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AHHOTaUuA
B ceoetl knuce «Kpamkas ucmopus epemenuy 3namenumoli anenutickuti pusux Cmueern Xoxkute
nblMmaemcs omeemums Ha 6ONPOCHl, UHMEpecYylowue HAc 6cex: omKyoa 63s1acbt Bcenennas, xaxk u
nouemy OHA BO3HUKIA, KAKO8 OyOoem ee KoHey (eciu 6oobuje Oyoem) — u Oeiaem 5moO HACHMONbKO
V8IeKamenvbHo U OOCMYNHO, Ymo KHuea, Hanucanuas 8 1988 200y, seisemcs becmceniepom no ceti OeHb.

CtBeH XOKMHr
KPATKAA UCTOPUA BPEMEHM.

OT 60nbLIOro B3pbIiBa A0 YepPHbIX AbIP

BnarogapHocTu
Knuea nocesawaemces [{ocetin

A pemnn nonpoOoBaTh HAMUCATh MOMYJISIPHYIO KHUTY O TTPOCTPAHCTBE U BPEMEHH IOCJE TOTO,
kak mpountan B 1982 r. xypc JI€6oBckux nekuuit B I'apBapae. Torna yxke ObIJIO HEMano KHMT,
MOCBAIIEHHBIX paHHEW BceneHHo# u YepHBIM JIbIpaM, Kak OUY€Hb XOPOIuX, HanpuMmep kHura CTuBeHa
BaiinGepra «llepBbie Tpu MHUHYTBI», TaK U OYEHb TUIOXHUX, KOTOPBIE 3/1€Ch He3aueM Has3biBaTh. Ho MHe
Ka3aJ0Ch, UYTO HU B OJHOW M3 HUX (DAKTUYECKM HE 3aTParuBalOTCS T€ BOMPOCHI, KOTOPHIE MOOYIUIN
MEHSI 3aHATHhCS M3YYEHHUEM KOCMOJIOTMHM M KBAaHTOBOW TEOPUM: OTKyAa B3sulach BceneHHas? Kak u
Mo4YeMy OHa BO3HUKJIA? MPUJET JIM €l KOHEI, a €CIIU MPUJET, TO Kak? DTHU BOMPOCHI HHTEPECYIOT BCEX
Hac. Ho coBpeMeHHas Hayka OYEHb HACBhIIIEHA MAaTEMaTUKOM, W JIMIIb HEMHOTOYUCIICHHBIE
CHEIMAIMCThl JIOCTATOYHO BIAJACIOT MOCJenHed, 4ToObl pa3oOpaThcsi B 3TOM. OIHAKO OCHOBHBIE
MIPEJICTAaBICHHUS] O POXKACHUU U JalbHeimed cyapbe BceneHHONW MOXXHO U3JOXKUTH M 0€3 MOMOIIU
MaTeMaTUKU TaK, 9YTO OHU CTAHYT MOHSTHBI JaXKe JIIOASM, HE TOJYYHBIIUM HAYyYHOTO 0Opa3oBaHMUS.
DTO 5 ¥ OBITANICA CAENAaTh B MO KHUTE. UUTaTeNo CyIuTh O TOM, HACKOJIBKO 51 TPEYCIIEN.

MHe ckazanu, YTO KaXKJas BKJIIOUEHHas B KHUTY (opMylia BIBOE YMEHBIIUT YHCIIO
nokymarenei. Toraa st pemmn BooO1ie 06xonuthes 6e3 popmyn. [IpaBna, B KOHIIE s Bce-TaKH HAIMCAT
OJIHO YypaBHEHHE — 3HAMEHUTOE YypaBHeHHe OWHITeitHa E=mc”2. Haneroch, OHO HE OTHYrHET
[IOJIOBUHY MOUX MTOTEHIIMAIIBHBIX YATATEIEH.

Ecmu He cuutatk TOTO, 4TO 51 3a00J1€71 OOKOBBIM aMHOTPO(PUIECKAM CKIIEPO30M, TO ITOYTH BO BCEM
OCTaJIbHOM MHE COITyTCTBOBaJIa ynaya. [lomolp M mopaepkkKa, KOTOpbIE MHE OKa3bIBAJIM MOs KEHa
Jlxeitn u netn Pobept, Jlrocu n Tumotun, obecrieursini MHE BO3MOKHOCTh BECTH JIOBOJIbHO-TAKH HOPMAJTh-
HBIA 00pa3 *KHU3HU U TOOUTHCS YCIIEXOB B paboTe. MHE MOBE3JI0 U B TOM, YTO 51 BHIOpAT TEOPETHUECKYIO
¢u3uKky, 10O oHa Bcs BMemaercs B royioBe. [loatomy mMost (hrznyeckast HEMOIIb HE CTala Cephe3HBIM MH-
HycoM. Mou HaydHbI€ KOJIIETH, BCe 0€3 UCKITIOYECHHS], OKa3bIBAJIM MHE BCET]a MAKCUMAILHOE CO/ICHCTBUE.
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Ha mepBoM, «xiiaccuueckom» 3Tane Moed paboTbl MOMMM ONMKaMIIMMM MOMOLIHMKAMU U
corpyanukamu Obun Pomxep Ilenpoys, PoGepr I'epok, bpennmon Kaprep m Dxopmx Ommuc. S
OjarozapeH MM 3a TOMOLIb U 33 COBMECTHYIO paldoTy. DTOT 3Tam 3aBepIUniCs H3JaHUEM KHHUTU
«KpynHomacmrabHas CTpyKTypa IpOCTpaHCTBAa-BPEMEHN», KOTOPYIO MbI ¢ DJuincoM Hamucanu B 1973
r. (Xokunr C., Dmmuc JIx. KpynaomacmrabHast cTpykTypa npocTpancTBa-Bpemenu. M.: Mup, 1976).

S Obl HE COBETOBAI UHUTAIOIIMM CIEAYIOUIME Jajnee CTpaHUIbl oOpamarbcs K Hel 3a
JONOJTHUTENbHON MH(pOpMaLMeil: OHa MeperpyxeHa MaTeMaTUKOM U Tspkena ans yreHus. Hanerocs,
YTO C TeX MOP S HAYYHJICS MUCATh 0oJiee JOCTYITHO.

Ha BTOpOM, «kBaHTOBOM» dTame Moel paboThl, HayaBiiemcsi B 1974 1., 1 B OCHOBHOM paboTai ¢
I'apu I'm660ucOM, Honom IDritmkem u Jxumom Xaptiom. I oueHh MHOTUM UM O0s3aH, KaK U CBOUM
aclypaHTaM, KOTOpbIe OKa3bIBAJIM MHE OIPOMHYIO IIOMOILb U B «(PHU3UUECKOM», U B «TEOPETHUECKOM»
CMBICIIE 3TOTO cioBa. HeoOXonuMOCTh HE OTCTaBaTh OT ACHUPAHTOB ObLIa YPE3BBIYAMHO BaXKHBIM
CTUMYJIOM U, KaK MHE Ka)XeTCsl, He TI03BOJIs/Ia MHE 3aCTpATh B 00JI0TE.

B pabote Hag KHUTOM MHE O4eHb MHOTO omorain bpaiien YUTT, onuH U3 Moux ctyneHToB. B 1985
I., HabpocaB NEepBbIN, IPUMEPHBIN IIaH KHUTH, s 3a00jen BocnajeHueM Jerkux. [Ipunuiocs nedb Ha
OIEPALIUIO, U OCIIE TPAXEOTOMHH 51 TIEPECTA] TOBOPUThH, @ TEM CAMBIM IIOYTH JIMIINUJICS BO3MOKHOCTHU
obmarbes. S myman, 4ro He cMory 3akoHuuTh KHUTrY. Ho BpaileH HC Toimbko momor MHe ee mnepe-
paboTarh, HO U HAay4YHJI TOJIb30BATHCSI KOMITBIOTEpHOW mporpammoii obmenus Living Center, KOTopyro
MHe nogapui Yourt Yonror, corpyanuk pupmsl Words Plus, Inc., Cannuseiin (wut. Kanudopnus). C ee
IIOMOIIIBIO 1 MOT'Y IIMCATh KHUTY U CTaThU, a TAKXKE pa3sroBapuBaTh C JIOAbMHU IOCPEICTBOM CUHTE3aTOpa
peuu, MOoJapeHHOro MHe Apyroi caHHuBeWsIckon ¢upmoit Speech Plus. [IpBun Mboiicon yctaHOBHI Ha
MOEM KpEecJe-KOJISICKE ATOT CUHTE3aTOp U HEOOJbION MepcoHaIbHbIN KoMIbloTep. Takas cucrema Bce
M3MEHMJIA: MHE CTAJIO JjaXKe Jierde oOLIaThCsl, 4eM JI0 TOTO KakK 5 OTEPsI roJioc.

MHOruM U3 Te€X, KTO 03HAKOMMUJICS C MpeBapUTEIbHBIMA BapuaHTaMU KHUTH, s OjarogapeH 3a
COBETHI, KacalolIMecss TOro, Kak ee MokHO Obu10 Obl ynyuiinTh. Tak, Ilerep I'azzapau, Moii pegakTop
u3narenbcTBa Bantam Books, cianm MHe mMCbMO 3a MUCBMOM C 3aMEUYaHUSIMU U BOIIPOCAMHU MO TEM
MecTaM, KOTOpbIE, 110 €r0 MHEHHIO, ObUIN I10X0 00bsICHEHBI. [Ipu3HaThCs, s ObUT CHIIBHO pa3JipaXKeH,
IIOJIyYB OIPOMHBIH CIIMCOK PEKOMEHJIyEMbIX HCIpaBiIeHUM, HO ['a33apau okas3ajics COBEpPLIEHHO
npas. Sl yBepeH, KHUTa cTaja jdy4ile Onarogaps ToMy, 4to ['a3zapau ThIKal MEHsI HOCOM B OILMOKHU.

S Belpakaro TiIyOOKyr OnarogapHocTb MouM nomouiHukaMm Kommny VYumnessamcy, [aBuny
Tomacy u Paiimonay JIapnemmy, moum cexperapsm xynu ®emne, Oun Pansd, [lepun bunnunrron
n Cpro Mbpiicu u mouM MencectpaM. I Obl HUYEro HE CMOTI JOCTHYb, €CIM OBl BCE PAcXo/bl Ha
Hay4yHblEe MCCJIEOBAaHHUA U HEOOXOAMMYI0O MEIUIMHCKYI0 [OMOIIb HE B3sUIM Ha cebs
INonBumn-sua-Kaittoc-komiex, CoBeT mo HayyHbIM M TEXHUYECKUM HCCIEIOBaHUSAM U (QOHIBI
JleBepxynma, Mak-Aptypa, Hydpdunna u Panspa Cmura. Bcem um st ouens 0iaronape.

Cmusen Xokune. 20 oxkmsaops 1987 a.

MpeaucnoBue

MBI KuBeM, OYTH HUYETO HE MOHUMAas B yCTpoiicTBe Mupa. He 3amymbiBaeMcs Hajl TeM, Kakon
MEXaHHM3M MOPOXKIAET COJHEUHBIA CBET, KOTOPBIN OOECIeunBaeT Halle CyIEeCTBOBaHHUE, HE JyMaeM O
rpaBUTALlMU, KOTOPas yAEp)KUBaeT Hac Ha 3emiie, He JaBas el cOpocuTh Hac B mpocTpaHcTBo. Hac He
HHTCPCCYIOT aTOMbBI, U3 KOTOPBIX MBI COCTOUM U OT yCTOfI‘-IHBOCTH KOTOPBIX MbI CaMU CYHICCTBECHHBIM
00pa3oM 3aBUCUM. 3a UCKJIIOUYEHUEM JIeTell (KOTOphIe elle CIAMIIKOM Majlo 3HAIOT, YTOOBI HE 3a]1aBaTh
TaKHle Cepbe3HbIE BOIPOCHI), MAJIO KTO JIOMAET TOJIOBY HaJ TEM, IOYEMY MPUpPOJia TAKOBA, KAaKOBa OHA
€CTh, OTKY/la MOSIBMJICSI KOCMOC M HE CYIIECTBOBAJ JIM OH Bcerga? He MOXET JM BpPeMs OJHaXKIbI
IOBEPHYTH BCIIATH, TaK YTO CJIICACTBHC 6y216T mpeanIcCTBOBATH HpI/I'—II/IHe? €CTh 1N HereO,ZIOJ'II/IMIﬂﬁ
Ipejes 4eaoBedecKoro nmo3HaHus? BeIBalOT fnake Takue NETH (S UX BCTpedal), KOTOPBIM XOUYEeTCs
3HAaThb, KAaK BBIMTIAUT YCPHAsA JbIpa, KaKOBa CaMas MaJICHbKasg YaCTUYKa BeHIeCTBa? IMo4YeMy MEI
MOMHUM TIPOIIIOE U HE IOMHUM Oyaylee? eciiy paHblile U Mpasia ObUT XaocC, TO KaK MOJIyYHIIOCh, YTO
Tenepb YCTAaHOBUJICS BUAUMBIN MOpsAA0K? U mouemMy Beenennast BooOuie cymiecTByer?

B Hamem oOmiecTBe NMPUHATO, YTO POAMTENM M YUYHUTENS B OTBET Ha TH BONPOCHI OOJbIIEH
YaCThIO MOXKUMAIOT INICHaMH HUJIKM IIPU3BIBAIOT HAa IMMOMOIIb CMYTHO COXPAaHUBIIMECS B IIaMATH CCBLIKU
Ha pEJHMTUO3HbIE JIereHJbl. HekoTopblM He HpaBsTCAd TakUe TEMbl, MOTOMY 4YTO B HHUX >KHUBO
00HapyKUBAETCs Y30CTh YEIOBEYECKOT0 IOHUMAaHUSI.

Ho pa3Butue ¢unocopun u ecTeCTBEHHBIX HAyK MPOABUIaIOCH BIIEPE B OCHOBHOM Onaroiapst
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MoA0OHBIM BompocaM. Bce Gosbiiie B3pOCIHbIX JIFOACH MPOSBISIIOT K HUIM WHTEPEC, U OTBETHI MHOTIA
OBIBAIOT COBEPIICHHO HEOXKUIAAHHBIMU NI HUX. OTIUYasch Mo MacmradaM Kak OT aTOMOB, TaK U OT
3BE€3]l, Mbl pa3JBUTAcM TOPU3OHTHI HMCCIEIOBAaHUMN, UYTOOBI OXBAaTUTh KaK OYECHb MaJCHbKHE, TaK H
O4Y€Hb OOJIBbIINE OOBEKTHI.

Becnoit 1974 r., npuMepHoO 3a ABa roja 10 TOro, Kak KOCMUYECKUN anmapar «BUKUHI» TOCTUT
noBepxHOCcTH Mapca, st ObU1 B AHIIIMU HA KOH(EPEHIUH, OpraHn30BaHHON JIOHZOHCKUM KOPOJIEBCKUM
OOIIIECTBOM M TTOCBSAIIEHHOW BO3MOYKHOCTSIM TIOMCKA BHE3EMHBIX ITMBUIM3aIMid. Bo Bpems nepepriBa Ha
Kode s 00paTHIl BHUMAaHKE Ha ropa3io 00ee MHOTOIOAHOE cOOpaHue, IPOXOAUBIIIEE B COCETHEM 3alle,
Y U3 JFOOOIBITCTBA BOIIEN TyAa. Tak s cTajl CBUACTEIEM JIaBHETO PHUTyala — MprUeMa HOBBIX WICHOB B
KoposeBckoe 001IecTBO, KOTOPOE SIBIISICTCS OJHUM U3 CTApEHIIMX HA IJIaHeTe OOBCTUHCHUN YUEHBIX.
Bnepenu Mo10/10i1 4enoBEK, CUIEBIINMNA B MHBAIMIHOM KpECie, 04EHb MEJICHHO BBIBOJWJI CBOE UMsI B
KHMIe, IIPEIbIyIIHE CTpaHULbl KOTOpOoM xpaHunu noxanuck Mcaaka Herorona. Korga oH, HakoHern,
KOHYMJI PACIIUCHIBAThCS, 31 pa3pasmiics oBarei. CTUBEH XOKUHT YK€ TOT1a ObLT JICTeHI0M.

Ceituac XokmHr B KeMOpHIKCKOM YHUBEpPCHUTETE 3aHMMaeT Kadenpy MaTeMaTHKU, KOTOPYIO
korzna-to 3auuMai HerotoH, a nozxe I1. A. M. /lupak — 1Ba 3HAMEHUTBIX UCCIIEA0BATENS, NU3y4aBIINE OUH
— camoe OonblIoe, a Jpyrod — caMoe MaJjieHbKOE. XOKHHI — MX JIOCTOWHBIA NPEeeMHHK. JTa TepBas
MONYJISApHAsi KHHTra XOKHUIIa COAEP/KUT MacCy IOJIE3HBIX BEIed Ui IIMpOKOoW ayaurtopuu. Kaura
MHTEPECHA HE TOJBKO IMPOTOM CBOETO COAEPIKaHMs, OHA MO3BOJISIET YBHJETh, KaK pabOTaeT MbICIb ee
aBTopa. Bl HaliieTe B Hell sICHBIe OTKPOBEHHS O TPAHHIAX (PH3UKH, ACTPOHOMHHU, KOCMOJIOTHH M MY»ECTBa.

Ho »t0 Takxke kuura o bore... a mMoxer ObITh, 00 orcyrctBuM bora. CioBo «bor» uacto
MOSIBJIACTCA HA €€ CTpaHMIAx. XOKUHI OTIPABJISIETCS HA IOMCKM OTBETAa Ha 3HAMEHHUTBHIM BONPOC
OiHIITeiiHa 0 TOM, ObUT M y bora kakoi-HHOynb BBIOOp, KOTrJa OH co3jiaBan BceneHHyro. XOKHHT
IbITaeTCs, KaK OH caM MUIIET, pa3rajarh 3ambicen bora. Tem 0ojee HEOXXHMIAHHBIM OKa3blBaeTCA
BBIBOJ] (110 MEHBLIEH Mepe BPEMEHHBIH), K KOTOPOMY MPUBOASAT 3TH MOUCKHU: Bcenennas Ge3 kpas B
MPOCTPaHCTBE, 0€3 Havaia v KOHIAa BO BpEeMEHH, 0e3 Kakux-1u6o aen mis Coznarers.

Kapn Cazan, Kopuennckuii ynusepcumem, Hmaxa, wm. Hoio-Hopk.

1. Hawe npeactaBneHne o BceneHHon

Kak-To o1H u3BeCcTHBIN yueHbIi (TOBOPST, 3T0 Obl1 bepTpan Paccern) unran myOauuHyO JEKLIUIO
00 actponomun. OH pacckas3biBall, Kak 3emJsi ooparaercs Bokpyr Comniia, a CoHile, B CBOIO O4YEpe/Ib,
oOparaercss BOKpPYr LIEHTpa OIPOMHOTO CKOIUIEHHs 3BE3Jl, KOTOPOE HAa3bIBaIOT Hameil [ anakTukoi.
Korpa nexuus mojmonuia K KOHILy, U3 MOCIEIHUX PSJIOB 3ajla MOJHSIACH MaJlEHbKas MOXKWIas JIeAu U
ckazana: «Bce, 4To BBl HaM roBopwiy, — yernyxa. Ha camom gene Ham MUp — 3TO IUIOCKas Tapeka,
KOTOpasi CTOMUT Ia CIMHE FMraHTCKOM depenaxuy. CHUCXOAUTENBHO YIBIOHYBIINCH, YYEHBIH CIPOCUI:
«A Ha 4yeM JiepkuTcs uepenaxa?» — «Bbl 04eHb yMHBI, MOJIOZOHN Y€TI0BEK, — OTBETHJIA MTOXKUJIIAs JIEIH. —
Uepenaxa — Ha Ipyroil yepenaxe, Ta — TOKE Ha Yepernaxe, U TaK BCE HUKE U HUKEN.

Taxoe npencrasinenue o BeenenHolt kak o OeckoHeyHOU OalrHe U3 yepenax OONBIIMHCTBY W3
HAC IMOKaXETCsS] CMEIIHBIM, HO MOYEMY MBI JyMaeM, YTO caMu 3HaeM Jjyuiie? YTo Ham H3BECTHO O
Bcenennoit, u kak Mbl 3170 y3Hamu? OTKyna B3suiack BceneHHas, m 4To ¢ Hel ctaHercs? bbuio mm y
Bcenennoii Havaino, a eciau ObLIO, TO YTO MPOUCXOAMIO A0 Hauyana? KakoBa CyIIHOCTb BpeMeHH?
Konunrtest nmu oHo korna-auOyan? JlocTikeHuss GU3MKU MOCIEAHHUX JIET, KOTOPHIMH Mbl 4aCTUYHO
00s13aHbl (paHTACTMUYECKOW HOBOW TEXHMKE, IO3BOJISIOT HAKOHEIl IOJIYYUTh OTBETHI XOTS Obl Ha
OTJIeNIbHbIE U3 TAKUX JABHO MOCTABJIEHHBIX BOMPOCOB. [IpolaeT BpeMs, U 3TH OTBETHI, MOXKET ObITb,
CTaHyT CTOJIb K€ OYEBUIHBIMH, KaK TO, 4TO 3eMJisl Bpaaercs BoKpyr CoiHIa, a MOKET OBbITh, CTOJb
K€ HeJIeTbIMHU, KakK OaliHs u3 yepenax. Tonbko Bpems (4eM Obl OHO HU OBLJIO) PEUIUT 3TO.
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Eme B 340 1. 1o H. 3. rpedeckuii pusocod Apucrtorens B cBoei kHure «O HeOE» MpuBEN aBa
BECKUX JIOBOJIa B IOJIB3Yy TOTO, YTO 3eMJId HE IJIOCKas Tapeika, a Kpyriblid map. Bo-mepBbix,
Apucrorenb J0rafaics, 4To JIyHHbIE 3aTMEHUS IPOUCXOAAT TOTJa, KOT/a 3eMJIs OKa3bIBACTCS MEXIY
Jlynoit u Connuem. 3emiist Bceraa otOpaceiBaeT Ha JIyHy Kpyrilyio T€Hb, @ 3TO MOXET OBITh JIUIIb B
TOM ciyd4ae, eciu 3emis umeeT ¢opmy mapa. byas 3emns MIOCKMM JUCKOM, €€ T€Hb uMelna Obl
(opMy BBITSHYTOTO 3JUTUIICA, €CITU TOJBKO 3aTMEHHE HE MPOUCXOIUT BCEra MMEHHO B TOT MOMEHT,
korga ConHLe HaXOAMTCS TOYHO Ha OCHU JUCKa. BO-BTOPBIX, IO ONBITY CBOMX IyTEIIECTBUI I'peku
3HaJM, YTO B IOKHBIX paiioHax IloisipHas 3Be3ga Ha HeOe pacrosiaraercsi HIKE, YeM B CEBEPHBIX.
(ITockonbky IlonsipHas 3Be3na HaxoauTcst HaJ CeBepHBIM IOJIKOCOM, OHa OyneT MpsAMO Haj IoJ0BOM
Habmoxarens, crosmero Ha CeBEepHOM MOJIIOCE, a YENIOBEKY Ha HKBATOpE IMOKAXKETCs, YTO OHA Ha
JMHUU TOPU30HTA). 3Has pa3HULy B Kaxyuiemcs nojoxenuu [lonsproit 3Be3asl B Erunte u ['perun,
ApucToTelb cyMen J1a)ke BHIYUCINUTD, 4TO JiinHa skBaTopa paBHa 400 000 craaues. Uto Takoe craauid,
TOYHO HEHM3BECTHO, HO OH Oim30K K 200 MeTpam, U, CTano ObITh, OIICHKa APUCTOTEIS MPUMEPHO B 2
pasa Oobllie 3HAYEHUs, NPUHATOrO ceiddac. Y TpeKoB ObUI eme W TPEeTUil JOBOX B TOJNB3Y
1apooOpasHoit popmel 3emin: ecnu 3emiis He Kpyruias, TO [104eMy K€ Mbl CHadajla BUAMM Iapyca
KOpalJisi, MOAHUMAIOIINECS HaJl TOPU30HTOM, U TOJIBKO TIOTOM caM Kopadiib?

Apucrorens gymai, 4to 3emiis HenozBmkHa, a ComnHue, JIyHa, naHeTs! ¥ 3Be3/1bl 00palaroTcs: BOK-
pyr Hee 1o KpyroBbIM opOutam. OH Tak mosarai, uO0 B COOTBETCTBUU CO CBOMMH MHCTHUECKUMH BO3-
3peHHsIMU 3eMJIIO CUMTall IEHTpoM BcenieHHOM, a KpyroBoe JBHKEHHE — CaMbIM COBEpILIEHHbBIM. [ITonemeit
Bo II Beke pazBmil uuer0 ApHUCTOTENs B IMOJIHYIO KOCMOJIOTMUECKYIO MOJENb. 3€MJIi CTOMT B LIEHTpE,
OKpYyXKEeHHasi BoceMblo cepamu, Hecymumu Ha cede JIyHy, ConHile ¥ NSTh M3BECTHBIX TOTJA IUIAHET:
Mepkypuii, Benepy, Mapc, FOnutep u CarypH (puc. 1.1). Camu manersl, cuuran [Itonemeit, ABmxyrcs 1o
MEHBIIMM KpyraM, CKpEIUICHHBIM C COOTBETCTBYIOIIMMU c(hepamu. ITO OOBACHSIIO TOT BEChbMa CIIOXKHBIN
IIyTh, KOTOPBIM, KaK Mbl BHIMM, COBepIIatoT IulaHeThl. Ha camoli mocnenHelt cdepe pacrosararorcs
HETIO/IBU)KHBIE 3BE3/Ibl, KOTOPbIE, OCTABAsACh B OHOM M TOM K€ IHOJIOKEHMU JPYT OTHOCHUTENBHO ApYyra,
JIBVOKYTCS TT0 HEOY BCE BMECTE KaK eIMHOE Ie10€. UTO JISKHUT 3a mocieaHei chepoii, He 00BSICHIIOCH, HO BO
BCSIKOM CITy4ae 3TO y»Ke He ObLIO 4acThbo TOM BceneHHol, KoTopyro Habro1aeT 4esIOBEYECTBO.

Fric. 1.1

Mognens [ITonemes mo3Boisiia HEIIOXO MPEICKa3bIBaTh MOJIOKEHNE HEOECHBIX TeNl HAa HEOOCBOJIE,
HO JIA TOYHOIO MpEACKasaHusaA €My HNPHIIIOCH MNPHUHATH, YTO TPACKTOPHUA .HyHI)I B OIHHUX MECTax
MOIXOAWT K 3emiie B 2 pasza Ommke, 4eM B Apyrux! DTo O3HAYaeT, 4To B OJHOM TojoxeHuu JlyHa
JOJDKHA Ka3aThesl B 2 pasa Oombineid, yem B apyrom! Iltonemeli 3Ham 00 3TOM HEAOCTaTKe, HO TEM HE
MeHee ero Teopwsi ObUTa MpU3HAaHA, XOTs U He Be3ae. Xpucrtuanckas llepkoBp mpunsiia [ltonemeeBy
Mojienh BeenenHol kak He mpoTuBopedantyro bubmmu, nbo 3ta Mojens Oblla OYeHb XOpOIla TeM, YTO
OCTaBJIsJIa 3a MpenenaMu cdepbl HEMOABMKHBIX 3BE3]l MHOTO MecTa Jis ana u pas. Ognako B 1514 .
MOJIbCKUM  cBsimeHHUK Hukonait KomepHuk mpemioxumn emie Ooiiee mpocTyro mojenb. (Brawarne,
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oracasch, HaBepHoe, Toro, 4yTo LlepkoBb 00BSBUT ero epetnkoM, KonepHuk mpomaranaupoBall CBOIO
MOJIeNIb aHOHUMHO). Ero uzaes cocrosuia B ToM, uTo COJHIIE CTOMT HEMOJBUKHO B LIEHTPE, a 3eMJIs U
JpyTUe TUIaHeThl 00pallaloTcss BOKPYT HEro mo KpyroBsiM opOutam. Ilpomuio nmoutu cronerue, mpexie
yeMm uaer KonepHuka BocnpuUHsUIM cepbe3HO. [[Ba actpoHoma — Hemen Morann Kerep u utanbsHen
lamuneo [Mammnelt — nmyOaMYHO BBICTYNHIM B MOJIEPKKY Teopun KomepHuka, HECMOTps Ha TO UTO
npezackazanHbie KonepHnkoM opOUTHI HE COBCEM COBIAJANM ¢ HaOmogaeMbiMu. Teopun ApucToTessi—
[Tronemess mpummen konen B 1609 r., korma [anwedt Havan HaOnOAaTh HOYHOE HEOO C IMOMOIIBIO
TOJIBKO YTO M300peTeHHoro Teneckona. HanpaBus teneckon Ha mianety HOnurep, ["amuieit oOHapyxut
HECKOJIbKO MaJIeHbKMX CIYTHUKOB, WM JIyH, KOTOpble oOpaiatorcs Bokpyr FOmuTtepa. 910 03Hauano,
YTO HEe BCEe HEOECHBIC Tesla JAOJDKHBI 00s3aTelIbHO 00paIlaThCsi HEMOCPEACTBEHHO BOKPYT 3eMIlH, Kak
cuntamu Apuctorens u I[ltomemeit. (Pazymeercs, MOXHO OBLIO TMO-TIPEKHEMY CUYHMTATh, YTO 3EMIIS
IOKouTCs B LieHTpe Beenennoi, a nyHs! FOnurepa 1BUXKYTCS IO OUYEHB CI0KHOMY ITyTH BOKPYT 3€MJIH,
TaK 4TO JIUIIb Kaxercs, Oynro onu oOpamatorcst Bokpyr FOnurepa. Onnako teopusi Konepauka Oblia
3HAYUTENNBHO Tpoire.) B To xe Bpems Morann Keruep moaudunmposan teopuro Komepruka, ucxonas us
MPENOIOKEHUS, YTO IUJIAHEThl ABIDKYTCS HE IO OKPYXHOCTSIM, a IO JJUIMIIcaM (3JUTUIC — 3TO
BBITSIHYTast OKPY>KHOCTB). HakoHen-To Teneps npecka3anus COBIAIM C Pe3yIbTaTaMi HAOJIOACHHIA.

Uro kacaercs Kemepa, To ero smmnTu4eckue opOUTHI ObLIM HMCKyccTBeHHOM (ad hoc)
TUIOTE30H, U IPUTOM «HEU3SIIHONY, TaK KaK 3JUIMIIC FOpa3j0 MEHEEe COBEpIICHHAs (pUrypa, 4em Kpyr.
[Toutu cnydaifHO OOHAPYKHB, YTO AJUIUNTHYECKHE OPOUTHI XOPOILIO COTNIACYIOTCS C HAOMIOJACHUIMU,
Kennep Tak u He cyMmen NPUMHUPUTH 3TOT (AKT CO CBOEH HAEEH O TOM, YTO IUIAHEThI OOPAIAIOTCS
Bokpyr ConHIa MOJ AeicTBUEM MarHUTHBIX cuil. OObSICHEHHE MPHILIO JIMIIL TOpa3ao MO3JHEe, B
1687 r., xorna Hcaak HpioToH omy0nmMKoBan CBOX KHHTY «MareMaTHUECKHe Hadana HaTypalbHOMN
¢unocopun». HploTOH B HEl HE TONBKO BBLABHUHYJI TEOPHUIO JABMXKEHHUS MaTepUaibHBIX Tel BO
BPEMEHM M IPOCTPAHCTBE, HO U pa3paboTal CI0KHbIE MAaTEMATUYECKUE METO]Ibl, HEOOXOUMbBIE IS
aHanu3a JABWXKeHUs HeOecHbIX Ten. Kpome toro, HpIOTOH mOCTynupoOBan 3aKOH BCEMHPHOTO
TATOTEHHS, COTIACHO KOTOPOMY BCSAKOE TEJIO BO BceneHHoi MpUTITruBaeTcs K Jr000My IpyromMy Tery
¢ TeM Oouibleil CHII0i, ueM OOJIbIlIe MAacChl 3TUX Tell U YeM MEHbIIIE PACCTOSTHUE MEXAy HUMH. DTO Ta
camasl cuja, KOTopas 3acTaBiiseT Tejla majgaTh Ha 3emito. (Pacckas o Tom, yto HploTOHa BIOXHOBMIIO
s0JI0K0, yraBlllee eMy Ha roJoBYy, MOYTH HaBepHska HemocToBepeH. Cam HpioTOH ckazan 00 3ToM
JUIIb TO, YTO MBICIIb O TATOTEHWU IPHUILIA, KOIJA OH CHUJEN B «CO3EpLATEIbHOM HACTPOCHUMN», U
«IOBOJIOM OBLIO MajeHue si0mokay). Jlanee HploTOH mokasan, 4To, COrsiacHO ero 3akony, JlyHa moj
JeICTBUEM T'PAaBUTALMOHHBIX CHUJI JBIMXKETCS IO AJUIMNTHYECKONW opOUTE BOKpYr 3eMiH, a 3emid u
TJTAHETHI BPAIAIOTCS MO ITUNTHYECKUM opOuTam Bokpyr CoHIIa.

Mopens Konepauka nomoria u3zbaButbes oT IITonemeeBbix HeOecHBIX cdep, a 3a0AHO U OT
MPEICTaBICHUsI O TOM, 4YTO BceneHHas HMMeeT Kakylo-TO €CTECTBEHHYI0 TIpaHully. Ilockonbky
«HENOJBM)KHBIE 3BE3/Ib» HE U3MEHSIOT CBOETO MOJIOKEHMsI Ha Hebe, eclM He CUMTaTh MX KPYroBOIrO
JIBWKEHUS1, CBA3aHHOI'O C BpallleHHeM 3eMJIH BOKPYT CBOEH OCH, €CTECTBEHHO ObLIO MPEATNON0KHUTh, YTO
HETO/BI)KHBIE 3BE3/1bI — 3TO 00BEKTBHI, 110/100HbIE HamleMy COJHILY, TOJIBKO Topa3io Oosee yaaleHHbIE.

HproToH moHMMan, 4To Mo €ro TEOPUM TATOTEHMS 3BE3/Ibl JOJKHBI IPUTITUBATHCS APYT K APYTY
U TI03TOMY, Ka3aJIoCh Obl, HE MOTYT OCTaBaThCsl COBCEM HEIMOJABI)KHBIMU. He TOJKHBI 1M OHM ynacTh
ApYT Ha JIpyra, cOJM3UBIINCH B Kakoi-To Touke? B 1691 r. B nuceme Puuapny bentnu, eme onHomy
BBIIAIOILEMYCSI MBICIIUTENIO TOrO BpeMeHH, HpI0TOH roBOpHII, YTO Tak JIEHCTBUTEIBHO JOJKHO OBLIO
OBl IPOU30ITH, eciu OBl y HAaC OBLIO JIMIITE KOHEYHOE YMCIIO 3B€3/] B KOHEYHOU 00JacTH MPOCTPAHCTRA.
Ho, paccyxnan HproToH, ecnu uyucio 3Be3] OECKOHEYHO M OHU Oojee WM MEHee PaBHOMEPHO
pacripesiesieHbl 10 OECKOHEYHOMY IMPOCTPAHCTBY, TO 3TOTO0 HMKOI/IA HE NPOU30MIET, Tak KaK HeT
LEHTPAJIbHONU TOUKH, Ky/1a UM HY>KHO ObLIO OBl MMajaTh.

DT pacCyXIeHHsT — TMpUMEp TOro, Kak JIErKO TIONacTh BIPOCAK, BEIsS pPa3roBOpPbl O
O6eckoneuHocTd. B Geckoneunoit BeenmenHoi m00yr0 TOYKY MOXKHO CYMTATh IIEHTPOM, TaK Kak Mo 00e
CTOPOHBI OT HEE YHMCIIO 3Be3]l OeckoHewyHo. JIMib ropas3io mozke MOHSUIM, 4To Oosiee MpaBHIIBHBIN
MOJIXOJ] — B3ATh KOHEUHYIO CUCTEMY, B KOTOPOW BCE 3BE3/IbI MAJAl0T IPYT Ha JAPYyra, CTPEMSChH K LEHTPY,
U TIOCMOTpETh, Kakue OyIyT H3MEHEHUs, ecClid J00aBIATh elle M elle 3Be3J]l, paclpeleseHHbIX
pUOIM3UTENBHO PAaBHOMEPHO BHE paccMaTpuBaeMoit obnactu. [lo 3akoHy HploTOHA TOMONMHUTENBHBIE
3Be3/bl B CPEJHEM HUKAK HE MOBJIUSIOT HA MEpPBOHAYATbHbIE, T. €. 3B€3/1bl OYAyT C TOH K€ CKOPOCTHIO
najgath B IEHTP BbIAENCHHON oOnactu. Ckoibko ObI 3Be€31 MBI HU J00aBUIIM, OHU Bceraa OymyT
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CTpEMHUTbCS K IIEHTpY. B Hamie Bpemsi W3BECTHO, UTO OeCKOHEYHasi cTaTudeckass mMojenb BcenmeHHoi
HEBO3MOXHA, €CJIM IPAaBUTAL[IOHHBIE CUJIbI BCETa OCTAIOTCS CUJIaMH B3aUMHOT'O ITPUTSKEHHUS.

HNHuTtepecHo, kakuMm ObUTIO 00IIee COCTOSHHE HAYYHOW MBICTH 10 Hadanma XX B.. HUKOMY W B
rojoBy HE MpuUUIO, yTO BceneHHas MOXET pacHIMpATbCS WM CKUMaThecs. Bce cumrtanu, 4to
Bcenennas nubo cyiiecTBoBasia Bcerjja B HSU3MEHHOM COCTOSIHMHM, JINOO Oblila COTBOpEHA B KaKOH-TO
MOMEHT BPEMEHHU B MPOIUIOM IPUMEPHO TaKOH, KakoBa oHa ceiiuac. OTY4acTH 3TO, MOXKET OBITh,
OOBSICHSICTCSI CKJIOHHOCTBIO JIIOJICH BEPUTh B BEYHBIE HCTUHBI, a TaKKe 0CO00I MPUTATraTeIbHOCTHIO
TOM MBICIIH, 4TO, IIyCTh CAMH OHU COCTApATCS U YMpYT, BCcelleHHast ocTaHeTCs BEYHOM U HEU3MEHHOM.

Jlaxxe TeM yYeHbIM, KOTOpbIE IOHSUIM, 4YTO HBIOTOHOBCKAs TEOpUsS TATOTECHUS JIENAET
HEBO3MOYKHOW CTaTUYECKYI0 BcelneHHyro, He MNpUXOAW/ia B TOJOBY THUIIOTE3a PACIIUPAIOUICHCS
Bceenennoit. Onu mombITaiuch MOAUGMUUUPOBATH TEOPUIO, CAETIAB TPABUTALMOHHYIO CHITY
OTTAJIKUBAIOLIEH Ha OYEHb OOJBIINX PACCTOSHHUSX. JTO MPAKTUYECKU HE MEHSIIO TPEICKA3bIBAEMOTO
JBIDKEHUS IUIAHET, HO 3aTO MO3BOJISUIO OECKOHEYHOMY paclpe/leleHUIO 3BE3/1 OCTaBaThCsl B PABHOBECHUH,
TaK KaK NPUTSDKEHHE OJMM3KUX 3BE3]l KOMIICHCHPOBAJIOCH OTTAJKMBaHWEM OT jaanekux. Ho ceifuac mbl
CUMTaeM, 4YTO TaKOE pPAaBHOBECHE OKa3alloch Obl HEyCTOW4MBHIM. B camom nene, eciau B KakoW-TO
00J1acTH 3B€3/Ibl UyTh-4yTh COMM3STCS, TO CHJIBI IPUTSHKCHUS MEXITY HUIMH BO3PACTYT U CTaHYT OOJIbIIe
CHJI OTTaJKMBAaHMS, TaK YTO 3Be3Abl OyAyT U Jaiblie cOnmxkarbes. Ecimu ke paccTosHue MExXIy
3BE3/1aMH UyTb-4yTh YBEJIIMYUTCS, TO IEPEBECAT CUIIbI OTTAIIKUBAHUS U PAaCCTOSIHUE OY/I€T HapacTaTh.

Emre ogHo BO3paskeHHE MPOTHB MOJIENH OECKOHEUHOW cTaThdecKod BceneHHON OOBIYHO MPHUIHCHI-
Bacrcst HemerkoMy (utocody I'enpuxy Ondepcy, kotopelii B 1823 1. omyOiamrkoBai padoTy, MOCBAIICHHYO
atoil Mmojenu. Ha camom nene mMHorue coBpeMeHHUMKHM HBIOTOHA 3aHMMAanKCh TOW K€ 3aJaueil, U CTaThs
Onbepca ObUIa aKe HE MIEPBOM cpear paboT, B KOTOPBIX BBICKA3BIBAIMCH CEPhe3HBbIC BO3pakeHHs. Ee uiib
TMIEPBOI CTAIIM IUPOKO IIUTUPOBaTh. Bo3paxeHune TakoBo: B OECKOHEUHOM craThudeckoi BeenenHoil 1o6oit
Jyd 3peHusl JOJDKEH YNUpPaTbCsl B Kakyro-HUOydb 3Be3ny. Ho torma HeOO nake HOYBIO JIOJDKHO SIPKO
cBetuThbes, Kak Connue. Kontpapryment Onbepca cocTostl B TOM, YTO CBET, MIYIIMHA K HAM OT JaJeKux
3B€3/1, IOJDKEH OCIIa0JIATHCS W3-3a MOIIIOLEHUS] B HAXO/SIILIEMCS Ha €ro IyTH BEIIECTBE.

Ho B Takom ciyyae camMo 3TO BEIIECTBO JIOJKHO HAarpeThCsi U SPKO CBETUTHCS, KAK 3BE3[IbI.
EnvHcTBeHHAs: BO3MOKHOCTh M30€XKaTh BBIBOJA O ApKO, Kak CoIHIE, CBETSIEMCS HOYHOM HeOe —
MPEANONI0XKHUTh, YTO 3BE3/Ibl CHSUIM HE BCErJa, a 3aropeliiChb B KaKOW-TO OINPEACICHHBI MOMEHT
BpEMEHH B npouuioM. Torzaa noriouaromiee BeUECTBO, BO3MOXKHO, €Ie HE YCIENO pa3orpeThesl Win
K€ CBET JAJIEKUX 3B€3] elIe He Joleln 10 Hac. Ho Bo3HMKaeT BOmpoc: moYeMy 3aXTIUCh 3BE3/1bI?

Koneuno, npobGiiema BO3HUKHOBEHHS BcenmeHHON 3aHMMalia yMBI JIOJIEH YK€ O4Y€Hb JaBHO.
CornacHo psy paHHUX KOCMOTOHMM M HYAEHCKO-XPUCTHAHCKO-MYCYJIbMaHCKMM MH(paM, Haiua
BceneHHass BO3HMKIIA B KakKOW-TO OIPENENICHHBIM M HE OYEHb OTJNAJICHHBII MOMEHT BPEMEHHU B
npomioM. OHUM U3 OCHOBAaHMN TakUX BEpOBaHUI Oblla MOTPEOHOCTh HANUTH «IEPBONPUUUHY»
cyuiectBoBanusi Beenennoil. JIroboe cobritne Bo BeeneHHONM 00BACHAIOT, yKa3bIBasi €ro MpUYHHY, T.
€. Jpyroe coObITHEe, IPOU3OLIEIIee paHblle, MM0J00HOEe OOBSICHEHHE CYIIECTBOBAHUSA CaMOil
BcenenHoli BO3MOXKHO JIMIIb B TOM Ciy4ae, €ciii y Hee Obulo Hauyano. J[pyroe ocHoBaHUE BBIIBUHYI
bnaxxennsiit ABryctuH (npaBociaBHas LlepkoBb cuntaer ABryctuHa OnaxeHHbIM, a Katonuueckas —
CBATHIM. — TIPUM. pejl.). B kHure «I'pax boxwuit»y. OH ykazan Ha TO, YTO IUBHIIM3AIUS MIPOTPECCUPYET,
a Mbl IOMHHMM, KTO COBEPILMJI TO WJIM MHOE JIesHUE M KTO uTo u3o00pen. [loaromy yenoBedyecTBo, a
3HAYUT, BEPOSITHO, U BcenenHas, BpsJl 1M O4€Hb JOJT0 CYLIECTBYIOT. biakeHHbI ABryCTHH cUMTAal
pUeMJIEMOM J1aTy cOTBOpeHMs BceneHHOH, cOOTBETCTBYIOUIYIO KHHre «bBBITHS»: NMPHOIM3UTEIHHO
5000 rox mo wmame#t apbl. (MHTEpecHO, YTO 3Ta jgaTa HE TaKk YXK Jajieka OT KOHIA IOCIIETHEro
nexaHukoBoro nepuoaa — 10 000 et 1o H. 3., KOTOPBIN apX€OJOTH CYUTAIOT HAYAJIOM LIMBUIIN3ALINN).

Apucrorento ke U OONBIIMHCTBY JPYrHX TIpedeckux ¢(uiaocodoB He HpaBWIaACh UIes
COTBOpEeHMsI BceneHHOM, Tak Kak OHa CBSA3BIBAJIACH C 00XKECTBEHHBIM BMeEIIAaTeNbCTBOM. [1oaTOMY OHI
CUMTAJIM, YTO JIIOJU U OKPYKAIOIIKUKA MX MHUP CYHIECTBOBAJIM M OyQyT CYIIECTBOBAaTh Be4HO. J[oBOX
OTHOCHUTEJIBHO IIpOrpecca IUBWIM3ALMKY yUEHBIE IPEBHOCTU pacCMAaTpUBaIM U PELINIM, YTO B MUpE
MEePUONYECKH MPOUCXOIMIN TMOTONBl U JPYrHe KaTakIM3Mbl, KOTOpbIE BCE BpEMs BO3Bpallalivd
4eJI0BEYECTBO K UCXOAHON TOUKE IUBUIIM3ALUH.

Bompocsr 0 TOMm, BO3HMKIA Jin BcenmeHHas B KAakOM-TO HAdaJbHBIE MOMEHT BpPEMEHH U
OrpaHHYEHA JIM OHAa B TMPOCTPAHCTBE, IO3]JHEE BECbMa MPHUCTAIBHO paccMmarpuBai (uiocod
Nmvmanynn KanT B cBoeM MOHYMEHTaIBHOM (M O4YeHBb TeMHOM) Tpyae «Kputuka uucroro pazymar,
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KOTOpbIA ObIT m37aH B 1781 1. OH Ha3Bay 3TH BOMPOCHI aHTUHOMHUSMH (T. €. MPOTUBOPEUYHSIMU)
YUCTOI0 pazyma, TaK KakK BHJIEJ, YTO B PAaBHON Mepe HEJb3sl HU JOKa3aTh, HU OIPOBEPTHYTH HU TE3UC
0 HEOOXOTUMOCTH Hauajga BceneHHOW, HM aHTHUTE3WC O €€ BEYHOM cCyllecTBOBaHMH. Tesuc KaHT
apryMEHTHpPOBal TeM, 4YTo eciu Obl y BcenenHoil He ObUIO Hayajga, TO BCIKOMY COOBITHIO
MpeIIecTBOBal Obl OECKOHEUHBIH Mepuoj BpeMeHu, a 3To KaHT cuurtan abcypaoM. B moamepkky
antutezuca KanTt roBopmi, uto ecnu Obl BceneHnas mmena Hadano, TO €My IMpeIIIeCTBOBaNl ObI
OeCcKOHEUYHBIN MEepUoJl BpEeMEHH, a TOTla CIIpalluBaeTcs, moueMy BceeneHHast BApyr BO3HUKIIA B TOT, a
He Apyroi MomeHT Bpemenu? Ha camom nene aprymentsl Kanta aktuyecku OJMHAKOBBI M IS
Te3uca, u 1 anturesnca. OH UCXOIUT U3 MOJTYAIUBOTO MPEANOI0KEHHUS, YTO BpeMsi OECKOHEYHO B
IIPOLIUIOM HE3aBHCHMO OT TOIO, CYLIECTBOBaJla MM HE CyllecTBoBaja BeyHO Bcenennas. Kak mbl
YBUJUM HMXKE, 10 BOBHUKHOBEHUs1 BCelleHHOW MOHSATHE BPEMEHHM JIMIIEHO cMmblicia. Ha 3To BrepBbie
ykazan bnaxenneli ABryctuH. Korzna ero cnpammBanu, 4em 3aHuMaiics bor no toro, kak cosgai
Bcenennyr, ABryCTMH HUKOTJAa HE OTBEYal B TOM JyXe, 4TO, MOJI, bor rotoBun am st Tex, KTO
3aaeT MojoOHbIe BOMPOCh. HeT, OH roBOpWi, YTO BpeMsi — HEOTHEMIIEMOE CBOMCTBO CO3/1aHHOU
borom BcenenHnoit u mosTomMy 10 BOSHUKHOBEHHS BceneHHoi BpeMeH He ObLIO.

Korna 601p1IMHCTBO 01 BEPUIIO B CTATUUECKYIO M HEM3MEHHYI0 BeenenHnyro, Bonpoc o ToM,
MMela OHAa HAyajo WIM HEeT, OTHOCWICS, B CYIIHOCTH, K 00jmacTH MeTapu3WKH U Teosoruu. Bce
HaOJrogaeMbIe SIBICHUS MOXKHO OBLIO OOBSCHHTH KaK C IOMOIIBIO TEOpUH, B KoTopoi Bcenennas
CYILIECTBYET BEYHO, TaK U C IIOMOIIbIO TEOPUH, COTJIACHO KOTOPOi BceneHHyo COTBOPMIM B KaKOK-TO
OTIpeNIeICHHBIE MOMEHT BpPEMEHHM TaKHM 00pa3oM, 4ToObI BCE BBIIISNENO, Kak eciu Obl OHa
cyuiectBoBasia BeyHo. Ho B 1929 r. Daun Xab0n chenan 3moxaibHOE OTKPBITHE: OKa3aJloCch, YTO B
Kakoi Obl yacTh HeOa HM BECTH HAOIIONEHUS, BCE JalieKWe TaJIaKTUKU OBICTPO YAAJISIOTCS OT Hac.
WNubimu cnoBamu, Beenennas pacmmpsiercs. 9To 03HavaeT, 4To B 6osiee paHHHE BpeMeHa BCe 0OBEKTHI
Obutn OJ¥DKE JIPYT K APYry, 4eM ceiiyac. 3HauuT, ObUIO, MO-BHIUMOMY, BPEMS, OKOJIO ICCATH WU
JBaJIaTH ThICAY MWLUIMOHOB JIET HAa3aj, KOrJa OHM BCE HAXOJIWUJIUCh B OJHOM MECTE, TaK 4TO
IUIOTHOCTh BceenenHoit Obuta OeckoHeuHo Oonbiioit. CaenmanHoe Xa0O0JIOM OTKPBITHE TIEPEBEIO
BOIIPOC O TOM, KaK BO3HHKJIA BecenenHas, B 0071aCTh KOMIETEHIIUN HAYKH.

Hab6monenus Xa60:1a rToBOPHIIH O TOM, YTO OBUIO BpeMs — TaK Ha3bIBAEMBIi OOJIBIION B3PbIB, KOTIa
Bcenennas Obuta 6eCKOHEYHO Majoi M OECKOHEUHO IUIOTHOW. [Ipu Takux ycrnoBHSIX BCe 3aKOHBI HAyKH
TEPSIOT CMBICI M HE TO3BOJISIIOT IpeJcKasbiBaTh Oynymiee. Eciu B emie Oonee paHHUE BpeMeHa U
MPOUCXOJMIN KaKue-TMO0O COOBITHS, OHM BCE PAaBHO HHUKAK HE CMOMIM OBl MOBIMATH HAa TO, YTO
MPOUCXOUT ceiuac. M3-3a OTCYTCTBHSI k€ HAOMIOAEMbIX CIIEACTBUI UMH MOXHO MPOCTO MPEHEOPEUb.
Bonb11oit B3pbIB MOXKHO CUMTaTh HA4aJIOM OTCYETa BPEMEHM B TOM CMBICIIE, YTO Oojiee paHHHE BpeMeHa
ObuM OBl TpOCTO HE ompezeneHbl. [loqyepkHeM, 4TO TaKOe€ Hayalo OTCUeTa BPEMEHH OYEHb CHIIBHO
OTJIMYAeTCsl OT BCEro TOrO, YTO Mpeaiaragoch a0 XabOma. Hawyano BpeMeHHM B HEU3MEHSIOLIEHCS
BcenenHoil ectb HEUTO, UTO JOJKHO ONPEAEISTHCS YEM-TO, CYLLECTBYIOIIMM BHE BeenenHoit; ans Hayana
Bcenennoit Her ¢usnueckoit Heobxoammoctu. CotBopenue borom BceenenHoil MoXHO B cBoeM
MIPEACTaBIEHUH OTHOCUTH K JIFOOOMY MOMEHTY BpeMeHH B mpouuioM. Eciu ke Beenennas pacumpsiercs,
TO MOTYT CYIIECTBOBaTh (PM3MUECKHE TNPUYMHBI Ui TOro, 4TOObl OHAa HUMena Havano. MOXKHO
MO-TIpEKHEMY MPENICTaBIATh cede, yTo MMeHHO bor co3znan BceneHHyio — B MOMEHT OOJIBIIOTO B3phIBa
WIN JaXe To3aHee (HO Tak, Kak ecli Obl Mpou30IeN OONbIIoi B3phiB). OmHako Obu10 ObI abCypIHO
yTIBEp)KIaTh, yTO BceneHHas Bo3HMKIIA paHblie 0oiblIoro B3pbiBa. [IpencraBienue o pacimpsoniencs
BceneHHOI He HCKITIOUaET CO3/1aTeNsl, HO HajlaraeT OrpaHUYEHNs] Ha BO3MOXKHYIO JJaTy €ro Tpya0B!

UroObl MOXKHO OBLJIO TOBOPUTH O CYIIHOCTH BceneHHol 1 0 ToM, ObUTO JIM y Hee Havyasio U OyJeT Jiu
KOHEII, HY>)KHO XOPOILIO MPE/ICTAaBIATh ce0e, 4TO Takoe Hay4yHasi Teopus BooOIwe. S Oyay mpuiep KuBaThCs
MpocTeiiel TOUKK 3peHus: TeOpusi — 3TO TeopeTHudeckas Mojeidb BceneHHOW WM Kakoi-HUOyIb ee
YacTd, JIOTIOJHEHHass HabOpOM TpaBWI, CBS3BIBAIOLUIMX TEOPETHMYECKUE BEIMYMHBI C  HAIIUMHU
HaOMIOIEeHUAMH. JTa MOJIENb CYLIECTBYET JIMILb Y HAC B TOJIOBE U HE UMEET JIPYrod pealbHOCTH (KaKoi
ObI CMBICITT MBI HU BKJIaJIbIBAJIM B ATO CJIOBO). Teopust cuntaeTcs XOpolieH, eciii OHa YIO0BIETBOPSIET IBYM
TpeOOBaHMSAM: BO-TIEPBBIX, OHA JIOJDKHA TOYHO OMMCHIBATh HIMPOKUHN Kiacc HaOMIOJEHUH B paMKax
MOJIEIH, COAEPIKAIIIEH JIMILIb HECKOJIBKO MPOU3BOJIBHBIX AJIEMEHTOB, U, BO-BTOPBIX, TEOPHS JOJDKHA 1aBaTh
BIIOJIHE OIIpE/eNICHHbIe NpeICKa3aHusl OTHOCUTENIbHO pe3yibTaToB Oynymmx HaOmonenuil. Hampumep,
Teopusi ApUCTOTENS, COITIaCHO KOTOPOM BCE COCTOMT M3 YETBIPEX JJIEMEHTOB — 3€MJIM, BO3yXa, OTHA U
BOJIBI, — ObLJIa JTOCTaTOYHO TPOCTOHM, YTOOBI HA3bIBATHCSA TEOpPHEH, HO C €€ IMOMOIIBI0 HENb3s ObLIO
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MOJTyYUTh HUKAKHUX ONpPENENICHHbIX Npeackazanuil. Teopus xke TsaroteHus HproToHa mcxonwna u3 eme
Ooree MPOCTON MOJIENH, B KOTOPOM TeNla MPUTATHBAIOTCS JPYr K APYTY C CHIIOH, TMPONOPLUOHATBHON
HEKOTOPOM BEIMYMHE, HA3bIBAEMOW WX MAacCOW, U 0OpaTHO MPOIOPITMOHATBHON KBaApaTy PacCTOSHUS
Mmexay Humu. Ho Teopust HeroToHa BecbMa TOUHO npezickasbiBaeT ABrkeHre ConHua, JIyHbl 1 IU1aHeT.

JIrobas ¢uznueckas Teopus BCerJa HOCUT BPEMEHHBIH XapaKTep B TOM CMBICIE, YTO SIBISETCS
BCETO JIMIIb THIIOTE30M, KOTOPYIO HENb3s A0Ka3aTh. CKOJIBKO ObI pa3 HM KOHCTATHPOBAJIOCH COTIIACHE
TEOPUHU C IKCIIEPUMEHTAILHBIMU JaHHBIMH, HENb3sl ObITh YBEPEHHBIM B TOM, YTO B CJIEIYIOIIMNA pa3
HKCHEPUMEHT HE BOMIET B NpPOTHBOpeYHe ¢ Teopuei. B To ke Bpems o0yl TEOPUI0 MOXKHO
ONPOBEPTHYTh, COCIABIINCh HA OJIHO-€IUHCTBEHHOE HAOINIO/IEHHE, KOTOPOE HE COTrjlacyercsi ¢ ee
npenckazanusmu. Kak ykaseiBan ¢unocod Kapi Ilommep, cnenmanuct B obnactu punocodpun HayKH,
HEO0OXOIMMBIM MPU3HAKOM XOPOIIEeH TEOpUH ABIISETCS TO, UYTO OHA MO3BOJISIET ClieiaTh MpeaCKa3aHus,
KOTOpbI€ B MPUHIUIE MOTYT OBITh JKCIEPHUMEHTAILHO OMPOBEPTHYTHI. BCsSkuii pa3, Korja HOBBIC
SKCIEPUMEHTBI OATBEPKAAIOT MIPEACKA3aHUS TEOPUH, TEOPUS IEMOHCTPUPYET CBOKO KU3HEHHOCTb, U
Hala Bepa B Hee kpenHeT. Ho eciim XOTh 01HO HOBOE HAOJIOACHUE HE COTIACYeTCsl C TeOpueH, Ham
MPUXOAUTCSA OO OTKa3aThCs OT Hee, Jubo meperenats. TakoBa Mo KpaiiHed Mepe JIOTHKA, XOTH,
KOHEUYHO, BBl BCET/Ia BIIPAaBE YCOMHUTHCA B KOMIIETEHTHOCTH TOT'O, KTO TIPOBOIMII HAOIIOICHHS.

Ha mpaktuke yacTo OkaspIBaeTcs, YTO HOBas TEOPHUsl HA CaAMOM JIEJ€ SIBJSETCS PaCIIMPEHHUEM
npenpiayiiei reopun. Hanprumep, upe3BpruaitHO TOUHBIE HAOMIOACHUS 3a IIaHETOH MepKypHil BBISIBHIIN
HEOOJIBIINE PACXOKACHUS MEKY €€ IBUKEHHUEM U MPEICKa3aHUsIMU HbIOTOHOBCKOM T€OPUU TSATOTEHUSI.
CornacHo oOmiell TeOpuu OTHOCHUTENBHOCTH OWHINTENHHa, Mepkypuil TOJKEH JBUTraThCs HEMHOIO
WHaue, yeM mnoimyyaerca B Teopund Herorona. Tor dakr, yTo mpenckazanus DUHIITEHHA COBMNANAIOT C
pe3yabTataMu HaOIOACHUN, a mpefcka3zaHus HploToHa He coBMAjaroT, CTal OJHUM M3 PELIArOIINX
MOATBEPK/ICHNUI HOBOM Teopuu. [IpaBna, Ha mpakTUKe MbI O CUX NOp Mojib3yeMcs Teopueil HproToHa,
TaKk KaKk B T€X ClIydasiX, C KOTOPbIMU MbI OOBIYHO CTaJIKMBAE€MCs, €€ IpPEJCKa3aHUsl OYEHb Mallo
OTJIMYAIOTCS OT MpeJcKazaHuil obmiel Teopun otHocuTenbHOCTH. (Teopust HeloToHA MMeer ele U TO
OrPOMHOE TIPEUMYILIECTBO, YTO C HEH ropa3io Mpoliie padoTaTh, YeM ¢ Teopuel DIHIITEHHA).

KoneuHo# 1enpi0 HayKu SIBISIETCS CO3/JaHHUE €AMHON TEOpHUH, KOTOpas OMUChIBajIa Obl BCIO
Bcenennyro. Pemras 3Ty 3amaudy, OOJBIIMHCTBO YYEHBIX JENAT €€ Ha ABe yacTu. llepBas 4acTh — 3TO
3aKOHBI, KOTOpPbIE JAIOT HAM BO3MOXHOCTh y3HaTh, Kak BceneHnHas u3MeHsieTcsi co BpemeHneM. (3Has,
Kak BBITTIAUT BeeneHHas B KaKOW-TO OJIMH MOMEHT BPEMEHM, MBI C IIOMOILBIO 3THX 3aKOHOB MOXKEM
y3HaTh, 4TO C HEH Mpou30ieT B M000H Oosee MO3THUI MOMEHT BpeMeHH). BTopast yacte — npobiema
HayaJbHOro cocTosiHus BceenenHon. HekoTopelie momnararoT, 4To Hayka JOJDKHA 3aHMMAThCS TOJBKO
MEepBOM YacThi0, a BOMPOC O TOM, YTO OBUIO BHAYale, CYUTAIOT JIEJIOM METaQU3UKH U DPETUTHUU.
CTOpOHHMKHM TaKOro MHEHHUS TOBOPSAT, YTO, MOCKOJBKY bor Bcemoryii, B €ro Bojie ObUIO «3alyCTUThH)
Bcenennyro kak yromHo. Eciam onu mpaBel, To y bora Obiia BO3MOKHOCTBH CAENaTh TaK, YTOOBI
Bcenennas pasBuBanach COBEPIIEHHO IMPOM3BOJIBHO. bor ke, mo-BuaMMOMYy, NMpeAnoyes, YToobl OHa
pa3BuBajach BeCbMa PEryJspHO, MO OMNpEeAEIeHHbIM 3akoHaM. Ho Torma cToib k€ JIOTMYHO
MIPEATIONOKHUTh, YTO CYLIECTBYIOT €11 M 3aKOHBI, YIPaBJIAIOIINE HAYaIbHBIM COCTOSIHUEM BCelleHHOM.

Oxa3zpIBaeTcsi, OYEHb TPYAHO cpa3y CO34aBaTh TEOPHUI0, KOTOpas ONMChiBaja Obl BCIO
Bcenennyro. BmecTo 3TOro Mbl e 3aady Ha 4acTH M CTPOMM 4acTHbIe Teopuu. Kaxnas u3 Hux
OTMKCHIBAET OJUH OTPAHWYCHHBIA KIacC HAOMIOACHWH U JieNaeT OTHOCUTENBHO HEro MpelCKa3aHwus,
npeHeOperasi BIMSHUEM BCEX OCTaJIbHBIX BEJIMYMH WJIM MPEICTABIISISI OCIEIHNE TPOCTHIMU HabopaMu
yucen. BO3MOXHO, 4YTO TakoM NOAXOJ COBEpPLIEHHO HenpasBuieH. Eciau Bce Bo BceneHHOM
(¢yHIlaMeHTaJIbHBIM 00pa30oM 3aBUCUT OT BCEro APYroro, TO BO3MOXKHO, YTO, MCCIENYsl OTHAEIbHbIE
YacTH 3a/a4d W30JIMPOBAHHO, HENb3s MPUOTU3UTHCS K IOJHOMY €€ pelleHuto. TeM He MeHee B
MPOILIJIOM HAll MPOrpecc MeN MMEHHO TakuM IyTeM. KilaccnyeckMMm NpHMEpOM ONSITh MOXKET
CIIy’KUTbh HBIOTOHOBCKAsI TEOPUSI TATOTEHHS], COIJIACHO KOTOPOM I'paBUTALIMOHHAS CUJIa, JEHCTBYIOIIAs
MEXy JABYMsI T€IaMH, 3aBUCUT TOJIBKO OT OJIHOM XapaKTEPHCTHKH KaXkIOro Tejld, & UMEHHO OT €ro
MAacchl, HO HE 3aBUCUT OT TOTO, U3 KaKOI0 BEUIECTBA COCTOAT Tesa. Cle10BaTeNbHO, A1 BBIYMCICHUS
opoUT, 10 KOTOPbIM IBUKYTCs CONHIIE U TUIAHETHI, HE HYXKHA TEOPUSI UX CTPYKTYPHI U COCTaBA.

Ceituac ecTb JB€ OCHOBHBIC YaCTHBIE TEOpUHU JJs omnucaHus BceenenHoil — obmas teopus
OTHOCUTENIbHOCTH M KBaHTOBas MexaHuka. O0e OHM — pe3yabTaT OTPOMHBIX HHTEJIEKTYaJlbHBIX
YCUJIUH YYEHBIX TEpBOM IMOJOBHUHBI Hamiero Beka. OOmmias Teopuss OTHOCHTEIBHOCTH OMUCHIBAET
IpaBUTALlMOHHOE B3aMMOJIEHCTBHE M KPYIMHOMACIITAOHYIO CTPYKTYpYy BceneHHoil, T. €. CTpyKTypy B
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MaciTabe OT HECKOJIbKMX KUJIOMETPOB /10 MUJUIMOHA MIJIJTMOHA MWIJIMOHA MWJUIMOHA (€QUHMLIA C
JBaIATHIO YETHIPHMS IMyJISMH) KHJIOMETPOB, WM J0 pa3MepoB HabOirogaeMoil dacTu BceneHHOM.
KBanToBasg mMexaHuka ke MMeEeT JeNo C ABJICHUSMHU B KpallHE MajblX MacmTadax, TakuX, Kak OJHa
MUJUIMOHHAsI OJTHOW MUJUIMOHHOW caHTUMeTpa. 1 3Tu 1Be Teopuu, K COKalneHUI0, HECOBMECTHBI — OHU
HE MOTYT OBITh OJHOBPEMEHHO NPaBWIbHBIMH. OJHUM M3 TJABHBIX HANpaBlIECHUI HCCIETOBaHHUHA B
COBPEMEHHOW (M3MKE M TJIABHOW TEMOW ATOH KHHUIH SIBISIETCS TOUCK HOBOW TEOPUH, KOTOpas
oObeauHuIa OBl JIBE MpEbIAyIINe B OJIHY — B KBAaHTOBYIO TeopHio rpaButaiuu. [loka Takoil Teopuun
HET, U €€, MOXET OBbITh, €Ill€ NMPHUAETCSA AOJIrO KAaTb, HO Mbl YK€ 3HA€M MHOI'ME W3 TEX CBOICTB,
KOTOPBIMH OHa JIOJKHA 00J1aaTh. B cienyromux riiaBax Bbl yBUANUTE, YTO HAM YK€ HEMaso U3BECTHO
0 TOM, KaKue MpeJCKa3aHus JODKHbBI BBITEKATh U3 KBAHTOBOM TEOPUU I'PaBUTALIUU.

Ecnu Bl cumtaere, uro BceneHnnas pas3BuBaeTcss HE MPOU3BOJILHBIM 00pa3oM, a MOAYHHSIETCS
OIIpEJIEJIEHHBIM 3aKOHAaM, TO B KOHIIE KOHIIOB BaM IPUIETCSI OOBEANHUTD BCE YACTHBIE TEOPUU B €UHYIO
MOJIHYI0, KOoTopasi Oyjaer omnuchiBaTh Bce Bo BcenenHoi. [IpaBaa, B MOMCKM TakoW €IWHON TEOpUU
3a10)keH OAMH (hyHIaMEHTAIbHBIN Mapasokc. Bee ckazaHHOE BBINIE O HAYYHBIX TEOPHUSIX MPEIONIaracT,
YTO MBI SIBJISIEMCSI Pa3yMHBIMHU CYILECTBAMH, MOXEM NPOH3BOIUTH BO BceneHHOI Kakue yroaHo
HaOMIONICHWST ¥ HA OCHOBE JTUX HAONIOJCHWH JenaTh JIOTHUECKHE 3aKimoueHus. B Takoil cxeme
€CTECTBEHHO MPEINOJI0XKUTh, YTO B MPHUHILMIIE Mbl MOIVIM OBl emie OMmKe MOJOWTH K MOHHUMAHUIO
3aKOHOB, KOTOpbIM MoAuuHseTcs Hama Bceenennas. Ho ecnu eauHas Teopus J€MCTBUTENBHO
CYIIECTBYET, TO OHa, HaBEpHOE, TOKE JIOJDKHA KaKHMM-TO 00pa3oM BIIMATH Ha HaIM aeiictBus. M Torma
cama TeopHsl J0JDKHA ONPENENATh Pe3ysbTaT HAIIUX IOMCKOB €€ ke! A moyemy OHa JO0JDKHA 3apaHee
MIPEIOIPENENIATh, YTO MBI CAENIaeM MPaBUJIbHBIC BBIBOBI U3 HaOmoneHnit? [louemy ObI €if ¢ TakuM xe
YCIEXOM He MPUBECTH HAC K HEBEPHBIM BBIBOIaM? WJIH YK€ BOOOIIE HU K KaKUM?

51 Mory mpeyioKUTh BCEro JIMIIL OJUH OTBET Ha 3TU BONpochbl. OH OCHOBAaH Ha JapBUHOBCKOM
IIPUHLIMIIE €CTECTBEHHOro 0TOOpa. Mos uaes COCTOMT B TOM, YTO B JIFOOOM HOIMYJSILUM OPraHU3MOB,
CHOCOOHBIX K CAMOBOCITPOU3BEICHUIO, HEN30EKHBI TeHETHUECKUE BapUalliu U pa3inuyusl B BOCIUTAHUU
OTACNBHBIX HHIMBHIYYMOB. JTO 3HAYUT, YTO HEKOTOPHIE HMHIMBHUIYYMBI OOjee JPYruX CHOCOOHBI
JenaTh TpPaBUIbHBIE BBIBOABI 00 OKpYXKAIOMIEM HX MHUPE M TOCTYNaTh B COOTBETCTBUHM C ATHUMU
BBIBOJIaMH. Y TaKUX MHIMBHIYYMOB OyZeT OOJIbIle MAHCOB BEDKUTH M JIaTh IOTOMCTBO, a TIOTOMY HX
o0pa3 MbICIIEeH U UX MOBEICHHE CTaHYT JOMUHUPYIOIIMMHU. B MpOIUIOM MHTEIUIEKT U CIIOCOOHOCTH K
HAay4YHOMY OTKPBITHIO 0€3yCIOBHO oOecreuuBaiyd INpeuMylIecTBa B BbDKMBaHMU. lIpaBaa, coBceM He
OUYEBHJIHO, YTO BCE CKA3aHHOE BEPHO U celuac: CACIaHHbIE HAMU HAYYHBIE OTKPBITHS MOTYT HAC K€ U
MOTYOUTb, HO 1aXKE €CIIM ITOTO HE CIIYUUTCS, OJTHAs €JMHAsl TEOPHsI BPSIZL JIM CHUIIBHO MOBJIMSET HA HAILIN
IIaHCHI BBDKUTH. TeM He MeHee, KOJb CKopo BceneHHas pa3BUBaeTCsl perysisipHbIM 00pa3oM, MOKHO
1oJlaraThb, YTo COCOOHOCTH K PACCYKACHUIO, KOTOPbIE Mbl IPUOOPENH B PE3ysIbTaTe UCKYCCTBEHHOIO
0TO0pa, NPOSIBITCS B OUCKAX €IUHOM MOJIHOM TEOPUHU U IOMOT'YT U30€XaTh HEMPAaBUIIbHBIX BBIBOJIOB.

[TockonbKy yke€ CYIIECTBYIOIIMX YAaCTHBIX TEOPHUI BIOJHE JOCTAaTOYHO, YTOOBI JI€JaTh TOYHbIE
IIPEICKAa3aHUsl BO BCEX CUTYALUAX, KPOME CaMbIX JKCTPEMAIIBHBIX, ITOMCK OKOHYATEJIBbHOW TEOPHH
Bcenennoii He oTBedaeT TpeOOBaHMAM NPAKTHUECKOH IieraecooOpa3HOCTH. (3aMeTHM, OJIHAKO, YTO
aHAJIOTUYHBIE BO3PAXXEHUS MOXHO OBbUIO OBl BBIABHUHYTH IPOTHB TEOPUH OTHOCHUTEIBHOCTH U
KBaHTOBON MEXaHHKH, a B€Jb MMEHHO 3TH TEOPUHU MPOU3BEIM PEBOJIOLUIO B siIEPHON (pU3MKE U B
MUKpoaieKTpoHuKe!) Takum o0pa3oM, OTKpBITHE TMOJIHOM €JMHON Teopuu, MOXKET ObIThb, HE OyneT
CHOCOOCTBOBATh BHIKMBAHUIO U JlaXkKe HUKAK HE MOBIUSET HA TeueHue Hauiel xu3Hu. Ho yxe Ha 3ape
LUBWJIN3ALUY JIIOSIM HE HPAaBWINCh HEOOBSICHUMBIC U HE CBSI3aHHBIE MEXAY COOOW COOBITHS, U OHU
CTPaCTHO >KEJIaJIM MOHATh TOT MOPAJOK, KOTOPBIMA JIEKHUT B OCHOBE Hamiero mupa. [lo ceil neHb MbI
MEYTAaeM Yy3HaTh, MOYEMY Mbl 3/I€Ch OKa3alMCh U OTKyJda B3suiuch. CTpeMJICHHE YelOBEYeCTBA K
3HAHUIO SIBIISIETCA JUIS HaC JJOCTaTOYHBIM ONPaB/IaHUEM, YTOOBI POAOIKATh MOUCK. A Hallla KOHEYHas
1eJIb — HUKAK HE MEHBIIIe, YeM I0JIHOE onucaHue BeenenHoii, B KOTOpoil Mbl OOUTaeM.

2. MpocTpaHCcTBO U BpemA

Hammu coBpeMeHHBIE NpeNCTaBIEHUS O 3aKOHaX MABMXKEHUS Tel BocXoaT K [amunero u
Heiotony. /lo HuX ObITOBajia TOYKa 3pEHUS APHUCTOTENs, KOTOPHI CUMTaN, YTO €CTECTBEHHBIM
COCTOSIHMEM JII000TO Tesa SBISETCS COCTOSHHE IMOKOS M TEJIO HAYMHAET JBUTATbCA TOJBKO TMOJ
JeicTBUEM CHIIBI MM uMIyibca. OTciofia CiefoBajio, YTo TSKEJIoe TeIo JOJKHO MaaaTh ObICTpeEe,
YeM JIErKoe, IOTOMY YTO €ro CHJIbHEE TSHET K 3eMIIE.

CornacHO apuCTOTENEBCKON TpaauLMH, BCE 3aKOHBI, KOTOpBIE YIPABIAIOT BceleHHON, MOKHO
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BBIBECTH YMCTO YMO3PUTEJIBHO M HET HUKAKON HE0OXOAMMOCTH IIPOBEPATh UX Ha omnblte. [loaToMy 1o
I"anunest HUKTO HE 3ayMbIBAJICA HaJ TEM, NIEHCTBUTENIBHO JIM TEa Pa3HOI0 Beca MaJaloT ¢ pa3HbIMU
ckopoctsimu. ['oBopsT, uro [Manmielr AEMOHCTPUPOBAIT JIOKHOCTh YUCHHUST ApHUCTOTENs, Opocas Tena
pasHoro Beca ¢ nagaromei [nzanckoit 6amrHu. D10 HaBepHsIKa BhIIyMKa, HO ["anmuiieit 1eCTBUTEIHHO
JieJ1aJl HeYTO MO0I00HO0E: OH CKaThIBAJ IO IJIaJKOMY OTKOCY IIapbl pa3HOro Beca. Takoi SKCHEpUMEHT
aHAJIOTUYEH COPACHIBAHUIO TSHKEIBIX TeJl C OallHU, HO OH MPOIIE JUIs HAOIOIEHUH, TaK KaK MEHBIIE
ckopoctu. M3Mmepenus ['anumest moka3anu, 4TO CKOPOCTb BCSKOIO TeJa YBEJIMYMBACTCSA MO OJHOMY U
TOMY € 3aKOHy HE3aBUCUMO OT Beca Tena. Hampumep, ecnu B34Th ap U IYCTUTh €r0 BHU3 IO
HaKJIOHHOM IJIOCKOCTH C YKJIOHOM METp Ha KaXJble AeCATh METPOB, TO, KAKUM Obl TSKEJIBIM HU ObLI
11ap, €ro CKOPOCTh B KOHIIE TIEPBOW CEKYHbI Oy/IE€T OJJMH METP B CEKYHY, B KOHIIE BTOPOIl CEKYH/IbI —
7iBa MeTpa B CeKyHAy U T. A. KoHeuHo, cBUHIIOBas rups OyJer majgarh ObICTpee, 4eM IEpHIIIKO, HO
TOJIBKO M3-3a TOT'0, YTO IEPO CUJIbHEE 3aMEUISIETCSl CUIION CONPOTHBIIEHUS BO3AYyXa, 4eM rups. Eciu
OpocuTh JBa Tella, CONMPOTUBIIEHUE BO3AyXa JUIsl KOTOPHIX HEBEIUKO, HAIIpUMEpP 1B CBUHIIOBBIE THPU
pa3Horo Beca, TO OHU OYAYT MaAaTh C OAMHAKOBOW CKOPOCTHIO.

HbioTOH BbIBENI CBOM 3aKOHBI JBWXKEHUS, MCXOHs W3 M3MEpeHui, npoBeAeHHbIX [amuneem. B
sKcrepuMeHTax 'annies Ha Teno, KaTsieecs 110 HaKJIOHHOW IUIOCKOCTH, BCET/Ia JIeHCTBOBAIA OJJHA U Ta
&Ke cuiia (Bec Tela) U B pe3ylbTaTe CKOPOCTh Tella IOCTOSIHHO Bo3pacrana. OTcrofa ciefoBajlo, 4To B
JEWCTBUTEIILHOCTU NPWJIOXKEHHAsE K TEIy CUJla U3MEHSET CKOPOCTh TE€Na, a HE IMPOCTO 3aCTaBISIET €ro
JIBUraThCsl, KAK JyMaJIM paHblle. JTO elle 03Hayauo, 4To €CIM Ha TeJI0 He JIEWCTBYET Cuila, OHO Oyner
JBUTaTBhCs 1O MPSIMOM C IIOCTOSIHHOM CKOPOCTBIO. Takyr0 MbICIb BIIEPBBIE YETKO BbICKa3zan HbplOTOH B
cBoel kuure «MaremMaTHdecKre Hauaia», Bbleamei B 1687 r. 1ot 3akoH Teneps Has3biBaeTcs [lepBbiM
3akoHOM HpioToHa. O TOM, 4TO MPOMCXOAUT C TEJIOM, KOrJa Ia HEro JIeHCTBYeT cuia, TOBOPUTCS BO
Bropom 3akone HerotoHa. OH rIiacut, 4ro TeNO OyIeT YCKOPSTBHCS, T. €. MEHSATh CBOI CKOPOCTb,
IIPONOPLUOHAILHO BesmurHe cuibl. (Eciu, HarpuMep, cuiia Bo3pacTeT B 2 pas3a, TO U YCKOpeHHE B 2 pas3a
yBenuuutes). Kpome Toro, yckopeHue TeM MeHblle, yeM Ooible Macca (T. €. KOJIMYECTBO BEILECTBA)
tena. (JlelicTBys Ha Teno BABOE OOJIBIIEN Macchl, Ta )K€ CUJIa CO3JIaeT BBOE MEHblIee yCKopeHue). Becem
XOPOLIO U3BECTHO, KAK OOCTOUT JIETI0 C aBTOMOOMIIEM: YEM MOILIHEE IBUraTellb, TeM OOJIbILIE CO3/JaBacMOe
UM YCKOpEHHE, HO YeM TsDKeJiee aBTOMOOMIIb, TEM MEHBIIIE YCKOPSIET €ro TOT e JIBUTATElb.

Kpome 3akoHOB aBmxeHUs] HbIOTOH OTKpBUI 3aKOH, KOTOPOMY MOJUMHAETCS CHja TATOTEHUsS. JTOT
3aKOH TaKOB: BCSIKOE TEJIO MPUTITUBAET JTI000€ JPYroe TENO C CHIIOHN, IPOINOPLUOHATIBHON MaccaM 3THUX TeJl.
CrnienoBatenbHO, €Cli B/IBOE YBEJIMYUTh MAaccy OJHOTO M3 Tel (CKaXkeM, Tena A), TO M cuiia, AeHcTByoas
MEXAy TelamMy, TOXKE YBEIMUYMTCS B 2 pa3a. Mbl TaKk CUMTaeM IOTOMY, YTO HOBOE TEIO A MOKHO
NPeJICTAaBUTh ce0e COCTaBIEHHBIM U3 JIBYX TEJ, Macca KaXJI0ro U3 KOTOPBIX paBHA MEPBOHAYANILHON Macce.
Kaxnoe u3 stux ten mputsruBasio Obl Teno B ¢ cuioit, paBHO# nepBoHauaibHOM cuiie. ClieoBaTenbHoO,
CyMMapHasi cuia, JedcTByromas Mexay TenamMu A u B, Obuia Obl BaBoe OoMbliie 3TON MEpBOHAYAIBHON
cwibl. A ecru Obl OJJHO U3 TEJl UMEJNIO0 Maccy, CKaXKeM, B/IBOE, & BTOPOE — BTPOE OOJIbIIIE NEpPBOHAYATLHOM
Macchbl, TO CHJa B3auMOJEHCTBUS Bo3pocia Obl B 6 pa3. Terepb MOHATHO, MOYeMy Bce Tella MaJatoT ¢
OJIMHAKOBOW CKOPOCTBIO: TEJIO C YABOEHHBIM BECOM OyJET TSHYTh BHU3 Y/IBOCHHAs MPAaBUTALIMOHHAS CUJIA,
HO M Macca Tena mpu 3ToM OyzaeT B 2 pasa 6ombiie. [lo Bropomy 3akony HbroToHa 3T aBa 3¢dekra
KOMITEHCUPYIOT JPYT APYTa, U yCKOpEeHHe OyIeT BO BCEX CIIydasX OJJMHAKOBBIM.

3akoH TAroreHus HplOTOHA rOBOPUT, YTO YEM Jajbllie Tela APYr OT Apyra, TEM MEHBLIE CHJIA MX
B3auMozencTBUs. COryIacHO 3TOMY 3aKOHY, TPaBUTAIIMOHHAS CHJIa IPUTSKEHUS 3B€3/Ibl COCTABIISIET POBHO
YETBEPTh CHUJIBbI IPUTSHKEHUS TAKOM K€ 3BE3]Ibl, HO HaXOMSALIEHCS Ha BIBOE MEHBILIEM PACCTOSIHUU. 3aKOH
HeroToHa mo3BossieT ¢ 0oJbIION TOYHOCTBIO MpencKa3zarb opouTsl 3emuu, JIyHel u muianer. Eciu Obl
3aKOH BCEMHPHOT'O TATOTEHMsI ObUT MHBIM U CHJIa FPaBUTALIMOHHOTO MPUTSHKEHUSI yMEHbIanach ObIcTpee,
yeM 1o 3akoHy HprioToHa, TO OpOUTHI IUIaHET ObUIM Obl HE BJUIMIICAMH, a CIIUPAISAMH, CXOISIIUMUCS K
Connity. Ecnm ske rpaBUTallOHHOE NPUTSHKEHHE YOBIBAIO OBI C pacCTOSIHUEM MeJUICHHEe, TO PUTSKEHHE
yJIaJIeHHbIX 3Be€3/] 0Ka3aJI0Ch Obl CUIbHEE MPUTSHKEHUS 3EMITH.

IIpencraBnenust ApucToTens CyleCTBEHHO OTINYAINCh OT npeacTaBieHuid ['anunes u HeroToHa
TE€M, 4TO ApPUCTOTEIh CUUTAT COCTOSHHUE MOKOSI HEKUM MPEANOYTHUTEIbHBIM COCTOSSHUEM, B KOTOPOM
BCEI/la JIOJDKHO OKa3bIBaThCs TEJIO, €CIIM HA HETO HE JEHCTBYET Cuila WIM MMITYJIbC. ApUCTOTEND, B
YaCTHOCTH, cuuTall, 4To 3emiisd nokoutcs. 13 3akoHoB HbroTOHa e cienyer, 4YTO €JUHOro 3TajoHa
IIOKOSI HE CYILECTBYET. BBl MO)keTe Ha paBHBIX OCHOBAaHUAX YTBEPXKAATh, YTO TENO A HaXOAUTCS B
MOKoe, a Teno B BHXKeTCs OTHOCUTENBHO Tella A C MOCTOSHHOM CKOPOCTBIO WM K€ 4To Teno B,
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Ha000pOT, TTOKOUTCS, a Tesio A nBwkercsa. Ecnu, Hanmpumep, 3a0bITh HA BPEMsl O BPAIICHUM HAaICH
TUTAHETHl BOKPYT OCH U O ee JBHWXEeHUU BOKpyr CoJiHIla, TO MOXKHO CKa3aTbh, YTO 3eMJIS TIOKOUTCS, a
MOe3]] HECETCsl Ha CEBEP CO CKOPOCTHIO JAEBSHOCTO KUJIOMETPOB B YaC WJIM K€ YTO IMOE3]] CTOUT Ha
MecTe, a 3eMJIS 1101 HUM y0eraeT Ha 1or co ckopocThio 90 kuimoMeTpoB B yac. Ecnu Ob1 B 3TOM mnoe3ie
KTO-HHOY/b ASKCIEPUMEHTUPOBA C JBIKYIIUMUCS TelaMH, TO OKa3aJloCh Obl, YTO BCE 3aKOHBI
Herotona Bemonnsitorcs. Hampumep, urpast B moesjie B HACTOJIbHBIA TEHHHC, BBl OOHAPYKUIIN ObI, YTO
TpaeKTOpusl LIapuKa MOAYMHAETCS 3aKkoHaM HbroTOHa, Kak eciu Obl BBl UIpajdl Ha HEMOJBUKHOM
CTOJIC, ¥ BBl HE MOTJIM ObI CKa3aTh, YTO UMEHHO JIBUKETCS — MOE3]1 MIIN 3EMJIS.

OtcyTcTBHE aOCONIOTHOTO 3TAlOHA MOKOS O3HAYaeT, YTO HEBO3MOXKHO OIPENENUTh, POU30LLIN
JIM HEKHUe J1Ba COOBITHS B OTHOW M TOM e TOUYKE MPOCTPAHCTBA, €CIIM U3BECTHO, YTO OHU UMEITU MECTO B
pa3Hble MOMEHTbl BpeMeHHu. [lycTb, Hampumep, Halll TEHHUCHBIN MIAPUK B JBHXKYIIEMCS IOE€3[e
OTCKaKMBaeT OT CTOJIa BEPTUKAIbHO BBEPX U, MaJasi BHU3, YAAPSIETCS 4epe3 CEKYyHIy O CTOJ B TOH ke
Touke. TOMy, KTO CTOHT Y KE€JIE3HOJOPOKHOTO TOJI0THA, MOKa3aJI0Ch Obl, YTO TOUKU COMPUKOCHOBEHUS
LIapUKa CO CTOJIOM pa3feiieHbl PacCTOSHUEM OKOJIO COpOKa METPOB, KOTOPOE IPOILEN MOE3]1 32 BpeMs
MeXay mnojckokamu. CrenoBaTeiabHO, OTCYTCTBHE aOCONIIOTHOTO COCTOSIHMS IMOKOS O3HA4yaeT, 4To
HUKaKOMY COOBITHIO HENIb3s MPHUIKCATh a0COIIOTHOTO MOJIOKEHHUS B MPOCTPAHCTBE, KaK ATO Mojarai
Apucrorenb. [lonmoxkeHne coOBITUH B HPOCTPAHCTBE U PACCTOSHHUS MEXKAY HUMH JOJDKHBI OBITh
pasHBIMH JUIS HAOJIOAATENs, €AyIIero B MOoe3Je, W Ul HaOojarens, KOTOPhIA CTOUT DPSIIOM C
MIPOXOSIIUM MOE3/I0M, U HET HUKAKUX OCHOBAHUN CUMTATh, YTO MOJIOKEHHS, (PUKCUPYEMbIE OJTHUM U3
3THUX HaOIrOaTeNel, Ooee MPeaOYTUTEIbHBI, YeM MOJIOKEHUS, (QPUKCHPYEMBIE IPYTHM.

HeroToHa cunbHO GECTIOKOMIIO OTCYTCTBHUE aOCONIOTHOTO MOJOKEHUS B IPOCTPAHCTBE HIIH, KaK
€ro Ha3blBaJM, aOCOIIOTHOIO IPOCTPAHCTBA, IOTOMY YTO 3TO IPOTUBOPEUMIIO €r0 Hjee a0COIIOTHOIO
bora. I on dakTuuecku oTkazancs MPUHATH OTCYTCTBHE aOCOJIOTHOTO MPOCTPAHCTBA, HECMOTPS Ha
TO, YTO TAKOE€ OTCYTCTBHE BHITEKAJO M3 3aKOHOB, OTKPHITBIX UM CaMUM. MHOTHE PE3KO KPUTUKOBAIH
HprloToHa 3a ero wuppanuoHaqbHOE YIOPCTBO, M B YAaCTHOCTH emuckon bepkinu — dunocod,
CUMTABIIUH, YTO BCE MaTepHalibHble OOBEKTHI, a TAK)KE IPOCTPAHCTBO U BpeMs — WiLI03us. (Y3HaB 0
TakuX BO33peHusax bepkiu, 3HaMeHUTHIN 1-p JI>KOHCOH BOCKIMKHYIL: «S1 OompoBepraro 3To BOT Kak!» —
U TaK CTYKHYJI HOTOH 1O 00JbIIOMY KaMHIO, YTO YYTh HE MOTEPST PAaBHOBECHE).

N Apucrorens, 1 HploToH Bepuiin B abcoatoTHOE BpeMsi. IHBIMU cl10BaMU, OHM CUUTAINIU, YTO
BPEMEHHOW HMHTEPBAJ MEXIy JABYMS COOBITUSMH MOXKHO OJTHO3HAYHO HM3MEPUTh U YTO pe3yJbTar
Oy/eT OAMHAKOB HE3aBHCUMO OT TOTO, KTO IPOU3BOAUT U3MEPEHHUS, JIUIIb Obl Y U3MEPSIOIIETro ObLIH
IpaBWIbHbBIE Yachl. BpeMsi ObUIO MONHOCTBIO OTAENEHO OT MPOCTPAHCTBA U CUUTATIOCH HE 3aBUCSAIIUM
oT Hero. TakoBa OblTa TOYKa 3peHMs OOJBIIMHCTBA, TOYKAa 3pEHMs 37ApaBoro cMeicia. Ho Ham
MPUILIIOCHh U3MEHUTh CBOU MPECTABIEHUS O IPOCTPAHCTBE U BpeMeHu. [IpencraBienus, OCHOBaHHbIE
Ha «GJIPaBOM CMBICIIE», OTHOCSTCS K CPAaBHUTEIBHO MEIJICHHBIM 00beKTaM (s10J10K0, MIaHeTa), HO OHU
OKa3bIBAIOTCS COBEPIIEHHO HEYMECTHBIMHU, KOTJJa CKOPOCTH CTAHOBSITCS OJM3KUMU K CKOPOCTH CBETA.

To, uTo cBeT pacmpocTpaHseTcss ¢ KOHEYHOM, XOTS U OYeHb OOJBLION CKOPOCTHIO, YCTAHOBUI B
1676 r. narckuii actpoHoM One XpuctenceH Pémep. OH 0OHapyXuja, 4TO MOMEHTBHI MPOXOKIACHUS
cyTHukoB Omurepa 3a ero JUCKOM CIEAYIOT OJUH 3a JPYTUM HE 4epe3 paBHble MHTEpBaJbl, Kak
JIOJKHO OBITh, €CJIM CYTHUKHU BpalatoTcst BOKpyr FOnmrepa ¢ noctossHHON ckopocThio. [Tpu BpameHuu
3emin u FOnmrepa Bokpyr CojHIIa pacCTOSIHUE MEXAy 3TUMM JIBYMS IUIaHETaMM u3MeHsercs. Pémep
3aMeTHJI, 4To 3aTMeHus JIyH Onurepa TeM Oosbliie 3ana3abIBaoT, UM JajibIlle Mbl OT HETO HaXOJAUMCS.
OH O0OBSICHWI 3TO T€M, YTO CBET OT CIIyTHHKOB MJET JI0 HAac JOJblle, KOTrJa Mbl HaXOAUMCS Jajbllle.
Opnnako Pémep He OueHb TOUHO M3MEPSIT U3MEHEHUS paccTossHUS oT 3emiu a0 FOmnutepa, u mosromy
MOTyYEeHHOE MM 3HaU€HHE CKOPOCTH cBeTa okazanoch paBHbIM 140.000 Muib/c, Toraa Kak COBPEMEHHOE
3HayeHue cocrapiser 186.000 muns/c (1 muns = 1,609 km. CoBpeMeHHOE 3HaYeHHE CKOPOCTH CBETa
paBHO 299.792.458 m/c. — npum. niepeB.). Tem He MeHee ocTikeHre Pémepa ObUTO BBIAAIOIIMMCS, KOO
OH HE TOJIBKO JI0Ka3aJl, YTO CBET PAaCHpOCTPAHSIETCs ¢ KOHEYHOM CKOPOCTBIO, HO U M3MEPUJI €€, IPUIeM
BCE 3TO 32 OJIMHHA/IIATH JIET JI0 BBIXO/A B CBET KHUTH HhloTOHA «MaTeMaTuiecKue Hayala.

Hacrosimieit Teopun pacnpocTpaHeHHUsI CBETa HE CYIIECTBOBAJIO 10 1865 r., Korga aHrIuiCKUn
¢uzuk JDxeitme Knapk MaxkcBemn cymen oObeAMHUTH JIBE YAaCTHBIE TEOPHH, C IMOMOIIbIO KOTOPBIX
TOTJa ONUCHIBAJIM DJIEKTPUYECKHMEe W MarHuTHele cuibl. CorylacHO ypaBHeHHMsIM MakcBeiia, B
9JIEKTPOMArHUTHOM TI0JIE, COCTABJICHHOM M3 JIByX IOJICH, MOTYT CYIIECTBOBAaTh BOJHONOJOOHBIE
BO3MYILIEHHUS, KOTOPbIE PACIPOCTPAHSIIOTCS C MOCTOSHHOM CKOPOCTBIO, KaK BOJIHBI Ha MOBEPXHOCTU
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npyzna. Eciu juimHa BOJHBI (T. €. pacCTOSHME MEXJY I'PEOHSMHU JIByX COCEAHMX BOJIH) COCTaBIISET
MeTp Wid OoJbllie, TO MBI UMEEM JeN0 C PaauoBOIHAMHU. bojee KOpOTKHME BOJHBI Ha3bIBAIOTCS
BOJIHAMH CBEPXBBICOKOYACTOTHOIO Juana3oHa (€cily MX JIMHA — MOpsAJKa CAaHTHMMETPa) U BOJHAMHU
MH(PAKPACHOTO JAMana3oHa (0 JAECATH THICSYHBIX CaHTUMeETpa). JlmuHA BOJHBI BHAMMOTO CBETa
COCTABJISIET BCErO JIMIIb COPOK-BOCEMBIECAT MWIJIMOHHBIX J0Jed caHTMMeTpa. Eme kopode BOJIHBI
yIAbTPauOIETOBOTO, PEHTI€HOBCKOT'O 1 TaMMa-U3Ty4eHUH.

Teopus MakcBeia npenckassiBaia, 4TO PaAMOBOJIHBI U CBET JOJDKHBI PACIPOCTPAHATHCS C
HEKOTOpO#  (UKCHpPOBaHHOW cKopocThio. Ho mockombky Teopus HploToHa mMOKOHUMIIA C
IIpeJCTaBICHUEM 00 aOCOIIOTHOM IIOKOE, Teleph, FOBOPs O (PUKCHPOBAHHOM CKOPOCTH CBETA, HYKHO
OBUIO yKa3aTh, OTHOCUTEIBFHO YEro M3Mepsiercs 3Ta (pUKCHUpOBaHHAs CKOPOCTh. B cBs3u ¢ 3THM ObLIO
MOCTYJMPOBAHO CYLIECTBOBAaHME HEKON CyOCTaHIMM, Ha3BaHHOU «3(UpPOM», KOTOPOH HAIIOJHEHO BCE,
JaXke «IycToe» MpocTpancTBO. CBETOBBIE BOIHBI PACIIPOCTPAHSIOTCS B 3(UpPE TaK )K€, KaK 3BYKOBBIC B
BO3/yX€, U, CIEI0BAaTEIbHO, UX CKOPOCTh — 3TO CKOPOCTb OTHOCHUTENbHO 3¢upa. Habmogarenu, c
pa3HBIMU CKOPOCTSIMH JIBUXKYIIMECS OTHOCUTENIBHO 3(Upa, JODKHBI BUJETh, YTO CBET HUJET K HUM C
pa3sHOH CKOpPOCTbIO, HO CKOpPOCTb CBETa OTHOCUTEIBHO 3(upa JO/HKHA OCTaBaTbCsi IPU ITOM
HEM3MEHHOH. B yacTHOCTH, KOJIb CKOpO 3eMJisi JBMKETCS B ddupe 1o cBoeil opoute Bokpyr CousHia,
CKOpOCTh CBETa, U3MEPEHHAasl B HAIIPABJICHUU JBM>KEHUS 3eMU (IIpU ABMKEHUU B CTOPOHY UCTOYHMKA
CBeTa), JOJDKHA IPEBBIIIATh CKOPOCTh CBETA, MU3MEPEHHYIO IOJ MpPSMBIM YIJIOM K HalpaBiICHUIO
nBUKeHHusT (T. €. Korja Mbl He JABIKeMcs K ucTtouHuky). B 1887 1. Anpbepr Maiikenbcon
(BTOCIIEACTBUM CTaBIIMIA NIEPBBIM aMepUKaHIEM, YA0CTOeHHBIM HobeneBckoil mpeMun 1o (usuke) u
OnBapa Mopiu nocraBuiny B KIMBIEHACKON 1IKOJIE IPUKJIAJHBIX HAYK OYEHb TOYHBIM HKCIIEPUMEHT.
MaiikenbCcOH M Mopiau CpaBHMBIM 3HAYEHHE CKOPOCTHM CBETA, M3MEPEHHOM B HAaIlPaBICHUU
IOBYKECHMSI 3€MJIM, C €€ 3HA4YCHHEM, U3MEPEHHBIM B IEPIECHIUKYJIPHOM HamnpasieHuu. K cBoemy
OTPOMHOMY yJIUBIICHUIO, OHH OOHAPYKUJIH, YTO 002 3HAYECHHUSI COBEPIICHHO OMHAKOBHI!

