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B ceoeiil knuce « Kpamras ucmopust spemeruy snamenumoiil anenutickui gusux Cmueen
Xokune nvimaemcs omeemums HA GONPOCHl, UHMEPECYIOWUEe HAC 6CeX: OMKYOad 83571aCh
Bcenennas, kak u nouemy ona 603HuUKIA, Kakos bydem ee KoHey (ecau eoobue 6ydem) — u
oellaem Mo HACMONbKO YEIeKaAMeNbHO 1 O0OCMYNHO, Ymo KHUea, Hanucauwnas ¢ 1988 200y,
aensemces becmceniepom no ceil OeHo.



BJIATOJAPHOCTH

Knuea noceawaemces [cein

S petrun monpoOoBaTh HAMMUCATEL MOMYJIIPHYO KHUTY O MPOCTPAHCTRBE U BPEMEHHU TIOCIIE
TOTO, Kak mpouutan B 1982 r. kypc JI€6orckux nexkumit B I'apBapme. Torma yxke OBLIO
HEMAaJIO0 KHUT, MOCBAIICHHBIX paHHEN BceneHHON M YepHBIM JIbIpaM, KaK OY€Hb XOPOIUIUX,
nanpumep kuura CtuBeHa BaiinOGepra «IlepBeie Tpu MUHYTBI», TaK U OYEHb TMIIOXUX,
KOTOpBIE 37IeCh He3aueM Ha3bIBaTh. Ho MHE Ka3a10Ch, 9TO HU B OJTHON U3 HUX ()aKTUYECKH
HE 3aTpardBalOTCS TE€ BOMPOCH], KOTOpPBIC TIOOYIMIM MEHS 3aHATHCI H3yUYCHUEM
KOCMOJIOTUM WM KBAaHTOBOW TEOpPHU: OTKyJa B3sjlach BcelleHHad? Kak U [o4YeMy OHa
BO3HMKIIA? MPUJET M €l KOHEl], a €CIM NPUIET, TO Kak? DTH BOMPOCHI UHTEPECYIOT BCEX
Hac. Ho coBpeMeHHas HayKka OYeHb HaChIIllEHA MaTEMATUKOM, U JIUIIbL HEMHOTOYUCIICHHbBIE
CHEIUAINMCTHI JOCTATOYHO BIAJIEIOT TOCIEAHEH, 4ToObl pasolpaTrhcs B 3ToM. OIHAKO
OCHOBHBIC TIPEJICTABICHUS O POXICHUM W JanpHelmed cyapbe Bceenennoit MoxHO
W3II0OKUTh U 0€3 MOMOILM MAaTeMaTUKU TaK, YTO OHU CTAHYT MOHSTHBI Jaxe JIOAsSM, He
MOJIYYMBIIMM HAYYHOTO 00pa30oBaHus. JTO s U MBITANCA CAeNaTh B MOeH KHHUre. Yurarento
CYIIUTh O TOM, HaCKOJIbKO S [TPEYCTEN.

MHe ckaszajau, 4To KakJas BKJIFOUCHHAs B KHHUTY (popMyjia BABOE YMEHBIIUT HHCIIO
nokymarenei. Torma s pemm BooOmie o0xoautbes 0e3 dopmyn. IlpaBma, B kKoHIE A
BCE-TAKM HAIMCAl OJHO YpaBHEHWE — 3HAMCHWTOE ypaBHEHHe DifHmTeliHa E=mc’.
Haneroch, 0HO HE OTITYTHET MOJIOBUHY MOUX TTOTEHIIMATbHBIX YU TATEIICH.

Ecnu He cuutaTh Toro, uto s 3abonen OOKOBBIM aMHOTPO(GUYECKUM CKIECPO30M, TO
MOYTH BO BCEM OCTaJbHOM MHE COMyTCcTBOBala yaaua. [Tomoiub m moaiepikka, KOTOpbIE
MHE OKa3bIBalld Mos keHa J[xkeWH m nmerm PoOepr, Jltocw m TumortH, obecrieunsin MHE
BO3MOJKHOCTH BECTH JOBOJIBHO-TAKW HOPMAaJLHBIN 00pa3s KW3HU U JJOOUTHCS YCIIEXOB B
pabore. MHe TOBE3JI0 B B TOM, UTO S BBIOpasl TEOpEeTHUYECKYI0 (DU3MKY, MO0 OHa BCA
BMellaeTcst B roose. [loaToMmy Mos pusnyueckass HEMOIIL HE CTajla CEPbE3HbIM MUHYCOM.
Mowu HaydHBIE KOJUIETH, BCE 0€3 WCKITIOUCHHWS, OKa3bIBATM MHE BCETIa MaKCHMAalTbHOE
COJICHCTBHE.

Ha nmepBoMm, «kmaccuyeckom» 3Tarne Moel paboTel MOUMH ONMKaWITUMU TOMOLITHUKAMU
u corpynHukamu Owutn Pomxep Ilenpoys, Pobept I'epox, bpenaon Kaprep u Ixopmx
Onmuc. S GmarogapeH UM 3a MOMOITL M 332 COBMECTHYHO paboTy. DTOT 3Tall 3aBepIIHiICs
n3anneM KHUTH «KpymHOMacmTabHast CTPYKTypa MPOCTPAHCTBA-BPEMEHN», KOTOPYFO MBI
¢ Dmmcom Hanucanu B 1973 r. (Xoxunr C., Dmmue [x. KpynHnoMmacmrabHas cTpykTypa
MpocTpaHCTBa-BpeMeHu. M.: Mup, 1976).

Sl ObI He coBETOBAI YUTAKIUM CIICAYIOIIUE AaJIc€ CTpaHHIbI 06pa1uaTLc51 K Hel 3a
,Z[OHOHHHT@HBHOﬁ HH(bOpMElLIHCfIZ OHa IICPCIpPpYyKCHA MaTeMaTUKON U TsKella IS 4TCHH .
Ha,Z[@}OCB, YTO C TCX IIOP A HAYUHIICA ITNCATh ooiee JOCTYIIHO.

Ha BTOpOM, «KBaHTOBOM» 3Tame MocH paOoTwl, HauaBmieMcs B 1974 ., s B OCHOBHOM
pabotan ¢ I'apu I'u66omcoM, JJonom IIxiimxem u Ixumom XapriaoM. S oueHb MHOTUM UM



00s13aH, Kak ¥ CBOWM acIUpPaHTaM, KOTOpPBHIC OKa3BIBAIM MHE OTPOMHYIO TIOMOINh W B
«hu3HIECKOM», U B «TCOPETHUSCKOM» CMBICIIE 3TOTO clioBa. HeoOX0MUMOCTEL HE 0TCTaBaTh
OT aclUpaHTOB ObLIAa YPE3BBIYAWHO BaXXHBIM CTUMYJIOM M, KaK MHE Ka)KETCs1, HE MO3BOJIsIIA
MHE 3aCTpsiTh B OoJOTe.

B pabore Hanm kxHHUrOoM MHE OYeHL MHOTo momoran bpaifeH YUTT, ogMH W3 MOHUX
cryneHtoB. B 1985 r., mHaOGpocaB mepBbIi, TPUMEPHBIA TUIAaH KHWTH, 5 3a00men
BOCIAJIEHWEM JleTKuX. [Ipuinnock neus Ha omepaluio, U MOocie TPAXEOTOMUHU s MEpeCcTal
TOBOPHUTH, @ TEM CAMBIM TTOYTH JIUIIUIICS BO3MOKHOCTH 00maThes. S Tymal, 94To He CMOTY
3akoHUUTh KHUTY. Ho bBpalicH He Tombko moMor MHe ce¢ nepepadoTarb, HO M HAY4HI
MOJIB30BAaTRCS KOMIBIOTEPHOU mporpaMMoi obmienuss Living Center, KOTopylo MHeE
nmogapun Yonar VYonartom, coTpyaHuk ¢upMbl Words Plus, Inc., CanauBein (ImrT.
Kamudopnus). C ee moMonisio s MOTY TIHCaTh KHUTH B CTaThbH, 4 TAaK:Ke pa3roBapuBaTh C
JTIOJBMHU TIOCPEACTBOM CHHTE3aTOpa pedM, MOJAPEHHOTO MHE IPYroM CaHHUBEUIICKOU
¢upmoit  Speech Plus. JIsBum Mbolicon ycTaHOBMI Ha MOEM Kpecle-KONSCKe HTOT
CHHTE3aTOp U HeOOIBIIOHN IepCOHANbHEIN KOMITbIoTep. Takas cucTeMa Bce U3MEHIIA: MHE
CTaJIo JAa)Ke Jerye o0Iarhes, YeM JI0 TOTO Kak s MOTepsil roJIoc.

MHorUM #3 TEX, KTO O3HAKOMUWJICA C TPCABAPUTCIBHBIMU BapHaHTAMM KHUTH, $
OmarogapeH 3a COBETHI, Kacaroluecs TOro, Kak €€ MoKHO Obl1o 0wl ymyumuTh. Tak, [leTep
I"azzapau, moit penaktop uzgarenbctBa Bantam Books, cnman MHE MUCbMO 3a MUCBMOM C
3aMEUYaHUSIMH W BONPOCAMM IO TEM MecTaM, KOTOpBIE, TI0 €ro MHEHWI0, OBUIM TIIOXO
00bscHeHbl. [Ipu3HaThCA, S OBUT CHJIIBHO pa3IpaskeH, TOJYYWB OTPOMHBIA CITHCOK
pEeKOMEHIyeMBIX UCTIpaBIeHNM, HO ["a33apam okazaiics coReplieHHo npaB. A yBepeH, KHura
cTana Jydire 6jmarogapst ToMy, 9to ["a33apAau ThIKall MeHS HOCOM B OIIMOKH.

S BeIpaxato TIyOOKyI0 OjaromgapHOCTh MOWM moMmommHuKaM Komuay VYHmibiMcy,
Jeuny Tomacy u Patimonny JIxdbnemmy, moum cekperapsm Jxyau ®@eme, Oun Pambd,
[llepun bunnuarron u Cero M»aiicu u MouM MejicecTpaM. S Ob1 HUUEr0 HE CMOT JIOCTUYb,
ecyM Obl Bce pacXo/ibl Ha HaAyYHbIE UCCIIEI0OBAHUS U HEOOXOAUMYIO MEAUIIMHCKYIO MOMOLIb
He B3suM Ha cedst [ orBumn-sHa-Kaiitoc-komnemk, CoBeT N0 HAYYHBIM M TEXHHUYECKUM
ncciaenoanuaM u douasl Jlepepxynma, Mak-Aprtypa, Hyddunma u Pameda Cmura. Becem
UM s OYCHB OJIarofapeH.

Cmusen Xoxune. 20 oxmsabps 1987 2.



HPEAUCTIOBHUE

MBI kUBeM, TTOUTH HUYETO He TIOHUMas B yCTpoicTBe Mupa. He 3aayMbIBaeMcs HaJl TEM,
KaKOl MEXaHWU3M TMOPOXKJIAEeT CONHEUHBIM CBET, KOTOPBbIM oOecleunBaeT Halle
CYIIECTBOBAHUE, HE AyMaeM O TPaBUTAIIMM, KOTOpas yAEp>KUBAET HAcC Ha 3eMiie, HE JaBas
elf cOpocHuTh Hac B IPOCTPaHCTBO. Hac He MHTEPECYIOT aTOMBI, U3 KOTOPBIX MBI COCTOUM U
OT YCTOMYHUBOCTH KOTOPBIX MBI CAMHU CYIECTBEHHEIM 00pa30M 3aBUCHUM. 3a UCKIIOYEHHEM
Jaerei (KoTopble eIle CIWIIKOM MaJlo 3HaKT, 4ToObl HE 3a7aBaTh TaKWE CEpPbE3HbIC
BOMPOCHI), MAJI0 KTO JIOMAET TOJOBY HaJ TEM, MOYEMy MPUPOJIa TAKOBA, KAKOBA OHA €CTh,
OTKY/1a TIOSBUJICS KOCMOC ¥ HE CYIIIECTBOBAJI JIM OH BCETIA? HE MOXKET JIU BPEMS OJTHAXKIBI
MOBEPHYTL BCIAThH, TaK YTO CIEIACTBUE OyAeT TPEANICCTBOBATH MPUUHUHE? €CTh JIH
HEIMPEONOINMBIA TIpeNe] YeIIOBEUYEeCKOro ITo3HaHuA? BERIBalOT make Takue IOETH (1 HX
BCTpEYal), KOTOPHIM XOYETCS 3HATh, KaK BBITIISAIUT YepHAs AbIpa, KAKOBA caMasi MaJIeHbKas
JacTHYKa BellecTBa? MoueMy Mbl TOMHUM TIPOIIIIOE U HE TOMHUM Oyjtyiiee? eciiv paHbliie
U TIpaBaa ObLT Xaoc, TO KaK MOJYYHIOCh, YTO TEMEPh YCTAHOBUIICS BUIUMBIN MOPSIO0K? U
noueMy Beenennas BooO1e cymectByeT?

B namem 06HI€CTB€ [NPUHATO, YTO POAUTCIIM M YYUYHUTICII B OTBCT Hd 3TH BOIIPOCHI
OOJbIICH YAaCTBIO TIOKUMAIOT INICYAMU  WITH MNPU3BIBAIOT Ha TOMOIB CMYTHO
COXpAaHUBIIUCCA B MMAMATU CCBUIKU HA PCIUTUO3HBIC JICTCHIAHI. HCKOTOpLIM HC HpaBATCA
TAKUC TEMBI, TIOTOMY YTO B HUX KUBO 06Hapy}KI/IBaeTC5{ Y30CTh UCJITOBCYCCKOT'O ITOHUMAaHUA.

Ho paseutne dunocodun u ecTecTBEHHBIX HayK MPOABHUTaIOCh BIIEPEl B OCHOBHOM
Oarogaps mojJ00HBIM BoTpocaM. Bce Oombllie B3pOCITBIX JTHOJIEH MPOSBISIOT K HUAM
HWHTEPEC, U OTBETHI HHOT A OBIBAIOT COBEPIICHHO HEOXKUAAHHBIMY I HUX. OTINYasiCh 110
MaciTabaM Kak OT aTOMOB, TaK M OT 3B€3/], Mbl pa3JBUTacM TOPHU30HTHI HCCIIEI0BaHUM,
yTOOBI OXBAaTUTH KaK OYE€Hb MaJICHbKHE, TaK U OYCHBL OOJIBIINE 00BEKTHI.

Becnoit 1974 r., npuMepHO 3a ABa roja J0 TOro, Kak KOCMUYECKUH anmapar « BUukuHr»
JIOCTUT TIOBEpXHOCTH Mapca, 1 OblT B AHIIHM Ha KOH(EPEHIUH, OpPraHU30BaHHOMN
JIOHIOHCKHMM  KOPOJIEBCKMM  OOIISCTBOM M TIOCBSIICHHOW BO3MOXHOCTSAM TIOMCKa
BHE3EMHBIX IIMBHIIM3aNNH. Bo Bpems mepepniBa Ha Kode 1 00paTHil BHUMaHHWE Ha Topas3yio
0oJTee MHOTOJTIOJTHOE coOpaHue, MPOXOIUBIIEE B COCETHEM 3aJie, U U3 JTI000TLITCTBA BOIIIEIT
Tyaa. Tak g cTanm cBHAETENEM JIaBHETO pUTyalla — MpHUeMa HOBBIX 4lieHOB B KopoieBckoe
00I111eCTBO, KOTOPOE SBIAETCA OJHUM M3 CTapellIMX Ha MiaHeTe O0bEeJMHEHUM YYEHBIX.
Bnepeau mononoi yenoBex, CHAEBIINI B MHBAIMIHOM KPECHE, OYEHb MEIJICHHO BHIBOIUI
CBOE UM B KHUTE, IPEABIAYIIHE CTPAHUIIBI KOTOpOM XpaHwin ntoanuck Mcaaka HetoTona.
Korga oH, HakoHEIl, KOHYWJI PacIUCBHIBATRLCS, 3all pa3paswiics oBarue. CTUBEH XOKWHT
yKe Torja ObuT JIeTeH 0.

Ceituac Xoxuar B KeMOpumkcKoM YHUBEpPCHUTETE 3aHMMaeT Kadeapy MaTeMaTHKH,
KOTOpYIO Korja-to 3aHuMan HwioToH, a mo3zxke II. A. M. [Jupak — 1Ba 3HAMEHUTHIX
WccleoBaTels, U3ydaBlline OJWH — caMoe OoJibllloe, a JIPyroil — caMoe MalleHbKoe.
XOKUHT — HUX JIOCTOWHBIN MPEeeMHUK. DTa NMepBasi MOMyJIspHas KHUTa XOKUHTA COJEPKUT
Maccy TOJIE3HBIX BEUIEH IS IUPOKOU ayauTopun. KHura uaTepecHa He TONbKO MUPOTOU
CBOCTO COJICPKaHMsI, OHA TIO3BOJIACT YBUACTH, Kak paboTacT MBICHE ce aBTopa. Brl HaligeTe
B HCM SICHBIC OTKPOBCHUS O TpaHUIaX (PU3UKU, ACTPOHOMUH, KOCMOJIOTUHA B MYKCCTBA.



Ho »To Taxxke kuura o bore... a MoxeT ObITh, 00 oTcyTcTBUHM bora. Cinoso «bory uacto
TOSBJISETCS Ha €¢ CTpaHuIaX. XOKHHT OTIPABISICTCS HAa TIOMCKH OTBETA Ha 3HAMEHMTHII
Bonpoc DiHIITelHa 0 ToMm, ObuT M y bora kakoi-HuOYab BBIOOP, KOTJa OH CO3/1aBall
Bceenennyto. XoKUHT TibITaeTCsd, KaK OH caM IUIIET, pa3raaarh 3aMmbeicen bora. Tem Ooree
HEOKUIAHHBIM OKa3bIBACTCA BEIBOJA (IT0 MEHBIICH Mepe BPEMEHHBIN), K KOTOPOMY
TIPUBOJIAT STH TIOUCKH: BceenmeHHass 0e3 Kpas B TPOCTPAHCTBE, O3 Hadama M KOHIA BO
BpeMeHU, 0e3 kKakux-1ubo nen st Co3martens.

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



1. HAIIIE TPEJICTABJIEHUE O BCEJIEHHOH

Kak-To oquH u3BeCTHBIN yUeHBIH (TOBOPSAT, 3T0 Ob11 bepTpan Paccen) untan my0nuuHyto
nexkuuto o0 actpoHoMuu. OH pacckasbiBal, Kak 3emist oOpamtaetcs Bokpyr ConHua, a
ConHile, B CBOIWO OYe€pelb, 00pamIaeTcs BOKPYT IEHTPA OTPOMHOTO CKOIUIEHHWS 3Be3,
KOTOpO€ Ha3bIBarOT HameH [ amaktrkoi. Korga jmekuus mogomsa K KOHIY, U3 MOCIESIHUX
pANOB 3ala IIOAHANIACH MalleHbKas IOXuIas JIeAu M ckaszaja: «Bce, 4To BBl Ham
FOBOPWIIM, — yenyxa. Ha camom nene Hair Mup — 3TO III0CKast Tapenka, KOTopasi CTOUT T1a
CIIUHE TUTaHTCKOU uepenaxuy. CHUCXOAUTENBHO YIBLIOHYBIIUCH, YUEHBIN CIpocuil: «A Ha
YeM JIEPKUTCS yepenaxa?» — «Bbl 04EHb YMHBI, MOJIOJIOW YENOBEK, — OTBETHJIA TIOKUIIAs
nenu. — Yepenaxa — Ha Apyrou yepernaxe, Ta — TOXKE Ha yepenaxe, U Tak BCe HUXKE U
HUXE».

Taxoe mpencraBnenne o BceenmenHolt kaxk o OecKOHEUHOW OalllHE W3 dYepernax
OOJILITUHCTBY M3 HAC TIOKAXETCS CMEITHBIM, HO TIOYEMY MBI JIyMaeM, 4TO CaMH 3HAeM
myumre? Yto Ham u3BecTHO O BceeneHHoM, U kak Mbl 3TO y3Hanu? OTKylxa B3siach
Bcenennas, u uto ¢ Heit cranerca? beuto nu y Beenennoit Hadano, a eciau ObUIo, TO 4TO
npoucxoauio a0 Havajga? Kakora cyniHocTh BpemMeHNU? KOHYUTCS T OHO KOoTJa-HUOYIhL?
JocTuxkeHus QU3NKU MOCICIHUX JIET, KOTOPBIMH MBI YACTHYHO 00s3aHBI (haHTACTHUCCKOMN
HOBOU TEXHHKE, MTO3BOJIIIOT HAKOHEI MOJTYyYUTh OTBETHI XOTS ObI Ha OTACIBHBIC U3 TAKUX
JaBHO TOCTaBJIEHHBIX BOmpocoB. [IpolimeT Bpems, U 3TH OTBETHI, MOXET OBITH, CTAHYT
CTOTNb K€ OYEBUIHBIMM, KaK TO, YTO 3eMils Bpamaercs Bokpyr ConHIA, a MOXET OBITh,
CTOJh K€ HEJIETIBIMA, KaK OamHs u3 gepenax. ToabKo BpeMs (deM Obl OHO HU OBII0) PEeTIuT
3TO.

Eme B 340 r. 10 H. 3. Tpedeckuii hpunocod Apuctorensb B cBoel kHUTe «O Hebe» MpuBeln
JIBa BECKUX JOBOJa B MOJB3Yy TOrO, YTO 3€MJIs HE MIIOCKas Tapelka, a Kpyriblid 1iap.
Bo-niepBeIx, ApucToTens goramaics, 4TO JYHHBIE 3aTMEHHS MPOUCXOIAT TOrJa, Koraa
3emns okaseiBaeTcs Mexay Jlynoit m ComnaneM. 3emuis Bcerma otOpacwiBaeT Ha JIyHy
KpYIJIyI0 TeHb, @ 3TO MOXKET OBITH JIMIIL B TOM cllydae, eclii 3eMiid uMmeeT Gopmy mapa.
Byns 3emins minockum IUCKOM, €€ TeHb uMena Obl (OpMy BBITAHYTOTO 3IUIIWICA, €CIU
TOJIBKO 3aTMEHHUE HE TIPOUCXOIUT BCErJa UMEHHO B TOT MOMEHT, Korja CoTHIe HaX0IuTCs
TOYHO Ha OCH JUCKA. BO-BTOPBIX, MO OMBITY CBOMX TMYTEUIECTBUUA TPEKU 3HAIM, UTO B
IOKHBIX paitoHax IlomsapHas 3Be3ga Ha HeOe pacriojaraeTcs HHKE, YeM B CEBEPHEBIX.
(ITockonbky Ilonsgpuas 3Be31a HaxoAuTCd HaJ CeBEpHBIM MOIIOCOM, OHA OYeT MpsIMO Ha
roioBoil Habmronarens, crosmiero Ha CeBepHOM IMOIIOCE, a YEIOBEKY Ha HKBATOPE
MOKAXXETCs, 9TO OHA Ha JIMHWUW TOPU30HTA). 3HAS PA3HUIy B KAKYIIEMCS TOJOXKCHUU
ITomsipHO¥ 3Be3anl B Erunte u I'pertuu, ApUCTOTENbh CyMeN JaXke BRIYUCIUTD, UTO JJTHHA
skBatopa paBHa 400 000 craaues. YTo Takoe cTajuii, TOUHO HEH3BECTHO, HO OH OJIM30K K
200 MeTpaM, U, cTalo OBITH, OlleHKa APUCTOTENS NMPUMEPHO B 2 pa3a OoibIle 3HAUYCHUS,
TIPUHATOTO ceiyac. Y rpekoB ObII ellle U TPETHH JI0BOJ B IMOJbL3y Iapoo0pa3zHOH GpopMbl
3emiu: ecnu 3eMis HE Kpyrias, TO TOYEMY K€ Mbl CHadala BUJIUM Tapyca Kopaldus,
TIOAHUMAIOIIUECS HAJl TOPU3OHTOM, U TOJLKO TMOTOM caM Kopabib?

Apucrorensb ayman, uyto 3emis HenojaBuxHa, a Connue, JlyHa, mimaHeThl U 3Be3JIbI
oOpararoTcst BOKPYT Hee TIo KpyroBeIM opouTaM. OH Tak Tojiarai, 0o B COOTBETCTBHH CO
CBOUMH MUCTHYCCKUMU BO33PCHUSAMH 3EMITIO CUUTAN ICHTpoM BcelcHHOMN, a KpyroBoc



JIBUKEHHE — CaMbIM coBepiieHHBIM. [ITonemMeit Bo Il Beke pa3Bun ujero ApHUCTOTENs B
MOTHYI0 KOCMOJIOTHYECKYI0 MOJENb. 3€MIIsl CTOUT B LEHTPE, OKPY>KEHHAs BOCEMBIO
cthepamu, Hecymmumu Ha cebe JIyny, ComHIle M MSITh M3BECTHBIX TOT/Ia TuIaHeT: MepKypui,
Benepy, Mapc, IOnurep u Catypn (puc. 1.1). Camu nnanersl, cuurtan lltonemei,
JIBIKYTCS MO MEHBIITUM KpyraM, CKPEIUICHHBIM C COOTBETCTBYIOIIUMH chepamu. ITo
0OBSICHSIO TOT BeChbMa CIOXKHBIN MTYTh, KOTOPHIH, Kak MBI BUIIUM, COBEPINatoT TiaHeTsl. Ha
caMolf mocieiHel cdepe pacrmonaraloTcs HEMOABHXHBIC 3BE31bI, KOTOPBIE, OCTAaBasICh B
OJIHOM ¥ TOM JK€ TIOJIOKEHUU JIPYT OTHOCUTEIIBHO JIpyTa, ABMIKYTCS 10 HeOY BCE BMECTE KakK
eauHoe 1enoe. Yto JexuT 3a nocnennel chepoil, He 0OBACHSIIOCH, HO BO BCAKOM ClTydae
9TO yKe He ObIJI0 uacThio TOM BeenenHo, KoTopyto HabI0/1aeT YeJI0BEUECTRO.
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Puc. 1.1

Mogens IlTonemes mo3BOIsIa HETIOXO TPEACKA3BIBATE TMOJOKEHHE HeOESCHBIX Tel Ha
He0OCBOIE, HO JJIsl TOYHOTO MPEeCKa3aHus €My IPUIILTIOCH TPUHATH, YTO TpaekTopus JIyHBI
B OJIHUX MecTaX MOAXOAUT K 3emiie B 2 paza Onuke, 4eM B Ipyrux! DTo O3HAYaeT, YTo B
oJHOM TojioskeHun JIyHa JToKHA Ka3aThes B 2 pasza Oonbimeit, ueM B apyrom! ITromemeit
3HA 00 ATOM HEJOCTaTKe, HO TeM HEe MEHee ero Teopus Oblla IpU3HaHa, XOTS W HE Be3Je.
Xpuctuanckas llepxkoBs tipunsna llromemeeBy wMoaens BceeineHHol Kak — He
npoTtuBopedantyto bubauu, n6o sTa Mojens ObiIa OYEHBb XOpOIlla TeM, YTO OCTaBIANA 3a
npeaenamMu cepsl HEMOABWKHBIX 3B€3] MHOTO MecTa A aja u pas. OgHako B 1514 1.
nonbckuit cBamenHuk Huxomait KomepHuk mnpemioxuil emre 0oyiee MPOCTyI0 MOIETb.
(Buauane, omnacasch, HaBepHOe, Toro, 4to [lepkoBs 00BABUT ero epeTukoM, KomepHuk
Mponara’InpoBal CBOIO MOJIENL aHOHUMHO). Ero ujes coctosina B ToM, 9T0 COIHIIE CTOUT
HEMOJBWKHO B IIEHTpE, a 3eMlld U Jpyrue IJIaHeThl oO0paniaroTcsi BOKPYr HEro Mo
KpyroebiM opoutam. [Ipormnio nmoutu cronetue, npexae yem uaeto KonepHuka BOCIpUHSIN
cepre3Ho. J[Ba actporoma — Hemenl Morann Kemnep u utaneanen ['anuneo INanunein —
MyOJUYHO BBICTYMWIM B TOAAepKKYy Teopun KomepHuka, HeCMOTpS Ha TO 4UTO
npeackasanHbie KonmepHukoM opOUTHI HE COBCEM COBIMAJalu ¢ HabmogaeMbIMu. Teopun
Apuctotens— Ilronemes npumen xoHen B 1609 r., korna INanunel Havan HaOnOIaTh
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HOYHOE He0O ¢ TTOMOMIBIO TONBEKO UTO M300pETEHHOTO Teneckoma. HampaBuB Teneckomn Ha
nnanety FOmmrep, 'amunedt oOHapy>XHUI HECKOIBKO MAalleHBKHX CIYTHHUKOB, WIHM JIVH,
KoTopble oOpaniatorcsi Bokpyr FOmutepa. DTo 03Hauano, 4To HE Bce HeOECHbIe Tena
JOJDKHBL  0043aTENbHO  00palllaThCs HEMOCPEACTBEHHO BOKPYr 3eMIIM, KaK CUUTald
Apucrtorens u Iltonemeit. (Pazymeercs, MOKHO OBUIO TIO-TIPEXKHEMY CUUTATH, YTO 3EMIIs
MOKOUTCS B LieHTpe Bcenennoit, a myawsl FOnurepa ABMKYTCS MO 0YEHB CIOKHOMY IIYTH
BOKPYT 3eMIIH, TaK 4TO JIUIIEL KaxeTcs, O6yaTo oHu obpamarorcs Bokpyr FOmurepa. OgHako
teopust Komepuuka Oblna 3HauumTenbHO Tipomie.) B To ke Bpemst HMorann Kenmep
Moaupuipoan Teoputo Konepauka, ucxoas U3 NpeanojoKeHus1, 4To MIaHEThl IBUXKYTCS
HE 110 OKPY>KHOCTSIM, a T10 JUIATICaM (IJUIUIIC — 3TO BBITSHYTAs OKPYKHOCTE). Hakonel-To
Teneph NMpeJcKa3aHus COBMAIM ¢ PE3yJIbTaTaMyu HAOII0IeHUH.

Yto kacaercsa Kenmepa, To ero snauntuieckue opouTsl ObIH McKyccTBeHHOH (ad hoc)
TUTIOTE30M, U TPUTOM «HEU3AMIHOM», TaKk KakK 3JUIUIIC TOPa3l0 MEHEE COBEpIIeHHAS
¢urypa, gyeM kpyr. [loutu crnyuaiiHo oOHAPYXKUB, UTO FUIMATUUCCKUE OPOUTHI XOPOIIO
cornacyroTcs ¢ HabmoaeHusMu, Kemnep Tak U He CyMen MPUMHUPUTE 3TOT (akT CO CBOCH
ujeeil 0 TOM, 4TO TIaHEeThl oOparmaroTcst BOKpyr ComHIa oA IeCTBUEM MarHWTHBIX CHIL
OOBsCHEHWE TIPUIILIO JUIIL Topasfao mosgHee, B 1687 r., korma Wcaak HbroToH
omyOJTUKOBAN CBOKO KHUTY «MaTeMaTthdecknue Hadana HaTypaibHou punocoduny. HeroToH
B HEl He TOJbKO BEIIBUHYJ TEOPUIO JIBUKEHUS MaTepUAlTbHBIX Tell BO BPEMEHU U
MPOCTPAHCTBE, HO U pa3paboTall CIOXKHBIE MaTeMaTHYECKUE METOAbI, HEOOXOAUMEBIE IS
aHanw3a JBWKeHus HebecHbIX Tesr. Kpome Toro, HeroToOH mocTynmmupoBan 3aK0H BCEMUPHOTO
TATOTEHHUS, COTJIACHO KOTOPOMY BCSKOE TENO BO BcenmeHHON mpuTATHBAaEcTCS K JTFOOOMY
JPYyroMy TeIly ¢ TeM OOJNBIIEeH CHIION, WeM OOJIbIIe MAacchl 3THX TEI W YeM MEHBIIE
paccTosHAe MEeXIy HUMH. DTO Ta camas Cuila, KoTopas 3acTaBiseT Tella majaTh Ha 3eMITIO.
(Paccka3z o ToMm, uTo HploTOHa BIOXHOBUIO A0TOKO, yHaBliee €My Ha TOJIOBY, MOYTH
HaBepHska HenocToBepeH. Cam HrroTOH ckazan 00 3TOM JUIIb TO, YTO MBICIb O TATOTEHUN
TIPUIIIIA, KOT/Ia OH CHJET B «CO3EpIATECILHOM HACTPOCHUNY, U «TIOBOJIOM OBIIO TTaJICHUE
si0mokay). Jlanee HuioTOH ToKaszad, 9To, COTJIACHO €ro 3akoHy, JIyHa moa nelicTBHeM
IPABUTAIUOHHEBIX CHJI JABHUXKETCA MO AJUIMITHYECKOW OpOUTE BOKPYr 3eMIH, a 3eMis U
IIJIaHETHl BpallatoTcs Mo SIUTHNTHYECKUM opOuTaM Bokpyr ColHIIA.

MOI[EJ'IB KOHepHI/IKa romMoriaa n30asuTeca oT IIToneMeeBbIX HEOECHBIX c@ep, d 3a0JHO "
OT IIPpCACTABIICHUA O TOM, UYTO Bcenennas mmeer KaKyrlo-TO CCTCCTBCHHYIO T'paHHUILY.
HOCKOHBKy «HCIIOABMKHBIC 3BC3AbI» HC USMCHAIOT CBOCTO ITOJIOKCHHUA HA H€6e, CCJIN HC
CUNTATh MX KPYTOBOI'O0 JABMXKCHMs, CBsA3aHHOI'O C BpallCHUEM 3emMnu BOKpYr CcBOEM OCH,
€CTSCTBEHHO OBIIO MMPCAIIONIOXKUTD, YTO HCTIOABMXXHBLIC 3BC3AbI — 2TO 06’B€KTBI, HOI[OGHBI@
HalmeMy COJ'IH].Iy, TOJILKO TOpas3jao 0oJee YAAJIICHHBIC.

HproToH moHuMan, 4To mo ero TeOpUU TATOTEHUS 3BE3]IbI I0JKHBI TPUTATUBATHCS APYT K
JIIPYTY ¥ IO3TOMY, Ka3aJIoch Obl, HE MOT'YT OCTaBaThCS COBCEM HETOIBMXHBIMU. He TOMKHBI
JU OHM YIACTh APYT HA JIpyra, CONM3UBIINCEH B Kakoi-To Touke? B 1691 r. B miuceMe
Puuapny bentnu, emie oJHOMY BbIAAlOLIEMYCS MBICIUTENI0 TOro BpeMmeHH, HblOTOH
TOBOPUI, UTO TaK AEHCTBUTENHHO JTOMKHO OBLITO OBl IPOU30UTH, €CliU Obl Y HAC OBIIO JIUIIb
KOHEYHOE YUCJIO 3BE3]] B KOHEUHOM oOnactu ipoctpancTBa. Ho, paccyxaan HetoToH, eciu
9UCIIO 3BE3]] OECKOHEYHO M OHU OoJiee WM MEHeEe PAaBHOMEPHO paclpeieNieHbl o
OCCKOHCUHOMY MIPOCTPAHCTBY, TO STOT'0 HUKOTa HE MTPOU30ONICT, TaK Kak HET LICHTPATBLHOU



TOYKH, KyJla UM HY>KHO OBLITO ObI MagaTh.

DTU paccykJAeHUss — TMPUMEp TOro, Kak JIETKO MOMAacTh BOPOCAK, BEAS Pa3roBOPHI O
oeckoHeuHOoCTH. B GeckoHeuHOM BeenenHol mo0yr TOYKY MOKHO CYUTATh HEHTPOM, TaK
Kak 1Mo 00¢ CTOPOHBI OT HEE YKCIIO 3Be3/] OCCKOHECUHO. JIUIb ropa3io mo3ke MOHSIIH, UTO
0oJee MpaBUILHBIN MOAXOA — B3SITh KOHEUHYIO CUCTEMY, B KOTOPOM BCE 3BE34blI MAAar0T
Jpyr Ha Jpyra, CTpemsicb K IEHTPY, X TOCMOTPETh, Kakue OyayT W3MEHEHHUs, eCIu
N00aBIsATH €Ie W eule 3Be3], PaclpelelieHHbIX MNPUOIU3UTENLHO PAaBHOMEPHO BHE
paccmaTtpuBaeMoi obmactu. [lo 3axkoHy HbOTOHA HOMOTHUTENBHBIE 3BE3ABI B CPEIHEM
HUKaK HC TOBJIUAIOT HA TICPBOHAYANBHEIC, T. €. 3BE31IBI OYIYT ¢ TOU KE CKOPOCTHIO MAIaTh B
IEHTP BbIIeIeHHON o0nacTu. CKOJNBKO OBl 3B€3]] MBI HU JI00ABUIIUA, OHU BCeryaa OyIyT
CTpEeMUTHCH K IIeHTpY. B Hamle Bpems W3BECTHO, YTO OCCKOHEUHAs CTaTHYeCcKas MoJeTh
BceneHHOW HEBO3MOXHA, €CITM TPABUTAIIMOHHBIE CHJILI BCETJA OCTAIOTCS CHIIAMHU
B3aUMHOTO MPUTSHKCHUS.

HHTepGCHO, KaKHM OBILIO 06].[[66 COCTOAHUC Hﬂy‘-IHDfI MBICJIN OO0 Ha4YaJla XXB.: HHKOMY U
B IrOJIOBY HC IIPUIIO, 9TO Bcenennas moxer PACIIUPATHCS WK CKUMATBLCA. Bce CcHuTaliu,
yro Bcenmennas ambo CymicCTBOBalla BCCTrJda B HCU3MCHHOM COCTOSAHUH, mmbo Obla
COTBOPCHA B KaKOM-TO MOMEHT BpPEMCEHU B TIPOIIITIOM TPUMEPHO TaKOﬁ, KaKoBa OHA ceMuac.
OTtuactu 9TO, MOXKCT 6LITB, 00BICHACTCS CKIOHHOCTBIO J'IIOI[@I‘/JI BCPUTH B BCUHBIC UCTHHEI, 4
TaKke 0Co00H MNPUTATATCIIBHOCTBIO TOU MBICIIH, YTO, IIYCTh CaMH OHH COCTAPATCA U YMPYT,
Bcenennas octaHeTcs BEUHOI M HECU3MEHHOM.

lla;xe TCM YUCHBIM, KOTOPBIC IIOHAIH, YTO HBIOTOHOBCKAA TCOPUA TATOTCHHA ACIIACT
HEBO3MOKXHOM CTaTH4YCCKYIO BCGJ’I@HHYIO, HC TIpUXOJWJIa B TOJOBY THIIOTC34a
pacmup;nomeﬁc;l Bcenennoii. OHM monbITanuch MOI[H(bI/IHI/IpOBaTB TCOPHUIO, CACIAB
I'paBUTAIIUOHHYIO CHITY OTTAJKUBAIONIEM HA OYECHb 0O0IBIINX PaCCTOSHUAX. 3t0
MPAKTUYCCKU HE MCHAIIO TIPEACKA3BIBACMOTO JIBUXKCHHUA TINIAHET, HO 3aTO I103BOJIAIIO
6€CKOH€‘—IHOM}7 PacCIIpCACICHUIO 3BC31] OCTaBaTBCA B PABHOBCCHH, TdK KadK IIPUTAXKCHHC
OTU3KUX 3BC31 KOMIICHCHPOBAIIOCh OTTAIIKMBAHHUEM OT JaJICKMX. Ho ceiiuac mMbl CUHUTACM,
49TO TAKOC PABHOBCCHC OKA3dJIOCh OBl H€YCTOI>'I‘IHBBIM. B camom JACIIC, CCIIU B KaKOMU-TO
001acTu 3BC3IbI UYTh-UYTh C6HI/I351TCSI, TO CHIJIBI IIPUTAXKCHHUA MCKIAY HUMH BO3PACTYT U
CTaHyT OoJIBIIIE CHIT OTTAJIKUBAHUA, TaAK YTO 3BE3AHBI 6}01}7'[‘ 1 JaJIbIIC commxareca. Eciu ke
PACCTOAHHUC MCIKAY 3BC3dAMH UYThb-UYYTh YBCIHYUTCA, TO IICPCBCCAT CHUIIBI OTTAIKHMBAHHUA U
PacCTOAgHUC 6y,I[€T HapacCTaThb.

Emie omHO BO3paskeHHe TIPOTHB MOACITH OCCKOHEUHOH cTaTHUeckoi BeelreHHONW 00BITHO
npunuceiBaetcs Hemeukomy dunocody [enpuxy Onbepcy, kotopeiii B 1823 T
onyO/IMKoBan paboTy, TIOCBAINIEHHYI0 »Tolt Mojaenu. Ha camMoM jene MHorue
coBpeMeHHUKU HbIoTOHA 3aHMMAaNNCh TOU Ke 3ajaadeit, n ctaThd Onbdepca ObIIa Jaxke He
TICPBOM cpelin padoT, B KOTOPHIX BEICKA3BIBAMCE CCPHE3HBIC BO3paxeHUs. Ee s mepBot
CTaJIH ITHPOKO MUTUPOBAThL. Bo3paskeHre TakoBO: B 0€CKOHEUHOI cTaTnueckoi BeeaeHHOM
T000M NTy4 3peHUs JOJKEeH ynupaThcsd B KaKyro-HHOYAbL 3Be3dy. Ho Torjma HebGo gaxe
HOYBIO JIOJDKHO ApKO cBeTUTHhCs, Kak ConHie. Kontpapryment Onbepca cocTosyi B TOM,
9TO CBET, WAYIIUHA K HAM OT JAJIEKUX 3BE3J, JOJDKEH OCNAOIATHCS W3-3a TOTJIONMICHUS B
HAXOJISIEMCS Ha €T0 IYTH BEIIECTBE.



Ho B Takom CclIiydac caMO 5TO BCHICCTBO OJOJIKHO HArpCTbCad W APKO CBCTHUTHLCA, KaK
3BC3bI. E,I[I/IHCTBQHHEUI BO3MOXKHOCTH M30€KaTh BBIBOJA O APKO, KaK COJ'IHI.[G, CBCTAIICMCA
HOYHOM Hebe — IPCAIIOIOKHNTL, YTO 3BC3JbI CHUAIIM HC BCCrld, 4 3aropcinchb B KaKOU-TO
OHpQJI@J]EHHBIfI MOMCHT BPCMCHH B IIPOIIJIIOM. Torna rorjaomaromec B eCTBO, BO3MOXKHO,
CUIC HC YCIICTIO pPA30TPCThCA WU KC CBCT HAJICKUX 3BC3[ CHIC HC JOIICII O HAC. Ho
BO3HHUKACT BOIIPOC: MTOUCMY 3AXKTIHUCH 3363,11131?

Koneuno, npoGiema Bo3HUKHOBEHUs BceleHHOM 3aHuUMala ymbl JIIOJIEH yXKe O4YeHb
naBHo. CornacHo psiay paHHUX KOCMOTOHUM M MYJIEUCKO-XPUCTHAHCKO-MYCYITbMAHCKUM
Mudam, Hama BeelleHHas BO3HUKIIA B KAKOW-TO OMPEACICHHBIM W HE OUCHb OTIAJICHHBIN
MOMEHT BpEeMeHU B TponuioM. OIHUM U3 OCHOBAHUHN TaKUX BepOoBaHUIT ObIIa TOTPEOHOCTD
HalTH «IEepBOMPUUNHY» cyllecTBoBaHUsA Bcenennoit. Jlro6oe coObiTHe Bo BcenenHoi
OOBSICHSIIOT, YKa3bIBasl €ro MPUYUHY, T. €. JPYTroe COOBITHE, TMPOU3OIICANICE pPAaHbIIE;
nmog00HOe 00BSICHEHHE CYIIIECTBOBAHUS caMoit BeereHHOM BO3MOXKHO JIUIIE B TOM CITydJae,
ecnru 'y Hee Owulo Hauano. J[pyroe ocHoBaHWe BBIABHHYA bliakeHHBIH ABTYCTUH
(npaBocnaBHas LlepkoBb cunTaeT ABryCcTHHA OJaXeHHEIM, a Katonmdeckass — CBATBIM. —
npuM. pea.). B kaure «I pan boxuit». OH ykazan Ha To, 4YTO IMBUIU3ALMS IPOTPECCHUPYET, a
MBI TIOMHUM, KTO COBEPIIMJI TO WX WHOE JESHWE W KTO 4To u300pen. IlosToMmy
YCJIOBCUCCTBO, a 3HAUUT, BEpPOSTHO, U BceneHHas, Bpsaja JIM OYCHB JOJTO CYIICCTBYIOT.
braxxeHHbIi  ABrycTHH  cuUWTal TIpUEMIIEMOM  JaTy coTBopeHHMs:  BceneHHol,
COOTBETCTBYIOMIYI0 KHUTE «bBITHS»: TpuOau3uTenbHo 5000 rox 40 HaMIEH 3B
(UnTepecHo, 4TO 3Ta /1aTa HE TaK YK Jlalieka OT KOHIIA MOCIIEIHEr0 JEAHUKOBOr0 Ieproaa
— 10 000 7eT 10 H. 3., KOTOPBIM apXEOJIOTH CUNTAIOT HAYaJIOM IIMBHIIU3AIINN ).

ApuctoTento xe U OOINBITUHCTBY APYIUX IpeyecKuX (UIocopoB HE HpaBUIACh HIEs
COTBOpeHUsI BceneHHOM, Tak Kak OHa CBA3BIBATACh C O0KECTBEHHBIM BMEIIATEIIHCTBOM.
[TosToMy OHM cuWTamu, 9TO JIOAW W OKPYKAOIMWA WX MHp CYIIECTBOBAIM W OymyT
CyIIecTBOBATH BeUHO. JOBOJI OTHOCHTENIEHO Mporpecca MUBUIH3ANNH YISHBIE JIPEBHOCTH
paccMaTpHUBaIM U PEIINIIH, YTO B MHUpPE MEPUOAUUECKH MPOUCXOIUIN MOTONEI U JPyTrue
KaTaKJIU3Mbl, KOTOpPhIE BCE BpeMs BO3Bpalllalld YENOBEYECTBO K HCXOJHOM TOUKE
WABIIIM3AIINH,

Bompocsr o ToM, Bo3HHKIIA M BeelleHHas B KaKOW-TO HAa4yaJ bHBIA MOMEHT BPEMEHHU M
OoTrpaHUYEHA I OHa B IPOCTPAHCTRE, MO3/IHEE BECbMa MPUCTAIILHO paccMaTpuBai Guimocod
Nmmanynn KaHT B cBoOeM MOHYMEHTAJIBHOM (M O4Y€Hb TEMHOM) Tpyae «KpHuTHka yucToro
pazymay», Kotopblii ObUT M3gaH B 1781 r. OH Ha3Banm 3TH BOMPOCHI AHTMHOMUAMHM (T. €.
MIPOTUBOPEUMSAMHU) YUCTOTO pa3ymMa, TaK Kak BHUIEN, YTO B PaBHOM Mepe HENb3s HU
JI0Ka3aTh, HA OMPOBEPTHYTH HU TE3UC 0 HEOOXOIUMOCTH Havalla BcelleHHOM, HU aHTHTEe3NC
0 ee BeuHOM cymectsoBanuu. Tesuc KanT apryMeHTrupoBan Tem, 9to eciiu 061 y Beenennoit
He ObUIO Hayala, TO BCAKOMY COOBITHIO TIpEAIIecTBOBAl Obl OECKOHEUHBIH TEpPUO]
BpeMeHH, a 3To KaHT cuuran abcypaoM. B nmogaepxky anturesuca Kant ropopui, 4to eciu
061 BecenreHHas nMena Havgano, TO eMy MpeAIIecTBOBal OBl OeCKOHETHBIH TIepHOI BpEMEeHH,
a Torja clpalIuBaeTcs, odyeMy BcelleHHas BIpPYr BO3HUKIA B TOT, a HE IPYroil MOMEHT
BpeMeHu? Ha camom paene aprymenTsl KanTa dhakTuuecky 0TMHAKOBHI U I Te€3Kca, U TS
anTuTe3uca. OH MCXOAUT U3 MOJTYAIUBOrO TPEATONOKEHUS, YTO BpPeMs OECKOHEYHO B
MPOIIJIOM HE3aBHCHMO OT TOTO, CYIIECTBOBAJIA MIIM HE CYNIECTBOBAJIAa BEYHO BceneHHas.
Kaxk MBI yBUIMM HMKE, 1O BOSHUKHOBEHUS BCelneHHOM MOHITHE BPEMEHH JIMIIEHO CMBICTIA.



Ha »To BiepBrie ykazan biaxenHbiit ABryctuH. Koraa ero cripamusany, 4eM 3aHUMAJCS
bor no Toro, kak co3nan BeceneHHyto, ABTyCTHH HUKOTa HE OTBE€Yal B TOM AYyXeE, U4TO, MO,
bor roroBuin aa ang tex, KTo 3a1aeT nojo0Hbie Bonpockl. Het, oH roBopui, 4To BpeMs —
HEOTBEMIIEMOE CBOMCTBO CO31aHHON borom BceneHHOU M MO3TOMY 10 BO3HUKHOBEHUS
BcenenHoli BpeMeHU He ObUIO.

Kora 6onbIMHCTBO JT10/IeH BEPHUIIO B CTATUYECKYIO M HeM3MeHHYI0 BeenenHyto, Bopoc
0 TOM, MMeJla OHa Hayajlo WM HET, OTHOCWJICS, B CYIIHOCTH, K OOJACTH METAQU3UKU H
Teosorun. Bee HabMrogaeMble SBIEHUS MOKHO OBLTO OOBICHUTH KakK ¢ IOMOIILIO TEOPHH, B
KOTOpOW BceneHHas CymiecTByeT BEUHO, TaK M C TIOMOIINBIO TCOPHH, COTIIACHO KOTOPOW
BceneHHYI0 COTBOPHMITH B KaKOH-TO OIpeAeNIeHHBIH MOMEHT BpPEMEHHW TaKUM 00paszoM,
4TOOBI BCE BBITIAAEN0, Kak eclik OBl OHa cyliecTBoBajda BeuHo. Ho B 1929 r. DnBun Xa6061
Cenai SIOXalbHOE OTKPBITHE: O0Ka3aloch, YTO B KakoW Obl wacTw Heba HU BECTH
HAOMOJIEHUS, BCE AalleKWe TATaKTHKH OBICTPO YIAISIOTCS OT Hac. MHBIMH clOBaMH,
Bcenennas pacmmpsieTcs. 9To 03HaYaeT, 9To B OoJiee paHHHWE BpeMeHa BCe 00BEKTHI OBLITH
Omuke OpyT K APYTY, YeM ceifuac. 3HauuT, ObLI0, O-BUAUMOMY, BPEMsI, OKOTIO AECITH UIH
JBA/IATH THICSY MUJUTMOHOB JIET Ha3aJ, KOTJa OHM BCE HaXOIWIUCh B OJIHOM MeECTe, TaK
9TO TUIOTHOCTH BcenenHoi Oblta 6eckoHewHO Oombimon. CrenmanHoe Xa0010M OTKPBITHE
TIEPEBEII0 BOIIPOC O TOM, KaK BO3HUKIA BceneHHas, B 00,1aCTh KOMIIETCHIIMHA HAYKH.

Ha6monenns Xa601a roBOpHIA O TOM, YTO OBIJIO BpeMs — TaK Ha3bIBaeMbIH OOJIBIION
B3pBIB, KorJa BceneHnHas Oblta OecKOHEUHO Manod W O0eckoHedHO TIOTHOM. Ilpu Takmx
YCIIOBUSX BCE 3aKOHBI HAYKH TEPSAIOT CMBICT W HE IMO3BOJISIOT TPEICKa3BIBaTh Oyayiiee.
Ecnu B emie 6omee panHue BpeMeHa U IIPOUCXOJUITH KaKUe-IIMO0 COOBITHS, OHU BCE PaBHO
HHUKaK HE CMOTIU OBl IOBIMATH HA TO, YTO IIPOUCXOAUT ceiuac. M3-3a OTCYTCTBHUSA kKe
HaOMrogaeMBIX CIEACTBUM MMM MOKHO TPOCTO TMpeHeOpedb. BoabIiol B3pBIB MOKHO
CYUTATh HAYaJIOM OTCYETa BPEMEHW B TOM CMBICIIE, YTO OoJjiee paHHUE BpeMeHa ObUTH OBl
MPOCTO He omnpeneseHsl. [loguepkHeM, 4To Takoe Ha4al0 OTcUeTa BPEMEHH O4YeHb CHIIBHO
OTJIMYAaeTCcs OT BCEro TOro, 4To Ipemiaraioch 1o Xab66ma. Hawano BpeMeHu B
HEU3MEHSoNIecs BceneHHON ecTh HEeYTOo, YTO JIOJDKHO OMNPEICIAThCA YEM-TO,
CylIeCTBYIOIIMM BHE BcenmenHoli; nans Havana BceiaeHHoM HeT  (U3HMYECKOU
Heooxomumoctr. CotBopennme borom BceeneHHoi MOXHO B CBOEM TIPEICTABICHUN
OTHOCHTH K JITFOOOMY MOMEHTY BpeMeHH B mponuioM. Eciu ske Beenennas pacmupsierces, TO
MOTYT CYIIIECTBOBATEL (HU3HUYECKHE MPUUUHEI JJIS TOI0, YTOOBI OHA MMesa Havyano. MoxXHO
To-TIpeKHEMY TIPEJACTaBIAThL cede, uTo uMeHHo bor cosnan BceeiaeHHyro — B MOMEHT
OOJIBIIOr0 B3phIBa WK JlaKe MOo3AHEe (HO TaK, Kak eciy Obl mMpou3o1ie 00IbII0 B3PHIB).
Onnako ObuTo0 ObI abCcypaHO yTBEpXkOaTh, YTO BcejaeHHas BO3HUKIIA paHbIIE OOJBIIOrO
B3phIBa. [IpencraBineHue o pacmmpsitonieiics BceleHHOW He HCKITOYaeT co3daTens, HO
HajlaraeT orpaHMYeHUS Ha BO3MOXKHYIO JIaTy €ro TpyHaoB!

YT0oOBI MOKHO OBIIIO TOBOPUTH O CYIIHOCTH BeenenHoi 1 0 ToM, ObITO U Y Hee Hayallo U
OyAeT 1 KOHeIl, HY’)KHO XOPOIIOo MPeACTaBIATE cebe, UTo Takoe HaydHas TEOpHs BOoOIIe.
Sl Oynmy mpuaepKuBaThbcs IIPOCTEHINell TOUKH 3pEHHSA: TEOpUS — HSTO TeopeTHYecKas
MojJenh BceneHHOW WU KaKOW-HUOYJIb €€ YacTH, JIOTONHEHHas HaObopoM TpaBui,
CBA3BIBAIOMINX TEOPETUUECKUE BEIWYWHBLI C HAIMUMM HAOMIOJEHUAMU. OTa MOJENb
CYIIECTBYET JTUIIb Y HAC B TOJIOBE U HE UMEET APYToH pealbHOCTH (KaKoi OBl CMBICT MBI HU
BKIJIAJILIBAJIM B 9TO CJIOBO). Tcoprs cuMTacTcs XOPOIICH, eclii OHa YHOBICTBOPSCT IBYM



TpeOOBaHUSM: BO-TICPBHIX, OHA JTOJKHA TOYHO OMMCHIBATE MTUPOKUH KIacc HAOIIOIeHUH B
paMKax MOIEIH, COASPKALIEHN JTUIIL HECKOJIBKO MPON3BOIBHBIX 3JIEMEHTOB, U, BO-BTOPHIX,
TEOpHUsl JI0JKHA JIaBATh BIIOJIHE OIPEJIEIEHHBIE MPEACKA3aHUSI OTHOCUTENBHO PE3YIHTATOB
oynyuux nHabmonenunil. Hanpumep, Teopust ApUcToTeNsl, COrjacHO KOTOPO BCE COCTOUT
U3 YEThIPEX DIEMEHTOB — 3€MJIH, BO3/IyXa, OTHS U BOJBI, — OBLJIA JOCTATOYHO MPOCTOMH,
qTOOBI HA3bIBATHCS TEOpHEH, HO C €¢ TOMOIUIBI0 HENb3s OBUIO TOMYYUTh HHUKAKUX
OTIpeIeNeHHBIX Mpeacka3anuii. Teopus xe Tarorenus HproToHa ncxonuna u3 emre 6omee
NpOCTOM MOJIENM, B KOTOPOW Tella TPUTATUBAKOTCSA JPyr K JpPyry C CHIIOH,
MPONOPIUUOHATILHOW HEKOTOPOM BeMYWHE, Ha3bIBAEMOM UX Maccol, u oOpaTHO
TPOTNOPLMOHAIBHON KBaJApaTy paccTosHus Mexay Humu. Ho teopuss HeroroHa BeckrMa
TOYHO TpeAcKa3bIiBaeT auxenue Comnia, JIyHBI U TIIaHET.

Jiobast (m3udeckas Teopus Bcerga HOCUT BPEMEHHBINH XapaKTep B TOM CMBICIIE, YTO
SBIIIETCS BCETO JIWIIb THIIOTE30HW, KOTOPYIO HeNb3s J0Kazatb. CKONBKO OBl pa3 HU
KOHCTaTHPOBAJIOCH COTJIACHE TEOPHH C HKCIIEPUMEHTATLHBIMU JTAHHBIMHU, HEIB3S OBITH
YBEpPEHHBIM B TOM, YTO B CIEIYIOUINI pa3 3KCIEPUMEHT HE BOHIET B MPOTUBOpPEUHUE C
Teopueil. B To xe BpeMs N0y TEOpPUIO MOKHO OIPOBEPTHYTh, COCIABINIHACH Ha
OJIHO-€JTUHCTBECHHOE HAOIOJCHUE, KOTOPOE HE CorjlacyeTcsl ¢ ee TpenckazaHusmu. Kak
ykaspiBan ¢unocod Kapm Tlommep, cmenmamuer B oOjacté  puiocodhun HAYKH,
HEOOXOJIMMEBIM TMPU3HAKOM XOPOIIEH TEOPHH SBISICTCS TO, YTO OHA TMO3BOJISET CACNATh
MpeacKa3aHus, KOTOPbIe B MPUHIUIIE MOTYT OBITH SKCIEPUMEHTANTBHO OMPOBEPTHYTHI.
Besikuii pas, Kor/1a HOBbIE SKCTIICPUMEHTHI TIOJITBEPIKIAIOT MPECKa3aHUsl TEOPUH, TCOPUS
JIEMOHCTPUPYET CBOIO XU3HEHHOCTh, W HaIlla Bepa B Hee KpemHeT. Ho ecnw XoTh omHO
HOBOE HAOJTIOJICHUE HE COTIIACYeTCS ¢ TEOPHUEH, HaM MPUXOJUTCS MO0 OTKA3aThCsA OT Hee,
60 TepesenaTh. TakoBa 1Mo KpaliHelW Mepe JIOTHKA, XOTsA, KOHETHO, BBl BCET/Aa BIIPAaBE
YCOMHHUTECS B KOMIIETEHTHOCTH TOT'0, KTO IIPOBOINI HAOTIOCHUS.

Ha mpaktuke wacto oKa3bIBacTcs, 4YTO HOBAas TEOpPUS HA CaMOM JEJie SBISIETCS
pacimupeHnueM mnpeapiaymeid teopun. Hanpumep, uype3BelUaliHO TOYHBIE HAOMIONEHUS 3a
niaaHeToll Mepkypuil BBIABUIU HEOONBIINE PACXOXKICHUS MEXKIY €€ JBIKCHUEM U
NpeACKa3aHUsIMU HBIOTOHOBCKOW Teopuu TaAroteHus. CormacHo oOumei Teopuun
OTHOCHUTEIIBHOCTH JMHIITENHA, MepKypuil TOIKEH IBUraThCd HEMHOrO WHAde, YeM
nonryqaetcs B reopun HetoroHa. ToT dakt, uTo mpeackazanus DUHIITEHHA COBMANAOT C
pesyibTaTaMu HaOIIoJeHui, a mpejackazanus HploToHAa He COBNAAAIOT, CTAll OJHUM W3
pemaromuUX TOATBEPKIACHUM HOBOW Teopuu. llpaBaa, Ha TpakKTUKE MBI JO CHUX TOp
nonb3yeMcst Teopue HbloTOHa, Tak Kak B TeX CclydasX, ¢ KOTOPHIMH Mbl OOBIYHO
CTaJIKUBAaEMCH, €€ MIPEACKA3aHNsl OUEHb MAJI0 OTIUYAIOTCS OT MPECKa3aHuH 00IIeH Teopuu
oTHocuTelbHOCTH. (Teopus HeroTOHA UMEET emie ¥ TO OTPOMHOE MPEUMYIIIECTBO, UTO C HEH
ropa3io MporIe paboTaTh, YeM C TeOpHel DUHIITEHHA).

KoHeyHo# 11eNbl0 HAYKU SBIAETCS CO3JAaHUE €AUHOM TEOPUM, KOTOpas OMUChIBalia Obl
Bcio Beenennyto. Pemas 3Ty 3amady, OOTBITMHCTBO YUEHBIX IEIT e¢ Ha 1Be yacTH. [lepsas
4acTh — 9TO 3aKOHBL, KOTOpPHIE Jal0T HAaM BO3MOXKHOCTH Y3HaTh, Kak BceneHHas
WU3MEHSEeTCSl cO BpeMeHeM. (3Hasl, Kak BHITISAUT BceneHHas B KaKOW-TO OJMH MOMEHT
BPEMEHU, MbI C TIOMOIIBIO 3TUX 3aKOHOB MOKEM y3HaTh, YTO C HEW MPOU30IAET B OO0
OoJiee TIO3IHUM MOMEHT BpeMeHH). BTopas wacTh — mpobiieMa HadallbHOTO COCTOSHHUS
Bcenennon. HexoTtopsle TonaratoT, 4TO Hayka JOJDKHA 3aHUMAThCS TOJBKO IICPBOU



9aCThIO, a4 BOIIPOC O TOM, HTO OLIII0 BHa4YaJIC, CUHUTAOT OCIOM MeTa(bI/ISI/IKI/I " PEIIUTHH.
CTOpOHHI/IKI/I TAKOI'0O MHCHHI T'OBOPAT, UTO, ITIOCKOJBKY bor BCCMOI'yll, B Cro BOIJIC OL1JI0
«BallYCTHUTbB» BCCHQHHy}O KakK yroaHo. Ecimn ouu IpaBbl, TO Yy Bora Onuta BO3MOKHOCTH
CACIHATb Tak, yToObl Bcenennas pa3BHUBaJIaCb COBCPIICHHO IIPOU3BOJILHO. bor KC,
MMO-BUAUMOMY, IMPCATIOUCII, yTOOBI OHA Pa3sBUBAIACh BECbMaA PEryJIAPHO, 11O ONIPEACIICHHBIM
3akoHaM. Ho TOTga CTOJB XK€ JIOTHYHO IMPCATTIOIOXUTE, UTO CYIIECTBYIOT €II€ W 3aKOHHEI,
YHPaBIAOIINE HAYAJIIBHBIM COCTOSAHHUEM Bcenennoii.

OxkaspIBaeTcs, 0OYEHb TPYAHO Cpa3y cO3/aBaTh TEOPHIO, KOTOPAs OMUCHIBaiA OBl BCIO
Bcenennyro. BMecTo 3Toro Mel JeiuM 3ajady Ha 9acTH M CTPOUM YacTHBIE TeOpUH. Kaxk1as
W3 HUX ONMCHIBAET OJAWH OTPaHWYEHHBIN KJIacC HaOIIOJIEHUI U JeJlaeT OTHOCUTEIBLHO HETO
MpeICcKa3aHus, TNpeHeOperass BIMSHUEM BCEX OCTAIBHBIX BEJIWYMH WU TIPEACTABIIASA
MOCJIETHUE TIPOCTHIMH HaOopaMu uwnced. BO3MOXHO, 4TO TAaKOW MOIXOJ COBEPIICHHO
uHerpaBwieH. Eciu Bce Bo BceeneHHOW (yHIaMEHTANbHBIM 00pa3oM 3aBUCHUT OT BCETO
JIPYToTO, TO BO3MOXHO, 4TO, HCCIIEAYST OTIHEIbHBIE YacTH 3aJadd W30IMPOBAHHO, HEIB3S
IIPUOIU3HUTECS K IOJTHOMY €€ PELICHHI0. TeM He MEHee B IIPOIIIOM Halll IPorpecc IMIeT
UMEHHO TaknM myTeM. Knaccuueckum MpUMeEpOM ONSTh MOXKET CIY>KHTh HbIOTOHOBCKas
TEOPHSI TATOTEHUS, COTJIACHO KOTOPOU IpaBUTAIIMOHHAS CUIIA, IEUCTBYIOMIAS MEXIY IBYMS
TeJIaMU, 3aBUCUT TOJIBKO OT OJHOUM XapaKTEPUCTUKH KaKIOTO Tella, a UMEHHO OT €T0 MacCHI,
HO HE 3aBUCHUT OT TOI0, W3 KaKOro BemecTBa cocToiT Tena. CrepoBaTelbHO, MJIS
BEIYHUCIICHHUS OPOWUT, IO KOTOPBHIM ABKKYTCS CONHIIE W IIJIaHETHl, HE HYKHa TEOPHs HX
CTPYKTYpHI U COCTaBa.

Ceituac ecTh JIBe OCHOBHBIE YACTHBIC TEOPUHU IS oNMUcaHWs BcermeHHol — oOmas
TEOpUs OTHOCUTEIBLHOCTH W KBAaHTOBasg MeXaHuka. O0e OHM — pe3yibTaT OTPOMHBIX
WHTEINICKTYadbHBIX YCHIMM YYEHBIX MEpPBOM MOJOBMHBI Hamiero Beka. OOmias Teopus
OTHOCHTEIIBHOCTH OITHCHIBACT IPABUTAIIMOHHOE B3aMMOJICHCTBHE W KPYITHOMACHITAOHYIO
CTpykTypy BcenenHoit, T. ¢. cTpykTypy B Macmtabe OT HECKOJIBEKHX KHUIIOMETPOB IO
MUWJUTMOHA MWJIJIMOHA MHIUIMOHA MWUIMOHA (€IUHMIIA C OBAAUATBHI0O YETHIPHMS ITYIISIMH)
KUIIOMETPOB, UM JI0 pa3MepoB Habmtonaemoit yactu Beenennoil. KBanToBast MexaHuKa ke
WMEET A0 C SBJICHUAMH B KpaWHE MallbIX MaciluTadaxX, TakuX, KaKk OoJHa MHIITMOHHAs
OJIHOW MMJUTMOHHOM caHTUMeETpa. 1 3TH 1BE TeopHuH, K COXKAIECHUIO, HECOBMECTHBI — OHU
HE MOTYT OBITH OJHOBPEMEHHO TPaBHIBHBIMH. OIHUM U3 TIABHBIX HaIlpaBICHUH
HCCIIeIOBaHUM B COBpEMEHHOU (pu3MKe W TJIaBHOW TEeMOM 3TOW KHUTH SBISIETCS TOHCK
HOBOM T€OpHH, KOTopas 00beIuHMIIa OBl ABE TIPEILIAYIIINE B OJTHY — B KBAHTOBYIO TEOPHIO
rpaButanuu. IToka Takoii TeOpUH HET, U €€, MOXKET OBITh, €I1I¢ MPUJIETCS JI0IT0 XKIaTh, HO
MBI YK€ 3HaeM MHOTHE U3 TeX CBOMCTB, KOTOPBIMU OHA JIOJKHA 00anats. B croeayromux
rJaBax Bbl YBUAWUTE, UTO HAM YK€ HEMAJIO U3BECTHO O TOM, KaKHE MPEACKA3aHUS JOJIKHBI
BBITEKATh U3 KBAHTOBOW TEOPUHU I'PABUTAIIUM.

Ecmu Bwl cuutaere, uto Bcenennas pa3BuBaeTcs HE TPOU3BOJLHBIM 00pazom, a
TTOTUHHSCTCS OTIPeIeNIEHHBIM 3aKOHAM, TO B KOHIIE KOHIIOB BaM MPUIETCS 00BETHHUTE BCE
JacTHBIE TEOPUH B EIUHYIO TOJIHYIO, KOTopas OyleT oIHChIBaThL Bce BO BceeneHHoil.
[IpaBna, B moucku Takoi eUHOM TeOpUH 3all0keH OJuH GhyHAaMEHTaTLHBIN napaaokc. Bee
CKa3aHHOE BBIIIE O HAYYHBLIX TEOPUSAX MPEHANONAracT, YTO Mbl ABIAEMCS PA3yMHBIMU
CyliecTBaMU, MOXEM TIPOU3BOIUTH BO BeelleHHOM Kakue yroJIHO HaOMI0AEHUS U HA OCHOBE
3TUX HaONIOACHUN JAenaTh JIOTHYCCKHUC 3akitoucHUsi. B Takolf cxeMe ecTeCTBCHHO



MpEANOIOXKNUTE, YTO B NMPHHOWUIIC MBI MOTIIIHA OBI CIIc OmKe HOHOﬁTH K TIIOHHUMAHHIO
3aKOHOB, KOTOPBIM IIOJYUHMHACTCA  Hallla Bcenennas. Ho ecam cauHass TCOpH:A
JICUCTBUTEIILHO CYHICCTBYCT, TO OH4, HABCPHOC, TOXKC AOJIKHA KaKUM-TO 06p3_30M BIIUATH
Ha HalllHu ﬂeﬁCTBHH. 141 TOrda caMa TCopus HOJDKHA OIPCALCIATh PC3YJIbTAaT HAIIUX MMOUCKOB
ee xe! A IMOYE€MYy OHa AOJIKHA 3apaHCC IMPCAONPCACIATbL, YTO MBI CACITAEM IIPAaBHUIBHBIC
BBIBOJIBI M3 HaGHIO,J]eHI/Iﬁ? Hoquy OBl €li ¢ TaKUM 3Ke YCIIEXOM HE TIPHUBECTH HAC K
HEBCPHBIM BLIBO)IB.M? HIIN KC BOO6H_[€ HU K KaKuM?

S Mory TpenokuTh BCEr0 JUIIb OJWH OTBET HAa 3TH BoOmNpockl. OH OCHOBaH Ha
JApPBUHOBCKOM TPUHIIUIIC SCTECTBCHHOTO 0TOOpa. Mos Mies COCTOUT B TOM, UTO B JIFO0O
TOTYJISIITUU OPTAaHU3MOB, CIIOCOOHBIX K CAMOBOCIIPOU3BEACHUIO, HEU30EKHBI TCHETUISCKUE
BApUAIIMM W pPa3Nu4usi B BOCHUTAHWHU OTIAETBHBIX WHAWUBHIYYMOB. JTO 3HAYWUT, UTO
HEKOTOPBbIE WHIWBHJIYYMBI 0o0Jiee APYTUX CIOCOOHBI JIeNIaTh TPABUILHBIC BBIBOIBI 00
OKPYKAKIIEM WX MHUPE U MOCTYNaTh B COOTBETCTBUM C 3TUMM BBIBOJAMHU. Y TaKHUX
WHIABUIYYMOB OyJieT OOJbIe MIAHCOB BEDKUTH U JIaTh MOTOMCTBO, a TTIOTOMY UX 00pa3
MBICIIEH M UX TOBEACHHE CTaHyT JOMUHUPYIOIMUMH. B mpoLUIOM HHTEIIEKT U
CMOCOOHOCTh K HAyYHOMY OTKPBHITHIO O€3YCIOBHO OOecreunBalyd TPEeuMYyINecTBa B
BbDKMBaHWM. [lpaBia, coBceM HE OYEBHIHO, YTO BCE€ CKa3aHHOE BEPHO W celyac:
CACNaHHBIC HAMU HAyYHBIC OTKPBITHS MOTYT HAC K€ W MOTYOWTh, HO JAaXXEC CCIIH TOTO HE
CIYUUTCS, TIOJIHAS €AUHAS TEOPHUS BPS U CHIILHO TTOBJIUSET HA HAIIIU ITIAHCHI BEIXKUTH. TeM
HE MEHee, KOIb ckopo BceeneHHas pa3BuBaeTcs peryisipHEIM 00pa3oM, MOXKHO MOIAraTh,
9TO CIIOCOOHOCTH K PACCYXACHHUIO, KOTOPBIE MBI MPUOOPENTH B pe3ylbTaTe UCKYCCTBEHHOTO
oTOopa, TPOSBATCA B TOUCKAX EIWHOW TIOJTHOW TEOPHUH W TOMOTYT U30eXaTh
HEMPABUIIBHBIX BHIBOJOB.

[TockonbKy yXe CYIIEeCTBYIOIIMNX YAaCTHBIX TEOPUM BMOJHE AOCTATOYHO, YTOOBI AENATh
TOYHBIC IMPEICKAa3aHUSA BO BCEX CHUTYalMAX, KPOME CAMBIX JKCTPEMAJbHBIX, IOUCK
OKOHUATeTRHOW Teopuu BceeneHHodl He oTBedaeT TpeOOBaHUAM TIPAKTHIECKOMN
nenecoobpa3sHocTU. (3aMeTHM, OJHAKO, YTO aHAJIOIMYHBIE BO3PaXKE€HUS MOXKHO OBLIO OB
BBIJIBUHYTH IIPOTUB TEOPUU OTHOCUTEIHLHOCTY ¥ KBAHTOBOM MEXaHUKH, a BElb UMEHHO 3TU
TEOPUU MPOM3BEIN PEBOJIOLMIO B sAlepHON (U3MKEe WU B MHUKpodnekTpoHuke!) Taxum
0o0pa3oM, OTKPBLITHE TONHOW €IWHOW TEOPHH, MOXET ObITh, HE OyIeT CIocoOCTBOBATH
BEDKMBAHUIO M JaKC HUKAK HE TOBJIMSET HA TeUYEHHWE Hamel ku3HU. Ho yxke Ha 3ape
UMBUIU3ALUKA JTIOJIM HE HpPABUIUCH HEOOBACHHMBIE M HE CBA3aHHBIE MEXIy CO00M
COOBITHS, M OHU CTPACTHO KENadu MOHATH TOT MOPSAIOK, KOTOPBIM IEKUT B OCHOBE HAIIETO
mupa. [lo cell 1eHs MBI MeUTaeM y3HaTh, IOYEMY MBI 3[I€Ch 0KA3alIUCh U OTKYAa B3SJIUCH.
CrpemileHHEe 4YeIOBEYECTBA K 3HAHWIO SABISETCA IJII HAC NOCTATOYHBIM OTpPaBHAHUEM,
qTOOBI TIPOJOMIKATh TIOMCK. A HaIlla KOHEUHas M — HUKAK HE MEHBIIE, YeM ITOTHOE
onrcanue BceneHHo, B KOTOPOH MBI 0OHTaeM.



2. TIPOCTPAHCTBO U BPEM4A

Hamm coBpeMeHHBIE TPEACTABICHUS O 3aKOHAX ABMKEHHUS TEI BOCXOIAT K ['anmuiero u
Hetotony. Jlo Hux ObITOBana ToOuYKa 3peHUs APUCTOTENS, KOTOPBIM CUWUTajl, YTO
€CTECTBEHHBIM COCTOSTHHEM JTFO0OTO TejIa SBISIETCS COCTOSHUE TIOKOS W TENI0 HAYWHAET
JBUTATHECS TOJIBKO TIOJ IEMCTBUEM CHUIIBI HIIM UMITyIIbca. OTCIO/Ia CIIeIOBAIIO, UTO TSKEI0e
TEJNO JOIKHO MagaTh OBICTpee, UeM JIETKOe, IOTOMY YTO €ro CHIIbHEE TIHET K 3eMIIe.

CornacHo apuCTOTENEBCKON TpaJUIIMU, BCE 3aKOHbI, KOTOPbIE YNpaBisitoT BeenenHoi,
MOXHO BBIBECTH YHUCTO YMO3PUTCIBLHO U HET HUKAKOW HEOOXOJIUMOCTH MPOBEPITH UX HA
oneiTe. I[loatomy mo ['anuies HUKTO HE 3aXyMbIBAJICS HAaX TEM, OEUCTBUTEIBHO U TEIa
pa3HOro Beca MaJarT C Pa3HbIMU CKOpOCTSAMU. ['oBOpAT, uyTO I'anunei 1eMOHCTpUpPOBAI
JOKHOCTh yueHHust ApucTorens, Opocas Tena paszHoro Beca ¢ majaromeit [Inzanckoii
OanrHU. DTO HaBEepHSIKA BhIIyMKa, HO ["amuielt JeHCTBUTENBHO JieIad HEUTO MOJ00HOE: OH
CKaThIBaJ IO TJIAJKOMY OTKOCY IIapbl pa3HOTO Beca. TakoW IKCIIEPUMEHT aHAIIOTHYECH
CcOPACBIBAaHUIO TSDKENBIX Tel ¢ OalllHW, HO OH TIPOIIle JIJiS HAONIOACHUMN, Tak KaK MEHBIIS
ckopocTu. M3Mepenus ["anunest mokazand, 4TO CKOPOCTh BCAKOrO TENA YBEITMYUBAETCS 1O
OJHOMY W TOMY K€ 3aKOHY HE3aBHCHUMO OT Beca Tenia. Hampumep, ecnu B3ATH map u
IYCTUTh €r0 BHU3 110 HAKJIOHHOM IUIOCKOCTH C YKIOHOM METpP Ha KaXJbI€ JIECATh METPOB,
TO, KAKUM OBI TSDKEITBIM HU ObLT MIap, €r0 CKOPOCTh B KOHIIE MEPBOUM CEKYHIIBI OYIET OJIUH
METp B CEKYHAY, B KOHIIC BTOPOU CEKYHIBl — JBa METpa B CEKyHAY W T. A. KoHeuHO,
CBHHIIOBAs TUPA OyJeT Majarh ObICTPEe, YeM IMEpHIIIKO, HO TOJIBKO M3-3a TOTO, YTO Iepo
CUJIbHEE 3aMeJIIAeTCs CUIIOM COMPOTHBIICHHUS BO3ayXa, 9eM rups. Eciu OpocuTs 1Ba Tena,
COTIPOTHUBJICHUE BO3/lyXa I KOTOPBIX HEBEIIMKO, HATTPUMED ABE CBUHIIOBBIE TUPHU PA3ZHOTO
BEca, TO OHU OYIyT MajaTh ¢ OOUHAKOBOW CKOPOCTHIO.

HproTOH BBIBET CBOM 3aKOHBI JBWXKEHHS, HWCXOId W3 W3MEPEHWN, MPOBEICHHBIX
lNamunieem. B skcniepumenTax ['anuiess Ha Temo, KaTsIIeecs MO HAKJIOHHOM THIOCKOCTH,
Bcerjla JieMcTBOBAlla OJHA W Ta ke cuila (Bec Teja) U B pe3yibTaTe CKOPOCTh Tella
IOCTOSAHHO Bo3pacTtana. OTcroga claeloBajo, YTO B JEUCTBUTEIBHOCTH IPUIIOKEHHAS K
TeIly CHJIa U3MEHSET CKOPOCTh TENA, a HE IMPOCTO 3aCTABIISET €TI0 JABUIaThCs, KaK JyMaJu
paHblile. JTO €Il1e 03HaAYalo, YTO €CIIU Ha TENI0 He JEeHCTBYET CHila, OHO OYAET IBUTaThCs 1O
NpSIMOM C MOCTOSHHOM CKOPOCTHIO. Takyr MBICIBL BIEPBBIC UETKO BhICKazal HbIOTOH B
cBoell kHHMre «MaremMaTudeckue Hadanay», BelIIeameid B 1687 r. DTOT 3aKOH Telepb
Ha3biBaeTcs llepBbiM 3akoHOM HbtoToOHa. O TOM, UTO TIPOUCXOUT C TEIOM, KOT/A Ma HETO
JelcTByeT cuina, ropoputrcs Bo Bropom 3akone Hreiotona. OH rmacuT, uto Teno Oyaer
YCKOPSATHCS, T. €. MEHSATb CBOI CKOPOCTh, MPOIMOPIHOHAILHO Benudune cuibl. (Ecim,
HalpuMep, CHJIa BO3pacTeT B 2 pasza, TO U YCKOpEeHHE B 2 pasa yBenuuutcs). Kpome Toro,
YCKOpEHHE TeM MEHBIIe, 4eM 0oIbie Macca (T. €. KOJIMYecTBO BeniecTsa) tena. (HehcTBys
Ha TeNo BJABOE OOMbIIEeH Macchl, Ta e CHJIa CO3J/IacT BJIBOE MEHbIIee yckopeHue). BeceM
XOpOIIIO M3BECTHO, KaK OOCTOUT Jel0 C aBTOMOOHWJIEM: 4YeM MOIIHEe JBUTaTelb, TeM
OoJIbIIe CO3/1aBAEMOE UM YCKOPEHUE, HO YEM TsKeliee aBTOMOOUIIL, TEM MEHBIIIE YCKOPSET
ero TOT K€ ABUTATENb.

Kpome 3akoHoB nBukeHusi HbIOTOH OTKpBUT 3aKOH, KOTOPOMY MOJAYMHSIETCS CHIIA
TATOTEHUSA. JTOT 3aKOH TAKOB: BCSKOE TEJI0 MPUTATHUBAET JIFOOOE APYToe TENO ¢ CUIIOH,
MIPOITOPLIMOHATEHON Maccam 3TuUX Ten. CleoBaTelbHO, €ClIM BABOC YBCIUYHUTH Maccy



OJIHOTO W3 Tel (CkaxkeMm, Teda A), TO W cuia, JEUCTBYIOIIas MEXIy TelaMU, TOXKe
YBEIMUHUTCA B 2 pa3a. MBI TaKk CUHMTAaeM IIOTOMY, UTO HOBOE TEI0 A MOXHO IIPElICTaBUTh
ce0e cocTaBJIEHHBIM M3 JIByX TEJll, Macca Ka)KJ0ro M3 KOTOPHIX paBHa IEpBOHAYAILHOM
Macce. Kaxxnoe u3 3tux Ten npuTsaruBaino Obl Teno B ¢ cuioil, paBHOl nepBoHavalbHOU
cuie. CreioBaTeNlbHO, CyMMapHas CHIIa, JeHCcTBYyromas Mexay teramMu A u B, Opi1a OBl
BIIBOE OOJIbIIIE ATOW MTepBOHAYATLHOMN CHITBL. A €ClIi OBl OHO U3 TEJ UMENI0 MAcCy, CKaXXeM,
BIIBOE, a BTOPOE€ — BTPOE OOMIBINE MepBOHAYATLHOM MAacChl, TO CHJa B3aUMOJCHCTBHS
Bo3pociia Obl B 6 pa3. Temepb MOHATHO, TMOYEMy BCE Tela MaJar0T C OAWHAKOBOM
CKOPOCTBIO: TENIO C YABOEHHBIM BECOM OYJIET TSHYTh BHU3 YyJBOCHHAs TPaBUTAlMOHHAS
CujIa, HO U Macca Tea Impu 3ToM OyaeT B 2 pasa 6omnbiie. [lo Bropomy 3akony HetoTona ot
nBa Addexrta KOMIECHCUPYIOT APYr Jpyra, U YCKOpEeHHE OylIeT BO BceX clydasx
OJUHAKOBBIM.

3akoH TaroTeHUs HbI0TOHA TOBOPUT, UTO YEM JabIIE Tea IPYyT OT Jpyra, TEM MEHBIIE
cuna ux B3aumojeicTeus. CoriaacHO 3TOMY 3aKOHY, TpPaBUTAIIMOHHAS CHJIA MPUTSKEHUS
3BE3bI COCTABISECT POBHO YETBEPTH CUJIBI MPUTSHKEHUS TaKOH K€ 3BE€3bI, HO HaXOIALIeCs
Ha BIBOE MCHBINIEM pPAacCTOSHUM. 3aKoH HbBIOTOHA MO3BOISET € OONBINOW TOYHOCTHIO
npeacka3ath opoutsl 3emiu, JIyHsl 1 manet. Eciu ObI 3aKOH BCEMUPHOTO TATOTEHUS OBIT
WHBIM W CHJIa TPaBUTAIMOHHOTO TIPUTSIKCHUS YMCHBINAJIACh OBICTpEE, YeM TI0 3aKOHY
HrroTroHa, TO OopOUTEI TIIaHET ObUIM OB HE AJUIMIICAMU, a CIUPATISIMH, CXOJSIIUMUCT K
Conuny. Ecnu ke TpaBUTAaLlMOHHOE MPUTSKEHUE YORIBAI0 OBl ¢ pacCTOSHUEM MEANICHHEE,
TO OPUTSHKEHUE YAAICHHBIX 3B€3] OKa3all0Ch ObI CUIbHEES MPUTSKEHUS 3EMIIH.

[IpencraBnenuss ApUcTOTeNs CYIIECTBEHHO OTIWYANACEH OT MpeAcTaBinenuit [amumes u
HetoToHa TeM, 4TO ApPHUCTOTENb CUHUTANL COCTOSIHUE IIOKOS HEKUM IMPEAINOYTUTEIHLHBIM
COCTOSTHHEM, B KOTOPOM BCETr1a JOJKHO OKa3bhIBAaThCS TEIIO, €CIIM Ha HEro He JEUCTBYET
cuJia WU UMITYJIbC. APUCTOTEND, B HACTHOCTH, CUUTAN, YTO 3eMJIst TokouTcs. M3 3aKOHOB
HrtoToHa ke cieyeT, 9To eIMHOTO 3TANOHA MOKOs He CylIecTBYyeT. BuI MokeTe Ha paBHBIX
OCHOBAHHUAX YTBEpPXKIaTb, 4YTO Telo A HaXoJWTCcS B TIOKOe, a Temo B aBmxkercs
OTHOCHUTEIBHO Tela A ¢ MOCTOSHHOW CKOPOCTHIO UM ke uTo Teno B, HaobopoT, mokourcd,
a Teno A nBuxkercs. Ecnu, Hanpumep, 3a0bITh Ha BpeMs O BpaIllCHUM Halled TUIaHEeTh
BOKPYT OCH U O €€ IBMKEHUHU BOKPYr CoNHIIA, TO MOXKHO CKa3aTh, YTO 3€MJIA TTOKOUTCS, a
TOE3]T HECETCS Ha CEBEP CO CKOPOCTHIO JIEBSHOCTO KUIOMETPOB B HAC WJIM K€ UTO TOE3]]
CTOWUT Ha MecTe, a 3eMJIsl 101 HUM yOeraeT Ha 10T co CKopocThio 90 kuimomMeTpoB B uac. Eciu
OBl B OTOM TI0€3/I€ KTO-HMOYIb HKCIEPUMEHTHUPOBAT C JABUXKYIIUMHUCS TeIaMU, TO
okazanoch Obl, 4TO Bce 3akoHbl HbtoToHa BhIMONHAIOTCA. Hanmpumep, urpas B mnoesiae B
HACTOJIbHBIN TEHHUC, BBl 00OHAPYKUIU Obl, YTO TPACKTOPUS IIAPUKA MTOAIMHSIETCS 3aKOHAM
HrroToHa, Kak eciii ObI BRI UTpaJIM HA HETIOIBUKHOM CTOJIE, U BBI HE MOTJIM OBI CKa3aTh, UTO
UMEHHO JIBHIKETCS — TI0€3] HJIA 3EMITS.

OTCYTCTBI/Ie a0CONIOTHOrO 3TajloHa MOKOS 03HA4Y4aceT, YTO HCBO3MOXHO OIPCHACINTD,
MMPOU3OILIN JIU HEKHE JIBa CcOOBITHA B OJIHOM U TOM K TOUKE IMPOCTpPaHCTBA, €CJIM U3BECTHO,
49TO OHHM HMMCIIM MECTO B pa3HBIC MOMCHTBI BPCMCHH. HyCTB, HallpuMCEp, Hall TECHHHUCHBIN
mapuK B JIBUKYIICMCA TTOC3AC OTCKAKMBACT OT CTOJIA BCPTUKAIBHO BBCPX H, IIaJldsl BHUI,
YAQpPACTCA 94€PE3 CCKYHAY O CTOJI B TOU € TOUKE. TOMy, KTO CTOUT Y KCJIIC3HOAOPOIKHOTO
II0JIOTHA, IIOKAa3aJIOCh 6]:1, YTO TOYKH COIIPHUKOCHOBCHHMA IIApHUKa CO CTOJIOM pPa3dCJICHBI
PACCTOIHUCM OKOJIO COPOKA MCTPOB, KOTOPOC ITPOIICIT ITOC3]T 3a BpCMA MCKIAY IMOACKOKAMMU.



CrenoBatesibHO, OTCYTCTBHE aOCONIOTHOTO COCTOSTHHS ITOKOSI O3HA4aeT, YTO HUKAKOMY
COOBITHIO HENB3s MPUNUCATL a0CONIOTHOTO MOJIOXKEHHS B MIPOCTPAHCTBE, KaK 3TO MoJjaraji
Apuctotens. [lonoxkenue coObITUI B MPOCTPAHCTBE U PACCTOSAHUS MEKIY HUMHU JOIKHbBI
OBITh pa3HBIMU 11 HAOJIIOATENS, €AYLLETO B MOE3/1€, U [ HAOJIIO1aTelIs, KOTOPBIIA CTOUT
PAIOM C MPOXOIAIIAM TOE340M, U HET HUKAKHX OCHOBAHMM CUMTATh, YTO IOJOKECHUS,
(uKcupyemMble OJHUM U3 3TUX HabmoaaTenei, 6onee MpeamouTUTENBHBI, YeM TOT0XKEeHMS,
(UKCUpyeMBIE IPYTUM.

HeroToHa CMITBHO GECTIOKOMIIO OTCYTCTBHE A0COIOTHOTO ITOJIOKEHHS B TIPOCTPAHCTBE
WJIM, KaK €ro Ha3bIBallK, aOCOMIOTHOTO MPOCTPAHCTBA, TIOTOMY YTO 3TO MIPOTUBOPCUYMIIO €TI0
unee abcomtotHoro bora. M on dakTuueckn oTkazancs MPUHATH OTCYTCTBHE aOCOTIOTHOTO
MPOCTPAHCTBA, HECMOTPS Ha TO, YTO TAaKOE OTCYTCTBUE BBHITEKAIO U3 3aKOHOB, OTKPBITHIX
UM camuM. MHorue pe3ko kputukoBanu HeroToHA 3a €r0 MppallioHaIbHOE YIIOPCTBO, U B
4acTHOCTH enuckon bepkim — dunocod, cantasimmit, 4To Bce MaTepraibHble 00BEKTHI, a
TaK)K€ ITPOCTPAHCTBO W BpeMs — WIUMO3MA. (Y3HaB O TakWX BO33peHUsX bepkiw,
3HaMEHUTHIN I-p J>KOHCOH BOCKIMKHYI: «SI OlpoBepraro 3TO BOT Kak!» — M Tak CTYKHYII
HOTOM 110 OONBIIOMY KaMHIO, UTO UyTh HE MOTEPsI paBHOBECHE).

N Apucrorens, u HeioTon Bepunu B abcomoTHOE BpeMs. WHBIMH CIIOBaMH, OHU
CUUTAIM, YTO BPEMEHHON HHTEpPBAI MEXAY ABYMS COOBITUIMH MOKHO OIHO3HA4YHO
U3MEPUTH U YTO Pe3ynbTaT OyJdeT OAMHAKOB HE3aBUCHMO OT TOTO, KTO TPOW3BOIUT
W3MEPEHUS, JIUIIE Obl Y W3MEpSIonero ObUTH MpaBUiIbHBIE Yackl. Bpemst ObI10 TOTHOCTHIO
OTJIEJICHO OT MPOCTPAHCTBA W CUWUTAJIOCHh HE 3aBUCSIIMM OT HEro. TakoBa OblTa TOUYKA
3peHUsT OOJBITMHCTRA, TOUKA 3pEHUS 3IPaBOTO cMbIcia. Ho HaM MpUIIoCch H3MEHUTE CBOU
MPEACTaBICHUS O TIPOCTPAHCTBE U BpeMeHHU. lIpencraBieHus, OCHOBAHHBIE Ha «3IPaBOM
CMEICTE», OTHOCATCA K CPABHUTENBHO MEIJICHHBIM 00BeKkTaM (1070KO, TIIaHeTa), HO OHU
OKa3bIBAIOTCSI COBEPIICHHO HEYMECTHBIMHM, KOTJAa CKOPOCTH CTAHOBSITCS ONM3KMMH K
CKOPOCTH CBETA.

To, 4TO CBeT pacmpoCTpaHSETCAd C KOHEYHOM, XOTSd W OYeHb OONBIION CKOPOCTHIO,
yctaHoBua B 1676 r. natckuii actporom One Xpucrtencern Pémep. OH oOHApYyXuUI, UTO
MOMEHTHI TTPOXOXKACHUS CITyTHUKOB FOmuTepa 3a ero IMCKOM CIEAYHOT OJIMH 32 APYTUM HE
gepe3 paBHBIC WHTEPBAIBI, KaK OJDKHO OBITh, €CIM CHYTHUKH BpaIaloTcs BOKPYT
IOnurepa ¢ mocrostHHON ckopocThio. [Ipu Bpamenun 3emnu u FOnuTepa Bokpyr ConHua
paccTostHue MeXIy 3TUMH JByMs MIIaHETaMHu u3MeHsieTcs. Pémep 3aMeTun, 4To 3aTMEHUs
nyH HOmmrepa TeM Oomnblie 3ama3ibIBalOT, YeM Jaibllle Mbl OT Hero HaxoguMmcsa. OH
OOBSICHUII 3TO TEM, YTO CBET OT CITyTHMKOB WJAET N0 HAC MOIBIIE, KOTAa MBI HAXOJIUMCS
naneiie. Opnako Pémep He oueHb TOUHO M3MEPST U3MEHEHMS PACCTOSHUS OT 3eMIIU [0
IOnurepa, u 1mo3TOMYy MOIYyYEHHOE WM 3HAYEHHE CKOPOCTH CBETa OKa3alloCh pPaBHBIM
140.000 munb/c, Toraa kak coppeMeHHoe 3Hauenue coctasisier 186.000 munn/c (1 Muns =
1,609 kM. CoBpeMeHHOE 3HAYEHUE CKOpPOCTH cBeTa paBHO 299.792.458 m/c. — mpum.
nepeB.). TemM He MeHee AocTmkeHHe Pémepa OBITO BBEIJAIONIAMCS, WOO OH HE TOJBKO
JI0OKa3aJl, 4TO CBET paclpocTpaHsieTcs ¢ KOHEYHOM CKOPOCTHIO, HO U U3MEPHII ee, IpUIeM
BCE OTO 3a OJWHHAAIATH JET JO0 BBIX0oAa B CBeT KHMTU HpioToHa «MaremaTuueckue
Hayasa.

Hacrosmmeit Teopuu pacmpocTpaHCHUS CBETa HE CYIICCTBOBajo a0 1865 r., korma



aarnuiickuil pusnk [xeitmc Kmapk MakcBemn cymen o0beIHHUTH JIBE YaCTHBIE TEOPHH, C
IIOMOIILI0 KOTOPBIX TOTJAA ONWCEIBANN SIEKTPUUYECKHUE W MarHuUTHBIE Cuibl. CorjacHo
ypaBHeHUAM MakcBenna, B 3JIEKTPOMarHUTHOM T10JI€, COCTABICHHOM U3 JIBYX MOJIEH, MOTYT
CYILIECTBOBATH BOJHOTO00HBIE BO3MYIIEHHUS, KOTOPbIE PACIPOCTPAHSIOTCS C TOCTOSHHON
CKOPOCTBIO, KaK BOIIHBI Ha ITOBEPXHOCTH Tpyna. Ecnu pnuHa BOJHBI (T. €. paccTOsSHUE
MeXIy TpeOHSIMM IBYX COCEIHUX BOIH) COCTaBISET METP WU OOJIBINIE, TO MBI UMEEM JEJI0
C paauoBOIHAMH. bonee KOpOoTKHE BOIHBI HAa3BIBAIOTCS BOIHAMU CBEPXBLICOKOYACTOTHOTO
auanazoHa (eciM WX JUIMHA — TMOpsJIka CAaHTHMMETpPa) M BOJHAMU HMH(PPAKPACHOTO
Jiarna3oHa (10 I€CSITH THICAYHbBIX CaHTUMETpA). [[n1Ha BOJIHBI BUJMUMOIO CBETA COCTABIISIET
BCETO JIMIIb COPOK-BOCEMBIECAT MWUIMOHHBIX JOJIEH caHTHUMeTpa. Ele xopode BOIHEI
yIIbTpaHONAETOBOTO, PEHTTE€HOBCKOTO U TAMMAa-U3ITYIeHHUH.

Teopus MakcBenna TpenckKasblBajiia, YTO  PaIdOBONHBI W CBET  JIOJKHBI
pacIpocTpaHsIThes ¢ HEKOTopoi QuxcupoBaHHON ckopocThto. Ho mockombky Teopus
HrrloToHa TOKOHUMIIA € TIpefcTaBiIeHUEM 00 aOCONOTHOM TIOKOE, Tereph, TOBOPS O
(UKCUPOBAHHON CKOPOCTH CBETA, HYKHO OBITO yKa3aTh, OTHOCUTEILHO YEr0 U3MEPSIETCS
9Ta (PUKCHUPOBaHHAS CKOPOCThb. B CBA3M ¢ 3TWM OBIIO MOCTYITUPOBAHO CYIIECTBOBAHUE
HEKOW CyOCTaHIIMM, Ha3BaHHOU «3(UPOM», KOTOPOW HAIMOIHEHO BCE, JAXKE «IIYCTOE»
pocTpaHCcTBO. CBETOBBIC BOJIHBI PACIIPOCTPAHSIOTCS B A(Upe TaK KE, KaK 3BYKOBBIC B
BO3JIyXe, M, CIIeJIOBATEIbHO, UX CKOPOCTb — OTO CKOPOCTh OTHOCHUTENBHO »dupa.
Habmtomatenu, ¢ pa3HBIMH CKOPOCTAMH IBIDKYIIHECS OTHOCHUTENBHO 3(Hpa, HOIKHEI
BUJIEThb, YTO CBET WJET K HUM C Pa3HON CKOPOCTbH), HO CKOPOCTH CBETA OTHOCUTEIbHO
s¢mpa JoMKHA OCTAaBAaThCS TIPW STOM HEW3MEHHOHW. B wacTHOCTH, KOib ckopo 3emis
JIBWXKETCS B adupe 1o cBoek opOute BOKpyr CoJHIIA, CKOPOCTh CBETa, M3MEpPEHHAS B
HaIpaBIICHUH JIBWKEHUS 3eMJIU (MpU JIBWKCHUU B CTOPOHY WUCTOUYHHWKA CBETa), MOJKHA
MPEBHIIAThL CKOPOCTh CBETA, U3MEPEHHYIO MO/ MPSIMBIM YTIIOM K HAMPaBICHUIO JIBUKCHHUS
(r. e. xKorma MBI He ABMXEMCA K HCTOo4HWMKY). B 1887 r. Anwnbepr Malikenbcon
(BIOCTICICTBUY CTABIIIHWNA TIEPBBIM aMEPHUKAHIIEM, YA0CTOeHHBEIM HobOenmeBcKkoi ipemMuH 1o
¢bm3uke) u DaBapa Mopnu mocTaBUIIH B KITUBIEHICKOM MTKOJTe TIPUKITAIHLIX HAYK OYEHb
TOYHBIN SKcHepuMeHT. MalikenbcoH U Mopnu cpaBHUBAJIM 3HAUYeHHE CKOPOCTH CBETa,
W3MEPEHHON B HaNpaBIEHUM JBIKEHUS 3E€MIIH, C €€ 3HAYEeHWEM, H3MEPEHHBIM B
NEepHeHIUKYIIpHOM HamnpaBleHuu. K cBoeMy orpoMHOMY yAMBJIEHUIO, OHU OOHAPYKUIIH,
4yT0 00a 3HAUYECHUS COBEPIIECHHO OJIUHAKOBHI!

C 1887 mo 1905 r. O chaenmaH psa MOMBITOK (Haubonee U3BECTHAs W3 KOTOPBIX
NPUHAIJICKUT JaTckoMy  ¢Gu3uky XeHapuky JlopeHiuy) oOBACHUTHL pe3ynbTaT
sKcriepuMeHTa Matikenbcona u Mopiim TeMm, 4TO BCE IBMXKYIIUecs B 3Pupe oOBEKTHI
COKpaIawTcs B pa3Mepax, a Bce achl 3aMeIstoT cBoi xo1. Ho B 1905 r. HukoMy gocene
He wu3BeCTHBIN cuyxamui IlIBelinapckoro mnaTeHTHOTro OOpPO IO HMEHH AILOepT
DUHINTEHH OnmyOIMKOBaN CTABIIYI0 [MOTOM 3HAMEHUTOU paboTy, B KOTOpOi OBIIO
TOKa3aHO, YTO HUKAKOro 3(upa HE HYXKHO, €CIU OTKA3aTbCs OT MOHATUS aOCOIFOTHOIO
BpeMeHU. Yepe3 HECKOJIBKO HENENb TY K€ TOUKY 3pEHUs BBICKA3ad OJWH W3 BEIYIIAX
¢dpanmy3cknx MateMaTukoB AHpu [lyankape. ApryMeHTHI, BBIIBUHYTHIC DWHIITEHHOM,
OBLTH OrKe K (HM3HKe, ueM apryMeHTsI [yankape, KoTOpBIH TOIONIET K 3TOH 3a/1aue Kak K
MaremaTuieckoi. O0 DitHuiTeiiHe 0OBIYHO TOBOPAT KaK O CO37laTelie HOBOW TEOPHUH, HO U
uMs llyankape cBsI3bIBalOT ¢ pa3pabOTKON BaXKHOM C€ YaCTH.



