3aMKHYTHIX CTPYH HAllOMMHAET COEIMHEHUE
JIBYX IITaHUH B Oprokax (puc. 10.4). AHamOru4HBIM 00Pa30M KYCOK
CTPYHBI MOJET pa3opBaThCsi Ha JBE CTPyHBL. TO, 4TO paHbIIe
CYHTAJIOCh YACTHIIAMH, B CTPYHHBIX TEOPHIX M300parkacTcs B BUJIC
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BOJIH, OCTYIMX 1O CTPYHE TaK ke, KaK OeryT BOJIHBI 10 HATSHYTOU
BEpEBKE, €CIM ee JEpHYTh 3a KOHel. lcmyckaHue M TMOTrolieHue
OHOM YacTULIbl JPYroll OTBEYAET COCAMHEHUIO U PA3IACICHUIO
ctpyH. Hampumep, rpaBuTtanmonHas cuna, ¢ kotopod ComHie
JecTByeT Ha 3eMIlio, B TEOpHUSAX YacTHI] M300paxkanach Kak
pe3ynbTaT UCHyCcKaHus Kakoh-HuOyabp uactunet Ha ConHue
rpaBUTOHA U TIOCJIEAYIOUIETO €ro IOTJIOUICHUsI KaKOW-HUOY b
gactunein Ha 3emie (puc. 10.5). B teopum cTpyH 3TOT mporecc
uzoopaxaercs H-oOpasueiM coenuHeHueM Tpyook (puc. 10.6).
(Teopust cTpyH B  KakOM-TO CMBICIIE TIOJI00OHAa  TEXHUKE
BOJOMPOBOAUMKA). JIBE BEpPTHKAIbHBIE CTOPOHBI COOTBETCTBYIOT
yacThlaM, Haxosauumces Ha ConHile ¥ Ha 3emiie, a TOPU30HTalIbHAs
MOTIEpEYNHA OTBEYALT JICTAIIEMY MEXKIy HUMH TPABUTOHY.
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Puc. 105 Puc. 10.6
HC. 1D ne. 10.6

Teopust cTpyH uMeeT O4YeHb HeoObluHyI0 wucroputo. OnHa
BO3HHKJIA B KOHIIE IIECTUIECATHIX TOJOB MPHU MOMBITKAX MOCTPOUTH
TEOpUIO CHJIbHBIX B3auMmojeiicTBuil. Maes Oblma B TOM, 4YTOOBI
YacTUI[bl TUMNA IMPOTOHA M HEUTPOHA paccMaTpuUBaTh KakK BOJIHBI,
pacmpocTpaHsoIIMecss MO CTpyHe. Torna  CHUJIbHBIE  CHUIBI,
JENCTBYIOIINE MEX/y YacTUL[AMH, COOTBETCTBYIOT OTPE3KAM CTPYH,
COCIIMHSIONUM MEXAy CcoOOi, Kak B MayTHHE, IPYyrHe YYacTKH
cTpyH. Jlist Toro 4YroObl BBIUMCIEHHAss B JTOH TEOpUHM CHIIA
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B3aMMOJICHCTBYUSL KMeJa 3HAUEHUE, OTBEYAIOLIEe OSKCIIEPUMEHTY,
CTPYHbl JIOJUKHBI OBITh SKBHUBAJIECHTHBI PE3MHOBBIM JIEHTaM,
HaATSHYTBIM C CUJIOW OKOJIO IECSITH TOHH.

B 1974 r. mapwxanun Jxosne Illepk m [xon IIBapu u3
KanndopHUiiCKOro TEXHOJIOTHYECKOTO HHCTUTYTa OIyOIMKOBAIH
paboTy, B KOTOpOH OBLIO IOKa3aHO, YTO TEOpPUS CTPYH MOMKET
ONMCHIBATh T'PABUTALMOHHOE B3aUMOJAEWUCTBHE, HO TOJIBKO IpHU
3HAQYUTENBHO OOJbIIEM HATSDKEHUM CTPYHBI — IIOpSIIKA THICSYU
MUUIMOHOB MWUIMOHOB MWIJIMOHOB MHJUIMOHOB  MHWIJIMOHOB
MUWUJIMOHOB (€AMHULIA C TPUALATHIO JAEBATHIO HYJISMHU) TOHH. B
OOBIYHBIX MaclTabax NpefcKa3aHus TakoW CTPYHHOW MOJENH U
oOuieil Teopuu OTHOCUTEIBHOCTU COBMNAJAlM, HO HAYMHAIU
pa3iauyuaTbCsi HAa OYEHb MAaJbIX PACCTOSHUAX, MEHBIIUX OIHOMN
ThICSIYa MUWJUIMOH MMJUIMOH MWIJIMOH MUJUIMOH MWUIMOHHOM 10NN
caHTUMeTpa (OJIMH CAaHTUMETP, JeJICHHbIN HA €MHUILY C TPUILATHIO
Tpemsi Hynsamu). OgHako 3Ta paboTa HE MPHUBIEKIA OCOOEHHOTO
BHHUMAaHUs, IOTOMY YTO KakK pa3 B TO BPEMS MHOTME OTKa3aJHCh OT
MEPBOHAYAJIBHOM CTPYHHOW TEOPUHM CHJIBHOTO B3aMMOJICHCTBHS,
OOpaTUBIINCH K TEOPUU KBAPKOB M TJIOOHOB, PE3yJIbTaThl KOTOPOH
3HAYUTENIbHO JIy4Yllleé COTJacoBaJIUCh ¢ HsKcnepuMmentoMm. Ilepx
Tparuuecku ymep (y mero Obul 1uaber, U BO BpeMs KOMBI PSAZIOM He
0Ka3aJoch HUKOTrO, KTO OBl cliejall eMy yKoJI MHCynuHa), u [IBapiy
OCTJICSl IOYTH €IMHCTBEHHBIM CTOPOHHUKOM CTPYHHOM TEOpPHUH, HO
CO 3HAUUTENBHO O0JIee CUIbHBIM HATSHKEHUEM CTPYH.

B 1984 r. nnTepec k cTpyHam HEOXHUAAHHO Bo3poawica. Ha to
ObUIO, MO-BUAMMOMY, JABE MPUYMUHBI. BO-TepBBIX, HUKTO HE MOT
HUYEro JOOUTHCS, TbBITasCh II0Ka3aTh, YTO CyINEeprpaBUTALUs
KOHEYHA WJIM YTO C €€ IMOMOIIBI0 MOKHO OOBSCHUTh CYIIECTBOBAaHUE
BCEX pa3HOOOpa3HBIX 4YaCTHIl, KOTOpble Mbl HaOmromaeMm. Bropoit
npuunHOM Oblna myOnukauusa crtatbu [[xona IlIBapua m Maiika
I'puna u3 Jlonnonckoro KyuH-Mbspu-komnemka, B KOTOpOH ObLIO
MOKa3aHO, YTO C IIOMOUIbIO TEOPUU CTPYH MOXKHO OOBSCHUTH
CYILIECTBOBAaHHUE YaCTHI] C JIEBOW CIUPAIBHOCTBIO, KAK Y HEKOTOPBIX
A3 TeX 4YacTHl, 4YTOo MbI HaOmromaeM. Kakumum Obl HH  ObLIH
noOyIUTEIbHbIE MOTHBBI, BCKOpE OYE€Hb MHOTME OOpaTWIMCh K
TEOpUU CTPYH, B pe3yJbTaTe Yero TMOsSBUIACh €€ HOoBas
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Pa3sHOBUJIHOCTb — TEOpHUS TaK HA3bIBAEMOM TIE€TEPOTUYECKOMN
CTPYHBI, KOTOpas [aeT HaJexkIy Ha OOBsSCHEHHE pa3HOO0Opa3us
BUJIOB HAOJTFOA€MBIX YaCTHII.

Kparmeaiiwoed myms o2 A e 8 Mpa v dund ngme or A s
6 dNyx  IMEpEHUTR ' & MPEX GIAe e R
- - &

W

Top

Puc. 107

B Teopusx cTpyH TOKE BO3ZHHKAIOT OECKOHEYHOCTH, HO €CTh
HAJIeXk/1a, YTO B T€X WM MHBIX TEOPHUSIX I'€TePOTHUYECKON CTPYHBI 3TU
OECKOHEYHOCTH COKpATATCS (XOTS MOKa 3TO elle He u3BecTHO). Ho
CTPYHHbIE TEOpUH COJEp)KaT 3HAYUTENBHO Oo0Jiee Cephe3HYIO
TPYAHOCTH: OHU HENPOTHBOPEYHBHI, MO-BUANMOMY, JHIIb B JECATH
WIA JIBaJIIATUIIECTUMEPHOM IPOCTPAHCTBE-BPEMEHHM, a HE B
00bIYHOM uyeTbipexMepHOM! JlumiHue m3MepeHuss — 3TO OObIYHOE
JIeNl0 B Hay4yHOH (haHTacTuke; TaM 0e3 HUX M B CaMOM Jlefie MOYTH
HEBO3MOXXKHO OOOMTHCh, NOTOMY 4YTO HHaye, H3-3a TOrO 4TO,
COIJIACHO TEOPUH OTHOCUTEIBHOCTH, HENb3sl ABHraTbcs ObIcTpee
CBETA, MYTEIIECTBHS CPEOM 3BE3] W TAIAKTUK MPOUCXOIMIN OBl
HEMBICIIUMO J10Jr0. Ves Hay4yHOM (paHTaCTHKH 3aKJIH0YaeTCsl B TOM,
YTO MOXHO KaKTO COKpPaTHThb TWyTh, TPOWIS uUepe3 JIMIITHEe
u3MepeHue. OTy MBICIb MOXKHO CIEIyIOIUM 00pa3oM MOSCHUTH Ha
pucynke. IlpencraBpTe cebe, 4TO MPOCTPAHCTBO, B KOTOPOM MbI
KUBEM, HMEET TOJIbKO JBa M3MEPEHHs U HUCKPHUBIEHO, Kak
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MOBEpXHOCTh OyOmuka, wim topa (puc. 10.7). Ecnu BeI HaxouTech B
KaKOW-TO TOYKE Ha BHYTPEHHEH CTOPOHE TOpa M XOTHUTE IONAacTh B
NPOTHBOIOJIOXKHYIO TOYKY, BaM TpUAETCS O000HTH TOp 1O
BHYTPEHHEMY KoJjblly. A eciu Obl Bbl yMeNU IepeMeliaTrbcs B
TPEThEM MU3MEPEHHHU, BBl MOTJIN ObI cpe3aTh, OIS HAPSIMUK.

Ho mouemMy »xe MBI He 3aMedyacM BC€ 3THU JIONOJHUTEIIBHBIC
U3MEpEHUS, €CIIU OHU JAEUCTBUTEIBHO CYIIECTBYIOT?

IloueMy MBI BUOMM TOJBKO TPH IPOCTPAHCTBEHHBIX M OJHO
BpEMEHHOE u3MepeHue? Bo3MOkHO, mpUYMHA KPOETCS B TOM, YTO
JIpyrue H3MEpEeHusi CBEpPHYThl B OYEHb Majoe MpPOCTPAHCTBO
pa3MepoM MOopsiiKa OJHOM MWUIMOH MWIUIMOH MWIIMOH MWUIMOH
MUJUIMOHHOM 1011 caHTHUMeTpa. OHO Tak Majio, 4YTO Mbl €r0 MPOCTO
HE 3aMe4yacM: Mbl BHIUM BCEro JIMIIb OJHO BPEMEHHOE WU TpHU
IIPOCTPAHCTBEHHBIX H3MEpPEHUs, B KOTOPBIX IMPOCTPAHCTBO-BPEMS
BBITJISIAUT JI0OBOJIBHO IJIOCKMM. TO k€ caMoe MPOUCXOJUT, KOTJa MbI
CMOTPUM I@Ia TIOBEPXHOCTh ameJbCHHA: BOJM3UM OHA BBITJIAIUT
UCKPUBJICHHON M HEpOBHOH, a wu3Aanu Oyropku He BHUIHBI U
amnesibCUH KaXxeTcsl IMaJKuM. Tak e M MpPOCTPaHCTBO-BpeMs: B
OUYeHb MaJbIX MaclTabax OHO JECATUMEPHO M CHUJIBHO HCKPHUBIICHO,
a B 0OJpIIMX MacmiTabax KpUBHU3HA U JOIMOJIHUTEIbHBIE U3MEPEHUS
He BUIHBL. Eciu 3T0 mpencraBieHUE BEPHO, TO OHO HECET AYpHbIE
BecTd OyAylmMM  IOKOpPUTENSAM  KOCMOCA:  JOIMOJIHUTEIbHbIE
U3MepeHuss OyoyT CIMIIKOM Majbl JUIsl MPOXoJa KOCMHYECKOTO
kopaOis. Ho Bo3Hukaer u npyras cepbe3Has npoOiema. [louemy
JIMIIB HEKOTOPBIE, a HE BCE BOOOIE U3MEPEHUS JOJKHBI CBEPHYThCS
B MajieHbKU mapuk? Ha oueHb paHHEW cTaguu Bce M3MEPEHUs BO
Bcenennoit ObUIM, NO-BUAMMOMY, OYEHb CHJIBHO HCKPHUBIICHBI.
[ToueMy ke OIHO BPEMEHHOE U TPU IMPOCTPAHCTBEHHBIX U3MEPEHUS
pa3BEpHYJINCH, a BCE OCTAJIbHBIE OCTAIOTCS TYTO CBEPHYTHIMU?
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Py, 1008

OnvH 13 BO3MOXKHBIX OTBETOB JAA€TCSl AHTPOITHBIM IPUHIIUIIOM.
JIBYyX IPOCTPaHCTBEHHBIX U3MEPEHUH, NO-BUAUMOMY, HEAOCTATOUHO
JUISL TOTO, YTOOBI MOTJIM Pa3BUTHCS TaKUE CIOKHBIE CYLIECTBA, KaK
Mbl. JKuBs, Hanpumep, Ha OAHOMEpHOM 3emiie, JABYMEpHBIE
JKUBOTHBIE, YTOOBI PAa30MTHUCH MPHU BCTpeue, ObUIH OBl BBHIHYKICHBI
nepene3atb Jpyr uepe3 apyra. Eciam Obl JAByMEpHOE CYILECTBO
MUTAJIOCh YeM-HUOY/b TAaKUM, YTO HE TepeBapuBaETCA A0 KOHIA, TO
OCTaTKU [JOJDKHBI ObUIM OBl BBIBOAMUTBHCS IO TOMY XK€ IYTH, IO
KOTOPOMY BXOJAMT THIIA, TaK KaK MPU HAJTHMYUH CKBOZHOTO MPOXO/a
4yepe3 BCE TeJNO >KMBOTHOE OKa3ajloch Obl pa3[esIeHHbIM Ha JBE
OTJIeNIbHBIC TOJIOBUHBI, U HAIlle JIByMEPHOE CYILECTBO Pa3BaJIHIOCh
Ob1 Ha nBe yactu (puc. 10.8). ToyHo Tak ke TPyAHO MPEICTABUTH
cebe, Kak y JIByMEpPHOIO CYIIECTBAa MPOUCXOAWIA Obl LUPKYISALUSA
KPOBH.

TpynHocty BO3HMKanu Obl M B TOM Cllydyae, €Ciau Obl YHCIIO
POCTPAHCTBEHHBIX U3MepeHuit ObLIO0 OoJbI1Ie Tpex.
['paBuTalIMOHHAs cUJla MEXIy JBYyMs TelaMu ObIcTpee Bo3pacrana
Obl C paccTostHUEM, 4YeM B TpexMepHoMm mnpocTpancte. (Korma
paccTosiHMEe YJIBaMBaeTCs, TO B TPEX M3MEPEHUSX I'paBUTAIIMOHHAsS
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CHJIa YMEHBIIAETCS B YETHIPE pas3a, B UEThIPEX H3MEPEHUSIX — B
BOCEMb pa3, B IITH — B MIECTHAALATh Pa3 U T. J.). DTO 3HAYUT, YTO
OpOWTHI TUIAHET, HAPUMEp, 3eMiTH, Bpamaromuxcs Bokpyr ComnHila,
Obuln Obl HECTaOWJIBHBI: Malieiilliee OTKIOHEHHE OT KpyroBoH
opOouTel  (BO3HHKILIEE,  JOMYyCTUM, H33a  TPABUTAMOHHOTO
HNPUTSDKEHUS IPYTUX IUIaHEeT) MPUBENO Obl K TOMY, YTO 3eMJIsl cTajla
Ob1 BUTATHCS HO cupanu 6o ot Connna, 1160 k ComHity. Mbl OB
toraa aubo 3aMep3nu, 1ubo cropenu. Ha camom nene, eciu Obl
3aBUCUMOCTh T'PAaBUTAIIMOHHON CHJIBI OT pacCTOSHHUS  Obuia
OJIMHAKOBOIl B MPOCTPAHCTBAaX C Pa3MEPHOCTHIO BBIIIE TPEX, TO
ConHile He MorJIo Obl CyIIECTBOBAaTh B CTAOMJIBHOM COCTOSIHUH, B
KOTOPOM  COXpaHSIeTCd  paBHOBECHE MEXIy JaBICHUEM U
rpaButanmeii. Ono mmb0 pacmamoch OBl HAa 4YacTd, JuOO,
CKOJIJIAIICUPOBaB, IPEBPATUIIOCh B YEPHYIO JbIpy. B 0boux cimyuasx
OT HEero y>ke ObUI0 ObI MaJIO MOJIB3bI KaK OT MCTOYHHMKA TEIUIa U CBETa
ULl TIOAJEPKKH >kM3HM Ha 3emusie. Ha wmenbmux wmacmrabax
NIEKTPUYECKUE CHJIBI, MOJ JEHCTBUEM KOTOPBIX 3JIEKTPOHBI
oOpamaroTcss B aToMe BOKPYT szpa, BeTu Obl ceOs Tak ke, Kak
rpaBuTalMoHHble. CrenoBaTenabHO, 3JEKTPOHBI JIMOO BCE BMECTE
BbLIETEIH ObI U3 aToMa, MO0 M0 CHUpaIn ynaau Obl Ha Aapo. B Tom
U JIPyTOM cllyyae He CYIIECTBOBAJIO Obl TAKMX aTOMOB, KakK ceiuac.