C 1887 mo 1905 r. O6bL1 caenman psi MOMBITOK (HarOoyiee M3BECTHAS U3 KOTOPBIX IMPHHAICKUT
natckomy (usuky XeHapuky JIopeHily) oObSICHUTh pe3ysibTaT dKcnepuMenTa Maiikenbcona u Mopiu
TEM, 4TO BCE JBIKYLIMECS B 3(Upe 0OBEKTHl COKPALIAIOTCS B pa3Mepax, a BCE 4achl 3aMEJISIOT CBOM
xon. Ho B 1905 r. HukoMy nocene He M3BECTHBIM ciyxxamuidi [lIBelinapckoro mareHTHOro OOpo IO
UMeHU AnbOepT DUHINTEHH OmyOJMKOBal CTaBUIYIO [OTOM 3HAMEHHUTOH paboTy, B KOTOpOH ObLIO
MOKa3aHO, YTO HUKAKOTO 3(upa HEe HYKHO, €CITH OTKa3aThCs OT MOHATHS a0COIMIOTHOTO BpeMeHH. Yepes
HECKOJIBKO HEJIeNb Ty e TOUKY 3pEHUsI BhICKA3aJl OIMH U3 BEAYIIHMX (PPaHIy3CKUX MAaTeMaTHKOB AHpPU
[lyankape. AprymeHThbl, BBIIBUHYTbIE OWHIUTEHHOM, ObUlM Oimke K (U3MKE, YeM apryMeHTHI
ITyankape, KOTOpPBIH MOOIIEN K 3TON 3ajjaye Kak K MaTeMaTudeckoil. O6 DifHiITeliHe 0ObIYHO TOBOPST
KaK 0 co3zarene HOBOM Teopuu, HO U UM [TyaHkape CBSA3BIBAIOT ¢ pa3pabOTKOM BaXKHOM ce 4acTH.

@DyHaMEHTAIIBHBIH ITOCTYJIaT ITOM TEOPUH OTHOCUTEIBHOCTH, KaK CTaJIM HA3bIBATh HOBYIO TEOPHIO,
COCTOSUI B TOM, YTO 3aKOHbl HayKH JIOJDKHBI OBITh OJMHAKOBBIMH JJIsI BCEX CBOOOJIHO JBHXKYIIHUXCS
HalJroaTenell He3aBUCUMO OT CKOPOCTH MX JBHXKEHHS. DTOT MOCTYJAT ObUT CIIPAaBEIIMB Ul 3aKOHOB
nBkeHnss HploToHa, HO Terepb OH ObLT paclpoCTpaHEH Ha Teoprio MakcBeiula U Ha CKOPOCTb CBETA,
CKOPOCTb CBETa, H3MEpEeHHas JTI0OBIMU HAOJII0OAATESIMH, JOJKHA OBITh OJJTMHAKOBA HE3aBHCUMO OT TOTO, C
KakoM CKOpOCTBbIO JBIDKYTCS caMH HaOmogatenu. M3 3Toro mpocToro mnpuHIMNA BBITEKAeT psa
3aMeyaTebHbIX cneAcTBUil. CaMble U3BECTHBIE U3 HHMX — 3TO, HAaBEPHOE, DKBUBAJIEHTHOCTb MAccChl M
SHEPruM, HaIIe/IIasi CBOe BhIpakeHHEe B 3HAMEHUTOM ypaBHeHHH DiHiuTelHa E = me”2 (rae E — sneprus,
M — Macca, a ¢ — CKOPOCTh CBE€TA), U 3aKOH, COIJIACHO KOTOPOMY HMYTO HE MOXKET JIBUIaThCs ObICTpee
cBeTa. B cuily SKBUBaJIEHTHOCTH MacChl U 3HEPIMU SHEPIusi, KOTOpOoW 00JagaeT NBMXKYILUICS OOBEKT,
JI0OJDKHA Tereph JN00aBIAThCA K ero macce. J[pyruMu cioBamu, yeMm OOJIbILIE SHEPrusi, TEM TpyJHeEe
YBENUUUTh CKOpOCThb. [IpaBaa, 3ToT 3¢ deKT CyliecTBeHeH JHIIb NPU CKOPOCTSX, OJU3KUX K CKOPOCTH
ceera. Ecin, Hanpumep, CKOpoCTh Kakoro-HuOyap oObekTa coctaBiser 10% CKOpocTH cBeTa, TO ero
Macca juib Ha 0,5% Gobiiie HopMaabHOH, TOT/Ia KaK MPH CKOPOCTH, paBHOUM 90% cKkopocTH cBEeTa, Macca
yXe B 2 pa3za MpeBbIIaeT HopMalbHYyI0. [To Mepe Toro kak ckopocTb 00beKTa MpUOIMKAETCs K CKOPOCTH
CBETa, Macca pacTeT Bce ObICTpee, Tak YTo JUIsl JalbHEeHIero yckopeHus Tpedyercst Bce Oombliie U OoIbIe
sHeprun. Ha camoMm nienie cKopocTh 00bEKTa HUKOTIa HE MOYKET JIOCTUYb CKOPOCTH CBETa, TaK KaK TOTr/a
ero mMacca crajia Obl O0eCKOHEUHO OOJIBIIOH, a MOCKOJIBbKY Macca SKBUBAJICHTHA SHEPTUU, Ul JOCTHKEHUS
TaKOM CKOpOCTH MoTpedoBanach Obl OecKkOHEUHO OoJblIast s3Heprust. Takum o0pazom, 1r000i HOpMaTTbHBIH
O0bEKT B CWJIy MpPUHIMIA OTHOCUTEILHOCTH HaBcerja OOpedYeH JBUTaThCsl CO CKOPOCTBIO, HE
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MIPEBBINIAOIIEH CKOPOCTH cBeTa. TOJILKO CBET U APYrUe BOJIHBI, HE 00Iaar0IIHe «COOCTBEHHOW)» MaCCOM,
MOTYT JABUTaThCsI CO CKOPOCTBIO CBETA.

Jlpyroe 3amedarenbHOE CIIEJCTBHE M3 MOCTYyJaTa OTHOCUTEIHHOCTH — PEBOJIIOLMS B HaIIMX
MPEACTABICHUSAX O MPOCTpaHCTBE U BpeMeHu. [1o Teopun HproToHA, €ciau CBETOBOM MMITYJIBC MMOCHaH
U3 OJHOW TOYKH B JPYTYIO, TO BPEMsl €ro HMPOXOXACHHS, U3MEPEHHOE Pa3HbIMU HaOIOJATeIsIMH,
OyzieT OAMHAKOBBIM (ITOCKOJIBKY BpeMsi aOCONIOTHO), 1O MPONACHHBIA MM IYTh MOXET OKa3aThbCs
pa3HbIM Yy pa3HbIX HabmogaTeneil (Tak Kak MPOCTPAHCTBO HE SBISETCS aOCOMIOTHBIM). M MOCKOIbKY
CKOPOCTb CBETAa €CThb IPOHJECHHOE CBETOM PAacCTOSHUE, JIEJIEHHOE Ha BpEeMs, pa3Hble HaOJI0JaTeNn
OydyT Moiy4arh pa3Hble CKOPOCTU CBeTa. B Teopuu OTHOCHUTENBHOCTH e BCe HAOIIOAATENH JOKHbI
OBITh COTJIACHBI B TOM, C KaKOH CKOPOCTBIO pPaclpocTpaHsieTcs cBeT. M Koib CKOPO y HHX HET
coryacus B BOIPOCE O PACCTOSHUU, IPOWCHHOM CBETOM, Y HUX HE JIOJKHO OBITh COTJIACHS U B TOM,
CKOJBKO BpeMeHM miea cBeT. (Bpemsi mpoxoxkaeHuss — 3TO MPOMJAEHHOE CBETOM pacCTOSIHUE,
OTHOCHUTEJIbHO KOTOPOI'O HET corjacus y HabJlto1aTeNe, TEeJIeHHOe Ha CKOPOCTh CBETa, OTHOCUTEIBHO
KOTOpOﬁ BCEC COI‘JIaCHLI). J%030850%078 CJIOBaMH, TCOpHA OTHOCUTCIIBHOCTU IIOKOHYMJIA C IOHATUCM
abcomoTHoro Bpemenu! Okazanoch, 4TO y KaKJIOro HabOmojaTens OOKEH ObITh CBOWM MaciiTad
BPEMCHH, USMEPSACMOI'0 C IOMOIIBIO UMCIOIIUXCA Y HET'O YaCOB, X YTO IIOKa3aHHA OJJUHAKOBBIX 4aCOB,
HaXOJSIINXCS Y Pa3HbIX HaOII0AaTeNel, He 0043aTeIbHO COTTIACYIOTCA.
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Besikuii HaOmromaresnb MOXKET ONpeAeuTbh, TJe M KOrja MPOM30LUI0 Kakoe-HHOYIb COOBITHE,
METOJIOM paJHOJIOKaIlMM, IIOCJIaB CBETOBOM HMITYJbC WJIM HMIIYJIbC paauousiaydeHus. Yacrte
MIOCJTAHHOTO CUTHAajJa B KOHIIE NMYTH OTpa3uTCs Hazaj, W HaOJoJaTelb M3MEPHUT BpeMs BO3Bpara
sxo-curHajia. BpemeHnem coObiTHsi OyneT cepelMHa WHTEpBajla MEXAY IOCBUIKOW CHUTHalla U €ro
BO3BpAILCHUEM: PACCTOSHUE 10 COOBITHS PABHO MOJIOBUHE BPEMEHH, 3aTPAYEHHOTO Ha MPOXOXKAECHUE
Tyaa U 00paTHO, YMHOXEHHOM Ha ckopocTh cBera. ([lom coObiTmeM 31ech MOHUMAETCs HEYTO,
MIPOUCXOJIAIIEEe B OIpPEICIEHHONW TOYKE IMPOCTPAHCTBA B OINpPEAEICHHBI MOMEHT BpeMeHM). Bce
CKa3aHHOE MOSICHAETCS IPOCTPAaHCTBEHHO-BPEMEHHOM AMarpaMMOM, IIpeICTaBIeHHOM Ha puc. 2.1. [Ipu
U3JI0KEHHOM MeTOJie HaOmiofareny, NepeMelaroiuecss OTHOCUTEIbHO JpYr JApyra, MNPHUIHLIYT
OJIHOMY M TOMY K€ COOBITHIO pa3HOE BpeMs U IMOJIOKEHHE B MpocTpaHcTBe. Hu onHO U3 u3MepeHui,
MIPOU3BEACHHBIX pa3HbIMU HaOIIO1aTENsAMU, HE Oy/IeT MpaBUIIbHEE IPYTHUX, HO BCE OHU OYAYT CBSA3aHbI
Mexay coboit. Kaxplii HaGmronaTenb MOKET TOYHO BBIUMCIIMTD, KaKOE BPEMs U KaKoe IMOJIOKEHHUE B
MPOCTPAHCTBE MPHUITUIIET COOBITHIO JIFOOOW Jpyroi HabIOJaTeNb, €CJIM U3BECTHA CKOPOCTh BTOPOTO
HabIt01aTeNsl OTHOCUTENBHO TIEPBOTO.

JI1s1 TOYHOTO ONPEAEIEHUs PACCTOSIHUM ceiuac MOJIb3YIOTCS UIMEHHO TaKMM METOJIOM, TIOTOMY YTO
BpeMs1 Mbl yMEEM U3MEPATH TOUHEE, UeM JUIHHY. Jlaxke MeTp omnpenensercs Kak pacCTOsHUE, KOTOPOE CBET
npoxoaut 3a Bpems 0,000000003335640952 cekyHpl, UI3MEPEHHOE MPU TOMOIIH 1IE3UeBBIX YyacoB. (Camo
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3TO YHUCJIO COOTBETCTBYET HCTOPHYECKOMY ONPEACICHUIO METpa KAK PACCTOSHUS MEXAY IBYMs
OTMETKaMH Ha CIEIMaIbHOM IUIATUHOBOM CTEpikHE, XpaHsiiemcs B [lapike). Mbl MojkeM 1MOJIb30BaThCs
u Oonee ymoOHOW HOBOW EIMHMIICH IJIMHBI, KOTOpas HA3bIBACTCS CBETOBOM CEKYHAOH. DTO TPOCTO
paccTosiHie, KOTOpOe CBET MPOXOAMT 32 OJHY CEKYHIY. B Teopuu OTHOCHTEIHLHOCTH PAcCTOSIHUE TETEph
OIIPEJIEIEHO Yepe3 BpeMsl U CKOPOCTh CBETA, OTKYJa aBTOMAaTUYECKH CIELYET, YTO, U3MEPssl CKOPOCTh
CBeTa, KAaXIbli HAOMIOmaTenph MOMYYUT OJWH W TOT Ke pe3ynbrar (Mo ompeaencHuro 1 merp 3a
0,000000003335640952 cexynapl). Ternepb He HY)KHO BBOAUTH A(UP, MPUCYTCTBUE KOTOPOTO, KCTATH, KaK
nokaszayl onbIT Maiikenscona-Mopiii, 1 HEBO3MOXKHO OOHAapyXkuThb. OHAKO TEOPUS OTHOCUTEIBHOCTH
BBIHY)KIAaeT Hac K (yHJAaMEHTAILHOM CMEHE TMPEJCTaBICHU O MpOCTpaHCTBE U BpeMeHu. Ham
MIPUXOJIUTCS TIPUHSATH, YTO BPEMsI HE OT/IEIICHO MOJIHOCTBIO OT MIPOCTPAHCTBA U HE HE3aBUCHMO OT HEro, HO
BMECTE C HUM 00pa3yeT eJMHbINA 00bEKT, KOTOPBIN Ha3bIBAETCS IPOCTPAHCTBOM-BPEMEHEM.

W3 noBceiHEBHOTO OIBITa MBI 3HAEM, UTO MOJIOKEHHUE TOYKU B MPOCTPAHCTBE MOKHO 33/1aTh TPEMS
YHCIaMH — €€ KOOpAMHaTaMu. M0>XKHO, HanpuMep, CKa3aTh, YTO HEKas TOUKA B KOMHATE HaXOAUTCS B IBYX
METpax OT OJIHOM CTEHBI, B METPE — OT JPYrod U B MOJIYTOpa METpax OT Ioja. A MOYKHO TaKKe 3aaTh €€
MOJIOKEHUE, YKa3aB IIMPOTY, IOJATOTY U BBICOTY HaJ YPOBHEM MOps. Bbl MOKeTe 1MojIb30BaThCs JIFOOBIMU
TpeMsi TOJIXOASIIUMHU KOOPJMHATAMH, XOTS OHM BCErJAa HMEIOT JIMIIb OrpaHUYEHHYI0 00J1acTh
npuMeHuMocTy. Hukro He craner, 3a1aBas nojoxeHue JIyHbl, yKa3plBaTh PacCTOSHUE B KMJIOMETPAX Ha
CeBep M Ha 3amaj oT riomany [[ukaauimm 1 BEICOTY HaJl YPOBHEM MOps. BMecTo 3TOro MoHO yKasaTh
paccrosiare 10 CojHIla, pacCTOSIHUE A0 TUIOCKOCTH, B KOTOPOI JiexaT OpOUTHI IJIAHET, U YroJl MEXIy
npsaMoit, coepunstomier Jlyny ¢ Comnnuem, u npsiMoit, coenunsitorieil Contue ¢ kakoi-HuOyap Onm3Koi
3Be3N0M, ckaxeM, ¢ ainbdoii LlentaBpa. [IpaBga, u 3Tu KOOpAMHATHI BPAJ JIU MOAXOIAT ISl 3aaHUS
nosioxkeHust ConHia B Hame ['anakTuke Wiu MOJoXKeHUs Haied ["ajakThKU cpefr OKpY>KaIolMX Hac
npyrux ranaktuk. Ho MoxkHO BCcio BeeneHHyro pa3OuTh Ha MEPEKPHIBAIOIINECS «KYCKU» U JUTS KaXII0rO
«KYCKa» BBECTH CBOIO CICTEMY KOOP/IMHAT, YTOOBI 33/1aBaTh B HEM IOJIOKEHUE TOUKH.

Co0bITHE — 3TO HEYTO, MPOUCXO/ASIIEE B ONPEACICHHOM TOUKE MPOCTPAHCTBA U B ONPEICTICHHBII
MOMEHT BpemeHH. ClieoBaTelnbHO, COOBITHE MOXHO XapaKTepPH30BATh YETHIPHMSI YUCIIAMH, WU
KoopauHaTamMu. BwiGop koopauHaT OyAeT OmsTh MPOU3BOJIBHBIM: MOXHO B3STh JIIOObIE TPU YETKO
onpe/ieJICHHbIE KOOPAMHATH U JIFOOYI0 Mepy BpeMeHH. B Teopuu OTHOCHUTEIBLHOCTH HET PEealibHOTO
paszinuus MEXAy MPOCTPAHCTBEHHBIMM U BPEMEHHBIMU KOOpAMHATAMH, KaK HET Pa3jiuyusi MEXIy
JBYMSI JTIOOBIMH TIPOCTPAHCTBEHHBIMH KOOpAMHATAMHU. MOXKHO TIEpEeHTH K HOBOM CHCTEME KOOpIUHAT,
B KOTOPOH, CKa)keM, IepBasi MPOCTPAHCTBEHHAs KOOpJauHaTa OyaeT KoMOWHAIUell nepBoi U BTOPOU
CTapbIX MPOCTPAHCTBEHHBIX KOoOpAWHAT. Hampumep, BMECTO TOro 4TOOBI 3a7aBaTh MOJIOKEHUE TOUKH
Ha MOBEPXHOCTH 3€MJIU, U3MEPSIS B KUJIOMETPAX PACCTOSHHE /10 HEE K CEBEPY U K 3amaay OT IJIOIIAIu
[Muxagmnmm, MOXXHO OBLIIO OBl OTKJIAJBIBATh PACCTOSIHUE OT TOW ke miomanu [lukamwmmm, HO K
CEBEPO-BOCTOKY M K CeBepo-3amajay. AHAJIOTHYHBIM 00pa3oM B TEOPHUH OTHOCHUTEIHHOCTH MOXKHO
BBECTHM HOBYIO BpPEMEHHYIO KOOPJAMHATY, KOTOpas Obuia Obl paBHA CyMME CTaporo BpeMEHU
(M3MEPEHHOTO B CEKYHJIaX) U PacCTOSIHUS (B CBETOBBIX CEKyHaX) K ceBepy ot [lukanumim.
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Puc. 22 Paccmonmee om Comvyn | 1000000000000 seems

qCTBIpe KOOpAWHATHBI KaKoro-Jqmoo COOBITUS MOXKHO paccMaTpuBaTb KaK KOOPAWHATHI,
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OIIpENIENIAIONIUE TOJIOKEHNE ITOrO COOBITHUSA B YETBIPEXMEPHOM IPOCTPAHCTBE, KOTOPOE HAa3bIBACTCS
IIPOCTPAHCTBOM-BpEMEHEM. YeThIpeXMepHOEe MPOCTPAHCTBO MPEICTABUTh ce0e HEBO3MOXKHO. JINYHO 51
C TpyAOM IpeAcTaBisito cebe naxe TpexmepHoe mnpocrtpaHcTBo! Ho HerpynHO wu300pakaTsh
rpaduecKd IBYMEpHBIE NPOCTPAHCTBA, Hampumep, noBepxHocTh 3emun. (IloBepxHocTh 3emin
JIByMEpHA, HOTOMY 4TO IOJIO’KEHHE JIF00OH TOUKU MOKHO 331aTh JBYMs KOOPAMHATAMU — HIMPOTON U
nonroroif). Ha nmarpammax, xotopeiMH s Oynqy, Kak TNpaBWIO, TIOJB30BAaThCS, OCh BPEMEHHU
HaIpaBJICHa BBEpPX, a OJHAa U3 MPOCTPAHCTBEHHBIX OCEW TOpuU30HTaIbHA. JIBa Jpyrux
MIPOCTPAHCTBEHHBIX M3MEPEHUsl MO0 OyayT OTCYTCTBOBATH, OO K€ OJHO M3 HHUX s Oyny WMHOT/AA
n3obpaxxatb B nepcnektuBe. (Takue pguarpaMmel, Kak jaumarpamMma puc. 2.1, Ha3bIBaloTCs
IIPOCTPAHCTBEHHO-BPEMEHHBIMU auarpaMMamu). Hanpumep, Ha puc. 2.2 ocb BpeMEHHU HallpaBlIeHa
BBEpPX M OTCUET Ha HeW BeleTcs B rogax, a paccrosHue or Comnua no 3Be3nbl anbda LleHraBpa
OTJIOKEHO TI0 TOPU3OHTAIBHON OCH U U3MepsieTcs: B Muisix. Tpaekropun Conaia u anbdsl Llenrapa,
BO3HHKAIOIIME IIPM MX MEPEMEIIEHUH B IIPOCTPAHCTBE-BPEMEHM, II0KAa3aHbl Ha JHarpaMMe
BEPTUKAIbHBIMU JIMHUSIMM: IIepBas — cleBa, a Bropag — cmpaBa. Jlyu cera or ConHna
pacrpocTpaHsieTcs 0 AUaroHanu, 1 oH foxoaut ot ConHna 1o anbdsl LlenTaBpa 3a ueTsipe roaa.

Horma g

1
!
L ._ T@AD ROCEMUE KTMNE

Msbl Buaenu, 4To ypaBHeHHS MakcBesuia MpenCcKa3blBalOT TOCTOSIHCTBO CKOPOCTH CBETa
HE3aBUCUMO OT CKOPOCTU MCTOYHHKA WU 3THU MPCACKA3aHUA MOATBCPIKAAOTCA TOYHBIMU U3MEPCHUAMMU.
Otcroga cnemyeT, 4YTO CBETOBOM HMMIYJIbC, HCHYIIEHHBI B HEKOTOPHIH MOMEHT BpEMEHH U3
HEKOTOPOW TOYKH MPOCTPAHCTBA, C TEYCHHEM BpPEMEHH OyJeT paclpOCTPaHSATHCS BO BCE CTOPOHBI,
MpeBpaliasch B CBETOBYIO cdepy, pazMepsl U MOJOKEHUE KOTOPOI 3aBUCAT OT CKOPOCTH MCTOYHHKA.
Uepes oany MIJUTMOHHYIO JIOJIFO CEKYHZIBI CBET oOpa3yeT chepy pammycom 300 mMeTpoB; uepe3 ABe
MUJUIMOHHBIE JIONIM CEKYHIbl pamuyc cdepbl yBenumuutcs a0 600 merpoB u 1. n. Kaprtuna Oyner
HAIlIOMHMHATb BOJIHBI I1a BOJC, paCXOoAAIIHECA 110 IMOBCPXHOCTH IIpyda OT 6pOHIeHHOFO KaMHA. OTH
BOJIHBI PacXOJATCs, KaK KPYT, pacIIupsronuiics co BpemeHeM. Eciu mpenctaButh cebe TpexMepHYIO
MOJI€EJIb, 1Ba U3MEPEHUSI KOTOPOW Ha ITOBEPXHOCTHU MPYAA, a OAHO — OCh BPEMEHH, TO B TAKOW MOJEIN
pacxoismuics Mo Boje Kpyr OymeT «cleioM» KOHyca C BEpIIMHOW, HAaXOJHMBIICWCS B MOMEHT
MajJieHusl KaMHSl B TOM TOYKE Ha MOBEPXHOCTH MpyJa, B KOTOPOIl KaMeHb KOCHYJCS BOAbI (puc. 2.3).
TouyHo Tak ke CBeT, pacmpoCTPaHSSICh U3 HEKOEro COOBITUS B YETBIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHH, 00pa3yeT B HEM TPEXMEPHBIM KOHYC. DTOT KOHYC HA3bIBAE€TCS CBETOBHIM
KOHYCOM OyIyIIero mjis JaHHOTO cOOBITHS. MOXHO HapucoBaTh W JAPYroil KOHYC, KOTOPBIA
HAa3bIBACTCA CBETOBBIM KOHYCOM IIPOHLIOI0 MW MNPEACTABIISACT MHOXKCECTBO CO6BITI/II>1, U3 KOTOPBIX
CBETOBOW UMIYJBC MOXET MOMACTh B TOYKY, COOTBETCTBYIOIIYIO JAHHOMY COOBITHIO (pHC. 2.4).
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CBeTOBBIC KOHYCHI MPOIILIOTO U OYAYIIEro AJisi TaHHOTO COOBITHS P AenaT mpocTpaHCTBO-BpeMs
Ha Tpu obnactu (puc. 2.5). AGconoTHOE OyayIiee JaHHOTO COOBITUSI — 3TO 00JacTh, 3aKIIOYCHHAs
BHYTPHU CBETOBOTO KOHYyca Oyaymiero coObitusi P. DTO COBOKYIMHOCTh BCEX COOBITHIA, Ha KOTOpPHIE B
MPUHIMIIE MOXET MOBJIMATH TO, YTO MpoucxoAuT B Touke P. CoOwiTHs, Jexkaliyue BHE CBETOBOTO
KOHyca cOObITHS P, HEJOCTMKUMBI AJI1 CUTHANIOB, UAYIIUX W3 TOYKH P, Tak Kak HHUYTO HE MOXKET
nBUTATHCS ObIcTpee cBeTa. CieoBaTeNIbHO, HA HUX HUKAK HE CKa3bIBAETCS MPOUCXOsIee B ToUke P.
AGcomoTHOE TpoluIoe COObITHE P JIEKUT BHYTPU CBETOBOT'O KOHYCA MPOMUITIOr0. DTO MHOXKECTBO BCEX
COOBITHI, CHUTHAJIBI OT KOTOPBIX, PACIPOCTPAHSIONIUECS CO CKOPOCTBHIO CBETa WJIH C MCHBIICH
CKOpPOCTBIO, MOTYT TonacTh B TOuky P. Takum oOpa3zom, B KOHyCe MPOILIOTo JEKUT MHOKECTBO BCEX
COOBITHIA, KOTOPBIE MOTYT BIIUATH Ha COOBITHE B TOUKe P. 3Has, 4TO MPOUCXOAUT B KAKOKH-TO MOMEHT
BPEMEHH BCIOJy B TOM 00JIACTH MPOCTPAHCTBA, KOTOPas OrpaHUYEHA CBETOBBIM KOHYCOM IPOILLIOTO
coObITHs P, MOXKHO mpenckasarh, 4TO IOJKHO MPOU30iTH B camoii Touke P. O6nacte mpocTpaHCcTBa,
HE JIKAlIyI0 BHYTPH CBETOBBIX KOHYCOB MPOILIOr0 M Oyayliero, Mbl OyJeM Ha3bIBaTh BHEIIHEH.
CoObITHs, IpUHAIJICIKAIINE BHEITHEW 0071aCTH, HE MOTYT HU CaMH BJIMATH Ha COOBITHS B TO4Ke P, HU
OKa3aThCs MOJ BIUAHUEM Mpoucxonsnmx B P coOweituit. Ecnu, nampumep, ConHile mpsiMo ceifuac
BJIPYT MEPECTAHET CBETUTh, TO B HACTOSIIIIMI MOMEHT 3TO HUKAK HE TOBJIMIET HA 3€MHYIO KU3Hb, TaK
KaK MBI Bce emle OyJeM HaXOTUThCs B OOJIACTH, BHEIIHEH HO OTHOIIEHUIO K TOW TOYKE, B KOTOPOM
Comnnue notyxJio (puc. 2.6), a y3HaeM 000 BceM JUIIb Yepe3 BOCEMb MUHYT — BpeMs, 32 KOTOPOE CBET
ot ConHia gocturaeT 3emiau. TonpKo Toraa MPOUCXOAIIe Ha 3emiie COOBITHS MOMaaAyT B CBETOBOM
KOHYyC Oymyiiero Toi Touku, B KoTopoir Comnnile motyxio. [1o Toit ke mpuynHe MBI HE 3HAEM, YTO B
JTAHHBIIT MOMEHT MPOUCXOIUT JIaJeKo BO BeerneHHo: nomenmii 10 Hac CBET JAJICKUX TalaKTHUK ObLI
UCIYyIIEH MIIJIHOH JIET Ha3all, a CBET OT CaMOro JaJeKOro HaOJI0/1aeMOoro oO0beKTa Ied K Ham 8
TBICSY MIJUTMOHOB JIET. DTO 3HAYUT, YTO, BCMAaTPUBAsICh BO BCeleHHYI0, MBI BUIMM €€ B MPOIILIOM.

Rtpaap, sayps

Puc. 2.6
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Ecmm mpenebpeusr rpaBuTaninoHHBIME dddexTamu, Kak 3To caenand B 1905 r. DUHMTEHH U
[Tyankape, TO MBI IPUIEM K TaK Ha3bIBAEMOU CIIEIUATBHON (MJIM YaCTHOW) TEOPUU OTHOCUTEILHOCTH.
JUia  Kaxaoro coObITHS B TMPOCTPAHCTBE-BPEMEHH MBI MOXKEM IOCTPOUTH CBETOBOM KOHYC
(mpeacraBnsOMUN cOO0H MHOKECTBO BCEX BO3MOXKHBIX ITYTEH, IO KOTOPBIM PaCIpOCTPAHSETCS CBET,
UCIYIIEHHBIH B paccMaTpUBaeMON TOYKE), a MOCKOJbKY CKOPOCTh CBETa OJMHAKOBA Ji JIHOOOTO
COOBITHS W B JIIOOOM HAIIPaBJICHUH, BCE CBETOBBIE KOHYCHI OYAYT OJWHAKOBHI U OPUCHTHPOBAHBI B
oJlHOM HarpaBieHuu. Kpome Toro, 3ta Teopusi TOBOPUT HaM, UTO HUUTO HE MOXKET JBUTAThCA ObICTpee
cBeTa. DTO O3HAYAeT, YTO TPACKTOPHs JIOOOro OOBEKTa BO BPEMEHHM M B IMPOCTPAHCTBE JOJDKHA
MIPEACTABIIATHLCS JTMHUEH, JIeXKAICH BHYTPU CBETOBBIX KOHYCOB JIsl BCEX COOBITHI Ha Hel (puc. 2.7).
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Puc. 2.7
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CrnenuanbHasi TEOpUs] OTHOCUTEIBHOCTH IO3BOJIMIA OOBSICHUTH MOCTOSIHCTBO CKOPOCTH CBETa
JUId Bcex HaOuroaTene (ycTaHOBJIEHHOE B onbiTe MaiikenbcoHa 1 Mopiin) u npaBuiIbHO ONKCHIBaJA,
YTO IPOMCXOJUT MPHU ABUKEHUH CO CKOPOCTAMH, OJIM3KUMH K CKOpOCcTH cBeTa. OJIHAKO HOBasi TEOPHsI
MPOTHBOPEUYMJIa HBIOTOHOBCKOW TEOPHM TPABHUTAIMH, COTJIACHO KOTOPOW OOBEKTHI HMPUTATHBAIOTCS
IpYT K JIpYyry € CWJIOH, 3aBHCAILICH OT paccTosiHus Mexay HuMHU. Ilocnennee o3Hauaer, yTo, eciu
CABUHYTH OJIMH U3 00BEKTOB, CUJa, IEHCTBYIOIIAs HA APYToil, ”3BMEHUTCS MIHOBEHHO. Haue rosops,
CKOpPOCTh PAcCHpOCTPAHEHUS TPABUTAIIMOHHBIX (PPEKTOB JOKHA OBITh OECKOHEYHOHM, a He paBHOM
(MM MeHbIIe) CKOPOCTH CBeTa, Kak TOoro Tpedosana Teopus otHocuTenbHOocTH. C 1908 mo 1914 r.
OHHIITENH NpeAnpuHsa psa 0e3yCIeNIHbIX MONBITOK MTOCTPOUTh TaKyI0 MOJIEIb I'PaBUTAIIH, KOTOpast
corjacoBaiach Obl CO CHEIUAIBHOM Teopuer oTHocuTenbHOCTH. Hakonerr B 1915 1. oH ony0OiukoBat
TEOpHI0, KOTOpast ceifuac Ha3bIBaeTcs o0IIel Teoprel OTHOCUTEIBHOCTH.

Puc. 2.8 .

Gombwoll Py

aﬁHMTCﬁH BBICKA3aJI MNPCAIOJIOKCHUEC PCBOJMIOIUOHHOTO XapaKTepa: IpaBUTAllUd — IOTO HE
O6I)II-IH35[ cuijia, a CICACTBUEC TOIr0, 4TO MNPOCTPAHCTBO-BPEMA HE ABJIACTCA INIOCKHMM, KaK CUHUTAJIOCh
PaHbIIC; OHO HMCKPHUBJICHO PAaCHpCACICHHBIMU B HECM Maccou u 3HepFHeﬁ. Takue TCJ1a, KakK 3CMHH,
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BOBCE HE MPHUHYKIAIOTCA JABUraTbCsi IO HMCKPUBJIEHHBIM OpOMTaM TI'PaBUTALMOHHOW CHJIOW; OHH
JBKYTCS TIO JIMHUSAM, KOTOPBIE B UCKPUBICHHOM IPOCTPAHCTBE 00JIee BCETO COOTBETCTBYIOT MPSIMBIM
B OOBIYHOM MPOCTPAHCTBE M HA3BIBAIOTCA Ie0Je3n4ecKUMu. ['eone3ndeckas — 3TO caMblii KOPOTKHUH
(uu camblil JUIMHHBIM) IIyThb MEXAY ABYMsI COCEAHMMM Toukamu. Hampumep, moBepXHOCTh 3eMiu
€CTb HMCKPUBJIIEHHOE JABYMEpPHOE IPOCTpaHCTBO. l'eone3myeckas Ha 3emiie Ha3bIBAaeTCs OOJIBLIMM
KPYrOM M SIBJISIETCSI CaMbIM KOPOTKHM IIyTEM MEXIy AByMs Toukamu (puc. 2.8). Ilockonbky camblit
KOPOTKHIM IyTh MEXAy [BYMs a3polopTaMM — IO TI€0e3MYECKOM, IMCIeTYephl BCerjaa 3alaroT
UI0OTaM HMMEHHO Takoi MmapmipyT. CorjsacHo oOleld TEOpuHM OTHOCHUTEIBHOCTH, Tejla BCErJa
NePEMEIAIOTCS [0 IPSAMBIM B YETBIPEXMEPHOM MPOCTPAHCTBE-BPEMEHHU, HO Mbl BUAUM, YTO B HaIlleM
TPEXMEPHOM IIPOCTPAHCTBE OHU JBUXKYTCS 110 UCKPHUBIEHHBIM TpaektopusM. (Ilonabmronaiite 3a
CaMOJIETOM HaJl XOJIMUCTOM MECTHOCThI0. CaM OH JIETUT IO NMPSMON B TPEXMEPHOM IPOCTPAHCTBE, a
€ro TeHb [1EPEMEIAETCS 10 KPUBOM HAa IBYMEPHOU MOBEPXHOCTH 3EMIIN).

Macca CosHla Tak MCKpUBIISET IPOCTPAHCTBO-BPEMS, UTO, XOTsI 3eMJIsd IBUXKETCA 110 IPSIMOil B
YETBIPEXMEPHOM IPOCTPAHCTBE, Mbl BUAMM, YTO B HAIIEM TPEXMEPHOM IPOCTPAHCTBE OHA ABMXKETCS
110 KpyroBoil opoure. OpOUTHI IUIaHET, IpeAcKa3blBaeMble 00ILEeH Teopueil OTHOCUTENbHOCTH, TOYTH
COBMAJAIOT C IPEICKAa3aHUsIMH HBIOTOHOBCKOM TeopuM TiroreHus. OpgHako B ciiydae Mepkypus,
KOTOPBIHA, Oymyunm Omwxaiimert k CoJHIly IIJIAHETOM, HCIBITBIBACT CaMOE€ CHJIBHOE JICHCTBHE
TpaBUTalMd ¥ HMEET JIOBOJBHO BBITSHYTYIO OpOHUTY, 0Omas Teopus OTHOCHTEIbHOCTH
IIPEJCKa3bIBAET, YTO OOJIbIIAsl OCh 3JUIUIICA OJDKHA MOBOpaunBaThest BOKpYr CojHLIa MPUMEPHO Ha
OJIMH TPaayC B ACCATH THICAY JeT. HecMOTpst Ha ero MaiocTh, 3TOT A deKT ObuT 3amedeH eme a0 1915
I. U paccMaTpuBalCsi KaK OJHO W3 MOATBEpXKAEHUM Teopuu OiHmTelHa. B mocnennue ross
PaZMOIOKAIIMOHHBIM METOJOM OBLIM M3MEPEHBI €I1€ MEHBIINE OTKIOHEHUS! OpOUT APYruX IJIaHET OT
npencka3zanuii HploToHa, 1 OHM COIIIACYIOTCS ¢ IIpeJCcKa3aHUsIMU O01Iel TEOPUN OTHOCUTENBHOCTH.
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Jlyau cBeTa TOXE JOJDKHBI CIIEOBaThb TIE0JIE3MUYECKUM B  IPOCTPAHCTBE-BPEMEHHU.
HckpuBIeHHOCTh MPOCTPAHCTBA O3HAYAET, YTO CBET YK€ HE PacCIpOCTPaHSETCs MNPSIMOJIUHENHO.
Takum o00pa3om, corjlacHO OOIIel TEOPUU OTHOCUTEIHHOCTH, Jyd CBETa JIOJDKEH H3THOAThCs B
TPaBUTAIMOHHBIX TOJISIX, W, HAIPUMEp, CBETOBHIE KOHYCHI TOUYEK, Haxojsmmuxcs BOmu3u ComHIla,
JOJDKHBI OBITh HEMHOTO JIe(hOPMHUPOBAHBI MO AekcTBUEM Macchl CoHIIa. DTO 3HAYHT, YTO Jy4 CBETa
OT JajeKoi 3Be3bl, MpoXoAsmuil psaoM ¢ ComHIeM, TOJKEH OTKIOHUTHCS Ha HEOOJBIION yroi, u
HabJto1aTeNb, HaXOAIIMIica Ha 3emiie, YBUAUT 3Ty 3Be31y B Apyroi Touke (puc. 2.9). Koneuno, ecnu
Obl CBET OT JaHHOM 3Be31bl Bcerga mpoxoaun psaoM ¢ ConHileM, MBI HE MOTJIH OBl CKa3arTh,
OTKJIOHSIETCS] JIM JIyd CBeTa WJIM K€ 3Be3/la JACHCTBUTEIBHO HAaXOAWTCA TaM, rjie Mbl ee BuauMm. Ho
BCJIC/ICTBUE OOpallleHUs1 3eMJIM BCE HOBBIE 3BE31bl 3aXOIAT 3a COJIHEYHBIA MHUCK, M HUX CBET
OTKJIOHSieTCs. B pe3ynbrare X BUIUMOE MOJIOKEHNE OTHOCUTENBHO OCTAJIbHBIX 3BE3/] MEHSAETCS.

B HopManbHBIX yCIOBUAX 3TOT 3(PeKT odeHb TPYyACH Ui HAONIONCHUS, TaK Kak SPKUH
COJIHEUHBII CBET HE IMO3BOJIIET BUIETh 3BE3/1bl, Haxosuecss Ha Hebe psagoM ¢ Connuem. Ho takas
BO3MOJKHOCTh MOSIBJIIETCA BO BPEMsI COJIHEYHOTO 3aTMEHUs, Korja JlyHa mepekphIBaeT COJIHEUHBII
ceeT. B 1915 r. HUKTO HE cMOr cpa3y NMPOBEPUTH MPEACKA3aHHOE DWHINTEHHOM OTKIIOHEHUE CBETA,
notomy uto nuia Ilepsas mupoBas BoitHa. Jlumpe B 1919 r. anrnuiickas skcnenuuusi B 3amagHoi
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Adpuxke, HabmOgaBIIasi TAM COJIHEYHOE 3aTMEHHUE, MoKa3ana, YTO CBET JEHCTBUTEIHHO OTKJIOHSAETCS
ConHueM Tak, Kak U NpeAcKasbiBasia Teopus. To, 4TO aHITIMIICKUE YYEHBIE J10Ka3ajlu MPaBUILHOCTb
TEOpPUH, POAMHOW KOTOpoW Obwia ['epMaHMs, NMPUBETCTBOBAIOCH KaK €IIe OJWH BEIUKHH aKT
NPUMHUpPEHUsT 00enX CTpaH mocie BoWHbI. Ho, XOTS 3TO BBIIVIAAUT UPOHUYHO, MPOBEICHHBIN MMO31HEE
aHanu3 Qortorpaduii, MOTy4YEHHBIX 3TOH SKCIETUIMEH, MokKa3zal OMMOKM H3MEPEHHs TOro Ke
NopsiiKa, 4YTo U u3MepseMblil d3pdexT. Pe3ynbraT anrnuyan ObU1 TUOO YHUCTHIM BE3€HUEM, JTHOO TEM
HEPEAKUM B HAYKE CIIy4aeM, KOrJa MOoJy4yaroT TO, YTO XOTEJIOCh NOIy4nTh. [IpaBia, OTKIOHEHHE cBETa
ConHuieM OBLIO BIOCIEACTBUM TOYHO MOATBEPKICHO IIETIBIM PSIOM HAOIIOICHUH.

Eme ongno mnpeackazanue oOIIell TEOPUM OTHOCHUTENBHOCTH COCTOUT B TOM, YTO BOJIH3U
MacCHUBHOI'O Tella THMa 3€MJIM BpeMs JIOJDKHO TeUb MEIJIEHHEE. JTO CIEAYET M3 TOr0, YTO JIOJIKHO
BBITIOJTHATHCS. ONPECIEHHOE COOTHOIICHHWE MEXIYy PHEepruei cBera W ero 4acToTou (T. C. YUCIOM
CBETOBBIX BOJIH B CEKYH]ly): 4YeM OOJIbllle SHEPIrHs, TEM Bbllle yacToTa. Ecnu cBeT pacnpocTpaHsercs
BBEPX B I'PABUTALIMOHHOM IMOJI€ 3€MJIM, TO OH TEPSIET HEPIrUI0, a IOTOMY €ro 4acTOTa YMEHBIIAETCS.
(D10 O3HayaeT, YTO YBEIWYMBAETCS WMHTEPBAJ BPEMEHU MEXKAY TPEOHSAMH ABYX COCEIHHMX BOJH).
Habmonarento, pacnososkeHHOMY Ha OOJIBIION BBICOTE, JOKHO Ka3aThCs, YTO BHU3Y BCE MMPOUCXOIUT
MeJJIeHHee. JTO TMpeAcKa3aHue ObLIo MpoBepeHo B 1962 r. ¢ mMoMoIbio JBYX OYEHb TOYHBIX YaCOB,
PacMoJIOKEHHBIX: OJTHU Ha CAMOM BEepXY BOJOHANIOPHOM OallIHU, @ BTOPBIE — Y €€ MOJHOXKbSI.

Okazanoch, 4YTO HUKHHUE YacChl, KOTOpbIe ObLIM Onuxke K 3emiie, B TOYHOM COOTBETCTBUU C
o0mieil Teopueil OTHOCUTENBHOCTH IIUIM MeJJIeHHee. Pa3Huia B XoJie 4acoB Ha Pa3HOW BBICOTE HaJ
MOBEPXHOCTHIO0 3eMJIM MPHOOpea ceiyac OrpoMHOE MPAKTUYECKOE 3HAUCHHE B CBSI3U C TOSBICHUEM
OUYeHb TOYHBIX HABUTAIMOHHBIX CHUCTEM, pabOTalONIMX Ha CHUTHAIAaX CO CHOYTHUKOB. Ecnu He
IIPUHUMATh BO BHMMAHHE Ipe/AcKa3aHUN oOIIed TeopuM OTHOCHUTENBHOCTH, TO KOOPJAUHATHI OYyAyT
paccuuTaHbl ¢ OUTUOKOM B HECKOIBKO KHJIOMETPOB!

3akoHbl JBWKEeHUST HbhIOTOHA MOKOHUMIA C a0COJTIOTHBIM IOJIOKEHHWEM B MPOCTpaHcTBe. Teopus
OTHOCHUTEIBHOCTH 0CBOOO/IMIIA HAC OT a0COMOTHOTO BpeMeHH. Bo3bMeM napy OnmsHenoB. [Ipeamnonoxum,
YTO OJIMH U3 HUX OTIPABUIICS >KUTh HA BEPIIMHY T'OPbIL, a IPYroi ocTajics Ha ypoBHe Mopsi. Torna nepsblit
cocTaputcsi ObICTpee, 4eM BTOPOM, M MO3TOMY MpU BCTpeYe OIUH M3 HUX OyIeT BBHIMNIANACTH CTaplie
npyroro. IlpaBna, pa3Huia B Bo3pacrte Obi1a ObI COBCEM Majia, HO OHA CHJIBHO YBEJIMUYMIIACH ObI, €Ci ObI
OMH W3 ONU3HELOB OTMPaBWICA B JOJIIO€ MyTEHIECTBHE HA KOCMHUYECKOM Kopalie CO CKOPOCTBIO,
OMM3KO K CcKopocTH cBera. [lo BO3BpaleHHH OH OKa3ajics Obl 3HAYMTENIHHO MOJIOXKE CBOEro Opara,
KOTOpBIM ocTaBajics Ha 3emiie. DTO TaK Ha3bIBAEMBbIN MapajoKc OJM3HELOB, HO OH MapaJoKC JIUIIb I
TOTO, KTO B IJTyOMHE AYILIN BEPUT B aOCONIIOTHOE BpeMsl. B 0011l Teopun 0THOCUTENBHOCTH HET €IMHOTO
a0COJIFOTHOTO BPEMEHH; KayKAbIH MHIMBUIYYM UMEET CBOM COOCTBEHHBIN MacIiTad BpeMEHH, 3aBUCAIINI
OT TOTO, I/I€ 3TOT UHAMBUYYM HAXOAUTCS U KaK OH JBHXKETCS.

J1o 1915 r. npocTpaHCTBO U BpeMsi BOCIIPUHUMAINCH KaK HeKasl )KeCTKas apeHa Jyis coOObITUH, Ha
KOTOpPYIO BCE€ MPOMCXOAsIIee Ha HEW HUKaK He BiMsieT. Tak oOCTOsUIO €0 Jaxke B ClieluaibHOU
TEOpPUU OTHOCHUTEIBHOCTH. Tena ABUralnuch, CWJIbl NPUTATUBAIM W OTTAJIKHUBAIM, HO BpEMS U
MIPOCTPAHCTBO MPOCTO OCTABAINCH CAMUMH COOOM, X 3TO HE Kacaoch. V1 ObUIO €CTECTBEHHO TyMaTh,
YTO MPOCTPAHCTBO U BpeMsi OECKOHEYHBI U BEYHBI.

B o0rieit sxe Teopry OTHOCUTENTBHOCTH CUTYAaLUs COBEpILEHHO MHast. [IpocTpaHCcTBO U Bpemsl Tenepb
JMHAMUYECKHE BEJIMYMHBL KOTAA MABIKETCA TENO WIM JEHCTBYET CWIIA, 3TO W3MEHSET KpPUBHU3HY
MPOCTPAHCTBA M BPEMEHH, a CTPYKTypa IPOCTPAaHCTBA-BPEMEHH B CBOIO Oue€pe/lb BIMSET Ha TO, Kak
JBIKYTCS TENA U IEUCTBYIOT CHIIBL. [IpOCTpaHCTBO M BpeMs HE TOJBKO BIMSIIOT HAa BCE, YTO MPOUCXOJUT BO
Bcenennoit, HO 1 camu U3MEHSIIOTCS TIO]T BIMSTHUEM BCETO B Hel npoucxosiero. Kak 6e3 mpeacraBieHuii o
NPOCTPAHCTBE M BPEMEHH HENb3 TOBOPHTH O COOBITUSIX BO BceneHHo#, Tak B oOuieil Teopun
OTHOCUTEJIbHOCTH CTaJIo O€CCMBICIIEHHBIM FTOBOPUTH O IPOCTPAHCTBE M BPEMEHH 3a MpesenaMu BeeneHHoH.

B nocnegyromye necatuneTHs HOBOMY IIOHMMAHMIO NPOCTPAHCTBA M BPEMEHM IIPEACTOSIIO
MIPOM3BECTH TEPEBOPOT B HAlIMX B3MIAAax Ha Bceenennyro. Crapoe NpelncTaBlIeHHE O TOYTH He
MeHsttoleiicss BeenenHoil, koTopasi, MOXKeT ObITh, BCErJa CyLIECTBOBaja U OyIET CYIIECTBOBATh BEYHO,
CMEHWIOCh KapTUHOW JMHAMHYECKOH, pacimpstonieiicss BeenmenHoid, KoTopas, mo-BUANMOMY, BO3HUKIIA
KOI/1a-TO B MPOIIIOM U, BO3MOKHO, 3aKOHYUT CBOE CYIIIECTBOBAHHE KOTJa-TO B OyayIIeM. ITa PEeBOIOLHS
B HameMm co3HaHuM (eif Oyler mocBflleHa cieayrollas IJlaBa) sIBUJIACh OTIPABHOM TOYKOW MOUX
UCCIeoBaHUM B TeopeTnueckoi gpusnke. Mbl ¢ Pomkepom I[lenpoy3om mokasanu, 4To, COrIacHO o0men
TEOpUU OTHOCUTEJILHOCTH DHHIITENHA, Beenennas 1omKHa MMETh Hayaslo, a MOXKET ObITh, M KOHELL.
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3. Pacwunpsiowasca BceneHHas

Ecimu B sicHyto Ge31yHHYIO HOYb IIOCMOTPETh Ha HE0O, TO, CKOpee BCEro, CaMbIMH SIPKUMHU O0BEKTaMHU,
KOTOpbIe BBl yBUIMTE, OyayT tuiaHeThl Benepa, Mapc, FOmutep u CarypH. Kpome Toro, BBl yBHIUTE
OIPOMHO€ KOJIMYECTBO 3BE€3], MOXO0kKUX Ha Haule CoiHIE, HO HaXOAALIMXCs ropasao Jaiblie oT Hac. [Ipu
obparenun 3emian Bokpyr CojHIIa HEKOTOPBIE U3 THX «HETOJBKHBIX)» 3B€3/] UyTh-UyTh MEHSIOT CBOE
IIOJIO’KEHNE OTHOCUTENIBHO JIPYT Jpyra, T. €. Ha CaMOM JIeJie OHM BOBCE HE HenoBIKHbI! /leno B ToM, 4To
OHHM HECKOJIbKO Ommke K Ham, ueM apyrue. [lockonbky ke 3emis Bpamtaercss Bokpyr CosHia, Onu3kue
3Be3/1bl BUHBI BCE BPEMsS B pa3HBIX TOYKax (poHa OoJiee ymaleHHBIX 3Be3l. biaromapst 3ToMy MOXHO
HETIOCPEACTBEHHO U3MEPHUThH PACCTOSHHUE OT HAC J0 ATUX 3BE3[l: YEM OHU OJIKe, TEM CHJIbHEE 3aMETHO UX
nepemerienre. Camas Omu3kas 3Be3fa, HasbiBaeMmas [Ipokcumoit lleHtaBpa, HaxoAauTcs OT Hac Ha
pacCTOSTHUU MPUOIM3UTEIBHO YETHIPEX CBETOBBIX JIET (T. €. CBET OT Hee UJET /10 3eMJIM OKOJIO YEThIPEX JIET),
Wi okoio 37 TpwUIMOHOB KwiioMeTpoB (37*1012). BonbIIMHCTBO 3BE3/l, BUIMMBIX HEBOOPYKEHHBIM
IJ1a30M, YZaJIEHbl OT HaCcC Ha HECKOJIbKO COTEH CBETOBBIX JieT. CpaBHUTE 3TO C PACCTOSIHUEM JI0 HAIIEro
CornHIia, COCTaBIISIFOIIMM BCETO BOCEMb CBETOBBIX MUHYT! BuvMble 3Be3/1bI pacchlliaHbl HO BCEMY HOUHOMY
HeOy, HO OCOOEHHO TYCTO B TOW IOJIOCE, KOTOPYIO MBI HazbiBaeM MieunbiM Ilyrem. Eme B 1750 r.
HEKOTOpBIE aCTPOHOMBI BBICKA3bIBAIN MBICIIb, UTO CyliecTBoBaHKEe Mieunoro [Tytu oObsicHsieTcst Tem, uTo
OoJbIIas 4acTh BHIMMBIX 3BE€3]l 00pa3yeT OAHY HCKOOOpa3HYyK KOH(HIYpalWio — MPUMEP TOro, 4TO
ceifuac Ha3bIBACTCS CIUPAIBHON TajlakTHKOM. JIMIb depe3 HECKONbKO IECATUIICTUN acTPOHOM YHIIbSIM
[epiuens MOATBEPMIT 3TO TPEITOIOKEHHIE, BBITOIHUB KOJIOCCATBHYIO padOTy HO COCTABIICHHIO KaTaora
TIOJIO’KEHUI OTPOMHOTO KOJIMUYECTBA 3BE3]1 U pacCTOsHUM 10 HUX. Ho nake mocie 3Toro mpecTaBieHue o
CIIUPAJIbHBIX TAJTAKTHKAX OBUIO MPUHSATO BCEMH JIMIIH B HAYaJIe HAIIETO BEKa.

CoBpemenHas kapTuHa BceneHHoM BO3HMKIA TOJIBKO B 1924 r., Korja aMepuKaHCKUI aCTPOHOM
OnBuH Xa0b0us mokasan, 4yro Hamia [anakTuka He enuHCTBeHHas. Ha camMom jene cylecTByeT MHOIO
NPYTUX TalaKTUK, Pa3/IeIeHHBIX OTPOMHBIMH OONACTSIMHU IyCTOTO MpOoCTpaHcTBa. [[ns mokazarenbcTBa
Xa00my TpeOoBaIOCh ONPEACTUTh PACCTOSHUS 10 STHX TAAKTHK, KOTOPhIE HACTOJIBKO BEIUKH, YTO, B
OTJIMYUE OT MOJIOKEHUI OJIM3KHX 3BE3J1, BUTUMbIC MMOJIOKEHHS TaJaKTHK JEHCTBUTEFHO HE MEHSIOTCS.
[TosTomMy 11t M3MepeHHs paccTosHU XaO0m ObLT BBIHYXIEH NPUOErHYTh K KOCBEHHBIM METOJAM.
Bunumas spkocTh 3Be3/bl 3aBUCHT OT JBYX (DaKTOpOB: OT TOTO, KaKOE€ KOJMUYECTBO CBETa M3IIy4aeT
3Be3/1a (€€ CBETUMOCTH), U OT TOTO, IJI€ OHA HAaXOAUTCS. SIpKOCTh ONM3KUX 3BE3[ U PACCTOSIHUE 10 HUX
MBI MOYKEM H3MEPHTD; CIIEJOBATEIILHO, Mbl MOXEM BBIUHCIUTh U MX CBETHUMOCTh. M1 HA00OpOT, 3Has
CBETHMOCTD 3BE3]] B JAPYTUX TAIAKTHKAX, MBIl MOTJIM OBl BBIYMCIIUTH PACCTOSIHUE J0 HUX, U3MEPHUB X
BUIUMYIO SIPKOCTh. Xa0ON 3aMeTHII, YTO CBETUMOCTh HEKOTOPHIX THIIOB 3BE3/l BCETJa OJHA U Ta XKe,
KOI'Jla OHM HAaxOJsTCA JOCTAaTOYHO OJIM3KO Uit TOTrO, YTOOBI MOXHO OBUIO MPOU3BOAUTH U3MEPEHUS.
CnenoBatenbHO, paccyxjaan Xa00i, ecnu Takue 3Be3/lbl OOHapyXarcsi B JPYrod TalakTHKE, ToO,
MIPEATONIOKHB Y HAX TaKylO K€ CBETHMOCTh, MBI CyMEEM BBIYHMCIIHTH PACCTOSIHUE JI0 ATOM TaJlaKTHKH.
Ecnu momoOHbIe pacderhl [Jisi HECKONBKHUX 3BE37] OJHOM M TOM K€ TalaKTHKH JaayT OAWH U TOT Ke
pe3yabTat, TO MOJIYYEHHYIO OLIEHKY PACCTOSHHSI MOXKHO CUMTATh HAJIEKHOM.
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Takum mytem Xab0a paccuuTan pacCTOSHUS A0 ACBATH Pa3HbIX TAJIAKTHK. Temeph M3BECTHO,
9710 Hama ['ajakTuka — OJHAa U3 HECKOJBKUX COTEH THICSY MHJUTMOHOB TaTAKTUK, KOTOPBIE MOMKHO
Ha0J110/1aTh B COBPEMEHHBIE TEIECKOIIbI, a Ka)KJ1asi U3 3TUX TFAIaKTHK B CBOIO OYEPEb COJAEPKUT COTHU
THICSTY MUJUIMOHOB 3Be3n. Ha puc. 3.1 mokaszano, kakoit yBumen Obl Hamry ['ajmakTuky HaOI0qaTelNb,
KUBYIIUN B Kakoi-HUOynb npyroi ranaktuke. Hama ["amakTuka uMeeT OKOJIO CTa THICSY CBETOBBIX
ner B momepeyHnke. OHa MEIJIEHHO BpaIlaeTcs, a 3BE3bl B €€ CIUPATIbHBIX pPyKaBaxX KaKIble
HECKOJIbKO COT€H MIJLJIMOHOB JIET JINa0T MPUMEPHO OJIMH 000pOoT BOKpYT ee nentpa. Hame Connie
MPEICTaBISAET CO00I OOBIYHYIO KENTYIO 3BE3Y CpPEeIHEH BETUUYHMHBI, PACIIONIOKEHHYIO Ha BHYTPEHHEH
CTOPOHE OJITHOTO W3 CIHpPAJIbHBIX PyKaBoB. Kakoi jke OrpOMHBIN MyTh MbI MPOLUIH OT APHUCTOTENS U
[Ironemes, korna 3emiist cuutanack HeHTpoMm Beenennoii!

3Be3/1bl HAXOJATCS TAK JAJIEKO OT HAC, YTO KaXyTCs MPOCTO CBETAIIMMHUCA TOUKaMH B HeOe. Mbl
HE pa3Iu4aeM HU UX pa3mMepoB, HU Gopmbl. Kak e MOXKHO TOBOPUTH O pa3HbIX THmax 3Be3n? s
MOJIaBIISIONIEr0 OOJBIIMHCTBA 3BE3Jl CYIIECTBYET TOJBKO OJHO XapaKTepHOE CBOMCTBO, KOTOpOE
MOXKHO HaOIOJaTh — 3TO IBET HAYLIET0 OT HUX cBeTa. HBIOTOH OTKpBUI, YTO, MPOXOJIs dYepe3
TPEXTPAHHBIN KYCOK CTEKJa, Ha3bIBAEMbI IIPU3MOM, COJTHEUHBII CBET pas3iaraercs, Kak B pajyre, Ha
I[BETOBBIC KOMIOHEHTHI (CrekTp). HacTpouB Teneckon Ha KakylO-HHOYAb OTACIBHYIO 3BE3Ay MU
raJlakTUKy, MOXHO aHAJIOTMYHBIM 00pa3oM pa3jokKUTh B CIEKTP CBET, MCITYCKaeMbIil 3TOW 3Be30M
WM TaJIaKTUKOW. Pa3Hble 3Be3/1bI MMEIOT Pa3HbIE CIIEKTPHI, HO OTHOCUTEIbHAS SIPKOCTh Pa3HBIX IIBETOB
BCEr/la B TOUHOCTH Takas ke, KaK B CBETe, KOTOPBIN M3JIydaeT KaKoi-HUOYIb pacKaleHHBIH JOKpacHa
npeamer. (CBeT, M3mydaeMblii pacKajJeHHBIM JIOKpacHa HEMpPO3pauyHbIM MPEIMETOM, MMEET OYEHb
XapaKTEePHBINA CIEKTP, 3aBUCAIINI TOIBKO OT TEMIEpaTyphl MpeaMeTa — TeIoBoil cnektp. [loatomy
MBI MOXEM OTPEACTUTh TEMIIEPATypPy 3BE3MbI IO CIIEKTPY H3Iy4aeMoro e€ro csera). Kpome Toro, Mel
OoOHapyKHUM, UTO HEKOTOPbIE OYeHb creruuYecKre I[BeTa BOOOIIe OTCYTCTBYIOT B CIIEKTpax 3BE3,
pUYeM OTCYTCTBYIOIIME I[BETA Pa3HbIE Ui Pa3HbIX 3Be3l. [IOCKOIBKY, KaKk MBI 3HAEM, KaXKIbIi
XUMHYECKHUI 5JEMEHT MOTJIOMAeT CBOW OMpENeTIeHHbI HabOp XapaKTepHBIX I[BETOB, MBI MOKEM
CPaBHHTPH MX C TEMH I[BETAMH, KOTOPBIX HET B CIIEKTPE 3BE3]IbI, 1 TAKUM 00Pa30M TOYHO OIPEICIHUTh,
KaKue 3JIEMEHTBI IPUCYTCTBYIOT B €€ aTMocdepe.

B 20-x romax, Korga acTpOHOMBI Hauyalld HUCCIEJOBAaHHE CIEKTPOB 3BE3J JPYIHMX TalaKTHK,
O0OHApYKUIJIOCH HEUTO elle Oosiee CTpaHHOoe: B Halllell COOCTBEHHOH ['anakTuke oka3aauch Te K€ caMble
XapaKTepHbIe HA0OPHI OTCYTCTBYIOIINX IIBETOB, YTO U Y 3BE3]l, HO BCE OHHM OBUTH CABHHYTHI HAa OJHY U
Ty K€ BEIIMYMHY K KPacHOMY KOHILy creKkTpa. UTOObI MOHSATH CMBICI CKa3aHHOTO, CIEAyeT CcHadaja
pazobpatscs ¢ adhdexrom Homnepa. Kak MbI yxe 3HaEM, BUIMMBIN CBET — 3TO KOJICOAHWUSI, WM BOJTHBI
AIIEKTPOMArHUTHOTO mouisg. Yactora (4MCI0 BOJTH B OJJHY CEKYH/Y) CBETOBBIX KOJeOaHUI Ype3BbIUAtHO
BBICOKA — OT YETBIPEXCOT JI0 CEMHCOT MWUTMOHOB MHJUTHOHOB BOJIH B CeKyHAy. YenmoBedeckuii ria3
BOCTIPMHMMAET CBET Pa3HBIX YaCTOT KaK pa3HbIe I[BETA, IPUUYEM CaMble HU3KHE YaCTOThI COOTBETCTBYIOT
KpacHOMY KOHITy CIIEKTpa, a caMble BhICOKHE — (puonmeroBomy. IlpeacraBuM cebe MCTOYHHK CBETa,
pacroNiokeHHBI Ha (DUKCHUPOBAHHOM pACCTOSHUU OT Hac (Hampumep, 3Be37y), H3IYJarolluid C
MOCTOSTHHOM 4acTOTON CBETOBBIE BOJHBI. OYEBHIHO, YTO YaCTOTA MPUXOJSIIINX BOJH OyJET TakoH xKe,
KaK Ta, C KOTOPOI OHU M3Iy4yaroTcsl (MyCTh TPABUTALIMOHHOE TI0JI€ TATaKTUKH HEBETUKO U €ro BIUSHHE
HecyriecTBeHHO). [Ipennonoxum Terneph, YTO0 UCTOYHWK HAYMHAST JBUTATHCS B HAIIy cTOpoHy. [lpm
WCIYCKaHUM CIEIYIONel BONHBI MCTOYHUK OKaKeTcs ONMKe K HaM, a TOTOMY BpeMsi, 32 KOTOpOe
rpedeHb ATOM BOJHBI JI0 HAC JIOAET, OyJeT MEHBIIE, YeM B Cllydae HEMoIBIKHOM 3Be3/1bl. CTano ObITh,
BpeMsI M1y TPEOHSIMU ABYX MPHUILEAIINX BOJH OyJeT MEHBIIIE, a YUCIIO BOJH, MPUHUMAEMBIX HAMHU 3a
OJIHY CeKyHay (T. €. 4acTtoTa), Oyzmer OoJbIle, 4YeM Koraa 3Be3qa Oblia HenoaBwkHA. [Ipu ynaneHun xe
MCTOYHHMKA YaCTOTa MPUXOMSIINX BOJH OyIeT MEHbIE. ITO 03HAYAET, UYTO CIEKTPHI YAAISIOIINXCS
3Be3/1 OyAYyT CABUHYTHI K KPaCHOMY KOHITY (KpacHO€ CMEILIEHHE), a CIIEKTPhl MPUOIMKAIOIINXCS 3BE3/]
JIOJDKHBI MCIIBITBIBATh (PHOJIETOBOE CMeleHHe. Takoe COOTHOIICHHE MEXKIY CKOPOCTBIO M 4YacTOTOM
HaspiBaeTcs dddexrom [ommepa, u 3ToT >PdekT 0ObMeH aake B HAIIeW MOBCEIHEBHON >KU3HH.
[Tpucnymmaiitech K TOMY, Kak UAET MO MIOCCE MAaIIMHA: KOTJa OHA MPHUOIMKAETCs, 3BYK JIBUTATENIS BBIIIIE
(T. e. BBIIIE YacTOTAa MCITyCKAGMBIX MM 3BYKOBBIX BOJIH), a KOTJIa, ITPOEXaB MHUMO, MallliHa HadyWHACT
yIOAIATHCS, 3BYK CTAHOBUTCS Huke. CBETOBBIE BOJHBI M PATUOBOJIHBI BEAyT ce0s aHAIOTHYHBIM
obOpazom. Dddexrom Jlomaepa MTOMB3YETCS TOMUIUS, OIpPENessas H3JaIeKa CKOPOCTb JBHUKEHUS
aBTOMAIIIMH TI0 YacTOTE PAJMOCUTHAIIOB, OTPAXKAIOMIMXCS OT HUX. J[0Ka3aB, YTO CYIIECTBYIOT JIpYyTrHe
rajJakTUK{, Xa00J Bce MOCIEAYIONIME TOABI MOCBATHII COCTABICHHIO KaTajJOrOB PACCTOSHHUN IO 3THX
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TajJakTUK W HAOJIIOJIEHUIO UX CHEKTPOB. B TO BpeMs OONBIIMHCTBO YYEHBIX CUMTAIM, YTO JBHIKEHHE
rajJakTUK MPOUCXOTUT CIy4ailHBIM 00pa3oM U IMO3TOMY CIIEKTPOB, CMEIIEHHBIX B KPAacHYIO CTOpPOHY,
JOJDKHO HaOJIIOJaThCsl CTOJIBKO JK€, CKOJIBKO M CMEIIEHHBbIX B (uoneroByro. KakoBo ke ObLIO
yIOUBICHHE, KOTAAa Y OOJbIIel 4YacTH TajJaKTUK OOHApYKWJIOCh KPAacHOE CMEUICHHE CIIEKTPOB, T. €.
0Ka3aJI0Ch, YTO MOYTH BCE IaJJAKTUKU yAstoTcs oT Hac! Emie Oonee yaMBUTENBHBIM ObUIO OTKPBITHE,
omybnrkoBanHoe Xa06mom B 1929 r.: Xab061m 0OHApYXUII, UTO JIa)ke BEIMYMHA KPACHOTO CMEIICHUS HE
CllydaiiHa, a NpsAMO IPONOPLUHOHAIBHA PACCTOSHUIO OT HAC A0 TalakTHKU. VHpIMU ciioBamH, 4eM
Jajbllie HAaXOIUTCS TalaKTUKa, TeM ObICTpee OHa ynaisiercsi! A 3To 03Ha4aso, uTo Beenennas He MOXeT
OBbITh CTaTUYECKOW, KaK JyMald paHbllIe, YTO HA CaMOM [IeJi¢ OHA HENPEpBhIBHO pacUIMpsSeTCs U
paccTosiHUS MEXy TaJaKTUKaMH BCE BPEMS pacTyT.

OtkpeiTHEe pacumpstonieiics BceneHHoOM ObUIO OJHMM U3 BEJIMKUX HHTEUIEKTYalbHbBIX
IIEPEBOPOTOB JIBALIATOTO BEKA. 3aJHUM YHUCIOM Mbl MOXKEM JIMILIb YAUBIATHCS TOMY, YTO 3Ta HJEs HE
IpUILIa HUKOMY B T0JIOBY paHblle. HbIOTOH M Apyrue ydeHble NOJDKHBI ObUIM ObI COOOpa3suTh, YTO
cratnueckas BceneHHas Bckope 00s3aTelIbHO Havana Obl CKUMAThCS MOJ eiicTBUeM rpaBurtaimu. Ho
IPEANnonokuM, uto Bceenennas, HaoOopoT, pacumpsiercs. Ecau Obl pacmimpeHue MpoHCXOAMIIOo
JOCTaTOYHO MEAJICHHO, TO NOJ JEHCTBUEM IPABUTALMOHHOW CHUJIbl OHO B KOHIIE KOHLIOB ITPEKPATHIIOCH
Obl 1 nepenuio B cxarue. OAHaKo eciu Obl CKOPOCTh PACIIUPEHHs IPEBBIIIAIa HEKOTOPOE KPUTHUECKOE
3Ha4Y€HHE, TO I'PAaBUTALIMOHHOTO B3aUMOJICHCTBUS HE XBaTUJIO Obl, YTOOBI OCTAHOBUTH PACLIMpPEHHE, U
OHO MPOAOJDKAIOCH Obl BeuHO. Bce 3TO HEMHOro HAallOMHUHAET CHUTYAlLlUIO, BO3HUKAIOIIYIO, KOIJa C
MIOBEPXHOCTH 3€MJIM 3aIlyCKalOT BBEPX pPaKeTy. Eciau CKOpOCTh paKkeThl HE OYEHb BENUKA, TO H3-3a
rpaBUTAllMM OHA B KOHIIE KOHILIOB OCTAaHOBUTCS M HAa4yHET I1a/1aTh 0OpaTHO. Eciu jke CKOpOCTh pakeThl
OoJIbIIIe HEKOTOPOH KPUTHYECKOH (OKOJIO ONMHHAIIATH KWIOMETPOB B CEKYHIy), TO TPaBUTAIIMOHHAS
CUJla HE CMOXET €€ BEpHYTb, M pakera OyleT BEeYHO NpOJODKaThb CBOE [BIKEHHE OT 3eMIIH.
Pactmmipenne BceeneHHOW MOriio OBbITH MPENCKa3aHO Ha OCHOBE HBIOTOHOBCKOW TEOPUU TATOTCHUS B
XIX, XVIII u naxe B xonue XVII Bexa. Onnako Bepa B craTuueckyro BeeneHHyro Oblia CTONb BEIHKa,
4TO KMJIa B yMax elle B Hayalle Hamero Beka. Jlaxe DifHmTelH, paspadateiBas B 1915 1. o0mryro
TEOPHUI0 OTHOCUTEIBHOCTH, ObLI yBepeH B cTatuuHocTH BcenenHoit. UroObl He BcTynarh B
IIPOTUBOPEYHE CO CTAaTUUHOCTBHIO, DUHIITENH MOAU(DULIMPOBAI CBOIO TEOPUIO, BBE/IS B YpaBHEHHsI TaK
Ha3bIBAEMYI0 KOCMOJIOTUYECKYIO ITOCTOSIHHYI0. OH BBEJI HOBYIO «@HTUI'PAaBUTALIMOHHYIO» CHILY, KOTOpas
B OTVIMYME OT JPYrHX CHJ HE IMOPOXKIAIACh KAKMM-IIMOO MCTOYHUKOM, a Oblia 3ajJ0KeHa B camy
CTPYKTYPY HpPOCTPaHCTBa-BpeMEHHU. DMHIITEHH yTBEp)KAaji, YTO MPOCTPAHCTBO-BpeMs camo Mo cebe
BCErJia paclIupseTcss U ATUM pPACHIMPEHUEM TOYHO YPaBHOBELIMBACTCA NPUTSIKEHHUE BCEH OCTAJIbHOM
MaTepuu Bo BceneHHOM, Tak 4To B pe3ysbTate BeeneHHas okaspiBaercsi crarndeckoil. [lo-Bunumomy,
JIMILb OJIMH YEJOBEK IOJIHOCTHIO MOBEPWJI B OOIIYIO TEOPUIO OTHOCHUTEIBHOCTH: MOKa DWHIITEHH U
apyrue (U3MKU AyMald Haja TeM, Kak OOOWTH HECTaTHYHOCTh BceneHHOH, mpecka3biBaeMyro 3TOH
TeopueH, pycckuit pusuk u MateMaTuk A. A. @puamMan, HA000POT, 3aHSIICS €€ 00BICHEHUEM.

@puamaH caenal J1Ba O4EHb IPOCTBIX HCXOAHBIX INPEANOIOKEHHUS: BO-NEPBbIX, BceneHHas
BBITJISIAUT OJIMHAKOBO, B KAaKOM Obl HAampaBiI€HUMM Mbl €€ HM HaOMIOJaid, M BO-BTOPBIX, 3TO
YTBEP)KJCHHE JOJDKHO OCTaBaThCs CIPaBeUIMBBIM M B TOM cCllydae, €clid Obl Mbl MPOM3BOJIWIN
Ha0JII0/IeHUs1 U3 KaKoro-HuOyab Apyroro Mecra. He mpuberast HU K KakUM JIPYTUM MIPEIIIOJI0KEHUSIM,
@®puamMan nokasan, uto BeeneHHas He nomkHa ObITh cratmueckoil. B 1922 r., 3a HeckonbKo JIeT 110
oTkpbITUst Xab0ma, puaman B TOYHOCTH TIPEACKA3AI €ro pe3ynbTar!

[Ipennonoxenne 00 OJMHAKOBOCTH BceneHHOM BO Bcex HampaBleHMSX Ha caMoM Jiene,
KOHEYHO, He BbINoJHsAeTcs. Kak Mbl, Hampumep, yke 3HaeM, Apyrue 3Be3/lbl B Hamie ['amaktuke
00pa3yIOT YEeTKO BBIJEISAIOUIYIOCS CBETIIYIO MOJIOCY, KOTOpask UIET 10 BceMy HeOy HOUbl0 — MIleuHbIi
[Iyts. Ho ecnu roBoputh O JajieKUX TajlaKTUKax, TO UX YUCJIO BO BCEX HAIPaBJICHUSX MPUMEPHO
onuHakoBo. CienoBarenbHO, BceneHHass JOEHCTBUTENBHO <«IIPUMEPHO» OJMHAKOBA BO BCEX
HalpaBJIEHUSAX — MpU HAOJMIOJIEHUU B MacuiTade, OOJBIIOM MO CPAaBHEHUIO C PACCTOSHUEM MEXKAY
rajJJakTHKaMH, KOTJja 0OTOpachIBalOTCs MeTKOMAcCIITaOHbIE pa3IHyusl.

Jlonroe Bpemsi 3TO OBLJIO €IMHCTBEHHBIM 00OCHOBaHMEM rumnote3sl Opuamana Kak «rpyooro»
npubnmxenuss K peanpHoi Bceenennoil. Ho motom mo HekoeW CiydallHOCTH BBIICHWIIOCH, YTO
rurnore3a @puamMaHa U B caMOM JeJie JaeT yAUBUTEIBHO TOYHOE ONMCaHKe Halel BeeneHHou.

B 1965 r. aBa amepuxanckux ¢usuka, ApHo Ilensmac u PobGept Buibcon, paboraBmux Ha
¢upme Bell Laboratories B mT. Hblo-J[>kepcu, HWCHOBITHIBAIM OY€Hb  YYBCTBUTEIbHBIN
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«MHKPOBOJIHOBBIN», T. €. cBepXxBbhicokouacToTHBIA (CBY), nerexktop. (MUKpPOBOIHBI — 3TO TO K€, YTO
Y CBETOBBIC BOJIHBI, HO MX YaCTOTa BCETO JIMIIb JIECATh THICSIY MUJUIMOHOB BOJIH B CeKyHY). [len3uac
1 BUJIBCOH 3aMeTWIH, YTO ypOBEHb IIymMa, PETUCTPUPYEMOTO MX JETEKTOPOM, BBILIE, YEM JOJIKHO
OBITh. DTOT LIYyM HE OB HANIPABICHHBIM, IPUXO/AIINM C KaKOW-TO ONpeAeTeHHO croponbl. CHavyana
Ha3BaHHbIE UCCIIEIOBATENIM OOHAPYKUJIM B IETEKTOPE NTUYUIN MMOMET U MBITATUCH OOBSICHUTD YPQEKT
JOPYTUMH TIPUYMHAMH TOAO0HOTO pPOJa, HO TOTOM BCe Takue «(hakTopbD» ObuIM HCKItOYeHbl. OHU
3HANK, YTO JIIOOOM ILIyM, MPHUXOASIIMN U3 aTMoc(depsl, Bceraa cujibHee HE TOrja, Korja JIETEKTOp
HAINPABJIEH MPSAMO BBEPX, & KOTJ1a OH HAKJIIOHEH, IOTOMY YTO JIy4d CBETa, UAYUIME U3-3a TOPU30HTA,
MIPOXOJIAT Uepe3 3HAUUTEIbHO O0Jiee TOJCThIE clIoU aTMoc(hepshl, YeM JIydH, MOMaJaroliie B IETEKTOp
psIMO CBEpXY. «JIMIIHMINY) ke IIyM OJMHAKOB, KyJa Obl HU HaIpaBJATh JIeTeKTop. CleaoBarenbHO,
MCTOYHUK ITyMa JIOJDKEH HaXOIUThCs 3a mnpeaenamu arMocdepsl. 1llym Obl1 0OMMHAKOBBIM U JHEM, U
HOYBI0, ¥ BOOOIIEC B TEYCHHE r0Jia, HECMOTPS HA TO 4YTO 3eMJIs BpaIllaeTcsi BOKPYr CBOEH OCU U
MIPOJIOJKAET CBOE BpauieHue BOKpyr CosHua. 9To 03Ha4yasno, YTO UCTOYHHUK M3JTYyYEHUs] HAXOAUTCS 3a
npenernamu CONTHEYHOW CHCTEMBI M JJaKe 3a Mpenenamu Haield [anakTuku, 100 B IPOTUBHOM CIIy4ae
WHTEHCUBHOCTh M3JIyYE€HUS HM3MEHsUIach Obl, MOCKOJIBKY B CBSI3M C JBIJKEHHEM 3€MIIU JIETEKTOP
MEHSIET CBOIO OpHUEHTauu0. Kak Mbl 3HaeM, MO IMyTH K HAM HU3JIy4YECHHUE MPOXOIUT MOYTH YEPE3 BCIO
Habmonaemyo Beenennyro. Konb ckopo ke OHO OJMHAKOBO BO BCEX HANpaBIEHUSX, TO, 3HAUMT, U
cama Bcenennas oqrHaKkoBa BO BCEX HAlpaBJICHUSX, IO KpaiiHel mepe B KpynHoM MacmTabe. Teneps
HaM M3BECTHO, YTO, B KakOM Obl HAampaBiICHUMH Mbl HU MTPOU3BOIIIN HAOMIOJEHUS, STOT IIYM
M3MEHsIeTC He OoJibllie, YeM Ha OJHY JecATUThicsuHyro. Tak [lensmac m BunbcoH, HHYEro He
M0A03peBasi, 1ajli yAUBUTEIBHO TOYHOE MTOATBEPKAECHUE IEPBOT0 Npeanonoxenus Opuamana.

[TpuOmu3nuTeNbHO B 3TO JK€ BpEMsl JBa aMEPUKAHCKUX (M3MKA W3 PACIOJIOKEHHOTO I10
cocenctBy IlpuncToHckoro yHuBepcurera, bo6 J[ukke u Jlxum I[lubnc, Toxke 3aHMMATUCh
uccaeaoBaHueM MUKpoBoJiH. OHU MpoBepsuH mpeanoioxenue Jxopmka 'amoBa (ObIBIIIEro yueHHUKA
A. A. ®puamana) o ToMm, 4yTO paHHAs BceneHHas Oblla OYEHb TOpSAYCH, TUIOTHOH W pacKajeHHOMN
nobena. lukke u [1ubic BbICKa3ayiid Ty MBICIb, YTO MBI MOXKEM BHJIETh CBEUCHUE paHHEW Bceenennoi,
nb0 CBET, UCIYIIEHHBIM OYEHb JAIEKUMU €€ O0JIacTsMHU, MOT Obl JIONTH 10 Hac TOJbKO ceivac. Ho
M3-3a pacmmpenusi BeceneHHoM KpacHOe CMEIeHne CBETOBOTO CIEKTPa JOJDKHO OBITh TaK BEJIMKO, YTO
JOLIEAIUNA A0 Hac cBeT OymeT yxe MHUKpoBONHOBBEIM (CBY) wuznyuenuem. [dukke u [lubic
TOTOBWIKCH K TOUCKY Takoro usiyudeHus, korga [lensmac m Bunibcon, y3naB o pabore [ukke u
[Mubnca, coobpazunyu, 4TO OHU €ro yXe HalUIH. 3a 3TOT dkcrmepuMeHT [lensmac u Buibcon Obuin
ynoctoenbl HoGeneBckor mpemuu 1978 1. (UTO OBLJIO HE COBCEM CIPABEIJIUBO, €CJIIM BCIIOMHHUTH O
Hukxke u [Tubnce, He roBops yxe o 'amose!).

[IpaBna, Ha mepBbIA B3TIsAA, TOT (akT, yTo BceneHHas kaxeTcss HaM OJIMHAKOBOM BO BCEX
HAIPABJIEHUAX, MOKET TOBOPUTH O KAKOK-TO BBIJIECJIEHHOCTH HAIIETO MECTONOJIOKEHUS BO BeeneHHom.
B wactHocTH, pa3 MBI BUAMM, YTO BCE OCTAJbHBIC TaJaKTUKH YHAISIOTCA OT HAC, 3HAYUT, MBI
HaxoauMmcs B 1eHTpe Bcenennoit. Ho ecte u apyroe oObscHenue: BceneHHas OyneT BBITJISAETH
OJIMHAKOBO BO BCEX HANPABJICHHUSIX U B TOM Cllydae, €CJIM CMOTPETh Ha HEE U3 KaKOW-HUOYAb IPYyroi
TIAKTUKH. JTO, KaK Mbl 3HaeM, BTopas runoreza Opuamana. Y Hac HET HAyYHbBIX JOBOJIOB HU 3a, HU
MPOTHB ATOTO MPEATONOKEHHS, U Mbl TIPUHSIJIN €ro, TaK CKa3aTh, U3 CKPOMHOCTH: ObUTO OBl KpaiiHe
CTpaHHO, eciu Obl BeceneHHas ka3zajgach OAMHAKOBOW BO BCEX HAMpaBIEHHUSIX TOJIBKO BOKPYT Hac, a B
IPYTUX ee Toukax 3Toro He Obuio! B monmenu @puamana Bce TalakTUKH YIAISIOTCS APYT OT JApyra.
OT10 Bpoae Obl Kak HAAYTHIA MIAPUK, HA KOTOPBIA HAHECEHBI TOYKH, €CIIM €ro Bce OOJbllle HAAYyBaTh.
Paccrosinne Mexay mOOBIMH JIBYMsI TOUKaMU YBEJIUYHBAETCS, HO HU OJIHY M3 HUX HEIIb3sl Ha3BaTh
1eHTpoM pacmupenus. [Iputom yem OoJbllle pacCTOSHUE MEXAY TOYKAMH, T€M OBICTpee OHU
yAQISIOTCS Ipyr oT apyra. Ho m B Mmomenn @puamana CKOPOCTh, ¢ KOTOPOU JIFOOBIE JIBE TalaKTHKH
YIAISIOTCS IPYT OT APYyra, MPOMOPIIMOHATbHA PACCTOSIHUIO MEXAY HUMH. Takum oOpazoMm, MOJEThb
Opunamana TpencKa3blBaeT, YTO KPACHOE CMEMICHWE TaJaKTUKU JOJDKHO OBITh  MPSMO
MIPOTOPIIMOHANIEHO €€ YAAIEHHOCTH OT Hac, B TOYHOM COOTBETCTBUU C OTKphITHEM Xab0sa. Hecmotps
Ha ycrex 3TOW MOJIEH U Ha corjlacue ee MpejcKa3aHuil ¢ HaomoaeHussMu Xab0ma, padora @punmana
ocTaBajach HeM3BeCcTHOW Ha 3amaze, u numb B 1935 r. amepukanckuii pusuk ['oBapa PobGeprcon u
aHTTUICKUN MaTeMaTuK ApTyp Y olKep MpeaaoKuiIu CX0IHbIE MOJIETH B CBSI3U C OTKphITHEM Xab0:a.
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Cam @puamaH paccMaTpUBall TOJIBKO OJHY MOJIEIb, HO MOYKHO YKa3aTh TPH pa3Hble MOJEIH, /s
KOTOPBIX BBINOJHAIOTCA 00a (yHIaMEeHTaIbHBIX Ipeanonoxenus Opuamana. B mozenu nepsoro tuna
(otkpbITOM camum @puamanom) BceeneHHast pacumpsieTcs AOCTATOYHO MEJIEHHO JJIi TOro, 4ToObl B
CWJIy TPAaBUTAllMOHHOIO IPUTSHKCHUS MEXKIy pa3IMYHbIMU TajJaKTHMKaMM pacluupeHue BceneHHoin
3aMeIUIIIOCh M B KOHIIE KOHIIOB INpeKpamanock. [lociae 3TOro rajakTHKH HAYWHAIOT MPUOIMKATHCS
IpyT K apyry, u Beenennas HaunHaer cxumarbes. Ha puc. 3.2 noka3aHo, Kak MEHSETCSl CO BPEMEHEM
paccTosiHie MEXy ABYMS COCEHUMH rajaktukaMu. OHO BO3pacTaeT OT HYJs J0 HEKOEro MakCUMyMa,
a MOTOM OIATh MaJaeT A0 HyJsl. B Moxenu BTOpOro tumna pacimmpeHue BceeneHHOM NpOMCXOOUT Tak
OBICTPO, YTO I'PAaBUTALIMOHHOE MPUTSHKEHUE XOTh U 3aMEJISIET pacIliipeHne, HE MOXKET €ro OCTAHOBUTD.
Ha puc. 3.3 nmokaszaHo, Kak HM3MEHSETCSI B dTOW MOJAEIM PACCTOSHUE MEXIy ranakThukamu. Kpupas
BBIXOJIUT U3 HYJIS, @ B KOHIE KOHIOB TaJIaKTUKHU YAAISIOTCS APYT OT JIpyra ¢ MOCTOSTHHON CKOPOCTBIO.
Ectb, HakOHEL, ¥ MOJIENIb TPETHETO TUIA, B KOTOPOU CKOPOCTh PacIIMpeHNsl BeceneHHON TOIbKO-TOIBKO
JOCTaTOYHAa JJIsl TOr0, YTOOBI N30€KaTh CXKATHsL 10 HYJIA (Kosuiamnca). B aTom ciyyae paccTosiHEE MEXTY
raJakTHKaMM TOXe CHauyasla paBHO HyIto (puc. 3.4), a HOTOM Bce BpeMs BozpacTaet. [IpaBaa, rajgakTuku
«pa30eraroTcs» BCe C MEHbIIEH U MEHbLIEH CKOPOCThIO, HO OHA HUKOTI/Ia HE Ma/1aeT 10 HYJIS.

Mogens @puamana nepBoro TUNa yAMBHUTENIbHA TeM, 4To B Hell BceneHnHas He OeckoHeuHa B
MIPOCTPAHCTBE, XOTSA MPOCTPAHCTBO HE HMEET TIpaHull. ['paBUTalMsl HACTOJBKO CHJIbHA, 4YTO
MIPOCTPAHCTBO, UCKPUBIISSICh, 3aMBIKAETCSI C CAMUM cO00H, yrno00issCh 3eMHOM noBepXHOCTH. Benp,
MepeMelasch B ONPEIEICHHOM HANpaBICHUH MO MOBEPXHOCTU 3€MJIM, Bbl HUKOI/Ia HE HATOJIKHETECH
Ha a0COJIIOTHO HEMPEOJOIMMYIO Tperpaay, He BBIBAJIMTECh Yepe3 Kpail U B KOHIIE KOHIIOB BEPHETECH B
Ty )€ CaMyl TOYKYy, OTKyJa BbIIUIM. B mepBoil Mogenn ®pujaMaHa NpOCTPAHCTBO TaKOE K€, HO
TOJIBKO BMECTO JIBYX U3MEPEHMI, TIOBEPXHOCTh 3EMJIM UMEET TpU U3MepeHus. UeTBepToe U3MEpeHue,
BpeMs, TOXE HMEET KOHEUHYI0 NPOTSKEHHOCTb, HO OHO MOJOOHO OTPE3Ky MPAMOH, MMEIOIIEMY
Havajio M KoHel. [IoTOM MBI yBHJIUM, YTO €ClIM OOIIYI0 TEOPUI0 OTHOCHUTEIBHOCTH OOBETUHHUTH C
KBaHTOBO-MEXaHUYECKUM MPUHLUIIOM HEOIPEAEICHHOCTH, TO OKAaXXETCS, YTO W IMPOCTPAHCTBO, U
BpeMs MOT'YT ObITh KOHEUHBIMHU, HE UMEsI IIPH 3TOM HH KpaeB, HU TPAHUILL.

MBEICITB O TOM, YTO MOYKHO 000WTH BOKpYT BceneHHOM 1 BEpHYTHCS B TO K€ MECTO, TOJUTCS TS
Hay4YHOH (haHTACTUKH, HO HE UMEET NMPAKTUUYECKOT0 3HaYeHus1, MO0, KaKk MOKHO TOKa3aTh, Beenennas
ycrmeeTr cXarbcsd 1O HyJs A0 OKOHYaHHMs 00xona. YUToObl BEepHYTbCS B MCXOJIHYIO TOUYKY IO
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HAacTyIUIeHHs] KOHLA BceneHHOH, mpuuuioch Obl NMEpEeIBUIaThCs CO CKOPOCTBIO, IPEBBIIIAIOIIEH
CKOpPOCTb CBETA, @ 3TO HEBO3MOXHO!

B mepmoit Momenmm @Ppuamana (B koTopoi BcemeHHas pacmupsieTcs W COKUMAETCA)
MIPOCTPAHCTBO MCKPHBIISETCS, 3aMBIKasACh caMo Ha ce0s, KaK MOBEPXHOCTh 3eMin. [loaTomy pazmepst
ero KoHeuHbl. Bo Bropoil ke Mojenu, B KoTopod BceneHnnas pacumpsiercd O€CKOHEUHO,
MPOCTPAHCTBO HMCKPUBJICHO MHAYe, KaK MOBEPXHOCTh cemia. Takum o0pa3oM, BO BTOPOM Cllydae
npocTpaHcTBo OeckoHeyHo. Hakonen, B Tperbeil Monenn ®dpuamana (¢ KpUTHUECKOH CKOPOCTHIO
pacipeHus) IpOCTPAHCTBO MIIOCKOE (U, CIEI0BATENBHO, TOKE OECKOHEYHOE).

Ho xakas xe w3 mogmenedt @dpuamana rogutca mis Hamed Bceenennoit? Ilepectaner i
Bcenennas HakOHEIl pacIMPSATHCS U HAYHET COKMMATBCS WM Ke OyIeT pacimpsaThest Be4HO? UToObI
OTBETUTHb Ha 3TOT BOIPOC, HYKHO 3HAaTh HBIHEUIHIOIO CKOPOCTh pacuiMpeHus BceneHHonl u ee
CPEJHIOI0 TUIOTHOCTh. ECiN MIIOTHOCTh MEHBIIIE HEKOTOPOTO KPUTHUECKOIO 3HAUEHHUS, 3aBUCSILErO OT
CKOpPOCTH PAaCIIMPEHHUs, TO TPABUTALMOHHOE MPUTSHKEHNE OyIEeT CIUIIKOM Majlo, YTOObI OCTAHOBUTD
pacmpenue. Eciu ke mIoTHOCTH 0OJbllle KPUTHUYECKOH, TO B KaKOW-TO MOMEHT B OyaylleM H3-3a
I'PaBUTALMU paclIMpeHne BCeneHHON NpeKpaTUTCs U HAYHETCs CKATHE.

CeroHALIHIO CKOPOCTh paciupeHus BeeneHHoil MOXKHO ompeaenuTs, u3mepss (mo 3¢ dexry
Jloruiepa) CKOpOCTH yAalleHUsl OT Hac JPYTrux ralnakTuk. Takue u3MepeHus MOXKHO BBIIOJHUTH OYEHb
TouHO. Ho paccTosiHus 10 APYrux rajakTHK HaM IUI0XO U3BECTHBI, IOTOMY YTO MX HEJIb3Sl U3MEPUTH
HENOCPEACTBEHHO. MBI 3HaeM Jiniib, YTO BceeneHHas pacmmpsercs 3a KaKAYH ThICAYYy MUJLIMOHOB
net Ha 5-10%. OqHako HeonmpeaeIeHHOCTh B COBPEMEHHOM 3HAUYCHUM CpeHEN IToTHOCTU BeenenHoi
eme Oombiue. Eciin cnouTh Macchl Bcex HaOJIrOAaeMbIX 3BE3/ B Halled M JAPYrux TajlakTHKax, TO
JaXKe IpU CaMOM HU3KOW OLICHKE CKOPOCTH PACIIMPEHHUs CyMMa OKaKeTCsl MEHbBIIIE OAHOW COTOU TOMN
IUIOTHOCTH, KOTOpasi He0OXo1uMa Ui Toro, 4ToObl paciupenue Beenennoii npekpatuiock. O1HaKo u
B Halllel, U B JIPYI'UX rajakTHUKaxX JOHKHO ObITh MHOIO TEMHOW MAaTE€pHH, KOTOPYIO HENb3sl BUJIETh
HENOCPEACTBEHHO, HO O CYIIECTBOBAaHMU KOTOPOM MBI Y3HAaeM IIO TOMY, KaK €€ I'DaBUTAllMOHHOE
INPUTSDKEHUE BIMSET HAa OpOUTHI 3Be3]l B rajakrukax. Kpome TOro, rajakTMku B OCHOBHOM
HaOJII0AaI0TCs B BUJE CKOIJICHUH, M MBI MOXKEM aHaJOIMYHBIM 00pa30M CjeaTh BBIBOJ O HAJIHMYUU
eme OOJNBIIETO KOJMYECTBA MEXKTATaKTHUECKOW TEMHOH MAaTepuH BHYTPH O3THUX CKOIUICHUH,
BIIUSIOLIETO Ha JBMKEHHE ranakTUK. CII0)KUB MacCy BCE TEMHON MaTEpUH, MBI IIOJIYYUM JIMIIb OJHY
JECATYI0 TOTO KOJIMYECTBA, KOTOPOE HEOOXOAMMO MJisi THpeKpamieHus pacmupenus. Ho Hemb3s
UCKJIIOUYUTh BO3MOXHOCTb CYIIECTBOBAHHS M KakKOW-TO JApYyroil ¢opmbl Marepuu, pacnpereneHHON
paBHOMEpHO 10 Bcell BceneHHON M emie He 3aperucTpUpOBAaHHOM, KOTOpas Moria Obl J10BECTH
CPeAHIOI IUIOTHOCTh BcCeneHHON 10 KpUTHUECKOro 3HaueHHs, HEOOXOAMMOIo, 4TOObl OCTAHOBUTH
pacmpenue. Takum 00pa3oM, UMEIOLIUECS JaHHbBIE TOBOPAT O TOM, YTO BcenenHas, BepoaTHo, Oyaer
pacimpsAThCS BeyHO. ENMHCTBEHHOE, B YeM MOXHO OBITh COBEPIIEHHO YBEPEHHBIM, TaK 3TO B TOM, UTO
eciin ckatue BcerneHHON Bce-TakM NMPOM30MIET, TO HUKAK HE paHbllle, YeM 4Yepe3 JAECATb ThICSIY
MUWJIJIMOHOB JIET, H0O MO KpaiiHel Mepe CTOJIbKO BpEMEHM OHa Yxe pacmupsiercs. Ho 3To He 10mkHO
Hac CJMIIKOM CHUJIBHO TPEBOXHTb: K TOMY BPEMEHM, €CIM Mbl HE IepeceluMcs 3a Ipeaessl
ConHeuHOM cuCTEeMBI, 4eJI0BEUYECTBA JIaBHO YK€ He OyzeT — oHo yracHeT BMecte ¢ ConHuem!

Bce BapuanTtel Mosienu @pupMaHa UMEIOT TO O0IIee, YTO B KAKOW-TO MOMEHT BPEMEHH B IPOLLIOM
(mecsATb-IBAALATh THICAY MMUJUIMOHOB JIET HA3aJl) PACCTOSHUE MEXIy COCEIHUMHU TalTaKTHKAMH JIOJDKHO
OBbUIO PAaBHATHCA HYIIO. B 3TOT MOMEHT, KOTOPBII Ha3bIBaeTCs OOJIBIIMM B3pBIBOM, INIOTHOCTH BeenenHoi
Y KpMBU3HA IIPOCTPAHCTBA-BPEMEHH JIOJKHBI ObUTH ObITH OECKOHEUHBIMH.

[Tockonpky MaTeMaTHKH peEaTbHO HE YMEIOT o0pamarbcss ¢ OECKOHEYHO OOJBITUMU
BEJIMYMHAMH, 3TO 03HAYAET, YTO, COrJIACHO O0IIeil TEOPHUH OTHOCUTEIBHOCTH (Ha KOTOPOH OCHOBAHbI
pemenus @punmana), Bo BeeneHHoN H0KHA OBITH TOUKA, B KOTOPOM caMa 3Ta Teopus HETPUMEHUMA.
Takass Touka B MaTeMaTHKe Ha3bIBaeTcsi 0co0oil (cuHrymspHoil). Bce Hamm HayuyHble TEOpPHH
OCHOBaHblI Ha MPEJIOJIOKEHNUU, YTO MPOCTPAHCTBO-BpEMS IJIaJIKOE€ U MOYTH IUIOCKOE, a MOTOMY BCe
3TH TEOPHUHM HEBEPHbl B CHHIYJISPHOM TOuke OOJBIIOr0 B3phIBA, B KOTOPOH KpUBU3HA
MPOCTPaHCTBa-BpeMeHN OeckoHeuHa. CremoBaTeNbHO, Jake ecli Obl mepes OONBIINM B3PBIBOM
MIPOUCXOJIMIINA KaKue-HUOYAb COOBITHSI, TI0 HUM HeNb3sl ObUIO OBl CIIPOrHO3UPOBATh OyayIlee, TaKk Kak
B TOYKE OOJBIIOTO B3pbIBA BO3MOXKHOCTU MPEICKA3aHUs CBEIHMCH Obl K HYMIO. TOYHO Tak ke, 3Has
TOJILKO TO, YTO MPOU3OILIO IOce OOJIBIIOro B3phiBa (2 MBI 3HAEM TOJBKO 3TO), MBI HE CMOXKEM
y3HaTh, YTO MPOUCXOUI0 A0 Hero. CoOBITHS, KOTOPbIE MPOU3OLULIN 10 OOJBIIOrO B3pbIBA, HE MOTYT
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MMETh HUKAaKUX MOCJEACTBUM, KacarolIMXCs HAc, U MOITOMY HE JOJDKHBI (UTYypHUpOBaTh B HAyYHOU
Mozenu Beenennoil. CnenoBarenbHO, HYKHO UCKIIOYUTh UX U3 MOJENIN M CUUTATh HadaJloOM OTCUETa
BPEMEHH MOMEHT OO0JIBILIOTO B3PHIBA.

