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IlociecnoBue

BnaropapHocTu

Kuura noceamaercs /[>keiin

S pemnn nonpoOoBaTh HamucaTh MOMYJIAPHYIO KHUTY O MPOCTPAHCTBE M BPEMEHM IOCIE
TOro, KaKk nmpountain B 1982 r. kypc JIE6oBckux nekmuii B 'apBapae. Toraa yxe ObU10 HEMAllO KHUT,
IIOCBAILICHHBIX paHHEW BceneHHOM M 4epHBIM JAbIpaM, KaK OYEHb XOPOIIMX, HAaIpUMEp KHHTa
CruBena BaiinGepra «llepBble Tpu MUHYTBHI», TaK U OUY€Hb IUIOXUX, KOTOpPbIE 3/1€Ch He3aueM
Ha3piBaTh. HO MHE Ka3aloch, YTO HU B OJTHOW M3 HUX (PaKTHUECKU HE 3aTPAruBalOTCs T€ BOIPOCHI,
KOTOpbIE MOOYIMIIN MEHS 3aHATHCS N3yYEHUEM KOCMOJIOTUU U KBAaHTOBOW TEOPUM: OTKYJAA B3sJ1ach
Bcenennas? kak u modeMmy OHa BO3HHKJIA? MPHUAET JIM €A KOHEIl, a €CIU MPHUIET, TO Kak? DT
BOIIPOCHI MHTEPECYIOT BeeX Hac. Ho coBpeMeHHas Hayka OYeHb HACBIIEHA MATEMAaTUKOM, U JIMILIb
HEMHOTOYHCIICHHBIC CIEIHMATNCThI JTIOCTATOYHO BIAJCIOT MOCIEIHEH, YTOOBI pa30o0paThCsi B 3TOM.
OnHako OCHOBHBIE IPEACTaBIECHUS O POXKICHUM W JAajbHeWmeld cynapbe BceneHHON MOXKHO
W3J0KHUTh W 0e3 TOMOIIM MAaTeMaTWKH TaK, YTO OHU CTaHYT TOHSTHBI JaXke JIOMIsIM, HE
MOJIyYMBIIUM HAayYHOT'O 00pa30BaHus. JTO sl U MBITAJICA clenaTh B MOeH KHUre. YuTarento cyauTh
0 TOM, HAaCKOJIbKO S IIpeyCIIelL.

MHe cka3anM, 4TO KaKAas BKIIOYEHHAs B KHUTY (GopMysia BJBOE YMEHBIIUT YHUCIIO
nokymnateneil. Torma s pemmn BooOme ooxomutbes 6e3 dopmyi. IlpaBna, B KOHIE s BCE-Taku
HamucaJl OJHO ypaBHEHHE — 3HAMEHUTOE ypaBHeHue OWHIuTeiiHa E=mc”2. Haneroch, oHO He
OTITYTHET NOJIOBUHY MOMX ITOTEHIMUAIBHBIX YUTATEIICH.

Ecnu He cuuTath TOTO, 4TO 5 32007€7 OOKOBBIM aMUOTPO(YUIECKUM CKIIEPO30M, TO IOUYTH BO
BCEM OCTaJIBHOM MHE COIYTCTBOBaJa yaada. [lomome n noanep:xka, KOTOpble MHE OKa3bIBATIH MOS
xeHa JxeitHn um peru Pobepr, Jliocu m Tumotu, oOecmedyuam MHE BO3MOXXHOCTh BECTH
JIOBOJIBHO-TaKU HOPMAaJIbHBIA 00pa3 *KU3HU U JOOUThCA yCIeXoB B pabore. MHe MOBE3JIO U B TOM,
4TO s BBIOpan TeopeTHyeckyro ¢(usuky, mO0 oHa Bcs BMmemaercs B rosoBe. [losromy Mmost
(bu3nyeckas HEMOLIb HE CTaja CepPbe3HbIM MUHYCOM. MoU Hay4HbIe KOJJIETH, Bce 0€3 UCKIIIOUEHHUS,
OKa3bIBAJIM MHE BCEr/la MAaKCUMAJIbHOE COJICHCTBUE.

Ha nepBoM, «kiaccudyeckom» 3Tane Moed paboThl MOMMH ONMKaHIIMMKM MOMOIIHUKAMHU U
corpyanukamu Obutn Pomkep Ilenpoys, Pobept I'epok, bpennon Kaprep u Ixopmx Dmme. S
OsarozlapeH MM 3a IOMOUIb U 3a COBMECTHYIO paboTy. DTOT 3Tal 3aBEPLIMJICS M3JaHUEM KHUTU
«KpynHomacmrabHast CTpyKTypa MpOCTPAaHCTBA-BPEMEHN», KOTOPYIO MBI ¢ DJUIMCOM HAIUCAIU B
1973 r. (Xoxkunr C., Ommc [x. KpynmHoMacmtabHast CTpyKTypa mpocTpaHcTBa-BpeMenn. M.: Mup,
1976).

S Obl He coBeTOBaJ YMTAIOIIMM CIEQYIOLIME Jajee CTpaHMIbl OOpamarbCsi K Hel 3a
JIOTIOJTHUTEIbHON HH(OpMaIieil: oHa eperpy>keHa MaTeMaTHKON U Tsbkena it yreHus. Hanerocs,
YTO C TeX HOP g HAYUYHJICS MMHUCaTh 00JIee JOCTYITHO.

Ha BTOpOM, «KBaHTOBOM» 3Tame Moeil pa®oTel, HadaBmemcss B 1974 r., s B OCHOBHOM
paboran ¢ ['apu ['u660uCcOM, JlonoMm [Dvitmkem u Jxxumom Xaptiom. 51 oueHb MHOTUM MM 00sI3aH,
KaK M CBOMM acCIUPaHTaM, KOTOPHIE OKa3bIBAIM MHE OIPOMHYIO MOMOIIb U B «(HU3UYECKOM», U B
«TEOPETHUYECKOM» CMBbICIIE 3TOro cioBa. HeoOXoauMocTh He OTCTaBaTh OT ACIUPAHTOB ObLIaA
Ype3BbIUAHO BaXKHBIM CTUMYJIOM H, KaK MHE Ka)KeTcs, He MMO3BOJIsIa MHE 3aCTPSTh B O60J0TE.

B paboTte Hag KHUTO# MHE OYeHb MHOTO oMorail bpaiieH YuTT, onuH U3 MOUX CTyJIeHTOB. B



1985 r., HaOpocaB MepBbIN, TPUMEPHBIN TUTAH KHUTH, s 3a001€]1 BOocnajieH!ueM JieTkux. [Ipummmocs
JeYb Ha OINEpalMIio, U IOCJIEe TPAXEOTOMHHU s IIEpecTas FOBOPUTH, & TEM CaMbIM MOYTH JIMILUJICS
BO3MOXXHOCTH o0matecs. S gyman, yTo HE cMOry 3aKkoHUMTh KHUTY. Ho Bpaiien HC Toibko momor
MHE ee nepepaboTarh, HO U Hay4MJI MOJIb30BaThCSl KOMIIBIOTEPHOM mporpammoii oduieHus Living
Center, xoTopyto MHe nogapus Yont Yourom, cotpyaHuk ¢upmsr Words Plus, Inc., Cannuseiin
(wt. Kamudopuus). C ee momouipio s MOTy HHUCAaTh KHUTU M CTaThbH, a TaKXKe pa3roBapuBaTh C
JIOAbMH TOCPEICTBOM CHHTE3aTOpa pedH, MOAAPEHHOTO0 MHE JpYyroi CaHHUBEHJICKOW (upmoii
Speech Plus. J[3Bua MaiicoH ycTaHOBMII HA MOEM Kpecie-KOJISICKe 3TOT CHHTE3aTop M HeOOJIbLION
MepCOHANBHBIN KOMIIbIOTEp. Takas cucTeMa BCce U3MEHMIIA: MHE CTaJIO JaXke Jierde oOLaThbesi, 4eM
JI0 TOrO Kak 5 IOTepPsI ToJIoC.

MHorum u3 TeX, KTO 03HaKOMMWICS C MPEBAapUTEIbHBIMU BapHaHTaMU KHUTH, s OjlarojapeH
3a COBETHI, KacalollHuecss TOro, Kak ee MOKHO Obuio Obl ymyumuth. Tak, [lerep I'azzapau, moi
pemakTop u3nmatenbcTBa Bantam Books, cianm MHE MHCEMO 33 THCBMOM C 3aMEYaHHUSIMH W
BOIPOCAMH IO TEM MECTaM, KOTOpbI€, II0 €r0 MHEHHIO, ObUIM IUI0X0 OOBsiCHEeHBI. [Ipu3Hartbes, s
ObLT CHIIBHO pa3pa)<eH, OJYyYUB OFPOMHBIN CIIMCOK PEKOMEHAYEMBIX HCIpaBiieHUH, HO ["a33apau
OKasaJicsl COBEpILIEHHO MpaB. S yBepeH, KHUIa crana jyyiie Oiarojaps ToMy, 4to I'a33apau Thikai
MEHSI HOCOM B OLIMOKHU.

S BeIpaxkaro TiyOOKylo OiarogapHocTb MouM nomouHukaMm Komumny Yumnssamcy, JaBuny
Tomacy u Poiimonny JIbdnemmy, moumm cekperapsm JDxymu @emne, Dun Pamsd, Ilepun
bunnuarron u Ceto Mbiicu u MouM MejncecTpaM. S Obl HUYEro He CMOI AOCTHYb, €ClU Obl BCE
pacxo/bl Ha Hay4YHBIC WCCIICAOBAHUS U HEOOXOIMMYIO MEIUIIMHCKYIO ITOMOIIb HE B3SUIM Ha ceOs
I'onBwit-sua-Kaittoc-komieax, CoBeT MO HayyHbIM M TEXHHUYECKUM MCCIEJOBAHUSAM U (OHIBI
Jlerepxynma, Mak-Aprtypa, Hydbdunga u Pansda Cmuta. Bcem um s odeHb OiiarogapeH.

CruBen XokuHT. 20 okTs10pst 1987 1.

NMpepucnosue

MpI1 xHMBEM, MOYTHM HUYETO HE NMOHMMAas B yCTpoucTBe Mupa. He 3amymbiBaeMcs Han Tew,
KaKOH MEXaHM3M IOPOKIAET COJTHEYHBIN CBET, KOTOPBIA OOECIeYMBAET Hallle CYIIeCTBOBAHUE, HE
JyMaeM O TpaBHUTallUM, KOTOpas yAepXKUBaeT HAac Ha 3emje, He JaBas el cOpocUTh Hac B
npocTpancTBo. Hac HE MHTEpECYIOT aTOMBI, U3 KOTOPBIX MBI COCTOMM M OT YCTOWYMBOCTU KOTOPBIX
MBI CaMH CYIIECTBEHHBIM OOpa30oM 3aBUCHM. 3a UCKIIOYEHHEM JAeTel (KOTOphIE €Ille CIUIIKOM
MaJio 3HAIOT, YTOOBI HE 33JaBaTh TAKUE CEPhE3HBIC BOIMPOCHI), M0 KTO JIOMAET TOJIOBY HaJ TEM,
Io4YeMy IMpUpPOJa TAKOBA, KAKOBA OHA €CTh, OTKYJa MOSBUJICS KOCMOC W HE CYILIECTBOBAJ JIM OH
Bcerga? HE MOMKET JIM BpeMs OJHaXIbl TOBEPHYTb BCINTh, TaK 4YTO CIEACTBHE OyJer
MpEIIIEeCTBOBAaTh MPUYUHE? €CTh JIM HEMPEOAOIUMBINA MpeIel YeI0OBEUEeCKOro no3Hanus? beiBatoT
Jake Takhe OeTH (S UX BCTpedal), KOTOPbIM XOYeTCs 3HaTh, KaK BBIMVIAIUT YepHAas JbIpa, KaKoBa
camasi MaJleHbKas 4acTU4YKa BellecTBa? MOYeMy Mbl IIOMHUM MPOILJIOE U HE MOMHHUM Oynyiiee?



€CIM paHbllle W TpaBAa ObBUT XaoC, TO KaK TMOJYyYHMJIOCh, YTO TENEpPh YCTAHOBWJICS BUIAMMBINA
nopsAnok? u nouemy Bcenennas BooOIe cymecTByeT?

B namewm oOmiecTBe MpUHSTO, YTO POAUTENM M YUYUTESE B OTBET HA ATH BOIMPOCHI OOJIbIIEH
YacThIO TMOXUMAIOT IUIEYaMU WM NPU3BIBAIOT HA IMOMOIIb CMYTHO COXPaHUBIIMECS B IMAMSITH
CCBUIKH Ha PEJIMTUO3HbIC JIETeHIbl. HEKOTOPBIM HE HPABATCS TAKUE TEMBI, IOTOMY YTO B HUX KHBO
00HapYKUBAETCS Y30CTh YEJIOBEUECKOTO TOHUMAaHUSI.

Ho pasutne ¢umocomn W €CTECTBEHHBIX HAyK NPOABHUTAJIOCH BIIEPE] B OCHOBHOM
Omarogaps mogoOHBIM BompocaMm. Bce Ooubliie B3pOCHBIX JIOACH MPOSBIAIOT K HUM HMHTEpEC, U
OTBETHI MHOTJ]a OBIBAIOT COBEPIICHHO HEOXHMIAHHBIMHE 1T HUX. OTIMYasch Mo MacmTabaM Kak OT
aTOMOB, TaK M OT 3BE€3]l, Mbl pPa3[BUTIaeM TOPU30HTHI HCCIEIOBAHUN, YTOOBI OXBATUTh KaK OUYEHb
MaJIeHbKHE, TaK U OYEHb 0OJbIINE OOBEKTEI.

Becnoit 1974 r., npuMepHO 3a JBa roja 10 TOro, Kak KOCMHYECKMH anmapar «BuUKUHD»
JIOCTUT TIOBEPXHOCTH Mapca, s1 Obul B AHIIIMKA Ha KOH(EPEHIMH, OpraHn3oBaHHON JIoHIOHCKHM
KOPOJIEBCKUM OOIIIECTBOM M TOCBSIIIEHHOW BO3MOXKHOCTSAM IMOMCKAa BHE3EMHBIX IUBWIM3AIMi. Bo
BpeMsi TiepepbiBa Ha kKode s oO0paTwyi BHUMaHUE Ha ropas3fo 0ojiee MHOTOIIOAHOE COOpaHHe,
MIPOXOJIUBIIIEE B COCEAHEM 3alie, U U3 JIOOOMBITCTBA BOIIET TyAa. Tak s cTaja CBUIETENIEM JaBHETO
puTyana — mpuema HOBBIX WieHOB B KoposieBckoe oOIIecTBo, KOTOpOE SBISETCS OJHHM U3
CTapedInX Ha IJIaHeTe OObeIWHEHWH YyueHBIX. Brepean Moi00i YelOBEK, CHIEBIINI B
WHBAJIUIHOM KpeECje, OYEHb MEIJICHHO BBIBOAWJI CBOE€ HMMs B KHUTE, NPEIBIAYIIHE CTPAaHHIIBI
KoTopoi Xxpanunu noanuch Mcaaka Herorona. Korja oH, HakOHel, KOHYWJI PacHUCBIBATBHCS, 3aj
paspaswics oBanueil. CTuBeH XOKHHT yKe TOTr/ia ObUI JIETCHI0M.

Ceiiuac XokuHT B KeMOpHHKCKOM YHHBEPCUTETE 3aHUMAET Kadeapy MaTEMAaTHKH, KOTOPYO
korna-to 3aHuMan HerotoH, a mozxe II. A. M. Jlupak — 1OBa 3HAMEHUTBIX MCCIIENOBATEINS,
M3yYaBIIHE OJMH — camoe OOJIbIoe, a JPYrod — caMoe MaJeHbKoe. XOKHHT — WX JIOCTOWHBIH
IIPEEMHUK. JTa IepBas MOMyJsApHAas KHUra XOKHUIIa COACPXKUT MacCy IOJE3HBIX BELEH UIs
IUPOKOU ayauTopuu. KHrra MHTEpECHa HE TOJIBKO IIMPOTOM CBOETO COJEP KaHMs, OHA MTO3BOJISAET
YBHUIIETh, KaK paboTaeT MbICIb €€ aBTopa. Bbl Haiinere B HeW sICHblE OTKPOBEHHUS O TpaHMLAX
(GU3MKH, aCTPOHOMHUH, KOCMOJIOTHH U MYKECTBA.

Ho »t0 Tarke xuura o bore... a moxer ObITh, 00 orcyrcTBUM bora. CnoBo «bor» vacrto
MOSIBIIICTCA HAa €€ CTpaHMUIaX. XOKUHI OTIPABIISIETCS HA IOMCKHM OTBETA HA 3HAMEHHTBHIN BOIIPOC
OiHIITeHAa 0 TOM, ObUT U Y bora kakoii-HHOy b BEIOOP, KOTa OH co3/aBaji BeeneHHyo. XOKUHT
MBITAeTCSA, KaK OH caM IHILET, pa3raaarh 3ambicen bora. Tem 6osee HEOXKHUIaHHBIM OKa3bIBaeTCA
BBIBOJI (IT0O MEHBIIEH Mepe BPEMEHHBIN), K KOTOPOMY IIPUBOASAT 3TH NMOUCKH: Becenennas 6e3 kpas B
MIPOCTpAaHCTBE, O€3 Hauaia U KOHIA BO BpeMeHH, 0e3 kakux-1u0o nen st Co3parens.

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

1. Hawe npeacraBneHne o BceneHHoun

Kak-To onuH m3BecTHBIN yueHbIN (TOBOpPST, 3T0 Ob1 beprpan Paccen) uuran myOnuunyto
nexuio 06 actponomun. OH pacckasbiBai, kak 3emisa oOparmiaerca Bokpyr Comnia, a ComHile, B
CBOIO Ouepellb, oOpallaeTcsi BOKPYI LIEHTpa OIPOMHOTO CKOIUJIEHHS 3BE€3]l, KOTOPOE Ha3bIBAIOT



Hame ['amaktukoil. Korpa nekuus moaonmia K KOHIY, M3 MOCIEIHUX PANOB 3aja IMOJHSIIACH
MaJleHbKas MOoXWas Jeau U ckazana: «Bce, uro Bbl HaM roBopwin, — yenyxa. Ha camom nene Ham
MHp — 3TO IUIOCKasl Tapelyika, KOTOpasi CTOMT a CHUHE TMraHTCKOM uepenaxu». CHUCXOAUTEIHHO
YIBIOHYBIINCH, YYEHBIN CIIPOCUIT: «A Ha 4eM JAepkuTcs uepenaxa?» — « Bol 04eHb YMHBI, MOJIOOM
YeJI0BEK, — OTBETUIIA MOXKMIIas Jeau. — Yepenaxa — Ha Ipyroi yepernaxe, Ta — TOKE Ha Yepernaxe, v
TaK BCE HUXKE U HIDKE».

Takoe npezcrasienue o BeeneHHol kak 0 O€CKOHEUHO OalrHe U3 yepenax OONbIINHCTBY U3
Hac MOKaXETCsl CMEUIHbIM, HO MOYEMY MbI JyMaeM, 4TO caMu 3HaeM jyuuie? YTo HaM M3BECTHO O
Bcenennoii, u xak MbI 310 y3Hanu? OTKyaa B3siiack Beenennasi, u uto ¢ Helt cranercsa? beuto nmu y
Bcenennoii Hayano, a eciau ObLIO, TO YTO MPOHCXoAuo a0 Hayana? KakoBa cyniHOCTh BpeMeHH?
Konuntcst mn oHO Korma-HUOyb? JlocTHKEHUST PU3UKHU TTOCIEAHUX JIET, KOTOPHIMH MBI YaCTHYHO
00s13aHbl (DAHTACTUUECKONW HOBOM TEXHUKE, MO3BOJISIIOT HAKOHEI MOJIY4YUTh OTBETHI XOTS OBl Ha
OTJIENbHBIE U3 TAKHX JIaBHO IMOCTABJICHHBIX BONPOCOB. [IpoiiseT BpeMsi, 1 3TH OTBETHI, MOKET OBITH,
CTaHyT CTOJb K€ OYEBUIHBIMHU, KaK TO, YTO 3emis BpamaeTrcss BOKpyr CoiHIIA, a MOXET OBITh,
CTOJIb € HeJICTIBIMHU, KaK Oanras u3 yepenax. ToabKo Bpemst (4eM Obl OHO HU OBIJIO) PEIINT 3TO.

Eme B 340 r. 10 H. 3. rpedeckuit ¢puinocop Apucrorensd B cBoeil knure «O Hebe» mpuBen 1Ba
BECKHMX JI0OBOJIa B TOJb3y TOr0, 4TO 3€MJIi HE IUIOCKas Tapeyika, a Kpyruiblil map. Bo-mepBbix,
ApuCTOTENIb JIOTaJajCs, 4YTO JYHHBIE 3aTMEHHSI NPOUCXOIAT TOTNa, KOrJa 3eMJiisl OKa3bIBAeTCS
mexay Jlynoit u ConnueM. 3emiisa Bcerga otopachiBaeT Ha JIyHy KpyIilylo T€Hb, @ 3TO MOXKET OBITh
JIMIIb B TOM Cy4ae, eciu 3emist umeeT ¢popMy mapa. byap 3eMiist mIockuM IUCKOM, ee TeHb UMelna
061 (OpMy BBITSHYTOTO JJIIHIICA, €CIH TOJBKO 3aTMEHHE HE MPOHMCXOJHUT BCEra MMEHHO B TOT
MOMeHT, korjga ConHIle HaxoAWTCS TOYHO Ha OCHM JucKa. BoO-BTOpBIX, MO OMNBITY CBOUX
MyTEeLIECTBUN T'PEKU 3HAIM, YTO B IOKHBIX palioHax [lomsipHas 3Be3na Ha HeOe pacrosiaraercs
Huxe, yeM B ceBepHbIX. ([Tockonmbky [lonspHas 3Be3na nHaxomutcs Hajg CeBepHBIM MOIIOCOM, OHA
Oyzer mpsMO Hax TOJIOBOM HaOmomarens, crtosmero Ha CeBEpHOM IIONIIOCE, a YEIOBEKY Ha
9KBATOpPE TMOKAXETCs, YTO OHA Ha JIMHUU TOPU30HTA). 3HAS PA3HUIY B KAXKYIIEMCS MOJOXKCHHH
[Tonapnoii 3Be31b1 B Erunte u ['peninn, ApuctoTens cyMen Jake BBIYUCINTD, YTO JJIMHA YKBATOPa
paBHa 400 000 cramueB. UTo Takoe cTajuii, TOYHO HEU3BECTHO, HO OH OMm30K k 200 MeTpam, H,
CTaJo OBbITh, OLIEHKa APHUCTOTENI MPUMEPHO B 2 pas3a OoJblle 3HAYEHUs, MPUHATOrO ceifuac. Y
TPEKOB OB €IIe U TPETHH JOBOJ B IMOJIL3Y MIApo0Opa3HOi GopMbl 3eMITH: €CITH 3eMJIs He KpyTJias,
TO TIOYEMY K€ MbI CHavaja BUIMM Hapyca Kopalisi, MOJAHUMAIOIIUECS HAJ TOPU30HTOM, U TOJIBKO
MIOTOM caM KOpalJib?

Apucrotenb ayman, yto 3emiis HenonaBkHa, a Connue, JlyHa, miaHeTsl U 3Be3/bl
oOpaiaroTcs BOKpYT Hee 1o KpyroBsiM opOutam. OH Tak rnosarai, u60 B COOTBETCTBUHM CO CBOMMU
MHUCTUYECKMMHU BO33PEHUAMH 3€MJII0 CUMTAI LEHTPOM BceaeHHOH, a KpyroBoe JBUKEHHE — CAMBIM
coBepuieHHbIM. [ITonmemeit Bo II Beke pa3Bui uaer0 ApPUCTOTENS B MOJHYH) KOCMOJOTHYECKYIO
MoJienb. 3eMJIsl CTOMT B LIEHTpPE, OKpPY>KEHHas BoceMblo cepammu, Hecymmmu Ha cebe Jlyny,
ConHle ¥ MmsITh M3BECTHBIX Tornaa IuiaHeT: Mepkypuii, Berepy, Mapc, FOmurep u Caryps (puc.
1.1). Camu mnmmasetsl, cumtan IItonemen, OBMKYTCA 1O MEHBIIMM Kpyram, CKpPEIJIEHHBIM C
COOTBETCTBYIOIIUMHU cepaMu. ITO OOBSACHSAIO TOT BeChbMa CJIOXKHBIA MyTh, KOTOPBIH, KaKk Mbl
BHUJIUM, COBEpIIAIOT IIaHeThl. Ha caMoil mocneaneii cdepe pacnonararoTcsi HEMOIBUKHBIC 3BE3/IbI,
KOTOpBIE, OCTaBasICh B OJHOM U TOM € MOJ0KEHUH APYT OTHOCUTEIBHO Ipyra, IBHXKYTCS MO HEOY
BCE BMECTE KaK eMHOoe Lenoe. YTo JIexkHT 3a rnocieaneit chepoit, He 00BSICHIOCh, HO BO BCSIKOM
ClIydae 3TO yKe He ObUIO 4acThio TOM BceeneHHo#, KoTopyro HaOJII0aeT YeI0BEUYECTBO.
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Mogens [lTonemes mo3Bosisia HEIUIOXO HpeACKa3blBaTh IOJOXKEHHE HEOECHBIX Tel Ha
HeOOCBOZIe, HO JJIsi TOYHOIO MpeACKa3aHus €My MPUIUIOCh MPHUHSTh, 4TO TpaekTopus JIyHbI B
OJTHMX MeCTaX MOAXOIUT K 3emuie B 2 pa3a Omike, yeM B Jpyrux! DTo O3Ha4aeT, YTO B OJJHOM
nonoxeHnn JlyHa moipKHa Ka3aThest B 2 pasa Oosnbiieid, yem B apyrom! Iltomemeit 3nam 06 sTom
HE/IOCTaTKe, HO TEM HE MeHee ero Teopus Oblia NMpH3HAHA, XOTA U HE Be3Je. XPUCTHAHCKas
HepxoBs npunsuia IItonemeeBy monens BceneHHol kak He mpoTuBopevamryro bubmmu, nbo sta
MoJieNb OblIa OUeHb XOpollla TeM, UTO OCTaBJIsIa 3a MpeAeaaMu chepbl HEMOIBUKHBIX 3BE3/1 MHOT'O
Mecta Juist aaa u pas. Onnako B 1514 r. nmonbekuil cBamenHuk Huxonait KonepHuk mpenmoxun
eme Oosnee mpocTyro Mojenb. (BHauane, omacasich, HaBepHOE, TOro, 4To LlepkoBb OOBABUT €ro
epetukoM, KonepHuk npomnaranaupoBall CBOIO MOJENb aHOHUMHO). Ero uzes cocrosyia B TOM, 4TO
ConHIle CTOMT HEMOJBIXKHO B LIEHTpPE, @ 3eMJIsl U JpyTue IUIaHEeThl 00paIlatoTcsi BOKPYT HEro o
KpyroBeiM opOutam. [lpomuto moutm cromerwe, mpexzae dyeM uaeto KomepHHKa BOCHpPUHSIIA
cepbe3Ho. JIBa actponoma — Hemen Morann Kemnep u uranbsuern ['anuneo [anuneit — myOnudaHO
BBICTYIWJIM B MOJAEPKKY Teopun KomepHuka, HECMOTps Ha TO 4YTO Ipejacka3zaHHble KonepHukom
OpOUTHI HE COBCEM COBIaJaM ¢ HabmogaeMbIMH. Teopun Apucrotens— [ITonemes npuiien KOHew
B 1609 1., korma [anmieit Havanm HaOJIFO1aTh HOYHOE HEOO ¢ MTOMOIIBIO TOJIBKO YTO MU300PETEHHOTO
tesieckona. HanpaBus Teneckon Ha mianety Onurep, ["amuieit oOHapy KUl HECKOJIBKO MalleHbKUX
CIYTHHUKOB, WIM JyH, KOTOpble oOpamaiorcst Bokpyr lOmurepa. D10 03Hayano, 4yTO HE BCe
HeOecHbIe TeJa JOJKHBI 00513aTeNIbHO 00paIlaThesl HEMOCPEICTBEHHO BOKPYT 3eMJIH, KaK CUUTAIIN
Apucrorens u I[Itonemeit. (Pazymeercs, MOHO ObUIO MO-MIPEKHEMY CUHUTATh, YTO 3€MJISI IOKOUTCS
B 1ieHTpe Beenennoii, a myns! FOnuTepa qBUXKYTCSA IO OYEHB CIOXKHOMY IIyTH BOKPYT 3€MIIM, Tak
YTO JIMITH KaXeTcs, OyaTo oHu obOpamatorcs BOokpyr HOmurepa. OnxHako Teopust Komepauka Obuta
3HayuTenbHO mpouie.) B to xe Bpems HMorann Kemnep moaudunumposan teoputo KomepHuka,
UCXOJS U3 NPEINO0KEHNUS, YTO MIAHETHI IBUXKYTCS HE MO OKPYKHOCTSM, a I10 3JUTUICcaM (3JLIUIIC
— 3TO BBITSAHYTas OKPYXKHOCTh). HakoHeu-To Temepp MNpencka3aHusi COBHAIM C pe3yjbTaTaMH
HaOJIIOACHUI.

Uro kacaercs Kemnepa, To ero smiauntuyeckue opOuTHl Oblmu ucKyccTBeHHOM (ad hoc)
TUIOTE30M, ¥ IPUTOM «HEU3SIIHOI», TaK KakK 3JUIMIIC ropa3 0 MEHEE COBEpIlIEHHas (urypa, dyem
kpyr. Iloutu cnyyailHO OOHapyXHB, YTO OSJUIMITHYECKHE OPOUTHI XOPOILO COIJIACYIOTCS C
HaOmoneHusaMu, Kemiep Tak u He CyMen NPUMHUPHUTH ATOT (akT cO CBOEH Haeed O TOM, UTO
I1aHeTsl oOpamatoTest Bokpyr CojHIa moja JAeHCTBHEM MarHUTHBIX cuil. OObSCHEHHE MPUILIIO0
JuIIb ropasno mno3gHee, B 1687 1., korma Mcaak HploToH onyOnuMkoBall CBOIO KHUTY
«MatemaTtuueckue Havajga HaTypajdbHOM ¢unocodun». HplOTOH B HEW HE TOJNBKO BBIABHHYII



TEOPUIO JIBUKEHUSI MAaTEpPHAJIbHBIX TEJl BO BPEMEHHU U MPOCTPAHCTBE, HO U pa3palboTall CIOKHBIE
MaTeMaTU4YeCKUe METOJbl, HEOOXOMUMBbIE Ul aHalu3a JBUKEHUs HeOecHbIX Ten. Kpome Ttoro,
HploTOH mocTynupoBanl 3aKOH BCEMUPHOIO TATOTEHHUS, COIJIACHO KOTOPOMY BCSKOE TEJIO BO
Bcenennoii mputsaruBaercs K J1000My ApyroMmy Teiay ¢ TeM Oojblieil cuioi, ueM OoJiblie Macchl
9TUX TEJl U YEM MEHBLIE PACCTOSHUE MEXIy HUMH. DTO Ta caMasl CHJa, KOTOpas 3acTaBlIsE€T Tesa
nazaate Ha 3eminto. (Pacckas o ToM, uro HploToHa BIOXHOBMIIO 10JI0KO, yNaBlllee eMy Ha rOJIOBY,
MOYTH HaBepHsiKa HepocToBepeH. Cam HpIOTOH cka3an 00 3TOM JUIIb TO, YTO MBICIIb O TSATOTEHUH
MPUIILIA, KOTJA OH CHJIEN B «CO3epLATEIbHOM HACTPOCHUN», U «IIOBOJOM OBIJIO MaJeHUE SOI0Ka»).
Janee HplOTOH mokaszai, 4To, COIVIACHO €ro 3aKkoHy, JlyHa moja IelCTBHEM I'pDaBUTALMOHHBIX CHJI
JBIDKETCSl TI0 3JUIMNTUYECKOM opOuTe BOKpYr 3emid, a 3eMis U IUIaHeThl BpallaloTcs IO
AIIMNTHYECKUM opOuTam Bokpyr CoiHIa.

Monens Konepauka nomorna u3baButhest oT [ITonemeeBbix HeOecHBIX cdep, a 320 JHO U OT
MIpEe/ICTaBICHUsI O TOM, 4YTO BceneHHas MMeeT Kakyro-TO €CTeCTBEHHYI0 TIpaHuily. [lockosbky
«HEMOJBU)KHBIE 3BE3/1b» HE U3MEHSIOT CBOETO MOJIOKEHHs Ha HeOe, eCIM He CUUTAaTh UX KPYTrOBOIO
JBUKEHMSI, CBSA3aHHOIO C BpallleHueM 3eMJIM BOKPYT CBOEH OCH, €CTECTBEHHO OBbLIO MPEATION0KHTD,
YTO HEMOJBUKHBIE 3BE3/bl — 3TO OOBEKTHI, M0A00HBIe Hamemy COJHIYy, TOJBKO Tropaszno Oosee
yaJeHHbIE.

HploTOH moOHUMal, YTO MO €ro TEOPUM TATOTEHUS 3BE3Ibl JOJDKHBI NMPHUTATHBATHCA APYT K
JpyTy U O3TOMY, Ka3ajoch Obl, HE MOTYT OCTaBaThCsl COBCEM HENMOJBWKHBIMU. He HOKHBI I OHM
yrhacTh IpYT Ha Ipyra, CONMM3UBIIKMCH B Kakoii-To Touke? B 1691 r. B nmucbme Puuapny bentnu, emie
OJIHOMY BBIJAIOIIEMYCSl MBICIUTENI0 TOTO BpeMEeHHU, HbIOTOH rOBOpHII, YTO TaK JAEHCTBUTEIBHO
JOJDKHO OBLIO OBl MPOM30MTH, eciii Obl y Hac ObLIO JIMIIb KOHEYHOE YHCIO 3BE3/1 B KOHEUHOU
obnactu npoctpanctBa. Ho, paccyxnan HpioToH, ecnu uncio 3Be31 0ECKOHEUHO U OHH 0oJiee WK
MEHee PAaBHOMEPHO pacIpelesieHbl M0 OECKOHEYHOMY HpPOCTPAHCTBY, TO 3TOr0 HHUKOTAAa HE
MIPOM30MET, TaK KaK HET HEHTPaIbHON TOUKH, KyJa UM HY>KHO ObLIO OBl MajaTh.

OTU pacCyKIEHHMsT — MNpPUMEpP TOro, Kak JIETKO IIONAacTh BIPOCAK, BEAs DPAa3rOBOPHI O
6eckoHeuHocTH. B Geckoneunoit BeeneHHoit 1100y10 TOUKY MOXKHO CUMTATh IIEHTPOM, TaK Kak IO
00e CTOpPOHBI OT HEE YHCIO 3Be3]l OecKoHeuHOo. JIWIib ropa3fo Mo3Ke MOHSIM, 4To Oosee
IIPaBWIbHBIN MOJXOA — B34Th KOHEYHYIO CUCTEMY, B KOTOPOM BCe 3BE3/bl MAAAIOT APYT Ha JIpyra,
CTpeMsCh K LEHTPY, U IOCMOTPETh, Kakue OyJyT M3MEHEHHUs, eClid JOOaBIATh €Ile U €Ile 3Be3J,
pacnpeneNieHHbIX TpUOIU3UTENIFHO PAaBHOMEPHO BHE paccmarpuBaemoil oOmactu. Ilo 3akomny
HeroToHa A0NOMHUTENbHBIE 3BE3[bl B CPEIHEM HHMKAaK HE MOBJIMAIOT Ha NE€pPBOHAYaJIbHBIC, T. €.
3Be3/1bl OYIYT C TOH e CKOPOCTBIO MajgaTh B IIEHTP BbIAENCHHON 001acTu. CKOJIBKO OBI 3B€3/ MBI
HU 100aBUJIM, OHU Beerja OyayT CTpEMUThCS K LIEHTPY. B Hale BpeMsi H3BECTHO, UTO OECKOHEYHast
cTaTHueckas Mojelb BceneHHONW HEBO3MOXHA, €CIM TPaBUTALIMOHHBIE CHJIBI BCETJa OCTAIOTCS
CHJIaMH B3aMHOTO NPUTSKEHHUS.

WuTepecHo, kakuM ObUIO 00Iee COCTOSHHE HAyYHOM MBICIHU 10 Havyajga XX B.. HUKOMY U B
rOJIOBYy HE MNpHIUIO, YTO BceneHHas MOXET pacHMpsATbCcs WIM CKUMaTbed. Bce cuuranu, 4to
Bcenennas 0o cymiecTBoBajia Bcerja B HEM3MEHHOM COCTOSIHMH, JMOO Oblla COTBOpEHa B
KaKOW-TO MOMEHT BPEMEHH B MPOILJIOM MPUMEPHO TaKOW, KAKOBa OHa ceityac. OT4acTu 3TO, MOKET
ObITb, OOBACHSAETCS CKJIOHHOCTBHIO JIIOIGH BEPUTh B BEYHBIE HCTHHBI, a TaKke Oco0on
MPUTATATENBHOCTBIO TOM MBICIIH, YTO, IyCTh CAMU OHU COCTapsTCs U yMpyT, Beenennas ocranercs
BEYHON U HEU3MEHHOM.

Jlaxe TeM yYeHbIM, KOTOpPbIE IOHSAJIHM, 4YTO HBIOTOHOBCKAas TEOpUS TATOTEHUS [eJIaeT
HEBO3MOJKHOM CTaTUYECKyl0 BceneHHyro, He INpuXoJuiaa B TOJIOBY TMIIOTE3a PACIIUPSIOIICHCS
Bcenennoi. OHM mONBITAHCh MOAUGUIIMPOBATH TEOPHIO, CHACIAB T'PABUTAIMOHHYIO CHITY
OTTAJIKMBAIOLICH Ha OYEeHb OONBIIMX PACCTOAHUAX. OTO MPAKTUYECKH HE  MEHSJIO
IIPEJCKA3bIBAEMOr0 JIBUKEHHUS IIJIAHET, HO 3aTO MO3BOJIAJIO OECKOHEYHOMY PaclpelleIEHUI0 3BE3]L
ocTaBaTbCs B PpPaBHOBECHH, TaK KakK NPUTSHKEHHE ONM3KUX 3BE3Jl KOMIIEHCHPOBAJIOCH
OTTAJIKUBaHUEM OT Janekux. Ho ceiluac Mbl cuMTaeMm, 4TO TaKOe PABHOBECHE OKa3aJoCh Obl
HEyCcTOWYMBBIM. B camMoMm nerne, eciu B Kakoi-TO 00JIACTH 3Be3/bl UyTh-4yTh CONU3ATCS, TO CHUIIBI
MPUTSKEHUST MEX1y HUMH BO3PACTYT U CTaHYT OOJIbIIE CHJ OTTAJIKMBAHUSA, TaK YTO 3BE3/bl OyIyT



u janbiue cOmkarbes. Ecnam ke paccrosiHMEe MeXy 3Be3aMH YyThb-4yTh YBEJIUYUTCS, TO
MIEPEBECAT CUJIbI OTTAJIKUBAHUS U PACCTOSIHUE OyJIeT HapacTaTh.

Eme onHO BO3pakeHHE MPOTHUB MOJIETU OECKOHEYHOM cTraTudeckoil BceneHHol 0OBUHO
npumnucsiBaeTcss HemenkoMmy ¢unocody I'enpuxy Onbepcy, kotopsiii B 1823 r. omyOiukoBai
paboTy, NOCBsIIEHHYI0 3TOM Mojenu. Ha camom pene MmHorume coBpeMeHHUKHM HpioToHa
3aHUMAJIUCh TOM ke 3anauell, u ctarbg Onlepca Obula Jake He MepBoiM cpeau padoT, B KOTOPBIX
BBICKa3bIBAJINCh CEpPhE3HbIE BO3paXkeHWs. Ee /auilp nepBol CTald UIMPOKO LMTUPOBATH.
Bospaxenne TakoBo: B OeCKOHEUHOW cTaTtudeckoil BceneHHO mr000M yuy 3peHus OONKEeH
yIHpaTbesi B KaKyrO-HUOyAb 3Be3ny. Ho Torma HeGO ma)ke HOUYBIO JIOIDKHO SIPKO CBETUTHCS, Kak
Connne. Konrpapryment Onbepca cocTosii B TOM, YTO CBET, MAYIIMH K HaM OT JAJEKHUX 3BE3],
JIOJDKEH OCJIAa0IIATHCS M3-3a MOTIJIOMIEHHUS B HAXOSIIEMCSI Ha €T0 ITyTH BEIIECTBE.

Ho B Takom citydae caMO 3TO BEILIECTBO AODKHO HarpeThCsl U SIPKO CBETUTHCS, KAK 3BE3.IBI.
EnvHcTBeHHAs: BO3MOXKHOCTD M30€XKaTh BBIBOJAA O SIpKO, Kak CoJHIlE, CBETSIEMCS HOYHOM Hebe —
IIPENIIOJIOKHUTD, YTO 3BE3Ibl CHSUIM HE BCErZa, a 3arOpeNINCh B KaKOW-TO OMNPEIECIIEHHBI MOMEHT
BPEMEHH B NpOLLIOM. Toraa IOTJIOIIAIOIIEE BEIIECTBO, BOZMOXKHO, €IIE HE YCIEIO Pa3orpeTbes
WM K€ CBET JAJIEKMX 3BE3] €lle He Jomen 10 Hac. Ho BO3HMKaeT BONPOC: NOYEMY 3aXKIJIHMCh
3Be3/b17

KoneuHo, mpob6iema BO3HUKHOBeHUsI BceneHHoW 3aHMMana yMmsbl JIIOJe ye OYeHb JaBHO.
CornacHo psay paHHUX KOCMOTOHHH W HYAEHWCKO-XPUCTHAHCKO-MYCYJIbMaHCKUM Mu(pam, Haa
Bcenennas BO3HHKIIA B KaKOW-TO ONPENEICHHBI M HE OYEHb OTJAJICHHBI MOMEHT BPEMEHHU B
npouuioM. OJHUM M3 OCHOBaHHWM TakUX BEpOBaHUM OblLla MOTPEOHOCTb HAWTU «IIEPBONPUUHUHY
cyuiectBoBaHus Bceenennoil. JIro6oe coObiTue Bo BeeneHHO# 00BACHAIOT, yKa3bIBask €ro NPUUUHY,
T. €. Jpyroe coObITHE, MPOM3OIIENANIee paHblle; MOJI00HOEe OOBSICHEHHE CYIIECTBOBAHUS CaMOU
BcenenHoil BO3MOXHO JIMIIb B TOM cllyyae, €clld y Hee Obulo Hadano. /[pyroe ocHoBaHue
BbIBUHYJ braxenuslii ABryctuH (mpaBociaBHas LlepkoBb cuntaer ABryctuHa OJlaX€HHBIM, a
Karonmuueckass — CBATBIM. — NpuM. pen.). B kHure «['pax boxuit». OH ykasan Ha TO, 4TO
LMBUIN3ALUs TIPOTPECCUPYET, @ Mbl IIOMHHMM, KTO COBEPIUMJI TO WJIM HHOE JAESIHHE M KTO UTO
n3zo6pen. IlosTomy uenoBedecTBO, a 3HA4YMT, BEpPOSATHO, U BceneHHas, BpsAl JM OYEHb AOJITO
CYLIECTBYIOT. bnakeHHbII ABIyCTMH CUMTaJd IpUEMIIEMONl JaTy COTBOpeHMsI BceneHHOH,
COOTBETCTBYIOIIYIO KHUTE «bbITHs»: mpubausurensno 5000 rox mo Hamei spwl. (MHTEpecHO, 4TO
3Ta JlaTa HE TaK yX JajeKa OT KOHIla MOCJEIHEero JeaHukooro nepuoaa — 10 000 nmer mo H. 3.,
KOTOPBII apX€eoJIOTH CYMTAIOT HAYaJIOM LIMBUIIM3ALINN).

Apucrorento ke M OOJBIIMHCTBY JPYIMX TIpedeckux ¢miIocopoB He HpPABUIACH HIeES
coTBOpeHMsI BeceneHHoi, Tak Kak OHa CBA3bIBANACh C O0XKECTBEHHBIM BMelIaTeabcTBOM. [loaTomy
OHU CYMTAJH, YTO JIIOJM U OKPY>KAIOUIMHA MX MHUpP CYLIECTBOBAJIM U OyIyT CyIIECTBOBATH BEYHO.
J10BO, OTHOCHUTEINIBHO IIPOTrpecca HUBUIM3ALUHN YYEHBIE IPEBHOCTH PACCMATPUBAIN U PEILNIIM, YTO
B MHUpPE NEPUOAMYECKU IPOMCXOAMUIM IOTOIBl M JPYrHe€ KAaTakJIM3Mbl, KOTOpPbIE BCE BpPEMS
BO3BpAlIAJIN YEJIOBEYECTBO K MICXOIHON TOYKE [IUBUIIM3ALINH.

Bomnpocel 0 TOM, BO3HMKIA 1M BcelleHHass B KakoW-TO HadyajibHbIi MOMEHT BPEMEHHU U
OrpaHUYEHA JIM OHA B IPOCTPAHCTBE, IO3[HEE BeCbMa MPHUCTAIBHO paccMarpuBail (GuiIocod
HNmmanywmn KanT B cBOeM MOHYMEHTAJIBHOM (M O4€Hb TEMHOM) TpyAe «KpuTukKa 4ucToro pazyma,
KOTOpBIA ObLT m37aH B 1781 1. OH Ha3BaJl 3T BOMPOCHI aHTUHOMUSMH (T. €. IPOTUBOPEUHIMHU)
YUCTOIO pa3yMa, Tak Kak BUJEI], YTO B PAaBHOM Mepe HENb3sl HU JI0Ka3aTh, HU ONPOBEPTHYTh HU
Te3UC 0 HEOOXOAMMOCTH Hadajia BceneHHOM, HM aHTUTE3WC O €€ BEYHOM CYIIECCTBOBAHUU. Te3UC
KanT aprymentupoBan teMm, 4to ecnu Obl y BcenenHolt He ObUIO Hayasa, TO BCIKOMY COOBITHIO
npeiecTBoBai Obl OECKOHEUHBIN MEepHo BpeMeHH, a 3To KaHt cuntan abcypaom. B nopaepxky
antutezuca KanTt roBopui, uto ecnu Obl BcenenHnas mMerna Haudano, TO €My IMPEIIIeCTBOBAT Obl
OeCKOHEUHBII IIeproJ] BPEMEHH, a TOT/la ClpallinBaeTcs, nouyeMy BceneHHast BIpyr BO3HUKIA B TOT,
a He npyroii MomeHT Bpemenu? Ha camom nene aprymentsl KanTa akTHUecKu OAMHAKOBBI U IS
Te3uca, U A aHTuTe3nca. OH UCXOAUT U3 MOITYAINBOTO NPEINONI0KEHUS, YTO BpeMs OECKOHEUHO
B MIPOILIJIOM HE3aBUCUMO OT TOT'0, CYLIECTBOBaja WM HE cyllecTBoBaja BeyHo Bceenennas. Kak Mbl
YBUIMM HIKE, 10 BOSHUKHOBEHHs BCelleHHOM NMOHATHE BPEMEHH JIMIIEHO cMbIcia. Ha 3To BepBeie



ykaszan bnaxxennsiii Apryctud. Korza ero crnpammusany, 4eM 3aHUMascs bor 1o Toro, kak co3nan
Bcenennyto, ABryCTUH HUKOrJa HE OTBEYall B TOM JyX€, YTO, MOJ, bor roroBun ag ansa tex, KTO
3a/1aeT Mmo00HBIE BONPOCKHL. HeT, OH TOBOpPWII, 4TO BpeMs — HEOThEMJIEMOE CBOMCTBO CO3JIaHHOM
Borom Bceenennoit u mosToMy 10 BO3HUKHOBEHUS BcenenHoit BpeMeHu He ObLIo.

Korga GonbmmHCTBO H0/Iel BEpUIIO B CTATUUECKYIO M HeM3MeHHYyIo0 BceneHHyro, Bompoc o
TOM, UMeJIa OHa HayaJlo WA HET, OTHOCUJICS, B CYIIIHOCTH, K 00JacTu MeTadu3uku u Teoiorun. Bee
HaOJI01aeMBbIe SIBJICHUSI MOYKHO OBUIO OOBSCHUTH KaK C IMOMOIIBIO TEOPHH, B KOTOpoil Bcenennas
CYIIECTBYET BEYHO, TaK M C IMOMOILBIO TEOPUH, COIJIACHO KOTOpOoW BceneHHyro cOTBOpUiM B
KaKON-TO OMNpEACIICHHBI MOMEHT BPEMEHH TaKUM 00pa3oM, YTOOBI BCE BBITIISIEIO, KaK €clid Obl
oHa cymiecTBoBasia BedyHo. Ho B 1929 r. DaBun Xab06s caenan smoxaibHOE OTKPBITHE: 0Ka3ajocCh,
9TO B KaKOi OBl yacTh HeOa HU BECTH HAOJIOICHUS, BCE NAJICKUE TATAKTUKHA OBICTPO YIAISFOTCS OT
Hac. HbMu coBamu, Beenennas pacmpsiercsa. To o3HadaeT, 4yTo B Oojiee paHHUE BpeMEHa Bce
00BEKTHI OBLTH OMrke OpyT K APYTy, 4eM ceildac. 3HA4MT, ObLIO, TO-BUAWMOMY, BPEMsI, OKOJIO
JIECATU WM JBAJLATH ThICSY MUJUIMOHOB JIET Ha3aJ, KOI/1a OHU BCE HAXOJWIUCh B OJHOM MECTE,
TaK YTO IUIOTHOCTh BceneHHoW Obiia OeckoHeuHO Oosbmioi. CraenaHHoe XaOO0JIOM OTKpBITHE
MIepEeBeIIo BOMPOC O TOM, KaK BO3HUKIIA BcenenHas, B 0071acTh KOMIIETEHITMHN HAYKH.

Habmonenns Xab06a roBOpMIIA O TOM, YTO OBUTO BpeMs — TaK Ha3bIBAEMBIH OOJIBIIION B3PHIB,
korna Bceenennas Obima 6eckoHeYHO Manoil u OeckoHeYHO IIOTHOW. [Ipm Takux ycrmoBHsIX Bce
3aKOHBl HAayKU TEPSAIOT CMBICI M HE MO3BOJSIOT IpelcKas3biBaTh Oyayumiee. Eciu B eme Oonee
paHHHE BpeMeHa U MPOMCXOAUIN KaKue-THOO COOBITHS, OHM BCE PaBHO HUKAK HE CMOTIHU OBl
MOBJUATh HA TO, YTO MPOUCXOAUT ceryac. M3-3a OTCYTCTBHS k€ HaOIMIOJAEMBIX CIEACTBUN HUMHU
MOXKHO MPOCTO MpeHeOpedb. bonbinoi B3phIB MOXKHO CUMTATh HA4YaJlOM OTCUETa BPEMEHU B TOM
CMBICIIe, 4TO OoJiee paHHHME BpeMeHa ObUIM OBl MPOCTO HE ompeneneHbl. [loguepkHeM, 4TO Takoe
Hayaso OTCYeTa BPEMEHH OYEHb CHIIBHO OTJIMYAEeTCsI OT BCETrO TOTO, UTO MpeIarainock 10 Xaboma.
Hauano BpeMenu B Hem3MmeHsronencss BceneHHON ecTh HEUTO, UYTO JOJKHO ONPENETIAThCA YEM-TO,
CyLIECTBYIOIIMM BHe BcenenHoii; misi Hayana BceeneHHol HeT ¢u3WyecKkol HEOOXOIWMOCTH.
CotBopenue borom BceneHHOl MOXHO B CBOEM MpEACTAaBICHUH OTHOCHUTH K JIOOOMY MOMEHTY
BpeMeHH B npoiuuioM. Eciu ke Bceenennas pacuupsiercs, TO MOTYT CYyLIECTBOBaTh (hH3HUECKUE
MPUYMHBI 71 TOTO, YTOOBI OHA MMeNa Hadano. MOXKHO TO-TIPEeKHEMY MPEACTaBIsATh cede, uTo
uMeHHO bor co3nan BceenenHyro — B MOMEHT OOJIBIIOTO B3phIBa WM JaXke MO3/Hee (HO Tak, Kak
ecnu Ob1 mpowu3sorien OonbiIoi B3pbIB). OqHako ObLI0 OBl aOCypAHO YTBEpKAaTh, uTo Beenennas
BO3HHMKJIA paHbllle OoybIIOTO B3pbhiBa. [lpeacrtaBieHue o pacmmpsronieiics Bceemennoit He
HCKJIIOYAET CO3/1aTeNisl, HO HaJlaraeT OrpaHUYEHUsI Ha BO3MOXKHYIO 1aTy €ro Tpy10B!

YT0oOBI MOXHO OBLIIO TOBOPUTH O CYIIHOCTH BceneHHOM u 0 TOM, ObUIO JIM y HEe HAa4yaylo U
OyZeT T KOHell, Hy’>KHO XOPOIIO MPEACTaBIATh cebe, YTO Takoe Hay4yHas Teopus BooOie. S Oyay
MPUJIEPKUBATHCA MPOCTEUIIEH TOYKUA 3PEHUS: TEOPHUS — ATO TEeOpeTHdecKass Mojeiab BceneHHoOU
WIN KaKOW-HUOYIlb €€ YacTH, IOMOJHEHHas HaO0OpOM TMpPaBHII, CBS3BIBAIOIINX TEOPETHUCCKHE
BEJIMYMHBI C HAIIUMU HAOMIOAEHUSIMHU. JTa MOJENb CYIIECTBYET JIUIIb Y HAC B TOJIOBE U HE UMEET
JIpyroi peambHOCTH (Kakod OBl CMBICT MBI HU BKJIQJBIBATIH B 3TO clOBO). Teopust cuutaercs
XOpoIlIeH, €eclId OHa YIOBJIETBOPSET JBYM TpeOOBaHUSAM: BO-NEPBBIX, OHA JOHKHA TOYHO
OINMCHIBATh IIUPOKUI KJacC HAOMIOACHUN B paMKax MOJENH, COJepXalleil JHIIb HECKOJIbKO
MIPOU3BOJIBHBIX JJIEMEHTOB, MW, BO-BTOPBIX, TEOpHUsS JOJDKHA JaBaTh BIIOJIHE OIPEICIICHHBIE
MpencKa3aHusl OTHOCUTENBHO pe3yNbTaToB Oyaymmx HaOmoaeHuid. Hampumep, Tteopus
ApucroTens, COrjlaCHO KOTOPOM BCE COCTOMT M3 YETHIPEX JIEMEHTOB — 3€MJIM, BO3AYyXa, OTHSA U
BOIBI, — OBUTAa JOCTATOYHO MPOCTOM, YTOOBI HAa3BIBATHCS TEOPUEH, HO C €€ MOMOIIBI0 HENlb3s OBLIO
MOJIyYUTh HUKAKHUX OIPEAENICHHbIX npenckazanuil. Teopus ke tiaroreHuss HproToHa mexonuna w3
eme Oojee MPOCTOW MOAETH, B KOTOPOH Tela MPUTATHBAIOTCA JpYyr K JPyry C CHIIOH,
MPOTIOPITMOHAIPHOW ~ HEKOTOPOM  BENWYMHE, Ha3blBaeMOM  MX  Macco, ©  oOpaTHO
MIPONOPLUMOHAIIBHON KBaJpaTy paccrosiHus Mexay HuMmu. Ho teopus HproToHa BecbMa TOYHO
npeackasbiBaeT ABukeHue ComnHia, JIyHbI U 11aHer.

JIro6as ¢usnyeckas Teopusi BCET/1a HOCUT BPEMEHHBIM XapaKTep B TOM CMBICIIE, UTO SIBJISECTCS
BCEro JIMIIb TUIOTE30M, KOTOPYIO Henb3sl J0KazaTh. CKOIbKO OBl pa3 HU KOHCTaTHPOBAJIOCH



coTjlacMe TEOPHH C JKCIIEPUMEHTAIbHBIMU JTaHHBIMH, HEJb3s ObITh yBEPEHHBIM B TOM, YTO B
CIEYIOMMNA pa3 dKCIEPUMEHT HE BOWAET B MPOTHBOpedHe ¢ Teopuel. B To ke Bpems mobyio
TEOPHIO MOKHO OIPOBEPTHYTh, COCIABIIMCH HA OJIHO-CAWHCTBEHHOE HAOJIOJCHHE, KOTOpOE HE
cornacyeTtcs ¢ ee npenckasanusmu. Kak ykassiBan ¢unocod Kapn ITonmep, crienmanuct B o6nactu
¢mnocopuu HayKH, HEOOXOIUMBIM TPU3HAKOM XOPOIIEH TEOPUH SBISETCS TO, YTO OHA TTO3BOJISET
cAenaTh MpeAcKa3aHus, KOTOpble B MPUHIUIE MOTYT OBITh IKCHEPUMEHTAIBHO OIPOBEPTHYTHI.
Beskmii  pa3, korga HOBBIE JKCIIEPUMEHTBHI MOATBEPKIAIOT MPEACKa3aHUs TEOPHH, TEOPHs
JEMOHCTPHUPYET CBOIO XU3HEHHOCTb, M Halla Bepa B Hee kpenHeT. Ho ecin XOTh OgHO HOBOE
HAOJIOZICHNE HE corjlacyeTcs C TEOpHeH, HaM TPUXOAWUTCS JHUOO OTKa3aTbCcs OT Hee, JM0o
nepenenarb. TakoBa 1Mo KpailHel Mepe JIOTHMKa, XOTs, KOHEYHO, Bbl BCEI/la BIPaBE YCOMHUTHCS B
KOMIIETEHTHOCTH TOTO, KTO TIPOBOIMII HAOIIOACHUSI.

Ha npakTuke yacTo oka3bIBaeTCs, 4YTO HOBAsI TEOPUSI HA CAMOM JeJIie SIBISETCS PACIIMPEHUEM
npeapiayme teopun. Hampumep, dpe3BblYaliHO TOYHBIC HAOMIOACHUS 3a TUlaHeTo Mepkypuit
BBISIBUIM HEOOJBIINE PACXOKICHUS MEXKIY €€ JBIDKCHHEM M MpeAcKa3aHUSMU HBIOTOHOBCKOMN
teopun TsAroTeHus. CoryacHo oO0IIel TeOpur OTHOCUTEIHLHOCTH DUHINTEHHa, MepKypuil HOIKeH
JBUTATbCS HEMHOTO WHaude, 4eMm monydaerca B Teopun Herotona. Tor dakrt, uro mpenckazaHus
DOWHIITeHA COBMAAIOT C pe3ysibTaTaMu HAOMIOACHUH, a Tpenckazanuss HploToHa He COBMAAaroT,
CTaJl OJHUM M3 pELIAIOLIUX MOATBEPKACHUM HOBOM Teopuu. [IpaBna, Ha mpakTUKE MBI 4O CUX IOP
nosib3yeMcsi Teopueit HploToHa, Tak Kak B T€X Clydasix, C KOTOPHIMU Mbl OOBIYHO CTaJIKUBAEMCSl, €€
Mpe/cKa3aHusl O4YeHb Mall0 OTJIMYAIOTCA OT MpeAcKazaHud oOIIell Teopuu OTHOCUTEIbHOCTH.
(Teopust HetoTOHa MMeeT eliie U TO OrpOMHOE IIPEUMYIIIECTBO, UTO C HEW ropas/io npoiie padorars,
4yeM ¢ Teopuelt DiHITelHa).

KoneuHoll 11e51b10 HayKH SIBIISIETCSI CO3/IaHME €AMHOW TEOpPWHU, KOTOpas OMUCHIBajia ObI BCIO
Bcenennyro. Pemas 3Ty 3amady, O0JBIIMHCTBO YUEHBIX JENAT €€ Ha JABe yacTu. [lepBas yacTh — 310
3aKOHBI, KOTOpPBIE JAIOT HaM BO3MOXXHOCThb y3HATh, KaKk BcelleHHas M3MEHSETCs CO BPEMEHEM.
(3Has, Kak BHITNIAIUT BeeneHHas B Kakoi-TO OJJMH MOMEHT BPEMEHH, MbI C IOMOIIBIO ATUX 3aKOHOB
MOKEM y3HaTh, UTO C HEeW MPOU30UIET B JIF000I OoJiee O3AHUN MOMEHT BpeMeHH). Bropast uacts —
npobjieMa HavYaJlbHOTO cocTosiHUS Bceenennoit. Hekotopeie mosararor, 4To Hayka JOJDKHA
3aHMMAThCS TOJBKO TEPBOM YACThIO, a BONPOC O TOM, YTO OBLIO BHAYayie, CUYUTAIOT JAEIIOM
MeTtadu3uku u penurud. CTOpPOHHUKY TaKOTO MHEHHUS TOBOPST, 4YTO, MOCKONbKY bor Bcemoryi, B
ero Boje OBUIO «3amycTuTh» Bceenennyio kak yroano. Eciu onm mpaBel, To y bora Obuia
BO3MOXXHOCTh CHieJaTh Tak, 4YToObl BceneHHasi pa3BHBasiach COBEpPUICHHO MPOM3BOJIBHO. bor xe,
MO-BUJIMMOMY, TIPEIIOYeN, 4TOOBl OHA pa3BUBAIACh BECbMa PETYISIPHO, MO OMpeACTICHHBIM
3akoHaM. Ho Torma crToyb e JIOTMYHO NPEANONOKWTh, 4YTO CYIIECTBYIOT €II€ M 3aKOHBI,
YIPaBIAOLIME HAYAIIbHBIM COCTOSIHUEM BceneHHOM.

OxkasbiBaeTcs, O4YeHb TPYIHO Cpa3y co3[aBaThb TEOPUIO0, KOTOpas OIHUChIBajla ObI BCIO
Bcenennyro. BMecTo 3Toro mMbl eium 3aj1ayy Ha 4acTU U CTPOUM 4YacTHbIEe Teopun. Kaxmas u3 Hux
OIMCHIBAET OJMH OTPAaHUYEHHBIN Kiacc HAOMIOAEHUI U IeJaeT OTHOCUTENILHO HEro MpecKa3aHus,
npeHeOperass BIMSIHHEM BCEX OCTAIBHBIX BEIWYMH WM TPEACTABISS IMOCIEIHHE MPOCTHIMH
Ha0opamu uwucesl. BO3MOXXHO, 4YTO TakoW TMOAXOJ COBEPIICHHO HempaBuieH. Ecim Bce BoO
Bcenennoii ¢pyHIaMeHTalIbHBIM 00pa30M 3aBUCUT OT BCETO APYroro, TO BO3MOXKHO, YTO, UCCIEYs
OTJIEJIbHBIC YaCTH 33Ja4d M30JIMPOBAHHO, HEJIb3s MPUOIU3UTHCS K MOJHOMY €€ pelieHuto. Tem He
MEHEE B MPOIUIOM Hall MPOrpecc MIed UMEHHO TakuM IyTeM. KiaccuyeckuMm NmpUMepoOM OISITh
MOXET CIYKUTh HBIOTOHOBCKAas TEOpPUS TATOTEHMS, COTJACHO KOTOPOM TIpaBUTALMOHHAs CHIIA,
JEUCTBYIOIAsI MEXKAY ABYMs TEJIaMH, 3aBUCHUT TOJIBKO OT OJHOM XapaKTEPUCTUKHU KaxKJIOro Teja, a
MMEHHO OT €ro Macchl, HO HE 3aBUCUT OT TOT'0, U3 KAKOr'0 BEUIECTBA COCTOAT Tena. Clen0BaTeNbHoO,
JUISE BBIYMCJICHHUS OpPOUT, MO KOTOPhIM NBWXKYyTcs COJIHIIE W TUTAHETHI, HE HYXXKHA TEOpUS HX
CTPYKTYpPBI M COCTaBA.

Ceituac ecTb JIB€ OCHOBHBIE YacTHbIE TEOpPUHU Jisi onucaHus BceneHHoil — obmias Teopus
OTHOCHUTEJILHOCTU M KBaHTOBas MexaHuka. O0e OHM — pe3yjbTaT OTPOMHBIX MHTEIJIEKTYalbHBIX
YCUIIMH yYEHBIX TIEPBOW MOJIOBHMHBI Hamiero Beka. OOmias Teopusi OTHOCUTEILHOCTH OMUCHIBAET
IpaBUTAllMOHHOE B3aWMOJIEUCTBUE U KpPyIMHOMACIITaOHYIO CTPYKTYpy BceneHHoi, T. €. CTpYKTypy



B MacmTade OT HECKOJIBKUX KHJIOMETPOB 10 MIJLIMOHA MIJJTMOHA MHJIJTMOHA MIJIJTHOHA (€IUHUIIA
C IBA/LATHIO YETHIPHbMS MYJISIMH) KHJIOMETPOB, WIH 10 pa3MepoB HaOmoaaeMoil yactu BeeneHHoi.
KBaHTOBasi MEeXaHUKa e UMEET JIeJI0 C SIBJICHUSMH B KpailHEe MaJlbIX MacmTabax, TakuxX, KaK OJIHa
MUJUTMOHHASI OJJHOM MWIJIMOHHOW caHTUMeTpa. M 3T nBe Teopuu, K COXKAJIEHHUIO, HECOBMECTHBI —
OHM HE MOTYT OBITb OJHOBPEMEHHO TpaBWIbHBIMH. OJHHUM U3 TJaBHBIX HAMpPaBICHUN
WCCIIEIOBaHUI B COBPEMEHHON (U3MKE U TJIaBHOW TEMOW ATOW KHUTH SBISETCS TOUCK HOBOM
TEOPUH, KOTOpasi 00bEIUHWIA OBbI IBE MPEIBIIYIIAE B OAHY — B KBAHTOBYIO TCOPHIO TPAaBUTAIIHH.
[Toka Takoif Teopun HET, U €€, MOXKET ObITh, eIlle MPUAETCS JOJTO KAaTh, HO MbI YK€ 3HA€M MHOTHE
W3 TeX CBOWCTB, KOTOPHIMHU OHA JOJDKHA oOnazaTh. B ciemyrommx riaBax Bbl YBUAWTE, YTO HAM
yK€ HEMaJ0 U3BECTHO O TOM, KaKM€ MpelCKa3aHWs JIOJDKHBI BBITEKAaThb M3 KBAaHTOBOW TEOPUHU
TpaBUTAIUH.

Ecnu BBl cuntaere, uto BeeneHHas pa3BuBaeTCsl He IPOU3BOJIBHBIM 00pa3oM, a MOAYUHSAETCS
OTIpe/ICIICHHBIM 3aKOHAM, TO B KOHIIE KOHIIOB BaM MPHUICTCS OOBEIWHUTH BCE YAaCTHBIC TCOPHH B
€MHYIO TIOJIHYI0, KOTOpasi OyJeT onuchiBaTh Bce Bo Beenennoit. [IpaBaa, B moucku Takoi equHON
TEOPUH 3aJI0KEH OAMH (PyHIaMEHTANbHBIN Mapagokc. Bce cka3zaHHOE BBHINIE O HAYYHBIX TEOPHUSIX
MPEANOJAraeT, YTO Mbl SIBJIIEMCS Pa3yMHBIMHU CYILIECTBAMH, MOKEM MPOU3BOAUTH BO BceneHHOM
KaKue yTOAHO HAOIIOACHHUS W HAa OCHOBE JTUX HAOIIOJICHUH JeNaTh JIOTHYECKHE 3aKioucHus. B
TaKO! CXeMe €CTeCTBEHHO IMPEAINOJIOKHUTh, YTO B MPUHIIUIIE MBI MOTJIK ObI emle Oirke MOJOUTH K
MOHMMAaHUIO 3aKOHOB, KOTOpPhIM moAuMHseTca Hama Bceenennasa. Ho ecim enuHas Tteopus
JEHCTBUTENHHO CYIIECTBYET, TO OHA, HABEPHOE, TOXKE JOHKHA KaKUM-TO 00pa3oM BJIHATH HA HAIIH
nevictBus. M Torma cama Teopus NOMKHA ONPENENSITh PE3yIbTaT HAIIMX TIOUCKOB €e ke! A moueMy
OHa JIOJKHA 3apaHee MpeaonpeAesisiTh, YTO Mbl CAENIAeM IMPaBUIbHBIE BBHIBOABI U3 HAOMIOACHUN?
[Toyemy OFbI €1 ¢ TaKUM K€ YCIIEXOM HE MPUBECTH HAC K HEBEPHBIM BBIBOAAM? WIIH K€ BOOOIIE HH K
Kakum?

Sl Mory mnpemioXuTh BCEro JUIIb OJWH OTBET Ha 3TH Bompockl. OH OCHOBaH Ha
JTAPBUHOBCKOM MPHHIIAIIE E€CTECTBEHHOTO oTOOpa. Mosi uaes COCTOMT B TOM, YTO B JFOOOM
MOMYJISIIUM  OPTaHU3MOB, CIIOCOOHBIX K CaMOBOCHPOW3BEICHUIO, HEW30€KHBI TEeHETHYECKHE
BApUALIMM M PA3JIUYMS B BOCIHUTAHUM OTAEIBHBIX MHAMBUIAYYMOB. DTO 3HAYUT, YTO HEKOTOPHIE
WHIUBUAYYMBI OOJiee JPYTHX CIIOCOOHBI IEIaTh MPaBUIbHBIC BEIBOABI 00 OKPYIKAIOMIEM UX MUPE H
MOCTyNaTh B COOTBETCTBUU C 3TUMHU BBIBOAAMH. Y TAaKMX MHIUBUIAYYMOB OyJeT OOJbllie IIAHCOB
BEDKHTh M JIaTh TOTOMCTBO, a IOTOMYy UX 00pa3 MbICIed ©W WX TMOBEJACHHUE CTaHYT
JOMUHHUPYIOIIMMHU. B MpOIIOM HHTEIUIEKT U CIIOCOOHOCTh K HAay4YHOMY OTKPBITHIO 0O€3yCIIOBHO
obecrieunBaiy MPEUMYIIECTBA B BEDKUBaHHUU. [IpaBrma, coBCEM HE OYEBUAHO, YTO BCE CKa3aHHOE
BEpPHO U cedyac: clieJaHHble HaMH Hay4YHbIe OTKPBITHS MOTYT Hac e M MOryOuTh, HO Ja)Ke eCiH
3TOTO HE CIYYUTCS, MOJHAs €AUHasi TEOpUs BPSA JIM CUIBLHO MOBJIMIET HA HAIIM IIAHCHI BHIKUTH.
Tem He MeHee, Koab ckopo Bcenennas pa3BuBaeTCsl peryssipHbIM 00pa3oM, MOXKHO IOJIaraTh, YTO
CIIOCOOHOCTH K PACCYKIIEHUIO, KOTOPhIE MBI MPUOOPENH B pe3ysbTaTe UCKYCCTBEHHOTO OTOOpA,
MPOSBSTCS B MOMCKAX €IMHON MOJIHOM TeOpUU U OMOTYT H30€KaTh HEMPaBUIbHBIX BBIBOJIOB.

[TockonbKy ye CYIIECTBYIOIIUX YACTHBIX TEOPHH BIOJHE JOCTATOYHO, YTOOBI JeNaTh
TOYHBIE MIPEICKA3aHMS BO BCEX CUTyallUsX, KDOME CAMBIX 3KCTPEMANIbHBIX, IOUCK OKOHYATEIbHOMN
Teopun BceneHHONW He OTBe4YaeT TPEOOBAaHUSAM MPAKTUYECKOW IIeNecO00pasHOCTH. (3aMeTHM,
OJIHAKO, YTO QHAJOTMYHBIE BO3PAXKEHUS MOXKHO ObLIO OBl BBIIBUHYTH MPOTUB TEOPUU
OTHOCUTEILHOCTH U KBaHTOBOM MEXAaHHMKH, a BEJlb UMEHHO 3TU TEOPUH IMPOU3BEIN PEBOJIIOIMIO B
sanepHO (Pu3MKe W B MHUKpOdJieKTpoHUKe!) Takum 00pa3om, OTKPBITHE MOJTHOW €IWHON TEOpHH,
MOXeT OBbITh, HE OYyIeT CIOCOOCTBOBAaTh BBDKMBAHUIO M JaK€ HHUKAK HE TOBIUSET HA TECUCHHE
Hame »ku3HW. Ho yke Ha 3ape LMBWIM3ALMU JIOASM HE HPABWINCh HEOOBSICHUMBIE U HE
CBSI3aHHBIE MEXIy c000# COOBITHS, M OHU CTPACTHO KeJlajl MOHATh TOT MOPSI0K, KOTOPBIH JIEKHUT
B OCHOBe Haiero mupa. [lo ceil JeHp MBI MEYTaeM y3HATh, IOYEMY MBI 3/1€Ch OKA3aJIMCh U OTKyJa
B3sUTUCh. CTpeMJICHHE YENIOBEYECTBA K 3HAHUIO SIBIISIETCA Ui HAC JOCTATOYHBIM ONpPABAAHHUEM,
YTOOBI MPOJIOJKATH MOUCK. A Hallla KOHEYHas Leldb — HUKaK HEe MEHbIIE, YeM TOJHOE ONMUCaHHe
BcenenHoii, B KOTOpoii MbI OOUTaEM.



2. NNpocTtpaHCTBO U BpeMs

Hamm coBpemeHHBIE NpPEACTABIEHUS O 3aKOHAX JBHXKEHHUS TEJl BOCXOIAT K [ammnero un
Herotony. /lo HuX ObITOBana Touka 3peHUs ApHUCTOTENS, KOTOPBIA CUUTAN, YTO €CTECTBEHHBIM
COCTOSIHUEM JIFOOOTO Teljla SIBISETCS COCTOSHHUE MOKOSI M TEeJIO HAaYMHAET JBUIAaThbCsA TOJBKO IMOJ
JeCTBUEM CHIIBI WM uMIyJibca. OTCroAa Cle0Ballo, YTO TSAXKEJIOE TENO JOJKHO MajlaTh ObIcTpee,
4YeM JIETKOEe, IOTOMY YTO €r0 CHJIBHEE TSHET K 3EMIIE.

CornacHO apHCTOTENEBCKOM TpaJuIMM, BCE 3aKOHBI, KOTOpbIE YIpaBisAioT BceneHHOM,
MO’KHO BBIBECTH YHCTO YMO3PHUTEIBHO U HET HUKAKOM HEOOXOJMMOCTH MPOBEPSATh UX HA OINbITE.
[Toaromy no I'anmuness HUKTO HE 3aAyMbIBaJICA HAJ TeM, AEMCTBUTEIBHO JIM TEla pa3HOro Beca
NajalT C pa3HbIMH CKOpPOCTSAMH. ['oBopsAT, uro ['anmmiel n1eMOHCTpUpPOBAa JIOKHOCTb YYECHHS
Apucrotens, 6pocas Tena pa3Horo Beca c najarouieii [lnzanckoit 6amnu. 9To HaBepHsIKa BbIIYMKa,
Ho [anmuielt neWCTBUTENBHO JAeNajl HEYTO MOJA0OHOE: OH CKAaThIBAJI IO IVIAJKOMY OTKOCY LIaphbl
pazHOro Beca. Takoil SKCIIEPUMEHT aHAJIOTHYCH COpAchIBAHWIO TSKENBIX TeNl ¢ OallHW, HO OH
npoie A5 HaOMIoIeHUH, Tak KaKk MeHble cKopocTH. M3Mepenus ["anumest nmoka3anu, 4To CKOPOCThb
BCSKOTO TeJla yBEIMYMBAETCS [0 OJTHOMY U TOMY K€ 3aKOHY HE3aBUCUMO OT Beca Tena. Hanpumep,
€CJIM B3ATh 11ap U IYCTUTh €r0 BHU3 10 HAKJIIOHHOM IUNIOCKOCTH C YKJIOHOM METp Ha Ka)KJble 1ECATh
METPOB, TO, KAKUM OBI TSDKEJIBIM HH OBLT IIap, €r0 CKOPOCTh B KOHIIE MEPBOM CEKYH/IbI OYIeT OAHH
METp B CEKyHNYy, B KOHLIE BTOPOH CEKyHJBI — JIBa METpa B CEKyHAy U T. 1. KoHeuHO, CBUHIIOBas
rupsi OyAeT majath ObICTpee, YeM MEPHIIIKO, HO TOIBKO M3-3a TOTO, YTO TIEPO CHIIbHEE 3aMeIIIseTCs
CHJION COTIPOTHUBIIEHUS BO31yXa, yeM rups. Eciau Opocuts 1Ba Tena, CONPOTHBIEHHE BO3AyXa IS
KOTOpBIX HEBEJIUKO, HAalpuUMep JABE CBUHIOBbIE T'MPU pA3HOTO Beca, TO OHU OyayT Hajaath c
OJIMHAKOBOM CKOPOCTHIO.

Hbr0TOH BBIBENI CBOM 3aKOHBI JBUKEHUS, UCXOIA U3 U3MEPEHUH, MPOoBeAeHHbIX ['amuneem. B
JKCIIepUMeEHTax [ 'anuiies Ha Teno, KaTsauieecs 110 HaKJIOHHOM INIOCKOCTH, BCETAA IEHCTBOBAJIa O/IHA
U Ta K€ cuiia (Bec Tella) U B pe3ysIbTaTe CKOPOCTh Tejla MOCTOSIHHO Bo3pacTtaia. OTcroa clieoBao,
YTO B JIEHCTBUTEIIBHOCTH NPUJIOKEHHAas K TEIy CHJa H3MEHSAET CKOPOCTh Tejla, a HE IIPOCTO
3aCTaBlsi€T €ro JBHUraThCs, KaK OyMmalld paHbllie. DTO €lle O3Hayajlo, YTO €CIM Ha TEeJIO He
JeUCTBYeT cuila, OHO OyAeT JABMUraThbCs IO NPSAMOM € MOCTOSHHOW CKOpOCThIO. Takyro MbICIb
BIIEpPBBIE YETKO BbIcKa3an Hpl0TOH B cBoei kHure «MaremaTtuueckue Hadanay, Belmeamei B 1687
r. OTOT 3aKOH Tenepb HasbiBaeTcs llepBbiM 3akoHOM HbroTOHa. O TOM, YTO IPOUCXOAMT C TEIOM,
KOI'Jla Ia Hero JEeHCTBYET cuia, roBopurcs Bo Bropom 3akoHe HbtoTona. OH rmacur, 4to Temno
OyZeT yCKOpsTbCsA, T. €. MEHATh CBOI CKOpPOCTh, HPOMOPLMOHAJIBHO BeiauuuHe cuibl. (Ecim,
HampuMep, Cujia BO3pacTeT B 2 pasa, TO U yCKOpeHue B 2 pasa ysenumuutcs). Kpome Toro,
YCKOpPEHHE TeM MEHbIIIe, 4eM 0oJblie Macca (T. €. KOJIMYeCcTBO BeulecTBa) Tena. (lelcTBys Ha Teno
BJIBOE OOJIBbIIEN Macchl, Ta )K€ CHJIa CO3aeT BABOE MEHbIIEe yCKopeHue). Bcem xopolio u3BecTHo,
Kak OOCTOMT JeJI0 ¢ aBTOMOOWJIEM: YeM MOILHEEe [BUTaTellb, TeM OOJIbIIe CO3/aBaeMoe WM
YCKOpEHHE, HO YeM TsDKeJIee aBTOMOOMITb, TEM MEHBIIIE YCKOPSIET €r0 TOT e TBUTATEIb.

Kpome 3akoHOB aBm:xeHHs HbIOTOH OTKpBUI 3aKOH, KOTOPOMY IOJYHMHSIETCSA CUJIA TATOTEHUS.
DTOT 3aKOH TAaKOB: BCSIKOE TEJIO MPUTATUBAET JII0O0OE IPYyroe TEIo € CHUJIOW, MPONOPIHOHATIBHON
MaccaMm 3Tux Teisl. CienoBaTeabHO, €CIIU BABOE YBEIUYUTh Maccy OJHOTO U3 Tel (CKaxeM, Tena A),
TO W CHJIA, ACUCTBYIOLIAs MEXy TeJlaMHu, TOXKE YBEJIWYUTCS B 2 paza. Mbl Tak CUUTaeM MOTOMY,
YTO HOBOE TEJIO A MOXHO MpPEICTaBUTh ce0€ COCTaBIEHHBIM M3 JBYX TEJ, Macca KaXAOro u3
KOTOPBIX paBHA MEpBOHAYAbHON Macce. Kaxmoe u3 3TuxX Ten mputsruBaio Obl Teno B ¢ cunoii,
paBHOI1 TepBOHaYANIbHOM cuie. CiienoBaTeibHO, CyMMapHasl CUjla, JEUCTBYIOIA MEXIY TeaaMu A
u B, O6buta Obl BBOE OOJIBIIIE 3TOM NMEpBOHAYAIBHOM CHIIBL. A eciii Obl OJJHO M3 TEJI UMEJIO Maccy,
CKa)keM, BJIBOE, a BTOpOE€ — BTpoe OOJibllle MEPBOHAYAIBHOM MAacChl, TO CHJa B3aUMOJCHCTBUSA
BO3pociia Obl B 6 pa3. Terneps MOHATHO, TOYEMY BCe Tella MaJaloT ¢ OAMHAKOBON CKOPOCTHIO: TEIO €
YIBOCHHBIM BeCOM OyJeT TAHYTh BHHU3 yABOEHHAs I'PaBUTALMOHHAs CHJA, HO M Macca Teja IpH
sTOoM Oyner B 2 pasza Oonbie. [To Bropomy 3akony Hpiorona 3tu nBa s3ddekra KoMIneHCHPYIOT
ApyT Apyra, U yCKOpeHHe OyJeT BO BCEX CIydasX OJMHAKOBBIM.

3akoH TAroreHus HploToHa TOBOPHUT, UTO YEM Jajbllie Tela APYT OT Apyra, TEM MEHBbIIE CHila



ux B3auMonelcTBusa. COrjlacHO 3TOMY 3aKOHY, TpPaBUTAI[MOHHAs CWJIa TNPUTSHKEHUS 3BE3JIbI
COCTaBJISIET POBHO YETBEPTh CWJIbl MPUTSHKEHHUS] TaKOW e 3BE3/bl, HO HAXOJALIEHCS Ha BABOE
MEHBIIIEM pacCTOSHUU. 3aKOoH HBIOTOHA 1MO3BOJISIET ¢ OOJBINON TOYHOCTHIO TpeAcKa3aTh OPOUTHI
3emnu, Jlynsl u mmaHeT. Ecnu Obl 3aKOH BCEMUPHOTO TATOTEHUS OBUT WHBIM UM CHIIA
IPaBUTALlMOHHOTO MPUTSHKEHUS yMEHbLIanach OblcTpee, yeM Mo 3akoHy HploToHa, TO OpOWTHI
iaHeT ObpTM OBl HE DJJUIMIcaMu, a chupaisamu, cxoxsmumucs K Conaimy. Ecnm ke
TPAaBUTAIMOHHOE TPUTSDKEHUE YOBIBaJO OB C pPAcCTOSHHUEM MEIUICHHEEe, TO MPHUTSHKCHHE
yAaJeHHBIX 3BE3]l 0Ka3a10Ch Obl CHIIbHEE MPUTSHKEHUS 3eMITH.

[IpencraBnenuss ApuCTOTENsE CYIIECTBEHHO OTJIMYAJIUCh OT TpeactaBienuit [amumnes u
HeroToHna Tem, 4TO ApUCTOTENb CUUTANI COCTOSTHUE MOKOSI HEKUM MPEANOYTUTEIbHBIM COCTOSIHUEM,
B KOTOPOM BCETJa JOJDKHO OKa3bIBaTbCsA TEJIO, €CIM Ha HETO HE JEWCTBYET CHJA WIM HMITYJIbC.
ApucToTelnb, B 4aCTHOCTH, CUUTAN, 4yTO 3emiid nokoutcs. M3 3akoHoB HeroTOHA ke cienyeT, uTo
€MHOI0 ATAJIOHA IOKOSI HE CYyIIECTBYET. Bbl MoO)keTe Ha paBHBIX OCHOBAaHUSX YyTBEP)KIaTh, YTO
TEJI0 A HaxOAWUTCS B MOKOE, a TelNO B NBHKETCS OTHOCUTENBHO Telda A C MOCTOSSHHON CKOPOCTBIO
WM ke 4To Teno B, HaoOopoT, mokoutcs, a Teno A asmxercsa. Eciau, HanpuMmep, 3a0bITh Ha BpeMs
0 BpallleHUM Halleil MJIaHeThl BOKPYT OCU U O €€ JIBM>KEHHMH BOKpYr COJIHIIA, TO MOXHO CKa3aTh,
YTO 3€MJIsI IOKOUTCS, a NOE3]] HECETCS Ha CEBEP CO CKOPOCTBIO JIEBSIHOCTO KMJIOMETPOB B 4aC WU
K€ UTO TMOE3]] CTOUT Ha MECTe, a 3eMJI MOJ HUM yOeraer Ha IOor cO CKOpOCThI0 90 KHUIOMETPOB B
gac. Ecim Ob1 B 3TOM moe3ne KTO-HHOYIb SKCHEPUMEHTHPOBAN C IBIKYIIUMHUCS TEJIaMH, TO
0Ka3ajock Obl, UTO Bce 3akoHbI HproTOHA BhIMONHSAIOTCS. Hanpumep, urpas B moesie B HaCTOJIbHBIN
TEHHHC, BBl OOHAPYXHUIM OBbI, YTO TPACKTOPHS IIApHKa MOTUIUHSAETCS 3akoHaM HpIoTOHA, Kak eciu
OBl BbI HTpaJId HA HETMIOJBMUKHOM CTOJI€, M BbI HE MOTJIH ObI CKa3aTh, YTO HIMEHHO ABMXKETCS — MOE3]T
WJIY 3€MJIA.

OtcyTcTBHE aOCOMIOTHOTO STalOHA IIOKOS O3HA4YaeT, YTO HEBO3MOXXHO OMNPEIENIHTh,
MPOU3OIIUIN JIH HEKHE JBa COOBITHS B OJHOW W TOW K€ TOYKE MPOCTPAHCTBA, €CIIU M3BECTHO, YTO
OHM UMEJU MECTO B pa3Hble MOMEHTHI BpemeHHu. [lycTh, HampuMmep, Hall TEHHUCHBIA LIAPUK B
JBUOKYLIEMCSI TI0€3/1€ OTCKaKMBAET OT CTOJIa BEPTUKAIBHO BBEPX W, MaJas BHU3, yAAPSAETCS depes
CEKyHJly O CTOJ B TOMU k€ Touke. TOMy, KTO CTOUT y KeJIE3HOAOPOKHOTO MOJIO0THA, OKA3a10Ch OB,
YTO TOYKU CONPUKOCHOBEHUS IIApUKA CO CTOJIOM Pa3/elIEeHbl PaCCTOSHUEM OKOJIO COpOKa METPOB,
KOTOpOE MpOLIEN T0e3] 3a BpeMsi Mexay nojackokamu. CieqoBaTebHO, OTCYTCTBHE a0COIIOTHOTO
COCTOSIHUS TIOKOSI 03HAYAET, YTO HUKAKOMY COOBITHIO HEJb35 MIPUITUCATH a0COIIOTHOTO TOJI0KEHHUS
B TPOCTpPAHCTBE, Kak 9T0 moyiaran Apwuctorenb. [lomokeHne coOBITHIA B TPOCTPAHCTBE U
paccTosiHUS MEXAYy HUMH JOJDKHBI ObITh pa3HbIMU JUIsl HaOJrogaTelns, eayliero B Mmoesnae, U Ui
HaOno1aTeNns, KOTOPBIM CTOMT PSAAOM C MPOXOISIIMM IO€3[]0M, M HET HHUKAKUX OCHOBAHMM
CUUTATh, YTO MOJIOKEHUS, PUKCHpPYEMBbIE OJTHUM M3 3TUX HalOIogaTesnei, 6oiee mpeanoYTUTENIbHBI,
YeM MOJI0KEeHHUs, PUKCHpyeMble APYTUM.

HpioToHA CHIBHO OECTIOKOMIIO OTCYTCTBHE aOCOJIOTHOTO IMOJIOKEHHS B MPOCTPAHCTBE HIIH,
KaK ero Ha3blBaji, a0COJIOTHOTO MPOCTPAHCTBA, MOTOMY YTO 3TO MPOTHUBOPEUMIIO €ro Huiee
abcomorHoro bora. U oH ¢akTHuecKu OTKa3ajucs MPUHATH OTCYTCTBHE aOCOJIOTHOTO
MIPOCTPAHCTBA, HECMOTPS Ha TO, YTO TAKOE€ OTCYTCTBHE BBITEKAIO U3 3aKOHOB, OTKPBITBIX MM
camuM. MHorue pe3ko KpuTtukoBainu HbrOTOHa 3a €ro mppanuoHaJbHOE YIOPCTBO, U B YaCTHOCTHU
enuckon bepxiu — guiocod, cunrapminii, 4To Bce MaTepralibHble 0OBEKTHI, a TAK)KE MPOCTPAHCTBO
U BpeMs — WuIto3ud. (Y3HaB 0 TakuxX BO33peHMsIX bepkiu, 3HaMeHuThIN O-p J[>KOHCOH BOCKIIMKHYII:
«51 ompoBeprato 3To BOT Kak!» — U Tak CTyKHYJI HOTO#l 110 OOJIBIIIOMY KaMHIO, YTO UyTh HE MOTEpPsUI
paBHOBECHE).

N Apucrotens, u HproToH Bepriin B abcomtoTHOE BpeMsi. IHbIMU cll0BaMH, OHU CUWTAJIH, YTO
BPEMEHHOW MHTEpBal MEXAY IABYMS COOBITHSMH MOXHO OJHO3HAUYHO M3MEPHUTh M YTO Pe3ybTar
OyIeT OJMHAKOB HE3aBUCHMO OT TOT0, KTO MPOU3BOJIUT U3MEPEHHS, JUIIb Obl Y U3MEPSIOIIEro
ObUIM TIpaBWJIbHBIE Yachl. Bpems ObUIO MONHOCTBIO OTIENIEHO OT MPOCTPAHCTBA M CUUTAIOCH HE
3aBHUCSIIMM OT Hero. TakoBa ObUIa TOYKa 3peHHs OOJIBLIIMHCTBA, TOUYKA 3PEHUS 3/IPaBOTO CMbICIA.
Ho Ham npunuioce M3MEHHUTH CBOM IPEJCTABIECHUS O IPOCTPAHCTBE M BpeMeHu. IlpencraBienus,
OCHOBaHHBIE Ha «3]I[paBOM CMBICJIE», OTHOCSTCS K CPAaBHUTEIBHO MEJIEHHBIM 00beKkTaM (s10J710Ko,



IUIaHEeTa), HO OHM OKa3bIBAIOTCS COBEPIICHHO HEYMECTHBIMH, KOIJIa CKOPOCTH CTaHOBSTCA
OJIM3KUMU K CKOPOCTH CBETA.

To, 4TO CBET pacnpoCTpaHsIeTCs ¢ KOHEUHOM, XOTSI M OUY€Hb OOJIBIION CKOPOCTBIO, YCTAHOBUI
B 1676 1. narckuii actpoHom One Xpucrencen Pémep. OH 0OHapyXuia, 4TO MOMEHTHI
MPOXOXKAEHUs cyTHUKOB Omurepa 3a ero IMCKOM CIEAYIOT OJUH 3a IPYTMM HE Yepe3 paBHbIE
UHTEpBaJIbl, KaK JOJDKHO OBITh, €CIM CIyTHHKM BpalaroTcs Bokpyr lOmurtepa ¢ mocTosHHON
ckopocTbio. [Ipu Bpamenun 3emnu u HOnurepa Bokpyr CosiHIIa pacCTOSIHUE MEX]Ly STUMHU JIByMs
IUIaHeTaMu u3Mensiercs. Pémep 3amern, uro 3armenus jyH HOnuTtepa Tem Oosiblie 3ama3/ibIBaoT,
YeM Janblile Mbl OT Hero HaxoguMmcsi. OH OOBSICHIII 3TO TEM, YTO CBET OT CIyTHUKOB HJET J0 Hac
JI0JIpIIIe, KOTJa Mbl HaxoxuMmcs aaneiie. OpHako Pémep He O4YEHb TOYHO HM3MEPsSI U3MEHEHHS
pacctossHus oT 3emau 1o lOmurepa, ¥ MO3TOMY MOJIYYEHHOE MM 3HAUEHUE CKOPOCTU CBETA
oka3zasochk paBHbIM 140.000 muib/c, TorAa Kak COBpeMeHHOe 3HadeHue cocTtanisier 186.000 muib/c
(1 munst = 1,609 km. CoBpeMeHHOE 3HAYEHUE CKOPOCTH CBeTa paBHO 299.792.458 m/c. — mpum.
nepes.). Tem He MeHee nocTmxkeHne Pémepa ObuIO BhIIalOIIMMCS, MO0 OH HE TOJIBKO J10Ka3al, uyTo
CBET pACIPOCTpaHSETCS C KOHEYHOW CKOPOCThIO, HO M M3MEpWJ €€, NIpUYeM BCE ITO 3a
OJMHHAALATH JIET 1O BbIXOJa B cBeT KHUIM HproToHa «MaTtemarnueckue Havasay.

Hacrosiieli Teopum pacnpocTpaHeHMs CBeTa He cyllecTBoBaio 10 1865 r., koraa
anrnuiickuit  ¢pusuk JhxeriMmc Krnapk MakcBemn cymen OOBEIWHUTH ABE YaCTHBIE TEOPHUH, C
MTOMOLIBIO0 KOTOPBIX TOT'/Ia OMHUCHIBAJIN 3JEKTPUYECKNE U MarHUTHbIE cUiibl. COrIacHO ypaBHEHUSAM
MakcBeina, B 3J€KTPOMarHUTHOM TIOJI€, COCTABJIEHHOM W3 JABYX IIOJEH, MOTYT CYILECTBOBATbH
BOJIHOIIOJIOOHBIE BO3MYILIEHHUS, KOTOPBIE PACIIPOCTPAHSIIOTCS C MOCTOSSHHOM CKOPOCTHIO, KaK BOJIHBI
Ha noBepxHocTH npyzaa. Eciu uimHa BOMHBI (T. €. paccTOSIHUE MEXIy TpeOHSMH ABYX COCEIHHUX
BOJIH) COCTaBJIIET METP WJIM OOJIbILE, TO MBI UMEEM JEJIO C paJuoBOIHAMU. bojee KOpOTKHE BOJIHBI
Ha3bIBAIOTCS BOJIHAMM CBEPXBBICOKOYACTOTHOIO JMana3oHa (eciu HuX JJIMHa — TOpsIKa
CaHTHMETpa) U BOJHAMU MH(PAKpaCHOro AMAana3oHa (IO JECATU THICSYHBIX CaHTUMeTpa). [nuna
BOJIHBI BHJUMOIO CBE€Ta COCTAaBJISIET BCEr0 JIMIIb COPOK-BOCEMBAECAT MWUIMOHHBIX JIOJIEH
carTtumerpa. Emie kopoue BOJIHBI yIbTPaQHOIETOBOrO, PEHTTEHOBCKOTO U TaMMa-H3IIy4eHHH.

Teopus MakcBesuia npenckaspiBaia, 4YTO PaJIuOBOJIHBI U CBET JOJDKHBI PACIPOCTPAHATHCS C
HEKOTOpOil (PUKCHpOBAaHHOW CKOpOCThio. Ho mockonbky Teopus HplOTOHa TmMOKOHUMIA C
MpeACTaBICHUEM 00 aOCOTIOTHOM IIOKOE, Terepb, TOBOPS O (PUKCHPOBAHHON CKOPOCTH CBETA,
HY>KHO OBIJIO yKa3aTh, OTHOCHTEIBHO YEro M3MepsieTcs 3Ta (PUKCHPOBAHHAS CKOPOCTh. B cBs3M ¢
3TUM OBLIO MOCTYJHMPOBAHO CYIIECTBOBAHUE HEKOW CyOCTaHLMU, Ha3BaHHOM «3(hpUpom», KOTOpOH
HATOJHEHO BCE, JIaXe «IIyCTOe» MPOCTPAaHCTBO. CBETOBBIE BOJIHBI PACHPOCTPAHSIOTCA B AUpe Tak
e, KaK 3BYKOBBIE B BO3JyX€, M, CIEAOBATEIbHO, UX CKOPOCTb — 3TO CKOPOCTH OTHOCHTEIBHO
spupa. Habmiogarenn, ¢ pasHBIMH CKOPOCTSMH JBHXKYILIMECS OTHOCHUTENBHO 3(upa, TOIKHBI
BUJETh, YTO CBET HJAET K HUM C pa3HOH CKOPOCTbIO, HO CKOPOCTh CBETa OTHOCUTEIBHO 3(upa
JI0JKHA OCTaBaThCs MPU ATOM HEM3MEHHOU. B 4acTHOCTH, KOJIb CKOPO 3eMJist ABIXKETCS B 3Upe 1o
cBoell opbure Bokpyr CoiHIIA, CKOPOCTh CBETA, U3MEPEHHAs B HAIpABICHUU ABIKEHHS 3eMild
(Ipu ABMXKEHHMHU B CTOPOHY MCTOYHMKA CBETA), JOJDKHA IIPEBBILIATH CKOPOCTh CBETA, U3MEPEHHYIO
O] MPSIMBIM YIJIOM K HalpaBJICHUIO JBM)KEHUS (T. €. KOIZla Mbl HE JBMJKEMCS K MCTOYHHKY). B
1887 r. AnpOept MaiikenbcoH (BHOCIEACTBHM CTABIIUM MEPBBIM aMEPUKAHIEM, YIOCTOCHHBIM
HobGeneBckoit mpemun mo ¢usuke) u DaBapa Mopau noctaBwim B KimBieHICKOW 1IKONE
NIPUKIIAJHBIX HAYK OYEHb TOYHBIA JKCIEpUMEHT. MalkenbCoH U MopiiM CpaBHUBAIU 3HAYCHUE
CKOPOCTH CBETa, N3MEPEHHOW B HAINPABJICHUM JIBIKCHHUS 3€MIIM, C €€ 3HAYECHUEM, U3MEPCHHBIM B
NEPIICHIUKYIIPHOM HarpasieHHH. K cBoeMy OrpOMHOMY YIMBIICHHIO, OHU OOHAPYXHIIHU, YTO 002
3HAYEHUS COBEPIICHHO OJJUHAKOBBI!