Torna, xa3asock Obl, OUEBHIHO, UYTO JKU3HB, MO KpallHEH Mepe
TaK, Kak Mbl ee cebe Mpe/CTaBIIsgeM, MOXKET CYIIEeCTBOBAThH JIUILIb B
TakUX O0JacTAX MPOCTPAHCTBA-BPEMEHU, B KOTOPBIX OJHO
BPEMEHHOE U TPHU MPOCTPAHCTBEHHBIX U3MEPEHUS HE OUEHb CUIIBHO
UCKPHUBJIEHBI. JTO O3HAYaeT, YTO MBI MMEEM IMpaBO NpHU3BaTh Ha
MOMOILb C1a0bI aHTPOHHBIN MPUHIIMIL, €CIIM CMOXKEM IT0Ka3aTh, YTO
CTpyHHass Teopusi MO KpaiiHel Mepe Jomyckaer (a OHa,
[O-BUAUMOMY, JEHCTBUTEIBHO JOIYCKAaeT) CYyIIECTBOBAaHHE BO
Bcenennoit  obnmacteil  ykazaHHoro Buja. BmomHe — MoryT
CyllecTBOBaTb M Jpyrue obiactu BceneHHoit wnm npyrue
BCeJIeHHbIE (UTO OBl MOJ 3TUM HHU MOAPa3yMEBajOCh), B KOTOPBIX
a100 BCE H3MEPEHHUs CHUJIBHO MCKPHUBIEHBI, JMOO pacnpsiMIIEHO
OOJIBIIIE YETHIPEX HM3MEPEHHI, HO B MOJOOHBIX 00MacTsIX HE OyaeT
pa3syMHBIX CYyILECTB, KOTOpble MOIJIM Obl YBUIETh 3TO pa3HOOOpas3ue
JIEHCTBYIOIINX U3MEPECHHN.
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Kpome onpenenenust uuciia u3MepeHHii, KOTOPbIMU 00J1aaeT
MIPOCTPAHCTBO-BPEMS, B TEOPUU CTPYH €CTh €Ile U JIpyrue 3aaayd,
KOTOpbI€ HAJ0 PEIINTh, MPEXKAEC YEM MPOBO3IJIALIATE TEOPUIO CTPYH
OKOHYATEJIbHON equHON Teopued gu3uku. Mbl moka He 3HaeM, BCE
M OECKOHEYHOCTH KOMIICHCHUPYIOT JIPYT JOpyra, H HE YMEEeM TOYHO
HaxOJUTh COOTBETCTBHME MEXIy BOJHAMM Ha CTPyHE H
OTIpe/ICIIEHHBIMHA TUTIAMH YaCTHII, KOTOpPbIe MbI HaOmonaeM. Tem He
MEHEeEe OTBEThl Ha 3THU BOIPOCHI OyAyT, MO-BUIUMOMY, HaillIeHbI B
ONMKaMIIMe HECKOJIBKO JIET, M K KOHILy BEKa MBI y3HAEM, SIBISCTCS
JI1 TEOpHS CTPYH TOW JOJTOXKIAHHON €IMHON TeopHuen PU3nKH.

Ho moxer nu equnast Teopust peajbHO CyIlecTBOBATh? Min Mbl
MPOCTO TOHAEMCS 3a MUpaxoMm? Bo03MOXHBI, MO-BUAMMOMY, TPH
BApUAHTA.

1. IlomHas enuHast TeOpUs NEUCTBUTEIBHO CYIIECTBYET, U MBI
ee Koraa-HuOyIb OTKPOEM, €CITH MOCTapaeMCHl.

2. OxoHuaTenbHON Teopuu BceneHHON HET, a ecTh MPOCTO
OeckOHEYHasl TMOCIIEJOBATETbHOCTh TEOPHM, KOTOpbIE [aloT BCE
Oonee u 6osee TouHOE onucaHue Beenennoil.

3. Teopun BceneHHOW He CyIIECTBYeT: COOBITHS HE MOTYT
OBITh TpEeICKa3aHbl Jajee HEKOTOPOro Impeaesia W MPOUCXOMST
MPOU3BOJIBHBIM 00pa30M U OECTIOPSII0YHO.

B monp3y TpeThero BapuaHTa HEKOTOPHIC BBIABUTAIOT TOT
JIOBOJI, YTO CYIIECTBOBAaHUE MOJTHOW CUCTEMBI 3aKOHOB OTPaHUYMIIO
Ob1 cBoOOy bora, ecnu Obl OH mepeayMan M pelin BMEIIAThCs B
Hamr mup. CHTyarusi CpogHH CTapoMy T00pOoMy MapagoKCy: MOMKET
au bor cotBopuTh Takoil kameHb, KOTOpbIH OH cam He cMOr Obl
noausaT. Ho Mbicnb o ToM, yto bor moxer mepemymarb, — 3TO
npuMep 3a0JIyXACHHUS, Ha KOTOPOE YKa3blBaI eIle biaKeHHBIHI
ABIyCTHH; OHO BO3HUKAeT, €ciIM cuyuTaTh bora cyiecTtBoMm,
KUBYILIMIM BO BPEMEHU; BpEMs )K€ — CBOWCTBO TOJIbKO BceneHnHou,
KoTopas co3aana borom. 3anyckas Bcenennyto, bor, BeposiTHO, 3HAN
41O Aenaer!

C nosiBieHMEM KBAaHTOBOM MEXaHUKH MPUIUIO MOHUMAHHE
TOTO, YTO COOBITHE HEBO3MOXKHO MPECKA3bIBATh a0COIIOTHO TOYHO
U B I0OOM TMpeAcKa3aHUU BCETJa COACPKHUTCS HEKOTopas MO
HeomnpezaeneHHocTU. [Ipu xKenaHum 3Ty HEOIpPENeIeHHOCTh MOXKHO
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ObUTO OBI OTHECTH Ha CYET BMEIIATENbCTBA bora, HO BMemaTenbCTBa,
HOCSIILIETO OYEHb CTPAHHBIA XapakTep: HET HUKAKUX CBUACTEILCTB
ero XOTb KakoW-HHOyIb LENeBOH HampaBleHHOCTH. Pasymeercs,
OKa3aBIIUChH HAMpPaBICHHBIM, OHO MO CBOEMY IMOHSTHIO HE ObLIO ObI
Clay4yaiHbIM. B Ham BeKk Mbl NPAaKTUYECKU HCKIIOYWIA TPETUHI
BO3MOXXHBII BapuaHT, MPEJONPEACTUB IeNb, CTOSIIYI0 Tepen
HAYKOH: HATH CHCTEMY 3aKOHOB, KOTOPBIE AaBaji Obl BO3SMOKHOCTb
Mpe/ICKa3bIBaTh COOBITHS B Ipeneiax TOYHOCTH, yCTaHABIMBAEMOM
IIPUHLIUIIOM HEOIIPEIETIEHHOCTH.

Btopas BO3MOXHOCTb, CBfI3aHHasE C CYIECTBOBAaHUEM
OECKOHEYHOW TOCJeI0BaTeIbHOCTH Bce Ooiiee u 0Ooiee TOYHBIX
TEOpUH, TOKa IIEIMKOM COTrJacyeTcsi ¢ HallluM onbiToM. Bo mMHOrux
CIy4asiX Mbl TMOBBIMIATH YYyBCTBUTEIBHOCTh alMapaTrypbl WU
MIPOU3BOJIMINA HKCIEPUMEHTHI HOBOTO THIIA JIMIIb JJIS TOrO, YTOOBI
OTKpPBITh HOBBIE SBJICHHS, KOTOpBIE €lle HE OBbUTM MpeaCcKa3aHbl
CYHIECTBYIOLIEH TEOpPUEH, WM I WX MPEACKa3aHus MPUXOIUIOCH
co3/aBaTh HOBYIO, Oosiee cioxHyto Teoputo. [lostomy He Oyzer
HUYET0 OCOOEHHO YJIMBUTEIBHOIO, €CJIM OKAaXKETCS HEBEPHBIM
MpeACKa3aHue, CAeIaHHOE B paMKaX COBPEMEHHBIX TEOPUH BEITUKOIO
00BEAMHEHUS, O TOM, YTO HE JOJKHO OBITh HUKAKHX CYIIECTBEHHO
HOBBIX  SBJIEHMM B  TIPOMEKYTKE OT 3HAYEHUS  OSHEPrUH
anekTpocinadboro obwvenunenus 100 IPB g0 sHeprum BemuKOro
00BeAMHEHNS, PABHOW MPUMEPHO ThICAYE MHIJUIMOHOB MHJIJTMOHOB
TUra’IeKTpoHBOJALT. Ha camMom nene MOXKHO OXHAaTh, 4yTO OyayT
OTKPBITHl KaKHE-TO HOBBIE CJIOU CTPYKTYpHI, OOJee dIeMEeHTapHbIE,
4eM KBapKM U DJJIEKTPOHBI, KOTOpbIE Mbl CceHdac CuUuTaem
AJI€MEHTapHBIMU.

Ho  rpaButanus  MOXET,  MO-BUANMOMY,  HAJIOXHUTh
OTpaHMYEHUE Ha OTy IMOCIEI0BATEIbHOCTh BJIOKEHHBIX OJIHA B
Ipyryro «Matpemek». Eciau Obl cyliecTBOBajla 4YacTHIlA, SHEPrus
KOTOpOW TpeBbIIana Obl IUIAHKOBCKOE 3HAUYEHUE — JIECATh
MUJJIMOHOB MUJUIMOHOB MUJUIMOHOB (€AMHULIA C JI€BATHAIATHIO
HYJISIMU ) TUTa3JIEKTPOHBOJIBT, — TO €€ Macca Obu1a Obl CTONb CHIIBHO
cXaTa, YTO YacTHIA BBIJaBWiIach Obl m3 BcemeHnHol, oOpa3oBaB
yepHyto Ibplpy. Takum oOpa3om, MocienoBaTeIbHOCTh Bce Oolee
TOYHBIX TEOPHHM JODKHA, WO-BHAMNMOMY, HWMETh TIpeaen Ipu
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nepexoze Ko Bce Oosiee U Oosiee BHICOKMM DHEPTUSIM, a TIOTOMY IpU
KAaKMX-TO JHEPrusix IOJDKHA CYIIECTBOBaTb OKOHYATENIbHAs TEOPHUS
Bcenennon.

[InaHKOBCKass 3HEPrus, KOHEYHO, OTIEJICHA IPONACTbIO OT
SHEPIrUM MOpSAAKA COTHH TMIadIeKTPOHBOJIBT — TOTO MAaKCUMyMa,
KOTOPBIM ceiiuac MOYKHO JOCTHYb B JIJAOOPAaTOPUM, M C IMOMOILBIO
YCKOPHUTEJIEH BpsJ JIU YAACTCS BO3BECTU MOCT 4epe3 3Ty IPOIacTb B
o0o3pumoMm Oyaymem! Ho cronb BBICOKME SHEPrMM MOIJIH
BO3HMKHYTb HAa OYEHb PAHHHUX CTaAusaX pa3Butus Bcenennon. Mue
KaKeTCs, 4YTO u3yueHue paHHed BceenenHoit u  TpeGoBaHms
MaTE€MaTHYECKOU COINIACOBAHHOCTU IPUBELYT K CO3JaHUIO IOJHOMN
€AVMHOW TEOPHUH, Y MPOU3ZOMIET 3TO €IIe IPH KU3HU KOT0-TO U3 Hac,
HbIHE JKHMBYILIMX, €CIIM, KOHEYHO, MBI J0 3TOro camu cebs He
B30pPBEM.

Yro ObI 3TO 0O3Ha4aso, eciu Obl HAM JAECHCTBUTEIBHO yIAIOCh
OTKpBITh OKOHYATENbHYI0 Teopuio Beenennoit? Kak y»xe ropopuiioch
B I'J1. 1, MBI HUKOTJ]a HE MOTJM Obl OBITh YBEPEHHBIMH B TOM, UTO
HalJIeHHasl TEeOpHusl JIECUCTBUTENIBHO BEpPHA, ITOTOMY YTO HHKAKYIO
TEOPHIO Henb3sl Joka3atk. Ho ecim OTKpbITass Teopus Obuia Obl
MaT€MaTHYECKU HENPOTUBOPEUMBA W €€ MpeACKa3aHus Bcerja
COBIIAJIAJIU C SKCIIEPUMEHTOM, TO MBI MOIJIM ObI HE COMHEBAThCS B €€
MPAaBWJIBHOCTH. DTUM 3aBeplliniach Obl JJMHHAS U yAUBUTEIbHAs
rjaBa B MCTOPHUHM HHTEIUIEKTyaJlbHOW OOpbOBI dYenmoBeyecTBa 3a
nozHanue BcenenHoil. Kpome TOro, OTKpBITHE Takod TEOPUH
pOM3BeNo Obl PEBONIIOLMIO B MPEACTABICHUAX OOBIUHBIX JIOAEH O
3aKoHax, ynpasiswommx Bceenennoii. Bo Bpemena HeproTona
00pa30BaHHBIN YEJIOBEK MOTI, MO KpaiHell Mepe B OOIIMX ueprax,
OXBAaTUTh BECh 00BEM  3HAHUI, KOTOPHIMHM  pPAaCIOJAraio
yesoBeuecTBo. Ho ¢ Tex mop pasBuTHE HayKHU IPOUCXOAUT B TAKOM
TEMIIE, YTO TMOAOOHBIH OXBaT CTajll HEBO3MOXHBIM. Teopuu
HEIPEPBIBHO BUAOU3MEHSIOTCS Ul COTJIAaCOBAHUS C PE3yJIbTATAMU
HaOJII0/IEHUH, U HUKTO HE 3aHUMAETCsl NepepabOTKON U yIPOIEHUEM
TEOPHH A TOro, YTOOBI MX MOIJIM MOHSATH HECHEelHaTucThl. Jlaxe
OyIy4yd CIEUUATNCTOM, MOXKHO HAaJEeAThCS IMOHATH JIMIIb MAajylo
4acTh Hay4HbIX Teopuil. Kpome Toro, pasButue uieT Tak OBICTPO,
YTO BCE, YEMY Yy4aT B LIKOJIE WJIA YHUBEPCUTETE, BCEr/a HEMHOIO
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ycTtapenoe. JIMip €QuMHMIBI MOTYT JBMIaThCsl BIIEpE]l HapaBHE C
OblcTpo pacTyuuM oObeMoM HH(popMmanmu. VM npuxogurcs
MOCBSIATh 3TOMY BCE CBOE BpPEMs U CHELMAIU3UPOBATHCS JIMILIL B
Kakoi-To y3ko# obmnactu. OCTajqbHBbIE MaJIO YTO 3HAIOT O TOM, YEro
JIOCTUIJIa HayKa M KaK 3TO IEpPEeKHUBAIOT ydeHble. Eciau Beputh
OAJIMHITOHY, CEMbJECAT JIET Ha3aj JHILIb [BA 4YeJIOBeKa MOHUMAJU
0011yI0 TEOpHIO0 OTHOCUTENBHOCTU. Ceiuac ee 3HAI0T IECATKU ThICSIY
BBIyCKHUKOB YHHBEPCUTETOB, @ MHOTME MWJUIMOHBI JIIOJEH mO
KpaifHell Mepe 3HaKOMBI C JIealleil B ee ocHoBe mueeil. Ecmu Ob
ObUIa OTKpbHITA MOJHAsl €IuHas TeopHs, TO €€ CHUCTeMaTH3auus U
YIPOIIEHKE, a IOTOM M IPENOAAaBaHKuE B LIKOJIE, 10 KpaliHENl Mepe B
o0LMX yeprax, OKa3aJuch Obl MPOCTO JAeloM BpeMeHu. Tornma Bce
cMoryid OBl MOMYyYUTh HEKOTOPOE TMPEJCTaBIEHHE O 3aKOHAaX,
YOpaBIAOIMX  BceneHHOM M OTBETCTBEHHBIX — 3a  Hame
CYILIECTBOBAHMUE.

Ecnu HaMm nelcTBUTENBHO yAACTCA OTKPBITH MOJIHYIO €IUHYIO
TEOPHIO, TO 3TO HE OyJIeT 03HAYATh, YTO MBI CMOKEM IPEICKA3bIBATh
coObiTust BooOme. Ha To ects naBe mpuuuHbl. Bo-mepBbix, Hamm
IIpeJICKa3aTeIbHbIe BO3MOKHOCTH OrpaHUYEHBI
KBaHTOBO-MEXaHUYECKUM MPHUHIMIIOM HEOIPEIEICHHOCTH, U C 3TUM
HU4Yero He nojenaems. [IpaBna, Ha MpakTUKE BTOPOE OrpaHUYCHHE
cuiibHEe nepBoro. Bropoe orpannuenue cBA3aHo ¢ TEM, U4TO, €CJIU HE
CUMUTaTh OYEHb MPOCTHIX CIIy4yaeB, Mbl HE YMEEM HAaXOJUTh TOYHBIE
pellleHus] ypaBHEHU, onuchIBalonX Teopuio. (Mbl He B COCTOSIHUU
TOYHO pEIIUTh JaXe YpaBHEHUS JBH)KEHUS Tpex Tel B
HBIOTOHOBCKOW TEOpPUM TIpaBUTAllMM, a C POCTOM 4YHUCIA Tel U
YCIIO)KHEHHEM TEOPUU TPYIHOCTH ele 0oJiee yBEIUYUBAIOTCS). MBI
y>K€ 3HaeM T€ 3aKOHbI, KOTOPHIM MOJYUHSIETCS MOBE/ICHUE BEIlleCTBA
BO BCEX YCIIOBHSX, KpOME 3KCTpeMajbHbIX. B yacTHOCTH, MBI 3HaeM
caMble BayKHBIE 3aKOHBI, JIe)KAIllMe B OCHOBE XUMUU U Ouonoruu. Tem
HE MEHEe MbI, KOHEYHO e, HEe MPUUUCIIAEM 3TH HAYKU K PELICHHBIM
npobiieMaM; Mbl MOKa HE JOOWJINCH MOYTH HHMKAKUX YCIEXOB B
Npe/CKa3aHUM MOBEJCHMS 4YEJIOBEKa Ha OCHOBE MaTeMaTHYEeCKHX
ypaBHeHui! Takum 00pa3om, €ciii Mbl M HaWIEM TOJHYIO CUCTEMY
OCHOBHBIX 3aKOHOB, TIepe/l HAMU Ha MHOTO JIET Briepe] OyJeT CTOSITh
BbI30BOM  HAallleMy MHTEJUIEKTY 3ajJada pa3pabOTKH  HOBBIX
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NpUOJIMHKEHHBIX METOJIOB, C TMOMOIIBIO KOTOPBIX MBI MOTJIH OBl
YCIEUIHO MPECKa3blBaTh BO3MOXKHBIE pE3yJbTaTbl B PEATbHBIX
CIOXHBIX cuTyauusx. IlonHas, HempoTHUBOpeuMBasl €AWHAS TEOPHS
— 3TO JIMIIb NEPBbIH IIar: Halla Lelb — HOJHOe MOHUMaHHUE BCEro
IPOUCXOJAIIET0  BOKPYT Hac W HAllero  COOCTBEHHOIO
CYLLIECTBOBaHMS.