MBICITE O TOM, YTO y BpeMeHH ObLIO Hayajo, MHOTUM HE HPABHUTCS, BO3MOXKHO, TEM, YTO B HEH
€CThb HaMEK Ha BMELIaTeJIbCTBO O0KecTBEHHbIX cuil. (B To ke Bpems 3a mMojenb OOJNBIIOrO B3pbIBa
yxBaTmiach Karommueckas LlepkoBs u B 1951 r. odunmansHo MpoBO3riacuiia, 4TO MOJENb OOIBIIOTO
B3pbIBa corjacyercss ¢ bubnueit). B cBsi3u ¢ 3TUM U3BECTHO HECKOJBKO IMOIBITOK OOOHTHCH 0e3
Oonbioro B3pbiBa. Hambonblyro MOAMEpKKY MOMy4ria MOJENh CTannoHapHoW Bcenennoil. Ee
aBropamu B 1948 r. 6puti X. bonau u T. 'oyna, O6exaBiime U3 OKKyIMMPOBAHHOW HAIMCTaMU ABCTpUH,
u anrnmyanuH @. Xoii, KOTOphIi BO BpeMsl BOMHBI padoTall ¢ HUIMHU HaJ| TpobaeMoid paguonokanuu. Mx
ujes COCTOsUIa B TOM, YTO IO Mepe pa30eraHus rajakTUK Ha OCBOOOJIUBIIMXCS MECTaX U3 HOBOIO
HENPEPHIBHO POKIAIOIIEIOCs BELIECTBA BCE BpeMsl 0Opa3yroTcsl HOBble rajmakTHKH. CienoBarenbHO,
Bcenennas nomkHa BBITIAETh NPUMEPHO OJAMHAKOBO BO BCE MOMEHTHI BPEMEHHM M BO BCEX TOUYKAX
npocrpancTBa. KoOHEUHO, /Il HENPEPHIBHOIO «TBOPEHMS» BELIECTBa TpedoBanach HEKOTOpas
MouUKaUs TEOPUH OTHOCUTEIBHOCTH, HO HY)KHAsi CKOPOCTb TBOPEHHMSI OKa3bIBajach CTOJIb MaJlOi
(omHa yacTMIia HAa KyOWYeCKMH KWJIOMETP B TOA), YTO HE BO3HUKAIO HHUKAKUX IMPOTHBOPEYHil C
skcriepuMeHToM. CTanmoHapHast MOJIEb — 3TO PUMEP XOPOIIEH HaAyYHON TEOPUH B CMBICIIE KPUTEPUEB
rIaBbl 1: OoHa mpocras M JAeT ONpelesICHHbIE IPEJICKa3aHUsl, KOTOPbIE MOXHO IPOBEPSTH IyTEM
Habmoaenuit. OTHO U3 ee MpeCcKa3aHUi TAKOBO: JOHKHO OBITh MOCTOSIHHBIM YUCIIO TAJIAKTUK U APYTUX
AHAJOTUYHBIX OOBEKTOB B JIFOOOM 33JJaHHOM 00bEME MPOCTPAHCTBA HE3ABUCUMO OT TOT'O, KOT/Ia H TJIE BO
Bcenennoit mnpousBogsTrcs Habmogenus. B konme 50-x-Hadane 60-X TOIOB acTPOHOMBI U3
Kem0Opumxckoro ynusepcutera noJ pykoBoactBoM M. Paiina (KoTopblii BO BpeMsi BOMHBI BMECTE C
bonnu, T'oynmom u XoWiaoM Toxe 3aHUMANCS Pa3pabOTKOM paJMOJIOKAIMHM) COCTAaBWIIM KaTajior
WCTOYHHKOB PAIUOBOJNH, TNPHXOIINX W3 BHEIIHErO NPOCTPAHCTBA. OTa KEMOPWDKCKAs TpyIIa
Mokaszana, 4ro OoJblasi 4acTh 3TUX PAAMOMCTOYHUKOB JOJDKHA HAXOIWTHCS BHE Haiueid [ amakTuku
(MHOTME UCTOYHHUKHU MOXKHO OBUIO OTOXKAECTBUTH AAXKE C JAPYIMMHU TajlakTUKaMHU) U, KPOME TOro, YTO
clabbIX MCTOYHHMKOB TOpa3io Oofblie, yeM CUIbHBIX. Crnabble MCTOYHMKH HWHTEPIPETUPOBAIUCH KaK
Oollee ymajeHHBIE, a CWIIBHBIC — KaK Te, YTO HaxozsTcs Omke. [lanee, oka3anock, 4TO YHCIO OOBIYHBIX
HCTOYHUKOB B €IMHUIIE 00beMa B yAaJCHHBIX 00acTsAX 0oJbIle, 4eM BOIU3U. ITO MOIJIO 03HAYaTh, YTO
Mbl HaxoJUMCsl B LIEHTpe OrpoMHOI oOiactu BceneHHOH, B KOTOpOW MEHbIIE HMCTOYHHUKOB, YEM B
apyrux mecrax. Ho, Bo3M0OxHO, ObIIO M Jpyroe 0ObsICHEHHE: B MPOIIJIOM, KOTAa PaIMOBOIHBI Hayallld
CBOM TyTh K HaM, HCTOYHHUKOB ObUIO OoJibie, yeM ceiyac. O0a 3T OOBSICHEHHs MPOTHUBOpEUAT
IIPECKa3aHusAM Teopuu cranvoHapHol Bceenennoil. Kpome TOro, MHKpOBOJHOBOE H3JIy4€HHUE,
oOHapyxxeHHoe B 1965 r. Ilensmacom u BunbcoHOM, TOXe yKa3blBaJlo Ha OOJBIIYIO IUJIOTHOCTH
BceneHnHoii B poIIIoM, ¥ IO3TOMY OT MOJIENIN CTALIMOHAPHOM BceneHHoM NpHUIIIoCh OTKa3aThCs.

B 1963 r. nBa coBerckux ¢usuka, E. M. Jlupmmn nu WM. M. XanaTHukoB, cAelanu €ie OJIHY
MOMBITKY MCKIIIOYUTH OONBLIOW B3pBIB, @ ¢ HUM M Hayajgo BpeMeHH. Jludummn m XamaTHUKOB
BBICKA3aJIU MPEIOI0KEHUE, YTO OOJIBIION B3phIB — 0COOCHHOCTH UL Mojenelt dpuamana, KOTopbie
B KOHIIE KOHIIOB JAl0T JIUIIb MPUOIMKEHHOE ONUcaHue peaiabHoi Beenennoii. He uckmoueno, uro u3
BCEX MOJeNel, B KaKOW-TO Mepe ONHMCHIBAIOIIMX CYIIECTBYIOUIYI0O BcelleHHyt0, CHHTYISpHOCTH B
TOUKe OOJIBIIOrO B3pbIBa BO3HUKAeT TOJbKO B Mozensx Ppuamana. CorimacHo Ppuamany, Bce
TaJJaKTUKHU YAAISIOTCS B IPSIMOM HampaBiI€HUHM IPYr OT Apyra, U MOITOMY BCE OHM HaXOJWIHCh B
onHOM MecTe. OHAKO B pealbHO CYILECTBYHOLIEH BCelleHHOHN rajakTUKM HUKOIZA HE PACXOIATCS
TOYHO MO NPSIMOM: OOBIYHO Y HUX €CTh €Ille U HEOOJbIINE COCTABISAIONINE CKOPOCTH, HAIIPABJIEHHBIE
nox yrioM. [loaToMy Ha camMoOM Jelle TajJakTUKaM HE HY)KHO HaXOAWTHCS TOYHO B OJHOM MECTE —
JIOCTaTOYHO, YTOOBI OHM OBUIM PACIOJIOKEHBI OYeHb OJU3KO Apyr K Jpyry. Torna HbeIHEUIHss
pacumpsitonasics BcenenHas Moriia BO3HMKHYTh HE B CHHTYJISIDHOW TOYKe OOJBIIOrO B3pHIBA, a Ha
KakoW-HuOyAb OoJee paHHel (aze cHkaTus; MOXKET ObITh, IPU CXKATUHU BCENeHHOH CTONKHYINUCH APYT
C Apyrom He Bce yacTuipl. Kakas-To 101 MX MOIJIa MPOJIETETh MUMO JPYT Apyra U CHOBAa Pa30WTUCH
B pa3HbIe CTOPOHBI, B pe3yJIbTaTe Yero U MpOUCXOoaUT HaboaeMoe ceifuac pacurpenue BeeneHHOM.
Kak Tornma ompenenutb, Obl1 M HayasioM Bcenennoii Oosnbinoil B3peiB? Jludmmn u XamaTHUKOB
3aHSUTUCh U3yYEHUEM MOJIeNel, KOTOphle B 00IMX yepTax Obuid Obl MOXO0KHU Ha Mojenu dpuamana,
HO OTJIMYAJHCh OT (PPUAMAHOBCKHX TEM, YTO B HUX YUHUTHIBAJIHCH HEPETYISIPHOCTH M CIy4YaiHbIH
XapakTep peadbHBbIX CKOpPOCTEeW ramakTuk Bo Bcemennoit. B pesynprate Jlndmmi n XamaTHUKOB
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MOKa3ajii, 4TO B TAKMX MOJEJSAX OOJBIION B3PHIB MOT ObITh HauajaoM BceneHHol Jaxke B TOM ciyuae,
€CIIM TaJaKTUKUA HE BCErja pa30eraroTcst Mo MPsIMOM, MO 3TO MOTJIO BBIMOJIHSATHCS JIUIIb Ui OYEHBb
OTPaHUYEHHOTO Kpyra Mojejeil, B KOTOpPhIX ABM)KCHHE TaJlaKTUK IPOUCXOJIUT OIpeaeIeHHBIM
obpazom. Ilockonmpky >xe Mojenel (GPUIMAHOBCKOTO THIIA, HE COJEPKAlIMX OOJBINON B3pHIB,
OeckoHeyHO Oouiblle, YeM TeX, KOTOpbIe COJAEpKaT TaKyl CHUHTYJISPHOCTH, Jludumun u XanaTHUKOB
yTBEPIKJalli, YTO Ha CaMOM Jiejie 0OJibIIoro B3phiBa He ObU10. OIHAKO MO3/HEE OHU HAILIU ropaszio
Oornee oOmmil kimacc monenel (GppuAMAHOBCKOTO THIMA, KOTOPBIE COJEP)KAT CHHIYISIPHOCTH U B
KOTOPBIX BOBCE HE TpeOyeTcs, YTOOBI TaIAKTUKH JIBUTAIMCH KaKMM-TO 0cOObIM oOpa3om. [Toatomy B
1970 r. JIudpmmi n XalaTHUKOB OTKA3aJIUCh OT CBOCH TCOPHH.

Tem HEe MeHee UX paboTa MMeIa OYCHb BaXKHOE 3HAYCHHE, MO0 MOKa3alia, 9To €CIIM BepHa 00Ias
Teopusi OTHOCUTENIbHOCTHU, TO Bcenennas moria uMmerb ocoOyro TOuKy, Oonblioil B3pbiB. Ho aTa
paboTa He JaBaja OTBETa Ha TJIABHBIN BOMPOC: CIEAYET JIM U3 00IIeH TEOPHUH OTHOCUTEIBHOCTH, YTO Y
Bcenennoli 1omkHO OBUTO OBITH HAYajao BpeMEHHM — OOJbIION B3pbIB? OTBET HA ATOT BOMPOC OBLI
MOJIyYEH MPU COBEPIICHHO APYrOM IMOAXOJE, MPEUIOKEHHOM B 1965 T. aHTITUIHCKUM MAaTEeMaTHUKOM U
¢uszukom Pomxepom Ilenpoyszom. Mcxons M3 mOBeOeHUS CBETOBBIX KOHYCOB B OOIIEH Teopuu
OTHOCHUTEIIFHOCTH M TOTO, YTO TPABUTAIMOHHBIC CHJIBI BCErJa SBIAIOTCA CHJIAMHU TNPUTSDKEHUS,
[lenpoy3 mokasai, 4To Korja 3Be3[a CKUMAETCs MOJ JIeHCTBUEM COOCTBEHHBIX CHJI MPAaBUTALlMU, OHA
OrpaHUYMBAETCS 00JacThIO, TIOBEPXHOCTh KOTOPOW B KOHIIE KOHIIOB CXKMMAeTCs 10 Hyls. A pa3
MOBEPXHOCTb 3TOM 00JIACTU CXKUMAETCS JI0 HYJS, TO KE camMoe JOJHKHO MPOUCXOIUTH U C €€ 00BEMOM.
Bce BemecTBO 3Be3mbl OymeT cxaro B HYJIEBOM 0O0beMe, Tak YTO €€ IUIOTHOCTh W KpPHUBHU3HA
MPOCTPAHCTBA-BPEMEHH CTaHYT OECKOHEYHBIMU. VHBIMH CJIOBaMH, BO3HUKHET CHUHTYJISPHOCTH B
HEKOeW 00J1acTH MPOCTPAaHCTBA-BPEMEHH, Ha3bIBaeMast YEPHOH JIBIPOIA.

Ha niepBbiit B3ru1siz, 9Ta Teopema [leHpoy3a OTHOCUTCS TOJIBKO K 3B€3/1aM: B HEl HUYEro HE TOBOPUTCS
0 TOM, UCTIbITaNa 7 Bcs Bceenennas B mpouuioMm OosbInoi B3pbiB. B To Bpems, koraa Ilernpoys mokazan
CBOIO TeopeMy, s, Oyayud acmUpaHTOM, OTYasiHHO HCKal KaKylo-HHOYyIb 3afady, 4TOObl 3alllUTUThH
JCCEpPTAIMIO. 3a JBa TOJa N0 ATOTO Bpadd IOCTABMIIM MHE JWAarHo3 «OOKOBOW aMHOTpO(HUECKHIA
CKJIEPO3», WM MOTOpHAasi 00JIe3Hb HEWPOHOB, U JAJIH MOHSATh, YTO S MPOTSAHY HE OOJbIIEe OHOTO-BYX JIET.
[Ipu Takux 0OCTOSATENBCTBAX HE OBUIO 0COOOTO CMBICNIA padOTaTh HA AUCCEPTAIMCH, KOO S HE HAICSIICST
JOKUTB J10 ee 3aBepitenrs. Ho mponnio 1Ba roma, a Xy:ke MHE He ctano. Mou Jiefia UM IPEeKpacHo, U s
ObLT TOMOJIBJICH C 0YapOBaTEIIbHON JEBYIIKOM 110 nMeHu Jxeiin Yaitnn. s seHuTs0b MHE TpeboBaiach
pabota, a yTOOBI €€ MONY4UTh, Hy’KHa OblIa JOKTOPCKask CTETICHb.

B 1965 r. s mpouutan o teopeme IleHpoysa, coriiacHO KOTOpoil Jit0060oe Telno B TMpoliecce
IPaBUTAIMOHHOTO KOJUIalca JIOJDKHO B KOHIIE KOHIIOB CXKaThCS B CHUHTYISAPHYIO TOuky. Bckope s
MOHSJI, YTO eciu B Teopeme [leHpoy3a M3MEHHTH HalpaBlieHHE BPEMEHH Ha OOpaTHOE, TakK, YTOOBI
C)KaTHe MEepeluIo B paclIMpeHue, To 3Ta TeopeMa Toxe OyAeT BepHa, Kojib ckopo Bcenennas ceiiuac
x0T ObI rpy00 MpHOIMKEHHO OMMCHIBAETCS B KPYNHOM Maciitabe mozaenbsio @puamana. [lo reopeme
[Tenpoy3a KOHEYHBIM COCTOSIHHEM It000H KOJIANICUPYIOIIeH 3BE3/bl JOJKHA OBITh CHUHTYISPHOCTH;
npu OOpamIeHnH BPEMEHH dTa TEOpeMa YTBEPXKAAeT, YTO B JIIO00H Mozaenu (ppuIMaHOBCKOTO THIIA
HavyallbHBIM COCTOSIHUEM paciuupsitonieiics BceneHHoil Toxe nomkHa OBITH CHHTYISPHOCTH. [lo
COOOpaKeHHMSIM TEXHUYECKOTO XapakTepa B Teopemy I[leHpoy3a ObLTIO BBEICHO B Ka4eCTBE YCIIOBHS
TpeboBanue, uToObl BceenenHas Obuia OeckoHedHa B mpocTpaHcTBe. [103TOMy Ha OCHOBAHUHM AITOM
TEOpEeMBI S MOT JIOKa3aTh JIMIIb, YTO CHHTYJISPHOCTH JOJDKHA CYIIECTBOBATH, €CIU PACIIMPEHHE
BceneHnHoil mpoMcXOAUT TOCTaTOYHO OBICTPO, YTOOBI HE HAyaJoCh MOBTOPHOE cxkaThe (MO0 TOJBKO
Takue GpUAMaHOBCKHE MOJIEIM OECKOHEUHBI B IPOCTPAHCTBE).

[ToToM s HECKONBKO JIET pa3padaThiBal HOBBIH MaTEeMAaTHUECKHU ammapaT, KOTOPBIA MO3BOJIHII
OBl yCTPaHUTH 3TO U JAPYTHE TEXHUUYECKHE YCIOBHS U3 TEOPEMbI 0 HEOOXOAMMOCTH CHHTYIISIpHOCTH. B
utore B 1970 r. mbI ¢ [leHpoy30M Hamucaliu COBMECTHYIO CTaThIO, B KOTOPOW HAKOHEIl JI0Ka3alu, YTo
CHHTYJISIpHAsI TOYKa OOJIBIIIOrO B3phIBAa JOJDKHA CYIIECTBOBATH, OMHPAsICh TOJIBKO HA TO, YTO BEpHA
o01asi Teopus OTHOCUTENBHOCTH M YTO BO BceneHHO# cofepKuTCst CTOIBKO BEUIECTBA, CKOJIBKO MBI
BuauM. Hama paborta BbI3Baia Maccy BO3PaKEHH, YAaCTHYHO CO CTOPOHBI COBETCKHX YYEHBIX,
KOTOpbIE U3-32 TMPUBEPKEHHOCTH MapKCUCTCKOW (UIOCOPUU BEPWIM B HAYYHBIH JTETEPMUHU3M, a
YaCTUYHO M CO CTOPOHBI T€X, KTO HE NMPHHUMAIl CaMy M0 CHHTYISPHOCTEH KaK HapyIIArOIIyrO
KpacoTy Teopuu OifHmreliHa. Ho ¢ MaTtemaruueckoil TeopemMoil He OYEeHb MOCHOPHUIIb, U MOITOMY,
Korja padora OblIa 3aKOHUEHA, €€ MPUHSIIN, U Ceifuac MOYTH BCE CUHMTAIOT, YTO BceeHHass BO3HHUKIIA
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B 0c000i1 Touke OosbiIoro B3phiBa. [10 MpoHUU Cyap0BI MOU MpEICTaBICHHS U3MEHUINCDH, U TEIEph 5
IBITAIOCh YOeIUTh (PU3UKOB B TOM, UTO HAa CAMOM JieJie TIpU 3apOoxkIeHUHN BceneHHol HuKakoi 0coboit
TOYKM He Obuto. B cremyrommx riaBax s IMOKaxy, 4YTO MpPH ydeTe KBaHTOBBIX 3(hdexToB
CUHTYJIIPHOCTb MOKET UCUE3HYTb.

B 510li rmaBe Mbl BUJENH, Kak MEHEE YEM 3a MOJICTOJIETHS MU3MEHWINCH IPEICTABICHUS JIFOIEH O
npupoje, GopMUpPOBABIIKECS HE OJIHY ThICAUY JieT. Hayano 3TMM M3MEHEHHSM MOJIOKHIU OTKPBITOE
Xab0soM pacmmpenue BceneHHONW W cO3HAHWE HE3HAUMTEILHOCTH HAIled COOCTBEHHOW IUIaHETHI
cpeau OrpoMHbBIX HpocTopoB Bceenennoi. Ilo Mepe TOro Kak MHOXWIHCH 3KCIEPUMEHTAIBHBIE U
TEOPETUYECKHE Pe3yNbTaThl, CTAHOBUIIOCH BCe OoJiee ACHO, uTo Y BeeneHHON JOMKHO OBITH HA4ajio BO
Bpemenu. Hakonmerr B 1970 r. mer ¢ IleHpoy3oM pgoka3aimu 3TO, UCXOAs M3 oOIIeH Teopuu
OTHOCUTENIbHOCTH OWHIITelWHa. M3 Hamero JokasaTelnbCTBa CIlEAOBajo, 4TO oOwas Teopus
OTHOCHUTEJILHOCTH NPEJCTaBIsSIET COOOM HENOJHYI0 TEOpHI0; B HEHl HET OTBETa Ha BOIPOC, Kak
BO3HUKIIa BcenenHasi, moToMy 4TO, COTJIACHO TE€OPUHM OTHOCHUTEIBHOCTH, BCe (hM3MUECKHUE TEOpUH, B
UX YHUCIIC M OHA caMa, HapyIIaloTCs B TOYKE BO3HMKHOBeHHs Bcenennoil. OgHako oOmias Teopus
OTHOCHUTEJIBHOCTH U HE MPETEHAYET Ha POJb MOJHOW TEOPUHU: TEOPEMBI O CHHTYJISIPHOCTH Ha CaMOM
7ieNie YTBEP)KJAIOT JIUILb, YTO HAa HEKOEH OueHb paHHEH CTaJuu pa3BUTHUS pa3Mephl BcenenHol Obun
OuYeHb MaJjbl, HACTOJbKO, YTO TOTJa MOIJIM OBbITh BeChbMa CYIIECTBEHHBIMU MEIKOMAacCIITaOHbIE
3¢ GEeKThI, KOTOPBIMU 3aHUMAETCS yXKe Jpyras Beaudaiiias teopuss XX BeKa — KBAaHTOBAsh MEXaHHKA.
Wrak, B Havyane 70-x roloB HaM MPUILIOCH B CBOMX HCCIEIOBaHUAX BceneHHON MepeKIFounuThCs ¢
TEOpUU YPEe3BbIYAHO OOJBIIOrO Ha TEOPHUIO KpailHe Majoro. DTOH TEOpPHH, KBAHTOBOW MEXaHMHKE,
OyZeT MOCBSIIEHA CleAyollas TJiaBa, a 3aTeéM MBI MepeiieM K OOCYXKICHHIO TOro, Kak 3TH JIBE
YaCTHBIE TEOPUU MOKHO ObLITO OBl OOBETUHHUTH B €IUHYIO0 KBAHTOBYIO TEOPHUIO TPAaBUTALINH.

4. MpuyuHUMN HeonpeaeneHHOCTH

[Ton BiAMsSHMEM ycmexa HAay4YHBIX TEOpPUH, OCOOEHHO HBIOTOHOBCKOW TEOPHH TATOTEHUS, Y
¢dpanmysckoro yderoro [Irepa Jlamumaca B Hawane XIX B. BeipaboTaiicst B3Il Ha BeeneHHyro kKak Ha
MOJIHOCTBIO JIETEPMUHUPOBAHHBIN 00BeKT. Jlammac momaran, 4To JOJKEH CYHIECTBOBAaTH HAaOOp
Hay4HBIX 3aKOHOB, KOTOPBIE MO3BOJISIIN OBl MpEACKa3aTh BCE, YTO MOXKET MPOU30UTH BO BceeneHnHoi,
€CJIM TOJBKO M3BECTHO IOJIHOE OMHCAHUE €€ COCTOSIHUSI B KaKoW-TO MOMEHT BpemeHu. Hampumep,
ecyii OBl MBI 3HAW ToJIokeHUs1 COJIHIIA U TUTAHET, OTBEYAIOIINE KAKOMY-TO MOMEHTY BPEMCHH, TO C
IOMOIIIbI0 3aKOHOB HpBOTOHa MBI MOTIJIM OBl BBIYHCIUTH, B KAaKOM COCTOSHHHM OKa3aigach Obl
Conneunasi cuctemMa B JIt0O0OM JIpyroil MOMEHT BpeMeHH. B JaHHOM ciydae JETepMHHHU3M JIOBOJBHO
OuYEBHJIEH, HO Jlamac nomien ganblie, yTBEpAkKAasi, 4YTO CYIIECTBYIOT aHAJOTUYHBIE 3aKOHBI /ISl BCETO,
B TOM YHCJIE U JIJIS IOBEJICHUS YEJI0BEKa.

JIOKTprHA HAay4YHOTO JIETEPMUHU3MA BCTPETUJIA CUIIBHOE COMPOTUBIIEHUE CO CTOPOHBI MHOTHX,
MMOYYBCTBOBABIIINX, YTO 3TUM OTPaHUYMBAETCS CBOOOJIHOE BMEMIATENbCTBO bora B HaI mMup; TeM He
MEHee 3Ta hJies OCTaBaslaCh OOBIYHON HAyYHOU THIIOTE30M elle B caMOM Hauaie Hamero Beka. OJTHuM
W3 TIEPBBIX YKa3aHHUI Ha HEOOXOAUMOCTh OTKa3a OT ACTEPMHUHH3MA CTAJIA PE3yJbTaThl PACYETOB JIBYX
anrnuiickux ¢usuko, Jl>xoHa Panes m Jxeitmca JlkuHca, U3 KOTOPBIX CIEAOBAjO, YTO TOPSYUN
00OBEKT THUMa 3Be3/bl JOJKEH BCE BpeMs H3JIydaTh OECKOHEYHO OoJbinyr0 3Hepruto. CoriacHo
M3BECTHBIM TOTJAa 3aKOHAaM, ropsyee TelO JOJKHO B PaBHOM Mepe H3J1y4yaTh AJIEKTPOMATrHUTHBIE
BOJIHBI BCEX YACTOT (HampuMep, PaJHuOBOJIHBI, BUJAMMBIA CBET, PEHTTEHOBCKOE H3JIy4€HHE). ITO
03HAYyaeT, YTO JOJIKHO M3J1y4aThCsl OJIMHAKOBOE KOJMYECTBO SHEPIMH U B BHUJIE BOJIH C YACTOTAMHU OT
OJIHOTO J0 JBYX MHWUIMOHOB MHWJUIMOHOB BOJH B CEKYHIYy, U B BHJI€ BOJH, YaCTOTbl KOTOPBIX
HaxoJsiTCsl B MHTEpBajJ€ OT JIBYX JO TPEX MWUIMOHOB MUJUIMOHOB BOJH B CEKYHIY. A TMOCKOJIBKY
Pa3HBIX YaCTOT OECKOHEYHO MHOTO, TTOJIHAS M3 TydaeMasi SHEPTUS TOJDKHA ObITh OECKOHEUHOM.

YroObl M30aBUTHCS OT ITOTO SIBHO a0CYpJIHOTO BBIBOJIA, HeMeUKU yueHbli Makc [Tnank B 1900
I. TIPUHSUT THIOTE3Y, COMVIACHO KOTOPOMl CBET, PEHTI€HOBCKUE JIyYW M JPYrMe BOJHBI HE MOTYT
HCITYCKAThCsl C TPOU3BOJIbHOM MHTEHCUBHOCTBIO, a JIOJHKHBI UCITYCKAThCS TOJIBKO HEKUMU MOPLHUSIMH,
kotopele [Imank Ha3zBas kBanTaMu. Kpome Toro, [lnank npeamnosioxkus, 4To KaKIbld KBAHT U3ITYYEHUS
HECET OMpeeNIEHHOE KOIWYECTBO DHEPTUU, KOTOPOE TeM OOJIbIlIe, YeM BBIIIE YacTOTa BOJMH. Takum
0o0pa3oM, Mpu TOCTATOYHO BBICOKOW YaCTOTE SHEPTHs OJHOTO KBaHTA MOXKET MPEBBIIIATh UMEIOIIEECS
KOJIMYECTBO SHEPTUM U, CJIEJOBATEIHHO, BHICOKOYACTOTHOE M3IYYEHUE OKAKETCS IMOJABJICHHBIM, a
WHTEHCUBHOCTb, C KOTOPOU TEJIO TEPSET IHEPTHI0, Oy/1eT KOHEUHOM.

'umoTe3a KBaHTOB MPEKPACHO COTJacoBaiach C HAOMIOAAEMBIMH 3HAYEHUSMU WHTEHCHBHOCTU
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M3IIyYEHUsI TOPSIYMX TEJ, HO YTO OHA O3HAYaeT I JCTePMHUHHU3MA, ObUTIO HEsICHO 10 1926 r., korma
apyroil Hemenkwii yueHolf, Bepuep ['eiizenbepr, cdopmynupoBal 3HAMEHUTHIA TMPHHIUIL
HeonpeeneHHOCTH. YToObI npecka3arh, KakuM OyJeT MOJI0KEHUE U CKOPOCTh YaCTUIIbI, HY’)KHO YMETh
IIPOU3BOJIUTH TOYHBIE U3MEPEHUS €€ TI0JI0KEHUS U CKOPOCTH B HACTOSAIIMI MOMEHT. O4eBUIHO, YTO IS
3TOr0 HaJI0 HAIPaBUTh Ha YacTUILy cBET. YacTb CBETOBBIX BOJIH HAa HEH pacceercs, U TAKUM 00pa3oM Mbl
OIpeIeNM MOJ0KEHUE YacTHUIIbI B MpocTpancTBe. OIHAKO TOYHOCTH 3TOr0 U3MEpEHUs OyIeT He BBILIIE,
YeM pACCTOSHME MEXIYy TIpeOHSIMM JIByX COCEIHMX BOJH, M IO3TOMY JUIi TOYHOIO H3MEpEHHUs
MOJIOKEHUSI YaCTHIIBI HEOOXOAMM KOPOTKOBONMHOBBIA cBeT. CormacHo ke rumnortese Ilmanka, cser
HEBO3MOYKHO MCIIOJb30BaTh MPOU3BOJIBHO MAJbIMM IOPLMAMHU, U HE ObIBACT MEHbUIEH MOPLUH, YEM
OJIUH KBAaHT. DTOT KBaHT CBETA BHECET BO3MYIIIEHUE B JIBUKEHHUE YACTULBI U HEMPEICKA3yeMO U3MEHUT
ee ckopocTb. Kpome Toro, uem TouHee M3MepseTcs MOJO0KEHHE, TeM KOpOYe NOJDKHBI OBbITh JJIMHBI
CBETOBBIX BOJIH, a CJIEJOBATEIbHO, TeM Ooiblne OyneT SHEeprusi OJHOr0 KBaHTA. DTO 3HAYMUT, YTO
BO3MYILIEHHE CKOPOCTH 4YacTHIbI cTaHeT Oosblue. VHBIMM cJIOBamMM, 4e€M TOYHEE BbI IBITACTECH
U3MEPUTH T0JIOKEHUE YaCTULbl, TEM MEHEE TOUHBIMU OYyIyT M3MEpEHHUsl €€ CKOPOCTH, U HA0OOpOT.
I'eiizenOepr moka3aj, 4YTO HEONPEJIEIEHHOCTh B  IIOJIOKEHMHM YacTHUIbl, YMHOXXEHHas Ha
HEONPE/ICIIEHHOCTh B C€ CKOPOCTH U HA €€ MacCy, HE MOXKET OBITh MEHBIIIE HEKOTOPOT0 YHCIIa, KOTOPOe
Ha3bIBaeTCs ceifuac nmoctostHHOM [Imanka. DTo YMCIO HE 3aBUCHUT HHU OT crioco0a, KOTOPBIM U3MepsieTcs
IIOJIOKEHHE MJIM CKOPOCTh YacTHIBI, HU OT THIA 3TOM 4YacTULbI, T. €. IPUHLMI HEOIPEICICHHOCTH
I'eitzenOepra sBiseTcs GyHAaMEHTAIbHBIM, 00513aTeIbHBIM CBOMCTBOM HAILIErO MUPA.

[IpyHIMIT HEONpPENENEeHHOCTH HMMEET NajleKO WAYLIUE CIEICTBHs, OTHOCSIIMECS K HalleMy
BOCIIPUATHIO OKpY’Karoliero mupa. Jlaxke 1o mpomiecTBuu 0ojee MATHIECITH JIeT MHOTUE (puiaocodbl
TaK OKOHYATEIbHO M HE CONIACWINCH C HUMH, U OTH CIEIACTBHS IO CHUX IOP OCTAIOTCS MPEIMETOM
criopoB. [IpuHIMI HeonpeneIeHHOCTH O3Havyall KoHel mMeuTtaMm Jlamiaca o Hay4HOM TEOpUH, KOTopas
naBajia Obl IMOJIHOCTHIO JIETEPMHUHUPOBAHHYIO MOJIeNIb BeenenHoii: B caMoM Jienie, Kak MOXHO TOYHO
IpeJcKa3blBaTh Oyayliee, He yMmes JaXe B HAcCTOSIIMH MOMEHT IPOU3BOJUTH TOYHBIE HM3MEPEHUs
coctosinusi Beenennoit! Koneuno, Mbpl MokeM ceGe MpenCcTaBIsAiTh, YTO CYIIECTBYET HEKHW HaOOp
3aKOHOB, MOJHOCTBbIO ONPEIENAIONIMA COOBITUS JJIs1 KaKOro-TO CBEPXbECTECTBEHHOI'O CYIIECTBA,
KOTOpO€ criocoOHO HabJII0JaTh COBPEMEHHOE COCTOsIHME BeenenHoil, Hukak He Bo3MyIas ee. OJIHaKko
Takue Mozenn BceeneHHONW He INpEACTaBIAIOT MHTEpeca Ul Hac — IMPOCTBIX CMEpPTHBIX. Jlydne,
MO’KaJyd, BOCIOJb30BABIIUCh TEM IPUHLMUIIOM <«3KOHOMHMMY», KOTOPBIA Ha3bIBAE€TCS HMPUHLMIIOM
«oputBel Oxkama» (Y. Oxkam /1285-1349/ — anrnwmiickuii ¢unocop. CyTh npuUHIUNA «OPHUTBBI
Oxkamay: TOHATUS, HE MOJIA0LIUECS TPOBEPKE B OMBITE, JOJHKHBI OBITh YAAJIEHbl U3 HAYKU. — IPUM.
pen.) B3ATh M BBIPE3aTh BCE IMOJIOKEHUS TEOPHM, KOTOpbIe HE MojajaroTcd HaOmoneHuro. IIpuHsas
takoi noxaxon, Bepuep I'eitzen6epr, OpBun llpenunrep u Iloas dupak B 20-x rogax Haiero Beka
MEPEeCMOTPEIN MEXaHUKY U MPUIILIA K HOBOI TEOpUH — KBAHTOBOM MEXaHMKe, B OCHOBY KOTOPOi ObLI
MIOJIOXKEH MPUHIUI HEOoNpeAeNeHHOCTU. B KBaHTOBOM MeXaHMKE 4acTHUIbl OOJIbIIE HE MMEIOT TaKHX
OIIPEEIIEHHBIX U HE 3aBUCALIMX JAPYr OT ApPYyra XapakTEpUCTHUK, KaK IOJ0XKEHHE B IPOCTPAHCTBE U
CKOpOCTb, HEIOCTYHNHBIX Ul HaOMOJeHUs. BMecTo 3TOro OHM XapakTepu3YIOTCS KBaHTOBBIM
COCTOSIHUEM, KOTOPOE MpeICTaBIIsAET cO00I HEKYI0 KOMOMHAIINIO OJIOKEHUS U CKOPOCTH.

KBanToBasi MexaHuka, BOOOILE TOBOps,, HE MPEACKA3bIBAET, YTO HAOIIOIEHUE JIOJKHO HMETh
KaKOM-TO €IMHCTBEHHBIN onpeeneHHblil pe3ynasraT. Hao0opoT, oHa npecka3biBaeT HEKUM psijl pa3HbIX
pe3yabTaTOB U JAET BEPOSATHOCTh KAXKJIOTO M3 HUX. DTO 3HAUUT, YTO, BBHINOJHUB OJHO M TO XKe
U3MEpEeHHe Ui MHOTMX OJMHAKOBBIX CHUCTEM, HayallbHbIE COCTOSIHHUS KOTOPBIX COBIQJAIOT, MbI Obl
OOHapyKWJIM, YTO B OHOM YHCIIE CIy4aeB pe3yJabTaT U3MEpEHus paBeH A, B fpyroM — b u 1. 1. Mbl
MOXEM Tpe/ICKa3aTh, B CKOJIBKUX MIPUMEPHO CIydasx pe3ysbTar OyneT paBHAThCA A U b, HO onpenenuTsb
pe3yabTaT KaXKAOro KOHKPETHOTO H3MEPEHHsT HEBO3MOXKHO. TakuM 00pa3oM, KBaHTOBas MEXaHHMKa
BHOCHUT B HAayKy HEM30€XKHBIM 3JI€MEHT HEeMpeICKa3yeMOCTH WM CIy4alHOCTH. DUHINTEHH BBICTYIUII
OUYEHb PE3KO MPOTHB 3TOM KOHUENIUH, HECMOTPS HAa Ty OIPOMHYIO POJIb, KOTOPYIO CaM ChITpajl B €€
pa3BUTUH. 32 OIPOMHBIN BKJIAJ B KBaHTOBYIO Teopuio DifHIITeHHY Oblia mpucyxneHa HoGeneBckas
npemusa. Ho oH HUKOT/1a HE MOT COrJacuThes ¢ TeM, 4yTo BeenenHoil ynpasinger cinydaid. Bece uyBcTBa
OHHIITEHA HAIIM CBOE BBIPAXKEHHWE B €0 3HAMEHMTOM BBICKa3blBaHUU: «bOr HE UIpaer B KOCTN».
OnHako OOJNBIIMHCTBO OCTAIBHBIX YYEHBIX ObUIM CKJIOHHBI IPUHSTH KBAHTOBYIO MEXAHHUKY, IOTOMY YTO
OHa IPEKPAaCHO COIJIACOBANACh C JKCIEpUMEHTOM. KBaHTOBass MeEXaHMKa B CaMOM J€J€ SBISIETCA
BBIIAIOIIENCA TEOpUEH M JIEKUT B OCHOBE IOYTH BCEW COBPEMEHHOM HAyKH M TEXHUKH. [IpuHIMIIBI
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KBAaHTOBOW MEXaHHMKH IIOJIOKEHbI B OCHOBY paOOThl MOJIyIPOBOJHUKOBBIX M HMHTETPAIbHBIX CXEM,
KOTOpBIE SIBJISIFOTCSL BaXHEMILEH 4YacTbI0 TAaKUX OJJIEKTPOHHBIX YCTPOMCTB, Kak TEJICBU30PbI U
JIEKTPOHHO-BBIYUCIINTENbHBIE MallMHbl. Ha KBAaHTOBOM MeXaHHMKE 3MKAETCS COBPEMEHHas XUMHSA U
ouonorusa. EnuHcTBeHHBIE 00sacTH (DM3MKH, KOTOPbIE IMOKAa HE HCIOJB3YIOT JOJLKHBIM 00pa3om
KBAaHTOBYIO MEXAHUKY, — 3TO TEOPUsl TPABUTALIMU U TEOPHs KPYITHOMACIITaOHOM CTPYKTyphl BeeneHHOM.

O gase He & goaae
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Puc. 4.1

HecmoTps Ha TO 4TO CBETOBOE U3IY4YEHHE COCTOUT U3 BOJIH, TEM HE MEHEE, COTJIACHO TUIIOTE3€
[Tnanka, cBeT B KAKOM-TO CMBICIIE BEJIET ce0s Tak, Kak Oy/ATO OH 00pa3oBaH YaCTUIAMU: M3ITyYCHUE U
IIOIVIOIIEHUE CBETA IIPOMCXOJUT TOJIBKO B BUJIE IIOPLMM, WM KBaHTOB. [ [puHIMN ke HEONpeaeIeHHOCTH
IefizenOepra roBOpUT O TOM, YTO YACTHUIIBI B KAKOM-TO CMBICIIC BEAYT ce0sl KaK BOJHBI: OHU HE UMEIOT
OIIPENIEJIEHHOTO NOJIOKEHHS B IIPOCTPAHCTBE, a «Pa3Ma3aHbl» 110 HEMY C HEKOTOPBIM paclpeieIcHuEM
BEPOATHOCTH. B KBaHTOBO-MEXaHUYECKOW TEOPUU MCIIONB3YETCS COBEPUICHHO HOBBIA MAaTEMATUYECKUI
anmapar, KOTOpbId Y€ HE ONMCHIBAECT CaM PEalbHbIII MUP Ha OCHOBE IIPEICTABICHUM O YacTHLAX U
BOJIHAX; 3TH TOHSATHA MOXKHO Telepb OTHOCHUTH TOJBKO K pe3ysbTaraM HaONIOJCHUH B ATOM MHpE.
Takum 00pa3oM, B KBaHTOBOM MEXaHMKE BO3HUKAECT YAaCTUYHO-BOJHOBOW JIyalu3M: B OJHUX CIIydasx
YaCTHIIBI yJOOHO CUATATh BOJHAMH, a B IPYTUX JIydllle CYUTATh BOJHBI yacTuiamu. M3 atoro cremyer
OJVH BaXHBII BBIBOJA: Mbl MOXKEM HaOIIOJaTh TaK HA3bIBAEMYIO HHTEP(EPEHIMIO MEXAY IBYMS
BOJTHAMHU-4acTUIaMu. [ peOHU BOJIH OJTHOM M3 HUX MOTYT, HAlIpUMEp, COBIAIATh CO BIAJMHAMH JIPYTOM.
Torna aBe BOJMHBI racar Apyr Apyra, a He YCHIMBAIOT, CyMMHUPYACh, KAK MOYHO ObLJIO Obl 0KHJaTh, B
Oosee BrICOKME BOJHEI (puc. 4.1). Bcem n3BecTHBIN npuMep nHTEp(EPEHIINH CBETa — IEPETHBAIOLIHECS
pa3HbIMU LIBETaMH PaZlyTy MBUIBHBIE IIy3bIpU. OTO SIBJICHHE BO3HUKACT B PE3YJIbTAaTE OTPAKEHMsSI CBETA
OT JBYX IOBEPXHOCTEW TOHKOM IUIEHKHM BOJIbI, KOTOpas oOpa3yeT Mmy3bIpb. benblii cBET comepKut
BCEBO3MO’KHBIE JITTMHBI BOJH, OTBEYAIOIINE PA3HBIM LiBeTaM. | peOHM HEKOTOPBIX BOJH, OTPAKEHHBIX OT
OJTHOM W3 IOBEPXHOCTEH MBUIBHOW IUICHKH, COBMAJAIOT CO BIAJAMHAMH BOJH TOH K€ JUIMHBI,
OTPaXEHHBIX OT BTOPOM MOBEPXHOCTHU My3bIpsl. Toraa B oTpakeHHOM cBeTe OyIyT OTCYTCTBOBATh LIBETA,
COOTBETCTBYIOIIME ITUM JUIMHAM BOJIH, U OTPA’KEHHBIN CBET OKAXKETCS Pa3HOL[BETHBIM.
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Wrak, Omaromapst BO3HHMKIIEMY B KBaHTOBOW MEXaHMKE AyalU3My YacTHIBI TOXE MOTYT
UCTIBITBIBAaTh UHTEpGepeHuio. [1Inpoko n3BecTHBIN MpuUMep Takoi WHTEPPEPEHIINH YACTHIL — OIIBIT C
IByMsl 1IensMu B 9kpaHe (puc. 4.2). PaccmMoTpum 5KpaH, B KOTOpPOM NIPOPE3aHbl JBE Y3KHE
napajuiespHele menu. [1o oqHy CTOpOHY OT 3KpaHa CO IIEISMU MOMELIEH HCTOYHUK CBETa KaKOro-TO
OIpENIeJIEHHOr0 IBeTa (T. €. OINpeleNeHHOW IIuHbI BOJIHBI). CBET B OCHOBHOM IIOMNAJAeT Ha
MOBEPXHOCTb HKpaHa, HO HEOOJIbIIIask €ro YacTh MPOUIET CKBO3b 1ienu. Jlanee nmpeacraBum cede IKpaH
IUIs HaOJIIOJICHHs, YCTAHOBJICHHBIN IO JIPYryl0 OT MCTOYHHMKA CBETa CTOPOHY 3KpaHa CO IICNISMHU.
Torna B moOyro TOUKy KpaHa ajsi HaOMoeHus OyIyT MOMaaaTh CBETOBBIC BOJHBI U3 00CHX IIEINei.
Ho paccrosiHue, npoiijleHHOEe CBETOM 4epe3 ILEeNHM OT UCTOYHHMKA JI0 9KpaHa, OyAeT, BooOlIe roBops,
pasHbIM. DTO 03HAYAET, YTO BOJIHBI, MPOLIEIINE Yepe3 LIeTH, MOoNaayT Ha SKpaH B pa3HOU Qase: B
OJIHMX MecTax OHM OyayT ocinabisTh APYyr Apyra, a B Ipyrux — ycwinBaTh. B pesynbrare Ha skpaHe
IIOJIYYUTCS XapaKTepHasi KapTUHA, COCTaBJIEHHAs U3 TEMHBIX U CBETJIBIX I10JIOC.

VY IUBUTENIBHO, YTO B TOYHOCTH TaKHE >K€ IIOJIOCHI BO3HHMKAIOT IIPH 3aMEHE HCTOYHHKA CBETA
HCTOYHUKOM YaCTHII, CKaKEM, JIEKTPOHOB, BbUIETAIOLIMX C ONPEIEIEHHON CKOPOCTBIO (3TO 03HAYAET, UTO
UM COOTBETCTBYIOT BOJIHBI ONpPEAENCHHOM JUIMHBI). ONucaHHOE sIBICHUE TeM OoJiee CTPaHHO, YTO NpH
HaJIMYMM TOJIBKO OJIHOM IIENM HHMKAKUE II0JIOChI HE BO3ZHMKAIOT M HA JKpaHE NOSBIETCS IPOCTO
OZIHOPOJIHOE paclpeiesIeHHe 3IEKTPOHOB. MOXHO ObUIO Obl MPEIIOI0KHTh, YTO €lIe O/iHA IIEeNb IIPOCTO
YBEJIMUUT YUCIO OIEKTPOHOB, IMONANAIOIIMX B KaKAYH0 TOYKY HKpaHa, IO Ha CaMOM Jele M3-3a
UHTEeP(EPEHIIMN YKCIIO ITUX IEKTPOHOB B HEKOTOPBIX MECTax, HA000pOT, ymMeHblaeTcs. Eciu mporyckarhb
Yepe3 HIENM HO OTHOMY JIEKTPOHY 3a pas, TO MOKHO ObUTO OBl OJKHJIATh, YTO KKABINA U3 HUX MPOUACT MO0
yepe3 OfiHY 1Ielib, MO0 uepe3 ApYryro, T. €. OyJeT BecTu ceds Tak, Kak Oy/ATO Ta IIeNb, Yepe3 KOTOPYIO OH
IIPOLLIEJI, €MHCTBEHHAS, U TOTa HA 3KPaHe JIOJDKHO BO3HUKHYTh OJHOPOJHOE pacrpezeneHue. OnHako Ha
CaMOM JIeJIe TIOJIOCHI TOSIBJIFOTCSL @K€ B TOM CIIy4ae, KOIZa JIEKTPOHBI BBIIYCKAIOTCS II0 OJHOMY.
CrnienoBatenbHO, KaX bl AJICKTPOH I0JDKEH IIPOXOIUTh cpasy uepe3 ooe memmn!

SIBnenne MHTEp(EpeHLUH YacTUI[ CTal0 pEIIAIUIMM I HAllero MOHMMAaHUS CTPYKTYphl
aTOMOB, T€X MeEIbUaNIINX «KUPIUYUKOB», KOTOPbIE pPACCMATPUBAIOTCS B XUMHUU U OHOJOTHMH U U3
KOTOPBIX IMOCTPOEHBI Mbl CaMU U BCE BOKpYT Hac. B Hayane Beka CUMTaIOCh, YTO ATOMBI MOJOOHbI
ConHeyHOM cucTeMe: 3JIEKTPOHbI (YaCTHIIbl, HECYIIME OTPULIATENIbHBIN 3JIEKTPUUYECKUM 3apsn), Kak
mia"HeTsl BOKpyr ConHIA, BpPAalAlOTCS BOKPYT PACIOJIOKEHHOTO B LEHTPE SApa, 3apsHKEHHOIO
MOJIOKUTENBHO. [Ipeamnonaranock, 4To 3JMEKTPOHBI YIEPKUBAIOTCS HA OPOUTAaX CHIIAMH HPUTSHKEHUS
MEXy TOJIOKHUTEIBHBIMA M OTPULIATEIBHBIMU 3apsilaMyd aHAJIOTUYHO TOMY, KaK I'DaBUTALlMOHHOE
nputsbkenne Mexay ConHIleM W IUIaHeTaMH He JaeT IUIaHeTaM YHTH ¢ OpOuT. DTO OObsSICHEHHE
HATAJIKMBAJIOCh HA CJIIEIYIOIIYI0 TPYIHOCTB: 10 NOSIBJIIEHUSI KBAHTOBOM MEXAHWKH 3aKOHBI MEXAHUKU U
AJIEKTpUYECTBA MPEICKA3bIBAIN, YTO 3JIEKTPOHBI JOJKHBI TEPATh SHEPTHUIO, @ U3-3a 3TOTO JBUTATHCA
[0 CIIMpaU K IIEHTPY aToMa U MajaTh Ha Aap0. ITO 03Ha4yajo Obl, YTO aTOMBI, @ C HUMH, KOHEYHO, U
BCS MaTepUst JOJKHBI OBICTPO CKOJIJIATICUPOBATh B COCTOSIHUE C OUYEHb BBICOKOM TIOTHOCTHIO. YacTHOE
pemieHure 3Toil mpobsems! Hamen B 1913 r. marckuii yuensiit Hunse bop. Bop moctynauposan, dyro
AJIEKTPOHBI MOTYT JBUTATHCSI HE IO JIIOOBIM OpOUTaM, a TOJIBKO IO T€M, KOTOPbIE JIeXKAT Ha HEKOTOPBIX
OIpeJICIEHHBIX PACCTOSHUAX OT LEHTpaJbHOro sAapa. Eciu Obl ObUIO cAenaHO M HPEANoNIoKEeHUE O
TOM, YTO Ha KaXXJI0OM Takoi opOMTE MOTyT HaXOJUThCS TOJBKO OJIMH WJIM JIBA JIEKTPOHA, TO IpodiieMa
KoJljIarca aToMa Obuia Obl pelleHa, IOTOMY YTO TOTJa 3JEKTPOHBI, JBUTasCh MO CIUPAIU K LIEHTPY,
MOTJI OBl JIUIIb 3al0JHUTH OPOUTHI ¢ MUHUMAJIbHBIMU PaJlyCaMH U SHEPTUsSMHU.

OTa MoJIeNlb IPEKPACHO OOBSACH:IA CTPOSHUE MPOCTENIIIEr0 aTOMa — aTOMa BOJIOPO/Ia, Y KOTOPOTO
BOKPYI' siipa BpalllaeTcs BCETO OJUH 3JIEKTPOH. BbIIO, 0JHAKO, HEMOHSATHO, KaK TOT ke IOJXOJ]
pacnpocTpaHuTh Ha OoJiee CloKHBIE aToMbl. Kpome Toro, mpearnoiioxkeHne o0 OrpaHH4eHHOM 4YHCIIe
pa3penieHHbIX OpOUT BBITJISAEIO BeChbMa MPOM3BOJIBHBIM. DTy TPYAHOCTh pa3pellnyia HOBas TEOpUs —
KBAaHTOBasi MexaHMKa. OKa3ajgoch, 4TO 3JIEKTPOH, BPALLAOIIMKCA BOKPYT sIpa, MOYKHO IIPEICTaBUThH
ce0e Kak BOJIHY, JUIMHA KOTOPOM 3aBHCUT OT €€ CKOPOCTH. BIoib HEKOTOpBIX OpOUT YKJaabIBaeTcs
nenoe (a He JPOOHOE) YKMCIIO JJIMH BOJIH JIEKTpoHA. [Ipu IBMKEHUM 1O 3TUM OpOMTaM TpeOHM BOJIH
OKa)XyTCS B OJIHOM U TOM € MECT€ Ha Ka)X/IOM BUTKE, U TIOATOMY BOJIHBI OyJIyT CKJIaJIbIBATHCS; TaKHUe
OpOUTHI OTHOCATCS K OOpPOBCKHMM pa3pelleHHbIM OpOUTaM. A Uit TeX OpOHT, BJIOJIb KOTOPBIX HE
YKJIaJbIBAETCS LIEJI0E YKUCIIO JJIMH BOJIH 3JIEKTPOHA, KaXKAbIH rpedeHb N0 Mepe oOpallieHHsl AJIEKTPOHOB
PaHO WM TMO3HO CKOMIIEHCUPYETCS BIIAAMHON; TaK1e OPOUTHI HE OYAYT pa3pelIeHHbIMU.

AwmepukaHckuil yueHbld Puuapn ®deliHmMaH npuyman KpacuBBIA C€Hoco0, KOTOpBIM 1aeT
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BO3MOKHOCTb HAIJISIIHO IIPEACTAaBUTh ceOe lyaan3M BosiHa-dyacThla. DeifHMaH BBeN Tak Ha3bIBaEMOE
CYMMHUPOBAHUE 10 TPACKTOPUSAM. B 3TOM moaxoie B OTAMYME OT KIACCUYECKOM, HEKBAHTOBOW TEOPHUU
HET NPEIINOJIOKEHHA O TOM, YTO 4YacTHIA JOJDKHA HMETh OJHY-CIMHCTBEHHYIO TpPAaC€KTOPHIO B
MPOCTPAHCTBE-BPEMEHH, a HA00OPOT, CUMTACTCS, YTO YacTUIA MOXET mepemeniarbes u3 A B b mo
1000My BO3MOKHOMY IyTH. C KaKIoM TpaeKTOpUEH CBsi3aHbl JBa 4MCia: OJHO U3 HUX OIMCHIBAET
pa3Mepsl BOJHBI, a JAPYroe OTBEYaeT €€ TMOJOKEHUI0 B [uKIe (rpedeHh WM BraguHa). UYToOBI
OIIPEAEINTD BEPOATHOCTH Iepexoaa u3 A B b, Hafo CI0XUTh BOJIHBI IS BCEX 3TUX TpaeKTopuil. Eciu
CPaBHUTH MEX]Iy COOOW HECKOJIBKO COCEIHUX TPACKTOPHH, TO MX (a3bl, UM IMOJOXKEHUS B LUKIIE,
OyZAyT CHJIBHO pa3inyarbCsi. DTO 3HAYMT, YTO BOJIHBI, COOTBETCTBYIOIINE TAKUM TPACKTOPHUAM, OyAyT
MOYTH TMOJIHOCTBIO TaCUTh APYT Apyra. OHAKO 17151 HEKOTOPBIX CEMEICTB COCETHUX TPACKTOPHH (pa3b
IIPU [Epexoe OT TPAEKTOPUHU K TPACKTOPUM OYAYT MajO MEHSThCSA, U COOTBETCTBYIOLINE UM BOJIHBI
HE CKOMIICHCUPYIOT IpYT Apyra. Takue TpaeKTOPHHU OTHOCATCS K OOPOBCKUM pa3pelieHHbIM OpOHUTam.
OCHOBBIBasICb Ha TAKMX IPEICTABICHUAX, 3alMCAHHBIX B KOHKPETHOM MAaTreMaTU4eCKOM BHIE,
MOKHO OBUIO TI0 CPaBHHUTEIBHO MPOCTOM CXEeME BBIYHCIUTH Pa3pelIeHHbIE OpOUTHI Ui 00JIee CIOXKHBIX
aTOMOB U JJaKe€ I MOJIEKYJ, COCTOAIIMX W3 HECKOJBKMX aTOMOB, KOTOpBIE NIEPXKATCS BMECTE 3a CYET
ANIEKTPOHOB, YbM OPOHMTHI OXBaTHIBAIOT OOJbIIe OAHOrO siapa. [lOCKONIBKY CTpOeHHE MOJEKYd W
MPOUCXOSIIME MEXIYy HUMH PEaKLMU SIBJISIFOTCS OCHOBOW BCEM XMMHHU U BCEH OMOJIOTMH, KBAaHTOBas
MEXaHUKa B TIPUHIIMIIE TIO3BOJISIET MPEACKA3aTh BCE, YTO MBI BUAUM BOKPYT ce€0sl, C TOYHOCTHIO, KOTOPYIO
JI0IycKaeT NpuHIMN HeonpezeneHHocTu. (IlpaBna, Ha mpakTUKe pacyeTbl CUCTEM, COJEPKALMX MHOTO
AJIEKTPOHOB, OKa3bIBAIOTCSI HACTOJIBKO CIIO’KHBIMU, YTO IIPOU3BECTH UX IPOCTO HEBO3MOXKHO).
KpynHomaciitabHass cTpykTypa BceneHHOH, NO-BUAMMOMY, HOJYMHSETCS OOIIEH Teopuu
OTHOCUTENILHOCTH OWHIITEiHAa. DTa Teopusl Ha3bIBAeTCsl KJIACCHUUECKOM, MOTOMY 4YTO B HEH He
YUUTHIBAETCA KBAaHTOBO-MEXAHWYECKUH IPUHLMUII HEOINPEJEJIEHHOCTH, KOTOPbIi HEoO0X0IuMo
YUUTBHIBaTh Ul COIJIACOBAHUS C JAPYTUMHU TEOpUsMH. MBI XK€ HE BCTyllaéM B IPOTHBOpEUYHUE C
pe3yabTaTaMi HaOJIOJEHUH H3-32 TOrO, YTO BCE I'PAaBUTALMOHHBIE IOJS, C KOTOPHIMH OOBIYHO
MIPUXOAUTCS UMETH JIENO0, ABISAIOTCA O4eHb clladbiMU. OJIHAKO, COTJIACHO TEOPEMaM O CUHTYJISIPHOCTH,
O KOTOpPBIX TOBOPWJIOCH BBILIE, TPAaBUTALMOHHOE II0J€ JOJDKHO CTAHOBUTBCS OYEHb CHJIBHBIM I10
KpailiHell Mepe B JIByX CUTYyallUsX: B CIy4yae YEpHBIX JIbIp M B ciay4yae OoJbLIOro B3pbiBa. B Takux
CHJIBHBIX TTOJIIX JIOJKHBI OBITh CYIIIECTBEHHBIMHU KBAaHTOBBIE A pekThl. CreoBaTenbHO, KilacCHuecKas
o0mass Teopuss OTHOCHUTEIBHOCTH, NpEJCKa3aB TOYKH, B KOTOPBIX IIOTHOCTh CTaHOBUTCS
O0EeCKOHEUHOH, B KaKOM-TO CMBICIE caMa Ipe/peKia CBOe MOpaKeHHEe B TOYHOCTH TaK K€, Kak
KJ1accuueckasi (T. €. HEKBaHTOBas) MeXxaHWKa oOpekisia ceOs Ha MpoBaj 3aKIIOYCHHEM O TOM, UYTO
aTOMBI JIOJDKHBI KOJUIAIICUPOBATh, MOKAa MX IUIOTHOCTh HE CTaHET OECKOHEYHOW. Y Hac emle HeT
IIOJIHOM TeopuHu, B KOTOPOH 00111asi TEOpUSI OTHOCUTENBHOCTH Oblj1a ObI HEMPOTHUBOPEUYUBO O0BEAMHEHA
C KBAaHTOBOM MEXaHUKOW, HO 3aTO Mbl 3HaeM Koe-Kakue cBoiicTBa Oynymieil Teopun. O ToM, 4TO
BBITEKAET M3 ATHX CBOICTB B OTHOIIEHMM YEPHBIX JbIp U OOJBIIOrO B3pbIBa, MBI IIOTOBOPUM B
MocJenyomux raBax. A ceiyac 3aiiMeMcsi caMbIMU MOCJIETHUMHM TONBITKAMU OOBEIMHEHHS HAIIUX
Ipe/iCTaBIeHU 000 BCeX JPYTUX CHJIaX MPUPOIbI B OJIHY, EAMHYIO KBAHTOBYIO TEOPHIO.

5. dnemMeHTapHble YacTuubl U CUNbI B Npupoae

Apucrorens cUuTal, 4TO BELECTBO BO BCENEHHON COCTOMT M3 YETBIPEX OCHOBHBIX IEMEHTOB —
3eMJIM, BO3/yXa, OTHsS M BOJIbI, HA KOTOpBIE JECHCTBYIOT JABE CHWJIbL: CHJIA TSKECTH, BIEKYIAs 3€MIIIO U
BOJYy BHU3, U CUJIA JIETKOCTH, TIOJ AEUCTBUEM KOTOPOH OTOHb U BO3JyX CTpPEMATCS BBEpX. Takou Moaxoxn
K CTPOCHHUIO BCeneHHOM, KOra Bee IENNUTCS Ha BEMIECTBO U CHIIbL, COXPAHIECTCS U IO CEH JIEHb.

ITo Apucrorento, BELIECTBO HEMPEPBIBHO, T. €. JIHOOOH KyCOK BellecTBa MOYKHO OECKOHEUHO
IpoOuTh Ha BCE MEHBIIME W MEHbBIINE KYCOYKH, TaK M HE JOWIA 1O TaKOW KpOIIEYHOM KpYMHHKH,
KOTopasi Jlanbliie Obl yxe He aenuiack. OJHAKO HEKOTOphIE JApyrue rpedeckue (punocodsl, Hampumep
JIEeMOKpHT, NPUAEPKUBAIUCH MHEHMS, YTO MaTEPHs IO CBOEUM MPHUPOJIE UMEET 3€PHUCTYIO CTPYKTYPY U
BCE B MHUpPE COCTOMT U3 OOJIBIIOTO0 4YHMCIAa PAa3HBIX aTOMOB (TPEYECKOE CJIOBO «aTOM» O3HAyaeT
HenenuMbIil). [Ipoxoaunu Beka, HO crop MpoAoIKaycs 0e3 BCSIKUX PealbHbIX J10Ka3aTeIbCTB, KOTOpPhIE
MOATBEP>KAATM ObI MPaBOTY TOM WM Apyroi croponsl. Hakoner, B 1803 r. aHrmuiickuii XuMuk 1 pu3uK
Jbxon JlanbTOH TOKa3zaji, 4Tro TOT (akT, YTO XMMHUYECKHE BEIECTBA BCET/Ia COCNUHSIOTCS B
OIPEETICHHBIX MPOMOPILHIX, MOXKHO OOBSICHUTD, MPEIOI0KUB, YTO aTOMbl OOBEINHSIIOTCS B IPYIIIIH,
KOTOpbIE Ha3bIBatOTCs MoJieKkynaMu. OJIHAKO /10 Hayasla HaIlIero BeKa CIIop MEXy ABYMS IIKOJaMU Tak
U He ObUI pelleH B IMOJIb3y aTOMHUCTOB. B paspemieHue 3TOro cropa O4YeHb BaKHBIA BKJIAJ BHEC
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OiiHmTeH. B cBoeit crathe, HamcanHoi B 1905 T., 32 HECKOJIBKO HENENb J0 3HAMEHHUTON PabOTHI O
CHELMAIBbHON TEOPUH OTHOCHUTENBHOCTH, DHHINTENH yKa3aJl Ha TO, YTO SIBJICHME, HOCSIEE Ha3BaHHE
OpOYHOBCKOTO  JBMJKEHUS, — HEPEryJIsIpHOE, XaOTHUECKOE [IBWKEHHE MeJbUalllIuX YacTUYEK,
B3BEIICHHBIX B BOZE, — MOKHO OOBSCHHUTH YAapaMU aTOMOB KHIKOCTH 00 3TH YaCTHYKH.

K ToMy BpemeHH yke NMeIUCh HEKOTOPbIE OCHOBAHMS IIOIyMBIBATH O TOM, YTO U aTOMBI TOXKE HE
HenenuMbl. Heckonmbkumu romamu panbine [Dx. k. Tomcon u3 Tpunutu-komiemka B KemOpumke
OTKpPbUI HOBYIO YaCTHIy MAaT€PUU — 3JIEKTPOH, MAacca KOTOPOTO MEHbBIIE OJHON THICAYHOU MaCChl
CaMoro JIETKOro aroma. JKCIEpUMEHTaIbHAs YCTAaHOBKAa TOMCOHAa HEMHOI'O HAIIOMHMHAIa COBPEMEHHBIN
TEJIEBU3NOHHBIA KUHECKON. PackaneHHas [0KpacHa METaJUIMYECKass HUTh CIYXKWIa HCTOYHUKOM
251eKTPOHOB. [10CKOIBKY 37IEKTPOHBI 3apsyKEHBI OTPULIATENIBHO, OHU YCKOPSIMCH B 3JIEKTPUYECKOM I10J1€
U JIBUTAJIICh B CTOPOHY PKpaHa, MOKPHITOTO cioeM JromMuHodopa. Koraa s5mekTpoHbl majany Ha SKpaH,
Ha HEM BO3HUKAJIM BCIIBIIIKH CBETA. BCKOpE CTano MOHSTHO, YTO 3TH 3JIEKTPOHBI J0JKHBI BbUIETATh U3
atoMoB, 1 B 1911 r. anrnuiickuii ¢puszuk OpHCT Pesepdopa HaKOHEIl J0Ka3all, 9YTO aTOMbI BEIIECTBA
JNEUCTBUTENBHO O0JIaAAal0T BHYTPEHHEH CTPYKTYpOH: OHM COCTOST W3 KPOIIEYHOI'O IOJIOKUTEIIBHO
3apsKEHHOTO f[pa W BPAILAIOUINXCS BOKPYT IEro AJeKTpoHoB. Pesepdopa mpuiien K 3ToMy BBIBOIY,
u3yyas, KaK OTKJIOHSIOTCS aib(a-4acTHLbl (MOJOKUTENIBHO 3apsHKCHHBIE YaCTHIBI, HCITyCKaeMble
aTOMaMH PaJIMOAKTUBHBIX BEIIECTB) IPU CTOIKHOBEHUH C aTOMaMH.

Buavane nqymanu, 4To si1po aTOMa COCTOUT U3 3JIEKTPOHOB U MOJIOKUTENBHO 3apsSKEHHBIX YaCTHII,
KOTOpbIE Ha3BAIM MPOTOHAMHU (OT IPEYECKOro CIOBO «IIPOTOC» — MEPBUYHBIN), TOTOMY YTO MPOTOHBI
CUHTAINCh TEMH (YHIAMEHTAIBHBIMH OJOKaMH, M3 KOTOPBIX cocToMT Mmartepus. OmHako B 1932 r.
Jlxeiime Yensuk, komnera Pesepdopaa mo KemOpumKkckoMy yHHUBEPCUTETY, OOHAPYXKUII, YTO B sIpe
HUMEIOTCS €lI€ M JIpYT'He YacTHUllbl — HEHUTPOHBI, Macca KOTOPBIX IMOYTH paBHA Macce IPOTOHA, HO
KOTOpBbIE HE 3apsbKeHbl. 3a 3To OTKpbiTHE YenBuk Obul ymoctoeH HoOeneBckoil mpemun M BbIOpaH
rinaBoii Konsmmn-sua-Kaityc-komnemka KemOpumkckoro yHuBepcuTera (KOJUIeK, B KOTOPOM s ceiddac
pabotato). [loToM eMy MpUIIIOCH OTKA3aThbCsl OT TOrO MOCTa U3-3a Pa3HOIIACHid ¢ coTpyqHHKamu. B
KOJUJIEJKE MOCTOSHHO MPOUCXOANIN 0KECTOUEHHBIE CIIOPBI, KOTOPbIE HAYAIUCh C TEX IOp, KaK Hocje
BOMHBI T'pYyIMIa BEPHYBIICHCS MOJIOACKH IMPOroJocoBaia MPOTHB TOTO, YTOOBI CTapble COTPYIHUKU
OCTaBAJIMCh Ha CBOMX JIOJDKHOCTSIX, KOTOPBIE OHU yX€ MHOTO JIET 3aHUMaiu. Bee 3To mpoucxonuio eie
710 MEHS; 1 Hadyall paboTaTh B KoJuie/mke B 1965 r. u 3actan camblil KoHel O0pbObI, KOria Ipyroi riasa
KOJUTeKa, HoOeneBckuid taypeaT Hesmiur MOTT, BBIHYK/ICH OBUT TOXKE YHTH B OTCTaBKY.

Eme ner nBaguars Ha3ax NPOTOHBI M HEWTPOHBI CUYUTAIUCH «QJIEMEHTAPHBIMIY» YacCTHIIAMH, HO
SKCIIEPUMEHTHl 110 B3aUMOJICHCTBUIO TPOTOHOB M DJIEKTPOHOB, MABIDKYIIUXCS C  OOJBIIMMH
CKOpOCTSIMH, C TIPOTOHAMHU IOKAa3ald, YTO HA CaMOM JieJie IPOTOHBI COCTOST U3 elle 0ojiee MEeTKHUX
yactull. Mioppeii ['enn-ManH, Teopetuk 3 KannpopHuiickoro TeXHOJIOTHYeCKOro HMHCTUTYTA, Ha3Ball
3TH dacTHLbl KBapkamu. B 1969 r. 3a wuccnenoBanue kBapkoB ['emn-MaHH ObUT yIOCTOEH
HoGeneBckoil mpemun. HasBanue «kBapk» B3STO W3 3ayMHOM CTUXOTBOpPHOM cTpoku Jlxelimca
Jlxoiica: «Tpu kBapka s mactepa Mapka!». I1o uzaee, cioBo quark 10KHO IPOM3HOCUTBCS TakK XKe,
Kak cioBo quart (KyopT), B KOTOpoWM OykBa t Ha KOHIIE 3aMeHEHa OykBOW Kk, HO OOBIYHO ero
MIPOU3HOCAT TaK, YTO OHO pupMyercs co cioBoM lark.

N3BecTHO HECKOIBKO Pa3HOBUIHOCTEW KBApPKOB: MPEAINONAraloT, YTO CYIIECTBYET MO KpailHeil
Mepe IMIECTh «apoMaTOB», KOTOPbIM OTBEYAIOT U-KBapK, d-KBapkK, CTpaHHBIH KBapK, O4apOBaHHBIN
KBapK, b-kBapk U t-kBapk. KBapk KakJjoro «apoMara» MOXKET ObITh €Ill€ U TPEX «IIBETOB» — KPAaCHOTO,
3eneHoro u cuhero. (Creayer NoJ4epKHYTh, YTO 3TO MPOCTO 0003HAUEHHS, TaK KaK pa3Mep KBapKOB
3HAYUTEJIbHO MEHbIIE JIJIMHBI BOJHBI BUJUMOTO CBETA M [IO3TOMY I[BETA B OOBIYHOM CMBICJIE CJIOBA Y
HUX HeT. [leo mpocTo B TOM, YTO COBPEMEHHBIM (PU3MKaM HPABUTCS MPUAYMBIBATh HAa3BaHUS HOBBIX
YaCTHUI[ W SBJICHHUM, HE OrpaHUYMBas OoJibllie CBOIO (haHTa3uio rpedeckuM andasutom). I[IpoToH u
HEUTPOH COCTOSIT U3 TPEX KBApKOB Pa3HbIX «IIBETOB». B MpOTOHE COAEpKUTCA ABa U-KBapka W OAWH
d-kBapk, B HEWTpOHE — /1Ba d-KBapKa M OJMH U-KBapK. YacTHUIIBI MOKHO CTPOUTH U U3 JAPYTHX KBAPKOB
(cTpaHHOTO, OYApPOBAHHOTO, b U t), HO BCE ATH KBAPKU 00JIaAaI0T TOpa3o OOIbIIEH MAacCOl U OYEHb
OBICTPO pacnajaroTCcsi Ha MPOTOHBI 1 HEUTPOHBI.

Mpel yxe 3HaeM, 4YTO HM aTOMbI, HU HaXOZSIIMECs BHYTPU aroma MPOTOHBI C HEHTPOHAMHU HE
SIBJIIIOTCSI HEJEJIMMBIMHM, @ NOTOMY BO3HUKA€T BOIPOC: YTO K€ TAKOE HACTOALIUE 3JIEMEHTApHbIE
YacTHULIBI — T€ UCXOJHBIE KUPIINYM, U3 KOTOPBIX BCE COCTOUT? IIOCKONBKY IUIMHBI CBETOBBIX BOJIH
CYLIECTBEHHO OOJIbIIIE pa3MepoOB aToMa, y Hac HET HaJeX/Ibl «YBHJIETh» COCTaBHbIE YacTH aTroMma
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OOBbIUHBIM crocoOoM. [l 3ToM 1enu HeoOXOAUMbl 3HAUUTENBHO MEHBIIME JUIMHBI BOJH. B
MpeAbIAYyIIeN TJaBe Mbl y3HAIM, YTO, COTVIACHO KBAHTOBOW MEXAHMKE, BCE YACTHUIIBI HA CaMOM JeJie
SIBJIAIOTCS. €UI€ M BOJIHAMU M YEM BBIIIE€ HEPrHsl YaCTHUIbl, TEM MEHbIIE COOTBETCTBYIOUIAs JJIMHA
BOJHBI. Takum 00pa3oM, HaIll OTBET Ha MOCTABJICHHBIN BOMPOC 3aBUCUT OT TOTO, HACKOJIBKO BBICOKA
SHEPTUs YaCTHUIl, UMEIOIIUXCS B HAIlIEM PACIIOPSHKEHUH, TIOTOMY UTO €10 OIPEeseTcs] HACKOJIBKO Mall
MacImrTab Tex JJIMH, KOTOPhIE MBI CMOXEM HaON0aaTh. EMUHUIBI, B KOTOPBIX OOBIYHO H3MEpSIeTCS
SHEPTrUsl YaCTHUll, Ha3bIBAIOTCS AIEKTPOHBOJIbTaMU. (TOMCOH B CBOMX 3KCHEPUMEHTaX JUIsl YCKOPEHUs
JIEKTPOHOB MCHOJb30BAJ 3JEKTPUUECKOE I0Jie. OJIEKTPOHBOJIBT — 3TO DJHEPrHs, KOTOPYIO
MpuoOpeTaeT 3JIEKTPOH B SJIEKTpUUYecKOM Toyie BenwuuHOW 1 BosbT). B XIX B., kKorma ymenu
WCIIOb30BaTh TOJIBKO YAaCTUIBI C SHEPrUsIMH B HECKOJBKO AJIEKTPOHBOJBT, BBIICISIOIMIMMUCS B
XUMHUYECKUX PEaKIUSX THUIA TOPEHHUs, aTOMbl CUMTAIUCh CAMBIMU MEJIKMMH 4YacTsIMU MaTepuu. B
skcnepuMenTax Pesepdopaa sHeprun anba-yacTHIl COCTABISUIM MHJUIMOHBI 3JIEKTPOHBOJIBT. 3aTeM
Mbl HayYWJIHCh C TIOMOIIbIO 3JIEKTPOMArHUTHBIX MOJIEH Pa3rOHSTh YACTUIIBI CHayalla 10 SHEpPruil B
MUJUTMOHBI, & IOTOM U B THICSYU MUJUTMOHOB 3JIEKTPOHBOJIBT. Tak Mbl y3HaJH, YTO YACTHUILIbI, KOTOPbIE
JBAJLATH JIET HA3aJ] CYUTAINCH DJIEMEHTAPHBIMH, HA CAMOM JIEJI€ COCTOSAT U3 MEHBIIMX YacTUIl. A 4YTO
€CIIM TIPH TIEPEXo/ie K eie 00Iee BBICOKUM SHEPTUSIM OKAXKETCSI, YTO M 3TU MEHBIITUE YaCTUIIBI B CBOIO
ouepelb COCTOAT U3 elle MeHbINX? KoHeuHo, 3To BIOJHE BEpOsiTHAS CUTYAIUs, HO y HAC ceiluac ecTh
HEKOTOPBIE TEOPETUYECKHE OCHOBAHMS CYUTaTh, YTO MBI YK€ BIJIQJICEM WIM TOYTH BIAJCEM
CBEACHUSIMH 00 UCXOJIHBIX «KHUPIUYMKAX», U3 KOTOPBIX MOCTPOEHO BCE B IPUPO/IE.

Bce, uto ecth Bo BcenenHoil, B TOM 4uciie CBET U IpaBUTAIIAIO, MOKHO OMHUCHIBAThH, UCXOS U3
MIPEJICTABJICHHS O YacTUIIAaX, C YY€TOM YaCTHMYHO-BOJHOBOIO JAyalli3Ma, O KOTOPOM Mbl TOBOPUJIH B
npenpayiield maBe. YacTHUIBI )K€ MMEIOT HEKYH0 BPAIIaTSIIbHYIO XapaKTePUCTHKY — CIHH (Spin —
BpAIlaThCsl, KPYTUTHCS (aHIIL.). — IPUM. TIEPEB. ).
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[IpencraBum cebe vacTUIbl B BUAE MAJIEHBKHUX BOJYKOB, BPAIIAIOIIUMXCS BOKPYI CBOEW OCH.
IIpaBaa, Takas KapTHHA MOXKET BBECTH B 320y /I€HHE, IIOTOMY UYTO B KBAHTOBOM MEXaHUKE YaCTHUIIbI HE
MMEIOT BIIOJIHE OIPEeNIEHHON ocH BpalieHus. Ha camom Jiene civH 4acTHUllbl 1aeT HaM CBEJIEHHS O TOM,
KaK BBINIIUT 3Ta 4acTHUIIA, €CIIM CMOTPETh HAa HEe ¢ pa3HbIX CTOpoH. Yactuna co cnuHoM 0 moxoxa Ha
TOUKY: OHa BBITJISIIUT CO BCEX CTOPOH oauHaKoBo (puc. 5.1, I). Yactuiy co cnmHoM 1 MOXKHO CpaBHUTh
CO CTPEJION: € Pa3HBIX CTOPOH OHA BBIMJIIUT Mo-pasHoMy (puc. 5.1, II) u mpuHUMaeT TOT ke BUJI JIHUIIb
nocie moyiHoro o6opota Ha 360 rpaa. YacTuiry co CMHOM 2 MOYKHO CPABHUTH CO CTPEJION, 3aTOYEHHOM
¢ o0enx CTOpOH: JTI000E ee MOoJIoKEHUe MOBTopsieTcs mnocie noixyobopora (180 rpaz.). AHaIOTHYHBIM
o0Opa3oM uactuila ¢ Ooyiee BBICOKMM CIIMHOM BO3BpAlIaeTCsi B IE€PBOHAYaIbHOE COCTOSHUE IIpU
MIOBOPOTE Ha €Ill€ MEHBIIYI0 YacTh MOJHOrO 000poTa. ITO BCE JIOBOJILHO OYEBUIHO, a YAUBUTEIHHO
JPyroe — CyIIECTBYIOT YaCTHUILIbI, KOTOPbIE MOCJE MOJHOrO0 000pOTa HE MPUHUMAIOT MPEKHUM BUJI: UX
HYXXHO JIBXK/IbI TOJTHOCTHIO MOBEPHYTH! ['OBOPAT, YTO Takue YacTHIIbl 00J1aAat0T cliuHOM 1/2.

Bce usBecTHble yacTuipl Bo BeenleHHONW MOXKHO pa3fefiuTh Ha JIBE€ TPYIIIbI: YACTHIIBI CO CIMHOM
1/2, 13 KOTOPBIX COCTOUT BEIIECTBO BO BcenenHol, n yactuipl co cnuHoM 0, 1 u 2, KOTOpbIe, KaKk Mbl
YBUAUM, CO3JAlOT CHJIbI, JEHCTBYIOIIME MEXAy 4YacTUIAMH BemiectBa. YacTHIbl BellecTBa
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MOAYMHSIOTCA TaK Ha3blBaeMOMY NpHUHIMNY 3amnpera llaymu, otkpeitomy B 1925 1. aBCcTpuicKUM
¢usuxom Bonbdranrom Ilaymu. B 1945 r. Ilaynu 3a cBoe oTkpbiTHe ObuT ymoctoeH HobGeneBckoit
npemud. OH sBIIsUT cOOOH MAeaIbHBIN NpuMep PU3UKA-TEOPETHKA: TOBOPSAT, YTO OJHO €ro MPUCYTCTBUE
B rOpoie HapylIajo xoJ Bcex akcnepumenToB! [Ipunuumn [laynu rimacut, 4yTo JBE OAMHAKOBBIE YaCTHUIIBI
HE MOTYT CyIIECTBOBaTh B OZIHOM M TOM € COCTOSIHUH, T. €. HE MOT'YT UMETh KOOPJUHATBHI U CKOPOCTH,
OJIMHAKOBBIE C TOM TOYHOCTBIO, KOTOpasl 3aJaeTcs NpUHUUIOM HeonpeaeneHHocTu. [Ipunuun Ilaynun
UMeeT KpailHe Ba)KHOE 3HauyeHHe, TaK KaK OH IO3BOJIMI OOBACHHUTH, MOYEMY IOJ JEHCTBHEM CHII,
CO3/1aBa€MbIX yacTULaMu co cuuHoM 0, 1, 2, yacTulibl MaTepUU HE KOJUIAIICUPYIOT B COCTOSIHUE C OYEHb
BBICOKOH IUIOTHOCTBIO: €CJIM YAaCTHIIbI BEIECTBA UMEIOT OYEeHb OJIM3KHME 3HAYEHUs KOOPJMHAT, TO UX
CKOpPOCTH JOJKHBI ObITh pa3HbIMHU, U, CIIEOBATEIbHO, OHM HE CMOTYT JOJIFO HAaXOJUTHCSA B TOYKaX C
3TUMH KoopauHaTtamu. Eciu Obl B COTBOpEHUHU MUpa HEe ydacTBOBasI npuHIMI [laynu, kBapku He MO
Obl OOBEIMHUTHCS B OTAEIBbHBIC, YETKO ONPEACICHHBIC YAaCTUIBI — IMPOTOHBI U HEHTPOHBI, KOTOPHIE B
CBOIO Ouepellb HE CMOINIM Obl, OOBEAMHUBILUCH C HJIEKTPOHAMM, OOpa30BaTh OTHAENIbHBIEC, YETKO
orpezeneHHbIe aroMbl. be3 npunnuna [laynu Bce 3TH YacTHIIBI CKOJUTAIICUPOBAIN ObI U TIPEBPATHIINCH B
OoJiee WM MEHEee OTHOPOAHOE U IJIOTHOE <OKEIIeH.

[paBuibpHOE MpecTaBieHUne 00 IEKTPOHE W JIPYTHX YacTHLAX CO CIMHOM 1/2 OTCYTCTBOBAJIO 110
1928 r., xorna Ilonp Jlupak mpeiokuwl TEOpUrO Ui ONMMCaHUsl 3TUX 4dactull. Brnocnenctum dupax
nomyurn kadenpy maremaruku B KemOpumke (KOTOpyro B cBoe BpeMs 3aHMMail HBIOTOH M KOTOpYIO
ceifuac 3aHuMaro s). Teopus lupaka Obuta MepBOM Teopuel Takoro poja, KOTopas coriacoBajach U C
KBAHTOBOM MEXAHUKOM, U CO CIIEUAILHON TEOPUEN OTHOCUTENILHOCTH. B HEl JaBajioch MareMaTHYECKOe
00BsICHEHHE TOr0, I0YEMY CIIMH 3JIEKTPOHA paBeH 1/2, T. . moyeMy NpH OAHOKPATHOM IOJHOM 000poTe
WIEKTPOHA OH HE INPUHUMAET IPEKHUM BUJ, a NPU ABYKpATHOM IpuHHMMaer. Teopus Jlupaka
IpeJicKa3bIBajla TAK)XKe, YTO Y JEKTPOHA JI0JDKEH OBbITh MapTHEP — aHTURJIEKTPOH, WM, HHAY€e, TO3UTPOH.
OrtkpeiTie no3urpona B 1932 r. noarsepamio teoputo Jdupaka, u B 1933 r. on nomyumn HoGenesckyro
npemuto 1o ¢usmke. Ceiiuac Mbl 3HaeM, YTO KaXJJOH YaCTUIE COOTBETCTBYET aHTUYACTHIIA, C KOTOPO OHa
MOXKET aHHUTWIMpoBaTh. (B cioydae yactui, obecneunBaronMx B3aMMO/IEHCTBUE, YACTHIIA M aHTHYACTULIA
— OJTHO U TO >k€). Mornu Obl CyIeCTBOBAaTh ILIEJIble aHTHCIIOBA M aHTHJIFO/IU, COCTOSIINE U3 aHTUYACTHULL.
Ho BctpernB anThCeOs, HE B3ayMalTe MO3JOpOBAaThCA C HUM 3a pyKy! BO3HHMKHET ocienurensHas
BCIIBILLIKA CBETA, U Bbl 00a Hcue3HeTe. Ype3BbluaiiHO BaXKeH BOIPOC, TOYEMY BOKPYT' Hac ropaszio 0oblie
YaCTHII, YEM aHTUYACTULl. MBI K HEMY ellle BEPHEMCS B 3TOMU IJIaBe.

B KBaHTOBOIM MEXaHUKE MPEATIONAracTCsl, YTO BCE CHIIBL, MJIM B3aUMOJAEHCTBUSA, MEXKIY YacCTULIAMU
BEIIIECTBA TIEPEHOCATCS] YaCTULIAMH C LIEJIOUUCIEHHBIM CIMHOM, paBHbIM 0, 1 nim 2. Yactuia BemiecTsa,
HalpHuMep JIEKTPOH WM KBapK, UCITYCKAET YaCTUILy, KOTOPasi SIBJISETCS IEPEHOCYUKOM B3aUMOJIEHCTBUS.
B pesynbrare oTmaun CKOPOCTh YacTHIIBI BELIECTBA MEHSETCS. 3aTeM YacTUIA-TIEpeHOCUMK HaJeTaeT Ha
JPYTYI0 4acTHIly BELIECTBA U MOMVIOLIAETCS €10. JTO COyJapeHHe U3MEHSAET CKOPOCTb BTOPOM YacTHUIIB,
Kak Oy/ITO MEX1y STUMH JIByMsl YaCTULIAMH BEILIECTBA ICHCTBYET CHIIA.

YacTUIbI-IEPEHOCUNKH  B3aUMOJICHCTBHS  00JalaloT OJHUM Ba)XKHBIM CBOWCTBOM: OHHM HE
MOJUUHSIOTCS TpuHUMINY 3ampera [laynu. DTo o0O3Ha4aeT OTCYTCTBHE OrpaHMUYEHHMH JJIsl 4ucia
00MEHMBAaeMbIX YacTHIl, TAK YTO BO3HHUKAIOLIAs CUJIa B3aMMOJAEHCTBHUS MOXKET OKa3aThcs Oosbinoid. Ho
€CJIM Macca YacTHII-TIEpEHOCUMKOB BEJIMKA, TO HAa OOJNBUIMX PACCTOSHUSX X POXKIEHHE U 0OMEeH OynyT
3aTpyaHeHbl. Takum o0pa3oM, NMepeHOCHMble MMM CHJbl OyayT KopoTkozeictByrommmu. Ecmu ke
YaCTHULIBI-IEPEHOCUNKH HE OyyT 00J1a/1aTh COOCTBEHHOM Maccoii, BOSHUKHYT JaIbHOJEHCTBYIOLINE CUJIBL.
YacTulpl-nepeHoCYNKY, KOTOPHIMA OOMEHMBAIOTCS YacTHIIbl BEILECTBA, HA3bIBAIOTCS BUPTYaJIbHBIMHU,
[IOTOMY 4YTO B OTJIMYME OT PEAIbHBIX WX HEJb3sl HEMOCPEICTBEHHO 3aperuCTPUpOBATH MPU MOMOLIH
nerekTopa 4actuil. OnHaKo Mbl 3HaeM, 4YTO BHPTYaJIbHBIE YACTUIBI CYHIECTBYIOT, IIOTOMY 4YTO OHH
co37aT 3(PQEKThl, MoaTaoNIecs U3MEPEHUIO: Oarofaps BUPTYalIbHbIM YacTUI[AM BO3HUKAIOT CHIIBL,
JEUCTBYIOIIME MEX]y YacThlamMu BeliecTBa. IIpu HEKOTOphIX yciaoBusAX yactulpl co cnvHamu 0, 1, 2
CYIIECTBYIOT M KaK peaJlbHbIe; TOrJja UX MOXKHO HEMOCPEICTBEHHO 3aperucTpupoBarh. C TOUKU 3pEHUS
KJIaCCHYECKOM (DM3MKM TaKHe YacTHIBI BCTPEYAIOTCS HAM B BHJE BOJH, CKaXXeM CBETOBBIX WU
rpaBUTAIMOHHBIX. OHM MHOTa UCITYCKAIOTCS MPU B3aMMOJICHCTBUH YaCTHIl BEILIECTBA, IPOTEKAIOIIEM 3a
cueT oOMeHa YacTUIIaMH-TIepeHOCUMKaMu B3aumMoielicTust. (Hampumep, anexTprueckast cuia B3auMHOTO
OTTAJIKUBAHUS MEXIy IBYMS AJIEKTPOHAMH BO3HHKAET 3a cueT OOMEHa BHPTYyaJbHBIMH (DOTOHAMH,
KOTOPBIE HEJIb3s1 HEMOCPEACTBEHHO 3apEruCTpupoBaTh. Ho eciti aJ1eKTpOHbI IPOJIETAIOT APYT MUMO JpyTa,
TO BO3MOXKHO UCITYCKaHHUE PEaTbHBIX (POTOHOB, KOTOpPhIE Oy IyT 3apEeruCTPHUPOBAHBI KAK CBETOBBIE BOJIHBI).
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YacTUIBI-IEPEHOCUNKN MOKHO pPa3[eiIUTh Ha YEThIPE THUIA B 3aBUCHUMOCTH OT BEIMYHMHBI
IIEPEHOCUMOr0 MMHU B3aUMOJAEWUCTBHUS U OT TOrO, C KaKMMHU YacTUIAMH OHHU B3aUMOJIECHCTBOBAJIU.
[lomuepkHeMm, 4YTO Takoe pa3JelieHHe COBEpPIIEHHO HCKYCCTBEHHO; 3TO cXema, ynoOHas Juid
pa3pabOTKM YaCTHBIX TEOPHid, HHYEro Oojiee CEpbEe3HOT0 B HEH, BEpOSATHO, HET. BoJbIIMHCTBO
(U3MKOB Ha/EeTCs, YTO B KOHIIE KOHIIOB YAAcTCS CO3/1aTh €IUHYI0 TEOPHIO, B KOTOPOIl BCE YEThIpe
CHJIBI OKA3aJIUCh OBl Pa3HOBUIHOCTSIMH OJJHOM W TOM ke cujibl. MHOTHE ake BUAST B 9TOM IJIaBHYIO
1enb coBpeMeHHOU pu3uku. HegaBHO yBeHYANUCh yCIIeXOM MOMBITKY 00bEIUHEHUS TpeX cuil. B aToi
rJIaBe s eme coOMparoch O HHUX paccka3arb. O TOM, Kak OOCTOMT JeNO C BKJIIOUYECHHEM B TaKOE
0o0BbeIMHEHNE TPAaBUTAIIH, MbI [IOTOBOPUM HEMHOTO MO3KE.

Wrak, mepBasg pa3HOBUAHOCTb CWJI — TIpaBUTALMOHHAs cuia. ['paBUTAlMOHHBIE CHJIBI HOCST
YHUBEpPCAIBHBIMA XapakTep. OTO O3HA4aeT, 4YTO BCSKasd 4YacTULA HAXOIUTCSd TOJ JICHCTBHEM
IPaBUTAILIMOHHOM CHWJIbI, BEJIMYMHA KOTOPOM 3aBUCUT OT MacChl WM SHEPruM vacTullbl. ['paBurarus
ropaszio ciabee KakIOH M3 OCTABIIMXCS TpeX CHI. JTO OYeHb ciadas cuila, KOTOPYIO MbI BOOOIIEe He
3ameTHin Obl, eciy Obl HE JiBa €€ CHeUM(PUYECKUX CBOMCTBA: I'PaBUTALMOHHBIC CHIIBI JACHCTBYIOT Ha
OOJNIBIIMX PACCTOSHUSIX W BCErja SBIAIOTCS CcujiamMu mNpuTsbkeHus. CrenoBaTeNbHO, O4eHb clalble
IPaBUTALIMOHHBIC CHJIBI B3aMMOJACHCTBHSI OTIENBHBIX YAaCTHI[ B JIBYX Telax OOJBIIOrO pazMmepa, TaKHX,
Hanpumep, kak 3emsis U CoiHIle, MOTYT B CyMME JIaThb OY€Hb OOJbIIyI0 CHily. TpH OCTalbHBIX BUIA
B3aMMOJICHCTBUS JINOO JCHCTBYIOT TOIBKO HA MAJIBIX PACCTOSHUSX, JINOO SBISIOTCS TO OTTAIKHUBAIOIIMH,
TO TPUTATUBAIOIIMMH, YTO MPUBOIUT B OOIIEM K KOMIICHCAIIMHU. B KBaHTOBO-MEXaHUYECKOM MOIXOE K
IpaBUTALMOHHOMY TIOJIIO CUMTAETCSl, YTO I'PaBUTAIIMOHHAS CHJIa, JEUCTBYIOLIAs MEXIY JBYMS YaCTULIAMU
MaTepuu, MePEeHOCUTCS YaCTHULICH CO CITUHOM 2, KOTOpasi Ha3bIBAETCSl TPABUTOHOM. | 'paBUTOH He 00sazaeT
COOCTBEHHOM MAaccoil, ¥ II03TOMYy T[IEPEHOCHMAas WM CWIa SBISCTCS JaJbHOJICHCTBYIOIICH.
I'paBuraronnoe B3aumoseiictue Mexay ComHiem u 3emiel OOBSCHSETCS TeM, YTO YacTHIIbI, U3
KOTOpbIX coctosT 3emist u CosHile, OOMEHHMBAIOTCA TIpaBUTOHaMu. HecMoTpsi Ha TO 4TO B OOMEHE
y4acTBYIOT JIUIIb BUPTYyaJIbHbIE YaCTUILII, CO3aBaeMblil UMU 3(h(eKT 0e3yCIOBHO MOATAECTCS U3MEPEHHIO,
MOTOMY 4TO 3TOT 3¢ ekt — Bpamenue 3emian Bokpyr ConHia! PeanbHbie TpaBUTOHBI paclipOCTPaHSIOTCS
B BUJIE BOJIH, KOTOPBIE B KJIACCHYECKOM (DU3MKE HA3BIBAIOTCS TPABUTAIIMOHHBIMU, HO OHU OYEHb Cllabble, U
UX TaK TPYIHO 3aperucTpUpPOBaTh, UTO MOKA 3TO HUKOMY HE YAaJ0Ch C/AENATh.

Crnenyrommid TN B3aUMOJICHCTBUS CO3JAETCS JIEKTPOMArHUTHBIMU CHJIAMH, KOTOPbIE JIEHCTBYIOT
MEXY JEKTPUYECKU 3apsDKEHHBIMU YacTUIIAMU, KaK, HaIpUMep, AIEKTPOHBI U KBAPKH, HO HE OTBEYAIOT
3a B3aMMOJCHCTBUE TAKMX HE3APSDKEHHBIX YACTHILL, KaK MPAaBUTOHBI. DJIEKTPOMArHUTHBIE B3aUMOJECHCTBUS
ropas/io CUJIbHEE IPABUTALIMOHHBIX: AIEKTPOMArHUTHAS CUJIA, JIEUCTBYIOIIAs MEXKIY IBYMsI AJIEKTPOHAMH,
MPUMEPHO B MUJUTMOH MIJITMOHOB MUJIZTMOHOB MUJUTMOHOB MIJUTMOHOB MUJIJTMOHOB MUJUTMOHOB (€IMHUIIA
C COpOKa JABYMsI HYJISIMH) pa3 OoJIbIlIe TpaBUTALIMOHHON cHiibl. HO CylliecTBYIOT /1Ba BUA JIEKTPUUECKOTO
3apsa — MOJIOKUTENBHBIA U OTPULIATENBbHBIN. MeX Iy IByMS MOJOKHUTEIBHBIMU 3apsAJaMU TaK ke, Kak U
MEXIY JIByMs OTpULATEIbHbIMHU, JAEHUCTBYET CHUJa OTTAJIKUBAHUS, a MEXIY TIOJIOKUTEIbHBIM |
OTpUIIATEIbHBIM 3apsilaMu — CUJIa NpUTHKEeHUs. B Gomprmmx Tenax, HanpuMep B 3emsie win ColHIe,
COZIEpP’KaHME TIOJIOKUTENBHBIX U OTPHULIATENBbHBIX 3apA70B MOYTH OAMHAKOBO, W, CJIEJOBATEIbHO, CHIIBI
NPUTSDKEHUS. M OTTAJIKMBAHUS IIOYTH KOMIIEHCUPYIOT JIpYr Jpyra, M OCTAaeTCsl OYEHb Mayas YHCTO
ANIeKTpOMarHuTHas cuia. OJHaKo B MajbIX MacllTabax aTOMOB M MOJIEKYJ 3JIEKTPOMArHUTHBIE CHUJIBI
noMUHUPYIOT. Ilog nelicTBHEM 3IEKTPOMAarHUTHOTO MPUTSKEHUS MEXKAY OTPHLATENBHO 3apsHKEHHBIMU
AIIEKTPOHAMH U MOJIOKUTEIBHO 3apsHKEHHBIMU IPOTOHAMHU B SIIPE JIEKTPOHBI B aTOME BpaIllalOTCsl BOKPYT
s]pa B TOYHOCTU TaK K€, KaK MOJ JEHCTBUEM I'PaBUTALIMOHHOTO MPUTSKEHUS 3EMIIS BpAIAeTCsl BOKPYT
ConHua. DNEKTPOMArHUTHOE MPHUTSKEHUE OMNMCHIBAETCS KaK pe3yiabTaT oOMeHa OOJbIIMM YHCIIOM
BUPTYaJIbHBIX O€3MAacCOBBIX YacTHIl CO CIIMHOM 1, KoTopble Ha3biBatoTcs (horoHamu. Kak u B ciyyae
IPaBUTOHOB, (DOTOHBI, OCYIIECTBIISIONINE OOMEH, SBJISIOTCS BUPTYAIbHBIMHU, HO TIPU TIEPEX0/I€ 3JIEKTPOHA
C OJTHOH pa3pelIeHHO OpOUTHI Ha JPYTYIO, PACIIONIOKEHHYIO OJIMKE K Py, OCBOOOXKIAETCs SHEPTHS, U B
pe3ynbTaTe UCITYCKAaeTCsl pealibHbIN (POTOH, KOTOPBIN MPU MOIXOSIIEH AJTMHE BOJIHBI MOKHO HAOII0/1aTh
YeJIOBEYECKUM TIJ1a30M KaK BHJIMMBIA CBET, WIM K€ C MOMOILIbI0 KaKOro-HUOYIb JIETeKTOpa (POTOHOB,
HarpuMep (PoTomIeHKH. AHATOTMYHBIM 00pa3oM IMPH COYIapeHHH PealbHOro ()OTOHA C aTOMOM MOXKET
MPOU30UTH TIEPEXO]] NEKTPOHA C OJHOW OpOUTHI Ha JPYryko, OoJsiee JANEKylo OT siipa. DTOT Mepexon
MTPOUCXOMIUT 3a CYET IHEPTUr (POTOHA, KOTOPHINA MOTIIONMIAETCS] aTOMOM. B3anMoaelcTBiE TPEThEro TUra
HasbIBaeTcs cabbiM B3anMoercTBueM. OHO OTBEYAET 32 PaJMOAKTUBHOCTh M CYIIECTBYET MEXKI1y BCEMU
YaCcTHIIaMH BEIIECTBA CO CIIMHOM 1/2, HO B HEM HE y4acTBYIOT YacTuIllbl co cruHoM 0, 1, 2 — GpoTOHBI 1
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rpaBuToHbL. Jlo 1967 1. cBOlicTBa CabbIX CHJT OBLTH TUTOXO M3Yy4eHHI, a B 1967 1. A6myc Canam, TeOpeTHK
u3 Jlonmonckoro Wwmmepuan-komnemka, u CruBeH BaitnOepr u3 ['apBapiackoro yHHBepcUTETa
OJHOBPEMEHHO  MpPEVIOKUIIM  TEOpHI0, KoTopas oObenuHsia  cinaboe  B3auMMOJEHcTBHE €
JIEKTPOMArHUTHBIM aHAJIOIMYHO TOMY, KaK Ha CTO JIET paHblie MakcBem1 00beIUHNUI AIEKTPUUECTBO U
MarHetusM. BaitnOGepr n CanaMm BbICKa3aiaM MPENONOKEHHE O TOM, YTO B JONOJHEHHE K (OTOHY
CYIIECTBYIOT €IlI€ TPX YaCTULbl CO CIIMHOM |, KOTOpbIE BCE BMECTE Ha3bIBAIOTCSI TAXKEIBIMU BEKTOPHBIMU
0030HaMHM M SIBJISIIOTCSI NIEPEHOCYMKAMHU C1a00ro B3auMOACUCTBHA. OTH O030HBI ObUTH 00O3HAYEHBI
cumBolamu W+, W— u Z0, macca xaxporo u3 Hux coctaBmuia 100 I»B  (I'PB  o3nauaer
TUradJIeKTPOHBOJIBT, T. €. ThICSYa MUJUIMOHOB AJIEKTpOHBOJIBT). Teopusi BaiinOepra-Camnama oGnamaer
CBOMCTBOM TaK Ha3blBAaEMOI'O CIIOHTAHHOIO HapylIeHHs cuMMeTpud. OHO O3HAyaeT, 4YTO YacTHILIbL,
COBEPILEHHO pa3HbIe ITPU HU3KUX SHEPIUSX, IPU BBICOKUX 3HEPTUSAX OKA3bIBAKOTCS HA CAMOM JIEJ€ OAHOM
U TOW K€ YacTHLEH, HO HaxXOJAIIECHCS B pPa3HbIX COCTOSIHUSAX. JTO B KaKOM-TO CMBICIIE IIOXOXE Ha
MOBEJICHUE IIapuKa Ipu urpe B pyierky. [Ipu Bcex BBICOKMX SHEprusix (T. €. Mpu ObICTPOM BpallleHHH
KoJieca) MIApUK BeAET cedsl BCeraa MOYTH OAMHAKOBO — 0€30CTaHOBOYHO Bpamaerca. Ho kornma xoseco
3aMEUTUTCS, SHEPIUsl IIapUKa YMEHBLIAETCS, U B KOHLIE KOHLIOB OH IIPOBAIMBAETCS B OJIHY U3 TPUALIATH
CEMU KaHAaBOK, MMEIOLIMXCS Ha Kosiece. VHBIMM cClIOBaMM, IPU HU3KUX OSHEPIUsSX LIAPUK MOXKET
CYIIECTBOBaTh B TPUALIATH CEMH COCTOSHMAX. Ecim Obl MBI mo4eMy-1uOO0 MOTIM HaOIIoAaTh IIApUK
TOJIBKO MPU HU3KUX SHEPTHSX, TO CUUTAIN OBl, 4TO CYIECTBYET TPH/ATh CEMb PA3HBIX THIIOB IIAPHKOB!