OyHIaMCHTATLHBIN TOCTYNIAT 3TOM TCOPHUHM OTHOCUTCILHOCTH, KaK CTAM HA3bIBAThH
HOBYIO TEOPHIO, COCTOSIT B TOM, UTO 3aKOHBI HAYKU JOJKHBI OBITH OJUHAKOBBIMH IS BCEX
CBOOOJIHO JBUXKYIIUXCS HalmtojiaTeneldl HEe3aBUCUMO OT CKOPOCTH WX JIBUXKEHUS. JTOT
MOCTyNnaT ObI1 COpaBeUIUB JJis 3aKOHOB JIBWKeHUss HbroTona, HO Teneph OH ObLI
pacrpocTpaHeH Ha Teopuio MakcBelia U Ha CKOPOCTh CBETA; CKOPOCTh CBETA, M3MEpEHHAas
MOOBIMU  HaOTIOATENIMU, JOMXHA OBITH OJWHAKOBA HE3aBUCUMO OT TOTO, C Kakoi
CKOPOCTBIO ABMXKYTCA camu HaOmiomarenud. M3 3Toro mpocToro MpUHLMIMA BHITEKAET Pl
3aMevaTeIbHbIX cleACTBHNH. CamMble M3BECTHBIE U3 HUX — 3TO, HABEPHOE, SKBUBAJIEHTHOCTD
MaccChl U QHEPTHUU, HaIlleIIast CBOE BhIpaKEHUE B 3HAMEHUTOM ypaBHeHUM DitHimTeiina E =
mc” (rae E — sHeprus, m — Macca, a ¢ — CKOPOCTb CBETA), ¥ 3aKOH, COTIIACHO KOTOPOMY
HUYTO HE MOXET JIBUTAThCSA OBICTpee cBeTa. B CUITy SKBUBAJICHTHOCTH MAacChl U DHEPTUH
SHEPTUs, KOTOPOW 00ajaeT JABWXKYIIMUCST OOBEKT, JIOJDKHA TEMeph J00aBIATHCA K €ro
Macce. JIpyrumu cioBamMu, 4eM OOIbIlIe DHEPrHs, TeM TPYAHEE YBEIMYHMTh CKOPOCTh.
[TpaBna, 5TOT 3(pPeKT CYIECTBEHEH JIMIIbL MPU CKOPOCTAX, OIU3KUX K CKOPOCTH CBETA.
Ecmu, Hanpumep, cKOpoCTh KaKoro-HUOYAL 00hekTa cocTaBiseT 10% ckopocT cBeTa, TO
ero Macca ymib Ha 0,5% Oornbllle HOpMANIBHOM, TOTJa Kak MpU cKopocTH, paBHOH 90%
CKOPOCTH CBETa, Macca yXe B 2 pa3za npeBbilliaeT HopMalbHY10. [To Mepe Toro kak cKopocThb
o0BeKkTa MpUONMKaeTcs K CKOPOCTH CBETa, Macca pacTeT Bce ObICTpee, TaK 4TO A
JTaTbHEHIero yckopeHus TpeOyeTcs Bce Oonbiie M Oonbiie 3Hepruu. Ha camom merne
CKOPOCTh 00BEKTA HUKOT/IA HE MOKET JOCTHYL CKOPOCTH CBETA, TaK KakK TOTJIa €ro Macca
cTaiia OBl OECKOHEUHO OOJBIION, a TOCKOIBKY Macca SKBUBAIIEHTHA SHEPTUU, [
JIOCTIXKEHUSA TaKOM CKOPOCTH MoTpeboBanach OB O€CKOHEUHO Ooiblas sHeprusd. Takum
oOpa3oM, nr000K HOPMalbHBEIN OOBEKT B CHUIIy TPHWHIIWIA OTHOCHTEIHHOCTH HaBCeraa
0o0pedeH IBUTATLCS CO CKOPOCTHIO, HE TPEBBINMIAIONICH CKOPOCTH CBETa. TOJIBKO CBET W
JIpyTHE BOJHBI, He 001a/IafolIne «COOCTBEHHOM» MacCOH, MOTYT JIBUTATHCS CO CKOPOCTHIO
cBeTa.

Jpyroe 3amedarenbHOE CIEACTBUE U3 TNOCTYylIaTa OTHOCUTEIBHOCTH — PEBOJIFOLUS B
HaIlTAX MPeJICTABICHUIX O IpocTpaHcTBe U BpeMeHu. [To Teopun HeroTOHA, eciiv cBeTOBOM
HUMITYJIbC TOCIIAH U3 OJHOM TOYKH B APYI'yI0, TO BPEMS €ro IIPOXOXKIEHUS, H3MEPEHHOE
pa3HBIMU HabmronarensiMu, OyAeT OJMHAKOBBIM (TTOCKONBKY BpeMs aOCONIOTHO), MO
MPOWIEHHBI UM MYTh MOXET OKa3aTbCAd pPa3HbIM Yy pa3HbIX HabOmronmareneil (Tak Kak
MIPOCTPAHCTBO HE ABISETCS a0COMIOTHBIM). M TOCKOIBKY CKOPOCTh CBETA €CTh MPOHIEHHOE
CBETOM pacCTOSTHHUE, JCJICHHOE Ha BpeMs, pa3Hble HabmoaaTenn OyayT MoaydaTh pa3HbIe
CKOPOCTH CBeTa. B TeopuM OTHOCHUTEIBHOCTH e Bce HaOIIoJaTelnd JO0DKHBI OBITH
COTTIaCHBI B TOM, C KaKOW CKOPOCTBIO pacmpocTpaHsercs cBeT. M Koiab ckopo y HUX HET
coriacusi B BOIPOCE O PaCCTOSIHUM, MPOHUAEHHOM CBETOM, Y HUX HE JOJKHO OBITH COrjacus
U B TOM, CKOJIBKO BpEMEHH Imeln cBeT. (Bpemst mpoxokaeHUs: — 3TO TPOHIEHHOE CBETOM
paccTosiHAe, OTHOCHUTENBLHO KOTOpPOTO HET corilacus y HaOmrogaTenedl, AeleHHOe Ha
CKOpPOCTh CBE€Ta, OTHOCHUTEIBHO KOTOpPOM BcE€ cornacHbl). MHBIMEH CcIIOBaMM, TEOpHs
OTHOCUTENBHOCTH TMOKOHYMIIA C MOHATHEM abconmtoTHOro BpeMenu! Okazanockh, 4TO y
Ka)XJ10ro HaOJIroaaTeNs JOJKEH ObITh CBOM MaciiTad BpeMEHU, U3MEPSEMOro ¢ TTIOMOIIBIO
UMEIOIINXCS Y HETO YaCOB, M UTO IMOKA3aHUS OJWHAKOBBIX YacOB, HAXOMAIMINXCS Y Pa3HbBIX
HaOnroarenei, He 0013aTENbHO COTIACYIOTCS.
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PACCTOMHUE 1O HABTIOOATENS

Puc. 2.1

Besikuit HaOnmromaTelnb MOXET ONpEeNelHTh, A€ W KOIAa IPOH30LII0 KaKoe-HUOYIb
coObITME, METOAOM pPAAMONOKALMH, TMOCIaB CBETOBOM MMMYIbC WIM HMITYJIbC
panvonsnydyeHus. YacTe TOCIAHHOrO CUTrHalna B KOHUE IYTH OTpa3uTcs Haszal, U
HaOr0IaTeNTh M3MEPHUT BPEMS BO3BpaTa 3X0-cUTHaNa. BpeMeHneM coOBITHS OyAET ceperHa
WHTEepBalia MeXJy IOCHUIKOM CHTHalla M €ro BO3BpalleHHeM: PacCTOSHUE 10 COOBITHS
pPaBHO IIOJIOBUHE BPEMEHH, 3aTPay€HHOr0 Ha IIPOX0XKAEHUE TyJa U 00paTHO, YMHOKEHHON
Ha ckopocTh cBeTa. (ITom coOwblTHEM 37€ch TOHUMAETCS HEYTO, TNPOUCXOAAIIEE B
OTIpeIelIEeHHON TOYKE NMPOCTPAHCTBA B ONpPEHEIICHHBIT MOMEHT BpeEMEHM). Bee ckazaHHOe
MOSICHSIETCSl TTPOCTPAHCTBEHHO-BPEMEHHOUW AuarpaMMol, mpeiacTaBieHHOW Ha puc. 2.1.
[Tpu u3nOKEeHHOM MeToJle HaOIIoaTeNH, TepeMeNlaolrecss OTHOCUTEIILHO Opyr Apyra,
MPUMUILYT OHOMY M TOMY K€ COOBITHIO Pa3HOE BpEMS U NONI0KEeHHWe B pocTpaHcTBe. Hu
OJIHO M3 M3MEPEHUH, NMPOU3BEIEHHBIX Pa3HbIMU HAaOIIOATENsIMU, HE OYIET MpaBUIIbHEE
JIPYTUX, HO BCE OHU OYIyT CBSA3aHBI MeXay coOoil. Kaxasii HaOMogaTeb MOXKET TOYHO
BBIUHCIIATH, KAKOC BPCMSI M KaKOC MOJI0KCHHE B IPOCTPAHCTBE MPHITHIIICT COOBITHIO TF000H

,I[pyTOﬁ Ha6JHOI[aTCJ'IL, €CJIIN HU3BECTHA CKOPOCTHL BTOPOTO H36JHOI[aTCJIH OTHOCHUTCIILHO
IIEpBOTO.

JJ1s1 TOYHOTO OTIpEeNEICHUsT PACCTOSHUN CEHYAC TIONB3YOTCS UMECHHO TaKMM METOHOM,
IIOTOMY 4TO BpeMsl MBI YMEEM U3MepsTh TOUHEe, UeM IIUHY. Jlaxe MeTp onpenesnsercs Kak
paccTtostHue, KoTopoe cBeT mpoxoauT 3a Bpems 0,000000003335640952 cekyHbL,
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W3MEpPEHHOE TIPW TIOMOIIM TIe3ueBbIX uacoB. (CamMO 5TO YHCIO COOTBETCTBYET
HUCTOPUYECKOMY OIPEAEICHUI0 MEeTpa KaK pPACCTOSHHUS MEXKIY IBYMs OTMETKaMHM Ha
CIelIMaIbLHOM MJIATUHOBOM CTEpKHE, XpaHsiiemcs B [lapuke). Mbl MOXKEM MOIL30BATHCS U
Oosiee ynoOHON HOBOM eIMHUNEH JJIUHBI, KOTOPas HA3bIBACTCA CBETOBOU CEKYHJION. DTO
MPOCTO PACCTOSHUE, KOTOPOE CBET TPOXOAMUT 3a OIHY CEKyHAy. B Teopum
OTHOCUTEIIEHOCTH PACCTOSHHUE TEIEPh OIPEISIEHO Yepe3 BPEeMsi U CKOPOCTh CBETa, OTKYIa
aBTOMATHYECKH CIEIYET, YTO, U3MEpss CKOPOCTh CBETA, KaXKIbIM HaOIIOAAaTEeNh MONTYIUT
OJIMH U TOT ke pe3yabTat (no onpeaenenuto 1 merp 3a 0,000000003335640952 cekyHabl).
Teneph He HYKXHO BBOJAMTHL 3(Up, MPUCYTCTBUE KOTOPOrO, KCTATH, KaK IMOKa3aj OIbIT
MaiikenncoHa-Mopiii, U HEBO3MOXHO 00HApYkUTh. OIHAKO TEOPHUS OTHOCUTEIHHOCTH
BBEIHYXKIACT HAC K (yHIAMEHTATLHON CMEHE TPEICTaBICHUM O MPOCTPAHCTBE U BPEMEHHU.
Ham npuxoauTcsi IPUHSATE, YTO BPEMs HE OT/AEIECHO MOJHOCTHIO OT MPOCTPAHCTBA U HE
HE3aBUCHMO OT HEro, HO BMECTE ¢ HUM o0OpasyeT eMHbIH 00BEKT, KOTOPHIN Ha3bIBACTCA
MPOCTPAHCTBOM-BPEMEHEM.

U3 moBceTHEBHOTO OMBITA MBI 3HAEM, YTO MOJOXKEHUE TOUKU B MPOCTPAHCTBE MOKHO
3a/1aTh TPEMS YMCIIaMU — €€ KoopArnHaTaMu. MoXHo, HanpuMep, CKa3aTb, YTO HEKasi TOUKa
B KOMHATE HAXOJUTCS B JIBYX METpaX OT OJTHON CTEHBI, B METPE — OT JPYrOH U B MOTyTOpa
MeTpax OT Tmoja. A MOXHO TakXe 3aJaTh ¢¢ IMOJOXKCHUC, YKa3aB IIUPOTY, JOITOTY U
BBICOTY HaJ YpOBHEM MOps. BeI MOXeTe TMONb30BaTHCS JFOOBIMH TPEMS TIOIXOJSIIAMU
KOOpAWHATaMH, XOTS OHH BCErAa MUMEIOT JUIIL OTPaHUYCHHYH 001acTh MPUMEHUMOCTH.
HukTto He cTaHeT, 3ajaBas nojoxenue JIyHbl, yKa3bIBaTh PAcCTOAHUE B KUJIOMETpax Ha
CEBEp W Ha 3amaj oOT Tuiomaan [[MKaguiad ¥ BLICOTY Haa yYpoBHEM Mopsi. BMecTo 3Toro
MOXHO yKazaTh paccrosaue Mo ColHIIa, pacCTOSHUE A0 THIOCKOCTH, B KOTOPOH Jiekat
OpOUTHI TIIAaHET, W YroJl Mexay TpsMmoil, coeaunstonied JIlyny ¢ ComHileM, U mpsSMoH,
coequnstonie ComHIlE ¢ KaKOW-HUOYIb OMU3KOM 3BE3/10M, cKaxkeM, ¢ anbdoii LlenTaspa.
[IpaBna, ¥ 3TV KOOPAUHATHI BPSI M MOAXOIAT 175 3a0aHus nonoxkenust ConHua B Halen
["ayrakTHKE WM TTONOXKEHUS HaIIeH [ aakTHKK cpei OKPYKAFOIIUX HAC JPYTHX TalaKTHK.
Ho MoxHO BCcro Bcenennyro pazOWTh Ha TEpPEKPBIBAIONIHECST «KYCKH» W JUIST KaKIOTO
«KYCKa» BBECTH CBOIO CUCTEMY KOOPJAWHAT, YTOOKI 33]1aBaTh B HEM TOJI0KEHUE TOUKH.

CoObITHE — 3TO HEUTO, MPOUCXOJSIIEE B ONPENEICHHONW TOUKE MPOCTPAHCTBA U B
OTIpE/ICTICHHBIE MOMEHT BpeMeHH. CleoBaTeBHO, COOBITHE MOYKHO XapaKTepH30BaTh
YEeTBIPHMS YUCIAMU, WIN KoopauHaTaMu. Bribop koopauHaT OyIeT omsaTh MPOU3BOILHBIM:
MOYHO B34Th JTI0OBIE TPU YETKO OTMpeJIeICHHBIE KOOPAUHATHI U TI00YI0 Mepy BpeMeHu. B
TEOPUU OTHOCUTEIIBHOCTH HET PEANbHOTO pa3iMuusi MEXKAY NPOCTPAHCTBEHHBIMU U
BPEMCHHBIMU  KOOPJMHATAMH, KaK HET pa3luyusg MEXIYy JIBYMS  JIFOOBIMU
MIPOCTPAHCTBEHHBIMU KOOpJAWHATAMH. MOXHO TIepedTH K HOBOM CHCTEME KOOPJAWHAT, B
KOTOPOM, CKaKkeM, TepBasi IIPOCTPAHCTBEHHAS KOOpAUHATA OyIeT KoMOMHALUEH TTepBOl 1
BTOPOU CTapbiX MPOCTPAHCTBEHHBIX KoopauHaT. Hanpumep, BMecTo TOro 4ToOb! 3a7aBaTh
MOJIOKEHUE TOYKU HAa TIOBEPXHOCTH 3€MIIU, U3MEPSS B KMIIOMETPAaX PAcCTOSTHUE JI0 HEE K
CEBEpY U K 3amnany ot miomanu [Tukaaumim, MoXHO OBLIO OB OTKIAABIBATE PACCTOSHUE OT
ToM ke momann [Tukaauimm, HO K CEBEpO-BOCTOKY M K ceBepo-3amnalxy. AHaTOTHIHBIM
00pa3oM B TEOPHUH OTHOCHUTEIBHOCTH MOXHO BBECTH HOBYIO BPEMEHHYIO KOOPAHMHATY,
KoTopasi Obia Obl paBHA CyMME CTaporo BpeMeHH (M3MEPEHHOT0 B CEKYHJIaX ) U PaCCTOSTHUS
(B CBETOBBIX CEKyHAaX) K cerepy oT [lukaaunmnu.
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Puc. 2.2

YeTbIipe KOOPIAUHATHI KaKOTO-THOO COOBITHS MOKHO paccMaTpuBaTh KaK KOOPIWHATHI,
OTIPEIETIAFOIINE TTOJIOKEHUE 3TOTO COOBITHS B YETBIPEXMEPHOM TPOCTPAHCTBE, KOTOPOE
Ha3BIBAaeTCs MIPOCTPAHCTBOM-BpeMeHeM. HUeThIpeXMepHoe MPOCTPAHCTBO MPEACTABUTE cebe
HEBO3MOXXHO. JIMYHO 5 ¢ TPpyJA0OM MPeICTaBIIsIIO cede Jaxke TpexMepHoe mpocTpancTBo! Ho
HETPYIHO M300paxaTh rpaduuecku IBYMEpPHbIC MPOCTPAHCTBA, HANPUMED, MOBEPXHOCTD
3emumn. (TToBepxHOCTH 3eMiIM ABYMEpHA, TOTOMY YTO TIOJIOKEHHUE JTFO00M TOYKH MOKHO
3a]1aTh JABYMS KOOpJAWHATAMH — IMHUPOTOM W J0ATOTOM). Ha mmarpammax, KOTOPBIMH s
Oyny, Kak TIpaBWIO, IOJB30BAaThCI, OCh BPEMEHHW HalpaBicHa BBEPX, a OJHA W3
MPOCTPAHCTBEHHBIX OCEH TOpPU30HTANbHA. J[Ba JPYTrUX MPOCTPAHCTBEHHBIX WU3MEPCHUS
nub6o OyAyT OTCYTCTBOBaTh, NUOO XK€ OJHO U3 HUX s Oyay uHOrAa u3o0paxaTb B
nepcriektuBe. (Takme  guarpammbl, Kak auarpamma puc. 2.1, HasbIBaroTcs
MIPOCTPAHCTBEHHO-BPEMEHHBIMK HarpamMmamu). Hampumep, Ha puc. 2.2 oCh BpeMeHH
HaITpaBJIcHAa BBEPX W OTCUET Ha Hell BelleTcs B rojax, a paccTosare oT COITHIA 10 3BE3IbI
anbda [leHTaBpa OTI0KEHO MO TOPU3OHTAILHOW OCH W U3MEPSIETCsT B MUIISTX. TpaeKTopuu
Comaua u  anedul  IleHTaBpa, BO3HUKAIOMUE TPU UX  TEPEMEIICHUU B
TIPOCTPaHCTBE-BPEMEHH, TTOKA3aHbl HA JUarpaMMe BEPTHKAILHBIMU JIHHUSMU: TIepBas —
ciena, a Bropas — crpana. JIyd ceeta oT CoJlHIIa pacipocTpaHsIeTcs 10 TUaroHajid, U OH
noxonut ot ConHia 1o anbdwl [leHTaBpa 3a deTsipe roja.

26



PACNOJUTIIECY KPYTH

HEPES 3 CERYHARI \\ !

HEPES 2 CERYHADLI A 4

HEPES 1 CERVIY

e

BPEMA

s TOUICATIAJAENIE KAMEA B BOILY

HPOCTPATICTIEO

Puc. 2.3

MpeI BUIIENH, UTO ypaBHEHUs MaKcBelna npeacKasblBatOT MOCTOSHCTBO CKOPOCTH CBETA
HE3aBUCUMO OT CKOPOCTH HMCTOYHHKA U 3TH TPEJCKa3aHUs TMOIATBEPKIAKTCS TOUYHBIMU
m3Mepenusamu. OTciofla CIeayeT, YTO CBETOBOW HMITYJIbLC, MUCIYIIEHHBIH B HEKOTOPBIH
MOMEHT BPEMEHU M3 HEKOTOPONl TOUKM MPOCTPAHCTBA, C TEUYCHUEM BpPEMEHU OyAeT
pacrpocTpaHsATbCAd BO BCE CTOPOHBI, IPEBpaliasch B CBETOBYK cdepy, pa3sMepbl U
TIOJIOKEHUE KOTOPOW 3aBUCAT OT CKOPOCTHM MCTOYHUKA. Uepe3 OlHy MWUIMOHHYIO JOIIO
CEeKyHIBI CBET 00pasyer cdepy paamycom 300 MeTpoB; depe3 IBE MHIUIMOHHBIE TOIH
ceKyHIbI panuyc chepbl yrenuautcs g0 600 MerpoB u T. 1. Kaptuna OyaeT HalloMUHATH
BOJIHBI T1a BOJIE, PACXOAAIINECS IO TOBEPXHOCTU TPy 1a OT OPOIIEHHOTO KaMHsI. DTH BOJIHBI
pacxonsTcsi, Kak Kpyr, pacuupstoumuiics co BpemeHeM. Ecnu npencraBuTh cebe
TPEXMEPHYIO MOJENb, 1Ba U3MEPEHHUS KOTOPOH HAa MOBEPXHOCTH IpPyHa, a OJHO — OCh
BpPEMEHH, TO B TaKOW MOJENH PacXOASIIMHCS TO BojJe KPYyr OyAeT «ciaelom» KoHyca C
BEpIINHOMN, HAXOIUBIICICA B MOMEHT Ia/ICHUS KaMHS B TOM TOUKE Ha TIOBEPXHOCTH IMpyAa,
B KOTOPOUM KaM€Hb KOCHYJCA BOAbI (puc. 2.3). ToUHO Tak K€ CBET, paclpOCTPaHSISICh U3
HEKOETO COOBLITUS B YETHIPEXMEPHOM TPOCTPAHCTBE-BpEMEHU, oOpazyeT B HEM
TPEXMEPHBIH KOHYC. DTOT KOHYC HA3bIBAETCS CBETOBBIM KOHYCOM OYAYIIETO IJIs TaHHOTO
coObITHs. MOKHO HapuUCOBAaTh U IPYTOH KOHYC, KOTOPBIM HA3BIBAETCS CBETOBBEIM KOHYCOM
MIPOLLUIOrO U TPEICTaBIseT MHOKECTBO COOBITUH, U3 KOTOPHIX CBETOBOW MMITYILC MOKET
MOMNAaCTh B TOUKY, COOTBETCTBYIONIYIO TaHHOMY COOBITHIO (puc. 2.4).
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THPOCTPAHCTBRO

HPOCTEALICTEO

Puc. 2.4 Puc. 2.5

CBeToOBBIE KOHYCBHI TPOIIJIOTO W OYyAyIIero nans JaHHOTO coObiTMs P gemsr
TIPOCTPAHCTBO-BpeMsl Ha TpH obmacth (puc. 2.5). AbcomroTHOE OyayIiee TaHHOTO COOBITHS
— 9T0 00nacTh, 3aKIIOYEHHAs BHYTPH CBETOBOTO KOHyca Oymymiero coOvithus P. DTto
COBOKYITHOCTH BCE€X COOBITHM, Ha KOTOpble B IIPHUHIIUIIE MOKET IIOBIMATH TO, YTO
npoucxoauT B Touke P. CoObITHs, Nexampe BHE CBETOBOTO KOHyca COObITHA P,
HEJIOCTUKUMBI ISl CUTHAJIOB, UAYIIMX U3 TOYKU P, Tak Kak HUUTO HE MOXET JIBUTAThCS
ovicTpee ceeta. CrejoBaTENIbHO, HA HUX HUKAK HE CKa3bIBACTCS MPOUCXOASAIICE B TOUKE P.
AGcommoTHOe TIponioe coObITHE P JIeKUT BHYTPH CBETOBOTO KOHYCA MPOIIIOro. ITO
MHOXKECTBO BCEX COOBITHM, CUTHANIBI OT KOTOPHIX, pacHpOCTPaHSIIONIHAEcs CO CKOPOCThIO
CBETa UIIK C MEHBILIEH CKOPOCThIO, MOTYT MonacTh B TOuky P. Takum obOpa3om, B KOHYcCE
TIPOTILIIOTO JIEKUT MHOKECTBO BCEX COOBITHH, KOTOPBIE MOTYT BIIUAThL HA COOBITHE B TOUKE
P. 3mas, 9TO TPOMCXOOWT B KAKOM-TO MOMEHT BPEMEHH BCIOAY B TOH o0macTu
MIPOCTPAHCTBA, KOTOpAs OTPaHWYEHA CBETOBHIM KOHYCOM TIPOILIOTO COOBITHS P, MOXHO
mpeJickazaTh, YTO JODKHO TPoH30UTH B camoif Touke P. O0xacTh mpocTpaHCTBa, He
JEXKAIIy0 BHYTPHU CBETOBBIX KOHYCOB MPOIIOr0 M OyAymiero, Mbl OyjeM Ha3bIBaTh
BHemHe. CoObITHs, MPUHAJIEKAIIUE BHEIIHEW 00/1acTu, HE MOT'YT HU CaMU BIUATHL Ha
coOBITHS B TOUKe P, HM OKazaThbCs IMOJ BIUSHHEM Tpoucxomsnux B P coOwrtuit. Ecnn,
HarpumMep, CoHIle IpsIMO ceiuac BAPYT MepecTaHeT CBETUTh, TO B HACTOSIIIINN MOMEHT 3TO
HHUKaK He MOBJIMAET Ha 3eMHYIO H3Hb, TaK Kak MBI Bce ellle OyJeM HaXOIUThCs B 00JacTH,
BHEITHEW HO OTHONIEHUIO K TOU Touke, B koTopou ConHlle moTyxio (puc. 2.6), a y3Haem
000 BCEM JTHIIL HEpe3 BOCEMb MUHYT — BpeMs, 3a KoTopoe cBeT oT CoiHIa JTOCTUTAET
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3emum. Tonpko TOTZAa TIPOUCXOATIHE HA 3eMile COOBITHS TIOTIaAyT B CBETOBOW KOHYC
Oynyuiero Toit Touku, B kotopoil Connie notyxmno. [lo Toi ke mpudnHe MBI HE 3HA€M, UTO
B JIAHHBIM MOMEHT MPOUCXOAMUT Jlasiecko BO BcenenHol: gomeammii 10 Hac CBET JAaJeKUX
rajakTUK ObUl UCIYIIEH MUJIJTMOH JIET Ha3al, a CBET OT CaMOro JajeKoro HalJo1aeMoro
00beKTa men K HaM 8§ THICAY MWUIMOHOB JIET. DTO 3HAYUT, YTO, BCMATPUBAICH BO
Bcenennyro, MBI BUAUM €€ B MPOIIIOM.

SEMILA BXOJIWT

10 4 BCBETOROW KOLIYC
BYJIYIEND COBLITHEA
9 (VIACANKS COJTHUA)Y
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5 TC BN T B
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o | A IIAHHOTO
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3 1A 3EMJIE ¥TACATIHE
COJTIA CRAMKETCH
2 1E CPAZY, TAK KA M
HE HAXOJMMCSH
1 B KOHYCE BY AV LLELD
COBBITHE: TACITET COJIHILE ITON0 COBRITHA
0- . COJHIE

SLEMJEA

Puc. 2.6

Ecnu npeneOpeds rpaBUTAIMOHHBIMY d(hPeKkTaMu, Kak ATo caeiand B 1905 r. DiHmTeitn
u llyaHkape, To MBI TpUJEM K TaK Ha3bIBAEMOM CHENUAIBHOM (MM YaCTHOW) TEOpUHU
OTHOCUTENBHOCTH. sl KaK10T0 COOBITHS B TPOCTPAHCTBE-BPEMEHN Mbl MOKEM MTOCTPOUTh
CBETOBOM KOHYC (MPEICTABISIIONIUNA COOONH MHOMXECTBO BCEX BO3MOXHBIX TYyTEH, IO
KOTOPBIM PaCIpOCTPaHAETCs CBET, UCITYIIEHHBIN B paccMaTpruBaeMoi TOUKe), a TOCKOJIbKY
CKOPOCThL CBETA OJIMHAKOBA IS JII0OO0T0 COOBITHS U B TI000M HAIlpaBJICHUM, BCE CBETOBBIC
KOHYChI OyJyT OJIMHAKOBLI U OPUEHTUPOBAHLI B OJIHOM HampaBlnenuu. Kpome toro, sta
TEOpUsl TOBOPUT HAM, YTO HUYTO HE MOXKET JIBUTaThCsl OBICTPEE CBETA. JTO O3HAUAET, UTO
TpaeKTopus J00T0 00HEKTa BO BPEMEHHW M B TMPOCTPAHCTBE MOJDKHA MPEICTABISATHCS
JTUHUEH, JIexKaIel BHYTPH CBETOBBIX KOHYCOB JIJIsl BCEX COOBITHH Ha Hel (puc. 2.7).
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NPOCTPAHCTBO

Puc. 2.7

CrnenmanbHas TEOpUs OTHOCUTEINBHOCTH MO3BONINIA OOBIACHUTH MTOCTOSHCTBO CKOPOCTH
cBeTa A1 BceX Habmwonarenedl (yCTaHOBIEHHOE B ombiTe MaiikenscoHa u Mopaun) u
MIPABWIILHO OIMMCHIBATIA, YTO TPOUCXOIUT TIPU IABHUKEHUH CO CKOPOCTSIMH, ONM3KUMH K
ckopocTu cBeta. OJHAKO HOBas TEOPHUS TPOTUBOPEUUIIA HBIOTOHOBCKOM TEOpUH
IPaBUTAIlUM, COTJACHO KOTOPOM OOBEKTHI MPUTATUBAIOTCS JAPYr K APYry C CHIIOH,
3aBUCAIIEH OT paccTosHUs Mexay HuMHU. [locneanee o3HavaeT, 4To, €CIU CIBUHYThH OJUH
U3 00BEKTOB, CUNA, JCUCTBYIOIIAS HAa IPYro, W3MEHWTCS MTHOBeHHO. MHade ToBOps,
CKOPOCTB PacpOCTPAHCHUS TPABUTAIIMOHHBIX 3P ()EKTOB TOIKHA OBITh OECKOHETHOM, a HEe
paBHOM (MITM MEHBIIIEH) CKOPOCTH CBETa, Kak TOTO TpeboBaia TeopHs OTHOCHTeTbLHOCTH. C
1908 no 1914 r. DUHIITEHH NpeANpPUHSIT psiji 0€3yCHEITHBIX MONBITOK IMTOCTPOUTH TAKYIO
MOJIeTh TpaBUTAIlUM, KOTOpas corjacoBalacb OBl CO CHOeUUalbHOM  Teopueit
otHocutenbHocTu. Hakoneu B 1915 1. oH omyOnukoBan Teopuro, KoTopas ceifuac
Ha3bIBaeTCs 00111eH Teopueil 0THOCUTENBHOCTH.
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BOJILIHON KPYT

Puc. 2.8

DUHIITENH BbICKa3aJl MPENOI0KEHUE PEBOIIOIMOHHOTO XapaKkTepa: TPaBUTALIUS — 3TO
He 00OBIYHAS CUJA, a CIEACTBHE TOTO, UTO IIPOCTPAHCTBO-BPEMsI HE SBIISIETCS IIIOCKUM, KaK
CUMTAJIOCH PaHbIIIE; OHO UCKPUBJIECHO PacIpe/IeICHHBIMUA B HEM Maccoil ¥ 3Hepruei. Takue
Tena, Kak 3eMJs, BOBCE HE MPUHYXKIAIOTCS JBUTaThCs IO WCKPUBICHHBIM OpOUTaM
CPaBUTALIMOHHOW CHIIOW; OHU JBMXKYTCSA TIO JIMHUSAM, KOTOPBIE B WCKPUBICHHOM
MIPOCTPAHCTBE OO0JIEE BCETO COOTBETCTBYIOT TPSMBIM B OOBIYHOM TIPOCTPAHCTBE U
Ha3BIBAIOTCS Teoie3MuecKuMHU. l'eofesnveckas — H3TO caMbli KOPOTKUW (MIIM caMbId
JUTMHHBIN ) TyTh MEXKAY JABYMS COCEAHUMU Toukamu. HampuMep, MOBEpXHOCTh 3€MIIH €CTh
WUCKPUBJIEHHOE IBYMEPHOE MPOCTPAHCTBO. [ eone3ndeckas Ha 3emiie Ha3bIBA€TCS OONbILINM
KPYTOM U SIBIIIETCS CaMbIM KOPOTKUM ITYyTEM MEXKIY ABYMs Toukamu (puc. 2.8). ITockoiabKy
CaMbIi KOPOTKUU TYTh MEXAY IBYMS a’pomnopTaMyd — TI0 TE€OAE3UIECKOM, TUCTIETUEphI
BCerja 3aJaloT TWIOTaM WMEeHHO TakoW wMapmpyT. CornacHo o0mel Teopuu
OTHOCHUTEIIBHOCTH, Tela BCEraa IEPEMEIIAoTCd II0 NPSAMBIM B  YETHIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHM, HO MBI BUJHMM, YTO B HAIIEM TPEXMEPHOM IIPOCTPAHCTBE OHU
JIBIKYTCS T1I0 UCKpUBJIEHHBIM TpaekTtopusM. (IlonaGmrogalite 3a camMoyIeTOM Haj
XOJIMUCTOW MECTHOCTBHIO. CaM OH JIETUT TI0 MPSMON B TPEXMEPHOM MPOCTPAHCTBE, a €T0
TEHb TepeMelIaeTcs Mo KPUBON Ha IByMEPHOM MTOBEPXHOCTH 3eMIIH ).

Macca ConHlla Tak UCKPUBIISIET MPOCTPAHCTBO-BPEMSI, YTO, XOTS 3eMJIsl JIBUKETCS TIO
MpSAMOM B UCTBIPEXMCPHOM TIPOCTPAHCTBE, MBI BUAUM, UYTO B HAIIEM TPEXMEPHOM
MIPOCTPAHCTBE OHA JABHMKETCS MO KpyroBoi opoute. OpOUTHI IIaHET, IpeacKka3biBaeMbIe
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001melt Teopueit OTHOCUTENTLHOCTH, TIOYTH COBMAMAIOT C TPEACKaA3aHUSIMH HBIOTOHOBCKOH
Teopuu TAroteHus. OaHako B crydae Mepkypus, KOTOPBIA, Oyayun Omkaiiiieit k ComHiy
NJIAHETOW, WCMBITHIBAET CaMOE€ CUJIbHOE JICHCTBUE TPaBUTALMM W MMEET JOBOJILHO
BBITSHYTYI0 OpOUTY, 00II1asi TEOpUsi OTHOCUTEIIBHOCTH MPEICKA3bIBAET, YTO OONbIIAs OCh
3JUTUTICA TOJHKHA TOBOpadYuBaThCS BOKpYTr COMHIIA TIPUMEPHO HA OOUH TPaayc B IECATh
TeICSY JeT. HecMoTps Ha ero MajgocTh, STOT 3d¢dekT Obul 3amedeH eme g0 1915 1. u
paccMaTpuBaliCsl KaK OJHO W3 MOATBEPKICHUI Teopuu JWHIITEHHA. B mocnenHue roasl
PaIMONOKAIIMOHHBIM METOJIOM OBUIM W3MEPEHBI €11€ MEHBIIUE OTKIOHEHUS OPOUT JAPYrux
MJIaHET OT MpeacKa3anuii HpioToHa, M OHU COrjacyroTces ¢ npelickazaHusaMu o0I1el Teopun
OTHOCUTEIIbHOCTH.

ABESA

*

CBET
3BESAL BIJIMMOE IHOJOMEHIAE
JRE3IN

COJHILE ’

. EMSA
Puc. 2.9

JIlyau cBeta TOXe MOJLKHBI CIIEIOBAaTh TEOJE3MYECKUM B TIPOCTPAHCTBE-BPEMEHM.
UckpuBIeHHOCTh, TIPOCTPAHCTBA O3HAYAET, YTO CBET YK€ HE paclpoCTpaHsIeTcs
npsaMonuHelHo. TakuM o6pazom, cornacHo oOmeld Teopun OTHOCUTENBHOCTH, JIy4 CBETA
JOJDKEH M3TH0AThCs B TPABUTAITMOHHBIX TIONSAX, U, HAIIPUMEDP, CBETOBHIE KOHYCHI TOUEK,
Haxoasmuxcess BOmm3u CoHIa, JOKHBI OBITE HEMHOTO Je(pOpMUPOBAHEI IO/ JeHCTBUEM
Maccel ConHua. DTO 3HAYUT, UTO JIyd CBETA OT JAIEKON 3BE3Mbl, ITPOXOISIINN PSAOM C
ConnieM, TOMKEH OTKIOHUTHLCS HAa HEOOMBINONW yroll, U HaOIIo/aTeNb, HAXOASAIIUICS HA
3emie, YBUIUT 3Ty 3Be31y B Apyroit Touke (puc. 2.9). Koneuno, ecnu Obl CBET OT JaHHOU
3BE3/IBI Beerga mpoxoau psgoM ¢ CollHIIEM, MBI HE MOTJIH OBl CKa3aTh, OTKIIOHSAETCS JIA
Jyd CBETa WIIM € 3Be3Ja JICUCTBUTCIBHO HAXOOMWTCA TaMm, TIe MBI ¢¢ BHUAUM. Ho
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BCIICACTBHUC O6paIlIeHI/I5[ 3eMJIi Bce HOBLIC 3BC3/bI 3aX0JAT 3a COJTHCUHBIHN JUCK, H UX CBCT
OTKIIOHAEeTCA. B PE3YIbTAaTC HUX BHIAMMOC IIOJOXKCHHNC OTHOCHUTCIBHO OCTAJIBHBIX 3BC3]
MCHACTCA.

B HOpMaNbHBIX YCIOBUAX 3TOT PPEKT 0UEHBb TPYACH I HAOIIOACHUS, TaK KaK SIPKUN
COITHEYHBIN CBET HE MO3BOJSAET BUACTH 3BE31bl, HAX0AAIMKEcs Ha HeOe psaoM ¢ ComHIIEeM.
Ho Takas BO3MOXHOCTb MOSIBIAETCS BO BPEMsl COJHEYHOrO 3aTMeHus, koraa Jlyna
MEePEeKPHLIBAET CONHEUHBIN cBeT. B 1915 r. HUKTO HE cMOT cpa3y MPOBEPUTH NMPEICKAZAHHOE
DUHIITENHOM OTKIIOHEHUE CBETa, ToTomMy uTo 1iia [TepBas muposas BoitHa. Jlume B 1919
T. aHTTIRHCKas SKCTIeAuus B 3anagHoit Adpuke, HaOMrOIaBINAsS TaM COJTHCIHOE 3aTMCHHUC,
ToKa3ana, 4TO CBET JIEWCTBHUTENBHO OTKIOHseTcs CoJHIIEM Tak, Kak M IIpeicKa3biBaja
Teopus. To, UTO aHTIIMICKUE YUEHbIE JOKAa3alld MPaBUILHOCTH TEOPUHU, POJIUHON KOTOPOU
onu1a ['epmaHus, TPUBETCTBOBAJIOCH KAK €III€ OJIMH BEITMKUH aKT MPUMUPEHUS 00€nX CTpaH
nociie BOWHBI. HO, XOTH 3TO BBITISAUT HPOHUYHO, IPOBEICHHBIA TO3IHEE aHAIU3
(doTtorpaduil, TONYIEHHBIX ITON SKCHEAUIIUEH, MOKa3all OIMUOKH W3MEPEHHS TOTO XKe
MOpSAKA, YTO U U3MepsaeMbIil 3 deKT. Pe3ynpTaT aHrmuyan ObLT MO0 YHCTHIM BE3CHUEM,
MO0 TeM HEpPeIKMM B HAayKe CIydaeM, KOrjaa MOIydaloT TO, YTO XOTEJNOCH MOJYYHWTh.
ITpaBna, otkinonenune ceera ColHIIEM OBUTIO BIOCIEACTBHH TOYHO MOATBEPKACHO TEITBIM
pAI0oM HaOIOAEHUH.

Eme omHO mpenckazanue oOmIel TeOpuy OTHOCUTEILHOCTH COCTOUT B TOM, YTO BOJIM3HU
MAaCCUBHOTI'O T€Jla TUMa 3€MIIM BpeMsl JOJIKHO T€Ub MEJJIEHHEE. JTO CIEAYET U3 TOTO, UTO
JIOJKHO BBITIOJHATHCS  ONPEJICIICHHOE COOTHOIIIEHUE MEXJYy DHEprueidl cBeTa W €ro
qaCcTOTOW (T. C. YHUCJIOM CBETOBBIX BOJIH B CEKYHJIY): 4eM OOJIBIIIE YHEPTUS, TEM BBIIIC
yacrtota. Ecinu cBeT pacupocTpaHAeTcs BBEPX B I'PaBUTALUOHHOM II0JIE 3€MJIM, TO OH
TepsET SHEPTUIO, & IOTOMY €r0 YaCcTOTa YMEHBIIAeTCsl. (JTO 03HaYaeT, YTO YBEINYUBACTCSA
WHTEpBAI BPEMEHH MEXIy TpeOHSMH JABYX CocelHMX BoJH). HaGmromarenro,
PaCITONIOKEHHOMY Ha OOJIBITION BEICOTE, JOJKHO Ka3aThbCs, YTO BHU3Y BCE TPOUCXOIUT
MeJJIeHHee. JTo Mpeckazanue ObU10 poBepeHo B 1962 r. ¢ moMouibio IBYX OY€Hb TOUHBIX
94acoB, PACIOIOKEHHBIX: OJJHM Ha CAaMOM BEpXy BOJIOHAMIOPHOM OaliHuU, a BTOphIE — Y €€
TIOJTHOXKbS.

Oxkazaiock, 9TO HHKHUE Yachl, KOTOpPbIE OBIITH OJTHKeE K 3emiie, B TOYHOM COOTBETCTBHN
¢ 001Iel Teoprel OTHOCUTENBHOCTH UM MeJneHHee. Pa3Huila B X0/ie 4acoB Ha pa3HOU
BBICOTE HaJl MOBEPXHOCTHIO 3eMIIU Mpuodpea ceiiuac OorpoMHOE NPaKTHYECKOE 3HAUCHUE B
CBSI3U C MOABJICHUEM OUYE€Hb TOUHBIX HABUTAIIMOHHBIX CHCTEM, PA0OTAIONIUX HAa CUTHAIAX CO
cnyTHUKOB. Eciau He TpWHWUMAThL BO BHHMAHHWE TPEACKa3aHWH oOImel Teopuu
OTHOCUTEIBHOCTH, TO KOOPAWHATHI OYAYT paccUMTaHBl ¢ OIMMOKOM B HECKOJIBKO
KWIIOMETPOB!

3akoHbI ABUKEeHUS HBIOTOHA TOKOHYHIIM C a0COJIFOTHBIM TIOJIOKEHHUEM B TIPOCTPAHCTBE.
Teopust OTHOCHUTEIBLHOCTH OCBOOOJMIA HAC OT abCONIOTHOTO BpeMeHH. Bo3bpMem mapy
omusHenioB. lIpenmonokuM, 4To OJWH U3 HUX OTHPABUICSA KUTh Ha BEPIIMHY TOpPHI, a
Jpyroil ocTaincs Ha ypoBHEe Mops. Torma mepBblii cocTapuTcst ObICTpee, YeM BTOPOH, U
MOATOMY TPU BCTpEUE OAWH U3 HUX OYJIET BHIMIAAETh cTapiie Apyroro. [IpaBga, pa3uuma B
BO3pacTe OwlTa OBl COBCEM Maja, HO OHa CHIJIbHO YBCIMUWIACH OBI, cclid Obl OJMH W3
OJIM3HEN0B OTIPABUIICA B JIOJITOE MyTEIIECTBUE Ha KOCMUYECKOM Kopadiie co CKOPOCTHIO,



OmM3KOM K ckopocTH cBeTa. Ilo BO3BpamieHWH OH OKazajics OBl 3HAYUTETHLHO MOIOKE
CBOEro Opara, KOTOPHIM ocTaBayicsa Ha 3emie. DTO TaK Ha3bIBaeMbIM MapagoKc OJIU3HEIIOB,
HO OH TAapajoKC JHIIb JIJisi TOTO, KTO B TIyOMHE JYIIU BEpUT B a0CONIOTHOE Bpems. B
o0IlIeil TEOpUU OTHOCHUTENBHOCTH HET €IAMHOrO aOCONIOTHOTO BPEMEHU; KaXIblid
WHIABUIYYM UMEET CBOU COOCTBEHHBIN MacmITab BPEMEHHU, 3aBUCSIINN OT TOTO, TJI€ 3TOT
WHJIMBUTYYM HAXOJUTCS ¥ KaK OH JIBUKCTCH.

Jo 1915 r. mpocTpaHCcTBO U BpeMsi BOCIIPUHUMAIIUCh KaK HEKasl XeCcTKas apeHa s
COOBITHH, Ha KOTOPYIO BCE MPOUCXOAAIIEe HA HeW HMKaK He BiauseT. Tak oOcTosuio Aemno
JIa)KEe B CICLUANIBHON TECOPUM OTHOCUTEIBHOCTH. Tena JABUTAUCh, CHIIBI TIPUTSITHUBAIIA U
OTTaJKMUBAIIM, HO BPEeMs U TIPOCTPAHCTBO MPOCTO OCTaBaJUCh CaMUMH COOOM, WX 3TO He
kacanoch. 1 OBLII0 €CTeCTBEHHO IyMaTh, UTO MPOCTPAHCTBO U BpeMsl 0ECKOHEUHEI U BEUHHI.

B o0mieit e Teopun OTHOCUTEIHLHOCTH CUTYAIlHs coBepliieHHO WHad. [IpocTpaHcTBO U
BpeMs TeIepb IMHAMUYECKUE BEIIMYMHEI: KOTAA ABHKETCS TEJIO WIHM JEHCTBYET CHIla, 3TO
W3MEHSIET KPUBW3HY TMPOCTPAHCTBA U BPEMEHM, a CTPYKTypa MPOCTPAHCTBA-BPEMEHU B
CBOIO OY€pejib BIMSAET HA TO, KaK JIBMXKYTCS Tella W AEHCTBYIOT cHIIbL. IIpocTpaHCcTBO M
BpeMsl HE TOJIFKO BIMSIOT HA BCE, UTO MPOUCXOIUT BO BeeneHHoM, HO U caMU U3MEHSIOTCS
o/ BIIUSTHUEM Bcero B Helt mpoucxopsmiero. Kak 6e3 mpeacTaBieHuil 0 MPOCTpaHCTBE U
BPEMCHH HENb3d TOBOPUTHL O COOBITHAX BO BceiaeHHOW, Tak B o0O0IIeH TeopuH
OTHOCHTEIIBHOCTH CTal0 OECCMBICIICHHBIM TOBOPUTL O IIPOCTPAHCTBE M BPEMEHH 3a
npenenaMu BeceneHHOM.

B 1nocnenyromue necATWIETHs HOBOMY IIOHMMAaHUIO IIPOCTPAHCTBA M BpPEMEHU
MPEACTOSANO0 TMPOU3BECTH NEPEeBOPOT B HaIIMX B3TNMAgax Ha BceemeHHyro. Crapoe
NpecTaBICHUEe O MOYTH HE MeHstouleiicss BceneHHol, xoTopas, MOXET ObITh, Bceraa
CyliecTBoBaja W OyIeT CYHIECTBOBATb BEYHO, CMEHWIOCH KapTUHOW ITWHAMHUYECKOH,
pacmupsronieiics Beenennol, KkoTopas, mMo-BUIUMOMY, BO3HHKIIA KOTJIa-TO B TIPOTILIOM W,
BO3MOXKHO, 3aKOHUHUT CBOE CYIIECTBOBAHME KOI'/Ia-TO B OyyIIeM. DTa peBOIIONNS B HAIlIEM
co3HaHuM (el OyAeT MOCBsILIEHa CIeyrollas riaBa) SBUIACh OTIPABHOM TOUKOM MOUX
WCCleI0BaHMi B TeopeTuyeckoil ¢usuke. Mol ¢ Pomxepom Tlerpoyzom mokaszanu, uro,
COTJIaCHO OOMIeH TEOpWH OTHOCUTENBHOCTH OWHINTElHa, BcenmeHHas HOMKHA WMETh
HAYaJo, a MOKET OBITh, U KOHETI.



3. PACHIUPAIOUMIAACSA BCEJTEHHASA

Ecou B sAcHyr0 O€3IyHHYIO HOYL IIOCMOTPETh Ha He0O, TO, CKOpee BCEro, CaMBIMH
APKUMU O00BEKTAMH, KOTOpPbIE Bbl yBUAUTE, OynyT mnaHethl Benepa, Mapc, IOnurep u
Carypa. Kpome Toro, Bel yBHUIWTE OTPOMHOE KOJMYECTBO 3BE3J, MOXOKUX HA HAIIE
ConHIle, HO HaXOIANIUXCS Topa3fgo Aanbiiie oT Hac. [Ipu obpamenun 3emiu BOKPYT
ComnHIa HEKOTOPEIE U3 3TUX «HEMOABHXHBIX» 3BE3] UYTb-4yTh MEHSAIOT CBOE MOJOKEHHE
OTHOCUTEIBHO JAPYT JIpyra, T. €. HA CAMOM JI€JIE OHU BOBCE HE HEMNOABMXHBI! J[eno B ToMm,
YTO OHU HECKOJIbKO OJmke K HaM, yeM Apyrue. [lockonbKy ke 3emMiis Bpaiaercss BOKpyr
Connria, OnMU3KUE 3BE3IIBI BUIHBI BCE BpeMs B Pa3HBIX TOYKaX (oHA Ooliee yIaleHHBIX
3Be3. braromaps 3ToMy MOKHO HEITOCPEACTBEHHO U3MEPUTH PACCTOSHUE OT HAC 0 ATUX
3BE3]: UeM OHM OJIMKe, TeM CHIbHee 3aMETHO HX IepeMeleHue. Camas Oim3Kas 3Be3ja,
HazbiBaeMas IIpokcumoii [{eHTaBpa, HAXOIUTCS OT HAC HA PACCTOSHUW MPHOIU3UTEILHO
YETBIPEX CBETOBBIX JIET (T. €. CBET OT HEE UIET A0 3EMIIU OKOJIO YETBIPEX JIET), UIIU OKOIO0 37
TPUIIMOHOB KUIIOMETPOB (37><1012). BonbIMHCTBO 3Be3, BUAUMBIX HEBOOPYKEHHBIM
rJ1a30M, YOaJeHBl OT HAC Ha HECKOJBKO COTEH CBETOBHIX JIeT. CpaBHUTE 3TO C PACCTOSHUEM
7o Hamero CoiHIla, COCTaBIIAIONIMM BCETO BOCEMb CBETOBBIX MUHYT! Buaumbie 3BE371bI
pacchiliaHbl HO BCeMY HOYHOMY HeOy, HO 0COOEHHO TYCTO B TOM IOJOCE, KOTOPYIO MBI
HazbiBaeM MiteunsiM [Tytem. Emie B 1750 1. HEKOTOpbIE aCTPOHOMBI BHICKA3LIBAJIA MBICITD,
qT10 cymectBoBanue Mieunoro [yt oOBscHSICTCS TeM, UTO OOJBINAS YacTh BHIAUMBIX
3Be3]] 00pa3yeT OJHY AHCKOOOpa3sHyI KOH(PUTYypalluio — TpUMEp TOTO, UTO ceifuac
Ha3bIBACTCS CIMUpPATbHON TalakTUKOW. JIMIIL depe3 HECKONbKO ACCATUICTHUH acTPOHOM
VYunssam [Nepiiens moaTBEpAII 3TO MPEANONIOKEHUE, BRITOIHUB KOJIOCCaTLHYIO paboTy HO
COCTABJICHUIO KAaTaJIoTa TTOJ0XKEHUW OTPOMHOTO KOJIWYECTBA 3BE3]] U PACCTOSTHUM O HUX.
Ho nae mocie 3Toro mpeacTaBieHHue 0 CMUPAIIBHBIX TaJaKTHKaX OBIIO MPUHATO BCEMHU
JIMIIG B HAYaJIe HAIIETO BEKA.

CoBpemennas kapTuHa BceneHHoW Bo3HUKIA TONBKO B 1924 r., Korga aMepukaHCKUit
acTpoHOM DABMH Xa00u rmokasai, uTo Hamia [ anakThka He eIMHCTBeHHas. Ha camom nerne
CYIIECTBYET MHOTO JPYrUX TallaKTHK, pa3leleHHBIX OTPOMHBIMHU OO0JACTSIMH ITyCTOTO
npocTpaHcTBa. s mokazaTenscTBa Xab0my TpeOoBamoCh ONPEIETUTh PACCTOSHUS 110
9TUX FalakTUK, KOTOPbIE HACTOILKO BENUKH, UTO, B OTIMYKE OT OJIOKEHUNA OIU3KUX 3BE3]I,
BUJIUMBIC TIOJIONKEHUS TATAKTUK JCUCTBUTENBHO HE MEHstoTcs. [lo3ToMy NIt u3MepeHus
paccTostHui Xa00.1 OBIT BEIHYK/IEH TPUOETHYTH K KOCBEHHBIM MeToIaM. Buammast sipkocThb
3BE3/IbI 3aBUCUT OT JIBYX (haKTOPOB: OT TOTO, KaKoe KOJUIECTBO CBETA M3IIyJaeT 3Be3/1a (ee
CBETUMOCTH ), U OT TOTO, T/I€ OHA HAXOJUTCA. SIPKOCTh OIM3KUX 3BE3] U PACCTOSTHUE J0 HUX
MBI MOXEM W3MEPUTh; CIEI0BATEIbHO, Mbl MOXXEM BBIYUCIUTb U WX CBETUMOCTb. U
Ha00OpOT, 3HAS CBETUMOCTb 3B€3J B JPYIUX TAIAKTHKAaX, Mbl MOTJIH Obl BBIYUCIIHUTH
pPacCTOSTHWC JI0 HUX, M3MCPHUB WX BHIUMYIO SPKOCTh. Xa0OJI 3aMCTHII, UTO CBCTHMOCTH
HEKOTOPEIX THITOB 3Be3] BCeTJa OJHA W Ta K€, KOTJa OHH HaXOJATCS JOCTATOYHO OJU3KO
JIs. TOTO, YTOOBI MOXKHO OBLIIO MPOU3BOJAUTHL W3MepeHus. ClenoBaTelbHO, paccykaal
Xab06mn, ecnu Takue 3Be3Abl OOHApPYKATCS B JPYroil ralakTUKe, TO, NPEINONONKUB Y HUX
TaKyH0 )€ CBETUMOCTH, MBI CYMEEM BBIUMCIUTEL PACCTOSHUE N0 3TOM TamakTuku. Ecmu
MOTO0HBIE PAcUETHI JJISI HECKOIBKUX 3BE3]T OJTHON M TOH ke TaTaKTUKH TaayT OJWH U TOT
e pe3ynbTaT, TO MOJIYIeHHYI0 OLEHKY PACCTOSHUS MOKHO CUMTATH HAaJEKHOM.



Puc. 3.1

Taxum mytem Xa0Om paccuuTan pacCTOSHHUS JO JCBSATH Pa3HBIX TalaKTHK. Terepb
W3BECTHO, 4YTO Hamia ['agakTWka — OJIHA W3 HECKOJBKHUX COTEH TBICSY MHIIHOHOB
raJakTHK, KOTOpbIe MOXKHO HaOII0aThb B COBPEMEHHBIC TEIeCKOMBI, a KaxkJas M3 DTUX
rajJakTMK B CBOIO OYepelb COJAEPKUT COTHM ThICAY MHUIIMOHOB 3Be3d. Ha pwuc. 3.1
MOKA3aHo, KaKoW yBUAEN Obl Hamry [ amakTUKy HaOJIOAATelNh, XUBYIIUH B KaKOH-HUOYIb
npyroii ramaktuke. Hama T'amaktmka wWMeeT OKOJIO cTa THICSY CBETOBBIX JIET B
nonepeynnke. OHa MEIJICHHO BpaIllaeTCs, a 3BE3Ibl B €€ CIIMpaJIbHBIX PyKaBaX KaXXIbIe
HECKOJIbKO COTEH MWJIJIMOHOB JIET ACNAIOT MPUMEPHO OAWH OOOPOT BOKPYT €€ IIEHTpa.
Hame Connne mnpeacrtaBisieT coOoli OOBIYHYIO JKENTYIO 3BE31y CpPEIHEH BETUIWHBI,
pACTIONIOKEHHYI0 Ha BHYTPEHHEHW CTOPOHE OJHOTO M3 CHUPAIBHBIX pykKaBoB. Kakoil ke
OTPOMHBIA IMyTh MBI TIponuid oT Apwucrorens u Ilronemes, korma 3emisi cuHATalach
neHTpom BceeneHHo!

3Be31bl HAXOAATCS TaK JAJEKO OT HAC, YTO KaXYTCSA MPOCTO CBETALIUMHUCI TOYKAMU B
HeOe. MBI He pa3nnyaeM HA UX pa3MepoB, HU (GopMbl. Kak ke MOKHO TOBOPUTE O Pa3HBIX
tunax 3Be3n? Mg monaBnstomero OONBIIMHCTBA 3BE3] CYIIECTBYET TOJIBKO OJHO
XapaKTepHOE CBOMCTBO, KOTOPOE MOKHO HAaOII0AaTh — 3TO IIBET MIYIIETO OT HUX CBETA.
HBIOTOH OTKPBI, YTO, MPOXOAS Yepe3 TPEXTPAHHBINA KYCOK CTEeKJa, Ha3bIBAEMbId TPU3MOI,
CONTHEYHBIH CBET pasliaraercsi, Kak B pajayre, Ha IIBETOBbIE KOMIIOHEHTHI (CHEKTp).
HacTtpouB Teneckonm Ha KaKylO-HHOYIb OTHCIBHYIO 3BC3Iy WIHM TalaKTHKY, MOXKHO
aHAJIOTMYHBIM 00pa3oM pa3JoXUTh B CIEKTP CBET, UCIyCKaeMBId STOM 3BE3M0M WU
rajakTMKou. Pa3Hble 3B€3/1bl UMEIOT Pa3HbI€ CIIEKTPbI, HO OTHOCUTENBHAS APKOCTh Pa3HbIX
UBETOB BCErla B TOYHOCTH TaKas XK€, KaK B CBETE, KOTOPBIM M3JIy4yaeT Kakoiul-HuOyIb
packaneHHbI JokpacHa Tmipeamer. (CBeT, Wu3MydaeMbIl pacKaJeHHBIM JOKpacHa
HEIIPO3payHBIM IIPEIMETOM, UMEET OYEHb XapPaKTEpPHBIM CIEKTpP, 3aBUCAIIAN TOJIBKO OT
TEMIIEpaTypsl IpeaMeTa — TEIIoBOM chekTp. [lo3ToMy MBI MOXKEM OIpEAeINTh
TEMIIEPATYpPy 3BE3/IbI MO CHEKTPY M3ITydyaeMoro €to cBera). Kpome Toro, Mbl 00HApYKUM,
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9TO HEKOTOPEIC OYCHDb CHeI_II/I(bH‘{eCKI/IG OBCTAa BOO6H_I€ OTCYTCTBYIOT B CIICKTpaX 3BE3/I,
IIpUUYCM OTCYTCTBYIOIIUC IBCTA PA3HBIC AJIA PA3HBIX 3BC3M. HOCKOJ’ILKy, KaK MBI 3HACM,
KaXXAbld XUMHWYECKUM SIEMEHT IIOrJIONIA€T CBOM OﬂpeﬂeﬂeHHblﬁ Ha60p XaPaKTCPHBIX
OBCTOB, MBI MOXKEM CPABHUTH UX C TEMH IBCTAMHU, KOTOPLIX HET B CIICKTPC 3BC31bI, U TAKUM
O6p3.30M TOYHO OMPCACIINTD, KAKHUEC 3JICMCHTBI IIPUCYTCTBYIOT B €€ aTMOC(bepﬁ.

B 20-x rogax, korja acTpOHOMBI Hauyalld MCCIEJIOBAHUE CIIEKTPOB 3BE3[l JPYrHX
raJlakThK, OOHAPYKUJIOCh HEUTO elie 0ojiee CTpaHHOe: B Hallei coOcTBeHHOoM ["anakTuke
0Ka3aJIUCh TE KE caMble XapaKTepHble HAOOPBI OTCYTCTBYIOMIMX IIBETOB, YTO U Y 3BE3]I, HO
BCC OHM OBLIM COBUHYTHI Ha OJHY M Ty XK€ BEITHUYMHY K KPACHOMY KOHIY criekTpa. YToOs!
TTOHATE CMBICH CKa3aHHOTO, CIIeyeT cHauala pa3oopatbes ¢ 3ddextom Jomnepa. Kak MbI
y)Ke 3HaeM, BUIUMBIM CBET — H3TO KOJeOaHWs, WIM BOIHBI 3JEKTPOMAarHUTHOTO MO,
YacToTa (4UCiio BOJTH B OJJHY CEKYHIY) CBETOBBIX KOJIEOAHWHN Ype3BBIUYAHHO BHICOKA — OT
YETBIPEXCOT 0 CEMHCOT MWIIMOHOB MHWIUIMOHOB BOJH B ceKyHAY. YUenoBedecknit Ti1a3
BOCIIPUHHAMAET CBET Pa3HBIX YACTOT KaK pa3Hble IBETa, IPUYEM CaMble HU3KHE HaCTOTHI
COOTBETCTBYIOT KpPacHOMY KOHI[y CIIEKTpa, a CaMBIeé BEICOKHE — (DHOIETOBOMY.
[TpencraBum cebe MCTOUHMK CBETA, PACIIONOXKEHHBIM Ha (DUKCUPOBAHHOM PACCTOSHUU OT
Hac (HATpUMEp, 3BE3/Y), HU3MYYAIONIUM C TIOCTOSHHOM YacTOTOM CBETOBBLIE BOJIHBI.
O4eBUAHO, UTO YacTOTa MPHUXOASIIMX BOJIH OyAeT Takod ke, Kak Ta, ¢ KOTOPOW OHU
u3NIydarorcess (IycTh TPaBUTAMOHHOE TIOJIe TallaKTUKU HEBEIUMKO W €ro BIUSHHE
HeCyllecTBeHHO). lIpenmonoxuM Temepb, YTO MCTOYHHK HAYMHAET IBUTAaThCS B HAILy
cropony. [lpu ucmyckaHum cneayrouieil BOTHBI MCTOYHMK OKaKETCs OMMke K HaM, a
MMOTOMY BpEMs, 32 KOTOpOe IpeOeHb 3TOW BOJHBI JO HAC JOWIET, OyIEeT MEHbBIIE, YeM B
clydae HEeMmoJBMXKHON 3Be3/bl. CTaio ObITh, BpeMs MEXIy TPEOHSIMH ABYX MPHIIEAIITNX
BOJIH Oy/IeT MEeHbIIe, a YUCIIO BOJH, TPUHUMAEMbIX HAMHU 3a OJIHY CEKYHAY (T. €. 9acToTa),
Oynetr Oonbllle, 4eM KoOrja 3Be3la Oblla HemoABWXHA. IIpw yaganeHuM ke MCTOYHHKA
4acTOTa MPUXOIAIINX BOIH OydeT MEHbIIe. DTO O3HAYaeT, YTO CHEKTPHI YAAISIOUINXCS
3B€3]l OYyIyT CIBUHYTHI K KpacHOMY KOHIYy (KpacHOE€ CMEIIEHHWE), a CIEKTPbI
TPUOIMKATONIIUXCS  3BE3]l JIOJDKHBI  HCTBITBIBATL  (PUOTETOBOE cMmerieHue. Takoe
COOTHOIIEHHE MEXIy CKOPOCTBhIO M 4YacTOTON HaswiBaeTca 3ddexTom Jlomiepa, u 3TOT
s dekT 00bIYEH TaXe B HAIlleW MOBCEIHEBHOM *U3HU. [IpucnymaiiTech kK TOMy, Kak WIET
M0 MI0CCE MAalllMHA: KOrja oHa MpUONMUKaeTcs, 3ByK JBUTraTelNs BhIlEe (T. €. BbILIE YacTOTa
UCITyCKAaE€MBIX UM 3BYKOBBIX BOIIH), @ KOrJa, IPOEXaB MUMO, MAalllMHA HAYMHAET yIAISAThCS,
3BYK CTaHOBUTCSA HWke. CBETOBbIE BOJHBI W PagUOBOIHBI BeAyT CeOS aHATOTHIHBIM
obpazom. Dddextom Jlommepa monb3yeTcs MOIUIUS, OILpeness H3Jalleka CKOPOCTh
JBWKEHMST aBTOMAIIMH 110 YacTOTE PaIlOCUTHANIOB, OTpa)karluxces oT HUX. JJoka3as, 4To
CYLIECTBYIOT JIpyrUe TalakKTUKK, Xa001 Bce MOCHeAYOLMe robl MOCBSITHII COCTABIIEHUIO
KaTaJoroB PacCTOSHUM 10 3TUX TAJIaKTHK W HAONIOJEHMIO MX CHEKTpoB. B TO Bpems
OOJBIIMHCTBO YYEHBIX CUHUTAIM, YTO JBIKEHHE TallaKTHK TIPOUCXOTUT CAydalHBIM
00pa3oM U MOATOMY CIEKTPOB, CMENICHHBIX B KPACHYIO CTOPOHY, JOIKHO HaOMIOAaThCs
CTONLKO %€, CKOJIBKO U CMEUIEHHBIX B (hrnoseToByto. KakoBo ke Obl10 yAuBIEHHE, KOraa Y
O0JbIIEe YacTH TalakTUK OOHAPYKUIIOCh KPACHOE CMEIIIEHUE CIIEKTPOB, T. €. 0Ka3alloCh,
4TO TIOUTH BCE TANAKTUKM yAanstoTcs oT Hac! Eme Oonee yauBUTETEHBIM OBLIO OTKPHITHE,
omybrmukoBanHOoe Xa6610M B 1929 r.: Xab0m oOHapy kUi, uTo Jake BETHIWHA KPACHOTO
CMEIIEHUs He ClydalHa, a IpsSMO IPOMOPIUOHANBHA PACCTOSHHUIO OT HAc /10 TajlaKTHUKH.
WNHbIiMU cioBaMM, YyeM Jlalibllle HAXOUTCS rajlakTuka, TeM ObicTpee oHa yaamnserca! A 3o



0O3Ha4alIo, 4To Bcenennas He MOXeT OBITE CT&THHGCKOﬁ, KaKk AyMalll paHBIIC, YTO Ha
CaMOM JCIIC OHa HCIIPCPBLIBHO PACIINPACTCA 1M PACCTOAHUA MCKIY I'aJITaKTUKAMH BCC BPCM:I

pacTyT.

OTtkpeITHE pacurupstomleiics BeeleHHoM ObBUIO OJHUM U3 BETUKUX MHTEIJICKTYaTbHBIX
MIEPEeBOPOTOB IBAALATOr0 BeKa. 3aTHUM YHCIOM MBI MOKEM ITHILIb YAUBIATECA TOMY, YTO
9Ta UJIesl HE TIPUIIIa HUKOMY B TOJIOBY paHbliie. HbI0TOH 1 Jipyrue yuyeHble JTOIKHBI ObLTH
OBl cO00Opa3uTh, UTO cTaTUuecKas BcenmeHHas Bckope 00s3aTebHO Havana Obl COKUMAThCS
noj aeiicteuemM rpaButanuu. Ho npenmnonoxum, uro Beenennas, Ha000poT, pacumpseTcs.
Ecmu 6Bl pacmmpeHuc TPOUCXOIUIO JOCTATOYHO MEIJICHHO, TO TIOA JACHCTBHEM
TPABUTAIIMOHHON CHJILI OHO B KOHIIE KOHIIOB MPEKPATHIOCH OBl M TIEPEIUIO B CXKaTHE.
OnHako ecmu OBl CKOPOCTh PACHIUPEHUS TPEBBINIaa HEKOTOPOE KPUTHYECKOE 3HAUEHHUE,
TO TPABUTAITHOHHOTO B3aUMOJICHCTBHUS HE XBATHIIO ObI, YTOOBI OCTAHOBHUTH PACIIUPECHHE, U
OHO TPOJIOIIKAIIOCH OBl BeuHO. Bee 3TO HEMHOTO HAIOMUHAET CUTYAIIMIO, BOZHUKAKOIIIYTO,
KOTJIa ¢ TIOBEPXHOCTH 3eMJIN 3alyCKaloT BBEPX pakeTy. Eciu cKopoCTh pakeThl HE OUEHB
BEJIMKA, TO U3-3a TPAaBUTAILIMH OHA B KOHIIC KOHIIOB OCTAHOBUTCS U HAUHET MagaTh 00paTHO.
Ecnn ke ckopocTh pakeThl OOJbIIE HEKOTOPOM KPUTHYECKOW (OKOJIO OJWHHAJIATH
KHJIOMETPOB B CEKYHY), TO TPABUTAIIMOHHAS CHJIa HE CMOXKET €€ BEPHYTh, U pakeTa OyIieT
BEUHO TMPOJOKAThL CBOC JIBWXCHUE OT 3emurn. Pacmupenue BceeneHHOW MOTIIO OBITH
TIpeJICKa3aHo Ha OCHOBE HBIOTOHOBCKOM Teopuu TaroteHus B XIX, XVIII u gaxxe B koHUE
XVII Beka. OnHako Bepa B cTaTHYeCKyt0 BeceneHHy o Oblila CTONb BENTHKA, YTO KUTa B yMax
enie B Havane Hamiero Beka. Jaxke DuWHmITElWH, paspabaTeBast B 1915 r. oburyro Teopuro
OTHOCHTEIIBHOCTH, OBUT yBepeH B cratmdHOcTH Bcenennoi. YtoObl He BCTymarth B
TIPOTHBOPEUME CO CTATHYHOCTBIO, DUHIITEHH MOAM(MUIMPOBAII CBOIO TCOPUO, BBEIS B
ypaBHEHUS TaK Ha3bIBAEMYI0 KOCMOJOTHYECKYH) TOCTOsSHHYI0. OH BBell HOBYIO
«aHTUTPABUTAIIMOHHYIO» CHIIY, KOTOpass B OTIHYME OT APYrUX CHUJI HE MOpOXKAaIach
KaKUM-TM0O0 UCTOYHUKOM, a ObUIa 3alloKEHa B caMy CTPYKTYPY MpPOCTPaHCTBA-BPEMEHHU.
DWHINTEHH YTBEPIKIaJl, 4TO TPOCTPAHCTBO-BpeMsl caMo 1o cebe Bcerja pacimpseTcs |
9TUM paclIMpeHreM TOYHO YpaBHOBEIIUBACTCS MPUTIKEHHE BCell OCTATBLHON MaTepuu BO
Bcenennoii, Tak uro B pe3ynbrare BecenenHas okassiBaeTcs cratudeckol. llo-Bugumomy,
JUIIb OJWH YENOBEK IMOJHOCTHIO TOBEPUT B OOIIYI0 TEOPHIO OTHOCHUTEIBHOCTH: TOKa
DWHILTEWH U Apyrue GU3NKA ITyMaldd HaJ TeM, Kak 00ONTH He CTaTUUHOCThL BceneHHOH,
MpeICKa3bIBAEMYI0 3TOW TeopueH, pycckuit ¢u3mk u marematuk A. A. ®puaman,
HA000POT, 3aHANICS €€ OOBSICHECHUEM.

@®puaman crenan Ba OYEHb IPOCTBIX HMCXOAHBIX MPEAMNOIIOKEHUA: BO-TIEPBHIX,
BcenenHas BBINIAANT OAMHAKOBO, B KaKOM OBl HAIpaBJICHUH Mbl €€ HM HAOMIOZAIH, U
BO-BTOPBIX, 3TO YTBEPXKACHNE TOKHO OCTABATHCS CITPABEATUBEIM M B TOM CITyYae, €CITH OBl
MBI TIPOU3BOAMIIN HAONIONEHUS U3 KaKoro-HHOyIbL npyroro Mecra. He mpuberas Hu k
KaKuM JIpyruM mpenanonoxenusMm, @puaMan nokasan, yto BceneHHas He 10MKHA OBITh
cratuueckoi. B 1922 r., 3a HeckonbKo JET A0 OTKpbITUA Xab6mna, @puamMaH B TOUHOCTH
IIPEICKa3all €ro pe3yibrar!

HPC,HHOHOX(eHI/IQ 00 OJUHAKOBOCTHN Bcenennoii Bo Bcex HAaIIpaBJIICHUAX Hd CaMOM ACIIC,
KOHCYHO, HC BBIIIOJIHACTCA. Kaxk MbI, HAIIPUMCP, YKE 3HACM, JAPYIruc 3BE3IbI B Halieu
IN'anaktuke O6p33YI-OT YCTKO BBIACIAOUIYIOCA CBCTIIYHO TTOJIOCY, KOTOpPAd UACT 110 BCCMY
H€6y HOYBI0 — MIICUHEBIN H}/'TL. Ho ecnu TOBOPUTH O AAJICKUX TAJIAKTHUKAX, TO KX YUCIIO BO



BCCX HAIIpaBICHUAX IIPUMEPHO OJUHAKOBO. CH@)IOB&TGHBHO, Bcenennas )IeflCTBI/ITeJ'IBHO
(IIPHUMCPHO» OIMHAKOBA BO BCCX HAIIPABIICHUAX — IIPpHU Ha6H}OHeHI/II/I B MacmTaﬁe,
00JbIIOM 10 CPpaBHCHHUIO C PACCTOAHUCM MCKIAY TallaKTUKAMH, KOI'lad 0T6paCblBa}OTC$I
MeJKoMacIITaOHbIe Pa3IINYIM:I.

Jonroe Bpems 3To OLUIO €IUHCTBEHHBIM OOOCHOBaHMEM THUMOTe3bl (DpuamaHa Kak
«rpyooro» npubIuxkeHus K peanbHoit Bcenennoil. Ho moTroM mo HekoeMl ciydaiiHOCTH
BBISICHWJIOCH, 4TO runore3a dpuaMana u B caMOM Jejie JAET YAUBHUTEIBHO TOYHOE
onucaHue Haieil BeeneHHoM.

B 1965 r. nBa amepukanckux ¢usnuka, ApHo Ilensuac u Po6epT BunbcoH, paboTaBmnx
Ha ¢upme Bell Laboratories B mt. Hbto-JI>kepcu, UCHIBITBIBAIM OYEHb YYBCTBUTEIBHBIN
«MHKPOBOJTHOBBIHNY, T. €. cBepXBbicokouacToTHBIH (CBY), nerekrop. (MUKPOBOIHBI — 3TO
TO €, UYTO W CBETOBBIC BOJIHBI, HO MX YaCTOTA BCETO JIUIIE IECITh THICSIY MUJITHOHOB BOJTH B
cexkynay). Ilemsnmac m BuIbCOH 3aMeTHIHW, YTO YpOBEHb ILIyMa, PETUCTPUPYEMOTO HX
JIETEKTOPOM, BBIIIIE, YEM JIOJDKHO OBITh. DTOT IIyM He ObUT HAMPaBICHHBIM, IPUXOISIIAM C
KaKoW-TO ompejesieHHoW cTopoHbl. CHadajga Ha3BaHHBIC MCCIIEIOBATENM OOHAPYKUIH B
JETEKTOpe TTHYUH TIOMET W TBITAIIUCh OOBACHUTH 3PPEKT IPYyruMu TpUIUHAMU
NoJOOHOTO POJIa, HO TMOTOM BCE Takue «(paKTOpwl» ObLTH MCKIoueHbl. OHU 3HAIN, YTO
Mo00M 1IyM, MpUXOAAIINii U3 atMocdephl, BCerja CUIbHEE HE TOTAa, KOrja IETEKTOp
HaIpaBJICH TPSIMO BBEPX, a KOT/Ia OH HAKJIOHEH, MOTOMY YTO ITy4d CBETa, WAYIIWE W3-3a
TOPU30HTA, MPOXOJAT Yepe3 3HAYUTEILHO OoJiee TOJICTHIE CIOM aTMochephl, YeM JIy4H,
MOTIaIafoIIMe B JETEKTOP MPSIMO CBepXy. «JIMIMIHWMKY e MIyM OJWHAKOB, Kyjaa Obl HU
HaIpaBiIATh JeTekTop. CleqoBaTeIbHO, HWCTOYHHK IIyMa JIOJDKEH HaXOJIUTHCS 3a
npenenaMu atMocdepsl. [IlyMm ObUT OIMHAKOBBIM U JTHEM, W HOYBLIO, U BOOOIIEC B TCUCHHE
rojia, HECMOTPs Ha TO YTO 3eMIIsi BpallaeTcs BOKPYT CBOEH OCH W TPOJAOIKAET CBOE
Bpamenue BOKpyr CoiHIIa. DTO 03HAYaI0, YTO MCTOYHUK HW3TYHUCHHS] HAXOIUTCS 3a
npenenamMu CoOJTHEYHOW CHCTEMBI W Jake 3a TpeaellaMu Hameid ['amakTwku, 0o B
MPOTUBHOM CJIy4ae WHTCHCHBHOCTH WM3IyUEHHUS H3MEHSIACH OBI, TTOCKOJBKY B CBSI3H C
JIBIDKEHHUEM 3eMIIM JIETEKTOP MEHSET CBOIO OopHeHTanuto. Kak MBI 3HaeM, 1Mo MyTH K HaM
U3TyYeHNe MPOXOIUT MOYTH depe3 Bcro HaOmonaemyro Beenennyto. Konb ckopo ke oHO
OJIMHAKOBO BO BCEX HAIPaBJIICHUSAX, TO, 3HAYNT, W caMa BceleHHas OIMHAKOBAa BO BCEX
HaNpaBlIeHUAX, TI0 KpaiHel Mepe B KpymHoM Maciitabe. Termeps HaM W3BECTHO, YTO, B
KakoM OBI HAIlpaBIECHUH MBI HU TIPOU3BOIWINM HAONOIEHUS, 3TOT IIYM H3MEHSIETCS HE
0oJbINe, YeM Ha OJHY JdecATUThIcIunyt0. Tak [lensuac u BunbcoH, HUUEro He T0103peBas,
TV YAUBUTEIHHO TOYHOE TIOATBEPIKIICHHE TIEPBOTO MpenonoxeHuss OpuimMmana.

[TpuOIU3UTENEHO B ATO e BpeMs JBa aMEepHUKaHCKUX (pU3UKa W3 PACIIONOXKEHHOTO TI0
cocenctry IlpuHcToHCKOTO YHUBepcuTeTa, boo Jukke u Jxum [Iubic, Toxke 3aHUMaIHCh
ucclieoBaHueM MHUKpPOBOJAH. OHU TmpoBepsuin  npeanonoxkenue Jxopmxa ['amoBa
(Ob1BIIETO YyueHuKa A. A. @punmMana) o ToM, 4To paHHAs BceneHHas Obllia O4eHb ropsyei,
TJIOTHOHW W packayneHHoi podena. Jlukke u [Tubc BBICKA3aId Ty MBICIB, 9TO MBI MOKEM
BUJIETh CBeUeHUE paHHed BcenmeHnHol, MO0 CBeT, HMCIYNIEHHBIH OYEeHL JATCKUMH €€
obrmacTaMu, Mor Obl JOWTH 10 HAc ToNbKo ceifuac. Ho u3-3a pacmmpenust Bcenennoit
KpacHOE CMEITEHUE CBETOBOIO CIEKTPA JIOJKHO OBITH TaK BEJIUKO, UTO JOUISAIINM 10 HAC
cBeT Oyner yxe MUKpoBONHOBBIM (CBY) m3nyuenuem. Jlukke u TTubic roToBWIMCH K
MIOWCKY Takoro u3nydcHus, korga [lensuac u Bunbcon, y3HaB o padote Hdukke u Tnbnca,



CO00pa3uIH, 9TO OHW €T0 Y)XXe HalmUIh. 3a 3TOT sKcrnepuMeHT [lenswac n Bunmbcon ObiTH
yaoctoensl HobGenesckoit mpemuu 1978 1. (uTo OBITIO HE COBCEM CIIPaBEIIHBO, €CIU
BcoMHUTE 0 Jlukke u [lubnce, He ToBOps yke o I'amoBe!).

[TpaBna, Ha EPBHIN B3I, TOT (PaKT, uTo BeeaenHas kaxkeTcss HaM OJJMHAKOBOM BO BCEX
HaIpaBJICHUIX, MOXKET TOBOPUTEL O KaKOM-TO BEIAEICHHOCTH HAIIETO MECTOIMONIOXKEHUS BO
Bcenennoii. B wactHOCTH, pa3 Mbl BUJIMM, YTO BCE OCTAIIbHBIC MAIAKTUKHU YIAISIOTCS OT
Hac, 3HAYUT, MBI HaxoiuMmcs B 1HeHTpe Bceenennoit. Ho ectb u apyroe oObscHeHue:
Bcenernast OyJeT BBITIISJIETh OJUHAKOBO BO BCEX HAIMPABICHUSX U B TOM CIIydae, €CIH
CMOTPETh HAa HEC W3 KAKOU-HUOYIb NPYyrod TallaKTUKU. DJTO, KaK MBI 3HAEM, BTOpas
runoreza @dpuamana. Y Hac HET HAy4YHBIX JOBOJAOB HH 33, HH TIPOTHUB HTOTO
MIPEANOIOKEHUsSA, U MBI MPUHSUIM €0, TaK cKa3aTh, U3 CKPOMHOCTH: OBITIO OBI KpaliHe
CTpaHHO, eciii ObI Beenennas kazanach OJMHAKOBOM BO BCEX HAMPABIECHUSIX TOIBKO BOKPYT
Hac, a B JIPYTUX €€ TOUKax 3Toro He 010! B mojgenu @pupamana Bce TATAKTUKY YIATSIOTCS
JIPYT OT ApyTa. ITO BpoJie OBl KaKk HAAYTHIN MapUK, Ha KOTOPBIM HAHECEHBI TOUKH, €CITH €T0
Bce OoJbIlle HAAYBaTh. PaccTosHME MeXAY TFOOBIMU IBYMS TOUKAaMH YBEIMUUBACTCS, HO HU
OJIHy U3 HWX HENb3s Ha3BaTh IEHTPOM pactuperus. [Iputom dem Oombliie paccTosHUE
MEXIy TOYKaMHU, TeM OBICTpee OHM yHaIsfoTcs npyr oT apyra. Ho u B Mmogemu ®puamana
CKOPOCTh, C KOTOPOH JIt0OBIC JIBE TATAKTHKH YAAISIOTCS APYT OT JIpyTa, MPOmopIuoHAThHA
paccTossHUIO MeXay HUMH. TakuM o6GpazoM, mojaens dpupmana mpeqckas3biBacT, UTO
KpacHOE CMEIICHUE TATAKTUKH JOIKHO OBITH MPSIMO MPOMOPLUOHATBEHO €€ YAAICHHOCTH OT
HAac, B TOYHOM COOTBETCTBHH C OTKpbITHEM Xa00ma. HecMoTps Ha ycrex 3Toi MOJIeNH 1 Ha
corjacue ee TpeAcKa3aHwi ¢ HaOmroaeHussMH Xa00ma, padbora dpuamana ocraBamgach
HEW3BECTHOW Ha 3amaje, u aumb B 1935 r. amepukanckuii ¢puszuk ['oBapa Podeprcon u
AHTIIUUCKUN MaTeMaTHuK ApTyp YOJIKep TMPeIOKUIN CXOIHBIE MOIEIH B CBSI3H C
OTKpBITHEM Xab0ma.

PACCTOAHME MEXKIY ABYMH
TATAKTHKAMHA

BOJMLUION B3PLIB BOJMBIIOE CXAONbIBAHME

BPEMSI

Puc. 3.2
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PACCTOAHHWE MEXIY ABYMSA
TATAKTHKAMMA

BOJIBIIOH B3PLIB

BPEMA

Puc. 3.3

PACCTOAHME MEAR /Y JBYMS
TATAKTHKAMKH

BOJIBLLIOK BAPLIB

BPEMA

Puc. 3.4

Cam ®puaman paccMmaTpuBal TOIBKO OJHY MOJENb, HO MOXHO yKa3zaTh TPU pa3HBIE
MOJIEIH, U1 KOTOPBIX BEITOJIHAIOTCS 00a (hyHAaMEeHTaIBHBIX Ipeanonoxkenus OpuamMana.
B monenu mepBoro Tuma (oTKpbIToM camum Opuamanom) Bcenennast pacmupsiercs
JIOCTaTOYHO MEIJIEHHO AJIA TOro, 4yToObl B CHIY IPaBUTALMOHHOIO MPUTSKEHUS] MEXKITY
PAa3IMYHBIMHA TAIAKTUKAMU pacliupeHue BceneHHON 3amMeisioch W B KOHIE KOHIIOB
npekpamanock. [locne 3Toro ramakTUKM HayMHAIOT NPUONMKATBCS IpYyr K Ipyry, U
Bcenennass HaunHaeT ckumaTtbes. Ha puc. 3.2 mokasaHo, Kak MEHSETCS CO BPEMEHEM
paccTOsAHME MEKIY ABYMs COCETHUMM TalakTUKamMu. OHO BO3pacTaeT OT HYJIA 10 HEKOETO
MaKCHMyMa, a TOTOM OIISATh MaJaeT A0 HyJs. B MOIEnu BTOpPOTO THIIA PAacIINpEHHE
BceneHHol MpoucXoauT Tak OBICTPO, UTO TPABUTAIIMOHHOC IPUTSIKCHUE XOTh U 3aMEIISICT
pacmMpeHne, He MOXKeT ero octaHoBUTh. Ha puc. 3.3 mokaszaHo, kak U3MeHsSeTCs B 3TOH
MOJIEIHN PAcCTOsIHUE MEXKIY ranakTukaMu. KpuBas BBIXOIUT W3 HYIISI, @ B KOHIIE KOHIIOB
rajakTUKHW yIAIAI0TCSA IPYT OT Apyra ¢ NOCTOSSHHOM CKOpOCThiO. ECTh, HAKOHEN, M MOJAEINb
TPETHErO TUTIA, B KOTOPOU CKOPOCTH pacliupeHusi BceaeHHol TOIbKO-TOJIBKO A0CTaTOYHA
JUISL TOTO, 9TOOBI H30€KaTh CoKATHUS 110 HYJIA (KoJutarica). B 3ToM ciiydae pacCTOIHHE MEXIY
raJlakTUKaMH TOK€ CHadaja paBHO HyNw (puc. 3.4), a IIOTOM BcCe BpEMs BO3pacTaer.
[TpaBaa, ramakTUKu «pa30eraroTcs» BCE C MEHBIIEH W MEHBIIEH CKOpPOCThIO, HO OHa
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HUKOTJIA HE TTaIacT 10 HYJIA.

Mogenr, ®puamana mepBoro TUMNA YJAUBHUTENIbHA TeM, 4TOo B Heidl Bcenennas He
OCCKOHEYHA B TIPOCTPAHCTBE, XOTS TMPOCTPAHCTBO HE WUMeeT TpaHuil. [paBuTanus
HAaCTOJIBKO CHJIBHA, UTO TPOCTPAHCTBO, WCKPUBIASACH, 3aMBIKACTCS C CaMUM COOOM,
yno004ICh 3eMHON TTOBEPXHOCTH. Benn, nepemenasch B onpeaeIeHHOM HanpaBIeHUN
M0 MOBEPXHOCTH 3€MJIM, BBl HUKOT/Ia HE HATOJIKHETECHh Ha aOCONIOTHO HEMPEOJA0IUMYHO
Mperpajy, He BLIBAIUTECH Yepe3 Kpail U B KOHIIE KOHIIOB BEPHETECH B Ty K€ CAMYIO TOUKY,
oTKyjaa BeIuM. B niepBoii mojgenu Opugimana mpocTpaHCTBO TAKOE ke, HO TOIBKO BMECTO
JIBYX HW3MCPCHUM, MOBEPXHOCTh 3eMJIH WUMEET TPU U3MEpcHHsA. UeTBepToc H3MEpCHUC,
BpeMsl, TOXXKE€ WMEET KOHCUYHYIO NPOTSKEHHOCTh, HO OHO TOJOOHO OTPE3Ky MPSIMOH,
UMerolleMy Hadajgo W KoHenl. [loToM MBI yBUAMM, YTO €CIM OONIyI0 TEOPHIO
OTHOCHUTEIIBHOCTH 00BbEIMHUTH C KBAaHTOBO-MEXaHUIECKUM TIPUHITUTIOM
HEOIPEACICHHOCTH, TO OKAXKETCS, YTO U TIPOCTPAHCTBO, U BPEMS MOT'YT OBITH KOHECUHBIMH,
HE UMES TIPU ITOM HU KpaeB, HU TPAHUIL.

MpbICIb O TOM, YTO MOXHO OOOWTHM BOKPYT BceneHHOU M BEepHYTHCS B TO XK€ MECTO,
TOJAUTCS JIJIS HAayIHOM (DAHTACTUKHW, HO HE WUMEET MPAKTHUECKOro 3HAa4YeHUs, ub0, Kak
MOXHO TIOKa3aTh, BcejeHHas ycreeT cXaThes J0 HYJS JI0 OKOHUaHUs 00xoga. YUToOwI
BEpHYTbCS B HCXOJHYH TOYKY A0 HACTyIUIeHMS KOHLAa BceneHHOW, Npumuiochk OBl
MIEPEIBUTATLCS CO CKOPOCTHIO, MPEBBIMIAOMIIEH CKOPOCThL CBETA, 4 3TO HEBO3MOXKHO!

B mnepBoit Mmogenmn ®dpuamana (B kortopoil BcerleHHas pacmupsieTcs W CKUMAaeTCs)
IIPOCTPAHCTBO UCKPUBIIAETCS, 3aMBIKAsICh CaMO Ha ce0s, Kak MoBepXHOCTh 3eMiu. [loaTomy
pasMepbl ero KoHeuHbl. Bo BTOpol ke Moaend, B KoTopoll BceneHHas pacuiupsercs
OECKOHEYHO, TIPOCTPAHCTBO UCKPUBIECHO MHAYE, KaK MOBEPXHOCTD celna. TakuMm oOpazom,
BO BTOPOM clTydae MpocTpancTBo ObeckoneuHo. Hakoner, B Tpetbeit mogenn dpunmana (c
KPUTHYECKON CKOPOCTBIO PACIIMPEHUs) IPOCTPAHCTBO TUIOCKOE (M, CIIe0BATEILHO, TOXE
OECKOHEYHOe).

Ho xakas ke u3 mozaeneit @puamana roaures ans Hamed Beenennoii? [lepecraner num
Bcenennas HakoHEIl PacIIUPATHECS W HAYHET CXKUMATLCS WM K€ OyIeT pacuupsThes
BeyHO? YTOOBI OTBETUTH Ha 3TOT BOIIPOC, HY’KHO 3HATh HEIHEIIHIOIO CKOPOCTH PACIIUPEHU
BcenenHoii u ee CpeAHIO IUIOTHOCTh. ECIM  IUIOTHOCTH MEHBIIE HEKOTOPOTO
KPUTUYECKOTO 3HAYEHMs, 3aBUCAIIETO OT CKOPOCTH PACHIUPEHMs, TO TPABUTALMOHHOE
MPUTSHKEHUE OYACT CIUIIKOM Majo, YTOOBI OCTAHOBUTH paciiuperue. Eciu ke MmIoTHOCTh
OoJbIIIe KPUTHIECKOH, TO B KaKOW-TO MOMEHT B OyAYIIeM H3-3a TPaBUTAIMH PACIIApEHHUE
Bcenennoi npekpaTuTcs U HaUHETCS CXKaTHe.

CerogHAIIHIOW CKOPOCTh pacliupeHus BceneHHON MOXXHO ONpeNeNnuTh, u3Mepss (1o
apdexty Jlommepa) ckopocTH yaaldcHHWS OT HAc APYTUX TalaKTHK. Takue W3MCpCHUS
MOXHO BBIMOIHUTH OYEHb TOYHO. Ho paccTosHus A0 Jpyrux ralakTUK HaM TI0XO
WU3BECTHBI, MMOTOMY YTO MX HENb3s U3MEPUTh HEMOCPEACTBEHHO. MBI 3HAaeM JHlllb, YTO
Bcenennas pacmmipsgeTcs 3a KakAyr ThICIdy MWUIMOHOB jeT Ha 5-10%. Opnnako
HEONPENIEICHHOCTh B COBPEMEHHOM 3HAUYEHMM CpelHel MIoTHOCTH BceneHHol ere
ooxnpie. Eciu cnoskuTh Macchl BceX HaOIOIaeMbIX 3Be3/ B HaIllel U IPYTUX TalaKTHKAX,
TO JaXe MpU caMoll HU3KON OIlEHKE CKOPOCTH PacHIMpeHHs CyMMa OKaKeTcs MEHbIIE

AN



OHOW COTOW TOW TUIOTHOCTH, KOTOpas HeoOXogwMa st TOTo, UTOOBI pacUTUpeHre
Bceenennoil npekpatunock. OIHAKO U B Hallel, U B APYTUX TallaKTHKaX JOJKHO OBIThH
MHOI'0 TEMHOW MaTepUH, KOTOPYIO HENB3sl BUIETh HEMTOCPEACTBEHHO, HO O CYIIECTBOBAHUU
KOTOpPOUW MBI y3HAaeM M0 TOMY, KaK €€ rPpaBUTAMOHHOE MPUTSKEHHUE BIUSET HAa OpOMTHI
3Be3]l B TajlakTHKax. Kpome TOro, TamakTUKM B OCHOBHOM HaOJIOHAIOTCS B BHIE
CKOTUICHWH, ¥ MBI MOXEM AaHAJIOTHMYHBEIM 00pa3oM clelaTh BBIBOJI O HAJIMYMU eIle
00JIBIIEro KOMMYEeCTBa MEXKTalaKTHUECKONH TEMHOM MaTepuu BHYTPH 3THX CKOIUJICHWH,
BIIMSIIONIETO Ha JBUKEHUE ranakTuK. CI0KHMB MacCy BCEM TEMHON MAaTEpHUM, MbI MTOIYyUYUM
JUIIL OAHY JECATYI0 TOTO KOJMYECTBAa, KOTOPOE HEOOXOIUMO IS MpeKpalieHus
pacmupenns. Ho Henb3s UCKIFOYUTH BO3MOKHOCTH CYIIECTBOBAHHUS U KaKOW-TO JIPYTOH
dbopMBI MaTepuH, pacHpeAcicHHOW paBHOMEpHO TO Bcedt Bceenennolt u emre He
3aperucTpUpOBAHHON, KOTOpas Moria Obl TOBECTU CPEAHIOI MIOTHOCTH BeeneHHOW a0
KPUTHYECKOTO 3HAYEHUsA, HEOOXOAUMOTro, 4YTOOBI OCTAaHOBUTH paciiuperue. Takum
oOpa3zoM, HUMEIOIHECSs JaHHbIE TOBOPAT O TOM, 4TO BceneHHas, BEposTHO, OyaeT
pactupsThes BeuHo. ETUHCTBEHHOE, B YeM MOXHO OBITh COBEPIIICHHO YBEPCHHBIM, TaK 3TO
B TOM, YTO €CITU CKaThe BceneHHoM Bce-Taku MPOU30MIET, TO HUKAK HE PaHbIIe, 4eM Yepe3
JIECSITh ThICSIY MWJJIMOHOB JIeT, MO0 MO KpailHEel Mepe CTONBbKO BPEMEHHM OHa YXKe
pacmpserca. Ho 3To He T0JKHO HAC CIMIIKOM CUIIBHO TPEBOKHTH: K TOMY BPEMEHH, €CIIN
MBI HE TIepecenuMcs 3a npeaesbl COTHEeYHOW CHCTEMBI, HEIIOBEYECTBA JIaBHO YKe He OyeT
— oHo yracHeT BMecTe ¢ ConHiem!

Bce BapuanThl Mosienu @puamMana IMEIOT TO 00I1Iee, YTO B KAKOM-TO MOMEHT BPEMEHH B
TIPOIIIIIOM (JIECSATh-ABAIATh THICSY MUJITMOHOB JIET Ha3aJ) pacCTOSHUE MEXKIY COCECITHUMHM
raJakTHKaMU JIOJGKHO OBLIO pPaBHATHCA HYITIO. B 3TOT MOMEHT, KOTOpBIA Ha3bIBACTCH
OOJTLIITUM B3PBIBOM, TIOTHOCTH BCelleHHOW W KpUBU3HA TIPOCTPAHCTBA-BPEMEHU JIOJIKHEI
OBIIIH OBITH O€CKOHEUHBIMM.

[TockombKy MaTeMaTHKH pealbHO HE yMEIT o0pamatbes ¢ 0SCKOHEYHO OONBIIMMU
BEeJIMYHHAMH, 7TO 03HAYAET, UTO, COINIACHO OOMIeH TEOPUH OTHOCHTEIBLHOCTH (Ha KOTOPOM
ocHoBaHHI penenus Opunmana), Bo BeenenHoil JomkHa OBITH TOYKA, B KOTOPOUM caMa 3Ta
TEOpHsi HempuMeHMMa. Takas TOuka B MaTeMaTUKE Ha3bIBaeTCs 0CO0O0H (CHHTYISIPHOM).
Bce Hamm HayyHbIE TEOPUH OCHOBAHBLI HAa TMPEATIONOXKEHUH, UYTO MPOCTPAHCTBO-BPEMS
TJIaJIKOC W TIOYTH TUIOCKOE, a TOTOMY BC€ 3TH TCOPHUH HEBEPHBI B CHHTYISAPHOM TOYKE
OOJIBIIOTO  B3pBEIBA, B KOTOPOH KPHUBHM3HA IIPOCTPAaHCTBA-BpeMEHH OECKOHEUHA.
CrnenoBaTenabHO, JaXke eclM Obl Tiepe/l OONBIIMM B3PBIBOM MPOUCXOIUIN KaKUe-HUOYIh
COOBITHS, 10 HUM HEIb3sl ObLIIO OBl CIPOTHO3UPOBATHL OYYIIEee, TaK KaK B TOUKE OOINbILIOTrO
B3pPbIBA BO3MOKHOCTH TIPEACKA3aHUS CBEINCH Obl K Hyt0. TOYHO Tak ke, 3Has TOJBKO TO,
qTO TIPOU3OIILIO TTOCIIE OOIBITIOTO B3PHIBA (2 MBI 3HAEM TOJIBKO ATO), MBI HE CMOKEM Y3HATh,
YTO IIPOMUCXOIUIO J0 Hero. CoOBITHS, KOTOpPHIE IPOW3OILINA J0 OOJIBIIOTO B3pBIBA, HE
MOTYyT HWMETh HHUKAKHX IIOCIEACTBUI, Kacaroluuxcs Hac, U TMOITOMY HE JOJDKHBI
¢urypupoBath B HayuyHOU Mojnienu Beenennoii. CnenoBaTenbHO, HY>KHO UCKITIOYUTh UX U3
MOJIEIU U CUUTATh HAYAJIOM OTCYETa BPEMEHU MOMEHT OOJIBLIIIOro B3phIBA.