C 1887 mo 1905 r. OBl chmemaH psii MONBITOK (Haubojee W3BECTHas M3 KOTOPBIX
NPUHAISKUT JaTckoMy ¢(u3nky XeHapuky JIopeHIly) OOBACHUTH pe3yibTaT SKCIEpUMEHTa
Maiikenscona 1 Mopnu TeM, 4TO BCe JABHXKYIIHECS B 3pHUpe 00BEKThI COKpAIAIOTCS B pa3Mepax, a
Bce yachl 3amMemsaoT cBol xoa. Ho B 1905 r. HuUKOMY Jocene HE HM3BECTHBIM CIIy Kallluid
[IBeiiriapckoro naTeHTHOro OIOPO MO MMEHH ANbOepT DUHIITEHH OmyOJIMKOBAJ CTaBIIYIO MOTOM
3HAMEHUTOU paboTy, B KOTOPOM OBLIO MOKa3aHO, YTO HUKAKOTO d(Upa HE HY)KHO, €CIIH OTKA3aThCs



OT MOHATHUS a0COTIOTHOTO BpeMeHU. Uepe3 HECKOIBKO HEENb Ty e TOUKY 3pEHUS BbICKa3al OJIUH
U3 Beaymux (¢paHiy3ckux MaremMaTukoB Aupu Ilyankape. ApryMeHThbI, BBIABHHYTHIC
OiHIITetHOM, OBUTM OMmke K (QU3UKe, 4eM apryMeHThl llyaHkape, KOTOpBIA IMOMOIIEN K STOU
3a/aye Kak K Marematudeckoil. O0 DiiHIITeliHE 0OBIYHO TOBOPAT KaK O CO3/IaTelie HOBOW TEOPHH,
HO U uMs IlyaHkape cBA3BIBaIOT ¢ pa3pabOTKON BayKHOM c€ 4acTH.

OyHIaMEHTANBHBIA MOCTYIAT 3TOW TEOPUM OTHOCHUTENHHOCTH, KaK CTaJd HAa3bIBaTh HOBYIO
TEOPHUIO, COCTOSJ B TOM, YTO 3aKOHBI HayKH JOJKHBI ObITh OJMHAKOBBIMHU I BCEX CBOOOIHO
OBUOKYLIUXCA HaOmofaTenell He3aBHUCHMMO OT CKOPOCTH HMX JBIDKEHHUS. OTOT TMOCTyJaT ObLl
CIpaBeUINB JUIsl 3aKOHOB JBMKEHHMs HploTOHa, HO Temepb OH ObUI PAaCHpPOCTPaHEH Ha TEOPHIO
MakcBenia ¥ Ha CKOPOCTh CBETa; CKOPOCTh CBETa, M3MEPEHHAs JII0ObIMH HAOII0AaTEeNsIMU, JODKHA
OBITh OJIMHAKOBA HE3aBUCHUMO OT TOTO, C KaKOW CKOPOCTBIO NIBIKYTCA camu HaOmomarenu. U3
3TOTO MPOCTOrO MPUHIIMIIA BHITEKAET PsJl 3aMeUaTeNIbHbIX cliecTBUIl. CaMble N3BECTHBIE U3 HUX —
3TO, HaBEPHOE, SKBUBAJEHTHOCTh MACChl U SHEPrUU, HaIIeJlIasi CBOE BBHIPAKEHUE B 3HAMEHUTOM
ypaBHeHuu JuHmTeliHa E = mc”2 (rne E — sHeprus, m — mMacca, a ¢ — CKOPOCTh CBETa), M 3aKOH,
COTJIACHO KOTOPOMY HHUYTO HE MOXKET JIBUTAThCs ObICTpee cBeTa. B crily SKBHBaJICHTHOCTH MacChl U
SHEPTUU PHEPTUs, KOTOPOU 00NIagaeT MBUKYIIUICS OOBEKT, MOJDKHA Temeph J00aBIATHCA K €ro
Macce. [Ipyrumu ciioBamu, 4em OOJIbIIE SHEPTH, TEM TPyAHEE YBEIMIUTh CKOpocTh. [IpaBaa, sToT
3¢ (deKT cylecTBeHEH JHIb MPH CKOPOCTAX, OMU3KMX K CKOpocTH cBeTa. Ecmu, Hampumep,
CKOpPOCTh Kakoro-HuOyap oobekTa coctapnsieT 10% ckopocTtu cBera, To ero macca jauib Ha 0,5%
00JIbIlIe HOPMANIBHOM, TOT/Ia Kak MpHU CKOpOCTH, paBHOM 90% CKOpOCTH cBeTa, Macca yxke B 2 paza
MpeBhIIaeT HopMalbHYyH0. [Io Mepe Toro Kak CKOpocTh 00BEKTa MPUOIIMIKACTCS K CKOPOCTH CBETA,
Macca pacTeT Bce ObIcTpee, Tak uTo [ JajbHeHIero yckopeHus Tpedyercs Bce 0ombliie U Ooblie
sHepruu. Ha camom jienie cKopocTh 00beKTa HUKOTJa HE MOXKET JOCTHYh CKOPOCTH CBETa, TaK Kak
TOTJ]a €ro mMacca craja Obl 6€CKOHEYHO OOJBIIO, a TOCKOJIbKY Macca SKBUBAJICHTHA SHEPTUH, IS
JOCTUKEHMSI TAKOM CKOpPOCTH NoTpedoBanach Obl OECKOHEUHO OoJbIas sHeprus. TakuM oOpa3om,
110001 HOPMAaJIbHBIM 00BEKT B CHITY MPUHIIUMIIA OTHOCUTEIBHOCTH HABCET/1a OOpEeUeH JBUTATHCS CO
CKOpOCTBIO, HE TPEBBIIIAIOIIEH CKOPOCTH cBeTa. TONIBKO CBET M JPYyTrHe BOJHBI, HE 00Janarome
«COOCTBEHHOW» MAacCCOM, MOTYT JIBUTAThCS CO CKOPOCTHIO CBETA.

Jlpyroe 3ameuaTenbHOE CIEACTBUE M3 IMOCTYJaTa OTHOCUTEIBHOCTU — PEBOJIIOLMSA B HAIINX
MPEJCTAaBICHUAX O MpocTpaHcTBe M BpemeHu. [lo Teopum HploTOHA, €CiM CBETOBOW HMITYJIbC
IIOCJIaH W3 OAHOM TOYKH B JPYrylo, TO BpEMS €ro IPOXOXKACHHUS, H3MEPEHHOE pa3HbIMU
HaOMroaaTesIMU, OyeT OJAMHAKOBBIM (ITOCKOJBKY BpeMsi aOCOJIOTHO), MO MPONICHHBIA UM IyTh
MOKET OKa3aThCsl pa3HbIM Yy pa3HbIX HaOmromarenel (Tak Kak MPOCTPAHCTBO HE SIBISETCS
abcomoTHBIM). M MOCKOJIbKY CKOPOCTh CBETA €CTh MPOIICHHOE CBETOM PACCTOSIHHE, JIEJIEHHOE Ha
BpeMs, pasHble HaOmromatenu OynyT TOdy4daTh pasHble CKOPOCTH cBerta. B Teopunm
OTHOCHUTENILHOCTU € BCE HaOMIoJaTeNnd OOJIKHBI OBITh COTJIACHBI B TOM, C KaKOW CKOpPOCTBIO
pacnpocTpaHnsiercs: cBeT. 1 kosb CKOpO y HUX HET COIJIacusi B BOIIPOCE O PACCTOSIHUM, TPOUIEHHOM
CBETOM, Yy HHUX HE€ JOJDKHO OBITh cOrylacus UM B TOM, CKOJbKO BpeMeHH men cBeT. (Bpems
MIPOXOXKACHUSI — 3TO MIPOHAEHHOE CBETOM DPACCTOSHUE, OTHOCUTEIBHO KOTOPOI'O HET COIJIacus y
HaOIrI0aTeNNe, JEICHHOEe HAa CKOPOCTh CBETA, OTHOCUTEIHHO KOTOPOW BCe corjacHbl). MHBIMH
CJIOBaMHM, TEOPHUSI OTHOCHUTEJILHOCTH MOKOHYMJIA C MOHATHEM abconoTHOro Bpemenu! Okasanocs,
YTO Yy KaXJ0ro HaOmroAaTess MOJKEH ObITh CBOWM Maciitad BpeMEHH, U3MEPSEMOro ¢ IMOMOIIbBIO
UMEIOIUXCS y HEro 4acoB, M YTO II0OKA3aHHUS OAMHAKOBBIX YacoOB, HAaXOISLIMXCA Yy Pa3HbIX
HaOII0IaTeNeH, He 0053aTeTLHO COTIaCyIOTCSI.
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Besiknii HaOmoaTens MOKET OTMPEACIHTD, TI€ M KOTJa MPOU30ILI0 KaKoe-HUOYIb COOBITHE,
METOJIOM DPAaJUOJIOKALMU, IIOCIaB CBETOBOM MMILYJbC WIM HMMILYJbC paguousitydecHus. Yactsb
MIOCJIAaHHOTO0 CUTHAJla B KOHLIE MyTH OTPAa3UTCsS Ha3zall, U HAOJII0JaTellb U3MEPUT BpeMsl BO3Bpara
9X0-curHaja. Bpemenem coObiTusi OyAeT cepeirHa MHTEpBaja MEX]y MOCBUIKOM CHUTHaia U €ro
BO3BpAIlICHUEM: pACCTOSIHME [0 COOBITHS pPaBHO TIOJOBMHE BPEMEHH, 3aTPAayeHHOTO Ha
IPOXOXKJICHUE TyJda M O0OpaTHO, yMHOXEHHOW Ha ckopocTh cBera. (Ilom coOwiTuem 31ech
MIOHUMAETCAd HEUYTO, MPOMCXOMAIIEE B OIpPENEICHHON TOYKE IPOCTPAHCTBA B ONPEIEIICHHBIN
MOMEHT BpeMeHM). Bce ckazaHHOe MOsCHSETCS NPOCTPAHCTBEHHO-BPEMEHHOM JTuarpaMMoi,
npencraBieHHoM Ha puc. 2.1. Ilpm u3nokeHHOM MeToje HaOMOaTeNd, NepeMellatromecs
OTHOCHUTEJIBHO JIPYT JIpyra, MPUIIUIIYT OJHOMY U TOMY e COOBITHIO pa3HOE BpeMs U MOJIO0XKEHUE B
npoctpancTBe. Hu ogHO M3 M3MepeHMid, NPOU3BEIEHHBIX pPa3HbIMHU HaOIIoAaTelsiMH, He Oyaer
NpaBUJIbHEE JPYTUX, HO BCE OHM OYyIyT CBsi3aHbl MexIy coOoil. Kaxaplii Habmogatenb MOXET
TOYHO BBIYHCIIHTH, KAKOE BPEMsI M KaKOe MOJIOKEHHE B IPOCTPAHCTBE MPHUITAIIET COOBITHIO JIFOOO0H
Jpyroil HabIoAaTeNb, €CIIM U3BECTHA CKOPOCTh BTOPOT0 HAOI0JaTessl OTHOCUTEIBHO IEPBOTO.

Jlis TOYHOrO OmpeneNeHus PacCTOSHUN celdac MOJIb3YIOTCS MMEHHO TaKMM METOOM,
IIOTOMY YTO BpE€Ms MBI YMEEM H3MEpATh TOUYHEE, ueM nHy. [laxke MeTp omnpenensercs: Kak
paccrosinue, kotopoe cBeT mpoxoaut 3a Bpems 0,000000003335640952 cexyHnbl, U3BMEPEHHOE TPU
MOMOIIU 11e3MeBbIX 4acoB. (CaMO 3TO YHCIIO COOTBETCTBYET UCTOPHUUECKOMY OIPECIICHUIO METpPa
KaK pacCcTOSHUS MEXIY JABYMs OTMETKAMU Ha CHEIHAIbHOM IIJIATUHOBOM CTEPKHE, XPaHAIIEMCS B
[Mapmwxke). Mbl MokeM TOJB30BaThCs U Oosee ynoOHON HOBOW eAMHMIICH HNJIUHBI, KOTOpas
Ha3bIBAETCSI CBETOBOM CEKyHAOH. DTO MPOCTO PACCTOSHUE, KOTOPOE CBET MPOXOAMUT 3a OJHY
CEKyHIy. B Teopuum OTHOCHTENBHOCTH PACCTOSHUE TENEPh ONPENEICHO YeEPE3 BpeMs M CKOPOCThb
CBETa, OTKy/Ja aBTOMATHUYECKH CIIEIyeT, YTO, U3MEpSs CKOPOCTh CBETa, KaXKIblii HaOIromaTelb
MIOJTyYUT OJIMH U TOT K€ pe3ynbTarT (mo onpeaenenuto 1 metp 3a 0,000000003335640952 cexyHabl).
Tenepp He HYXHO BBOAMTH 3(QHp, NPUCYTCTBUE KOTOPOrO, KCTAaTH, KaK IIOKa3ajl OIBIT
Maiikenbcona-Mopiu, 1 HEBO3MOXKHO OOHapy X HTh. OHAKO TEOPUsI OTHOCUTEIILHOCTH BBIHYKJA€T
Hac K (yHIaMEHTAJILHOW CMEHE MPEICTABICHHI O NMPOCTPAHCTBE W BpeMeHW. Ham mpuxomurcs
IIPUHATH, YTO BPEMsS HE OTIEJIECHO IOJHOCTBIO OT IPOCTPAHCTBA U HE HE3aBHUCHMO OT HEro, HO
BMECTE ¢ HUM 00pa3yeT eIuHbBII 00BEKT, KOTOPBIA Ha3bIBAETCS MTPOCTPAHCTBOM-BPEMEHEM.

W3 nmoBceIHEBHOTO OIBITA MBI 3HAEM, YTO IOJIO)KEHNE TOYKU B IIPOCTPAHCTBE MOXKHO 3a/1aTh
TpeMsI YUCIIAaMU — €€ KoopAuHaTamMu. MOKHO, HallpuMep, CKa3aTh, YTO HEKas TOYKa B KOMHAaTe
HaxXOJUTCs B IBYX METPax OT OJHOW CTEHBI, B METPE — OT JPYIOM U B MOJIyTOpa METpax OT moia. A
MOXKHO TaK)K€ 3a/1aTh €€ MOJIOXKEHHE, yKa3aB IIUPOTY, AOJITOTY U BBICOTY HaJ ypOBHEM Mops. Bl
MOJKETE T0JIb30BaThCs JIIOOBIMU TpeMsl MOAXOIAIIMMHU KOOPIUHATAMHU, XOTS OHU BCErja MMEIOT



JMILIb OTPaHUYEHHYI0 o0nacTh NmpuMeHUMocTH. HukTO He craHer, 3ajnaBas mosiokeHue JIyHbl,
yKa3bIBaTh PACCTOSIHUE B KMJIOMETPAX Ha CEBEP M Ha 3amaj oT miowaau [lukaauinm u BeICOTY HajJ
ypoBHEM Mops. BmecTo 3T0ro MokHo ykazath pacctosHue 10 ConHIa, pacCTOsSHUE 10 TUIOCKOCTH,
B KOTOPOM JieKaT OpOUTHI IUIAHET, U YTod Mexay npsmou, coeaussitomei Jlyny ¢ ComHiem, u
npsiMoid, coemuasitonieid ConHIe ¢ KakoH-HUOY b OJM3KOM 3Be3/10H, cKakeM, ¢ anbdoi LlenTaspa.
[IpaBna, 1 3TM KOOpAMHATHI BpAJ JIM MOAXOAAT Ui 3afaHusl mojokeHuss CoJIHIIa B Hamei
lanakTvike wnM MoOJOXKEHUA Halleld ["alakTUKU Cpely OKPYXarlIMX Hac Apyrux raidaktuk. Ho
MOXKHO BCIO BceneHHyro pa3OuTh Ha MEPEKPHIBAIONINECS «KYyCKW» U TS KaXIOTO «KYCKa» BBECTH
CBOIO CHCTEMY KOOPAMHAT, YTOOBI 3371aBaTh B HEM I0JIO)KEHHUE TOUYKH.

CobObiTHE — 3TO HEUYTO, MPOUCXOsIIee B ONPEACNEHHOW TOYKe MPOCTPaHCTBA U B
OTIpe/IeIeHHBIE MOMEHT BpeMeHH. ClieJoBaTebHO, COOBITHE MOXXHO XapaKTE€PH30BaTh YETHIPHMS
YHiCllaMi, WIA KOoopAuHaTamu. BpIOOp KoopauHAT OyJeT OmsTh MPOU3BOJBHBIM: MOXKHO B3SThb
ar00ble TP YETKO OIpeNeieHHbIe KOOpAWMHAThl U JI0Oyro Mepy BpeMeHu. B Teopum
OTHOCUTEIIBHOCTH HET pEeaJbHOr0 pa3Mudsg MEXIYy TMPOCTPAHCTBEHHBIMM M BpPEMEHHBIMU
KOOpJAMHATaMM, KaK HET pa3iuyuus MeXIy JBYMS JIIOOBIMH MPOCTPAHCTBEHHBIMH KOOpAUHATAMH.
MoXHO mepelTH K HOBOM CHCTEME KOOpPAMHAT, B KOTOPOW, CKakeM, IepBasi MPOCTPAHCTBEHHAs
KoopauHaTta OyaeT KOMOHMHAIMed MepBOil M BTOPOM CTapbhlX HPOCTPAHCTBEHHBIX KOOpJUHAT.
Hampumep, BMecTo TOro 4toObl 3a/aBaTh MOJOKEHHWE TOYKH HAa MOBEPXHOCTU 3E€MJIM, U3MEpSs B
KHJIOMETpaxX paccTOsSHUE J0 Hee K CeBepy U K 3amany oT Iuiomanu [Mukaaunmm, MoxHO OblIO OBl
OTKJIa/bIBATh PACCTOSIHUE OT TOW ke Iomanu [lukaauinm, HO K CEBEpO-BOCTOKY U K
ceBepo-3anaay. AHAJIOTUYHBIM O00pa3oM B TEOPUH OTHOCHTEIBHOCTH MOYXHO BBECTH HOBYIO
BPEMEHHYIO KOOpPIWHATy, KOTopas Obla Obl paBHa CyMME CTaporo BpEeMEHH (M3MEPEHHOrO B
CEKYH/Iax) U paccTOsIHUS (B CBETOBBIX CEKyH/1ax) K ceBepy oT [lukaausmm.
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YeTplpe KOOpPAMHATBHI KaKOro-aIM00 COOBITHUS MOXHO paccMaTpuUBaTh Kak KOOPJIMHATHI,
OTIPENICNIAIONINE TOJIOKEHHE DJTOTO COOBITUS B  YETHIPEXMEPHOM MPOCTPAHCTBE, KOTOPOE
Ha3bIBAETCSl TMPOCTPAHCTBOM-BpEeMEHEM. YeTblpexMepHOe MPOCTPAHCTBO MpPEACTaBUTh cede
HEBO3MOXHO. JIMYHO s ¢ TpyAOM mpeacTaBisiio cebe naxke TpexmepHoe mpoctpancTBo! Ho
HETpYIHO H300pakaTh rpaduyecku IByMEpHbIE MPOCTPAHCTBA, HAIPUMEpP, MOBEPXHOCTh 3E€MIIH.
(IToBepxHOCTh 3emild JIByMEpHA, MOTOMY YTO IOJOKEHHUE OO0 TOYKM MOXKHO 3a/aTh JIByMs
KOOpAMHAaTaMU — MIMPOTOW M joarotoif). Ha nuarpammax, KOTOpbIMH s Oydy, Kak IpaBHIIO,
[0JIb30BAaThCA, OCh BPEMEHM HallpaBl€Ha BBEpPX, a OJHAa W3 MPOCTPAHCTBEHHBIX OCEH
rOpU30HTalIbHA. /IBa APYrHX MPOCTPAHCTBEHHBIX MU3MEPEHUs INO0 OyIdyT OTCYTCTBOBATH, JIUOO XKE
OJIHO M3 HUX 5 Oyy MHOrAa u3o0pakaTh B nepcrektuse. (Takue quarpaMMel, Kak qgarpamma puc.
2.1, Ha3bIBAOTCS MPOCTPAHCTBEHHO-BPEMEHHbIMM auarpamMMamu). Hampumep, Ha puc. 2.2 ock
BpEMEHH HarpaBjieHa BBEPX U OTCUET Ha HEHl BeAeTcs B rojax, a pacctossHue oT CosHLa 0 3BE3/Ibl



anbda LleHTaBpa OTIOKEHO MO TOPUZOHTAILHOW OCH U M3MepseTcs B MIIAX. Tpaekropuu ColHIIA
u anb(bl LlenTaBpa, BO3HUKAIONIUE MIPH UX MEPEMEIIEHUH B IPOCTPAHCTBE-BPEMEHH, MMOKa3aHbl Ha
JTarpaMMe BEpTUKAIbHBIMH JTUHUSMHU: TIEpBasi — ClieBa, a BTopas — crpana. JIyud ceera ot ConHia
pacmpocTpaHseTcs o AuaroHanu, u oH poxoaut ot ComHila 1o anbkgbl LlentaBpa 3a yeTsipe roja.
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TEKT ROCEMLE N TMNE

Msl BHIeNH, YTO ypaBHEHHs MakcBeiula NpeACKa3bIBAalOT IMOCTOSIHCTBO CKOPOCTH CBeTa
HE3aBHUCHUMO OT CKOPOCTHM HCTOYHMKA M O3TH MpeACKa3aHus MOATBEPKAAIOTCS TOYHBIMU
n3MepeHusmMu. OTcroa cieayer, YTO CBETOBOM HMITYJbC, MCIYLICHHBIM B HEKOTOPBHIH MOMEHT
BPEMEHHU U3 HEKOTOPOW TOYKH MPOCTPAHCTBA, C TEUEHUEM BpPEMEHHU OyNeT pacHpOCTPaHATHCS BO
BCE CTOPOHBI, MPEBpAILAsCh B CBETOBYIO cdepy, pasMepbl U TMOJ0KEHHE KOTOPOHW 3aBUCAT OT
CKOPOCTH HCTOYHMKA. Uepe3 0Hy MHJUIMOHHYIO JOJIIO CEKYHJBI CBET 0OpasyeT chepy paanycoM
300 MeTpoB; yepe3 ABE MUIUTMOHHBIC JOIH CEKYHABI paauyc cdepbl yBeauuutcs 10 600 MeTpoB u
T. A. Kaprtuna Oyner HamoMuHaTh BOJHBI Ma BOJAE, PAaCXOJSIIMECS IO MOBEPXHOCTU Mpyaa OT
OpOILIEHHOTO KaMHS. DTH BOJHBI PacXolfTCs, KaK KpYT, pacHIMpsIOIIMiics co BpemeHeM. Ecnu
MIPE/ICTaBUTh ce€0€ TPEXMEPHYIO MOJEIb, ABa U3MEPEHUS KOTOPOM Ha MOBEPXHOCTHU MPYJa, a OAHO —
OCh BpPEMEHH, TO B TAaKOH MOJENIU PACXOJAIIMICS MO BOAE KpPyr OyIeT «clieoM» KOHyca ¢
BEpIIMHOM, HAaXOJMBIICHCS B MOMEHT MaJeHUs KaMHS B TOW TOYKE HAa MOBEPXHOCTH IpyJa, B
KOTOpOM KaMeHb KOCHyJcs Boabl (puc. 2.3). TouyHO Tak ke CBET, PacHpOCTPaHssICh U3 HEKOETO
COOBITHSI B YETHIPEXMEPHOM IPOCTPAHCTBE-BPEMEHH, 00pa3yeT B HEM TPEXMEPHBIH KOHYC. DTOT
KOHYC Ha3bIBaeTCs CBETOBBIM KOHYCOM OyAyIIEro JUisl JaHHOTO COOBITHsS. MOXXHO HapucoBaTh U
JpYroi KOHYC, KOTOPbIN HAa3bIBAETCSl CBETOBBIM KOHYCOM MPOILJIOT0 M MPEJICTaBISIET MHOXECTBO
COOBITHH, U3 KOTOPBIX CBETOBOM MMITYJIbC MOKET MONACTh B TOUKY, COOTBETCTBYIOLIYIO JaHHOMY
coObITHIO (pHC. 2.4).
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CBeToBblE KOHYCHI HOpPOHUIOr0 #  Oyaymiero MAias JaHHOTO coOwbitus P gensar
MIPOCTPAHCTBO-BpeMs Ha TpH obnactu (puc. 2.5). AGcomoTHOe Oyayliee JaHHOTO COOBITHSI — 3TO
00JacTh, 3aK/IFOUeHHass BHYTPH CBETOBOTO KOHyca Oyaymiero coObITust P. 9T0 COBOKYMHOCTH BCEX
COOBITHUH, Ha KOTOpBIE B NMPHUHIUIE MOXKET MOBIUATH TO, YTO MpoucxoauT B Touke P. CoObiTus,
JeKale BHE CBETOBOIO KOHYyca COOBITHS P, HEMOCTHKUMBI ISl CUTHAIOB, UAYIIUX U3 TOYKU P,
TaK KaK HIYTO HE MOKET ABUraThcs ObicTpee cBeTa. Clie10BaTeNbHO, HA HUX HUKAK HE CKa3bIBaeTCs
npoucxojsmiee B Touke P. AGcomoTHOE mporioe coObITHEe P JIeKUT BHYTpH CBETOBOIO KOHYcCa
MPONIJIOr0. DTO MHOXECTBO BCEX COOBITHH, CHTHAJIBI OT KOTOPBIX, PAaCHpPOCTPAHSIONIUECS CO
CKOPOCTBIO CBETa WJIM C MEHBIIEH CKOPOCThIO, MOTYT momnactb B Touky P. Takum oOpazom, B
KOHYCE IIPOIUIOTO JIE)KUT MHOYKECTBO BCEX COOBITHM, KOTOPBbIE MOTYT BJIMSTH HA COOBITUE B TOUKE
P. 3Has, 4yTO MPOMCXOAUT B KAKOW-TO MOMEHT BPEMEHH BCIOJly B TOW 0O0JIaCTH MPOCTPAHCTBA,
KOTOpast OrpaHIYeHa CBETOBBIM KOHYCOM IIPOLIIOTO COOBITHA P, MOXHO TpecKas3arb, 9YTo JOJKHO
MPOU30UTH B caMoil Touke P. OGnacTe mpocTpaHCTBa, HE JIEXKAIIYI0 BHYTPU CBETOBBIX KOHYCOB
npouioro u Oyaymiero, Mbl OyJeM Ha3biBaTh BHEIIHEW. CoOOBITHS, MpUHAAJIEKAIINE BHEITHEH
o0jacTu, HE MOTYT HU CaMU BIHATH Ha COOBITHS B TOYKe P, HM OKaszaTbcs TOJ BIUSHUEM
npoucxoamux B P cobertuii. Ecniu, Hanpumep, ConHile npsiMo ceifuac BIPYT NEPEeCTaHET CBETHUTD,
TO B HACTOSIIIMKA MOMEHT 3TO HUKaK HE MOBJIHUSAET Ha 3€MHYIO JKHU3Hb, TaK KaK MbI BCE elle Oyaem
HaXOJUThCSI B 00JIACTH, BHEITHEH HO OTHOLIEHHIO K TOM TOYKe, B KoTopoil CoiHIle MOTyXJIo (pHC.
2.6), a y3HaeM 000 BCeM IMIIb 4Y€pe3 BOCEMb MHUHYT — BpeMms, 3a KoTopoe cBeT oT ConHia
nocturaer 3emid. TOJIBKO TOTZA MPOUCXOAIINE Ha 3emile COOBITHS MOMAIyT B CBETOBOW KOHYC
Oynyiero Toi Touku, B kotopoit Connue motyxio. [lo Toi e mpuyuMHe Mbl HE 3HAeM, 4TO B
JAHHBII MOMEHT IPOMCXOAUT AAJIEKO BO BceneHHOM: nomenmui 10 Hac CBET NANEKHUX TajJaKTHUK
OBbLT MCIYIIEeH MUJUTHOH JIET Ha3all, a CBET OT CaMOT0 JalieKOTro HabI01aeMoro 00beKTa 1med K HaM
8 ThICSY MWIIMOHOB JIE€T. DTO 3HAYMUT, YTO, BCMATpPUBasCh BO BceneHHyro, Mbl BUAUM €€ B
MPOILJIOM.
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Puc. 2.6

Ecnu npereOpeub rpaBUTAMOHHBIMU 3 dekTaMu, Kak 310 caenand B 1905 r. DitHmTedH u
[Iyankape, TO MBI TpHUIEeM K TaK Ha3blBAEMON CHEIUATBHOM (MM YaCTHON) TEOpPHH
OTHOCUTENLHOCTH. J[s1 KaKIoro cOOBITHS B TMPOCTPAHCTBE-BPEMEHHU MBI MOXEM IOCTPOUTH
CBETOBON KOHYC (TIPEACTABIISIONINI COOOW MHOMXECTBO BCEX BO3MOMKHBIX MYTEH, MO KOTOPBIM
pacipoCTpaHseTCsl CBET, UCIYIIEHHBIA B pacCMaTPUBAEMON TOYKE), a MOCKOJIBKY CKOPOCTH CBETa
OJIMHAKOBA [JIs1 JIIOOOTO COOBITHS W B JIFOOOM HAINpaBJICHUH, BCE CBETOBBIE KOHYCHI OYIyT
OJIMHAKOBBI U OPHUEHTUPOBAHBI B OJHOM HampaBjieHuH. KpoMe TOro, 3Ta TE€OpHsi TOBOPHUT HaM, YTO
HUYTO HE MOJKET JIBUTaTbCs OBICTpEE CBETa. DTO O3HAYAET, YTO TPAEKTOPHS JI0OOTO 00BEKTa BO
BpEMEHH U B IPOCTPAHCTBE JOJDKHA MPEACTABISATHCS JIMHUCH, JISKAIeH BHYTPH CBETOBBIX KOHYCOB
JUTSL BCEX COOBITHI Ha Hel (puc. 2.7).
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Puc. 2.7

CrneunanbHasi TEOpUsI OTHOCUTEIBHOCTH MO3BOJIMIIA OOBSICHUTH MIOCTOSHCTBO CKOPOCTH CBETA
Ui Bcex HaOmrogartened (yCTaHOBJIGHHOE B ombiTe MaiikenbcoHa ¥ MoOpiau) M NpaBUIBHO
OIHCHIBANIA, YTO MPOUCXOAMT MIPH IBUKEHUH CO CKOPOCTSAMU, OJIM3KUMHU K CKOpocTu cBeTa. O1HaKo
HOBasl TEOpHs MPOTHUBOPEUMIIa HbIOTOHOBCKOM TEOPUHU T'PABUTALMM, COIJIACHO KOTOPOH OOBEKTHI
MPUTSTUBAIOTCA JpYyr K JPYry € CHJIOH, 3aBUCSIIEH OT paccTosHus Mexay Humu. Ilocnennee
O3HayaeT, 4TO, €CIM CABUHYTh OJUH M3 OOBEKTOB, CHJa, JIEHCTBYIOIIAs Ha APYrou, M3MEHHUTCS
MTHOBEHHO. VMIHa4Ye roBopsi, CKOPOCTb PaclpOCTpaHEHHs TPABUTAIIMOHHBIX () (HEKTOB JT0KHA OBITH
OECKOHEUHOW, a He paBHOM (MM MEHbIIEH) CKOPOCTH CBeTa, Kak TOro TpeboBaja Teopus
otHocutenbHocTU. C 1908 mo 1914 r. DiHIITEHH NpeAnpuHsI psja Oe3yCHElIHbIX MONBITOK



MMOCTPOHTH TaKyl MOJEIh TPAaBUTAIIUU, KOTOpPAs COTJIAcCOBAJaCh OBl CO CICIUAIBHON TEOpHEH
otHocuTenbHOCTH. Hakonenr B 1915 r. oH omyOiuKoBall TEOpHUIO, KOTOpas ceiiuac Has3bIBaeTCs
o01eit Teoprueit OTHOCUTEIIBLHOCTH.

Puc. 2.8

Gombisoll i

OWHIITENH BbICKa3all MPEIIOJIOKEHNE PEBOJIIOLMOHHOIO XapakTepa: rpaBUTalMs — 3TO HE
oObIYHasl CHUJIa, a CJIEACTBHUE TOTO, YTO MPOCTPAHCTBO-BPEMSI HE SIBJISIETCS IUIOCKUM, KaK CUMTAJIOCh
paHbIlle; OHO MCKPUBJIEHO pACIpeleIeHHBIMU B HEM Maccol M aHeprueil. Takue Tena, kak 3emis,
BOBCE HE NPHHYKJIAKOTCS JBUTAThCSA MO HMCKPUBIEHHBIM OpOMTaM I'paBUTALMOHHOM CHUJION; OHHU
IBWKYTCS IO JIMHHUSM, KOTOPbIE B HMCKPHUBJICHHOM IPOCTPAHCTBE 0OJE€€ BCEro COOTBETCTBYIOT
IpSIMBIM B OOBIYHOM NPOCTPAHCTBE M HA3bIBAIOTCS I'eofe3MuecKuMU. I'eoie3ndeckas — 3TO caMblid
KOPOTKMH (WM caMblil JUIMHHBINA) IyTh MEXIy JBYMS COceIHUMH Todukamu. Hanpumep,
MIOBEPXHOCTh 3€MJIM €CTh HCKPHUBIICHHOE ABYMEPHOE IpOCTpaHCTBO. I'eomesmueckas Ha 3emiie
Ha3bIBAETCS] OOJIBIIMM KPYTOM U SIBJISIETCSI CAMBIM KOPOTKHM ITyTEM MEXKIy IBYMsI TOUYKaMH (pHC.
2.8). IlockonbKy camblii KOPOTKHH IMyTh MEXIY MABYMS adpolopTaMud — MO Te0Je3UYECKOM,
JUCHEeTYepbl BCEr/a 3aJaloT MUJI0TaM HMMEHHO Takol MapuipyT. CornacHo oOumieil teopuu
OTHOCUTEJIBHOCTH, Te€la  BCErja  IEpeMElIaloTCs IO  MPsAMBIM B YETBIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHH, HO Mbl BUJIUM, UTO B HAILIEM TPEXMEPHOM MPOCTPAHCTBE OHU ABMXKYTCS IO
UCKpUBIEHHBIM TpaekTopusM. (ITonabmonaiite 3a camoneToM Haja XOJIMHUCTON MecTHOCThIO. Cam
OH JIETUT IO MPSIMOM B TPEXMEPHOM IPOCTPAHCTBE, a €r0 TEHb IEpPEMEIaeTcsl MO0 KpUBOM Ha
JIBYMEPHOI MOBEPXHOCTH 3eMJIH).

Macca CosnHla Tak UCKPUBJISIET IPOCTPAHCTBO-BPEMSI, UTO, XOTS 3eMJIsL IBUKETCS IO MPSIMO
B YETBIPEXMEPHOM IIPOCTPAHCTBE, Mbl BHJIUM, YTO B HAlIEM TPEXMEPHOM IPOCTPAHCTBE OHA
JBIDKETCST 1O KpyroBod opOute. OpOUTHI IJIaHET, TMpencKasblBaeMble o0OIme Teopuen
OTHOCHUTEJIBHOCTH, TOYTH COBMIANAIOT C IPEACKa3aHUSAMU HBIOTOHOBCKON TEOpUU TATOTECHHUS.
Onnako B ciyuae Mepkypusi, KOTOpbIA, Oymyun Omkaiimiei k COJHILy TJIaHETOM, MCIBITHIBACT
camMoe CWIbHOE JEWCTBUE I'paBUTAllMM M HUMEET JOBOJBHO BBITAHYTYIO OpOMTy, oOmias Teopus
OTHOCHUTEIIFHOCTH TPEJCKa3bIBAET, YTO OOJbIIAs OCh AJUIMICA JOJDKHA MOBOPAYUBATHCS BOKPYT
ConHila mpUMEpHO Ha OAMH Tpajyc B JIecsATh ThicAY jeT. HecMoTpst Ha ero ManocTh, 3TOT 3G et
ObUT 3aMeueH eme 10 1915 r. u paccmaTpuBacs Kak 0JHO U3 MOATBEPKACHUN Teopun DHHIITEHHA.
B nocnepHue roapl paguoNOKalMOHHBIM METOAOM OBUIM HM3MEPEHBI €Ile MEHbBIINE OTKIOHEHHUs
OpOUT IpyTUX IUTaHET OT MpeAcka3aHuii HploToHa, M OHM COTIACYIOTCS € Mpe/iCKa3aHusIMHU 0O0IIen
TEOPUN OTHOCUTEIBLHOCTH.
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Jlyun cBera TOXE IOJDKHBI CIEAOBAaTh TEONE3UYECKHM B IIPOCTPAHCTBE-BPEMEHH.
W ckpuBIEHHOCTh MPOCTPAHCTBA O3HAYAET, YTO CBET YXKE HE PACHPOCTPAHSIETCA NMPSMOJIMHEHHO.
Takum o0pa3zom, corimacHO oOmIel TEOPUM OTHOCUTEIBHOCTH, JyY CBETa JIOJKEH HM3TrHOaThCsl B
IPaBUTALMOHHBIX MOJSAX, W, HAIPUMEpP, CBETOBbIE KOHYCHI TOYEK, Haxoxasmuxcs BOnu3u CoiHia,
JIOJKHBI OBITH HEMHOTO Je(opMUpOBaHbl NoA AeiicTBueM Macchl CoiHua. DTO 3HAYMT, YTO JIyd
CBETa OT JAJIEKOW 3Be3/bl, Mpoxoaamuil psgom ¢ CoJHIIeM, TOJDKEH OTKJIOHUTHCS Ha HEOOJBIION
yroj, U HaOmroaTeNnb, HaXOAALMica Ha 3emiie, yBUAUT 3Ty 3Be3y B Apyroi Touke (puc. 2.9).
Koneuno, eciu Obl CBET OT JaHHOM 3B€3/1bI Beceraa npoxoaui psaoM ¢ CosHIleM, Mbl HE MOTJIN Obl
CKa3aTb, OTKJIOHSETCS JIM JIyd CBETA WIN )K€ 3B€3Ja ICHCTBUTEIBHO HAXOIUTCS TaM, IZIE€ MBI €€
BuguM. Ho BcnenctBue oOparnieHust 3eMiid BCe HOBBIE 3BE3/IbI 3aXOMAST 3@ COJHEUHBIM TUCK, U UX
CBET OTKJIOHfETCS. B pesynbrare MX BUIUMOE IIOJIOKEHHE OTHOCHTEIBHO OCTAJIBHBIX 3BE3]L
MEHSETCSl.

B HOpManbHBIX YCHOBUSAX 3TOT APQPEKT OueHb TPYAEH JUIsl HAOMIOAEHUS, TaK KaK SpPKHil
COJIHEYHBII CBET HE MMO3BOJISIET BUJIETh 3BE3/1bl, Haxoasduecs Ha HeOe psitom ¢ Conmnuem. Ho Takas
BO3MOKHOCTb IOSIBJISIETCSI BO BPEMsI COJTHEUHOT'O 3aTMEHMsI, KOrja JIyHa nepeKkpbIBacT COJIHEUHBIN
cBeT. B 1915 r. HUKTO He cMOr cpa3y NMPOBEPUTH MPEICKa3aHHOE DUHIITEHHOM OTKJIOHEHHE CBETA,
notoMmy uro nuia Ilepsas mupoBas BoitHa. JIumbe B 1919 r. anrnuiickas skcnenuuusi B 3amnagHoi
Adpuke, HaOmIOAaBImIas TaM COJHEYHOE 3aTMEHHE, TII0Ka3aja, 4YTO CBET JeHCTBUTEIHHO
oTksIoHsieTcst CONHIIEM TaK, Kak U IpelcKasbiBajia Teopus. To, 4TO aHITIMICKHE YUEHBIE JTOKa3aln
MPaBWJIBHOCTh TEOPHUM, POJMHOM KOTOpoil Obuta ['epMaHus, MPHUBETCTBOBAJIOCH KakK €IIe OAMH
BEJIMKUH aKT MPUMUPEHHs o0eux cTpaH mocie BoiHbL. Ho, XOTS 3TO BBINIAIUT HPOHHYHO,
MIPOBEICHHBINA TO3Hee aHamu3 ¢Gororpaduid, MOIyUIEHHBIX TON SKCIEAWINEH, MOKa3al OMIHOKH
M3MEPEHUs TOTO XK€ MOPs/IKa, YTO U u3MepseMblil 3¢ ¢dekt. Pe3ynprar aHrimyan Obu1 1160 YUCTHIM
BE3€HHMEM, JIMOO TEM HEpPEIAKUM B HayKe CIIy4aeM, KOrja IMOJYy4yaroT TO, YTO XOTEJIOCh MOIYYHTb.
IIpaBna, oTkioHeHue ceera ConHIEM OBUIO BIOCIEICTBMM TOYHO MOATBEPXKICHO LIEIBIM PAIOM
Ha0JII0IeHU .

Eme onno mpexackasaHue oOIiell TEOpUHM OTHOCUTEIBHOCTH COCTOMT B TOM, YTO BOJIM3U
MacCCUBHOTO TeJa THMa 3eMJIM BpeMs JI0JDKHO TeUb MEAJIEHHEE. DTO CJIEAYET U3 TOT0, YTO JIOJIKHO
BBITIOJIHATHCS ONPEAETICHHOE COOTHOUIEHHE MEXIy SHEprueil cBera M ero 4acToTou (T. C. YMCIOM
CBETOBBIX BOJH B CEKyHIy): d4eMm Ooiblle »SHeprus, TeM BbIIle YacToTa. Ecmm cBer
pacnpoCTpaHsAeTCsl BBEPX B I'PABUTALIMOHHOM IIOJIE 3€MIIM, TO OH TEPSET DHEPIHI0, a IOTOMY €ro
yacToTa yMeHbIlaeTcs. (JTO 03HAYaeT, YTO YBEJIWYMBAETCS MHTEPBAl BPEMEHHM MEXIY I'PEOHIMU
JBYX cocelHUX BoJiH). Habmogarento, pacmnonokeHHOMY Ha OOJIBLION BBICOTE, TOJIKHO Ka3aThCs,
YTO BHU3Y BCE MPOUCXOJUT MEJIEHHEee. DTO MpejcKa3zaHue ObLI0 MpoBepeHo B 1962 T. ¢ mOMOIIBI0
JIBYX OY€Hb TOYHBIX YacOB, PACHOJOXKEHHBIX: OJHM Ha CaMOM BepXy BOJOHANOPHOM OalIHH, a
BTOpBIE — Y €€ TIOJHOXKbS.



Okazanoch, YTO HHUKHUE Yachl, KOTOpble ObUTH Oyibke K 3emiie, B TOYHOM COOTBETCTBHUU C
o011eil Teopueil OTHOCUTENLHOCTH IILTK MeJyieHHee. Pa3HuIla B X0/1e 4acoB Ha pa3HOM BBICOTE HAJl
MIOBEPXHOCThIO 3eMJIM mpuodpena celyac OrpOMHOE IMPAKTHUYECKOE 3HAYEHHE B CBS3H C
MOSIBJICHUEM OY€Hb TOYHBIX HABUTAIMOHHBIX CHUCTEM, paOOTAIONIMX HA CHTHAJaX CO CIyTHHUKOB.
Ecniu He npuHuMaTh BO BHUMaHUE IMIpelCKa3aHUM oOIIed Teopuu OTHOCUTEIBHOCTH, TO
KOOpJIUHATHI OYAYT PACCYMTAHBI C OIMIMOKON B HECKOJIBKO KUJIOMETPOB!

3akoHbl ABMKEHUST HbIOTOHA MOKOHYWIM C aOCOJIOTHBIM TIOJIOKEHHEM B TPOCTPAHCTBE.
Teopust OTHOCUTENBHOCTH OCBOOOAMIIA HAC OT aOCONIOTHOTO BpeMeHU. Bo3pMeM mapy OnHM3HEIOB.
[Ipeanonoxum, 94TO OJUH W3 HUX OTMPABHICS KUTh HA BEPIIMHY TOPBI, a APYrol ocTajics Ha
ypoBHe Mopsi. Toraa mepBelii cocTapuTcsi ObICTpee, YeM BTOPOH, U TIOSTOMY pU BCTpeUe OAUH U3
HuX OyZeT BBINVIALETh cTapiue Apyroro. Ilpasna, pasHuna B Bo3pacte Obuia Obl COBCEM Majia, HO
OHAa CHJIbHO YBEIWYHIIACh Obl, €clii Obl OJUH U3 OJM3HEIOB OTIPABUIICS B JIOJITO€ MyTEIIECTBUE HA
KOCMHUYECKOM KOopalJjie co CKOpOCTbhIO, OIM3KOM K ckopocTu cBeTa. [1o Bo3BpallleHun OH oKaszaics
Obl 3HAUUTEIBHO MOJIOXKE CBOEro Opara, KOTOpPBIM ocTaBayics Ha 3emiie. DTO TaK Ha3bIBaeMbIH
napazokc OJM3HENOB, HO OH MapaJoKC JIMIIb JJIS TOTO, KTO B TIyOHHE YN BEPHUT B aOCOIOTHOE
Bpems. B oOmieif Teopur OTHOCHUTENBHOCTH HET €AMHOTO aOCONIOTHOTO BPEMEHHU; KaXKIbIH
WH/IWBUIYYM HMMEET CBOM COOCTBEHHBIH MacImiTad BpEMEHH, 3aBUCSIIUN OT TOTO, TAE O3TOT
WHJIWBUIYYM HaXOAUTCS U KaK OH JBUKETCS.

Ho 1915 r. mpocTpaHCTBO U BpeMsi BOCIIPUHUMAJIMCH KaK HEKas )KECTKAasi apeHa JJisi COOBITUH,
Ha KOTOPYIO BCE MPOUCXOAIIEEe Ha Hell HUKAK He BIUseT. Tak 00CTOSI0 JeN0 AaXKe B CIeIHATbHOM
TEOPUH OTHOCUTEIBHOCTH. Tena ABUTANWCh, CHIbI TMPUTATHUBAIN W OTTAJIKWBAIU, HO BpeMs U
MPOCTPAHCTBO MPOCTO OCTaBAIMCh CAMUMHU COOOH, MX 3TO HE Kacaioch. M ObUIO ecTecTBEHHO
JyMaTh, 4TO MPOCTPAHCTBO U BPEMsI OECKOHEUHBI U BEYHBI.

B o0mieii sxe Teopuu OTHOCUTEIBHOCTH CUTYAIUsl COBEpIICHHO nHas. [IpocTpaHcTBO U Bpems
TENeph TUHAMUYECKHE BEJIMYMHBI: KOTJA IBUIKETCS TENO WIM JCUCTBYET CHJIa, 9TO H3MEHSET
KPUBHU3HY MPOCTPAHCTBA U BPEMEHU, a CTPYKTYpa MPOCTPAHCTBA-BPEMEHHU B CBOIO OYEPE]Ib BIUSET
Ha TO, KaK JBIXKYTCS Tella U IEUCTBYIOT CUJIbl. [IpocTpaHCTBO M BpeMsi HE TOJBKO BIUSIIOT Ha BCE,
YTO MPOUCXOAUT BO DBceneHHOW, HO M caMHM H3MEHSIOTCS MOJ BIUSHUEM BCEr0 B HEH
npoucxosmiero. Kak 0e3 mpeacraBIeHHd O TPOCTPAHCTBE M BPEMEHH HENB3S TOBOPUTH O
coObITHSIX BO BceeneHHo#l, Tak B 0Omeld TEOpUM OTHOCHTEIBHOCTH CTajlo OECCMBICICHHBIM
TOBOPUTH O MPOCTPAHCTBE U BPEMEHU 32 IIpeesiaMy BeeneHHOM.

B nocnenyromue aecaTUIETHsI HOBOMY MOHUMAHHUIO MPOCTPAHCTBA M BPEMEHM IMPEACTOSIIO
MPOU3BECTU MEPEBOPOT B HAIIMX B3Msiax Ha Bceenennyro. Ctapoe mpeAcTaBiIeHHE O MOYTH HE
MeHsroneicss BeeneHHol, KoTopasi, MOXET ObITh, BCEr/ia CYIECTBOBaja M OyJEeT CyIIeCTBOBATH
BEYHO, CMCHWIOCh KapTUHOM JIWHAMUYECKOHM, paclupsomeincs BceimeHHON, KoTOpasd,
MO-BUUMOMY, BO3HHUKJIA KOTJa-TO B MPOILIOM M, BO3MOYKHO, 3aKOHYHMT CBOE CYIIIECTBOBaHHUE
Korja-to B OyaymieM. DTa pPeBOJIOLHMs B HalleM CO3HAHUU (ef OylIeT MOCBAIICHA CIeIyIoIIas
IJIaBa) SIBWJIACh OTIIPABHOM TOYKOW MOMX HCCJICIOBAHMM B TeopeTHYecKor Qusuke. Mbl ¢
Pomxepom Ilenpoy3om mokasanu, 4To, COTJIAcHO OOINEH TeOpUHM OTHOCUTEILHOCTH DWHINTEIHA,
Bcenennas nomkHa UIMETh Ha4yallo, @ MOKET ObITh, U KOHEII.

3. Pacwumnpsowasncsa BeceneHHas

Ecnu B sicHy1o 0Oe31yHHYIO HOYb IOCMOTpPETh Ha HEOO, TO, CKOpee BCEro, CaMbIMH SPKHUMHU
o0BbeKTamMu, KOTOpBIC BB YBUIUTE, Oy Iy T tuianeTsl Benepa, Mapc, IOnutep u Catypa. Kpome Toro,
Bbl YBUAUTC OIPOMHOC KOJIMYCCTBO 3BC3/, [IOXOXKXUX HA HALIC COJIHL[G, HO HaxoOdmuxcsa ropas3ao
nanpie ot Hac. Ilpu obpamennn 3emnu Bokpyr CojiHIIA HEKOTOPBIE M3 3TUX «HEMOJBHYKHBIX)
3BC3] YYyThb-UYTbhb MCHAKOT CBOC IOJIOKCHUC OTHOCUTCIIBHO APYr Apyra, T. €. Ha CaMOM JICJIC OHU
BOBCE HE HEMOABMXHBI! /€710 B TOM, YTO OHM HECKOJIBKO OJMKe K HaM, ueM apyrue. [lockonbky xe
3emust Bparaercsi Bokpyr CousHna, OnM3KHe 3BE37bI BUIAHBI BCE BpeMsl B pa3HBIX TOUKax (oHa
0oJjee yaaneHHBIX 3Be3/. biarogapst 5ToMmy MOKHO HEMOCPEICTBEHHO U3MEPUTH PACCTOSIHUE OT HAC
J0 3THUX 3BC€31. YEM OHHU 6JII/I)KG, TCM CHJIBHCC 3aMCTHO HX MNCPCMCUICHUC. Camas 6JII/13K3.51 3B€3/14a,



HaseiBaeMas [Ipokcumoii LleHTaBpa, HAXOMUTCS OT HAC HA PACCTOSHUHU TPUOIU3UTEIHHO YETHIPEX
CBETOBBIX JIET (T. €. CBET OT Hee UJAET 10 3eMJIU OKOJIO YEThIpeX JIeT), WIH OKOJO 37 TPUUIMOHOB
kusoMeTpoB (37*1012). BonpmMHCTBO 3BE3]1, BUAMMBIX HEBOOPYKEHHBIM TIJ1a30M, yTAJIEHBI OT HAC
Ha HECKOJBKO COTEH CBETOBBIX JeT. CpaBHMTE 3T0 ¢ paccrosHueM 1o Hawmero ConHia,
COCTaBJISIIOLIMM BCEr0 BOCEMb CBETOBBIX MUHYT! Buanmble 3Be3/bl pacchlllaHbl HO BCEMY HOUHOMY
HeOy, HO 0COOCHHO T'yCTO B TOH MoJioce, KOTOpyIo Mbl Ha3biBaeM MieunbiMm [Tytem. Eme B 1750 1.
HEKOTOPBIE aCTPOHOMBI BBICKA3bIBAJIM MBICIb, YTO CyllecTBoBaHHWE Mieunoro [lytu oOwsicHseTCs
TeM, 4TO OOJbIIasg 4YacTb BHJIUMBIX 3B€3]l 00pa3yeT OJAHY AWCKOOOpPa3HyK KOH(UIypaiuio —
IIpUMEep TOrO, 4YTO CeMYac Ha3bIBACTCS CIHMPAJIbHOM TalakTUKOW. JIMIIb dYepe3 HECKOJIBKO
JNECATWIETUN acTpOHOM YWibAM [epumiens NOATBEPAWMI 3TO MNPEANONIOKEHUE, BBIIOJIHUB
KOJIOCCaJIbHYIO pabOTy HO COCTaBJIEHMIO KaTajora IOJIO)KEHWH OrpOMHOIO KOJMYECTBA 3BE3] U
paccrosiHuii 10 HUX. Ho naske mocie 3TOro mpejcTaBlieHHE O CIUPAIbHBIX TajakTHKaX ObLIO
MIPUHSTO BCEMU JIMIIb B HAYaJIe HAIIETO BEKa.

CoBpemeHHas kapThHa BceeneHHoOW BO3HMKJIA TOJNBKO B 1924 1., xorma amepuKaHCKUN
actpoHoM OnBuH XaOOy moka3an, 4ro Hama [ajakThmka He eJIWHCTBeHHas. Ha camom nere
CYLIECTBYeT MHOIO JpPYTUX TallaKTHK, pa3feieHHbIX OrPOMHBIMH  00JAcTAMU IIyCTOI'O
npoctpancTBa. s nokaszarenbcTBa XabOimy TpeOOBajIoOCh OINPENENHTh PACCTOSHUS O STHX
rajlakTHK, KOTOPbI€ HACTOJIBKO BEJIHMKH, YTO, B OTIMYUE OT MOJOXKEHUH OJNM3KHUX 3BE3[, BUAUMBIE
MOJIOKEHHS TaJaKTHK JICHCTBUTENFHO HE MEHSIOTCA. [loaToMy A7si m3MepeHus: paccTosiHuid Xa00
ObUT BBIHYX/I€H INPUOETHYTh K KOCBEHHBIM MeTojaM. Buanmas sipkocTh 3B€3/Ibl 3aBUCUT OT JBYX
(akTOpOB: OT TOTO, KAKOE KOJMYECTBO CBETA M3IIydaeT 3Be3/a (€€ CBETUMOCTH), M OT TOTO, TJI¢ OHA
HaxoAuTcs. SIpKOCTh OIU3KUX 3BE3/ U PACCTOSHHE 0 HUX Mbl MOKEM M3MEpHUTb; CJIEJ0BATENbHO,
MBI MOJKEM BBIYHCIUTh M WX CBETUMOCTh. M Hao0OpOT, 3HAas CBETUMOCTh 3BE3]l B APYTUX
rajlakTUKaX, Mbl MOTJIM Obl BBIYHUCIIUTH PACCTOSHUE 0 HUX, U3MEPUB UX BUIUMYIO SPKOCTh. Xa001
3aMETUJI, YTO CBETMMOCTh HEKOTOPBIX THIIOB 3BE3J BCEI/la OJIHA U Ta K€, KOI/la OHU HaXOAsTCs
JOCTaTO4YHO OJIM3KO Ul TOrOo, 4TOObI MOXKHO OBLIO MPOM3BOAUTH H3MepeHus. CienoBaTenbHO,
paccyxaan Xa60:1, eciu Takue 3Be3/Ibl 00HAPYKaTCs B APYTOW rajlakTHUKE, TO, MPEANOIOKUB Yy HUX
TaKy0 K€ CBETMMOCTb, Mbl CYMEEM BBIYHMCIUTH PACCTOSHUE 10 3TOM rajakTuku. Eciau nonoOHble
pacyeThl s HECKOJIBKMX 3B€37 OJHOW M TOM K€ TajJJakKTUKM NaayT OJMH U TOT YK€ pe3yJbTaT, TO
IIOJIyYE€HHYI0 OLIEHKY PACCTOSIHHS MOXKHO CYMTATh HAJECKHOMU.
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Taxum myTem Xa001 paccunTan pacCTOSHUS 0 JEBSATH Pa3HBIX TaJlakTHK. Ternepb U3BECTHO,
YTO Hama ['ajakTuKa — OJHa U3 HECKOJIBKHUX COTCH ThICAY MWIJIHMOHOB TaJaKTHK, KOTOPBIE MOXKHO
HaOJII0AaTh B COBPEMEHHBIE TEJIECKOIbI, a KaX/Jas U3 ATHUX TaJaKTHK B CBOIO OU€PEeIb COJCPIKHT



COTHU ThICSIY MWJUIMOHOB 3Be3l. Ha puc. 3.1 mokaszaHo, xakoi yBuzaen Obl Hamry [amaktuky
HaOIo1aTeNb, KUBYIIUNA B KaKOM-HUOYIb Opyroi ramaktuke. Hama ["ajakTiuka uMeeT OKoJo cTa
TBICSIY CBETOBBIX JIET B momnepeyHuke. OHa MEIJIEHHO BpallaeTcs, a 3Be3[bl B €€ CIHUPAIbHbBIX
pyKaBax Ka)K[ble HECKOJBKO COTEH MWJUIMOHOB JIET AENAal0T MPUMEPHO OAMH 00OpOT BOKPYT €€
nenrpa. Hame ComHie mnpencraBisier co0oil OOBIMHYIO JKENTYIO 3BE3y CpPEIHEH BEIWYHHEI,
PacIoJIOKEHHYI0 Ha BHYTPEHHEN CTOPOHE OJHOIO M3 CHUPAIBHBIX pyKaBoB. Kakoi jxe OrpOMHBIN
IyTh MbI Ipo1u oT Apucrorens u [Itonemes, korna 3emiis cuuranach eHTpoM BeenenHoid!

3Be3/1bl HAXOAATCS TaK JAJIeKO OT HAaC, YTO KaKyTcs IMPOCTO CBETAIIMMUCS TOUYKAMU B HeOe.
Mpl1 He pa3zianyaeM HM UX pa3MepoB, HU GopMbl. Kak ke MOKHO FOBOPUTH O Pa3HbIX TUIAX 3BE3A7
JUis monaBisIoIero OOJBIIMHCTBA 3BE€3]] CYLIECTBYET TOJIBKO OJIHO XapaKTepHOE CBOMCTBO,
KOTOpPOE€ MOYKHO HaOI0OJaTh — TO LBET WAYIIETO OT HUX CBeTa. HBIOTOH OTKPBUI, YTO, MPOXOJIs
yepe3 TPEXIPaHHBIM KyCOK CTEKJa, HAa3bIBAEMBIM NMPU3MOM, COJIHEYHBIN CBET pa3ilaraercs, Kak B
pazayre, Ha LBETOBbIE KOMIIOHEHTHI (crekTp). HacTpouB Teneckon Ha Kakylo-HHUOYAb OTIEIbHYIO
3BE3/ly WJIM TaJlakTUKY, MOXKHO aHAJOTMYHBIM 00pa3oM pa3jiokWUTh B CIIEKTP CBET, UCIYCKaeMbIH
9TOM 3BE3[I0M WM TajakTUKOW. Pa3Hble 3BE31bl MMEIOT DPA3HBIE CHIEKTPHI, HO OTHOCHUTEJIbHAS
SAPKOCTh pa3HbIX LIBETOB BCErla B TOYHOCTH Takas €, KaKk B CBETE, KOTOPBIA H3Iy4yacT
KaKoW-HUOYJb pacKaleHHbIM aokpacHa mnpenmer. (CBeT, M3MydaeMblil pacKajJeHHBIM JIOKpacHa
HENpPO3payHbIM IPEIMETOM, HMEET OYEHb XapaKTEPHBI CIEKTP, 3aBUCSAIIUNA TOJBKO OT
TEMIEpaTypbl IpeaMeTa — TemoBol crekTp. [loaroMy MBI MOXXEM ONpENeNnuTh TEMIIEpaTypy
3BE3/1bl [0 CHEKTPY U3IydaeMoro ero cera). Kpome Toro, Mpl 00HapyXHUM, UTO HEKOTOpPbIE OYEHb
cnenu@uuecKkre 1BeTa BOOOIIEe OTCYTCTBYIOT B CIIEKTpax 3Be€3[l, MPUYEM OTCYTCTBYIOIIME IIBETA
pasHble Ui pa3HbIX 3Be3[. [10CKONIBKY, KaK MBI 3HA€M, KaKIbli XMMUUYECKUN 3JIEMEHT MOTJIOIAET
CBOW OIIpeNIeIeHHBI Ha0Op XapaKTEPHBIX IIBETOB, MBI MOXKEM CPAaBHHUTh MX C TEMH I[BETaMH,
KOTOPBIX HET B CIEKTpPE 3BE3/bl, U TaKUM 00pa3oM TOYHO ONpPEIENUTb, KaKUe 3JIEMEHTHI
MPUCYTCTBYIOT B ee atMocdepe.

B 20-x romax, korza acTpOHOMBI Haydajau UCCIIEJOBAaHHE CIEKTPOB 3BE3]l JPYTUMX TajaKTHK,
Oo0OHapY’KMJIOCh HEuTO ele 0osee cTpaHHOoe: B Halleil coOOCTBEHHOH ['anakTuke oka3aluch Te Ke
caMble XapaKTepHble HAOOPbI OTCYTCTBYIOIMX LIBETOB, YTO U Y 3B€3[l, HO BCE OHU ObUIN CIBUHYTHI
Ha OJIHy U Ty € BEIMYMHY K KPacHOMY KOHIly crekTpa. UToObl MOHSATH CMBICT CKa3aHHOTO,
ciemyer cHadana pazoOpathes ¢ dddexrom Jlomnepa. Kak Mbl yke 3HaeM, BUIUMBIN CBET — 3TO
Kosie0aHMs, WJIM BOJHBI AJIEKTPOMArHUTHOrO Tmojs. Yactora (YUCIO BOJH B OJHY CEKYHIY)
CBETOBBIX KOJI€OaHMH UPE3BBIYAMHO BBICOKA — OT YETHIPEXCOT A0 CEMHUCOT MIJIJIMOHOB MUJUIMOHOB
BOJIH B CeKyHAy. YenoBedeckuil Ija3 BOCIPUHUMAET CBET Pa3HBIX 4YacTOT KaK pa3HbIE IIBETA,
IIPUYEM CaMble HHU3KHE YaCTOTHI COOTBETCTBYIOT KPACHOMY KOHILY CIIEKTpPa, a CaMble BBICOKHE —
¢uoneroBomy. IlpencraBum ceOe MCTOUHUK CBETa, PACHOJIOKEHHBIH Ha (PUKCHPOBAHHOM
paccTosIHUU OT Hac (HampuMep, 3Be3Ay), U3Iy4aroluil ¢ MOCTOSSHHOM 4acTOTOM CBETOBBIE BOJIHBI.
OueBUIHO, YTO YACTOTA MPUXOAAIINX BOJH Oy/IeT TakoH ke, KaK Ta, C KOTOPOW OHU M3ITy4aroTCs
(mycTh TIpaBUTAllMOHHOE TIOJ€ TaJaKTUKH HEBEIUMKO M €ro BIMSHUE HECYIECTBEHHO).
[Ipennonoxum Tenepb, YTO UCTOUYHHMK HAYMHAET JIBUraThCsl B Hally CTOpoHy. IIpm mcmyckanuu
CJIEAYIOUIEH BOJIHBI HCTOYHHUK OKa)KeTCsl OJIMKE K HaM, a IIOTOMY BpeMsl, 3a KOTOpOoe IpeOeHb 3ToH
BOJIHBI IO HAC J0ieT, Oy/leT MEHbIIe, YeM B cly4yae HEMOJBM)XKHOM 3Be3fbl. CTano ObITh, BpeMs
MEX]y IpeOHSIMHU ABYX NMPHUILEAIINX BOJH OyleT MEHbIIE, a YUCJIO BOJH, IPUHUMAEMbIX HAMH 32
OJIHY CeKyHIy (T. €. yacTora), Oyaer OombIlie, 4eM Korja 3Be3/1a Oblia HenoaBmxkHa. [Ipu yaanenun
K€ MCTOYHMKA 4YacTOTa MPUXOAAUIMX BOJH OyJIeT MeHbIIe. DTO O03HA4aeT, 4YTO CIEKTPHI
yIAISIOMUXCs 3Be3]] OyIyT CIBUHYTHI K KPAacHOMY KOHILy (KpacHOE€ CMEIIEHHE), a CIEKTPHI
NPUOIMKAIOIUXCS 3B€3]] JOJDKHBI HCIBITHIBaTh (DUOJETOBOE CMELIEHHE. Takoe COOTHOILICHHE
MEX]y CKOPOCTBIO M 4acTOTOW HasbiBaercs d¢pdexrom Jlomnepa, u 3T0T 3dekr oObrueH naxe B
HaIlllel MOBCEAHEBHOM U3HM. [Ipuciymanrech K TOMy, Kak WJET MO IIOCCE MallWHA: KOrjJa OHa
npuOIIMKAETCs, 3BYK JBHUraTessl BhIIE (T. €. BBIIIE YAaCTOTa MCIYCKAEMBIX UM 3BYKOBBIX BOJIH), a
KOI'Zla, MpO€XaB MUMO, MalllMHa HAYMHAET YJAJIATHCA, 3BYK CTAaHOBUTCA HMXKE. CBETOBBIE BOJIHBI U
panuMoBONHBI BEAyT ce0si aHAJIOTMYHBIM oOpazoMm. Dddekrom Joriepa moab3yeTcss MOIUIHS,
olpeAeissa n3laneKa CKOpOCTh IBHKCHHS aBTOMAIIHUH 110 4YaCTOTE PaMOCUTHAJIOB, OTPAXaIOLINXCs



oT HuX. /loka3aB, YTO CyIIECTBYIOT APYTHE TaJIAKTUKH, Xa00J Bce MOCIEIYIONUE TObI TIOCBATHII
COCTaBIICHUIO KaTaJIOTOB PACCTOSHUMN /10 STUX T'aJlaKTUK U HaOJIOJEHUIO UX CIEKTPOB. B To Bpems
OOJIBIIMHCTBO YYEHBIX CUMTAIU, YTO ABM)KEHHE TaJlaKTUK IMPOUCXOJUT CIy4yailHbIM oOpa3oM u
MO3TOMY CIIEKTPOB, CMEIICHHBIX B KPACHYIO CTOPOHY, JOJDKHO HAOMIOJATHCS CTOMBKO XK€, CKOIBKO
U CMENICHHBIX B (uosneroByto. KakoBo e ObUIO yAMBICHHE, KOTJA y OOJbIIEH YacTH TallakTHK
OOHAPYXKWJIOCh KPAacHOE CMEIIEHUE CIEeKTPOB, T. €. OKa3aJloCh, YTO IOYTH BCE TaJaKTUKU
ynansrores ot Hac! Eme Oonee yaAuBUTENBHBIM OBLIIO OTKPBITHE, OIyOJIMKOBaHHOE Xab010M B 1929
r.. Xab06m oOHapy>Xui, 4YTO Jake BENUYMHA KpPAaCHOTO CMEIIEHHUS He clydaifHa, a MpsMo
MIPOIMOPLIMOHANIBHA PACCTOSHUIO OT HAC J0 raJlakKTUKU. MHBIMU cloBamMM, 4yeM Jayblie HaXOIUTCS
rajakThka, TeM ObICTpee OHa ynansercsa! A 3TO O3Hayano, 4To BceneHHas He MOXET OBITh
CTaTMYECKOM, KaK JyMajlM paHblI€, 4YTO HAa CaMOM JeJie OHa HENpPEpBhIBHO pacIIUpsieTcs] U
PACCTOSIHUS MEXTy TaJaKTUKaMHU BCE BPEeMsl pacTyT.

OtkpbiTue pacmupstonieiics BceneHHOM ObUIO OJHUM W3 BEIMKUX HHTEIIEKTYaJbHBIX
MEPEeBOPOTOB IBAIATOTO BeKa. 3aJHUM YUCIOM MBI MOKEM JIUIIb YIUBISITHCS TOMY, UTO 3Ta Uaes
HE MPHIUTa HUKOMY B TOJIOBY paHbIie. HbIOTOH M Ipyrue ydeHble JOJKHBI ObUTH ObI COOOpa3uTh,
YTO cTaTHUdeckass BcereHHas BCKope o00s3aTeNbHO Hadana Obl CXKUMAThCs TOJ JCHCTBHEM
rpaButanuu. Ho npeanonoxum, uro Becenennas, Hao0opoT, pacmupsiercs. Eciu Obl paciiupenue
MIPOUCXOJMIIO TOCTATOYHO MEJJICHHO, TO TOJ JEWCTBHEM TpPaBUTAIIMOHHOW CHIJIBI OHO B KOHIIE
KOHIIOB TPEKpaTHJIOCh OBl M mepenuio B ckatue. OOHAKO eciu OBl CKOPOCTh PAaCHIMPEHHUS
MIpeBbIIIaa HEKOTOPOEe KPUTHUECKOE 3HAaYCHHE, TO TPABUTAIMOHHOTO B3aMMOICHCTBHS HE XBATHIIO
Obl, YyTOOBl OCTAHOBUTH pacIIUpPEHHE, U OHO MPOAOJIKAJIOCh Obl BeuHO. Bce 3TO0 HemHOro
HAallOMHHAET CHUTYaIMIO, BOSHUKAIOIIYIO, KOTJa C TIOBEPXHOCTH 3€MIIM 3aIlyCKAarOT BBEPX PaKeTy.
Ecnu ckopocTh pakeTsl HE OU€Hb BEIHKA, TO U3-3a PABUTALIMU OHA B KOHIIE KOHIIOB OCTAHOBUTCS U
HayHeT majaath oOpatHo. Eciu ke CKOpOCTh pakeThl OObllle HEKOTOPOH KPUTHYECKOW (OKOJIO
OJIMHHAALIATA KUJIOMETPOB B CEKYHAY), TO TPaBUTAL[MOHHAS CUJIa HE CMOXET €€ BEPHYTh, U paKeTa
OyIeT BEYHO MPOJOJKATh CBOE JBIKEHHE OT 3emnn. Pacmmpenue Bceenennoit Morio ObITh
MPECKa3aHO HAa OCHOBE HBIOTOHOBCKOM Teopuu TsAroreHus B XIX, XVIII u naxe B xonue XVII
Beka. O/lHaKO Bepa B CTaTHUECKyl0 BceneHHylo Oblla CTOJb BEJIHMKA, YTO KHJIAa B yMax elle B
Havajge Hamero Beka. Jlaxxke OiHmuTelH, paspabateiBas B 1915 1. o0myro Teopuio
OTHOCHUTENILHOCTH, OB yBepeH B cTaTUYHOCTH BcenenHoi. UToObl He BCTymaTh B MPOTUBOpEUHE
CO CTaTUYHOCTHIO, OUHIITEHH MOAU(PUIIMPOBAT CBOIO TEOPUIO, BBEAS B YpaBHEHHS Tak
Ha3bIBAEMYI0 KOCMOJOTHMYECKYI0 MOCTOSHHYI0. OH BBEJ HOBYIO «AaHTHUTPAaBUTALMOHHYIO» CHIY,
KOTOpasi B OTJIMYUE OT APYTUX CHII HE TIOPOKIAIACH KAKUM-JINOO HCTOYHUKOM, a ObLlIa 3aJI0’KEHA B
caMy CTPYKTypy MPOCTPaHCTBA-BPEMEHH. DUHINTEHH yTBEPXkIajl, YTO MPOCTPAHCTBO-BPEMS CaMO
o cebe Bcerja pacupseTcsl U 3TUM PACHIMPEHUEM TOYHO YPAaBHOBEIIMBACTCS MPUTSHKEHUE BCEH
OCTaJIbHOM MaTepuu BO BceneHHOM, Tak 4To B pe3yJibTare BeeleHHas OKa3bIBa€TCs CTATUYECKOM.
[To-BuauMoMy, JIMIIb OAMH YEJOBEK IOJHOCTHIO MOBEPHJ B OOIIYI0 TEOPUIO OTHOCHTEIBHOCTH:
MoKa DWHINTEWH W Japyrue (QU3UKA AyMald HajJ TeM, KaKk OOOWTH HECTaTUYHOCTH BceneHHOM,
MpeaCcKa3blBaeMyI0 3TOH Teopuell, pycckuil ¢uszuk u marematuk A. A. ®puaman, Hao000poT,
3aHSICS €€ OOBSICHEHUEM.

®puamal caenan JBa OY€Hb MPOCTHIX MCXOJIHBIX MPEANONIOKEHUs: BO-IIEpBbIX, Bcenennas
BBITJISIAUT OJIMHAKOBO, B KakoM Obl HAampaBlIEHWHW Mbl €€ HHU HaOJIoajil, U BO-BTOPBIX, 3TO
YTBEPKACHHUE JIOJDKHO OCTaBaThCS CIIPABEJIUBBIM U B TOM Ciyd4ae, €clid Obl MBI MPOU3BOIUIH
HaOMIOJIEHUST W3 KakKoro-HUOyab Jpyroro Mecra. He mpuberas HM K KakuM JAPYTUM
npenanoyioxkenusm, OpuamMan nokaszan, 9to BeeneHHast He JokHA OBITh cTaTHdeckoi. B 1922 1., 3a
HECKOJIBKO JIET 10 OTKphITUS Xa001a, puamMaH B TOYHOCTH MIPEACKA3aIl €ro pe3yibTaT!

[Ipennonoxenne o0 oaMHAKOBOCTH BceneHHOM BO BCeX HANpaBICHUSAX Ha caMOM Jelie,
KOHEYHO, He BbInojHseTcs. Kak Mbl, HampuMep, yke 3HaeMm, Ipyrue 3Be3ibl B Hamel ['amakTuke
00pa3yIoT YeTKO BBIIEIAIONIYIOCS CBETIYIO I0JIOCY, KOTOpas MIET 10 BceMy HeOy HOUYBI0 —
Mueunsiii [Iyts. Ho eciii rOBOpUTh O JAJIEKUX rajakKTHUKaX, TO MX YHCIO BO BCEX HAIPaBJICHUSX
npuMepHo ojauHakoBo. CrnenoBatenbHO, BceneHHas NEHCTBUTENBHO «IPUMEPHO» OAMHAKOBA BO
BCEX HAIpaBJIEHUSAX — MPU HAOIIOJEHWH B MaciuTade, OOJBIIOM IO CPABHEHHIO C PACCTOSTHHEM



MEX]y TaJlaKTHKaMH, KOTJ]a OTOPAChIBAIOTCS MEJIKOMACIITA0OHBIE PA3TUIHSI.

Jlonroe Bpemsi 3T0 ObUIO €AMHCTBEHHBIM 000CHOBaHMEM THIOTe3bl Opuamana kak «rpy0ooro»
npuOmkeHns K peanbHol Bceenennoil. Ho morom mo Hekoeil ciydyallHOCTH BBISICHWIOCH, UTO
runore3a @puiMaHa U B CAMOM JI€JI€ 1aeT yAUBUTEIBHO TOYHOE ONMCaHue Hanell BeeneHnnoil.

B 1965 r. nBa amepukanckux ¢usuka, ApHo Ilersunac u Pobept Bunbcon, pabGoraBimx Ha
¢bupme Bell Laboratories B mr. Hpro-/[epcu, HCHOBITHIBAIM OYE€Hb YYyBCTBUTEIHHBIN
«MHUKPOBOJIHOBBINY, T. €. cBepxBbicOkouacTOTHBIA (CBY), nerextop. (MUKPOBOIHBI — 3TO TO *KE€,
YTO U CBETOBBIC BOJHBI, HO MX YacTOTa BCETO JIHIIb JECATh THICSY MUJIJTMOHOB BOJH B CEKYHIY).
[Ten3uac u BunbCcoH 3aMeTHIN, 4TO YPOBEHB IIIyMa, PETUCTPUPYEMOTO UX JETEKTOPOM, BBIIIE, YEM
JOJKHO OBITh. DTOT UIyM HE OBLT HAMPaBICHHBIM, MPUXOASIIAM C KAaKOW-TO OMpeAeNeHHOM
ctopoHbl. CHayana Ha3BaHHBIE HCCIIEJIOBATEIM OOHAPYXKWIM B JETEKTOpPE NTHUYUN TOMET U
MBITATUCh OOBSICHUTH 3(PPEKT APYrMMU MPUUYMHAMHU TOJOOHOTO POAA, HO TMOTOM BCE TaKHe
«paxToper» ObUTH UCKITIOUEHBI. OHH 3HAIH, YTO JIFOOOW IIyM, TIPUXOSAIIHA U3 aTMOC(EPHI, BCer/ia
CUJIbHEE HE TOI/a, KOTJla JIETEKTOp HAIpaBIIEH MPSAMO BBEPX, a KOI/Ia OH HAKJIOHEH, HOTOMY YTO
Jy49d CBeTa, WMIAYIIHME H3-3a TOPH30HTA, IMPOXOIAT Yepe3 3HAYUTEIHHO OO0Jee TOJCTHIE CIIOU
aTMocdepsl, 4eM JIy4H, MOMaJaolIrue B JETEKTOpP MPsMO cBepXy. «JIMIIHUID ke IIyM OJMHAKOB,
KyJa Obl HM HampaBisaTh Aerekrop. CienoBareiabHO, UCTOYHUK LIyMa JOJDKEH HAaXOJIUThCS 3a
npeneramu atMocdepsl. Llllym Obul OMHAKOBBIM U JHEM, U HOYBIO, U BOOOIIE B TE€UYECHHUE TOfa,
HECMOTpPS Ha TO YTO 3eMJIsl BPAILLAETCsl BOKPYT CBOEH OCH M MPOJOJIKAET CBOE BpPAILIEHHE BOKPYT
ConHua. 9T0 03Hayano, 4YTO UCTOYHUK M3IIyYEHHUS] HaXOAUTCs 3a npenenamMu CONHEYHOM CUCTEMBI
U Jaxe 3a npeaenamu Hamed ['amakTuku, 100 B MPOTUBHOM CIydae WHTEHCHUBHOCTH U3ITyUYCHHS
M3MEHSIach Obl, TOCKOJBKY B CBSI3U C JABM)KCHHEM 3€MIIU JIETEKTOP MEHSIET CBOI OPHEHTAIIUIO.
Kak Mbl 3HaeMm, 1o myTu K HaM U3JIy4€HUE MTPOXOJUT MOYTH Yepe3 BCIo HabmonaeMyto BeeneHnyto.
Konb ckopo ke OHO 0AMHAKOBO BO BCEX HAIpaBJIEHUSX, TO, 3HAYUT, U cama BceneHHas onuHakoBa
BO BCEX HAmNpaBJICHUSX, IO KpaiiHeil Mepe B KpymHOM Macmitabe. Termepp HaM W3BECTHO, YTO, B
KakoM ObI HaIllpaBJICHUU Mbl HU MPOU3BOININ HAOIIOACHHS, STOT IIIYM U3MEHSETCs He OOJbllle, YeM
Ha ofHy naecatutbicaunyto. Tak Ilensnac u BunbcoH, HU4YEro He MOAO3peBasi, AU YIUBUTEIBHO
TOYHOE MTOATBEPIKIECHUE NTEPBOTO Npeanonaoxenns Gpuamana.

[Ipubnu3uTenbHO B 3TO XK€ BpeMsl JBa aMEPHKAHCKUX (U3WKA W3 PACIIONIOKEHHOTO IO
cocenctBy IIpuHcTroHCKOTO yHUBepcutTeTa, bo6 [ukke w Jxum [Iubnc, Toxke 3aHMUMAINCH
uccienoBaHueM MUKpoBoimH. OHM mpoBepsuin mpeamnonoxenue Jxopmka [amoBa (ObIBIIEro
yueHnka A. A. ®puamana) o ToMm, 4TO paHHssS BceneHHas Oblla OYeHb Tropsdyeid, IUIOTHOM M
packanenHoi mooOena. Jlukke u [1uGic BBICKa3alu Ty MBICITL, YTO MBI MOXEM BHUJIETh CBECUCHHE
panHel BcenenHoii, n6o cBET, UCIYIICHHBIH OYCHB JAJICKUMU €€ 00JIacTSIMH, MOT OBl JOMTH 10 HAC
TonbKO ceryac. Ho u3-3a pacmuupenus BeeneHHoON KpaCHOE CMEIIEHUE CBETOBOIO CIIEKTpa JOJIKHO
OBITh TaK BEJIMKO, YTO AOIIEIIINA JO HAaC CBET OynmeT yxe MUKpoBOiIHOBBIM (CBY) msmydenunem.
Jukke u ITn0ac rOoTOBUIMCH K MOMCKY Takoro u3nydeHus, korja Ilensumac u BuibcoH, y3HaB o
pabore [ukke u [Iubnca, cooOpa3uiy, 4TO OHU €T0 YK€ HAILIW. 3a 3TOT dKcrepuMeHT [len3nac u
Bunscon Obumu ynocroensl HoGeneBckoit nmpemun 1978 1. (4TOo OBUIO HE COBCEM CHPaBEIJIUBO,
eciu BcnoMHUTH 0 [lukke u [Tubiice, He roBops yxe o ['amose!).

[IpaBna, Ha mepBbIil B3rJsLA, TOT (akT, 4To BceeneHHas KakeTcst HaM OJMHAKOBOM BO BCEX
HaIlpaBJICHUSAX, MOXET TOBOPUTh O KAaKOH-TO BBIICJICHHOCTH HAILIETO MECTOIOJIOKEHUS BO
Bcenennoii. B wactHOCTH, pa3 Mbl BUAMM, YTO BCE OCTAJIbHBIC TaJaKTUKHA YIAISIOTCA OT HAC,
3HAYMT, MBI Haxomaumcs B 1ieHTpe Bceenennoit. Ho ecth um apyroe oOwsicHenne: Bcenennas Oyner
BBITJISIIETh OJAMHAKOBO BO BCEX HAMPABICHUSX W B TOM Cly4yae, €Clidi CMOTPETb Ha Hee U3
KaKoON-HUOYIb APYTrOW TalaKTHUKUA. JTO, KaK MbI 3HaeM, BTopas rumnore3a dpuamana. Y Hac HET
Hay4HBIX JOBOJIOB HU 3a, HU MPOTUB 3TOT0 MPEANOIO0KEHUS, U Mbl IPUHSJIN €0, TaK CKa3aTbh, U3
CKpPOMHOCTH: OBIIIO OBl KpaliHe CTpaHHO, eciu Obl BcenmeHHas Kaszaiach OJWHAKOBOW BO BCEX
HaIpaBJICHUSAX TOJIHKO BOKPYT HAC, a B IPYTUX €€ TOYKax 3Toro He Obu10! B Momenu ®@puamana Bce
TaJIaKTUKH yIAJISIOTCS IPYT OT Apyra. OTo BpoJe Obl Kak HaAyThll IIapHK, HA KOTOPbI HaHECEHBI
TOYKH, €CITU ero Bce Oonblle HaayBaTh. PaccTosHuE MeXay JIOOBIMH JIBYMS TOYKAMH
YBEJIMYUBAETCS, HO HU OJHY M3 HUX HeJb3s Ha3BaTh LIEHTPOM paciuupenus. [Iputom yem Gomblie



paccTosiHe MEXIy TOYKaMH, TeM ObICTpee OHHM yAaIsIoTcs Apyr oT Apyra. Ho um B Moxenw
@®puaMaHa CKOpPOCTb, C KOTOpOH Jto0Oble [JBE TaJakTHKH YJAJIAOTCS ApYyr OT JIpyra,
MPOMOPLMOHAIbHA ~ PAacCTOSHUIO MEXJTy Humu. Takum oOpasoMm, ™ozaens Dpuamana
MIPEJCKa3bIBAET, YTO KPACHOE CMEIIEHUE TaJIAKTUKU JOJDKHO OBbITh MPSIMO MPONOPLHOHANBHO €€
yAAJEHHOCTU OT HAac, B TOYHOM COOTBETCTBUHU C OTKpbITUEM XaOOsa. HecmoTpst Ha ycrex 3rToif
MOJIEJIM U Ha COIJIacue ee MpeJickazaHuil ¢ HabmoaeHusiMu Xab0:1a, padora @puamaHa ocTaBaiach
HEW3BECTHOH Ha 3amaze, 1 ik B 1935 r. amepukanckuii pusuk 'oBapa PobepTcoH u aHTImMiiCKHUIA
MaTeMaTuK ApTyp Y osIkep NpeaaokKHUIN CXOJHbIE MOAETH B CBSA3M C OTKpBITHEM Xab0ua.
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Cam @puaman paccMaTpHUBal TOJBKO OJIHY MOJENb, HO MOKHO yKa3aTh TPU pa3HbIE MOJIENH,
JUISE KOTOPBIX BBITIONHSIOTCA 00a (yHIaMEeHTanbHBIX Npenanoioxkenus Ppuamana. B momenn
nepBoro tumna (oTkpeiToit camum ®dpuamanom) BceeneHHas pacimupsieTcsl I1OCTaTOYHO MEAJIEHHO
JUISE TOTO, YTOOBl B CHUJIy TPAaBUTAIIMOHHOTO TPUTSIKCHHUS MEXKIY Pa3IUYHBIMU TalaKTUKAMH
pacimpenre BeeneHHOM 3aMeIsioch U B KOHIIE KOHIIOB MpeKpaianock. Ilocie 3Toro rajsakTuku
HAYMHAIOT NPUOMIKATBCS APYT K ApPYyry, W BceneHHas HaumHaeT cxkuMartbes. Ha puc. 3.2
[I0OKA3aHO, KaK MEHSETCS CO BPEMEHEM PACCTOSIHUE MEXKIY ABYMSI COCEAHUMM ranakTukamu. OHO
BO3pACTaeT OT HYJIS O HEKOET0 MaKCMMyMa, a IMOTOM OMATh MajaeT 10 Hyjs. B Mogenu BTOporo
TUNA paciiupeHre BceeneHHol MporucXouT Tak ObICTPO, YTO TPABUTAI[MOHHOE MPUTSIKEHUE XOTh U
3aMeJIIeT paclliupeHue, He MOXKET ero octaHoBUTh. Ha puc. 3.3 mokaszaHo, Kak U3MEHSETCS B 3TOM
MOJIEJIM PACCTOSIHUE MEXy TaJlakTUKaMu. KpuBast BBIXOAWT U3 HYJIs, @ B KOHIIE KOHLIOB rajlaKTUKHU
YAQIAIOTCS APYT OT Apyra ¢ MOCTOSSHHOM CKOPOCThIO. ECTh, HaKOHEI, U MOJIEb TPEThETO THUIIA, B
KOTOPOW CKOPOCTh pacHIMpeHus BceaeHHOW TONBKO-TOJMBKO JOCTaTOYHA JJIsi TOTO, YTOOBI
n30exarh CkaTus 10 Hyns (koJutarca). B 9ToMm ciydae paccTosiHUE MEXIY TallaKTUKaMU TOXKE
cHayayia paBHO Hymo (puc. 3.4), a moToM Bce Bpems Bospacraer. [lpaBma, ramakTUKu
«paz0erarTcs» BCe C MEHbIIIEH U MEHBIIIEH CKOPOCThIO, HO OHA HUKOT/Ia HE MaJaeT JI0 HYJIS.

Mopnens @puamaHa NepBoro TUIA yAUBUTENIbHA TEM, YTO B Hell Beenennast He 6eckoHeuHa B
MIPOCTPAHCTBE, XOTA IPOCTPAHCTBO HE HMMEET rpaHull. ['paBuTanmusi HACTOJBKO CHJIbHA, YTO



MIPOCTPAHCTBO, UCKPUBJIISACH, 3aMbBIKAETCSl C CAMHUM COOOMW, ymoaoOJsisich 3€MHOW MOBEPXHOCTH.
Benp, nepememascr B ONPENECICHHOM HANpaBICHUM 0 MOBEPXHOCTU 3€MJIM, Bbl HHMKOTJAa HE
HATOJIKHETECh Ha aOCOJIFOTHO HEMPEOJOIUMYIO Mperpaay, HE BBHIBAJIUTECh Yepe3 Kpail U B KOHIIE
KOHIIOB BEpHETECh B Ty XK€ CaMyl TOYKY, OTKyJa BblIUIM. B mnepBoii monenu Ppuamana
MIPOCTPAHCTBO TAKOE XK€, HO TOJBKO BMECTO JIBYX H3MEPEHMI, MOBEPXHOCTb 3€MJIM HUMEET TPU
n3MepeHus. YeTBepTroe H3MEpEHUEe, BpeMs, TOXKE HMEET KOHEYHYI) HPOTSKEHHOCTh, HO OHO
MOI00HO OTPE3Ky MpsSMOH, MMeroleMy Hadaio U KoHel. [IoToM MBI yBUAMM, YTO €cClid OOIIYIO
TEOPUIO OTHOCUTEIBbHOCTH 00BEAMHUTH c KBaHTOBO-MEXAHUYECKUM MPUHIUIIOM
HEOMPEENIEHHOCTH, TO OKAXKETCS, UYTO ¥ IMPOCTPAHCTBO, U BPEMS MOT'YT ObITh KOHEUHBIMU, HE UMESI
MIPU 3TOM HU KPaeB, HU TPaHUII.

MBICb O TOM, YTO MOKHO OOOWTH BOKPYT BceneHHON u BEpHYTHCS B TO JK€ MECTO, TOJTUTCS
JUIST HAy4HOW (paHTacTUKH, HO HE MMEET MPAKTUYECKOTO 3Ha4yeHHs, MO0, KaKk MOXHO MOKa3aTh,
Bcenennas ycreeT c)XaTbCs 10 HyJISL 10 OKOHYaHUS 00X0aa. UToOBI BEpHYTHCS B UCXOTHYIO TOUKY
JI0 HACTYIUICHHs KOHIIa BceneHHoi, mpuiuiock Obl MepeABUTaThCsl CO CKOPOCTHIO, MPEBBIIIAIOIICH
CKOpPOCTb CBETA, @ 3TO HEBO3MOXHO!

B mepBoit Momenu ®puamana (B koTopoll BceneHHass pacmmpsieTcss U CKHUMAETCA)
MIPOCTPAHCTBO HUCKPUBIISIETCSA, 3aMbIKasCh caMO Ha ce0s, Kak MOoBepXHOCTh 3emud. [loaromy
pa3Mepsl ero KoHeuHbl. Bo BTOpoii e Mozenu, B KoTopoit Beenennas pacuupsiercss 6€CKOHEUHO,
MIPOCTPAHCTBO MCKPUBIIEHO HMHAYe, KaK MMOBEPXHOCTh ceasia. TakuMm o0pa3oM, BO BTOPOM Cilydae
MpocTpaHcTBO OeckoHeuHo. Hakonen, B TpeThell Moaenu dpuamMana (C KPUTHUECKOH CKOPOCTHIO
pacumpeHusi) MpOCTPaHCTBO IJIOCKOE (U, CIeIOBATEIBHO, TOKE OECKOHEUHOE).

Ho kakas xe u3 mozenedt ®@puamana rogutcs sl Hamed Bceenennoit? Ilepecraner nu
BceneHnass HakOHEI pacIIUPATHCS M HAYHET COKUMATBHCS WM K€ OyIeT pacIIupsAThCS BEYHO?
UToOBl OTBETUTH HA 3TOT BOMPOC, HYKHO 3HATh HBIHEIIHIOI CKOPOCTh pacuinpeHus: BeeneHHol u
€€ CPEIHIOI IUIOTHOCTh. ECIM IUIOTHOCTE MEHBIIE HEKOTOPOIrO KPUTHYECKOIO 3HAYEHMS,
3aBHUCSIIET0 OT CKOPOCTH PACUIMPEHUs, TO TPABUTALMOHHOE MPUTSIKEHHE OYIET CIMIIKOM Mallo,
9YTOObl OCTAHOBUTH pacuiupeHue. Eciau ke MIOTHOCTh OOJbIlle KPUTHUECKOW, TO B KaKOWU-TO
MOMEHT B OyyIllleM M3-3a IpaBUTAlLlMU pacuiipeHue BeeneHHo npekpaTUTCs U HAYHETCs CKaTHe.

CeroqHsANIHIOI CKOpPOCTh paciiupeHus BceneHHONW MOXHO ONpenenuTb, usMepss (1o
adpdexty [Jomuiepa) CKOpOCTH yAalieHHsi OT Hac APYTHX TaJaKTHK. TaKue HU3MEPEHHS MOXKHO
BBIIIOJIHUTH O4€Hb TOYHO. HO paccTostHus 10 APYTUX rajlakTUK HaM IUIOXO M3BECTHBI, [IOTOMY UYTO
WX HEJb3s U3MEPUTHh HEMOCPEACTBEHHO. MBI 3HaeM JHilb, yTO Beenennas pacmmpsiercs 3a Kaxayro
TBICSAYY MWIIHOHOB JeT Ha 5-10%. OgHako HEONPEIEIEeHHOCTh B COBPEMEHHOM 3HAYEHUM CpEIHEN
mwioTHocT! BeenenHoi emre Oonbine. Eciin clioXUTh MacChl BCEX HAOJIOMAaeMBIX 3BE€3 B HAIllEH U
JpYTUX TajakTHUKaxX, TO JaKe IPU CaMOil HU3KOM OLIEHKE CKOPOCTU PACLIMPEHUS CyMMa OKa)XeTcs
MEHBIIIC OJHOW COTOW TOH IUIOTHOCTH, KOTOpas HEOOXoIuMa JUIsi TOro, YTOOBI pacuIupeHue
Bcenennoii npekparminocs. OnHako ¥ B Hallel, W B JAPYIHX TaJaKTUKaX JOJDKHO OBITh MHOTO
TEMHOM MaTe€puH, KOTOPYIO HENb3s BUAECTh HEMOCPEACTBEHHO, HO O CYIIECTBOBAHUM KOTOPON MBI
y3HaeM IO TOMY, KakK €€ I'PaBHUTAlMOHHOE NPUTSDKEHUE BIUSET Ha OpOMUTHI 3BE3] B TaJIaKTHUKaX.
Kpowme Toro, ragakTuKu B OCHOBHOM HAOIIOAAIOTCS B BU/I€ CKOIUICHUI, U Mbl MOKEM aHAJIOTMYHBIM
o0pa3oM cienaTh BBIBOJ O HAJMYUHM e€Ile OOJBIIEro KOJIMYECTBA MEXKIaJaKTHYECKOW TEMHOU
MaTe€puu BHYTPU ITHX CKOIUICHHWW, BIIMAIONIETO Ha JBMKEHUE ranakTuk. CIOXUB Maccy Bcel
TEMHON MaTepuH, Mbl TIOJIYYHM JIMIIb OJIHY AECATYIO TOTO KOJUYECTBA, KOTOPOE HEOOXOAUMO IS
npekpanieHus: pacmupenus. Ho Henab3si MCKIOYUTh BO3MOYKHOCTh CYIIECTBOBAHMS M KaKOW-TO
apyroil ¢opmMbl MaTepuu, paclpeieleHHOW paBHOMEpPHO IO Bceld BcenmeHHol u eme He
3apEeTUCTPUPOBAHHON, KOTOpasi Morja OBl JOBECTH CPEIHIOI0 IUIOTHOCTH BceeneHHoM 110
KPUTUYECKOTO 3HAYCeHHs, HEOOXOJUMOro, 4YTOOBI OCTaHOBHUTH pacliupeHue. Takum oOpa3om,
MMEIOIIUECs JaHHbIE TOBOPSAT O TOM, 4TO BceneHHasi, BepoATHO, OyAeT pacHIMPATHCS BEUYHO.
EnuHCTBEeHHOE, B Y€M MOXKHO OBITh COBEPIIEHHO YBEPEHHBIM, TaK 3TO B TOM, YTO €CJIH CXKaTHe
BcenenHoli Bce-Taky NpOU30MIET, TO HUKAK HE PaHbIIE, YEM YEPE3 IECATh ThICSY MUJUINOHOB JIET,
160 1o KpaifHell Mepe CTOJIbKO BPEMEHHU OHa yxe pacuiupsiercs. Ho 3To He TOMKHO HAC CIUIIKOM
CUJIBHO TPEBOKUTh: K TOMY BPEMEHH, €CJIM MbI HE nepecenumcs 3a npeaensl COTHEYHOM CUCTEMBI,



YeJI0BEUECTBA JIaBHO yKe He OyAeT — OHO yracHeT BmecTe ¢ CosHiiem!

Bce Bapuantsl monenn dpuamana UMEIOT TO 00IIee, YTO B KaKOW-TO MOMEHT BPEMEHHU B
MPOLUIOM (JIecATh-ABAALATh THICAY MHIJIMOHOB JIET Ha3aJ) PacCTOSHUE MEXIYy COCEAHUMHM
raJlakTUKaMH JIOJDKHO OBLIO PaBHATHCS HYNIIO. B 3TOT MOMEHT, KOTOpBIM Ha3bIBaeTCs OOIBIIMM
B3pBIBOM, IUIOTHOCTh BCEJIeHHOW W KpHWBH3HA NPOCTPAHCTBA-BPEMEHH JOJDKHBI OBUIM OBITH
0ECKOHEYHBIMHU.

[Tockonpky MaTeMaTHKH peaJbHO HE YMEIT o0pamarbcss ¢ OECKOHEYHO OOJbIIUMU
BEJIMYMHAMHU, 3TO O3HA4yaeT, 4YTO, COTJIACHO OOIIeH TEOpHH OTHOCUTENBHOCTH (HAa KOTOPOU
ocHoBanbl pemenuss Opuamana), Bo BeenenHol gomkHa ObITh TOYKA, B KOTOPOH cama 3Ta TEOpus
HenmpuMeHnMa. Takas TOuyka B MaTeMaTHKe Ha3bIBaeTCs 0co00i (cuHTymsipHOM). Bce Hammm
Hay4yHbl€ TEOPHUM OCHOBaHbl Ha MPEIIOJIOKEHHUU, YTO MPOCTPAHCTBO-BpEMS IJIAJIKOE U TMOYTH
IJIOCKOE, a IOTOMY BCE 3TH TEOPUH HEBEPHBI B CHHTYJISIPHOW TOYKE OONBIIOTO B3PHIBA, B KOTOPOM
KpUBHU3HA MPOCTPAHCTBA-BpeMeHH OeckoHeuHa. CriemoBaTeNbHO, JaXe eclii Obl mepes; OOIbIINM
B3PHIBOM MPOUCXOAMIN KaKhe-HUOYIb COOBITHS, MO HUM HENb3si ObLJIO OBl CIPOTHO3UPOBATH
Oynyliiee, Tak Kak B TOYKE OOJIBILIOTO B3phIBa BO3MOXKHOCTH IpPEJICKAa3aHMs CBEIUCH Obl K HYIIIO.
TouHoO Tak e, 3Hast TOJABKO TO, YTO MPOU3OILIO TOCEe OONBIIOrO B3PhIBA (2 MBI 3HAEM TOJBKO 3TO),
MbI HE CMOXEM Y3HaTh, UTO MPOUCXOAWIO 10 Hero. CoObITHSI, KOTOPBIE IPOU3OILIN 10 OOJIBLIOrO
B3pbIBA, HE MOTYT HMMEThb HHMKAKHMX IOCIEICTBUM, KACAIOIIMXCS HAC, U MO3TOMY HE JOJIKHBI
¢burypupoBaTh B Hay4HOU Mozenu Beenennoii. CiieoBaTenbHO, HY)KHO UCKITIOUUTH UX M3 MOJICIH
Y CUMTATh HA4YaJOM OTCUETa BPEMEHH MOMEHT OOJIBIIOTO B3phIBA.