11. 3aknoyeHue

Mpl >kMBeM B yAuBUTENbHOM Mupe. Ham Xxouercs moHATH ToO,
YTO Mbl BUIUM BOKpPYI, U CIPOCHTb: KAaKOBO ITPOUCXOXKICHHE
Bcenennoii? kakoe MECTO B HEM 3aHMMAeM Mbl, U OTKyJa Mbl U OHA
— BCE 3TO B35JIOCH? MOYEMY BCE MPOUCXOJUT MMEHHO TakK, a He
nHaue?

Jlnst oTBeTa Ha 3TU BOIPOCHI Mbl IPUHUMAEM HEKYIO KAPTUHY
mupa. Takoil KapTHHON MOXKET OBITh KaK OalHs U3 CTOSALIMX APYT Ha
JIpyre yepernax, HeCyluxX Ha ce0e IUIOCKYI0 3eMIII0, TaK U TEOpHs
cynepctpyH. O0e OoHM SABISIOTCS TeopusiMu BcelnieHHOM, HO BTOpast
3HAUUTEIIPHO MaTeMaTU4Hee W TouHee nepBoil. Hu omHa m3 stux
TEOpUI HE MOATBEP>K/I€HA HAOIIOICHUSIMU: HUKTO HUKOTJa HE BUAEI
TUTAHTCKYK0 Yepernaxy ¢ Hamed 3emMied Ha CIHHE, HO Belb M
CYNepCTpyHY HHMKTO HMKoria He Buaen. OJIHAKO MOJAENb yepenax
HEJb3sl Ha3BaThb XOPOILUEH HAy4YHOW TEOpHEHl, MOTOMY YTO OHa
IIPEJICKa3bIBAET BO3ZMOXKHOCTh BBINAJICHUS JIIOAEH uepe3 Kpail Mupa.
Takast BO3MOXXHOCTh HE NOJATBEPXKIECHA SKCIEPUMEHTAIbHO, Pa3Be
YTO OHA OKAXETCsl NPUYMHOW IMPEIoJaraéMoro HCYE3HOBEHUS
moner B bepmynckom tpeyronpHuKe!

Camble nepBble MOMBITKH ONMUCaHUs U 00bscHeHHs Beenennoi
ObUIM OCHOBAaHbI Ha MPEJCTABICHUU, YTO COOBITUSMHU U SBICHUSIMHU
MPUPOJBI YIPABIAIOT TyXU, HAIEIEHHbIE YEJIOBEUECKUMU 3MOLUSIMHU
U JCHUCTBYIOLIME COBEpIIEHHO Kak JIIogd M aOCOJIIOTHO
HENpeICKa3yeMo.

OTU yXd HacelsIl Takue MPUPOJHBbIE OOBEKTHI, KaK DPEKH,
ropsl 1 HebecHble Tena, Hanpumep, Connue u Jlyny. Ilomaramoch
3ama0puBaTh HMX U JOOWBATHCA WX PACIMOJIOKEHUS, YTOOBI
o0ecrnieynTh IUIOJOPOAME TOYBBI M CMEHy BpeMmeH roxa. Ho
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MOCTENIEHHO JIIOAW JOJDKHBI OBUIM TOAMETHTH OIpEIEICHHbIE
3akoHOMepHOCTH: COJIHIIE BCEerja BCTaBaJI0 HA BOCTOKE U CaaUIIOCh
Ha 3amaje He3aBUCHMO OT TOro, Obula WM He Obula NpHUHECeHa
xeptBa 6ory Connua. Conuue, JlyHa u miuaHeTsl XOAWIU MO HEOY
BJIOJb COBEPILEHHO ONPEAETCHHBIX IMyTeH, KOTOPHIE MOXHO OBLIO
MpeAcKa3aTh Hamepen ¢ Xxopoueld ToyHocThro. ConHue u JlyHa Bce
K€ MOTJIM OKa3aThCs OoramMu, HO OOramu, KOTOpBIC MOIIHHSIIOTCS
CTPOTUM, MO-BUAMMOMY, HE JIONMYCKAIOIIUM HMCKIOYEHUH 3aKOHaM,
€CJIM, KOHEYHO, OTBJIEYUbCS OT POCCKA3HEN BPOJIE JIET€HIbI O TOM, KaK
panu Mucyca HaBuna ocranoBmiiocs ComHIIE.

CHavana 3aKOHOMEPHOCTH M 3aKOHbl ObUIM OOHapy>KEHbI
TOJIBKO B aCTPOHOMHHU M €lle B CUMTaHHBIX ciaydasx. Ho mo mepe
pasBUTHS IMBWIN3AIMM, U OCOOEHHO 3a MOCJIEIHHE TPUCTA JIET,
OTKPBIBAINCh BCE HOBBIE W HOBBIE 3aKOHOMEPHOCTH U 3aKOHBI.
YcnemHoe NpUMEHEHUE ATUX 3aKOHOB B Hauvane XIX B. mpuseno
Jlanmaca x JOKTpUHE HAYy4HOTO AeTepMHHU3MA. Ee CyTh B TOM, 4TO
JIOJDKHA CYLIECTBOBAaTb CHCTEMa 3aKOHOB, TOYHO OIPEIEIAOLIUX,
Kak Oyner pas3BuBaThCsi BceneHHas, Mo ee COCTOSIHHIO B OJUH
KaKOH-HUOYJb MOMEHT BPEMEHH.

JlarutacoBckuit  1eTepMMHU3M  OBLT  HEMOJHBIM HO JBYM
npu4vHaM. B HeM HUYEro He roBOPWIOCH O TOM, KaK CIEIyeT
BbIOMpATh 3aKOHBI, U HUKAK HE OIpPENEesUIOCh HaYaJIbHOE COCTOSIHUE
Bceenennoit. I To u gpyroe mpepocrasisuiocs pewmars bory. bor
JOJKEH ObUl pelinTh, KakuM ObITh Haualdy BceneHHOW M Kakum
3aKOHaM €Y IOAYMHATHCS, HO C BO3HMKHOBEHUEM BceneHHOHR ero
BMELIATENLCTBO  Mpekpatuioch. Ilpaktuuecku  bory — Obum
OCTaBJICHBI JIUILB T€ 00JaCTH, KOTOpPbIE ObUIN HETMOHATHBI Hayke XIX
B.

Celiuac Mbl 3HaeM, 4ro MeuThl Jlamulaca o JaeTepMUHU3ME
HepeaJbHbl, 110 KpaliHEH Mepe B TOM BUJE, KaK 3TO NoHMMa Jlarmac.
B cuwily KBaHTOBO-MEXaHMYECKOTO IPHHIMIIA HEONPEAEICHHOCTH
HEKOTOpBbIE Mapbl BEJIWYMH, HalPHUMEP, MOJOKEHHE YacCTULBl U €€
CKOpOCTh, HEJIb351 OJJHOBPEMEHHO a0COJIIOTHO TOYHO MPE/CKa3aTh.

KBanToBass MexaHuka B MOJOOHBIX CHUTyaIMsAX oOpamaercs K
LIEJIOMY KJIacCy KBAHTOBBIX TEOPHil, B KOTOPHIX YaCTHUIbI HE UMEIOT
TOYHO OIPEAEIICHHBIX IOJIOKEHUN U CKOPOCTEH, a MPEICTaBIISIOTCS
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B BHAe BOJH. Takue  KBAHTOBbIE  TEOPUM  SIBIISIFOTCS
JETCPMUHUCTCKUMU B TOM CMBICJIE, YTO OHHM YKAa3blBalOT 3aKOH
U3MEHEHHUs1 BOJH cO BpeMeHeM. llosToMmy, 3Has XapaKTepUCTHKHU
BOJIHBI B OJUH MOMEHT BPEMEHHU, MBI MOJKEM DPACCUUTATh, KAKUMH
OHM CTaHyT B JO00W JpPYyrodi MOMEHT BpPEMEHH. OIEMEHT
HENPEICKa3yeMOCTH U CIIy4alHOCTH BO3HUKAET JINIIb IIPU MOMBITKAX
MHTEPIIPETALIUY BOJHBl HA OCHOBE NPECTABICHUN O MOJIOXKEHUU U
ckopocTd yactuu. Ho B 3TOM-TO, BO3MOYKHO, M 3aKJIIOYAETCs Halla
OIMOKa: MOXKET OBITh, HET HU IMOJIOKCHH, HU CKOPOCTEH YacTHIl, a
CYILIECTBYIOT OJJTHU TOJIbKO BOJHBI. M ommbka UMEHHO B TOM, YTO MbI
IBITAEMCS BTUCHYTHh IIOHSATHE BOJHBI B HAIM 3acKOpY3Jble
MPEJICTaBICHUST O TMOJIOKEHUSIX M CKOPOCTSX, a BO3HHUKaIoLlee
HECOOTBETCTBHUE U €CTh IPUUMHA KaXKyLIEHCs HENIPENCKa3yEeMOCTH.

W BOT MBI MOCTaBWIM MHYK 3aJady Iepel HayKOW: HaWTh
3aKOHBI, KOTOpBIE TIO3BOJISIM OBl IpeICKa3bIBaThb COOBITUS C
TOYHOCTbIO, JIOIIyCKaeMON MPHUHILIUIIOM HeolpeneaeHHOCTH. OHaKko
BCE PpaBHO oOcTaeTcsi ©Oe3 OTBeTa BOIPOC: KaK U IOYeMy
NPOU3BOAWIICS  BBIOOp 3aKOHOB U HA4yaJlbHOTO  COCTOSTHHUS
Bcenennoii?

B or0oil kHure s 0co00 BBIAENWI 3aKOHBL, KOTOPBIM
MOJYUHSETCS TpaBUTALMSL, [IOTOMY YTO, XOTSI TPAaBUTALMOHHBIE CHIIbI
camble ciabble U3 CYLIECTBYIOIIUX YEThIPEX THUIOB CHJI, UMEHHO MO/
JeiicTBueM — rpaBuUTanMd  QopMHpYyeTcs  KpyNHOMAacIITabHas
cTpyKkTypa Beenennoi. 3akoHbl TpaBUTAlMM ObLITM HECOBMECTUMBI C
elle HelaBHO ObITOBaBIIEH TOYKOM 3peHusi, uto BcenenHnas He
U3MEHSAETCS CO BPEMEHEM: W3 TOro, 4YTO TpaBUTALIMOHHBIE CHIIbI
BCEI/la SBIIAIOTCS CHJIAaMU NPUTSDKEHUS, BBITEKAeT, 4To BceeneHHas
JIOJDKHA JIMOO pacHIMpAThCs, JU00 cxxkumathesi. CoriacHo oOmiei
TEOPHH OTHOCUTEIHHOCTH, B MPOIJIOM JODKHO OBUIO CYIIECTBOBATH
COCTOSSHUE C OECKOHEYHOM IIJIOTHOCTbIO — OOJbIION B3pBHIB,
KOTOpbI M cTanm 3(pQEKTUBHO HA4yajJOM OTCYeTa BpPEMEHH.
AHanoruusHeIiM 00pa3om, eciiu Besi BeeneHHast ucnbiTaeT HOBTOPHBIN
KoJanc, TO B OyaylmeM JOJDKHO OOHAapyXHUTbCA €Ile OJIHO
COCTOSIHHE C OCCKOHEUHOM IIJIOTHOCTBIO — OOJIBIION XJIOMOK,
KOTOpBIM CTaHET KOHLIOM T€4EHHUs BpeMeHHU. Jlake eciiu BTOPUYHBII
KoJuaric BceneHHOM HE MpOM30MAET, BO BCEX JIOKATU30BaHHBIX
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obnacTsX, W3 KOTOPBIX B pe3yjibTare Kojulanca o0pa30BaliuCh
YepHbI€ JbIPbl, BCE PABHO BO3HUKHYT CHHIYJSIPHOCTU. OTH
CUHTYJISIPHOCTH OyJIyT KOHIIOM BPEMEHH IS JIF0OOT0, KTO ymaJeT B
4YepHyl Jbplpy. B Touke Oonbmioro B3pblBA U B JAPYTUX
CHUHTYJIIPHOCTSIX HapylIalOTCS BCE 3aKOHBI, a Mo3Tomy 3a borom
coxpaHsieTcs MmojiHasi cBo0OJla B BHIOOpPE TOT0, YTO MPOUCXOIUIO B
CHUHTYJISIPHOCTSIX M KaKUM ObLIO Havyano BceeneHHoi.

[Ipu oObenuHEHWH KBAaHTOBOW MEXaHMKH C OOIIEH Teopuei
OTHOCHUTENILHOCTH  BO3HHUKAET, MO-BUJIMMOMY, HOBas, JiOCele
HEW3BECTHAs BO3MOXXHOCTH: MPOCTPAHCTBO M BpPEMsI MOTYT BMECTE
00pa3oBaTh KOHEYHOE YETHIPEXMEPHOE MPOCTPAHCTBO, HE UMEIOIIEE
CHUHTYJIIPHOCTEH M TPAHUIl M HAITIOMUHAIOINIEE TTOBEPXHOCTh 3EMIIH,
HO ¢ OONBIIMM YUCIOM u3MepeHHil. C MOMOIIBI0 TaKOro MOJAX0a
yaajochk Obl, HaBEpHOE, OOBSICHUTH MHOTHE W3 HAOJIOAAEMBIX
CBOICTB BceneHHo#, Hampumep, €€ OJHOPOAHOCTh B OOJNBIIUX
MacmrTabax W OJHOBPEMEHHO OTKIOHEHHS OT OJHOPOJIHOCTH,
HaOmolaeMble B MEHBIIMX MaciiTabax, Takhe, KaK TaJaKTHKH,
3Be3Ibl M Jaxke uejoBeueckue cymectBa. C MOMOLIbIO 3TOTO
MOAX0Ja MOXHO ObIJI0O OBl OOBSCHUTH JlaXkKe CYIIECTBOBAHUE
HaOmromaemMoil Hamm cTpenbl Bpemenn. Ho ecnum  Bceenennas
MOJIHOCTHIO 3aMKHYTa U HE UMEET HU CUHTYJISIPHOCTEH, HU TpaHull,
TO OTCIO/Ia BBITEKAIOT OYEHb CEPhE3HBIC BBHIBOALI O ponu bora kak
Coznarensi.

Opnaxapl DWHIITEHH 3aman Bompoc: «Kakoi BeIOOp ObLT y
bora, korma oH co3maBan  Bcenennyio?» Eciu  BepHO
MPEANOI0KEeHHEe 00 OTCYTCTBUU I'paHMIl, TO y bora Boob1ie He ObL10
HUKaKOW CBOOOJIbI BBIOOpA HAYaNbHBIX yCIOBHUil. Pazymeercs, y Hero
eIIe ocTaBajiach CBOOOJa BHIOOpA 3aKOHOB, KOTOPHIM TOIYHHSACTCS
Bcenennas. Ho ux Ha camoMm jene HE Tak y»X MHOTO; CYLIECTBYET,
BO3MOJKHO, BCEro OJHA WM HECKOJbKO MOJIHBIX €IMHBIX TEOPHH,
HampUMep, TEOPUS TETEPOTHUECKON CTPyHBI, KOTOpbIE OBLIM ObI
HEMPOTHBOPEYUBHI U JOIMYCKAJIA CYIICCTBOBAHHWE TaKHX CIIOXKHBIX
CTPYKTYp, KaK 4YeJIOBEUECKHE CYyIIEeCTBA, CIHOCOOHBIX HCCIEN0BATH
3aKOHBI BCcesleHHOM 1 3a/1aBaTh BONPOCHI O CYIIHOCTH bora.

Jlaxke eciu BO3MOXKHA BCEro OJHA €JIMHAs TEOpHUsT — 3TO
MpOCTO Habop mpaBwi U ypaBHEeHUU. HO 9TO BABIXAEeT )XKU3Hb B ITH
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ypaBHEHUS M co3faeT BceleHHyl0, KOTOPYyIO OHH MOIJIM Obl
onuckiBaTh? OOBIUHBIN yTh MAYKH — IMOCTPOCHUE MAaTEMATHIECKOM
MOJIETIM — HE MOXET IPUBECTU K OTBETY HA BOIPOC O TOM, [IOUEMY
JOJKHA cyllecTBoBaTh BceneHHas, koTopyro OyneT OMNHCHIBAaTh
noctpoeHHas monenb. [louemy BceeneHHas uaeTr Ha BCe XJIOMOTHI
cymectBoBaHus? Heyxenu enuHas Teopusi Tak BCECUIIbHA, YTO cama
ABJIIETCS IPUUMHON cBOeH peanu3anuu? M el Hy’keH co3ziarensb, a
€ClI HYXEH, TO OKa3bIBaeT JIM OH elle Kakoe-HUOyAb BO3JEiiCTBHE
Ha Beenennyto? U ko coznan ero?