MBICIIb O TOM, YTO Y BpEMEHU OBLIIO Hayaio, MHOTUM HE HPaBUTCS, BOBMOXHO, TEM, UTO B
Hell ecTh HaMeK Ha BMEIaTeldbCTBO OoXKecTBeHHBbIX cuil. (B To ke BpeMsa 3a Monenb
Oompmoro B3peIBa yxBatunack Karomumueckas IlepxkoBs m B 1951 1. odwunmansHO
IIPOBO3TIIACHIIA, YTO MOJIEHE OOJIBIIOTO B3pBIBa coriacyerca ¢ bubmnmeit). B csa3u ¢ atum
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W3BECTHO HECKOIIBKO TIOMBITOK 000UTHCE 6€3 60IbIIoro B3peBa. Hanbomsimyto moaaepxKy
moTyuyuia Mojenb cTaiuoHapHoil Beenennoit. Ee aBropamu B 1948 1. 6111 X. bonnu u T.
lNoyna, GexaBiive U3 OKKyNMUpPOBaHHOW HanucTamMu ABcTpuM, u anrnuuanun . Xoiin,
KOTOPBI BO BpeMs BOMHBI padoTan ¢ HUMHU Haja npobiemoil paguonokanuu. Ux upes
COCTOSJIa B TOM, YTO 110 MEPE pa30EeraHus raJlakTUK Ha 0CBOOOIUBIINXCA MECTaX U3 HOBOTO
HEMPEPLIBHO POKIAIONIETOCS BENIeCTBA BCe BpeMsl 00pa3yroTcs HOBBIE TaJaKTHKU.
CrnenoBarensHO, BeeneHHas DOMKHA BBITISOETH MPUMEPHO OJWHAKOBO BO BCE MOMEHTEI
BPEMEHM W BO BCEX TOYKAX MPOCTpaHCTBA. KOHEUHO, /IS HENMPEPHLIBHOTO «TBOPEHMUSI»
BeIlleCTBA TpeOOBaach HEKOTOPAst MOAU(DUKAIIUS TEOPUH OTHOCUTEILHOCTH, HO HYXHas
CKOPOCTh TBOPEHHUS OKA3bIBAJIACh CTOh MAJIOH (0JHA YACTHUIIA HA KyOUYECKUH KUIIOMETp B
roJ), 9YTO HE BOZHUKAJIO HUKAKUX MPOTUBOPEIUH C SKCIiepuMeHToM. CTalnoHapHas MoAeNb
— 3TO NIpUMEpP XOPOIIEH HAYYHOW TEOPUHU B CMBICIE KPUTEPHUEB TIIaBbl 1: OHa MpocTas u
JlaeT olpeJeleHHble TMpeacKa3aHusi, KOTOPbIE MOXXHO TPOBEPSATH ITyTeM HaOIOACHUM.
OpaHo U3 ee MpeJIcKa3aHui TAKOBO: JIOJKHO OBITH TTOCTOSIHHBIM YUCJIO TANAKTHK U JAPYTHX
AHAOTUYHBIX 00BCKTOB B JIFOOOM 3aJJaHHOM 00BEME TMPOCTPAHCTBA HE3ABUCUMO OT TOTO,
korja u rae Bo Beenennoit mpoussoastes HadmoneHus. B xonie 50-x-nauane 60-x rooB
acTpoHoMbI 13 KeMOpuIKCKOTo YyHUBEpCUTETa IO/ pyKoBOoiIcTBOM M. Paiina (koTopslii BO
BpeMst BoMHBI BMecTe ¢ bonau, Toynmgom m Xolnom Toke 3aHMMancs pa3paboTKoi
paIMOIIOKAITMHA) COCTABWIJIM KAaTajor UCTOYHUKOB PAJIMOBOIIH, TPUXOASIIUX U3 BHEIIHETO
MPOCTPAHCTBA. IJTa KEMOpHUKCKas Tpylma Tokasana, 4YTo OOoJbINas dYacTb JTHX
PaJIMOUCTOYHUKOB JIOJKHA HAXOAUTHCS BHE Hallel I"anakTuku (MHOTHE UCTOYHUKU MOXKHO
OBIIIO OTOXXAECTBUTH JaXxe C JPYTMMHM TaJaKTHKaMH) W, KpOMe TOro, 4YTO CcHalbIxX
WUCTOYHUKOB TOpazno Oomblie, 4eM CHIBHBIX. Cla0ble NCTOYHMKH WHTEPIPETHPOBAIINCH
Kak OoJiee yIalleHHbIE, a CHIIbHBIC — KaK Te, 9T0 HaxoasTcs Ommke. Jlanee, okazamoch, 94To
qUCI0 OOBIUHBIX UCTOYHHWKOB B €JIMHHIIE 00heMa B YJaJeHHBIX 00JACTAX OOJBINE, YeM
BOIM3U. DTO MOITO O3HA4aTh, YTO MBI HaXOJMMCS B IIEHTPE OIPOMHOM 001acTu
BceneHHoili, B KOTOPOl MEHbLIIE UCTOYHUKOB, YeM B JIpyrux Mectax. Ho, BO3MOKHO, ObLI10
U Jpyroe OOBACHEHWE: B TPOILILIOM, KOTrJa pPaJMOBOJHBI HAdalld CBOM MyTh K Ham,
UCTOYHUKOB ObUIO Oosbiie, dYeMm cedgac. O0a 3TH  OOBICHEHWS TPOTHBOpPEUAT
NpeICKa3aHusIM TEeOpUM cranuoHapHoM Bceenennoii. Kpome TOro, MHUKpOBOIHOBOE
n3nydeHue, obHapyxkenHoe B 1965 r. Ilensmacom m BuibcoHOM, ToXke yKa3bIBajlo Ha
OOJNBITYIO0 TNIOTHOCTH BcelneHHON B MpOIINIOM, W MOATOMY OT MOJIENH CTAallMOHAPHOU
BceneHHol mpunuiocsk 0TKa3aThCesl.

B 1963 r. aBa coerckux ¢uzuka, E. M. JIudmmun u M. M. XanaTHHUKOB, cAeiald eIie
OJIHY TIONBITKY HMCKIIOYHUTH OONBIION B3pHIB, a ¢ HUM W Haydalo BpeMeHH. Jludmmil u
XanaTHUKOB BBICKA3aJdd MPEANOI0KEHUE, UTO OONBIIOW B3PbIB — OCOOEHHOCTH JIUIIb
moxeneli Opuamana, KOTOphIE B KOHIIE KOHIIOB JAFOT JIMING TPHOTHKEHHOE OIMMCAHWE
peanbHolt Bcenennon. He wuckmoyeHO, 9TO W3 BCeX MOJEIEH, B KaKOM-TO MeEpe
OTUCHIBAIONINX CYIIECTBYIONYI0 BeeneHHyto, CUHTYISIPHOCTh B TOUKE OOJBIIOTO B3phIBa
BO3HUKaET TONLKO B Moaensix Opunmana. Cornacno @puamMany, BCe ralakKTUKK YIANSOTCA
B MPSIMOM HAIPABICHUU IPYT OT IPYra, U MO3TOMY BCE OHH HAXOJUIUCH B OJHOM MECTE.
OnHaxo B peanbHO CYIIECTBYIOMIEH BeeleHHolM ralakTHKU HUKOTA HE PACXOASTCS TOYHO
Mo TMpsSMOH: OOBIYHO y HHX €CTh eIle W HEOOJBINHE COCTABJISIONIHE CKOPOCTH,
HarpaBlIeHHBIE IO yriaoM. [loaToMy Ha caMOM Jienie ranakTUKaM HE HY:KHO HaXOJIUTHCS
TOYHO B OJTHOM MECT€ — J0CTATOYHO, YTOOBI OHU OBbLIM PACIIONOKEHBI OYeHb OIIU3KO APYT
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K napyry. Torma HEIHEmHsS pacluupsromiasics BceneHHas Moria BO3HMKHYTH HE B
CHUHTYJSPHOM TOUKe OONBIIOrO B3pBIBA, 2 Ha KaKOM-HUOYOs Oonee paHHEW (aze cxaTus;
MOXET ObITh, MPU CKAaTUKW BceneHHOW CTONKHYIUCH JIPYr C APYrOM HE BCE YaCTHIIbI.
Kakasi-to monst ux Moria mposieTeTb MEUMO JpYyr JIpyra U CHOBa Pa3OMTUCh B pa3HBIE
CTOPOHBI, B pe3ylbTaTe€ 4Yero M TPOUCXOAUT HalNrogacMoe ceHdac paciupeHue
Bceenennoit. Kak Torma ompenenuTs, ObIT TH HavaloM BceleHHON OONBIION B3PHIB?
JIndpmun 1 XanaTHUKOB 3aHAINCL U3yUEeHUEM MOZeNel, KOTOpEIE B 00MMX yepTax OBbIIN
Obl Moxoxu Ha mojenu PpuaMana, HO OTIMYAIUCH OT (QPUAMAHOBCKUX TEM, YTO B HUX
YUYUTBIBAIUCH HEPETYISIPHOCTH M CIIYYaHBIM XapaKTeP pealbHbIX CKOPOCTEN ralakTUK BO
Bceenennoii. B pesynbrate JIudmmn n XamaTHUKOB TTOKa3aiM, YTO B TaKUX MOMIEINAX
OOJBIION B3PHIB MOT OBITH HauanoM BcernmeHHOMN Jaxe B TOM cilydae, €clid TATaKTUKU He
Bcerjaa pasOeraroTcss Mo TPAMOM, MO 3TO MOTJIO BBIMOJNHATHCA UMb AN OYEHb
OTPAHUYEHHOI0 Kpyra MOJIETIeld, B KOTOPBIX JBUKEHHE TalaKTUK [POUCXOAUT
onpeneneHHbM  obpaszoMm. ITlockonmbky ke Mojeneidt  (pUAMAHOBCKOTO THTA, HE
coJiepKammx OOJBIION B3phIB, 6ECKOHEUHO OOJBIIE, YeM TEX, KOTOPBIC COJEepXkKaT TaKylo
CUHTYISPHOCTD, JIndmun u XanaTHUKOB yTBepKJIalld, YTO Ha caMOM Jelie OONBIIoro
B3phIBa HE OblT0. OOHAKO MO3/HEE OHM HAIIM Topasjao Ooinee oOmmMil Knacc Mojeneu
(GpUIMaHOBCKOTO THIA, KOTOPBIE COAEPKAT CHUHTYJISAPHOCTH M B KOTOPBIX BOBCE HE
TpeOyeTcst, 9TOOBI TaTaKTUKH JIBUTAIMCH KaKUM-TO 0coObIM 0Opazom. TTostomy B 1970 1.
JIudrmum n XanaTHUKOB 0TKa3aJIUCh OT CBOEH TEOPHH.

Tem He MeHee X paboTa MMeNna OYeHb BaKHOE 3HAUCHHE, M0O TTOKa3ala, 4To €CIv BepHa
o0Imast Teopusi OTHOCUTENBHOCTH, TO Bcenennas Moria nMeTh 0coOyI0 TOUKY, OOJBITON
B3pbIB. Ho 3Ta paboTa He naBaja oTBETa HA TIIABHBINA BOTIPOC: CIIEYET I W3 00MIeH Teopun
OTHOCHUTEIIBHOCTH, UTO y BeeneHHol JTomKHO OBITO OBITE HAadalo BPEeMEHU — OOIBIIOH
B3pbIB? OTBET Ha H3TOT BOMPOC OBLT MOMYy4YEH MPU COBEPIIEHHO JIPYroM NOAXOIE,
npennokeHHoM B 1965 r. aHrmmiickuM matemMaTHKoM u ¢puzukom Pomxrepom Tlernpoyzom.
Ucxoas u3 MOBEICHUS CBETOBEIX KOHYCOB B OOMICH TEOPHH OTHOCHTEIHLHOCTH U TOTO, UTO
TpaBUTAIIMOHHBIE CHJIBI BCETAA SBISIIOTCS CUJIAMU TIPUTSHKEHMS, [IeHpoy3 mokazai, 9To
Korga 3Be3Ja CHKUMaercs I0f JelcTBUeM COOCTBEHHBIX CHJ TpaBUTAllUU, OHA
OTpaHUYUBAETCS 00IACTHIO, MOBEPXHOCTh KOTOPOU B KOHIIE KOHITOB CXKMMAETCS 10 HyIs. A
pa3 MOBEPXHOCTH 3TOM 00IIaCTU CKUMAETCS JI0 HYIIS, TO XK€ CaMOe JOIKHO MPOUCXOAUTD U
c eec obbremMom. Bce BemecTBO 3Be3abl OyAeT cXkaro B HYJIEBOM OObEME, Tak HYTO €€
TJIOTHOCTEL W KPUBHU3HA MPOCTPAHCTBA-BPEMEHH CTaHYT OECKOHEUHBIMH. VIHBIME CITOBaMH,
BO3HUKHET CHHTYISIPHOCTH B HEKOEH 00JacTH MpOCTpaHCTBAa-BPEMEHU, Ha3bIBaemas
YEpHOU JIBIPOM.

Ha nmepswrit B3rs1, 3Ta Teopema [leHpoy3a OTHOCUTCS TOJIBKO K 3BE3laM: B HEM HUYETO
He TOBOPUTCS O TOM, HCIIBITala U BcsAg BceeneHHas B mpomuuioM Ooiblnoi B3pheIB. B To
Bpemsi, koraa Ilenpoy3 gokazan cBoro Teopemy, s, OyayYd acHUPaHTOM, OTYASHHO MCKal
KaKylo-HUOYIb 3a/1auyy, 4yTOOBl 3alUTUTL AUCCEPTAlWi0. 3a JABa rojia J0 ATOro Bpadu
MTOCTAaBUIIN MHE JTUAaTrHO3 «O00KOBOM aMHOTpoUUECKHI CKIIEpO3», UM MOTOPHAs OOJIE3HB
HEHPOHOB, W Jadu TMOHATH, UTO sI MPOTSHY HEe OoNblle OJHOTO-ABYX JeT. IIpu Takux
00CTOSATEIbCTBAX HE OBLIO 0co0oro cMmpiciia paboTaTh Haj AUccepTaiiei, nOo s He
HaJiesyIcs JIOKUTh JIo ee 3aBepiieHus. Ho mponio aBa rojga, a Xy»ke MHE He cTano. Mou
JieTia 1IJIU TIPEKPACHO, U 51 ObLJT TTIOMOJIBIIEH ¢ 04apOBATENIbHOM JIEBYITKOM 110 uMenu J[xelin
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Vating. JIns xeHUTHLOBI MHe TpeOoBalach paboTa, a 9TOOBI ee TONy4IUTh, Hy)XKHa OBIIa
JOKTOPCKAsT CTETICHb.

B 1965 r. s npouutan o reopeme [lenpoysa, coriiacHo KOTOpoii 10doe Teno B Mpolecce
TPAaBUTAIIMOHHOTO KOJIJIATica JOMKHO B KOHIIC KOHIIOB CXKAThCS B CUHTYJSIPHYIO TOUKY.
Bcekope g monsan, uto ecnu B TeopeMe [leHpoy3a W3MEHWTH HampaBliIeHHE BPEeMEHHU Ha
obparHoe, Tak, 9TOObI CKaTHE MEPEIIO B PACIIMPEHHE, TO 3Ta TeopeMa Toke OyAeT BepHa,
KoJb cKopo Bcenennast ceifuac XoTsi Obl Tpy0OO MPUONMKEHHO OMUCHLIBACTCS B KPYITHOM
Macitade Mogenbto Opuamana. ITo teopeme TleHpoy3a KOHEYHBIM COCTOSTHHUEM IFOOOH
KOJITATICHPYIOMIEH 3BE3/bI TOJKHA OBITh CHHTYJISIPHOCTD; TIPU OOpalIcHUH BPECMCHU HTa
TeopemMa YTBEpPXKAAeT, 4YTO B JIHOOOM Moaenu ¢PUAMAHOBCKOTO THUIIA HAYAILHBIM
COCTOSIHUEM paciupsionieiicss BceneHHoM Toxke MOMKHA OBITH CHHTYISApHOCTH. [lo
COOOpaKEHUAM TEXHMUECKOT0 XapakTepa B Teopemy IleHpoy3a Obuio BBEJIEHO B Ka4ECTBE
ycioBus TpeboBaHue, uToObl Beenennas Obuta 6eckoHeuHa B npocTpaHcTBe. [losTomy Ha
OCHOBAaHHUU HTOM TEOpPEeMBI s MOT J0Ka3aTh JIMIIhL, YTO CHHTYISPHOCTH JIOJDKHA
CYIIIECTBOBATh, €CIIH paclIupeHne BeeneHHol MPOUCXOAUT JOCTATOYHO OBICTPO, YTOOBI HE
HavyaJoCh MOBTOPHOE CXaTHhe (MO0 TOILKO Takue QPpUIMaHOBCKUE MOJEIN OSCKOHEYHBI B
MPOCTPAHCTRE).

[ToToM s HECKONIBKO NET pa3pabaThiBal HOBBEIH MaTEMAaTHYECKHUU ammapaT, KOTOPHIN
MO3BONMMJI OBl yCTPAaHUTH 53TO W JPyrde TEXHUYCCKHUE YCIOBUS U3 TEOPEMBI O
HeoOXoauMocTh cuHrynsgpHoctd. B utore B 1970 1. Mel ¢ Ilenpoy3oM Hammcamu
COBMECTHYHO CTaThI0, B KOTOPOW HAaKOHEIl J0Ka3ajH, UTO CHHTYJSpHAsS TOYKa OOIBITOTO
B3pBEIBA JIOJDKHA CYIIECTBOBATH, OMUPAsACh TOJIBKO HAa TO, YTO BepHA OO0IMas TEOpHs
OTHOCUTEIIBHOCTH U YTO BO BcCeleHHON CONEp>KUTCS CTOINBKO BELIECTBA, CKOJILKO MBI
BuauM. Hamia paGota BbI3Bala Maccy BO3pPaKEHHU, YACTUYHO CO CTOPOHBI COBETCKUX
YYEHBIX, KOTOpPhIC W3-3a MPUBEPKEHHOCTH MAapKCUCTCKOU (uIocodhnum BEPHIIA B HAYIHBIH
JETEPMUHU3M, a YAaCTUYHO U CO CTOPOHBI T€X, KTO HE IMpHUHUMAT caMy HJIEH0
CHUHTYJISIPHOCTEN KaK HapyLIAKIIyIo KpacoTy Teopum JiHIITeiHa. Ho ¢ MatemaTtnueckoi
TEOPEMOU HE OUYEHB MOCIIOPUIIH, U TO3TOMY, KOor/la paboTa Oblia 3aKOHYEHA, €€ MPUHAIN, U
ceifyac MOYTH BCE CUMTAIOT, uTo BeeneHHas Bo3HMKIA B 0c000# TOUKe OONBIIOr0 B3PhIBA.
[To wpornu cynpOBI MOM TIPEICTABICHUS W3MEHWIIMCH, W TEMEph s MHITAIOCH yOEIUTh
(W3UKOB B TOM, UTO Ha CAMOM JIeJIe TIPH 3apokIeHNN BcelleHHOM HIUKaKoH 0co00H TOUKH
He ObuT0. B cremyiomumx TiiaBax f MOKaxy, 4TO IPU yuyeTe KBAHTOBBIX 3(PheKToB
CHUHTYJISIPHOCTH MOYKET UCUE3HYTh.

B 3T01i rmaBe MBI BUJIENH, KAK MEHEE YEM 3a TIOJICTONETHUS U3MEHUINCH TTPEICTABICHUS
moJiel o Tpupoje, GopMHupoBaBIIMECS HE OJHY THICATY JeT. Hadamo 3THM M3MeHEeHUIM
TIOJIOKHIIM OTKpBITOE Xa00ioM paciipenne BeeaeHHOM M co3HaHHE HE3HAYNUTEIBHOCTH
Haleii coOCTBEHHOU MIaHeTHl Cpeay OrpoMHBIX pocTopoB Beenennoii. ITo mepe Toro kak
MHOXHJITUCH SKCTIEPUMEHTAIILHBIC U TEOPETHUECKUE PE3YNIbTaThl, CTAHOBUIOCH BCe 0olee
sCHO, 9TO0 y BcenenHo# momxHO OBITH Hadano Bo BpeMeHHW. Hakowerr B 1970 1. MBI C
ITerpoy3oM J0Ka3aau 3TO, UCXOAS M3 OOINEH TCOpPHH OTHOCHUTEILHOCTH DHHIITEeHHA. U3
HaIlleTo JIoKa3aTedhCTBa CIe/IoBalIo, UTO O0IIas Teophs OTHOCUTEIBLHOCTH TpeJICTaBIsICT
c0001i HEeTOIHYIO TEOPUIO; B HEM HET OTBETA Ha BOTIPOC, Kak Bo3HUKIA Beenennas, motomy
9TO, COTJIACHO TEOPUH OTHOCUTEIILHOCTH, BCE (U3UUECKUE TEOPUH, B UX YHCJIE U OHA cama,
HapymiaroTCs B TOYKC BO3HUKHOBeHUs Bceenennoit. Opnako oOmas Teopus

AN



OTHOCUTEIIBHOCTH U HE TIPETEHIYET Ha POIb MOJTHON TEOPUU: TEOPEMBI O CHHTYISIPHOCTH
Ha caMOM €€ YTBEPXKIArT JHIIb, YTO HAa HEKOCH OYEeHb paHHEH CTaauu pPa3BUTHSA
pa3sMepbl BceneHHOM OBIIM OYE€Hb Majbl, HACTOJIBKO, YTO TOTJIa MOINIM OBLITH BEChbMa
CYILIECTBEHHbIMU MeEJKOMacIITa0Hble 3((EKTh, KOTOPbIMU 3aHUMAETCS YXKe€ Iapyras
BeyMUaimas teopus XX BeKa — KBaHTOBas MeXaHuka. Mtak, B Hagaie 70-X roloB HaM
MIPUIIIIIOCH B CBOMX HMCCIEIOBAHUAX BceleHHON MEepeKITIOYUTHECS ¢ TEOPUU YpPE3BBIUAITHO
OOJBIIOTO HAa TEOPUIO KpaifHe Majoro. DToW TeopuM, KBAHTOBOM MeXaHUKe, Oymer
TOCBSIICHA CIEAYIOIas TJIaBa, a 3aTeM MBI TlepeHeM K 00CYKJICHUIO TOTO, KaK 3TH JIBE
YaCTHBIE TCOPUH MOKHO ObLIO OBl O0BEIMHUTH B €IMHYIO0 KBAHTOBYIO TCOPHIO TPaBUTAIIUH.

AN



4. IPUHOUII HEONNPEAEJIEHHOCTU

[Ton BIUsHUEM ycleXa HAYYHBIX TEOPU, 0COOEHHO HBIOTOHOBCKOM TEOPUU TATOTEHUS,
y dpanmysckoro yueHoro Ilbepa Jlammaca B Hauanme XIX B. BeIpaboTajics B3rsiA Ha
Bceenennyto kKak Ha TIONHOCTBIO JACTEPMUHUPOBAHHBIM 00bekT. Jlammac momaran, 49To
JOJIKEH CYIIECTBOBAThL HA00p HAYYHBIX 3aKOHOB, KOTOPBIE MO3BOJISLIIN OBl MpeCcKa3aTh BCe,
4TO MOET MpOu30iTH BO BceneHHOW, ecnu TONBbKO W3BECTHO TIONHOE OMHUCAHUE €e
COCTOSIHUSI B KaKOW-TO MOMEHT BpemeHH. Hanpumep, ecnu Obl Mbl 3HANM TMOJOKEHUS
ConHIla ¥ TUIAHET, OTBEYAIONINE KAaKOMY-TO MOMEHTY BPEMEHH, TO C MOMOIILI0 3aKOHOB
HrroToHa MBI MOTJIIM OBl BBIYUCIUTH, B KaKOM COCTOSHMM oOKa3zanach Obl CollHeuHas
cucTeMa B 00O Mpyroli MOMEHT BpeMeHH. B JaHHOM cilydae JeTepMUHH3M JOBOILHO
odeBHIcH, HO Jlammac moteln Janblie, yTBepKaas, 4To CyIIeCTBYIOT aHaTIOTUYHBIC 3aKOHBI
JI7Isl BCETO, B TOM YMCJIE W JIJIs TIOBEICHUS YEIOBEKA.

JIOKTpWHA HAyIHOTO JIETSPMHHHW3IMA BCTPETHIIA CHIIBHOE COTPOTHBICHHE CO CTOPOHEI
MHOTHX, NOYYBCTBOBABIINX, YTO 3TUM OFPaHUYMBACTCS CBOOOJIHOE BMEIIATEILCTBO bora B
HaIll MUP; TEM HE MEHEee 3Ta UJesl OCTaBaach OOBIYHON HAYYHOH THIIOTE30% €IIe B CaMOM
Havayie Hamiero Beka. OIHUM W3 TICPBBIX YKa3aHWM Ha HEOOXOAWUMOCTH OTKa3a oOT
JEeTEPMUHU3MA CTaTW Pe3yIbTaThl PacUeTOB JIBYX aHTIIMHCKUX (GU3NKOB, /[oHa Pames u
xetiMca JIbkuHCa, U3 KOTOPBIX CAEO0BATO, UTO TOPSUHil 0OBEKT THIIA 3BE31BI JOLDKECH BCE
BpeMsl U3Iy4aTh O€CKOHEUHO O0nbInyro sHepruto. COTilacHO M3BECTHBIM TOT/a 3aKOHAM,
ropsaee TEIo JOJHKHO B PABHOM Mepe M3JIydaTh 3JICKTPOMATHUTHBIC BOJIHBI BCEX HaCTOT
(HampuMep, paJMOBOJHEL, BUIAUMBIM CBET, PEHTTEHOBCKOE M3TyUeHHUE). DTO 03HAYACT, UTO
JOJDKHO H3IIY4YaThbes OJWHAKOBOE KOJIHYESCTBO AHEPIHMH W B BHJC BOJIH C YaCTOTAMH OT
0JIHOT'O JI0 ABYX MUJUTMOHOB MUJITHOHOB BOJIH B CEKYHIY, U B BHJIE BOJH, YaCTOTHI KOTOPBIX
HaXOJsTCS B MHTEpPBAlC OT JABYX OO TPEX MILIMOHOB MWJUIMOHOB BONH B CEKyHIYy. A
MTOCKOJIBKY Pa3HBIX YaCTOT OCCKOHECTHO MHOTO, TOJTHAS U3IydaeMast SHEPrus JoJKHa ObITh
0ECKOHEUYHOIA.

YToObI N30aBUTKLCS OT 3TOTO IBHO aOCYpAHOTO BBIBOAA, HEMENKMI yueHbll Makc [nank
B 1900 r. npuHsI TUTIOTE3Y, COTJACHO KOTOPOU CBET, PEHTIEHOBCKUE JIYUU U IPYTUE BOJIHBI
HE MOT'YT UCITYCKAaThCS C MPOU3BOIIBHOM MHTEHCUBHOCTBIO, & JOJKHBI UCITYCKATHCS TOJIBKO
HEKUMU TopuusaMu, kotopseie [[mank nazpan kBantamu. Kpome toro, Ilnank mpeamnonoxumn,
YTO KaXKJblil KBAHT M3ITYUYEHUSI HECET OMPECICHHOE KOJIMYECTBO IHEPIUU, KOTOPOE TEM
Oonblle, YeM BBINIE YacTOTa BOIH. Takum oOpa3oM, MpU JOCTATOYHO BBICOKON 4acTOTe
SHEPrus OJHOrO0 KBAHTA MOXKET TPEBBIIATE HMEIOMIEECS KOJIMYECTBO SHEPrUM W,
CIIe10BaTeNIbHO, BEICOKOYACTOTHOE U3TyHIeHUE OKaXETCS MOAaBIEHHBIM, 8 HHTEHCHBHOCT,
C KOTOPOH TeJIo TepsieT SHEPTHIO, OyIeT KOHEUHOM.

['unore3a KBaHTOB TPEKPacHO coriacoBajach ¢ HabIOAaeMbIMU 3HAYEHUAMU
WHTEHCUBHOCTH M3IYUICHHUS TOPSIUX TEJI, HO YTO OHA O3HAYACT IS ASTCPMHUHU3MA, OBLTO
HesicHO 1o 1926 r., korma Apyrodi HeMmelUKHM yueHBIH, Beprep I'eiizenoepr,
chopMynUpoBall 3HAMEHUTHIM MPUHITUI HEopeaeaeHHOCTH. YToOk mpeicKa3aTh, KaKuM
OyJZleT MOJI0MKEHNUE U CKOPOCTh YACTULIbI, HY’)KHO YMETh MPOU3BOIUTH TOUHBIE UBMEPEHUS €€
TIOJIOKEHUS U CKOPOCTH B HACTOSIIIUI MOMEHT. OUEBUIHO, YTO JJIS 3TOT0 HAJ0 HANIPABUTH
Ha YacTUIly cBeT. YacTh CBETOBBIX BOJH Ha HEM pacceeTcs, U TaKUM 00pa3oM MBI



OIIpEICIINM ITOJIOKEHUEC HYAaCTHUIBI B IIPOCTPAHCTBE. O)IHaKO TOYHOCTL 3TOIr0 U3MCPCHUA
6yz[eT HC BEIIIC, UCM PACCTOAHUC MCKAY Tp€6H$IMI/I ABYX COCCIHHUX BOJH, W IIO3TOMY IJIA
TOYHOT'O MSMEPCHUA ITOJTOKCHUS YaCTHIbI H€O6XOIII/IM KOpOTKOBOHHOBbIFI ceT. CormacHo
JKE€ T'HIIOTC3C HJ'IaHKa, CBCT HCBO3MOXHO HUCIIOJbL30B4ATh IPOU3BOJIBHO MAJILIMH ITOPHUIMH,
1 He OBIBACT MEHBIIICH mopuuun, 4€M OAUH KBAHT. DTOT KBAaHT CBETA BHECET BO3MYTICHUC B
JABMXKXCHHUEC YaCTHUIbI U HEMPECIACKAZYEMO U3MCHUT €€ CKOPOCTD. KpOMe TOI'0, 4EM TOYHCC
U3MCPACTCA ITOJIOXKCHHUC, TEM KOPOUC ITOJIKHBI OLITE JJIWHBI CBCTOBBIX BOJH, a
CIACAOBATCIILHO, TCM 0obIiIe 6y,H€T OHCPTUA OAHOI'O KBAHTA. 9T10 3HAYHUT, UYTO BOSMYIICHHUC
CKOPOCTH YaCTHUIbI CTAHCT oombine. UnbiMu CJIOBAMH, UCM TOUYHCC BEI ITBITACTCCh U3SMCPHUTH
ITOJIOKCHHUC YaCTHUIIbI, TEM MCHCC TOYHBIMHU 6}7)IYT U3MEPCHUA €€ CKOPOCTU, U HaO60p0T.
FeﬁseHGepr IMMOoKasall, UTO HEOMPECACICHHOCTh B ITOJIOKCHUHW YACTHIBI, YMHOXCHHAsA Ha
HCOIIPCACICHHOCTb B €¢ CKOPOCTH M HAa €€ MACCY, HC MOXKCT OBbITH MEHBIIIE HCKOTOpPOTIO
quciia, KOTOPOC HA3bIBACTCS ceiiuac mocrossHHoM Ilmanka. DTo 4HMCIIO HE 3aBUCUT HHU OT
cnocoGa, KOTOPBIM HU3MEPACTCA IIOJIOKCHUEC HUIIN CKOPOCTh YAaCTUIBI, HU OT THUIIA 3TOU
YaCTUIBI, T. €. NPUHIHUIT HCOIPCACICHHOCTHU Teﬁ3eH6epra ABIACTCA (bYHlIaMeHTaJ'IBHBIM,
0043aTeIIbHBIM CBOHCTBOM HAIIETO MUpa.

[TpuHIMIT HEONpeneNeHHOCTH HWMEET IalleKo WAYIIWEe CIEACTBUSA, OTHOCSIIMECST K
HaIIeMYy BOCIIPHSITHIO OKpYKaromiero Mupa. Jlaxke mo mpomrecTBU 0oJiee TATHICCITH JIET
MHOTHE (PUtocohbl TaKk OKOHIATEIHHO U HE COTIIACWINCEH ¢ HUMH, W TH CISICTBUS JI0 CUX
TIOp OCTAIOTCS MPEAMETOM CIIOpOB. [IpWHIIUI HEOIpeAeICHHOCTH O3HavYall KOHEL Me4TaM
Jlannaca o Hay9HOM TeopHM, KOTOpas JaBaia Obl MOJTHOCTBIO JSTEPMUHUPOBAHHYIO MOJICITH
Bcenennoi: B caMmoM jiene, Kak MOXXHO TOYHO TpEICKa3bIiBaTh Oyaymiee, HE yMes JaXe B
HACTOSIIUH MOMEHT TPOU3BOJIUTL TOUHBIE U3MepeHus coctosaus Bcenennoit! Koneuno,
MBI MOXeM ceOe TpeJCTaBlsaTh, YTO CYIIECTBYST HEKHH HAOOp 3aKOHOB, MOJHOCTHIO
OTNpeACAAIONMMUN COOBITUSA I KaKOTO-TO CBEPXBECTECTBEHHOTO CYIIECTBA, KOTOPOE
CrocoOHO HaAOMONAaTh COBPEMEHHOE COCTOsIHWE BceneHHOW, HMKaK HE BO3MYyIIas ee.
Onnako Takue Monenu BceleHHOW He TMPeAcTaBISIOT WHTEpeca JJI1 Hac — TMPOCTHIX
cMepTHBIX. Jlydiie, moxkaiyi, BOCTIOIB30BABIIMCEH TEM IMPUHITAIIOM «9KOHOMUMY», KOTOPBIH
Ha3bIBACTCS IIPUHIIUIIOM «OPHTBBI OKKkaMa»' B3ATH U BBIPE3aTh BCE ITOJIOKEHUS TEOPHH,
KOTOpbIE He MoanatoTcs Habmonenuto. [ [punss Takoi nonxona, Bepuep ['elizen6epr, OpBun
Ipenunarep u [lons qupak B 20-X rogax HalIero BeKa NEpPecMOTPEIN MEXAHUKY U MPUIILITN
K HOBOM TEOpPUM — KBAHTOBOW MEXAHWKE, B OCHOBY KOTOPOW ObLI TOJIOXKEH MPUHIIUI
HEOIpeACIICHHOCTH. B  KBaHTOBOW MeXaHWKE YaCTHIIBI OONBIIe HE WMEIOT TaKHX
OmNpeAeiIeHHBIX W HE 3aBUCANIUX JPYyr OT JApyra XapaKTEPUCTHUK, KaK ITOJOKEHHE B
MPOCTPAaHCTBE W CKOPOCTh, HEAOCTYMHBIX A HaOmiojieHus. Bmecto »Toro oHmM
XapaKTePU3yIOTCS KBAHTOBBIM COCTOSHMEM, KOTOpPOE€ IMpEACTaBiseT co0oll HEKyIo
KOMOMHAIIUIO TTOJ0KEHUS U CKOPOCTH.

KBanrToBas MexaHuka, BooOIlle TOBOPs, HE MpeJCKa3bIBAET, YTO HAOIIOJICHUE JOILKHO
UMETh KaKOU-TO €IMHCTBEHHBIN OMpeieNIeHHbINH pe3ynbTaT. HaobopoT, oHa peacKa3biBaeT
HEKUN psJi pa3HBIX PE3YJbTATOB U NAET BEPOATHOCTH KaXIOTO U3 HUX. JTO 3HAYUT, UTO,
BBITIOJTHUB OJHO U TO K€ HM3MEpEeHUEe IJIsST MHOTHMX OJIMHAKOBBIX CHCTEM, HadalbHEIE
COCTOSIHUSI KOTOPBLIX COBITaJat0T, MBI OBl OOHAPYXHWJIH, YTO B OJHOM UHCIE CIy4aeB

'V, Okkam /1285 1349/ — anrmnmiickuii ¢unocod. Cyts npuHIHNa «OpUTBE OKKaMa»: TOHATHS, HE MOAJIAIOIIHECcs
IIPOBEPKE B ONBITE, JJOJKHEI OBITh YAAJICHBI U3 HAYKH. — MPUM. Pel.
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pe3ynbTaT u3MepeHus paseH A, B ipyroM — b u T. 1. MBI MOXeM TpeicKa3aTh, B CKOJBKUX
MIPUMEPHO CIIyJasX pe3ylnbTaT OyAeT paBHATHCS A U b, HO onpeneUTh pe3yabTaT Kaka0ro
KOHKPETHOTO M3MEpPEHUs] HEBO3MOXHO. TakuM o0pa3oM, KBAaHTOBAs MEXaHWKa BHOCHUT B
HAayKy HEW30€XKHBIA 5SJIEMEHT HEMNPeACKa3yeMOCTH WA CHy4alHOCTU. OUHINTEHH
BBICTYIIMJI OYEHb PE3KO MPOTHUB STOM KOHIIENIHNH, HECMOTPS Ha Ty OTPOMHYKO POJb,
KOTOPYIO CaM ChITpal B €€ pPa3BUTHU. 3a OTPOMHEIN BKJIAJ B KBAaHTOBYHO TEOPHIO
DuiHmTeitny 6nina npucyxnena Hobenesckas npemus. Ho oH HUKOrAa He MOT COTTaCUTBCS
¢ TeM, uto BcenenHol ymnpaBnsier cinydail. Bce uyBcTBa OJMWHINTEMHA HAIIMA CBOE
BBIPQKEHUE B €ro 3HAMEHUTOM BbICKa3biBaHUHU: «bor He wurpaetr B kocTu». OmHako
OOJIBIITUHCTBO OCTATBHBIX YUEHBIX OBLTH CKIIOHHBI IPUHATH KBAHTOBYIO MEXAHUKY, TIOTOMY
9TO OHa MPEKPACHO COriacoBaliachk ¢ AKCIepuMeHTOM. KBaHTOBasi MexaHUKa B CaMOM JIeJie
ABJSIETCS BBIJAIOLIEHCS TEOPHUEN M JIEKUT B OCHOBE IIOYTHM BCEH COBPEMEHHOW HAayKU U
TeXHUKW. [IpUHOMOBI  KBAaHTOBOW  MEXaHWKHM  TIOJOKEHBI B OCHOBY  paOOTHI
TOJTYIIPOBOAHUKOBLIX U WHTETPAIBHBIX CXEM, KOTOPBIE SBIAIOTCS BaXKHEUIIEH HacTbIO
TaKUX DJJCKTPOHHBIX YCTPOUCTB, KaK TEICBU30Pbl U 3JICKTPOHHO-BBIYHUCIUTEIHHBIC
MamuHel. Ha KBaHTOBOM MexXaHWKe 3MKJIETCS COBPEMEHHAs XUMHS U OUOIOTHS.
EnvHcTBeHHBIE 00MacTH (QU3WKM, KOTOpBIE TOKAa HE HWCMONB3YIOT JOIKHBIM 00pazoM
KBaHTOBYI0 MEXaHMKY, — 9TO TEOpPHUS TPaBUTAIIMM W TEOpHsl KPYITHOMACIITaOHOM
CTPYKTYphI Becenennon.

BMA3E HE B ®MAJE

]
]
]
]

AN TN TENTN ANELRIK

FPEBHY M BIHAAMHBI BOJIH COBIYAIOT, [PEBHM ITPOTUB BIIAIMH,
BOJIHBI YCUJIMBAIOT 1PYT A BOJIHBI TACSIT JIPVT IPYTA
Puc. 4.1

HecmoTpst Ha TO YTO CBETOBOE M3NYYEHHUE COCTOMT U3 BOJIH, TEM HE MEHEE, COTIIACHO
runore3e [ImaHka, CBET B KaKOM-TO CMBICIIE BelIeT ceOs Tak, Kak OyATo oH oOpa3zoBaH
YaCTULIAMU: U3JIyYCHHUE U TIOTJIOLIEHUE CBETA MPOUCXOIAUT TOJIBKO B BUAE MOPLUH, WIH
KBaHTOB. [IpHHIIUII ke HeolpeneleHHoCcTH [ eit3eHbepra roBOPUT O TOM, UYTO YACTHIEI B
KaKOM-TO CMEBICIIE BEAYyT ce0sl KaKk BOIHBI: OHH HE UMCIOT OMPEIETIEHHOTO TOJI0XKEHUS B
MPOCTPAHCTBE, & «Pa3Ma3aHbD) MO HEMY C HEKOTOPBIM pacIpeleleHueM BeposTHOCTU. B
KBAaHTOBO-MEXAHUYECKOU TEOPUM UCTIONIB3YETCS COBEPIICHHO HOBBIM MaTeMaTU4YeCKUU
ammapar, KOTOpBIH YK€ HE OMUCHIBAET caM pPEaTbHBIH MUP Ha OCHOBE MPEIACTABICHUM O
JacTULAX M BOJHAX; JTH IOHATHUS MOXKHO TeIlepb OTHOCUTH TOJBKO K pe3ylbTaTaM
HaONIOJIeHUM B HSTOM MuUpe. Takum 00pa3oM, B KBAaHTOBOM MeXaHMKE BO3HUKACT
YaCTUYHO-BOIIHOBOM JIyallu3M: B OJIHMX CIydasX 4acCTHUIIbl YAO0OHO CUMTATh BOJIHAMU, a B



JIPYTUX Jy4lle CUUTATh BOIHBI HacTULaMU. M3 3TOrO cieayeT OJWH BaKHBIH BBIBOJ: MBI
MO’KeM HaOII0aTh TaK Ha3bIBaeMYI0 HHTEP(EPEHIINIO MEX Y ABYMs BOTHAMM -4aCTHIIAMHU.
['peGHu BONH OAHOM W3 HUX MOTYT, HAIPUMEP, COBIAJATL CO BMAaJWHAMU JApyroi. Torna
JIBE BOJHBI racsiT APYr [Apyra, a HE YCUIIMBAIOT, CYMMHPYSAChb, KaK MOXHO ObUIO Obl
OKUJATh, B OoJiee BBICOKHE BONHHI (puc. 4.1). Bcem M3BECTHBINA TpUMEDP UHTEPHEPEHITUU
CBETa — TepeNIMBAIOIINECs] Pa3HBIMU IIBETAMH PAaIyTH MBUILHBIE MY3BIPH. DTO SIBICHUE
BO3HHKAET B pe3yJbTaTe OTPaKEHUs CBETA OT IBYX ITOBEPXHOCTEH TOHKOW IITICHKH BOJHI,
KoTOpast o0pasyeT My3blpb. benblii CBET CONAEPKUT BCEBO3MOXKHBIE JUIMHBI BOJH,
OTBEUAOIIME Pa3HbIM IBeTaM. [ peOHM HEKOTOPBIX BOJH, OTPAKEHHBLIX OT OJHOW W3
MOBEPXHOCTEN MBUIBHOM TIIEHKHW, COBMAJAIOT CO BMAJIMHAMM BOJH TOW K€ JITUHBI,
OTpaXEHHBIX OT BTOPOM TOBEPXHOCTH TY3wIps. Torma B OTpakeHHOM cBeTe OyayT
OTCYTCTBOBAaTh 1IB€Ta, COOTBETCTBYIOIIME 3TUM JUIMHAM BOIH, W OTPaXEHHBIM CBET
OKaXETCsl Pa3HOLIBETHBIM.
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Puc. 4.2

Urak, 6narogapst BO3HUKIIIEMY B KBAHTOBOU MEXAaHUKE Tyallu3My YacTULIbl TOKE MOTYT
UCIBITEIBATE WHTEpepeHIuio. [IIupoko W3BECTHBIM MpuUMep TakoW WHTEphEPCHIIUN
4acTHUIl — OIBIT ¢ ABYMs IIeNsaMH B 3KpaHe (puc. 4.2). PaccmoTpuM skpaH, B KOTOpOM
IpOpe3aHbl JBe y3Kue MapaienbHble mend. [lo ogHy cTOpoHy OT 3KpaHa coO IIENsIMHU
MOMEIIIEH UCTOYHUK CBETA KAaKOro-TO ONpEeeleHHOro 1BeTa (T. €. ONpe/leIeHHON ANUHbI
BOJIHBI). CBET B OCHOBHOM TIONAJIa€T HAa TIOBEPXHOCTh 3KpaHa, HO HEOOMIbIIAS €ro YacThb
MpoNIeT ckBo3b menu. Jlanee npeactaBuM cede 3KpaH A HAOIOEHNS, YCTAHOBIIEHHBIN
10 APYTYIO OT UCTOYHHKA CBETA CTOPOHY KpaHa co mensaMu. Toraa B 1r00yro TOUKy 3KpaHa
71 HaOmoAeHust OyAyT MomajaTh CBETOBBIE BONHBI M3 00ewx mieneil. Ho paccrosnue,

51



TPOHICHHOE CBETOM dUepe3 el OT WCTOYHWKA JO 93KpaHa, OyIeT, BooOIme ToBOpS,
pa3HbBIM. DTO O3HAYAET, YTO BOJHBI, MPOLICAIINE Yepe3 MIEH, MONaayT Ha 3KpaH B pa3HOU
(daze: B 0JHUX MeCTaX OHM OyAyT OCNadIAThH APYr Jpyra, a B APYyruX — YCUIWBaTh. B
pe3yiibTaTe Ha DKpaHE IMOJY4YUTCSA XapaKTepHas KapTUHA, COCTaBJICHHAsT U3 TEMHBIX MU
CBETJIBIX MOJIOC.

YauBUTENHHO, YTO B TOYHOCTH TAaKHE K€ MOJIOCHI BO3HUKAIOT MPH 3aMEHE MCTOYHUKA
CBE€Ta WCTOYHMKOM YACTHIl, CKaXeM, OSJEKTPOHOB, BBUICTAIONIMX C ONPEeaeICHHOM
CKOpOCTBIO (3TO 03HAYAET, YTO WM COOTBETCTBYIOT BOJHBI ONPEICICHHOW JUTHHBI).
OnucanHoe sSBICHUC TeM OoJsiee CTpaHHO, YTO MPH HAIMYHAN TOIBKO OJHOMN ICIN HUKAKHUC
MOJIOCKI HE BO3HUKAIOT M Ha 3KpaHe MOABISIETCS MPOCTO OJHOPOIHOE pacmlpeieleHHe
BIEKTPOHOB. MOXXHO OBLTO OBl TIPEANMOJOXKUTH, YTO €Ile OJHA IEeldh MPOCTO YBEIUYUT
9UCIIO 3JEKTPOHOB, TOMAMAIOMNX B KAKAYI0 TOUKY 3KpaHa, HO HAa CaMOM Jeie Hu3-3a
UHTEPPEPEHIIMU TUCIIO ITUX DJEKTPOHOB B HEKOTOPHIX MECTaX, HA00OPOT, YMEHBIIAETCS.
Ecnu miporryckath uyepes e HO OJHOMY 3JIEKTPOHY 3a pa3, TO MOKHO OBIITIO0 OBl 0KHUAATH,
4TO KaKIBIH U3 HUX MPOIAeT Tu60 uepe3 OaHy Melb, 1100 Yepe3 APYryio, T. €. OyAeT BECTH
ce0s Tak, Kak Oy/ATO Ta IIeNb, Yepe3 KOTOPYIO OH IIpoIel, €AWHCTBEHHAs, W TOT/la Ha
9KpaHe JOHKHO BO3HUKHYTH OJHOPOIHOE pactpeencare. OHaKo Ha CaMOM JIENE TTOJIOCHI
MOSABIAIOTCS JaXe B TOM cCiydae, KOTJa SJICKTPOHBI BBITYCKAIOTCS TIO OJHOMY.
CrnenoBaTenbHO, KaXIbIH AICKTPOH JOJHKCH TPOXOIUTh cpa3y uepe3 obe mieu!

SIBnenvie wHTEeppEpPEHIIMH 4YacTHI[ CTal0 pPEMIaloNIMM JUIsl HAIero TOHWMAaHWS
CTPYKTYphl aTOMOB, TE€X MEJIBYANIINUX «KUPIUUYUKOBY», KOTOPBIE PACCMATPUBAIOTCI B
XUMWHU U OUOJIOTUM M U3 KOTOPBIX TMMOCTPOESHBI MBI CAMH U BCe BOKPYT Hac. B Havane Beka
CUUTAIOCh, YTO aTOMBI MONOOHBI COIIHEUHON CHUCTEME: 3IEKTPOHBI (YacCTHILI, HECYIIHE
OTPHUIIATEIBHBIA STEKTPUIECKUI 3aps]l), KaK MIaHeThl BOKpYr CoNHIIA, BPallalOTCst BOKPYT
pPACTIONIOKEHHOTO B IIEHTPE SAJpa, 3apsHKEHHOTO TONOXUTENbHO. [Ipenmonaramock, 4To
9JIEKTPOHBI YACPKUBAIOTCS Ha OPOUTAX CHUIAMHU TPUTSHKEHUS MEKITY TONOKUTEITLHBIMU U
OTpULATENEHBIMU 3apsiaMU aHAIIOTUYHO TOMY, KaK IPaBUTAUUOHHOE IMPUTSHKEHUE MEKIY
ConHlleM U TITaHETAMU HE JaeT IIaHeTaM YUTH ¢ OpOUT. ITO 00BIACHEHUE HATAIKHUBAIOChH
Ha CIEAYIOWYK TPYAHOCTH: 10 TOSABIECHUS KBAHTOBOW MEXAaHMKH 3aKOHBI MEXaHWUKU W
BJIEKTPUYECTBA TPEICKA3BIBAIIN, YTO JIEKTPOHBI JOJDKHBI TEPATH SHEPIHIO, & U3-3a 3TOTO
JBUTATKLCS IO CIIMPAITH K TIEHTPY aTOMa M MaaaTh Ha SIp0. DTO 03HAYAIIO OB, UTO aTOMBI, a
C HUMH, KOHEYHO, U BCS MaTepus JOIHKHBI OBICTPO CKOJUIAIICUPOBATEH B COCTOSTHUE C OYEHb
BBICOKOW TIOTHOCTBIO. YacTHOe pemieHue HToil mpobnembl Hamien B 1913 r. gaTckuit
yuensiii Hunbc bop. Bop noctynupoBan, 4To 3ME€KTPOHBI MOTYT JBUTAThCA HE IO THOOBIM
opOuTaM, a TOJIBKO IO TEM, KOTOPHIE JIEKAT Ha HEKOTOPBIX OTPEICIICHHBIX PACCTOSHUAX OT
HEHTPATBHOTO siapa. Ecmu OBl OBLTO cAETaHO W TPEANONOKEHHE O TOM, UTO HA KaXIOH
TaKOW OpOUTE MOTYT HAXOAUTKLCS TOJIIBKO OJMH WIIM J[BA SIEKTPOHA, TO IIpobdIeMa Kolarca
aToma Obina ObI pellieHa, MOTOMY YTO TOT/a IIEKTPOHBI, JIBUTASCH MO COUPANU K LIEHTPY,
MOTJIH Obl MHIIb 3aMOTHUTE OPOUTHI ¢ MUHUMATILHBIMU PanyCcaMu U SHEPTUSMHU.

OTa MoJIeJb IPeKpacHo 00BIICHATA CTPOSHHE MTPOCTEHIIIeT0 aToMa — aToMa BOJIOpo.ia, y
KOTOPOTO BOKPYT S/Ipa BpalllaeTcsl BCETO OJMH 3JIEKTPOH. bbIlo, 0JJHaKo, HEMIOHATHO, KaK
TOT € MOAXO0/ PACIPOCTPAaHUTHL Ha 0oJiee CI0XKHBIE aTOMBL. Kpome Toro, npeanonoxenue
00 OrpaHMYEHHOM YHCIIE PAa3PEIIEHHBIX OpPOUT BBITJISAEIO BECHMa MPOU3BOJIBHBIM. JTY
TPYAHOCTH pa3pelInia HoBas TCOpHUsS — KBaHTOBasg MexaHuka. OKas3anock, 9TO JIEKTPOH,



BpaIl[alOIIAICS BOKPYT s]Ipa, MOXHO TPEICTaBUTL cede Kak BOJHY, JJIWHA KOTOPOU
3aBUCHUT OT €€ CKOpOCTH. BIOIb HEKOTOPHIX OpOUT yKJIaAbIBACTCA lienoe (a He ApoOHOoE)
YUCIIO JJIWH BOJIH 3MeKTpoHa. [Ipu ABMKEeHUU 110 3TUM OpOUTaM TpeGHU BOJIH OKAXYyTCs B
OJIHOM U TOM K€ MECT€ Ha KaKJIOM BUTKE, U MOITOMY BOJIHBI OYIYT CKIIaJIbIBATHCS; TAKUE
OpOUTHI OTHOCATCS K OOPOBCKHM pa3pelIeHHBIM opOuTaM. A IJis TeX OpOUT, BIOJb
KOTOPBIX HE YKIIAIBIBACTCS 1€10€ YUCIIO JUTMH BOIH JIEKTPOHA, KaXIbIH TpedeHb 1o Mepe
oOparieHus 3IeKTPOHOB PaHO UK MO3JHO CKOMITEHCUPYETCS BIAAMHOMN; TaKiue OPOUTHI He
OyayT pa3penieHHBIMU.

Awmepukanckuit yaeHslit Puuapa deiinMan npuymaln KpacuBbld cocod, KOTOPBIN TacT
BO3MOKHOCTh HAIJISIIHO TIPENCTaBUTHL cebe AyaiusM BosiHa-uacTHna. DeifHMaH BB Tak
Ha3blBacMoOE€ CYMMHpOBaHHE II0 TpackTopusM. B 5>ToM moaxome B OTIHYKE OT
KIIACCUYECKOUN, HE KBAHTOBOM TECOPUU HET MPEATIOIOKEHHUS O TOM, YTO HAaCTULA JOJKHA
UMETh OJHY-€IMHCTBEHHYI) TpPAeKTOPHUIO B TIPOCTPAHCTBE-BPEMEHHU, a HA00OpPOT,
CUMTAeTCs, YTO YacTHUIla MOXKET TiepeMemiatbes u3 A B b o mob6omy BoszmoxkHOMY TTyTH. C
KaKIOM TpacKTOpPUEH CBA3aHBI JABa YMCIA: OJHO U3 HUX OIMCHIBAET pa3Mephl BOJIHEL, a
JPyTo€ OTBEYAET €€ MOJOXKEHWIO B LMKIE (rpebeHb uiu BhnaauHa). UToObI ONMpeaenuTh
BEPOSITHOCTHU Nepexojia u3 A B b, HaJ0 CIIOKHUTH BOJHBI IS BCEX 3TUX TpaeKTopuil. Ecim
CPaBHUTH MCXKIY COOO0M HECKOIBKO COCCAHUX TPACKTOPHMA, TO UX (a3bl, WIH TOJIOKCHHS B
UKIe, OYOyT CHIBHO pa3TuYaThCcs. ITO 3HAUWT, UTO BOIHBI, COOTBETCTBYIOIIUE TaKUM
TpaeKTOpUAM, OyAyT IIOYTH IIOIHOCTBIO TacUTh Apyr Apyra. OgHako I HEKOTOPBIX
CEMEMCTB COCEHNUX TPACKTOPHA (a3bl MPH NEPEX0/1e OT TPACKTOPUH K TPACKTOPUHU OYyIayT
MaJI0 MEHSATBCS, U COOTBETCTBYIOIIME UM BOJIHBI HE CKOMIIEHCUPYIOT Apyr Apyra. Takue
TPAEKTOPHH OTHOCSATCS K OOPOBCKUM pa3peIIeHHbIM OpOUTaM.

OCHOBBIBasICh Ha TaKUX TIPEICTABICHUSIX, 3aMIMCAHHBIX B KOHKPETHOM MaTEMAaTUUYECKOM
BUJIC, MOKHO OBIJIO 1O CPABHUTEILHO MIPOCTON CXEME BBIYUCIMTH pa3pericHHbIC OpOUTHI
U1l Goliee CIIOKHBIX aTOMOB W JIaXKe JIJIST MOJIEKYII, COCTOSIIINX W3 HECKOIBKUX aTOMOB,
KOTOpBIE JIepKATCA BMECTE 3a CUET 3JIEKTPOHOB, YbH OPOUTHI OXBATHIBAIOT OOIIBIIE OJHOTO
aapa. llockonabky cTpoeHHEe MONEKYH U IMPOUCXOAIINE MEKIY HUMU PEaKIUU SBISHOTCA
OCHOBOM BCEW XMMHUH U BCEW OMONOTHM, KBAaHTOBAs MEXaHUKA B MPUHLIMIE IO3BOJISAET
TIPEICKa3aTh BCE, YTO MBI BUIUM BOKPYT €€0s, ¢ TOUHOCTBIO, KOTOPYIO JOIMYCKAET IPHHITHTT
HeonpenesneHHocTd. (IIpaBma, Ha TpakTUKE pacdeThl CHUCTEM, COJEpPXKAIIUX MHOTO
SJIEKTPOHOB, OKAa3bIBAIOTCS HACTONBKO CIOKHBIMHM, YTO IIPOM3BECTH UX IPOCTO
HEBO3MOYKHO).

KpymHomacmitabHast cTpykTypa BceeneHHoH, To-BHANMOMY, TOIYMHSETCS 0OOMIei
TEOPUU OTHOCUTENBHOCTH DWHINTEHHA. JTa TeopHusl Ha3bIBAETCS KIACCUYECKOH, MOTOMY
YTO B HEW HE YYMUTHIBAETCS KBAaHTOBO-MEXAHMYECKHWU IPHUHLUII HEOIPEIEIEHHOCTH,
KOTOpbI HEOOXOAUMO YUMTHIBATH ISl COrTIACOBAHUS C JIPYTUMU TEOPUSMU. MBI Ke He
BCTYIaéM B TPOTHUBOPEYME C pe3yiabTaTaMHd HaOMOIEHUNH u3-32 TOro, HYTO BCE
TpaBUTAIIHOHHBIC TIONS, ¢ KOTOPBIMH OOBIYHO TIPUXOAMWTCS WMETH AEIN0, SBISIOTCS OUYCHb
cnabbiMu. OHAKO, COTIIACHO TEOpPEMaM O CHHTYIISIPHOCTH, O KOTOPBIX TOBOPHIIOCH BHIIIE,
IrpaBUTAllHOHHOE TIOJIE JOJKHO CTAaHOBUTHCS OYEHb CHIIBHBIM IO KpallHEW Mepe B JBYX
CUTYallUAX: B CIIy4ae YEPHBIX JIbIP U B cllyyae OOINBINOro B3pbiBa. B TaKWX CUIIBHBIX MOJISAX
JOJKHBI OBITH CYIIECTBEHHBIMU KBaHTOBBIE 3¢ dexTrl. CremgoBarenbHO, KiIaccHdecKas
o0Imas Teopusi OTHOCUTEIBHOCTH, TPEACKa3aB TOYKHU, B KOTOPHIX MIIOTHOCTh CTAHOBUTCS



OCCKOHEYHOH, B KAKOM-TO CMBICIIE caMa TIpeJpeKiia cBOe TTopaKeHHe B TOTHOCTH TaK ke,
KaK Kllaccuueckas (T. €. He KBAaHTOBas) MeXaHHKa 00pekia ceOs Ha MpoBal 3aKII0UeHHUEM O
TOM, YTO aTOMBI JIOJKHBI KOIIJIANICUPOBATh, OKA WX MJIOTHOCThL HE CTaHET OECKOHEUHOU. Y
Hac eIle HeT MOJHOM TEOpUH, B KOTOPOU 0oOIIast Teopus OTHOCUTENBbHOCTH Obuia Obl
HEMPOTUBOPEUUBO OOBLEINHEHA ¢ KBAHTOBOM MEXaHUKOW, HO 3aTO MBI 3HAEM KOE-KaKhe
cBoiicTBa Oymymielt Teopuu. O TOM, UTO BRITEKAET U3 3TUX CBOMCTB B OTHONICHUHU UEPHBIX
JbIp ¥ OONBIIOTO B3pPLIBA, MBI TTOTOBOPUM B ITOCICAYIOIMIMX TiaBaX. A ceffuac 3aiiMeMcs
CaMbIMU TIOCIIETHUMHM TIOTILITKAMHA O0BEIMHEHMS HAIIIUX MPEICTABICHUI 000 BCEX JAPYTruX
CUJIaX MPUPOALI B OJHY, €ANHYIO KBAHTOBYIO TEOPHIO.



5. 9JJEMEHTAPHBIE YACTHUILI U CUJIBI B
MPUPO/IE

Apl/ICTOTGHb CHUuTall, 4TO BCHICCTBO BO Bcenennoii cocrout us YCTBIPEX OCHOBHBIX
QJICMCHTOB — 3CMJIM, BO3JyXa, OTHSI M BOJBI, Ha KOTOPBIC J]GﬁCTBYI-OT ABC CHJIBI: CHJIA
TAXKECTH, BIICKYIIAA 3CMITFO U BOAY BHU3, U CUJIA JICTKOCTH, IO )I@ﬁCTBH@M KOTOpOfI OI'OHb
" BO3AYX CTPCMIATCA BBCPX. Takoi moaxoa K CTpOCHHUIO BCGHCHHOﬁ, KOorjaga BCC OCIIUTCA Ha
BCHICCTBO U CUJIBI, COXPAHACTCA U 110 ceH JCHB.

[To ApucToTento, BEHICCTBO HEMPEPHIBHO, T. €. OO0 KYyCOK BEMeCTBA MOKHO
OCCKOHEUHO JIpOOUTHL Ha BCE MEHBIINE U MEHBIINE KYCOYKH, TaK U HE JOMIS A0 TaKou
KpOIIIEYHOM KPYIMUHKH, KOTOpas Aambiie Obl yxke He aenmnach. OHaKko HEKOTOPhIE JIpyTHe
rpedeckue unocodnl, Hanpumep JIeMOKpUT, MpUaEePKUBAITUCH MHEHHS, YTO MaTepPHUs IO
CBOCH TIPUPOJIC UMECT 3CPHUCTYIO CTPYKTYPY M BCE B MUPE COCTOUT U3 OOJNBIIOTO UHUCIIA
pa3HBIX aTOMOB (Tpeueckoe CIOBO «aTOM» O3HadaeT Henenumbiil). [Ipoxoaunm Beka, HO
CTIOp TPOJIOIDKANCS 0€3 BCAKMX PEalbHBIX J0KAa3aTeIbCTB, KOTOPHIC MOATBEPKIAATH Obl
MPaBOTY TOW MM ApyToi croponbl. Hakonen, B 1803 r. anrnuiickuii XumMuk 1 Gpusuk JxoH
JlaneTOoH ToOKazam, 4Tro TOT (PaKT, YTO XWMHUYECKHE BEIICCTBA BCET]IA COCIUHSIOTCS B
OTIPENICIICHHBIX ~ TIPOMOPIUAX, MOXHO OOBSCHUTH, TPCAMOJIOKUB, HYTO  aATOMBI
00BEIUHSIOTC B TPYIITIBI, KOTOPBIE HA3bIBAIOTCS MoJIekyaaMu. OTHAKO JI0 Hadaja HAIIero
BeKa CHOp MEXIOy OBYMs IIKOIaMH TaK W HE OBUT pEemieH B MOIb3y aTOMHUCTOB. B
pa3pelieHre 3TOro cropa o4YeHb BaXXHBIM BKiIaJ BHec DuHIITEWH. B cBoell craThe,
HarmucanHoi B 1905 T., 3a HECKOJBKO HEIEb JO 3HAMEHHTOW paldOTHI O CHEIHATBHOU
TEOPUH OTHOCUTEIILHOCTH, DWHINTEWH yKas3ajd Ha TO, UTO SBJIEHHUE, HOCAIIEE Ha3BaHUE
OpPOYHOBCKOT'O JIBHKCHUS, — HEPETYISIPHOE, XA0THYECKOE JIBIKEHUE MeTbYalTmx
4acTUYEK, B3BEIIEHHEIX B BOAE, — MOXKHO OOBSICHUTH yIapaMU aTOMOB KHUJKOCTH 00 3TH
YACTUYKH.

K Tomy BpeMeHH yke UMellich HEKOTOPBIe OCHOBAHHUS MOIYMBIBATH O TOM, YTO U aTOMBI
TOX€ He Heaenumbl. Heckonbkumu Togamu panbmie JDk. k. Tomcon wu3
Tpunutu-komnenxka B KemOpumxe OTKpbLUT HOBYIO YacTUIY MaTepuu — 3IEKTPOH, Macca
KOTOPOr0 MEHBIIIE OJHON TBICSIYHOW MAacChl CaMOro JIErKOro aroMa. JDKCIEePUMEHTAIIbHAS
ycTaHoBka ToMcoHa HEMHOTO HallOMHMHalla COBPEMEHHBIM TeJIeBU3HMOHHBIN KHHECKOTI.
Packaiiennas JokpacHa MeTaJUIMdecKas HUTb CIYKHWJIAa HWCTOYHUKOM DSIIEKTPOHOB.
[TockoNbKy 3IEKTPOHBI 3apSKEHBI OTPUIIATEIBHO, OHU YCKOPSIIUCH B DJIEKTPUUECKOM TT0JIE
U JIBUTAllCh B CTOPOHY JKpaHa, MOKPBITOro cioeMm mnomMuHodopa. Koraa snekTpoHsl
MajJajivi Ha 3KpaH, Ha HEM BO3HUKAIHU BCIIBIIIKK CBeTa. BCKOpe CcTano MOHSTHO, YTO 3TH
9JICKTPOHBI JO/OKHBI BEUICTaTh W3 aToMOB, W B 1911 T. aHrmmiickuii (u3uK DpHCT
Pe3epdop HakoHEII JoKa3al, YTO aTOMBI BEelIecTBA JeHCTBUTEILHO 001aJal0T BHYTPpeHHEH
CTPYKTYpO#: OHH COCTOSIT H3 KPOIICYHOTO MOJOKUTEIBHO 3apsHKEHHOTO sapa U
BpallaOIIUXCS BOKPYT TIEro 3JeKTpoHOB. Pesepdopa mpuinen xk 3ToMy BBIBOIY, U3yuas,
KaK OTKJIOHSIOTCA allb(a-gacTHIIbI (TTOJOKUTEIBHO 3apSKEHHBIE YACTUIIBI, UCTTYCKAEMBIC
aToOMaMU PaIUOAKTUBHBIX BENIECTB) IPU CTOJIKHOBEHUN C ATOMAMHU.

Bnauane AyMaliki, 4YTO AAPO aTroMa COCTOHUT M3 JJICKTPOHOB U IIOJIOXKHUTCIBHO
3apsAKCHHBIX YaCTUIL, KOTOPBIC HA3BaJIM IMPOTOHAMHU (OT rpCUuCCKOro CIOBO KIIPOTOC» —



TIEPBUTHEIN), TTOTOMY YTO MPOTOHBI CUMTATUCHL TeMHU (QyHIAMEHTATLHBIMH OJOKaMH, U3
KOTOpBIX cocTouT Marepus. Oxnako B 1932 r. JIxkeiimc Yensuk, komnera Pesepdopaa mo
KeMOpumkckoMy YHUBEPCUTETY, OOHAPYKUI, UTO B S1JIPE UMEIOTCS €I1Ie U APYTUe YaCTUIIBI
— HEUTPOHBI, MAacCca KOTOPBIX MOUTH PaBHA MACCE MPOTOHA, HO KOTOPBIE HE 3aPsKEHbL. 3a
9T0 OTKpeITHE YenBuk ObLT ymoctoeH HoOenmeBckoit mpeMun W BBEIOpaH TIIaBOU
Kousunn-sun-Kaityc-xomnemka KemOpumpkekoro yHuBepcuTeTa (KOJIIEIXK, B KOTOPOM S
ceituac pabotaro). IloToM eMy mpHILIIOCH OTKa3aThCs OT 3TOTO MOCTA M3-3a Pa3HOTIaCcHH ©
COTpyAHHKaMHU. B KoJemKe MOCTOSIHHO MPOUCXOAUIN OXKECTOUYEHHBIE CITOPBI, KOTOPHIE
HA4yaJIUCh C T€X MOpP, KAK MOCJIE BOUHBI IPyMIa BEPHYBIIEHCS MOJIOIEKHU MTPOrojocoBaia
TIPOTHUB TOTO, YTOOBI CTAPBHIE COTPYAHUKU OCTABAIINCh HA CBOUX JOJKHOCTAX, KOTOPHIE OHU
y)Ke MHOTO JeT 3aHuManu. Bce 3To mpoucxoAmio eie 10 MeHs;, s Hadan paboTarh B
Koiiemke B 1965 1. u 3actanm caMmblii KOHell OOphOBI, Korjaa ApYyrod riaBa KOJUIEIXKa,
HoOeneBckuit naypear Hepwinnm MoOTT, BEIHYK/IEH ObLIT TOXKE YHUTH B OTCTaBKY.

Eme ner nBamguate Ha3zag TPOTOHBI U HEUTPOHBI CUUTAIUCH «IJICMCHTAPHBIMUY)
YacTULIAMU, HO J3KCIEPUMEHTHI II0 B3aUMOICHCTBUIO MPOTOHOB U 3JIEKTPOHOB,
JIBIDKYIIUXCSL ¢ OONBIIAMU CKOPOCTSAMH, C NMPOTOHAMHW TOKAa3ald, YTO Ha CaMOM Jele
TIPOTOHBI COCTOSIT W3 eme Oojiee Menkux yactuil. Mroppe I'emr-ManH, TeopeTuk u3
Kamd opHuiickoro TeXHOIOTHIECKOTO HHCTUTYTA, HA3BAJI 3TH YaCTHUITHI KBapkamMu. B 1969
T. 3a ucciaegoBanme kBapkos I'emn-Mana 6611 yaocToeH HobOenerckoit npemun. Ha3zBanue
«KBapK» B3ITO U3 3ayMHON CTUXOTBOpHOU cTpoku Jxelmca Jxolica: «Tpu kBapka A
mactepa Mapxka!». Ilo unee, cnoBo quark 0KHO IPOM3HOCUTHCS TaK JKe, KakK CIOBO quart
(xyopT), B KOTOpo# OyKBa t Ha KOHIIE 3aMEeHEeHa OYKBOH Kk, HO 0OBITHO €ro TPOU3HOCHT TaK,
q9T0 OHO pHPMYETCS co ciaoBoM lark.

N3BeCTHO HECKOJILKO Pa3HOBUAHOCTEN KBAapKOB: MPEANOIaraloT, YTO CYIIECTBYET I10
KpaiHel Mepe TecTh «apoMaTOBY, KOTOPBIM OTBEYAOT U-KBapK, d-KBapK, CTpaHHBIH KBApPK,
OYapOBaHHBINA KBapK, b-kBapk u t-kBapk. KBapk kaxkmgoro «apomara» MOXKeT OBITH elle 1
TpPEX «UBETOB» — KPACHOI0, 3€JeHOro U cuHero. (Cienyer Nog4epKHYTh, YTO 3TO IIPOCTO
0003HaUeHNS, TaK KaK pa3Mep KBApKOB 3HAYUTEIBHO MEHBINE JJIWHBI BOIHBI BUIUMOIO
CBETa W MOATOMY LIBETa B OOBIYHOM CMBICIIE CIIOBA y HUX HeT. Jlemo mpocTo B TOM, 4TO
COBPEMEHHBIM (DU3UKaM HPABUTCS MPUIYMbIBATh HA3BAHUA HOBBIX YACTHUIl U SBIICHUH, HE
orpaHuunBas Oojble cBOW (aHTasuto rpedeckuMm andasutom). [IpoToH u HelTpoH
COCTOSIT M3 TPEX KBAPKOB Pa3HBIX «IIBETOBY». B MPOTOHE cOAEPKUTCA JBa U-KBapKa U OJUH
d-kBapk, B HeWTpoHe — JiBa d-KBapka W OAWH U-KBapK. YacTHUIIBI MOXHO CTPOUTH U U3
JPYrUX KBapKoB (CTPaHHOT0, OYapOBAHHOTO, b K t), HO Bce 3TH KBApKH 001aJat0T ropasuao
OomblIeil Maccol U 04eHb OBICTPO paclagaroTcsa Ha MPOTOHBI U HEUTPOHBL.

\Y 5 VYK€ 3HACM, UTO HH 4TOMBI, HU HAXOIAIIMNUCCA BHYTPHU aTOMA IIPOTOHEI C HeﬁTpOHaMH
HC ABJIHOTCA HCACIHMMBIMU, a TIOTOMY BO3HHUKACT BOTPOC: 9TO KE TAKOC HACTOANIUC
BJICMCHTAPHBIC YaCTUIBI — TC UCXOJHBIC KUPIIUYIH, U3 KOTOPBIX BCC COCTOUT? HOCKOHBKy
JIIMHBI CBETOBBIX BOJIH CYIIICCTBCHHO OonBIITe pasMepoB aTtoMa, y HacC HET HaACKIbI
«KYBHICTL» COCTABHBIC YA4dCTH 4ATOMaA OOBIYHBIM CIIOCOOOM. I[JISI TOU neim H€O6XOI[I/IMBI
3HAYUTCIBbHO MCHBHINC AJIMHBI BOJH. B Hpenblz[ymeﬁ I''TaBC¢ MbI y3HAIINU, 4YTO, COTJIACHO
KBAaHTOBOU MCXaHUKE, BCC HaCTUIIbI HA CaAMOM JACJIC ABJIAIOTCA €IIC U BOJTHAMU U YEM BLIIIC
OHCPIrusd 4YacTUIbl, TCM MCHBIIC COOTBCTCTBYROIAA JJIMHA BOJIHBIL. Taxum 06pa30M, Halx
OTBCT HA ITOCTABJICHHBIN BOITPOC 3aBHCUT OT TOTI'0, HACKOJIBKO BBICOKA JHCPTHUA YACTHII,



WMEKIINUXCS B HAIEM PacloOpsKEHUHU, TIOTOMY YTO €K OIPENENsieTCsS HACKOJIBKO Mall
MaciiTad TeX OITWH, KOTOpble MBI CMOXKEM HaOmioaaTh. EXMHUILI, B KOTOPBIX OOBIYHO
WU3MEPSCTCS DHEPrus YacTWll, Ha3bIBAIOTCA OJeKTpoH-BoibTaMu. (TomMcoH B cBouX
DKCNIEPUMEHTAX JJISi  YCKOPEHHUS DIEKTPOHOB UCIOJB30BANl 3JIEKTPUUYECKOE TIOJIE.
DIEKTPOH-BOJBT — 3TO IHEPTUS, KOTOPYIO MPUOOPETAET IJIIEKTPOH B DIIEKTPUUECKOM T10JIE
BenmuuuHOM 1 BoNbT). B XIX B., kOorja yMeau UCTIONB30BATEH TOIBKO YaCTHUIIRI C SHEPTUSIMU
B HECKOIILKO 3JE€KTPOH-BONBT, BBIACIAIOMIUMUCSI B XUMUUYECKUX PEAKLUAX THUIA TOPECHU,
aTOMBbI CYMTAIUCH CaMbIMH MEJIKUMM 4YacTsMu MmaTepuu. B skcnepumenrtax Pesepdopia
SHEpPruu ajdb(a-dyacThll COCTABIISIIM MUJUTHOHBI JIEKTPOH-BOJILT. 3aT€M Mbl HAYUHIIUCH C
TIOMOTIBK DJEKTPOMATHUTHBIX TMOJIEH Pa3rOHATh YACTHUIBI CHAadalda 10 DJHEPrud B
MWJUTHOHEI, a TIOTOM W B TBICSYM MHUIUIMOHOB JJIEKTPOH-BOJBLT. Tak MBI y3HAJIM, 4YTO
YACTHUIIbI, KOTOPHIE JBAAUATH JIET HA3aJl CUYUTAIMCH DIIEMEHTAPHBIMHA, Ha CaMOM JEJe
COCTOST M3 MEHBIIINX YacTHUIl. A 4TO ecliy MPH Mepexo/ie K eine 0olee BLICOKUM SHEPTHIM
OKQXKETCS, 4TO U 3TH MEHBIIHUE YAaCTUIBI B CBOIO OYEPEIb COCTOST U3 €IIE MEHBIIUX?
Koneuno, 3T0 BmomHe BeposTHAs CHTyalus, HO Yy HAac cCeWYac €CTb HEKOTOpPHIE
TEOPETUYECKUE OCHOBAHUWS CUUTATh, YTO MBI YK€ BJIaJ€eM WIIU IIOYTH BIaJI€EM CBEICHUSIMU
00 UCXOIIHBIX «KHPIHUYHUKAX», U3 KOTOPBIX IIOCTPOCHO BCE B IMIPHUPO]IE.

Bee, ato ecth Bo BceeneHHOM, B TOM 4HCIie CBET W TPABUTAIHAIO, MOXKHO OIHUCHIBATH,
UCXOJs W3 TIPEJICTABIIEHUS O YacTHIAX, ¢ YU4eTOM YacTUYHO-BOJHOBOTO Iyalu3Ma, O
KOTOPOM MBI TOBOPHIH B MPEABIAYIIeH raaBe. YacTULIBI K€ UMEIOT HEKYIO BpalllaTeIbHYIO
XapaKTePHCTUKY — CITHH .
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[TpeacraBum cebc YacTUIBI B BUJIC MAJICHBKUX BOJUKOB, BPAIIAONIUXCS BOKPYT CBOCH
ocu. IIpapna, Takas KapTHHA MOXET BBECTH B 3a0IyXJIEeHHE, TTOTOMY YTO B KBaHTOBOM
MEXaHUKE YaCTHUIIbl HE UMEIOT BIIOJIHE OIpPEeIIeHHOM ocH BpauleHus. Ha camom nene criun
YaCcTULBI JAacT HaM CBEJICHUS O TOM, KaK BBITIIAJAUT 3TA YacTULA, €CIU CMOTPETh HA HEE C
pa3HbIX cTopoH. Yactuia co cnuaoM 0 moxoxa Ha TOYKY: OHA BBITJISIUT CO BCEX CTOPOH
onuHakoBo (puc. 5.1, I). Yactuiry co ciuHoM | MOXXHO CPaBHUTEL CO CTPEJION: ¢ pa3HBIX
CTOPOH OHA BBITIISLAUT Mo-pasHoMy (puc. 5.1, II) U npuHUMAET TOT K€ BHUJ JHUIIL MOCIHE
noiaHoro obopora Ha 360 rpax. YacTuily co cnmvmHOM 2 MOXKHO CPaBHHTH CO CTPEJIOH,
3aTOUYEHHOM ¢ 00EUX CTOPOH: JII000E ee MONoKEHUE MTOBTOPsieTcs nocie noiryodopota (180
rpaj.). AHAIOTUYHBIM 00pa30M dYacTuila ¢ 0O0Jiee BBICOKMM CIIMHOM BO3BpallaeTcs B
TIepBOHAYATLHOE COCTOSIHUE MPU TTOBOPOTE HA €II¢ MEHBITYHO YaCTh MOJIHOT0 000poTa. ITO
BCE JJOBOJBHO OYEBHU/IHO, & YAUBUTEILHO APYTO€ — CYIIECTBYIOT YACTHUIIbI, KOTOPBIE MTOCIIE
MOJIHOTO 000pOoTa HE MNPUHUMAIOT TPESKHWN BUI: WX HYXKHO JBaXIbl IMOJHOCTHIO
noBepHyTh! ['OBOPSAT, YTO TakMe YacTUIIBI 00J1a1at0T CIUHOM 1/2.

Bce u3BecTHEIE yacTHIEI BO BeeneHHOW MOXHO pa3enuTh Ha JIBE TPYIIIEI: YaCTHIIEI CO
CIUHOM 1/2, U3 KOTOPBIX COCTOUT BEIIECTBO BO BeeneHHo, 1 yacTuIinl co cnuaoMm 0, 1 u 2,
KOTOpbIE, KaK Mbl YBHUJIUM, CO3JIAIOT CHIIbI, JENUCTBYIOIIME MEKYy YAaCTHUIIAMH BEIIECTBA.
YacTuubsl BelecTBa TOAYMHSIOTCS TaK Ha3blBaeMOMY MNpuHIMNY 3anpeta [laymm,
oTKpbIToMy B 1925 1. aBcTpuiickuM ¢uzukoM Bonbdranrom Ilaynmu. B 1945 r. Tlaynu 3a
CBOE OTKpBITHE OBLI yaocToeH HobOeneBckoli npemun. OH sABIsAT cO00M HEaNbHEIN TPUMED
¢bu3KKa-TeOpeTHKa: TOBOPAT, YTO OJHO €ro MPUCYTCTBHE B TOpPOJE HApyIIANo XOJ BCEX
skcnepuMeHToB! Ilpunnun Ilaynu rmacut, 4TO ABE OIWHAKOBBIE YACTHUIIBI HE MOTYT
CyIIECTBOBATH B OJJHOM W TOM KE COCTOSHWH, T. €. HE MOTYT UMETh KOOPJIWHATHI U
CKOPOCTH, OJWHAKOBbIE C TOM TOYHOCTBIO, KOTOpas 3ajJaercss TPUHIMUIIOM
HeonpeneneHHocTH. llpunmun Ilayaum uMeer KpailHe BaKHOE 3HayeHHME, TaK KaK OH
M03BOJIMII OOBACHUATD, TIOYEMY IO JEHCTBUEM CUII, CO3JAaBAEMBIX YACTULIAMH CO CITMHOM 0,
1, 2, acTUIEl MAaTEPUN HE KOJUIATICUPYIOT B COCTOSSHUE C OYEHB BBICOKOU TIOTHOCTBIO:
€CJIM YaCTHIIBl BEIECTBA UMEIOT OYEHBL OJIM3KHE 3HAYEHHUS KOOPAWHAT, TO UX CKOPOCTH
JIOJKHBL OBITH PAa3HBIMH, U, CIEIOBATENHLHO, OHU HE CMOTYT JOJII0 HAaXOIUThCSI B TOUKAX C
STUMU KoopauHaTtaMu. Ecnu OBl B COTBOpEeHMM MUpa He ydacTBoBad npuHumn llaymw,
KBapKu He MOMIM Obl OOBEAWHUTHCS B OTIAEILHBIE, YETKO OINPEACIICHHbIE YaCTULbl —
MIPOTOHBI W HEHTPOHBI, KOTOPHIE B CBOIO OYEpeAb HE CMOMIH Obl, 00BLEIWHUBIINCH C
9IEKTPOHAMH, 00pa30BaTh OTAETBHEIC, TETKO ONpeIelcHHbIe aTOMEI. be3 mpuanuma [Taymm
BCE 3TU YaCTHUIILI CKOJUIANICUPOBAIIA OB U TIPEBPATUIIMCE B O0JIee WU MeHee OJJHOPOIHOE U
IIJIOTHOE «OKEJE».

[MpaBunbHOE TpencTaBieHWEe 00 S3IEKTPOHE W IPYTUX YacTHIaX co chuHOM 1/2
orcyrcTBoBano no 1928 r., xorga Ilome Jlupak mpeaioXun TEOpUIo I OIMUCAHUST 3TUX
yactuil. Bnocnencteuu Aupak nonyuun kadenpy matematuku B KemOpuaxke (KoTopyio B
cBoe BpeMs 3aHMManl HbIOTOH M KOTOpyro celvac 3aHumaro ). Teopus Jupaka Obina
MIEpBOM TEOpUEH TAKOTO poAa, KOTopas corjiacoBajach M ¢ KBAHTOBONH MEXAaHWKOM, M CO
CTIeIMaTBEHON TeopHel OTHOCUTENHHOCTH. B Heil JaBanock MaTeMaTHdeckoe 0ObICHEHME
TOT0, IOYEMY CIIH 3JIeKTPOHA paBeH 1/2, T. e. mouyeMy Ipu OJHOKPATHOM IIOJIHOM 0060poTe
9JIEKTPOHA OH HE NMPUHUMAET MPEXKHHUHW BUJA, a NPH JIBYKPATHOM MNpuHUMaeT. Teopus
Jupaxa nipenickasbiBaia TakXKe, YTO Y 3JIEKTPOHA JI0JDKEH ObITh MapTHEP — aHTUDJIEKTPOH,



WIY, WHade, To3UTpoH. OTKpEITHE TO3UTpoHA B 1932 1. moaTBepAMIIo Teoputo Jupaka, u B
1933 r. on monyuun Hobenerckyro npemuto no ¢pusuke. Ceifyac Mbl 3HAEM, UTO KaXIOM
YaCTUILE COOTBETCTBYET aHTUUYACTUIIA, C KOTOPOM OHA MOKET aHHUTMIMpPOoBaTh. (B ciyuae
4acTHll, 00ecneYnBaouIMX B3aUMOACICTBIE, YaCTULA U aHTUYACTULA — OJIHO U TO XKE).
Mornu OBl CyIIIECTBOBATH 1I€JIbIE AHTUCIOBA U AHTUITIOIN, COCTOSIMINE U3 aHTU4YacTull. Ho
BCTPETUB aHTHceOs, He B3IyMaiiTe TO0370poBaThbcsi ¢ HUM 3a pykKy! Bosaukaer
OCIICTIUTENBHAsT BCIBIIIKA CBETa, M BBl 00a Hmcue3HeTe. Upe3BLIWAaHO Ba)keH BOIPOC,
MoYeMY BOKPYT HAC Tropas/io O0JbIlle YaCTHIl, Y4eM aHTUYACTHI]. Mbl K HEMY ellle BEpHEMCS
B OTOU TIIaBE.

B xBaHTOBOM MeXaHUKE mpeAroIaracTcda, 4To BCS CUJIBI, UJTN BSaHIVIOJIQfICTBI/IH, MCKIAY
YaCTHUIaMH BCHICCTBA IICPCHOCATCA YaCTHIAMHU C ICIOYUCICHHBIM CIIMHOM, PABHBIM 0, 1
nin 2. qaCTI/IIIa BCHICCTBA, HAITPUMEP SJICKTPOH MIIM KBAPK, UCITYCKACT 9aCTHUIY, KOTOpAA
ABIACTCA TICPCHOCUHUKOM B3aHMO}ICﬁCTBHﬂ. B pE3YIbTATC OTHAYU CKOPOCTH YaCTHUIIBI
BEIIECCTBA MCHACTCA. 3aTeM JacTHIa-TMCPEHOCUYHUK HAJIETACT HA APYTYIO HaCTUIY BEIICCTBA
H IIOrjiIomacTCsa CIo. 9T0 COyIapCHuC U3MCHACT CKOPOCTH BTOpOfI YaCTHIIBI, KaK 6y,Z[TO
MCXKAY 9TUMHU IBYM:A YaCTUIIAMH BCIICCTBA IleﬁCTByeT CHia.

YacTUIBI-TICPCHOCUYUKH B3aUMOCHCTBUS 00J1a]Jat0T OJHUM BaKHBIM CBOMCTBOM: OHM HC
MOTUUHAIOTCS MPUHIUITY 3amnpera Ilaymu. 3To 03Ha4aeT OTCYTCTBHE OTPaHMYCHUM s
quciaa OOMEHHMBAeMBIX YacTHIl, TaK YTO BO3HMKAIOIIAs CHJIA B3aUMOJICHCTBUS MOKET
okazaThcsi Oonbimod. Ho ecnu macca 4acTHI-TIEPEHOCYMKOB BENIMKA, TO Ha OOJBIINX
PACCTOSHUSX MX POKJICHUE U 0OMEH OyayT 3aTpymaHeHBl. TakuM o0pa3oM, IepeHOCHMEIe
UMW CHJIBI OYAYyT KOPOTKOAEHCTBYIOIIUMA. ECHU ke YacTHIBI-TIEPEHOCYUKUA He OYyIyT
o0laaTh  COOCTBEHHOM  Maccoil,  BO3HMKHYT  JOaJbHOACHCTBYIOIIME  CHUIIBL.
YacTUIBI-IEPEHOCYHUKH, KOTOPHIMM OOMEHHBAIOTCS YacCTHIIBI BEIIECTBA, Ha3BIBAIOTCS
BUPTYAILHBIMHA, TOTOMY YTO B OTJIMYHE OT PEATbHLIX WX HEIb3S HEMOCPEICTBEHHO
3apEruCTPUPOBATE MPU TIOMOIIH JleTeKTopa yacTuil. OgHaKo MBI 3HAEM, UTO BUPTYaIIbHBIE
YaCTUIIBI CYIIECTBYIOT, IOTOMY YTO OHHU cO34al0T (DG eKThl, MOAHAI0NINECS HU3MEPEHUIO:
Onarojiaps BUPTYaJbHBIM YacTUIIaM BO3HMKAIOT CUJIBI, JICHCTBYIOIIHE MEXIY YacTUIIAMU
BemecTBa. [Ipy HEKOTOPBIX YCIOBMAX 4YacTHIBI co cnuHaMu 0, 1, 2 CyIIECTBYIOT M Kak
peanbHbIe; TOrAa WX MOXHO HEMOCPEACTBEHHO 3apeructpupoBartb. C TOUKH 3pEHUS
KJTACCHYECKON (DU3NKM TaKWe JaCTHIHI BCTPEUAOTCA HAM B BHJIC BOJIH, CKa)KEM CBETOBBIX
WIIA TPABUTAIIMOHHBLIX. OHM WHOTJAa UCITYCKAOTCS IIPU B3aUMOAEHCTBUYN YaCTHI] BEIIECTBA,
MIpoTeKalolIeM 3a cueT oOMeHa YacTUIlaMHU-TIepeHOCUUKaMu B3auMoieiicteus. (Hampumep,
SIIEKTPUYECKAsl CUJIa B3aMMHOTO OTTAIKUBAHUS MEXIY ABYMS SJIEKTPOHAMU BO3HUKAET 3a
cyeT oOMeHa BUPTYyaJIbHBIMH (OTOHAMH, KOTOPbIE HEIb3S  HEMOCPEICTBEHHO
3aperucTpupoBatb. Ho €ciu 3JeKTpOHBI MPOJETAOT APYr MUMO JpYyra, TO BO3MOKHO
HCIyCKaHUEe pealbHBIX (OTOHOB, KOTOpHIE OYAYT 3aperucTpHpPOBAHBI KaK CBETOBBIC
BOJIHBI ).

qaCTI/IHBI-HepeHOC‘-II/IKI/I MOKHO pa3JCiIuTh HA YCTBIPC THUIIA B 3aBUCUMOCTH OT BCIIMYHNHBI
IICPpEHOCUMOTIO HMH BBaHMOHCﬁCTBHH H OT TOro, ¢ KdaKHUMH 4YaCTHUllaMH OHH
B3aHMOﬂ€ﬁCTBOBaHH. HOI[‘-IepKHeM, YTO TAKOC Pa3ZCIICHUC COBCPIICHHO HUCKYCCTBCHHO,
I9TO CXEMa, y)106Ha51 JJIA p8.3pa6OTKI/I HYaCTHBIX TCOpHﬁ, Hu4ero 0Oojiee CCPBE3HOTO B Heﬁ,
BCPOSITHO, HCT. BonsmmHCcTBO (I)I/I3I/IKOB HaJICCTCA, 9YTO B KOHIC KOHUIOB YA4ACTCA CO3H4Th
CIWHYIO TCOPHIO, B KOTOpOfI BCC YCTBIPC CHJIIBI OKa3aJIuCh OBI Pa3HOBUIHOCTIAMU OJ]HOI;'I u



TOM ke cuiabl. MHOTHE HAdXKE BUIAT B 3TOM T'JIABHYHO IICJIb COBpeMeHHOﬁ CI)I/ISI/IKI/I. He,I[aBHO
YBCHUYAJIHNCH YCIICXOM IIOIIBITKH O6’B€I[I/IH6HI/I$I TPpCX CUII. B »T0i1 rnase i ene CO6Hp&I—OCB (0]
HUX PACCKA34Thb. O TOM, KdK o6cTOouT ACJIO C BKIKHYCHHUCM B Td4dKOC O6])€,ZII/IH€HI/I€
rpaBUTallMH, MbI IIOT'OBOPHUM HEMHOT'O ITO37KEC.

Wrak, niepBas pa3HOBUIHOCTL CUJ — TCpaBUTAllMOHHAs cuilla. |'paBUTallMOHHBIE CUIIBI
HOCAT YHWBEpCAJIbHBIN XapakTep. IJTO O3HAYAEeT, YTO BCAKAs 4YACTHIIA HAXOJAWUTCA MOJ
JIEUCTBUEM TPaBUTAIMOHHON CHUJIbI, BEJIMYWHA KOTOPON 3aBUCHUT OT MACChl WU DHEPrUU
gacTHIlBl. [ paBUTAIMs Topa3fo ciadee KakIOoM M3 OCTaBIIUXCS TPEX CHI. DTO OYEHB
cnabas cuia, KOTOPYIO MBI BOOOIIIE HE 3aMETUIU Obl, ecIu OBbl HE JIBa c¢ CIeHUPUICCKUX
CBOMCTBA: TPaBUTAIMOHHBIE CHJIBI JEUCTBYIOT Ha OONBIIMX PACCTOSHUSIX U BCeraa
ABIAIOTCS CUJIaMU MpUTsHKeHUs. CleoBaTeNbHO, OYeHb clabble TpaBUTAIMOHHBIC CHIIBI
B3aUMOJICHCTBUS OTIEITLHBIX YACTHUI] B JIBYX TeJlaX OOJBIIOTO pa3Mepa, TaKuX, HapuMeD,
kak 3emins u CoJHIE, MOTYT B CyMME JaTh OY€Hb OOJBITYIO cuily. Tpu ocTadbHBIX BHIA
B3aUMOJICHCTBUS JTUOO JNCHCTBYIOT TOJBKO Ha MAJlbIX PACCTOSHHUSAX, JIUOO SBISIIOTCS TO
OTTAIIKUBAIOUIUMH, TO MPUTATUBAIOMINMH, YTO MPUBOOUT B OOIEM K KoMmIeHcauuu. B
KBAaHTOBO-MEXaHMYECKOM TOJAXOJ€ K TIPaBUTALMOHHOMY TIOJK0 CYMTAETCSA, YTO
TpaBUTAIIMOHHAS CHUJIA, JEHUCTBYIOMIAS MEXIY JBYMS 4YacTUIIAMH MATEpPHU, TTEPEHOCUTCS
JacTHIICH CO CIMHOM 2, KOTOpas Ha3eIBacTCsd TPaBUTOHOM. ['paBUTOH He oOsajmaet
cOoOCTBEHHOMN Maccoi, U TIOATOMY TIepeHOCHMast UM CHUIIa SBIISeTcS JaIbHOIEHCTBYIOIEH.
I'paBuTanonHoe B3amMopelicTeue Mexay ComHueM U 3eMIeH OOBICHACTCS TEM, YTO
YacTHILIBI, U3 KOTOPBIX cOcTOAT 3emist 1 ConHue, oOMeHMBaroTCsl rpaBuToHaMu. Hecmotps
Ha TO 9TO B 0OMEHE YYaCTBYIOT JIWIIb BUPTYAITbHbBIC YACTHIIBI, CO3/IaBACMBIA UMH () PEKT
0e3yCcIIOBHO MO AAeTCS H3MEPEHUT0, TOTOMY UTO 3TOT 3 (HEKT — BpalieHne 3eMIA BOKPYT
Connna! PeanbHble TPaBUTOHBI PACIIPOCTPAHSIIOTCS B BUIE BOJIH, KOTOPBIE B KTACCUYIECKOU
(¢u3Ke Ha3BIBAIOTCA TPABUTAIIMOHHBIMU, HO OHW OUYEHBL cHadbkle, U WX TaK TPYAHO
3aPETUCTPUPOBATH, UTO MOKA 3TO HUKOMY HE YAalOCh C/IENATh.

Crnenyromui THI B3aUMOJICHCTBUS CO3/A€TCA DIEKTPOMATHUTHBIMHU CHIIAMHU, KOTOPBIC
JIEUCTBYIOT MEXY 3JIEKTPUYECKU 3apsHKEHHBIMU YaCTUI[aMU, KaK, HallpUMep, 3JEKTPOHBI U
KBapKM, HO HE OTBEYAIOT 3a B3aMMOJAECHCTBUE TaKUX HE3apPsIKEHHBIX YacTUl, Kak
PABUTOHBI. DIIEKTPOMArHUTHBIE B3aUMOJEHCTBUSI ropa3fgo CUIbHEE TIPaBUTAIHOHHBIX:
SIIEKTPOMArHuTHas Cuia, JACUCTBYROIAs MEXAY ABYMS 3JEKTPOHAMH, TPUMEPHO B
MHUJUIAOH MIWUIMOHOB MUJIJIMOHOB MUWJIJIMOHOB MHIUIMOHOB MHUJUIMOHOB MHILIHOHOB
(emuHMIIA C cOpoKa JIByMs HYJSIMHU) pa3 Oolnbllle TpaBUTAMOHHOM cuibl. Ho cyiiecTBytoT
JIBa BUJIa 3IIEKTPUUYECKOro 3apsiia — MOJOKUTENbHBIA U OTpULIATENbHBIA. MEXay IByMs
TIOJIOKUTENBHBIMU 3apsAIaMHU TaK K€, KaK U MEXIY IBYMsS OTPHUIATEIbHBIMU, JIEHCTBYET
CUJIa OTTATKUBAHMS, a MEKIY MOJIOKUTEIBHBIM W OTPULATEIBHBIM 3apsigaMu — CHUJIa
npuTsHkeHus. B OGonmbmux Tenmax, Hampumep B 3emuie unu  CoIHIE, COJepKaHUe
MOJOXUTENBHBIX U OTPULIATENbHBIX 3aPSJ0B MOYTH OJMHAKOBO, W, CIEAOBATEIBHO, CUIIBI
NPUTSHKEHUS U OTTAJIKUBAHUSA TIOUYTU KOMIIEHCUPYIOT IPYT APYra, U OCTAETCS OYECHb MaJlast
JUCTO BJICKTpOMarHuTHas cuia. OJHAKO B MaJbIX MacmTadax aToMOB W MOJIEKYI
SIEKTPOMArHUTHBIE  CWIBI  JOMUHHUPYIOT. Ilog  nmeiicTBHEM  BIEKTPOMAarHUTHOTO
NPUTSHKEHUST MEXIY OTPHULIATEIBHO 3apsHKEHHBIMH SIEKTPOHAMU U TIOIIOXKUTEIILHO
3apsS>KEHHBIMU TPOTOHAMU B SJIP€ SIEKTPOHBI B aTOME BPAIllAlOTCS BOKPYT s/1pa B TOYHOCTH
TaK e, KaK MoJ ACUCTBUEM TPABUTALMOHHOIO TPHUTHKEHUA 3eMIlsl BpAIlaeTCid BOKPYT



ConHMa. DJIeKTPOMATHUTHOE MPUTSIKEHUE OTTUCHLIBACTCS KaK pe3yabTaT 0OMeHa OOBITIM
YHUCIIOM BHPTYaIBHBIX 0€3MacCOBBIX YaCTHI[ CO CIHHOM 1, KOTOpBIE Ha3BIBAIOTCS
(doronamu. Kak 1 B ciiydae TpaBUTOHOB, (POTOHBI, OCYIIECTBISAIONINE OOMEH, SBJISIOTCS
BUPTYaJIbHBIMHU, HO MIPH MEPEXOE IEKTPOHA C OJTHON pa3pelieHHON opOUTHI HA IPYTYIO,
PACIIONOKEHHYIO OIIIKE K APy, OCBOOOXKIACTCS DHEPTHSA, U B PE3YyIbTATe UCITYCKAETCS
peanbHBI  (POTOH, KOTOPHIM MpH MOIXOMAANICH IMHE BOJHBI MOXHO HaONOIAThH
YEIOBEUECKUM TTIa30M KaK BUAMMBIN CBET, MU K€ C TIOMOIIIBI0 KaKOTO-HUOYIb MeTeKTopa
(hoToHOB, HanpuMep (POTOIUIEHKH. AHAJOTUYHBLIM 00pa3oM IPU COYAAPECHHUHM pPeaibHOTO
(¢hoToHA C ATOMOM MOKET MPOU3OUTU MEPEXOJl IJIEKTPOHA C OJHOW OpPOUTHI HA JIPYTYIO,
OoJiee IAEKyr OT sSApa. DTOT MEPEX0]] MPOUCXOIUT 3a CUET YHEPTUH (HOTOHA, KOTOPHIH
TOTJIONIaeTCss  aToMoM. B3aumopaeiicTBUEe TpeThEro THIA  HA3BIBACTCS  CIIAOBIM
B3aumojieiictBueM. OHO OTBEUAET 3a PAJMOAKTUBHOCTbL M CYIIECTBYET MEXKAY BCEMHU
JaCTUIIAMHM BEIeCTBa CO CUHOM 1/2, HO B HEM HE Y4acTBYIOT YacTHIILI co criuHoM 0, 1, 2
— ¢otoHnb! 1 rpaBUTOHKL. [lo 1967 1. cBolicTBa cIa0BIX CHIT OBLTH TIIIOXO U3YYEHBI, a B 1967
r. A6nyc Canam, Teopetuk u3 Jlorgonckoro Umiepuan-kormneaxka, 1 CtuseH Batinbepr u3
lapBapackoro yHUBepcHUTeTa OJHOBPEMEHHO TIPEIIOKUIN TCOPHIO, KOTOpas 00beauHsIIa
cnaboe B3aMMOJICHCTBHE C SJICKTPOMAarHUTHBIM aHAJIOTMYHO TOMY, KaK Ha CTO JIET paHbIIIC
MakcBenn oOBEIWHUI 3JIEKTPHUUECTBO M MarnHeTusM. BaitnOepr m Camam BbIcKazaiu
TIPEATIONIOKEHNUE O TOM, YTO B JIOMOJIHEHUE K (POTOHY CYIICCTBYIOT €IlIe TPH YACTHIIHI CO
ciiHOM 1, KOTOpBIE BCE BMECTE HA3BIBAKOTCS TSKEITBIMH BEKTOPHBIMH 0030HAMHU U
SBJISIEOTCST TIEPEHOCUUKAMU CITA00TO B3aUMOJICHCTBUSA. DTU GO30HBI OBLUTH 0003HAUEHBI
cumBoramu W', W u Z°, Macca kakmgoro u3 HHX cocTaBmsina 100 IHB (I'’B o3Hauvaer
TUTa’JEeKTPOHBOJNBLT, T. €.  Thici4ya  MWUIMOHOB  DJIEKTPOHBOABLT).  Teopus
BaitnOepra-Canama o0nagaeT CBOMCTBOM TaK Ha3bIBAEMOTO CIIOHTAHHOTO HApYIICHHS
cuMmmMeTpur. OHO 03HAYAET, UTO YACTHIIBI, COBEPIIICHHO PA3HBIC ITPH HU3KUX SHEPTHUAX, TIPH
BBICOKHX SHEPIrHsAX OKas3bIBAIOTCA Ha caMOM Jejle OIHOM M TOoW K€ dYacTHUIeH, HO
HaXOJAIIECHCS B Pa3HBIX COCTOSHUAX. DTO B KAaKOM-TO CMBICJIE MOXOXKE Ha IOBEJICHHUE
mapuka npu urpe B pyieTtky. [Ipu Bcex BBICOKUX SHEPTUSX (T. €. IPU OBICTPOM BpallleHUU
KoJjieca) IMapuK BeJCeT ceOs Beerjia MouTH OJHHAKOBO — 0e30cTaHOBOYHO Bparmiaercs. Ho
KOTJa KOIleCO 3aMeJUTUTCS, SHEeprus IIapuka yMEHbIIaeTcs, W B KOHIIE KOHIIOB OH
IpoBaliuBaeTCcsAd B OJHY W3 TPUALATH CEMU KaHAaBOK, MMEIIMXcS Ha Koyece. MHBIMHU
CJIOBaMM, MPH HHU3KUX DHEPTrUAX IIApUK MOXKET CYIIECTBOBATH B TPHIALATH CEMHU
cocTosHuAX. Ecnu Obl Mbl MoueMy-nu00 MOTriau HaONoAaTh WIAPUK TOJIBKO MPH HU3KUX
SHEPTUSIX, TO CUUTAIM ObI, YTO CYIIECTBYET TPUALATH CEMb PA3HBIX TUTIOB IAPUKOB!