MpIcip 0 TOM, YTO Y BpEMEHHM ObUIO Hayajlo, MHOTUM HE HPaBHUTCS, BO3MOXHO, TEM, YTO B
Hel ecTb HAaMEK Ha BMEIIATeNbCTBO O0XKeCTBEHHBIX cuil. (B To ke BpeMs 3a Mojeih OONBIIOro
B3phIBa yxBatwiachk Karommdeckas Llepkoss u B 1951 r. odunmansHo mpoBo3riiacuia, 9To MOJIENb
00JBIIOTO B3pbIBa corjacyercs ¢ bubnueit). B cBS3uM ¢ 3TUM H3BECTHO HECKOJIBKO TOMBITOK
oboiituch 6e3 Oosbmioro B3pbiBa. HamOombpmryro MOIAEep)KKy HOJTyYHia MOJETbh CTallHOHApHOU
Bcenennoii. Ee aBropamu B 1948 r. Obutn X. bounu u T. T'oyng, GexaBiine U3 OKKyMUPOBaHHOM
HalycTaMiu ABCTpUM, W aHrIu4aHuH @. Xoii1, KOTOpbI BO BpeMs BOWHBI paboTall ¢ HUMH Haj
npoGieMoit paauonokanuu. VX waes coctosyia B TOM, YTO MO Mepe pazOeraHus rajakTUK Ha
OCBOOO/MBIIMXCS MECTaX M3 HOBOTO HENPEPHIBHO POXKIAIOIIErocs BeEIIeCTBa BCE BpeMs
oOpa3ytoTcsi HoOBble ramakTuku. CrenoBarenbHO, BceneHHas [oikHA BBIMJISAECTh MPUMEPHO
OJIMHAKOBO BO BCE MOMEHTHI BpPEMEHM U BO BCEX TOYKax IpocTpaHcTBa. KoHeuHo, ais
HEMpPEephIBHOIO  «TBOPEHHUS» BelIecTBa TpeboBajach HEKOTOpas MoauduKalus TEOpHH
OTHOCHUTEJILHOCTH, HO HYXHasl CKOPOCTb TBOPEHMsI OKa3bIBaJlach CTOJb Majol (OJHA YacTUIA Ha
KyOMYecKHil KUJIOMETpP B T0J), YTO HE BO3HUKAJIO HUKAKHX MPOTHUBOPEUMH C IKCIEPUMEHTOM.
CranuoHapHas MOZENIb — ATO NPUMEP XOPOLIEH HAYYHOH TEOPUU B CMBICIE KPUTEPUEB IJaBbl 1:
OHa TMpoCTass M JaeT OIpEICICHHbIE MPEACKA3aHUs, KOTOPbIE MOXHO MPOBEPITh IMYTEM
Habmonenuit. OnHO M3 ee MpeacKa3aHWi TaKOBO: JAOJDKHO OBITH IMOCTOSHHBIM YMCJIO TaJIAKTHK U
JPYTUX aHAJIOTMYHBIX OOBEKTOB B JIIOOOM 3aJaHHOM 00bEME MPOCTPAHCTBA HE3aBUCHUMO OT TOTO,
Korma u rae Bo BceenmenHoil mpousBonsaTcs HabmoneHus. B konme 50-x-Haganme 60-X TO0B
acTpoHOMBI 3 KeMOpuIKCKOro yHUBEpCUTETA TIO PyKOBOACTBOM M. Paitna (KoTopblii BO BpeMms
BoiHBI BMecTe ¢ bonnmu, l'oynmom m XoiimoM Toxke 3aHUMAJCS pa3pabOTKON PaauOIOKALIUH)
COCTaBWJIM KATaJIOT MCTOYHUKOB PAJMOBOJIH, MPUXOASIIMX W3 BHEIIHEr0 NIPOCTPaHCTBA. JTa
KeMOpUKCKas TpyIIa MoKa3aja, YTo O0JbIIast 4aCTh 3TUX PAJUOMCTOYHHUKOB JOJDKHA HAXOJUTHCS
BHe Hamed [amakTuku (MHOTME HUCTOYHMKHM MOXHO OBUIO OTOXIECTBUTH Jake C JIPYrMMH
rajJjlakTHUKaMH) U, KpOME TOTrO, YTO CJa0BIX MCTOUYHUKOB Topazfno Oomblie, 4yeM cuibHbIX. Cralble
WMCTOYHUKHA HMHTEPIPETUPOBAIIUCH Kak Oojiee yJajeHHblE, a CUJIbHBIE — KaK T€, YTO HaXOAATCA
ommke. Jlanee, oka3anoch, YTO YHCIO OOBIYHBIX MCTOYHHUKOB B €IMHHUIIE 00BbEMa B YAAJCHHBIX
obrnactsx Oojblie, 4eM BOJIM3U. DTO MOIJIO O3HA4YaTh, YTO Mbl HaXOAMMCS B LIEHTPE OrpPOMHOMN
oOmactu BceneHHOH, B KOTOPO MEHbIIIE HCTOYHUKOB, YeM B Apyrux Mectax. Ho, BO3M0OxHO, OBLIIO
U Jpyroe oObsICHEHHE: B MPOLLIOM, KOTJa PaJuOBOJIHBI HA4yalyd CBOM MyTh K HaM, UCTOYHHUKOB
Obuto Oombiie, uyem ceifuac. O0a 3TH OOBACHEHHS NPOTUBOPEYAT IMPEJICKA3AHUSAM TEOPUU
crarmoHapHori Bcenennoit. Kpome Toro, MUKpOBOJTHOBOE H3ITydeHHE, OOHapykeHHOe B 1965 T.



[lensuacom u BunbcoHOM, TOXE yKa3blBajo Ha OOJbIIYIO MJIOTHOCTH BceneHHON B mpouuioM, u
MI03TOMY OT MOJEJIN CTallMOHApHO!M BceneHHo! Npruiuioch OTKa3aThCs.

B 1963 r. nBa coBetrckux ¢usuka, E. M. Jludpmwun u M. M. XanatHUKOB, cliejaliv €Ie OaHY
MOTBITKY HMCKIIIOYMTh OONBLIONW B3pbIB, a C HUM M Hayano BpeMeHH. Jludpmmun u XamaTHUKOB
BBICKA3aJIl TPEANONIOKEHNE, YTO OOJNBIIONW B3pBIB — OCOOCHHOCTHh NHINb Mojeneit dpuamana,
KOTOpble B KOHIIE KOHIIOB JAlOT JIMIIb NPUOIIKEHHOE omucaHue peanbHoi Bceenennoil. He
HCKJIIOUYEHO, YTO U3 BCEX MOJEJEH, B KAKOK-TO MEPE OMUCHIBAIOIINX CYIIECTBYIONIYIO BceneHnnyto,
CHHTYJIIPHOCTh B TOYKE OOJIBLIIOrO B3pbIBAa BO3HUKAET TOJBKO B Mojensix Ppuamana. CoriacHo
®puamaHy, Bce TaIaKTUKU yAAJISIOTCS B IPSMOM HampaBiIeHUH APYT OT ApPYyra, U O3TOMY BCE OHU
HaxXOJWINCh B OAHOM MecTe. OTHAaKO B PEalIbHO CyLIECTBYIOLIEH BceneHHON rajakTMKA HUKOIZA
HE pacXOJATCS TOYHO IO MPSIMOM: OOBIYHO Y HUX €CTh €Ille M HeOOJBIITNE COCTABIISIFOIINE CKOPOCTH,
HampasJIeHHbIE oA yriioM. [IoaToMy Ha camMoM zene rajakTUKaM He HY’KHO HAXOJIUTBHCS TOYHO B
OJIHOM MECTE€ — JJOCTaTOYHO, YTOOBI OHU ObUIM PACIIONOKEHBI OYEHb OJIU3KO ApPYT K apyry. Toraa
HBIHEIIHAS paciuupsomascs Beenennas Moria BOSHUKHYTh HE B CHHTYJIIPHON TOYKe OOJBIIOTO
B3pBIBa, a HAa KaKOW-HUOYAb Oonee paHHel (aze ckaTHs;, MOXET ObITh, MPH CKaTUH BceneHHoU
CTOJIKHYJIUCh ApPYT C JAPYroM He Bce dacTuipl. Kakas-To 1oy MX MOIJa IpOJIETETh MUMO APYT
Jpyra ¥ CHOBa PAa30MTHCHh B Pa3HbIC CTOPOHBI, B PE3yJbTaTe Yero W MPOHMCXOIHWT HalIromaemMoe
ceituac pacmupenue Bcenennoil. Kak torma onpenenuts, ObU1 1 HayanoM BceeneHHON OomnbIoi
B3pbIB? JIuduni n XanaTHUKOB 3aHSUIUCh W3YYEHHEM MOJENeH, KOTOpble B OOIIUX YepTax ObUIM
Obl moxoku Ha Moxenu @DpuaMaHa, HO OTIMYATUCH OT (PPUAMAHOBCKMX TEM, YTO B HHX
YUUTHIBAINCh HEPETYJSIPHOCTH M CIIy4alHBIM XapakTep peajbHbIX CKOPOCTEH TallakTUK BO
Bcenennoii. B pesynbrare Jludmmn n XanaTHUKOB MOKa3ald, YTO B TaKUX MOJEMSAX OONBIION
B3pBIB MOT OBITH HauaJIOM BceneHHOol 1axe B TOM ciiydyae, eCiii raJJakTHKU He Bcerna pasberarorcs
[0 MPSMOM, MO 3TO MOIJIO BBHINOJHATBHCS JIMIIb JUIsl OYEHb OTPAaHUYEHHOIO Kpyra MOJAENEH, B
KOTOPBIX JBM)KCHHE TAJTAKTHK IPOUCXOAMUT OIpeNeleHHbIM oOpa3oM. Ilockosbky ke Momenen
(pUIMaHOBCKOTO THIIA, HE COEPIKALINX OOJIBIION B3pbIB, OECKOHEUHO OOJIbIIIE, YEM TEX, KOTOphIE
coJepKaT TaKyl CHHTYJSpPHOCTh, Jlmpmmn m XalaTHUKOB yTBEpXAaldM, YTO HA CaMOM Jiene
0oJpIIOT0 B3phIBa HEe ObLT0. OIHAKO TMO3JAHEE OHM HAILIKM ropas3ao 0osiee OOIMI Kiacc MOENeH
(pUIMaHOBCKOTO THIIA, KOTOPHIE COAEP)KAT CHHTYJSIPHOCTH M B KOTOPBIX BOBCE HE Tpedyercs,
YTOOBI TAJIAKTUKHA JBUTAINCH KaKUM-TO 0coO0bIM oOpazom. Ilostomy B 1970 1. JIndmmn u
XaJaTHUKOB OTKA3aJIUCh OT CBOEH TEOPUHU.

Tem He MeHee ux paboTa MMena OYEHb BaXKHOE 3HAYEHME, MOO MOKazajia, YTO €CIU BEpHa
o0111ast TeopHsi OTHOCUTENBHOCTH, TO BeenenHast Moriia uMeTh 0co0yIo TOuKy, 0oibIIoii B3psIB. Ho
9Ta paboTa He JaBajla OTBETA Ha IJIaBHBIM BOIPOC: CIEeNyeT JIM U3 O0IIel TEOPUU OTHOCUTEIBHOCTH,
4yT0 y BeenenHol 10mKHO ObUTO0 OBITH HaYaJlo BpeMeHHU — 00uiblnoi B3peiB? OTBET HA 3TOT BOMPOC
OBbLT TIONYYEH MPU COBEPIICHHO IPYroM TOIXOJe, MPEAJOKeHHOM B 1965 T. aHrimiickum
MaTeMaTukoM u (uzukom Pomxepom Ilenpoysom. Mcxons u3 moBeneHHs CBETOBBIX KOHYCOB B
o01iell TeOpUN OTHOCUTEIBHOCTH U TOTO, YTO I'PABUTALIMOHHBIE CHIIBI BCErJa SIBJISIOTCS CHUIAMHU
nputsbkeHus, [leHpoy3 mokasall, 4To KOr/a 3Be3/ia CXKMMAETCS MOJ EHCTBUEM COOCTBEHHBIX CHII
IpaBUTALMU, OHA OTPAHUYMBACTCS 00JIACTHIO, TOBEPXHOCTh KOTOPOW B KOHIIE KOHLIOB CKUMAeTCs
70 HyJsA. A pa3 IMOBEpXHOCTb 3TOM OOJIACTH CXKHUMAeTcs 10 HyJsd, TO e caMmoe JOJKHO
MIPOUCXOAUTH U C €e 00beMoM. Bee BemecTBo 3Be3/1b1 OyAET CKATO B HYJIEBOM 00BEME, TaK YTO €€
IUIOTHOCTh W KPHBH3HA IPOCTPAHCTBA-BPEMEHU CTAaHYT OECKOHEUYHBIMU. VIHBIMH clOBamy,
BO3HUKHET CUHTYJIIPHOCTh B HEKOEH 00JIaCTH POCTPAaHCTBA-BPEMEHH, Ha3bIBaeMasl YEPHOM JIBIPOH.

Ha nepsbiit B3, sta Teopema IleHpoy3a OTHOCUTCS TOJIBKO K 3BE€3[aM: B HEM HUYETO HE
TOBOPUTCSI O TOM, HMCIIbITaNa JU Bcsl BeeneHHas B mpomuioM 0osblioi B3pelB. B To Bpems, xoraa
[lenpoy3 noka3zan cBOIO Teopemy, s, OyIy4yHd aclUPaHTOM, OTYASHHO MCKaJl KaKylo-HHOYIb 3a1a4y,
YTOOBI 3aIUUTUTh JUCCEPTALHUIO. 3a Ba T0/la 0 ITOr0 Bpayd MOCTABUIN MHE JUArHO3 «OOKOBOM
aMHOTPO(PHUUECKHI CKIIEPO3», UM MOTOpHAsi 00Je3Hb HEHPOHOB, U JAAJIH MOHSATh, YTO 5 IPOTSAHY HE
OoJplie OMHOTO-NBYX JeT. [Ipu Takux oOcTOsATEIBCTBAX HE OBUIO 0COO0OTO CMBICTA paboTaTh HaJ
auccepTanueit, 0o s He HaJesuICs TOKUTH JI0 ee 3aBepiieHus. Ho mpomuio aBa roaa, a Xye MHE
He cTano. Mou aena 1M NpeKpacHo, U s ObUT IOMOJIBIIEH C 04apOBATEIBHON JIEBYIIKOM 110 UMEHU



Jxeitn Yainn. Jlns sxkeHuTsObl MHE TpeOoBajach paboTa, a 4TOOBI €€ IMOJyYnTh, Hy)KHa ObLIa
JIOKTOpPCKasi CTENEHb.

B 1965 r. s mpouutan o teopeme IleHpoysa, coriacHO KOTOpoil Jito00oe Telao B mpolecce
rPABUTAIIMOHHOTO KOJUIAINCA JOHKHO B KOHIIE KOHIIOB CXAaThCs B CHUHIYJIIPHYIO TOUKY. Bckope s
MOHUI, 4TO eciu B Teopeme [leHpoy3a N3MEHUTh HalpaBlI€HUE BPEMEHHM Ha 00paTHOE, Tak, YTOOBI
cKaThe Tepeluio B pacllipeHHue, TO 3Ta Teopema Toxke OyAeT BepHa, Koib cKopo Bcenennas
ceifyac XoTst ObI Tpy0O MPUOIMIKEHHO OMHMCHIBACTCS B KPYIMHOM Macmitabe mozensio dpuamana.
ITo teopeme IleHpoy3a KOHEUHBIM COCTOSIHHEM JIOOON KOJIATICHUPYIOIIEH 3BE3[bl JOJKHA OBITH
CHHTYJISIPHOCTB; TIpM OOpaIleHWH BPEMEHHM 3Ta TEOpeMa YTBEPXKIaeT, 4TO B JIO00H Monenn
(pUIMaHOBCKOTO THIIA HAYAIBHBIM COCTOSIHUEM pacIiupsitolieiicss BeenenHoi Toxke MomKHa ObITh
CHHTYJISIpPHOCTB. [10 cooOpaskeHHMsIM TEXHHUECKOTO XapakTepa B TeopemMy lleHpoy3a ObUI0 BBEIEHO
B KayecTBe ycloBUs TpeOoBaHHe, YTOObl Beenennast Obiia OeckoHewyHa B mpocTpaHcTBe. [losTomy
Ha OCHOBAaHUHU 3TOW TEOPEMBI S MOT JI0Ka3aTh JIMIb, YTO CUHTYJISIPHOCTH JIOJKHA CYIIECTBOBATD,
ecnu pacmupeHue BceneHHOM MPOMCXOAUT TOCTATOYHO OBICTPO, YTOOBI HE HAYAIOCh MOBTOPHOE
cxatue (100 TOJBKO Takue (PUIMAHOBCKHE MOEITH OECKOHEYHBI B POCTPAHCTBE).

[ToToM s HeCKONbKO JeT pa3palaThiBall HOBBI MaTeMaTHYECKH ammapar, KOTOPBIi
MO3BOJIMI Obl YCTPAaHUTh 3TO M JPYyrHe€ TEXHUYECKUE YCJIOBHUS W3 TEOPEMbl O HEOOXOIMMOCTH
cunryyisippoctd. B urore B 1970 r. mbl ¢ IleHpoy3om Hamucanu COBMECTHYIO CTAaThiO, B KOTOPOM
HaKOHeI| JOKa3aJld, YTO CHUHTYJISIpHAs TOYKa OOJIBIIOrO B3phIBAa JIOJIKHA CYLIECTBOBATh, ONUPASIChH
TOJILKO Ha TO, YTO BepHA 00Ilas TEOpHs OTHOCUTEIBHOCTH M 4YTO BO BceneHHO# comepkurcs
CTOJIbKO BEIIECTBA, CKOJIbKO MbI BuAMM. Hama pabora BbI3Bana mMaccy BO3Pa)KE€HHUI, YACTUYHO CO
CTOPOHBI COBETCKUX YUYEHBIX, KOTOPBIE M3-3a MPUBEPKEHHOCTH MapKCUCTCKOW (unocopuu Bepuiiu
B Hay4HbI JETEPMHHHM3M, a YaCTUYHO U CO CTOPOHBI T€X, KTO HE MPUHUMAIl caMy HJIEI0
CUHTYJISIDHOCTEH Kak HapylIAIyl0 KpacoTy Teopun OuHIITeNHHa. Ho ¢ MaremaTmdeckoin
TEOPEMOIl He 0UeHb TIOCTIOPHIIb, U TOITOMY, KOT/1a padoTa Oblla 3aKOHUEHA, €€ TPUHSIIN, U ceddac
MOYTH BCE CUUTAIOT, 4TO BceneHHas BO3HUKIA B 0c000M TOuke O0JbIIOTrO B3phiBa. [1o mpoHMH
CyIb0bl MOM TIPE/ICTABICHUS U3MEHUIINCH, U TETEph s MbITaloCh yOeauTh (U3MKOB B TOM, UYTO HA
caMoM JieJie TIpH 3apoXKAeHUU BceneHHoi Hukakoi oco0oi ToUkK He ObLI0. B ciemyromux riaBax
s IOKaXy, YTO MPH y4eTe KBAaHTOBBIX 3()(HEKTOB CUHTYIISIPHOCTh MOYKET UCUE3HYTh.

B 9T0i1 rmaBe MBI BHENM, KAK MEHEE YEM 3a IOJICTOJETHS W3MEHWIIMCH IPEACTABICHUS
Jrozieit o mpupojie, pOpMHUPOBABIIMECS HE OJHY ThICAUY JeT. Hauano 3TUM M3MEHEHHUSM IMOJIOKUIN
oTKphITOe Xab00M pacmmpenne BeeneHHON M cO3HaHWE HE3HAUYUTEIbHOCTH Hallel cOOCTBEHHOM
IJIAHETBl CpeAu OrpPOMHBIX IpocTopoB Bceenennon. Ilo Mepe TOro Kak MHOXWINCH
SKCIIEPUMEHTAJbHbIE M TEOPETHYECKHE pe3yJbTaThl, CTAHOBWIOCH Bce Oosiee SICHO, 4YTO Y
Bcenennoii momxkHo ObITh Hayasio Bo Bpemenu. Hakoner B 1970 r. mbi ¢ [lenpoy3om gokazanu 3To,
HCXO0Is U3 OOIIEH TEOPUU OTHOCUTEIBLHOCTH DHWHINTEHHA. V3 Hammero noka3areiabCTBa CIea0Ballo,
4TO 00IIasi TeOpHUs OTHOCHTEIBHOCTH MPEJCTABISAET cOO0M HEMOJHYI0 TEOPHIO; B HEW HET OTBETa
Ha BONPOC, KaK BO3HUKIJIA BceneHHas, MOTOMY 4YTO, COINIACHO TEOPUU OTHOCHUTEIIBHOCTH, BCE
¢u3nveckue TEOpHH, B UX YUCIIE U OHA caMa, HapyIIAlOTCsS B TOYKE BO3HUKHOBEHUS BceneHHOM.
OpnHako 001as Teopusi OTHOCUTEIBHOCTH U HE MPETEHIyeT Ha POJib MOJTHON TEOPUU: TEOPEMBI O
CUHTYJISIPHOCTH Ha CaMOM JIeJI€ YTBEPKAAIOT JIUIIb, YTO HA HEKOEH OUEHb PaHHEH CTaJAuU pa3BUTUS
pasmepsl BcenenHoit ObUTM  OuYeHb Majbl, HACTOJNBKO, YTO TOTJa MOIJIH OBITh BecbMa
CYLIECTBEHHBIMU MeJKoMaciiTabHble 3(p(eKThl, KOTOPHIMU 3aHHUMAETCS YK€ Jpyras Beaudaiinas
teopus XX BeKa — KBaHTOBas MexaHuka. Mtak, B Hadanme 70-X roJloB HaM MPHUIILIOCH B CBOMX
UCClieIOBaHMIX BceraeHHOM MepenouuThes ¢ TEOPUH YpE3BbIUaiiHO OOJIBIIOr0 HAa TEOPHUIO KpaiiHe
MaJioro. DTOW TEeOpHH, KBAHTOBOW MEXaHWKeE, OyJeT IMOCBAIIECHA CIIEAYIONas TJiaBa, a 3aTeM MbI
nepeiieM K OOCYXICHUI0 TOTO, KaK dTH JBE YaCTHBIE TEOPUU MOKHO OBUIO OBl OOBEAMHHUTH B
€MHYI0 KBAaHTOBYIO TEOPHUIO IPABUTALIUN.

4. NMpuHUMN HeonpeaeneHHOCTU

[lon BiMsiHMEM ycriexa Hay4YHBIX TEOpUH, OCOOCHHO HBIOTOHOBCKOM TEOPUM TATOTCHHUS, Y



(paniysckoro yueHoro ITeepa Jlamnaca B mHavane XIX B. BeipaboTaiics B3I Ha BeeneHHyI0 Kak
Ha TOJIHOCTBIO JAETePMUHUPOBAHHbIN 00beKT. Jlammac monarai, 4To JOJDKEH CyLIecTBOBAaTh Habop
Hay4YHBIX 3aKOHOB, KOTOpBIC TIO3BOJSIM OBl TIpEACKa3aTb BCE, YTO MOMKET IPOHM30HTH BO
BcenenHol, eciu TOJIBKO U3BECTHO IIOJHOE ONHMCAHUE €€ COCTOSHUSA B KaKOM-TO MOMEHT BPEMEHH.
Hampumep, eciu 661 Mbl 3Hanu nosnoxenus: CojHIA U TUIAHET, OTBEYAIOIINE KAaKOMY-TO MOMEHTY
BPEMEHHU, TO C IOMOIIBI0 3aKOHOB HpIOTOHAa MBI MOIVIM Obl BBIYHUCINTH, B KaKOM COCTOSIHUU
okazanach Obl ConHeuHas cucTeMa B JIOOOW Jpyroi MOMEHT BpeMeHH. B maHHOM ciydae
JETEPMUHU3M JIOBOJBHO OYEBHUJACH, HO Jlamac momien panbpnie, yTBEp)KIas, 4TO CYLIECTBYIOT
AQHAJIOTUYHBIE 3aKOHBI JUJIS1 BCErO, B TOM YHMCJIE U JUISl TIOBEICHMS YEJI0BEKA.

JIOKTpyuHa Hay4HOTO JETEPMUHU3MAa BCTPETHJIA CHJIBHOE COINPOTUBJICHHE CO CTOPOHBI
MHOTHX, TTO9yBCTBOBABIIHNX, YTO 3TUM OTPAaHHYMBACTCS CBOOOJHOE BMEMIATEIhCTBO bora B Ham
MHUp; TEM HE MEHee 3Ta Hjes OcTaBajach OObIYHONW HayyHOW THIOTE30H elle B caMOM Hauaie
Haniero Beka. OJHUM M3 NMEPBBIX YKa3aHUI Ha HEOOXOAMMOCTh OTKa3a OT JIETEPMHUHH3Ma CTaIH
pE3yNbTaThl pacYETOB JIBYX aHIIHUCKUX Qu3nkoB, [IxoHa Panes u [[xeiimca JIkuHca, U3 KOTOPBIX
CJIEIOBAJIO, YTO rOpsSYMi OOBEKT TUIIA 3BE3/Ibl OJKEH BCE BPEMsSI U3yyaTh OECKOHEUHO OOJIBIIYIO
sHepruto. CorjlacHO M3BECTHBIM TOI'ZIa 3aKOHAM, ropsdee TEJIO JOHKHO B PaBHOM Mepe M3iIydaTb
AJIEKTPOMAarHUTHBIE BOJIHBI BCEX YAacTOT (HaIpUMEp, paJUOBOIHbBI, BUAUMBIN CBET, PEHTTEHOBCKOE
U3Iy4YeHue). ITo 03HAyaeT, YTO JOJDKHO M3JIydaThCsl OJUHAKOBOE KOJMYECTBO SHEPIMM U B BUJE
BOJIH C 4aCTOTaMH OT OAHOTO JO JBYX MWIJIMOHOB MWJUIMOHOB BOJIH B CEKYHIy, U B BHJE BOJIH,
4acTOThl KOTOPBIX HaxXOAATCs B MHTEpPBalE€ OT JABYX 0 Tpe€X MWUIMOHOB MWIJIMOHOB BOJIH B
CEKyHZy. A MOCKOJIbKY pa3HbIX 4acTOT OECKOHEYHO MHOTO, MOJIHAs U3JydaeMas SHEeprusi AO0JKHa
OBbITh OECKOHEYHOIA.

Uto0b! M30aBUTHCS OT 3TOTO SIBHO aOCYpAHOIO BBIBOAA, HEMELKHUI yueHbld Makc [lnaHk B
1900 r. mpuHSII TUIIOTE3Y, COITIACHO KOTOPOM CBET, PEHTTEHOBCKUE JIy4H U APYTHUE BOJIHBI HE MOTYT
HCIIyCKATBhCSl C IPOM3BOJBHONM HMHTCHCUBHOCTBIO, a JOJDKHBI HCIIyCKAThCS TOJBKO HEKMMH
nopuusiMu, koropsle IImank Hazean kBaHTamu. Kpome toro, IlnaHk mpeamonokuii, 4To KaskIblid
KBAaHT U3JIyYECHHUS HECET OIPENEIEHHOE KOJMYECTBO SHEPTHH, KOTOPOE TeM OOJbIIe, YeM BBIIIE
4acToTa BOJH. TakuMm o0pa3oM, IpU JOCTATOYHO BBICOKOW YacTOTE HEPTUsl OJHOTO KBAHTA MOXKET
IIPEBBIIIATh MMEIOIICECS KOJIMYECTBO DHEPIMM H, CIIEJOBATEIbHO, BBICOKOYACTOTHOE H3JIyYCHHUE
OKayKeTCsl M0JIaBJICHHBIM, @ HHTEHCUBHOCTb, C KOTOPOH TEJIO TEPSET SIHEPIHI0, OyeT KOHEUHOM.

['urmore3a  KBaHTOB  MNpPEKpPacHO  corjiacoBajach €  HAOJIOAaeMbIMH  3HAUYCHUSAMH
MHTEHCUBHOCTH M3JIyY€HHs TOPSYUX TEJ, HO YTO OHA O3HAYaeT JAJS JeTepMUHM3MA, ObUIO HESCHO
1o 1926 r., xorga apyroit Hemeukuii yuensiii, Bepuep I'eiizenOepr, chopMynupoBasl 3HaMEHUTHIN
MIPUHIUI HEONpeAeIeHHOCTU. YToOBI IIpecKa3aTh, KAKMM OyIeT MOJI0KEHNUE U CKOPOCTh YaCTHIIBI,
HYKHO yMETb IIPOU3BOJUTH TOUHBIE U3MEPEHUS €€ MOJIO0KEHHUS U CKOPOCTU B HACTOSIILIMA MOMEHT.
Od4eBuIHO, YTO [UIsl 3TOTO HANO HANPABUTh HAa 4YacTULy CBeT. YacTh CBETOBBIX BOJH HAa HEHU
pacceeTrcsi, U TakuM OOpa3oM Mbl ONpEAETHM IOJIOKEHHE YacTHLbl B mpocTpaHcTBe. OpHaKo
TOYHOCTb 3TOrO M3MEpEeHMsI OyJeT He BBIIIE, YEM PACCTOSHUE MEXIY I'PEOHSMHU JIByX COCEIHHUX
BOJIH, U MO3TOMY JJIsl TOUHOTO M3MEPEHUsS MOJO0XKEHUS YaCTHIBI HEOOXOIHMM KOPOTKOBOJIHOBBIN
ceeT. CormacHo ke runorese [lmaHka, cBeT HEBO3MOYKHO HCIOJIB30BaTh NPOU3BOJIBHO MajbIMU
NOpPIMSIMHM, W HE OBIBaCT MEHBIIEH MOPIUH, YeM OJMH KBaHT. OJTOT KBAaHT CBETa BHECET
BO3MYILICHHE B JIBMJKCHUE YaCTULBI U HENPENCKA3yeMO M3MEHUT €€ CKOpoCcTb. Kpome Toro, yem
TOYHEE M3MEpseTCS IOJIOKEHHE, TEM KOpOuYe JOJDKHBI OBITh JJIMHBI CBETOBBIX BOJH, a
CJIEZIOBATENIbHO, TeM Ooiiblle OyAeT SHEeprus OJHOr0 KBaHTA. OTO 3HAYUT, 4YTO BO3MYILICHHE
CKOPOCTH 4YacTUIbl CTaHeT Oosblie. MHBIMH CllOBaMH, Ye€M TOYHEE BBl TBITAETECh W3MEPHUTH
MOJIOKEHUE YaCTUIBl, TEM MEHEee TOYHBIMH OyayT H3MEpPEHHs €€ CKOpPOCTH, M HaoOOpOT.
leiizenOepr mokasan, dYTO HEONPEACICHHOCTh B IIOJIOKEHHMH YacTULBl, yMHOXXEHHas Ha
HEOIIPEICIEHHOCTh B €€ CKOPOCTH U Ha €€ MaccCy, HE MOYKET ObITh MEHbIIE HEKOTOPOro 4Hcia,
KOTOpOE Ha3bIBaeTcs ceifuac nmoctosHHoM [1anka. 1o 4yMCIo He 3aBUCUT HU OT CIO0c00a, KOTOPBIM
U3MEPSETCS TMOJIOKEHHE WM CKOPOCTh YacTHUIBI, HA OT TUIA JTOW YacCTHLBI, T. €. HNPHUHIMII
HeornpenaeneHHocTH [ eiizenbepra sBisiercss GyHIaMEHTaIbHBIM, 00s3aTeILHBIM CBOWCTBOM HAIIIETO
MUpa.



[IpyHOKIT HEONIPEAECIEHHOCTH MMEET NAJeKO HIYIIHME CIECACTBHs, OTHOCSALIUECS K HalleMy
BOCIIPHSTHIO OKpy’Karomero mupa. Jlaxke mo mnpomiecTBUM Oojiee MATUACCATH JIET MHOTHE
¢mroco(bl Tak OKOHYATEIFHO W HE COTJIACHIIUCH C HUMH, U 3TH CIEICTBHUS JI0 CUX MOP OCTAIOTCS
IIpeIMETOM CropoB. [IpuHIMN HeonpeneneHHOCTH O3Hadald KoHel MedraM Jlammaca o HaydHOM
TEOpUH, KOTOpas JaBajia Obl MOJHOCTHIO JETEPMUHUPOBAHHYIO MOJIENIb BeeneHHoil: B camoM Jiere,
KaK MOYKHO TOYHO NpeJcKa3blBaTh Oynyliee, HE yMes Jla)ke B HACTOSIIMNA MOMEHT NPOU3BOAMTH
TOYHBIE H3MepeHus cocTossHus Bceenennoit! Koneuno, MbI MoxeM ceOe MpeACcTaBisTh, UYTO
CYLIECTBYeT HEKHIl HaboOp 3aKOHOB, MOJHOCTBIO ONPEIENAIONIMA COOBITUS JUIsI KaKOro-TO
CBEPXBECTECTBEHHOI'O CYILECTBA, KOTOPOE CHOCOOHO HAOJI0AaTh COBPEMEHHOE COCTOSHUE
Bcenennoli, Hukak He Bo3Mmymas ee. OpHako Takue Mojenu BceneHHOM He NpeACTaBIsAIOT
MHTEpeca JUIsl HaC — IPOCThIX CMEPTHBIX. Jlydile, moxanyi, BOCIOIb30BAaBIIACH TEM IPUHIUIIOM
«3KOHOMHUM», KOTOpBIA Ha3blBaeTcsi mMpuHUMIIOM «OpuTBbl Okkama» (Y. Oxkam /1285-1349/ —
anruiickuii gunocod. CyTp npuHImna «OpuTBel OKKaMay: TMOHSATH, HE TOIAI0NINECs POBEPKE
B OMbITE, JIOJUKHBI OBITh yJalleHbl U3 HAayKU.— HPUM. PEl.) B35ATh U BbIpE3aTh BCE IOJOKEHUS
TEOpUH, KOTOpble HE mojnarorcs HaOmoneHuto. llpunas Taxoil moaxoxn, Bepuep ['eitzentepr,
OpsuH llpenunrep u Ilons Aupak B 20-X roxax Hamero BeKa NepecMOTPEIN MEXaHUKY M IPULLINA
K HOBOM TEOpMM — KBAHTOBOW MEXaHUKE, B OCHOBY KOTOPOM OBLI TIOJOKEH MPHUHIIMII
HEOIpeIeIEHHOCTH. B KBaHTOBOM MeXaHMKe YacTUIbl OOJIbIIE HE UMEIOT TaKUX OINpPENEIEHHBIX U
HE 3aBHUCSIIMX JPYr OT JIpyra XapaKTepUCTUK, KaK ITOJIOKEHUE B IPOCTPAHCTBE U CKOPOCT,
HEJOCTYIHBIX Ul HaOarofeHus. BMecTo 3TOro oHM XapakTepU3yHOTCS KBAaHTOBBIM COCTOSIHUEM,
KOTOPOE TPEICTABIAET COO0 HEKYI0 KOMOMHAIINIO TTOJIOKEHHUS U CKOPOCTH.

KBaHTOBass MexaHMKa, BOOOILE rOBOPsI, HE MPEACKA3bIBAET, YTO HAOMIOEHHE JOKHO UMETh
KaKOH-TO €IMHCTBEHHBIA ONpEACNCHHbIN pe3ynbrar. Hao0opoT, oHa mpenckasbiBaeT HEKUW Pl
Pa3HBIX pE3yJbTATOB U JAET BEPOATHOCTb KaXI0r0 U3 HUX. DTO 3HAYUT, YTO, BHIMIOJIHUB OJHO U TO
K€ M3MEpPEHUE JUIsl MHOTUX OJIMHAKOBBIX CHUCTEM, HaualbHbIE COCTOSHUS KOTOPBIX COBIAAAIOT, MBI
ObI OOHAPYKUIIM, YTO B OJHOM UHUCJIE CIIy4aeB pe3ysIbTaT U3MEpEeHUs paBeH A, B ipyrom — b u T. 1.
MpbI MOXeEM MpeNcKa3aTh, B CKOJIBKUX MPUMEPHO Clydasx pe3yibrar Oyaer paBHsAThCS A u b, HO
ONPENICNIUTh PE3YJbTAT KAXKAOIO KOHKPETHOIO W3MEpPEHHs] HEBO3MOXKHO. TakuM o0pazoM,
KBAaHTOBass MEXaHMKa BHOCUT B HAayKy HEHU30CKHBIH 3JEMEHT HENpeACKa3yeMOCTH WU
CIYyYallHOCTH. OWHIITEWH BBICTYNHJI OYE€Hb PE3KO MPOTHB 3TOM KOHIIENIMHU, HECMOTPA Ha Ty
OTPOMHYIO pPOJIb, KOTOPYIO CaM ChITpall B €€ Pa3BUTHH. 3a OTPOMHBII BKJIaJ B KBAHTOBYIO TEOPHIO
DifHmTeliny Obuta ipucysxaeHa HobeneBckas npemusi. Ho oH HUKOTIa HE MOT COTJIACUTBCS C TEM,
yto Bcenennoil ynpasnser ciayuail. Bce uyBcTBa OHHINTENHHA HAIlIM CBOE BBIPAXKEHUE B €O
3HaMEHHUTOM BbICKa3bIBaHUU: «bor He urpaer B koctu». OAHAKO OONBIIMHCTBO OCTAJIBHBIX YUEHBIX
ObUIM CKJIOHHBI NPHUHATH KBAaHTOBYIO MEXaHHKY, MOTOMY YTO OHa HPEKPacHO COIIacoBajiach C
JKCIepuMEeHTOM. KBaHTOBasi MEXaHUKa B CaMOM JI€JIe SIBIISICTCS BBIOAIOLICHCS TEOPUEH U JIEXKHUT B
OCHOBE II0YTH BCEY COBPEMEHHON HAYKH U TEXHUKU. [IpUHIMIIBI KBAHTOBOW MEXaHUKH I1OJIOKEHBI
B OCHOBY paOOThI MOJIyIPOBOAHUKOBBIX M MHTErPAIBbHBIX CXEM, KOTOpPbIE SBISIOTCS Ba)KHEHIIEH
4acTbl0 TaKMX OJJIEKTPOHHBIX YCTPOMCTB, KaK TEJIEBU30Pbl M 3JIEKTPOHHO-BBIYHUCIUTEIbHBIE
MamuHbel. Ha KBaHTOBOM MeXaHMKE 3MXKAETCS COBPEMEHHas XMMMA U Ouosorus. EnnHCTBEHHBIE
obnacti (pU3MKH, KOTOpbIE MOKAa HE MCIOJIB3YIOT JOKHBIM 00pa30M KBAaHTOBYIO MEXaHUKY, — 3TO
TEOpHsI TPAaBUTALIUU U TEOPUSI KPYTTHOMACIITAOHOU CTPYKTYpbl BeeneHHoil.
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Puec. 4.1

HecmoTpss Ha TO 4YTO CBETOBOE M3IyYEHHE COCTOMT M3 BOJH, TEM HE MEHEE, COIIACHO
runotese [lnanka, cBeT B KAKOM-TO CMBICIIE BeJleT ce0s Tak, Kak Oy/ATO OH 00pa30BaH YaCTUIAMU:
M3JIy4eHHUE U MOIVIONICHUE CBETA MPOUCXOINUT TOJBKO B BUJE MOPLMM, MM KBAHTOB. [IpuHuumm xe
HeolpeesleHHOCTH [ eii3eH0epra roBOpUT O TOM, YTO YACTHIIbI B KAKOM-TO CMBICIIE BEIyT ce0s Kak
BOJIHBI: OHM HE MMEIOT OINPEICIICHHOIO IOJIOKEHUS B IIPOCTPAHCTBE, a «pa3dMa3aHbD) IO HEMY C
HEKOTOPBIM DPACMpEACICHUEM BEPOSTHOCTU. B KBaHTOBO-MEXaHMYECKOW TEOPUHU MCIIONb3YyETCA
COBEPIICHHO HOBBIM MaTeMaTUYECKUN aIllapar, KOTOPBIM YK€ HE OMMCBIBAET CaM PEaJbHbI MUD HA
OCHOBE NPEJCTABJICHUN O YaCTHLIAaX W BOJHAX; 3TH MOHITHS MOXXHO TENEpb OTHOCUTH TOJBKO K
pe3yibTataM HaONIONEHW B 3TOM Mupe. TakuM 00pa3oM, B KBAHTOBOH MEXaHHKE BO3HUKAECT
YaCTUYHO-BOJIHOBOW JyalM3M: B OJHHMX CIIydasX YacTHIbl YJJOOHO CUMTaTh BOJHAMH, a B APYTUX
Jy4dlle CYMTATh BOJHBI YacTuaMu. M3 3TOro ciemyer OIMH BaKHBIM BBIBOA: MBI MOXEM
HaOJI0AaTh TaK Ha3blBaeMYI0 MHTEP(EPEHLNI0 MEXy IBYMs BOJHAMU-yacTHLAMU. ['peOHM BOJIH
OJIHOM M3 HUX MOTYT, HallpuMep, COBIIAJIATh CO BHaguHamMu Apyrou. Torga 1Be BOJHBI racsiT Apyr
Jpyra, a He YCWJIMBAIOT, CyMMHUPYSCh, KaK MOXHO ObLIO OBl 0KHZIAaTh, B 0OJiee BBICOKHE BOJIHBI
(puc. 4.1). Bcem u3BecTHBII puMep HHTEP(EPEHIINN CBETA — MEPETUBAIOIINECS PAa3HBIMU [[BETAMHU
panyru MbUIbHBIE ITy3bIpH. OTO SIBICHHE BO3HMKACT B PE3YJbTaTe OTPAKEHUSA CBETAa OT JIBYX
MOBEPXHOCTEH TOHKOM IUJIEHKW BOJbI, KOTOpas o0pa3yeT Mmy3bIpb. benblii CBET COAEPKUT
BCEBO3MOXKHbIE JUIMHBI BOJH, OTBEYAlOIIME pa3HbIM I[BeTaM. [peOHM HEKOTOPHIX BOJIH,
OTPa)KEHHBIX OT OJHOW M3 IOBEPXHOCTEH MBUIBHOW IUIEHKH, COBIAJAOT CO BIAJUHAMU BOJH TOU
e JUIMHBI, OTPAXKEHHBIX OT BTOPOW IMOBEPXHOCTU Iy3blps. Torna B OTpaX€HHOM cCBeTe OyIyT
OTCYTCTBOBATh IIBE€TA, COOTBETCTBYIOIIME 3THM JUIMHAM BOJH, U OTPAKCHHBIA CBET OKAXKETCA
Pa3HOLIBETHBIM.
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Wrak, Gmaromapss BO3HUKIIEMY B KBAaHTOBOW MEXAaHHKE IyalM3My YacTHI[bl TOXE MOTYT
UCHBITBIBaTh HHTEpGepeHuuto. [IIupoko n3BecTHbIN mpuMep Takoi HHTep(HEepPEHIIMH YaCTHIL — OTIBIT
Cc JByMs ILeisiMH B dKpaHe (puc. 4.2). PaccMoTpum 3KpaH, B KOTOPOM NpOpe3aHbl JIBE y3KHE
napajiensueie mend. [lo ogHy CTOpoHY OT 9KpaHa CO IIEISIMH TOMEIIEH HCTOYHUK CBETa
KaKOT0-TO OIPEAENIEHHOro 1IBeTa (T. €. ONPEIeIeHHON UIMHBI BOJIHBI). CBET B OCHOBHOM IOMNAJAeT
Ha MOBEPXHOCTh dKpaHa, HO HEOObIIAsl €r0 YacTh MPOUIET CKBO3b Iieiu. Jlanee mpeactaBum cede
9KpaH JUid HaOJIOJEHUs, YCTAaHOBJIEHHBIM MO JAPYTyl0 OT HMCTOYHUKA CBETa CTOPOHY HJKpaHa Cco
mensmu. Torma B m00yr0 TOUKY dKpaHa AJsl HaOmroAeHus OyIyT MomnajaTh CBETOBBIC BOJHBI U3
obeux meneid. Ho paccrosiHue, mpoiieHHOE CBETOM Yepe3 eI OT UCTOYHHKA J0 dKpaHa, OyIeT,
BOOOIIIE TOBOPS, pa3HbIM. JTO O3HAYAET, YTO BOJIHBI, MPOILEIINE Yepe3 MU, MOMayT Ha SKpaH B
pasHOl (aze: B OJHUX MecTax OHHM OyIyT ocnalisaTh Opyr Apyra, a B JAPYyTUX — yCWINBaTh. B
pe3ynbTaTte Ha SKpaHe MONYYHUTCS XapaKTepHas KapTHWHA, COCTAaBIIEHHAs W3 TEMHBIX M CBETJIBIX
T0JIOC.

Y IMBUTENBHO, YTO B TOYHOCTH TaKHE K€ MOJOCHl BO3HUKAIOT MPH 3aMEHEe MCTOYHHKA CBETa
HMCTOYHUKOM YaCTHIl, CKa)XE€M, 3JIEKTPOHOB, BBUICTAIOLIMX C OMNPEAEIECHHON CKOPOCTBIO (3TO
03HA4YaeT, UTO UM COOTBETCTBYIOT BOJHBI ONpeAeNeHHON MnHbl). OnrcaHHoe sBIeHHE TeM Ooliee
CTPaHHO, YTO MpPH HAJUYMMU TOJIBKO OJHOH ILEIM HMKAKHWE IMOJIOCHl HE BO3HMKAIOT W Ha DKpaHe
MOSIBJISIETCS. TIPOCTO OJHOPOAHOE pacHpeieieHne 3NIEKTPOHOB. MOKHO ObUIO ObI MPEAIoIOKHTD,
YTO €Ile OJHA IIEJb IPOCTO YBEJIUYUT YHUCIIO AIEKTPOHOB, MONAAAIOIINX B KaX/AyI0 TOUKY KpaHa,
110 Ha CaMOM JIeJie U3-3a MHTeP(EPEHIIMH YUCIIO ITHX 3JIEKTPOHOB B HEKOTOPBIX MECTaX, HA00OPOT,
yMeHblIaercs. Ecnm mpomyckars depes3 IMmeiar HO OJHOMY 3JIEKTPOHY 3a pa3, TO MOXKHO ObLIO OB
OKUJaTh, YTO KKIBIA U3 HUX MPOHAET IUO0 uepe3 OAHY Iemb, 0o uepe3 ApYrywo, T. €. Oyaer
BECTH ce0sl Tak, Kak OyJITO Ta LIelb, Yepe3 KOTOPYIO OH MPOILEN, €IUHCTBEHHAs!, U TOI/1a HA DKpaHe
JOJKHO BO3HHKHYTH OJIHOPOAHOE pacmpenenenue. OIHAKO Ha caMOM JieJie MOJIOCHI TOSBISIOTCS
Ja)ke B TOM Ciy4ae, KOIJa 3JIEKTPOHBI BBITYCKAalOTCs O ojxHoMy. CienoBaTelbHO, KaKIbli
ANEKTPOH JIOJDKEH MPOXOAUTH Cpa3y uepes ode mienu!

SBnenne wHTEPHEPEHIIUH YACTHI] CTAIO PEMIAIONINM JJI HAINIETO MOHWUMAHHS CTPYKTYPHI
aTOMOB, T€X MEJIbYANIINX «KHUPIUYUKOB», KOTOPbIE PACCMAaTPUBAIOTCS B XUMUU U OUOJNIOTMU U U3
KOTOPBIX MMOCTPOEHBI MBI CAMH U BCE BOKPYT Hac. B Hauaje Beka CYMTANIOCh, YTO aTOMBI TOJJOOHBI
ConHEYHOU CUCTEME: JIEKTPOHBI (YaCTHUIIBI, HECYIIHE OTPUIIATECIBHBIN AJCKTPUICCKUN 3apsi), KaKk
1aneTsl Bokpyr CofHIIa, BpalarOTCs BOKPYT PAaCIOJIOKEHHOTO B IIEHTPE sifipa, 3apsHKEHHOTO
nosioxkutenbHo. [lpenamomaranock, 4YTO AJIEKTPOHBI yAEP)KUBAIOTCS HA OpOMTAX CHJIAMH
MPUTSDKEHUS. MEXKIY TOJOXKHUTEIbHBIMA U OTPHUIATENILHBIME 3apsSaMH aHAJIOTUYHO TOMY, Kak
rpaBUTALMOHHOE TpUTsDKeHNE MeXay COJHIIEM U TUIaHeTaMHU He J1aeT IUIaHeTaM YWUTH ¢ opOUT. ITo
OOBSICHEHHE HATAIKHUBAJIOCh HA CIEAYIONIYI0 TPYAHOCThH: JO TOSBICHHS KBAHTOBOW MEXaHUKU
3aKOHBI MEXAHUKU U 3JIEKTPUUECTBA MPEJICKA3BIBATIN, YTO AJIEKTPOHBI JOJDKHBI TEPSATH SHEPTHIO, a
M3-32 TOTO JIBUTATHCS IO CIHUPAIHA K IEHTPY aroMa W MajaTh Ha SApO. DTO O3HA4Yaio Obl, 4TO
aTOMBbI, a C HUMH, KOHEYHO, U BCS MaTepus JOJDKHBI OBICTPO CKOJUIANICUPOBATH B COCTOSIHHUE C
OYEHb BBICOKOH MIOTHOCTHIO. YacTHOE penieHne 3Toil npodiemsl Hammen B 1913 r. naTckuil yueHsii
Hunsce bop. Bop moctynupoBal, 4TO 3JIEKTPOHBI MOTYT JIBHTaThCsl HE IO JIFOOBIM OpOWTaM, a
TOJIKO IO TEM, KOTOPBIC JIeKAT HAa HEKOTOPBIX OMPEICICHHBIX PACCTOSHUAX OT IEHTPaIHHOTO
snpa. Eciu Obl OBLIO CENIaHO W TIPEANOJIOKEHHE O TOM, YTO Ha Ka)XJAOW TaKOW OpOUTE MOTYT
HaXOJUTHCS TOJNILKO OJWH WJIM JBa 3JIEKTPOHA, TO MpolieMa Kojulanca aroma Oblia Obl pelieHa,
MOTOMY YTO TOTJa 3JEKTPOHBI, JBUTASCh MO CHHPAIM K LEHTPY, MOIJIM Obl JHIIb 3alOJHUTH
OpOUTHI C MUHUMATTBHBIMU PAINyCaMH U SHEPTUSIMHU.

Orta MoJenb MPEKpPacHO OOBACHAJIA CTPOCHHE MPOCTEHINEro aroma — aromMa BOJOpOJa, Y
KOTOPOro BOKPYT fJipa BpallaeTcsi BCETO OJIMH 3JEKTPOH. bbulo, 0IHAKO, HEMOHSTHO, KaK TOT e
MOJAXO0Jl PacIpoCTPaHUTh Ha OoJjiee CclOXKHbIe arombl. Kpome Toro, mnpeamnosioxeHue o6
OTPAHMYEHHOM YHCJI€ Pa3pElICHHBIX OPOUT BBHITISAICIIO BEChbMa MPOU3BOIBHBIM. DTy TPYIHOCTH
paspeminiaa HoBasi TeOpUs — KBaHTOBas MexaHuka. OKa3aloch, YTO 3JIEKTPOH, BpallaroIIMiics
BOKPYT Sipa, MOXHO TMPEJICTaBUTh ceOe KaK BOJHY, JJIMHA KOTOPOU 3aBHCHUT OT €€ CKOPOCTH. Boib
HEKOTOPBIX OpPOMUT YKIAIbIBaeTCs Ieoe (a He ApOOHOE) YKCIIO JUIMH BOJIH JJeKTpoHa. [lpm



JBUKEHHUHU 10 3TUM OpOUTaM TpeOHU BOJIH OKaXKyTCS B OJJHOM U TOM K€ MECTE Ha Ka)KJIOM BUTKE, U
MO3TOMY BOJHBI OYIyT CKIAIbIBATHCA; TaKHE€ OPOUTHI OTHOCATCS K OOPOBCKHUM pa3pelieHHBIM
opbutaM. A s TeX OpOUT, BJIOJIb KOTOPHIX HE YKJIAIbIBAETCS 1I€JI0€ YUCIIO JUIMH BOJH DJIEKTPOHA,
KKl TpeOeHb 10 Mepe 00pallleHus SIEKTPOHOB PaHO HIIM MO3THO CKOMIIEHCUPYETCS BIAIMHOM;
TaKkue OpOUTHI HEe OYAYT pa3peuIeHHBIMA.

AMepukaHckui ydeHblii Puuapn ®eilHMaH mpuayman KpacuBBIM croco0, KOTOpBIM Aaer
BO3MOXXHOCTh HAIJIIHO TpEACTaBUTh cebde Jyanu3M BojiHa-yacThia. @elHMaH BBEN Tak
Ha3bIBAEMOE€ CYMMMPOBAHUE IO TPAeKTOpHsM. B 3ToM moaxoae B OTJIMYME OT KJIACCHYECKOM,
HEKBAaHTOBOM TEOpUM HET NPEANOJOXKEHUS O TOM, UTO 4YacTHlla JOJDKHA HMMETh
OJIHY-€TUHCTBEHHYIO TPACKTOPHIO B MPOCTPAHCTBE-BPEMEHH, a HA0OOPOT, CUUTAETCA, UTO YaCTHIIA
MOXKeT nepemMeniatbest U3 A B b no moOomy BozMokHOMY nyTH. C Kaxk10i TpaeKTOpUEH CBsI3aHBbI
JIBa YUCJIA: OJJHO U3 HUX OMHUCHIBAET pa3Mephl BOJHBI, & APYroe OTBEYAET €€ MOJOKEHUIO B IIUKJIE
(rpebenp wnu BnaauwHa). UTOOBI OMpeneNnuTh BEPOSTHOCTH mepexona u3 A B b, Hamo cioxurth
BOJIHBI JUIsl BCEeX OTUX TpaekTopuil. Ecnu cpaBHMTH Mexay coOOW HECKOIbKO COCEIHHX
TPAEKTOPH, TO WX (a3bl, WIN MOJOKEHUS B IIUKJIE, OyyT CHJIBHO pa3inyarbcs. ITO 3HAYUT, YTO
BOJIHBI, COOTBETCTBYIOIIME TAaKUM TPACKTOPHSIM, OyIyT MOYTH MOJHOCTHIO TacHTh JPYr Ipyra.
OpHako UIsT HEKOTOPBIX CEMEWCTB COCEIHUX TPACKTOPHU (a3bl MPHU MEPEeXoJie OT TPACKTOPHH K
TPAeKTOpPUH OyIyT Majo MEHSTHCS, U COOTBETCTBYIOIIME UM BOJHBI HE CKOMIIEHCHUPYIOT IpPYT
npyra. Takue TpaeKTopuu OTHOCSATCS K OOPOBCKUM pa3pelieHHbIM OpOUTaM.

OCHOBBIBasICh HAa TaKUX IMPEACTABICHUSAX, 3aIMCAHHBIX B KOHKPETHOM MAaTeMaTH4YE€CKOM
BHUJIC, MOKHO OBLIIO TIO CPAaBHUTEIFHO MPOCTOM CXEMe BBIYHUCIIUTH Pa3pelieHHbIe OpOUTHI 1Jist Ooee
CJIOKHBIX aTOMOB U )K€ JJI MOJIEKYJI, COCTOSIIIMX U3 HECKOJIBKHUX aTOMOB, KOTOPBIE JEpiKATCA
BMECTE 32 CUET JICKTPOHOB, YbH OPOHUTHI OXBATHIBAIOT 0OJIBIIE OJHOTO sipa. [I0CKOIBKY cTpoeHHe
MOJIEKYJT M MPOUCXOIALIME MEXKIYy HUMHU PEaKUUU SBISIIOTCS OCHOBOM BCEW XUMUU U BCEHl
OMOJIOTMH, KBAaHTOBas MEXaHHKa B MPUHLUIE MO3BOJSAET MPEACKA3aTh BCE, UYTO Mbl BUAUM BOKPYT
cebst, ¢ TOYHOCTBIO, KOTOPYIO JAOMyckaeT mpuHuMI HeompeaeneHHocTu. ([IpaBma, Ha mpakTuke
pacdeTbl CUCTEM, COAEPIKAIIMX MHOIO 3JIEKTPOHOB, OKa3bIBAIOTCS HACTOJBKO CJIOKHBIMM, YTO
MIPOU3BECTH UX MPOCTO HEBO3MOMKHO).

Kpynnomacmrabuas crpykrypa BceneHHOW, MO-BUAMMOMY, MOAYMHSETCS OOLIeH Teopuu
OTHOCUTEILHOCTH OMWHINTEWHA. JTa TEOpPUA HA3bIBACTCS KIIACCUYECKOW, MOTOMY YTO B HEW HE
YUUTBIBAETCSI KBAHTOBO-MEXAaHMUYECKUI TNPHHLIUI HEONPEAEICHHOCTH, KOTOPBIA HE00X0IUMO
YUHUTBIBATh JUISI COTJIACOBAHUSA C JPYTMMH TeopusMH. MbI ke HE BCTylaeM B IPOTHUBOpPEUHE C
pe3yibTaTaMu HAOMIOACHUN M3-32 TOTO, YTO BCE T'PABUTAIIMOHHBIC MOJS, C KOTOPHIMH OOBIYHO
MPUXOAUTCS HMETh JIeJ0, SIBIAIOTCS oOuyeHb ciabbiMu. OpHAKO, COTJIaCHO TeopemMaMm o
CUHTYJISIPHOCTH, O KOTOPBIX TOBOPUJIOCH BBIIIIE, TPABUTALMOHHOE T10JI€ JOJKHO CTAHOBUTBCS OUYEHB
CWJIBHBIM M0 KpailHel Mepe B ABYX CUTYallUAX: B Cllydae YEpHBIX JbIp U B ciayyae OOJIBIIOTO
B3phIBa. B Takux CHIBHBIX TOJSIX JOJDKHBI OBITh CYHIECTBEHHBIMH KBAHTOBBIE 3((EKTHI.
CrnenoBatenbHO, Kilaccuyeckas oOmiasi Teopuss OTHOCHUTEIbHOCTH, MPEACKa3aB TOYKH, B KOTOPBIX
IUIOTHOCTh CTAHOBHTCSI OCCKOHEYHOM, B KaKOM-TO CMBICIIE CaMa IpeIpeKiia CBOE MOpPaXKEHUE B
TOYHOCTH TaK e, Kak Kiaccuueckas (T. €. HEKBAHTOBas) MEXaHWKa OOpekyia ceds Ha MmpoBaj
3aKJIFOYEHUEM O TOM, 4YTO aTOMBbl JOJDKHBI KOJUIAIICHPOBATh, IOKAa WX IUIOTHOCTh HE CTaHET
OCCKOHEYHOM. Y Hac emie HET MOJHON TEOpHH, B KOTOPOW 00Iasi TeOpHsi OTHOCUTEILHOCTH ObLTa
Obl HEMPOTHBOPEYMBO OOBEIWHEHA C KBAHTOBOM MEXAaHUKOH, HO 3aTO MbI 3HAaeM KOE-KaKue
cBoiicTBa Oymymieit Teopun. O TOM, 94TO BBITEKAET W3 3THX CBOWCTB B OTHOIICHUW YEPHBIX JIBIP H
OOJBIIOrO B3pbIBa, MBI IIOTOBOPUM B IMOCIEAYIOIMIMX TJaBax. A ceifyac 3aiiMeMcs CaMbIMU
MOCJICHUMH TOMBITKAMH 00bETMHEHUS HAIIUX MPECTaBIeHU 000 BCeX APYTrUX CUIIaX MPUPOJIBI B
OJIHY, €IUHYIO KBAaHTOBYIO TEOPHIO.

5. 3neme|-|Tap|-|b|e YyacTtuubl U Cunbl B npupoae

ApHUCTOTENIb CUMTAJ, YTO BEHIECTBO BO BCEIEHHOW COCTOMT U3 YETHIPEX OCHOBHBIX
3JIEMCHTOB — 3€MJIU, B03z[yxa, OrHd U BOJAbI, HA KOTOpBIe IlefICTBYIOT JABC CHIJIbI: CHJIa TsXKCCTHU,



BJIEKyIllasi 3€MJII0 M BOJY BHM3, M CHJIA JIETKOCTH, IMOJ JEHCTBHEM KOTOPOH OrOHb M BO3JYyX
cTpemsaTcss BBepX. Takoil moaxoa K CTpoeHuto BceneHHOHM, Korja Bce JENUTCS Ha BELECTBO U
CHUJIBI, COXPAHSETCS U 110 CEH eHb.

[To ApuctoTento, BEIIECTBO HEMPEPHIBHO, T. €. JI0O0H KyCOK BEIIeCTBa MOKHO OECKOHEYHO
JIpoOUTh HA BCE MEHBLINE U MEHBIINE KyCOUKH, TaK U HE JIOMAs O TaKOM KpOIIEYHOW KPYNHUHKH,
KoTopasi fJanblie Obl yke He genuiach. OIHAKO HEKOTOpBIE Apyrue rpedeckue (uiaocodsl,
Hanpumep JleMOKpUT, NpUAEpPKUBAINCh MHEHHS, YTO MaTepusi IO CBOEH MpHUPOAE HMEET
3epHUCTYIO CTPYKTYpPy M BCE B MHUPE COCTOHMT M3 OOJBIIOrO YHCIa Pa3HBIX aTOMOB (IPeyecKoe
CIIOBO «aTOM» O3HayaeT HeaenuMmsblid). [Ipoxoaunu Beka, HO cHOp HPOAOIIKAICS 0e3 BCAKHX
pEeaNbHBIX JI0Ka3aTeJIbCTB, KOTOpBIE MOATBEPXKAANU Obl MPABOTY TOH WM JAPYroil CTOPOHBI.
Hakonen, B 1803 r. anrnmiickuii xumMuk u Qusuk /xoH JlanbToH mokasas, 4To TOT (PAKT, YTO
XMMHYECKHE BEIIECTBA BCETJa COCTUHSIOTCS B OMPEICNICHHBIX MPOMOPIHUIX, MOKHO OOBSICHHUTD,
MIPENIIOJIOKHB, YTO aTOMbl OOBEAUHSIIOTCS B IPYIIIbI, KOTOPbIE Ha3bIBAIOTCS MoJieKyiaamMu. OqHaKo
JI0 HayaJla Hallero BeKa CIop MEX]y AByMs IIKOJIAaMHU TakK U HE ObUT pEIIeH B MOJIb3y aTOMUCTOB. B
paspelieHre 3Toro Cropa O4eHb BaXHBIM BKJIAJ] BHeC DUHINTEHH. B cBOel cTaThe, HAaMmMCaHHOUN B
1905 r., 32 HECKONBKO HENEb 10 3HAMEHUTON pabOoThl O CHEIHATBFHON TEOPUU OTHOCUTEIBHOCTH,
OWHINTEHH yKa3al Ha TO, YTO SBJCHHE, HOCSIIEE Ha3BaHWE OPOYHOBCKOTO JIBUKCHUS, —
HEpEryJsipHOE, XA0TUYECKOE [BM)KCHHE MENbYaHIIMX YaCTHUYEK, B3BEIIECHHBIX B BOJAE, — MOYKHO
OOBSICHUTH yJapaMU aTOMOB KHJIKOCTH 00 3T YaCTUYKH.

K ToMy BpeMeHHU yKe HUMENHCh HEKOTOpPbIE OCHOBAHMS MOJYMBIBATH O TOM, YTO M ATOMBI
Toxke He Henenumbl. Heckompkumu rogamu pasbiine JIk. k. TomMcoH u3 TpuUHUTH-KOIUIEKA B
KemOpumke OTKpBII HOBYIO YacTHIly MAaT€PHH — JJIEKTPOH, Macca KOTOPOTO MEHBIIE OJIHOM
TBICSSMHOM Macchl CaMOro JIEFKOro aToMa. OJKCIEpUMEHTalbHas yCTaHOBKAa TOMCOHa HEMHOIO
HallOMUHaja COBPEMEHHBIM TEJIEBU3MOHHBIM KHHECKoI. PackajeHHass JOoKpacHa MeTajinyecKas
HUTh CIIy’KHJIa UCTOYHUKOM 3JIEKTPOHOB. I10CKOIBKY 3JIEKTPOHBI 3apsDKEHbl OTPHULIATEIBHO, OHU
YCKOPSUIUCh B 3JEKTPUYECKOM II0JIE W JBUTAINUCh B CTOPOHY 3KpaHa, IOKPBITOrO CIOEM
momuHOGoOpa. Koria s1ekTpoHsl majanyd Ha SKpaH, HA HEM BO3HUKAIM BCIBILKKA cBeTa. Bekope
CTaJIO TIOHATHO, YTO ATH AJICKTPOHBI JIOJDKHBI BBIJIETaTh U3 aTOMOB, U B 1911 . anrnuiickuii Gpusuk
OpHcT Pesepdopa HakoHEI[ T0Ka3al, 9YTO aTOMbI BEIIECTBA ICHCTBUTEIBHO 00JIaal0T BHYTPEHHEH
CTPYKTYpOMl: OHM COCTOAT M3 KPOLIEYHOI'O MOJOKHUTEIBHO 3apsyKEHHOIO sipa M BPAILAIOIIMXCA
BOKPYI' TEro 3JeKTpoHOB. Pesepdopa mpuiien K 3TOMY BBIBOAY, HM3ydas, KaK OTKIIOHSIOTCS
anb(a-yacTHlbl (TIOJOKHUTEIBHO 3apsyKEHHbIE YAaCTULIBI, UCITyCKAaeMble aTOMAMU PaJHOaKTUBHBIX
BEILECTB) NIPU CTOJIKHOBEHUH C aTOMaMHU.

Brauane mymanu, 4ro sSApO aTOMa COCTOMUT W3 3JEKTPOHOB M IMOJIOKUTEIBHO 3apsKEHHBIX
4acTHII, KOTOpPBIE Ha3BAJIA IPOTOHAMM (OT IPEUECKOI0 CIOBO «IIPOTOC) — NEPBUYHBIN), TOTOMY UTO
MIPOTOHBI CYUTATIUCH TEMH (PYHIAMEHTAIbHBIMU OJIOKaMH, U3 KOTOPBIX COCTOUT MaTepusi. OaHaKo B
1932 r. [Ixeiimc Yensuk, komutera Pesepdopaa nmo KemOpumKckoMy yHHBEPCUTETY, OOHAPY KU,
YTO B SJpe MMEIOTCS €lle U APYrue YacTULBl — HEMTPOHBI, Macca KOTOPBIX MOYTH paBHA Macce
MIPOTOHA, HO KOTOpBIE HE 3apspKeHbl. 3a 3To OTKpbiTHE Yensuk Obu1 ymoctoeH HobeneBckoit
npemMud W BbIOpaH TrnaBoil KonBmmi-sua-Kaityc-xommemka KemMOpuKCKOro yHUBEpCUTETA
(koJuTeK, B KOTOPOM $ ceifuac paboraio). I[IoToM eMy NpHIUIOCH OTKA3aThCs OT ATOTO MOCTa U3-32
pa3HoIIacuii ¢ COTpyAHUKAaMH. B KoJieake MOCTOSHHO IMPOMCXOAWIA OXKECTOYEHHBIE CIIOPBI,
KOTOpBIE HAYAJIUCh C TEX IOp, KaK MOCJ€ BOMHBI TPYMIAa BEPHYBIIEHCS MOJIOAEKH IIPOroja0coBaa
MIPOTUB TOTO, YTOOBI CTapble COTPYIHUKHU OCTABaJUCh HA CBOUX IOJDKHOCTSX, KOTOPbIE OHU YK€
MHOTO JIET 3aHUMalu. Bee 3To mpourcxoauiio emie 10 MeHs; sl Hayall paboTarh B Koyiemxke B 1965 T.
M 3acTajl caMblii KOHeI[ O0phOBI, KOT/a APYroi riiaBa KOJUIeIkKa, HOOCIEBCKUM Jaypear HeBwin
MoTT, BbIHY)/IeH OBbIII TO)KE YUTH B OTCTaBKY.

Eme ner nBaaunare Ha3aJa MPOTOHBI MU HEUTPOHBI CUUTAIUCH «IJIEMEHTAPHBIMUY» YaCTHUIAMU,
HO S3KCIIEPUMEHTHI MO B3aUMOACHUCTBHIO MPOTOHOB M 3JEKTPOHOB, JBHXKYLIMXCS C OOJNBLIIMMHU
CKOPOCTSIMH, C MPOTOHAMHM TOKa3aJIMi, YTO Ha CAMOM JieJie MPOTOHBI COCTOAT U3 elle OojIee MEJIKIX
gactul. Mioppeit ['emn-Mann, Teopetuk u3 KanudopHHHCKOTO TEXHOJIOTMYECKOTO HHCTUTYTA,
Ha3BaJ ATH 4YacTHUIkl kBapkamu. B 1969 r. 3a nccrnenoBanue kBapkoB ['emn-MaHH ObLT yI0CTOCH



HobGenesckoit nmpemun. Ha3zBaHue «kBapk» B34TO W3 3ayMHOW CTHXOTBOpPHOW cTpoku JIxeiimca
Jxoiica: «Tpu kBapka st Mmactepa Mapka!». Ilo unee, cnmoBo quark JOMKHO MPOM3HOCUTHCS TaK
ke, Kak cloBO quart (KyopT), B KOTOpoil OykBa t Ha KOHIIE 3aMeHeHa OykBO#l k, HO OOBIYHO ero
MIPOU3HOCST TaK, YTO OHO prdMyeTcs co ciaoBom lark.

W3BECTHO HECKOIBKO PA3HOBUIHOCTEM KBApPKOB: MPEAIOJIAralT, YTO CYLIECTBYET IO
KpaiiHell Mepe IIecTh «apoMaToB», KOTOPHIM OTBEYAIOT U-KBapK, d-KBapK, CTpaHHBIA KBapK,
OYapOBAHHBIA KBapK, b-KBapk M t-kBapkK. KBapk KakIoro «apomara» MOXET OBITh eme M Tpex
«IIBETOB» — KPACHOTO, 3eNeHoro u cuHero. (CienyeT moa4epkHyTh, UTO 3TO MPOCTO 0003HAUCHUS,
TaK Kak pa3Mep KBapKOB 3HAYUTEIILHO MEHBIIE JJIMHBI BOJHBI BUAMMOIO CBETA U MMO3TOMY I[BETa B
OOBIYHOM CMBICTIE CJIOBa Y HHUX HeT. J[emo mpocTo B TOM, YTO COBPEMEHHBIM (PU3MKaM HPABUTCS
MPUIYMBIBATh HAa3BaHHWS HOBBIX YAaCTHI[ M SIBICHWH, HE OrpaHWYMBas OOJIbIIE CBOIO (haHTA3ZHIO
rpedeckuM andaButom). [IpoTOH M HEHTPOH COCTOST U3 TPEX KBAPKOB Pa3HBIX «IIBETOB». B
IIPOTOHE COJIEP’KUTCS JIBa U-KBapKa M oJluH d-KBapK, B HEUTpoHE — ABa d-KBapKa M OJMH U-KBapK.
YacTuiibl MOKHO CTPOHTH U M3 JIPYTUX KBApKOB (CTPAHHOTO, OYapOBAaHHOTO, b U t), HO Bce ATH
KBapKu 00JaJaloT ropasfo OonblIeld Macco M OuYeHb OBICTPO pPACIaAAlOTCs HAa TPOTOHBI U
HEUTPOHBL.

Mpl yxe 3HaeM, YTO HU aTOMbl, HU HaXOJsIIKecs BHYTPU aroma MPOTOHBI C HEUTPOHAMH HE
SIBJISIFOTCA HEJENMMBIMM, @ MOTOMY BO3HMKA€T BOIPOC: YTO K€ TAKOE HACTOSIIME 3JIE€MEHTapHbIC
YacTULIBI — T€ UCXOAHBIE KUPIUYU, U3 KOTOPHIX Bce cOCTOUT? ITOCKONMBKY JJIMHBI CBETOBBIX BOJIH
CYILIECTBEHHO OOJIbIIIE pa3MEepoB aToMa, Y Hac HET HaJeXKIbl «yBUIETHY» COCTaBHBIC YACTH aTOMa
OOBIYHBIM crocoOoM. [[Isi 3TOM Ienn HEeOOXOAWMMBbI 3HAYMTCIBHO MEHBIIHME JJIUHBI BOJH. B
NpeAbIAYIIEeH TJ1aBe Mbl Y3HAJIH, YTO, COTJIACHO KBAHTOBOM MEXaHUKE, BCE YACTHUIbl HA CAMOM JIEJIe
SIBJIAIOTCS €1I€ Y BOJIHAMU M YEM BBILIE SHEPrUsl YaCTHUIbI, TEM MEHbIIE COOTBETCTBYIOLIAs JJIMHA
BOJIHBI. TakuM 00pa3oM, Halll OTBET Ha MOCTABIEHHBINM BOMPOC 3aBUCUT OT TOTO, HACKOJIBKO BBICOKA
SHEPIHsl YaCTHUll, UMEIOIIUXCS B HAILIEM PaCHOPSKEHUH, IOTOMY 4YTO €H0 ONPEIEISIETCS] HACKOJIBKO
Man macmTad TeX UIMH, KOTOpble MBI CMOXXEM HaOmoaaTh. EIUHUIBL, B KOTOPBIX OOBIYHO
U3MEpSETCSl PHEPTUSl YaCTHUII, HA3bIBAIOTCA 3JIEKTPOHBOJIbTaMU. (TOMCOH B CBOMX 3KCIEPHUMEHTaX
JUISl YCKOPEHHUSI 3JIEKTPOHOB HCIIOJIB30BAJN JJIEKTPUUYECKOE IOJ€. DIEKTPOHBOJIBT — ATO JHEPIHUs,
KOTOPYIO MPUOOpPETaeT JIEKTPOH B ANMEKTpUdeckoM moiie BenmuuuHou 1 BonsT). B XIX B., Korma
yMEIM UCHOJIb30BaTh TOJIBKO YAaCTHIBI C DSHEPIHSAMHU B  HECKOJIBKO  3JIEKTPOHBOJBT,
BBIACIISIOIIMMUCS B XUMUYECKUX PEAKIUAX TUIA TOPEHUS, aTOMbl CUMTAIUCH CAMBIMU MEJIKHMH
yacTsiMu Matepuu. B skcnepumentax Pesepdopaa sHepruum anbda-4acTuil COCTABISIN MUJUTHOHBI
ANEKTPOHBOJIBT. 3aT€M Mbl HAYUWJIUCH C TIOMOILBIO JIEKTPOMArHUTHBIX OJIEH PAa3TOHATH YaCTHUIIBI
CHayaJia J0 SHEPruii B MUJUIMOHBI, 2 TIOTOM M B THICSYM MUJUIMOHOB 3JIEKTPOHBOJIBT. Tak Mbl
y3HaJIM, YTO YaCTULIbI, KOTOPbIE ABAALATH JIET HA3aJ CUMTAIUCh 3JIEMEHTAPHBIMM, HA CAaMOM JIENe
COCTOSIT M3 MEHBIIUX YacTUIl. A 4YTO €clM NpU TepexoAe K eule Oosiee BBICOKUM SHEPrusiM
OKa)XETCs, YTO U ITH MEHBILNE YaCTULIBI B CBOIO OUYEPEAb COCTOAT U3 elle MeHbnXx? KoHneuHo, 3To
BIIOJIHE BEpOSITHAsI CUTyalus, HO Yy Hac cCelyac €CTh HEKOTOpPbIE TEOPETHUYECKHE OCHOBAHMS
CUNTaTh, YTO MBI YK€ BJIaJI€eM WJIM MOYTH BJIAZICEM CBEIECHHSIMH 00 MCXOAHBIX «KUPIMHUYUKAX», U3
KOTOPBIX IIOCTPOEHO BCE B IPUPOJE.

Bce, uto ecth BO BcenieHHOM, B TOM YHCIIE CBET U I'PABUTALIMIO, MOYXKHO OMHUCHIBATH, HCXO
W3 NPEJCTABICHUS O YACTUIIAX, C YYETOM YaCTHYHO-BOJIHOBOIO TyaJIn3Ma, O KOTOPOM MbI TOBOPHIIN
B MpebIayIIel riaBe. YacTHIIbI )K€ UMEIOT HEKYIO BpAIlaTeIbHYI0 XapaKTepUCTUKY — CIIUH (Spin —
BpaIIaThCs, KPyTUTHCS (aHTIL.). — IPUM. TIEPEB. ).
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[TpencraBum cebe yacTHIIBI B BUJE MAJIEHbKHX BOJYKOB, BPAILlAIOLIUXCS BOKPYT CBOEH OCH.
[IpaBna, Takas KapTHHAa MOKET BBECTH B 3a0Ny)KIEHHE, NOTOMY 4YTO B KBAaHTOBOW MEXaHUKE
YacTULIBI HE MMEIOT BIIOJIHE OIpe/elieHHONW ocu BpauieHus. Ha camMom Jene cvH 4acTUIbl JAaeT
HaM CBEJCHUS O TOM, KaK BBITJIAUT 3Ta YacTHUILIA, €CJIM CMOTPETh Ha HEE ¢ pa3HbIX cTOpoH. YacTuia
co cnimHOM () TTOX0a Ha TOYKY: OHA BBITJISIIUT CO BCEX CTOPOH OAMHAKOBO (puc. 5.1, I). Hactuiry co
CIMHOM | MOKHO CPaBHMUTB CO CTPEJION: C Pa3HBIX CTOPOH OHA BBITJISAUT NO-pasHomy (puc. 5.1, II)
Y TPUHUMAET TOT € BUJ JHIIb TOC]e MoiaHoro odopora Ha 360 rpax. Yactuiy co criuHOM 2
MO>KHO CPaBHHUTH CO CTPEJIOH, 3aTOYEHHOW C 00eMX CTOpPOH: JI000€ €€ MOJOXKEHHUE MOBTOPSIETCS
nocie moiayobopota (180 rpaa.). AHajmornyHeiM oOpa3oM dYacTuiia ¢ 0ojiee BBICOKMM CITHHOM
BO3BpallaeTcsd B MEPBOHAYAIBHOE COCTOSIHME IPU MOBOPOTE HA €IE€ MEHBIIYI0 4YacTh IOJHOTO
o0opoTa. T0 Bce JOBOJIBHO OYEBUIHO, a YAUBUTEIHHO APYTO€ — CYLIECTBYIOT YaCTHUIIbI, KOTOPHIE
oCyIe MOJIHOTO 000POTa HE MPUHUMAIOT MPEKHUM BHII: X HYKHO JBAXK/bI MOJTHOCTHIO TIOBEPHYTH!
['oBOpsT, 4TO TakKMe YACTHUIIHI 00TAIAl0T CITMHOM 1/2.

Bce u3BecTHBle yacTuilbl BO BceeneHHONM MOXHO pa3lenuTh Ha ABE IPYIIBL: YacTUIBI CO
CrHOM 1/2, U3 KOTOPBIX COCTOMT BeIIeCTBO BO BcemenHoit, u vactuiel co cnuaoMm 0, 1 u 2,
KOTOpBIE, KaK Mbl YBUJUM, CO3JAI0T CHJIbI, JEHCTBYIOIINE MEXIY YaCTHLIAMU BellecTBa. YacTuiisl
BEIIECTBA TMOJYMHSIOTCS TAaK Ha3blBaeMoMy MpuHUMMY 3anpera [laymau, oTkpeitomy B 1925 1.
aBcTpuiickuM ¢uszukom Bonbdranrom Ilaymu. B 1945 r. Ilaynu 3a cBoe OTKpbITHE OBUT YJIOCTOCH
HobGeneBckoit mpemun. OH BT cOOOM MAcaNbHBIA TpUMEP (PU3UKA-TEOPETHKA: TOBOPST, UTO
OJIHO €ro NPHUCYTCTBUE B TOpoje Hapyliano XoAa Bcex 3kcnepuMeHToB! Ilpunnun Ilaynu raacwur,
YTO JIB€ OJIMHAKOBBIE YACTHUIIBI HE MOTYT CYIIECTBOBaTh B OJIHOM U TOM JK€ COCTOSIHUHU, T. €. HE
MOTYyT HMEThb KOOPIMHATBl M CKOPOCTH, OJMHAKOBBIE C TOM TOYHOCTBIO, KOTOpas 3amacTcs
npuHUMIIOM HeomnpeneiaeHHocTH. [Ipunnun [laynu mmeer kpaiiHe BakHOE 3HAUYEHHE, TaK KaK OH
MO3BOJIMII OOBSICHUTH, TIOYEMY MO IEHCTBHEM CHII, CO3/1aBaeéMbIX yacTHLAaMH co cnuHoMm 0, 1, 2,
YacTULIBI MaTepUU HE KOJUIAIICUPYIOT B COCTOSIHME C OY€Hb BBICOKOW IUIOTHOCTBHIO: €CIIU YaCTHUIIBI
BEIIIECTBA UMEIOT OUEHb OJIM3KUE 3HAUEHUS KOOPIUHAT, TO UX CKOPOCTHU JOJKHBI ObITh PA3HBIMHU, U,
CJIEIOBATENbHO, OHU HE CMOTYT JOJr0 HaXOAWUTHCSA B TOUKAaX C ATUMH KoopauHaTamu. Eciau Obl B
COTBOPEHMHM MHpa HE ydacTBOBan mnpuHIuUN [laynauw, kBapku HE MOTIU Obl OOBEIWHUTHCS B
OTJIENIbHBIE, YETKO ONpPEEIICHHbIE YaCTUIBI — IPOTOHBI U HEUTPOHBI, KOTOPHIE B CBOKO OYEPE/b HE
cMoriu Obl, OOBEIMHHBIIKUCH C AJIEKTPOHAMH, 00pa30BaTh OTHENIbHBIC, UYETKO OIpeaeTIcHHbIC
atoMbl. be3 npunnuna [laynu Bce 3TH yacTULIbI CKOJIIAICUpOBaJI OBl U IPEBPATHIINCH B OoJiee Win
MeHee OJTHOPOJIHOE U MJIOTHOE KEIe).

[IpaBunbpHOE TpeACTaBIeHHE 00 DSJIEKTPOHE W JPYTWX YacTHIIAX CO CcOuHOM 1/2
orcyTcTBOBaNo a0 1928 r., korna Ilons Jlupak mpemsiokun TEOPUIO 7S OMHCAHUS 3TUX YACTHII.
Bnocnencreun Jlupak nomyumn kadenpy MaremaTuku B KemOpumke (KOTOPYIO B CBOE BpeMs
3aHuMan HpIOTOH U KOTOpYyIO ceiiyac 3aHuMaro s1). Teopusi J(upaka Obuta mepBoil Teopuel Takoro



pona, KoTopas corjlacoBajlaCb M C KBAaHTOBOM MEXAaHMKOW, M CO CIEIUAJIbHOW TEOpHUEH
OTHOCHUTENLHOCTU. B Hell JaBanock MaTeMaTH4ecKoe OOBSICHEHHE TOTO, IOYEMY CIHH 3JIEKTPOHA
paBeH 1/2, T. e. mouemMy MpH OJHOKPATHOM TIOJTHOM 00OPOTE JIEKTPOHA OH HE MPHHUMAET MPEKHUH
BUJ, a MpU JBYKpaTHOM mnpuHuMmaeT. Teopus Jupaka mpenckasbiBaja TakKe, YTO y 3JIEKTPOHA
JIOJDKEH OBITh TMAapTHEP — aHTHRJICKTPOH, WIH, WHAade, NO3UTPoH. OTKpeITHE To3uTpoHa B 1932 T.
noaTBepauiio Teoputo Jupaka, u B 1933 r. on nonyunn Hobenesckyro npemuto no gusuke. Celuac
Mbl 3HAE€M, YTO KaXJOM dYacTHUlLle COOTBETCTBYET AaHTUYACTHIA, C KOTOPOM OHa MOXET
aHHUTUINPOBaTh. (B ciydae dactul, obecrneynBaronnX B3auMOICHCTBHE, YACTUIA U AaHTUYACTHIIA
— OIHO U TO ’€). Mornu Obl CyLIEeCTBOBAaTh LIEJbIE AHTUCIOBA M AHTWJIIOJU, COCTOSILIHE W3
anTruactull. Ho BcTpeTuB aHTHCeOs, HE B3AyMaliTe MO3J0pOBaThCSA C HUM 3a pyky! BosHukher
OClIeNIUTENIbHAsL BCIIbIIIKA CBETa, M Bbl 00a ucue3Here. Upes3BblYailHO Ba)KE€H BOMIPOC, MOYEMY
BOKPYT Hac ropa3zio 0OJbIlIe YacTHIl, YeM aHTUYACTHUIl. MBI K HEMY ellle BEpHEMCS B ITOH TJaBe.

B kBaHTOBOIl MexaHHMKE MpEANojaraeTcsi, YTO BCE CUJIbI, WM B3aUMOJEHUCTBUS, MEXKIY
YaCTULAMHU BELIECTBA MEPEHOCITCS YAaCTULIAMM C LEJIOYUCICHHBIM CIMHOM, paBHbIM 0, 1 wnm 2.
Yactuna BemiecTBa, HalpuMep 3JIEKTPOH WM KBapK, HCIYCKAaeT 4YacTUIly, KOTopas SBIsSETCS
MIEPEHOCUYUKOM B3aUMOJIEUCTBUs. B pesyibpTaTe OTIayum CKOPOCTh YaCTHUIIBI BEIECTBA MEHSETCS.
3aTeM 4YacTULA-NEPEHOCUMK HaJeTaeT Ha JAPYTyl YacTHUIy BEIIECTBA U IOIJIOLIAETCS €10. JTO
COoyJapeHue U3MEHSAET CKOPOCTh BTOPOH YaCTHUIIbI, KaK OyATO MEXIy 3THUMU JBYMS YacTHUIIAMU
BEIIECTBA JICUCTBYET CUJIA.

YacTuipl-MepeHOCYNKN B3aUMOJCHCTBUS 00Jaal0T OJHUM Ba)KHBIM CBOMCTBOM: OHU HE
MOMYUHSAIOTCS NpUHLMIY 3ampera [laynu. OTo O3HAayaeT OTCYTCTBME OTIpaHMYEHUN Ui 4HUCIia
00MEHHBAaEeMBbIX YaCTHII, TAaK YTO BO3HUKAIOIIAs CUJIA B3AaMMOJICHCTBHS MOKET OKa3aThCsl OOJBIION.
Ho ecnu macca yacTHII-IIEpPEHOCYUKOB BEJIMKA, TO Ha OOJIBIINX PACCTOSHUAX UX POXKJIEHUE U OOMEH
OynyT 3aTpyAHeHbl. Takum 00pazoM, MEPEeHOCUMBbIE UMM CHIIBI OYIyT KOPOTKOJAEHCTBYIOIIMMH.
Ecoun ke wuyactunpl-mepeHOoCYMKH HE OyAayT o0mamatb CcOOCTBEHHOM Maccoi, BO3HHKHYT
JAIbHOACUCTBYIONINE CUJIBL.  YaCTHIIBI-TIEPEHOCUYUKH, KOTOPHIMH OOMEHUBAIOTCS YaCTHUIIBI
BEIIECTBA, HA3BIBAIOTCS BUPTYyAIbHBIMH, I[OTOMY 4YTO B OTJIMYME OT PEATBHBIX HUX HEJb3d
HEIMOCPEACTBEHHO 3apEeruCTPUPOBATh IMPH MOMOIIM JeTeKkTopa yacTul. OJHAKO MBI 3HAeM, 4TO
BUPTyaJIbHbIE YAaCTHULBI CYILIECTBYIOT, IMOTOMY YTO OHH CO3Ial0T 3(PQEKThl, NOoAalouIecs
M3MepeHulo: Omarojapsi BUPTyaJbHBIM YacTUI[AaM BO3HUKAIOT CHJIbI, JACUCTBYIOUIME MEXKIY
yacTULIaMHU BelecTBa. [Ipyn HEKOTOpBIX yClIoBUAX YacTHULbI co cnuHamu 0, 1, 2 CcyliecTBYIOT U Kak
peanbHbIe; TOI/Ia UX MOYKHO HENOCPEICTBEHHO 3aperucTpupoBaTh. C TOUKHM 3pEHUS KIACCUYECKON
(U3MKN TaKue YacTHIIbI BCTPEYAIOTCS HaM B BHJIE BOJIH, CKa)KEM CBETOBBIX HJIM I'PAaBUTAIIMOHHBIX.
OHu UHOT/AA UCITYCKAIOTCA MPU B3aMMOECHCTBUM YaCTHI] BEIIECTBA, IPOTEKAIOIIEM 3a CUeT 0OMEHa
yacTULIAMU-TIEpeHOCUUKamMK  B3aumojeicTBus. (Hampumep, snexkTpuueckas cuiaa B3aUMHOTO
OTTaJKMBAHUS MEX]y IBYMs 3JEKTPOHAMHU BO3HHMKAET 3a c4eT 0OMeHa BUPTYaJIbHBIMHU (DOTOHAMH,
KOTOpBIE HEJIB3sl HETIOCPEICTBEHHO 3aperucTpupoBarb. Ho eciu a51eKTpoHbI IPOJIETAIOT APYT MUMO
Jpyra, TO BO3MOYKHO HCIIyCKaHHME peajbHbIX (DOTOHOB, KOTOpblEe OYyIyT 3aperucTpUpOBAaHbI Kak
CBETOBBIE BOJIHBI).

YacTULBbI-TEPEHOCUUKN MOYXHO Pa3[eiIuTh HAa YEThIPE TUIIA B 3aBUCHUMOCTH OT BEIWUYMHBI
MIEPEHOCUMOr0 UMH B3aUMOJEHCTBUS U OT TOTO, C KaKUMHU YacCTHIIAMHM OHU B3aMMOJEHCTBOBAIIH.
[TomuepkHeMm, 4YTO Takoe pa3elieHue COBEPIIEHHO HCKYCCTBEHHO; 3TO CXeMa, YIOoOHas [yis
pa3paboOTKK YaCTHBIX TEOpHid, HHUYEro OoJiee CEpbe3HOr0 B HEW, BEPOSATHO, HET. BONBIIMHCTBO
(hU3HUKOB Ha/eeTcs, YTO B KOHIIE KOHIIOB YJAaCTCsl CO3/1aTh €IMHYIO TEOPHUIO, B KOTOPOW BCE YEThIpe
CWJIBI OKa3aJMCh OBl PAa3HOBUIHOCTSIMH OIHOW M TOH ke CWiIbl. MHOTHE JaXe BHIAT B ITOM
TJIaBHYIO 1I€JIb COBPEMEHHOH (u3uku. HenaBHO yBeHUANUCh yCIIEXOM HOIBITKH 00BEAMHEHUS TPeX
cuil. B aT0i1 raBe 4 emie cobuparoch 0 HUX pacckazaTh. O TOM, Kak 0OCTOHT JeJI0 ¢ BKJIIOYCHHEM B
Takoe 00beIMHEHUE TPaBUTALIMH, MBI IOTOBOPUM HEMHOTO MO3XKE.

Wrak, nepBasi pa3HOBUIHOCTb CHUJI — FpaBUTAllMOHHAs cuja. ['paBUTAllMOHHBIE CHUJIBI HOCAT
YHUBEPCAIbHBIM XapakTep. OTO O3HA4YaeT, 4YTO BCSAKAas YAaCTULA HAXOAWUTCS IMOJ JEWCTBHEM
I'PaBUTALlMOHHOM CUJIbI, BEIMYMHA KOTOPOM 3aBUCHUT OT MAcChl MJIM SHEPTUM YacTULL. [ 'paBuTanus
ropaszio ciadee KaxI0i M3 OCTABIIMXCSA TPEX CHJI. DTO OYEHb cilabasi CHiia, KOTOPYIO MBI BOOOIIE



HE 3aMeTHJIH OB, eciii ObI He /IBa €€ Cenn()UIeCKUX CBOMCTBA: TPABUTAIIMOHHBIE CHUJIBI JICHCTBYIOT
Ha OONBIINX PACCTOSHUSX W BCErla SBISIOTCS cuilaMu NpuTshkeHus. CrenoBaTeNnbHO, OYEHb
cmabble TPABUTALMOHHBIC CWJIBI B3aMMOJICHCTBHS OTACIBHBIX YACTHI[ B JBYX TelaX OOJBIIOTO
pasMepa, Takux, Hanmpumep, kak 3emist 1 ColHIle, MOTYT B CyMME JIaTh OUY€Hb OOMbIIyI0 culy. Tpu
OCTaJbHBIX BHJIAa B3aWMOJACUCTBHS JHOO JEHCTBYIOT TOJIBKO HA MAaJbIX PACCTOSHHUSAX, JHOO
SIBJIAIOTCS TO OTTAJIKUBAIOIIMMU, TO MPUTITUBAIOIIMMU, YTO IPUBOAUT B OOIIEM K KoMIeHcanuu. B
KBaHTOBO-MEXaHUYECKOM TOJXOJ¢ K T'PAaBUTAIMOHHOMY ITOJIFO CYHTACTCS, YTO TPAaBUTAI[MOHHAS
Cula, NEHCTBYIOMIAs MEXAYy IBYMs YacTUIAMU MaTepuu, NMEPEHOCHUTCS YacTHUIEH CO CIIUHOM 2,
KOTOpasi Ha3bIBacTCS T'PABHTOHOM. [ paBUTOH He OO0JamaeT COOCTBEHHOH Maccod, W TMO3TOMY
MepeHOCuMas UM CuJjia SBIIETCS AalbHOJCHCTBYIONICH. [ paBUTAIIMIOHHOE B3aMMOJCHCTBIE MEXKIY
ComanieM m 3emiieli OOBSICHSCTCS TEM, YTO YaCTHIBI, M3 KOTOPBIX coctost 3emus u ColHIle,
oOMeHHuBaroTCA TpaBUTOHaMH. HecMoTpss Ha TO 4TO B OOMEHE y4YacTBYIOT JUIIb BHUPTYyajbHbIC
YaCTHIIBI, CO3/IaBAEMbI MU dPPEKT Oe3yCIOBHO MOTACTCS H3MEPEHHUIO, TTIOTOMY YTO ATOT AP PEKT
— Bpamenue 3emnu BOkpyr ConHia! PeanbHble TpaBHUTOHBI PacHpOCTPAHSIOTCS B BUAE BOIH,
KOTOpBIC B KJIACCHYICCKON (DH3MKE HA3BIBAIOTCS TPABUTAIIMOHHBIMY, HO OHU OYEHB CJIa0bIe, U MX TaK
TPYJIHO 3apETUCTPUPOBATH, YTO MOKA 3TO HUKOMY HE YJAJIOCh ClIENaTh.

Crnenyromuii THI B3aWMOJCUCTBHS CO3MACTCS DJICKTPOMATHUTHBIMUA CWJIAMH, KOTOPBIE
JNEHCTBYIOT MEXAY DJIEKTPUUECKH 3apsHKEHHBIMU YaCTHUIIAMHU, KaK, HAIPUMEp, JIEKTPOHBI U KBapKH,
HO HE OTBEUAIOT 3a B3aWMOJCWCTBHE TaKWX HE3APSHKCHHBIX YACTHI, KaK T'PABUTOHBI.
DNEeKTPOMarHUTHBIE B3aUMOJICHCTBUSL TOPAa3f0 CHIIbHEE TPABUTAIMOHHBIX: AJIEKTPOMAarHUTHAs
CWIa, MEHCTBYIOIIAs MEXKAY IBYMS JJICKTPOHAMHU, MPUMEPHO B MIIIMOH MHJUTHOHOB MWILIHOHOB
MUJUIMOHOB MUJUTHOHOB MWJIJTMOHOB MUJUTMOHOB (€AMHMIIA C COPOKA ABYMsI HYJSIMH) pa3 OoJblie
TPaBHTAIMOHHON CHiIbl. HO CyIIECTBYIOT JBa BHIA AJICKTPUUICCKOTO 3apsijia — IMOJIOKHUTEILHBIA H
OTpUIATENbHBIA. Mexay IByMsl MOJOXKUTEIbHBIMH 3apsiaMd Tak >Ke, KaK M MEXIy JByMs
OTPUIATCILHBIMH, JCUCTBYET CHJIa OTTATKUBAHUSA, & MEXIY IMOJOXKHUTCILHBIM U OTPHIIATEIHHBIM
3apsaamMu — cuia mpuTshkeHus. B Oonpmiux Tenax, Hanpumep B 3emiie win ComHIE, coAepKaHHe
MOJIOKUTEIBHBIX ¥ OTPHIATEIBHBIX 3apsIOB TMOYTH OJIWHAKOBO, W, CJIEIOBATEIIHO, CHIIBI
MPUTSDKEHUS. U OTTAJIKMBAHUS MOYTH KOMIEHCUPYIOT APYT ApPYyra, U OCTAeTCs OUYEHb Majasi YUCTO
anekTpoMarHuTHas cwia. OIHAKO B MallbIX MacmTabax aTOMOB M MOJIEKYJ 3JIEKTPOMAarHUTHBIC
cuiibl TOMUHHPYIOT. [loa neiicTBHEM 3IEKTPOMArHUTHOTO MPUTSDKEHUS MEXIy OTpULIATEIbHO
3apsHKCHHBIMU DJIEKTPOHAMHU M TIOJIOKUTEIIBHO 3apsHKEHHBIMUA TMPOTOHAMHU B SIApE DJIEKTPOHBI B
aToOMe BpAIAIOTCS BOKPYT SApa B TOYHOCTH TaK JKe, KakK MOJ JEHCTBHEM TIpaBUTAIMOHHOIO
NpUTSDKEeHUsT 3emutst BpamaeTcss BOKpyr CoiHIA. DJIeKTPOMArHUTHOE MPUTSKEHHE OIMUCHIBACTCS
KaK pe3yslbTaT OOMEHa OOJbIIMM YHCIOM BHUPTYyaJIbHBIX 0O€3MacCOBBIX YacTHUI[ CO CIUHOM I,
KOTOpBIC Ha3bIBalOTCS poToHamu. Kak 1 B ciydae rpaBUTOHOB, (DOTOHBI, OCYIIIECTBIISIONINE OOMEH,
SBJISIIOTCSA BUPTYaJIbHBIMU, HO MIPH MEPEXOE 3JIEKTPOHA C OAHON pa3pelIeHHON OpOUTHI Ha IPYTYIO,
PaCTONIOKEHHYIO OJIKE K SIIPY, OCBOOOXKIACTCS SHEPTHS, U B PE3YyJIbTaTe UCIYCKACTCS PeallbHBIM
(hOTOH, KOTOPBIM MpHU MOIXOIAIICH JJTMHE BOJIHBI MOXHO HAaOJIIOAAaTh YEIOBEUYECKHM IJIa30M Kak
BUJIMMBII CBET, WK K€ C TIOMOIIbIO KAKOTO-HUOY b IETEKTOpa (POTOHOB, HApUMep (POTOIIICHKH.
AHaJIOTMYHBIM 00pa30M P COYAAPEHUH PealbHOro (JOTOHA C AaTOMOM MOKET MPOU30MTH Mepexoa
AJNIEKTPOHA C OJTHOW OpOWTHI Ha APYTYIO, OoJiee AANEKyI0 OT sApa. DTOT MEPEXO]l MPOUCXOTUT 32
cyeT HHepruu (¢OTOHA, KOTOPBHIM TOTJIOIMIAETCS aTOMOM. B3amMoIeWCTBHE TPEThEro THIA
HasbIBaeTcs cnabbiM B3auMmoercTBueM. OHO OTBEYAET 3a PaJMOaKTUBHOCTh U CYIIECTBYET MEKITY
BCEMH YaCTHI[AaMH BEIIECTBA CO CIIMHOM 1/2, HO B HEM HE y4acTBYIOT YacTHIIbI co cimHoMm 0, 1, 2 —
¢dorons! u rpaBuToHbL. Jlo 1967 1. cBoiicTBa c1a0BIX CHII OBUIM MJIOXO U3YyYeHBL, a B 1967 r. AGayc
Canam, Teopetuk u3 Jlonmonckoro Mmmnepuan-komnemka, 1 Ctuen BaitHOepr u3 [MapBapmckoro
YHHUBEPCUTETA OJJHOBPEMEHHO MPEATIOKUIN TEOPHUI0, KOTOpasi 00beIUHsIA clIad0e B3aNMOJICHCTBHE
C DJIGKTPOMAarHUTHBIM aHAJOTMYHO TOMY, KaK Ha CTO JeT paHblle MakcBeml OObeIMHIIT
JNEKTPUYECTBO M MarHeTusM. BaitHOepr m Canam BBICKaszaau MPEAINOJIOKEHHE O TOM, YTO B
JIOTIOJNIHEHHE K (OTOHY CYLIECTBYIOT €Illeé TPU YacTHIbl CO CIIMHOM 1, KOTOpbhIE BCE BMECTE
HA3BIBAIOTCS TSDKEIBIMH BEKTOPHBIMH 0030HAMH U SBISIOTCA TEPEHOCUYMKAMU  CIIA00TO
B3aUMOJICHCTBHUA. DTH 0030HEI ObLIM 0003HaueHbl cuMBodamMu W+, W— u Z0, Macca Ka)xaoro u3



Hux cocrapmsuia 100 B (I'®B  o3Hauaer THUra’jaeKkTpOHBOJIBT, T. €. ThICSYa MHJUIMOHOB
3MeKTpoHBONBT). Teopus BaitnOepra-Canama o01agaeT CBOMCTBOM TaK HAa3bIBAEMOTO CIIOHTAHHOTO
HapyuieHus: cuMMeTpuu. OHO 03HAYAET, YTO YACTHUIIbI, COBEPIIEHHO Pa3HbIC TPH HU3KUX DHEPTHUSX,
MIPU BBICOKUX SHEPTUSIX OKAa3bIBAIOTCS HA CAMOM JIeJie OJHOW U TOM K€ YaCTULIeH, HO HaXOAsIIecs
B pa3HBIX COCTOSHHIX. DTO B KaKOM-TO CMBICIIC IOXO0K€ Ha IOBEJCHUE IIapHKa IMPU UTPE B
pynetky. [Ipu Bcex BBICOKMX SHEPrusix (T. €. mpu OBICTPOM BpalIeHUH KOJieca) IIaphK BEAET ceOs
BCerJa MOYTH OJMHAKOBO — OE€30CTAaHOBOYHO BpamaeTcs. Ho xorma Kojeco 3aMemInTcs, SHEPTUs
IapyKa yMEHBIIAETCS, U B KOHIIE KOHIIOB OH MPOBAJIMBAETCS B OJAHY W3 TPUALATH CEMU KaHABOK,
MMEIOIINXCS Ha Kojiece. IHbIMU clloBaMU, TIPU HU3KUX SHEPTUSX IIAPUK MOXKET CYIIECTBOBATH B
TPUILIATH CEeMH COCTOsHUAX. Eciau Obl MBI modyemy-In00 MOTIH HAaOJIIOAATh HIAPUK TOJBKO MPH
HU3KUX YHEPTHUAX, TO CYUTAIH ObI, YTO CYIIECTBYET TPUIIATH CEMb PA3HBIX THIIOB IIAPUKOB!