Teopus BaiinOGepra-Canama mpejckasbiBaia, 4TO IPU SHEPTUAX, 3HAYUTEILHO MPEBBIIIAIOIINX
100 IT»B, Tpu HOBBIE YacTHIlBI M (DOTOH IOJKHBI BECTH ce0s OJMHAKOBO, a MpH Oojiee HU3KHX
SHEPTrUsX YacTHIl, T. €. B OOJIBIIMHCTBE OOBIYHBIX CUTYAIUH, 3Ta «CUMMETPUS» JOJKHA HApYIIATHCS.
Maccet W+, W—u Z0 6030HOB TpeICKa3bIBATMCH OOIBIIIMMHU, YTOOBI CO3/I1aBaEMbIC UMHU CHIIBI UMEIH
oueHb Manblil paaunyc nericteus. Korna BaitnOepr u CanaM BBIABHHYJIM CBOIO TEOPHUIO, UM Majio KTO
BEPWJI, 2 HA MAJIOMOIIHBIX YCKOPHUTEIAX TEX BPEMEH HEBO3MOXKHO ObLIO AocTHYb 3Hepruu B 100 I'3B,
HeoOXoauMol anst poxaeHus peanbHblx W+, W— u Z0 yactun. OpHako JeT uepe3 AecATh
Ipe/CcKa3aHus, IOJYyYEHHbIE B OTOM TEOpUM MPU HU3KUX DHEPIUsX, HACTOJIBKO XOPOUIO
MOATBEPANIIUCH SKCIIEPUMEHTaIbHO, uTo BaitHOepry m Canamy Obuta mpucyxkieHa HoOenesckas
npemuss 1979 r. comectno c¢ Illenmonom I'mymoy (toxke u3 [MapBapna), KOTOPBIM MPeIIOXKUIT
MOXO0XKYIO €AMHYI0 TECOPHUIO AJIEKTPOMArHUTHBIX M CIAOBIX SIEPHBIX B3auMmojeicTBuu. Komwurer mo
HoGeneBckuMm npemusiM OblT M30aBJIEH OT HEMPHUATHOCTEH, KOTOPBIE MOTJIM ObI BO3HUKHYTb, €CITH OBl
0Ka3aJloch, YTO OH coBepIni omuoOKy caenanHbiM B 1983 r. B LIEPHe oTkpbiTHEM Tpex MacCHBHBIX
napTHepoB (GOTOHAa C NPABWIBHBIMM 3HAYEHHUSIMHM MacChl M JPYTUMHU  IpeICKa3aHHBIMU
xapakrtepuctukamu. Kapno Py60ua, Bo3riaBuBIINI IPYITy U3 HECKOIBKUX COTEH (PU3UKOB, KOTOPHIM
MPUHAJUIEKATIO ITO OTKphITHE, moiayuun HobOeneBckyro mnpemuto 1984 1., MPUCYXKIEHHYIO €My
copmecTHO ¢ uHxkeHepom [IEPHa Cumonom BanH aep Meepom, aBTOpOM NIpO€KTa HaKOMUTENS
aHTHYaCTHIL], UCIIOJIb30BAHHOTO B 3KcniepuMeHTe. (B Hale BpeMs ype3BbIuaiiHO TPYAHO OCTaBUTh CBOM
clie/l B KCIIEpUMEHTAIbHOM (pr3MKe, pa3Be 4To BBl yXKe Ha BepiiuHe!).

CunpHoe s1epHOE B3aMMOJIEUCTBUE TpEACTaBisieT cOOON B3aMMOJEHCTBUE YETBEPTOTO THIIA,
KOTOpO€ YAECPKUBAET KBAPKU BHYTPU IIPOTOHA U HEUTPOHA, a IPOTOHBI U HEUTPOHBI BHYTPHU aTOMHOI'O
anpa. [lepeHOCUMKOM CUIILHOTO B3aUMOJIEHCTBUSI CYMTAETCS €I1€ O/IHA YacTHIIAa CO CIIMHOM |, KoTopas
Ha3bIBAETCS TITFOOHOM.

['11'00HBI B3aMMOJEUCTBYIOT TOJBKO C KBapKaMM W C JPYTMMH DJIFOOHaMHU. Y CHJIBHOIO
B3aMMOJIEHCTBHS €CTh OJJHO HeOoObIYaiiHOe CBOMCTBO — OHO 00JaaeT KoH(paltHMeHTOM (confinement —
OorpaHUYeHUE, YAep>KaHue (aHTIL.). — PUM. PEIl.).

KoHdailHMEHT COCTOMT B TOM, YTO YacTUI[bl BCErja YAEP)KUBAIOTCS B OECIIBETHBIX
koMOuHausX. O1H KBapK HE MOKET CYILECTBOBATh caM IO cede, MOTOMY YTO TOTAa OH JOJDKEeH ObLT
ObI UMETh 1IBET (KpacHbIH, 3eseHblid i cuHuit). [1o3ToMy KpacHbIi KBapK JOJIKEH OBIThH COETMHEH C
3eJIEHbIM ¥ CHHUM IOCPEACTBOM TIIIFOOHHOM «cTpymn» (KpacHbIi + 3eneHblil + cuHuil = Oenblit). Takoit
TPUILIET OKa3bIBAETCSl POTOHOM MJIM HEUTpOHOM. CyIIECTBYET U Apyras BO3MOKHOCTb, KOT'/1a KBapK
Y aHTHKBApK OOBEIMHSIOTCS B TMapy (KpacHBIM + aHTUKPACHBIN, WM 3€JIEHBIH + aHTU3EJICHBIN, WU
CHUHMH + aHTHCUHUI = Oenblil). Takre KOMOMHAIIMKM BXOJSAT B COCTaB YaCTHII, HA3bIBAEMBIX ME30HAMHU.
OTH YacCTHIIbl HECTAOMIIbHBI, IOTOMY YTO KBAapK U aHTHKBApPK MOTYT aHHUTUJIMPOBATH JIPYT C APYIoM,
o0pa3ysi DSJEKTPOHBI M JpyrHe YacTHIbl. AHAJIOTWYHBIM 00pa3oM, OJUH TJIOOH HE MOXET
CYyIIIECTBOBATh CaM TO cebe u3-3a KOoH(paWHMEHTa, MOTOMY YTO TJIIOOHBI TOXKE OOJagaloT I[BETOM.
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CrenoBatenbHO, TIFOOHBI TOJDKHBI TPYIIIUPOBATHCS TAKMM 00pa3oM, YTOOBI MX IIBETa B CyMME JJaBajIH
6enblit BeT. OnrcaHHas TpyIa IITI00HOB 00pa3yeT HeCTaOUIbHYIO YAaCTHILY — TIIF000T.

Puc. 5.2

MpI HE MOKeM HaOIOAaTh OT/ENbHBIA KBapK WIH TIIOOH M3-3a KoH(aiiHMeHTa. He o3Havaet i
3TO, YTO CaMO IMPE/ICTaBIEHUE O KBapKaX M IJII0OHAX KakK O 4acTUIaX HEeCKoJbko MeTadusnuHo? Her,
IIOTOMY YTO CUJIBHOE B3aUMOJICHCTBUE XapaKTEPU3YETCs €IIE OJJHUM CBOMCTBOM, KOTOPOE HAa3bIBAETCS
aCUMIITOTUYECKON cBOOOJON. brarogaps 3ToMy CBOMCTBY HOHSATHE KBAapKOB U IIFOOHOB CTaHOBUTCS
BITOJTHE OIpeIesIeHHBIM. [Ipy OOBIYHBIX SHEPTHIX CHIIBHOE B3aMMOACHCTBHE JICHCTBUTENBHO SIBIISCTCS
CWIBHBIM M IUJIOTHO INPH)KMMAET KBApKU ApPYyr K Apyry. Ho, kak Noka3bpIBalOT 3KCIEPUMEHTHI Ha
MOIIIHBIX YCKOPHUTENSAX, IPU BBICOKUX SHEPrUsX CUJIBHOE B3aUMOJICHCTBUE 3aMETHO OCJIa0EBaeT U
KBAapKU M IVIIOOHBI HAYMHAIOT BECTU ceOs MOYTH Kak cBoOoHbIe yacTulbl. Ha puc. 5.2 npencrasien
(OTOCHUMOK CTOJIKHOBEHHS NMPOTOHA U AHTUIPOTOHA BBHICOKOHM dHEprur. Mbl BUIMM, YTO HECKOIBKO
IIOYTH CBOOOJHBIX KBapKOB, POAMBILUXCA B pPE3ylbTaTe B3aHMMOACUCTBUS, 00pa3oBalld «CTPYH»
TPEKOB, KOTOpPbIe BUAHBI HA poTorpaduu.

Hrorom ycrenHoro o0beAMHEHNs IEKTPOMArHUTHOTO M Ca00ro B3aMMOEHCTBUI CTANIM HOIBITKH
COEJIMHUTD ITH JIBa BUJIa B3aUMOJICMCTBUIN C CHIIBHBIM B3aUMOJIEHCTBHEM, YTOOBI B pe3yibTare MoJy4niach
TaK Has3blBaeMasl TEOpHUs BEJIMKOIro OObeAMHEHMs. B 3ToM Ha3BaHMM €cTb HEKOTOpOE IpeyBeIUdEHHE:
BO-TIEPBBIX, TEOPUM BEJIMKOTO OOBEIMHEHUS HE TaKUE Y)K BEIMKHE, a BO-BTOPBIX, OHH HE OOBEIUHSIOT
MIOJTHOCTBIO BCE B3aUMOJIEMCTBHS, TIOTOMY YTO B HUX HE BXOAWT IrpaBuTaims. Kpome Toro, Bce 3T TEOpUN
Ha CaMOM JI€JI€ HEMOJIHBI, IOTOMY UTO COJEpIKaT apaMeTpbl, KOTOPbIE HEMb3s IPEJICKa3aTh TEOPETUUECKH 1
KOTOpBIE HAJI0 BBIUMCIIATH, CPABHUBAS TEOPETUUECKUE M IKCIIEPUMEHTAIBHBIE PE3YJIbTAaThl. TeM He MEHee
TaKle TEOPUH MOTYT CTaTh IIaroM K MOJIHOM TEOpUH OOBETMHEHMS, OXBATHIBAIOILIEH BCE B3aUMO/ICHCTBYS.
OcHOBHas uziest MOCTPOCHUsI TEOPUI BEMKOTO OObEIMHEHUSI COCTOUT B CIIETYIOIIEM: KaK YK€ TOBOPUIIOCH,
CWJIbHBIE B3aUMOJIHUCTBUS MPU BBICOKUX SHEPIUSAX CTAHOBATCA cialbee, yeM Ipu HU3KUX. B To ke Bpems
ANIEKTPOMAarHUTHBIE U Clla0ble CHJIbI ACHMITOTHYECKH HE CBOOOJHBI, M TIPU BBICOKHUX SHEPIUSX OHM PACTYT.
Toraa npu KakOM-TO O4EHb OOJIBIIIOM 3HAUYEHUH SHEPTHU — IIPU SHEPTUH BEIUKOTO OOBEIMHEHHS — 3TH TPH
CHJIBI MOIUIM OBl CPaBHATBHCS MEXAY COOOW M CTaTh MPOCTO Pa3HOBUIHOCTSIMU OJHOM M TOW K€ CHJIBL
Teopun Benukoro oObeAMHEHUS MPEICKA3bIBAIOT, YTO MPU ATOW SHEPIHU pa3HbIe YAaCTUIIbl BEIIECTBA CO
CITUHOM /2, Takue, Kak KBapKH M JIEKTPOHBI, TOXKE MEPeCTaId Obl pa3nuyaThcs, YTo ObLIO OBl eIle OTHUM
11aroM K 0OBbEIMHEHHNIO.

3HayeHHe YHEPTUN BETMKOTO OOBEIMHEHHUSI HE OUYEHb XOPOILO U3BECTHO, HO OHO JIOJDKHO COCTABJIAThH
10 MEHBLIEW Mepe THICAIY MIJLUTMOHOB MIJUTMOHOB [ 9B. B yCkopHTEINsIX COBPEMEHHOTO ITOKOJIEHUS CTATIKU-
BAIOTCS YacCTUIIBI ¢ 3Heprusmu okoino 100 I'5B, a B Oyaymux npoekTax 3Ta BeJIMYMHA JOJDKHA BO3PACTH JI0
HecKoNbKHX ThIcsid ['9B. Ho 115t yckopeHust 4acTull 0 SHepruy BEJIMKOro OOBeIMHEHNS HY>KEH YCKOPUTENb
pazmepom ¢ ConHeuHyro cucteMy. MasoBeposTHO, YTOObl B HBIHEIIHEH 3KOHOMMYECKOH CHTyalluH
KTO-HMOyIp  peunics ee  (uHaHcHpoBarh. Bor  moyeMy  HEBO3MO)XKHA  HENOCPECTBEHHAs!
SKCIEPUMEHTAIbHAS TIPOBEPKA TEOpHid BeluKoro ooweauHenus. Ho 3aech, Kak U B Ciiydae 3JIeKTpociabon
€JIMHOM TeOpHH, CYILIECTBYIOT HU3KOPHEPIE€THUECKUE CIIE/ICTBUS, KOTOPhIE MOKHO ITPOBEPUTD.
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Camoe MHTepecHOe U3 TaKHUX CIIEACTBHU TO, YTO MPOTOHBI, COCTABISIONINE OOJBIIYIO YaCTh MACChl
OOBIYHOIO BCHICCTBA, MOIrYT CIIOHTAHHO pacnagaTtbCsd Ha Ooilee JerKue JacTulhbl, TaKHUC, KakK
AHTURJIEKTPOHBL [IpuunHa B TOM, YTO MPH 3HEPTUN BEIUKOT0 OOBETMHEHHUS HET CYIIECTBEHHON Pa3HHUIIBI
MEX/1y KBapKOM M aHTHAJIEKTPOHOM. TpH KBapka BHYTpU MPOTOHA OOBIYHO HE 00JANal0T J0CTATOYHBIM
KOJIMYECTBOM DPHEPrHM ISl MPEBpAILIEHHUsS B aHTURJIEKTPOHBI, HO OJWH U3 KBAPKOB MOXKET COBEPIICHHO
CIly4allHO MOJYYWUTh OAHAXK[bl PHEPrHI0, JOCTATOYHYIO JUISl 3TOTO IMPEBpALLEHHUS, IOTOMY YTO B CHILY
MIPUHIIUIIA HEONPEIEIEHHOCTH HEBO3MOXKHO TOYHO 3a(pUKCHPOBATH SHEPTUI0 KBAPKOB BHYTPH MPOTOHA.
Torma mpoToH NOMKEH pacmacTbesi, HO BEPOSTHOCTh TOTO, YTO KBapK OyIeT WMETh JOCTATOYHYIO
SHEPrUI0, CTOJb Maja, YTO JAaTh 3TOr0 MPUAETCS MO KpailHel Mepe MUUTMOH MHJUIMOHOB MUJUTHOHOB
MIJUTMOHOB MWUIHOHOB (€IMHMIIA C TPUALATHIO HYISIMH) JIET, YTO TOpa3io Oojblle BPEMEHH,
MIPOILIENIEr0 ¢ MOMEHTa OOJBIIOr0 B3phIBA, KOTOPOE HE MPEBBIIIACT JAECITU ThICAY MUJUTUOHOB JIET WU
YTO-TO OKOJIO TOro (€QUHHLIA C AECATbIO HysiMU). OTCIOa HaNpallMBaeTCsl BBIBOJ, YTO BO3MOYKHOCTH
CIIOHTAHHOTO pacriajia MPOTOHA HENb3sl SKCIEPUMEHTAILHO MPOBEPUTh. MOXKHO, OIHAKO, YBEIHYUTbH
BEPOSATHOCTh HAOMIOZICHUS pacraja MpOTOHA, M3ydas OYeHb OoJblnoe yucno npotoHoB. (Habmromas,
Hanpumep, 1 ¢ TpuALATbIO OJHUM HYJEM IPOTOHOB B TEUCHHE rojla, MOXKHO HAJIEATbCS OOHAPYKUTh,
COTJIACHO OJTHOM M3 TIPOCTEHUIINX TEOPHU BETTMKOTO OOBEIMHEHHS, O0JIee OTHOTO paciaja MPOTOHA).

Heckonbko Takux 3KCIIEPUMEHTOB YK€ BBIIIOJHEHO, HO OHU HE Jalli ONpeAeICHHBIX CBEACHUI O
pacnazax IMpOTOHA WM HeWTpoHa. OJUH U3 3KCHEPUMEHTOB, B KOTOPOM HCIIOJIb30BaJOCh BOCEMb
ThICAY TOHH BOJbl, IPOBOJWICA B COJSHOM miaxte mTara Oraio (g TOro, 4roObl MCKIIIOYMTH
KOCMHUYECKHE IIOMEXH, KOTOpPble MOKHO MPHUHATH 3a pacnaja npoTtoHa). Ilockonabky B TeueHHE BCEro
SKCIIEPUMEHTA HE OBbLIO 3apPETUCTPUPOBAHO HU OJIHOTO paciaja MPOTOHA, MOKHO BBIUHCIHTH, YTO
BpEMs KU3HU IIPOTOHA IOOJIKHO OBITE 6OJII>HIC, YeM JO€CATh MHIIJIMOHOB MHIIJIMOHOB MHJIJIMOHOB
MWIJIMOHOB MHJUIMOHOB (€AMHHUIIA C TPUALATBIO OJAHUM HYJEM) JIeT. DTOT pe3yibTaT IMPeBbIIIAeT
Ipe/icKa3aHusl MPOCTEHIIE TEOpUH BEIMKOTrO OOBEIUHEHMS, HO €CTh M 0o0Jiee CIIOXKHbBIE TEOPHH,
naroriue 0oiee BHICOKYIO OLEHKY. [ uX mpoBepku moTpedyroTes ele 00siee TOUHbIe SKCIIEPUMEHTHI
c ele OONbIIMMU KOJIMYECTBAMU BEILLIECTBA.

Hecmotpss Ha TpynmHOCTH HaOMIOAEHHMS pachajga MPOTOHA, HE MCKIIOUEHO, YTO caMo Halle
CYILIECTBOBAHHE €CTh CJIEJICTBUE OOPATHOIO Ipoliecca — 0Opa30BaHMUsI POTOHOB WM, €I1I€ IPOIIE, KBApKOB
Ha caMOW HaydallbHOM CTaJWH, KOTJa KBapKOB ObLIO HE OOIbINE, YUeM aHTHKBApKOB. Takas KapTHHA Havyasia
Bcenennoit npezacrasisiercs Hanbosee eCTECTBEHHONW. 3eMHOE BEIIECTBO B OCHOBHOM COCTOUT M3 TIPOTOHOB
U HEUTPOHOB, KOTOPHIE B CBOK) OUYEPENb COCTOST W3 KBAPKOB, HO B HEM HET HM AHTUIPOTOHOB, HU
aHTHHeﬁTPOHOB, COCTOAIMX M3 AHTUKBAPKOB, C€CJIM HC CUHUTATb TC HCECKOJIBKO HITYK, KOTOPLIC ObLIH
MOJTy4deHbI Ha OOJIBIIMX YCKOPUTENSAX. DKCIEPUMEHTHI C KOCMMYECKUMH JTyd4aMH MOATBEPKIAIOT, YTO TO XKe
caMoe CIIpaBeIMBO W JJIsl BCEro BelllecTBa B Hamied ['anakThke: B HEM HET HU AHTHIIPOTOHOB, HU
AHTUHEUTPOHOB, 3a MCKIIIOYEHHEM TOro HEOOJBIIOro KOJMYECTBA AHTMYACTHIl, KOTOPOE BO3HUKAET B
pe3yabTaTe pOXKICHUS Map YacTUIA-aHTUYACTHLA B COYJIAPEHUSIX YacTHI] IIPU BBICOKUX AHEprusx. Ecim Obl
B Hamleil ["anakTuke ObUIM OOJBLIME YYAaCTKM AHTUBEIIECTBA, TO MOXKHO ObUIO OBl OXUAATh CHIBHOTO
M3JIy4eHUs] Ha TPaHUIax pasjiesia BelllecTBa U aHTHBEIIECTBA, IJIE BOSHUKAIO Obl MHOKECTBO COYJIapeHUI
YaCTHILl U aHTUYACTHLI, KOTOPbIE, AaHHUTHIINPYS, UCITYCKAIN ObI U3]Ty4€HHE BBICOKOM SHEPTHH.

VYV Hac Her IIPSAMBIX YKaSaHI/Iﬁ Ha TO, COCTOHUT JIM BCUICCTBO APYTHUX TaJIAKTUK H3 IMPOTOHOB U
HEHUTPOHOB WJIM W3 aHTUIPOTOHOB M AHTUHEHTPOHOB, HO OHO JIOJDKHO COCTOSITH M3 YacTHUL] OJHOIO
TUIIA: B Opcaciax OI[HOI>'I TaJIJaKTUKA HE MOXKET OBITH CMECHU JaCTHUll U aHTUYaCTul], 1OTOMY 4YTO B
pe3yabTaTe UX aHHUTWISIIMK UCIYCKaloch Obl MOIIHOE n3nydeHue. [1o3ToMy MbI cunTaem, 4To Bce
TFaJIaKTUKU COCTOAT M3 KBAPKOB, 4 HC W3 AHTUKBAPKOB, BpAd JIM OAHU TaJTAKTUKHU COCTOAIN U3
BELIECTBA, a APYTUE — U3 AHTHUBELIECTBA.

Ho mouemy kBapkoB IOMKHO OBITH HACTOJIBKO OOJIbIIIE, YeM aHTHKBapkoB? [louemy uucio ux He
oauHakoBo? Ham odeHb MOBe3710, YTO 3TO TaK, MOTOMY YTO €CiM Obl KBApKOB M AHTHKBAPKOB OBLIO
MOPOBHY, TO TIOYTH BCE KBAPKM M aHTHKBAPKH MPOAHHUTWIMPOBAIM OBl APYr C APYroM B paHHEH
BcenenHoll, HanOJIHUB €€ W3Ty4eHUeM, HO €/1Ba JIM OCTaBHB XOTh Kakoe-HUOy/b BelecTBo. He Obu10 OB
HU TaJlaKTUK, HA 3BE31, HU IUIAHET, HAa KOTOPBLIX MOIJIa OBl Pa3BUBATLCA YCIOBCYCCKAasA KU3HbB. C
MIOMOIIIBIO TEOPUI BEIHUKOr0 OOBEJUHEHUSI MOKHO OOBSICHUTH, TI0ueMy BO BcelleHHOH KBapKOB JTOKHO
ObITH ceiiyac OoJibllle, YeM aHTUKBApKOB, Ja’k€ B TOM Cllydae, €CIM B CaMOM Haualie UX ObLIO IMOpPOBHY.
Kak Mbl yXe 3HaeM, B TEOpUSIX BEIMKOTO OOBEAWHEHHS IPU BBICOKUX HHEPIrUsiX KBAapKU MOTYT
IMPEBpAIATECA B aHTHUIJICKTPOHBI. Bo3MoxxHBEI B O6paTHI)Ie IMPOLECCHI, KOI'Jla AaHTUKBAPKU ITPEBPAIIArOTCA
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B DJIEKTPOHBI, & 3JIEKTPOHBI M AHTUAJIEKTPOHBI — B aHTHKBAapKH M KBapku. Korga-To Ha O4eHb paHHEW
craauu pa3ButHa BceneHHOW oHa ObLTa Takoi ropsyeil, 4To SHEPrHM YacTUI] ObUIO JTOCTATOYHO IS
noJ00HbIX MpeBpaiieHnid. Ho mouemy ke B pe3ynbTraTe KBapKOB CTajio OOJbIIE, YEM AaHTHKBApKOB?
[Ipuunna KpoeTcst B TOM, UTO 3aKOHBI (PM3UKU HE COBCEM OJJMHAKOBBI JUIS YACTHIl M aHTHYACTHII.

Jlo 1956 r. cuuTanock, 4TO 3aKOHBI (PU3UKU MHBAPUAHTHBI OTHOCUTEIIBHO TPEX IMpeoOpa3oBaHui
cummerpun — C, P u T. Cummerpuss C O3Hayaer, yTo BCE 3aKOHbI OJMHAKOBBI I YacTHUI] U
anTryactul. CumMmerpust P o3Havaer, yTo 3aKOHBI (PU3UKH OJMHAKOBBI JJISl JTHOOOTO SIBJICHUS U AJIs
€ro 3EpKaJIbHOTO OTPAXKEHUS (3€pKAJbHBIM OTPAKEHHWEM YacCTHUIlbl, BpALIAIOLIEHCS 10 YacOBOH
CTpeske, OyJeT yacTulla, Bpallaronasics NpoTUB 4acoBoil ctpenku). Hakonen, cmpicn cummerpun T
COCTOUT B TOM, YTO IPH U3MEHEHUH HAIIPABJICHUS JBUKCHHUS BCEX YACTHIl M aHTUYACTHUI] Ha 0OpaTHOE
CUCTEMa BEPHETCS B TO COCTOSIHME, B KOTOPOM OHA HaXOJWJIach PaHbIIE; UHBIMHU CIOBaMH, 3aKOHBI
OJIMHAKOBBI NIPH IBU’KEHUHU BO BPEMEHU BIIEPE]] UM Ha3a/l.

B 1956 r. nBa amepukanckux ¢usuka, T3yamao Jlu u YWkeHbHWH SIHT, BBICKa3alu
MPENOI0KEeHHEe, YTo ciaboe B3aMMOACWCTBHE Ha CaMOM [eJie HE WHBAapPUAHTHO OTHOCHTEIHHO
P-nipeo6pazoBanuii. UHbIMH ciOBaMH, B pe3yibTaTe ci1aboro B3aMMOJEHCTBHS pa3BUTHE BcerneHHOM
MOJKET MOWTH HMHAYe, YeM Pa3BUTHE €€ 3epKajbHOro m3o0paxenus. B tom sxe rony L[3unbcsH By,
kojutera Jlmu um SlHra, cymena nokazaTh, 4TO HX MPEIIIOJIOKEHUE NpaBUiIbHO. Pacmnonoxus B
MarHMTHOM ITOJIC SI/Ipa PAIUOAKTHBHBIX aTOMOB TaK, 4TOOBI UX CIIMHBI OBLITH HANIPABIICHBI OJJUHAKOBO,
OHa TMIOKa3alla, 4TO JJIGKTPOHOB BbIJIETaeT OOJNbIIE B OJHOM HAampaBlIeHHWH, 4YeM B Jpyrom. B
cienyromeM roay Jlu u SHr 3a cBoe oTKphITHE OBbUTH ymocToeHbl HobOeneBckoit mpemuun. Oka3anocs,
4TO clabble B3aUMOJACWCTBUS HE MOAUUHAIOTCS W cummerpuu C. DTO o3HauyaeT, 4to BceneHHas,
cocTosIIas U3 aHTHYACTHUII, OyzeT BecTH ce0s mHaue, ueM Hama Bceenennas. Becem, ogHako, Kazanocs,
41O cinaboe B3auMOACHCTBHE TOMKHO BCE-TAKU MOAYMHATHCS KOMOMHUpOoBaHHOU cumMmeTpuu CP, T. e.
pa3zButue BceneHHOW JOJIKHO MPOUCXOIUTh TaK Ke, KaK U Pa3BUTUE €€ 3EPKAJIbHOIO OTPaKEHMS,
€CJIM, OTPa3uB €€ B 3€pKajie, Mbl €€ KAKIYI0 YacTUIly 3aMeHuM antuyactuuei! Ho B 1964 r. eme aBa
amepukanma, [Dxeiimc Kponumn u Ben ®uty, oOHapyXuiaw, 4TO B pacmajae 4YacTUl, KOTOpEIE
Ha3biBatoTCs K-Me30Hamu, Hapymaerca naxe CP-cummerpust.

B pesynprare B 1980 r. Kpornnn u ®utd mony4miv 3a cBoro pabory HobOeneBckyro mpemuro.
(Kakoe orpoMHO€ KOJIMYECTBO MPEMHUI MPUCYKIEHO 32 pabOThI, B KOTOPBIX MOKa3aHo, yTo Bcenennas
HE TaK MpOCTa, KaK HaM KaXKeTCs).

CymectByeT MareMaThdeckas TeopemMa, B KOTOpPOW yTBep)KIaeTcs, YTO Jrobas TeopHs,
MOJJUMHSIIONIAsICSI KBAHTOBOW MEXAaHUKE M TEOPUU OTHOCHUTENILHOCTH, JIOJKHA BCerja ObITh MHBAapUaHTHA
OTHOCUTENbHO KoMOMHMpoBaHHOM cummerpun CPT. Jlpyrumu cnoBamu, noseneHue BceneHHoll He
W3MEHUTCSI, €CIIM 3aMEHUTh YacTHIbl AHTHYacTUI[AMH, OTpasUTh BCE B 3€pKajie M €Ile HW3MEHUTH
HampaBlieHHe BpeMeHH Ha oOpatHoe. Ho Kponun u ®urty mokaszanw, 4To €CM 3aMEHUTHh YacCTHIIbI
AHTUYACTHULIAMU U TIPOU3BECTH 3€PKAILHOE OTPAKEHUE, HO MIPU ITOM HE U3MEHSTh HAllPaBJIEHUE BPEMEHU
Ha oOpaTHoe, To Bcenennas Oyner Bect cels no-apyromy. CrenoBarenbHO, IpH 0OpaIlleHUH BpEeMEHH
3aKOHBI (PU3UKH JOJDKHBI U3MEHUTHCS, T. €. OHU HE MHBAPUAHTHBI OTHOCUTEIHFHO cUMMeTpun T.

[TonsiTHO, uTO B panHed BceeneHHOM Hapymanach cuMMmeTpus T: Korza Bpems TE€UeT BIEPEN,
Bcenennas pacmmpsiercs, a ecau Obll BpeMsl MOILIO Ha3zal, To BeenenHast Hayana Obl ckMMaTbes. A
MOCKOJIBKY CYIIECTBYIOT CHJIbI, HE HHBAPUAHTHBIE OTHOCUTEIBHO cuMMeTpun T, TO OoTCIo/a Cleayer,
YTO HO Mepe pacmupeHus BceleHHOMl 1oj AEMCTBHEM HTHUX CHJI AHTHAJIEKTPOHBI  JIOJIKHBI
MpeBpaIaThCs B KBAPKU Yalle, 4YeM JIEKTPOHbI B aHTUKBapKU. 3aTeM, korjaa Beenennas pacuupsiiach
U OXJaXJajlach, aHTUKBApKU U KBapKU JOJDKHBI ObUIM aHHUTWIMPOBATh, HO IOCKOJIBKY KBAapKOB
oKa3ajock Obl OOJbINE, YeM aHTHUKBAPKOB, KBAPKH OCTAIKMCh Obl B HEOOIBIIOM M30bITKE. 1 OHU-TO U
€CThb T€ CaMble KBapKH, U3 KOTOPBIX COCTOUT CETOJIHSILIHEEe BEUIECTBO, KOTOPOE Mbl BUAMM U U3
KOTOPOT'O COTBOPEHBI MBI caMU. TakuM 0Opa3oM, camMo Hallle CYIIeCTBOBaHME MOXHO paccMaTpUBATh
KaK TMOATBEPXKJACHUE TEOPUU BEIMKOrOo OObEIWHEHHUs, TMpaBlaa, TOJbKO KakK KauyeCTBEHHOE
noATBepkAeHne. HeonpeneneHHOCTH NMPOMCXOIAT M3-3a TOTO, YTO Mbl HE MOYKEM IIpelcKa3aThb, HU
CKOJIBKO KBapKOB OCTAHETCS MOCTIe aHHUTWJISIINY, HU JlaXke OyAyT JIM OCTaBIIUECS YaCTULbI KBapKaMu
wnn  antukBapkamu. (IIpaBma, ecnmu Obl B M3JMIIKE OCTaINCh AHTHUKBAPKUA, MBI OBl TIPOCTO
MePEUMEHOBAJIN UX B KBAPKH, a KBAPKU — B AaHTUKBAPKH ).

Teopun Benmkoro o0beMHEHHS HE BKIIIOYAIOT B ce0s TPaBUTALIMOHHOE B3aUMOEHCTBHE. JTO HE
CTOJIb YX CYIIECTBEHHO, MOTOMY YTO TI'paBUTALIMOHHBIE CHUJIbI TaK Majbl, YTO UX BIUSHUEM MOXHO
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MIPOCTO MpeHeOpeyb, KOTJa Mbl UMEEM JIENIO € DJIEMEHTAapHbIMU YacTUIaMU WK atomMamu. OHAKO TOT
(akT, YTO TpPaBUTAIIMOHHBIC CHIIBI SIBISIOTCS IALHOJCHCTBYIONIMMHU, Ja €Ie W BCEr/a CHUIaMU
MIPUTSDKEHUS, 03HAYAET, YTO Pe3yJIbTaThl MX BO3JAEHCTBUS Bcerga cyMMupytorcs. CienoBareiabHO, ecliu
UMeeTCsl JOCTATOYHOE KOJIMYECTBO YACTHII BEUIECTBA, TO TPABUTALMOHHBIC CHIIBI MOTYT CTaTh OOJIBIIE
BCEX OCTaNIbHBIX cW. BOoT mouemy sBomoninsi Beenennoii onpenensercs uMeHHO rpaBuTanueit. Jlaxe B
citydae 00bEKTOB Pa3MEPOM CO 3BE3/y I'PaBUTAIMOHHOE MPUTSHKEHUE MOXKET IEPEBECUTH BCE OCTAJIbHbBIE
CIJIbI U MPHUBECTU K KoJulancy 3Be3lbl. B 70-x romax s 3aHUMAalCs MCCIIEOBAaHHMEM YEpHBIX [bID,
KOTOpbIE€ MOTYT BO3HHUKHYTHh B PE3YJIbTaT€ TAKOI'O 3BE3IHOTO KOJUIAINCA, U OKPYXKAIOUIUX UX CHIIbHBIX
IpaBUTALIMOHHBIX Mosiel. IMeHHO B xoze 3TOi paboThl y MEHs MOSABUJIMCH MEPBbIE TOTAJAKH O TOM, KaK
KBAaHTOBasi MEXaHWKa M OOIas TEOpUS OTHOCHUTEIHLHOCTH MOTYT BIHSTH APYr HA Apyra — TEpPBEIC
pobecku pOpMbI TOM KBAHTOBOW TEOPUHU TPaBUTAIIUH, KOTOPYIO €llle MPEACTOUT pa3padoTars.

6. YepHble AbIpbI

TepMuH «uepHasi pIpa» MOSBUIICSA COBCeM HenaBHO. Ero BBen B 06uxona B 1969 r. amepuxkaHcKuit
yuenslit Jhxon Yunep kak MetadopudecKoe BRIpaKeHUE IPEICTAaBICHNUS, BOSHUKILIETO TI0 KpaiiHel Mepe
200 ner Ha3az, Korja CyLIECTBOBAJIM JIBE TEOPUHU CBETA: B IE€PBOM, KOTOpoW npuep:xkusaics HpioToH,
CUHMTAJIOCh, YTO CBET COCTOUT M3 YACTHUII; COTJIIACHO )K€ BTOPOH TEOpPHH, CBET — 3TO BOJHBL. Celdac Mbl
3HaeM, YTO Ha caMOM Jiesie 00e OHM TPaBWIBHBI. B CHIIy NMpHHIMIIA YaCTUYHO-BOJIHOBOTO JyajH3Ma
KBAaHTOBOW MEXaHHKH CBET MOXKET paCCMaTPUBATHCS M KaK YAaCTHIIbI, M KaK BOJIHBL. B Teopun, B KoTOpOii
CBET — BOJIHBI, OBIJIO HETIOHATHO, KaK Oy/eT NeiiCTBOBAaTh HA HEro rpaBHTalys. Ecim jxe cBeT — MOTOK
YaCTHUII, TO MOJKHO CUMTATh, YTO TPABUTAIMS ACHCTBYET Ha HUX TaK K€, KaK Ha ITyIICYHbIC S/pa, PAKETHI
u raneTsl. CHavana ydeHble JyMalli, YTO YaCTUIIbl CBETa IMePEMEIatoTcs ¢ OECKOHEUHON CKOPOCTHIO U
MOATOMY TPaBUTAIMS HE MOXKET MX 3aMeIUINTh, 1Mo Korna Pémep ycTaHOBWII, YTO CKOPOCTh CBETa
KOHEYHA, CTaJIO SICHO, YTO BIMSHUE TPABUTAIIMN MOKET OKa3aThCs CYIIECTBEHHBIM.

Hcxons u3 sroro, [Ixon Muuen, npenonasatens n3 KemOpumka, B 1783 1. mpeacraBuil B sKypHai
«@unocodckue Tpynsl Jlormonckoro Koponesckoro odmiecray (Philosophical Transactions of the Royal
Society of London) cBoro paboTy, B KOTOpPOH OH yKa3blBaJl Ha TO, YTO JIOCTATOYHO MAacCHUBHAs M
KOMITaKTHast 3Be3/1a JIOJDKHA UMETh CTOJIb CHIIBHOE TPAaBUTAIIMOHHOE HOJIE, YTO CBET HE CMOJKET BBIUTH 32
ero Tpezesbl: JF000H Ty CBeTa, UCHYIICHHBIH TTOBEPXHOCTHIO TAKOM 3BE3/Ibl, HE YCIIEB OTOWTH OT HEe,
OyzeT BTAHYT 0OpaTHO €€ TPaBUTAIIMOHHBIM MPUTSDKEHHEM. MUUern CUnTall, YTO TaKUX 3BE3]] MOXKET ObITh
o4eHb MHOTO. HecMoTpst Ha TO YTO WX HENb3s YBHAETb, TAK KaK UX CBET HE MOXKET 10 HAC JIOWTH, MBI TEM
HEe MEeHee JIOJDKHBI OIIYINAaTh MX TPaBUTAIMOHHOE TpHUTsHKeHHe. [10100HbIe 00BEKTHl HA3bIBAIOT ceifyac
YEepHBIMH JIBIPaMH, U 3TOT TEPMUH OTpa)KaeT MX CyTb: TEMHbIE O€31HbI B KOCMHUYECKOM MPOCTPAHCTBE.
Uepe3 Heckonbko JeT mocie Mwuuena u ¢panity3ckuil ydenelid Jlammac Bbickazan, MHO-BHIMMOMY,
HE3aBUCHMO OT HEro aHaJIOrM4YHoe Mpeanonoxkenue. HeGessiHTepecHo, uto Jlammac BKIIOYMI €ro JIUIIb B
MepBOE M BTOPOE M3aHHsI CBOEH KHUTH «CHCTeMa MHpay, HO MCKIIOUMI U3 OoJiee MO3THUX H3JIaHWMH,
couTsl, HaBepHOe, uepHble AbIpbl OpenoBoil uneel. (K tomy sxe B XIX B. KOpITyCKy/IsIpHasi TEOpUs CBETa
noTepsiia Moy sipHOCTh. CTao Ka3aThes, YTO BCE SIBJICHUSI MOKHO OOBSCHHTH C TIOMOIIBIO BOJHOBOW
TEOpHUH, a B HEW BO3€HCTBUE I'PABUTALIMOHHBIX CHJI Ha CBET BOBCE HE OBLIO OYEBUIHBIM).

Ha camom gerne cBeT Henmb3st pacCcMaTpUBaTh Kak IyIICYHBIE spa B TEOpUH TAroTeHus: Hprotona,
MIOTOMY 4YTO CKOpOCTh cBeTa (ukcupoBana. (Ilymeunoe siipo, BbUIETEBIIEE BBEPX C MOBEPXHOCTH
3emiH, W3-3a TpaBUTAMU OyJeT 3aMeIATh TOJIET U B KOHIIE KOHIIOB OCTAHOBHTCS, a MOTOM HAYHET
naaate. POTOH Xe AOKEH MPOJODKATh JABMXKEHHE BBEPX € MOCTOSHHOW ckopocThio. Kak ke Torna
HBIOTOHOBCKAsl TpaBHTAIllMsl MOXeET BozaeiicTBoBarh Ha cBeT?) [locnenoBarenpHas Teopus
B3aMMOJICHCTBHS CBETa M TIpaBUTAlMM OTCyTcTBOBaja 10 1915 r., korma DHHIITEHH Npeamoxui
O0IIyI0 TEOPHUI0 OTHOCHUTEIBHOCTH. HO nmake mociie 3TOro mpomuio HeMallo BPEMEHH, MOKa CTallo
HAKOHEI! SICHO, KaK1e BBIBOJIbI CIICAYIOT U3 TEOPUH DUHINTEHHA OTHOCUTEIHHO MACCUBHBIX 3BE3/.

YroOBI TOHATH, KaK BO3HUKAET YEpHAs IbIpa, HAJ0 BCIOMHHUTH O TOM, KaKOB KM3HEHHBIN ITHKJII
3Be3qbl. 3Be3fia oOpasyercs, Korja OOoJbIIOe KOJIMYECTBO ra3a (B OCHOBHOM BOJOpOJia) HAauMHAET
C)KUMATBCS CHIIAaMU COOCTBEHHOTO TPABUTAIIMOHHOTO MPUTSDKEHHS. B Tiporiecce ckaTusi aTOMBI Ta3a Bce
Yale M yYalle CTaJIKUBAIOTCS JPYT C JPYroM, ABUTasiCh CO BCE OOJBIIMMH M OOJIBIIMMHU CKOPOCTAMHU. B
pe3yibTare ra3 pa3orpeBaeTcsi U B KOHIIE KOHIIOB CTAHOBUTCS TaKHMM TOPSYMM, YTO aTOMBI BOJIOPOJA,
BMECTO TOTO0 4YTOOBI OTCKaKMBaTh JApPYyr OT JApyra, OyayT ciauBaThcs, oOpaszys remuit. Termuo,
BBIJICTISTIONIEECS B OTOW peakIMy, KOTOpas HAllOMHUHAET YIPABIISIEMBI B3pBIB BOJOPOIHONW OOMOBI, U
BBI3BIBAECT CBEUYCHHUE 3Be3/Ibl. [I3-3a JOMOIHUTENBHOrO TEIUIa JaBJI€HHE Ia3a Bo3pacraeT J0 TeX Iop,
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[I0OKa HE YPaBHOBECHUT I'PaBUTALIOHHOE INPUTSHKEHUE, IMOCIE YEro ra3 IMepecTaeT CXUMAaTbCA. IJTO
HEMHOI'O HallOMHUHAET HAaAyTbI PE3VHOBBIN IIAPHUK, B KOTOPOM YCTAHABJIMBAETCS PaBHOBECUE MEXY
JIABJICHUEM BO3[yXa BHYTPH, 3ACTaBIIOIIMM IIAPUK pa3AyBaTbCs, M HATSDKEHHEM PE3MHBL, MOJ
JEUCTBUEM KOTOPOro miapuk cxumaercs. [logoOHO miapuky, 3Be3nbl OyIyT JOJTO OCTaBaThCs B
CTaOUJIBHOM COCTOSIHMH, B KOTOPOM BBLAEIISIFOLIMMCS B SIIEPHBIX PEAKLUAX TEIJIOM YpaBHOBEILIUBAETCS
IpPaBUTALIMOHHOE MpUTsKEeHHE. HO B KOHIlE KOHLIOB y 3BE3Abl KOHYMTCS BOJOPOJ M APYTU€ BUJIBI
saepHoro TorumBa. Kak HU nmapasiokcanbHO, HO 4eM OoJiblile HayalbHbIM 3amac TOIIMBA Y 3BE3/Ibl, TEM
ObIcTpee OHO MCTOIIACTCS, TOTOMY YTO JUI KOMIICHCAIIMY TPaBUTALMOHHOTO MPUTSDKEHHS 3BE3/1€ HAI0
TEM CHUJIbHEE Pa3orpeThes, 4eM Oolblile ee Macca. A 4eM ropsiuee 3Be3jia, TeM ObICTpee pacxoyeTcs ee
TOIUIMBO. 3amaca TomiBa Ha COJHIE XBaTUT MPUMEPHO Ha MATHh THICSY MHJUIMOHOB JIET, HO Oosee
TSDKENbIE 3BE3/bl U3PACXOIYIOT CBOE TOIUIMBO BCEro 3a CTO MHJUIMOHOB JIET, T. €. 32 BpeMs, ropasjo
MeHblIee Bo3pacTa BeenenHoi. M3pacxonoBaB TOILIMBO, 3B€3/1a HAUMHACT OXJIAKAATHCA U CKUMAThCS, a
BOT YTO C HEH MPOUCXOAUT ITOTOM, CTAJIO HOHATHO TOJBKO B KOHIIE 20-X rOZ0B HAIIIETO BEKA.

B 1928 r. Cybpamanbsn Yanapacekap, acnupanT u3 VHanu, OTopaBuiics o MOpio B AHTIIUIO, B
KemOpumx, 4ToObl IPOHTH TaM Kypc OOYYEeHHS y KPYIMHEHIIEro ClemuanucTa B 00JiacTu oOmei
Teopur OTHOcUTENbHOCTH Aptrypa Dmaunrrona. (I'oBopsT, B Hauyane 20-X TOJOB OJUH KYPHAIUCT
CKa3al DIJIMHITOHY, YTO OH CIbILIal, OyATO B MUPE BCEro TPH YEJIOBEKa MOHMUMAIOT OOILYI0 TEOPHIO
OTHOCHUTENILHOCTU. DAJIMHITOH, [TIOMOJIYaB, cKa3al: «5 nymaro — KTo ke TpeTuin?»). Bo Bpems cBoero
nyremectBus U3 Muann Yanzapacekap BBIYMCIMII, KaKOHl BEIMYMHBI JIOJDKHA OBITH 3B€3/a, 4TOOBI,
M3pacxojl0BaB IIEIMKOM CBOE TOIUIMBO, OHA BCE JX€ Morjia Obl MPOTUBOCTOSTH BO3JIEHCTBUIO
COOCTBEHHBIX T'paBUTALMOHHBIX cwil. Yanapacekap paccyxkaan Tak. Korja 3Be3sia yMmeHbIIaeTcs,
YacTULIBl BEIIECTBA OYEHb CHUJIBHO COJIMXKAIOTCS JPYr C JPYroM, M B CWIY NpPUHLHUIA 3arpeTa
(uckmrovenus1) Ilaynu ux cKOpOCTH NOJKHBI Bce Oonbliue paznuyarbes. CrenoBaTeNbHO, YaCTHILIbI
CTPEMSITCS PA30MTUCH U 3BE3/a pacmmpsercs. Takum o0pa3oM, pagnyc 3Be3/bl MOKET yIEPKUBATHCS
IIOCTOSIHHBIM OJlarosiaps paBHOBECHIO MEXAY I'DAaBUTALIMOHHBIM HPUTSHKEHHEM U BO3HUKAIOIIUM B
cury npuHiuna Ilaynu orrankuBanueM, TOYb-B-TOYb KaK Ha 0oJjiee paHHEH CTaJWU Pa3BUTHUS 3BE3bI
I'PaBUTALIMOHHBIE CUJIbI YPAaBHOBELINBAIUCH €€ TEIJIOBBIM PaCIIMPEHUEM.

Opnako Yanapacekap NOHMMAaJ, 4YTO OTTAJKHUBaHME, 00ycioBIeHHOe mpuHuunoMm llaymu, ne
6ecnpenenpHo. CoOrnacHO TEOPUHM OTHOCUTENBHOCTH, MaKCUMallbHas pa3HHILa CKOpPOCTEH dYacTui
BELIECTBA B 3BE€3/I¢ paBHA CKOPOCTU CBETA. DTO 3HAUUT, YTO, KOIZa 3B€3[]a CTAHOBUTCS JOCTAaTOYHO
IUIOTHOM, OTTaJKHUBaHUE, OOYCIOBIEHHOe MNpHHUMIIOM Ilaynu, AOKHO cTaTh MEHbIIE, YeM
rpaBUTALlMOHHOE NpUTsDKEHHE. YaHapacekap paccuuTall, YTo €CiIi Macca X0J0IHOM 3Be3 bl OoJiee ueM
B IOJITOpa pa3a npesbimaeT Maccy CoiHIA, TO 3Ta 3B€3/]a HE CMOXKET NMPOTUBOCTOSTh COOCTBEHHOM
rpaButanuu. (JlagHHoe 3HaueHWE Macchl ceiluac  Ha3bIBAalOT  mpenenoMm  Yanjpacekapa).
[TpuGnu3uTENbHO B TO e BpeMs aHAJIOTUYHOE OTKpbITHE crienai coBerckuid ¢pusuk JI. J1. Jlannay.

BreiBonbl Yannpacekapa u Jlannay uMenu BaKHbIE CJIEICTBHUS OTHOCUTENIBHO CYABbOBI 3BE3] C
6onpmiolr Maccoi. Ecnm macca 3Be3abl MeHble mpenena Yaxapacekapa, TO OHa B KOHIIE KOHIIOB
MOJKET IepecTaTh COKpAIaThCsl, MPEBPATUBLINCH B OEJIOT0 KapiivKa — OJHO U3 BO3MOYKHBIX KOHEYHBIX
COCTOSIHMM 3Be31bl. bemnblil Kapiauk UMEET B paguyce HECKOJIBKO ThICAY KHIOMETPOB, IJIOTHOCTh —
COTHHM TOHH Ha KyOWYECKHUH CAaHTHUMETp U YAEp)KUBAETCS B pPaBHOBECUHU Osarojaps OTTAJIKUBAHUIO
3JIEKTPOHOB B €0 BEIIECTBE, OTTAIKMBAHUIO, KOTOPOE BO3HUKAeT M3-3a mpuHuuna Ilaynmu. Ha Hebe
BUJHO Hemasio OenbIX KapiaukoB. OJHUM U3 MEpBbIX ObUI OTKPHIT O€Jblii KapiuK, Bpallaroliuics
BOKpyr Cupuyca — caMoii Ipkoii 3Be3/1bl Ha HOYHOM Hebe.

Jlannay mokasall, 4To 3B€3/la MOYKET OKa3aThCsl U B JIPYTOM KOHEYHOM COCTOSIHUH, MpeJesibHas
Macca KOTOpPOro paBHa OAHOM-IByM Maccam CojHIA, a pa3Mepbl Jaxe MeHblle, 4eM y Oesoro
KapiukKa. OTH 3Be3/Ibl TOXE JOJDKHBI CYIIECTBOBATh Ojarojapsi BO3HUKAIOIIEMY H3-3a NPUHIUIA
[laynu OTTaJKMBaHUIO, HO HE MEXAY JJEKTPOHAMH, a MEKIY IPOTOHAMHM M HeWTpoHamu. Ilosromy
TaKue 3Be3/Ibl MOJYYHIN Ha3BaHWE HEUTPOHHBIX 3Be3/. VX paanyc He O0bllle HECKOJIBKHUX JECATKOB
KUJIOMETPOB, a IUIOTHOCTh — COTHM MMJUIMOHOB TOHH Ha KyOuueckuil cantumerp. Korma Jlanmay
npesicKa3al HEWTPOHHBbIE 3Be3/bl, HAOIIOJaTh MX HUKTO HE YMEN, a pealbHas BO3MOXKHOCTb HMX
HaOJII0ACHNUS TIOSBUIIACH 3HAUYUTENIBHO MO3KE.

Ecmn macca 3Be3nwl mpeBblmiaeT mnpenen Yaxapacekapa, TO, KOrjla €€ TOIUIMBO KOHYAeTcCs,
BO3HHUKAIOT OOJIBIIME CIOKHOCTH. UTOOBI M30€XkKaTh KaracTpo(PUUYecKOro IpaBUTALMOHHOTO KOJUIarca,
3Be3/la MOYKET B30pBAThCs MM KaKUM-TO 00pa3oM BBIOPOCHUTH M3 ce0sl yacTh BELIECTBa, YTOOBI Macca
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cTaja MeHblIe MpenebHON. TpyaHO, OJHAKO, MOBEPUTh, YTO TaK MPOMCXOAUT CO BCEMH 3BE3JaMU
HE3aBUCHMO OT MX pa3MmepoB. Kak 3Be3na y3HaeT, uTo eif mopa Tepath Bec? A gaxe eciu Obl KaXKHoi
3BE3JIC Y1aJI0Ch TIOTEPATH B BECE HACTOJILKO, YTOOBI M30€kKaTh KOJUIarca, TO YTO MPOU3OIILIO ObI, €CITU OBl
MBI YBEJIMYMIIM Maccy Oenoro Kapiauka Wid HEWTPOHHOM 3BE3/Ibl TaK, YTOOBI OHA MpEeBbICHIIA ObI rpeaesn?
Moxet ObITh, TOTIa MIPOU30ILIEN Obl KOJUTAIIC U TUIOTHOCTH 3B€3/Ibl CTajla OECKOHEUHOM? DIAMHITOH OBbLIT
TaK 3TUM MOPAXKEH, YTO OTKA3alICs BEpUTh pe3yibraTy Yanapacekapa. OH cunuTail IpoCcTO HEBO3MOKHBIM,
9yTOOBI 3B€3/Ia CKOJIANCUPOBAjia B TOUKY. Takoi MO3UINK MPUAEPKUBATIOCH OOJIBIIMHCTBO YUEHBIX: CaM
DOUHIITEWH 3asiBIJI B CBOCH CTAThE, YTO 3BE3/Ibl HE MOTYT CXKMMATHCS JI0 HYJIEBBIX pa3mMepoB. BpaxneOHoe
OTHOIIIEHHE YUYEHBIX, B OCOOCHHOCTH DJUIMHITOHA, KOTOpBIA ObUT MEepBbIM yuutTeneM YaHapacekapa u
IJIaBHBIM aBTOPUTETOM B MCCIIEJIOBAHUM CTPOEHMSI 3BE3J1, BBIHYIWIM YaHzapacekapa OCTaBUTh padOTy B
MPEeKHEM HaNpaBiIeHUH W TEPEKIIOYUTHCS Ha JIpYTHMe 3aJaud acTPOHOMMH, TaKhe, KaK JBHKEHUE
3Be3MHbIX ckoruteHnid. Opnako HoOenmeBckas mpemwust 1983 1. ObUta, 1o KpailHEW Mepe YacTUYHO,
npucyxeHa Yanapacekapy 3a paHHue padOThl, CBS3aHHBIE C MIPEIETbHON MacCOM XOJIOTHBIX 3BE3]I.

OH nokasajy, 4To eciii Macca 3B€3/Ibl IpeBbIIIAaeT npeaen Yanapacekapa, TO MPUHLIMII 3alIpeTa HE
MO>KET OCTAaHOBUThH €€ KOJUIAlC, a 3aJa4y O TOM, YTO JOJDKHO MPOU3ONTH C TaKOW 3BE3/10il COrIacHO
o0IIeil TeOpUH OTHOCHTENBHOCTH, MepBbIM permmit B 1939 r. Mmononoit amepukanckuii ¢pusuk Pobept
Onnenreiimep. Ho u3 pesynbraTos OmnmneHreiimepa ciieIoBajio, YTO C MOMOIIBIO CYIIECTBOBABIIUX TOT/AA
TEJIECKOINIOB HENb3sl HaOMIoJaTh HU OAMH U3 Mpelcka3aHHbIX 3@dexToB. Ilorom Hawanmace Bropas
MHUpOBas BoiHa, u cam OrnmneHreiiMep BIUIOTHYIO 3aHsUICS pa3paboTKoi aToMHOM 60MObI. [locie BoiHBI
0 TPaBUTAIIMIOHHOM KOJIJIAICE COBEPIICHHO 3a0bUTH, TIOTOMY YTO OOJIBIIMHCTBO YYEHBIX OBLJIO YBICUCHO
M3yYEHHEM SBIICHUN aTOMHBIX M SAEpPHBIX MaciiTaboB. Ho B mectuaecaTeix rogax, Omaromaps
HOBEWIIEW TEXHUKE, YHUCIIO AaCTPOHOMHYECKUX HAOMIOACHUN CHUJIBHO BO3pOCIO, a HX 00JacTb
3HAYUTEIBHO PaCIIUpUIAcCh, YTO BBI3BAJIO BO3POXKICHHE HHTEpPEca K aCTPOHOMHUU U KOCMOJIOTHH.
PesynpraTsl OnmenreiiMepa ObUIH 3aHOBO OTKPBITHI M Pa3BUTHI Jajiee MHOTMMH (PU3HKAMHU.
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B wrore, Omaromapst OmnmenreiiMepy, MbI HMEEM CeHUYac CIEAYIONyl0 KapTtuHy. M3-3a
IPaBUTALIMOHHOT'O TOJIS 3BE3/IbI IyYM CBETA B MPOCTPAHCTBE-BPEMEHH OTKIIOHSIIOTCS OT TEX TPAEKTOPHIA,
II0 KOTOPBIM OHH HNEPEMEIIAINCH Obl B OTCYTCTBUEC 3BE3BI. CBeTOBEBIE KOHYCEI, BIOJIb IMOBECPXHOCTHU
KOTOPBIX PacHpOCTPAHAIOTCA UCIYIIEHHBIE U3 UX BEPIIMH CBETOBBIC JYUYH, OKOJIO MOBEPXHOCTH 3BE3]IbI
HEMHOTO HAKJIOHSFOTCS BHYTPb. OJTO TPOSBISIETCS B HAOIIOJA€MOM BO BpEMsSI COJIHEYHOTO 3aTMEHUS
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WCKPUBJIEHUH CBETOBBIX Jy4eH, WAYIIMX OT yaaJleHHbIX 3Be3/. [1o mepe ckaTust 3Be3/bl yBEIMYMBAETCS
IPaBUTALIMOHHOE TI0JIE HAa €€ MOBEPXHOCTH M CBETOBBIE KOHYChI HAKIIOHSIOTCA elle cuibHee. [loatomy
CBETOBBIM JIydaM, UCIYIIEHHBIM 3B€3710M, CTAHOBUTCS BCE TPYIHEE BBIMTHU 3a MpPEAEibl TPAaBUTALIMOHHOTO
TIOJISA 3BE3/Ibl, M yIaJICHHOMY HaOMIOaTeNio ee cCBeYeHue OyeT Ka3aThesl TYCKIbIM U OoJiee KpacHbIM. B
KOHIIE KOHIIOB, KOT/Ia B XOJI¢ CKaTHsl pauycC 3Be3/bl JOCTUTHET HEKOTOPOTO KPUTUYECKOro 3HAYCHUS,
IPaBUTALIMOHHOE T0JIE Y €€ TOBEPXHOCTU CTAHET OYEHb CHJIBbHBIM, M TOIJ]a CBETOBBIE KOHYCHI HACTOJIBKO
MIOBEPHYTCSI BHYTPb, UTO CBET HE CMOXKET OOJIblIIe BBIMNTH HapyXKy (puc. 6.1). Ilo Teopun oTHOCUTEIEHOCTH
HUYTO HE MOXKET JBHTAThCS OBICTPEE CBETA; a pa3 CBET HE MOXKET BBINTH HAPYXKy, TO U HUKAKOW JIPYTOM
00BEKT HE CMOXKET BBIUTH, T. €. Bce OYAET BTATUBATHCS HA3a/l IPAaBUTAIOHHBIM MOJIEM. JTO 3HAUUT, YTO
CYILIECTBYET HEKOE MHOXKECTBO COOBITHH, T. €. HeKas 00JacTb MpPOCTPaHCTBA-BPEMEHH, M3 KOTOPOM
HEBO3MOKHO BBIMTH HAapyXy U JOCTHYb yAajeHHoro HaOmronatens. Takas oOnacTh Ha3bIBaeTcs ceifuac
YepHOU JbIpoil. ['paHuIly YepHOU AbIpHI HA3bIBAIOT TOPU3OHTOM COOBITHI. OHA COBMAJACT C MYTSIMH TEX
CBETOBBIX JIy4ei, KOTOPbIE MEPBBIMU U3 BCEX TEPSIIOT BOSMOKHOCTD BBIMTH 32 MPEIENbl YEPHOIl JBIPHI.

YroObl OHATH, YTO Bl YBUAETH Obl, eciii Obl HaOMIO1aMK 32 00pa30BaHUEM YEPHOH JBIPHI MIPH
KOJUIaTice 3Be3/bl, HaJI0 BCIIOMHUTh, YTO B TEOPUU OTHOCUTEIBHOCTH OTCYTCTBYET aOCOIIOTHOE BpeMsi
U y KaXJ0ro HabIoaaTess CBos Mepa BpeMeHH. M3-3a TOro 4ro 3Be3/1a MMeeT IpaBUTAIIMOHHOE TIOJIe,
JUis HaOmojaTess Ha 3Be3le BpeMs OyAer He TakuM, Kak Ui yAaJeHHOro HaOmoaaTens.
[Ipenmonoxum, 4YTO KakoM-HMOYIb OTBaXHBIM AaCTPOHABT HAXOAMUTCA HA  IOBEPXHOCTHU
KOJUTAMICUPYIOIEH 3B€3/Ibl U KOJUIAIICUPYET BHYTPbh BMECTE C HEH.

IlycTh OH Kaxaylo CEeKyHAYy IO CBOMM 4YacaM IOCBUIAET CUTHAJIbl Ha KOCMHUYECKHH KOpaliib,
oOpararonuiicss mo opoéute BOKpYr 3Be3/bl. B Kakoi-TO MOMEHT BPEMEHHM MO €ro yacam, CKaXeM B
11:00, 3Be3ga coxkmeTcss A0 paauyca HUXKE KPUTHUECKOIro, IPU KOTOPOM TIpaBUTALMOHHOE I10JIE
CTAaHOBUTCS HACTOJIBKO CHJIBHBIM, YTO HHYTO HE MOXKET BBINTH HapyXy, U TOT/Ia CHUTHAJbl 3TOTO
cMellbuaka OoJIbIlie HE MOmaayT Ha KocMudeckui kopabmnb. [Ipu mpubmmkenun Bpemenu k 11:00
WHTEPBAIIBI MEXJY OYEepeIHBIMU CHUTHAIaMHU, KOTOpbIE aCTPOHABT IOCHIJIAET CBOMM CIIYTHHKAM Ha
KOCMHYECKHI Kopabib, OyayT ymmHATECSA, HO 10 10:59:59 stor addext Oyner HeBemuk. Mexmy
CUTHaJIaMH, KOTOPbIE acTPOHABT 1Mo cBoMM 4acaM nonuieT B 10:59:58 u 10:59:59, nma kocmuueckom
Kopabje MmpoWaeT 4YyTh OOJbIIEe CEKYHIbI, HO CHUTHAJIa, MOCIAHHOTO acTpoHaBToM B 11:00, um
MpHUaeTcs XKAaTh Be4HO. CBETOBbIE BOJIHBI, HCIYIICHHBIE C TOBEPXHOCTH 3Be3bl MexkAy 10:59:59 u
11:00 mo wacam actpoHaBTa, OyAyT, C TOYKH 3PEHUS MACCAKUPA KOCMUIECKOT0 KOpabisi, pa3Ma3aHbl
1o OecCKOHEYHOMY MEepHOAY BpeMeHH. BpeMeHHoW MHTepBasl MEeKAY JIBYMsl BOJHAMH, MPUXOIAIIMMU
JpYT 3a IpyroM Ha Kopalib, Oy/leT Bce BpeMsl yBEIMUYUBATHCS, U MIOATOMY U3ITy4yaeMblid 3B€3/10i1 CBET
OyzeT HempephIBHO OciabeBaTh U KazaThCs Bce Oosiee KpacHbIM. B KOHIIE KOHIIOB 3B€3/1a CTaHET TaKOi
TYCKJIOH, UTO €€ 0oJibllle HE YBUIAT ¢ OOPTa KOCMHUYECKOTO KOpaOJisi: OT HEE OCTAHETCS JIUIIb YepHas
apipa B mpoctpaHcTBe. [Ipu 3ToM Ha Kopabip Oy[eT Mo-npexkHeMY JeicTBOBaTh IPaBUTAILIMOHHOE
MPUTSKEHUE 3BE3/1bI, TAK YTO OH MPOJIOJIKUT CBOE JIBH)KEHUE TI0 OpOUTE BOKPYT YEPHOU JBIPHI.

Ho 3TOT cuienapuii He COBCEM peaInCTHYEH M0 cienyromel npuunHe. [Ipu ynaneHuu ot 3Be3/bl
€€ IpaBUTAllMOHHOE MPUTSDKEHUE OciabeBaeT, a IOATOMY HOTH HAIETO0 OTBAYKHOT'O acTPOHABTa BCEra
OyIlyT UCHBITHIBaTh OoJiee CHIIBHOE TPaBUTALlMOHHOE BO3/EHCTBUE, YeM rojioBa. PasHuila B Beln4yHMHE
CHJI IPUBEZIET K TOMY, YTO aCTPOHABT JMOO OKa)KETCsl BBITSIHYTBIM, KaK CHAreTTH, JIMOO pa3opBeTcs Ha
YacTH €Ile J0 TOro, Kak pa3Mepsl 3BE3/Ibl COKPATATCS 10 KPUTUYECKOTIO pajuyca, KOrja BO3HHMKAcT
ropu3oHT coObITHit! Ho MbI cunmTtaem, uro Bo BceneHHO# cymiecTBYIOT ropa3fo OoiblIne OOBEKTHI,
HalpHuMep LEeHTpajIbHbIe 001aCTH rajJakTHK, KOTOPbIE TOXKE MOTYT MPEBpAIaThCsl B YEPHBIE JBIPbI U3-32
TPaBUTAIMOHHOTO KoJiamnca. Torma, HaXoAsCh HAa OJHOM U3 TaKUX OOBEKTOB, aCTPOHABT HE ObLIT ObI
pa3opBaH Ha YacTH elle 10 00pa3oBaHMs YepHO AbIpel. Ha caMoM sese oH Obl He TOYYBCTBOBAJI HUYETO
0COOEHHOTr0, KOT/Ia pauyc 3BEe3/bl TOCTUT Obl KPUTUYECKOTO 3HAUEHUs], U BIIOJIHE MOT OBl MPOWUTH, HE
3aMETUB, TOYKY, 32 KOTOpPOIl HauMHaeTcs o0JacTh, OTKYyJA HeNb3s BEpHYThbCs Hazaa. Ho Bcero uepes
HECKOJIbKO 4acoB, KOrJa 3Ta 00jacTh Hayana Obl KOJUIAIICUPOBAaTh, Pa3HUIA T'PaBUTALMOHHBIX CHJI,
JEUCTBYIOIIMX Ha HOTH U Ha TOJIOBY, BO3pOCiia Obl TAK CHIIBHO, YTO €r0 OMSTh pa3opBajio Obl HA YaCTH.

B pabote, xotopyto Mel ¢ Pokepom Ilenpoy3om BeimonHmIM B nepuoj ¢ 1965 mo 1970 r., 6s110
MOKa3aHO, YTO, COIJIaCHO OOILIeld TEOpUH OTHOCHTENBbHOCTH, B YEpPHOH Jblpe JOJDKHA OBITh
CHUHTYJISIPHOCTh, B KOTOPOW IJIOTHOCTh M KPUBU3HA IPOCTPAHCTBA-BpEMEHU OeckoHeuHbl. CuTyanus
HaloMMHAaeT OOJIBIION B3pHIB B MOMEHT Hayajla OTCYeTa BPEMEHHU C TOH TOJBKO pa3HUIIEH, YTO ITO
O3Hayasio Obl KOHEI| BPEMEHHU ISl acTPOHABTa M JJIsl KOJUIATNICUpYIoLero tena. B aToi cuHrynspHoi
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TOYKE HAPYIIAIUCh ObI 3aKOHBI HAYKH, & MBI TIOTEPSUTH ObI CITOCOOHOCTH TpE/ICKa3biBaTh Oyaymiee. Ho
3Ta MoTepsi He KOCHYJIAaCh ObI HU OJHOTO HAOJIOATENs], HAXOAAIIErOCsl BHE YEPHOW JIBIPHI, TIOTOMY YTO
JI0 HETO He Jiomies Obl HM CBETOBOW, HU KaKOH-HUOYAb APYTrOd CUTHAJI, BBIIEAIINN U3 CHUHTYIISIPHOCTH.
[lon BnusiHMEM 3TOro yauBuTenbHOro (axrta Pomxep IleHpoy3 BBIABHHYN «THIIOTE3Y KOCMHYECKON
LEH3YPhI», KOTOPYIO MOXKHO chopMynupoBaTh Tak: «bor He TEpHUT rojol CHUHTYISpHOCTHY. Jpyrumu
CJIOBaMHM, CUHTYJISIDHOCTH, BO3HUKIIINE B PE3YJIbTAaTe I'PAaBUTALIMOHHOIO KOJUIAIca, MOSBIISIIOTCS JIMIIb B
MECTax BPOZE YEPHBIX JIbIP, TJI€ TOPU3OHT COOBITHI HalIe)KHO YKPBIBAET UX OT B3IJIAA0B U3BHE. CTpOro
TOBOps, TO THUMOTe3a C1a0Oi KOCMHUYECKOW IeH3yphl (Kak €e M Ha3bIBAIOT ceivac): Omaromapsi e
HaOIIOAaTeNN, HaXOIAIIMECs 3a IMpe/lellaMid YEePHOM JIBIPHI, 3alUIIECHbl OT MOCIEICTBHI TOro, 4TO B
CHHTYJISIDHOCTH TEpSIETCsl CIOCOOHOCTD MpeJICKa3bIBaTh Oyaylee, HO 3Ta TMIIOTe3a HEUero He JaeT s
CHACEeHMsI HECYAaCTHOI'O aCTPOHABTA, YIABIIETO B YEPHYIO AbIPY.

CyIecTBYIOT HEKOTOpHIE pPEUICHHs YpaBHEHUH OOIIel TEOpuu OTHOCHTEIBHOCTH, KOTOPHIE
MO3BOJISIFOT ACTPOHABTY YBHJIETh TOJIYHO CHUHIYJIIPHOCTB; OH MOKET YBEPHYThCS OT CUHTYJISIPHOCTH H,
MPOJIETEB Yepe3 «KPOTOBYIO HOPY», BBIATH B JApyrod oOnactu Bceenennoit. Takoit Bapuant
MPeIOCTaBUIl Obl IIUPOKHE BO3MOKHOCTH JJIsi MYTELIECTBUS B MPOCTPAHCTBE W BpPEMEHHU, HO, K
COKaJICHHIO, BCE OTH pELICHMs, I0-BUAMMOMY, CWJIBHO HeECTaOWIbHBI. Mareiiliee BO3MYyILEHUE,
HampuMep NPUCYTCTBHE aCTPOHABTA, MOTJIO Obl TaK U3MEHUTH PELICHHS, UTO aCTPOHABT HE YBHUET Obl
CUHT'YJIIPHOCTH /IO CaMOI'O CTOJIKHOBEHMsI C HEH, KOrJa €ro CyIIeCTBOBAHUIO IpHUILIEN Obl KOHEL.
JlpyruMu cj0oBaMH, CUHTYJISIPHOCTh HaXOAMJIACh OBl BCEr/a B €ro OyayIlleM M HUKOT/A B MPOIILIOM.
CunpHas HopMyTHpPOBKA THIIOTE3bl KOCMHYECKON [IEH3YPHl TAKOBA: CHHTYJISIPHOCTH PEATMCTUIECKOTO
pelleHrs JOJDKHBI OBITh Bcerga JuOO IeNMMKOM B OyaymeMm (Kak B cliydyae TpaBUTAlMOHHOTO
KOJUIarca), JIn0o MEeJIMKOM B MPONUIOM (KaK B Ciiydae O0bIIOro B3pbiBa). OUeHb X0UYETCS HANCIThCS,
YTO «TUIOTEe3a KOCMUYECKON LIEH3YpPhI» BBIMOJIHACTCS B TOM WM MHON (OPMYIUPOBKE, TOTOMY YTO
MHaue BOJIU3M TOJIBIX CHHTYJIIPHOCTEH MMeNnach Obl BO3MOXKHOCTD MOMAAATh B MPOILIOE. DTO OBUIO OBI
MIPEeKpacHo i Mucatenei-(haHTacToB, HO O3HAuyano Obl, YTO HUKOI/IA HEJb3d ObITh YBEPEHHBIM B
CBOEH 0€30I1aCHOCTU: KTO-TO MOKET BOWTH B IMPOLUIOE U JIMIIUTH XKU3HU KOTO-HUOYIb M3 BallMX
poauTenel enle 10 Toro, Kak OHU ycIienu JaTh )KU3Hb Bam!

['opu3oHT COOBITHI, OTrpaHWYUBAIOIIMK Ty OOJACTh MPOCTPAHCTBA-BPEMEHU, M3 KOTOPOM
HEBO3MOXXHO BBIOpAThCA HapyXKy, MOJOOCH HEKOEH MONyNmpoHHUIIaeMOl MeMOpaHe, OKpyKarolen
YEpHYIO AbIPY: OOBEKTHI BpPOJIE€ HEOCTOPOXKHOI'O ACTPOHABTA MOTYT YINacTh B YEPHYIO JIbIPY 4Yepe3
TOPU30HT COOBITHH, HO HMKaKHe OOBEKTbI HE MOTYT BBIOpaTbcs M3 Hee uyepe3 FOPU30HT COOBITUI
oOpatHo. (BcnomHMTE, YTO TOPU30HT COOBITHIM — 3TO MyTh, IO KOTOPOMY B NPOCTPAHCTBE-BPEMEHU
pacrpocTpaHsieTcs CBET, KOIJla OH CTPEMUTCS] BBINTH M3 YEPHOM JBIPBI, a OBICTpEEe CBETa HE MOXKET
nBuratbes HUUTO). O TOpU30HTE COOBITHII MOYKHO CKa3aTh Tak, KaK CKa3aHo y mo3ta /[anTe o BXoze B
An: «OctaBp Haiekay BCSK CIOAa BXOIAIMi». Bce M Bes mpoBasnuBIeecs: 3a TOPU30HT COOBITUI
BCKOpE MONaeT B 007aCTh OECKOHEYHOMU TIJIOTHOCTH, TJI€ BPEMSI KOHYAETCHI.

OOmiass Teopusi OTHOCUTEIBHOCTH IHPEICKA3bIBAET, YTO MPU JABHKECHUHM TKEIBIX OOBEKTOB
JIOJKHBI M3J1y4aThCsl TPaBUTALMOHHBIE BOJIHBL, KOTOPbIE MPEJCTABISIOT COOOM MyJbCAlliM KPUBU3HBI
IIPOCTPAHCTBA, PACIPOCTPAHSIONIMECS] CO CKOPOCTbIO cBeTa. M3nmywyaemble NMpH JIHOOOM JBHXKEHUU
IPaBUTALIMOHHBIE BOJIHBI OYyT YHOCUTH SHEPTUIO CUCTEMBI. (DTO HAaIOMUHAET MOBEIEHHE OPOIIEHHOTO
B BOJY IIOIUJIaBKa, KOTOPBIM CHayala TO YXOOUT MOJ BOJAY, TO BBIHBIPMBAE€T Ha MOBEPXHOCTh, HO,
MTOCKOJIbKY BOJIHBI YHOCSIT €TO 3HEPrHI0, B KOHIIE KOHIIOB 3aCThIBAET B HEIOJBHXHOM CTallMOHAPHOM
cocrostHun). Harmpumep, npu obpaiennu 3emiin BOKpyr CoJHIIa BOSHUKAIOT MPaBUTAL[IOHHbIE BOJHBI, U
3emiis TepsieT cBOro dHepruro. [loteps sHeprum OyneT BIUATH Ha OpOUTY 3eMii, ¥ 3eMJisi HadyHET
nocterneHHo npubmwkarbess K ConHily. B KOHIlE KOHIIOB OHM BOMAYT B KOHTAakT, M 3eMIlsi, IiepecTaB
IBUraThcsi OTHOCUTENbHO COJHIIA, OKaXKEeTcs B CTalMOHAapHOM cocTtosiHuM. [Ipu Bpamenun 3emuu
Bokpyr CouiHIa TepsieMasi MOITHOCTh OYE€Hb MaJjla — IPUMEPHO TAaKOBa, KaKylo MOTpedisieT HeOOobIIon
ANEKTPOKUIIATIIIBHUK. OTO O3HadaeT, 4ro 3emusd ymaaer Ha CoyHIE NPUMEPHO Yepe3 ThICAuy
MHJUTMOHOB MUJUTHOHOB MUJIJTHOHOB MHJUIMOHOB JIET, @ IOTOMY MPSAMO ceifuac OECIOKOUTHCS HE O ueM!
W3menenust opOUTHl 3eMIM MPOUCXOAAT CIWIIKOM MEJICHHO JJisi HaOJIoAEHUs, HO 3a MOCIETHHE
HECKOJIBKO JIET B TOYHOCTH Takoi ke 3¢pdext Habmonancs B cucreme PSR 1913+16. (PSR o3nauaer
«Iynpcap» — oco0asi pa3HOBUIHOCTh HEWTPOHHOM 3Be37bl, KOTOpas H3JIy4yaeT MepUuoIuUYecKue
UMIYJIbChl PAJUOBOJIH). DTO CUCTEMA JIBYX HEWTPOHHBIX 3BE3]], BPAIIAIOIIMXCA OJHA BOKPYI APYTOW;
MOTEPU PHEPTUU Ha TPABUTALIMOHHOE U3ITyYEHHE MPUBOAST K UX COMMKEHUIO 110 CIIUPAaIH.
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Korna Bo BpeMsi rpaBUTALIMOHHOTO KOJUIAIICa 3BE3/bl 00pa3yercss 4epHas IbIpa, BCE IBUKECHUS
3BE3/bl JTOJKHBI CUJIBHO YCKOPHUTHCS, M MO3TOMY IOTEPU SHEPTUU TOKE TOJIKHBI CHIBHO BO3PACTH.
CrnenoBarenbHO, KOJUIANICHPYIOLIAasl 3BE€34a JOJDKHA BCKOPE OKa3aThCsl B HEKOEM CTallMOHAPHOM
cocrosiHuM. Kakum ke OyJeT 3T0 KOHEUHOE COCTOsSIHUE?

MOHO NpennoIokKUTh, YTO OHO OyJEeT 3aBUCETh OT BCEX CJIOKHBIX CBOWCTB MCXOAHOM 3BE3/IbI,
T. €. HE TOJBKO OT €€ MAacchl U CKOPOCTH BpALIEHMs, HO U OT pa3HbIX IUIOTHOCTEH pa3HbIX YacTel
3BE3/Ibl U OT CJIOKHOI'O JIBUXKEHMs Ia3oB BHyTpu Hee. Ho eciau Obl 4depHbIE IbIpbI OBUIM CTOJIb K€
pa3Ho0Opa3HbIMU, KaK U KOJUIAIICUPYIOIINE OOBEKThI, U3 KOTOPHIX OHM BO3HMKAIOT, TO JIENATh KaKue
ObI TO HU OBUIO OOLIHE MTPEICKA3aHUS O YUEPHBIX JAbIpax 0Ka3aloch Obl OUEHb TPYAHO.

Opnnako B 1967 r. kananckuii yuensiii Bepuep W3pasnb (oH poamics B bepiaune, BocnuThIBaics B
HOxHO# Adpuke, a TOKTOPCKYIO TUCCEpTaLMIO 3aluial B Mpianauu) mpousBes peBOOLHIO B HAyKe
0 YepHBIX JpIpax. M3pasip mokasai, 4To, COrJIaCHO OOIIEH TeOPHH OTHOCUTEIHHOCTH, HEBPALIAIOLIHECS
YepHBIE JbIPbI 1OJDKHBI IMETh OU€Hb IIPOCThIE CBOMCTBA: OHM JIOJDKHBI OBITh MPaBUIIBHOM cheprdeckoit
(bopMbI, pa3Mepbl YEpHOH IBIPbI JOJDKHBI 3aBHCETh TOJBKO OT €€ MAacChl, a JBE YEPHBIC ABIPHI C
OJJMHAKOBBIMM MacCaMU JIOJKHBI ObITh MJIEHTUYHBI IpYT Ipyry. PakTUYECKH M0Jy4aaoch, YTO YEpHbIE
JBIPBl MOXKHO OIKCATh YAaCTHBIM PEIIEHUEM YpaBHEHMH ONHIUTEHHA, U3BECTHBIM ewme ¢ 1917 1. u
HaiinenHpIM Kapriowm IlIBapummibsioM Bckope rocie onyOIuKoBaHus 00Ie TEOpUH OTHOCUTEIBHOCTH.
CHauazna MHOTHeE, B TOM 4Hcie U caM M3pasib, cuurtany, YTo, HOCKOJIbKY YEpHBIE JIbIPBI I0JIKHbBI OBITH
COBEpIIEHHO KpPYIVIbIMHU, OHM MOT'YT OOpa30BBIBaTbCS TOJIBKO B PE3YJbTaTe KOJUIAca COBEPIIEHHO
Kpyraoro o0Obekra. Takum oOpazom, mrobasi peanbHas 3Be3ja — a pealbHbIE 3Be3Ibl HE OBIBAIOT
uaeaIbHO chepuueckoil popmbl — MOXKET CKOJLIAIICUPOBATh, IOPOKAAsl TOJIBKO FOIYI0 CUHTYJISPHOCTb.

[IpaBna, Obula BO3MOXHA W Jpyras HHTeprpeTanusi mnosiyueHHoro W3pasnem pesynbrara,
KOTOpYI0, B 4acTHOCTH, noanepxkuBanu Pomxep Ilenpoy3 u [Ixon Ywuiep. beicTpsie nBuxkeHus,
BO3HUKAIOIIME BO BpeMs KoJularca 3Be3/bl, 03HAYalOT, YKa3blBaJM 3TU YYEHbIE, YTO H3JIydaemble
3B€3/10i1 rpaBUTAIIIOHHBIE BOJIHBI MOT'YT €Il€ CUJIbHEE CKPYIJIUTh €€, U K TOMY MOMEHTY, KOI'/la 3Be3/1a
OK&KETCS B CTAIMOHAPHOM COCTOSHHH, OHAa OyJneT B TOYHOCTU cdepudeckoil ¢opmbl. [lpu Takom
B3IUIs1JIe Ha BelH Jr00as HeBpallarouiascs 3Be3/1a, Kak Obl HU OblIa CI0XKHA ee (opMa U BHYTPEHHSS
CTPYKTYpa, IOocjie TPaBUTALIMOHHOTO KOJLIaca JOJKHA IPEBPATUTHCS B YEPHYIO JBIPY MPaBUIbHON
cepuueckoil hopmbl, pazmMepsl KOTOPOi OyayT 3aBHCETh TOJBKO OT €€ Macchl. B nanbHeiieM Takoi
BBIBOJI OBLJT MOATBEPXKACH pacueTaMHu U BCKOPE CTaJl OOIIETIPUHSATHIM.

Pesynprar M3pasns kacancs TONBKO YEPHBIX [bIp, OOpPA30BABLIMXCS W3 HEBPAIIAIOLIUXCS
o0bekToB. B 1963 1. Poit Kepp u3 HoBoil 3enannnu Hamien ceMelcTBO pelIeHWH ypaBHEHHH oOrein
TEOPUH OTHOCUTEIBHOCTH, KOTOPBIE ONMCHIBAIM Bpalllaroliecs 4depHble AbIpbl. KeppoBckue depHble
JBIPBI BPAILlAIOTCSl C TMOCTOSIHHOM CKOPOCTBIO, @ UX (opMa U pa3Mep 3aBHUCST TOJBKO OT MAacChl U
ckopocTu BpauieHus. Ecnu BpalieHre oTCyTCTBYeT, TO YepHasi Ablpa MMEET HJeaIbHYI0 Mapo00pa3Hyto
¢dopmy, a oTBevaroliee el peleHre MJISHTHUYHO MIBapLIIMIBAOBCKOMY pemieHuto. Eciau ke uepHas
JbIpa BpallaeTcsi, TO €€ JAMaMeTp YBEJIWYMBAETCS MO SKBAaTOPY (TOYHO TaK Xke, Kak JIepOopMUpPYIOTCS
BeiencTBHE BpaleHus 3emuisd u CollHIE), U TEM CUIIbHEE, yeM ObIcTpee BpalleHre. YToObl MOKHO OBLIO
NepeHecTH pe3ynbTar M3pasns u Ha Bpaluarolmuecs Tena, ObUIo CAeaHo MpeaoNokeHne, YTo Jiroboe
BpallaroIieecs Teo, KOTOpoe B pe3yipTare Kouiarnca o0pa3yeT YepHYIO IbIPY, JOJKHO B KOHIIE KOHIIOB
OKa3aTbCs B CTALlMOHAPHOM COCTOSIHMH, OITMCBbIBaEMOM penieHreM Keppa.

B 1970 r. moit acriupanT u kxosutera mo KemOpumky bpennon Kaprep caeman mepBblil miar k
JI0Ka3aTeIbCTBY 3TOr0 Npeamnosoxenus. Kaprep nokasai, 4ro eciiv cTalMoOHapHas BPALLAIOIIAsCs YepHast
JbIpa 00J1a1aeT OChI0 CHMMETPUH, KaK BOJUYOK, TO €€ pa3Mepsl U Gopma OyayT 3aBHUCETh TOJBKO OT €e
Macchl M CKOPOCTH BpaiteHus. 3areM B 1971 r. 51 tokazai, yTo n00as crallmoHapHasi uepHasi JAblpa Beeraa
Oyzaet uMeTh Takyro ock cumMmerpun. Hakonerr B 1973 r. JIaBua Po6uncon u3 KoponeBckoro koiemxa B
Jlonnone, onupasck Ha Hawm ¢ Kaprepom pe3ynbTarhl, IOKa3al, YTO BBILIETIPUBEACHHOE IPEAIIOI0KEHNE
MPaBUWIIbHO, T. €. YTO CTallMOHapHas uepHas Ablpa Bcerna Oyner pemenueMm Keppa. Mrak, mocie
IPaBUTALMOHHOIO KOJUIarca 4yepHasi JAblpa JOJDKHA OKa3aThbCsl B TAaKOM COCTOSIHMM, YTOOBI OHa MOIJIa
BpallaThCs, HO HE MOIJIa MyJbcupoBaTh. KpoMe Toro, pazmepsl YepHO# AbIpbI OYIyT 3aBUCETH TOJIBKO OT
Ce Macchl M CKOPOCTH BpallleHHs M HUKaK He OyIyT CBSI3aHbI CO CBOMCTBAMH TOTO Tesa, KOTOpPOE
CKOJUTAIICUPOBAJIO B ATY YEPHYIO JBIPY. DTOT BBIBOJ CTaJl U3BECTEH B (DOPMYIMPOBKE: «Y UEpHOU JIBIPHI
HeT Bosioc». Teopema 00 OTCYTCTBUH BOJIOC Y YEPHOM JABIPHl MMEET OIPOMHOE MPAKTUYECKOE 3HAUCHUE,
MIOTOMY YTO OHA HaJlaraeT CUJIbHbIE ONPAaHUYEHUSI Ha BO3MOYKHBIE THITbl YEPHBIX JIBIP U TEM CaMbIM JaeT
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BO3MOKHOCTb CTPOUTH JI€TaJbHbIE MOJEIN OOBEKTOB, KOTOPbIE MOIJIM Obl COJEPKATh YEPHBIE JBIPHI, U
CpaBHUBATh MX NpEJCKa3aHHs C pe3yiabraTramu HaOmoneHuil. Kpome Toro, W3 Hee ciemyer, 4yTo IpH
00pa30BaHUM YEPHOW IBIPbI JOJDKHA TEPATHCS OFPOMHAsl 4acTb MH(GOpPMALMU O CKOJIIAICHPOBABLIEM
TeJie, IOTOMY YTO MOCJIE KOJITarica BCe, YTO HaM YIacTCs U3MEPUTh, — 3TO, MOKET OBITh, JIUIIb Macca Teja
Jla CKOPOCTb €r0 BpallleHUs. 3HAUMMOCTh CKa3aHHOT'O CTAHET SICHA U3 CIIEAYIOLLEH IJ1aBbI.

UepHble IbIpbl — OAWH W3 OYE€Hb HEMHOTOUYMCIIEHHBIX IPUMEPOB B MCTOPUU HAYKHU, KOIZA TEOPUS
pa3BHBaJach BO BCEX JACTAIX KAK MareMaTU4ecKas MOJEb, HE MMes HUKAKUX SKCIEPUMEHTAIbHBIX
MIOATBEPKIICHUI CBOEGH CHpaBeUTMBOCTU. M 3TO, KOHEYHO, OBLJIO TJIABHBIM BO3PAKEHHMEM HPOTHBHUKOB
YEPHBIX JbIP: KaK MOXKHO BEPUTh B PEAILHOCTH OOBEKTOB, CYILECTBOBAHHWE KOTOPBIX CIEAYET JIMIb M3
BBIYMCIICHUH, OCHOBAHHBIX HA TAaKOH COMHHUTEIILHOW TEOpHH, KakK oOImasi Teoprs OTHOCHTENbHOCTH. Ho B
1963 r. Maapren IlImuar, acrponom u3 [lamamapckoii obcepBatopun B Kamudopauu, u3mepun KpacHoe
CMEIIEHHE TYCKIIOr0, TOXOXKEro Ha 3BE3qy OObEKTa B HAIPaBICHHM WCTOYHWKA panuoBoimH 3C273
(ucTouHuk 1oz HOMepoM 273 B TpeTheM KeMOpHIKCKOM Karaiore paJauouCTOYHHKOB). OOHapy:KeHHOE
[[IMuTOM KpacHOE€ CMEIICHHE OKAa3aJloCh CIUIIKOM BEIHUKO, YTOOBI €ro MOXKHO OBLIO OOBSCHUTH
NeNCTBUEM IPAaBUTALIMOHHOTO IOJISL: €CJIM Obl OHO ObUIO TPAaBUTAIIMOHHOTO MPOUCXOXKICHUS, TO CBSI3aHHBIN
C HUM OOBEKT JOJDKEH ObLT MMETh TaKylo OOJBIIYIO0 Maccy M pacnoyiaratbCsi Tak OJM3KO K HaM, YTO €ro
MPUCYTCTBUE M3MEHMIIO Obl OpOMTHI Beex ruiaHeT ComHeuHol cucrembl. Ho, MoXeT ObITh, TOrJa KpacHoe
CMEIIEHUE BO3HUKIIO M3-3a PACILIMpeHusl BceneHHoi, 1 u3 3Toro cieayer, 4To paccMarpuBacMblii OOBEKT
HaXOAWTCS, HA00OPOT, OYeHb Jajeko? BHauMbIi HA TaKOM OOJNBIIOM PACCTOSHUU OOBEKT JTOIDKEH OBITH
OYEHb SIPKUM, T. €. JIOJDKEH M3JIydaTb OrPOMHYIO 3HEpruto. EJMHCTBEHHBII MEXaHU3M, C IOMOIIBIO
KOTOPOT'0 MOTJIO ObI M3ITy4aThCsl TAKOE OOMBILIOE KOTUYECTBO SHEPTHHU, — 3TO TPABUTAIIMOHHBII KOJLIAIC, HO
HE KaKOW-HUOYIIb OJHOW 3BE3JblI, a KOJUIAIC BCed IeHTpanbpHON oOnact ['amaktrku. C Tex mop ObUTH
OTKPBITBI M JAPYTME aHAJIOTHMYHbIC KBA3W3BE3IHbIE OOBEKTHI, WM KBa3aphl, OOJAIAIONINE KPaCHBIM
cmerenreM. Ho ux Ooplnas ynaqeHHOCTh CHIIBHO 3aTpyIHseT HAOMIOeHWE W HE JaeT BO3MOKHOCTH
ClieNaTh OKOHYATEIIbHBIE BBIBO/IbI OTHOCUTEIBHO YEPHBIX JIBIP.

B 1967 r. nosiBuics HOBBIM 10BOJ B I0JIb3Y CYIIECTBOBaHMS YepHBIX JbIp. KeMOpumxckuii
aciupanT JxociuH benn oOHapyxun Ha HeOe OOBEKTHI, H3My4arollUe PEryJspHbIE HUMITYIbChI
panuoBonH. CHavana bennm m ero pykoBoAuTenb ODHTOHM XBIOMII PEIIMIM, YTO OHU YCTAHOBUJIM
KOHTaKT C BHE3€MHbIMM LMBUIM3auusAMU Hawed ["amaktuku! S moMHIO, 4TO, JTOKIAAbIBas O CBOEM
OTKPBITUU HAa CEMHMHApPE, YEThIPE UCTOYHHKA OHU JIEHCTBUTENBHO Ha3Balu cokpaiieHHO LGM 1-4, rne
LGM o3Havaer «3enenslie yenoBeuku» (Little Green Men). Ho motom u aBTOpBI, U BCEe OCTalbHBIE
MIPUIIUIA K MEHEE POMAaHTUYHOMY 3aKJIFOUEHHIO, YTO OOHApYKEHHbIE OOBEKTHI, KOTOPbIE OB Ha3BaHBI
myJbcapaMy, MPEACTaBIAIOT COO0M Bpalaromecs HeUTPOHHbIE 3B€3/Ibl, KOTOPbIE N3TY4atOT UMITYJIbCHI
paZMoOBONH M3-3a CJIOKHOTO XapakTepa B3aUMOIECWCTBUS KX MAarHUTHOTO TMOJIA C OKPY)KaIOLIUM
BEIIECTBOM. JTa HOBOCTh OrOpYMja aBTOPOB OOEBHMKOB O KOCMHYECKHX IpHILIENbIAX, HO OYEHb
BOOJyIIIEBUJIA HAlll HEMHOTOYMCIIEHHBIH OTpsSJ CTOPOHHHKOB YEPHBIX JbIp, TaK KAaK Mbl BIEpPBbIE
MOJTyYMJIM TTOJATBEPKACHUE TOrO, YTO HEUTPOHHBIE 3BE3/bI CYLIECTBYIOT. Pannyc HEHTPOHHOMN 3BE3.IbI
paBeH NPUMEPHO NATHAAUATH KWJIOMETpaMm, T. €. BCEro B HECKOJIbKO pa3 OoJjbllle KPUTHYECKOTO
panuyca, IO JOCTMKEHHH KOTOpPOrO 3BE37a IPEBpPALIAECTCS B UYEpHYIO AbIpy. Eciou 3Be3na MOKeT
CKOJUTAIICUPOBATh J0 TaKUX HEOOJBIINX Pa3MEPOB, TO BIOJIHE AOMYCTUMO MPEAINONIONKUTh, YTO IpYTue
3BE3/Ibl B pe3ysbTaTe KoJUlarca CTaHyT €Ill€ MEHbIIE U 00pa3yloT YEePHBIE JIbIPHI.
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Jla, HO KaK MO>XHO pacCUMTHIBATh HAWTU YEPHYIO ABIPY, €CIU 110 CAMOMY €€ OINpPENICICHUIO OHa
BOOOIIE HE M3ITydaeT cBeT? DTO BCE PaBHO YTO JIOBUTH YEPHOT'O KOTA B TEMHOW KoMmHare. U Bce-Taku
onuH crmocod ecth. Eme JIkom Mwutuemn B CBOEl NMUOHEpPCKOM pabote, HamucaHHoW B 1783 T.,
YKa3bIBaJ, YTO YEPHBIC JBIPHI BCE )K€ OKa3bIBAIOT IPABUTAIIMOHHOE BO3/CHCTBHE HA OJIM3KHE K HUM
00BEKTHI. ACTPOHOMBI HAaOJIIOAATM MHOTO CHCTEM, B KOTOPBIX JIBE 3BE3/bl OOpalIatOTCs OHA BOKPYT
JPyTOH MO IEHCTBHUEM IPABUTALMOHHOTO MPUTSHKeHUs. HaOMroaar0TCsl M TaKue CUCTEMBI, B KOTOPBIX
BUJMMA JIMIIb OJHA 3Be3/1a, OOpalaroniascss BOKpYr CBOEro HeBUAMMOro naptHepa. Pasymeercs, Mbl
HE MOXKEM Cpa3y 3aKJIFOYHTh, YTO MAPTHEP U €CTh YepHAsl AbIPA, IOTOMY YTO 3TO MOXKET ObITh IPOCTO
yepecuyp Tyckias 3Be3fa. OqHako HEKOTOphbIe M3 TakuxX cucteMm, Hampumep Jlebenp X-1 (puc. 6.2),
SIBJISIFOTCS €1I€ U MOIIHBIMU MCTOYHMKAMU PEHTTEHOBCKOI'O M3JIYYEHHS. DTO SIBJIICHUE JY4YIle BCETO
OOBSICHSICTCSl TPENIOJIOKEHUEM, YTO C TIOBEPXHOCTH BHUAMMOM 3BE3Ibl «CAYBAaeTCs» BEIIECTBO,
KOTOPOE MaJaeT Ha BTOPYIO, HEBUIUMYIO 3B€3/1Y, BpAIllasCh MO CHUPaiu (KaK BHITEKAIONAsl U3 BaHHBI
BOZIa), ¥, CUJILHO Pa3orpeBasiCh, UCIYCKAaeT PEeHTI€HOBCKOe u3nydyeHue (puc. 6.3). s cymecTBoBanus
TAKOTO MEXaHW3Ma HEBUJIUMBIH OOBEKT JOJKEH ObITh OYCHHb MAIILIM — O€JIbIM KapJIMKOM, HEHTPOHHOM
3BE3/I0M WJIM YEpPHOW JbpIpoil. Pe3ynprarel HAOMIOACHUS OpPOUTHI BHIMMOW 3BE3/bI ITO3BOJISIOT
BBIUUCIINTH, KAKYI0 HAUMEHBIIYI0 Maccy MOXET UMETh HEBUAUMBIN 00beKkT. B ciyyae Jlebens X-1 ata
Macca COCTaBJIsIeT NMPUMEPHO IIECTh COJIHEYHBIX Macc, T. €., corjiacHo YaHapacekapy, CIHILIKOM
BEJIMKA, YTOOBI OOJIAZAIOIINI €10 HEBHIMMBIH OOBEKT OKasajcs OeNbIM KapiuKOM. A TaK Kak 3Ta
Macca BeJIMKa U U1 HEUTPOHHOM 3Be3/1bl, 00BEKT, MO-BUANMOMY, JOJKEH OBITh YEPHOU JIBIPOIA.