Teopus BalinGepra-Canama mpeackasbiBalia, 4YTO TPU DHEPrUiX, 3HAYUTETHHO
npesbimaromux 100 I'B, Tpu HOBbIE yacTulbl U (HOTOH AOMKHBLI BecTU ce0s 0JIMHAKOBO, a
npu OoJiee HU3KUX JHEPTUSAX YACTHI, T. €. B OOJNBIIMHCTBE OOBIYHBIX CHTYyaIWH, 3Ta
«CHMMETpHs» TOKHa Hapymartbes. Maccel W', W™ u Z' 6030HOB IpecKa3bIBAINCH
OOJIBITUMHU, YTOOBI CO3/IaBAEMbIE UMU CUIIBI UMENH OY€Hb Malblii panuyc aeiicteus. Korma
Baitn6epr u Canam BBIIBUHYTH CBOIO TEOPHIO, UM MAall0 KTO BEPHI, 4 Ha MAJIOMOIIHbBIX
YCKOPUTENSAX T€X BPEMEH HEBO3MOXKHO ObLII0 JocTHYb 3Hepruu B 100 3B, Heobxoaumoii
JUTS pPOKACHUAS PEaAbHBIX W+, W uZz’ gactull. OgHAKO JIET Yepe3 AECATh MpeICKa3aHus,
TIOJTyYEHHEIE B 9TON TEOPUU NMPHU HU3KHUX SHEPTHUAX, HACTOIBKO XOPOIIO MOATBEPAMIMCH
DKCIEpUMEHTanbHO, uTo BaiinGepry u Canamy Oblna mpucyxkjaeHa HoOeneBckas mpemus
1979 r. coBmectHo ¢ Ilengonom I'muioy (toke u3 'apBapaa), KOTOPBIM NPEaIOKUI



MTOXOXYI0 CAWHYI0 TEOPHI0 AIIEKTPOMATHUTHBIX W CHAOBIX SACPHBIX B3aUMOJCHCTBUH.
Komuter mo HobeneBckum mpeMusM OBLT M30aBIE€H OT HEMPUATHOCTEH, KOTOphIe MOTIH
Obl BO3HUKHYTh, €CIIM Obl 0Ka3aJ10Ch, UTO OH COBEPIIUI OIMMOKY caenanHbiM B 1983 r. B
[IEPHe oTkpbITHEM TpeX MACCHUBHBIX MApTHEPOB (POTOHA C MPABHUIILHLIMH 3HAYCHUSIMU
Macchl U APYTUMH TIpecKa3aHHBIMU XapakTepuctukamMu. Kapno Pyb6ua, Bo3riaBuUBIINiA
TPYIITY U3 HECKOIBKUX COTEH (PU3UKOB, KOTOPBIM MPUHAIIEKAIO STO OTKPLITHE, TTOTYUUIT
HobGenerckyro npemuto 1984 r., mpUCYKICHHYIO eMy COBMecCTHO ¢ mHkeHepoMm I[EPHa
CumonomMm Ban nep MeepoM, aBTOpOM MPOEKTa HAKOMUTEISI aHTUYACTHUL], UCTIOJIb30BAHHOTO
B okcrnepumeHrte. (B Haime BpeMst 4Ype3BbIUAHO TPYJIHO OCTaBUTh CBOW Cliel B
SKCIEPUMEHTANIbHON (DU3UKE, pa3Be UTO Bl YK€ HA BeplInHe!).

CunpHOE s7iepHOE B3aMMOJICHCTBHE MPEACTABISAET COOON B3aMMOECHCTBHE YETBEPTOTO
THIIA, KOTOPOE YAEPKUBAET KBAPKH BHYTPH IPOTOHA U HEUTPOHA, & MPOTOHBI U HEUTPOHBI
BHYTPH aTOMHOTO sapa. [lepeHoCUNKOM CHIIBHOTO B3aUMOIEHUCTBUS CUMTAETCS €IIe OJHa
4acTHLA CO CITMHOM |, KOoTOpast Ha3bIBACTCS TIIFOOHOM.

['mooHBI BSaHMOﬂeﬁCTBymT TOJIBKO C KBApKaMHM M C APYIrHMMHU I''TFOOHAMMU. VY cunbHOTO
. . . . 3
B3aUMOACUCTBHUA CCTh OJHO HEOOBIYaHOE CBOHCTBO — OHO 06na)1aeT KOH(I)&HHMGHTOM .

KoHdallHMEHT COCTOMT B TOM, YTO YaCTHUIBI BCETAa YACPKHUBAIOTCI B OECLBETHBIX
koMOuHanusax. OIMH KBapK HE MOKET CYIIECTBOBAThH caM 10 cebe, MOTOMY YTO TOTJa OH
JIOJDKEH OBIT OBl MMETh TIBET (KPacHBIH, 3eleHbIH uin cuHui). TloaToMy KpacHBIH KBapK
JOJDKEH OBITh COSTUHEH ¢ 3eJIeHBIM U CHHUM ITOCPECTBOM TITFOOHHOU «CTpyw» (KpacHBIN +
3eNeHbld + cuHuM = Oenblil). Takol TpHUIUIET OKa3bIBAETCS IMPOTOHOM WU HEUTPOHOM.
CymiecTByeT W Apyras BO3MOXHOCTB, KOT/Ia KBApK M aHTUKBApPK OOBEAWHSIOTCS B Mapy
(KpacHBIM + AHTUKpPACHBIM, WM 3€ICHBIM + aHTH3EJEHBIA, WIM CUHWUH + aHTUCUHMN =
ocmprit). Takue KoMOWHANMM BXOIAT B COCTaB YacTHIl, HA3bIBAEMBIX ME30HAMU. OTH
JACTHUII HeCTAOUITLHEI, TIOTOMY YTO KBAPK W aHTHKBApPK MOTYT aHHUTHJIUPOBATEH JIPYT C
JIPyroM, 00pa3ys AIEKTPOHBI U APYrue YacTUIbl. AHATOTUYHBIM 00pa30M, OJUH TIIO0H He
MOXET CYIIEeCTBOBAaTh caM Mo cebe M3-3a KOH(palHMEHTa, MOTOMY YTO TJIFOOHBI TOXE
obnanarot uBetoM. CrenoBaTeIbHO, TIIOOHBI JOJKHBI TPYMITUPOBATHECA TaKUM 00pa3oM,
9TO0BI WX T[BETA B CyMMe aaBaim Oenblii 1iBeT. OmucaHHas Tpymma TIOOHOB o0pasyeT
HECTAOWIEHYIO YACTHITY — TITFO00IT.

3
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Puc. 5.2

MEb1 He MokeM HaOI0IaTh OTJAEIbHBIH KBapK WIM TIIFOOH W3-3a KoH(akHMmeHTa. He
O03HAYaeT JIU 3TO, YTO caMoO MPEACTABIICHUE O KBapKaxX W TIIHOOHAX KaK O YacTHUIIaX
HecKoIIbko MeTadusnuno? Her, moToMy 4TO CHIIBHOE B3aUMOAEHCTBHE XapaKTepU3yeTcs
elIe OJHUM CBOMCTBOM, KOTOPOE Ha3bIBAE€TCS aCHUMIITOTHYECKOH cBoOodoil. bnaromaps
3TOMY CBOMCTBY MOHSATHE KBAPKOB W TIIFOOHOB CTaHOBHUTCS BIOJIHE ornpenaeneHHbiM. [Ipu
OOBIYHBIX SHEPTUSAX CWIBHOE B3aUMOJICHCTBHE JEHCTBUTEIBHO SBIISETCS CHILHBIM H
IJIOTHO MPHXKUMAET KBApKU Jpyr K Jpyry. Ho, Kak MOKa3pIBalOT IKCIEPUMEHTHI Ha
MOIIHBIX YCKOPUTEISIX, TPH BHICOKUX HSHEPTUSX CHUIHLHOE B3aUMOJEHCTBHE 3aMETHO
ocnabeBaeT U KBapKH U ITI0OHBI HAUMHAIOT BECTU ce0s MoYTH Kak cBoOO IHBIE YacThIlbl. Ha
puc. 5.2 mpencraBieH (OTOCHUMOK CTOJIKHOBCHUS IIPOTOHA M AHTHUIIPOTOHA BHICOKOM
HEpruu. MBI BHIWM, YTO HECKOJBKO TOYTH CBOOOIHBIX KBApKOB, POJMBIIMXCS B
pe3ynbTaTe B3aWUMOJCHCTBHS, 00Opa3oBajd «CTPyW» TPEKOB, KOTOPBIE BUIHBI Ha
¢dotorpadpun.

Htorom YCIICurHoro 06'B€JII/IH€HI/I}I SJICKTPOMAroHuTHOI0 M cnaboro BSaHMOﬂeﬁCTBHﬁ
CTaJIM IIOIIBITKH COCAUHHUTL 3THU J1Bd BHJA4d BSaHMOﬂeﬁCTBHfI C CHJIbHBIM BSEHMOHeﬁCTBHeM,
YTOOEI B PE3YIbTATC ITOJIYUNIIACh TaK HAa3bIBACMasA TCOPHUA BEIUKOI'O 06I)€,I[I/IHCHI/I${. B stom
Ha3BaHNH CCTh HCKOTOPOC MPCYBCINYCHUC . BO-IICPBLIX, TCOPUHN BCIIMKOT'O O6'LC,I[I/IH€HI/UI HE
TAKUEC YK BCIUKUEC, 4 BO-BTOPHLIX, OHU HEC O6’B€JII/IH$IIOT IIOJIHOCTBIO BCC BBaHMOHeﬁCTBHH,
IMOTOMY YTO B HHUX HC BXOAHWUT I'paBHUTALNA. KpOMe TOT0, BCC 3TH TCOPHUH HA CaMOM JCJIC
HCTIOJIHBI, ITIOTOMY YTO COJACPKAT MMapaMCTPhI, KOTOPBIC HCJIL3A IMPCACKA3aTh TCOPCTHUYCCKHU
U KOTOPBIC HAAO BBIYHUCIIAATHL, CpPaBHUBAA TCOPCTUUCCKUE W ODKCIICPUMCHTAJIBHEIC
PC3YIILTATHI. TeM HE MeHee TakKue TCOPHMHU MOI'YT CTATh NIIAaroM K MMOJTHOM TCOPpUN
O6'B€,JII/IH6HI/ISI, OXBaTBIBaIOLﬂeﬁ BCC BBaHMOﬂeﬁCTBHH. OcHoBHas HAcA IMMOCTPOCHUA Teopnﬁ
BCIIUKOI'O O6'B€,HI/IH€HI/IH COCTOUT B CICAYHOUICM. KdK YXC€ TOBOPUIOCH, CUWIBHBLIC
BBaHMOﬂeﬁCTBHH TP BBICOKUX SHCPTUAX CTAHOBATCA cna6ee, YCM IIpHU HHU3KUX. B 10 *xe
BpEeMs 3JICKTPOMAIrHUTHBIC U c1a0nle CHIIBLI aCHMIITOTHYECKH HE CBO60I[HLI, H IIPpHU BBICOKHX
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SHEPTHUSIX OHHW PacTyT. Toraa mpu KaKoM-TO OYEHEL OOINBIITOM 3HAYEHHH SHEPTHH — TPH
SHEPTUH BEIMKOI'0 00BETUHEHNS — STH TPH CHIIBI MOTJIH OBl CPAaBHATHCS MEXKIY COOOH H
CTaTh MPOCTO PA3HOBHIHOCTSIMM OJIHOM M TOM K€ CHIBbI. Teopur BEIUKOTO 00BheIUHEHUS
MPEJICKa3bIBAIOT, YTO MPH STOM SHEPTrUM pa3Hble YAaCTHUIILI BEIIeCTBA CO CIIMHOM 1/2, Takue,
KaK KBapKH W DJIEKTPOHBI, TOXKE TIEPECTaTN OBl pa3iuyaThCs, 4TO OBLIO OBl €IIe OJHUM
1aroM K 00be JUHEHHUTO.

3HaueHUEe IHEPTUU BEIMKOTO 00BEAMHEHUS HE OUYE€Hb XOPOIIO U3BECTHO, HO OHO JOJIKHO
COCTaBJSITH 10 MEHBIIEH Mepe ThICSIy MHIIMOHOB MHWINHOHOB [3B. B yckopurensx
COBPEMEHHOTO TOKOJIEHUS CTAIIKUBAIOTCS YacTUIBI ¢ dHeprusiMu okono 100 1B, a B
OyIyIIMX TPOEKTaX 3Ta BeTUUMHA IOJKHA BO3PACTH 10 HECKONBKUX Thicsd ['9B. Ho mus
YCKOPEHHs 9acTHIl JO PHEPTUH BEITUKOTO OOBEAMHEHUS HYKEH YCKOPUTETh pa3MepoM C
ConHeunyto cuctemy. MaloBeposITHO, 4TOOBI B HBIHENIHEW SKOHOMHYECKOW CHUTyaluu
KTO-HUOY/Ih perruics ee (UuHaHCUpOBaTh. BoT moueMy HEBO3MOXHA HETOCPEACTBEHHAS
SKcIepUMEeHTaIbHas POBEpKa TeOpUui BeNUKOTo o0benrHenns. Ho 31ech, kak u B cinydae
3IIEKTPOCIa00i eqUHON TEOPUH, CYIIECTBYIOT HU3KO3HEPIETHUECKUE CIEACTBHS, KOTOPEIE
MOYKHO MPOBEPHUTb.

Camoc MHTEpEeCHOE W3 TaKUX CJICACTBUM TO, YTO MPOTOHBI, COCTABIAIONINAC OOJBITYIO
9acTh MacChl OOBIYHOTO BEIIECTBA, MOTYT CIOHTAaHHO pacmajaTbcs Ha Ooliee IIETKHE
YacTHUIlbl, TAKUE, KaK aHTHUAJeKTpoHbl. [lpuunrHa B TOM, YTO TpPU SHEPrUU BEIUKOTO
00BeUHEHUST HET CYIIECTBEHHOW Pa3HWIIBI MEXIY KBapKOM W aHTHAJIECKTPOHOM. Tpu
KBapKa BHYTPH MPOTOHA OOBITHO HE 00JAJAr0T JOCTATOYHBIM KOJUYECTBOM YHEPTHHU IS
TIpeBpaIeHus B aHTUAJICKTPOHBI, HO OIWH W3 KBApPKOB MOXET COBEPIICHHO CIyJYaliHO
MOJIYYUTb OJHAXIBI 3HEPTUI0, JOCTATOYHYIO IS 3TOTO MPEBPALLICHUS, IOTOMY YTO B CHITY
MPUHIIAIIA HEONPEIEIECHHOCTH HEBO3MOKHO TOYHO 3a(pUKCHpPOBATH SHEPTHUI0 KBApPKOB
BHYTpH TIpoTOHA. Toraa mpoTOH JOJBDKEH pachacTbes, HO BEPOSTHOCTb TOTO, YTO KBapK
OyZIeT UMETh JOCTATOYHYIO SHEPTHIO, CTOJIH MaJjla, 9TO JKJIAaTh 3TOTO MPHAETCS TI0 KpalHeH
Mepe MUIHOH MHUIMOHOB MHJUIMOHOB MUJUIMOHOB MUIITHOHOB (€IUHHUIIA C TPUILATHIO
HYJISIMU ) €T, 94TO TOpa3ao O0IbIe BpeMeHH, MPOIIEANIEro ¢ MOMEHTa OONBIIOTO B3phIBa,
KOTOPOE HE MPEBBIIIAET JIECATH ThICIY MUWILIMOHOB JIET UM YTO-TO OKOJIO TOr0 (€IMHUIIA C
necsaThto HyIsIMK). OTClOla HANpammBaeTCs BBIBOJ, YTO BO3MOXHOCTH CIIOHTAHHOTO
pacriajia TIpoTOHA HEIb3S 3KCIEPUMEHTATBLHO MPOBEpUTHh. MOXKHO, OJHAKO, YBEIUYUTH
BEpOSTHOCTh HAONIONEHUS paclaia IPOTOHA, W3ydas O4YeHBb OOJIbIIOE YUCIO MPOTOHOB.
(HabGnronas, nanpuMmep, 1 ¢ TpuanaTeio OJHUM HYJIEM MPOTOHOB B T€UEHUE T0J1a, MOXKHO
HaJleaThCcsl 0OHAPYKUTh, COrTTACHO OJIHON M3 MPOCTEUIIUX TEOPUNA BEITUKOTO 00bEeIMHEHUS,
0osee OIHOTO pacnaaa MPOTOHA).

Heckonpko Takux 3KCIIEPUMEHTOB YK€ BBIIIOJIIHEHO, HO OHM HE Jally OIpeIeIeHHBIX
CBEJEHUN O pacmnajax NPOTOHA WU HeWTpoHa. OIUH U3 AKCIEPUMEHTOB, B KOTOPOM
HCITOJIb30BAIOCH BOCEMB THICSY TOHH BOJIBI, IPOBOJIUIICS B COJSHOM miaxTe mrata Oraiio
(zmst TOoro, YTOOBI UCKITIOUUTE KOCMUYECKHE TIOMEXH, KOTOPble MOKHO MPUHATH 32 pacmay
nporoHa). Ilockonbky B TeueHHE BCEro SKCIIEpUMEHTa He OBLIO 3aperucTpUpPOBAHO HU
OJIHOTO pachajia MPOTOHA, MOKHO BBIUHCIUTH, YTO BPEMS KHU3HU MPOTOHA JOIKHO OBITH
Oomnbine, 4eMm JAecsAThb MUJUIMOHOB MWIIMOHOB MUJUIMOHOB MMJUTMOHOB MWJIIMOHOB
(emMHUILIA C TPUALATHIO OJHUM HYIEM) JIET. DTOT Pe3ylbTaT MPEBHIMIAET MPEACKA3aHU
MIPOCTEHIIICH TCOPUHU BEIUKOTO 0OBCIUHCHHUS, HO €CTh M O0Jice CIIOKHBIC TCOPUH, AAIOLTUC



Oosee BBICOKYHO OIICHKY. ﬂﬂﬂ HUX TIMPOBEPKU HOTpe6y1-OTCSI ChIc 0ojee TOYHBIEC
OKCIIEPUMCEHTEI C €111C OONBITAMHU KOTUIECTBAMU BCIICCTBA.

H€CMOTp$I Ha TPyAHOCTHU Ha6JHOI[€HI/IH paciajaa 1mpoToHa, HC HCKIIKOYCHO, UTO CaMO HalllS
CyYIICCTBOBAHUC CCTh CIICACTBUC 06paTHOFO nmponecca — O6p&30BaHHH IMPOTOHOB MUJIH, CIIC
IIpomc, KBApKOB HA caMOM HaydalIbHOM CTaauK, KOrda KBAPKOB OLLIO HE 6OJII>IH€, 2 (191
dHTUKBAPKOB. Takas KapThHa  Hadalla Bcenennou MMPpeACTABIIACTCS Hauboiee
€CTECTBEHHOM. 3eMHOe BCIICCTBO B OCHOBHOM COCTOHUT H3 IIPOTOHOB U Hei/iTpOHOB,
KOTOPBIC B CBOIO OYCPLIb COCTOAT M3 KBAPKOB, HO B HCM HCT HU AHTUIIPOTOHOB, HU
aHTI/IHﬁf/iTpOHOB, COCTOAIIUX W3 AHTUKBAPKOB, CCIIM HC CHHUTATh TC HCCKOJIBKO INTYK,
KOTOPBIC OBIIIN IMOJIYHYCHBI Ha OONBITHUX YCKOPHUTEIIAX. 3KCH€pI/IMeHTBI ¢ KOCMHUYCCKUMHU
JIy4aMH IIOATBCPIKIAAIOT, UTO TO KC CaMOC CIIPAaBCAJIMBO U JI1 BCCTO BCHICCTBA B Hamien
I'amakTuke: B HEM HET HU AHTUIIPOTOHOB, HH aHTHH€ﬁTpOHOB, 3a HCKIIIOUCHHUCM TOI'O
HEOOIBIIOT0 KOJIMUECTBA dHTHYACTHUIL, KOTOPOC BO3HUKACT B PCIYIBTATEC POXKIACHUA TIap
JacTUa-aHTHYaCTHUIa B COYAAPECHUAX YaCTHUII IIPU BBICOKUX SHEPTUAX. Ecnu 611 B Hamreit
I"amakTHKe OBIIH OOILIIHE Y44CTKH dHTHUBCUICCTBA, TO MOXKHO OBLI0 ORI OXHNA4Th CHJIIBHOI'O
HU3JIYYCHHA Ha TI'paHAlax pdasiacila BCIICCTBA M dHTHUBCIICCTBA, I'AC BO3HHUKAIIO ObI
MHOXKECTBO COY)IapeHHﬁ YAaCTHUI[ U aHTHUYACTUL, KOTOPBIC, aHHHUTHWIINPY, UCITYCKaAJIU OBl
HU3JIYyICHHUC BBICOKOM OHCPIHH.

Y Hac HeT MpsAMBIX YKaSaHI/Iﬁ Ha TO, COCTOMT JIM BCHICCTBO APYIUX IrallIaKTUK M3 IIPOTOHOB
n HGﬁTpOHOB HJIKX U3 dHTUIIPOTOHOB U aHTI/IH€I‘/JITpOHOB, HO OHO JOJIZKHO COCTOATHL U3 YaCTUL
OJIHOT'O THIIA: B IpLALCIax O,Z[HOﬁ TAJIAKTUKH HE MOXKET OBITh CMECH YaCTHUIl 1 aHTHUYAaCTHII,
MMOTOMY YTO B PE3YJIBTATC UX dHHUTHUITAIIUHN UCITYCKAJIOCh OBl MOITHOEC U3ITYYCHUC. HOBTOMY
MBI CUUTACM, UTO BCC I'dJIAKTHKH COCTOAT U3 KBAPKOB, d HC U3 dHTUKBAPKOB, BpAd JIK OOHHU
raJlIakKTUKHW COCTOAIIN U3 BCIICCTBA, a APYIHC — U3 aHTHUBCHICCTBA.

Ho modemy kBapkoB JOIKHO OBITH HACTOIBKO Oonblne, YeM aHTHkBapkoB? [louemy
YHCII0 X He oAuHakoBo? HaMm oueHb MOBE3IIO0, YTO 3TO TaK, IOTOMY UTO €CIH Obl KBAPKOB U
AHTUKBApPKOB OBIJIO MOPOBHY, TO MOYTH BCE KBAPKU U aHTUKBAPKH TTPOAHHUTUIIUPOBAITH OBl
JIPyT C ApyroM B paHHel BceneHHol, HAllOJTHUB €€ U31y4YeHUEM, HO €1Ba JI1 OCTaBUB XOTb
Kakoe-HHUOyIb BemecTBO. He OBIIO OB HM TaJTaKTHK, HU 3BE3]], HU TUTAHET, Ha KOTOPHIX
MoTJTa OBl pa3BUBATRLCS TelIOBEUeCKas KHU3HbL. C IMMOMOTILI0 TEOPHI BEITUKOTO 00heTUHEHUS
MOXKHO OOBIACHUTBH, MoUeMy Bo BceneHHol KBapKoB JOIKHO OBITH ceifuac Oonbliie, YyeM
AHTUKBAPKOB, JIaXX€ B TOM CIIyyae, €Clii B CaMOM Hayasie UX ObLio mopoBHY. Kak Mbl yxke
3HAEM, B TEOPUSIX BEIMKOTO OOBEAUHEHUS TMPU BHICOKMX HSHEPrUAX KBAPKH MOTYT
TIPEBPAIATECS B aHTHAJICKTPOHBI. BO3MOXHBI U 00paTHBIC MPOIIECCHI, KOT/Ia aHTHKBAPKH
MPEeBPAIIAOTCSA B AJIEKTPOHBI, a SJIEKTPOHBI U AaHTUAJIEKTPOHBI — B aHTUKBAPKHU U KBAPKU.
Korpma-to Ha oueHb paHHeH cTaguu pa3BUTHA BcelleHHOM oHa ObLIa TaKOM Tropsyei, 4To
SHEPruu YacTull ObUIO JIOCTATOYHO AJis TOAOOHBIX TipeBpaiieHuil. Ho mouemy ke B
pe3yabTaTe KBapKOB CTalo OOJbINEe, YeM aHTUKBapkoB? IlpuunHa KpoeTcs B TOM, UTO
3aKOHBI PU3UKU HE COBCEM OJIMHAKOBHI JJIS YACTHI] U aHTUYACTHII.

Ho 1956 r. cuumtanoch, 4TO 3aKOHBI (U3UKU WHBAPUAHTHBI OTHOCUTEIBLHO TpEX
npeodbpazoanuii cummetpun — C, P u T. Cummerpus C o3HadaeT, 4TO BCE 3aKOHBI
OJIMHAKOBHLI JJI1 YacTUIl W aHTHJacTull. CuMmMmeTpus P o3HauaeT, 4To 3aKOHBI (DUIUKU
OJMHAKOBBl MJIA JIOOOTO SIBICHUS W sl €ro 3epKaJbHOIO OTpaXKeHUs (3epKalbHbIM



OTpaXCHUEM  HYACTHIIbI, Bpamafomeﬁc:;[ M0 4YacoBOU CTpCIIKE, 6Y}I€T qacTHIa,
Bpamiaromiasacida IpoTHB YacoBOU CTpeJIKI/I). HaKOHeLI,, CMBICI]I CHMMCTpPpHUN T cocTout B TOM,
YTO IPH M3MCHCHHHU HAIIPABICHMA IABMMKCHHA BCCX YdCTHI W aHTHYACTHUL] HaA O6paTHO€
CUCTCMd BCPHETCA B TO COCTOSHHUC, B KOTOPOM OHA HAXOJWJIACh PAHBIIC, MHBIMU CIIOBAMM,
3aKOHbI OAMHAKOBEI ITPHU ABUXCHHWH BO BPCMCHHU BIICPCH HUJIX HAa3ald.

B 1956 r. nBa amepukanckux ¢uszuka, T3ynmao Jlu m WxenbHuH SIHT, BbICKa3amu
MPEeAnojoKeHue, 4YTo cliaboe B3auMMOJIEHCTBUE HAa caMOM Jielie HE WHBAPUAHTHO
OTHOCUTENBHO  P-mipeoOpaszoBanuii. WHBIMM  clioBaMH, B  pe3yibTaTe  ciaboro
B3aUMOJCHCTBUS pa3BUTHE BceneHHoi MOKeT TONTH MHAYE, YEM pa3BUTHE €€ 3€PKAIBHOTO
n3obpaxenus. B ToM xe roxy [[3unbesn By, konmera JIu u SHra, cymena 1oka3arhb, 4TO UX
MIPEIINON0KEHUE TpaBWILHO. PacrionokuB B MarHUTHOM IIOJI€ siipa paJMOAKTUBHBIX
aTOMOB TaK, 4YTOOBI WX CIWHBI OBbIIM HANpaBIIEHbl OJWHAKOBO, OHA TIOKa3alia, dHTO
SIEKTPOHOB BBUIETAET OOJIbIIIE B OAHOM HAMpAaBIEHUH, YeM B JApyroM. B cremxyroniem romay
JIu u Aur 3a cBoe OTKpHITHE OBIIM yHgocToeHbl HobGeneckoi mpemun. Okazanoch, 4TO
cnabble B3aUMOACHCTBUSA HE TOAUNHAIOTCS U cuMMeTpuu C. ITo 03HavaeT, 4To Beenennas,
cocTosIas U3 aHTU4acTHll, OyIeT BecTH ce0s nHave, yem Haia Beenennas. Beem, onnako,
Ka3aJ10Ch, 9TO c1a00€ B3aMMOICHCTBHE JOIKHO BCE-TaKH TTOIIUHATHCS KOMOMHUPOBAHHOM
cummMmetpun CP, T. e. pazButre BeeneHHOM JOMKHO MPOUCXOIUTH TaK JKe, KaK U Pa3BUTHE
€€ 3EpPKAIILHOTO OTPa)XeHMs, €CIIU, OTPa3uB €€ B 3E€pKalle, MBI €Ile KaKAYH YacTHIY
3ameHuM aHTHdacTuuel! Ho B 1964 r. eme aBa amepukania, IxeiiMmc Kponun u Ben ®uty,
0oOHapyXKuJK, YTO B paclajie 4acTHIl, KOTOphie Ha3bIBatoTCsa K-mMe30HaAMU, HapymiaeTcs
naxe CP-cummMeTpus.

B pesynerate B 1980 r. Kponun u ®uty nomyunnu 3a cBorw pabory Hobenerckyio
npemuto. (Kakoe orpoMHOe KOMWYECTBO MPEeMUN MPUCYKACHO 32 pabOTHI, B KOTOPHIX
nokaszaHo, uto Bcenennas He Tak mpocTa, Kak HaM KaKeTcs).

CymecTByeT MaTeMaTHUecKas TeopeMa, B KOTOpOil yTBepKIaeTcs, 4To Jobas Teopus,
MOJIYMHSIOMIAsACS KBAHTOBOW MEXaHUKE U TEOPUH OTHOCUTENIBHOCTH, JOJIKHA BCeraa ObITh
WHBApPUAHTHA OTHOCUTEIHHO KOoMOWHMpoBaHHOW cummeTpuu CPT. Jlpyrumu cnoBamu,
noBejicHHe BcelleHHOM He M3MEHNTCS, €CITA 3aMEHUTE YaCcTHIIBl aHTHUACTHIIAMH, OTPa3UTh
BCe B 3epKajie W elle M3MEeHUTh HalpaBlieHne BpeMeHu Ha oOpaTHoe. Ho Kpornn n ®uta
MOKa3ald, YTO €cld 3aMEHUTh YacTHIl aHTHUYaCTUIaMH M MPOU3BECTH 3€pKalbHOE
OTpakeHWe, HO IPU 3TOM HE U3MEHATh HalpaBleHUEe BpeMEHHU Ha oOpaTHoe, To Beenennas
Oyznet BectH cebs mo-apyromy. CieroBaTeIbHO, TP 00paIieHu BpeMEH! 3aKOHbI (PU3NKU
JOJKHBl U3MEHUTBCSA, T. €. OHU HE MHBAPUAHTHBI OTHOCUTEIHLHO CUMMETpUH T.

[lonsiTHO, uTO B paHHel BceneHHoOW Hapylianach cumMeTpus T, Korga BpeMsi TEYET
BIiepes, Beenennas pacmupsercs, a ecny Obl Bpems Monuio Hazal, To Beenennas Havana
OBl CKUMATHCSA. A TIOCKOJIBKY CYIICCTBYIOT CHIIBI, HC WHBAapHAHTHBIC OTHOCHTCIBHO
cumMmerpun T, To oTcrofa CIeNyeT, YTO HO Mepe pacllupeHus BeelenHoi nojx AelicTBueM
9TUX CUJI aHTURJIEKTPOHBI JOJKHBI NMPEBpallaThCs B KBAapKW dYallle, YEM SJIEKTPOHBI B
AHTUKBapKW. 3areMm, Korjga BceneHHas pacmupsiyiach M OXJaxJallach, aHTUKBApKUA H
KBapKU JIOKHBI ObLTH aHHUTWIIUPOBATH, HO TIOCKOJILKY KBAPKOB 0KA3aJ10Ch Obl OOJBIIIE,
4eM aHTHKBAPKOB, KBAPKU OCTATUCH OBl B HCOOMBITOM U30bITKE. I OHU-TO U €CTh TC CaMbIC
KBapKH, U3 KOTOPBIX COCTOUT CETOMHSIIHEE BELIECTBO, KOTOPOE MBI BUAUM U U3 KOTOPOI'O



COTBOPEHEI MBI caMH. TakuM 00pa3oM, caMo Hallle CyIecTBOBaHIE MOXXHO paccMaTpHUBaTh
KaK MOJATBEpPXKACHUE TEOPUH BEIUKOr0 00bEIWHEHUS, MpaBa, TOIbKO KaK KaudeCTBEHHOE
nojaTrBepxAeHue. HeonpeneneHHOCTH MPOUCXOAAT H3-3a TOrO, YTO MBI HE MOXKEM
npejacKazaTh, HA CKOJIbKO KBAPKOB OCTAHETCS MOCIE aHHUTWISLUWW, HU Jaxe OyayT Jiu
ocTaBIIMEcs YacTHIBl KBapkamMu wiM aHTukBapkamu. (IIpaBma, ecim OBl B HM3IMIIKE
OCTanuCh AHTUKBAPKH, MBI OBl TIPOCTO TMEPEUMEHOBAIlM WX B KBapKHU, a KBApKH — B
AHTUKBAPKH).

Teopuu Benukoro oOBEAWHEHHUS HE BKIIOYAOT B ce0f  TPaBUTAIMOHHOE
B3aUMOJICHCTBUC. DTO HE CTOJh yX CYIICCTBCHHO, TOTOMY YTO TPABUTAIIMOHHBIC CHJIBI TaK
Mallbl, UTO WX BIUSHHUEM MOXHO TIPOCTO TMpeHeOpeub, KOorja MBI HMEeM Jelo ¢
BIeMEHTapHBLIMU YacTUIIaMH WK aToMaMi. OJIHaKo TOT (GaKT, YTO TPaBUTAIIMOHHBIE CUITBI
SBJISIFOTCS TATbHOJICUCTBYIONUMHU, JIa €111€ W BCETJla CHIIAMU MPUTSIKEHUSI, 03HAYAET, YTO
pe3ylbTaThl WX BO3JECHCTBUS Bcerga cyMMHUpyroTca. CrlenoBaTenbHO, €CIU UMEETCS
JIOCTAaTOYHOE KOJWYECTBO YACTHI[ BEMIECTBA, TO TPABUTAIMOHHEIE CHUJBI MOTYT CTaTh
00JBIIEe BCeX OCTANbHBIX CHI. BOT mouemy »Bomtonus BeeneHHOM onpeaenseTcss UMEHHO
rpaButanuei. Jlaxe B cmydae 00BEKTOB pa3MepoM CO 3BE31y TPaBUTAIIMOHHOE MPUTSHKEHUE
MOKET TIEPEBECHUTh BCE OCTAILHBIE CHIIBI U TIPUBECTH K KoJutancy 3Be3bl. B 70-x romax s
3aHUMAJICS UCCIICIOBAHUEM YEPHBIX JbIP, KOTOPLIC MOTYT BOSHUKHYTH B PE3YJIbTATEC TAKOTO
3BE3HOT0 KOJUIANCA, U OKPYXAIONIUX UX CHILHBIX TPABUTALIMOHHBIX ToJied. MIMeHHO B
XOJI€ 3TOM pabOTHl Y MEHS MOSABHINCE MEPBBIE JOTAJKH O TOM, KaK KBaHTOBasA MEXaHUKa U
o0Imasi Teopusi OTHOCHUTENBHOCTH MOTYT BIMSATH APYT Ha Apyra — TepBbIe MPOoOIecKH
(hopMBI TOM KBAHTOBOUM TEOPUH TPABUTAIIMH, KOTOPYIO €Ile TIPEICTONT pa3padoTaTh.



6. YEPHLIE /JAbIPbI

TepMuH «4epHas abIpa» MosABUIICS coBceM HeaaBHo. Ero Beenm B oOmxox B 1969 r.
aMepuKaHCKUM yueHsll J[>xoH Yuep kak meradopruueckoe BhIpaKEHHUE TPEACTABICHMUS,
BO3HUKILETO 10 KpaitHew Mepe 200 net Ha3aja, Korjga CylmecTBOBAlIU IBE TEOPHUU CBETA: B
MIEpBOM, KOTOPOHN TpuuepkuBaicsi HBIOTOH, CYMTAIOCH, YTO CBET COCTOMUT M3 YACTHIL;
COIJIaCHO K€ BTOPOUN TEOPUH, CBET — 3TO BOJHBI. Celdac Mbl 3HAE€M, YTO HA CaMOM JIicje
0o0e OoHM MpaBWIbHBL. B cully nmpuHUUNA YaCTUYHO-BOJIHOBOTO JyalM3Ma KBaHTOBOMU
MEXAaHUKH CBET MOKET pacCcMaTpuBATHLCS W KAaK YacTUIBI, U KaK BOJHBEL. B Teopuu, B
KOTOPOH CBET — BOJIHBI, OBUIO HEMOHSITHO, Kak OyAeT JefcTBOBAaThH Ha HEro TpaBUTAIIMS.
Ecnu ;xe cBET — MOTOK YacCTHIl, TO MOKHO CUMTATh, YTO TPABUTAIIUS IECHCTBYET HA HUX TaK
e, KaK Ha MyIIeYHbIe s/Ipa, pakeThl U miuaHeThl. CHavana yueHble AyMaiu, YTO YaCTUIIbI
CBETa TIEPEMEMIAIOTCS ¢ 0ECKOHEYHOW CKOPOCTHIO M TIOATOMY TPABUTAIMS HE MOXET UX
3aMEJUINTh, 110 Korjaa PéMep ycTaHOBHMII, YTO CKOPOCTh CBETA KOHEYHA, CTAJO SICHO, YTO
BIIMSTHUE TPABUTALIMA MOKET OKA3aThCS CYIIECTBECHHBIM.

Ucxonst u3 atoro, Jxorn Muden, npernogaBarens u3 Kemopumka, B 1783 r. mpeacraBun B
xKypHai «DPurnocodekue Tpyasl Jlonnonckoro Koponesckoro obmectay (Philosophical
Transactions of the Royal Society of London) cBoto paboTy, B KoTopo#t OH yka3sIBall Ha TO,
YTO [IOCTaTOYHO MAacCHUBHAas M KOMIIAaKTHas 3Be3Ja JOJDKHA HMETh CTOJIb CHIIBHOE
rpaBUTAIIMOHHOE HOJIE, YTO CBET HE CMOKET BBIMTH 3a €ro Mpejaembl: Mt000W Iyd CBETa,
WCIYIICHHBIH TIOBEPXHOCTHIO TaKOW 3BE3[Ibl, HE YCIEB OTOMTH OT Hee, OyAET BTAHYT
00paTHO ee TPaBUTAITMOHHBIM IPUTSIKEHHEeM. MUYel cCuuTal, 9To TaKuX 3Be3]] MOKET OBITh
O4Y€Hb MHOI'0. HecMoTps Ha TO 4TO UX HENb3s YBUIEThH, TAK KaK UX CBET HE MOXKET JI0 Hac
JIOMTH, MBI TEM HE MEHEE JIOJKHBI OLYIATh UX IpaBUTAlMOHHOE NpUTsKeHue. [lomo6HbIe
00BEKTHI HAa3bIBAIOT CEHYAC YEPHBIMU ABIPAMU, U 3TOT TEPMHUH OTPaXaeT UX CyTh: TEMHBIC
O0€3MHBI B KOCMHYECKOM TIpOCTpaHCTBe. Yepe3 HECKONbKO JieT mocie Mwuuena o
¢bpanmy3cknii  ydeHwl Jlammac BbICKaszan, TMO-BHIAAMOMY, HE3aBHCHMO OT HETO
aHajormuHoe npenunonoxenue. HebesvlHTepecHo, uro Jlammac BKIOYMII €ro JWIIbL B
MepBOE U BTOPOE M3MaHUs CBOE KHUTH «CHcTeMa MUpay, HO HCKITFOUMIT U3 Oollee MO3THUX
W3aHul, COYTs, HaBEpPHOE, 4YepHbie Iblpbl OpemoBoil umeeil. (K tomy xe B XIX B.
KOPIYCKYJIISIpHAsl TEOPHUS CBETA MOTEPSIIAa MOMYISIPHOCT. CTalno Ka3arbesl, 4TO BCE SIBICHUS
MOKHO OOBSICHUTH C TIOMOIIBI0 BOJTHOBOH TEOPHUH, a B HE BO3/AeHcTBHE TPaBUTAIIMOHHBIX
CHJI Ha CBET BOBCE He ObIIO OYEBHIHBIM).

Ha camom gene cBeT HENb3sl paccMaTpUBATh KAaK MYIIEYHBIE SApa B TEOPHUU TATOTCHUS
HrroToHa, MOTOMY 4TO CKOpPOCTh cBeTa (hmkcuponaHa. ([lymednoe sapo, BEIIETEBINEE
BBEPX C MOBEPXHOCTU 3E€MIIH, U3-3a TPABUTALNU OYIET 3aMeJJISATh MOJIET U B KOHIIE KOHIIOB
OCTAaHOBUTCS, & MOTOM Ha4yHET nagaTb. MOTOH ke AOIKEeH MPOo0IKATh ABUKEHUE BBEPX C
MOCTOSAHHOU CKOpOCThIO. Kax ske Torga HbIOTOHOBCKAs TPABUTAIIUS MOXET BO3AEHCTBOBATD
Ha cBetT?) [locnemoBaTenbHas TeOpUs B3aUMOJICHCTBHUS CBETA U TPABUTAIIUN OTCYTCTBOBAIA
no 1915 r., korma DUHIITEWH TIPEANOKMI OOIIYI0 TEOPHUIO OTHOCUTEIBHOCTH. Ho maxke
MIOCJIE€ ATOTO IIPOIILIO HEMAJIO BpEMEHH, TI0Ka CTaI0 HAaKOHEIl ICHO, KaKHe BBIBOIBI CIEAYIOT
W3 TEOpPUU DUHIITEHHA OTHOCUTEIIHFHO MAaCCUBHBIX 3BE3].

YroOwI IMOHATE, KaK BO3BHHUKACT UCpHad AbIpa, HAA0 BCIIOMHUTL O TOM, KadKOB KU3HCHHBIN



MUK 3Be3ABl. 3Be3ma oOpasyeTcs, Korja OOIbIoe KOJMWYEeCTBO Ta3a (B OCHOBHOM
BOJIOPO1a) HAUMHAET CKUMAThCS CHIIaMH COOCTBEHHOT'O TPaBHUTAITHOHHOIO MPUTIKEHHA. B
MpOoLIECCE CKaTHsl aTOMBI T'a3a BCE Yallle U Yallle CTAIKUBAOTCS JPYT C JPYyTroM, ABUTasCh CO
Bce OONBIIMMU U OONBIIMMHU CKOpoCTsIMU. B pe3ynbrare ra3 pa3orpeBaeTcss U B KOHIIE
KOHIIOB CTAHOBUTCS TaKUM TOPSHIUM, YTO AaTOMBI BOJOPOAA, BMECTO TOTO HYTOOKI
OTCKaKUBaTh JIPYT OT Apyra, OyAyT cliuBaThes, oOpasys renuit. Termmo, BeIACHsIONICECS B
STON peaklMnM, KOTOpas HAIOMHWHACT YIIPABISEMBI B3pBHIB BOJOPOAHOM OOMOBI, U
BBI3BIBAET CBEUYCHUE 3Be3/1bl. [3-3a JOMOTHUTENLHOrO TEMJA JIaBIICHHE Ta3a BO3PACTAET JI0
TEX MOp, MOKa HE YPABHOBECUT IPaBUTALMOHHOE MPUTSKEHUE, MOCIE YEro ra3 MepecTaeT
CKUMAThCA. OJTO HEMHOIO HAllOMWUHAET HAIyThIi PE3UHOBBIA TMIAPUK, B KOTOPOM
yCTaHaBIWBAETCS PAaBHOBECUE MEXKIY JaBIICHUEM BO3/1yXa BHYTPH, 3aCTaBIISIIOIIAM TTApUK
pa3aAyBaTbCs, W HATSHKEHWEM PE3WHBI, IO JCWCTBHEM KOTOPOTO IIAPUK CXKUMAETCH.
[TonoOHoO mapuky, 3Be37bI OyIyT JOJITO OCTABAThCS B CTAOMIBLHOM COCTOSTHUU, B KOTOPOM
BBIJICTIAIONIUMCS B SIIEPHBIX PEAKIMAX TEIUIOM YPaBHOBEMIMBAETCS T'PABUTAIIMOHHOE
nputskeHue. Ho B KOHIIE KOHIIOB Y 3BE3/[bI KOHUUTCS BOAOPOI U JAPYTUC BUJIBI SICPHOTO
torumBa. Kak HU mapagokcaabHO, HO YeM OOJIbIlie HavallbHBIN 3allac TOTIWBA Y 3BE3JIHI,
TeM OBICTpee OHO HMCTOIIAETCS, IOTOMY YTO JUISI KOMIICHCAIlMM TPaBUTAIIMOHHOTO
TIPUTSDKEHMS 3BE37¢ HA0 TeM CHIIbHEE Pa3orpeThes, UeM OOoJbIIe ee Macca. A IeM ropsiee
3BE3/1a, TEM OBICTpee pacXoAyeTcs €€ TOIUIMBO. 3amaca ToriuBa Ha CONHIIE XBAaTHUT
TIPUMEPHO HA TISITh THICSY MUJUTHOHOB JICT, HO 00JIce TSKEIBIC 3BE3/IbI U3PACXOAYIOT CBOC
TOIIJTUBO BCETO 3a CTO MWUIMOHOB JIeT, T. €. 3a BpeMms, ropa3lo MEHbIIee BO3pacra
Bceenennoli. M3pacxonoBaB TOMINBO, 3B€3/1a HAYMHACT OXJIaXIaThCs M CKUMATHCSA, a BOT
YTO C HEW MPOUCXOAUT MOTOM, CTaJI0 MOHITHO TOJBbKO B KOHIIE 20-X TOJIOB HAILIETO BEKa.

B 1928 r. Cybpamanesn Yangpacekap, acnupanT 3 UHIWW, OTOpaBUIICS 10 MOPIO B
Anrnuto, B KeMOpuk, 9To0BI TPOUTH TaM Kypc 00yUEHHUs Y KpYMHEHTIETo CIIeNUaIncTa B
obmacTu oOmeil Teopur OTHOCUTENbHOCTH ApTypa Daauartona. (I'oBopst, B Hauane 20-X
TOJIOB OJWH KYPHAIHUCT CKa3asl DIJWHTTOHY, YTO OH CIBINIAN, OYJATO B MHpPE BCETO TPH
qeJloBeKa MOHUMAIOT OOTIYI0 TEOPHI0 OTHOCHTEITHLHOCTH. DJJIMHTTOH, MMOMOJTYaB, cKa3al:
«l mymaro — K10 ke TpeTtuii?»). Bo Bpems cBoero nyremectus u3 Uaaun Yaunapacekap
BBIYUCINI, KaKOW BETWYUHBI JOMKHA OBITH 3BE€3/1a, UTOOBI, U3PaCX0JI0BaB IEIHUKOM CBOE
TOIJIMBO, OHA BCE JK€ Morjla Obl TPOTUBOCTOSITH BO3IEUCTBUIO COOCTBEHHBIX
rpaBUTAMOHHBIX CWI. YaHzapacekap paccyxnman Tak. Korma 3Be3ma ymeHbIIAeTcH,
JaCTHIIBI BEIIECTBA OYEHb CHIIBLHO CONMKAIOTCS JAPYr € JAPYroM, W B CHITy IIPUHITATIA
3anpera (uckirodeHus) llaymu uX CKOpOCTH JODKHBI Bce OOIbIIE pa3iuyarhCes.
CrnenoBaTenbHO, YAaCTHUIIBI CTPEMATCS Pa30MTUCH U 3Be3/a paciumpsaercd. Takum oOpazom,
paguyc 3Be3dbl MOXET YIEPKUBATHCA MOCTOSHHBIM Onarojaps pPaBHOBECHIO MEXIY
TPaBUTAIIMOHHBIM TIPUTSOKEHWEM W BO3HUKAKIIUM B cwily npuHnumna [laymm
OTTAlIKHBaHWEM, TOUb-B-TOYbL KaK Ha Oojee paHHEW CTaAuu pa3BUTHS 3BE3IbI
rPaBUTALIMOHHBIE CUJIBI YPABHOBEIINBAIIUCH €€ TEIUIOBBIM PACIIUPEHUEM.

Opnako Yangpacekap TOHMMAJ, YTO OTTAJKWBAaHWE, OOYCIOBIEHHOE TPUHLIMIIOM
[Taymu, e OecripenentHo. COMIacHO TEOPUHM OTHOCHTENBHOCTH, MaKCUMallbHasl Pa3HULA
CKOpOCTEH YacTHIl BelllecTBa B 3Be3]l¢ paBHA CKOPOCTH CBETa. JTO 3HAYUT, UTO, KOTIa
3BE€3/1a CTAHOBUTCS JIOCTATOYHO TIIOTHOM, OTTaJlKWBaHHWE, OOYCIOBIEHHOE MPUHIIMIIOM
[Maynmu, AOMKHO CTaTh MEHbBIE, YeM TpaBUTALMOHHOE TpUTsHKeHue. YaHupacekap



paccuWTal, 4To ecld Macca XOIIOJHOH 3Be3Abl Oojee deM B TIONTOpa pasza MPEeBBINIACT
Maccy ConHIa, TO 3Ta 3Be3la HE CMOXET IMPOTUBOCTOSATH COOCTBEHHON TIpaBUTAIIWH.
(Iannoe 3HaueHune Macchl celiuac Ha3bIBaloT npejaenom Yanapacekapa). [IpubnusurensbHo
B TO K€ BpeMs aHAJIOTMYHOE OTKpbITUE cjaenan coBerckuil ¢pusuk JI. 1. Jlanaay.

BriBogrr Yannpacekapa u Jlanmay uMmenu BakHBIE CIEICTBHUS OTHOCHUTENBLHO CYIBOBI
3Be37 ¢ Oonbioi Maccoi. Ecim Macca 3Be3ibl MeHbIIe mpejaena YaHapacekapa, TO OHA B
KOHIIE KOHIIOB MOXKET MEePECTaTh COKPAIIAThCs, IPEBPATUBIIKUCH B 0€I0T0 KapiIuKa — OIHO
W3 BO3MOXKHBIX KOHEYHBIX COCTOSTHUH 3Be31bl. Belblil Kapiink UMEET B paInyce HECKOIBKO
TBICSY KHJIOMETPOB, TUIOTHOCTH — COTHH TOHH Ha KyOWYICCKHUI CAHTUMETP M yICPKUBACTCS
B paBHOBECHM Oyarojaps OTTAJKWBAHHIO AJIEKTPOHOB B €r0 BENIECTBE, OTTAIKHBAHMIO,
KOTOpoe BO3HWKaeT W3-3a MpuHimna llaymu. Ha HeOe BHAHO Hemano OelbIX KapiHKOB.
OxHAM U3 TTEpPBBIX OBIT OTKPHIT OENBIH KapiuK, Bpamaronuiics BOkpyr Cupuyca — caMoi
SpKOH 3BE€3/IbI HA HOYHOM Heoe.

HaH,z[ay ITOKa3all, 4TO 3BC3dd MOXCT OKA34TbCA W B APYIroM KOHCUYHOM COCTOSHHH,
npcaciibHass Macca KOTOpOro pdaBHa OHHOﬁ-HBYM MaccaM COJTHHa, da pasMCpbl JTaXe
MCHBIIC, YEM Y Oeloro KapJirvKa. Ot 3BC3AbI TOXKC HOJIZKHBI CYHICCTBOBATH 6J1ar0)1ap51
BO3HUKAOIIEMY W3-3d IMPUHIIUIIA HaYJ'II/I OTTANIKUBAHUIO, HO HEC MCKIAY SJICKTPOHAMMU, a
MCKIOY IIPOTOHAMH H HefITpOHaMPI. HOBTOMy TaKUC 3BC3ABI IIONIIYUYHUIIM Ha3BAHHUC
HeﬁTpOHHLIX 3BC3]I. Nx paanyCc HC 00NbIIIE HECKOIBKHUX ACCATKOB KHIOMETPOB, a
INIOTHOCT — COTHH MHUIIJIMOHOB TOHH Ha KY6I/I“I€CKI/II\/'I CAHTHMCTD. KOFI[EI J'[aHz[ay
IpcacKa3al HeﬁT’pOHHBIe 3BC3BI, Ha6JTIO)IaTB HUX HUKTO HC YMCII, d pCalibHad BO3MOXKHOCTb
nux Ha6JTIO)I€HI/I$[ ITOABUIIACH 3HAYUTCIIBHO ITO3KE.

Ecmm Mmacca 3Be3nbl mpeBblmaeT mpenen Yanapacekapa, TO, KOrja €€ TOIUIMBO
KOHYACTCS, BO3HUKAIOT OOJBIIHE CIOXHOCTH. YUTOOBI H30€XaTh KaTacTpOPUIECKOTO
IPaBUTAIIMOHHOTO KOJIJIATICa, 3B€3]1a MOKET B30PBATLCS HIIM KAKUM-TO 00pa3oM BEIOPOCHUTH
3 ce0g 4yacTh BENIECTBA, YTOOBI Macca cTalla MEHbIe IpeAenbHoi. TpyaHo, OIHAKO,
MOBEPUTH, YTO TaK MPOUCXOIUT CO BCEMM 3BE€3aMU HE3aBUCHMO OT MX pa3MmepoB. Kak
3Be37a y3HAET, UTO ei mopa TepsATh Bec? A naxke eciv Obl KaXI0H 3B€3/1€ YAANOCh TIOTEPSThH
B BECE HACTOJIbKO, YTOOBI M30€kaTh Kojularnca, TO YTO IMPOW3ONLIO0 ObI, ecd OBl MBI
YBEITWIHIIH Maccy OCJIOro KapiiuKa Wi HEHTPOHHOU 3BE3/IBI TaK, YTOOBI OHA TIPEBEICHITA OBl
npeden? MoxkeT ObITh, TOTJa MPOU30HIET Obl KOMIANC W TJIOTHOCTH 3BE3JIBI CTaja
OecKoHEeUHON? DNIUHITOH ObUI TaKk 3TUM MOPAXKEH, YTO OTKA3alicsl BEPUTHb PE3yNbTaTy
Yanapacekapa. OH cuMTal TPOCTO HEBO3MOKHBIM, YTOOBI 3B€3Aa CKOJIIATICUpOBANia B
TouKy. Tako¥ MO3UIIHH TIPUAEPKUBATOCH OONBIIMHCTBO YUCHBIX: caM DUHIIITCHH 3asBUIT B
CBOCH cTaThbe, YTO 3BE31bI HE MOTYT CXKHUMAThCS JIO HYJIEBBIX pa3zMepoB. BpaxkmeOHoe
OTHOIIIEHUE YYECHBIX, B OCOOCHHOCTH DIJWHITOHA, KOTOPHIH OBLI TEPBLIM YyUUTEIIEM
Yanapacekapa W TIABHBIM aBTOPUTETOM B WCCIENOBAaHUM CTPOCHUS 3BE3]l, BBIHYIWIU
Yangpacekapa ocTaBUTh pabOTy B MPEKHEM HAMPABICHUU U TEPEKITIOUUTHCS HA JAPYTHE
3a/1aud acTPOHOMHH, TaKWe, KaK JBWKEHUE 3BE3MHBIX ckoruieHnd. Oanako HobemeBckas
npemus 1983 r. Oblia, o KpaifHeH Mepe YacTUUIHO, IpUCYXAcHa UaHapacekapy 3a paHHHE
paboTHI, CBSI3aHHBIE C MpeleTbHON Maccol XOIOHBIX 3BE3/I.

On IMOKa3aj, 94TO €CJIM MacCa 3BC3AbI NIPCBBIITACT TIPCACII T—IaanaceKapa, TO TIPUHIIUII
3allpe€Ta HEC MOXKCT OCTAHOBUTL €€ KOJIIAIIC, 4 3ada4Yy O TOM, UTO HOJIZKHO HpOHBOfITPI C



TaKOW 3Be3JI0ON cOTJTacHO OOIIeH TEOPUH OTHOCUTENHLHOCTH, MepBBIM pemrin B 1939 r.
Mononoi aMmepukaHckuil puszuk Pobept Onmenreitmep. Ho 13 pesynpraToB OnmneHreimepa
CJIEI0BAJIO, YTO C MOMOIIBIO CYIECTBOBABIIMX TOTA TEJIECKOMOB HENb3s HAONI0AATh HU
OJIUH U3 npejncka3aHHbiX 3¢dekro. [lorom Hauanace BTopas mupoBas BoiiHa, U cam
OnmnenreiiMep BIUIOTHYIO 3aHAJNCA pa3paboTkod aTtomHou OomObI. Ilocrme BOWHBI 0O
TPaBUTAIIMOHHOM KOJUIAIICE COBEPIIEHHO 3a0bUIM, MOTOMY YTO OONBIIMHCTBO YYEHBIX
OBLIO YBICYEHO M3yYEeHHEM SBICHMHM aTOMHBIX H SACpHBIX MacmrtaboB. Ho B
MECTUIECATHIX TojlaX, Onarojaps HOBEHIIEH TEXHUKE, YWUCIO AaCTPOHOMMYECKHX
HaOJIOIEHUI CUJIBHO BO3POCHO, a UX 00JacTh 3HAYUTENHHO PaCIIUPUIIACh, UTO BHI3BAIIO
BO3POKJEHNE UHTEPECA K aCTPOHOMUHU M KOCMOJIOTHH. Pesynbrarel OnmenreiiMepa ObLTH
3aHOBO OTKPBITHI U PA3BUTHI Jaliee MHOTUMH (QU3UKAMHU.

B urore, 6marogaps OnmenreiiMepy, Mbl IMEEM celdac cileayrouyr KapTuay. M3-3a
TPaBUTAIIMOHHOTO TOJIS 3BE3/IBI Ty4YH CBETA B IPOCTPAHCTBE-BPEMEHN OTKJIOHSIIOTCSA OT TEX
TpPaeKTOpHUi, MO KOTOPHIM OHHU TIepeMEeNaliuch OBl B OTCYTCTBHE 3Be3NIbl. CBETOBBIC
KOHYCHI, BJIOJb ITOBEPXHOCTH KOTOPBIX PACIPOCTPAHSIOTCS UCIYIIEHHBIE U3 UX BEPIINH
CBETOBBIE IIy4YM, OKOJIO TOBEPXHOCTH 3BE3[bl HEMHOI'O HAKIOHSAIOTCS BHYTPb. ITO
MIPOSIBIIIETCST B HAOIIOAAEMOM BO BPEMS CONIHEUHOTO 3aTMEHHUS MCKPUBIEHWU CBETOBBIX
Jyded, HIOYymUX OT YyHaJdcHHBIX 3Be3l. [lo Mepe cxkaTus 3BE3bl  YBEIUUUBACTCS
IpaBUTAIIMOHHOE TT0JIE Ha €€ TOBEPXHOCTH U CBETOBBIE KOHYCHI HAKITOHSIOTCS €Ille CHIIbHEE.
IIosTOMY CBETOBBEIM JIy4aM, HCIYIIEHHBIM 3BE€310M, CTAHOBUTCS BCE TPYAHEE BBIUTHU 3a
TIPeIeIbl TPaBUTAIIMOHHOTO TIOJIS 3BE3/IbI, U YIAICHHOMY HaOII0aTeIo0 e CBeYeHUE OyaeT
Ka3aThCsl TYCKJIBIM M 0OJice KpacHbIM. B KOHIIE KOHIIOB, KOT/a B XONE CXKATHSA Pagnyc
3BE3/[bI JIOCTUTHET HEKOTOPOTO KPUTHUECKOTO 3HAUECHUSA, TPABUTAITMOHHOE IMOJE Y €€
TOBEPXHOCTH CTaHET OYEHb CHIILHBIM, U TOT/la CBETOBBIE KOHYCHI HACTOJIBKO TOBEPHYTCS
BHYTpPb, UYTO CBET HE CMOXeT Oomblie BBIATH Hapyxky (puc. 6.1). Ilo Teopum
OTHOCUTEIBHOCTH HUYTO HE MOXET JIBUTATHCS OBICTPEE CBETA; & pa3 CBET HE MOXKET BHIUTH
HapyXKy, TO U HUKAKOW JIpYyrod oOBEKT HE CMOXET BBIUTH, T. €. BCE Oy/ET BTATHBATHCS
Ha3aJ TPaBUTAIMOHHLIM TTOJIeM. DTO 3HAYUT, YTO CYHICCTBYET HEKOEC MHOKECTBO COOBITHH,
T. €. HeKasg 00JacTh MPOCTPAHCTBA-BpEMEHU, U3 KOTOPOU HEBO3MOXKHO BHIUTH HApyXKy U
JOCTUYL yAaneHHOro HaOmromaTens. Takas oOmacTh Ha3bIBAETCA celvyac YepHOM JBIPON.
['panuny yepHOM IbIpbl HA3BIBAIOT TOPU3OHTOM COOBITHI. OHa COBNAJaeT ¢ MyTAMM TEX
CBETOBBIX JIy4eH, KOTOPbIE TIEPBBIMH M3 BCEX TEPSIIOT BO3MOKHOCTBH BBIUTH 3a TPEIEIBI
YEPHOU JBIPHL.
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Puc. 6.1

YToOBI MOHATH, YTO BBl YBHJAECHU Obl, eciid Obl HaOMIOMaIu 3a 00pa3oBaHUEM YepHOM
IBIPBl TIPU  KOJIJTATICE 3BE3IIBI, HAJ0 BCIOMHUTH, YTO B TEOPUH OTHOCUTEIHLHOCTHU
OTCYTCTBYCT aOCOIOTHOEC BPEeMsS U Y KaXKJIOTO HaOJIOAaTeNs cBOS Mcpa BpeMeHu. M3-3a
TOTO UTO 3Be3/1a UMEET I'PaBUTAIIMOHHOE TTOJIe, AT HaOMoJaTe s Ha 3Be3]1e BpeMs OyIeT He
TaKUM, Kak JUId yaaneHHoro Habmoaatens. Ilpeanonoxum, 4To KaKoi-HUOYIb OTBaKHBIH
ACTPOHABT HAXOJIUTCS HA MOBEPXHOCTU KOJIJIATICUPYIOLIEH 3BE3/Ibl U KOJIANICUPYET BHYTPh
BMECTE C HEU.

[IycTh OH KaXIyr CEKYHIy MO CBOMM YacaM TMOCHIIAET CHUTHAIbl Ha KOCMHYECKUU
Kopabub, oOpalaromuics o opoOuTe BOKPYT 3B€3/1bl. B KaKOW-TO MOMEHT BPEMEHH 10 €T0
gacaM, ckaxkeM B 11:00, 3Be31a coxMeTcs 0 paanyca HUKE KPUTHIECKOTO, PH KOTOPOM
IpaBUTAlMOHHOE TOJIE€ CTAaHOBUTCS HACTOIBKO CHUIBHBIM, YTO HUYTO HE MOXET BBIMTH
HapyXKy, ¥ TOTJa CUTHAJBI 3TOTO CMEJIbuaka OOJBIIe HEe MTOMaayT Ha KOCMUYECKUM KOpaoIIb.
[Tpu mpubnuxenun Bpemenu K 11:00 wHTepBambl MEXIy OUYEpPEAHBIMU CHUTHAJIAMHU,
KOTOpbIE aCTPOHABT TOCHITAET CBOMM CITYTHHKAM Ha KOCMHYECKWH Kopalib, OymyT
yHATBCS, HO 10 10:59:59 3toT 3ddexT Oyner HeBeauk. Mexay curHajgaMu, KOTOpPHIE
acTpoHaBT 10 cBouM yacaM mommieT B 10:59:58 u 10:59:59, ma xocMudeckoMm kopabie
MpOMAEeT 4yTh OONbIIE CEKYyHABI, HO CHUTHala, MOCIaHHOro acTpoHaBToM B 11:00, um
NPUAETCS KJ1aTh BeuHO. CBETOBBIE BOJIHBI, UCMYILEHHBIE C MOBEPXHOCTH 3BE3IbI MEKIY
10:59:59 u 11:00 o wacam acTpoHaBTa, OyAYyT, C TOUKH 3PEHUS NAacCaKUpPa KOCMUYECKOTO
KopabJis, pazMaszaHsl T0 OECKOHEUHOMY MEPHOIY BpeMeHH. BpeMeHHOH WHTepBall MEKITY
JBYMSI BOJHAMU, TPUXOIAUIAMH Jpyr 3a APyroM Ha Kopabmh, OyaeT Bce BpeMms
YBEIIWYUBATECS, U IIO3TOMY HU3ITy4aeMbIl 3BE310M CBET OyIET HEIPEPHIBHO OClabeBaTh U
Ka3aThCsl Bce Ooyiee KpacHBIM. B KOHIIE KOHIIOB 3Be3/la CTAHET TaKOM TYCKIIOW, YTO €€
00JTbITIE HE YBUIAT C 00pTa KOCMHUYECKOTO KOPAOIIS: OT HEE OCTAHETCS JINITL YepHas IbIpa B
npoctpaHcTBe. [Ipu 5ToM Ha Kopabns OyaeT mo-pexHeMy AeHCTBOBATL TPAaBUTAITHOHHOE
MPUTSHKEHHUE 3BE3IbI, TAK YTO OH IPOJOIKUT CBOE IBHKEHHE 110 OpOUTE BOKPYT YepHOU
JIBIPEL.

Ho 3ToT cuienapuii He COBCEM pealMCTHYEH 10 ciieyroniei npuuune. [lpu yaaneHun ot
3BE3[IbI €€ TPABUTAITMOHHOE MPUTSIKEHUE 0cllabeBaeT, a M0ITOMY HOTH HAIIET0 OTBAXKHOTO
acTpoHaBTa Bcera OyIyT UCTIBITHIBATEH OoJee CUITbHOE TPaBUTAIIMOHHOE BO3JIEHCTBUE, YEM
rojoBa. Pa3Hulla B BeNMYMHE CUJ MPUBEAET K TOMY, YTO aCTPOHABT IMOO OKaKeTcs
BBITSHYTBIM, KaK CITareTTH, JU00 Pa30pBETCS HA YACTH €IIE 0 TOro, KaK pazMepbl 3BE3/Ibl
COKpATATCS 10 KPUTHUECKOTO paauyca, KOTZa BO3HUKAeT TOPU30HT coObrtmii! Ho ™Mb
cunMTaeM, UYTO BO BcelmeHHOH CymIecTBYIOT Topa3ao OoybITie OOBEKTH, HampuMep
LEHTpAJIbHBIE 00JIACTH TaJlaKTHK, KOTOPHIE TOXKE MOTYT NPEBpALaThCAd B YEpPHBIE JBIPHI
W3-3a TPaBUTAIMOHHOIO KoJjulanca. Torja, HaXoAsch Ha OJHOM W3 TakuX OOBEKTOB,
acTpoOHABT He OBLI ObI pa30pBaH Ha YACTHU €IlIe J0 00pa3oBaHUs yepHoi AbIpel. Ha camom
Jene OH Obl HE TOYYBCTBOBAJI HHYETO OCOOCHHOTO, KOTJa paglycC 3BE3OBI JOCTHUT OB
KPUTHYECKOTO 3HAUEHWUS, W BIOJHE MOT OBl MPONTH, HE 3aMETHUB, TOUKY, 33 KOTOPOH
HayMHaeTcsl 00NacTh, OTKY/Aa HENb3s BEPHYThcA Ha3al. Ho Bcero uepes HECKONBKO YacoB,
Korjga ora obnacTh Hauala Obl KOJUIAICUPOBaTh, Pa3HUIA TPABUTALMOHHBIX CHII,
JEHCTBYIOIIUX HA HOTH U Ha TOJIOBY, BO3pOCJIa OBl TaK CHIIBHO, UTO €T0 OIATH Pa30pBajio OB
Ha YaCTH.



B pab6orte, xotopyto mel ¢ Pomxkepom TTenpoy3om BeimonHmm B iepuof ¢ 1965 no 1970
r., OBIIO MOKa3aHoO, YTO, COTNACHO OOIIEH TeOpHUH OTHOCUTENBHOCTH, B YEpPHOU HbIpe
JIOJDKHA OBITH CUHTYISIPHOCTh, B KOTOPOM MIIOTHOCTh U KPUBU3HA MTPOCTPAHCTBA-BPEMEHU
O6eckoHeuHbl. CUTyalusi HATOMUHAET OOJBIION B3pbIB B MOMEHT Hayalla OTCUETa BPEMEHU
C TOHM TOJIBKO pa3sHUIIEH, 9TO 3TO O3HA4YAJI0 OBl KOHEL BPEMEHM JUIS acTPOHABTa M IS
KOJUTAIICUPYIOMIETo Tena. B 3To cHHTYnsipHOM TOUKe HapylIanuch Obl 3aKOHBI HAYKH, a MBI
noTepsutl OBl CTOCOOHOCTE NpeacKa3krBaTh Oyaymee. Ho aTa moreps He KocHynachk ObI HU
OJIHOTO HAOI01aTeNsl, HAXO/SIIETroCsl BHE YEPHOU JBIPBI, MOTOMY UTO JI0 HETO HE JIOIIEI
Obl HU CBETOBOM, HU KaKOW-HUOYIb APYTroi CUTHAI, BBIMEANN U3 cuHrynspuocta. [lox
BIUSHUEM JTOr0 yauBUTENbHOTO ¢akrta Pomkep TleHpoy3 BBIABHHYIT «THUIIOTE3Y
KOCMHUYECKOH TIeH3YPBI», KOTOPYIO MOKHO C(OPMYIMpOBaTh Tak: «bor He TepnuT royoi
CUHTYIApHOCTH». JpyrumMul clOoBaMH, CHHTYJISAPHOCTH, BO3HMKIIME B pPE3yJbTaTe
IPaBUTAIIMOHHOTO KOJUIAnca, TMOSBIAIOTCS JWINb B MECTaX BpOJAE YEPHBIX AbIP, TIE
TOPU30HT COOBITHH HAJIEKHO YKPBIBAET WX OT B3TJNI0B W3BHE. CTpOro TOBOpS, 3TO
runoresa ciaadboii KOCMHUYECKON LEH3YpHl (Kak ee M Has3bIBalOT ceiuac): Onarogaps ei
HaOIIoaTeNIl, HaxoAsIIecs 3a MpedellaMid YepHOM JBIPHI, 3aIUIICHB OT MOCIeACTBHH
TOTO, YTO B CHHTYISPHOCTH TEPSAETCS CMOCOOHOCTh MpeacKa3biBaTh Oyayilee, HO 3Ta
TUMOTE3a HEYEero He JaeT JJIS CMAaceHUs HECUACTHOrO acTPOHABTA, YMABIIErO B YEPHYIO

JBIPY.

CylecTBYIOT HEKOTOpPBIE pCEIICHUA YpaBHEHUN O0OIIeH TEOpHH OTHOCHUTEIHLHOCTH,
KOTOPBbIE TTO3BOJSIIOT aCTPOHABTY YBHJIETh TOJIYHO CHUHTYISIPHOCTDB;, OH MOKET YBEPHYTHCS
OT CHHTYISPHOCTH W, TIPOJIETEB dYepe3 «KPOTOBYIO HOPY», BBIUTH B APYroil obimactu
Bcenennoii. Takoi#t BapuaHT NMpe1oCTABHII OBl ITUPOKHE BO3MOKHOCTH JIJIS Iy TETIISCTBUS B
MIPOCTPAHCTBE U BPEMEHH, HO, K COXAJICHUIO, BCE ATH PENICHUS, MO-BUIUMOMY, CHUILHO
HecTaOMILHBEL. Marneliliiee Bo3MyIIeHUE, HallpAMEp MPUCYTCTBUE acTpOHABTa, MOTJIO ObI
TaK W3MEHUTh pPEUIEHUs, YTO acCTPOHABT HE YBUIEN Obl CHUHTYISPHOCTH N0 CaMOro
CTOJIKHOBEHHS ¢ HEH, KOrJla €ro CyIIecTBOBAHUIO MpHIIeNl OBl KOHel. J[pyruMu ciioBamH,
CUHTYIIIPHOCTH HaXOAMJIach OBl BCerJa B €ro OyaymnieM W HUKorda B mporuioMm. CuianHas
hopMyIHpOBKAa  THUIOTE3bl  KOCMHYECKOM  IIEH3yphl  TaKoBa: CHUHTYJISIPHOCTH
PEATMCTUYECKOTO PEIIEHU JIOTKHBI OBITH BCETa IMOO IIeTUKOM B OyayleM (Kak B cllydae
rPaBUTAMOHHOIO KoJJianca), Nu00 UEIMKOM B MOpouuioM (Kak B ciaydae OO0JbIIOro
B3pbIBa). OUEHb XOUETCS HAACATLCA, YTO «TUMTOTE3a KOCMUYECKOHN IIEH3YPhI» BBITIOTHAETCS
B TOH WM WHOW (pOpPMYIHPOBKE, MMOTOMY YTO WHA4Ye BOIU3M TONBIX CHHTYISPHOCTEH
nMenach OBl BO3MOXXHOCTH IIONANaTh B IIpolnioe. DTo ObLIO OBl MpeKpacHO It
nucaTeneii-gpanTacToB, HO 03Hayajgo0 Obl, YTO HUKOT/Ia Helb3s OBITh YBEPEHHBIM B CBOEH
0€30MacCHOCTU: KTO-TO MOYKET BOWTH B MIPOIIJIOE W JTUIIUTh KU3HU KOTO-HUOYAb U3 BalllUX
pOIUTEINEH emie JO TOTO, KaK OHU YCTEIN JaTh )KU3Hb BaM!

["opu30HT COOBITUH, OrpaHUYMBAIONINI Ty 001aCTh IPOCTPAHCTBA-BPEMEHH, U3 KOTOPOU
HEBO3MOXXHO BBIOpAThCS HApPYXKy, TOA00EH HEKOeH TMOoayNpoHUIIaeMON MeMmOpaHe,
OKpYKAIOIIEH YEPHYIO ABIPY: 0OBEKTHI BPOJI€ HEOCTOPOKHOTO ACTPOHABTA MOTYT YIACTh B
JEPHYIO ABIPY Uepe3 TOPU3OHT COOBITHH, HO HUKaKHe 00BEKTH HE MOTYT BEIOpATHCS U3 HEe
gepe3 TOPU30HT coOBITHH oOpaTHOo. (BcrmoMHKTe, UTO TOPU3OHT COOBITHH — 3TO MYTh, MO
KOTOPOMY B ITPOCTPAHCTBE-BPEMEHU PACTIPOCTPAHSIETCSI CBET, KOIJld OH CTPEMUTCS BBIUTH
U3 YEepHOU JIbIPBI, a ObICTPEE CBETA HE MOXKET JABUTATLCA HUUTO). O rOpU30HTE COOBLITHIA



MOKHO CK43dTh TdK, KdK CKd43dHO Yy TI03Ta I[aHTe O BXOJIEC B AI[Z «OcTaBb HaJICKAY BCAK
CI0a BXO,I[SIH.II/Iﬁ)). Bce u Bca IIPOBAJIUBIICCCA 3a TOPU30OHT COOBITHH BCKOPC IIOIIaACT B
0071aCcTH OCCKOHEYHOMH IIIIOTHOCTH, I'TIC BPCM:A KOHYACTCA.

OO6mast Teopuss OTHOCUTEIBHOCTH TPEACKA3bIBAET, HYTO TPHU JABMKEHUHM TSHKEIBIX
00BEKTOB JTOMKHBI M3y4aThCcsl TPABUTALIMOHHEIE BOJTHEI, KOTOPBIC MPEACTaBIAIOT cOOO0
MyNbCallud KPUBU3HBI TMPOCTPAHCTBA, PACHPOCTPAHSIONIMECS CO CKOPOCTHIO CBETa.
Uznyuaembie mpu m1000M ABHXEHUHM TPaBUTALMOHHBLIE BOJHBLI OYIYT YHOCHTH 3HEPTHIO
CUCTEMBIL. (DTO HAITOMUHAET TOBEAEHUE OPOIIEHHOTO B BOAY MOTUTABKA, KOTOPHIN CHavYa a
TO YXOJUT O] BOJY, TO BEIHBIPUBACT Ha TTOBEPXHOCTH, HO, TIOCKOJBKY BOJIHBI YHOCSAT €TO
HEPTUI0, B KOHIIE KOHIIOB 3acThIBA€T B HEMOJBMKHOM CTAallHOHAPHOM COCTOSHHH).
Hanpumep, npu obpariennu 3emnu Bokpyr CollHITa BOSHUKAIOT TPaBUTAIIMOHHBIC BOHBI, U
3emutst TepsieT cBoto 3Hepruto. [loreps sHeprun OyneT BIUATH HA opOuTy 3emiuu, U 3eMist
HAYHET TOCTeNeHHO NpuomkaTbes kK ConmHiry. B KoHIle KOHIIOB OHM BOMAYT B KOHTAKT, U
3emist, TepecTaB JBUTAaThcs OTHOCUTENRHO CoNHIEA, OKaXeTcss B CTAllMOHAPHOM
cocrosHnu. [Ipn Bpamenun 3emnu Bokpyr ComnHIa TepseMmas MOIIHOCTE OYEHb Mana —
MPUMEPHO TAaKOBA, KaKylo MOTPeOIseT HeOONBIONW dNEKTPOKUIIATUILHUK. JTO O3HAYAET,
gro 3emis ymager Ha CoiHIlE TPUMEpPHO Hepe3 ThICAYY MHWUIMOHOB MHWJUTHOHOB
MUJUTMOHOB MUJUTHOHOB JICT, & IIOTOMY TIPSIMO ceiuac 6ecrmokouThes He o dem! M3meHenus
OpOUTEl 3eMJIM MPOUCXOMAST CIHUIIKOM MEMJIEHHO AN HaOIIOJIeHHWs, HO 3a TIocleqHue
HECKOIIEKO JIET B TOYHOCTH Takoii ke 3¢ dext Habmoxancsa B cucteMe PSR 1913+16. (PSR
03HauaeT «IyJnbcap» — 0co0as Pa3sHOBUAHOCTb HEUTPOHHOU 3BE3/bI, KOTOPas M3Ty4yaeT
TIEPUOINICCKAE WMITYJICHl PAJAMOBONH). JTO CHUCTEMa JABYX HEHTPOHHBIX 3BE3,
BpaIlaronIuxcs OJIHA BOKPYT IPYTrod; TOTEpH PHEPTUH HA TPABUTAIMOHHOE H3TydeHUE
MIPUBOJIAT K UX CONMKEHUIO TIO CITUPAIIH.

KOFI[& BO BpPCMs I'PAaBUTAIMOHHOI'O KOJUIJIaIlCa 3BC3EBI 06pa3yeTcx UcpHasd AbIpa, BCC
ABHIKCHHUA 3BE3ABI JOJPKHBI CUIIBHO YCKOPHUTBLCA, H ITO3TOMY ITOTECPHU SHEPTHUH TOXKE HOJIKHBL
CHJIBHO BO3pPACTH. CH@HOB&TCHBHO, KoJIIalicupyromfasa 3BE€314d JOJKHA BCKOPC OKA34TLCA B
HCKOCM CTAlIMOHAPHOM COCTOSHHH. Kakum xe 6y,Z[€T 3TO KOHEYHOE COCTOsIHHE?

MO’KHO TIPEITNONIOKHUTh, YTO OHO OYJIET 3aBUCETh OT BCEX CIIOXHBIX CBOWCTB UCXOTHOM
3BE3IBI, T. €. He TOJNLKO OT €€ MacChl M CKOPOCTH BpallleHUs, HO W OT Pa3HbBIX TJIOTHOCTEH
Pa3HBIX YacTeU 3BE3/IbI U OT CIOXKHOTO JABUKEHUS Ta30B BHYTpH Hee. Ho ecnu Ol yepHbIE
JIBIPbI OBUIU CTOJb KE Pa3HOOOPA3HLIMU, KaK U KOJUIANCUPYIOIIUE 00BEKThI, U3 KOTOPHIX
OHU BO3HUKAIOT, TO JENATh KaKue Obl TO HU ObLIO 00IIHE TIpeACKa3aHus O HEPHBIX IbIpax
0Ka3aJloch Obl OYEHb TPYIHO.

Onnako B 1967 r. xanaackuii yuyeHbli Bepuep M3pasnb (oH poaunca B bepnune,
BocriuthiBalicst B FOxHOU Adpuke, a JOKTOPCKYIO IuccepTanuio 3ammuiian B Upnangun)
TIPOM3BET PCBOJIONMIO B HAYKE O YCPHBIX ABIpax. M3pasis mokaszal, uTo, COTIacHO oOIIcH
TEOPUH OTHOCUTEIBHOCTH, HEBPAILIAIOIIIAECS YEPHBIE ABIPHI TOIKHBI MMEThH OYEHB IIPOCTHIE
CBOMCTBA: OHU JOMXKHBI OBITH MPAaBUILHOU cheprudeckoi GOpMBI, pa3Mepbl YEPHOH JBIPHI
JIOIKHBI 3aBUCETH TOJBKO OT €€ MAaccChl, a JIB€ YEPHBIE IBIPHl C OAWHAKOBBIMU MaccaMu
JOJDKHBl OBITh MIEHTUYHBI ApYyr Apyry. MakTHUUecKW MOoay4yaioch, YTO YEPHBIE ABIPHI
MOHO OIMCATh YACTHBIM pEIICHUEM YpaBHCHUHM DHHIITEHHA, U3BECTHBIM ete ¢ 1917 1. u
HalineHueiM Kapmom IlBapummnsioM Bckope mocie omyOIMKOBaHMs 0OIIeld Teopuu



oTHOcUTenbHOCTH. (CHauana MHOTHUEC, B TOM YHCJIC N C4dM I/Iapaanb, CHUuTalIu, 4YTO,
IIOCKOJIBKY UYCPHBIC JOBIPEI JTOJIKHEI OLITE COBCPIICHHO KPVYIJIBIMH, OHH MOI'YT
O6pa?>OBblBaTbC$[ TOJBKO B PE3YJbTATC KOJIIIAIICa COBCPIHICHHO KPYIJIOIoO oonekTa. Takum

oOpa3zoMm, mrobasi peanbHas 3Be3ga — a pealbHbIE 3Be3lIbl HE ObIBAIOT WIEAIBbHO
chepuueckot (GopMBI — MOXET CKOJIANCHUPOBATH, TOPOXIas TOIBKO TOIYHO
CUHTYIISIPHOCTD.

[TpaBna, Obliia BO3MOKHA M Ipyrast MHTEppeTanus nonydenHoro M3pasnem pesynbrara,
KOTOpPYI, B 4acTHOCTH, nomaepxusanu Pomxkep Ilenpoys u Ixon Yunep. beicTpsie
JBUKEHUSI, BOSHUKAIOIIUE BO BpeMs KOJUIANCA 3BE€3bl, 03HAYAKOT, YKAa3bIBAJIU 3TH YUCHEIE,
YTO U3JIydaeMBble 3B€310M I'paBUTALMOHHEIE BOJTHBI MOTYT €lll€ CUIIBHEE CKPYTIIUTE €€, U K
TOMY MOMEHTY, KOT/la 3Be3/la OKaXXeTcsi B CTalMOHAPHOM COCTOSIHWM, OHa OyJeT B
TOYHOCTH cepuueckoi dopmbl. TIpu Takom B3rsAe Ha Beny ro0as HeBpariaromascs
3Be3/la, Kak Obl HU OblIa cloxkHa ee (opmMa W BHYTPEHHSSI CTPYKTypa, IIOCIE
TPaBUTALMOHHOIO KoOJIJIanca JOJDKHA IIPEBpaTUTHCS B YEPHYIO JBIPY MPaBUIBHOU
cepuueckoil ¢GopMEI, pa3Mepsl KOTOpOH OyAyT 3aBHCEThH TOIBKO OT ee¢ Macchl. B
JanbHENIIeM TaKOW BBIBOJ OB MOATBEPKICH PacuyeTaMy U BCKOPE CTall OOIIENPUHSATHIM.

Pesynerat M3pasins kacaics TOIBKO YSPHBIX JBIP, 00PA30BABIIHXCS U3 HEBPAIIAOIITAXCS
obbekToB. B 1963 1. Poit Kepp w3 Hopoli 3emaHmuu Hamien CeMEHUCTBO pPEIICHUM
ypaBHEHUI 00111€H TEOPUH OTHOCUTEIBHOCTH, KOTOPbIE OMUCHIBAIH BpaIatoNIvecs YepHbIe
neipbl. KeppoBckue depHbie ObIPHI BPAIIAIOTC ¢ MIOCTOSTHHOW CKOPOCTHIO, a X (hopma U
pasMep 3aBHUCST TOJIBKO OT MAacChl 1 CKOPOCTH BpamieHus. Eciiu BpamieHue oTCyTCTBYET, TO
gepHas JbIpa WMeeT HWAeallbHYI0 IapooOpazHyro (opMy, a oTBeHaroliee el perneHue
UIEHTUYHO MIBAPUUIMIBIOBCKOMY penieHnio. Ecnu ke depHas Ablpa BpAIIAeTCs, TO €€
JAaMEeTp YBEIMYHMBAETCA IO YKBATOPY (TOYHO TakK ke, Kak MeGopMUpPYIOTCS BCIEICTBHE
Bparierus 3emis u CoTHIIE), U TEM CHITbHEE, YeM ObicTpee BpameHue. UToOb MOKHO OBLITO
nepeHecTr pe3ynabraT M3pasis v Ha Bpamaromuecs Tella, ObIT0 CIeTaHo TIPEAMoNIoXKeHNe,
qTO JI000€ Bpallariieecs Tello, KOTopoe B pe3ylbTaTe Kojulanca o0pa3yeT YepHyo ABIPY,
JIOJKHO B KOHITE KOHIIOB OKa3aThCS B CTAIMOHAPHOM COCTOSIHUU, OMUCHLIBAEMOM PEIICHUEM
Keppa.

B 1970 r. moti actiupanT u kosurera mo Kemopumxy bpennon Kaprep cuenan mepsbrit
mar K JI0Ka3aTelbCTBY ATOr0 MpeAnonoxkenus. Kaprep mokasan, 4To eclid cTalluOHapHas
Bpalllatollasics yepHas Abipa 001aJaeT OCbl0 CUMMETPHUH, KaK BOJIUYOK, TO €€ pa3Mepbl U
dbopma OyIdyT 3aBUCETHb TOJBKO OT €€ MAacChl U CKOpPOCTH BpameHus. 3ateM B 1971 T. 4
JIOKa3aJl, 4To JIF00as CTalMOHApHAs dYepHas [bIpa Bceraa OyaeT WMETh TaKyl OCh
cummMeTpun. Hakoner B 1973 r. JI»sun Poouncon u3 Koponesckoro komremka B Jlongone,
onupaich, Ha Hamu ¢ KaprepoM pe3ynbTarhl, IOKas3ajd, YTO BEIIICIIPUBEACHHOE
MPEANONIOKEHNUE TPaBUILHO, T. €. 4YTO CTallMOHApHAs uepHas Jblpa Bcerna OyneT
pemierueM Keppa. WTak, mocne TpaBUTAIMOHHOTO KoJUlarica 4YepHas IbIpa JOJDKHA
0Ka3aThCs B TAKOM COCTOSTHHH, UTOOBI OHA MOTJIa BpaIiaThkCs, HO HE MOTJIa yJT5CHPOBATh.
KpoMme Toro, pasMmepsl uepHOH ABIPHI OYAYT 3aBHUCETHh TONBKO OT C€ MAacChl U CKOPOCTH
BpallleHUss W HUKaK He OYyJAyT CBA3aHbl CO CBOHCTBAaMHU TOTO Tela, KOTOpPOE
CKOJUIATICUPOBAJIO B 3TY HEPHYIO JbIPY. ITOT BBIBOJI CTaJl U3BECTEH B (DOPMYIUPOBKE: «Y
4EepHOU IBIPHI HET BOJNIOC». Teopema 00 OTCYTCTBHM BOJIOC y YEpPHOM IBIPBI UMEET
OTPOMHOE TIPAKTUYCCKOE 3HAUYCHUE, TIOTOMY YTO OHA HAJIAracT CHIILHBIC OTPAaHUYCHUS Ha



BO3MOXKHBIC THUIIBI YEPHBIX JABIPp U TEM CaMBbIM Ja€T BO3MOXHOCTHL CTPOUTH ACTAJILHBIC
MOACIIN O6T:»GKTOB, KOTOPBIC MOTI'IIHN OLI COACPIKATE YUCPHBIC IOBIPEI, W CPABHUBATHL HX
IpeaACKa3aHusd C Ppe3ylibTaTaMH Ha6HlOﬂ€HMﬁ. KpOMe TOro, M3 HEC CICAYCT, 4YTO IIPHU
O6p3.30BaHI/II/I qepHoﬁ ABIPbI  JOJDKHA TEPATHCSI OIpOMHAA 4Y4dCTh HH(I)OpMaI_II/II/I 0
CKOJUIAIICUPOBABUICM TCJIC, TOTOMY HTO TIOCJIC KOJIJIalcda BCC, HYTO HAM YI4CTCA
U3MCPUTH, — I3TO, MOKCT 6BITL, JIMIITb Macca Tella Ja CKOPOCTH €0 BpalllCHUA. 3HAYNMOCTh
CKAa3aHHOTI'O CTAHCT sACHA U3 CHC}]YIOH.Ieﬁ TJIaBHbI.

UepHble OBIpBI — OAWH W3 OYEHb HEMHOTOYHUCIIEHHBIX MPUMEPOB B HCTOPUU HAYKH,
KOrJa TEOpHsl pa3BUBAJACh BO BCEX HETANAX KaK MaTeMaTH4yecKas MOJENb, HE UMed
HUKaKHX DKCIIEPUMEHTAJIbHEIX TMOATBEPKICHUN CBOEH crpaBednBOCTH. 1 3TO, KOHEUHO,
OBIJI0 TTIaBHBIM BO3paKEHHUEM MTPOTHBHUKOB YEPHBIX JILIP: KaK MOKHO BEPUTH B PEAIbHOCTh
00BHEKTOB, CYIIECTBOBAHNE KOTOPBIX CIIEYET JIMIITb U3 BLIYUCICHUH, OCHOBAHHBIX HA TaKOH
COMHMTENILHON TeopuH, Kak o0mas Teopus otHocutenbHocTH. Ho B 1963 1. Maapren
[MImuar, actponoMm u3 Ilamamapckoit obcepatopuu B KanudopHuu, usMepun KpacHoe
CMeEILIEHHe TYCKIIOr0, TOX0KEro Ha 3Be31y 00BEKTa B HAllPaBICHUH UCTOYHHUKA PagHOBOIH
3C273 (ucTtounuk mox HomepoMm 273 B TperbeM KeMOpHIKCKOM  Karalore
pagunonctouHUKOB). O6HapyxkerHoe [IIMuaTOM KpacHoe cCMENIeHHE 0Ka3aaoch CIMIITKOM
BEJTUKO, YTOOBI €T0 MOKHO OBIIIO OOBSICHUTH JICHCTBUECM TPAaBUTAITMOHHOTO TIOJS: CCITU OBl
OHO OBIIO TPABUTAIMOHHOTO MPOUCXOXKIEHUS, TO CBA3AHHBIA C HUM OOBEKT JIOIKEH ORI
MMETh TaKyl0 OOJNBIIYIO Maccy M pacnoiiaraThCs Tak OJIM3KO K HaM, YTO €r0 NMPUCYTCTBHUE
M3MeHWI0 Ob1 opouThl Beex miaaHeT ConHeuHol cuctembl. Ho, MOKeT ObITh, TOT1a KpacHOE
CMEIIEHUE BO3HUKIIO W3-3a pacuiupeHus BcenenHo#l, W W3 3TOro Cclemyer, 4YTO
paccMaTpUBaeMBIi OOBEKT HAXOIWUTCS, HAOOOPOT, OUeHb Janexo? BuauMblii Ha Takom
OOJBIIIOM PACCTOSHUM OOBEKT JOKEeH OBbITh OYEeHBb SIPKUM, T. €. JIOJDKEH H3IIydaTh
OTPOMHYIO SHEpruro. EIWHCTBEHHBIM MEXaHW3M, C MOMOIIBID KOTOPOrO0 MOTJIO OBl
M3ITy4YaThCs TAKOE OOMNBINOE KOTUUYECTBO SHEPTHUH, — 3TO IPAaBUTALIMOHHBIM KOJIAIC, HO HE
KaKOW-HUOYIbh OJTHOM 3BE3IBI, a KOJUIATIC BCEW TEeHTpamsHOW obmactu [Namaktuku. C Tex
mop ObUIM OTKPBITHI U JIPyTHE aHAJIOTHYHBIC KBA3W3BE3/IHBbIE OOBEKTHI, WIIM KBa3aphl,
obrajaronme KpacHbIM cMelleHneM. Ho ux Gonblias yJaneHHOCTh CUIBHO 3aTPyHHSET
HaONIoIeHUe W HE JaeT BO3MOXHOCTH cJIeTaTh OKOHYATENbHBIE BBIBOJABI OTHOCHTEIBHO
YEPHBIX JBIP.

B 1967 r. nosBuicsa HOBBEIH JOBOJ B TMOJIb3y CYIIECTBOBAHUSA YEpPHBIX JIBIP.
KeMmOpumxckuit aciupant J>kocnud benn oOHapyxkuia Ha Hebe 0OBEKTHI, M3Tydaroliue
peryisipHble UMITYIbChl paanoBoNH. CHavyana benn u ero pyKoBOIUTENb JHTOHH XbIOUII
pEIINIM, YTO OHHU YCTAHOBWIM KOHTAKT C BHE3EMHBIMHM [UBUIIU3ALUAMH HAIIEH
lNanaktuku! S moMHIO, 4TO, HOKIaAbIBass O CBOEM OTKPBITUM Ha CEMUHApE, YEThIpPE
HCTOYHUKA OHM JECUCTBUTEIILHO Ha3BalM cokpameHHo LGM 1-4, rne LGM o3Havaer
«3enenble yenoBeukny» (Little Green Men). Ho moToMm 1 aBTOpEI, M BCE OCTaJIbHbBIC MPUIILITH
K MEHEE POMAHTUUHOMY 3aKIIOUEHUI0, YTO OOHAPYKEHHBbIE OOBEKTBbI, KOTOpPbIE ObLIU
Ha3BaHbI MyJIbcapaMHu, TIPEACTABISIOT cOOO0M BpalIaronInecs HEUTPOHHBIE 3BE3.IBI, KOTOPHIE
WU3IYyYalOT HMITYJIBCHl PATUOBOIH H3-32 CJIOXKHOTO XapakTepa B3aUMOIEUCTBUS UX
MAarHUTHOT'O TIOJISI ¢ OKPY’KAIOIIUM BEIIECTBOM. DTa HOBOCTH OTOpYHja aBTOPOB OOEBHKOB
0 KOCMUYECKUX TPHUILIENbIAX, HO OYEHb BOOAYUIEBUJIA HAIl HEMHOTOUYMUCIEHHBIM OTPS]I
CTOPOHHUKOB YEPHBIX JIbIP, TaK KaK MBI BIIEPBBIE TOJNYYUIIU MOATBEPKICHUE TOrO, YTO



HﬁﬁTpOHHLI@ 3BC3JABI CYHMICCTBYIOT. Pa)myc HeﬁTPOHHOﬁ 3BE3ABI pPABCH TIPHUMEPHO
MATHAIUOATH KUJIOMETpPaM, T. €. BCEI0 B HCCKOJILKO Pa3 OobIIIe KPUTHUYCCKOT O pagnyca, 1o
JOCTHKCHHUHU KOTOPOro 3BC3Ad IIPCBPAIIACTCA B YCPHYIO IALIPY. Eciu 3Be3na moxer
CKOJUIAIICUPOBATH A0 TAKHUX HEOONBIINX Pa3sMEpoOB, TO BITOJITHE AOMMYCTHMO IMPECAIOJIOXKHUTD,
4qTO APYTHUC 3BC3ABI B PE3YIIBTATC KOJIIAIICA CTAHYT CIIC MCHBIIC U O6p213y10T YCPHBIC

JBIPEL.

Puc. 6.2

Cmpenkoil ykazan o0vexm Jlebeov X-1, komopswlil, Kak cuumaemcst, npeocmasisiem cooou
cucmemy 4epHoul Oblpbl U 00LIYHOU 38€30bl, 0OPAUAOUWUXCS BOKPYE Opye Opyea.

Ja, HO Kak MOXHO pacCUMTHIBATb HAaWTH YEpPHYIO IBIPY, €CIH II0 CaMOMy e€e
OTIPEIETIEHUIO OHA BOOOIIE HE U3ITydaeT CBET? DTO BCE PABHO YTO JIOBUTh YEPHOTO KOTA B
TeMHOi kKomHaTe. W Bce-Taku oamH cmoco® ecth. Eme Jxon Mwutuenn B cBoeH
MUOHEpCKoW pabore, HanmMcaHHOW B 1783 T., ykasblBaj, 4YTO 4YEpHBIE IBIPHI BCE XKe
OKa3BIBAIOT TPABUTAINMOHHOE BO3JCHCTBUE HA ONM3KHE K HUM OOBEKTHI. ACTPOHOMBI
Ha0II0/IaTi MHOTO CUCTEM, B KOTOPBIX JIBE 3BE3/IbI 00paIaroTcs 0JHa BOKPYT APYrou 1o
JEWCTBUEM T'PaBUTAUMOHHOIO MpUTsKeHus. HabnrogaroTest U Takue CUCTEMBI, B KOTOPBIX
BUIMMA JIUIIL OJHA 3Be37a, OOpallaromiascs BOKPYr CBOEro HEBUIMMOro TapTHEpa.
Pa3zymMeeTcs, MBI HE MOXEM Cpa3y 3aKIIOUHUTh, UTO MAPTHEP U €CTh YEpPHAs JIbIpa, TOTOMY
9TO 3TO MOXET OBITH MPOCTO uUepecuyp Tyckias 3Be3fa. OQHAKO HEKOTOphIE M3 TaKUX
cucteM, Hampumep Jlebear X-1 (puc. 6.2), SBIAIOTCA €llle U MOIIHBIMA HCTOYHUKAMH
PEHTTEHOBCKOTO U3JIy4YeHUs. ITO SBICHUE JYUIlE BCEro OOBACHIETCS MPEANONIOKEHUEM,
YTO C MIOBEPXHOCTU BUAUMOM 3BE3Ibl «CAYBAETCS» BEIIECTBO, KOTOPOE NANIA€T HA BTOPYIO,
HEBUINMYIO 3BE3/y, Bpallasich Mo CIUpaIM (Kak BBITEKAOMIAs W3 BaHHBI BOJAA), U, CHIBHO
pasorpeBasich, UCIyCKaeT pPEHTreHOBCKoe u3imydeHue (puc. 6.3). s cyuecTBoBaHUs
TaKOro ME€XaHW3Ma HEBUIUMBIM 00BEKT JTIOKEH ObITh OYeHb MalbiM — OEIbIM KapIIUKOM,
HEUTPOHHOU 3BE3/0M WM YepHOU abIpoil. Pesynbrarshl HaOmroaeHUss OpOUTHI BUIMMOM
3B€3/bl TIO3BOJISIIOT BBIYUCIUTH, KaAKYI0 HAUMEHBIIYI0 MAacCy MOXKET UMETh HEBUIAMMBIN
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00wekT. B ciryaae JIeGemst X-1 3Ta Macca cocTaBIsieT MPUMEPHO IIeCTh COTHETHBIX Macc, T.
e., corimacHo YaHapacekapy, CIMIIKOM BEITUKa, 4TOOBI OO0NaNalomnii €10 HEeBHIAUMEBIN
00BLeKT okazancsi OelmblM KapiuKoM. A Tak Kak 3Ta Macca BENWKa W I HEWTPOHHOU
3BE3/Ibl, O0BEKT, MO-BUIUMOMY, JIOJKEH OBITh YEPHOU JILIPOH.