Teopuss BaitnOepra-Canama mpeackasbiBajia, UYTO TPH  DHEPrUsAX, 3HAYUTEIHBHO
npeBpimaronmx 100 3B, Tpu HOBbIE YacTHIBI U (POTOH JODKHBI BECTH ceOsi OJMHAKOBO, a TIPH
0ojiee HU3KHX SHEPTUAX YaCTHIl, T. €. B OONBIIMHCTBE OOBIUHBIX CHUTYyaIHil, 3Ta «CHUMMETPHSD)
NoJbkHAa Hapymatbes. Maccst W+, W— u Z0 0030HOB TPEICKa3bIBAIUCH OOJBITUMH, YTOOBI
CO3/1aBacMble MMHU CHUJIBI MMENU O4YeHb Malblii pamuyc aeiictBua. Korma BaiinGepr m Canam
BBIJIBUHYJIM CBOIO TEOPUIO, UM MaJI0 KTO BEpPWJI, a HA MaJIOMOIIHBIX YCKOPHUTEISIX T€X BPEMEH
HEBO3MOXKHO ObLT0 AocThub 3Hepruu B 100 5B, HeoOxoaumoit s poxkneHust peanbHbix W+, W—
u Z0 gactur. OgHaKo JeT 4yepe3 ACCATh MpeACKa3aHus, MOJyYeHHbIE B 3TOW TCOPUU MPU HUZKUX
SHEPTUSX, HACTOIBKO XOPOIIO MOATBEPAWINCH 3KCIEpUMEHTaNbHO, uTo BaitHOepry u Camamy
obuta mpucyxnaeHa HoOenesckas npemus 1979 r. coBmectHo c lllengonom I'mdmioy (Toke u3
lapBapaa), KOTOpBIM MPENIOkKUIT TOXOXKYI €IUHYI0 TEOpPUIO DJIEKTPOMArHUTHBIX U CIaObIX
snepHbIX  B3amMoxeictBuu. Kommrer mo HoOeneBckuM mpemusMm  Obl  M30aBIeH  OT
HEMPUITHOCTEH, KOTOPhIE MOTTM ObI BOSHUKHYTb, €CJIM OBl 0Ka3aJ0Ch, YTO OH COBEPIIHI OIIUOKY
caenanHbiM B 1983 r. B LIEPHe oTkpbITHEM TpeX MacCUBHBIX MAapTHEPOB (POTOHA C MPABUIBHBIMU
3HAYEHUSIMU MacChl U JPYTMMH TpeACKa3aHHbIMH Xapaktepuctukamu. Kapio PyG6wua,
BO3MJIABHMBIIUN TPYIITY U3 HECKOIBKUX COTEH (PU3UKOB, KOTOPHIM MPUHAIICKAIO ITO OTKPHITHE,
noyuun HobeneBckyto nmpemuro 1984 r., mpucyxaeHHyr0 eMy COBMeCTHO ¢ mHxeHepoM [[EPHa
CumonoM Ban nep MeepoM, aBTOpOM NpOEKTa HAKOMUTEIS AHTUYACTHUI], UCIOJIb30BAHHOTO B
skcniepumenTe. (B Hamie BpeMst upe3BhIYaliHO TPYAHO OCTAaBUTH CBOM CJie]] B AKCIIEPUMEHTAILHOM
¢u3uke, pa3Be uTO BHI YK€ Ha BepIinHe!).

CuiibHOE SiZICPHOE B3aMMOJICHCTBHE MPEACTABISET CO00M B3aMMOICHCTBHE YETBEPTOTO THUIIA,
KOTOPOE€ YAEP>KUBAET KBApKH BHYTPU NMPOTOHA W HEUTPOHA, @ MPOTOHBI M HEHUTPOHBI BHYTPHU
aTOMHOro sfpa. IlepeHOCUMKOM CHJIBHOIO B3aUMOJCHCTBUS CUMTAETCA €II€ OJHA YacTHUIAa CO
CIIMHOM |, KOTOpasi Ha3bIBAETCS TJIFOOHOM.

['71'00OHBI  B3aMMOJEHCTBYIOT TOJBKO C KBapKaMHM W C APYTMMHU [JIHOOHaMHU. Y CHIJIBHOTO
B3aMMOJICHCTBHA €CTh OJHO HeoOblyailHOE CBOWCTBO — OHO o0OsajgaeT KoH(pailHMEHTOM
(confinement — orpanudenue, yaepkanue (aHrL.). — IPUM. Pel.).

KoH(pallHMEHT COCTOMT B TOM, YTO YaCTHIBI BCErjaa YICPKUBAIOTCA B OECIBETHBIX
koMOuHamsix. OMH KBapK HE MOXKET CyLIeCTBOBATh caM 10 cebe, IOTOMY YTO TOT/la OH JOJIKEeH
Obul OBl UMETh LBET (KpacHBIM, 3eseHbld miu cuHHit). [loaTOMy KpacHBIN KBapK JOJKEH OBITh
COCIMHEH C 3€JIEHBIM U CHHUM TTOCPEJICTBOM TIFOOHHOM «CTpyW» (KpacHBIA + 3€JIeHbIN + CUHHUHA =
Oenbiit). Takoil TpUIIET OKa3bIBaeTCs NPOTOHOM WM HelitpoHoMm. CymiecTByeT u Jpyras
BO3MOXXHOCTh, KOT'Jla KBapK M aHTUKBapK OOBEIMHSIOTCS B mapy (KpacHbI + aHTHUKPACHbBIN, WIH
3CJICHBIN + aHTH3EJICHBIN, WU CUHUN + aHTUCUHUIN = Oenblii). Takne KOMOMHAIIMM BXOJIAT B COCTaB
YacTHll, Ha3bIBAEMbIX ME30HAMHU. DTHU YaCTHUIbl HECTAOMJIBbHBI, IOTOMY YTO KBapK M aHTUKBAPK
MOTYT aHHUTHIIMPOBATH APYT C IPYroM, 00pa3ys AJIEKTPOHBI M JPYTHE YAaCTUIbI. AHAIOTHYHBIM
00pa3oM, OJIMH TJII0OOH HE MOXXET CYIIEeCTBOBAaTh caM IO cebe m3-3a KOH(paWHMEHTa, TOTOMY YTO
TJIIOOHBI TOKE O0yamaroT mBetoM. ClieqoBaTenbHO, TIIOOHBI JOJDKHBI TPYHIHPOBATHCS TaKUM
o0paszoM, 4TOOBI MX I[BETA B CyMMe JaBayii Oenblii 1BeT. OnucaHHasi TpyIa TII00HOB 00pa3yeT
HECTaOUIILHYIO YaCTHUILY — TITFO00T.



Puc. 5.2

MpsI He MOKeM HaOJIro/IaTh OTACNFHBIA KBApK WJIM TITFOOH M3-3a KoH(aitHMeHTa. He o3HadaeT
JIM 3TO, YTO CaMo IPEJCTABICHUE O KBapKaX U INIIOOHAX KaK O YaCTHIAX HECKOJIbKO MeTapU3U4HO?
Her, noromy u4TO CHJIbHOE B3aWMOJAEWCTBHUE XapaKTEpU3YETCs €Ile OJHUM CBOMCTBOM, KOTOpOE
Ha3bIBAETCS ACUMIITOTHYECKOH cBOOOAOM. biaromapss 3ToMy CBOWCTBY MOHSTHE KBapKOB H
[JIFOOHOB CTAaHOBUTCS BIIOJIHE ONpeeieHHbIM. [Ipy OOBIYHBIX SHEPrUsX CUIBHOE B3aHMMOJEICTBHE
JNEHCTBUTENBHO SBJISETCS CWIBHBIM M IUIOTHO IPW)KMMAeT KBapku Ipyr K apyry. Ho, kak
MIOKA3bIBAIOT JKCIEPUMEHTHl Ha MOIIHBIX YCKOPUTENSX, IPHU BBICOKUX DSHEPrUsX CHIBHOE
B3aMMOJICHICTBHE 3aMETHO OcCJla0eBaeT M KBapKU M IJIIOOHBI HAYMHAIOT BECTH ceOs MOYTH Kak
cBoOomHBIe dacTumbl. Ha puc. 5.2 mpencraBieH (OTOCHMMOK CTOJKHOBEHHS TPOTOHA U
aHTUIIPOTOHA BBICOKOW HHEPrUu. Mbl BHIUM, YTO HECKOJIBKO MOYTH CBOOOJIHBIX KBapKOB,
pPOIMBIINXCA B PE3yJIbTaTe B3aUMOJCHCTBUS, 00pa30Bal «CTPYW» TPEKOB, KOTOPHIE BHUJHBI Ha
¢dotorpadun.

Htorom ycremrHoro oObeAMHEHUS 3JEKTPOMAarHUTHOTO W CJIA0OTO B3aWMOJCHCTBUI CTajH
MOTBITKM COEIMHUTH 3TH J(Ba BUAA B3aUMOJEHCTBMHA C CHJIBHBIM B3aUMOJEHCTBHEM, YTOOBI B
pe3ynbTare Nnojyyniach Tak Ha3blBaeMas TEOpUs BEIUKOIro oObeAMHEHHUs. B 3ToM Ha3BaHUM ecTb
HEKOTOpO€e MpeyBeIMYeHHE: BO-TIEPBbIX, TEOPUU BEIUKOI0 OOBEIUHEHUSI HE TaKue YXK BEJIMKUE, a
BO-BTOPBIX, OHM HE OOBEIUHSIOT MOJIHOCTHIO BCE B3aUMOJCHCTBUS, IIOTOMY YTO B HUX HE BXOJHT
rpaBuranusa. Kpome TOro, Bce 3TH TEOPHMM HAa CAMOM [€EJI€ HEIOJIHBI, IIOTOMY 4YTO COJAEp>KaT
rapaMmeTpsl, KOTOpPbIE HENb3sl MPEICKa3aTh TEOPETUUECKH U KOTOPbIE HAJ0 BBIYMCIATH, CPABHUBAS
TEOPETUYECKHE U IKCIEPUMEHTAIbHBIE pe3yibTaTbl. TeM HE MEHee Takhe TEOPHUM MOTYT CTaTh
[IaroM K TIOJTHOW TEOpWH OOBEIUMHEHHS, OXBATHIBAIOIIEH Bce B3amMojeiicTBusa. OCHOBHas ujaes
MIOCTPOEHHsI TEOpUIl BEJIMKOTO OOBEJUHEHHUS COCTOUT B CIEAYIOLIEM: KaK YK€ TI'OBOPUIIOCH,
CHJIbHBIE B3aUMOJICHCTBUS TPH BBICOKHUX SHEPTHSIX CTAHOBSATCS cilabee, 4eM NMpH HU3KUX. B TO ke
BpeMsl 3JIGKTPOMAarHUTHbIE W cjabble CWJIBI ACUMITOTUYECKH HE CBOOOJAHBI, M IPH BBICOKUX
SHEPrusix OHM pacTyT. Toraa mpu KakoM-TO OYEHb OOJIBIIOM 3HAYEHWU DHEPIMHU — IPU SHEPIHU
BEJIMKOr0 OOBEIMHEHHS — 3TU TPU CHJIBI MOTJIM Obl CPAaBHATHCA MEXIY cOOOM M CTaTh MPOCTO
Pa3HOBUIHOCTSIMH OJJHOM M TOW ke Cuiibl. Teopuu BeNIMKOro o0beIMHEHMS MPEICKa3bIBAIOT, YTO
IIPU 3TOW SHEPrMM pa3Hble YACTHUIBl BELIECTBA CO CIMHOM 1/2, Takue, Kak KBapKH WM 3JIEKTPOHBI,
TO’KE TIEPECTaTH ObI Pa3INYaTHCS, YTO OBLIO OBI €IIe OJHUM IIaroM K 00beAMHEHUIO.

3Ha4yeHUEe PHEPIUU BEIMKOro OOBbEIUHEHHS HE OYCHb XOPOILIO HM3BECTHO, HO OHO JOJKHO
COCTABJIAATH [0 MEHBIIEH Mepe ThICA4y MWUIMOHOB MWIIMOHOB [3B. B yckopurensax
COBPEMEHHOTO TIOKOJICHHsSI CTAJIKMBAIOTCSI YacTUIBI ¢ dHeprusmu okojo 100 B, a B Oymymmx
IIPOEKTAax 3Ta BEJIMYMHA JOJDKHA BO3pPAcTH A0 HECKOJIBKUX Thicsd I'3B. Ho ans yckopenus yactui
70 SHEPIHU BEIHMKOro OOBEIMHEHMS HYXEH YCKopuTesnb pasmMepoM ¢ CONHEYHYIO CHUCTEMY.



ManoBepoaTHO, 4YTOOBI B HBIHEIIHEHM SKOHOMHMYECKOW CHUTyalldd KTO-HUOYAb pelIuwics ee
¢uHaHCUpOBaTh. BOT modyemy HEBO3MOKHA HEMOCPEACTBEHHAs SKCIIEpUMEHTAlbHAs MPOBEpKa
Teopuil Benukoro oOwveauHeHus. Ho 3xmech, kKak M B ciydae 3JE€KTpociadoil ennHOl Teopuw,
CYILIECTBYIOT HU3KOIHEPTeTUYECKUE CIEACTBHS, KOTOPhIE MOXKHO IIPOBEPHTb.

Camoe MHTEpEeCHOE W3 TaKUX CJIEACTBUHU TO, YTO MPOTOHBI, COCTABIIAIONINE OOJBIIYIO YacTh
Macchl OOBIYHOTO BEIIECTBA, MOTYT CIIOHTAHHO pachagarhcs Ha Oosiee JIErKue 4acTUIlbl, TaKKHe, KakK
AQHTUAJICKTPOHBI. [IpUunHa B TOM, YTO MPHU DHEPTUU BEIUKOTO OOBEIWHEHHUS HET CYIIECTBECHHOMU
Pa3HUIBI MEXTYy KBAPKOM M aHTHAJIEKTPOHOM. Tpu KBapKa BHYTPH MPOTOHA OOBIYHO HE 00JaAal0T
JIOCTAaTOYHBIM KOJIMYECTBOM SHEPIUU [IJISl MPEBPAIEHUS B aHTUAJIEKTPOHBI, HO OJUH M3 KBApPKOB
MOXXET COBEPIIEHHO CIy4YailHO TMOJNYYUTh OJHAXKIbl DSHEPTUI0, JOCTATOYHYIO HJsi 3TOTO
MpeBpalieHusi, MOTOMYy UYTO B CWIy TPHUHIMIA HEONMPEACICHHOCTH HEBO3MOXHO TOYHO
3aUKCUPOBATh HHEPTUI0 KBAPKOB BHYTPH MPOTOHA. Torma MpPOTOH [JOJDKEH pacmacThes, HO
BEpPOSITHOCTH TOTO, YTO KBapK OyJET UMETh IOCTATOYHYIO SHEPTUI0, CTOJIb MaJla, YTO JK/IaTh 3TOTO
MIPHUAETCS M0 KpaitHell Mepe MUJUTHOH MUJUIMOHOB MIJIJTMOHOB MUJUIMOHOB MIJIJTHOHOB (€AMHHUILIA C
TPHUIIATBIO HYJSMH) JIET, YTO TOpa3fo OOJbIIe BPEMEHH, MPOMICANIETO C MOMEHTAa OOJBIIOro
B3pbIBa, KOTOPOE HE MPEBBIIIAET JECATH THICSY MIJIJIMOHOB JIET UM YTO-TO OKOJIO TOTO (€AMHHUIIA C
necsaThio HyssiMu). OTCIOfa HaIpaliMBaeTCsl BBIBOJ, YTO BO3MOXKHOCTH CIIOHTAaHHOTO pacrajia
MPOTOHA HENb3S SKCIEPUMEHTAIBFHO MPOBEPUTh. MOXKHO, OJHAKO, YBEIWYHTh BEPOATHOCTH
HaOJIIOJICHUs paclaja MpoToHa, U3ydasl O4eHb 0OJbINOe Yncio npoToHoB. (Habmonas, Hanmpumep,
1 ¢ TpUALATHIO OTHUM HYJIEM MPOTOHOB B TE€UEHHUE TOAA, MOKHO HAACSIThCSI OOHAPYKUTh, COTIIACHO
OJTHOM M3 MPOCTEUIITNX TEOPUH BEIIMKOTO 00BEAMHECHHUS, 00JICe OHOTO paciaja MPOTOHA).

Heckonbko Takux 5SKCIEPUMEHTOB YK€ BBINIOJHEHO, HO OHHU HE JalH OMNpPEeIesIeHHBIX
CBEJICHWHA O pacmajax TMpoToHAa WM HeWTpoHa. OIMWH U3 IKCIEPUMEHTOB, B KOTOPOM
WCIOJIb30BaJIOCh BOCEMb THICSY TOHH BOJIBI, IPOBOJMIICA B COJITHOM 1mIaxTe mTata Oraiio (as Toro,
9TOOBI HUCKIIOUYUTh KOCMHUYECKHE TIOMEXH, KOTOphIE MOXHO TPHUHITH 3a pacrhaj IpPOTOHA).
[Tockonbky B TEUEHHE BCEro SKCIEPUMEHTa He ObUIO 3aperHCTPHUPOBAHO HHU OIHOTO pacmajaa
MPOTOHA, MOKHO BBIYMCIUTH, YTO BpEMS >KH3HH IMPOTOHA MIOJDKHO OBITH OOJNbIIE, YeM AeCATh
MWJUTHOHOB MIJUTMOHOB MWJUIMOHOB MHJIJTMOHOB MWUIMOHOB (€AMHHIIA C TPHUALATHIO OJHUM
HyJeM) JieT. OTOT pe3yJbTaT MPEBBIMIAET MPEACKa3aHusl NPOCTEUIIEH TEOpUU BEIIUKOTO
o0beIUHEHNs, HO €CTh U 0oJiee CIOXKHBIC TEOPHH, NaloIIMe 0oJjiee BBHICOKYIO OIEHKY. Jlms mx
MPOBEPKU TMOTPEOYIOTCS elie 0ojiee TOYHBIE SKCIEPUMEHTHI C €Ile OOJBIIMMH KOJIUYECTBAMHU
BEIIECTBA.

HecMmotpst Ha TpyaHOCTH HaAOMIOJAEHHS pachaja MPOTOHA, HE MCKIIOYEHO, YTO CaMO Halle
CYIIECTBOBAaHUE €CTh CIIEJCTBHE OOpAaTHOTO Tpoliecca — 00pa30BaHUs MMPOTOHOB WIIH, €Ie MPOIIE,
KBAapKOB Ha CaMOW HayaJlbHOW CTaJMM, KOT/Ia KBapKOB ObLIO He OOJbIe, YeM aHTUKBAapKoB. Takas
KapTUHAa Hayana BceneHHoW mpeacTaBisieTcss HamOoJee eCTECTBEHHOW. 3eMHOE BEIIECTBO B
OCHOBHOM COCTOMUT U3 MPOTOHOB U HEUTPOHOB, KOTOPHIE B CBOIO OYEPE/Ib COCTOSIT U3 KBAPKOB, HO B
HEM HET HU aHTUIIPOTOHOB, HU AHTHHEHTPOHOB, COCTOAIINX M3 AaHTUKBAPKOB, €CJIM HE CUUTATh TE
HECKOJIBKO INTYK, KOTOpbIe OBbLTM TIOMYyYeHBI Ha OOJBIIUX YCKOPHUTENSX. ODKCHEPUMEHTHI C
KOCMHYECKUMH JTydaMH TIOJITBEPXKAAIOT, YTO TO YK€ CaMOe CIPABEIJIMBO W ISl BCETO BEIIECTBA B
Hale ['ajlakTuKe: B HEM HET HU AHTUIIPOTOHOB, HU AHTUHEWTPOHOB, 3a HCKIIOYEHHEM TOIO
HEOOJIBIIIOTO KOJMYECTBA AHTHYACTHIl, KOTOPOE BO3HHMKAET B PE3YyJIbTaTe POXICHUSA Tap
YaCcTHUIIA-aHTUYACTUI]A B COYJAPEHHUSAX 4YaCTHIl TpPHU BBICOKMX OSHeprusx. Ecimu Obl B Harmie
lamakTuke ObLTH OONBINME YYaCTKH AHTHBEIIECTBA, TO MOXKHO OBUIO OBl OXXKHUIATh CHJIBHOTO
M3ITyYeHUs Ha TPaHUIAX pa3liela BEIIeCTBA M AHTUBEUIECTBA, TJE BO3HUKAIO Obl MHOMXECTBO
COyJIapeHUI YacTUIl ¥ aHTUYACTHUIl, KOTOPbIC, aHHUTHINPYS, UCITyCKaU OBl M3Tyuye€HHUE BBICOKOU
SHEPTUH.

VY Hac HET NpsAMBIX yKa3aHUW Ha TO, COCTOMUT JIM BEIIECTBO JIPYTUX TajaKTUK U3 MPOTOHOB U
HEUTPOHOB WUJIU M3 aHTUIPOTOHOB U AHTUHEUTPOHOB, HO OHO JIOJKHO COCTOSITh M3 YAaCTHI] OJHOTO
TUTIA: B TIpe/ieJIaX OJHOM TaJJaKTHKW HE MOXET OBITh CMECH YaCTHIl U aHTHYACTHII, TIOTOMY YTO B
pe3yNbTaTe UX aHHUTWIISIIMYA UCITyCKAIOCh OBl MOIIIHOE U3My4YeHue. [[oAToMy MBI cCUUTaeM, 4TO BCE
TATAKTUKA COCTOAT M3 KBApKOB, a HE M3 aHTUKBAPKOB; BPSJ JU OIHU TAJIAKTUKH COCTOSIIN W3



BEILIECTBA, a JPYTUe — U3 aHTUBELIECTBA.

Ho nouemy KBapKoB J0JIKHO ObITH HACTOJBKO OOJIbINE, UeM aHTUKBApKOB? [loueMy uucio ux
He OaMHaKoBO? HaM odeHb MOBE3JO, YTO ATO TaK, MOTOMY YTO €CJIM OBl KBAPKOB M aHTHUKBAPKOB
ObUIO MOPOBHY, TO MOYTH BCE KBAapKH M aHTUKBAPKH MPOAHHUTHIIMPOBAIU Obl JPYyr C JPYyroMm B
paHHell BeeneHHOH, HAMOMHKUB €€ U3JIy4eHHEM, HO €/1Ba JIM OCTaBUB XOTh KaKoe-HUOYAb BEIIECTBO.
He 6bu10 OBI HU ralakTUK, HU 3BE3]], HU IUIaHET, Ha KOTOPBIX MOTJja Obl pa3BUBAThCS YeIoBeUeCcKas
xu3Hb. C MMOMOIIBIO TEOPUH BEITHKOTO OOBEIMHEHUS MOKHO OOBSICHUTH, TIOYeMy BO BceneHHoM
KBAapKOB JIOJDKHO OBITH ceidac OoJbllle, YeM aHTHUKBApKOB, JaK€ B TOM Cllyyae, €ClIM B CaMOM
Hayasie ux Obu1o MOpoBHY. Kak MblI yke 3HaeM, B TEOpUAX BEIMKOTO0 OObEIMHEHUS IPHU BBICOKUX
SHEpPrusx KBAPKU MOTYT IMPEBPAIIATHCS B AHTUAJIEKTPOHBI. BO3MOXXHBI M OOpaTHBIE MPOIECCHI,
KOI'/Ia aHTUKBAPKHU MIPEBPALLAIOTCS B 3JIEKTPOHBI, & AJIEKTPOHBI U aHTUAJIEKTPOHBI — B AHTUKBApPKH U
kBapku. Koraa-to Ha oueHb paHHeW cTaauu pa3BuTHs BceeneHHOM oHa Obula Takod ropsiuei, uyto
SHEPIUU YacTHIl OBUIO OCTATOYHO JUIsl MOJOOHBIX mMpeBpamieHuii. Ho mouemy sxe B pesynbrare
KBAapKOB CTajio Oouible, yeM aHTUKBAapKoB? IlpuumMHa Kpoercs B TOM, YTO 3aKOHbI (PM3UKU HE
COBCEM OJIMHAKOBBI JIJISl YaCTUI M AHTUYACTHII.

Ho 1956 r. cuuranoch, YTO 3aKOHbl (U3UKW MHBAPUAHTHBI OTHOCHTEIBHO TpPEX
npeoOpazoBannii cummerpuu — C, P u T. Cummerpus C o3HauaeT, 4To BCE 3aKOHBI OJUHAKOBBI IS
gactul W aHTuyactul. Cummerpus P o3Hauaer, yTo 3aKOHBl (PU3UKU OAMHAKOBBI JUIS JIFOOOTO
SIBJIIGHUSL U JUISI €70 3€PKAJIbHOIO OTPa)XKEHMsI (3€pKaJIbHbIM OTPa)KEHHWEM YacTHIIbI, Bpallarolieics
10 4acoBOMU CTpelike, OyaeT yacTula, Bpallarouiascs IpoTUB 4acoBol cTpenku). HakoHew, cMbIc
cummeTpud T COCTOMT B TOM, YTO NpPU HM3MEHEHMM HANpaBiICHUS IBUKEHMS BCEX YaCTUIl U
aHTUYaCTHUI] Ha 00pPAaTHOE CHCTEMAa BEpHETCSA B TO COCTOSTHHE, B KOTOPOM OHA HaXOAWJAch paHbIIE;
WHBIMH CJIOBAMM, 3aKOHBI OJJMHAKOBBI IPU JBMKEHUH BO BPEMEHHU BIIEpE]] WM Ha3al.

B 1956 r. nBa amepukanckux ¢usuka, T3ynmao Jlu u UxkeHpbHUH SIHT, BBICKa3alu
MIPENIOJIOKEHNE, YTO Ci1aboe B3aUMOJAEHWCTBHE HA CaMOM J€Jie HE MHBAPUAHTHO OTHOCHUTEIHHO
P-npeoOpa3zoBanuii. WHpIMH cioBamMH, B pe3yjbTare ciaboro B3aWMOJICHCTBUS pa3BUTHE
BceneHHoil MOXET MOWTH MHAYe, YeM pPa3BUTHE €€ 3epKaJbHOro m300paxeHus. B Tom xe romy
[[3unbcsin By, komtera Jlm m flHra, cymena mokaszaTh, 4TO HX MPEANOJOKEHUE MPABHIBHO.
PacnionokuB B MarHMTHOM TOJIE siIpa PAJHOAKTHUBHBIX aTOMOB TaK, YTOObI MX CIUHBI OBUIM
HalpaBJIeHbl OMHAKOBO, OHA [T0KAa3aJa, 4TO 3JEKTPOHOB BBUIETAET OOJBIIE B OJJHOM HalpaBJICHUH,
4yeM B Apyrom. B criemyromem rogy Jlu u SHr 3a cBoe oTKpbITHE OBbLIH yaocToeHbl HobeneBckoit
npemun. Okaszaloch, 4YTO Cia0ble B3aUMOJACHCTBUS HE MOMUMHAIOTCS U cummerpun C. OTo
O3HayaeT, yTo BceneHHas, cocrosias W3 aHTHYAcTUL, OyJIeT BeCTH cels MHaye, YyeM Halia
Bceenennas. Becem, ogHako, Ka3ajgoch, 4YTO ¢J1ad0€ B3aMMOICHCTBHUE NOKHO BCE-TAKU MOOUHMHATHCS
KoMOuHupoBaHHOH cummeTpun CP, T. e. pa3BuTre BeeneHHON JOKHO POUCXOIUTH TaK XKe, Kak U
pa3BUTHE €€ 3€PKAIBHOIO OTPaKCHHUA, €CJIM, OTPAa3uB €€ B 3€pKalie, Mbl €II¢ KAKIYI0 YaCTUILy
3ameHuM aHtHuactunei! Ho B 1964 r. eme nBa amepukanua, [[xeitmc Kponnn u Ben ®wury,
oOHapy’XKWiId, 4YTO B pacHaje 4acTull, KOTOpble Ha3biBaroTCs K-Me30Hamu, Hapymiaercs Iaxe
CP-cummertpus.

B pesynbrare B 1980 1. Kponun u @uta nony4mim 3a cBoio padboty HobeneBckyio mpemuro.
(Kakoe orpoMHOE KOJMYECTBO MPEMHH MPUCYKICHO 3a pabOThl, B KOTOPHIX IOKAa3aHO, YTO
Bcenennas He Tak npocra, Kak HaM Ka)eTcs).

CymecTByeT MaremMaTHyecKasi TeopeMa, B KOTOpPOW yTBEp)KIaeTcs, 4To Jodas Teopus,
MOJYMHAIOLIAsICS KBAaHTOBOM MEXAaHHMKE M TEOPHMM OTHOCUTEIBHOCTH, JOJDKHA BCerga ObITh
WHBapUaHTHA OTHOCUTENIbHO KoMOuHUpoBaHHOH cummerpun CPT. Jlpyrumu cioBamu, nOBeJeHHUE
BcenenHol He M3MEHMTCA, €CIIM 3aMEHUTh YaCTHUIBI aHTHYACTHIAMM, OTPA3UTh BCE B 3€pKAIE U
elle M3MEHUTh HampaBiieHHe BpeMeHH Ha oOpatHoe. Ho Kponmn u ®dutd mokasanu, 4To eciu
3aMEHHUTh YaCTUIBl AHTMYACTULAMH W TPOM3BECTH 3E€PKAJIBHOE OTPAXEHHE, HO IIPH 3TOM HE
M3MEHATHh HalpaBlCHUWE BpEeMEeHM Ha oOparHoe, To Bcenennas Oynmer BecTH ceds HO-APYromy.
CrnenoBarenbHO, MpH OOpaIlEHUM BPEMEHM 3aKOHBI (PU3MKHM OJKHBI U3MEHUTHCS, T. €. OHM HE
MHBapHaHTHBI OTHOCUTEIBHO cuMMeTpuH T.

[TonarHo, yTo B paHHed BceneHHol Hapymanach cumMeTpus T: Korma Bpemsi T€UeT BIEpe],



Bcenennas pacmmpsiercsi, a eciii Obli BpeMs OO0 Ha3ad, To BeenenHast Hagana Obl CKMMAThCS. A
IIOCKOJIBKY CYILECTBYIOT CHJIbI, HE WHBAPUAHTHBIE OTHOCUTENIBHO cuMMeTpuu T, TO oTcrozna
CIIETyeT, YTO HO Mepe pacuirpeHus: BeeneHHol noj AefcTBUEM 3THUX CHJI AaHTUAJIEKTPOHBI JOJIKHBI
IIpeBpalaTbCsl B KBAapKM 4Yalle, 4YeM OJJIEKTPOHBI B AaHTUKBApKHW. 3aTeM, Korjga BcerneHHas
pacmupsiiach M OXJaXJanach, AHTUKBApKW W KBApKU JOJDKHBI ObUIM AaHHUTHIMPOBATH, HO
MIOCKOJIBKY KBapKOB OKa3ajoch Obl 0OJbIlE, YeM aHTUKBAPKOB, KBAPKU OCTAJIUCH Obl B HEOOIBIIOM
n30biTKe. I OHM-TO M €cTh T€ camble KBAPKH, U3 KOTOPBIX COCTOMT CErOJHSIIHEE BEILIECTBO,
KOTOpO€ Mbl BUAMM U U3 KOTOPOIO COTBOPEHBI MbI caMH. Takum o0pa3oMm, camMo Haile
CYILLIECTBOBAaHME MOKHO paccMaTpuBaTh Kak IOJATBEP)KICHUE TEOPUU BEJIUKOrO OOBEAMHEHUS,
IIpaB/a, TOJIBKO KaK Ka4eCTBEHHOE MOATBEpkAeHuE. HeompeneneHHoCTH MPOUCXOAAT HU3-3a TOTO,
YTO Mbl HE MOKEM IPEJCKa3aTh, HU CKOJBKO KBAPKOB OCTAHETCS MOCJIE€ aHHUTWISALMM, HU Jaxe
OyAyT JM OCTaBIIMECS YacTUIbl KBapkamMM Wiu aHTHKkBapkamu. (IIpaBma, ecnu Obl B M3IMILKE
OCTaJIMCh AHTUKBAPKH, MbI ObI IPOCTO MEPEUMEHOBANIN UX B KBapKH, 8 KBAPKU — B AHTUKBAPKH).

Teopun BenuKoOro oObeAMHEHHs] HE BKIIOYAIOT B ce0sl TPaBUTALMOHHOE B3aUMOJACHUCTBHE.
DTO HE CTONb YK CYLIECTBEHHO, IOTOMY YTO IPAaBUTALMOHHbBIE CUJIBI TaK MaJlbl, YTO UX BIHUSHUEM
MO’KHO MPOCTO MpeHeOpeyb, KOrja Mbl UMEEM JEJIO C 3JEMEHTApHbIMU YacTUI[AMH WM aTOMaMH.
OpHako TOT (aKT, YTO TPABUTAIIOHHBIE CHIIBI SIBIISTIOTCS AalTbHOJACHCTBYIOIMMH, J1a €IIe U BCerna
CWIaMH IIPUTSDKEHUS, O3HA4aeT, 4YTO pE3yJbTaTbl MX BO3JCHCTBUSA BCETAa CYMMHUPYIOTCH.
CrnenoBatenbHO, €CIM UMEETCSI JOCTATOYHOE KOJMYECTBO YACTHIl BEIIECTBA, TO IPABUTALMOHHbBIE
CHJIBI MOTYT CTaTh 0OJIbIIE BCEX OCTAIBbHBIX cUil. BoT moyemy sBomonus Beenennoii onpenensiercs
MMEHHO TpaBuTanueil. Jlaxe B ciayyae OOBEKTOB pa3MepoM CO 3BE3[y TIpaBUTALIMOHHOE
IIPUTSDKEHUE MOJKET IEPEBECUTh BCE OCTAIbHBIE CHJIBI M NPUBECTH K KoJuiamcy 3Be3abl. B 70-x
rojax s 3aHUMAaJICsl UCCIEA0BAHUEM YEPHBIX JAbIP, KOTOPHIE MOTYT BO3HUKHYThH B PE3YJIbTATE TAKOTO
3BE3HOIO KOJUIAICA, U OKPY’KAIOIUX UX CUIBHBIX IPaBUTALMOHHBIX MoJIel. FIMEHHO B X01€ 3ToH
paboThl y MEHsI TOSBWJIMCH TIEPBBIC JOTAIKH O TOM, KaK KBAaHTOBas MEXaHWKa M OOIIast TEOPHS
OTHOCUTEJIBHOCTU MOTYT BIMATH JIpyr Ha Jpyra — IepBble MpoOieckd (HOpMbl TOH KBaHTOBOU
TEOPHU TPABUTALINH, KOTOPYIO €Il MPEACTOUT pa3padboTath.

6. YepHble AblIpbI

Tepmun «d4epHast AbIpa» MOsBUICA coBceM HenaBHo. Ero BBen B oOuxox B 1969 T.
amepukaHckuil yueHbli JDkoH VYwuiep kak MeTadOpUUYECKOE BBIPpAKEHUE NPEICTaBICHHUS,
BO3HMKILIETro 1o KpaitHel mepe 200 jeT Ha3aj, KOr/a CyIIeCTBOBAJIM JIBE€ TEOPHH CBETA: B MEPBOH,
KOTOpO mpuaepxuBaics Hpl0TOH, CUUTANOCh, YTO CBET COCTOUT M3 YACTHII; COTJIACHO K€ BTOPOM
TEOpPHH, CBET — 3TO BOJHBI. Ceifuac Mbl 3HaeM, YTO Ha caMOM Jiene 0o0e OHU IpaBWIbHBL. B cuiy
MIPUHIIMIIA YaCTUYHO-BOJIHOBOI'O Jyajin3Ma KBAHTOBOM MEXaHMKU CBET MOXKET pacCMaTpHUBAThCS U
KaK 4acTullbl, U KaK BOJHBL. B Teopuu, B KOTOpOW CBET — BOJIHBI, ObLIO HEMOHSTHO, Kak OyJer
JeiicTBOBaTh Ha HEro rpaBuTanus. Eciu ke cBeT — MOTOK YacTHIl, TO MOXXHO CYHUTaTh, YTO
rpaBUTallsl JEMCTBYeT Ha HUX TaK K€, KaK Ha MylLIeyHble spa, pakeTsl U IutaHeTbl. CHauana
yUeHbIE IyMaJHd, YTO YaCTHUIIBI CBETa IEpPEMEIAOTCs C OECKOHEYHOH CKOPOCTBIO H TIOATOMY
rpaBUTallds HE MOXET UX 3aMeUINTh, 10 Koraa Pémep ycTaHOBWII, 4TO CKOPOCTh CBETAa KOHEYHa,
CTaJIO SICHO, YTO BJIMSIHUE TPABUTAL[UN MOXKET OKa3aThCsl CYIIECTBEHHBIM.

Hcxonsa u3 storo, hxon Muuen, npenoaasarens u3 KemOpumka, B 1783 r. mpencraBui B
xypHan «®unocopckue Tpyasl Jlommonckoro Koporiesckoro obmectBa»  (Philosophical
Transactions of the Royal Society of London) cBoto pabory, B KOTOpOil OH yKa3bIBaJl Ha TO, YTO
JIOCTaTOYHO MAacCCUBHAs M KOMIIaKTHas 3Be3[a JOJDKHA HMMETh CTOJIb CHUJIBHOE TPaBUTAILIMOHHOE
HOJI€, YTO CBET HE CMOJKET BBIITH 3a €ro Mpeaelibl: JI000H JIyd CBETa, UCITYLIEHHBIH OBEPXHOCTBIO
TaKOW 3BE3/bl, HE YCIEB OTOWTH OT Hee, OyJeT BTAHYT OOpaTHO €€ TPaBUTALMOHHBIM
HNpUTSHKEHHEM. Muden cumuTai, 4To TaKUX 3Be3]] MOXKET ObITh 04eHb MHOT0. HecMoTps Ha TO uTO MX
HENb3s YBUAETD, TAK KaK UX CBET HE MOXET /10 HAC JOMTH, Mbl TEM HE MEHEE JOJIKHBI OLTYIATh UX
rpaBUTALIMOHHOE MpUTsbKeHHE. [10100HbIe 00BEKTHI Ha3bIBAIOT ceHYac YEPHBIMU ABIPAMHU, U 3TOT
TEPMUH OTPAXKAET UX CyTh: TEMHbIE O€31HbI B KOCMUYECKOM MPOCTPAHCTBE. Uepe3 HECKOIBKO JIeT



nocie Mwuuena u ¢GpaHIly3CKUil yueHbI Jlamimac BbICKa3a, MO-BUIUMOMY, HE3aBUCHUMO OT HETO
aHaJlornyHoe Tpeanonoxkenue. HebespiHTepecHo, yTo Jlamiac BKIIOYWI €ro JUIIb B TEPBOE U
BTOpOE M3MIaHus cBoel KHUTH «CHcTeMa MHUpay, HO HCKITIOUMIT U3 0oJiee MO3THUX U3IaHHH, COUTS,
HaBepHoOe, YepHbIe NIbIpbl OpenoBoil uaeei. (K tomy ke B XIX B. KOpmycKyisipHas Teopus CBeTa
MoTepsia MOMyJIApHOCTh. CTallo Ka3aThCs, YTO BCE SBJICHUS MOXHO OOBSICHUTH C IOMOIIBIO
BOJIHOBOM TeOpuH, a B HEHl BO3JEUCTBHE TPABUTAIMOHHBIX CHUJ HAa CBET BOBCE HE OBLIO
OYEBHIHBIM).

Ha camom pnene cBeT Henb3s paccMaTpuBaTh Kak MYIIEYHBbIE siApa B TEOPUU TATOTEHUS
HrroToHa, IOTOMY 4YTO CKOpOCTh cBeta ¢ukcupoBana. ([lymieuHoe sapo, BBUICTEBIIEE BBEPX C
MOBEPXHOCTH 3eMIIH, U3-3a TPaBUTAIMH OyJeT 3aMEeIJISATh MOJIET U B KOHIIE KOHIIOB OCTAaHOBUTCS, a
MOTOM HayHeT manatb. DOTOH K€ MOMKEH MpOJOJDKATh JABUKEHHUE BBEPX C IOCTOSHHOM
ckopocThlo. Kak ke Torma HBIOTOHOBCKAash TpaBUTAIMsl MOKET BO3JEHCTBOBaTH Ha CBET?)
[TocnenoBarenbHast TEOpHUsl B3aUMOJICHCTBUS CBETA U IPaBUTAIMU OTCYTCTBOBaa 10 1915 r., korma
DUWHIITEHH MPe IOkl 00IIyI0 TEOPUI0 OTHOCUTENBHOCTH. Ho Jake mociie 3Toro mpoIuio HeMano
BPEMEHH, TIOKa CTaJl0 HAKOHEI[ $ICHO, KaKhe BBIBOJABI CIEAYIOT W3 TEOpUU OWHINTEIHA
OTHOCUTEJILHO MAaCCUBHBIX 3BE€3/I.

UToOBbI MOHSTH, KaK BO3HUKAET YepHas JbIpa, HAI0 BCIIOMHUTH O TOM, KaKOB >KU3HEHHBIN
LUK 3Be37bl. 3Be3a obOpasyeTcs, Korjga OOJbIIOe KOJIMYECTBO Ta3a (B OCHOBHOM BOJOPOA)
HAYMHAET C)KMMATHCS CHJIaMH COOCTBEHHOTO TPAaBUTAIMOHHOTO MPUTSDKEHUS. B mporecce cxatus
aTOMBI raza BCE€ 4Yalle W Yalle CTAJIKUBAIOTCS APYT C JPYroM, JBUTAsCh CO BCE OONBIIMMH U
OONBIIUMHU CKOPOCTAMH. B pesynbrare ra3z pasorpeBaercs U B KOHIIE KOHIIOB CTAaHOBUTCS TaKUM
TOPSTYMM, YTO aTOMBI BOJOPOA, BMECTO TOT'O YTOOBI OTCKAKUBATh APYT OT ApPYyTa, OyAyT CIUBATHCS,
oOpasys renuit. Teruo, BeAENSAIONICECS B 9TOM PEAKIMU, KOTOpash HAMOMUHAET YIPABIISIEMbBIN
B3pBIB BOJOPOIHOW OOMOBI, M BBI3BIBAET CBEUEHHE 3Be3Nbl. [I3-3a MOMOTHUTENHHOTO TeEIUIa
JIaBJICHUE ra3a BO3pacTaeT A0 TeX 0P, OKa HE yPABHOBECUT I'PABUTALMOHHOE NPUTSKEHUE, I10CTIE
YEero ra3 MepecTaeT CKUMAThCS. OJTO HEMHOI'O HAllOMUHAET HAIyThli pPE3UMHOBBIM IIApUK, B
KOTOPOM YCTAHaBJIMBAETCS PABHOBECHUE MEXAY JJABICHUEM BO3AyXa BHYTPHU, 3aCTaBIISIOIINM
IApUK pa3lyBaTbCs, M HATSIKEHWEM pE3UHBI, MOJ JEHCTBHEM KOTOPOIO IMIAPUK CHKUMAETCS.
[Momo6HO mmIapuKy, 3Be3abl OyAyT AOJITO OCTAaBaTbCs B CTAOMILHOM COCTOSIHHHM, B KOTOPOM
BBIJCJISIIOIIUMCS B SIAEPHBIX PEAKIUAX TEIUIOM YPaBHOBEIIMBAECTCS I'PABUTALIMOHHOE MPUTSKEHUE.
Ho B KkoHIIE KOHIIOB y 3Be€3/1bl KOHUYUTCS BOJIOPOJ M JIPYrue€ BHIBI siAepHOro TorumBa. Kak HU
napajgokcaibHO, HO 4eM OoJibllle HavajdbHBIM 3amac TOIUIMBA Yy 3BE3/bl, T€M OBbICTpee OHO
HCTONIAETCS, TTOTOMY 4YTO JUIsi KOMIIEHCALlUM TPaBUTALMOHHOTO MPUTSKEHUS 3BE3/I€ HAJI0 TeM
CUJIbHEE pazorpeThes, yeM Oolbllie ee Macca. A 4eM ropsiuee 3Be3Jia, TeM OBICTpee pacXoayeTcs ee
TOIUTMBO. 3amaca TorumBa Ha CONHIIE XBaTUT MPUMEPHO HA MATH THICSY MUJUTMOHOB JIET, HO OoJee
TSKEJIbIE 3BE3/1bl U3PACXOAYIOT CBOE TOIJIMBO BCETO 3a CTO MUJUIMOHOB JIET, T. €. 3@ BpEMs, Fopaszio
MeHblIee Bo3pacta BcenenHoi. M3pacxogoBaB TOIUIMBO, 3B€3Ja HAYMHAET OXJIAXKIATHCSI U
CXKUMATbhCA, a BOT YTO C HEW MPOUCXOIUT IMOTOM, CTAJIO MOHATHO TOJBKO B KOHIE 20-X romos
HaIlIero Beka.

B 1928 r. Cyb6pamanwsin Yanmpacekap, acnupanT w3 WMHIWM, OTOpaBWICS MO MOPIO B
Anrnmio, B KeMOpumk, 4roObl MpOWTH TaM Kypc OOy4YeHHMsS y KpYIMHEHIIero crernuaiucra B
obnactu ob0mie Teopun OTHOCUTENBHOCTH ApTypa DmmuarroHa. (I'oBopsaT, B Hadane 20-X roaos
OJIMH JKYPHAIHCT CKa3al DJAWHTTOHY, YTO OH CHbIIIal, OyITO B MHpE BCEro TPU dYeIIOBEKa
MMOHUMAIOT OOIIYI0 TEOPUIO OTHOCUTENILHOCTH. DITUHITOH, TIOMOJTYaB, cka3ai: «f 1ymaro — KTO ke
Tpetuii?»). Bo Bpems cBoero nyremectsus u3 Muaun Yanapacekap BBIYUCIINI, KAKON BEIMUYUHBI
JOJKHA OBITh 3B€3/a, YTOOBI, M3pAacXOJOBaB IIETMKOM CBOE TOIUIMBO, OHA BCE K€ MOIJa Obl
MIPOTUBOCTOSATH BO3JICHCTBUIO COOCTBEHHBIX T'PAaBUTAIIMOHHBIX cHi. YaHIpacekap paccykaal Tak.
Korna 3Be3na yMmMeHbIIaeTCsl, YaCTHUIbI BEIIECTBA OUYEHb CHUJIBHO CONMKAIOTCS JAPYT C APYTOM, U B
CWIIy MpUHIMNA 3anpeTta (McKiarodeHus) Ilaynm ux CKOpPOCTH JTOJDKHBI BCe OOJbBIIE pa3TUvaThCs.
CrnenoBaTeTbHO, YACTHUIIBI CTPEMSITCS PA30MTUCH W 3BE3/la pacIiiupsercs. TakuM oOpa3oM, paanyc
3BE31bI MOXET YACPKHUBATHCS IMOCTOSHHBIM OJiarofapsi paBHOBECHIO MEXAY TPaBUTAIIMOHHBIM
MPUTSDHKEHUEM M BO3HUKAKOLIMM B CWy npuHOuna [laynm oTrankuBaHMeM, TOUYb-B-TOYb KaK Ha



0osiee paHHEH CcTaAuM Pa3BUTHUS 3BE3/lbl TPABUTALIMOHHBIE CHJIbI YPABHOBEUINBAINCH €€ TETJIOBBIM
pacuImpeHueM.

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

BriBoabl Yannpacekapa u Jlannay uMenu BaKHbIE CIIEACTBUS OTHOCUTENBHO CYAbOBI 3BE3] C
OombIIoi Maccoii. Ecnm macca 3Be3abl MeHble mpenena Yanapacekapa, TO OHa B KOHIIE KOHIIOB
MOJKET TEepecTaTbh COKpAIaThCs, NMPEBPATUBLINCH B O€JOro Kapiuka — OJHO W3 BO3MOXKHBIX
KOHEUYHBIX COCTOSIHUM 3Be3[bl. benblii Kapauk MUMeEeT B pajnyce HECKOJIbKO ThICSY KHUJIOMETPOB,
IUIOTHOCTh — COTHH TOHH Ha KyOMUYECKHI CaHTHMETp W YJCpXKHBAETCS B PaBHOBECHH Ojaromaps
OTTAJIKUBAHUIO JIEKTPOHOB B €r0 BEILIECTBE, OTTAIKMBAHUIO, KOTOPOE BO3HUKAET M3-3a MPUHIIMIIA
[Maynu. Ha HeGe BumHO Hemano Oenbix KapiaukoB. OTHUM W3 TIEPBBIX OBLII OTKPHIT OCJBIN KapIuK,
Bpataromuiics Bokpyr Cupuyca — caMoi SipKoif 3B€3/1bl HA HOUHOM Hele.

Jlanmay moxazan, 4YTO 3Be€3Ja MOXET OKazaTbCi M B JPYrOM KOHEYHOM COCTOSIHUH,
npezesbHas Macca KOTOPOTo paBHa OJHOM-ABYM MaccaM CouHIla, a pa3Mephl Jake MEHbIIE, YEM Y
0enoro Kapyiuka. OTH 3BE3/bl TOXKE JOJKHBI CYIIECTBOBAaTh Oyiarojapsi BO3HUKAIOIIEMY H3-3a
npuHuuna [layny oTTankuBaHuIO, HO HE MEX]TY 3JIEKTPOHAMU, & MEXAY MPOTOHAMU U HEUTPOHAMMU.
[TosToMy Takue 3Be3lbl MOMYYMIM Ha3BaHWE HEUTPOHHBIX 3Be3A. Mx pamuyc He Oobiie
HECKOJIbKUX JECSITKOB KHJIOMETPOB, a IUIOTHOCTh — COTHH MUJUIMOHOB TOHH Ha KyOHUYeCKHU
cantumerp. Korga Jlannay mpesickaszan HEHTpOHHBIE 3BE3/bl, HAOJIOJATh UX HUKTO HE yMel, a
peanbHas BO3MOKHOCTh MX HAOMIOICHUS TOSBUIACH 3HAUUTEIHHO MO3XKE.

Ecnn macca 3Be3npl IpeBblIAcT npeaen Yanapacekapa, TO, KOrja €€ TOIUIMBO KOHYAeTcs,
BO3HHUKAIOT OOJBIINE CIOKHOCTH. UTOOBI u30ekaTh KaTacTPO(PUUECKOT0 T'paBUTAIMOHHOTO
KOJIJIarca, 3Be3/1a MOXET B30PBAaThCs WM KaKUM-TO 00pa3oM BBIOPOCUTH M3 ceOsl 4acTh BEIIECTBa,
4yTOOBI Macca cTajla MEHbIIe NpeAenbHOu. TpyaHO, OJHAKO, MOBEPUTh, YTO TaK MPOHCXOAUT CO
BCEMH 3B€37jaMH HE3aBUCUMO OT UX pa3MepoB. Kak 3Be3/a y3HaeT, uTo el mopa TepsTh Bec? A naxe
ecu OBl KaxI0H 3Be3/le YJaIOoCh MOTEPSITHh B BECE HACTOJIBKO, YTOOBI M30€KaTh KoJarnca, To 4YTo
MPOU301LIO Obl, eciii Obl MBI YBEIMYMIM Maccy OeJoro Kapiuka WM HEHTPOHHOH 3Be3/bl Tak,
yTOOBI OHA TMpeBbIicKa Obl Tipeaen? MoxkeT ObITh, TOTJa IPOoU3oIIea Obl KOJUTAC M TUIOTHOCTh
3Be3/1bl cTana OeCKOHeuyHOW? DIMMHITOH ObUI TaKk 3TUM TOPaXEH, YTO OTKa3ajlcs BEpPHUTh
pesynbraty Yannapacekapa. OH cuMTaid MPOCTO HEBO3MOKHBIM, YTOOBI 3B€3/la CKOJIANICHPOBANa B
TOUKy. Takoi MO3UIMU NPUACPKUBATIOCH OOJNBUIMHCTBO YUEHBIX: caM DWHIITEHH 3asBUJI B CBOCH
CTaThe, YTO 3BE3/bl HE MOTYT CXKMMATbHCA /IO HYJIEBBIX pa3MepoB. BpaxneOHoe OTHOLICHHE YUEHBIX,
B O0COOEGHHOCTH OJIJUHITOHA, KOTOPBIM OBLT TepBbIM yuuTenem Yanapacekapa M TJIaBHBIM
aBTOPUTETOM B HCCIEIOBAHWU CTPOEHHUS 3Be3[, BBIHyAWIM YaHapacekapa OCTaBUTh paboOTy B
IIPEKHEM HAIIPaBJIEHUU U MEPEKIIOYUTHCA HA JIPYTUE 3a7aud aCTPOHOMMHM, TaKHe, KaK JBUKECHHE
3Be3HbIX cKoruieHuil. OgHako HobGenesckas npemust 1983 r. Obuta, Mo KpaifHEW Mepe 4acTHYHO,
npucyskaena Yanapacekapy 3a paHHue paOoThl, CBS3aHHBIE C MPEIEIbHON MAaCCON XOJIOIHBIX 3BE3/.

OH noka3aJ, 4TO €CiIM Macca 3Be3/bl NIpeBbIIacT mnpeaen Yanapacekapa, TO NPUHIUI
3ampeTa HE MOYKET OCTaHOBUTH €€ KOJUIAIC, a 3a7ady O TOM, 4TO JOJDKHO IIPOM3O0MTH C Takou
3BE3/I0M corjlacHO oOOIeld TeopuH OTHOCHUTEIBHOCTH, MepBbIM pemmin B 1939 r. mMomomoit
amepukaHckuii pusuk Podept Onnenreiimep. Ho u3 pesynbraToB OmnmneHreiimepa ciiezjoBaio, u4To ¢
MOMOIIBIO CYIIECTBOBABIIMX TOT/Ia TEJIECKOIOB HENb3sl HAOMI0AAaTh HU OJMH U3 IpPEICKa3aHHbBIX
s dexrtoB. [lotom Hauamace Bropas mMupoBas BoitHa, u cam OmnmeHreidMep BIUIOTHYIO 3aHSUICS
pa3paboTkoii aToMHONW O00MOBI. [lociie BOWHBI O TPAaBUTAIIMOHHOM KOJUIAICE COBEPIICHHO 3a0bLIH,
MOTOMY YTO OOJBIIMHCTBO YYEHBIX OBUIO YBJIEUCHO H3yUEHHEM SIBJICHUH aTOMHBIX H SAEPHBIX
MacmtaboB. Ho B mectuaecsToix rofax, Oigaroaapsi HOBEHIIeH TeXHUKE, YUCIO aCTPOHOMUYECKUX



HaOMIOACHUN CUJIBHO BO3pOCIO, @ MX 00JacTh 3HAYUTENIBHO pPACHIMPUIACH, YTO BBI3BAJIO
BO3POXKJCHHE MHTEepeca K aCTPOHOMHMM M KocMojoruu. PesynbraTsl Onnenreiimepa ObUld 3aHOBO
OTKPBITHI ¥ Pa3BUTHI ajie€ MHOTUMH (PU3UKAMHU.
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B wrore, Onaromaps OmnmenreliMepy, Mbl HMEEM ceHYac CleAyrlylo Kaptuhy. M3-3a
TPABUTAIMOHHOTO TIOJISI 3BE3[bl JIy4Yd CBETa B NPOCTPAHCTBE-BPEMEHU OTKIIOHSIOTCS OT TEX
TPAEKTOPHii, IO KOTOPBIM OHH MEPEMEIIANINUCh Obl B OTCYTCTBUE 3Be3/1bl. CBETOBBIE KOHYCHI, B/IOJb
MIOBEPXHOCTU KOTOPBIX PACIpOCTPAHSIOTCS MCHYILEHHBIE U3 MX BEPIIMH CBETOBBIE JIyYd, OKOJIO
MOBEPXHOCTHU 3BE€3/Ibl HEMHOT'O HAKJIOHSIOTCA BHYTPh. JTO MPOSBISETCS B HAOIIOJaeMOM BO BpEMs
COJIHEYHOI'O 3aTMEHHUSI MCKPUBJIEHUM CBETOBBIX JIy4eW, MAYIIUX OT yJIaleHHbIX 3Be3l. Ilo mepe
CKaTUs 3BE3]Ibl YBEJIMUYMBACTCS T'PABUTALIMOHHOE IOJIE HA €€ MOBEPXHOCTH U CBETOBBIE KOHYCHI
HAaKJIOHAIOTCS elle cuwibHee. [103TOMy CBETOBBIM JydaM, MCIYLIEHHBIM 3BE310W, CTAHOBUTCS BCE
TpyJIHEe BBINTH 3a MIpeJeNbl IPaBUTALIMOHHOTO TOJS 3BE3/bl, U yAaJlEHHOMY HAONIOAATeNIo ee
cBeueHHe OyJeT Ka3aTbCsl TYCKJIBIM M Oojiee KpacHbIM. B KOHIIE KOHIIOB, KOTJa B XOJ€ CXKaTus
paauyc 3Be3lbl JTOCTUTHET HEKOTOPOrO0 KPUTHYECKOrO 3HAYEHHMs, I'PABUTALMOHHOE IIOJIE y €€
MOBEPXHOCTU CTAHET OYEHb CHJIbHBIM, U TOTJAa CBETOBbIE KOHYCHI HACTOJILKO MOBEPHYTCS BHYTPb,
YTO CBET HE CMOXKET OOJIbllie BHIATU Hapyxy (puc. 6.1). Ilo Teopun OTHOCHUTEIHLHOCTH HUYTO HE
MOXKET IBUTAThCS OBICTpPEE CBETA; a pa3 CBET HE MOXKET BBINTU HAPYXKY, TO U HUKAKOU APYroiu
O0OBEKT HE CMOXXET BBIMTH, T. €. Bce OyJeT BTATMBAaTbCA Ha3aJ TPaBUTALIMOHHBIM MOJIEM. DTO
3HAYHT, YTO CYIIECTBYET HEKOE MHOXECTBO COOBITHH, T. €. HeKas 00J1acTh MPOCTPAHCTBA-BPEMEHH,
13 KOTOPOH HEBO3MOXKHO BBIWTH HapyXy M JOCTHYb yJalleHHoro HaOmromarens. Takas oOmactb
Ha3bIBAaETCs ceifuac 4YepHOM AbIpoil. ['paHuIly YepHOM AbIpBI Ha3bIBAIOT TOPU30HTOM cOObITHI. OHa
COBIAJAET C IMYTAMHM TE€X CBETOBBIX Jyuye€d, KOTOpBIE MEPBBIMH W3 BCEX TEPAIOT BO3MOXKHOCTH
BBIMTH 3a MPEJEIIbl YEPHOU JIBIPBI.



UT0oOB! MOHATH, YTO BBl YBUIENU Obl, €cau Obl HaOMIOJaIM 32 00pa30BaHUEM YEPHOW JIBIPHI
IIPU KOJIJIAICe 3BE3/1bl, Ha/10 BCIIOMHUTB, YTO B TEOPUH OTHOCUTEIBHOCTH OTCYTCTBYET aOCOJIIOTHOE
BpeMsi M Yy Kaxaoro HaOiromarenss cBOs Mepa BpeMeHu. M3-3a TOro 4ro 3Be3la HMMEET
IpaBUTALIMOHHOE TT0JIe, [l HaOJroaTelNs Ha 3Be3/ie BpeMs OyJeT He TaKuM, Kak Ui yJIaJIeHHOTOo
HaOmonatens. [lpeamnonoxum, uYTo KakoH-HMOyAb OTBaKHBIM acCTpPOHABT HAXOAMTCA Ha
MOBEPXHOCTHU KOJUIANICUPYIOIEH 3Be3/Ibl M KOJIAIICUPYET BHYTPb BMECTE C HEH.

[lycTh OH KaXXIyr0 CEKyHIy MO CBOMM YacaM IOCHUIAET CUTHAIBI HA KOCMUYECKUN KOpaOIb,
oOpararomuiicst Mo opouTe BOKPYT 3Be3/bl. B Kakoi-TO MOMEHT BpEMEHH I10 €ro 4acaM, CKakeM B
11:00, 3Be3nga coxxmercs OO paauyca HUKE KPUTHUECKOIOo, IPU KOTOPOM TPaBUTALIMOHHOE IOJIE
CTaHOBHUTCS HACTOJBKO CHJIBHBIM, YTO HUYTO HE MOKET BBIWTH Hapy>Ky, U TOT/Ia CUTHAJBI 3TOIO
cMerb4aKa OoJibllle HE TOMaayT Ha KOCMUYECKUU kopadib. [Tpu mpubnmwxenun Bpemenu k 11:00
MHTEpBAJIbl MEXly OUYepeIHBIMU CUTHAJaMU, KOTOPbIE aCTPOHABT MOCHUIAET CBOMM CIIyTHHUKaM Ha
KOCMHYECKUI Kopalib, OyayT yamuHATECs, HO A0 10:59:59 stotr addext Oyner HeBenuk. Mexay
CUTHAJIAMH, KOTOpPbIE aCTPOHABT MO cBOMM 4yacaM noueT B 10:59:58 u 10:59:59, na kocMuueckom
KopalJie TpoiieT 4yTh OOJbINE CEKYHIbI, HO CHTHaja, MocjiaHHOro actpoHaBToM B 11:00, um
npuaeTcs *AaTh Be4Ho. CBETOBbIE BOJIHBI, HCIYIIEHHBIE C TOBEPXHOCTH 3Be3/1bl Mexy 10:59:59 u
11:00 mo wyacam acTpoHaBTa, OYyAyT, C TOYKH 3PEHUs [accakupa KOCMHUYECKOIro Kopalis,
pa3ma3zaHbl 110 OECKOHEYHOMY NEpHOAY BpeMEeHU. BpeMeHHOW MHTepBan MeXAy IBYMs BOJHaMH,
MPUXOASIIMMU APYT 3a JIPYyroM Ha Kopabib, OyJeT Bce BpeMs YBEIMUMBATHCA, U MOITOMY
U3Iy4YaeMblil 3Be30H cBeT OyJeT HeNpepbhlBHO ociabeBaTh M KazaThCsl Bce Oosee KpacHbIM. B
KOHIIE KOHIIOB 3B€3/]a CTAHET TaKOW TYCKJIOH, 4To ee OoJiblIe HE YBUIAT C OOpTa KOCMHUYECKOIO
KOpalOJisi: OT Hee OCTAHEeTCs JUIb 4YepHasl Jplpa B npocTpaHcTse. IIpu 3ToM Ha kopabip Oyner
MO-TIPE)KHEMY JI€WCTBOBAaTh I'PaBUTALMOHHOE NMPUTSHKEHHUE 3BE37bl, TAK YTO OH MPOJOJIKUT CBOE
JIBMDKEHUE 110 OpOMTE BOKPYT YEPHOM JIBIPHI.

Ho sToT cueHapuii He COBCEM pEANMCTHYEH MO cienyromed npuuuHe. [Ipu ynaneHnn or
3BE3/Ibl €€ TPaBUTALMOHHOE NPUTSDKEHHE ociadeBaeT, a IMO3TOMY HOTM HAIIEro OTBa)KHOTO
acTpoHaBTa Bceraa OyIyT UCHBITHIBATH O0JIee CHIIbHOE IPaBUTAIIMOHHOE BO3/ICHCTBHE, YeM IOJIOBA.
PazHuna B BeqMYMHE CHUJI MPHUBENET K TOMY, YTO ACTPOHABT JMOO OKAaXKETCS BBITSHYTHIM, Kak
CrareTTd, Ju0O pa3opBETCS Ha YacTH €IIe [0 TOTro, Kak pa3Mepbl 3BE3Jbl COKPATATCS 0
KPUTHYECKOTO pajnyca, KOorja BOZHUKAET ropu3oHT coObITHii! Ho MBI cunTaem, uto Bo Beenennoit
CYLIECTBYIOT ropaszio OojblIue OO0BEKThI, HAPUMEpP LEHTPAIbHbIE 00JACTH TaJaKTHK, KOTOpBIC
TOKE MOTYT IPEBpallaTbCcs B YEPHBIE JBIPbI W3-3a IPAaBUTALIMOHHOTO KoJutarnca. Toraa, Haxoasch
Ha OJIHOM U3 TakUX OOBEKTOB, aCTPOHABT He ObUI OB pa30pBaH Ha YaCTH €lIe A0 0Opa3oBaHUs
yepHOU IbIpbl. Ha camoM fene oH Obl HEe NOYYBCTBOBAJ HUYEr0 0COOEHHOI0, KOTJa pauycC 3B€3/Ibl
JOCTUT OBl KPUTHUYECKOTO 3HAYEHUS, U BIIOJIHE MOT OBl MPOWUTH, HE 3aMETUB, TOUKY, 32 KOTOPOU
HauuHaeTcsa 00JacTh, OTKYJa Hellb3s BEpHYThCs Hazad. Ho Bcero depes HECKOJIBKO 4acoB, KO/
3Ta 06JacTh Havana Obl KOJJIAICHPOBATh, Pa3HUIIA IPABUTAIIMOHHBIX CHJI, IEUCTBYIONIMX HA HOTH U
Ha roJIOBY, BO3pOciia Obl TaK CHIIBHO, YTO €T0 OINATh Pa30pBajio ObI HAa YAaCTH.

B pabGore, xotopyto mMbl ¢ Pomxepom Ilenpoy3om Beimonumiu B nepuof ¢ 1965 mo 1970 r.,
ObUIO IOKA3aHO, 4TO, COIJIACHO OOLIEH TEOpUU OTHOCHUTENBHOCTH, B UYEPHOH AbIpe NOJKHA OBITh
CHUHTYJISIPHOCTh, B KOTOPOH IUIOTHOCTh M KPHBH3HA MPOCTPAHCTBA-BPEMEHH OECKOHEUHHBI.
Cutyanusi HanmOMUHAaeT OONBLIONW B3pbIB B MOMEHT Hayajla OTCUeTa BPEMEHU C TOW TOJIBKO
pasHUIIEH, 4TO 3TO 03HAYAIO ObI KOHEI] BpEMEHH Il aCTPOHABTA U JIJIsl KOJUIANICHpYIoIero Tena. B
9TOM CHHTYJSIPHOM TOYKE HapyLIaJuch Obl 3aKOHBI HAyKH, a Mbl NOTEpsUId OBl CIIOCOOHOCTH
nmpenckaspiBath Oyaymiee. Ho 9sTa moteps He KocHymach Obl HU  OJHOTO HaOIIOIATENs,
HaxXOJALIErocs BHE YEPHOM [bIpbl, MOTOMY 4YTO JO HEro He Jouiea Obl HU CBETOBOM, HHU
KaKOH-HUOYIb JIpyroil CHUrHaj, BBILEAMUN u3 cuHrynapHocTH. Ilox BimsHHEM 3TOrO
yauButensHoro ¢axkrta Pomxep IleHpoy3 BBIABHHYJ «THIOTE3Y KOCMUYECKON LIEH3YpPbD», KOTOPYIO
MOXHO c¢opmyarpoBath Tak: «bor He TepnuT rojoi CHHryJspHOCTHY. Jlpyrumu cioBamu,
CHHTYJIIPHOCTH, BO3HHUKIIME B pE3yJbTaTe€ TIPABUTALMOHHOIO KOJUIAICA, MOSBISIIOTCA JIMIIb B
MECTax BpOJIE YEPHBIX IbIP, TJI€ TOPHU3OHT COOBITUN HAIEKHO YKPHIBAET MX OT B3IJISI0B HM3BHE.
Ctporo roBopsi, 3TO THUIOTe3a ClIab0KW KOCMHUYECKON IEH3yphl (KaKk €€ W Ha3bIBAlOT Ceidac):



Omarojmapss el HaOnIoAaTenw, HaxOsAIIMecs 3a NpeaelaMd YEepHOW JbIpbl, 3aIIMILIEHBI OT
MOCIIEACTBUI TOTO, UTO B CHHTYJISIPHOCTH TEPSIETCsI CIOCOOHOCTH MpeACcKa3bIBaTh Oyayllee, HO 3Ta
TUIOTE3a HEYEro He JaeT Ul CIIaceHUs] HECUACTHOI'O aCTPOHABTA, YIABUIETO B UEPHYIO JBIPY.

CyI1ecTBYIOT HEKOTOPbIE pElIeHHs] YpaBHEHUN OOIIel TeOpuH OTHOCHTEIBHOCTH, KOTOPHIE
MIO3BOJISIIOT ACTPOHABTY YBUJETH T'OIYIO CUHTYJIIPHOCTB; OH MOXKET YBEPHYTHCS OT CUHTYJISIPHOCTH
U, TMPOJIETEB 4Yepe3 «KPOTOBYIO HOPY», BBIUTU B npyroii obmactu Bcenennoi. Takoi BapuaHT
MPEeJOCTaBMII OBl MIMPOKHE BO3MOYKHOCTH ISl IyTEIIECTBHS B NPOCTPAHCTBE M BPEMEHH, HO, K
COKaJICHUIO, BCE ATH PELICHHs, MO-BUIUMOMY, CHJIBHO HecTaOuiabHBL. Mareiiiee BO3MyIIeHHE,
HampuMep NMPUCYTCTBUE aCTPOHABTA, MOTJIO Obl TaK U3MEHUTH PELEHUS, YTO aCTPOHABT HE YBUJIEIN
OBl CHUHTYJISIPHOCTD IO CAMOTO CTOJIKHOBEHHSI C HEl, KOT/J]a €ro CyIIECTBOBAHUIO MPUIIIET ObI KOHEII.
Jlpyrumu cioBaMu, CHHTYJISIPHOCTh HaXOIMIIach ObI BCeTAa B €ro OyylieM W HUKOTA B IPOILIOM.
CunpHass  (QoOpMyITUpOBKA THUNOTE3bl KOCMHUYECKOM IIEH3yphl TaKOBa: CHHTYJISPHOCTU
PEATMCTUYECKOTO PEIIeHus MOJDKHBI OBITH BCerjga JMOO LEeNWKOM B OyaymeM (Kak B ciydae
TPaBUTAIMOHHOTO KOJIIATNCa), TMO0 LETUKOM B MPOILIOM (Kak B ciaydae O0yblioro B3pbiBa). O4eHb
XOYETCsl HAJEAThCS, UYTO «IUIOTE3a KOCMHUYECKOW LEH3ypb» BBINOJHSAETCS B TOW WJIM HHOU
(hopMyIHUpOBKE, TOTOMY UYTO MHaue BOJHM3U TOJBIX CHHTYJISIPHOCTEH HMMeNIach Obl BO3ZMOXKHOCTHh
ronaziaTe B Ipoluioe. ITo ObIo OBl MPEKpacHO AJs mucarenei-paHTacToB, HO O3HAYajIo Obl, UTO
HUKOT/Ia HENb3s ObITh YBEPEHHBIM B CBOEH OE30MACHOCTH: KTO-TO MOXXET BOWTH B MPOIIIOE H
JMILIUTH )KU3HU KOTO-HUOYIb U3 BallIMX POJUTENEH €llle A0 TOro, KaK OHU YCIIENH JaTh KU3Hb BaMm!

['opu30HT COOBITHH, OTpaHUUYMBAIOIIUMN Ty OOIACTh MPOCTPAHCTBA-BPEMEHH, U3 KOTOPOM
HEBO3MOXXHO BBIOPATBCS HAPYXKy, MOJ00CH HEKOCH MONyNpPOHHUIIAEMON MeMOpaHe, OKpYKaromieH
YEepHYIO ABIPY: 00BEKTHI BPOAE HEOCTOPOKHOTO aCTPOHABTAa MOTYT YIIACTh B YEPHYIO ABIPY depes
TOPHU30HT COOBITHIA, HO HUKAaKHe OOBEKTHI HE MOTYT BHIOPATHCSA W3 HEE 4Yepe3 TOPU30HT COOBITHI
oOpartHo. (BcomHuTE, YTO TOPU3OHT COOBITUH — 3TO MYyTh, 10 KOTOPOMY B MPOCTPAHCTBE-BPEMEHU
pacnpoCTpaHsAeTCsl CBET, KOI/1a OH CTPEMUTCS BBIMTHU M3 YEPHOH JbIPHI, a ObICTpEE CBETA HE MOXKET
nBuratbes HUUTO). O Topu30HTE COOBITHII MOKHO CKa3aTh TaK, Kak Cka3aHo y modTa J[aHTe o Bxoze
B An: «OcTaBb HaJIeXKy BCAK CIOJIa BXOIAIIMI». Bee U BCs mpoBanuBIIieecs 3a TOPU3OHT COOBITHIA
BCKOpE MOMaJeT B 00J1aCTh 0ECKOHEUYHOH MIIOTHOCTH, I/I€ BpeMsl KOHYAETCS.

OOm1ast Teopusi OTHOCUTEIBHOCTH MPEICKA3bIBAET, YTO NPU JABWKCHHU TSDKENBIX OOBEKTOB
JOJKHBI M3ITy4aThCSl TPAaBUTALMOHHBIE BOJIHBI, KOTOpPbIE MPEICTaBISIIOT CO0O0M MyJbcaluu
KPUBHU3HBI IPOCTPAHCTBA, PACIPOCTPAHSIIOIIMECS CO CKOPOCThIO cBeTa. M3myuyaemble mpu JiI0OOM
JIBUKEHUM TPaBUTAIIMOHHBIE BOJHBI OyAyT YHOCUTh JHEPrui0 cucTeMbl. (DTO HalOMHHAET
MOBeJICHHE OPOIIEHHOT0 B BOJIy MOIJIaBKa, KOTOPBINA CHavaia TO yXOAUT MO BOAY, TO BBIHBIPHBAET
Ha IOBEPXHOCTb, HO, MOCKOJBbKY BOJHBI YHOCAT €r0 HEPrUI0, B KOHLE KOHIIOB 3aCTHIBACT B
HETIOJIBIDKHOM CTaIlMOHapHOM cocTosiHuu). Hampumep, npu oOpamenun 3eminn Bokpyr ComHia
BO3HUKAIOT T'PaBUTALIMOHHBIE BOJHBL, M 3eMilsd TepseT cBoro sHepruto. Iloteps sueprum Oyzaer
BIMSTH HA OpOuTY 3eMiH, U 3eMJIsl HAYHET MOCTeneHHo mpubnmxarbes K ConHiyy. B KoHIIe KOHIIOB
OHM BOMAYT B KOHTAaKT, M 3€MJId, IEpPECTaB JBUraTbCi OTHOCUTENBHO COJIHIA, OKaXeTCs B
cTaniMoHapHoM cocTtossHuu. [Ipu Bpamenunn 3emnu Bokpyr CosiHLa TepsieMass MOIIHOCTb OY€Hb
Maja — MPUMEPHO TaKOBa, KaKylo MOTPeOsieT HEeOONbIION IMEKTPOKUIIATUIBHUK. DTO O3HAYaeT,
yro 3emus ynager Ha CoslHLE NPUMEPHO 4Yepe3 ThICSYY MUJUIMOHOB MMWIIMOHOB MUJUIMOHOB
MUJUTHOHOB JIET, @ TIOTOMY TPsIMO ceifdyac OecrokouThess He 0 dyem! M3MeHeHus: opOUTHI 3eMin
MIPOUCXOJIAT CIUIIKOM MEJUICHHO JUIs HAOMIOACHHUS, HO 3a MOCJEeIHIE HECKOJBKO JIET B TOYHOCTH
takoh ke 3Pdekr Habmomancs B cucteme PSR 1913+16. (PSR o3nauaer «mynbcap» — ocobas
Pa3HOBUAHOCTh HEWTPOHHOM 3BE3/bl, KOTOPAsl M3Iy4aeT MEPUOJUYECKHE HMMITYJIbChl PaJHOBOJIH).
OTO cucTeMa JIBYX HEUTPOHHBIX 3BE€3]l, BPAIIAIOIINXCSA OHA BOKPYT APYTOW; MOTEPU SHEPTUH Ha
I'PaBUTALIMOHHOE U3ITyYCHHE PUBOAT K MX COIMIKEHHIO 110 CIIUPAIIH.

Kornma Bo Bpemsi TpaBUTAallMOHHOTO KOJUIamca 3Be3/bl oOpa3yeTcs 4YepHas [blpa, BCe
JBUKEHMSI 3B€3]1bl TOJIKHBI CUJIBHO YCKOPUTHCS, U IOATOMY ITOTEPU SHEPTUU TOXKE TOJKHBI CUIIBHO
Bo3pactu. (CrenoBaTenpbHO, KOJUIANCHUPYIOIAs 3BE€3[a JIOJDKHA BCKOpPE OKa3aTbCid B HEKOEM
CTAIlMOHAPHOM COCTOSTHUH. KakuMm ke OyJeT 3T0 KOHEYHOE COCTOSTHUE?

MOXHO TPEeANoNOXHUTh, YTO OHO OyJET 3aBUCETh OT BCEX CJIOXKHBIX CBOWCTB HCXOJIHOM



3BE3/bl, T. €. HE TOJIBKO OT €€ MacChl U CKOPOCTU BPALLEHUS, HO U OT Pa3HbIX IUIOTHOCTEN pa3HbIX
yacTell 3Be3bl U OT CIOXKHOTO JIBWXXEHHUs Ta3oB BHyTpu Hee. Ho eciam Obl uepHble AbIpHI ObUIH
CTOJIb € Pa3HOOOpPa3HbIMHU, KAK U KOJUIANICUPYIOIINE OOBEKTHI, U3 KOTOPBIX OHM BO3HUKAIOT, TO
JienaTh Kakue Obl TO HU ObUIO O0IMe MpeICKa3aHus O YEPHBIX AbIPaX 0Ka3ajioch Obl OUEHb TPYIHO.

Opnako B 1967 r. xanaackuii ydenblii Bepnep W3pasne (o poawncs B bepnune,
BocnuThiBasics B FOxHON Adpuke, a TOKTOPCKYIO TUccepTaluio 3amuimai B Mpnananu) npoussen
PEBOJIIOLIMIO B HAayKe O YEpHBIX Ablpax. M3pasnbp mokaszan, 4TO, COMNIACHO OOIel TeopHuu
OTHOCHUTEJIBHOCTH, HEBPAIIAIOLIMECS YEPHbIEC AbIPhI JOJKHBI HMETh OUEHb IPOCThIE CBOMCTBA: OHU
JOJDKHBI OBITh TPAaBWIIBHON CQeprueckoil (GopMbl, pa3Mepbl YEpHOH AbIPBI TOJDKHBI 3aBUCETH
TOJILKO OT €€ MAacCChl, a JIB€ YEPHBIEC AbIPHl C OJMHAKOBBIMM MaccaMu JOJDKHBI ObITh MIEHTHYHBI
apyr apyry. dakTuuecku Mosydasaoch, YTO YEPHbBIE JABIPHI MOXKHO OMNKMCATh YaCTHBIM pELICHHEM
ypaBHEHMI DWHINTENMHA, n3BeCTHHIM ele ¢ 1917 r. n Haiinennsm Kapiiom IIBapummnsiom Bckope
rocJie onyOJuKoBaHusl oOuIed Teopuu oTHOcUTenbHOCTH. CHavajla MHOTHE, B TOM YHUCIE U CaM
W3pasnb, cuuTaiu, 4To, MOCKOJBKY YEpHbIE JBIPBI JOKHBI OBITh COBEPILIEHHO KPYTJIBIMHU, OHU
MOTYT OOpa30BBIBAThCS TOJBKO B PE3YyJIbTAaTe KOJUIACa COBEPIIEHHO KPYIJoro oobekTa. Takum
oOpa3om, mo0as peanbHas 3Be3Aa — a peajbHble 3Be3bl HE OBIBAIOT HMIEAIbHO cheprueckon
(hOpMBI — MOXKET CKOJIIAIICUPOBATH, MTOPOKAAst TOIBKO TOIYIO0 CHHTYJISIPHOCTb.

[lpaBna, Obuta BO3MOXHA M JIpyras HHTepHpeTanus mnoixydeHHoro M3pasiem pesynbrarta,
KOTOPYIO, B 4acTHOCTH, nojaepxkusain Pomxep Ilenpoys u [xon Yuuep. beictpeie nBuxenus,
BO3HMKAIOIME BO BpeMs KOJUIAca 3B€3/bl, 03HAYAIOT, YKa3blBAJIM 3TH yUY€HbIE, YTO U3JIydaeMble
3BE€37]0 T'PaBUTAL[MOHHBIE BOJHBI MOTYT €Ill€ CHJIbHEE CKPYIJIUTh €€, U K TOMYy MOMEHTY, KOrIjaa
3Be3/1a OKAKETCs B CTALIMOHAPHOM COCTOSIHUM, OHa OyAeT B TOUHOCTU cepuueckoil popmsl. [Tpu
TAKOM B3IUISAJIC HA BEMIW JTF00asl HEBpAIIAMOIIAsCs 3Be3/1a, Kak Obl HU ObLIa CIOXHa ee dopMma H
BHYTPEHHSS CTPYKTYpa, IOCIe TPaBUTALMOHHOIO KOJIJIATca JOJDKHA IPEBPATUTHCS B YEPHYIO JBIPY
MPaBUIBHON Ceprudeckoil GopMbl, pazMepsl KOTOpOil OyIyT 3aBHCETh TOJBKO OT €€ Macchl. B
JanbHeHIeM Takoi BbIBOJ ObLT MOATBEP)KICH pacyeTaMu M BCKOPE CTall OOILENPUHATHIM.

Pesynbrar W3pasns kacajics TOJIBKO YEPHBIX JAbIp, 00pa30BABIIMXCS M3 HEBPAILAIOIIUXCS
o0bekToB. B 1963 1. Poit Kepp u3 Hopoii 3enananu Haiien ceMeHCTBO PEIICHUH YpaBHEHUN 001IIei
TEOPUU OTHOCHUTEIBHOCTH, KOTOpPBIE OIMCBHIBAJIM BpAaILLAIOLIMECs] 4epHble IbIpbl. KeppoBckue
YepHbIE JbIPbl BPAILAIOTCS C MOCTOSIHHOM CKOPOCTBIO, @ UX (opMa M pa3Mep 3aBHCAT TOJIBKO OT
Macchl ¥ CKOPOCTH BpalleHus. Ecinu BpallleHne OTCYTCTBYET, TO Y€pHas Ablpa UMEET HCaTbHYIO
mapoo0paszHyto (opMy, a OTBeUarollee e peleHne UASHTUYHO MIBAPIILIMIBIOBCKOMY PELICHHUIO.
Ecnu xe uepHas plpa Bpamaercs, TO €€ AMAMETP YBEJINYMBAETCS 10 SKBATOPY (TOUHO TaK XK€, KaK
nedopmupyroTcst BeieacTBue BpamieHus 3emuss u ConHIIE), M TeM CHIIbHEE, 4eM ObIcTpee
BpameHre. UToObl MOXHO OBLIO MEpeHecTH pe3ysbTaT M3pasns u Ha Bpamiaronmecs tena, ObLIo
C/IEJaHO MpPEIOJI0KEHNEe, YTO JII000e Bpalarolieecs Telo, KOTOpOe B pe3ylbTaTe KoJularca
o0pa3yeT YepHyIO IbIpy, JODKHO B KOHIIE KOHIIOB OKAa3aThCSl B CTAllMOHAPHOM COCTOSTHHH,
onucsiBaeMoM pemeHueM Keppa.

B 1970 r. moit acniupanT u kosera no Kem6pumky bpennon Kaprep cnenan mepsblii mar k
JI0Ka3aTeNNbCTBY 3TOr0 MpeanosnoxeHus. Kaprep mokasai, 4To eciy CTallMOHApHAs BpalllaroIiascs
YyepHast JbIpa 00J1aJaeT OChbI0 CUMMETPUH, KaK BOJUYOK, TO €€ pa3Mepsl U ¢opma OyayT 3aBUCETh
TOJIBKO OT €€ MAacChl U CKOpOCTH BpamieHus. 3arem B 1971 T. s mokazan, 4to ar0basi cTalimoHapHas
YyepHast JbIpa Bcerna OyZeT UMeTh Takyto ock cummerpun. Hakonen B 1973 r. [I3Bun PoOuHcoH u3
Koponesckoro xomnemka B JIoHIoHe, onupasch Ha Hamu ¢ KaprepoM pe3ynbTaThl, TOKa3aj, YTO
BBILIECTIPUBEACHHOE MPEANOI0KEHUE MPABUIbHO, T. €. YTO CTAallMOHApHas 4epHas JAbIpa BCErzaa
Oyner pemenueM Keppa. Mrak, mocne rpaBUTallMOHHOTO KoJulalica YepHas JbIpa JOJDKHA
0Ka3aTbCs B TAKOM COCTOSHHHM, YTOOBI OHA MOTIJIa BpalllaThCs, HO HE MOIJIa MmyJjbcupoBaTh. Kpome
TOTO, pa3Mepbl YUEPHOM AbIpbl OyyT 3aBUCETh TOJBKO OT CE€ MAacCChl U CKOPOCTH BpAIIEHUS U HUKAK
He OyIyT CBS3aHBI CO CBOMCTBAMU TOTO TeJa, KOTOPOE CKOJUIAIICHPOBAJIO B ATY YEPHYIO ABIPY. DTOT
BBIBOJ] CTaJl U3BECTEH B (OPMYIMPOBKE: «Y YEpHOU IBIPBI HET BOJOCY». Teopema 00 OTCYTCTBUU
BOJIOC Yy YEPHOH JABIPHl MMEET OIPOMHOE IPAKTHMUYECKOE 3HAYEHHME, IIOTOMY UYTO OHAa Hajaraer
CHJIbHBIE OTPAaHUWYEHHUS Ha BO3MOXKHBIE THUIIBI YEPHBIX JAbIp U TEM CaMbIM JaeT BO3MOYKHOCTb



CTPOWUTH JIETANbHBIE MOJEIH OOBEKTOB, KOTOPBIE MOTJHM OBl CONEpXKAaTh 4YepHBIC MOBIPBI, WU
CpaBHUBATh MX MpeACKa3aHus ¢ pe3yibTaTaMu HabmoaeHuid. Kpome Toro, U3 Hee ciemyer, yTo npu
oOpa3oBaHMM YEpHOM  JbIpbl  JOJDKHA  TEpPAThCS  OrpoMHas 4acTb  MH(pOpMauud O
CKOJUTAIICUPOBABILIEM TeJle, IOTOMY 4YTO TOCJIE KOJIarca Bce, YTO HaM YJacTCs U3MEpUTh, — 3TO,
MOJKET OBITh, JIMILb Macca Tejla JAa CKOPOCTh €0 BpallleHHs. 3HAYMMOCTh CKAa3aHHOTO CTAHET sSICHa
U3 CIIEIYIOLIeH IIaBhl.

UepHble IbIpbl — OJUH U3 OYE€Hb HEMHOTOUYMCIIEHHBIX NMPUMEPOB B HUCTOPUU HAYKH, KOI/a
TEOpHsl pa3BUBAJaCh BO BCEX JETANAX Kak MaTeMaTHyeckas MOJedb, HE HMes HHMKaKuX
9KCIIEPUMEHTAJIbHBIX MOJATBEPXKJIEHUN CBOEH crpaBeyIMBOCTH. U 3TO, KOHEUHO, ObUIO TJIaBHBIM
BO3PaXCHUEM MPOTHMBHUKOB YEpHBIX JbIp: KAaK MOXHO BEpPUTh B pEAJbHOCTh OOBEKTOB,
CYILLIECTBOBaHHE KOTOPBIX CIEAYET JIUIIb U3 BBIUMCICHHUH, OCHOBAaHHBIX HAa TAKOW COMHHUTEIbHOMN
TEOpHM, Kak obmas teopusi oTHocutenbHocTH. Ho B 1963 r. Maapren IlImuar, actpoHom u3
[Tanamapckoit o6cepBaropuu B KanudopHuu, u3mMepusl KpaCHOE CMEIIEHHE TyCKIIOTO, TTOX0KETo Ha
3Be3/ly OObEKTa B HANpaBICHWU UCTOYHUKA paguoBosiH 3C273 (MCTOUHHUK moJ HoMepoMm 273 B
TpetbeM KeMOpHIDKCKOM Karajore paauoucTouyHukoB). OOHapykenHoe IlImumarom kpacHoe
CMEILEHHE OKa3aJoCh CJIMIIKOM BEJIMKO, 4YTOObI €ro MOXHO ObIJIO OOBACHUTH JEHCTBHEM
IPaBUTALIMOHHOIO MOJIS: €cU Obl OHO OBLIO TPaBUTALIMOHHOTO MPOMCXO0XKJIEHUS, TO CBSI3aHHBIN C
HUM OOBEKT JOJDKEH OBbLIT UMETh TaKyro OOJBIIYIO MAaccy M pacrojaraTbCsl Tak OJIM3KO K HaM, YTO
€ro TPUCYTCTBHE M3MEHHMJIO Obl OpOMTHI Beex muiaHeT ConHeyHOW cuctembl. Ho, Moxer OBITh,
TOI/Ia KPacHOE CMELIeHHE BO3HUKIIO H3-3a paclivpeHuss BceneHHOW, M M3 3TOro cieayer, uTo
paccMaTpuBaeMblii 00BEKT HaXOAHUTCS, HA00OPOT, OYCHH Jayieko? Buaumblii Ha TakoM OOJIBIIOM
paccTosIHUM OOBEKT JOJDKEH OBITh OYEHb APKUM, T. €. JOJDKEH M3JIydyaTb OTPOMHYIO SHEpPTHIO.
EavHCTBEHHBIT MexaHM3M, C IOMOLIBI0 KOTOPOrO MOIJIO OBl M3IIy4aTbCs Takoe OO0JblIoe
KOJINYECTBO HHEPIUU, — ITO I'PAaBUTAIIMOHHBIN KOJIIANC, HO HE KaKOW-HUOyab OAHOM 3Be3bl, a
KoJutanc Bcel ueHTpanbHOW oOnactu [amaktuku. C Tex mop OBUIM OTKPBITBI U JIpyrue
aHaJIOTUYHBIE KBA3U3BE3/IHbIE OOBEKTHI, MM KBa3apbl, o0najaromue KpacHbIM cMerienueM. Ho ux
Oonbliasi yNAJIEHHOCTh CWJIBHO 3aTpyJHseT HaONIOJeHHEe M HE JaeT BO3MOXKHOCTHU CJHIENaTh
OKOHYAaTeJIbHbIE BBIBOJbI OTHOCUTEIBLHO YEPHBIX JBIP.

B 1967 r. mosiBUICS HOBBIM JOBOJ B IOJIb3Y CYLIECTBOBaHMS YEPHBIX JAbIp. KeMOpHIKCKMiA
aciupadT JIxxociuH bemn oOHapyxuin Ha HeOe OOBEKTHI, M3Iy4arollUe PETYJISIPHbIE MMITYJIbChI
paauoBosiH. CHauana bemn u ero pykoBoauTenbs DHTOHM XbIOMII PEHIMIIM, YTO OHU YCTAaHOBUIIM
KOHTAaKT C BHE3EMHBIMH IUBHIM3aIUIMK Hamel ["amakTuku! S moMHIO, 9TO, JOKIAABIBas O CBOEM
OTKPBITMHM Ha CEMHHAPE, YEThIPE UCTOUHMKA OHM JEHCTBUTENIBHO Ha3BalM cokpameHHo LGM 1-4,
rie LGM o3nauvaer «3enmenbie yenoBeukw» (Little Green Men). Ho motromM m aBTOpBHI, U BCE
OCTaJIbHBIE MTPUIILIA K MEHEe POMaHTHYHOMY 3aKJIIOUEHHIO, YTO OOHApy>KEHHBIE 00BEKTHI, KOTOpPBIE
ObUIM Ha3BaHBbI ITyJIbCApaMU, NMPEACTABIAIOT cO00M Bpallarolirecs HEHTPOHHBIE 3BE3/bl, KOTOpBIE
U3Ty4aroT MMITYJbChl PaJMOBOJIH M3-32 CJIOXKHOTO XapaKTepa B3aWMOJAEWCTBUS HUX MAarHUTHOIO
MOJISl ¢ OKPY’KAaIOIIMM BELIECTBOM. JTa HOBOCTb OrOpYMiIa aBTOPOB OOEBUKOB O KOCMMYECKHX
MpUILEIbIaX, HO OYE€Hb BOOAYIIEBUIIA HAlll HEMHOTOUYMCIIEHHBIN OTps CTOPOHHUKOB YEPHBIX ABID,
TaK KaK Mbl BIEPBbIE MOJYYWIM MOATBEPXKICHHE TOTO, YTO HEUTPOHHBIE 3BE3/lbl CYLIECTBYIOT.
Pannyc HEHTPOHHOU 3BE3[bl PaBEH NPUMEPHO IATHAALATH KHIOMETPAM, T. €. BCETO B HECKOJIBKO
pa3 0oJbllle KPUTHUYECKOTO paauyca, Mo JOCTHKEHHMH KOTOPOro 3B€3Jla MPEBPAILACTCs B YEPHYIO
aeipy. Ecnm 3Be3ga MOXET CKOJUIAICMpOBAaTh J0 TaKUX HEOONBIIMX pa3MEepoB, TO BIIOJHE
JIOIyCTUMO HPEINONI0XKNUTh, YTO APYTHE 3BE3/bl B pe3yJbTaTe KOJUIANCA CTAHYT €Ille MEHbIIE U
00pa3yIoT YepHBIE ABIPHI.



Jla, HO KaK MO>XHO PacCUMTBIBATH HAWTH YEPHYIO JBIPY, €CIU IO CAMOMY €€ ONPEICIICHUIO
OHa BOOOIIE HE M3Iy4yaeT cBeT? DTO BCE PaBHO YTO JIOBUTHh YEPHOTO KOTa B TEMHOUM kKoMHarte. U
Bce-Taku oauH cnocol ecth. Eme J[oH Mutdemn B cBoeil mUOHEpCKOM paboTe, HANMCaHHOHN B
1783 r., yka3piBaj, YTO YEPHBIC IbIPbl BCE K€ OKa3bIBAIOT T'PABUTALIMOHHOE BO3JCHCTBHE HA
OmM3Kue K HUM OOBEKTH. ACTPOHOMBI HAONIOAAd MHOTO CHCTEM, B KOTOPBIX JBE 3BE3IbI
oOpalaroTcs 0JJHa BOKPYT JIPYroi MoJ JeHCTBUEM IpaBUTALMOHHOTO NpuTshkeHus. Habmonatores
W TaKkhe CHUCTEMBI, B KOTOPHIX BHJMMAa JHIIb OJHA 3Be37a, OOpamaromiascs BOKPYT CBOETO
HEBUIMMOTO NapTHepa. Pasymeercs, Mbl He MOXKEM Cpasy 3aKJIFOUHTh, YTO NAPTHEP U €CTh YEpHAs
JbIpa, TOTOMY 4YTO 3TO MOXET OBITh MPOCTO uepecuyp Tyckias 3Be3na. OJHAKO HEKOTOpBIE U3
Takux cucrteMm, Hanpumep Jlebeapr X-1 (puc. 6.2), sABIAIOTCS €IIe W MOIIHBIMH HCTOYHHUKAMH
PEHTTEHOBCKOTO H3IyYeHHUs. DTO SBICHUE JYYIlle BCETO OOBSCHSICTCS MPEANOJIIOKECHHEM, UTO C
IMOBEPXHOCTH BUAMMOMW 3BE3/bl «CAYBAETCS» BEIECTBO, KOTOPOE MAaJaeT HAa BTOPYHO, HEBUIUMYIO
3BE€3]ly, Bpallasch IO CHUpal (KaK BBITEKAIOIlas M3 BaHHBI BOJA), U, CHUIBHO Pa30rpeBasCh,
WCITyCKAaeT PEHTTCHOBCKOe wu3iydeHue (puc. 6.3). Jlmsg cymecTBOBaHHMsI TaKOro MeXaHH3Ma
HEBUIUMBIA OOBEKT JOJHKEH OBITh OYE€Hb MaJbIM — O€JBIM KapJIMKOM, HEUTPOHHOH 3Be3/10i min
YepHOU JbIpoi. Pe3ynbTaTel HaOMIOICHUS] OPOUTHI BUIMMOMN 3BE3/IbI TTO3BOJISIOT BBIYUCIIUTH, KAaKYIO
HAaMEHBIIYI0O Maccy MOXKET HMMETh HeBHIUMBIH 00BekT. B cmywae Jlebens X-1 sra macca
COCTaBJISIET IPUMEPHO LIECTh COJHEYHBIX Macc, T. €., COMNIACHO YaHpacekapy, CIHUIIKOM BEJIHKa,
9TOOBI 00JaNAIONMINK €10 HEBUAMMBIN OOBEKT OKa3alics OeNbIM KapiIHMKOM. A Tak Kak 3Ta macca
BEJIMKA ¥ JIJI HEUTPOHHOM 3BE3/IbI, 0OBEKT, MO-BHAUMOMY, JTOHKEH OBITh YEPHOM JBIPOM.