. KWPHQF dupa
7
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Budumus 3aeada

CylecTBYIOT M Jpyrue MOAenH, oOBbsCHsIomuUE pe3ynbTarhl HaOmoneHuit Jlebens X-1 6e3
IIPUBJICYEHUSI YEPHBIX IbIP, HO BCE OHM JOBOJIBHO MCKYCCTBEHHBI. UepHas IbIpa NMpEeACTaBISIETCS
€IMHCTBEHHBIM COBEPIIEHHO €CTECTBEHHBbIM OOBsICHEHHeM HaOmoaeHuid. Hecmorps Ha 3710, £
3axmounn napu ¢ Kunom Topuom u3 KanudopHuiickoro TE€XHONIOrMYECKOTO HHCTHTYTA, YTO Ha
camoM Jiene B JleGene X-1 Het uepHoi abipbl! /111 MeHst 3T0 mapu — HeKast CTpaxoBKa. I oueHb MHOTO
3aHMMAJICSl YEPHBIMHU JbIpaMH, M BCSI MOsl paboTa MOWIET HacMapKy, €ClId BAPYT OKa)XeTcs, 4TO
YepHbIe JbIPhI HE CylIecTBYIOT. HOo B 3TOM ciiydae yTerieHneM MHe OyJeT BBIMTPAHHOE MapH, a 10 ero
YCJIOBHSIM s B TE€UYCHHE YEThIpeX JieT Oyny OecruiaTHO moiy4aTh KypHan «Private Eye». Eciam xe
YyepHbIe JBIPbl BCE-TAKU CYLIECTBYIOT, To Kum Oyner nenslii rona mony4ars xypHan «Penthouse».
3axmtouas napu B 1975 r., mb1 Obuin Ha 80% yBepeHwl B ToM, uTo Jlebenp X-1 sBisercs depHOM
awipoii. Celiyac Halla yBepeHHOCTh BO3pocia, s1 ObI ckasall, 10 95%, HO mapHu ocTaeTcs B CUIIE.

Ms1 pacrniosiaraeM JTaHHBIMH O €I1le HECKOJBKMX YEepPHBIX JpIpax B cuctemax tuma Jlebems X-1 B
Hamed ['amakTke M JBYX COCEOHMX TalaKTHKaX, KOTOpble Ha3bIBaroTCsl bonbmmMm u Maneim
MarennanoBeiMu OOnakamu. Ho 4epHBIX [bIp MOYTH HaBEepHSIKA ropasio Ooble: Ha MPOTSHKEHUU
nonroit ucropur BeeneHHOM MHOTMe 3Be3/bl TOKHBI OBUIM M3pPacXoJi0BaTh J0 KOHIIA CBOE SIEPHOE
TOIUIMBO M CKOJUIAIICHPOBAaTh. UMCIIO YEPHBIX JABIP BIOJHE MOXKET )K€ MPEBBIMIATh YUCIO BHJIUMBIX
3B€3]], KOTOPOE TOJIBKO B HAIlIEH | ajlakTUKE COCTABIIAET OKOJIO CTA ThICAY MUJUIMOHOB. JIOMIOJIHUTENBHOE
IPaBUTALIMOHHOE MPUTSHKEHHUE CTOJb OOJIBIIOr0 KOJIMYECTBA YEPHBIX JBIP MOIIO Obl OBITH MPUYMHON
TOrO, MoyeMy Hama ['anakTuka Bpaiaercs IMEHHO ¢ TaKOW CKOPOCTBIO, @ HE ¢ KaKOH-HUOYAb IPpYTOi:
Macchl BUAMMBIX 3Be37 JUIsl OOBSACHEHMsI 3TOM CKOPOCTH HenocTaTodHo. CyIIecTBYIOT M HEKOTOphIE
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JaHHBIE B TMOJIb3Yy TOTO, YTO B LIEHTpE Haiel ["anakTHKy ecTh yepHas JbIpa ropas3io OoJbLIero pazMepa
C Maccoi MpUMEPHO B cTO Thicsiy Macc ConHna. 3Be3/1bl, OKa3aBIIMecs B ['alakTHKe CIMIIKOM OJIM3KO K
ATOW YEPHOU JIBIpE, pas3ICTAIOTCS HA YACTH U3-3a PA3HUIIB TPABUTAIIMOHHBIX CHJT HA OJIMKHEH U JaJIbHer
cTopoHax 3Be3fbl. OCTAaTKU pa3NeTAIOUIMXCs 3BE3]l M Ta3, BHIOPOLICHHBIA IPYTUMH 3BE3JaMHu, OyIyT
najath MO HaIpaBJICHUIO K yepHo# apipe. Kak u B ciydae Jlebens X-1, ra3 Oyner 3akpyduBaThes MO
COMpaJli BHYTPb M pa3orpeBarbecs, IpaBla, HE TaKk CHIbHO. PazorpeB OyaeT HEIOCTaTOYHBIM ISt
UCIYCKaHUSl PEHTICHOBCKOTO W3IYYEHHUS, HO MM MOXKHO OOBSCHUTH TOT KpPOIICYHBIN HCTOYHHUK
paIMoOBONH U HH(PPAKPACHBIX JTy4dei, KOTOPBII HaOIoqaeTes B EHTpe | amakTukm.

He uckiroueHo, 4to B LEHTpax KBa3apoB €CTh TaKHUE K€ YEpHBbIC ABIPbI, HO €mle OOJbIINX
pa3MepoB, ¢ MaccaMH OKOJIO cTa MWJUIMOHOB Macc ConHia. ToJIbKO IaJIeHHEM BELIECTBA B TaKYIO
CBEPXMACCHUBHYIO YEPHYIO BIPY MOXKHO ObUIO ObI OOBSICHUTH, OTKYAa O€peTCsl SHEPTUSl MOIIHEUIIIETO
U3JIy4yeHUs, KOTOpPOE UCXOAUT U3 YepHOU AbIpbl. BemiecTBo manaer, Bpamasch 10 COUPAIU, BHYTPb
YEpHOW JBIPbl M 3aCTaBIsICT €€ BpallaTbCsl B TOM K€ HAINPABICHUU, B PE3yJbTaTe YEro BO3HHUKAET
MarHuTHOE I0JIe, IOX0Xee Ha MarHuTHoe 1oje 3emun. [lagaroee BHYTph BEIECTBO OyIET POXKAATh
OKOJIO YEPHOH JIbIPbI YACTHUIIBl OUY€Hb BBICOKON 3HEpruu. MarHutHoe rnosie 0yJeT HaCTOJIBKO CHUIIbHBIM,
YTO CMOXKET C(POKYCHpPOBATh ATH YAaCTHUIBl B CTPYH, KOTOpPHIE OYIyT BBUICTATh HApPYXKy BIOJIb OCH
BpAlICHUsl YEPHOU ABIPBI, T. €. B HAIPAaBICHUM €€ CEBEPHOIO M HOYKHOIO IOJIIOCOB. Y HEKOTOPBIX
raJJakTUK 1 KBa3apoB TaKUE€ CTPYH JEHCTBUTEIBHO HAOII0Jat0TCSl.

MOXHO paccMOTpPETb M BO3MOYKHOCTh CYIECTBOBAaHMS YEPHBIX JIbIp C MaccaMmM, MEHbIIUMU
Maccbl ConHua. Takue depHble IbIpbl HE MOIJIM Obl 00pa30BaThCsl B pe3yJbTare IPaBUTALMIOHHOIO
KOJIIanca, IOTOMY 4TO MX MAacchl JiexKaT HUXKe Ipesena Yanapacekapa: 3Be3/ibl ¢ HEOOIbIIOW Maccon
MOTYT TPOTHUBOCTOSITH TIPaBUTALMU Jak€ B TOM CiIydae, €ClIM BCE HX SACPHOE TOIUIMBO YK€
M3pacxo/I0BaHO. YepHble AbIPbI Majoi MacChl MOTYT 00pa30BaThCs JIMIIb MIPH YCIOBUH, YTO BEIIECTBO
C)KaTo J0 OIPOMHBIX IUIOTHOCTEH YpE3BbIUAiHO BBICOKMMM BHEIIHMMH JaBICHUSAMHU. Takue ycioBus
MOT'YT BBIMOJHATHCS B OU€Hb OOJBIION BOJOpogHON 6oMbe: (hrsuk J[oH Yunep Kak-To BBIYUCIIHIIL, YTO
€CIIM B3ATh BCIO TSDKEIYIO BOJAY M3 BCEX OKEAHOB MHpA, TO MOXHO CJIENaTh BOJOPOJIHYIO O0oMOy, B
KOTOPOHM BEIIECTBO TaK CHJILHO COKMETCS, YTO B €€ LIEHTpe BO3HHMKHET 4epHas nwipa. (Pazymeercs,
BOKpPYI HE OCTaHETCs HMKOro, KTo Mor Obl 3T0 yBuIeThb!) Bonee peanbHas BO3MOKHOCTb — 3TO
o0pa3oBaHMEe HE OYEHb MACCHUBHBIX YEpHBIX JbIp C HEOOJBIION Maccoil MpU BBICOKUX 3HAUCHHSIX
TEMIIEpaTypbl M JaBJICHHUsS HAa BECbMa PaHHEW CTaauu pa3BuTHs BcenleHHOU. UepHble IBIpbI MOIUIN
00pa3oBaThCs JMIIb B TOM Clly4yae, €Clii paHHss BceneHHas He Obl1a HeanbHO IIJAKON U OTHOPOIHOM,
MIOTOMY 4YTO JIMIIb KaKylO-HUOYAb HEOONbIIyI0 00JacTh € IUIOTHOCTHIO, IMPEBBIMIAIONIEH CPEIHION0
IUIOTHOCTh, MOXKHO TaK CXaTh, YTOOBI OHA INpeBpaTWiIach B 4YepHYIO Iblpy. Ho MBI 3Haem, 4TO BO
Bcenennoil 1omkHbBI ObUIM MPUCYTCTBOBATh HEOJHOPOJIHOCTH, MHAYE BCE BEILLECTBO HE COMIIOCH OBl B
KOMKH, 00pa3ys 3B€3/1bl U TAJIAKTUKH, @ PABHOMEPHO pacHpeennioch Obl 1o Beeil BeeneHHOi.

Mornu nu 3TH HEOJHOPOJHOCTH, CYIIECTBOBAHMEM KOTOPBIX OOBSCHSETCS BO3HHKHOBEHHE
3B€3/1 M TAJAKTHK, IPUBECTU K 0OPa30BAHUIO NMEPBUYHBIX YEPHBIX JBIP, 3aBUCUT OT TOTO, KaKOH ObLia
panHss Bcenennas. CreoBarenbHO, ONPEEINB, KaKoe KOJIMYECTBO NEPBUUHBIX YEPHBIX JbIp ceidac
CYIIECTBYET, MBI CMOIJIM OBl MHOTOE Yy3HaTb O CaMbIX PAaHHUX CTaIUsIX pa3BUTUs BceneHHOM.
[lepBuuHbIe YepHBIE IBIPHI, Macca KOTOPBIX MPEBBILIAET THICAYY MUJUIMOHOB TOHH (Macca OOJbIION
rOpbl), MOKHO OBIJIO OBl 3apEerHMCTPUPOBATH TOJBKO IO BIMSHHUIO MX TPaBUTALMOHHOTO MOJII Ha
BUAMMYIO MaTEpUI0O WM € Ha mporecc pacmupeHus Bceenennoil. Ho B ciexyromied riaBe Mbl
Y3HAeM, 4TO Ha CaMOM JIeJI€ YEPHBIE JbIPBI BOBCE HE UEPHBIE: OHU CBETATCS, KAK PACKaJIE€HHOE TEJO, U
4YeM MEHbIlIe YepHasl JIbIpa, TEM CHIIbHEe OoHa cBeTuTCs. Kak HU mapajgoKkcaabHO, HO MOKET 0Ka3aThCs,
YTO MaJIeHbKHE YepHBIE JIBIPBI IPOILE PErUCTPUPOBATh, YeM OoJbIue!

7. YepHble AblIpbl HE TaK YXX YEepPHbI

o 1970 1. s B CBOMX HCCIIEIOBAaHMSIX TIO0 OOIIEH TE€OPUH OTHOCHUTEIHHOCTH COCPEIOTOYNBAIICS B
OCHOBHOM Ha BOIIPOCE O TOM, CYIIIECTBOBAJIAa MJIM HET CUHTYJIsIpHas To4uka 0ojbioro B3pbeiBa. Ho kak-To
BeduepoM B Hosiope 1970 r., Bckope mocie poxkaeHust Moeit touepu JIrocH, Joxach craTh, S 3alyMajcs O
4epHbIX Jblpax. M3-3a cBOEW HEMOIIHOCTH sI OYEHb MEUIEHHO TOTOBIIIOCH KO CHY, M MOATOMY Y MEHS
ObUIO MHOTO BpeMeHM Ui pa3MbluuieHuil. Torna emie He ObUIO TOYHOTO ONpEAENICHHS], KaKue TOYKU
MIPOCTPAHCTBA-BPEMEHH JIe)KaT BHYTPH YEPHOU JBIPHI, a Kakue — cHapyxu. Ho Mbl yxke obcyxxaamu ¢
Pomxepom IleHpoy3oMm omnpezeneHre YEpHOM MbIpbl Kak MHOXECTBA COOBITHH, W3 KOTOPOTrO
HEBO3MOXKHO YHTH Ha OOJBIIOE PacCTOSHUE. DTO OIpeleNieHne cTayio ceifuac oOmenpuHsaThiM. OHO
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O3HAYaeT, YTO TPAHUILY YEPHOU IBIPBI, TOPU3OHT COOBITHI, O0pa3yl0T B MPOCTPAHCTBE-BPEMEHH ITyTH
JIy4ell CBETa, KOTOPBIC HE OTKJIOHSAIOTCS K CHUHIYJIIPHOCTH, HO M HE MOTYT BBIUTH 3a IPEICIIbl YEPHOU
JBIPBI 1 OOpPEYEHBI BEYHO OalaHCUPOBaTh Ha camMoM Kparo (puc. 7.1). DTo kak ecnu Obl, yOeras OT
MOJTUIICHCKOTO, JICPKATHCS HA TIar BIIEPEIH, He OyIydr B CHIIaX COBCEM OTOPBAThCS OT HETO.
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Poccroasue Om CuseaspeorTR Pue. 7.1

Bapyr s moHsu1, 94TO MyTH Jy4el cBeTa ma TOPU30HTE COOBITHI HUKOTJa HE CMOTYT COM3UTHCS.
Ecnu OBl 3TO pOM301110, TO JIy4d B KOHLIE KOHLIOB I1€PECEKIIHChH OBl.

Kak ecnu Obl HATKHYTBCS Ha KOTO-TO JPYroro, TOXeE YOEraromero OT IOJIMIEHCKOro, HO B
IIPOTHBOIIOJIOKHOM HalpaBiIeHUH, — Tora oda 0yayT noiimansl. (Mau ke, B HalleM ciiydae, ynaayT B
yepHyto AbIpy). Ho eciu Obl 3T j1yuM cBeTa MOTJI0THIIA YEpHAsl IbIpa, TO OHU HE MOIJIM OBl JIEKaTh Ha
rpanune 4epHod mIbIpbl. ClegoBaTeNbHO, Ha TOPU3OHTE COOBITHM JIydd CBeTa JOJDKHBI BCerja
JBUTAThCS MapajyielbHO APYT APYTY, T. €. I00Jalb APYr OT Apyra. MiHaue roBopsi, FOPU30HT COOBITUI
(rpaHuna yepHO! ABIPbI) NOJOO0EH Kpar TeHU — TeHHU Tpsaymeil rudenu. Ecau mocMoTpeTh Ha TEHb,
CO3/1aBa€MYyI0 KaKUM-HUOYAb OYEHb yJAJIEHHBIM MCTOYHUKOM, Hanpumep COJHIEM, TO Bbl YBUIUTE,
YTO Ha Kparo TeHH JIy4H CBETa He MPUOIMKAIOTCS IPYT K JPYTY.
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Puc. 7.2 Puc. 7.3
Ecmu myuu cBeta, 00pa3yroliie TOpU30HT COOBITHH, T. €. TPAHUILY YEPHOU JIBIPhI, HUKOT/Ia HE CMOTYT
COMBUTKCSI, TO TUIOMIAIh TOPHU30HTA COOBITHI MOXKET JIMOO OCTABATHCS TOM YK€ CAMOM, JTHOO YBETMUMNBATHCS
CO BpeMEHeM, HO HHUKOIJIa He OyIeT yMEHBIIAThCs, IOTOMY UYTO €€ YMEHbBIIEHHE O3HAuyaio Obl, YTO MO
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KpaifHel Mepe HEKOTOphIE JIydH CBETa Ha TPAHUIIE YepHOM JBIPHI TOJDKHBI cOMKaThesi. Ha camom nene sra
UIOIIAIs OyIeT Beerna yBEeIMUMBAaThC MPY MaZeHUU B YEPHYIO JbIPY BELIECTBA WM M3TydeHus (puc. 7.2).
Ecnum e n1Be uepHbIe IbIPbI CTOIKHYTCSI U COBIOTCSI B O/IHY, TO ILJIOIIA/ b TOPU30HTA COOBITHI OO0 OyaeT
00JIbIIIe CyMMBI TUIOIIA/IEH TOPU30HTOB COOBITUI MCXOHBIX YEPHBIX IBIP, TMOO OyZIeT paBHa 3TOH cymme
(puc. 7.3). To, uTo mioIIaAb TOPU30HTA COOBITHN HE YMEHBINIACTCS, Hajaraer BaKHOE OrpaHMYEHUE Ha
BO3MOKHOE TTOBE/ICHUE YEPHBIX bIP. 1 ObUT TaKk BO3OYK/IEH C/IEaHHBIM OTKPBITHEM, YTO TIOUTH HE CIal B
Ty HOYb. Ha cnenyrommii gens s no3sonus Pomxepy Ilenpoy3y. OH coryiaciiicsi ¢ MOUMHU PacCyKICHUSIMMU.
S mymaro, 94To Ha caMOM JIeJie 3TO CBOMCTBO Tuiomianeii [lenpoy3y Obuto yke n3BectHO. Ho oH mexomut u3
HECKOJIbKO MHOTO OIpeAeieHHs YepHOi AbIppl. OH HE MOHSI, YyTO 00a OmpeAeieHHs al0T OAWHAKOBBIE
IPaHULIbl YEPHOM IbIpbl M, CIJIENOBATEIbHO, OJMHAKOBBIEC IUIOLIAIM IPU YCIOBHM, YTO YEpHas IbIpa
HAXOJUTCS B COCTOSIHUM, HE U3MEHSIOIIEMCS CO BPEMEHEM.

To, 4TO0 MUIOIMIAAL YEPHOM IbIpbl HE YMEHBIIACTCS, OYEHb HAIIOMMHAET IIOBEICHUE OJHOU
(u3nuecKol BENMYMHBI — SHTPOMNMHU, KOTOpas sBJsieTcss Mepoil Oecropsiiaka B cucreme. I[lo cBoemy
IIOBCEIHEBHOMY OIIBITY MbI 3Ha€M, YTO OECIIOPSIIOK BCETia YBEIMUMBAETCS], €CIIN IIYCTUTh BCE HAa CAMOTEK.
(TTonpoOyiiTe TONBKO MPEKPAaTUTh JOMa BCAKUNA MEJIKHH PEMOHT, W BBl YOCIUTECh B 3TOM BOOYHIO!)
Becriopsiiok MOXXHO TIpEBpaTUTh B MOPSIOK (HampuUMep, MOKPACHB JOM), HO 3TO MOTPEOYeT 3aTpaThl
YCWJIMI U BHEPTUU U, CIE€A0BATENBLHO, YMEHBIINUT KOJIMUECTBO UMEIOILEHCS «yIOPAI0YEHHON SHEPTUU.

Tounas ¢QopMynupoBKa NPUBEIEHHBIX PACCYKACHUN  HA3bIBA€TCS  BTOPHIM  3aKOHOM
TEPMOJMHAMUKU. DTOT 3aKOH IJIACUT, YTO SHTPOIHUS U30JUPOBAHHON CHCTEMBI BCEr1a BO3PACTAET U YTO
npu OOBEIMHEHUH JBYX CHCTEM B OJHY SHTPONHS IMOJIHOW CHCTEMbI OOJbIIE, YeM CyMMa DHTPOIHA
OTJENBHBIX UCXOJHBIX CUCTEM. B KkauecTBe mpumepa pacCMOTPUM CHCTEMY MOJEKYN Taza B KOpOOKe.
MOoHO NpeacTaBUTh cede, YTO MOJIEKYJIbl — 3TO MaJEHbKUE OWIIbSPAHBIE LIAPbI, KOTOPBIE BCE BPEMSI
CTAJIKUBAIOTCS IPYT C JIPYTOM M OTCKAKHBAIOT OT CTEHOK KOpoOku. Uem BbIlIe Temiieparypa rasa, TeM
ObIcTpee IBIDKYTCS MOJICKYNBI M, CIEIOBATEFHO, TEM Yallle W CHUJIbHEE OHU YNApSIOTCS O CTEHKH
KOpOOKH, 1 TeM OOJIbIIIe CO3/JaBaeMOE UMM U3HYTPH JaBJIeHUE Ha CTeHKU KOpoOku. IlycTh cHauana Bce
MOJIEKYJIbl HaxXOJIATCS 3a TEPEropoJIKOM B JIEBOM YacTh KOopoOkH. Eciam BBIHYTH MEpEeropojaky, TO
MOJIEKYJIBl BBIMIYT M3 CBOEH IOJIOBUHBI M PACIPOCTpaHATCS Mo o0euM yacTaM KopoOku. Yepes
HEKOTOpPOE BpeMsl BCE MOJIEKYJIbI MOTYT CIy4aiiHO OKa3aThCs CIIpaBa WJIM OIAThH CJIEBAa, HO, BEPOSTHEE
BCEro, B 00X IOJOBHHAX KOPOOKH YHCIIO MOJIEKYJ OKa)XeTCs NPUMEPHO OIMHAKOBBIM. Takoe
COCTOSIHUE MEHEE YNOPSAO0YEHO, T. €. SBISIETCS COCTOSIHMEM OOJIbIIEro Oecrnopsjika, YeM HCXOJIHOE
COCTOSIHME, B KOTOPOM BCE MOJIEKYJIbl HaXOAWINCh B OJHOM IIOJOBHUHE, W IIO3TOMY TOBOPST, YTO
SHTPOIHUS ra3a Bo3pocia. AHAJIOTHYHO MPeICTaBuM ce0e, 4TO BHaYalle UMEIOTCS JIBe KOPOOKH, B OJTHOM
U3 KOTOPBIX MOJIEKYJbI KHCIOpPOJa, a B APYrod — MOJEKyJbl Bojoposaa. Eciu coenuHUTh KOpOOKH M
BBIHYTb OOIIYIO CTEHKY, TO KHUCIIOPOJ U BOAOPOJ CMEIIatoTCs JIpyr ¢ ipyroM. Hanbomnee BeposTHO, 4TO
4yepe3 HEKOTOpoe BpeMs B 00erx KOpoOkax OyJeT HaXOIAMTHCS JOBOJIBHO OAHOPOJHAS CMECh MOJIEKYJ
KHUCJIOpOAa U BOAOPOAa. DTO OyAET MeHee YIOpsSA0YEeHHOE COCTOsIHHE, 00Jasaroniee, CiIeJ0BaTelbHO,
OoJibIIIel SHTPOIUEH, YeM HayallbHOE, OTBEYAIOLIEe IBYM OTAEIbHBIM KOPOOKaM.

Bropoli 3akoH TepMOJMHAMUKH 3aHHMaeT HECKOJIBKO 0C000€ TMOJO0KEHHE Cpelu APYrux
3aKOHOB HayKH, TAaKUX, HAIIPUMEDP, KaK HBIOTOHOBCKUI 3aKOH TATOTEHMSI, IOTOMY YTO OH BBIIIOJIHAETCS
HE BCErja, a TOJIbKO B MOJABISIONIEM OOJIBIIMHCTBE CIy4yaeB. BeposTHOCTH TOro, YTO BCE MOJIEKYJIbI
ra3a B IepBOi KOpOOKe uepe3 HEKOTOpPOe BpeMsl OKaKyTCsl B OHOM MOJIOBUHE 3TON KOpOOKH, paBHA
€IMHHUIIE, JICJIEHHON Ha MHOTO MUJJIMOHOB MMJUTMOHOB, HO TAKOE COOBITHE BCE K€ MOKET MPOU3OUTH.
Ecnu xe mo0aM30CTH ecTh YepHas JAblpa, TO HapyUIUTh BTOPOM 3aKOH, MMO-BUIUMOMY, €Il MpOILE:
JOCTaTOYHO OpOCHUTH B HYEPHYIO JBIPY HEMHOTO BEIIECTBAa, O0JIAAIOIIET0 OOJIBIION JSHTPOIMUEH,
Harnpumep KOpoOKy ¢ Ta3oMm.

Torpa monHast SHTpOIKS BELECTBA CHAPYKU YEPHOU JBIpbl YyMeHbIIUTCA. PasymeeTcsi, MOXKHO
BO3pa3nTh, YTO IOJHAS DHTPOINMSI, BKIKOYAsl SHTPOIIMIO BHYTPU YEPHOH JABIPHI, HE YMEHBIIMIACH, HO
pa3 Mbl HE MOXXEM 3ariisiHyTb B YEpHYIO AbIPY, Mbl HE MOKE€M H Yy3HaTh, KaKOBa JHTPOIHUS
cojiepkalierocs B Hell BemlecTBa. 3HAUMT, ObLJIO ObI HEIUIOXO, ecinu Obl uyepHas naplpa obiajgaia
KaKoON-HUOY/b TaKOW XapaKTEPUCTUKOHN, IO KOTOPOUW BHEITHUE HAOIIOAATENIM MOTJIA Obl ONPEICIUTh
ee SHTPOMNMIO M KOTopas Bo3pacTaia Obl BCAKHMM pa3 NpU MaJEHUU B YEPHYIO AbIPY BEIECTBa,
oOnanatomiero sHTponueil. Ilocne Toro kak OBLIO OTKPBITO, YTO MPU NAJACHUU B YEPHYIO IBIPY
BEIIECTBA IUIOLIA/b TOPU30HTA COOBITUH yBenuuuBaercs, Jxeko0 BHKEHCTHH, acnupaHT wu3
[IpuHCTOHA, TPEIIIOKII CYUTATh MEPOI IHTPONHUU YEPHOMN JBIPHI IUIOMIAb TOPH30HTA coObITHil. [pu
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MaJeHUH B YEPHYIO JbIPY BEIECTBA, 00JIaJal0UIero SHTPOIHEH, TIIOIIalb TOPU30HTA COOBITHI YepHOH
IBIPBI BO3pPACTaeT, U NOATOMY CyMMa SHTPOIIMHU BELIECTBA, HAXOIALIETOCs CHapyKHU YEPHBIX JBIp, U
Ionaie TOPU30HTOB COOBITUI HUKOTIa HE YMEHBIIIAETCS.

Kazanoce Obl, Ipu TakoM MOIX0z€ B OOJBIIMHCTBE CIy4aeB OyAeT MpeaoTBpaIleHO HapyIIeHUE
BTOPOr0 3aKOHa TepMOAMHAMHUKU. OJHAKO €CTh OJHO CEpbE3HOE BO3pakeHHE. Ecim uepHas nbIpa
o0yazjaeT PHTPOIUEH, TO y Hee TOJDKHA ObITh U Temreparypa. Ho Teno, y KoToporo ectb HEKOTopas
TEeMIIepaTypa, AOJDKHO ¢ KaKOW-TO MHTEHCUBHOCTBIO UCIYCKaTh U3IydeHue. Bece Mbl 3HaeM, 4To eciau
CYHYTh B OTOHb KOYEpry, OHa PACKaJUTCS JOKpacHa M OyAeT CBETUTHCS, HO TeJa M3IIy4aroT U IpH
0oJiee HU3KUX TEMIIepPaTypax, TOJIbKO Mbl 3TOr0 OOBIYHO HE 3aMedaeM U3-3a clIab0CTH U3IydYeHHs. DTO
U3Iy4YeHHEe HEeoOXOIUMO I TOro, 4ToObl HE HapylIajucs BTOPOM 3aKOH TEepMOAMHAMHUKH. MTak,
YEepHbIE JbIPbI JOHKHBI UCITYCKaTh U3aydyeHne. Ho mo camomy UX MOHSATHIO YEpPHBIE BIPBI — 3TO TaKHUE
OOBEKTHI, KOTOpBIE HE MOTYT HCIycKaTh u3nydeHus. [losToMy cozgaBanoch BIEUaT/ICHHE, YTO
IIJIOIA b TOPU30HTA COOBITUI YEPHOU JBIPHI HENIb3sl pacCMaTpHUBaTh Kak ee SHTponuto. B 1972 1. Mbl ¢
bpengonom Kaprepom u HammMm amepukaHckum Kojuteron Jxummom bapauHoMm  Hanmcanu
COBMECTHYIO pPalbOTy, B KOTOpPOM TOBOPWIOCH, 4YTO, HECMOTPS Ha OOJBIIOE CXOJCTBO MEXIY
SHTPONMHUEH ¥ TIUIOLIA/bI0 TOPH30HTA COOBITHIA, BBHIMICYIOMSHYTass TPYAHOCTh CYIIECTBYET U
MPEACTABIISIETCS HEYyCTpaHUMOM. JlOMKEH MpU3HATBCS, YTO 3Ta CTaThsl MHUCANIACh OTYACTH IOJ
BIIMSTHUEM DPa3JIpaKeHHsI, BEI3BAHHOTO paboTOl BUKEHCTHHA, KOTOPBIA, KaK s CYUTAN, 3JI0YIOTPEOMIT
OTKPBITBIM MHOIO POCTOM IUIOLIAJAM TOPU30HTAa COOBITUHA. HO B KOHIIE KOHIIOB OKa3aloCh, YTO
BukeHcTHH B pUHIMIIE OBUT IPaB, XOTS HABEPHSKA Ja)Ke HE MPEACTaBISII ce0e, KaKiuM 00pa3oM.

Bbynyan B MockBe B centsiope 1973 r., a1 OecemoBan O 4YepHBIX IbIpax C OBYMs BEAYIIUMU
coBeTckuMH yueHbIMU — S1. b. 3enpnoBuueM u A. A. CrapoOunckum. OHM yOeauan MeHsl B TOM, 4TO B
CUJIy KBaHTOBO-MEXAaHMYECKOIO IMPUHIMUIIA HEONPEACIEHHOCTH BpPAIIAOIINECsS YEPHBIE IbIPbI JTOJKHbI
POXKIATh W M3TydaTh YacTUIBL. S cormacwics ¢ GU3MYECKHMMHU JOBOJAMH, HO MHE HE TOHPABWIICS WX
MaTeMaTH4ecKuid cmoco0 pacuera wu3nydeHus. l[loatomy s 3aHsics pa3pabOTKOM  JTydIiero
MaTEeMaTH4ecKOro MOAX0Aa M paccKasajl 0 HeM Ha HeopuuuaibHOM cemuHape B Okcdopnae B KOHIE
HostOpst 1973 1. Torma s eme He MPOBEN pacdeThl CaMOW WHTEHCHUBHOCTH H3IydeHHUs. S oxwunan
MOJIYYUTh JIMIIL TO HW3Ty4deHHe, KoTopoe 3enbaoBud W CTapoOMHCKUU MpeacKa3aiv, paccMaTpuBas
BpallaoIuecs 4epHble JbIpbl. HO, BBINOJHUB BBIYMCICHUS, 1, K CBOEMY YJMBIEHUIO U J10CAJE,
OOHapyKWJl, 4YTO JaXe€ HEBPAILAIOUIMECS YEPHbIE bIPbl, MO-BHUIUMOMY, JOJDKHBI C IOCTOSHHOU
MHTEHCUBHOCTBIO pPOXKJAaThb W M3Iy4yaTb 4YacTulpl. CHaydama s pelmWI, YTO, BEPOSATHO, OJHO U3
WCIOJIb30BAHHBIX MHOW MPHUOIMKEHUIM HEeNmpaBWIbHO. S Gosics, yTo eciu 00 3TOM y3HaeT bUKEeHCTUH,
TO OH 3TUM BOCHOJIB3YeTCs IS AajbHENIIEero 000CHOBaHUS CBOUX COOOpakeHHI 00 SHTPOIUH YEPHBIX
IbIp, KOTOPbIE MHE MO-TIPEeKHEMY HE HpaBWINCh. OHaKO 4yeM OOJiblle S pasMbILUILI, TEM OOJIbIIe
yOexaasncs B TOM, YTO MOM NPUOIIKEHUsI Ha caMOM JieJie paBuiibHbl. Ho MeHs OKkoHYaTeNnbHO YOeausio
B CYILIECTBOBAaHUM HM3IYYEHUS TO, YTO CIIEKTP UCITYCKAaEMbIX YACTULl JOJDKEH ObITh B TOYHOCTH TAKUM
XK€, KaK CIIEKTP U3IIy4EHHs TOPSUETo Teja, U YTO YEpHasl bIpa J0JDKHA U3JTydaTh YacTULBl B TOYHOCTH C
TOM MHTEHCHBHOCTHIO, NPH KOTOPO He Hapymiajics Obl BTOpPOH 3akoH TepMoAuHaMuKu. C Tex HOp
MHOTHM€ CaMbIMH Pa3HBIMH CIIOCOOAMH MOBTOPMJIM MOHM PAacueTbl M TOXE MOJITBEPAMIM, YTO YepHas
JIbIpa JIOJIKHA MCITYCKaTh YaCTHIIbl U U3JTy4yeHHE, KaK eclii Obl OHa ObLiIa rOpsYMM TEJIOM, TeMIleparypa
KOTOPOTO 3aBHCUT TOJIBKO OT MAcCChl YepHOH JIBIPBI — YeM OOJIbIlIe Macca, TEM HUXKe TeMIlepaTypa.

Kak e yepHas 1pIpa MOKET UCIYCKaTh YaCTULIbl, €CJIM Mbl 3HAEM, UTO HUYTO HE BBIXOAUT U3 HEE 3a
TOPU30HT cOObITHIT? Jleno B TOM, TOBOPUT HaM KBAaHTOBAsi MEXAHHKA, YTO YACTHUIIbI BHIXOAT HE U3 caMOn
YEpHO ABIPBL, a U3 «ITyCTOr0» MPOCTPAHCTBA, HAXOSILET0Cs Nepe TOpU30HTOM coObITHil! BOT Kak 310
MOKHO TIOHATH: TO, YTO MBI NPEACTABIsIEM ce0e KaK «ITyCTOe» MPOCTPAHCTBO, HE MOXET ObITH COBCEM
ITyCTBIM, TaK KaK 3TO O3Ha4yajio Obl, YTO BCE MOJIs, TaKHe, KaK IPaBUTALIMOHHOE M 3JIEKTPOMAarHUTHOE, B
HEM TOYHO paBHBI Hymr0. Ho BenMuMHA NOJISI U CKOPOCTh €0 M3MEHEHMsI CO BPEMEHEM aHAJIOTMYHBI
ITOJIO’KEHUIO M CKOPOCTU YaCTHIIBI: COTJIACHO MPHHIIMITY HEOINPEIEIEHHOCTH, YeM TOYHEE M3BECTHA OJIHA
U3 3TUX BEJIMYMH, TEM MEHEE TOUHO M3BeCcTHA BTOpas. Clle0oBaTeNIbHO, B «IIyCTOM) IIPOCTPAHCTBE I10JIE
HE MOXET MMETh MOCTOSIHHOTO HYJIEBOTO 3HAUEHMs, TaK KakK TOr/Ia OHO MMEJO Obl U TOYHOE 3HAuEHHE
(Hy7b), ¥ TOUHYIO CKOPOCTb M3MEHEHHUs (TOXe HyIb). JloJDKHA CYIIEeCTBOBATh HEKOTOpAsk MUHUMAIIbHAS
HEONPE/IETIEHHOCTh B BEJIWYMHE NOJMSI — KBAHTOBbIE (QUIYKTyauud. OTH (DIyKTyallud MOXHO cebe
IIPEACTaBUTh KAaK Mapbl YacTHIl CBETA WJIM I'PAaBUTALMM, KOTOPbIE B KaKOW-TO MOMEHT BPEMEHHM BMECTE
BO3HMKAIOT, PACXOJATCS, a TIOTOM OIATh CONMMKAIOTCS M aHHUTWIMPYIOT IPYT ¢ Apyrom. Takue 4acTHIibl
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SBJLIFOTCSA BUPTYAJIbHBIMH, KaK YaCTHLBI, NIEPEHOCSIIUE TPABUTALMOHHYIO CHiy CONHIA: B OTIMYHE OT
pEaIbHBIX BUPTYAJIbHBIE YacTHIIBI HENb3s HAOMIOJaTh C MOMOIIBIO JIETEKTOpa peanbHbIX Yactuil. Ho
KOCBEHHbIE 3(Q(EKThI, MPOU3BOJMMbIE BUPTYaIbHBIMH YacTHLIAMM, HAlpUMep HEOOJbIINE HM3MEHEHHs
SHEPIUU DJEKTPOHHBIX OPOMT B aroMax, MOXHO HW3MEPHTb, W PE3YJIbTAaThl YAUBUTEIFHO TOYHO
COIJIACYIOTCS C TEOPETUYECKUMHU MPEACKA3aHUAMHI. [IpuHINI HEONPENEIEHHOCTH NPEICKA3bIBAET TAKXKE
CYIIECTBOBAHME AHAJOIMYHBIX BUPTYAIbHBIX Map YacCTUI] MATEPUH, TAKUX, KaK 3JIEKTPOHBI WA KBAPKHU.
Ho B 3TOM Cityqae oiuH 4jieH napbl OyJeT YacTulel, a BTOPOH — aHTHYAaCcTHLIEH (aHTUYacTUIIbI CBETA U
IpaBUTALMX — 3TO TO K€ CAMOE, YTO U YaCTULIbI).

ITockoJIBKY SHEPTUIO HEIb3sl CO3/1aTh U3 HUYErO, OAWH U3 WICHOB Mapbl YaCTUILIA — aHTHUYACTHULIA
OyZeT UMETh TOJOXHUTEIbHYI0 JHEPIHi0, a BTOPOM — OTpULATENbHYIO. TOT, 4Ybs DJHEPrus
OTpHLIATENIbHA, MOXXET OBbITh TOJIBKO KOPOTKOXKMBYILEH BUPTYaJbHOM 4YacTHIEH, IOTOMY YTO B
HOPMaJIbHBIX CUTYAlUSX SHEPIUsl pealbHBIX YaCTHUI[ BCEr/a IOJIOKUTEIbHA. 3HAYUT, OH JOJDKEH
HalTU CBOEro IMApTHEpPAa W C HUM aHHUTUIUPOBaTh. Ho, HAaXomsaCh psAOM C MAacCHBHBIM TEJIOM,
peanbHasi 4acTHIa OOJIaZlaeT MEHBIIEH SHEpruel, 4yeM BIalud OT Hero, Tak Kak AJs TOro, YTOOBI
IIPEOJOJIETh TPABUTALMOHHOE IPUTSHKEHUE Tella W yAEP)KAThCA BJAIM OT HEro, HY)KHA JHEPIHs.
OOBIYHO PHEPrHUs YACTHIIBI BCE-TAKU MOJIOKUTENbHA, HO TPABUTALIMOHHOE T10JI€ BHYTPH YEPHOI JBIPHI
TaK BEJIMKO, YTO JIaXKe peajlbHasl YaCTHUIA MOXKET HIMETh TaM OTPULIATENbHYIO dHepruto. Iloaromy, ecim
UMeeTCsl 4epHas Jblpa, BUPTyaJibHas 4acTHIa C OTPHULIATEIbHOW SHEpPrueil MOKET ymacTh B 3Ty
YEPHYIO ABIPY M IIPEBPATUTHCSA B PEANBHYIO YaCTUIly MM aHTHYAcTHLy. B aToM ciyyae oHa yxe He
00s13aHa aHHUTWJIMPOBATH CO CBOMM IAapTHEPOM, a TIOKMHYTHIH MapTHEP MOXKET MO0 ymacTh B Ty XKe
YEepHYIO JbIPY, MO0, €CIIH €ro SHEPIHs MOJI0KUTENIbHA, BBIUTH U3 0071acTH BOJIM3U YEPHOU JIBIPBI KaK
peanbHasi YaCTUIA WM Kak aHTH4acTuna (puc. 7.4). Y aaneHHOMY HaOIIOAATENI0 TOKAXKETCsl, YTO ITOT
IapTHEP MCIYLIEH U3 YEPHOU AbIpbl. YeM MEHbIE YepHas AbIpa, TEM MEHBIIE PAaCCTOSHHUE, KOTOPOE
MPUAETCS NPOWTH YacCTHLE C OTPULATEIBHOM 3HEPruUei N0 IPEBPAIICHUS B PEAIbHYIO YaCTHILY, H,
CJIeZIOBATENIbHO, TEM OOJIbIIIE CKOPOCTh U3IYUYEHUS U KaKyllasics TeMIepaTypa YepHOH JIbIPBI.

Puc. 7.4

[TonoxurenpHass 3HEPruss UCIYCKAEMOI'O M3JIYYEHMsS JIOJDKHA YpPAaBHOBEIIMBATBHCS MOTOKOM
YacTUIl C OTPULATEJIBHOM DJHEpPrHel, HANpaBJIEHHBIM B YepHYI Jblpy. COINIaCHO ypaBHEHUIO
Ovnmreitna E = mce”2 (rne E — sHeprus, m — macca, a ¢ — CKOpOCTb CBETa), SHEPrus HpsIMO
IIPONOPLMOHAIBHA Macce, a MOITOMY IIOTOK OTPULATEIbHON DHEPIUHU, BXOLAIIUNA B YEPHYIO IBIPY,
yMeHbIIaeT ee Maccy. Korna depHas Aplpa TepseT Maccy, IUIOIIAAb €€ TOPU30HTA COOBITHUI
YMEHBIIAETCSA, HO 3TO YMEHBIIEHUE DHTPOIHUH YEPHOU MIBIPbI C JUXBOW BO3MEIIACTCS DHTPOIUEN
WCITYIIIEHHOTO M3JIy4€HUs, TaK YTO BTOPOM 3aKOH TEPMOJIMHAMMKHN HUKOTJIAa HE HAPYIIAEeTCsl.

Kpome Toro, uem MeHblIe Macca 4EpHOU JBIpHI, TEM BhILIE €€ TeMieparypa. [loatomy, korga
4yepHas AbIpa TEPSET Maccy, €€ TeMIlepaTypa U CKOPOCTh M3JIYy4E€HHs BO3PACTAIOT, U, CIEJOBATEIBHO,
notepst Macchl uJeT eme ObicTpee. Iloka eme He cOBCceM SICHO, YTO MPOUCXOAUT, KOTAa Macca YepHOU
JBIPBl B KOHIIE KOHIIOB CTAHOBMTCS YPE3BbIYAHO Majod, HO HamOoJjee JIOTMUYHBIM IpeaCTaBIsIeTCs,
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YTO 4YepHas [Jblpa IOJHOCTBIO HCYE3a€T B TUIAHTCKOM IOCIEAHEW BCHBIIIKE HW3JIy4YCHMUS,
HKBUBAJICHTHON B3PBHIBY MUJITMOHOB BOJOPOIAHBIX OOMO.

Temneparypa 4yepHOU ABIPHI C Maccoi, paBHON HecKoJbkUM Maccam CojHIA, JOJDKHA OBITh
paBHa BCETr0 OJHOW AECATUMWIIMOHHON Ipajyca BbIle aOCOJIOTHOTO HyJs. DTO ropa3fo MEHBIIE,
4yeM TemIepaTypa MHUKpPOBOJHOBOIO H3JIy4eHHMs, 3amoiHstouero BceeneHnyroo (okono 2,7m1 Bbeliie
abcomotHOoro Hyns). CrenoBaresibHO, YEpHBIE JBIPHI JOJDKHBI HM3IIy4aTh JaXe MEHbIIe, 4YeM
noryiomark. Ecnu BeeneHHON CyX A€HO BEYHO pACIIMPATHCA, TO TEMIIEpaTypa MHUKPOBOJIHOBOTO
M3JIy4eHHS] B KOHIIE KOHIIOB YMaJeT HUXKE TEeMIEPATypbl TAKOH YEPHOU JIBIPHI U YepHasl JIbIpa HAYHET
TepsaTh Maccy. Ho u Toraa ee temmneparypa OyzneT HacTOJIbKO HU3KOM, YTO OHA MOJHOCTBIO UCHIAPUTCS
JUIIb Ye€pe3 MUJUIMOH MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB
MUJUIMOHOB MUJUIMOHOB MUJUJIMOHOB MUJUIMOHOB (€IMHUIA C IECThIOECATHIO IECThIO HYIISIMHU) JIET.
DTO 3HAYUTEIBHO TPEBBIIIACT BO3pacT BceneHHO#, KOTOpBIM paBeH BCEro JECATH WX ABAIIATH
ThICSIYaM MUWJUIMOHOB JIeT (eIMHHUIA UM JBOMKa ¢ JecsAThio HymsiMH). Ho, kak ropopuioch B . 6,
MOTJIM CYLIECTBOBAaTh IEPBUYHBIE YEPHBIE IBIPHl C TOpa3l0 MEHbLIEH Maccoil, 0Opa3oBaBLIMECS B
pe3yabTaTe KOJUlalca HEpPEeryJIIpHOCTEH Ha OYEHb PAaHHMX CTagusx pa3Butus Bceenennoil. Takue
YEepHBIE ABIPbI JIOJKHBI MUMETh Iopas/io 0oJiee BBICOKYIO TEMIEPATypy U HUCIYCKaTh H3Iy4EHHE C
ropasio OoJibllIeid MHTEHCUBHOCTHIO. BpeMs JKM3HU MEPBUYHON YEPHOM ABIPHI C HAYAIBHOM Maccoi
ThICS/Ya MIJIJIMOHOB TOHH JIOJDKHO OBITH MPUMEPHO paBHO BO3pacTy BcemenHoi. [lepBuuHble yepHbIe
JBIPBl ¢ MEHBIIMMHU HAaYaJIbHBIMH MAacCaMH JOJKHBI ObUTH OBl YK€ MOJHOCTBIO MCIAPUTHCS, a T€, Y
KOTOPBIX HAYAJIbHBIE MACChl UyTh-4yTh OOJBIIE, JOJDKHBI MPOJOKATh MCITYCKAaTh PEHTICHOBCKOE U
ramMma-usjlydeHue. OTH BHJIbl M3JIYYCHUs aAHAJIOTMYHbl CBETOBBIM BOJHAaM, HO HUMEIOT TIOpa3lio
MEHBIIYIO UIMHY BOJHBL. K 1M0o00OHBIM ABIpaM €1Ba JIM MOJXOIUT Ha3BaHHE YEPHBIC: HA CAMOM JIelie
OHHU pacKaJIeHbl 100ea U U3JIy4atoT SHEPTHUIO C MOITHOCTHIO OKOJIO JIECSATH THICSY MEraBaTT.

OpnHa Takas 4epHas JpIpa Moria Obl oOecnednTh paboTy AECATH KPYIMHBIX 3JICKTPOCTAHIIHIA,
ecyii ObI TOJIBKO MBI YMEIIU HCIOJIb30BaTh €€ SHEPTUI0. A 3TO JOBOJBHO TPYAHO: HAllla YepHas JbIpa
uMena Obl MacCcy, pPaBHYIO Macce€ TOpbl, CXKATyl0 MNPUMEPHO JO OJHOM MIUIMOH MUJUIMOHHOMN
(enmuHuIa, eeHHAs HA MUJUTMOH MIJUIMOHOB) CAHTUMETpA, T. €. 10 pa3MepoB aToMHOro siapa! Eciu
Obl OJIHA W3 TAaKWX YEPHBIX JBIPp OKa3aJach HA TMOBEPXHOCTH 3€MIIM, TO MBI HUKAaK HE MOTJIH OBl
MPEeIOTBPATUTh €€ MaJeHhe CKBO3b MOJ K meHTpy 3emau. OHa konebanach Obl B3aa-BHEpes BIOJb
3eMHOW OCH JI0 TE€X TOp, IMOKa B KOHIIE KOHIIOB HE OCTaHOBHWJIACh ObI B meHTpe. ClieoBaTenbHO,
€IMHCTBEHHOE MECTO JJIi ATOM YepHOM IBIpBI, TA€ H3Iy4aeMyl €0 SHEPrui0 MOXKHO ObUIO OBl
HCIOJIb30BaTh, — 3TO OPOUTA BOKPYT 3€MJIM, a €IMHCTBEHHBIN CIOCO0 MPUBJIEUb YEPHYIO BIPY Ha ATY
opOuTY — OyKCHPOBATh Mepe/ Hell OTPOMHYIO Maccy, Kak MOPKOBKY Tepe]l CaMbIM HOCOM ocia. Takoe
MIPEIJIOKEHUE BBITJISIUT HE CIUIIKOM PeabHBIM, IO KpaliHel Mepe B OnnxkaiiiieM Oyayniem.

[ue

HofSredoessd gow
1o = ST MNAT = PREHT

Yeremy g i

ar

ao

Puc. 7.5

Ho nmaxe ecim MBI HE CMOXKEM HCIIOIB30BaTh U3JIIYYEHHUE ITUX NIEPBUYHBIX YEPHBIX ABIP, TO BEIUKA
JM BO3MOXXKHOCTh MX YBUAETh? MOXHO OBLIO ObI MCKaTh raMMa-U3JydeHUE, KOTOPOE YEpHBIE ABIPHI
UCIYCKAIOT Ha MPOTSHKEHUM OOoJblIed YacTH cBoed >Ku3HU. HecMOoTps Ha TO 4YTO uyepHbIe ABIPHI B
OCHOBHOM HAaXOJATCS JAJIEKO M MOITOMY JIAIOT OYeHb €1aboe M3IydyeHHe, CYMMapHOE M3JIyueHHE BCEeX
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YEepHBIX AbIp MOIJIO OBl MOJAABaThCsA perucTpanuu. Mbl AeHCTBUTENBHO HaOmogaeM ()OH TakKoro
raMMa-u3IydeHus: Ha pHuc. 7.5 TOKa3aHO, KaKk MHTEHCHUBHOCTH HAOJIIOJAEMBIX TraMMa-lyden
pa3nIuyaroTcsd MpH Pa3HBIX 4acTOTax (4acToTa — 3TO YHMCIO BOJNH B ceKyHAy). Ho ncrounukom storo
¢ona mMornu ObITh, @ MOXKET OBITh, M OBUIM HE TEPBHYHBIC YEpPHBIC JIBIPHI, a KaKue-HUOYIb JApyrue
npoueccel. Ha puc. 7.5 myHKTHpPOM IpEINCTaBICHA BBIYMCICHHAS 3aBHCHMOCTH MHTCHCUBHOCTH OT
4acTOThl raMMa-U3J1y4E€HHs, HCIyCKaeMOIO IEPBUYHBIMU YEPHBIMH JblpamMu, npu IuioTHocTH 300
YepHbIX JbIp Ha KyOudeckuil cBeroBoi roj. Ha ocHoBaHMM rpaduka MOXXKHO clelaTh BBIBOJ, YTO
nu3MepeHre (hoHa raMMa-u3IydeHUs] He TaeT HUKAKOW MOJIOKHUTEIbHONH HH(POPMAIMK O CYIIECTBOBAHHU
IIEPBUYHBIX YEPHBIX JbIP, HO YKa3bIBA€T Ha TO, YTO BO BcesleHHOI He MOXeT ObITh B cpeiHEM OoJIblIe
300 "epHBIX IBIP B K&XKAOM KYOMYECKOM CBETOBOM TO/ly. DTOT IpE/IeN 03HAYaeT, YTO IEPBUYHBIC JIBIPHI
MOIJIM OBl COCTABIIATh MAKCUMYM OJIHY MUJUIMOHHYIO BCETrO BelllecTBa BO BeeneHHol.

[Ipu TakOM CKyITHOM KOJMYECTBE YEPHBIX JIBIP MOTJIO OBl OKA3aThCS HETPABIONOI00HBIM, YTOOBI
Kakasi-HUOY/lb U3 HUX OKa3ajach O4eHb OJM3KO OT HAC M €€ MOXKHO ObLIO Obl HaOJIOJAaTh Kak HEKUH
OTJENbHBI HMCTOYHUK ramma-usziaydeHus. Ho mockonbKy mHoJ IEHCTBHEM TI'paBUTALUU IIE€PBUYHBIC
YepHBIE JbIPbI JOJDKHBI IPUTATMBATHCS K JTF00OMY BELIECTBY, X JOJDKHO OBITH FOpa3 o OOIblIe BHYTPU
U BOKPYT TrajakTuk. CenoBaTeNbHO, XOTS BBIYMCICHHBIH (POH raMMa-u3IydeHHs TOBOPUT O TOM, YTO B
OJJTHOM KyOHMYECKOM CBETOBOM IO/ly HE MOXKeET ObITh B cpeaHeM Oosbiie 300 nmepBUYHBIX YEpHBIX ABIP,
OH HE JIaeT HUKAKOH WH(pOPMAIH O TOM, HACKOJILKO YaCTO TMEPBUYHBIC YEPHBIE JABIPHI BCTPEUAIOTCS B
Hariei cooctBeHHol ["amaktuke. Eciu ObI MX OBLIO, CKa)KEM, B MHJUTHOH pa3 0oJIbIle, TO OJIMKaiImas K
HaM 4YepHasi JbIpa MOIJIa 0Ka3aThCsl HA PACCTOSIHUU THICSYM MUJUJTMOHOB KUJIOMETPOB, T. €. IPUMEPHO Ha
ypoBHe llimyroHa, camoil nanexkod M3 M3BECTHBIX IIaHeT. Ha TakoMm paccTOSHUM BCE PaBHO OYEHb
TPYAHO 3apEerUCTPUPOBATh MOCTOSHHOE U3IY4YEHHWE YEPHOM bIPbI, JIaXKe €CIM €ro MOIIHOCTh paBHA
JeCATH ThIcsiuaM MerasarT. Jlis HaOroeHus IepBUYHON YEPHOM JbIpbl TpeOyeTcs 3aperucTpupoBaTh
HECKOJIbKO TraMMa-KBaHTOB, NPHILEAIIMX C OJHOM M TOH XK€ CTOPOHBI, B TEUYEHUE KAKOro-HUOYAb
Pa3syMHOIo HHTEpBajla BpeMEHH, CKaykeM 3a HeJello. FlHaue OHM MOT'YT OKa3aThCsl IPOCTO YacThIO (OHA.
Ho no 3akony [lnanka kaxaplii raMMa-KBaHT 001aaeT OOJBIION 3HEPrUel, TaKk Kak TaMMa-U3J1y4eHue
HMEET BBICOKYIO YacTOTY, CJIEIOBATENIbHO, U M3IY4YEHHs Jake JIECSTU ThICAY MEraBalT morpedyercs
HE OYEHb MHOT'O KBAaHTOB. A JUIsl HAOJMIOJEHUS ITUX HECKOJIBKMX KBAaHTOB, MPUIIEIIINX C PACCTOSHUS,
paBHOro pacctosiHuio 10 IlmyroHa, HyXeH Obul Obl JETEKTOpP raMMa-H3JIy4eHUs HaMHOIo OOJIbILEro
pa3mepa, YeM Jo0Oi W3 HBIHE CYMIECTBYIOMMX. Kpome TOro, 3TOT JETEKTOpP HYXHO OBUIO Ol
MIOMECTUTh B KOCMOCE, TOTOMY YTO FaMMa-u31ydeHHe He IPOXOUT uepe3 aTMocepy.

Pazymeercs, ecnu Obl uepHas Ibplpa, Haxofsmascs Ha paccrosHuu [lmyToHa, 3aKOHUMB CBOM
KU3HEHHBIM IMKJI, B30pBaJach, MOCIEIHUM BCIUIECK H3JIyY€HHUS MOXKHO ObUIO OBl C JIETKOCTBIO
3apeructpupoBaTh. Ho ecnu uepHas blpa MpoJOHKAeT U3JlydyaTh B TEUEHHUE MOCIETHUX JIECATH WU
JBaJIATH THICSY MHWJUIMOHOB JIET, TO ILIAHCHI Ha TO, YTO €€ Tubenb Npuiercs Ha Omkailiune
HECKOJIBKO JIET, @ HE Ha T€ HECKOJbKO MMUJUIMOHOB JIET, YTO YK€ MPOLUIM WU €lle HACTYIT,
JeUCTBUTENBHO OYeHb Maiyibl! 3HAYMUT, YTOOBI MMETh PEAIbHYI0 BO3MOYKHOCTH YBUJAETH B3PBIB J10
OKOHYaHUS (PMHAHCUPOBAHUS SKCIEPUMEHTA, Bbl JOJDKHBI MPUIYyMaTh, KaK PErHCTPUPOBATh B3PHIBHI,
MIPOUCXOJIAIINE Ha PACCTOSTHMM MOpsAKa OJHOrO CBETOBOrO roja. Bam Bce paBHO Oyner HykeH
00JIBIION JETEKTOp raMMa-U3JydyeHus, YTOObl 3aperucTpUpOBaTh HECKOJIbKO FaMMa-KBAaHTOB M3 TeEX,
4yro 0Opa3yroTcs mpu B3pbeiBe. Ho B 3TOM ciydae oTmasaer HE0OXOAMMOCTh NPOBEPSTh, UYTO BCE
raMMa-KBaHTbl MPUXOASAT C OJHOM M TOW K€ CTOPOHBI: JIOCTATOYHO OyJeT 3HaTh, YTO BCE OHU
3apeTUCTPUPOBAHBI B TE€UCHHE OYEHb KOPOTKOIO MPOMEXYTKa BPEMEHH, YTOObI OBbITh YBEPEHHBIM B
TOM, YTO UX UCTOYHHUKOM SIBJISIETCSI OZJHA U Ta K€ BCIIBIILIKA.

OnuH M3 JeTeKTOPOB raMMa-H3JIy4eHHs, C MOMOIIbI0O KOTOPOr0 MOKHO ObUIO OBl OMO3HABATh
MepBUYHbIE YEpHBIE JBIPBI, — 3TO Bcsi aTMocdepa 3emiuu. (Bo Beskom citydae, BpsiA JId HaM yjaacTcs
MOCTPOUTH JeTeKkTop Oonbuiero pasmepa!) Korga ramMma-kBaHT, 00Jiafaromiuil BBICOKOW 3HEprHeH,
CTaJIKMBaeTcsd B 3e€MHOW aTMmocdepe ¢ aroMamH, POXKAAIOTCS Mapbl U3 AJIEKTPOHOB U MO3UTPOHOB
(aHTUANIEKTPOHOB), KOTOpBIE B CBOIO O4YEpelb CTAJIKUBAIOTCS C aroMaMd M 00pa3yloT HOBBIE
3JIEKTPOHHO-TIO3UTPOHHBIE Napbl. BO3HUKAET Tak HA3bIBAEMBIN JJIEKTPOHHBIN JIMBEHb. CBS3aHHOE C
HUM HU3Jy4eHUE TMpeJCTaBlIseT co0OW OJMH U3 BHJIOB CBETOBOIO U HAa3bIBAETCS YEPEHKOBCKHUM.
[ToaToMy BCHBINIKKM raMMa-U3JIy4€HHUs] MOKHO PErHCTPUpPOBATh, CJENs 32 CBETOBBIMU BCIIBIIIKAMH B
HOuHOM HebOe. CyIIecTBYIOT, KOHEUHO, U APYyrHe SBJIEHUs (Takue, Kak MOJHUS U OTPakKeHUE CBETa OT
KpPYTAILIUXCS CIIYTHUKOB U 0Opallaroiuxcs Mo opOuTaM CTyleHel pakeT-HOCUTENeH), KOTOpble TOXe
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COIMPOBOXKAAIOTCSI BCIbIIIKaMK Ha HeOe. Bcembliiky, oOycloBIIEHHbIE T'aMMa-H3JIy4€HHUEM, MOYKHO
OTJIMYUTHh OT 3TUX SIBIICHHUH, MPOBOJS HAOIIOACHUS OJHOBPEMEHHO M3 JIBYX WM OOJBIIEr0 YHCia
ITYHKTOB, CWJIBHO YAQJICHHBIX APYT OT Apyra. Takue NOUCKU NPEANPUHSIN B ApHU30HE IBOE YUEHBIX U3
Hyo6muna, Hun [loprep u TpeBop Yukc. C MOMOIIBIO TEIECKONMOB OHU OOHAPYKHIN HECKOJIBKO
BCIIBIILIEK, HO HH OJHY U3 HHUX HeNIb3s ObUIO C OIpeNeJeHHOCThI0 MPHUIKCATh BCILIECKaM
raMMa-u3J1y4eHus IEPBUYHBIX YEPHBIX JBIP.

Jlaxxe ecii IOMCK MEPBUYHBIX YEPHBIX AbIP JACT OTPULATEIbHBIE PE3YJIbTAThI, 4 OH MOXKET UX J1aTh,
MBI BCE PaBHO IOJYYHMM BaXHYI0 MH(pOpMaLuio 00 o4eHb paHHHUX CTaausax pa3BuTus Bcenennoil. Ecnun
panHsisi Beenennas OblUia XaOTWYECKOM, WM HEPETYISPHOM, WM €CIU JaBlieHHe MaTepuu ObLIO Majlo,
MOXHO OBbUTO OBI OKHJAaTh 00pa30BaHUS 3HAYMTEIBHO OOJBIIETO YMCIA YEPHBIX JBIP, YEM TOT MpEed,
KOTOpBI HaM Jand HaOmojeHust GoHa ramMma-uznydeHus. OOBSICHUTb, MOYEMY YEpHbIC AbIPhl HE
CYILIECTBYIOT B TaKOM KOJIMYECTBE, B KOTOPOM HMX MOXHO ObUTO ObI HaONIOAATh, MOXKHO JIMIIb B TOM
cily4ae, eciy paHHss Beenennas Opi1a O4eHb II1aAKON U OJHOPOTHOM, C BHICOKMM JIaBJICHUEM BEIIECTBA.

BbIBOJ O TOM, 4TO Y€pHBIE JBIPHI MOTYT UCITYCKaTh M3JIyu€HHE, ObUI MEPBBIM MpEACKa3aHHEM,
KOTOpOE CYILECTBEHHBIM 00pa30M OCHOBBIBAJIOCH Ha 00EMX BEIMKHUX TEOPUSIX HAIllero Beka — oOIieit
TEOPUM OTHOCHUTEIIBHOCTM M KBAaHTOBOM MeXaHHMKEe. BHadase 3TOT BBIBOJ BCTPETHII CUIIBHOE
MIPOTUBOJIEUCTBHUE, TAK KaK LIEJ Bpa3pe3 C paclpOCTpaHEHHbIM IpejacTaBieHueM: «Kak uepHas nbipa
MOXeT 4To Obl TO HHM ObuTO W3mydaTh?» Korma s BmepBele OOBSBMII O CBOMX pe3yibTarax Ha
koH(pepenuuu B PesepdpopaoBckoii mabopatopuum mon OxcdopAaoM, Bce K HUM OTHECIHUCH
HeIoBepunBO. B KoHIE noknana npeacenarens cekuuu Jxon Tennop u3 KoposeBckoro xosiemxka B
JlonoHe 3asBuUII, 4yTO BCe 3TO venyxa. OH Jake HalMcal CTaThlo, YTOOBI I0Ka3aTh, YTO 5 He mpas. Ho
B KOHIIE KOHIIOB OOJIBIINHCTBO, B TOM uHciie U J[>koH Teisiop, NpuILIn K BEIBOJY, UTO YEPHBIE JBIPHI
JOJDKHBI M3ITy4aTh KaK Tropsiuee Telo, €CM TOJIbKO BEpPHBI BCE OCTAlIbHBIE MpPEJCTaBIICHUs OO0Ien
TEOPUU OTHOCUTENILHOCTU U KBAHTOBOM MEXaHUKU. TakuM 00pa3zoM, XOTsI HAM U HE yJaJlI0Ch OTHICKATh
MEPBUYHYIO YEPHYIO ABIPY, HO e€ciu Obl BAPYT 3TO YJAJIOCh, TO, IO JOBOJBHO 00IIEMYy yOEXIIEHUIO,
yepHasi Ablpa JOJKHA Obli1a Obl HCITYCKaTh MOIIHOE FaMMa— U PEHTI€HOBCKOE U3TyYEHHE.

BriBOg O CylIecTBOBaHMM H3JIY4YEHUS, HCIYyCKAEMOIO YEPHBIMH JbIPAMH, IO-BUIUMOMY,
03HA4aeT, YTO TPaBUTALIMOHHBIM KOJIJIAIIC HE TaK Y OKOHYATeJleH U HeoOpaTuM, KaK Mbl JyMallu
panbiie. Ecnu acTpoHaBT ynaJeT B YEPHYIO JAbIPY, TO €€ Macca YBEJIWYUTCS, HO B KOHIIE KOHIIOB
KOJIMYECTBO SHEPIHH, SKBUBAJICHTHOE STOW MpUOaBKe Macchl, BepHeTcs Bo Bcenennyoo B (opme
n3nydyeHus. CreoBaTeNbHO, B KAKOM-TO CMBICJIE ACTPOHABT OyJET «pereHepupoBaH». ITO, KOHEUHO,
HE caMblil Jdy4muid Bua OGeccMepTHsi: COOCTBEHHOE IPEICTaBICHHE O BPEMEHHM y acTpOHaBTa MOYTH
HaBEepHsAKA MPOMNAAET, KOTJla OH pa3JIeTUTCS Ha KIOYKU BHYTpU uepHOMl Iwipbl! Jlake yacTullbl,
UCIYLIEHHbIE YEPHOU IBIPOH AJIi KOMIIEHCAIIMM MacChl aCTPOHABTa, OYJAYT HE TEMH, U3 KOTOPBIX OH
COCTOSJI: €JUHCTBEHHOE CBOMCTBO aCTPOHABTA, KOTOPOE COXPAHUTCS, — HTO €0 Macca Uil SHEPIHUs.

[Tpubnuxenust, KOTOPHIMHU s OJIB30BAJICS B pacuyeTax M3IydeHUS! YEPHBIX JbIP, TOJKHBI XOPOLIO
BBITIOJIHATHCS, KOTJIa Macca YEpHOM AbIPbI MPEBBIIIAET JOJIM IPaMMa, HO OHM HEMPUMEHUMBI B KOHLIE
KU3HU YEpHOM JIBIPBI, KOI'/Ia €€ Macca CTAaHOBUTCS oueHb Maioi. [lo-Buaumomy, Hanbosee BEpOSITHBIM
UCXOJ — ATO MPOCTO MCUYE3HOBEHHE YEPHOU NIBIPBI, MO KpaiiHeill Mepe u3 Hamiel obinactu BceeneHHOI.
Hcue3nyB, oHa yHeceT ¢ co0Oil W acTpoHaBTa, U JIIOOYIO CHUHIYJISPHOCTb, KOTOpas Moryia Obl B He
OKa3zaTbCd. OTO OBLIO MEpBOE€ YKa3aHME Ha BO3MOXKHOCTb YCTPAaHEHUS KBAaHTOBOM MeEXaHMKOMN
CUHTYJISIPHOCTEH, MTpeICKa3bIBaeMbIX 00IIel Teopuel OTHOCUTENbHOCTH. OHAKO T€ METObI, KOTOPHIMU
U s, 1 JIpyrU€ y4YeHbIE MOJb30BauCh B 1974 1., HE MOIIM JaTh OTBETHl Ha TaKHE BOMPOCHI, Kak,
HampuMmep, MOSIBATCA JIM CHUHTYJISIPHOCTH B KBaHTOBOW rpaButTanuu. [lostromy Haumuas c¢ 1975 1. 4
3aHsUICST pa3paboTKoil Oosee NEHCTBEHHOro MOJXOJa K KBAHTOBOW TI'paBUTAllMM, OCHOBAHHOTO Ha
(elfTHMaHOBCKOM CYMMHPOBaHHHM IO HUCTOpHSIM (TpaekTopusiM). OTBETHI, MOIY4YE€HHBIE TNPU TAKOM
MIOJIX0/JI€, Ha BOTIPOCHI O MPOUCXOXKJICHUH U CyAb0Oe BeenenHoi 1 Toro, 4To B Hell HaXOIUTCs, HapUMep
aCTPOHABTOB, OyIyT M3JIOKEHBl B JBYX CIEAYIOIIUMX TjaBax. Mbl yBUAMM, YTO XOTS MPUHIIMII
HEOIPEICIIEHHOCTH HajlaraeT OrpaHUYEHUsI HA TOYHOCTh BCEX HAIMX IIPEICKA3aHUM, OH 3aTO YCTPAHSET
(yHIaMEeHTaIbHYIO HEMIPEICKa3yeMOCTb, BO3HUKAIOIIYIO B CHHTYJIIPHOCTH NPOCTPAaHCTBA-BPEMEHHU.

8. PoxpaeHue n rmbenb BceneHHon

B o0mieii Teopun OTHOCHTENBHOCTHM DUHINTEHHA, camMol Mo cebe, JenmaeTcs BBIBOJ, YTO
MIPOCTPAHCTBO-BPEMSI BOHUKIIO B CUHTYJISIPHOM TOUKe OOJIBIIOrO B3phIBA, @ CBOM KOHELl OHO JIOJIKHO
HaXOJUTh B CHUHTYISIPHOM TOYKe OOJBIIOrO XJIONMKa (eciau KojuiarncupyeT Bca Bcenennas) u B
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CUHTYJISIPHOCTH BHYTPH YEPHOW JBIPBI (€CIM KOJUIANCUPYET KaKas-HUOYAb JIOKaJIbHAsl 00JIaCTh THIIA
3Be3nbl). Jlroboe BemiecTBO, ymaBiliee B TaKylO IBIPY, B CHHTYJISIPHOCTH JOJDKHO Pa3pyLIMTHCS, U
CHapYXH OyJleT OLIYIIaThCs JIMIIb TPABUTALMOHHOE BO3AEHCTBUE ero Macchl. Koraa e ObUIN yYTeHBI
KBaHTOBBIE 3((EKThI, TO OKa3aJ0Ch, YTO Macca M SHEPrusl BELIECTBA B KOHIE KOHIIOB JOJDKHBI,
[I0-BUJIMMOMY, BO3BPAIAaTbCS OCTABIUEHCA 4YacTu BceneHHOW, a depHas Iblpa BMECTE CO CBOEH
BHYTPEHHEH CHUHIYJSIPHOCTBIO JOJKHA MCHAPUTHCA U MOJIHOCTBIO MCUE3HYThb. byner nu cToiib ke
OOJIBIIMM BJIMSIHME KBAHTOBOW MEXAHUKU HA CUHTYJISIPHOCTH B TOYKaxX OOJIBIIOTO B3pbIBA U OOJIBLIOIO
xJionka? YTo B 1€HCTBUTEIBHOCTH POUCXOANUT HA OYEHb PAHHUX U OYEHb ITO3HUX CTAAUSIX Pa3BUTHUS
BcenenHnoii, korjja rpaBUTallMOHHbIE 11011 HACTOJIBKO CHJIBHBL, YTO HEJb3s IpeHeOperaTb KBAaHTOBBIMU
apdexramu? EcTh mu aelicTBuTenbHO y BeeneHHoM Hagano u KoHel? A eciiu eCTh, TO KaKOBBI OHH?

Ha mpoTskeHun ceMHAECATHIX TOOB S B OCHOBHOM 3aHUMAJICA MCCIENOBAHUEM YEPHBIX IBIP,
HO B 1981 1., xorma s ObU1 HAa KOH(EpEeHIMM MO KOCMOJIOTHMH, OpPraHM30BaHHON B Barukane
OTLAMH-UE3YUTaMH, BO MHE OIIITh IPOCHYJICS HHTEpeC K BONPOCY O BO3HUKHOBEHUU M TUOEIH
Bcenennoii. Karonnueckas LlepkoBb coBepmimia OONBIIYI0 OMMOKY B CBOMX B3aMMOOTHOIICHUSAX C
INanuneem, xoraa, mbITasCh MOAYMHUTH 3aKOHY BOIPOC Haykd, oObsBMia, yTo CosHIe oOpamiaercs
BOKpyr 3emiu. Tenepp, uepe3 Beka, LlepkoBb peminiia OpuriiacuTh CHELMAIUCTOB U MOJYYUTh Y HUX
KOHCYJIbTAIlMI0 IO KOCMOJIOTHH. B KOHIle KOH(epeHIMH Y4acTHUKU ObUIM YIOCTOEHbI ayJHEHLUU
[Tanel. OH cka3an, 4to 3BOIIOLMIO BeeneHHOM mocie OOJbpIIOro B3phlBa M3Yy4aTh MOKHO, HO HE
ClleAyeT BTOpPrarbCsi B caM OOJbIION B3pbIB, HOTOMY 4YTO 3T0 ObUT MOMeHT COTBOpeHHs W,
cienoBarenbHo, bokecTBeHHbIM akT. S Obul oyeHbp pan, yto Ilama He 3HaJ TEMBl TOJIBKO 4YTO
CIEIaHHOTO MHOW J[IOKJaJa O BO3MOXHOCTH TOrO, YTO IIPOCTPAHCTBO-BPEMsI KOHEYHO HE HMMEET
IpaHull, T. €. 4YTO OHO HE MMEET Hayaja, a 3Ha4uT, HeT U MoMeHTa CoTBopeHus. MHe He XOTeoCh
pa3nensaTh cynp0y I'anumes, ¢ KOTOpPbIM, MHE Ka)KeTCsl, Y MEHs €CTh YTO-TO o0111ee, X0Ts Obl TO, UTO IO
CTpaHHOMY COBIIAJICHUIO 51 poAuiics TouHo yepe3 300 et nociue ero cMepTH!

YroObl OBLIO SICHO, KAaKUMHM ObUIM MOM MBICIM M MBICIH JAPYTHX O BO3MOKHOM BJIMSHUH
KBaHTOBOW MEXaHWKM Ha HAIllM B3IJIS/ABI HA POXKACHHE W TuOenb BceeneHHOHM, HEOOXOIMMO CHadaia
HallOMHUTH OOLIECTIPUHATYIO KapTHUHY UCTOpUHU BceneHHOM, OCHOBaHHYIO Ha TaK Ha3bIBa€MOW ropsyei
MoJieni 60bIIOro B3pbiBa. B Hel cumraercs, uto BceneHHas oT HammXx JIHEW 0 OOJBIIOTO B3phIBA
onuchiBaeTcsi ofHON u3 Mmojeneil dpuamana. B monoOHBIX MOAENSIX OKa3bIBAa€TCs, 4TO MO Mepe
pacupenust BceeneHHoil BemiecTBO M u3inydeHue B Hel oxuaxnairorcs. (C yaBoeHHMEM pa3MepoB
Bcenennoil ee TemmnepaTrypa craHOBUTCS B/Boe HMKe). Iockosibky TemrepaTypa — 3TO MPOCTO Mepa
SHEpruu (T. €. CKOPOCTH) YaCTHIl, OXJaKIeHHE BCeleHHON MOKHO CHJIBHO BO3JCHCTBOBATH Ha
BEILIECTBO BHYTpH Hee. [Ipu oueHb BBICOKHX TeMIepaTypax 4acTHIbl IBHXKYTCS TaK OBICTPO, YTO MOTYT
IIPOTUBOCTOATH JIFOOOMY B3aUMHOMY IPUTSKEHHIO, BBI3BAHHOMY SIZICPHBIMU WM 3JIEKTPOMArHUTHBIMU
CUJIaMH, HO MPU OXJIAXIEHUH MOXKHO OKHJAaTh, YTO HEKOTOPBIE YaCTHUIIBI OYAyT MPUTATUBATBHCA JIPYT K
Jpyry U Ha4HYT ciMBartbes. bonee Toro, gake TUIBI 4acTHIL, CYIIECTBYIOIIMX BO BceneHHOM, HOKHBI
3aBUCETh OT TeMmeparypsl. [Ipy JOCTaTOYHO BBICOKHX TEMIIEpATypax JHEPrus 4acTUL[ CTOJb BEIHKA,
YTO NpU JIIOOOM CTOJKHOBEHHMH 0Opa3yeTcsi MHOIO pa3HbIX Iap 4YacTUIa-aHTHYacTHIA, U, XOTS
HEKOTOpas 10Nl 3TUX YaCTHULl AHHUTWIMPYET, CTAIKHMBAsACh C aHTHYACTHLIAaMHM, MX O0Opa3oBaHHE
IIPOUCXOJIUT BCE paBHO ObicTpee aHHUTWIALKMU. Ho mpu Gojee HU3KUX TemrepaTypax, Korjaa SHeprus
CTAJIKMBAIOIIMXCS YaCTHUI] MEHBIIE, Mapbl YaCTHLA-aHTHYACTUIa OyAyT 0Opa3oBHIBATHCS MEJUICHHEE U
AHHUTWJISALUS YacTULl Oy/I€T MPOUCXOIUT OBICTPEE PONKICHUSI.

Cunraercs, 4To B MOMEHT OOJIBIIOrO B3pbIBa pa3Mepsl BceeneHHON ObUIM paBHBI HYJIIO, a cama
oHa Obuia OeckoHeuHO ropstueid. Ho mo mepe pacmmpeHus temmneparypa HU3JIydeHUs MOHUXKalach.
Yepes cexyHay mocie OOJIbIIOro B3pbIBa TEMIIEpaTypa ynajia IpUMEPHO JI0 ECSITH ThICSY MUJUIMOHOB
rpagycoB; 3TO MPUMEPHO B ThICAYY pa3 Oonbie Temreparypbl B leHTpe CoilHIa, HO Takue
TeMIIepaTypbl JOCTUTAIOTCS MPH B3pbIBaX BOAOPOAHOM 60MObI. B 310 Bpems Beenennas cocrosiia u3
(OTOHOB, AJIEKTPOHOB, HEUTPUHO (HEUTPUHO — JeTYailline YacTUIIbl, yYaCTBYIOIINE TOJIBKO B c1aboM
U TPaBUTALMOHHOM B3aUMOJICHCTBUAX) M MX aHTHYACTHI], & TAKXXE W3 HEKOTOPOro KOJIMYECTBA
MPOTOHOB W HEWUTpPOHOB. 1o mMepe Toro kak BceneHHas mpoposKaia pacHIMpsATHCS, a TeMIepaTypa
nagarb, CKOPOCTb POXKACHMS DJIEKTPOH-AHTHRJIEKTPOHHBIX IIap B COYAApEHHUSX cTaja MEHbIIE
CKOPOCTH MX YHUYTOXEHHSI 32 cUeT aHHUTUIAUU. [103TOMY mOoUTH BCE 3JE€KTPOHBI U aHTUAJIEKTPOHBI
JIOJDKHBI OBbUIM aHHUTHIIMPOBATh APYT C APYroM, 00pa3oBaB HOBbIE (DOTOHBI, TAK YTO OCTAIOCH JIMILb
YyTh-4yTh W30BITOYHBIX AJIEKTPOHOB. HO HEWTPHMHO M AHTUHEUTPHUHO HE AHHUTWIIMPOBAIU JPYT C
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ApyroM, MOTOMY YTO 3TH YaCTHUIbl OYEHb CJ1a00 B3aMMOJCHCTBYIOT MeXay coOOM M C JIpyruMu
gacturiamu. [103ToMy OHM 1O CMX HOp JOJDKHBI BCTpeuaThcst BOKPYT Hac. Eciam ObI UX MOXKHO OBLIO
Ha0II0aTh, TO Yy HAC MOSABWICS Obl XOPOIIMH CIOCOO MPOBEPKH MOJEIN OYEHBb TOpsiYed paHHEH
Bcenennoii. K coxkaneHuio, WX DSHEPrUM CeWYac CIMIIKOM Mallbl, YTOOBl HMX MOXHO OBLIO
HENOCPEJCTBEHHO Habmoaars. OJHAKO eciii HEWTPUHO He sBiseTcss 0e3MaccoBOM dYacTUllel, a
obmagaer HEOOJIBIIOW COOCTBEHHON Maccoi, OOHApY>KEHHOH B HEMOATBEPKACHHOM 3KCIIEPHUMEHTE
coBeTckuXx yueHbIX 1981 r., To MBI cMoriau Obl OOHAPYKUTh UX KOCBEHHO: OHU MOIJIM Obl OKa3aThCsl
OTHOU M3 (GOpM TEMHOH MaTepuu, YIIOMHHABIICHCS paHee, IPaBUTALIMOHHOE MPHUTKEHHE KOTOPOM
JOCTaTOYHO Ul TOrO, YTOOBI IPEKPATUTh paciiupeHue BeeneHHoH U 3acTaBUTh €€ OMSTh CKUMATHCSL.

[IpumepHo dYepe3 CTO CEKyHJA TIociie OOJBIIOr0 B3pbIBA TEMIEpaTypa ymajla 10 ThICSYU
MWIJIMOHOB TIpagyCcoB, YTO OTBEYaeT TEMIepaType BHYTPH CaMbIX ropsiuux 3Be3fd. [lpu Takoi
TEMIIepaType SHEPrUud MPOTOHOB M HEUTPOHOB YK€ HEIOCTATOYHO JJISI CONPOTHBIICHUS CHIBHOMY
SAJICPHOMY TNPHUTSDKEHUIO, U OHU HAaYMHAIOT OOBEAMHATHCS JIPYr C JIpyroMm, oOpasys sapa IedTepus
(TsDKEmoro  BOAOpOJa), KOTOpBIE COCTOSAT M3 NPOTOHA M HEWTpoHa. 3aTeM sjpa JedTepust
IIPUCOETUHSIOT K ceOe ellle MPOTOHbI U HEUTPOHBI M MPEBPAILAIOTCS B sJ(pa TeIMsl, COAEepIKaLIIe IBa
MPOTOHA M JIBa HEMTpPOHA, a TaKke 00pa3yloT HEOONbIINE KOJIMYeCTBAa 00Jee TSKEIBIX 3JIEMEHTOB —
TUTHA ¥ Oepuivsl. BelurcieHusl OKa3bIBaOT, YTO, COMVIACHO Topsdyel Mojenu OOJbIIOro B3phIBA,
OKOJIO YETBEpTOW YacTH MPOTOHOB M HEHUTPOHOB MOJDKHO OBLJIO TPEBPATUTHCS B aTOMBI TEIUS H
HeOOoJIbIIIOE KOJIMYECTBO TSKEJIOro BOAOPOJAa M JAPYrHX 53jeMeHTOB. OcTaBIIMecs HEHUTPOHbI
pacranuch Ha MPOTOHBI, IPEACTABIISIOIINE CO00H s/Ipa OOBIYHBIX AaTOMOB BOAOPOA.

OrmmcanHas kapTuHa ropsiaeil BeeneHHolt Ha paHHel cTajuy pa3BUTHA ObUla IPEIOKEHA YYEHBIM
Jxopmkem (I'. A.) 'amMoBBIM B 3HAMEHHUTOM padoTte, KoTopyro ['amMoB Hammcan B 1948 r. BMecTe co cBouM
acrimpanToM Pambpom  Anbpepom. OOnagas mNpekpacHbIM YyBCTBOM OMOpa, ['amMoOB  yroBopui
bmuka-suepimka [anca bere 106aBuTh CBOIO (haMHITHIO K CIIMCKY aBTOPOB, YTOOBI IMOMYUYHIIOCH «AJb(dep,
bere, ['amoB», uTO 3BYuMT, KaK Ha3BaHMs MEPBBIX TpeX OYKB rpedeckoro aidasura — anbda, Oera, ramMma, 1
Ype3BBIYAHHO TOIXOAUT JUIs CTaThu O Hadane Bcenennoit! B aToii cTathe OBUIO CHENAHO 3amMedaresbHOE
IpeJICKa3aHue O TOM, YTO M3JydeHHe (B BUJE ()OTOHOB), UCIYLLIEHHOE HA OYEHb PAHHUX CTAJIMSIX Pa3BUTHS
BcenenHoi, TOMHKHO JI0 CHX MOp CYIIECTBOBATh BOKPYT HAC, HO 3a 3TO BPEMsI €r0 TEMIIEpaTypa yraia U paBHa
BCET0 JIMIb HECKOJIBKUM I'pajlycaM BbIllIe aDCOIFOTHOTO HYIIS. TO UMEHHO TO U3JIydeHHe, KoTopoe B 1965 r.
obnapyxwm [lersnac u Bunbcon. Korma Anbsdep, bere u ['amoB mucanm cBoro paboty, siepHbIe peakiyy ¢
y4acTHeM TNPOTOHOB M HEUTPOHOB ObUIM IUIOXO M3ydeHbl. IloaTOMy mpencka3aHHble MMM COOTHOLICHUS
MEKy KOHIIEHTPALMSIMU Pa3HbIX JIEMEHTOB B paHHEW BceneHHOM OKa3ammch BECbMa HETOYHBIMH, OJTHAKO,
Oydyud TOBTOPEHbl B CBETE HOBBIX IPEICTABICHMI, BCE BBIYMCIEHHUSI JAIN PE3YNIbTaThl, IMPEKPACHO
COTJIACYFOIIIMECS] C COBPEMEHHBIMU HaOmoaeHusiMi. Kpome Toro, odeHb TpyIHO OOBSICHHUTH Kak-TO HHAde,
noueMy Bo BceneHHO# 10/mKHO ObITh Tak MHOTO resus. [103ToMy MBI COBEPIIEHHO YBEpEHBI B TOM, YTO 3Ta
KapTHHa MPaBUJIbHA, [0 KpalHEel Mepe CITyCTsI CEKYHTy MOCIIe OOJIBIIONO B3pbIBa U MO3XKE.

Bcero uepe3 HeckoibkO 4YacoB mocie OONBLIOrO B3pbIBa 00pa3oBaHME Telus M JAPYrHX
AJIEMEHTOB MPEKPATHIIOCh, TMOCIE Yero B TEYCHHE NMPHMEPHO MWLIMOHA JieT BceneHHas mpocto
pojoIDKalla PACHIMPATbCS M C HEH He NPOMCXOOMJI0O HUYero ocobOeHHoro. Hakowen, korna
TeMIeparypa yrajga O HECKOJNbKHX THICSY TPaayCOB M DHEPrHMH DIIEKTPOHOB W SAEp CTAIO
HE/I0CTaTOYHO JUIS MIPEOI0JICHUS AEUCTBYIOLIETO MEX/1y HUMHU JIEKTPOMArHUTHOTO PUTSHKEHUS, OHU
Hayanu o0beAMHSTHCS IPYT ¢ IpyromM, o0opasys atoMmbl. Bes Beenennast kak 1ieoe Moria npoaoinKaTh
pacLIMPATHCS U OXJIKIATHCSA, HO B TEX 00JIACTSX, INIOTHOCTh KOTOPHIX ObLIa HEMHOTO BBIIIE CPETHEH,
pacumpeHe 3aMeysuIoCh M3-3a JIOTIOJIHUTENFHOTO TPABHTAI[MOHHOTO TPUTSDKEHUS. B pesynbrare
HEKOTOpble 00JacTH MEepecTaad pacIIupsTbCs W Hayald CXKUMaThecs. B mporecce cxartus moj
JEWCTBUEM TPABUTAIMOHHOTO TPHUTSHKCHUS MaTepUH, HAXOMISIIEHCS CHApYKU ATHX 001acTei, MOrio
HayaThCsl MX MeasieHHoe BpaineHue. C yMEeHbIIEHHEM pa3MepoB KOJUIACHUpYIOIed o0nacTH ee
BpaIlleHHEe YCKOPSUIOCh, MOMOOHO TOMY, KaK yCKOpSIeTCSl BpalleHHne (UTypucTa Ha JIbIYy, KOTJa OH
npwKUMaeT pyku K teny. Korma HakoHell KoJulancupyromias oOJacTh cTaja JOCTaTOYHO MaJjloH,
CKOPOCTH €€ BpalleHUs JODKHO OBIIO XBATUTh Ui YPaBHOBEIIMBAHUS T'PAaBUTAIIMOHHOTO
MPUTSDKEHUST — TaK 00pa30BAIMCh BpallaloIuecss AMCKOOOpa3Hble TalakTUKU. Te 00JacTH, KOTOpble
HE Hayalll BpAIlaThCs, MPEBPATHINCh B OBAJIbHBIE OOBEKTHI, HA3bIBAEMBIC JIUTHIITUYCCKAMHU
ranaktukamu. Koummarnc 3Tux obnactell ToXe HMpPEKpaTHIICs, MOTOMY YTO, XOTS OT/EIbHbIE YacTh
TaJIaKTHKH CTAaOMIIHLHO BPAIIAINCh BOKPYT €€ IEHTpPa, TATaKTHKA B I[EJIOM HE BpaIlanack.
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Cocrosiuuii U3 BOIOpOJA M Teyns ra3 BHYTPU TaJIAKTUK CO BPEMEHEM PpaclaliCsi Ha ra3oBbIE
o0Jlaka MEHBILEro pa3Mepa, CXKUMAIOIIMECS MOJ AeHCTBHEM COOCTBeHHOW rpaBuTauuu. Ilpu cxarum
3TUX O0JAKOB aTOMbI BHYTPHU HUX CTAIKHMBAINUCh APYT C JPYroM, TeMIepaTypa rasa MoBblIalach, U B
KOHIIE KOHIIOB a3 pa3orpelicsi Tak CUIbHO, YTH HAa4YaJUCh PEAaKLUUU SEpHOro cuHTe3a. B pesynbrare
3TUX peakLui U3 BOJOpoJa 00pa30BajIoCh IOMOIHUTENBHOE KOJIUUECTBO I'elus, @ U3-3a BbIICIUBILEIOCS
TeIlI1a BO3POCIIO JaBJIE€HHE U Ta30Bble 00J1aKa MepecTaiu cxxuMarbes. O6Iaka J0JIro OCTaBaiCh B 3TOM
COCTOSIHMM, TOA0OHO TakuM 3Be3faM, kak Hamle CounHie, npeBpaiias BOJOPOA B TesMi M U3ilydas
BBIJICJISIFOIYIOCS] SHEPTUIO B BUJE TEIUIa U CBETa. bojiee MacCHBHBIM 3B€3[aM JJIsl YPaBHOBEUIMBAHMS
CBOEro 0oJiee CUIbHOIO IPaBUTALMOHHOIO NPUTSDKEHUS HYKHO ObUIO pa3orpeTbes CUIIbHEE, U PEaKLuu
SIEPHOTO CHHTE3a MPOTEKAIN B HUX HACTOJIBKO OBICTpEEe, YTO OHU BBDKIJIM CBOM BOAOPOJ BCEro 3a CTO
MWUIMOHOB JIET. 3aTEéM OHHU CJErKa CXallUuCh, W, IIOCKOJBbKY HArpeB MpOJOJDKAICA, Ha4aloCh
IpeBpalleHue Tenus B Oosiee TsDKENbIe 3JEMEHTHI, Takue Kak yriepoJ u kuciaopox. Ho B mogoOHbIX
IIPOLIECCAX BBIAEISAECTCS HE MHOTO 3HEPIUH, U IMOTOMY, KaK Y€ FOBOPUJIOCH B IVIaBE O YEPHBIX AbIPAX,
NOoJbKeH Obll  paspasutbes Kpusuc. He coBceM SCHO, YTO MNPOMU30LLUIO IIOTOM, HO BIOJHE
IIPaBAONOA0OHO, YTO LEHTpaJIbHbIE 00JACTH 3BE3/bl KOJUIAIICUPOBAIM B OYEHb IJIOTHOE COCTOSTHHE
BpOJIE HEUTPOHHOW 3BE€3/bl MM YEpPHOM IbIpbl. BHeENIHME 00sacTH 3BE31bI MOTYT BpEMs OT BPEMEHHU
OTPBIBATbCSI M YHOCHTHCS UyNOBHUILUHBIM B3pPBIBOM, KOTOPBIA HAa3bIBAETCsl B3PBIBOM CBEPXHOBOI,
3aTMEBaIOIIel CBOMM OJIECKOM BCE€ OCTaJbHBIE 3BE3[bI B CBOEH ramakTuke. YacTh Oosee TSHKENbIX
3JIEMEHTOB, 00pa30BaBIINXCS NIepe]] THOENbIO 3Be3/1bl, ObljIa OTOPOLIEHA B 3alIOJHSIOIMI raJlakTUKY ra3
U NPEBPATUIIACh B ChIPbE UL MOCIEAYIOIUX NoKojaeHui 3Be3. Hame ColHie conepKuT OKOJIO ABYX
IIPOLIEHTOB YIOMSHYTBIX 00Jiee TSKEINBIX JIEMEHTOB, IOTOMY YTO OHO SIBJISIETCS 3BE€3/10 BTOPOro WU
TPEThEro MOKOJIEHHs, 00pa30BaBILEHCs OKOJIO IISITH MIJUIMAPJIOB JIET Ha3a/1 U3 00JIaKa BpalaloIerocs
rasa, B KOTOpOM HaXOJMJIUCh OCKOJIKM 0ojiee paHHMX CBEPXHOBBIX. ['a3 u3 3Toro o0naka B OCHOBHOM
noes1 Ha oopasoBanue ColtHIA WK ObUT YHECEH B3PbIBOM, HO HEOOJIBIIOE KOJIMUECTBO 00JIee TAKETBIX
3JIEMEHTOB, COOPABIINCH BMECTE, MIPEBPATHIIOCH B HEOECHBIE Tela — IIaHEThI, KOTOphle celdac, Kak U
3emuts1, oOpamarorcst BOkpyr CoJHIa.

Chavana 3emis Obuta ropsyeil 1 He umena armocdepbl. Co BpeMeHeM OHa OCThUIA, A BCIIEACTBHE
BBIZICJICHHS Ta3a U3 TOPHBIX IOPOJ BO3HUKIIA 3eMHas atMocdepa. Panuss armMocdepa Oblia HEpUToHa
IUIsl Hailell ku3Hu. B Helt He ObUIO KHCIIOpozia, HO OBUIO MHOTO JPYTHX, SJOBHTBIX Ui HAac Iasos,
HalpyMep CEpOBOJOPOAA (3TO TOT TIa3, KOTOPbIM MpHIAeT crnelu@UYecKuil 3amax TyXJIbIM sHIaM).
IIpaBna, ecte U apyrue, MPUMHUTUBHBIE (POPMBI KHU3HHU, KOTOPbIE MOTYT MPOLBETAaTh B TAKUX YCIOBHSIX.
[IpeanonaratoT, 4To OHU pa3BWINCh B OKEAaHAX, BO3MOXKHO, B PE3YJbTaTe CIy4allHbIX OObEIUHEHUI
aTOMOB B OOJbIINE CTPYKTYphI, Ha3blBaMble MaKpOMOJIEKyJaMHu, KOTOpble 00JaJali CIIOCOOHOCTBIO
IpyNIupoBaTh JApyrue aToMbl B OKEaHE B TaKHe JK€ CTPYKTyphl. Takum o0pa3oM OHH
CaMOBOCHPOU3BOJIMIINCh U MHOXWJIMCH. MIHOTIa B BOCIIPOM3BEICHUH MOTJIM MPOU30UTH cOOU. DT cOOn
OoJIbIIIEN YacThIO COCTOSUIM B TOM, YTO HOBAasi MaKpOMOJIEKYJIa HE MOIJIa BOCIIPOM3BECTH ce0sl U B KOHIIE
KOHIIOB pa3pymanack. Ho nHorna B pesynbrate c60€B BOHUKAIM HOBBIE MAaKpPOMOJIEKYIbI, Jaxe Oosee
CIOCOOHBIE K CaMOBOCHPOM3BEJECHUIO, YTO JAaBAIO UM NPEUMYILECTBO, 1 OHU CTPEMMJIMCH 3aMEHUTH
co0oii nepBoHayabHble. Tak Hayascs MPOLECC 3BOJIOLUH, KOTOPBI MPUBOIMI K BO3HUKHOBEHHIO BCE
Oornee U Oosee CIOXKHBIX OpPraHU3MOB, CIIOCOOHBIX K caMoBOCHpou3BeneHHio. Camble mepBbIe
NPUMUTHBHBIE XMBbIE OPraHU3Mbl MOTPEOJSUIM pa3IMYHbIe BEILIECTBAa, B TOM YHCJIE CEPOBOAOPOI, U
BBIJIEJISUIA KUCIIOPOA. B pe3ynbraTe mpoucxoanio MocTeneHHoe N3MEHEHNE 3eMHON atMoc(epbl, COCTaB
KOTOpPOI! B KOHIIE KOHIIOB CTaJI TAKUM, KakK ceifuac, 1 BO3HUKIIM MOAXO/ISIINE YCIOBUS JUT pa3BUTHs OoJiee
BBICOKHMX (DOPM >KU3HU, TAKUX, KaK PHIObI, PENITHIINH, MICKOITUTAIOLINE 1, HAKOHEL, YeTIOBEUECKUI POJI.

Kaprtuna, B xoTopoii Bcenennas cHayana Obiia OUeHb TOpSAYeH M OXJIaXKAaiach 10 MEpe CBOEro
paciiMpeHus, a CEeroIHAIHUIN JIeHb COTJIacyeTcsl C pe3ysibTaTaMu Bcex HaOmtofeHuil. Tem He MeHee
LEJIBIA PsiJl BXKHBIX BOIIPOCOB OCTaeTCs 6€3 OTBETA.

1. Ilouemy pannsist Bcenennas Obla Takoi ropsiaeid?

2. Tlouemy Bcenennas Tak oxHopogHa B Oospmnx MacmTabax? [louemy oOHa BBITTISAUT
OJIMHAKOBO BO BCEX TOYKaX MPOCTPAHCTBAa M BO BceX HampaBieHUsx? B wacTHocTH, moueMy
TeMIeparypa KOCMHYECKOTo (poHa MHUKPOBOJHOBOTO M3JIyYEHHsI MPAKTHUECKH HE MEHSeTCs MNpu
HaONIO/IEHUsAX B pa3HbIX HampasieHusix? Korma Ha 5K3aMeHe HECKOJIBKHM CTYAECHTaM MOAPSNT
3aJaeTcsl OAMH M TOT K€ BOIIPOC U MX OTBETHI COBMAJAIOT, BBl MOXETE ObITh COBEPIICHHO YBEPEHBI B
TOM, YTO OHHM COBETOBAJIUCH APYr ¢ ApyroM. OJHAKO B ONMUCAHHOM MOJAETM C MOMEHTa OOJIBLIOTOo
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B3pbIBA y CBETa HE OBLJIO BpPEMEHH, YTOOBI MONACTh U3 OJHOW yAaJe€HHOW 00JIacTH B APYTyl0, Jaxke
€CIT 3TH 00J1acTH pacrojarajuchk OJIM3KO APYT K Apyry B panHel Bcenennoit. CormacHo e TeopHH
OTHOCHUTENIbHOCTH, €CIIM CBET HE MOKET MOMAacTh U3 OJHOM 00JacTH B APYTYIO, TO M HHUKaKas Apyras
uHpopmanus Toxxke He MoxkeT. [loaTomy pasHble oOnactu paHHedl BceneHHOW HHMKAak HE MOTTH
BBIPOBHSATH CBOM TEMIEPATypbl OPYr C APYrOM, €ClIH y HUX He ObLIM OJMHAKOBBIE MO KaKOH-TO
HENOHSTHON NPUYMHE TEMIIEPATYPHI IPSMO C MOMEHTA POKICHHUS.

3. Tlouemy BceneHnHas Hadajga pacIIMPATHCS CO CKOPOCTHIO, CTOJb ONM3KOW K KPUTHUYECKOM,
KOTOpasi pa3elisieT MOJEIN C HOBTOPHBIM CXKAaTHEM M MOJIENIN C BEUYHBIM PACIIMPEHUEM, TAK YTO JaKe
celyac, 4yepe3 JECITh ThICSY MUUIMOHOB JIET, BceneHHas npoaoikaeT paclupsAThCs CO CKOPOCTBIO,
MPUMEPHO paBHOUW KpuTudeckoi? Ecmu Obl Wepe3 CEKyHIy Iociie OOJBIIOro B3phIBa CKOPOCTH
pacmiMpeHus ~ OKa3ajJlacb  XOTb ~ HAa  OJHY CTO  Thici4a  MWUIMOH  MWUIMOHHYIO
(1/100.000.000.000.000.000) MeHbIe, TO TPOU3ONLIO OBl MOBTOPHOE CkaTtue BceneHHOW W OHA
HUKOT/1a OBl HE JIOCTUIJIa CBOETO COBPEMEHHOTO COCTOSHUS.