BUAMMAH
3BE3AA

HYEPHAA
JABIPA

PEHTIEHOBCKOE
H3JIYYEHIE

Puc. 6.3.

CymecTBYIOT W JIpyrUe MOJIETH, O0BICHSIONNE pe3ynbTaThl Habmoaenuit Jlebens X-1
0e3 TpuUBIIEUEHHUS YEpPHBIX ABIP, HO BCE OHMU JOBOJIBHO HCKYCCTBEHHBL. YUepHas Iwipa
IIPEICTaBIACTCA €AMHCTBEHHBIM COBEPIIEHHO €CTECTBEHHBIM OOBSICHEHNEM HAaOII0CHUN.
Hecmorpss Ha »9T0, g 3akmoumn napu ¢ Kunom Topuom wu3z Kamudopuuiickoro
TEXHOJIOTHYECKOTO WHCTUTYTA, 4TO Ha camoM jene B Jlebene X-1 Her yepHoii nbipbl! Jls
MEHS 3TO MMapu — HeKasi CTPaxoBKa. Sl 04eHb MHOTO 3aHUMAJICS YEPHBIMU JBIPAMU, U BCS
Mos paboTa MOUAET HacCMapKy, €CIIA BAPYT OKAXKETCSI, UYTO YEPHBIE JIBIPHI HE CYMECTBYIOT.
Ho B 3TOM cnydae yTemeHHeM MHeE OyAeT BBIUTPAHHOE TMapH, a MO €ro yCIOBUAM S B
TEUYEeHHE YeThipeX JeT Oyay OecnnaTHo nmoiy4datsh xypHan «Private Eye». Ecnu ke uepHbie
IBIPBI BCE-TaKW CYIIECTBYIOT, To Kum Oymer menblii rog momydath kypHanl «Penthouse».
3axmrouas mapu B 1975 1., M1 661mi Ha 80% yBepeHBI B ToM, uTo Jlebens X-1 sBnsercs
gepHol Awlpoi. Celivac Hamia yBEepeHHOCTH BO3pocia, s OBl ckazam, mo0 95%, Ho mapu
OCTaeTcs B CUJIE.

Mur pacmojiaracM JaHHBIMHU O CHIC HCCKOJIBKUX YCPHBIX JbIPaX B CUCTCMAX THUIIA .H€6€,1151
X-1 B manieit I"'anakTrke U ABYX COCCAHUX T'aJIaKTHUKAX, KOTOPLIC HA3BIBAIOTCIA bonsmuMm u
MansiM MaremtanoBsiMu O0nakamu. Ho YCPHLIX ABIP IIOYTH HABCPHAKA I'OPaA3J0 OomblIe:
Ha MPOTAXKCHHUHU HOHFOﬁ HUCTOPHUHU Bcenennoii  MHorue 3BC3JbI J1OJIDKHBI ObLIH
HU3PacCXoJ0BaTh J0 KOHIIA CBOC AACPHOC TOINIMBO M CKOJIJIAIICUPOBATH. Yucio YCPHEIX ABIP
BIIOJTHC MOKCT JaXXC TPCBBIMIATH YHCIIO BHIWUMEBIX 3BC3, KOTOPOC TOJIBKO B HaIei
I'amakTuke cocTaBlIsgeT OKOJO CTa THICSY MHUIIIHOHOB. HOHOHHHT@J’ILHO@ TPABUTAIITMOHHOC
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MIPUTSHKEHUE CTONTh OOJTBIIOTO KOJIMYIECTBA YEPHBIX JBIP MOTIO0 OBl OBITH IPUIHHON TOTO,
nmouemMy Hama ["amakTuka BpalaeTcs UMEHHO C TaKOM CKOPOCTBIO, a HE ¢ KaKOW-HHOYIb
JIPyroii: Macchl BUJAUMBIX 3BE3J JJIsi OOBACHEHMS 3TOM CKOPOCTH HEAOCTATOYHO.
CylecTBYIOT U HEKOTOPBIE IAHHBIE B MOJIb3Y TOTO, UTO B LIEHTPE Halllei [ amakTuku ecThb
gepHas JbIpa ropasno OOJBIIET0 pa3Mepa ¢ Maccoi MPUMEPHO B CTO Thicay Macc ComHIa.
3Be3/bl, okazaBmuecs B [amakTuke CAUMIKOM OJIM3KO K ATOM "epHOM AbIpe, pasieTaroTcs
Ha YaCTH W3-32 Pa3HULBI TPaBUTALIMOHHEIX CHJ Ha OMKHEW W JalbHEH CTOpOHAX 3BE3/HI.
OcTaTku pa3ieTalomuxcs 3Be3/] U ra3, BLIOPOIISHHBIN APYTMMH 3Be3/1aMH, OYAyT IajaTh
M0 HampaBJIeHUIO K yepHoi abipe. Kak u B ciiyuae Jlebeas X-1, ra3 Oyner 3akpy4uBaThCs
M0 COUpAIi BHYTPb W pa3oTpeBaThCs, TpaBga, HE TaKk CWIbHO. PasorpeB OyneT
HEJIOCTATOUHBIM JIJIT UCITYCKaHUS PEHTTEHOBCKOTO W3JyUYCHHS, HO UM MOXHO OOBICHUTH
TOT KPOIIEYHBIM UCTOYHUK PaJUOBOIIH M HHOPAKPACHBIX ITy4eH, KOTOPBIA HabI0/1aeTCs B
uentpe ['amakTuku.

He uckimtodeno, 4To B IEHTpax KBA3apoOB €CTh TAKUE KE YCPHBIC IBIPHI, HO elie O0NIBITNX
pa3MepoB, ¢ MaccaMH OKOJIO cTa MUJUIMOHOB Macc ConHua. ToNbKo MafieHneM BEIIECTBA B
TaKyl0 CBEPXMACCHUBHYIO UEPHYIO NBIPY MOXHO OBIITIO Obl OOBACHWTH, OTKyIa Oepercs
SHEPrusi MOITHEHIITIET0 U3TyUEHUS, KOTOPOE UCXOAUT U3 UEPHOH JbIphl. BemecTBo najaer,
Bpalasich 10 CHOUpaIW, BHYTPb YEPHOU NBIPHI W 3aCTaBISET €€ BpaliaThCcd B TOM XKe
HaIlpaBIIeHWH, B Pe3yJIbTaTe Yero BO3ZHUKAET MAarHUTHOE TI0JIe, MTOX0Kee Ha MarHUTHOE
none 3emnu. [lagaroniee BHYTpE BElIeCTBO OyAeT poXKAaTh OKOJIO YEPHOU ABIPHI YaCTHUIIBL
OYCHb BBICOKOUW JHepruu. MarHutHoe mone OyAeT HAaCTONBKO CHIBHBIM, YTO CMOMXKET
choKycUpoBaTh 3TH YACTHIIBI B CTPYH, KOTOpbIE OYIyT BBUIECTaTh HAPYXKY BIOIb OCH
BpallleHUs. YEPHOU IBIPHI, T. €. B HAIPABIEHUM €€ CEBEPHOTO M HOXKHOTO IOJIOCOB. Y
HEKOTOPBIX TAJTAKTUK U KBA3apOB TAKUE CTPYH JAEHUCTBUTEIBHO HAOIIOAFOTCS.

MoOXHO paccMOTPETh M BO3MOKHOCTb CYIIECTBOBAHUS YEPHBIX ObIp C Maccamu,
MeHbIIMMH Macchl Conania. Takue yepHbIe IBIPEI He MOTIIH OBl 00pa30BaThCs B pe3ylibTaTe
rpaBUTALIMOHHOTO KOJUIAIICA, IIOTOMY YTO UX MAacCChI JIeXKAT HUXKE Iipenena Yangpacekapa:
3Be37bl ¢ HeOOIBIITONH Maccol MOTYT MPOTUBOCTOSATH TPAaBUTAIIMH JaXe B TOM CIydae, eCliu
BCE€ UX SJIEPHOE TOIUIMBO YK€ M3PacXo/0BaHO. YUepHbIE ABIPHI MaloOll MacChl MOLYT
oOpa3oBaTbcs JUMIH MPH YCIOBHH, YTO BEMIECTBO CKAaTO JIO OTPOMHBIX TIIOTHOCTEH
YpEe3BBIYANTHO BBICOKUMHU BHEITHUMU JABJICHUSMH. TaKH€ YCIIOBUS MOTYT BBITIOJIHATHCS B
OueHbL OONBIION BOZOPOAHON OomOe: pusuk JkoH Yuiep Kak-TO BBEIYHCINI, YTO €CIH
B3STh BCIO TSDKEITYIO BOJIY U3 BCEX OKEaHOB MMpa, TO MOKHO cAeJIaTh BOJOPOIHYIO O0MOY,
B KOTOPOM BEUIECTBO TaK CUIIBHO COKMETCS, YTO B €€ IIEHTPE BO3HUKHET YE€pHas IbIpa.
(PazymeeTcsi, BOKPYT HE OCTaHETCS HHUKOIro, KTo Mor Obl 3To yBuueth!) bomee peanbHas
BO3MOXHOCTh — 3TO 00pa30BaHWE HE OYECHb MACCHBHBIX UEPHBIX ABIP C HEOOIBIION
MacCOM MpPHU BBICOKUX 3HAYCHUSAX TEMIIEPATyphl U JABJICHUS Ha BECbMa paHHEH CTaJIuU
pa3Butus Bcenennoi. YepHbie OpIpbl MOTIIM 00pa3oBaThes JIHIIL B TOM ciydae, €CIu
pannsis Bcenennas He Oblla uJlealbHO TTAJIKOW W OJHOPOIHON, MOTOMY 4YTO JIUIIbL
KaKyro-HUOYIh HEOOBITYI0 00JIACTh € TUIOTHOCTHIO, MPEBBINIAOIIEH CPEIHIO IIOTHOCTS,
MOHO TaK CXaTh, UTOOBI OHA MpEBpaTHIACh B YepHYIO ABIPy. Ho MBI 3HaeMm, 4TO BO
BcenenHol A0/DKHBI OBLIM IIPHCYTCTBOBATH HEOIHOPOIHOCTH, MHAYE BCE BEIECTBO HE
cOumoch Obl B KOMKH, 00pa3ys 3Be3/Ibl M TAIAKTUKH, 2 PABHOMEPHO pacipeielIniIoch Obl 10
Bceu BceneHHOM.



Mormu AU 5TU  HCOAHOPOAHOCTH, CYIICCTBOBAHUCM KOTOPBIX  OOBACHICTCA
BO3HUKHOBEHHE 3BE3]l U TallaKTHK, IIPUBECTU K 00Pa30BAHUIO TIEPBUUYHBIX YEPHBIX IBIP,
3aBUCUT OT TOTO, KakoW Obina panHsis Bceenennas. CrnemoBaTelbHO, ONPEETUB, KaKOe
KOJINYECTBO MEPBUYHBIX YEPHBIX JIBIP CeHUac CyIIECTBYET, Mbl CMOIIIM Obl MHOT'O€ Y3HATh O
CaMbIX paHHMX CTaAusAX pa3Buthus Bcenennoil. [lepBruuHble YepHBIE IBIPHI, MacCa KOTOPBIX
TIPEBHITIIAET THICAUYY MWIJIHOHOB TOHH (Macca OONBIION TOPBI), MOXHO OBLIO OBl
3apEerucTpUpPOBATH TOJIBKO MO BIUSHUIO UX TPABUTALMOHHOIO ITOJIS HA BUIUMYIO MaTEPUIO
WIIY K€ Ha npoliecc paciuupenus Beenennoii. Ho B cieayronieii rmase Mbl y3HaeM, 4TO Ha
CaMOM JI€JI€ YEPHBIE JIbIPbl BOBCE HE UEPHBIC: OHU CBETATCS, KaK PACKAICHHOE TEJI0, U YEM
MEHBIIIE YepHas AbIpa, TEM CUIIbHEE OHA cBeTuTcs. Kak HU mapaloKcaabHO, HO MOMKET
0Ka3aThCs, YTO MAICHBKHUE YePHBIE ABIPHI TIPOIIIE PETUCTPUPOBATE, TeM OOJIbIITHE !



7. HEPHBIE AbIPbI HE TAK YK YEPHbI

o 1970 r. s B CBOMX WCCIEIOBAHUSAX MO OOUIEH TEOPUUM OTHOCUTEIHHOCTH
COCpPENOTOYMBAJICS B OCHOBHOM Ha BOMPOCE O TOM, CYIIECTBOBAlA WM HET CUHTYJISPHAS
Touka 6onbIoro B3peiBa. Ho kak-To BeuepoM B Hosiope 1970 1., Bckope mocne pokIeHUs
Moell nouepu Jlrocw, moxkachk cmarh, A 3agyMalcsi O YepHBIX Awlpax. M3-3a cBoel
HEMOIIIHOCTH S OYEHb MEJJIEHHO TOTOBIIOCH KO CHY, W TIO9TOMY y MEHS ObLIO MHOTO
BpeMEHU I pasMmbliieHnid. Torna emnie He ObUIO TOYHOrO ONpPEAENEeHUs, KaKMue TOUKH
MIPOCTPAHCTBA-BPEMEHHM JIEKAT BHYTPH YEPHOM ABIPHI, a Kakue — cHapyku. Ho mMbI yxe
obcyxnanu c Pomxepom IleHpoy3om ormipenerneHne YepHOHW OBIPH Kak MHOXECTBA
COOBITHH, U3 KOTOPOTO HEBO3MOXKXHO YWTH Ha OOJBIIOE PACCTOSAHWE. DTO OMpelciIeHUe
cTasio ceiuac oOmenpuHATbHIM. OHO O3HAYaeT, YTO TPaHUILy YEPHOU ABIPHI, TOPU3OHT
coObITHH, 00pa3yroT B TPOCTPAHCTBE-BPEMEHM IIyTH IIy4ed CBETa, KOTOpBLIE HE
OTKJIOHSIFOTCSI K CHHTYJSPHOCTH, HO W HE MOTYT BBIUTH 3a TIPENENIBI YEPHOM ABIPHI H
oOpedeHsl BeYHo OamaHCUpoBaTh HA caMoM Kpato (puc. 7.1). DTo xak ecnu Owl, yoeras ot
MOJIMLIENCKOTO0, IEPkKAThCsl HA 1lar BOEpe/d, HE OyAydd B CHIIAX COBCEM OTOPBAaThCS OT
HETO.

Brpyr s mowsn, 9ro myTH JTyded cBeTa Ma TOPU30HTE COOBITHH HUKOTJA HE CMOTYT
comu3nThes. Eciau 661 9T0 IPOU30IIO, TO TYUH B KOHIIE KOHIIOB IIEPECEKIUCH ObI.

Kax eciiit ObI HATKHYTRCS Ha KOTO-TO APYTOT0, TOXKE YOETAIOIIEro OT MOJTHIEHCKOT0, HO B
MIPOTHUBOITOJIOKHOM HAIpaBleHnd, — Torjga oba OyayT moimanwl. (Mnm ke, B HamieMm
ciyd4ae, ynaayT B UepHYIO JbIpy). Ho ecnu ObI 3TH Ty4n cBeTa MOTIOTHIAa YepHas AbIpa, TO
OHM HE MoOrnM ObI JeXaTh Ha TpaHWlEe YepHOW OwIpel. ClemoBaTeNnbHO, HA TOPU30HTE
COOBITHI JTydM CBETa JOJKHBI BCETZIa ABUTATHCS MAapaIETLHO IPYT APYTY, T. €. TOOAAITH
IpyT oT Apyra. MHadge roBops, TOPU30HT COOBITHI (TpaHMIIa YePHOM ABIPHI) TIOT00EH Kparo
TE€HU — TeHU rpsaaynied rudenu. Ecau mocMoTpeTh Ha TEHB, CO3/1aBAEMYI0 KAKUM-HUOYIb
OUEHb y/IaJICHHBIM UCTOYHUKOM, Hanpumep COIHIIEM, TO BBl YBUJNUTE, UTO Ha Kpar TEHU
JTy4d CBETA HE MPUOMMKAIOTCS APYT K APYTY.
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PACCTOAHMWE OT CHHUYIAPHOCT

Puc. 7.1

Ecmu nmyuu cBera, oOpasyroliue TOPHU3OHT COOBITHH, T. €. TPaHHUIy YEePHOH IBIPHL,
HUKOT/JIa HE CMOTYT CONMM3UTHCS, TO TIIOMIAb TOPU30HTA COOBITHI MOXET MO0 OCTaBaThCA
TOW e camoM, MO0 YBEIUIWBATLCSA CO BPEMEHEM, HO HHKOTNA He OyAeT yMEHbIIaThCH,
MOTOMY YTO €€ YMEHBIIIEHHE 03HAYAII0 OB, YTO MO KpaiHeH Mepe HEKOTOpHIE JIyUH CBETA Ha
TpaHMIle YepHOU JBIPBI TOIKHEI cOMmKkaThes. Ha camom jene 3ta moiomans Oyxer Beerma
YBENUYUBATELCS MPH MaJCHUH B YEPHYIO JIBIPY BEIECTBA WM W3NydeHus (puc. 7.2). Eciu
e JIBE UepHbIC ABIPbI CTOIKHYTCS U CONBIOTCA B OJHY, TO MJIOIIAAL TOPU30HTA COOBITHIA
60 Oynmer Ooibllie CyMMBI TUIOMIANEeH TOPU30HTOB COOBITUNM MCXOIHBIX YEPHBIX IbID,
6o Oyner pasHa 3ToM cymme (puc. 7.3). To, dro miomans Topu3oHTa COOBITHIT He
YMEHBIIIAeTCsl, HalaraeT BaXXHOE OTpaHUYeHNE Ha BO3MOKHOE TTOBEIeHHE YePHBIX JIbIp. S
OB Tak BO30YXJEH CJCNaHHBIM OTKPBITHEM, YTO TOYTH HE chmal B Ty HOYh. Ha
cnenyromii  gaenb s mo3BoHun Pomkepy Ilenpoy3y. OH cormacuics ¢ MOMMHM
paccyxaeHusMu. S gymaro, 94To Ha caMoM Jelie 3To cBOMCTBO Tiomanei [lenpoysy Obino
yke u3BecTHO. Ho OH MCXOIUA M3 HECKOJIBKO MHOTO OTpeneleHus YepHOi IbIphl. OH He
MOHAN, YTO o0a ompeAeNneHUs MOAlOT OJWHAKOBEIE TPaHWUIBI YEepHOM JBIPHI W,
ClIeJIOBAaTeNbHO, OJIMHAKOBBIE TUIONIAIN TPU YCIOBHUH, YTO YepHas AbIPa HAXOAWTCS B
COCTOSIHMH, HE U3MEHSIONIEMCS CO BPEMEHEM.
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Puc. 7.2 Puc. 7.3

To, 4TO IIIIOIMAAb YEPHOU ABIPEI HE YMEHBIIAETCs, OUEHb HAalIOMHUHAET II0BEIEHHUE OJHOM
¢r3NYeCcKON BETUYUHBI — SHTPONMH, KOTOpas SBISIETCS Mepoil Oecriopsika B cucteme. [1o
CBOEMY MOBCEAHEBHOMY OMBITY MBI 3HaeM, YTO OECMOpsI0K BCETAa YBEIUUMBACTCS, €CIIU
MyCTHTH Bce Ha camoTek. ([TompoOyiTe TObKO MPEeKpaTUTh JJOMa BCAKWH MEITKWI PEMOHT,
1 BBl yOeuTech B 5TOM BoouHto!) becropsgok MOKHO MIPEBPATHTH B TIOPSIOK (HATIpUMeED,
MOKPACHUB JOM), HO A3TO TOTpeOyeT 3aTpaThl YCUIUW W SHEPrUd H, CIIeJIOBATEINbHO,
YMEHBIIUT KOJIMYECTBO UMEIOMIENCS «YIIOPSAOUYEHHOI» IHEPTUU.

Tounast GopMynHpoBKa MPUBEICHHBIX PACCYXKIACHUH HA3BIBACTCS BTOPBIM 3aKOHOM
TEPMOJIUHAMUKHU. DTOT 3aKOH TIACUT, UYTO DHTPONUA HM30JIUPOBAHHOM CUCTEMBI BCEra
BO3pPACTAET U UTO MPU OOBEAMHEHUU JIBYX CUCTEM B OJIHY DHTPOIMMS MOIHOU CUCTEMBI
OoJbIlie, YeM CyMMa SHTPOTHUN OTIEILHBIX HCXOIHBIX CHUCTeM. B kauecTBe mpumepa
PacCMOTPHUM CHCTEMY MOIIEKYI ra3a B KopoOke. MoKHO TIPeICTaBUTh cede, YTO MOJEKYIIEI
— 9TO MaJIeHLKHE OWIIBSIPIHBIC TTAPHI, KOTOPBIE BCE BPEMS CTATKUBAIOTCS IPYT C APYTOM U
OTCKaKMBAaIOT OT CTEHOK KOpoOKU. YeM BEHIllle TeMIlepaTypa rasza, TeM ObICTpee IBHKYTCS
MOJIEKYJbI U, CIIEJIOBATENILHO, TEM Yallle U CUIIbHEE OHU YJIApSIOTCA O CTEHKH KOPOOKH, U
TEM OO0JIbIIE CO3/1aBA€MOE UMHU U3HYTPH JIaBIIEHUE Ha CTEHKH KopoOku. [lycTh cHavana Bce
MOJIEKYJIBl HAaXOISATCA 3a IEeperopoAKod B JIEBOM uacTh KOpoOku. Eciu BBIHYTH
TIEPETOPOIKY, TO MOJIEKYIBI BHIMAYT U3 CBOCH IMOJIOBUHEI W PACTIPOCTPAHATCS MO 00EHM
qacTsIM KOpOOKH. Hepe3 HEKOTOpOe BPEMs BCE MOJEKYJIBl MOTIYT CIyY4allHO OKa3aThCs
ClpaBa MIM OIAThL CJ€Ba, HO, BEPOATHEE BCEro, B 00EUX TOJOBHHAX KOPOOKH UYMCIIO
MOJIEKYJ OKaKETCS IPUMEPHO OJWHAKOBBIM. Takoe cOCTOSTHUE MEHEee yNOpsAI04YEHO, T. €.
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SBIISIETCSl COCTOSTHUEM OOJBIITET0o Oecropsika, 9eM UCXOIHOE COCTOSHHE, B KOTOPOM BCE
MOJEKYIbl HAaXOIWUINUCh B OJHOW TOJOBHHE, W TO3TOMY TOBOPSIT, YTO SHTPOIHUA Ta3za
BO3pocia. AHAIOTUYHO MPEJICTAaBUM ce0e, UTO BHAUaJle UMEIOTCS JIBE KOPOOKH, B OJTHOM U3
KOTOPBIX MOJIEKYJIBI KUCIOpOJa, a B JAPYrod — MOJEKyNbl Boxopoaa. Ecnu coennHuTb
KOPOOKHU U BBIHYTH OOIIYIO CTEHKY, TO KUCJIOPOA W BOJIOPOJ CMEMIAKTCS JIPYT C IPYTrOM.
HaunbGonee BeposATHO, UTO Hepe3 HEKOTOPOE BpeMs B 00eHX KopoOkax OyJeT HaXOIUThCS
JOBOILHO OJHOPOJAHAs CMECh MOJEKYJ KHCIOpoda W Boaopoja. OTo OydeT MeHee
YIOPSAI0UEHHOE COCTOsIHWE, 00ajaroiiee, Cle/I0BaTeNbHO, OONbIIeH SHTPOMUEH, uYeM
HavyaJabHOE, OTBEYAIONIEe IBYM OTACIbHBIM KOPOOKaM.

Bropoii 3akoH TepMOAMHAMHUKH 3aHUMAaeT HECKOIBKO 0c000€e MONI0KEeHHE Cpelln APYTHX
3aKOHOB HayKH, TaKWX, HallpUMep, Kak HBIOTOHOBCKHUM 3aKOH TATOTEHUS, MOTOMY UTO OH
BBITIOJTHSIETCS HE BCET/IA, 4 TOJIBKO B IMOAABIISIONIEM OOJBITHHCTBE CITydaeB. BeposSTHOCTS
TOTO, YTO BCE MOJEKYJBI ra3a B MepBOH KOpoOKe depe3 HEeKOTOPOE BPEMS OKaXKyTCS B
OJTHOW TIONOBHWHE STOW KOPOOKM, paBHA EIWHWIIE, NEICHHOW Ha MHOTO0 MHJUTHOHOB
MHUJIITHOHOB, HO Takoe COOBITHE Bce XK€ MOXKET Ipom3oiith. Ecnm e mobnmu30cTH ecTh
YyepHas JbIpa, TO HAPYIIATh BTOPOW 3aKOH, MO-BHIUMOMY, €Ile TPOINE: JOCTaTOYHO
OpoCHTh B HYEpHYIO IBIPY HEMHOTIO BEIIeCTBa, O0JaNaAoONIero OONBINOW SHTPOTHEH,
HAIMpuUMep KopoOKy ¢ ra3oMm.

Torna monHas SHTPONHUS BEIIECTBA CHAPYKW YEPHOU NIBIPBI YMEHbIIUTCS. Pasymeercs,
MOXHO BO3Pa3UuTh, UTO MOJHAS SHTPOIMS, BKIOYAS SHTPOMUIO BHYTPU YEPHOU JbIPHI, HE
YMEHBIITAIIACh, HO pa3 MBI HE MOXKEM 3arJITHYTh B YEPHYIO JIBIPY, MBI HE MOKEM H y3HATH,
KaKoBa SHTPOIHS coJepsKalierocs B Hel BeNecTBA. 3HAYUT, ObUTO OBl HETUTOXO0, €CITA OBl
yepHas ObIpa 00lajana KaKOW-HUOYIb TaKOH XapaKTEPUCTHUKOM, MO KOTOPOH BHEITHUE
Ha0II01aTeTd MOTTH OBl OMPEAETUTh €€ PHTPOIMUIO U KOTOpas Bo3pacTana Obl BCAKUHN pa3
TIPY MAJICHWH B 9EPHYIO JBIPY BEIIECTBa, obaatomniero saTponuei. [locme Toro xak ObuT0
OTKPBITO, WTO MPU TAJCHUW B YEPHYIO ILIPY BEIISCTBA TUIOMIATb TOPHU30HTA COOBITHI
yBennuuBaetcs, [[xxeko0 bukenctrn, acnupant u3 [I[puncTona, mpeaiokKuiI cauTaTh Mepoit
SHTPONUU YEePHOU ABIPHI MIONIAAL TOPU30HTA CcOOBITHM. [Ipu mameHuu B 4epHYIO ABIPY
BeIlleCTBa, OONANAOIIEro HSHTPOMMEH, TIIoaAb TOPU30HTA COOBITUN YEPHOU JBIPHI
BO3PACTAET, U TIO3TOMY CyMMa 3HTPOIIHH BEIIECTBA, HAXOISAIIETOCS CHAPYKU YEPHBIX JbIP,
W TUTOTITACH TOPU3OHTOB COOBITHI HUKOTIa HE YMEHBITIACTCH.

Kazanoce Obl, mpu TakoM TOAXOJ€ B OONBUIMHCTBE CIydaeB OyJeT MpeaoTBPaLIEHO
HapyIIEHUE BTOPOro 3aKOHA TepMOAUHAMUKH. OIHAKO €CTh OJHO CEPLE3HOE BO3PAKEHHUE.
Ecnu wepHas apipa o0yiaaeT 3HTPOIHEH, TO y Hee ToIbKHA ObITh U Temiiepatypa. Ho tero,
y KOTOpOTO €cCTh HEKOTOpas TeMIlepaTypa, JODKHO C KaKOW-TO WHTEHCHUBHOCTHIO
UCITyCKaTh U3llydeHue. Bce MBI 3HaeM, 4TO €CIIM CYHYThH B OTOHb KOYEPTY, OHA paCKaINUTCS
JIOKpacHa M OYIET CBETUTBLCSA, HO Tella U3Ny4aroT W TpHu Oojiee HU3KUX TeMIeparypax,
TOJIBKO MBI 3TOT0 OOBIYHO HE 3aMedaeM H3-3a CJIA00CTH M3IydeHUs. OTO HU3Iy4YEHHUE
HEOOXOAMMO JUISI TOTO, UTOOBI HE HapyIIalcs BTOPOW 3aKoH TepMoAMHaMUKH. UTak,
YepHEIe ABIPEI TOJLKHBI UCITyCKaTh u3nydeHne. Ho mo caMomy UX MOHSATHIO YEpHBIE JABIPEI
— 9TO TaKhe OOBEKTHI, KOTOPhIE HE MOTYT MCIycKaTh u3nydenus. [loaTomy co3aaBanock
BIIEYATIICHUE, YTO TIJIOMIAdb FTOPU30HTA COOBITUI YEPHOU NIbIPHI HENB3S pacCMaTPUBATh KaK
ee sHTponuio. B 1972 1. MeI ¢ bpernonom KaprepoM u HammMm aMepUKaHCKUM KOJUIETON
xumom bapauHoOM HamMcand COBMECTHYHO paboTy, B KOTOpPOM TOBOPUIOCH, 4YTO,



HECMOTpPS Ha OONBINOE CXOACTBO MEXKIY SHTPONHEH W TITOMAIRI0 TOPU30HTA COOBITHIH,
BEHINICYTIOMSIHYTasi TPYOHOCTH CYIIECTBYET M TPEIACTaBISAETCS HeycTpaHUMoH. JomxkeH
MPU3HATHCA, UTO 3T CTaThs MUCAIACh OTYACTHU MOJ] BIUSHUEM PA3APAKEHUs, BLI3BAHHOTO
paboroii bukeHcTHHA, KOTOPBIN, KaK s CUMUTaJ, 370YMOTPEOUT OTKPBITHIM MHOIO POCTOM
TJIOMIAAN TOPHU30HTA cOOBITHH. Ho B KOHIIE KOHIIOB 0Ka3aJ710Ch, 4TO BUKEHCTHH B MPUHITUTIE
OBLI IIpaB, XOTs HaBEpHSKA Jake HE MPEICTABIUI cebe, KAKUM 00pa3oM.

Byayuu B Mockse B centsiope 1973 r., s1 6ecenoBai 0 YEPHBIX AbIPax € JIBYMs BEYILIUMHU
coBeTckuMu yueHbsIMU — Sl b. 3enbaosudem u A. A. CrapoburckuMm. OHM yOe I MEHS B
TOM, YTO B CHIJIy KBAHTOBO-MEXaHUYECKOTO NMPUHIIMIA HEONPEIEICHHOCTH Bpalarniuecs
qepHBIE OBIPHI JOJKHBI POXKIAATh M W3TydaTh YacTHUEL. S cormacuics ¢ Qu3ndecKnMH
JI0OBOJaMHM, HO MHE HE MOHPABUJICSI MX MaTeMaTHMYECKHWH Crmocod pacuera W3MydeHUS.
[TosTromy s 3ansuIca pa3paboOTKON JTyUIIero MaTeMaTHYeCKOT 0 MOIX0a U paccKas3all 0 HEM
Ha HeouumansHoM ceMuHape B Okcdopie B koHie HosOps 1973 r. Torja 4 enie He MpoBel
pacyeTbl caMOil WHTEHCHBHOCTH M3Ty4eHUS. S OXUIal TONYYHUTh JIMIIb TO W3IIyYEHHE,
KoTopoe 3enpaoBud U CTapoOMHCKUIN NpeAcKa3aly, pacCMaTpHUBasl Bpallarolruecs YepHEIe
aeipbl. Ho, BBHIIOTHUB BBIYMCIIEHUS, 51, K CBOEMY YIWBIEHUIO W J0CaA€, OOHAPYXUII, YTO
Jla’)ke HEBpamlaroluecs: HYEpHbIE ObIPbI, MO-BUIMUMOMY, JOJDKHBI C TIOCTOSSHHOM
WHTEHCUBHOCTBIO POKJIATh U M3y4aTh 9acTUIbl. CHavasa s pemni, 4YTo, BEPOSTHO, OJHO
W3 UCTIONB30BAHHBIX MHOW MPUONMXEHUH HenpaBuibHO. S Gosics, 4To eciu 00 »ToM
y3HaeT BUKEHCTHH, TO OH 3THM BOCIONB3YyeTCA IS JalbHEHUIIEro 0OOCHOBAaHHA CBOMX
cooOpakeHHi 00 PHTPOMMM HYEPHBIX ABIP, KOTOPbIE MHE TMO-TIPEKHEMY HE HPABUIIHCH.
Oxnako yeM OoIbIIe S Pa3MBITIIIAI, TEM OOTbINE YOSKIAICS B TOM, YTO MOU TIPHOITHKECHUS
HA caMOM Jeie mNpaBwibHbl. Ho MeHs okoHYaTedbHO YyOemuno B CYIIECTBOBAHWUU
W3ITYYEeHUS TO, UTO CIIEKTP UCITYCKAEMBIX YACTHIL JOIDKEeH ObIThH B TOYHOCTH TaKUM JKe, KaK
CIIEKTp U3IIYyUYeHUs TopsdYero Tella, ¥ 4YTO 4YepHas JAblpa JOJKHA M3IydaTh YacTHLBl B
TOYHOCTH C TOW WHTEHCHMBHOCTBIO, TPH KOTOPOW He Hapymaics Obl BTOPOil 3aKoH
TepMoanHaMuku. C TeX HOpP MHOTHE CaMBIMHM Pa3HBIMH CIOCOOAMM TIOBTOPHIM MOM
pacueTel U TOXe TMOJATBEPIWIIN, YTO YepHas Jblpa JOJKHA HCITYyCKaTh YacTHIBI U
U3IIy4eHHe, KaK ecnu Obl OHa ObUIa ropsYUM TEeJIOM, TeMIepaTrypa KOTOPOrOo 3aBUCHT
TOJIEKO OT Macchl YEPHOH JBIPEl — 4eM OoJIblle Macca, TEM HIXKE TeMIlepaTypa.

Kak xe qcpHasa AbIpa MOXKCET HUCIIYCKATh YaCTHUOBI, CCJIIM MblI 3HACM, YTO HHYTO HC
BBIXOOUT U3 HCC 34 TOPU3OHT COOLITHIT? HeJIO B TOM, TOBOPpHUT HAM KBAHTOB4s MCXdHHKA,
YTO 4YaCTHUIBI BBIXOAAT HC H3 caMou qepHoﬁ ABIPBI, 4 M3 «IMYCTOr'o» HOPOCTPAHCTBA,
HaxXoAAHIcrocsa mnepca ropu3oHTOM coOpITHi! BOT Kak 3TO MOXXHO IOHSATH: TO, YTO MbI
IpecaACTaBIACM ceOe Kak (ITYCTOC» MPOCTPAHCTBO, HC MOKCET OBITh COBCEM ITYCTBIM, TdK KaK
9TO O03HadalJio 6]31, 9TO BCC II0JIA, TAKUC, KaK TPABUTAIIMOHHOC U JJICKTPOMAIrHUTHOC, B HCM
TOYHO PaBHbBI HYVYIIIO. Ho BemmumHa 1monsg u CKOPOCTHL €ro HU3MCHCHHA CO BPCMCHCM
dHAJIOTHYHBI ITOJOXKCHHIO U CKOPOCTH YaCTULBI: COrJIACHO IIPHUHIUITY HCONIPCIACICHHOCTH,
4YEM TOYHCC M3BCCTHA OJHA H3 OTHUX BCJIMYMH, TCM MCHCC TOYHO M3BCCTHA BTOpAasd.
CHC)IOBB.TCJ'IBHO, B «ITYCTOM» ITPOCTPAHCTBE IT0JIC HC MOXET UMCTh ITOCTOAHHOTO HYJICBOTO
3Ha4YCHUA, TdK KaK TOIrla OHO MMCIIO OBl U TOYHOE 3HAYCHUE (HYHB), U TOYHYIO CKOPOCTH
N3MEHECHUA (TO)K@ HYJIB). I[OJ'DKHEI CyecCTBOBATDh HCKOTOpasd MUHHUMAJIbHAA
HCOIIPCACIICHHOCTDL B BEIIMYMHE I10JISI — KBAHTOBBIC (I)JI}/KTyaU,I/II/I. G/ (1)J1yKTyaIJ,I/II/I MOKHO
cede NPEACTABUTDL KaK MapPbl YHACTHUIL CBCTA HUJIX I'PABUTALIUU, KOTOPLIC B KaKOM-TO MOMEHT



BpEMCEHH BMECTE BOZHUKAIOT, PACXOJISATCS, @ TIOTOM OISATh CONMMKAIOTCS W aHHUTHIIAPYIOT
Ipyr ¢ apyroM. Takue 4acTHUIIBI ABIAIOTCS BUPTYAIbHBIMH, KaK YaCTHIILI, MEPEHOCSIIINE
rpaBUTallMOHHY10 cuily CoMHIIA: B OTJIWMYUE OT PeajbHbIX BUPTYaJIbHbIC YaCTUIILI HEIb3S
HaOmogaTh € TOMOIIBIO JETEKTOpa pealbHbIX dYacThll. Ho KkocBeHHBIE A(DQEKThI,
TIPOU3BOIUMBIEC BUPTYAJIbHBIMU YACTUIIAMU, HATIPUMEp HEOONbBIINE U3MEHEHUS SYHEPTUU
SIIEKTPOHHBIX OPOUT B aTOMaX, MOXKHO W3MEPUTh, U Pe3yTbTaThl yIAUBUTEILHO TOYHO
COTIIACYIOTCS C TEOPETUYECKUMM TpeAcKazaHWusAMH. [IpuHIWN HeoNnpeaeneHHOCTH
MpeICKa3bIBACT TAK)KE CYIIECTBOBAHNE aHAJIOTHYHBIX BUPTYAJIBHBIX MAp YaCTHIl MaTEPHH,
TaKUX, KaK dJIEKTPOHBI UK KBapku. Ho B 3TOM cllydae oJIUH 4jieH napbl OyaeT 4acTUlleH, a
BTOPOM — aHTUYACTUIIEH (AHTUYACTHUIIBI CBETA W TPABUTAIIMM — 3TO TO K€ CaMOE, 4TO U
YJACTUIIHI ).

[TockonbKy 9HEPruI0 HENb3s CO3AaTh U3 HUYEro, OJMH U3 WIEHOB Mapbl YacTULlA —
aHTHYacTHIA OYAET UMETH MOJIOKHUTENBHYIO SHEPTHIO, & BTOPON — OTpUIIATENBHYO0. TOT,
9L JHEPTUsl OTPUIATENIbHA, MOXET OBITh TOJIBKO KOPOTKOXKHUBYIICH BUPTYaILHOU
YacTULIEH, MOTOMY YTO B HOPMAaJbHBEIX CHUTyallMsAX SHEPTUS peallbHBIX YacTULl BCerja
MOJIOKUTENbHA. 3HAUYUT, OH JIOJKEH HAUTH CBOETO MapTHEPA U ¢ HUM aHHUTUIMpoBaTh. Ho,
HAXOJSICh PSAIOM C MAaCCHBHBIM TEJIOM, pealbHas YacTHIlA 00alaeT MEHbBIIECH SHEPTHEH,
geM BAAIA OT HEro, TaK Kak JJIg TOTO, YTOOBI TPEO0JICTh TPABUTAIIMOHHOE TIPUTSIKCHUC
TeNa U yJIepKaThcs BJIAllK OT HEeTo, HyXHa 3Heprus. OOBIYHO 3HEPTHS YACTUIIBI BCE-TaKU
MIOJOXKUTEIbHA, HO TPaBUTALMOHHOE I10JI€ BHYTPU UEPHOM ABIPHI TaK BEIHUKO, UTO Jaxe
peasibHas YacTHlla MOXET UMETh TaM OTpULATENbHYIO 3Hepruto. [loaTtomy, ecnu nmeercs
gepHasd ObIpa, BUPTyaJIbHAA YacTUIA C OTPUIATENbHOM SHEPrued MOXKET ynacTb B 3Ty
YEPHYIO JIBIPY U TIPEBPATUTHCS B PEANIbHYIO YACTHILY WIIM aHTHYAcTHILy. B 3TOM ciydae oHa
yke He 00s3aHa aHHUTUIUPOBATH CO CBOUM IAPTHEPOM, a TOKWUHYTHIH TMapTHEpP MOKET
Tu00 yMmacTh B Ty XKe YEPHYIO ABIpY, TU0O0, €CIM €ro SHEPrus MOJOKUTENbHA, BRINTH U3
o0macTv BONM3M YEpHOW NbIPHI KaK peanbHas YacTHIla WM KaK aHTHYacTula (puc. 7.4).
VaaneHHOMY HaOIOMATENI0 TTOKAXKETCS, UTO ITOT TMApTHEP WUCHYIICH W3 YEPHOM JBIPHI.
Uem MeHBbIIIe YepHast JbIpa, TEM MEHBIIE PACCTOSHUE, KOTOPOE MIPUIETCS MTPOUTH YaCTHIIE C
OTPULIATEIIEHON SHEPTUEN 10 MPEeBPALICHUS B PEalIbHYIO YacTULY, U, CIIEI0BATEILHO, TEM
00JIIbIIIe CKOPOCTH U3IIYYEHUS U KaXyIIasics TeMIepaTypa 4epHOi JAbIPHI.
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Puc. 7.4

[lonoxuTrenbHass 3HEPrus HUCIIYCKAa€MOTO W3IYy4YEeHUS JOIDKHA YpPaBHOBEIIUBATHCS
MIOTOKOM YacTUL] C OTPULIATENBLHON IHEPrUel, HAPaBICHHBIM B YepHYIO IbIpy. CornacHo
ypaBHernto Jitamreitna E = me” (rxe E — sHeprust, m — Macca, a ¢ — CKOpOCTh CBETa),
SHEPTUST MPSMO TIPONOPIMOHATEHA Macce, a IMOATOMY MOTOK OTPHUIATEIIBHOW HEPTHH,
BXOAIIHNI B YEPHYIO IBIPY, YMEHbIIAeT ee Maccy. Korma yepHas nbIpa TepsieT Maccy,
MJIOMIA/Ib €€ TOPU30HTa COOBITUN YMEHBINAETCA, HO ATO YMEHBIICHUE DPHTPONMUUN YEPHOU
JBIPBI C TUXBOM BO3MEIIAETCA SHTPOIMEN UCITYIIIEHHOTO U3JIYUYE€HUS, TAK UTO BTOPOH 3aKOH
TEPMOJIUHAMUKN HUKOTJA HE HAPYIIIAETCH.

Kpome Toro, ueM MeHBIIIE Macca YepHOU JIBIPHI, TeM BBINIE e¢ TeMiepaTypa. [lostomy,
KOT'JIa YepHasi Jpipa TEPSIET Maccy, ee TeMIepaTypa U CKOPOCTh U3ITYUYCHUS BO3PACTAlOT, U,
ClIeIOBaTEeIbHO, MOTEepss Macchl uaeT eme ObicTpee. Iloka eme He coBceM SCHO, YTO
TIPOUCXOJINT, KOTJa Macca YePHOU ABIPEI B KOHIIC KOHIIOB CTAHOBUTCS YPE3BEIUANTHO MaJIOH,
HO Hamboyee IIOTMYHBIM MPEACTABIAETCA, UTO HYepHas IeIpa IOJHOCTHIO HCUYE3aeT B
TUTAaHTCKOW ITOCNEIHEH BCIBIIIKE W3JIyYeHUs, OSKBUBAJICHTHOW B3PBIBY MUJUIMOHOB
BOJOPOJHBIX O0MO.

TemmiepaTypa 4epHON IBEIPEI ¢ MAaccol, paBHOW HeCKOJIbLKMM MaccaM (CoIlHIa, TOIDKHA
OBbITH paBHA BCETrO OJHOUN JECATUMWIIMOHHOW Ipajayca BbIlIe aOCONIOTHOTO HYIs. DTO
ropasio MeEHbINE, YeM TeMmIlepaTypa MUKPOBOJIHOBOIO W3IYUYEHUS, 3amnoJHSIONIET0
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Bceenennyto (okono 2,7° Beime abcomtoTHoro Hynst). CrenoBaTelnbHO, HEpPHBIE IBIPHI
TOJDKHBI M3JIy4aTh Aake MeHbIIe, ueM mormomarts. Ecmu BceeneHHON CyXAeHO BEUHO
pacuupsThCs, TO TEMIepaTypa MUKPOBOIHOBOTO M3IIYYEHUs B KOHIIE KOHIIOB yMajeT HUKE
TEMIEepaTyphbl TAKOH YEPHOU ABIPHI U YepHas AbIpa HAYHET TepsATh Maccy. Ho u Torna ee
TemrepaTypa OyAeT HACTONBKO HHU3KOH, YTO OHA TOJHOCTHI0 HCHAPUTCSA JIWINb Hepes3
MHUJIITHOH MHWIJTHOHOB MUJUIMOHOB MUWIITHOHOB MUJUTHOHOB MWIJTHOHOB MUJUTHOHOB
MUJITHOHOB MUJITHOHOB MHJUTMOHOB MUIITHOHOB (EOMHMIA C IIECTBIOAECATHIO IISCTHIO
HYJISIMU) JIET. DTO 3HAYUTEIbHO TPEBHINIAET BO3PACT BceleHHOW, KOTOpBI paBeH BCEro
JIECSITH WK JABAJAIATH ThICSYaM MUJUTHOHOB JIET (€IMHUIIA MJTH IBOMKA C AECATHIO HYIISIMHU).
Ho, kak TOBOpMIIOCH B TII. 6, MOTIIH CYIIECTBOBAThH TIEPBUYHBIE YEPHBIE ABIPHI C TOPA3JIO0
MeHbIIel Maccoi, oOpa3oBaBIIHecs B pe3ylibTaTe KoJularica HeperyIsIpHOCTeH Ha OueHb
paHHUX CTaaAMsAX pa3BUTHA BceneHHoi. Takue 4YepHbIC ABIPHI JOMKHBI UMETH TOpPa3/io
Ooilee BBICOKYIO TemIlepaTypy M HWCIYCKaTh W3Iy4eHHE C Tropa3fao Oomblueil
WHTCHCUBHOCTBIO. Bpemsi )KHU3HM MEPBUYHON YEPHOU JIBIPHI ¢ HAYaThbHOW MAccoW ThIcS4a
MHUJJTHOHOB TOHH JOJKHO OBITH MPUMEpPHO paBHO Bo3pacty Bcenennoil. [lepBudnbe
qepHBIe ABIPEI ¢ MEHBITMMH HAYaTLHBIMA MaccaMH TOJKHBI ObUTH OBl yKe TOTHOCTEHIO
MCHAapUTHCS, a T€, Y KOTOPBIX Ha4albHbIE MACCHl YyTh-4yTh OOJbINE, JOIKHBI MPOIOIIKAThH
UCIyCKaTh PEHTr€HOBCKOE W TramMMma-u3IydeHHWe. OTH BHIbl M3IyYCHWUS aHaJIOTHYHBI
CBETOBBIM BOJTHAM, HO UMEIOT TOpPa3/l0 MEHBIITYIO JUTMHY BOJTHBI. K TTOIOOHBIM JIbIpaM €J1Ba
T TOAXOJUT HA3BaHWC YCPHBIC: HA CaMOM JICJIC OHM pacKaJeHBI J100eia W M3IydaroT
9HEPTHIO C MOITHOCTEHIO OKOJIO JICCSITH THICSY METaBaTT.

Onna Takas dYepHas JAblpa Morja Obl oOecnednTh paboOTy JECATH KPYITHBIX
BIEKTPOCTAHIIUH, ECITH OBl TOJIBKO MBI YMEIHU UCTIONB30BaTh €€ SHEPTUIO. A 3TO JIOBOJIBHO
TPYJIHO: Hallla yepHas JAsIpa uMeia OBl Maccy, paBHYIO Macce TOphI, CKATYI0 IPUMEPHO 10
OJIHOM MUIITMOH MUJUTMOHHOW (€TMHUIIA, ICICHHAS HA MIIJTUOH MUJUIMOHOB) CAaHTUMETpA,
T. €. 710 pa3mMepoB aToMHOTO sigpa! Ecnu Obl 0oHa M3 TakuX YEpHBIX NbIp OKa3ajiachb Ha
MTOBEPXHOCTH 3EMITH, TO MBI HUKAK HE MOTJIM OBI TIPEIOTBPATHTH €€ TIaJCHUE CKBO3b IO K
nenTpy 3emumn. OHa koJjebanachk OBl B3aJ-BIiepes BAOIL 3€MHON OCH IO TeX Top, MOKa B
KOHIIE KOHIIOB HE OCTaHOBUIACH ObI B HleHTpe. CleaoBaTeNbHO, EJUHCTBEHHOE MECTO IS
9TOM YePHOU MBIPHI, TAE U3TYYAEMYIO €10 DHEPTUIO MOKHO OBIITO OBl UCTIONB30BaTh, — 3TO
opOuTa BOKpYr 3eMiu, a €IMHCTBEHHBIN CIOCO0 MPUBIEYDL YUEPHYIO AbIPY HA 3TY OPOUTY —
OyKkcHpoBaTh Tepea Hel OrpOMHYI0 Maccy, KaKk MOPKOBKY TMeEpea camMbiM HOCOM OCIa.
Takoe mpemTokeHne BEITISIAT HE CIUIIKOM PEaIbHBIM, 110 KpaiHeH Mepe B Oymkaitem

Oymymiem.
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Puc. 7.5

Ho naxe ecnut Mbl He CMOKEM HMCITONB30BATh U3ITYUYEHHUE ITUX ITEPBUYHBIX YEPHBIX JIBIP,
TO BEIUKA JIM BO3MOXKHOCTb MX YBHAETH? MOXHO OBIIO OBl MCKAaThb raMMa-U3IIy4eHUE,
KOTOPO€ YEpHBIE IbIPHl HCIIYCKAlOT Ha MPOTSKEHUU OONBIICH YacTU CBOEH KU3HMU.
HecmoTpst Ha TO 4TO YepHBIE IBIPHI B OCHOBHOM HAXOASTCA TAJIEKO U ITOATOMY JAIOT OUYE€Hb
cnaboe M3Iy4YeHWE, CyMMapHOE HM3Jy4eHUE BCEX HYEPHBIX JBIP MOTIIO OBl TOJIaBaThCS
peructpanui. Mul IedcTBUTETBHO HAOMO1aeM JOH TaKOTO TaMMa-H3JTydeHUs: Ha pucC. 7.5
MI0Ka3aHO, KaK MHTEHCUBHOCTH HAOIIOAaeMBIX raMMa-JIyuyel pa3iindaroTca IpH Pa3HbIX
4acToTaxX (4acTora — 3TO YMCIO BOJH B ceKyHAy). Ho nctounukom storo ¢boHa moriau
ObITb, @ MOXET ObITh, U ObUIM HE TEPBUYHBIC YEPHBIC NBIPBI, a4 KaKUE-HUOYIb Ipyrue
npoueccel. Ha pwuc. 7.5 TyHKTUpOM TpEACTaBICHAa BBIUHUCIEHHAS 3aBUCUMOCTD
WHTEHCUBHOCTH OT YacTOTHl TaMMa-M3Jy4YEHUs, UCIYCKAeMOTO TMEPBUYHBIMU HEPHBLIMU
IbIpamu, Tpu mwroTHOocTH 300 yepHBIX AbIp Ha KyOudeckuil cBeToBOM roa. Ha ocHoBanum
rpagurka MOXHO C€NaTh BbIBO, UTO U3MEpPEHUE (POHA raMMa-U3TyUEHUs HE J1aeT HUKAKOU
TIOJIOKUTENbHOU UH(OPMALIUU O CYIIECTBOBAHUU TIEPBUYHBIX YEPHBIX JbIP, HO YKa3bIBAET
Ha TO, 4TO BO BceneHHOM He MOXKET OBITh B cpeaHeM Oobie 300 4epHBIX ObIp B KaXKIOM
KyOMYIEeCKOM CBETOBOM TOXY. DTOT TIpeAesl 03HAYAET, UYTO MEePBUYHBLIC IHIPHI MOTITH OB
COCTaBIISITh MAaKCUMYM OJHY MIJITMOHHYIO BCET0 BEIIecTBA BO BceeneHHoi.

[Ipu TakoM CKyJZHOM KOJMYECTBE UEPHBIX JBIp MOTJIO0 OBl  TIOKa3aThCA
HCIPaBI0MOA0OHBIM, UTOOBI Kakas-HUOYAL U3 HUX OKa3ajach OUCHL OJU3KO OT HAc U ¢
MOXKHO OBLTO OBI HaOMIOMATh KaK HEKWH OTAEILHBEIM HMCTOYHHMK TaMMa-u3nydeHus. Ho
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MMOCKOJBKY TIOH  JEWCTBMEM TpaBUTAlWHW TIEPBUYHBIE YEPHBIE JBIPHI  JOJKHEI
MPUTATUBATELCS K TH0OOMY BEILECTBY, UX JOKHO OBITH TOpa3no OONbIIe BHYTPU U BOKPYT
ranakTuk. CnesoBarenbHO, XOTS BEIUUCIEHHBIN (OH raMMa-u3aydeHusi TOBOPUT O TOM, YTO
B OJTHOM KyOMYECKOM CBETOBOM IOy HE MOXKET ObITh B cpefiHeM Oomnbuie 300 nepBUYHBIX
YEpHBIX JBIP, OH HE NaeT HUKaKoW WH(OpMAIMU O TOM, HACKOJBKO YacTO TEPBUYHBIE
qepHbIe IbIPEI BCTpedaroTes B Hallel coocTBeHHOM | anakTuke. Ecim 651 uX Ob110, CKaxkeM,
B MWUIHOH pa3 Oonblle, To Ommkadmas K HaM YepHas Iblpa MOTJa OKa3aTbCsi Ha
PACCTOSIHUM ThICAYM MUJJIMOHOB KUIIOMETPOB, T. €. IpUMEpPHO Ha ypoBHe IliyToHna, camoii
JalleKoM M3 M3BECTHBIX IIaHEeT. Ha TakoMm paccTossHMM BCE pPaBHO OUYEHb TPYIHO
3apETUCTPUPOBATH TOCTOSTHHOE M3TYUYEHHUE YEPHOU ABIPHI, JJa’Ke€ ECIIM €70 MOIIHOCTh paBHA
JecAaTH TeicsgaM MeraBatTT. Jlis HaOmojeHHs TEpBUYHON YepHOW IBIpBI Tpedyercs
3apErucTpUpPOBaTh HECKOIBKO TaMMa-KBaHTOB, MPUIIEAIINX C OJHOW U TOU K€ CTOPOHEI, B
TEYEHHE KaKoTO-HUOYIh Pa3yMHOT0 MHTEpBaJia BpEMEHH, CKakeM 3a Hepemo. Mnade oHn
MOTYT OKa3zaThcsi MpocTo dacThio (poHa. Ho mo 3akony Ilmanka xaxablii TraMMa-KBaHT
obramgaer OonblIol 3HEprueHd, Tak Kak raMMa-U3ITydeHHE HMEET BBICOKYIO YacTOTY,
clenoBaTeNnbHO, IS U3TydeHUs Jaxke IEecsATH ThICSY MeraBaTT MoTpedyeTcs He OYeHb
MHOTO KBAaHTOB. A Jni HaOMIOACHWS STUX HECKONBbKMX KBAaHTOB, MPHILEIIINX C
paccTostHWs, paBHOTO paccTosHWio a0 [lmytona, wHykeH Obu1 OB JETEKTOP
raMmMa-u3aydeHdus HaAMHOTO OOJBIIET0 pa3Mepa, 9eM JF000W M3 HBIHE CYIIECTBYIOTIHX.
Kpome TOro, 3TOT AECTEKTOp HYXHO OBUIO OBl MOMECCTHTH B KOCMOCE, TOTOMY YTO
raMmMa-u3JIyucHUC HE TIPOXOJIUT Yepes atMochepy.

Pazymeercs, eciii Obl WepHas IbIpa, HAXOASIIASICS HA paccTosHUH [1myToHA, 3aKOHIUB
CBOH KW3HEHHBIN IHKII, B30PBAJIACh, TIOCIEIHUHA BCTUIECK M3TYICHHUS MOXHO OBLTO OBI C
JIETKOCTHIO 3aperucTpupoBath. Ho eciim depHas Awipa NMPOJOIDKAaeT U3TydaTh B TEUEHHE
MOCAEAHUX AECATH WIH ABAIIATH ThICAY MWIIAOHOB JIET, TO MIAHCHI HA TO, YTO €€ THOEINb
npuaeTcs Ha OnKalliie HeCKOIBKO JIET, @ HE Ha T€ HECKOJILKO MUIIJTMOHOB JIET, UYTO yXKE
TIPOTIUTHA MJTH €1Ie HACTYTIST, IEHCTBUTEIHRHO OY€Hb Majlbl! 3HAUHUT, YTOOBI MMETH peaTbHYTO
BO3MOJKHOCTH YBUJIETh B3PBIB JI0 OKOHUYAHHS (PUHAHCHPOBAHHS SKCIIEPUMEHTA, BBl JTOJIKHBI
MPUIYMaTh, KaK PETUCTPUPOBATH B3PBIBHI, MPOUCXOIAIINE Ha PACCTOSHUN TIOPSAIKA OJTHOTO
cBeTOBOro rojaa. Bam Bce paBHO OyaeT HykeH OONBIIOM JIETEKTOp TaMMa-M3ITydeHMUS,
4YTOOBI 3aPEruCTPUPOBATHL HECKOJBKO raMMa-KBaHTOB U3 TEX, UTO 00OPa3yrOTCs TIPU B3PLIBE.
Ho B 5TOM citydae oTnagaeT HEOOXOIUMOCTE TIPOBEPSATH, YTO BCE TAMMa-KBAHTHI TIPUXOIST
C OJHOW W TOW ke CTOPOHBI: TOCTATOYHO OYIET 3HATh, UTO BCE OHHU 3apETHCTPHUPOBAHEI B
TEUCHHE OYEHb KOPOTKOTO MPOMEXYTKa BPEMEHH, YTOOBI OBITH YBEPEHHBIM B TOM, YTO UX
HMCTOYHUKOM SIBIISIETCS] OJTHA U Ta K€ BCIIBITITKA.

OavH W3 JETEKTOpPOB TaMMa-H3TydeHHUS, ¢ TOMOIIBI0 KOTOPOTO MOXHO OBUTIO OBI
OTI03HABATh TIEPBUYHEIE YEPHBIE IBIPBI, — 3TO Besl atTMocdepa 3emuu. (Bo BcskoM ciydae,
BpsiJl M HaM yaacTcs MOCTPOUTh JaerekTop Oonbiiero pa3smepal!) Korma ramma-kBaHT,
obnagaromMii BBICOKOW 3HEprueil, crajakuBaeTcsi B 3e€MHOM aTMocdepe ¢ aroMamu,
pPOXIAITCS TMaphl U3 SJIEKTPOHOB U TO3UTPOHOB (AHTHAIEKTPOHOB), KOTOPBIE B CBOIO
ouepesh CTAKMBAIOTCS C aTOMaMH U 00pa3yIOT HOBBIE AIIEKTPOHHO-TIO3UTPOHHBIE TIAPHI.
Bo3HuKaeT Tak Ha3BIBAEMBIM AIIEKTPOHHBIN JMBEHb. (CBjI3aHHOE C HUM H3Iy4YEHHE
npejacTaBnseT co0oil 0JMH W3 BUAOB CBETOBOTO M Ha3bIBaeTcs uepeHKoBckuM. [loaTomy
BCTIBIIIKY FaMMa-H3J1y4EHHUS] MOXKHO PETMCTPUPOBATH, CIEAS 32 CBETOBBIMM BCIBIIIKAMHU B



HOouHOM HebOe. CymiecTByIOT, KOHETHO, U IPYTHE SBICHUS (TaKue, Kak MOJTHUS U OTpaKeHHe
CBETa OT KpPYTAIIUXCS CIOYTHUKOB U oOOpallalomuxcs Mo opOuTaMm cTyneHei
pakeT-HOCHUTENEH), KOTOPbIE TOXKE COMPOBOXKAANOTCA BCIMbIIIKAaMU Ha Hebe. Benbimiku,
00yCIIOBNICHHBbIE TaMMa-U3IyYEHUEM, MOKHO OTIMYUThL OT STHUX SBICHUH, NPOBOASA
HaOJIIOIEHUS OJHOBPEMEHHO U3 ABYX WIIM OOJBIIETO YHCIA MYHKTOB, CHIBHO yAAIEHHBIX
Ipyr OT Apyra. Takue MOUCKH NMPeANpUHIIA B Apu3oHe ABoe ydueHBIX u3 Jly6nuna, Hun
[Toptep u Tperop Yukc. C moMOIIbIO TEIECKONOB OHU 0OHAPYKUIU HECKOILKO BCIIBIIICK,
HO HM OJIHY W3 HHUX HENb3d OBUIO C OIPEACICHHOCThIO TMPHUINCATh BCIIIECKaM
raMmma-u3ayyueHus: IEPBUYHBIX YEPHBIX JIBIP.

Jlaxxe ecnm MOWCK TIEPBHYHEBIX YEPHBIX IBIP JAcT OTPULATENBHBIE PE3yNbTAaTHl, a OH
MOKET UX J1aTh, MBI BCE PaBHO MOIYYUM BaXXHYIO MHGOpMaIINIo 00 0YeHb paHHUX CTAJIUSIX
paszsutus Beenennoii. Eciiu pannsas Bceenennas Obuta XaoTHUECKOW, WITH HEPETYIISIPHOM,
WIN eclid JaBJIeHHe MaTepud OBUIO Majo, MOXHO OBII0O Obl OXHUAATH 00pa30BaHUA
3HAYUTENHFHO OOJIBIIEr0 YWCIa YEepHBIX [bIp, YeM TOT Mpeled, KOTOPBIH HaM Jamu
HaOmoaeHus poHa raMMma-u3mrydeHus. OObACHUT, TIOUEMY YepHEIE NBIPHI HE CYLIECTBYIOT
B TAKOM KOIIMYECTBE, B KOTOPOM WX MOKHO OBIIO Obl HAONIOAATh, MOKHO JIMIIB B TOM
cilydae, eciu paHHsSs BceneHHas ObLla OYEHbL THAAKONW W OJHOPOJHOW, C BBICOKUM
JIaBJIICHUEM BEILIECTBA.

BeiBog 0 TOM, YTO dYepHBIE IBIPHI MOTYT HWCIYCKaTh H3TyYEHHE, OBbUT TMEepPBHIM
MpeICKa3aHueM, KOTOPOE CYIIECTBEHHBIM 00pa3oM OCHOBBIBATOCH Ha OOEMX BEITHUKHX
TEOPHAX HAIIEro BeKa — OOMmEeH TEOPUHM OTHOCHUTEIBHOCTH W KBAaHTOBOW MEXaHUKE.
Bnagane »TOoT BBIBOA BCTPEeTWI CWIIBHOE TPOTUBOJEHCTBHE, TaK KakK IIEd Bpa3pe3 ¢
pacrpocTpaHeHHEIM MpenacTaBieHueM: «Kak dyepHas IbIpa MOXET 4TO OBl TO HU OBLIO
m3nydate?» Korma s BhOepBele OOBSBUI O CBOMX pe3ylbTaTaX Ha KOH(EpeHINH B
Pezepdopnosckoit mabopatopuu moxg OxchopaoM, Bce K HUM OTHECITHCH HEIOBEpUIHBO. B
KOHIIe Jokiaga mnpenacenarens cexkumu Jxon Teinmop u3z KoponieBckoro koiuiemaxa B
JlonpoHe 3asBUl, 4To Bee 3TO uermryxa. OH Jlaxke Halucal CTaThblo, 4YTOObI I0Ka3aTh, YTO S HE
npaB. Ho B KOoHIIe KOHITOB OOJNBITUHCTRBO, B TOM uncie u Jxxon Telinop, NpUIILTH K BEIBOTY,
YTO UYEPHBIE IBIPHl JOJLDKHBI M3Iy4aTb KaK TropsAdYee Teno, €CIM TOJIBbKO BEPHBI BCE
OCTaJTLHBIC TPEICTABICHUS OOIMIEH TEOPUH OTHOCHUTEIBHOCTH W KBAHTOBOH MEXaHUKH.
TaxuM 00pazoM, XOTsS HaM U HE yJaI0Ch OTBICKATh MIEPBUYHYIO YCPHYIO JIBIPY, HO €CITH OBl
BIIPYT 3TO YIAJOCh, TO, II0 JIOBOJILHO 00IIeMY YOEKIeHHUI0, YepHas Ablpa JOJKHA ObLlia ObI
UCITyCKAaTh MOITHOE TaMMa— U PEHTTeHOBCKOE N3ITyUYeHHE.

BriBoz 0 CcylliecTBOBaHWM U3NYYEHHUS, UCITYCKAEMOTO YEPHBIMU AbIpaMU, IMO-BUAUMOMY,
03HAYAET, YTO TPABUTAIIMOHHEBIN KOJIIATIC HE TaK y)K OKOHYATEIIeH U HEOoOpaTHM, KaK MBI
JyMaJu paHblie. ECIy acTpOHAaBT yIIaAEeT B UEPHYIO JBIPY, TO €€ Macca YBEIUYUTCS, HO B
KOHIIE KOHIIOB KOJIMYECTBO SHEPryH, SKBUBAJICHTHOE 3TOU MPUOABKE MacChl, BEPHETCS BO
Bcenennyto B hopme uznyuenus. CreoBaTelbHO, B KAKOM-TO CMBICIE aCTPOHABT OyIEeT
«pereHepupoBaH». DTO, KOHEUHO, HE caMbIi Nydmuil BHA OeccMepTHs: COOCTBEHHOE
MIpEJCTaBIEHUE O BPEMEHH Y ACTPOHABTA IIOYTH HABEPHSIKA MPOIAJIET, KOTJa OH Pa3IIETUTCA
Ha KIIOYKWM BHYTPU 4YepHOW HbIpbl! Jlake 4YacTUIBI, UCIYIIEHHbIE YEPHOM IBIPOU IS
KOMIIEHCAIIUU MAacCChl aCTPOHABTA, OYIyT HE TEMU, U3 KOTOPBIX OH COCTOSI: €UHCTBEHHOE
CBOMCTBO acCTpOHABTa, KOTOPOE COXPAHUTCS, — ITO Er0 Macca WIU SHEPTUSL.



[TpubmmkeHUs, KOTOPBIMU S TIOJIH30BAJICA B pacueTaX U3TYyUCHUS YCPHBIX JBIP, JOTKHEI
XOpOIIIO BBHITIOTHATHCS, KOTJa Macca YEepHOUM ABIPBI IMPEBBLIIACT JOJIM IpaMMma, HO OHH
HEMPUMEHUMBI B KOHIIE KU3HU YEPHOU JbIPbI, KOrJla €€ Macca CTAaHOBUTCS OYEHb MaJloM.
[To-BunuMomy, HanboJee BepOSTHBIN UCXOJ — 3TO MPOCTO UCUE3HOBEHUE YEPHOU JBIPHI,
mo KpaifHelt mepe u3 Hameld obGmactu Bceenendoii. Vcue3nyB, oHa yHeceT ¢ coOOUW u
aCTpPOHABTA, W JIFOOYI0 CHHTYISPHOCTEL, KOTOpas Morjia Obl B HeH okaszaThCs. ITO OLLIO
MepBOE yKa3aHHWE Ha BO3MOXKHOCThH YCTPAaHECHMUS KBAHTOBON MEXAaHWKOW CHHTYISAPHOCTEM,
MpeJICKa3bIBACMBIX O0IIECH TCOPHEH OTHOCUTEIBHOCTH. OTHAKO T€ METOAbI, KOTOPBIMH H 1,
U JIPYTUE YUEHBIE TTOIL30BANUCh B 1974 1., HE MOTIIM 1aTh OTBETHI HA TAKUE BOMPOCHI, KaK,
HapuMep, TOSBATCS JIM CUHTYJISIPHOCTH B KBaHTOBOHM rpaButauuu. [loatomy HauuHas c
1975 r. 51 3aHsIICS pa3paboTKoOM Gojee AEHCTBEHHOTO MOIX0/1a K KBAHTOBOM TpaBUTAIIWH,
OCHOBaHHOTO Ha (PEHHMAHOBCKOM CYMMHPOBAHUHU 110 UCTOPHUAM (TpaeKTopusiM). OTBETHI,
MOJTYyYEHHBIE MPU TAKOM IMOJIXOE, Ha BOMPOCHl O MPOUCXOXKIECHUHN U cyan0e Beenennoi u
TOTO, YTO B HEW HAXOAUTCS, HA[PUMEP aCTPOHABTOB, OYIYT U3IIOKEHBI B ABYX CIIETYIOIIAX
rnaBax. MBIl YyBUIUM, YTO XOTS TIPUHITUIT HEOIPEICICHHOCTH HajaracT OTpaHUYCHUS Ha
TOYHOCTH BCEX HAIIUX TPEJICcKa3aHWuh, OH 3aTo YCTpaHIeT (YHIAMEHTATHLHYIO
HEIIPEICKa3yeMOCTh, BOSHUKAIOIIYIO B CHHTYIAPHOCTH IIPOCTPAHCTBA-BPEMEHH.



8. POJKJIEHUE U T'MBEJIb BCEJIEHHOU

B o0mieit Teopun OTHOCUTEIBLHOCTH DHHINTEHHA, caMoi 1o cebe, JemaeTcs BLIBOI, UTO
MPOCTPAHCTBO-BPEMS BO3HUKIIO B CUHTYJISPHON TOYKe OOJIBIIOrO B3pHIBA, a CBOM KOHEI]
OHO JIOJI’KHO HAXOJUTh B CHHTYIISIPHOUW TOYKE OOJIBLIIOro XJIOMKa (€CIU KOJIancupyeT Bes
Bcenennas) ¥ B CUHTYIISIPHOCTH BHYTPH YE€PHOU ABIPHI (€CIIU KOIIJIATICUPYET KaKasi-HUOYIb
JIoOKaabHAs 00JacTh THMA 3Be3nbl). JIroOoe BemiecTBO, yIaBlice B TakKyko IBIPY, B
CUHTYJISIPHOCTH JIOJDKHO  pa3pylIUuThCS, W CHApykW OyIeT OIIYyIIaThCid JIUIIb
rpaBUTAIIMOHHOE BO3JIEMCTBHE ero Macchl. Korma ke OBl y4TeHBI KBAHTOBBIE A(h(PEKTHI,
TO 0Ka3aJioCh, UTO MAacca W SHEPIrUs BEIIECTBA B KOHIIE KOHIIOB JOJDKHBI, MO-BUIUMOMY,
BO3BpAIllaThCA OCTaBIIelcs dYacTh BceneHHo#l, a dYepHas JbIpa BMECTE CO CBOEH
BHYTPEHHEHW CUHTYISIPHOCTHIO JOJKHA UCIAPUTHLCS W TOJTHOCTHIO MCUe3HYTh. byner nu
CTOJIb K& OOJBITUM BIUSHIE KBAHTOBOM MEXaHUKHM Ha CHHTYSIPHOCTH B TOUKaX OOJIBIIIOTO
B3pbIBa U Oombioro xmomnka? Yto B AeHCTBUTENHHOCTH MPOUCXOIUT Ha OYEHb PAHHUX U
OUCHb MO3JHUX CTAAUAX pa3BUTHs BcCeleHHOMN, Korja TpaBUTAIIMOHHBIC TT0JIS HACTOILKO
CWJILHBI, UTO HEJb3s MpeHeOperaTh KBaHTOBBIMU 3¢ dextamMmu? EcTh i ICUCTBUTEIBHO Y
Bcenennoii Hauamo 1 koHel? A eciau €CTh, TO KAKOBBI OHU?

Ha npoTsskeHUM ceMUIECSThIX TOJI0B I B OCHOBHOM 3aHUMAJICS UCCIIEI0BAHUEM YEPHBIX
aeip, HO B 1981 1., Koryia s OBIT HA KOH(EPEHIIMH TT0 KOCMOJIOTHH, OPTaHW30BAaHHOW B
BaTtukane oTHaMu-ue3ynTaMM, BO MHE OMNSTH TIPOCHYJICS HMHTEpPEC K BOMPOCY O
BO3HHUKHOBeHUU M THOenu Bceemennoil. Katonmudeckas IlepkoBb coBepiuia OOIBIIYIO
OomrOKy B CBOMX B3aWMOOTHOINICHUSX ¢ [ammimeeM, Korma, MBITasCh MOAYMHHUTH 3aKOHY
BOIIpOC HaykH, o0bsBmiIa, uTto CoHile oOparraeTcst BOokpyr 3eMiu. Temepb, yepe3 Beka,
[lepkoBb pemmiIa TPUTIIACUTH CHEIUAIMCTOB M TOJYIUTh Y HHUX KOHCYJIBTAIMIO TIO
KocMmoloruu. B xoHIlle KoH(pepeHIuH y4acTHUKH OB yaocToeHbl ayaueHiuu [lansl. Ou
CKasall, YTo HBOJIONWI0 BceeneHHoM mociie OONBIIOro B3phIBa M3y4aTh MOXKHO, HO HeE
CJEIyeT BTOPraThCs B caM OOIBIIION B3PHIB, TOTOMY UTO 3TO OBbII MOMEHT COTBOpPEHMUS H,
cnenoBaTenbHO, boskecTBeHHBIH akT. S ObUT OueHB pan, uto [lama He 3HA TEMBI TOTLKO YTO
CIETaHHOTO MHOU JIOKJIaZa O BO3MOXKHOCTH TOTO, YTO MPOCTPAHCTBO-BPEMS KOHEUHO HE
HWMEET IPaHull, T. €. YTO OHO HE UMEET Haualla, a 3Ha4uT, HeT 1 MoMeHTa CoTBopeHus. MHe
HE XOTeJIOCh pa3JieliaTh CyAn0y I'anumnes, ¢ KOTOpbIM, MHE KaXKETCs, Y MEHs €CTh UTO-TO
obiiee, XoTs Obl TO, YTO MO CTPAHHOMY COBMAAEHUIO 5 poauica TouHo yepe3 300 net nocne
ero cMeptu!

YT00OBI OBIIO SICHO, KAKUMU OBUIM MOU MBICIIM M MBICIH JIPYTUX O BO3MOXXHOM BIHSHUHU
KBAHTOBOUW MEXaHWKH Ha HAIlIA B3TIAAbI HA pokaeHue ¥ rudenb Beenennoii, Heobxoaumo
CHaYaja HAIIOMHUTL OOMICTPUHSATYI0 KapTUHY UCTOpUM BceraeHHOMN, OCHOBAHHYO Ha Tak
Ha3BIBaeMOM Topsueit Mojenu Ooiwinoro B3pbiBa. B Helt cumraercs, uto Bceenennas ot
HallUX OHEW 10 OOJNBIIOTO B3pbIBA OIMCEHIBAETCS OJAHOM H3 Mojenei ®puamana. B
MOJOOHBIX MOJIENIIX OKas3blBaeTCs, YTO IO Mepe pacmMpeHus BceleHHON BEIIecTBO U
n3nydyeHue B Hel oxnaxparorca. (C yaBoeHueM pa3MepoB BceneHHoUl ee Temrieparypa
CTAHOBUTCA BJABOE HUXkE). [IoCKONBKY TemIiepaTtypa — 3TO TMPOCTO Mepa SHEPTUH (T. €.
CKOPOCTH ) YaCTHII, oXJaxAcHUC BecelleHHOM JOMKHO CUIIBHO BO3/ICHCTBOBATH HA BEIICCTBO
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BHYTpU Hee. [Ipu oueHEL BBICOKHMX TeMIiepaTypaX YacTHIBI JBHKYTCS TakK OBICTPO, UTO
MOT'YT IPOTHBOCTOATEL JIIOOOMY B3aMMHOMY IIPHUTSKCHHIO, BEI3BAHHOMY SICPHBIMH HIIH
OJIICKTPOMAIrHUTHBIMH CHUIIAMHU, HO IIPHU OXJIAXKIACHWUKU MOKXHO OXHWA4dTb, YTO HCKOTOPLIC
4acTUIBI OYAYT NPUTATHBATHLCS IAPYT K IPYTY U HAYHYT ciaUBaThes. Bojiee Toro, aaxe THITHI
JACTHIl, CYIIECTBYIOIIMX BO BceaeHHOM, IOIDKHBI 3aBHCETh OT TeMileparyphl. [Ipu
JOCTATOYHO BBICOKHX TEMIIepaTypax SHEPTUs YaCTHI] CTONL BEITUKa, UTO TPH IH0OOM
CTOTKHOBEHHH 00pa3yeTcs MHOTO Pa3HBIX Iap YacTHIa-aHTHYACTHIIA, H, XOTS HEKOTOpas
J0JIsI OTHX YaCTHUIl dHHUTHUIIMPYCT, CTAJIKHUBAsACh C aHTHUYACTHIAMH, HX 06pa301saHne
IPOUCXOJUT BCC PABHO 6bICTp€€ dHHUTHUJIATIUN. Ho pu 60.]166 HU3KHUX TEMIICPATYpAX,
KOTJIa DHEPTHs CTAJKHBAIOIIMXCSA YaCTHI[ MCHbBINE, Maphl 4acTHUIlA-aHTHYACTHIA OyIyT
00pa3oBEIBATHECS MEHJICHHEE W AHHUTHIISIHUS YacTHI OyIeT TPOUCXOINUT OBICTpee
POKICHIS.

CuuTaercs, UTO B MOMEHT OOJIBITIOTO B3pbIBa pa3Mepsl BeeaeHHoM ObUTH paBHBLI HYITIO, a
cama oHa OwlTa 6eckoHeuHo ropsueli. Ho mo Mepe pacmipeHus temreparypa U3IydeHus
NoHMXanacb. Yepes cekyHay mocie OOIBIIOTo B3pBIBAa TEMIIEpaTypa ymala MPUMEpHO 0
JIECSATH THICSTY MUIJUTMOHOB TPAIyCOB; 3TO IPUMEPHO B THICSIUY pa3 OOIbIIE TEMIIEPATyPhI B
nenTpe ColtHIa, HO TAKUE TEMIIEPATyphl JOCTUTAIOTCS TIPH B3PBIBAX BOJIOPOIHOMH O0MOEI. B
9T0 BpeMs Bcenennas cocrosiiia U3 (POTOHOB, IIEKTPOHOB, HEUTPUHO (HEHTPUHO —
neryadiie YacTHIlBl, YYacTBYIONIME TONbKO B claboM W TpaBUTAIMOHHOM
B3aMMOJEHUCTBUAX) M MX aHTHYAaCTHL, a TaKKe€ U3 HEKOTOPOIro KOJIMYECTBa MPOTOHOB U
HelTpoHOB. [lo mMepe Toro kak BceneHHas mpomomkana paclIMpsATHCSA, a TEMIleparypa
Majarb, CKOPOCTHb POKICHUS BIECKTPOH-aHTHUAICKTPOHHBIX IAp B COYHAPEHUSX CTaja
MEHBIIIE CKOPOCTH UX YHUUTOKEHUS 32 CHET aHHUTWIALUU. [[03TOMY MOYTH BCE 3IIEKTPOHBI
W aHTHAJIEKTPOHBI JOJKHBI OBITH aHHUTHINPOBATH JIPYr ¢ JPYroM, oOpa3oBaB HOBEHIE
(OTOHBI, TaK YTO OCTaNOCh JHIIb YyTh-4yTh M30BITOYHBIX 3NMeKTpoHOB. Ho HelTpuHO U
AHTUHEUTPUHO HE AHHUTHWIIMPOBAIH APYT C IPYroM, MOTOMY YTO 3TH YaCTULBI O4YEHb C1a00
B3aMMOJICHCTBYIOT MEXKAY c000H W ¢ ApyrmMH dacTuiiamu. [lodToMy OHM 10 CHUX HOp
JOJDKHBI BCTpedaThcss BOKPYr Hac. Ecim Obl WX MOXHO OBIJIO HAOmIOMATh, TO y HacC
MOSBUJICA OBl XOPOIINN crmocob MPOBEPKU MOJIENIM OUeHb ropsuei panHei Bcemennoit. K
COXKaJeHWI0, WX DSHEPruM celyac CIWIIKOM Malbl, YTOOBI MX MOXKHO OBLIO
HEenocpeacTBeHHO HalmtonaTh. OIHAKO €clIM HEUTPUHO He sABIsAeTcd 0Oe3MaccoBOM
qacTuilel, a oOmamgaer HeOONBIIOW COOCTBEHHOW Maccoif, OOHapyXeHHOW B
HEMOATBEPKICHHOM SKCIIEPUMEHTE COBETCKHX YYeHBIX 1981 T., TO MBI CcMOTIIH OBI
0OHAPYXUTh UX KOCBEHHO: OHM MOIJIM OBl OKazaThCsA OJHON U3 (opM TeMHON MaTepuu,
YIIOMHUHABILIENCS paHee, TPaBUTAMOHHOE MPUTSHKEHUE KOTOPOM TOCTATOYHO AJISl TOTO,
9TOOBI MPEKPATUTD paciiupeHrue BeceneHHON 1 3aCTaBUTH €€ OMSTh CKUMAThCS.

[TpumepHO wepes cTo ceKyHI mociie OOMBIIOro B3pEIBA TEMIIEpaTypa yhana J0 ThICIIH
MUJUIMOHOB TPaJAyCoOB, YTO OTBEUAET TEMIIEPATYpE BHYTPHU CaMbiX ropsumx 3se3i. [lpu
TaKOW TEeMIEpaType D3HEPruu TIPOTOHOB W HEUTPOHOB YK€ HEAOCTATOUHO JJIs
COTIPOTHUBIICHUS] CUJIBHOMY SJIEPHOMY MPUTSKEHUIO, U OHU HAUYWHAIOT 00BEIUHSITHCS APYT
¢ Apyrom, o0pasys sizpa gertepus (TsHKeIoro BoJ0poa), KOTOPBIE COCTOSAT U3 TIPOTOHA U
HEUTpoHa. 3aTeM flpa JeuTepus IPUCOEIUHSIOT K cede emle MPOTOHBl U HEUTPOHBI U
MpeBpallatoTcs B sApa reiaus, coAepXkalude JBa NPOTOHAa M JBAa HEUTpPOHA, a TaK¥kKe
o0pa3yroT HeOobIlIue KOIMUYecTBa 00Jee THKENBIX IJMEMEHTOB — JUTUS U OepuiLIns.



Breraucnenus IIOKa3bIBAKOT, YTO, COTJIaCHO FOpﬂqﬁﬁ MOACIN OOJIBIITIOTO B3pEIBA, OKOJIO
quBepTOfI YaCTH IIPOTOHOB U HeﬁTpOHOB JAOJDKHO OBLIIO IPCBPATUTECA B ATOMEI I'CIINA 1
HEeOO0IBIIOE KOJIMYECTBO TAKEIOTO BOOOpOJaAad U APYIruXx 3JICMCHTOB. OcraBmuecs HeﬁTpOHbl
PacCIIajIiuCh Ha MIPOTOHHI, ITPCACTABILATIOIINC cobom Aapa OOBIYHBIX ATOMOB BOOJOpOaAA.

OmnncanHas KapTuHa Topsued BceneHHo#t Ha paHHEW cTagud pa3BUTHA Oblla
npeanoxeHna yaensiM [xopmxem (I'. A.) 'amoBbIM B 3HaMeHUTOH paboTe, koTopyto ['amoB
Hanucan B 1948 r. BMecTe co cBouM acnupanToM Panbhom AnbdepoM. OOnamas
MIPEKPACHBIM YYBCTBOM FoMopa, ['amoB yrosopun ¢pusuka-saepruka ['anca bere 706aBuThH
CBOIO (aMWIHIO K CIUCKY aBTOPOB, 4TOOBI monyuusioch «Anbdep, bere, ['amoBy», dTO
3BYYHT, KaK Ha3BaHUS MEPBBIX TpeX OYKB rpedeckoro andasura — aianbda, 6eTa, TamMMa, U
Ype3BLIUAWHO TOJXOJUT s cTaTbu 0 Hauane Bcenennoii! B 3Toii cTtaThe OBIO caenaHo
3aMevaTeIbHOE MpeJIcKa3aHue 0 TOM, 4TO u3aydeHue (B BUAEC (OTOHOB), UCITYIIIEHHOE HA
OUCHBb PAHHUX CTAIUSIX Pa3BUTHS BCENeHHON, TOMKHO 10 CUX TMOP CYIIECTBOBATH BOKPYT
Hac, HO 3a ATO BPEMs ero TemIiepaTypa yrajia U paBHa BCEro JUIIL HECKOJIBKUM TpagycaMm
BEINIE a0COMIOTHOTO HYJS. DTO UMEHHO TO M3IydeHHE, KoTopoe B 1965 r. obHapy)kumu
[Tenznac u Bunbcon. Korma Ansdep, bere m I'amoB mucanu cBoro paboTy, sjepHbIe
peaKmuu C ydacTHEM TPOTOHOB W HEWUTPOHOB OBUIM TIIOXO W3y4YeHBL. [loaToMy
MpeIcKa3aHHbIC UMW COOTHOMICHUS MEXKY KOHIICHTPAIIUSIMA Pa3HBIX SJICMCHTOB B paHHCH
Bcenennoi okazaiauch BecbMa HETOUHBIMHU, OJIHAKO, OYJIY9YH ITOBTOPEHBI B CBETE HOBBIX
MPEACTABICHUNM, BCE€ BBIYUCICHUS [alld pPE3yibTaThl, IMPEKPACHO COrIacyrIIUecs C
COBpeMEHHbIMU HabmtoaeHussMU. Kpome TOro, oueHb TPYAHO OOBSACHUTH KAK-TO MHAYE,
moyeMy Bo BcenmeHHON MODKHO OBITH Tak MHOTO Telus. [[09TOMYy MBI COBEPIIEHHO
YBEPEHBI B TOM, UTO 3Ta KapTHHA TPaBWIIbHA, TI0 KpalHEW Mepe CIycTs CEeKYHJy TOocie
OOJTBIITOTO B3PBIBA U TIO3XKE.

Bcero uepe3 HeckonbKo 4acoB Tocie OONBIIOro B3pbIBa 00OPa30BaHUE TEMUS M IPYrHX
SIEMEHTOB TIPEKPaTHUIIOCh, TTOCIIe YeT0 B TeUeHHWe MPUMEPHO MUJUIHOHA JieT Bceenmennas
MPOCTO TPOJOIDKAIA PACIIUPATECA W C HEH He MPOUCXOIUI0 HUYEro OCOOEHHOTO.
HakoHen, korja TteMrepaTypa ymala JO HECKOJIBKHX TBICSY IpaaycoB U DHHEPruu
SIEKTPOHOB U SIIEP CTAJI0 HEAOCTATOYHO AJIA MPEOIOJIEHHs J1eHCTBYIOIIEro MEXAy HUMHU
3IIEKTPOMATrHUTHOTO MPUTSKEHUS, OHW Hadald OOBEAMHATHCA IPYT C IPYrom, odpasys
atombl. Bes BeenenHas kak 11e710e MOTIIa IPoJIoJKATh PACIIUPITRCS U OXJIaXAAThCS, HO B
Tex o0IacTaX, IUIOTHOCTh KOTOPHIX OBbLIa HEMHOTO BHINIE CpedHeld, paclIupeHue
3aMEIANIOCh W3-3a JIOMOJHUTENBHOTO TPaBUTAIMOHHOTO TPUTSKEeHUd. B pesynbrare
HEKOTOpbIE 00JacTH MepecTaiu pacluMpsaThCS U Havalu cxKUMaThes. B mpolecce cxaTus
MoJ E€WCTBUEM TPaBUTALMOHHOIO TPUTSKEHUS MaTepUM, HaXOIAIIEeHcs CHAPYXM 3THUX
obmactedf, MOTJIO HavaThcs WX MeIIeHHOoe BpamieHue. C yMEHBIIEHHEM pa3MepoB
KOJUIAIICHpYIonell 00JacTH ee BpallleHHE YCKOpsAJIOCh, IMOJOOHO TOMY, KaK YCKOpsieTCs
BpallleHue (UTypucTa Ha JbIy, KOrja OH HpukuMmaeT pyku K temy. Korga HakoHery
KoJUTalcupyronas o0JacTb cTajla JOCTaTOYHO MaJloi, CKOPOCTH €€ BpallleHUs JO0IKHO
OBIJI0O  XBaTUTh [JIS YPAaBHOBEIIMBAHUS TPABUTALMOHHOTO TPUTSXKEHUS — Tak
o0Opa3oBamuch Bpallaromuecs THCKOOOpa3HBIe TalakTHKH. Te o0macTH, KOTOpEIE He
HavyaJdu BpallaTbes, IPEeBPaTHINCHL B OBaIbHBIE 00BEKTHI, HAa3bIBAEMbIEC IILTANTHUYCCKUMHU
ranaktTukamu. Konmanc stux obnacreii Toxe NpeKpaTuiics, MOTOMY YTO, XOTs OT/ENbHbIe
YacTH TallaKTUKUA CTaOMIIbHO Bpallaluch BOKPYT €€ 1EHTpa, rajlakThKa B 1IEJIOM He



Bpaliajiachk.

Cocrosuii U3 BOJAOPOJIa U TelUs ra3 BHYTPM TraJlakTMK CO BpPEMEHEM pacnajics Ha
ra3oBbIC O0JaKa MEHBIEr0 pa3Mepa, CKUMAKOIIUECS MO JEHCTBHEM COOCTBEHHOU
rpasuTanuu. [Ipu cxxaTUM 3TUX 00JIaKOB aTOMBI BHYTPH HUX CTAIIKUBAITUCH NIPYT C IPYTOM,
TeMIIepaTypa rasa IOBBIIIANACE, U B KOHIIE KOHIIOB Ta3 pa3orpeics TaK CHUIBLHO, UTH
HAYaJUCh PEaAKIUMU SJACPHOr0 CUHTE3a. B pe3ynbpTaTte 3TUX peakuul U3 BOAOpOJIa
00pa3oBaloch JOTONHUTEIBHOE KOJWYECTBO TejIus, a W3-3a BBIJEIMBIIEroCs Tera
BO3POCJIO JIABJICHUE U TA30BBIE 00JIaKa TIEpecTany cxkuMaThes. O6aka JJ0Jro 0CTaBalIuCh B
9TOM COCTOSHUM, TIOJI00HO TakuM 3Be3gaM, kak Hamie ColHile, TpeBparias BOJOPOJ B
TEeITMA W U3Ily4yasl BBIJEISFOIIYIOCS 3HEPTrUI0 B BUIE TEIUla U CBeTa. boliee MacCHBHBEIM
3BE3/1aM I YpaBHOBEIIMBAHUS CBOET0 OoJiee CUILHOTO TPAaBUTAITMOHHOTO MPUTSHKCHUS
HY»KHO OBIJIO Pa30TpeThCsl CHIIbHEE, W PEAKIUU SJIEPHOTO CHUHTE3a TPOTEKaTd B HUX
HACTOJILKO OBICTpEE, UTO OHU BBIKTIIM CBOM BOJAOPOJ BCETO 32 CTO MUJITUOHOB JIeT. 3aTeM
OHHU CIIETKA CKAJIHUCh, U, TTOCKOJIBLKY HarpeB MpoJoJLKalCcs, HaYalloCh IIPEBPAIlEHUE TEIUs B
0oJlee TsDKEINBIC BJIEMEHTHI, TaKHe Kak yriepoa U kuciopona. Ho B momoOGHBIX mpolieccax
BBIJEIISIETCS HE MHOTO SHEPTUH, U TIOTOMY, KaK YK€ TOBOPUIIOCH B TJIABE O YEPHBIX JbIpaX,
JOJDKEH OBLT pa3pasuThbes Kpusuc. He coBceM sSICHO, WTO MPOUW3OINLIO MOTOM, HO BIIOJTHE
TIPaBIOMOA00HO, UTO IICHTPAILHBIC OOJACTH 3BE3AbI KOJIIATICHPOBAIH B OUCHB IIOTHOC
COCTOSIHHE BpOJie HEUTPOHHOU 3Be3ALI WM YEPHOU ILIphl. BHemrHue 00acTH 3Be3dbI
MOTYT Bpe€Ms OT BPEMEHH OTPHIBATHCSA M YHOCHUTBLCS UYIOBHUIIHBIM B3PBIBOM, KOTOPBIM
Ha3bIBACTCs B3PHIBOM CBEPXHOBOM, 3aTMEBAIOIICH CBOUM 0JICCKOM BCE OCTAIbHBIC 3BE3/IBI B
cBoel rajaktuke. Yacth Oollee TSKENBIX 3JIEMEHTOB, 00pa30BABIINXCS Tepe]] THOCIbIO
3BE3/IbI, OBINIA OTOPOIEHA B 3aMOJHAIONINN TaJaKTUKY Ta3 W MPeBpaTHIach B CHIPHE IS
ToCNIeAyIOmMUX TokoneHud 3Be3A. Hame ColHIle COAEpX UT OKOJIO ABYX NPOUEHTOB
YIOMSHYTBHIX 00Jee TSKETBIX IEMEHTOB, TOTOMY UTO OHO SABJSETCS 3BE370i BTOPOTO HIIN
TPETHEr0 TTOKOJICHUS, 00pPa30BaBIIICHCSA OKOJIO IMATH MUJUIMAPAOB JIET Hazad U3 oOllaka
BpAIIAOIIErocs ra3a, B KOTOPOM HaXOIWINCh OCKOJIKH 0oJiee paHHUX CBEPXHOBEIX. I a3 U3
9TOTO 00JIaka B OCHOBHOM TIOIIEN Ha oOpa3zoBanue COHIIA WM OBIT YHECEH B3PBIBOM, HO
HeOOoJIbIII0e KOIUYECTBO 00JIee TAKEIBIX PJIEMEHTOB, COOPABIINCE BMECTE, IIPEBPATUIIOCH B
HeOecHBIE Tejla — IIJIaHeThl, KOTOpEIe ceifyac, kak u 3emils, oopaiiatoTcs Bokpyr CorHIA.

CHauama 3emis Obuta Topsdei 1 He uMera atMocdepsl. Co BpeMeHeM OHa OCThIIa, a
BCIIEJICTBHE BBIJIETIEHUS ra3a U3 TOPHBIX IIOPOJ BO3HMKIA 3eMHas aTMocdepa. Panuss
aTMocdepa Oblna HEMPUroJHa AN Halllel ku3HU. B Hell He Oblo Kucnopoaa, HO OBLIO
MHOT0 APYIUX, IAOBUTBIX JJI1 HAC ra30B, HAIIPUMEP CEPOBOJAOPOJA (3TO TOT ra3, KOTOPBIA
npuaaeT crennduueckuit 3anax TyxiabM sinam). [IpaBaa, ecte U Apyrue, IpUMUTHBHbBIE
(OpMBI KU3HU, KOTOPEIE MOTYT MPOIBETATH B TAKUX YCIOBUAX. [IpeamonaratoT, 9To OHH
pPa3BWINCh B OK€aHaX, BO3MOXKHO, B pe3ylbTaTe CIy4alHBIX OOBEIWHEHUN aTOMOB B
OOJbIIME CTPYKTYPHI, HA3bIBAEMbBIE MAKPOMOJIEKYIAMH, KOTOPbIE 0011a/1aJTi CIIOCOOHOCTHIO
rpyNnupoBaTh APYrMe aTOMbl B OKEAHE B TaKUE K€ CTPYKTYpbl. Takum oOpa3zoM OHU
CaMOBOCIIPOU3BOIMIINCh U MHOXWINCE. THOT/IAa B BOCTIPOW3BEACHUU MOTIIA MPOU30UTH
coon. Itu cbom OOJIBIIEH YaCTBIO COCTOSIM B TOM, UTO HOBasi MaKpOMOJIEKyJia HEe MOTJa
BOCIIPOM3BECTH ce0s W B KOHIIE KOHIIOB paszpymanack. Ho mHOTIa B pesynbrate cOOeB
BO3HUKAJIM HOBBIE MaKpOMOJIEKYJbI, Jaxe Ooyiee crocoOHbIE K CaMOBOCHPOM3BEICHMIO,
YTO JaBajio UM NPEUMYIIECTBO, U OHU CTPEMMIIMCH 3aMEHUTL cOO0H MepBoHayanbHble. Tak



HavaJics TIPOIECC IBONIOIHNH, KOTOPHIN MPUBOINI K BO3HUKHOBEHHIO BCe Oojiee M Oolee
CIOKHBIX OPraHH3MOB, CIOCOOHBIX K caMoBocHpom3BeAcHUI0. (CaMBle IIepBBIC
MIPUMUTHUBHBIE JKMBHIE OPraHU3Mbl TOTPEOANA pa3lIMYHbIE BEIISCTBA, B TOM YHCIE
CEpPOBOIOPOJI, U BBIACISUIM KUCIOpPOA. B pe3yinbraTte NPOUCXOAMIO MMOCTENEHHOE
U3MEHEHUE 3eMHOM aTMOCc(hephl, COCTaB KOTOPOM B KOHIIE KOHIIOB CTAJl TAKUM, KakK ceidac,
¥ BO3HUKIIU MTOIXOIAIINE YCIOBHUS IS pa3BUTHS 0o0Jiee BRICOKUX (POPM KU3HU, TAKUX, KaK
PBIOBI, PENTHINHN, MIEKOTTUTATONINE U, HAKOHEIT, YeIIOBEUECKUH PO/I.

Kaprtuna, B koTopoit Beenennast cHavana Oblila 04eHb TOpsiUei M 0XJIak1aIachk o Mepe
CBOECTO pACIIUPCHUS, Tla CETONHSIIHWUN IE€Hb COTNACyeTCsi C pe3ylbTaTaMH BCEX
HaOroeHui. Tem He MeHee HeNbId sl BaXHBIX BOIPOCOB OcTacTcs 6e3 OTBETA.

1. Ilouemy paunsis Beenennas 6vina maxou copsiveii?

2. Houemy Bcenennas maxk 00HopooHa 6 boavuux macumabax? Ilouemy ona evrenaoum
0OUHAKOBO B0 BCEX MOUKAX NPOCMPAHCMBA U 80 8cex HanpasieHusx? B yacmuocmu,
nouemy memnepamypa KOCMU4ecko2o poHa MUKpPOBOIHOB020 U3NYYeHUs NPAKMUYeCcKU
He MeHAemcsa npu HAOMOOeHUAX 6 pasHvix Hanpaenenusx? Kozoa na sx3amene
HECKOMbKUM CMYOeHmam noopsao 3a0aemcs 00OUH U MOm Hce BONpOC U UX OMBEembl
€06naoarom, vl Modiceme ObIMb COBEPUICHHO YBEPEHBL 8 TMOM, YMO OHU COBEMOBAIUCD
opye ¢ opyeom. QOHAKO 6 ONUCAHHOU MOOENU ¢ MOMEHMA OONbUIO2O 83PblEA Y C8eMA He
ObLI0 8pemenl, Umobbl NONACMb U3 0OHOU YOWIEeHHOU 00acmu 6 opyayio, oddice eciu
amu 0OIACMU PACnONAZanUct OauUzKo Opye K opyey 6 pauuetl Beenennoit. Coznacuo oice
meopuu OMHOCUMENbHOCHU, eClU C8em He MOXcen NOndcms U3 0OHOU obaacmu 6
opyeylo, mo u Hukakas opyzas umgopmayusi modce e modxcem. llooamomy pasneie
obnacmu panuell Bcenennoul HUKAK He MO2aU 8bIPOBHAMb CEOU MeMNepamypbl opye ¢
opyeom, eciu y HUX He ObLIU 00UHAKOS8ble N0 KAKOU-MO HENOHAMHOU NpUYUHE
memnepamypvi npAMo ¢ MOMEHMA POHCOEHUS.

3. IHloyemy Bcenennas mnauana pacuupsimocsi co CKOpPOCmMbvlo, CMOdb ONU3KOU K
KpUmuy4eckou, Komopds pazoeisiem MoOelu ¢ NOSMOPHbIM Cocamuem u Mooenu ¢
BEUHBIM pacliuperHuem, maxk wmo oajxce ceuuac, uepes 0ecsimo mvlcay MULIUOHO8 Tem,
Beenennas  npoodonscaem  pacuupamoscs  co  CKOpOCMblo,  NPUMEPHO  PABHOI
kpumuueckou? Ecau 0vl uepes cexynoy nocie 0016020 83pvléa CKOPOCHb PACUUPEHUS
oKdzanacb  Xomb Ha OOHY cmo molcada — MUIAUOH — MULTUOHHYIO
(1/100.000.000.000.000.000) menbute, mo npouzoulio Obl NOBMOPHOE CIHCAMUe
Bcenennoii u ona nuxozoa 6wt He docmuena ceoe2o cO8PEeMEeHH020 COCMOSHUSL.

4. Hecmomps Ha KpynHomacumaobHyo 00HOpoOHocmb BcenenHoll, 8 Hell cyuwjecmayom
HEeOOHOpOOHOCMU, makxue, Kaxk 38e30bl u eanakmuxu. Cuumaemcs, 4mo OHU
00pa308aIUCH U3-30 HEOOILUIUX PA3TUYULL 8 NIOMHOCMU paHHell Bcenennoii om obracmu
K oOnacmu. Ymo 6v110 nputunou smux Qaykmyayuil nAOmHoCmu?