[loka OOJNBUIMHCTBO YYEHBIX CIHUIIKOM 3aHSATHl PAa3BUTHUEM
HOBBIX TEOPHH, ONMCHIBAIOIIMX, YTO €CTh BceneHHas, 1 UM Hekorja
CIpOCUTh celdsi, moueMy oHa ecTb. Dunocodsl ke, ubsd paboTa B TOM
U COCTOMT, YTOOBI 3a/1aBaTh BOIIPOC «IIOYEMY», HE MOTYT yTHAaThCA 32
pa3zButueM HayuyHbIXx Teopuil. B XVIII B. ¢unocodsr cuuramu Bce
4eJIOBEYECKOE 3HAaHME, B TOM 4MCIE M HayKy, IOJIEM CBOEH
JESTeIbHOCTH U 3aHMMAJIUCh OOCYKJIE€HHEM BOIIPOCOB THMA: ObLIO
mu y Bceenennoil Hauano? Ho pacdeTsl 1 MaTeMaTHUYECKUN anmnapar
Haykn XIX m XX BB. CTaJIM CIUIIKOM CIIOXKHBI Uit prstocodoB u
BOOOIIE JUIg BcCeX, Kpome crenuanuctoB. dumaocodsl HACTOIBKO
CYy3WIM KpYyr CBOMX 3alpOCOB, YTO cCaMblii HM3BECTHBIA (uiocod
Hallero BeKa BuUTTreHmWTeMH 1O 3TOMY IOBOAY  CKas3ail:
«EnuHcTBeHHOE, 4YTO emie ocTtaeTcs (uiocoduu, — 3TO aHAIU3
sa3bikay. Kakoe yHmwxkenue s ¢uinocopuun ¢ ee  BEITUKUMHU
TpaauuusMu ot Apucrorens no Kanra!

Ho ecnu Mbl 1€HCTBUTENBHO OTKPOEM MOJIHYIO TEOPHUIO, TO CO
BPEMEHEM €€ OCHOBHBIE IPHUHLHUIIBI CTAaHYT JAOCTYIHbBI TOHUMaHHUIO
Ka)KJ0ro, a HE TOJIbKO HECKOJIBKUM crienuanucram. M rorna Bce msl,
¢unocodsl, yuyeHble U TMPOCTO OOBIUHBIE JIFOJH, CMOXKEM TMPUHATH
ydyacTue B JUCKYCCMM O TOM, IIOYEMY TakK I[POM3OLLIO, 4YTO
CyIIECTBYeM MBI M cymiecTByeT Bcenennas. M ecnu Oyner HaiineH
OTBET Ha TakoW BOMPOC, OTO OyAeT TNOJHBIM TpUyMPOM
YeJI0BEYECKOro pasyMa, MO0 TOr/la HaMm CTaHEeT IMOHATEH 3aMbICes
bora.

Benukue pnsunkm
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AabOepT JAHIITEHH

Kak OblI1 cBS3aH DHWHINTEHH C ITOJUMTHKOHW, OCHOBAHHOM Ha
AIEPHOM OpPY’KHH, XOpOILIO M3BECTHO: OH IOJAIMCAT 3HAMEHUTOE
MUCHMO K npe3uaeHTy Py3BenbTy, koTopoe 3acTaBuiio CoeJuHEHHBIE
[IITaTel ceppe3HO OLEHUTH TOJIOKEHHE, a I[IOCIE BOWHBI OH
BKJIFOYWICS B JIBMDKEHHME 33 MPEIOTBPAIICHUE SEPHOU BOMHBL. ITO
He ObUIO OTIEJIbHBIMH 3IMH30[aMHU B JKU3HM Y4YEHOIO, BTSHYTOIO B
nonuTuky. JKusHp OMWHINTEHa, HO €ro COOCTBEHHBIM CIIOBaM,
«J1eNNUIacCh MEXIY MOJTUTUKON U YPAaBHEHUSIMUY.

Pannsis monuTryeckas akTUBHOCTh DWHINTEHHA BO3HHKIIA €IIIe
BO BpeMs IlepBoil MUpOBOI BOMHBI, KOrja oH ObUT mpodeccopoM u
bepnune. VYOuthii Tem, 4YTO OH CYHMTaJl HaMpacHOM moTepeit
YEeJIOBEUECKUX  KM3HEW, OH MPUMKHYJI K  aAHTUBOCHHBIM
JeMOHCTpamusaM. Ero BBICTyIUIEHHMS B 3allMTy TIPaXkJIaHCKOTO
HETMOBUHOBEHUS U MyOJUYHOE OJ00pEHHE TeX, KTO OTKAa3bIBaJICs OT
CIIyObl B apMHU{, HE MOIVIM CHHCKAaTb €My MOIYJSIPHOCTH CPeIu
koter. Ilocne BoMHBI OWHIITEWH HampaBuil CBOM YCWIMS Ha
IIPUMUPEHUE CTOPOH M YJIYYIICHHE MEXKIYHAPOAHBIX OTHOLICHUM.
Taxoro poja 1esTebHOCTh TOXKE HE CIIOCOOCTBOBAJIA MOMYJIIPHOCTH
OWHIITeHa U 4yepe3 HEKOTOpOoe BpeMsl IpHBesa K TOMY, YTO €My
ctasio TpyaHo nocewars CoenunenHele lllTatel gaxke st yTeHUi
JIEKIUH.

BropbiM BakHEMIIUM JE€TOM B JKU3HM OWHIITEHHA OBLI
CHOHU3M (B TO BpeMs 3TO O3Haydajio OOpHOYy 3a ToCyJapCTBEHHOE
oOvenuHeHue eBpeeB, mnoanep:kannoe OOH, u B yacTHOCTH,
CCCP. — nmpum. pen.).

Bynyuu cam eBpeeM 10 IPOUCXOKACHNIO, DUHIITEHH OTPULIAI
oubnerickyro uneo bora. Ho Hapacraromas BojgHa aHTHCEMHUTH3MA
Kak nepen llepBoii MUpOBON BOMHOM, TaK M IIOCJIE HEE MOCTEIIEHHO
npuBena OWHIITEWHa K OTOXIECTBICHHIO ce0si C eBpelcKoil
OOIIMHOM, U OH HpeBpaTWiIcs B MOJHOIO CTOPOHHUKA CHOHU3Ma. B
KOTOPBI pa3 MaJeHHe MOMYJSIPHOCTH HE OCTAHOBWJIO DWHIITEIHA
nepea OTKPBITHIM BbICKa3bIBAHUEM CBOUX B3IJIsA0B. Ero teopuu
MPECIEAOBAIINCE; BO3HUKJIA JTaKe AHTUAHIITEHHOBCKAS
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opranmzaius. OauH  yemoBek  ObT  mpemaH  Ccydoy — 3a
MOJICTPEKATENIbCTBO K YOMICTBY DiHINTElHHA (M omTpadoBaH BCEro
Ha 1IecTh AojutapoB). Ho DHHIITEHH coXpaHsI CHOKOWCTBHE, a
Koraa Bblnula KHAra «CTO aBTOPOB MNPOTUB OWHIITEHHA», OH
3aMeTHII: «XBaTHIJIO OBl M OHOTO, €CJIU 51 ObLT ObI HEenpaB!»

B 1933 r. x Bnactu nipumien ['utiiep. DUHINTEHH, KOTOPBIN OBLI
B 3TO BpeMs B AMeEpHKe, 3asBWJI, YTO HE BEpHETCs B | 'epmaHmIo.
Korna namucrckue BOWCKAa OKPYXKWJIM €ro JOM, a ero OaHKOBCKUUN
cdeT ObUT KOH(PHCKOBAH, B OJHOW M3 OCPIMHCKUX Ta3eT MOSBUIICS
3aroJIoBOK: «XOopoIre HOBOCTH — DUHINTEHH He BepHeTcs». [lepen
JUIIOM HAIUCTCKON yrpo3bl DUHINTEHH OTOIIeNn OT manudusMa u B
KOHIIE KOHIIOB, OIAacasich TOTrO, YTO HEMELKHE YYEHbIE CO3JadyT
aTOMHYIO 6omOy, MPEAJIOKHUI Coenunennpiv  llTatam
pa3zpabaTeiBaTh CBOIO COOCTBeHHYI0 OomOy. Ho eme mo B3phiBa
nepBo aToMHOM OOMOBI OH TyOMMYHO Mpeaympexagan oo
ONACHOCTSX SAEPHOW BOMHBI U IpeIarajl co3aarb MEKIyHapOHbIN
KOHTPOJIb 32 SIIEPHBIMU BOOPYKEHUSIMU.

Ha  nporsbkenunm — Bcel  xu3HM — OHHIUTEHHAa  €ro
MUPOTBOPYECKHE YCWIMS HE JaBajd, MO-BUAMMOMY, IPOYHBIX
pE3yJIbTaTOB U Y’ BO BCSKOM CIy4yae HE MPUOABISUIM €My JIpy3ei.
Opnnako myOMUYHBIE BBICTYIUICHUS DUHINTEHHA B 3aIIUTy CHOHH3MA
ObUIM MO JOCTOMHCTBY OLIEHEeHbl B 1952 1., xorga emy ObLIO
MPEeAJIOKEHO CTaTh mpe3uaeHToM M3pauns. DUHIITEHH OTKa3zaics,
3asBUB, YTO, 110 €0 MHEHHIO, OH CIUIIKOM HauBeH B noiutuke. Ho
JNEHCTBUTENFHOM TPUYMHOW OTKa3a, HaBEpHOe, OblIa JApyras.
[Tpouutupyem ero eme pas: «/ias MeHsI Ba)kHEE YpaBHEHUs, TOTOMY
YTO TMOJUTHKAa HYyXHA HACTOSIIEMY, a YypaBHEHUS — 3TO I
BEYHOCTUY.

I'anunaeo I'annieii

lanuneit, noxanyii, Oomblle, 4YeM KTO-THOO Jpyrod wus3
OTJENBbHBIX JIIOJIEH, OTBETCTBEH 3a POXKIACHUE COBPEMEHHON HAayKHU.
3nameHuTeli  cnop ¢ Karomnueckoit llepkoBbro  3aHMMan
HEeHTpaibHOE MecTo B (uimocopuu ['amumes, 60 OH OJHUM U3
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NEepBbIX OOBSBWI, YTO y 4YENOBEKa €CTh HaJeXIa IOHATh, Kak
YCTPOEH MUp, U, 00JIe€ TOro, UTO 3TOI0 MOKHO JOOUThCA, HAOIOAAs
Halll peaJIbHBIN MUD.

I"anuneit ¢ camoro Hauana Bepui B Teoputo KonepHuka (0 ToMm,
4TO IUIaHETH oOpamarTcss Bokpyr ColHIIa), HO HavYall ee MmyOJIuIHO
NONJECPKUBATh JIMIIb TOrAA, KOIZJA Halel €€ IOATBEP)KICHUS.
PaGotel, mnocBsmenHble Tteopun Komnepuuka, [anuneit mnwmcan
HO-UTANBSHCKM (2 HE HAa NPUHATON aKaJeMUYeCKOM JaTblHM), U
BCKOPE €ro NpeACTaBIEHUS PacHpOCTPAHMWINCH JAJIEKO 33 MPEIEIIbl
YHUBEPCUTETOB. JTO HE TONPaBWIOCh MPHUBEPKEHIAM YUYEHUs
ApucroTens, KOTOpble OOBEIUHMINCH NPOTUB lanuies, MbITascCh
3actaButh Katonmueckyro llepkoBb mnpenath aHademe yueHue
KonepHuka.

B3BosiHOBaHHBIN nTpoucxoasammm, ["anuneit ornpasuics B Pum,
4TOOBI IMOCOBETOBAThHCS C IIEPKOBHBIMU aBTopuTeTamMu. OH 3asBUII,
4yTo B Lenu bubnuu He BXOOUT Kakoe Obl TO HU OBLIO OCBEILEHUE
Hay4YHBIX TEOPUHI M YTO HAJO NPUHUMATH 32 AIJIETOPUIO T€ MECTa B
bubnuu, KoTophle BCTYMAIOT B IPOTUBOPEUYHUE CO 3/IPABBIM CMBICIIOM.
Ho, Oosicb ckaHgana, KOTOpbIi MOI moMemate ee Oopble ¢
nporectanTamu, LlepkoBs nepenuia k pernpeccuBHbIM Mepam. B 1616
r. yuyenue KomepHuka ObUIO MPOBO3IJIAILIECHO «JIOXKHBIM U
omunOoYHbIM», a ["anmuiero ObUIO HAaBEKM 3allpellieHO BBICTyHaTh B
3alUTY WIN NPUAEPKUBATHCS 3TOW NOKTpUHBL. ["anmuneit caaincs.

B 1623 r. ogun u3 crapsix apysed ['amunes cran Pumckum
[Tanoit. ["anuneit cpa3y Hauan 1oOuBaThCs OTMEHBI yKaza 1616 r. On
MoTepIel HeyJauy, HO 3aTO CyMell MOJY4YUTh pa3pelleHne HarucaTh
KHUTY, OOCYXJAIOLIyl0 KaK TEOpHUI0 ApPHUCTOTENs, TaK M TEOPHUIO
Konepuuka. EMy Obl10 mOCTaBI€HO J1Ba YCIOBUSA: OH HE UMEN IMpaBa
NPUHUMATh HU OJIHY U3 CTOPOH M JOJDKEH OBLI CHIesIaTh BBIBOJ, UTO
YeJIOBEK HUKOTJ]a HE CMOXKET Y3HaTbh, KaK YCTPOEH MUp, TOTOMY 4TO
bor ymeer BbI3BIBaTH OJHM M T€ e 3(P¢eKThl crnocodamu, He
JIOCTYITHBIMU BOOOPa)KEHHUIO UeJI0BEKa, KOTOPbI HE MOXKET HajaraTh
OorpaHMu€eHus Ha BcemoryuiecTBo bora.

Knura [Nanunes «/luanor o AByX riaBHEHIIMX CUCTEMaX MUPay
Obuta 3aBepuieHa M u3gaHa B 1632 r. mpu TOJTHOM 0A00peHHUU
IeH3yphl M OblIa cpa3y e OoTMeueHa 1o Bceil EBpome kak
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auTepatypHeli U Quimocodpckuii menesp. Bekope, omnako, ITama
NOHAJ, 4YTO JTa KHUrAa BOCIPUHMMAETCs Kak yOeauTenbHas
noanepkka teopun KomepHuka, M MOXajed, 4TO pa3pelui ee
m3nate. [lama  3asgBuia, 4To, HECMOTps Ha  oduuuMaibHOE
OnarocnoBenue 1eH3ypbl, [amueit Bce xe Hapymma ykas 1616 .
[Nanuneil npencran nepen Cy1oM MHKBU3ULUKM U ObUT MIPUTOBOPEH K
MO’)KU3HEHHOMY JOMAlIHEMY apecTy U NMyOJUYHOMY OTPEYEHMIO OT
yuenus Konepuuka. ["anuiero npuiuioch OKOPUTHCS OIATh.

OcraBasich pegaHHbIM KaToMuKoM, ['amuneil He mokosebacs
B CBOEH Bepe B HE3aBUCUMOCTb HayKHU. 3a YEThIpe rojia 10 CMEpPTH, B
1642 r., Haxo[ACh Bce e€lle MOJ JOMAIIHUM apecTOM, OH TalHO
nepenpaBuwil B rOJJIaHICKOE M3/aTeIbCTBO PYKOIHUCHh CBOEH BTOPOI
KpynHOW KHUTU «JIBe HOBBIE Hayku». VIMeHHO 3Ta pabora, B
Oosnbllell cTeneHy, 4eM ero nojaepxka KonepHuka, nana poxxaeHue
COBPEMEHHOM HayKe.

HNcaaxk HoroToHn

Hcaaka HprloToHa Henb3s Ha3BaTh CUMIATHUYHBIM YEJIOBEKOM.
[InpoKyto W3BECTHOCTH MOJYYWJIM €ro IUIOXME OTHOLIEHUS C
JPYTMMH YY€HBIMU, U TOCJEJAHUE TOJbl CBOEH JKU3HU OH INPOBEN B
OCHOBHOM B  pe3kux cnopax. llocne wu3pgaHus  KHUTH
«MaremaTudeckue Havala», OKa3aBIIEHCs, O€3yCIIOBHO, camou
BIIMATENbHOM M3 BCEX KOI/a-JIMOO HAMMCAHHBIX KHHUT 1O (hU3MKe,
Heloton OpicTpo mpuobpen oOuiecTBeHHOEe mnonoxeHue. OH ObLI
Ha3zHaueH mnpesuaeHToM KoposeBckoro obmecTBa M cTal MEepBbIM
YYEHBIM, ITOCBSIEHHBIM B PhIIIAPCKOE 3BaHUE.