/ Yepros dupa

Penmeenos-
CcHOE LaNyNENUR

Budumar daeada

CyImIecTBYIOT U JpyTrHe MOJENH, OOBICHSIONME pe3yabTarhl HaOmoaeHu Jlebens X-1 6e3
MIPUBJICYEHUS] YEPHBIX JbIP, HO BCE OHU JOBOJIBHO MCKYCCTBEHHBI. UepHas IbIpa MPEACTaBISETCS
€/IMHCTBEHHBIM COBEPIIEHHO €CTECTBEHHBIM OOBsicHeHHeM HabmoaeHuil. HecmoTpss Ha 37O, 5
3akmounn mapu ¢ Kuanom TopHom u3 KamudopHUHCKOTO TEXHOJIOTHYECKOTO MHCTUTYTA, YTO Ha
camom aene B Jlebene X-1 Her yepHoi Ibipbl! [t MeHsI 3TO mapu — HeKas cTpaxoBka. S odueHb
MHOTO 3aHMMAaJICSl YePHBIMU JIbIpaMU, U BCA MOsl paboTa MoieT HacMapKy, €CH BAPYT OKaXeTcs,
YTO YepHbIE IBIPHI HE CYIIeCTBYIOT. HO B 3TOM ciydae yTemeHneM MHe Oy/ieT BBIMTpaHHOE TapH, a
[0 €ro yCJIOBUSIM S B TEUEHHE YeThIpex JeT Oyay OecruiaTHO mosydarh kypHan «Private Eyey.
Ecnu ke uepHble ABIPHI BCE-TaKM CYIIECTBYIOT, TO Kum OyaeT memnblii TOf IMoiydarh KypHaT
«Penthouse». 3akmouass mapu B 1975 r., mbl 6bin Ha 80% yBepensl B Tom, uto Jlebear X-1
ABIsieTCS YepHOU AbIpoii. Ceifuac Hama yBepeHHOCTb BO3pocia, s Obl ckaszal, 10 95%, HO mapu
OCTaeTCs B CUJIE.

MeI pacrioniaraeM JaHHBIMHE O €lle HECKOJILKHX YEPHBIX JIbIpax B cuctemax tumna Jlebens X-1
B Hallel ['amakTuke M JByX COCEIHMX rajakTHKaX, KOTOpble Ha3bIBalOTCs bonpmmm m Manbim
MaremnanoBeiMu O6nakamu. Ho 4epHBIX bIp MOYTH HaBEPHSIKA TOPA3a0 OOJBIIE: HA MPOTKCHUH
nonaroi ucropun BceeneHHONW MHOTME 3BE3/bl JOJDKHBI OBLIM M3pacXoJoBaTh O KOHLA CBOE
SIIEPHOE TOIUTMBO U CKOJUIANICUPOBATh. YKCIIO YEPHBIX ABIP BIOJHE MOXET AaKe MPEBBIIIATH YHCIIO
BUJIUMBIX 3B€3]l, KOTOPOE TOJBKO B Hallel ['ajakTWKe COCTaBISET OKOJIO CTa ThICSY MUJUIMOHOB.
JIoTIOTHUTETHPHOE TPABUTAIIMOHHOE TPUTSKEHHUE CTOIh OOJIBIIOT0 KOJIMYECTBA YEPHBIX JBIP MOTJIIO
OBl OBITH IPUYMHON TOTO, MMOYEMY Halna ['ajakThKa BpaliaeTcss HIMEHHO C TaKOM CKOPOCTBIO, a HE C
KaKOH-HUOY/Ib JAPYToW: Macchl BUAMMBIX 3BE3J JUII OOBSCHEHHMS 3TOW CKOPOCTH HEIOCTATOYHO.
CymiecTByIOT U HEKOTOpPBIE JaHHBIE B MOJIb3Y TOTO, YTO B LIEHTPE Hallel ['aJakTUKU €CTh 4YepHas
IpIpa Topa3fo OONBIIEr0 pa3Mepa ¢ Maccol MpUMEpHO B cTo Thicay Mmacc CoiHua. 3Be3jbl,
okazaBmiuecs: B ['aJlakTUKe CIMIIKOM OJM3KO K 3TOH YEpPHOW IbIpe, pasiieTaloTCs Ha YacTH U3-3a
pa3HUIBI TPABUTALIMOHHBIX CHJI Ha ONWKHEW W JanbHed cTopoHax 3Be3mbl. OcrtaTku
pas3JeTarouXCs 3B€3/ U ra3, BHIOPOIIEHHBIA IpYTrUMH 3B€3/1aMu, OyyT MajaTh 110 HAIPaBJIEHUIO K
yepHoil awipe. Kak u B ciywae JleGenss X-1, raz Oyaer 3akpydumBaTbCs MO CHHPATH BHYTPh H
paszorpeBaThCs, IMpaBla, HE TaK CHUIbHO. Pa3zorpeB OyJeT HEAOCTATOYHBIM Ui HUCILyCKaHUS
PEHTTEHOBCKOTO M3JIYYEHUS, HO UM MOXHO OOBSICHUTH TOT KPOIICYHBII HCTOUYHUK PAJUOBOIH U
nH(ppaKpacHbIX Jyuyel, KOTOpbIil HabmoaaeTcs B eHTpe ["anakTuky.

He uckmrodeHo, 9To B LIEHTPaX KBAa3apoB €CTh TAKHE ke YEPHBIC JBIPBI, HO €Ile OOJbIINX
pa3MepoB, ¢ MaccaMy OKOJIO cTa MIJLUIMOHOB Macc ConHua. Tonbko majeHueM BELECTBa B TaKylO
CBEPXMACCUBHYIO YEpHYIO JIbIPY MOXKHO ObLI0O OBl OOBSICHHTH, OTKyJa Oepercs SHeprus
MOIIHEWIIIETO M3JIYyYEHHs, KOTOPOE€ MCXOJMT M3 YEpPHOM IbIpbl. BemiecTBo mamaer, Bpamasch 1o



CIIMpaJIM, BHYTPb YEPHOM JBIPHI U 3aCTABIISIET €€ BPAIIAThCA B TOM )K€ HAIIPaBJICHUU, B PE3YJIbTATE
Yero BO3HMKAE€T MAarHUTHOE II0J€, MOXO0Kee Ha MarHuTHoe mnoje 3emuud. [lapgaromee BHYTphb
BEILIECTBO OyAET pOXKIaTh OKOJO YEPHOM ABIPHI YACTHUI[BI OYEHBb BBICOKOW »HEpruu. MarHuTHOE
nosie OyJeT HACTOJBKO CHUJIBHBIM, YTO CMOXET C(OKYCHPOBATh STH YaCTUIBI B CTPYH, KOTOPHIE
OyIyT BBUIETAaTh HApY’Ky BJOJb OCH BPAILLEHUS YEPHOU ABIPHI, T. €. B HANPABJICHUH €€ CEBEPHOIO U
F0’KHOTO TOJIOCOB. Y HEKOTOPBIX FATAKTHK M KBAa3apOB TaKHe CTPYU ACHCTBUTEIHLHO HAOIIOIAI0TCA.

MOKHO paccMOTPETh U BO3MOYKHOCTB CYIIECTBOBAHUS YEPHBIX JBIP C MACCAMH, MEHBIIUMU
Maccel Connia. Takue yepHble ObIpbl HE MOTTU ObI 00pa30BaThCs B Pe3yJibTaTe TPaBUTALIMOHHOTO
KoJIJIarca, MoToMy 9YTO MX MacChl JIeXaT HIDke mpenena Yannmpacekapa: 3Be3/bl ¢ HEOOIBIION
Maccoi MOTYT MPOTUBOCTOSITh TPABUTALIMM JaKE€ B TOM CIIy4ae, €ClIU BCE UX AJIEPHOE TOILIUBO yXKe
M3pacxofoBaHo. YepHble AbIpbl Majold Macchl MOTYT 00pa3oBaThCsl JHIIb IPU YCIOBHUH, UTO
BEILECTBO CXKATO JO OTPOMHBIX IUIOTHOCTEM YpPE3BBIYATHO BBICOKMMH BHEIIHWUMH JIaBJICHUSMH.
Takue ycIoBUS MOTYT BBITIOJNHATHCSA B OYCHB OOJIBIION BOJOPOAHON O0oMOe: ¢usuk J[xoH Yuiep
KaK-TO BBIYMCIIMII, YTO €CJIM B35Th BCIO TSKEIYIO BOAY U3 BCEX OKEAHOB MHPA, TO MOXKHO CHENATh
BOZOPOJHYI0 O0MOY, B KOTOPOM BEIIECTBO TaK CHJIBHO COKMETCS, UTO B €€ I[EHTPE BO3HUKHET
yepHas apipa. (Pasymeercsi, BOKpyr He OCTaHETCS HHUKOro, KTo Mor Obl 3T0 yBuueTh!) bonee
peaibHass BO3MOXKHOCTb — 3TO 00pa30BaHHME HE OUYEHb MAaCCHBHBIX YEPHBIX JAbIP C HEOONBIION
Maccoi MpU BBICOKMX 3HAYEHUSX TEMIIEpaTyphbl U JABIICHUs HA BECbMa PaHHEH CTaguu pPa3BUTHS
Bcenennoii. UepHbie IbIphI MOTJIM 00pa30BaThCs JIMIIL B TOM Cllydae, eciu paHHssi Bcenennas He
ObL1a UAeaTbHO TTAJAKOW M OTHOPOJHOM, MOTOMY YTO JIMIIb KaKyl-HHOYIb HEOOIBIIYIO 00IacTh ¢
IJIOTHOCTHIO, MPEBBIIIAIONIEH CPETHIO MIIOTHOCTh, MOYKHO TaK CKaTbh, YTOOBI OHA PEBPATHIIACh B
4yepHyto Abpy. Ho MbI 3Haem, 4To Bo BeceneHHoi T0KHBI ObLITH MPUCYTCTBOBATH HEOJHOPOIHOCTH,
MHA4Ye BCE BELIECTBO HE cOMIOCHh Obl B KOMKH, 00pa3ys 3Be3Abl M TalaKTHKH, a PaBHOMEPHO
pacnpenenuiaoch Obl 1o Beeit BeeneHHOM.

Mornu 11 3TH HEOAHOPOJHOCTH, CYIIECTBOBAHHEM KOTOPBIX OOBSCHIETCS BO3HHKHOBEHHE
3Be3]] U TaJaKTUK, MPUBECTH K OOPa30BAHMIO MEPBUYHBIX YEPHBIX JBIP, 3aBUCUT OT TOTO, KaKOM
Obuta panHss Beenennas. CnenoBateiabHO, ONPEETUB, KAKOE KOJIWYECTBO MEPBUYHBIX YEPHBIX JIBIP
ceiluac CyIIeCTBYeT, Mbl CMOIJIM OBl MHOIO€ Yy3HaTh O CaMbIX PAaHHUX CTagusX pPa3BUTHUS
Bceenennoii. IlepBuuHble uepHbIE IBIPBI, MAacca KOTOPHIX IPEBBIIIAET THICAYY MHWUIMOHOB TOHH
(Macca OOJBIIONW TOPBI), MOXXHO OBLIO OBl 3apEeTHCTPUPOBATH TOJBKO TIO BIUSHHIO MX
IPABUTALMOHHOIO I10JI1 HA BUIMMYIO MaTEPUIO MIIU K€ Ha mpouecc pacmupenus Beenennon. Ho B
CJIEYIOIEH IJ1aBe Mbl Y3HAEM, YTO HA CAMOM JI€JI€ YEpPHBIE AbIPHl BOBCE HE YEPHBIE: OHU CBETITCH,
KaK pacKaJeHHOE TeJ0, U 4YeM MEHbIIE 4YepHas [blpa, TEM CUiIbHEe OHa cBeTuTcs. Kak Hu
rapagoKcanbHO, HO MOET OKa3aThbCsl, YTO MAJIEHbKHUE YEPHBIE JBIPHI MPOILE PETUCTPUPOBATH, YEM
Oompiue!

7. YepHble AbIpbl HE TaK YXX YepPHblI

Jo 1970 r. s B CBOMX HCCICIAOBAaHUSAX IO OOIIEH TEOPHUH OTHOCUTEIHHOCTH
COCPEIOTOYMBANICS B OCHOBHOM Ha BOIIPOCE O TOM, CYIIECTBOBAJIA MJIM HET CHUHTYJSApHAs TOYKa
Oounbmioro B3peiBa. Ho kak-To BeuepoM B HOsi0pe 1970 r., BCKOpe Mmocje pOXACHUS MOEH Jouepu
JIrocu, 10XKach CHaTh, s 3a{yMajcs O YePHBIX JIbIpax. V3-3a cBOEH HEMOIIHOCTH 51 OY€Hb MEJICHHO
TOTOBIIIOCh KO CHY, M TIO3TOMY y MEHs ObLJIO MHOTO BPEMEHHM JUIsS pa3MbIlUIeHUH. Toraa emie He
OBLIIO TOYHOTO ONPE/EICHUS, KaKhe TOYKH MPOCTPAHCTBA-BPEMEHH JICKAT BHYTPU YEPHOU JBIPHI, a
kakue — cHapyxku. Ho MbI yxxe oOcyxnanu ¢ Pomxepom [lerpoy3om ompesneneHue 4YepHON TbIPHI
KaK MHOXECTBa COOBITHH, W3 KOTOPOrO HEBO3MOXXHO YWTH Ha OOJBIIOE paccTOsHUE. ITO
oTpeieNieHne cTajo ceifuac odmenpuHaThiM. OHO 03HAYAET, YTO TPAHUILY YEPHOH ABIPHI, TOPHU3OHT
COOBITHI, 00pa3yIOT B MPOCTPAHCTBE-BPEMEHH IyTH Jy4eil CBETa, KOTOpHIE HE OTKJIOHSIOTCS K
CHHTYJISIPHOCTH, HO WM HE MOTYT BBIUTH 3a TpeAeNbl YEpHOW IBIphl W OOpEeueHBl BEYHO
OamaHCUpOBaTh HA caMoM Kparo (puc. 7.1). DTo kak ecnu Obl, yoeras OT IOJUICHCKOTO, IePKATHCS
Ha IIar BIepeu, He OyIyYd B CHIIaX COBCEM OTOPBATHCS OT HETO.
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Paccrmosnue om cuneyasproc Puc. 7.1

Bropyr s moHsn, 4TO TMyTHM JIy4eld CBeTa IMa TOPHU30HTE COOBITUH HHUKOT/Ia HE CMOTYT
comm3uTbes. Ecau Ol 3TO MPOU30IILIIO, TO JIyYd B KOHIIE KOHIIOB MEPECEKIHUChH Obl.

Kak ecnu ObI HATKHYTBCS Ha KOTO-TO JIPYTOT0, TOXE YOETaromero OT MOJHUIEHCKOTO, HO B
IIPOTUBOIIOJIOKHOM HaNpaBjieHUHU, — Toraa oba OyayT moiimanel. (Mim ke, B Hamem ciyuae,
ynaayT B 4epHy1o blpy). Ho ecnu Obl 3TH Jyun cBeTa MOTJIOTWIIA YEPHAs AbIpa, TO OHU HE MOTJIH
Obl JexaTh Ha TIpaHUIle 4YepHOM abIpel. ClenoBaTeabHO, Ha TOPU3OHTE COOBITUH Jy4yM CBeETa
JOJKHBI BCETa ABUTAThCS MapajljiesibHO ApYT APYTY, T. €. HooAalb Ipyr oT Apyra. Hade rosops,
TOPU30HT COOBITUH (TpaHMLIAa YEPHOW JBIPBI) MOA00EH Kparo TEHU — TEHM Tpsiayluei rudenu. Ecnu
MMOCMOTPETh Ha TEHb, CO3[AaBACMYIO0 KaKUM-HUOYAb OYCHb YyJAICHHBIM HCTOYHHKOM, HAIpUMEp
ComnHiieM, TO Bbl yBUIUTE, YTO HA Kparo TEHH JyYH CBETa HE NPUOIMKAIOTCS APYT K IPYyTY.

Puc. 7.3

Ecnu myuu cBera, 00pasyroIiye TOPU30HT COOBITUH, T. €. TPAHUIlY YEPHOU JIBIPHI, HUKOT/a HE
CMOTYT CONHM3UTHCS, TO IJIOMIAJb TOPU30HTA COOBITUNA MOXKET MO0 OCTaBaThCS TOW K€ CaMOM,
nub0 YBENUMYMBATBCS CO BpEMEHEM, HO HHUKOrjJa He OyJeT YMEHbIIAThCs, MOTOMY 4TO €€



yMEHBIIIEHWE O03Hauajao Obl, YTO MO KpailHeW Mepe HEKOTOphIE Jy4Yd CBETa Ha TPAaHUIIE YEPHOM
JBIPBl JOJDKHBI cOmmkaThes. Ha camom nene sTa miom@aab OyIeT BCerja yBEIHMYMBATHCA MPH
MaJeHUM B YEPHYIO JbIpY BellecTBa WM u3nyudeHus (puc. 7.2). Eciu ke 1Be 4epHbIE IBIPHI
CTOJIKHYTCSI U COJIBIOTCSA B OJIHY, TO IJIOLIaJb TOPU30HTA COOBITHI MO0 OyAeT OoJbIle CyMMBbI
TUTOIIAJIe TOPU30HTOB COOBITHI MCXOAHBIX YEPHBIX ABIP, JIMOO OyAeT paBHA 3TOi cymMMme (pHC.
7.3). To, uTo MIOImIaas TOPHU3OHTA COOBITHI HE YMEHBIIAEeTCs, HajJaraeT BaKHOE OrpaHUYCHHE Ha
BO3MOKHOE MOBE/IEHNE YEPHBIX IbIp. S ObUT Tak BO30YXk/IEH CAEIaHHBIM OTKPBITUEM, YTO TIOYTH HE
cnai B Ty Houb. Ha crnenyromuii aens s no3sonun Pomxkepy Ilenpoy3y. OH cornacuiics ¢ MOUMH
paccyxaeHusMH. S Tymaro, 4TO Ha caMOM Jelie 3TO CBOMcTBO Iuiomanei [lenpoysy Obuio yxe
n3BecTHO. Ho OH MCXO0/MI U3 HECKOJILKO HHOTO OMpeieeH s YepHo AbIpbl. OH He MOHST, YTO 00a
orpezesieHus JatoT OJUHAKOBBIE IPAHULIBI YEPHOU JBIPHI U, CIEI0BATENbHO, OAMHAKOBBIE IIONIAIN
MIPU YCJIOBUH, YTO YEPHAsI IbIpA HAXOAUTCS B COCTOSIHUU, HE U3MEHSIOIIEMCS CO BPEMEHEM.

To, yTo miowmaas 4epHOW IbIpbl HE YMEHBIIAETCS, OYEHb HAIIOMUHAET MOBEIECHUE OJHOMN
(u3MUecKoil BEMUYMHBI — SHTPOMUH, KOTOpas sIBIsieTcs Mepoit Oecniopsiaka B cucteme. [lo cBoemy
MIOBCETHEBHOMY OIIBITY MBI 3Ha€M, YTO OECHOPSAOK BCErJa YBEIUUMUBAETCS, €CIIM MyCTUTh BCE HA
camorek. ([TompoOyiiTe TOMBPKO MPEKPATUTh IOMa BCAKHIM MEIIKHI PEMOHT, M Bbl YOEAUTECh B 3TOM
Boounto!) becrnopsanok MOXXHO NpeBpaTUTh B MOPSIOK (HAampUMeEp, MOKPAaCHUB JIOM), HO 3TO
noTpedyeT 3arpaThl YCWIMA U SHEPTUU U, CIEIOBATENbHO, YMEHBIIUT KOJIMYECTBO HMEIONICHCS
«yNOPSA0YEHHOW)» SHEPTUH.

Tounas ¢opMynupoBKa TMPUBEIACHHBIX PACCYXKICHWI HA3bIBAE€TCS BTOPHIM 3aKOHOM
TEPMOAMHAMMKHU. DTOT 3aKOH IJIACUT, YTO SHTPOIMS U30JIMPOBAHHOMN CUCTEMBI BCETja BO3PACTAET U
YTO MpU OOBETUHEHHH ABYX CHUCTEM B OJIHY SHTPOMHS MOJHOW CUCTEMBbI OOIbIIE, YeM CyMMa
SHTPONUI OTAEIBHBIX UCXOAHBIX CUCTEM. B KauecTBe npumepa pacCMOTPUM CUCTEMY MOJIEKYJI rasa
B KOpoOKe. MOXHO MpencTaBuTh cede, 4TO MOJIEKYJIbl — 3TO MaJeHbKHE OWIbAPAHBIC IaphI,
KOTOpBIE BCE BpeMs CTAJIKUBAIOTCA APYT C APYTrOM U OTCKAaKHUBAIOT OT CTEHOK KOpOoOKH. UeM Bblle
TEeMIepaTypa rasa, TeM ObICTpee IBUKYTCS MOJIEKYJIIBI U, CJIEI0BATEIBHO, TEM Yallle U CHIIbHEE OHH
yIapsIoTCsS O CTEHKH KOPOOKH, M TeM OOJIble CO3/1aBaeMO€ MMM W3HYTPH JaBJIEHHE HA CTEHKU
kopoOku. IlycTh cHavasia BCce MOJIEKYJIBI HAXOJSATCS 3a MEPETOPOJKON B JICBOM YaCTH KOPOOKH.
Ecnu BBIHYTH NEpPEropoaKy, TO MOJEKYJIBI BBIMIYT U3 CBOEH IOJIOBUHBI U PACHpPOCTPAHATCS IO
o0euM yacTsaM KopoOku. Uepe3 HeEKoTOpoe BpeMsi BCE MOJIEKYJIbl MOTYT CIIy4ailHO OKa3aThCs
CrpaBa WIM ONSTH CJieBa, HO, BEPOSITHEE BCETO, B 00EMX MOJOBHHAX KOPOOKH YHCIO MOJICKYIJI
OKaXXETCS IMPUMEPHO OJIMHAKOBBIM. Takoe COCTOSHHME MEHee YMNOpSAJOYEHO, T. €. SBIAETCA
COCTOSIHMEM OoJbliero Oecnopsiika, 4eM HCXOJHOE COCTOSHHE, B KOTOPOM BCE MOJIEKYJIbI
HaxOJMUJIMCh B OJIHOM IOJIOBHHE, M ITO3TOMY T'OBOPSAT, YTO SHTPONMS raza BO3pocia. AHAJIOTHYHO
npeacTaBuM ce0e, YTO BHayalle MMEIOTCS JBE KOPOOKH, B OJHOH M3 KOTOPBIX MOJIEKYJIbI
KHCIIOpO/ia, a B APYrod — MOJEKyJbl Bojopona. Eciam coeanHUTh KOpPOOKM M BBIHYTH OOUIYIO
CTEHKY, TO KHCJOPOJ M BOJOpOJ CMEIIATcs Apyr ¢ apyrom. HambGonee BeposTHO, 4TO yepes
HEKOTOpoe BpeMsi B 00eux KopoOkax OyaeT HaXOAWTHCS JOBOJHHO OJHOPOAHAS CMECh MOJIEKYII
KUCIOpOAa W Bojopoja. OTo OyneT MeHee YIOpSAAOYEHHOE COCTOsIHME, oOJajaaroniee,
clIeI0BaTeNbHO, OOJIBIICH SHTPONHEH, YeM HayalbHOE, OTBEYAIOIIee BYM OTAEIbHBIM KOPOOKaM.

Bropoii 3aKkOoH TEpMOIMHAMHMKH 3aHMMAeT HECKOJIBKO 0CO00€ TMOJOKEHUE CPeIdH IPYTHX
3aKOHOB HAyKH, TaKHMX, HalpuMep, KaKk HbIOTOHOBCKHWA 3aKOH TATOTEHMS, MOTOMY YTO OH
BBITOJIHSICTCS] HE BCET/Ia, a TOJBKO B MOJABJISIONIEM OOJIBIIMHCTBE ciiyyaeB. BeposaTHOCTh TOTO, 4TO
BCE MOJIEKYJIBI Ta3a B MIEPBOM KOPOOKE Yepe3 HEKOTOPOE BPEMs OKAXYTCS B OJTHOM IMOJOBUHE TOM
KOpOOKH, paBHa €IMHUIIC, JIEJIEHHOW Ha MHOTO MHJUIMOHOB MUJJTMOHOB, HO TaKOE COOBITHE BCE XK€
MOXET Tpou3olTH. Ecnm ke moOJM30CTH €CTh 4YepHas JbIpa, TO HAPYIIMTh BTOPOH 3aKOH,
MO-BUAMMOMY, €II€ TPOIIE: JOCTATOYHO OpOCHUTh B UEPHYIO JBIPY HEMHOIO BEILECTBa,
obJagaromiero 0OJBIION YHTPONUEH, HAIPUMEP KOPOOKY C razoMm.

Torpa mosHas 3HTpONUS BEIECTBA CHAPY>KU YEPHOM IbIpbl yMmMeHbIIUTCA. Pasymeercs,
MOXHO BO3Pa3uTh, 4YTO IIOJIHAS SHTPONMS, BKIIOYAs OSHTPONMIO BHYTPH UYEPHOM IBIPbI, HE
YMEHBIIINIIACh, HO Pa3 Mbl HE MOKEM 3arJIIHYyTh B YEPHYIO JIbIPY, Mbl HE MOXEM U y3HaTh, KAKOBa
SHTPONUS COAepXkalllerocs B HEll BellecTBa. 3HAYUT, ObUIO ObI HEIJIOXO0, €CIM Obl YepHas AbIpa



obnanana KakoH-HUOYIb TAaKOW XapaKTEPUCTHKOM, MO0 KOTOPOW BHEIIHWE HAOMIOAATEIIM MOTJIA OBl
OTIpPEJIeNIUTh €€ PHTPOIMIO M KOTOpas Bo3pacTaysa Obl BCAKUN pa3 MpH MaJEHUU B YEPHYIO JBIPY
BELECTBa, obajatoiero sHTponueit. Ilocne Toro kak ObIJIO OTKPBITO, UTO NPU MAJEHUU B YEPHYIO
JBIPY BEILECTBa IO b TOPU30HTA COOBITHH yBennuuBaercs, /kekod bukeHCTHH, acMpaHT U3
[IpuHCTOHA, NPEIOKIIT CUUTATh MEPON SHTPONMUHM YEPHOM JABIPHI IUIOLIA/b TOPU30HTA COOBITHM.
[Ipu nmageHuu B 4epHYIO JbIPY BEIIECTBa, 00Jaa0Iero SHTPONUEH, IIIoLa b TOPU30HTA COOBITUI
YEpHOHN JbIpbl BO3pPAacTacT, W IO3TOMY CyMMa SHTPONMHM BEILECTBA, HAXOMSILIEroCs CHapyXH
YEepHBIX JbIP, U IJIOLIA/Iell TOPU30HTOB COOBITHI HUKOI'/Ia HE YMEHBIIAETCS.

Kazanoce Obl, mpu TakoM MOAXOAE€ B OOJBIIMHCTBE CIy4yaeB OyJeT NpeIOTBPALICHO
HapylLICHHE BTOPOIO 3aKOHAa TEpMOAMHAMUKH. OJHAKO €CTh OJHO CEephe3HOE Bo3paxkeHue. Ecnm
4yepHas JpIpa 00JIafacT SHTPOMUEH, TO y Hee MoJDKHA ObITh M Temneparypa. Ho Teno, y KoToporo
€CThb HEKOTOpasi TEMIIEpaTypa, JOJDKHO C KaKOW-TO MHTEHCUBHOCTBIO MCIyCKaTh M3iayudeHue. Bee
MBI 3HaeM, 4YTO €CJIi CyHYThb B OIOHb KOYEpry, OHa pacKaJUTCs JOKpacHa M OyAeT CBETUTHCS, HO
TeJla U3y4yaroT U MpH OoJiee HU3KUX TeMIepaTypax, TOJIbKO MbI 3TOIO OOBIYHO HE 3aMedaeM H3-3a
CJIa00CTH U3ITYYCHHUS. DTO M3IyYeHHE HEOOXOAMMO JUIS TOTO, YTOObI HE HapyIIaics BTOPOH 3aKOH
TEPMOAMHAMMKH. MTaK, yepHbIE ABIPHI JOJKHBI UCITyCKaTh U3iaydeHue. Ho nmo caMomy MX MOHATHIO
YepHbIE ABIPHI — 3TO TaKHe OOBEKTHI, KOTOpbIE HE MOTYT HCIYCKaTh H3IydeHus. lloaTomy
CO3/1aBaJIOCh  BIICYATJIEHHWE, YTO IUIOMAAb TOPU30HTA COOBITMUH YEpHOW JbIpbl  HEJb3s
paccmarpuBaTh Kak ee sHTponuto. B 1972 r. mbl ¢ bpengonom Kaprepom u HammM aMepuKkaHCKUM
komerol Jkumom bapauHoMm Hamucamu COBMECTHYIO palOoTy, B KOTOPOM T'OBOPMIIOCH, 4TO,
HECMOTpPsS. Ha OOJBIIOE CXOJACTBO MEXAYy OSHTPONHMEH W IUIOIAABbI0 TOPU30HTA COOBITHH,
BBILLIEYTIOMSAHYTasi TPYAHOCTb CYLIECTBYET U IIPEICTABIISIETCA HEYCTPaHUMOM. [[oykeH npu3HaThes,
YTO 3Ta CTAThs MUCATIACH OTYACTH IO/ BIUSHUEM pa3/IpaskeHHsl, BRI3BaHHOTO paboToii bukencruHa,
KOTOPBIH, KaK s CUMTAI, 3JI0yHOTPEOMSI OTKPHITBIM MHOK POCTOM IUIOIIAAM TOPU30HTA COOBITHIA.
Ho B koHIIE KOHIIOB OKa3ajioch, YT0O BUKEHCTHH B MpUHIMIIE OBUT MIPaB, XOTS HABEPHSKA JaKe HE
MIpeICTaBIIsI cebe, KaKuM 00pa3oM.

Byayun B MockBe B centsiope 1973 r., s GeceroBan 0 4EpHBIX IbIpax € JBYMs BeILyIIUMH
coBercknumH yueHbIMU — Sl. B. 3enpnoBuduem u A. A. CrapoOunckum. OHU yOenuin MEHsI B TOM,
YTO B CHJIy KBAaHTOBO-MEXaHUUYECKOTO IPUHIIMIIA HEONPEAEICHHOCTH BPALLAIOLINECS YEPHBIE IBIPBI
JOJKHBI POXAATh M M3IydaTh 4yacTUlbl. S cormacuics ¢ (U3MYECKUMH J0BOJAMH, HO MHE HE
MOHPABHJICS MX MaTeMaTHYeCKUH croco0 pacuera u3inydeHus. [losromy s 3aHsuics pa3paboTKoOH
JTy4IIEero MaTeMaTH4ecKOro MOAXOJa M pacckazal O HEM Ha HEO(QUIMAIbHOM CEMHUHape B
Oxcdopne B konue HosOpst 1973 1. Torma s emie He MPOBEN pacdyeTbl CaMOl WHTEHCHUBHOCTH
m3ydeHus. I ougan TOJMyYHTh JIMIIb TO HW3JIydeHHe, KoTtopoe 3enbnoBud U CTapoOWHCKHI
IIpe/icKa3ald, paccMaTpuBas Bpallaroliuecs 4YepHble AbIpbl. Ho, BBINOJHUB BBIYMCIEHUS, S, K
CBOEMY YIMBIEHHIO MU Jocajae, OOHAapyKWl, 4YTO Ja)Ke€ HEBPAIIAIOLIUECs YEpHbIE JIBIPHI,
MI0-BUJIUMOMY, JJOJDKHBI C IOCTOSTHHOM MHTEHCUBHOCTBIO POKJIATh U U3Iy4yaTh yacTulsl. CHavana s
pEeLIn, YTO, BEPOSITHO, OJJHO U3 MCIOJb30BAHHBIX MHOW MPHOIMKEHUH HENmpaBUIbHO. S Gosics,
YTO €ClIi 00 3TOM y3HaeT BUKEHCTHH, TO OH 3THUM BOCIIOJIB3YeTCs sl AajbHEeHIero 000CHOBaHUS
CBOUX COOOpaK€HMH 00 SHTPONUU YEPHBIX JbIP, KOTOpPbIE MHE IMO-NPEKHEMY HE HPaBUIMCH.
Opnnako yem Ooublie s pa3MBIIUILI, TeM OoJiblne YOeKIancs B TOM, YTO MOM HPUOIMKEHHUS Ha
camoM Jeje npaBwibHbl. Ho MeHs OKOHYaTenbHO yOenuiIo B CyLIECTBOBAaHMM M3IIy4€HHs TO, YTO
CHEKTpP MCIyCKaeMbIX YaCTHUIl JOJDKEH ObITh B TOYHOCTH TAaKHM K€, KaK CIEKTp W3Iy4YeHHUs
ropsi4ero Teja, M 4TO YepHasi AbIpa JODKHA U3JIy4daTh YaCTULBl B TOYHOCTH C TOM HHTEHCUBHOCTBIO,
IpU KOTOPOM He Hapymajics Obl BTOpOM 3akoH TepMmoanHamMHuKH. C TeX HOp MHOTHE CaMbIMU
pa3HbBIMU CIIOCOOAMU MOBTOPUJIM MOM PACYETHI U TOXKE MOATBEPAMIIM, YTO YEpHas Jblpa JOJDKHA
UCITyCKaTh YaCTHUIIBl U U3TTyYCHHE, KaK eclii Obl OHa ObljIa TOPAYUM TEJIOM, TEMIIepaTypa KOTOPOro
3aBUCHUT TOJIBKO OT MacChl YEPHOM JBIPBI — YeM OOJIbIlIE Macca, TEM HUXKE TeMIepaTypa.

Kak e uepHast 1bIpa MOXKET MCITyCKaTh YaCTULIbI, €CJIU Mbl 3HAEM, UTO HUUTO HE BBIXOIUT U3
Hee 3a TOPU30HT cOObITUI? J[e10 B TOM, TOBOPUT HaM KBAHTOBAsl MEXAHUKA, YTO YACTHUILIbI BBIXOAST
HE U3 CaMOM YEpHOH ABIPbI, @ U3 «IIYCTOr0» MPOCTPAHCTBA, HAXOMSILErocs MEpea FOPU30HTOM
coObITHii! BOT Kak 3TO MOXHO MOHATH: TO, YTO MbI IPEACTaBIAEM cebe KaK «IIyCTOe»



MPOCTPAHCTBO, HE MOYKET OBITH COBCEM IYCTBIM, TaK KaK 3TO O3HA4ajo ObI, YTO BCE TOJSI, TaKHe,
KaK TPaBUTALIMOHHOE M AJIEKTPOMArHUTHOE, B HEM TOYHO paBHBI HyI0. Ho BenmuuwmHa mons u
CKOPOCTb €r0 MU3MEHEHHS CO BPEMEHEM aHAJIOTMYHBI MOJIOXKEHHUIO U CKOPOCTH YaCTHUI[bI: COTJIacCHO
MIPUHIIMITY HEOMPEIEICHHOCTH, YeM TOYHEE M3BECTHA OJIHA M3 J3TUX BEIWYMH, TEM MEHEE TOYHO
n3BecTHa BTopas. CieaoBaTeinbHO, B «IIyCTOM» MIPOCTPAHCTBE I0JIE€ HE MOXKET UMETh IOCTOSTHHOTO
HYJIEBOTO 3HAUEHUS, TaK KaK TOTJIa OHO MMeIN0 Obl U TOYHOE 3HaYeHHE (HyJb), 1 TOYHYIO CKOPOCTb
M3MEHEHHUs (Toxke HyJib). JIoKHA CyIecTBOBaTh HEKOTOpask MUHHMMAajbHasi HEONPEJEIEHHOCTh B
BEJIMUMHE TOJS — KBAaHTOBBIE (DIYKTyaluu. DTH (DIyKTyallud MOXKHO cebe MpeACTaBUTh KaK Maphbl
YyacTUIl CBETAa WIM TIPaBUTALMM, KOTOpPbIE B KAaKOM-TO MOMEHT BPEMEHHM BMECTE€ BO3HUKAIOT,
pacxodsTcsi, a MOTOM OISATh CONMKAIOTCS W aHHUTHIUPYIOT JIPYr ¢ Apyrom. Takue 4YacTHIlbI
SIBJIAIOTCSI BUPTYaJIbHBIMU, KaK YaCTULIbI, IEPEHOCALINE TPaBUTAIMOHHY0 cruly CoJlHLA: B OTJINYHE
OT pealbHBIX BUPTyaJIbHbIC YACTHUIIbI HEJIb3s HAOMI0AATh C MOMOIIBIO IETEKTOpa PeabHBIX YACTHII.
Ho xoceennbie 3(dekTbi, Mpou3BoAMMBIE BUPTYyaTbHBIMH YaCTHIIAMH, HAmpuUMep HeOOJbIIHe
W3MEHEHHUS SHEPTUH ANEKTPOHHBIX OPOUT B aTOMaX, MOKHO U3MEPUTh, U PE3YIbTaThl yAUBUTEIHHO
TOYHO COIJIACYIOTCSd C TEOPETHUYECKMMM TNpeacKa3aHusMH. lIpuHIMD HeompeneneHHOCTH
Mpe/ICKa3bIBaCT TAKXKE CYIIECTBOBAHWE AHAJIOTHYHBIX BUPTYAIbHBIX Map YacCTHIl MaTEpUU, TaKuX,
KaK AJIEKTPOHBI WM KBapku. Ho B 3TOM ciydae OfuH WieH mapbl OyJeT 4acTHUIICH, a BTOPOH —
AHTHYACTHUIICH (aHTUYACTHUIIBI CBETA U TPABUTAIIMH — 3TO TO K€ CaMO€, YTO U YACTHIIBI).

[TockonbKy »HEpPrur0 HENb3sl C€O34aThb W3 HUYEro, OJWH M3 YJIEHOB Mapbl 4YacTula —
aHTHYacTua OyJeT MMEeTh MOJOXKUTEIbHYIO SHEPruio, a BTOPOM — OoTpuIaTenbHyro. TOT, ubs
SHEPrusl OTPULIATENbHA, MOXKET OBITh TOJIBKO KOPOTKOXKMBYIIEH BHUPTyalbHOW YacCTHUIIEH, IOTOMY
YTO B HOPMAJBHBIX CHUTYaIlUSX SHEPTUsl pealbHBIX YAaCTHIl BCETr/a MOJOXKUTENbHA. 3HAYUT, OH
JIOJKEH HAWTH CBOEro MapTHEpa U ¢ HUM aHHUTWIMpoBaTh. Ho, Haxonmsch psiioM ¢ MacCHUBHBIM
TEJIOM, pealibHas YacTulla 007ajaeT MEHbIIeH SHepruei, 4em BIAIM OT HEro, TaK Kak JUIsl TOTO,
YTOOBI MPEOJOJIETh TPAaBUTALMOHHOE MPUTSDKEHUE TElla W yIEp)KaTbCs BIAIM OT HEro, Hy)KHa
sHeprusi. OOBIYHO PHEPIHsi YaCTULIBI BCE-TaKU IMOJIOKHUTEIbHA, HO TPABUTAIIMOHHOE TOJIe BHYTPH
YEpHON ABIpbl TaK BEIMKO, YTO JaXKE€ peajbHas 4YacTHIA MOXKET HMMETh TaM OTPULIATEIbHYIO
sHepruto. [losTomy, eciiu umeeTcs yepHas Jplpa, BUPTyalibHAs 4YacTUIA C OTPULIATEIbHON IHEprUe
MOXKET YNacTh B 3Ty YEPHYIO ABIPY M IPEBPATUTHCS B PEAJbHYIO YAaCTUIy WIM aHTH4YacTuly. B
3TOM CJy4yae OHa yKe He 00s3aHa aHHUTHJIMPOBATH CO CBOMM IMAapTHEPOM, a MOKUHYTHIH MapTHEP
MOJKET JIMOO YIacTh B Ty K€ YEPHYIO JbIpY, JHO0, €CIH €ro HEPrus MOJIOKUTENbHA, BBIUTH U3
obnmacti BOJMM3M YEpPHOM HBIPHl KaK peanbHas dYacTHIlAa WIM Kak aHTudactuma (puc. 7.4).
VYnaneHHOMYy HaAONMIOAATENIO TOKAXETCs, YTO ATOT MapTHEp HWCHYIIEH W3 YepHOH abIpel. Yem
MEHbIIIe 4YepHas JAblpa, TEM MEHbIIE pACCTOSHUE, KOTOpPO€ MPHUIETCS MPOWTH YaCTUIE C
OTPHLIATENILHOW PHEPTUEH 10 MpeBpalleHusl B peajbHyI0 YacTHILy, U, CIEOBAaTEIbHO, TeM OOJIbIIIe
CKOPOCTb M3JIyYeHUS U KaXYIIasicsl TeMIepaTypa YepHOU JbIPHI.



Puc. 7.4

[TonoxuTenbHash dHEPrUsl UCIyCKAEMOTO H3JIyYEHHMs JOJDKHA YPAaBHOBEIIMBATHCS IMMOTOKOM
YaCTHUI[ C OTPUIATEIbHOW HHEpruel, HaANpaBJICHHBIM B YEpHYIO IbIpy. COrjacHO ypaBHEHHUIO
Oitamrerina E = mc*2 (rme E — sHeprus, m — Macca, a ¢ — CKOPOCTh CBETa), SHEPTHS MPSIMO
MPONOPIHOHATIBHA MAcce, a MOATOMY MOTOK OTPUIIATEIbHON SHEPTUU, BXOAAIINI B YEPHYIO JBIPY,
yMeHbIlaeT ee maccy. Korga depHasi nplpa TepseT Mmaccy, IUIOL[aJb €€ TOpU30HTa COOBITHIA
YMEHBIIAETCS, HO 3TO YMEHBILICHUE HTPOINUU YEPHOU JBIPHI C JIMXBOM BO3MEIIAETCS SHTPOMHUEH
HCITYIIEHHOTO M3JIy4Y€HHUs, TaK 4TO BTOPOM 3aKOH TEPMOJMHAMUKHA HUKOTJa HE HAPYIIAETC .

Kpome toro, uem meHbIe Macca 4epHO AbIPBI, TEM BhIIIE ee TeMrepatypa. [loaromy, korna
yepHass Jplpa TepsieT Maccy, €€ TeMIepaTypa M CKOPOCTh H3JIy4Y€HHUs BO3pPACTAIOT, W,
CJIeZIOBaTeNIbHO, IOTEPs Macchl uAeT eme ObicTpee. [loka emie HE COBCEM SCHO, YTO MPOHMCXOIHT,
KOTrJa Macca 4YepHOW JAbIphl B KOHIIE KOHIIOB CTAHOBUTCS YPE3BBIUAHHO Majioi, HO Haumbojee
JIOTUYHBIM TPEJICTABIISACTCA, YTO 4Y€pHasi Jblpa MOJHOCTHIO HMCUE3aeT B THMTAHTCKOM mMocieaHei
BCIIBIIIIKE U3JIyYEeHUS, SKBUBAJIEHTHON B3PbIBY MUJUIMOHOB BOJOPOJIHBIX OOMO.

Temneparypa 4epHOU IBIPBI C MAaCCOM, paBHOW HECKOJIbKUM MaccaMm COJHIIA, TOJKHA OBITh
paBHa BCETO OJTHOM AECITUMUIUIMOHHOW Tpajayca Bbllle a0CONIOTHOTO HyJIs. TO TOpa3fo MEHBbIIIE,
YyeM TeMmIepaTypa MUKPOBOJHOBOIO M3IIy4YEeHHs, 3amoiiHstoniero Beenennyio (okoiyio 2,711 Bbllie
abcomoTHOro HyJsisg). CrenoBaTelbHO, YEpHBbIE ABIPHI JOKHBI HM3JIy4aTh Ja)Ke MEHbIIEe, YeM
noryomars. Eciu BeeneHHOM CyXKIE€HO BEYHO PacUIMpsThCs, TO TEMIIEPATYpPa MHUKPOBOJIHOBOIO
M3JIy4eHUs] B KOHIIE KOHIIOB YMNaJeT HWXKE TEeMIEepaTypbl TaKOH YEpPHOM IbIpbl U 4YepHas Ablpa
Ha4yHeT TepsATh Maccy. Ho u Torma ee Temmneparypa OyaeT HaCTOJNBKO HU3KOW, YTO OHA TMOJTHOCTHIO
WCIIApUTCS JIMIIb YE€Pe3 MWUIMOH MWUIMOHOB MWUIMOHOB MWIUIMOHOB MWIIMOHOB MHWIIMOHOB
MUJUITMOHOB MIJUTHOHOB MUJUTMOHOB MUJUTHOHOB MIJIJTHOHOB (€MHHUIIA C MIECTHIOACCATHIO IIECThHIO
HYJISIMHU) JIeT. DTO 3HAYUTEIBHO TMPEBBIIIACT BO3pacT BceneHHO#, KOTOPBI paBeH BCETO JCCITH
WU JABAJALATH ThICSYaM MUJUIMOHOB JIeT (€QUMHUIA WIM JBOMKAa ¢ JecsAThio HyjsiMu). Ho, kak
TOBOPUJIOCH B TJI. 6, MOIJIM CyIIECTBOBATh MEPBUYHBIEC YEPHBIE ABIPHI C TOPA310 MEHbIIEH Maccoi,
oOpa3oBaBIIHecs B pe3yibTaTe KoJIarica HEPeryJIsIpHOCTEH Ha OYeHb PAHHUX CTAUSAX Pa3BUTHUS
Bcenennoii. Takue uepHble ABIPHI JOJDKHBI MMETh TOpas3io Oosiee BBICOKYIO TeMIEpaTypy H
UCIyCKaTh M3JIyuyeHHe C ropas3fo Ooibllell MHTEHCHBHOCTBIO. BpeMs XKM3HM NEpBUYHOIN yYepHOU
JBIPBl C HAYaJIbHOM Maccol ThICSYa MUJUIMOHOB TOHH JOJDKHO OBITH MPUMEPHO PAaBHO BO3PACTY
Bcenennoii. [lepBuuHbie YepHBIE IBIPHI ¢ MEHBITUMHI HAYATHHBIMU MaCCaMH JTOJKHBI OBLITH OBl yiKe
MOJIHOCThIO HCIIAPUTBCS, a T€, y KOTOPBIX HayalbHbIE MAaCChl UyTh-4yTh OOJIbIIE, JIOJKHBI
MPOJIOJKATh UCIYCKATh PEHTIC€HOBCKOE M raMMa-u3JIydeHHe. DTH BUAbl U3MYyUYECHUS] aHAJTIOTHYHBI
CBETOBBIM BOJIHAM, HO MMEIOT IOpa3/io MEHbBIIYIO /UIMHY BoJHBL. K mogo0HBIM JblpaM eaBa Jiu
MOAXOIUT HAa3BaHWE YEpHBIC: HA CaMOM Jelie OHU pacKajJeHbl no0ela W M3Iy4arT JHEPrHi0 C



MOIIIHOCTBIO OKOJIO JICCSITH THICSIY METaBaTT.

Opna Takast yepHas JpIpa Moryia Obl 00ecneunuTh padoTy AECATH KPYMHBIX AIEKTPOCTAHIINMN,
eci OBl TOJBKO MBI YMEJH HCIIOJIb30BaTh €€ SHEPTHi0. A 3TO JOBOJIFHO TPYAHO: HAllla YepHas
JbIpa UMesia Obl Maccy, paBHYIO Macce ropbl, CKaTYH MPUMEPHO JI0 OJJTHOW MUJUTUOH MUJUTHOHHOU
(emuHMIIA, JENEHHAs HAa MWIUIMOH MHJUIMOHOB) CaHTHMETpPA, T. €. IO pa3MepoB aTOMHOTO spa!
Ecnu Ob1 01Ha U3 TaKWX YEPHBIX JBIP OKa3anach Ha MOBEPXHOCTU 3€MJIM, TO Mbl HUKAK HE MOTJIH
OBl TIPEIOTBPATUTh €€ MAaJCHHE CKBO3b MOJ K IeHTpy 3emum. OHa Koyiebaiack Obl B3aJ-BIIEpE.l
BIOJb 3EMHOW OCH JO TeX IMOp, MOKa B KOHIIE KOHIIOB HE OCTAaHOBWJIACh ObI B IICHTpE.
CrnenoBarenbHO, €IMHCTBEHHOE MECTO ISl 3TOW YEpHOW IBIPBI, T/I€ HM3Iy4aeMylo €l0 DHEPTHUI0
MO>XHO OBUTO OBl UCTHOJB30BaTh, — 3TO OPOUTA BOKPYT 3eMIIH, a €IWHCTBEHHBIN CIIOCOO MPUBIECYD
YepHYIO JBIPY HA 3Ty OpOUTYy — OyKCHUpPOBATh IMEpe]l Hel OTPOMHYIO MaccCy, Kak MOPKOBKY TIepe]
caMbIM HOCOM ocJja. Takoe MpeyIo’KeHHE BBITJISIIUT HE CIIMIIKOM PEajibHBIM, MO KpaiHel Mepe B
OmkaiieM Oy ayIiem.
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Ho naxe ecnu Mbl HE CMOYKEM HCIIOIB30BATh M3IYUYEHUE STUX NMEPBUUYHBIX YEPHBIX JBIP, TO
BEJMKa JIM BO3MOXHOCTh WX YBUAETH? MOXHO ObUIO OBl HCKaTh raMMa-U3JIydeHHE, KOTOpOe
YepHbIE JBIPHI UCIYCKAIOT HA MPOTSHKEHUU OOJIbIIeH YacTH cBoel ku3HH. HecMOTps Ha TO 4TO
YepHbIe IbIPhl B OCHOBHOM HaxOJATCS JalleKO M IMOATOMY Jal0T OYeHb cjaboe Hu3IyuyeHHe,
CyMMapHO€ W3JIy4eHHE BCEX YEpPHBIX [bIp MOTJO OBl TMOANABATHCA perucTpanuu. Mol
JNEUCTBUTENLHO HaOmomaeM (OH TaKOro TaMMa-u3JIydeHus: Ha pHC. 7.5 TOKa3aHoO, Kak
WHTEHCUBHOCTH HAO0JIIO/IaeMbIX raMMa-ITydeld pa3indaloTcs MPU Pa3HBIX 4acTOTax (4acToTa — 3TO
YUCJIO BOJH B CekyHAy). Ho mcrounmkom storo ¢oHa Moriau ObITh, a MOXET ObITh, U OBLIM HE
NEpBUYHBIC YEpHBIC IBIPbI, a Kakue-HUOyap Apyrue mnporeccel. Ha puc. 7.5 myHKTHpOM
MPEACTABICHA BBIYHUCICHHAs 3aBUCHUMOCTh MHTEHCUBHOCTHM OT 4YacTOTbl TaMMa-U3JIy4eHMUs,
HCITyCKAeMOT0 TIEPBUYHBIMHU YEPHBIMH JIbIpaMu, MPpU MIOTHOCTH 300 YepHBIX IbIp Ha KyOUYECKHiA
ceetoBoi roa. Ha ocHoBanuu Trpaduka MOXKHO cHAenaTh BBIBOA, 4YTO H3MepeHue (¢oHa
raMma-u3JIy4eHUs He JaeT HUKAKON TMOJOKUTEIbHON HHPOPMAIMK O CYIIECTBOBAHUU MEPBUYHBIX
YEPHBIX NBIP, HO YKa3bIBAaET HA TO, 4TO BO BceneHHON He MoXeT ObITh B cpemHem Oosbmie 300
YEPHBIX JBIP B KaXJIOM KyOHMUECKOM CBETOBOM T'OJy. DTOT MPEeN 03HAYAET, YTO IEPBUYUHBIC JIBIPBI
MOTJIH ObI COCTaBJIATh MAKCUMYM OJIHY MUJUIMOHHYIO BCETO BelllecTBa BO BceneHHoil.

[Ipu TakoM CKyJAHOM KOJMYECTBE YEPHBIX JBIP MOIJIO OBl MOKa3aThCs HEMPABIOMOAO0HBIM,
yTOOBI KaKkas-HUOY/Ib U3 HUX OKa3ajgach OUYCHb OJM3KO OT HAC U €€ MOYKHO ObLIO OBl HAOIIOaTh KaK
HEKUW OTHAEJbHBIM MCTOYHUK TraMMa-u3iaydyeHus. Ho noCkonpKy mnoa AEHCTBUEM TIpaBUTALUU
MIepBUYHBIE YEPHBIE ABIPHI JOKHBI MPUTATHBATHCS K JIIOOOMY BEILIECTBY, UX JOJKHO OBITH FOpa3io
0oJIbIlle BHYTPHU U BOKPYT TanakTuk. CleqoBaTeNnsHO, XOTS BBIYUCICHHBINM (OH raMma-u3IydeHus
TOBOPHUT O TOM, YTO B OJJHOM KyOMYECKOM CBETOBOM IOy HE MOXET ObITh B cpeaHeM Oobiie 300



MEPBUYHBIX YEPHBIX ABIP, OH HE JaeT HUKAaKOH MH(OpMAIMHA O TOM, HACKOJIBKO YacTO IEePBUYHBIC
YyepHbIe bIPbl BCTpedaroTcss B Hamlel coOcTBeHHOM [amaktuke. Ecnu Obl uX ObLIO, CKakeM, B
MUJUIMOH pa3 OoJiblile, To Onrrkaiinas K HaM YepHast Iblpa Morja 0Ka3aTbCsl Ha pacCCTOSIHUU ThICSUH
MUJUINOHOB KHMJIOMETPOB, T. €. NPUMEPHO Ha ypoBHe [lnyToHa, camoll Hanexkodl M3 HM3BECTHBIX
miaHeT. Ha TakoM paccTosiHUM Bce paBHO OYEHb TPYAHO 3apETUCTPUPOBATh MOCTOSIHHOE U3TyYEHHE
YepHOU [IBIPbI, JAa)K€ €CIM €ro MOILIHOCTb paBHA JECATU ThicsdaM MeraBarT. [y HaOmofeHus
MEPBUYHON YEPHOH ABIPHI TpeOyeTCsl 3aperuCTPUPOBATh HECKOJIBKO TaMMa-KBAaHTOB, TIPUIICIINX C
OJTHOW M TOM e CTOPOHBI, B TE€YCHHUE KAKOTrO-HUOYAb Pa3yMHOI'0 MHTEpBaJla BPEMEHH, CKaKEM 3a
Hezmenmro. VMHaue OHM MOTYT OKa3aThecsi MpocTo 4YacThio (ona. Ho mo 3akony Ilmanka kakmerid
raMMa-KBaHT o0JyiafiaeT OOJbIIONW SHEpruel, Tak Kak raMma-u3iaydeHHe UMEeT BBICOKYIO 4acToTy,
CIIEZIOBATENIbHO, IS W3JIYYCHHs JaKe AECATH THICSY MEraBaTT MOTpeOyeTcsi He OYeHb MHOTO
KBAaHTOB. A 1 HAOJIOACHUS 3THUX HECKOJIBKMX KBAHTOB, NPUILEAIINX C PACCTOSHHS, PAaBHOTO
paccrostanto 1o IlmyTtoHa, Hy)XeH OBUT OBl JETEKTOpP TaMMa-H3JIy4YeHUS HAMHOTO OOJBIIETo
pa3mepa, 4eM Jt000H U3 HbIHE CyIlecTByoUMX. KpoMe TOro, 3TOT JETEKTOp HY>KHO ObLIO OBl
MIOMECTUThH B KOCMOCE, IOTOMY YTO F'aMMa-U3JIyuYe€HUE HE MMPOXOIUT uepe3 aTMochepy.

Pazymeercs, ecau Obl uepHas AbIpa, HaxoAsmascs Ha paccTosHuM [l1yToHa, 3aKOHYMB CBOM
KU3HEHHBIA 1MKJI, B30pBajlach, MOCIEAHUM BCIUIECK H3IYYEHHS MOKHO OBLIO OBl C JIETKOCTBIO
3aperucTpupoBaTh. Ho ecnu yepHas aplpa NpoJ0JKAeT U3JIy4aTh B TEYEHUE MOCIEAHUX AECATH WIH
JBaUATH THICSY MIJUIMOHOB JIET, TO IIAHCHI Ha TO, YTO €€ THWOeNb NMpHIeTCs Ha OivKaumme
HECKOJIBKO JIET, @ HE Ha T€ HECKOJIBKO MWIUIMOHOB JIET, YTO YK€ NPOLUIM WM €€ HACTYIIAT,
JNEHUCTBUTENBHO OY€Hb Maiibl! 3HAYUT, 4TOOBI UMETh PEajbHYI0 BO3MOXKHOCTh YBUIETH B3PBIB 110
OKOHYaHUs (UHAHCUPOBAHMS SKCIEPUMEHTA, Bbl JOJDKHBI IPHIyMaTh, KakK pPErMcTPUpPOBATH
B3pbIBbI, MPOUCXOJIAIINE Ha PACCTOSIHUU TMOPsIIKa OJJHOTO CBETOBOTo roja. Bam Bce paBHO Oyzer
Hy)X€H OOJbLIOW  JETEeKTOp TIaMMa-M3JIyd4eHHus, 4YTOObl  3aperuCTPUpPOBATh  HECKOJIBKO
ramMma-KBaHTOB M3 T€X, UTO 00pa3yroTcs npu B3pbiBe. Ho B 3TOM cilydae oTnasaer He0OX0IMMOCTh
MIPOBEPATH, YTO BCE TaMMa-KBaHTbl MPUXOAAT C OJHOM M TOH K€ CTOPOHBI: JTOCTaTOYHO OyJIeT
3HATh, YTO BCE OHU 3aPETUCTPUPOBAHBI B TEUCHHE OYEHb KOPOTKOTO MPOMEKYTKAa BPEMEHH, YTOOBI
OBITh YBEPEHHBIM B TOM, YTO UX UCTOUHHKOM SIBJISIETCS OJJHA U TA € BCIIBIIIKA.

OnvH U3 IETEeKTOPOB raMMa-U3JIy4YeHuUs], C TOMOIIBI0 KOTOPOT'O0 MOXKHO OBbLIO ObI OMO3HABATH
NEePBUYHBIE YEPHBIE JBIPBI, — 3TO BCs aTMocdepa 3emin. (Bo BesikoM ciydae, Bpsi 1M HaM yJaacTes
MOCTPOUTH JeTeKTOop Oonbiiero pasmepal!) Korga ramma-kBanT, o0nagaromuii BBICOKOW 3HEpruei,
CTAJIKUBAEeTCA B 3€MHOH atMoc(epe ¢ aToMaMM, POXKIAIOTCS Hapbl U3 AJIEKTPOHOB M MO3UTPOHOB
(aHTUANIEKTPOHOB), KOTOPHIE B CBOIO OYEpe/b CTAIKHBAIOTCA C aTOMaMH U 00pa3yloT HOBBIE
3JIEKTPOHHO-TIO3UTPOHHBIEC TTapbl. BO3HUKAET Tak Ha3bIBAEMBIN AJIEKTPOHHBIN JIMBEHb. CBS3aHHOE C
HUM U3JIy4Y€HUE NpECTaBIseT coO0il OOUH M3 BUIOB CBETOBOTO W HA3BIBACTCS UYCPEHKOBCKHUM.
[To3TOMY BCIIBIIIKM raMMa-U3I1y4Y€HHs] MOXKHO PETUCTPUPOBATH, CIENS 32 CBETOBBIMU BCIIBIIIKAMM
B HOYHOM HebOe. CyIlecTBYIOT, KOHEYHO, M JIpyrue sBJIeHUs (Takhe, KaK MOJIHUS U OTPaKCHHE
CBETa OT KPYTSIUUXCA CIyTHUKOB M OOpalIaroIuxcs M0 OopOUTaM CTyNEHEH pakeT-HocuTeneil),
KOTOpbIE TOXKE€ CONPOBOXKIAIOTCS  BCIBIIIKaMH Ha HeOe. Bemblmku, 00ycClIOBICHHBIE
raMMa-Hu3J1y4eHUEM, MOXKHO OTJIMYUTh OT 3THX SIBJICHUH, IPOBOJS HAOIIOJEHNUS OJHOBPEMEHHO U3
JBYX WM OOJBIIEro YHWCla IYHKTOB, CHJBHO YJAJIEHHBIX Apyr OT japyra. Takue mNOUCKH
npeAnpuHsiid B Apu3oHe nBoe yueHblx u3 [lyomuna, Hunm IToptep u TpeBop Yukc. C momomibio
TEJIECKOTIOB OHM OOHApY>KMJIM HECKOJIBKO BCIIBIIIEK, HO HHM OJHY M3 HHUX HENb3s ObUIO ¢
OIIPEAEIEHHOCTBIO IIPUIMCATh BCILIECKAM I'aAMMA-N3JIy4YEHUS IEPBUYHBIX YEPHBIX JBIP.

Jlaxxe eciy MOMCK NEPBUYHBIX YEPHBIX ABIP JACT OTPULIATEIbHBIE PE3YJIBTATHI, @ OH MOYKET UX
JaTh, Mbl BCE€ PaBHO MOJYYMM BaXHYI0 HH(OpManuio 00 OuYeHb paHHUX CTaJusAX DPA3BUTHA
Bcenennoii. Ecnu panssist Beenennast Obu1a XaOTHUECKOM, MITM HEPETYJISIPHON, WIIM €CIIH AaBJICHHUE
MaTepuu OBUIO Mayo, MOKHO OBbUIO OBl 0XKHAATh OOpa30BaHUS 3HAYUTEIHHO OOJIBIIETO YHCIIa
YEepHBIX MBI, YEM TOT TMpened, KOTOphId HaM jaainu HaOmroneHuss (oHA TaMMa-u3ITyudeHHs.
OOBsACHUTB, MMOYEMY UYEpHBIE JIBIPbl HE CYLIECTBYIOT B TAKOM KOJIMYECTBE, B KOTOPOM HX MOXHO
ObU10 ObI HAOMIOIaTh, MOXKHO JIMIIb B TOM CIIydyae, eciii paHHsst BceneHnHas Obliia OYeHb IIIaJKON U
OJITHOPOJHOM, C BBICOKMM JIaBJICHUEM BEILECTBA.



BbIBO 0 TOM, 9TO YepHBIE ABIPHI MOTYT UCITYCKaTh M3IIy4eHHE, ObUT MIEPBBIM MPEICKa3aHUuEM,
KOTOpOE CYIIECTBEHHBIM 00pa3oM OCHOBBIBAJIOCH Ha 00EUX BEIMKHX TEOPHUSAX HAIIEro BeKa —
oO11eil Teopur OTHOCUTEIBPHOCTH U KBAaHTOBOW MeXaHUKe. BHauane 3TOT BBIBOJ BCTPETUII CUIIBHOE
IIPOTUBOAEHUCTBHE, TaK KakK ILEJ Bpa3pe3 C paclIpOoCTpPaHEHHBIM IpenacraBicHueM: «Kak uepHas
IBIpa MOXET 4TO OBl TO HU OBbUIO M3mydaTh?» Korna st BiepBbie 00BSBIII O CBOMX PE3yJbTaTax Ha
KoHpepeHimu B Pesepdopmosckoit nmabopatopun nox OxchopioMm, Bce K HHM OTHECIHCH
HEJI0BEpUMBO. B KoHIlEe noknana npencenarens cekuuu xon Teimop n3 KoposneBckoro komiemxa
B JloHnoHe 3asBuUi, 4TO Bee 3TO yenyxa. OH Jaxke Hamucall CTaThlo, YTOOBI Jl0Ka3aTb, UYTO S HE
npaB. Ho B KOHIle KOHIIOB OOJNBIIMHCTBO, B TOM umciie U JxoH Teinop, npulluiM K BBIBOIY, YTO
YEpHBIE JbIPBl JOJDKHBI H3JIydaTh KaK IOpsdee TeJo, €CIM TOJIBKO BEPHBI BCE OCTAJIbHBIC
IpeicTaBIeHus O0IIe TEOpUH OTHOCUTEIBHOCTH M KBAaHTOBOM MeXaHMKH. Takum oOpa3om, XOTs
HaM M HE yJaJoCh OTHICKaTh NMEPBUUHYIO YEPHYIO JBIPY, HO €cii Obl BAPYT 3TO yAAJIOCh, TO, MO
JIOBOJIEHO 00mIeMy yOeXIeHHI0, YepHast IpIpa JTOJDKHA ObuTa OBl MCITyCKaTh MOIHOE TaMMa— U
PEHTTEHOBCKOE U3JIy4YEHHUE.

BoiBox 0 cyliecTBOBaHMM H3JIyYEHHUS, MCIIyCKa€MOTO YEPHBIMH [JbIpaMH, IO-BHANMOMY,
O3HayaeT, YTO IPABUTALIMOHHBIN KOJUIAINC HE TaK y>K OKOHYATEJIEeH U HeoOpaTUM, Kak Mbl JyMaiu
panbiie. Ecnu acTpoHaBT ynaseT B UYEpHYIO JbIpy, TO €€ Macca YBEJIMYMUTCS, HO B KOHIE KOHIIOB
KOJINYECTBO SHEPI'UH, SKBUBAJICHTHOE 3TOW NMpubaBKe Macchl, BepHETCs BO BceneHnnyio B ¢gopme
m3nnydeHusi. CreaoBaTesbHO, B KaKOM-TO CMBICIIE acCTPOHABT OyNET «pereHepupoBaH». ITO,
KOHEYHO, HE caMblii Jy4iuud Buj OeccMepTHs: COOCTBEHHOE IPEACTaBICHUE O BPEMEHH Y
acTpOHaBTa MOYTH HAaBEpHSKA IMPOIAJET, KOI/Ia OH Pa3JIETUTCS Ha KJIOYKU BHYTPU YEPHOU JbIPHI!
Jlaxke 4acTUllbl, UCIYIIEHHbIE YEPHOW IbIpOW ISl KOMIIEHCAlUM MAacChl acTpOHaBTa, OyIyT He
TE€MH, U3 KOTOPBIX OH COCTOSUI: €IMHCTBEHHOE CBOMCTBO aCTPOHABTA, KOTOPOE COXPAHUTCS, — 3TO
€ro Macca Ui dHEPrusl.

[Ipubnmxenns, KOTOPpIMU 5 TOJB30BAJICS B pacueTax M3JIyYEHHUS UYEPHBIX IbIP, TOJIKHBI
XOpOILIO BBIMONHATBCS, KOTJa Macca 4YEpHOM MbIpbl IPEBBIMIAET JOJM IpaMMa, HO OHH
HENPUMEHUMbBl B KOHIIE JKM3HM YEpPHOM MBIpbI, KOIJa €€ Macca CTaHOBUTCS OYEHb MaJIOM.
[To-BugumMomy, Hanboyiee BEpPOSTHBIM HCXOJ — OTO MPOCTO HCYE3HOBEHHE YEPHOU IBIPHI, IO
KpaifHell mepe u3 Hameil obmactu Bceenennoii. Mcye3HyB, oHa yHeceT ¢ co0o0il U acTpoHaBTa, U
Mo0yI0 CHUHTYJISIPHOCTH, KOTOpask MOTJia Obl B HEH OKa3aTbCs. DTO OBLIO MEpBOE yKa3zaHWE Ha
BO3MOKHOCTh YCTPAaHEHHs] KBAaHTOBOM MEXaHHMKOW CHHTYJISIPHOCTEH, MpPEICKa3bIBAEMBIX OOIIeH
TEOpUEN OTHOCUTENIBHOCTH. OTHAKO T€ METOABI, KOTOPBIMHU U $1, U JPYTHE YUYCHBIE MTOJIB30BAIIUCH B
1974 r., HEe MOI/IM aTh OTBETHI HA TAKHE BOMIPOCHI, KaK, HAIIPUMED, MOSABSTCA JIU CUHTYJISIPHOCTH B
KBaHTOBOW rpaBuTaruu. [losTomy HaumHas ¢ 1975 r. s 3aHsuIcs pa3pabOTKoOi Oojiee 1eHCTBEHHOTO
MOJX0Aa K KBAaHTOBOM TpaBUTALMH, OCHOBAaHHOTO Ha (PEHHMAHOBCKOM CYMMHPOBAaHHH IO
uctopusaM (TpaextopusiMm). OTBETbI, MOJyYEHHbIE @PU TaKOM IOAXOJE, Ha BOMIPOCHI O
MIPOUCXOXKACHUU U Cyap0e BceneHHO# M TOro, uTo B HEW HAaXOAMTCS, HapUMep acCTPOHABTOB,
OyAyT U3J10KEHBI B IBYX CIEAYIOIIUX IJ1aBax. Mbl YBUIUM, YTO XOTS HIPUHIUI HEONPEAEICHHOCTU
HajaraeT OrPaHWYEHHs Ha TOYHOCTh BCEX HAIIMX MpeAcKa3aHuil, OH 3aTo YCTpaHseT
(GyHIaMEHTaIbHYIO0 HENPEICKa3yeMOCTb, BO3HUKAIOILYI0 B CUHTYJISIPHOCTH
IIPOCTPAHCTBA-BPEMEHH.

8. PoxpeHune u rmbenb BceneHHOM

B o0mieit Teopun OTHOCHTENBHOCTH DUWHINTEHHA, camMoil mo cebe, aemaeTcsi BBIBOJA, UTO
MIPOCTPAHCTBO-BPEMsI BO3HUKIO B CHHTYJSIPHOM TOYKe OOJNBIIOrO B3pBIBA, a CBOW KOHEI[ OHO
JIOJDKHO HaXOJUTh B CHHTYJIIPHON TOUYKE OOJBIIOTO XJIOMKa (€C/Id KoJutaricupyeT Best Beenennas) u
B CHHTYJISIPHOCTH BHYTPH YEpPHOH IBIPHI (€CNIM KOJUJIAIICHUPYET Kakas-HUOyAb JIOKalbHasi 00JacTh
Tuma 3Be311bl). JIto0oe BemecTBo, ynasiiee B TaKy0 JAbIPY, B CHHTYJISIPHOCTH JOJKHO Pa3pyIIUThCS,
U CHapyu OyJeT OUlylaThCs JUIIb TPAaBUTAIIMOHHOE BO3JEHCTBUE ero macchl. Korma ske ObutH
YYTCHBI KBaHTOBBIE A(D(PEKTHI, TO OKa3aJIOCh, YTO Macca M DHEPrus BEIIECTBA B KOHIIE KOHIIOB
JOJDKHBI, HO-BI/II[I/IMOMy, BOSBp&H.[ElTI:CSI OCTaBmeﬁCH qacTu BCGHGHHOﬁ, a qepHaﬂ I[blpa BMECTEC CO



CBOEH BHYTPEHHEH CHUHIYJSPHOCTBIO JOJDKHA MCHAPUTHCS M IOJHOCTBIO HCYE3HYTh. byner s
CTOJIb K€ OOJIBLIIMM BIIMSTHHE KBAHTOBOW MEXAaHUKU HA CHHTYJISIPHOCTH B TOUKaX OOJIBIIOTO B3pbIBa
u 6ompuioro xsnonka? Yro B JEHCTBUTENLHOCTH NMPOUCXOJUT HA OUYEHb PAHHUX U OYEHb MO3THUX
CTanuAX pa3BUTUs BceneHHOW, Korzja IpaBUTALIMOHHBIEC IOJII HACTOJIBKO CHIJIBHBI, YTO HENb3s
npeHedperath KBaHTOBBIMU Y dextamu? EcTh nm aelictButensHO y BeenenHoi Hadano u KoHer?
A ecnu ecTh, TO KaKOBbI OHU?

Ha npoTtskeHnn ceMuIecsaThIX TOI0B 1 B OCHOBHOM 3aHUMAJICS MCCIIEIOBAHUEM YEPHBIX IbIP,
HO B 1981 1., xorma s Obul Ha KOH(EpPEHLUUH MO KOCMOJIOTHH, OpraHM30BaHHOM B Batukane
OTLIaMU-UE3YUTAMH, BO MHE OIATH MPOCHYJICS MHTEPEC K BOMNPOCY O BO3HUKHOBEHUH M TuOenn
Bcenennoii. Katonmnueckas LlepkoBb coBepimia 607b11yI0 OMKUOKY B CBOMX B3aMMOOTHOUICHUSX C
lanuneem, Korja, MBITAsICh OJYMHUTH 3aKOHY BOTIPOC HAayKH, 00bsBmiIa, yTo ConHIle oOpamaercs
BOKpyr 3emun. Teneps, yepe3 Beka, LlepkoBp pemmia NpUINIACUTh CIIEHUATMCTOB U MOJNYYHUTh Y
HUX KOHCYJBTAllMIO TI0 KOCMOJIOTHH. B KOHIlE KOH(QEpPEHIHMH YYaCTHUKH OBUIM YIOCTOSHBI
aymueHuuu Ilanmel. OH ckasan, 4To 3BONIONMIO BceeneHHO# mocie GonbLIOro B3phIBa HM3ydaTh
MO>XHO, HO HE CJeayeT BTOprarbCsi B caM OOJIbLIOW B3pbIB, MOTOMY 4YTO 3TO ObUI MOMEHT
CotBopeHus u, ciepoBaTenbHo, boxxecTBeHHbIN akT. S ObuT oueHb paj, uto Ilama He 3HaN TeMbl
TOJIBKO YTO CJIEJaHHOTO MHOM JOKJIaJa O BO3MOXXHOCTH TOI'O, YTO IPOCTPAHCTBO-BPEMS KOHEUHO
HE MMEET IPaHMll, T. €. YTO OHO HE MMEET HayaJja, a 3Ha4uT, HeT U1 MoMeHTa CoTBopeHus. MHe He
XOTEN0Ch pa3lenaTh cyap0y ['anmunes, ¢ KOTOpbIM, MHE Ka)K€TCS, Y MEHSI €CTh YTO-TO O0IlEe, XOTs
ObI TO, YTO 110 CTPAaHHOMY COBIIAJICHUIO 5 poauiicsa TouHo uepe3 300 neT mociue ero cmepTH!

UroObl ObUTO SICHO, KAKUMHU OBUIM MOHM MBICIIM W MBICTH JPYTHX O BO3MOXXHOM BIIMSIHUU
KBAaHTOBOM MEXaHUKHU Ha HAllM B3MJIAJbl HA POXKJEHHE U TubOenb BeeneHHol, He0OX0MMO CHavana
HAaTllOMHUTH OOIIENPUHATYI0O KapTUHY HCTOpUHM BceneHHOW, OCHOBaHHYIO Ha TaK Ha3bIBaeMOU
ropsiueii Monenau OoNbIIOrO B3phiBa. B Hell cumTaercs, uro BceneHnas oT Hamux JHEH 10
00JBIIOrO B3pbIBA ONMCHIBaeTCs OAHOW u3 Monened @Ppuamana. B momoOHbIX Mojensx
OKa3bIBAETCsl, YTO IO MEPE paclIupeHus BceneHHoN BEeNIeCTBO U M3JIyYEHHE B HEM OXJIAXKIar0TCA.
(C ynBoenuem pa3zmepoB BceneHHoli ee TeMmieparypa CTaHOBHUTCS BIBoe HMkKe). [lockonbky
TemIeparypa — 3TO IPOCTO Mepa 3Hepruu (T. €. CKOPOCTH) 4acTull, oxJaxJeHue BceneHHoi
JIOJDKHO CWJIBHO BO3JIEHICTBOBATHh HA BEIIECTBO BHYTpU Hee. [Ipu odeHb BBICOKMX TeMIlepaTypax
YacTUIBl ABMKYTCA TaK OBICTPO, YTO MOTYT NPOTHUBOCTOATH JHOOOMY B3aUMHOMY MPHUTSKEHHIO,
BBI3BAHHOMY SIICPHBIMU WJIM JIEKTPOMATHUTHBIMU CUJIAMH, HO IIPU OXJIAXKICHUHU MOKHO OKUJATh,
YTO HEKOTOPbIE YaCTHIbI OyIyT MPUTATMBATHCS APYT K APYry M HauHyT ciauBaTbes. bosee Toro,
JlaXKe THIIBI YaCTHULl, CYLIECTBYIOIIUX BO BCEleHHOHM, NOJDKHBI 3aBUCETh OT Temmeparypsl. IIpu
JOCTaTOYHO BBICOKMX TEMIIepaTypax »SHEpPrus 4YacTUIl CTOJIb BEJIMKAa, YTO TMpH JIIOOOM
CTOJIKHOBEHHH O00pa3zyeTcs MHOTO DPa3HbIX Map 4YacTHIA-aHTUYacTUIA, M, XOTsS HEKOTOpas IO0Jis
9TUX YaCTHUL] aHHUTWIMPYET, CTAJKHUBAsACh C aHTMYACTULAMM, MX OOpa30BaHHE MPOUCXOAMUT BCE
paBHO ObicTpee aHHUTWIIIMA. Ho mnpu Oonee HHU3KUX TeMIeparypax, KOrja SHEpPrus
CTAJIKMBAIOIIMXCS YAaCTULl MEHBIIIE, Tapbl YaCTUI[a-aHTUYACTHLIA Oy1yT 00pa30BBIBATHCS MEAJICHHEE
Y aHHUTWIISIHS YacTUI OyIeT MPOUCXOAUT ObICTpEE POXKICHHS.

Cumnraercs, 4T0 B MOMEHT OOJIBLIOIO B3pbIBa pa3Mepsl BeeneHHo OblN paBHBI HYJIIO, @ caMma
oHa Obuta 6eckoHeuHo ropsiueil. Ho mo mepe pacimmpenus: Temneparypa U3Iy4eHUs] TOHMKaIach.
Yepes cekyHOy mociie OOJBLIOrO B3pblBa TEMIEpaTypa ylaja MNPUMEPHO A0 AECATH ThICAY
MWJIJTMOHOB T'PagyCoB; 3TO IMPUMEPHO B THICSUYy pa3 Oojblne Temneparypsl B neHTpe CoiHua, HO
TaKUe TEMIIEPATyphbl JOCTUTAIOTCSA MpPHU B3pbIBaX BOAOPOAHOH O0MOBI. B 310 Bpems Bcenennas
cocTosyia U3 (POTOHOB, JIEKTPOHOB, HEUTPUHO (HEUTPUHO — JIEryaiIliie 4acTHIbI, YJacTBYIOIINE
TOJILKO B CJJa0OM M IPaBUTALIMOHHOM B3aUMOJCHCTBUAX) U UX aHTHUYACTHLL, a TAK)KE U3 HEKOTOPOTO
KOJIMYECTBA IIPOTOHOB U HEUTPOHOB. 110 mMepe Toro xak BceeneHHas mpoposkaia pacluupsThes, a
TEMIIEpaTypa NafaTh, CKOPOCTb POXKACHUS HICKTPOH-aHTUAIIEKTPOHHBIX IIap B COYAAPEHUSIX CTalla
MEHBIIIE CKOPOCTU MX YHMUYTOXKCHMS 3a CYET aHHUruiasauuu. [losTomMy modtu Bce DIEKTPOHBI U
aHTUJIEKTPOHBI TOJDKHBI ObUIM aHHUTHIIMPOBATh APYT € APYroM, oOpa3oBaB HOBBIE (DOTOHBI, Tak
YTO OCTAJIOCh JIUIIb YYTh-4yTh M30BITOUHBIX 3JEKTPOHOB. HO HEHTPUHO M aHTHHEUTPUHO HE
AHHUTHJIMPOBAJIN APYT C IPYrOM, IOTOMY YTO 3TH YaCTHIIbI OYEHb CJ1a00 B3aUMOJICHCTBYIOT MEKIY



co0oif u ¢ aApyrumu yactuuamu. [103ToMy OHU 71O CUX HOp JOJIKHBI BCTpedaThesi BOKpYT Hac. Ecin
ObI X MOKHO OBLIO HaOJIO/ATh, TO Y HAC MOSABWICS Obl XOPOIIMKA cIOCOO0 MPOBEPKHU MOJIETH OYEHb
ropsiueit panHeit Beenennoit. K coxxalieHnto, MX SHEPTHH ceivac CIUIITKOM MaJjibl, YTOOBI UX MOYHO
ObUIO HEMOCPEeACTBEHHO HabmoaTh. OJJHAKO €CIM HEUTPUHO HE sIBJIsAETCsl 6€3MaccOBOM YacTHULIEH,
a o0Omamaer HeOONBIION COOCTBEHHOW Maccoil, OOHapyXCHHOW B  HEMOJITBEPKICHHOM
HKCHEPUMEHTE COBETCKHUX Yy4eHbIX 1981 r., To MBI cMoriu Obl OOHApYKUThb MX KOCBEHHO: OHHU
MOTJIH OBl OKa3aThCsl OJHOM M3 POpPM TEMHON MaTepuH, YIOMHHABILIEHCS paHee, TPaBUTAIMOHHOE
MNPUTSDKEHUE KOTOPOM JOCTaTOYHO Ui TOro, YTOOBI MPEKpaTuTh paciiupeHue BceenenHoil u
3aCTaBUTH €€ OIATH CXKUMAThCH.

[TpumepHO uepe3 CTO CEeKyHA Mociie OONBLIOro B3phlBa TeMIepaTypa ynajla A0 ThICSYU
MUJUIMOHOB T'PaTyCcoB, YTO OTBEUYAET TEMIIEpaType BHYTPH CaMblX ropsuux 3Be3f. llpu Taxoif
TEMIIEPATYPE YHEPTUU MPOTOHOB M HEUTPOHOB YK€ HENOCTATOYHO AJIS CONPOTHUBIICHUS CHIIBHOMY
SICPHOMY TIPUTSKEHHUIO, M OHH HAYMHAIOT O0BEIUHATHCS APYT C APYroM, 00pa3ys siapa neiTepus
(TsDKENIOro  BOAOpOAA), KOTOpPbIE COCTOST M3 MPOTOHA W HEWTpoHa. 3areM sapa jAeWTtepus
MIPUCOEANHSIOT K ceOe elle MPOTOHbl U HEUTPOHBI U MPEBPALLAIOTCS B SApa Ieiusl, CoAeprKaliue
JBa MpPOTOHA M JBa HEUTpOHA, a Takke 00pa3yroT HEeOOJbIIME KOJUYECTBa Oojee TSHKENbIX
JJIEMEHTOB — JIMTUS U Oepuwiuins. BeluMcineHus mokasbplBarOT, YTO, COIJIACHO Tropsyell MoJenu
OO0JIBILIIOTO B3phIBA, OKOJIO YETBEPTON YaCTH MPOTOHOB M HEUTPOHOB TOJIKHO OBLIO MPEBPATUTHCS B
aTOMBI Teliis U HeOONbIIOE KOJIMYECTBO TSKEJIOr0 BOAOPOJA M JIPYrux snemeHToB. OcraBuinecs
HEHTPOHBI pacnanuch Ha MPOTOHBI, IPEACTABIAIOIINE COOO0H s/ipa OOBIYHBIX AaTOMOB BOJOPO/IA.

OnucanHasi kapTuHa ropsiueid BeeneHHON Ha paHHEN cTaauu pa3sBUTHUS ObUIAa MPEAJIOKEHA
yuenbiM [[xopmkem (I'. A.) 'amoBeIM B 3HaMeHUTOI paboTe, koTopyto ['amoB Hamucan B 1948 r.
BMeECTE CO CBOMM acmupanTtoM Pambdom Anbdepom. ObOmagas mpeKkpacHBIM YyBCTBOM HOMOpA,
I'amoB yroeopuin ¢usuka-saepumka ['anca bere n1o0aBuTh CBOIO (paMmIMI0O K CHHCKY aBTOPOB,
9T00BI TONy4miock «Anbdep, bere, ['aMoB», 4TO 3By4HT, Kak Ha3BaHHS TEPBBIX TpeX OYyKB
rpedeckoro andasura — anbga, 6era, raMMa, U YpPe3BbIUANHO MOAXOAMT JUIsl CTaThU O Hayaye
Bcenennoii! B 310if crathe ObUIO cAETaHO 3aMedaTeNbHOE NMpeAcKa3aHue O TOM, YTO U3Ny4yeHHe (B
BUJie (POTOHOB), CITYIIEHHOE HA OY€Hb PAaHHUX CTAIUSIX pa3BUTUS BcelleHHOH, TO0MKHO 10 CHUX MOp
CYILLIECTBOBaTb BOKPYI HAac, HO 3a 3TO BpeMs €ro TeMIepaTypa ylajga W paBHa BCEro JMIIb
HECKOJILKMM TpajycaM BBIIIE aOCOTIOTHOTO HyJsl. DTO UMEHHO TO M3JydeHue, kotopoe B 1965 r.
obnapyxwunu Ilensuac u Bunscon. Korna Anegep, bere u 'amoB nucanu cBoro paboty, saepHbie
peaKIMy ¢ y4yacTHeM IPOTOHOB U HEUTPOHOB OBLIM MJI0X0 M3ydeHsbl. [loaToMy npenckazaHHbIe UMU
COOTHOLICHUSI MEXYy KOHILICHTPAaLUsAMHM PAa3HBIX JJIEMEHTOB B paHHEH BceleHHON oOxa3aiuch
BECbMa HETOYHBIMHU, OJIHAKO, OyTyud IIOBTOPEHBI B CBETE HOBBIX MPEICTABICHUH, BCE BBIYUCICHUS
Jany pe3yibTaThl, MPEKPAacCHO COTJIACYIOIIMEcs] ¢ COBpPEMEHHbIMHM HaOmoneHusMu. Kpome Ttoro,
OUYCHb TPYJHO OOBSCHUTH KaK-TO MHAye, NoYeMy BO BceneHHOI M0JIKHO ObITh TaKk MHOTO TENHS.
IToaTOMY MBI COBEPILEHHO YBEPEHBI B TOM, YTO 3Ta KapTHHA [IPAaBUIIbHA, I10 KpalHEN Mepe CIIyCTs
CEKYH/Iy Iociie OOMBIIOrOo B3pbIBA U MO3XKE.

Bcero uepe3 HeckoJIbKO 4acoB Mocje OOJBLIOrO B3phiBa O0Opa3oBaHHE TeNus U JIPYTHX
JJIEMEHTOB IIPEKPATUIIOCh, MOCIE YEero B TCUYEHHWE NMPUMEPHO MWUIMOHA JeT BceneHHas mpocTto
MpojoIDKalla PACIIUPAThCA M C HEH He MPOUCXOMWIO HHUYero ocobenHoro. Hakonen, korna
TEMIEpaTypa ymnaja A0 HECKOJBKHMX TBICAY TPaayCOB M DHEPrUM DJIEKTPOHOB M sIEp CTajo
HEJ0CTAaTOYHO ISl IPEOAOJIEHHS AEUCTBYIOUIETO MEXIy HUMH DJIEKTPOMATHUTHOIO MPUTSIKEHMUS,
OHU Hayalu OOBEAMHATHCS APYr C ApyroMm, obpasys atomsl. Bes Beenennas kak menoe morua
MIPOJOIDKATh PACIIUPATHCS M OXJIKIATHCSA, HO B TEX 00JIACTAX, INIOTHOCTh KOTOPBIX OblJIa HEMHOT'O
BBIIIE CPEIHEH, pacHIMpEeHUEe 3aMeUIIOCh H3-3a  JOMNOJIHUTEIBHOTO  IPABUTALIMOHHOTO
NpUTSDKEHUs. B pesynbrate HEKOTOpBIE 00IaCTH NMEPECTald PACHIUPATHCS M HaYalIld CKUMAThes. B
IIpoLecce CKaTus I0J JNCHCTBHEM TIPAaBUTALMOHHOTO TPUTSHKCHHMS MATE€PUM, HaXOoIsIIencs
CHApY>KH 3THUX OOJIaCTeH, MOTJI0 HAa4yaThCs UX MeuleHHOoe BpamieHne. C yMEHbIIEHHEM pa3MepoB
KOJIJIarcupyrouied o01acTu ee BpallleHHe yCKOPsUIOCh, NOJOOHO TOMY, KaK yCKOpSIeTCs BpallleHHe
¢burypucTa Ha JIpy, KOT/1a OH MPKUMAaeT pyku K Tery. Korga HakoHel Koyancupyiomas 001acTh
CTajia I0CTaTOYHO MaJIOi, CKOPOCTH €€ BpAIlleHUs JOJIKHO ObUIO XBAaTHTh Ui ypaBHOBEUIMBAHUS



IPaBUTALIMOHHOTO MPHUTHKEHHUS — TaK 00Pa30BaICh BPAIIAIONINECs JUCKOOOPa3HbBIe TalakTUKU. Te
00J1acTH, KOTOpblE HE HAYald BpalIaThCs, NMPEBPATUINCh B OBAJbHBbIE OOBEKTHI, Ha3blBaeMble
AIUTUNITHYECKUMHU TalakTuKaMu. KoJutanc 3Tux oOmacTeil TOKe MPEeKpaTHiIcs, TOTOMY YTO, XOTS
OT/eNIbHbIE YaCTH TaJlaKTUKK CTAaOWJIBHO BpAIAJIMCh BOKPYI €€ LEHTpa, rajJlakTUKa B IEJIOM HE
BpaIaiacs.

Cocrosmuii U3 BOAOPOAA U Ielus I'a3 BHYTPHU TalakTUK CO BPEMEHEM pacrajicsl Ha Ta30Bble
o0laka MEHBIIETO pa3Mepa, CHKUMAIOIIUECS TIOJ JeHCTBHEM COOCTBEHHOW rpaBuTanmu. [lpu
CKaTUM 3TUX OOJAKOB aTOMbl BHYTPHM HHMX CTaJKHUBAIMCh IPYT € JIpyroMm, TemmepaTypa rasa
MOBBIIIATACh, ¥ B KOHIIE KOHIIOB T'a3 pa3orpesicsi TaK CHIBHO, YTH HAYAIHCh PEAKIUH SIEPHOTO
cUHTe3a. B pesynprare 3TuUX peakuuii U3 BOAOPOAa 00pa30BalOCh JOMOJHUTEIBHOE KOJIMYECTBO
TeNusl, a W3-32 BBIIENMBIIETOCS TEIUIa BO3POCIO JABJICHHWE M Ta30oBble OO0NaKa IepecTand
cxuMmaTbes. Ob6naka JI0Jro OCTaBaJIUCh B 3TOM COCTOSIHUH, MOJOOHO TakuUM 3Be3[aM, Kak Harle
Comnniie, peBparias BOJOPO B TEIHI M M3JTydasi BBIICISIOILYIOCS SHEPTUIO B BHJIE TETIAa U CBETA.
bonee maccuBHBIM 3Be3/laM JUIsl YPaBHOBELIMBAHMS CBOErO 0OoJiee CHIBHOIO TPaBUTALMOHHOTO
MPUTSDKEHUST HY)KHO OBUIO pa3orpeTbesi CHIIbHEE, U PEAKIMU SACPHOTO CHHTE3a MPOTEKAId B HUX
HAaCTOJIBKO OBbICTpee, YTO OHM BBDKITIM CBOM BOJOPOA BCEro 3a CTO MWJIJIMOHOB JET. 3aTeM OHHU
CJIETKa CXKaJMCh, W, MOCKOJBKY HArpeB IMPOIOJDKAJICSA, HAYalloCh MpEBpalleHHe Telus B Ooiee
TSDKEJIble 3JIEMEHTBI, TaKHe Kak yriaepon u kuciopol. Ho B momoOHBIX mpoleccax BbIICNISETCS HE
MHOTO JHEpPITUH, M TOTOMY, KaK YXe TOBOPWJIOCh B TJIaB€ O YEPHBIX IbIpax, MOJDKEH ObLI
pa3pa3utbcsi kpusuc. He coBceM sICHO, 4TO MPOM30LUIO MOTOM, HO BIIOJIHE MPABJONOA00HO, YTO
[EHTpaJIbHBIE 00JacTH 3BE3/IbI KOJUIATICHPOBAIN B OYEHb IUIOTHOE COCTOSHHE BpOJIE HEHTPOHHOU
3Be3/1bl WIM YEepHOH IbIpbl. BHenHMe o6iacTu 3Be3/bl MOTYT BpeMs OT BPEMEHH OTPBIBAThCS U
YHOCHUTBCSI UyJIOBHIITHBIM B3pPBIBOM, KOTOPBI Ha3bIBACTCS B3PHIBOM CBEPXHOBOMW, 3aTMEBAIOMICH
CBOMM OJIECKOM BCE€ OCTaJIbHbIE 3B€3/lbl B CBOEH ranaktuke. Yacte Oosee TSHKEIBIX 3JIEMEHTOB,
oOpa3oBaBIIMXCS Mepea THOenbio 3Be3/bl, OblIa OTOpOIIEHA B 3allOJIHAIOIIMN TalaKTHKy Ta3 U
IIpeBpaTUiIach B ChIpbE IS MOCIEAYIOMMX MoKoieHui 38e31. Hame ConHile cofepKuT OKoJIO IBYyX
MIPOIICHTOB YHOMSIHYTBHIX 00Jiee TSKENBbIX 3JIEMEHTOB, TIOTOMY YTO OHO SIBJSIETCS 3BE3JI0 BTOPOTO
WIA TPEThEro IMOKOJEHHs, O0Opa30BaBLICHCA OKOJO ISATH MWIIMAPAOB JIET Has3al U3 olJaka
BpAIAIOIIErocs Ta3a, B KOTOPOM HaXOJWJIMCh OCKOJKH 0oJiee paHHUX CBEPXHOBBIX. ['a3 m3 sToro
obOyaka B OCHOBHOM Tiomies Ha oOpa3oBanue CoJiHIIA WM ObUT YHECEH B3PBIBOM, HO HEOOJBIIIOE
KOJIMYECTBO OoJiee TSKEIBIX 3JIEMEHTOB, COOpPABIINMCH BMECTE, MPEBPATHIIOCH B HEOCCHBIE Tela —
IJIAaHETHI, KOTOPBIE ceivac, Kak u 3eMJsi, oOparraroTcst BOKpyT CosHIa.

Crauvana 3emnsa Obiia ropsyei m He umena armochepsl. Co BpeMeHeM OHa OCThLIa, a
BCJIEJICTBHE BBIIEICHUS I'a3a U3 FOPHBIX MOPOJ BO3HUKIA 3eMHas aTMocdepa. PanHsaa atmocgepa
Obula HEeNpUrojaHa ajs Hamed ku3HU. B Heill He ObUIO KHCIOpona, HO OBUIO MHOTO JpPYTHUX,
ANOBUTBIX ISl HAc Tra30B, HANpuUMep CcepoBojgopoja (3TO TOT ra3, KOTOpPBIA IpHUIAaeT
cneun(puyeckuil 3anmax TyxJbsIM siinam). [IpaBna, ecTb U Apyrue, NPUMHUTHUBHBIE (HOPMBI KHU3HH,
KOTOpbIE MOTYT IPOLBETAaTh B TaKMX YCIOBUAX. [Ipeanonararor, 4To OHU Pa3BWINCh B OKEaHax,
BO3MOJKHO, B pe3yJibTaTe CIIy4allHBIX OOBbEJUHEHUH aTOMOB B OOJIBLINE CTPYKTYpHI, Ha3bIBa€MbIe
MaKpOMOJIEKYJIaMH, KOTOpbIE 00JaJaln CIOCOOHOCTBIO IPYIIMPOBATh JPYTUe aTOMbI B OKEaHE B
TaKue e CTPYKTypbl. Takum 00pa3oM OHM CaMOBOCIIPOM3BOAMIMCH M MHOXWINCH. MHOrma B
BOCIIPOU3BEICHUM MOIJIM ITPOU30MTH cOOM. DTU cOOM OOJIBIIEN YaCThIO COCTOSIN B TOM, YTO HOBas
MaKpOMOJIEKyJla HE MOTJIa BOCIIPOM3BECTH ce0sl U B KOHIIE KOHIIOB paspymanack. Ho uHorma B
pesyapTate cOOEB BO3HHWKAIM HOBBIE MaKpOMOJICKYJbI, Jaxe Ooyiee  CIOCOOHBIE K
CaMOBOCIIPOM3BEJICHUIO, YTO JaBajl0 UM MPEUMYIIECTBO, M OHU CTPEMHIUCH 3aMEHUTH COOOMU
nepBoHayaybHble. Tak Hayajcs MPOLECC IBOJIOLUM, KOTOPbIM MPUBOAMI K BO3HUKHOBEHHMIO BCE
Oonee u Ooyiee CIOXKHBIX OPTaHU3MOB, CIIOCOOHBIX K caMOBOCHpou3BeneHHI0. Camble TepBbIe
IIPUMUTHBHBIC J)KUBbIE OPraHU3MBbI IOTPEOJISIIN PA3JINYHbIE BELIECTBA, B TOM YUCIIE CEPOBOJOPO, U
BBIJICJISTN KUCJIOPOA. B pe3ynbTare MpoMCXOAMIO MOCTENEHHOE M3MEHEHHE 3€MHOM aTMocgepsl,
COCTaB KOTOPOW B KOHIIE KOHIIOB CTaJl TaKuUM, KaK cefyac, U BO3SHUKIIHU MOAXOSAIINE YCIOBHS IS
pa3BuTHs Ooyiee BBICOKMX ()OPM KHM3HM, TaKUX, Kak pBIOBbI, PENTHIUHM, MIICKOIUTAIOIIUE W,
HaKOHEII, YEJIOBEUECKUH POI.



Kaptuna, B xotopoii Bcenennasi cHayana Obula O4YeHb ropsiueil M oXjaxjaaizach IO Mepe
CBOET0O pacIIUpPEHUs], Ia CErOAHAIIHUN IEHb COIJIaCyeTCs ¢ pe3yJbTaTaMu Bcex HaOmroneHuil. Tem
HE MEHee LIEJbIN Psii BaXKHBIX BOIIPOCOB OCTaeTcsi 6€3 OTBETA.

1. [Touemy panusisi Becenennast Obliia Takoii ropsiueit?