O6mast Teopus OTHOCUTENBHOCTH caMa 10 cebe HE B COCTOSHUU OOBIACHUTH
TepevyucIeHHBIC CBOMCTBA WIIN OTBETUTEL Ha MOCTABIICHHBIE BOMPOCHI, TAK KaK OHA TOBOPHT,
yTo BeeneHHas BO3HUKIIA B CHUHTYISAPHOM TOUke OONBIIOrO B3pHIBA M B CaMOM Hayale
uMena OECKOHEYHYH0 IIJIOTHOCTh. B cuUHTynsipHOW ke Touke oO0mas Teopus
OTHOCUTEIIBHOCTH U BCE (PU3UUECKHE 3aKOHbI HEBEPHBI: HEBO3MOXKHO TIPEACKa3aTh, YTO



BLIﬁ)IeT N3 CUHTYIIAPHOCTH. Kak Mp1 YK€ TOBOPUIIH, 3TO O3HAYACT, YTO OOIBIION B3pPbIB U
BCE COOBITHS J0 HCI'0 MOXHO BBI6pOCI/ITL U3 TCOpPpHH, IIOTOMY YTO OHM HHKAK HC MOI'YT
ITOBJIMATL HaA TO, YTO MBI Ha6H}OILa€M. CHGI[OBB.T@H])HO, MNPOCTPAHCTBO-BPEM: A OJIKHO
UMCTb I'PpaHUIY — HAY4J10 B TOUKEC 00JBIIOTO B3pbIBA.

Hayka, mo-BUIMMOMY, OTKpBIIa BCE T€ 3aKOHEI, KOTOPBIE B Ipelenax MOTPEIIHOCTEH,
HaJlaraeMbIX MPUHIIUIIOM HEOIPEACICHHOCTH, TMO3BOJAIOT MpeAcKa3aTh, Kak BcemenHas
U3MEHUTCS CO BPEMEHEM, €CIIM M3BECTHO €€ COCTOSHUE B KaKOW-TO MOMEHT BpPEMEHHU.
MoxeTr ObITh, 3TH 3aKOHBI ObUTH JaHbl borom, HO ¢ Tex mop OH, cylas O BCEMY,
npenocTaBuil BeeneHHOM pa3BUBATBCA B COOTBCTCTBUM C HUMH U TCIEPh HE BMCIIMBACTCS B
ee u3Hb. Ho kakuMu OH BBRIOpaj HAYalbHOE COCTOSHWE W HAYAILHYH KOH(MUTYPAITHIO
Bceenennoii? Kakue «rpaHUYHBIC YCIOBHUS» OBIITH B MOMEHT «Hadalla BpEMEHI» ?

OnuH U3 BO3MOXHBIX OTBETOB — 9TO CKaszaTh, 4YTO TIPH BHIOOpEe HAYALHOU
koH(purypanuu Beenernnoi#t bor pykoBoacTBoOBajICS COOOpaXeHUSIMU, IOHIATH KOTOPBIC HAM
He JaHo. JTo, 0e3yciIoBHO, ObLIO BO BiacTh bora, HO modemy, BLIOpAaB TaKoe CTpaHHOE
Havajo, OH Bce ke perwi, 4ToObl BeenmeHHas pa3BuBaiach HO TTOHATHBIM HaM 3aKOHaM?
Bes uctopust Hayku OblIa TOCTETIEHHBIM OCO3HAHUEM TOTO, YTO COOBITHS HE MPOUCXOIST
TIPOU3BOJLHEIM 00pa30M, a OTpPaXaroT OMPEACIICHHBIH CKPBITHIM MOPSIOK, KOTOPHIH MOT
WIA HE MOT OBITH YCTaHOBIEH OO0KECTBEHHBIMH CHIaMH. BBITO OB JMUIIB €CTECTBEHHO
NPEANONI0KUTh, YTO 3TOT MOPSAOK OTHOCUTCS HE TOJBKO K 3aKOHAM HAayKH, HO U K
YCIOBUSIM Ha TpPaHWIIE MPOCTPAaHCTBA-BPEMEHM, KOTOPBLIE OMNPEACAOT HavyalbHOE
coctosaue Beenmenrol. Bo3MoxHO 00IbITIOE YMCITO pa3HBIX Mojeneii BeelrleHHOM ¢ MHBIMH
HayaJIbHBIMU YCIOBUSMH, TOTIUHSAIONINXCS 3aKoHaM Hayku. JlomkeH cymiecTBoBaTh
KaKOM-TO MPUHLMI JJI1 OTOOpa OJHOTO HAYaJIBLHOTO COCTOSHHS M, CTallo OBITH, OJHOM
MOJENIHU JUIA olucaHus Hamlel BeeleHHOM.

OpaHy W3 TaKUX BO3MOXKHOCTEHN HA3bIBAIOT XaOTUUECKUMHU TPAaHWUYHBIMU YCIIOBUSIMU. B
HUAX MOTYAJIMBO MpUHUMAaETCs, Tu00 4To BeeneHHas OeckoHeuHa B MPOCTPAHCTBE, AMOO
YTO CYLIECTBYET OECKOHEYHO MHOrO BCeleHHbIX. COriacHO XaOTHYECKUM T'PaHUYHBIM
YCIIOBHSIM, BEPOSITHOCTH TOTO, YTO JF00ast BBIAECIEHHAs 00J1acTh IPOCTPAHCTBA Cpa3y Noclie
OOJBIIOT0 B3PHIBA OKAXKETCA B JIFOOOM 3aJaHHOM COCTOSSHWW, TIPUMEPHO paBHA
BEPOSITHOCTH TOTO, YTO OHA OKAXKETCS B IIOOOM JIPYTOM COCTOSIHUM: HAYaJIbHOE COCTOSHUE
Bcenennoil BBIOMpaeTCss COBEPIIEHHO MPOU3BOIBHBIM 00pa3oM. JTO o3Haydano Obl, 4TO
pannsiss BcenenHnast Oblia, BEPOATHO, OUYEHb XAOTUYHOW W HEPEryISAPHOM, MOTOMY UTO
XA0TUYECKUX U OECTIOPSIOYHBIX cOCTosTHUM BceeneHnHo# ropasmo 00mbiie, 4eM ITajJkuxX U
ynopsigoueHHbIX. (Eciu Bce COCTOSHUS pPaBHOBEPOSTHBI, TO BceleHHas ¢ OONbIION
BEPOSITHOCTHIO BO3HUKJIA B OJJHOM M3 XaOTHUECKUX M OECITOPSTOTHBIX COCTOSTHHH TTPOCTO
MIOTOMY, 4YTO TaKHUX COCTOSHHUM Topaszao Oonbine). TpyaHo ckaszaTh, Kak MHOJOOHBIE
Xa0TUYECKHE HA4yallbHBIE YCJIOBUS MOIJIW TOPOIUTH TAaKyH TIAJAKYIHO U OJHOPOIHYIO B
oompmux MacmTabax Beenennyro, Kak Hamma ceifuac. MokHO Takke 0KUAATh, YTO B TaKOU
MOJIeTH (PIyKTyalliu TUIOTHOCTH TIPUBEAYT K 00pa3oBaHWIO TOPa3lo OONBIIETro YHcia
MIEPBUYHEBIX YEpPHBLIX HBIp, YeM BEPXHUM Mpejiell, BHITEKAONINN W3 HabOmoaeHui ¢doHa
raMMa-u3TyueHus.

Ecnmu Bcenmennas B camom HCJIC OeCKOHEYHa B MMPOCTPAHCTBE HJIM CCJIM CYIICCTBYCT
OECKOHEYHO MHOI'O BCCICHHEIX, TO I'IC-TO MOIJIH OEI CymieCTBOBAaThL JOBOJIEHO OobIIHe



00JacTH, BO3HWKINHE B TIAJAKOM W OJHOPOJHOM COCTOSTHUH. BCTOMHHM XOpOIIO
H3BECTHBIN IIPUMEP CO cTael 00e3bsH, 0apadaHAMMX Ha MUITYIIHX MAITHHKAX: 00JbIIas
4acTh X paboThl TIOKJIET B KOP3WHY, HO B TIPUHIIMIIE OHU MOTYT COBEPIICHHO CIy4YaiHO
HanevaTaTh oauH 13 conetoB [llekcnupa. Tak 1 31ech — He Moriia In oonacTh BeenenHoi,
B KOTOPOU MBI )KUBEM, CIy4alHO OKa3aThCs TIIAAKOW U ofHOpoaHON? Ha mepBriil B3TIs
TO MOXET TIOKa3aThCsd KpaitHe MaJOBEPOSTHBIM, TOTOMY YTO TaKUX THaAKUX objacTeit
JOKHO OBITH HAMHOT'O MEHBIIIE, YeM Xa0TUYECKHUX M HEOAHOPOIHBIX. HOo mpeamnonoxum,
YTO TaJaKTUKU W 3Be3/Ibl 00Pa30BBIBAIMCH TOJBKO B TIAJKUX 00JacCTIX M TOJIBKO TaMm
YCIOBUST OBIIM TPUTOIAHBI JIJIT PA3BUTHUS TAKUX CIIOKHBIX CAMOBOCIPOU3BOASIINXCS
OpTaHU3MOB, KaK MBI, CIOCOOHBIX 3a7aTh Bompoc: «[Touemy Bceenennas takas riagkas?y»
DTO mpuMep NPUMEHEHWS TaK Ha3bIBAEMOTO AHTPOITHOTO TPUHLMIIA, KOTOPBIA MOMKHO
chopMyIMpoBaTh CAeAYOIIUM 00pa3oM: «Mbl BUIUM BceelleHHYIO Tak, KaK Mbl €€ BHJINM,
MOTOMY YTO MBI CYIIECTBYEM).

AHTpPOITHBIH TIPUHITUT CYIICCTBYET B JBYX BapHaHTaX — claboM u cuiibHOM. CaOnrit
AHTPOITHBINA MPUHIUI YTBEPKAAeT, UTO BO BeeneHHOM, KoTopas BelTUKa MM OCCKOHEUHA B
MPOCTPAHCTBE WM BO BPEMEHHM, YCIOBHs, HEOOXOAMMBIC IJIsi Pa3BUTHS pPa3yMHBIX
CyHICCTB, 6y,ZIYT BBIIIOJIHATBCSA TOJBKO B HCKOTOPLIX O6IIaCT$IX, OTPAaHUYCHHBIX B
MIPOCTPAHCTBE U BpeMcHU. [[oATOMY pasyMHBIC CYIISCTBA B 3TUX OOJACTAX HE JOJKHBI
YVAUBIATECSA, OOHAPYXHUB, UTO Ta 00JACTh, TJIe OHH XHUBYT, YIOBJICTBOPICT YCIIOBHSIM,
HEOOXOIUMEIM IS UX cyliecTBOBaHMA. Tak Oorau, >XUBYILINUM B OoraTtoM palioHe, HE BUIUT
HHUKaKOW O€IHOCTH BOKPYT ceOsl.

OauH U3 TpUMepoB TIPUMEHEHHUS cIadoro aHTPOITHOTO MPWHIUINA — «OOBICHEHHE»
TOr0, 4TO OOJNBIION B3pBHIB IIPOU3OLIET OKOJIO JECATH ThICIY MHIIMOHOB JIET Ha3al:
MPUMEPHO CTONBKO BPEMEHH TpedyeTcsa pa3yMHBIM CYIIECTBaM ISl MX pa3BUTHs. Kak yxke
TOBOPHWIIOCH, MPEXKAEC BCETO JOJDKHO OBITIO 00pa30BaThCS paHHEE MOKOJICHHUE 3BE3M. JTH
3BE3[IbI TIPeBpallaii YacTh TEPBOHAYAIBHOTO BOJIOpOAA W TeIHUS B AJIEMEHTHI THITA
yriepoia ¥ KUCHOpOAa, W3 KOTOPBIX MBI COCTOMM. 3aTeéM 3Be3Ibl B3pHIBAIIUCH Kak
CBEPXHOBEIE, a U3 UX OCKOJIKOB 00Pa30BBIBAIMCH JIPYrUe 3B€3/bI U IITAHETHI, B TOM YUCIE U
BXodAIMe B Hally CONHEYHYIO0 CUCTEMY, BO3PACT KOTOPOM OKOJO IMATH ThICSY MUILIIMOHOB
net. B mepBbie 0JIHY WM IBE THICAYH MUJITMOHOB JIET CYIIECTBOBAHUS 3€MJTH Ha HEH ObLITO
CIIMIITKOM KapKO JIJIS pa3BUTHS KaKuX ObI TO HU OBUIO CIOKHBIX OpraHu3MoB. OcTalbHbIC
MIPUMEPHO TPH THICSYU MUIUTMOHOB JIET IPOUCXOAUT MEIJICHHBIN ITpo1iecc OMOIO0TUYECKOTO
pa3BUTHS, B pe3ylabTaTe KOTOPOTO MPOCTEUIINE OPraHU3Mbl TPOUUIA MYTh J0 Pa3yMHBIX
CYIIECTB, YMEIONINX U3MEPSTH BPEMs, MPOILIeANIee ¢ MOMEHTa OONBIIOTO B3phIBA.

Majto KTo Bo3pakaeT MPOTHUB CHPABEIITUBOCTH U IPUMEHUMOCTH CIIab0T0 aHTPOITHOTO
npuHOuna. HekoTopsle e UIyT 3HAYUTENLHO AaNbIe, Mpeaiaras ero CHILHBIN BapHaHT.
OH 3aKki04aeTcs B TOM, YTO CYIIECTBYET JUOO MHOIO Pa3HbIX BCEIICHHBIX, MO0 MHOIO
pa3HBIX 00JIacTeW OMHON BCENEHHOW, KakAas W3 KOTOPHIX HMEET CBOK COOCTBEHHYHO
HaYaJI6HYI0 KOHPUTYPAIHIO U, BO3MOXHO, CBOH COOCTBEHHBIH Ha0Op HAYTHBIX 3aKOHOB. B
OOJIBIICH YacTH STHUX BCEICHHBIX YCIOBHS OBLUIM HEIPUTOIHBI IJIS PA3BHUTHSA CIOKHBIX
OpTaHU3MOB; JIUIIL B HECKONBKUX, MOX0XKHUX Ha HaIlly, BCEJACHHBIX CMOTJIM Pa3BUBATHCS
pa3yMHBIE CYIIECTBA, U Yy ATUX Pa3yMHBIX CYIIECTB BO3HUK Borpoc: «[louemy Hamma
Bcenennas takas, kKakoi Mel ee BUIuM?» Torma oteT nipocT: «Eciau 0b1 Beenennas Obuta
JIpyTOoH, 371ech He OBLI0 OBI HAC!»
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3akoHBI HAYKH B TOM BHJEC, B KOTOPOM MBI WX 3HAcM celdac, coacpXaT MHOTO
(byHIaMEHTAIbHEIX BEIUYUH, TaKUX, KaK SICKTPHUICCKUAN 3apsj SIEKTPOHA M OTHOIICHHE
Macchl MPOTOHA K Macce JJIeKTpoHa. MBI He yMeeM, HO KpalWHeW Mepe celuac,
TEOPETHUECCKU MPEICKA3bIBATh 3HAUEHUS STHX BEJIUYHMH — OHHU HAXOIATCS TOJIBKO W3
sKcriepuMeHTa. MoxeT OBITh, TIPUIET ACHB, KOT1a MBI OTKPOEM TIOJTHYIO EUHYIO TEOPHIO, C
MTOMOIIBEI0 KOTOPOH BCE OTH BEJTHIWHBEI OYIYT BBEITUCICHBEI, HO MOXET OKa3aThbCs, UTO
HEKOTOPEIE U3 HUX, a TO U BCE H3MCHSIOTCS MPH TIEPEX0/Ie OT BCEIICHHOH K BCEIICHHOM UITH U
npedenax OJHOW BCEICHHOH. YIMBUTCILHO, YTO 3HAYEHMUS TaKUX BEIWYUH OBLIH,
MO-BUJIMMOMY, OYEHb TOYHO TMOJ0OpaHBI, YTOOBI 00CCIEUYUTH BO3MOXXHOCTH Pa3BUTHS
*u3HU. Ecim OBI, HanmpuMep, 3IMEKTPUICCKUN 3apsi JICKTPOHA OBLT YyTh-9yTh APYTHM,
3BE3/IbI TU00 HE CKUTATH OBl BOJOPOI U TENHi, TU00 He B3pBIBAMCEL. Pazymeercs, MOTYT
ObITb W JApyrue GopMbl pasyMHOW JKWM3HHM, O KOTOPHIX HE TPE3WIH JIakKe
nucatenu-panTacTsl. s moayepaHus 3TON KU3HU HE TPEOYIOTCS HU CBET 3BE3JbI, KaK,
ckaxkeM, Hamie COJHIIE, HU TSDKEIBbIE 3JIEMEHTBI, CHHTE3UPYIOIIHUECS BHYTPU 3Be3d H
pasJieTaronruecs 1Mo KOCMHUYCCKOMY MPOCTPAHCTBY TIPH B3pPHIBE 3BE3IbI. TeM HE MCHEe,
MO-BUJAWUMOMY, SICHO, UTO BEIMYHUHBI, O KOTOPHIX MBI TOBOPHM, WMEIOT CPaBHUTEIHHO
HEMHOTr0 00J1acTel 3HAYEHWM, MPH KOTOPHIX BO3MOXKHO Pa3BUTHE KaKOW ObI TO HH OBIIO
pa3yMHOM ku3HU. Bosbllas ke 4acTh 3HaU€HUM 0TBEYACT BCEICHHBIM, B KOTOPBIX, KaK Obl
OHM HU OBLIM TPEKPACHBI, HET HUKOTO, KTO MOT OBl MMH BOCXHIIATHCSA. DTO MOXKHO
BOCIIPUHUMAThL JIMOO KaK CBHUJICTEIBLCTBO OOKECTBEHHOTO TPOBUICHUS B COTBOPCHHH
BcenenHoit U BEIOOpE 3aKOHOB HAyKH, THOO KaK TOJATBEPXKICHHE CHIIBHOTO aHTPOITHOTO
TIPUHITUIIA.

MoOXHO BBIJIBUHYTH HECKOJIBKO BO3PaXCHUW TPOTUB MPHUBJIECYEHHUS CHIILHOTO
AHTPOITHOTO TPHWHIMUTIA JUIST OOBICHEHWS HAOIOAaeMOTO COCTOSHUS BceneHHoM.
Bo-miepBBIX, B KAKOM CMBICIIE MOXHO TOBOPHUTBH, YTO BCE 3TH BCEJICHHBIE CYIIECTBYIOT?
Ecnu oHM NeMCTBUTENBLHO U30JIMPOBAHBI JIPYT OT IPYyra, TO COOLITUS, MPOUCXOIAIINE HE B
Hamreld BceneHHoOW, HE MOTYT WMETh HAONFOJAeMBIX CIEJICTBHI B Halied BceneHHOM.
ITosToMy HaMm cieayeT BOCIOJIB30BATLCA MPUHITAIIOM SKOHOMUH M HCKIIOUHUThL UX U3
Teopuu. Ecin ke 3TH BcelleHHbIe — IIPOCTO pasHbIe 001aCTH OJHON U TOH e BCeIIeHHOI,
TO HAyYHBIE 3aKOHBI JIOJKHBI OBITH OJUHAKOBHI B KaXK01 0071aCTH, MOTOMY UTO WHade OBLIT
Obl HEBO3MOXEH HEIMPEpBLIBHBINA MEpexoj U3 OJHOW oOmacTu B Apyryro. Torma obmactu
OTIUYAIACH OBl JPYyTr OT Jpyra TOJIbKO HadaIbHBIMA KOH(PUTYPAITUSIMH W CHIBHBIN
AHTPOTTHBIN MPUHIIAIT CBOIHIICS OBI K c1aboi (hopMYITHPOBKE.

Bropoe Bo3pakeHHE MPOTUB CHUIBHOTO AHTPONHOrO MPUHUMWIIA — 3TO TO, YTO OH
HaIpaBJIeH MPOTUB XO0Ja BCEW UCTOPUN HAyKH. Pa3BUTHE HAYKHU IIIJIO OT r€OUEHTPUIECKUX
kocmoniornn  IlTtolemes w  ero TPEONIECTBEHHUKOB 4Epe3 TEIHONEHTPUUECKYIO
kocmonornto Konepuuka u ['anunes K COBpEMEHHON KapTHHE MHUpa, COTIIACHO KOTOpPOM
3eMIs ABNSETCS MIAHETOM CpelHero pasMepa, oOpaliaroileiicss BOKpyr oObIYHOM 3BE3]1bI
BHYTPHU OOBIYHON CIIMPANTLHOU rajlaKTUKU, KOTOpas B CBOIO OUEPE/Ib SIBSETCS BCETO JIUIIb
OJIHOM W3 MWUIMOHA MIUIMOHOB TAJIAKTHK B HaOdromaeMoi uactu Bceenennoit. Tem He
MEHEe, COTJIACHO CWJIBHOMY aHTPOMHOMY TPUHIHIY, BCE 3TO TUTAHTCKOE COOpPYKEHHUE
CYWIECTBYET IIPOCTO paiu Hac. B 3To odens Tpyano noeputh. Hama ConHeuHas cucrema
0€3yCIIOBHO SIBIISIETCS HEOOXOAUMBIM YCIOBHUEM HAIIETO CYIIECTBOBAHMS; T€ YK€ CaMbIe
paccyXAeHUs MOXXHO PaclpoCTpaHUTh Ha Bcio Hamy [ManakTuxy, 94ToObl yuyecThb 3BE3bl
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PAHHETO TTOKOJICHHA, 6J1ar0)1ap;[ KOTOPBIM TIPOU3OMICIT CUHTE3 TAXKEJIbIX 3JIEMCHTOB. HO,
IIO-BUAMMOMY, HCT HUKAKOM HCO6XOHI/IMOCTI/I B TOM, YTOORI BCE ATU APYIuc rajlakTukKu, 1a 1
Bca Bcenennast ObUIM TaKUMU OJHOPOAHBIMHU M OJHWHAKOBBIMH B OonpIIMX MacmTadax B
1000M HAIlIpaBJICHHUMU.

MoskHO OBITO OBl HE OECHOKOWUTHCA HACUET aHTPOIHOTO MPHUHIMIA, OCOOEHHO B €ro
cnaboii (GopMynmMpoBKe, eciM Obl yAalloCch TIOKa3aTh, YTO W3 Pa3HBIX HaYalbHBIX
koHurypauuii Beenennoil muinb HEKOTOpPbIE MOTJIM pa3BUThcs BO Bceenennyto, kak Ta,
KOTOPY0 MBI HaOmrogaeM. Eciiu 9To nmpaBuiibHO, To BeeneHHas, BOSHUKINAS W3 CTydaiHBIX
HavyaJdbHBIX YCJIOBUM, JO/DKHA COJACPX)aTh B ceOc THaJKUEC M OIHOPOJIHBIC 00IacTH,
TIPUTOJTHEIE JIJIS Pa3BUTHS pa3yMHOM xu3HU. Eciu e 1 TOT0, YTOOB! TOIYIHIOCH TO, UTO
MBI BUJUM BOKPYT, TpeOOBAJCS UYpe3BbIUAWHO TIIATENbHBIN BLIOOP HAYAILHOT'O COCTO STHUS
BcenenHoit, To Bpsg U B HEH okazamach Obl XOTh OJIHA 00JacTh, B KOTOPOW MoTJja
3apOJAUTRCS KU3HB. B Topsdei Mogeu GONBIIOro B3PhIBA ObLIO CIMIIIKOM MaJi0 BPEMEHU
IS TIepeslavy Teria U3 OJHOM 00JacTH B APYTYH0. DTO 3HAYUT, UTO AJISI OOBSICHEHUS TOTO
¢akTa, 4TO TEeMImepaTypa MHUKpPOBOIHOBOTO (oHAa OAMHAKOBA B TIOOOM HaIpaBICHUHU
HaOMroeHNs, HEOOX0AMMO, YTOOBI B HA4aJIbHOM COCTOSIHMM BceneHHOl ee Temmeparypa
Obl1a Be3Jie B TOYHOCTH OJWHAKOBOW. Kpome Toro, TpedoBancst U o4eHb TOYHBIN BBIOOD
HAaYaJIbHOU CKOPOCTH PACHTHPCHUS, TOTOMY HYTO JIs W30CTaHWs TMOBTOPHOTO CXKATHUS
CKOPOCTh PaCITUPEHUS JIOJKHA OCTaBaThCSA JIOCTATOYHO OJIM3KOM K KPUTHUECKOMY
3HaueHHio. (ClemoBaTeNnbHO, BBIOOP HAYaNBHOTO COCTOSHUS BceneHHON I0MKEH
MIPOU3BOIUTHCS OUYEHB TIIATEILHO, ECIH TOpsTdas MOAENb OOJBIIIOT0 B3phIBA IPUMEHHUMA JI0
caMoTO MOMEHTa Hadaja oTcyera BpeMeHu. [louemy Hawamo BcemenHoOW M0MKHO OBLTO
OBITH UMEHHO TaKWM, OUCHBb TPYAHO OOBICHUTHL WHAUe, KaK JesHueM bora, KoTopoMmy
3aX0TENIOCh CO3JaTh TAKUX KUBBIX CYIIECTB, KaK MBI.

[TonbITKM TIOCTPOUTH MOJIENb BCeneHHONW, B KOTOPOW MHOXECTBO Pa3HbIX HadallbHBIX
KOH(UTYpannii MOTJI0 OBl pa3BUTHECS BO YTO-HUOYIL BPOJIe HAIlIeH HETHEITHEeH BeeaeHHoH,
npuBenu Anana ['yra, ydeHoro u3 MaccauyceTcKoro TEXHOJIOTHYECKOT0 MHCTUTYTA, K
MPEANONIOKEHAI0 O TOM, UTO paHHssA BcenenHas mepexunia nepuog OYEeHb OBICTPOro
pacumpenus. DTO paclIMpEeHUE Ha3bIBAIOT pa3lyBaHUEM, IMOJpa3syMeBasi, 4TO KaKOE-TO
BpeMsl paciiMpeHre BcelleHHOW MPONUCXOIUIIO CO BCE BO3PACTAIOMIENH CKOPOCTBIO, 4 HE C
yObIBaromier, kak ceiivac. 'yt paccumrtan, dro paaumyc BceneHHO#W yBenmndauBajics B
MHUJUIAOH MHIJIMOHOB MHMIUIMOHOB MWUIMOHOB MHWJUIMOHOB (€AWHHLA C TPUALATHIO
HYJISIMH) pa3 BCETro 3a KPOLIEUHYIO OO0 CEKYH/IBIL.

['yT BBICKa3am MpeanoliokeHne, 9To BceleHHas BO3HWKIA B pe3yibTaTe OOINBIIOTO
B3pBIBA B OUEHH TOPSUEM, HO JOBOJIBHO XaOTUYECKOM COCTOSSHUM. BBICOKHE TeMItepaTyphl
03HAYaloT, YTO YACTHUIILI BO BceleHHOM NODKHBI OBITH OYeHb OBICTPO JBUTATHCS U UMETh
oonbire sHepruu. Kax yxe roBopuiioch, Ipu TaKUX BBLICOKUX TEMIIEpaTypax CUIIbHBIE U
cnabble sACpHBIC CHIBI U 3JEKTPOMArHUTHAS CWiIa JOMKHBI OBUTH BCE OOBEIUHUTHCS B
oany. Ilo wMepe pacmpenuss BceneHHONW OHa OXnaxaanach W JHEPIUM  YaCTHI
YMEHBIIIANNCh. B KOHIlEe KOHIIOB JOMXeH ObUI OBl MPOU30HWTH TaK Ha3bIBaeMBIN (ha30BbIi
Tepexo]l U CUMMETpHUs cull Oblla OB HapyllleHa: CUILHOE B3aUMOJCHCTBHE Hadalo Obl
OTAUYATBCS OT cA00ro 1 3NeKTpoMarauTHoro. M3sectHslil npumMep ¢azoBoro nepexona —
3aMep3aHue BOJBI MPU OXJAXKICHUHU. JKUaKoe cocTosTHHE BOABl CUMMETPUYHO, T. €. BOJIA
0JIMHAaKOBA BO BCEX TOUKAaX U BO BCEX HampaBiIcHUIX. OOpa3yroniuecs ke KpUCcTaluTbl Jbaa



HUMCIOT OIIPCACIICHHBIC TIOJIOXKCHUA W BBICTPAUBAKOTCA B HCKOTOPOM HallpaBJIICHUH. B
PE3IYINBTATC CUMMETPUA BOIABI HAPYITACTCA.

Ecnu oxnaxnarh Bogy 04€Hb OCTOPOIKHO, TO €€ MOXKHO «IIEPEOXTAIUTHY, T. €. OXIaIUTh
HIke Touku 3amep3anust (0 rpaa. Lenbens) 6e3 oOpazoBanus ibaa. ['yT NpeAnonoxul, 4To
BcenenHas morna cebs BECTH IOXOXXKHUM 00pa3oM: €€ TeMIlepaTypa MOrja ymacThb HIKE
KPUTHUYECKOTO 3HaUYeHUs 0e3 HapylleHus cuMMeTpuu cuill. Eciu Obl 3T0 TTpou3o1io, To
Bceenennas okaszanach Obl B HECTAOMJIBLHOM COCTOSHUM C DHEPrueil, MpeBblIIatonieil Ty,
KOTOpPYIO OHAa MMela OBl TIPU HaApYIIEHWH CUMMETPHUH. MOXKHO TTOKa3aTh, 4TO 3Ta ocolas
JOITOJIHUTEIIbHAS DJHEPTUS IPOU3BOAUT AHTUTPABUTALMOHHOE JCHCTBUE AaHAJIOTHYHO
KOCMOJIOTUYECKOW TOCTOSHHOM, KOTOpyH0 OWHIITEHH BBel B OOUIYyI0 TEOPHIO
OTHOCHUTEIIBHOCTH, MBITasACh IOCTPOUTE CTaTHYECKYIO Moienb BeenenHo. [lockonbKy, kKak
W B Tops4yel MOJENW OOINbIIOTO B3phIBa, BceleHHas yxe Bpamaiach, OTTAIKHUBAHWE,
BHOCHMOE KOCMOJIOTHUECKOH MOCTOSHHOM, 3acTaBUII0 OBl BCelleHHY 0 pacIMpsATHCS CO BCE
Bo3pacTammeil ckopocTeio. Jlaxke B Tex o0jacTaX, Ie YHUCIO YacTHI] BellecTBa
IPEBHIIIAIO CPEAHEe 3HAaU€HNE, TPaBUTAIMOHHOE IPUTSLKEHHE MaTepUH ObLIO OBl MEHBILE
OTTaJIKUBAHMUS, BHOCHMOTO s¢ hekTUBHOM KOCMOJIOTMYECKOM ITOCTOSTHHOM.
CrnenoBaTenbHO, TakWe OOIACTH JOJDKHBI OBUIM TOXE pPACHIUPATHCAS C YCKOPEHHEM,
XapaKTepHBIM U1 MOAenu paszaysatolieiica Beenennoii. [Io mepe pacmmpeHuss 9acTHIIBI
MaTepHH pacXoIuIuCh OBl Bece Jayblile APYT OT APYyra, U B KOHIIE KOHIIOB pacCHTUpSIONIascs
BcenenHas oka3anach ObI MOYTH 0€3 9acTHII, HO BCE €IIe B IIEPEOXJIAKICHHOM COCTOSIHUH.
B pesynbrare paciivpeHusi Bce HEOJHOPOAHOCTH BO BceleHHOW AOMKHBI OBUIM MPOCTO
CIUIAINTHCS, KaK pPa3MIaKUBAIOTCS TIPU HAAyBaHWHM MOPIIWHBLI HA PE3UHOBOM UIAPHUKE.
CrnenoBarenbHO, HBIHEIIHEE TJIAAKOE WM OJHOPOIHOE cocTosiHuE BcelleHHON Morio
Pa3BHUTHCS U3 OOJBITIOTO YHCIIA PA3HBIX HEOJHOPOIHBIX HAYAIBHBIX COCTOSHUH.

Bo BcenenHoi, CKOpOCTh paclIMpeHuss KOTOPOM pacTeT H3-3a KOCMOJOTHYECKOU
TTOCTOSTHHOM OBICTpee, YeM 3aMeJUISeTCs W3-3a TPAaBUTAIIMOHHOTO TPUTSIKEHUS MaTepHH,
CBETy XBaTWUJIO OBl BpeMeHM I IlepexoJa W3 OJHON obOnacTu paHHel BcenmenHoil B
JpyTylo. DT0 OBLIO OBl pelieHHeM paHee MOCTaBICHHOU 3ajaud O TOM, MOYEMY pa3HbIe
obmactTn paHHell BcenmeHHoWl MMEIOT oOIMHaKOBbIE CBOMcTBa. Kpome Toro, CKopocThb
pactmupennst BceeneHHOW cTama OBl aBTOMAaTHYECKW OYEHb OJM3Ka K KPUTHIECKOMY
3HAUCHHIO, OTIPEACIACMOMY TNIOTHOCTRIO 3HEPTHH Bo Beenennoii. Torma Takyro 0JIM30CTh
CKOPOCTH PpacIIUpeHHs K KPUTHYECKOM MOXHO OBII0 OBl OOBICHUTH, HeE Jejas
MIPEIIOI0XKEHNS O TIIATEILHOM BRIOOpE HAUaILHOM CKOPOCTH pacitupeHus BeeaeHHoM.

PasnyBannem BceneHHOW MOXHO OBUTO OBl OOBSCHWUTH, TTOYEMY B HEH TaK MHOTO
BellecTBa. B moctymHoi HaOmomeHusM oGnacti BceenmeHHON comepkuTCs TOpsiaKa cTa
MUJIJIHOHOB MWJUIMOHOB MWJUIMOHOB MWJLIMOHOB MUWJUIMOHOB MHJUIMOHOB MHIUIMOHOB
MWJTMOHOB MUWJIJTMOHOB MMIJIMOHOB MUJUJIMOHOB MUJJIMOHOB MWJUIMOHOB (E€IWHUILIA C
BOCBEMBIOJIECATRIO HYJISIMI ) HacTHIL. OTKY1a BCE OHU B3IUCH? OTBET COCTOUT B TOM, UTO B
KBAaHTOBOM TEOPUHM YACTHUUBI MOTYT pPOXKAATBCS W3 DHEPTUM B BHAE TIap
yacTUlla-aHTHYacTuIla. Ho Torma cpa3y Bo3HHKaeT BOIPOC: OTKyada OepeTcs sHeprus?
Oteer TakoB. [lonHast »Heprusi BcenmeHHOM B TOYHOCTH paBHA HYM0. BemecrBo BoO
Bcenennoii o6pa3zoBano u3 mosioxuTenbHoM sHepruu. Ho Bce BemecTtBo camo cebs
TIPUTATUBACT I10]] ACHUCTBUEM TpaBUTalUU. J[Ba OIU3KO pacmoOKEHHBIX KyCcKa BEIIECTBA
00J1aIar0T MCHBITICH SHEPTUCH, UCM T e JBa KycKa, HAXOAIINECs JaJICKO IPYT OT ApyTa,
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MOTOMY YTO JJIs pa3HECEHUs] UX B CTOPOHBI HYKHO 3aTPAaTUTh YHEPTUIO Ha MPEOJOJICHHE
TPaBUTAIIMOHHON CHJIBI, CTpeMslieiics HX CcoeauHuTh. ClemoBaTeNbHO, SHEPTUd
rPAaBUTAIIMOHHOIO HOJS B KaKOM-TO CMBICIIE OTpuIaTenbHa. MOXHO TMOKa3aTh, YTO B
cinydyae BcenenHol, NOpuUMEpHO OJHOPOIHOH B MPOCTPAHCTBE, 3Ta OTpULATENIbHAS
TPABUTAIIMOHHAS DJHEPTUS B TOYHOCTH KOMIIEHCHUPYET TIONOXKUTEIBHYI) JHEPTHIO,
CBs3aHHYIO ¢ BemecTBoM. [ToaToMmy TontHas sHeprus BeeneHHol paBHa HYITHO.

[TockonbKy IBaXIbl HYJb TOXE HYIb, KOIUYECTBO MOJOKUTEIHHONW SHEPrUU BEIIECTBA
Bo BceneHHolt MOXeT YIBOMTBHCS OJHOBPEMEHHO C YIBOCHUEM OTpHMIIATENBHON
TPaBUTAIIMOHHON 3HEPTUH; 3aKOH COXPAHCHUS HEPTUU MPU 3TOM HE Hapymurcs. Takoro
He OBIBaeT MpU HOPMAIILHOM paciiupeHun BceeneHHOH, B KOTOpO# TIOTHOCTL SHEPTUH
BEIIeCTBA yYMEHBINAETCS MO Mepe yBennueHus pasMmepoB Bceenennoil. Ho mMeHHO Tak
MIPOUCXOJUT TIPH pa3ayBaHUH, TTOTOMY YTO B 3TOM ciydae BceneHHas yBeTUYHWBAETCS, a
MJIOTHOCTE HEPTUH TTEPEOXIIaXKICHHOTO COCTOSHUS OCTAETCS MOCTOSHHOM: KOTJ]a pa3Mephl
Bcenmennoit  yaBOSITCS, TIONOKMUTENbHAs SHEPrUs BellecTBa W OTpHUIATENbHAS
IpaBUTALMOHHASA 3HEPTUsA TOXE YABOSTCS, B pe3ylbTaTe Yero IMONHAas 3HEPrHs OCTaeTCs
paBHOW Hynto. B ¢aze paszmyBanus pasmepsl BceneHHON odeHb CHIBLHO BO3pAacTalroT.
CrnenoBatenbHO, 001IEee KOIWYECTBO PHEPTHH, 32 CUET KOTOPOM MOTYT OOpa30BLIBATHCS
JACTHIIBI, TOKE CHIIFHO YBeTUYUBacTcs. ['yT 1o 3ToMy 1moBoy 3ameTii: «['oBopsT, 4To HEe
OBIBAaCT CKATepTHU-caMOOpaHKH. A He BeuHas I caMoOpaHka cama Bcenennas?y

Ceituac Bcenennas pacmmpsiercss 0e3 pas3ayBaHMWs. 3HAYWT, JIODKEH CYIICCTBOBATH
KaKOH-TO MEXaHW3M, OJ1aroaapss KOTOpoMy ObIJIa yCTpaHeHa OYeHb O0JbITas ) deKTUBHAS
KOCMOJIOTUYECKasl TIOCTOSHHAS, a CKOPOCTh PACIIUpEeHUs] Tepectalia pacTH U TOJ
JICCTBHEM TpaBUTALIMHA Hadalla YMEHBIIATHCS, KaK IMPOJI0KACT YMEHBIIATLCSI U celdac.
MoxHO 0XHAATh, YTO TIPU Pa3TyBAaHUM B KOHIIE KOHIIOB HAPYIIMUTCS CUMMETPHUS CHUII, TaK
K€ Kak TepeoXJaXkICHHAs BojJa B KOHIIE KOHIIOB 3aMep3HeT. Torjaa IHMIHSAS SHEPTHs
COCTOSHHSI ¢ HEHapyIIeHHOW CcUMMeTpued JOJDKHA BBIJICIUTRCS, W 33 CYET HTOTO
Bcenennas pasorpeercs 10 TeMmIlepaTypbl, UyThb-UyTh MEHBINEH, YeM KpuUTHYecKas
TeMIIepaTypa, IIPU KOTOPOU CUMMETPUS CUII €IlI€ HEe HapylIaeTcs. 3aTeM BeeneHHas onsTh
HavyHET PacIIMPATLCS U OXJIaXAAThCs, TaK e KaK B Topsiueii MOAeau OOJBIIIOro B3PhIBA, HO
TENEPh MBI YXKE CMOXEM 00BICHUTD, TOYEMY CKOPOCTh €€ PacIIMpPEeHUs B TOYHOCTH paBHA
KpPUTHYECKOU U TIoUeMy pa3Hbie 001acTi BeeneHHoN UMEIOT 0JIMHAKOBYIO TEMIIEPATYPY.

B runotese I'yta a3oBblii nepexoq NpoUCXoaul 0YEHb OBICTPO, KaK BO3HUKAIOT BAPYT
KpUCTaJUTbl JIbJIa B OYEHBb XOJIogHOM Boje. Maes I'yta 3axmrodanach B TOM, 4TO BHYTpPHU
cTapoti (a3l 00pa3yrOTCS «ITY3BIPBEKI) HOBOU (pa3bl HAPYNICHHOW CUMMETpPHH, TOA00HO
TOMY, KaK B KUIISIIIEN BOJIE 3apOKAAI0OTCS TTy3bIPEKH apa. ['yT IpeAnono i, 4To mMy3blpH
PacCIIMPSIIOTCS U CIIMBAIOTCA APYT C APYrOM JI0 TEX IOp, IIOKA BCsl BecenleHHas He OKaXKeTcs B
HoBOl (haze. Ho BoT B ueM Oena: Beenennas, Ha 4To yKaszaiu s U €I11e HECKOJIbKO YeNlOBEK,
TakK OBICTPO pacUIupsAeTcs, UTO JaKE €CIIU ObI My3BIPU POCIH CO CKOPOCTHIO CBETA, OHU BCE
paBHO yHANSIUCHL OBl IPYr OT JApyra W MOSTOMY HE MOTJIM OBl cIUBaThes. BceenmeHHas
ocTaBajach OBl B OUYEHb HEOJHOPOJAHOM COCTOSHHUU, U B HEKOTOPHIX 00JIaCTIX CUMMETPHUS
MEX/Ty cuJIaMu coxXpaHsanach Obl. Takas Mmonens BeenenHoit He cooTBeTCTBOBaNA OBl TOMY,
YTO Mbl BUJIUM.

B oxTs6pe 1981 1. s mpuexan B MockBy Ha KOH(ECPCHIIMIO TI0 KBAaHTOBOW TPaBUTAIINH.



[MTocite koHpepeHIInH 5 caenaln JoKIag 0 MOJeNu pa3ayBatomeiics BeeneHHOI 1 CBA3aHHEIX
c Hell mpobnemax B ActpoHomMuueckoM nHctuTyTe UM. [lTepubepra. Cpenu crmymareneit
ObI1 MoNIo/10H coBeTckuid husuk Anjpeit JIunae, cotpynnk OU3M4ecKoro HHCTUTYTA WM.
JleGeneBa. OH ckaszan, 4TO TPYAHOCTb, CBSI3aHHAs C HEBO3MOKHOCTBIO OOBEIUHEHUS
My3bIped, OTIMAAeT, €CIU pa3Mepbl Iy3bIpeH CTONb BEJIMKH, YTO BCA Hama 00JIacTh
BcenenHoil cofepX uTcs BHYTPH OZHOTO My3bIps. s TOro 4ToOBl 3TO MpearonoxeHne
BBITIOJIHAJIOCH, COXPAaHEHUE CUMMETPUHM BHYTPU IIY3BIPS OOIDKHO OYCHB MEIJICHHO
MEepPEXO/IUTh B €€ HapyIleHHe, YTO BMOIHE BO3MOXKHO B TEOPUM BEIMKOTO OObEIMHEHMS.
Mpicnb JIunae o MeJIeHHOM HapyIllleHud CUMMETPUH Obljla OY€Hb XOpOoIlla, HO MOTOM MHE
CTaJIo SICHO, YTO €r0 TY3BIPHU JOKHBI OBITH Oolble HbIHEUTHEN Beenennoit! A mokasan,
4TO CUHMMETPHS JIOJDKHA HApYIIaThCS BCIOAY OAHOBPEMEHHO, 4 HE TOJILKO BHYTPH ITy3bIPEH.
Tonbko 310 pHBeENo ObI K TOM 01HOPOAHON BeeneHHol, KoTopyro MBI ceifuac HabmogaeMm.
Sl 6B cUNTbHO BO30YXIEH CBOEH MeeH U MOJAENUIICS €10 C OJHUM M3 CBOMX aclUpPaHTOB
STaom Moccom. TloppyxuBmmuce ¢ JIunge, s okazajacs B HEKOTOPOM 3aMEIIATEILCTBE,
KOrja ITO3[HEC MONY4YWI W3 HAYYHOTO JKypHaja NPCACTaBICHHYIO JIMHIE CTaThiO C
IPOCHO0i OT pelaKkIuu AaTh OT3LIB O €€ MPUTOIHOCTH s mybnukanuu. B cBoem oTBeTe 5
Hamucan, 4To B CTaThe €CTh OHA OINOKa (ITy3bIpH JAOJKHBI ObITH O0nbIe BeenenHoil), Ho
YTO OCHOBHAs HJed MEIJICHHOTO HapyUIEHHWs CUMMETPHUH COBEPIICHHO IpaBuibHA. S
PEKOMEHIOBAJ CTaThI0 JUIS MYOIWKAIMM B TOM BHWJE, B KOTOPOM OHa OblIa, WHA4e
UCITpaBJICHUS 3aHsuii OBl Yy JIMHIE HECKOIBKO MeEcCSIeB, MOTOMY YTO BCE PYKOIHCH,
otmpasiseMble n3 Corerckoro Coro3a Ha 3amaj, JOIKHEI ObITH MPOXOAUTD Yepe3 anmapaT
JTUTEPATyPHON EH3YPHI, KOTOPHIN B TO BpeMsI HE MPOSABIAT HUM 0C0O0M KBaIU(DUKAUUN, HA
CKOPOCTH B 00OpallleHHH ¢ HayYHBbIMU cTaThiMH. MelI ke ¢ lHoM MoccoM nocnanu B TOT ke
KypHaJT HEOONBIIYI0 CTaThblo, B KOTOPOW yKazall Ha CIOXHOCTH, BO3HUKAOIIHE C
OOJBITMM TTY3BIPEM, W TIOKA3aJTH, KaK UX MOYHO TIPEOJI0JIETh.

Uepes neHb mocie Bo3BpaileHus u3 MockBbl s otnpaBuiics B Ounanenburo, TJ1e MHE
JOJDKHBI OBITH BpYyUHTH Menanbk MHctuTyTa dpankiauHa. Moit cekpetaps xyaun demna,
UCITOJIb30BAaB  BCE CBOe HeMamoe obasHue, yOemuna BO3AYITHOE  areHTCTBO
Benukobpuranuu npojaats Ham jABa Ouiera Ha «KoHKOpA», NMPUTPO3UB B MPOTUBHOM
ciayvyae orijackoil. Ho mo mopore B a’pomopT MeHs 3acTal YyAOBUIIHBIA T0XKAb, U
orno3snain Ha caMmouieT. TeMm He MeHee 51 Bce-Taku nomnai B Punaaenb(uio 1 NoIy4yus Meaab.
IToTom MeHs mopOCHIN paccka3aTh 0 MOAEIH pa3ayBaronielics BeceaeHHON Ha ceMUHape B
YuuBepcutete JIpekcena B @unagenspun. bonbinyro 4acTe BpeMeHH s, Kak U B MOCKBe,
MIOCBATHII 3aJa4aM, CBSI3aHHBIM C 3TOM MOJIENbI0, HO B KOHIIE YIIOMAHYI 00 uaee Jlunue
MEJUIEHHOTO HAPYUICHUSI CHMMETPUU U O CJIETaHHBIX MHOM ucnpaBieHusx. Ha cemunape
npucyrctBoBan [Ton Crelinxapar, Monoaoit npodeccop [leHcHnbBaHCKOrO YHUBEPCUTETA.
[Tociie cemuHapa MBI ¢ HUM 00CYKIalIM MOJEINb pa3ayBaHusd. B ¢espane oH npucian MHe
CTaThlO, HANIUCAHHYIO UM COBMECTHO CO CTYAEHTOM AHIpeacoM AOpexToMm, B KOTOpOH
COJIEpIKaJIOCh HEUTO OYEHB ITOX0Kee Ha ueto JIMHAE MENIIEHHOT0 HApYIIEHUSI CUMMETPHH.
[Tozxe CTeldHXapAT cKa3ald MHE, YTO OH He MOMHWI MOI pacckas o padote JIunae u ysuaen
€e, Wb KOrja OHM TO4YTH 3aKkoHuUMIu cBoto. Ha 3amane Creiinxapar u AnbGpext
pa3mENAT celyac 4YeCTb OTKPBITUS MOJEIM, KOTOpas Ha3bIBAETCS HOBOM MOJEINBIO
pasayBaHUs U OCHOBaHA Ha Mee MeIIeHHOTo HapymeHus: cumMeTpur. (CTapoi Mogenbio
pazayBaHus BceneHHOW Has3pIBalOT —mpejuiokeHHoe ['yToM ObIicTpoe HapylleHHe
CUMMETpPHUH ¢ 00pa3zoBaHUEM Ty3bIpeit).



HoBas Mopaens pasnyBanus BeeneHHoM Oblia yladHOM TOMBITKOW O0OBACHUTH, TTOUCMY
Bcenennas crama mMeHHO TakoM, Kakas oHa ceidyac. OIHAKO g U elle HeCKOIBKO YeIOBEK
MoKazajy, 4YTo 3Ta MOJIENb, MO KpaHEH Mepe B MEpBOHAYAIILHOM BMJE, IpeJiCKa3blBaia
ropazao OoJblllMe Bapuallud TeMIeparypbl (OHa MUKPOBOIHOBOTO W3TyUYEHUS, YEM
Habromaemeie. [Tocaeayrornue paboTH TOKE BHYIIAIM COMHEHUS 10 TTOBOY TOTO, MOT JTU
B OYCHL paHHel BceenmeHHol mpousolTu mogxonsuuii ¢a3oselii mepexon. Cam s cuuTaro,
YTO HOBasg MOJENb pa3fyBaHHUs KaK HaydyHas TEOpPHUsS YK€ MEpTBa, HECMOTPS Ha TO YTO
MHOTHE, TO-BHANMOMY, HE CIBIIIAIM O €€ KOHYMHE W MPOJA0DKAIOT MHUCcaTh CTaThbU, Kak
Oynro Obl dTa Mojenb Bce eme kusHecnocoOHa. B 1983 r. Jlunne npennoxun Gonee
YIA4HYH0 MOJEIb, HA3bIBAEMYK) XAOTHUYECKOW MOJENBIK pa3iayBaHus. B Hel HeT HU
(ha3oBoTO TEepexola, HU TIEPEOXITaXACHUS, a B3aMEH MPUCYTCTBYET OCCCITUHOBOE TIOJE,
KOTOPO€ M3-3a KBAHTOBBIX (UIYKTyalMi TPUHUMAET OOIbIINE 3HAYCHUS B HEKOTOPBIX
obnmactax panHedl Bcenennoit. B Takux oOnacTsax sHeprus mois OyneT BecTH cels Kak
KOCMOJIOTUYECKasl TOCTOsSHHasA. Pe3ynbTaroM paedicTBus mojis OyJIeT TpaBUTAIIMOHHOE
OTTAJIKUBAHUE, TIOJ BIUSHUECM KOTOPOTO BEHIMIICYKA3AHHBIC 00JIACTH HAYHYT pa3gyBaThCS.
ITo Mepe yBeauueHUs 3TUX 00acTelt SHEPTUs MOJsM B HUX OyIeT MEIJIEHHO YMEHBIIAThCH,
TOoKa pa3/lyBaHWE HE MEPEHJIET B TAKOE KE PACIIMPEHUE, KaK B TOpsveii MOJeIH 00IbIIOTO
B3pbiBa. OpHa M3 oOmactei Morja Obl NPEBPATHTLCS B COBPEMEHHYIO HAOIIOJAEMYHO
Bcenennyro. Mogens JluHge o0magaeT BceMH TIPEUMYIIECTBAMU  paHHEH MOJICIH
pa3ayBaHuUs, HO HE TpeOyeT COMHHUTEIIBHOTO (Pa30BOTO IEepexoja U, KPOME TOTO, MOXKET
JaTh pealbHYI0 OIEHKY (QIYKTyalluil TeMmrepaTypbl (oHA MUKPOBOJHOBOTO HU3ITYUCHUS,
COTJIACYIOLIYIOCS ¢ pe3ylIbTaTaMH HaOII0ICHUH.

[TpoBeneHHbIE WCCIEOBAHUS MOJEIEH pa3lyBaHUS TIOKA3alid, 4YTO COBPEMEHHOE
coctossHue BcelleHHON MOTTI0 BO3HUKHYTH M3 OOJBIIOTO YHCIIa Pa3HBIX HadaIbHBIX
KOHQUTypanuii. ITO BaXXHBIA BBIBOA, MO0 W3 HEro cileAyeT, YTO BHEIOOp HAYaIbHOTO
COCTOsIHUA Toi yacTh Beenennoil, B KOTOPOU MbI 5KMBEM, MOT OBITh HE OUYEHb TIIATEIbHBIM.
Ho BOBce HE U3 BCSKOT0 HAYAJIBHOTO COCTOSHUS MOTJa TOJYIUThCs Takas BeeneHHas, Kak
Hama. DTO MOXHO JIOKa3aTh, MPEINOJIOXKHWB, 4TO BceneHHas celidac HaxoauTcsd B
COBEpIIEHHO JPYroM COCTOSHHUH, KaKOM-HUOYIbL OYEHb HEPETYIIpHOM M KOMKOBATOM.
Bocrnonb3oBaBINCE 3aKOHAMU HAYKH, MOKHO MPOCIEANTH pa3BuTHE BeeneHHoM Ha3ax BO
BPEMEHU U OMNPENENUTh €€ KoH(purypauuto B Oonee panHue BpeMeHa. Ilo Teopemam o
CUHTYIIPHOCTH KJIACCHYECKON 00TIeil TEOPHH OTHOCHUTENbHOCTH CHHTYISIPHOCTH B TOUKE
OOJTBIIIOTO B3pHIBA BCE PaBHO JOJKHA ObLIa CylecTBOBaTh. Ecnm Takas Beenmennas OymeT
pa3BUBAThCS BIEpe] BO BPEMEHH B COOTBETCTBUM C 3aKOHAMHM HAyKH, TO B KOHIIE MBI
MpUJIEM K TOMY KOMKOBAaTOMY W HEPETYISPHOMY COCTOSHHIO, C KOTOPOTO HadYWHAIIH.
CnenoBaTenbHO, JOMKHBI CYUIECTBOBATh HavalbHbIE KOH(PUIypalud, U3 KOTOPBIX HE
MOXET TIONYYUThcs Takas BceneHHas, kakoil cedyac Mbl BUAUM Halry. 3HAUWT, Jaxe
MOJelb pa3ayBaHHUs HUYEro HE TOBOPHUT O TOM, IIOUYeMY HadajbHas KOHQUTypamus
oKazajlach HE TOH, IIPU KOTOpO#l momyumnachk Obl BecemeHHas, cUIBHO OTIMYaroniascs OT
HaOmogaemoi Hamu. CreyeT 1M o0paTUThCs A7l 0OBIACHEHUS K aHTPOITHOMY MPUHLUITY ?
Beino m Bce mpowuciieaniee nNpocTo cYacTIUBON CIyd4alHOCThI0? Tako OTBET BBITJIAIEI
OBI KaK BBIpRXKEHUE OTUASTHUS, OTPUIIAHUE BCEX HAIIMX HAAESK] TTOHATH, KAaKOH K€ TOPAI0K
JEKUT B OCHOBE BeenenHo.

21.]]5[ npeacKasaHusg TOro, Kakum JOJIZKHO OBIJ10 OBITH HAYANIO BC€H€HHOﬁ, H€O6XO)II/IMBI
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3daKOHBI, CIIPpaBEAJIMBBIC B HA4aJlIE OTCHETA BPEMCHH. Ecnm kmaccuueckas 06111219{ TEOpUA
OTHOCHUTCIIBHOCTH BCPHA, TO U3 HJOKA3dHHBIX P0)1>1<ep0M Her0y3OM U MHOH TCOPECM O
CHUHIYIIAPHOCTH CIICAYCT, UYTO B TOYKE HAYdllda OTCUCTA BPCMCHH IIJIOTHOCTH U KPHUBH3HA
IpoCTPaHCTBA-BPCMCHHU IIPUHUMAIOT OeckoHeuHbIe 3HaYeHusA. B Takoii Touke HapyIarTCA
BCC N3BCCTHHIC 3dKOHBI TPUPOIHI. Mo3kHO OBLITO OBI MMPCANOIOXUTh, UYTO B CHHTYJIAPHOCTAX
,HeﬁCTBYIOT HOBBIC 3aKOHBI, HO UX TPYAHO [bOpMy.]II/IpOBaTB B TOYKaX CO CTOJIb HCITOHATHBIM
IIOBCACHHUCM, 1 MBI HC 3HAJIHU 6]31, KaK H3 Ha6JIIOI[€HI/Iﬁ BBIBCCTHU BUA 3TUX 3aKOHOB. Ho nHa
CaMOM JCJIC U3 TCOPCM O CUHTYILAPHOCTH CICAYCT, YTO I'PABUTALHMOHHOC ITOJIC HACTOJIBKO
YCUIIUBACTCA, YTO CTAHOBATCA CYHICCTBCHHBIMHW KBAHTOBLIC TPABUTAIIUOHHBIC 3(1)(1)6KT])11
KIIACCUYICCKasA TCOpUA TCPCCTACT HAaBATH XOPOIICSC OMUCAHUC Bcenennoii. HO3TOMy pu
HU3YYCHUHU OYCHB pPaHHUX CTa)]I/Iﬁ Pa3sBUTHA Bcenennoii MPUXOAUTCA TIPUBICKATH
KBAHTOBYIO TCOPHUIO I'PABHUTAILIU. Kak MbI moTom YBUIANM, B KBaHTOBOM TCOPpHUH OOBIYHBIE
3dKOHBI HAYKH MOI'YT BBIIIOJHATBHCA BE31AC, B TOM YHUCIIC 1 B HAYAJIC OTCUCTA BPECMCHU: HET
H€O6XOJII/IMOCTI/I MNOCTYJIUPOBATh HOBBIC 3aKOHBI IJIA CI/IHFYHSIpHOCTeﬁ, noTOMY HYTO B
KBAaHTOBOU TCOPHUUN HE NOJIPKHO OBITh HUKaKHUX CI/IHFy.HHpHOCTBI‘/'I.

[Toka y Hac enie HET MOTHOW W COTTACOBAaHHOW TCOpWUH, OOBLEIUHSIONICH KBAHTOBYIO
MEXaHWKy W TpaBuUTaIio. Ho MBI COBEpIICHHO YBEPECHBI B TOM, YTO TOJOOHAS €IUHAS
TEOpUsS JOJKHA UMETh HEKOTOPBIE OINPEHEICHHBIE CBOMCTBA. BO-TIEpBBIX, OHA JOJDKHA
BKJTIOUATH B ce0s (helfHMaHOBCKUI METOJI KBAHTOBOW TEOPHH, OCHOBAHHEBIA HAa CyMMax T10
TPaeKTOPHUAM YacTULEI (M MO «ucTopusiM» Bcenennoit). [Ipu TakoM MeToAe B OTIHYHE OT
KITACCUYECKOW TEOpWUM dYacTWIAa YXe HEe paccMaTpuBaeTcs Kak oOnajarorias
OJHON-EIUHCTBEHHOW TpaekTopued. Hamporus, mnpenamonaraercsi, 4YTO OHAa MOXKET
TepeMenIaTbcsl MO0 BCEM BO3MOXKHBIM IYTSM B TPOCTPAHCTBE-BPEMEHH W IJIFO0OH ee
TPAeKTOPUU OTBEYAET TIapa YMCEIl, OJIHO W3 KOTOPBIX JNAET JJIMHY BOJHBI, a JPYyroe —
MOJIOKEHUE B TIeproje BOoNHEI ((a3y). Hampumep, BepoATHOCTH TOTO, UTO YACTUI[A TPOUJIET
yepe3 HEKOTOPYIO TOYKY, MOJTYy4aeTcsl CYMMHUPOBAHUEM BCEX BOJIH, OTBEYAKOLINAX KAXKIOU
BO3MOXHOU TPAEKTOPHH, MPOXOASIIEH yepe3 3Ty TOUuKy. Ho TIOTIBITKM TIpOU3BECTH TaKOoe
CYMMHUPOBAHHE HATAJKUBAIOTCS HA CEpPhE3HBIE TEXHWUECKHE 3aTpydHeHus. WX MoxkHO
00OWTH, JINIIIb BOCTIONB30BABIINCEH CIEAYIOIIUM CIIELIHAIBHBIM PELENTOM: CKIIAIBIBAIOTCS
BOJHBI, 00pa3ylolllue Te€ UCTOPUU (TPAeKTOPHUM) YACTUIl, KOTOPHIE MPOUCXOMSIT HE B
OIIIYIIIa€MOM HaMM PeajbHOM (JIEMCTBUTEILHOM) BPEMEHHU, & B TaK Ha3bIBAEMOM MHUMOM
BpeMeHU. MHUMOE BpeMs 3BYUYHUT, BO3MOXKHO, HAYUHO-(PAHTACTUIECKH, HO HA CAMOM JIETe
9TO CTPOTO OTpeelIeHHOe HaYyTHOE TTOHATHE. Y MHOXUB 00bITHOE (MITH ACHCTBUTENHHOE)
quCcI0 caMo Ha cebs, MBI TOJYYUM MOJoXuTenbHoe uucio. (Hampumep, umncino 2,
YMHOKEHHOE Ha 2, J1aeT 4, U TO XK€ caMoe MOoIyyaeTcsl Mpu yMHOkeHnu —2 Ha —2). Ho
CYILECTBYIOT 0COOBIE UncTia (OHU HAa3bIBAIOTCS MHUMBIMU ), KOTOPBIE MPU YMHOXKEHUU CAMU
Ha ceOsl Taf0T OTPUIIATETLHEIN pe3ynbTaT. (OIHO U3 TaKUX YUCEN, MHUMAsT eIUHUTIA [, TIPH
YMHOXEHUU caMo Ha cebs naer —1, uucno 2i, yMHOXKEHHOE camMo Ha ce0s1, n1aet —4 u T.
n.). Bo wu3bexaHue yCIOXHEHMH TEXHUYECKOrO XapakTepa TPU BLIYUCICHUU
(heMHMaHOBCKUX CYMM 10 TPAEKTOPUSM CIIEIYET MEPEXOIUTh K MHUMOMY BPEMEHU. IDTO
03HAYaeT, uTO MPH pacyeTax BpeMs HALO0 U3MEPATH HE B JICHCTBUTENBHBIX €IUHUIIAX, a B
MHUMBIX. TorJa B MpOCTPaHCTBE-BpeMEHN OOHAPYKUBAIOTCS MHTEPECHBIE U3MEHEHUS: B
HEM COBEPLICHHO MCYE3aeT pa3lIMuMe MEXIY BpPEMEHEM H©  IPOCTPAHCTBOM.
[TpocTpaHCTBO-BpEMs, B KOTOPOM BpPEMEHHAs KOOpAWHATA COOBITHH HMEET MHUMBIE
3HAYCHUS, HA3bIBAIOT CEBKIUIOBBIM, B YECTh JPEBHETPEUYCCKOr0 ydeHOro EBKiHaa,



OCHOBATEIlI YYEHHS O TEOMETPUM JBYMEPHBIX ITOBEpXHOCTEW. To, YTO MBI cendac
Ha3bIBAEM €BKIHMIOBBIM MPOCTPAHCTBOM-BPEMEHEM, OUEHBL MOXO0KE Ha IEPBOHAYAIILHYIO
reomMeTputo EBKIIMAA U OTIUYAETCA OT HEE JIMIIb YACIIOM U3MEPEHUI: YETHIPE BMECTO JIBYX.
B eBKIMI0BOM MPOCTPAHCTBE-BPEMEHU HE JAENACTCA Pa3IUUYUM MEXY OCbIO BPEMEHU U
HaIpaBICHUSIMHU B TIPOCTPAHCTBE. B peallbHOM K€ MPOCTPAHCTBE-BPEMEHH, TJI€ COOBITUSIM
OTBEUAIOT JIEHUCTBUTENLHBIE 3HAUEHUS KOOPAUHATEI BPEMEHU, 3TH pa3lINdus BUAHEI Cpasy:
Il BCeX COOBITUM OCh BPEMEHH JICKHUT BHYTPU CBETOBOTO KOHYCA, a MPOCTPAHCTBEHHBIC
ocu — CcHapyxu. B mro0oMm ciydae, moka MBI MMEeM JeJd0 ¢ OOBIYHOM KBaHTOBOM
MEXaHUKOU, MHUMOE BPEMS M €BKJIMIOBO IMPOCTPAHCTBO-BPEMSI MOXKHO PaccMaTpuBaTh
MPOCTO KaK MAaTeMaTUYECKUU MPUEM A pacyeTa BEJIUYUH, CBA3AHHBIX C PEATbHBIM
MPOCTPAHCTBOM-BPEMEHEM.

Bropoe ycnopue, KoTopoe J0JDKHA BKIIOYATh B ce0s Jr00ast 3aBepilieHHAs TEOpus, —
9TO TPEANONIOKEHUEe DUHINTEHHA O TOM, YTO TPABUTAIIMOHHOE TIOJIE TPEICTABISETCS B
BUJIC WCKPUBJICHHOTO TIPOCTPAHCTBA-BPEMECHU: YACTHUILI CTPEMSTCS JBUTATBCS IO
TPAaCKTOPHUSAM, 3aMCHSIOMIMM B HCKPHUBICHHOM IIPOCTPAHCTBE-BPEMEHH IIPAMBIC, HO,
MTOCKOJIBLKY TTPOCTPAHCTBO-BPEMS HE TUIOCKOE, 3TH TPAeKTOPHU MUCKPUBIIAIOTCS, KaK OYyJTO
Ha HUX ﬂCﬁCTByeT T'paBUTAIMOHHOC IIOJIC. Ecmn (I)CI‘;IHMELHOBCKOE CYMMHUPOBAHHUC 110
TPACKTOpUAM COCAUHUTE C MPCACTABIICHUCM DUHITEHHA O rpaBUTalivii, TO TOTH4d
aHAJIOTOM TPAEKTOPHUM OJHOM YACTHUIIHI CTAHET BCE UCKPUBIICHHOE TPOCTPAHCTBO-BPEMS,
KOTOpOE IIpeACTaBiIsieT coboi mcToputo Bcel BceenmeHHoi. Jms Toro 4yToObl M30eKaTh
TEXHUYECKUX 3aTPYTHEHUH, KOTOPbIE MOTYT BCTPETUTHCS MPU KOHKPETHOM BBIYMCICHUU
CyMMBI TI0 HMCTOPHUSAM, HCKPHBICHHBIC YETHIPEXMEpPHBIC TPOCTPAHCTBA HAI0 CUMTATH
CBKIIMJIOBBIMH. 10 03Ha4YacT, 4YTO OCh BPCMCHHM MHHMAA ©W HC OTIHYACTCA OT
MpOCTPAaHCTBECHHBIX ocel. ,HHS[ BBEIUUCIICHUA BCEPOATHOCTHU TOI0, HYTO I[eﬁCTBHTeHBHOG
TIPOCTPAHCTBO-BpeMs 00dajaeT HEKOTOPHIM CBONCTBOM, HalpHMEp BBITIISAUT OJHHAKOBO
BO BCEX TOUKAX W BO BCEX HAMpPaBIEHUAX, HAJO CIOXKUTh BOIHBI, COOTBETCTBYIOIIUE BCEM
TEM UCTOPHUSM, KOTOPBIE 00IaIaf0T 3TUM CBOMCTBOM.

B knaccudeckoi o01ie Teopur OTHOCUTEILHOCTH MOXKET CYIIIECTBOBATHL MHOI'O Pa3HbIX
BUJ0B UCKPUBIECHHOTO MPOCTPAHCTBA-BPEMEHHN, U BCE OHM OTBEYAIOT Pa3HbIM HAYAJbHBIM
coctogsuusM Bceenennoi. 3Has HadyaabLHOE COCTOSAHME Halled BceneHHo#, MBI 3HAIH OBI
IETMKOM BCHO €€ HCTOPHWIO0. AHAJOTMYHO B KBAHTOBOW TEOPHWH TPABHUTAIMH BO3MOKHO
MHOTO pa3HbIX KBAHTOBBIX COCTOSHUM BcesleHHOM, 1 TOYHO Tak e, 3Has, Kak Belu cebs B
paHHHUE BpeMEHa WCKPUBJICHHBIE €BKIUIOBBI YETHIPEXMEPHBIE MPOCTPAHCTBA B CYMME IO
HWCTOPHUSIM, MBI MOTJIH OBbI OTIpeAeTNTh KBAHTOBOE COCTOossHHEe BeemeHHoi.

B KJIaCCUYECKOM TEOpUH TpaBUTALNH, HCITOJIB3YIOIIEN JICUCTBUTEIILHOE
MIPOCTPAHCTBO-BpEeMs, BO3MOXKHBI JIHINL JBa THUIA IOBeAcHUA BcelmeHHoi: nmb0 oHa
CylllecTBOBAJAa B TEUEHUE OECKOHEUHOIo BpEeMEHU, TUOO0 ee HayaaoM Oblla CUHTYJspHAas
TOYKAa B KaKOW-TO KOHEYHBII MOMEHT BPEMEHHM B TPONUIOM. B KBaHTOBOW ke TEOpHH
TpaBUTALMHU BO3HHUKAET U TPEThI BO3MOXKHOCTB. [IOCKOIIBKY MCHONB3YIOTCS €BKIMIOBBI
MPOCTPAHCTBA, B KOTOPBIX BpPEMEHHAas M IIPOCTPAHCTBEHHBIE OCH PABHOIIPABHBI,
MPOCTPAHCTBO-BpeMs, OyAyud KOHEYHBIM, MOXET TeM He MeHee He UMETh
CUHTYIApHOCTEN, o0pa3yromux ero rpaHuily wiu kpail. Torma mnpocTpaHCTBO-BpeMmsi
HAallOMUHAIIO0 OBl TOBEPXHOCTH 3E€MIM C JBYMS JOMOJHUTEILHBIMU W3MEPEHUSIMU.
IToBepxHOCTE 3eMIIM UMEET KOHCUHYIO TPOTSIKECHHOCTh, HO Y HEE HET HHU TPAHULBI, HU
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Kpasi: MOTIBIB TI0 MOPIO B CTOPOHY 3aKaTa, BHI HE BEIBAIUTECH Yepe3 Kpall U He MOIajieTe B
CUHTYIISIPHOCTH (ST 3TO 3Har0, caM 00bexall BOKPYT cBeTa!).

Ecnu eBknna0BO MpoOCTpaHCTBO-BpEMS MPOCTUPAETCS Ha3ad M0 MHUMOMY BPEMEHHU J10
OCCKOHCUYHOCTH WJIM HAaYWHACTCS B CUHTYJISIPHOM TOYKE MHUMOTO BPEMCHH, TO, KaK U B
KITACCUYECKOM TEOPUU OTHOCUTENHHOCTH, BOSHUKAET BOIPOC 00 ompeaeIecHUN Ha9albHOTO
coctosHusi Bcenennoit — bory, Moxer OBITh, U HM3BECTHO, KaKUM OBLIO HAyalo
Bcenennoii, HO y Hac HET HUKAKUX OCHOBAHUH MBICIIUThL 3TO HAYaJl0 TAKUM, a HE WHBIM.
KBaHnToBas k€ TeOpUs TPaBUTAIMU  OTKpPHUIA OJHY HOBYIO  BO3MOYKHOCTH:
MIPOCTPAHCTBO-BPEMS HE UMCET TPAHUIILI, W MMOATOMY HET HCOOXOIMUMOCTH OMPEACISITH
ToBeJIeHUE Ha TpaHuIe. Toraa HeT U CHHTYJISIPHOCTEH, B KOTOPHIX HAPYIIAIUCEH OBl 3aKOHBI
HayKH, a TIPOCTPAHCTBO-BpPEMsI HE MMEET Kpas, Ha KOTOPOM TPHIIIOCEH Obl TIpUOeratb K
nmoMomu  bora wnm  kakoro-HHOYIb HOBOTO 3aKOHAa, 9YTOOBI HAJOXWTh Ha
MIPOCTPAHCTBO-BpPEMsT TPaHUIHBIE YCIOBUS. MoXHO OBIJIO OBl CKa3aTh, UTO TPAHUUHOE
ycnoBue 115 Beenennoit — otcyrerue rpanuil. Torna Beenennas Obl1a OBl COBEPIICHHO
caMOCTOATeIbHA U HUKAK HE 3aBHCeNa OBl OT TOTO, YTO MIPOUCXOAUT CHapyku. OHa He Oblia
OBl COTBOpEHA, €€ HeNb3s ObII0 OBl YHUYTOXUTh. OHA MPOCTO CYyIIEecTBOBAJA Obl.

S yxke ynomuHan panee o Batukanckoil koHdepeniuu. IMeHHO Ha HEHM s BICpBBIC
BBICKa3ald Ty MBICNB, YTO MPOCTPAHCTBO U BpeMsA, BO3MOXKHO, 00pa3ylOT BMECTE HEKYIO
MMOBEPXHOCTh, KOTOPasi UMEET KOHEUHYHO MPOTIKEHHOCThb, HO HE UMEET TPaHUIl U KPACB.
OnHako MOs cTaThbsd HOCHJIA MaTEeMAaTHYECKUN XapakTep, U B Ty MOpPYy, B 0OIIEM, HUKOMY
(Tak ke, KaKk ¥ MHE) He TIPUIIJIO B TOJOBY, YTO M3 3TOTO TOJIOKEHUS MOTYT CIIEIOBATH
BBIBOJBI O posin bora B corBopeHun BcenenHoil. B To Bpems, korjga mpoucxoauiia
BaTtukanckas koHdepeHIIUs, s He 3HAll eIle, Kak MOXXHO HCIIOJIb30BaTh YCIIOBHE
OTCYTCTBHS TpaHUII, YTOOBI cIelaTh BBIBOJBI OTHOCcHTENbHO Bceenennoit. Ho crnenyroiee
neto s nposenl B KamudopHuiickoM yHuBepcHuTeTe, HaxoasamieMcs B Canra-bapOape. Tam
OJUH MOU ApyT W Kojuiera, J[kum XapTni, ucciueoBall MpU MOEM YHACTHUH BOIIPOC O TOM,
KaKHUM YCIIOBHUSIM JIOJKHA YIOBIETBOPSTH BeelleHHast, eClu poCcTPaHCTBO-BPEMSI HE UMEET
rpanuil. B KemOpumxe s mpomomkun 3Ty paboTy ¢ ABYMsS CBOMMHU aclHUpaHTaMH,
Jxynmuanom JlaTttpenom u JkoHaTaHOM XOJIMY3JUIOM.

Xouy MOAYEPKHYTh, UTO JAHHOE MOJIOKEHUE O TOM, YTO BpeMs U TIPOCTPAHCTBO JOJIKHBI
OBITH KOHEUHBI 0€3 TpaHUI], €CTh BCETO JIUIThL TEOPETUUECKUM TOCTYNAT:. OHO HE MOXET
OBITH BBIBEJACHO W3 KAKOro-TMOO apyroro mpuHiuna. Kak M BCSKOe TEOpeTHYECKOe
TIOJIOXKCHUE, OHO MOXKET OBITh TEPBOHAYAIHLHO BBIABHHYTO W3 SCTETHYCCKUX WITH
MeTaQpU3UIECKUX COO0OpaKeHWH, HO 3aTeM JODKHO TPOWTH PEaNbHYH TMPOBEPKY —
TIO3BOJISIET JIU OHO JellaTh TpeJIcKa3aHus, coTliacyroniecs ¢ HaOmoaeHusIMu. B ciydae
KBaHTOBOW TEOPHH TPAaBHUTAIMM Takas MpPOBEpPKa 3aTpyAHEHA II0 JBYM TMpPUYHHAM.
Bo-niepBhIX, Kak OyneT MoKa3aHo B CIICAYIOIIEH TIIaBe, MbI €1IIe He UMEEM TCOPUH, KOTopast
YCHENTHO 00BbenuHsIa Obl OONIYI0 TEOPU0 OTHOCUTEIHLHOCTH C KBAHTOBOM MEXaHUKOM,
XOTS HAM BO MHOTOM HM3BeCTHA (popMa, KOTOPYIO TOJKHA UMETh Takas Teopus. Bo-BTOPHIX,
BCsAKasg MOJEb, JeTalbHO OIMCHIBAIONIas BCIO BcelleHHYI0, HECOMHEHHO, OyImeT B
MaTeMaTHIECKOM OTHOIICHUW CIUIIKOM CIJIOKHA, YTOOBI MOXXKHO OBITIO Ha €€ OCHOBE
BHITIOJTHATH TOYHBIC BBIYUCIACHUSA. [lo3TOMy B pacdeTax HEW30SKHBI YIPOIIAONINUe
TIPEAMOIOKEHUS U MPUOIKEHUs, U JdaKe TIPU ATOM 3a/iada W3BJICUCHUS MpeIcKa3aHui
OCTaeTCs YYAOBHIIHO CIOKHOM.
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Besikas  uctopus B cymMMe 1O HUCTOpUSM  OyAeT ONMCHIBATH HE  TOJIBKO
MIPOCTPAHCTBO-BPEMsI, HO U BCE B HEM, B TOM UHCJIE BCE CIOXKHBIE OpraHU3MEI, TOJ0OHEIE
YeJIOBEUYECKUM CYIIECTBAM, KOTOpbIE MOTYT OBbITh Habmto1aTenssMu uctopuu Beenennoii. B
9TOM MOXXHO BUJIETh €I1I€ OJHO OIMPaBIaHUE aHTPOITHOIO MPUHIIUNA, KOO €CIIU BCE UCTOPUU
BO3MOXHBI, TO, KOJIb CKOPO MBI CYIIECTBYEM B OJHOM W3 HUX, MBI UMEEM TMPaBO UM
TIOJTH30BATRCS 11 OOBICHEHUS TPUUHUH TOTO, UYTO MUP TaKOB, KAKOB OH eCTh. HesicHO JTUTIE,
KaKOW CMBICH CIEAYET BIOXKUTEL B IPYTUE UCTOPUHU, B KOTOPHIX Hac HeT. Ho Takas kapTuHa
KBaHTOBOW TEOPHWM TpaBUTANMU Oblia Obl ropas3go 0olee yAOBIETBOPUTENBHON, €ClIu Obl
MOYHO OBIJIO MTOKa3aTh, YTO MPU METOJIE CYMM I10 UCTOPUSIM Halia BeenenHnast oTBevaeT He
TIPOCTO OJIHOM U3 BO3MOKHBIX UCTOPUH, a OJHOM U3 Haubosee BepOATHBIX. {11 3TOTO MBI
JOKHBI BBITIOJTHUTH CYMMUPOBAHUE HO HUCTOPUSIM IJIi BCEX BO3MOKHBIX E€BKJIHIIOBBIX
IIPOCTPAHCTB-BPEMEH, HE UMEIOIIUX TPaHUII.

CEBEPHEI BOJBIION B3PLIB
TOITIOC

PASMEP BCEJIEINHON

YBENHYHUBAETCS

C POCTOM MHUMOTO
BPEMEHI

MAKCUMATBLHBIH
PA3MEP

HKBATOP |

PAZMEP BCEJIEHHOH
YMEHBIIIAETCH
CPOCTOM MHHUMOI'O

JUHH BPEMEHN

IHHPOTHI IOAKHbBIA
MOJIOC BOJIBHIOE CXJIOIBIBAHHE
JEMAS BCEJMEHHAS

Puc. 8.1

Ecnu npuHATH yCIoBUE OTCYTCTBUS IPaHULL, TO OKa3bIBAETCS, YTO BEPOSTHOCTH Pa3BUTHS
BceneHHo# HO OONBIIMHCTBY BO3MOXHBIX UCTOPUI MPEHEOPEKUMO Mala, HO CYIIECTBYET
HEKOTOPOE CEMEWCTBO HMCTOPWH, 3HAYUTEIBHO OoJiee BEPOSATHBIX, U€M OCTaJIbHBIC. JTH
HUCTOPUHU MOXKHO M300pa3uTh B BUAE KaK Obl HOBEPXHOCTU 3eMIIH, IIPUYEM PACCTOSHUE J0
CeBepHoro mnomtoca COOTBETCTBYET MHMUMOMY BPEMEHH, a pa3Mepbl OKPYKHOCTEH, BCE
TOYKHM KOTOPBIX PaBHO yzaaneHbl oT CeBEpHOro MOICca, OTBEYANOT MPOCTPAHCTBEHHBIM
pa3smepaMm BcenenHoil. BceneHHas HaunmHaeTcs Kak Touka Ha CesepHoM momoce. [Ipu
JBWKEHUM Ha OI TakWe IIUPOTHBIE OKPYKHOCTH YBEIUYUBAKOTCSA, YTO OTBEYAET
pacmupenuto BeeneHHOM ¢ TeueHneM MHUMOTO BpeMeHH (puc. 8.1). Bcenennas nocturaer
MaKCHUMAaJILHOT'O pa3Mepa Ha 9KBaToOpe, a 3aTEM € TEUEHHEM MHUMOI'O BPEMEHHU CKUMAETCS
B TOUKy Ha [OxHoM nonroce. HecmoTtps Ha To, uTo Ha CeBepHoM 1 HOkHOM nomntoce pa3mep
Bcenennoil paBeH HyIO, 3TH TOYKW OyAYyT CHHTYISIpHBIMU He Ooiiee, ueM CeBepHBbIN U
FO>xHBI MoTt0C Ha MOBEPXHOCTH 3€MJITH. 3aKOHBI HAYKH OYIYT BBITTOIHATHCS B HUX TaK XK€,
KaK OHU BEITOJHSOTCS HAa CeBepHOM U HOKHOM moirocax 3eMITH.

Ho B ﬂeﬁCTBI/ITeHLHOM BPpEMCHU UCTOPUSA Bcenennoit BBITJIAAUT COBCPUICHHO WHAYC.
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Jecats wnuM JABaanaTth THICAY MHIUNIMOHOB JIET Haszal pa3mep BcemeHHONW wumMmen
MHUHUMAIIFHOE 3HAYCHHE, paBHOE MaKCUMAJIbHOMY palyCcy UCTOPUH B MHUMOM BPEMEHH.
3aTeM, ¢ TEUEHUEM JICUCTBUTEIILHOTO BpeMeHU, BeenenHas pacuiupsanach B COOTBETCTBUY C
XAa0TUYECKOH MOJIENIbI0 pa3lyBaHMs, MpeajoXeHHou Jlunge (HO Tenepb YyKe HET
HEOOXOIUMOCTH TpeJIoNararb, 4ro BceleHHas OblIa KakKUM-TO 0OOpa3oM co3jJaHa B
TIPaBUIILHOM CcOCTOSHUM). BceneHHas IOCTHTIIa OYEHBL OOINBITAX pPa3MepoB, a IMOTOM
IOIKHA OISTH CXAThbCsl B HEUYTO, HMEKIIee B JICHCTBUTCIBHOM BpPEMEHU BHI
cunrynsapHoctd. [loaToMy B KakoM-TO CMBICIE BCE€ MBI OOpeyeHbl, Jake eciu Oynem
JepXkKaThCsl MoJalbllie OT YepHbIX Ablp. CUHTYISPHOCTEH HE OyIEeT JUIb B TOM CllyYae,
€CJIM TIPEICTaBIATh ce0e pa3BuTHe Beenennoit B MHMMOM BpEMEHH.

Ecmun Bceenennas Ha caMoM Jerne HaXOOWTCS B TaKOM KBaHTOBOM COCTOSIHUU, TO €€
HUCTOpHS B MHUMOM BpEMEHH HE OyIeT UMETh HUKaKUX CUHTYIspHOCTeH. [TosTomMy MoxkeT
MOKA3aThCs, YTO MOMMH TIOCIEIHHMU paboTaMM O CHHTYISIPHOCTSIX TIOJHOCTHIO
3a4ePKHYTHI MOM e cTapble padoThl 0 CUHHTYIIpHOCTSIX. Ho, Kak yke 0TMeuanoch, TTaBHOE
3HA4YCHUE TCOPEM O CHHIYILIPHOCTAX TaKOBO: OHU ITOKA3bIBAIOT, UTO IPAaBUTALIOHHOCE HOJIE
JOIKHO CTaThb OYEHb CHUIBHBIM, TaK YTO HENb3sd OyneT mnpeHeOpeub KBaHTOBBIMHU
TPaBUTANMOHHBIMU dddexktamu. IMEeHHO 3TO BEJEeT K BBIBOIY, HTO B MHUMOM BPEMEHU
Bcenennas omkHa OBITH KOHEYHOM, HO 0¢3 TpaHuI] U cuHTYsipHOcTel. [To Bo3BpameHnn
e B pealbHOE BpeMs, B KOTOPOM MBI KHBEM, OOHAPYXUBaeTcs, 4TO CHHTYISPHOCTH
MOSIBJISIOTCA  OIATH. ACTpOHABT, YHaBIIMI B YEpHYH MOBIPY, BCE paBHO MPUIET K
TParuieckoMy KOHIly, ¥ TOIbKO B MHHMOM BpPEMEHH y HEro He ObUIO ObI BCTpEedd C
CUHTYIIAPHOCTSIMM.

MoxeT OBITh, cIIeIOBaI0 OBl 3aKIIOYUTh, YTO TaK Ha3bIBAEMOE MHUMOE BpEMs — 3TO Ha
CaMOM JIelIe €CTh BpeMs peaabHoE, a TO, YTO MBI Ha3bIBAEM pealbHBIM BpEMEHEM, — IIPOCTO
TJIOJ HANIeTO BOOOpaxkeHus. B meWicTBuTeNnsHOM Bpemenun y BcenenHnol ecTh Hadamo W
KOHETI, OTBEYAIOIIIUE CUHTYJISIPHOCTSIM, KOTOPEIE 00pazyroT TpaHuIly
MPOCTPAHCTBA-BPEMEHU U B KOTOPBIX HAPYIIAIOTCS 3aKOHBI HAYKU. B MHUMOM K€ BpeMeHU
HET HUA CUHTYISPHOCTEN, HU TpaHull. Tak 4To, OBITH MOKET, UMEHHO TO, YTO MBI Ha3bIBAEM
MHHUMBIM BpPEMEHEM, Ha caMoOM Jeie Ooliee (QPyHIaMEHTalbHO, & TO, YTO Mbl Ha3bIBAEM
BpPEMEHEM peabHBIM, — 3TO HEKOE CyOBEKTUBHOE MPECTABICHNE, BO3HUKINEE Y HAC TIPH
MONIBITKAX ONHWCATh, KAaKOW MBI BUAUM Bcenennyto. Benb, cormacHo ckazaHHOMY B TII. 1,
Hay4Has TEOpHUs €CTh IPOCTO MaTeMATUUECKasd MOJEIb, IOCTPOCHHAS HAMU JUJISL OIUCaHUs
pe3yIbTaTOB HAONIOACHUN: OHA CYIIECTBYET TOIbKO y Hac B ronose. [loaToMy He umeeT
CMBICIIa CMPAIINBATh, YTO K€ PEaNbHO — ACHCTBUTEIBHOE BPEMS WUIIA BPEMS MHUMOE?
BaxxHo nuib, kakoe U3 HUX 0osee NOAXOAUT AJisl OUCAHUS.

Mbl  MOXEM TCIICPb, IIOJIB3YACH MCETOAOM CYMMHPOBAHHA HO HCTOPHAM H
MIPCAIIOIIOKCHUCM 00 OTCYTCTBHU I'paHUI], TOCMOTPECTh, KAKUMHU cBolicTBaMu BcenenHnas
MOXKCT O6J'I2UL’:ITB OIHOBPEMCHHO. HaHpI/IMep, MOXHO BBIYHCIINTE BCPOSATHOCTH TOT'O, UTO
Bcenennas pacmIrupsaACeTCs MPUMEPHO C OHHHaKOBOﬁ CKOPOCTBHIO BO BCEX HAIIPABIICHHUAX B TO
BpcM:i, KOraga INNIOTHOCTB Bcenennoii uMmeer COBPCMCHHOC 3HAYCHHC. B YIIPOIICHHBIX
MOJACIAX, KOTOPBIMHU MbI 1O CHUX IIOP 3dHMMAJINCH, 3Td BCPOATHOCTL OKA3BIBACTCA BCChbMaA
3Hﬁ'—lHT€J’IBHOﬁ; TaKUM 06pa30M, YCIOBUC OTCYTCTBUA TpPaHUILl TIPUBOAUT K BLIBOJY O
I-Ip€3BI:;I‘-IaI\/JIHO BBICOKOM BCPOATHOCTH TOTO, HYTO COBpeMeHHBIﬁ TCMIT PACIIHUPCHUA
Bcenennoii moutn OAWHAKOB BO BCCX HAIIPABIICHUAX. 9T0 COoTIIacycTcsd € HaGHIOJIeHI/IHMI/I



(I)OH& MUKPOBOJTHOBOI'O HM3JTYYCHHA, KOTOPBIC IMOKA3BIBAKOT, YTO €0 MHTCHCHUBHOCTH BO
BCCX HAIIPABIICHHUAX IIOUTH OIHMHAKOBA. Ecmu Op1 Bcenennas B OAHHUX HAIIPAaBICHUAX
pacupAaiIacCb 6blCTp€e, YCM B IPYIuXx, TO MHTCHCUBHOCTD U3JIYUCHU B OTUX HAIIPABJICHUAX
YMCHbBIIAJIACh OBl 3a cyeT JOITOJIHHUTCIBHOTO KPACHOT'O CMCIICHMA.

Ceiluac u3y4aroTcs W IPYTHE CIEACTBUS W3 YCIOBHS OTCYTCTBHS TpaHull. OcoOEHHO
WHTEpPECHA 3aj1a4a O MaJIbIX OTKJIOHEHUSX TIJIOTHOCTH OT OJIHOPOJHOMN MIOTHOCTU PaHHEH
BcenenHoli, B pe3ynbTaTe KOTOPLIX BO3HHUKIM CHayajlda TaJlaKTUKH, MOTOM 3BE3bl U
HaKOHEIl MBI caMu. B cuily mpuHIIUIA HEONPEACIECHHOCTU paHHAsS BceleHHass HE MOXKET
OBITH COBCPIICHHO OJHOPOJHOW, MOTOMY YTO JOJKHBI 00S3aTEILHO TIPUCYTCTBOBATH
HEKOTOPBIC HEOMPEACICHHOCTH B TOJIOXKEHUSX U CKOPOCTAX HACTHUIl — QIYKTYaIlHu.
Ucxoas w3 yclnoBUs OTCYTCTBUSA TPAHWIl, MBI HalJeM, YTO B HA4YallbHOM COCTOSIHUM BO
BceneHHOM IeHCTBUTENHHO JTOJDKHA OBITH HEOJHOPOIHOCTh, MUHUMAIBLHO BO3MOXKHAS C
TOYKM 3pPEHUS TPUHIIUIIA HEONPEIENeHHOCTH. 3aTeM BceneHHas Tepexuniia Tepuo
OBICTPOTO paCIIUPEHUS, KaK B MOJACIISIX pa3yBaHus. B TeueHue 3TOro nmepuojia HayaibHBIC
HEOOHOPOAHOCTH YCHUIIMBAINChH, MOKAa HE IOCTUTIH pPa3MEpOB, NOCTATOYHBIX, YTOOBI
O0OBACHUTH MPOMCXOXKJICHUE TE€X CTPYKTYpP, KOTOpPhIE MBI BHIAMM BOKpPYT cebs. B Takoi
pactupsironieiicss BceneHHo, B KOTOPOH IMIIOTHOCTH BEIMIECTBA ClIa00 MEHSIETCS OT MecTa K
MeCTy, pacipeHuc Ooyiee TUTOTHBIX OOJacTeH T10J JeWCTBUEM TPaBUTAIIMH MOTIIO
3aMEJITUTLCS U TIEPEUTH B cxaTHe. JTO JOHKHO MIPUBECTH K 00pa30BaHUIO TAIAKTHK, 3BE3]]
W, HAaKOHEl, MJaXe TaKUX HEe3HAUNTENbHBIX CYIIECTB, KaK Mbl. TakuMm o00Opa3om,
BO3HMKHOBEHUE BCEX CIOXKHBIX CTPYKTYp, KOTOpbIE MBI BUAMM BO BcelneHHOH, MOXHO
O0OBSCHUTH YCIIOBUEM OTCYTCTBHS Y HEE TPAHMI] B COYCTAHUH C KBAHTOBO-MEXaHHICCKAM
MIPUHITATIOM HEOTIPEIETEHHOCTH.

W3 mpencraBieHUss O TOM, YTO NPOCTPAHCTBO M BpeMs o0O0pa3yroT 3aMKHYTYIO
MMOBEPXHOCTh, BHITEKAIOT TAKXKE OYEHb BAXHBIE CIEICTBUS OTHOCUTENHLHO poiu bora B
xu3Hu Beenennoii. B cBs3u ¢ ycriexaMu, IOCTUTHYTBIMH HAyIHBIMH TEOPUSMHU B OITUCAHUN
COOBITUH, OOJIBIIMHCTBO YUEHBIX IPUILIO K yOexaeHuto, uTo bor mo3Bonser Beenennoit
pa3BUBATHCS B COOTBETCTBUU C OIPEICICHHON CUCTEMOM 3aKOHOB U HE BMENIUBAETCA B €€
pa3BUTHE, HE HapyIIAaeT 3TU 3aKOHbl. HO 3aKOHBI HMYEro He TOBOPAT HaM O TOM, Kak
BEITIIsIIE1a Beenmennas, Korma oHa ToJbKO BO3HHMKIIA, — 3aBECTH Yachl U BRIOpATh HAYAIIO
Bce-Tak# MOTJIO OBITE estoMm bora. TToka Mu1 cuutaem, uto y BeenenHo# OblT0 Ha9amo, Mbl
MoXeM aymaTh, uto y Hee Obin Cozmarens. Eciu ke BceenenHas nelcTBUTENLHO
MOJTHOCTHIO 3aMKHYTAa ¥ HE UMEET HU TPaHUI], HA KpaeB, TO TOT/Ia Y HEE HE JIOMDKHO OBITh HU
Havalla, HM KOHIIa: OHa TIPOCTO €CTh, U Bce! OcTtaercs nu Toraa mecto amsa Cozaarens?



9. CTPEJIA BPEMEHU

B INpCABLIYIIUX I'JIaBaX MBI BUACIIH, KaK MCHAJIMCH HAIIIK B3TJIAABI HA ITPUPOAY BPCMCHHU
C TCUYCHUCM IJICT. 210 Hadajla HbIHCIIHETO BCKA JIFOJU BCPHIIA B abcoioTHoe BpEM. 910
3HA4YUT, YTO KaXAO0C CcOOBITHE MOKHO CAUHCTBCHHBIM O6p8.30M IHOMCTUTH HCKUM YHUCJIOM,
KOTOpPOE€ HA3bIBACTCA BPEMECHEM, H BCC TOYHO HWAYIIHUE YAChI 6Y}]YT ITIOKa3bIBATH
O,Z[HH&KOBBIﬁ HHTCPBAJI BPCMCHU MCIKAY ABYMA coorrTamu. Ho OTKPBITHUC, YTO CKOPOCTH
CBCTd OJHA U Ta XKC I ar000ro Ha6HI-OI[aT€II$[ HE3aBUCHUMO OT TOIo, Kak OH ABHXKCTCA,
MNPUBCIIO K CO3OaHUIO TCOPUHU OTHOCHUTCIIBHOCTHU, KOTOpPAs OTBEPIrilda CYHICCTBOBAHUC
CAUHOTI'O abCOTIOTHOTO BpEMCHU. K&)K)IBIﬁ HﬁGHIO,)]aTeJIB UMECT CBOC BPCMS, KOTOPOC OH
U3MEPACT CBOUMMHU YacaMH, W IIOKaA3aHWUA YaCOB PA3HBIX Ha6JHO)]aT€J'Ief/'I He O00s3aHbl
COBIIaAATh. BpeMx crano boiee CY6T:;€KTPIBHBIM IIOHATHCM, CBA3dHHLEIM C H&6JIIOI[8.T€JI€M,
KOTOpBIfI CT0 U3MCPACT.

[TonbITkKM OOBEIUHUTH TPABUTAIIMIO ¢ KBAHTOBOM MEXaHUKOW TIPUBEIU K TOHSTHIO
MHUMOTO BpeMeHU. MHHUMoOe BpeMs HHYeM He OTIWYaeTcs OT HalpaBlIeHUN B
npoctpaHcTBe. Ust Ha ceBep, MOKHO TOBEPHYTH Ha3al U MOUTH Ha 1OT. AHATOTUYHO, €CIIN
KTO-TO WAET BIIEpe]l B MHUMOM BPEMEHH, TO OH MOXET MOBEPHYTh U MOUTH Hazag. ITO
03HAYACT, YTO MEXKAY TPOTUBOMOJIOKHBIMU HAIPABICHUIMH MHHUMOIO BpPCMCHHU HET
cymiecTBeHHOM pasHullbl. Ho Korjga Mel UMeeM JEN0 ¢ pealbHbIM BpeMEHEeM, TO MBI 3HAEM,
YTO CYLIECTBYET OIPOMHOE pa3lInuMe MEXIYy ABUKEHUEM BO BPEMEHHU BIEped U Hasal.
Otkyna xe Oepercs Takas pasHULA MEXAY NpouuibiM U Oyaymum? 1louemy Mbl TOMHUM
MPOIII0e, HO HE TIOMHUM OyIyIIeTo?

3aKOHBI HAYKH HE OTIIMYAOT MPOILIOro oT Oyaymero. TouHee roBops, 3aKOHBI HAYKU HE
MEHSIIOTCSI B pe3y/bTaTe BBIMOIHEHUS oOmNepanuid (WA CUMMETpUM), 0003HAYaeMBIX
oyksamu C, P u T. (C — 3aMeHa yacTUIIbl aHTHYACTHIIEH, P — 3epkanbHOE OTpaKeHue,
Korjla JIEBOE W MPAaBOE MEHSIOTCS MecTamMH, a T — M3MEHEHHME HalpaBIICHUS JBHKCHUS
BCEX YACTHIl Ha 00paTHOE).

3akoHbI PU3MKH, YIIPABIAIOIINE TTOBEICHHEM MAaTePUM BO BCEX OOBIYHBIX CUTYalIUAX, HE
W3MEHSIOTCS W TIOCJIE BBITTOJHEHHUS TOJBKO ABYyX omepannuit C u P. JIpyrumu crioBamu,
KU3HL OyJeT OJWHAKOBa M JIJIA HAc, W JJIS oOWTaTelleld Ipyrodl TUIaHETHI, €CIIM OHH,
BO-TIEPBBIX, SABISAIOTCS HAIIUM 3€PKAIBHBIM OTPAXKEHUEM U, BO-BTOPHIX, COCTOAT W3
aHTUMAaTepuH, a He U3 MaTepuu. Eciu 3aKoHbl HAYKW HE U3MEHSAET KOMOUHAIUS orepaluii
C u P, a taxke TpoitHas xomOuHanuus C, P u T, To 3Tu 3aK0HBI HE TOJDKHBI U3MEHATLCS U
TIPY BBITIOJIHEHWH OOHOU omeparmu T. OmHaKO B OOBITHON KU3HH CYIIECTBYET OTPOMHOE
pasMaue MeXJy ABIDKEHHWEM BIlepel W Haszal Bo BpeMmenwu. IIpeacraBpTe cebe, 4TO co
CToJa MajaeT ¥ pa30MBacTCsa Ha KYCKH Jalika ¢ BoJIoH. EciIi CHATDH 3To MajeHue Ha IICHKY,
TO MPH TIPOCMOTpe hUIIbMa cpa3y CTAHET ICHO, BIEPE WK Ha3a ] MPOKPYIMBAETCS TIJICHKA.
Ecnu ona nmpokpyuuBaeTcs Ha3al, TO Mbl YBUIUM, KaK JIEKallue Ha TIONY OCKOJIKU BIPYT
cOOUpArOTCS BMECTE U, CIOXUBIIUCEH B TEIYIO YAIIKy, BIPHITHBAIOT Ha CTOJ. BBl MoxkeTe
YTBEPKIIATh, UTO (PUITBM MPOKPYIUBACTCS Ha3al, IIOTOMY UTO B OOBIYHOM KU3HHU TaKOTO HE
oviBaeT. MHade mpummioch OB 3aKPBITH PasHCOBBIC 3aBOJIEL.