Bcekope HploTOH moccopuics ¢ KOPOJIEBCKMM aCTPOHOMOM
[xonom ®mamcTuioM, KOTOpbI pasblie cHaOxkan HbroToHa
JaHHBIMU s «MaTemMaTHuecKux Hadail», a TElnepb 3aiep>KUBall
uHpopMalmio, Koropas TpeboBamach Hreiorony. HploToH He
NOTEPIIe] TAKOrO MOJIOKEHHUS M CaM BKIIIOUMII ce0sl B PYKOBOJICTBO
KOPOJIEBCKOM ~ oOcepBaTopuMu, a 3aTeM Hadal J00MBaTHCS
HEMEJUIEHHOW IyONUKalMu pe3ysbTaToB. B KOHIlE KOHIIOB emy
yAanoch 3amoiyuuTh pabory DiadMcTHa M JAOTOBOPUTHCS O €€
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U3JIJaHUU CO CMepTEIbHBIM BparoM dmsmcTuaa IaMoHaoM [anneem.
Opnako ®mMCcTHA mepeAan Jeno B Cyl, U Cyd YCHel NPUHATh
pellleHne B €ro MoJjb3y, 3alpeTUB pPaclpOCTPaHEHHE YKpaJACHHOMN
paboTsl. HploTOHA pa3zo3nmiio Takoe pelieHue, u, YTOObl OTOMCTUTh
®mMeTHy, OH CHUCTEMaTHYeCKd CHUMal B Oojee TMO3THHUX
uznanusx «Hauam» Bce ccpuiku Ha paboTel DadMcTUaA.

boiiee cepwesnblii ciop pasropenca y HproTOoHa ¢ HEMELKUM
bunocopom Torrppumom JlehiOnunem. Jleitbnun u  HproToH
HE3aBUCHMO Jpyr OT Jpyra pa3BWiId 00JacTb MaTeMaTHKH,
HasbiBaeMylo U depeHIHaTbHbBIM HUCYUCIEHUEM, COCTaBIISIONIYIO
OCHOBY O0JIbIIIel YacTu coBpeMeHHOM (pu3uku. XoTs, KaKk MbI TeTephb
3HaeM, HbIOTOH OTKpBUI 3TO MCUUCIIEHUE HAa HECKOJIBKO JIET PaHbllIe
JleiiOHuna, cBoro paboTy OH OMyOJMKOBAN 3HAYUTEIBHO ITO3XKE.
Bo3HUK TpaHINO3HBIN CIIOp MO TOBOIY TOTO, KTO € OBLI TIEPBBIM.
VYdeHble phSHO 3aIIMIIATN 000MX COMEPHHUKOB. 3aMeyaTesbHO, YTO
MOYTH BCE CTAThH B 3amMTy HBpIOTOHA OBUTM HAIMKMCAHBI UM CAMHM U
UG onmyOIMKOBaHBI MOA UMeHaMu ero apyseit! Crop pasropancs,
u Tyt JleiOHur coepmmn omuOKy, oOpaTuBmmuch B Koponesckoe
00111ecTBO ¢ MPOCch0O paspemnTh npotuBopeune. HptotoH, Oyayun
MPE3UICHTOM  00IecTBa, Ha3HauWia  Juisi  pa3dbopa  mena
«HE3aWHTEPECOBAHHYI0» KOMMCCHUIO, «CIy4alHO» COCTaBJICHHYIO
nenukoM u3 apysei Herotona! Ho »To ObLIO emie HE Bce: 3aTem
HploTOH caM Hamucana OTY4eT KOMHCCHM M 3acTaBUJ OOLIECTBO €ro
onyOIuKOBaTh, OPHUITHATHFHO OOBHHHUB TakKuM o0pa3om JleiOHUIA B
riaruare. Bee erie He uyBCTBYs ceOs yIOBIETBOpEeHHBbIM, HpIOTOH
aHOHHMMHO OITyOJIMKOBAJ C)KaThlil MEpecKa3 3TOr0 OT4YeTa B ras3eTe
Koponesckoro obmectBa. ['oBopst, uro mocne cmeptu JleiOHumna
HploTOH 3asiBWJI, YTO OH MOMy4MJl OOJIBIIOE YJOBJIETBOPEHUE OT
TOT0, UTO €My yJAaJ0Ch «pa30uTh cepaue JleiiOnuma».

[Toka num o6a nucmyrta, Hetoton nokunyn u KemOpumx, u
kadenpy. OH mpuHUMAN aKTHUBHOE Y4YacTHE B AHTHUKATOJIMYECKOM
JBIDKEHUHM cHadana B KeMOpHIKCKOM YHHBEpPCHUTETE, a 3aTeéM B
napiaMeHTe © ObUT BO3HATPaXJE€H 3a OTO Ha3HAuYCHHWEM Ha
JIOXOJIHYIO JTOJKHOCTh XpaHuTelnss KoposiieBckoro MOHETHOTO JIBOPA.
3nech OH Hamen Oojiee COIMAIbHO OINpaBJaHHOE MPUMEHEHHE
CBOEMY  KOBapCTBy M  JKETYHOCTH,  YCICNIHO  TPOBEIs
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HMIMPOKOMACIITaOHYIO KaMITaHHIO o 60pboe c
(baJpIIMBOMOHETYMKAMH U JJAXKE OTIPABHB HECKOJBKUX YEIOBEK Ha
BHCEJIUILY.

CnoBapb TepMUHOB

AOGCONIOTHBIA HYJIb TEMIIEpaTypbl — CaMO€ HU3KOe U3 BCeX
BO3MOXHBIX 3HaueHWil Temmeparypsl. Ilpum abcomoTHOM HyIe
BEIIIECTBO HE 00J1a1aeT TEIIOBOM SHEpruei.

AHHUTUIISILIUS — TIpOLeCC, MPU KOTOPOM 4YacTULla U €€
aHTHYACTHIIA, CTATKUBAsCh, B3AUMHO YHUUTOXKAIOT IPYT ApYTa.
AHTHYacTHLIa — 'y KaXJOM YacTUIIBl MaTepuu ecTh

COOTBETCTBYIOIAs aHTM4actuua. llpm coynmapeHnn dyacTunbl M
AHTUYACTULIBI IPOMCXOAUT UX AHHUTHUILLUSA, B pPE3YyJIbTaTe KOTOPOU
BBIICIISICTCS DHEPTHS U POXKAAIOTCS IPYTHE YACTHULIBI.

AHTpPOIIHBIM NPUHIMI — Mbl BUIUM BceneHHylo Takoil, Kak
OHa €CTb, IIOTOMY 4TO, Oy/b OHa JPYyroi, Hac Obl 31ecCh HE ObLIO U
MBI OBl HE MOTJIM €€ HaOJI01aTh.

ATOM — HaMMeEHbIIasg 4YacTHIa OOBIYHOIO BellecTBa. ATOM
COCTOMT M3 KpOLIEYHOTO fA]pa (COCTaBIEHHOIO M3 IPOTOHOB M
HEHTPOHOB) M 0OpAIIAIOLINXCSI BOKPYT HETO AJIEKTPOHOB.

benplii kapauk — cTaOuibHAsE XOIOAHAS 3B€3/1a, HAXOAAIIAsICS
B pPaBHOBECHUHU Ojarojaps TOMy, YTO B CHJIy MPUHIMIIA HUCKIIOYEHUS
[Taynu Mex 1y 3JIEKTPOHAMHU JEHCTBYIOT CHJIbI OTTAJIKUBAHMS.

bonb1I0il B3pbIB — CUHTYJISIPHOCTb B MOMEHT BO3HMKHOBCHMS
Bcenennoit.

bonpmioil XJIOMOK — CHUHTYJISPHOCT B KOHEYHOM TOYKE
CylIecTBOBaHUsA BcelleHHOM.

Bec — cuita, ¢ KOTOpOIl Ha TENO AEUCTBYET TPABUTALIMOHHOE
nosie. Bec Tena mponopuuMoHaneH Macce Tejla, HO HE COBIANACT C
HEH.

BupryanpHas yacTunia — B KBAaHTOBOM MEXaHUMKE — 4acTHIA
KOTOPYIO HEBO3MOYKHO 3aperHCTPUPOBATH HEMOCPEACTBEHHO, HO
CyILIECTBOBaHUE KOTOPOH IIOATBEPKIAETCS s dexTamu,
MO/TAFOIIMMHUCS U3MEPEHHUIO.

I'amma-usinydyeHre — 3JIEKTPOMATHUTHOE M3JIyYEHUE C OYEHb
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MaJIOM JJIMHOW BOJIHBI, UCITyCKaEMOE NPHU PaJUOAKTUBHOM pacmnaae
WU TIPU COYIapEHUAX JIEMEHTAPHBIX YaCTHULL.

['eone3nueckass ~ camblii KOPOTKUH (WM CaMblil JJIMHHBIN)
IIyTh MEXAY ABYMS TOUKaMHU.

I'onas CUHTYJIIPHOCTb — CUHTYJISIPHOCTb B
MIPOCTPAHCTBE-BPEMEHH, HE HaXOAAIIAsACS BHYTPU YEPHOU JbIPHI.

I"'opu30HT cOOBITHI — I'paHULIA YEPHOU JBIPHI.

['paBuTanmoHHoe B3auMOAEHcTBUE — caMoe ciiaboe U3
4yeTelpeX  (yHIaMEHTaIbHBIX  B3aMMOJACUCTBHH,  oOianaromiee
OOJBIITUM PAIUYCOM JACUCTBUS. B rpaBUTAIlMOHHOM B3aMMOICHCTBUH
Y4acTBYIOT BCE YaCTHULbl MATEPUHU.

JInuHa BOJHBI — pAacCTOSHUE MEXAY JBYMsS COCEIHUMH
rpeOHSMU BOJIHBI I MEX/Ty JIByMsI €€ COCEIHUMHU BIIaJJMHAMHU.

3aKOH COXpaHEHHUS HHEPruM — 3aKOH HayKH, COIJIaCHO
KOTOPOMY SHEpPrus (WM €€ MacCOBBbIM DKBHUBAJICHT) HE MOXET HU
CO371aBaThCsl, HU YHUUYTOKATHCA.

KBantr — MuHUMAaIbHAS nopuous, KOTOpOfI HU3MCPSCTCA
HCITYCKAaHHUEC WX MMOTJTIOMICHUEC BOJIH.
KBaHTOBasT MexaHuka — TCOpH, pa3pa60TaHHa;1 Ha OCHOBC

KBaHTOBO-ME€XaHWYeCKoro npuHnuna Ilnanka w  npuHOUna
HeonpeneneHHocTH I 'elizendepra.

KBanroBo-mexannueckuil npunuu [lnanka (3aKoH U3Iy4YeHUs
[Inanka) — COCTOMT B TOM, YTO CBeT (WM JIOOBIE Jpyrue
KJIJACCUYECKHE BOJIHBI) MOKET WCITyCKaThCsl WJIM IOTJIOLIATHCS
TOJIBKO JUCKPETHBIMU MOPLUSAMH — KBAaHTAMU — C DHEPIUEH,
MIPONOPLIUOHAIBHON UX YaCTOTE.

KBapk — anemeHTapHas (3apspkeHHas) 4acTUIla, y4acTBYIOLIAs
B CWIBHOM B3aMMOJEHCTBUM. IIpOTOHBI M HEWUTPOHBI COCTOST
KaKIbIH U3 TPEX KBApPKOB.

KongaiinmeHT — HeBbUIETaHNE, YACPKAHUE LIBETHBIX KBAPKOB
U TJIFOOHOB BHYTPH aIpOHOB.

Koopannaatel — 4ucia, onpenensomuye MoJI0KEHNE TOYKH B
IIPOCTPAHCTBE U BO BPEMEHU.

Kocmuueckas neHsypa — NpeamnosnoKeHue 0 HeJOIy CTUMOCTH
TOJIBIX CUHTYJIAPHOCTEH.

Kocmonornueckas IIOCTOSIHHAsT ~ —  MaTeMaTru4deckas
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BCIIOMOTaTelIbHasl BEJIMYMHA, BBEJACHHAs OWHINTEHHOM JIs TOTO,
9TOOBl ~ MPOCTPAHCTBO-BPEMSI  MPHOOPENO  TEHIEHIUIO K
PaCIIMPEHHUIO.

Kocmonorusa — Hayka, 3aHuMaromasics uzydenueM BeenenHoi
KaK 1EeJI0ro.

Kpacnoe cmemenne — Bbi3BaHHOE d3(dexrom J[lomnepa
MMOKPACHEHHUE CBETA, UCITYCKAEMOI0 YIAAIOLIENHCS OT HAC 3BE3/I0M.
MaruutHoe moje — IoJie, CO3/JAl0llee MarHUTHBIE CHIIbI.

Celfyac MarHUTHOE TOJIE U DIJIEKTPUUYECKOE TIOJEC OOBEIUHSIOTCS B
AJIEKTPOMATrHUTHOE TOJIE.

Macca — KoIM4ecTBO BEIIECTBa, coaepxalieecs B Tene. Mepa
WHEPIMH TeJIa WK CTENEHb €ro COMPOTUBIICHUS YCKOPEHUIO.

MHuuMoe BpeMs — BpeMsi, U3MEPSIEMOE B MHUMBIX €IMHUIIAX.

Heiitpuno —  neruaiimast  (BO3MOXKHO, Oe3maccoBas)
AIIEMEHTapHAas YacTHIla BEIIECTBA, yUYACTBYIOIIAS TOIBKO B CIA0BIX U
IPaBUTAIIMOHHBIX B3aMMOICHCTBUIX.

Helitpon — He3apsbkeHHas dacTuIla, OYEHb ONu3Kas II0
CBOMCTBaM K TPOTOHY. HEHTpOHBI COCTaBISAIOT 0oJiee TOJOBHUHBI
YaCTHUII, BXOJSIINX B COCTAaB OOJBIIMHCTBA ATOMHBIX SJIEP.

Heititponnast 3Be3ga — XOJOJHAs 3BE€3/1a, CYILIECTBYIOIIAS
BCJIC/ICTBHE OTTAJKWBAaHUS HEUTPOHOB, 0OYCIOBICHHOTO IPUHIIUIIOM
[Taymnm.

OO61mast Teopusi OTHOCUTETHHOCTH — CO3JaHHasi DUHIITEHHOM
TEOpHsi, B OCHOBE KOTOPOM JIKUT MPEANOJIOKEHHE O TOM, YTO
3aKOHBI HAayKH JIOJDKHBI OBITh OJMHAKOBBI JIJISl BCeX HaOIromareneit
HE3aBHUCHUMO OT TOTO, KakK HBIXyTcA 3TH HaOmomarenu. B OTO
CYILIECTBOBaHHE T'PABUTAIIMOHHOTO B3aUMOJICHCTBUS OOBSICHSIETCS
HCKPUBJICHHEM YETHIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHHU.

IleppuuHas 4yepHas aplpa — YepHas Ablpa, BO3HUKINAA Ha
O4YEHb PAHHEU CTaIuU pa3BUTHs BceneHHoil.

[To3utpon — aHTHYacTHLA (IIOJIOKHUTEIBHO 3apsDKEHHAs)
JJIEKTPOHA.

[Tosie — HedTo, CyILIECTBYIOIIEE BO BCEX TOUKAX POCTPAHCTBA
U BPEMCHH, B OTJIIMYHUC OT YaCTULBI, KOTOpasd CyYHmECTBYCT TOJIBKO B
OJIHOM TOYKE B KaX/Iblil MOMEHT BPEMEHHU.

IIpenen Yanngpacekapa — MaKCHMaJIbHO BO3MOXHas macca
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CTaOMIILHOM XOJIOJHOM 3BE3/bl, BBIIIE KOTOPOH 3Be3la JIOJDKHA
CKOJUIAIICUPOBATh B YEPHYIO ABIPY.

[Tpunuun wuckmrouenus Ilaynm — nBe oguMHAKOBBIE YaCTUILIBI
co cnuHOM 1/2 He MoryT (B mpenenax, KOTopble Aat0TCsl MPUHIIUIIOM
HEONPEIEIEHHOCTH) 00J1alaTh OJHOBPEMEHHO U OJIMHAKOBBIMU
MIOJIOKEHUSMH B IPOCTPAHCTBE, U PABHBIMU CKOPOCTSIMHU.

[IponopunoHaNBHOCTE — YTBEpKAEHUE «X IPOMOPLUOHAIBLHO
Y» o3HauaeT, 4To NpU YMHOKEHHUH Y Ha Kakoe-HUOyap 4ucio X
YMHOXKAETCS Ha OTO K€ 4YHCIOo. YTBEpkIeHHe «X 00paTHO
MPONOPLUMOHAIBHO Y» O3HA4aeT, 4YTO MpPH YMHOXKEHMHM Y Ha
KaKoe-HUOYb yucio X JAETUTCS Ha 3TO K€ YHUCIIO.

[IpocTpancTBeHHOE  H3MEpeHHEe —  JI000e U3 Tpex
IPOCTPAHCTBEHHO-NOJJOOHBIX H3MEPEHUH MPOCTPAHCTBA-BPEMEHH,
T.€. 1000€ U3MepeHue, KpoMe BPEMEHHOTO.

HpOCTpaHCTBO-BpeMSI — UYCTBIPECXMCPHOC IPOCTPAHCTBO,
TOYKH KOTOPOIr'0 OTBCYAIOT COOBITHSM.
HpOTOH — TMOJIOKUTCIIBHO 3apsAKCHHAA YacTUula. HpOTOHLI

00pa3yloT MPUMEPHO TMOJIOBUHY BCEX YACTHII, BXOJSIIMX B COCTaB
sfep OONBIITMHCTBA aTOMOB.

PagnoakTHBHOCTP —  CaMONPOW3BOJIBHOE  IPEBpaIlCHHUE
OJTHOT'O aTOMHOT'0 Siipa B APYTOE.

CeroBass cekyHIZa (CBETOBOM TOJ) —  pacCTOsHUE,
MIPOXOUMOE CBETOM 32 OJHY CEKyHY (32 OJUH roj).

CBeToBOIl KOHYC — IMOBEPXHOCTh B IMPOCTPAHCTBE-BPEMEHH,

KOTOpasi OTPaHUYUBAET BO3MOXKHbIE HAIPABICHUSI CBETOBBIX JIyueH,
MIPOXO/ISIINX Yepe3 JaHHOE COOBITHE.

CunpHOE B3aUMMOJIEWCTBHE — CaMoO€ CHJIBHOE U CaMmoe
KOPOTKOJIEUCTBYIOIIIEE u3 YETBIpEX byHIaMeHTaJIbHbIX
B3aMMOJEUCTBUN. biiarogaps CuUiIbHOMY B3aUMOIEHCTBUIO KBapKH
YACP)KUBAIOTCS BHYTPH TPOTOHOB M HEUTPOHOB, a MPOTOHBI M
HEUTPOHBI, COOPABIIKCH BMECTE, 00pa3yt0T aTOMHEIE sifipa.

CHHTYJISIPHOCTh — TOYKAa MPOCTPAHCTBA-BPEMEHH, B KOTOPOI
KPUBHU3HA €r0 CTAHOBHUTCS OECKOHEUHOM.

Cnaboe B3auMozecTBHE — BTOPOE IO CJIa0OCTU U3 YEThIpEX
M3BECTHBIX B3anMojeicTBuil. O0nanaeT O4YeHb KOPOTKUM PaiyCcoM
nerictBus. B cmaboM B3auMOACMCTBHMM TPHUHUMAIOT yYacTHE BCE
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YacTUI[bl MaTE€pUU, HO B HEM HE YYacTBYIOT YaCTHUIIBI —
MEPEHOCUYMKHU B3aUMOJICHCTBUS.

CobObiTHE — TOYKa B TMPOCTPAHCTBE-BPEMEHHU, KOTOpPAS
ONpeAesieTcs MOJOKEHUEM B IPOCTPAHCTBE U BO BPEMEHH.

Crnextp — pacuierieH1ue BOJIHBI (manpumep,
AJICKTPOMArHUTHOMN ) Ha YaCTOTHBIC KOMIIOHCHTHI.