4. HecMoTpss Ha KpyNmHOMACIITa0HYI0 OIHOPOAHOCTH BceneHHOM, B HEH CYIIECTBYIOT
HEOJIHOPOJAHOCTH, TaKue, KakK 3Be3[bl U rajakThuku. CuuTaercs, 4To OHHM 00pa3oBalMCh U3-3a
HEOOJBIINX Pa3IUYMi B INIOTHOCTH paHHEW BceneHHol oT obmactu k obnactu. YTo ObLIO MPUYUHON
ATUX QIIYKTYallui MI0THOCTH?

OO0miast Teopusi OTHOCUTEIBHOCTU cama 110 ce0e He B COCTOSIHUM OOBSCHUTH NEPEUUCIICHHBIE
CBOMCTBA WUJIM OTBETUTH HA NIOCTABJIICHHBIE BOIIPOCHI, TAK KaK OHA TOBOPUT, UTO BeeneHnHas BO3HUKIIA B
CUHTYJIIDHOW TOYKe OOJIBIIOTO B3pblBAa M B CaMOM Hauaje uMella OECKOHEYHYIO IUIOTHOCTh. B
CUHTYIIIDHOM K€ TOYKe OO0IIas TeOpUs OTHOCUTEIbHOCTH U BCe (DU3MUECKHE 3aKOHBI HEBEPHBI:
HEBO3MOXKHO IIPEJICKA3aTh, YTO BBIMAET U3 CUHIYJIApHOCTU. Kak Mbl y’ke rOBOPHIIM, 3TO O3HAYAET, YTO
00JIBIION B3pBIB U BCE COOBITUS O HETO MOXHO BBIOPOCHTH M3 TEOPUHU, IOTOMY YTO OHU HUKAK HE
MOTYT MOBJIMATH Ha TO, 4TO MbI HaOmoaaeM. CienoBaTenbHO, IPOCTPAHCTBO-BPEMS JOHKHO MMETh
TpaHUIly — HA4aJIo0 B TOYKE OOJIBIIOTO B3phIBA.

Hayka, no-BuauMoMy, OTKpbLIa BCE T€ 3aKOHBI, KOTOPBIE B IIpe/Iesiax MOrPeIIHOCTEHN, HalaraeMbIxX
MIPUHIMIIOM HEONPEAEICHHOCTH, MO3BOJISIIOT MPEJCKa3aTh, Kak BceneHHass M3MEHUTCS CO BPEMEHEM,
€CII M3BECTHO €€ COCTOSHHE B KaKOW-TO MOMEHT BpeMEHH. MoXeT OBbITh, 3TH 3aKOHBI OBUIM JTaHBI
Bborowm, Ho ¢ Tex op OH, cyas 1o BceMy, npeaocTaBuil BeelleHHO# pa3BUBaTHCS B COOTBETCTBUM C HUMU
U Tenepb HE BMEILIMBAETCSA B €€ kHU3Hb. HO KakuMu OH BBIOpan HauyalbHOE COCTOSHUE U HAYAJIbHYIO
koHburypanuio Beenennoit? Kakue «rpaHndHble yCIOBHs ObUTH B MOMEHT «Hadajla BpEMEHU»?

OavH W3 BO3MOXHBIX OTBETOB — 3TO CKa3aTh, YTO MpPH BBHIOOpE HAYAIbHONW KOHQUIypaluu
Bcenennoit bor pykoBoacTBOBasicsS COOOpaK€HUSIMHM, IOHATH KOTOpbIE HaM HE JaHo. OITo,
0e3ycioBHO, ObLIO BO BiacTu bora, HO mouemy, BbIOpaB Takoe cTpaHHOE Hadano, OH Bce ke peliud,
4yT00BI Beenennas pa3BuBanach HO MOHITHBIM HaM 3akoHam? Best uctopust Hayku Obliia TOCTENEHHBIM
OCO3HAaHUEM TOTO, YTO COOBITHSI HE MMPOUCXOAT POU3BOJILHBIM 00Pa30M, a OTPAXKAIOT ONPEIEICHHbII
CKPBITBIM MOPSIIOK, KOTOPBIH MOT HJIM HE MOT OBITh YCTaHOBJIEH 0OKECTBEHHBIMH CUJIaMH. BbuTo ObI
JIUIIb €CTECTBEHHO MPENOI0KUTh, YTO ATOT MOPAJIOK OTHOCUTCS HE TOJBKO K 3aKOHAM HayKH, HO U K
YCIOBUSIM Ha TIpPaHULE IPOCTPAHCTBA-BPEMEHHU, KOTOPBIE ONPEIENSIOT HAdajlbHOE COCTOSHUE
Bcenennoii. Bo3moxHO OoJibllioe 4YMCIIO pa3HBIX Mojeneil BceneHHOW ¢ WHBIMH HadalbHBIMHU
YCIOBUSIMU, TIOJUUHSAIOIINXCS 3aKOHAM HayKd. JIOMKeH CyIecTBOBaTh KaKOH-TO MPHUHIIMII JIsl 0TOOpa
OJIHOTO HAYaJILHOTO COCTOSIHHS U, CTAJIO OBITh, OJHOIN MOJEIIH IS OIMMCcaHus Haller BeereHHoM.

OnHy #M3 TakuX BO3MOYKHOCTEM Ha3bIBAaIOT XAOTUUECKHMMHU T'PAaHUYHBIMHU YCIOBUAMH. B Hux
MOJIHAJIMBO MPUHUMAaETCs, TnOo 4Tto BeenenHas GeckoHeuHa B MPOCTPAHCTBE, JINOO YTO CYLIECTBYET
0ECKOHEYHO MHOTO BCElEeHHBIX. COrjJacHO XaOTHMYECKHMM TI'PaHMYHBIM YCIOBHSIM, BEPOSTHOCTH TOTO,
YTO JIF00ast BBIZICICHHAs] 00JIAaCTh MPOCTPAHCTBA Cpa3y IMOCiE OOJBIIOTO B3pPhIBA OKAXKETCS B JTIOOOM
3aJJaHHOM COCTOSIHUU, NMPUMEPHO paBHA BEPOSITHOCTH TOTrO, YTO OHA OKAXKETCS B JIIOOOM JIPyroM
COCTOSIHMM: HadallbHOE€ COCTOsHHME BceneHHON BBIOMpAeTcss COBEPILIEHHO MPOM3BOJIBHBIM 00pa3oM.
OT1o o3Hayano Obl, YTO paHHss BceneHnHas Oblia, BEpOSITHO, OYEHb XAOTHMYHOW M HEPEryJspHOMH,
MIOTOMY YTO Xa0THYECKHX U OeCHopsAA0YHBIX COCTOsIHUM BceenenHol ropaszno Oosnblie, 4eM riajkux u
ynopsaaoueHHbIX. (Ecnu Bce cocTosHUS paBHOBEpOSATHBI, TO BceneHHast ¢ G0JbIIOi BEpOSATHOCTHIO
BO3HUKJIA B OJHOM M3 XAOTHYECKUX U OECHOpSAIOYHBIX COCTOSHUN MPOCTO IMOTOMY, YTO TaKHX
COCTOSIHUHM ropa3no Oombine). TpyaHO cka3aTh, Kak MOJOOHBIE XAOTHYECKHE HAaYallbHbIE YCIIOBHUS
MOTJIM MOPOJUTH TaKyIO INIAaJIKyI0O M OJHOPOJIHYIO B Oosbliumx Macmitadbax BceeneHHyro, kak Haiia



Crusen Xokunr: «KpaTkasi HCTOPHSI BpeMeHH. ..» 61

ceifluac. MOXXHO Takke OXHUAaTh, YTO B TaKoOil Moaenu QUIyKTyallUd IUIOTHOCTH TPUBEAYT K
o0pa3oBaHHWIO TOpa3la0 OONBIIEr0 4YHCIa TEPBUYHBIX UEPHBIX [bIP, YE€M BEpPXHUW TpEIer,
BBITEKAIOIINI U3 HaOMI0eHUH (hOHA TaMMa-H3TydCHHUS.

Ecnu Beenennast B camom Jienie 0€CKOHEUHa B MPOCTPAHCTBE WIIH €CITH CYIIECTBYET OECKOHEYHO
MHOTO BCEJICHHBIX, TO TJI€-TO MOIJIM ObI CYIIECTBOBATh JAOBOJBHO OOJbIINE OOJACTH, BO3HUKIINE B
IJIQJIKOM ¥ OJAHOPOJHOM COCTOSIHUM. BCIIOMHHMM XOpOIIO HM3BECTHBIM MpUMEp CO cTaei 00e3bsH,
OapabaHsIIMX Ha MUIIYIIMX MAalIMHKax: Oojbllas 4acTh UX pabOThl MOWAET B KOpP3HHY, HO B
MIPUHIIMIIE OHU MOTYT COBEPIICHHO CIy4ailHO HareuyaTaTh oAuH U3 coneroB lllexcniupa. Tak u 31ech —
HEe Moryia Ju oOnacte BceneHHOW, B KOTOPOW MBI JKMBEM, CIIy9ailHO OKa3aTbCAd TJIAJAKON |
oJHOpoaHOI? Ha nepBslil B3IV 3TO MOXKET MOKA3aThCsl KpailHE MaJIOBEPOSATHBIM, IOTOMY YTO TaKHX
IIagKkuX oOJjacTeil JOKHO ObITh HAMHOTO MEHbBIIE, YeM XaOoTHUYECKUX W HeoAHOpoAHbIX. Ho
MIPEIIOJIOKHM, YTO TAIAKTHKHU U 3BE3/IbI 00Pa30BBIBAIMCH TOJIBKO B TTAJAKUX 00JACTSIX M TOJIBKO TaM
YCIIOBUSI ObUTM TMPUTOJHBI JJI PA3BUTHUS TAKUX CIIOKHBIX CAMOBOCIIPOU3BO/SIIMXCS OPTaHU3MOB, KaK
MBI, CIIOCOOHBIX 3a/1aTh Borpoc: «[louemy Beenennas Takas ragkas?» DT0O mIpuUMep MPUMEHEHHS TaK
HA3bIBAEMOT'0 AHTPOITHOTO MPUHIIUIIA, KOTOPBIA MOKHO COPMYIUPOBATH CIEIYIOIIUM 00pazoM: «Mbl
BUIUM BceeneHHyro Tak, Kak Mbl €€ BUJIUM, IOTOMY YTO MBI CYILIECTBYEM).

AHTpOIHBIA NPUHIUI CYHIECTBYeT B JBYX BapHaHTax — cjaaboM u cuibHOM. CraObiid
AQHTPOITHBIA MPHHIMUI YTBEPXKJAaeT, YTO BO BceleHHOH, KoTopas BenMKa WM OECKOHeYyHa B
MPOCTPAHCTBE WJIM BO BPEMEHH, YCJIOBUS, HEOOXOIUMBIC AJSl Pa3BUTHS Pa3yMHBIX CYIIECTB, OYIyT
BBITIOJTHATHCS TOJBKO B HEKOTOPBIX OOJIACTSX, OTPAaHUYCHHBIX B IMPOCTPAHCTBE M BpeMeHU. [1loatomy
pa3yMHbIE CYIIECTBA B 3TUX 00JACTAX HE JOJDKHBI YIUBIATHCSA, OOHAPYKUB, YTO Ta 00JIACTh, T€ OHU
KUBYT, YIOBIICTBOPSET YCIOBHUSAM, HEOOXOIUMBIM I UX CYyIIECTBOBaHMS. Tak Oorad, KUBYIIHA B
boratom paiioHe, He BUAUT HUKAKOW OETHOCTH BOKPYT CeOs.

OnuH U3 TpPUMEPOB MPUMEHEHHUS CIA00r0 aHTPOMHOTO MPHUHIIUINA — «OOBSICHEHUE» TOTO, YTO
00JIBIION B3PBIB MPOU3OLIEN OKOJIO ECATH ThICSY MUJUTMOHOB JIET Ha3a/1: MPUMEPHO CTOIBKO BPEMEHU
TpeOyeTcst pa3yMHBIM CYIIECTBaM Il UX pa3BuThs. Kak yke TOBOPWIOCH, TPEXKIE BCETO JTOJIKHO
ObUIO 00pa3oBaThbcs paHHEE MOKOJEHHE 3Be3]. DTHU 3BE3/bl MPEBpallaid 4acTb MEPBOHAYAIBHOTO
BOJIOPO/a M TEeJIMs B 3JIEMEHTHI TUIIA YIJIepoAa U KUCIOPOAa, U3 KOTOPBIX MBI COCTOMM. 3aT€M 3BE3]IbI
B3pPBIBAIMCH KaK CBEPXHOBBIC, & U3 MX OCKOJIKOB OOPAa30BBIBATIUCH APYTUE 3BE3/bI U IJIAHETHI, B TOM
yucie u Bxozsnme B Hamry COJHEYHYIO CHCTEMY, BO3PACT KOTOPOM OKOJIO MSATH THICSY MUJUIMOHOB
neT. B nepBbie 0JJHY WM JIBE THICSYM MIJIJTUOHOB JIET CYIIECTBOBaHMS 3eMJIM HAa HEW ObUIO CIUIIKOM
YKAPKO JJIs1 Pa3BUTHS KaKUX ObI TO HU OBLIO CIOKHBIX OpraHu3MoB. OcTaabHbIE MPUMEPHO TPH THICSIH
MUJIIMOHOB JIET MPOUCXOIUT MEAJICHHBIN MPoIiecC OMOIOTHYEeCKOro Pa3BUTHS, B PE3yIbTaTe KOTOPOTO
MPOCTEHUININE OPraHU3Mbl TMPOILIM IMYTh 10 Pa3yMHBIX CYIIECTB, YMEKOIINX H3MEPSATh BpeMms,
MIPOLIEIIEe C MOMEHTA OOJBIIIOTO B3pPHIBA.

Mano KTO BO3pa)kaeT NPOTHUB CIPABEUIMBOCTH M TMPUMEHHUMOCTH CJIa00TO aHTPOITHOTO
npuHuuna. Hekotopele ke MIYyT 3HAYMTENBHO Jaliibllie, Mpeaiaras €ro CWibHbIM BapuanT. OH
3aKJIIOYAETCSl B TOM, YTO CYIIECTBYET JIMOO MHOTO Pa3HbIX BCEICHHBIX, TUOO MHOTO Pa3HbIX 00JacTeit
OJTHOM BCENEHHOM, Kakaash U3 KOTOPHIX MMEET CBOK COOCTBEHHYIO HAaYalbHYIO KOH(MUTYpaIuio H,
BO3MOJKHO, CBOM COOCTBEHHBIN HAOOP HAy4YHBIX 3aKOHOB. B OoJbIIel 4acTH STUX BCEJIECHHBIX YCIOBHS
ObUTM HEMPUTOJIHBI JUIS PAa3BUTHUS CIOKHBIX OPTaHHU3MOB; JIHMIIb B HECKOJNBKHX, IMOXO0XKHX Ha HAIIy,
BCEJICHHBIX CMOTJIM Pa3BUBATHCSA Pa3yMHBIE CYIIECTBA, U Y 3THX Pa3yMHBIX CYIIECTB BO3HUK BOIIPOC:
«[Touemy Hama Bceenennas Takas, kakoil Mbl ee Bunum?» Torma otBeT mpoct: «Ecnu Ob1 Beenennas
ObL1a Ipyro, 37ech He ObLIOo ObI Hac!»

3akoHbl HAyKM B TOM BHJE, B KOTOPOM Mbl HMX 3HaeM celuyac, CoOAep,aT MHOIO
(dbyHIaMEHTANBHBIX BEIIMYWH, TAKUX, KaK JJICKTPUUECKHH 3apsll SJEKTPOHA W OTHOIICHHE MAacCChI
MPOTOHA K Macce 3JIeKTpoHa. MBI He yMeeM, HO KpaiiHel Mepe ceiuac, TEOPEeTHUECKH MPEACKa3bIBaTh
3HAQYEHHS ITHX BEJIMYWH — OHU HAXOJATCA TOJBKO W3 JKCIepuMeHTa. MokeT ObITh, IPHIET JIEHb,
KOT/Ia MBI OTKPOEM IIOJIHYIO €IUHYI0 TEOPHI0, C TOMOIIBI0 KOTOPOH BCE ATH BEIHYMHBI OYyAyT
BBIYHMCIICHBI, HO MOXXET OKa3aThCsl, YTO HEKOTOPHIE U3 HHUX, & TO U BCE U3MEHSIOTCS TIPHU TMEPEX0Ie OT
BCEJICHHOM K BCEJICHHOW WJIM M TpeAeNax OJHOM BCENEHHOH. YIUMBUTEIBHO, YTO 3HAYEHUS TAKUX
BEJIMYUH OBUTH, TTO-BUAMMOMY, OY€Hb TOYHO MOJA00paHbI, YTOOBI 00€CTIEYNTh BO3MOXXHOCThH Pa3BUTHUS
xu3Hu. Ecnu Obl, Hampumep, dNMEKTPUUECKUA 3apsif AIEKTPOHa ObLT YyTh-4yTh JPYTHM, 3BE3/bI TUOO
HE COKUTald OBl BOJAOPOJ U renuid, 1M00 He B3pbIBaNIUCh. Pazymeercs, MOryT ObITh U apyrue (Gpopmbl
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pa3syMHOM >KHM3HH, O KOTOPBIX HE TPE3WIIN Jlaxke mucaresnu-paHTacTsl. [ noanepkanus 3TOH KU3HU
HE TpeOylOTCS HHM CBET 3Be3lbl, Kak, ckaxeMm, Hamie ColHIE, HH TKEIbIe 3JIEMEHTHI,
CHUHTE3UPYIOLIMECS BHYTPH 3BE€3[ M Pa3JICTAIOIIHMECS IO KOCMUYECKOMY IIPOCTPAHCTBY IIPU B3PBIBE
3Be31pl. TeM He MeEHee, MO-BUAMMOMY, SICHO, YTO BEJIWYHMHBI, O KOTOPBIX MBI T'OBOPHUM, HMEIOT
CPaBHUTEJILHO HEMHOT'O 00J1acTel 3HAUEHUH, IPU KOTOPHIX BO3MOXHO pPa3BUTHE KaKOW ObI TO HU ObLIO
pa3yMHOH kM3HM. boipliasi e 4acTb 3HaYEHMM OTBEUYAET BCEIEHHBIM, B KOTOPBIX, KaK Obl OHU HHU
ObUIN MPEKPACHBI, HET HUKOI0, KTO MOT' Obl MMM BOCXMILAThCA. DTO MOKHO BOCIPUHUMATH JINOO Kak
CBHJIETEIILCTBO OOYKECTBEHHOT'O INPOBUJCHUS B COTBOPEHUH BceneHHON M BBIOOpE 3aKOHOB HAyKH,
1100 Kak MOATBEPKACHNUE CUIIBHOIO AaHTPOITHOIO MPUHIIMIIA.

MOHO BBIIBUHYTh HECKOJIbKO BO3Pa)XEHHUH IPOTUB IPUBJICUEHMS] CUIIBHOI'O AHTPOIIHOTO
IpUHLUNA A7 OOBSICHEHUs HaOJI0JaeMoro coctosHus BcenenHoil. Bo-nmepBbIX, B KaKOM CMBbICIIE
MO>KHO TOBOPHUTb, YTO BCE 3TU BCEJIECHHBIE CYIIECTBYIOT? Eciu OHM NEHCTBUTEIBHO W30JIMPOBAaHbI
ApyT OT Apyra, To COOBITUS, IPOUCXOAIINE HE B Haleil BeesnieHHON, HEe MOTyT UMeTh HaOJIr01aeMbIX
cnencrteuil B Haue BceenenHnon. [loaromy Ham cienyer BOCHOJB30BaThCS NPUHLAIIOM 3KOHOMHH U
UCKJIIOUUTh MX U3 TeopuH. Ecim ke 3TH BCEJIeHHblE — IPOCTO Pa3Hble O0JIACTH OAHOM M TOH ke
BCEJICHHOW, TO HAyYHBIC 3aKOHBI JOJDKHBI OBITh OJMHAKOBHI B KaKIOH 00JacTH, IOTOMY YTO MHAYe
Obul Obl HEBO3MOXKEH HEIPEpBIBHBIA IMepexol M3 oJHOW obmactu B Apyrywo. Torga oGmactu
OTIMYAIUCH OBl IPYr OT Apyra TOJBKO HAYAIBHBIMA KOH(QUTYpAalMsIMH M CHIJIBHBIA aHTpPOITHBIHA
MIPUHIIMIT CBOAMIICS OBl K ci1aboii popmynupoBKe.

Bropoe Bo3pakeHHe NMPOTHUB CHJIBHOTO AHTPOMHOIO MPHUHIMIA — 3TO TO, YTO OH HaIpPaBJIEH
IIPOTUB X0Ja BCE UCTOpUHU HayKH. Pa3BuTue Hayku 1UIO OT FE€OLEHTPUUYECKUX KocMoutoruu [Itonemes
U €ro MNpeAlleCTBEHHUKOB Yepe3 TIelHOLEHTpUUYecKyro kocmonoruto Komepnuka u Tamunes
COBPEMEHHOM KAapTHMHE MHpPA, COIVIACHO KOTOPOH 3emild SBISAETCS IIJIAHETOM CpPEAHEro pasMmepa,
oOpaniarneicss BOKpYr 0ObIYHOM 3Be3]1bI BHYTPU OOBIYHOW CIIMPATbHON TalaKTUKH, KOTOPasi B CBOIO
ouepesb SABISETCS BCEro JIMIIb OJHOM U3 MWUIMOHA MUJUIMOHOB TaJaKTHK B HAOJIOJIa€MOM 4YacTH
Bcenennoii. TeM He MeHee, COIVIACHO CHUJIBHOMY AaHTPOIIHOMY IPHHIMILY, BCE 3TO T'MTAHTCKOE
COOPYKEHHME CYHIECTBYET IPOCTO paau Hac. B 310 ovenp TpynHo noseputb. Hama ConHeunas
cucremMa O€3yCIIOBHO SIBJSIeTCSI HEOOXOIUMBIM YCIOBHEM HAIIEro CYIIECTBOBAHMS; TE€ K€ CaMble
paccyKIeHHUs MOXHO PpaclpOCTPaHUTh Ha BCIO Hamly l'alnakTWKy, 4TOOBI y4ecTb 3BE3/bl PaHHEro
IIOKOJIEHUs, Ojarofaps KOTOPHIM IPOM3OLLIEN CUHTE3 TSKENbIX 371eMeHTOB. Ho, mo-BuauMomy, HET
HUKAKOM He00XO0AMMOCTH B TOM, YTOOBI BCE 3TU APYyTHE rajlakTUKH, J1a ¥ Bcs BeeseHHast ObliIM TakuMuU
OJIHOPOJHBIMH U OJIMHAKOBBIMH B OOJIBIINX MaclITadax B JIIOOOM HaIlpaBJIEHUU.

MoxxHO ObUTO OBl HE OECHOKOUTHCS HACUeT aHTPOIHOIO MPHHIMIA, OCOOCHHO B €ro ciadoii
(hopMyTUpOBKE, €ciH OBl y1a7I0Ch MIOKa3aTh, YTO U3 PA3HBIX HAYAIbHBIX KOH(MUTYpaluii BeenenHon auiib
HEKOTOpbIE MOIJIM Pa3BUTHCS BO BeeneHnyro, Kak Ta, KOTOpYIO Mbl HabmoaeM. Eciti 3To mpaBUiIbHO, TO
Bcenennasi, Bo3HMKILIAs M3 CIIydalHbIX Ha4yaJdbHBIX YCJIOBUHM, JOJDKHA COJEp)KaThb B ceOe IJaJKue U
OZIHOPOJHBIE OO0JIACTH, TPUTOJIHBIE /IS Ppa3sBUTUS pa3yMHOM »ku3HU. Eciam ke a8 Toro, 4roObl
MOJYYMIOCh TO, YTO MBI BHJIUM BOKpYT, TpeOOBAJCS Ype3BbIYAWHO TIIATENbHBIA BBHIOOP HAYaJIbHOTO
coctosiHMsl BeeneHHoi, To Bpsiz JI B Hel okazaach Obl XOTh OJ[HA 00J1aCTh, B KOTOPOIM MOTJIa 3apOAUTHCS
XU3Hb. B ropsueil Mojenu G0JIBIIOrO B3pbIBa ObUIO CIUIIKOM Majlo BPEMEHH [yl MEepeAayd Terula U3
OfHOW oO0ylacTM B JIpyryro. OTO 3HAYUT, 4TO Uil OOBSICHEHUS Toro (akra, 4YTO TeMIeparypa
MHUKPOBOJIHOBOTO (hOHAa OJIMHAKOBa B JIFOOOM HampaBiIeHUM HAOMIOACHUSA, HEOOXOIUMO, YTOOBI B
HayaJbHOM COCTOSIHUM BcenenHoll ee Temmeparypa Obula Be3Jle B TOYHOCTH OMHaKoBOil. Kpome Toro,
TpeOOBaJICSI M OYEHb TOYHBIM BBHIOOP HAYAILHOM CKOPOCTH pacUIMpPEHHUs, MOTOMY 4TO JJisi M30eraHus
MIOBTOPHOT'O CXKAaTHsl CKOPOCTh PACIIMPEHHUS JOJDKHA OCTABAThCA JOCTATOUHO OJM3KOM K KPUTHYECKOMY
3HaueHuto. CrenoBaTenbHO, BBIOOP HAYaJbHOTO COCTOSHUS BceeneHHO# NOKeH MpOU3BOAWUTHECS OYEHb
TILATEJILHO, €CIIM Tropsiyas MOJIeIb OOJBIIOrO B3phIBa MPUMEHMMA J0 CaMOr0 MOMEHTa Hayaja OTCYeTa
BpeMeHu. [louemy Hauano BceneHHOM NOMKHO ObUTIO OBITH UMEHHO TaKUM, OYE€Hb TPYAHO OOBSICHUTDH
MHaue, KaK JiestHueM bora, KoTopoMy 3aX0TeNnoch CO3AaTh TAKUX JKUBBIX CYIIECTB, KaK MbI.

[ToneiTkM mocTpouth MOAENb BceneHHON, B KOTOPOM MHOXECTBO pa3HBIX HAadaJbHBIX
KOH(Urypanuii Morio Obl pa3BUTHCS BO UYTO-HUOYAb BpOJie Hallel HbIHEIHel BceneHHOH, npuBenu
Anana ['yra, yaeHoro u3 MaccadyceTckoro TeXHOJOTHYECKOIO0 MHCTUTYTA, K IMIPEANOI0KEHHUIO O TOM,
4TO paHH:sA BeceneHHnas nepexmusia nepuo] o4eHb OBICTPOro paciIupeHusi. OTO PacUIMPEHHE HA3bIBAIOT
pasayBaHMEM, IMOJpa3yMeBas, UYTO KaKOe-TO BpeMs pacliupeHue BceneHHON NpoucxXoauio co Bce
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BO3pACTaIOIIEH CKOPOCTHIO, a HE C YOBIBaroOIIeH, kak ceiiyac. ['yT paccunran, uyto paanyc Beenennoit
YBEJIUYHUBAICS B MUJUTMOH MUJUIMOHOB MUJUIMOHOB MWJUIMOHOB MUJIJTMOHOB (€IUHUIA C TPUALIATHIO
HYJISIMH) pa3 BCETO 3a KPOIICYHYIO JIOJII0 CEKYH/IbI.

I'yt BbICKa3an npeanonokeHue, uto BeenenHas BO3HUKIIA B pe3ysibTare OOJBLIOrO B3pbiBa B OUEHb
ropsideM, HO JIOBOJIbHO XaOTHYECKOM COCTOSHMU. BbICOKHe Temmeparypbl 03HA4arOT, YTO YACTHUIIBI BO
BcenenHoil 1OmKHBI ObUTH OYEeHBb OBICTPO IBUTAaThCSA M UMETh Oosblnme sHeprun. Kak yxe roBopuioch,
[IPY TaKUX BBICOKHMX TEMIIEpPATypax CUJIbHBIC U CJIA0bIe SAEPHBIE CHIIbI M DJIEKTPOMArHUTHAS CHJIA JIOJIKHBI
ObLIH Bce 00BeTMHUTBCS B ofHy. [1o Mepe pacimpenus BeeneHHO#M oHa oxitaxaanach ¥ SHEPTUH YacTHIL
YMEHBIIATUCh. B KOHIIE KOHIIOB JOJIKEH ObUT Obl NMPOM3OWTH TaK HaszbIBaeMbI (DazoBbIl mepexon U
CUMMeTpUs CHJI ObUTa Obl HapyIleHa: CHIIPHOE B3aMMOJICHCTBHE HA4Yalo Obl OTIMYATHCSA OT CIad0ro u
ANIeKTpOMarHuTHOro. M3BectHelii mpumMep (azoBoro mepexojga — 3aMep3aHUE BOABI MPU OXJIAKICHUU.
XKunkoe cocrosiHuE BOJbI CAMMETPUYHO, T. €. BOJA OJJMHAKOBA BO BCEX TOYKAX U BO BCEX HAIPABJICHUSIX.
OO0pazytoruecs ke KpUCTAILIBI JIb/Ia UMEIOT OMNpe/IeIEHHbIE TIOJI0KEHHS U BBICTPAUBAIOTCSI B HEKOTOPOM
HarpasJjieHUU. B pe3ynpTare cuMMeTpus BObl HapyIIASTCS.

Ecnu oxnaxkaate BoAy Ou€Hb OCTOPOXKHO, TO €€ MOXKHO «II€PEOXJIaUThY, T. €. OXJIAJUTh HIDKE
touku 3amep3anus (0 rpaxa. Llenbcust) 6e3 oOpazoBanus ypaa. I'yT npeanonoxui, 4yro Beenennast morna
ce0si BECTH IMOXOXKUM O0pa3oM: ee TemrepaTrypa MOrjla yHacTh HIDKE KPUTHUYECKOro 3HaueHUs 0e3
HapylieHus: cuMMmeTpun cwil. Ecim 661 5T0 mpousonuio, To BeenenHas okaszanace Obl B HECTAOMIIBHOM
COCTOSIHUM C SHEpPrHei, MPEeBBIIIAINIEH Ty, KOTOPYIO OHa MMeNa Obl MPU HapYIIEHUHM CUMMETPHH.
MoxHO mnOKa3aTh, YTO 3Ta 0co0as AONOJHMUTENbHAs SHEPrusl IMPOU3BOAUT AHTUTPABUTALMOHHOE
JeCTBUE aHAJIOTMYHO KOCMOJIOTMYECKON MOCTOSHHOM, KOTOpYH0 OWHINTEHH BBEN B OOILYIO TEOPHUIO
OTHOCHUTEJIBHOCTH, IBITAsICh IOCTPOUTH CTaTUYECKYIO MoJenb Beenennom. I10CkobKy, Kak U B ropsyeit
Mojieny OONBIIOro B3pbIBa, BeeneHHas yxke Bpalanach, OTTaIKHBAaHHE, BHOCUMOE KOCMOJIOTHYECKOM
MIOCTOSIHHOM, 3acTaBuiio Obl BceneHHylo pacimpsThCsl CO BCE BO3pacTarolIe ckopocThio. [laxke B Tex
00JIacTsIX, TJI€ YUCIIO YACTHIl BEIIECTBA MPEBBIIANIO CPEeIHEE 3HAUCHHE, TPABUTALMOHHOE MIPUTSKEHHE
Marepur ObUTO OBl MEHBIIE OTTAIKWBAHHSA, BHOCUMOTO 3()h(HEKTHBHOM KOCMOJIOTUYECKOW MOCTOSHHOM.
CrnenoBarenbHO, Takue 00JACTH JOKHBI OBLTH TOXKE PACIIUPATHCS C YCKOPEHUEM, XapaKTePHBIM ISt
MoJieN pasaysatoreiics BeenmenHoi. [To mepe pacmmpeHuss 9acTUIBl MaTEPUN PACXOIMINCH OBl BCE
Janplie Ipyr OT JApyra, U B KOHIIE KOHIIOB paciupsitomasicss Bcenennas okasanack Obl moutu 0e3
YacTUll, HO BCE €lIE B NEPEOXIAXKAECHHOM COCTOSSHUM. B pe3ynbrare pacmmpenust Bce HEOAHOPOIHOCTU
BO BceneHHOM AOKHBI OBUTH MPOCTO CTIIATUTHCS, KaK pa3riaXUBaIOTCS MPU HAAYBAaHHUHM MOPIIMHBI Ha
pe3uHoBoM Iiapuke. CienoBaTenbHO, HbIHEIIHEE TJ1aJK0e U OJHOPOAHOE cocTosiHue BeenenHoil Morno
Pa3BUTHCS U3 OOJBIIOTO YHCIIA PA3HBIX HEOJHOPOIHBIX HA4YaIbHBIX COCTOSIHUH.

Bo BceneHHOM, CKOPOCTh pacIIMPEHUS] KOTOPOM pacTET M3-32 KOCMOJIOTMYECKOW MOCTOSHHOMN
ObICTpee, 4YeM 3aMeISeTCsl W3-3a TPABUTAIMOHHOTO MPUTSIKEHHs MaTepUH, CBETY XBaTWIO Obl
BpEMEHHM /ISl [Iepexo/1a U3 oJlHOM obmactu paHHel BceneHHoll B Apyryto. 9To ObUIO OBl perieHueM
paHee MOCTaBJIEHHON 33aJ]auu O TOM, [TOYEMY pa3Hble 00JacT paHHel BceleHHON UMEI0T 0OIMHAKOBBIE
cBoiictBa. Kpome TOro, ckopocTh pacuiuperusi BeeneHHoit ctana O aBTOMAaTUYECKH OYE€Hb OJTM3Ka K
KPUTHYECKOMY 3HAUYEHHIO, ONPENENIIEMOMY IIJIOTHOCTbIO 3Hepruu Bo Bceenennoii. Torma Takyro
0JIM30CTh CKOPOCTH pACHIMPEHHUs] K KPUTHUYECKOM MOXHO ObUIO OBl OOBSICHUTH, HE Jelas
MPENOI0KEHUS O TIIATEILHOM BbIOOpE HauaIbHON CKOPOCTH paciuupeHus BeeneHHOM.

PaznyBanmnem BceenenHoit MOXHO ObLIO OBl OOBSICHHUTH, IIOYEMY B HEH Tak MHOTO BeliecTBa. B
JOCTYITHOU HaOmoaeHusM obnactu BceneHHON conepkuTcs Mopsaka cTa MHWIIMOHOB MMJUIMOHOB
MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB MMJUIMOHOB MMJUIMOHOB MHJIJIMOHOB MHWJIJIMOHOB MUJIMOHOB
MUJUIMOHOB MUJUTHOHOB MUJUTHOHOB (€IMHHUIIA C BOCBMBIOIECATHIO HYNsIMHU) yacTull. OTKyJa Bce OHU
B3suMch? OTBET COCTOUT B TOM, YTO B KBAaHTOBOM TEOPUH YACTHUIBI MOTYT POXKJIAThCS U3 SHEPTUU B
BHUJIE Map yacTula-aHTu4acTuia. Ho Toraa cpa3sy BO3HHKaeT BOIPOC: OTKyAa Oepetcs sHeprus? OTBer
TakoB. [lomHas sHeprus BceeneHHo#l B ToUHOCTH paBHa HYI0. BemectBo Bo Beenennoit oOpazoBaHo
U3 MOJIOKUTENBbHON 3Heprun. Ho Bce BemiecTBo caMo cedst MpUTATUBAET MOJ JeHCTBUEM I'paBUTALINU.
JIBa OJIM3KO PACIMONIOKEHHBIX KYCKa BELIECTBa 00JIaal0T MEHbIIEH YHEprueil, yeM Te ke JBa Kycka,
HaxoJsIIuecs AajJeKo APYr OT JApPyra, MOTOMY UTO ISl pa3HECEHUs] UX B CTOPOHBI HYXKHO 3aTpPaTUTh
SHEPTUI0 Ha TMPEOJI0JIEHUE TPABUTALIMOHHOW CHWIIBI, CTpemsieicss X coeauHuTh. CliejoBaTeabHO,
SHEPTHUs TPABUTALMOHHOTO HOJSI B KAKOM-TO CMBICJIE OTpHIlaTesibHa. MOXHO MOKa3aTh, YTO B CIIy4ae
Bcenennoii, mpumMepHO OTHOPOAHOM B MPOCTPAHCTBE, 3Ta OTPULATENbHAS TPABUTALIMOHHAS YHEPTUS B
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TOYHOCTH KOMIICHCUPYET IOJOKHUTEIBHYIO 3HEPIHIO, CBSA3aHHYIO ¢ BemecTBOM. Iloaromy mosHas
sHeprus BceneHHol paBHaA HYIIIO.

ITockosmbKy IBaXKAbl HyJIb TOXKE HyJb, KOJHMYECTBO IIOJIOKHUTEIBHOM SHEPIUM BEILECTBA BO
BcenenHoli MOXeT yIBOUTBCA OJHOBPEMEHHO C YJIBOEHHUEM OTPULATENIBHON I'paBUTALMOHHON
SHEPI'UH; 3aKOH COXPAHEHMs SHEPTUU IIPHU 3TOM He HapyIIUTcs. Takoro He ObIBACT NPU HOPMAJIbHOM
pacuiMpeHud BceneHHOM, B KOTOPOM IUIOTHOCTb DSHEPIMM BELIECTBA YMEHBILIACTCS II0 Mepe
yBenuueHus pasmepoB Beenennoi. Ho MMEHHO Tak IPOMCXOIMT IIPHU pa3lyBaHUM, [IOTOMY YTO B 3TOM
ciydyae BcenenHas yBenuuuBaeTcs, a INIOTHOCTb SHEPIHM MEPEOXIAKICHHOIO COCTOSHUS OCTAETCs
IIOCTOSIHHOM: KOrga pasMmepel BceleHHOM yIOBOSITCS, IIOJNIOXKHUTENbHAs DJHEPrUs BEIIECTBA U
OTpULATENbHAsl TI'PAaBUTALIMOHHASI 3HEPIUsl TOXKE YIBOSTCS, B PE3ylbTaT€ YEro IIOJIHAs SHEprus
ocraercs paBHOM Hymo. B dase pasgyBanus pasmepsl BceneHHON OueHb CHIIBHO BO3pacTaroT.
CrnenoBarenbHO, 00IIee KOJIMYECTBO JHEPIHH, 32 CUYET KOTOPOW MOTYT OOpa3OBBIBATHCS YACTHUIIBI,
TOXK€ CWIbHO YyBenuuuBaercs. I'yr mo srtoMmy noBoay 3ameruwit: «['oBopAT, 4yTo He ObIBaeT
CKaTepTU-caMOOpaHKU. A He BEYHAs TU caMoOpaHKa cama Bceenennas?»

Ceituac Bcenennas pacmmupsieTcss 0e3 pa3ayBaHHs. 3HAYWT, JIOJDKEH CYIIECTBOBATH KaKOW-TO
MeXaHu3M, Oyarogapsi KOTOpoMy ObUIa ycTpaHeHa OueHb Oojbmas 3((eKTUBHAS KOCMOJOTHYECKast
IIOCTOSIHHAS, 4 CKOPOCTh PACUIMPEHUs IepecTala PacTh U IOJ [AEHCTBUEM TIpaBUTAllMM Hadala
YMEHbBIIATHCS, KaK MPOJODKAET YMEHbLIAThCS U ceiiuac. MOXKHO OXUAaTh, 4TO MPH pa3gyBaHUU B
KOHIIE KOHIIOB HApyIIUTCS CUMMETPHS CHJI, TaK XK€ KaK IEepeoXJaKIeHHass BOJA B KOHIIC KOHIIOB
3aMmep3HeT. Toraa JuIIHSS 3HEPTUs COCTOSAHUS C HEHApYLUIEHHONW CUMMETPUEN OJIKHA BBIIEIUTHCA, U
3a c4er 3TOro BceeneHHas pasorpeercsa OO TeMIEpaTyphl, 4yThb-4yThb MEHbBILIEH, Ye€M KPUTHUYECKas
TEeMIIepaTypa, Npu KOTOPOH CUMMETpHUSl CUJI €llle HEe Hapyllaercsa. 3aTeM BcelieHHas onaTh HauyHET
pacIIMPATHCS U OXJIAXKAAThCs, TaK JK€ KaK B ropsyeid Mojienu OOJIBIIOro B3pbIBa, HO TEMEPh Mbl yXkKe
CMOYEM OOBSICHUTb, IOYEMY CKOPOCTh €€ PACIIMPEHMS] B TOUHOCTU PaBHA KPUTHUYECKOW U MOYEMY
pasHble obsacTu BeeneHHOM UMEIOT 0/IMHAKOBYIO TEMIIEPATYPY.

B rumnorese ['yra ¢a30oBbIii iepexon NpouCcXoaui OYeHb OBICTPO, KaK BO3HUKAIOT BAPYT KPUCTALIBI
JbJia B OYEHb X0J0aHOM Boje. Mnes I'yra 3akmtodanack B TOM, 4TO BHYTpHU CTapoi (hazpl 0OpazyroTcs
«ITy3bIPbKI» HOBOH (ha3pl HApyIIEHHOH CHMMETPHH, TIOI00OHO TOMY, KaK B KHUITAIICH BOJE 3apOXKIAOTCS
ITy3bIpbKU napa. ['yT Ipeanonoku, 4To My3bIpy PaCIIUPSIOTCS U CIMBAIOTCS APYT C APYTOM JI0 TeX Iop,
noka Bcsi BeeneHHast He okakercsi B HOBoM ¢asze. Ho BoT B uem Oea: Beenennas, Ha 4To yka3aiu s U e1ie
HECKOJIbKO YEJIOBEK, TaK OBICTPO PACIIMPSIETCS, YTO JaXke eCIM Obl My3bIPH POCIH CO CKOPOCTBIO CBETA,
OHH BCE PaBHO yJAJISUIMCh ObI IpYT OT Apyra ¥ MO3TOMY HE MOIIM Obl cimBaThes. Beenennas ocraBaiach
Obl B OY€Hb HEOJHOPOJHOM COCTOSHMM, U B HEKOTOPBHIX OOJIACTAX CHUMMETPHUS MEXAy CHIaMHU
coxpaHsiiack Obl. Takast MoJiesib BeeneHHol He cooTBeTCTBOBaIA Obl TOMY, YTO MBI BUIMM.

B okta6pe 1981 r. s mpuexan B MockBy Ha KOH(EpEHLUIO 10 KBaHTOBOW rpaBuTanuu. [locie
KOH(EpEeHINHU 51 ClIeNal TOKIa] 0 MOAENH pa3ayBatoleiics BeenenHoil u cBsi3aHHBIX ¢ Hel Ipo0ieMax B
ActpoHomuueckoM uHcTHTYTE UM. LlITepHOepra. Cpenu ciymareneil OblI MOJIOZON COBETCKUM (r3nk
Anppeit Jlunge, corpynHuk ®usmdeckoro mMHcTUTyTra uUM. JlebeneBa. OH ckazan, yTO TPYIHOCTH,
CBsI3aHHAsi C HEBO3MOYKHOCTBbIO OOBEAMHEHMs Iy3bIped, OTHaJaeT, €ClU pa3Mepbl My3bIpei CTOJb
BEJIMKH, 4TO BCS Halla o0jacTe BceneHHOM conepKuTest BHYTPH OJHOTO My3bIps. J{iast Toro 4toObl 3TO
IIPEAIOIO0KEHNE BBINOJIHAIOCh, COXPAHEHHE CUMMETPUHM BHYTPH ITy3bIpS OJDKHO OYEHb MEIJIEHHO
MEPEXOANTh B €€ HapYIIEHHE, YTO BIOJIHE BO3MOXKHO B TEOPHH BEJIMKOT0 00beauHeHus. Mbicib Jlunnae
0 MeJUIEHHOM HapyllleHUH CUMMETPHHU OblIa 04€Hb XOPOIlla, HO TOTOM MHE CTaJIO SICHO, YTO €T0 MYy3bIpH
JIOJKHBI OBITH OoJIbIIIe HBIHEHTHENW Beenennoit! Sl nokasan, yTo cMMMeETpUs JODKHA HapyLIaThes BCIOY
OJTHOBPEMEHHO, a HE TOJIBbKO BHYTpH My3bIpeld. Tosbko 3TO nmpuBeno Obl K TOH OHOPOIHOM BeenenHol,
KOTOPYIO MBI ceituac HaOmoaaeM. 1 ObUT CHITbHO BO30YXKIICH CBOCH HIeel 1 MOACTUIICS €0 C OJTHUM M3
cBoux acnupantoB SHoM Moccom. llogpyxuBmmcs ¢ JluHzge, s okazaiacss B HEKOTOPOM
3aMelIaTeNbCTBE, KOTa MO3JHee MOJIyYMsI U3 HAydHOro JKypHaia IpeicTaBieHHyto JIuHzme craTbio ¢
POCBOOH OT peJaKIMu J1aTh OT3bIB O €€ MPUTOAHOCTH Ul MyOauKauuu. B cBoem oTBeTe 5 Hamucal, 4To
B CTaTb€ €CTh OJHA OmMMOKa (IMy3bIpH JOJDKHBI OBITH Oosbiie BceneHHoil), HO YTO OCHOBHAs HIEs
MENJICHHOTO HapylIEeHUs] CHUMMETPUM COBEPLIEHHO NpaBWIbHA. Sl pEKOMEHIOBal CTaThlO JUIA
myOIMKalMy B TOM BHJE, B KOTOPOM OHa Oblila, MHA4Ye HMCIpaBlieHUs 3aHsud Obl y JIMHIE HECKOIBKO
MecsLEeB, TOTOMY YTO BCE pyKomnucH, ornpanisemble u3 CoBerckoro Coro3a Ha 3amajl, TODKHBI ObUIH
MIPOXOANTH Yepe3 ammapaT JUTEpaTypHOM LEH3Yphbl, KOTOPBHIA B TO BpeMsl HE MPOSBISII HU OCOOOM
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KBaJIM(HUKAIIMK, HU CKOPOCTH B 0OpallleHUH C Hay4YHbIMHU CTaThsiMU. MbI ke ¢ SIlHom Moccom nocnanu B
TOT K€ JKypHaJl HEOOJBIIYIO CTaThiO, B KOTOPOM yKa3alll Ha CJIOXXHOCTH, BOSHHMKAIOIINE C OONBIINM
My3bIPEM, U MOKA3aJIU, KaK X MOXHO MPEOI0JIETh.

Uepes aeHb mocie Bo3BpaieHus U3 MOCKBHI s1 oTnpaBmics B Dunanenbduro, rie MHE TOKHBI
ObuM BpyuuTh Menanb Muctutyra @pankauHa. Moit cekperaps [xyau demia, ucnonbp3oBaB BCe CBOE
Hemasioe oOastHue, yOenmuia BO3IYIIHOE areHTCTBO BenukoOpuTaHuM MpojaaTh HaMm JBa Owiera Ha
«KoHkopn», MpUrpo3uB B MPOTHBHOM ciyyae oryackod. Ho mo mopore B a’pomopT MeHs 3acral
YyIOBHUIIHBIA JOXK/b, U S OMO3JaT Ha camoyieT. TeM He MeHee s Bce-Taku mnomnan B Dunanenbduio u
nonyunn Menanb. [loTomM MeHS HONpOCHIIM paccka3aTh O MOJENW pasayBaroieiics Bcenennoit Ha
cemuHape B YHusepcurere [pekcena B @unanens@uu. bompiryto yacte BpeMeHu s, Kak 1 B MOCKBe,
MOCBATHJI 3a7jayaM, CBS3aHHBIM C 3TOW MOJENbI0, HO B KOHIIE yIMOMsHYNI 00 unee JIuHae MeIsieHHOro
HapyllleHUus] CUMMETPUU W O CACNaHHBIX MHOM ucnpasieHusx. Ha cemmuape mnpucyrcrBoBas Ilon
Creitaxapar, monogoit mpodeccop IleHcmnbBanckoro yHuBepcuteTa. [locnme cemmHapa Mbl ¢ HUM
o0CyXIamy MOJIeTh pa3ayBaHus. B ¢eBpasie OH mpuciaaa MHE CTaThiO, HAMUCAHHYIO UM COBMECTHO CO
CTyZleHTOM AHjpeacoM AJIOpEXTOM, B KOTOPOW COAEPKAJIOCh HEYTO OYeHb Moxoxee Ha ujaeto Jluuue
MeJIEHHOTO HapyiieHus: cummerpun. [lozxe CTeiiHXapAT cka3al MHE, YTO OH HE TIOMHUJI MOM pacckas o
pabote JIuHae u yBUIE €e, JIUIIb KOT/la OHU MOYTH 3aKoHYMIM cBoro. Ha 3amane Crelinxapar u Anopext
pa3AensaoT ceddyac 4eCTh OTKPBITHS MOJETH, KOTOpas Ha3bIBACTCS HOBOM MOJICNBIO pa3dayBaHHUS U
OCHOBaHa Ha ujee MeIJIeHHOro HapymieHus cummerpuu. (Crapoil Monensio pa3myBaHusi Bcenennoi
Ha3BIBAIOT MPEIOKEHHOE [ 'yTOM OBICTpOE HAPYIICHHE CHMMETPUH ¢ 00pa30BaHUEM ITY3bIPEH ).

Hogast monens pasnyBanus BeenenHoit Oblia yjauHOM MONBITKOM 00BACHUTD, ToueMy Bceenennas
CTajla UMEHHO TaKOH, Kakas oHa ceiuac. OQHAKO s U €IIe HECKOJbKO YEJNOBEK MOKa3aliH, YTO 3Ta
MoOJIeNlb, TI0 KpailHel Mepe B MepBOHAYAJIHLHOM BHUJE, MpeAcKa3blBaia ropa3io OOJNbIIMe BapHUalluu
TemrepaTypbl (hOHa MUKPOBOJIHOBOTO M3ITydeHHs, 4eM HaOmomgaemblie. [locmemyronme paboThl TOXe
BHYILIAJIM COMHEHHS IO TMOBOAY TOTrO, MOT JIM B OYeHb paHHel BceneHHOW MpOM30MTH MOAXOMSIIMNA
¢dazoBbeiii iepexoa. CaMm s cUMTaro, YTO HOBAask MOJICNb pa3AyBaHUS KaKk HAaydHas TEOpHS YKEe MEpTBa,
HECMOTPA Ha TO YTO MHOTHE, IMO-BUIUMOMY, HE CIBIIIATHA O €€ KOHYUHE U MPOODKAIOT MUCATh CTAaThH,
Kak Oynaro Obl 3Ta MoJenb Bce eme ku3HecrmocoOHa. B 1983 r. Jluame mpemnoxun Ooiiee ymaadyHyro
MOJIeNIb, Ha3bIBAEMYIO XaOTUYECKOW MOJENbI0 pa3ayBaHus. B Heil Her Hu (a3oBoro mepexopa, HH
MIEPEOXJTAKICHHUS, a B3aMEH MPHUCYTCTBYET OSCCIIMHOBOE I0JIe, KOTOPOE M3-3a KBAHTOBBIX (MIYKTYyaIuit
MIPUHUMAET OOJbIIIKE 3HAYEHHUSI B HEKOTOPBIX 001acTsaxX paHHel BeenenHoil. B Takux oOnacTsx sHeprus
moyis OynmeT BecTH celsi KaK KOCMOJIOTHYECKas TMOCTOsiHHas. Pesynbratom naeWcTBus moyis Oyner
TPaBUTALIMOHHOE OTTAJIKMBAHWE, TIOJ] BJIHMSHUEM KOTOPOTO BBIIIEYKa3aHHbIE 00JacTH HAYHYT
paznyBatbes. [1o Mepe yBenmueHust STUX 00JacTei SHEPrus MOJIA B HUX OYJET MEIJICHHO YMEHBINATHCS,
MoKa pa3/lyBaHHE He TMEpeiIeT B TaKOe KE pacllupeHue, Kak B ropsdeil Mojenu OOJNBIIOTO B3phIBA.
Opnna w3 obnacteil mMoryia Obl MPEBPATUTHCS B COBPEMEHHYIO HaOmomaemyio Bcenennyro. Momnens
JIlunge obnagaer BceMu MpeuMyIecTBaMU PaHHEH MOJIeNU pa3lyBaHus, HO He TPeOyeT COMHUTENBLHOTO
($azoBoro nepexoaa M, KpOME TOTO, MOXET JaTh PEAbHYIO OIEHKY (DIyKTyaluid TemrepaTypsl ¢oHa
MHUKPOBOJIHOBOT'O M3JTy4€HHSI, COTIIACYIOIIYIOCS C Pe3yIbTaTaMH HAOIIOJCHUN.

[IpoBeneHHbIC HCCIEMOBAHUS MOJEIECH pa3ayBaHUs IMOKa3aldd, YTO COBPEMEHHOE COCTOSHUE
BcenenHoli MOTIo BOSHUKHYTH M3 OOJBIIIOTO YKCIIA PA3HBIX HAYAIBHBIX KOHPUTYpallUid. ITO BaXKHBIN
BBIBOJI, MO0 M3 HETO CIEAYeT, YTO BHIOOP HAYAJIBHOTO COCTOSIHUS TOW yacTu BceneHHOM, B KOTOpOit
MBI )KMBEM, MOT OBITh HE OY€Hb TIIaTeNbHbIM. HO BOBCe HE U3 BCAKOTO HAYAIBHOTO COCTOSIHUS MOTJIa
MOYYUThCsl Takash BceneHHas, kak Hamra. DTO MOXHO J0Ka3aTbh, MPEANONIOXHB, 4To Bcenennas
ceiluac HaxXOJIUTCS B COBEPIICHHO JPYIrOM COCTOSIHHH, KaKOM-HUOYAb OYEHb HEPETYISPHOM U
KOMKOBATOM. BOCTIOIb30BaBIINCE 3aKOHAMHU HAyKH, MOKHO MPOCIEIUTh pa3BuTHe BceneHHoi Hazang
BO BpPEMEHH M OINpeAeNuTh ee KoHpurypauui B Oonee paHHue BpeMeHa. Ilo Teopemam o
CUHTYJISIPHOCTH KJIACCUYECKON OOIIEeH TEOPUU OTHOCUTEIHHOCTH CHHTYIISIPHOCTh B TOYKE OOJBIIOTO
B3pbIBa BCE PAaBHO JIOJDKHA ObLTA cyliecTBOBaTh. Eciu Takast Becenennast Oyaet pa3BuBaThbes Bepes BO
BPEMEHHU B COOTBETCTBHH C 3aKOHAMH HAyKd, TO B KOHIIE MBI MPHJEM K TOMY KOMKOBAaTOMY H
HEPETYISIPHOMY COCTOSIHUIO, C KOTOporo HauuHaiu. Clie1oBaTelnbHO, JOJDKHBI CYILECTBOBATh
HavyaJbHbIE KOH(PUTYpAIIUH, U3 KOTOPHIX HE MOXKET MOJIYYUThCS Takas BceneHHas, Kakoi ceiuac Mbl
BUJIUM Haily. 3HAUMUT, JaXe MOJENb pa3lyBaHHUs HMUYErO0 HE TOBOPUT O TOM, MOYEMY HadallbHas
KOH(UTYpaIys oKazajlach HE TOH, MPU KOTOPOW MoJydrsiack Obl BceneHHas, CHIIBHO OTIHMYArOIIAsICS
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ot Habmomaemoit Hamu. CieyeT I 00paTUThCS 11 OOBSICHEHUS K aHTPOITHOMY IPUHITUITY? Bbuto i
BCE TMPOMCIIENIIee IPOCTO CYACTIMBOM ciydaifiHOCThI0? Takoil OTBET BBITMIAAET Obl KaK BBIpAKEHHE
OTYasiHUS, OTPUILIAHNE BCEX HAIMX HAAEK] IOHATh, KAKOH K€ MOPSJOK JIEKHUT B OCHOBE BeeneHHOM.

Jnist ipesicKa3aHus TOro, KaKuM JIOJDKHO ObLIO OBITh Hauao BceneHHOW, HEOOXOIUMBI 3aKOHBI,
ClpaBeUIMBbIC B Hayajle oTcueTa BpeMeHU. Eciu kiaccuueckas o01ast Teopusi OTHOCUTEIbHOCTH BEpHA,
TO U3 JOKa3aHHbIX Pomxepom lleHpoy30M M MHOM TEOPEM O CHUHTYJSIPHOCTH CIEAYET, YTO B TOYKE
Hayajla OTcyeTa BPEMEHM IUIOTHOCTh M KPHUBH3HA MPOCTPAHCTBA-BPEMEHHU NPUHUMAIOT OECKOHEUHbIE
3HaueHWs. B Takoil TOYKE HapylIarOTCs BCE HW3BECTHBIE 3aKOHBI MPUPOABL. MOXXHO ObUIO OBl
IIPEANOIOKUTh, YTO B CHHTYJISIPHOCTSX JEHCTBYIOT HOBBIE 3aKOHBI, HO MX TPYJIHO (hopMyiaupoBaTh B
TOYKaX CO CTOJIb HETIOHSATHBIM ITOBECHUEM, U MBI HE 3HAJIM Obl, KaK M3 HAOIIOACHUIA BHIBECTH B THX
3akoHOB. Ho Ha camoMm J1ene U3 TeOpeM O CHUHTYJSIPHOCTH CIELYeT, 4YTO TI'PAaBUTALMOHHOE II0JIE
HACTOJIBKO YCHIJIMBACTCS, YTO CTAHOBATCS CYHICCTBEHHBIMH KBAaHTOBBIC T'PaBUTALMOHHBIE 3()(EKTHI:
KJIaCCHY€ECKasl TEOpHs IIepecTacT AaBaTh Xopolee onucanue Beenennoi. [loatomy npu u3ydeHnn o4eHb
paHHUX CTAaaui pa3BUTUs BCEICHHON NMPUXOAWUTCS NPUBIEKATh KBAHTOBYIO TEOpHIO rpaBuranuu. Kak
MBI [IOTOM YBHMJHUM, B KBAaHTOBOM T€OpHM OOBIYHBIE 3aKOHBI HAYKH MOTYT BBIIOJHSTHCS BE3/€, B TOM
YuclIe W B Hadale OTCYETa BPEMEHU: HET HEOOXOIMMOCTH MOCTYIMPOBATh HOBBIC 3aKOHBI IS
CUHTYJIIPHOCTEH, IOTOMY YTO B KBAHTOBOM TEOPUH HE IOJDKHO OBITh HUKAKUX CUHTYJISIPHOCTEH.

[loka y Hac ele HET OJIHOM U COTIACOBAaHHOM TEOPUM, OOBEANHSIONIEH KBAHTOBYIO MEXAHUKY U
rpaButaivio. Ho Mbl COBEpIIEHHO yBepeHbl B TOM, YTO IMOJOOHas eluHas TEOpUsl JOJDKHA HUMETh
HEKOTOpBIC ONpEACICHHBIC CBOMCTBA. Bo-MepBBIX, OHA JOJDKHA BKIIOYATh B ce0S (PCHHMAaHOBCKHIA
METOJl KBAaHTOBOH TEOpHUH, OCHOBAaHHBII Ha CyMMax IO TPAaeKTOPUSAM YacTHUIBI (M MO «UCTOPUSIM
Bcenennoii). [Ipu Takom MeTozie B OTJIMUKE OT KJIACCHUECKON TEOPUH YACTHUIIA YKE HE pacCMaTpUBAETCs
Kak o0Jjajaromas oJHOW-eIMHCTBEHHOM Tpaekropuei. HampoTus, mpenmosaraercsi, 4To OHa MOXKET
MepPEMEIAThCsl 10 BCEM BO3MOXKHBIM IIYTSIM B IPOCTPAHCTBE-BPEMEHM U JI000H €€ TpaeKTOpuu
OTBEYAET I1apa YNCEll, OAHO U3 KOTOPBIX JAET UIMHY BOJHBI, & IPYrO€ — MOJIOKEHUE B IIEPUOAE BOJIHBI
(¢a3y). Hampumep, BepoSITHOCTH TOTO, YTO YACTUIA MPOHAET Yepe3 HEKOTOPYIO TOYKY, IOIYy4aeTCs
CYMMHUPOBaHHEM BCEX BOJIH, OTBEYAIOIIMX KaKIOW BO3MOXKHOH TPAEKTOPHH, MPOXOIAIIEH uYepe3 3Ty
TO4Ky. HO IONBITKM NPOM3BECTH TaKO€ CYMMHPOBAHHME HATAJIKUBAKOTCS HA CEPbE3HBIC TEXHUYECKHE
3aTpyaHeHus. X MOXHO OOOMTH, JIMIIb BOCIIOJIB30BABIIMCH CIIEAYIOIIMM CHELUATbHBIM PELenTOM:
CKJIaJIbIBAlOTCSl BOJIHBI, O0Opa3yollyue T€ UCTOPUU (TPAaeKTOPUHM) YACTULl, KOTOPbIE IMPOUCXOJAT HE B
OLIYIIAEMOM HaMH peajbHOM (IEHCTBUTENLHOM) BPEMEHH, a B TaK Ha3bIBAEMOM MHHMOM BPEMEHH.
MHuMoe Bpemsi 3BYYMT, BO3MOXKHO, HAay4YHO-(PAHTaCTHUYECKH, HO Ha CaMOM Jelieé 3TO CTpPOro
OIpeIeTICHHOE HAayYHOE MOHATHE. Y MHOXKHUB OOBIYHOE (MJIM JEHCTBUTENBHOE) YUCIIO CaMO Ha ce0sl, MbI
MOJTyYUM ToJIoKUTeNbHOE uncio. (Hanpumep, uncio 2, yMHOXKEHHOE Ha 2, JaeT 4, U TO XKe caMoe
NoJydaeTcs MpU YMHOXKEHHH —2 Ha —2). Ho cymiecTByroT ocoOble uncna (OHH Ha3bIBAOTCS MHUMBIMU),
KOTOpbIE NMPU YMHOXKEHUM CaMU Ha ceOs JaroT OTpULaTeNnbHbIA pe3ynbraT. (OAHO M3 TakuX YHCed,
MHHMas €IMHHIIA 1, TP YMHOXKEHHH caMo Ha ce0st 1aet —1, uucio 2i, yMHO)KEHHOE caMo Ha ceOsl, J1aeT
—4 u 1. 1.). Bo u3bexanue ycnoKHEHHI TEXHMYECKOIO XapaKTepa MpU BBIYUCICHUU (HEHHMAaHOBCKUX
CYMM II0 TPAa€KTOPHUAM CJIEAYET NEPEXOAUTh K MHUMOMY BPEMEHHU. JTO O3HA4aeT, YTO IPU pacueTrax
BpeMsI HaJI0 U3MEPSITh HE B JIEHCTBUTENbHBIX €IMHUIAX, @ B MHUMBIX. Torja B MpoCcTpaHCTBE-BPEMEHHU
00HapYKMBAIOTCS UHTEPECHBIE U3MEHEHHSI: B HEM COBEPLIEHHO HCYE3aeT pa3iniyue M1y BpEMEHEM U
npoctpancTBoM. [IpocTpaHCTBO-BpeMs, B KOTOPOM BpEMEHHasl KOOpAMHATa COOBITUH MMEET MHHUMBIE
3HA4YEHHUs, Ha3bIBAIOT €BKJIMIOBBIM, B UECTh JPEBHEIPEUYECKOr0 YUeHOro EBKinaa, ocHOBATeNsl y4eHUs O
FEOMETPUM  JIByMEpPHBIX moBepxHOocTed. To, dYTO MBI celyac Ha3blBAEM  €BKIIWJOBBIM
IIPOCTPAaHCTBOM-BPEMEHEM, OUEHB I10X0KE HAa NIEPBOHAYAJIbHYIO T'e€OMETpHUI0 EBKIIMAa M oTIaMdaeTcs ot
HEe JIMIIb YWCIOM HM3MEPEHMI: YeThIpe BMECTO JBYX. B €BKIMIOBOM IPOCTPAHCTBE-BPEMEHU HE
JeNaeTcs pa3iIMuuil MEXIy OCbI0 BPEMEHM M HANpPaBICHUSMU B IIPOCTpAaHCTBE. B peampHOM ke
MIPOCTPAHCTBE-BPEMEHH, I7Ie COOBITHSIM OTBEYAIOT JIEHCTBUTENbHbIE 3HAaYEHHUsS KOOPAWHATHI BpPEMEHH,
9T pa3fuuusl BUJIHBI Cpa3y: JUIsl BCEX COOBITUH OCh BPEMEHM JISKUT BHYTPH CBETOBOTO KOHYcCa, a
MIPOCTPAHCTBEHHBIE OCH — CHapYyXH. B 1r000M ciydae, moka Mbl UMEEM JeNI0 C OOBIYHOM KBaHTOBOU
MEXAaHUKOM, MHMMOE BpPEMs M E€BKJIHMJIOBO MPOCTPAHCTBO-BPEMsI MOYKHO paccMaTpuBaTh IPOCTO KaK
MaTEeMaTUYECKHM ITPUEM JIJISl pacdyeTa BEJIUYHH, CBA3AHHBIX C PeaIbHBIM IIPOCTPAHCTBOM-BPEMEHEM.

Bropoe ycnoBue, KoTOpoe O/DKHAa BKJIIOYaTh B cels yro0ast 3aBeplleHHas TEopHs, — 3TO
MpenanoyiokeHne ONHIITeHa O TOM, YTO TpPaBUTALMOHHOE II0JIE€ TPEACTaBIseTCS B BHJE
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HCKPUBJIICHHOTO TMPOCTPAHCTBA-BPEMEHU: YACTULBl CTPEMATCA JBUTaTbCA 10 TPACKTOPHAM,
3aMEHSIOIINM B HCKPUBJIEHHOM IIPOCTPAHCTBE-BPEMEHHU NPSAMBIE, HO, IOCKOJIBKY IIPOCTPAaHCTBO-BPEMS
HE IUIOCKOE€, 3TU TPAEKTOPUM HCKPHUBIISIIOTCS, Kak OyATO Ha HHUX JEWCTBYET I'PaBUTAI[MOHHOE IIOJIE.
Ecnu QeiinMaHOBCKOE CyMMHUPOBAaHHUE MO TPAEKTOPUSM COCITUHHUTDH C MPEACTaBICHUEM DIHIITEHHA O
rpaBUTallMM, TO TOTJAa AaHAJIOIOM TPAGKTOPUU OJHOM YACTHUIIBI CTAHET BCE HCKPUBIECHHOE
MIPOCTPAHCTBO-BPEMsI, KOTOPOE MPEICTABISICT CO00i UCTOpHio Bceil Bceenennoi. [[nst Toro 4ToObI
n30exaTb TEXHUYECKUX 3aTPYAHEHMI, KOTOPbIE MOTYT BCTPETUTHCA MPU KOHKPETHOM BBIUMCICHUU
CYMMBI 110 MCTOPHSIM, UCKPUBJIEHHBIE YETBIPEXMEPHBIE IPOCTPAHCTBA HA/I0 CUUTATh E€BKJIMJIOBBIMU.
DTO O03Ha4yaeT, YTO OCh BPEMEHHM MHHMMasi M HE OTJIMYAETCS OT IPOCTPAHCTBEHHBIX ocel. s
BBIUUCIICHUSI BEPOATHOCTU TOTO, YTO JIEHCTBHUTENBHOE IMPOCTPAHCTBO-BpPEMsi 00JIaZaeT HEKOTOPBIM
CBOMCTBOM, HallpuMep BBITJISIUT OJMHAKOBO BO BCEX TOUKAX M BO BCEX HAIIPABJICHUSX, HAAO CI0XKHUTh
BOJIHBI, COOTBETCTBYIOIIME BCEM TEM HUCTOPHUSAM, KOTOPBIE 00JIAZa0T STHM CBOWCTBOM.

B kmaccudeckoit oOmiell Teopurd OTHOCHUTEIBHOCTH MOXKET CYIIECTBOBaTh MHOTO pa3HbIX BHJIOB
HCKPHBJICHHOT'O IIPOCTPAHCTBAa-BPEMEHH, U BCE OHU OTBEYAIOT Pa3HbIM HayaJbHBIM COCTOSHUAM BeeneHHo.
3Has HayaJlbHOE COCTOsIHUE Haiel BceneHHOM, Mbl 3HaM Obl IIEMKOM BCIO €€ UCTOPHI0. AHAJIOTHYHO B
KBAaHTOBOW TEOPHH I'PABUTALUHU BO3MOKHO MHOI'O Pa3HBIX KBaHTOBBIX COCTOSIHMI BceneHHOH, U TOYHO Tak
e, 3Hasl, KaKk BelM ceOsl B paHHHE BpEMEHa MCKPHUBIICHHBIC €BKINIOBBI YEThIPEXMEPHBIC MPOCTPAHCTBA B
CYMME I10 UICTOPHUSIM, MbI MOIJIM ObI OIPEAEIUTh KBAHTOBOE COCTOsIHNE BeeneHHoi.

B knaccuueckoil TeopuM TpaBUTAIMM, HCIONb3YIOIIEH JIEHCTBUTEIBHOE IMPOCTPAHCTBO-BPEMS,
BO3MOYKHBI JIMIIb J[BA TUIIA NTOBeeHUs BeceneHHoi: mubo oHa cyliecTBoBaia B T€UEHHE OECKOHEYHOIO
BpeMEHH, OO0 ee HauyaioM Oblla CHUHTYNSpHAas TOYKAa B KaKOH-TO KOHEYHBI MOMEHT BPEMEHH B
npouuioM. B KBaHTOBOW jk€ TEOpUM IpaBUTALMM BO3HMKAET M TPEThsl BO3MOXKHOCTh. [lockoibKy
WCIIOJIb3YIOTCA €BKJIMJIOBBI IPOCTPAHCTBA, B KOTOPBIX BPEMEHHAs W IPOCTPAHCTBEHHBIE OCHU
pPaBHOIIPABHBI, IMPOCTPAHCTBO-BPEMsI, OyIydyun KOHEYHBIM, MOXXET TEM HE MEHee HEe HUMETh
CHHTYJISIPHOCTEH, 00pa3yIolMX ero rpaHuily wiu kpail. Torma mpocTpaHCTBO-BpeMs HAIIOMHHAIO OBl
MIOBEPXHOCTh 3€MJIU C JIBYMsl JIOIIOJIHUTENbHBIMUA U3MepeHUsIMU. [loBepXHOCTh 3eMiIi UMEET KOHEUHYIO
MPOTSKEHHOCTh, HO Y HEE HET HM TPaHMIIbl, HU Kpas: MOIUIbIB 10 MOPIO B CTOPOHY 3aKaTa, Bbl HE
BBIBAJIMTECH Yepe3 Kpail M He TOMaJIeTe B CHHTYIIIPHOCTH (5 3TO 3HAK0, caM 00bexXan BOKPYT cBeTal).

Ecnu  eBKIMIOBO NIPOCTPAHCTBO-BpEMs IPOCTUPAETCA Ha3aJ [0 MHUMOMY BPEMEHH [0
OECKOHEYHOCTH WJIM HAYMHACTCS B CHHTYJSIPHOW TOYKE MHMMOTO BPEMEHH, TO, KaK M B KIACCHUECKON
TEOPUU OTHOCUTETBHOCTH, BO3HUKAET BOIIPOC 00 ONpENesIeHUH HAadalbHOIO COCTOSHUS BceneHHOM —
bory, MoxxeT ObITh, 1 U3BECTHO, KaKUM ObUIO Havajo BceneHHOM, HO y Hac HET HUKaKWX OCHOBAaHUU
MBICIIMTH 3TO HA4Yall0 TaKWM, a HE MHBIM. KBaHTOBas ke TEOpHs I'paBUTALUU OTKPbLIA OJHY HOBYIO
BO3MOKHOCTB: IIPOCTPAHCTBO-BPEMSI HE MMEET I'PaHMIIbI, U MOATOMY HET HEOOXOIMMOCTHU OIpPENENSTh
NIOBEJIeHUE Ha rpaHulile. Torja HeT U CHUHTYJISIPHOCTEH, B KOTOPBIX HapylIaJUCh Obl 3aKOHBI HAYKH, a
IIPOCTPAHCTBO-BpEMsSI HE MMEET Kpas, Ha KOTOPOM IMpHIUIOCh Obl mpuberarb Kk momouu bora mimm
KaKoro-H1Oy/Ib HOBOT'O 3aKOHA, YTOObI HAJIOKUTh Ha MIPOCTPAHCTBO-BPEMsI TPAHUYHBIE YCIOBHUS. MOKHO
ObUIO OBl CKa3aTh, YTO I'paHUuYHOE ycioBHe A Bceenennoil — orcyrctBue rpanuil. Torna Bceenennas
Obl1a OBl COBEPIIEHHO CaMOCTOSITENbHA M HUKAK He 3aBUceNa Obl OT TOTO, YTO MPOUCXOIUT CHAPYXKH.
Omna He Obu1a OBI COTBOPEHA, €€ HEeNb3s ObUIO Obl YHHUTOXKUTH. OHA MPOCTO CyIIECTBOBAIA OBI.

51 yxe ynoMmuHan panee o BatukaHckoi koHpepeHnu. VIMEHHO Ha Hell s BliepBbIe BBICKa3all Ty
MBICJIb, YTO MIPOCTPAHCTBO U BPEMsI, BO3MOKHO, 00pa3yl0T BMECTE HEKYIO IIOBEPXHOCTh, KOTOpasi UMEET
KOHEUYHYIO NIPOTSHKEHHOCTh, HO HE NMEET IpaHul] U KpaeB. OJHaKO MOsI CTaThsl HOCUJIA MaTEMaTUYECKHUM
XapakTep, U B Ty IOpy, B OOIIEeM, HUKOMY (TaK e, KaKk U MHE) HE HPUIUIO B rOJOBY, YTO M3 3TOrO
IIOJIOKEHHSI MOTYT CJI€0BaTh BbIBOJBI O posnn bora B cotBopeHnn Bcenennoil. B 1o Bpems, xoraa
npoucxonuwina Barukanckas koH(epeHLMs, s HE 3HaJ elle, KaK MOXXHO HCIOJb30BaTh YCIOBHE
OTCYTCTBUS TPaHUIL, YTOOBI C/I€IaTh BBIBOJIBI OTHOCUTENbHO Beenennoit. Ho cnenyroiee iero s mposen
B Kamudopnuiickom yHuBepcutere, Haxoasauiemcs B Canra-bapOape. Tam oauH Moii apyr U Kosuiera,
Jxum Xaptii, uccieoBail Ipyu MOEM YYacTHH BOIIPOC O TOM, KAKMM YCJIOBUSIM J0JKHA YIOBJIETBOPSTH
Bcenennas, ecniu mpoctpaHCTBO-BpeMsi He uMmeeT rpanuil. B KemOpumke st mpoaomkun 3Ty padoTty ¢
JBYMsI CBOMMHU acniupanTami, Jxynuanom Jlarrpenom n JlxoHataHoM XOJTHYJIIIOM.

Xouy NMOAYEPKHYTh, YTO JIaHHOE IMOJIO)KEHHE O TOM, YTO BPEMS U MPOCTPAHCTBO JOJIKHBI OBITh
KOHEUHBI 0€3 IpaHul], €CTh BCErO JIUIIb TEOPETUUECKUI MOCTYAT:. OHO HE MOXKET OBITh BBIBEJICHO M3
Kakoro-nubo apyroro mnpuHiuna. Kak u Bcskoe TeopeTHYecKoe IOJIOKEHHE, OHO MOXET ObITh
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NEPBOHAYAIIBHO BBIIBUHYTO M3 3CTETUYECKUX WM METa(PU3MUECKUX COOOpaKEHUH, HO 3aTeM JOJDKHO
IIPOMTH PpEAIBHYI0 IPOBEPKY — IO3BOJIIET JIM OHO Je€JaTh IpeACKa3aHus, COIJIACyroIIuecs C
HaOmoAeHusAMU. B ciyyae KBaHTOBOHM TeopuM IpaBUTAllMM Takas IpPOBEpKa 3aTpyAHEHa IO ABYM
npuyrMHaM. Bo-TiepBbIX, Kak Oy/eT MoKa3aHo B CIIEAYIOLICH I71aBe, MbI elle He IMEEM TEOpUH, KOTopast
yCIEUIHO 00beuHsIIa Obl OOLIYI0 TEOPHIO OTHOCUTEIBHOCTH ¢ KBAHTOBOM MEXaHMKOM, XOTsS HaM BO
MHOTOM H3BecTHa (hopMa, KOTOPYIO JOJDKHA HMMETh Takas Teopus. Bo-BTOpBIX, BCSKas MOJEINb,
JeTalbHO ONMCHIBAIOIAsl BCIO BceleHHyl0, HECOMHEHHO, OyneT B MaTeMaTHMYeCKOM OTHOLIEHHUH
CIIMIIKOM CJIO’KHA, 9TOOBI MOXKHO OBIIO Ha €e OCHOBE BBINOJIHATH TOYHBIE BhIYMCIEHUS. [loaTOoMy B
pacueTax Heu30eKHbl YNPOILAIOIINE MPEANONOKEHUS M NPUONIMKEHUs, U JaXe MpU ITOM 3ajada
U3BJICYCHUS NIPEACKA3aHUN OCTAETCS Yy JOBUILIHO CIOXKHOM.

Besikas ncropust B cyMMe 10 UCTOpUSIM OyZET OIKMCBIBaTh HE TOJIBKO MIPOCTPAHCTBO-BPEMSL, HO U BCE B
HEM, B TOM YHCIIE BCE CIIOXKHBIE OPTaHU3MBI, TOO00HbBIE YeJIOBEYECKHM CYIIECTBaM, KOTOPBIE MOTYT OBITh
HaOmonaremsiMu  ucropuu BeenenHoil. B 3TOM MOXKHO BHIETH €Ill€ OHO ONpPABAAHUE AHTPOITHOIO
IIPUHLIMIIA, NOO €CIIU BCE UCTOPUU BO3MOXKHBI, TO, KOJIb CKOPO MBI CYLLIECTBYEM B OJTHOM M3 HUX, Mbl HIMEEM
IIPaBO MM I10JIb30BAThCSl U1l OOBSCHEHUS] IPUYMH TOTO, YTO MHpP TaKOB, KaKOB OH ecTb. HesicHO suiib,
KaKOM CMBICII CIIENYET BJIOKUTb B JIPYTME€ HUCTOPUH, B KOTOPBIX Hac HeT. Ho Takas kapTuHa KBaHTOBOU
TEOpHHU IpaBUTALMU ObUIa ObI ropaszno Golsiee yAOBIETBOPUTENBHOM, €CIIM ObI MOXKHO OBLIO MOKa3aTh, YTO
IIPA METOJIE CYMM II0 MCTOpHSM Haia BceneHHas oTBedaeT He IMpOCTO OJHOM M3 BO3MOXKHBIX MCTOPHH, a
OZIHOM 13 Hanbosee BEpOSTHBIX. sl 3TOr0 Mbl JOJKHBI BBIIOJHUTH CYMMHPOBAHUE HO UCTOPHSIM JUIS BCEX
BO3MOYKHBIX €BKJIMJIOBBIX IIPOCTPAHCTB-BPEMEH, HE MIMEIOIINX IPaHHLL.
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Ecnu mpuHSTH ycnoBHE OTCYTCTBUS TpaHUI, TO OKa3bIBAa€TCsl, YTO BEPOATHOCTb pPa3BUTHUS
Bcenennoii HO OOJBIIMHCTBY BO3MOXKHBIX MCTOPHI MPEeHEOPEKUMO Majla, HO CYIIECTBYET HEKOTOpOe
CEMEMCTBO HCTOpUHM, 3HAYUTENBHO OO0JIee BEPOSITHBIX, Y€M OCTaJbHble. OTH HCTOPUU MOXKHO
n300pa3uTh B BUJIE Kak Obl MOBEPXHOCTH 3eMiM, Hpu4eM paccTosiHue 10 CeBepHOro mosoca
COOTBETCTBYET MHMUMOMY BPEMEHH, a Pa3Mepbl OKPYKHOCTEH, BCE TOUKU KOTOPHIX PaBHO y/aJ€HbI OT
CeBepHOro moiroca, OTBEUarOT NPOCTPAHCTBEHHBIM pa3MepaMm BcenenHoil. BceenenHas HaunmHaeTcs
kak Touka Ha CeBepHoMm mnoitoce. [lpu JBMKEHMM Ha IOI TaKH€ ILIUPOTHBIE OKPYXHOCTU
YBEJIMYMBAIOTCS, YTO OTBEUYAET paciiupeHuto BceneHHoil ¢ TeyeHneM MHUMOro Bpemenu (puc. 8.1).
Bcenennas nocturaer MakCMManbHOTO pa3Mepa Ha 3KBaTOpE, a 3aT€M C TEYEHHEM MHHMMOI'O BPEMEHU
ckuMaercs B Touky Ha IOxHoM mnomoce. HecMotpss Ha TO, uro Ha CeBepHoM M FOxHOM moiroce
pazMep BceneHHOI paBeH HYyJIO, 3TM TOYKM OyIyT CHUHTYJISpHbIMU He Ooisiee, ueM CeBepHBI U
HOxHBIH Motoc Ha TOBEPXHOCTU 3eMiii. 3aKOHbI HayKu OyIyT BBINOJIHATHCS B HUX TaK e, KaK OHU
BbINONHSOTCS HAa CeBepHOM U FOxHOM mosocax 3eMilH.

Ho B pmelicTBUTENBHOM BpeMEHM UCTOpPHUS BceneHHON BBITISAMT COBEPIIEHHO HMHave. [lecsaTh
WIM JABaJALATh ThICSY MUJUIMOHOB JIET HazaJ pa3Mep BceneHHONl uMen MHHHMMajdbHOE 3HAYEHUE,
paBHOE MAKCUMAJIbHOMY paJNyCy UCTOPUHA B MHMMOM BPEMEHH. 3aTEM, C TEUEHUEM JIEHCTBUTEIBHOIO
BpeMeHH, BceneHHas pacimupsuiack B COOTBETCTBUHM C XAaOTHYECKOW MOJENbIO pa3ayBaHMUs,
npeuiokeHHol JIuHae (HO Temeph yke HeT HeoOXOIMMOCTH Ipeanoiararb, 4ro BceneHHast Oblia
KakMM-TO 0Opa3oM co3/laHa B IPaBWIBHOM COCTOSIHMM). BceneHHas JOCTHIIa O4eHb OOJIBIIMX
pa3MepoB, a MOTOM JIOJKHA OMSTh CXKAaTbCs B HEYTO, UMEIOLIEE B JCHCTBUTEILHOM BPEMEHH BH]
cuHrynspHoctd. I[losToMy B KakoM-TO CMbICIE€ Bce Mbl OOpedeHbI, Jake eciu OyleM Jep:KaTbes
MOJIANIbIIe OT YepHBIX JbIp. CHHTYIsIpHOCTEN HE OYyJeT JIMIIb B TOM Clly4yae, eCH HpeACTaBiIsITh cede
pa3zButue BeceneHHOM B MHUMOM BPEMEHU.
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Ecinn BceeneHnHas Ha camoM Jelie HAXOAUTCS B TAKOM KBAaHTOBOM COCTOSIHUH, TO €€ UCTOpPHUS B
MHHUMOM BpE€MEHU He OyJIeT MMETh HUKAKUX CHUHTYISpHOCTEW. [109TOMYy MOXKET moKa3aThCs, 4YTO
MOHMMH TOCTIEAHUMHU pabOTaMU O CUHTYJISPHOCTSX MOJIHOCTHIO 3aU€PKHYTHI MOM )K€ CTapble pabOThI O
cuHryJsipHoctsix. Ho, kak yke OTMeuasoch, TVIABHOE 3HAYEHUE TEOPEM O CUHTYJIIPHOCTSIX TaKOBO:
OHHU TOKAa3bIBAIOT, YTO TPABUTAI[MOHHOE HOJIE JIOJDKHO CTaTh OYEHb CHIIbHBIM, TaK YTO HEJb3d OyneT
npeHeOpeub KBAHTOBBIMU TPABUTAIMOHHBIMEH J(dekramu. VIMEHHO 3TO BeAeT K BBIBOJY, YTO B
MHUMOM BpeMeHHM BceneHHas nobKHA OBITh KOHEYHOW, HO 0e3 rpaHull u cuHryispHocteil. Ilo
BO3BpAILIEHUH KE B PEaIbHOE BPEMsi, B KOTOPOM MbI JKUBEM, OOHAPYKUBAETCS, YTO CHUHTYJISPHOCTH
MOSIBJIIFOTCS ONSATh. ACTPOHABT, YIABIIMI B YEPHYIO ABIPY, BCE PABHO MPHUJIET K TPArMYECKOMY KOHILY,
Y TOJIbKO B MHIMOM BPEMEHH Y HETO HE OBLIO OBl BCTPEUYH C CUHTYJISIPHOCTSIMHU.

Moxet ObITb, ClIeIOBaJIO ObI 3aKJIFOYHUTh, YTO TaK HA3bIBAEMOE MHUMOE BPEMS — 3TO Ha CaMOM JIeje
€CTb BpEMsl peajbHOE, a TO, YTO Mbl HA3bIBAEM PEAIBHBIM BPEMEHEM, — NIPOCTO IUIOJ HAUIErO
BooOpakeHHsa. B jelictButenbHOM BpemMeHH y BceneHHOM ecTh Hayalo W KOHEL, OTBEYAIOIIHe
CUHTYJISIPHOCTSIM, KOTOpPBIE OOpa3yrOT TpaHUIly MPOCTPAHCTBA-BPEMEHHM M B KOTOPBIX HapYIIAIOTCS
3aKOHbI HAayKU. B MHUMOM >k€ BpEMEHU HET HU CUHTYJSPHOCTEW, HU rpaHul]. Tak 4to, ObITh MOXKET,
MMEHHO TO, YTO MbI Ha3bIBACM MHHMBIM BpeMEHEM, Ha caMoM Jielie Ooriee (hyHIaMEHTAIBHO, a TO, YTO MBI
Ha3bIBaEM BPEMEHEM pEaIbHBIM, — 3TO HEKOE CYObEKTHMBHOE IPECTaBIEHHE, BO3HHUKIIEE Y HAcC IMpH
TMIOTIBITKAX OMKCATh, Kakoi Mbl BUIMM Bceenennyto. Benp, cornacHo ckazaHHOMY B TJ1. 1, Hay4dHast TeOpus
€CTh MPOCTO MaTeMaTHUeCcKasi MOJIENb, IOCTPOCHHAS HAMH JIJIs ONMCAHMsI pe3yJIbTaTOB HAOIIOICHHIA: OHA
CYILLIECTBYET TOJIBKO Yy HAac B rosioBe. [103TOMy HE HMMEET CMbICiIa CIpallldBaTh, YTO KE pPEaTbHO —
JEUCTBUTEIILHOE BpeMsl WK BpeMst MHIMOe? BaskHO JuIiIb, Kakoe U3 HUX 00siee MOJAXOAUT [T ONTUCAHUSL.

MpbI MOKEM TeNepb, MOJIb3YSACh METOJIOM CYMMHUPOBaHHUS HO MCTOPUSM U TPEIIIOIOKEHUEM 00
OTCYTCTBHH TPaHMII, IOCMOTPETh, KAKUMHU CBOMcTBamMu BcenenHas MoxkeT 007a1aTh OJHOBPEMEHHO.
Hanpumep, MOXHO BBIUHCIHTH BEPOATHOCTb TOrO, 4TO BceleHHas pacmupsercss TPUMEPHO C
OJIMHAKOBOM CKOPOCTBHIO BO BCEX HAIPaBJICHUSAX B TO BpEMsl, KOI/a IUIOTHOCTh BcelleHHOW umeer
COBPEMEHHOE 3HAueHUE. B yNpoOmIEHHBIX MOJENAX, KOTOPHIMHU MBI IO CUX IIOP 3aHUMAJHUCh, ATa
BEPOATHOCTh OKa3bIBAETCS BECbMa 3HAYUTENIbHOM; TakuM 00pa3oM, YCJIOBHE OTCYTCTBHsSI TpaHUIL
NPUBOJUT K BBIBOAY O YPE3BBIYAHHO BBICOKOW BEPOATHOCTH TOIO, YTO COBPEMEHHBIA TEMII
paciupenusi BceneHHo# moYTH OAMHAKOB BO BCEX HAMpaBIEHUSIX. DTO COTIaCyeTcs ¢ HaOI0ICHUIMU
(oHa MHUKPOBOJHOBOTO W3IIyU4EHHUsS, KOTOPHIC IIOKA3bIBAIOT, 4YTO €ro HWHTEHCHUBHOCTH BO BCEX
HampaBlIEHUSAX TMOYTH oAuHakoBa. Ecnu Obl BceeneHHas B OJHUX HaNpaBlEHUSX pPaCIIUpPSIIACh
ObIcTpee, YeM B JIPYTUX, TO MHTEHCUBHOCTh M3IY4YEHUS B 3TUX HAIPABJICHHUSIX yMEHBIAIAch OBl 3a
CYET JOMOJHUTENBHOTO KPACHOTO CMEILIEHUS.

Ceifuac U3y4aroTcsi M Ipyrue CIEACTBUS U3 YCIOBUSI OTCYTCTBHS rpaHull. OCOOEHHO MHTEpPECHA
3a7a4a O MajbIX OTKJIOHEHUSAX IUIOTHOCTHM OT OJHOPOJHOM IUJIOTHOCTH paHHENd Bcenennou, B
pe3yJibTaTe KOTOPBIX BO3HUKIM CHAayajla TAJIAKTUKH, MOTOM 3BE3/Ibl M HAKOHEN Mbl camMu. B cuity
MIPUHIIMIIA HEOTIPEIEIICHHOCTH paHHsis BceneHHas He MOKeT ObITh COBEPILIEHHO OJJHOPOJIHOM, TOTOMY
YTO JOJDKHBI O0053aT€NbHO TMPUCYTCTBOBATH HEKOTOpPHIE HEOMPEAEICHHOCTH B TOJOXKEHUAX |
CKOpOCTSIX yacTuil — (uykryanuu. Vcxols U3 ycIOBUS OTCYTCTBHS TPaHHI], MBI HaiilieM, 4TO B
Ha4yaJIbHOM COCTOSIHUM BO BceneHHOW JAeMCTBUTENHHO TOKHA OBITh HEOJAHOPOIHOCTh, MUHUMAIIBHO
BO3MOJKHAasl C TOYKM 3pEHHUs MPUHIUIIA HEONpPENeJIEeHHOCTH. 3aTeM BcelleHHas mepexuna mepuoi
OBICTPOTO pacIIUpeHUs, Kak B MOJCNSX pa3lyBaHuA. B TedeHue HTOro mnepuoja HaydajdbHBIC
HEOJIHOPOJAHOCTH YCHJIMBAIIUCh, TOKa HE JOCTUTIM pPa3MepOB, JOCTATOYHBIX, YTOOBI OOBSICHUTH
MIPOUCXOXACHUE TEX CTPYKTYp, KOTOpbIe Mbl BHUIUM BOKpyr ce0s. B Takoil pacmmpsromeiics
BcenenHoli, B KOTOpO# MIOTHOCTh BEIIECTBA CIa00 MEHSETCS OT MecTa K MECTy, pacuimpeHue 6oiee
IJIOTHBIX OOJlacTed TMoj JCHCTBHEM TPaBUTAIIMU MOTJIO 3aMEIJIUTBCSI M TIEPEUTH B CXKaTHE. DTO
JOJKHO TIPUBECTH K OOpPa30BaHMIO TANAKTHK, 3BE3]] M, HAKOHEI, MaKe TaKUX HE3HAYMTEIThHBIX
CYIIECTB, Kak Mbl. Takum 00pa3oM, BOSHUKHOBEHHE BCEX CIOKHBIX CTPYKTYpP, KOTOPBIE MBI BUIUM BO
BcenenHoli, MOXHO OOBSCHUTH YCIOBHEM OTCYTCTBHSL Yy HEE TpaHUI] B COUYETAHHUH C
KBAaHTOBO-MEXaHUYECKUM MTPUHIIMIIOM HEOMPEAEIEHHOCTH.

W3 mpencraBieHus O TOM, YTO MPOCTPAHCTBO U BpeMs 00pa3yloT 3aMKHYTYIO MOBEPXHOCTH,
BBITEKAIOT TAK)KE OYEHBb Ba)XKHBIE CIIEACTBUS OTHOCUTENIBHO posin bora B sxu3Hu Beenennoii. B cBsizu ¢
ycrexaMu, AOCTUTHYTBIMH HAyYHBIMH TEOPUSMH B OIHMCAHUU COOBITHH, OONBIIMHCTBO YUYEHBIX
MPUILLIO K YOexIeHuI0, 4To bor no3Bossier BeenenHoil pa3BUBaTHCS B COOTBETCTBUU C OIPEAEICHHON
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CUCTEMOH 3aKOHOB U HE BMEILIMBAETCS B €€ pa3BUTHE, HE HapyllaeT 3TU 3akoHbl. Ho 3akoHbI HHUYEro
HC TOBOPAT HaM O TOM, KaK BBIIJISAACIA BCGHCHHaSI, KOoraga OHa TOJBKO BO3HHKIIA, — 3aBCCTH 4aChl U
BBIOpAaTh HAYaJI0 BCE-TaKW MOIJIO ObITh nenoM bora. Iloka Mbl cumTaeMm, uto y Bcenmennoit Obuio
Hayajio, Mbl MOXeM AayMmarb, uro y Hee Obul Cospmarens. Ecnm ke BceneHHas aelCTBUTEIHHO
MIOJIHOCTHIO 3aMKHYTa U HE MMEET HU TPaHMll, HU KpaeB, TO TOT/Ia y Hee He JOHKHO ObITh HU Hayaa,
HU KOHIIa: OHa MPOCTO ecThb, U Bce! Ocraercs nu Toraa Mecto 1uist Co3parens?

9. Ctpena BpeMeHuU

B npenpinynmx rinaBax Mbl BUJEIU, KAK MEHSUIUChH HAIIM B3IJISIbl HA IPUPOLY BPEMEHH C TEUEHUEM
net. JIo Hayasa HBIHEIIHETO BeKa JIFOJIU BEpHIIU B aOCOIIOTHOE BpeMsl. DTO 3HAYMT, YTO KaXKI0e COObITHE
MOYKHO €MHCTBEHHBIM 00Pa30M MOMETUTh HEKHM YHCIIOM, KOTOPOE Ha3bIBAETCSl BPEMEHEM, U BCE TOYHO
yAylme 4vachl OyqyT IOKa3bIBaTh OJMHAKOBBIM MHTEPBAJ BPEMEHU MEXIY IByMs coObiTusiMu. Ho
OTKpPBITHE, YTO CKOPOCTh CBETa OJIHA M Ta K€ JUisi Jr000ro HaOoAaTelNss HEe3aBUCUMO OT TOro, Kak OH
JBUIKETCS, IIPUBENIO K CO3/IaHUIO TEOPUU OTHOCUTEJIBHOCTH, KOTOpas OTBEpPIVIA CYILIECTBOBAHUE €IMHOIO
abcomotHoro BpeMenu. Kaxiplii HaOmogaTenb UMEeT CBOE BpeMsi, KOTOPOE OH MU3MepsSeT CBOMMH YacaMH,
U TIOKa3aHMs YacoB pa3HbIX HaOmozarenel He 00s3aHbl COBNAAATh. Bpems crano Gonee CyObEKTUBHBIM
TIOHSATHEM, CBSI3aHHBIM C HaOJII0/1aTeNieM, KOTOPBII €ro u3MepsierT.

[TonbITKM OOBEIUHUTH T'PAaBUTALMIO C KBAHTOBOM MEXaHUMKON IPUBENU K MOHSATUIO MHUMOTO
BpeMeHH. MHUMOE BpeMsi HUUEM He OTJIMYaeTCsl OT HalpaBieHWl B mpocTpaHcTBe. Mg Ha ceep,
MO>KHO TIOBEpHYTb Ha3aJl U IOWTHU Ha 10T. AHAJOTUYHO, €CJIU KTO-TO UJET BIIEPE] B MHUMOM BPEMEHH,
TO OH MOXET IOBEPHYTh W TMOWUTH Hazad. OTO O3HAYaeT, YTO MEXIy MPOTHBOIOIOKHBIMU
HaIpaBJICHUSIMU MHHUMOI'O BpPEMEHHM HET CYLIECTBEHHOW pasHulbl. Ho korma mMbl MMeeM [Jeno ¢
peaIbHBIM BPEMEHEM, TO MBI 3HAEM, YTO CYIIECTBYET OTPOMHOE Pa3jiMuue MEXAY IBUKCHHEM BO
BpeMeHHM Brepen U Ha3ad. OTKy/a ke Oepercs Takas pa3sHHIa Mex Iy IponuisiM u OynymumM? [Togemy
MbI IOMHUM MPOIIJIOE, HO HE TOMHUM OyAyniero?

3aKkoHbl HAayKH HE OTIMYAIOT Mpouioro or Oyayuiero. TouHee roBops, 3aKOHBI HAayKH HE
MEHSIOTCS B pe3yJIbTaTe BHIIOJHEHUS orepanuii (i cuMMeTpuit), o6o3Hauaembix OykBamu C, P u T.
(C — 3ameHa yacTULbl aHTUYACTHLIEH, P — 3epkalibHOE OTpa’keHue, KOraa JEBOE U IIPABOE MEHSIOTCS
MecTami, a T — u3MeHeHue HanpaBJIeHUs IBIXKEHUS BCEX YaCTUIl HA OOpaTHOE).

3akoHbl (DUBMKH, YIPABIIOMIME TIOBEJCHUEM MAaTepUH BO BCEX OOBIYHBIX CHTYyaIMsX, HE
M3MEHSIOTCS. M TIOCTIE BBITIONHEHHS TOJbKo ABYX omepauuii C u P. Jlpyrumu crioBamu, >Ku3Hb OyJeT
OJIMHAaKOBa W JUIsl Hac, M Juid oOMTaTeneil Npyrod IJIaHEThl, €CIM OHH, BO-TIEPBBIX, SBJSIIOTCS HALINM
3€pKaJIbHBIM OTPaKEHUEM H, BO-BTOPBIX, COCTOSIT U3 aHTUMATEPUH, a HE U3 MaTepuu. Ecin 3aK0oHbBI HayKu
He n3MeHsieT komouHanus onepauuii C u P, a Takke TpoitHas komOunauus C, P u T, To 3Tu 3aKoHBI He
JIOJKHBI U3MEHATHCS M TPH BBINOJHEHUH OfHOM omeparmu T. OpHako B 0OBIYHOM JKU3HH CYILIECTBYET
OrPOMHOE pa3IMyKie MEeXIy ABWKEHHUEM BIEpe] U Ha3aa Bo BpeMmeHH. I[IpencraBbre cebe, 4rto co crona
najaeT v pa3oMBaeTcs Ha KyCKU Yallika ¢ Bofoi. Eciu cHATh 3TO nmajeHue Ha IJIeHKY, TO IPH IPOCMOTpe
¢uibMa cpa3y CTaHET SICHO, BIIEpEl WM Ha3aj MpOKpydyuBaeTcs IjeHka. Eciau oHa mpokpydnBaercs
Ha3aj, TO Mbl YBHUIMM, Kak JeXallue Ha TOJIy OCKOJKH BIPYT COOMPAIOTCS BMECTE U, CIIOKMBLINUCH B
LEJYI0 YallKy, BOPHITMBAIOT Ha CTOJ. Bl MoXkeTe yTBep)KAaTh, 4TO (UIBM IPOKPYYMBAETCsl Hasza,
MIOTOMY YTO B OOBIYHOM >KHU3HH TaKOro He ObIBaeT. MiHaue npuiuioch Obl 3aKphITh (hastHCOBBIE 3aBO/IBI.