2. Tlouemy Bcenennas tak omgHOpojgHa B Oonbmux MacmTabax? [loyemy oHa BBITJISIAT
OJIMHAKOBO BO BCEX TOYKAaX IMPOCTPAaHCTBA M BO BCEX HampaBieHMAX? B yacTHOCTH, mouemy
TeMIEepaTypa KOCMHUYECKOr0 ()OHa MHUKPOBOJIHOBOTO HM3JIY4YEHHs] MPAKTUYECKU HE MEHSETCS INpU
HaOMIOACHUAX B pa3HbIX HampabieHHAx? Korja Ha 3K3aMeHE HECKOJBKUM CTYAEHTaM OIS
3a/1aeTcsl OIUH U TOT YK€ BOIPOC U UX OTBETHI COBIAJAIOT, BB MOYKETE OBITH COBEPILIEHHO YBEPEHBI
B TOM, YTO OHU COBETOBAJIUCH APYT ¢ ApyroM. OHAKO B OMMCAHHON MOJIEIM ¢ MOMEHTa OOJIBLIOr0
B3pBIBa y CBETA HE OBLIO BPEMEHH, YTOOBI TIOMACTh U3 OJHOU YJaJIe€HHOW 00JIaCTH B APYTYIO, Jaxe
€ClIM 3TH 00JacTH pacHojiarajuch ONM3KO APYr K Jpyry B paHHeil Bcenennoii. CoriacHo xe
TEOPUU OTHOCHUTEIBHOCTH, €CJIM CBET HE MOXKET IOMAacTh M3 OJHON 00JIacTU B JPYrylo, TO U
HUKakas Jpyrasg uH@opmaius Toxke He MokeT. IloaTomMy pasHble obnactu panHeil Bcenennoit
HUKAK HE MOIJIM BBIPOBHATH CBOU TEMIIEPATYpPhl IPYT C IPYIOM, €CJIU y HUX HE ObUIM OJIMHAKOBBIE
10 KaKOM-TO HETIOHATHOW IPUUMHE TEMIIEPATYpPBhI IIPSIMO ¢ MOMEHTA POXKICHUS.

3. [louemy Bcenennas Havana pacmupsATbCS CO CKOPOCTBIO, CTONb OJU3KON K KPUTHUYECKOMH,
KOTOpasi pa3fesseT MOZEIN C IMOBTOPHBIM C)KaTUEM M MOJEIN C BEUHBIM PACIIMPEHUEM, TaK UTO
JaXke cerdac, yepe3 JEecATh ThICSY MWIIMOHOB JIeT, BceneHHas NpomomKaeT paclMUpsThCs CO
CKOpOCTBIO, IPUMEPHO PaBHOM Kputuueckoil? Eciau Obl yepe3 cekyHIy mociie OOJbIIOro B3pbIBa
CKOPOCTb pacCIIMpEHHUs] OKa3ajlacb XOTb Ha OJHYy CTO ThiCS4a MWIUIMOH MWIJIHOHHYIO
(1/100.000.000.000.000.000) meHbIIe, TO MPOHU30LULIO OBl MOBTOPHOE CKaTHe BceneHHON u oHa
HUKOTr/1a Obl HE JIOCTUIJIA CBOETO COBPEMEHHOTO COCTOSHUS.

4. HecmoTpss Ha KpynHOMAacIITaOHYIO OJHOPOJHOCTh BceneHHOW, B HeHl CylecTBYIOT
HEOJIHOPOJAHOCTH, TAaKHe, KaK 3B€3/lbl M TajakTuku. CuuTaeTcsi, 4TO OHM O0pa3oBaJUCh HU3-3a
HEOOJBIINX pa3IU4YUil B TUIOTHOCTH paHHed BcenenHoit ot obGmactu k obmactu. Yto ObLIO
MPUYMHON 3TUX (IIyKTyaluui MmI0THOCTH?

OO0mmas Teopusi OTHOCUTEIHHOCTH caMa 10 ce0e HE B COCTOSTHUU OOBSICHUTH TIEPEUUCIICHHBIE
CBOMCTBA WJIM OTBETUTHh HA IOCTaBJICHHBIE BOIIPOCHI, TaK KaKk OHAa TI'OBOPUT, 4TO BceneHnas
BO3HHUK/IA B CHHTYJISIDHOW TOUYKe OOJBIIOrO B3pblBAa U B CaMOM Hayaje MMeJa OECKOHEUHYIO
IUIOTHOCTh. B CHHTYIISIpHOI jk€ Touke 0011ast TeOprsi OTHOCUTEIBHOCTH U BCE (PU3UUECKUE 3aKOHBI
HEBEPHBI: HEBO3MOXKHO INPEACKA3aTh, YTO BBIMAET U3 CHUHTYJIAPHOCTH. Kak MBI y>Ke TOBOPHIIH, 3TO
O3HayaeT, YTO OOJIBIION B3PHIB U BCE COOBITHS 0 HETO MOXHO BBHIOPOCUTH U3 TEOPHH, TOTOMY UYTO
OHU HHMKAK HE MOTYT IOBIUATH Ha TO, 4YTO Mbl HaOmtonaeM. CienoBaTenbHO, IPOCTPAHCTBO-BPEMS
JIOJDKHO MUMETh IPaHMIly — Ha4aJlo B TOYKE OOJIBIIOTO B3pHIBA.

Hayxa, mo-BmguMoMy, OTKpbUIa BCE T€ 3aKOHBI, KOTOpPBIE B IPEAENax HNOTPEIIHOCTEH,
HajaraéMplX MPUHIMIIOM HEONPEIEIIEHHOCTH, IT03BOJISIIOT IIPE/ICKa3aTh, Kak BceneHHas u3MeHuTes
CO BPEMEHEM, €CIIM M3BECTHO €€ COCTOSIHME B KaKOW-TO MOMEHT BpeMeHU. MoxkeT ObIThb, 3TH
3akoHBl ObUIM JaHbl borom, HO ¢ Tex mop OH, cyas Mo BceMmy, HpeAocTaBui BceneHHon
pa3BUBATBCA B COOTBETCTBMM C HUMHU M TEIEph HE BMEIIMBACTCA B €€ KM3Hb. HO Kakumu OH
BbIOpaJl HayaJbHOE COCTOSHUE W HavyallbHYI0 KoHGurypamuio Bcenennoit? Kakue «rpaHuuHbIe
yCIIOBHSI» OBLIM B MOMEHT «Hayajia BpEMEHN»?

OnvH U3 BO3MOXHBIX OTBETOB — 3TO CKa3aTh, YTO IMpPHU BHIOOpPE HAYaIbHOM KOH(UTryparuu
Bcenennoii bor pykoBOJICTBOBaJICS COOOpa)XKEHUSMH, IOHATH KOTOpPhIE HaM HE JaHo. OTo,
6e3ycioBHO, ObLIO BO BiacTH bora, HO modyeMy, BbIOpaB Takoe cTpaHHoe Hayano, OH Bce ke
pemm, yToObl BeeneHHas pa3BuBajiach HO IOHATHBIM HaM 3akoHaMm? Bes ucropus Hayku Oblia
MOCTENICHHBIM OCO3HAaHWEM TOT0, YTO COOBITHS HE NPOHMCXOJAT HPOHM3BOJIBHBIM 00pa3oM, a
OTPAXKAKOT ONPEIEICHHBIM CKPBITBIA MHOPSNOK, KOTOPBIH MOI MIM HE MOI OBITh YCTaHOBJIEH
00’KECTBEHHBIMH CHJIAMH. bBbIJIO OBl JIMIIb €CTECTBEHHO NPEANOJIOKUTh, YTO ATOT MOPSIOK
OTHOCHUTCSI HE TOJBKO K 3aKOHAM HAyK{, HO M K YCJIOBUSIM Ha I'DAHHLE IPOCTPAHCTBA-BPEMEHH,
KOTOpBIE OMpPENeSIOT HavyallbHOE COCTOsIHME BceneHHoil. B0o3MOXXHO 0O0MbIIOE YHCIO pPa3HBIX
Mozene BceneHHOW ¢ MHBIMM HadajabHBIMU YCJIOBHAMHM, NOJYHHSIOIIMXCS 3aKOHAM HAyKH.



JloKeH CyIecTBOBaTh KaKOW-TO MPUHIMI ISl OTOOpa OJHOTO HAYaJbHOTO COCTOSIHUS U, CTAJIO
OBITH, OJHOM MOJEIH IJI ONMMCaHus Hallell BeeleHHo.

OnHy W3 TakMX BO3MOXKHOCTEH HA3bIBAIOT XAOTUYECKUMH TPAaHUYHBIMU YCIOBUAMH. B HUX
MOJIYAIUBO TpPHUHUMaeTcs, b0 YTto BceneHHas OeckoHeYHa B MPOCTpPAHCTBE, JHOO UTO
CyIIECTBYeT OECKOHEYHO MHOTrO BCeJeHHBIX. COrjacHO XaOTHYECKUM TPAHUYHBIM YCIOBHSIM,
BEPOATHOCTH TOTO, UTO JIF00Aas BBIJIEICHHAs 001acTh MPOCTPAHCTBA Cpa3y Mocie OOIBIIOro B3phIBa
OKa)XETCs B JTIOOOM 3aJJaHHOM COCTOSIHUM, IPUMEPHO PaBHA BEPOSTHOCTH TOTO, YTO OHA OKAXKETCS B
JI000M JPYroM COCTOSHUM: HaudajdbHOE COCTOSHUE BceneHHON BhIOMpaeTcs COBEPILIEHHO
MPOU3BOJILHBIM 00pa3oM. JTO O3Hawajno Obl, 4TO paHHsS BceneHnHas Obuia, BEpOSTHO, OYCHB
Xa0TUYHON M HEPETYISIPHOM, MOTOMY YTO XaOTHYECKHX U OeCropsI0uHBIX COCTOsIHHUM BcenenHoit
ropaszio OoJbliie, 4eM THaAKuX U ynopsgodeHHbIX. (Ecmum Bce cocTosHUST paBHOBEPOSITHBI, TO
Bcenennast ¢ GonpIoi BEpOSATHOCTHIO BO3HHMKIA B OJHOM M3 XAOTHYECKUX MU OECTOPSIOYHBIX
COCTOSIHMIM MPOCTO MOTOMY, YTO TaKMX COCTOSIHUM ropa3fo Oombiie). TpyaHO ckas3aThb, Kak
MOI0OHBIE Xa0THYECKHE HAYalIbHBIE YCIOBUS MOTJIH MOPOJUTH TaKylO TTAAKYI0 U OJHOPOAHYIO B
OonpiIux mMacirabax Beenennyto, kak Hama ceifyac. MOKHO TakyKe 0KHAaTh, YTO B TAKOW MOJIEIH
(bIyKTyaluu MIOTHOCTH MPUBEAYT K 0OpPa30BaHHIO ropa3/io OOJBIIETO YKCiIa MEPBUYHBIX YEPHBIX
JIBIp, YEM BEPXHUH Mpeiell, BRITEKAOMNUN U3 Ha0mo1eHni (oHa raMMa-u3J1ydeHHUs.

Ecniu Bcenennas B camoMm jene OecKOHEYHa B MPOCTPAHCTBE MM €CIU CYIIECTBYET
OECKOHEYHO MHOT'O BCEJIEHHBIX, TO I'JIe-TO MOTJIM Obl CYIIECTBOBAThH JAOBOJIBHO OOJbIINE 00JacTH,
BO3HMKIIME B IJIAJIKOM U OJHOPOJHOM COCTOSIHUM. BCIOMHHMM XOpOIIO M3BECTHBIA IPHUMEP CO
ctaei 00e3bsiH, OapabaHsANIMX HA MUIIYIIMX MAaIIWHKaX: OOJibIIasg 4acTh MX PAOOTHI MOWIECT B
KOp3MHY, HO B MPHUHIMIE OHU MOTYT COBEPILIEHHO CIIy4yallHO Hamedatarb OAWMH M3 COHETOB
[Hexcnupa. Tak u 31ech — HE Morjia U o0JacTh BceneHHo#, B KOTOPOM MBI JKHBEM, CIIy4dailHO
OKa3zaTbCsl TJIAAKOW U oAHopoaHoW? Ha mnepBbli B3I 3TO MOXKET I[I0Ka3aThCs KpailHe
MaJIOBEPOSTHBIM, MOTOMY YTO TaKUX TJAAKUX OOJacTed JOHKHO OBITh HAMHOTO MEHBINE, YeM
Xa0TUYECKUX U HEOAHOPOAHBIX. HO Mpenmonokum, 4To TajiakTHKH U 3BE3Abl 00Pa30BHIBAIHCH
TOJILKO B TJIAJIKUX O0JIACTSAX M TOJHKO TaM yCIIOBUS OBUTH MPUTOIHBI JJISI PA3BUTHS TAKUX CIIOKHBIX
CaMOBOCITPOU3BOISIIMXCS OPraHU3MOB, KaK MbI, CIIOCOOHBIX 3aAaTh Bompoc: «[louemy Bcenennas
Takas TJagkas?» OTO NpUMep MPUMEHEHHs TaK HAa3bIBAEMOTO aHTPOMHOrO MPHUHIIUMA, KOTOPBII
MOXKHO C(OpMYJUPOBAThH CleayroIUM o0pa3zom: «Mbl BUauM BceeneHHylo Tak, Kak Mbl €€ BUIHM,
MIOTOMY YTO MBI CYIIIECTBYEM).

AHTpOTHBI NPUHIMIT CYIIECTBYET B JIBYX BapuaHTax — cjabom u cuwibHOM. CrnaObiit
AQHTPOITHBIA TPUHIMIT YTBEPXKIACT, YTO BO BceneHHOW, KOTopas BelMKa WM OCCKOHEYHa B
MIPOCTPAHCTBE WJIK BO BPEMEHHU, YCIOBHUS, HEOOXOAUMBIE IS pa3BUTHs Pa3yMHBIX CYIIECTB, OyIyT
BBITIONTHATBCS. TOJNBKO B HEKOTOPBIX OONACTSIX, OTPAaHUYCHHBIX B TPOCTPAHCTBE M BPEMEHH.
[ToaTomMy pa3ymHbIE CyIIecTBa B 3THX OO0JIACTAX HE JOJDKHBI YAMBIATHCSA, OOHApyXHUB, 4YTO Ta
00JacTh, I/Ie OHU XHUBYT, yJOBJICTBOPSET YCIOBHUSM, HEOOXOIUMBIM JJISi UX CYIIECTBOBaHUA. Tak
Oorad, )KUBYIIIMH B OOTaTOM paiioHEe, HE BUIUT HUKAKON OCTHOCTH BOKPYT ceOsl.

OnuH U3 MpUMEPOB MPUMEHEHHS C1a00T0 aHTPOMTHOTO MPUHIIUIA — «OOBSICHEHHE» TOTO, YTO
00JIbIION B3pBIB MPOU3OLIEN OKOJO JECATH ThICSY MUJUIMOHOB JIET Ha3aJl: MPUMEPHO CTOJBKO
BpeMeHH TpeOyeTcs pa3yMHBIM CYIIECTBAM JUIsl X pa3BUTHs. Kak yke roBOpUIIOCH, IPEKE BCETO
JOJKHO OBbLIO  00pa3oBaThbCs paHHEE IIOKOJEHHE 3Be3/1. OTH 3BE3lbl IMpeBpallajyd 4acTb
MePBOHAYAIIBHOTO BOJOPOJA U TEIUsl B 3JEMEHTHI TUIA YIJIepoAa U KUCIOPOAA, U3 KOTOPBIX MBI
COCTOMM. 3aTeM 3Be3/bl B3pPbIBATUCH KaK CBEPXHOBBIEC, a U3 UX OCKOJIKOB 00pa30BBIBAINCH APYTUE
3B€3/Ibl U IUTAHETHI, B TOM 4HUCJe M BXojsiue B Hamly COJHEYHYIO CHUCTEMY, BO3pacT KOTOPOM
OKOJIO MATH ThICSY MHJUIMOHOB JieT. B mepBele OJHY WM JBE THICSYM MHIUIMOHOB JIET
CYIIECTBOBaHMS 3eMJIM Ha HEH OBUIO CIIMIIKOM >KapKO MJisi Pa3BUTHS Kakux OBl TO HU OBLIO
CIOXHBIX OpraHu3MoB. OcTajabHblE MNPUMEPHO TPHU THICSYM MHUJUIMOHOB JIET IPOUCXOAUT
MEJUICHHBIN TPOIIeCcC OMOIOTUYECKOTO Pa3BUTHS, B PE3yJIbTATe KOTOPOTO MPOCTEUIIINE OpTraHU3MBI
NPOLLIM IMyTh A0 Pa3yMHBIX CYIIECTB, YMEKOIIHUX H3MEPITh BpEMs, IMPOILIECANIEE C MOMEHTa
00JIBLIIOTO B3pHIBA.

Mano KTo BO3pa)kaeT MPOTHUB CIPABEAJIUBOCTH M MPUMEHHUMOCTH CJIa0Or0 aHTPOIHOTO



npuHiuna. Hekoropele ke WAyT 3HAYMUTEIBHO Najblle, Mpejjaras ero CWiIbHbIM BapuaHT. OH
3aKJIIOYAeTCs B TOM, YTO CYIIECTBYET JMOO MHOTO Pa3HBIX BCEIEHHBIX, JMOO MHOTO pPa3HbBIX
oOmacTeil OHON BCENEHHOW, Kakaas W3 KOTOPBIX HMMEET CBOIO COOCTBEHHYIO HaYaJbHYIO
KOH(UTYpaIio U, BO3MOXKHO, CBOW COOCTBEHHBbIN HaOOp HAy4YHBIX 3aKOHOB. B OGonbluel yactu
STUX BCEJICHHBIX YCJIOBHUS OBUIM HENPUTOAHBI IS PA3BUTHs CIOXKHBIX OPraHU3MOB; JIUIIb B
HECKOJIBKMX, MMOXO0KHUX Ha Hally, BCEJICHHBIX CMOTJIM Pa3BUBAThCS Pa3yMHBIE CYIIECTBA, U Y 3THUX
pPa3yMHBIX CYIIECTB BO3HHMK Borpoc: «llouemy Hama Bcenennas Takas, Kakoil Mbl €€ BHIUM?)
Torma otBet npoct: «Ecnu 661 Beenennas Obi1a Ipyroid, 31ech He ObLTO OB HAC!»

3aKkoHBI HAyKM B TOM BHJE, B KOTOPOM MBI HMX 3HaeM celyac, colepkaT MHOTO
(yHIaMEHTaNbHBIX BETUYMH, TaKUX, KaK SJCKTPUUYECKUN 3apsij AJEKTPOHA U OTHOIICHHWE MacChl
IIPOTOHA K Macce DJJeKTpoHa. Mbl HE yMmeeMm, HO KpalHEeHW Mepe cerdac, TEeOpPEeTHYECKH
Mpe/ICKa3bIBaTh 3HAUCHUS 3TUX BEIMYUH — OHU HAXOJSATCS TOJIBKO U3 IKCIIEpUMEHTa. MOXKeT ObITh,
MPUAET JIeHb, KOTJa MBI OTKPOEM TIOJHYIO E€IUHYI0 TEOpPHIO0, C TOMOIIBI0O KOTOPOW BCE ATH
BEJIMYMHBI OyAyT BBIYHCIEHBI, HO MOXET OKa3aTbCs, YTO HEKOTOpbIE W3 HHX, a TO U BCE
U3MEHSIOTCS MPU IEpeXoJie OT BCEJICHHOW K BCEICHHOM WIM W IpeJenax OJHOM BCEJICHHOM.
Y AUBUTENbHO, YTO 3HAUEHUS TaKUX BEJIUYUH OBUIM, MO-BUIUMOMY, OYEHb TOYHO MOJO0OpAaHBI,
yTOOBI 00€CIEUYNTh BO3MOXKHOCTh pa3BUTHs kU3HU. Eciu Obl, Hampumep, 3JIEKTPUUECKHUI 3apsi
ANEKTpOHa OBLI YyThb-4yTh JIPYTHM, 3BE3Abl JTUOO HE CHKHUraimu Obl BOJOPOA M Tenui, Tud0 He
B3pBIBATHCH. Pazymeercs, MOTyT OBITh U Ipyrue (GOpMBI pa3yMHOM KH3HHU, O KOTOPBIX HE TPE3UIH
naxke mucarenu-gaHTacTel. [yia moaaepkaHus 3TOM KU3HU HEe TPEeOyIOTCS HU CBET 3BE3[Ibl, Kak,
ckakeMm, Hame CoiHIlE, HH TSDKEJbIE DSJIEMEHTHI, CHHTE3UPYIOUIUECS BHYTPH 3BE31 W
pasiieraromuecss M0 KOCMHUYECKOMY IPOCTPAHCTBY IIpUM B3pbIBE 3Be3Abl. [eM HE MeHee,
MO-BUUMOMY, SICHO, YTO BEJIMYHMHBI, O KOTOPHIX MBI TOBOPUM, MMEIOT CPABHHUTEIHHO HEMHOTO
o0racteil 3HaUEHUH, MPU KOTOPHIX BO3MOKHO Pa3BUTHE KakKoil Obl TO HU OBUIO Pa3yMHOU >KHU3HH.
Bonpias sxe 9acTh 3HAUEHUH OTBEYAET BCEIICHHBIM, B KOTOPBIX, KaK ObI OHM HHU OBUTH TPEKPACHBI,
HET HUKOTO, KTO MOT Obl UMHU BOCXHINIATHCA. ITO MOKHO BOCIIPUHHMATH JHOO KaK CBUACTEIHCTBO
00XXECTBEHHOTO TPOBHUJCHUS B COTBOPCHHHM BceleHHON W BBIOOpE 3aKOHOB HAyKH, JIMOO Kak
MOATBEPKICHUE CUIIBHOTO aHTPOITHOIO MTPUHIHUIIA.

MoOXHO BBIIBUHYTh HECKOJIBKO BO3PaXKCHHUI MPOTUB MPUBJICUECHUS] CUIBHOTO aHTPOITHOTO
MpUHLMIA [T 00bsICHEHHUS HalMogaeMoro coctosinusi Beenennoil. Bo-nepBbIX, B KaKkOM CMBbICIIE
MOHO TOBOPUTbH, YTO BCE 3TH BCEJICHHBIE CYIIECTBYIOT? EciM OHU AEHCTBUTEIBLHO H30JMPOBAHBI
Ipyr OT JApyra, TO COOBITHS, TPOUCXOMISIIIHME HE B Hamed BceneHHO#H, HE MOTYT HMETh
HaONlIOIaeMbIX CIIEACTBUI B Hamieil Bcenmennoii. IlosTromy Ham cleayeT BOCIOJIB30BATHCS
MPUHIUIIOM 3KOHOMHMHM WU UCKIIIOUYHUTHh UX U3 TEOpUHU. Ecim ke 3TH BCEJIEHHBbIE — MPOCTO Pa3HbIE
o0JacTu OJHOW W TOW K€ BCEIIEHHOW, TO Hay4HbIE 3aKOHBI JOJDKHBI OBITh OJMHAKOBBI B KaXKIOH
00J1aCcTH, TOTOMY YTO MHa4Ye ObLI Obl HEBO3MOXXEH HEMPEPBHIBHBIA MEPEX0]] M3 OJHON 00JacTH B
npyryto. Torma obmacTu oTIMYaIKUCh OBl APYT OT Jpyra TOJBKO HAYATbHBIMU KOH(UTYpAIUSIMHU H
CUJIBHBIM aHTPOTHBIA MPUHIIATI CBOJUIICS OBI K cl1a00i GopMyTHpOBKE.

BTopoe Bo3paxkeHue MpoTUB CHIILHOTO aHTPOITHOTO MPHUHIHUIIA — 3TO TO, YTO OH HAIpaBIIEH
MIPOTHB XOJAa BCEM HCTOpPUM HayKd. Pa3BuTue HayKu LIIO OT TIEOLICHTPUYECKHX KOCMOJIOTHMH
[Itonemess u ero mpealIeCTBEHHUKOB 4Yepe3 TeMOLEHTPUYECKYl0 KocMonoruto KomepHuka u
lanuness Kk COBpeMEHHOW KapTHHE MHpPA, COTJIACHO KOTOPOW 3eMilsl SIBJISETCS IMJIAHETOW CPEIHEro
pasMepa, oOpararomielics BOKPYr OOBIYHOM 3Be3/Ibl BHYTPH OOBIYHOW CIUPATBLHOW TaTaKTHKH,
KOTOpasi B CBOK) OYEpEAb SIBISIETCS BCEro JMIIb OJHOM W3 MWIIMOHA MWIUIMOHOB TajakTUK B
HaOmonaemoit yactu Beenennoii. Tem He MeHee, COTTIACHO CHIILHOMY aHTPOITHOMY TPUHITUITY, BCE
3TO TMTAHTCKOE COOPYKEHHUE CYyIIECTBYET IIPOCTO paau Hac. B 310 oueHb TpyaHOo noBeputs. Hama
ConneuyHas cuctema 0€3yCIOBHO SIBJISIETCS HEOOXOIMMBIM YCIOBHEM HAIIIETO CYIIECTBOBAHUS; TE
e caMble pacCyIeHHs MOXKHO paclpOCTPaHUTh Ha BCIO Hairy ['amakTuKy, 4TOOBI y4ecTh 3BE3/IbI
paHHETO TMOKOJICHUs, Onaromapss KOTOPHIM TMPOW3OMIENl CHHTE3 TSHKENBIX dJeMeHTOB. Ho,
MO-BUJIMMOMY, HET HUKAaKOH HEOOXOIUMOCTH B TOM, YTOOBI BCE ATH APYTHE TaJIaKTUKH, J1a U BCA
Bcenennas ObUTM TakKMMH OJHOPOAHBIMH M OJMHAKOBBHIMH B OONBIIMX MacmTabax B IOOOM
HaIlpaBJICHUU.



MosxHO ObUTO OBl HE OECTIOKOUTHLCS HAcCUeT aHTPOIHOTO MPHHIIMIIA, OCOOCHHO B €T0 ClIa0oi
(dopMyIHpOBKE, €ciy ObI yAalI0Ch OKA3aTh, YTO U3 PA3HBIX HauaJIbHBIX KOHpUryparuii Beenennoi
JMIITh HEKOTOPhIE MOTJIM Pa3BHTHCS BO BceneHHyro, Kak Ta, KOTOpYO Mbl HaOmogaem. Ecim 310
IIpaBWIBHO, TO Bcenennas, BO3ZHUKINASA U3 CIy4alHbIX HadyajbHBIX YCJIOBHH, TOJKHA COAEPXKATh B
cebe I1aJKkue U OJHOPOJHBIE 00JACTH, MIPUTOAHbIE IS pa3BUTHUS pa3yMHOU ku3HU. Eciau xe ans
TOr0, 4TOOBI MOJYYWJIOCH TO, YTO MbI BHJIUM BOKPYT, TpeOOBAaJCS YpE3BBIYAHHO TIIATEIbHBIN
BBIOOP HAYaJILHOTO COCTOsIHUS BceneHHol, To Bpsa M B HEll oka3anack Obl XOTh OJHA 00J1aCTh, B
KOTOPOM MOTIJIa 3apOAUThCs KU3Hb. B ropsyeil Mozenu G0ibLIIOro B3pbIiBa ObUIO CIMIIKOM Majo
BPEMEHH JIJIs TIepeAaun TeIia U3 OJHOM 00JacTH B APYTyI0. DTO 3HAYUT, YTO JJIs1 OOBSICHEHHS TOTO
¢akTa, 4TO TEMIepaTypa MUKPOBOJIHOBOI'O (JOHA OJMHAKOBA B JIIOOOM HaNpaBiICHUU HAOIIOJCHHUS,
HE00X0IMMO, YTOOBI B HAYaJIbHOM COCTOSIHUM BceneHnHoii ee Temneparypa Oblia Be3e B TOYHOCTH
onuHakoBoil. Kpome Toro, TpeGoBascst 1 o4eHb TOUHBIA BHIOOp HAYaJIbHON CKOPOCTH PACHIMPEHHUS,
MOTOMY 4YTO JAJisi M30eraHusi MOBTOPHOIO CKaTUSl CKOPOCTb PACIIMPEHMs] JOJDKHA OCTaBaThCs
JOCTaTOYHO OJIM3KOM K KpUTHYECKOMY 3HadeHuio. ClieoBaTeNbHO, BBIOOP HAYaIbHOTO COCTOSIHUS
BcenenHoli nomkeH NMPOU3BOAUTHCSA OYEHb TIIATEIBHO, €CIU ropsvas MoJieidb OOJIBIIOrO B3phIBA
IIPUMEHMMA JI0 CaMOT0 MOMEHTA Haudaja orcyera BpeMeHH. [louemy Hauano BceneHHON NOIKHO
ObUTO OBITh MMEHHO TaKUM, OY€Hb TPYIHO OOBSCHUTH HMHA4e, Kak AesHueM bora, koTopomy
3aX0TEJI0Ch CO3JaTh TAKUX KHUBBIX CYLIECTB, KAK MBI.

[TonbiTkM TOCTpOMTE MOAENb BCelleHHOH, B KOTOPOM MHOECTBO pPa3HbIX HaydalbHBIX
KoH(pUrypaiuii Morio Obl pa3BUThCS BO 4YTO-HHOYAb BpOJE Halleld HbIHEMHeW BceneHnHoi,
npuBenn  Anana ['yra, ydeHoro u3 MaccauyyceTckoro TEXHOJOTUYECKOTO UWHCTUTYTa, K
MPENOI0KEHUIO O TOM, UYTO paHHss BeeneHHas nmepexusia nepuo 04eHb ObICTPOTO PaCIIMpPEHHS.
OTO pacIIMpeHHE Ha3bIBAIOT pa3jyBaHUEM, IOApPa3yMeBas, UYTO KaKOE-TO BpEMs pacUIMpeHue
BcenenHoli mporcxoausio co Bce BO3pacTarolleil CKOPOCThIO, a He ¢ yObIBarollel, kak ceivac. [yt
paccuuTa, 4Tto paaunyc BeeneHHON yBeNMUMBAICA B MAIJIMOH MUUIMOHOB MIJIJIMOHOB MUJUUIMOHOB
MUJIJTMOHOB (€IMHUIIA ¢ TPUALATHIO HYJISIMU) pa3 BCETO 3a KPOLIEYHYIO JIOJI0 CEKYH/IbI.

I'yT BbICKa3as mpeanonoxkeHue, uTo BeeneHHas BO3HUKIIA B pe3ysibTaTe OOJBIIOrO B3phIBa B
OYEHb TOPSIYEM, HO JOBOJBHO XAaOTHYECKOM COCTOSHMH. BBICOKHME TeMIepaTypsl 03HA4aroT, 4TO
YyacTuIlbl BO BeeneHHo# 10mKHBI ObUTH 0O4eHb OBICTPO ABUraThCS U UMETH Oonbline 3Hepruu. Kak
y’K€ TOBOPHWJIOCH, NpPH TaKUX BBICOKMX TEMIIEpaTypax CHJIbHbIE U cialble SAEpHbIE CHIIBI U
9JIEKTPOMArHUTHAs CUJa JIOJDKHBI ObUTM BCe OOBEOUHHUTHCS B oxHy. [lo Mepe pacmmpenus
BcenenHoii oHa oxnaxaangach M SHEPTUM YaCTHUIl YMEHbIIATUCh. B KOHIlE KOHIIOB 0JIKEH ObLI Obl
MIPOM30WUTH TaK Ha3bIBa€MBbIN (PAa30BBINA Mepexo] U CUMMETpHs CU Obula Obl HapyllleHa: CHIIHOE
B3aUMOJICHICTBHE Hadyayno Obl OTJIMYATHCSA OT CJIA0Or0 M IEKTpOMarHuTHOro. M3BecTHslil npumep
¢da3zoBoro mepexoma — 3aMep3aHHE BOABI TPU OXJIAXAEHUH. JKuaKoe COCTOSHUE BOJBI
CUMMETPHUYHO, T. €. BOJIa OIMHAKOBA BO BCEX TOYKAX U BO BCEX HampasieHusX. OOpa3zyromuecs xe
KPUCTAJIJIBI JIbJa UMEIOT OIIPEJICIICHHBIE TIOJI0KEHUS U BBICTPAUBAIOTCS B HEKOTOPOM HAIlPaBICHUH.
B pesynbrare cuMMeTpus BOABI HAPYILIAETCS.

Ecnu oxnaxnaars BOLy OYEHb OCTOPOYKHO, TO €€ MOYKHO «IEPEOXJIAIUTH», T. €. OXJIAIAUTh
Hwke Touku 3amepsanus (0 rpan. Llenwcust) 6e3 oOpaszoBanmsi abpAa. ['yT NpeANoNOXHII, YTO
Bcenennas Morna ce0si BEeCTH MOXOXHM OOpa3oM: ee TemIepaTypa MOIjla YMacTh HIKE
KPUTHUYECKOI0 3HaYeHUs1 0e3 HapyleHus cummerpun cui. Ecnu 6b1 3T0 ipounsonuio, To Beenennas
oKa3ayiach Obl B HECTaOMJIBHOM COCTOSIHMU C SHEPTUeH, MPEeBbIIAIONIel Ty, KOTOPYIO OHA MMesa Obl
IpU HapyLUIEHUU CUMMETpUHM. MOXKHO MOKa3aTh, 4TO 3Ta 0c00as JOMOJHUTENIbHAs SHEPIus
MIPOU3BOAUT AHTUIPABUTALMOHHOE JEHUCTBHE AHAJIOTMYHO KOCMOJIOTMYECKOM IOCTOSIHHOM,
KOTOPYI0 DHHIITEHH BBEN B OOIILYI0 TEOPUIO OTHOCUTEIBHOCTH, MBITASACh IOCTPOUTH CTATHUYECKYIO
Mozenb Bceenennoil. IlockoibKy, Kak M B ropsiueid Mojenu OOJBIIOrO B3pbiBa, BceneHHas yxe
Bpalianach, OTTAJKMBAaHUE, BHOCUMOE KOCMOJIOTHYECKON MOCTOSITHHOM, 3acTaBuiio Obl BeenenHyro
pacuMpsATECS €O BCE BO3pacTarolel ckopocThio. Jlaxke B Tex oO0nacTsaxX, Te YHCIO YaCTHIL
BEIIECTBA NPEBBIIIAIO CpPEAHEE 3HAYEHUE, TPABUTALMIOHHOE MPUTSHKEHUE MaTepuu OblIo Obl
MEHbBILIE  OTTAJKUBaHHUA, BHOCUMOTO  3()()EKTUBHOW  KOCMOJIOTMYECKOH  MOCTOSHHOM.
CrnenoBarenbHO, Takue 00JaCTU JOJKHBI OBUIM TOXKE PACLIMPATHCS C YCKOPEHHEM, XapaKTEPHBIM



U1 MoJienn pasayBarouneiicss Beenennoid. [Io mepe pacmmpeHus 4acTUIbl MAaTEPUH PACXOIUIIUCH
Obl Bce Jaiyblile Jpyr OoT Apyra, U B KOHIIE KOHIIOB pacuiMpsiomiascs BceneHHas oka3zanach Obl
moutu 0€3 YacTHIl, HO BCE €llle B MEPEOXTaKICHHOM COCTOSIHUU. B pesynbpTaTe pacuipeHus: Bce
HEOJHOPOAHOCTH BO BceneHHOM MOMKHBI ObUIM MPOCTO CIIIQAMUTHCS, KaK pa3riaXuBaIOTCS HpU
HaJyBaHUM MOPILMHBI HA PE3UHOBOM Inapuke. CieqoBaTeabHO, HBIHEIIHEE I1aIKOE U OJJHOPOJIHOE
cocTosiHue BceneHHOM MOro pa3BUThCS U3 OOJIBIIOTO YMCIIA PA3HBIX HEOJHOPOAHBIX HayalbHBIX
COCTOSIHMIA.

Bo Bcenennoi, CKOpOCTh pacIIMpeHUss KOTOPOU pacTeT U3-3a KOCMOJIOTHYECKOM MMOCTOSHHOU
ObICTpee, YeM 3aMeIUIIeTCsl M3-3a TPaBUTALMOHHOTO TPUTSHKEHUS MAaTEpUH, CBETY XBaTWIIO OBl
BpPEMEHHU JJIs Iepexo/ia U3 OAHOM obnactu paHHel BeeneHHol B pyryro. 3To ObII0 OBl peleHueM
paHee IIOCTABJICHHOM 3aJadyu O TOM, IMOYEeMy pa3Hble 0o0iacTh paHHeHd BcelneHHONH HMEroT
OJIMHaKoOBbIe cBoiicTBa. KpoMe TOro, ckopocts pacimupenus BeeneHHol crana Obl aBTOMaTHYECKU
OueHb OJIM3Ka K KPUTUYECKOMY 3HAUEHUIO, ONPEAEIsEMOMY IUIOTHOCTHIO SHEpruu Bo BceeneHHo.
Torna takyro OIM30CTh CKOPOCTH PACIIMPEHUS K KPUTHUECKOW MOXHO ObLIO Obl OOBSICHUTH, HE
Jieias MpearnoyIoKeHNs O TIATEIbHOM BbIOOpE HauaabHOW CKOPOCTH paciivpeHus: BeeneHHO.

PaznyBanuem BceeneHHo#l MOkHO ObLIO ObI OOBSICHUTH, ITOYEMY B HEHW TaK MHOTO BEIECTBA.
B noctynnoit nHabmomenusiMm oOmactu  BceneHHOW comepKUTCS TOpsSIKa CTa MHJUTHOHOB
MUJUIMOHOB MMJUIMOHOB MWIJIMOHOB MWJUJIMOHOB MHJUIMOHOB MWIJIMOHOB MWJUIMOHOB MUJUIMOHOB
MUJUIMOHOB MWJIJIMOHOB MWUIMOHOB MUJUIMOHOB (€IMHHUIA C BOCBMbBIOJECATHIO HYJISIMU) YACTHII.
Otkyna Bce oHM B3such? OTBET COCTOMT B TOM, YTO B KBAHTOBOW TEOPUM YACTHULBI MOTYT
POXIaThCsl U3 SHEPrUM B BUJE Nap yacTHIa-aHTH4actuua. Ho Tornma cpasy BO3HHMKAEeT BOIPOC:
oTkyaa Oepercsa sHeprua? OtBer TakoB. IlomHas sHeprust BceneHHOH B TOUHOCTH paBHa HYJIIO.
BemectBo Bo BceenenHoil 00pa3oBaHo U3 MOJIOKUTENbHON sHepruu. Ho Bce BelecTBO camo ceds
NPUTATUBAET TMOJA JAEHCTBHEM TIpaBUTaUuU. JlBa OJM3KO paclOIOKEHHBIX KyCKa BeIecTBa
o0JaialoT MEHbIIEH SHEPTUEN, YEM Te JKe JBa KyCKa, HaXOAsIuecs JaJleKo APYT OT Apyra, HOTOMY
YTO JJI Pa3HECEHUs UX B CTOPOHBI HY)KHO 3aTPaTUTh YHEPTUIO Ha MPEOJOJIEHUE TPaBUTALIMOHHON
CHWJIBI, CTpeMsIILENcs X coequHUTh. ClleJ0BaTEIbHO, SHEPTHS TPABUTALIMOHHOIO HOJISL B KAKOM-TO
CMbICTIE OTpHULaTelibHAa. MOXHO IMOKa3aTh, YTO B ciydae BceneHHO#, MpUMEPHO OJHOPOAHON B
IIPOCTPAHCTBE, ATa OTPULIATENbHAsI TpaBUTALIMOHHAS DSHEPIUs B TOYHOCTH KOMIIEHCHPYET
IIOJIO’KUTEIIBHYIO SHEPTHIO, CBS3aHHYIO ¢ BelecTBOM. [loaToMy mosiHas sHeprus BeeneHHoM paBHa
HYJIIO.

[TockonpKy ABaKIabl HYJIb TOXKE HyJb, KOJUYECTBO IMOJOXKUTECIBHOM DHEPIUU BELIECTBA BO
BceneHHON MOXKET yIABOUTBCS OJHOBPEMEHHO C YJABOCHUEM OTPULIATEIBLHOM TI'PaBUTALIMOHHOMN
SHEpPIUU; 3aKOH COXPAHEHUs HHEPIUU IpU 3TOM HE HapyumuTcs. Takoro He ObIBaeT mpu
HOPMAaJILHOM paclIupeHuu BceneHHoM, B KOTOPOH IUIOTHOCTh HEPIUH BEILECTBA YMEHBIIACTCS 110
Mepe yBeJIn4YeHHs pasmepoB BceeneHHo. Ho MMEHHO Tak NPOMCXOAMT MPH pa3lyBaHUH, IOTOMY
YTO B AITOM ciy4ac BceineHHas yBEIWYMBAETCs, a IUIOTHOCTh HHEPrUM IEPEOXJIAKIECHHOIO
COCTOSIHUS OCTAacTCs MOCTOSTHHOM: KOrza pasMepbl BeeneHHON yIBOATCS, MOJIOKUTEIbHAS DHEPIUs
BEIIECTBA U OTPULIATENbHAS IPABUTALIMOHHAS SHEPTUS TOKE YJIBOSATCS, B PE3yJIbTaTe YETO IMOJIHAS
SHEPTHsl OCTaeTCs paBHOW Hymo. B dasze pasmyBanus pasmepsl BceleHHOW OYEHb CHIIBHO
Bo3pacratoT. CremoBaTenbHO, OO0IIEee KOJUYECTBO HHEPrMH, 3a CUET KOTOPOM MOTYT
00pa30BBIBATHCS YACTHIIBI, TOKE CHJIBHO YyBeIUYuBaeTcs. I'yT MO 3TOMy MOBOLY 3aMETHII:
«I"oBop#T, yTO HEe OBIBAET CKaTEPTU-CAaMOOpaHKH. A He BeUHas I camoOpaHka cama Bcenennas?»

Ceituac Bcenennas pacmmpsiercst 6e3 pa3ayBaHus. 3HAUUT, JOHKCH CYIIECTBOBATH KaKOM-TO
MeXaHu3M, Ojaronaps KOTopoMy Oblla yCTpaHeHa oueHb Ooubiias 3¢ (heKTUBHAs KOCMOJIOTHYECKast
IIOCTOSIHHAs, @ CKOPOCTh PACIIMPEHUs IepecTalla pacTH M IOJ NCHCTBHEM I'DAaBHTAllMU Hadaa
YMEHBILATHCS, KaK MPOI0JIKAET YMEHBIIATLCA U ceiiuac. MOXXHO 0XKHMAaTh, YTO IPU pa3lyBaHUU B
KOHIIE KOHIIOB HAPYIIUTCS CUMMETPHUS CHJI, TaK JK€ KaK NEPEOXJIaXICHHAs BOJAa B KOHIIC KOHIIOB
3amep3HeT. Torma JIMIIHAA DHEPrusi COCTOSHUSA C HEHapyLIEHHOM CHUMMETPHUEW JOJDKHA
BBIICIIUTBCS, U 3@ CUET 2TOro BeeneHnHas pazorpeercst 10 TeMIEPaTyphl, 4yTh-4yTh MEHBIICH, YEM
KpUTHYECKasl TeMIlepaTypa, Ipu KOTOpPOM CUMMETPHS CHII €llle He Hapyllaercs. 3ateM BceneHHas
OIATh HAYHET PACIIUPATHCS U OXJIAKIATHCSA, TaK K€ KaK B ropsiueid MOAeau OONbIIOro B3pbIBa, HO



TEHNEepb MbI YXKE CMOXEM OOBICHUTH, MOYEMY CKOPOCTh €€ pacIIMpeHUs] B TOYHOCTH paBHA
KPUTHYECKON U 1oueMy pa3Hble 0bnacTu BeeneHHON MMEIOT 0IMHAKOBYIO TEMIIEPATYPY.

B rumoteze I'yra da3oBeli mepexox MpOUCXOIMII OY€Hb OBICTPO, KaK BO3HUKAIOT BJAPYT
KpUCTaJIJIBI JIbJIa B OUeHb XosnoAHou Boxe. Mnes ['yra 3akmrouanack B TOM, 4TO BHYTPU CTapou
¢da3pl 00pa3yroTcsi «ITy3bIPHKH» HOBOHM (pa3bl HAPYIICHHOW CHMMETPHH, MOJOOHO TOMY, Kak B
KUITSIIEH BOJE 3apOKIAIOTCS Iy3bIPbKU Mapa. ['yT NMpenanosiokuil, 4To Iy3bIpU PACIUIUPSIOTCS U
CIIMBAIOTCS APYT C APYTrOM J0 TEX IOp, Moka Bcsi Beenennas He okaxketrcst B HOBOM (pase. Ho BoT B
yeM Oena: BeeneHHas, Ha 4TO yKas3aliu s M elle HECKOJIBKO YEJIOBEK, TaK OBICTPO pacIIUpseTcsi, YTO
Jla’ke ecyr OBl Iy3bIPH POCIIM CO CKOPOCTBIO CBETA, OHM BCE PABHO YIAISUIMCH OBI IPYT OT JApyTa U
MI03TOMY HE MOTJIM OblI cIMBaThCs. BeenenHas ocraBanach Obl B O4EHb HEOJAHOPOIHOM COCTOSIHUM,
U B HEKOTOPBIX 00JIACTSIX CHMMETPHSI MEXIy CHIIaMU coxXpaHsiach Obl. Takas monens BcenenHoi
HE COOTBETCTBOBAJIa ObI TOMY, YTO Mbl BUANM.

B oxTs6pe 1981 r. s mpuexan B MockBy Ha KOH(EPEHIMIO 10 KBaHTOBO# rpaBurtanun. [locie
KOH(epeHIMH s claenaid JOKJIaa O MOJAEIM paszayBarolleiics BceneHHONW M CBS3aHHBIX ¢ HeH
npobiiemax B ActpoHoMudeckoMm mHCTUTYTE UM. [lITepHOepra. Cpenu ciymarteneid ObIT MOJIOIOM
coBeTckuil ¢pusuk Anapeit Jlunge, corpynnuk dusndeckoro uHcTuTyTa UM. Jlebenena. OH cka3a,
YTO TPYJAHOCTb, CBSI3aHHAsl C HEBO3MOXKHOCTBbIO OOBEIUHEHMSI ITy3bIPEH, OTIAAAET, €CIH pa3Mephl
My3bIpel CTOJb BEJMKH, YTO BCS Hama o0siacTh BceneHHOH copep)kuTcst BHYTPU OJHOTO IY3BIpPSL.
Jis Toro 4ToOBl ATO MPEANOJOKEHUE BBINOJIHAIOCh, COXPAHEHUE CUMMETPUU BHYTPH IIy3bIps
JOJDKHO OYEHb MEJUIEHHO NIEPEXOJUTh B €€ HapylLIEHHE, YTO BIIOJIHE BO3MOXHO B TEOPUH BEJIMKOIO
oObeauHeHnsa. Mpicnb JIMHIE O MEIJIEHHOM HApyIIEHWHM CHUMMETPHM Obljla OY€Hb XOpOIlla, HO
[IOTOM MHE CTaJlo SICHO, YTO €ro Iy3bIpU JOJDKHBI ObITh OoJjblie HblHeIHed Bcenennoit! 51
J0Ka3aja, 4YTO CHUMMETpHUsl JOJDKHA HapyllaTbCsl BCIOAY OJHOBPEMEHHO, a HE TOJBKO BHYTPH
my3eipedi. Tonbko 3TO mpuBeno Obl K TOW OgHOponHOW BcenmeHHOW, KOTOpyro MBI ceifdac
HaOmomaeM. Sl ObLT CHIIBHO BO30OYXKACH CBOEM HIeeld W TONETWICS €10 C OJHUM U3 CBOUX
acniupanToB SIHOM Moccom. ITonpyxusmmcs ¢ JIunzae, s oka3aiucs B HEKOTOPOM 3aMEIIATENbCTBE,
KOTJa Mo3/iHee MOJYYHJ U3 HAY4YHOTO JKypHaia MpejacTaBieHHyIo JIuHae craThio ¢ mpocs00il oT
pelaKkuuu 1aTh OT3bIB O €€ MPHUIOJHOCTH Ul MyOnaukanuu. B cBoeM oTBeTe s Hamucall, 4TO B
CTaThe €CTh OJHA OIMOKa (My3bIpU JTOJDKHBI OBITH OOsble BceeneHHoit), HO YTO OCHOBHAs Hjaes
ME/UICHHOTO HAapyILIEHUs CUMMETPUU COBEPIICHHO INpaBuibHA. Sl pEKOMEHIOBAnd CTaThIO I
nyOnuKanMy B TOM BHUJAE, B KOTOPOM OHa ObUIa, MHA4Ye HUCHpaBieHUs 3aHsuu Obl y Jlunzae
HECKOJIBKO MECSIIEB, IOTOMY UTO BCE€ pyKomucH, otnpanisieMble n3 Coerckoro Coro3a Ha 3anaf,
JOJDKHBI OBLITM TIPOXOJIUTH YEpe3 ammapar JUTepaTypHOW ILIEH3Ypbl, KOTOPBIH B TO BpeMs He
MIPOSIBJISUT HU 0CO00M KBaM(UKALIMK, HU CKOPOCTH B OOPAIEHNU C HAYYHBIMM CTaThbsIMU. MBI Xke ¢
SlHoM MoccoM nociany B TOT K€ KypHall HeOOJbIIYIO CTaThio, B KOTOPOH yKa3aJid Ha CIIOKHOCTH,
BO3HUKAIOIINE C OOJIBIINM ITy3bIpEM, U IIOKA3aJIU, KAK UX MOXKHO NIPEOAOIIETh.

UYepe3 naeHp mocie BO3BpalieHUs U3 MOCKBBI s oTnpaBwics B Puanenbuio, rae MHE
JOJDKHBI  ObTM  BpyuuTh Meaanb HMuctutyta @pankinumnHa. Mow cexperapp [xynu denna,
UCTIOJBb30BaB BCE CBOE HeMainoe obasHue, yOeausia BO3IYIIHOE areHTCTBO BenmkoOpuTanun
IpojaTh HaM JBa Ousera Ha « KoHKopa», MPUrpo3uB B MPOTUBHOM cityuyae oriackoi. Ho o gopore
B a3pOIOPT MEHS 3acTajl 4yJOBMILIHBIA 10K/b, U 51 ON03]aJ]1 Ha caMoJieT. TeM He MeHee s BCe-Taku
nonan B PunanensPuio v nmosnydmn menanb. [forom MeHs mompocuinM pacckasaTb O MOJENH
pasayBatonieiicss Bcenennoit Ha cemunape B YHuBepcurere [pekcena B @unanensduu. bonpuryio
4acTb BPEMEHHU $, Kak 1 B MOCKBe, IIOCBATHI 3a7a4aM, CBSI3aHHBIM C 9TOM MOJEIIBIO, HO B KOHIIE
ynomMsiHya1 o0 wuzaee JIMHAE MEUIEHHOTO HapyIIeHHs CHMMETPUM M O CHCNAHHBIX MHOMU
ucrpaBienusx. Ha cemmHape mnpucyrctBoBan Ilonm Crelinxapar, wMonomoi mpodeccop
[lencunbBaHckoro ynusepcutera. Ilocie cemrHapa Mbl ¢ HUM 00CYyXJalld MOZETb pa3ayBaHus. B
(deBpare OH NIpuUCIaT MHE CTaThi0, HAIMCAHHYI0 MM COBMECTHO CO CTYJEHTOM AHJIpeacoM
AnOpexToM, B KOTOPOH COAEPKAIOCh HEYTO OUYeHb IMOXOXee Ha ujaelo JIMHAae MeIIeHHOro
HapymeHust cummeTpur. [lo3ke CTelHXapAT cka3aia MHE, YTO OH HE TIOMHUJI MO# pacckas o pabote
Jlurne u yBUJEN €e, JIUIIh KOT/la OHU MOYTH 3aKoHYMIH cBor. Ha 3amane Creiinxapar u Andpext
pa3nenaroT celyac 4ecTh OTKPBITHS MOJENH, KOTOpas Ha3blBACTCS HOBOM MOJCIBIO pa3lyBaHHs U



OCHOBaHa Ha wujee MeIJIeHHOro HapymieHus cumMmerpun. (CTapoil MOAENBIO pa3lyBaHUS
BcenenHoli Ha3bIBaIOT MpeUioKeHHOe ['yToM OBICTpoe HapylleHHEe CUMMETPHH C 00pa3oBaHHEM
my3bIpeit).

HoBas Momens pa3nyBanus BcenenHoil Oblia yJayHOW MOMBITKOM OOBSCHUTH, MOYEMY
Bcenennas craza MMEHHO TakOM, Kakasg oHa ceiyac. OIHAKo s MU elle HECKOJILKO HYeIOBEK
MOKa3aJM, 4TO 3Ta MOJENb, N0 KpailHEll Mepe B MEepBOHAYAIbHOM BHUJIE, MPEICKa3bIBAJIa TOPa3Io
OoJbIIMEe BapHWAlUK TeMIepaTypsl (OHA MHUKPOBOJHOBOTO W3JIYUYCHHS, YeM HaOJIf01aeMbIe.
[Mocnenyromue pa®OTHl TOXKE BHYIIATUM COMHEHHUS MO TMOBOAY TOTO, MOT JIU B OYEHb paHHEH
Bcenennoi mpomsoiitu momxomsuiuii ¢dazoBbiii mepexon. Cam s cuMTaro, YTO HOBask MOJEIb
pa3iyBaHMs KakK HayudHas TEOpHUsl YK€ MEpTBa, HECMOTPSA HA TO YTO MHOTHE, MO-BUAMNMOMY, HE
CIBIIATN O €€ KOHYMHE M TPOJOJKAIOT MUCAaTh CTAaThU, KaKk OyaTo ObI 3Ta MOJENbh BCE €IIe
xu3HecrocobHa. B 1983 r. JIunae npenioxun 6onee yIauHy0 MOJEINb, HA3bIBAEMYIO Xa0TUYECKOM
MOJICNIbIO0 pa3nyBaHus. B Held Her HHM (a3oBoro mepexoia, HU TEPEOXTKICHUS, a B3aMEH
MPUCYTCTBYET OECCIMHOBOE MOJE, KOTOPOE M3-3a KBAHTOBBIX (UIYKTyalMii MPUHUMAET OOIbIIIHE
3HaYEHUs] B HEKOTOpBIX obOsacTsax paHHell Bcenennoil. B Takux obGnacTsx sHeprus mnosst Oyaer
BECTH ce0s Kak KOCMOJIOTMYECKas TMOCTOsiHHas. Pesynbrarom geiictBus monst  Oyzer
TPABUTAIMOHHOE OTTAJKUBAHUE, TOJI BIUSHUEM KOTOPOTO BBHINICYKa3aHHbIE OOJACTH HAYHYT
pasznyBatbes. [lo Mepe yBenuyeHHs ITHX 0ONacTeil 3HEprust Mojs B HHUX OyJIeT MeEJUICHHO
YMEHBIIATHCA, TIOKa pa3ayBaHUE HE TEPEHIET B TaKOe K€ pacIIUpeHue, Kak B Topsdeill MoIeau
Oosbiioro B3peiBa. OaHa U3 obnactedt Moryia Obl PEBPATUTHCS B COBPEMEHHYIO HAONI0IaeMyIO
Bcenennyro. Monens Jluane obnagaer BceMH MPEHMYIIECTBAME paHHEH MOJIENH pa3ayBaHHS, HO
He TpeOdyeT COMHHUTENBbHOTrO (ha30BOT0 Mepexofa U, KpoMe TOro, MOXKET JIaTh PealbHYI0 OICHKY
daykryanuii Temnepatypbl (POHa MHUKPOBOJIHOBOTO M3JIYUYCHUS, COTJIACYIOMIYIOCS C pe3yIbTaTaMu
HaOJIIOJEHU.

[IpoBeneHHbIe MCCIENOBaHUS MOJENEH pa3lyBaHUs MOKA3ald, YTO COBPEMEHHOE COCTOSHUE
BcenenHoli MOrJIo BO3HUKHYTH W3 OOJBIIOTO 4YMCIA Pa3HBIX HAYalbHBIX KOH(pUTyparuil. 1o
BaKHBIN BBIBOJ, KOO M3 HETO CIEAYET, 9YTO BHIOOp HAYAIBHOTO COCTOSIHUS TOM YacTu BceneHHoid, B
KOTOpPOM MBI JKMBEM, MOT OBITh HE OYEHb TIIAaTeIbHbIM. HO BOBce HE M3 BCSIKOTO HA4aJbHOTO
COCTOSIHMSI MOTJIa MOJYyYUThCs Takas BceneHHas, Kak Halia. 9TO MOXKHO J0Ka3aTh, MPEANOI0XKHUB,
yto BcenenHas ceifyac HaXxOJUTCS B COBEPIIEHHO IPYrOM COCTOSIHMM, KaKOM-HUOYIb OYEHb
HEperyJasipHOM M KOMKOBAaTOM. BOCI0JIb30BaBIINCh 3aKOHAMU HAYKHU, MOXKHO MPOCIIEIUTh Pa3BUTHE
Bcenennoli Ha3aag BO BPEMEHHM M ONPENCINTh €€ KOH(pUTypanuio B OoJsiee paHHue BpeMeHa. 1o
TEOpeMaM O CHHTYJISPHOCTH KJIACCHYECKOW OOIIel TEeOpuH OTHOCUTEIHHOCTH CHUHTYJISPHOCTH B
TOUKE OOJBIIOTO B3pbIBA BCE PaBHO JOJKHA ObLIa cyliecTBoBaTh. Ecnu Takas Bcenennas Oyzaer
pa3BUBAThCS BIEpE] BO BPEMEHU B COOTBETCTBUM C 3aKOHAMU HAyKH, TO B KOHIIE MBI MPUIEM K
TOMY KOMKOBaTOMY M HEPETYISIPHOMY COCTOSHHIO, C KOTOporo HauumHaiau. ClenoBaTenbHO,
JOJKHBI CYIIECTBOBATh HAdallbHbIE KOH(MUTYpAIMH, U3 KOTOPHIX HE MOXET IMOJYYUTHCS TaKas
Bcenennasi, kako# ceiiyac Mbl BUAMM HaIllly. 3HAYUT, 1a’K€ MOJENIb Pa3lyBaHUsI HUYETO HE TOBOPUT
0 TOM, MOYeMy HaudaldbHas KOH(UTYypalus oOKa3alach HE TOW, MPU KOTOPOH MONydHIach Obl
Bcenennas, cwibHO oTMUaromiascs OT Habmomaemon Hamu. CremyerT U oOpaTUThCSA IS
OOBSICHEHHSI K aHTPOMHOMY NpHUHIUIY? bBBUIO 7M1 Bce mpowuciieaniee MPOCTO CYACTIMBOU
ciydaitHOCThIO? Takoil OTBET BBHITIIANET Obl KaK BBIpaKEHHWE OTYASTHHUS, OTPUIIAHHWE BCEX HAIUX
HAJICK/]T IOHATh, KAKOM KE MOPSIIAOK JIEKUT B OCHOBE BCelleHHOM.

Jlnsa mpenckazaHus TOro, KakuM JIOJDKHO Obulo OBITh Hauaio BceneHHO#, HEO0OXOAMMBI
3aKOHBI, CIpaBeUIMBBIE B Hayalle oOTcueTa BpeMeHU. Ecim kiaccudeckas oOmias Teopus
OTHOCUTEIBHOCTH BEpHA, TO W3 J0Ka3aHHbIX Pomxkepom IleHpoy3oM u MHOM TeopeM o
CUHTYJIIDHOCTH CIEAyeT, 4YTO B TOYKE Hayajga OTCYeTa BPEMEHMU IUIOTHOCTh W KPHUBU3HA
MIPOCTPAHCTBA-BPEMEHH MPUHUMAIOT OECKOHEUHbIe 3HaueHHs. B Takoll Touke HapylIalOTCs Bce
W3BECTHBIE 3aKOHBI MPUPOBL. MOKHO OBLITO OBI IPEANOI0KUTE, YTO B CHHTYJISIPHOCTSIX JEHCTBYIOT
HOBBIE 3aKOHBI, HO UX TPYAHO (HOPMYIHPOBATH B TOYKAX CO CTOJIb HEMTOHITHBIM MOBEJACHUEM, U MBI
He 3HaIW ObI, KaKk W3 HAONIOJEHUI BBIBECTH BHUJ ATHX 3aKOHOB. HO Ha caMoMm jene U3 Teopem o
CUHTYJISIDHOCTH CJIEAYET, YTO TPABUTALMOHHOE II0JIE HACTOJIBKO YCWJIMBAETCS, YTO CTAHOBATCA



CYIIECTBEHHBIMU KBAaHTOBBIC TPAaBUTALMOHHBIC YPPEKTHI: KIacCHIecKas TEOpHs MEPecTaeT AaBaTh
xopowee onucanue Bceenennoil. Iloaromy mnpu H3y4eHMM OYEHb DPAHHHUX CTaguil pa3BUTHSA
BcenenHoli nmpuxoauTcs MpUBIEKaTh KBAHTOBYIO TEOPUIO rpaBuTanvu. Kak Mbl MoTOM yBUAMM, B
KBAaHTOBOM T€OpUU OOBIYHBIE 3aKOHBI HAYKHM MOTYT BBINIOJHATHCSA BE3JE, B TOM YHCIIE U B Hayaie
OTCYeTa BPEMEHH: HET HEOOXOIMMOCTH TOCTYJIMPOBATH HOBBIC 3aKOHBI JISi CHHTYJISAPHOCTEH,
[IOTOMY YTO B KBAHTOBOH T€OPUU HE JOJKHO OBITh HUKAKUX CUHTYJISPHOCTEM.

Iloka y Hac eme HET IMOJHOW W COTJIACOBAHHOW TEOpPUH, OOBEAMHSIONICH KBAaHTOBYIO
MEXaHUKy M rpaBuTanuio. Ho Mbl COBEpIIEHHO YBEpEHbI B TOM, YTO MOAOOHAs €AMHAs TEOpHUs
JIOJKHA UMETh HEKOTOpBIE OIpesesieHHbIe CBOWCTBA. Bo-mepBhixX, OHAa JOHKHA BKIIIOYATh B ceOd
(eltHMaHOBCKHMI METO KBaHTOBOI TEOPHH, OCHOBAHHBIN Ha CyMMax I10 TPAEKTOPUSAM YacTHULBI (U
o «uctopusim» Beenennoit). [Ipu Takom MeToie B OTIMYHE OT KJIACCUYECKOW TEOPHUH YaCTHUIIA YKE
HE paccMmaTpuBaeTcss Kak oOyajamomas OJHON-eIUHCTBEHHOW Tpaekropueil. Hampotus,
Ipearnoyiaraercs, 4YTO OHAa MOXET NepeMelaTbcsi IO BCEM BO3MOXHBIM IyTAIM B
MIPOCTPAHCTBE-BPEMEHHU U JI000H ee TpaeKTOpHUHM OTBEYaeT Mapa YHMCed, OJHO M3 KOTOPBIX JaeT
JUTMHY BOJIHBI, @ JIPyTroe — MOJ0XKEHNE B TIepro/ie BOHEI ((azy). Hampumep, BepoITHOCTB TOTO, YTO
4acTHULIA IPOMAET Yyepe3 HEKOTOPYIO TOUKY, MTOJIy4aeTCsl CYMMUPOBAaHUEM BCEX BOJIH, OTBEUYAIOLIUX
Ka)KJI0M BO3MOYKHOHM TPACKTOPHH, MPOXOAAIIEH depe3 3Ty TOUKY. HO IOIBITKM NMPOU3BECTH TAKOE
CYMMHUpPOBaHHME HATaJKUBAIOTCS Ha CEPbE3Hble TEXHUYECKHE 3aTpylIHEeHMs. VX MokHO 000iiTH,
JUIIb  BOCHOJB30BABIIUCH CIEAYIOIIMM CHEHUAIbHBIM  PELENTOM: CKJIAJIbIBAIOTCSI  BOJIHBI,
o0pasyrolye Te UCTOpUHU (TPAeKTOPUHU) YACTHIL, KOTOPbIE NMPOUCXOAST HE B OLIYIIAEMOM HaMHU
peasibHOM (I€MCTBUTEIHLHOM) BPEMEHHU, a B TaK HAa3bIBAEMOM MHUMOM BpeMeHH. MHHMOE Bpems
3BYYMT, BO3MOXKHO, HAy4yHO-(aHTaCTUUECKH, HO Ha CAMOM JIeJIE 3TO CTPOro ONpeeICHHOE HayuHOe
MOHATHE. YMHOXXHUB OOBIYHOE (WM JEHCTBUTENIBHOE) YHUCIO caMO Ha ce0s, Mbl MOJIYyYUM
nojoxurenbHoe uucio. (Hampumep, uucno 2, ymHOXXeHHOe Ha 2, naeT 4, U TO e caMoe
MOJTy4aeTcsi mpH yMHOXKEHUH —2 Ha —2). Ho cymiecTByloT ocoObie uuciaa (OHH Ha3bIBAIOTCS
MHHUMBIMH), KOTOpPbIE NPH YMHOXEHUU cCaMM Ha ceOs JaioT OTpHULATeNbHbIM pe3ynabTar. (OnHO u3
TaKUX YKCEN, MHUMAs €IUHMLIA 1, IPU YMHOXKEHUU caMo Ha ce0st Jaet —1, uncio 2i, yMHOKEHHOE
camMo Ha cebs, maer 4 u T. a.). Bo u3bexaHue yCIOKHEHHH TEXHMUYECKOTO XapakTepa MpH
BBIUUCIICHUHN (PEHHMAHOBCKUX CYMM IO TPAaEKTOPHIM CIEeIyeT MePEeXOAUTh K MHUMOMY BPEMEHH.
OTO 03HA4YaeT, 4TO IPH pacdeTax BpeMs Hal0 U3MEPSATh HE B JNCHCTBUTEIBHBIX €IUHMUIAX, a B
MHUMBIX. Torja B NpOCTpaHCTBE-BPEMEHHM OOHApY>KMBAIOTCSI WHTEPECHbIE W3MEHEHMS: B HEM
COBEPUICHHO MCUYE€3aeT pa3iIM4ve MEXIy BPEMEHEM M IpocTpaHcTBOM. IIpocTpaHcTBO-Bpems, B
KOTOPOM BpEMEHHasi KOOpAWHATa COOBITHH MMEET MHHMMbIE 3HAU€HUs, HAa3bIBAIOT €BKIHUIOBBIM, B
4eCTh JIPEBHETPEYECKOro ydeHoro EBkinmaa, ocHoBarenss y4eHHS O TEOMETPHM JIBYMEPHBIX
nosepxHocred. To, 4TO MBI celyac Ha3blBaéM EBKJIUIOBBIM IIPOCTPAHCTBOM-BPEMEHEM, OYECHb
IIOX0’K€ Ha IEPBOHAYAJIBHYI0 T€OMETPHIO EBKINMIA U OTIMYAETCS OT HEE JIUILb YUCIOM U3MEPECHUMN:
YeThIPe BMECTO ABYX. B €BKJIMIOBOM IIPOCTPAaHCTBE-BPEMEHU HE JIENAETCS Pa3INYUi MEXIY OCBIO
BPEMEHH M HANpaBICHUAMHM B IPOCTPAHCTBE. B pealbHOM jk€ NPOCTPAaHCTBE-BPEMEHH, T
COOBITHSIM OTBEYAIOT JACUCTBUTEIbHBIC 3HAUYEHUS KOOPIUHATHI BPEMEHH, STH Pa3IU4Hs BHJIHBI
cpasy: Ul BCeX COOBITUH OChb BPEMEHH JIC)KUT BHYTPH CBETOBOIO KOHYCa, a IMPOCTPAHCTBEHHBIE
ocH — CHapyxu. B mro0oM ciydae, 1moka Mbl UMEeM JieJI0 ¢ OOBIYHOW KBAHTOBOM MEXaHHMKOW,
MHHUMOE BpeMs H €BKIMIOBO IIPOCTPAHCTBO-BPEMs MOXHO pacCMaTpUBaTh IIPOCTO Kak
MaTeMaTHYECKUI IIpUEM U1 pacuera BEJIMYMH, CBSI3aHHBIX C peaIbHBIM
IIPOCTPAHCTBOM-BPEMEHEM.

Bropoe ycnoBue, KoTopoe J0OJDKHA BKJIIOYATh B ceOs Jrobas 3aBepllIeHHas TEOpHs, — 3TO
MPEIOI0KEeHUEe OWHINTEHHA O TOM, YTO TPAaBUTAIMOHHOE II0J€ TMPEJACTABISIETCS B BHIE
HCKPUBJIEHHOTO IIPOCTPAaHCTBA-BPEMEHM: YAaCTHULIBI CTPEMSATCS JBHUIaTbCs IO TPAaEKTOPHSIM,
3aMEHAIOIIMM B MCKPHMBIEHHOM  IIPOCTPAaHCTBE-BPEMEHHM  IIPsIMBIE,  HO,  IIOCKOJIBKY
MIPOCTPAHCTBO-BPEMS HE IUIOCKOE, 3TU TPACKTOPUU MCKPUBISAIOTCS, KaK OyITO HAa HUX JEHCTBYeET
rpaBUTallMOHHOE Tmosie. Ecnu (eiHMAaHOBCKOE CYMMHpPOBAaHHE IO TPAEKTOPUSAM COEAMHUTH C
MIpeCTaBICHUEM OWHIITEHA O TpaBUTALMM, TO TOTJAa aHAJOrOM TPAECKTOPHUHM OIHON YaCTHUIIBI
CTaHET BCE HCKPHBIIEHHOE MPOCTPAHCTBO-BPEMs, KOTOPOE IPEJICTaBIsAET COOOH MCTOpHIO BCEH



Bcenennoii. st Toro 4roObl n30€XaTh TEXHUUECKUX 3aTPYJHEHUH, KOTOPBIE MOTYT BCTPETHTHCS
IIPU  KOHKPETHOM BBIYMCIEHUH CYMMBI TI0 HCTOPHSIM, MCKPUBJIEHHBIE UEThIPEXMEPHBIC
MIPOCTPAHCTBA HAJ0 CUUTATh EBKJIMJIOBBIMU. JTO O3HAYaeT, YTO OChb BPEMEHU MHHMMAs U HE
OTJINYAETC OT NPOCTPAHCTBEHHBIX OcCeH. [l BBIUMCIEHUS BEPOSTHOCTH TOrO, YTO
JEHCTBUTENIFHOE TPOCTPAHCTBO-BPEMs 00JIaJ]aeT HEKOTOPHIM CBOMCTBOM, HANpUMED BBITJISIHUT
OJIMHAKOBO BO BCEX TOYKAaX M BO BCEX HAIPaBJIECHUSX, HAJO CJIOKUThb BOJHBI, COOTBETCTBYIOILINE
BCEM TEM HCTOPHSIM, KOTOpPbIE 00J1aat0T 3TUM CBOMCTBOM.

B kmaccuueckoil o0mield TEOPUU OTHOCHUTEIHLHOCTH MOXKET CYIIECTBOBaTh MHOTO Pa3HBIX
BUJIOB HCKPHUBJIEHHOI'O IPOCTPAHCTBAa-BPEMEHHM, M BCE OHU OTBEYAIOT pPa3HbIM HaYaJbHBIM
coctosiHUAM BceneHHoi. 3Hast HauanbHOE COCTOsSIHUE Haliel BceneHHOM, MbI 3HaIM ObI IENUKOM
BCIO €€ HCTOpHIO. AHAJOTMYHO B KBAaHTOBOW TEOPHM TPaBUTALMU BO3MOKHO MHOIO Ppa3HbIX
KBaHTOBBIX COCTOSIHMI BceneHHOW, M TOYHO Tak >Ke, 3Hasl, Kak Beldu ce0s B paHHHE BPEMEHa
HCKPUBJICHHbIE €BKJIUJOBBI YETHIPEXMEPHBIE MPOCTPAHCTBA B CYMME 10 UCTOPUSIM, MBI MOTJIH OBl
ONpENIETUTh KBAaHTOBOE COCTOsIHUE BeeneHHo.

B KJIACCUYECKOU TEOpUHU rpaBUTALUY, HCIIOJIBb3YOIIEN JIEHCTBUTEIILHOE
MIPOCTPAHCTBO-BPEMSI, BO3SMOKHBI JIUIIb JBa THIMA MOBeaeHUs BeenenHoli: mnbo oHa cyiiecTBoBaia
B TEYCHHE OECKOHEYHOTO BpPEMEHH, JHOO ee HayaloM Oblla CHUHTYJISIpHAs TOYKAa B KaKOW-TO
KOHEUYHBII1 MOMEHT BPEMEHH B MPOLLIIOM. B KBaHTOBOM € TEOpUU rPaBUTALUN BO3ZHUKAET U TPEThs
BO3MOXXHOCTb. [IOCKOJIBKY MCIONB3YIOTCSI €BKJIMIOBBI MPOCTPAHCTBA, B KOTOPBIX BpPEMEHHAs U
MIPOCTPAHCTBEHHBIE OCH PaBHOMPABHBI, TPOCTPAHCTBO-BpEMs, OyJIy4d KOHEYHBIM, MOXET TEM HE
MEHEe HE WMETh CHUHTYJSIPHOCTEH, O0Opa3ymommx ero rpaHuily wuwiud kpail. Torma
MPOCTPAHCTBO-BPEMsI HATMIOMUHATIO Obl TIOBEPXHOCTh 3€MJIM C JBYMS JIONOJHUTEIbHBIMU
n3MepeHusiMu. [loBepxHOCTh 3eMiIM UMEET KOHEUHYIO POTSHKEHHOCTh, HO Y HEE€ HET HU I'PaHUIBL,
HU Kpasi: NOIUIBIB IO MOPIO B CTOPOHY 3aKaTa, Bbl HE BBIBAJIUTECh Yepe3 Kpail M HE MOomajeTe B
CUHTYJISIPHOCTS (51 3TO 3HaK0, caM 00bexai BOKpYT cBeTal).

Ecnu eBKIMIOBO MPOCTPAHCTBO-BPEMs MPOCTUPAETCS Ha3aJ IO MHUMOMY BpPEMEHHU [10
OECKOHEUYHOCTH WJIM HAUYMHAETCS B CHUHIYJSPHOM TOYKE MHHUMOTO BpPEMEHH, TO, KaKk U B
KJIACCUYECKOW TEOpPHUH OTHOCUTENBHOCTH, BO3HHUKAE€T BOMPOC 00 ONpeNesieHHHd HadajabHOro
cocrosiHus BeenenHolt — bory, MoxkeT ObITh, U M3BECTHO, KaKMM OBLIO Hadasio BceneHHOH, HO Y
Hac HET HUKAKUX OCHOBAaHUM MBICIUTH ATO HA4YaJI0 TaKUM, a He MHbIM. KBaHTOBas ke Teopus
IpaBUTALMM OTKpbUIA OJHY HOBYK) BO3MOYKHOCTH: IPOCTPAHCTBO-BPEMSI HE HMMEET TPaHMIbI, U
M03TOMY HET HEOOXOMMOCTH ONpPEeNATh MOBEJACHNUE Ha TpaHulle. Torja HeT U CUHTYJISIPHOCTEH, B
KOTOPBIX HapyLIaJuCh Obl 3aKOHBI HAyKH, a MPOCTPAHCTBO-BPEMs HE MMEET Kpas, Ha KOTOPOM
MPUIIUIOCH OBl MpUOeraTh K MOMOIIHM bora uim kakoro-HuOy1b HOBOTO 3aKOHA, YTOOBI HAJIOKHUTH Ha
MIPOCTPAHCTBO-BPEMsI TPaHUYHBIE YCIOBUSA. MOXKHO ObUIO OBl CKa3aTh, YTO TPAHUYHOE yCIOBUE IS
Bcenennoii — orcytctBue rpanuil. Torga Bcemennas Oblia ObI COBEpPIIEHHO CaMOCTOSITENIbHA
HUKaK HE 3aBHCeNa Obl OT TOTO, UTO MPOUCXOAUT cHapyku. OHa He ObUIa OBl COTBOPEHA, €€ HeNb3s
Ob110 ObI YHUUTOXHUTH. OHA MPOCTO CyIIECTBOBaIA OBI.

51 yxe ynoMmuHan panee o Barukanckoii koHpepenui. IMEHHO Ha Hell 51 BIepBbIC BBICKA3all
Ty MBICJIb, YTO IIPOCTPAHCTBO U BpeMsi, BO3MOKHO, 00pa3yIoT BMECTE HEKYIO TTOBEPXHOCTh, KOTOpas
MMEET KOHEYHYIO NPOTSHKEHHOCTh, HO HE MMEET IpaHull U KpaeB. OIHAKO MOs cTaThs HOCHIIA
MaTeMaTHYeCKUl XapakTep, U B Ty HOpY, B 00IeM, HUKOMY (Tak ke, Kak ¥ MHE) He MPUILIO B
roJOBY, YTO M3 ATOr0 IIOJOXKEHUS MOTYT CJEI0BaThb BBIBOABI O poiM bora B cOTBOpeHHH
Bcenennoii. B To Bpems, korga nmpoucxonuia Bartukanckas xkoHbepeHIUs, s HE 3HANI eIe, Kak
MOKHO HCIIOJIb30BaTh YCJOBHUE OTCYTCTBHSI T'PaHUI], 4TOOBI CHENaTh BBIBOJBI OTHOCHUTEIHHO
Bcenennoii. Ho cnenyromee nero s mposen B KanudopHHIICKOM YHHUBEPCUTETE, HAXOAAIIEMCS B
Canta-bap6ape. Tam oxaun Moil apyr u xosutera, Jxum XapTi, UccienoBal NpU MOEM yYacTHU
BOIIPOC O TOM, KAKUM YCJIOBHSM JOJIKHA yJOBIETBOPATH BeeneHHast, eciin mpocTpaHCTBO-BpEMsI HE
umeer rpanull. B KemOpumke s mponomkuna 3Ty paboTy ¢ JAByMS CBOMMHM aclHpaHTaMH,
Hxynuanom Jlartpenom u JxoHataHOM XOJUTHY3JIII0M.

Xo4dy NOJYEpKHYThb, UYTO JAHHOE IOJIOKEHHE O TOM, YTO BPEMS M MPOCTPAHCTBO JOJIKHBI
ObITh KOHEYHBI 0€3 IpaHMll, €CTh BCEro JHIIb TEOPETUUYECKHI MOCTYyJaT:. OHO HE MOXET ObITh



BBIBEJICHO M3 KaKOro-au0o Japyroro mpuHIumna. Kak M BCSKOE TEOPETHUYECKOE ITOJIOKEHHUE, OHO
MO’KET OBITh NEPBOHAYAJILHO BBIIBUHYTO M3 3CTETUYECKUX WIN MeTahU3NIECKHX COOOpakeHH, HO
3aTeM JOJDKHO IPOWTH pPEAJIBHYIO IPOBEPKY — IIO3BOJSET JM OHO JeNaTh IPEeACKa3aHus,
coryacymolumecs ¢ HaOmoJeHusAMU. B cilydyae KBAaHTOBOM TeopHM TpaBUTALMM Takas MpPOBEpKa
3aTpyJiHEHa o JBYyM IpuurHaMm. Bo-nepBbix, kak Oy1eT MoKa3aHo B CIEAYIOLIEH I1aBe, Mbl €lIe He
UMeeM TEOpUH, KOTopasi yCIEeIHO 00bequHsAIa Obl O0ILYI0 TEOPHI0 OTHOCUTEIBHOCTH ¢ KBAHTOBOM
MEXaHHMKOM, XOTSd HaM BO MHOTOM H3BeCTHa (opma, KOTOPYIO JIOJDKHA HUMETh Takas TEOpHs.
Bo-BTOpBIX, BCAKas MOJelNb, JETaJbHO OMNMCHIBaroOIas BCIO BceneHHyro, HECOMHEHHO, OynleT B
MaTEeMaTHYEeCKOM OTHOIIEHUH CIIHIIKOM CIJIO’KHA, YTOOBI MOYKHO OBUTO Ha €€ OCHOBE BBITIOJHSTH
TOyHble BbluucIeHUs. [loaToMy B pacyerax HEM30€XKHbBI YNPOLIAIOIIUE MPEANONI0KEHUS U
NpUOMKEHUs, M Jake HpU ATOM 3ajadya M3BJIEYEHMs NpPEJICKa3aHUM OCTaeTcs 4yJOBUIIHO
CJI0’KHOM.

Bcesikas uctopus B cymme 1o UctopusiM OyZeT ONMMCHIBaTh HE TOJBKO IPOCTPAaHCTBO-BPEMS,
HO U BCE B HEM, B TOM 4YMCJE BCE CIOXHbBIE OpraHU3MbI, MTOJJOOHBIC YEIOBEYECKHUM CYIIECTBaM,
KOTOpBbIE MOTYT ObITh HaOmrojaTesnsMu ucropun BceeneHHoill. B 3ToM MOXHO BHAETH €€ OJHO
OllpaB/laHUE AHTPOITHOI'O MpPUHIMUMNA, W00 €ClIM BCEe UCTOPUM BO3MOXKHBI, TO, KOJIb CKOPO MbI
CYILLIECTBYEM B OJHOM M3 HHMX, Mbl UMEEM IPAaBO UM I0JIb30BAThCS ISl OObSICHEHUS IPUYUH TOTO,
YTO MUP TaKOB, KAKOB OH €CTb. HesICHO NuIlb, KaKOW CMBICII CJIEYET BIOKUTH B APYTHUE UCTOPHUH, B
KOTOpBIX Hac HeT. Ho Takas kapTWHa KBaHTOBOI TEOpWH TpaBHTalWHU Oblia ObI ropasno Ooiee
yIIOBJIETBOPUTEIBHOM, €CIIM OBl MOKHO OBLIO MOKa3aTh, YTO MPU METOJIE CYMM I10 UCTOPUSM Hallla
Bcenennast oTBe4aeT He IPOCTO OJHOM M3 BO3MOXHBIX HCTOPHIA, a OTHOW U3 Hanbosee BEPOSTHBIX.
JUis 3TOro Mbl JOJDKHBI BBINOJIHUTH CYMMHPOBAHME HO MCTOPUSM JJIsl BCEX BO3MOXKHBIX
€BKJIMJIOBBIX IIPOCTPAHCTB-BPEMEH, HE UMEIOIIUX IPAHULI.
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Eciy npuHATH yCIOBHE OTCYTCTBMSI TPaHMI], TO OKAa3bIBA€TCS, YTO BEPOSATHOCTb PA3ZBUTHS
Bcenennoli HO OOJBIIMHCTBY BO3MOXKHBIX HMCTOPUN TNPEHEOPEKUMO Maja, HO CYIIECTBYET
HEKOTOpPOE CEMEHCTBO HMCTOPUM, 3HAYUTENHHO OoJiee BEPOSATHBIX, YEM OCTajbHbIC. DTU HUCTOPHH
MOXHO HM300pa3uTh B BHAC KaK OBl MOBEPXHOCTH 3eMJid, Mpu4eM pacctosuue a0 CeBepHOro
MOJIFOCA COOTBETCTBYET MHUMOMY BPEMEHH, a pa3Mepbl OKPY>KHOCTEW, BCE TOYKH KOTOPBIX PaBHO
yaasienbl 0T CeBepHOTro MOI0Cca, OTBEYAIOT MPOCTPAHCTBEHHBIM pasMepaM Bceenennoit. Beenennas
HaumHaeTcs Kak Touka Ha CeBepHoM mnomtoce. [Ipu ABMKEHMM Ha 1O TakUe UIMPOTHBIE
OKPY’KHOCTH YyBEJIMYMBAIOTCA, YTO OTBEYAET PACUIMPEHHMIO BCEIIEHHONM ¢ TEeYeHWEeM MHHMOIO
BpemeHHu (puc. 8.1). Bcemennas gocturaer MakCHMMalbHOTO pa3Mepa Ha HKBATOpE, a 3aTeM C
T€YEHHEM MHHMMOI'O BPEMEHHU CxHUMaeTcs B Touky Ha IOxxHoMm nomoce. HecMmoTps Ha TO, 4TO Ha
Cesepuom u IOxxHOM momtoce pazmep BceeneHHol paBeH HYJIO, 3TU TOYKH OyAyT CHHTYJISPHBIMU
He Oonee, yeM CeBepHblii u FOXHBIA TOMIOC HAa TOBEPXHOCTH 3eMiid. 3aKOHBI HAyKH OymIyT
BBITIOJIHATBCS B HUX TaK €, KaK OHU BbINOJHAIOTCSA HAa CeBepHOoM U FOxHOM nonrocax 3emiu.

Ho B nelicTBUTENBHOM BpeMEHH UCTOpHs BCEneHHON BBINIAINT COBEPIICHHO MHa4Ye. JlecsaTs
WY ABaAUaTh ThICSY MWIJIMOHOB JIET Ha3ajd pa3mep BceneHHON umen MUHUMAalbHOE 3HAYEHUE,
paBHOE MaKCHUMaJbHOMY paJuyCy HCTOPUM B MHHMOM BpPEMEHH. 3aTeM, C TEYEHHEM



JIEMCTBUTEIBHOTO BpEMEHH, BceneHHas pacmmpsiaack B COOTBETCTBHHM C XaOTHYECKOM MOJEIBIO
pasnyBaHus, mpeaniokeHHoi JluHae (HO Temepb YK€ HET HEOOXOAMMOCTH MpenrnoiaraTthb, 4YTO
Bcenennas Oputa KakuM-TO 00pa3oM coO3/1aHa B MPAaBUIBHOM COCTOSIHWH). BceeneHHas mocTuria
OuYeHb OOJBIIMX Pa3MEPOB, a MOTOM JOJHKHA OISThH CXKAThCS B HEUTO, UMEIOIIEE B IEHCTBUTEIHLHOM
BpEMEHH BUJI CUHTYJIIpHOCTHU. [103TOMY B KaKOM-TO CMBICIIE BCE MBI OOpEUEHbI, JaXKe eciid OyaeM
JepKaThCsl MOAANBINE OT YepHBIX Nblp. CHUHTYIApHOCTEH HE OyJeT JHIlb B TOM CIydyae, eciu
MIPEJICTaBIATh ceOe pa3BuTHEe BeeneHHO B MHUIMOM BPEMEHHU.

Ecnu Beenennas Ha camMoM Jiefie HAXOAUTCSI B TAKOM KBAHTOBOM COCTOSIHUH, TO €€ UCTOpUS B
MHHUMOM BpeMeHHU He Oy/JeT MMETh HUKAaKUX CHUHIYJsipHOCcTeil. [lo3ToMy MOXeT mokasarbes, UTO
MOMMH MOCJIETHUMU pabOTaMU O CUHTYJISIPHOCTSIX MOJIHOCTHIO 3a4ePKHYThI MOH K€ CTapble paObOThI
0 cuHryJsipHocTsaX. Ho, kak yxke OTMedaloch, IJIaBHOE 3HAYEHHE TEOPEM O CHHIYJISIPHOCTSIX
TAKOBO: OHM TOKa3bIBAIOT, YTO TPABUTALIMOHHOE HOJIE JOHKHO CTaThb OYE€Hb CUJIBHBIM, TaK 4YTO
Henb3st OyJeT mpeHeOpedb KBAHTOBBIMH T'PaBUTAIIMOHHBIME ¢ ¢dekramu. VIMEHHO 3TO BeIeT K
BBIBOJIy, YTO B MHHMOM BpEeMEHHU BceneHHas AoKHAa OBITh KOHEUHOH, HO Oe3 TpaHull U
cuHryjsipHocreii. Ilo Bo3BpamieHMm Ke B peanbHOE BpeMsA, B KOTOPOM MBI JKHBEM,
00HAPYKUBAETCSI, YTO CHHTYJIIPHOCTHU TOSBISIOTCA OMSITh. ACTPOHABT, YMABIIUN B YEPHYIO JBIPY,
BCE PaBHO MPHUAET K TParnyecKoMy KOHILy, U TOJIbKO B MHHMOM BPEMEHU y HEro HE ObLIO OBl
BCTPEYM C CUHTYJISIPHOCTSMH.

Mosxer ObIThb, clieOBaI0 OBl 3aKIIOYMTh, YTO TaK HA3bIBAEMOE MHHMOE BpEMs — 3TO Ha
CaMOM JIeJIe €CTh BPEMS PEaIbHOE, & TO, UTO Mbl Ha3bIBAEM pE€albHbIM BPEMEHEM, — MPOCTO IIOA
Halrero BooOpakeHHs. B jgelicTBUTENTbHOM BpeMeHH y BceleHHOW ecTh Havalo W KOHeIl,
OTBEUAIOLINE CUHTYJISIPHOCTSIM, KOTOpPBhIE 00pa3yloT IPaHUIly MIPOCTPAHCTBA-BPEMEHH U B KOTOPBIX
HapylLIatoTCsl 3aKOHbl HAyKH. B MHMMOM k€ BpEMEHM HET HU CUHTYJISIPHOCTEW, HM IpaHull. Tak
YTO, OBITh MOXET, UMEHHO TO, YTO MbI HA3bIBAEM MHHMBIM BpEMEHEM, Ha caMoM Jiene Oorsee
(yHIAMEHTAIBHO, @ TO, YTO MBI HAa3bIBAEM BPEMEHEM pEaJbHBIM, — 3TO HEKOE CYOBEKTHBHOE
MpeACTaBICHUE, BO3HUKIIEE Yy HAC NP MOMBITKaX OMHCATh, KAKOW Mbl BUAUM Bcenennyro. Benp,
COIIACHO CKa3aHHOMY B TIUI. 1, Hay4Hass Teopus €CTh IPOCTO MareMaTH4ecKas MOJEIb,
MOCTPOCHHAs HaMU JUIsl OMMCAHUS PE3yJbTaTOB HAONIOJCHUN: OHA CYHIECTBYET TOJBKO y HAc B
rojose. [loaToMy He MMeeT cMbIca CIpalIMBaTh, YTO K€ PEATBHO — JAEHCTBUTEIBLHOE BpEMs WM
Bpemst MHUMOe? BaxkHO nuIlib, Kakoe U3 HUX 0oJiee MOJXOAUT ISl OITUCAHMUSL.

MBs1 MOXEM Tenepp, MOJb3YsACh METOJIOM CYMMHPOBAHHS HO UCTOPUSAM U MPENIOJIOKEHNEM
00 OTCYTCTBMM TpaHMI, IOCMOTPETh, KaKUMH CBOHCTBaMU BceneHHas MoxkeT o0ianath
OJIHOBpeMEHHO. Hanpumep, MO>KHO BBIYMCIUTH BEPOSITHOCTh TOTO, YTO BceneHHas pacmmpsercs
IIPUMEPHO C OJIMHAKOBOM CKOPOCTBKO BO BCEX HAIPABICHUSAX B TO BPEMs, KOrja IUIOTHOCTb
BceneHHON MMeEET COBPEMEHHOE 3HA4CHHUE. B yIIPOILIEHHBIX MOJENAX, KOTOPBIMU MBI J0 CHX IIOP
3aHMMAJIUCh, 3Ta BEPOATHOCTh OKA3bIBAETCS BECbMa 3HAYUTENIbHOM; TakuM 0Opa3oM, YCJIOBHE
OTCYTCTBMSI TPaHUI[ NPUBOJUT K BBIBOAY O UPE3BBIUAHHO BBICOKON BEPOATHOCTH TOIO, 4YTO
COBPEMEHHBIN TEeMI paclIMpeHuss BceneHHOW NouTH OJMHAKOB BO BCEX HAIPABICHUSAX. IJTO
CorJlacyercsi ¢ HabM0eHUAMHU (poHAa MHUKPOBOJHOBOTO M3IY4YEHHUs, KOTOPHIE MOKA3bIBAIOT, YTO €r0
MHTEHCUBHOCTh BO BCEX HAINpaBJICHUSX MOUYTH oJauHaKkoBa. Ecnu Obl Bceenennass B onHux
HaNpaBJICHUAX pACIIMPsUIach OBICTpEe, YeM B JPYIHX, TO MHTEHCHBHOCTb M3IIyY€HHs] B O3THX
HaIpaBJICHUSAX YMEHbIIAIACh ObI 32 CUET JAOMOJHUTEIIBHOTO KPACHOTO CMEIIIECHHUS.

Ceifuac u3y4aroTcs W JpyTue€ CIEICTBUS W3 YCIOBUS OTCYTCTBHs TpaHui. OcobeHHO
MHTEpPECHA 3aJa4a O MaJbIX OTKJIOHEHHAX IUIOTHOCTH OT OJHOPOAHOW IUIOTHOCTH pPaHHEN
BcenenHoli, B pe3ynbTare KOTOPHIX BO3HMKJIM CHayala TFaJlaKTHKH, IOTOM 3BE3/bl U HAKOHEL] MBI
camu. B cwiy mpuHIMna HeonpeaeneHHOCTH paHHss BceneHHas He MOeT ObITh COBEpPLICHHO
OJTHOPOJHOM, IIOTOMY YTO JIOJKHBI 0053aTEIbHO MPUCYTCTBOBATH HEKOTOPHIE HEONPEIEICHHOCTH B
MOJIOKEHUAX M CKOPOCTAX 4YacTul — (iaykTyauuu. Mcxons u3 ycioBusi OTCYTCTBHSI TPaHMII, MBI
HalileM, dYTO B HAYaJIbHOM COCTOSHHM BO BceleHHOM [OeHCTBUTEILHO MOODKHA OBITH
HEOAHOPOJHOCTh, MUHUMAJILHO BO3MOXKHAsl C TOYKU 3PEHUs MIPUHIUIIA HEONPEAEICHHOCTH. 3aTeEM
Bcenennas mepexuia mepuoj; ObBICTPOrO pacIIMpeHHs, KaKk B MOJEISIX pa3ayBaHus. B Teuenue
3TOr0 NEpPHOJia HayalbHblE HEOJHOPOAHOCTH YCHUJIMBAJIUCH, IIOKA HE JOCTUIJIM pPa3MeEpoB,



JIOCTAaTOYHBIX, YTOOBI OOBSICHUTH MIPOUCXOKICHHUE TEX CTPYKTYP, KOTOPHIE MbI BUJUM BOKPYT ceOsl.
B Takoii pacmupsironieiics BeeneHHol, B KOTOPO#i TNIOTHOCTh BEIIECTBA c1ab0 MEHSETCA OT MecTa
K MECTy, pacIIupeHne 0oJiee TUIOTHBIX 00JIACTEH Mo/ IEHCTBUEM IPaBUTAIIMH MOTJIO 3aMEIITUTHCS U
MepelTu B cxkaTue. ITO TOJKHO MPUBECTH K 0Opa30BaHUIO TallaKTHUK, 3BE3]l M, HAKOHEIl, Jaxe
TAaKUX HE3HAYHUTEIBHBIX CYIIECTB, KaK MbL. TakuM 00pa3oM, BO3HHKHOBEHHE BCEX CIIOKHBIX
CTPYKTYp, KOTOpbIe MBI BUAUM BO BceneHHON, MOXXHO OOBSICHHTH YCIOBHEM OTCYTCTBHUSI y Hee
TPaHMI] B COUYETAHUHU C KBAHTOBO-MEXAaHWYECKUM MPUHIIUIIOM HEOTIPEAECTIEHHOCTH.

W3 mpeactaBneHuss 0 TOM, 4TO MPOCTPAHCTBO M BpeMs 00pa3zyIOT 3aMKHYTYIO MOBEPXHOCTb,
BBITEKAIOT TAKXKE OYEHb BAKHBIE CJEACTBHS OTHOCHUTENIBHO posin bora B xu3Hu Bcenennoii. B
CBS3M C YCIE€XaMH, JOCTUTHYTHIMH HAy4YHBIMH TEOPHUSMH B ONHUCAHUU COOBITUH, OOJIBIIMHCTBO
YYEHBIX MPUILIO K yOexaeHuro, uro bor mo3possier BceneHHoON pa3BUBaThCS B COOTBETCTBUU C
ONPEJIETICHHON CUCTEMOM 3aKOHOB U HE BMELIMBAETCA B €€ Pa3BUTHE, HE HApYyIIAeT 3T 3aKOHbI. Ho
3aKOHBI HUYETO HE TOBOPAT HaM O TOM, KaK BhITJIAAEIa Beenennas, korga oHa TOJIbKO BO3HHKIIA, —
3aBECTH Yachl M BBIOpaTh HAyajao BCe-Taku MOrJIO ObITh nenoM bora. Iloka Mbl cuuTaem, 4To y
Bcenennoii 0bUT0 Havano, MBI MOKEM JymaTh, 4To y Hee Ob1 Cosnmatens. Ecnu xe Bceenennas
JIEACTBUTEIILHO MOJIHOCTHIO 3aMKHYTA Y HE UMEET HU TPaHMI], HU KPAeB, TO TOTJa y HEE HE JOJIKHO
ObITh HM Hayasa, HU KOHIIA: OHa MPOCTO e€cThb, U Bce! Ocraercs nu Toraa Mecto it Co3parens?

9. Ctpena BpeMeHu

B npenpinymux riiaBax Mbl BUJENH, KaK MEHSJIMCh HAIIM B3IVISLABI HA NPUPOAY BPEMEHU C
Te4eHHEM JieT. JIo Havasa HBIHEIIHEro BeKa JIIOAU BEPUIN B aOCOJIOTHOE BpeMs. DTO 3HAUUT, UTO
KaX10e COOBITHE MOXKHO €AMHCTBEHHBIM 00pa30oM MOMETUTh HEKMM YHCIIOM, KOTOPOE Ha3bIBaeTCs
BpEMEHEM, U BCE TOYHO UAYLIME Yachl OyIyT NMOKa3bIBaTh OJMHAKOBBII HHTEPBAJl BPEMEHU MEKITY
IByMsl coObITUsIMU. HO OTKpbITHE, YTO CKOPOCTh CBETa OJHA M Ta K€ AJIs Jrboro HalmromaTens
HE3aBHCHMO OT TOIO, KaK OH JIBUXKETCS, IPUBEJIO K CO3/IaHUI0 TEOPUU OTHOCHUTEIBHOCTH, KOTOpas
OTBEpIIa CYIIECTBOBAHUE €AMHOr0 abCONMIOTHOro BpeMeHM. Kaxkaplii HaOiromatess UMeeT CBOE
BpeMs, KOTOpPOE OH M3MEpSAET CBOMMHM 4YacaMHd, M IOKa3aHUs 4YacoB pa3HbIX HaOIojaTenell He
o0s13aHbl coBNaaTh. Bpemst ctano 6osee cyOBbEKTUBHBIM MOHATHEM, CBSI3aHHBIM C HAOJIOJAaTeNeM,
KOTOPBIN €ro U3MepsierT.

[TonbITkKM 00BEIUHUTH TPABUTALIMIO C KBAHTOBON MEXAaHUKOM MPUBEIH K MOHATHIO MHUMOTO
BpeMeHH. MHUMOE BpeMsl HUUeM He OTJIMYaeTcs OT HalpaBlieHUuH B npocTpaHcTBe. Vs Ha cesep,
MO>KHO IIOBEPHYTb Ha3aJ M NOWTH HA IOr. AHAJIOTMYHO, €CIM KTO-TO HJAET BIEpPE] B MHUMOM
BpEMEHH, TO OH MOXET MOBEPHYTh U MONTH Ha3ad. DTO 03HAYAET, YTO MEXAY NMPOTHUBONOIOKHBIMU
HaIIPaBJICHUSIMH MHHMOTO BPEMEHM HET CYyIIECTBEHHOM pa3HMubl. Ho Korma Mbl mmeem A€o ¢
pEeaIbHBIM BPEMEHEM, TO Mbl 3HA€M, YTO CYLIECTBYET OIPOMHOE PA3IUYUE MEXITY JIBUKEHUEM BO
BpeMeHHU Brepen M Hazal. OTkyna ke OepeTcsl Takas pa3HUIA MEXAY MPOIUIbIM U Oyaymmm?
[Touemy MBI TOMHUM IPONLIOE, HO HE TOMHUM OyIyIIero?