CneunasnibHast ~ TeOpUsi  OTHOCHTEIBHOCTH  —  TEOpHs
OWHIITENHA, OTIPaBHAsI TOYKA KOTOPOW COCTOUT B TOM, UTO 3aKOHBI
HAYKU JIOJDKHBI OBITh OJMHAKOBBI JIJISI BCEX CBOOOIHO JIBIKYIIUXCS
HaOIroaTeNIe HE3aBUCUMO OT UX CKOPOCTEH.

Cnun (spin — BpamiaTthCsi, BEPTEThCS) — BHYTPEHHEE
CBOMCTBO YAaCTHUIIBI, CBS3aHHOE C €€ BpalleHUEM BOKpPYT
COOCTBEHHOM OCH.

CranoHapHOE COCTOSIHUE — COCTOSIHHE, HE HM3MEHSIOIICECs
CO BPEMEHEM: BpALLAIOIIUNCS C TOCTOSHHOM CKOPOCTBIO MIap
HaXOJIUTCA B CTAllMOHAPHOM COCTOSIHMH, TOTOMY 4YTO, HECMOTPS Ha
BpalIEHUE, B KaXKJblii MOMEHT OH BBITJISIIUT OJIMHAKOBO.

Teopema 0 CHHTYISIPHOCTH — TeOpeMa, B KOTOpPOH
JIOKa3bIBAE€TCs, YTO IPHU OINPEICICHHBIX YCIOBUAX CUHTYJSAPHOCTh
JIOJDKHA CYIIECTBOBATH M 4YTO, B YAaCTHOCTH, HadajioM BceneHHoH
JOJI’KHA OBITH CUHTYJISIPHOCTb.

Teopusi BenUKOro OOBEAMHEHUS — TEOPHs, OObEIUHSIOLIAs
AIIEKTPOMArHUTHBIC, CHUIIbHBIEC U C1a0ble B3aUMOICHCTBUSI.

Yckopenne — CKOpPOCTh M3MEHEHHSI CKOPOCTH KaKOTO-JIHOO0
00BEKTA.

YckopuTenb 4YacThll — YCTPOMCTBO, KOTOPOE C IOMOIIBIO
ANIEKTPOMArHUTOB JA€T BO3MOXKHOCTh YCKOPSATH JABUKYIIHECS
3apsHKEHHBIE YaCTHIIBI, TOCTOSTHHO YBEJIUYHBAS WX SHEPTHIO.

VYcnoBue OTCYTCTBUS TpaHUL] — MPEACTABICHHUE, COIJIACHO
KoTOpoMy BceneHHas koHeYHa, HO HE MMEET IpaHull (B MHUMOM
BPEMEHHU).

®aza — 19 BOJHBI — TOJOXKEHHE TOUYKH B IUKIC B
ONpe/IeTICHHBII MOMEHT BPEMEHHU: Mepa TOro, HaXOAUTCS JIU TOUYKa
Ha rpe0He, BO BIIAUHE WM TIe-HUOYIb B TPOMEXKYTKE.

@OH MUKPOBOJIHOBOTO M3IYUYEHUs — HU3JTyUYEHUE, BO3HUKIIIEE
IpyU CBEUYEHHUH ropsdyel paHHedl BcenenHoil  (Ha3bIBaeTcs
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penuKkToBbIM). OHO celuac MCHBITHIBAET TAKOE CUJIBHOE KpacHOE
CMEIIEHUE, YTO PETUCTPUPYETCS HE B BHJIE CBETA, a B BUJAEC BOJH
MUKpPOBOJHOBOTO JWana3oHa (paJuoOBOJIHBI C CAHTUMETPOBBIMU
JUTMHAMU BOJTH).

@OTOH — KBaHT CBETA.

YacTMYHO-BOTHOBOM  Ayalu3M — JIeXKallee B  OCHOBE
KBAaHTOBOM MEXaHHUKHU MPEJICTABJICHHE O TOM, YTO HE CYLIECTBYET
paznuuusl MEXJy 4YacTULAMHM M BOJHAMH, YaCTULBI MOTYT MHOTrJa
BeCTHU ceOsl KaK BOJHBI, @ BOJIHBI — KaK YaCTHIIBI.

YacTtoTa — 17151 BOJIHBI 3TO YKCJIO TTOJIHBIX IIUKJIOB B CEKYH/TY.

UepeHKOBCKOE U3IyYeHHE — M3JIYyYEHUE CBETa 3apsyKEHHOM
YACTHUIIEH TIPH €€ BI)KCHHUH B BEIIECTBE C MOCTOSHHON CKOPOCTHIO,
MPEBBIIIAIOIIEH CKOPOCTh PACHPOCTPAHEHUS CBETA B 3TOM BELIECTBE.

Yepnas npipa — 00JacTh IPOCTPAHCTBA-BPEMEHH, U3 KOTOPOI
HUYTO, AK€ CBET, HE MOXET BBIOPAThCS HAPYXKY, IOTOMY YTO B HEll
YPE3BbIYANHO CUJILHO JEHCTBUE TPABUTALIMH.

DNEeKTpUYECKUN 3apsii — CBONCTBO YacTHIBI, Onarojaps
KOTOPOMY OHa OTTaJKWBAeT (MM MPUTATUBACT) JAPYTHE YaCTHUIIHI,
UMEIOIIHUE 3apsil TOTO Ke (MU MPOTUBOIIOJIOKHOT0) 3HAKA.

DNEeKTPOMarHuTHOE B3aMMOJIEHCTBUE — B3aUMOJICHCTBHE,
KOTOpOE€  BO3HUKAeT  MEXAYy  YacTUIAMH,  OOJaJaloluMu
ANEKTPUYECKUM  3apsnoM. Brtopoe 1o cuine U3 YeThIpex
(byHIaMEHTAIbHBIX B3aUMOJICHCTBHIA.

OneKTpoH — dYacTuia, o0jamaromnias OTPUIATEIbHBIM
AIIEKTPUYECKUM 3apsiIOM B 00pallarolascs B aTOMe BOKPYT siApa.

DOneMeHTapHasi dYacTUlla — YacTHIA, KOTOpas CUHUTACTCS
HEJIEIIMMOM.

DHeprusi TEOPUH BEIMKOTO OOBEAMHEHHS — JHEPTHs, BHIIIC
KOTOPOU 3JEKTPOMArHUTHbIE, Cladble U CUJIbHBIC B3aUMOJEHCTBUS
MIPEANOI0KUTEIEHO JOHKHBI CTaTh HEPA3TUINMBIMH.

DHeprus 371eKTpociadoii Teopun — sHeprus (oxono 100 I'B),
BBIIIIE KOTOPOW HMCUE3AIOT PA3INUUs MEXIY SJIEKTPOMArHUTHBIMU U
C1a0bIMH B3aUMOJICHCTBUSIMHU.

Oddext [lomnepa — u3MEeHEHHUE YACTOTHI BOJIH MPH JIBHXKCHHUH
UX UCTOYHUKA U HAOIIOJaTeNss OTHOCUTENBHO JIPYT ApYyTa.

SnepHbIl CHHTE3 — IIPOLIECC COYIApeHWs IBYX slIep U



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 202

HOCJIEAYIOIETO UX CIUSHUSA B OHO OoJiee TSKEN0e AIpo.

SAnpo — neHTpanbHasg 4acTh aTOMa, KOTOpPas COCTOUT TOJIBKO
U3 IIPOTOHOB W HEUTPOHOB, YJEPKUBAEMBIX B SApE CUIbHBIM
B3aMMOJCHCTBUEM.

MocnecnoBue

Knura C. Xokunra Beinuia onnoBpeMenHo B Kanane u CIIA B
arpenie 1988 r. B mae mosiBWICS B MpPOJaxe €€ HUTaIbIHCKUM
nepeBon. B Aurnum nara Obuta oObsiBieHa 3apanee — 18 mronsa. K
TOMY BpPEMEHHU YK€ IMOSBWINCH MEPBbIE pELEH3UU. Tak, ynTaTenn
aMepUKaHCKOro exeHenenbHuka «Newsweek» 13 wroHs ObLIH
OMNOBEIICHbI, YTO «IPUKOBAHHBIH K HWHBAIUMIHOMY Kpeciy,
JUIIEHHBIN naxe napa peud, Gpusuk CTuBeH XOKHHT UILET TEOPHUIO
BEJIMKOT0 00bEeIMHEHUS, KOTOpas 00bACHUT BeeneHnyto...»

A B koHue wuwHS XOKUHI mpuexan B JleHuHrpaag Ha
KoH(pepeHuro, nocsmennyo 100-meturo co aHsA poxacHus A. A.
@®puamaHa, ¥ IPUBE3 CBOIO HOBYIO KHUTY, OJHMH M3 3K3EMILIIPOB
KOTOpPOM MOAAPUIT MHE.

B Jlenunrpane XOKHHT MPOSBISUT HEOOBIUAHYIO aKTHUBHOCTD
— BBICTYIWJI C JOKJIAJOM, YYacTBOBaJl B JUCKYCCHUH, IpOYEI
Jaexuuo B JloMe ydeHbIX, /Jajdl KOPOTKOE MHTEPBBIO Ul XKypHasa
«IIpupona». Ilpu 3TOM XOKMHI HE TFOBOPHJI: 32 HEr0 YETKHM, HO
JIMILIEHHBIM YEJIOBEYECKON TEIUIOThl T'OJIOCOM T'OBOPUJI CHUHTE3ATOP
peun. To, yTo OH mnpousHOCHUJ, XOKUHT HaOupana Ha JUCIUIee
MaJIEHbKOTO0 KOMIbIOTEpPA, HPHUKPEIJIEHHOIO K €ro HHBaJIUIHON
KOJISICKE. AKTHUBHOCTh XOKMHIa BHE (U3MKM Oblla CTONb K€
nopasurenbHa. OH coBeplIal 3KCKypCHUU II0 TOPOAY, €301 B CBOEM
Kpeciie o DpMUTaxy, odmancs ¢ apy3bsiMu. W crapancs Bnurath B
cebs Bce, YTO ero OKpykajo.

XOKUHTI MHOT'O NYTELIECTBYET, HE pa3 OH IpHe3kKaj B Hally
CTpaHy W o0Open 31ech Apy3el. Bes ero ku3Hb — HEOOBIYAHBIN
IIpUMEp TOro, KaK MHOTO MOKET COTBOPHUTh MO3T, Jake TOTaa, Korjaa
KaHaJbl €ro CBS3M ¢ BHEIIHUM MHUPOM CBEJEHBI O MUHUMYMA.

Knaura XoxwHra HEOOBIKHOBEHHas, €€ TeéMa — paccka3z o
BbIOOpE 1IETTN €ro KU3HU U O TPYIHOM ITyTH €€ TOCTHKEHHUS, PacCKas
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0 TIOMCKaX peIIeHMs caMoil OONBIION 3araiki, KOTOpast CTOUT Tepen
ecrecTBOUCHbITaTENeM. «Mosi 1eab —  JOOUTbCA  IOJHOTO
NnoHMMaHus BceneHHOW, moyeMy OHa Takas, Kakas OHa €CThb, U
[IOYeMy OHa BOOOIIE CYLIECTBYET», — IHUIIET OH O CBOUX UCKAHUSIX.

Takue Bompocwsl uenoBeK 3amaBan cede JaBHO. BapuaHTh
OTBETOB €CTh B MH(ax INOYTH BceX HapoAoB. Moxer ObITb, U
paccyXKJIeHHs YYCHBIX HAIero BeKa Takke KOoraa-HuOyap OyayT
CUMUTATh JIETeHAAMU. Y HOBBIX MHU(OB €CTb aBTOpHI, OJUH M3 HHUX
XokuHr. Ero xusHb yxe celyac NpeAcTaBIseTCs JIETEHI0M. DTO
JIET€H/Ia O YEJIOBEKE, CUJION MBICIIU MOOEXK1al01eM HEMOLIb.

Xoxkunry cenvac 48 ner. B Hauane 60-x romos, Korja oH yxe
KoH4an yHuBepcutTeT B Oxcdopae, MOSBUIUCH MEpPBbIE MPU3HAKU
rpo3HON 0o0ne3Hu — OOKOBOrO aMHOTPO(HUUECKOT0 CKIEepo3a.
HacTtpoenue ctaHOBMIIOCH MpayHbIM, /1a U Hay4YHbIE YCIIEXH ObLIU B
3TO BpeMsl HE CIMIIKOM BrneuvamisomuMu. J[. Cuama, M3BECTHBIN
(Gu3MK, PYKOBOAMTENh €ro IUIUIOMHOM palOoThl, 3aMETHJ, YTO
«BOKPYI' OKa3aJjoChb HE TaK YK MHOro Ipo0yieM, IOCTOMHBIX
YeJIoBeKa C TaKUMH criocoOHocTsiMu». K cuacTeio, mpobiema Bce xe
Halllacb — 93TO OblIa TEOpPHUsl YEPHBIX JbIP, KOTOPYIO XOKHHT
yBUJIETT B HOBOM CBeTe mocie mosiBieHus padotsr P. [lenpoysa o0
0COOEHHOCTSX YPAaBHEHUN TATOTEHUS.

B 310 Bpems usmeHunach U Ju4Has )Ku3Hb XOokuHra. B 1965 r.
OH JEHWJICS Ha cTyaeHTke-¢mionore JDxein VYaitng (eft o
MOCBSITWII ATY KHUTY). Y HUX €CTh J0Yb U JIBA ChIHA.

1985 rox npunec HoBoe HecuacThe. [locie onepaunu Ha ropie
XOKUHT TOTEpsI CHOCOOHOCTH roBOopuTh. Ha momomb mpuxonsr
Ipy3bsi, M oaHa KanudopHuiickas ¢upmMa NPENOAHOCUT EMy
KOMMYHHKAIIIOHHYIO0 CUCTEMY KOMIbIoTep + cuHre3arop. OO0 3Tom
XOKHHI caM paccKa3blBacT BO BBEIACHUM K KHHIE, XKejlas BbIPa3uUTh
OnmarogapHoCcTb TeM, KTO IIOMOTaeT €My JKuTh. «JTa cuCTeMa
M3MEHHJIA BCE: MHE JIaXKe CTaJIO Jierye o0IIaThCsl, YeM JI0 TOTo, KakK s
MOTEPST FOJI0CY», — MUILIET OH.

CyiiecTBOBaHME B TaKUX YCJIOBUSAX TpeOyeT HEe TOJIBKO BOJH K
KHU3HU, HO U YyBCTBa IOMOpa. XOKHUHI pPAacCKa3blBa€T MHOI'O
uctopuu. Tak, 3aHMMasch YEpHBIMH JbIPAMHM, HO HE HMMeEs IIOKa
HaAOJII0IaTEIbHOTO  JI0KA3aTeNbCTBA WX CYIIECTBOBAaHUS, XOKHUHT
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3akimoyaeT mapu ¢ TopHoMmM. VYcnoBus mapu  HOJUUHSIIUCH
M3BICKAaHHOW JIOrMKe. XOKHHI, BEps, 4TO BO BceneHHON IOIKHO
ObITb MHOTO 4YepHBIX JBIp, JIeNaeT CTaBKy NPOTHB HX
cylmiecTBoBaHUs. Ecinm  Ablp HE OKaxkeTcs, TO B KauecTBe
KOMIICHCAI[MM 3a TIOTEPI0 CMBICTa TJaBHOM cBoel paldoThl OH
MOJIy4aeT  YETBIPEXJIETHIOIO MOJAMUCKY Ha AHTJINACKUI
IoMopucTudeckuii xKypHan «Private Eye». Ecnu ke depHble IbIpbI
ecTb, TOpH Mmosy4aer rojoByo noanucky Ha «Penthouse», a XokuHr
(BnomHe BepossTHO) HoOeneBckyo mpemMuto.

Ceiituac ~ Xokunr  —  mpodeccop  KemOpumxckoro
yHuBepcuteTa. OH 3aHHUMaeT Kadenpy, KOTOPYH KOTAa-TO 3aHUMAll
Heioton, a B name Bpems — Jlupak. C 1974 r. XoKuHr ujeH

Jlonnounckoro Koponesckoro o0miecTsa.

Yro6bl HaUaTh, HAKOHEII, PA3TOBOP O KHUTE, MOJIE3HO MPUBECTH
cinosa actpoHoMma K. Carana, Hanucasuiero npeauciosue: «Kuaura o
bore... a wmoxer ObiTh, 00 orcyrctBuM bora». CrnoBo bor
MOBTOPSIETCSI 4acTO. XOKHHI OTIIPABIISIETCA HA MOUCKH OTBETA Ha
3HaMEHUTHIM Bompoc ODMHuITelHa, Obul Ju y bora kakoii-HuOyIp
BbIOOp, KOrja OH co3laBay BceneHHyto. XOKHMHI CTPEMHUTCS — OH
roBOpuT 00 3TOM HpsMO — TNOHATH 3ambicen bora. Iloucku
IOPUBOAAT K HEOKUJAHHOMY 3aKJIIOUYEHHUIO, MOXeT ObITh, HE
OKOHYATEeIbHOMY: «...Bcemennas 0e3 kpasi B mpocTpaHCTBe, 0e3
Hayaja ¥ KOHIa BO BpeMeHHM, 0e3 Kakux-nmubo aen ans CosnaTensy.
Paccyxnenuss o bore, koneuHo, He HOBbl. Bcmomuum Jlamaca,
KOTOpBI OyaTo Ob1 oTBeTHN HamoneoHy, 4To He Hy»AaeTcsl B 3TOU
TUIIOTE3E.

IlocteneHHO packpbiBaroliasicss UCTOpUs BceneHHOW Bceraa
M3yMJIslIa €CTECTBOMCIbITaTeNeH. DUHINTEIH BBIPAa3Hil 3TO B CBOEH
oOblyHOM mapazokcanbHoil ¢opme: «Korma s paccyxnaio o
($u3MYeCcKOl Teopuu, S CHpammuBar cels, co3maBai Jd Obl A
Bcenennyio Takum xe mytem, eciu 061 borom 6wt 517» Ero BeuHsli
onnoHeHT Hunbc bop orBeTmn Tak: «29TO coBceM He Halle Jeio
npeanuceiBath bory, KakuM o00pa3oM OH JIOJDKEH YIPaBIISATh
MHUPOM.