YroOwI O6'BSICHI/ITB, nmoueMy pa36I/ITI>I€ HalllKWu HHUKOrAa HC BO3BpPaANIdrOTCA IMCIBIMH
O6paTHO Ha CTOIJI, O0OBIYHO CCBUIAIOTCS Ha TO, YTO 3TO IIPOTUBOPCUNIIO OBI BTOpPpOMY 3dKOHY



TepMoguHaMUKH. OH TIAcWUT, YTO B JIFOOOH 3aMKHYTOW cHCTeMe OecTopsIoK, WITH
SHTPOIHUS, BCETMIa BO3pPACTaeT CO BpeMeHeM. [pyrumu cioBamu, 3TO TMOXO0XE Ha 3aKOH
Mepdu: Bce B HallleM MHUpe MPOUCXOAUT HE Tak, Kak Hajo. [{enas Jamika Ha cTone — 3TO
COCTOSTHUE BBICOKOTO TIOpsIKa, a pa30uTas, Jexalas Ha Moy, HaXOJUTCA B COCTOSTHUM
oecropsaka. HetpyaHo IpodTH MyTh OT 11€7I0M YalIKy Ha CTOJIE B TIPOILJIOM JI0 pa3OouTOn
Ha TI0JTy, HO 0OpaTHBIN X0l COOBITUIM HEBO3MOXKCH.

VYBenuuenue Oecropsiika, WU DHTPOMUH, C TEUYCHUEM BPEMEHU — OTO OJIHO U3
OTIpeIeTIEHNI TaK Ha3bIBAEMOM CTPEITH BPEMEHH, T. €. BO3MOXHOCTH OTITUYUTE MPOILIOE OT
OyIyHIero, ONMpeICTUTh HAIPaBICHUE BpEeMEHU. MOXHO TOBOPUTH 110 KpaifHEeH Mepe 0 TpeX
pPa3IMUHBIX CTpellaX BpeMeHU. Bo-MepBBIX, CTpella TepMOJIWHAMHUYecKas, yKa3bIBaroIias
HalpaBJIeHHE BPEMEHHU, B KOTOPOM BO3pacTaeT OeCropsIoK, UK SHTPOINUS. Bo-BTOpPHIX,
CTpeNa TICUXOJIOTHYECKAasl. DTO HaIpaBIIEHWE, B KOTOPOM MbI OIIYIIA€M XOJ BpPEMEHH,
HalpaBJIeHUE, TTPU KOTOPOM MBI TOMHUM TIPOIIoe, HO He Oyaymee. U B-TpeThuX, cTpena
KOCMOJIOTHUeCKas. JTO HalpaBlieHUe BpeMeHHU, B KOTOpoM BceeneHHas pacirupsiercs, a He
CKUMaeTcs.

B nanHol rnaBe s 10KaXy, 4TO, UCXOIS U3 YCIIOBUSI OTCYTCTBUS TpaHull y BeceneHHoM u
U3 c1aboTo aHTPOIHOTO MPUHIIUIIA, MOKHO O0OBICHUTH, TIOUEMY BCE TPH CTPENbl BpeMeH!
HaIlpaBJlIE€HBl OJWHAKOBO M, Oojiee TOro, IodyeMy BoOOmEe M[ODKHA CYHIECTBOBAThH
OTIPEZIEIIEHHAs CTPeENia BPEMEHHU. S| 0Kaxy, 4TO ICUXOJIOTHYECKasi CTPENa ONpPEAEIIsIeTCs
TEPMOAMHAMUYECKOM M 00€ 3TH CTpebl BCETHa HalpaBleHbl 0JWHAKOBO. [Ipenmnonoxus,
qT0 1151 BCeneHHoM cripaBeIiInBO yCIIOBUE OTCYTCTBHS TPAHUIL, MBI YBUJIUM, YTO JOJKHBI
CYILIECTBOBATH XOPOIIO OINPEAEIECHHEIE TEPMOJAUHAMUYECKAS U KOCMOJIOTHYECKAs! CTPENBI
BpPEMEHH, XOTS OHHM HE 00s3aHbI OBITh OJUHAKOBO HAIIPABIIEHHBEIMU Ha MPOTSKEHUHN BCEH
ucropun Bceenennoil. Ho, xak s mokaxy, JIMIIb B TOM clydae, KOT/Ia HalpaBIEHUs ITUX
CTpea COBIAAANOT, MOTYT BO3HMKHYTBH YCIIOBUS UIA pPa3BUTHS pPa3syMHBIX CYIIECTB,
CMOCOOHBIX 3a7]aTh TakKOW BOMPOC: TOYeMy OEcIOpsSIoOK YBEITMYHBAaeTCI B TOM IKe
HaIpaBJIEHUS 110 BPEMEHU, B KOTOPOM paciupsercs Beenennasn?

CHauanma paccMOTpUM TEPMOJAMHAMUYECKYH) CTpely BpeMeHu. BTopoil 3akoH
TEPMOJIMHAMHKH BBITEKACT W3 TOTO, UTO COCTOSSHWM OECTopsiKa BCETJa Topa3ao OOJbIIe,
qeM COCTOSTHUH mopsjika. Bo3sMeM, HallpuMep, KapTUHKY Ha JeTCKUX Kyomkax. Mmeercs
TONBKO OJIHO B3aWMHOE PACHONIOkKEHHe KYyOWKOB, TPU KOTOPOM COCTaBISETCS HYKHAs
KapTUHKA. B TO e BpeMs €CTh OYE€Hb MHOTO Pa3HbIX OECHOPSAOYHBIX PACIOIOKECHUH,
KOI'jla KapTUHKa HE COCTaBIsieTCs BOOOILE.

[IpeamnonoxumM, 4To Kakas-TO CUCTEMa BHayaje HaXOAHWTCS B OJHOM M3 HEMHOTHX
cocTosdHul Topsaka. C TEUeHHEM BPEMEHM COCTOSHHME CUCTEMBI OYy/IeT W3MEHATHCSA B
TIOJIHOM COTJIACUU C 3aKOHAMHU HaykKu. Yepe3 HEeKOTOpoe BPEMs CUCTEMa U3 COCTOSHUSA
MOpSIKa, CKOpCC BCETO, TEPCHACT B COCTOSHHUC Occropsaka, MOCKOIBKY COCTOSHHN
Oecropsika Oonpie. CiaenoBaTenbHO, €CIU CUCTEMa BHauale HaXOIUIAch B COCTOSHUU
BBICOKOT'O TIOpAJIKa, TO CO BpeMeHeM OyaeT pactu Oecnopsanok. Tak, ecny mamu KyOUKU
CIOXKEHBI B KAPTUHKY, TO MPHU MEPEMEIIMBAHUNA U3MEHUTCS MX PACMOJIOXKEHUE U CTAHET,
CKOpee Bcero, OecrmopsIo4YHbIM, MOTOMY YTO COCTOSTHUM Oecropsiika OIsThb ropasnio
OoJbilie, 4eM cocTOsSTHUN mopsaka. KapTuHka, kKoHCUHO, TIpU 3ToM OyICT paspylicHa.
Hekoroprie kyOukH eme OyAyT yAepKUBAaThCs BMeCTe, 00pa3ys KyCKU KapTHUHKHU, HO UYeM



OOJIBIITE MBI 6y)1€M HX TIepeMEImunBaTh, TEM C OonbIrei BEPOATHOCTBEIO 3TH KYCKH
PACCHIIIIIOTCA U BCC CIIIC s INCPpCIyTacTcs. B koHI11e KOHIIOB HUKaKOM KapTHHKHN Y HAC
He ocraHeTrcs. Takum 06pa30M, 6€CHOpﬂIIOK 6yneT pPacTn CO BPEMCHCM, CCIIM B HAYAJIC
OBIJI0 COCTOSHHUE BBICOKOTO nHopsJaKa.

[IpeanomoxuM, ogHako, uto bor mosenen, yToOBI pa3BUTHE BeceneHHONM HE3aBUCUMO OT
Ha4yaJlbHOTO COCTOSIHMS 3aKaHYMBAJIOCh B COCTOSIHUM BBICOKOTO Topsiaka. Ha panHux
craausix Bcenennas, BeposiTHEE BCEro, HaXoJuiach Obl B COCTOSTHMM Oecrnopsika. ITo
03Ha4yajgo ObI, UTO OECHOPSIOK YMEHBIIAETCS CO BpeMeHeM. Torjaa BBl BUAENHU OB, Kak
pa3OoUTBIC YAlTKU COOUPAIOTCS M3 OCKOJIKOB U BIPBITHBAIOT Ha cTod. Ho mroau, KoTopbie
BUJIeTN OBl TaKWe TPBITAIONINE YallKU, TODKHBI OBITH XKUTEISIMU BCEICHHOM, B KOTOPOH
OecrnopsiIoK YMEHBIIaeTcss co BpeMeHeM. S yTBepikaato, UTO TCUXONOTHYEcKas cTpena
BpPEMCHHU JTHX JIIOJIEH JIOJDKHA OBITH HAMpaBjieHa HA3aJ, T. €. OHHW JIOJDKHBI TTOMHHTH
COOBITUS B OymyIIeM, HO HE JOJKHBI TIOMHUTH COOBITUS, MPOUCXOIUBIIHE B TPOIIIOM.
VYBUieB pa30oUTyr0 UaliKy, OHU BCIIOMHWIN ObI, Kak OHAa CTOUT HA CTOJIe, HO KOTJa OHA
OKa3bIBAETCS Ha CTOJIe, OHM HEe TIOMHHUJIM OBI, 4TO OHa OBbLIIa Ha TOITY.

Paccyxnath o 4enoBedecKoi maMsiTH — BeCbMa HETIPOCTOE 3aHSATHE, HOO MBI HE 3HAEM
BO BCeX JIeTalsaX, Kak paboTaeT Halll MO3T. 3aTO MBI 3Ha€M BCe O TOM, Kak JAeHCcTByeT maMsTh
koMIbroTepa. IloaToMy s Oymy TOBOPUTH O IICUXOJOTHYECKOH CTpene BpEeMEHH [
KOMIBIOTEPOB. MHE Ka)KeTCs BIIOJIHE JIOTUYHBIM TIPEANOI0KHUTE, YTO U Y KOMIIBIOTEPOB, U
y Jrofiel McuxoJjoruyeckasl cTpeja oJHa U Ta ke. Ecnm Obl 3TO OBIIO HE TaK, TO, UMeEs
KOMITLIOTEP, KOTOPBIM TTOMHIII OBI 3aBTPAITHUIN Kypc aKIHi, MOXHO OBLIO OBl MPEeKpacHO
UTrpaTh Ha OUPIKE.

[TamsaTe KOMIBIOTEPA — 3TO, TpyOO TOBOpPS, YCTPOMCTBO, COAEpXKallee 3JIEMEHTHI,
KOTOpbIE MOTYT HaxOJMThCS B OXHOM W3 IBYX cocTossHMM. IIpocToii mpumep Takoro
yCcTpolcTBa — abak, JpeBHUE CUETHl. B mpocTeifiem BHe 3T0 HAOOP TOPHU30HTATLHBIX
MIPOBOIIOYEK, HA KAKIYIO U3 KOTOPHIX HacaxeHa OycuHka. Kaxkmas OycHHKa HaXOJIUTCS B
OJIHOM M3 ABYX NOJN0XEeHUH. /o Tex mop moka B MamsiTh KOMIIBIOTEPA HAYETO HE BBEAEHO,
OHAa HaXOJUTCS B OECTIOPSIIOUHOM COCTOSTHUH, B KOTOPOM 00a BO3MOXHBIX PACION0KCHUS
OYyCHHOK paBHOBEpOSATHHI (OyCMHKM Ha TIPOBOJOYKAX paCTpENeNICHBl CITydaiHBIM
obpazom). [locie Toro Kak MamMsTh IPOB3AMMOJICHCTBYET C CHCTEMOM, COCTOSTHHE KOTOPOit
HaJl0 3alIOMHUTH, €€ COCTOSIHUE CTaHET BIIOJHE OINPEAEIEHHBIM, 3aBUCSIINM OT COCTOSHUS
cuctemsl. (Kaxnas 6ycunka Ha cuerax Oyner nubo B MpaBoM, MO0 B JIEBOM KOHIIE CBOEH
MPOBOJIOYKM). UTak, maMaTh KOMIIbIOTEpA Tepernuia U3 Oecnopsaaka B YHOPSAIOUEHHOE
cocrosare. Ho mist Toro, 9ToOBl OBITH YBEPEHHBIM B TOM, YTO TMaMSTh HAXOIUTCS B
MIPaBUILHOM COCTOSHUM, HAJI0 3aTPATUTh HEKOTOPOE KOIMYECTBO IHEPTHUH (HATIpUMeED, JJIs
niepebpacreiBaHus OYCUHOK WIIM MUTAHUS KOMIIBIOTEpA). DTa SHEPrus NepeiiieT B TEIIO U
TEM CaMbIM YBEIUYUT CTENEeHb Oecniopsnka Bo BcenenHoil. MoxHO mokas3aTb, 4TO 3TO
yBenMUeHne Oecniopsaaka OyJaeT Bcera 0oIblie, YeM YBETUUeHHE YIOPSJOUEHHOCTH caMon
naMaTi. HeobXoanmocTh oxiaxkAeHUs KOMITBIOTEpa BEHTUIISITOPOM TOBOPUT O TOM, HTO,
KOrja KOMIIBIOTEp 3allMChIBaeT YTO-TO B IaMsATh, OOMMM Oecropsiok Bo Bcenennoit
BCE-TaKM yBEINYHUBACTCS.

HampaBnenue BpeMeHH, B KOTOPOM KOMITBIOTEP 3aITOMUHAET MPOIIIOE, OKA3BIBAETCSA TEM
XK€, B KOTOPOM pacTeT OECIopsIoK.



CrnenmoBarenbHO, Halle CYOBCKTMBHOC OIIYIICHUC HANpaBiICHUS BPECMCHU —
TICUXOJIOTHYECKAs CTpella BPEMEHH — 33aJac€TCS B HAIIEM MO3TYy TEPMOIUHAMHUYECKOU
crpenoi Bpemenu. Kak M KOMIILIOTEP, MBI JIOJKHBI 3allOMMHATh COOBITMSI B TOM JKE
NOPSAJIKE, B KOTOPOM BO3paCTAET SHTpomnUsA. BTOpou 3aKOH TEPMOIUHAMUKU CTAHOBUTCS
IPA 3TOM TIOYTH TPUBHUAIBHBIM. becmopsgok pacTeT cO BPEMEHEM, MOTOMY HYTO MBI
U3MepsieM BpeMsl B HAlpaBIIEHUH, B KOTOPOM pacTeT Oecropsanok. TpyaHo CIOPUTH ¢ TaKoH
JIOTUKOI !

Bce xe, mouemy TepMoiMHaMHUecKas cTpella BpeMEeHH JI0JKHA BOOOIIE CYIeCTBOBATH?
W, npyrumu cioBamu, MOYEMY Ha OJHOM W3 KOHIIOB BPEMEHHU, HA TOM €ro KOHIIE,
KOTOPBIM MBI Ha3blBa€M MPONUIEIM, BceneHHas TOKHA HaXOAUTHCS B COCTOSHUM C
BLICOKOM ymopsoueHHOCTRI0? [Touemy OFI eif He OBITh B COCTOSSHUM TIOTHOTO Oecnopsiaka’?
Benb 310 BEITISAIEN0 OBI O0Jiee BEpoATHBIM. Kpome ToTo, modemMy OEcTopsIOK pacTeT BO
BPEMEHM B TOM K€ HAIIPaBIEHUH, B KOTOPOM paciupsiercs Beenennas?

Knaccuueckas oOmias Teopus OTHOCHTEILHOCTH HE IIO3BONAET BBIUHUCIHTH, Kak
BO3HMKIIA BeenmenHas, ToToMy 4TO B CHHTYJISIPHOM TOYKE OOJTBLIIIOTO B3PHIBA BCE M3BECTHHIC
HaM 3aKOHBI TIPUPOJBI JOJKHBI HApylIaThca. BcenenHas Moriia BO3HUKHYTh B KAKOM-TO
OJIHOPOJTHOM, CHMIBHO YIOPSJIOYEHHOM COCTOSSHMM. OJTO TIPHUBENO OBl K YeTKO
OIIPENENIEHHBIM CTpelaM BpeMEHH — TePMOIMHAMHUYECKON U KOCMOJIOTHYECKON, KaK 3TO
HaOmonaeTcs ceifuac. O1HaKo HavanbHOE coCcTOsiHME BeeneHHol BoaHe MOTIIO OBl ObIT U
OYEHb HEOJITHOPOIHBIM, U HEYITOPSI0YEHHBIM. B 3TOM ciydae Beenennast y:ke Haxoaunach
OBl B COCTOSTHUM TIOTHOTO Oecrmopsjika W OecrnmopsgoK He MOT Obl YBETUYUBATHCA CO
BpeMeHeM. OH Mor OBl OCTaBaThCS HEU3IMEHHBIM, TOTJIa He OBUIO OBl OINpeAesIeHHOMN
TEPMOJUHAMUYECKOM CTpelbl BpeMEHH, MO0 MOr OBl yMEHbIIATBCI, W TOrna
TEPMOIWHAMUYECKAs CTPENa BpeMeHH Oblla OBl HalpaBlIeHa HABCTPEUY KOCMOIIOTUUECKON
ctpene. Hu ogHa 13 3THX BO3MOKHOCTEH HE COTJIACYETCS ¢ TEM, 9TO MBI HaOmrogaem. Kak
MBI, OHAKO, BUJIEIH, KIIaccHaecKas o0Ias Teopusi OTHOCHTENFHOCTH TIPEICKa3bIBaeT CBOE
Hapyumienne. Korjga kpuBHU3HA IPOCTPAHCTBA-BPEMEHH CTAHOBUTCA OOJBIION, CTAHOBSITCS
CYIIECTBEHHBIMU KBAHTOBEIE TpaBUTAllMOHHBIE H(Q(EKTH, U KiIacCUYecKas Teopus
MEePECTAET CIYKUTh HAIEKHBIM OCHOBAHHWEM A onucaHus BceneHHoi. UToObI MOHSATE,
KaK Bo3HMKIIa Beenennas, HeoO0XognMo o0paTUThCA K KBAaHTOBOM Teopuu rpaBuTanmu. Ho,
9TOOBI OTIPEJICITUTH B KBAHTOBOW TEOPUH TPABUTANINK COCTOSTHUE BeenenHoi, HeobXoaumo,
KakK MBI BUJIENH B MPEABLIAYIIUX ITIaBaX, 3HaTh, KAK BO3MOXKHEIE HCTOpUMN BceneHHol Benn
ce0s Ha TpaHuWIle MPOCTPAHCTBAa-BPEMEHH B MponuioM. HeoOXoaMMOCTh 3HATh TO, YTO MBI
HE 3HAEM M 3HaTh HE MOXXEM, OTIANAET JIMIIb B TOM CIydae, €CIIA MPOLUIbIE UCTOPUHU
YAOBJETBOPSIOT YCIOBUIO OTCYTCTBHS TPAHUIL: OHU UMEIOT KOHEYHYIO MTPOTSIKEHHOCTh, HO
y HUX HET HHW TpaHWI, HW KpacB, HU ocoOeHHocTel. Torma Hauvamo oTcueTa BpeMEHH
JOJKHO OBLIO0 OBITH PEryJIIpHOH, TTIagKoil TOUKOH B MPOCTpaHCTBE-BpeMeHU U Beenennas
Hayasia Obl CBOE pacUIMPEeHHE U3 BECbMa OJHOPOIHOTO U YIOPAI04EHHOro cocTosaHus. OHO
HEe MOTJIO ObI OBITH COBEPIIEHHO OJHOPOIHBIM, IOTOMY YTO 3TUM Hapymaics Obl TPUHUUT
HEONPENEIeHHOCTH KBAaHTOBOM TEOpWUU. ITO 3HAYUT, UYTO JOIDKHBI CYIIECTBOBATH
HeOoIbpIINe (QIYKTYaIMH IIIOTHOCTH U CKOPOCTel gacTril. Ho B iy yCIIOBUS OTCYTCTBHS
TpaHuIl 3TH QIYKTYallud J0IKHBI OBUIM OBITH MaJIbl, YTOOBI COTJIACOBATRCA C MIPHUHIIUIIOM
HEOIIPEAECIEHHOCTH.

Buauane Bcenennas mMorna OBl SKCIIOHCHIMATBLHO PACIIMPSITHCS, MU pa3lyBaThcs, B



pesyabTaTe 4ero ee pasMephl YBETWUWINCH OBl BO MHOTO pa3. DIyKTyanuu MIOTHOCTH,
OCTaBasich CHavanga HeOONBITUMU, TOTOM Havaiu Obl pacTH. Pacmupenue Tex obnacreil, B
KOTOPBIX TUIOTHOCTH OblIa YyTh BBIIIE CpPeAHEH, MPOUCXOAMIIO OBl MEJJEHHEE HU3-3a
rPABUTAMOHHOIO TMPHUTSHKEHUS] JIUIIHEH Macchl. B KOHIIE KOHIIOB Takue o00J1acTH
TIEPECTAHYT PACHIUPATHCS U KOJUIAICUPYIOT, B PE3YNIhTaTE YEro 00pa3yrTCs TaTaKTHKH,
3BE3/BI U JKUBBIC CYIIECTBAa Bpoje Hac. TakuMm o0pa3oM, B MOMEHT BO3HUKHOBEHHS
Bcenennas Moriia HaXOJUTHLCS B OAHOPOIHOM U YIOPSAOYSHHOM COCTOSHUHU U TIEPEUTH CO
BPEMEHEM B COCTOSHHME HEOJHOPOJHOE M HeymnopsioueHHoe. Takod Mmoaxoa Mor Obl
0OBSICHUTD CYIIECTBOBAHME TEPMOIMHAMUYECKON CTPEIbI BPEMEHHU.

Ho uwro mpowsommo Owvl, xorma BcenenHas mnepecTtana OBl pacIIUpsiTbCS W cTaja
ckuMatbes? TToBepHynach OBl TIpU 3TOM TepMOJIMHAMUUCCKas cTpena BpeMeHU? Hauam Obl
YMEHBINIAThCS €O BpemMeHeM Oecropsyiok? Ilepex Temm, KoMy IOCYACTIWUBUIIOCH OBI
TepexXuTh Tiepexoll u3 (asel pacmmpeHus B ¢a3zy CXKaTHA, OTKPBUIUCH OBl caMble
(haHTacTHUECKUE BO3MOXHOCTH. MOXET OBITh, OHU YBUJICIU OBI, KaK OCKOJKH Pa3OUTHIX
garniek coOMparoTcs Ha IOy B LETbIe YalIKi, KOTOPEIE BO3BPAIIAIOTCSA OOpaTHO Ha cTON? A
MOXKET OBITb, OHM OBl TTOMHWJIH 3aBTPAlIHUN KypC aKIMid W yJayHO WTpaiv Ha Oupxke?
[TpaBma, GecrOKOWCTBO TIO TOBOIY TOTO, YTO CIYYMTCS, eclii BceneHHas OmsTh HAYHET
KOJITATICHPOBATh, KAXKETCS HECKOJIBKO MPEKICBPEMCHHBIM — CKATHS HE OYICT elic 1Mo
KpaifHel Mepe JecATh ThICSY MUJUTHOHOB JieT. OgHAKO y3HATh 00 3TOM MOXHO TOpa3fo
oricTpee. s 3TOT0O Ha0 MPOCTO MPEITHYTH B YEPHYIO AbIpY. Komianc 3Be345I B COCTOSHHE
YEpHOU JBIPHI aHATIOTUYEH MOCIEAHUM CTaIUsIM KoJarca Bceld Beenennoi. [loatomy ecnm
OecropsiIoOK  TOJDKEH YMEHBIAThCS Ha CTagud ckaTtus BceeneHHOW, TO OH OydeT
YMEHBITIAThCS U BHYTPH YEPHOU IBIpHI. TOrJa acTpoHABT, YIABIIWN B YEPHYIO ABIPY, MOT
OBI TaM TI0/13apaboTaTh, UTPast B pyleTKy. Ben elle He caenaB cTaBku, OH ObI yXe ITOMHUIT,
rae octanoBuTcs mapuk. (IIpasaa, urpa 6sina 661 OUEHB HETOATOMW, JTUITH 10 TEX MOP, MOKa
caM acTpOHAaBT He TpeBpaTwics Obl B cmareTTd. He ycmeB cooOIMWTH HaM O MOBOPOTE
TEPMOIUHAMUYICCKON CTPENBI U JTa’KE HE TOYIUB BBIUTPHIII, OH UCYe3 OBl 32 TOPU30HTOM
COOBITUH YEPHOU JBIPHI).

Bnauane g cuuran, 4to npu Kosutarnice BeceneHHONW OecmopsAa0K TOKEH YMEHbBIIATHCS,
MTOTOMY YTO, CTaB OIATHh MaJCHBbKOM, Beenmennas momkHa Oblita Obl BEPHYTHCS B UCXOIHOE
TIIaIKOE U YIOPSJ0UYCHHOE COCTOSHUE. DTO 03HAYAN0 Obl, UuTO (haza c:kaThs SKBUBAJICHTHA
obpamieHHol Bo BpeMeHu (aze pacmupenus. Ha craguu cxaTus KM3Hb JOIDKHA Tedb B
00paTHOM HaMpaBIEHUM, TaK UTO JIOAW YMUpaTU OBl IO CBOETO POXKICHUS U TO MEpe
cxkatus BeeneHHo# cTaHOBUIUCH OBl BCE MOJIOKE U MOJIOXKE.

[TpuBAEKaTETLHOCTE TAaKOTO BBIBOJIa — B KPAaCUBOW CHUMMETPUHM MeXAy Qa3oi
pacuupenus u (aszoi cxatus. OJHAKO €ro HeNb3s paccMaTpuBaTh caM 10 cebe,
HE3aBUCHUMO OT JIPYTUX npejacTaBiieHuii o Bcenennoil. Bo3nukaeT Bonpoc: clIeayeT Ju 3TOT
BBIBO/I U3 YCJIOBUS OTCYTCTBHUS TPAHUIL WIIH K€, HATIPOTUB, C ITUM YCIOBUEM HECOBMECTHUM?
Kak yxe roBopuiiocs, s cuuTall BHavaje, 4TO yCIIOBHE OTCYTCTBHSI TPaHUIl B caMOM JeJie
03HaYyaeT, YTo OCCHOpPSAIOK MOJDKEH YBEIWYMBATHLCS Ha CTaAWM cxkaThusi. OT4acTH MeEHs
BBeNa B 3a0NMyXJAcHUE aHANOTHS C TIOBEepXHOCThI0 3emnu. [lomoxkum, 4To Hauamo
Bcenennoii coorBerctByeT CeBepHoMy mnojtocy. Torna koneu Bceenennoil ponxeH ObITh
MOX0K Ha HaJalo Tak ke, kKak FOxHbe nomoc noxox Ha CesepHbiil. Ho CeBepHblil u
FOXHBIN TTOMIOCHEI COOTBETCTBYIOT Hadally U KOHIY BcelleHHOM B MHMMOM BpeMcHU. B



peanbHOM K€ BPEMEHHW Havyalo U KOHEI MOTYT CKOJb YIOJHO CHIIBHO OTIUYATHCS IPYT OT
npyra. MeHs enie BBena B 3201y aeHHE paboTa, B KOTOPOH S paccMaTpUBal OJHY POCTYIO
Mozens Beenennoii, rie (aza konmnarca Oblia Moxoxka Ha o0palieHHy0 BO BpeMeHU a3y
pacuiupenus. Ho moii konnera, [lon Ilelimx u3 Yuusepcuterta mrara [leHcuiabBanms,
TOKa3aj, YTO YCIIOBUE OTCYTCTBUS TPAHUI] BOBCE HE TpeOyeT TOTro, uToOwI (ha3a ckarus
OwlTa oOpareHHol Bo BpeMeHU (a3oif paciiupeHus. 3aTeM OJWH W3 MOUX aclHUpPaHTOB,
Peitmonn JledhneMM, ycTaHOBHI, YTO B HECKOJILKO 0OoJiee CIOKHOH MOJENH KOJUIAIC
BceneHHol CMIBHO OTIWYAETCA OT €e paciupeHus. S moHsn, 4to omubCcs: U3 yCIOBUS
OTCYTCTBHUSI TPaHUIl CJIEAYET, YTO BO BpeMsl CKaTUsi OECHOPSIOK JOJKEH MPOJ0IIKATh
YBEIIMUUBATHCA. TepMOIUHAMUYECKAS U TICUXOJIOTHYECKAs CTPEIBI BPEMEHHU HE U3MEHST
CBOETO HAlpaBJICHUS Ha TPOTUBOIIOIOXHOE HHU B UEpHOW IbIpe, HU BO BceneHHOM,
HauaBIlIeH COKPaIlaThbCs BHOBE.

Uto OBI BBl caenanmu, oOHApYXKUB y ceOs Takyro ommOKy? HekoTopwle HUMKOTIIA HE
MIPU3HAIOTCI B CBOEHM HEMPABOTE W MPOIOIHKAIOT TMOUCKU HOBBIX, YAaCTO COBEPIICHHO
HEOOOCHOBAHHBIX, APryMEHTOB B IIOJL3Y CBOMX HAeH. Tak IOCTymuia OIIUHITOH,
BBICTYIIMB MTPOTHBHUKOM TEOPUW YEPHBIX JABIP. J[pyrue 3asBisioT, YTO OHW HUKOT/A W HE
TOJJEPKUBAIIU STY HEMPABUIILHYIO TOUKY 3pEHUS, a €CIIU U TOJIJICPKUBAIH, TO JIUIITh JIJIs
TOTO, YTOOBI TIPOJCMOHCTPUPOBATH €€ HECOCTOATEILHOCTh. MHE KakKeTcs, 4TO ropasio
MpaBUJILHEE BBICTYIUTE B TIEYaTH ¢ NMIPU3HAHUEM CBOel HempaBoThl. [IpexpacHbIil mpumep
TOMy — DUHIITeHH. O BBEACHUU KOCMOJIOTHYECKOI TTOCTOSHHOM, KOTOpas IMTOHATI00MUIach
€My NpU MOCTPOEHUHN CTATUYECKON Mojenu BceneHHOM, OH roBOpWJI Kak O CBOEH CaMoOM
cepbe3Hoi onoKe.

BepHemcs k cTpene BpeMeHH. Y Hac OCTallcs OJMH BOIPOC: II0YEMY, KaK I10Ka3bIBAIOT
HaONIOACHUS, TEPMOINHAMUYECKAsT M KOCMOJIOTHYECKas CTPENbl HAllpaBiIeHbI OJUHAKOBO?
WUnmu, apyrumMu cioBamu, ToueMy OECTOpSAOK BO3pacTaeT BO BPEMEHHM B TOM XKE
HalpaBJIEHUH, B KakOM pacmuupsercs Beenennas? Ecinu cumurats, uto BeeneHnas mocie
paclMpeHus HayHeT CXKUMAaThbCsd, KakK, I0-BUIUMOMY, CIENYET U3 YCIOBUA OTCYTCTBUA
TPaHUIL, TO HAlll BOIPOC 3BYYUT TaK: IOYEMY MBI JOJKHBEI HAXOUTHCA B (haze paclIUpeHus,
a He B aze cxkarus?

OTBeT Ha ATOT BOMPOC MaeT CIaObIH aHTPOTHBIA TPUHIAI: YCIOBHUS B (ha3e CHKATHS
HEMPUTO/IHBI N1 CYNIECTBOBAaHUA TaKUX Pa3yMHBIX CYIIECTB, KOTOpHIE MOTIU OBl
CIPOCUTH, MOYEMY OECHOPSAIOK PACTET B TOM K€ HaNpaBlIEHUHA BO BPEMEHHU, B KOTOPOM
pacmupsiercst BcenmeHHas. YcCIIOBHE OTCYTCTBHMS TpaHMI] IPEICKa3bIBAET pa3dyBaHUE
BceneHHOW Ha paHHUX CTaausAX pa3BUTHA. DTO O3HAYAET, YTO pacliupeHue BceneHHom
JOJDKHO TIPOUCXOJIUTH CO CKOPOCTBHIO, OYEHL OJM3KOW K KPUTHYECKOW, TPH KOTOPOU
KOJIJIaIlC UCKII0UaeTCs, a IOTOMY KoJuiarica He OyaeT odeHs nonro. Ho Toraa Bce 3Be3bl
YCTIEIOT CropeThb, a 00pa3yroniue uX MPOTOHBI U HEUTPOHBI pacranyTcs Ha Ooliee Jerkue
gacTuilbl. BeeneHHas ocranach OBl B COCTOSHMM MPAKTHYECKW MOIHOTO Oecropsaka, B
KOTOPOM He OBII0 OBI CHITBLHON TepMOJUHAMUIECKOH CTpelbl BpeMeHH. becropsqok He MoT
CHWILHO YBEJIMYMBATHCH, Belb BcelleHHas W Tak HaXoJunach OBl B COCTOSHHM ITOYTH
nonHoro Oecnopsaka. Ho ans cymiecTBoBaHUWS pa3yMHOM KU3HHU HEOOXOJIWMa CHUILHas
TepMoaAuHaMu4eckas crpena. UYToObl BBDKUTH, JIFOAU JOJDKHBI MOTPEOSATh MUIY, KOTOpas
BBICTYIIA€T KaK HOCHUTENh YIOPSI0UEHHOU (DOPMBI SHEPTUH, U TIPEBpAIIATh €€ B TEIIO, T. €.
B HeynopsaoucHHy0 (opmy sHepruu. CrieqoBaTelbHO, HA CTaJUM CXATUS HUKAKOM



pa3yMHOW JKM3HM OBITh HE MOTJIO. OTUM OOBSCHSETCS, TOoYeMy IS Hac
TepMOAMHAMUYCCKAsS M KOCMOJOTHYECKas CTpPENbl BPEMEHH HaIpaBIICHBI OJUHAKOBO.
HepepHo cuutath, OyAaTO Occmopsiiok pacteT u3-3a paciiupenust Bcenennoii. Bcemy
MPUYUHON yCIIOBUE OTCYTCTBUS Tpanuil. M3-3a Hero pacrer 6ecnopsiiok, HO TONBKO B (paze
paciupeHust Co3Aat0TCs YCIOBUS JIJIsL CYIIECTBOBAHUS PA3yMHOM KXHU3HU.

[TonBenem UTOr. 3aKOHBI HAYKU HE JIENAIOT Pa3IMuus MEX 1y HAllPaBIEHUEM «BIEpPE» U
«HazalI» BO BpeMeHU. Ho cymiecTByroT 1o KpaiHel Mepe TpU CTPEJIbI BPEMEHU, KOTOPbIC
OTIUYAIOT OYAyIEee OT MPOUIIOT0. JTO TEPMOJAMHAMHYECKAS CTPENaA, T. €. TO HAllpaBIeHUE
BPCMCHH, B KOTOpPOM BO3pacTacT OecmopsioK; TICUXOJOTHYecKas CcTpejia — TO
HalpaBliecHUE BpPEMEHH, B KOTOPOM MBI TIOMHHUM TIpOIIoe, a He Oyxaymiee;
KOCMOJIOTHYECKasl CTpella — HallpaBIIEHUE BpEMEHH, B KOTOpOoM BceeneHHast He ckumaercs,
a pacmupsercd. S moxaszall, 4To TCHXOJIOTHYECKAs CTpelia MPAKTHYECKH 3KBUBAJICHTHA
TEPMOJUHAMUYIECKOM CTpelie, TaK 9TO 00€ OHU JOJKHBI OBITH HANPABJICHBI OIUHAKOBO. U3
YCIIOBUSL  OTCYTCTBHUSL TPAaHUIl BBITEKAET CYIIECTBOBAHWE YETKO OMNPEHCIICHHON
TEPMOIUHAMUYCCKOHN CTpETbl BpeMEHHU, ToToMY uTo BeenenHnas momkHa Oblia BOSHUKHYTh
B rIaJKOM U YIOPSIAOYEHHOM COCTOSSHUM. A IPUYMHA COBIAICHUS TEPMOAMHAMUYECKOU U
KOCMOJIOTHYECKOW CTPEII KPOETCSI B TOM, YTO PA3yMHBIE CYIIECTBA MOTYT HUThb TOJILKO B
(daze pactmupenus. Paza cxkaTus IS HUX HE TIOAXOIUT, TOTOMY UTO B HEH OTCYTCTBYET
CHJIbHAS TEPMOJUHAMUYECKAs CTpPEJia BPEMECHMU.

[Iporpecc 4yenoBeka Ha NyTH TO3HAHHUS BcCeNeHHOW TpPUBEN K BO3HUKHOBEHHUIO
MaJIEHBKOTO YTOJIKa MOpsSAKa B pactyriem Oecriopsnke Beenennoit. Eciau BB 3amoMHNTE
KaXJ10€ CIIOBO U3 3TOW KHUXKKH, TO Ballla IMaMSTh IMOJYYUAT OKOJIO ABYX MHUJUTMOHOB €IUHMUI]
nH(popMaLK, U MMOPSIOK B Ballled TOJIOBE BO3PACTET IIPUMEPHO Ha JIBa MUJUIMOHA €IMHHII.
Ho moka BBl yuTamu 3Ty KHUTY, N0 KpaliHEH Mepe Thicsiya Kalopuil ymopsA0YEeHHOMN
SHEPTUM, KOTOPYIO BHI TIOJNYYWIH B BUAEC THUIIU, NMPEBPATHIUCH B HEYNOPSTOUCHHYIO
SHEPrHI0, KOTOPYIO BBHI TIEpellalii B OKPYXXAIOIIMK Bac BO3MYyX B BHJAE TeIla 3a CYET
KOHBEKIUHH U TOTOBBLIENEHUS. bectiopsiok Bo BeeneHHoM BO3pacTeT IIPU 3TOM IIPUMEPHO
Ha JBajlaTh MUINIMOHOB MUJIMOHOB MUJUIMOHOB MWUIMOHOB €IWHUI], YTO B JECATH
MWJUIMOHOB MUJUIMOHOB MWJUUIMOHOB pa3 INMPEBBIIACT YKA3aHHOE YBEIWYEHUE MOpsAKa B
BaIlleM MO3TY, — ¥ 3TO MIPOU30MIET JIMIIb B TOM CIIy4ae, €CIU Bbl 3alIOMHUTE BCE U3 MOEH
KHIWKKHU. B crenyromied riaBe s MOMBITAIOCh HABECTH y HAC B TOJOBaxX €Imie OONbITUH
nopsgok. S pacckaxy o TOM, Kak JIIOAM MBITAlOTCS OOBEAUHUTH JAPYT C JIPYTOM Te
OTAEIBHBIE TEOPUHU, O KOTOPBIX 51 pacckazall, crapasich CcO3/aTh MOJHYIO EIUHYIO TEOPHUIO,
KOTOpasi 0XBaThIBaja OBl BCE, UTO MIPOUCXOIUT BO BeeneHHoM.



10. OB bEAMHEHUE ®U3UKU

Kak yxe roopunocs B I1. 1, coBceM He MPOCTO cpa3y CTPOUTH MOTHYIO €IUHYIO TEOPUTO
BCEro, 4yTo mpoucxoiuT Bo Bcenennoii. [ToaToMy MBI mpojBuraemcst Brepes, co3aaBas
JACTHBIE TEOPUH, OMMCHIBAIOIINE KAKYIO-TO OTPAHWYEHHYIO 00JIaCTh COOBITMM, M ITHOO
npeHeoperaeM oCTaNbHBIMU 3¢ dekTaMu, TUO0 MPUOIMKEHHO 3aMEHIeM UX HEKOTOPBIMU
gucinamu. (HampuMmep, B XMMUKM MOXHO PacCUMTHIBATHL B3aUMOACHCTBHUS aTOMOB, HE 3Had
BHYTPEHHETO CTPOEHUS aTOMHOTO s71pa). Ho MOKHO HafiesThCsl Ha TO, YTO B KOHIIE KOHIIOB
OyleT HalijleHa MOJIHAs, HEeMPOTHUBOpPEUWBAA €JIMHAs TEOpHsA, B KOTOPYIO BCE YaCTHbHIE
TEOpUH OYAYT BXOJIUTH B KAYECTBE MPUOIMKEHUNH U KOTOPYIO HE HYKHO OYyJIET MOATOHSTH
MOJT KCTIEPUMEHT ITOI00POM 3HAUEHUH BXOASAIINX B Hee TIPOU3BOIBLHEIX BelnMuuH. PaboTa
II0 CO3/IaHUIO TaKOH TeOpHH HasbIBaeTcs oOveanHeHueM (usuku. [locnennue roasl cBoeil
KU3HU DUHIITENH MOYTH UEITWKOM MOCBATUII MOWCKAM €IMHOM TEOpWUU, HO Bpems s
9TOrO TOTJAa €Ie HEe TPUIIIO: CYIIECTBOBAIM YaCTHbIE TEOPUM TPaBUTALUM U
SIEKTPOMATrHUTHBIX B3aUMOJIEUCTBHUM, HO O SIEPHBIX CHJIaX OBbUIO Mallo 4TO W3BecTHO. K
TOMY e DUHIITEeHH OTKa3bIBAJCS BEPUTH B PEANTBHOCTh KBAHTOBOW MEXaHMKH, HECMOTPS
Ha Ty OrPOMHYIO pOJb, KOTOPYIO OH caM ChIrpal B €€ pasButhud. Ho npuHumn
HEOTIPEICTICHHOCTH SBISIETCS, MO-BUIMMOMY, (DyHIaMEHTAIbHBIM CBOMCTBOM BceeneHHoi,
B KOTOpOW MBI XUBeM. [lodToMy OH 00s3aTeIbHO JOIKEH OBITh COCTABHOM YacCTBIO
NIPABUIILHON €IUHOU TEOPHUH.

Jlanbime s mokaxy, 4TO HaJAeX/bl Ha IOCTPOCHNE TaKOH TEOPHUU CHIIBHO BO3POCIH, H0O
MBI cefiuac 3HaYUTEIbHO Oonbiie y3Ha o Bcenennoit. Ho He HyXHO OBITH uepecdyp
YBEPEHHBIM — MBI yXKe¢ HE pa3 CTAIKMBAINChL ¢ Mupaxkamu! Hampumep, B Hawaie Beka
CUHTANOCh, YTO BCE MOXHO OOBSCHUTH C TIIOMOINBIO CBOWCTB, XapaKTepHU3YIOIIUX
HEIPEepHIBHOE BEIIECTBO, CKAXKEM, TaKUX, KaK YIPYroCTh U TEIUIONPOBOAHOCTE. OTKpPEITHE
CTpPOCHMA aToMa W TPHUHIMIA HEONMPEAETCHHOCTH HaBCErJa MOKOHYMIO C TMOJA0OHBIM
noxxonoM. 3ateM B 1928 . pusuk, naypeat Hodenerckoii npemun Makc BopH, BeicTymas
nepen rocTsMu [ €TTHHTEHCKOTO YHHWBepcuTeTa, ckazaln: «®du3uka B TOM CMEICIE, B
KOTOPOM MBI €¢ IOHMMaeM, udepe3 IMoJrofa KoHUHTcsS». B cBoel yBepeHHOocTH BopH
OCHOBBIBAJICS Ha HETaBHO OTKpPLITOM JlupakoMm ypaBHEHUHM Ui dNeKTpoHa. Bee mymanu,
4TO aHAJIOTUYHOE ypaBHEHHE JOIKHO CYIIECTBOBATh W AJNA MPOTOHA — BTOPOM M3 ABYX
W3BECTHBIX TOTAA YACTHIL, — W TOrJa TeopeTudeckas (uszuka KOHUMTCSA. Ho OTKpbITHE
HEUTpOHA M SIEPHBIX CUII pa3Besiio M 9TH TpecKka3anus. 1 Bce ke s yBepeH, uTo ceddac
€CTb OCHOBAHMS JUISI OCTOPOXKHOTO ONTHMH3MA: MBI, ITOXKATyH, OIU3KH K 3aBEPIICHHIO
MIOUCKOB OKOHYATEILHBIX 3aKOHOB TIPUPOJIEI.

B mpeasigymmx rnaBax s ToBOpHI 00 0OmIedl TeopuM OTHOCHTENHHOCTH, KOTOpas
IIpeICTaBIsAeT COOOM YacTHYIO TEOPUIO TPABUTALIUH, U O YACTHBIX TEOPUIX, OTTMCHIBAIOITNX
cnabble, CUITBHBIE U AJIEKTPOMarHUTHHIE B3auMojielicTBud. [locnennue Tpu Teopuy MOryT
ObITb OOBEIMHEHBI B TaK Ha3bIBAEMbIE TEOPUM BEIMKOr0 OOBEIMHEHUs, KOTOPbIE HENb3s
CYUTATh JOCTATOYHO YAOBIETBOPUTEIBHBIMHU, IOTOMY YTO OHU HE BKIIFOYAIOT TPaBUTALNIO
U coIepKaT BEIMYUHBI, HAIPUMEDP OTHOCHUTEIBHBIE MACCHl Pa3HBIX YacTHI, KOTOpPHIE HE
BEIYUCIIIOTCS TEOPETUUECKHU U JOILKHBI TOA0NPATHCA U3 YCIOBHS HAUIIYYIIEro COTIacus ¢
skcriepuMeHTOM. OCHOBHAs TPYAHOCTh TIOCTPOEHMSI TEOPUH, KOTOpas 0ObenuHsAna Obl
IPaBUTALIMIO C OCTATBHBIMU CUIIAMU, CBSA3aHA C TE€M, YTO 00IIasi TEOPUS OTHOCUTENbHOCTH



npenacTaBiseT co0OW  KITacCHYecKyro TeOopHio, T. €. He BKIYaeT B celd
KBaHTOBO-MEXaHMYECKUI TPHUHIUIN HEOIPEACICHHOCTH. Jpyrue ke YacTHBIE TEOPUU
CYIIIECTBEHHO CBsI3aHbl C KBAaHTOBOM MexaHukoi. [losTomy npexjie Bcero o01yto Teoputo
OTHOCUTENBHOCTH HEOOXOJIMMO OOBEIMHUTD C TPUHIIMIIOM HEONPEAEIeHHOCTH. MBI 3HAEM,
4TO PE3yJbTaTOM TAaKOTO OOBEIUHEHUS CTAHET P YAWBUTEIBHBIX CIEACTBUMN: YEpHBIE
IBIPBI TIepecTaHyT OBITH YEepPHBIMH, a U3 BceleHHONW HCYE3HYT CHHTYISPHOCTH, U OHa
CTaHET IOTHOCTHI0 3aMKHYTOH U He nMmetolnelt rpanui. Ho, kak yxe 00bsICcHATOCH B I'1l. 7,
37€Cb BO3HMKAlOT 3aTPYy/IHEHMWs, CBS3aHHbIE C TEM, 4YTO B CUJIy NpPUHLMNA
HEOIPENIEIICHHOCTH JIaXK€E IyCTOE ITPOCTPAHCTBO 3aIIOIIHEHO TTapaMHU BUPTYaIbHBIX YaCTHI]
W aHTUYACTHII. DTH Tapbl 00J1a1a10T OECKOHEYHOMN IHEPTHEN, a TOTOMY B COOTBETCTBHH CO
3HAMEHUTEIM ypaBHEeHHeM DitHmTeiina E = mc” WX Macca Toxke JOIKHA OBITH GeCKOHeUHa.
CnenoBaTenbHO, MOJ JEHCTBHEM CO3JaBAEMOI0 MMM T'PaBUTALMOHHOIO MPUTSHKEHUS
Bcenennas n1omxkHa, HCKPUBIISISICh, CBOPaUYUBATHCA 10 OECKOHEYHO MaJIbIX Pa3MEPOB.

Taxue e Hemnernble OCCKOHEYHOCTH BO3HUKAIOT U B APYTHUX YACTHBIX TCOPHUSIX, HO UX
BCErJAa MOXHO VYCTpaHUTL C IIOMOLIBK  IPOLEAYpBI, KOTOpas Ha3bIBaeTCs
MEPEHOPMUPOBKOM.  MeTon  NEepeHOPMUPOBOK  MMPEANUCHLIBAET BBEIECHUE  HOBBIX
OCCKOHEYHOCTEH 1T KOMTICHCAIIUH  CTapblX. HecMoTps Ha CBOIO  HEMOJIHYIO
MaTeMaTHICCKYIH0 000CHOBAHHOCTE, 3TOT METOJI YCICITHO TPUMCHSCTCS, W TIOJYICHHBIC C
€ro TIOMOIIBI0 TPEJICKAa3aHUS YACTHBIX TEOPUN Upe3BBIYAMHO TOYHO COTJIACYIOTCS C
pe3ynbTataMu HaOmroneHuil. OOHako B IUTaHE ITOMCKAa 3aBEPIICHHON TEOpHU METO.
MEPEHOPMUPOBOK 00NAJaeT OJIHUM CEpPbE3HbIM HEAOCTATKOM: OH HE [03BOJISIET
TEOPETUUECKU TMPECKA3aTh JIEHUCTBUTEILHBIE 3HAYCHHUS MAacC W CWJI; WX HPUXOTUTCA
MoI0MpaTh MyTEM MTOATOHKH K SKCIICPUMEHTY.

[Ipy mMoONBITKAX BKIIOYWTHL NPHUHIWI HEOMPEAENEHHOCTH B OOIIyH0 TEOPHUIO
OTHOCUTEJIBHOCTH MMEIOTCSl TOJIBKO JIBa YMCIIA, KOTOPHIE MOKHO TOJATOHSTH: BETUIMHA
TPaBUTAIIMOHHON CHJIBI U KOCMOJIOTHYECKast MocTosiHHAs. Ho MX n3MeHeHneM HeBO3M0XKHO
YCTPaHUTH Bce OECKOHEUHOCTH. 3HAUNT, MBI HMEEM TEOPHIO, COTTIACHO KOTOPOI HEKOTOPHIE
BEJIMUMHBI, HalpUMep KpUBH3HA IIPOCTPaHCTBA-BPEMEHH, JOJIKHBI OBITH 0€CKOHEYHBIMH,
HECMOTPs Ha TO YTO 3TH BETMYMHBI MOKHO HaOII01aTh, U U3 U3MEPEHUI BBITEKAET, YTO OHU
KoHeuHb! OTa Tmpobiiema, BO3HMKamIMas MpH OOBEIWHEHMH o0OLed Teopuu
OTHOCUTEJIBHOCTH C TIPUHIIMIIOM HEONPEIEIEHHOCTH, KaKOe-TO BpeMs CHUMTaIACh
COMHMTENIbHON, HO B KOHLIE KOHILIOB €€ pealbHOCTh OblLIa, HAaKOHEL, IOATBEepXkIeHa
JeTalbHBIMU pacueTaMu B 1972 1. Yepes yeTkipe T0/1a MOSABUIOCH OJTHO U3 BO3MOXKHBIX €€
pEeLeHn, Ha3BaHHOE TeopHell cyneprpaButauni. CyTb 3TOM TEOPUU B TOM, YTO FPaBUTOH
(yacTuma co CITUHOM 2, SBJSIONIASCS MEPEHOCYUKOM IPaBUTAIMOHHOIO0 B3aUMOAEHCTBUA)
00BEeIMHSAETCS C HEKOTOPBIMH HOBBIMH YaCTHIIAMH, UMEIOIIMMHU cWHBI 3/2, 1, 1/2 u 0.
Torma Bce 3TM yacTULBI B KAKOM-TO CMBICJIIE MOKHO paccMaTpuBaTh KaK pa3HbIE BUIBI
OJIHOM W TOW XK€ «CylepyacTULbI», OCYLIECTBUB TaKMM 00pa3oM OO0bEeIMHEHHE YacTHUI]
MaTepuu, UMeroIUX cnunbl 1/2 u 3/2, ¢ yacTulaMu — NepeHoCcYUKaMU B3aUMOJIEHCTBUA,
CIIUHBI KOTOPHIX paBHb! 0, 1 u 2. BupTyansHble aphl YaCTHIIA-aHTHYACTHLIA CO CITUHOM 1/2
1 3/2 o0namaroT MpH STOM OTPHIATENNLHON HEpTHel, KOMIEHCHPYFOIIEH TTOJIOXKUTETHEHYTO
SHEPTUI0 BUPTYAJIBHBIX Map co cnmuHoM 2, 1, 0. B pesynbprare MHOTHME OECKOHEUHOCTH
OyZyT yCTpaHEHbI, HO €CTh MOA03PEHUs, YTO KaKasi-TO UX YaCTb MOXET BCE E OCTAThCH.
OnHako BBUICHEHME TOro, BCE JM OECKOHEYHOCTH YCTPAHEHBI, TPEOOBAJIO CTOJb



TPOMO3JIKAX M CIIOKHBIX PacdyeToB, YTO UMW HUKTO He coOupancs 3aHuMarbes. OmeHKH
I0Ka3anM, 4TO JaXke C IIOMOINBI0 KOMIIBIOTepa paboTa 3aHsula OBl HUKaK HE MEHBIIE
YeTbIpeX JeT, W NpU HTOM OYEHb BEJIMKAa BEPOATHOCTb XOTh pPa3 OLIMOUTHCS.
CnenoBatenbHO, B OTBETE MOXKHO OBITh YBEPEHHBIM JIUIIL B TOM CIIY4ae, €CIIU KTO-HUOYIb
JIpYTOl TIOBTOPHI OBl BCE BBIYUCIEHUS M MONYYWI TOT K€ PE3yNbTaT, a Ha 3TO TPYIHO
pacCcUUTHIBATH.

e S fe ey

OTRKPBITAH SAMKHYTAA
CTPVYHA CTPYHA

BPEMHA

MHPOBOI1JIMCT MHPOBOM JAHCT
OTKPBITOH CTPYHD 3AMEHYTOW CTPYHBI

Puc. 10.1 Puc.10.2

Hecmotps Ha Bce 3T mpoOieMbl U Ha TO, UTO YACTHILI B TEOPUAX CyNeprpaBUTAIINH,
MO-BUAMMOMY, OTJIIMYATUCh OT HAOMIO1aeMbIX YaCTHL, OOJBIIMHCTBO YYEHBIX CUATATIO, YTO
CyIeprpaBUTAIAs MOKET MPUBECTH K TPABUILHOMY PEIICHHIO 3a7aui 00 00beAMHEHUU
¢usnkn. Ho B 1984 1. obmiee yueHoe MHEHHWE CHIBHEHITUM 00pa3oM W3MEHMIIOCH B
CTOPOHY TaK Ha3bIBAEMBIX CTPYHHBIX Teopwidi. OCHOBHBIMH OOBEKTaMU CTPYHHBIX TEOPHH
BBHICTYIIAIOT HE YacTHIIbI, 3aHUMAIOIIHE BCEro JIUIIb TOYKY B IPOCTPAHCTBE, a HEKHE
CTPYKTYpbl BpoA€ OECKOHEUHO TOHKMUX KYCOUYKOB CTPYHbI, HE HMEIOIIHUX HUKAKUX
U3MEpPEeHU, KpoMe AnuHbl. KOHUBI 3THX CTPYyH MOTYT ObITb IHOO CBOOOIHBI (Tax
HA3bIBAEMBIE OTKPBITHIE CTPYHBI), TMO0 COEAMHEHB! APYT C IPYroM (3aMKHYTBIE CTPYHBI)
(puc. 10.1 u 10.2). Yactuna B ka6l MOMEHT BPEMEHHU TIPEJICTABISAETCS OTHON TOUKOM B
npoctpaHcTBe. (CleoBaTeNbHO, €€ MCTOPHIO MOXKHO M300pa3uTh IJHHHUEH B
MPOCTPAHCTBE-BpEMEHU (MHpoBas nuUHUsA). Ho cTpyHe B KaXIblii MOMEHT BpPEMEHM
OTBEUaeT IIMHUSA B TpeXMepHOM TipocTpaHcTBe. ClenoBaTenbHO, €€ UCTOpUS B
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MIPOCTPaHCTBE-BPEMEHN W300paxkaeTcs ABYMEPHOW TOBEPXHOCTHIO, KOTOpas Ha3bIBaCTCS
«MHPOBBIM JUCTOM». (J[t0Oyr0 TOUKY Ha TakOM MHUPOBOM JIUCTE MOXHO 3a0aTh ABYMS
YUCIIaMU, OAHO M3 KOTOPBIX — BpEMs, a JIPyroe — IIOJO0KEHUE TOYKHM HA CTPYHE).
MupoBoii THCT OTKPBITON CTPYHBI MPEACTABISAET COOO0N MONOCY, Kpasi KOTOPOH OTBEHAIOT
IyTSM KOHIIOB CTPYHHI B IIpocTpaHcTBe-BpeMeHH (puc. 10.1). MupoBoii muct 3aMKHYTON
CTPYHBI — 3TO WWIAWHAP wuimu TpyOka (puc. 10.2), cedeHHMEM KOTOpOM SBISETCS
OKPYKHOCTbB, OTBEUYAIOIIAs TTOJOKEHUIO CTPYHBI B ONpPeIeIEHHBI MOMEHT BPEMEHHU.

OJA HEJAS CTPYHA

OJAHA LEJTAA CTPYHA

4 CHMATTIME
AB¥X CTPYH

JIAAHWE
ABYX CTPYH

b
= o
JABE X = - 2
JOTAEABHBIE By L B
LA = OTJIE/TLHBL m
CTPYHBI CTPYHBI
MHPO BOMJIMCT ABYX OTKPBITHIX CTPYII, MUPOBOU NUCT JIBYX 3AMKHYTBIX CTPYH,
COENMHAIOIIMXCH JIPVT CJPYTIOM COEJIMHAIOIMXCH JAPYT C/IPYTOM
Puc. 10.3 Puc. 10.4

JIBa xycka CTpyHBI MOTYT COEIMHUTHCS B OJHY CTPYHY; B ClIydae OTKPBITHIX CTPYH OHU
MPOCTO CMBIKAIOTCA KOHIAMHU (puc. 10.3), a coeAnHEeHUE 3aMKHYTHIX CTPYH HAITOMHUHAET
coeMHEHWE JBYX IITaHUH B Optokax (puc. 10.4). AHanoruuyHbIM 00pa3oM KYCOK CTPYHBI
MOXET pa3opBaThCA HA JBE CTPYHBI. 10, 4TO paHbBIIE CYUTAIOCH YACTHIIAMH, B CTPYHHBIX
TEOpUIX M300pakaeTcs B BUJE BOJH, OETYIIUX IO CTPYHE TakK ke, Kak OeTyT BOJHBI 110
HAaTIHYTOH BepeBKe, €CIM ee JEepHYyTh 3a KoHell. MchyckaHue M TOTIOIIEHHEe OIHOM
YacTUIbI JIpyroll OTBEYAeT COEAWHEHMI0 W  paslellieHnto cTpyH. Hampuwmep,
rpaBUTAlMOHHAs cuia, ¢ Kotopod CoilHIE AEHCTBYET Ha 3€MIIIO, B TEOPUSAX YacCTHLL
n300pakanack Kak pe3yJabTaT UCITyCKaHUs KakoH-HUOyIs yacTulie Ha ColTHIe TPaBUTOHA
W TIOCIICAYFONICTO €T0 TOTJIOMICHHUS KaKoH-HUOyAhr dactuilcii Ha 3emie (puc. 10.5). B
TEOPUU CTPYH 3TOT Ipoliecc n3obpaxkaerca H-obpa3HuiM coequnenueM Tpyook (puc. 10.6).
(Teopust cTpyH B KaKOM-TO CMbICe T0Jl00Ha TeXHUKe BojaonpoBoauuka). [IBe
BEPTUKAIBHBIE CTOPOHBI COOTBETCTBYIOT YAaCTHIIAM, HaxoAamumMces Ha CoJIHIIE U Ha 3eMIle,
a TOPU3OHTAIIbHAS TIONIEPEUYNHA OTBEYAET JIETAIIEMY MEXAY HUMU TPABUTOHY.
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[PABHTOH I'PABHTOH

BPEMHA

HACTHILA YACTULIA SR .
HA BEMIE HA COJTHILE Il TuA ARG,
HA BEMJIE HA COJTHIIE

Puc. 10.5 Puc. 10.6

Teopus cTpyH wuMeeT oOdUeHb HEOOBIYHYI0 HcTOpHI0. (OHa BO3HUKIA B KOHIIE
MIECTUIECATHIX TOJ0B MPHU MOMBITKAX MOCTPOUTH TEOPUIO CUIIBHBIX B3anMoAecTBUM. Mnes
Oblla B TOM, 4TOOBI YacCTHIBI THIA TPOTOHA W HEWTpPOHA paccMaTpyBaTh KakK BOIHEI,
pacrpocTpaHsomuecss 1Mo crpyHe. Toraa CWiIbHBIE CHJIbI, JIEHUCTBYIOIIHUE MEXIY
JACTUIIAMHA, COOTBETCTBYIOT OTpe3KaM CTPYH, COCAWHSIONINM MEXIy COo00#, Kak B
MayTUHE, JPYThe Y4acTKU CTPyH. A TOro 4ToOBI BHIUMCIECHHAS B 3TOW TEOpUU CHIIA
B3aUMOJICHCTBUSl MMElla 3HAYEHUE, OTBEUAIOlICe SKCIEPUMEHTY, CTPYHbI JTOJKHBI OBITh
SKBHUBAJICHTHBI PE3UHOBBIM JIEHTAM, HATIHYTHIM C CUJIOM OKOJIO JECSITH TOHH.

B 1974 r. napwkanun Jxosme Ilepk w Jxon Illeapn w3 Kamudopuwuitckoro
TEXHOJIOTMYECKOT0 WHCTUTYTA ONMYyOIMKOBaNIW padOTy, B KOTOPOUM OBLIO MOKAa3aHO, UYTO
TEOpUsl CTPYH MOKET OIMUCHIBATH TPABUTAUMOHHOE B3aUMOJEHCTBUE, HO TOJBKO TIPH
3HAUNUTEIBHO OOJIBIIEM HATSKEHUHM CTPYHBI — TIOPSAJIKA THICSIU MUJUTMOHOB MUJUIMOHOB
MUJITHOHOB MUJUTMOHOB MUJUTMOHOB MUJITHOHOB (€IMHUIIA C TPUALATHIO AEBITHIO HYJISIMU)
TOHH. B 00BIYHBIX MacmiTabax IMpecKa3aHus TaKoW CTPYHHON MOJEnu U oOlIel Teopuu
OTHOCHUTENBHOCTU COBMAJalid, HO HAYMHAIIUA pa3lIM4aThCsl Ha OYEHHb MAJIBIX PACCTOAHUSIX,
MEHBIIUX OAHOM ThICAYA MUIUIMOH MWUIMOH MWUIMOH MWUJIMOH MWIUIMOHHOM JOJIH
caHTUMETpa (OJMH CAHTUMETp, ACJICHHBIM Ha €IUHUIY C TPUALATHI0 TPeMs HYISIMH).
Oxnako 3Ta paboTa He TIPUBJIEKIa 0COOEHHOTO BHUMAHUS, IIOTOMY UTO KakK pa3 B TO BpeMs
MHOTHE OTKa3aJIUCh OT MEPBOHAYAIBHOW CTPYHHOU TEOPUM CUJIBLHOIO B3aUMOIEHCTBUS,
00paTUBILNUCH K TEOPUU KBAPKOB U TIIOOHOB, PE3yIbTaThl KOTOPOW 3HAYHUTENLHO Ty4Ile
cornacoBanuch ¢ skcnepuMmentoM. Illepk Tparudecku ymep (y mero 0wl Auader, U BO
BpCMsI KOMEBI PSJIOM HE 0Ka3alloCh HUKOTO, KTO OBI CICHAll €My YKOJI HHCynuHa), u [IIBapn
OCTaJCs IOYTH €IMHCTBEHHBIM CTOPOHHUKOM CTPYHHOH T€OpHH, HO CO 3HAYUTENILHO OoJiee
CHUJIBHBIM HaTsKEHUEM CTPYH.
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B 1984 r. unTepec K cTpyHAM HEOXXKHUAaHHO Bo3poauics. Ha To 66110, To-BUANMOMY, IBC
OpUuYuHBL. Bo-TIepBBEIX, HUKTO HE MOI HHYEro JOOUTHCA, MBITasiACh IOKa3aTh, YTO
CylneprpaBUTallisl KOHEUHA WIM YTO C €€ MOMOIIbI0 MOXHO OOBACHUTH CYIIIECTBOBAHUE
BCEX Pa3HOOOpa3HbIX YACTHL, KOTOpble Mbl HaOmogaem. Bropoil npuunHOi Oblia
nyomukamms  ctate  Jxkowa IlIBapuma wu  Matika Tpuna wu3  JloHmoHCKOTO
Kyun-Mbspu-konnenxa, B KOTOpoit OBUI0 MTOKa3aHo, YTO € TTOMOIIBI0 TEOPUH CTPYH MOKHO
OOBSICHUTH CYLIECTBOBAaHNE YacCTHIl C JIEBOH CIHMPATbHOCTBHIO, KaK Y HEKOTOPHIX M3 TeX
qacTul, 4YTo Mbl HaOtoaaeM. Kakumu Ob1 HU ObIIM MOOYIMTENBHBIE MOTHBBI, BCKOPE OYEHb
MHOTHE OOpaTWIUCh K TEOPUU CTPYyH, B PE3ylbTaTe 4YEero TMOsSBUIIACh €€ HOoBas
Pa3HOBUIHOCTh — TEOPHUS TaK HA3BIBAEMOW TE€TepOTHHECKONW CTPYHBI, KOTOpas JaeT
HAJIeK Iy Ha 00BICHEHNE Pa3HOOOPa3Hsl BUA0B HAOIIOJAEMBIX YACTHII.

KPATYAWIIME OYTEH U3 AB A
B TPEX MU3MEPEHWEK

KPATYAMIITAN NYTL U3 AB B
B ABYX U3MEPEHMAX

i — o —— o — — v p e - o — o —

TOP

Puc. 10.7

B TCOpUAX CTPYH TOXKE BO3ZHUKAIOT 6€CKOHC‘1HOCTI/I, HO CCTh HAACKAd, 4TO B TCX HIIN
HUHBIX TCOPHAX I‘@T@pOTH‘-I@CKOfI CTPYHHI 5TH 0E€CKOHEUYHOCTH COKpPATATCA (XOTH IIOKa 3TO
Clic HC I/I3B€CTHO). Ho CTPYHHBIC TCOpPHH COJACPKAT 3HAYUTCILHO Ooiee CCPLC3HYIO
TPYAHOCTS! OHH HETIPOTUBOPCYMBHI, no-BUINMOMY, JINIIb B JACCATH 401041
ABAAIATUIICCTUMCPHOM IMPOCTPAHCTBC-BPCMCHHU, 4 HC B OOBIYHOM r-ICT]:IpeXMepHOM!
JIumHue HU3MEPEHUA — 3TO OOBITHOE JCJI0 B HaquOﬁ q)aHTaCTI/IKC; TaM 0€3 HUX U B CAaMOM
JACIIC ITOYTH HCBO3MOXKHO O6OI71TPICB, IHOTOMY 4YTO MHAYC, N3-3d4 TOI'O YTO, COTIIACHO TCOPHUH
OTHOCHUTCIIBHOCTHU, HCIbL3A ABUTATHCA 6BICTp€€ CBCTA, NMyTCHICCTBUA CpcAu 3BE34 U
TaJIaKTUK TIPOUCXOAUITH OBI HEMBICITUMO HOJITO. I/I)IESI HayLIHOﬁ (baHTaCTI/IKI/I 3aKJIFO4YACTCA B
TOM, 9TO MOXHO KaK TO COKPATUTH IIYTh, HpOﬁ)IfI YCpC3 JIMIIHCC U3MCPCHHC. :‘)Ty MBICIIb

125



MOXXHO CIEIyIONMM 00pa3oM TIOSCHUTH Ha pucyHke. IIpencraBbTe cebe, dUTO
MPOCTPAHCTBO, B KOTOPOM MBI KHUBEM, UMEET TOIIBKO JIBAa U3MEPEHUS U UCKPUBIIEHO, KaK
MOBEepXHOCThL OyOnuka, unu topa (puc. 10.7). Ecnu Bbl HaX0AUTECh B KAKOW-TO TOYKE Ha
BHYTPEHHEN CTOPOHE TOPA U XOTUTE MOMACTh B MPOTUBOMOJIOKHYIO TOUKY, BaM MPUIETCS
000UTH TOp TIO BHYTPEHHEMY KOJBIY. A eciau OBl BbI YMETH MEPEMENIAThCI B TPETHEM
W3MCPCHUH, BB MOTIIH OBI CpPe3aTh, MOUIS HAPSIMUK.

Ho nouemy ke Mbl HE 3aMeyaeM BCE 3TH JOMNOJHUTEIBHBIE W3MEPEHUSA, €CIIU OHU
JEUCTBUTENBHO CYLIECTBYIOT?

[loueMy MBI BUAMM TOJBKO TPH MPOCTPAHCTBEHHBIX U OJHO BPEMEHHOE H3MEpCHUE?
Bo3mokHO, npuunHa KpoOETcsi B TOM, UTO JIPYTME€ M3MEPEHUS CBEPHYTHI B OYEHb MAaJo€
MPOCTPAHCTBO pPa3MEPOM TOpAAKa OJHOM MWIJIMOH MHIUIMOH MHUJUIMOH MUJUIMOH
MUJUTHOHHOW JONMU caHThuMeTpa. OHO Tak MaJio, 4TO MBI €ro IMPOCTO HE 3aMedaeM: MBI
BUJUM BCETO JIUIIL OIHO BPEMEHHOE U TPU IPOCTPAHCTBECHHBIX U3MEPECHUsA, B KOTOPHIX
MPOCTPAHCTBO-BPEMSI BBITIISIAUT JOBOJIBHO NIIOCKKMM. TO K€ camoe MPOUCXOAUT, KOTJ1a MBI
CMOTPHM Ia MOBEPXHOCTH aleIhCHHA: BOJIU3U OHA BHITIISIIUT HCKPUBICHHON U HEPOBHOM, a
n31am OyrOpKH HEe BUIHBI U alleIbCHH KAKETCH TIAaIKUM. Tak ke U IPOCTPAHCTBO-BPEMS:
B OYEHb MaJIBIX MAacIITabax OHO JECATUMEPHO U CHUIBLHO HCKPHUBJIEHO, a B OOJBITUX
MacimTabax KpHBH3HA U JOTIOJIHUTEIbHBIC U3MEPEHUS HE BUIHBL. ECIH 3TO NMpeacTaBlIcHNE
BEpHO, TO OHO HECET JAYPHBIE BECTH OYIYIIUM IMOKOPUTEISIM KOCMOCA: JOMOJHUTEIIHLHBIC
U3MEpPEeHUs OYIYT CIMIITKOM Mallbl JIsT MPOX0/ia KocMHUUYecKoro kopabns. Ho Bo3HMKaeT u
Ipyras cepbe3Has npobiema. [loueMy JUIIL HEKOTOpHIE, a HE BCE BOOOIIE W3MEPECHHS
JIOJDKHBI CBEPHYTHLCS B MaJIeHbKHUU Iapuk? Ha oueHb paHHeW cTaauu BCe U3MEPEHUS BO
BcenenHolt OBIIHA, MO-BUAUMOMY, OYE€HL CHIBHO HCKpHUBJIEHBL. Ilouemy ke omHO
BPEMEHHOE U TPU MPOCTPAHCTBECHHBIX W3MEPCHUS pPa3BEPHYIUCH, a BCE OCTAIbHEIC
OCTarOTCSl TYTO CBEPHYTHIMU ?



THAHIEBAPHTENL HLIA TPAKT

JABYMEPIHOE JKMBOTHOE

Puc. 10.8

OauH W3  BO3MOXHBIX  OTBETOB  JIA€TCS  AHTPOITHBIM  TIpUHIUMIOM.  JIByx
MPOCTPAHCTBEHHBIX M3MEPEHUH, MO-BUAMMOMY, HEIOCTATOYHO AN TOro, YTOOBI MOTIH
Pa3BUTLCS TAKUE CIOKHBIE CYIIECTBA, KaK Mbl. JKuBs, HapuMep, Ha OTHOMEPHOU 3emile,
JIBYyMEpHBIC )KUBOTHBIE, YTOOBI Pa30UTHCH TIPH BCTpeue, OBUTA OBl BRIHYKICHBI TIEPETe3aTh
JIpyT depe3 npyra. Ecim Obl IByMepHOE CYIIECTBO MUTAIOCH YeM-HUOYIb TaKWM, 9TO HE
TiepeBapruBaeTCs 10 KOHIIA, TO OCTATKH JTOJKHBI OBIITN OBl BBIBOJUTHCS 110 TOMY K€ Y TH, 110
KOTOPOMY BXOIMT MWILNA, TaK Kak IMPU HAJIWYUU CKBO3HOIO MPOXOJa Yepe3 BCE Teso
KUBOTHOE 0Ka3aJoch Obl pa3JeleHHbIM Ha JIBE OTHENbHbBIE TTOJIOBUHBI, U Hallle AByMEPHOE
CYIIECTBO pa3Balmiiock Obl Ha ABe dacTh (puc. 10.8). TouHO Tak *e TPYAHO MPEACTABUTH
cede, KaKk y IBYMEPHOTO CYIIECTBa MPOUCX0auia Obl IUPKYIALINS KPOBH.

Tpyanoctu Bo3HMKanuM OBl MU B TOM Ciyd4ae, €CIA Obl YKCIO TMPOCTPAHCTBEHHBIX
U3MEpeHUH OBUTO Oonblie TpeX. I'paBHUTAIIMOHHAS CHIIA MCKIY IBYMS TCIIaMH OBICTpCC
Bo3pacTana ObI C paccTOSHHEM, 4eM B TpexmepHoM mpocTpaHcTBe. (Korma paccrosaue
yBaUBaETCS, TO B TPEX M3MEPEHUIX TPABUTAITHOHHAS CHIIa YMEHBIIIACTCS B UETHIpE pasa, B
YETBIPEX U3MEPEHHUIAX — B BOCEMb pa3, B TSITH — B IIECTHAANATH pa3 U T. J1.). DTO 3HAYMT,
910 OpOUTHI TUTAHET, HATpUMEp, 3eMiH, Bpamarmuxcs Bokpyr ConHia, ObBUTH OB
HCCTAOWIIBHBI: MaJICHIIICE OTKIIOHCHHUE OT KPYTOBOUW OpOMTHI (BO3HUKIIICE, JOITYCTHM, U334
IPaBUTALMOHHOTO MPUTSKEHUS JPYTUX IIaHET) IPUBENIO OBl K TOMY, YTO 3eMIIsl cTajia Obl
JBUTaThCs HO crupanu mubo ot ComHia, mu6o k ComHity. MBI OBl TOT/Ia TU00 3aMep3iu,
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mubo cropenmd. Ha camom geme, ecnmd OBl 3aBUCUMOCTL TPaBUTAIMOHHOW CHIBI OT
paccTosiHUs ObllIa OIMHAKOBOM B MIPOCTPAHCTBAX C pa3MEpPHOCTHIO BhIMIEe TpeX, To ConHIle
He MOrio Obl CyIIECTBOBATHL B CTA0MIBLHOM COCTOSHUM, B KOTOPOM COXPaHSIETCS
paBHOBeCHE MEX]Y AaBleHUEM U rpaBuTauueid. OHo nudo pacnanoch Obl Ha YacTH, KOO,
CKOJUTATICUPOBAB, MPEBPATUIIOCH B YEPHYIO ABIPY. B 000uX ciIydasx OT HEro y»Ke ObII0 OBl
Malio TOJIb3hI KaK OT WUCTOYHMKA TEIJla U CBeTa s TMOAJCPKKU XU3HH Ha 3emie. Ha
MEHBIINX MacmTabaxX 3IeKTPUYECKUE CHIIBI, MOJ JEWCTBHEM KOTOPHIX AIEKTPOHEI
oOpamaloTcsi B aTOME BOKPYT sijapa, Benu Obl ce0s Tak >Xe, Kak TpaBUTAIIMOHHBIE.
CrnenoBatenbHO, 3JIEKTPOHBI JMO0 BCE BMECTE BBUIETENH ObI U3 aroMma, JIN0O0 Mo cIupanu
ynanmu Ol Ha SApo. B ToM U jpyrom ciiydae He CyHIECTBOBAJIO OBl TAKWX aTOMOB, Kak
celtuac.

Torna, xazanoch Obl, OYEBHAHO, YTO XW3Hb, TIO KpaliHEel Mepe Tak, Kak Mbl ee cebe
TIpeICTaBIIIeM, MOXET CYIIECTBOBATE JIMIIb B TAKUX O0OJACTAX MPOCTPAHCTBA-BPEMEHH, B
KOTOPBIX OJHO BPEMEHHOE W TPH TIPOCTPAHCTBEHHBIX H3MEPEHUS HE OYEHb CHILHO
HCKPHUBIICHE. JTO O3HAa4yaeT, YyTO MBI HMEeM IIpaBO MPHU3BAaTh Ha IOMOIIL CIaObIif
AHTPOHHBIA TIPUHIIUII, €CIU CMOXEM I0Ka3aTh, YTO CTPYHHAsl TEOPUsS MO KpauWHeu mepe
JONycKaeT (a OHa, TO-BUAUMOMY, JIEHCTBUTEIBHO JIONYCKAET) CYIIECTBOBAHUE BO
Bcenennoit obnactelf ykazaHHOTO BUIa. BIoiiHe MOTYT CylIecTBOBATh U APYyTrHe 00JIaCTH
Bcenennoit nunu npyrue BceleHHBIE (4TO OBl TIOJI 3TUM HU MOJIPa3yMeBanoch), B KOTOPBIX
anb0 BCe W3MEpPEHHS CHIBHO WCKPHUBICHBI, JIHOO pacHpsMIEHO Oonblle YeTHIpeX
M3MEPEHH, HO B TIOJOOHBIX 00NAcTsIX HE OyJAeT pa3yMHBIX CYILIECTB, KOTOPbIE MOTIH OBl
YBUIETH 3TO pazHooOpa3ne ACUCTBYIOIIMX U3MEPEHU.

KpoMme ompenenenus ducia M3MEpeHHU, KOTOPHIMA 00JIalaeT IIPOCTPAHCTBO-BPEMsI, B
TEOPUU CTPYH €CTh €Ile W Apyrue 3aJayd, KOTOPhIE HAaJAO PEIIUTH, MPEKIAE YEM
MIPOBO3TIANIATH TCOPHIO CTPYH OKOHUATEIHLHOW eIWHON Teopued ¢u3mku. MBI 1moka He
3HaeM, Bce JIM 0ECKOHEUHOCTH KOMITEHCHPYIOT APYT JIpyra, U HE yMeeM TOYHO HAXOJIUTh
COOTBETCTBHE MEXKAY BOJIHAMHU Ha CTPYHE U ONPEAEIEHHEIMA TUIIAMH YaCTUL, KOTOPBIE MBI
HaOntomaeM. TeM He MEHee OTBETHl Ha 3TH BOMPOCH! OYNYT, MO-BUJIAUMOMY, HalJI€HEI B
Omkaiillirie HECKOJIBKO JIET, U K KOHILY BEKa Mbl Y3HAEM, SIBISETCS I TEOPUsl CTPYH TOM
JIONTOKIaHHON eAUHON Teopuen PU3HKHU.

Ho moxer nu enuHas Teopusl peallbHO CYIIecTBOBAThL? Mnu MBI MpoCTO ToHsAEMCS 3a
MHpakoM? Bo3MOXHBI, IO-BUAUMOMY, TPU BapHUaHTa.

1. Tlonnas edunas meopusi OelicmeumenbHO cywecmeyem, U Mvl ee Ko20d-HUbyowb
OMKpOeM, eClu NOCMAPAEMCS.

2. OxkoHuamenvHou meopuu Bcenennot wuem, a ecmb npocmo ©OecKOHeYHAA
nOCIe008amMeNbHOCMb Meopull, Komopble oarom gce bolee u Oonee MOYHOE ONUCAHUE
Bcenennoti.

3. Teopuu Bcenennoii He cywjecmgyem. cooblmusi He Mo2ym Obimb NPeocKa3anvl odiee
HeKomopo2o npeoena u npoucxoosanm npou3eoabHbiM 00pazom u becnopsoouHo.

B nonw3y TpeThero BapuaHTa HEKOTOPHIE BBLABUTAIOT TOT IOBOJ, YTO CYIECTBOBAHUE
TIOJTHOM CHUCTEMBI 3aKOHOB OTpaHUYIMIIO ObI cBOOOYy bora, eciii ObI OH nepeyMall U pemni



BMeaThCs B Haml Mup. CUTYaIls CPOTHU CTApOMy JT0OpOMY Mapagokcy: MoxeT i bor
COTBOPHUTH TaKOIf KaMeHb, KOTOpEIH OH caMm He cMor OBl TOAHATE. Ho MBICIEL 0 TOM, uTO bor
MOKET MepeayMaTh, — 3TO IpUMep 3a0TyKACHUs, Ha KOTOPOE YKa3bIBall elle biakeHHbBIH
ABryCTHH; OHO BO3HUKAET, €CJIM CYUTATh bora CylecTBOM, JKUBYIIUM BO BPEMEHU; BPEMS
’K€ — CBOMCTBO TOJILKO Beenennotll, kotopas co3nana borom. 3amyckas Bceenennyto, bor,
BEPOSITHO, 3HAJI YTO AcacT!

C mnosBIEHUEM KBAaHTOBOW MEXaHWKU MPUILIO TOHUMAHUE TOTO, YTO COOBITHE
HEBO3MOXHO TIPEACKa3bIBATh a0CONIOTHO TOYHO W B IJIFOOOM TpeJIcKa3aHUM BCETIa
COJZICPKUTCS HECKOTOpas IO HeompeacaeHHOCTH. [Ipu kemanuu 3Ty HeolpeAeICHHOCTh
MOXHO OBIIO OB OTHECTH Ha CUET BMeEIaTelbcTBa bora, HO BMemaTenbCcTBa, HOCSIIETO
OUYEHb CTPaHHBIN XapaKTep: HET HUKAKUX CBUICTEINLCTB €ro XOTh KaKOoW-HUOY/E 1IeeBOM
HalpaBlIeHHOCTH. Pa3zymeercs, 0Ka3aBIINCh HATIPABJICHHBIM, OHO 110 CBOEMY TIOHSITHIO HE
OBUT0 OBl cyualHBIM. B Hamr Bek MBI MPAKTHYECKH HUCKITIOUMIIA TPETUH BO3MOKHBIN
BApUAHT, TPEAONpPEICTUB IIeb, CTOAIIYIO Tepe] HAyKOW: HAWTU CUCTEMY 3aKOHOB,
KOTOpBbIe AaBalmd OBl BO3MOXHOCThL NpPEACKa3bIBaTh COOBITHA B TNpeaenax TOYHOCTH,
YCTaHaBIWBAEMOMN MPUHILIUIIOM HEOMPEIEIECHHOCTH.

Bropas BO3MOKHOCTh, cBSI3aHHasg c CYIIECTBOBAHUEM OeCKOHEUHOI
MOCTIEIOBATEILHOCTH BCce 0oyee W Ooyee TOUHBIX TCOPHM, MOKA LETUKOM COTTIACYETCS C
HAIllUM OMBITOM. BO MHOTMX ClTydasix Mbl MOBBIIIATINA YYBCTBUTEIBHOCTh alnapaTrypbl WK
MIPOU3BOJIUIN OKCIICPUMEHThl HOBOTO THIIA JIMINB NS TOT0, YTOOBI OTKPHITH HOBHIC
SBJICHUS, KOTOpBIC eIle He OBUIM TIpeACKa3aHbl CYIIECTBYIOIIEH TEOpHUEeH, W IS WX
TIpeACcKa3aHus TPUXOIUIIOCH CO3/1aBaTh HOBYIO, Oojiee clokHyr0 Teoputo. IloaTomy He
OyleT HHMYEro OCOOCHHO YAMBUTEILHOTO, €CIH OKAXKETCA HEBEPHBIM IIpelCcKazaHue,
CIeTaHHOE B paMKaX COBPEMEHHBIX TCOPUM BEIHUKOTO 00BEIMHEHUS, O TOM, YTO HE JOJKHO
OBITh HHKAKHUX CYIIECTBEHHO HOBBIX SBJICHUH B TIPOMEXKYTKE OT 3HAYCHHS SHEPTHH
anekTpocnadboro odvemuuenust 100 1B 1o sHeprum BeaWKOro OOBEIWHEHHS, PaBHOU
IPUMEPHO THICSYE MUJUIMOHOB MHUJUIMOHOB THTa’JIE€KTPOHBOJILT. Ha caMoM [iese MOKHO
0KHJaTh, YTO OYAYT OTKPHITHI KaKNE-TO HOBBLIE CIIOU CTPYKTYpPHI, 0ojee 3JIeMeHTapHbIE,
YeM KBapKH U JIEKTPOHBI, KOTOPBIE MBI CE€lYaC CYUTAEM 3ITEMEHTapHBIMU.

Ho rpaButammss MoXker, T1O-BUAUMOMY, HaJIOXHUTb OTPAHWYEHHE HA  OTY
MOCEI0BATENHLHOCT BIOKEHHBIX OJIHA B JIPYTyI0 «Matpemiek». Eciu Obl cyiecTBoBana
4acTULA, SHEPrUs KOTOPOU MpeBbilana Obl MIaHKOBCKOE 3HAYEHUE — JAECATh MUJIIMOHOB
MUJUTMOHOB MUJUIMOHOB (€IMHUIIA C AEBATHANIATHIO HYISMH) IMra’eKTPOHBOIBT, — TO
ee Macca ObUTa OBl CTONB CHIBHO C’KaTa, 4TO YAacTHIAa BhIaBHIach Obl U3 BcemeHHOM,
obOpa3oBaB YepHYI ABIPy. Takum 00pazoM, TOCITEOBATEIIBHOCTH BCe 00Jee TOTHBIX
TEOpUH HOIDKHA, MIO-BUIUMOMY, MMEThb IIpelell IIpH Iepexoie KO Bce Ooinee u Oolee
BBICOKUM DSHEPIrusiM, a TNOTOMY TIPU KaKUX-TO DJHEPrusixX IOJKHA CYIIECTBOBATh
OKOHYATENbHAs Teopust BeeneHHou.

[ImaHKOBCKasi SHEpPrus, KOHEUHO, OTHEJEHA IPOIACThI0 OT SHEPTUM MOpSAKA COTHHU
CUTA’IEKTPOHBOJIILT — TOMO MaKCHUMyMa, KOTOpPbIM ceidyac MOXKHO JIOCTUYh B
1abopaToOpuH, U C TIOMOIILI0 YCKOPUTENEH BpAI JU YOACTCS BO3BECTH MOCT YEpPE3 3Ty
nponacTe B 0603puMoM Oyxayimem! Ho cToin BBICOKHME DHEPTUM MOTIH BO3HUKHYTH Ha
OUEeHb PAaHHUX CTaaUAX pa3BUTHA BceneHHoil. MHe KaxeTrcs, YTO H3y4YEHHE paHHEU



Bcenennoii u Tpe6OBaHI/I$I MaTeMaTHYeCKON COIrJIaCOBAHHOCTH MNPpHUBEAYT K CO3IdHHIO
MMOJTHOM €HHHOﬁ TCOpUN, H HpOI/ISOﬁﬂeT OTO CIIC IIPpH KHU3HHU KOI'O-TO M3 HAC, HBIHC
JKHUBYHIUX, €CIN, KOHCYHO, MBI 1O 3TOI'0 CaMH ceOs He B3OPBCM.

Yro GBI 3TO 0O3HAUaAN0, €clii ObI HaM JIEHCTBUTEIBHO YIaJ0Ch OTKPBITH OKOHYATEIHHYHO
Teoputo Bcenennoii? Kak yxe ropopuiocs B Iil. 1, MBI HUKOTJAa HE MOITH OBl OBITH
YBEPEHHBIMU B TOM, YTO HaWJ€HHAsl TEOPUS JEHUCTBUTEILHO BEPHA, IOTOMY YTO HUKAKYIO
TEOPUI0 HEeNb3d J1oKazaThb. Ho ecnmu oTKpbiTas Teopus Obina Obl MaTeMaTHYECKH
HEMPOTUBOPEUNBA U €€ NPECKA3aHMUS BCETIa COBMALAIM C SKCIIEPUMEHTOM, TO MBI MOTJIH
OBl HC COMHEBATRLCS B €€ MPABUIBLHOCTH. JTUM 3aBepIIIACh OBl JUIMHHAS U YAUBUTCIbHAS
rilaBa B MCTOPMM HMHTEIUIEKTyallbHOH OOpLOBI delloBeuecTBa 3a To3HaHWe BceneHHOM.
Kpome TOro, OTKpBITHE TakOW TEOPHM TPOU3BEIO OBl PEBONIOLUIO B MPEICTABICHUIX
OOBIYHBIX JIIOJIEM O 3akoHax, ympaBisommx Bceenennoii. Bo Bpemena HbroToHa
00pa30BaHHBIN YEIOBEK MOT, TI0 KpalHel Mepe B OOIIUX YepTax, OXBATUTH BECh 00BHEM
3HAHWI, KOTOPBIMH pacrojaraio uyejoBedecTBO. Ho ¢ Tex mop pa3BUTHE HAyKH
IPOMCXOAUT B TaKOM TeMIe, UYTO MOAOOHBEIH OXBaT CTal HEBO3MOXHBEIM. TeopHuu
HEMPEPBIBHO BUTTOM3MEHSIOTCS JUIsl COTJIACOBAHMS C pe3ylbTaTaMu HaOII0IeHM, 1 HUKTO
HE 3aHUMAaEeTCs TIepepadOTKON M YIPOIIEHUEM TEOPHH ISl TOTO, YTOOBI WX MOTJIIH TTOHSThH
HecnenuamucTsl. Jaxke Oyaydu CIenuaaucToM, MOKHO HAJICSIThCS TOHAThH JTUITL MAITYHO
qJacTh HAYYHBIX Teopuil. KpoMe Toro, pa3zButie MIeT Tak OBICTPO, UTO BCe, UeMy yuaT B
IIKOJIE UM YHUBEPCUTETE, BCEIrla HEMHOIO ycTapenoe. JIMmb e IMHUIBI MOTYT ABUTATHCS
BIIEpE]l HApaBHE C OBICTPO PacTyIMM 00beMoM MHpopMalu. M mpuxoauTcs mocBAIIaTh
5TOMY BCE CBOE BpeMsS U CIHEIHUAIM3UPOBATHCA JIMIIL B KAKOW-TO Y3KOW OONacTH.
OcranpHbIE MAJIO YTO 3HAKOT O TOM, YET0 JOCTHUTIIA HayKa U KaK 3TO TMEPEXUBAOT YUCHBIE.
Ecim Beputh DIIUHTTOHY, CEMBIECST JIeT Ha3aj JTUIIhL JIBa YeJOBeKa MOHUMATH OO0
TEOPUI0 OTHOCUTENbHOCTH. Celiyac ee 3HAlOT JECATKU ThICAY  BBITYCKHUKOB
YHUBEPCHUTETOB, @8 MHOTHE MUJUIMOHBI JIFOAEH MO KpalHEeW Mepe 3HAKOMBI C JIeXKalleil B €€
ocHoBe njeeil. Ecim Ob1 ObUTa OTKPBEITA TIONHAS €IWHAS TEOPHS, TO €€ CHCTEMATH3AIHS U
yOpoOITeHne, a MOTOM M TIperofiaBaHde B TIIKOJIe, TI0 KpaifHedl Mepe B OONIMX HepTax,
OKa3alluch OBl IIPOCTO JelIoM BpeMeHH. Torma Bce CMOrIU OBl IOTYYUTH HEKOTOPOE
MpEeACTaBIEHUE O 3aKOHaX, YIpaBIIOIIUX BceleHHOW M OTBETCTBEHHBIX 3a Hallle
CYIIIECTBOBaHUE.

Ecimu HamM nefcTBUTENRHO YIACTCS OTKPBITH TOTHYIO eIHHYIO TEOPHIO, TO 3TO HE OyAeT
03HayaTh, YTO MBI CMOXEM TpPEICKa3bIBaTh COOBITUS BooOmIe. Ha To ecTh IBe MPUUYUHEL.
Bo-nepBbix, Halu npeacKa3aTenbHbIe BO3MOKHOCTH OrpaHUYuEHbI
KBAHTOBO-MEXaHUYECKUM TPUHIIUIIOM HEONPENEICHHOCTH, W ¢ O3TUM HUYEro He
nojaenaems. [lpaBga, Ha TpakTHKe BTOPOE OrpaHUYEHWE CHUIIbHEE IepBoro. BTopoe
OTpaHUYEHUE CBA3AHO C TEM, UTO, €CIM HE CUMTATH OYEHBb IIPOCTHIX CIYyYaeB, MBI HE YMEEM
HAXOJIUTh TOYHBIE PEIICHUS YpaBHEHUH, OMUCHIBAIOMMUX Teoputo. (Mbl HE B COCTOSAHUU
TOYHO PEUIUTH JIaKe YpaBHEHUS JBUKEHUS TPEX TNl B HbIOTOHOBCKOM TEOPUU IPaBUTAIINH,
a ¢ pOCTOM YHCIIa TeJ ¥ YCIOKHEHUEM TEOPUH TPYIHOCTH eIlie OoJee yBETUINBAITCS ). MBI
yKe 3HaeM Te 3aKOHBI, KOTOPBIM MOAUYUHSIETCS TIOBEJCHUE BEIIECTBA BO BCEX YCIIOBUSX,
KpOMe SKCTpeMaJbHBIX. B WacTHOCTH, MBI 3HaeM caMbie BaXKHBIC 3aKOHBI, JIeXKalllue B
OCHOBE XUMUU U Ouonoruu. Tem He MeHee Mbl, KOHEYHO K€, HE TIPUUYUCISIEM ITH HAYKH K
pemeHHbIM TIpo0ieMaM; Mbl TIOKA HE JIOOWIUCH MOYTH HUKAKUX YCIIEXOB B MPEICKa3aHUU



TNOBCACHHUA YCIIOBCKA Hd OCHOBC MAaTCMAaTHYICCKUX ypaBHeHHﬁ! Taxkum O6p8.30M, CCJIU MBI "
Haﬁl[eM ITOJIHYIO CUCTCMY OCHOBHBIX 3dKOHOB, IICPCAd HAMHU HA MHOI'O JICT BIICPCA 6y,[[€T
CTOATH BBIBOBOM HAIICMY HMHTCIIICKTY 3a/4a4d pa3pa60T1<1/1 HOBBIX ﬂpl/I6JII/I}K€HHbIX
MCTOOOB, C IMOMOIIBIO KOTOPBIX MbI MOIJIA OBl YCONCIMHO TPCACKA3bIBATH BO3MOXKHLIC
PE3YIBTATHI B PCATIBHBIX CIIOXKHBIX CUTYAIUAX. HOJ’IHB}I, HCTIPOTHUBOPCUMBAA CAWHAA TCOPUSA
— JTO JIMIIb HepBBII;'I mar: Hala Hejib — IIOJIHOC IMOHMMAHUE BCETO IMPOUCXOIAANICTO
BOKPYT HAaC U HAIICTO COOCTBEHHOTO CYHICCTBOBAHU.



11. 3BAK/ITFOYEHUE

Mp&I K¥MBEM B YAUBHUTEIbHOM MUpe. HaM X04eTca MOHATH TO, YTO MBI BUJAUM BOKPYT, U
CIIPOCHUTH: KaKOBO TIPOUCXOXKJcHUE BceneHHOU? Kakoe MeCTO B HEHW 3aHUMAEM MbI, U
OTKYJla MBI U OHA — BCE 3TO B35JI0Ch? NTOYEMY BCE MIPOUCXOJIUT UMEHHO TaK, @ HE UHA4e?

JIns oTBeTa Ha 3TH BONPOCH! MBI IPUHUMAEM HEKYIO KapTHHY Mupa. Takol KapTUHON
MOXET OBITh KaK OalllHs W3 CTOSIINX APYT HA JPYre uepernax, HeCyluux Ha ce0e MIoCKYIo
3eMiTt0, TaK U Teopus cynepcTpyH. OOe oHM SABISIOTCS TeopusiMU BcelneHHoM, HO BTOpas
3HAYUTCIBHO MaTEMaTUIHEE U TOYHEE TiepBoil. Hu oj1Ha U3 3TUX Teopuid HE TOATBEPKICHA
HaOJIIOACHUAMU: HUKTO HUKOTA HE BUAEN TUTAaHTCKYIO uepemaxy ¢ Hameid 3emiel Ha
CIIMHE, HO B€Jlb U CYNIEPCTPYHY HUKTO HUKOT/Ia HE BUAEN. OJIHAKO MOJIENb YEpPENaX HEIb3sl
Ha3BaThb XOpOIIEH HAy4YyHOU Teopuel, MOTOMY UYTO OHA MPEACKA3bIBAET BO3MOKHOCTD
BBITIAJICHUS JIIOJeM depe3 Kpail wmupa. Takas BO3MOXKHOCTH HE TOATBEPXKJECHA
SKCIIEPUMEHTAIIBHO, Pa3BE UTO OHA OKAXETCA MIPUUUHON TIPEAIONaracéMoro UCUe3HOBCHUS
moaer B bepMyZickoM TpeyroibHUKe!

Camrie IICPBLIC IIOIBITKH OIIMCAHUA H 00BiAcHeHus BcegeHHOW OBIIM OCHOBAHBLI HA
OPEACTABICHUU, YTO COOBITHSIMH U SIBIIEHUSIMH npupoasl YIIpaBIdlOT JYXU, HAJACICHHEIC
YCIIOBCUCCKHMH OMOLOUAMH U ﬂCﬁCTBYIOMHe COBCPIICHHO KaK JHOIHN H a0CoMOTHO
HCIIPCACKA3YCMO.

DTH IyXW HacesIu TaKue TPHUPOIHBIE 00BEKTHI, KaK PEKH, TOPHI U HEOCCHBIC Tella,
Harnpumep, Connue u Jlyny. [lonaranocs 3anabpuBath X U JOOUBATHCS UX PACIIOIOKEHHUS,
9TO00BI 00ECNEeUnTh TUIOJIOPOJINE TIOUBHI W CMEHY BpeMeH roaa. Ho mocTemeHHO mroau
JOJKHBL OBLIIA MOAMETUThL ONpe/leNieHHble 3aKkoHOMepHOCTH: COITHIIE BCer/la BCTaBajio Ha
BOCTOKE W CAJHIIOCh Ha 3amajie He3aBUCUMO OT TOTO0, ObI/Ia WM He ObLTa TpWHECEHa KepTBa
oory Comamna. Comune, JlyHa W TUTaHeTsl XOAWIM 1O HeOy BIONB COBEPIICHHO
OTpEeNIeTIeHHBIX ITyTel, KOTOphle MOXHO OBIIO TIpeAcKa3aTh Hamepel C XOopollel
TouHocThi0. Comuile u JlyHa Bce e MOIIM OKa3zaThCsi Ooramu, HO Ooramu, KOTOPHIE
MOJAUUHSIOTCS CTPOTHUM, MO-BUIMMOMY, HE JOMYCKAIOUIMM UCKIIOUEHUN 3aKOHAM, €Clu,
KOHEUHO, OTBJIEYLCA OT POCCKA3HEH BpoJie JIETEHIBI O ToM, Kak paau Uucyca HaBuna
octaHoBuiochk CoHIIE.

CHauana 3daKOHOMCPHOCTH U 3dKOHBI OBLIH 06Hapy}KeHLI TOJBLKO B aCTPOHOMHH H €IIC B
CHUTAHHBIX ClIyHdadX. Ho mo MCPC pa3sBUTUA HUBUIIU3AIIHHU, W 0COOCHHO 3a ITOCIICTHUC
TPHUCTA JIECT, OTKPBLIBAIIMCH BCC HOBBLIC M HOBBLIC 3daKOHOMCPHOCTH M 3dKOHEI. Ycenemnoe
IIPUMCHCHUC 3THUX 3dKOHOB B HAY4JIC XIX B. IIPUBCIIO Jlannaca k JOKTPHUHE HAYYHOI'O
ACTCPMHUHHN3MA. Ee CyTb B TOM, YTO HOJIZKHA CYIICCTBOBATH CHUCTCMd 3dKOHOB, TOYHO
OIIPCACTAINX, KaK 6Y}1€T Pa3sBUBATLCA BC€J1€HH3,$I, o €€ COCTO’AHUK B OJUH
KaKOﬁ—HHGYﬂB MOMCHT BPCMCHH.

JlanmacoBCKUM JeTepMUHU3M OB HEMOIHBLIM HO JIBYyM NMpuUYuHaM. B Hem HUUero He
FOBOPUIIOCH O TOM, KaK CIEAYET BbIOUPATh 3aKOHbBI, U HUKAK HE OMPEAENIOCh HaYalbHOE
coctosaue Beenennoii. U To u apyroe npenoctapisiioch pemarsb bory. bor nomken Obut
pelInuTh, KakuM ObITh Haualdy BceleHHON W KakUM 3akoHaM cH MOMUYUHSATRECSA, HO C
BO3HUKHOBEHHEM BcCeleHHOUM €ro BMEIATENbCTBO MNpeKpaTuiioch. llpaktuyecku bory



OBIIIM OCTaBIICHBI UL TE 00MACTH, KOTOPHIC OBIITH HEMOHATHBI Hayke XIX B.