UToOBI 00BACHUTD, TIOYEMY PA30OUTHIC YAIIKM HUKOTJA HE BO3BPAIAIOTCS IEIBIMH OOpaTHO Ha
CTOJI, OOBIYHO CCBUIAIOTCS HA TO, YTO 3TO MPOTUBOPEUUIIO OBl BTOPOMY 3aKOHY TepMOJMHAMUKU. OH
[JIACUT, YTO B JIOOOW 3aMKHYTOM cucteme OecrnopsIoK, WM SHTPOIHUSA, BCErja BO3PAcTaeT co
BpeMeHeM. [[pyrumu ciioBamH, 3TO MOX0Ke Ha 3akoH Mep@u: Bce B HallleM MHUpe IPOUCXOIUT HE Tak,
Kak Hazo. Llenas yamika Ha CTOJIE — 3TO COCTOSIHUE BBICOKOTO MOPSAIKA, a pa3OuTas, Jiexalas Ha Moy,
HaXOJUTCS B COCTOSTHMM Oecniopsiika. HeTpyaHO mpoiTH MyTh OT 1EJION Yalllki Ha CTOJIE B MPOILIOM
710 pa3OUTOM Ha TOJTy, HO 0OpaTHBIN X0 COOBITHII HEBO3MOXKEH.

VBemueHue Oecriopsika, WIM SHTPONWH, C TEYEHHEM BPEMEHH — 3TO OJJHO U3 OMpEleNieHHH Tak
Ha3bIBAaEMOW CTpeNibl BPEMEHH, T. €. BO3MOKHOCTH OTIMYUTH IPOLUIOE OT OYIYILEro, OINpPEeAeTUTh
HAaIlpaBJIECHUE BpeMEHH. MOMKHO TOBOpPUTH IO KpailHE Mepe O TpeX pa3nyHbIX CTpeNax BPEMEHU.
Bo-nepBbIX, cTpena TepMOIMHAMUYECKas, YKa3bIBAIOIIAs HAllpaBJieHHE BPEMEHH, B KOTOPOM BO3pacTaeT
OecropsiZIoK, WM SHTpoOIHsA. Bo-BTOpBIX, CTpena ICHUXONOrHYecKas. DTO HAlpaBieHHWE, B KOTOPOM MBI
OLIYIIIAEM XOJI BPEMEHH, HallpaBJieHHe, IPX KOTOPOM Mbl IIOMHUM IIpoLLIoe, HO He Oyaymiee. U B-TpeThuX,
CTpera KOCMOJIOTMYECKast. DTO HaIIpaBJIEHUE BPEMEHH, B KOTOpoM BceeneHHast pacimpsiercs, a He CKUMASTCSL.



Crusen Xokunr: «KpaTkasi HCTOPHSI BpeMeHH. ..» 71

B nmanHO¥ T71aBe s TOKaXKy, 4TO, ICXO/IS U3 YCIIOBUS OTCYTCTBUS I'paHuIl Y BeenenHoit u u3 ciadoro
AHTPOITHOT'O MPUHIIMIIA, MOKHO OOBSCHUTH, TIOYEMY BCE TPH CTPEJIbl BPEMEHU HAIPaBIICHbI OIMHAKOBO H,
Oosee TOro, mouemMy BOOOILIE JOJDKHA CYLECTBOBATh OMNpENENICHHAsl cTpena BpeMeHU. S JOoKaxy, 4To
TICUXOJIOTUYECKasi CTpeia OMpeersieTcss TEPMOANHAMUYECKOM U 00€e 3TH CTpesbl BCEr[a HalpaBIICHBI
oauHakoBo. IIpenmnonoxus, uro it BeeneHHOM cripaBeiiBo YCIOBUE OTCYTCTBUS TPAHMLL, Mbl YBUJIUM,
YTO JIOJKHBI CYILECTBOBATH XOPOILIO ONPENEIECHHbIE TEPMOAMHAMHUECKA U KOCMOJIOTUYECKAsl CTPEJIb
BPEMEHH, XOTA OHM He 00s3aHbl OBbITb OJMHAKOBO HANpPABJIEHHBIMU Ha IPOTSHKEHUH BCEHl HUCTOpUM
Bcenennoii. Ho, Kak s okaxy, JIMIIb B TOM Clly4dae, KOTJa HaIpaBICHUs 3TUX CTPEN COBIAJAKOT, MOTYT
BO3HUKHYTh YCJIOBUSI JUISl Pa3BUTHUS pPasyMHBIX CYIIECTB, CHOCOOHBIX 3a/aTh TaKOW BONPOC: IOYEMY
OeCITIOpsIOK YBEIMUMBACTCS B TOM e HAIIPABIICHHUS 110 BpEMEHH, B KOTOPOM paciuupsiercst Becenennas?

CHayana pacCMOTPUM TEPMOJUHAMHUYECKYIO CTpely BpeMeHH. BTopoil 3akoH TepMOAMHAMUKU
BBITEKAET M3 TOTO, YTO COCTOSIHHI Oecropsiaka Bcerjna ropaso Ooble, 4YeM COCTOSHUHM MOpSIKa.
Bo3pmem, Hampumep, KapTHHKY Ha JEeTCKMX KyOukax. lmeercs TOIBKO OJHO B3auMHOE
pacroio’keHre KyOMKOB, IIPU KOTOPOM COCTAaBJISIETCS HYXKHas KapTHHKA. B TO jke BpeMs eCTh O4eHb
MHOTI'0 Pa3HbIX OECIOPAAOYHBIX PACHIOJIOKEHNUH, KOT'/1a KAPTUHKA HE COCTaBIIIETCS] BOOOIIE.

[Ipenmonoxum, 4To Kakas-TO CHUCTEMa BHayaje HaXOAUTCS B OJHOM M3 HEMHOIMX COCTOSHUMN
nopsiaka. C Te4eHMeM BPEMEHHU COCTOSIHUE CUCTEMbl OYyIEeT M3MEHAThCS B IIOJHOM COIVIACUHU C
3aKOHAMHU HayKu. Yepe3 HEKOTOpOoe BpeMs CHUCTEMa U3 COCTOSIHUS MOpPsAKa, CKOpee BCEro, NepenieT B
COCTOsIHME Oecnopsika, MOCKOJIbKY COCTOSIHUN Oecriopsaka Oosbiie. CienoBaTenbHO, €CIIU cHCTEMa
BHAYaje HaXOAWJIAch B COCTOSHHUHM BBICOKOTO IOPSIKA, TO CO BpeMeHeM OyJeT pacTu OecHopsIoK.
Tak, eciin nmamy KyOMKH CJI0XKEHbI B KAPTUHKY, TO NPH NEPEMELIMBAHUN U3MEHUTCS UX PACIOI0KEHUE
U CTaHET, CKOpee BCEro, OecHOpsAJOYHBIM, IOTOMY 4YTO COCTOSIHMI Oecnopsiika oOnaTh ropaszio
Oosble, yeM cocTosHuil nopsiaka. KapTuHka, KoHeuHo, mpu 3ToM OyneT paspyuieHa. Hexotopsle
KyOuKH emie OyayT yAep>KuBaThCs BMecTe, 00pa3ysl KyCKH KapTHHKH, HO YeM OOJIbIIe MBI OyJaeM HX
nepeMeluBaTh, TeM C OOJbIlell BEpOSTHOCTBIO 3TH KYCKM PAacCBHILIIOTCA W Bce elle OoJblie
nepenyraercs. B KoHIIe KOHIIOB HUKAaKOW KapTHHKH Y HaC HE OCTaHeTcs. TakuMm o0pazom, Oecriopsaok
OyZeT pacTH CO BpEMEHEM, €CJIH B Hayasle ObUIO COCTOSTHHE BBICOKOTO MOPSAKA.

[Ipeanonoxum, oxHako, uyto bor moBenen, uyToObl pa3BuTHE BceneHHON HE3aBUCHUMO OT
HAyaJlbHOTO COCTOSIHUS 3aKaHYMBAJIOCh B COCTOSHUM BBICOKOro mopsaka. Ha paHHMX craausax
Bcenennas, BeposiTHee Bcero, HaxoAWJach Obl B COCTOSIHUM Oecropsiika. DTO O3HA4yasio Obl, 4TO
Oecrops1I0K YMEHbIIAeTCsl CO BpeMeHeM. Tora Bl BUJENN Obl, KaK pa30UThIe YalIKH COOMPAIOTCs U3
OCKOJIKOB ¥ BIPBITMBAIOT Ha cToJ. Ho Jroau, KoTopble BUIENH Obl TAaKHE MPBITAIOIINE YalllKH, JOJKHBI
OBITb KHUTEISIMU BCEJICHHOM, B KOTOPOI OecropsoK yMEHbIIaeTcsl O BpeMeHeM. Sl yTBepKaato, 4To
MICUXOJIOTHYECKas CTpesia BPEMEHU ATHX JIIOJe JoJKHa ObITh HallpaBlieHA Ha3al, T. €. OHU JIOJIKHBI
MIOMHUTh COOBITHS B OyIyIleM, HO HE JOJDKHBI MOMHUTbH COOBITHS, NMPOUCXOAMBIINE B MPOIILIOM.
VYBuaeB pa3OuTyIO YaliKy, OHU BCIIOMHMJIN Obl, KAK OHA CTOUT Ha CTOJIE, HO KOTJia OHa OKa3bIBAaETCs
Ha CTOJIe, OHM HEe TIOMHMJIM Obl, 4TO OHA ObLIA Ha IOJTY.

Paccyxxnath 0 yenoBeueckol mamsTH — BECbMa HENpPOCTOE 3aHATHE, OO Mbl HE 3HaeM BO BCEX
JeTansix, Kak paboTaeT Hall MO3T. 3aTO MBI 3Ha€M BCE O TOM, KakK JEHCTBYeT MaMsTh KOMIIBIOTEpA.
[ToaTomy 51 Oyny rOBOPUTH O MCHUXOJOTHMYECKOM CTpesie BPEMEHHU ISl KOMIbIOTEpOB. MHe Kaxercs
BIIOJIHE JIOTUYHBIM IIPEATIONOKHUTH, UTO U 'y KOMIIBIOTEPOB, U y JIFOJIEH IICUXOJIOTHYECKas CTpea OJlHa
u Ta xe. Ecinu Obl 3T0 ObUIO HE Tak, TO, UMEsl KOMIIbIOTEp, KOTOPBIA MOMHMJI OBl 3aBTPALIHUI Kypc
aKIuil, MO’KHO ObUTO OBl IPEKPACHO UIPATh HA OUpPIKE.

[lamsATh KOMIIBIOTEpPA — 3TO, TPYyOO TOBOpPS, YCTPOMCTBO, COJEpIKAaIlEee 3JIEMEHTHI, KOTOphIE
MOTYT HaXOJIUThCS B OJHOM M3 JBYX cocTosHuil. [IpocToif mpumep Takoro ycrpoiictBa — abak,
IpeBHHE cyeThl. B mpocrelimem Buie 3T0 HAOOpP TOPU3OHTAIBHBIX MPOBOJIOYEK, HA KAXKIYIO U3
KOTOPBIX HacakeHa OycuHka. Kaxas OycMHKa HaXOAUTCS B OJHOM M3 JBYX MosoxeHui. Jlo Tex mop
MOKa B NaMATh KOMIIbIOTEpAa HUYETO HE BBEJIEHO, OHAa HAXOJIUTCS B OECIOpPSIOUHOM COCTOSIHHH, B
KOTOPOM 00a BO3MOXXHBIX PAacCHOJOXKEHHUsS OYCHHOK paBHOBEPOSTHHI (OYCMHKM Ha IPOBOJIOUKAX
pacnpezienieHbl ciiydaiHbIM o0pa3zom). Ilocie Toro kak mamsiTh MPOB3aMMOIEHCTBYET C CHUCTEMOW,
COCTOSIHME KOTOPOW HAJ0 3allOMHHTb, €€ COCTOSIHHE CTAHET BIIOJIHE OINPENEICHHBIM, 3aBUCSILUM OT
cocrostHus cuctembl. (Kaxkas Oycunka Ha cuerax Oyaer 1u0o B mpaBoMm, JIMOO B JIEBOM KOHIIE CBOEH
npoBoJIoukn). Mtak, maMaTe KOMIbIOTEpa Mepenuia u3 6ecrnopsiaka B ynopsgoueHHoe cocrosinue. Ho
JUISL TOTO, YTOOBI OBITh YBEPEHHBIM B TOM, YTO MaMATh HaXOAWUTCSA B MPABHJIBHOM COCTOSIHUH, HAaJ0
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3aTpaTUTh HEKOTOPOE KOJIMYECTBO PHEPruM (Hampumep, Ui nepedpacbiBaHusl OyCUHOK WM MUTaHUS
KOMIIbIOTEpa). DTa 3HEPrusl MepeueT B TEIUI0O MU TeM CaMbIM YBEIHYUT CTENEeHb Oecropsika BO
Bcenennoii. MokHO moOKa3aTh, YTO 3TO yBEJIMYECHHE Oecmopsiaka Oyaer Bcerga Ooubline, 4em
YBEJIMUEHUE YNOPSIOYEHHOCTH camMoil mnamsaTh. HeoO0XoauMocTh OXJIaXIEHUs KOMIIbIOTepa
BEHTHJIAITOPOM TOBOPUT O TOM, 4YTO, KOIJla KOMIIBIOTED 3alUChIBA€T YTO-TO B MNaMsTh, OOIIMH
Oecriops10K BO BeeneHHOM Bee-Taku yBeTUYUBACTCSL.

Hanpasnenue BpeMeHH, B KOTOPOM KOMIIBIOTEP 3alIOMMHAET MPOLLIOE, OKAa3bIBAETCS TEM XK€, B
KOTOPOM pacTeT 6eCropsIoK.

CrnenoBarenbHO, Halle CyObEKTHBHOE OIIYIIEHHE HAIpaBICHUS BPEMEHU — IICUXOJIOTMYEcKas
CTpejla BPEMEHM — 3aJaeTCsi B HAIIeM MO3ry TEPMOJMHAMMYECKOM cCTpeso BpemeHu. Kak u
KOMIIBIOTEP, MbI JJOJDKHBI 3alIOMUHATh COOBITHS B TOM € MOPSIKE, B KOTOPOM BO3pacTaeT SHTPOIUS.
Btopoii 3ak0H TepMOIMHAMUKHA CTAaHOBUTCS IIPU 3TOM IIOYTH TpUBHAJIBHBIM. becnopsaok pacrer co
BpEMEHEM, II0TOMY YTO Mbl U3MEPSIEM BpeMs B HAalIPaBJIEHUHU, B KOTOPOM pacTeT Oecriopaaok. TpyaHo
CIIOPUTH C TAKOM JIOTUKOM !

Bce xe, mouemy TepMoauHaMuyeckas CTpena BpeMEHM J0JDKHa BooOlle cyuiectBoBarh? iy,
JIPYIrMMH CJIOBaMH, IIOYEMY Ha OJIHOM U3 KOHIIOB BPEMEHH, Ha TOM €ro KOHIIE, KOTOPBI Mbl Ha3bIBacM
npouuIsivM, BeenenHas 10JpKHA HaXOUTBCS B COCTOSIHUM € BBICOKOM yopsii0oueHHOCThI0? [Touemy Obl eit
He OBITh B COCTOSIHMH ITOJHOTO Oecriopsinka? Benp 910 BBITIAAENO ObI Oosee BeposTHBIM. Kpome Toro,
noyemMy OecropsJJOK pacTeT BO BpEMEHHU B TOM € HalPaBJICHUH, B KOTOPOM paciuupsiercst Beenennas?

Knaccuueckast oOmiass Teopusi OTHOCUTEIBHOCTH HE TIIO3BOJISIET BBIYMCINUTH, KaK BO3HHUKIA
BcenenHas, MoToMy YTO B CUHTYJISIPHOM TOUKE OOJIBIIOrO B3pbIBa BCE M3BECTHBIE HAM 3aKOHBI PUPO/IBI
JOJDKHBI Hapylarbesi. BeeneHHas Moria BOSHUKHYTh B KAKOM-TO OJIHOPOZHOM, CHUJIBHO YIOPSI0YEHHOM
COCTOSIHMU. ODTO MpPUBENO Obl K YETKO OINpPEAETIEHHbIM CTpeIaM BpPEMEHH — TEePMOAMHAMUYECKOH U
KOCMOJIOTHUYECKOM, KaK 7T0 Habmomaercd ceiiwac. OmHAKO HadaJabHOE COCTOsSHUE BcelleHHOM BITOIHE
MOIJ0 Obl ObITh M OYEHb HEOJHOPOIHBIM, M HeEymopsioyeHHbIM. B 3ToMm ciydae Bcenennas yxe
HAXOAWIach Obl B COCTOSIHHUM TIOMHOTO Oecriopsiika M OeCropsiiok He MOT Obl YBEIWYMBATHCS CO
BpeMeHeM. OH Mor Obl OCTaBaThCsl HEM3MEHHBIM, TOT/1a He ObLIIO Obl ONpeeIeHHON TepMOANHAMUYECKOM
CTpeNbl BPEMEHH, JTMOO MOT Obl YMEHBIIATHCS, U TOTAA TEPMOJMHAMHUYECKAs CTpesia BpeMEeH! OblIa Obl
HalpaBJieHa HaBCTpedy KOCMOJIOTMuYecKkoi crpene. Hu omHa u3 3THX BO3MOXHOCTEH HE corjacyercs ¢
TeM, 4To Mbl HaOmonaeMm. Kak Mbl, ogHaKo, BHUIENHU, KiIaccHuyeckas oOIas TEopusi OTHOCUTEIbHOCTU
npesicKa3biBaeT CcBoe HapymieHue. Koryja KpHBHM3HA MPOCTPAHCTBA-BPEMEHM CTAHOBUTCS OOJIBLIOH,
CTAHOBATCSI CYIIECTBEHHBIMU KBAHTOBBIE I'PaBUTAIIMOHHBIE 3(D(PEKTHI, U KiIacCUYecKas TEOPHsl IepecTaeT
CIY’)KUTh HaJIeKHBIM OCHOBaHUEM Ul onrcaHus BeeneHHoil. UToObI MOHATH, Kak Bo3HUKIA Bceenennas,
HEOOXOJJMMO OOpaTUThCSI K KBAHTOBOM Teopuu rpaButanuu. Ho, 4ToObI onpeenuTs B KBAHTOBOIM TEOpUH
IpaBUTALMM COCTOsIHME BceneHHoM, He0OX0AMMO, KaK Mbl BHIEIHM B MPEIbLIYLIMX IJ1aBaX, 3HaTh, KAk
BO3MOXKHbIE HCTOpuM BceneHHol Benmu cebss Ha TIpaHMIE MPOCTPAHCTBA-BPEMEHU B IPOILIOM.
HeoOxonumocTh 3HaTh TO, YTO MBI HE 3HAEM M 3HATh HE MOXKEM, OTMAJaeT JIMIIL B TOM CIllydae, eClu
MPOLUIbIE HCTOPHUM  YJIOBJIETBOPSIIOT  YCIOBUIO OTCYTCTBHMSI TpaHUI: OHM HMMEIOT KOHEUHYIO
NPOTSHKEHHOCTh, HO Y HUX HET HU T'PaHull, HU KpaeB, HU ocoOeHHocTel. Toraa Hayano oTcuyeTa BpeMeH!
JOJDKHO OBLIO OBITH pEryJIsipHOM, IJIaJIKOM TOYKOM B IPOCTpaHCTBe-BpeMeHU M BceneHHas Hawana Obl
CBOE paclIMpEeHHe U3 BeCbMa OJHOPOAHOTO M YHOPSAAOUEHHOro cocTosHMs. OHO He MOIJIo Obl OBbITh
COBEPUIEHHO OJHOPOJHBIM, ITOTOMY YTO ATHM HapylIaJCs Obl MPUHIMIT HEONPEIEICHHOCTH KBaHTOBOU
TEOpUH. DTO 3HAYUT, YTO JOJDKHBI CYIIECTBOBAaTh HEOOJNBIINE (IYKTyallMd IUIOTHOCTH M CKOPOCTEH
yactull. Ho B cuity yciioBHs OTCYTCTBUS T'paHMIl 3TH (PIYKTyalluM JOJDKHBI ObUIM OBITH Majbl, YTOOBI
COIJIaCOBATHCS € PUHLIUIIOM HEOIIPEAECTIEHHOCTH.

Buauane Bcenennast moruia 6b1 SKCIIOHEHIIMATIBHO PACIIUPSITHCS, WM pa3lyBaThCsl, B pe3yJIbTaTe
Yero ee pa3Mepbl YBEIMUYWINCh Obl BO MHOro pas. @IyKTyalluM IUIOTHOCTH, OCTaBasCh CHadaja
HeOOJIBIIMMHU, TOTOM Hadaju Obl pacTu. Pacmupenue Tex obaacTeil, B KOTOPHIX MJIOTHOCTH ObLIa YyTh
BBIILIE CPEIHEH, MPOUCXOANIIO OBl ME/IJICHHEE M3-3a TPABUTALMOHHOTO NMPUTSKEHUS JIUIIHEH Macchl. B
KOHIIE KOHIIOB Takue oO0JacTh MepecTaHyT pacIIUpSAThCS M KOJUIAIICHPYIOT, B pPE3yJbTaTe 4Yero
00pa3yloTCsl TaJakTHKH, 3BE3Jbl M JKMBBIE CYIIECTBa Bpojae Hac. TakuM o0pa3oM, B MOMEHT
BO3HUKHOBEHHUs BceneHHas Moria HaxOOuUThCS B OJHOPOAHOM M YHOPSAOYEHHOM COCTOSIHUM W
NEepelTH CO BPEMEHEM B COCTOSHHE HEOAHOPOJHOE M HeymopsaodyeHHoe. Takoil moaxoa Mor Obl
OOBSICHUTH CYIIECTBOBaHNE TEPMOJAUHAMUYECKOMN CTPEIIbl BPEMEHHU.
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Ho uro mpowmsomno Obl, korga Beenennas mepectana Obl pacupsAThCA U CTaja COKUMATHCS?
IToBepHynack OBl TIpU 3TOM TepMOIMHAMHUUecKas crpena BpeMeHH? Hawanm Obl yMeHbIIAThCS CO
BpeMeHeM Oecrnopsiok? Ilepen Temu, KOMY MOCYACTIMBHIIOCH OBl TMEPEKUTH TEpexoa u3 (asbl
pacmpenusi B a3y CKaTus, OTKPBUIUCH ObI caMble (DAHTACTUYECKHE BO3MOXHOCTH. MOXKET OBITh,
OHHU yBUJENU Obl, KaAK OCKOJKHM pa3OMTHIX YalleK COOMparoTCs Ha MOy B LIEJIbIE YalllKU, KOTOpbIE
BO3BpAIAlOTCd OOpaTHO Ha CTOA? A MOXeT ObITh, OHM OBl NMOMHWJIM 3aBTPAIIHUN Kypc akUui U
yla4qHo urpaiau Ha Oupske? IIpaBna, OeCOKOMCTBO 1O MOBOJY TOTO, YTO CIY4MTCs, ecinu Beenennas
OIATh HAYHET KOJUIANCHUPOBATh, KaXKETCs HECKOJIBKO MPEXIEBPEMEHHBIM — C)KaTUsl HE OY/ET elle 1o
KpaifHell Mepe JIecsTh ThICSIY MUJIITMOHOB JieT. OIHaKo y3HaTh 00 3TOM MOXHO ropasno osictpee. s
3TOr0 HAA0 NPOCTO MPBITHYTh B 4YepHYI0 Ablpy. Kosamc 3Be3bl B COCTOSHUE YEPHOM IBIPHI
aHAJIOTMYEH MOCJIEAHUM CTaausAM Koiutanca Bceil Beenennoil. Ilostomy ecnu Oecnopsiiok JOJKeH
YMEHBIIIAThCS HA CTAJAUU CKaTHs BceneHHOMN, ToO OH OyleT yMEHbIIATbCs M BHYTPH YEPHOH JIBIPHI.
Torna acTpoHaBT, ynaBIIuil B UEPHYIO JbIPY, MOT ObI TaM IO3apaboTaTh, Urpas B pyJeTky. Beap emie
HE CJleJIaB CTaBKH, OH Obl y)XKe MOMHWJ, rjae ocraHoButcs mapuk. (IlpaBma, urpa Obuia Obl O4eHB
HE/IOJITOM, JIMIIb O TeX Iop, MOKa caM acTPOHABT He mpeBparwicsd Obl B cnarertd. He ycres
COOOIIMTH HAM O MOBOPOTE TEPMOAMHAMUYECKOM CTPEIbl U Ja’kKe He MOJYYUB BBIMTPHII, OH UCYe3 ObI
32 TOPU30HTOM COOBITHI YEPHOH JBIPHI).

Buauarne s cuurain, 4to npu Koyutarnce BeeneHHo# OecriopsIoK J0KEH YMEHBIIATHCS, TIOTOMY UTO,
CTaB OIAITh MaJleHbKOM, Beenennas nomkHa Obuta Obl BEPHYTHCSI B MCXOHOE TJIAJIKOE U YIIOPSAA0UYEHHOE
COCTOSIHME. JTO O3Hadaso Obl, 4TO (ha3a CKaTUsl SKBUBAJICHTHA OOpaIleHHOW BO BpeMeHH (hase
pacimpenus. Ha cranqum cxaTus )KU3Hb JIOJDKHA TeUb B 00pAaTHOM HAIlpaBJIEHUH, TaK YTO JIIOAU YMHUPAIH
OBI JI0 CBOETO POXKICHHUS U TI0 Mepe CxkaTusi BeelleHHOW CTaHOBMIIMCH ObI BCE MOJIOXKE M MOJIOJKE.

[IpuBneKaTeIbHOCTh TAKOTO BBIBOJA — B KPAacHBOW CHUMMETpUH Mex1y (a3oil pacmmpeHus u
¢dazoif cxarus. OmHAaKO €ro HeJb3s paccMaTpuBaTh caM IO cebe, HE3aBUCUMO OT JPYTHUX
npencraBiaeHuit o Beenennoil. BozHukaeT Bompoc: cieayeT JM 3TOT BBIBOJ U3 YCIIOBHSI OTCYTCTBUS
TpaHUIIl UJIH K€, HAIIPOTHB, C THM yclioBHeM HecoBMecTHM? Kak y)ke rOBOpHIIOCH, s CYMTA BHAYAle,
YTO YCJIIOBUE OTCYTCTBMSI IPAHUI] B CAMOM JI€JI€ 03HAUYAET, YTO OECHOPSI0K JOKEH YBEIUYMBAThCS HA
craguu cxatus. OT4acT MEHs BBeNa B 3a0y)KACHUE aHAIOTHS C MOBEPXHOCTHIO 3emuu. [lomoxum,
4yro Havyano Bcenennoii coorsercTByer CeBepHoMy nosmtocy. Torna koHen BeenenHol pomkeH ObITh
[IOX0K Ha Haydajo Tak ke, kak FOxubil nomoc noxoxx Ha CesepHbli. Ho CeBepHblii u FOxHBIN
MIOJIFOCHI COOTBETCTBYIOT Hayally U KOHIly BcesnieHHON B MHUMOM BpeMeHH. B peanbHOM ke BpeMeHU
Havajo M KOHEI[ MOTYT CKOJb YIOJAHO CHJIBHO OTIHMYAaThCS IPYr OT Jpyra. MeHs emie BBeja B
3a0nyxJeHue paboTa, B KOTOPOM s paccMarpuBall OAHY IMPOCTYIO Mojenb BceneHHol, rae ¢asa
KoJutanca Obljja MOX0’Ka Ha OOpalleHHYI0 BO BpeMeHHu (a3y pacmmpenus. Ho moii kosmnera, Jlon
IMeitx n3 YHuBepcuteta mrara [leHcunbBanus, okasal, 4YTO YCJIOBHE OTCYTCTBHS T'PAHHUILl BOBCE HE
TpeOyeT Toro, 4yToOs! (haza cxaTtus OblIa 0OpaleHHONW BO BpeMeHU (a30il paciuimpenus. 3aTeM OJIUH
U3 MOMX acnupaHToB, PeliMonn Jlednemm, ycTaHOBHI, YTO B HECKOJIBKO Oosiee CI0XKHON Moaenu
Kosutanc BceneHHOW CUIIBHO OTIMYaeTcss OT ee paclupeHus. S moHsul, 4yTo omuOcs: U3 yCIOBUS
OTCYTCTBHSI TPAHUIL CIIEAYET, YTO BO BpEMsI CXKaTHsI OECIIOPSIOK JIOJKEH MPOAOIIKATh YBEINUUBATHCS.
TepmoauHaMuveckass M TICHXOJOTHYECKasl CTPENbl BPEMEHH HE W3MEHST CBOETO HAIpaBJICHUS Ha
IIPOTHBOIOJIOXKHOE HU B UYEPHOH JIbIpe, HU BO BcesleHHOM, HayaBIel coKkpamaTbesi BHOBb.

Uro Obl BBI caenanu, 0OHapyXuB y ce0s Takyro ommOKy? HekoTropble HUKOI/Ia HE IPU3HAIOTCS B
CBOEH HenpaBoTe M MPOJODKAIOT MOUCKU HOBBIX, YACTO COBEPIIEHHO HEOOOCHOBAaHHBIX, APIYMEHTOB B
MoJb3y cBoMX mjel. Tak mocTymun DIMHTTOH, BBICTYIIHB MPOTHBHUKOM TEOPHH YEPHBIX AbIp. Jpyrue
3asBJIAIOT, YTO OHU HHUKOIJIA W HE MOJUIEPKUBAIM ATy HENPaBWIbHYIO TOYKY 3pEHHS, a €Cld U
MIOJICPKUBAJIH, TO JIMIIb ISl TOTO, YTOOBI ITPOIEMOHCTPHPOBATH €€ HECOCTOATEFHOCTE. MHE KaXKeTCs,
YTO TOpa3ao MpaBUIbHEE BHICTYIUTH B ME€YATH C NMPU3HAHHEM CBOed HempaBoThl. [IpekpacHblil mpumep
ToMy — OWHIITeHH. O BBEAEHHWU KOCMOJIOTHUECKOH IMOCTOSIHHOM, KOTOpas MOHaIo0miIachk eMy IMpHu
MIOCTPOEHUH CTaTHUECKOM MoJieNin BeenenHoM, OH TOBOPHIT Kak O CBOEH caMoil cepbe3HO OImoKe.

Bepremcst k cTpene BpeMeHH. Y Hac OCTajicsi OJMH BOMPOC: MOYEMY, KaK IOKAa3bIBAIOT HAOIIO/ICHMS,
TEPMOIMHAMUYECKasi 1 KOCMOJIOTMYECKas CTpebl HalpaBJeHbl OJJMHAaKoBO? Wi, IpyruMu coBaMH, IOUeMy
OecropsJIOK BO3pacTaeT BO BpEMEHH B TOM K€ HallpaBJIeHUH, B KakoM pacimpsercs Beenennas? Eciu cuurars,
yto Bceenennast mocrne pacimpeHust HaqHeT CKUMAThCS, Kak, TO-BUUMOMY, CIIEyeT U3 YCJIOBHUS OTCYTCTBUS
TPaHMUII, TO Halll BOIPOC 3BYUUT TaK: IOYEMY MbI JOJLKHBI HAXOAUTHCSA B (pase pacImpentis, a He B (paze cxaTust?
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OTBeT Ha 3TOT BONPOC JAaeT cadblii aHTPOINHBINA MPUHIMIL: YCIOBUS B (paze cxaTusi HEPUTOIHBI
JUTsL CYIIECTBOBAaHMSI TaKMX Pa3yMHBIX CYIIECTB, KOTOpbIE MOIJIM Obl CIIPOCHUTbH, MOYEMY OECHOPSIOK
pacTeT B TOM K€ HAIlPaBJIEHUU BO BPEMEHHU, B KOTOPOM paciuupsiercst BeenenHas. Y cinoBue 0TCyTCTBUS
IpaHul] IIPEACKa3bIBaCT pa3/lyBaHUEe BceneHHONW Ha paHHUX CTaJusX pa3BUTUS. JTO O3HAYAET, 4YTO
pacimpenre BceneHHOM M0KHO MPOUCXOIUTh CO CKOPOCTBIO, OYEHb OJIM3KOM K KPUTHYECKOH, MpH
KOTOPO# KOJUIAIC UCKITI0YaeTcs, a IOTOMY KoJutarca He OyzeT oueHs qonro. Ho Torzia Bee 3Be3/ibl yCIeroT
CropeTh, a 00pa3yrolye UX MPOTOHbl MU HEHTPOHBI pacnanyTcs Ha Oosee jerkue yactullbl. BeeneHnas
ocTanach Obl B COCTOSIHUM TPAKTUYECKU TIIOJHOTO Oecropsaka, B KOTOPOM HE ObUIO Obl CHIBHOU
TEePMOIMHAMHUYECKOM CTpesbl BpeMeHU. becrnopsaiok He MO CHIIBHO YBEJIMUMBAThCS, Belb BceneHHas u
TaK HaXOJMJIach Obl B COCTOSHUM TIOYTH MOJTHOro Oecniopsiaka. Ho amst cyiecTBoBaHUS pa3yMHOM KH3HA
HeoOXoMMa CHJIbHasi TepMOAMHAMUYEcKas cTpena. UToObl BBKUTb, JIFOAU JOJDKHBI MOTPEOIATh MHUILY,
KOTOpasi BBICTYIAET KaK HOCHUTENb YIOPSI0UYCHHON (OpMBI SHEPIUH, U MPEBpalIaTh €€ B TEIJIO, T. €. B
HEyNopsI0ueHHYI0 (popMy 3Hepruu. CieaoBaTenbHO, HA CTaAUU CKATHsI HUKAKOW Pa3yMHOM KU3HU ObITh
HE MOIJIO. DTUM OOBSCHSCTCS, MOYeMy JUIi HAcC TEPMOJMHAMUYECKAas M KOCMOJIOTHMYECKAsl CTpPEIbI
BPEMEHHU HaIpaBJieHbl OJMHaKoBO. HeBepHO cumrtarh, OyATO OECHOPAAOK pacTeT M3-3a pacUIMPEHUs
Bcenennoii. Becemy npudrHOi ycloBre OTCYTCTBUS rpaHuil. M3-3a HEro pacter Oecropsiiok, HO TOJIBKO B
(ase paciMpeHHst CO3/1aI0TCsl YCIOBUS AJIs1 CYILIECTBOBAHUS Pa3yMHOM JKU3HM.

[lonBenem wurtor. 3akOHbl HAayKH HE JENAIOT PA3IUYUs MEXKIY HAlpaBICHUEM «BIEpE» U
«Ha3amy Bo BpeMeHH. Ho cyliecTByroT 1o KpailHel Mepe Tpu CTpesbl BpeMEHH, KOTOpblE OTIMYA0T
OyayIee OT MPONUIOTo. DTO TEPMOANHAMHUYECKAS CTPENa, T. €. TO HalpaBJIEHUE BPEMEHH, B KOTOPOM
BO3pacTaeT OecropsIOK; NCHUXOJOTHYECKass CTpela — TO HalpaBlieHHME BPEMEHHM, B KOTOPOM MbI
IIOMHHUM TIpOLUIOE, a HEe Oy/ylee; KOCMOJIOrHYEcKasl CTpesia — HalpaBJIeHUE BPEMEHHU, B KOTOPOM
Bcenennas He cxxumaetcs, a paciiupsiercs. S mokasaj, 4To ICHXOJOTHYECKasl CTpenia MPaKTUYeCKU
SKBHMBAJICHTHA TEPMOJAMHAMUYECKON CTpele, Tak 4To 00€ OHU JOJIKHBI ObITh HalpaBJIe€Hbl OJUHAKOBO.
W3  ycnoBuss  OTCYTCTBHUS ~ TIpaHUIl  BBITEKAeT  CYIIECTBOBAHME  YETKO  ONpEIENICHHON
TEPMOJMHAMHUYECKON CTpEJbl BpEMEHHU, IOTOMY uTO BceeneHHas 1oykHa ObUla BOZHUKHYTH B IUIaJIKOM
U YNOPSAJOYEHHOM COCTOSHUHM. A TNpPUYMHA COBIAJECHUS TEPMOJUHAMUYECKOHM M KOCMOJIOTMYECKOMN
CTpEJI KPOETCSI B TOM, YTO pa3yMHBIE CYIIECTBAa MOTYT JKUTh TOJIbKO B (aze pacmupenus. Paza cxaTus
JUI HUX HE MOJXOAMT, IOTOMY 4TO B HEl OTCYTCTBYET CUJIbHAsl TEPMOJIMHAMHUYECKAsl CTpesla BpEMEHH.

[Iporpecc uenoBeka Ha HyTH NO3HAHUS BceneHHON NpuBEN K BO3HUKHOBEHUIO MAaJIEHBKOIO
yrojka nopsiika B pactymiem Oecriopsiike Beenennoil. Ecnm Bbl 3amOMHUTE KaXJ0€ CIIOBO M3 3TOM
KHIKKH, TO Balla MaMsTh IMOJIYYUT OKOJIO JIBYX MUJUIMOHOB €AMHULl HH(OPMAIMH, U MOPAJIOK B BalleH
TOJIOBE BO3PACTET MPUMEPHO Ha JBa MIJUIMOHA eAuHUIl. Ho moka Bbl 4MTalu 3Ty KHUTY, IO KpaifHel
Mepe ThICSYa KaJIOPUH YIOPsIOYEHHON 3HEPTUH, KOTOPYIO BbI ITOJIYYMJIM B BUJIE MUIIH, IPEBPATUIIHCh B
HEYIOPSAA0YEHHYIO SHEPTHIO, KOTOPYIO BBI IIEPEJAJIM B OKPYKAIOIIMK Bac BO3yX B BHJIE TEILIA 3a CUET
KOHBEKIIMH U MOTOBbIENeHus. becniopsaiok Bo BeenenHoil Bo3pacTer mpu 3TOM IIPUMEPHO Ha JIBajlaTh
MWUIMOHOB MWJIJIMOHOB MHJUIMOHOB MWJIJIMOHOB €IUHHMI,, YTO B JIECSATh MHJUIMOHOB MHJIJIMOHOB
MUJJTMOHOB pa3 MpPEBBIIIAET yKa3aHHOE YBEJIMYEHHE MOpsAKa B BallleM MO3TY, — U 3TO MPOU30MIeT
JMILb B TOM CIIy4ae, €CIM Bbl 3allOMHHUTE BCE M3 MOEW KHW)XKH. B cienyromieil riase sl MOINBITAOCh
HABECTH y Hac B TOJIOBax elie 0oJbIIni NOpsIoK. S pacckaxy o TOM, KaK JIFOJH MbITal0TCS 00bETUHUTD
Apyr C IPYroM T€ OTHENbHBIE TEOPHM, O KOTOPBIX s paccKas3all, CTapasChb CO3JaTh IMOJHYH E€IUHYIO
TEOpHI0, KOTOpasi 0XBaThIBajia Obl BCE, YTO MPOUCXOANUT BO BeeneHHo.

10. O6beanHeHne hU3nKun

Kak y»e ropopuiiocs B II. 1, cOBceM He MPOCTO cpa3y CTPOUTH MOIHYIO EUHYIO TEOPHIO BCETO, UTO
npoucxoauT Bo BceenenHnoi. IloatromMy MBI mOpoaBUTaeMcs BIEPEN, CO37aBas YacTHBIE TEOPHUH,
OIHCBIBAIOIIME KaKylO-TO OIPaHWYEHHYI0 O0JacTh COOBITHH, M MO0 mpeHeOperaeM OCTaJIbHBIMU
spdexramu, 100 MPUOIMKEHHO 3aMeHsieM MX HeKoTopbiMu uuciamu. (Hampumep, B XUMHM MOXKHO
paccunThIBaTh B3aUMOJEHCTBHSI aTOMOB, HE 3Has BHYTPEHHETO CTPOEHMsI aTOMHOro siapa). Ho moxHO
HaJIeAThCS Ha TO, YTO B KOHIIE KOHIIOB OyJeT HaiiJieHa IOJiHas, HENPOTUBOpEUNBas €luHasl Teopusi, B
KOTOPYIO BCE YacTHbIE TEOpUH OYIyT BXOAWUTH B KayecTBE MPUOIMKEHUH M KOTOPYIO HE HYXKHO Oyner
MOJTOHATH TOJ] IKCIIEPUMEHT MOI00POM 3HAUEHUN BXOSIINX B HEE MPOU3BOJIBHBIX BelnduH. PaboTa 1o
CO3/IaHMIO TAKOM TeOpuH Ha3bIBaeTcs oObeanHeHneM Gpu3uku. [locnennue rosipl cBoeH KU3HU DUHIITEHH
IOYTH LIEJTMKOM ITOCBSITHJ TOMCKaM €IMHOW TEOPHM, HO BpEMS I 3TOr0 TOrja €Ile He MPUILIO:
CYLIECTBOBAJIM YaCTHBIE TEOPUU TPABUTALUM U DIIEKTPOMArHUTHBIX B3aUMOJEHUCTBHM, HO O SIIEPHBIX
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cwiiax ObLIO Mayo 4To M3BecTHO. K ToMy ske DWHINTEHH OTKa3bIBAICS BEPUTHh B PEATbHOCTH KBAaHTOBOM
MEXAHHUKH, HECMOTpPS Ha Ty OIPOMHYIO POJIb, KOTOPYIO OH caM ChIrpall B ee pa3BuTuu. Ho mpuHumn
HEOIIPEICTICHHOCTH SIBIIICTCSI, TIO-BUAUMOMY, (DyHITaMEHTATLHBIM CBOMCTBOM BcerneHHOH, B KOTOPOH MBI
xuBeM. [1oaToMy OH 00s13aTeNBHO JTOJIKEH OBITH COCTABHOM YacThIO MPABUIHLHON €TMHON TEOPHUH.

Jlanbiie S MOKaXxy, 4TO HaJEeXIbl Ha IOCTPOEHUE TAKOM TEOPUU CHIIBHO BO3POCIH, MO0 MbI
ceifuyac 3HaYMTENbHO Oonble y3Hanu o Beenennoil. Ho He HY»KHO OBITh Yepecuyp YBEpPEHHBIM — MBI
y)K€ He pa3 CTaJKMBaIACh ¢ Mupaxamu! Hampumep, B Hadane BeKa CUUTAIOCh, YTO BCE MOXKHO
OOBSICHUTh C TIOMOIIBIO CBOMCTB, XapaKTEPU3YIOIIUX HETPEPHIBHOE BELIECTBO, CKAXXKEM, TAKHX, Kak
YIOPYTOCTh M TEILUIONPOBOAHOCTb. OTKPBITHE CTPOEHUS aToMa W INPUHLUIA HEONPEICIIEHHOCTH
HaBCerAa MOKOHYMIIO C MOJA00OHBIM 1MoaxoaoM. 3ateM B 1928 r. ¢pusuk, naypear HobeneBckoit mpemMun
Maxkc bopn, BeicTymas nepen roctsMu ['€TTMHreHCKOro yHuBepcurera, ckazaln: «Dusuka B TOM
CMBICIIE, B KOTOPOM MBI €€ IIOHMMAaeM, 4epe3 IOJroJa KOHYUTCA». B cBoel yBepeHHOCTH bOpH
OCHOBBIBAJICSI HAa HENABHO OTKPBITOM JlupakoM ypaBHEHMM U1 3JEeKTpoHAa. Bce nymanu, 4ro
aHAJIOTUYHOE YpAaBHEHUE JIOJKHO CYIECTBOBATh M Ul IPOTOHA — BTOPOW M3 JBYX M3BECTHBIX TOIZA
YacTHUll, — U TOrJa TeopeTrudeckas (u3uka KoHuuTcs. Ho OTKpbITHE HEHTpOHAa M SAEPHBIX CHII
pa3Besyio ¥ 3TH Ipenckasanus. 1 Bce ke g yBepeH, 4TO ceiiyac €CTb OCHOBAHUS ISl OCTOPOXKHOIO
ONTUMH3Ma: MbI, HOXKaJIyH, OJIU3KU K 3aBEPLICHUIO TIOMCKOB OKOHYATEIbHBIX 3aKOHOB IIPUPO/IBI.

B nmpenpinymux riaBax st roBOpui 00 00IIel TEOpUN OTHOCHTEIBHOCTH, KOTOPAst IPEACTABISIET
co0Ol YacTHYIO TEOPUIO TPABUTALMM, U O YACTHBIX TEOPHUAX, OMHMCHIBAIOIIMX CJIA0ble, CUJIbHBIE U
ANIEKTPOMAarHuTHele B3aumojeicTBus. llocnenHue Tpu TeopuM MOryT ObITh OOBEAMHEHBI B TaK
Ha3blBa€Mble TEOPUU  BEIMKOIO  OOBEIUHEHUS, KOTOpble HeNIb3d CUUTaTh  JIOCTATOYHO
YIOBJIETBOPUTENIbHBIMU, MOTOMY 4YTO OHM HE BKJIIOYAIOT IPAaBUTALMIO U COJAEpXKAT BEIUYMHBI,
HaIpyuMep OTHOCHUTEIbHBIE MAacChl PAa3HBIX YaCTHUL, KOTOPbIE HE BBIYMCIAIOTCA TEOPETHUYECKH U
JOJDKHBI OJ0UPATHCST U3 YCIOBUS HAWJTYYIIETro COrjacusi ¢ 3KcrepuMeHTOM. OCHOBHasl TPYAHOCTb
IIOCTPOEHMSI TEOPUHU, KOTOpas 00bequHsIa Obl MPABUTALIMIO C OCTAIBHBIMU CHUJIAMH, CBS3aHA C TEM,
YTO 00111asi TEOpUsi OTHOCUTEIBHOCTHU MPEACTABISAET COOOM KIAaCCUUYECKYIO TEOPHUIO, T. €. HE BKJIIOYAET
B ce0s KBAaHTOBO-MEXAHWYECKMHM NPUHLMII HEONpPEIeNeHHOCTH. Jlpyrue jke 4acTHble TEOpUHU
CYLIECTBEHHO CBsI3aHbl C KBaHTOBOWM MexaHuKoil. IlosTomMy mpexzae Bcero oOLIyl0 TEOpUIO
OTHOCUTEJIBHOCTH HEO0OXOJUMO OOBEAMHUTh C HPUHLUIIOM HEONpeAETIeHHOCTH. MBI 3HaeMm, 4To
pe3yJIbTaTOM Takoro oObeAMHEHUS CTAHET PAJ YAUBUTEIbHBIX CIEICTBUN: YEPHBIE JbIPBI IEPECTAHYT
OBbITh YEPHBIMH, a U3 BceneHHOl ncue3HYT CUHTYJISIPHOCTH, U OHA CTaHET MOJHOCTBIO 3aMKHYTON U He
uMmetoleil rpanui. Ho, kak yxe 0ObSCHANIOCH B IJ1. 7, 371eChb BO3HUKAIOT 3aTPYJHEHUS], CBSI3aHHBIE C
TE€M, 4YTO B CHJy INPUHIUIA HEONPEAEICHHOCTH Ia)Ke€ IyCTO€ IMPOCTPAHCTBO 3aMOJIHEHO IapaMu
BUPTYaJbHBIX YaCTUI[ M AHTUYACTHI. OTHU MHapbl o0Janal0T OECKOHEYHOM SHeprueid, a MoToMmy B
COOTBETCTBUM CO 3HAMEHUTHIM ypaBHeHHMeM OiHIITeiiHa E = mc"2 ux macca Toxke JODKHA OBITH
O0eckoHeuyHa. CienoBaTeNbHO, MOJA JEHCTBUEM CO3/1aBa€MOI0 MMHU T'PAaBUTALMOHHOIO MPUTSKEHUS
Bcenennas 1omkHa, HICKpUBJISSICh, CBOPAUUBATHCS JO OECKOHEUHO MaJIbIX Pa3MEpOB.

Takue >xe Henenble OECKOHEYHOCTH BO3HUKAIOT U B JIPYTMX YacTHBIX TEOpHUSX, HO MX BCerja
MOYKHO YCTPaHUTh C IIOMOIIBIO IPOLEAYpPHI, KOTOpas Ha3bIBAECTCS IEPEHOPMHUPOBKOH. Meron
MIEPEHOPMHUPOBOK TPEANNCHIBAET BBEIECHHE HOBBIX OECKOHEYHOCTEW JJisi KOMIIEHCAllUM CTaphIX.
HecMoTpst Ha CBOIO HEMOJIHYIO MaTEMaTHYECKYI0 000CHOBAaHHOCTb, 3TOT METO/I YCIIEIIHO TPUMEHSETCS,
U TIOJIyYEHHbIE C €r0 MOMOUIBIO MPEICKAa3aHUsl YaCTHBIX TEOPHM 4pe3BhIUAiHO TOYHO COIJIACYIOTCS C
pe3ynbraramMu HaOmojeHni. OHaKO B IJIaHE MOWCKA 3aBEPIIEHHON TEOpHUH METOJ MepEeHOPMUPOBOK
o0najaer OJHMM CEpPbE3HBIM HEAOCTATKOM: OH HE IIO3BOJSIET TEOPETUYECKU Ipe/icKa3aTh
JeUCTBUTENFHBIC 3HAYEHUS] MAaCcC M CHJT; MX MPUXOIAMUTCS MOJOUPATH ITyTEM MOJTOHKH K SKCIIEPUMEHTY.

[Ipu mombITKax BKJIIOYWTH MPUHIMII HEONPEAETECHHOCTH B OOIIYI0 TEOPUI0 OTHOCHUTEIBHOCTU
UMEIOTCSl TOJBKO JIBa YHUCJA, KOTOPBIE MOKHO IOJATOHSATH: BEJIWYMHA TPABUTALMOHHOW CHJIBI H
KOCMOJIOTMYECKasi MOCTOsiHHAasg. Ho HMX H3MEHEHHEM HEBO3MOXKHO YCTPAaHUTh BCE€ OECKOHEYHOCTH.
3HaYUT, MBI MMEEM TEOPHUIO, COIVIACHO KOTOPOM HEKOTOpBIE BEJIWYMHBI, HAlpUMEpP KpHBH3HA
MIPOCTPAHCTBA-BPEMEHH, OJDKHBI ObITh OECKOHEUHBIMU, HECMOTPS Ha TO YTO 3TH BEIMYMHBI MOKHO
HaOmo/1aTh, U W3 M3MEPEHUIl BBITEKAeT, YTO OHM KOHeuHbl!! JTa mpobieMa, BO3ZHHUKAMOWIAs IpU
00beIUHEHUN OOIIell TEOPHUH OTHOCUTENILHOCTU C MPHUHIMIIOM HEOIPEICIIEHHOCTH, KaKOe-TO BpeMms
CUMTATACh COMHHUTENBHOM, HO B KOHIIE KOHIIOB €€ peaJbHOCTh OblIa, HAKOHEI], IMOATBEp)KICHA
JNeTabHbIMU pacueramu B 1972 r. Uepe3 yeTslpe rofa MOSBWIOCH OJTHO M3 BO3MOYKHBIX €€ PEIICHUH,
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Ha3BaHHOE Teopuel cymneprpaButaniui. CyTh 3TOW TEOPUH B TOM, YTO TPABUTOH (YaCTHUIA CO CITMTHOM 2,
SBIISIONIASICS TIEPEHOCYUKOM TPAaBUTAIIMOHHOTO B3aUMOJICHCTBUS) OOBEAUHSIETCS C HEKOTOPBHIMHU
HOBBIMH YacCTHILIAMH, UMeEIomMMHU ciuHbl 3/2, 1, 1/2 u 0. Torna Bce TH 4acTUIBI B KAKOM-TO CMBICIIE
MOXXHO pacCMaTpuBaTh Kak pa3HbIe BUABI OJTHOM M TOH K€ «CYNEpPYACTULIB», OCYIIECTBUB TAKUM
00pa3oM OO0bEIMHEHNE YACTULl MAaTePHH, UMEIOIIUX CIUHBI 1/2 1 3/2, ¢ yacTuamMu — MepeHOCYnKaMu
B3aMMO/JICHCTBUS, CIIUHBI KOTOPbIX paBHbl 0, 1 u 2. BupryanbHble mapbl 4acTUIa-aHTUYACTUIA CO
cnuHoM 1/2 m 3/2 o0GnanmaroT mpu 3TOM OTPHIATEIILHOW YHEPTHEH, KOMIICHCUPYIOIICH MOJIOKHUTEITBbHYIO
SHEPTHUI0 BUPTYAJBHBIX Map co ciiuHoM 2, 1, 0. B pe3ynpraTe MHOrHe 0ECKOHEUHOCTH OYIyT yCTPAHEHBI,
HO €CTh IOJIO3PEHUS, UTO KaKasi-TO UX YaCTh MOXKET BCe ke ocTarhes. OHAKO BBISICHEHUE TOTO, BCE JIH
OECKOHEUHOCTH YCTPAHEHBI, TPEOOBAJIO CTOJIb TPOMO3JIKHX M CIOXKHBIX PAaCcUYeTOB, YTO UMH HHKTO HE
cobupanics 3aHuMaThesl. OLIEHKU TMMOKa3aid, YTO JaKe ¢ MOMOIIBI0 KOMITbloTepa paboTa 3aHsuia Obl
HUKaK HE MEHBIIEC YETHIPEX JIeT, U MPH 3TOM OYCHb BEIUKA BEPOSTHOCTh XOTh Pa3 OLIMOUTHCS.
CrnenoBarenbHO, B OTBET€ MOXKHO OBbITh YBEpEHHBIM JIMIIL B TOM Cllydae, €cll KTO-HHOYIb ApYyroi
MOBTOPMJI OBl BCE BBIUMCIICHUS U MOJIYYMJI TOT K€ PE3YJIbTAT, & Ha 3TO TPYJHO PACCUUTHIBATD.
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Puc. 101 Puc. 10.2

HecmoTpss Ha Bce 3TM mpoOiIemMbl M HAa TO, YTO YAaCTHIBI B TEOPHSIX CyMeprpaBUTAIIHH,
MO-BUAMMOMY, OTJIMYAJIUCh OT HAOMIOJAEMBbIX YAacCTHI, OOJBIIMHCTBO YYEHBIX CUYHUTAJO, YTO
CyNeprpaBUTAIAS MOKET TIPUBECTH K MPABIIFHOMY PEIICHHIO 3a/1a4n 00 00bennHennn ¢pusuku. Ho B
1984 r. oOmiee yyeHoe MHEHHE CHJIBHEHIIUM 00pa3soM H3MEHMJIOCh B CTOPOHY TaK Ha3bIBAEMbIX
CTpYHHBIX Teopuii. OCHOBHBIMH 0OBEKTaMH CTPYHHBIX TEOPHUI BBICTYIAIOT HE YaCTHIIbI, 3aHIMAIOIIIHE
BCETO JIMIIb TOYKY B IPOCTPAHCTBE, & HEKHE CTPYKTYPHI BpoJie OECKOHEYHO TOHKUX KYCOUYKOB CTPYHBI,
HE MMEIOIMX HUKAKUX M3MEPEHHU, KpoMe JUTHHBI. KOHIIBI ATHX CTPYH MOTYT OBITH JHOO CBOOOIHBI
(Tak Ha3bIBaEMbIE OTKPBITHIE CTPYHBI), TUOO COEIUHEHBI JPYT C JPYroM (3aMKHYThIE CTPYHBI) (pHC.
10.1 u 10.2). YacTuna B Kax/ablii MOMEHT BPEMEHHM IPEACTABISAETCS OJHOW TOUKOW B MPOCTPAHCTBE.
CrenoBarenbHO, €€ UICTOPUIO MOXKHO N300pa3uTh JMHUEH B IPOCTPAHCTBE-BPEMEHH (MUPOBAst JINHUS).
Ho cTpyHe B KakIplii MOMEHT BpPEMEHHM OTBEYAET JIMHUS B TPEXMEPHOM MPOCTPAHCTBE.
CrnenoBarenbHO, €€ UCTOPHS B MPOCTPAHCTBE-BPEMEHH H300pa’kaeTcs JABYMEPHOW MOBEPXHOCTHIO,
KOTOpast Ha3bIBACTCSl «MUPOBBIM JHCTOMY. (JIFOOyIO TOUKY Ha TaKOM MHPOBOM JINCTE MOXKHO 33/1aTh
JIBYMSI YUCJIaMHU, OJJHO U3 KOTOPBIX — BpEMsI, a IPYroe — MOJI0KEHHE TOYKU Ha CTpyHE). MUpPOBOii THCT
OTKPBITOM CTPYHBI MPENCTABISIET CO0OW TOIOCY, Kpask KOTOPOH OTBEYAIOT MYTSM KOHIIOB CTPYHBI B
npoctpaHcTBe-BpeMeHu (puc. 10.1). MupoBoii JUCT 3aMKHYTOH CTPYHBI — 3TO IWJIMHAP WIK TpyOKa
(puc. 10.2), ceyeHHMeM KOTOpPOM SIBISETCSI OKPY)KHOCTh, OTBEYarollas IOJOKEHUIO CTPYHHI B
OIpeJIeIeHHbIH MOMEHT BPEMEHHU.
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JIBa KycKa CTpyHbI MOTYT COEIMHHUTLCS B OJIHY CTPYHY; B CIIy4ae OTKPBITBIX CTPYH OHM IPOCTO
cMbIkatoTcst KoHuamu (puc. 10.3), a coequHeHnE 3aMKHYTBIX CTPYH HallOMMHAET COETMHEHHE JBYX IITaHUH
B Oprokax (puc. 10.4). AHaOrMyHbIM 00pa30M KyCOK CTPYHbBI MOXKET pa3opBaThcsl Ha JiBe CTPyHbL To, 4To
paHbIIE CUUTATIOCHh YaCTUI[AMH, B CTPYHHBIX TEOPUSIX U300pakaeTcs B BUJIE BOJH, OETYIIMX IO CTPYHE TaK
e, KaK OeryT BOJIHBI 10 HATSIHYTOM BEpEBKeE, €CIU ee AEPHYTh 3a KoHell. VcimyckaHue 1 MoryomeHue O1HOM
YaCTUIIBI JIPYrOd OTBEYACT COCJMHEHHIO M Pa3/IeNiCHHIo CTpyH. Hampumep, rpaBUTAaIOHHAst Cuia, C
kotopoil ConHie JEeHCTBYeT Ha 3eMiII0, B TEOPUSAX YacTHUIl M300paXkanach Kak pe3ysbTaT HCIYCKaHMs
KakoW-HuOyap uvactuied Ha CoJHIE TpaBUTOHA M TMOCIEAYIOIIEro €ro IMOITIOMIEHHUs KaKoW-HUOYIb
yactuuei Ha 3emie (puc. 10.5). B Teopuu crpyH 3T10T mpouecc uzodpaxaercs H-o0pazHbM coeanHeHreM
Tpyook (puc. 10.6). (Teopust cTpyH B KakoM-TO CMBICIE MOJ00HA TEXHHKE BOJIOMPOBOMYMKA). JIBe
BEPTUKAJbHBIE CTOPOHBI COOTBETCTBYIOT dacTuuam, Haxomummca Ha ComHue u Ha 3emie, a
TOPH30HTAIbHAS MTONIEPEUYMHA OTBEYALT JICTSIIEMY MEKIY HUIMH TPABUTOHY.
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Teopust cTtpyH umeeT oueHb HEOOBIUHYIO HcTOpuIO0. OHa BO3HHKIIA B KOHIIE IIECTUAECSTHIX
TOZIOB IPHU TOMBITKAX MOCTPOUTH TEOPUIO CHIIBHBIX B3auMojeWcTBHM. Mnes Obuia B TOM, YTOOBI
YaCTHUIbl THUIIAa IPOTOHA M HEWTPOHA PAaCCMATPUBATh KaK BOJIHBI, PACIPOCTPAHSIOIINAECS IO CTPYHE.
Torpa cuibHBIE CHIIBI, JEHCTBYIOLIME MEXKAY YaCTULAMHM, COOTBETCTBYIOT OTPE3KaM CTPYH,
COEUHSIONIUM MeX1y cOO0H, KaK B MayTHHE, APYrue y4acTKU CTPYyH. {151 TOro 4roObl BEIYMCIEHHAS
B 3TOM TEOPHUM CHJIA B3aMMOJEHUCTBHS UMeTa 3HAUYECHUE, OTBEYAIOIEe DKCIIEPUMEHTY, CTPYHBI JOJIKHBI
OBbITh SKBUBAJICHTHBI PE3MHOBBIM JIEHTaM, HaTSHYTBIM C CUJIOW OKOJIO JI€CATH TOHH.

B 1974 r. napmxanun ko316 [lepk n Jxon HBapn u3 KanupopHHuiickoro TeXHOI0rHYECKOTO
WHCTUTYTA OIyOJIMKOBAIHM paboTy, B KOTOPOW OBLIO MOKA3aHO, YTO TEOPUS CTPYH MOXKET OMHCHIBATH
I'PaBUTALIMOHHOE B3aMMOJEHCTBHE, HO TOJBKO NPHU 3HAYUTEIHHO OOJIBIIEM HATSXKEHUH CTPYHBI —
MOPAJIKA THICSYM MIJIJTMOHOB MUJJIMOHOB MUJUIMOHOB MUJUTMOHOB MUJUTMOHOB MHJUIMOHOB (€IMHUIIA C
TPUILATHIO JIEBATHIO HYJISIMU) TOHH. B 00bIUHBIX MacmTabax mpeacka3aHus TaKOH CTPYHHOM Mojenu
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U o0wEell TeopuH OTHOCUTEIBHOCTH COBMAJald, HO HAUMHAIM pa3lInyaTbCsi HA OYEHb MallbIX
PacCTOSIHUSAX, MEHBIIUX OIHON THICSYa MWIJIMOH MHUIMOH MMJUIMOH MWJUTMOH MWIIHOHHOW HOJH
caHTUMeTpa (OJMH CAaHTUMETp, JIEJIEHHBIH Ha €JUHULY C TPUALATBIO TpeMms HymsiMu). OgHaKo 3Ta
paboTta He mpuBJIeKIa 0COOCHHOTO BHUMAHUS, IIOTOMY YTO KaK pa3 B TO BPeMs MHOTHE OTKa3aJHCh OT
[IePBOHAYAIIBHOM CTPYHHOW TEOPUH CHIIBHOTO B3aUMOJCHCTBHSA, OOpaTUBLINCH K TEOPUH KBAPKOB U
TJIIOOHOB, PE3yJbTaThl KOTOPOW 3HAYMTENBHO JIy4llle COTJacoBAIMCH € 3KcrepuMeHToM. Lllepk
Tparuuecku ymep (y mero O0bu1 qualeT, 1 BO BpeMsi KOMbI psAZOM HE 0Ka3aJoCh HUKOIO, KTO OBl ceman
eMy yKoJI MHCynauHa), u LLIBap1l ocTancst mo4Tu eIUHCTBEHHBIM CTOPOHHUKOM CTPYHHOH TEOpWH, HO
CO 3HAYUTEJIbHO 00JIee CHIIbHBIM HAaTSDKEHHEM CTPYH.

B 1984 r. unTepec k crpyHaMm HeoxHuIaHHO Bo3poAwics. Ha To 6b110, O-BUAUMOMY, J1BE TPUYUHBI.
Bo-1iepBbIX, HUKTO HE MOT' HUUEro JOOUTHCS, MBITAACh 0Ka3aTh, YTO CyNEPrpaBUTALM KOHEUHA WM YTO
C e¢ MOMOMIBI0O MOXXHO OOBSICHUTH CYIIECTBOBAHHME BCEX Pa3sHOOOPA3HBIX YAaCTUI], KOTOPbIE MBI
HaOmomaeM. Bropoit mpuumHON Obina myOsukainust crarbu Jxona IllBapma m Maiika ['puHa 13
Jlonnonckoro Kynn-Mapu-Kkoiiemka, B KOTOpOil ObUIO MOKa3aHO, YTO C MMOMOIIBIO TEOPUH CTPYH MOXKHO
OOBSICHUTDH CYILIECTBOBAHME YACTHIL C JIEBOM CIUPAIBLHOCTBIO, KaK Y HEKOTOPBIX M3 TE€X YacCTHIl, YTO MbI
HaOmomaem. Kakrmu Obl HE ObUTH 1TOOYANTETbHBIE MOTHBBI, BCKOPE OUYeHb MHOTHE OOpPATHUIINCh K TEOPHU
CTPYH, B Pe3yJIbTaTe Yero MOsIBUIACh €€ HOBas Pa3HOBUIHOCTb — TEOPUs TaK Ha3bIBAEMOH I'eTepOTHYECKON
CTPYHBI, KOTOpasi AaeT HaJeXK Ty Ha OOBSICHEHHE Pa3HOOOpa3Hs BHIOB HAOIIOIaeMbIX YACTHII.

Kparmwatiwed mpms oz A7 8 Hpa v iwd ngme o A a
& dﬁy}: LET M DO LT & mpex ujME.II'IEIHIIHT

Top

Puc. 10,7

B Teopusix cTpyH TOK€ BO3HUKAIOT OECKOHEUHOCTH, HO €CTh HaJeXkJa, 4TO B TE€X WJIM HMHBIX
TEOPHSIX TeTePOTUYECKOI CTPYHBI 3TU OECKOHEUYHOCTH COKpATATCS (XOTS MOKa 3TO €Ille He U3BECTHO).
Ho ctpyHHBIE TeOpuu cofepaT 3HaAUUTENbHO O0Jiee CepPbEe3HYI0 TPYAHOCTh: OHU HENPOTUBOPEUMBHI,
M0-BUAMMOMY, JIUIIb B J€CATU WIM JIBAIATUIIECTUMEPHOM MIPOCTPAHCTBE-BPEMEHH, @ HE B OOBIYHOM
yeTeipexMepHoM! JIuiHue u3Mepenus — 3To 0ObIYHOE J1e7I0 B Hay4yHOU (paHTacTuke; Tam 0e3 HUX U B
caMoM JieJie TIOYTH HEBO3MOXHO OOOWTHCH, MOTOMY YTO MHaue, W3-3a TOTO YTO, COIJIAaCHO TEOPUHU
OTHOCHUTENIbHOCTH, HENb3sl JBUTAaThCcs ObICTpee CBeTa, MYTEMIECTBUS CpPEOu 3BE3J M TaJaKTHK
MPOUCXOIMIN Obl HEMBICIUMO noiiro. Mnest HaydHOH (haHTACTUKU 3aK/I0YaeTcs B TOM, YTO MOXKHO
KAaKTO COKPATUTh MYTh, IPOWJI Yepe3 JINIIHEE U3MEPEHUE. DTy MBICIb MOKHO CIEAYIOUIMM 00pa3oM
MOSICHUTH Ha pucyHke. IIpencraBpre cebe, YTO MPOCTPAHCTBO, B KOTOPOM MBI )KMBEM, UMEET TOJIBKO
JIBa U3MEPEHMSI U UCKPUBJIEHO, KaK MOBEPXHOCTh OyOiuKa, miu topa (puc. 10.7). Eciu Bel HaxoauTech
B KaKOH-TO TOUKE Ha BHYTPEHHEH CTOPOHE TOPAa M XOTHUTE IONACTh B IPOTHUBOIIOJIOKHYIO TOUKY, BaM
npuaercs oO0ONTH TOp MO BHYTPEHHEMY KOJbIYy. A eciau Obl Bbl yMENM IMEpPEeMEelIaThCsi B TPETbeM
M3MEPEHUH, BBl MOTJIH OBl Cpe3aTh, MO/ HAPSAMHUK.

Ho mnouemy ke MBI He 3aMe4aeM BCE OTH JOIOJHUTEIbHbIE W3MEPEHHs, €CJIH OHHU
JENCTBUTEIBHO CYILIECTBYIOT?

[loyeMy MBI BUIUM TOJBKO TPHU IMPOCTPAHCTBEHHBIX M OAHO BpeMeHHOoe u3MepeHue? Bo3MoxkHO,
IIPUYMHA KPOETCS B TOM, YTO JPYTrH€ M3MEPEHHs CBEPHYTHl B OYEHb MAJIOE€ IPOCTPAHCTBO PasMEPOM
MOpsIIKa OJTHOM MIJUTMOH MIJIJTMOH MUJUTMOH MUJUTMOH MUJIJTMOHHOM 107 caHTHMeTpa. OHO Tak MaJio, 4To
MBI €r0 MPOCTO HE 3aMEYaEM: Mbl BHJUM BCErO JIMIIb OJHO BPEMEHHOE M TPU MPOCTPAHCTBEHHBIX
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WU3MEPEHUS], B KOTOPBIX MPOCTPAHCTBO-BPEMS BBITVIAUT JOBOJBHO IUIOCKUM. TO K€ caMO€ IPOUCXOIMT,
KOIJla Mbl CMOTPHM T1a TIOBEPXHOCTh ameJbCHHA: BOJM3M OHA BBINISIUT MCKPUBICHHOW M HEPOBHOM, a
n371a OyropKy He BUJIHBI U alleIbCUH KaXKeTcs IIafkuM. Tak *e U MPOCTPaHCTBO-BPEMS: B OUEHb MaIbIX
MacimTabax OHO JIECATUMEPHO M CHJIBHO HCKPHUBICHO, a B OONBIIMX MacIiTadax KpUBH3HA U
JOTIOJIHUTEIBHBIE U3MEPEHUs HEe BUIHBL. EciaM 3TO IpencraBleHUE BEPHO, TO OHO HECET JypPHBIE BECTH
OyIyIIM TIOKOPUTEIISIM KOCMOCA: JIONOJHHUTEIbHBIE W3MEpeHUsi OymayT CIHMIIKOM Majbl Ui MPOXOoAa
KocMH4eckoro kopabis. Ho Bo3HuKaer u apyras cepbesHas npoosiema. [louemy s HEKOTOphIE, a HE BCe
BOOOI11E U3MEPEHNUS IOJKHBI CBEPHYTHCS B MaJIeHbKHI 1apuk? Ha oueHb paHHel cTaauy Bce U3MEPEHNUs BO
Bcenennoll ObumM, NO-BUIAMMOMY, OY€Hb CWJIBHO MCKpHBIEHbI. [loyeMy e OIHO BpEeMEHHOe M TpU
IIPOCTPAHCTBEHHBIX N3MEPEHUS PA3BEPHYIINCh, @ BCE OCTAJIbHBIE OCTAKOTCS TYIO CBEPHYTHIMU?

Puc. 10.8

OnvH M3 BO3MOXXHBIX OTBETOB JA€TCsl AHTPONHBIM HPUHUUIOM. [IByX NpOCTpaHCTBEHHBIX
W3MEPEHUH, IMO-BHIMMOMY, HEIOCTaTOYHO JUII TOTO, YTOOBI MOTJIM PAa3BUTHCS TAaKHE CIOXKHBIE
cymectBa, kak Mbl. JKuBs, Hampumep, Ha OJHOMEpHOW 3emjie, JBYMEpHbIE >KUBOTHBIC, YTOOBI
Pa3oUTUCH TIPU BCTpede, ObUTM OBl BRIHYXKACHBI Iepernie3aTh ApYr depes apyra. Eciau Obl 1BymepHOe
CYIIECTBO MUTAJIOCHh YeM-HUOY/Ib TAKUM, YTO HE NePEBAPUBAETCS 10 KOHIIA, TO OCTATKH JOJDKHBI ObLIH
OBl BBIBOJUTHCS MO TOMY K€ MYTH, IO KOTOPOMY BXOAMT THINA, TaK KaK NMPU HATHYUH CKBO3HOTO
IIPOX0/ia Yepe3 BCE TeJIO JKMBOTHOE OKa3aloch Obl pa3/ielieHHbIM Ha JIB€ OTJENIbHBbIE MOJIOBHHBI, U
Halle JBYMEpPHOE CYIIECTBO pa3Baimiioch Obl Ha nBe yactu (puc. 10.8). TouHo Tak ke TpyIHO
MPEJCTaBUTh ce0e, KaK y IBYMEPHOTO CYIIECTBA MPOUCXOAMIA OBl IIUPKYISIUS KPOBH.

TpynHocTH BO3HMKanu Obl M B TOM cllydae, €ciau Obl YHCIIO NMPOCTPAHCTBEHHBIX HW3MEPEHUMH
Obul0 Oombiie Tpex. ['paBuTanMoHHAs cujga MEXIy JBYMS TelnaMmu ObIcTpee Bo3pacrana Obl C
paccTosiHHEM, 4eM B TpexMepHoM IpocTpaHcTBe. (Korma pacctosHue yaBamBaeTcs, TO B Tpex
M3MEPEHUSX TPaBUTALMOHHAS CHJIa YMEHBIIACTCSl B YETHIPE Pa3a, B YETHIPEX M3MEPEHHIX — B BOCEMb
pa3, B ISATH — B IIECTHAAUATh pa3 U T. 1.). DTO 3HAYMUT, YTO OPOUTHI IUIAHET, HAIpUMep, 3eMIIH,
Bpatatomuxcs Bokpyr ConHua, Obud Obl HECTaOUIIBHBL: Majieiiliee OTKIOHEHHE OT KPYyroBoi OpOUTHI
(BO3HHMKIIEE, TOMYCTUM, M33a TPaBUTALMOHHOIO MPUTSHKEHUS JPYTUX IUIAaHET) MPHUBETO Obl K TOMY,
yT0o 3emiis crana Obl nBUTraThesl HO cnupanu aubo ot ConHua, 1100 k ConHity. Mbl 061 TOrAa 11u60
3amep3nu, aubo cropenu. Ha camom nene, ecnu Obl 3aBUCHMMOCTb T'PABUTAI[MOHHOW CHIIBI OT
paccTosiHUsI ObUTa OJTMHAKOBOM B MPOCTPAHCTBAX C Pa3MEPHOCTHIO BBINIE TpeX, TO CONHIIE HE MOTIIO
ObI CyIIECTBOBATh B CTAOMIIBHOM COCTOSTHHM, B KOTOPOM COXPaHSETCs paBHOBECHE MEXKIY JaBIeHUEM
u rpaButanuei. OHo 1100 pacnanochk ObI HA YACTH, TN0O0, CKOJUIATICHPOBAB, MPEBPATIIIOCH B YUEPHYIO
asIpy. B 06oux ciydasx OT Hero yxke Obuto ObI MaJIo MOJIB3blI KaK OT MCTOYHMKA TEIUIa M CBETa JJIs
MOJICPKKH KM3HH Ha 3emsie. Ha MeHpmmX Macmrabax dJIeKTPUYECKHEe CHIIBI, TOJ| JeHCTBHEM
KOTOPBIX 3JIEKTPOHBI 00OpAIalOTCs B aTOME BOKPYT s7pa, BeJIU ObI ce0sl Tak ke, KaK IpaBUTAllMOHHBIE.
CrnenoBatenbHO, JIEKTPOHBI JIMO0 BCE BMECTE BbUIETENN OBl U3 aTOMa, JIM0O 10 CIUpPAU yrnaau Obl Ha
a1po. B ToM u 1pyrom ciyyae He CyIIecTBOBaJIO Obl TAKMX aTOMOB, Kak ceiuac.

Torna, kazanock Obl, O4EBUIAHO, UTO JKU3HB, 110 KPaitHEW Mepe Tak, Kak MbI e ce0e peICTaBIsIeM,
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MOXET CYILECTBOBATH JIMILb B TAKMX OOJACTSIX NMPOCTPAHCTBA-BPEMEHH, B KOTOPBIX OJTHO BPEMEHHOE U
TPU NPOCTPAHCTBEHHBIX U3MEPEHNUS HE OUE€Hb CUIIbHO UCKPUBJIEHBI. DTO 03HAYAET, YTO MBI UIMEEM IIPABO
IIPU3BaTh Ha MOMOIIb CIa0blil AaHTPOHHBIN NPUHILIUI, €CIIM CMOKEM I0Ka3aTh, YTO CTPYHHAasl TEOPUS 1O
KpailHell Mepe [omycKaeT (a OHa, HO-BUAMMOMY, JIEHCTBUTENBHO JIOIYCKAE€T) CYIIECTBOBAHHUE BO
Bcenennoii obmacreli ykazaHHOro Buja. BrionHe MoryT cymiectBoBaTh U Jipyrue obnactu BceneHHo#
WIN JIpyTUE BCEJNEHHbIE (Y4TO ObI MOJ STHM HH MOJPAa3yMEBAIOCh), B KOTOPBIX JHOO BCE M3MEPEHHUS
CUJIbHO MCKPHBIIEHBI, TM0O0 pacipsMIIEHO OOblIe YeThIpeX M3MEpEHUH, HO B MOAOOHBIX 00JacTsIX He
OyzeT pa3yMHBIX CYILECTB, KOTOPbIE MOTJIM OBl YBUIETH 3TO pa3HOO0pasne NCHCTBYIONIMX U3MEPEHHH.

Kpome onpeznenenust yucia U3MEpeHUi, KOTOPbIMU 00JIajaeT MPOCTPAHCTBO-BPEMS, B TEOPHHU
CTPYH €CTb €lI€ U IpYI'He 3a/1a4, KOTOPbIE HA/l0 PELIUTh, IPEXK/IE YEM IIPOBO3IJIAIATh TEOPUIO CTPYH
OKOHYATeJIbHOW eMHOI Teopueil Gpusnku. Mbl IoKa He 3HaeM, Bce JIM OECKOHEYHOCTH KOMIIEHCUPYIOT
Apyr Jpyra, ¥ HE YyMEEM TOYHO HAaxXOJIUTh COOTBETCTBUE MEXJIYy BOJHAMU Ha CTpyHE U
OIpeJIeIEHHBIMU THIIAMHU YacTHII, KOTOPble Mbl HaOiogaeM. TeM He MeHee OTBEThl Ha 3THU BOIPOCHI
OyayT, MO-BHIMMOMY, HalJICHBI B OJIIKalIINe HECKOJBKO JIET, M K KOHILY BEKa MbI y3HAaeM, SBISETCS
JIX TEOPHUS CTPYH TOH JOJTOXKIAHHON €IMHON Teopuen Ppu3uku.

Ho moeT nu ennHas Teopust peaibHO cyliecTBoBaTh? My Mbl IPOCTO FOHAEMCS 32 MUPAKOM?
Bo3MOXHBI, I0-BUAUMOMY, TPH BapHUaHTA.

1. [onHas exuHast TeOpUst ASHCTBUTEIIBHO CYIIIECTBYET, U MBI €€ KOTTIa-HUOY b OTKPOEM, €CJIM TIOCTapaeMCsl.

2. OxoHuYaTesnbHOM Teopuu BceneHHON HeT, a ecTh MPOCTO OECKOHEUHas! MOCIe0BATEIbHOCTh
TEOpHUi, KOTOPBIE 1aI0T Bce Oosiee U Oojiee TouHoe onrcaHue BeenenHoil.

3. Teopun BceneHHoll He cymiecTByeT: COOBITHS HE MOryT OBITh IpEICKa3aHbl Jaee
HEKOTOpOro Mpesesia U MPOUCXOIAT IPOU3BOIBHBIM 00pa3oM U OECTIOPSIIOUHO.

B nmonw3y TpeThero BapuaHTa HEKOTOPBIE BBIIBUTAKOT TOT JOBOJ, YTO CYHIECTBOBAHUE ITOJIHON
CHCTEMBI 3aKOHOB OrpaHHYMIIO ObI cBOOO Y bora, eciin Obl OH mepeayMan v pemniI BMEIaTbCsl B HaI
mup. Curyauus CpoJHH CTapoMy J00poMy HapajokCy: MOXeT Ju bor coTBOpuTh Takol KaMeHb,
KoTopblii OH caM He cMor Obl oAHATh. Ho MbIcib 0 TOM, yTO bor MoxeT nepeaymars, — 3TO IpUMEP
3a0J1y’KJIeHHs, Ha KOTOpoe yKa3biBal elle braakeHHbI ABI'YCTHH; OHO BO3HHKAET, €CIIM cuuTaTh bora
CYLIECTBOM, JKUBYIIMM BO BPEMEHHU; BpEMs K€ — CBOWCTBO TOJIbKO BcelleHHOi, koTopasi co3iaHa
borowm. 3anyckas Beenennyto, bor, BeposiTHO, 3Hal 4TO nenaet!

C mosiBieHMEM KBAaHTOBOM MEXaHWUKU TPHILIO MMOHMMAaHHE TOTO, YTO COOBITHE HEBO3MOXKHO
IpeJCKa3blBaTh aOCOMIOTHO TOYHO M B JIOOOM Ipe/CKa3aHUU BCETr/la COJEPKUTCS HEKoTopas IO
HeompeneneHHOCTH. [Ipu KemaHuw 3Ty HEONMPEAENEHHOCTh MOXHO OBLIIO ObI OTHECTH Ha CYET
BMELIATENbCTBA bora, HO BMEIIATENbCTBA, HOCALIETO OYEHb CTPaHHBIA XapakTep: HET HUKAKHUX
CBUJETEIBCTB €ro XOTb Kakoi-HMOyIb 1eleBOM HampaBleHHOCTU. Pa3zymeercs, OKa3aBIIUCH
HampaBJICHHBIM, OHO 0 CBOEMY MOHSATHIO He ObUIO Obl CiIydailHBIM. B Hamr Bek Mbl MpaKkTHYECKU
HCKJIFOYWIA TPETHM BO3MOJKHBIM BapHaHT, IPEAONPEACIIUB LIEb, CTOAILYK IEpe] HAayKOM: HATH
CHCTEMY 3aKOHOB, KOTOpBIE JJaBajid Obl BO3MOXKHOCTb MPEACKa3bIBaTh COOBITHS B Ipeenax TOUHOCTH,
YCTaHABJIMBAEMOI MPUHIIUIIOM HEONPEEIEHHOCTH.

Bropast BO3MOXXHOCTb, CBI3aHHAsI C CYLIIECTBOBAHUEM OECKOHEYHOM MOCIIE0BATEIbHOCTH Bee Ooliee
n Ooyiee TOYHBIX TEOpPHil, MOKa IIEJIMKOM COIVIACYETCsl ¢ HAllMM OINbITOM. BO MHOIMX ciydasx Mbl
MOBBIIIAJIM YyBCTBUTEIBHOCTD allllapaTypbl WIN MPOU3BOIMIN 3KCIIEPUMEHTHI HOBOTO THIIA JIMILIb JJIS
TOTO, YTOOBI OTKPBITH HOBBIE SIBJICHUS, KOTOPBIE €I1le HE ObLIN MpeCcKa3aHbl CYIIECTBYIOLIEH TeopHeH, U
JUIsL UX TIPEACKa3aHusl MPUXOIUIIOCh CO3/1aBaTh HOBYIO, Ooiiee clioxHyro Teoputo. [losromy He Oyner
HUYEro OCOOEHHO YIMBUTEIBHOTO, €CIIM OKA)KETCSl HEBEPHBIM NpeACKa3aHUe, CIETaHHOE B paMKax
COBPEMEHHBIX TEOPHH BEIUKOIO OOBEIMHEHHs, O TOM, YTO HE JIOJDKHO OBITh HHKAKHUX CYLIECTBEHHO
HOBBIX SIBJIEHUH B IPOMEXKYTKE OT 3HAUEHUs SHEPTUH AeKTpociadoro ooveannenus 100 I'5B no suepruu
BEJIUKOTO OOBEAMHEHUs], PABHOW MPUMEPHO THICSYE MWIMOHOB MHJUTMOHOB T'MI'adJIeKTPOHBOJIBT. Ha
CaMOM Jielle€ MOXKHO OXHJaTh, 4TO OyIyT OTKPBITBI KakKHe-TO HOBBIE CIJIOM CTPYKTYphI, Oojee
JJIEMEHTApHbIE, YEM KBapKHU U 3JIEKTPOHBI, KOTOPBIE MbI CEHYAC CYMTAEM DIIEMEHTAPHBIMMU.

Ho rpaBuTamnus MoxeT, mo-BUIMMOMY, HaJOXHUTh OTpaHMUYEHUE Ha ATY MOCIEIO0BATEIHHOCTH
BJIOXKEHHBIX OJHAa B JpPYryl0 «Marpemek». Eciau Obl cyliecTBOBana 4YacTHIA, SHEPrUs KOTOPOH
npeBbilIaa Obl MJIAHKOBCKOE 3HAUEHHWE — JAECATh MHJUIMOHOB MWIJIMOHOB MWJUIMOHOB (€AMHMIA C
JIeBATHA/IATBIO HYJISIMH) TUra3JeKTPOHBOJIBT, — TO €€ Macca Obula Obl CTOJIb CHJIBHO CXarta, 4YTO
yacTUIla BbIJaBUIAch Obl U3 BcenmenHoil, oOpa3oBaB dYepHyl JAblpy. TakuM o00pazom,
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II0CJIEI0BATENBHOCTD BCe O0JIee TOUHBIX TEOPHH T0JDKHA, O-BUAUMOMY, UMETh IPEAe MpH Mepexoie
KO Bce Oojiee U 0osiee BBICOKMM PHEPTHUSM, a MOTOMY NPU KaKUX-TO SHEPrHsX JIOJKHA CYIECTBOBAThH
OKOHYaTeNbHas Teopusi BeceneHHo.

[InaHnkoBckass dHeprus, KOHEYHO, OTIEJIIEHA [PONACTbI0 OT OJHEPruil MopsaKka COTHU
TMra’jIeKTPOHBOJIBT — TOIO MAaKCUMyMa, KOTOPbI celyac MOXXHO JOCTHYb B Ja0OpaTOpuM, U C
IIOMOUIBIO YCKOPUTEIIEH BPsi/ JIM yAACTCSI BO3BECTH MOCT Y€pe3 3Ty IponacTb B 0003puMoM Oyayiiem!
Ho cTonb BbICOKME 3HEPIMM MOIJIM BO3HUKHYTh Ha OYE€Hb PAaHHMX CTaJMAX pa3BUTHs Bcenennoi. Mue
KaXeTcs, 4YTO H3yueHHe paHHel BcemeHHONW W TpeOOBaHMS MaTEeMaTHYECKOH COIJIACOBAHHOCTH
IIPUBEAYT K CO3JAHUIO MOJHOW €JUHON TEOPUH, U NMPOU3OUIET ITO €IEe IIPHU KU3HU KOro-TO M3 Hac,
HBIHE JKUBYIIUX, €CIIH, KOHEYHO, MBI JI0 3TOTO CaMH ce0s HE B30PBEM.

Yro Obl 3TO O3HAYANIO, €CIIM Obl HaM JEHCTBUTENBHO YIAJIOCh OTKPHITh OKOHYATEJIbHYK TEOPHIO
Bcenennoii? Kak yxe roBopuiioch B 1. 1, Mbl HUKOTZIa HE MOIJIM Obl OBITH YBEPEHHBIMH B TOM, YTO
HalJIcHHAsl TeOpusl ACHUCTBUTEIIBHO BEPHA, IIOTOMY YTO HHUKAKYyH0 TEOPUIO Helb3s Jokazarb. Ho ecim
OTKpBITast Teopusi OblIa ObI MaTEMaTHYECKH HETPOTHBOPEYMBA M €€ MPECKa3aHMs BCET/Ia COBMANAIN C
HKCIIEPUMEHTOM, TO Mbl MOIVIA Obl HE COMHEBATHCS B €€ MIPAaBUIIBHOCTH. DTHM 3aBEpIIMIIACh Obl AJIMHHAS
U yIMBUTEJbHAS IJIaBa B MCTOPHU MHTEIUIEKTYaJIbHOM OOpHOBI 4eloBEeYecTBa 3a Mo3HaHWE BceneHHOM.
Kpome Toro, oTKpbITHE TaKOW TEOPUH MPOU3BEIO Obl PEBOJIIOLMIO B MPECTaBICHUSIX OOBIYHBIX JIFOJIEH O
3aKoHaX, ynpasisironmx Bceenennoit. Bo Bpemena HrioroHa 0Opa3oBaHHBINA YEIOBEK MOT, MO KpaiHen
Mepe B OOILIMX YepTax, OXBaTUTh BECh 00BEM 3HAHM, KOTOPBIMM pacrojiarajio yenoBedectBo. Ho ¢ tex
IIOp Pa3BUTHE HAYKH HNPOMCXOAUT B TaKOM TEMIIE, YTO MOJOOHBIA OXBaT CTal HEBO3MOXHbIM. Teopuu
HETIPEPbIBHO BUAOM3MEHSIOTCS JUISl COIJIAaCOBAHUS C pe3yJibTaTaMU HAOJIOEHUH, U HUKTO HE 3aHUMAeTCs
nepepadoOTKOI U yIPOIIEHUEM TEOPHIA /IS TOT0, YTOOBI MX MOTJIHM MTOHSTH HecrienuaaucThl. Jaxe Oymyqn
CIIELMATIMCTOM, MOKHO HAJESThCs MOHATH JMILIb MAIYIO 4acTh HAay4HbIX Teopuil. Kpome Toro, passurue
U/IeT Tak OBICTPO, YTO BCE, YEMY ydaT B IIKOJIC WJIM YHHBEPCHUTETE, BCEra HEMHOro ycrapenoe. Jlumib
eIMHUIBI MOTYT JIBUTaTbCsl BIIEpel HapaBHE € ObICTPO pacTymuMm oObeMoM HH(popMaimu. Hm
MIPUXOANUTCS MOCBSAIIATH ITOMY BCE CBOE BpEMsI U CIIELMATU3UPOBAThCA JIMIIb B KAKOW-TO y3KOH 00J1acTu.
OcrasibHble MaJIO YTO 3HAKOT O TOM, YEro JOCTUITIA HAYKa M KaK 3TO NEPEeKUBAIOT ydeHble. Ecim Beputsb
OIIMHITOHY, CEMbJECAT JIET Ha3aJl JIMIIb JBa YEIOBEKa MOHUMAIN OOLIYI0 TEOPHIO OTHOCHTEIBHOCTH.
Ceiluac ee 3HAIOT AECATKH ThICSAY BBITYCKHUKOB YHUBEPCUTETOB, & MHOTUE MUJIIMOHBI JIFOAEH 110 KpaiHen
Mepe 3HAKOMBI ¢ JIeKAIleH B €e OCHOBE micel. Ecim Obl ObUIa OTKPHITA IMOJTHAS CIMHAS TCOPHS, TO €
CHCTeMaTU3allys U YIpPOIIEeHHe, a OTOM U IMPENoaBaHue B IIKOJIE, M0 KpaiiHell Mepe B o0IuX uepTax,
OKa3aJIMCh OBl MPOCTO JIeJIOM BpeMeHHu. Toraa Bce CMOIM Obl MOJYYHUTh HEKOTOPOE IMPEICTaBIECHHE O
3aKOHaX, YIPAaBILIOIMX BCeeHHON 1 OTBETCTBEHHBIX 3a HAILIE CYIIECTBOBAHUE.

Ecnn Ham [eHCTBUTENBHO yJacTcs OTKPBITh MOJHYIO €IUHYI0 TEOpHUIO, TO 3TO He Oyner
O3HayaTh, YTO Mbl CMOKEM IpeJICKa3bIBaTh COOBITUS BooOmIe. Ha To ecTh ABe mpuunHbl. Bo-nepBbIX,
Hallll TpPeJCKa3aTeiabHble BO3MOXHOCTH OTpaHMYEHbl KBAHTOBO-MEXAaHUYECKUM MPUHIUIIOM
HEOIPEAEIEHHOCTH, U C 9TUM HHMYEro He nozenacms. [IpaBna, Ha NpakTHKe BTOPOE OTpaHUYEHHE
CHJIbHEE IepBOro. BTopoe orpaHudeHue CBSI3aHO C TE€M, YTO, €CIM HE CUHUTaTh OYEHb IPOCTHIX
CllyyaeB, Mbl HE yMeeM HaXOJIUTh TOYHBIE PELICHUs YpaBHEHH, onmuchIBaromuX Teoputo. (Mbl He B
COCTOSIHUM TOYHO pEHINTh Jak€ YypaBHEHUS [BMXKEHUS TpeX Tel B HBIOTOHOBCKOW TEOpUU
rpaBUTAllMHU, & C POCTOM YHCIIA TeJ U YCIOKHEHHEM T€OpUU TPYAHOCTH ellle 0ojee yBETMUUBAIOTCS).
Mpl yxe 3HaeM Te€ 3aKOHbBI, KOTOPbIM MOJUYMHSIETCS MOBEJCHHE BEIIECTBA BO BCEX YCIIOBHUSAX, KpOME
9KCTPEMAJIBHBIX. B 4acTHOCTH, MBI 3HacM caMble Ba)XKHBIE 3aKOHBI, JIE)KAllUE€ B OCHOBE XUMHUHU U
ouosnorun. Tem He MeHee Mbl, KOHEYHO K€, HE MPUYHUCIISIEM 3TH HaAyKH K PEIICHHBIM MpoOJieMaM; Mbl
MoKa He JOOWIMCh TOYTH HUKAKUX YCIIEXOB B IPEJCKAa3aHUU IOBEJICHHUs 4YeloBeKa Ha OCHOBE
MaTematuueckux ypaBHeHui! Takum oOpa3om, eciu Mbl U HailieM MOJHYIO CHCTEMY OCHOBHBIX
3aKOHOB, IEpe] HaMM Ha MHOTrO JieT BHepea OyAeT CTOATh BBHI30BOM HAIIeMy HMHTEIUICKTY 3ajada
pa3paboTKW HOBBIX NPUOIMKEHHBIX METO/OB, C IOMOILIBIO KOTOPBIX MBI MOTJM OBl YCIEUIHO
IIPEICKa3bIBaTh  BO3MOJKHBIE  pe3yJlbTaTbl B  PEaJbHBIX  CIOXKHBIX  cuTyauusax. [lomHas,
HENPOTUBOPEUNBAs €MHAasi TEOPUS — 3TO JIMIIB MEPBBIN IIar: HaIla IeJib — MOJHOE TOHUMAaHUE BCErO
MIPOUCXOJIAIIET0 BOKPYT HAC M HAIIEro COOCTBEHHOTO CYIIECTBOBAHUSI.

11. 3akno4yeHune

Mpbl kuBeM B YAMBUTEIbHOM Mupe. Ham xouercss MOHSTH TO, YTO Mbl BUAMM BOKPYT, U

CIPOCUTH: KaKOBO IPOUCXOXKIECHHE BcelleHHOo#? Kakoe MeCTO B HEH 3aHMMaeM Mbl, U OTKYyJa Mbl U
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OHa — BCE JTO B35JI0CH? IIOYEMY BCE IPOUCXOJUT UMEHHO TaK, a HE MHA4e?

Jlnst oTBeTa HAa HTU BOIPOCHI MBI IPUHUMAEM HEKYI0 KapTUHY MHpa. TakoW KapTHUHON MOXKET
OBITh Kak OammHs M3 CTOSMIMX IPYr Ha JPyre 4yepenax, HeCyIHMX Ha ceOe TUIOCKYI0 3eMIII0, TaK H
Teopusi cynepctpyH. OOe OHM SBISIIOTCS TeOpUsMU BceneHHOH, HO BTOpas 3HAYUTENbHO
MaTeMaTHuHee U TouHee nepBoi. Hu onHa u3 3TuX Teopuil He MOATBEPKICHA HAOIIOICHUSIMUA: HUKTO
HUKOI'/Ia HE BUJIEJI TUTAHTCKYIO Yeperaxy ¢ Hamled 3emiiell Ha CIIMHE, HO Beb U CYNEPCTPYHY HUKTO
HUKorzaa He Bujes. OQHako MOZENb Yepenax Hesb3s Ha3BaTh XOPOIIEH Hay4YHOU TEOpUEH, IOTOMY YTO
OHA IPEJICKa3bIBAET BO3MOKHOCTb BBINAJACHUS JIOAEH uepe3 Kpail mupa. Takas BO3MOXKHOCTb HE
MIOATBEPXKIEHA OKCIEPUMEHTAJIBHO, pa3Be YTO OHA OKAXETCS MNPUYMHOM IPEAIonaracMoro
HCUYE3HOBEHHUS JIto/ieil B bepmynckom TpeyroiabHuke!

Camble mnepBble TIONBITKM ONUCaHUA U OObsACHeHHs BceneHHoW ObUIM OCHOBaHBI Ha
NPEJCTaBICHUH, YTO COOBITHSIMH U SBICHUSMH TPUPOABI YIPABISIOT JyXH, HaJelICeHHbIC
YeJI0BEYECKMMHU SMOLUSAMHU U AEHCTBYIOLIME COBEPIIEHHO KaK JIOAU U aOCOIIOTHO HENPEACKa3yeMo.

OTH yXxH HAcesUTM TaKue NPUPOJHBbIE OOBEKTHI, KaK PEKH, ropbl M HEOECHBIC TeJa, HarpuMep,
Connue u Jlyny. Ilonaranocs 3agabpuBaTh MX M J0OMBATHCS UX PACIHOJIOKEHHS, YTOObI 00ECIIEUNUTh
IUIOIOPOIME TOYBBI M CMEHY BpeMeH roga. Ho TocTeneHHO oM JOJDKHBI ObUTM TOAMETHTH
olnpeneseHHble 3akoHOMepHocTH: CoONHIE BCErAa BCTABAJIO HA BOCTOKE W CagWiIoCh Ha 3amaze
HE3aBHCUMO OT TOro, OblIa Wi He Obu1a mpuHeceHa xeptBa 6ory Comnna. Connue, JlyHa u maHeTs
XOAWIM 1O HeOy BJOJb COBEPIIEHHO ONpPEJEeNICHHbIX IyTeH, KOTOpble MOXKHO OBLIO IpeicKa3aTh
Harepes1 ¢ xopoiei Tounoctsio. ComHile 1 JIyHa Bee jke MOTIIM OKa3aThesi 00raMu, HO OoramMu, KOTOpPhIC
MOTYMHAIOTCA CTPOTMM, IO-BUIMMOMY, HE JOIIYCKAIOIIMM MCKIIOYEHHUN 3aKOHAaM, €CJIHM, KOHEYHO,
OTBJIEUBCS OT POCCKa3HEN BPOJIE JIET€H/ bl 0 TOM, Kak paau Mucyca HaBuna octanoBuiocs CosHIie.

CHauvana 3aKOHOMEPHOCTHM U 3aKOHBI ObUIM OOHApyKEHbl TOJILKO B aCTPOHOMHUHU U euie B
CUMTaHHBIX ciydasx. Ho mo mepe pa3BuUTHS LUMBWIM3ALMU, U OCOOEHHO 3a MOCIEAHHME TPUCTA JIET,
OTKPBIBAJIUCH BCE HOBBIE U HOBBIEC 3aKOHOMEPHOCTH U 3aKOHBI. Y CIIEIIHOE IPUMEHEHUE dTUX 3aKOHOB
B Hayane XIX B. npuseno Jlamiaca Kk JOKTpUHE HAYYHOTO AeTepMUHU3MA. E€ CyTh B TOM, YTO JTOJKHA
CYIIECTBOBATh CUCTEMa 3aKOHOB, TOYHO ONpEEeNIoNuUX, KaKk OyneT pa3BuBaThcs Bcenennas, mo ee
COCTOSIHUIO B OJIUH KaKOH-HUOY/Ib MOMEHT BPEMEHU.

JlannacoBCKUil AeTepMUHU3M ObLI HEMOJHBIM HO JABYM HpUYMHaM. B HeM Huyero He
TOBOPHJIOCH O TOM, KaK CJI€yeT BbIOMPATh 3aKOHbI, U HUKAK HE OINPEAESUIOCh HAYaJIbHOE COCTOSIHUE
Bcenennoii. I To u apyroe npenocrasisiock pemars bory. bor nomkeH Obul pelnTb, KaKUM OBITh
Hayany BceneHHOM M KakuM 3aKOHaM €W IOJUYMHATHCS, HO C BO3HUKHOBEHHMEM BcelleHHON ero
BMEIIATEeNIbCTBO MpeKkpaTtuiock. [lpaktuueckn bory ObiM ocTaBieHbl JUIIb T€ 00JACTH, KOTOpbIE
ObUTM HEeMOHATHBI Hayke XIX B.