Bonpoc Tak u ocraercsa 6e3 oTBeTa: CIy4yailHO JM UCTOPHS
BceneHHol oka3zamach TakoM, KAKOW OHA IOCTENEHHO PaCKpbIBACTCS
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nepes 4enoBekoM? Bo3MoOKHO 5, 4TOOBI MCTOpHs OblLIa IpYyTOid,
WIM UCTOPHs OINPEAEIAETCS ONHO3HAYHO M3 IPHUHLUIIOB, KOTOPBIX
Mbl enie He 3HaeM? U HakoHel, «emle He 3HaeM» WM Mbl U HE
MOXEM UX Yy3HaTb, MOO OTBET MOXET JIeKaThb 3a IpeaeraMu
MO3HAaHUS YenoBeka. M Bce ke 4yeMm TiayOke B MPOLUIOE M YeM
Janelie B Oyayliee MPOHMKAeT HayKa, TEM MEHBIIE Jeja OcTaeTcs
JUTSE ME(DHYECKUX CHIT.

ITocne Toro kak rumnotesa o poxaeHun BeeneHHol B 607b110M
B3pBIBE MPEBpATUIIACh B MOYTH OOLICTIPUHSTYIO, BOIIPOC O TOM, YTO
ObLI0 10 poxaeHUs Beenennou, crtan kak Obl He3aKOHHBIM. B 3TOM
CMBICJIE HayKa MpHOIM3UIacCh KO MHOTUM MH(}aM, B TOM YUCIE U K
oubnelickomy BapuaHTy co3fgaHusi Bcenennoit. IlopasutenpHbIM
ObLIO0 BOOOpaXKEHUE APEBHUX, CO3AaBABIINX MU]BI.

[Ipountaem B mepBoit rnaBe bubmuu: «W HazBanm bor cser
JHEeM, a TbMy Houblo. I Obul Beuep, U OBUIO YTpO: JCHb OAMH».
Wnorna nepeBoasT: «IeHb NEepBbIi». DT0 HeBepHO. KoMMeHTaTOpPbI
KaHOHUYECKOI'0 TEKCTa CUUTAIOT, YTO HE MOIJIO OBITh CKA3aHO «ICHb
MEPBBIiY, TaKk Kak He ObuIo mocnenyromero. [lo-Bumumomy, umes,
YTO BpeMs TakXe JOJKHO ObLIO OBITH CO37]aHO, 3aHMMajla aBTOPOB
bubnuu. He Ttonbko co3naHue BpeMEHH, HO U KOHELl BpEeMEHHU
IIPEJICTABIISUICA B OCMBICIEHHOM MOHATUU. B 3aKknrounTenbHON KHUTE
bubnuu, orkposenuu Moanna (10:6), anren, oOBABISASL O TPALYIIEM
KOHIIE MUpA, TOBOPUT: «...d BPEMEHH yKe He OyleT».

[Ipo6Gnema BpeMeHHU MNpHBIEKala BHUMAaHUE U XPUCTUAHCKUX
¢umnocopos pannero CpenneekoBbsi. B «Mcnosenu» braxeHHoro
ApryctuHa Mbl untaeMm: «Eciu ke panbiie HeOa U 3eMiIM HE ObUIO
BpPEMEHH, 3a4eM CIIpalmBaTh, uTo Thl nenan toraa. Korga He Obuio
BpPEMEHH, HE ObUIO U TOTJIa».

Ham Bex TpeOyer, yToObl MH(]BI 00penn MaTeMaTHYecKoe
ob0nuuue. 10 cBepuIwiioch B JIeHHHIrpaje, Korjaa nosiBuiaach padbora
A. A. ®punmana. Bceenennas @puamaHa HauyMHAeTCA  C
«OCOOEHHOCTH» — MHUPOBOM TOYKHM, B KOTOpPOW oOpaimaercsi B
0eCKOHEeYHOCTh KPUBM3HA, a C HEIO U IUIOTHOCTH BelecTBa. B sToi
TOYKE TEPSIIOT CBOIO CHIIy (PU3MYECKHE 3aKOHbI, U, OCTaBasiCh B
pamkax oOblyHONH Monenu Bceenennoit dpunmana, Henb3sl HMOHSATH,
YTO MPOUCXOJWIO B CAaMOM Haudajie BPEMEHM, KaK BO3HUK OOJbILIOMN
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B3pbIB.

OTO yTBEpXkAEHUE NPABUIbHO, M (U3UKH HE OLIUOINCH,
cyuTas, 4YTO HE HMMEET CMBICIAa CaM BOIPOC O MPOJOLKCHUHU
KOOpDIMHATBl BPEMEHH 3a  «OCOOEHHOCTb». [leiicTBUTENBHO,
npobieMy Henb3s Jaxke cHOpMyITUpOBaTh aKKypaTHO Ha SI3BIKE
MaTEMaTHKH, €CJIM OCTaBaTbCi B DPAMKaX KJIACCHYECKOH TEOpUU
TAroreHuss OWHIUTeNHa. Jloka3aHO, YTO B JTHUX paMKax He
CYILECTBYET pelICHUH ypaBHEHHH 0OlIel TEOpHUH OTHOCUTEIbHOCTH
— ypaBHeHHMi DiHmTeliHa — ['Mibbepra, KOTOphie OBl HE UMENTH
«OCOOEHHOCTEN.

«Oco0eHHOCTH» MOSIBIISIIOTCS HE TOJIBKO AJis Bcell BeeneHHoi,
HO W JUIS 3B€37, Macca KOTOPBIX CTOJIb BEJIMKA, YTO BEIIECTBO HE
MOJKET MPEOI0JIETh COOCTBEHHOTO IPABUTALIMIOHHOIO MOJIS U MajaeT
K €€ LEHTPY TaK, YTO MOBEPXHOCTh 3BE3[bl CTSITMBAETCS B KOHIE
KOHIIOB B MaTE€MAaTHUUYECKY TOUKY — CHHIYJISIpHOCTb. IIponcxomut
KOJUIAINC 3BE3Jbl, €€ «CXJIONbIBaHME». Takas 3Be37a M €CTh 4YepHast
JpIpa, IPUBJIEKIIAsi BAUMAHUE X OKUHTA.

[Ipo6nemoii cunrynspHoctu 3anumancs P. [lenpoys, koTopsbrit
II0Ka3aJj, YTO HayaBIIMKICA KOJUIAIIC 3BE3/bl HE MOYKET IIPEKPATUTHCS.
XOKUHT MUIIET, YTO OH OYEHb 00pagoBaJICs HOBBIM HJESIM, CUMUTAs
UX JIOCTOMHBIMM pa3BuTusa. Ero mnoacreruBanuu — JUYHbIE
oOcrositenscTBa. [Iporuo3el Bpayeil ObUTH MpayHBIMU.

PaboTa Hag JOKTOPCKOI CTENEeHbI0 Ka3alach OECCMBICICHHOI.
Ho nponwto aBa roja, u yxyameHus He Hactynuio. «Hamporus, —
rOBOpUT XOKHUHI, — Ji€jla MOM IOIUIM 3aMedarenpHo. S cran
KEHUXOM ouapoBarenbHOM neBymiku JDxeitH VYaitng. Ho utoObr
KEHUTBCS, HyXHa Obl1a pabora, I HOJTydeHUs paboThl HyXHA
ObLTa TOKTOPCKAs CTENEHb. A TYT MOJIBEPHYJIACh XOPOILIas TEMaY.

XOKMHI yBUJEN, YTO MEXKAY 3aJadyed O YEepHOU JpIpe U
3ajayeil o O0IBIIOM B3pBIBE €CTh 0OJbIIOE CX0ACTBO. Ecnu uepHas
JIpIpa KOHYAET CBOE CYILLIECTBOBAHHUE B CUHTYJIIPHOCTH, TO, IOBEPHYB
B €€ MCTOPUM BpPEMsI, MBI NOJIYYUM MOJeNb BceneHHo#, KoTopas B
CUHTYJISIPHOCTH  POXKJIAeTCsl. OTO  NOATBEPIWIO  CTapble
npenmnonioxenus, u B 1970 r. Xokunr ¢ Ilenpoy3om omy06inkoBamn
paloTy ¢ 0Ka3aTeIbCTBOM TOT0, YTO pacuiMpsiomascs Bcenennas
JIOJIKHA HayaTh CBOO MUCTOPHIO B CUHTYJIIPHOCTH.
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Mexny 4depHON IpIpoil U BceeneHHON ecThb NPUHIUIMAIbHAS
pasHuua. ToyHee, eCTh pa3avyue MeXAy MOJOKEHUEM HaOIoAaTeNs
B OJHOM M JpyroMm ciydae. Kosuianc yepHoii AbIpbl MbI HAaOIOgaeM
CHapy’Ku, U TEOpHs TOBOPHUT, YTO JUIsl HAOIrOHATeNs, MOKOSALIErocs
Ha OECKOHEYHOCTH, T. €. B 00JacTH, I/i€ TPABUTAIMOHHOE II0JIE
YepHOH ABIPbI CKOJIb YTOJHO Maso, BpeMs MOJHOIO KoJljiarnca, BpeMs
JOCTHDKEHUSI CHHTYJISIPHOCTH, OE€CKOHEYHO Bennko. CTporo roBops,
HaOJr01aTeNlb HUKOTJa HE YBUAUT KOHIIA BOJIIOLUM YEPHOM JBIPHI.
Bo Bcenennoii HaOnronaTenu HaxoIsATCsl BHYTPH, OHU pa30erarorcs
BMECTE C rajlakTUKaMH, U UX BO3pacT (cuuTasi OT OOJIBIIOIO B3pbIBA)
KOHEYEH.

Ho y 060oux 006beKTOB ecTh 00111ast 4yepTa: mpoIrecc KoJamnca u
pacumpenust Bcenennodt HeoOpatumbl. Eciu  HeoOpaTuMocThb

pacmmpeHus Bcenennoit TIPEACTABIISIETCS €CTECTBEHHOMU
(IuccUnaTUBHBIE TMPOLIECCHl  COMPOBOXKAAIOT  HBOJIOLMIO), TO
HeoOpaTUMOCTh Koyianica — TeopeMma [lekpoysa-XokuHra — He

CTOJIb  IMOHATHA. JluccUIIaTHBHBIE  IPOLECCHI  NPUBOIAT K
HEOOpaTUMOCTH, K PpOCTY OSHTponuu cucreMbl. Ho MoxHO 11
IIPUIKCATh SHTPONMIO YepHOU nbipe? Kak B JETEKTMBHOW HMCTOpUH,
XOKHMHT HaxOJIUT yJIMKY, OHA JIE)KaJla IOYTH Ha BU]TY.

Korzma BemiecTBo wiM M3IydyeHHUE MAJAET HA YEPHYIO ABIPY,
IUIOIIAJb €€ MOBEPXHOCTHM MOXKET TOJBKO yBEIMYUBATbCA. Pammyc
YEpPHOU JBIPbl IPONOPLUOHAIEH €€ Macce, a IOBEPXHOCTb —
KkBanpaty Maccel. Korma macca pacrter, pacTeT M IOBEPXHOCTD.
Janee XOKUHI 3aMEYacT, 4TO €CJIU JBE YEPHBIE ABIPBI CIMBAIOTCS B
OJIHy, TO TOBEPXHOCTh HOBOH [JbIpbl CTAaHOBUTCS OoOJblIE, YEM
CyMMapHasi MOBEPXHOCTb JBYX MCXOAHBIX. MOXHO OTMETUTb U
oueBUIHBINA (hakT. Ecnu mpu kosutance Ha 4EpHYIO JIbIpy HUYEro HE
najaeT, T. €. MOBEPXHOCTh (€€ Ha3blBalOT T'OPU30HTOM) OCTaeTCs
MIOCTOSTHHOW — MOBEPXHOCTD ONPEAECIIAETCS TOIBKO MACCOM.

Cnenyronmii mar penaetr amepukasnen /x. bukxenctun. O
BBICKA3bIBAET CMEJIO€ IIPEANOJIOKEHHE, YTO JUIsI YEPHOM JbIPbI
MO>KHO BBECTU IIOHATUE DHTPOIMU U YTO DHTPONMUSA YEPHOU IBIPHI
IPONOpLUOHaNIbHA €€ MoBepxHocTU. [loBepxHOCTh pacTeTr (Uiau
OCTaeTCsl MOCTOSIHHOM) CO BPEMEHEM, XOPOIIO UMUTHPYSI IOBEIEHUE
SHTPOIHUHU. |'HroTe3a, KoTopas BbITJIsAAENA JOBOJBHO COMHHUTEIBHOM,
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B pabore XOKMHra IpeBpaTuiach B CTporyroo Tteopemy. Kak
BBISICHWIOCh, OHA CJIEN0OBaja M3 3aKOHOB KBAHTOBOM MEXaHUKU M
0011e#t TeOpUH OTHOCUTEIIEHOCTH.

OtkpbiTie XOKHMHIAa IOBIEKJIO 3a CO0OM WEMOYKy HOBBIX
yTBepkKAeHUM. Eciau y 4epHOM IOBIpBI €CThb SHTPONMS, TO AOJDKHA
ObITh M TemIeparypa. TepMOIUHAMUKA MO3BOJISIET BBIYUCIUTB, YTO
€CJIM DHTPOIHUS ONPEAENAETCS KBAaJpaTOM SHEPrUUM U HE 3aBUCHT,
HarmpuMmep, euie M OT o0beMma, TO TeMIleparypa JOJDKHA ObITh
00paTHO MPONOPIMOHATIFHA YHEPTUHU (MIT Macce) YEPHOU JBIPHI.

HemHoro nonymaB, MOKHO MOHSITh, YTO TaKOE€ 3aKIIOYECHHUE HE
OUYEHb COIVIACYETCsl ¢ MCXOAHBIM IPEACTABICHUEM O YEPHOM IBIpE.
Teno, magatonee Ha 4YEpPHYIO JbIpY, OMHMCHIBAETCS YpPaBHEHHUSIMHU
MeXaHUuKu (KoHeyHo, MexaHuku OTO), u Ans SHTpONHUU B TaKOM
onvcaHuu HeT Mecta. Ho ypaBHeHHMs MeXaHMKU OOpaTUMBI BO
BpPEMEHH, a 3Be3/1a KOJUIANCUpyeT HeoOpaTtumMo. B Teopuu A0IKHBI
ObLTM  TOSIBUTBCST DHTponus U Temmeparypa. Ho  mambiie
OpeIbABIsSET CBOM OO0s3aTeNbHbIE TpPeOOBaHHUA TEPMOIUHAMUKA.
Bcesikoe Teno, umeroniee TeMneparypy, J0KHO U3IydaTh MO 3aKOHY
Credana-bonpimana (co cnektpom Ilnanka). 3HauuT, BONpEKU
BCEMY CKa3aHHOMY O 0€3BO3BPATHOCTH KOJUIAlCa U HEBO3MOXKHOCTH
HUYEMY BBIPBATbCA M3 TIPABUTALMOHHOIO II0JIA, 4YepHas Jplpa
U3Iy4yaeT, U HMHTEHCHBHOCTb M3JIyYEHMs pacTeT, Kak 4eTBepTas
CTENEHb €€ TEMIIEpaTyphl. «HepHbIE ABIPHI HE TaK y>K YEPHbD — TaK
Ha3BaHa cefibMasi rjiaBa KHUTH.

B uem ¢wusnueckas npupona 3Toro usnydenusi? beuto sicHo,
YTO OTBET HAa HOBBIM BOIPOC HEJNb3sI UCKAaTh B TEOpUHU DHHILITEHHA U
Ha/J0 TPHBIIEKATh BTOPYIO KOpOJEBY (U3MKM HAIIEro BeKa —
KBaHTOBYIO0 MeXaHUKy. KoHeuHO, BTOp)K€HHE KBAaHTOBOI MEXaHHKHU
ObUI0O HE TaK YXX HEOXUJaHHO. Yxke B (opMmyne Ui SHTPONUU
bukeHncTrHa BO3HUKIIA TPYAHOCTh C Pa3MEPHOCTBIO KOd(uIneHTa,
oOpararoero ionaab B 0e3pa3MepHyIo SHTPOIHIO.
EnuHCTBEHHOW BEIMYMHOW, C TOMOINBIO KOTOPOM  pasymMHO
«00e3pa3MepuThy» IUIOWAAb, OBbUT KBaJpaT IUIAHKOBCKOW JUIMHBI,
paBHoil 10-33 cM u cocraBiaeHHOW M3 MNOCTOsAHHOW Ilnanka wu
IIOCTOSIHHOW TAroreHus. He BoBiekass B urpy nocrosiHHyro [lnanka,
Hanucatb GOpMyJTy JUIsl SHTPOIIUU HE YAAETCA.
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[lepBoblii  BapmanT pemenuss Obul  mpemiokeH 1. b.
3enmpmoBuueM U A. A. CTapoOMHCKHM: €CIIM d4epHas JbIpa
BpalllaeTcs, OHA JOJDKHA M3Iy4yaTb. XOKUHI HCCIENOBAN 3Ty UICHO
MoAPOOHO TOCJIe TOTO, KaK aBTOPHI paccKkaszaiu emy o Heil B 1973 T.
(Xopoumii npuMep TOro, Kak ObICTPO M YETKO PE3OHUPYET XOKHUHI
Ha HOBble MJeH). BbIACHMIOCH, YTO AN M3Iy4YEeHUs 3BE3/€ HE
00s3aTEIbHO  BpallaThCsl: M3Iy4YyaeT BaKyyM, B KOTOpBI OHa
HOrpy’XeHa. OJTO IOYTH MHUCTHYECKOE CBOWCTBO BakyymMa —
MPOCTPAHCTBA, B KOTOPOM HHU4Yero HeT. Ho B KBaHTOBOW MEXaHUKE
«JlaXkKe eclIi HUYEro HET, YTO-TO MPOMCXOAMUTY», KaK 3aMETUJI KTO-TO
U3 (PU3UKOB.

B «mycTtom» BakyyMme ecTh MOJsl, U XOTS BEJIMYUHBI MOJEH,
HalpuMep MarHUTHOTO, paBHBI B CPEJHEM HYJIIO, UX KBaApaThl (WK
aOCoNIIOTHBIE 3HAYEHUS) B HYJIb HE OOpamaroTcsl Jake B CPETHEM
(xoTs1 OBl MOTOMY, YTO OHM BCET/Ia MOJIOKUTENbHBI). BOMU3u yepHoi
JBIpBI Takue (PIyKTyaluu poXkaaroT mapbl. Macca Takux map modrtu
paBHA HYJIIO, TaK Kak OOJIBIION (OTpULATENbHbIN) IpaBUTALIMOHHBIN
MOTEHLMAN TPAKTUYECKH KOMIIEHCHUPYET MacCy CBOOOIHBIX
AJIEKTPOHA U O3UTPOHA.