Ceiiuac MbI 3HACM, YTO MCUTHI Jlannaca o JACTCPMUHNU3MC HCPCAJIBHEIL, 110 Kpaﬁﬂeﬁ MCpPC B
TOM BHAC, KaK 3TO ITOHMMAJI Jlammmac. B CUITy KBAHTOBO-MCXAdHHWYCCKOTO IIPHUHIUIIA
HCOIIPCACIICHHOCT HCKOTOPBIC IIApbl BCIWYHWH, HANPUMCP, IMOJOKCHUC YACTHIBI M CC
CKOPOCTH, HEJIB3d OJHOBPEMEHHO abCOIIOTHO TOYHO MpEACKA3aTh.

KBaHTOBast MEXaHWKA B TIOJIOOHBIX CUTYAIIUSIX 00pamniaeTcs K 1ejIoMY KJIacCy KBAaHTOBBIX
TCOPUH, B KOTOPBIX YACTUIILI HC UMCIOT TOYHO OMPCICICHHBIX MOJIOKCHUN U CKOPOCTEH, a
MIPENICTABISIOTCA B BUJE BOJIH. Takue KBAaHTOBBIC TEOPUU SIBISIOTCS JETEPMHUHUCTCKUMU B
TOM CMBICJIE, YTO OHHU YKa3bIBalOT 3aKOH U3MEHEHUS BOJIH cO BpeMeHeM. llosTromy, 3Had
XapaKTEPUCTUKU BOJHBI B OJJUH MOMEHT BPEMEHHU, Mbl MOXKEM PacCuMTaTh, KAKUMU OHU
CTaHyT B JFO00H Ipyroii MOMEHT BPEMEHH. DIEMEHT HEMPEICKA3YEMOCTH U CITy4aHOCTH
BO3HUKAET JIUIIL TPH TONBITKAX HWHTEPIPETAINU BOITHHI HA OCHOBE IPEJICTABICHUMN O
MOJIOKEHUH M CKOpOCTH yacTuil. Ho B 3TOM-TO, BO3MOXHO, U 3aKITI0YAETCS Hallla OMNOKA:
MOXKET OBbITh, HET HM TIOJOXEHWW, HA CKOPOCTEH YacTHI], a CYNIECTBYIOT OJHHU TOJBKO
BOJTHBLI. M ommOka UMEHHO B TOM, 9TO MBI TILITAEMCSI BTUCHYTh TIOHSITUE BOJIHBI B HAIIH
3aCKOpPY3JIBIE  TIPEJCTABICHUS O TIOJOKEHUAX M CKOPOCTSIX, a BO3HUKAIOIIEE
HECOOTBETCTBUC U €CTh NMIPUUNHA KAXKYIICHCI HETTPEACKA3YEMOCTH.

U BOT MBI IOCTaBWIIM MHYIO 3aJa4y MEPE HAYKOM: HAUTU 3aKOHBI, KOTOPbIE MO3BOJISLIN
OBI TIPEeJICKa3BIBATh COOBITHS C TOYHOCTHIO, TOMTYCKAEMOW ITPUHIIUTIOM HEOTPEICIICHHOCTH.
Opanako Bce paBHO ocTaeTcs 0e3 OTBeTa BOMPOC: KaK W MOUEMYy TPOU3BOIUIICS BBHIOOD
3aKOHOB ¥ HAaYaJILHOT'O cOCTOSTHUS Becenennoi?

B 3T0it xHUTE 5 0CO00 BBIAEHHI 3aKOHBI, KOTOPHIM TIOIYHHSICTCS TPABUTAIIHS, TIOTOMY
qT0, XOTS TPABUTAITMOHHBIC CUJTBI caMBble CITa0bIe U3 CYIECTBYOIIMX YE€THIPEX THITOB CHJI,
UMEHHO TIOJ JSHCTBHEM TpaBUTAIMHU (OPMHUPYETCS KPYITHOMACIITAOHAS CTPYKTypa
BcenenHoil. 3akoHbl rpaBUTallMM OBbUIM HECOBMECTHMMBI C €II€ HEIaBHO OBITOBAaBIEH
TOYKOM 3peHUs, 4YTo BceleHHas HE W3MEHSETCs €O BPEMEHEM: W3 TOro, 4YTO
TPaBUTAIIMOHHBIE CUJIBI BCETIA SBIIAIOTCS CHJIAMU TPUTSKEHUSI, BBITEKAET, UTO BeeleHHas
JMOIDKHA MO0  pacmmpsAThesa, JmbOo  ckuMathes. CormacHo — o0mieid  Teopuu
OTHOCHUTEIIBHOCTH, B IIPOILIOM JIOJHKHO OBUIO CYIIECTBOBATH COCTOSHHE C OeCKOHEYHOM
MIOTHOCTHIO — OONBIION B3PHIB, KOTOPBIN U cTal 3 (HEKTUBHO HAYAIOM OTCUETAa BPEMEHH.
AHanoruyasiM oOpa3oM, eciiu Bcs BceneHHas UCHBITAET MOBTOPHBIM KOJuiamnc, TO B
OyAylIieM JOKHO OOHAPYKHUThCS €Ie OJHO COCTOSHHE C OECKOHEYHOW TIIOTHOCTBIO —
OOJBIION XJIOTIOK, KOTOPBIM CTaHET KOHIIOM TEYeHHS BpeMeHW. Jlaxke eciim BTOPWYHEIN
komnanc BcenenHoil He mpou30ieT, BO BCEX JIOKATU30BAHHBIX 00JIACTIX, U3 KOTOPHIX B
pe3yabTaTe Koljarnca 00pa3oBaIuch YEpHBIE JIBIPHI, BCE PABHO BOZHUKHYT CUHTYISIPHOCTH.
DTU CUHTYJIAPHOCTU OYAYT KOHIIOM BPEMEHU IJIs 10000, KTO yHnaJeT B UepHYIO Abipy. B
TOYKE OOJTBITIOTO B3PHIBA U B IPYTUX CHHTYIIIPHOCTIX HAPYIIAIOTCS BCC 3aKOHBI, & TIOOTOMY
3a boroM coxpaHseTcs ToiHasd cBoOOJa B BBIOOpE TOTO, YTO MPOUCXOAMUIO B
CHUHTYISIPHOCTAX U KakuM ObLII0 Hauano BeeneHHoi.

HpI/I O6B€)II/IH€HI/II/I KBAHTOBOM MEXaHUKU C 06]11617[ TeopI/Ieﬁ OTHOCUTCJIIBHOCTHU
BO3HHKACT, IIO-BUAWMMOMY, HOBasA, J0CCJIC HCHU3BCCTHAA BO3MOXKHOCTL: IIPOCTPAHCTBO H
BpCMA MOI'YT BMCCTC O6‘p330BaTL KOHCYHOC YCTBIPCXMCPHOC IIPOCTPAHCTBO, HC UMCIOIICC



CUHTYIIIPHOCTEH U TPAHUI] U HATTOMUHAOIIEe TTOBEPXHOCTD 3€MJIH, HO ¢ OOJIBIIINM YHCIIOM
n3MepeHuii. C OMOIIBI0 TAKOI'O TOAX0Ja YAAI0Ch Obl, HABEPHOE, OOBACHUTH MHOTHE U3
HabmrogaeMbIX CBOMCTB BeeneHHol, HampuMep, €e 0JJHOPOHOCTh B OOJNBIIMX MacinTadax
U OJHOBPEMEHHO OTKIIOHEHHUsS OT OJHOPOJIHOCTH, HaONI0JaeMble B MEHBIIIMX MaciuTadax,
TaKWe, KaK TaJaKTUKW, 3BE3Abl W Jaxke dYenoBedeckue cymecrBa. C MOMONIBIO 3TOTO
MoAX0Ja MOKHO OBUTO OBl OOBSICHUTE JaXe CYIIeCTBOBAaHUE HAOII0daeMON HAMU CTPENb
BpeMeHU. Ho ecnin BeeneHHas MOMTHOCTHIO 3aMKHYTa U HE UMEET HU CHHTYISIPHOCTEH, HU
TpaHUII, TO OTCIO/Ia BBITEKAIOT OUEHb Cephe3HbIE BEIBOALI 0 poiiu bora kak Co3naTens.

Omuax sl DUHIITEHH 3agan Bompoc: «Kakoit BeIOop OblT y bora, korma oH co3gaBan
Bceenennyro?» Ecnu BepHO TipemonoxkeHne 006 OTCYyTCTBUM TpaHull, To Y bora BoobIe He
OBIITO HUKaKOM CBO0O/IBI BEIOOpA HaYaIbHBIX YCIOBUM. PasymeeTcs, y Hero elle ocTaBanach
cB000/]1a BEIOOpA 3aKOHOB, KOTOPBIM TToguuHseTcst Beenernnas. Ho nx Ha camoMm Jiefie He Tak
YK MHOTO; CYIIECTBYET, BO3MOKHO, BCET0 OJIHA WJIA HECKOJIBKO TIOJIHBIX €IUHBIX TCOPUH,
HalpuMep, TEOPHUS TEeTEPOTUUECKON CTPYHBI, KOTOPBIC OBITH OB HEMPOTUBOPECUUBHI U
JOMYCKAJIM CYWIECTBOBAHUE TAaKUX CJIOXHEIX CTPYKTYpP, KaKk YEIOBEUECKUE CYILIECTBA,
CITOCOOHBIX UCCIEA0BATh 3aKOHBI BeelleHHOM | 3a71aBaTh BOIIPOCHI O CYIIHOCTH bora.

Jlaxxe ecnm BO3MOKHA BCETO OJIHA €AUHAS TECOPUS — HTO TPOCTO HAOOp TPABUI H
ypaBHeHUH. Ho 4TO BIBIXaeT )KU3HB B 3TH YPaBHEHUS U cO3aeT BeeleHHYI0, KOTOPYIO OHU
MOTIH ObI ONMMCHIBaTh? OOBIYHBIN MY TH MMAYKH — MTOCTPOCHUE MaTEMATHIECKOW MOJIETN —
HE MOXET MPHUBECTH K OTBETY Ha BOIIPOC O TOM, TTOYEMY JIOJKHA CYIlIECTBOBaTh Beenennad,
KOTOpPYHO OyJeT OomMChIBaTH TOCTpoeHHass Mojaenb. Ilouemy BcenmeHHas wujaer Ha Bce
XJIOTIOTRI cymiecTBoBaHus? Heyxenn eauHas Teopus Tak BCECUIIbHA, YTO cama SIBJISETCS
NPUYUHON CBOEH peanm3auun? Wnu el Hy:KeH Co31aTelb, a €CIIA HYKEH, TO OKa3bIBACT JIH
OH elle Kakoe-HuOy b Bo3aeiicTeue Ha Beenennyto? U kto co3gan ero?

[Toka OONBITUHCTBO YyUYEHBIX CJIUIIKOM 3aHATHl Pa3BUTHEM HOBBEIX TEOPH,
ONKCHIBAIONINX, UYTO €cTh BceneHHasd, 1 UM HEKOrJa COpPOCUTh cels, IOYeMy OHa €CTb.
®utocodrl ke, Ubd padboTa B TOM U COCTOUT, UTOOBI 33/1aBATh BOIIPOC «IIOYEMY», HE MOTYT
yrHaTbcs 3a pa3BuTHeM HayuHbix Teopuil. B XVIII B. dwunocodwr cumtanu Bce
YEJI0BEUECKOE 3HAHME, B TOM YHCIIE U HAYKY, IOJIEM CBOEH AEATEIBHOCTH W 3aHUMAJINCh
oOcykJleHneM BOTPOCOB THMa: ObI0 7u y Bceenmewnoit wauano? Ho pacdeTsl u
MateMmaTudeckuil anmapaT Haykd XIX 1 XX BB. CTalM CIMIIIKOM CIOXKHBI s punocodon
1 BooOwe s BceX, KpoMme crenuanuctoB. Ouimocodbl HACTONBKO CY3WIM KPYT CBOMX
3aIllPOCOB, YTO CaMbIi W3BECTHBIN puitocod Hairero Beka BUTTreHIITEHH 110 3TOMY TTOBOLY
ckazan: «ExmHcTBEHHOE, UTO emie ocTaeTcs GHUI0COPUH, — 3TO aHAIM3 s3bIKay. Kakoe
YHIDKEHHUE A7 GUI0COPUH ¢ ee BETUKUMH TpaauuusMu ot Apuctorens no Kanra!

Ho ecnu MBI J€HCTBUTENIBHO OTKPOEM TIOIHYIO TEOPUIO, TO CO BPEMEHEM €€ OCHOBHBIE
MPUHIMIEl  CTAaHYT JOCTYIIHBI TMOHUMAaHUIO KaXJOro, a HE TOJIBKO HECKOILKUM
crienuaiauctaMm. M torga Bce Mbl, (HIOCO(EI, YICHBIE U IIPOCTO OOBIYHBIC JTFOIH, CMOXKEM
NPUHATH Y4acTHE B JIUCKYCCHM O TOM, IMOYEMY TaK MPOU3OIIIO, YTO CYIIECTBYEM MBI U
cymectByeT Beenennas. U ecnu Oynet HaiiieH OTBET Ha TaKOM BOMPOC, 3TO OYAET MOIHBIM
TpUyM(pOM YEIOBEUYECKOT0 pazyma, MO0 Toraa HaM CTAHET MOHATEH 3aMbicen bora.



BEJIUKUE ®U3UKU

AJab0epT DUHIITEHH

Kak Obut cBsi3aH DUHINTEWH ¢ MOJUTUKOW, OCHOBAHHOUW Ha SJIEPHOM OPYKUHU, XOPOIIIO
W3BECTHO: OH MTOATIMCAN 3HAMEHUTOE IMMUCBMO K TIPE3UACHTY Py3BENbTY, KOTOPOE 3aCTaBUIIO
Coenunennsle IITaTel cepbe3HO OLEHUTH MOJOKEHHUE, a MOCIE BOMHEI OH BKIFOUMIICS B
JIBOKEHME 3a TPEIOTBpaIleHre SIepHON BOWHBL. JTO HE OBbIIO OTIACILHBIMH 3MU307aMHU B
JKU3HU YUYEHOTO, BTSHYTOIO B MOJUTUKY. JKu3Hb DHHINTENWHA, HO €ro COOCTBEHHBIM
CJIOBaM, «JEIIMIIACh MEXKY MOJIUTUKOU U YPAaBHEHUSIMU.

PanHsas monuTHYeckas aKTHBHOCTh ODWHINTEWHA BO3HUKNIA eme Bo BpeMs Ileppoit
MHMPOBOM BOMHBI, KOrJa oH OblI mpodeccopom u bepaune. YOUTHIN TeM, YTO OH CUMTAI
HalpacHOW TOTEpEeH  YEeIOBEUECKMX JKU3HEH, OH TIPUMKHYJI K aHTUBOCHHBIM
JeMoHCcTpanusiM. FEro BBICTYIUICHUS B 3alUTy TPaXxJaHCKOTO HCIOBUHOBCHUS U
MyOJIUIHOE 0JI00pPEHUE TeX, KTO OTKA3BIBAJICS OT CIIYXOBI B apMUU, HE MOTJTH CHUCKATh MY
MOMYISAPHOCTH cpean Kommer. Ilociae BoiHBI DWHINTEHH HampaBUIl CBOW YCWIMSA Ha
NPUMHUPEHUE CTOPOH W YIYUIIEHUE MEXIYHAPOIHbIX OTHolueHnid. Takoro pona
JeITEIbHOCTh TOKE HE CIOCOOCTBOBaja MOIMYJISPHOCTH DWHINITEHHA W Yepe3 HEKOTOpOe
BpeMsl MpUBENA K TOMY, 4TO MY CTaJIo TpyIHO nocemath CoequneHHbie [ITaThl gaxe s
YTeHUN JTEKI[UIL.

BTopbiM BaXHEUITUM J€JIOM B XKU3HW ODUHINTEHHA OBIT CHOHU3M (B TO BpPEMS 3TO
o3Havano 6opb0y 3a TocylapcTBeHHOE OObenuHeHue eBpeeB, nmonnepskannoe OOH, u B
gactHocTH, CCCP. — nipum. pen.).

Byny4u cam eBpeem 1Mo mpoucXoXIeHU 0, JWHIITSHH oTpuIian onbneickyto uaeto bora.
Ho napacraromias BonHa anTuceMuTH3Ma Kak nepej [leproii MUpoBOM BOWHOM, TakK U TTOCIIE
Hee ITOCTeNIeHHO MpHBeJia DUHIITeHA K OTOXIECTBISHHIO ce0s ¢ eBpeicKoil oOIIuHON, 1
OH TMpeBpaTWICi B TMOJIHOTO CTOPOHHMKA CHOHM3Ma. B KoOTOphell pa3 mnmaicHuUe
MONYISIPHOCTU HE OCTAHOBWJIO OWHIITEWHA MEpell OTKPLITHIM BbICKA3bIBAHUEM CBOMX
B3MIANOB. Ero Teopum mpecienoBalUCh, BO3HUKIA JaXe aHTHUIMHIITEHHOBCKAS
opranm3arus. OJWH YeloBEeK OBIT TpeJaH Cyay 3a TOJACTPEKATeIbCTBO K YOUHCTBY
DiiHiuTeHa (M omTpadoBaH BCero Ha IecTh JoiuiapoB). Ho DMHImITEHH coxpaHsn
CIIOKOMCTBHE, a Korja BbIa KHUTra «CTO aBTOPOB MPOTUB DUHIITEHHA», OH 3aMETUIL:
«XBaTtuiao ObI U OJTHOTO, €CU 51 ObIT ObI HEmpaB!»

B 1933 r. x Bmactu npumien I'uriep. DUHINTEHH, KOTOPHIA OB B 9TO BpeMs B AMepHKe,
3a4BuUJ, 4TO He BepHeTcs B ['epmanuto. Korma HauucTckue BolicKa OKpPYXHUIU €ro J0M, a
ero OaHKOBCKUM cyeT ObUT KOH(UCKOBAH, B OJHOW W3 OEPIUHCKUX Tra3eT TMOSBUIICS
3aroJIOBOK: «XOpOITHEe HOBOCTH — DUHIITEHH He BepHeTcs». [lepen nuiioM HAIUCTCKOM
yrpo3sl DWHINTEHH OTONIeN OT Manudu3Ma W B KOHIIE KOHIIOB, OMAacasch TOTO, UTO
HEMeIKUe YYeHBle co3AaAyT aToMHylo OoMOy, mpemnoxun CoeauHeHHbiM [llTaTam
pa3pabaTbIBaTh CBOIO cOOCTBeHHYI0 O0MOY. Ho erie 10 B3pbIBa mepBoii aToMHOM 60MOBI OH
nyOoau4YHO TIpeaymnpexnaan o0 omnacHocTAX SAEpPHOM BOWHBI M Tpeanaral Cco3aTh
MEXKIYHAPOIHBIM KOHTPOIb 3a SAEPHBIMUA BOOPYKEHUSIMMU.



Ha mpotskenun Bcell XW3HM DUHINTEHHA €r0 MUPOTBOPUCCKUC YCWIHMS HE JaBallu,
MO-BUAUMOMY, TIPOYHBIX PE3YIALTATOB U YK BO BCIKOM CITydyae He PUOABISIN eMy Apy3ei.
Onanako myOIMYHbIE BRICTYIUICHUS DUHINTEHHA B 3aIIMTY CHOHU3MA ObUIM 10 JIOCTOUHCTBY
ornleHeHbl B 1952 1., Korma emy ObUIO MOPEMIOKEHO CTaTh mpe3ujeHToM M3paus.
DUHIITENH 0TKAa3aJICs, 3asBUB, UTO, [0 €TO0 MHEHUIO, OH CIIUIIKOM HauBeH B nmoiauTuke. Ho
JMeWCTBUTENLHOM MPUUHWHON 0TKa3a, HaBepHoe, Oblia apyras. [Ipouutupyem ero emie pas:
«/lma MeHsl BakHee ypaBHEHUS, IIOTOMY UTO ITOJUTHKA HYKHA HACTOALIEMY, a YpaBHCHUS
— 3TO JJIsl BEUHOCTHY.

TINamneo I'aaniaen

["anuneit, moskairyi, Oonbline, 4eM KTo-TM00 APYrod U3 OTJASIbHBIX JTH0/IeH, OTBETCTBEH 32
POXIEHUE COBPEMEHHOU Hayku. 3HaMeHUTHIM criop ¢ Katonuueckoii LlepkoBbio 3aHMMAanN
IeHTpaIbHOE MecTo B (uiiocopuu ['ammes, 160 OH OJHUM U3 TIEPBHIX OOBSIBUII, UTO Y
YeJIOBCKA ©CTh HAACKJa TMOHATh, KaK YCTPOCH MHUp, W, 60jee TOro, 4TO 3TOT0 MOXKHO
J0OUTHCS, HAOIIOAast HAI peabHBIH MUP.

lamune#t ¢ camoro Haudama Bepuia B Teopuio KomepHWka (0 TOM, HYTO TIJIAHETHI
obparmmarorcs Bokpyr ConHIIa), HO Hayuaj ee IMyOIMYHO MOIepXHUBATh JIMIIB TOT/a, KOTa
Hallen ee MoATBepxkAeHUsA. PaboTrl, nmocesmeHHble Teopun KonepHuka, ["anunel nucan
MO-UTAJBAHCKM (2 HE Ha MPUHATON aKaJEeMUYECKOU JTAThIHK), U BCKOPE €ro MpeACTaBICHUS
pacrpoCTpaHWINCL JaJleKo 3a MPENelibl YHUBEPCUTETOB. IJTO HE MOMNPaBUIIOCH
MIPUBEPKEHIIAM YUICHHUS APHUCTOTENS, KOTOPhIE 00BEAUHIINCH MPOTHB [ anwiies, MuTasch
3actaBuTh Katonmuueckyto [{epkoBs nmpeaats anademe yaenne Komepruka.

B3BonHOBaHHBIN TTporcxodanuM, ["anumneii otrpaBuics B PuM, 4ToObl TOCOBETOBATHCS
C TIEpKOBHBIMH aBTOpUTeTaMu. OH 3asSBUJI, 9TO B 1Ien bubnmmu He BXOAUT Kakoe ObI TO HU
OBIJIO OCBENICHWE HAYYHBIX TEOPUH W UTO HAJO MPUHUMATHL 3a alNIETOPHI0 T€ MECTa B
bubmuu, KoTophle BCTYNAIOT B IIPOTHBOPEUHE CO 3ApaBLIM cMbIcIoM. Ho, 6osich ckangaia,
KOTOPBIN MOT TTIOMeIIaTh €€ OophOe ¢ mpoTtecTanTamMu, LlepkoBh Meperia K penpecCUBHBEIM
Mepam. B 1616 r. yuenne KonepHrika ObI710 MPOBO3TIAIIEHO «JIOKHBIM U OIIMOOYHBIMY, a
llanmmitero OBUTO HABEKW 3aIpeIICHO BBICTYIATH B 3alMTy WIW TMPUICPKUBATHCA ITOH
JTOKTpUHEL. ["amuiei caancs.

B 1623 r. onun 13 crapeix apyseu ['anunes cran Pumckum [lanoii. [Nanuneit cpasy Hauan
no0uBaThCS OTMEHBI ykaza 1616 1. OH moTepmen Heyaady, HO 3aTO CyMEN TMONTYYIHUThH
paspenicHre HamucaTh KHATY, 00CYXIAIONIyI0 Kak TEOPHI0 APHUCTOTENS, TaK U TEOPHIO
Konepauka. EMy OblIO ITOCTaBJIEHO /1B YCIOBUA: OH HE UMeN IIpaBa IPUHUMATE HU OJHY
W3 CTOPOH W JOJKEeH ObUT c/lefaTh BBIBOJ, YTO YETOBEK HUKOT/Ia HE CMOXET Y3HaTh, KaK
YCTpO€H MUp, moToMy 4To bor ymeeT BbI3bIBaTh OJHM M Te ke b exTsl ciocodamu, He
JOCTYITHBIMH BOOOPaKEHUIO YEJIOBEKAa, KOTOPHIH HE MOXKET Hajararb OTpaHUYeHHMS Ha
BceMmoryiecTso bora.

Kuura Tanunes «/[nanor o AByX riaBHeHIIMX cHcTeMax MUpa» Obllia 3aBepllieHa U
u3nana B 1632 r. nmpu nomHoM ogoOpeHnn LEH3yphl U OblIa cpa3y K€ OTMEUEHA Mo Bce
EBpornie kak autepaTypHBIR U dunocodckuit menesp. Bekope, ognako, [lana monsmn, aro
9Ta KHWTa BOCIHPHUHUMAETCs Kak yOeauTenbHas mojanaepxkka Teopun KomepHuka, u



nokaliel, 4To pa3pemnn ee u3garTh. [lama 3asBui, 4TO, HECMOTpS Ha OQUIIHANTBHOE
OarocinoBeHue IeH3YpHI, ['anunei Bee ke Hapymmn ykasz 1616 r. Ianmunel mpeacTan nepen
CyJIOM WHKBU3MIIMU U OblUI MNPUTOBOPEH K MOXKU3HEHHOMY JIOMAIlHEMY apecTy W
myoIMUYHOMY OTpeueHuto oT yueHus KonepHuka. ["anunero npuiiocs MOKOPUTHCS OIS Th.

OcraBasich TpeJaHHBIM KaTonMkoMm, ['anmuieidl He mokonebancs B CBOeH Bepe B
HE3aBUCHUMOCTh HayKW. 3a 4eThIpe rojaa J0 cMepTu, B 1642 1., Haxoasch BCE €llle Toj
JIOMAIlIHUM apecTOM, OH TalHO IEepenpaBmil B TOJUIAHACKOE U31ATENLCTBO PYKOMUCH CBOEH
BTOpOU KpymHOU KHUTH «/[Be HOBBIC Haykw». IMeHHO 3Ta paboTa, B OOIBINIEH CTEIeHH,
yeM ero nojuepkka KonepHuka, gama poxxacHUe COBPEMEHHOM HayKe.

HUcaaxk HeroToH

HNcaaka HeroToHa HeENb3s Ha3BaTh CUMIIATUYHEIM desioBeKOM. [IInpokyr M3BECTHOCTH
TIOJYYMIIN €r0 TIIIOXUE OTHOIIECHUS C IPYTUMU YUEHBIMH, U ITOCIEAHUE TOABI CBOEH KU3HU
OH IIPOBEJI B OCHOBHOM B pe3KuX cropax. llocie uzmanus xHuru «MareMaTHUecKHe
Hayanay, oOKasaBlleiics, O0e3ycloBHO, caMOW BIMATEIBLHOW W3 BCEX KOrma-nudo
HAITMCAHHBIX KHUT 110 (u3uke, HetoToH OBIcTpo mprobdper obrecTBeHHOE MojokeHue. OH
OblT Ha3zHaueH Tmpe3usieHToM KoponeBckoro oO0IecTBa W CTal TMEpPBBIM  YUEHBIM,
MOCBAILIECHHBIM B PBILAPCKOE 3BAHUE.

Bckope HbioToH moccopuiics ¢ KOPOJEBCKMM acTpoHoMoM JxkoHoMm DIsMCTHIOM,
KOTOPBIA paHbiie cHaOkan HetoToHa JanHBIMHU JUIs «MaTteMaTHIeCKUX Hadamy, a Ternephb
3a7epKuBa HHOOpMaIIHIo, kKoTopas TpedboBanack HetoTroHy. Hel0TOH He moTepIien Takoro
TOJOKEHUS W caM BKIIOUMII ce0s B PYKOBOJICTBO KOPOJIEBCKOW 0OCEpBaTOpHUM, a 3aTeM
Havas J00VWBaThcs HEMEIJICHHOM MTyOIUKAIINK pe3yabTaToB. B KOHIIE KOHIIOB €My yJaloch
3am0IYyIUTh padboTy DI3MCTHIA U JOTOBOPUTHCSA O €€ W3JIaHWH CO CMEPTEIbHBIM BParom
OmmMcetraa IaMonaom [Nateem. Opnako GipMeTHa Epegan A€o B CYI, U CYJIl YCIel
IIPUHATH pellleHHe B ero IMoJIb3y, 3allpeTHUB pacIpocTpaHeHHEe YKpaAeHHOM paOOoTHI.
HptoToHa pa3o3mmiio Takoe pelieHde, M, 4YToObl OTOMCTUTH DmdMcTHAY, OH
CHCTEMAaTUUYECKH CHHUMaJl B OoJjiee MO3MHMX M37aHusaX «Hauvam» Bce cChUIKM Ha paOoOTHI
dmMeTraa.

Bonee cepresnriii criop pasropencs y HetoTona ¢ HeMenkuM ¢unocopom 'orTdhpunom
Jletionuuem. JleliOnun u HproToH He3aBUCUMO Ipyr OT Jpyra pas3BWiIM o00JacThb
MaTEeMaTHKH, Ha3BIBAEMYI0 IHU((PEpeHITHATEHEIM UCTUCIICHUEM, COCTABISIONIYI0 OCHOBY
OOJTBITICH YacTH coBpeMeHHOH (hM3WKU. XOTS, KaK MBI Terieph 3HaeM, HEIOTOH OTKPELT 3TO
WCUNCIEHWE Ha HECKOIbKO NeT panbliue JleliOHuia, cBoio paboTy OH OIyOIMKOBAI
3HAYUTENBHO T03Xe. BO3HUK TpaHIMO3HBINA CTIOp MO MOBOAY TOTO, KTO K€ OB MEPBbIM.
YueHble pbgHO 3aMMIIAIU 000UX COMEPHUKOB. 3aMeqaTelIbHO, YTO TIOUYTH BCE CTAThU B
3amuTy HeroToHA OBLTH HAlMCAHBI UM CAMUM U JIAIIL OMYOIUKOBAHBI O] UMEHAMH €T0
npyseit! Cmop pasropancs, w TyT JleWOHuIl coBeprmun omwuOKYy, OOpAaTHBIIACH B
Koponesckoe o0mectBo ¢ mpochb0oi pa3pemuTh IpoTuBopedne. HuioToH, Oyaydn
MIPE3UICHTOM OOIeCTBA, HaA3HAYWI A pa3dopa Jena «He3auHTEPECOBAHHYI0» KOMUCCHIO,
«cIy4aiiHO» COCTABIEHHYIO LenuKoM u3 Apy3eil Herorona! Ho 3To ObLI0 emie He Bee: 3aTeM
HetoToH cam Hamucaad OTYCT KOMHCCHUM W 3acCTaBUJ OOIICCTBO €ro OIMyOJIUKOBATH,
ounMansEHO OOBUHUB TakuM 00pas3oM JlelibHuna B 1utarnare. Bee emie He 4yBCTBys cebs



YAOBIETBOPCHHBIM, HBIOTOH aHOHUMHO OIYOJIMKOBAN CXaTBIH Mepecka3 dTOTO OTIEeTa B
razete Kopomesckoro obmiecta. ['oBopsT, 4o nmocie cMmeptu JleitoHnma HeroToH 3asB1I,
4TO OH MOJY4YMJI OOJIBIIOE YIOBIETBOPEHUE OT TOTO, YTO €My yAAlIOCh «pa30WUTh cep/lie
JletiOaMIAY.

[Toka numm o6a mucnyrta, HetoTon mokunyn u KemOpumk, u kadenpy. OH nmpuHUMAI
AKTUBHOE YYacTHME B AaHTUKATOJIWYECKOM JBWXKEHWU CHavana B KemOpumakckom
YHUBEPCUTETE, a 3aTeéM B MapiaMeHTe M OblI BO3HArpaXIeH 3a 3TO Ha3HAYEHMEM Ha
JOXOOHYIO TOJDKHOCTH XpaHuTenss KoponeBckoro MOHETHOro JBopa. 37I€Ch OH HalIel
0oJce colManbHO OMpaBAaHHOE MPUMCHCHHUE CBOEMY KOBAPCTBY M JKEITYHOCTH, YCTCITHO
TIPOBES MIUPOKOMACIITAOHYI0 KaMIIaHUIO TI0 O0phOe ¢ QalbIIMBOMOHETIUKAMH U JTaKe
OTIIPaBUB HECKOJIBKUX YEIOBEK Ha BUCEIHULLY.



CJIOBAPL TEPMUHOB

AOCOJIOTHBIN HYJIb TEMIEPaTypbl — CaMO€ HU3KOE U3 BCEX BO3MOXHBIX 3HAYCHUH
temreparypsl. [Ipu abcontoTHOM Hyse BEUIECTBO HE 001aJaeT TEMIOBOM SHEPTHUEH.

AHHUTHJISIAS — TIPOIIECC, MPU KOTOPOM HYACTHIA U €¢ aHTHUYACTHIlA, CTAIKHUBASCH,
B3aMMHO YHUYTOXAIOT OPYT APYTa.

AHTI/I‘IaCTI/IIIa —Y Ka)KJIDfI HAaCTUIBI MATCPUU C€CTh COOTBCTCTBYIOMIAA aHTUYACTUIIA.
HpI/I COYHapC€HHUHN YaCTHUIIbI U aHTUYACTHLEBI IMPOUCXOAUT UX aHHUTHUIIALNUA, B PE3YIbLTATEC
KOTOpOﬁ BBLACIIACTCA DHEPTUA U POXKIAAIOTCA APYTUC YaCTUIIBI.

AHTPONHBINA NMPUHIUAN — MbI BUJAUM BCEJIEHHYI0 TaKOW, KaK OHAa €CTh, IOTOMY HYTO,
OyIlb OHA APYTOH, HAC OBI 3J€Ch HE OBIIO U MBI OBI HE MOTJIH €€ HAOIF0JaTh.

ATOM — HaWMeEHbIIas YacTHIIa OOBITHOTO BEHIECTBA. ATOM COCTOMT M3 KPOIIEYHOTO
gypa (COCTaBJIEHHOTO W3 TIPOTOHOB W HEUTPOHOB) W OOpAIAONIAXCS BOKPYT HETO
SJIEKTPOHOB.

benbrii KapJIuK — cTabuIIbHAS X0JI0dHaA 3BC34d, HaXOIAIIasaCid B PaBHOBCCHUHU
6J1ar0)1ap}1 TOMY, 4YTO B CHIIY IMpUHOUIIA HCKIHOYCHHA Hay.HI/I MCKAY IJIICKTPpOHAMH
,lIeI‘/’ICTBYIOT CHUJIBI OTTAJIKUBAHMUA.

boabuoii B3pbIB — CUHTYISIPHOCTH B MOMEHT BO3HUKHOBEHUSI BeeneHHOM.
Boabuioi XJIOMOK — CUHTYIISIPHOCTH B KOHEYHOM TOUYKE CYIIeCTBOBaHUS BceleHHOM.

Bec — cuila, C KOTOpOfI Ha TCIIO HeﬁCTByeT T'PaBUTAIXMOHHOC TIIOJIC. Bec Tema
MIPpOIMOPHIHMOHAICH MACCEC TCJId, HO HC COBIIA4cCT C HEM.

BupryaibHas 4yacTHIAa — B KBAHTOBOW MEXaHWKE — YacTHIa KOTOPYHO HEBO3MOXKHO
3apErucTpUpOBaTh HEIMOCPEICTBEHHO, HO CYIIECTBOBAHME KOTOPOM TOATBEPKIACTCS
s dexTamMu, TOATAIONTUMHUCST U3MEPECHHUIO.

FaMMa-m.}Iyqune — JJICKTPOMArduTHOC HU3JIY4YCHHUC C OUCHB MaJioun ,HHHHOﬁ BOJIHEI,
HUCIIYCKACMOC ITPpU paJUOAKTUBHOM PacCiaic UM IIPHU COYAAPCHUAX SJIICMCHTAPHBLIX YaCTHII.

I'eone3nveckass — caMbId KOPOTKHMHU (WJIM CaMBIM JUIMHHBIN) IYTh MEXIY ABYMS
TOYKAMH.

T'osasi CMHTYJISAPHOCTH — CHUHTYJSIPHOCTB B ITPOCTPAHCTBE-BPEMEHHN, HE HAXOIAIIASICA
BHYTPH YEPHOU JBIPEI.

TI'opu30HT COOBITHI — IpaHULa YEPHOU JIBIPHI.

I'paBuTanimoHnoe B3auMoaelictBue — camoe ciiaboe u3 yeTblpex QyHIaMeHTAIbHBIX
B3aUMOJICHCTBUM, oONanatoiee OONBIIUM PaAUYCOM JIEUCTBUA. B rpaBUTAllMOHHOM
B3aUMOJICUCTBUU YYACTBYIOT BCE YACTUIILI MATEPUH.

21.]1]/]]-[21 BOJIHBI — PAaCCTOAHHUC MCIKAY IBYM COCCIHNUMHU Fpe6H$IMI/I BOJIHBI UJIX MCIKAY



ABYM: €€ COCCIIHUMU BIIaJITUHAMMU.

3aKOH COXpPAaHEHHUS] IHEPTUH — 33aKOH HAYKU, COTJIACHO KOTOPOMY SHEprus (Uiu ee
MAacCOBBIN SKBUBAJIEHT) HE MOXKET HU CO3/1aBATHCS, HU YHUUTOXKATHCS.

KBanT — MuHHMAanIbHas mopuus, KOTOpOﬁ HU3MCPACTCA NCITYCKAHHUC HIIH ITOTJIOMICHUC
BOJIH.

KBanToBasi MexaHuka — Teopus, pazpaboTaHHas Ha OCHOBE KBAHTOBO-MEXaHUYECKOTO
npuHnuna Ilnanka u npuHIKIIa HeonpeaeneHHocTH I efizenbepra.

KBanrToBo-mexanuvyeckuii npuHmun Ilnanka (3axkoH wusiaydenus Ilmanka) —
COCTOUT B TOM, UTO CBET (MJIU JIFOOBIE APYrHe KIACCUUSCKUE BOIHBI) MOXKET UCITYCKAThCS
WU TOTJIOMIAThCA TOJNBKO IUCKPETHBIMM IIOPUMAMH — KBaHTaMU — C DHEPrUeH,
MIPOIOPLIMOHANIBEHON UX YacTOTE.

KBapk — oanemMeHTapHas (3apsykKe€HHas) 4YacTHIA, YYacTBYIOIIAas B CHIIBHOM
B3aUMOIEHUCTBUM. I1IpOTOHEI M HEHTPOHBI COCTOAT KaKIBIH U3 TPEeX KBapKOB.

KondaiinmMenT — He BbUIETaHUE, YAEpPKAHUE IIBETHBIX KBApKOB U TIFOOHOB BHYTPH
aJpOHOB.

KoopamHaTbl — uucna, ONpeAeNsIolne IMOJ0KEHWE TOYKM B MPOCTPAHCTBE W BO
BpPEMCHH.

Kocmuueckast 1meH3ypa —  TPEANoONoXKEHHE O  HEIONMYCTUMOCTH  TOIBIX
CHUHTYIISIPHOCTEM.

Kocmosioruueckasi mocTossHHasi — MaTeMaTUYeckash BCIIOMOTaTelbHAas BeJIMUMHA,

BBeJICHHas DUHIITEHHOM JIJI1 TOr'0, YTOOBI MPOCTPAHCTBO-BPEMsI IPHOOPEI0 TEHACHIINIO K
pacuIupeHuIo.

Kocmonorna — HAyKad, 3aHUMAaromaiacia u3ydacHucCM Bcenennoii kak oeJoro.

KpacHoe cMemenne — BbI3BaHHOEe d(dexrtom Jlomnepa MOKpacCHEHUE CBETa,
UCITYyCKaeMOTO yAAISIONIEHCS OT HAC 3BE310M.

MarauTHoe moje — II0JIC, CO3aromee MAariHuTHBIC CHIIBI. Celtuac MarHUTHOE TIOJNIE U
JJICKTPHUYCCKOC I10JIC 06136)1HH5[IOTC$I B 3JICKTPOMAIrHUTHOC II0JIC.

Macca — KOJIHUYECTBO BCIICCTBA, COACPKAIICECA B TCIIC. Mepa HHEPOHHU TCJIa HIH
CTCIICHB €T'0 COIIPOTUBICHUA YCKOPCHUIO.

MHuuMoe BpeMs — BpeMsi, U3MEPSEMOE B MHUMBIX €IHHHIIAX.

HeiiTpuno — neryaiimas (Bo3mMoxHO, 6€3MaccoBasi) dJieMeHTapHas 4acTUIIA BEIIECTRa,
Y4acTBYIOIIAs TOJIBKO B CJIA0BIX U TPAaBUTALIMOHHBIX B3aUMOICUCTBUSX.

HeﬁTpOH — HC3apsKCHHAsd 4YacCTHIld, OUYCHb OIM3Kasg 10 CBOMCTBAM K IIpOTOHY.
HeﬁTpOHbl COCTABIISIIOT 00JIee TOJIOBUHBI JacTul, BXOIAIIMX B COCTAB OOJILIIMHCTBA
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dTOMHBIX SJCP.

HeiiTponnasi 3Be3/1a — XO0J0/Has 3Be€3/1a, CYIIECTBYIOIAsl BCIEJACTBUE OTTATKMBAHUS
HEUTPOHOB, 00ycoBIeHHOT0 NpuHLUIIoM [Taynu.

O0mast Teopusi OTHOCHUTEJILHOCTH — CO3JaHHass OWHIITEHHOM TEOpHsA, B OCHOBE
KOTOPOM JISKUT MPEIONOKEHUE O TOM, YTO 3aKOHBI HAYKH JOJKHBI OBITh OJTUHAKOBBI JIJIs
BceX HaOjrojarenell HE3aBUCUMO OT TOTr0, Kak JABWXKYTCS 3TH HaOmogatenu. B OTO
CYLICCTBOBAHUC TPABUTAIMOHHOTO B3aUMOJACUCTBUS  OOBICHSCTCS  HCKPUBICHUCM
YETRIPEXMEPHOTO IMPOCTPAHCTBA-BPECMCHHU.

ITepBuuHas 4yepHasi AbIPpa — 4YepHas IbIpa, BO3HUKIIAS HAa OYEHb pPAaHHEW CTaIUHU
pa3BuTHsi BeerreHHON.

IHo3uTpoH — anTUYacTUIA (TTOJIOKUTEIBHO 3apsiKEHHAs! ) AIEKTPOHA.

ITone — HCYTO, CYHICCTBYIOIICC BO BCCX TOUYKAX TPOCTPAHCTBA U BPCMCHU, B OTITUIUC OT
YaCTHUILEI, KOTOpasd CYHICCTBYCT TOJIBKO B OI[HOfI TOYKC B Ka}KI[LIfl MOMCHT BpCMCHHM.

IIpenesn Yanapacekapa — MaKCUMallbHO BO3MOXHasg Macca CTaOMIILHOM XOJOJHOM
3BE3/IbI, BBIIIE KOTOPOH 3B€3/1a JOJIKHA CKOJIJTAIICHPOBATH B YEPHYIO JIBIPY.

Ipunoun uckiarwyvenus [Maynu — 1Be o MHAKOBBIC YaCTUIIHI CO CTUHOM 1/2 HE MOTYT
(B Ipeenax, KOTopble JAIOTCS MPUHIIMIIOM HEOTIPEAETIEHHOCTH ) 001a1aTh OJTHOBPEMEHHO
1 OJIMHAKOBBIMH TIOJIOKEHUSIMHU B TIPOCTPAHCTBE, U PABHBIMU CKOPOCTAMM.

ITponmopuHoOHAIBHOCTE — YTBEPKAEHUE «X TPOTOPIUOHATBHO Y » 03HAYAET, YTO MPHU
YMHOKEeHHH Y Ha KaKOe-HUOYIh YUCI0 X YMHOXKACTCS HA ATO K€ YUCITO. Y TBEPKICHUE «X
00paTHO TIPOIIOPITUOHATLHO Y » 03HAYAET, UTO MPU YMHOKEHUH Y Ha KaKOe-HUOYIb YHUCITO
X JlemuTcsd Ha ATO K€ YUCIIO.

IIpocTpancTBeHHOe W3MepeHHWe — J000E M3 TPEX TPOCTPAHCTBEHHO-TTOZOOHBIX
N3MEpPEeHUl IPOCTPAaHCTBA-BPEMEHH, T.€. IF000€ U3MEPEHNE, KPOME BPEMEHHOTO.

IIpocTpaHcTBO-BpeMsi — YeTHIPEXMEPHOE MPOCTPAHCTBO, TOYKH KOTOPOTO0 OTBEYAIOT
COOBITHAM.

IIporon — mnONOXUTENLHO 3apsykeHHas vacTtuilia. IIpoToHBI 00pazyioT MPUMEPHO
MOJIOBUHY BCEX YACTHI], BXOJIAIINX B COCTAB s7ep OONBIINHCTBA aTOMOB.

PanqMoakTUBHOCTL — CaMOIIPOM3BOJIBHOE TPEBpANICHUE OJHOTO ATOMHOTO SApa B
IpyToe.
CaeToBasi ceKyHIa (CBEeTOBOMl Tol) — paccTOSHUE, NMPOXOAMMOE CBETOM 3a OIHY

CEeKYHIY (3a OJUH TOT).

CseToBoOii KOHYC — MOBCPXHOCTH B MPOCTPAHCTBC-BPEMCHU, KOTOPAA OrpaHUYUBACT
BO3MOXKHEIC HAIIPABJIICHUA CBCTOBLIX JIy‘-Iﬁﬁ, IPOXOIAIINX YCPC3 JaHHOC coOnITHE.

CuianHoe B3aHMO/IeMCTBHE — CaMO€ CHJIBHOE M CaMoOe€ KOpOTKOHeﬁCTBYIOHlee nus3



qeThIpeX (YHAAMEHTATBHBIX B3aUMOACHCTBUN. biarogaps cHILHOMY B3aUMOJICHCTBUIO
KBapKN YyAECPKUBAIOTCS BHYTPU NPOTOHOB M HEUTPOHOB, a TPOTOHBI U HEUTPOHHI,
coOpaBIINCH BMECTe, 00pa3yroT aTOMHBIE s/Ipa.

CHUHIYJAIpHOCTL — TOYKA TIPOCTPAHCTBA-BPEMEHHU, B KOTOPOH KpPHUBHU3HA €TO
CTAHOBHUTCSA OSCKOHEYHOM.

Caaboe B3aumojeiicTBHe — BTOpO€ 10 cITA0OCTH U3 YETHIPEX W3BECTHHIX
B3auMozeiicTBuii. OOnamaeT oO4YEeHb KOPOTKUM paguycoM peiicteus. B ciabom
B3aMMOJICHCTBUM TTPUHUMAIOT yYacTHe BCE YAaCTHIIBI MaTepHuH, HO B HEM HE YJacTBYIOT
JACTHUIIBI — MTePEHOCUNKH B3aUMOIEHCTBUS.

Co0bITHEe — TOYKa B OpOCTPAHCTBC-BPCMEHHU, KOTOPAAd OUPCACITACTCA MOJTOXKCHUCM B
npOCTPAaHCTBEC U BO BPCMCHHU.

CnekTp — pacuierniicHue BOJHBI (HAmpUMEpP, 3JIEKTPOMArHUTHOM) Ha 4YacTOTHBIC
KOMITOHEHTHI.

CrneunnaibHasi TeOpUsi OTHOCUTEJIBHOCTH — TEOpUs DWHIITEWHA, OTHpaBHAasi TOYKA
KOTOPOH COCTOUT B TOM, YTO 3aKOHBI HAYKH JOJIKHBI OBITh OJUHAKOBBI JIJIT BCEX CBOOOTHO
JBIDKYIIUXCST HAOTI0/1aTelIei He3aBUCUMO OT UX CKOPOCTEH.

Cnun (spin — BpamaThcsi, BepTeThCs) — BHYTPEHHEE CBOMCTBO YACTHILIBI, CBSI3aHHOE
C €€ BpallleHHeM BOKPYT COOCTBEHHOM OCH.

CTaIII/IOHapHOe COCTOSAHHC — COCTOJAHHC, HC HU3MCHAKOMICCCA CO BPCMCHCM!:
BpamaIOMHﬁCH ¢ MOCTOSIHHOU CKOPOCTBhIO HIAp HAXOAUTCA B CTaIMOHAPHOM COCTOsAIHHH,
IIOTOMY 4YTO, HCCMOTPA Ha BPpallICHUC, B KaxKJIbIi MOMEHT OH BBITJISIIMT OJMHAKOBO.

Teopema o0 CHHTYJSIDHOCTH — TeOpeMa, B KOTOPOM JOKa3pIBaeTcs, 4TO IIpU
ONPEAEIEHHBIX YCIOBUAX CHUHTYIAPHOCTH JOJDKHA CYIIECTBOBaThH M YTO, B HYaCTHOCTH,
Havya’oM BceneHHOU MoKHA OBITh CUHTYISPHOCTb.

Teopuss BequKoro odbeTMHEHUS — TEOPHUS, OOBECAMHSIOMIAS DIEKTPOMATHUTHEIE,
CUJILHBIE U ciIabble B3aUMOJIEHCTBUS.

YCKOPCHI/IG — CKOPOCTH USMCHCHUSA CKOPOCTU KaKoro-Imoo o0beKTa.

Yckopurenab 4acTull — YCTPOMCTBO, KOTOPOE C TOMOIIbIO DIEKTPOMArHUTOB JaeT
BO3MOKHOCTh YCKOPSThH IBIKYIIHUECS 3aps>KEHHBIC YACTUIIBI, TIOCTOSHHO YBETHYHUBAS WX
HEPTHIO.

YcioBue OTCYTCTBUA TIpaHUIl — IMNPCIACTABICHHUC, COINIACHO KOTOPOMY Bcenennas
KOHCYHA, HO HC UMCCT I'PaHUILl (B MHHMOM BpEMeHI/I).

®aza — JJISA BOJIHBI — ITOJIOKEHHUE TOUKHU B HUKIIC B OHpCI[@HBHHBIﬁ MOMCHT BPpECMCHMU:
MEpa TOro, HaXOAUTC:A JIU TOUKA Ha rpe6He, BO BIIdJWHEC HJIN FI[C-HI/I6y,I[B B ITPOMCIKYTKC.

®on MUKPOBOJHOBOI'0 U3JIYIYEHUS — MU3ITYUYCHUC, BOSHUKIIICC IIPU CBCUCHUU FOqueﬁ
paHHeﬁ BcenenHnoit (HaSBIBaeTCﬂ peJII/IKTOBBIM). OHo ceiyac HUCIIBITHIBAET TaKOE CHIILHOE

142

L



KpacHOC CMCUICHHUE, UTO PETUCTPUPYCTCA HE B BUJIC CBCTA, & B BUJIC BOJIH MUKPOBOJIHOBOTO
AHaIra30Ha (pa)lI/IOBOJIHBI C CAHTUMETPOBBIMHU JJIMHAMU BOHH).

@doTOH — KBAHT CBETA.

YacTH4HO-BOJHOBOM AyaadusM — JICXKalee B OCHOBC KBAaHTOBOM MEXaHHKH
NpEACTABICHUC O TOM, YTO HC CYHICCTBYCT pa3inuud MEKIAY YaCTULAMU KU BOJIHAMU,
YaCTUIIBI MOT'YT UHOT' 1d BECCTHU ce0s Kax BOJIHBI, 4 BOJIHBI — KadK YdCTHUIBI.

YacToTra — 1115 BOIIHEI 3TO YHCIIO IIOJIHEIX IIUKIOB B CCKYHAY.

YepenkoBckoe HU3JyYeHHMe — W3JIYUYEHHE CBETa 3apsKEHHOW dYacTULEW TpH ee
JBWKEHUM B BEIIECTBE C TIOCTOSHHOM CKOpPOCTBIO, TIPEBBIMIAIONIEH CKOPOCTh
pacIpocTpaHEHUS CBETA B ’TOM BEILECTBE.

YepHuas apipa — o0i1acTb MPOCTPAHCTBA-BPEMEHH, U3 KOTOPOU HUYTO, JJAKE CBET, HE
MOXET BBIOpAThCS HAPYKY, TOTOMY UTO B HEl Upe3BbIYAHO CUIILHO JIeHCTBUE TPaBUTALIUH.

DJIeKTPUYeCKHUil 3aps]l — CBOWCTBO YacTHIIbI, OJ1arofaps KOTOPOMY OHa OTTaJKWBAET
(WM IPUTATUBAET) IPYTHE YaCTHUIIBI, UMEIONINE 3apsij TOTO K€ (WU TIPOTUBOIIOI0XHOTO)
3HaKa.

DIIEKTPOMATHAUTHOEe B3aUMOJelicTBHEe — B3aWMOJCICTBME, KOTOPOE BO3HMKAET
MeX]ly YaCTHIIaMH, 00JIaIaroIInMH TEKTPUIECKUM 3aps1oM. BTopoe 1o cuite u3 4eTsIpex
(yHIaMEHTAITEHBIX B3aUMOICHCTBUH.

DJIeKTPOH — dYacTuila, oOiajarouias OTPUUATEIBHBIM JJIEKTPUUYECKUM 3apsiaoM M
oOparmarorasicsi B aToMe BOKPYT spa.

aﬂeMeHTapHaﬂ qJacTuna — 4acTHulla, KOTopad CUUTACTCA HeﬂeHHMOﬁ.

DHeprusl TEOPUH BeJIUKOT0 O0beJIMHEHUsi — DHEPTUsA, BHINIE KOTOPOH
9JIEKTPOMArHUTHEIE, ClTa0ble W CHUJILHBIC B3aUMOJEHCTBUS TIPEAIIOIOKHUTEIIHLHO JTOIKHEI
CTaTh HEPA3TUUIUMBIMH.

JHeprus 3JieKTpocaadoii Teopum — 3Heprus (oxono 100 T3B), Beime xoTOpoOi
UCUE3al0T PA3IHIUs MEXIY dIIEKTPOMArHUTHEIMH U CIIA0BIMHU B3aUMOACHCTBHUSIMH.

ddpdext lomiepa — HU3MEHEHHWE 4HACTOTHI BOJNH NPU ABWKEHUM HMX UCTOYHUKA H
HaOII01aTeNs OTHOCUTEILHO APYT ApyTa.

Hﬂepﬂblﬁ CHHTE3 — IIPOLCCC COYIJapCHUA JABYX AACP U IMOCICAYIOUICTO UX CIMAHUA B
OAHO 0osee TKeoe SAAPO.

ﬂ)]p() — HOCHTpPAIbHAA YaCTh aTOMA, KOTOPAA COCTOUT TOJIBKO M3 IIPOTOHOB U H@ﬁTpOHOB,
YACPIKUBACMEIX B AAPC CUIIBHBEIM BSaHMOﬂeﬁCTBHeM.
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IHHOCJIECJIOBHUE

Kuura C. Xokunra Beina ogHoBpeMeHHo B Kanane u CIITA B anpene 1988 r. B mae
TOSIBUJICS B MPOJIaKE €€ UTAlbTHCKUI nepeBojl. B Anurnuu nara Oblia 00ObsBlIEHA 3apaHee
— 18 wurona. K »3Tomy BpeMeHUM yXKe TOSABUIUCH MEPBBIE PELEH3WU. [aK, YUTATEIU
aMepuKaHCKOTo exeHelenbHuka «Newsweek» 13 wuioHS OBITH  OMOBEUICHBI, UTO
«MPUKOBAHHBIA K MHBATUAHOMY Kpecly, JUIICHHBIH naxe gapa peud, ¢hu3uk CTUBEH
XOKHUHT HIIET TCOPHIO BETUKOI0 00BEeTUHEHNS, KOTOpas 00BICHUT BeeneHuyto. .. »

A B KoHIe WIOHS XOKHWHT Tipuexan B JIeHWHTpaa Ha KOH(EPEHIIWO, MOCBSIIEHHYIO
100-netuto co mua poxneHus A. A. @puaMana, U NMPUBE3 CBOK HOBYIO KHHTY, OJWH U3
9K3EMILISAPOB KOTOPOU IMOJapUI MHE.

B Jlenunrpaae XoKUHT TIPOSIBIISAT HEOOBIANHHYIO0 aKTUBHOCTh — BBICTYITHIT ¢ JIOKJIA0M,
y9acTBOBAJ B JIUCKYCCUU, MPOUEH JEKIUIo B JloMe YUICHBIX, all KOPOTKOE UHTEPBLIO IS
xkypHana «lIpupoma». IIpu s3ToM XOKHMHT HE TOBOPHII: 33 HETO0 YETKHUM, HO JIMIICHHBIM
YEJIOBEYECKOM TEIIIOTH TOJIOCOM TOBOPHWI CHUHTE3aTop pedu. To, 4TO OH MPOM3HOCHI,
XOoKUHT HAOWpall Ha JHUCIUICC MAJCHBKOTO KOMIIBIOTEpA, TPUKPCIUICHHOTO K €ro
WHBAIIUIHON KOJIICKE. AKTUBHOCTH XOKHHTA BHE (PU3UKHU OBIJIa CTOJE Ke MOpa3uTeIhHA.
OH coBepIlIasl SKCKYPCUH T10 TOPOAY, €3AUI B CBOEM Kpecie Mo DPMHUTaxXy, oOIIancs ¢
Ipy3bsaMH. 1 cTapajcs BOUTATh B c€0S BCE, UTO €T0 OKPYXKajo.

XOKWHT MHOTO TyTEIIECTBYET, HE pa3 OH TpHWE3 KAl B HAITY CTpaHy W 0Open 31ech
Ipy3el. Bed ero sku3Hb — HEe0OBbIMalHBIA TPUMEP TOT0, KaK MHOT'O MOXET COTBOPUTH MO3T,
JlaKe TOrJa, KOT1a KaHaJlbl €r0 CBS3U C BHEIITHUM MUPOM CBEIECHEI O MUHUMYyMa.

Kanra XoknHra HEOOBIKHOBEHHAS, €€ TEMa — PaccKa3 0 BHIOOPE TN €T0 JKU3HU U O
TPYJHOM TYTH €€ JOCTIKEHHS, paccka3 O TOMCKaX PelIeHus caMoi OOIBIION 3arajku,
KOTOpasg CTOUT IEepel ecTecTBOMCHBITaTeneM. «Mos 1enb — J0OUThCA MOJHOIO
noHUMaHus BceneHHoM, moyemy OHa Takas, Kakas OHa €CTh, M MOYEMY OHa BOOOLIE
CyLIECTBYET», — MHUIIET OH O CBOUX UCKAHUAX.

Takue Bompochl yenoBek 3a7aBan cebe JaBHO. BaprHaHTBI OTBETOB ecTh B MH(aX IOYTH
BCEX Hapon0B. MoxeT ObITh, U paccyKACHUSl YUEHBIX HAIIETO BeKa TakKe Korjga-HuOyIb
OyIyT CUMTATH JIETEHAAMH. Y HOBBIX MH(OB €CTh aBTOPHI, OJWH U3 HUX XOKUHT. Ero Ku3Hb
yXe ceilluac TpeAcTaBiseTcs JIeTeHOOW. JTo JIeTeHIa O 4YeIOBEKE, CHIION MEBICIH
MOOEXK TATOIIEM HEMOIIIb.

XokuHry ceituac 48 net. B nauane 60-x roa0oB, KOrja OH yK€ KOHYall YHUBEPCUTET B
Oxcdopae, TOSBHINCL TICPBBIC TPHU3HAKM TPO3HOM  OOJe3HM —  OOKOBOTO
amuoTpodudeckoro ckiepos3a. HactpoeHue cTaHOBUIIOCH MpaYHBIM, /1a M HAYUHBIE YCIIEXU
OBl B DTO BpeMs He chumkoM Brevarisomumu. J[. Cuama, u3BeCTHBIM (U3UK,
PYKOBOJIUTENH €0 AUIMIOMHOM paboThl, 3aMETHIL, YTO «BOKPYT 0Ka3al0Ch HE TaK YK MHOTO
npo0seM, T0CTOMHBIX YENOBEKa ¢ TaKUMHU criocoOHocTAMI». K cyacTeio, mpobiieMa Bce ke
HaIIach — 3TO ObLJIA TEOPHS YECPHBIX ABIP, KOTOPYIO XOKHUHT YBUIET B HOBOM CBETE MOCTIE
nosiBlicHUs paboTel P. TleHpoy3a 06 0cOOCHHOCTAX YpaBHCHUM TATOTCHUS.

B 310 BpemMsi u3MeHWNach W JIMYHasg KU3Hb XOKMHra. B 1965 r. oH xeHwics Ha
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cTyaeHTke-umonore [xeitn Yaina (el oH TOCBITHI 3TY KHHATY). Y HUX €CTh J0Yb U JBa
CBIHA.

1985 ron mpunHec HoBoe HecuacThe. [locne omnepanuu Ha ropne XOKUHT MOTEPSI
CIIOCOOHOCTH TOBOPUTH. Ha moMoIs NpuxoasT Apy3bs, U odHA KanudopHUiickas dupma
MPENOJHOCUT €My KOMMYHHUKAIMOHHYIO CHCTeMy KommbioTep + cunrtezatop. OO0 3ToM
XOKHMHT caM paccKa3bIBaeT BO BBEJACHUM K KHUTE, JKeJask BLIPA3UTh OJ1aro1apHOCTb TEM, KTO
MOMOTAET EMY KHUTh. «ITa CUCTEMA U3MEHWIIA BCE: MHE JaKE CTAJIO JIerdye oOIaThCs, YEM
JI0 TOTO, KaK 5 MOTEPSII TOJ0C», — IMUIIET OH.

CymiecTBoBaHME B TaKUX YCIOBUAX TpeOyeT HE TONHKO BOJNM K KM3HH, HO M YyBCTBa
1oMOpa. XOKHHI PacCcKa3blBAET MHOIO UCTOpHUM. TakK, 3aHUMAsICh YEPHBIMU JIBIPAMU, HO HE
uMes ToKa HaOIFoaTeTbHOTO J0KAa3aTelIbCTBA WX CYIIECTBOBAHUS, XOKHHT 3aKIFOYAET
napu ¢ TopHOM. YcnoBus nMapu MOAYUHSUIUCH U3BICKAHHOMW JTOTUKE. XOKUHT, BEPS, UTO BO
BceneHHOM HOKHO OBITH MHOT'O YEPHBIX JBIP, AENNAET CTaBKY IIPOTHB UX CYIIECTBOBAHUS.
Ecnu apip He OKa)keTcs, TO B Ka4€CTBE KOMIIEHCALIMM 32 MOTEPI0 CMBICIIA I1aBHOW CBOEHU
paboThl OH TIOy4YaeT YETHIPEXJIETHIOI TOJNIMUCKY Ha AHTJIIMHUCKUN FOMOPHUCTHYECCKUN
xkypHai «Private Eye». Ecnu ke uepHbie IbIpEI €cTh, TOPH TONYyYaeT TOJOBYIO TOJIITUCKY
Ha «Penthouse», a Xokunr (BrostHe BeposTHO) HobeneBckyro ipemMuro.

Ceiiuac Xoxunr — npodeccop KemOpumkckoro yausepcutera. OH 3aHUMacT Kadeapy,
KOTOpYIO Korjia-To 3aHuMaln HeroToH, a B Haire Bpemst — Jlupak. C 1974 1. XoKuHT 4jieH
Jlornonckoro KoposneBckoro o6rmiecTna.

YToOBl HauaTh, HAKOHEI, Pa3roBOpP O KHHUIE, TMOJE3HO MPUBECTH cloBa acTpoHoMa K.
Carana, Hamucasirero npenauciiobne: «Kuura o bore... a MoXeT ObITh, 00 OTCYTCTBHHU
bora». CnoBo bor moBTopseTcs dacTo. XOKUHT OTIIpaBISETCS Ha TOUCKH OTBETAa Ha
3HAMEHHTHIN BOTIpOC DWHIITeHHA, ObuT T y bora kakoi-HUOY 1k BEIOOP, KOTJ1a OH CO3/1aBal
Bcenennyro. XoKHHT CTPEMHUTCS — OH FOBOPHUT 00 3TOM MPsIMO — MOHSATH 3aMblcen bora.
[Tovickn MPUBOAAT K HEOXUIAAHHOMY 3aKIFOUYCHUIO, MOXKET OBITb, HE OKOHYATEIBHOMY:
«...Bcenennas 0e3 kpas B IpoCcTpaHCTBE, 0€3 Havajla M KOHIIAa BO BpEMEHH, 0€3 KaKuX-JTH00
nen qus Cozpgarensi». Paccyxaennss o bore, koneuHo, He HOBBI. Bcromuum Jlammnaca,
KOTOPBIA OyATO OBI 0OTBeTHJI HaroneoHy, 4To He HYXKIaeTcs B 9TOW THITOTE3E.

[TocTerleHHO  packpsIBaromascss  WUCTOpusAs  DBceneHHOW — Bcerga — M3yMIsIa
€CTeCTBOUCIIBITATENICH. DUHINTEHH BBIPA3UI ATO B CBOCH OOBIIHOM IapaloKcalbHOH
dbopme: «Korga s paccyxaato o bu3zndecKoi TEOpUH, S CIPAIIUBaI0 ceOsl, co3AaBal U OFI s
Bcenennyto Takum ke myteM, ecnu 661 borom 0wt s517» Ero Beunsiii onmonent Hunbe bop
OTBETHUJI TaK: «ITO COBCEM HE Hallle JeJ0 NpeanuchiBath bory, kakum o06pa3oM OH JOIKEH
YIIPABIIATH MUPOM.

Bornpoc Tak u octaeTcs 6e3 oTBeTa: ciydaliHo 1M uctopusa BeeneHnHoil okaszanach Takow,
KaKol OHa TIOCTETNEHHO PAaCKphIBaeTCs Mepell uenoBekoM? Bo3MOXKHO JU, YTOOBI UCTOPUS
OBUTa APYTOM, WIM UCTOPUSI OTPEAENISIETCS OJHO3HAUHO U3 MPUHIIUIIOB, KOTOPBIX MBI €IIIe
He 3HaeM? 1 HakoHETI, «ele He 3HaeM» WITH MBI M HE MOXEM UX y3HaTh, KOO OTBET MOKET
JeXKaTh 3a MpeJIeIaMu MOo3HaHMs YenoBeKa. U Bce ke ueM riyosKe B IMPOIIUIOE U YEM JIAIIbIIIe
B Oyaylee MpoHUKAET HayKa, TeM MEHBIIE Jena ocTaeTcs A1 MUGUUSCKUX CUIL.



[Tocrnie Toro kak TMIIOTE3a O PpOKJIAcHUN BceneHHON B OONBIIOM B3pBIBEC MPEBPATUIIACH B
MOYTH OOUIENPUHATYIO, BOIIPOC O TOM, YTO OBIIO A0 poxkAeHUs BceneHHOM, cTam Kak Obl
HE3aKOHHBIM. B 3TOM cMbIciie HayKka NpuOAU3uIach KO MHOrUM MubaM, B TOM YHCIIe U K
oubneiickoMy Bapuanty co3naHus Bceenennoii. IlopasurensHbIM OblI0 BOOOpakeHHE
JIPEBHUX, CO3JIaBABIINX MHU(BI.

[IpounTaem B miepBoii rnaBe bubnuu: « Ha3zBan bor cBetr gHEeM, a TbMy HOUbIO. 1 GBI
Beuep, U ObUIO YTPO: JIeHb oaun». MHOrIa mepeBojsT: «JIeHb MEPBbIH». DTO HEBEPHO.
KoMMeHTaTOphl KaHOHUYECKOTO TEKCTa CYUTAIOT, YTO HE MOTJO0 OBITh CKAa3aHO <«JICHBb
TICPBEIN», Tak Kak HE ObUT0 mocieayromiero. [lo-BuguMomy, uaes, 4TO BpEMs TaKkKe
JTOKHO OBIIO OBITH CO3/1aHO, 3aHMMana aBTopoB bubinu. He Tonbko co3manue BpeMeHH,
HO U KOHEIl BPEMEHU TIPEACTABISAIICS B OCMBICIICHHOM MOHATHH. B 3aKIIOUNTENBHON KHUTE
bubnuu, otkpoBernu Moanna (10:6), aHresn, oOBSBISS O TPAIYIIEM KOHIIE MUPA, TOBOPHT:
«...Y BpEMEHHU YK€ HE OyaeT.

[IpobmemMa BpeMeHH NpuUBICKala BHUMAaHHE M XPUCTHAHCKUX (unocodor paHHETro
CpenneBekoBbs. B «cnoBenn» bnaxenHoro ABrycruHa Mbl unTaeM: «Eciu ke paHbIe
Heba M 3eMJTH He OBIJI0 BpEMEHH, 3a9eM CIpaluBaTh, 9To ThI jgenan Torjaa. Koraa ve 65110
BPCMCHHU, HE OBIJIO U TOTIA.

Ham Bex TpeOyeT, 4To0BI MU(BI 00pean MaTeMaTHIeCKoe 00IMYKre. DTO CBEPIIHIOCH B
Jlenunrpage, korma mnosBuiack pabora A. A. @punmana. Bcenmennas @Ppuamana
HAaYWHAETCS ¢ «OCOOCHHOCTH» — MHPOBOU TOYKM, B KOTOpOH oOpamiaeTcs B
OECKOHEYHOCTh KPHBH3HA, 4 ¢ HEI0 U INIOTHOCTH BelecTBAa. B 3TOM TOYKE TEPAIOT CBOIO
cuny (Qu3NYecKue 3aKOoHBI, M, OCTaBasiCh B paMKaX OOBIYHON Mojenu BcenaeHHOM
®puamaHa, HENb3sd IMOHATh, YTO MPOMCXOAWIO B CAMOM Hayalle BPEMEHHW, KaK BO3HHWK
OOMBINON B3PHIB.

DTO yTBEPKJICHUE NPABUILHO, U (U3UKU HE OMIMOIUCH, CYUTAsA, YTO HE UMEET CMBICTIA
caM BOIIPOC O MPOJOKCHUM KOOPAWHATHI BPEMEHHU 3a «O0COOCHHOCTHY. JIeHCTBUTEIBHO,
npobeMy Hemb3s Jaxe CPOpMyIHpOBaThH aKKypaTHO Ha S3BIKE MAaTEMAaTHKW, €CITH
OCTaBaThCs B paMKaX KIIACCUYECKON TEOPUM TATOTEHUS DUHIITEHA. /[[oKka3aHO, 4TO B 3TUX
paMKax He CYHIECTBYeT pelIeHUN ypaBHEHHH oOIIell Teopuu OTHOCUTEIBHOCTH —
ypaBHeHHM DiiHinTeliHa — [mnpbepra, KOTOphie Obl HE UMENHN «OCOOCHHOCTEM.

«OcoberHoCcTH TOABIIIIOTCS HE TONLKO ST Beel BeelleHHoOM, HO M IS 3BE3]I, Macca
KOTOpPBIX CTOJb BEJIHWKA, YTO BEIIECTBO HE MOXET IIPeoJo0JIeTh COOCTBEHHOIO
TPaBUTAIIMOHHOTO TOJISI U TAJIa€T K €€ UEHTPY TaK, YTO MMOBEPXHOCTH 3BE3/IbI CTATUBAETCS B
KOHIIE KOHIOB B MAaTeéMaTHMYECKYK TOYKY — CHHTYIApHOCTh. [Ipoucxoaut konnamc
3BE3/Ibl, €€ «CXJIONBIBAHUEY». Takas 3B€3/la U €CTh YepHas AbIpa, MPUBJICKIIAs BHUMAHUE
XOKHUHTA.

[Ipobnemoii cunrynspHoctd 3auumancss P. ITleHpoy3, KoOTOpwIi mMokaszan, 4YTO
HauyaBIIUMCA KOJIJIATIC 3BE3/IBI HE MOKET TPEKPATUTHCSA. XOKHUHT THUIIET, YTO OH OYECHB
oOpamoBanicss HOBBEIM HJIEsSM, CUUTAs WX JOCTOWHBIMH pa3BUTHSA. Ero MoACTerHBamu
JTUYHEBIE 00cTOsATENLCTBA. [[pOorHo3El Bpadelt ObUTH MpayHBIMHU.

Pabora Hal HOKTOpCKOﬁ CTETeHbI0 Ka3anach OeccMuicienHo. Ho nponuro ABa 1ojad, u
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YXYAUIEHUsT HE HacTynwino. «HampoTwB, — TOBOPHUT XOKHHT, — J€Ja MOW TIOLLIH
3aMeuaTenbHo. S cTanm >KeHMXOM ouapoBaTeldbHOM neByinku JIkeitn Vaiimn. Ho 4ToOb
JKEHUTHCS, HYXHa Oblia paboTa, 1715 oirydeHust paboThl Hy)KHa Oblia JIOKTOPCKAasi CTENEHb.
A TYT NoJIBEpHYNACH XOPOIllasi TEMay.

XOKUHT YBHIET, YTO MEXKIY 3aJadeil 0 YepHOH OrIpe U 3aJadeil 0 60IBIIOM B3pEIBE €CTh
Oombiioe cxoacTBo. Ecnu uepHas nbipa KOHYAET CBOE CYIIECTBOBAHME B CUHTYISIPHOCTH,
TO, TMOBEPHYB B €€ HCTOPUM BpEMs, MbI TOJIYyYUM MoOAENb BceneHHoH, koTopas B
CUHTYIIIPHOCTH POXIAETCA. JTO TOATBEPAWIO CTapble Mpearnonoxenus, u B 1970 r.
Xokunr ¢ IlenpoysoMm omyb6aukoBanmu paboTy ¢ JOKa3aTeJbCTBOM —TOTO, HTO
pacmupsiromasica BeenenHas T0KHA HAYaTh CBOIO HCTOPHIO B CUHTYIIIPHOCTH.

Mexny yepHOU IbIpod U BcelleHHOW ecTh MpUHIMIINAIbHAS pa3HUIA. 10YHEE, €CTh
pazuuue MEXIy TOJT0XKeHUEM HaOI01aTelss B OJTHOM U JIpyroM ciydae. Komnanc gepHott
JIBIPBI MBI HAOMFOZAEeM CHAPYKU, U TEOPHSA TOBOPUT, UTO IS HaOII0AaTeNs, TTOKOAIIET0CT
Ha OECKOHECYHOCTH, T. €. B 00JIACTH, /i€ TPAaBUTAIIMOHHOE TT0JIC YSPHOU JBIPHI CKOJIb YT'OJTHO
MaJio, BpeMs TIOJIHOTO KOJuTarca, BpeMsi JOCTHKEHUST CHHTYJISPHOCTH, 0ECKOHEYHO BEIIUKO.
Ctporo ToBOps, HAONIOAATETh, HUKOTIA HE YBUIUT KOHIIA IBOJIOIUNA YEPHOU ABIPHL. Bo
Bcenennoit HabMroqaTe M HAXOASTCS BHYTPH, OHU pa30eraroTcst BMECTE C TAIaKTUKAMU, U
WX BO3pacT (CUUTAs OT OOJBIIIOTO B3PLIBA) KOHEUEH.

Ho y 060oux 00beKTOB €cTh 00TI1as gepTa: MpoIecc KoJuianca 1 pacumipeHus: BeeneHHou
HeoOpaTtuMbl. Ecimu  HeoOpaTUMOCTh — pacmmpeHus  BceeneHHod — mpeacTaBisieTcs
€CTECTBEHHOM  (OUCCHUIIATUBHBIE  IIPOLECCHl  COIPOBOXKAAIOT  3BOJIIOLMIO),  TO
HEeoOpaTUMOCTh Kojutarnica — Teopema [lekpoy3a-XOKMHra — HE CTONIb TOHSTHA.
JuccunaTuBHBIE MPOLIECCH! MPUBOAAT K HEOOPATUMOCTH, K POCTY SHTpONUM cucTembl. Ho
MOKHO JIU TIPUITACATh SHTPOTHIO YepHOU abipe? Kak B AETEKTMBHOW MCTOPUH, XOKUHT
HaXOJIUT YJIUKY, OHA JieKasa TOUTH Ha BUAY.

Korma BemiecTBo nnm u3nydyeHrWe NMagaeT Ha YEPHYIO AbIPY, IUIOAb €€ MMOBEPXHOCTH
MOKET TOJIbKO YBEIIMUMBATHCS. Pajlnyc YepHOW HABIPHI MPOMOPLUHOHAIEH €€ Macce, a
MMOBEPXHOCThL — KBajpaTy Macchl. Korma Macca pacrer, pacteT U noBepxHOCTh. Jlanee
XOKUHI 3aMEYAaEeT, YTO €CIIH JABE YEpPHEIE JIBIPBI CIIMBAIOTCA B OIHY, TO IIOBEPXHOCTH HOBOM
JBIPBl  CTAHOBUTCS OOINbIIIE, YeM CyMMapHas IOBEPXHOCTh JBYX HCXOJHBIX. MOXKHO
OTMETUTHL U OUEeBUAHBIN (hakT. Ecnu npu Komance Ha YEPHYIO IbIPY HUUETo HE TAJaeT, T. €.
MOBEPXHOCTh (€€ HAa3bIBAKOT TOPU30HTOM) OCTAETCS TMOCTOSHHOM — TIOBEPXHOCTH
OTIpeIEeNIeTCs TOIBKO Maccoil.

Cnenytrommid mar pgenaet amepukaned k. bukeHcTMH. OH BBICKa3bIBa€T CMEIIOE
MIPEATIONIOAKEHNE, UTO JIJIS1 YEPHOMU ABIPBI MOKHO BBECTH ITOHSATHE SHTPOTIUH M ITO IHTPOIIHS
4epHOHN JBIPHI MPONOpPLHMOHANBHA ¢¢ MOBEPXHOCTH. [ToBepXHOCTE pacTeT (MM ocTaeTcs
IIOCTOSIHHOM) CO BPEMEHEM, XOPOIIIO UMUTHUPYSI TOBEJIEHUE SHTPONHH. | Mnore3a, KoTopas
BBHITTISAZIENa JIOBOJILHO COMHMTENBbHOM, B pabore XOKHMHra mnpeBpaTWiiachb B CTPOTYIO
TeopeMy. Kak BBIICHWIIOCH, OHA CIeoBajla U3 3aKOHOB KBAHTOBOW MEXaHWUKH W 00IIeH
TEOPUU OTHOCUTEIIBHOCTH.

OtkpeITHe XOKHHTa TOBJIEKIIO 3a COOOM IEMOYKY HOBBIX yTBepKAeHM. Eciu y depHOM
JIBIPBl €CTh JHTPOMUS, TO JIOKHA OBITH W TeMreparypa. TepMoauHaMUKa TO3BOJISIET
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BBIUUCIIATh, YTO €CIU JHTPONUS ONpeleNseTcs KBaIpaTOM HHEPrUU U HE 3aBUCHT,
HaIrpuMep, elle U oT 00beMa, TO TeMIepaTypa A0MKHA OBITH 00PAaTHO MPOMOPIMOHAIEHA
SHEPTUM (MJIK MacCe) YepHOU IBIPHI.

Hemuoro mojgymaB, MOXXKHO TMOHSTH, YTO TAKOE 3aKJIFOYEHUE HE OYEHB COTIIACYETCS C
UCXOIHBIM TPEACTaBICHUEM O YepHOH nbIpe. Temo, majmaroliee Ha HYEPHYIO ABIPY,
OTIMCBLIBACTCSI ypaBHEHUsAMU MeXaHWKHW (KoHeuHo, MexaHuku OTO), u ans sHTponuu B
TaKoM ornucaHuu HeT Mecta. Ho ypaBHeHUss MeXaHUKU OOpaTUMBI BO BPEMEHH, a 3Be3/a
KOJUTANICUPyeT HeoOpatuMo. B Teopum JOKHBEI OBUTH  TMOSBHUTHCA HDHTPOTHS U
TeMiiepatypa. Ho nanbiie npeabsaBIsICT CBOU 00s3aTeIbHBIC TPEOOBAHUS TCPMOAMHAMUKA.
Besixoe Teno, nMeroniee TeMneparypy, JoJKHO U3TydaTh 1o 3akoHy Credana-bonbumana
(co cnektpom Ilnanka). 3HaYUT, BOTIPEKHU BCEMY CKazaHHOMY O 0€3BO3BPAaTHOCTH KoJjIarnca
1 HEBO3MOKHOCTU HUYEMY BHIPBATHCS U3 TPABUTAIIMOHHOTO IO, HePHAS JbIpa U3ITy4aerT,
U WHTEHCUBHOCTH W3JIYUEHUS PACTET, KaK YETBEpTas CTEICHbL ee TeMIlepaTyphl. «HepHbie
JIBIPBI HE TaK YK YCPHBD) — TAaK Ha3BaHA celbMas riaBa KHUTH.

B yem ¢usnueckas npupoa 3Toro uznydeHus? beisio sicHO, 9TO OTBET Ha HOBBIN BOIIPOC
HEJb3S UCKATh B TEOpUM DUHIITEHHA W HAI0 TPUBJIEKATH BTOPYH) KOPOJEBY (HDUIUKU
HaIllero Beka — KBAHTOBYIO MeXaHUKY. KOHEUHO, BTOpkeHHE KBAHTOBOM MEXaHUKH OBLIO
HE TaK Y>X HEOXUIAaHHO. YKe B GOpMyIne A1 SHTPONNU bUKeHCTHHA BO3HUKIIA TPYIAHOCTD
C pa3sMepHOCTRIO KO3 duiMeHTa, obpanarniero mwiomaabs B 0e3pa3MepHy0 SHTPOTIHIO.
EAuHCTBEHHOM BENWYMHOM, C MOMONIBIO KOTOPOM pazyMHO «00€3pa3MepUTh» IMIIOUIadb,
OBIT KBaJpaT TUTAHKOBCKOHW UIMHBI, paBHOW 10-33 ¢M M COCTABICHHOW W3 TMOCTOSHHOW
ITmanka 1 mocrossHHOU TaroTeHUs. He BoBiekas B urpy nocrosHuyro [lianka, Hanmucarts
(hopMyITy JUTSI SHTPOITHH HE YAAeTCs.

[TepBrrii BapuaHT perenus obut ipeoxker S. b. 3empaopudem u A. A. CTapoOHHCKHM:
€ClM YepHas JbIpa Bpalaercs, OHa TOJDKHA M3NydaTh. XOKWHT HCCIEHOBAN ATy HIEHO
MOoAPOOHO TOCHE TOro, KaK aBTOPHI paccKkazanu eMy o Heil B 1973 r. (Xopommmid npumep
TOTO, KaKk OBICTPO W YETKO PE30HUPYET XOKUHI Ha HOBBLIE WJIeH). BBIACHUIIOCH, YTO IS
W3TyYEHUs 3Be37€¢ HE 00s13aTeNbHO BPAIaThCSA: M3Iy4aeT BaKyyM, B KOTOpPLIH OHa
MOTpyXeHA. DTO TMOYTH MUCTHUECKOE CBOMCTBO BaKyymMa — IIPOCTPAHCTBA, B KOTOPOM
Hudero HeT. Ho B kBaHTOBOM MeXaHUKE «Jlake €CIM HUUero HET, YTO-TO MPOUCXOIUTY, KaK
3aMeTUII KTO-TO U3 (PU3UKOB.

B «myctom» BakyyMme €cTh MOJsA, U XOTS BEIWYHHBI MOJIEH, HAIPUMEpP MAarHUTHOTO,
paBHBI B CpelHEM HYI0, WX KBaapaThl (WM aOCONOTHBEIC 3HAYCHWS) B HYJIb HE
obpararTcs Jaxke B CpeIHEM (XOTS ObI TIOTOMY, YTO OHU BCETJIa MOJIOKUTENbHB). BOIM31
YepHOU ABIPHI Takue (GIYKTyalluM PoKJIaroT mapsl. Macca Takux map MOYTH paBHA HYIIIO,
TaK Kak Ooubllioi (OTpUIIATENbHBIN) TPaBUTAUUOHHBIM TOTEHUMAN MPAKTUYECKU
KOMIICHCUPYET MacCy CBOOOIHBIX 3JIEKTPOHA U TTO3UTPOHA.

Y KOMITOHEHTOB pOJAUBIIEICS Aaphl pa3Hble CyALO0BL. OTHA U3 YACTUIL «IIPOBATUBAETCS
B YEPHYIO IBIPY W TIEPECTAET CYLIECTBOBATHL I Hac. Ho wacTuia He 3ps oTAana CBOIO
*n3Hb. Ee sHeprus nepenamack BTOPOH YacTHIE M Jana €l BO3MOXXHOCTBH BEIPBATHCS W3
rPaBUTAHOHHOIO TUIEHA. JTO M €CTh H3Iy4YeHHE XOKHWHIa. BEIMHCIIEHHE CIIeKTpa
u3NydeHus npuseno K Gopmyne IImanka. Tak ObLIO0 ONPOBEPTHYTO MHEHUE, YTO YEPHBIE
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OBIpBl  OeccMepTHEL. 1lpaBma, W3NydYeHWE CYIOIECTBEHHO COKpaliaeT >XW3Hb TOILKO
MaJICHbKOW YE€pHOM IBIPBI, YepHasd ObIpa ¢ paauycoM npotoHa (10E-13 cM), Bo3HUKIIAsA B
nporiecce OONBIIOTO B3PbIBA, HE JIOKHIIA Obl J10 HalIero BpeMenu. Ho mpo1omkuTenbHOCTh
JKU3HU YEPHOM JIBIPBI PACTET, Kak KyO ee paauyca. J[ns depHoOil AbIpHI ¢ paanycoM 3 KM
(rpaBuTanoHHbIN paguyc ColHIa) TPOAOILKUTEIHLHOCTD KU3HU CTOJb BEIWKA, UTO HE
CTOHUT €€ U MOACUUTHIBATH.

Ho tem He mMeHee uepHOU JbIpe MPEACTOUT UCUE3HYTh. Kak 3T0 mpou3oiger, HayKa He
3HaeT. MOXHO JIUIIh CKa3aTh, YTO KOHEUHBIX COCTOSHHUN MOKET OBITH O4EHb MHOTO, W
TpeAcKa3aTh, Kak MOTHOHET YepHas NbIpa, HUKTO celuyac He B cocTosHUHU. Kak Henb3s
MpeAcKa3aTh, Ha KaKUe KYCKU pa3o0beTcs OyTHIIKA, YIIaBIIas Ha KAMCHb.

O YCPHBIX AbIpax HAIMMCAHO MHOI'O, U MBI MOXKCM HC IIPOJOJIKATh. Ho MMpeKAC 4YCM
OCTaBUTHL JTY TEMY, XOTCIIOCH OBI JA0CKa3aTb UCTOPHIO, KOTOPYIO XOKHUHT YIIOMUHACT B
KHUTC.

[Tepshlii pa3 pedysb 0 yepHOHU Abipe 3aBen B 1783 1. anrnuyanud XK. Muden, KoTopbiid
HAITUCAJl, YTO €CIIU OBl TEJI0 ¢ TIOTHOCTRIO, paBHOM minoTHocTH CoTHIIA, UMEN0 PaauyC B
500 pa3 MeHBIINI, TO CBET, U3TYUYCHHBIN TaKUM TEJIOM, JODKEH BEPHYTHCA 00paTHO H3-3a
COOCTBEHHOM TsKECTH. MMUEIIT pasMBIIUIAIT 00 3TOM HE MPOCTO Tak. EMy oueHb X0Tenoch
HaWTH CIOCO0 W3MEPEHUST Macchl JalbHUX 3Be3l. [[1s HEero CBET COCTOSII M3 KOPIYCKYI,
KOTOpBIE, TIPEOA0JIEBAs TPABUTAIIMOHHOE TT0JIE 3BE3IBI (OTIPEICIIIEMOE €€ MACCO), TEPSIIOT
CBOIO CKOpOCTH. IMEHHO Tak OH W TIPHUIIEN K CBOeMY BRIBOAY. Ho 115 Hero Oosee BaXKHBIM
OBUIO clenCcTBUE OOHAPYKEHHOTO UM SABICHHS: YTOOBI ONPEHCIUTH MAcCy 3BE3Ibl, HAIO
A3MEPUTH HA 3eMJI€ CKOPOCTh CBETA, IIPUXOASAIIETO K HAM OT 3TOM 3BE31IbI.

CerogHs MBI TIOHMMAeM, YTO W3MEpPATh HAJ0 HE HM3MEHEHHE CKOPOCTH CBeTa, a
W3MEHEeHHe ero 4acToThl — KpacHoe cmenieHwe. Ho miis cBoero BpeMeHH ujaes Oblia
KpacuBasl.

PasmbIieHre o KoHIle YepHOH IBIPHI ¢ HEM30€KHOCTHIO MMPUBOANT K BEIBOAY, UTO 0€3
KBAaHTOBOW MEXaHWUKH He o0oWTHCh. C TAKUMHU COMHEHUSIMHU M Pe3yIbTaTaMH XOKHUHT B
1981 r. BepHyNICS K TOMBITKE OOBACHUTH Haudano BcemenHoil. Ho ero 3aHmmaroT He
MaTeMaTU4YeCKUE BBIUUCICHUS (B YME WX JIeNaTh HENErKo), a MOMCKU CaMbIX TITyOOKUX
WCTHH.

Kak ycraHoBMIMCEH HaduanbHbIE YCIOBHS, MPUBEANINE K BceneHHOM, KOTOPYIO MBI BUIMM
1 B KOTOPOW okazanuch caMu? «OIMH BO3MOXHBIA OTBET — 3TO CKa3aThb, 4To bor BeIOpai
HavyaJlbHYI0 KoH(purypauuto BeenenHnoi n3 coodpaxxeHuit, MOHATh KOTOPbIE HaM HE JIaHo. ..
Ho mouemy, BBIOpaB Takoe CTpaHHOE Hadalo, OH BCe Xe pemmi, uToObl Bcenennas
pa3BHBalach 10 TOHATHBIM HaM 3akoHam?» lIoCKONBKY € 3TH 3aKOHBI MOHSATHBI, TO
«ECTECTBEHHO MPEANOI0KUTh, UTO ITOT MOPSIAOK OTHOCUTCA HE TOJIBKO K 3aKOHAM HayKH,
HO U K YCJIIOBUSIM Ha TPaHHUIE NPOCTPAHCTBA-BPEMEHHU, KOTOPHIE ONPENEIAIOT UCXOIHOE
cocrosiHue BeeneHHo».

Tak XokuHT BcTynaer B ciop ¢ boromM, otHumas y Hero pons Co3zaarend. Unes Xokunra
HOCUT €Ill€ JOCTATOUYHO CMYTHBIM Xapaktep. B kxHure on coBcem He mumietr GopMyn —
W3JaTeNlb TPEIyNpeansl €ro, YTO OJHA-€IUHCTBEHHAs (opMyna YIOJOBHHUT THPAXK
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(bopmyna E = mc” Bee ke IPHBOIUTCS, HO 9TO HE TTOMEIIAI0 KHATE CTAaTh BECTCEIIepoMm).
U cBo10 HOBYIO HCI0 XOKHUHT TBITAETCS 00BICHUTD cioBamMH. KaxkeTcs, Bce e B €70 MO3TY
ecTh 0ollee yeTkasi KapTUHA, KOTOPYIO OH MPOCTO €Ile HE MOXKET IMepe/aTh KOMITbIOTEpY.
Korna st roBopto 00 3TOM, MEHS HE MOKUIAET OUIYIIEHUE KAKOr0-TO (DaHTACTUYECKOTO (UK
CIOPPEATUCTHYECKOT0) POMaHa, B KOTOPBIU s Momnai.

[Touemy 1 kak Bo3HUKIIa BceneHHas — 0OBSICHUTD, OCTABAsACHh B paMKaX KJIaCCHYECKOM
MOJIEIH, HEJb3s, KaK Heab3sl OOBICHUThL CBOWCTBA DJIEKTPOHA, 3HAas JIUIIb
OJIHY-€IMHCTBEHHYIO €r0 TpaeKTOophio (WM HeOombloi ee Kycouek). Ho kBaHTOBasA
MeXaHUKa OJ1arogaps MPUHIUITY HEOTPEACICHHOCTH UMEET JIETI0 cpa3y CO MHOTUMHU (MITH
JTa’Ke CO BCEMU ) BO3MOXKHBIMH UCTOPUSIMHU.

To, c yero HauWHAET COBpEMEHHAS TEOPHS, — HTO HEKOTOPLIM 00pa30M OTpeeTeHHAs
CyMMa MO BCeM MCTOPHSM, KOTOpble, HHTepdepupys ApPyr ¢ APYroM, CO3IAl0T HaIry
peanbHyl0 (B KaKOM-TO CMEICIE HamOoliee BeposATHyIo) Bceenennyro. Ho matemaruka
OTKa3bIBAETCs pealn30oBaTh Takyl wujacro. UToObl Teopus Oblna  (opMalbHO
MOCIIEIOBATENLHOM, HAJO OTKA3aThCs OT OOBIYHOTO BpeMeHH. JIJIs omucaHusi BO3MOYKHBIX
HUCTOPUM BCEJNEHHBIX TPUXOJIUTCS TEPEXOAUTH OT PEATbHOTO BPEMEHU K MHUMOMY,
mpeBpamas TPoCcTpaHCTBO MUHKOBCKOTO B 0Oojee TIOHATHOE  UEThIpEXMEpHOe
npocTpancTBO EBknnaa. B TakoM €BKIMIOBOM YETHIPEXMEPHUU HCUE3AIOT OCOOBIE TOYKH
(Tak momochl 3eMIIM HWYEM TE€OMETPUYECKM HE OTJIMYAOTCAd OT TOYEK HSKBaTopa). Y
MOBEPXHOCTH CPEphl, KaKk U y Jt000H IPyroil 3aMKHYTON MOBEPXHOCTH, «TPAHUIL HETH.
KaBbruku 371€ch MOCTaBIEHBI MIOTOMY, YTO 3TO €CTh HOBOE rpaHuuyHoe ycioBue. CoBceM
MPOCTO, HO, K COXKAaJleHWIo, He BMoIHe ToHATHO! Bens McTOpHs, HauMHaromascs ¢
CHUHTYJISIPHOCTH, pPa3BUBAETCA BMECTE C HAMH B pPEaJbHOM BPEMEHHU, TaK 4YTO Halle
TICUXOIIOTUYECKOE BpEeMsl OKa3bIBaeTCsd HE TEM, B KOTOPOM OITUCHIBAETCS pPa3BUTUE
Bcenennoii. Hamo eme gymarh, Kak COBEpPIIUTH IIEPEXOI OT MHUMOIO BPEMEHH K
peansHOoMy. Maes kaxercs 3aMaH4YMBOM, HO NMPOUWIET, HaBEpHOE, e€lle HeMaJo BpeMeHU
(peanbHOr0), 1MOKa (MBI HajieeMcsI) OHA CTAHET TTOHSATHOM.

Best kaura XokuHra HanucaHa UM C LENbI0 MOABECTH YUTaTend K cBoer uaee. OH He
OYEeHb MHOTO MOKET CKa3aTh B €€ 3amuTy. OH IPU3BIBAET YATATENS K Pa3IyMbsiM O CAMBIX
o0ImUX 3aKOHAX, pPe3ydbTaTOM KOTOPBIX (CIyYalHBIM WIH HEOOXOJAWMBIM) CTal0
MOSABJIEHUE KU3HU, YUTATENS (U, KOHEYHO, KHUTH XOKHHIa).

EcTb 1 elie BaxHBIN U, HECOMHEHHO, BEJIMKHUI 3aKOH — 3aKOH O HANPaBJICHUHU BPEMEHU.
«CTtperna BpeMeHM» — TakK Ha3bIBAETCS JIEBATAS TJIaBa KHUTH. DTa TilaBa — BEIUKOJICTTHBIN
HayuyHbId 5Tioa. Hempocras [nnd ToOHUMaHud UAEd O JBYX COCYIIECTBYOIIUX
YETBIPEXMEPHBIX MPOCTPAHCTBAX — EBKIUJOBOM, B KOTOPOM OTOUpPAIOTCS UCTOPUU, U
POCTpaHCTBE MUWHKOBCKOr0, B KOTOPOM paboTaloT IUHAMHUYECKUE YpaBHEHUS W B
KOTOPOM TPOTEKACT Hallla *KU3Hb. ECIM B 3TON «cyMacuieAnIei» Haee eCTh XOTh KPyIuIla
HUCTUHBI, TO MBI J€TIa€M IIar K COBEPIICHHO HOBOMY 3Tally IMO3HAHUSA, HO, MOXET, BCE JKE
uJes He HACTOJIbKO cyMacliie/ias, 4YTo0bl cTaTh UCTHHOM (110 «kputeputo» Humnwca bopa).

3)I€CB €aic yYMCECTHO )IO63BI/ITB HCCKOJILKO CJIOB O IIPUYMHHOCTH. Knaccuueckas
MCXaHHKa Aac€T IIpaBO YTBEPKIAATb, YTO 6}72[}711_[66 MOXHO IIpEICKa3aThb C TOYHOCTBIO H
IIOJTHOTOH HE JydIIruMHK, 9YEM TOYHOCTHE M ITOJIHOTAd HAYAJIbHBIX JaHHBIX.



[Toutn x 3TOMY CBOJAHUTCA U CIIOP O ITOJIHOTC U BCPOATHOCTU B KBAaHTOBOM McxaHuke. He
HNMCCT CMBICIIA O6CY}K,HEITL BO3MOJXHOCTH U3MCPCHHUA C 0O0IBIINMH HOI[pO6HOCTSIMI/I, CCJIN
HaYaJIbHBIC JAHHBIC OTI'PdAHUYCHBLI IIPHUHIOWUIIOM HCOIIPCACICHHOCTH. MOXHO TOJIBKO
YTBCPXKIAATH, YTO I/IH(I)OpMaI_II/ISI, COACPKaAIAsACA B HAYAJIbHBIX JdHHBIX (HO KpaﬁHeﬁ MEpPEe
A1 CUCTCM, Y KOTOPBIX €CTh TOJIBKO JHCKPCTHBIC yp0BHI/I), HC HCYEC3acT CO BPCMCHEM
(€CJ'II/I, KOHCYHO, B CHUCTCMC HCT TPCHUA U CCIM CUCTCMaA SaMKHYTa). NmenHo TaKYHO
HEOIIPEACIICHHOCTb KBAHTOBAA MEXaHWKA BHOCHUT B TCOPHUIO TPABUTAIHN.

Dddextnas nexnapanus Jlamiaca o TOM, YTO HUCTOPHUS MpPEACKa3yema, €Clid TOJIBKO
W3BCCTCH TOJIHBIA HA0Op HAYABHBIX JAHHBIX — KOOPJIWHATHI U UMITYILCHI BCEX Ted (U
moyedt, tobaBuM ceituac), Bo BeenenHol He uMmeeT cMmbiciia. Hemssst coOpaTh B KOHEUHOE
BpeMs BCce OTH JIaHHBIE — TiepeJada JaHHBIX TpeOyeT BpeMeHW (HET CHUTHAIOB,
PACIIPOCTPAHSIOMIUXCS CO CKOPOCTHIO, OONBIIEH CKOPOCTH CBETa), a KOJUYIECTBO
HEOOXOUMEIX JIAHHBIX OeckoHeuHOo. Kpome Toro, TpeOyroTcs aOCOMOTHO TOYHRIE JaHHEIE,
JaXke OUeHb MaJICHBKHUE TTOTPEIIHOCTH MOTYT B KOpHE U3MECHUTH TpeJickazaHue OyayIiero
(kak TOBOpSAT, 3amada HeycToiumBa). Tak uro mpuMmep Jlammaca BBIXOOMUT 3a paMKU
pEanbHOCTH.

MHe Xo4deTcs 3aKOHUMTH CJIOBAMHM aBTOpa — HEHUCIpaBUMOTO onTtumucrta: «Ecimmu Mbl
OTKpPOEM IIOJHYIO TEOPUIO, TO CO BPEMEHEM €€ OCHOBHBIC NMPUHIUIEI CTAHYT AOCTYIIHBI
MMOHUMAHHUIO KaXJ0ro, a HE TOJIBKO HECKOIBKMM chneuuanucraM. M Torma msel Bce,
¢unocodbl, yUeHbIE W TIPOCTO OOBIYHBIC JIFOAN, CMOXEM MPHHSATH YJaCTHE B AUCKYCCHH O
TOM, TIOYEMY TaK MPOU30IILIO, YTO CYIIECTBYEM MBI U CylIecTBYeT BeeneHHas .

Ham MoxeT HpaBUTBCS WM HE HPABUTHCA XOJ MbICIIEeH XOKHWHTa, HO OT TTOCTaBICHHBIX
UM BOMPOCOB YUTH HENB3S... B HEKOEM CMBICIIE MbI MOAOIIIN K TPaHULE MO3HAHUSA, U Mbl
CMYIICHBI CAMOM CYTBIO: MOXET JIH cucTteMa (BceneHHas u MbI) OBITH YCTpOCHA Tak, YTO
JACTh €€ — YeJIOBEK — CIIOCOOHA MOHATEL BCE €€ 3aKOHEI, BKIIFOYAad 3aKOHLI COOCTBEHHOTO
no3HaHus. OCHOBHOE ITOJI0KEHHE HAYKU COCTOUT B TOM, UTO MUp pealieH U mo3HaBaeM. Ho
OYEBHIIHO JIM, YTO OH Mo3HaBaeM 4YeioBekoMmM? COMHEHHs B 3TOM HEPEAKO MPHUBOIAT K
MBICIU O MOTYYHUX pa3yMoOM, HAC U3Yy4arolUX WHOIaHeTssHaX. HyxknaeMcs 11 Mbl B 3TOU
runorese? Bo3sMokHO, HA 3TO OTBETUT XOKUHT.

A A. Cmopoounckuii. exabpes 1989 2.
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