3aKOHBl HAyKH HE OTJIMYAIOT MpOIuIoro or Oyxyuiero. TouyHee roBops, 3aKOHbI HAyKH HE
MEHSIOTCS B pe3yJIbTaTe BHIMOJHEHHS Onepamyii (WM CUMMeTpuii), 00o3HadaemMbix OykBamu C, P u
T. (C — 3ameHa yacTuubpl aHTHYacTULed, P — 3epkanbHOEe OTpaskeHHe, KOrJa JIEBOe U IpaBoe
MEHSIOTCS MEeCTaMu, a T — I3MEHEeHUE HaNPaBIICHHS JIBIKEHHS BCEX YacTUIl Ha 00paTHOE).

3aKkoHbl (PU3MKH, YNPABIAIOLIME TMOBEACHUEM MaTepUM BO BCEX OOBIYHBIX CUTYalUsX, HE
M3MEHSIOTCS M MOCIIe BBIOJIHEHUS TOIBKO ABYX omnepauuii C u P. Jlpyrumu cioBaMu, Ku3Hb OyAeT
OJIMHAKOBAa M Ul Hac, M AJs oOWUTaTenedl Opyroil IUIaHeThl, €CIM OHH, BO-NEPBBIX, SBISIOTCA
HalIMM 3€pKaJbHbIM OTPAXEHUEM U, BO-BTOPBIX, COCTOSIT U3 aHTUMATEPUH, a HEe U3 MaTepuu. Eciu
3aKOHBI HAYKH HE M3MeHsieT komOuHarus onepanuii C u P, a Takke tpoitHas komOunanus C, Pu T,
TO 3TU 3aKOHBl HE JOJDKHBI M3MEHATHCA W IPU BBINOJIHEHMHM ofHOW omepauuu T. OmHako B
OOBIYHOM JKU3HU CYLIECTBYET OTPOMHOE pa3IMuue MEX1y JBUKEHUEM BIIEpE] U Ha3al BO BPEMEHH.
[IpencraBbre cebe, uTO cO CTOJNA MaJaeT M pa30MBaeTCA Ha KYyCKH yalika ¢ Bojoi. Ecnu cHATE 31O
[aJiecHue Ha IUIEHKY, TO MHpH MpOCcMOTpe (uiabMma cpazy CTaHET SICHO, BIEpe] WIM Ha3al
IIPOKpYy4YMBAETCs MIIeHKa. Eciiv 0Ha IpOKpyunBaeTcs Hazall, TO Mbl YBUAMM, KakK JIEKaIUEe Ha MOy



OCKOJIKH BJIPYT COOMPAIOTCS BMECTE M, CJIOXHUBIINCH B IIEJIYIO YaIlIKy, BIOPHITUBAIOT Ha CTOJI. Bl
MOXKETE€ YTBEPkAATh, UYTO (PUIBM MPOKPYUUBAETCS HA3a/, TOTOMY UYTO B OOBIYHON KU3HU TAKOTO HE
ObiBacT. MHaue MpUIuUIock ObI 3aKPHITH (PAsTHCOBBIEC 3aBOJIBI.

YroObl 00BACHUTH, TOUEMY pa3OUThIC YAIIKKM HUKOTZIA HE BO3BPAIIAIOTCS LEIBIMU 0OpaTHO
Ha CTOJI, OOBIYHO CCHUIAIOTCS HA TO, YTO 3TO MPOTUBOPEUMIIO OBl BTOPOMY 3aKOHY TEPMOIUHAMHUKH.
OH rnacuT, 4yTo B JMO0O0M 3aMKHYTON cUCTeMe OecropsIoK, WK YHTPOIHSI, BCETAa BO3PACTAET CO
BpeMeHeM. [IpyruMu cloBaMH, 3TO TOXO0XE Ha 3aKoH Mepdu: Bce B HAIlIeM MUPE MPOUCXOUT HE
Tak, Kak Hazxo. Llenas gaimika Ha cTOJIe — 3TO COCTOSIHUE BBICOKOTO TMOPSIZIKA, a pa30ouTasi, JexKaras
Ha T0JTy, HAaXOJUTCSl B COCTOSIHMU Oecropsiaka. HeTpyiHO poWTH My Th OT LIETI0OM Yallku Ha CTOJIC B
MIPOLIIOM /10 pa30UTOM Ha MOy, HO OOPATHBIN X0 COOBITUI HEBO3MOKEH.

VYBenuuenue 6ecnopsiika, Wik SHTPOIHUH, C TEUEHUEM BPEMEHH — 3TO OJHO W3 ONpeleeHUu
TaK Ha3bIBA€MOW CTpENbl BPEMEHH, T. €. BO3MOXKHOCTH OTJIWYHTH MPOLUIOE OT Oyaymiero,
ONPEIEINTh HAINPABICHUE BpeMEHU. MOXKHO TOBOPUTH MO KpaWHEH Mepe O TpeX Ppas3IMYHBIX
cTpelax BpeMeHH. Bo-mepBhIX, cTpena TepMOJMHAMHUUYECKas, YyKa3blBaroUlasi HalpaBIICHHUE
BpEMEHHM, B KOTOPOM BO3pacTaeT OCCHOpsIoK, WM DJHTpomnus. Bo-BTOpbhIX, cTpena
MICUXOJIOTMYECKasi. DTO HaIpaBJi€HUE, B KOTOPOM MbI OIIYLIA€M XOJI BPEMEHHU, HANpaBIECHUE, TPU
KOTOPOM MBI MIOMHHMM TpoLUIoe, HO He Oyaymiee. M B-TpeThux, CTpesia KoCMoJorhudeckas. ITo
HalpaBJIeHUE BPEMEHHU, B KOTOpoM Bcenennas paciupsiercs, a He COKMMaeTcsl.

B nanHOM rnaBe g IOKaxy, 4TO, UCXOJS U3 YCIIOBHSI OTCYTCTBHUS rpaHul] y BceneHHoOM U U3
c1aboro aHTPOMHOIO TPUHIUIA, MOXKHO OOBSCHUTH, MOYEMYy BCE TPH CTpPeIbl BPEMEHU
HarpaBJieHbl OJIMHAKOBO U, 0oJjiee TOro, rmo4yemMy BOOOIIE TOJDKHA CYIIECTBOBATH OINpEICICHHAS
CTpelia BpeMeHH. S TOKaxy, 4TO MCUXOJIOTHYECKasl CTpesia ONpeAeseTcsl TEpMOJIUHAMUYECKON U
00e 3TH CTpesbl BCeria HampaBJIeHbl OAMHAKOBO. [Ipeamnomnoxus, uro 11t BeenenHo# cripaBeyinBo
YCJIOBHE OTCYTCTBMSI TPaHHUI, Mbl YBHJIUM, YTO JOJIKHBI CYIIECTBOBATh XOPOILO OIpPEIEIICHHbIE
TEPMOJMHAMHYECKAS U KOCMOJIOTHIECKAs CTPEJIbl BPEMEHH, XOTsI OHH HE 00s3aHBI OBITh OJJMHAKOBO
HalpaBJICHHBIMU Ha MPOTSLDKEHUM Bcell nctopuu Bceenennoil. Ho, kak s mokaxy, JHIIb B TOM
ClIyyae, KOrJla HampaBJICHUs 3TUX CTpPeNl COBMAJAIOT, MOTYT BO3HHMKHYThH YCIOBHUS ISl Pa3BUTHUS
pa3yMHBIX CYILIECTB, CIIOCOOHBIX 3a/1aTh TaKOM BOIPOC: MOYeMy OeCIOpsI0K YBEIMUYMUBAETCS B TOM
YK€ HAIpaBJICHUS IO BPEMEHH, B KOTOPOM paciuupsiercs: Beenennas?

ChHayana paccMOTpPUM  TEPMOJAMHAMHYECKYIO  CTpelly BpeMeHu. Brtopoll  3akoH
TEPMOJMHAMHKHU BBITEKA€T M3 TOTO, YTO COCTOSIHMI O€cropsika BCerjaa ropas3io OoJblie, 4eMm
cocTosiHUI mopska. Bo3bMeM, Hanpumep, KapTUHKY Ha JIETCKUX KyOukax. MiMeercs TOJIBKO OAHO
B3aMMHOE PACIONIOKEHUE KyOUKOB, IPH KOTOPOM COCTaBIISIETCS HY)KHAsi KapTUHKA. B To ke BpeMs
€CTh OYEHb MHOTO Pa3HbIX OECHOPSJIOYHBIX PACIOJOXKEHHH, KOT/a KapTHHKAa HE COCTaBIISETCS
BOOOIIIE.

[Ipeanonoxum, 4To Kakas-To CUCTEMa BHAYAJIE HAXOAUTCS B OJJHOM M3 HEMHOTHUX COCTOSIHUI
nopsinka. C TEYeHHEM BpPEMEHU COCTOSHHE CHCTEMBbI OyJeT M3MEHSTHCS B IOJHOM COTJIACHUU C
3aKOHaMU HayKu. Yepe3 HEKOTOpoe BpeMsl CHCTEMa M3 COCTOSHHSA NOpsAJIKa, CKOpEE BCEro,
MepeIeT B COCTOsIHIE OecropsiKa, MOCKOIbKY COCTOSTHUN Oecmopsiika Oosnbiie. CrienoBaTenbHO,
€CJIM cUCTeMa BHayaJle HaxOUJIach B COCTOSTHUM BBICOKOTO MOPSAIKA, TO CO BpeMeHeM OyJeT pacTu
oecriopsinok. Tak, ecnu mamm KyOWKHU CIIOKEHBI B KAPTUHKY, TO TPH MEPEMEIINBAHUNA W3MEHUTCS
UX pacIoJiOKEHUE M CTAaHET, CKOpee BCEero, OecnopsA0YHbIM, IOTOMY YTO COCTOSHUI Oecropsaka
OISTh TOpa3lo OoIbIlle, YeM COCTOSHUN Tmopsaka. KapThHka, KOHEYHO, MpU OSTOM Oyjaer
paspyuena. Hekoropeie kyOuku emie OyayT yJep>KUBaThCsS BMecCTe, 00pa3ys KyCKH KapTUHKH, HO
geM OoJIbIlie MBI OyJIEM HX TIepeMEIINBaTh, TEM C OOJbIIEH BEPOSATHOCTHIO 3T KYCKU PACCHITLTIOTCS
U Bce enle 0oJbllie nepemyraeTcs. B KoHIle KOHIIOB HUKAKOH KapTHHKHU y HacC HE OCTaHeTcs. TakuM
oOpa3om, Oecriopsaok OyIeT pacTé CO BpEMEHEM, eClIM B Haydaie OBbLIO COCTOSHHUE BBICOKOTO
MOPSAKA.

[Ipennonoxum, ogHako, 4yTo bor moBenen, 4ToObl pa3BuTHe BceneHHOW HE3aBHCHMO OT
HayaJbHOIO COCTOSIHHSI 3aKaHYMBAJIOCh B COCTOSHHM BBICOKOro mopsiaka. Ha paHHuMX cragusix
Bcenennas, BeposTHee BCETo, HAXOAMJIACh ObI B COCTOSHUM Oecrmopsiika. JTO 03HA4Yaso Obl, 4TO
OecropsIOK YMEHBIIIAeTCS CO BpeMeHeM. Toraa Bbl BUaeIU Obl, KaKk pa3OUTHIE YAkl COOUPAIOTCS



13 OCKOJIKOB M BIPBITMBalOT Ha cToil. Ho mroau, kotopble Buaenu Obl TaKue MpPbIraroliue YalllKHy,
JIOJDKHBI OBITh JKUTENISIMU BCEJIEHHOM, B KOTOPOM OecropsoK yMeHbIIaeTcs cOo BpeMeHeM. Sl
YTBEPKAAI0, YTO NICUXOJIOTMUYECKas CTpesia BPEMEHHU 3THX JII0JIel JObKHA ObITh HalpaBjieHa Ha3as,
T. €. OHU JOJDKHbl TIOMHHUTb COOBITHS B OynaymieMmM, HO HE JOJDKHbI IIOMHHUTb COOBITHS,
MIPOMCXOJUBIINE B MPOLUIOM. YBUJEB pa30UTYIO YallIKy, OHU BCIIOMHHUJIM Obl, KAK OHa CTOUT Ha
CTOJIE, HO KOT/Ia OHa OKa3bIBAaeTCsl HA CTOJIE, OHU HEe TIOMHIIIU Obl, 4TO OHa ObljIa Ha MOy .

PaccyxmaTe 0 YenoBedeckoil mamMsTH — BeChbMa HENpPOCTOE 3aHsATHE, MO0 MBI HE 3HAEM BO
BCEX JeTajsX, Kak paboTaeT Hall MO3r. 3aTO Mbl 3HaeM BCE O TOM, Kak JEHCTBYeT HaMsATh
koMmIbtoTepa. [Toaromy s1 Oyly rOBOPUTH O IICMXOJIOTMYECKOM CTpesie BpEMEHU ISl KOMIIBIOTEPOB.
MHe KaKeTcsi BIIOJIHE JIOTUYHBIM IIPEAINOJIOKHTh, YTO M Yy KOMIIBIOTEPOB, M Yy JIOACH
NICUXOJIOTMYECcKasl CTpena ofHa U Ta e. Eciu Obl 3TO OBIIO HE TaK, TO, UMEsI KOMIIBIOTEDP, KOTOPHIH
MIOMHUJT OBl 3aBTPALIHUN KypC aKIMi, MOXKHO ObLIO OBl MPEKPACHO UTpaTh HA OUpIKe.

[MamsaTe KOMIBIOTEPA — 3TO, TPyOO TOBOPS, YCTPOWCTBO, COIEPIKAIIEE AIIEMEHTHI, KOTOpPbIC
MOTYT HaXOJIUThCS B OJHOM M3 JBYX cocTosHuM. IIpocToil mpumep Takoro ycrtpoiictBa — abak,
IpeBHUE cyeThl. B mpocteiiiieM BuJe 3TO HAOOp TOPU3OHTAIBHBIX MPOBOJIOYEK, Ha KAXKIYIO U3
KOTOpbIX HacakeHa OycuHka. Kaxnas OycHHKa HaXoIUTCsS B OJHOM M3 JIBYX moioxeHui. [lo tex
Mop MOKa B MaMiITh KOMIIBIOTEpa HHUYEr0 HE BBEACHO, OHAa HAXOOUTCA B OECHOPSIOYHOM
COCTOSIHUHM, B KOTOPOM 00a BO3MOXKHBIX PacIOJIOKEHHUsI OyCHHOK PaBHOBEPOSITHHI (OyCHHKH Ha
MIPOBOJIOYKAX pacIpeesieHbl CirydaifHeiM 00pa3om). Tlocie Toro xak nmamsTh MpOB3aUMOICHCTBYET
C CHUCTEMOM, COCTOSIHME KOTOPOM HaJ0 3allOMHUTH, €€ COCTOSHHUE CTAHET BIIOJHE ONpPEACICHHBIM,
3aBHCSAIIMM OT cocTosiHUs cucteMbl. (Kaxxnas OycuHka Ha cuerax OyneT nuOO B MpaBoM, JIMOO B
JeBOM KOHIle CBoed MpoBosioukH). MTak, mamsaTh KOMIIbIOTEpa Mepenula M3 Oecropsaka B
ynopsiaodeHHoe cocrosinue. Ho aist Toro, 4To0b! OBITH YBEPEHHBIM B TOM, YTO NaMSITh HAXOAUTCS B
MIPaBUIBHOM COCTOSHMM, HAaJ0 3aTpPaTUThb HEKOTOPOEe KOJIMYECTBO SHEPruM (Hampumep, s
nepeOpacbiBaHuss OyCMHOK WJIM MHUTAHUSA KOMIbIOTEpA). DTa 3HEprus MHepeiaer B TEIUVI0 U TeM
caMbIM YBEJIHMUYHUT CTeleHb Oecropsaka Bo BceneHHoil. MOXHO MOKazaTh, 4TO 3TO YBEIMYCHHE
Oecriopsinka Oyner Bcerga OoJjblie, YeM YBEIHMYEHHE YMOPAJOYCHHOCTH CaMOMl MaMSTH.
Heo6xoauMocTh OXJIaXJeHUs KOMIIBIOTEPa BEHTUIITOPOM TOBOPHUT O TOM, YTO, KOT1a KOMIIBIOTED
3aMMCBIBAET YTO-TO B MaMSATh, OO Oecriopsok Bo BeeneHHOI Bce-Taku yBeIUYHBAETCS.

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

CrnenoBarenbHO, Hallle CyObEKTUBHOE OLYIIIEHUE HApPaBICHUS BPEMEHH — IICUXO0JIOTHYECKast
CTpeja BPEMEHM — 3a/JaeTcsi B HAlleM MO3ry TepMOJIMHAMHUYecKol crpenoil Bpemenu. Kak u
KOMIIBIOTEP, MBIl JOJDKHBI 3allOMHHATH COOBITHSL B TOM JK€ IOPAAKE, B KOTOPOM BO3PaCTaeT
SHTponus. BTOpolf 3aKOH TEpPMOAMHAMUKHM CTAHOBUTCS IPH O3TOM IIOYTH TPHUBHAIBHBIM.
becniopsaiok pacTeT co BpeMeHEM, IIOTOMY YTO MBI M3MEPSEM BPEMs B HAIIPABJICHUU, B KOTOPOM
pacrtet Oecniopsiiok. TpyAHO CIOPUTH C TAKOW JIOTUKOH!

Bce ke, mouemy TepMoaMHAMHYECKasi CTpeJia BpEMEHH JI0JDKHA BOOOIIIe cymiecTBoBaTh? Wi,
JpYTMMH CJIOBaMHM, MOYEMY Ha OJHOM M3 KOHIIOB BPEMEHH, Ha TOM €ro KOHIIE, KOTOPBIH MBI
Ha3blBa€M IpOLLIBIM, DBcelleHHas  OJDKHA  HAaxXOOUTBCS B COCTOSSHUM € BBICOKOM
ynopsaaoyeHHocTbi0? [louemy Obl eff He OBITh B COCTOSIHMM IOJHOTO Oecropsaka? Beap 310
BBIIJISIZIENI0 OBl OoJiee BeposTHBIM. Kpome Toro, mouemy OecrniopsioK pacTeT BO BPEMEHH B TOM K€
HaIpaBJIEHUH, B KOTOPOM pacuupsercs Beenennas?

Knaccudeckas o0miasi Teopusi OTHOCUTEIIBHOCTH HE IMO3BOJSET BBIYMCIMTH, KaK BO3HHUKIIA
Bcenennasi, mOTOMy 4YTO B CHHTYJISIDHOW TOYKE OOJBIIOrO B3pbIBa BCE M3BECTHBIE HAaM 3aKOHBI
IIPUPOABI JOJDKHBI HApyIIaThCs. BeeneHHas Moryia BOSHUKHYTh B KAKOM-TO OJHOPOJHOM, CHIIBHO
YIOPSIOYCHHOM COCTOSIHUM. DTO TPHUBENO OBl K YETKO OINpPENIEICHHBIM CTpeliaM BpPEMEHH —
TEPMOJMHAMHYECKON W KOCMOJIOTMUECKOM, Kak A3To Habmomaercs ceiyac. OgHAKO HadaabHOE
coctosinue BceneHHoil BosHe MOTJIO ObI OBITH U OYEHb HEOJHOPOAHBIM, U HEYNOPAJOYCHHBIM. B
3TOM citydae BceneHHas yxe Haxoauiach Obl B COCTOSTHUM TOJIHOTO Oecropsiika U Oecropsiiok He
Mor OBl YBEIMYHMBATHCA cO BpeMeHeM. OH Mor Obl OCTaBaThCS HEM3MEHHBIM, TOTJa HE OBbUIO OB
OIPENICNIEHHON TEPMOAMHAMHUYECKOM CTpenbl BpeMEHH, JuM00 MOr Obl yMEHbIIAThCA, M TOrza



TEPMOJIMHAMHYECKAs CTpesia BpeMeHH Oblla Obl HaIllpaBlieHa HABCTPEUy KOCMOJIOTUYECKOH CTpere.
Hu ogHa W3 3THX BO3MOXKHOCTEW HE COTjacyercsi ¢ TeM, 4To Mbl HaOmogaeM. Kak Mbl, ogHaKo,
BUJIENH, KJIaccudeckasi olIiasi TeOpHsl OTHOCUTEIBHOCTHU Ipe/CcKa3bIBaeT cBoe HapyuieHue. Korma
KpUBHU3HA MPOCTPAHCTBA-BPEMEHU CTAHOBUTCS OOJIBIION, CTAHOBATCS CYIIECTBEHHBIMU KBAaHTOBBIC
rpaBUTaMOHHBIC d()(EKTHI, U KIacCHYecKas TEOPHs TMEePECTaeT CIYKUTh HAJC)KHBIM OCHOBaHHEM
s onucanusi Beenennoil. UToOb! MOHSTH, Kak BO3HUKIA BceneHHas, HeoOX0IuMO 0OpaTUThCS K
KBaHTOBON Teopuu TrpaBuTanuu. Ho, 4ToOBI OmIpeneiauTb B KBAHTOBOH TEOpUU TIpaBUTALMU
cocrosiHue BceneHnHoil, HeoOXoauMo, Kak Mbl BUAECIM B MPEIbIIYIIMX TIJaBaX, 3HATh, Kak
BO3MOXXHbIE HCTOpHM BceneHHON Benu cebsi Ha rpaHMIle MPOCTPAHCTBA-BPEMEHH B IPOIJIOM.
HeobOxomumMocTh 3HaTh TO, UTO MBI HE 3HA€M M 3HATh HE MOXKEM, OTHAJAeT JIUIIb B TOM Ciyd4ae,
€CJIM TIPOLUIbIE UCTOPUHM YJIOBJIETBOPSIIOT YCIOBUIO OTCYTCTBHUSI T'PaHHUIl: OHM MUMEIT KOHEUHYIO
MPOTSHKEHHOCTh, HO Y HUX HET HU TPaHMIl, HU KpaeB, HU ocobeHHocTei. Torma Havano orcuera
BpPEMEHHU JIOJIKHO OBbLIO OBITh PETyJISIPHOM, I1aJKOM TOYKOM B MPOCTpaHCTBE-BpeMEHHU U Beenennas
Hayana Obl CBOE pacIIMpEHHE U3 BEChbMa OJHOPOAHOTO U YMOPSAOYEHHOTO cocTosiHusA. OHO He
MOTJIO OBl OBITH COBEPIICHHO OJHOPOJHBIM, TMOTOMY 4YTO OJTHM Hapymaics Obl TPUHIIMII
HEOMpeAeNIEeHHOCTH KBAHTOBOM TEOPUHU. DTO 3HAUUT, YTO JAOJDKHBI CYyIIECTBOBAaTh HEOOIBIIHE
(GIIyKTyanuu TUIOTHOCTH M CKOpocTed uacTui. Ho B Cuily yclnoBHsS OTCYTCTBHSI TPaHHIl 3TH
(bIyKTyauu T0JKHBI OBLTH OBITH MaJlbl, YTOOBI COTIIACOBATHCS C MPUHIIUIIOM HEOMPEIeIEHHOCTH.

Bnauane BceneHnnas Morna Obl SKCIIOHEHIMAIBHO PpacCHIMPATHCSA, WJIM pa3dyBaTbCs, B
pe3ynbTare yero ee pa3Mepbl YBEIUUUIUCH Obl BO MHOTO pa3. DayKTyaluu MmIOTHOCTH, OCTAaBAasICh
cHaydaja HeOOJIbLIMMHU, TIOTOM Havaiu Obl pacTu. Paciiupenne tex 00aacTei, B KOTOPBIX INIOTHOCTh
OblTa 4yTh BBIIIE CpEIHEH, MPOUCXOAMIO Obl MEAJICHHEee W3-3a TPABUTAIIMOHHOTO MPHUTSKEHUS
JUIIHENH Macchl. B KOHIlE KOHIIOB Takue 00JACTH MEPECTaHyT PACIIUPATHCS U KOJIAICHUPYIOT, B
pe3ynbTare 4ero o0paszyroTcs TallakTUKH, 3BE3/Ibl U )KHUBBIE CYIIECTBA BpoJe Hac. TakuM oOpa3om, B
MOMEHT BO3HUKHOBEHHUs BceneHHass Morjia HaxXxoAMTbCS B OJHOPOAHOM U YIHOPSJOYEHHOM
COCTOSIHUM M TIEPEUTH CO BPEMEHEM B COCTOSIHUE HEOJHOPOJHOE M HEyNopsiaoueHHoe. Takoi
MOJIX0/ MOT ObI OOBSICHUTD CYLIIECTBOBAaHUE TEPMOTUHAMUYIECKOM CTPEIbl BPEMEHHU.

Ho urto mpou3zonuio Ob1, korga Beenennas nepectania Obl pacIupsATHCS U CTana CKAMATHCS?
[ToBepHynachk Obl MpH 3TOM TepMOAUHAMUYEcKas cTpena BpemeHu? Hawanm Obl yMeHbLIAThCS CO
BpeMeHeM Oecmnopsanok? Ilepen Temu, KOMy MOCYACTIMBWIIOCH OBl MEPEKHUTH IMepexon u3 (asbl
pacmupenus B Ga3y CxKaThs, OTKPBUTUCH ObI caMmble (DAaHTACTUYECKHE BO3MOKHOCTH. MOXKET OBbITh,
OHM yBUJENIU Obl, KaK OCKOJIKM pa3OUTHIX YallleK cOOMpAIOTCs Ha MOy B LeNble Yallku, KOTOphIe
BO3BpAIAIOTCS 00paTHO Ha CTOA? A MOXeT ObITh, OHM Obl IOMHMJIM 3aBTPAIIHUN KypC aKIM{ U
yaadHo wurpanu Ha Oupke? IlpaBma, OecrOKOWCTBO MO TMOBOAY TOTO, YTO CIYYHUTCS, ©CIH
Bcenennas onaTh HaYHET KOJUIANICUPOBATH, KAYKETCSI HECKOJBKO MPEKIEBPEMEHHBIM — CXKaTHsI HE
Oyner emie 1Mo KpailHell Mepe AecATh ThICSY MIIIMOHOB JeT. OIHaKo y3HaTh 00 3TOM MOXKHO
ropazzno Owictpee. [lyis 3TOro HajO0 MPOCTO NPBITHYTH B uepHyro Ablpy. Kosmamc 3Be3nbl B
COCTOSTHUE YEPHOM JBIPHI aHAJIOTMYEH IMOCIEIHUM CTaausiM Kosutarnca Bced Bcenennoit. Iloatomy
eciu 6ecropsIoK JOJDKEH YMEHbIIAThCA HA CTaauH cxxaTus BeeneHHoi, To oH OyeT yMeHbIIaThCs
Y BHYTpHU YepHOH AbIpbl. Toraa acTpoHaBT, yHaBIIUK B YEPHYIO BIPY, MOT ObI TaM Moa3apaboTarh,
urpas B pyJeTKy. Beap eme He cienaB CTaBKM, OH OBl yXe TOMHMJ, IJIe OCTAHOBUTCS ILAPHK.
(ITpaBna, urpa Obuia Obl OYEHBb HEOJITOW, JTUIIb A0 TE€X MOp, 0K caM acTPOHABT HE MPEBPATHIICS
Ob1 B crarerTd. He ycneB cooOIIMTh HaM O MOBOPOTE TEPMOJAWHAMHUYECKOW CTpENbl U JaXKe HE
TTOJTYYUB BBIUTPHII, OH UCYE3 OBl 32 TOPU3OHTOM COOBITHI YEPHOM JIBIPHI).

Brauane s cumran, 4ro mpu koJutarnice BceeneHHON OecropsIoK TOMDKEH YMEHBIIATHCS,
MIOTOMY 4YTO, CTaB OMSATh MaJIeHbKOU, Becenennas nomkHa Obuia Obl BEPHYTHCS B HCXOIHOE TTIAJKOE
U YHOPSIIOUYEHHOE COCTOSIHME. DTO 03Hayasno Obl, 4To (paza cykaTHsl SIKBUBAJIEHTHA OOpPAICHHOM BO
BpemeHH (aze pacumpenus. Ha craguu cxaTusi ®HU3Hb JOJDKHA T€4Yb B OOpaTHOM HampaBiICHUH,
TaK YTO JIIOJM YMHUPAIHU Obl TO CBOETO POXKICHHUS M MO Mepe CKaTHs BceneHHOoW CTaHOBUIUCH Obl
BCE MOJIOKE U MOJIOXKE.

[IpuBneKaTenbHOCTh TAKOTO BBIBOJIA — B KPACHBOM CUMMETpHUU MeXay (azoil pacimmpeHus u
¢dazoit cxatus. OnHaKO €ro Henb3sl paccMarpuBaThb caM 1O ce0e, HE3aBHUCHUMO OT JPYrHX



npeacTaBieHu 0 BeeneHHoi. Bo3HMKaeT BONPOC: CIeAyeT U 3TOT BBIBOJ U3 YCIOBHS OTCYTCTBHS
TPAaHMI] WM K€, HAIPOTHUB, C 3TUM YycJoBHUEM HecoBMecTUM? Kak yxe roBOpWIOCH, s cUMTal
BHayasle, 4TO YCJIOBHE OTCYTCTBHsI TPaHMIl B CaMOM JI€JI€ O3HAYaeT, YTO OECHOpSAOK OJIKEH
yBEIMYUBAThCS Ha cTaauu cxatusg. OTd4acTd MeHs BBela B 3a0Ny)KIEHHUE aHaJoTusl C
noBepxHocThio 3emiu. [lomoxxum, urto Hauyano BcenenHoil coorBeTcTByeT CEBEpHOMY MOJIOCY.
Torma koner; Beenennoil momkeH ObITH MOX0XK HA Haydajao Tak ke, kKak HOXKHBIN MOMIOC MOX0XK Ha
Cesepubiii. Ho CeBepublit 1 FOxHBINH TOTIOCH COOTBETCTBYIOT Hadaly M KoHIy BceneHHoil B
MHHUMOM BpeMEHU. B peanbHOM ke BpEMEHM Hayalo M KOHELl MOTYT CKOJb YIOJIHO CHUJIbHO
OTIMYAThCA APYT OT Apyra. MeHs emie BBena B 3a0yKaAeHHEe paboTa, B KOTOPOH s paccMaTpuBall
OJIHy MPOCTYIO0 MOJieTh BeenenHnol, rae ¢aza kosanca Obuia moxoxka Ha oOpallleHHy0 BO BpeMEHU
¢dasy pacmmpenus. Ho wmoii komnera, Jlon Ileiimx w3 YHuBepcutera mrara [IeHCHIbBaHUSA,
MOKa3aj, 4YTO YCJIOBHE OTCYTCTBHUS TpaHMI] BOBce He TpeOyeT Toro, uTtoObl (ha3a ckartus ObuLia
oOpareHHOW BO BpeMeHH (a3oil pacmmpeHus. 3aTeM OJMH W3 MOWX AaclHpaHTOB, PelimMoHI
JlepnemMM, yCTaHOBHJI, YTO B HECKOJBKO OoJiee CIOXKHOW MOJenu Koiularnc BcerneHHON CHUIbHO
OTJIMYAETCS OT €€ pacIIMpeHus. S MOHsUI, YTO OMMOCS: U3 YCIOBUS OTCYTCTBUSI I'PaHUL] CIEIYET,
YTO BO BpeMs CKaTusi OECHOpSIOK JOKEH MPOJOJDKATh YBEIMYUBATHCSA. TepMOAMHAMUYECKAS U
MICUXOJIOTMYECKasl CTPENIbl BPEMEHU HE M3MEHSIT CBOErO HAIPaBJIEHUS HA MPOTUBOMOJIOKHOE HU B
YEpHOU AbIpe, HU BO BceenleHHOM, HauaBlIen COKPAIaThCsl BHOBB.

Uro Obl BBl caenand, OOHapyXuWB y ce0s Takyro ommOKy? Hekoropbie HuKOrga He
MPU3HAIOTCS B CBOEW HEMpPaBOTE M MPOAOKAIOT IMOMCKU HOBBIX, YacTO COBEPLIEHHO
HEOOOCHOBAHHBIX, apryMEHTOB B MOJb3y CBOMX uae. Tak mocTynuna OAJUMHITOH, BBICTYIHB
MIPOTUBHUKOM TEOPUHU YEPHBIX AbIp. [[pyrue 3adBisitoT, YTO OHU HUKOT/Ia U HE MOAJIEPKUBAIHN 3Ty
HETNPAaBWIBHYIO TOYKY 3pEHHUS, a €CIM W TOMJIEPKUBAIM, TO JHIOb JUISI TOTO, YTOOBI
MIPOJIEMOHCTPUPOBATH €€ HECOCTOSTENIBHOCTh. MHE Ka)eTcsl, 4TO TOpa3o MpaBUIIbHEE BBICTYHUTh
B II€YaTu ¢ NpU3HAHMEM CBOEH HempaBoThl. [IpexkpacHblil mpuMep Tomy — DiiHIITENHH. O BBEICHUH
KOCMOJIOTUYECKON TOCTOSIHHOM, KOTOpas TMOHAJA0OWIach €My IMpH TMOCTPOSCHUH CTaTUYECKOM
Moienu BceneHHo, OH TOBOPHIT Kak O CBOEH caMoil Cepbe3HOM OIUOKE.

BepHemcst k cTpene BpeMeHHM. Y HAac OCTaJICS OJIMH BONPOC: MOYEMY, KaK IOKa3bIBAIOT
HaOJIO/IEHUs, TEPMOJUHAMHUYECKAass M KOCMOJIOTUYECKasi CTPENbI HaIMpaBlIeHbl OonWHAKoBO? Wiwm,
JPYTUMH CJIIOBaMH, 1o4yeMy OecropsiJOK BO3pacTaeT BO BPEMEHU B TOM € HaIlPaBJICHHWHU, B KAKOM
pacuupsiercsi Beenennas? Ecnu cuurats, yto BeeneHHast mocne paciiipeHusi HAYHET CKUMAaThCH,
KakK, MO-BUJIUMOMY, CIEAYET U3 YCIOBHS OTCYTCTBHUS I'PAaHMUII, TO HAIll BONPOC 3BYUYHUT TAK: IOUYEMY
MBI JTOJDKHBI HAXOAUThCS B (pa3e pacmmpenus, a He B (aze cxaTus?

OTBeT Ha ASTOT BONPOC JaeT CJIa0bI AHTPOIHBIA MPUHIMIT: YCJIOBHUS B (aze CHKaTHs
HEMPHUTOJHBI JUIsl CYIIECTBOBAaHMS TAaKHX Pa3yMHBIX CYIIECTB, KOTOPhIE MOTJIH OBl CIPOCHTH,
noueMy OecnopsiloK pacTeT B TOM JK€ HalpaBJIEHUH BO BPEMEHH, B KOTOPOM paclIupsieTcs
Bcenennas. YcnoBue OTCYTCTBUSL TpaHULl MPEICKAa3bIBaeT pas3lyBaHue BcelleHHONW Ha paHHUX
CTaIuAX PAa3BUTHS. OTO O3HAYAET, 4YTO pacliupeHue BceneHHOW MOMKHO MPOUCXOAUTH CO
CKOpPOCTBIO, OU€Hb ONU3KON K KPUTHUECKOW, MPH KOTOPOH KOJUIAINC HCKIIOYACTCA, a IMOTOMY
KoJutarica He Oyner oyeHb noiro. Ho Torma Bce 3Be3[bl YCHEIOT CropeTh, a oOpas3yrollue ux
MPOTOHBl W HEUTPOHBI pacmaayTcs Ha Oojiee JeTKWe YacTUIbl. BceleHHas ocrtamack Obl B
COCTOSIHUM TIPAKTHMYECKH TIIOJHOTO Oecropsiika, B KOTOPOM He ObUl0o OBl  CHJIBHOU
TEPMOJMHAMHYECKON CTpesibl BpeMeHH. becnopsgok He MOr CHUJIBHO YBEIMYMBATHCSA, BEOb
Bcenennas u Tak Haxoauiach Obl B COCTOSIHUM TOYTH TojgHOro Oecropsanka. Ho s
CYIIECTBOBAHMS pa3yMHOW KH3HU HEOOXOJMMAa CHJIbHAS TEpPMOIMHAMHUYECKas cTpena. UToOsl
BBDKHTD, JIIOAM JIOJDKHBI MOTPEONSITh MUIMY, KOTOpas BBICTYNMAET KaK HOCUTENb YIOPSI0UYEHHOM
(dbopMBl SHEprHM, W TIpeBpallaTh €€ B TEIUIO, T. €. B HEYNOPSA0YEHHYIO (OpMY SHEpPIHH.
CrnenoBaTenbHO, HAa CTAUU CKATHS HUKAKOW pa3yMHOM KU3HHU OBITH HE MOTJIO. DTUM OOBSICHSIETCH,
noyeMy [Jjisi HAac TEpMOAMHAMHUYECKAass M KOCMOJIOTUYECKasl CTpPEIbl BPEMEHHM HAINpPaBIICHBI
onnHaKoBO. HeBepHO cumTaTh, OyATO OECHOpsIOK pacTeT u3-3a pacmmpeHus Bceemennoit. Becemy
NPUYMHON yCIIOBHE OTCYTCTBHA TIpaHull. M3-3a Hero pacrer Oecnopsiok, HO TOJBKO B (haze
pacuIMpeHus CO3AAK0TCS YCIOBHS IS CyIIECTBOBAHUS Pa3yMHOM KU3HU.



[loxBenem wuror. 3akoHBI HAyKW HE JENAIOT Pa3IMuMsl MEXIY HalpaBiICHUEM «BIEpen» U
«Ha3azn» BO BpeMeHU. Ho cymiecTByIOT 110 KpaliHEH Mepe TP CTPEJIbl BpEMEHH, KOTOPHIE OTIMYAOT
Oynayiuee OT MPOLUIOro. JTO TepMOJAMHAMUYECKas CTpena, T. €. TO HalpaBICHUE BPEMEHH, B
KOTOpPOM BO3pacTaeT OecrnopsIoK; ICHXOJOrMyeckass cTpella — TO HalpaBlieHHE BpPEMEHH, B
KOTOPOM MbI IOMHHM IIPOLUIOE, a HE OyAylee; KOCMOJIOrHUecKasl CTpelia — HallpaBJIeHUE BPEMEHH,
B KOTOpoM BceneHHast He c:kMMaeTrcs, a paciuupsiercs. S mokasasu, 4To ICHUXOJIOTMYEcKas CTpelna
MPAaKTUYECKH HKBUBAJICHTHA TEPMOJMHAMUYECKOH CTpeie, Tak 4ro 00e OHHM JOJDKHBI OBITh
HaIlpaBJIEHbl OAWHAKOBO. I3 yclnoBHs OTCYTCTBUS TIpaHUI] BBITEKAET CYIIECTBOBAHHME YETKO
OTIPENIETICHHON TEPMOJMHAMHUYECKONW CTpeNbl BPEMEHHU, MOTOMYy 4TO BceenenHas mopkHa Obuia
BO3HUKHYTh B TJAJAKOM U  YHOPSAOYEHHOM  COCTOSHHMHA. A  TIpUYMHA  COBIAJCHUSA
TEPMOJMHAMMUYECKON U KOCMOJIOTUYECKOM CTpesl KpPOeTCsl B TOM, UYTO pa3yMHbIE CYIIECTBA MOTYT
KHUTh TOJBKO B (haze pacmmpenus. dasza cxartus AAS HUX HE MOJIXOAWUT, NMOTOMY YTO B HEH
OTCYTCTBYET CHJIbHAsl TEPMOJMHAMHYECKas CTPeia BPEMEHH.

[Tporpecc uenoBeka Ha MyTH NMO3HaHUSA BcelleHHOW NpHBEN K BOZHUKHOBEHHUIO MAJIEHBKOTO
yToJIKa nopsiJka B pactyiieM Oecriopsake Beenennoil. Eciu Bbl 3alIOMHUTE Ka)KJ0€ CIIOBO U3 3TOM
KHIKKH, TO Balla MaMATh MOJyYUT OKOJO JBYX MUJUIMOHOB €IMHUI MHPOPMALUU, U MOPSIOK B
Ballleil TOJI0BE BO3pACTET MPUMEPHO Ha JBa MUJUIMOHA eAUHUL. HO moka BbI YMTaIu 3Ty KHUTY, IO
KpaliHell Mepe ThICsiua KaJIOpUi yHOpsSAOYEHHON YHEPrUH, KOTOPYIO BbI MOJYYMIU B BHJIE IUIIH,
MIPEBPATUINCH B HEYNIOPSIOUEHHYIO SHEPTUI0, KOTOPYIO BbI MEpEail B OKPY KAIOIUKA Bac BO31yX
B BHJIE TEIlJa 3a CUET KOHBEKIUHM U INOTOBbIACIEHUA. becniopsinok Bo BceneHHoN Bo3pacTeT npu
3TOM NPHUMEPHO Ha JABaJLATh MWIIMOHOB MHIJIMOHOB MHWIIMOHOB MHWIJIHMOHOB €IMHHUI, YTO B
JECSITh MWIJIMOHOB MUJUIMOHOB MWIJIMOHOB Pa3 IPEBBINIACT YKAa3aHHOE yBEIMUYEHHUE IOpSAAKA B
BallIEeM MO3TY, — M 3TO IIPOU30MAET JIUIIb B TOM CIIy4ae, €CJIU Bbl 3aIOMHHUTE BCE U3 MOEH KHMKKH.
B cnenyroieil riaBe st MoNbITalOCh HABECTH y HAC B FOJI0BaX elle 00BN MopsAoK. S pacckaxy o
TOM, KakK JIIOAM TBITAIOTCS OOBEIMHUTH APYT C APYrOM T€ OTAEJbHbIE TEOPUU, O KOTOPBIX
pacckasall, cTapasch CO3[aTh IOJHYI €AMHYIO TEOpUIO, KOTOpas OXBaTbiBaja Obl BCE, 4TO
MIPOUCXOAUT BO BeeneHHOM.

10. O6beanHeHue pn3unkn

Kak yxe roBopwiocs B ri1. 1, coBceM HE MPOCTO Cpa3zy CTPOUTH MOJHYI €IUHYIO TEOPUIO
BCEro, 4To mpoucxoauT Bo Bcenennoi. IloaTomy mMbl mpoasuraemcsi BOepena, Co3/1aBas YaCTHBIC
TEOpUH, OIMUCHIBAIONINE KaKyl-TO OrPaHUYEHHYIO O0JacTh COOBITHH, M KOO mpeHedOperaem
ocTabHBIMU 3 dekTamu, JTNO0 MPHOTIKEHHO 3aMeHsieM UX HeKOTopbiMH unciaamu. (Hampumep, B
XUMHUHU MOKHO pacCUUTHIBaTh B3aUMOJEHCTBUS aTOMOB, HE 3Hasl BHYTPEHHEIO CTPOEHHUs aTOMHOTO
snpa). Ho MOXHO HamesTbcs Ha TO, UYTO B KOHIIE KOHIOB OyJeT HaijieHa TMoJHasl,
HEMPOTUBOpPEUNBAs €IuHAs TEOpHUs, B KOTOPYIO BCE YAaCTHBIE TEOPHH OYIyT BXOIUTHh B KaueCTBE
MPUOIIKEHU M KOTOPYIO HE HYXKHO OyJeT MOATOHATH MOJ SKCIEPUMEHT MOA00pOM 3HAYCHHI
BXOJSIINX B HEE MPOU3BOJIBHBIX BenMUYWH. PaboTa mo co3JaHHIO TakoW TEOpPUHM Ha3bIBaeTCs
o0benuuenneM ¢usuku. Ilocnennue roapl CBOEH KM3HU DUHIITEHH IMOYTH HETUKOM MOCBSITHII
MOMCKAM €IMHOM TEOpUH, HO BpeMs JUJI 3TOr0 TOIZa €Ule HE MPUIIO: CYHIECTBOBAIM YaCTHBIE
TEOPHUH TPABUTAIIUU U AJIEKTPOMATHUTHBIX B3aUMOJCHCTBUM, HO O SIACPHBIX CHUJIaX OBLIO MaJIO YTO
n3BecTHO. K Tomy ke OWHIITEHH OTKa3bIBajlCs BEPUTh B PEAIbHOCTh KBAHTOBOM MEXaHHUKH,
HECMOTpS Ha Ty OTPOMHYIO pPOJIb, KOTOPYIO OH caM Chirpajd B €€ pa3BuTuu. Ho mnpuHImn
HEOTpEEeNIEHHOCTH SBIISETCS, MO-BUAMMOMY, (YHIAMEHTAJIbHBIM CBOMCTBOM BceneHHoil, B
KOTOpPO# MBI kuBeM. [109TOMYy OH 00S3aTENBHO MOJIKEH OBITh COCTABHOW YaCThIO MPaBUILHON
€IMHOW TEOPUH.

Jlanbiie s mOKaxKy, 9TO HaJIeXIbl Ha TIOCTPOCHUE TaKOW TEOPHUU CHUIHLHO BO3POCIH, KOO MBI
ceifyac 3HaUMUTENTHLHO OoJibiie y3HaIM O BcenenHoit. Ho He HYXHO OBITh uepecuyp yBEPEHHBIM —
MBI YK€ HE pa3 CTAIKUBAIUCh ¢ Mupaxamu! Hanpumep, B Havalie BeKa CUMTAIOCh, YTO BCE MOKHO
OOBSICHUTH C MOMOIIBIO0 CBOMCTB, XapaKTePU3yIOIINX HEMPEPhIBHOE BEIIECTBO, CKAXKEM, TAKUX, KaK
YOPYrocTh M TEIIONPOBOJHOCTh. OTKPBITHE CTPOEHUS aroMa W MPUHIUIA HEONPEIeIECHHOCTH



HaBCer/Ia TIOKOHYIIIO C MOAOOHBIM moaxoaoM. 3ateMm B 1928 r. ¢umsmk, nmaypear HoOeneBckoii
npemun Makc bopH, BeicTynas nepes roctssMu [ € TTHHTe€HCKOT0 YHUBEpCHUTETa, cKaszal: «Dusmuka B
TOM CMBICJIE, B KOTOPOM MBI €€ IIOHMMAaeM, 4epe3 M0JIro1a KOHIUTCs». B cBoelt yBepeHHOoCTH bOopH
OCHOBBIBAJICS Ha HENABHO OTKPHITOM JlMpakoM ypaBHEHHMM ISl 3JIeKTpoHa. Bce mymanu, 4To
AQHAJIOTUYHOE YpPAaBHEHHE JOJKHO CYIIECTBOBATH W JUIsl MPOTOHA — BTOPOM U3 JBYX M3BECTHBIX
TOTJ]a YaCTHI], — M TOTJla TeopeTHueckas pusmka koHunTcsa. Ho OTKpbITHE HEUTPOHA U SAEPHBIX CHIT
pasBesyio U 9TU Npencka3zanus. M Bce ke s yBepeH, uTo ceidyac eCTh OCHOBAHUS JIJIi OCTOPOYKHOTO
ONTUMHU3MA: MBI, MTOXKaIyH, OJM3KU K 3aBEPIICHHUIO TOMCKOB OKOHYATEIbHBIX 3aKOHOB TIPUPOIBI.

B npenpinymux rnmaBax s ropopuws 00 oOmed TEOpHUM OTHOCHTEIBHOCTH, KOTOpas
MIpPeICTaBIseT COOON YaCTHYIO TEOPHUIO TPABUTAIIUH, U O YACTHBIX TEOPHSIX, OMUCHIBAIONINX CIa0bIe,
CHWJIBHBIE W DJIEKTPOMAarHUTHBIC B3auMmojaeucTBusi. Ilocmennue Tpu TEOpuHM MOTYT OBITH
0o0BEMHEHbl B TaK HAa3bIBAEMbIE TEOPUU BEITUKOTO OOBEAMHEHHUS, KOTOpPbIE HENb3sl CUYHUTATh
JIOCTaTOYHO YIOBJICTBOPUTEIBHBIMH, IMOTOMY YTO OHU HE BKJIIOYAIOT T'PABUTAIMIO U COJAEpXKAT
BEJIMUMHBI, HANpUMEp OTHOCUTENbHbIE MAaCChl PAa3HBIX YaCTHIl, KOTOpPbIE HE BBIYUCISIOTCS
TEOPETUUECKH M JIODKHBI MOAOUPATHCS W3 YCIOBUS HAWIYYIIETO COTJacHsi ¢ AKCIIEPUMEHTOM.
OcHOBHasl TPYAHOCTH MOCTPOCHUSI TEOPHH, KOTOpasi 00beAuHsIa Obl TPABUTAIIUIO C OCTaIbHBIMU
CWJIaMH, CBSI3aHA C TEM, YTO O0IIasi TEOPHUS OTHOCUTEILHOCTH TIPEJCTABISICT COOOM KIACCHUECKYIO
TEOpHIO, T. €. HE BKJIIOYAET B ce0sl KBAHTOBO-MEXaHMUECKHUI MPUHIIUI HeompeaeieHHOCTU. [Ipyrue
)K€ YaCTHBIE TEOPHHM CYIICCTBEHHO CBS3aHbI C KBAaHTOBOM MexaHUKOW. [losTomy mpexae Bcero
OOIIYI0 TEOPHIO OTHOCHUTEIBHOCTH HEOOXOAUMO OOBEAMHUTH C MPHUHIIUIIOM HEOMNPEIeIEHHOCTH.
Me1 3HaeM, 9TO pe3yJIbTaTOM TaKoro OObEIWHEHUS CTAHET P yAUBUTEIBHBIX CICICTBUN: YEPHBIC
JBIPBI TIEpecTaHyT ObITh YEPHBIMHU, a U3 BCENeHHON HCUe3HyT CHHTYISPHOCTH, M OHA CTAaHET
MOJTHOCTBIO 3aMKHYTOM W He wuMmeromnied rpanuil. Ho, kak yke OOBSICHSUIOCH B TUI. 7, 3/1€Ch
BO3HUKAIOT 3aTPYyAHEHHUS, CBSI3aHHBIE C TE€M, YTO B CHUJy MPUHIUIA HEOINPEACTCHHOCTH Iake
MyCTO€ TMPOCTPAHCTBO 3alOJIHEHO TMapaMH BUPTYaJbHBIX YaCTUI[ W AaHTUYACTHUII. OTH Mapbl
o0nanaoT OECKOHEUHOM HSHepruel, a MOTOMY B COOTBETCTBUHM CO 3HAMEHUTHIM ypaBHEHHUEM
Oninmreiina E = mce™2 ux Macca Toxe nomKHa ObITh OeckoHeuHna. CienoBaTenbHo, 04 IEHCTBUEM
CO3/1aBa€MOT0 MMHU  TPaBUTAIIMIOHHOTO TpPUTSDKeHUA BceeneHHas OMDKHA, HMCKPUBISACSH,
CBOpPAYMBATHCS 10 OECKOHEYHO MAJIBIX Pa3MEPOB.

Takue >xe Henenble 0ECKOHEYHOCTH BO3HHUKAIOT U B APYTUX YaCTHBIX TEOPHSX, HO MX BCEraa
MOXHO YCTPaHUTh C IOMOIIBIO MPOLEIYpPbl, KOTOpas Ha3bIBAECTCS MEPEHOPMHUPOBKOM. Meton
MEPEHOPMHUPOBOK TPEANUCHIBAET BBEICHUE HOBBIX OECKOHEYHOCTEH NJIsi KOMIIEHCAIlUU CTapbIX.
HecMoTpss Ha CBOIO HEMOJHYIO MaTEeMAaTHYECKyl0 OOOCHOBAHHOCTHb, OSTOT METOJl YCIICITHO
MIPUMEHSIETCS, U MOJyUYEHHBIE C €r0 MOMOIIBIO MPeICKa3aHus YaCTHBIX TEOPUH YPE3BBIYAHO TOYHO
COTJIACYIOTCS ¢ pe3yabTaramu HabmoaeHuit. OTHAKO B TUTAHE TIOMCKA 3aBEPIICHHON TEOPUU METOT
MEPEHOPMHUPOBOK 00Ja1aeT OJAHMM CEpPHE3HBIM HEAOCTATKOM: OH HE TO3BOJISET TEOPETHUYECKH
npecka3aTh JeHCTBUTENbHBIC 3HAYCHUS MAacC M CHIT, UX MIPHUXOJUTCS MOAOUPATh MyTeM MOJTOHKH
K OKCIIEPUMEHTY.

[Tpu mompITKaX BKIIOYUTH MPUHIIAIT HEOMIPEIETICHHOCTH B OOIIYI0 TEOPUI0 OTHOCHTEIHFHOCTH
MMEIOTCS TOJBKO J[BA YHUCIA, KOTOPbIE MOXHO IMOATOHSTH: BEIMYMHA TPABUTAL[MOHHON CHIBI U
KOCMOJIOTUYECKasl MOCTOsiHHASA. HO MX M3MEHEHHEeM HEBO3MOXKHO YCTPAaHUTh BCE OECKOHEYHOCTH.
3HAYUT, Mbl MMEEM TEOPHIO, COTJACHO KOTOPOW HEKOTOpbIE BEIWYUHBI, HAalpUMEpP KPUBU3HA
MIPOCTPAHCTBA-BPEMEHH, TOJIKHBI OBITH OECKOHEYHBIMU, HECMOTPS Ha TO YTO 3TU BETUYUHBI MOXXHO
HaON01aTh, U U3 U3MEpPEHUHN BBITEKAeT, YTO OHU KOHEeuHbl! DTa mpobiema, BO3HUKAIOLIAS IMPU
00BeIMHEHNHN O0IIEH TEOPHH OTHOCUTEIHHOCTH C MPUHITUTIOM HEOMPEIeIEHHOCTH, KAKOe-TO BpeMs
cuMTajgach COMHHMTEIbHOW, HO B KOHIIE KOHIIOB €€ PEaJbHOCTh OblLIa, HAKOHEL, MOATBEpXICHA
JeTalbHBIMM pacuetamMu B 1972 1. Yepe3 yeTblpe roja MOSBUIOCH OJHO M3 BO3MOKHBIX €€
penieHui, Ha3BaHHOE Teopuel cyneprpaButanuu. CyTh 3TOH TEOPUU B TOM, YTO TPABUTOH (YacTHIlA
CO CIIUHOM 2, SIBISIONIASICS TIEPEHOCUYMKOM TPABUTAIIMOHHOTO B3aMMOJICHCTBUS) OOBEIUHSICTCS C
HEKOTOPBIMH HOBBIMH YaCTHUIIAMH, UMeIomMU ciivHbl 3/2, 1, 1/2 u 0. Torga Bce 3TH 4acTHIIBI B
KaKOM-TO CMBICJIE MOYKHO pacCMaTpuBaTh KakK pa3Hble BUAbI OJHOW U TOWM kK€ «CYNEpPUACTHUIIBIY,
OCYIIIECTBUB TaKHUM 00pa3oM OOBEIMHEHHE YaCTHI] MAaTepUU, MUMEIOMUX crnuHbl 1/2 u 3/2, c



YaCTUI[AMU — TIEPEHOCUYMKAMHU B3aUMOJICHCTBUSI, CIIMHBI KOTOPBIX paBHbl 0, 1 u 2. BupTyanbHbie
napbl 4acTUIA-aHTUYACTHIIA CO CIMHOM 1/2 u 3/2 06nafaroT mpu 3TOM OTPHUIATETIHLHONW YHEPrHUei,
KOMITCHCUPYIOIIEH TOJIOKHUTEIIBHYIO SHEPTHIO BUPTYaJIbHBIX TIap co ciuHoM 2, 1, 0. B pesynbraTe
MHOTHE OECKOHEUYHOCTU OYyIyT YCTPaHEHBI, HO €CTh MOJ03PEHUs, UTO KaKas-TO UX 4acTh MOXKET BCE
e octarbcsi. OHAKO BBISICHEHHWE TOTO, BCE JIM OECKOHEUHOCTH YCTPaHEHBI, TPeOOBajIO CTOIb
TPOMO3JIKHX U CIOKHBIX pacyeToOB, YUTO MU HHUKTO He coOupaics 3aHuMaThes. OLIEHKH MOKa3aiH,
YTO XK€ C MOMOIIBI0 KOMIIbIOTEpa paboTa 3aHssia Obl HUKAK HE MEHBIIIE YETHIPEX JIET, U MPU STOM
OUEHb BEJIMKA BEPOATHOCTh XOTh pa3 omuOuThcs. ClemnoBaTeNbHO, B OTBETE MOXKHO OBITh
YBEPECHHBIM JIMIIHL B TOM CIllydae, €ClId KTO-HUOYIb APYroil MOBTOPWI Obl BCE BBIYHCICHUS H
MIOJTy4HJI TOT JK€ Pe3yJIbTaT, a Ha 3TO TPYAHO PACCUUTHIBATH.
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Puc. 101 Puc. 10.2

HecmoTpss Ha Bce 3Tu mpoOieMbl M Ha TO, YTO YAacTHULbl B TEOPUSAX CyNeprpaBUTALUH,
MO-BUAMMOMY, OTJIMYAJIHCh OT HAOJIOJAaeMbIX YacCTHI, OOJBIIMHCTBO YYEHBIX CUUTANO, YTO
CyleprpaBUTalis MOXKET MPUBECTH K MPABHWIBHOMY PELICHUIO 3a/a4d 00 00bEeIUHEHUU (PU3HKH.
Ho B 1984 r. of0mee yueHoe MHEHHE CHUJIBHEHWIIMM O0pa3oM HU3MEHHJIOCh B CTOPOHY Tak
Ha3bIBAEMBIX CTPYHHbIX Teopuil. OCHOBHBIMH OOBEKTAMU CTPYHHBIX TEOPUH BBICTYNAIOT HE
YaCTUIIbl, 3aHUMAIOIIIE BCETO JIUIIb TOYKY B IPOCTPAHCTBE, @ HEKHE CTPYKTYPHI Bpojie 6E€CKOHEUHO
TOHKHX KYCOUYKOB CTPYHBbI, HE UMEIOIIUX HUKAKUX U3MEPEHUH, KpoMe JUIMHbI. KOHIBI 3THX CTpYH
MOTYT OBbITh OO CBOOOJHBI (TaK HAa3bIBAEMBIE OTKPBITHIE CTPYHBI), JIMOO COEIUHEHBI IPYT C
npyrom (3amkHyThle CTpyHBI) (puc. 10.1 m 10.2). Yactuma B KaXIblii MOMEHT BPEMEHH
MPEJCTaBISAETCA OJHON TOUKOM B mpocTpaHcTBe. CienoBaTeiabHO, €€ HCTOPHIO MOKHO M300pa3HuTh
JUHUEH B NPOCTPAHCTBE-BpeMeHM (MHUpoBas JuHMA). Ho cTpyHe B KaXKIbpli MOMEHT BpPEMEHH
OTBEUaeT JIMHMSA B  TpEXMEpHOM mpocTpaHcTtBe. (ClenoBaTelbHO, €€  HUCTOpUS B
IIPOCTPAHCTBE-BPEMEHN  M300pakaeTcsi JBYMEPHOM IOBEPXHOCTBIO, KOTOpash Ha3bIBaeTCs
«MHUPOBBIM JIUCTOMY». (JIF0OyI0 TOYKYy Ha TaKOM MHPOBOM JIMCTE€ MOXKHO 33JaTh JBYMs YHCIaMH,
OJIHO M3 KOTOPBIX — BpeMs, a JApyroe — MoJIOKEHHE TOUYKU Ha CTpyHe). MUpPOBOIl JINCT OTKpPHITON
CTPYHBI TpEJACTaBIsAeT COOON MOJOCY, Kpas KOTOpOW OTBEYarOT IyTSM KOHLIOB CTPYHBI B
npoctpancTBe-BpeMeHH (puc. 10.1). MupoBoil TUCT 3aMKHYTON CTPYHBI — 3TO LWJIMHAP WK TpyOKa
(puc. 10.2), ceyeHHeM KOTOpPOW SBISETCS OKPYKHOCTh, OTBEYAIOIas IOJIOKEHHIO CTPYHBI B
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JIBa KycKa CTPYHBI MOTYT COCJUHHUTHCS B OJHY CTPYHY; B CIy4dae OTKPBITHIX CTPYH OHH
IPOCTO CMBIKatoTcd KoHumamu (puc. 10.3), a coenMHEeHME 3aMKHYTBIX CTPyH HAlOMUHAeT
COeZMHEHUE JBYX INTaHWH B Oprokax (puc. 10.4). AHAIOTHYHBIM 00pa3oM KyCOK CTPYHBI MOXKET
pasopBaTbcs Ha JABE CTPyHbL. TO, YTO paHbIIE€ CUUTAJIOCH YAaCTULAMH, B CTPYHHBIX TEOPUIX
n300pakaeTcs B BUJE BOJIH, OCTYIINX IO CTPYHE TaK e, KaKk OCTYT BOJIHBI 110 HATSIHYTOH BEPEBKE,
ecliu ee JEepHyThb 3a KOHel. lcmyckaHue M MOIJIOIIEHHE OJHOM YacTuIbl APYrod OTBEYaeT
COEIMHEHUIO M pa3aeneHuto crpyH. Hampumep, rpaButanumoHHas cwia, ¢ kotopoir CoiHue
JecTBYeT Ha 3eMII0, B TEOPUAX YaCTHIl M300paxanach Kak pe3ysbTaT HCITyCKaHUs KaKoi-HUOY b
yactuueld Ha CoJHIE IpaBUTOHA M MOCIEAYIOLIETO €ro MOIJIOMEHUs! KaKoW-HUOy b YacTUllel Ha
3emie (puc. 10.5). B teopum ctpyH 3TOT mporecc nzodpaxkaercs H-oOpa3HbIM coennHEHHEM
TpyOoK (puc. 10.6). (Teopust CTpyH B KAKOM-TO CMBICIIE IMOA00HA TEXHUKE BOJONMPOBOIIHKA). J[BE
BEPTUKAJIbHBIE CTOPOHBI COOTBETCTBYIOT yacTulaMm, Haxoasummumcs Ha ConHue ¥ Ha 3emie, a
TOPU30HTAJIbHAS TIOTIEPEUYNHA OTBEYAET JIETAIIEMY MEX]ly HUMU I'PaBUTOHY.
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Teopust cTpyH MMeeT O4eHb HEOOBIYHYIO MCTOpHIO. OHA BO3HMKIIA B KOHIE HIECTHIECATHIX
rOZIOB TPHU TMONBITKAX MOCTPOUTH TEOPUIO CHIIBHBIX B3auMMOJACHCTBHM. Mnes Oblia B TOM, YTOOBI
YaCTHULbl TUIIA IPOTOHA U HEUTPOHA PACCMATPUBATh KAK BOJIHBI, PACIPOCTPAHSIOIIUECS 10 CTPYHE.
Torma cunbHbIE CHIIBI, AEMCTBYIOIIME MEXKIY 4YacTULIAMH, COOTBETCTBYIOT OTpe€3KaM CTpYH,



COCAMHSAIONIMM MEXIy CO0OH, Kak B TAayTHHE, JAPYTHe YyYacTKu CTpyH. st Toro uToOBI
BBIYMCIICHHAS B 3TOM TEOPHUM CUJIa B3aUMOJICUCTBUS MMEJa 3HAUCHHUE, OTBEYAIOIIEEe IKCIIEPUMEHTY,
CTPYHBI JIOJKHBI OBITh SKBUBAJIEHTHBI PE3MHOBBIM JIEHTaM, HaTSHYTBHIM C CHJIOM OKOJIO JAECATH
TOHH.

B 1974 r. mnapwkanun J[xoone Illepk wu xon IlIBapn w3 Kamudopuwuiickoro
TEXHOJIOTHYECKOr0 MHCTUTYyTa OMyOJMKOBalu paboTy, B KOTOPOM OBLIO MOKAa3aHO, YTO TEOpUS
CTPyH MOJKET ONMCHIBaTh T'PABUTALMOHHOE B3aUMOJICHCTBUE, HO TOJBKO INPU 3HAUYUTEIHHO
00JIbIlIEM HATSDKEHUU CTPYHBI — MOPSIIKA THICAYU MUIJUTMOHOB MUJUIMOHOB MUJIMOHOB MUJTHOHOB
MWIJTHOHOB MWJITMOHOB (€IMHUIIA C TPUALATHIO JIEBSATHIO HYJSIMU) TOHH. B 0OBIYHBIX MacmiTabax
Mpe/cKa3aHusl TaKkoW CTPyHHOW MOJAENH W OOIed TeOpuH OTHOCUTENBHOCTH COBMAJAlld, HO
HAaYMHAIM pa3nyaTrbcs HAa OYEHb MAaJBIX PACCTOSHUAX, MEHBIIMX OJHOM ThICS4Ya MUJUIMOH
MUJUIMOH MUJUIMOH MMJUIMOH MWJUTMOHHOW JOJM CaHTUMeETpa (OAMH CAaHTHUMETpP, JEJICHHBIN Ha
eIUHUILYy C TPUIALATHIO TpeMs HyJsiMu). OHaKo 3Ta paboTa He MPUBJIEKIAa 0COOCHHOTO BHUMAaHMUS,
MIOTOMY YTO KaK pa3 B TO BpPEMs MHOTME OTKa3ajuCh OT MEPBOHAYAJIILHOM CTPYHHOW TEOPUHU
CWJIBHOTO B3aMMOJEHCTBUS, OOpPAaTUBIIMCh K TEOPUM KBApPKOB M TJIIOOHOB, PE3yJbTaThl KOTOPOM
3HAYUTENIBHO JIy4Ille COTJIaCOBAIUCH C 3kcrmepuMeHToM. lllepk Tparmuecku ymep (y mero Obul
nuabeT, U BO BpeMsi KOMBI PSIOM HE 0Ka3ajloCh HUKOIrO, KTO Obl clieiall eMy YKOJ HWHCYJIMHA), U
[IBapiy ocTasncs MOYTH €AMHCTBEHHBIM CTOPOHHUKOM CTPYHHOM TEOPHH, HO CO 3HAUUTEIHHO Ooliee
CUJIBHBIM HATSDKCHHEM CTPYH.

B 1984 r. unTepec K CTpyHaM HEOXHUIAaHHO Bo3poawica. Ha To Obl0, MO-BUIUMOMY, NBE
MIPUYMHBL. BO-TIEpBBIX, HUKTO HE MOT HHYETO JOOWTHCS, MBITASCH MIOKA3aTh, YTO CYNEPTrPaBUTALINAS
KOHEYHA HJIM YTO C €€ MOMOIIBI0 MOXHO OOBSICHUTH CYIIECTBOBAHUE BCEX Pa3HOOOPA3HBIX YACTHII,
KOTOpBbIe MBI HaOromaeM. Bropoii mpuunHoii Obuta myonukamms crateu xona [IBapua n Maiika
I'puna u3 Jlongonckoro KyuH-Mbopu-komiemxa, B KOTOpoil ObUIO MOKa3aHO, YTO C MOMOIIBIO
TEOPUU CTPYH MOXKHO OOBSICHUTH CYLIECTBOBAHHWE YACTHUI] C JIEBOM CHUPAIbHOCTHIO, KakK Y
HEKOTOPBIX M3 TE€X YacTHIl, YTO Mbl HaOmonaeM. Kakumu Obl HU ObUTM MOOYAUTENHHBIE MOTHUBBI,
BCKOpE OYEHb MHOTHE OOpaTHINCh K TEOPHHM CTPYH, B PE3yJibTaTe Yero MOsBHJIACH €€ HOBas
Pa3HOBUJIHOCTh — TEOpPHUsl TaK HA3bIBAEMOM TI'€TEPOTHYECKON CTPYHBI, KOTOpas JaeT HAAEKIy Ha
00BsICHEHHE Pa3HOOOPA3Ms BUAOB HAOIIOJAEMBIX YaCTHII.

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

Puc. 107

B Teopusix cTpyH TOXKE BO3HMKAIOT OECKOHEYHOCTH, HO €CTh HaJeX/]a, YTO B TE€X WM HMHBIX
TEOpUSAX TETEPOTUYECKOM CTPYyHBI 3TH OECKOHEUHOCTH COKpATATCS (XOTSA IOKa 3TO €Ile He
u3BecTHO). Ho cTpyHHBIE Teopuu cojepaT 3HAUUTENIBHO Ooyiee CEepbe3HyIO TPYIHOCTb: OHHU
HENPOTUBOPEUYMBBL,  MO-BUAUMOMY, JIMIIb B  JECSATH  WIM  JBaALATULIIECTUMEPHOM
IIPOCTPAHCTBE-BPEMEHH, a HE B OOBIYHOM 4YeThlpexmepHoM! JIMmIHMEe M3MepeHus — 3To 00bIYHOE
JIeJI0 B HAy4YHOM (paHTacTuke; TaM 0€3 HUX U B CAMOM JIeJie TOYTH HEBO3MOXKHO 0OONTHUCH, IOTOMY



9TO WHAue, U3-3a TOTO YTO, COTJIACHO TEOPUU OTHOCHUTEILHOCTH, HEJIb3s IBUTAThCsl OBICTpEE CBETA,
MYTEIIECTBUSL CPEAN 3BE3]l M TATAKTUK MPOMCXOAWINA OBl HEMBICIMMO Joiro. Mies Hay4HOI
(aHTACTUKU 3aKIIOYAETCSl B TOM, YTO MOKHO KAaKTO COKpPATHTh IyTh, MPOMIsS Yepe3 JIHIIHEe
U3MepeHue. DTy MBICIb MOXHO CIEIYIOLUIMM 00pa3oM MOsCHUTH Ha pucyHke. IIpencraBbTe cebe,
YTO MPOCTPAHCTBO, B KOTOPOM MBI JKUBEM, UMEET TOJIbKO J[BA M3MEPEHHUS M HCKPUBJICHO, Kak
MOBEPXHOCTh OyOnmka, wau topa (puc. 10.7). Ecnmum BBl HaxoauTech B KakOW-TO TOYKE Ha
BHYTPEHHEH CTOPOHE TOpa M XOTUTE IOMACTh B NMPOTHBOIOIOKHYIO TOUKY, BaM MPHUIETCS 000MTH
TOp MO BHYTPEHHEMY KOJbIly. A ecilii Obl BBl yMEIH NEepeMEIIaThCs B TPETHEM W3MEPEHHH, BBI
MOTJIH OBl Cpe3aTh, MOW/IS HAIIPSIMUK.

Ho mowemy »e MBI He 3aMedaeM BC€ O3TH JIONIOJHHUTENBHBIE HM3MEPEHHs, €CIH OHH
NEHCTBUTENBHO CYIIECTBYIOT?

[loueMy MBI BUAWM TOJBKO TPH TPOCTPAHCTBEHHBIX W OJHO BpPEMEHHOE H3MepeHHe?
Bo3MoXHO, TIpUYMHA KpOETCS B TOM, 4YTO JPYTHE€ HM3MEPEHHsS CBEpPHYTHl B OUYCHb Malioe
MPOCTPAHCTBO Pa3MEPOM MOPSIKAa OJHOW MWIUIMOH MWUIMOH MWUIMOH MWUIMOH MHJUTMOHHOM
nonu cantumerpa. OHO Tak Mayio, YTO MBI €T0 MPOCTO HE 3aMeYaeM: MBI BUIUM BCETO JIUIIH OJTHO
BPEMEHHOE U TPH NPOCTPAHCTBEHHBIX H3MEPEHHUS, B KOTOPBHIX MPOCTPAHCTBO-BPEMS BBITIISIIUT
JIOBOJIBHO TIIOCKUM. TO e caMoe MPOUCXOAWT, KOTAa MBI CMOTPUM Ta TIOBEPXHOCTh areibCHHA!
BOJIM3M OHA BBITVISAUT MCKPUBIICHHON M HEPOBHOW, a M3Jainy Oyropkd He BUIHBI U allelIbCHH
Ka)XeTcs TJIAJAKUM. Tak jke ¥ MPOCTPAHCTBO-BPEMS: B OUEHb MAJIBIX MACIITa0ax OHO JECATUMEPHO U
CHJIbHO HCKPHBIICHO, a B OONBIIMX MacumTa0ax KpHUBU3HA M JIOMOJHHUTEIBHBIC HM3MEPEHUS He
BuAHBL. Ecnm 3TO mpencraBieHWe BEPHO, TO OHO HECET JYPHBIE BECTH OyAyIIUM MOKOPHUTEISM
KOCMOCA: JOTOJHUTEIbHbIE HM3MEPEeHUs OyAyT CIHMIIKOM Malbl JUIS TPOXOAa KOCMHYECKOTO
kopabist. Ho BosHmMkaeT m apyras cepbe3Has mpoOusiema. [louemy nummb HEKOTOpbIE, a HE BCe
BOOOIIIE M3MEpEeHHs JIOJDKHBI CBEpHYThCS B MajeHbKuil mapuk? Ha odeHs paHHel cTagum Bce
nu3MepeHus: Bo BceeneHHOW ObUIHM, MO-BUAMMOMY, OYEHb CHIIBHO HMCKpHBIIEHBI llodeMy ke OgHO
BPEMEHHOE M TP MPOCTPAHCTBEHHBIX M3MEPEHUS PA3BEPHYJIUCH, a BCE OCTAIBHBIC OCTAIOTCS TYTO
CBEPHYTHIMU?

Pue. 108

OauH U3 BO3MOXHBIX OTBETOB JA€TCS AHTPONHBIM HPUHLMIIOM. J[BYyX HpPOCTPaHCTBEHHBIX
U3MEpEHUH, MO-BUAMMOMY, HEJOCTAaTOYHO JUIS TOrO, YTOOBI MOTJIM PAa3BUTHCA TAKHE CIIOXKHBIE
cyuiecTBa, kak Mbl. JKuBs, Hampumep, Ha oJHOMEpHOU 3emiie, ABYMEpHBIE KMBOTHBIE, UTOOBI
pa3oUTUCH NPH BCTpeue, ObLUTN Obl BBIHYKAEHBI Nepesie3aTh Ipyr yepes apyra. Eciau 61 AByMepHOe
CYILLIECTBO MUTAJIOCh YEM-HUOYb TaKUM, YTO HE MEpPEBApPHUBAETCS 10 KOHIA, TO OCTATKU JOJIKHBI
Obull OBl BBIBOJUTHCS MO TOMY JK€ MYyTH, IO KOTOPOMY BXOJHT MHINA, TaK KaK MPH HAJIUYUU
CKBO3HOI'O IIPOXOJa 4epe3 BCE TEJIO0 KMBOTHOE OKa3aJloch Obl Pa3/IeIEHHBIM Ha JIBE OT/EIIbHBIC



MOJIOBHHBI, ¥ HAIlle IByMEPHOE CYIIECTBO pa3Bajiioch Obl Ha Be yacTH (puc. 10.8). TouHO Tak e
TPYJHO MPEICTaBUTh ceOe, Kak y IBYMEPHOTO CYIIECTBA MPOUCXOAnIa Obl IUPKYJIALNS KPOBH.

TpyaHocTu Bo3HUKaNIHM Obl U B TOM Cilydae, € Obl YHCIO MPOCTPAHCTBEHHBIX M3MEpPEHUI
ObUI0 Oomblie TpeX. ['paBUTAlMOHHAS CHJIa MEXAY ABYMs TelaMmH ObICTpee Bo3pacTana Obl ¢
paccTosiHueM, uyeM B TpexmepHoM mpocrtpaHcTBe. (Korma paccrosiHue ynBaumBaercs, TO B Tpex
M3MEPEHUSIX TPABUTALMOHHAS CHJIA YMEHBLIAETCS B YETHIPE pa3za, B YETHIPEX HU3MEPEHUSIX — B
BOCEMb pa3, B ISTH — B IIECTHAJATh pa3 U T. M.). DTO 3HAYMT, YTO OPOUTHI IUIAHET, HAIIPHMED,
3emnu, Bpamaronmxcs BOkpyr ComHia, ObTM OBl HECTAOWMIBHBI: Maleiliee OTKIOHEHUE OT
KpyroBOil OpOMTHI (BO3HHUKILIEE, TOMYCTUM, M33a IPABUTALMOHHOTO MPUTSKEHUSI JPYTUX IUIAHET)
MIpUBEJIO ObI K TOMY, 4TO 3emiisl cTaja Obl JBUTaThCs HO cniupany 1n6o ot ConHia, 1160 k ConHiy.
Mbr Ob1 TOorma smbo 3amep3nu, aubo cropenmu. Ha camom geme, ecnu Obl  3aBUCUMOCTH
TPaBUTAIMOHHOMN CUJIBI OT PACCTOSIHUSA ObLIa OIMHAKOBOI B MPOCTPAHCTBAX C PA3MEPHOCTHIO BHIIIIE
TpeX, To CouiHlle HE MOIJIO Obl CyIIECTBOBAaTh B CTAOMJILHOM COCTOSIHUH, B KOTOPOM COXpaHsieTcs
paBHOBECHE MEXIy JaBieHHeM u rpaButanueid. OHo nuOO pacmanock Obl Ha 4YacTH, JHOO,
CKOJUTAIICUPOBAB, MPEBPATHIIOCh B YEPHYIO ABIpY. B 00oux ciaydasx oT Hero yxe Obuto ObI Maio
MOJIb3bl KaK OT HCTOYHHMKA TEIUIa WM CBeTa s NOAJNCPXKKHM XM3HM Ha 3emie. Ha MeHbmmx
MacmTabax AJIEKTPHUECKUE CHIIBI, MOJ JCHCTBHEM KOTOPBIX SJIEKTPOHBI OOpAIIaloTCs B aToOMe
BOKPYT si/ipa, BeJn Obl ceOsl Tak ke, Kak rpaBUTalMOHHBIE. CleI0BaTeNbHO, SJIEKTPOHBI THO0O BCe
BMECTE BBUJIETENHM OBl U3 aTOMa, MO0 MO CIHUpaIu yraiau Obl Ha Aapo. B ToM u Apyrom ciydae He
CYILIECTBOBAJIO ObI TAKMX aTOMOB, KaK ceiyac.

Torga, xa3zajioch OB, OYEBHAHO, YTO KH3Hb, MO KpalHEW Mepe Tak, KaKk Mbl ee cede
MIPEICTaBIsIEM, MOXKET CYIIECTBOBATH JIUIIb B TAKMX O0IACTAX MPOCTPAHCTBA-BPEMEHH, B KOTOPHIX
OJIHO BPEMEHHO€ M TPHU HIPOCTPAHCTBEHHBIX HM3MEPEHHS HE OYEHb CHJIBHO HCKPHUBJIEHBI. JTO
03HAYaeT, YTO Mbl UMEEM MPABO MPHU3BATh HA TIOMOIIb CIa0bIil aHTPOHHBIN MPUHIIUI, €CIIA CMOKEM
[0Ka3aTh, 4YTO CTPYHHas Teopusi MO KpallHEll Mepe pomyckaer (a OHa, M[O-BUAMMOMY,
JEICTBUTENHHO JOMYCKaeT) CyllecTBOBaHUE BO BceneHHoi oOmactei ykazaHHoro Buaa. Bmomne
MOTYT CyIIECTBOBATh U Apyrue obiactu BeeneHHoi uinu apyrue BceseHHbIE (4TO ObI O ATUM HU
MO/Ipa3yMeBaIOCh), B KOTOPBIX JHOO BCE M3MEPEHUS CHUIBHO HCKPHUBIEHBI, JHOO pachpsaMiIeHO
OoJblIle YeThIpeX M3MEPEHUH, HO B MOJOOHBIX 00JAcTAX HE OyJeT pa3yMHBIX CYIIECTB, KOTOpBIE
MOTJIU ObI YBUJETH 3TO pa3HOOOpa3ue NeUCTBYIOMIMX U3MEPEHHIH.

Kpowme omnpenenenus uncina n3MepeHuii, KOTOpsIMU 00J1aZiaeT IPOCTPAHCTBO-BPEMSI, B TEOPHH
CTPYH €CTh €LIE WU JAPYTHE 3aJayd, KOTOPbIE HAJ0 PELIUTh, MPEXKAEC YEM IMPOBO3IIIAMIATE TEOPHUIO
CTPYH OKOHYATEJbHOW eAuHOM Teopued (u3mku. Mbl MOKa HE 3HaeM, BCe JU OCCKOHEYHOCTHU
KOMIIEHCUPYIOT JIpyr Jpyra, U HE€ yMEEM TOYHO HAaxXOJIWUTh COOTBETCTBHE MEKJy BOJHAMHU Ha
CTpYHE U OIpEe/eICHHBIMHI TUIIAMH YacTHUI, KOTOpbIE Mbl HaOIr01aeM. TeM He MeHee OTBEThI Ha 3TU
BONIPOCHI OYyIyT, MO-BUIUMOMY, HaWIeHbl B OJMKallliue HECKOJIbKO JIeT, U K KOHIy BEKa MBI
y3HaeM, SIBJISETCS JIM TEOpUs CTPYH TOHM JTONTOXIAHHON eTUHOM Teopueit pusnku.

Ho Moxxer nu enuHasi TeOpusi pealibHO CyIIEecTBOBaTh? Miaum MBI MPOCTO TOHsSIEMCS 3a
MupaxoM? Bo3MOKHBI, 10-BUIUMOMY, TPU BapHaHTA.

1. [lonHasg enuHas TeopHsl AEUCTBUTENBHO CYIIECTBYET, U Mbl €€ KOTJAa-HUOYIb OTKpOEM,
€CJIM [T0CTapaeMcsl.

2. OxoHuaTtenpHOM Teopuu  BceeneHHoit HET, a e€CcThb MPOCTO  OECKOHEYHAs
MOCTIeI0BATEIbHOCTh TEOPHIA, KOTOpPBIE Jat0T Bee Ooiiee u Gojiee TOUHOE onucanue BeeneHHo.

3. Teopum BceneHHOW He CyIIECTBYET: COOBITHA HE MOTYT OBITh NpEICKa3aHbl Jajee
HEKOTOPOTO IpeJieNia U MPOUCXOAAT IPOU3BOILHBIM 00pa3oM U 6eCIOPSI09HO.

B mnonp3y TpeTeero BapHaHTa HEKOTOPBIE BBIABUIAKOT TOT JIOBOJ, YTO CYIIECTBOBAHHUE
MOJTHOM CHCTEMBI 3aKOHOB OrpaHM4miio Obl cBoOoay bora, ecnmu Obl OH mepexyman M peLIn
BMeIIaThes B Hall Mup. CUTyalusi CpOAHHU CTapoMy 100pOMY MapaoKCy: MOXKET JU bor coTBOpUTH
TaKoW KaMmeHb, KOTOpbli OH caM He cMmor Obl mogHsATh. Ho Mbicie 0 TOM, uTto bBor moxer
nepenymarhb, — 3TO pUMep 3a0IyKJIeHus, Ha KOTOpoe yKasbiBai enie brakeHHbI ABTyCTHH; OHO
BO3HHUKAET, €CJIM CUUTaTh bora cyiiecTBoM, JKUBYIIMM BO BPEMEHU; BPEMsI K€ — CBOWCTBO TOJIBKO
Bcenennoii, kotopas co3nana borom. 3anyckas Beenennyto, bor, BeposaTHO, 3Ha1 4TO Aenaet!



C nosiBneHHEM KBAaHTOBOW MEXaHUKHU MPUILIO MOHHMMAHHUE TOTO, YTO COOBITUE HEBO3MOXKHO
IpeJCKa3bIBaTh a0COIOTHO TOUHO U B JIIOOOM MPEICKAa3aHUU BCET/Ia COAEPIKUTCSI HEKOTOopas 10Jis
HeomnpeneneHHOCTH. [lpu >kemaHuM 3Ty HEOMpPEAEIEHHOCTh MOXXHO OBLUTO OBl OTHECTH HAa CYET
BMeNIaTenscTBa bora, HO BMEIIATENbCTBA, HOCSIIEIO OYEHb CTPAaHHBIM XapaKTep: HET HUKAKUX
CBHUJIETEIILCTB €r0 XOTh KaKOW-HUOYAb LEJNeBO HampaBIeHHOCTH. Pa3ymeeTcs, OKa3aBIIHCh
HaIpaBJICHHBIM, OHO 110 CBOEMY IOHATHIO HE ObUIO Obl Cay4alHbIM. B Haml BeK Mbl IpaKTHYECKU
HCKJIFOYWJIA TPETUH BO3MOKHBIA BApHUAHT, NPENONPEACIUB LEb, CTOSIIYIO IIEpe] HAYKOW: HAaUTH
CHCTEMY 3aKOHOB, KOTOpBIE JaBajii Obl BO3MOXHOCTb IpEACKa3bIBaTh COOBITHS B IHpeaenax
TOYHOCTH, YCTAHABIMBAEMOMN IPUHIIUIIOM HEOIIPEIACICHHOCTH.

Bropast BO3MOXHOCTb, CBAI3aHHAs C CYIIECTBOBAaHUEM OECKOHEYHOH MOC/Ie0BAaTEIbHOCTH BCE
0osee u 6oJsiee TOYHBIX TEOPUM, TOKA IIETMKOM COIJIACYETCS C HAllIUM OIBbITOM. Bo MHOTHX citydasix
MBI NOBBIIIAJIIM YyBCTBUTEJIBHOCTH amlapaTypbl WINM NPOU3BOAMIM DKCIEPUMEHTHl HOBOI'O THIIA
JHIIb IS TOTO, 4YTOOBI OTKPHITH HOBBIC SBJICHHS, KOTOpBIE e€Ile He OBUIM MpeacKa3aHbl
CYLIECTBYIOIIEH Teopuei, M i1 MX MpeACKa3aHus NPUXOAWIOCH CO37aBaTh HOBYIO, Oolsee
cioxHyt Teoputo. [loaTomy He Oyner HUYEro OCOOEHHO YAMBUTEIBHOTO, €CIU OKaKeTCs
HEBEPHBIM TIpeJICKa3aHue, CIICJIaHHOE B paMKaX COBPEMEHHBIX TEOPHH BEIMKOro OObEIUHEHUS, O
TOM, YTO HE JOJDKHO OBITh HHKAKMX CYHIECTBEHHO HOBBIX SIBIICHHH B TMPOMEXKYTKE OT 3HAYCHUS
sHepruu ssextpociaadoro odbenuHeHus 100 ['3B g0 sHeprum Benukoro oObeIMHEHMS, paBHOU
IIPUMEPHO THICAYE MWIJIMOHOB MWIJIMOHOB TMIa’IEeKTPOHBOJIBT. Ha camMoM Jiene MOKHO OXKHIaTh,
910 OyIyT OTKPBITHI KaKHe-TO HOBBIE CIIOM CTPYKTYpBbI, Oojiee 3JeMEHTapHble, YeM KBapKu HU
3JIEKTPOHBI, KOTOPBIE MBI CEMYAC CYUTAEM DIIEMEHTAPHBIMHU.

Ho rpaBuranus MoxeT, M0-BUAUMOMY, HAJIO)KUTh OTPAaHUYEHHUE Ha JTY MOCIEN0BATEIbHOCTD
BJIO’)KEHHBIX OJHA B JpYrylo «marpemiek». Ecim Obl cyliecTBOBana 4acTUIA, SHEPIUs KOTOPOM
IpeBbIIana Obl MJIAHKOBCKOE 3HAYCHHUE — JAECATh MUJUIMOHOB MUJUIMOHOB MUJUIMOHOB (€AMHHUIIA C
JIEBSATHAALATHIO HYJSIMU) TMTaJIEKTPOHBOJBT, — TO €€ Macca Oblja Obl CTOJIb CHJIBHO CXaTa, YTo
yacTulla BblJaBWiIack Obl U3 BceneHHoil, o0pa3zoBaB dYepHyro aAblpy. Takum oOpazom,
MOCTIeIOBATEIbHOCTh BCE 00Jiee TOYHBIX TEOPUH [OJDKHA, MO-BUIUMOMY, MMETh Ipenen Ipu
nepexoze Ko Bce 0osee U 0ojiee BHICOKMM SHEPIHsIM, a OTOMY IPHU KAKMX-TO SHEPTUsAX IOJKHA
CyILIECTBOBATh OKOHYATEIIbHAs TEOpHs BeeneHHoi.

[InaHKOBCKass »HEpPrus, KOHEYHO, OTHEJIICHA IIPONACTbl0 OT OJHEPruil MOpsAKa COTHU
THradJIeKTPOHBOJIBT — TOIO MakCMMyMa, KOTOPBIA ceiiuac MOXHO JOCTHYb B J1a0OpaTopuu, U C
MIOMOILBIO YCKOPHUTENEH Bps JIM yIAacTcs BO3BECTM MOCT 4Yepe3 3Ty MponacTb B 0003pUMOM
Oyaymem! Ho cTonb BBICOKME PHEPTUM MOTJIHM BO3HHKHYTh Ha OYE€Hb PAaHHHUX CTaJUAX PAa3BUTHUS
Bcenennoii. MHue kakercs, 4TO M3ydeHUE paHHEW BceneHHOW M TpeOOBaHMS MaTeMaTHYECKOM
COTJIACOBAHHOCTHU IIPUBEAYT K CO3JAHMIO IIOJTHOW €AWHOW TEOPUH, U NMPOU30HIET ITO €IIe IPU
KHM3HHU KOT'0-TO U3 HAC, HbIHE )KMBYILHX, €CJIM, KOHEYHO, MBI JI0 3TOTO caMu ce0s1 HE B30PBEM.

Uro OBl 3TO O3HA4ajo, ecau Obl HaM JEHCTBUTENBHO YIAIOCh OTKPHITH OKOHYATEIbHYIO
teopuro Beenennoii? Kak yke roBopuiioch B TJ1. 1, Mbl HUKOT/Ia HE MOTJIA ObI OBITh YBEPEHHBIMU B
TOM, YTO HalJEHHas Teopus JEHCTBUTEIBHO BEpHA, MOTOMY YTO HHKAaKyl TEOPHUIO HEJb3d
nokazate. Ho ecnm oTkpbITas Teopuss Obula Obl MaTeMaTHYECKHM HENPOTHBOpPEUYMBA U €€
MpeJCKa3aHUsl BCET/la COBMAJAlM C JKCIEPUMEHTOM, TO MBI MOIJIM Obl HE COMHEBAaThCS B €€
IPaBUIBHOCTH. OTUM 3aBeplIwiiack Obl JUIMHHAs W yJOUBHUTEIbHAas IJIaBa B HCTOPHUHU
MHTEJUIEKTyalIbHOH OOphObI yenoBeyecTBa 3a no3Hanue Beenennoii. Kpome Toro, oTkpbiTHE Takon
TEOPHUH NTPOU3BEJIO OBl PEBOMIOLMIO B MPEACTABIECHUSAX OOBIYHBIX JIIOJIEH O 3aKOHAX, YPaBJIAIOIUX
Bcenennoii. Bo Bpemena HpioToHa 00pa3oBaHHBIM YellOBEK MOr, MO KpailHel Mepe B 00IIuX
4yepTax, OXBaTUTh BECh O0BEM 3HAHMH, KOTOPBIMU pacroniarajio yeigoeuecTBo. Ho ¢ Tex mop
pa3BUTHE HAYKH MPOUCXOAUT B TAKOM TEMIIE, YTO MOJOOHBIA OXBAT CTal HEBO3MOXHBIM. Teopuu
HENpEepbIBHO BHUJOU3MEHSIOTCS AJIS COIVIACOBAHUS C pe3yibTaTaMHM HAONIOJEHWH, U HUKTO HE
3aHUMAeTcs NepepadOTKOM W YIPOIIEHHEM TEOPHM Ui TOro, YTOOBl HMX MOIJM IOHSTH
HecrienuanucTsl. Jlaxke OyIyuu CHEIMAIMCTOM, MOXHO HAJESIThbCs MOHATH JIMIIb Myl 4acTb
Hay4yHbIX Teopuil. Kpome Toro, pasButue wjueT Tak OBICTPO, YTO BCE, YEMy ydyaT B ILIKOJIE WU
YHHMBEPCUTETE, BCErla HEMHOTO ycTapenoe. JIMIb eInHUIBl MOTYT JBHUraThCsl BIIEPE] HApaBHE C



ObICTpO pacTymuM o0beMoM uH(popmaruu. M npuxoauTes MOoCcBSIIaTh 3TOMY BCE CBOE BpeMs U
CHEIMATM3UPOBAThCS JTUIIb B KaKOM-TO y3K0# obnactu. OcTaibHble Malo 4TO 3HAIOT O TOM, YETro
JIOCTHTJIA HayKa U KaK 3TO MEPEKUBAIOT yueHble. Eciii BepuTh DIIUHTTOHY, CEMBAECST JIET Ha3al
JUIIb JBa YeJOBEKa MOHHMMANIU OOIIyI0 TEOPHUIO OTHOCUTENbHOCTH. Celyac ee 3HAIOT JECATKH
TBICAY BBITYCKHUKOB YHUBEPCUTETOB, & MHOTHE MUJIJIMOHBI JIIOJIEH MO KpalHEW Mepe 3HAKOMBI C
Jexamieil B ee ocHoBe wuzaeei. Ecam Obl Oblla OTKpHITA TONHAS €OUHAs TEOpHUs, TO €€
CHUCTEMaTH3aIlis W yIpPOIIECHUE, a TOTOM M TpernojaBaHue B IIKOJE, M0 KpailHel mepe B OOIIMX
yepTax, OKa3aJluch Obl MPOCTO AENOM BpeMeHU. Torga Bce CMOTIM Obl MOMYYUTh HEKOTOPOE
MPEJICTABICHUE O 3aKOHAX, YIPABJISAIOMKNX BCeneHHONW U OTBETCTBEHHBIX 3a HAIlE CYIIECTBOBAHUE.
Ecnu Ham JeicTBUTENHHO yNACTCS OTKPBITH MOJHYIO €IUHYIO TEOpPHIO, TO 3TO HEe Oyner
03HaYaTh, YTO MBI CMOXKEM TWIPEICKa3bIBaTh COOBITHA BooOIme. Ha TO ecTh JBE TPHYMHBL
Bo-nepBeiX, HamM nOpenckKa3aTeabHblE BO3MOXKHOCTM OTPAHUYEHBl KBAHTOBO-MEXAHWYECKUM
MPUHIIMIIOM HEOMPEAECTICHHOCTH, U C 3TUM HHMYEro He mojenaeuib. [IpaBaa, Ha MpakTUKE BTOPOE
OTpaHUYECHUE CUJIbHEE NIEpBOro. BTopoe orpaHnyeHHe CBA3aHO C TEM, YTO, €CJIM HE CUUTATh OYEHb
MPOCTBIX CIYy4YaeB, Mbl HE YMEEM HAXOAUTh TOUYHBIC PEUICHUSI YPABHEHUH, ONMKCHIBAIOIINX TEOPHIO.
(MbI HE B COCTOSIHUM TOYHO PEIIUTH JaKe YPAaBHEHUS JBUKCHUS TPEX TEJ B HBIOTOHOBCKOM T€OpUU
rpaBUTallMM, a C POCTOM 4YHCJIa TeJI U YCIOKHEHHEM TEOpUM TPYAHOCTH ele Oonee
YBEIMYUBAIOTCS). MBI y)ke 3HaeM Te 3aKOHBI, KOTOPBIM MMOAUMHSETCS TTOBEICHNE BEIIECTBA BO BCEX
YCJIOBUSAX, KPOME IKCTPEMANIbHBIX. B 4aCTHOCTH, MBI 3HaeM CaMble Ba)KHBIE 3aKOHBI, JICKAILHNE B
OCHOBE XMMHH M Ouonoruu. TeM He MeHee Mbl, KOHEYHO K€, HEe MPUYHCIAEM ST HAyKH K
pelIeHHBIM MpoOJieMaM; Mbl TOKa HE JOOMJIMCh TOYTH HUKAKWX YCIIEXOB B MPEJCKa3aHUU
MOBE/ICHUA YeIOBEeKa Ha OCHOBE MaTeMaTuyeckux ypaBHeHuil! Takum oOpa3om, ecinu Mbl U HaleM
TOJIHYIO CUCTEMY OCHOBHBIX 3aKOHOB, ME€pE] HaMW HAa MHOTO JIET BIiepes OyJIeT CTOSATh BHI30BOM
HaIlleMy MHTEJIEKTY 3aJlaya pa3pa0OTKH HOBBIX MPUONMKEHHBIX METOJIOB, C MOMOIIbIO KOTOPBIX
MBI MOTJIU OBl YCTIEIIHO MPEACKA3bIBATh BO3MOXKHBIC PE3YJIHTATHI B PEATBHBIX CIOKHBIX CUTYaIUsX.
[TonHas, HEmpoTUBOpPEUYMBAsl €QuHAs TEOPUs — ITO JIMIIb MEPBBIM IIAr: HAalla LENb — IOJIHOE
MMOHMMAHHE BCETO MPOUCXOISIIETO BOKPYT HAC M HAIIIETO COOCTBEHHOTO CYIIECTBOBAHMUS.

11. 3aknrouyeHue

Ms1 kHMBEM B yIUBUTENbHOM MHpe. HaM Xouercss MOHATH TO, YTO MBI BUJUM BOKpYT, U
CIIPOCUTH: KaKOBO MIPOUCXOKIeHHE BeenenHoi? kakoe MecTo B HEM 3aHMMAaeM Mbl, U OTKYJla Mbl U
OHa — BCE 3TO B35J10Ch? IOYEMY BCE TPOUCXOJUT UMEHHO TaK, a HE MHaue?

Jlns oTBETa HAa ATH BOIIPOCHI MBI IPUHUMAEM HEKYH0 KapTHHY Mupa. Takoi KapTHHOW MOKET
ObITh Kak OallHA W3 CTOALIMX JAPYT Ha Apyre uepernax, HeCyIlHx Ha ceOe IUIOCKYI0 3eMIIto, Tak U
Teopusi cymnepctpyH. OOe oHM SBISAIOTCA TeopusiMu BceeneHHOW, HO BTOpas 3HAYUTEIHHO
MaTeMaTH4Hee M TouHee nepBod. Hu oznHa M3 3TUX Teopuil He MOATBEp)KJeHa HAONIOJCHUSAMU:
HUKTO HUKOIJIa HE BHUJEJ TUTAHTCKYI0 uepernaxy ¢ Hameill 3emyiel Ha CIMHE, HO Belb U
CYNEpPCTPyHY HHUKTO HUKOrna He Buaesn. OIHAako MoOJenb depenax Henb3s Ha3BaThb XOPOIIEH
Hay4YHOU TEOPHEH, IOTOMY YTO OHA IIPEACKA3bIBAET BO3MOKHOCTH BBINAJICHUS JIFOACH depe3 Kpai
Mupa. Takasg BO3MOXHOCTb HE NOITBEP)KIEHA JKCIEPUMEHTAIbHO, Pa3B€ 4YTO OHA OKaXeTcs
MPUYMHOM MPEI0JIaracMoro UCYE3HOBEHUS Jitoiei B bepmyickom tpeyronpHuke!

Cample mepBble MOMBITKM ONUCAaHHUA M OO0bACHEHHs BceneHHON OBUIM OCHOBaHBI Ha
NPEICTaBICHUM, 4YTO COOBITHSAMU U SBJICHUAMHU NPUPOABI YIPABIAIOT HyXH, HaJEJICHHBIC
YeJIOBEUECKUMHM SMOLMSIMHM M JACHCTBYIOIME COBEPIIEHHO Kak JIOAM U abCOJIOTHO
HEIPEICKa3yeMo.