Celiyac MbI 3HaeM, 4yTO Me4Thl Jlamiaca o 1eTepMUHHU3ME HEPEANIBHBI, 10 KpalilHEH MEpe B TOM
BUJE, Kak 3T0 nmoHuman Jlamnac. B cuiay KBaHTOBO-MEXaHMUYECKOTO NMPHUHIIMIIA HEONPEICIEHHOCTH
HEKOTOpBIE Mapbl BEIWUYNH, HAIIPUMED, MOJIO)KEHUE YaCTHUIBI U €€ CKOPOCTb, HENb35 OJHOBPEMEHHO
abCOJIIOTHO TOYHO IMpE/ICcKa3aTh.

KBaHTOBass MexaHuMKa B MOJOOHBIX CHUTyalusx oOpamaercs K ILeJOMy KiIacCy KBAaHTOBBIX
TEOpUH, B KOTOPBIX YaCTUIBl HE HMEIOT TOYHO ONPEJEICHHBIX IOJIOKEHUH M CKOpocTel, a
IIPEJCTABIISIOTCS B BHUJE BOJH. Takue KBAaHTOBBIE TEOPUU SBIAIOTCS ACTEPMUHUCTCKUMH B TOM
CMBICJIE, YTO OHU YKa3bIBaIOT 3aKOH M3MEHEHMsI BOJIH co BpeMeHeM. [1oaToMy, 3Hasg XapakTepucTUKU
BOJIHBI B OJIMH MOMEHT BPEMEHH, Mbl MOXXEM pacCUMTaTh, KAKUMU OHM CTAaHYT B JIIOOOW Ipyroi
MOMEHT BPEMEHH. DJIEMEHT HENpPeACKa3yeMOCTH U CIy4YallHOCTH BO3HHMKAET JIMILIb MPU IMONBITKaX
MHTEPIIPETALIMM BOJIHBI HA OCHOBE IPEJCTABICHUN O MOJIOXKEHUH U CKOpOCTH 4actull. Ho B aTOM-TO,
BO3MO’KHO, U 3aKJIFOYAETCs Halla OIIMOKa: MOXKET ObITh, HET HU MOJIOKEHUI, HU CKOPOCTeH JacTul, a
CYIIECTBYIOT OJIHU TOJBKO BOJHBI. M omMOKa MMEHHO B TOM, YTO MBI IBITAEMCSl BTUCHYTh TOHSITHE
BOJIHBI B HAIlM 3aCKOPY3Jible TNPEJCTABJICHUS O TMOJIOKEHUSIX U CKOPOCTSAX, a BO3HUKAIOIIee
HECOOTBETCTBHUE U €CTh IPUUNHA KAXKYIIEUCA HENPEICKa3yeMOCTH.

W BOT MBI MOCTaBWIM HHYIO 3aJady Iepe] HAayKoW: HAWTH 3aKOHBI, KOTOPHIE MO3BOJISIN ObI
MPEJCKa3bIBaTh COOBITHS C TOYHOCTHIO, JOMYCKaeMOW MPUHIMIIOM HeompeaeneHHocTH. OnHako Bce
paBHO ocTraeTcsi 0e3 OTBeTa BOMPOC: KaK M MOYEMY IPOU3BOJWICS BBIOOP 3aKOHOB M HAdajIbHOIO
cocTosiHus Beenennoit?

B 3710i1 kHUTE 5 0COO0 BBIAEINI 3aKOHBI, KOTOPHIM OTYUHSIETCS TpaBUTALIMs, TOTOMY 4TO, XOTS
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IPaBUTALIMOHHBIE CHUJIBI CaMble CJ1a0ble W3 CYIIECTBYIOUIMX 4YEThIpEeX THUIIOB CHJI, UMEHHO IIOJ
JeicTBUEM TpaBUTAllMM  (opMupyeTcs KpynmHOMacumTabHas CTpykTypa BceeneHnoil. 3akoHbI
rpaBUTAlMU OBLIM HECOBMECTHUMBI C €II€ HEIaBHO ObITOBaBIIEH TOUYKOM 3peHus, 4yto BceeneHHas He
U3MEHSIETCd CO BPEMEHEM: M3 TOrO, YTO TIPAaBUTALMOHHBIE CHUJIBl BCErzJa SBISIOTCA CHIIAMU
IIPUTSDKEHUS, BbITEKaeT, uTo BceeneHHas nosmkHa MO0 pacluupsAThes, MO0 cxumaThbes. CorjiacHO
o0miell TEOpHUH OTHOCUTEIBHOCTH, B TMPOLUIOM JOJDKHO OBIJIO CYIIECTBOBATH COCTOSHHE C
0ECKOHEUHOW IUIOTHOCTBIO — OOJIBIION B3pBIB, KOTOPBIA M cTal 3(PQHEKTUBHO HAYaJIOM OTcueTa
BpeMEHHU. AHAJIOTMYHBIM 00pa3oM, eciau Bcs BceneHHass MCHIbITaeT MOBTOPHBIA KoJUlanc, TO B
OyaylieM JOODKHO OOHApyKUThCS €Ille OAHO COCTOSIHME C OECKOHEUHOW IIOTHOCTBIO — OOJIBLION
XJIOIIOK, KOTOPBIM CTaHET KOHLIOM T€YEHHsI BpeMeHHU. Jlake ecny BTOpUYHBINA Kosulanc BeeneHHON He
IIPOU30MJIET, BO BCEX JIOKAIM30BAHHBIX O0JIACTSIX, U3 KOTOPBIX B pe3yibTaTe KoJularca o0pa3oBajluCh
YepHBIE JBIPHI, BCE PABHO BOSHUKHYT CHHTYJISIPHOCTH. DTH CHHTYISIPHOCTH OyayT KOHIIOM BpPEMEHHU
Ui 1r000r0, KTO yNnajeT B YepHYIo Jblpy. B Touke GOJbIIOro B3pbIBa U B APYIHMX CHUHIYJISPHOCTSIX
HaApyIIAIOTCS BCE 3aKOHBI, a MOJTOMY 3a borom coxpasieTcs mojiHas cBo0OOJa B BBIOOpE TOTO, YTO
IIPOMCXOJIUIIO B CUHTYJIIPHOCTSIX M KaKUM ObL10 Hayano BeeneHHOM.

[Ipu oOBeaMHEHNMH KBAaHTOBOM MEXaHHWKH C OOLIeld Teopued OTHOCHUTEIBHOCTH BO3HUKAET,
[IO-BUAMMOMY, HOBas, JOCEJE HEU3BECTHAs BO3MOXHOCTb: IPOCTPAHCTBO M BPEMS MOTYT BMECTE
00pa3oBaTh KOHEYHOE YETHIPEXMEPHOE IPOCTPAHCTBO, HE HMEIOLIEE CUHTYISAPHOCTEM M TpaHULl U
HalOMMHAIOIIEE TOBEPXHOCTb 3eMJIH, HO C OOJIBIIMM YUCIOM n3MepeHHid. C MOMOIIBIO TAKOT'o MM01X0/a
yIanochk Obl, HaBepHOE, OOBSICHUTH MHOTHME W3 HAOIIOAAaeMbIX CBOWCTB BceneHHOH, Hampumep, ee
OJTHOPOJIHOCTH B OOJIBIIMX MaciTabax U OAHOBPEMEHHO OTKJIOHEHMS OT OJHOPOJHOCTH, HabJ0aeMble
B MEHbBIIMX MaciTadax, Takue, Kak TaJaKTHKH, 3BE3/Ibl U JaXxe yenoBeueckue cymectBa. C IOMOIIBIO
3TOr0 MOJXO0Ja MOXKHO ObLIO Obl OOBACHUTH J@Xe CYILECTBOBAaHME HAOIIOJAEMONl HaMM CTpesbl
BpemeHu. Ho ecin BeeneHHas MOIHOCTBIO 3aMKHYTa U HE MMEET HU CHUHTYJISIPHOCTEH, HU TPaHMIl, TO
OTCIOJIA BBITEKAIOT OYEHb CEPbE3HbIE BBIBOJIBI O poiu bora kak Coznares.

Omnaxapl DiHIITEWH 3aman Bompoc: «Kakoit BeiOop Obu1 y bora, korma oH cozmaBan
Bcenennywo?» Ecnu BepHO mpeanonoxeHue o0 OTCYTCTBUM TpaHHUL, TO y bora BooOuie He ObuIO
HUKaKOi CBOOOIBI BBHIOOpAa Ha4YalNbHBIX yCIOBUH. Pa3zymeercs, y Hero emie ocraBajach CB0OOJA
BbIOOpa 3aKOHOB, KOTOpbIM mnojauuHsercs Bcenennas. Ho ux Ha camMoMm Jene He Tak YK MHOIO;
CYLIECTBYET, BO3MOXKHO, BCEr0 OJHA WJIM HECKOJIbKO MOJHBIX €IMHBIX TEOpUN, HapUMEp, TEOpHs
TeTepPOTHUECKON CTPYHBI, KOTOPbIE ObUIM ObI HEMIPOTHUBOPEUUBBI U JIONMYCKAIM CYIIECTBOBAHUE TAKUX
CIIO)KHBIX CTPYKTYp, KaK YeJIOBEYECKHE CYIIECTBA, CIIOCOOHBIX HCCIIEN0BaTh 3aKOHbI BceneHHol u
3aJ1aBaTh BOMPOCHI O CyIHOCTH bora.

Jlasxe eciv BO3MOYKHA BCEro OJIHA €MHasi TEOPHs — 3TO MPOCTO HAOOp MpaBuil U ypaBHeHuil. Ho
YTO BJBIXAeT )KU3Hb B 3TH YpaBHEHUS U co3laeT BceneHHyro, KOTOPYIO OHU MOTIJIM OBl ONMUCHIBATH?
OObIYHBIN MyTh MAyKH — MOCTPOCHHE MATEMAaTUYECKONW MOJENN — HE MOXKET IMPUBECTU K OTBETY Ha
BOMPOC O TOM, [T0YeMY JOJKHA CYIIECTBOBaTh BceneHHas, KOTopyto OyAeT ONMUChIBATh MOCTPOECHHAs
Mozenb. [louemy Bceenennas uuer Ha Bce XJIONOTHI cymiecTBoBaHUs? Heyxenu enunas Teopus Tak
BCECWJIbHA, YTO Cama SIBJSETCS NPUYUMHOW cBoel peanm3auuu? Mim el Hy)KeH co3laTelb, a €ClH
HY>XEH, TO OKa3bIBAET JIM OH €Ile Kakoe-H1Oyab Bo3aeicTBue Ha Beenennyto? U kTo coznan ero?

IToka GONBIIMHCTBO YUYEHBIX CIUIIKOM 3aHATHI Pa3BUTHEM HOBBIX TEOPHM, OMHUCHIBAIOIINX, YTO
ecTb BceneHHas, 1 UM HEKOr/ia CIIpoCUTh cedsl, moueMy oHa ecTb. Puinocodsl ke, ubst paboTa B TOM U
COCTOUT, YTOOBI 3aJ]aBaTh BOMPOC «10YEMY», HE MOTYT YTHaThCs 3a pa3BUTHEM HayyHbIX Teopuil. B
XVIII B. ¢unocodpsl cuntanu Bce YEIOBEUYECKOE 3HAHUE, B TOM 4YHCIE€ U HayKy, IOJIEM CBOEH
JeSITeIbHOCTH M 3aHMMAJHCh OOCYXJIEHHEM BOIIPOCOB THMa: OblIo U y Bceenennoit nauano? Ho
pacueTsl 1 MaTeMaTHueckuil anmapaT Hayku XIX u XX BB. CTalli CIUIIKOM CIOKHBI 1)1 priiocodon
1 BooOIIIe JUIst BCEX, KpoMe crienuanncToB. Guiocopsl HACTOIBKO CY3HIIU KPYT CBOMX 3alpOCOB, UTO
caMbIil U3BECTHBIN (ustocod Harero Beka BUTTreHmTeH mo »ToMy moBoy ckasan: «EamHcTBEeHHOE,
qyro eme ocraercs ¢uiocoduu, — 310 aHanM3 s3bikay. Kakoe yHmwkenuwe ans ¢uinocodpuu ¢ ee
BEJIMKUMU TpaaunusmMu ot Apucrorens 1o Kanra!

Ho ecrmu MBI 1€iCTBUTENBHO OTKPOEM IOJHYHKO TEOPHIO, TO CO BPEMEHEM €€ OCHOBHBIE IPHUHIIMIIBI
CTaHYT JOCTYIHbBI MOHMUMAaHHMIO KaKIOTro, a HE TOJBKO HECKOJIBKUM crenuanucram. M torma Bce Mbl,
¢duocodsl, yueHble ¥ MPOCTO OOBIYHBIE JIFO/IH, CMOYKEM MPUHSTH YUacTHE B TUCKYCCUH O TOM, ITOYEMY TaK
MPOU30IILIO, YTO CYLIECTBYEM MbI U cyliecTByeT Beenennas. 1 ecu GyzeT HaiiieH OTBET Ha Takol BOIPOC,
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3T0 OyIIET MOIHBIM TPUYM(OM YEI0BEYECKOT0 pa3zyma, H0O TOr/1a HaM CTaHET MOHSTEH 3ambicen bora.

Benukune pnsnku
AnbOepT JUHIITENH

Kak Obu1 cBsI3aH DUHINTEWH C IOJUTUKOW, OCHOBAHHOM Ha SIEPHOM OPY>KUHU, XOPOIIO U3BECTHO:
OH MOJNHUCAJl 3HAMEHMTOE IUCBMO K INpe3uneHTy Py3BenbTy, koTopoe 3acraBuino CoelMHEHHbIE
[IITaTel CEpbE3HO OLEHHUTH IIOJOKEHHE, a I0CIe BOMHBI OH BKIIOYWICA B JBIKEHHE 34
IPEJOTBPALCHUE AJCpHOW BOMHBI. OJTO HE OBUIO OTIENIBHBIMU SMHM30JaMH B JKU3HU YUYE€HOrO,
BTSHYTOTO B MOJUTUKY. JKU3Hb DWHINTEHHA, HO €ro COOCTBEHHBIM CIIOBAM, «IEIHUJIACh MEXIY
IIOJINTUKON U YPaBHEHUSAMMN.

Panusas monuTtuyeckass akTMBHOCTb OWHINTEWHA BO3HUKIA elle BO BpeMsa llepBoit MupoBoii
BOMHBI, KOorja oH Obul npodeccopom u bepnune. YOUTHIN TeM, YTO OH CUMTAJ HANpacHOH morepei
YeJI0BEYECKUX KU3HEH, OH IPUMKHYJ K aHTUBOEHHBIM JEMOHCTpAaUMAM. Ero BBICTYIIIIEHUS B 3aILUTY
IpakJaHCKOT'O HETTOBHHOBEHHS M MyOIMYHOE 0100pEHHE TEX, KTO OTKA3bIBAJICS OT CIIY>KOBI B apMUH,
HE MOIUIM CHUCKATh €My HONYJISPHOCTH cpeau Kojuler. Ilocine BOMHBI DHHINTEHH HaIlpaBWl CBOU
yCWIHMs Ha INPUMHUPEHHE CTOPOH M YIYYIICHHE MEXIYHApOAHBIX OTHowmeHud. Takoro pona
NeSTeNbHOCTh TOXKE HE CIIOCOOCTBOBAJIA IMOMYJSPHOCTH OHHINTEHHAa M 4epe3 HEKOTOpoe BpeMs
IIpHUBEJIa K TOMY, UTO €My cTajo TpyaHo nocewmats Coennuennsle LtaTel naxke 11 YTEHUN JEKIUH.

BTopbIM BaskHEHIINM J1€7I0M B HM3HU DHHIITEHHA ObUT CHOHU3M (B TO BpeMs 3TO 03Hauasio 60ps0y
3a rocyIapCcTBeHHOE 00BeTMHEeHNE eBpeeB, oyiepkanHoe OOH, u B wactHocT, CCCP. — npum. per.).

Bbynyuu cam eBpeeM IO IPOUCXOKACHUIO, DUHIITEHH oTpuuan Oubneiickyro uzaeto bora. Ho
HapacTarolas BOJHA aHTHCEMUTH3Ma Kak nepex I[lepBoli MuUpOBOM BOWHOW, TaKk M IIOCIE HeEE
IIOCTEINIEHHO NpHBea DMHIITeHHA K OTOKIECTBICHUIO ce0s ¢ eBpeiickol OOIINHOMN, 1 OH NMPEeBPaTHIIC
B IIOJIHOTO CTOPOHHMKA CHOHM3Ma. B KOTOpBIM pa3 MaJeHHe MOIYJSIPHOCTH HE OCTAaHOBMIIO
OWHIITEWHA Iepel OTKPBITBIM BBICKA3bIBAHMEM CBOMX B3IJIAA0B. Ero teopum mpeciefoBaluch;
BO3HUKJIA JlaXX€ aHTUAMHIUNTEHHOBCKas opraHuzauus. OauH 4YenoBeK ObUI IpeJaH cyay 3a
MOJICTPEKaTeNIbCTBO K yOuiHCTBY OMHITelHa (M owmTpadoBaH Bcero Ha IuecTb JoJutapo). Ho
OWHIITENH COXpaHsJ CHOKOWCTBME, a Korja Bblla KHUra «CTo aBTOPOB INPOTUB DHHIITENHHa», OH
3aMeTHJI: «XBaTHJIO OBl M OZHOTO, €CJIU 51 ObLI ObI Henpas!»

B 1933 r. x Bnactu npumen ['urnep. DHHIITEHH, KOTOPHIA OBUT B 3TO BpeMs B AMepuKe, 3asBUIL,
410 He BepHeTcs B ['epmanuto. Koraa HanucTckue BoWcKa OKPY>KUWIM €ro J0M, a €ro OaHKOBCKUHM cueT
ObUT KOH(HUCKOBaH, B OJHOW W3 OEPIMHCKHUX Ta3eT MOSBWJICS 3arojIoBOK: «XOpOIIHE HOBOCTH —
OiHIITeH He BepHeTcs». Ilepen MUIIOM HAMCTCKOM yrpo3bl DWHIITEHH OTOIIEN OT manudusMa u B
KOHIIE KOHIIOB, OIAcasich TOrO, YTO HEMELKHE Yy4YeHbIe CO3/JaayT aTOMHYI0 OOMOY, MNpeIoKHI
CoenunennbiM lllTaTam pa3pabareiBaTh CBOIO coOCTBeHHYK OomOy. Ho emie 10 B3pbiBa mepBoii
aTOMHOI OOMOBI OH MyOJIMYHO Mpeaynpexal 00 ONacHOCTAX sIEPHON BOMHBI U Ipeajarai co3aaTh
MEXYHapOAHbBIN KOHTPOJIb 32 SIAEPHBIMU BOOPYKEHUSIMH.

Ha mnporspkeHun Bceill u3HM OWHIITEHHAa €ro MHPOTBOPUECKHE YCHIUS HE JaBallH,
M0-BUAMMOMY, NMPOYHBIX PE3YJIbTATOB U YK BO BCAKOM Cllyyae He MPpUOABIsIM eMy Apy3ei. OnHako
yOJIMYHbIE BBICTYIUIEHUS! DWHIITEHHA B 3allUTy CHOHU3Ma OBUIM 1O JOCTOMHCTBY OLIEHEHBI B 1952
I., KOTJa eMy ObUIO MpeAsIoKeHO CTaTh npe3uaenTom M3pawmnsa. DUHIITEHH oTKa3acs, 3asBUB, YTO, 110
€ro MHEHHIO, OH CIMIIKOM HauBeH B noyinthke. Ho nelcTBUTENBHONW NPUYMHOM OTKa3a, HaBEPHOE,
obuta apyras. Ilpomutupyem ero eme pas: «/[ins MeHs BakHee ypaBHEHHS, ITOTOMY YTO IMOJUTHKA
HYy>KHa HACTOAILEMY, & YPABHEHHSI — OTO JIJI1 BEUHOCTH.

I'amuaeo I'anunen

lanmuneit, mokamyid, OOJBINE, YeM KTO-TMOO APYroil M3 OTHENBHBIX JIIOJIEH, OTBETCTBEH 3a
POXIEHUE COBPEMEHHOM Hayku. 3HaMeHUTHIN criop ¢ Karonmmdeckoi LlepkoBblo 3aHMMAaI LEHTPAIBHOE
Mecto B ¢unocopun [Nammnes, n60 OH OMHUM M3 TIEPBBIX OOBSIBWII, YTO Yy YEJIOBEKAa €CTh HAISXKIa
MIOHSATH, KaK YCTPOEH MHUp, U, 00JIee TOro, 4TO 3TOT0 MOXKHO JOOUTHCS, HaOJII0Jast HAlll peajibHbIM MUP.

IManmuneit ¢ camoro Hauvana Bepui B Teoputo KonepHuka (0 TOM, YTO MIIaHETHI 00paIaloTCsi BOKPYT
ConHua), HO Hayan ee MyOJUYHO MOJIEP’KUBATH JIMIIb TOTAA, KOTAA HAIeNl €€ MOATBEPKICHHS.
Pabotel, mocesimenHsie Teopun Komepuuka, [anuned mucan mo-WTalbSHCKKA (@ HE Ha MPHUHATOM
aKaJIeMUYECKON JIaThIHM), U BCKOpPE €ro MpPEICTaBIECHUS PACIHPOCTPAHWINCH JAJEKO 3a Ipeaeibl
YHHMBEPCUTETOB. JTO HE MOIMPABUIOCH MPUBEPKEHIIAM YyUeHHUs] APHUCTOTENs, KOTOphle 00bEeTUHIINCH
npotuB ["anuiies, nbiTasgch 3actaBuTh Katonmueckyro LlepkoBs npenars anageme yuenue Konepuuka.
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B3BonHOBaHHBIN mpoucxomsmmmM, [amuneit ormpaBwics B Pum, 4TOOBI TTOCOBETOBATHCS C
LIEPKOBHBIMU aBTOpuTeTaMu. OH 3asBWiI, 4yTO B Lenu bubnum He BXOAMUT Kakoe Obl TO HU OBLIO
OCBEIICHUE HAay4yHBIX TEOPUHM M YTO HAJ0 NMPUHMMATh 3a AJIETOPUI0 T€ MecTa B bubiuu, KoTopble
BCTYIAIOT B MPOTUBOpEYNE CO 3ApaBbiM cMbIciioM. Ho, 60sich ckaHgana, KOTOPBIA MOT ITOMENIaTh ee
O0oprOe ¢ mporectanTamu, L{epkoBb nepena K pernpeccuBHbBIM MepaM. B 1616 r. yuenne KonepHuka
OBUIO TIPOBO3TJIAIICHO «JIOXKHBIM M OIIMOOYHBIMY, a ["anuiero ObljI0 HaBEKH 3alPEelIeHO BHICTYIATh B
3aLIUTY WIKM MIPUJIEPKUBATHCSA 3TOM TOKTpUHBI. ["amuielt cnascs.

B 1623 r. ogun u3 crapeix apyszei I'amunes ctan Pumckum Ilanoii. [Namuneit cpasy Hauan
noOuBaThCsl OTMEHBI yka3a 1616 r. OH morepmnen Heyaady, HO 3aTO CyMell MOJY4YUTh pa3pericHue
HaNKcaTh KHUTY, OOCYXIAIONIYI0 Kak Teoputo Apucrorensd, Tak u Teoputo Komepuuka. Emy Obu10
IIOCTABJICHO JIBAa YCJIOBUA: OH HE MMeJI IpaBa IPUHUMATh HU OJIHY U3 CTOPOH U JIOJDKEH ObLI clenaTh
BBIBOJI, YTO YEJIOBEK HUKOTJA HE CMOXKET y3HATh, KaK YCTPOEH MHp, IOTOMY UTO bor ymeer BbI3bIBaTh
OJHHU M Te x€ 3P (PEeKThl cr1oco6aMu, HE AOCTYIHBIMU BOOOPAKEHHUIO YENIOBEKA, KOTOPBIH HE MOMKET
HajaraTh OrpaHUYEeHMs Ha BCEeMOryIecTBo bora.

Kuura 'anunest «/luanor o AByX IIaBHEMIIMX CHCTEMax MHUpa» OblUla 3aBepllieHa W H3/laHa B
1632 r. mpu monmHOM ONOOpPEHMH LEH3yphl M ObUIa cpa3dy ke oTMedeHa mo Bcedl EBpome kak
auTepatypHelii M Quiocopckuil meneBp. Bcekope, ongnako, Ilama mnoHsAnm, 4To 3Ta  KHUra
BOCIPUHUMAETCS KaK yOenuTenbHas mojiepxka Teopun KomepHuka, v moskanesn, YTo pa3perini ee
u3nath. Ilama 3asBui, 4Tto, HECMOTPsA Ha OoQHIMaIbHOE OlarocioBeHHE LEH3ypsl, [anuiei Bce xe
Hapymua yka3 1616 r. lanuneit npencran mepen CyoM HMHKBU3MLUUMU W ObUI NPUTOBOPEH K
MO’)KU3HEHHOMY JOMAIIHEMY apecTy U IyOin4HOMY oTpedeHuto oT ydeHus Komephuka. ["amunero
MPUILIIOCH TOKOPUTHCS OIATh.

OcraBasich NpeiaHHbIM KaTOJIMKOM, [ ameil He nokosedaicst B CBoel Bepe B HE3aBUCHMOCTb HAYKH.
3a yeTbIpe roja A0 cMepTH, B 1642 r., HaXosICh BCE €lLIe M0]] IOMAIIHUM apeCcTOM, OH TallHO MEPENpaBU B
TOJUTAH/ICKOE U3JIaTeNIbCTBO PYKOIUCh CBOEH BTOPOW KpYNHOH KHUIU «/IBe HOBbIe Haykm». MIMeHHO 3Ta
paborta, B O0oJIbIIICH CTEreHH, YeM ero noaaepxkka Kornepaurka, 1ana poxkaeHne COBpEMEHHOMH HayKe.

Hcaaxk Heroron

Ncaaka HploTOHa HENb3sl Ha3BaTh CUMIIATUYHBIM 4esoBeKOM. LIInpokyro 13BECTHOCTD MOITY4UIIN
€ro IUIOXWE OTHOIIEHHWsI C APYrMMM YYEHbIMH, U IIOCIEAHHE TOJbl CBOEH >KU3HM OH IpPOBEN B
OCHOBHOM B pe3kux cnopax. Ilocie wm3manus knurum «MartemaTudeckne Hadayla», OKa3aBILIEHCH,
0€e3yCIIOBHO, CaMOil BIUATENLHON U3 BCEX KOIa-IMO0 HaMMCAaHHBIX KHUT 10 pu3uke, HploTOH OBICTpO
npuobpen oduiecTBeHHOE mojokeHue. OH ObT HazHaueH mpe3uneHToM Koponesckoro oOiecTBa u
CTaJl IEPBBIM YUEHBIM, IIOCBSILIEHHBIM B PBILIAPCKOE 3BAaHUE.

Bckope HprOTOH moccopmiics € KOpPOJIEBCKMM  acTpOHOMOM J/[KoHOM DI3MCTUIOM, KOTOPBI
panbiie cHaOxan HeloToHa naHHBIMM Ui «MaTeMaTMYeCKuX Hayail», a Temepb 3aiepiKUBal
nHpopMaIHio, Kotopas TpedoBasach HptoToHy. HBI0TOH HE moTepnen Takoro MoJIoKeH!s U caM BKITFOUIIT
ce0st B pyKOBOJICTBO KOPOJIEBCKOM 0OcepBaTopuu, a 3aTeM Haydall JOOMBAaThCsSl HEMEJICHHON MyOIMKaun
pe3ynbTaToB. B KOHIlE KOHIIOB €My yJajoch 3amoilyduTh padbory dmdMmcTuaa M JOrOBOPUTHECS O €€
U3JJAHUH CO cMepTeNbHBIM BparoM DmmMcerraa IamonaoM [amueem. OqHako OipMeTua nepenan Aeso B
Cyd, ¥ CyJ YCHeJ NPUHATh PELIEHHE B €ro IMOoJb3y, 3alpeTUB PAaCHpOCTPAHEHUE YKPaZEHHOW paboThI.
HebroToHa pa3o3nmino Takoe perieHue, U, 4ToObl OTOMCTHTh DIdMCTHLY, OH CUCTEMAaTHYeCKU CHUMall B
6oree mo3HUX u3naHusax «Hagam» Bce cebuiku Ha paboThl PrdMETHIA.

bonee cepbe3nblit crnop pasropencss y Heroorona c¢ HemeukuMm ¢uiiocopom I'orrdhpunom
JleitOnunem. JlelOnun, u HplOTOH He3aBUCMMO JApyr OT JApyra pa3BUiad o0JacTb MaT€MaTUKH,
Ha3plBaeMylo JAupdepeHInanbHbBIM  UCYUCICHHEM, COCTABIIAIONIYI0 OCHOBY OoJjblleil 4acTu
coBpeMeHHOM (u3uku. X0oTs, KaKk Mbl Terepb 3HaeM, HbIOTOH OTKpPBUI 3TO HCYHCIEHHE Ha HECKOJIbKO
net paunbiue JleiOnuma, cBoro paboTy OH OMyONIMKOBAl 3HAYUTENBHO TO3Ke. BO3ZHHUK IpaHAMO3HBIN
CHOp IO TOBOAY TOrO, KTO € ObUI MEpBbIM. YYEHbIE PbSHO 3allUIIaTd OOOMX CONEPHUKOB.
3aMeyarenbHO, YTO MOYTH BCE CTaTbu B 3auTy HbroTOHa OBLIM HamMcaHbl UM CaMHMM U JIUIIb
OIyOJIMKOBaHbI 1Mo MMeHaMu ero apyseit! Cnop pasropancs, u Tyt JleiOuuil coBepumi omuokKy,
obpartuBmrck B KoponeBckoe o0miecTBO ¢ mpoch00il paspemnts npoTtuBopeune. HprioToH, Oymyun
MpEe3UIEHTOM OOIlecTBa, Ha3Haywil s pazdopa Jela «HE3aMHTEPECOBAHHYIO» KOMHUCCHIO,
«CITy4aifHO» COCTaBJIECHHYIO 1IenuKoM u3 apy3eil Heiotona! Ho ato Obuto emie He Bee: 3aTreM HbroToH
caM Hamucaja OTYeT KOMHUCCHHU U 3aCTaBUJI OOIIECTBO €ro OnyoJuKoBaTh, OpUIINAaILHO OOBUHUB TAKUM
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obpasom JleitOnuna B maruare. Bee eme He 4yBCTBYs ce0si yAOBIETBOPEHHBIM, HBIOTOH aHOHUMHO
OImyOJIMKOBAJ CXKATHIM Mepeckas 3Toro oruera B razere Koponesckoro obmiecta. ['oBopsT, 4To mocie
cmeptu JleliOHuna HbOoTOH 3asBWII, YTO OH MONY4MJ OONBIIOE YAOBIETBOPEHUE OT TOrO, YTO €MY
yIanock «pazouts cepaie Jleioaumay.

[Toka mm o6a nucnyra, Hetoton nokunyn u KemOpumxk, u kabeapy. OH npuHUMaI aKTUBHOE
y4aCTuC B AHTHKATOJIMYCCKOM JABWKXCHUU CHa4dala B KCM6pI/I[[)KCKOM YHUBCPCUTCTC, a 3aTCM B
napjaMeHTe ¥ ObLI BO3HArpaXkJeH 3a 3TO Ha3HAYeHHWEM Ha JOXOJHYIO JOJDKHOCTh XpaHUTENs
KoposieBckoro MoHeTHOro aBopa. 371ech OH Hamesl 0ojiee COIUAIbHO ONpaBIaHHOE MPUMEHEHHE
CBOEMY KOBAapCTBY U >KETYHOCTH, YCIICLIIHO MPOBEIS IIMPOKOMACHITA0OHYIO KaMIIaHUIO MO0 Ooprbe ¢
(hanpIIMBOMOHETYMKAMH U JIAXKE OTIPABUB HECKOJIBKHUX YEJIOBEK HAa BHCEIHILY.

CnoBapb TepMNHOB

AOGCOIIOTHBIN HYJIb TEMIIEPATYpPhl — CAMOE HU3KOE U3 BCEX BO3MOKHBIX 3HAUCHUH TeMIIepaTyphl.
[Tpu abcomoTHOM HYJIE€ BEIECTBO HE 00JIaaeT TEIJIOBOM SHEPTHEN.

AHHUTWIALUSA — MPOLECC, IPY KOTOPOM YacTHIA M €€ aHTHUYacTULA, CTAJIKUBAsCh, B3AUMHO
YHUYTOXKAIOT IPYT ApYyTa.

AHTHYAacTHLA — Yy KaXJOH 4YacTUIbl MaTepuM €CTh COOTBETCTBYHOINAs aHTudactuna. llpm
COYJapeHUH 4YacTHIbl M aHTUYACTHUIBl MPOUCXOJUT WX AHHUTWIALUA, B pe3yJbpTare KOTOPOU
BBIJICIISICTCS DHEPTUS U POXKAAIOTCSA JPYTHE YaCTULIBL.

AHTpPOIHBIA NPUHLIUI — Mbl BUIUM BcelleHHyr0 Takoi, Kak OHa €CTh, IOTOMY 4TO, OyJIb OHa
Ipyroi, Hac Obl 371eCh HEe ObLIO U MBI ObI HE MOTJIH €€ HaOII01aTh.

ATOM — HaWMEHbIIAasg YacTHLAa OOBIYHOTO BEMIECTBA. ATOM COCTOMT W3 KPOILIEYHOTO SIpa
(cocTaBIEHHOTO U3 MPOTOHOB U HEMTPOHOB) U OOPAILAOIIMXCS BOKPYT HErO 3JIEKTPOHOB.

benplii kapauk — ctabuiipHas XO0JOJHAs 3BE3/a, HAXOAAIIASACS B PaBHOBECUH OJslarojaps Tomy,
YTO B CHJIy IpUHIMIA UCKItoUeHus [Taynu Mexay a1eKTpoHaMu IeHCTBYIOT CHIIbI OTTAJIKUBAHHUS.

Bonpnioii B3peIB — CHHTYJIIPHOCTH B MOMEHT BOZHHUKHOBEHUSI BCElIeHHOM.

Bbonb1110#1 XJI0MIOK — CHHTYJISIPHOCTh B KOHEUHOM TOUYKE CYIECTBOBaHUS BceneHHo.

Bec — cuna, ¢ KOTOpo# Ha Telo JEUCTBYET IPABUTALIMOHHOE ToJie. Bec Tena mponopunoHalieH
Macce Teja, HO HE COBIAAAET C HEH.

BupryanpHas wyacTMna — B KBAaHTOBOM MEXaHHMKE — 4YacTUIA KOTOPYK) HEBO3MOXKHO
3aperuCTpUpPOBaTh HEMOCPEACTBEHHO, HO CYILECTBOBaHME KOTOpOW moATBepkaaercs 3¢ddexramu,
MTOAAOIIMMHUCS U3MEPEHHUIO.

l'amma-usnydeHre — DJJIIEKTPOMArHUTHOE H3JIYYEHHE C OYEHb MAaJlOM JJIMHOM BOJIHBI,
HCITYCKAaeMO€ IIPU PaIMOAKTUBHOM PacCIajie Wi MPU COYTaPEHUAX NIEMEHTAPHBIX YaCTHULL.

I'eone3uyeckas ~ caMblii KOPOTKHM (MM CaMbIi JUTMHHBIN ) MTyTh MEXAY ABYMS TOUKaMHU.

['onast cCUHTYIIAPHOCTB — CHHTYJIIPHOCTB B IIPOCTPAHCTBE-BPEMEHH, HE HAXOMIAILASACS BHYTPH YEPHOH JIBIPBL.

I"'opu30HT coOBITHIT — TpaHMLIa YEPHOI BIPHI.

I'paBuTanimonHoe B3auMMOJEICTBHE — camoe ciadoe M3 4YeTblpeX (yHIaMEHTAIbHBIX
B3aMMOJIEHCTBHMN, obnasaroliee OONBIIMM pPaguycoM AeHCTBUs. B rpaBuTalimoHHOM B3auMOJecTBUN
Y4aCTBYIOT BCE YaCTHUIbl MATEPUHU.

JlTuHa BOJIHBI — PACCTOSIHUE MEX]Y JABYMSI COCETHUMH I'pPEOHSMHU BOJHBI WIM MEXIY JIByMs €e
COCEIHUMHM BIAJMHAMMU.

3aKOH COXpaHEHUsl SHEPrHMM — 3aKOH HAyKM, COTJACHO KOTOPOMY 3HEprusi (WM €€ MacCOBBIH
SKBHMBAJICHT) HE MOKET HU CO3/1aBaThCsl, HU YHHUUTOKAThCS.

KBaHT — MUHMMabHAS OPLUS, KOTOPOH U3MEPSIETCS NCITyCKaHUE WU TOJIOIIEHNE BOJIH.

KBanrtoBas MexaHuka — Teopusi, pazpaboTaHHasi HA OCHOBE KBaHTOBO-MEXaHHUYECKOI0 MPHUHIINIIA
[Tnanka u npuHIKIIA HeonpeaeiaeHHoctu [ eitzendepra.

KBanroBo-mexannueckuil npunnun [lnanka (3akoH uziaydenus [lnanka) — cOCTOMT B TOM, YTO
cBeT (Wwin J00ble JPyrue KIACCHUECKUE BOJHBI) MOXKET MCIYCKAaThCs WM MOTJIOIATHCS TOJBKO
JUCKPETHBIMHU NOPLUHSIMU — KBAHTAMU — C SHEPTUEH, MPONOPLHHOHAIBHON UX YacTOTE.

KBapk — snemeHTapHas (3apspKEHHAs) 4acTHIA, YYacTBYIOIIAs B CHUJIBHOM B3aMMOJICHCTBHH.
[IpOoTOHBI M HEUTPOHBI COCTOAT KAXKIABIM U3 TPEX KBAPKOB.

KoHdailHMeHT — HeBbUIETaHUE, Y/AepP)KaHUE LIBETHBIX KBAPKOB U INIFOOHOB BHYTPHU a/IPOHOB.

Koopaunats! — 4ncna, onpeaesonme noj0KeHne TOYKH B IPOCTPAHCTBE U BO BPEMEHH.

Kocmuueckas neHsypa — npeanosioxkeHUe 0 HEJOIyCTUMOCTH TOJIBIX CUHTYJISIPHOCTEH.
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Kocmonornueckass mocrosiHHas — MaTeMaTH4ecKas BCIOMOraTellbHas BEIWMYMHA, BBEIACHHAs
DUWHIITEHHOM JJIsl TOTO, 9YTOOBI IPOCTPAHCTBO-BPEMS TPUOOPETIO TEHACHIIUIO K PACIIHPEHUIO.

Kocmonorus — Hayka, 3aHuMaromiasca u3ydeHueM BceeneHHoM Kak 1eoro.

Kpacnoe cmemenue — Bwi3BaHHOE 3(dexrom Jlorepa MOKpacHEHHE CBETA, HCITYCKaeMOTO
YAQISIONICICS OT HAC 3BE310M.

MarnutHoe IIoji¢ — TMOJIe, CO3Jaloliee MarHuTHeie cumibl. CeWyac MarHUTHOC IIOJIE H
ANEKTPUYECKOE T0JIe O0BEAUHSIOTCS B 3JIEKTPOMAarHUTHOE TOJIE.

Macca — KOIM4ecTBO BEIIECTBA, CoJiepKalieecs B Tene. Mepa MHEpUUHU Tela WIM CTeNeHb €ro
CONPOTUBIICHUS YCKOPEHHUIO.

MHuumMoe BpeMsi — Bpemsi, U3MEpPSAEMOE B MHUMBIX €IMHUIIAX.

He#itpuno — neruaiimas (Bo3MOXkHO, Oe3maccoBasi) 5SJE€MEHTapHas 4acTUIa BEIlecTBa,
Y4aCTBYIOIIAs TOJIBKO B CJIA0BIX M TPABUTALIMOHHBIX B3aUMOJICHCTBUSX.

Helitpon — He3apspkeHHas 4acTHIla, OYCHb OJIM3Kas MO CBOMCTBaM K MPOTOHY. HeHWTpoHbI
COCTaBJISIIOT OO0JIee MOJIOBUHBI YACTHII, BXOJISAIINX B COCTAB OOJBIIMHCTBA ATOMHBIX SIJIEP.

Helitponnas 3Be3na — xoyi0qHas 3B€3/1a, CyIIECTBYIOIIAs BCIEACTBUE OTTAJIKUBAHUS HEUTPOHOB,
o0ycioBiaeHHOro npuHuunom Ilaymnu.

OO6m1ast Teopusi OTHOCUTEIIBHOCTH — CO37aHHast DUHIITEHHOM TEOpHsi, B OCHOBE KOTOPOH JICHKHUT
MIPEIIOJIOKCHHE O TOM, YTO 3aKOHBI HAayKW JOJDKHBI OBITh OJWHAKOBHI JUUISI BCEX HAOIOAATelCH
HE3aBHCHMO OT TOrO, Kak ABWXKYyTcs 3T Habmomatenu. B OTO cymiecTBoBaHHE IpaBUTALMOHHOTO
B3aUMOJICHCTBUS OOBSICHICTCS UCKPUBIIEHUEM YETHIPEXMEPHOTO MPOCTPAHCTBA-BPEMEHHU.

[lepBryHas yepHast Ablpa — yepHast AbIpa, BO3HUKIIAS HA OUYEHb paHHEW CTauu pa3BUTUs BeeneHHo.

[To3utpon — anTUyacTUIa (MOTOKUTEIBHO 3apsHKEHHAS ) AJICKTPOHA.

[lone — Heuro, cyllecTByIOIIee BO BCEX TOYKAaX IMPOCTPAHCTBA M BPEMEHU, B OTIUYUE OT
YaCTHIIbI, KOTOPAs CYIIECTBYET TOJIBKO B OJHOM TOUYKE B KaXKJIbII MOMEHT BPEMEHH.

[Ipenen Yanapacekapa — MakCUMaJIbHO BO3MOYKHAsI Macca CTa0MIIBHON XOJIOAHON 3BE3/Ibl, BhIIIE
KOTOPOU 3Be3/1a JOJIKHA CKOJUIAIICUPOBATH B YEPHYIO JIBIPY.

[Mpunuun ucknroyenus llaynum — nBe OAMHAKOBBIE YACTHIBI CO CHUHOM 1/2 He Moryt (B
npezenax, KOTOpPhIE JAlOTCA MPUHIUIIOM HEOIPEACIICHHOCTH) 001anaTh OJHOBPEMEHHO U
OJINHAKOBBIMH TOJIO)KEHHUSIMU B IIPOCTPAHCTBE, U PABHBIMH CKOPOCTSIMH.

[IponopuuoHanbHOCT — yTBEpKIeHUE «X MPOIMOPLUOHAIBHO Y)» 03HAYAET, YTO IIPU YMHOKEHUU Y
Ha Kakoe-HUOYAb Yicio X YMHOXKAETCS Ha 3TO K€ YHUCIO. YTBepxkIeHHe «X 00paTHO MPOMOPIHUOHATIBHO
Y) 03HA4aeT, 4To MpH YMHOKEHUU Y Ha KaKOe-HUOYIb YUCII0 X JICIUTCS Ha 3TO KE YUCIIO.

[IpocTpaHcTBeHHOE H3MepeHHe — JI00e M3 TpeX MPOCTPAHCTBEHHO-TIOJOOHBIX H3MEPEHUN
MIPOCTPAHCTBA-BPEMEHH, T.€. JIID00E U3MEPEHHE, KPOME BPEMEHHOTO.

[IpocTpaHcTBO-BpeMsl — YEThIPEXMEPHOE MPOCTPAHCTBO, TOUKH KOTOPOTO OTBEYAIOT COOBITHSIM.

[TpoTOH — MONOXXUTENBHO 3apsbKeHHas YyacTuia. [IpoToHbI 00pa3yr0T MPUMEPHO TOJIOBUHY BCEX
YacTHUII, BXOSIINX B COCTaB sifiep OOJIBIIMHCTBA ATOMOB.

PannoakTMBHOCTH — CaMOTIPOU3BOJIBHOE MPEBPAIICHUE OJJHOTO ATOMHOTO sI/Ipa B IPYTOE.

CaeroBast cekyH/1a (CBETOBOI T'0[T) — PacCTOSIHKE, IPOXOAMMOE CBETOM 32 OJIHY CEKYH/Y (32 OJIMH TONI).

CBeTOBOI KOHYC — IMOBEPXHOCTh B IIPOCTPAHCTBE-BPEMEHU, KOTOpPAsi OTPAaHUYHBAET BO3MOXKHBIE
HaIpaBIIEHUs] CBETOBBIX JTyyeH, MPOXOASIINX Yepe3 TaHHOE COOBITHE.

CunpHOE B3aMMOJICUCTBHE — CaMO€ CHJIBHOE W CaMoO€ KOPOTKOJIEHCTBYIOIIEE W3 UETBhIPEX
(GbyHIaMEHTANBHBIX B3aUMOJCHCTBHA. braromapss cuiabHOMY B3aMMOJICHCTBUIO KBApKU YACPKUBAIOTCS
BHYTPH IIPOTOHOB U HEUTPOHOB, & MPOTOHBI M HEUTPOHBI, COOPABIINCH BMECTE, 00pa3yIOT aTOMHBIE S/Ipa.

CUHTYIISIPHOCTD — TOUYKA MPOCTPAHCTBA-BPEMEHHU, B KOTOPOW KPUBHU3HA €r0 CTAHOBHUTCSI OECKOHEUHOM.

Cnaboe B3amMONIEHWCTBHE — BTOpOE MO CIAa0OCTH M3 YETHIPEX HM3BECTHBIX B3aUMOJCHCTBUH.
Ob6nagaet o4eHb KOPOTKUM paanycoM AeicTBus. B cnabom B3anMoaelicTBUM MPUHUMAIOT Yy4acTHE BCE
YaCTHUIBI MATEPUHU, HO B HEM HE YYACTBYIOT YaCTHUIIbI — IEPEHOCUUKHU B3aMOICHCTBHSI.

CobOpiTHE — TOYKa B TMPOCTPAHCTBE-BPEMEHH, KOTOpas OMpeneisieTcs TMOJ0XKEHHEM B
MPOCTPAHCTBE U BO BPEMEHH.

CrnexTp — paciierieHue BOIHbI (HapuMep, SJIEKTPOMarHUTHON) Ha YaCTOTHbIE KOMIIOHEHTBI.

CrneunanbHasi TEOpUST OTHOCUTEIBHOCTH — Teopus OWHIITEWHA, OTHpaBHas TOYKa KOTOPOM
COCTOMT B TOM, YTO 3aKOHBI HAayKH JOJKHBI OBITh OJMHAKOBBI ISl BCEX CBOOOJTHO ABIKYIIMXCS
Ha0IrI0aTeNe HE3aBUCUMO OT UX CKOPOCTEH.
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CnuH (Spin — BpamaThCs, BEPTEThCSA) — BHYTPEHHEE CBOMCTBO YAaCTHIIBI, CBA3aHHOE C €€
BpaIlleHNEM BOKPYT COOCTBEHHOMN OCH.

CranuoHapHOE COCTOSIHME — COCTOSIHHE, HE M3MEHSIOIIEecs CO BPEMEHEM: BpAILIArOIIUMCS C
IIOCTOSIHHOM CKOpPOCTBIO I1IAp HAXOAWUTCA B CTAllMOHAPHOM COCTOSIHMM, IOTOMY YTO, HECMOTpSI Ha
BpallleHHe, B KQK/bIii MOMEHT OH BBITJISAUT OJMHAKOBO.

Teopema O CHUHIYJISIPHOCTM — TeopeMa, B KOTOPOW [OKAa3bIBA€TCS, YTO IPU OIpPEAEICHHBIX
YCIOBHSIX CHHTYJISIPHOCTB JOJKHA CYILECTBOBATh U YTO, B YACTHOCTH, HadajaoM BceneHHoON noimkHa
OBITh CUHTYJISIPHOCTb.

Teopuss BenuKOro oObeAMHEHUS — TEOpUs, OOBEAMHAIOLIAs 3IEKTPOMArHUTHBIC, CUJIbHBIE U
ciabble B3aMOACHCTBUS.

YckopeHue — CKOpOCTb U3MEHEHUS CKOPOCTH KaKoro-mu0o 00beKTa.

YckopuTenb 4acTHLl — YCTPOHCTBO, KOTOPOE € MOMOILBIO IEKTPOMArHuTOB JTA€T BO3MOXHOCTh
YCKOPSTh JBUXKYILUECS 3apsSKEHHbIE YaCTHUIIbI, [IOCTOSIHHO YBEJINYMBAS UX SHEPTHIO.

YcnoBue OTCYTCTBUS IT'paHULl — IIPEJCTABIIEHUE, COIVIACHO KOTOpOMY BceeneHHas KoHeuHa, HO He
MMeeT IpaHuIl (B MHUIMOM BPEMEHH ).

®a3a — /1715 BOJIHBI — MOJ0XKEHUE TOYKU B LIUKJIE B ONIPEIEICHHBI MOMEHT BPEMEHU: Mepa TOTO,
HaXO/UTCs JIM TOUKA Ha rpe0OHe, BO BIIAJMHE WIK I1e-HUOYAb B IPOMEKYTKE.

@OH MUKPOBOJHOBOI'O M3JIy4E€HHsI — U3JIy4CHHE, BO3ZHUKILIEE NPHU CBECYCHUU IOpsAdYEH paHHEH
Bcenennoii (Ha3piBaeTcst peuKTOBbIM). OHO ceifyac UCHBITHIBAET TAKOE CUIBHOE KPAaCHOE CMELICHHUE,
YTO PErucTPUpPYETCsl HE B BUJE CBETA, a B BHJIE BOJH MHUKPOBOJHOBOIO Juamna3oHa (paJuoBOJHBI C
CaHTUMETPOBBIMH JUIMHAMU BOJIH).

@OTOH — KBaHT CBETA.

YacTUUHO-BOJIHOBOM JyaJlu3M — JIeXKalllee B OCHOBE KBAHTOBON MEXaHHMKHU MpEACTaBICHUE O
TOM, YTO HE CYILECTBYET pazInuMsi MEKy YaCTULIAMU U BOJIHAMM, YaCTULIBI MOT'YT HHOTJa BECTH ce0s
KaK BOJIHBI, @ BOJHBI — KaK YaCTHIIbI.

YacroTa — 17151 BOJIHBI 3TO YUCJIO MOJIHBIX LIUKJIOB B CEKYHIY.

YepeHKOBCKOE U3TyYeHUE — U3TyUCHUE CBETA 3apsKEHHOM YacTHLIEH NPU ee IBU)KEHUH B BEILIECTBE
C IIOCTOSIHHOM CKOPOCTBIO, IPEBBIIAIOLIEH CKOPOCTh PAaCPOCTPAHEHUsI CBETA B 3TOM BELIECTBE.

YepHas nplpa — 00JIaCTh HPOCTPAHCTBA-BPEMEHM, U3 KOTOPOW HUYTO, JIaXKe CBET, HE MOXKET
BBIOpATHCS HAPYXKY, IIOTOMY YTO B HEW UPE3BBIYAIHO CHIILHO JICHCTBHE IPaBUTALINH.

DNeKTpUYecKuil 3apsii — CBOMCTBO 4YacTHUIlbl, Oiarojapst KOTOpOMY OHa OTTaJlKWBaeT (MU
MPUTSTUBAET) IPYrHe YaCTHUIIbl, UMEIOIINE 3aps]] TOTO ke (WIHM MPOTUBOIOJIOKHOT0) 3HAKA.

ONEKTPOMarHuTHOE B3aUMOJEHCTBUE — B3aUMOJEHCTBHE, KOTOPOE BO3ZHHUKAECT MEXIY
yacTULlaMH, OOJNAJaAIoOlMMU  DJEKTPUYECKUM  3apsaoM. Bropoe mo cuie U3 4eTblpex
(byHIaMeHTaJIbHBIX B3aUMOACHUCTBUIA.

DNEeKTPOH — yacTulla, o0aarolasi OTpUIATEIbHBIM AIEKTPUUYECKUM 3apsi oM U oOpalaromasicst
B aTOM€ BOKpPYT S7pa.

DnemMeHTapHas YacTula — 4YacTUlla, KOTopasi CYUTAeTCsl HEJeINMOI.

OHeprust TEOpUH BEIUKOr0 OOBEAMHEHHs] — DHEPrus, BBIIIE KOTOPOM 3JIEKTPOMAarHUTHBIE,
ci1abble U CHIIbHBIE B3aUMOJICHCTBUS MTPETOJIOKUTENBHO JOKHBI CTaTh HEPA3INUMMBIMU.

OHeprust anekrpocinaboi Teopun — sHeprus (okoso 100 I'5B), Bbime koTopoil mcuesaroT
pa3auyurs MEXay dJIEKTPOMAarHUTHBIMU U CJIA0BIMU B3aUMOAECHCTBUSMU.

D¢ dexr [omnepa — U3MEHEHUE YaCTOThl BOJH MPHU JABMKEHUHM MX WCTOYHMKA M HaOromaTens
OTHOCHUTEJNIBHO JIPYT ApyTa.

SInepHbIi cuHTE3 — MPOoIIeCcC COyIapeHus ABYX AJep U MOCIEAYIOUIero X CIUSHUA B OJIHO OoJjiee
TSKENO0e SAPO.

Anpo — ueHTpanbHas 4acTb aToOMa, KOTOpas COCTOMT TOJBKO W3 IPOTOHOB U HEUTPOHOB,
yAEPKUBAEMBIX B sIIp€ CUIIbHBIM B3aUMOJICHCTBUEM.

Nocnecnosue

Knura C. Xokunra Beinuta onHoBpemeHHO B Kanazne u CIIA B anpene 1988 r. B mae nosBuics B
MpoJIake ee UTANbSIHCKUM nepeBoa. B Anrium nara 6bu1a 00ObsiBaeHa 3apaHee — 18 mons. K atomy Bpemenu
yXe MOSBUJIUCH NepBble pelieH3un. Tak, unTaTen aMepuKaHCKoro exenenenbauka «Newsweek» 13 nions
ObUTM OIOBEILEHbI, YTO «IIPUKOBAHHBI K HHBAIMIHOMY KpeCiy, JIMIIEHHBIH Jake Japa peud, (U3MK
CtuBeH XOKUHT HILET TEOPHIO BEIMKOI0 00BEMHEHHS, KOTOpast 00bsICHUT Beenennyro. .. »
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A B KoHIIe HtoHS XOKHHT nprexan B JIeHuHrpas Ha KoHpepeH o, mocBsmeHnyro 100-1eTuro co THs
poxaenust A. A. @puamana, ¥ IPpUBE3 CBOKO HOBYIO KHUTY, OJIMH M3 K3EMIUIIPOB KOTOPOM MOAPUIT MHE.

B Jlenunrpame XOKHMHT TPOSBISUT HEOOBIYAHHYI0 AKTUBHOCTh — BBICTYNHJ C JIOKJIAIOM,
y4acTBOBAJI B JUCKYCCHHM, IPOUEN JIEKIMIO B JloMe yuyeHBIX, Jajl KOPOTKOE MHTEPBBIO JUIs JKypHaia
«IIpupona». IIpu s3ToMm XOKHHI HE TOBOPWII: 32 HErO YETKUM, HO JIMILIEHHBIM YEJIOBEYECKON TEIIOTHI
rOJIOCOM TOBOPHMJI CHHTE3aTop peud. To, 4TO OH mHpou3HOCWiI, XOKMHI HaOHpan Ha JAuCIUIee
MaJIEHBKOTO KOMITBIOTEPA, IPUKPEIUICHHOIO K €r0 MHBAJIUJHON KOJISICKE. AKTUBHOCTh X OKHHIA BHE
(u3uky ObLIa CTOJB K€ TopasuTenbHa. OH CoBepIIall SKCKYPCHH O TOPOY, €3I B CBOEM KpecJe 1Mo
OpmuTaxy, odmancs ¢ Apy3bamu. U crapancs Bnutath B ceds Bce, UTO €ro OKpPYKao.

XOKHMHI MHOTO ITyTEUIECTBYET, HE pa3 OH NPHUE3XkaJl B HAILy CTpaHy U o0pen 31ech Apys3ei. Bes
€ro >KU3Hb — HEOOBIYaNHBIA MPHUMEP TOrO, KaK MHOTO MOXET COTBOPUTH MO3T, Ja)Ke TOrnaa, Korjaa
KaHaJIbl €r0 CBSA3U C BHEUTHUM MHUPOM CBEACHBI O MUHUMYyMA.

Kuwnra XokuHra HeOOBIKHOBEHHAs, €€ TeMa — paccka3 O BbIOOpE IIEJIU €ro JKU3HHU U O TPYAHOM
IyTH €€ JIOCTUKEHHUS, PAcCKa3 O MOUCKAX pEIIeHHs] caMOi OOJBIION 3araiku, KOTOpas CTOUT Iepes
ectecTBoucHbITaTesneM. «Mosl 11eb — 100UThCS TOJIHOr0 MOHUMaHus BceneHHoil, moueMy oHa Takas,
Kakas OHa €CTb, ¥ I0YEMY OHA BOOOIIE CYIIECTBYET», — MUIIET OH O CBOUX MCKAHUSIX.

Takue Bompockl 4enoBek 3ajaBail cebe aaBHO. BapuaHThl OTBETOB €cTh B MH]ax MOYTH BCEX
HapoZoB. MoXeT ObITh, U PACCYX/IE€HUS YUYEHbIX HAIIEro BeKa TaKKe Korjga-HuOyab OyAyT cUMTaTh
jmereHgamMu. Y HOBBIX MH(OB €CTh aBTOPbl, OAMH U3 HUX XOKHUHT. Ero xwus3Hb yxe ceituac
IIPEJICTaBIISETCS JIETEHI0U. DTO JIEreH 1a O YEJIOBEKE, CUIION MBICIIH [T0OEKIAt0IIEM HEMOILb.

XoxkuHry ceituac 48 ner. B nauane 60-X rojioB, Korja oH yxe KoHuan yHuBepcurer B Okcdope,
MOSIBWINCH TIEpBbIE IPU3HAKW TIPO3HOM Oo0Jie3HHM — OOKOBOTO aMHUOTPO(PHUUECKOro CKIIepo3a.
HacTtpoenune cTaHOBUIOCH MpayHbIM, Ja M Hay4dHble YCHEXH OBUTM B 3TO BpeMsl HE CIHMIIKOM
BrievaTsomumu. JI. Crnama, W3BeCTHBIH (DU3UK, PYKOBOJIUTENb €r0 TUIUIOMHON paboThI, 3aMEeTHII,
YTO «BOKPYT OKa3aJIoCh HE TaK y» MHOTO MPOOJeM, TOCTONHBIX YETIOBEKa C TAKUMHU CIIOCOOHOCTSIMM.
K cuactelo, nmpobnema Bce ke Halulach — 3TO OblJIa TEOPUSl YEPHBIX AbIP, KOTOPYIO XOKUHI YBUJIEN B
HOBOM CBeTe TocJe nosisiieHus: padotsl P. [Tenpoy3a 06 0cOOEHHOCTSIX ypaBHEHUN TATOTEHUS.

B oro Bpems wu3MeHwIach W JM4YHas KuU3Hb XokuHra. B 1965 r. oH KeHuics Ha
cryneHtke-gunonore [xeitn Yaina (el OH MOCBATUI 3Ty KHUTY). Y HUX €CTh JI04b U JBA ChIHA.

1985 rox mpunec HoBoe HecuacThe. [locie omeparuu Ha ropsae XOKHUHT MOTEPSI CIOCOOHOCTh
ropoputh. Ha momomrs mpuxonar Apy3bs, U oaHa KanudopHuiickas (upMa TPEnogHOCUT eMy
KOMMYHMKAI[MOHHYIO CHUCTEMY KOMIIbloTep + cuHTe3aTop. O6 3ToM XOKHHI caM paccKa3blBaeT BO
BBEJICHUU K KHUTE, XKeJas BBIPAa3UTh OJaroJapHOCTh TeM, KTO MOMOTaeT eMy KHThb. «ITa cucTeMa
M3MEHMJIA BCE: MHE JJaKe CTaJIO Jierdye o0IIaThCsl, YeM JI0 TOTO, KakK 5l HOTEPSUI FOJI0C», — MUIIET OH.

CymiecTBOBaHUE B TaKUX YCIOBHSIX TPEOYET HE TOJNBKO BOJIM K KH3HU, HO M YyBCTBa OMOpA.
XOKHMHT pacCcKa3blBa€T MHOTO HMCTOpUHU. Tak, 3aHUMasCh YEpPHBIMHU JbIpaMH, HO HE HMes TOKa
HaOII0IaTENBHOTO TOKA3aTeNbCTBA UX CYIIECTBOBaHM, XOKHHT 3aKiIo4aeT napu ¢ TopHoMm. YcrnoBus
Mapu MOJYUHSUTUCH M3BICKAHHOW JIOTHKE. XOKHHT, Beps, YTO BO BceneHHON MOKHO OBITh MHOTO
YEpHBIX JbIp, JENAET CTaBKYy MPOTHB UX CYyIIeCTBOBaHUA. Eciau Iplp HE OKaXeTcs, TO B KaueCTBE
KOMIIEHCAIIMH 32 TIOTEPIO CMbICIIA IJIaBHON CBOEH pabOThl OH MOJTYYaeT YEThIPEXJIETHIO MOANKUCKY Ha
aHMIMACKUN roMopucTHdeckuit xypHan «Private Eye». Eciu jxe uepHble AbIpbl ecTh, TOpH moixydaeT
rojioByto moanucky Ha «Penthouse», a Xokunr (Brosine BepositHo) HoGeneBckyro npeMuro.

Ceituac Xokunr — npodeccop Kemopumxckoro ynusepcurera. OH 3aHUMAET Kadeapy, KOTOpyro
korjpa-to 3aHuMan Heioron, a B Hame Bpemsa — Jupak. C 1974 r. Xoxunr wien JloHaoHCKOrO
KoposneBckoro obmiectna.

UtoObI HayaTh, HAKOHEII, PA3roBOpP O KHUTE, MOJIE3HO TpuBecTH ciioBa acTpoHoma K. Carana,
Hanucasuiero npenuciosue: «Kuura o bore... a moxer ObITh, 00 orcyrcTBUM bora». Cnoso bor
ITOBTOPSIETCS YacCTO. XOKUHI OTIPABIISIETCSI HA MOMCKU OTBETAa HAa 3HAMEHHWTHIN BOIPOC DWHILNTEHHA,
Obu1 i y bora kakoil-HHOyIs BBIOOp, KOTZa OH co3fqaBai BceneHHyo. XOKHUHT CTPEMUTCS — OH
TOBOPUT 00 3TOM IPSIMO — MOHSATH 3ambicen bora. [Toucku npuBoAST K HEOXKUJIAHHOMY 3aKJIIOUEHHUIO,
MOJKET OBITh, HE OKOHUYATENLHOMY: «...BceneHHas 6e3 kpas B IPOCTpaHCTBE, 0e3 Havala U KOHIA BO
BpeMeHH, 0e3 kakux-nmubo nen ansa Cozparens». Paccyxxnenus o bore, koneuHo, He HOBbL. BcmoMuuM
Jlanmaca, koTopblit Oynro Okl oTBeTHII HamoneoHy, 4To He HY»KAaeTcs B 9TOM THIOTE3e.

[ToctenenHo packpriBaromiasics ucropuss BeeneHHoOW Bcerna m3ymuisijia €CTECTBOMCIBITATENEH.
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OWHINTEWH BBIpa3WJl 3TO B CBOEH OOBIYHOW mapamokcanbHOM (dopme: «Korma s paccyxmaro o
(bu3nuecKoil Teopuw, s CIpamuBa ceds, co3aaBai I Obl 1 BeeleHHYI0 TakuM Ke MyTeM, ecliu Obl
borom Ob1n1 51?7» Ero Beunsii onmoneHT Humbc bop oTBeTmn Tak: «O9TO coBceM HE Hamie AeNO
npeanuceBaTh bory, kakum 00pa3oM OH JI0JDKEH YIPaBIISTh MEPOM.

Bormpoc Tak u ocraercs 6e3 oTBeTa: CIy4ailHO Ji UCcTOpHsl BeelleHHON oKa3allach TakoH, KaKon
OHa MOCTENEHHO PAaCKpbIBaeTcs mnepes yenoBekoM? Bo3MokHO 1, 94TOOBI HCTOpUS ObLIA IPYTOil, HIu
HCTOPHS ONPENENSIETCS OJTHO3HAUYHO U3 MPUHLIMUIIOB, KOTOPBIX MBI ellle He 3HaeM? W HakoHel, «elie He
3HAaeM» WIH Mbl 1 HE MOXKEM HX y3HaTh, MO0 OTBET MOXKET JIS)KATh 3a MpeesiaMH TIO3HAaHUS YeIOBeKa.
U Bce xe ueMm riyOke B IPOILIOE M 4YeM Jajiblie B Oyyiliee MPOHUKAeT HayKa, TEM MEHbIIE Jela
ocTaercs sl MEPUUECKUX CHIL.

[Tocne Toro kak rumoTe3a o pokJaeHuu BceneHHoll B O0JbIIOM B3pbIBE IPEBpaTHIIaCh B MOUYTH
OOIICTIPUHATYO, BOIPOC O TOM, YTO OBLIO JO poKAcHHS BceneHHOM, cran Kak Obl HE3aKOHHBIM. B
3TOM CMBICIIE HayKa MpHUOIU3UIach KO MHOTUM MHdaM, B TOM 4Yucie U K OUOJIEHCKOMY BapHaHTY
coznanust Beenennoii. [TopazutenbHbIM ObLITO BOOOpaKEHUE IPEBHUX, CO3AaBABLINX MHU()BHI.

[IpounTtaem B nepBoii rmaBe bubnuu: «M HazBan bor cBet aHeM, a ThMy HOublO. M ObLT Beuep, u
ObUIO YTpO: JAeHb onuH». MHOrma mnepeBOIAT: «IeHb MEpBBI». JTO HEeBepHO. KoMMeHTaTopsl
KaHOHUYECKOI0 TEKCTa CYUTAIOT, YTO HE MOIJIO OBITh CKa3aHO «JIEHb IEPBBI», TaK KaKk HEe ObUIO
nocnenyrouero. [lo-BuaumomMy, uzaesi, 4To BpeMs Takke JOJKHO ObUIO OBITh CO3[aHO, 3aHUMaJla
aBTopoB bubnuu. He Tonbko co3maHuMe BpeMEHHM, HO U KOHEI] BpPEMEHHU MPEACTABISAICS B
OCMBICTIEHHOM TOHATUHU. B 3akmtountensHoit kHure bubnuu, otkpoBeHuu Hoanna (10:6), anremn,
OOBSBISAS O TPALYILEM KOHIIE MUPA, TOBOPUT: «...d BPEMEHH YK€ HE OyAeT».

[IpoGiema BpeMeHH MpHBJIeKaia BHUIMaHUE U XPUCTHAHCKHUX (PritocodoB panHero CpeJHEBEKOBBSI.
B «McnoBequ» brnaxennoro ABryctuna Mel untaem: «Ecnu ke paHblie HeOa 1 3eMJIH He ObLTO BpEeMEHH,
3a4eM crpammBaTth, yto Tol genan Toraa. Korma ve ObUT0 BpeMeHH, He ObUIO U TOTIAY.

Ham Bex TpeOyer, 4toObl Mudsl oOpenun MaTemMaTHueckoe oOJuuYuMe. DTO CBEPUIMIOCH B
Jlenunrpane, korga nosiBwiack pabora A. A. ®puamana. Bcenennas ®puamana HauuMHaeTcs ¢
«OCOOEHHOCTHU» — MUPOBOM TOYKH, B KOTOpPOW oOparaercs B OECKOHEYHOCTh KPUBU3HA, a C HEIO U
IUIOTHOCTH BEIIECTBA. B 3TOi TOUKe TEpSIOT CBOIO CHITY (PM3UYECKHE 3aKOHBI, M, OCTaBasCh B paMKax
oObuHOM Mojnenu Bceenennoit ®puaMana, Helb3sl MOHATh, YTO MPOUCXOAMIO B CAaMOM Hadale
BPEMEHM, KaK BO3HUK OOJIbILION B3PHIB.

370 yTBEpIKAE€HHE MPABUIBHO, U (PU3UKH HE OLIMOIMCH, CUMTAsl, YTO HE UMEET CMBICIIAa caM BOIIPOC O
MPOJODKEHUM KOOPJMHAThl BPEMEHH 3a «OCOOEHHOCTBY. JIeWCTBUTENBbHO, MpOOIeMy HENb3sl Jaxe
copMynUpoBaTh aKKYpaTHO Ha SI3bIKE MATEMAaTHUKH, €CIIM OCTaBaThCsl B paMKaxX KIACCHUYECKOW TEOPUH
TAroTeHus DiHIITelHa. J[0Ka3aHo, YTO B 3TUX paMKax HE CYILLECTBYET PEIIeHUI ypaBHEHUI 001eil Teopun
OTHOCHUTENIBHOCTU — ypaBHEeHUH DitHiTeliHa — [ miib0epTa, KoTopble Obl HE UMENU «OCOOEHHOCTEN.

«Oco0eHHOCTH ) TIOSBIISIFOTCST HE TOJIBKO ISl Bceil BeenenHoi, HO 1 i 3Be3/], Macca KOTOPHIX
CTOJIb BEJIMKA, YTO BEIECTBO HE MOXKET MPEOJI0IETh COOCTBEHHOI0 IPaBUTAIIMOHHOTO MOJIS U MAAAeT K
ee IEHTPY TaK, YTO MOBEPXHOCTb 3BE€3/Ibl CTSATMBAETCS B KOHLIE KOHIIOB B MaTEMaTHMYECKYI TOUKY —
CUHTYJIIpHOCTB. [IponcxoauT Koiutamc 3Be3lbl, €€ «CXJIONbIBaHME». Takas 3Be3la M €CTh depHas
IbIpa, PUBJIEKIIas BHUMaHUE X OKHHTa.

[Ipo6nemoit cunrynspHoct 3aHuMancs P. [leHpoys, KOTOpBIM Mmokasal, YyTo HauyaBIIMICS KOJUIAIC
3B€3/Ibl HE MOXET MPEKPaTUThCS. XOKHUHI MUIIET, YTO OH O4Y€Hb 0OpafoBajiCs HOBBIM WAESAM, CUUTAs UX
JOCTOWHBIMU pa3BUTHsL. Ero mojcrernBany u mimyHble 00CTOSATENbCTBA. [[pOrHO3bI Bpadel ObUTN MpayHBIMHU.

PaGora Ham HOKTOpPCKOHM CTemeHblO0 Kazanachk OeccmbicieHHoi. Ho mpomwio nBa roma, u
yXyAueHus He HacTynuiio. «HanpoTus, — roBoput XOKHUHT, — Jiejia MOM TOIUIN 3aMevaTesbHo. S cran
KEHUXOM ovapoBatesbHON AeBymkHu Jxelin Yaina. Ho 9ToObl )keHUTHCS, Hy)kHa Oblta pabota, i
MoJTydeHus: paboThl HY>KHA ObLIa JOKTOPCKAs CTETIeHb. A TYT MOJBEPHYIACH XOPOIIIasi TEMAay.

XOKUHT YBHJE, YTO MEXIy 3ajadel o 4YepHOH Ibplpe M 3ajadyeil o OOJBIIOM B3pBIBE €CTh
Oonbiioe cxoacTtBo. Eciam uepHas 1plpa KOHYAaeT CBOE CYIIECTBOBAHWE B CHUHTYISAPHOCTH, TO,
MOBEpPHYB B €€ MCTOpPUU BpeMs, Mbl IOJYy4YUM MoJenb BceneHHOH, KoTopas B CHHIYJISPHOCTU
poknaerca. OTO MOATBEPAWIO cTapele mpennosioxkeHus, u B 1970 r. Xokunr c Ilenpoyzom
OIMyOJIMKOBaIM paboOTy € J0Ka3aTENbCTBOM TOIO, YTO pacuiupsomasics BceeneHHas noikHa HavaTh
CBOIO MCTOPHIO B CUHTYJISIPHOCTH.

Mexny 4depHOU AbIpoil U BceneHHOM ecTh NMPUHLIHMNHMAIBHAS pa3sHUuLa. TodHee, eCTh pas3indue
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MEXJy IIOJOXKEHHEM Hal0iogaTenss B OJHOM M JpyroMm ciydae. Kommanc 4epHOH JbIpbl MBI
Ha0JII01aeM CHapyKu, U TEOpUs TOBOPUT, UTO JJIs HAOIIOAATENs, TOKOAIIErocs Ha OECKOHEYHOCTH, T.
€. B 0011acTH, I'/ie TPaBUTALMOHHOE MOJIE YEPHOU ABIPHI CKOJIb YTOJIHO MaJIo, BpEMsI ITOJIHOTO KOJIIanca,
BpeMs JOCTIDKEHHS CUHTYJISPHOCTH, OECKOHEYHO BesnKo. CTporo roBopsi, HaOM0AaTeNb HUKOTAA HE
YBUJIUT KOHIIA 3BOJIIOLUM 4YepHOM Iblppl. Bo Bcenennoil HaGmronaTenu HaxosATCsl BHYTPH, OHHU
pa3beraroTcs BMECTe ¢ rajJaKTHKaMHM, ¥ X BO3pAcT (CYHMTasi OT OOJIBIIOrO B3phIBA) KOHEYEH.

Ho y o0Ooux o0BekTOB ecTh oOmIas uepra: Hpolecc Kojulanca U pacluupeHus Bcenennoit
HeoOpatumbl. Ecimu  HeoOpaTUMOCTh pacimiupeHusi BceneHHONW TpeAcTaBisieTcsi eCTeCTBEHHOM
(ImccunaTUBHBIE MPOLECCHI CONPOBOXKIAIOT HBOJIOLUI0), TO HEOOPATUMOCTh KOJUIalica — TeopeMa
[lexpoy3a-XOKHHra — HE CTONb MOHATHA. J(MCCUIIaTUBHBIE MPOLIECCH MPUBOAAT K HEOOPATUMOCTH, K
poCTy 3HTpONHHU crucTeMbl. HO MOXHO 1M IpUNMCaTh SHTPONUIO 4epHOU Iplpe? Kak B AETEKTMBHON
uctopuu, XOKUHT HAXOJUT YJIUKY, OHA Jie)kaJla IIOYTH Ha BUIY.

Korna BemecTBo miM u3iydeHue NagaeT Ha YEpHYIO AbIpY, IUIOMIAAb €€ IIOBEPXHOCTH MOKET
TOJIBKO YBEJIMYMBATHCS. Paguyc 4epHOU ABIPBI IPOIIOPLUOHAJIEH €€ Macce, a IOBEPXHOCTh — KBAApary
Maccel. Korga mMacca pacrter, pacteT u NOBEpXHOCTh. Jlanee XOKMHI 3aMe4acT, 4TO €CIU JBE YEPHbIE
JBIPBI CIIMBAIOTCS B OJIHY, TO IOBEPXHOCTb HOBOW [BIPHI CTAHOBUTCS OOJIbIIE, YeM CyMMapHas
IIOBEPXHOCTb JIBYX MCXOJIHBIX. MOXHO OTMETUTh M O4EBUIHBIN (akT. Eciau npu xosutance Ha YepHYIO
IbIPY HUYEro HE MaJaeT, T. €. NOBEPXHOCTh (€€ Ha3bIBalOT T'OPU30HTOM) OCTAE€TCS IMOCTOSIHHOW —
IIOBEPXHOCTb ONPEIEIIAETCSA TOIBKO MacCou.

Cnenyrommit  mar gemaer amepukanerny Jk. buxenctun. OH BBICKa3bIBA€T CMEJIOE
IIPEAIIONIOKEHHE, YTO U1l YEPHOU ABIPHI MOYKHO BBECTH IOHSATHE DHTPOIMU M YTO SHTPOIUSA YEPHOU
JBIpBl MIPONOPLMOHAIIbBHA €€ MOBEepXHOCTU. [loBEepXHOCTh pacTeT (MM OCTaeTCsl MOCTOSIHHOM) CO
BPEMEHEM, XOpOILIO HMHUTHPYs IMOBEIEHUE HHTPONMM. [Mmore3a, KoTopas BBIMJIAAEIA JOBOJIBHO
COMHUTEJIbHOM, B paboTe XOKMHra MpeBpaTuiach B CTPOryto TeopeMy. Kak BBISICHUIIOCH, OHa
clieZioBajla U3 3aKOHOB KBAHTOBOM MEXaHUKH U OOLLIEH TeOpHUH OTHOCUTEIBHOCTH.

OTtkpbiTHe XOKHHIa MOBJIEKIIO 32 COOON LIEMOYKY HOBBIX YTBEpKIeHUM. Eciau y uepHOU IbIpbI
€CTb HHTPOIUS, TO JOJDKHA ObITh U Temreparypa. TepMoArHAMUKA O3BOJIET BBIYMCIUTD, YTO €CIIH
SHTPONMS OIpENeNsieTcs KBaJpaTOM JHEPrMM W HE 3aBUCHUT, HalpuMep, €lle U OT 00bema, TO
TemIeparypa A0JKHa ObITh 0OpaTHO NPONOPLUOHATIbHA SHEPTUH (MIM MAcCe) YEPHOM JBIPHI.

HemHoro nonymaB, MOKHO MOHSTh, YTO TaKOE 3aKIIOYEHHUE HE OYEHb COTJIACyeTCsl C UCXOAHBIM
IIPEICTAaBICHUEM O YEpHOM ApIpe. Teno, majgaromiee Ha YEpHYIO JBIPY, ONMCBHIBAETCS YPAaBHEHUSIMU
MexaHHUKH (KoHeuHo, MexaHuku OTO), u 171 SHTPONMH B TAKOM OINKCAaHUM HEeT Mecta. Ho ypaBHeHus
MEXaHUKU OOpaTHUMbI BO BPEMEHH, a 3Be3Ja KoJularcupyeT HeoOpatumo. B Teopun moimkHBI ObLTH
MOSIBUTBCSL DHTpoNMsl U Temmneparypa. Ho nanbine mpenbsBiasieT cBOUM 00s3aTelIbHbIE TpeOOBaHUSA
TepMOAUMHaMHKa. Bcsdkoe Teno, HMeIee TEMIEPATypy, MAOJDKHO U3IydaTb IO  3aKOHY
Credana-bonpiimana  (co cmektpom [lmanka). 3Ha4uT, BONPEKH BCEMY CKa3aHHOMY O
0€3BO3BPAaTHOCTH KOJUIATICA ¥ HEBO3MOXXHOCTH HUYEMY BBIPBAThCS U3 IPABUTAILIMOHHOTO OIS, YepHAast
Iblpa M3JIy4yaeT, U MHTEHCHUBHOCTb M3JIyUE€HHUs pacTeT, KaKk 4eTBepTas CTENEeHb €€ TeMIepaTyphl.
«YepHbIe OBIPBI HE TAK YK YEPHBI» — TAK HA3BaHA CEIbMasl IV1aBa KHUTH.

B uem ¢usmnueckas npupoaa 3Toro uznydeHus? bbuio sicHO, UTO OTBET HA HOBBIN BOIIPOC HENb3S
UCKaTh B TeOpUM ONHIUTEHHAa M HaJ0 MPHUBIEKAaTh BTOPYIO KOPOJIEBY (DU3MKHM HAIIero Beka —
KBaHTOBYIO MeXaHUKYy. KoHeuHO, BTOp»eHHE KBAaHTOBOM MEXaHUKU OBLIO HE TaK YK HEOKUIAHHO.
Vxe B Gopmyiie Ui sHTponuu BUKeHCTHHA BO3HHUKIIA TPYJHOCTh C Pa3MEPHOCTHIO K03 duIueHTa,
oOpamiaroniero Imiomaab B 0e3pa3MEpHYI0 JHTPOINUI0. EIMHCTBEHHOW BETUYMHOW, C TOMOIIBIO
KOTOPOH pazyMHO «00e3pa3MepuThy IUIONIA1b, ObUT KBaJIpaT INIAHKOBCKOW /UTMHBI, paBHOH 10-33 cm n
COCTABJICHHOW M3 MOCTOsIHHOM [lmanka m moctostHHOM TsroTeHus. He BoBiiekas B UTpy MOCTOSTHHYIO
[Tnanka, HanucaTh GopMymy JJIsl SHTPOIIUH HE YAAaeTcs.

[lepBriit Bapuant pemieHus O6bu1 npeanioker f. b. 3enpaoBuuem u A. A. CTapoOMHCKUM: ecliu
YyepHasi Jplpa BpalllaeTcs, OHAa JOJDKHA HM3JIydaTh. XOKUHI HCCIEAOBAN 3TY HJAEK MOJIPOOHO mocie
TOTO, KaK aBTOpPHI pacckazaiau eMy o Heil B 1973 r. (Xopommii nmpuMep TOro, Kak ObICTPO M YETKO
pe3oHupyeT XOKHMHI Ha HOBBIE HJIeH). BBIACHWIOCH, YTO A M3Iy4eHHs 3Be3Jle HE 00s3aTe’abHO
BpalaThCsA: M3JIy4aeT BAKyyM, B KOTOpPBIM OHA IMOIpyKeHa. DTO IOYTH MHUCTHYECKOE CBOMCTBO
BaKyyMma — IIPOCTPAHCTBA, B KOTOPOM HUYETO HET. HO B KBaHTOBOW MEXAHMKE «akK€ €CIIM HUYETO HET,
YTO-TO MPOUCXOJUT», KAK 3aMETUJI KTO-TO U3 (PU3UKOB.
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B «mycTom» Bakyyme €CThb IOJIA, M XOTS BEJIWYMHBI IOJIECH, HAIIPUMEP MAarHUTHOIO, PABHBI B
CpeIHEeM HYIIIO, MX KBaapaThl (Wi aOCOJIOTHBIC 3HAUYEHHs) B HYJb HE OOpAIAIOTCS JaKe B CPEIHEM
(xoTst OBl MOTOMY, YTO OHH BCETJa IOJOXHUTEIbHbI). BOMM3u uepHOW ABIpHl Takue QIIyKTyalluu
poxmaroT mapbl. Macca TakMX Tap MOYTH paBHA HYIIO, TaKk Kak OOJbIIONW (OTPHIIATEIILHBIN)
IpaBUTAIIMOHHBINA OTEHIMAJ IPAKTUYECKU KOMIIEHCHPYET Maccy CBOOOHBIX 3JIEKTPOHA U MIO3UTPOHA.

VY KOMITOHEHTOB POJMBILEHCS Mapbl pasHble Cyap0bl. OJHA W3 YacTUI] «IIPOBAIMUBACTCS» B
YEpHYIO ABIPY U IIepecTacT CcyllecTBoBarh Ui Hac. Ho yactuma He 3psg oThana CBOXO KM3HB. Ee
SHEPrus nepeajiach BTOPOM YacTHIIE U Jalla €l BO3SMOXHOCTb BBIPBATHCS U3 IPABUTALMOHHOIO IUJIEHA.
DTO ¥ ecTh M3IydeHHue XOKHHTa. Bhuncienrne ciekTpa u3nydeHus npuseno k Gopmyne I[lnanka. Tak
ObUIO OMPOBEPTHYTO MHEHHE, YTO YepHBbIE AbIphl OeccmepTHHI. [IpaBna, mM3mydeHHE CYIIECTBEHHO
COKpaIllaeT )XKU3Hb TOJBKO MaJCHbLKOW YEPHOM ABIPHI, YepHAs AbIpa ¢ paauycoM npoTona (10E-13 cm),
BO3HHUKIIAsg B Ipolecce OONBIIOro B3pbIBa, HE JoXWiaa Obl 10 Hamero BpemMenu. Ho
IIPOAOIDKUTEIBHOCTh JKU3HM UYEPHOM ABIpbI pacTeT, Kak KyO ee paaumyca. [lng uyepHOil IbIpbl ¢
paguycoM 3 kM (rpaBUTAlMOHHBIA paguyc CoHIA) TPOJOIKUTEIBHOCTD )KU3HU CTOJIb BEIUKA, YTO
HE CTOUT €€ U MOICYUTHIBATE.

Ho tem He MeHee uepHOM JbIpe MPEACTOUT MCUE3HYTh. Kak 3TO mpou3oiiaer, Hayka HE 3HaerT.
MoOXHO UMb CKa3aTh, YTO KOHEUHBIX COCTOSHMM MOKET OBbIThb OY€Hb MHOTO, U INPEACKa3aTh, Kak
MOTHOHET YepHas Jplpa, HUKTO ceiyac He B cocTossHUU. Kak Henb3s mpeackaszarh, Ha KaKUe KYCKU
pa3o0beTcs OyThlUIKa, yIaBIlas Ha KAaMEHb.

O 4epHBIX AbIpax HAMKMCAHO MHOTO, U Mbl MO’KEM HE IIPOJO0KaTh. Ho mpexie uemM ocTaBUTh 3Ty
TeMY, XOTeJI0Ch Obl JOCKa3aTh UCTOPHUIO, KOTOPYIO XOKUHI YIIOMHHAET B KHUTE.

[lepBriii pa3 peub 0 uepHOU Jbipe 3aBen B 1783 r. anrnuuanud [[x. Muyens, KOoTopblil Hanucall,
YTO ecli Obl TEJIO C MIIOTHOCTBIO, paBHOH u1oTHOCTH CosnHua, umeno paaunyc B 500 pa3 MeHblIUi, TO
CBET, U3JIyYE€HHbII TaKUM TEJIOM, JOJDKEH BEPHYTbCS 0OpaTHO M3-3a COOCTBEHHOM TshKecTH. Muuenn
pasMbILLIT 00 3TOM He MPOCTO Tak. EMy o4eHb X0Tea0ch HaliTU criocod M3MepeHusl Macchl JalbHUX
3Be3[. st Hero cBeT cocTosl U3 KOPIYCKYJl, KOTOpbIE, IPE010JIeBasi TPaBUTALIMOHHOE I10JI€ 3BE3/bl
(onpenensemMoe ee Maccoil), TEPSIFOT CBOK CKOPOCTh. FIMEHHO Tak OH W Ipullen K cBoeMy BbiBoay. Ho
IUIsL Hero 0oJjiee BaKHBIM OBLIO CIIEICTBHE OOHAPY)KEHHOTO UM SIBJICHHS: YTOOBI OMpPEIEeTUTh Maccy
3BE3/bl, HA/I0 U3MEPUTH HA 3eMJIE CKOPOCTh CBETA, IPUXOSAIIETO K HaM OT 9TOU 3BE3bI.

CeroaHsi Mbl IOHUMAEM, YTO U3MEPATH HAZ0 HE U3MEHEHUE CKOPOCTH CBETA, a U3MEHEHHUE €ro
4acTOThl — KpacHoe cMmenienne. Ho 1t cBoero BpeMeHu ujiest Oblia KpacuBasi.

Pa3mblnieHne 0 KOHIIE YEepHOM JbIpbl C HEU30EKHOCTHIO MPUBOAMT K BBIBOAY, 4TO O€3
KBAaHTOBOM MEXaHHMKHM He o0oiTHch. C TaKMMHM COMHEHHMSIMH M pe3yibTaramMu XOkMHr B 1981 r.
BEpPHYJICS K IONbITKE OOBSICHUTHh Hauano Bcenennoil. Ho ero 3aHuMaioT He MmaTeMaTHyecKue
BBIUMCIICHUS (B M€ X JIeaTh HEJIerkKo), a TOUCKU CAMBIX TTTyOOKHUX MCTHUH.

Kak ycTanoBunuce HauanbHbIE YCJIOBHS, IpUBEALINE K BceleHHOH, KOTOpYI0 Mbl BUIAUM U B
KOTOpO#M oka3zamuch camu? «OJMH BO3MOXKHBIM OTBET — 3TO CKa3aTh, yTo bor BeIOpan HavyaabHYIO
KoH(urypanuio BeeneHHON U3 cooOpakeHHi, MOHATh KOTOpble HaM He JaHo... Ho mouemy, BbIOpaB
Takoe CTPaHHOE Hauyalo, OH BCE K€ peln, yToObl BceneHHas pa3BuBanach MO HMOHSATHBIM HaM
3akoHaM?» I10CKONIBKY e 3TH 3aKOHBI MOHATHBI, TO «ECTECTBEHHO MPEANOI0KUTh, YTO 3TOT MOPSIOK
OTHOCHUTCSI HE TOJBKO K 3aKOHaM HAyKH, HO M K YCJIOBMSM Ha IpaHULE NPOCTPAHCTBA-BPEMEHH,
KOTOPBIE ONPEIEIAIOT HCXOAHOE COCTOSTHUE BeeneHHomM».

Tax XokuHr BcTynaer B cniop ¢ borom, otHumMas y Hero poss Co3parens. Mnes XokuHra Hocut
ellle JOCTaTOYHO CMYTHBIN XapakTep. B kHUre oH coBceM He nuueT GopMysl — U3aTeb IpeIynpeam
€ro, 4TO OJJHa-€AMHCTBEHHAs (OopMyla YHOJOBUHUT TUpax (popmyna E = mc”2 Bce ke nmpuBOIUTCA,
HO 3TO HE MOMEIIAN0 KHUTE cTaTh 6ectcemiepoM). M cBoro HOBYIO HJ1et0 XOKUHT MbITAETCSI OObSICHUTH
cioBamu. KaxkeTcs, Bce e B €ro Mo3ry ecTb Oojiee 4eTkas KapThHa, KOTOPYIO OH IPOCTO €Ile He
MOJKET Iepenath KoMiblotrepy. Koraa s roBopro 06 3TOM, MEHSI HE MOKUIAET OLIYIIEHUE KaKOro-TO
(aHTacTHUECKOTO (MU CIOPPEATHUCTUYECKOT0) pOMaHa, B KOTOPBIi s IomaJl.

[Touemy u kak Bo3HUKIIa BcenenHnas — 00bsSCHUTB, OCTaBasiCh B paMKaxX KJIACCHUECKON MOJEINH,
HeNb3sl, KaK Henb3s OOBSICHUTH CBOWMCTBA OHIIEKTPOHA, 3HAs JIMIIb OJHY-€AMHCTBEHHYIO €ro
TpaekTopuio (Wi HeOonbpmo ee Kycouek). Ho kBaHTOBass MexaHuWka Ojarojapsi MNPUHIIUAITY
HEOIPEICIIEHHOCTH UMEET JIeNI0 Cpa3y CO MHOTMMHU (MJIH JJaKe CO BCEMU) BO3MOXKHBIMH UCTOPUSMHU.

To, ¢ yero HauMHAeT COBpEMEHHAsi TEOPUsl, — 3TO HEKOTOPHIM 00pa3oM OINpeseeHHas cCyMMa I10
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BCEM HCTOpHSIM, KOTOpbIE, UHTephepupys APYyr C IpPYroM, CO3JAIOT HAIly peajbHyI (B KaKOM-TO
cMbicie Hanbosee BeposTHYI0) Beenennyro. Ho MaTtemaTrka OTKa3bIBaeTCsl peain30BaTh TaKyl0 UJCIO.
Uto06s1 Teopust Obuia (HOpPMATBLHO TOCIEIOBATEIILHON, HA/IO OTKAa3aThCS OT OOBIMHOTO BpeMeHHu. Jliis
OINMCaHMsI BO3MOXHBIX HMCTOPUI BCEJIEHHBIX IPUXOJUTCA IEPEXOIUTh OT PEATBbHOIO BPEMEHHM K
MHUMOMY, TIpeBpalas MpocTpaHCTBO MUHKOBCKOTO B 0oJiee MOHATHOE YETHIPEXMEPHOE MPOCTPAHCTBO
EBkinnaa. B TakoM €BKIMIOBOM YETHIPEXMEPUHU HCYE3aI0T 0COOBIE TOUKH (TaK IMOJIOCH 3eMIIM HUYEM
TreOMETPUYECKH HC OTIMYAIOTCS OT TOYEK HKBATOpa). Y MOBEPXHOCTH Cdephl, KaK U y JH000H aApyrou
3aMKHYTON MOBEPXHOCTH, «TpaHULl HeT». KaBblUKM 37€Ch NOCTaBJIEHBI MTOTOMY, YTO 3TO €CThb HOBOE
rpaHnyHoe ycinoBue. CoBceM NPOCTO, HO, K COXAJICHHUIO, HE BIOJHE NOHATHO! Benps wucropus,
HAUMHAIOMIAACA C CHHTYJSIPHOCTHU, Pa3BUBAECTCS BMECTE C HAMU B PEAJIbHOM BPEMEHM, TaK YTO Hallle
IICUXOJIOTUYECKOE BPEMsI OKa3bIBA€TCsl HE TEM, B KOTOPOM ONMChIBaeTcs pa3BuThe Bceenennoil. Hano
elle JyMaTh, KaK COBEPIIUTH MIEPEX0 OT MHUMOI'O BPEMEHHU K peaibHOMY. Miest kaxkeTcsi 3aMaHuMBOi,
HO TIPOIIET, HAaBEPHOE, €llle HeMalo BpeMeHH (peabHOro), Moka (MbI HaJileeMcsl) OHa CTaHEeT MOHSATHOM.

Bes kaura XokuHra HammcaHa UM C LIEJIbIO TOJBECTH yuTarens K cBoed uaee. OH HE OYEHb
MHOTO MOKET cKa3aTh B €€ 3amuTy. OH Npu3bIBaeT YUTATENS K Pa3yMbsM O CaMbIX OOILIUX 3aKOHAX,
pe3yabTaTOM KOTOPBIX (CIy4alHBIM WIM HEOOXOIMMBIM) CTajlO0 TOSBJICHUE >KU3HM, 4MTaTens (M,
KOHEYHO, KHUTU XOKHHTa).

EcTb u eme BaxHBIN 1, HECCOMHEHHO, BEJIMKHI 3aKOH — 3aKOH O HallpaBJjeHUU BpeMeHu. «CTpena
BPEMEHM» — TaK Ha3bIBAaeTCsA AEBATas IJlaBa KHUTM. OJTa IJIaBa — BEJIMKOJICTIHBIA HAYYHBIM 3TIOM.
Henpocras mist nmoHumaHusi ujest O JBYX COCYLIECTBYIOIIMX YETBIPEXMEPHBIX IMPOCTPAHCTBAX —
€BKIIUIOBOM, B KOTOPOM OTOMPAIOTCS UCTOPUU, U MPOCTpaHCTBE MUHKOBCKOTO, B KOTOPOM pabOTaroT
JMHAMHYECKHUE YpaBHEHHS U B KOTOPOM IIPOTEKAET Hallla )KU3Hb. Eciu B 3TON «cyMacuienmein» uaee
€CTh XOTbh KPYIIUIIA UCTUHBI, TO MBI JIEJIAEM LIAr K COBEPLIEHHO HOBOMY 3Tally MO3HAHMS, HO, MOXKET,
BCE K€ Uesl HE HACTOJBKO CyMacHIe/Amas, YToObl CTaTh UCTHHOM (110 «kputeputo» Hunsca bopa).

31ech emle yMecTHO J00aBUTh HECKOJIBKO CJIOB O MPUYMHHOCTU. Kiaccuueckas MexaHuKa JaeT
MPaBO YTBEPKAATh, YTO OYyIyIIee MOKHO IMPEJCKa3aTh C TOYHOCTHIO W MOJHOTOW HE JyYIIUMH, YeM
TOYHOCTb U MOJTHOTA HaYaJIbHBIX JaHHBIX.

[TouTn K 3TOMY CBOJIUTCSI U CIIOp O MOJIHOTE€ U BEPOSTHOCTH B KBAHTOBOW MexaHuke. He mmeer
CMBICJIa 00CYXk/1aTh BO3MOXKHOCTU M3MEpPEHHsI ¢ OONBIIMMU TOAPOOHOCTSAMU, €CJIM HayaJlbHbIE JaHHBIC
OrpaHUYEHbl TPHUHIMIIOM HEONPEACICHHOCTH. MOMKHO TOJIBKO YTBEp)KIaTh, YTO HH(poOpMaIus,
cofiepKallasics B HayaJdbHBIX JAHHBIX (IO KpaliHeH Mepe Al CHUCTeM, y KOTOPBIX €CThb TOJIBKO
JMCKPETHBIE YPOBHH), HE CYE3AET CO BPEMEHEM (€CJIM, KOHEYHO, B CUCTEME HET TPEHHsI U €CIIU cUcTeMa
3aMKHYTa). IMEHHO TaKyto HEONpe/1eIeHHOCTh KBAaHTOBAasi MEXaHUKA BHOCHT B TEOPHIO I'PaBUTALMH.

Oddextnas nexnmapanus Jlammaca o TOM, YTO UCTOPHS TpeAcKa3zyema, €Cld TOJbKO W3BECTEH
MIOJIHBIM HAa0Op HayaJbHBIX JIAHHBIX — KOOPJAMHATHI M UMITYJIbCHI BCeX Te (M mosiei, 1odaBuM ceifyac),
Bo Bcenennoii He umeer cmbicia. Henb3st coOpath B KOHEUHOE BpeMs BCe 3TH JaHHBIE — Iepenada
JaHHBIX TpeOyeT BpeMeHH (HET CHTHAJIOB, PACHpPOCTPAHSIOIIUXCA CO CKOPOCTHIO, OOJBILIEH CKOPOCTH
CBETa), a KOJIMYECTBO HEOOXOAUMBIX JaHHBIX OeckoHeuHo. Kpome Toro, TpedyroTcst abCOMOTHO TOUHBIE
JIaHHbBIE, Ja’Ke OYEeHb MaJICHbKHE TIOIPEIHOCTH MOTYT B KOPHE U3MEHUTh Npejicka3aHue Oyaymiero (Kak
TOBOPST, 3aJ1aua HeycToiiunBa). Tak uto npumMep Jlamnaca BEIXOIUT 3a paMKH PEaIbHOCTH.

MHe xoueTcsi 3aKOHUUTH CIOBAMM aBTOpa — HEUCIPAaBUMOI'O ONTUMHUCTA: «Eciaum Mbl OTKpoeM
MIOJIHYIO TEOPHIO, TO CO BPEMEHEM €€ OCHOBHBIE MPUHIUIIBI CTAHYT JOCTYIHbBI TOHUMAHUIO KaXK0ro0, a
HE TOJIbKO HECKOJIbKMM crnenuaiaucram. M Torna msl Bee, pumocodsl, yueHble U MPOCTO OObIUHBIE
JIIOJIM, CMOKEM MPUHATH Y4acTHE B JUCKYCCHH O TOM, IIOYEMY TaK IMPOU30IILIO, YTO CYIIECTBYEM MBI U
cyuiectByeT Beenennasy.

Ham MokeT HpaBUTBHCS WM HE HPAaBUTbCA XOJ MbICiie XOKHWHTa, HO OT MOCTaBJIEHHBIX UM
BOIIPOCOB YMTH HEINb3s... B HEKOeM cMbICiIe MBI MOJOLUIM K TPaHMIIE MO3HAHUSA, U Mbl CMYLICHBI
camMoi CyTbhlO: MOXeT Ju cucteMa (BcenenHas u Mbl) OBITH YCTPOEHA TakK, YTO YACTh €€ — YEJOBEK —
CIOocOOHa TOHSTH BCE €€ 3aKOHBI, BKJIOYasi 3aKOHbI COOCTBEHHOTO Mo3HaHUS. OCHOBHOE IMOJIOKEHUE
HayKH COCTOUT B TOM, YTO MUp peaJieH U no3HaBaeM. Ho 04eBHAHO J11, 4TO OH O3HABAEM YEJIOBEKOM?
CoMHEHMS B O3TOM HEPENKO NPHUBOJAT K MBICIM O MOTYYMX pPasyMOM, Hac H3YYarOIIUX
MHOIUTaHeTsHax. HyxaaemMcs i Mbl B 31O runote3e? Bo3MoOKHO, Ha 3TO OTBETUT XOKHUHT.

A. A. Cmopoounckui. /lexabps 1989 e.