Y KOMIOHEHTOB POAMBILEHCS Mapbl pa3Hble cyapObl. OaHa U3
YacTULl «IIPOBAJIMBAETCS» B  UEPHYIO JAbIpDY M IEPECTaeT
cyuiectBoBaTh A1 Hac. Ho yactuna He 3ps oThaana cBOKO ku3Hb. Ee
SHEpPrus Iepenajgach BTOPOM 4YacTULE M Jajga € BO3MOXKHOCThb
BBIPBATbCS W3 TPABUTALIMOHHOTO IJIEHA. JTO M €CTh H3JyuyeHHue
XokuHra. BpluncineHue cnekTpa W3IydeHHs IpHUBEIO K Qopmyiie
[Inanka. Tak ObUIO ONPOBEPrHYTO MHEHHE, YTO YEPHBIE JbIPbI
O6eccmepTHbl. [IpaBaa, u3nydyeHue CyIIECTBEHHO COKpAILACT >KU3Hb
TOJIbKO MaJICHbKOM YEpHOW [bIpbl, 4YepHas Jbplpa C pPaguycoM
npotoHa (10E-13 cm), Bo3HMKIIas B mporecce 00JbIIOro B3pbiBa, HE
JoXuia Obl A0 Hamiero BpeMeHu. Ho mpoaomKUTenbHOCTh KU3HU
YepHOM IBIPbI pacTeT, Kak KyO ee pamuyca. s yepHO#l AbIpHI
pamumycom 3 kM  (rpaBuTanmoHHbld  paamyc  ComHia)
IIPOJOJDKUTEIBHOCTD KU3HU CTOJb BEIMKA, YTO HE CTOUT €€ U
MOJICYUTHIBATD.

Ho tem He MeHee yepHOM JbIpe NPeACTOUT UCUe3HyTh. Kak 310
MIPOM30MAET, HayKa He 3HaeT. MOXKHO JIMIIb CKa3aTh, YTO KOHEUHBIX
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COCTOSIHUI MO’KET OBITh OUEHb MHOT'O, U IIPEJICKa3aTh, KaK MOTMOHET
YepHas JbIpa, HUKTO cedvyac He B cocTosHUM. Kak Henb3s
npejcKa3aTh, Ha Kakue KyCKH pa300bercs OyThUIKa, ymaBIIas Ha
KaMEHb.

O d4epHBIX JblpaX HAIMCAaHO MHOTO, M Mbl MOXEM HE
npofomkate. Ho mpexzae yeM OCTaBUTH 3Ty TeMy, XOTENOCh Obl
JI0CKa3aTh UCTOPHIO, KOTOPYIO X OKMHI YIIOMUHAET B KHUTE.

[TepBrIii pa3 peus 0 yepHOU Abipe 3aBen B 1783 r. aHrIMYaHUH
Jx. Mudeni, KOTOpbI Hamucall, YTO €Ciu Obl TEJO C IUIOTHOCTHIO,
paBHoil miotHocTu ConHia, uMeno paauyc B 500 pa3 MeHblIu#, TO
CBET, U3IYYECHHBIH TaKUM TEJIOM, JIOJDKEH BEPHYTbCA OOpaTHO M3-3a
coOCTBEHHOM TsKecTH. MuUYeIs pa3MbIIUIsI 00 3TOM He MPOCTO TaK.
Emy oueHb XoTenoch HallTh crnoco® M3MEpeHHss Macchl JalbHUX
3Be3A. /st Hero cBeT cocTos U3 KOPITyCKYJI, KOTOpbIE, IPEoA0IeBas
IpaBUTALIMOHHOE TOJI€ 3BE3/bl (OMpeensieMoe €€ Maccoil), TepsIoT
CBOIO CKOpOCTh. MIMEHHO Tak OH M mpuuien K cBoeMy BbiBoay. Ho
JUls Hero Oosee BaXKHbIM OBUIO CIIEICTBHE OOHAPYKEHHOTO MM
SBJICHUS: 4TOOBI OINpPEAETUTh MAaccy 3Be3/bl, HAaJ0 H3MEPUTh Ha
3emile CKOpOCTh CBETa, IPUXOIALIETO K HAM OT 3TOH 3BE3/IbI.

CerogHsi Mbl NOHMMAaeM, 4YTO HU3MEPATh HAJ0 HE HU3MEHEHUE
CKOPOCTH CBETa, a U3MEHEHHUE €r0 4aCTOThl — KPAaCHOE CMEILEHUE.
Ho st cBoero Bpemenu ujest Obuia KpacuBasi.

Pa3MblliuieHne O KOHIIE YEpPHOH IbIpbl C HEHU30€KHOCTBIO
MPUBOJIUT K BBIBOAY, UTO 0€3 KBAaHTOBOW MEXaHUKHU He 00oiTuchk. C
TaKMMHM COMHEHUSIMU U pe3yibTaraMu XOKHUHT B 1981 r. BepHyIcs K
nomnbITKe 00BACHUTH Haudano Bcenennoit. Ho ero 3anumaror He
MaTEMaTHYECKUE BBIYMCIICHUS (B YME UX J€JIaTh HEJIETKO), & MOMCKU
CaMbIX TJIyOOKHX UCTHUH.

Kak ycTaHOBHMIMCH HadajlbHbIE YCIOBUS, IPHUBEAIINE K
Bcenennoit, KOTopyt0o Mbl BHIUM M B KOTOPOH OKa3aJlMCh CaMH?
«OmuH BO3MOXHBI OTBET — 3TO CKa3aTh, 4To bor BbIOpan
HavyaJlbHYI0 KOHGuUrypanuto BceneHHol u3 cooOpaxxeHWM, TMOHSTH
KOTOpble HaM He JaHo... Ho mouemy, BbIOpaB Takoe CTpaHHOE
Hayajio, OH BCce K€ pemwi, 4yToObl Bcenennas pas3BuBanach 1o
MOHATHBIM HaM 3akoHaM?» [10CKOJIBKY 7K€ T 3aKOHBI IIOHSTHBI, TO
«ECTECTBEHHO MPEANOJI0KUTb, YTO 3TOT MOPSAJOK OTHOCHUTCS HE
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TOJIBKO K 3aKOHaM HAayKM, HO MW K YCIOBHAM Ha TI'paHUIC
IPOCTPAHCTBA-BPEMEHH, KOTOPBIE OMPEAEIAIOT UCXOIHOE COCTOSTHHUE
Bcenennoin».

Tax XokuHr BcTymaet B cop ¢ borom, oTHumast y Hero posib
Coznarensa. Mpaes XokuHra HOCHUT e€HI€ JIOCTaTOYHO CMYTHBIN

xapaktep. B kHure oH coBceM He mnuIieT (GopmMyn — H3AATENb
Ipexynpe iyl ero, 4TO OJHA-CAUHCTBEHHAs (OpMYyJia YIIOJOBUHUT
tupax (popmyma E = mc”2 Bce ke NPUBOAMWTCI, HO 3TO HE

MOMENIAJI0O KHHUre CcTaTh OectcemiepoMm). M CBOIO HOBYIO HIEIO
XOKHHI TBITAETCI OOBSACHUTL ciioBaMu. KakeTcs, BCe K€ B €ro
MO3ry ecThb Oojee deTkas KapThHa, KOTOPYIO OH IPOCTO eIle He
MOJKET Iepeaarh kommbioTepy. Korna s roBopro 00 3ToM, MEHsI He
NOKHJAeT  OMIyIIEHHWEe  Kakoro-ro  (aHracTuyeckoro  (Wiu
CIOPPEaJIMCTUYECKOT0) pOMaHa, B KOTOPBIN 5 MOmal.

[Touemy u xak Bo3HUKIAa BcenenHnas — 0OBSCHUTH, OCTABASIChH
B paMKax KJIaCCUYECKOW MOJIENH, HEeJb3s, KaK HEeb3sd OOBICHUTH
CBOMICTBA JJIEKTpPOHA, 3HAas JIMIIb OJHY-€JUHCTBEHHYIO €ro
TpaeKTOpHIO (MM HEOOJBIION ee Kycouek). Ho kBaHTOBasi MeXaHUKa
Onaronaps NPUHLMIY HEONPEAEICHHOCTH HMEET [elI0 cpa3y co
MHOTHMHU (WU 1a’K€ CO BCEMHU ) BO3MOKHBIMH HCTOPUSMHU.

To, ¢ 4ero HauMHAET COBPEMEHHAsI TEOPHsL, — 3TO HEKOTOPBIM
o0pa3oM oIpeneieHHass cyMMa IO BCEM HCTOpHUSIM, KOTOpBIE,
uHTephepupyss Apyr C JpyroMm, CO3/Jal0T Hally peanbHylo (B
KaKOM-TO CMbIciie Haubosiee BepositHylo) Bceenennywo. Ho
MaTeMaTHKa OTKa3bIBA€TCS peajln30BaTh Takylo uaAel. YToObI
Teopusi Obla (OpMajIbHO IMOCIENOBATENbHOM, HaJ0 OTKa3aTbCsl OT
OoObIYHOTO BpeMeHH. J[Is ommMcaHus BO3MOXHBIX  HCTOPHUI
BCEJICHHBIX MPUXOAUTCS IEPEXOAUTHh OT PpEANTbHOr0 BPEMEHH K
MHHMOMY, IIpeBpalias MpOCTPAaHCTBO MUHKOBCKOro B Oolee
MOHATHOE YETBIPEXMEPHOE IpocTpaHCTBO EBkinmpa. B Takom
eBKJIMJIOBOM YETBIPEXMEPUHU HCUE3AI0T 0COObIE TOUYKH (TaK MOJIOCHI
3emMiTi HHI4eM reOMETPHUECKH HC OTIUYAIOTCS OT TOYEK dKBaTOpa). Y
NOBEPXHOCTH cdepbl, Kak M y JOO00H Jpyroil 3aMKHYyTOH
MOBEPXHOCTH, «TpaHMIl HET». KaBbIUKHM 3/1€Ch MOCTaBIEHbI OTOMY,
4TO 3TO €CThb HOBOE I'paHMuyHOE ycioBue. CoBceM MpOCTO, HO, K
CO’KaJIeHMIO, HE BMOJHE MOHATHO! Benp mcropus, HauMHaKOWAsACA €



Crusen Xokunr: «Kparkasi ucTopusi BpeMeHH. ..» 212

CUHTYJIAPHOCTH, Pa3BUBAETCS BMECTE C HAMM B PEAIBHOM BPEMEHH,
TaKk YTO Hallleé TICUXOJOTMYECKOE BpEMsl OKa3bIBAETCS HE TEM, B
KOTOpPOM ONKUCHIBaeTCA pa3Butue Beenennoil. Hano eme nymarh, Kak
COBEpPILIHUTHh MEPEX0J OT MHUMOIO BpPEMEHHU K peanbHOMy. Hnes
Ka)KeTCs 3aMaH4YMBOM, HO IIPOWJIET, HABEPHOE, €Ile HEMAJIO BPEMEHU
(peanbHOTO), TIOKA (MBI HaJIEEMCsI) OHA CTAHET IMOHATHOM.

Bcst knura XokuHra HamnucaHa UM C LEIbIO OJABECTH YATATEIIS
K cBoel uaee. OH HE OYEHb MHOTO MOJKET CKa3aTh B ee 3amury. OH
NpU3bIBACT YHUTATENSd K pa3gyMbsM O CaMbIX OOIIMX 3aKOHAaX,
pe3yJIbTaTOM KOTOPBIX (CIIy4alHbIM WM HEOOXOAUMBIM) CTajo
MOSIBJICHUE KU3HU, YUTaTeNs (M, KOHEYHO, KHUTH XOKHHTA).

EcTtb u emie BaXHBIM U, HECOMHEHHO, BEJIUKUM 3aKOH — 3aKOH
O HampaBlieHUUu BpeMmeHHu. «CTpena BpeMEHH» — TaK Ha3bIBAECTCS
JIeBsATas rjaBa KHUTU. JTa IJaBa — BEJIMKOJIEIHBIA HaYUYHBIN 3TIOM.
Henpocras nns mnoHMMaHus uAes O JBYX COCYILIECTBYIOIIHX
YETBIPEXMEPHBIX IPOCTPAHCTBAX — EBKIUAOBOM, B KOTOPOM
OTOMPAIOTCST UCTOPUHU, M NPOCTpaHCTBE MHUHKOBCKOIO, B KOTOPOM
paboTaroT AMHAMUYECKUE YPaBHEHUS U B KOTOPOM IPOTEKaeT Hallla
*u3Hb. Ecnu B 9TOM «cymacuienmen» uaee e€cTb XOTb KpyNHLa
VCTUHBI, TO MBI JIEJIa€M IIar K COBEPLUIEHHO HOBOMY ATaly IMO3HAHUS,
HO, MOXET, BCE )K€ UJes He HACTOJIbKO cyMaclieamiasi, YTo0bl CTaTh
uctuHOM (Mo «kputepuio» Hunbca bopa).

3nech  eme YMECTHO J00aBUTh HECKOJBKO CJIOB O
npuurHHOCTH. Kraccudeckas MexaHMKa JaeT NpaBO YTBEPKAATh,
4yro Oynayliee MOXKHO IpeICKa3aTh C TOYHOCTBIO M TOJHOTOH He
JYYIIMMH, YEM TOYHOCTb U MOJIHOTA HaYaJIbHBIX JaHHbIX.

IToytH K 3TOMYy CBOAMTCS U CIIOP O IOJHOTE U BEPOSATHOCTH B
KBaHTOBOI MexaHuke. He mmeeT cmbicia 00cyX1aTh BO3MOXKHOCTH
U3MEpEHus ¢ OOJBIIUMH MOAPOOHOCTSIMH, €CIIM HayallbHbIE JaHHBIE
OTPAaHMWYEHBbl MPHUHLIMIIOM HEOIPEACIICHHOCTH. MOXKHO TOJIBKO
YTBEPKOaTh, UYTO HHQPOpPMAIHA, COAEpKAIIascs B HaYalbHBIX
JaHHBIX (IO KpailHel Mmepe Al CHCTEM, Y KOTOPbIX €CTh TOJBKO
JUCKPETHBIC YPOBHH), HE MCUYE3aeT CO BPEMEHEM (eciii, KOHEUHO, B
CHUCTEME HEeT TPEHMsS U €CIM cucTemMa 3aMKHyTa). MIMeHHO Takyo
HEOINpPEACIEHHOCTh KBAHTOBasg MEXaHMKa BHOCUT B TEOPHIO
IpaBUTALUH.
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OddexTHas nmekmapamus Jlammaca O TOM, UYTO HCTOPHUS
mpeJcKa3yeMa, €clid TOJIBKO W3BECTEH MOJHBbIH Ha0Op HaudadbHBIX
JAHHBIX — KOOPJIMHATHI M MMITYJIbCBI BCEX Tl (M MoJeH, 1o0aBuM
ceiiuac), Bo Bcenennoit He umeer cwmbicaa. Henmb3s coOpath B
KOHEYHOE BpeMsi BCE 3TH JaHHbIE — Iepejada JaHHBIX Tpelyer
BpEMEHH (HET CHUTHAJIOB, PACHpPOCTPAHSIOIIUXCSI CO CKOPOCTHIO,
OonbIlell CKOPOCTH CBETA), a KOJIMYECTBO HEOOXOMUMBIX JTaHHBIX
6eckoneuHo. Kpome Toro, Tpedyrorcs abCONIOTHO TOYHBIE JAHHEIE,
)K€ OYeHb MAaJICHbKHE IOTPEIIHOCTH MOTYT B KOpHE H3MEHHTH
npejckasanue Oynyimiero (Kak roBopsT, 3ajadya Heycroiiuua). Tak
4yT0 npumMep Jlarmnaca BEIXOANT 32 paMKU PEaTbHOCTH.

MHe XxoueTcs 3aKOHYHTH CJIOBaMHU aBTOpPAa — HEUCIPABUMOTO
ontumucra: «Eciau Mbl OTKpOEM MOJHYIO TEOPHI0, TO CO BPEMEHEM
€e OCHOBHBIE NMPHUHIIUIBI CTAHYT JOCTYITHBI TOHUMAHHUIO KaXI0TO, a
HE TOJBFKO HECKOJIbKUM crenuanuctam. M torma Mel Bce, puiiocodsl,
yYeHBIE U TIPOCTO OOBIYHBIC JIFOAHM, CMOXEM IPHHATH y4acTHE B
JUCKYCCHUHM O TOM, IOYeMYy TaK MPOM30LLIO, YTO CYLIECTBYEM MbI U
cyuiectByet Beenennasy.

HaM MokeT HpaBUTBCS WU HE HPABUTHCS XOJ MBICTEH
XOKHMHra, HO OT IIOCTABJICHHBIX WM BOIPOCOB YWTH HeENb3d... B
HEKOEM CMBICIIE MBI TIOJIONLIN K TPAHMIIC TIO3HAHUS, U Mbl CMYIICHbI
caMoii cyThIO: MOXKeT Jiu cuctema (Bcenennas u Mbl) ObITH yCTpO€Ha
TaK, 4TO YacThb €€ — YEeJIOBEK — CIOCOOHA MOHATh BCE €€ 3aKOHBI,
BKJIIOYasi 3aKOHBI COOCTBEHHOro Mo3HaHUs. OCHOBHOE IOJIOKEHHUE
HAyKU COCTOMUT B TOM, YTO MHUp pealieH U mo3HaBaeMm. Ho odeBuaIHO
JM, 4TO OH Mo3HaBaeM uyenoBekoM? COMHEHHS B 3TOM HEPEIKO
OPUBOJAT K MBICIM O MOTYYMX pPa3ymMOM, HAC U3YYaIOIIUX
uHormaHeTsiHaX. Hyxnaaemcs nu Mbl B 3TOM runorese? Bo3moxHO,
Ha 3TO OTBETUT XOKHHT.

A. A. Cmopoounckuu. Jekabps 1989 a.
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