OTH NyXW Hacelsuld Takue INPUPOJAHbIE OOBEKTHI, KaK PEKH, Iropbl U HeOecHblE Tena,
Hanpumep, Connne u Jlyny. [Tonaranocs 3a1a0puBaTh X 1 100MBAaTHCS MX PACIIONIOKEHUS, YUTOOBI
o0ecrneunTs IIOJOPOJUE MOYBBI U CMEHY BpeMeH rojga. Ho mocreneHHO roaM JOJKHBI ObUIM
MIOIMETUTH OIpe/ieTIeHHbIE 3aKoHOMepHOCTH: CoJIHIIE BCErja BCTaBaJlo Ha BOCTOKE M CaJWIOCh Ha
3amajie He3aBUCUMO OT TOro, ObuIa WK He Obula puHeceHa »xepTBa 6ory Connua. ConHue, JlyHa u
IUTAHETHl XOAMJIN 1O HeOy BAOJIb COBEPIICHHO ONPEACNCHHBIX IyTeH, KOTOphle MOXXHO OBLIO



npescka3aTh Harepes ¢ xopouuei ToyHocThio. ConHie u JIyHa Bce jke MOTJIM OKa3aThCsl 00raMu, HO
60oraMu, KOTOpbI€ OAUUHSIOTCS CTPOTUM, ITO-BHIMMOMY, HE JIOMYCKAIOIINUM HUCKIIIOUCHUH 3aKOHAM,
€CJIM, KOHEYHO, OTBJEYbCS OT POCCKa3HEW Bpojae JereHapl o ToM, Kak pagu Hucyca HaBuna
ocraHoBuiiock ColHIe.

CHavana 3aKOHOMEPHOCTH M 3aKOHBI OBUTM OOHApYXEHBI TOJBKO B aCTPOHOMHUHU U €Ile B
CUMTAHHBIX ciyyasx. Ho mo Mepe pa3BUTUS LMBWIM3ALMU, U OCOOEHHO 3a MOCJEIHUE TPUCTA JET,
OTKpBIBAJIIUCh BCE HOBHIE U HOBBIE 3aKOHOMEPHOCTH M 3aKOHBI. YCHEIIHOE NPUMEHEHHE ITHX
3akoHOB B Havane XIX B. mpuseno Jlamnaca Kk JOKTpUHE HAYy4YHOTrO AeTepMHHM3MaA. Ee cyTh B TOM,
YTO JOJDKHA CYIECTBOBaTh CHCTEMa 3aKOHOB, TOYHO OMNPEIENSAIOIINX, KaKk OyJeT pa3BUBAThCS
Bcenennas, 1o ee COCTOSHUIO B OAMH KaKOH-HUOYb MOMEHT BPEMEHH.

JlanmacoBCKUM J€TEpMUHU3M OBbLT HENOJHBIM HO JBYM INpu4YMHaM. B Hem HuUuYero He
TOBOPWJIOCH O TOM, KakK CIEAyeT BbIOMpaTh 3aKOHBI, M HUKAaK HE OIpPEIeNsIoCh HayalbHOE
cocrosinue Beenennoii. Y To u npyroe npenocrasisiiock peuath bory. bor nomkeH Obl1 pemurs,
KakuM OBITh Hayalny BceneHHOM M KakuM 3aKOHaM €W MOJYMHATHCS, HO C BO3HUKHOBEHHEM
BceneHHoil ero BMEmIATENbCTBO NMpeKpaTwiioch. [Ipaktuueckn bory ObUIM OCTaBIIEHBI JIUIIb TE
o0jacTu, KOTOpble OBLIM HEMOHATHBI Hayke XIX B.

Ceiliuac MbI 3HaeM, 4yTOo MeuThl Jlamuaca o neTepMHHHU3ME HEpeabHBl, MO KpailHel mepe B
TOM BHIE, Kak 310 mnoHnMan Jlammmac. B cuwily KBaHTOBO-MEXaHMYECKOTO IPHUHIIMIA
HEOMNpPEEeIEHHOCTH HEKOTOPbIE Napbl BEJIMYMH, HAIPUMEp, MOJOKEHHE YacTHULIBI U €€ CKOpPOCTb,
HEJIb3s1 OIHOBPEMEHHO a0COIIOTHO TOYHO MPEICKA3aTh.

KBaHTOBass MexaHHMKa B MOJOOHBIX CUTyaIMsIX OOpamaercs K IEeIOMY KIAcCy KBaHTOBBIX
TEOpUH, B KOTOPBIX YAaCTULBI HE HMEIOT TOYHO OINPEICIICHHBIX IOJOKEHUH M CKOpOCTEH, a
MIPE/ICTABISIOTCS B BUJAE BOJH. Takue KBAHTOBBIE TEOPUHU SIBJIAIOTCS JAETEPMHUHHCTCKUMH B TOM
CMBICIIE, 4YTO OHM YKAa3blBAIOT 3aKOH H3MEHEHHMs BOJH €O BpemeHeM. IloaTtoMy, 3Has
XapaKTePUCTUKHU BOJIHBI B OJMH MOMEHT BPEMEHHU, Mbl MOKEM pPacCUMUTaTh, KAKUMU OHHM CTAaHYT B
110001 Ipyroil MOMEHT BpeMEeHH. DJIEMEHT HeNpeCKa3yeMOCTH U CIIy4alfHOCTH BO3HUKAET JIUILb
IIpY TIONBITKAX HMHTEPIPETALUU BOJIHBI Ha OCHOBE IIPEACTABICHUM O IOJOXKEHUM M CKOPOCTH
gactu. Ho B 3TOM-TO, BO3MOXKHO, M 3aKJIOYaeTCsl Hamla omuOKa: MOXeT ObITh, HET HHU
MIOJIOKEHUM, HU CKOPOCTEH YacTHIl, a CYIIECTBYIOT OJJHH TOJILKO BOJIHBI. M ommOka UMEHHO B TOM,
YTO MBI NIBITAEMCSI BTUCHYTH ITOHATHE BOJIHBI B HAILIM 3aCKOPY3JIbI€ IIPEICTABICHUS O TOJIOKEHUAX
U CKOPOCTSIX, @ BO3HUKAIOLIEE HECOOTBETCTBUE U €CTh IPUUMHA KaXYILEHCs HENPEACKa3yEMOCTH.

M BOT MBI NOCTaBWIN MHYIO 3ajJjady Nepe] HayKO: HalWTH 3aKOHBI, KOTOPbIE MO3BOJISIIN Obl
MIPEJCKa3bIBATh COOBITUS C TOUHOCTHIO, IOIYCKAeMON MPUHIMIIOM HeonpeaeaeHHocTu. O1HaKo Bce
paBHO ocTaeTcsi 0e3 OTBETa BOIPOC: KaK M MOYEMY IPOU3BOAMICA BBIOOP 3aKOHOB M HAYaJIbHOTO
cocTosiHus Beenennoit?

B aT0ii KHUTE 51 0CO00 BBIAEIMI 3aKOHBI, KOTOPHIM MOAYUHSIETCS I'paBUTALMsA, TOTOMY 4TO,
XOTS TPaBUTAIIMOHHbIE CHIIBI caMble cIa0ble M3 CYIIECTBYIOUIMX YETHIPEX THUIOB CHJI, UMEHHO IOJ
JeHCTBUEM TpaBuUTalMK (GOPMHUPYETCS KpymHOMaciiTabHas CTpykTypa BceneHHon. 3akoHBI
rpaBUTALMU OBUIM HECOBMECTHMEI C €Ille HEJaBHO OBITOBABIIEH TOYKOM 3peHusi, uto BeceneHunas ne
U3MEHSETCAd CO BPEMEHEM: M3 TOTO, 4YTO TIPABUTALMOHHBIE CWJIbI BCErAa SIBISAIOTCS CHUIAMM
MIPUTSDKECHUS, BBITEKAaeT, 4To BeeneHnas noymkHa MO0 pacmmpsThes, 100 cxumarbes. CornacHo
o0miell TeopuH OTHOCHUTENBHOCTH, B MPOLUIOM JOJDKHO OBUIO CYLIECTBOBATH COCTOSIHME C
0ECKOHEUHO! IIOTHOCTHIO — OOJIBIION B3pBIB, KOTOPHI M CTald 3(PQPEKTHBHO HAYajIoOM OTCYETa
BpEMEHHU. AHAJIOTMYHBIM 00pa3oM, eciau Bcs BceseHHas ucnbITaeT NMOBTOPHBIM KOJUIAIC, TO B
OyayIieM TOJDKHO OOHAPYKUTHCA €Ie OJJHO COCTOSIHHE ¢ OSCKOHEYHOH IIIOTHOCTBIO — OOJIBIION
XJIOTIOK, KOTOPBIA CTAaHET KOHIIOM T€YE€HHSI BpeMeHH. Jlaxke eci BTOpUYHBINA Koyutanc BceeneHHou
HE MPOU30MIET, BO BCEX JIOKAJM30BAHHBIX 00JACTAX, M3 KOTOPBIX B pe3yJjbTaTe KoJularca
00pa30BaIUCh YEpPHBIE JIBIPBI, BCE PABHO BO3HUKHYT CHHIYJISIPHOCTH. DTH CHHTYJSIPHOCTH OyIyT
KOHIIOM BpPEMEHH JUIsl JII000T0, KTO yMaJeT B YEPHYIO IbIpYy. B Touke 60MbIIOro B3phIBa U B APYTUX
CHHTYJIIPHOCTSIX HapyIIarOTCsA BCE 3aKOHBI, a MOITOMY 3a borom coxpansercs mosnHas cBobona B
BBIOOpE TOTO, YTO MPOUCXOAMIIO B CHHTYJISIPHOCTSIX U KaKUM ObLIO Havajio BeenenHoi.

[Ipn oObenMHEHUH KBAaHTOBOW MEXaHWUKH C OOIIEH TEOpHel OTHOCHUTEIHLHOCTH BO3HHKAET,



M0-BUJIUMOMY, HOBas, JI0CEJI€ HEM3BECTHAs] BOZMOXHOCTh: MPOCTPAHCTBO U BpeMsl MOTYT BMECTE
00pa3oBaTh KOHEYHOE YEThIPEXMEPHOE MPOCTPAHCTBO, HE MMEIOIIEe CUHTYJISIPHOCTEH M TPpaHUIl U
HATIOMUHAIOIIEE TIOBEPXHOCTh 3€MJIM, HO € OONBIIMM YUCIOM H3MepeHHd. C TOMOIIBIO TakKoro
MOAX0Jla YJAJloCh Obl, HaBEpHOE, OOBACHUTH MHOTHE U3 HaOII0JaeMbIX CBONCTB BceneHHoi,
HampuMep, €€ OJHOPOJHOCTh B OOJBIIMX MacmTadax W OJHOBPEMEHHO OTKJIOHEHHUS OT
OJTHOPOJHOCTH, HaOJIOJaeMble B MEHBIIUX MacIiTa0ax, Takhe, KaK TaJakTHUKW, 3BE3Ibl U JaXKe
gyenmoBeyeckne cymectBa. C IMOMOMIBIO 3TOTO TOAXOJAa MOXKHO OBUIO OBl OOBSICHUTH JaXe
CYILIECTBOBaHME HaOII01aeMoi HaMu cTpelnbl BpemeHu. Ho ecnu BeeneHHast mOMTHOCTBIO 3aMKHYTa
U HE MMEET HU CUHTYJISIPHOCTEH, HU TpaHMIl, TO OTCIOAA BBITEKAIOT OUYEHb CEPHE3HbIE BHIBOJIBI O
posu bora kak Coznarens.

Omnaxnapl DiHIITEWH 3aman Bompoc: «Kakoii BeiOOp Obl1 y bora, korma oH co3maBan
Bceenennyo?» Ecan BepHO mpenmnonioxxkeHne 00 OTCyTCTBHH TpaHHIl, TO y bora BooOiie He ObLIo
HUKAKOi CcBOOOABI BHIOOpa HAYaIbHBIX YCIOBUH. Pasymeercs, y Hero emie ocraBajach cBoOojaa
BbIOOpa 3aKOHOB, KOTOPBIM MoquuHseTcs Bceenennas. Ho ux Ha camMom Jiene He Tak Y MHOTO;
CYILLIECTBYET, BO3MOKHO, BCETO OJJHA WJIM HECKOJIBKO MOJIHBIX €AMHBIX TEOpUH, HApUMeEp, TeOpus
TeTepOTUYECKON CTPYHBI, KOTOpbIE ObUIM Obl HEMPOTHBOPEUMBHI M JIOMYCKAld CYIIECTBOBAHHE
TAaKUX CIIO)KHBIX CTPYKTYp, KakK YEJOBEUYECKHE CYIIECTBA, CIOCOOHBIX HCCIENI0BaTh 3aKOHBI
Bcenennoli u 3agaBath BOIIpOCHl 0 CyIHOCTH bora.

Jlaxxe ecu BO3MOXHa BCEro OfHA €AMHAas TEOPHs — 3TO MPOCTO HAOOP NMPaBUI U YpaBHEHUH.
Ho 4ro BIbpIXxaeT *u3Hb B 3TH YpaBHEHUS U cO3laeT BceneHHYI0, KOTOPYIO OHHU MOTIU OBl
onuchiBaTh? OOBIYHBIN MTyTh NAYKH — IIOCTPOEHUE MAaTEMaTUYECKON MOJIENIN — HE MOXKET IPUBECTU
K OTBETY Ha BOIIPOC O TOM, MTOUEMY JOJDKHA CYIIECTBOBATh BceneHHas, KOTOpyro OyJeT OMUCHIBATh
nocrpoeHHas mojenb. llouemy BceenenHas uzaer Ha Bce XJIOMOTHI cyuecTBoBaHus? Heyxenu
enHasl Teopus TaK BCECUJIbHA, UTO cama SIBIISIETCS MPUYMHOM cBoel peanuzauuu? Unu el HyxeH
co3/1aTesb, a €CJIM HY>KEH, TO OKa3bIBAa€T JIM OH €llle Kakoe-HuOy1p Bo3eiicTBre Ha Beenennyio? U
KTO CO3JaJ1 ero?

[Toxa GONBIIMHCTBO YYEHBIX CIIHMIIKOM 3aHSATHI PA3BUTHEM HOBBIX TEOPHM, OIMHMCHIBAIOIINX,
YTO €CTh BcesneHHas, 1 UM HeKora ClpoCUTh ce0s1, moueMy oHa ecTh. Punocodbl ke, ubs padoTa B
TOM U COCTOWT, 4TOOBI 33/1aBaTh BOMPOC «IOYEMY», HE MOTYT YTHAThCS 32 Pa3BUTHUEM HAYYHBIX
teopuii. B XVIII B. putocodsr cuntanu Bce 4emoBeuecKoe 3HAHUE, B TOM YUCJIE U HAYKY, MOJIEM
CBOEH JEATENbHOCTH U 3aHUMAIIMCh 00CYX/IEHHEM BOIIPOCOB TUMa: OblIO 11 Y Beenennoii Hauano?
Ho pacuetst m maTtematndeckuii anmapaT Hayku XIX m XX BB. CTajau CIMIIKOM CJIOXHBI IS
¢dunocodoB u BooOIIE TS BCEX, KpoMe criennaanucToB. Ouinocodsl HACTONBKO CY3WIH KPYT CBOMX
3ampoCoB, YTO CaMblid M3BECTHBIN (hrytocod Hamiero Beka BUTTreHIITEHH MO 3TOMY TOBOTy CKa3al:
«EauHcTBEHHOE, YTO emie ocTtaercss guiaocopuu, — 3TO aHaNM3 sA3bIKa». Kakoe yHIDKEHHE s
¢dbunocoduu ¢ ee BENMMKUMHU TpaauusaMu ot Apucrotens 1o Kanra!

Ho ecin Mbl [IEHCTBUTENBHO OTKPOEM IOJHYIO TEOPHUIO, TO CO BPEMEHEM €€ OCHOBHbBIE
MPUHLUIIBI CTAHYT JOCTYIIHBI IOHMMAHHUIO KaXKJI0TO, a HE TOJIBKO HECKOJBKUM crenuanucram. 1
Torga BCe MbI, (UIOCO(BI, YYCHBIE U MPOCTO OOBIYHBIC JIIOJIU, CMOXKEM TMPUHATH y4acTUE B
JUCKYCCHH O TOM, ITI0YEMY TaK IIPOU30ILI0, YTO CYHIECTBYEM MBI U cynlecTByeT Beenennas. U ecinmn
OyZeT HaiiieH OTBET Ha TAaKOH BOIIPOC, 3TO OyAET MOJHBIM TPUYM(POM YeIOBEYECKOr0 pazyma, nbo
TOT'JIa HaM CTaHEeT NOHATEH 3aMblcen bora.

Benukne pnsunku

Aub0epT JUHIITEHH

Kak Obutr cBsi3aH OWHINTEHH C TOJMTHKOW, OCHOBAaHHOW Ha SJACPHOM OPYXXKHH, XOPOIIO
M3BECTHO: OH IOANMCAJI 3HAMEHHUTOE IIHCBMO K Ipe3uieHTy Py3BenbTy, KOTOpPOE 3aCTaBUIIO
Coenunennsbie LITaThl cepbe3HO OLEHUTH MOJIOKEHUE, a MOCIEe BOMHBI OH BKJIIOUUJICS B JABM)KEHUE
3a MPENOTBpAIIeHHUE SAECPHON BOWHBI. JTO HE OBUIO OTAETBHBIMH AMH30/IaMU B JKU3HHU YUYEHOTO,



BTAHYTOro B MOJUTUKY. Ku3Hb DWHIITEHHA, HO €ro COOCTBEHHBIM CIIOBAM, <«JIEIHJIACh MEXKIY
MIOJINTUKON U YPABHEHUSIMM.

Pannsis monuTHyeckas akTUBHOCTh DWHINTEHHA BO3HUKIA emie BO Bpems [lepBoit MupoBoit
BOMHBI, KOr/1a OH Obu1 npogeccopoM u bepinne. YOUTHI TeM, YTO OH CUMTAl HApacHOM motepen
YeJIOBEYECKUX JKU3HEH, OH NPUMKHYJ K AHTUBOEHHBIM JeMOHCTpanusM. Ero BbICTymJIeHHS B
3aLIUTYy TPAXKAAHCKOTO HEMTOBUHOBEHUS U MyOJIMYHOE 0100pEHHE TeX, KTO OTKA3bIBAJICS OT CIIY>KOBbI
B apMHH, HE MOTJM CHHUCKATh €My MOMYJSPHOCTH cpeau Kosuier. [locime BOWHBI DWHIITEIH
HaIpaBWJl CBOM YCWJMS Ha NPUMHUPEHUE CTOPOH U YJYYIIEHUE MEXIYHAPOIHBIX OTHOLICHWM.
Takoro pona AeSITENBPHOCTh TOXKE HE CIOCOOCTBOBaJa MOMYJSIPHOCTH OWHINTEMHA W 4yepe3
HEKOTOpOE BpeMs NpUBEia K TOMY, YTO €My cTajlo TpyaHO nocemars Coequnensslie [lTarer naxe
JUIST YTEHUM JICKITHAH.

BropeiM BakHEHIIMM /€70M B KU3HU DMHIITEHHA OB CHOHU3M (B TO BpEMs 3TO O3HAYaJIO
00pBr0y 3a rocymapcTBeHHOE 00bennHeHue eBpees, noaaep:xkannoe OOH, u B wactnoctu, CCCP. —
MIPUM. pes.).

Byayuun cam eBpeeM 1o MPOMCXOXKAECHUI0, DUHIITEWH oTpulan oubneiickyro uaet bora. Ho
HapacTamolas BOJIHA aHTUCEMHUTH3Ma Kak nepen [lepBoil MHpOBON BOMHOW, Tak M IIOCIE HEE
IIOCTETIEHHO TpHuBeNa OWHINTEHHAa K OTOXAECTBIEHUIO ce0s ¢ eBpelcKol OOIMHOM, U OH
IIPEBPATUIICSI B TOJHOIO CTOPOHHMKA CHOHM3MA. B KOTOpBIM pa3 MajcHHE MOIYJSPHOCTH HE
OCTaHOBWJIO OMHINTEHHA Iepel OTKPHITHIM BBICKA3bIBAHWEM CBOMX B3MIAI0B. Ero Tteopuun
[IPECIeI0BAINCH; BO3HUKIIA JJake aHTHAUHIITEHHOBCKas: opranu3anus. OAMH yesloBeK ObLT IpeaaH
CyIly 3a MOACTPEKATEIbCTBO K yOUHCTBY DifHIITEeHHA (M omTpadoBaH BCEro Ha MIECTh JOJUIAPOB).
Ho DiiHIITENH cCOXpaHsul CIIOKOMCTBHE, a KOra BhlllIa KHUra «CTo aBTOpoB MPOTUB DHHIITEHHAY,
OH 3aMETHJI: «XBaTHUJIO OBI U OJTHOTO, €CITH I OBLI ObI HEeTIpaB!»

B 1933 r. k Bnactu mpumen ['urnep. DHHIITENHH, KOTOPBIH ObIT B 3TO Bpemsi B AMepHKe,
3asiBWJI, 4TO He BepHeTcsl B 'epmanuio. Korjga HanucTckue BOWCKAa OKPYXKHWIM €ro JOM, a €ro
0aHKOBCKUH cueT ObUl KOH(HCKOBAaH, B OJHOM U3 OEpIMHCKUX Tra3eT MOSBUIICA 3arojOBOK:
«Xopouie HOBOCTH — DWHINTENH He BepHeTcsa». llepen aMIIOM HAIMCTCKOW Yrpo3bl DHHIUTENHH
oromes OT nanudusMa U B KOHIIE KOHIIOB, OIAacasch TOrO, YTO HEMEIKUE YYEHbIE CO3AamyT
aToMHYI0 60MOy, npemtoxkun CoenuHennsiM IlITaram pa3zpabaTbiBaTh CBOIO COOCTBEHHYIO OOMOY.
Ho eme no B3pbIBa nepBoii aTOMHO# O0OMOBI OH ITyOJIMYHO TIPEAYIIPEK AT 00 OMACHOCTAX SIICPHOM
BOMHBI U IIpeyIarai co3aaTb MEXAYHapOAHbINH KOHTPOJIb 32 IAEPHBIMU BOOPYKEHUSIMH.

Ha mnpotsokeHun Bceil KU3HM OWHINTEHHA €ro MHUPOTBOPUYECKHE YCUIIMA HE JaBaju,
MO-BUAMMOMY, TPOYHBIX PE3YyJbTaTOB M YX BO BCSIKOM Cily4ae HE MpHUOABISIM eMy Ipy3ei.
Onnako mMyOJMYHBIC BBICTYIUICHHS OWHINTEHHA B 3alIUTy CHOHM3Ma OBUIM IO JTOCTOMHCTBY
oueHeHsl B 1952 r., korma emy ObUIO NpPENIOKEHO CTaTh Mpe3uaeHToM W3pawns. DHHIITEHH
OTKa3aJjcs, 3asBUB, YTO, [0 €70 MHEHUIO, OH CIMIIKOM HAaWBEH B nojuTuke. Ho pelicTBUTEnbHON
NPUYMHON OTKaza, HaBepHoe, Obuta apyras. [Ipomutupyem ero eme pas: «Jlias MeHs BaxHee
YPaBHEHHs, IOTOMY YTO IIOJUTHKA HY)KHA HACTOSIIEMY, 4 YPABHEHHS — 3TO 711 BEYHOCTH.

Taamnaeo I'anniei

lanunedt, nmoxxanyi, 6osble, YeM KTO-THOO IpYyrodl M3 OTAEIbHBIX JIIOJIEH, OTBETCTBEH 3a
pOXIEHHUE COBPEMEHHOM Hayku. 3HaMEeHUTHIM cnop ¢ Karomumueckoil IlepkoBbio 3aHMMan
LEeHTpalibHOEe MecTo B ¢uiocopun ["ammies, 100 OH OJHUM M3 MEPBBIX OOBSBUI, YTO Y YEJIOBEKa
€CTh HaJeXJa MOHATh, KaK YCTPOEH MHUp, U, Oojiee TOro, 4YTo ATOr0 MOXHO TOOWUTHCS, HAOMo1as
Halll PeAJIbHBIN MUP.

["anuneit ¢ camoro Havana Bepui B Teopuio KomepHuka (0 TOM, Y4TO TUTAHETHI 0OPAIIAIOTCS
Bokpyr ComHia), HO Hayan ee NyOJIWYHO NOJAEP)KMBATh JMIIL TOT/A, KOTJa Hamel ee
noaTBepkaeHus. PaboTel, mocBsimmenasle Teopun Koneprauka, ["anmmnei mucan mo-uTanbsHCKH (a HE
Ha IPUHATOMN aKaJeMHUUYECKOM JIATBIHU), U BCKOPE €TI0 NPECTABICHUS PaCIPOCTPAHWINChH JAJIEKO 32
MpeAesibl YHUBEPCUTETOB. JTO HE MONPABWIOCh NPHUBEPKEHIIAM YUYEHUS APHUCTOTENS, KOTOPHIE



0o0BeTMHUINCEH MPOTUB [ amwiies, mpITasch 3acTaBuTh Karommueckyio LlepkoBb mpenath aHademe
yueHne KonepHuka.

B3BonHoBaHHBI npoucxoasmuM, ['anuneit otnpaBusics B Pum, uyToObl mOCOBETOBATHCS C
LIEPKOBHBIMU aBTOpuTeTaMu. OH 3asBWJI, 4TO B 1ienu bubnuu He BXOAUT Kakoe Obl TO HU OBLIO
OCBEILIEHNE HAYYHBIX TEOPUH M YTO HAJIO NMPUHUMAThH 3a aJUIErOopHUio Te MecTa B bubnuu, kotopsie
BCTYIAIOT B MPOTUBOpEUUE CO 37paBbiM cMbicioM. Ho, 6osck ckaHzmana, KOTOPbI MOT MOMeEIIaTh
ee Ooprbe c mporectantamu, LlepkoBp mepemnia K penpeccMBHBIM MepamM. B 1616 1. yuenme
KonepHuka OblJI0 MPOBO3IIIALICHO «JI0OXKHBIM U OIIMOOUYHBIMY, a ["anuiero OblI0 HaBeKH 3arperieHo
BBICTYNIaTh B 3aIUTYy WINA NPUACPKUBATHCS 3TOW NOKTPUHBL. [ anmmnen coacs.

B 1623 r. ogun u3 crapbeix apysed ['amunes cran Pumckum Ilanoi. ['anuneit cpasy Havan
noOuBaThCsl OTMEHBI yKa3a 1616 r. OH noTeprien Heyaady, HO 3aTO CyMeJl IIOJYyUUTh pa3pelieHue
HanucaTh KHUTY, 00CYKJAIOIIyI0 KaK Teoputo ApucroTens, Tak 1 Teoputo Konepauka. Emy Obio
[IOCTABJICHO JBa YCJIOBUS: OH HE HMMeEJ MpaBa NMPUHUMATh HU OAHY M3 CTOPOH U JOJKEH ObLI
CZENIaTh BBIBOJ], YTO YEJIOBEK HUKOI'/Ia HE CMOXKET Y3HATh, KAK YCTPOEH MHp, IOTOMY 4TO bor ymeer
BBI3BIBATH OJTHU U T€ K€ APPEKTH criocobamMu, He JOCTYITHBIMUA BOOOPaXECHUIO YEIIOBEKA, KOTOPBIN
HE MOJKET HajlaraTb OTpaHUYEHHUs Ha BceMoryuecTso bora.

Kawra lNamnes «/luanor o AByX IIaBHEWIINX CUCTEMaxX MHpay ObUIA 3aBepIliCHA W M3aHa B
1632 r. npu MoOIHOM OnOOpEeHMH LIEH3ypbl M Oblla cpa3y ke oTMedeHa 1o Bcell EBpome kak
auTepaTypHeld W Qwiocodekuit  mexneBp. Bckope, omnako, [lama TOHsUI, YTO A3Ta KHUTA
BOCIIPMHUMAETCA Kak yOeauTesbHas nojiep:kka Teopurt KonepHuka, u moxarnesn, 4To pa3perun ee
n3nate. [lamna 3agBui, 4yTo, HECMOTPS Ha OQUIMANIbHOE OyarocaoBeHHE LeH3ypbl, ['anuieil Bce xe
Hapymun yka3 1616 r. Ianuneil mpeacran mepen CylIOM HHKBU3UIMM U OBLI HPUTOBOPEH K
MO’KU3HEHHOMY JIOMAIlIHEMY apecTy U IMyOJIuMYHOMY OTpedeHuto oT yueHus Konepnuka. ['amuiero
MIPUILIIOCH TOKOPUTHCS OIATS.

OcraBasich IpelaHHBIM KaToJUKOM, ["anmieit He mokosiedancs B CBOEH Bepe B HE3aBUCUMOCTh
HayKd. 3a 4YeThIpe rojaa g0 cMeptu, B 1642 r., HaXoAsACh BCEe €lI€ MOJ JAOMAallHUM apecToM, OH
TallHO IIepelpaBUil B NOJUIAHJACKOE M3JATEIbCTBO PYKOIMUCH CBOEM BTOPOM KpPyIHOU KHUTH «/IBE
HOBbIE HaykW». FIMeHHO 3Ta pabora, B OOJbINCH cTeneHu, YeM ero nojaaepxkka Komepuuka, mana
pPOKJIEHHE COBPEMEHHOH HayKe.

Hcaaxk HuioToH

Ncaaka HproTOHa Henb3s Ha3BaTh CHUMIIATHYHBIM 4YelIOBEKOM. IIIMpOKyr W3BECTHOCTH
MOJIyYHUJT €r0 IJIOXUE OTHOIICHUS C JAPYTMMHU YYCHBIMH, M TIOCIEIHHE TOJbI CBOCH >KH3HU OH
MpoBEJl B OCHOBHOM B pe3kux crmopax. Ilociae u3ganus xuurn «MaTemaruyeckue Hadasiay,
OKa3aBIIeics, 0€3yCIOBHO, CaMOH BIMATEIHLHON U3 BCEX KOTA-IM00 HAMTMCAHHBIX KHUT MO (PHU3UKE,
Hprotorn ObicTpo mpuoOpen obOmiecTBeHHOEe TojokeHHe. OH  ObUT Ha3HAUEH MPE3UIECHTOM
Koponesckoro o0miecTBa 1 cTall IEPBBIM YUEHBIM, TTOCBSIIEHHBIM B PHIIIAPCKOE 3BaHUE.

Bckope HproToOH moccopuiicsi ¢ KOPOJIEBCKUM acTpoHOMOM J[xkoHOM DI3sMCTHAOM, KOTOPBIN
panbiie cHaOxkan HpioToHa maHHBIME Uil «MareMaTH4ecKuX Hadamy, a Teleph 3aJepKUBAT
nHpopmannio, Kkotopasi TpeboBanack HproTony. Hpl0TOH He moTepmen Takoro MOJOKEHUS U caMm
BKJIIOUMI ce0si B PYKOBOJCTBO KOPOJIEBCKOM oOcepBaTopuu, a 3areM Hayal J00HBaThCs
HEMeJIEHHOW MyOJaMKanuy pe3ynbTaToB. B KOHIE KOHILIOB €My YJaJloCh 3amloidy4duTh padoTy
@PMCTHIA U JIOTOBOPUTHCSA O €€ U3JAaHUM CO CMEPTENbHBIM Bparom @DmMmcTHaa DAMOHAOM
lanneem. Ognako dadmcTua nepenan aeno B Cyl, U CyJ yCIen NPUHATh PeUIeHHe B €ro Mob3y,
3aMpeTHB PaclpOCTPAHCHHUE YKpaJeHHOW paboThl. HpI0TOHA pa3o3nuiio Takoe pelieHue, U, 4TOObI
oToMcTUTh DIAIMCTHIY, OH CHCTEMaTHYeCKH CHMMal B Ooiyiee mo3aHux uinanusx «Hauam» Bce
CCBUIKM Ha paboTel DadMcTHa.

bonee cepwesnsiii crop pasropencs y Hpiorona ¢ Hemenkum dumocopom [Norrdpumom
Jleitonunem. Jlei6uun u HplOTOH HE3aBUCHMMO ApYyr OT Apyra pasBWIM OOJIACTb MaTEMAaTHKH,
HaszbiBaeMylo Jud¢epeHInaTbHbIM HCUMCICHUEM, COCTABIISIIONIYI0O OCHOBY Ooublled dYacTu



COBpEMEHHOM (u3uku. XOTs, KaKk Mbl Temnepb 3HaeM, HbIOTOH OTKpBUI 3TO HCUMUCIEHHE Ha
HECKOJIbKO JieT panbliie JleiiOHuia, cBoo paboTy OH OmyOJIMKOBaJI 3HAYUTENHHO MO3KE. BO3HUK
TPaH/INO3HBIN CIIOp IO TMOBOAY TOTO, KTO K€ OBUI MEPBBIM. YYEHBIC PhSHO 3alIMINAINA 000MX
COTEPHUKOB. 3aMevaTeNnbHO, YTO MOYTH BCE CTaThH B 3alUTY HbI0TOHA ObUTM HANMCAHBI UM CAMUM
Y JUIIb OmyOJIMKOBaHBI 1O MMEHaMu ero jpysert! Crop pasropancs, U TyT JICHOHHUIT coBEpIIIIT
omnOKy, oopaTuBIch B KoponeBckoe o0111ecTBO ¢ Mpoch00it pa3peuTh npotuBopeune. HploToH,
OyAy4d Mpe3uIeHTOM 00IIecTBa, Ha3HAYMII IS pa3bopa Jea «He3anHTePECOBAHHY0» KOMHUCCHIO,
«CIy4aifHO» COCTaBJICHHYIO LeiaukoM u3 apyseir Heiorona! Ho sto Obuio emie He Bce: 3areM
HpioTOH cam Hamucaln OT4eT KOMHCCHHU M 3aCTaBWJI OOIIECTBO €ro OIyOJMKOBATH, O(UIIMAIBEHO
0o0BUHUB TakuM oOpa3om JleiiOHuna B mnaruare. Bee eme He 4yBCTBYs ce0si yAOBIECTBOPEHHBIM,
HbI0TOH aHOHWUMHO OIyOJIMKOBAJl CXKaThId TIepecka3d 3TOro oTrdera B razere KoposieBckoro
obmectBa. ['oBopsT, uto mocne cMmeptu JleiOHua HpOTOH 3asiBHII, YTO OH MOMY4YHJI OOJBIIOE
YIIOBJIETBOPEHHE OT TOTO, YTO EMY YJAJIOCh «pa30ouTh cepaie JleioHmma.

[Toka mmu oba nucnyrta, Heioron mokunyn u KemOpumk, u xadeapy. OH mpuHHMAN
aKTUBHOE yYacTHE B aHTHUKATOJIMYECKOM JIBIKCHHWU CHavaja B KeMOpHIKCKOM yHHBEpCHUTETE, a
3aTeM B MapiaMeHTe U ObUl BO3HArpaKACH 3a 3TO Ha3HAYEHHEM Ha JOXOJHYIO JIOJKHOCTH
xpanutenss KoponeBckoro MOHETHOroO J1BOpa. 31ech OH Hamlen 0ojiee COLUAIbHO ONpPaBIaHHOE
MIPUMEHEHNE CBOEMY KOBAPCTBY U JKETYHOCTH, YCIEIIHO MPOBES MMPOKOMACIITAOHYIO KAMITAHUIO
1o 0opbOe ¢ PanbIIMBOMOHETYUKAMHU U JJa’K€ OTIIPABUB HECKOJIBKUX YEJIOBEK HA BUCEIIHILY.

CnoBapb TepMUHOB

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

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

AHTHYACTULAa — y KaXJOM YacTULBl MAaTepUU €CTh COOTBETCTBYMOWIas aHTMyactuua. [lpum
COyJJap€HUU YaCTHULBI M AHTUYACTHLBI IPOUCXOIUT WX AHHWTWILAALHUSA, B PE3yJbTare KOTOPOU
BBIJICIISIETCS SHEPTHUS U POKAAIOTCS IPYTUE YACTULIBI.

AHTpPOIHBIA OPUHLHUI — MBI BUIUM BceneHHylo Takoi, Kak OHa €CThb, IOTOMY 4TO, OyAb OHa
Ipyrou, Hac OBl 3/1eCh HE ObLITIO U MBI ObI HE MOTJIHM €€ HAaOII01aTh.

ATOM — HauMMeHblIas 4acTula OOBIYHOTO BEHIECTBA. ATOM COCTOMT M3 KPOLIEYHOIO Spa
(cocTaBieHHOTO U3 MPOTOHOB U HEUTPOHOB) M OOPAITAIOIINXCS BOKPYT HETO JIEKTPOHOB.

benprit kKapnuK — cTaOMIbHAsT XOJI0JHAS 3BE3/1a, HAXO/SIIAsACS B paBHOBECUH OJaromaps ToMy,
YTO B CWJIy NpUHIMNA UCKIt0ueHus [laynn Mex 1y 351eKTpOHaMU JE€HCTBYIOT CUJIbI OTTAIKUBAHMSL.

bonp110# B3pBIB — CUHTYJIIPHOCTh B MOMEHT BOZHUKHOBEHUS BCeEIeHHOM.

bosb1110¥ XJIONIOK — CUHTYJISIPHOCTh B KOHEYHOM TOUKE CyIIECTBOBaHUs BceeneHHOM.

Bec — cuna, ¢ KOTOpoil Ha TENO AEMCTBYET rpaBUTALMOHHOE TToJIe. Bec Tena nponopuroHaieH
Macce Teja, HO He COBIAJAeT C HEell.

BupryanpHas dyactMmia — B KBAHTOBOM MEXaHUKE — 4YacTULA KOTOPYIO HEBO3MOKHO
3aperucTpUpOBaTh HEMOCPEICTBEHHO, HO CYIIECTBOBAaHHME KOTOPOW MoATBepkaaeTcs sddexramu,
MOAJAFOIIMMHUCS U3MEPEHHUIO.

['amma-u3nydyeHue — D3JIEKTPOMAarHUTHOE W3JIyYeHHUE C OYE€Hb Mallod JJIMHOM BOJIHBI,
HCITyCKaeMoe IIPHU paJiMOaKTUBHOM paclaje Uil MpU COyAAPEHUSIX FIEMEHTAPHBIX YACTHII.

['eonesnueckast ~ caMblii KOPOTKHUM (MU CaMBIM ITTHHHBIN) Iy Th MEXIY IBYMS TOYKAMHU.

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

I'opu3oHT coOBITHIT — TpaHMLIAa YEPHOH IBIPHI.

['paBuTanimoHHOEe B3auMMOJEICTBHE — camoe ciaboe U3 4YeTblpex (QyHIaMEeHTaIbHBIX
B3aUMOJICHCTBUN, oOnamaroniee  OONBIIMM — paguycoM  JAeWCTBHS. B rpaBUTaniioHHOM
B3aMMOJICIICTBUHU yYaCTBYIOT BCE YACTHIIBI MATEPHUHU.

JlnHa BOJIHBI — PACCTOSIHUE MEXKIY JBYMS COCEIHHUMH IPeOHSIMH BOJIHBI MIIM MEXIY JIBYMsI



€€ COCEIHMMHM BIIaJUHAMMU.
3aKOH COXPaHEHHs SHEPTUU — 3aKOH HayKH, COTJIACHO KOTOPOMY SHEprust (UM €€ MacCOBBIN
9KBHMBAJICHT) HE MOKET HU CO3/1aBaThCs, HU YHUUTOXKATHCS.

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

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

KBanroBo-mexannueckuii npuniun Ilnanka (3akoH uznyuyeHus IlnaHka) — coCTOUT B TOM,
YTO CBEeT (WM JIIOOBbIE ApPYrue KIaCCUYECKHUE BOJIHBI) MOXKET MCIyCKaTbCs WM IOTJIOLIAThCs
TOJIBKO AUCKPETHBIMU MOPLUIMU — KBAHTAMH — C 3HEPTUEH, IPONOPLUOHATIBHON UX YaCTOTE.

KBapk — snemeHTapHast (3apspkeHHas) 4acTHUIA, YYacTBYIOIIAs B CUJIBHOM B3aMMOJAEHCTBUM.
[IpOTOHBI M HEUTPOHBI COCTOAT KAXKIbIA U3 TPEX KBAPKOB.

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

Koopaunats!l — 4ncia, onpenessonme nojI0KeHUe TOUYKH B IPOCTPAHCTBE U BO BPEMEHH.

Kocmuueckast ieH3ypa — nIpeosIoKeHUe O HEJJOIy CTUMOCTH TOJIBIX CUHTYJISIPHOCTEH.

Kocmonornueckass mocrosiHHas — MareMaTudecKkas BCIIOMOraTebHas BEJIWYUHA, BBEICHHAs
OUHIITEHHOM JUIs TOT0, 4TOOBI TPOCTPAHCTBO-BPEMS PUOOPENIO TEHACHIUIO K PACIIUPEHHUIO.

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

Kpacnoe cmemenne — BbI3BaHHOE 3(dexToMm Jlomnepa mokpacHeHHE CBeTa, UCIyCKaeMOro
YIAISIONICICS OT HAC 3BE30M.

MarautHOoEe mOJIE — IIOJIE, CO3Jarollee MarHuTHele cuibl. Cellyac MarHMTHOE IOJIE U
ANEKTPUYECKOE 110JI€ O0BEAUHSIOTCS B 3JIEKTPOMAarHUTHOE T0JIE.

Macca — KOnM4YEeCTBO BEILIECTBA, COAEpIKalleecs B Tene. Mepa HHepLUM Teja WU CTENEHb €ro
CONPOTUBIICHUS YCKOPEHUIO.

MHumoe BpeMs — BpeMs, U3MEPSIEMOE B MHUMBIX €INHULAX.

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

Heiitpon — He3apspkeHHast yacTuIla, O4€Hb OJM3Kas MO CBOMCTBaM K MpoToHy. HelTpoHsl
COCTaBJISAIOT OOJI€€ TOJIOBUHBI YACTHIL, BXOISIIUX B COCTaB OOJIBIIMHCTBA ATOMHBIX SIZIEP.

HeliTponHas 3Be3ga — XoJIoAHAs 3Be3/a, CYLIECTBYIOIIAs BCIEACTBUE OTTAJIKMBAHUS
HEUTPOHOB, 00yCIIOBICHHOTO MpuHIAIoM [Taymu.

OOmiast TeopHst OTHOCUTEIIFHOCTH — CO3/1aHHasi DWHIITEHHOM TEOpHsi, B OCHOBE KOTOpOMU
JEKUT TPEANONOKEHHE O TOM, 4YTO 3aKOHbl HAyKH JOJKHBI OBITh OJMHAKOBBI JJSI BCEX
HaOo1aTeNneld He3aBUCUMO OT TOTO, Kak JIBWXKYTCA ATH HaOmomarenn. B OTO cymiectBoBanue
IPaBUTALlMOHHOIO B3aMMOJECHCTBUS 00BsICHAETCS HCKPUBJICHUEM YETBIPEXMEPHOTO
IIPOCTPAHCTBA-BPEMEHH.

[lepBuuHas 4epHas AbIpa — 4YepHas [Iblpa, BO3HMKIIAS HA OYEHb PAHHEU CTaJHUU PA3BUTHS
Bcenennon.

[To3utpoH — anTHYacTUIA (IIOJOKHUTEIBHO 3apsKEHHAs) SJIEKTPOHA.

ITone — Hedro, CylIECTBYIOLIEE BO BCEX TOYKAX IIPOCTPAHCTBA U BPEMEHU, B OTIMYME OT
YaCTHLIBI, KOTOPas CYIECTBYET TOJBKO B OJTHOM TOYKE B Ka)KJ(bIii MOMEHT BPEMEHHU.

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

[punnun uckmouenus Ilaynu — nBe OJUHAKOBBIE YacCTHIBI CO CIMHOM 1/2 He MOryT (B
npejenax, KOTOpble [arTCsl MPUHIMIIOM HEOINpPEIeJIEHHOCTH) 00J1a1aTh OJHOBPEMEHHO U
OJIMHAKOBBIMU IOJIOKEHUSIMU B IPOCTPAHCTBE, U PABHBIMU CKOPOCTSIMH.

[IponopiMoOHaTbHOCTh — YTBEPXKIACHUE «X TMPOMOPIUOHATIBLHO Y)» O3HA4yaeT, 4YTO MpHU
YMHOXKEHUH Y Ha Kakoe-HHOyab 4uciao X yMHOXAeTcs Ha 3TO K€ YHCIO0. YTBEpKIeHHE «X
0o0paTHO MPOTMOPIUOHAIBHO Y» O3HAYaeT, 4YTO MPU YMHOKEHHH Y Ha Kakoe-HUOyIp dmucio X
JIEJIUTCS Ha 3TO K€ YUCIIO.

[IpocTpaHcTBEHHOE M3MEpEHHE — JH00€ U3 TPEX MPOCTPAHCTBEHHO-NOJOOHBIX M3MEpPEHHUH
MIPOCTPAHCTBA-BPEMEHH, T.€. JTI000€ N3MEPEHUE, KPOME BPEMEHHOTO.

[IpocTpaHCTBO-BpEMsT — YETBIPEXMEPHOE IPOCTPAHCTBO, TOYKUM KOTOPOrO OTBEYAIOT



COOBITHSM.

[TpoTOH — MONIOKUTENBHO 3apsikeHHas 4yacTtuiia. [IpoToHsl 00pa3yloT MPUMEPHO MOJIOBUHY
BCEX YaCTHII, BXOSIIUX B COCTaB siiep OOJIBITUHCTBA ATOMOB.

PannoakTHBHOCTH — CaMOMPON3BOJIBHOE MPEBPAIICHHUE OJTHOTO aTOMHOTO Ipa B IPYToe.

CaeToBasi cekyHIa (CBETOBOU T'0J1) — PACCTOSIHUE, MMPOXOIMMOE CBETOM 3a OJHY CEKYHIy (3a
OJIMH TOJ).

CBEeTOBOM KOHYC — TIOBEPXHOCTh B MPOCTPAHCTBE-BPEMEHH, KOTOpas OrpaHUYHBAECT
BO3MO>KHBIE HAMPaBJICHUS CBETOBBIX JIyUe, MPOXOAIINX Yepe3 JaHHOE COOBITHE.

CunpHOE B3aMMOJEHMCTBUE — CaMO€ CHJIBHOE M CaMO€ KOPOTKOAEHCTBYIOILIEE W3 YETHIPEX
(yHIaMeHTaNnbHBIX  B3aUMOJEWUCTBUU. braromaps  CUIbHOMY  B3aUMOACHMCTBHUIO  KBapKu
YACPKUBAIOTCS BHYTPU MPOTOHOB U HEUTPOHOB, a MPOTOHBI M HEHUTPOHBI, COOPABIINCH BMECTE,
00pa3yroT aTOMHbIE SApa.

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

Cnaboe B3amMoJIeiicCTBHE — BTOPOE IO CIA0OCTH W3 YETHIPEX HM3BECTHBIX B3aMMOICHCTBHIM.
Ob6nagaetr o4yeHb KOPOTKUM PaguycoM JeHCTBUS. B craboM B3anMoAeicTBUM MPUHUMAIOT ydacTue
BCE€ YaCTHUIIbI MATEPHUH, HO B HEM HE yYaCTBYIOT YaCTHUIIBI — IEPEHOCUYUKH B3aUMOICUCTBHUS.

CoObiTHE — TOUYKa B MPOCTPAHCTBE-BPEMEHHU, KOTOpas OIpeaesseTcsl MOJNI0KEHUEM B
MPOCTPAHCTBE U BO BPEMEHH.

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

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

CnuH (spin — Bpamatbcsi, BEPTEThCSA) — BHYTPEHHEE CBOWMCTBO YACTHIIBI, CBSI3aHHOE C €€
BpallleHUEM BOKPYT COOCTBEHHOM OCH.

CranmoHapHOE COCTOSIHUE — COCTOSIHME, HE M3MEHSIOINIEECs] CO BPEMEHEM: BpAllaloIIUics C
MOCTOSIHHOM CKOPOCTBIO IIap HaXOJUTCS B CTAllMOHAPHOM COCTOSIHUH, ITOTOMY UYTO, HECMOTps Ha
BpallleHHe, B KaX/Iblil MOMEHT OH BBITJISAUT OJIMHAKOBO.

Teopema O CHUHTYJISIPHOCTH — T€OpeMa, B KOTOPOM JOKAa3bIBAETCS, YTO IMPHU OIMPEAEICHHBIX
YCIIOBUSIX CHUHTYJISIDHOCTh JOJDKHA CyIIECTBOBaTH M 4YTO, B YAaCTHOCTH, HaudajgoM BcenenHoi
JOJKHA OBITH CHHTYJISIPHOCTb.

Teopust BenuKoro o0beAMHEHUS — T€OpUsl, OOBEAUHSIIONIAS JIEKTPOMAarHUTHbBIE, CUIIbHBIE U
cia0bie B3aUMOJICHCTBUSL.

YckopeHne — CKOpOCTh U3MEHEHUST CKOPOCTH KaKOT0-TH00 00BEKTa.

VYckopuTenb 4YacTUIl — YCTPOMCTBO, KOTOPOE C TIOMOLIBIO 3JIEKTPOMAarHUTOB J1aeT
BO3MOYXHOCTb YCKOPSITh IBHXKYILIHMECS 3apsKEHHbBIE YaCTHUIIbl, TOCTOSIHHO YBEJINYUBAs UX SHEPTHIO.

VYcnoBue OTCYTCTBUS TPaHUI] — IPEICTABIIEHHUE, COTJIACHO KOTOpoMy BceneHHasi KoHeuHa, HO
HE UMeeT IrpaHuIl] (B MHUMOM BPEMEHH ).

®daza — s BOJHBI — MOJIOKEHHE TOUKHM B LIMKJE B ONpPEACIICHHBIH MOMEHT BPEMEHH: Mepa
TOT'0, HAXOJUTCS JIU TOUYKA Ha rpeOHe, BO BIIaJUHE WU Te-HUOYAb B IPOMEKYTKE.

DOH MHUKPOBOJIHOBOTO U3JIy4YECHMs — U3JIy4CHHUE, BOSHUKIIEE IIPU CBEUCHHUH ropsdei paHHEH
Bcenennoii (HasbiBaeTcss penukToBbIM). OHO celiYac WCIHBITBIBACT TaKO€ CHIBHOE KpacHOE
CMEUIEHUE, YTO PErUCTPUPYETCS HE B BUJIE CBETA, a B BHUJE BOJH MHUKPOBOJIHOBOI'O JIHara3oHa
(paIrOBOHBI C CAHTUMETPOBBIMHU JIJTAHAMU BOJIH).

@DOTOH — KBAHT CBETA.

YacTUYHO-BOTHOBOM JOyalu3M — JIEXkKalllee B OCHOBE KBAHTOBOW MEXAHUKH MPEACTABICHHUE O
TOM, YTO HE CYIIECTBYET pa3ziuyusi MEXIY YAaCTUIAMU U BOJHAMH, YACTHUIIbl MOTYT MHOI/IA BECTH
ce0st KaK BOJIHBI, 8 BOJIHBI — KaK YaCTHIIBI.

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

UepeHKOBCKOE M3IyYEHHE — M3ITyYEHUE CBETA 3apsHDKEHHOM YacTUIICH NpU €€ JBUKCHUU B
BEILIECTBE C MOCTOSIHHOM CKOPOCTBIO, MPEBBIMIAIONIEH CKOPOCTh PAaCHpOCTPAaHEHHUs CBETa B 3TOM
BEIIECTBE.



UepHast aplpa — 00J1aCTh MPOCTPAHCTBA-BPEMEHH, U3 KOTOPOW HUYTO, JAXKE CBET, HE MOXKET
BBIOPAThCS HAPYXKY, MOTOMY YTO B HEW Upe3BbIYAiHO CUIIBHO JIEHCTBHE I'PaBUTALIUU.

DNeKTpUUECKUi 3aps] — CBOMCTBO YacTHIIbI, Ojarojaps KOTOPOMY OHa OTTAJIKUBAeT (MU
MIPUTATUBAET) JPYTHE YACTHILIbI, UMEIOIME 3apsi]] TOr0 e (MM IPOTUBOIOIO0KHOI0) 3HAKA.

DONEeKTPOMarHUTHOE B3aUMOJECHCTBHE — B3aMMOJECHCTBHE, KOTOPOE BO3HHMKAET MEXKIY
yacTulamMM, OONaJalollUMU  SJEKTPUYECKMM 3apsaoM. Btopoe mo cuie U3 4eThlpex
(byHIaMEHTAIBHBIX B3aUMOJICHCTBHUI.

OJeKTpOH — uyacTula, oOjajaromas OTPULATENbHBIM  3JEKTPUUYECKUM  3apsaoM U
oOparmaromnascs B aToMe BOKPYT sjipa.

DreMeHTapHas 4aCTHULA — YaCTHIIA, KOTOpasi CUNTAETCS HEJICIIUMOM.

OHeprus TEOPUH BEIUKOro OOBEAMHEHUS — DHEPIHsl, BBILIE KOTOPOMl AJIEKTpOMarHuUTHBIE,
cy1abble ¥ CUIIbHBIE B3aUMOJICHCTBUS MPEIONI0KUTEIBHO JOIDKHBI CTaTh HEPA3TUUYUMBIMU.

OHeprus anekTpocnadboit Teopun — 3Heprust (okoigo 100 I'sB), Bwime koTopoil mcuesaroT
pa3nuyMs MEXIy 3JIEKTPOMAarHUTHBIMU U CIIa0BIMU B3aUMOJCHCTBUSIMH.

Dddexr [ormrepa — n3MEHEHHE YacTOTHI BOJH MPH JABIKCHUH WX UCTOUYHUKA U HAOIrOMaTeNs
OTHOCHUTEJIBHO JPYT ApYyra.

SnepHblil CUHTE3 — MPOILIECC COYAAPEHUS ABYX sIep U MOCIEAYIOIIEro UX CIUSHUS B OJHO
Oosee TsHKENOoe SIPO.

SAnpo — ueHTpanbHasg 4YacTh aToMma, KOTOPas COCTOMT TOJbKO M3 NPOTOHOB U HEHTPOHOB,
yIIep>KUBAEMBIX B Sp€ CUIIbHBIM B3aUMOJCHCTBUEM.

MocnecnoBue

Kuura C. Xokunra sbinuia ogHoBpeMeHHo B Kanane u CIIIA B anpene 1988 r. B mae
MOSIBUJICSL B TPOJIaXKe €€ UTAIbIHCKUM nepeBola. B Anrnum nara Obiia oObsiBieHa 3apaHee — 18
utoHd. K »ToMy BpemMeHM yke MOSBWINCH IEpBbIE peleH3UH. Tak, yuTaTenu amMepuKaHCKOIo
exeHenenbHUKa «Newsweek» 13 uioHS ObLIM OMOBEIIEHBI, YTO IIPUKOBAHHBIM K MHBAJIUIHOMY
Kpeclly, JHIIEHHBIM naxe pnapa peud, ¢usuk CrtuBeH XOKHHT WIIET TEOPHUIO BEIHKOTO
o0beIMHEeHNUs, KoTopasi 00bACHUT Beenennyio. ..»

A B KOHIE HWIOHA XOKHHI mpHuexan B JIeHMHrpajq Ha KOH(EPEHIHIO, TOCBSIIEHHYIO
100-neturo co aHs poxnaeHus A. A. dpuamana, ¥ OpHuBE3 CBOIO HOBYIHO KHHUIY, OAMH U3
9K3EMILIIPOB KOTOPOH MOJapUil MHE.

B Jlenunrpage XOKUHI MpPOSIBIIST HEOOBIYallHYIO AKTMBHOCTb — BBICTYIWJI C JIOKJIAJI0M,
y4acTBOBAJ B JUCKYCCHHU, ITPOYEI JIEKIHIO B JloMe y4eHbIX, J1al KOPOTKOE UHTEPBBIO JJIS KypHaa
«IIpupona». Ilpu sToM XOKHMHI HE TOBOPWJI: 3a HEr0 YETKHM, HO JIMIIEHHBIM 4YeJOBEYECKOU
TETUIOTHI TOJIOCOM TOBOPHJI CHHTE3aTOp peud. To, 94TO OH MPOM3HOCHI, XOKHHT HaOupan Ha
JMCIIIee MaJIeHbKOI'O KOMITBIOTEpPA, MPUKPEIUIEHHOIO K €ro MHBAIMAHON KOJIACKe. AKTHBHOCTb
XoKkuHra BHe (PM3MKH ObLIA CTOJb K€ MopasuTenbHa. OH coBeplIal SKCKYpPCUH IO TOPONY, €31 B
CBOEM Kpeclie o DpMHTaxy, oOmaics ¢ apy3bsimu. M crapasncs BnuraTh B ceOs BCe, U4TO €ro
OKpYKallo.

XOKHHI' MHOTO IyTEIIECTBYET, HE pa3 OH MpHE3Xal B HaIly CTpaHy U 0Opel 31ech apy3e.
Best ero »xu3Hb — HEOOBIYAMHBIN PUMEpP TOTO, KaK MHOTO MOXKET COTBOPUTH MO3T, JaXKe TOT[a,
KOTJIa KaHaJIbl €ro CBSA3M C BHELIHMM MUPOM CBEJCHBI 10 MUHUMYMa.

Kuura XokumHra HEOOBIKHOBEHHAsi, €€ TéMa — paccka3 O BBIOOpE LEIH €ro XH3HH U O
TPYAHOM IYTH €€ JOCTHXKEHUs, PacCKa3 O MOMCKaxX pelleHHs caMOM OOJbIION 3arajku, KOTopas
CTOUT Tepe/ eCTEeCTBOMCHBITaTeneM. «Mosi Lenb — JOOMThCS IMOJIHOTO TMOHMMaHus BceneHHoi,
[IOYeMy OHa Takas, Kakas OHa €CTb, U MOYEMY OHa BOOOIIE CYyIIECTBYeT», — MUIIET OH O CBOUX
HCKaHUSAX.

Taxue Bonpocs! uenoBek 3a1aBan ce0e JaBHO. BapraHThl OTBETOB €CTh B MH(ax MOUYTH BCEX
Hapo10B. MoXeT ObITh, U pacCy KICHHUS YUCHBIX HAIllero BeKa Takke KOorjaa-HUuOy b OyAyT CUHUTATh
JereHnaMu. Y HOBBIX MHGOB €CTh aBTOPHI, OAWMH M3 HUX XOKHUHT. Ero >Xu3Hb yke cendac
MIPEJCTABISACTCA JETEHION. DTO JIETeH 1A O YeJIOBEKe, CUIION MBICIIU MOOEKAAI0IEM HEMOITb.



XokuHry ceruac 48 ner. B nHauwane 60-X rofoB, KOTJla OH YK€ KOHYaJl YHUBEPCUTET B
Oxcdopre, MoOSBUIMCH TIEpBBbIE MPHU3HAKKA TPO3HON Oo0Jie3HHM — OOKOBOTO aMHOTPO(PHUECKOTO
ckiepo3a. HactpoeHue CTaHOBMIIOCH MpauHbIM, JJa M HayuyHble yCHEXW ObUIM B 3TO BpeEMsl HE
cnumkoM Brieyatisitomumu. J[. Cruama, u3BeCTHBIN (DU3HMK, PYKOBOAUTENH €r0 JUILIOMHON paboThI,
3aMEeTHJI, YTO «BOKPYT OKa3aJoCh HE TaK YK MHOIO IMPOOJieM, JOCTOMHBIX YelOBeKa C TaKHUMHU
cnocobHocTsmMu». K cuacThio, mpobiieMa Bce ke Hamuiach — 3TO OblIa TEOPHsS YEPHBIX JBID,
KOTOpYI0 XOKHHT yBHJIET B HOBOM CBETE MocJe mosiBieHus: padotel P. [lenpoysa 06 ocoOeHHOCTSIX
YpPaBHEHUH TATOTECHHUS.

B 5r0 Bpems u3MeHmnach M JMYHAs JKM3Hb XOkuHra. B 1965 r. oH keHwicd Ha
ctyneHTke-punonore J[xeitn Yainn (el oH MOCBATWI 3Ty KHUTY). Y HUX €CTh JI0Yb U JBa ChIHA.

1985 roxg mnpunec HoBoe HecuacThe. Ilocne omepauum Ha ropie XOKUHI TOTEPAT
CIIOCOOHOCTh TOBOPUTH. Ha momomls NpuxonsT apy3bs, M OAHa KanudopHuUiickas ¢upma
MPETOTHOCUT €My KOMMYHHUKAIIMOHHYIO CHCTEMY KOMIBIOTEp + cuHTe3aTop. 00 3ToM XOKHHT caM
pacckasbiBaeT BO BBEJICHHWU K KHUTE, jKeJas BbIpa3UTh OJarogapHOCTb T€M, KTO MOMOTAeT eMy
KUTh. «ITa CUCTEMa U3MEHMJIA BCE: MHE JJaKe CTaJo Jierye oOLaThCsi, 4eM JI0 TOro, KaK s MOTepsil
roJIOC), — ITUIIET OH.

Cy1iecTBOBaHUE B TaKUX YCIOBHSX TpeOYyET HE TOJIBKO BOJIM K KH3HHU, HO U YyBCTBA IOMOpA.
XOKHMHI PacCKa3blBA€T MHOIO HCTOpHH. Tak, 3aHMMasiCb YEpHBIMHU JAbIpaMHU, HO HE HMes IOKa
Ha0JII0/IaTeIbHOTO J0Ka3aTeNbCTBA HX CYILIECTBOBAaHHUS, XOKHHI 3aKiiodaeT napu ¢ TopHOM.
YcnoBus napu NOJUUHSIIUCH U3BICKAHHOW JIOTUKE. XOKUHT, Bepsi, 4TO BO BceleHHO 10KHO ObITH
MHOTO YEpHBIX JAbIp, JI€JaeT CTaBKy MPOTHUB MX CYyIIECTBOBaHMUs. Eciu Ablp HE OKaXKeTcs, TO B
KauecTBE KOMIICHCAIIUU 3a TIOTEPIO CMbICIIA TTIAaBHOUW CBOEH pabOThI OH MOIYYaeT YETHIPEXIETHIOIO
MOAINKCKY Ha aHTJIMICKUI roMopucTHYecKuil )xypHai «Private Eye». Ecnu ke uepHble IbIpbl €CTh,
TopH momnyvaet rogoByto noanucky Ha «Penthouse», a Xokunr (BmonHe BeposTHO) HobeneBckyrio
MIPEMHIO.

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

UroObl HaYaTh, HAKOHELI, PA3rOBOP O KHUIE, MOJIE3HO MpUBECTH cioBa actpoHoma K. Carana,
Harnucasiiero npeauciosue: «Kaura o bore... a MoxeT ObITh, 00 orcyTcTBUM bora». Crnoso bor
MIOBTOPSIETCS 4acTO. XOKUHI OTIPABIISAETCS HA TIOUCKHU OTBETa HA 3HAMEHMTBIN BOIpoc DWHIITEIHA,
Obl1 i y bora kakoil-HHOyas BBIOOp, KOTJa OH co3aaBan BceeneHHyr0. XOKHHT CTPEMUTCS — OH
TOBOPUT 00 3TOM TMpsIMO — TMOHATH 3ambicen bora. Ilowcku NPUBOIAT K HEOXXKHUIAHHOMY
3aKJTIOYEHUI0, MOXET OBITh, HE OKOHYATEIIbHOMY: «...Bcenennas 6e3 kpas B MpOCTpaHCTBE, 0e3
Hayvaja U KOHIIa BO BpeMeHH, 0e3 kakux-mubo nen ans Cozparensy». Paccyxnenus o bore, koHeuHo,
He HOBBl. Bcmomuaum Jlamnaca, kotoperit Oyaro Ob1 oTBeTHsT Hamoseony, 4To He HY)KIaeTcs B 3TOM
TUIIOTE3E.

[Tocrenenno pacKphIBarOIIasCA HUCTOpUSA Bcenennoit BCEra n3ymiIsiia
€CTECTBOUCIIBITATENICH. DWHINTEHH BBIpA3UiI 3TO B CBOEH OOBIYHON TapagoKcalbHON dopMme:
«Korna s paccyxmar o Gu3MUECKOW TEOPHH, sl CIpalInBaro ceds, co3aaBai i Obl 51 Beenennyto
TaKUM e myTeM, eciu 061 borom 6wt s1?7» Ero Beunslii onmonent Hunbe Bop orBetmi Tak: «3T0
COBCEM He Hallle JIeJI0 MpeAnuchiBaTh bory, kakuM o0pa3oM OH JI0JKEH YNPaBIsATh MUPOM.

Bonpoc Tak u ocraercst 0e3 oTBera: CiydailHO JHM HUCTOpHs BceneHHOH oka3anach Takoii,
KaKoOW OHa TMOCTENEHHO pacKphIBaeTCs mepena denoBekoM? Bo3MOXXHO U, 4TOOBI MCTOpHS Oblia
JpyroM, WIA UCTOPUS ONPENENIeTCs OAHO3HAYHO M3 MPUHIMUIIOB, KOTOPHIX MBI €lle He 3HaeMm? 1
HaKOHEIl, «eIlle He 3HaeM» HJIM Mbl U HE MOKEM UX y3HaTh, OO OTBET MOKET JIEKaTh 3a MpeleaMu
MO3HaHUs 4enoBeka. M Bce ke yeM riy0Oxke B MPOIUIOE W YeM Jalibllie B Oyyliee MpOHHKAaeT
HayKa, TeM MEHBIIIE JIela OCTaeTCs Ui MUDUUECKUX CUJI.

[Tocne Toro kak rumoTe3a o poKAeHUM BceneHHON B OOJBIIOM B3phIBE MPEBPATUIIACH B
MOYTH OOMICTPUHATYIO, BOMPOC O TOM, YTO OBUIO 110 pOXKIeHUs BceneHHOM, cram Kak Obl
HE3aKOHHBIM. B 3TOM cMbIcie Hayka NpUOIM3WIACh KO MHOTUM MH(}aM, B TOM UHUCIEe H K
OoubnelickoMmy BapuaHTy cosnanus Bcenennoil. IlopasutenbHpIM ObUIO BOOOpa)K€HHE PEBHUX,



CO3/1aBaBIINUX MHUBI.

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

[IpoGnema BpeMeHM TMpUBJIEKala BHUMAHHE M XPUCTHAHCKUX (PUIOCO(POB paHHETro
CpenneBekoBbst. B «Mcnosenu» brnaxenHoro ABryctuHa Mbl untaem: «Eciu ke panbie HeOa u
3emMJid He ObUIO BPEMEHH, 3a4eM CIpalimBarh, 4yTo Thl fenan torna. Korga He Obuto BpeMeHH, HeE
OBLIO ¥ TOTZAY.

Hamr Bex Tpebyer, uToObl MH(BI 00penn mMareMaTHyeckoe oOinyme. DTO CBEPIIMIOCH B
Jlenunrpane, xorga mnosiBuiack padora A. A. @punmana. Beenennas @puamaHa HauMHaeTcs ¢
«0COOEHHOCTH» — MUPOBOM TOYKH, B KOTOPO oOpamiaercsi B 06CKOHEYHOCTh KPUBM3HA, a C HEIO U
IUIOTHOCTh BeIlleCTBa. B 3TOH TOUke TepsoT CBOIO CHily (DU3MYECKHE 3aKOHbI, M, OCTaBasCh B
pamkax oOblYHOM Mojenu Bcenennoit ®@puiamana, HeIb3s MOHATH, YTO HPOUCXOAMIO B CaMOM
Hayaje BPEMEHH, KaK BO3HUK OOJIbILION B3pHIB.

OTO yTBEp)KJI€HUE MPABUIBHO, U (U3UKH HE OMIMOINCH, CUUTAsL, YTO HE UMEET CMbICIIA caM
BOINPOC O MPOJODKEHUH KOOPAMHATBHI BPEMEHHM 3a «OCOOEHHOCTBY. JleHCTBHUTENbHO, Mpodiaemy
Henb3s Jaxke c(OpMYyJIMpPOBAaTh AaKKypaTHO Ha SI3bIKE MAaTEMaTHKH, €CIU OCTaBaTbCi B pPaMKax
KJIACCUYECKON TEOPUM TATOTEHHs OWHINTEWHA. Jl0Ka3aHO, 4TO B 3TUX paMKax HE CYILECTBYET
pelieHni ypaBHEHUN oOIIed Teopuu OTHOCUTENBbHOCTH — ypaBHEHHMM OifHiuTeiiHa — ['mnpbepra,
KOTOpbIE Obl HE UMEIH «OCOOCHHOCTEN.

«OCco0eHHOCTH» TMOSBISIIOTCS HE TOJLKO I Bced BcelleHHOW, HO M JJd 3Be3J, Macca
KOTOPBIX CTOJIb BEJIMKA, YTO BEILECTBO HE MOXKET MPEOJ0JeTh COOCTBEHHOTO TPaBUTALMOHHOTO
IoJii U MajaeT K €€ LEHTPY TaK, YTO IOBEPXHOCTh 3BE3/bl CTATMBAETCS B KOHIIE KOHIIOB B
MaTEMaTHUYECKyI0 TOUYKY — CHUHIYJISIPHOCTb. IIpoMCXOOMT KoJuIamc 3BE3Ibl, €€ «CXJIONBIBAHUE).
Taxas 3Be31a 1 €CTb UepHasl Iplpa, IPUBJIEKIIAasi BHUMAHUE X OKUHIA.

[IpobGnemoit cunrynspHocty 3aHumaics P. IleHpoy3, KOTOpbIN TMOKa3an, 4YTO HAYaBIIHICS
KOJIJIArC 3Be3Abl HE MOXKET MPEKPaTHThCSA. XOKHUHI MHIIET, YTO OH OY€Hb 00pajoBajcs HOBBIM
uaesM, cuyuTas MX JOCTOWHBIMU pa3BuTHs. Ero mnojcreruBanu U JIM4HbIE OOCTOSTENBCTBA.
[Iporuo3s! Bpaueii ObLIIM MpayHBIMHU.

PaGoTta Haj MOKTOPCKOM CTEMEHBIO Ka3ajgach OeccMmbiciieHHOW. Ho mpomo nBa roma, u
yXyAleHus He Hactynwio. «Hampotus, — roBoput XOKUHT, — €ja MOU IOIIIN 3aMe4aTeabHo. S
CTaJl JKCHMXOM ouapoBaTenbHOW neBymiku JxeiiH VYaina. Ho uToObl sKeHUThCS, HY)XHa ObLTa
pabota, Ui moydeHus: paboThl HyKHa Obljla JOKTOPCKAs CTENEHb. A TYT MOJABEPHYJIACH XOpOoLIas
TEMay.

XOKHHT YBUJAET, YTO MEXIy 3ajaueii o 4epHOW JbpIpe W 3ajadyeid 0 OOJIBIIOM B3pbIBE €CTh
Oonbmioe cxoxacTBo. Ecim depHas JpIpa KOHYAET CBOE CYIECTBOBAaHME B CUHIYJSPHOCTH, TO,
IIOBEPHYB B €€ HCTOPUHU BpPEMs, Mbl IOJYyUYUM MOJENb BceneHHOW, KOTOpas B CHUHIYJISIPHOCTH
poxaaerca. OTO MOATBEPAWIO crapble mnpeanosnoxkenus, u B 1970 r. Xokunr c¢ Ilenpoyzom
oIy OJIMKOBAJIM PabOTy C JAOKA3aTEIbCTBOM TOTO, UTO pacIupsitomascs BeenenHnas 1omkHa HayaTh
CBOIO MCTOPHIO B CHHTYJIIPHOCTH.

Mexny uepHOM nblpod M BceeneHHOM ecThb NpUHIMIMAIbHAS pasHuua. TodHee, eCThb
pasnuure MexIy MOJIOKEHUEM HalOojaress B OAHOM M Ipyrom ciydae. Kosanc depHO AbIpbI
MBI HaAOJIOAaeM CHAapyXH, W TEOpus TOBOPHUT, 4YTO JUId HAOIIOAATeNs, IOKOSIIErocs Ha
OECKOHEUHOCTH, T. €. B 00JIaCTH, Tl I'PaBUTALMOHHOE I0J€ YEPHOM IBIPbI CKOJb YTOJHO Mallo,
BpeMsl TOJHOTO KOJUIATCa, BPeMsl JOCTHKEHUS CHHIYJSIPHOCTH, OeckoHedHO Beiuko. CTporo
TOBOps, HAONIOAATENIb HHUKOTJA HE YBUAWT KOHIIA 3BOJIONHMH uYepHOW nbIpl. Bo Bcenennoit
HaOJI0AaTeN HaXOATCS BHYTPH, OHH pa30eraloTcsi BMECTE C rajJlakTUKaMH, U UX BO3pacT (cuuTas
OT OOJIBIIIOTO B3PHIBA) KOHEUEH.



Ho y oboux 00BEKTOB ecTh 0OOIMasi 4epTa: MpoIecc KoJularnca W pacummpeHus: BeeneHHoU
HeoOpatumbl. Ecnu HeoOpaTuMocTh pacuivpeHus BceeneHHOHM mnpencTaBisieTcsi e€CTeCTBEHHOU
(IrccunaTUBHBIE MPOLIECCHI CONPOBOXKIAIOT IBOJIIOLMIO), TO HEOOPATUMOCTh KOJUIarica — TeopeMa
Ilexpoy3a-XoKuHra — He CTOJIb MOHATHA. J{MCCUITaTUBHBIE MTPOLECCHI IPUBOAAT K HEOOPATUMOCTH,
K pPOCTY HBHTponMM cucTeMbl. Ho MOXHO 1M mnpumucarb 3HTponuio d4epHoil awipe? Kak B
JNETEKTUBHOW NCTOpUH, XOKHHI HAXOJAUT YJIMKY, OHA JIe)KaJla IOYTH Ha BULY.

Korna BemiecTBo min u3inydeHue MajaeT Ha YEPHYIO IbIPY, MIIOMIAb €€ TOBEPXHOCTU MOXKET
TOJIBKO yBEIMUYMBaThCA. Paguyc 4YepHOM IbIppl NMPONOPLMOHANIEH €€ Macce, a IOBEPXHOCTh —
KBagpary maccel. Korma macca pacrer, pacteT U noBepxHoOCTh. Jlajee XOKHHI 3aMe4aeT, 4To eCIu
JIB€ YEepHBIE ABIPHI CIMBAIOTCSA B OHY, TO MOBEPXHOCTb HOBOH JBIPHI CTAaHOBHUTCS OOJIblIE, YeM
CyMMapHasi MOBEPXHOCTh JIByX HCXOJHBIX. MOXHO OTMETHTh M OYeBHIHBIN (akT. Ecmu mnpum
KOJIJIaTICe HAa YEpHYIO JbIpYy HUYEro HE MajaeT, T. €. MOBEPXHOCTh (€€ Ha3bIBAIOT T'OPU30HTOM)
OCTaeTCs OCTOSIHHON — MOBEPXHOCTh OMPEJEINIAETCS TOIBKO MacCOM.

Cnepyromuii mar penaetr amepukaHenl Jx. buxenctmH. OH  BBICKa3bIBaeT CMENOE
MIPENIOJIOKEHNE, YTO JUIS YEPHOM AbIPbl MOKHO BBECTH MOHSTHE SHTPOINUU M 4YTO SHTPOIHUS
YepHOH JbIpbl TMPONOpPLUOHANbHA ee moBepxHocTH. IloBepxHocTh pacTeT (WM ocTaercs
MIOCTOSIHHOM) CO BpEMEHEM, XOpOILIO HUMHUTHPYS IOBEACHME HSHTponuu. [umoresa, kotopas
BBITJIA/IENIA IOBOJIbHO COMHUTENbHOM, B paboTe XOKHHra MpeBpaTuiiach B CTPOryro Teopemy. Kax
BBISICHWJIOCH, OHA CJIEZIOBAJIa U3 3aKOHOB KBAHTOBOW MEXAaHUKH U 0OIIEH TEOPUHU OTHOCUTEIIBHOCTH.

OtkpbiTe XOKHHIa MOBJEKJIO 32 COOOM LENOYKy HOBBIX yTBepxkaeHui. Ecnu y uepHoi
JBIPBI €CTh SHTPONUS, TO JIOJKHA OBITH M Temmeparypa. TepMoAMHAMMKa MO3BOJISIET BBIYHUCIHUTD,
YTO €CJIM SHTPOIHUS ONpPEeesieTcs] KBaJApaToOM SHEPTUHU U HE 3aBUCUT, HAlpUMeEp, elle U OT o0beMa,
TO TeMIIepaTypa JA0HKHA ObITh 00paTHO MPOTOPIMOHATBHA YHEPTUH (HIJIU MacCe) YEPHOU JBIPHI.

HemHoOro mnoxmymaB, MOXXHO IOHATH, YTO TAaKOE 3aKJIIOYCHHE HE OYEHb COIJIAcCyercsi ¢
HCXOJHBIM Ipe/CTaBICHUEM O 4epHOM aplpe. Teno, magaromiee Ha YEPHYIO JABIPY, OMHUCHIBAECTCA
YpaBHEHUSAMU MeXaHUKU (KoHeuHO, mMexaHuku OTO), u ans 3HTPONUM B TaKOM ONMCAHUU HET
Mecta. Ho ypaBHeHHsS MeXaHUKH OOpaTUMBI BO BPEMEHH, a 3BE37a KoJUIarcupyer Heobparumo. B
TEOPUM JIOJDKHBI ObUIM MOSIBUTBCSA SHTpONUsA M TemnepaTypa. Ho panbiie mpenbsBiseT CBOU
oOsi3aTenbHble TpeOOBaHMS TEpPMOAMHAMHKA. Bcskoe Teno, uMmeromee TeMmmepaTypy, A0JDKHO
m3nydath 1o 3akoHy Credana-bombpnmana (co cnekrpom I[lnmanka). 3Ha4uT, BONPEKH BCEMY
CKa3aHHOMY O 0€3BO3BpaTHOCTHM KOJUIalica M HEBO3MOXKHOCTH HHUYEMY BBIPBAaThCS U3
TPaBUTALlMOHHOIO TMOJsI, 4YepHass [Jblpa H3JIydyaeT, W HMHTCHCUBHOCTb H3IIyYEHHUS pacCTeT, Kak
YeTBepTasl CTENEHb €€ TeMIepaTyphl. «HepHble AbIPbI HE TaK YK YEpPHbD» — TaK Ha3BaHa CEIbMas
IJIaBa KHWTH.

B yem ¢usnyeckas mpupoja 3Toro u3iMydeHusi? BpUIo SICHO, YTO OTBET Ha HOBBIM BOMNPOC
HEeJb3sl UCKaTh B TEOpUH DIMHINTENHHA 1 HAJ0 MPUBJIEKATh BTOPYIO KOPOJIEBY (PU3MKH HAIIETO BEKa —
KBAaHTOBYIO MeXaHMKY. KOHeuHO, BTOpKeHHE KBAaHTOBOW MEXaHHUKH ObUIO HE TaK y>K HEOKUIAHHO.
V:xe B hopMmyJie UIsl SHTpONUU BUKEeHCTHHA BO3HUKIIA TPYAHOCTb C Pa3MEPHOCTBIO KO PHUIIMEHTA,
oOpalaromero miomaas B 0e3pa3MepHYI0 SHTPOIHUI0. ENWHCTBEHHONW BETHMYMHOW, C MOMOIIBIO
KOTOPOH pa3syMHO «00e3pa3MepuTh» IUIONMIAb, ObLT KBAJAPAT TUIAHKOBCKOW JITMHBI, paBHOW 10-33
CM U COCTaBIEHHOM M3 NOCTOSHHOW Ilmanka u moctossHHOW TaAroreHus. He BoBiekas B UIrpy
nocrosiHHy10 [1nanka, HanucaTh GOpMyITy JUIsl SHTPOIIUU HE yIAaeTCH.

[lepBorit Bapuant peutenus Obul npemioxkeH S. b. 3enpgoBuuem u A. A. CTapoOHMHCKHM:
€CIIM YepHasl JAblpa BpallaeTcs, OHa JOJDKHA M3IydyaTh. XOKUHI HUCCIENOBAN 3Ty UJACI MOAPOOHO
1ocjie TOro, Kak aBTOPBI pacckaszaiu emy o Heil B 1973 r. (Xopomuii mpumep Toro, Kak ObICTPO U
YEeTKO pe30HUpyeT XOKMHI Ha HOBBIE HJEH). BBIACHWIOCH, YTO I W3Iy4YeHUs 3Be3A€ He
00513aTeNIbHO BpallaThCs: U3Iy4YaeT BaKyyM, B KOTOPBIM OHA MOTrpy>keHa. DTO MOYTH MUCTHUYECKOE
CBOWCTBO BaKyyma — MPOCTPAHCTBA, B KOTOPOM HUYEro HeT. Ho B KBAaHTOBOW MEXAaHUKE «JIaKe
€CJIM HUYETO HET, YTO-TO MPOUCXOAUT, KaK 3aMETHII KTO-TO U3 (PHU3UKOB.

B «mmycTomM» BakyyMe €CTb IOJIS, U XOTSI BEJIMYMHBI ITOJIEH, HAIIPUMEP MAarHUTHOTO, PaBHBI B
CpeIHEeM HYJIO, MX KBajpaThl (Wi aOCONIOTHBIC 3HAUEHHUS) B HyJIb HE oOpamaroTcs ake B
cpemHeM (XOoTs OBl MOTOMY, YTO OHM BCETJa IOJOKUTEIbHBI). BOMM3M YepHOW ABIPHI TaKHe



GiykTyanuu poXIaloT mapbl. Macca TakMX Tap IOYTH paBHA HYJO, TaK Kak OOJbIION
(oTpuLaTeNbHBIN) TPAaBUTALMOHHBIA MOTEHLUAI MPAKTUUYECKH KOMIIEHCHPYET Maccy CBOOOIHBIX
3JIEKTPOHA U MTO3UTPOHA.

Y KOMIIOHEHTOB poAMBLIeHCs Mapbl pa3Hble CyabObl. OfHA M3 YacTUI «IPOBAJIUBACTCS» B
YEpHYIO JBIpy M NEpecTaeT CyliecTBoBaTh A Hac. Ho yactuua He 3pst oTnana cBor ku3Hb. Ee
9HEprus Iepefajlachk BTOPOM YacTHILE M Aajla € BO3MOXHOCTb BBIPBATHCA U3 I'PABUTALIMOHHOIO
IUIeHA. DTO W €CTh M3JIydeHHe XOKHHTa. BBIUMCIIEHHE CIEeKTpa M3IIyYeHHs MPHUBEIO K (GopmyIie
[Tnanka. Tak ObIJIO OMPOBEPrHYTO MHEHHE, YTO YepHBIE JbIpbl OeccMepTHBI. [IpaBaa, nzmyuenue
CYLLIECTBEHHO COKpallaeT *H3Hb TOJIbKO MaJ€HbKOM YEpHOM IbIpbl, UYepHas Jbplpa C PajinycoM
npotoHa (10E-13 cm), Bo3HUKIIasg B Ipolecce OONBLIOr0 B3pbIBa, HE JOXMWJIA Obl J0 HAIIEro
BpeMeHHU. Ho npoaomKuTenbHOCTh AKU3HU YEPHOUM JBIPBI pacTeT, Kak Kyo ee paauyca. s yepHoit
IBIPBI ¢ paguycoM 3 KM (TpaBUTAalMOHHBIN paanyc CojHLA) NMPOJOKUTENBHOCTh JKU3HU CTOJIb
BEJIMKA, YTO HE CTOUT €€ U MOJACYUTHIBATD.

Ho Tem He MeHee uepHOU apIpe NPEICTOUT NCUe3HYTh. Kak 3TO mpou3oiaeT, HayKka He 3HaeT.
Mo’kHO JuIIb CKa3aTh, YTO KOHEYHBIX COCTOSIHUN MOKET ObITh OYEHb MHOTIO, M INpeAcKa3aTh, KakK
MOTrMOHET YepHast AbIpa, HUKTO ceiuac He B cocTossHMM. Kak Henb3s mpeacka3aTh, Ha Kakue KyCKd
pazo0bercs OyThIIKa, ynaBinas Ha KaMEHb.

O yepHBIX IbIpax HAIMCAaHO MHOTO, U MBI MOKEM He MponospkaTe. Ho mpexzae yeM ocTaBUTh
3Ty TEMY, XOTEJIOCh ObI 1I0CKa3aTh UCTOPHUIO, KOTOPYIO XOKHUHI YIIOMHUHAET B KHUTE.

[lepBbIil pa3 peub 0 yepHOU Ablpe 3aBen B 1783 r. anrmumuanuH [x. Muuemn, KOTOpbIit
HaIMcall, 4TO €cJid OBl TeJIO ¢ TUIOTHOCTHIO, paBHOU mmoTHocTH ComHia, umeno paauyc B 500 pas
MEHBILIUH, TO CBET, U3ITYUYCHHBIH TaKUM TEJIOM, JOJKEH BEPHYThCS OOpaTHO M3-3a COOCTBEHHOMU
TSOKECTH. MUYET pasMBIIUBLT 00 3TOM HE MpOCTO Tak. EMy OueHb XOTeNoch HalTH crocod
M3MEpPEHUsl MacChl JABHUX 3Be3[. (151 HEro cBeT COCTOSI U3 KOPIYCKYJI, KOTOPBIE, IPEOI0JIEBAs
IpaBUTALMOHHOE TI0JI€ 3B€3/1bl (OIPEIEIIIEMOE €€ MACCOil), TEPSIOT CBOKO CKOPOCTh. IMEHHO Tak oH
U mpuuien K ceoemy BbiBoAy. Ho 11t Hero Gojee BakHBIM OBLIO ClEJCTBHE OOHAPYKEHHOTO UM
SBIICHHUS: 4YTOOBI OIpENEeNUTh MacCy 3Be3[bl, HAJA0 M3MEPUTh Ha 3eMile CKOpPOCTh CBETa,
IPUXOAIIETO K HaM OT 3TOM 3BE3/BbI.

CeroiHs1 Mbl IOHUMAEM, YTO U3MEPATH HA/I0 HE U3MEHEHHE CKOPOCTHU CBETA, @ U3BMEHEHUE €T0
4acTOThI — KpacHoe cMmeleHne. Ho 11t cBoero BpeMeHu uzest Obuia Kpacupasi.

Pa3mMblnuieHne O KOHLIE YEPHOHM JBIPbI ¢ HEM30EKHOCTHIO NMPHUBOJUT K BBIBOAY, YTO 0€3
KBAaHTOBOW MEXaHHMKH HE 000WTHCh. C TaKUMHU COMHEHHUSMH U pe3ysibTaramu XOKWHT B 1981 r.
BEpHYJICA K MOMBITKE OOBACHUTH Hayano Bcenennoii. Ho ero 3aHuMaioT He MaremMaTH4ecKHe
BBIUMCIICHUS (B M€ UX JA€JaTh HEJIErKO), a HIOUCKU CAMBIX TTTyOOKHX MCTHUH.

Kak ycTtaHoBUIMCH HayaJIbHBIE yCIIOBUS, NIPUBEAIINE K BCeleHHOM, KOTOPYIO MBI BUJIUM U B
KOTOpOH okazanuch camu? «OIMH BO3MOXKHBIH OTBET — 3TO CKa3aTh, YTO bor BHIOpas HAYaIbHYIO
KoHpurypanuio BcenenHold u3 cooOpakeHMid, MOHATH KOTOphIE HaM HE JaHo... Ho mouemy,
BbIOpAB Takoe CTPAaHHOE HAayaslo, OH BCE K€ pelln, yToObl BeenenHas pa3BuBanach 1Mo MOHATHBIM
HaM 3akoHaM?» II0CKONBbKY k€ 3TH 3aKOHBI MOHSTHBI, TO «ECTECTBEHHO MPEANOIO0KHUTH, YTO 3TOT
MOPAJOK OTHOCHUTCS HE TOJNBKO K 3aKOHAM HayKd, HO M K YCIOBMSAM Ha TpaHUIE
IIPOCTPAHCTBA-BPEMEHH, KOTOPBIE ONPEIENISAIOT UCXOIHOE COCTOsIHUE BeeneHHom.

Tak XoxuHr Bctymaer B crop ¢ borom, otHumas y Hero poib Co3narensa. Unes XokuHra
HOCHUT €IIIe JIOCTaTOYHO CMYTHBIM XapakTep. B kHHre oH coBceM He muiieT GopMmys — H3/AaTellb
Ipegynpeau ero, YTo O/IHa-eIMHCTBEHHAas (hopMyJia yIoJIOBUHUT TUpax (popmyna E = mc”2 Bce
K€ TPUBOJUTCS, HO 3TO HEe MOMEIIajo KHUre cTaTh OectceruiepoM). M cBoro HOBYIO Hiet0 XOKUHT
nblTaeTcs 00OBACHUTH ciioBaMU. KaxkeTcs:, Bce ke B €ro MO3ry ecTb OoJiee 4eTkasi KapTuHa, KOTOPYIO
OH TIPOCTO €lIe He MOXKET Iepeaats KommbioTepy. Koraa s roBopio 06 3TOM, MEHsI HE MOKUAAET
OIIYIIEHUE KaKOTO-TO ()aHTaCTUYECKOTO (MU CIOPPEATUCTUYECKOT0) POMaHa, B KOTOPBIH s IOTIal.

IMouemy u kak Bo3HUKIAa BceneHHas — OOBSCHHUTH, OCTaBasCh B paMKaxX KJIACCHYECKOM
MOJIENIH, HEJIb3sl, KaK Hellb3sl OObACHUTh CBOMCTBA AJIEKTPOHA, 3HAsl JIUIIb OJHY-EIUHCTBEHHYIO €T0
TpaeKkTopuio (Miau HeOoJbIIoNW ee Kycouek). Ho kBaHTOBas MexaHuka Ojaronaps MpUHLUILY
HEOIPEJICIECHHOCTH HMMEET JelI0 cpa3y CO MHOTUMHM (MM JaXe CO BCEMH) BO3MOXXHBIMU



HCTOPUSIMHU.

To, ¢ yero HaYMHAEeT COBpPEMEHHAs TEOPHsl, — 3TO HEKOTOPBIM 00pa3oM OMpe/eieHHas cyMMa
10 BCEM HCTOPHSIM, KOTOpbIe, MHTEpPEepUpys Ipyr C IpPyroM, CO3MAIOT HAaIly pealbHyo (B
KaKOM-TO CMbICTIie HauboJsee BeposATHYI0) Beenennyro. Ho mareMaTnka 0TKa3bIBaeTCs peain3oBaTh
Takyro uaeto. UtoOsl Teopus Oblia (POpMabHO TOCIEIOBATENBHOM, HAZ0 OTKA3aThCs OT OOBIYHOTO
BpeMeHU. {7151 onrcanusi BO3MOKHBIX UCTOPHUM BCEJIEHHBIX MPUXOJUTCS NEPEXOAUTHh OT PEATbHOTO
BpEMEHHU K MHUMOMY, MIpeBpalasi IpoCTPaHCTBO MUHKOBCKOTo B 00Jie€ IOHATHOE YEThIPEXMEPHOE
npoctpancTBo EBkimpa. B TakoM €BKJIMIOBOM YETHIPEXMEpPUU HCYE3aI0T OCOOble TOYKU (Tak
MOJIFOCH 3€MJIM HUYEM TE€OMETPUYECKH HC OTIMYAIOTCS OT TOYEK 3KBaTopa). Y IOBEPXHOCTH
chepbl, Kak W y JIO00W JAPYroil 3aMKHYTOW MOBEPXHOCTH, «TpaHUIl HeT». KaBbIUKH 371ech
MIOCTABJIEHBI TIOTOMY, YTO 3TO €CTh HOBOE IpaHHuHOE ycioBue. COBCEM MPOCTO, HO, K COXKAJIECHHUIO,
HE BIIOJIHE NOHATHO! Benp nucTopusi, HAUMHAIOMIASCS C CUHTYJISIPHOCTH, PA3BUBAETCS BMECTE C HAMH
B pEaJbHOM BPEMEHH, TAK YTO HAlIE ICUXOJIOTUYECKOE BpPEMsS OKAa3bIBAECTCS HE TEM, B KOTOPOM
onuceiBaeTcs pa3Butue Bcenmennoi. Hano eme aymaTh, Kak COBEPIIMTH MEPEXO] OT MHHMOTO
BPEMEHHU K peaIbHOMY. e KakeTcsl 3aMaH4YMBOM, HO NPOMAET, HABEPHOE, ELIE HEMAJIO BPEMEHHU
(peanbHOrO), MOKa (MBI HAZIEEMCSI) OHA CTAHET MOHSTHOM!.

Best kaura XokuHra HamnucaHa UM C LEIbI0 MOJBECTH YuTaTeNs K cBoei uaee. OH HE OUYEHb
MHOTO MOXET CKa3aThb B ee 3ammury. OH MpHU3bIBACT YHUTATENS K Pa3AyMbsiM O CaMbIX OOIIUX
3aKOHAX, pPEe3yJbTaTOM KOTOPBIX (CIIly4allHbIM WJIM HEOOXOJIMMBIM) CTajoO IOSBICHHUE >KWU3HH,
yuTarens (U, KOHEUHO, KHUTH X OKUHTa).

EcTp u emie BaXHBIN W, HECOMHEHHO, BEJIMKMWA 3aKOH — 3aKOH O HAIpPaBJICHHUH BPEMEHHU.
«Ctpena BpeMeHN» — TaK Ha3bIBAECTCS JEBATAs IJlaBa KHUTU. JTa IJ1aBa — BEJIMKOJICIIHBIN HAYy4YHBIN
stiog. Hempocras pans mnoHuMaHuss uAes O JBYX COCYLIECTBYIOLIUX  YETBIPEXMEPHBIX
MIPOCTPAHCTBAX — EBKJIMIOBOM, B KOTOPOM OTOMPAIOTCS UCTOPHH, U MIPOCTPAHCTBE MUHKOBCKOTO, B
KOTOpPOM paboTaloT ITWHAMHYECKHE YPAaBHEHHS M B KOTOPOM IPOTEKAeT Halla Xu3Hb. Ecim B aTOU
«CyMaclieuiei» uaee ecTh XOTh KPyNUlAa UCTUHBI, TO Mbl J€IaeM IIar K COBEPIIEHHO HOBOMY
9TaIy MO3HaHUs, HO, MOXKET, BCE )K€ Ues HEe HACTOJBKO cyMaclleaniasi, YToObl CTaTh HCTUHOH (110
«xputepuio» Hubca bopa).

3nech elle yMEecTHO J00aBUTh HECKOJBKO CIOB O MPUYMHHOCTH. Kiaccuueckass MexaHHKa
JaeT TpaBO yTBEPXkKAaTh, 4TO Oyayllee MOXHO MpeAcKa3aTh C TOYHOCTHIO U TOJTHOTOM He
JYYIIMMH, YEM TOUYHOCTbH U MIOJHOTA HAYAJIbHBIX JAHHBIX.

[TouTn K ATOMY CBOJIUTCSI M CIOpP O IMOJHOTE W BEPOSITHOCTH B KBAaHTOBOM MexaHuke. He
MMEET CMBICIAa O0OCYXIaTh BO3MOXHOCTH HW3MEpPEHUs C OONBIINMH TMOAPOOHOCTSIMH, €CIH
HavyaJbHbIE JAHHBIE OTPAHUYEHbI NPHUHIIMIIOM HEONPENEICHHOCTH. MOXXHO TOJBKO YTBEPKIATh,
9T0 MH(pOpPMAIHs, CoIeprKaIascs B HAUAIbHBIX JaHHBIX (IO KpaiiHel Mepe Uit CUCTEM, Y KOTOPbIX
€CTh TOJBKO TUCKPETHbIE YpOBHHU), HE HCUE3a€T CO BpeMeHeM (eCiid, KOHEYHO, B CHCTEME HET
TPEHHUsS M €CIM CUCTEMa 3aMKHyTa). VIMEHHO Takyr HEOINpEAEIEHHOCTh KBAaHTOBAas MEXaHUKa
BHOCHT B TEOPHIO I'PaBUTALINH.

D¢ dextnas nexnapanus Jlammaca o ToMm, YTO UCTOPHS TpeAcKa3zyeMa, €ClId TOJIbKO U3BECTEH
MOJIHBIM HaOOp HaudaJdbHBIX JAHHBIX — KOOPAMHATHI M UMITYJIbCHI BCeX Tell (M Mosiel, 100aBuUM
ceifuac), Bo Bcenennoii He umeer cmbicia. Henmb3s coOpaTh B KOHEUHOE BpeMsl BCE 3TU JIaHHBIE —
nepenada JaHHBIX TpeOyeT BpeMEHU (HET CUTHAJIOB, PACHPOCTPAHSIONIUXCS CO CKOPOCTHIO,
OonblIe CKOPOCTH CBETa), a KOJMYECTBO HEOOXOMUMBIX HaHHBIX OeckoHeyHo. Kpome Toro,
TpeOyIoTCsl aOCONMIOTHO TOYHBIE JaHHBIE, J1aXKe OYEHb MaJICHbKHE MOrPEHIHOCTH MOTYT B KOpHE
M3MEHUTH TpeJicKa3anue OyayIero (Kak roBopsT, 3aj1a4a HeycToiiunBa). Tak yro npumep Jlamnaca
BBIXOJIUT 32 PAMKH PEAJIbHOCTH.

MHe xo4eTcsl 3aKOHYUTh CIIOBAMHU aBTOpa — HEUCIIPABUMOI'0 onTUMHCTa: «Eciu Mbl 0TKpoeM
MOJIHYIO TEOpUI0, TO CO BPEMEHEM €€ OCHOBHBIC IPUHLHUIIBI CTAHYT JOCTYIHBI [MOHUMAaHHIO
KaXX/10T0, a HEe TOJBKO HECKOJIBKUM crienuanuctaM. Y Toraa Mel Bce, puinocodsl, ydeHbIe U IPOCTO
OOBIUHBIC JIIOJIM, CMOKEM MPHUHATH Y4acTHE B JUCKYCCHUM O TOM, MOYEMY TaK MPOM3OILIO, YTO
CYILLIECTBYEM MBI U CyIIECTBYET BeeneHHasn.

HaMm MokeT HpaBHUTBCSI WM HE HPaBUTHCA XOJ MbICIed XOKMHIA, HO OT IOCTaBJIEHHBIX UM



BOIIPOCOB YWTH HEIB3s... B HEKOEM CMBICIIEC MBI TIOJONUIN K TPAHUIIC TO3HAHUS, U MBI CMYIIICHBI
caMoii CyThIO: MOKET Ji1 cuctema (BceneHnHas u MbI) OBITH YCTPOEHA TaK, YTO YaCTh €€ — YEIOBEK —
criocoOHa TMOHATH BCE €€ 3aKOHBI, BKIIOYAs 3aKOHBI COOCTBeHHOro Io3HaHHsA. (OCHOBHOE
MOJIOKEHWE HAyKH COCTOUT B TOM, YTO MHp peajieH M Io3HaBaeM. Ho oueBHOHO 71U, YTO OH
mo3HaBaeM venoBekoM? COMHEHHUS B 3TOM HEPEIKO MPUBOIAT K MBICIIH O MOTYYUX pPa3ymMoM, Hac
M3yYarolIuX HHOIUTaHeTsHax. Hyxxmaemcs nu mbl B 3T0# runore3e? Bo3MoxkHO, Ha 3TO OTBETHUT
XOKHHT.
A. A. Cmopoaunckuit. Jlexkadbpp 1989 r.
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